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ɿʘʭʚʘʣʥʠʮʘ 
 

 

 

ʇʨʚʦ ʠ ʧʨʝ ʩʚʝʛʘ, ʞʝʣʠʤ ʜʘ ʩʝ ʟʘʭʚʘʣʠʤ ʧʨʦʬ. ʜʨ ɼʨʘʛʘʥʫ ʈʘʜʦʚʘʥʦʚʠ˂ʫ ʠ ˁʝʛʦʚʦʤ ʪʠʤʫ ʣʝʢʘʨʘ 

ʠʟ ʂɹʎ ɼʨ ɼʨʘʛʠʰʘ ʄʠʰʦʚʠ˂ ʢʦʿʠ ʩʫ ʤʠ 2019. ʛʦʜʠʥʝ ʩʧʘʩʠʣʠ ʞʠʚʦʪ. 

 

ʇʦʩʝʙʥʦ ʩʝ ʟʘʭʚʘˀʫʿʝʤ ʤʦʤ ʥʝʟʚʘʥʠʯʥʦʤ ʢʦʤʝʥʪʦʨʫ, ʧʨʦʬ. ʜʨ ʄʠʦʤʠʨʫ ʂʦʩʪʠ˂ʫ, ʥʘ 

ʦʜʣʫʯʫʿʫ˂ʦʿ ʧʦʜʨʰʮʠ ʠ ʥʝʩʝʙʠʯʥʦʿ ʧʦʤʦ˂ʠ, ʢʘʦ ʠ ʥʘ ʫʩʤʝʨʘʚʘˁʠʤʘ ʠ ʧʦʜʩʪʠʮʘʿʠʤʘ, ʪʦʢʦʤ 

ʩʚʠʭ ʛʦʜʠʥʘ ʟʘʿʝʜʥʠʯʢʦʛ ʨʘʜʘ, ʘ ʥʘʨʦʯʠʪʦ ʟʘ ʚʨʝʤʝ ʠʟʨʘʜʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʫ ʩʚʠʤ ˁʝʥʠʤ 

ʬʘʟʘʤʘ. ʇʨʦʬʝʩʦʨʫ ʂʦʩʪʠ˂ʫ ʪʘʢʦʹʝ ʜʫʛʫʿʝʤ ʚʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʰʪʦ ʿʝ ʠ ʤʝʥʝ ʥʘʫʯʠʦ ʜʘ ʧʠʰʝʤ 

ʥʘʫʯʥʦ-ʩʪʨʫʯʥʝ ʨʘʜʦʚʝ. 

 

ʇʨʦʬ. ʜʨ ʃʠʜʠʿʠ ɫʦʢʠ˂, ʨʝʜʦʚʥʦʤ ʧʨʦʬʝʩʦʨʫ ʥʘ ɸʨʭʠʪʝʢʪʦʥʩʢʦʤ ʬʘʢʫʣʪʝʪʫ, ʟʘʭʚʘˀʫʿʝʤ ʩʝ 

ʥʘ ʜʨʘʛʦʮʝʥʦʿ ʩʪʨʫʯʥʦ-ʪʝʭʥʠʯʢʦʿ ʧʦʤʦ˂ʠ ʧʨʠʣʠʢʦʤ ʧʨʠʧʨʝʤʝ ʥʘʫʯʥʦ-ʩʪʨʫʯʥʠʭ ʨʘʜʦʚʘ ʠʟ 

ʦʙʣʘʩʪʠ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʘ ʢʦʿʠ ʩʫ ʦʙʿʘʚˀʝʥʠ ʫ ʝʤʠʥʝʥʪʥʠʤ ʥʘʫʯʥʠʤ ʯʘʩʦʧʠʩʠʤʘ ʩʘ 

ʠʤʧʘʢʪ ʬʘʢʪʦʨʦʤ. ɿʘʿʝʜʥʦ ʩʘ ʜʨ ɸʣʝʢʩʘʥʜʨʦʤ ʏʘʙʘʨʢʘʧʦʤ, ʘʩʠʩʪʝʥʪʦʤ ʥʘ ɸʨʭʠʪʝʢʪʦʥʩʢʦʤ 

ʬʘʢʫʣʪʝʪʫ, ʪʘʢʦʹʝ ʿʝ ʟʥʘʯʘʿʥʦ ʜʦʧʨʠʥʝʣʘ ʫ ʦʨʛʘʥʠʟʘʮʠʿʠ ʘʥʢʝʪʥʠʭ ʜʝʣʦʚʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠ 

ʜʦʚʦʹʝˁʫ ʚʝ˂ʝ ʛʨʫʧʝ ʩʘ ɸʨʭʠʪʝʢʪʦʥʩʢʦʛ ʬʘʢʫʣʪʝʪʘ. 

 

ʊʘʢʦʹʝ ʙʠʭ ʩʝ ʟʘʭʚʘʣʠʦ ʠ ʤʦʤ ʤʝʥʪʦʨʫ, ʧʨʦʬ. ʜʨ ɱʦʚʘʥʫ ʄʠʢʫʣʦʚʠ˂ʫ, ʢʘʦ ʠ ʧʨʦʬ. ʜʨ ɿʦʨʘʥʫ 

ʈʘʜʘʢʦʚʠ˂ʫ ʠ ʅʠʢʦʣʠ ɫʦʨʹʝʚʠ˂ʫ ʥʘ ʟʥʘʯʘʿʥʦʿ ʧʦʤʦ˂ʠ ʫ ʬʘʟʘʤʘ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʝ ʩʫ ʩʝ 

ʦʜʥʦʩʠʣʝ ʥʘ ʭʘʨʤʦʥʠʿʩʢʝ ʜʠʩʪʦʨʟʠʿʝ. 

 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʩʚʦʿʠʤ ʨʦʜʠʪʝˀʠʤʘ, ʤʘʿʮʠ ɼʨʘʛʘʥʠ ʠ ʦʮʫ ɿʦʨʘʥʫ, ʥʘ ˀʫʙʘʚʠ, ʚʝʣʠʢʦʤ ʩʪʨʧˀʝˁʫ 

ʠ ʧʦʜʨʰʮʠ ʢʦʿʫ ʩʘʤ ʠʤʘʦ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ. 
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ʅʘʩʣʦʚ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ: 

 

ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 

 

ʈɽɿʀʄɽ 

 

ʊʝʤʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʫʪʚʨʹʠʚʘˁʝ ʦʧʨʘʚʜʘʥʦʩʪʠ ʫʧʦʪʨʝʙʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʫ 

ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ, ʧʦʨʝʹʝˁʝʤ ʨʝʣʝʚʘʥʪʥʠʭ ʧʦʢʘʟʘʪʝˀʘ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ, ʢʚʘʣʠʪʝʪʘ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʝʢʦʥʦʤʩʢʠʭ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠʥʩʪʘʣʘʮʠʿʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ 

ʠʟʚʝʜʝʥʠʭ ʧʦʤʦ˂ʫ LED ʩʚʝʪʠˀʢʠ ʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ (ʥʘʪʨʠʿʫʤʦʚʠʭ ʠʣʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ) 

ʩʚʝʪʠˀʢʠ, ʫʟ ʫʚʘʞʘʚʘˁʝ ʫʧʦʪʨʝʙʝ ʩʠʩʪʝʤʘ ʟʘ ʨʝʛʫʣʘʮʠʿʫ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ ʠ ʝʬʝʢʘʪʘ 

ʤʝʟʦʧʩʢʦʛ ʚʠʹʝˁʘ. 

ʎʠˀ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʫʪʚʨʹʠʚʘˁʝ ʦʙʿʝʢʪʠʚʥʠʭ ʠ ʩʫʙʿʝʢʪʠʚʥʠʭ ʧʦʢʘʟʘʪʝˀʘ ʧʨʠʤʝʥʝ LED 

ʪʝʭʥʦʣʦʛʠʿʝ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ, ʩʘ ʘʩʧʝʢʪʘ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ, ʢʚʘʣʠʪʝʪʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ, ʧʘʨʘʤʝʪʘʨʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ, ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ ʠ 

ʝʢʦʥʦʤʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ. 

ɼʦʧʨʠʥʦʩʠ ʜʠʩʝʨʪʘʮʠʿʝ ʩʝ ʦʛʣʝʜʘʿʫ ʫ ʫʪʚʨʹʝʥʠʤ ʟʘʚʠʩʥʦʩʪʠʤʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ, ʨʝʘʢʪʠʚʥʝ 

ʩʥʘʛʝ, ʬʘʢʪʦʨʘ ʩʥʘʛʝ, THD ʥʘʧʦʥʘ ʠ THD ʩʪʨʫʿʝ ʦʜ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʪʠʧʦʚʝ 

ʩʚʝʪʠˀʢʠ, ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʫ ʜʘʪʠ ʧʦʩʪʫʧʮʠ ʠ ʤʝʨʝ ʟʘ ʩʤʘˁʝˁʝ ʥʝʛʘʪʠʚʥʠʭ ʫʪʠʮʘʿʘ LED 

ʩʚʝʪʠˀʢʠ ʥʘ ʢʚʘʣʠʪʝʪ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʇʨʠʤʝʥʦʤ ʫʪʚʨʹʝʥʠʭ ʟʘʚʠʩʥʦʩʪʠ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ 

ʘʢʪʠʚʥʫ ʩʥʘʛʫ, ʟʘ ʥʝʢʦʣʠʢʦ ʨʝʘʣʥʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʫʰʪʝʜʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ ʥʘ ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ ʢʦʿʝ ʦʙʝʟʙʝʹʫʿʝ ʧʨʠʤʝʥʘ LED 

ʫʤʝʩʪʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʩʚʝʪʠˀʢʠ (ʢʘʢʦ ʫ ʥʦʨʤʘʣʥʦʤ ʨʝʞʠʤʫ, ʪʘʢʦ ʠ ʫ ʢʦʤʙʠʥʦʚʘʥʠʤ 

ʨʝʞʠʤʠʤʘ ʘʜʘʧʪʠʚʥʦʛ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ), ʢʘʦ ʠ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʜʦʜʘʪʥʝ ʫʰʪʝʜʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʫʚʘʞʘʚʘˁʝʤ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ. ʇʨʝʜʩʪʘʚˀʝʥʘ ʿʝ ʠ ʩʚʝʦʙʫʭʚʘʪʥʘ ʘʥʘʣʠʟʘ ʢʦʿʦʤ ʩʫ 

ʫʪʚʨʹʝʥʝ ʩʪʚʘʨʥʝ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʫʰʪʝʜʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʩʪʚʘʨʥʠ ʬʠʥʘʥʩʠʿʩʢʠ ʝʬʝʢʪʠ 

ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ. ʋʪʚʨʹʝʥʝ ʩʫ ʠ ʧʨʝʜʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʮʠ 

ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʩʘ ʘʩʧʝʢʪʘ ʧʘʨʘʤʝʪʘʨʘ ʠʥʩʪʘʣʘʮʠʿʝ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ (ʧʨʝʩʝʢʘ 

ʢʘʙʣʘ, ʧʘʜʘ ʥʘʧʦʥʘ ʠ ʝʬʠʢʘʩʥʦʩʪʠ ʟʘʰʪʠʪʝ ʫ ʩʣʫʯʘʿʫ ʢʚʘʨʘ). ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʩʫʙʿʝʢʪʠʚʥʠʭ 

ʝʚʘʣʫʘʮʠʿʘ ʧʝʰʘʢʘ ʠ ʚʦʟʘʯʘ, ʜʘʪʝ ʩʫ ʠ ʧʨʝʧʦʨʫʢʝ ʟʘ ʧʨʠʤʝʥʫ LED ʧʘʢʝʪʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʙʦʿʝ 

ʩʚʝʪʣʦʩʪʠ. 

 

ʂˀʫʯʥʝ ʨʝʯʠ: ʦʩʚʝʪˀʝˁʝ ʫʣʠʮʘ/ʧʫʪʝʚʘ, ʥʘʪʨʠʿʫʤʦʚʝ, ʤʝʪʘʣ-ʭʘʣʦʛʝʥʝ ʠ LED ʩʚʝʪʠˀʢʝ, 

ʬʦʪʦʤʝʪʨʠʿʘ, ʭʘʨʤʦʥʠʿʩʢʦ ʠʟʦʙʣʠʯʝˁʝ, ʧʘʜ ʥʘʧʦʥʘ ʠ TN ʩʠʩʪʝʤ ʟʘʰʪʠʪʝ, ʧʠʣʦʪ ʧʨʦʿʝʢʘʪ, 
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ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 

 

1 

1 ʋɺʆɼ 
 

ɿʙʦʛ ʧʦʙʦˀʰʘʥʝ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʫʰʪʝʜʝ ʪʨʦʰʢʦʚʘ, ʫ ʪʦʢʫ ʿʝ ʤʘʩʦʚʥʠ ʧʨʝʣʘʟʘʢ 

ʩʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʛ ʥʘ LED ʦʩʚʝʪˀʝˁʝ. ʋ ʦʩʚʝʪˀʝˁʫ ʫʣʠʮʘ/ʧʫʪʝʚʘ, ʢʦʿe ʫʯʝʩʪʚʫʿʝ ʩʘ ʦʢʦ 1,3% 

ʫ ʫʢʫʧʥʦʿ ʧʦʪʨʦʰˁʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ɽʚʨʦʧʠ ʠ ʩʘ ʦʢʦ 1% ʫ ʛʣʦʙʘʣʥʦʿ ʧʦʪʨʦʰˁʠ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, LED ʩʚʝʪʠˀʢʝ ʩʝ ʛʝʥʝʨʘʣʥʦ ʧʦʨʝʜʝ ʩʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʩʚʝʪʠˀʢʘʤʘ 

(ʢʦʿʝ ʩʘʜʨʞʝ ʥʘʪʨʠʿʫʤʦʚʝ ʠʟʚʦʨʝ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʠʣʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʝ ʠʟʚʦʨʝ), ʘ ʫ ʮʠˀʫ 

ʧʨʦʮʝʥʝ ˁʠʭʦʚʝ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ, ʪʨʦʰʢʦʚʘ, ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠ ʫʪʠʮʘʿʘ ʥʘ 

ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. 

ʋ ʧʨʦʪʝʢʣʠʭ ʜʚʘʜʝʩʝʪʘʢ ʛʦʜʠʥʘ, ʩʚʝʪʣʦʩʥʘ ʠʩʢʦʨʠʩʪʠʚʦʩʪ LED ʧʘʢʝʪʘ ʧʦʚʝ˂ʘʣʘ ʩʝ ʩʘ ʦʢʦ 

25 lm/W ʥʘ ʧʨʝʢʦ 160 lm/W, ʜʦʢ ʿʝ ʟʘ ʠʩʪʦ ʚʨʝʤʝ ˁʠʭʦʚ ʞʠʚʦʪʥʠ ʚʝʢ ʧʦʚʝ˂ʘʥ ʩʘ ʦʪʧʨʠʣʠʢʝ 

50000 h ʥʘ ʧʨʝʢʦ 100000 h. ʀʩʪʦʚʨʝʤʝʥʦ ʩʫ ʩʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʩʤʘˁʠʣʝ ʮʝʥʝ LED ʧʘʢʝʪʘ ʠ 

ʦʩʪʘʣʠʭ ʝʣʝʤʝʥʘʪʘ LED ʩʚʝʪʠˀʢʠ, ʟʙʦʛ ʯʝʛʘ ʿʝ LED ʦʩʚʝʪˀʝˁʝ ʧʦʩʪʘʣʦ ʢʦʥʢʫʨʝʥʪʥʦ ʩʘ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʧʦ ʧʠʪʘˁʫ ʠʥʠʮʠʿʘʣʥʠʭ ʪʨʦʰʢʦʚʘ, ʢʘʦ ʠ ʪʨʦʰʢʦʚʘ ʫʪʨʦʰʝʥʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ. ʇʦʚʝ˂ʘˁʝ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ, ʟʘʿʝʜʥʦ ʩʘ ʩʤʘˁʝˁʝʤ ʮʝʥʝ, ʦʤʦʛʫ˂ʠʣʦ ʿʝ 

ʧʨʦʠʟʚʦʹʘʯʠʤʘ LED ʪʝʭʥʦʣʦʛʠʿʝ ʜʘ ʦʙʝʟʙʝʜʝ ʧʦʙʦˀʰʘʥʫ ʙʦʿʫ ʩʚʝʪʣʦʩʪʠ, ʨʝʧʨʦʜʫʢʮʠʿʫ ʙʦʿʘ, 

ʨʘʩʧʦʜʝʣʫ ʩʚʝʪʣʦʩʪʠ ʠ ʠʟʛʣʝʜ ʩʚʝʪʠˀʢʠ, ʢʘʦ ʠ ʫʥʘʧʨʝʹʝʥʫ ʢʦʥʪʨʦʣʫ ʩʚʦʿʠʭ LED ʧʨʦʠʟʚʦʜʘ. ʊʦ 

ʿʝ ʜʦʚʝʣʦ ʜʦ ʤʘʩʦʚʥʝ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʫ ʫʥʫʪʨʘʰˁʝʤ ʠ ʫ ʩʧʦˀʘʰˁʝʤ (ʿʘʚʥʦʤ) 

ʦʩʚʝʪˀʝˁʫ. ʅʘʧʨʝʜʘʢ LED ʪʝʭʥʦʣʦʛʠʿʝ ʿʝ ʫʿʝʜʥʦ ʠʟʘʟʚʘʦ ʠ ʘʛʨʝʩʠʚʥʫ ʧʨʦʤʦʪʠʚʥʫ ʢʘʤʧʘˁʫ 

ˁʝʥʠʭ ʧʨʦʠʟʚʦʹʘʯʘ ʯʝʩʪʦ ʟʘʩʥʦʚʘʥʫ ʥʘ ʥʝʫʪʝʤʝˀʝʥʠʤ ʪʚʨʹʝˁʠʤʘ.  

ʋ ʧʨʦʧʘʛʘʥʜʥʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ ʧʨʦʠʟʚʦʹʘʯʘ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʠʿʝ ʧʦʤʠˁʘʥ ʫʪʠʮʘʿ ʙʦʿʝ 

ʩʚʝʪʣʦʩʪʠ LED ʠʟʚʦʨʘ ʥʘ ˀʫʜʩʢʦ ʟʜʨʘʚˀʝ. ɹʨʦʿʥʝ ʫʣʠʮʝ ʫ ʥʝʢʦʣʠʢʦ ʛʨʘʜʦʚʘ ɸʤʝʨʠʢʝ ʙʠʣʝ ʩʫ 

ʦʩʚʝʪˀʝʥʝ LED ʩʚʝʪʠˀʢʘʤʘ ʩʘ ʧʘʢʝʪʠʤʘ ʭʣʘʜʥʦ-ʙʝʣʝ ʙʦʿʝ (ʙʦʛʘʪʠʤ ʩʚʝʪʣʦʰ˂ʫ ʧʣʘʚʝ ʙʦʝʿ), 

ʠʟʘʙʨʘʥʠʤ ʟʙʦʛ ʥʘʿʚʝ˂ʝ ʩʚʝʪʣʦʩʥʝ ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ ʤʝʹʫ ʩʚʠʤ LED ʧʘʢʝʪʠʤʘ. ʄʝʹʫʪʠʤ, 

ʨʝʘʢʮʠʿʝ ʿʘʚʥʦʩʪʠ ʩʫ ʧʦʢʜʨʘʟʘʣʝ ʜʘ ʤʥʦʛʠ ʛʨʘʹʘʥʠ ʥʠʩʫ ʙʠʣʠ ʟʘʜʦʚʦˀʥʠ ʦʚʘʢʚʠʤ ʦʩʚʝʪˀʝˁʝʤ, 

ʦʮʝˁʫʿʫ˂ʠ ʛʘ ʢʘʦ ʦʩʚʝʪˀʝˁʝ ʧʨʝʿʘʢʦʛ ʠʥʪʝʥʟʠʪʝʪʘ, ʢʦʿʝ ʠʟʘʟʠʚʘ ʿʘʢʦ ʙˀʝʰʪʘˁʝ ʠ ʧʨʦʙʣʝʤʝ ʩʘ 

ʩʧʘʚʘˁʝʤ. ʅʘʨʦʯʠʪʦ ʥʝʛʘʪʠʚʥʠ ʢʦʤʝʥʪʘʨʠ ʦʜʥʦʩʠʣʠ ʩʫ ʩʝ ʥʘ ʥʝʧʨʠʿʘʪʥʫ (ʭʣʘʜʥʫ, ʧʣʘʚʠʯʘʩʪʫ) 

ʙʦʫʿ ʩʚʝʪʣʦʩʪʠ ʠ ʧʦʚʝ˂ʘʥʦ ʩʚʝʪʣʦʩʥʦ ʟʘʛʘʹʝˁʝ (LED ʠʟʚʦʨʠ ʭʣʘʜʥʦ-ʙʝʣʝ ʙʦʿʝ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʫ 

ʥʘ ʩʿʘʿ ʥʝʙʘ, ʥʦ˂ʥʝ ʧʝʿʟʘʞʝ ʠ ʥʦ˂ʥʝ ʞʠʚʦʪʠˁʝ).  

ʇʦʫʯʝʥʠ ʥʘʚʝʜʝʥʠʤ ʠʩʢʫʩʪʚʦʤ, ʧʨʦʿʝʢʪʘʥʪʠ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʜʘʥʘʩ ʠʟʙʝʛʘʚʘʿʫ 

ʢʦʨʠʰ˂ʝˁʝ LED ʧʘʢʝʪʘ ʭʣʘʜʥʦ ʙʝʣʝ ʙʦʿʝ. ʋʤʝʩʪʦ ˁʠʭ, ʦʙʠʯʥʦ ʙʠʨʘʿʫ LED ʧʘʢʝʪʝ ʥʝʫʪʨʘʣʥʝ 

ʙʝʣʝ ʙʦʿʝ, ʢʦʿʠ ʩʫ ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʥʠʿʠ ʦʜ LED ʧʘʢʝʪʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ. ʄʝʹʫʪʠʤ, ʨʘʟʣʠʢʘ 

ʠʟʤʝʹʫ ʩʚʝʪʣʦʩʥʠʭ ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʫʧʥʠʭ LED ʧʘʢʝʪʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ 

(4000 K) ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ (3000 K) (ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʠʩʪʠ ʦʧʰʪʠ ʠʥʜʝʢʩ ʨʝʧʨʦʜʫʢʮʠʿʝ ʙʦʿʘ) 

ʠʟʥʦʩʠ ʩʘʤʦ 6%. ʇʦʩʪʠʟʘˁʝ ʿʝʜʥʘʢʝ ʩʚʝʪʣʦʩʥʝ ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ LED ʧʘʢʝʪʘ ʪʦʧʣʦ-ʙʝʣʝ ʠ 

ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʧʨʝʜʚʠʹʘ ʩʝ ʫ ʙʣʠʩʢʦʿ ʙʫʜʫ˂ʥʦʩʪʠ. ɼʘʢʣʝ, ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ 

(ʩʚʝʪʣʦʩʥʘ ʠʩʢʦʨʠʩʪʠʚʦʩʪ) ʚʠʰʝ ʥʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʝ ʦʜʣʫʯʫʿʫ˂ʠ ʢʨʠʪʝʨʠʿʫʤ ʧʨʠ ʠʟʙʦʨʫ ʙʦʿʝ 

LED ʧʘʢʝʪʘ ʥʘʤʝˁʝʥʠʭ ʟʘ ʫʣʠʯʥʦ ʦʩʚʝʪˀʝˁʝ, ʚʝ˂ ʙʠ ʦʥ ʪʨʝʙʘʣʦ ʜʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʩʫʙʿʝʢʪʠʚʥʠʤ 

ʜʦʞʠʚˀʘʿʠʤʘ ʧʝʰʘʢʘ ʠ ʚʦʟʘʯʘ, ʦʜʥʦʩʥʦ, ʩʘʤʦ ʚʦʟʘʯʘ ʫʢʦʣʠʢʦ ʿʝ ʫʣʠʮʘ (ʧʫʪ) ʠʩʢˀʫʯʠʚʦ 

ʥʘʤʝˁʝʥʘ ʟʘ ʤʦʪʦʨʥʠ ʩʘʦʙʨʘ˂ʘʿ.  

ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʧʦʤʝʥʫʪʦ, ʩʤʘˁʝˁʝ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʦʩʚʝʪˀʝˁʫ ʫʣʠʮʘ 

(ʧʫʪʝʚʘ) ʫʛʣʘʚʥʦʤ ʿʝ ʨʝʘʣʠʟʦʚʘʥʦ ʟʘʤʝʥʦʤ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ LED ʩʚʝʪʠˀʢʘʤʘ, ʘʣʠ ʠ ʢʨʦʟ 

ʧʨʠʤʝʥʫ ʪʝʣʝʤʝʥʘ˅ʤʝʥʪ ʩʠʩʪʝʤʘ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʨʘʟʣʠʯʠʪʝ ʨʝʞʠʤʝ ʦʩʚʝʪˀʝˁʘ, ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʨʝʜʫʢʮʠʿʠ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ ʩʚʝʪʠˀʢʠ (ʜʠʤʦʚʘˁʫ). ʄʝʹʫʪʠʤ, ʥʝʘʜʝʢʚʘʪʥʘ ʧʨʠʤʝʥʘ ʪʘʢʚʠʭ 

(ʘʜʘʧʪʠʚʥʠʭ) ʩʠʩʪʝʤʘ ʦʩʚʝʪˀʝˁʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʧʦʩʣʝʜʠʮʘ ʫ ʧʨʘʢʩʠ, ʢʦʿʝ ʩʝ 

ʥʘʿʯʝʰ˂ʝ ʤʘʥʠʬʝʩʪʫʿʫ ʢʨʦʟ ʥʝʜʦʚʦˀʥʫ ʚʠʜˀʠʚʦʩʪ.  

ɱʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʧʨʦʙʣʝʤʘ ʿʝ ʫʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʢʚʘʣʠʪʝʪ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ. ʇʦʩʣʝ ʧʦʤʝʥʫʪʠʭ ʟʘʤʝʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ LED ʩʚʝʪʠˀʢʘʤʘ, ʫʦʯʝʥʠ ʩʫ ʧʨʦʙʣʝʤʠ ʩʘ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʚʠʰʠʤ ʭʘʨʤʦʥʠʮʠʤʘ ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʿʘʚʥʦʛ ʦʩʚʝʪˀʝˁʘ, ʠ ʪʦ ʫ ʧʦʛʣʝʜʫ ʜʠʩʪʦʨʟʠʿʝ ʥʘʧʦʥʘ ʠ 

ʩʪʨʫʿʝ, ʢʘʦ ʠ ʧʨʦʙʣʝʤʠ ʩʘ ʥʠʩʢʠʤ ʬʘʢʪʦʨʠʤʘ ʩʥʘʛʝ ʩʚʝʪʠˀʢʠ. ʈʘʟʣʦʛ ʟʘ ʪʦ ʧʨʝʜʩʪʘʚˀʘ ʫʧʦʪʨʝʙʘ 

ʜʨʘʿʚʝʨʘ ʩʪʘʥʜʘʨʜʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʢʘʦ ʠ ʧʨʠʤʝʥʘ ʨʘʟʣʠʯʠʪʠʭ ʩʮʝʥʘʨʠʿʘ ʜʠʤʦʚʘˁʘ. 

ɼʦʜʘʪʥʠ ʨʘʟʣʦʛ ʧʨʝʜʩʪʘʚˀʘ ʠ ʫʪʠʮʘʿ ʩʪʚʘʨʥʦʛ (ʠʟʦʙʣʠʯʝʥʦʛ) ʥʘʧʦʥʘ ʥʘ ʬʘʢʪʦʨ ʩʥʘʛʝ ʠ 

ʭʘʨʤʦʥʠʿʩʢʫ ʜʠʩʪʦʨʟʠʿʫ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ LED ʩʚʝʪʠˀʢʠ. ʀʟ ʥʘʚʝʜʝʥʠʭ ʨʘʟʣʦʛʘ, ʨʝʣʝʚʘʥʪʥʠ 

ʝʣʝʢʪʨʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʩʚʝʪʠˀʢʠ ʯʝʩʪʦ ʥʠʩʫ ʫʩʘʛʣʘʰʝʥʠ ʩʘ ʦʥʠʤ ʢʦʿʠ ʩʫ ʜʝʢʣʘʨʠʩʘʥʠ ʦʜ ʩʪʨʘʥʝ 

ʧʨʦʠʟʚʦʹʘʯʘ, ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʧʦʛʨʝʰʥʠʭ ʟʘʢˀʫʯʘʢʘ ʧʦ ʧʠʪʘˁʫ ʫʰʪʝʜʘ ʫʪʨʦʰʝʥʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʢʘʦ ʧʨʠʤʘʨʥʦʛ ʮʠˀʘ ʟʘʤʝʥʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ LED ʩʚʝʪʠˀʢʘʤʘ ʫ 

ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ. 

ɼʨʫʛʠ ʚʝʣʠʢʠ ʧʨʦʙʣʝʤ ʧʨʠ ʟʘʤʝʥʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ LED ʩʚʝʪʠˀʢʘʤʘ ʧʨʝʜʩʪʘʚˀʘ 

ʥʝʘʜʝʢʚʘʪʘʥ ʠʟʙʦʨ ʥʦʚʠʭ (ʟʘʤʝʥʩʢʠʭ) ʩʚʝʪʠˀʢʠ, ʠ ʪʦ ʜʦʤʠʥʘʥʪʥʦ ʫ ʧʦʛʣʝʜʫ ʧʦʩʪʠʟʘˁʘ 

ʥʝʝʢʚʠʚʘʣʝʥʪʥʠʭ ʨʝʣʝʚʘʥʪʥʠʭ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ. ɿʘʢˀʫʯʮʠ ʠʟʚʝʜʝʥʠ ʥʘ ʦʩʥʦʚʫ 

ʿʝʜʥʦʛ ʩʣʫʯʘʿʘ ʫʣʠʮʝ/ʧʫʪʘ ʠ ʦʜʩʫʩʪʚʦ ʫʚʘʞʘʚʘˁʘ ʝʬʝʢʘʪʘ ʤʝʟʦʧʩʢʦʛ ʚʠʹʝˁʘ, ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʜʦʜʘʪʥʫ ʧʨʝʜʥʦʩʪ LED ʪʝʭʥʦʣʦʛʠʿʝ, ʪʘʢʦʹʝ ʩʫ ʯʝʩʪʠ ʫ ʧʨʦʿʝʢʪʘʥʪʩʢʦʿ ʧʨʘʢʩʠ. ʅʘʚʝʜʝʥʠ 

ʥʝʜʦʩʪʘʮʠ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʧʦʛʨʝʰʥʠʭ ʟʘʢˀʫʯʘʢʘ ʧʦ ʧʠʪʘˁʫ ʫʰʪʝʜʘ ʫʪʨʦʰʝʥʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ, ʘʣʠ ʠ ʧʦ ʧʠʪʘˁʫ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ, ʯʠʿʘ ʨʝʜʫʢʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʩʝʢʫʥʜʘʨʥʠ ʮʠˀ 

ʟʘʤʝʥʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ LED ʩʚʝʪʠˀʢʘʤʘ ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ.  

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʩʚʝ ʥʘʧʨʝʜ ʥʘʚʝʜʝʥʦ, ʫʪʚʨʹʠʚʘˁʝ ʙʨʦʿʥʠʭ ʨʝʘʣʥʠʭ ʧʦʢʘʟʘʪʝˀʘ ʢʚʘʣʠʪʝʪʘ 

ʠ ʦʧʨʘʚʜʘʥʦʩʪʠ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ, ʢʘʦ ʠ ʨʘʟʚʦʿ ʤʝʪʦʜʦʣʦʛʠʿʘ 

ʢʘʢʦ ʟʘ ʦʙʿʝʢʪʠʚʥʫ ʪʘʢʦ ʠ ʟʘ ʩʫʙʿʝʢʪʠʚʥʫ ʝʚʘʣʫʘʮʠʿʫ ʩʚʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʚʘʣʠʪʝʪʘ LED ʫʣʠʯʥʦʛ 

ʦʩʚʝʪˀʝˁʘ, ʧʨʝʜʩʪʘʚˀʘʣʠ ʩʫ ʦʩʥʦʚʥʫ ʤʦʪʠʚʘʮʠʿʫ ʟʘ ʠʟʨʘʜʫ ʧʨʝʜʤʝʪʥʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. 
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2 ʇʈɽɼʄɽʊ ʀʉʊʈɸɾʀɺɸɳɸ 
 

ʉʤʘˁʝˁʝ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʦʩʚʝʪˀʝˁʫ ʫʣʠʮʘ (ʧʫʪʝʚʘ) ʫʛʣʘʚʥʦʤ ʿʝ 

ʨʝʘʣʠʟʦʚʘʥʦ ʟʘʤʝʥʦʤ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ (ʢʦʿʝ ʩʘʜʨʞʝ ʥʘʪʨʠʿʫʤʦʚʝ ʠʟʚʦʨʝ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʠʣʠ 

ʤʝʪʘʣ-ʭʘʣʦʛʝʥʝ ʠʟʚʦʨʝ) LED ʩʚʝʪʠˀʢʘʤʘ, ʘʣʠ ʠ ʢʨʦʟ ʧʨʠʤʝʥʫ ʪʝʣʝʤʝʥʘ˅ʤʝʥʪ ʩʠʩʪʝʤʘ ʢʦʿʠ 

ʦʤʦʛʫ˂ʘʚʘʿʫ ʨʘʟʣʠʯʠʪʝ ʨʝʞʠʤʝ ʦʩʚʝʪˀʝˁʘ, ʟʘʩʥʦʚʘʥʝ ʥʘ ʨʝʜʫʢʮʠʿʠ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ 

ʩʚʝʪʠˀʢʠ (ʜʠʤʦʚʘˁʫ). ʄʝʹʫʪʠʤ, ʥʝʘʜʝʢʚʘʪʥʘ ʧʨʠʤʝʥʘ ʪʘʢʚʠʭ (ʘʜʘʧʪʠʚʥʠʭ) ʩʠʩʪʝʤʘ 

ʦʩʚʝʪˀʝˁʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʧʦʩʣʝʜʠʮʘ ʫ ʧʨʘʢʩʠ, ʢʦʿʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʤʘʥʠʬʝʩʪʫʿʫ 

ʢʨʦʟ ʥʝʜʦʚʦˀʥʫ ʚʠʜˀʠʚʦʩʪ.  

ɿʘʤʝʥʦʤ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ LED ʩʚʝʪʠˀʢʘʤʘ, ʜʦʣʘʟʠ ʜʦ ʧʨʦʙʣʝʤʘ ʩʘ ʜʠʩʪʦʨʟʠʿʦʤ ʥʘʧʦʥʘ 

ʠ ʩʪʨʫʿʝ, ʢʘʦ ʠ ʩʘ ʥʠʩʢʠʤ ʬʘʢʪʦʨʠʤʘ ʩʥʘʛʝ ʩʚʝʪʠˀʢʠ ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʿʘʚʥʦʛ ʦʩʚʝʪˀʝˁʘ, ʰʪʦ 

ʿʝ ʧʨʦʫʟʨʦʢʦʚʘʥʦ ʢʘʢʦ ʫʧʦʪʨʝʙʦʤ ʜʨʘʿʚʝʨʘ ʩʪʘʥʜʘʨʜʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʪʘʢʦ ʠ ʧʨʠʤʝʥʦʤ 

ʨʘʟʣʠʯʠʪʠʭ ʩʮʝʥʘʨʠʿʘ ʜʠʤʦʚʘˁʘ. ɼʦʜʘʪʥʠ ʫʟʨʦʢ ʧʨʝʜʩʪʘʚˀʘ ʠ ʫʪʠʮʘʿ ʩʪʚʘʨʥʦʛ (ʠʟʦʙʣʠʯʝʥʦʛ) 

ʥʘʧʦʥʘ ʥʘ ʬʘʢʪʦʨ ʩʥʘʛʝ ʠ ʭʘʨʤʦʥʠʿʩʢʫ ʜʠʩʪʦʨʟʠʿʫ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ LED ʩʚʝʪʠˀʢʠ. ɿʙʦʛ ʪʦʛʘ 

ʨʝʣʝʚʘʥʪʥʠ ʝʣʝʢʪʨʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʩʚʝʪʠˀʢʠ ʯʝʩʪʦ ʥʠʩʫ ʫʩʘʛʣʘʰʝʥʠ ʩʘ ʧʘʨʘʤʝʪʨʠʤʘ 

ʜʝʢʣʘʨʠʩʘʥʠʤ ʦʜ ʩʪʨʘʥʝ ʧʨʦʠʟʚʦʹʘʯʘ, ʰʪʦ ʤʦʞʝ ʥʘʚʝʩʪʠ ʥʘ ʧʦʛʨʝʰʥʝ ʟʘʢˀʫʯʢʝ ʧʦ ʧʠʪʘˁʫ 

ʫʰʪʝʜʘ ʫʪʨʦʰʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʠʤʘʨʥʠ ʮʠˀ ʟʘʤʝʥʝ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ LED ʩʚʝʪʠˀʢʘʤʘ ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ. 

ʋ ʮʠˀʫ ʧʦʨʝʹʝˁʘ ʨʝʣʝʚʘʥʪʥʠʭ ʧʦʢʘʟʘʪʝˀʘ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠʥʩʪʘʣʘʮʠʿʘ ʫʣʠʯʥʦʛ 

ʦʩʚʝʪˀʝˁʘ ʠʟʚʝʜʝʥʠʭ ʧʦʤʦ˂ʫ LED ʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ (ʥʘʪʨʠʿʫʤʦʚʠʭ ʠʣʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ) 

ʩʚʝʪʠˀʢʠ, ʠʟʘʙʨʘʥʦ ʝʿ 17 ʪʠʧʠʯʥʠʭ ʛʨʘʜʩʢʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ ʢʦʿʠʤʘ ʦʜʛʦʚʘʨʘʿʫ ʩʚʝ ʩʪʘʥʜʘʨʜʥʝ 

ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ, ʟʘ ʢʦʿʝ ʩʫ, ʫʟ ʠʟʙʦʨ ʘʜʝʢʚʘʪʥʦʛ ʨʘʩʧʦʨʝʜʘ ʩʚʝʪʠˀʢʠ (ʿʝʜʥʦʩʪʨʘʥʠ, ʮʠʢ-

ʮʘʢ, ʜʚʦʩʪʨʘʥʠ ʥʘʩʧʨʘʤʥʠ ʠʣʠ ʮʝʥʪʨʘʣʥʠ), ʠʟʚʨʰʝʥʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʧʨʦʨʘʯʫʥʠ ʫʟ 

ʧʨʝʪʧʦʩʪʘʚˀʝʥʫ ʧʨʠʤʝʥʫ ʩʘʚʨʝʤʝʥʠʭ ʥʘʪʨʠʿʫʤʦʚʠʭ, ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ ʠ LED ʩʚʝʪʠˀʢʠ ʪʦʧʣʦ-

ʙʝʣʝ ʙʦʿʝ (ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K) ʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ (ʧʨʠʜʨʫʞʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K). ʀʟʙʦʨ ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʝ/ʧʫʪʘ ʠʟʚʨʰʝʥ ʿʝ ʧʦ ʜʚʘ 

ʢʨʠʪʝʨʠʿʫʤʘ: ʢʨʠʪʝʨʠʿʫʤʫ ʤʘʢʩʠʤʘʣʥʦʛ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʩʪʫʙʦʚʘ ʠ ʢʨʠʪʝʨʠʿʫʤʫ ʤʠʥʠʤʘʣʥʝ 

ʠʥʩʪʘʣʠʩʘʥʝ ʩʥʘʛʝ. ʀʟʣʘʟʥʠ ʧʦʜʘʮʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʨʝʣʝʚʘʥʪʥʠ ʟʘ ʪʝʭʥʦ-

ʝʢʦʥʦʤʩʢʫ ʘʥʘʣʠʟʫ ʩʫ ʪʠʧʦʚʠ ʥʘʪʨʠʿʫʤʦʚʠʭ, ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ ʠ LED ʩʚʝʪʠˀʢʠ, ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ 

ʦʧʪʠʤʘʣʥʠʤ ʨʝʰʝˁʠʤʘ ʦʩʚʝʪˀʝˁʘ, ʢʘʦ ʠ ʚʠʩʠʥʝ ʠ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ ʩʪʫʙʦʚʘ 

(ʩʚʝʪʠˀʢʠ) ʫ ʦʢʚʠʨʫ ʩʚʠʭ 17 ʨʘʟʤʘʪʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ. 

ʅʘ ʦʩʥʦʚʫ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ, ʘ ʫ ʮʠˀʫ ʘʥʘʣʠʟʝ ʫʪʠʮajʘ ʠʟʘʙʨʘʥʠʭ ʩʚʝʪʠˀʢʠ ʥa 

ʢʚaʣʠʪeʪ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ ʠ ʧʨʠ ʤʨʝʞʥʦʤ ʥʘʧʦʥʫ, ʠʟʚʨʰʝʥʘ 

ʩʫ ʤʝʨʝˁʘ ʚʨeʜʥoʩʪʠ ʩʣʝʜʝ˂ʠʭ ʧaʨaʤeʪaʨa: ʘʢʪʠʚʥʝ ʩʥaʛʝ, ʨeaʢʪʠʚʥʝ ʩʥaʛʝ, ʩʪʨʫjʝ, ʬʘʢʪʦʨʘ 

ʩʥʘʛʝ, THD ʥʘʧʦʥʘ ʠ ʊHD ʩʪʨʫʿʝ. 

ʃʘʙʦʨʘʪʦʨʠʿʩʢʘ ʤʝʨʝˁʘ ʥʘʚʝʜʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ (ʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥʘ) ʠʟʚʨʰʝʥʘ ʩʫ ʧʨʠ 

ʥʘʧʦʥʠʤʘ ʯʠʿʠ ʝʿ ʩʪʝʧʝʥ ʠʟʦʙʣʠʯʝˁʘ ʚʘʨʠʨʘʥ ʜʦʜʘʚʘˁʝʤ ʦʪʧʦʨʥʦʩʪʠ ʠ ʧʨʠʛʫʰʥʠʮʝ ʥʘ ʨʝʜ ʩʘ 

ʩʚʘʢʦʤ ʪʝʩʪʠʨʘʥʦʤ ʩʚʝʪʠˀʢʦʤ (ʪʘʢʚʠʤ ʧʦʩʪʫʧʢʦʤ ʿʝ ʩʠʤʫʣʠʨʘʥʘ ʢʘʙʣʦʚʩʢʘ ʚʝʟʘ ʠʟʤʝʹʫ 

ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ ʿʘʚʥʦʛ ʦʩʚʝʪˀʝˁʘ ʠ ʧʨʚʝ ʩʚʝʪʠˀʢʝ ʫ ʠʥʩʪʘʣʘʮʠʿʠ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʝ/ʧʫʪʘ). 

ʋʧʦʪʨʝʙʦʤ ʪʝʣʝʤʝʥʘ˅ʤʝʥʪ ʩʠʩʪʝʤʘ, ʩʚʠ ʥʘʚʝʜʝʥʠ ʧʘʨʘʤʝʪʨʠ ʩʫ ʨʘʟʤʘʪʨʘʥʠ ʠ ʫ ʨʝʞʠʤʠʤʘ ʨʘʜʘ 

ʩʘ ʨʝʜʫʢʦʚʘʥʠʤ ʩʚʝʪʣʦʩʥʠʤ ʬʣʫʢʩʦʤ (ʢʦʿʠ ʩʝ ʧʨʠʤʝˁʫʿʫ ʫ ʢʘʩʥʠʤ ʥʦ˂ʥʠʤ ʠ ʨʘʥʠʤ ʿʫʪʘʨˁʠʤ 

ʩʘʪʠʤʘ). ʋʚʘʞʝʥʠ ʩʫ ʠ ʝʬʝʢʪʠ ʤʝʟʦʧʩʢʦʛ ʚʠʹʝˁʘ (ʥʠʚʦʠ ʩʿʘʿʥʦʩʪʠ ʨʘʟʤʘʪʨʘʥʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ 

ʟʘ ʤʦʪʦʨʥʠ ʠ ʤʝʰʦʚʠʪʠ ʩʘʦʙʨʘ˂ʘʿ ʦʜʛʦʚʘʨʘʿʫ ʤʝʟʦʧʩʢʦʤ ʚʠʹʝˁʫ). 

ɻʦʨʝ ʧʦʤʝʥʫʪʠ ʠʟʤʝʨʝʥʠ ʧʘʨʘʤʝʪʨʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ ʟʘ ʘʥʘʣʠʟʫ ʩʮʝʥʘʨʠʿʘ 

ʿʘʚʥʦʛ ʦʩʚʝʪˀʝˁʘ ʩʘ ʪʨʠ ʨʝʞʠʤʘ ʨʘʜʘ, ʟʘ ʯʝʪʠʨʠ ʪʠʧʠʯʥʝ ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ ʫ ʮʠˀʫ ʦʜʨʝʹʠʚʘˁʘ 

ʧʨʦʮʝʥʪʫʘʣʥʠʭ ʨʘʟʣʠʢʘ ʫʪʨʦʰʝʥʝ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʥʘ ʛʦʜʠʰˁʝʤ 

ʥʠʚʦʫ ʫ ʩʣʫʯʘʿʫ ʠʥʩʪʘʣʠʨʘˁʘ LED ʫʤʝʩʪʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ (ʥʘʪʨʠʿʫʤʦʚʠʭ ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ) 

ʩʚʝʪʠˀʢʠ. 
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ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 

 

4 

ʀʟʚʨʰʝʥʘ ʩʫ ʠ ʤʝʨʝˁʘ ʚʨʝʜʥʦʩʪʠ ʨʝʣʝʚʘʥʪʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʩʚʝʪʠˀʢʠ ʫ 

ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ï ʥʘ ʜʚʘ ʜʝʣʘ ʨʝʘʣʥʝ ʠʥʩʪʘʣʘʮʠʿʝ LED ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ (ʿʝʜʥʝ ʩʘ LED 

ʜʨʘʿʚʝʨʠʤʘ ʩʘ ʩʪʘʥʜʘʨʜʥʠʤ, ʘ ʜʨʫʛʝ ʩʘ LED ʜʨʘʿʚʝʨʠʤʘ ʩʘ ʧʦʙʦˀʰʘʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ). ʅʘ 

ʦʩʥʦʚʫ ʠʟʤʝʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʨʘʟʚʠʿʝʥ ʿʝ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʟʘ ʧʨʦʨʘʯʫʥ ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ 

ʫ ʪʨʦʬʘʟʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ. ʅʘʢʦʥ ʪʦʛʘ ʿʝ ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʛʨʘʤ u Matlab-ʫ, 

ʢʦʿʠ ʿʝ ʧʨʠʤʝˁʝʥ ʥʘ ʯʝʪʠʨʠ ʪʠʧʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ (ʧʫʪʝʚʘ), ʩ ʮʠˀʝʤ ʜʘ ʩʝ 

ʦʜʨʝʜʠ ʤʘʢʩʠʤʘʣʘʥ ʙʨʦʿ ʩʚʝʪʠˀʢʠ ʟʘ ʢʦʿʠ ʥʠʿʝ ʧʨʝʢʦʨʘʯʝʥʘ ʥʠʿʝʜʥʘ ʦʜ ʛʨʘʥʠʮʘ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ 

ʥʘ ʧʘʜ ʥʘʧʦʥʘ, THD ʥʘʧʦʥʘ ʠ ʧʦʿʝʜʠʥʘʯʥʝ ʭʘʨʤʦʥʠʢʝ ʥʘʧʦʥʘ ʫ ʥʦʨʤʘʣʥʦʤ ʠ ʨʝʜʫʢʦʚʘʥʠʤ 

ʨʝʞʠʤʠʤʘ ʦʩʚʝʪˀʝˁʘ.  

ɿʘ 6 ʪʠʧʠʯʥʠʭ ʩʣʫʯʘʿʝʚʘ ʩʘ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʫʧʦʨʝʜʠʚʠʤ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʨʝʰʝˁʠʤʘ ʩʘ 

ʥʘʪʨʠʿʫʤʦʚʠʤ ʠ LED ʩʚʝʪʠˀʢʘʤʘ (ʧʦ ʜʚʘ ʩʣʫʯʘʿʘ ʟʘ ʮʝʥʪʨʘʣʥʠ, ʜʚʦʩʪʨʘʥʠ ʥʘʩʧʨʘʤʥʠ ʠ 

ʿʝʜʥʦʩʪʨʘʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ, ʢʦʿʠʤʘ ʨʝʜʦʤ ʦʜʛʦʚʘʨʘʿʫ ʩʪʘʥʜʘʨʜʥʝ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ 

ʫʣʠʮʝ/ʧʫʪʘ ʄ1, ʄ2 ʠ ʄ3) ʘʥʘʣʠʟʠʨʘʥ ʝʿ ʠ ʫʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʩʚʝʪʠˀʢʠ ʥʘ ʧʨʝʩʝʢ ʢʘʙʣʘ 

ʩʪʨʫʿʥʦʛ ʢʦʣʘ ʦʩʚʝʪˀʝˁʘ, ʝʬʠʢʘʩʥʦʩʪ ʟʘʰʪʠʪʝ ʦʜ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ (ʫ ʩʣʫʯʘʿʫ ʢʚʘʨʘ) ʠ ʧʘʜ 

ʥʘʧʦʥʘ. 

ʇʦʰʪʦ ʫ ʧʨʦʧʘʛʘʥʜʥʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ ʧʨʦʠʟʚʦʹʘʯʘ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʠʿʝ ʧʦʤʠˁʘʥ 

ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿ LED ʠʟʚʦʨʘ ʭʣʘʜʥʦ-ʙʝʣʝ ʙʦʿʝ ʥʘ ˀʫʜʩʢʦ ʟʜʨʘʚˀʝ, ʠʘʢʦ ʙʠʨʘʥʠ ʟʙʦʛ ʥʘʿʚʝ˂ʝ 

ʩʚʝʪʣʦʩʥʝ ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ ʤʝʹʫ ʩʚʠʤ LED ʧʘʢʝʪʠʤʘ, ʧʦʫʯʝʥʠ ʥʝʛʘʪʠʚʥʠʤ ʨʝʘʢʮʠʿʘʤʘ 

ʿʘʚʥʦʩʪʠ, ʧʨʦʿʝʢʪʘʥʪʠ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʜʘʥʘʩ ʠʟʙʝʛʘʚʘʿʫ ʢʦʨʠʰ˂ʝˁʝ LED ʧʘʢʝʪʘ ʭʣʘʜʥʦ-

ʙʝʣʝ ʙʦʿʝ. ʋʤʝʩʪʦ ˁʠʭ, ʦʙʠʯʥʦ ʙʠʨʘʿʫ LED ʧʘʢʝʪʝ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ, ʢʦʿʠ ʩʫ ʝʥʝʨʛʝʪʩʢʠ 

ʝʬʠʢʘʩʥʠʿʠ ʦʜ LED ʧʘʢʝʪʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ. ɿʙʦʛ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʩʚʝʪʣʦʩʥʠʭ ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ 

ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʫʧʥʠʭ LED ʧʘʢʝʪʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ (4000 K) ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ (3000 K) 

(ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʠʩʪʠ ʦʧʰʪʠ ʠʥʜʝʢʩ ʨʝʧʨʦʜʫʢʮʠʿʝ ʙʦʿʘ) ʢʦʿʘ ʠʟʥʦʩʠ ʩʘʤʦ 6%, ʢʘʦ ʠ ʯʠˁʝʥʠʮʝ 

ʜʘ ʩʝ ʧʨʝʜʚʠʹʘ ʧʦʩʪʠʟʘˁʝ ʿʝʜʥʘʢʝ ʩʚʝʪʣʦʩʥʝ ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ LED ʧʘʢʝʪʘ ʪʦʧʣʦ-ʙʝʣʝ ʠ 

ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʫ ʙʣʠʩʢʦʿ ʙʫʜʫ˂ʥʦʩʪʠ, ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ (ʩʚʝʪʣʦʩʥʘ ʠʩʢʦʨʠʩʪʠʚʦʩʪ) 

ʚʠʰʝ ʥʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʝ ʦʜʣʫʯʫʿʫ˂ʠ ʢʨʠʪʝʨʠʿʫʤ ʧʨʠ ʠʟʙʦʨʫ ʙʦʿʝ LED ʧʘʢʝʪʘ ʥʘʤʝˁʝʥʠʭ ʟʘ 

ʫʣʠʯʥʦ ʦʩʚʝʪˀʝˁʝ. ʂʨʠʪʝʨʠʿʫʤ ʠʟʙʦʨʘ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ LED ʧʘʢʝʪʘ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ 

ʩʫʙʿʝʢʪʠʚʥʠʤ ʜʦʞʠʚˀʘʿʠʤʘ ʧʝʰʘʢʘ ʠ ʚʦʟʘʯʘ, ʦʜʥʦʩʥʦ, ʩʘʤʦ ʚʦʟʘʯʘ ʫʢʦʣʠʢʦ ʿʝ ʫʣʠʮʘ (ʧʫʪ) 

ʠʩʢˀʫʯʠʚʦ ʥʘʤʝˁʝʥʘ ʟʘ ʤʦʪʦʨʥʠ ʩʘʦʙʨʘ˂ʘʿ. 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʥʘʧʨʝʜ ʥʘʚʝʜʝʥʦ, ʥʘ ʦʩʥʦʚʫ ʧʠʣʦʪ ʧʨʦʿʝʢʪʘ ʫ ʦʢʚʠʨʫ ʢʦʛʘ ʝʿ ʫʟ ʧʦʤʦ˂ 

ʪʝʣʝʤʝʥʘ˅ʤʝʥʪ ʩʠʩʪʝʤʘ, ʤʦʙʠʣʥʦʛ ʣʫʤʠʥʘʥʩʤʝʪʨʘ (CCD ʢʘʤʝʨʝ), ʘʥʢʝʪʝ ʠ ʩʪʘʪʠʩʪʠʯʢʝ 

ʘʥʘʣʠʟʝ ˁʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠʟʚʨʰʝʥʦ ʧʦʨʝʹʝˁʝ ʩʫʙʿʝʢʪʠʚʥʠʭ ʧʦʢʘʟʘʪʝˀʘ ʢʚʘʣʠʪʝʪʘ ʠʥʩʪʘʣʘʮʠʿʘ 

ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʨʝʘʣʠʟʦʚʘʥʠʭ ʧʦʤʦ˂ʫ LED ʯʠʧʦʚʘ ʪʦʧʣʦ-ʙʝʣʝ ʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ, ʢʘʦ ʠ 

ʥʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʝ ʨʝʣʝʚʘʥʪʥʠʭ ʨʝʬʝʨʝʥʮʠ ʢʦʿʝ ʩʫ ʩʝ ʙʘʚʠʣʝ ʟʜʨʘʚʩʪʚʝʥʠʤ ʘʩʧʝʢʪʠʤʘ ʫʧʦʪʨʝʙʝ 

LED ʩʚʝʪʠˀʢʠ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ, ʜʘʪʝ ʩʫ ʧʨʝʧʦʨʫʢʝ ʫ ʚʝʟʠ ʩʘ LED ʯʠʧʦʚʠʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ ʟʘ ʧʨʠʤʝʥʫ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ. 

ʇʨʚʠ ʜʝʦ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʧʦʩʚʝ˂ʝʥ ʩʫʙʿʝʢʪʠʚʥʦʤ ʜʦʞʠʚˀʘʿʫ ʚʠʜˀʠʚʦʩʪʠ ʠ ʚʠʜʥʦʛ 

ʢʦʤʬʦʨʘ ʧʝʰʘʢʘ ʧʨʠ ʢʦʨʠʰ˂ʝˁʫ LED ʧʘʢʝʪʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ (ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 

3000 K) ʠ ʥʝʫʪʨʘʣʥʦ ʙʝʣʝ ʙʦʿʝ (ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K) ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ. 

ɼʨʫʛʠ ʜʝʦ ʠʩʪʨʘʞʠʚʘˁʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʦʜʨʝʹʠʚʘˁʝ ʧʨʝʬʝʨʠʨʘʥʝ ʙʦʝʿ ʩʚʝʪʣʦʩʪʠ LED 

ʧʘʢʝʪʘ ʠʟ ʧʝʨʩʧʝʢʪʠʚʝ ʚʦʟʘʯʘ, ʟʙʦʛ ʯʝʛʘ ˂ʝ ʩʝ ʠʟʚʨʰʠʪʠ ʦʮʝˁʠʚʘˁʝ ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʢʚʘʣʠʪʝʪʘ LED ʦʩʚʝʪˀʝˁʘ ʪʦʧʣʦ-ʙʝʣʝ ʠ ʥʝʫʪʨʘʣʥʦ ʙʝʣʝ ʙʦʿʝ (ʨʝʜʦʤ 3000 K ʠ 4000 K), ʠ ʪʦ ʢʘʢʦ 

ʦʙʿʝʢʪʠʚʥʦ ʪʘʢʦ ʠ ʩʫʙʿʝʢʪʠʚʥʦ. ʇʨʚʦ ʦʮʝˁʠʚʘˁʝ ʝʿ ʟʘʩʥʦʚʘʥʦ ʥʘ ʚʠʜˀʠʚʦʩʪʠ ʤʘʣʠʭ ʤʝʪʘ ʠ 

ʧʝʰʘʢʘ, ʘ ʜʨʫʛʦ ʥʘ ʧʦʧʫˁʘʚʘˁʫ ʫʧʠʪʥʠʢʘ ʦʜ ʩʪʨʘʥʝ ʠʩʧʠʪʘʥʠʢʘ ʢʦʿʠ ʩʫ ʫʯʝʩʪʚʦʚʘʣʠ ʫ ʩʪʚʘʨʥʦ ʿ

ʚʦʞʠˁ. ʀʩʧʠʪʠʚʘˁʝ ʢʦʿʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʚʠʜˀʠʚʦʩʪ ʤʘʣʠʭ ʤʝʪʘ ʙʘʟʠʨʘʥʦ ʿʝ ʥʘ ʫʩʣʦʚʠʤʘ 

ʦʨʛʘʥʠʟʘʮʠʿʝ ANSI/IESNA, ʜʦʢ ʝ˂ ʠʩʧʠʪʠʚʘˁʝ ʢʦʿʝ ˂ʝ ʩʝ ʦʜʥʦʩʠʪʠ ʥʘ ʜʝʪʝʢʮʠʿʫ ʧʝʰʘʢʘ ʙʠʪʠ 

ʟʘʩʥʦʚʘʥʦ ʥʘ ʩʦʬʪʚʝʨʩʢʦʿ ʘʥʘʣʠʟʠ ʬʦʪʦʛʨʘʬʠʿʘ ʧʝʰʘʢʘ ʢʦʿʠ ʧʨʝʣʘʟʠ ʫʣʠʮʫ. ʉʫʙʿʝʢʪʠʚʥʦ 

ʧʦʨʝʹʝˁʝ ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʦʩʚʝʪˀʝˁʘ ʦʙʝ ʠʥʩʪʘʣʘʮʠʿʝ ʠʟʚʝʜʝʥʦ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ 

ʫʧʠʪʥʠʢʘ. 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 

 

5 

ʇʨʠ ʟʘʤʝʥʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ LED ʩʚʝʪʠˀʢʘʤʘ ʯʝʩʪʦ ʜʦʣʘʟʠ ʠ ʜʦ ʥʝʘʜʝʢʚʘʪʥʦʛ ʠʟʙʦʨʘ 

ʥʦʚʠʭ (ʟʘʤʝʥʩʢʠʭ) ʩʚʝʪʠˀʢʠ, ʠ ʪʦ ʜʦʤʠʥʘʥʪʥʦ ʫ ʧʦʛʣʝʜʫ ʧʦʩʪʠʟʘˁʘ ʥʝʝʢʚʠʚʘʣʝʥʪʥʠʭ 

ʨʝʣʝʚʘʥʪʥʠʭ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʟʙʦʛ ʯʝʛʘ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʧʦʛʨʝʰʥʠʭ ʟʘʢˀʫʯʘʢʘ ʧʦ 

ʧʠʪʘˁʫ ʫʰʪʝʜʘ ʫʪʨʦʰʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʘʣʠ ʠ ʧʦ ʧʠʪʘˁʫ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ.  

ɿʙʦʛ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦʛ ʝʿ ʥʘʢʦʥ ʩʚʠʭ ʠʟʚʨʰʝʥʠʭ ʧʨʦʨʘʯʫʥʘ, ʤʝʨʝˁʘ, ʘʥʘʣʠʟʘ ʠ 

ʩʠʤʫʣʘʮʠʿʘ ʫʨʘʹʝʥʘ ʠ ʪʝʭʥʦ-ʝʢʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ ʦʧʨʘʚʜʘʥʦʩʪʠ ʫʧʦʪʨʝʙʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʫ 

ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ. ʊʝʭʥʦ-ʝʢʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ ʿʝ ʧʦʩʚʝ˂ʝʥʘ ʘʜʝʢʚʘʪʥʦʤ ʧʦʨʝʹʝˁʫ LED 

ʩʚʝʪʠˀʢʠ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʠʣʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ 

ʠʟʚʦʨʠʤʘ ʩʘ ʢʝʨʘʤʠʯʢʠʤ ʛʦʨʠʦʥʠʢʦʤ, ʧʨʠʤʝˁʝʥʠʭ ʟʘ ʦʩʚʝʪˀʝˁʝ ʫʣʠʮʘ ʠʣʠ ʧʫʪʝʚʘ ʥʘʤʝˁʝʥʠʭ 

ʟʘ ʤʦʪʦʨʠʟʦʚʘʥʠ ʠʣʠ ʤʝʰʦʚʠʪʠ ʩʘʦʙʨʘ˂ʘʿ. ʇʦʨʝʹʝˁʝ ʿʝ ʠʟʚʨʰʝʥʦ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʧʦʪʨʦʰˁʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʝʢʦʥʦʤʩʢʠʭ ʧʦʢʘʟʘʪʝˀʘ. ʈʘʟʤʘʪʨʘʥʝ ʩʫ LED ʩʚʝʪʠˀʢʝ ʩʘ ʧʘʢʝʪʠʤʘ 

ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ, ʩʚʝʪʣʦʩʥʝ ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ ʜʦ 160 lm/W, ʘ ʟʘ ʦʙʝ ʘʥʘʣʠʟʝ ʩʫ 

ʢʦʨʠʰ˂ʝʥʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ ʧʦ ʢʨʠʪʝʨʠʿʫʤʫ ʤʠʥʠʤʘʣʥʝ ʠʥʩʪʘʣʠʩʘʥʝ ʩʥʘʛʝ. ʇʦʨʝʜ 

ʩʪʘʥʜʘʨʜʥʠʭ LED ʧʘʢʝʪʘ ʢʦʿʠ ʩʝ ʜʘʥʘʩ ʢʦʨʠʩʪʝ ʫ ʩʚʝʪʠˀʢʘʤʘ ʥʘʤʝˁʝʥʠʤ ʦʩʚʝʪˀʝˁʫ 

ʫʣʠʮʘ/ʧʫʪʝʚʘ, ʫʟʝʪʠ ʩʫ ʫ ʦʙʟʠʨ ʠ ʦʥʠ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʩʚʝʪʣʦʩʥʘ ʠʩʢʦʨʠʩʪʠʚʦʩʪ ʦʜ 190 lm/W, 

ʢʦʠʿ ʩʝ ʢʦʤʝʨʮʠʿʘʣʥʦ ʤʦʛʫ ʦʯʝʢʠʚʘʪʠ ʫ ʙʣʠʩʢʦʿ ʙʫʜʫ˂ʥʦʩʪʠ. ʉʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ ʩʫ 

ʦʜʨʝʹʝʥʘ ʪʘʢʦ ʜʘ ʟʘ ʩʚʘʢʫ ʩʘʦʙʨʘ˂ʘʿʥʠʮʫ ʙʫʜʫ ʠʩʧʫˁʝʥʠ ʩʚʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʟʘʭʪʝʚʠ 

ʩʧʝʮʠʬʠʮʠʨʘʥʠ ʫ ʘʢʪʫʝʣʥʠʤ EN ʩʪʘʥʜʘʨʜʠʤʘ, ʫʟ ʫʩʣʦʚ ʜʘ ʜʦʙʠʿʝʥʠ ʥʠʚʦʠ ʩʿʘʿʥʦʩʪʠ ʤʘˁʝ ʦʜ 

5% ʦʜʩʪʫʧʘʿʫ ʦʜ ʟʘʭʪʝʚʘʥʠʭ. ʇʨʠʤʝʥʦʤ ʠʟʨʘʹʝʥʝ ʦʧʰʪʝ ʧʨʦʮʝʜʫʨʝ ʟʘ ʧʦʨʝʹʝˁʝ ʨʘʟʣʠʯʠʪʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ ʩʘ ʠʣʠ ʙʝʟ ʫʚʘʞʘʚʘˁʘ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ, ʠʟʚʨʰʝʥʦ ʿʝ 

ʧʦʨʝʹʝˁʝ ʩʘʤʦ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪʥʠʭ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ ʨʝʰʝˁʘ. ʋ ʧʦʛʣʝʜʫ ʝʢʦʥʦʤʩʢʝ 

ʘʥʘʣʠʟʝ, ʧʦʨʝʜ ʫʪʠʮʘʿʘ ʩʪʘʥʜʘʨʜʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ï ʩʪʦʧʝ ʘʢʪʫʝʣʠʟʘʮʠʿʝ ʠ ʮʝʥʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ï ʥʘ ʫʢʫʧʥʝ ʠʥʚʝʩʪʠʮʠʦʥʝ ʪʨʦʰʢʦʚʝ, ʘʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ ʦʙʫʭʚʘʪʘ ʠ ʫʪʠʮʘʿ 

ʞʠʚʦʪʥʦʛ ʚʝʢʘ LED ʧʘʢʝʪʘ. 
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3 ʉʊʈʋʂʊʋʈɸ ɼʆʂʊʆʈʉʂɽ ɼʀʉɽʈʊɸʎʀɱɽ 
 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʠʤʘ ʥʝʢʦʣʠʢʦ ʿʘʩʥʦ ʜʝʬʠʥʠʩʘʥʠʭ ʩʝʛʤʝʥʘʪʘ ʢʦʿʠ ʯʠʥʝ ʣʦʛʠʯʢʫ 

ʮʝʣʠʥʫ. 

ʇʨʚʦ ʧʦʛʣʘʚˀʝ ʜʘʿʝ ʢʨʘʪʘʢ ʦʩʚʨʪ ʥʘ ʠʩʪʦʨʠʿʘʪ LED ʪʝʭʥʦʣʦʛʠʿʝ, ˁʝʥʫ ʫʣʦʛʫ ʫ ʿʘʚʥʦʤ 

ʦʩʚʝʪˀʝˁʫ ʠ ˁʝʥʝ ʧʨʝʜʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʢʝ ʩʘ ʘʩʧʝʢʪʘ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ, ʪʝʭʥʠʯʢʠʭ, 

ʟʜʨʘʚʩʪʚʝʥʠʭ ʠ ʝʢʦʥʦʤʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ. 

ɼʨʫʛʦ ʧʦʛʣʘʚˀʝ ʩʝ ʙʘʚʠ ʧʨʝʜʤʝʪʦʤ ʠʩʪʨʘʞʠʚʘˁʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʠ ʠʤʘ ʟʘ ʮʠˀ ʜʘ 

ʦʙʿʘʩʥʠ ʤʦʪʠʚʘʮʠʿʫ ʟʘ ʩʚʘʢʦ ʦʜ ʠʩʪʨʘʞʠʚʘˁʘ.  

ʊʨʝ˂ʝ ʧʦʛʣʘʚˀʝ ʜʘʿʝ ʩʪʨʫʢʪʫʨʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʦ ʧʦʛʣʘʚˀʠʤʘ ʠ ʦʧʠʩʫʿʝ ʩʘʜʨʞʘʿ 

ʩʚʘʢʦʛ ʦʜ ʧʦʛʣʘʚˀʘ. 

ʋ ʯʝʪʚʨʪʦʤ ʧʦʛʣʘʚˀʫ ʩʫ ʫ ʮʠˀʫ ʘʥʘʣʠʟʝ ʫʪʠʮaja ʥʘʪʨʠʿʫʤʦʚʠʭ, ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ ʠ LED 

ʩʚʝʪʠˀʢʠ ʥa ʢʚaʣʠʪeʪ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʤʨʝʞʥʠʤ ʘʥʘʣʠʟʘʪʦʨʦʤ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ 

ʫʩʣʦʚʠʤʘ ʠ ʧʨʠ ʤʨʝʞʥʦʤ ʥʘʧʦʥʫ ʠʟʚʨʰʝʥʘ ʤʝʨʝˁʘ ˁʠʭʦʚʠʭ ʪʨʝʥʫʪʥʠʭ ʚʨeʜʥoʩʪʠ ʥʘʧʦʥʘ ʠ 

ʩʪʨʫʿʝ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʩʫ ʧʦʜʝˀʝʥʠ ʫ ʜʚʘ ʜʝʣʘ: ʧʨʚʠ, ʢʦʿʠ ʿʝ ʧʦʜʨʘʟʫʤʝʚʘʦ ʜʠʨʝʢʪʥʦ 

ʧʨʠʢˀʫʯʝˁʝ ʩʚʝʪʠˀʢʠ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ, ʠ ʜʨʫʛʠ, ʢʦʿʠ ʿʝ ʧʦʜʨʘʟʫʤʝʚʘʦ ʧʨʠʢˀʫʯʝˁʝ ʩʚʝʪʠˀʢʠ 

ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ ʧʨʝʢʦ ʨʝʜʥʝ ʚʝʟʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʧʨʠʛʫʰʥʠʮʝ ʢʦʿʘ ʿʝ ʠʤʘʣʘ ʟʘ ʮʠˀ ʧʨʦʤʝʥʫ 

ʩʪʝʧʝʥʘ ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ ʥʘ ʩʚʝʪʠˀʢʘʤʘ. ɸʥʘʣʠʟʦʤ ʩʮʝʥʘʨʠʿʘ ʿʘʚʥʦʛ ʦʩʚʝʪˀʝˁʘ ʩʘ ʪʨʠ 

ʨʝʞʠʤʘ ʨʘʜʘ, ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʩʫ ʟʘ ʯʝʪʠʨʠ ʪʠʧʠʯʥʝ ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ ʦʜʨʝʹʝʥʝ 

ʧʨʦʮʝʥʪʫʘʣʥʝ ʨʘʟʣʠʢʝ ʫʪʨʦʰʝʥʝ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʥʘ ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ 

ʫ ʩʣʫʯʘʿʫ ʠʥʩʪʘʣʠʨʘˁʘ LED ʫʤʝʩʪʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ (ʥʘʪʨʠʿʫʤʦʚʠʭ ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ) 

ʩʚʝʪʠˀʢʠ. ʊʘʢʦʹʝ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʠ ʨʘʟʚʠʿʝʥʠ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʟʘ ʧʨʦʨʘʯʫʥ ʠʟʦʙʣʠʯʝˁʘ 

ʥʘʧʦʥʘ ʫ ʪʨʦʬʘʟʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʿʝʜʥʦʩʪʨʘʥʠ ʠʣʠ 

ʮʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ, ʯʠʿʘ ʿʝ ʛʣʘʚʥʘ ʧʨʝʜʥʦʩʪ ʫ ʠʟʙʝʛʘʚʘˁʫ ʫʦʙʠʯʘʿʝʥʦʛ, ʘʣʠ ʟʘʭʪʝʚʥʦʛ 

ʧʨʦʨʘʯʫʥʘ ʩʦʧʩʪʚʝʥʠʭ ʠ ʤʝʹʫʩʦʙʥʠʭ ʤʘʛʥʝʪʩʢʠʭ ʬʣʫʢʩʝʚʘ, ʧʦʪʨʝʙʥʠʭ ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

ʩʦʧʩʪʚʝʥʝ ʠ ʤʝʹʫʩʦʙʥʝ ʘʜʤʠʪʘʥʩʝ. ʋʤʝʩʪʦ ʪʦʛʘ, ʢʦʨʠʩʪʝ ʩʝ ʧʘʨʘʤʝʪʨʠ ʢʦʤʧʦʥʝʥʪʠ ʤʨʝʞʝ ʫ 

ʜʠʨʝʢʪʥʦʤ, ʠʥʚʝʨʟʥʦʤ ʠ ʥʫʣʪʦʤ ʢʦʤʧʦʥʝʥʪʥʦʤ ʩʠʩʪʝʤʫ, ʰʪʦ ʿʝ ʫʯʠˁʝʥʦ ʢʦʤʙʠʥʦʚʘˁʝʤ ʜʚʝ 

ʪʝʭʥʠʢʝ ʢʦʿʝ ʩʝ ʰʠʨʦʢʦ ʢʦʨʠʩʪʝ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʠ: (1) ʜʠʨʝʢʪʥʦʤ ʠ ʠʥʚʝʨʟʥʦʤ 

ʌʦʨʪʝʩʢʿʫʦʚʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ, ʠ (2) ʤʦʜʝʣʠʤʘ ʠʤʧʝʜʘʥʩʝ ʟʘ ʜʠʨʝʢʪʥʠ, ʠʥʚʝʨʟʥʠ ʠ ʥʫʣʪʠ 

ʢʦʤʧʦʥʝʥʪʥʠ ʩʠʩʪʝʤ. ɿʘ 6 ʪʠʧʠʯʥʠʭ ʩʣʫʯʘʿʝʚʘ ʩʘ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʫʧʦʨʝʜʠʚʠʤ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ 

ʨʝʰʝˁʠʤʘ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠ LED ʩʚʝʪʠˀʢʘʤʘ (ʧʦ ʜʚʘ ʩʣʫʯʘʿʘ ʟʘ ʮʝʥʪʨʘʣʥʠ, ʜʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ ʠ ʿʝʜʥʦʩʪʨʘʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ, ʢʦʿʠʤʘ ʨʝʜʦʤ ʦʜʛʦʚʘʨʘʿʫ ʩʪʘʥʜʘʨʜʥʝ 

ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʫʣʠʮʝ/ʧʫʪʘ ʄ1, ʄ2 ʠ ʄ3) ʘʥʘʣʠʟʠʨʘʥ ʿʝ ʠ ʫʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʩʚʝʪʠˀʢʠ 

ʥʘ ʧʨʝʩʝʢ ʢʘʙʣʘ ʩʪʨʫʿʥʦʛ ʢʦʣʘ ʦʩʚʝʪˀʝˁʘ, ʝʬʠʢʘʩʥʦʩʪ ʟʘʰʪʠʪʝ ʦʜ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ (ʫ ʩʣʫʯʘʿʫ 

ʢʚʘʨʘ) ʠ ʧʘʜ ʥʘʧʦʥʘ.  

ʇʝʪʦ ʧʦʛʣʘʚˀʝ ʩʝ ʙʘʚʠ ʩʫʙʿʝʢʪʠʚʥʠʤ ʜʦʞʠʚˀʘʿʠʤʘ ʚʠʜˀʠʚʦʩʪʠ ʠ ʚʠʜʥʦʛ ʢʦʤʬʦʨʘ 

ʧʝʰʘʢʘ ʧʨʠ ʢʦʨʠʰ˂ʝˁʫ LED ʧʘʢʝʪʘ ʪʦʧʣʦ-ʙʝʣʝ ʠ ʥʝʫʪʨʘʣʥʦ ʙʝʣʝ ʙʦʿʝ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ. 

ʀʩʪʨʘʞʠʚʘˁʝ ʿʝ ʟʘʩʥʦʚʘʥʦ ʥʘ ʧʦʨʝʹʝˁʫ ʩʫʙʿʝʢʪʠʚʥʠʭ ʜʦʞʠʚˀʘʿʘ ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʢʚʘʣʠʪʝʪʘ ʦʩʚʝʪˀʝˁʘ ʪʨʦʪʦʘʨʘ ʫʣʠʮʝ ʦʩʚʝʪˀʝʥʝ ʧʦʤʦ˂ʫ LED ʧʘʢʝʪʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʙʦʿʝ 3000 K ʠ 4000 K. 

ʋ ʰʝʩʪʦʤ ʧʦʛʣʘʚˀʫ ʧʨʝʜʩʪʘʚˀʝʥʦ ʿʝ ʠʩʪʨʘʞʠʚʘˁʝ ʢʦʝʿ ʠʤʘ ʟʘ ʮʠˀ ʜʘ ʦʜʨʝʜʠ 

ʧʨʝʬʝʨʠʨʘʥʫ ʙʦʫʿ ʩʚʝʪʣʦʩʪʠ LED ʧʘʢʝʪʘ ʠʟ ʧʝʨʩʧʝʢʪʠʚʝ ʚʦʟʘʯʘ, ʟʙʦʛ ʯʝʛʘ ʿʝ ʠʟʚʨʰʝʥʘ ʦʮʝʥʘ 

ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʚʘʣʠʪʝʪʘ ʦʩʚʝʪˀʝˁʘ ʢʘʢʦ ʦʙʿʝʢʪʠʚʥʦ, ʪʘʢʦ ʠ ʩʫʙʿʝʢʪʠʚʥʦ. ʇʨʚʦ 

ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʧʦʜʨʘʟʫʤʝʚʘʣʦ ʜʚʘ ʠʩʧʠʪʠʚʘˁʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʠʜˀʠʚʦʩʪʠ (ʜʝʪʝʢʮʠʿʠ) ʤʘʣʠʭ 

ʤʝʪʘ ʠ ʧʝʰʘʢʘ, ʘ ʜʨʫʛʦ ʘʥʢʝʪʫ ʩʘ ʩʪʚʘʨʥʦʤ ʚʦʞˁʦʤ.  

ʉʝʜʤʦ ʧʦʛʣʘʚˀʝ ʧʦʩʚʝ˂ʝʥʦ ʿʝ ʘʜʝʢʚʘʪʥʦʤ ʧʦʨʝʹʝˁʫ LED ʩʚʝʪʠˀʢʠ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʩʘ 

ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʠʣʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠʟʚʦʨʠʤʘ ʩʘ ʢʝʨʘʤʠʯʢʠʤ 
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ʛʦʨʠʦʥʠʢʦʤ, ʧʨʠʤʝˁʝʥʠʭ ʟʘ ʦʩʚʝʪˀʝˁʝ ʫʣʠʮʘ ʠʣʠ ʧʫʪʝʚʘ ʥʘʤʝˁʝʥʠʭ ʟʘ ʤʦʪʦʨʠʟʦʚʘʥʠ ʠʣʠ 

ʤʝʰʦʚʠʪʠ ʩʘʦʙʨʘ˂ʘʿ. ʇʦʨʝʹʝˁʝ ʿʝ ʠʟʚʨʰʝʥʦ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ 

ʝʢʦʥʦʤʩʢʠʭ ʧʦʢʘʟʘʪʝˀʘ. 

ʉʚʘʢʦ ʦʜ ʧʦʛʣʘʚˀʘ 4ï7 ʩʘʜʨʞʠ ʠ ʧʨʝʛʣʝʜ ʧʫʙʣʠʢʦʚʘʥʠʭ ʨʝʟʫʣʪʘʪʘ ʫ ʚʝʟʠ ʩʘ ʪʝʤʦʤ 

ʧʦʛʣʘʚˀʘ. 

ʅʘ ʢʨʘʿʫ ʨʘʜʘ, ʫ ʦʢʚʠʨʫ ʟʘʢˀʫʯʥʦʛ ʧʦʛʣʘʚˀʘ, ʩʘʞʝʪʦ ʩʫ ʧʨʠʢʘʟʘʥʠ ʩʚʠ ʚʘʞʥʠʿʠ ʨʝʟʫʣʪʘʪʠ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʢʚʠʨʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʢʘʦ ʠ ʛʣʘʚʥʠ ʜʦʧʨʠʥʦʩʠ ʜʠʩʝʨʪʘʮʠʿʝ ʫ ʚʝʟʠ ʩʘ 

ʫʪʚʨʹʠʚʘˁʝʤ ʦʙʿʝʢʪʠʚʥʠʭ ʠ ʩʫʙʿʝʢʪʠʚʥʠʭ ʧʦʢʘʟʘʪʝˀʘ ʢʚʘʣʠʪʝʪʘ LED ʪʝʭʥʦʣʦʛʠʿʝ ʢʦʿʘ ʩʝ 

ʢʦʨʠʩʪʠ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ, ʩʘ ʘʩʧʝʢʪʘ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ, ʢʚʘʣʠʪʝʪʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ, ʫʪʠʮʘʿʘ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʠʥʩʪʘʣʘʮʠʿʫ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ, ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ ʠ ʝʢʦʥʦʤʩʢʠʭ 

ʧʘʨʘʤʝʪʘʨʘ. 
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4 ɼʀʉʊʆʈɿʀɱɸ ʅɸʇʆʅɸ ʋ LED ʀʅʉʊɸʃɸʎʀɱɸʄɸ ʆʉɺɽʊɲɽɳɸ 

ʋʃʀʎɸ ʀ ʇʋʊɽɺɸ 
 

ʋ ʥʝʜʦʩʪʘʪʢʫ ʨʘʜʦʚʘ ʢʦʿʠ ʩʝ ʙʘʚʝ ʫʪʠʮʘʿʝʤ ʢʦʤʙʠʥʦʚʘʥʝ ʭʘʨʤʦʥʠʿʩʢʝ ʝʤʠʩʠʿʝ ʚʝʣʠʢʦʛ 

ʙʨʦʿʘ LED ʩʚʝʪʠˀʢʠ ʫ ʠʥʩʪʘʣʘʮʠʿʠ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʥʘ ʪʘʣʘʩʥʠ ʦʙʣʠʢ ʥʘʧʦʥʘ ʥʘʧʘʿʘˁʘ, a ʫ 

ʮʠˀʫ ʧʦʩʪʠʟʘˁʘ ʿʘʩʥʠʭ ʟʘʢˀʫʯʘʢʘ, ʩʤʝʨʥʠʮʘ ʠ/ʠʣʠ ʧʨʝʧʦʨʫʢʘ ʫ ʚʝʟʠ ʩʘ ʦʚʠʤ ʧʨʦʙʣʝʤʦʤ, ʦʚʘʿ 

ʜʝʦ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʨʝʟʫʣʪʘʪʝ ʜʘˀʝʛ ʠ ʟʘʭʪʝʚʥʠʿʝʛ ʧʨʦʫʯʘʚʘˁʘ ʧʨʦʙʣʝʤʘ 

ʢʚʘʣʠʪʝʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʩʣʫʯʘʿʫ ʢʘʢʦ ʥʦʨʤʘʣʥʦʛ ʪʘʢʦ ʠ ʨʝʞʠʤʘ ʩʘ ʨʝʜʫʢʦʚʘʥʠʤ 

ʩʚʝʪʣʦʩʥʠʤ ʬʣʫʢʩʦʤ LED ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ. 

ʋ ʮʠˀʫ ʘʥʘʣʠʟʝ ʫʪʠʮaja ʥʘʪʨʠʿʫʤʦʚʠʭ, ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ ʠ LED ʩʚʝʪʠˀʢʠ ʥa ʢʚaʣʠʪeʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʤʨʝʞʥʠʤ ʘʥʘʣʠʟʘʪʦʨʦʤ ʩʫ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ ʠ ʧʨʠ ʤʨʝʞʥʦʤ 

ʥʘʧʦʥʫ ʠʟʚʨʰʝʥʘ ʤʝʨʝˁʘ ˁʠʭʦʚʠʭ ʪʨʝʥʫʪʥʠʭ ʚʨeʜʥoʩʪʠ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʩʫ 

ʧʦʜʝˀʝʥʠ ʫ ʜʚʘ ʜʝʣʘ: ʧʨʚʠ, ʢʦʿʠ ʿʝ ʧʦʜʨʘʟʫʤʝʚʘʦ ʜʠʨʝʢʪʥʦ ʧʨʠʢˀʫʯʝˁʝ ʩʚʝʪʠˀʢʠ ʥʘ ʤʨʝʞʥʠ 

ʥʘʧʦʥ, ʠ ʜʨʫʛʠ, ʢʦʿʠ ʿʝ ʧʦʜʨʘʟʫʤʝʚʘʦ ʧʨʠʢˀʫʯʝˁʝ ʩʚʝʪʠˀʢʠ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ ʧʨʝʢʦ ʨʝʜʥʝ ʚʝʟʝ 

ʦʪʧʦʨʥʦʩʪʠ ʠ ʧʨʠʛʫʰʥʠʮʝ ʢʦʿʘ ʿʝ ʠʤʘʣʘ ʟʘ ʮʠˀ ʧʨʦʤʝʥʫ ʩʪʝʧʝʥʘ ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ ʥʘ 

ʩʚʝʪʠˀʢʘʤʘ. 

ɸʥʘʣʠʟʦʤ ʩʮʝʥʘʨʠʿʘ ʿʘʚʥʦʛ ʦʩʚʝʪˀʝˁʘ ʩʘ ʪʨʠ ʨʝʞʠʤʘ ʨʘʜʘ, ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ 

ʩʫ ʟʘ ʯʝʪʠʨʠ ʪʠʧʠʯʥʝ ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ ʦʜʨʝʹʝʥʝ ʧʨʦʮʝʥʪʫʘʣʥʝ ʨʘʟʣʠʢʝ ʫʪʨʦʰʝʥʝ ʘʢʪʠʚʥʝ ʠ 

ʨʝʘʢʪʠʚʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʥʘ ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ ʫ ʩʣʫʯʘʿʫ ʠʥʩʪʘʣʠʨʘˁʘ LED ʫʤʝʩʪʦ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ (ʥʘʪʨʠʿʫʤʦʚʠʭ ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ) ʩʚʝʪʠˀʢʠ. 

ʈʘʟʚʠʿʝʥ ʿʝ ʠ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʟʘ ʧʨʦʨʘʯʫʥ ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ ʫ ʪʨʦʬʘʟʥʠʤ 

ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʿʝʜʥʦʩʪʨʘʥʠ ʠʣʠ ʮʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ 

ʩʪʫʙʦʚʘ. ʄʦʜʝʣ ʿʝ ʜʝʪʘˀʥʦ ʦʧʠʩʘʥ ʫ ʧʦʛʣʘʚˀʫ 4.3.2. ʆʩʥʦʚʝ ʟʘ ʤʦʜʝʣ ʩʫ: (1) ʉʚʘʢʠ ʭʘʨʤʦʥʠʢ 

(ʦʩʥʦʚʥʠ ʠ ʚʠʰʠ ʭʘʨʤʦʥʠʮʠ) ʩʝ ʨʘʟʤʘʪʨʘ ʥʝʟʘʚʠʩʥʦ ʢʦʨʠh˂ ʝˁʝʤ ʿʝʜʥʦʬʨʝʢʚʝʥʪʥʦʛ ʢʦʣʘ. (2) 

ʉʪʨʫʿʥʠ ʠʟʚʦʨʠ LED ʩʚʝʪʠˀʢʠ ʫ ʩʚʘʢʦʤ ʦʜ ʦʚʠʭ ʩʪʨʫʿʥʠʭ ʢʦʣʘ ʦʜʨʝʹʫʿʫ ʩʝ ʧʦʤʦ˂ʫ ʨʝʟʫʣʪʘʪʘ 

ʤʝʨʝˁʘ ʩʪʨʫʿʥʦʛ ʩʧʝʢʪʨʘ ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʝ ʨʘʟʤʘʪʨʘʥʝ LED ʩʚʝʪʠˀʢʝ (ʙʝʟ ʫʚʘʞʘʚʘˁʘ ʧʨʦʤʝʥʝ 

ʩʪʨʫʿʥʦʛ ʩʧʝʢʪʨʘ LED ʩʚʝʪʠˀʢʝ ʩʘ ʧʨʦʤʝʥʦʤ ʝʬʝʢʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʠ ʩʪʝʧʝʥʘ 

ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ). (3) ʉʪʨʫʿʘ ʫ ʢʘʙʣʫ ʢʦʿʠ ʧʦʚʝʟʫʿʝ ʩʪʫʙʦʚʝ ʩʚʝʪʠˀʢʠ ʠʟʨʘʯʫʥʘʚʘ ʩʝ 

ʩʘʙʠʨʘˁʝʤ ʩʪʨʫʿʘ LED ʩʚʝʪʠˀʢʠ. (4) ʄʝʪʦʜʘ ʩʠʤʝʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʠ [1] ʿʝ ʧʨʠʤʝˁʝʥʘ ʟʘ 

ʬʦʨʤʠʨʘˁʝ ʜʠʨʝʢʪʥʝ, ʠʥʚʝʨʟʥʝ ʠ ʥʫʣʪʝ (d, i, 0) ʢʦʤʧʦʥʝʥʪʝ ʩʪʨʫʿʘ ʩʠʤʝʪʨʠʯʥʦʛ ʩʠʩʪʝʤʘ ʢʨʦʟ 

ʢʘʙʣ ʢʦʿʠ ʧʦʚʝʟʫʿʝ ʩʪʫʙʦʚʝ ʩʚʝʪʠˀʢʠ, ʧʦʣʘʟʝ˂ʠ ʦʜ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʩʪʨʫʿʘ ʫ ʪʨʦʬʘʟʥʦʤ A, B, C 

ʩʠʩʪʝʤʫ. (5) ʉʪʝʧʝʥ ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ ʢʘʜʘ ʩʫ LED ʩʚʝʪʠˀʢʝ ʠʩʢˀʫʯʝʥʝ ʢʦʨʠʩʪʠ ʩʝ ʢʘʦ 

ʫʣʘʟʥʠ ʧʦʜʘʪʘʢ ʠ ʤʦʞʝ ʙʠʪʠ ʧʦʩʪʘʚˀʝʥ ʧʨʦʠʟʚʦˀʥʦ. (6) ʄʦʜʝʣ ʚʘʞʠ ʟʘ ʙʠʣʦ ʢʦʿʠ ʙʨʦʿ ʩʪʫʙʦʚʘ. 

(7) ʈʝʰʘʚʘˁʝʤ ʤʦʜʝʣʘ ʠʤʧʝʜʘʥʩʝ ʫ ʩʚʘʢʦʤ ʦʜ d, i, 0 ʩʠʩʪʝʤʘ ʠ ʟʘ ʩʚʘʢʠ ʦʜ ʭʘʨʤʦʥʠʢʘ, ʜʦʙʠʿʘʿʫ 

ʩʝ ʥʘʧʦʥʠ ʫ d, i, 0 ʩʠʩʪʝʤʫ ʫ ʩʚʘʢʦʤ ʯʚʦʨʫ ʢʦʣʘ (ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʥʘʧʦʥʝ ʥʘ ʩʚʘʢʦʤ ʩʪʫʙʫ). (8) 

ʂʦʨʠh˂ʝˁʝʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ d, i, 0 ʫ A, B, C ʩʠʩʪʝʤ, ʦʜʨʝʹʫʿʝ ʩʝ ʬʘʟʥʠ ʥʘʧʦʥ ʫ ʩʚʘʢʦʿ ʦʜ A, 

B, C ʬʘʟʘ ʫ ʩʚʘʢʦʤ ʯʚʦʨʫ ʢʦʣʘ.  

ɻʣʘʚʥʘ ʧʨʝʜʥʦʩʪ ʥʦʚʦʛ ʤʦʜʝʣʘ ʿʝ ʫ ʠʟʙʝʛʘʚʘˁʫ ʫʦʙʠʯʘʿʝʥʦʛ, ʘʣʠ ʟʘʭʪʝʚʥʦʛ ʧʨʦʨʘʯʫʥʘ 

ʩʦʧʩʪʚʝʥʠʭ ʠ ʤʝʹʫʩʦʙʥʠʭ ʤʘʛʥʝʪʩʢʠʭ ʬʣʫʢʩʝʚʘ, ʧʦʪʨʝʙʥʠʭ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʩʦʧʩʪʚʝʥʝ ʠ 

ʤʝʹʫʩʦʙʥʝ ʘʜʤʠʪʘʥʩʝ. ʋʤʝʩʪʦ ʪʦʛʘ, ʢʦʨʠʩʪʝ ʩʝ ʧʘʨʘʤʝʪʨʠ ʢʦʤʧʦʥʝʥʪʠ ʤʨʝʞʝ ʫ d, i, 0 ʩʠʩʪʝʤʫ 

(ʢʘʦ ʰʪʦ ʿʝ ʜʝʪʘˀʥʦ ʦʙʿʘʰˁʝʥʦ ʫ ʧʦʛʣʘʚˀʫ 4.3.2, ʦʥʠ ʩʝ ʤʦʛʫ ʩʝ ʜʦʙʠʪʠ ʤʥʦʛʦ ʣʘʢʰʝ). ʆʚʦ ʿʝ 

ʫʯʠˁʝʥʦ ʢʦʤʙʠʥʦʚʘˁʝʤ ʜʚʝ ʪʝʭʥʠʢʝ ʢʦʿʝ ʩʝ ʰʠʨʦʢʦ ʢʦʨʠʩʪʝ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʠ: (1) 

ʌʦʨʪʝʩʢʿʫʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʪʨʦʬʘʟʥʠʭ ʚʝʣʠʯʠʥʘ ʫ ʜʠʨʝʢʪʥʠ, ʠʥʚʝʨʟʥʠ ʠ ʥʫʣʪʠ 

ʢʦʤʧʦʥʝʥʪʥʠ ʩʠʩʪʝʤ, ʠ (2) ʤʦʜʝʣ ʠʤʧʝʜʘʥʩʝ ʟʘ ʩʠʤʝʪʨʠʯʥʝ ʩʠʩʪʝʤʝ (ʢʦʿʠ ʩʝ ʧʨʠʤʝˁʫʿʝ ʫ 

ʩʚʘʢʦʤ ʦʜ d, i, 0 ʩʠʩʪʝʤʘ). ʇʨʝʤʘ ʠʩʪʨʘʞʠʚʘˁʫ ʘʫʪʦʨʘ, ʥʝ ʧʦʩʪʦʿʝ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʧʨʠʤʝˁʫʿʫ 

ʦʚʘʿ ʧʨʠʩʪʫʧ ʫ ʧʨʦʫʯʘʚʘˁʫ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʠ ʥʝʣʠʥʝʘʨʥʠʭ ʦʧʪʝʨʝ˂ʝˁʘ ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

ʦʩʚʝʪˀʝˁʘ.  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ɿʘ ʨʘʟʚʠʿʘˁʝ ʤʦʜʝʣʘ, ʢʘʦ ʠ ʟʘ ʪʝʩʪʠʨʘˁʝ ʪʘʯʥʦʩʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʩʦʬʪʚʝʨʘ, ʠʟʚʨʰʝʥʘ ʩʫ 

ʤʝʨʝˁʘ ʥʘ ʜʚʘ ʜʝʣʘ ʠʥʩʪʘʣʘʮʠʿʝ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ (ʿʝʜʥʝ ʩʘ ʜʨʘʿʚʝʨʠʤʘ ʩʘ ʩʪʘʥʜʘʨʜʥʠʤ, ʘ 

ʜʨʫʛʝ ʩʘ ʜʨʘʿʚʝʨʠʤʘ ʩʘ ʧʦʙʦˀʰʘʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ). ʅʘʢʦʥ ʪʦʛʘ, ʨʘʟʚʠʿʝʥʠ ʩʦʬʪʚʝʨ ʿʝ 

ʧʨʠʤʝˁʝʥ ʥʘ ʯʝʪʠʨʠ ʪʠʧʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ (ʧʫʪʝʚʘ), ʩ ʮʠˀʝʤ ʜʘ ʩʝ ʦʜʨʝʜʠ 

ʤʘʢʩʠʤʘʣʘʥ ʙʨʦʿ ʩʚʝʪʠˀʢʠ ʟʘ ʢʦʿʠ ʥʠʿʝ ʧʨʝʢʦʨʘʯʝʥʘ ʥʠʿʝʜʥʘ ʦʜ ʛʨʘʥʠʮʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ 

ʧʘʜʦʚʝ ʥʘʧʦʥʘ, ʪʦʪʘʣʥʫ ʭʘʨʤʦʥʠʿʩʢʫ ʜʠʩʪʦʨʟʠʿʫ ʥʘʧʦʥʘ ʠ ʧʦʿʝʜʠʥʘʯʥʝ ʭʘʨʤʦʥʠʢʝ ʥʘʧʦʥʘ ʫ 

ʥʦʨʤʘʣʥʦʤ ʠ ʨʝʞʠʤʠʤʘ ʦʩʚʝʪˀʝˁʘ ʩʘ ʩʤʘˁʝʥʠʤ ʩʚʝʪʣʦʩʥʠʤ ʬʣʫʢʩʦʤ. 

ɿʘ 6 ʪʠʧʠʯʥʠʭ ʩʣʫʯʘʿʝʚʘ ʩʘ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʫʧʦʨʝʜʠʚʠʤ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʨʝʰʝˁʠʤʘ ʩʘ 

ʥʘʪʨʠʿʫʤʦʚʠʤ ʠ LED ʩʚʝʪʠˀʢʘʤʘ (ʧʦ ʜʚʘ ʩʣʫʯʘʿʘ ʟʘ ʮʝʥʪʨʘʣʥʠ, ʜʚʦʩʪʨʘʥʠ ʥʘʩʧʨʘʤʥʠ ʠ 

ʿʝʜʥʦʩʪʨʘʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ, ʢʦʿʠʤʘ ʨʝʜʦʤ ʦʜʛʦʚʘʨʘʿʫ ʩʪʘʥʜʘʨʜʥʝ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ 

ʫʣʠʮʝ/ʧʫʪʘ ʄ1, ʄ2 ʠ ʄ3) ʘʥʘʣʠʟʠʨʘʥ ʝʿ ʠ ʫʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʩʚʝʪʠˀʢʠ ʥʘ ʧʨʝʩʝʢ ʢʘʙʣʘ 

ʩʪʨʫʿʥʦʛ ʢʦʣʘ ʦʩʚʝʪˀʝˁʘ, ʝʬʠʢʘʩʥʦʩʪ ʟʘʰʪʠʪʝ ʦʜ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ (ʫ ʩʣʫʯʘʿʫ ʢʚʘʨʘ) ʠ ʧʘʜ 

ʥʘʧʦʥʘ. ɸʥʘʣʠʟʘ ʿʝ ʦʙʫʭʚʘʪʠʣʘ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʥʘ ʜʝʦʥʠʮʘʤʘ ʠʥʠʮʠʿʘʣʥʝ ʜʫʞʠʥʝ 

1000 m, ʨʝʘʣʠʟʦʚʘʥʝ ʧʦʤʦ˂ʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ 

ʧʨʠʪʠʩʢʘ ʠ LED ʩʚʝʪʠˀʢʠ. ʇʨʝʪʧʦʩʪʘʚˀʝʥʘ ʿʝ ʫʧʦʪʨʝʙʘ ʢʘʙʣʦʚʘ ʩʘ ʘʣʫʤʠʥʠʿʫʤʩʢʠʤ 

ʧʨʦʚʦʜʥʠʮʠʤʘ ʧʨʝʩʝʢʘ 10 mm2, 16 mm2 ʠʣʠ 25 mm2, ʢʘʦ ʠ ʩʣʝʜʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʩʥʘʛʝ: 

cos ű = 0,85 ʟʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʩʚʝʪʠˀʢʝ ʩʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʠʤ ʙʘʣʘʩʪʠʤʘ, ʦʜʥʦʩʥʦ 

cos ű = 0,95 ʟʘ LED ʩʚʝʪʠˀʢʝ ʩʘ ʜʨʘʿʚʝʨʦʤ. 

 

4.1 ʇʨʝʛʣʝʜ ʧʫʙʣʠʢʦʚʘʥʠʭ ʨʝʟʫʣʪʘʪʘ ʫ ʚʝʟʠ ʩʘ ʜʠʩʪʦʨʟʠʿʦʤ ʥʘʧʦʥʘ ʫ LED 

ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ ʠ ʧʫʪʝʚʘ 
 

ʆʩʚʝʪˀʝˁʝ, ʢʦʿʝ ʯʠʥʠ ʦʢʦ 15% ʧʦʪʨʦʰˁʝ ʩʚʝʪʩʢʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ [2], ʧʨʝʜʩʪʘʚˀʘ 

ʦʙʣʘʩʪ ʩʘ ʧʦʪʝʥʮʠʿʘʣʦʤ ʟʘ ʥʘʿʚʝ˂ʠ ʧʨʦʮʝʥʘʪ ʫʰʪʝʜʘ ʝʥʝʨʛʠʿʝ. ɼʦ ʥʝʜʘʚʥʦ ʿʝ ʫʯʝʰ˂ʝ ʦʩʚʝʪˀʝˁʘ 

ʙʠʣʦ ʦʢʦ 20% [3], ʰʪʦ ʿʘʩʥʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʟʠʪʠʚʥʝ ʝʬʝʢʪʝ ʤʘʩʦʚʥʝ ʧʨʠʤʝʥʝ ʚʠʩʦʢʦ ʝʥʝʨʛʝʪʩʢʠ 

ʝʬʠʢʘʩʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʰʠʨʦʤ ʩʚʝʪʘ. ʇʦʢʫʰʘʿʠ ʜʘ ʩʝ ʧʦʪʨʦʰˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ 

ʦʩʚʝʪˀʝˁʫ ʫʣʠʮʘ (ʧʫʪʝʚʘ) ʩʤʘˁʠ ʫʛʣʘʚʥʦʤ ʩʫ ʨʝʘʣʠʟʦʚʘʥʠ ʢʨʦʟ ʟʘʤʝʥʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ 

(ʦʙʠʯʥʦ ʩʘ ʞʠʚʠʥʠʤ ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ, ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠʟʚʦʨʠʤʘ ʠ ʥʘʪʨʠʿʫʤʦʚʠʤ 

ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ) LED ʩʚʝʪʠˀʢʘʤʘ, ʢʘʦ ʠ ʢʨʦʟ ʧʨʠʤʝʥʫ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ 

ʦʤʦʛʫ˂ʘʚʘʿʫ ʨʘʟʣʠʯʠʪʝ ʩʮʝʥʘʨʠʿʝ ʜʠʤʦʚʘˁʘ. ʉʪʦʛʘ, ʢʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʝ ʤʦʛʫ˂ʝ ʥʝʛʘʪʠʚʥʝ 

ʧʦʩʣʝʜʠʮʝ ʫ ʧʨʘʢʩʠ, ʧʦʪʨʝʙʥʦ ʿʝ ʩʚʝʩʪʨʘʥʦ ʧʨʦʫʯʠʪʠ ʧʨʦʙʣʝʤʝ ʫ ʚʝʟʠ ʩʘ ʢʚʘʣʠʪʝʪʦʤ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ LED ʩʚʝʪʠˀʢʠ ʥʘʤʝˁʝʥʠʭ ʦʩʚʝʪˀʝˁʫ ʫʣʠʮʘ (ʧʫʪʝʚʘ).  

ɺʨʣʦ ʿʝ ʤʘʣʦ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʘʿ ʩʝ ʙʘʚʝ ʧʦʨʝʹʝˁʝʤ ʭʘʨʤʦʥʠʿʩʢʝ ʜʠʩʪʦʨʟʠʿʝ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʠ LED ʩʚʝʪʠˀʢʠ ʥʘʤʝˁʝʥʠʭ ʟʘ ʦʩʚʝʪˀʝˁʝ ʧʫʪʝʚʘ. ʋ ʨʝʬʝʨʝʥʮʠ [4] 

ʘʥʘʣʠʟʠʨʘʥa ʿʝ ʜʠʩʪʦʨʟʠʿʘ ʥʘʧʦʥa ʫ ʠʟʦʣʦʚʘʥʦʤ ʉʅ/ʅʅ ʜʠʩʪʨʠʙʫʪʠʚʥʦʤ ʩʠʩʪʝʤʫ ʢʦʿʠ ʩʝ 

ʠʩʧʦʨʫʯʫʿʝ ʩʠʥʭʨʦʥʠʤ ʛʝʥʝʨʘʪʦʨʠʤʘ ʩʥʘʛʝ 600 kVA. Oʧʪʝʨʝ˂ʝˁʝ ʿʝ ʧʨʝʜʩʪʘʚˀʘʦ ʩʪʘʨʠ ʩʠʩʪʝʤ 

ʿʘʚʥʦʛ ʦʩʚʝʪˀʝˁʘ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʩʘ ʞʠʚʠʥʠʤ ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ, ʢʦʿʝ ʩʫ ʢʘʩʥʠʿʝ 

ʟʘʤʝˁʝʥʝ LED ʩʚʝʪʠˀʢʘʤʘ. ɿʘ ʭʘʨʤʦʥʠʿʩʢʫ ʘʥʘʣʠʟʫ ʧʨʠʤʝˁʝʥʘ ʿʝ ʤʝʪʦʜʦʣʦʛʠʿʘ ʪʦʢʦʚʘ 

ʦʧʪʝʨʝ˂ʝˁʘ (ʩʥʘʛʘ), ʧʨʠʣʘʛʦʹʝʥʘ ʪʨʦʬʘʟʥʦʿ ʯʝʪʚʦʨʦʞʠʯʥʦ ʿ ʥʘʜʟʝʤʥʦ ʿ ʢʘʙʣʦʚʩʢʦʿ ʤʨʝʞʠ 

ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʫʪʠʮʘʿʝ ʥʝʫʪʨʘʣʥʠʭ ʧʨʦʚʦʜʥʠʢʘ ʠ ʟʝʤˀʝ. ɸʥʘʣʠʟʘ ʿʝ ʧʦʢʘʟʘʣʘ ʜʘ ʿʝ ʟʘʤʝʥʘ 

ʩʪʘʨʠʭ ʩʚʝʪʠˀʢʠ ʩʘ ʞʠʚʠʥʠʤ ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʩʘʚʨʝʤʝʥʠʤ LED ʩʚʝʪʠˀʢʘʤʘ 

ʨʝʟʫʣʪʠʨʘʣʘ ʩʤʘˁʝˁʝʤ THDu-a (ʪʦʪʘʣʥʝ ʭʘʨʤʦʥʠʿʩʢʝ ʜʠʩʪʦʨʟʠʿʝ ʥʘʧʦʥʘ). ʇʦʩʣʝ ʟʘʤʝʥʝ ʤʝʪʘʣ-

ʭʘʣʦʛʝʥʠʭ LED ʨʝʬʣʝʢʪʦʨʠʤʘ ʫ ʠʥʩʪʘʣʘʮʠʿʠ ʩʧʦˀʘʰˁʝʛ ʦʩʚʝʪˀʝˁʘ, ʫ ʨʝʬʝʨʝʥʮʠ [5] 

ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʿʝ ʧʦʪʨʦʰˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʩʤʘˁʝʥʘ, ʘ ʬʘʢʪʦʨ ʩʥʘʛʝ ʧʦʙʦˀʰʘʥ. ʋ 

ʠʩʪʨʘʞʠʚʘˁʫ ʧʨʝʜʩʪʘʚˀʝʥʦʤ ʫ ʨʝʬʝʨʝʥʮʠ [6] ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʫ LED ʩʚʝʪʠˀʢʝ ʥʘʤʝˁʝʥʝ ʟʘ 

ʫʣʠʯʥʦ ʦʩʚʝʪˀʝˁʝ ʩʤʘˁʠʣʝ ʭʘʨʤʦʥʠʿʩʢʝ ʚʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʝʪʠˀʢʝ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ 

ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ. ʇʦʤʦ˂ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʧʦʩʪʘʚʢʝ, ʫ ʨʝʬʝʨʝʥʮʠ [7] ʿʝ ʪʘʢʦʹʝ 

ʫʪʚʨʹʝʥʦ ʜʘ ʪʝʩʪʠʨʘʥʘ LED ʩʚʝʪʠˀʢʘ ʠʤʘ ʙʦˀʝ ʧʝʨʬʦʨʤʘʥʩʝ ʦʜ ʪʝʩʪʠʨʘʥʝ ʩʚʝʪʠˀʢʝ ʩʘ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 

 

10 

ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʦʤ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʫ ʧʦʛʣʝʜʫ ʢʚʘʣʠʪʝʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ɿʘ ʩʣʠʯʥʝ 

ʪʘʣʘʩʥʝ ʦʙʣʠʢʝ ʥʘʧʦʥʘ ʥʘʧʘʿʘˁʘ, ʪʘʣʘʩʥʠ ʦʙʣʠʢ ʩʪʨʫʿʝ ʩʚʝʪʠˀʢʝ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʦʤ ʙʠʦ 

ʿʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʠʟʦʙʣʠʯʝʥ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʦʥʠʤ ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʝ LED ʩʚʝʪʠˀʢʫ. 

ʋʧʦʨʝʹʠʚʘˁʝʤ ʨʘʜʘ LED ʩʚʝʪʠˀʢʝ ʠ ʩʚʝʪʠˀʢʝ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʦʤ ʢʨʦʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʫ ʩʪʫʜʠʿʫ, ʫ ʨʝʬʝʨʝʥʮʠ [8] ʿʝ ʧʦʪʚʨʹʝʥʦ ʜʘ ʫʧʦʪʨʝʙʘ LED ʩʚʝʪʠˀʢʝ ʫʤʝʩʪʦ 

ʩʚʝʪʠˀʢʝ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʦʤ ʥʝ ʙʠ ʨʝʟʫʣʪʠʨʘʣʘ ʧʦʚʝ˂ʘˁʝʤ ʭʘʨʤʦʥʠʿʩʢʝ ʝʤʠʩʠʿʝ. ʉ 

ʜʨʫʛʝ ʩʪʨʘʥʝ, ʤʝʨʝˁʘ ʧʨʝʜʩʪʘʚˀʝʥʘ ʫ ʨʝʬʝʨʝʥʮʠ [9] ʧʦʢʘʟʘʣʘ ʩʫ ʜʘ LED ʩʚʝʪʠˀʢʝ ʦʜʣʠʢʫʿʝ 

ʚʝʘ˂ ʭʘʨʤʦʥʠʿʩʢʘ ʜʠʩʪʦʨʟʠʿʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʠʣʠ ʬʣʫʦ 

ʮʝʚʠʤʘ. ʆʚʘʿ ʟʘʢˀʫʯʘʢ, ʢʦʥʪʨʘʜʠʢʪʦʨʘʥ ʦʥʠʤʘ ʠʟʥʝʩʝʥʠʤ ʫ ʨʝʬʝʨʝʥʮʘʤʘ [6ï8], ʧʦʩʣʝʜʠʮʘ ʿʝ 

ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʜʨʘʿʚʝʨʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʪʝʩʪʠʨʘʥʠʤ LED ʩʚʝʪʠˀʢʘʤʘ [10], ʟʙʦʛ ʯʝʛʘ ʩʫ ʠ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʠ ʧʦʙʦˀʰʘʥʠ LED ʜʨʘʿʚʝʨʠ ʙʠʣʠ ʫʢˀʫʯʝʥʠ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ.  

ʋ ʩʪʫʜʠʿʠ [11] ʟʘʩʥʦʚʘʥʦʿ ʥʘ ʫʧʦʨʝʜʠʚʠʤ (ʧʨʘʢʪʠʯʥʦ ʿʝʜʥʘʢʠʤ) ʬʦʪʦʧʩʢʠʤ ʠʣʠ 

ʤʝʟʦʧʩʢʠʤ ʥʠʚʦʠʤʘ ʩʿʘʿʥʦʩʪʠ ʠ ʠʩʧʫˁʝˁʫ ʩʚʠʭ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʨʝʣʝʚʘʥʪʥʠʭ ʟʘʭʪʝʚʘ ʟʘ 

ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʫʣʠʮʘ (ʧʫʪʝʚʘ) ʥʘʚʝʜʝʥʠʭ ʫ ʨʝʬʝʨʝʥʮʠ [12], ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʧʨʠʤʝʥʘ LED 

ʩʚʝʪʠˀʢʠ ʫʤʝʩʪʦ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʦʙʝʟʙʝʹʫʿʝ ʦʢʦ 31% ʤʘˁʫ ʧʦʪʨʦʰˁʫ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʥʦʨʤʘʣʥʦʤ ʨʝʞʠʤʫ ʦʩʚʝʪˀʝˁʘ. ʋʟ ʧʨʠʤʝʥʫ ʚʠʰʝʩʪʝʧʝʥʠʭ ʩʮʝʥʘʨʠʿʘ 

ʜʠʤʦʚʘˁʘ ʛʦʜʠʰˁʘ ʧʦʪʨʦʰˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʙʠ ʙʠʣʘ ʦʢʦ 50% ʤʘˁʘ, ʰʪʦ ʙʠ ʤʦʛʣʦ ʙʠʪʠ 

ʩʤʘˁʝʥʦ ʟʘ ʜʦʜʘʪʥʠʭ 10% ʢʘʜʘ ʩʝ ʫ ʦʙʟʠʨ ʫʟʤʫ ʠ ʤʝʟʦʧʩʢʠ ʝʬʝʢʪʠ. ʄʝʹʫʪʠʤ, ʧʨʠʤʝʥʘ 

ʚʠʰʝʩʪʝʧʝʥʠʭ ʩʮʝʥʘʨʠʿʘ ʜʠʤʦʚʘˁʘ ʧʦʚʝ˂ʘʣʘ ʿʝ ʧʨʦʮʝʥʪʫʘʣʥʦ ʫʯʝʰ˂ʝ ʨʝʘʢʪʠʚʥʝ ʝʥʝʨʛʠʿʝ ʫ 

ʛʦʜʠʰˁʦʿ ʧʦʪʨʦʰˁʠ ʟʘ 50%. ʆʚʘ ʯʠˁʝʥʠʮʘ ʿ ʝ ʙʠʣʘ ʛʣʘʚʥʘ ʤʦʪʠʚʘʮʠʿʘ ʟʘ ʜʝʪʘˀʥʦ ʧʨʦʫʯʘʚʘˁʝ 

ʧʨʦʙʣʝʤʘ ʢʚʘʣʠʪʝʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ (ʫʛʣʘʚʥʦʤ ʫ ʧʦʛʣʝʜʫ ʚʠʰʠʭ ʭʘʨʤʦʥʠʢʘ) ʫ 

ʠʥʩʪʘʣʘʮʠʿʘʤʘ LED ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʯʠʿʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ ʦʚʦʤ ʨʘʜʫ.  

ʂʦʥʚʝʥʮʠʦʥʘʣʥʝ LED ʩʚʝʪʠˀʢʝ ʥʘʤʝˁʝʥʝ ʟʘ ʦʩʚʝʪˀʝˁʝ ʧʫʪʝʚʘ ʢʘʨʘʢʪʝʨʠʰʝ ʢʦʥʩʪʘʥʪʥʘ 

ʿʝʜʥʦʩʤʝʨʥʘ ʩʪʨʫʿʘ ʥʘ ʠʟʣʘʟʫ AC/DC ʧʨʝʪʚʘʨʘʯʘ (LED ʜʨʘʿʚʝʨʘ) ʩʘ ʜʚʦʩʪʝʧʝʥʦʤ ʧʨʝʢʠʜʘʯʢʦʤ 

ʪʦʧʦʣʦʛʠʿʦʤ ʠ ʛʘʣʚʘʥʩʢʦʤ ʠʟʦʣʘʮʠʿʦʤ, ʢʦʿʠ ʿʝ ʜʠʟʘʿʥʠʨʘʥ ʜʘ ʠʤʘ ʚʠʩʦʢ ʬʘʢʪʦʨ ʩʥʘʛʝ ʧʨʠ 

ʥʘʟʠʚʥʦʤ ʫʣʘʟʥʦʤ ʥʘʧʦʥʫ ʠ ʥʘʟʠʚʥʦ ʿ ʩʪʨʫʿʠ [13]. ʄʝʹʫʪʠʤ, ʧʦʢʨʠʚʘʿʫ˂ʠ ʰʠʨʦʢ ʩʧʝʢʪʘʨ 

ʫʣʘʟʥʠʭ ʥʘʠʟʤʝʥʠʯʥʠʭ ʥʘʧʦʥʘ, ʢʘʦ ʠ ʰʠʨʦʢʠ ʦʧʩʝʛ ʠʟʣʘʟʥʠʭ ʝʿʜʥʦʩʤʝʨʥʠʭ ʩʪʨʫʿʘ ʠ ʥʘʧʦʥʘ 

[14, 15], ʫ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʪʘʢʚʠ ʜʨʘʿʚʝʨʠ ʨʘʜʝ ʧʨʠ ʥʘʧʦʥʠʤʘ ʠ ʩʪʨʫʿʘʤʘ ʜʨʫʛʘʯʠʿʠʤ ʦʜ 

ʥʘʟʠʚʥʠʭ, ʰʪʦ ʦʪʝʞʘʚʘ ʦʜʨʞʘʚʘˁʝ ʧʨʠʭʚʘʪˀʠʚʠʭ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʩʥʘʛʝ ʠ ʭʘʨʤʦʥʠʢʘ [13]. 

ʆʚʦ ʿʝ ʧʦʩʝʙʥʦ ʪʘʯʥʦ ʫ ʩʣʫʯʘʿʫ LED ʩʚʝʪʠˀʢʠ ʢʦʥʩʪʨʫʠʩʘʥʠʭ ʟʘ ʨʘʜ ʫ ʨʘʟʣʠʯʠʪʠʤ ʨʝʞʠʤʠʤʘ 

ʦʩʚʝʪˀʝˁʘ. ʇʨʝʤʘ ʠʩʪʨʘʞʠʚʘˁʫ ʘʫʪʦʨʘ, ʩʘʤʦ ʜʚʝ ʩʪʫʜʠʿʝ ʙʘʚʠʣʝ ʩʫ ʩʝ ʭʘʨʤʦʥʠʿʩʢʦʤ ʝʤʠʩʠʿʦʤ 

ʫ ʫʩʣʦʚʠʤʘ ʜʠʤʦʚʘˁʘ LED ʩʚʝʪʠˀʢʠ ʥʘʤʝˁʝʥʠʭ ʟʘ ʦʩʚʝʪˀʝˁʝ ʧʫʪʝʚʘ. 

ʀʩʪʨʘʞʠʚʘˁʝ ʧʨʝʜʩʪʘʚˀʝʥʦ ʫ ʨʝʬʝʨʝʥʮʠ [16] ʧʨʦʫʯʘʚʘʣʦ ʿʝ ʨʘʜ ʦʩʚʝʪˀʝˁa ʧʫʪʘ 

ʠʟʚʝʜʝʥʦʛ ʧʦʤʦ˂ʫ LED ʩʚʝʪʠˀʢʠ ʧʨʦʤʝʥʦʤ ʝʬʝʢʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʥʘʧʘʿʘˁʘ (207ï

253 V), ʩʪʝʧʝʥʘ ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ ʥʘʧʘʿʘˁʘ (0%, 1,79%, 2,5%, 5% ʠ 7,5%) ʠ ʥʠʚʦʘ ʜʠʤʦʚʘˁʘ 

(0ï100%, ʩʘ ʢʦʨʘʢʦʤ ʦʜ 10% ʠ ʥʘʧʦʥʦʤ ʥʘʧʘʿʘˁʘ ʩʠʥʫʩʦʠʜʘʣʥʦʛ ʪʘʣʘʩʥʦʛ ʦʙʣʠʢʘ). ʏʝʪʠʨʠ 

ʩʚʝʪʠˀʢʝ ʩʫ ʪʝʩʪʠʨʘʥʝ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ. ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ 

ʢʦʥʩʪʘʪʦʚʘʥʦ ʿʝ ʜʘ ʿʝ ʧʨʦʤʝʥʘ ʝʬʝʢʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʥʘʧʘʿʘˁʘ ʠʤʘʣʘ ʥʘʿʚʝ˂ʠ ʫʪʠʮʘʿ ʥʘ 

ʨʝʘʢʪʠʚʥʫ ʩʥʘʛʫ ʩʚʝʪʠˀʢʝ, ʢʘʦ ʠ ʜʘ ʿʝ ʪʦʪʘʣʥʘ ʭʘʨʤʦʥʠʿʩʢʘ ʜʠʩʪʦʨʟʠʿʘ ʩʪʨʫʿʝ (THDi) ʩʚʝʪʠˀʢʝ 

ʙʠʣʘ ʧʘʨʘʤʝʪʘʨ ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʫ ʥʘʿʚʝ˂ʝ ʧʨʦʤʝʥʝ ʫ ʩʣʫʯʘʿʫ ʜʠʤʦʚʘˁʘ (ʧʦʚʝ˂ʘʣʘ ʩʝ ʩʢʦʨʦ 3 

ʧʫʪʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʚʨʝʜʥʦʰ˂ʫ ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʥʦʨʤʘʣʥʦʤ ʨʝʞʠʤʫ). ʄʝʨʝˁʘ ʩʫ ʧʦʪʚʨʜʠʣʘ ʜʘ 

ʪʠʧ ʜʨʘʿʚʝʨʘ ʠʟʫʟʝʪʥʦ ʫʪʠʯʝ ʥʘ ʩʪʨʫʿʥʫ ʜʠʩʪʦʨʟʠʿʫ (ʥʘ ʧʨʠʤʝʨ, THDi ʧʨʠ ʥʘʟʠʚʥʦʤ 

ʥʝʠʟʦʙʣʠʯʝʥʦʤ ʥʘʧʦʥʫ ʠʟʥʦʩʠʦ ʿʝ 10,46%, 13,94%, 128,58% ʠ 21,51% ʟʘ ʯʝʪʠʨʠ ʪʝʩʪʠʨʘʥʝ 

ʩʚʝʪʠˀʢʝ).  

ʋ ʨʝʬʝʨʝʥʮʠ [13] ʠʩʪʨʘʞʝʥ ʿʝ ʦʜʥʦʩ ʠʟʤʝʹʫ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ ʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ, ʢʘʦ ʠ 

ʧʨʦʙʣʝʤʠ ʩʘ ʢʚʘʣʠʪʝʪʦʤ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʠ ʜʠʤʦʚʘˁʫ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ 

ʠʟʚʦʨʠʤʘ ʠ LED ʩʚʝʪʠˀʢʠ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ. ʄʝʨʝˁʠʤʘ ʫ ʨʘʜʠʦʥʠʮʠ ʠ ʥʘ 

ʪʝʨʝʥʫ ʫ ʥʦʨʤʘʣʥʦʤ ʠ ʪʨʠ ʨʝʞʠʤʘ ʜʠʤʦʚʘˁʘ (ʩʘ 26%, 44% ʠ 63% ʩʤʘˁʝʥʠʤ ʩʚʝʪʣʦʩʥʠʤ 

ʬʣʫʢʩʦʤ), ʩʚʝʪʠˀʢʝ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʩʫ ʫʧʦʨʝʹʝʥʝ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʥʝʫʪʨʘʣʥʝ 
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ʙʝʣʝ ʙʦʿʝ (ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K), ʢʦʿʝ ʩʫ ʩʘʜʨʞʘʣʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʜʨʘʿʚʝʨ, 

ʢʘʦ ʠ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ (ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K), ʢʦʿʝ ʩʫ 

ʩʘʜʨʞʘʣʝ ʜʨʘʿʚʝʨ ʩʘ ʧʦʙʦˀʰʘʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʫ ʫʩʣʦʚʠʤʘ ʜʠʤʦʚʘˁʘ. ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ LED 

ʩʚʝʪʠˀʢʝ, ʢʦʿʝ ʩʘʜʨʞʝ ʜʨʘʿʚʝʨ ʩʘ ʧʦʙʦˀʰʘʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʫ ʫʩʣʦʚʠʤʘ ʜʠʤʦʚʘˁʘ, 

ʢʘʨʘʢʪʝʨʠʰʝ ʟʥʘʯʘʿʥʦ ʩʤʘˁʝˁʝ THDi ʫ ʚʝ˂ʠʥʠ ʨʘʟʤʘʪʨʘʥʠʭ ʨʝʞʠʤʘ ʦʩʚʝʪˀʝˁʘ.  

 

4.2 ʃʘʙʦʨʘʪʦʨʠʿʩʢʘ ʤʝʨʝˁʘ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʩʚʝʪʠˀʢʠ 
 

ʂʘʢʦ ʙʠ ʩʝ ʫʧʦʨʝʜʠʣʠ ʨʝʣʝʚʘʥʪʥʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʧʘʨʘʤʝʪʨʠ ʠʥʩʪʘʣʘʮʠʿʘ ʫʣʠʯʥʦʛ 

ʦʩʚʝʪˀʝˁʘ ʠʟʚʝʜʝʥʠʭ ʧʦʤʦ˂ʫ LED ʩʚʝʪʠˀʢʠ ʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ (ʥʘʪʨʠʿʫʤʦʚʠʭ ʠʣʠ ʤʝʪʘʣ-

ʭʘʣʦʛʝʥʠʭ) ʩʚʝʪʠˀʢʠ, ʠʟʘʙʨʘʥʦ ʝʿ 17 ʪʠʧʠʯʥʠʭ ʛʨʘʜʩʢʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ (ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ 

ʢʣʘʩʘ ʄ1ïʄ6), ʟʘ ʢʦʿʝ ʩʫ, ʫʟ ʠʟʙʦʨ ʘʜʝʢʚʘʪʥʦʛ ʨʘʩʧʦʨʝʜʘ ʩʚʝʪʠˀʢʠ (ʿʝʜʥʦʩʪʨʘʥʠ, ʮʠʢ-ʮʘʢ, 

ʜʚʦʩʪʨʘʥʠ ʥʘʩʧʨʘʤʥʠ ʠ ʮʝʥʪʨʘʣʥʠ), ʠʟʚʨʰʝʥʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʧʨʦʨʘʯʫʥʠ ʩʘ ʩʘʚʨʝʤʝʥʠʤ 

ʥʘʪʨʠʿʫʤʦʚʠʤ, ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠ LED ʩʚʝʪʠˀʢʘʤʘ ʪʦʧʣʦ-ʙʝʣʝ (ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 

3000 K) ʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ (ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K) ʧʦ ʜʚʘ ʢʨʠʪʝʨʠʿʫʤʘ: 

ʢʨʠʪʝʨʠʿʫʤʫ ʤʘʢʩʠʤʘʣʥʦʛ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʩʪʫʙʦʚʘ ʠ ʢʨʠʪʝʨʠʿʫʤʫ ʤʠʥʠʤʘʣʥʝ ʠʥʩʪʘʣʠʩʘʥʝ 

ʩʥʘʛʝ (ʜʝʪʘˀʘʥ ʦʧʠʩ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʜʘʪ ʿʝ ʫ ʧʦʛʣʘʚˀʫ 7.2). ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ 

ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ (ʇʨʠʣʦʛ 1) ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʦʧʨʝʤʝ, ʟʘ ʣʘʙʦʨʘʪʦʨʠʿʩʢʫ ʘʥʘʣʠʟʫ 

ʠʟʘʙʨʘʥʝ ʩʫ ʩʣʝʜʝ˂ʝ ʩʚʝʪʠˀʢʝ: 

ς Onyx 2, ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʩʠʿʘʣʠʮʘʤʘ ʩʥʘʛʝ 70, 100, 150 ʠ 250 W ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ 

ʩʠʿʘʣʠʮʘʤʘ ʩʥʘʛʝ 70, 100 ʠ 150 W (3000 K), ʢʘʦ ʠ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʧʨʦʛʨʘʤʘʙʠʣʥʠʤ 

ʝʣʝʢʪʨʦʥʩʢʠʤ ʙʘʣʘʩʪʠʤʘ ʟʘ ʩʚʘʢʫ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʩʥʘʛʘ ʩʠʿʘʣʠʮʘ, 

ς Ampera Mini 24 LED (53 W, 4000 K) ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʧʨʦʛʨʘʤʘʙʠʣʥʠʤ ʜʨʘʿʚʝʨʦʤ 1-10 V 

(ʜʨʘʿʚʝʨ ʪʠʧʘ Philips Xitanium Xi LP 75W 0.3-1.0A S1 230V S240 sXt [17]), ʠ 

ς Ampera Maxi 80 LED (165 W, 4000 K) ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʧʨʦʛʨʘʤʘʙʠʣʥʠʤ ʜʨʘʿʚʝʨʦʤ 1-10 V 

(ʜʨʘʿʚʝʨ ʪʠʧʘ LG Innotek PISE-A165X [18]). 

ʂʘʢʦ ʙʠ ʨʘʟʤʘʪʨʘʥʝ ʩʚʝʪʠˀʢʝ ʙʠʣʝ ʠʟʣʦʞʝʥʝ (ʧʨʘʢʪʠʯʥʦ) ʠʩʪʦʤ ʪʘʣʘʩʥʦʤ ʦʙʣʠʢʫ 

ʤʨʝʞʥʦʛ ʥʘʧʦʥʘ, ʦʥʝ ʩʫ ʧʦʚʝʟʘʥʝ ʧʘʨʘʣʝʣʥʦ. 

ʅʘ ʩʣʠʮʠ 1 ʧʨʠʢʘʟʘʥʘ ʿʝ ʰʝʤʘ ʧʦʚʝʟʠʚʘˁʘ ʩʚʝʪʠˀʢʠ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ ʫ ʦʙʘ ʜʝʣʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘ. 

 

 
(ʘ) 

 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 

 

12 

 
(ʙ) 

 

ʉʣʠʢʘ 1. ʐʝʤʘ ʧʦʚʝʟʠʚʘˁʘ ʩʚʝʪʠˀʢʠ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ ʫ ʧʨʚʦʤ (ʘ) ʠ ʜʨʫʛʦʤ (ʙ) ʜʝʣʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘ 

 

ʋ ʧʨʚʦʤ ʜʝʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘ ʬʘʟʥʠ ʧʨʦʚʦʜʥʠʮʠ ʩʚʝʪʠˀʢʠ ʧʦʚʝʟʘʥʠ ʩʫ ʥʘ Wago ʢʣʝʤʫ ʛʜʝ 

ʿʝ ʠʟʚʨʰʝʥʦ ʛʨʘʥʘˁʝ ʬʘʟʥʦʛ ʧʨʦʚʦʜʥʠʢʘ (ʦʟʥʘʯʝʥʫ ʩʘ Wago 1 ʥʘ ʩʣʠʮʠ 1a) ʦʜ ʤʨʝʞʝ ʢʘ 

ʧʨʠʿʝʤʥʠʮʠʤʘ, ʜʦʢ ʩʫ ʥʝʫʪʨʘʣʥʠ ʧʨʦʚʦʜʥʠʮʠ ʩʚʝʪʠˀʢʠ ʧʦʚʝʟʘʥʠ ʥʘ ʜʨʫʛʫ Wago ʢʣʝʤʫ ʛʜʝ ʿʝ 

ʠʟʚʨʰʝʥʦ ʛʨʘʥʘˁʝ ʥʝʫʪʨʘʣʥʦʛ ʧʨʦʚʦʜʥʠʢʘ (ʦʟʥʘʯʝʥʫ ʩʘ Wago 2 ʥʘ ʩʣʠʮʠ 1a) ʦʜ ʤʨʝʞʝ ʢʘ 

ʧʨʠʿʝʤʥʠʮʠʤʘ. Wago ʢʣʝʤʘ ʩʘ ʬʘʟʥʠʤ ʧʨʦʚʦʜʥʠʮʠʤʘ (Wago 1) je ʧʨʦʚʦʜʥʠʢʦʤ ʧʨʝʩʝʢʘ 4 mm2 

ʧʨʝʢʦ ʢʣʝʤʝ ʧʦʚʝʟʘʥʘ ʩʘ ʘʫʪʦʤʘʪʩʢʠʤ ʧʨʝʢʠʜʘʯʝʤ ʥʘʟʠʚʥʝ ʩʪʨʫʿʝ 16 ɸ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʦʢʠʜʘˁʘ C, ʢʦʿʠ ʿʝ ʚʝʟʘʥ ʥʘ ʬʘʟʫ ʟʘʰʪʠʪʥʦʛ ʫʨʝʹʘʿʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʩʪʨʫʿʝ ʩʪʨʫʿʝ ʨʝʘʛʦʚʘˁʘ 

30 mA. Wago ʢʣʝʤʘ ʩʘ ʥʝʫʪʨʘʣʥʠʤ ʧʨʦʚʦʜʥʠʮʠʤʘ (Wago 2) ʿʝ ʧʨʝʢʦ ʢʣʝʤʝ ʚʝʟʘʥʘ ʥʘ ʥʫʣʫ 

ʟʘʰʪʠʪʥʦʛ ʫʨʝʹʘʿʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʩʪʨʫʿʝ ʢʦʿʠ ʿʝ ʧʦʚʝʟʘʥ ʩʘ ʫʪʠʢʘʯʝʤ ʢʦʿʠʤ ʿʝ ʚʨʰʝʥʦ 

ʧʨʠʢˀʫʯʝˁʝ ʩʚʝʪʠˀʢʠ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ. 

ʋ ʜʨʫʛʦʤ ʜʝʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘ ʿʝ ʧʦʚʝʟʠʚʘˁʝ ʩʚʝʪʠˀʢʠ ʠʟʚʨʰʝʥʦ ʥʘ ʥʝʰʪʦ ʜʨʫʛʘʯʠʿʠ 

ʥʘʯʠʥ ï ʜʝʦ ʠʥʩʪʘʣʘʮʠʿʝ ʦʜ ʢʣʝʤʝ ʜʦ ʩʚʘʢʝ ʦʜ Wago ʢʣʝʤʘ (ʫʢˀʫʯʫʿʫ˂ʠ ʠ ˁʠʭ) ʟʘʤʝˁʝʥ ʿʝ ʩʘ 

ʬʘʟʥʠʤ, ʦʜʥʦʩʥʦ ʥʝʫʪʨʘʣʥʠʤ ʧʨʦʚʦʜʥʠʢʦʤ, ʜʫʞʠʥʝ 5 m, ʟʘ ʩʚʘʢʫ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʩʚʝʪʠˀʢʠ 

(ʩʣʠʢʘ 1ʙ). ʉʚʘʢʠ ʜʝʦ ʠʥʩʪʘʣʘʮʠʿʝ ʦʜ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʢʠʜʘʯʘ ʜʦ ʩʚʝʪʠˀʢʝ ʩʘʜʨʞʘʦ ʿʝ ʠ ʧʦ ʪʨʠ 

ʧʨʠʛʫʰʥʠʮʝ ʚʝʟʘʥʝ ʧʘʨʘʣʝʣʥʦ ʯʠʿʘ ʿʝ ʝʢʚʠʚʘʣʝʥʪʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪ ʠʟʥʦʩʠʣʘ 35,67 ɛH.  

ɼʫʞʠʥʝ ʬʘʟʥʠʭ ʠ ʥʝʫʪʨʘʣʥʠʭ ʧʨʦʚʦʜʥʠʢʘ, ʦʜʥʦʩʥʦ ˁʠʭʦʚʘ ʫʢʫʧʥʘ ʝʢʚʠʚʘʣʝʥʪʥʘ 

ʦʪʧʦʨʥʦʩʪ, ʢʘʦ ʠ ʚʨʝʜʥʦʩʪ ʝʢʚʠʚʘʣʝʥʪʥʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʧʨʠʛʫʰʥʠʮʘ, ʦʜʨʝʹʝʥʝ ʩʫ 

ʝʢʚʠʚʘʣʝʥʪʥʦʤ ʦʪʧʦʨʥʦʰ˂ʫ ʠ ʠʥʜʫʢʪʠʚʥʦʰ˂ʫ (ʨʝʘʢʪʘʥʩʦʤ) ʘʣʫʤʠʥʠʿʫʤʩʢʦʛ ʢʘʙʣʘ 4Ĭ35 mm2 

ʜʫʞʠʥʝ 80 m ʢʦʿʠ ʧʦʚʝʟʫʿʝ ʩʚʝʪʠˀʢʝ ʫ ʠʥʩʪʘʣʘʮʠʿʠ ʦʩʚʝʪˀʝˁʘ ʫ ʫʣʠʮʠ ʄʠʣʫʪʠʥʘ 

ʄʠʣʘʥʢʦʚʠ˂ʘ ʢʦʿʘ ʿʝ ʜʝʪʘˀʥʠʿʝ ʦʧʠʩʘʥʘ ʫ ʧʦʛʣʘʚˀʠʤʘ 4.3.1, 5.2.1 ʠ 6.2.1. ɺʨʝʜʥʦʩʪʠ 

ʝʢʚʠʚʘʣʝʥʪʥʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ (ʨʝʘʢʪʘʥʩʝ) ʦʚʦʛ ʢʘʙʣʘ, ʩʨʘʯʫʥʘʪʝ ʥʘ ʦʩʥʦʚʫ 

ʚʨʝʜʥʦʩʪʠ ʧʦʜʫʞʥʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʨʝʘʢʪʘʥʩʝ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʚʠʰʝʞʠʣʥʠ ʢʘʙʣ ʩʘ ʞʠʣʘʤʘ 

ʩʝʢʪʦʨʩʢʦʛ ʧʨʝʩʝʢʘ ʠ XLPE ʠʟʦʣʘʮʠʿʦʤ ʠʟ ʨʝʬʝʨʝʥʮʝ [19] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʚʦʜʥʠʢʘ ʦʜ 

45 °C, ʠʟʥʦʩʠʣʝ ʩʫ 153 mɋ (å 2 Ā 80 m Ā 0,956 mɋ/m) ʠ 36,92 ɛH (11,6 mɋ (å 2 Ā 80 m Ā 

0,0725 mɋ/m)), ʨʝʩʧʝʢʪʠʚʥʦ (ʫʟ ʫʚʘʞʘʚʘˁʝ ʠ ʬʘʟʥʠʭ ʠ ʥʝʫʪʨʘʣʥʠʭ ʧʨʦʚʦʜʥʠʢʘ). ʅʘ ʦʩʥʦʚʫ 

ʜʦʙʠʿʝʥʝ ʝʢʚʠʚʘʣʝʥʪʥʝ ʦʪʧʦʨʥʦʩʪʠ ʢʘʙʣʘ ʠ ʧʦʜʘʮʠʤʘ ʠʟ ʨʝʬʝʨʝʥʮʝ [19] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʦʚʦʜʥʠʢʘ ʦʜ 45 °C, ʟʘ ʧʦʚʝʟʠʚʘˁʝ ʩʚʝʪʠˀʢʠ ʫ ʜʨʫʛʦʤ ʜʝʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠʟʘʙʨʘʥ ʿʝ ʙʘʢʘʨʥʠ 

ʧʨʦʚʦʜʥʠʢ ʧʨʝʩʝʢʘ 1,5 mm2, ʫʢʫʧʥʝ ʜʫʞʠʥʝ (ʬʘʟʥʦʛ ʠ ʥʝʫʪʨʘʣʥʦʛ ʧʨʦʚʦʜʥʠʢʘ) 10 m. ʉ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ʝʢʚʠʚʘʣʝʥʪʥʘ ʨʝʘʢʪʘʥʩʘ ʠʟʘʙʨʘʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠʟʥʦʩʠ 1,57 mɋ. ɼʘ ʙʠ ʩʝ ʧʦʩʪʠʛʣʘ 

ʚʨʝʜʥʦʩʪ ʨʝʘʢʪʘʥʩʝ ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢʘ ʨʝʘʢʪʘʥʩʠ ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ, ʢʘʦ ʠ ʜʘ ʙʠ ʩʝ ʦʤʦʛʫ˂ʠʣʦ 

ʫʩʧʦʩʪʘʚˀʘˁʝ ʥʘʟʥʘʯʝʥʝ ʩʪʨʫʿʝ ʩʚʘʢʝ ʦʜ ʩʚʝʪʠˀʢʠ, ʠʟʘʙʨʘʥʝ ʩʫ 3 ʧʨʠʛʫʰʥʠʮʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

ʧʦ 107 ɛH, ʚʝʟʘʥʝ ʧʘʨʘʣʝʣʥʦ. 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʄʝʨʝˁʘ ʩʫ ʠʟʚʨʰʝʥʘ ʤʨʝʞʥʠʤ ʘʥʘʣʠʟʘʪʦʨʦʤ Circutor AR5L, ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʤʝʨʝˁʝ ʪʨʠ 

ʥʘʧʦʥʘ ʫ ʦʢʚʠʨʫ ʪʨʦʬʘʟʥʦʛ (ʯʝʪʚʦʨʦʞʠʯʥʦʛ) ʩʠʩʪʝʤʘ ʠ ʯʝʪʠʨʠ ʩʪʨʫʿʝ ʠʩʪʦʚʨʝʤʝʥʦ, ʟʙʦʛ ʯʝʛʘ 

ʿʝ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʦʚʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠʩʪʦʚʨʝʤʝʥʦ ʤʝʨʝʥ ʿʝʜʘʥ ʥʘʧʦʥ ʠ ʪʨʠ ʩʪʨʫʿʝ.  

ʋ ʧʨʚʦʤ ʜʝʣʫ ʠʩʪʨʘʞʠʚʘˁʘ ʠʟʚʨʰʝʥʘ ʩʫ ʤʝʨʝˁʘ ʥʘʧʦʥʘ ʥʘ ʧʦʯʝʪʢʫ ʩʪʨʫʿʥʦʛ ʢʦʣʘ (ʠʟʤʝʹʫ 

ʬʘʟʝ ʠ ʥʫʣʝ ʟʘʰʪʠʪʥʦʛ ʫʨʝʹʘʿʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʩʪʨʫʿʝ) ʧʨʝ ʧʨʠʢˀʫʯʝˁʘ ʩʚʝʪʠˀʢʠ ʠ ʩʘ 

ʧʨʠʢˀʫʯʝʥʠʤ ʩʚʝʪʠˀʢʘʤʘ, ʢʘʦ ʠ ʩʪʨʫʿʘ ʩʚʘʢʝ ʦʜ ʧʨʠʢˀʫʯʝʥʠʭ ʩʚʝʪʠˀʢʠ. ɿʙʦʛ ʥʘʯʠʥʘ 

ʧʦʚʝʟʠʚʘˁʘ ʩʚʝʪʠˀʢʠ (ʧʘʨʘʣʝʣʥʝ ʚʝʟʝ), ʢʘʦ ʠ ʜʦʩʪʘ ʥʠʞʠʭ ʚʨʝʜʥʦʩʪʠ ʝʢʚʠʚʘʣʝʥʪʥʠʭ 

ʦʪʧʦʨʥʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ (ʨʝʘʢʪʘʥʩʠ) ʢʦʨʠʰ˂ʝʥʠʭ ʧʨʦʚʦʜʥʠʢʘ ʥʝʛʦ ʫ ʜʨʫʛʦʤ ʜʝʣʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘ, ʩʤʘʪʨʘʥʦ ʿʝ ʜʘ ʿʝ ʥʘʧʦʥ ʥʘ ʧʦʯʝʪʢʫ ʩʪʨʫʿʥʦʛ ʢʦʣʘ ʿʝʜʥʘʢ ʥʘʧʦʥʫ ʥʘ ʩʚʘʢʦʿ ʦʜ 

ʩʚʝʪʠˀʢʠ. ʄʝʨʝˁʘ ʩʫ ʚʨʰʝʥʘ ʫ ʪʨʘʿʘˁʫ ʜʦ 60 s ʩʘ ʢʦʨʘʢʦʤ ʦʜ 1 s, ʰʪʦ ʫ ʧʨʘʢʩʠ ʟʥʘʯʠ ʜʘ ʩʝ ʫ 

ʨʘʟʤʘʢʫ ʦʜ ʿʝʜʥʝ ʩʝʢʫʥʜʝ ʩʥʠʤʘʿʫ ʪʨʝʥʫʪʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ ʫ ʦʢʚʠʨʫ ʿʝʜʥʝ ʧʝʨʠʦʜʝ 

(128 ʦʜʙʠʨʘʢʘ ʫ ʪʦʢʫ ʧʝʨʠʦʜʝ ʦʜ 0,02 s). 

ʋ ʜʨʫʛʦʤ ʜʝʣʫ ʠʩʪʨʘʞʠʚʘˁʘ ʠʟʚʨʰʝʥʘ ʩʫ ʤʝʨʝˁʘ ʥʘʧʦʥʘ ʥʘ ʧʦʯʝʪʢʫ ʩʪʨʫʿʥʦʛ ʢʦʣʘ 

(ʠʟʤʝʹʫ ʬʘʟʝ ʠ ʥʫʣʝ ʟʘʰʪʠʪʥʦʛ ʫʨʝʹʘʿʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʩʪʨʫʿʝ) ʧʨʝ ʠ ʧʦʩʣʝ ʧʨʠʢˀʫʯʝˁʘ 

ʩʚʝʪʠˀʢʠ, ʢʘʦ ʠ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʘ ʥʘ ʩʚʘʢʦʿ ʦʜ ʩʚʝʪʠˀʢʠ. ʄʝʨʝˁʘ ʩʫ ʚʨʰʝʥʘ ʫ ʪʨʘʿʘˁʫ ʜʦ 10 s ʩʘ 

ʢʦʨʘʢʦʤ ʦʜ 1 s. 

ʅʘ ʦʩʥʦʚʫ ʠʟʤʝʨʝʥʠʭ ʪʨʝʥʫʪʥʠʭ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ ʫ ʦʢʚʠʨʫ ʿʝʜʥʝ ʧʝʨʠʦʜʝ, 

ʧʨʠʤʝʥʦʤ ʌʫʨʠʿʝʦʚʠʭ ʨʝʜʦʚʘ ʠ ʩʦʬʪʚʝʨʩʢʦʛ ʧʘʢʝʪʘ Matlab, ʜʦʙʠʿʝʥʝ ʩʫ ʝʬʝʢʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ 

ʠ ʬʘʟʥʠ ʫʛʣʦʚʠ ʭʘʨʤʦʥʠʢʘ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ ʟʘ ʧʦʩʤʘʪʨʘʥʠ ʪʨʝʥʫʪʘʢ, ʰʪʦ ʿʝ ʦʤʦʛʫ˂ʠʣʦ 

ʠʟʨʘʯʫʥʘʚʘˁʝ ʩʣʝʜʝ˂ʠʭ ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ: 

ς ʘʢʪʠʚʥʝ ʩʥaʛʝ, 

ς ʨeaʢʪʠʚʥʝ ʩʥaʛʝ, 

ς ʬʘʢʪʦʨʘ ʩʥʘʛʝ, 

ς THD ʥʘʧʦʥʘ (THDu), ʠ 

ς ʊHD ʩʪʨʫʿʝ (THDi). 

ʈʘʟʤʘʪʨʘʥʠ ʩʫ ʠ ʨʝʞʠʤʠ ʨʘʜʘ ʩʚʝʪʠˀʢʠ ʩʘ ʨʝʜʫʢʦʚʘʥʠʤ ʩʚʝʪʣʦʩʥʠʤ ʬʣʫʢʩʦʤ (ʢʦʿʠ ʩʝ 

ʧʨʠʤʝˁʫʿʫ ʫ ʢʘʩʥʠʤ ʥʦ˂ʥʠʤ ʩʘʪʠʤʘ), ʰʪʦ ʝʿ ʦʤʦʛʫ˂ʠʣʘ ʫʧʦʪʨʝʙʘ Owlet ʪʝʣʝʤʝʥʘ˅ʤʝʥʪ ʩʠʩʪʝʤʘ 

[20]. ʇʦʤʦ˂ʫ ʧʦʩʪʘʚˀʝʥʝ Owlet ʚʝʙ ʩʪʨʘʥʠʮʝ ʠ ʧʫʪʝʤ Zigbee ʤʨʝʞʝ ʫʩʧʦʩʪʘʚˀʝʥʘ ʿʝ 

ʢʦʤʫʥʠʢʘʮʠʿʘ ʩʘ LuCo NXP ʢʦʥʪʨʦʣʝʨʦʤ ʠʥʩʪʘʣʠʨʘʥʠʤ ʫ ʩʚʘʢʦʿ ʦʜ ʩʚʝʪʠˀʢʠ, ʰʪʦ ʿʝ 

ʦʤʦʛʫ˂ʠʣʦ ʧʨʦʮʝʥʪʫʘʣʥʫ ʨʝʛʫʣʘʮʠʿʫ ʥʠʚʦʘ ʢʦʥʪʨʦʣʥʦʛ ʩʠʛʥʘʣʘ, ʦʜʥʦʩʥʦ ʨʝʛʫʣʘʮʠʿʫ 

ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ ʩʚʝʪʠˀʢʝ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʦʤʦʛʫ˂ʝʥʦ ʿ ʝ ʫʚʘʞʘʚʘˁʝ ʝʬʝʢʘʪʘ ʤʝʟʦʧʩʢʦʛ ʚʠʹʝˁʘ 

(ʥʠʚʦʠ ʩʿʘʿʥʦʩʪʠ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ ʟʘ ʤʦʪʦʨʥʠ ʠ ʤʝʰʦʚʠʪʠ ʩʘʦʙʨʘ˂ʘʿ ʦʜʛʦʚʘʨʘʿʫ ʤʝʟʦʧʩʢʦʤ 

ʚʠʹʝˁʫ). ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʘ ʩʝ ʫ ʢʘʩʥʠʤ ʥʦ˂ʥʠʤ ʩʘʪʠʤʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʢʣʘʩʘ ʩʧʫʰʪʘ 

ʥʘʿʚʠʰʝ ʟʘ ʜʚʝ ʢʣʘʩʝ, ʧʦʜʝʰʘʚʘˁʝ ʨʝʞʠʤʘ ʨʘʜʘ ʩʘ ʨʝʜʫʢʦʚʘʥʠʤ ʩʚʝʪʣʦʩʥʠʤ ʬʣʫʢʩʦʤ ʤʝʪʘʣ-

ʭʘʣʦʛʝʥʠʭ ʠ LED ʩʚʝʪʠˀʢʠ ʢʘʢʦ ʫ ʬʦʪʦʧʩʢʠʤ, ʪʘʢʦ ʠ ʫ ʤʝʟʦʧʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʚʨʰʝʥʦ ʿʝ 

ʧʨʦʮʝʥʪʫʘʣʥʦʤ ʨʝʛʫʣʘʮʠʿʦʤ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ ʩʚʝʪʠˀʢʠ ʥʘ ʦʩʥʦʚʫ ʪʘʙʝʣʝ 1. ɺʨʝʜʥʦʩʪʠ 

ʤʝʟʦʧʩʢʠʭ (ʢʦʨʠʛʦʚʘʥʠʭ ʬʦʪʦʧʩʢʠʭ) ʩʨʝʜˁʠʭ ʩʿʘʿʥʦʩʪʠ ʟʘ ʨʘʟʤʘʪʨʘʥʝ ʦʜʥʦʩʝ ʩʢʦʪʦʧʩʢʦʛ ʠ 

ʬʦʪʦʧʩʢʦʛ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ (S/P) ʦʜ 1,2 ʠ 1,6, ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠ LED 

ʩʚʝʪʠˀʢʘʤʘ, ʨʝʩʧʝʢʪʠʚʥʦ, ʧʨʝʫʟʝʪʝ ʩʫ ʠʟ ʨʝʬʝʨʝʥʮʝ [21]. ʅʠʚʦʠ ʜʠʤʦʚʘˁʘ ʦʜ 100% ʦʜʛʦʚʘʨʘʿʫ 

ʥʦʤʠʥʘʣʥʦʤ ʨʝʞʠʤʫ ʩʚʘʢʝ ʦʜ ʩʚʝʪʠˀʢʠ ʟʘ ʩʚʘʢʫ ʦʜ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ ʢʣʘʩʘ ʄ1ïʄ6, ʜʦʢ ʦʩʪʘʣʠ 

ʥʠʚʦʠ ʜʠʤʦʚʘˁʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʜʥʦʩʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʝʟʦʧʩʢʠʭ ʠ ʬʦʪʦʧʩʢʠʭ ʩʨʝʜˁʠʭ 

ʩʿʘʿʥʦʩʪʠ ʫ ʨʝʞʠʤʠʤʘ ʜʠʤʦʚʘˁʘ ʫ ʦʢʚʠʨʫ ʩʚʘʢʝ ʦʜ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ ʢʣʘʩʘ. 
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ʊʘʙʝʣʘ 1. ʉʨʝʜˁʝ ʩʿʘʿʥʦʩʪʠ ʠ ʥʠʚʦʠ ʜʠʤʦʚʘˁʘ ʫ ʬʦʪʦʧʩʢʠʤ ʠ ʨʘʟʤʘʪʨʘʥʠʤ ʤʝʟʦʧʩʢʠʤ 

ʫʩʣʦʚʠʤʘ 

 

ʉʚʝʪʣʦʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ ʫʣʠʮʝ 

ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ ʄʝʟʦʧʩʢʠ ʫʩʣʦʚʠ 

ʉʨʝʜˁʘ 

ʩʿʘʿʥʦʩʪ 

ʢʦʣʦʚʦʟʘ 

(cd/m2) 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

(%) 

ʉʨʝʜˁʘ ʩʿʘʿʥʦʩʪ 

ʢʦʣʦʚʦʟʘ ʧʨʠ 

S/P = 1,2 

(ʪʦʧʣʦ-ʙʝʣʘ ʙʦʿʘ 

ʩʚʝʪʣʦʩʪʠ) 

(cd/m2) 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

(%) 

ʉʨʝʜˁʘ ʩʿʘʿʥʦʩʪ 

ʢʦʣʦʚʦʟʘ ʧʨʠ 

S/P = 1,6 

(ʥʝʫʪʨʘʣʥʘ ʙʝʣʘ 

ʙʦʿʘ ʩʚʝʪʣʦʩʪʠ) 

(cd/m2) 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

(%) 

M1 

2,00 100 1,94 97 1,89 94 

1,50 75 1,43 71 1,39 69 

1,00 50 0,93 46 0,90 45 

M2 

1,50 100 1,43 95 1,39 93 

1,00 67 0,93 62 0,90 60 

0,75 50 0,69 46 0,66 44 

M3 

1,00 100 0,93 93 0,90 90 

0,75 75 0,69 69 0,66 66 

0,50 50 0,45 45 0,42 42 

M4 

0,75 100 0,69 92 0,66 88 

0,50 67 0,45 60 0,42 56 

0,30 40 0,26 35 0,24 32 

M5 
0,50 100 0,45 90 0,42 84 

0,30 60 0,26 52 0,24 48 

M6 0,30 100 0,26 86 0,24 80 

 

ʋ ʪʘʙʝʣʘʤʘ 2ï10 ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʧʨʦʨʘʯʫʥʘ ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʩʚʝʪʠˀʢʠ ʜʠʨʝʢʪʥʦ ʧʨʠʢˀʫʯʝʥʠʭ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ, ʜʦʢ ʩʫ ʫ ʪʘʙʝʣʘʤʘ 11ï19 ʧʨʠʢʘʟʘʥʠ 

ʨʝʟʫʣʪʘʪʠ ʧʨʦʨʘʯʫʥʘ ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʩʚʝʪʠˀʢʠ ʧʨʠʢˀʫʯʝʥʠʭ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ ʧʨʝʢʦ 

ʨʝʜʥʝ ʚʝʟʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ʉʚʘʢʘ ʦʜ ʪʘʙʝʣʘ 2ï10 ʩʘʜʨʞʠ ʚʨʝʜʥʦʩʪʠ ʥʠʚʦʘ 

ʜʠʤʦʚʘˁʘ, THD ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʥʘ ʧʦʯʝʪʢʫ ʢʦʣʘ ʧʨʝ ʠ ʧʦʩʣʝ ʧʨʠʢˀʫʯʝˁʘ ʩʚʝʪʠˀʢʠ, THD 

ʚʨʝʜʥʦʩʪʠ ʩʪʨʫʿʝ ʩʚʝʪʠˀʢʝ, ʚʨʝʜʥʦʩʪʠ ʘʢʪʠʚʥʝ (P), ʧʨʠʚʠʜʥʝ (S) ʠ ʥʝʘʢʪʠʚʥʝ ʩʥʘʛʝ (N), ʢʘʦ ʠ 

ʬʘʢʪʦʨʘ ʩʥʘʛʝ ʧʨʝʤʘ ʨʝʣʝʚʘʥʪʥʠʤ IEEE ʠ DIN ʩʪʘʥʜʘʨʜʠʤʘ [22, 23], ʚʨʝʜʥʦʩʪʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ 

ʧʨʝʤʘ ʜʝʬʠʥʠʮʠʿʘʤʘ Kusters-ʘ ʠ Moore-ʘ (QkusL ʠ QkusC) [24], ʢʘʦ ʠ ʚʨʝʜʥʦʩʪʠ ʨʝʘʢʪʠʚʥʝ (Qcz) ʠ 

ʨʘʩʠʧʥʝ (Ds) ʩʥʘʛʝ ʧʨʝʤʘ CPC ʪʝʦʨʠʿʠ Czarnecki-ʦʛ [25].  

ɸʢʪʠʚʥʘ ʩʥʘʛʘ ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʪʨʝʥʫʪʥʝ ʩʥʘʛʝ ʫ ʦʩʥʦʚʥʦʿ ʧʝʨʠʦʜʠ  

T = 2ˊ/ɤ1 ʠ ʤʦʞʝ ʩʝ ʧʨʠʢʘʟʘʪʠ ʢʘʦ ʩʫʤʘ ʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʧʦʿʝʜʠʥʠʭ ʭʘʨʤʦʥʠʿʩʢʠʭ ʢʦʤʧʦʥʝʥʪʠ 

Pk: 

 
10 0

1 1
cos

=

= = = =äñ ñ
T T n

k k k k

k

P pdt u i dt U I P
T T

j    (1) 

ʛʜʝ ʩʫ u ʠ i ʪʨʝʥʫʪʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ, Uk ʠ Ik ʧʨʝʜʩʪʘʚˀʘʿʫ ʝʬʝʢʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ k-

ʪʠʭ ʭʘʨʤʦʥʠʢʘ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʬʘʟʥʠʤ ʫʛʣʦʚʠʤʘ qk ʠ yk, n ʿʝ ʨʝʜ ʥʘʿʚʠʰʝʛ 

ʭʘʨʤʦʥʠʢʘ, ʘ űk = qkïyk ʿʝ ʬʘʟʥʠ ʧʦʤʝʨʘʿ ʠʟʤʝʹʫ k-ʪʦʛ ʭʘʨʤʦʥʠʢʘ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ. 

ʇʨʠʚʠʜʥʘ ʩʥʘʛʘ ʧʦʪʨʦʰʘʯʘ ʩʝ ʜʝʬʠʥʠʰʝ ʩʝ ʢʘʦ ʧʨʦʠʟʚʦʜ ʝʬʝʢʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ U 

ʠ ʝʬʝʢʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʩʪʨʫʿʝ I, ʫʟ ʫʚʘʞʘʚʘˁʝ ʧʨʠʩʫʩʪʚʘ ʚʠʰʠʭ ʭʘʨʤʦʥʠʢʘ: 

 2 2 2 2

0 0
1 1

1 1

= =

= Ö = Ö = Öä äñ ñ
n mT T

k k

k k

S U I u dt i dt U I
T T

     (2) 

ʌʘʢʪʦʨ ʩʥʘʛʝ ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʦʜʥʦʩ ʘʢʪʠʚʥʝ ʠ ʧʨʠʚʠʜʥʝ ʩʥʘʛʝ: 

=
P

S
l        (3) 

ʅʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʩʝ ʜʦʙʠʿʘ ʥʘ ʦʩʥʦʚʫ ʧʨʠʚʠʜʥʝ ʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ: 
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  2 2= -N S P       (4) 

ʅʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʿʝ ʜʝʬʠʥʠʩʘʥʘ ʦʜ ʩʪʨʘʥʝ Fryze-a [26] ʠ ʧʨʠʭʚʘ˂ʝʥʘ ʿʝ ʫ ʥʝʤʘʯʢʦʤ DIN 

ʩʪʘʥʜʘʨʜʫ 40110 [23] ʠ ʘʤʝʨʠʯʢʦʤ IEEE Standardu 1459-2010 [22]. ʏʝʩʪʦ ʩʝ ʟʘ ʥʝʘʢʪʠʚʥʫ ʩʥʘʛʫ 

ʢʦʨʠʩʪʠ ʠ ʠʟʨʘʟ ʪʦʪʘʣʥʘ ʨʝʘʢʪʠʚʥʘ ʩʥʘʛa. ʄʝʹʫʪʠʤ, ʥʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʩʝ ʨʘʟʣʠʢʫʿʝ ʦʜ ʨʝʘʢʪʠʚʥʝ 

ʩʥʘʛʝ ʢʘʜʘ ʥʘʧʦʥʠ ʠ ʩʪʨʫʿʝ ʩʘʜʨʞʝ ʚʠʰʝ ʭʘʨʤʦʥʠʢʝ. 

Budeanu ʿʝ ʜʝʬʠʥʠʩʘʦ ʨʝʘʢʪʠʚʥʫ ʩʥʘʛʫ Q ʫ ʿʝʜʥʦʬʘʟʥʠʤ ʩʠʩʪʝʤʠʤʘ ʢʘʦ ʩʫʤʫ ʨʝʘʢʪʠʚʥʠʭ 

ʩʥʘʛʘ ʩʚʠʭ ʭʘʨʤʦʥʠʢʘ [26]: 

 
1

sin
=

= =ä
n

k k k k

k

Q U I Qj      (5) 

ʅʘ ʦʩʥʦʚʫ ʧʨʦʠʟʚʦʜʘ ʨʘʟʣʠʯʠʪʠʭ ʭʘʨʤʦʥʠʢʘ ʩʪʨʫʿʝ ʠ ʥʘʧʦʥʘ, Budeanu ʿ ʝ ʜʝʬʠʥʠʩʘʦ ʩʥʘʛʫ 

ʜʝʬʦʨʤʘʮʠʿʝ ʠʣʠ ʜʠʩʪʦʨʟʠʿʝ D, ʪʘʢʦ ʜʘ ʿʝ ʢʦʤʧʣʝʪʠʨʘʦ ʿʝʜʥʘʯʠʥʫ ʟʘ ʦʨʪʦʛʦʥʘʣʥʦʩʪ ʩʥʘʛʘ [26]: 

2 2 2= - -D S P Q       (6) 

ɼʝʬʠʥʠʮʠʿʘ Kusters-a ʠ Moore-a ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʤʠʥʠʤʠʟʘʮʠʿʠ ʝʬʝʢʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʩʪʨʫʿʝ 

ʫ ʥʘʧʦʿʥʦʤ ʚʦʜʫ ʧʦʪʨʦʰʘʯʘ ʢʦʨʠʰ˂ʝˁʝʤ ʦʧʪʠʤʘʣʥʝ ʢʘʧʘʮʠʪʠʚʥʦʩʪʠ ʢʦʥʜʝʥʟʘʪʦʨʘ Copt ʠʣʠ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʧʨʠʛʫʰʥʠʮʝ Lopt ʟʘ ʢʦʤʧʝʥʟʘʮʠʿʫ ʥʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʧʦʪʨʦʰʘʯʘ [24]: 
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ʛʜʝ ʩʫ:  =
du

u
dt

 ʠ 
1
= ñu udt

T
. 

Czarnecki ʿ ʝ ʢʦʨʠʩʪʠʦ ʝʢʚʠʚʘʣʥʪʥʫ ʢʦʥʜʫʢʪʘʥʩʫ Ge ʧʦʪʨʦʰʘʯʘ ʜʘ ʙʠ ʜʝʬʠʥʠʩʘʦ ʘʢʪʠʚʥʫ 

ʩʪʨʫʿʫ ʧʦʪʨʦʰʘʯʘ, ʘ ʪʘʢʦʹʝ ʿʝ ʜʝʬʠʥʠʩʘʦ ʠ ʝʢʚʠʚʘʣʝʥʪʥʫ ʘʜʤʠʪʘʥʩʫ Yk ʧʦʪʨʦʰʘʯʘ ʧʨʠ 

ʫʯʝʩʪʘʥʦʩʪʠ k-ʪʦʛ ʭʘʨʤʦʥʠʢʘ [27]: 
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=e
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     (10) 

ʅʘ ʦʩʥʦʚʫ ʝʢʚʠʚʘʣʝʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʧʦʪʨʦʰʘʯʘ, Czarnecki ʿ ʝ ʠʟʚʨʰʠʦ ʨʘʟʣʘʛʘˁʝ ʫʢʫʧʥʝ 

ʩʪʨʫʿʝ ʧʦʪʨʦʰʘʯʘ ʥʘ ʘʢʪʠʚʥʫ (ia), ʨʘʩʠʧʥʫ (is) ʠ ʨʝʘʢʪʠʚʥʫ ʩʪʨʫʿʫ (ir) [27]: 
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ʛʜʝ ʿʝ uk ʪʨʝʥʫʪʥʘ ʚʨʝʜʥʦʩʪ kïʪʦʛ ʭʘʨʤʦʥʠʢʘ ʥʘʧʦʥʘ ʯʠʿʘ ʿʝ ʫʛʘʦʥʘ ʫʯʝʩʪʘʥʦʩʪ wk. 

Czarnecki ʿ ʝ ʟʘ ʫʚʝʜʝʥʝ ʩʪʨʫʿʝ ʜʘʦ ʬʠʟʠʯʢʝ ʠʥʪʝʨʧʨʝʪʘʮʠʿʝ ʠ ʟʙʦʛ ʪʦʛʘ ʿʝ ʩʚʦʿʫ ʪʝʦʨʠʿʫ 

ʥʘʟʚʘʦ ʪʝʦʨʠʿʦʤ ʬʠʟʠʯʢʠʭ ʢʦʤʧʦʥʝʥʪʠ ʩʪʨʫʿʘ (Current Physical Component ï CPC theory) [25]. 

ɸʢʪʠʚʥʘ ʩʪʨʫʿʘ ʿʝ ʩʪʨʫʿʘ ʤʠʥʠʤʘʣʥʝ ʝʬʝʢʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʠʩʪʫ ʘʢʪʠʚʥʫ ʩʥʘʛʫ P ʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʿʝ ʥʘʧʦʥʫ ʠ ʫ ʬʘʟʠ ʩʘ ˁʠʤ. ʈʘʩʠʧʥʘ ʩʪʨʫʿʘ ʿʝ ʧʦʩʣʝʜʠʮʘ ʪʦʛʘ ʰʪʦ ʩʝ 

ʝʢʚʠʚʘʣʝʥʪʥʘ ʢʦʥʜʫʢʪʘʥʩʘ ʧʦʪʨʦʰʘʯʘ Gk ʤʝˁʘ ʩʘ ʨʝʜʦʤ ʭʘʨʤʦʥʠʢʘ ʠ ʦʜʩʪʫʧʘ ʦʜ ʢʦʥʜʫʢʪʘʥʩʝ 

Ge. ʈʝʘʢʪʠʚʥʘ ʩʪʨʫʿʘ ʿʝ ʧʦʩʣʝʜʠʮʘ ʬʘʟʥʦʛ ʧʦʤʝʨʘʿʘ ʠʟʤʝʹʫ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ ʠ ʧʨʝʜʩʪʘʚˀʘ ʤʝʨʫ 

ʦʩʮʠʣʘʪʦʨʥʝ ʨʘʟʤʝʥʝ ʝʥʝʨʛʠʿʝ ʠʟʤʝʹʫ ʧʦʪʨʦʰʘʯʘ ʠ ʠʟʚʦʨʘ. 

ʅʘ ʦʩʥʦʚʫ ʝʬʝʢʪʠʚʥʠʭ ʚʨʝʜʥʦʩʪʠ ʨʘʩʠʧʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʪʨʫʿʝ, Czarnecki ʿ ʝ ʜʝʬʠʥʠʩʘʦ 

ʨʘʩʠʧʥʫ ʠ ʨʝʘʢʪʠʚʥʫ ʩʥʘʛʫ [25]:  

2 2
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T T

rQ u t dt i t dt U I
T T

    (15) 

ʉʥʘʛʝ ʢʦʿʝ ʩʫ ʜʝʬʠʥʠʩʘʥʝ ʫ Czarnecki-evoj ʪʝʦʨʠʿʠ ʬʠʟʠʯʢʠʭ ʢʦʤʧʦʥʝʥʪʠ ʩʪʨʫʿʘ 

ʟʘʜʦʚʦˀʘʚʘʿʫ ʿʝʜʥʘʯʠʥʫ ʦʨʪʦʛʦʥʘʣʥʦʩʪʠ [25]: 

2 2 2 2

s= + +S P D Q       (16) 

ʋ ʪʘʙʝʣʘʤʘ 11ï19 ʩʫ ʟʘ ʠʩʪʝ ʥʠʚʦʝ ʜʠʤʦʚʘˁʘ ʧʨʠʢʘʟʘʥʠ ʧʨʘʢʪʠʯʥʦ ʠʩʪʠ ʧʘʨʘʤʝʪʨʠ, ʩ ʪʦʤ 

ʨʘʟʣʠʢʦʤ ʜʘ ʩʫ ʟʙʦʛ ʢʦʥʮʝʧʪʘ ʤʝʨʝˁʘ ʧʦʨʝʜ ʚʨʝʜʥʦʩʪʠ THD-ʘ ʤʨʝʞʥʦʛ ʥʘʧʦʥʘ ʧʨʝ 

ʧʨʠʢˀʫʯʝˁʘ ʩʚʝʪʠˀʢʠ ʠ ʚʨʝʜʥʦʩʪʠ THD-a ʥʘʧʦʥʘ ʥʘ ʧʦʯʝʪʢʫ ʢʦʣʘ ʜʘʪʝ ʠ ʚʨʝʜʥʦʩʪʠ THD-a 

ʥʘʧʦʥʘ ʥʘ ʩʚʘʢʦʿ ʦʜ ʩʚʝʪʠˀʮʠ. ʋ ʪʘʙʝʣʘʤʘ 10 ʠ 19 ʩʫ ʟʘ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʩʥʘʛʝ ʤʘˁʝ ʦʜ 0,90 

ʜʘʪʝ ʠ ʚʨʝʜʥʦʩʪʠ ʦʧʪʠʤʘʣʥʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ (Lopt) ʧʦ ʜʝʬʠʥʠʮʠʿʠ Kusters-ʘ ʠ Moore-ʘ, ʯʠʿʘ ʿʝ 

ʫʣʦʛʘ ʧʦʧʨʘʚʢʘ ʬʘʢʪʦʨʘ ʩʥʘʛʝ. ʄʝʹʫʪʠʤ, ʟʙʦʛ ˁʠʭʦʚʠʭ ʚʝʣʠʢʠʭ ʚʨʝʜʥʦʩʪʠ, ʟʘ ʠʩʪʝ ʩʣʫʯʘʿʝʚʝ 

ʠʟʨʘʯʫʥʘʪʝ ʩʫ ʠ ʚʨʝʜʥʦʩʪʠ ʦʧʪʠʤʘʣʥʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʨʝʜʥʝ ʧʨʠʛʫʰʥʠʮʝ (Loptred), ʢʦʿʘ ʩʝ ʜʦʙʠʿʘ 

ʥʘ ʩʣʠʯʘʥ ʥʘʯʠʥ ʢʘʦ ʫ ʪʝʦʨʠʿʠ Kusters-ʘ ʠ Moore-ʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʫ ʨʘʟʤʘʪʨʘʥʦʤ ʩʣʫʯʘʿʫ ʧʦʪʨʝʙʥʦ 

ʢʦʨʠʩʪʠʪʠ ʢʨʠʪʝʨʠʿʫʤ ʟʘ ʤʠʥʠʤʠʟʘʮʠʿʫ ʝʬʝʢʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ (ʜʫʘʣʘʥ ʧʨʦʙʣʝʤ), ʥʘ 

ʦʩʥʦʚʫ ʢʦʛʘ ʩʝ ʜʦʙʠʿʘ ʦʧʪʠʤʘʣʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪ ʨʝʜʥʝ ʧʨʠʛʫʰʥʠʮʝ: 
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ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 2. ʈʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘʪʨʠʿʫʤʦʚʝ ʩʚʝʪʠˀʢʝ ʩʘ ʠʟʚʦʨʦʤ ʩʥʘʛʝ 70 W ʜʠʨʝʢʪʥʦ 

ʧʨʠʢˀʫʯʝʥʝ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ 

 
ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu ʩʘ 

ʦʧʪʝʨʝ˂ʝˁʝʤ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

100% 3,20 2,95 13,99 77,82 79,42 15,87 0,98 -10,21 12,36 14,57 6,22 

75% 3,20 3,37 16,01 63,94 65,77 15,43 0,97 -10,32 12,23 14,83 4,19 

67% 3,20 3,05 17,87 59,44 61,49 15,74 0,97 -10,34 11,31 13,56 7,95 

60% 3,20 2,93 17,71 55,48 57,56 15,30 0,96 -10,57 12,30 14,55 4,56 

50% 3,20 2,98 19,44 48,71 51,08 15,39 0,95 -11,01 12,45 14,25 5,69 

40% 3,20 2,76 20,19 43,24 45,86 15,28 0,94 -11,38 12,44 14,21 5,52 

 

ʊʘʙʝʣʘ 3. ʈʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘʪʨʠʿʫʤʦʚʝ ʩʚʝʪʠˀʢʝ ʩʘ ʠʟʚʦʨʦʤ ʩʥʘʛʝ 100 W ʜʠʨʝʢʪʥʦ 

ʧʨʠʢˀʫʯʝʥʝ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ 

 
ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu ʩʘ 

ʦʧʪʝʨʝ˂ʝˁʝʤ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

100% 2,48 2,70 12,21 106,16 107,61 17,59 0,99 -10,16 12,86 16,91 4,79 

75% 2,48 2,86 13,88 89,32 91,08 17,85 0,98 -11,22 13,49 17,37 3,95 

67% 2,48 2,47 14,18 83,32 85,17 17,64 0,98 -11,33 13,96 16,56 6,00 

60% 2,48 2,37 14,57 77,17 79,14 17,52 0,98 -11,68 13,65 16,19 6,65 

50% 2,48 2,25 16,58 68,60 70,75 17,32 0,97 -11,46 13,65 16,49 5,26 

40% 2,48 2,73 17,20 60,61 62,89 16,77 0,96 -11,73 13,89 16,02 4,89 

 

ʊʘʙʝʣʘ 4. ʈʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘʪʨʠʿʫʤʦʚʝ ʩʚʝʪʠˀʢʝ ʩʘ ʠʟʚʦʨʦʤ ʩʥʘʛʝ 150 W ʜʠʨʝʢʪʥʦ 

ʧʨʠʢˀʫʯʝʥʝ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ 

 
ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu ʩʘ 

ʦʧʪʝʨʝ˂ʝˁʝʤ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

100% 2,59 2,84 11,54 161,73 163,08 20,91 0,99 -7,42 11,92 19,84 6,04 

75% 2,59 2,21 11,89 133,52 135,00 19,96 0,99 -9,34 12,83 18,56 6,29 

67% 2,59 2,31 13,10 122,67 124,27 19,87 0,99 -9,21 12,56 18,51 6,51 

60% 2,59 2,24 12,87 114,50 116,09 19,20 0,99 -9,99 13,23 18,71 4,18 

50% 2,59 2,28 15,55 100,79 102,70 19,71 0,98 -10,01 12,56 18,20 6,11 

40% 2,59 2,19 15,51 88,89 90,91 19,06 0,98 -11,00 13,49 16,61 8,23 

 

ʊʘʙʝʣʘ 5. ʈʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘʪʨʠʿʫʤʦʚʝ ʩʚʝʪʠˀʢʝ ʩʘ ʠʟʚʦʨʦʤ ʩʥʘʛʝ 250 W ʜʠʨʝʢʪʥʦ 

ʧʨʠʢˀʫʯʝʥʝ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ 

 
ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu ʩʘ 

ʦʧʪʝʨʝ˂ʝˁʝʤ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

100% 2,51 2,59 8,72 275,86 277,44 29,62 0,99 -13,09 20,72 28,43 8,19 

75% 2,51 2,99 9,95 227,60 229,54 29,73 0,99 -15,91 22,22 28,46 8,15 

67% 2,51 2,83 9,63 211,13 213,07 28,68 0,99 -16,84 23,23 27,70 7,08 

60% 2,51 2,94 11,54 197,10 199,27 29,32 0,99 -15,11 21,16 25,75 13,16 

50% 2,51 2,78 11,49 174,33 176,55 27,91 0,99 -16,19 21,24 26,85 7,30 

40% 2,51 3,32 11,43 151,98 154,50 27,78 0,98 -19,08 23,61 27,11 5,86 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 6. ʈʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʝ ʩʚʝʪʠˀʢʝ ʩʘ ʠʟʚʦʨʦʤ ʩʥʘʛʝ 70 W ʜʠʨʝʢʪʥʦ 

ʧʨʠʢˀʫʯʝʥʝ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ 

 
ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu ʩʘ 

ʦʧʪʝʨʝ˂ʝˁʝʤ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

100% 2,81 3,00 14,79 77,66 79,42 16,64 0,98 -10,64 13,18 15,23 6,62 

75% 2,81 3,05 16,56 64,69 66,70 16,25 0,97 -11,18 13,01 14,56 7,15 

67% 2,81 3,29 17,21 60,60 62,68 15,99 0,97 -11,04 12,82 15,52 3,80 

60% 2,81 2,80 17,64 56,48 58,75 14,14 0,96 -11,54 13,16 15,42 4,72 

50% 2,81 2,93 20,21 49,49 51,96 15,82 0,95 -11,04 12,96 15,33 3,77 

40% 2,81 2,75 21,71 43,16 45,89 15,61 0,94 -11,36 12,84 15,08 3,98 

ʄʝʟʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu ʩʘ 

ʦʧʪʝʨʝ˂ʝˁʝʤ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

97% 2,81 2,65 14,81 75,68 77,45 16,44 0,98 -10,53 12,63 15,22 6,18 

95% 2,81 3,01 14,44 74,94 76,75 16,55 0,98 -11,06 13,27 15,47 5,83 

93% 2,81 2,72 15,86 73,00 74,91 16,79 0,97 -10,71 12,65 15,10 7,33 

92% 2,81 2,82 15,62 73,26 75,09 16,48 0,98 -10,54 12,29 15,74 4,77 

90% 2,81 3,04 15,35 71,61 73,40 16,10 0,98 -10,40 12,21 14,75 6,41 

86% 2,81 2,89 15,20 71,31 73,24 16,70 0,97 -11,39 13,40 16,23 3,84 

71% 2,81 3,02 16,88 62,20 64,25 16,10 0,97 -10,98 12,90 15,73 3,41 

69% 2,81 3,02 17,95 60,92 63,05 16,27 0,97 -10,80 12,91 15,58 4,64 

62% 2,81 3,13 18,52 56,48 58,71 16,02 0,96 -11,02 12,90 15,57 3,58 

52% 2,81 2,70 18,98 50,97 53,46 16,13 0,95 -11,81 13,25 15,65 3,88 

46% 2,81 2,85 20,34 47,46 50,01 15,77 0,95 -11,40 12,78 15,17 4,25 

45% 2,81 2,64 20,45 45,88 48,46 15,60 0,95 -11,23 12,64 14,71 5,09 

35% 2,81 2,89 22,61 39,38 42,33 15,52 0,93 -11,59 13,05 14,96 3,95 

 

ʊʘʙʝʣʘ 7. ʈʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʝ ʩʚʝʪʠˀʢʝ ʩʘ ʠʟʚʦʨʦʤ ʩʥʘʛʝ 100 W ʜʠʨʝʢʪʥʦ 

ʧʨʠʢˀʫʯʝʥʝ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ 

 
ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu ʩʘ 

ʦʧʪʝʨʝ˂ʝˁʝʤ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

100% 2,45 2,39 12,14 107,04 108,45 17,43 0,99 -9,50 12,39 16,60 4,70 

75% 2,45 2,62 15,40 88,99 90,78 17,94 0,98 -9,85 12,48 16,58 4,92 

67% 2,45 2,69 14,27 82,98 84,74 17,14 0,98 -10,79 13,20 16,66 3,35 

60% 2,45 2,85 14,93 77,87 79,70 17,02 0,98 -11,02 13,22 16,63 3,51 

50% 2,45 2,78 15,93 69,18 71,16 16,66 0,97 -11,12 13,01 16,27 3,30 

40% 2,45 2,66 18,63 59,95 62,37 17,20 0,96 -11,57 13,50 16,27 4,48 

ʄʝʟʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu ʩʘ 

ʦʧʪʝʨʝ˂ʝˁʝʤ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

97% 2,45 2,99 12,95 103,96 105,45 17,67 0,99 -9,76 12,71 17,04 4,66 

95% 2,45 3,18 13,27 101,96 103,45 17,51 0,99 -9,58 12,83 16,77 4,94 

93% 2,45 2,85 13,05 100,72 102,21 17,41 0,99 -9,90 12,80 16,80 4,33 

92% 2,45 2,61 12,86 99,97 101,49 17,53 0,98 -10,09 13,82 16,18 6,57 

90% 2,45 2,54 13,07 98,39 99,91 17,39 0,98 -9,83 12,39 15,45 7,96 

86% 2,45 2,47 12,96 96,77 98,38 17,72 0,98 -10,76 13,23 17,11 4,38 

71% 2,45 2,71 13,88 85,60 87,26 16,94 0,98 -10,47 12,71 16,61 3,20 

69% 2,45 2,48 14,12 84,22 85,94 17,08 0,98 -10,47 12,86 16,55 3,85 

62% 2,45 2,79 14,73 79,01 80,87 17,25 0,98 -11,22 13,54 16,86 3,42 

52% 2,45 2,48 16,10 71,04 73,07 17,09 0,97 -11,17 13,16 16,04 5,84 

46% 2,45 2,77 16,94 66,01 68,10 16,74 0,97 -11,13 13,24 16,15 4,34 

45% 2,45 2,73 17,15 64,59 66,81 17,08 0,97 -11,64 13,59 16,75 3,18 

35% 2,45 2,86 17,94 56,13 58,52 16,55 0,96 -12,03 13,59 16,13 3,48 
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ʊʘʙʝʣʘ 8. ʈʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʝ ʩʚʝʪʠˀʢʝ ʩʘ ʠʟʚʦʨʦʤ ʩʥʘʛʝ 150 W ʜʠʨʝʢʪʥʦ 

ʧʨʠʢˀʫʯʝʥʝ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ 

 
ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu ʩʘ 

ʦʧʪʝʨʝ˂ʝˁʝʤ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

100% 2,38 2,51 11,51 162,45 163,94 22,08 0,99 -8,87 12,21 20,84 6,67 

75% 2,38 2,64 12,99 133,41 135,01 20,72 0,99 -9,55 12,98 19,98 5,36 

67% 2,38 3,05 14,18 123,82 125,58 20,94 0,99 -9,50 13,32 20,29 4,88 

60% 2,38 2,75 13,58 114,56 116,29 19,98 0,99 -10,62 13,78 19,44 4,12 

50% 2,38 2,28 14,16 102,19 104,12 19,97 0,98 -11,64 14,39 19,44 4,19 

40% 2,38 2,83 16,48 88,13 90,23 19,36 0,98 -11,01 13,52 18,34 5,85 

ʄʝʟʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu ʩʘ 

ʦʧʪʝʨʝ˂ʝˁʝʤ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

97% 2,38 2,68 11,96 158,51 159,96 21,48 0,99 -7,49 12,11 19,96 7,05 

95% 2,38 2,55 11,22 155,88 157,30 21,11 0,99 -9,09 13,75 20,42 4,74 

93% 2,38 2,92 12,46 152,84 154,26 20,87 0,99 -7,19 11,68 19,81 5,53 

92% 2,38 1,99 11,95 152,19 153,64 21,05 0,99 -7,77 11,68 19,50 6,24 

90% 2,38 2,74 11,13 149,28 150,64 20,22 0,99 -9,07 13,07 19,63 4,47 

86% 2,38 2,94 12,93 146,32 147,82 21,01 0,99 -7,07 11,60 19,89 6,02 

71% 2,38 3,11 13,85 128,45 130,14 20,92 0,99 -9,11 12,94 19,78 5,32 

69% 2,38 2,50 12,56 125,85 127,49 20,38 0,99 -10,66 13,93 19,82 4,20 

62% 2,38 2,73 14,27 116,43 118,17 20,20 0,99 -9,40 12,95 19,35 5,08 

52% 2,38 2,31 14,61 104,46 106,23 19,34 0,98 -10,06 12,72 18,54 4,45 

46% 2,38 3,19 15,92 95,42 97,35 19,31 0,98 -10,30 13,14 18,49 3,99 

45% 2,38 2,55 15,57 94,47 96,47 19,51 0,98 -11,13 13,80 18,69 4,42 

35% 2,38 1,97 16,61 81,66 83,80 18,80 0,97 -11,10 13,19 17,06 7,66 

 

ʊʘʙʝʣʘ 9. ʈʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ LED ʩʚʝʪʠˀʢʝ ʩʥʘʛʝ 165 W ʜʠʨʝʢʪʥʦ ʧʨʠʢˀʫʯʝʥʝ ʥʘ 

ʤʨʝʞʥʠ ʥʘʧʦʥ 

 
ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu ʩʘ 

ʦʧʪʝʨʝ˂ʝˁʝʤ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

100% 3,20 2,95 7,04 170,83 171,50 15,22 0,99 -7,50 11,70 13,32 7,31 

75% 3,20 2,88 8,44 126,59 127,39 14,22 0,99 -8,08 11,33 12,45 6,78 

67% 3,20 3,18 9,32 110,49 111,33 13,60 0,99 -7,87 10,17 11,55 7,16 

60% 3,20 3,41 10,55 94,96 95,89 13,31 0,99 -7,74 10,64 12,03 5,64 

50% 3,20 3,26 14,09 75,24 76,51 13,89 0,98 -8,34 10,57 12,38 6,25 

40% 3,20 3,28 16,05 56,44 57,90 12,91 0,97 -8,34 10,29 11,64 5,55 

ʄʝʟʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu ʩʘ 

ʦʧʪʝʨʝ˂ʝˁʝʤ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

94% 3,20 3,38 7,32 167,37 168,06 15,14 0,99 -7,21 11,72 13,38 7,03 

93% 3,20 3,61 7,53 167,20 167,83 14,58 0,99 -6,90 11,70 13,21 6,10 

90% 3,20 3,08 7,47 156,66 157,30 14,19 0,99 -6,62 10,75 12,23 7,13 

88% 3,20 3,82 8,09 156,67 157,36 14,69 0,99 -6,68 11,22 13,18 6,43 

84% 3,20 3,32 7,61 143,14 143,81 13,87 0,99 -7,59 12,76 12,79 5,27 

80% 3,20 2,92 7,78 136,62 137,36 14,24 0,99 -7,82 11,69 12,13 7,40 

69% 3,20 2,83 9,32 113,34 114,21 14,08 0,99 -7,87 10,11 11,27 8,40 

66% 3,20 2,76 9,21 110,46 111,36 14,11 0,99 -8,52 11,20 11,93 7,51 

56% 3,20 2,93 11,07 88,11 89,14 13,52 0,99 -8,29 10,61 11,80 6,58 

48% 3,20 3,34 13,51 72,38 73,60 13,36 0,98 -8,32 10,46 11,45 6,80 

45% 3,20 2,95 13,89 66,21 67,53 13,24 0,98 -8,61 10,54 11,44 6,62 

44% 3,20 3,00 14,93 62,61 63,97 13,11 0,98 -8,47 10,11 10,97 7,14 

42% 3,20 3,05 16,14 59,90 61,33 13,15 0,98 -8,21 9,96 11,38 6,55 

32% 3,20 2,62 19,20 41,20 43,09 12,61 0,96 -8,89 10,20 11,52 5,09 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 10. ʈʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ LED ʩʚʝʪʠˀʢʝ ʩʥʘʛʝ 53 W ʜʠʨʝʢʪʥʦ ʧʨʠʢˀʫʯʝʥʝ ʥʘ 

ʤʨʝʞʥʠ ʥʘʧʦʥ 

 
ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu ʩʘ 

ʦʧʪʝʨʝ˂ʝˁʝʤ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

Lopt 

(H) 

Loptred 

(H) 

100% 3,20 2,95 12,36 56,80 58,50 14,02 0,97 -10,93 12,59 13,22 4,61 - - 

75% 3,20 2,88 18,64 42,13 44,49 14,30 0,95 -10,97 12,25 13,57 4,34 - - 

67% 3,20 3,18 19,35 36,28 38,76 13,63 0,94 -10,78 11,74 12,90 4,35 - - 

60% 3,20 3,41 21,83 32,96 35,59 13,43 0,93 -10,38 11,67 13,08 2,93 - - 

50% 3,20 3,26 26,52 27,21 30,30 13,33 0,90 -10,31 11,47 12,98 2,84 16,35 0,64 

40% 3,20 3,28 27,99 21,87 25,08 12,26 0,87 -9,74 10,67 11,84 3,08 17,47 0,83 

ʄʝʟʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu ʩʘ 

ʦʧʪʝʨʝ˂ʝˁʝʤ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

Lopt 

(H) 

Loptred 

(H) 

94% 3,20 3,38 13,56 53,00 54,78 13,86 0,97 -10,64 12,36 13,21 4,14 - - 

93% 3,20 3,61 13,95 52,85 54,72 14,19 0,97 -11,07 12,89 13,94 2,53 - - 

90% 3,20 3,08 14,21 50,98 52,93 14,26 0,96 -11,16 12,76 13,65 4,02 - - 

88% 3,20 3,82 15,19 49,91 51,74 13,65 0,96 -10,21 12,07 13,23 3,16 - - 

84% 3,20 3,32 15,42 47,14 49,04 13,54 0,96 -10,40 12,51 12,83 4,24 - - 

80% 3,20 2,92 14,57 45,13 47,13 13,60 0,96 -10,84 12,39 12,86 4,31 - - 

69% 3,20 2,83 19,33 38,19 40,56 13,68 0,94 -10,50 11,48 12,69 5,06 - - 

66% 3,20 2,76 19,22 36,38 38,81 13,52 0,94 -10,63 11,68 12,67 4,57 - - 

56% 3,20 2,93 21,74 29,89 32,49 12,72 0,92 -10,06 11,06 12,30 3,12 - - 

48% 3,20 3,34 23,68 26,35 29,37 12,97 0,90 -10,52 11,54 12,21 4,28 16,06 0,68 

45% 3,20 2,95 24,99 24,77 27,91 12,86 0,89 -10,41 11,36 12,38 3,31 16,35 0,63 

44% 3,20 3,00 25,43 23,84 27,00 12,68 0,88 -10,29 11,10 12,07 3,67 16,43 0,73 

42% 3,20 3,05 26,71 22,75 25,89 12,34 0,88 -9,90 10,68 11,78 3,50 17,13 0,67 

32% 3,20 2,62 30,26 17,53 21,19 11,91 0,83 -9,78 10,43 11,58 2,56 17,34 0,82 

 

ʊʘʙʝʣʘ 11. ʈʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘʪʨʠʿʫʤʦʚʝ ʩʚʝʪʠˀʢʝ ʩʘ ʠʟʚʦʨʦʤ ʩʥʘʛʝ 70 W ʧʨʠʢˀʫʯʝʥʝ 

ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ ʧʨʝʢʦ ʨʝʜʥʝ ʚʝʟʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

 
ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu 

ʥʘ ʧʦʯʝʪʢʫ 

ʢʦʣʘ 

(%) 

THD ʥʘʧʦʥʘ 

ʩʚʝʪʠˀʢʝ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

100% 3,33 3,45 3,10 14,96 77,59 79,60 17,75 0,97 -12,07 14,02 17,23 4,18 

75% 3,33 3,69 3,25 17,29 63,40 65,70 17,24 0,96 -12,22 14,49 15,03 8,40 

67% 3,33 3,46 3,29 17,14 59,92 62,36 17,25 0,96 -12,75 14,80 14,85 8,73 

60% 3,33 3,51 3,11 18,91 55,26 57,87 17,17 0,95 -12,56 14,36 16,36 5,18 

50% 3,33 3,39 3,53 19,36 48,98 51,69 16,54 0,95 -12,40 14,25 16,29 2,78 

40% 3,33 2,71 2,76 20,29 43,16 46,23 16,55 0,93 -12,93 14,26 15,93 4,39 

 

ʊʘʙʝʣʘ 12. ʈʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘʪʨʠʿʫʤʦʚʝ ʩʚʝʪʠˀʢʝ ʩʘ ʠʟʚʦʨʦʤ ʩʥʘʛʝ 100 W ʧʨʠʢˀʫʯʝʥʝ 

ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ ʧʨʝʢʦ ʨʝʜʥʝ ʚʝʟʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

 
ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu 

ʥʘ ʧʦʯʝʪʢʫ 

ʢʦʣʘ 

(%) 

THD ʥʘʧʦʥʘ 

ʩʚʝʪʠˀʢʝ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

100% 3,43 2,48 2,88 13,63 106,06 108,03 20,56 0,98 -12,56 15,43 19,55 5,83 

75% 3,43 3,66 3,27 15,56 88,61 90,83 19,95 0,98 -12,97 15,33 18,77 4,69 

67% 3,43 2,97 2,75 15,06 82,06 84,28 19,25 0,97 -13,36 15,26 18,10 6,41 

60% 3,43 2,60 3,10 16,13 76,10 78,34 18,61 0,97 -12,49 14,73 17,57 5,96 

50% 3,43 3,49 3,24 16,48 67,86 70,32 18,44 0,96 -13,16 15,24 17,67 5,18 

40% 3,43 3,29 3,38 18,31 59,83 62,45 17,91 0,96 -12,65 14,71 16,82 6,13 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 13. ʈʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘʪʨʠʿʫʤʦʚʝ ʩʚʝʪʠˀʢʝ ʩʘ ʠʟʚʦʨʦʤ ʩʥʘʛʝ 150 W ʧʨʠʢˀʫʯʝʥʝ 

ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ ʧʨʝʢʦ ʨʝʜʥʝ ʚʝʟʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

 
ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu 

ʥʘ ʧʦʯʝʪʢʫ 

ʢʦʣʘ 

(%) 

THD ʥʘʧʦʥʘ 

ʩʚʝʪʠˀʢʝ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

100% 3,24 3,31 3,52 12,75 161,08 162,63 22,41 0,99 -8,24 12,55 19,87 8,07 

75% 3,24 3,14 3,28 12,95 131,07 133,01 22,67 0,99 -13,11 16,79 22,04 5,03 

67% 3,24 2,81 2,81 13,07 122,60 124,61 22,32 0,98 -13,46 16,99 21,40 6,14 

60% 3,24 2,79 2,40 13,63 113,50 115,64 22,14 0,98 -13,61 16,27 21,51 5,16 

50% 3,24 2,91 2,83 14,98 100,12 102,30 21,00 0,98 -11,91 15,53 20,39 4,81 

40% 3,24 3,17 3,16 15,65 87,82 90,09 20,08 0,97 -13,07 15,52 19,75 3,63 

 

ʊʘʙʝʣʘ 14. ʈʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘʪʨʠʿʫʤʦʚʝ ʩʚʝʪʠˀʢʝ ʩʘ ʠʟʚʦʨʦʤ ʩʥʘʛʝ 250 W ʧʨʠʢˀʫʯʝʥʝ 

ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ ʧʨʝʢʦ ʨʝʜʥʝ ʚʝʟʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

 
ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu 

ʥʘ ʧʦʯʝʪʢʫ 

ʢʦʣʘ 

(%) 

THD ʥʘʧʦʥʘ 

ʩʚʝʪʠˀʢʝ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

100% 3,27 3,03 3,76 9,74 273,18 275,50 35,74 0,99 -21,16 27,43 34,92 6,73 

75% 3,27 2,77 2,92 10,20 224,16 226,69 33,74 0,99 -20,80 26,55 32,85 7,52 

67% 3,27 2,88 2,70 9,81 208,38 211,13 34,02 0,99 -23,28 28,18 31,40 12,88 

60% 3,27 3,20 3,15 10,77 194,45 197,29 33,36 0,99 -22,56 28,74 32,29 8,24 

50% 3,27 3,37 3,35 12,14 172,96 175,91 32,06 0,98 -20,98 26,43 29,19 12,77 

40% 3,27 3,40 2,88 13,98 150,11 153,26 30,94 0,98 -20,13 24,76 27,57 13,94 

 

ʊʘʙʝʣʘ 15. ʈʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʝ ʩʚʝʪʠˀʢʝ ʩʘ ʠʟʚʦʨʦʤ ʩʥʘʛʝ 70 W 

ʧʨʠʢˀʫʯʝʥʝ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ ʧʨʝʢʦ ʨʝʜʥʝ ʚʝʟʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

 
ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu 

ʥʘ ʧʦʯʝʪʢʫ 

ʢʦʣʘ 

(%) 

THD ʥʘʧʦʥʘ 

ʩʚʝʪʠˀʢʝ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

100% 3,35 3,39 3,39 15,93 76,63 78,74 18,11 0,97 -12,09 14,39 17,60 3,91 

75% 3,35 3,07 3,59 17,31 63,56 65,93 17,50 0,96 -12,49 14,44 16,93 4,36 

67% 3,35 3,76 3,62 18,69 59,31 61,84 17,51 0,96 -12,44 14,57 16,93 4,39 

60% 3,35 2,91 3,82 19,40 55,03 57,57 16,93 0,96 -11,99 13,90 16,42 4,01 

50% 3,35 3,40 3,33 19,62 49,33 52,14 16,89 0,95 -12,78 14,23 16,57 3,12 

40% 3,35 3,54 3,60 21,14 42,94 46,07 16,72 0,93 -12,84 14,30 16,37 2,84 

ʄʝʟʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu 

ʥʘ ʧʦʯʝʪʢʫ 

ʢʦʣʘ 

(%) 

THD ʥʘʧʦʥʘ 

ʩʚʝʪʠˀʢʝ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

97% 3,35 3,67 3,52 15,11 75,31 77,44 18,02 0,97 -12,72 15,04 17,56 3,96 

95% 3,35 3,83 3,44 16,17 74,13 76,19 17,58 0,97 -11,55 14,04 17,08 4,01 

93% 3,35 3,44 3,32 16,11 72,36 74,44 17,50 0,97 -11,96 14,00 16,29 6,29 

92% 3,35 3,41 3,39 15,64 72,71 74,83 17,70 0,97 -12,43 14,35 16,26 6,68 

90% 3,35 3,02 2,82 15,36 71,39 73,57 17,77 0,97 -12,98 14,45 14,74 9,32 

86% 3,35 3,17 3,03 15,64 70,70 72,78 17,26 0,97 -11,81 14,24 16,38 5,37 

71% 3,35 2,91 3,27 17,18 61,46 63,83 17,24 0,96 -12,39 14,43 16,85 3,56 

69% 3,35 3,09 2,99 17,83 60,48 62,84 17,06 0,96 -11,99 14,34 16,43 4,45 

62% 3,35 3,91 3,45 18,40 56,32 58,78 16,85 0,96 -12,11 14,16 15,86 5,56 

52% 3,35 2,89 3,39 19,72 50,45 53,15 16,74 0,95 -12,44 14,00 14,44 8,44 

46% 3,35 3,49 3,60 20,44 46,99 49,90 16,79 0,94 -12,64 14,05 16,11 4,69 

45% 3,35 4,05 3,82 22,10 45,93 48,88 16,72 0,94 -12,28 14,02 16,31 3,62 

35% 3,35 2,93 3,17 22,85 39,26 42,55 16,40 0,92 -12,59 13,85 15,70 3,61 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 16. ʈʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʝ ʩʚʝʪʠˀʢʝ ʩʘ ʠʟʚʦʨʦʤ ʩʥʘʛʝ 100 W 

ʧʨʠʢˀʫʯʝʥʝ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ ʧʨʝʢʦ ʨʝʜʥʝ ʚʝʟʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

 
ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu 

ʥʘ ʧʦʯʝʪʢʫ 

ʢʦʣʘ 

(%) 

THD ʥʘʧʦʥʘ 

ʩʚʝʪʠˀʢʝ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

100% 3,02 2,47 2,17 12,99 105,62 107,75 21,32 0,98 -14,03 16,80 20,29 5,60 

75% 3,02 2,51 2,83 14,65 88,73 91,05 20,40 0,97 -13,85 15,55 18,77 6,81 

67% 3,02 2,39 2,66 14,87 82,25 84,60 19,84 0,97 -13,70 15,78 17,75 8,70 

60% 3,02 2,61 2,45 14,69 76,58 79,01 19,43 0,97 -13,88 15,58 17,63 8,04 

50% 3,02 2,87 3,34 17,63 67,87 70,51 19,12 0,96 -13,42 15,53 17,89 6,69 

40% 3,02 3,02 3,26 18,35 59,36 62,18 18,53 0,95 -13,60 15,23 17,15 6,92 

ʄʝʟʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu 

ʥʘ ʧʦʯʝʪʢʫ 

ʢʦʣʘ 

(%) 

THD ʥʘʧʦʥʘ 

ʩʚʝʪʠˀʢʝ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

97% 3,02 2,91 2,18 13,38 102,79 104,85 20,65 0,98 -12,52 15,40 18,59 8,63 

95% 3,02 3,22 2,78 14,14 100,07 102,24 20,95 0,98 -13,41 15,89 19,23 7,99 

93% 3,02 3,28 2,30 14,08 99,87 102,01 20,80 0,98 -13,27 15,92 18,41 9,38 

92% 3,02 3,03 3,17 14,09 99,28 101,38 20,50 0,98 -13,20 15,75 19,51 5,88 

90% 3,02 3,51 3,70 14,67 98,51 100,70 20,86 0,98 -12,88 15,51 20,00 5,53 

86% 3,02 2,95 2,71 14,56 95,19 97,29 20,08 0,98 -12,80 15,62 18,96 6,33 

71% 3,02 2,97 2,62 15,29 84,90 87,18 19,81 0,97 -13,08 15,01 17,35 9,09 

69% 3,02 2,94 2,43 14,86 83,01 85,28 19,54 0,97 -12,83 15,64 18,17 7,00 

62% 3,02 2,38 2,61 15,34 77,80 80,21 19,49 0,97 -13,57 15,89 18,90 4,46 

52% 3,02 2,89 3,51 16,17 69,88 72,38 18,84 0,97 -13,62 15,61 18,34 4,24 

46% 3,02 3,82 3,84 18,43 64,63 67,30 18,78 0,96 -13,19 15,38 18,18 4,66 

45% 3,02 2,85 2,45 16,62 63,41 65,94 18,07 0,96 -13,13 14,61 16,82 6,56 

35% 3,02 2,25 2,29 17,59 55,66 58,57 18,23 0,95 -13,90 15,20 16,95 6,67 

 

ʊʘʙʝʣʘ 17. ʈʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʝ ʩʚʝʪʠˀʢʝ ʩʘ ʠʟʚʦʨʦʤ ʩʥʘʛʝ 150 W 

ʧʨʠʢˀʫʯʝʥʝ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ ʧʨʝʢʦ ʨʝʜʥʝ ʚʝʟʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

 
ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu 

ʥʘ ʧʦʯʝʪʢʫ 

ʢʦʣʘ 

(%) 

THD ʥʘʧʦʥʘ 

ʩʚʝʪʠˀʢʝ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

100% 2,88 3,45 2,61 12,28 160,40 162,40 25,37 0,99 -12,77 16,00 19,47 15,71 

75% 2,88 3,68 2,79 13,05 132,38 134,44 23,43 0,98 -12,59 16,86 21,53 9,01 

67% 2,88 2,81 3,58 13,50 121,16 123,24 22,54 0,98 -13,61 16,73 19,74 10,82 

60% 2,88 3,73 3,04 12,77 113,15 115,24 21,85 0,98 -14,16 16,75 20,05 8,60 

50% 2,88 3,06 2,70 14,18 100,14 102,37 21,24 0,98 -13,61 15,97 17,98 11,23 

40% 2,88 3,56 3,20 16,19 88,27 90,81 21,33 0,97 -14,12 16,36 19,02 9,10 

ʄʝʟʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu 

ʥʘ ʧʦʯʝʪʢʫ 

ʢʦʣʘ 

(%) 

THD ʥʘʧʦʥʘ 

ʩʚʝʪʠˀʢʝ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

97% 2,88 2,84 3,48 12,43 156,72 158,66 24,69 0,99 -13,40 17,16 21,01 12,50 

95% 2,88 3,47 3,32 12,95 155,18 157,02 23,99 0,99 -11,07 15,42 22,46 6,44 

93% 2,88 3,04 3,97 13,15 150,63 152,44 23,38 0,99 -10,18 14,87 21,41 8,76 

92% 2,88 2,91 3,31 12,86 150,30 152,21 24,06 0,99 -12,06 15,66 21,19 10,52 

90% 2,88 3,13 3,85 12,71 146,94 148,90 24,07 0,99 -13,07 16,72 20,02 13,08 

86% 2,88 2,94 2,96 13,37 144,95 146,95 24,17 0,99 -12,21 15,39 19,71 13,85 

71% 2,88 3,11 3,12 12,89 126,45 128,43 22,49 0,98 -13,13 16,15 20,81 7,66 

69% 2,88 2,87 2,83 14,55 124,24 126,27 22,57 0,98 -11,83 14,67 20,60 8,48 

62% 2,88 2,63 3,20 13,57 114,71 116,72 21,56 0,98 -13,15 16,31 20,92 5,12 

52% 2,88 3,71 3,26 14,62 103,25 105,47 21,49 0,98 -13,75 16,62 17,87 11,71 

46% 2,88 3,72 2,91 15,78 93,83 96,05 20,54 0,98 -12,46 14,89 19,75 4,85 

45% 2,88 2,85 3,33 14,93 93,90 96,03 20,15 0,98 -12,87 15,50 19,58 4,09 

35% 2,88 3,90 2,91 17,01 80,13 82,66 20,30 0,97 -13,14 15,48 18,68 7,62 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 18. ʈʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ LED ʩʚʝʪʠˀʢʝ ʩʥʘʛʝ 165 W ʧʨʠʢˀʫʯʝʥʝ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ 

ʧʨʝʢʦ ʨʝʜʥʝ ʚʝʟʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

 
ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu 

ʥʘ ʧʦʯʝʪʢʫ 

ʢʦʣʘ 

(%) 

THD 

ʥʘʧʦʥʘ 

ʩʚʝʪʠˀʢʝ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

100% 3,33 3,45 3,46 7,26 166,47 167,15 14,99 0,99 -7,45 11,73 13,35 6,74 

75% 3,33 3,36 3,85 9,44 126,26 127,13 14,85 0,99 -8,08 12,62 13,73 5,55 

67% 3,33 3,71 2,78 9,00 110,22 111,16 14,42 0,99 -8,95 11,82 13,02 6,16 

60% 3,33 3,34 4,04 11,12 94,41 95,43 13,91 0,99 -8,58 11,45 12,90 5,14 

50% 3,33 3,51 4,22 13,82 75,24 76,52 13,93 0,98 -8,77 11,61 13,10 4,63 

40% 3,33 3,22 3,15 17,04 56,15 57,77 13,57 0,97 -9,00 10,70 12,42 5,37 

ʄʝʟʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu 

ʥʘ ʧʦʯʝʪʢʫ 

ʢʦʣʘ 

(%) 

THD 

ʥʘʧʦʥʘ 

ʩʚʝʪʠˀʢʝ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

94% 3,33 3,23 3,54 7,77 166,41 167,12 15,38 0,99 -7,53 12,42 14,05 6,20 

93% 3,33 3,21 3,07 7,39 166,20 166,93 15,67 0,99 -7,67 12,20 13,38 8,12 

90% 3,33 3,22 3,17 7,88 156,05 156,81 15,48 0,99 -7,73 11,72 13,99 6,57 

88% 3,33 3,41 3,34 7,84 155,99 156,75 15,48 0,99 -7,88 12,34 13,62 7,33 

84% 3,33 3,76 3,01 8,15 142,52 143,33 15,23 0,99 -7,88 11,85 13,51 6,99 

80% 3,33 3,43 3,68 8,83 136,61 137,39 14,67 0,99 -8,31 11,87 13,30 6,13 

69% 3,33 3,70 3,16 9,55 112,72 113,66 14,66 0,99 -8,97 11,86 13,35 6,03 

66% 3,33 3,73 3,62 10,67 109,73 110,70 14,63 0,99 -8,16 11,09 13,48 5,64 

56% 3,33 3,23 3,36 12,32 87,59 88,77 14,42 0,99 -8,81 11,35 13,11 5,90 

48% 3,33 3,38 3,08 12,83 72,12 73,39 13,60 0,98 -9,01 11,14 12,67 4,89 

45% 3,33 3,66 3,89 15,47 65,83 67,29 13,95 0,98 -8,87 11,60 13,34 4,05 

44% 3,33 3,77 3,46 14,86 62,37 63,86 13,69 0,98 -9,22 11,27 12,94 4,36 

42% 3,33 3,71 3,14 14,28 59,59 61,06 13,35 0,98 -9,32 11,33 12,47 4,70 

32% 3,33 3,81 3,62 20,76 41,04 43,05 12,99 0,95 -8,90 10,44 11,28 6,38 

 

ʊʘʙʝʣʘ 19. ʈʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ LED ʩʚʝʪʠˀʢʝ ʩʥʘʛʝ 53 W ʧʨʠʢˀʫʯʝʥʝ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ 

ʧʨʝʢʦ ʨʝʜʥʝ ʚʝʟʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

 
ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu 

ʥʘ 

ʧʦʯʝʪʢʫ 

ʢʦʣʘ 

(%) 

THD 

ʥʘʧʦʥʘ 

ʩʚʝʪʠˀʢʝ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

Lopt 

(H) 

Loptred 

(H) 

100% 3,33 3,45 3,25 13,23 54,97 56,71 13,92 0,97 -10,53 12,50 13,45 3,44 - - 

75% 3,33 3,36 3,29 18,86 42,10 44,48 14,35 0,95 -11,06 12,58 13,95 3,16 - - 

67% 3,33 3,71 3,17 21,01 36,19 38,81 14,02 0,93 -10,79 12,24 13,58 3,32 - - 

60% 3,33 3,34 3,55 22,74 32,74 35,46 13,63 0,92 -10,51 11,77 13,32 2,69 - - 

50% 3,33 3,51 3,88 24,42 27,30 30,44 13,45 0,90 -10,75 11,90 13,31 1,87 16,35 0,76 

40% 3,33 3,22 3,40 30,16 21,76 25,35 13,00 0,86 -10,28 11,34 12,76 2,39 17,12 0,84 

ʄʝʟʦʧʩʢʠ ʫʩʣʦʚʠ 

ʅʠʚʦ 

ʜʠʤʦʚʘˁʘ 

THDu 

ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ 

(%) 

THDu 

ʥʘ 

ʧʦʯʝʪʢʫ 

ʢʦʣʘ 

(%) 

THD 

ʥʘʧʦʥʘ 

ʩʚʝʪʠˀʢʝ 

(%) 

THDi 

(%) 

P 

(W) 

S 

(VA) 

N 

(VA) 

PF 

 

QkusL 

(var) 

QkusC 

(var) 

Qcz 

(var) 

Ds 

(var) 

Lopt 

(H) 

Loptred 

(H) 

94% 3,33 3,23 3,54 14,87 52,91 54,83 14,39 0,96 -10,98 13,31 14,03 3,16 - - 

93% 3,33 3,21 3,41 14,32 52,75 54,70 14,49 0,96 -11,16 13,16 14,16 2,92 - - 

90% 3,33 3,22 2,95 13,91 50,76 52,72 14,25 0,96 -11,25 12,95 13,72 3,75 - - 

88% 3,33 3,41 3,95 15,59 49,80 51,91 14,67 0,96 -11,46 13,56 14,43 2,49 - - 

84% 3,33 3,76 3,11 17,32 46,91 49,10 14,51 0,96 -10,96 12,70 14,14 3,11 - - 

80% 3,33 3,43 3,00 16,54 44,87 47,12 14,38 0,95 -11,39 12,93 14,00 3,02 - - 

69% 3,33 3,70 3,34 18,97 38,30 40,85 14,22 0,94 -11,30 12,65 13,86 2,87 - - 

66% 3,33 3,73 3,01 19,39 36,08 38,61 13,74 0,93 -10,90 11,99 13,29 3,42 - - 

56% 3,33 3,23 3,63 23,61 29,75 32,70 13,57 0,91 -10,73 11,96 13,27 2,71 - - 

48% 3,33 3,38 3,01 24,30 26,31 29,49 13,32 0,89 -10,75 11,85 13,03 2,68 16,60 0,84 

45% 3,33 3,66 3,25 25,51 24,60 27,84 13,04 0,88 -10,55 11,52 12,87 1,83 16,74 0,81 

44% 3,33 3,77 3,81 28,57 23,58 26,96 13,07 0,87 -10,29 11,46 12,89 2,06 17,24 0,79 

42% 3,33 3,71 3,60 28,87 22,89 26,44 13,22 0,87 -10,49 11,39 12,86 3,00 16,85 0,70 

32% 3,33 3,81 3,43 31,78 17,49 21,60 12,66 0,81 -10,47 11,35 12,07 3,76 17,01 1,07 

 

THD ʥʘʧʦʥʘ ʫ ʤʨʝʞʠ (ʙʝʟ ʦʧʪʝʨʝ˂ʝˁʘ) ʫ ʜʝʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʜʠʨʝʢʪʥʦ 

ʧʨʠʢˀʫʯʝʥʠʤ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ ʙʠʦ ʿʝ ʫ ʦʧʩʝʛʫ 2,45ï3,20%, ʜʦʢ ʿʝ ʫ ʜʨʫʛʦʤ ʜʝʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘ 

ʩʘ ʨʝʜʥʦʤ ʚʝʟʦʤ ʦʪʧʦʨʥʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʙʠʦ ʫ ʦʧʩʝʛʫ 2,88ï3,43%. 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʆʧʩʝʟʠ THD-ʘ ʥʘʧʦʥʘ ʥʘ ʧʦʯʝʪʢʫ ʢʦʣʘ ʧʨʠ ʜʠʨʝʢʪʥʦʤ ʧʨʠʢˀʫʯʝˁʫ ʩʚʝʪʠˀʢʠ ʥʘ ʤʨʝʞʥʠ 

ʥʘʧʦʥ ʠ ʜʝʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʘ ʧʨʠʢˀʫʯʝˁʝʤ ʩʚʝʪʠˀʢʠ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ ʧʨʝʢʦ ʨʝʜʥʝ ʚʝʟʝ 

ʦʪʧʦʨʥʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʢʘʦ ʠ ʦʧʩʝʟʠ THD-a ʥʘʧʦʥʘ ʩʚʘʢʝ ʦʜ ʩʚʝʪʠˀʢʠ, ʜʘʪʠ ʩʫ ʫ ʪʘʙʝʣʠ 

20. ʊʘʙʝʣʘ 20 ʩʘʜʨʞʠ ʠ ʦʧʩʝʛʝ THD-a ʩʪʨʫʿʝ ʩʚʘʢʝ ʦʜ ʩʚʝʪʠˀʢʠ ʫ ʦʙʘ ʜʝʣʘ ʝʢʩʧʝʨʠʤʝʥʪʘ. 

 

ʊʘʙʝʣʘ 20. ʆʧʩʝʟʠ THD-a ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ ʫ ʦʙʘ ʜʝʣʘ ʝʢʩʧʝʨʠʤʝʥʪʘ 

 

ʊʠʧ ʩʚʝʪʠˀʢʝ 

THD ʥʘʧʦʥʘ ʥʘ 

ʧʦʯʝʪʢʫ ʢʦʣʘ ʧʨʠ 

ʜʠʨʝʢʪʥʦʤ 

ʧʨʠʢˀʫʯʝˁʫ 

ʩʚʝʪʠˀʢʠ ʥʘ 

ʤʨʝʞʥʠ ʥʘʧʦʥ 

(%) 

THD ʥʘʧʦʥʘ ʥʘ 

ʧʦʯʝʪʢʫ ʢʦʣʘ ʧʨʠ 

ʧʨʠʢˀʫʯʝˁʫ 

ʩʚʝʪʠˀʢʠ ʥʘ 

ʤʨʝʞʥʠ ʥʘʧʦʥ 

ʧʨʝʢʦ ʨʝʜʥʝ ʚʝʟʝ 

ʦʪʧʦʨʥʦʩʪʠ ʠ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

(%) 

THD ʥʘʧʦʥʘ 

ʩʚʝʪʠˀʢʝ ʧʨʠ 

ʤʨʝʞʥʦʤ ʥʘʧʦʥʫ 

ʧʨʝʢʦ ʨʝʜʥʝ ʚʝʟʝ 

ʦʪʧʦʨʥʦʩʪʠ ʠ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

(%) 

THD ʩʪʨʫʿʝ ʧʨʠ 

ʜʠʨʝʢʪʥʦʤ 

ʧʨʠʢˀʫʯʝˁʫ 

ʩʚʝʪʠˀʢʠ ʥʘ 

ʤʨʝʞʥʠ ʥʘʧʦʥ 

THD ʩʪʨʫʿʝ ʧʨʠ 

ʧʨʠʢˀʫʯʝˁʫ 

ʩʚʝʪʠˀʢʠ ʥʘ 

ʤʨʝʞʥʠ ʥʘʧʦʥ 

ʧʨʝʢʦ ʨʝʜʥʝ ʚʝʟʝ 

ʦʪʧʦʨʥʦʩʪʠ ʠ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

ʅʘʪʨʠʿʫʤʦʚʘ 

ʩʚʝʪʠˀʢʘ 

70 W 

2,76ï3,37 2,71ï3,69 2,76ï3,53 13,99ï20,19 14,96ï20,29 

ʅʘʪʨʠʿʫʤʦʚʘ 

ʩʚʝʪʠˀʢʘ 

100 W 

2,25ï2,86 2,48ï3,66 2,75ï3,38 12,21ï17,20 13,63ï18,31 

ʅʘʪʨʠʿʫʤʦʚʘ 

ʩʚʝʪʠˀʢʘ 

150 W 

2,19ï2,84 2,79ï3,31 2,40ï3,52 11,54ï15,55 12,75ï15,65 

ʅʘʪʨʠʿʫʤʦʚʘ 

ʩʚʝʪʠˀʢʘ 

250 W 

2,59ï3,32 2,77ï3,40 2,70ï3,76 8,72ï11,54 9,74ï13,98 

ʄʝʪʘʣ-ʭʘʣʦʛʝʥʘ 

ʩʚʝʪʠˀʢʘ 

70 W 

2,47ï3,35 2,89ï4,05 2,82ï3,82 14,79ï22,61 15,93ï22,85 

ʄʝʪʘʣ-ʭʘʣʦʛʝʥʘ 

ʩʚʝʪʠˀʢʘ 

100 W 

2,39ï3,18 2,25ï3,51 2,17ï3,84 12,14ï18,63 12,99ï18,43 

ʄʝʪʘʣ-ʭʘʣʦʛʝʥʘ 

ʩʚʝʪʠˀʢʘ 

150 W 

1,97ï3,19 2,63ï3,90 2,61ï3,85 11,51ï16,61 12,28ï17,01 

LED ʩʚʝʪʠˀʢʘ  

165 W 
2,76ï3,82 3,21ï3,81 2,78ï4,25 7,04ï19,20 7,26ï20,76 

LED ʩʚʝʪʠˀʢʘ  

53 W 
2,76ï3,82 3,21ï3,81 2,95ï3,95 12,36ï30,26 13,23ï31,78 

 

ʇʦʨʝʹʝˁʝʤ ʦʧʩʝʛʘ THD-a ʥʘʧʦʥʘ ʥʘ ʧʦʯʝʪʢʫ ʢʦʣʘ ʧʨʠ ʜʠʨʝʢʪʥʦʤ ʧʨʠʢˀʫʯʝˁʫ 

ʩʚʝʪʠˀʢʠ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ ʩʘ ʦʧʩʝʛʦʤ THD-a ʥʘʧʦʥʘ ʫ ʤʨʝʞʠ (ʦʙʘ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʨʚʠ ʜʝʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘ) ʠʟ ʪʘʙʝʣʝ 20, ʤʦʛʫ ʩʝ ʫʦʯʠʪʠ ʚʨʣʦ ʤʘʣʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ˁʠʭ.  

ʀʩʪʦ ʚʘʞʠ ʠ ʟʘ ʧʦʨʝʹʝˁʝ ʦʧʩʝʛʘ THD ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʩʚʝʪʠˀʢʝ ʩʘ THD ʚʨʝʜʥʦʩʪʠʤʘ 

ʥʘʧʦʥʘ ʥʘ ʧʦʯʝʪʢʫ ʢʦʣʘ ʫ ʜʨʫʛʦʤ ʜʝʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʨʝʹʝˁʝʤ ˁʠʭʦʚʠʭ ʚʨʝʜʥʦʩʪʠ ʩʘ THD 

ʚʨʝʜʥʦʩʪʠʤʘ ʥʘʧʦʥʘ ʫ ʤʨʝʞʠ ʫ ʜʨʫʛʦʤ ʜʝʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʤʦʛʫ ʩʝ ʫʦʯʠʪʠ ʠʩʪʝ ʩʣʠʯʥʦʩʪʠ. ʉ 

ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʩʫ THD ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʧʦʩʤʘʪʨʘʥʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʪʨʝʥʫʮʠʤʘ (ʟʙʦʛ 

ʦʛʨʘʥʠʯʝˁʘ ʤʝʨʥʦʛ ʫʨʝʹʘʿʘ), ʢʘʦ ʠ ʯʠˁʝʥʠʮʝ ʜʘ THD ʥʘʧʦʥʘ ʤʝˁʘ ʩʚʦʿʫ ʚʨʝʜʥʦʩʪ ʠʟ ʧʝʨʠʦʜʝ 

ʫ ʧʝʨʠʦʜʫ ʦʩʮʠʣʫʿʫ˂ʠ ʦʢʦ ʥʝʢʝ ʚʨʝʜʥʦʩʪʠ, ʥʘ ʦʩʥʦʚʫ ʦʚʠʭ ʧʦʜʘʪʘʢʘ ʥʠʿʝ ʤʦʛʫ˂ʝ ʠʟʚʫ˂ʠ 

ʢʦʥʢʨʝʪʘʥ ʟʘʢˀʫʯʘʢ ʫ ʚʝʟʠ ʩʘ ʫʪʠʮʘʿʝʤ ʨʝʜʥʝ ʚʝʟʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʥʘ THD ʥʘʧʦʥʘ 

ʩʚʝʪʠˀʢʝ. 

ʅʘʿʥʠʞʠ THD ʩʪʨʫʿʝ ʫ ʧʫʥʦʤ ʨʝʞʠʤʫ ʨʘʜʘ ʫ ʦʙʘ ʜʝʣʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʢʘʨʘʢʪʝʨʠʩʘʦ ʿʝ 

ʥʘʪʨʠʿʫʤʦʚʫ ʩʚʝʪʠˀʢʫ ʩʥʘʛʝ 250 W ʠ LED ʩʚʝʪʠˀʢʫ ʩʥʘʛʝ 53 W, ʜʦʢ ʿʝ ʟʘ ʥʘʿʥʠʞʠ ʥʠʚʦ 

ʜʠʤʦʚʘˁʘ THD ʩʪʨʫʿʝ LED ʩʚʝʪʠˀʢʝ ʩʥʘʛʝ 53 W ʥʠʞʠ ʦʜ ʠʩʪʦʛ ʧʘʨʘʤʝʪʨʘ ʜʨʫʛʠʭ ʩʚʝʪʠˀʢʠ ʟʘ 

ʥʘʿʤʘˁʝ 34% (ʟʘ 58%, ʦʜʥʦʩʥʦ 53% ʫ ʧʦʨʝʹʝˁʫ ʩʘ LED ʩʚʝʪʠˀʢʦʤ ʩʥʘʛʝ 165 W ʫ ʧʨʚʦʤ ʠ 

ʜʨʫʛʦʤ ʜʝʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʨʝʩʧʝʢʪʠʚʥʦ). ʊʨʝʙʘ ʥʘʛʣʘʩʠʪʠ ʜʘ ʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ THD-a ʩʪʨʫʿʝ 

ʩʚʝʪʠˀʢʠ ʦʜʛʦʚʘʨʘʿʫ ʨʝʞʠʤʠʤʘ ʩʘ ʩʤʘˁʝʥʠʤ ʩʚʝʪʣʦʩʥʠʤ ʬʣʫʢʩʦʤ, ʦʜʥʦʩʥʦ ʥʠʞʝʤ ʥʠʚʦʫ 

ʜʠʤʦʚʘˁʘ. 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 

 

25 

ʇʦʨʝʹʝˁʝʤ ʦʧʩʝʛʘ THD-a ʩʪʨʫʿʝ ʩʚʘʢʝ ʦʜ ʩʚʝʪʠˀʢʠ ʫ ʧʨʚʦʤ ʠ ʜʨʫʛʦʤ ʜʝʣʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʧʨʠʢˀʫʯʝˁʝ ʩʚʝʪʠˀʢʠ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ ʧʨʝʢʦ ʨʝʜʥʝ 

ʚʝʟʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʫʪʠʮʘʣʦ ʥʘ ʧʦʚʝ˂ʘˁʝ ʛʦʨˁʠʭ ʠ ʜʦˁʠʭ ʛʨʘʥʠʮʘ ʦʧʩʝʛʘ THD 

ʚʨʝʜʥʦʩʪʠ ʩʪʨʫʿʝ (0,22ï1,42%, ʟʘ ʜʦˁʫ, ʠ -0,2ï2,44% ʟʘ ʛʦʨˁʫ ʛʨʘʥʠʮʫ (ʥʝʛʘʪʠʚʥʘ ʨʘʟʣʠʢʘ 

ʦʜʥʦʩʠ ʩʝ ʥʘ ʩʣʫʯʘʿ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʝ ʩʚʝʪʠˀʢʝ ʩʥʘʛʝ 100 W)). ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʫʦʯʝʥʝ ʧʨʦʤʝʥʝ 

THD ʚʨʝʜʥʦʩʪʠ ʩʪʨʫʿʝ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʦʥʝ ʧʦʩʪʦʿʝ ʠ ʢʦʜ THD ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ, ʘʣʠ ʜʘ 

ʩʫ ʚʨʣʦ ʤʘʣʝ ʠ ʜʘ ʩʝ ʟʙʦʛ ʥʘʧʨʝʜ ʥʘʚʝʜʝʥʠʭ ʥʝʜʦʩʪʘʪʘʢʘ ʤʝʨʝˁʘ ʥʝ ʤʦʛʫ ʢʚʘʥʪʠʬʠʢʦʚʘʪʠ.  

ʋ ʪʘʙʝʣʠ 21 ʜʘʪʠ ʩʫ ʦʧʩʝʟʠ ʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʠ ʬʘʢʪʦʨʘ ʩʥʘʛʝ ʧʨʠ ʜʠʨʝʢʪʥʦʤ ʧʨʠʢˀʫʯʝˁʫ 

ʩʚʝʪʠˀʢʠ ʠ ʧʨʠʢˀʫʯʝˁʫ ʧʨʝʢʦ ʨʝʜʥʝ ʚʝʟʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ.  

 

ʊʘʙʝʣʘ 21. ʆʧʩʝʟʠ ʬʘʢʪʦʨʘ ʩʥʘʛʝ ʩʚʝʪʠˀʢʠ ʫ ʧʨʚʦʤ ʠ ʜʨʫʛʦʤ ʜʝʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘ 

 

 
ʉʚʝʪʠˀʢʘ ʜʠʨʝʢʪʥʦ ʧʨʠʢˀʫʯʝʥʘ  

ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ 

ʉʚʝʪʠˀʢʘ ʧʨʠʢˀʫʯʝʥʘ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ ʧʨʝʢʦ 

ʨʝʜʥʝ ʚʝʟʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

ʊʠʧ ʩʚʝʪʠˀʢʝ 
ɸʢʪʠʚʥʘ ʩʥʘʛʘ 

(W) 

ʌʘʢʪʦʨ ʩʥʘʛʝ ɸʢʪʠʚʥʘ ʩʥʘʛʘ 

(W) 

ʌʘʢʪʦʨ ʩʥʘʛʝ 

ʅʘʪʨʠʿʫʤʦʚʘ ʩʚʝʪʠˀʢʘ 

70 W 
43,24ï77,82 0,94ï0,98 43,16ï77,59 0,93ï0,97 

ʅʘʪʨʠʿʫʤʦʚʘ ʩʚʝʪʠˀʢʘ 

100 W 
60,61ï106,16 0,96ï0,99 59,83ï106,06 0,96ï0,98 

ʅʘʪʨʠʿʫʤʦʚʘ ʩʚʝʪʠˀʢʘ 

150 W 
88,89ï161,73 0,98ï0,99 87,82ï161,08 0,97ï0,99 

ʅʘʪʨʠʿʫʤʦʚʘ ʩʚʝʪʠˀʢʘ 

250 W 
151,98ï275,86 0,98ï0,99 150,11ï273,18 0,98ï0,99 

ʄʝʪʘʣ-ʭʘʣʦʛʝʥʘ ʩʚʝʪʠˀʢʘ 

70 W 
39,38ï77,66 0,93ï0,98 39,26ï76,63 0,92ï0,97 

ʄʝʪʘʣ-ʭʘʣʦʛʝʥʘ ʩʚʝʪʠˀʢʘ 

100 W 
56,13ï107,04 0,96ï0,99 55,66ï105,62 0,95ï0,98 

ʄʝʪʘʣ-ʭʘʣʦʛʝʥʘ ʩʚʝʪʠˀʢʘ 

150 W 
81,66ï162,45 0,97ï0,99 80,13ï160,40 0,97ï0,99 

LED ʩʚʝʪʠˀʢʘ  

165 W 
41,20ï170,83 0,96ï0,99 41,04ï166,41 0,95ï0,99 

LED ʩʚʝʪʠˀʢʘ  

53 W 
17,53ï56,80 0,83ï0,97 17,49ï54,97 0,81ï0,97 

 

ʉʤʘˁʠʚʘˁʝʤ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ ʩʤʘˁʠʚʘʣʘ ʩʝ ʘʢʪʠʚʥʘ ʩʥʘʛʘ ʩʚʝʪʠˀʢʠ: ʧʨʠʣʠʢʦʤ 

ʜʠʤʦʚʘˁʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ (ʥʘʪʨʠʿʫʤʦʚʠʭ ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ) ʩʚʝʪʠˀʢʠ ʘʢʪʠʚʥʘ ʩʥʘʛʘ ʿʝ 

ʦʧʘʜʘʣʘ ʟʘ ʤʘˁʠ ʧʨʦʮʝʥʘʪ ʦʜ ʧʨʦʮʝʥʪʫʘʣʥʝ ʨʝʜʫʢʮʠʿʝ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ, ʜʦʢ ʩʫ ʧʨʠʣʠʢʦʤ 

ʜʠʤʦʚʘˁʘ LED ʩʚʝʪʠˀʢʠ ʩʚʝʪʣʦʩʥʠ ʬʣʫʢʩ ʠ ʘʢʪʠʚʥʘ ʩʥʘʛʘ ʦʧʘʜʘʣʠ ʟʘ ʧʨʠʙʣʠʞʥʦ ʠʩʪʠ 

ʧʨʦʮʝʥʘʪ. 

ʉʤʘˁʠʚʘˁʝʤ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ (ʩʤʘˁʠʚʘˁʝʤ ʘʢʪʠʚʥʝ ʩʥʘʛʝ) ʫ ʧʨʚʦʤ ʜʝʣʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʟʘʚʠʩʥʦ ʦʜ ʪʠʧʘ ʠ ʩʥʘʛʝ ʩʚʝʪʠˀʢʠ ʩʤʘˁʠʚʘʦ ʩʝ ʠ ʬʘʢʪʦʨ ʩʥʘʛʝ ʢʦʜ ʩʚʠʭ 

ʩʚʝʪʠˀʢʠ, ʘ ʥʘʿʚʠʰʝ ʩʝ ʩʤʘˁʫʿʝ ʫ ʩʣʫʯʘʿʫ LED ʩʚʝʪʠˀʢʝ ʩʥʘʛʝ 53 W ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʜʨʫʛʦʤ 

LED ʩʚʝʪʠˀʢʦʤ ʠ ʦʩʪʘʣʠʤ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʩʚʝʪʠˀʢʘʤʘ. 

ʇʦʨʝʹʝˁʝʤ ʦʧʩʝʛʘ ʬʘʢʪʦʨʘ ʩʥʘʛʝ ʩʚʘʢʝ ʦʜ ʩʚʝʪʠˀʢʠ ʫ ʜʨʫʛʦʤ ʜʝʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʦʧʩʝʛʦʤ ʬʘʢʪʦʨʘ ʩʥʘʛʝ ʫ ʧʨʚʦʤ ʜʝʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʫ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ (7 ʦʜ 9) 

ʤʦʞʝ ʩʝ ʫʦʯʠʪʠ ʜʘ ʿʝ ʧʨʠʢˀʫʯʝˁʝ ʩʚʝʪʠˀʢʝ ʥʘ ʤʨʝʞʥʠ ʥʘʧʦʥ ʧʨʝʢʦ ʨʝʜʥʝ ʚʝʟʝ ʦʪʧʦʨʥʦʩʪʠ ʠ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʜʦʚʝʣʦ ʜʦ ʩʤʘˁʝˁʘ ʿʝʜʥʝ ʦʜ ʠʣʠ ʦʙʝ ʛʨʘʥʠʮʝ ʦʧʩʝʛʘ (ʫ ʩʣʫʯʘʿʝʚʠʤʘ 

ʥʘʪʨʠʿʫʤʦʚʝ ʩʚʝʪʠˀʢʝ ʩʥʘʛʝ 250 W ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʝ ʩʚʝʪʠˀʢʝ ʩʥʘʛʝ 150 W ʥʠʿʝ ʜʦʰʣʦ ʜʦ 

ʧʨʦʤʝʥʘ ʛʨʘʥʠʮʝ ʦʧʩʝʛʘ ʬʘʢʪʦʨʘ ʩʥʘʛʝ). ʅʘʿʚʝ˂ʝ ʩʤʘˁʝˁʝ ʬʘʢʪʦʨʘ ʩʥʘʛʝ ʫʦʯʝʥʦ ʿʝ ʢʦʜ 

ʩʚʝʪʠˀʢʝ ʢʦʿʘ ʿʝ ʠʤʘʣʘ ʥʘʿʤʘˁʠ ʬʘʢʪʦʨ ʩʥʘʛʝ ʠ ʫ ʧʨʝʪʭʦʜʥʦʤ ʜʝʣʫ ʝʢʩʧʝʨʠʤʝʥʪʘ ï LED 

ʩʚʝʪʠˀʢʝ ʩʥʘʛʝ 53 W, ʟʙʦʛ ʯʝʛʘ ʩʝ ʟʘ ʫʧʦʪʨʝʙʫ ʦʚʝ ʩʚʝʪʠˀʢʝ ʫ ʨʝʞʠʤʠʤʘ ʜʠʤʦʚʘˁʘ, ʦʜʥʦʩʥʦ 

ʫʧʦʪʨʝʙʫ ʩʚʝʪʠˀʢʠ ʩʘ ʪʠʧʦʤ ʜʨʘʿʚʝʨʘ ʢʦʿʠ ʿʝ ʠʥʩʪʘʣʠʨʘʥ ʫ ʦʚʦʿ ʩʚʝʪʠˀʮʠ, ʧʨʝʧʦʨʫʯʫʿʝ 

ʫʧʦʪʨʝʙʘ ʧʨʠʛʫʰʥʠʮʝ ʟʘ ʧʦʧʨʘʚʢʫ ʬʘʢʪʦʨʘ ʩʥʘʛʝ (ʢʘʦ ʠ ʩʫʟʙʠʿʘˁʝ ʚʠʰʠʭ ʭʘʨʤʦʥʠʢʘ ʫ ʩʣʫʯʘʿʫ 

ʨʝʜʥʝ ʧʨʠʛʫʰʥʠʮʝ) ʯʠʿʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʜʘʪʝ ʫ ʪʘʙʝʣʘʤʘ 10 ʠ 19. 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʇʦʨʝʹʝˁʝʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʧʦ ʜʝʬʠʥʠʮʠʿʠ Kusters-ʘ ʠ Moore-ʘ (QkusL ʠ 

QkusC) ʠʟ ʪʘʙʝʣʘ 2ï19 ʟʘ ʩʚʝ ʩʚʝʪʠˀʢʝ ʫ ʩʚʠʤ ʨʝʞʠʤʠʤʘ ʨʘʜʘ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʨʝʘʢʪʠʚʥʘ 

ʩʥʘʛʘ ʩʚʠʭ ʨʘʟʤʘʪʨʘʥʠʭ ʩʚʝʪʠˀʢʠ ʙʠʣʘ ʢʘʧʘʮʠʪʠʚʥʦʛ ʢʘʨʘʢʪʝʨʘ (QkusL < 0 ʠ QkusC > 0). 

 

4.2.1 ʉʪʚʘʨʥʝ ʛʦʜʠʰˁʝ ʧʨʦʮʝʥʪʫʘʣʥʝ ʫʰʪʝʜʝ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

 

ɼʘ ʙʠ ʩʝ ʠʣʫʩʪʨʦʚʘʦ ʫʪʠʮʘʿ ʨʘʟʣʠʯʠʪʠʭ ʨʝʞʠʤʘ ʜʠʤʦʚʘˁʘ ʫ ʧʨʘʢʩʠ, ʠʟʘʙʨʘʥʦ ʿʝ ʥʝʢʦʣʠʢʦ 

ʪʠʧʠʯʥʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ ʫ ʮʠˀʫ ʦʜʨʝʹʠʚʘˁʘ ʧʨʦʮʝʥʪʫʘʣʥʠʭ ʧʨʦʤʝʥʘ ʫʪʨʦʰʝʥʝ ʘʢʪʠʚʥʝ ʠ 

ʨʝʘʢʪʠʚʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʥʘ ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ ʫ ʩʣʫʯʘʿʫ ʠʥʩʪʘʣʠʨʘˁʘ LED ʫʤʝʩʪʦ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ (ʥʘʪʨʠʿʫʤʦʚʠʭ ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ) ʩʚʝʪʠˀʢʠ.  

ʉʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ ʟʘ ʥʝʢʦʣʠʢʦ ʪʠʧʠʯʥʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ ʫʟʝʪʘ ʩʫ ʠʟ ʇʨʠʣʦʛʘ 1, ʜʦʢ 

ʩʫ ʜʚʘ ʨʝʰʝˁʘ ʨʝʘʣʠʟʦʚʘʥʘ ʧʦʤʦ˂ʫ LED ʩʚʝʪʠˀʢʠ ʩʥʘʛʝ 53 W ʫ ʩʣʫʯʘʿʫ ʜʚʦʩʪʨʘʥʦʛ 

ʥʘʩʧʨʘʤʥʦʛ ʠ ʮʠʢ-ʮʘʢ ʨʘʩʧʦʨʝʜʘ ʜʦʙʠʿʝʥʘ ʥʘʢʥʘʜʥʠʤ ʧʨʦʨʘʯʫʥʠʤʘ ʫ ʩʦʬʪʚʝʨʫ Ulysse (ʚʠʜʝʪʠ 

ʪʘʙʝʣe 22ï24). 

 

ʊʘʙʝʣʘ 22. ʆʩʥʦʚʥʠ ʧʦʜʘʮʠ ʦ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʨʝʰʝˁʠʤʘ ʨʘʟʤʘʪʨʘʥʠʭ ʫʣʠʮʘ/ʧʫʪʝʚʘ 

ʨʝʘʣʠʟʦʚʘʥʠʤ ʧʦʤʦ˂ʫ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʩʚʝʪʠˀʢʘʤʘ 

 

ʈʘʩʧʦʨʝʜ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 
EIR 

Plamp 

(W) 
kW/km 

ʎʝʥʪʨʘʣʥʠ  

3 ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 42 13 0,87 0 1,91 41 68 9,5 0,56 250 11,9 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 

M2 27 8 0,37 5 1,67 60 69 10,0 0,50 100 7,4 

ʎʠʢ-ʮʘʢ 

3 ʪʨʘʢʝ 
M4 21 8 0,87 10 0,75 40 69 9,7 0,55 70 3,3 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 
M3 36 8 1,37 10 1,08 46 60 14,6 0,42 100 2,8 

 

ʊʘʙʝʣʘ 23. ʆʩʥʦʚʥʠ ʧʦʜʘʮʠ ʦ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʨʝʰʝˁʠʤʘ ʨʘʟʤʘʪʨʘʥʠʭ ʫʣʠʮʘ/ʧʫʪʝʚʘ 

ʨʝʘʣʠʟʦʚʘʥʠʤ ʧʦʤʦ˂ʫ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ ʩʚʝʪʠˀʢʠ 

 

ʈʘʩʧʦʨʝʜ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 
EIR 

Plamp 

(W) 
kW/km 

ʎʝʥʪʨʘʣʥʠ  

3 ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 20 13 0,37 10 1,93 39 91 9,6 0,56 150 15,0 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 

M2 28 8 -0,13 10 1,87 57 69 10,0 0,57 150 10,7 

ʎʠʢ-ʮʘʢ 

3 ʪʨʘʢʝ 
M4 21 8 1,37 10 0,75 41 72 9,8 0,54 70 3,3 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 
M3 34 8 1,37 5 1,03 40 63 14,9 0,37 100 2,9 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 24. ʆʩʥʦʚʥʠ ʧʦʜʘʮʠ ʦ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʨʝʰʝˁʠʤʘ ʨʘʟʤʘʪʨʘʥʠʭ ʫʣʠʮʘ/ʧʫʪʝʚʘ 

ʨʝʘʣʠʟʦʚʘʥʠʤ ʧʦʤʦ˂ʫ LED ʩʚʝʪʠˀʢʠ 

 

ʈʘʩʧʦʨʝʜ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 
EIR 

Plamp 

(W) 
kW/km 

ʎʝʥʪʨʘʣʥʠ  

3 ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 40 13 0,45 0 1,93 39 80 9,2 0,47 165 8,3 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 

M2 26 8 0,79 0 1,60 55 86 9,8 0,40 53 4,1 

ʎʠʢ-ʮʘʢ 

3 ʪʨʘʢʝ 
M4 27 8 1,29 0 0,82 41 59 11,3 0,38 53 2,0 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 
M3 36 8 1,29 0 0,98 45 77 12,3 0,30 53 1,5 

 

ʅʘ ʦʩʥʦʚʫ ʢʘʣʝʥʜʘʨʘ ʫʢˀʫʯʝˁʘ ʠ ʠʩʢˀʫʯʝˁʘ ʿʘʚʥʦʛ ʦʩʚʝʪˀʝˁʘ ʫ ɹʝʦʛʨʘʜʫ ʜʦʙʠʿʝʥʦʛ ʦʜ 

ɱʂʇ ɱʘʚʥʦ ʦʩʚʝʪˀʝˁʝ, ʢʘʦ ʠ ʥʘ ʦʩʥʦʚʫ ʜʫʞʠʥʝ ʪʨʘʿʘˁʘ ʩʚʘʢʦʛ ʦʜ 3 ʨʝʞʠʤʘ (ʈʝʞʠʤ 1: ʦʜ 

ʫʢˀʫʯʝˁʘ ʜʦ 22h, ʈʝʞʠʤ 2: ʦʜ 22h ʜʦ 24h, ʈʝʞʠʤ 3: ʦʜ 24h ʜʦ ʠʩʢˀʫʯʝˁʘ), ʟʘ ʩʚʘʢʠ ʤʝʩʝʮ ʫ 

ʛʦʜʠʥʠ, ʢʘʦ ʠ ʟʘ ʮʝʣʫ ʛʦʜʠʥʫ, ʠʟʨʘʯʫʥʘʪʦ ʿʝ ʪʨʘʿʘˁʝ ʩʚʘʢʦʛ ʦʜ ʪʘ 3 ʨʝʞʠʤʘ. ɼʦʙʠʿʝʥʠ ʧʦʜʘʮʠ 

ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 25. 

 

ʊʘʙʝʣʘ 25. ɺʨʝʤʝ ʫʢˀʫʯʝʥʦʩʪʠ ʩʚʝʪʠˀʢʠ ʧʦ ʤʝʩʝʮʠʤʘ ʠ ʫʢʫʧʥʦ ʛʦʜʠʰˁʝ ʫ ʩʚʘʢʦʤ ʦʜ ʪʨʠ 

ʨʝʞʠʤʘ 

 

ʄʝʩʝʮ 

ɺʨʝʤʝ ʫʢˀʫʯʝʥʦʩʪʠ ʩʚʝʪʠˀʢʠ 

(h:min) 

I ʨʝʞʠʤ 

(ʦʜ ʫʢˀʫʯʝˁʘ 

ʜʦ 22h) 

II ʨʝʞʠʤ 

(22-24h) 

III ʨʝʞʠʤ 

(ʦʜ 00h ʜʦ 

ʠʩʢˀʫʯʝˁʘ) 

ʋʢʫʧʥʦ 

ɱʘʥʫʘʨ 166:17:00 62:00:00 218:09:00 446:26:00 

ʌʝʙʨʫʘʨ 130:46:00 56:00:00 182:38:00 369:24:00 

ʄʘʨʪ 123:51:00 62:00:00 175:02:00 360:53:00 

ɸʧʨʠʣ 99:18:00 60:00:00 140:38:00 299:56:00 

ʄʘʿ 83:47:00 62:00:00 122:54:00 268:41:00 

ɱʫʥ 69:20:00 60:00:00 110:53:00 240:13:00 

ɱʫʣ 73:09:00 62:00:00 121:05:00 256:14:00 

ɸʚʛʫʩʪ 91:13:00 62:00:00 137:50:00 291:03:00 

ʉʝʧʪʝʤʙʘʨ 114:30:00 60:00:00 151:06:00 325:36:00 

ʆʢʪʦʙʘʨ 148:09:00 62:00:00 176:16:00 386:25:00 

ʅʦʚʝʤʙʘʨ 166:30:00 60:00:00 191:58:00 418:28:00 

ɼʝʮʝʤʙʘʨ 180:07:00 62:00:00 215:53:00 458:00:00 

ʋʢʫʧʥʦ ʛʦʜʠʰˁʝ: 1446:57:00 730:00:00 1944:22:00 4121:19:00 

 

ʅʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʠʟ ʪʘʙʝʣʝ 25, ʢʘʦ ʠ ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʦ ʧʨʦʮʝʥʪʫʘʣʥʦʿ ʨʝʜʫʢʮʠʿʠ 

ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ ʩʚʝʪʠˀʢʠ ʫ ʩʣʫʯʘʿʫ ʩʚʘʢʝ ʦʜ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ ʢʣʘʩʘ ʠʟ ʪʘʙʝʣʝ 1 ʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʠʟʤʝʨʝʥʠʭ ʩʥʘʛʘ ʩʚʝʪʠˀʢʠ ʠʟ ʪʘʙʝʣʘ 11ï19, ʟʘ ʧʝʨʠʦʜ ʦʜ ʛʦʜʠʥʫ ʜʘʥʘ 

ʠʟʨʘʯʫʥʘʪʘ ʿʝ ʧʨʦʮʝʥʪʫʘʣʥʘ ʨʝʜʫʢʮʠʿʘ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ (ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ) ʢʘʜʘ ʩʝ ʫʤʝʩʪʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ (ʥʘʪʨʠʿʫʤʦʚʠʭ ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ) ʩʚʝʪʠˀʢʠ 

ʢʦʨʠʩʪʝ LED ʩʚʝʪʠˀʢʝ. ʈʝʟʫʣʪʘʪʠ ʧʨʦʨʘʯʫʥʘ ʩʫ ʜʘʪʠ ʫ ʪʘʙʝʣʠ 26. 
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ʊʘʙʝʣʘ 26. ʇʨʦʮʝʥʪʫʘʣʥʘ ʨʝʜʫʢʮʠʿʘ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʦʨʠʰ˂ʝˁʝʤ LED ʫʤʝʩʪʦ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʩʚʝʪʠˀʢʠ ʟʘ ʩʚʘʢʠ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ 

 

ʈʘʩʧʦʨʝʜ 
ʉʚʝʪʣʦʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʈʝʜʫʢʮʠʿʘ 

ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ 

ʩʣʫʯʘʿʫ 

ʥʘʪʨʠʿʫʤʦʚʠʭ 

ʩʚʝʪʠˀʢʠ 

(%) 

ʈʝʜʫʢʮʠʿʘ 

ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ 

ʫ ʩʣʫʯʘʿʫ 

ʥʘʪʨʠʿʫʤʦʚʠʭ 

ʩʚʝʪʠˀʢʠ 

(%) 

ʈʝʜʫʢʮʠʿʘ 

ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ 

ʩʣʫʯʘʿʫ ʤʝʪʘʣ-

ʭʘʣʦʛʝʥʠʭ 

ʩʚʝʪʠˀʢʠ 

(%) 

ʈʝʜʫʢʮʠʿʘ 

ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ 

ʫ ʩʣʫʯʘʿʫ ʤʝʪʘʣ-

ʭʘʣʦʛʝʥʠʭ 

ʩʚʝʪʠˀʢʠ 

(%) 

ʎʝʥʪʨʘʣʥʠ  

3 ʪʨʘʢʝ (ʘʫʪʦʧʫʪ) 
M1 42 53 53 68 

ɼʚʦʩʪʨʘʥʠ ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 
M2 53 27 67 35 

ʎʠʢ-ʮʘʢ 

3 ʪʨʘʢʝ 
M4 51 37 51 38 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 
M3 53 29 56 36 

 

ɸʥʘʣʠʟʦʤ ʨʝʟʫʣʪʘʪʘ ʠʟ ʪʘʙʝʣʝ 26 ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʧʨʠʤʝʥʘ LED ʩʚʝʪʠˀʢʠ 

ʦʙʝʟʙʝʜʠʣʘ ʧʨʝʢʦ 50% ʫʰʪʝʜʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ʢʦʤʙʠʥʦʚʘʥʦʤ ʨʝʞʠʤʫ ʨʘʜʘ ʫ ʩʚʠʤ ʨʘʟʤʘʪʨʘʥʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ, ʦʩʠʤ ʫ ʩʣʫʯʘʿʫ ʦʩʚʝʪˀʝˁʘ ʘʫʪʦʧʫʪʘ ʛʜʝ ʿʝ ʨʝʜʫʢʮʠʿʘ 

ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʠʟʥʦʩʠʣʘ 42% (ʨʝʜʫʢʮʠʿʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʠʟʥʦʩʠʣʘ ʿʝ 27ï53% ʠ 35ï68% ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʨʝʰʝˁʠʤʘ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʩʚʝʪʠˀʢʘʤʘ, ʨʝʩʧʝʢʪʠʚʥʦ). 

 

4.3 ʄʦʜʝʣ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ ʫ ʩʣʫʯʘʿʫ ʥʝʣʠʥʝʘʨʥʦʛ ʠ 

ʥʝʩʠʤʝʪʨʠʯʥʦʛ ʫʣʠʯʥʦʛ LED ʦʩʚʝʪˀʝˁʘ 
 

4.3.1 ʈʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ 

 

ɱʝʜʘʥ ʦʜ ʪʝʭʥʠʯʢʠʭ ʘʩʧʝʢʘʪʘ ʢʦʿʠ ʙʠ ʤʦʛʣʠ ʥʝʛʘʪʠʚʥʦ ʫʪʠʮʘʪʠ ʥʘ ʧʨʠʤʝʥʫ LED ʧʘʢʝʪʘ ʫ 

ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ ʿʝ ʭʘʨʤʦʥʠʿʩʢʦ ʠʟʦʙʣʠʯʝˁʝ ʥʘʧʦʥʘ, ʿʝʨ ʝʿ ʩʪʨʫʿʘ LED ʩʚʝʪʠˀʢʠ ʚʝʦʤʘ 

ʠʟʦʙʣʠʯʝʥʘ. ɸʢʦ LED ʦʧʪʝʨʝ˂ʝˁʝ ʟʥʘʯʘʿʥʦ ʫʯʝʩʪʚʫʿʝ ʫ ʤʨʝʞʠ ʥʠʩʢʦʛ ʥʘʧʦʥʘ, ʦʥʦ ʤʦʞʝ 

ʠʟʘʟʚʘʪʠ ʟʥʘʯʘʿʥʦ ʠʟʦʙʣʠʯʝˁʝ ʥʘʧʦʥʘ, ʘ ʜʦʜʘʪʥʦ ʧʦʛʦʨʰʘˁʝ ʢʚʘʣʠʪʝʪʘ ʥʘʧʦʥʘ ʩʝ ʿʘʚˀʘ ʟʙʦʛ 

ʯʠˁʝʥʠʮʝ ʜʘ ʿʝ ʫʣʠʯʥʦ ʦʩʚʝʪˀʝˁʝ ʫ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʥʝʩʠʤʝʪʨʠʯʥʦ. ʆʚʦ ʿʝ ʦʯʠʛʣʝʜʥʦ ʩʘ ʩʣʠʢʝ 

2, ʛʜʝ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʘ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʨʘʩʧʦʨʝʜʘ ʩʪʫʙʦʚʘ: ʿʝʜʥʦʩʪʨʘʥʠ (ʩʣʠʢʘ 2ʘ) ʠ ʮʝʥʪʨʘʣʥʠ, 

ʛʜʝ ʩʚʘʢʠ ʩʪʫʙ ʥʦʩʠ ʜʚʝ ʩʚʝʪʠˀʢʝ (ʩʣʠʢʘ 2ʙ). ʇʦʰʪʦ ʩʫ ʩʚʝʪʠˀʢʝ ʧʦʚʝʟʘʥʝ ʥʘ ʬʘʟʝ A, B ʠ C 

(ʩʣʠʢʘ 2), ʜʝʣʦʚʠ ʪʨʦʬʘʟʥʦʛ ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ ʩʪʫʙʦʚʘ ʥʠʩʫ ʦʧʪʝʨʝ˂ʝʥʠ 

ʩʠʤʝʪʨʠʯʥʦ. ɱʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʮʠˀʝʚʘ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʙʠʦ ʿʝ ʜʘ ʩʝ ʨʘʟʚʠʿʝ ʤʘʪʝʤʘʪʠʯʢʠ 

ʤʦʜʝʣ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫʣʠʯʥʦʛ LED ʦʩʚʝʪˀʝˁʘ 

ʧʨʠʢʘʟʘʥʠʤ ʥʘ ʩʣʠʮʠ 2. ʄʦʜʝʣ ʩʝ ʤʦʞʝ ʩʤʘʪʨʘʪʠ ʦʧʰʪʠʤ, ʿʝʨ ʩʝ ʪʨʠ ʧʨʝʦʩʪʘʣʘ ʩʪʘʥʜʘʨʜʥʘ 

(ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʘ) ʨʘʩʧʦʨʝʜʘ ʩʪʫʙʦʚʘ (ʥʘʩʧʨʘʤʥʠ, ʮʠʢ-ʮʘʢ ʠ ʮʝʥʪʨʘʣʥʠ) ʤʦʛʫ ʪʨʝʪʠʨʘʪʠ 

ʢʘʦ ʿʝʜʥʦʩʪʨʘʥʠ ʨʘʩʧʦʨʝʜ (ʩʘ ʿʝʜʥʠʤ ʥʘʧʦʿʥʠʤ ʢʘʙʣʦʤ ʫ ʩʣʫʯʘʿʫ ʮʝʥʪʨʘʣʥʦʛ, ʦʜʥʦʩʥʦ ʩʘ ʜʚʘ 

ʥʘʧʦʿʥʘ ʢʘʙʣʘ ʫ ʩʣʫʯʘʿʫ ʥʘʩʧʨʘʤʥʦʛ ʠ ʮʠʢ-ʮʘʢ ʨʘʩʧʦʨʝʜʘ). 
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ʙ) 

ʉʣʠʢʘ 2. ɼʚʘ ʩʪʘʥʜʘʨʜʥʘ ʨʘʩʧʦʨʝʜʘ ʩʪʫʙʦʚʘ: ʿʝʜʥʦʩʪʨʘʥʠ (ʘ), ʠ ʮʝʥʪʨʘʣʥʠ (ʙ) 

 

4.3.2 ʆʩʥʦʚʝ ʨʘʟʚʠʿʝʥʦʛ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʘ 

 

ʋʦʙʠʯʘʿʝʥʠ ʤʦʜʝʣ ʟʘ ʧʨʦʮʝʥʫ ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ ʫ ʩʣʫʯʘʿʫ ʥʝʣʠʥʝʘʨʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʿʝ 

ʧʦʟʥʘʪʠ ʤʦʜʝʣ ʠʤʧʝʜʘʥʩʝ. ʉʪʘʥʜʘʨʜʥʦ ʩʝ ʢʦʨʠʩʪʠ ʫ ʩʣʫʯʘʿʫ ʩʠʤʝʪʨʠʯʥʦʛ ʪʨʦʬʘʟʥʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ. ɿʘ ʩʚʘʢʠ ʦʜ ʭʘʨʤʦʥʠʢʘ ʜʝʬʠʥʠʰʝ ʩʝ ʠ ʨʝʰʘʚʘ ʧʦʩʝʙʥʦ ʢʦʣʦ (ʤʦʜʝʣ ʠʤʧʝʜʘʥʩʝ). 

ʇʨʠʤʝʥʘ ʦʚʦʛ ʤʦʜʝʣʘ ʟʘ ʧʨʦʮʝʥʫ ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʤ ʤʨʝʞʘʤʘ ʩʘ 

ʟʥʘʯʘʿʥʠʤ ʧʨʠʩʫʩʪʚʦʤ ʢʦʤʧʘʢʪʥʠʭ ʬʣʫʦ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ ʩʘ ʫʛʨʘʹʝʥʠʤ ʧʨʝʜʩʧʦʿʥʠʤ 

ʫʨʝʹʘʿʠʤʘ ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝ ʫ ʨʝʬʝʨʝʥʮʠ [28]. ʆʧʰʪʘ ʧʨʠʤʝʥʘ ʦʚʘʢʚʦʛ ʤʦʜʝʣʘ ʧʨʝʜʩʪʘʚˀʝʥa ʿʝ 

ʫ ʨʝʬʝʨʝʥʮʠ [29]. 

ʇʦʩʪʦʿʝ ʠ ʦʧʰʪʠʿʠ ʤʦʜʝʣʠ ʢʦʿʠ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʥʝʩʠʤʝʪʨʠʯʥʘ ʪʨʦʬʘʟʥʘ ʦʧʪʝʨʝ˂ʝˁʘ. 

ʆʧʠʩʘʥʠ ʤʝʪʦʜ ʫ ʨʝʬʝʨʝʥʮʠ [1] ʥʫʜʠ ʿʝʜʥʦʩʪʘʚʘʥ ʧʦʩʪʫʧʘʢ ʟʘ ʧʨʦʨʘʯʫʥ ʥʘʧʦʥʘ ʨʝʰʘʚʘˁʝʤ 

ʣʠʥʝʘʨʥʝ ʤʘʪʨʠʯʥʝ ʿʝʜʥʘʯʠʥʝ: 

[][ ][ ]h h hI Y U= ,     (18) 

ʛʜʝ ʿʝ [ ]hY  ʤʘʪʨʠʮʘ ʭʘʨʤʦʥʠʯʥʠʭ ʘʜʤʠʪʘʥʩʠ ʩʠʩʪʝʤʘ ʟʘ ʭʘʨʤʦʥʠʢ ʨʝʜʘ h (h Ó 1). ɿʘ ʪʨʦʬʘʟʥʠ 

ʩʠʩʪʝʤ, ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʝ ʘʜʤʠʪʘʥʩʠ 3 Ĭ 3 ʩʫ ʩʦʧʩʪʚʝʥʝ ʠ ʤʝʹʫʩʦʙʥʝ ʘʜʤʠʪʘʥʩʝ. ʉʣʠʯʘʥ 

ʧʨʠʩʪʫʧ ʿʝ ʢʦʨʠʰ˂ʝʥ ʫ ʨʝʬʝʨʝʥʮʠ [30]. ʇʨʦʙʣʝʤ ʢʦʜ ʧʨʠʤʝʥʝ ʦʚʘʢʚʠʭ ʤʦʜʝʣʘ ʿʝ ʦʜʨʝʹʠʚʘˁʝ 

ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʝʣʝʤʝʥʘʪʘ ʤʨʝʞʝ (ʥʘ ʧʨʠʤʝʨ, ʩʦʧʩʪʚʝʥʝ ʠ ʤʝʹʫʩʦʙʥʝ ʘʜʤʠʪʘʥʩʝ 

ʚʦʜʦʚʘ ʠʣʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ). ʉʪʦʛʘ ʿʝ ʤʦʜʝʣ ʟʘʩʥʦʚʘʥ ʥʘ ʩʠʤʝʪʨʠʯʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ [1] 

ʧʨʠʢʣʘʜʥʠʿʠ. ʇʘʨʘʤʝʪʨʠ ʨʘʟʤʘʪʨʘʥʦʛ ʝʣʝʤʝʥʪʘ ʤʨʝʞʝ ʤʦʛʫ ʩʝ ʜʦʙʠʪʠ ʤʝʨʝˁʠʤʘ ʠʟʚʨʰʝʥʠʤ 

ʥʘ ʪʦʤ ʝʣʝʤʝʥʪʫ. ʆʚʘ ʤʝʨʝˁʘ ʩʝ ʣʘʢʦ ʦʙʘʚˀʘʿʫ ʥʘ ʧʨʘʚʠʣʥʦ ʩʧʦʿʝʥʠʤ ʧʨʠʢˀʫʯʮʠʤʘ ʝʣʝʤʝʥʪʘ. 

ɿʘ ʦʩʥʦʚʥʠ ʭʘʨʤʦʥʠʢ, ʧʘʨʘʤʝʪʨʠ ʩʫ ʪʠʧʠʯʥʦ ʜʦʩʪʫʧʥʠ ʢʘʦ ʢʘʪʘʣʦʰʢʠ ʧʦʜʘʮʠ.  

ɿʘ ʩʚʘʢʠ ʥʘʧʦʥʩʢʠ ʠ ʩʪʨʫʿʥʠ ʠʟʚʦʨ ʭʘʨʤʦʥʠʢʘ ʧʨʠʤʝˁʫʿʝ ʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ 

ʥʝʩʠʤʝʪʨʠʯʥʦʛ ʪʨʦʬʘʟʥʦʛ ʩʠʩʪʝʤʘ (A, B, C) ʥʘ ʩʠʩʪʝʤ ʜʠʨʝʢʪʥʝ, ʠʥʚʝʨʟʥʝ ʠ ʥʫʣʪʝ (d, i, 0) 

ʢʦʤʧʦʥʝʥʪʝ. ʌʦʨʪʝʩʢʿʫʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʥʘʧʦʥʘ ʿʝ ʜʘʪʘ ʬʦʨʤʫʣʦʤ: 
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= , ( 1)j= -. ʉʣʝʜʝ˂ʠ ʢʦʨʘʢ ʿʝ ʧʦʜʝʰʘʚʘˁʝ ʠ ʨʝʰʘʚʘˁʝ ʤʦʜʝʣʘ ʩʘ ʠʤʧʝʜʘʥʩʘʤʘ, 

ʩʣʠʯʥʦʛ ʦʥʦʤ ʢʦʿʠ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʫ ʨʝʬʝʨʝʥʮʠ [28], ʟʘ ʩʚʘʢʠ ʦʜ d, i, 0 ʩʠʩʪʝʤʘ ʠ ʟʘ ʩʚʘʢʠ 
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ʭʘʨʤʦʥʠʢ. ɿʘ ʤʦʜʝʣʦʚʘˁʝ ʠʟʚʦʨʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʠ ʥʘʧʘʿʘ ʨʘʟʤʘʪʨʘʥʫ ʝʣʝʢʪʨʠʯʥʫ 

ʠʥʩʪʘʣʘʮʠʿʫ ʢʦʨʠʩʪʝ ʩʝ ʥʘʧʦʥʩʢʠ ʠʟʚʦʨʠ (ʢʘʦ ʝʢʚʠʚʘʣʝʥʪʥʠ ʊʝʚʝʥʝʥʦʚʠ ʛʝʥʝʨʘʪʦʨʠ), ʜʦʢ ʩʝ ʟʘ 

ʤʦʜʝʣʦʚʘˁʝ ʥʝʣʠʥʝʘʨʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ (LED ʩʚʝʪʠˀʢʝ) ʨʘʟʤʘʪʨʘʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʧʫʪʘ 

ʢʦʨʠʩʪʝ ʩʪʨʫʿʥʠ ʠʟʚʦʨʠ.  

ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʘʥʘʣʠʟʘ ʟʘ ʩʚʘʢʠ ʦʜ ʭʘʨʤʦʥʠʢʘ ʤʦʞʝ ʜʘ ʩʝ ʚʨʰʠ ʫ d, i ʠ 0 ʩʠʩʪʝʤʠʤʘ ʢʘʦ 

ʰʪʦ ʩʝ ʚʨʰʠ ʫ ʩʠʤʝʪʨʠʯʥʦʤ ʪʨʦʬʘʟʥʦʤ ʩʠʩʪʝʤʫ, ʛʜʝ ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʤʦʜʝʣ ʝʢʚʠʚʘʣʝʥʪʥʝ 

ʠʤʧʝʜʘʥʩʝ ʧʦ ʬʘʟʠ. ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʿʝ ʠʩʪʠ, ʘʣʠ ʩʝ ʧʘʨʘʤʝʪʨʠ ʫ d, i ʠ 0 ʩʠʩʪʝʤʠʤʘ 

ʨʘʟʣʠʢʫʿʫ. ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʫ ʫ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ (ʦʥʠʤ ʙʝʟ ʨʦʪʠʨʘʿʫ˂ʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʤʘʰʠʥʘ) ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʧʘʨʘʤʝʪʨʠ ʫ d ʠ i ʩʠʩʪʝʤʠʤʘ ʠʩʪʠ. ʅʘʢʦʥ ʠʟʚʨʰʝʥʠʭ ʧʨʦʨʘʯʫʥʘ ʫ d, i ʠ 

0 ʩʠʩʪʝʤʠʤʘ, ʤʦʛʫ˂ʝ ʿʝ ʧʨʠʤʝʥʠʪʠ ʠʥʚʝʨʟʥʫ ʪʨʘʥʩʬʦʨʤʘʮʠʿʫ ʠʟ d, i, 0 ʫ A, B, C ʩʠʩʪʝʤ ʥʘʧʦʥʘ: 
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ʅʘʢʦʥ ʨʝʰʘʚʘˁʘ ʿʝʜʥʘʯʠʥʘ (ʦʜʨʝʹʠʚʘˁʝ d, i ʠ 0 ʢʦʤʧʦʥʝʥʪʠ ʥʘʧʦʥʘ ʫ ʯʚʦʨʦʚʠʤʘ ʠ ʩʪʨʫʿʘ 

ʫ ʛʨʘʥʘʤʘ), ʦʜʨʝʹʫʿʫ ʩʝ ʩʪʚʘʨʥʝ ʚʨʝʜʥʦʩʪʠ A, B ʠ C ʩʠʩʪʝʤʘ ʥʘʧʦʥʘ ʫ ʯʚʦʨʦʚʠʤʘ ʠ ʩʪʨʫʿʘ ʫ 

ʛʨʘʥʘʤʘ ʢʦʨʠʰ˂ ʝˁʝʤ ʤʘʪʨʠʮʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ 3 Ĭ 3 ʜʘʪʝ ʫ ʿʝʜʥʘʯʠʥʠ 20.  

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʘʪʘ ʤʨʝʞʝ (ʦʪʧʦʨʥʦʩʪ R ʠ ʠʥʜʫʢʪʠʚʥʦʩʪ L) ʟʘʚʠʩʝ ʦʜ ʬʨʝʢʚʝʥʮʠʿʝ. ʆʥʠ 

ʩʝ ʤʦʛʫ ʦʜʨʝʜʠʪʠ ʠʣʠ ʜʝʪʘˀʥʠʤ ʧʨʦʨʘʯʫʥʦʤ ʨʘʩʧʦʜʝʣʝ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʟʘ ʦʜʨʝʹʝʥʠ ʭʘʨʤʦʥʠʢ 

(ʰʪʦ ʿʝ ʿʝʜʥʘ ʦʜ ʦʧʮʠʿʘ ʫ ʢʦʤʝʨʮʠʿʘʣʥʦʤ ʩʦʬʪʚʝʨʫ ʥʘʤʝˁʝʥʦʤ ʟʘ ʘʥʘʣʠʟʝ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ 

ʩʠʩʪʝʤʘ), ʠʣʠ ʤʝʨʝˁʠʤʘ ʠʟʚʨʰʝʥʠʤ ʥʘ ʨʝʣʝʚʘʥʪʥʠʤ ʝʣʝʤʝʥʪʠʤʘ ʝʣʝʢʪʨʠʯʥʝ ʤʨʝʞʝ. ʋʪʠʮʘʿ 

ʩʢʠʥ ʝʬʝʢʪʘ ʠ ʝʬʝʢʪʘ ʙʣʠʟʠʥʝ ʥʘ ʦʪʧʦʨʥʦʩʪ ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ ʫʟʝʪʠ ʩʫ ʫ ʦʙʟʠʨ. ʂʦʥʚʝʥʮʠʦʥʘʣʥʦ, 

ʧʨʦʨʘʯʫʥʠ ʧʘʜʘ ʥʘʧʦʥʘ ʦʩʥʦʚʥʦʛ ʭʘʨʤʦʥʠʢʘ ʥʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʢʘʙʣʦʚʠʤʘ ʚʨʰʝ ʩʝ ʙʝʟ 

ʨʘʟʤʘʪʨʘˁʘ ʢʘʧʘʮʠʪʠʚʥʦʩʪʠ ʢʘʙʣʘ. ʇʨʦʨʘʯʫʥʠ ʧʨʦʚʝʨʝ ʠʟʚʨʰʝʥʠ ʩʫ ʥʘ ʜʚʘ ʫʟʦʨʢʘ ʤʦʜʝʣʘ ʢʘʢʦ 

ʙʠ ʩʝ ʠʩʪʨʘʞʠʦ ʝʬʝʢʘʪ ʟʘʥʝʤʘʨʝʥʝ ʢʘʧʘʮʠʪʠʚʥʦʩʪʠ. ʄʦʜʝʣʠ ʫʟʦʨʘʢʘ ʩʫ ʟʘʩʥʦʚʘʥʠ ʥʘ 

ʩʪʘʥʜʘʨʜʥʦʿ PI ʰʝʤʠ ʚʦʜʘ, ʬʦʨʤʠʨʘʥʦʿ ʦʜ ʧʦʜʫʞʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʚʦʜʘ ʠ ʣʠʥʝʘʨʥʠʭ 

ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʭ ʿʝʜʥʘʯʠʥʘ ʜʨʫʛʦʛ ʨʝʜʘ ʢʦʿʝ ʦʧʠʩʫʿʫ ʧʨʦʧʘʛʘʮʠʿʫ ʜʫʞ ʚʦʜʘ [29]. ʇʨʦʚʝʨʝ ʩʫ 

ʠʟʚʨʰʝʥʝ ʫʧʦʨʝʹʠʚʘˁʝʤ ʨʝʘʣʥʦʛ ʠ ʠʤʘʛʠʥʘʨʥʦʛ ʜʝʣʘ ʝʢʚʠʚʘʣʝʥʪʥʝ ʠʤʧʝʜʘʥʩʝ ʫ ʩʣʫʯʘʿʝʚʠʤʘ 

ʩʘ ʠ ʙʝʟ ʫʟʠʤʘˁʘ ʫ ʦʙʟʠʨ ʦʪʦʯʥʦʛ ʢʦʥʜʝʥʟʘʪʦʨʘ. ʇʨʚʘ ʧʨʦʚʝʨʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʨʚʦ ʨʘʩʪʦʿʘˁʝ 

(ʠʟʤʝʹʫ ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ (ʥʘ ʢʦʿʝʤ ʿʝ ʧʨʠʢˀʫʝʥ ʝʢʚʠʚʘʣʝʥʪʥʠ ʊʝʚʝʥʝʥʦʚ ʛʝʥʝʨʘʪʦʨ) ʠ ʧʨʚʝ 

ʩʚʝʪʠˀʢʝ), ʛʜʝ ʿʝ ʝʢʚʠʚʘʣʝʥʪʥʘ ʠʤʧʝʜʘʥʩʘ ʦʜʨʝʹʝʥʘ ʩʘ: Zs1 = (ïj/(ɤC/2)) || [(R + jɤL) + (ïj/(ɤC/2) 

|| Zt)]. ɿʘ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʩʪʫʙʦʚʘ 50 m, ʭʘʨʤʦʥʠʿʩʢʠ ʨʝʜ 50, ʧʨʝʩʝʢ ʢʘʙʣʘ ʦʜ 35 mm2 ʠ 

ʊʝʚʝʥʝʥʦʚ ʛʝʥʝʨʘʪʦʨ ʦʧʠʩʘʥ ʫ ʧʦʛʣʘʚˀʫ 4.5, ʨʘʟʣʠʢʝ ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʜʘ ʢʦʥʜʝʥʟʘʪʦʨ ʥʠʿʝ 

ʨʘʟʤʘʪʨʘʥ ʩʫ: ʟʘ ʨʝʘʣʥʠ ʜʝʦ ʝʢʚʠʚʘʣʝʥʪʥʝ ʠʤʧʝʜʘʥʩʝ 0,13%, ʘ ʟʘ ˁʝʥ ʠʤʘʛʠʥʘʨʥʠ ʜʝʦ 

0,000507%. ɼʘˀʠ ʧʨʦʨʘʯʫʥʠ ʩʫ ʠʟʚʨʰʝʥʠ ʟʘ ʝʢʚʠʚʘʣʝʥʪʥʝ ʠʤʧʝʜʘʥʩʝ ʢʦʿʝ ʩʝ ʚʠʜʝ ʩʘ ʜʘˀʠʭ 

ʩʪʫʙʦʚʘ i (i = 2, é, 100) ʧʨʝʤʘ ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ: Zsi = (ïj/(ɤC/2)) || [(R + jɤL) + (ïj/(ɤC/2) || 

Zs(iï1))]. ʉʣʠʢʘ 3 ʧʨʠʢʘʟʫʿʝ ʨʘʟʣʠʢʝ ʟʘ ʩʠʪʫʘʮʠʿʫ ʢʘʜʘ ʢʘʧʘʮʠʪʠʚʥʦʩʪʠ ʥʠʩʫ ʨʘʟʤʘʪʨʘʥʝ ʟʘ 100. 

ʩʪʫʙ. ʄʘʢʩʠʤʘʣʥʦ ʦʜʩʪʫʧʘˁʝ ʧʦʿʘʚˀʫʿʝ ʩʝ ʟʘ 50. ʭʘʨʤʦʥʠʢ ʠ ʠʟʥʦʩʠ 13,61% ʟʘ ʨʝʘʣʥʠ ʜʝʦ 

ʝʢʚʠʚʘʣʝʥʪʥʝ ʠʤʧʝʜʘʥʩʝ ʠ 2% ʟʘ ˁʝʥ ʠʤʘʛʠʥʘʨʥʠ ʜʝʦ. ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʟʘʥʝʤʘʨʠʚʘˁʝ 

ʫʪʠʮʘʿʘ ʢʘʧʘʮʠʪʠʚʥʦʩʪʠ ʠʤʘ ʟʥʘʪʥʦ ʤʘˁʠ ʝʬʝʢʘʪ ʥʘ ʥʘʧʦʥ ʦʜ ʥʘʚʝʜʝʥʠʭ 13,6% ʠ 2%, ʧʦʰʪʦ ʩʝ 

ʩʪʨʫʿʝ ʚʠʰʠʭ ʭʘʨʤʦʥʠʢʘ ʩʤʘˁʫʿʫ ʩʘ ʧʦʚʝ˂ʘˁʝʤ i. ʉʪʨʫʿʘ ʜʦʩʪʠʞʝ ʩʚʦʿ ʤʘʢʩʠʤʫʤ (ʿʝʜʥʘʢ ʟʙʠʨʫ 

ʩʪʨʫʿʘ ʩʚʠʭ LED ʩʚʝʪʠˀʢʠ) ʫ ʢʘʙʣʫ ʢʦʿʠ ʧʦʚʝʟʫʿʝ ʨʘʟʚʦʜʥʠ ʦʨʤʘʥ ʠ ʧʨʚʠ ʩʪʫʙ, ʛʜʝ ʩʫ ʦʜʩʪʫʧʘˁʘ 

ʦʜ ʠʤʧʝʜʘʥʩʝ ʩʘʤʦ 0,13% ʟʘ ʨʝʘʣʥʠ ʜʝʦ ʠ 0,000507% ʟʘ ʠʤʘʛʠʥʘʨʥʠ ʜʝʦ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʥʘ 

ʜʘˀʠʤ ʩʪʫʙʦʚʠʤʘ, ʛʜʝ ʩʫ ʦʜʩʪʫʧʘˁʘ ʠʤʧʝʜʘʥʩʝ ʚʝ˂ʘ, ʩʪʨʫʿʝ ʩʫ ʤʘˁʝ. ʋʟ ʪʦ, ʫ ʨʝʘʣʠʩʪʠʯʥʠʿʦʿ 

ʠʥʩʪʘʣʘʮʠʿʠ ʩʘ 50 ʩʪʫʙʦʚʘ ʠ ʨʘʩʪʦʿʘˁʝʤ ʠʟʤʝʹʫ ʩʪʫʙʦʚʘ ʦʜ 50 m ʥʘʿʚʝ˂ʝ ʦʜʩʪʫʧʘˁʝ (ʟʘ 50. 

ʭʘʨʤʦʥʠʢ ʥʘ ʥʘʿʫʜʘˀʝʥʠʿʝʤ (50.) ʩʪʫʙʫ) ʠʟʥʦʩʠ 4,58% ʟʘ ʨʝʘʣʥʠ ʜʝʦ ʠʤʧʝʜʘʥʩʝ ʠ 0,48% ʟʘ ˁʝʥ 

ʠʤʘʛʠʥʘʨʥʠ ʜʝʦ. 
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ʉʣʠʢʘ 3. ɼʝʚʠʿʘʮʠʿʘ ʨʝʘʣʥʦʛ ʠ ʠʤʘʛʠʥʘʨʥʦʛ ʜʝʣʘ ʝʢʚʠʚʘʣʝʥʪʥʝ ʠʤʧʝʜʘʥʩʝ ʙʝʟ ʫʟʠʤʘˁʘ ʫ 

ʦʙʟʠʨ ʢʘʧʘʮʠʪʠʚʥʦʩʪʠ ʥʘ 100. ʩʪʫʙʫ 

 

4.3.3 ʇʨʠʤʝʥʘ ʨʘʟʚʠʿʝʥʦʛ ʤʦʜʝʣʘ ʥʘ ʪʨʦʬʘʟʥʫ ʠʥʩʪʘʣʘʮʠʿʫ ʫʣʠʯʥʦʛ LED ʦʩʚʝʪˀʝˁʘ 

 

ɽʢʚʠʚʘʣʝʥʪʥʦ ʢʦʣʦ (ʤʦʜʝʣ ʠʤʧʝʜʘʥʩʝ) ʟʘ ʿʝʜʥʦʩʪʨʘʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ (ʧʨʠʢʘʟʘʥo ʥʘ 

ʩʣʠʮʠ 2), ʢʦʿʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʦʩʥʦʚʥʝ ʠ ʚʠʰʝ ʭʘʨʤʦʥʠʢʝ, ʧʨʝʜʩʪʘʚˀʝʥʦ ʿʝ ʥʘ ʩʣʠʮʠ 4. ʉʣʠʯʥʦ 

ʝʢʚʠʚʘʣʝʥʪʥʦ ʢʦʣʦ ʩʝ ʣʘʢʦ ʤʦʞʝ ʜʦʙʠʪʠ ʠ ʟʘ ʪʨʦʬʘʟʥʠ ʮʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ (ʧʨʠʢʘʟʘʥ 

ʥʘ ʩʣʠʮʠ 2ʙ). ʀʥʩʪʘʣʘʮʠʿʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʩʝ ʠʟ ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ ʥʘʧʘʿʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ 

ʢʘʙʣʦʚʠʤʘ. ʉʨʝʜʝˁʥʘʧʦʥʩʢʘ ʤʨʝʞʘ ʥʘʧʘʿʘˁʘ ʠ ʢʘʙʣ, ʝʥʝʨʛʝʪʩʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʠ ʢʘʙʣʦʚʠ ʜʦ 

ʨʘʟʚʦʜʥʝ ʢʫʪʠʿʝ ʤʦʜʝʣʦʚʘʥʠ ʩʫ ʝʢʚʠʚʘʣʝʥʪʥʠʤ ʊʝʚʝʥʝʥʦʚʠʤ ʛʝʥʝʨʘʪʦʨʠʤʘ. ʅʘʧʦʥ ʛʝʥʝʨʘʪʦʨʘ 

(ʦʟʥʘʯʝʥ ʩʘ UDB) ʿʝʜʥʘʢ ʿʝ ʠʟʤʝʨʝʥʦʤ ʥʘʧʦʥʫ ʫ ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ ʫ ʩʣʫʯʘʿʫ ʥʫʣʪʦʛ ʦʧʪʝʨʝ˂ʝˁʘ, 

ʘ ˁʝʛʦʚʘ ʠʤʧʝʜʘʥʩʘ (ʦʟʥʘʯʝʥʘ ʩʘ Zsc) ʿʝʜʥʘʢʘ ʿʝ ʟʙʠʨʫ ʠʤʧʝʜʘʥʩʠ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʭ 

ʝʣʝʤʝʥʘʪʘ ʤʨʝʞʝ. ʆʩʥʦʚʥʠ ʭʘʨʤʦʥʠʢ ʥʘʧʦʥʘ ʊʝʚʝʥʝʥʦʚʦʛ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠʙʣʠʞʥʦ ʿʝ ʿʝʜʥʘʢ 

ʥʘʟʠʚʥʦʤ ʥʘʧʦʥʫ, ʘ ʊʝʚʝʥʝʥʦʚʘ ʠʤʧʝʜʘʥʩʘ ʦʜʛʦʚʘʨʘ ʢʣʘʩʠʯʥʦ ʿʠʤʧʝʜʘʥʩʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʢʦʿʘ 

ʩʝ ʦʜʥʦʩʠ ʥʘ ʨʘʟʚʦʜʥʠ ʦʨʤʘʥ. ɿʘ ʚʠʰʝ ʭʘʨʤʦʥʠʢʝ ʧʦʩʪʦʿʠ ʠ ʥʘʧʦʥ ʫ ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ ʫ 

ʩʣʫʯʘʿʫ ʥʫʣʪʦʛ ʦʧʪʝʨʝ˂ʝˁʘ, ʟʙʦʛ ʜʨʫʛʠʭ ʥʝʣʠʥʝʘʨʥʠʭ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʿʘ ʧʦʩʪʦʿʝ ʫ ʤʨʝʞʠ ʠʟ ʢʦʿʝ 

ʩʝ ʥʘʧʘʿʘ ʫʣʠʯʥʦ ʦʩʚʝʪˀʝˁʝ. ʇʘʜʦʚʠ ʥʘʧʦʥʘ ʥʘ ʩʚʘʢʦʿ ʬʘʟʠ ʥʘ ʜʝʣʫ ʢʘʙʣʘ ʠʟʤʝʹʫ ʨʘʟʚʦʜʥʦʛ 

ʦʨʤʘʥʘ ʠ ʧʨʚʦʛ ʩʪʫʙʘ, ʢʘʦ ʠ ʥʘ ʩʚʘʢʦʤ ʜʝʣʫ ʢʘʙʣʘ ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ ʩʪʫʙʦʚʘ, ʨʝʟʫʣʪʘʪ ʩʫ ʩʪʨʫʿʘ 

ʫ ʩʚʝ ʪʨʠ ʬʘʟʝ ʢʘʙʣʘ (ʟʙʦʛ ʤʘʛʥʝʪʩʢʝ ʩʧʨʝʛʝ), ʰʪʦ ʿʝ ʠʣʫʩʪʨʦʚʘʥʦ ʥʘ ʩʣʠʮʠ 4ʘ ʟʘ ʜʝʦ ʢʘʙʣʘ 

ʠʟʤʝʹʫ ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ ʠ ʧʨʚʦʛ ʩʪʫʙʘ. 

 
a) 
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ʙ) 

 

ʉʣʠʢʘ 4. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʤʦʜʝʣʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʨʠʤʝʨ ʪʨʦʬʘʟʥʦʛ ʿʝʜʥʦʩʪʨʘʥʦʛ 

ʨʘʩʧʦʨʝʜʘ ʩʘ 7 ʩʪʫʙʦʚʘ (ʩʚʝʪʠˀʢʠ): ʟʘ ʦʩʥʦʚʥʠ ʭʘʨʤʦʥʠʢ (ʘ) ʠ ʟʘ ʚʠʰʝ ʭʘʨʤʦʥʠʢʝ (ʟʘ ʩʚʘʢʠ 

ʭʘʨʤʦʥʠʢ (h) ʫʩʧʦʩʪʘʚˀʘ ʩʝ ʧʦʩʝʙʥʦ ʢʦʣʦ) (ʙ) 

 

ʆʙʿʘʰˁʝˁʝ ʘʩʠʤʝʪʨʠʿʝ ʬʘʟʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʧʦʣʘʟʠ ʦʜ ʧʨʝʪʧʦʩʪʘʚʢʝ ʜʘ ʿʝ ʬʫʥʜʘʤʝʥʪʘʣʥʘ 

ʩʪʨʫʿʘ ʧʨʚʝ ʩʚʝʪʠˀʢʝ (ʦʟʥʘʯʝʥʘ ʩʘ L1 ʥʘ ʩʣʠʮʠ 4), ʢʦʿʘ ʿʝ ʧʦʚʝʟʘʥʘ ʥʘ ʬʘʟʫ ɸ, ʿʝʜʥʘʢʘ: 

(1)

(1)

1 ,
*A

A

L

DB

P jQ
I

U

+
=       (21) 

ʛʜʝ ʩʫ P ʠ Q ʘʢʪʠʚʥʘ ʠ ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʦʩʥʦʚʥʦʛ ʭʘʨʤʦʥʠʢʘ ʩʚʝʪʠˀʢʝ. ʂʘʦ ʧʦʿʝʜʥʦʩʪʘʚˀʝˁʝ 

ʿʝ ʫʩʚʦʿʝʥʦ ʜʘ ʩʫ ʝʬʝʢʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʠ ʬʘʟʥʠ ʫʛʣʦʚʠ ʦʩʥʦʚʥʦʛ ʭʘʨʤʦʥʠʢʘ ʩʪʨʫʿʝ ʿʝʜʥʘʢʠ ʟʘ 

ʩʚʝ ʩʚʝʪʠˀʢʝ ʫ ʨʘʟʤʘʪʨʘʥʦ ʿʠʥʩʪʘʣʘʮʠʿʠ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ, ʦʜʥʦʩʥʦ ʜʘ ʥʘ ˁʠʭ ʥʝ ʫʪʠʯʫ ʤʘʣʝ 

ʧʨʦʤʝʥʝ ʥʘʧʦʥʘ ʫʩʣʝʜ ʧʘʜʦʚʘ ʥʘʧʦʥʘ. ʅʘʧʦʥ UDB_A(1) ʿ ʝ ʠʟʤʝʨʝʥʠ ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʥʘʧʦʥ ʤʨʝʞʝ 

ʭʘʨʤʦʥʠʢʘ ʬʘʟʝ ɸ ʫ ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ. ʋ ʬʘʟʠ ʧʨʦʿʝʢʪʦʚʘˁʘ ʫʟʠʤʘ ʩʝ ʜʘ ʿʝ ʿʝʜʥʘʢ ʥʘʟʠʚʥʦʤ 

ʥʘʧʦʥʫ.  

ɽʬʝʢʪʠʚʥʘ ʚʨʝʜʥʦʩʪ ʩʪʨʫʿʝ ʩʚʘʢʝ ʩʚʝʪʠˀʢʝ ʟʘ h-ʪʠ ʭʘʨʤʦʥʠʢ ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ 

ʢʦʨʠʰ˂ʝˁʝʤ ʩʣʝʜʝ˂ʝ ʿʝʜʥʘʯʠʥʝ: 

( ) (1)

1_ ( )[%]

1 1 ,
100A h A

L A h

L L

i
I I= Ö      (22) 

ʢʦʿa ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʠʟʤʝʨʝʥʦʿ ʧʨʦʮʝʥʪʫʘʣʥʦ ʿʚʨʝʜʥʦʩʪʠ ʩʚʘʢʦʛ ʩʪʨʫʿʥʦʛ ʭʘʨʤʦʥʠʢʘ. ʂʘʦ ʰʪʦ ʿʝ 

ʦʙʿʘʰˁʝʥʦ ʫ ʜʘˀʝʤ ʪʝʢʩʪʫ, ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʩʫ ʝʬʝʢʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʩʚʠʭ ʩʪʨʫʿʥʠʭ 

ʭʘʨʤʦʥʠʢʘ ʠʩʪʦʛ ʨʝʜʘ ʿʝʜʥʘʢʝ ʟʘ ʩʚʝ ʩʚʝʪʠˀʢʝ ʫ ʨʘʟʤʘʪʨʘʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ 

(ʚʠʜʝʪʠ ʧʦʛʣʘʚˀʘ 4.4.3 ʠ 4.5). ʇʨʝʪʧʦʩʪʘʚˀʥʦ ʿʝ ʜʘ ʬʘʟʥʠ ʫʛʣʦʚʠ ʩʪʨʫʿʥʠʭ ʭʘʨʤʦʥʠʢʘ ʟʘʚʠʩʝ 

ʦʜ ʬʘʟʘ ʦʩʥʦʚʥʦʛ ʭʘʨʤʦʥʠʢʘ ʥʘʧʦʥʘ ʫ ʪʘʯʢʠ ʧʨʠʢˀʫʯʢʘ ʩʚʝʪʠˀʢʝ, ʟʙʦʛ ʯʝʛʘ ʩʝ ʬʘʟʥʠ ʫʛʣʦʚʠ 

ʩʪʨʫʿʥʠʭ ʭʘʨʤʦʥʠʢʘ ʨʘʟʣʠʢʫʿʫ ʦʜ ʿʝʜʥʦʛ ʜʦ ʜʨʫʛʦʛ ʩʪʫʙʘ. ʆʚʦ ʯʠʥʠ ʧʨʦʮʝʜʫʨʫ ʧʨʦʨʘʯʫʥʘ 

ʢʦʤʧʣʠʢʦʚʘʥʠʿʦʤ, ʘʣʠ ʥʝʦʧʭʦʜʥʦʤ ʧʦʰʪʦ ʬʘʟʥʠ ʧʦʤʝʨʘʿ ʩʪʨʫʿʥʠʭ ʭʘʨʤʦʥʠʢʘ ʠʤʘ ʟʥʘʯʘʿʘʥ 

ʫʪʠʮʘʿ (ʠʟʨʘʞʝʥ ʫ ʧʨʦʮʝʥʪʠʤʘ) ʥʘ ʤʘʣʝ ʚʨʝʜʥʦʩʪʠ ʭʘʨʤʦʥʠʢʘ ʥʘʧʦʥʘ ʫ ʯʚʦʨʦʚʠʤʘ.  
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ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʩʘ ʩʣʠʢʝ 4, ʟʘ ʚʝ˂ʠʥʫ ʩʝʛʤʝʥʘʪʘ ʠʟʤʝʹʫ ʩʪʫʙʦʚʘ ʩʪʨʫʿʝ ʫ ʬʘʟʘʤʘ 

A, B ʠ C ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ ʥʠʩʫ ʿʝʜʥʘʢʝ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʙʨʦʿʘ ʩʪʫʙʦʚʘ, ʩʪʨʫʿʘ ʩʝ ʪʘʢʦʹʝ ʤʦʞʝ 

ʨʘʟʣʠʢʦʚʘʪʠ ʫ ʪʨʠ ʬʘʟʝ ʜʝʣʘ ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ ʠʟʤʝʹʫ ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ ʠ ʧʨʚʦʛ ʩʪʫʙʘ (ʦʚʦ ʚʘʞʠ 

ʟʘ ʿʝʜʥʦʩʪʨʘʥʠ ʨʘʩʧʦʨʝʜ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 4).  

ʂʘʦ ʰʪʦ ʿʝ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦ, ʟʙʦʛ ʘʩʠʤʝʪʨʠʿʝ ʩʪʨʫʿʘ ʫ ʜʝʣʦʚʠʤʘ ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ ʫ 

ʩʣʫʯʘʿʝʚʠʤʘ ʨʘʟʣʠʯʠʪʠʭ ʩʝʛʤʝʥʘʪʘ, ʧʦʛʦʜʥʦ ʿʝ ʪʨʘʥʩʬʦʨʤʠʩʘʪʠ A, B, C ʩʠʩʪʝʤ ʫ d, i, 0 ʩʠʩʪʝʤ 

ʫ ʩʚʘʢʦʤ ʜʝʣʫ ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ. ɿʘ N-ʪʠ ʜʝʦ, ʢʦʿʠ ʦʟʥʘʯʘʚʘ ʚʨʝʜʥʦʩʪʠ ʩʪʨʫʿʥʦʛ ʭʘʨʤʦʥʠʢʘ h ʫ 

ʦʚʦʤ ʜʝʣʫ ʩʘ 
( )A hNI , 

( )B hNI  ʠ 
( )C hNI , ʦʜʛʦʚʘʨʘʿʫ˂ʝ d, i ʠ 0 ʢʦʤʧʦʥʝʥʪʝ ʩʪʨʫʿʝ ʠʟʥʦʩʝ: 
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    (23) 

ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʬʘʟʥʝ ʩʪʨʫʿʝ ʫ ʩʚʠʤ ʜʝʣʦʚʠʤʘ ʢʘʙʣʘ (ʟʘ ʩʚʝ ʩʝʛʤʝʥʪʝ) ʠ ʟʘ ʩʚʝ ʨʝʣʝʚʘʥʪʥʝ 

ʭʘʨʤʦʥʠʢʝ (ʦʜ 1. ʜʦ 50.) ʪʨʘʥʩʬʦʨʤʠʰʫ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʩʪʨʫʿʝ ʫ d, i ʠ 0 ʩʠʩʪʝʤʫ.  

ʅʘʧʦʥʠ ʥʘ ʢʨʘʿʫ ʩʚʘʢʦʛ ʜʝʣʘ ʢʘʙʣʘ (ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ ʜʘˀʝʛ ʩʪʫʙʘ) ʠ ʟʘ ʩʚʝ ʭʘʨʤʦʥʠʢʝ 

ʤʦʛʫ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʩʣʝʜʝ˂ʠʭ ʿʝʜʥʘʯʠʥʘ: 

ï ʟʘ ʧʨʚʠ ʩʪʫʙ: 

0( ) 0( ) 0( ) 0( )

( ) ( )( ) ( )

( ) ( )( ) ( )
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0 0

0 0
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   (24) 

ï ʟʘ N-ʪʠ ʩʪʫʙ (N > 1): 

0( ) 0( ) 0( ) 0( )
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0 0
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  (25) 

ʛʜʝ ʤʘʪʨʠʮʝ ʠʤʧʝʜʘʥʩʠ ʩʘʜʨʞʝ ʨʝʜʥʝ ʠʤʧʝʜʘʥʩʝ ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ. ʇʦʰʪʦ ʝʿ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʜʘ 

ʧʦʩʪʦʿʠ ʩʠʤʝʪʨʠʿʘ ʫ ʢʘʙʣʫ, ʚʘʥʜʠʿʘʛʦʥʘʣʥʠ ʝʣʝʤʝʥʪʠ ʩʫ ʿʝʜʥʘʢʠ ʥʫʣʠ ʠ ʧʦʩʪʦʿʝ ʩʣʝʜʝ˂ʝ 

ʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʠʤʧʝʜʘʥʩʠ ʫ 0, d, i ʩʠʩʪʝʤʫ ʠ ʫ ʩʠʩʪʝʤʫ A, B, C: ,A B CZ Z Z= =  

,AB BC CAZ Z Z= =  0 2A ABZ Z Z= +  ʠ d i A ABZ Z Z Z= = -  [1]. 

ʇʨʠʤʝʥʦʤ ʧʨʝʜʩʪʘʚˀʝʥʦʛ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʘ, ʢʦʤʧʣʝʢʩʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ (ˁʝʛʦʚ 

ʦʩʥʦʚʥʠ ʠ ˁʝʛʦʚʠ ʚʠʠh ʭʘʨʤʦʥʠʮʠ), ʢʦʿʝ ʩʘʜʨʞʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʝʬʝʢʪʠʚʥʦ ʿʚʨʝʜʥʦʩʪʠ ʠ 

ʬʘʟʥʦʤ ʫʛʣʫ, ʤʦʛʫ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʫ ʩʚʘʢʦʤ ʦʜ ʯʚʦʨʦʚʘ ʫ d, i ʠ 0 ʩʠʩʪʝʤʠʤʘ. ʂʦʥʘʯʥʦ, ʧʨʠʤʝʥʦʤ 

ʠʥʚʝʨʟʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʠʟ d, i, 0 ʫ A, B, C ʩʠʩʪʝʤ (ʿʝʜʥʘʯʠʥʘ 20), ʤʦʛʫ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʩʚʝ 

ʭʘʨʤʦʥʠʿʩʢʝ ʢʦʤʧʦʥʝʥʪʝ ʬʘʟʥʠʭ ʥʘʧʦʥʘ ʫ ʩʚʠʤ ʯʚʦʨʦʚʠʤʘ.  

ʈʘʟʚʠʿʝʥʠ ʩʦʬʪʚʝʨ ʿʝ ʥʘʧʠʩʘʥ ʫ MATLAB-ʫ. ʈʘʯʫʥʘˁʝ ʩʝ ʚʨʰʠ ʟʘ ʩʚʘʢʦ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ 

ʩʪʫʙʦʚʘ (ʩʚʘʢʠ ʩʝʛʤʝʥʪ) ʧʦʩʝʙʥʦ, ʟʙʦʛ ʯʝʛʘ ʧʨʦʨʘʯʫʥ ʥʝ ʪʨʘʿʝ ʜʫʛʦ ʯʘʢ ʠ ʟʘ ʚʝʣʠʢʠ ʙʨʦʿ ʩʪʫʙʦʚʘ 

ʠ ʥʝ ʟʘʭʪʝʚʘ ʧʦʩʝʙʥʝ ʨʘʯʫʥʘʨʩʢʝ ʨʝʩʫʨʩʝ. ʅʘʧʦʤʝʥʝ:  

1. ʋʪʠʮʘʿ ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ ʥʘʧʘʿʘˁʘ ʥʘ ʜʠʩʪʦʨʟʠʿʫ ʩʪʨʫʿʝ LED ʩʚʝʪʠˀʢʝ ʿʝ ʟʘʥʝʤʘʨʝʥʦ. 

ʊʦ ʤʦʞʝ ʙʠʪʠ ʠʩʪʨʘʞʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʣʠ ʤʦʜʝʣʦʚʘˁʝʤ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʣʘ LED ʩʚʝʪʠˀʢʠ, 

ʢʦʿʝ ʩʘʜʨʞʠ ʝʣʝʢʪʨʦʥʩʢʠ ʜʨʘʿʚʝʨ ʠ ʜʠʦʜʝ, ʰʪʦ ʿʝ ʚʘʥ ʦʢʚʠʨʘ ʦʚʦʛʘ ʠʩʪʨʘʞʠʚʘˁʘ.  

2. ʅʘʧʦʥ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ LED ʩʚʝʪʠˀʢʝ ʤʦʞʝ ʩʝ ʣʘʢʦ ʫʪʚʨʜʠʪʠ ʜʦʜʘʚʘˁʝʤ ʧʘʜʘ ʥʘʧʦʥʘ 

ʥʘ ʢʘʙʣʫ ʩʚʝʪʠˀʢʝ ʧʦʩʪʘʚˀʝʥʦʤ ʢʨʦʟ ʩʪʫʙ ʥʘʧʦʥʫ ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ ʥʘ ʜʥʫ ʩʪʫʙʘ. ʆʚʘʢʘʚ 

ʧʨʦʨʘʯʫʥ ʥʘʧʦʥʘ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ LED ʩʚʝʪʠˀʢʠ ʧʨʠʤʝˁʝʥ ʿʝ ʫ ʘʥʘʣʠʟʠ ʫ ʧʦʛʣʘʚˀʫ 4.5. 
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4.4 ɽʢʩʧʝʨʠʤʝʥʪʠ ʠʟʚʝʜʝʥʠ ʥʘ ʠʥʩʪʘʣʘʮʠʿʠ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ 
 

4.4.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ 

 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʩʫ ʠʟʚʨʰʝʥʠ ʥʘ ʜʚʘ ʜʝʣʘ ʠʥʩʪʘʣʘʮʠʿʝ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʢʦʫʿ 

ʢʘʨʘʢʪʝʨʠʰʝ ʿʝʜʥʦʩʪʨʘʥʠ ʨʘʩʧʦʨʝʜ ʩʚʝʪʠˀʢʠ (ʬʦʪʦʛʨʘʬʠʿʝ ʩʘ ʪʝʨʝʥʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʥʘ 

ʩʣʠʮʠ 5). ʇʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʘʣʫʤʠʥʠʿʫʤʩʢʠʭ ʧʨʦʚʦʜʥʠʢʘ ʫ ʥʘʧʦʿʥʦʤ ʢʘʙʣʫ (ʢʦʿʠ ʩʧʘʿʘ ʩʪʫʙʦʚʝ 

ʠ ʢʦʿʠ ʩʝ ʥʘʧʘʿʘ ʠʟ ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ), ʢʦʿʠ ʩʝ ʥʘʧʘʿʘʿʫ ʠʟ ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ ʿʘʚʥʦʛ ʦʩʚʝʪˀʝˁʘ, 

ʠʟʥʦʩʠʦ ʿʝ 35 mm2. ʂʘʙʣ ʦʚʦʛ ʪʠʧʘ ʠ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʿʝ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥ ʟʘ ʠʥʩʪʘʣʘʮʠʿʝ 

ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ. ʇʨʘʢʩʘ ʢʦʿʘ ʪʨʘʿʝ ʜʝʮʝʥʠʿʘʤʘ ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ 

ʟʘʜʦʚʦˀʘʚʘ ʟʘʭʪʝʚʝ ʫ ʧʦʛʣʝʜʫ ʫʢʫʧʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ, ʧʘʜʦʚʘ ʥʘʧʦʥʘ ʠ ʟʘʰʪʠʪʝ ʦʜ ʝʣʝʢʪʨʠʯʥʦʛ 

ʫʜʘʨʘ, ʟʙʦʛ ʯʝʛʘ ˁʝʛʦʚ ʧʨʝʩʝʢ ʥʠʿʝ ʠʟʨʘʯʫʥʘʪ (ʫʤʝʩʪʦ ʪʦʛʘ, ʧʨʦʚʝʨʘʚʘ ʩʝ ʩʘʤʦ ʜʘ ʣʠ ʿʝ ʩʚʘʢʠ ʦʜ 

ʦʚʠʭ ʟʘʭʪʝʚʘ ʠʩʧʫˁʝʥ). ʋʧʦʪʨʝʙʘ ʢʘʙʣʦʚʘ ʩʘ ʬʠʢʩʥʠʤ ʧʦʧʨʝʯʥʠʤ ʧʨʝʩʝʢʦʤ ʦʣʘʢʰʘʚʘ 

ʦʜʨʞʘʚʘˁʝ ʠʥʩʪʘʣʘʮʠʿʘ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ ʠ ʧʨʝʜʩʪʘʚˀʘ ʫʦʙʠʯʘʿʝʥʫ ʧʨʘʢʩʫ ʰʠʨʦʤ 

ʩʚʝʪʘ. 
 

 ʘ)  ʙ) 

 ʚ)  ʛ) 

ʉʣʠʢʘ 5. ʌʦʪʦʛʨʘʬʠʿʝ ʫʩʣʠʢʘʥʝ ʥʘ ʤʝʩʪʫ ʠʟʚʦʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ 

ʘ) ɱʝʜʥʦʩʪʨʘʥʠ ʨʘʩʧʦʨʝʜ ʠʥʩʪʘʣʘʮʠʿʝ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʩʧʦʿʝʥʝ ʥʘ ʿʝʜʥʫ ʬʘʟʫ, ʙ) ʨʘʟʚʦʜʥʠ 

ʦʨʤʘʥ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʩʘ Circutor MYeBOX 1500 ʩʘ CP-5 ʩʪʨʫʿʥʠʤ ʩʝʥʟʦʨʠʤʘ, ʚ) 

Circutor AR5L ʩʘ CP-5 ʩʪʨʫʿʥʠʤ ʩʝʥʟʦʨʠʤʘ ʟʘ ʤʝʨʝˁʝ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʧʦʿʝʜʠʥʘʯʥʠʭ 

ʩʚʝʪʠˀʢʠ, ʛ) Fluke 434 ʘʥʘʣʠʟʘʪʦʨ ʟʘ ʤʝʨʝˁʝ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʩʚʝʪʠˀʢʝ ʧʦʩʪʘʚˀʝʥʝ 

ʥʘ ʧʦʩʣʝʜˁʠ ʩʪʫʙ 
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ʉʚʘʢʘ ʩʚʝʪʠˀʢʘ ʩʝ ʥʘʧʘʿʘʣʘ ʩʘ ʧʨʠʢˀʫʯʘʢʘ ʩʤʝʰʪʝʥʠʭ ʥʘ ʜʥʫ ʩʪʫʙʘ ʿʝʜʥʦʬʘʟʥʠʤ 

ʧʨʦʚʦʜʥʠʢʦʤ 3 Ĭ 2,5 mm2, ʜʫʞʠʥʝ 7 m.  

ʇʦʩʪʦʿʘʣʝ ʩʫ ʜʚʝ ʛʨʫʧʝ ʤʝʨʝˁʘ, ʿʝʜʥʘ ʥʘ ʜʝʣʫ ʫʣʠʮʝ ʩʘ 6 LED ʩʚʝʪʠˀʢʠ ʧʨʠʜʨʫʞʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K, ʩʚʘʢʘ ʩʥʘʛʝ 85 W ʠ ʜʨʫʛʘ ʥʘ ʜʝʣʫ ʫʣʠʮʝ ʩʘ 5 LED ʩʚʝʪʠˀʢʠ 

ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K, ʩʚʘʢʘ ʩʥʘʛʝ 80 W (ʩʚʝʪʠˀʢʝ ʩʘ LED ʧʘʢʝʪʠʤʘ ʭʣʘʜʥʦ-

ʙʝʣʝ ʙʦʿʝ ʥʠʩʫ ʪʝʩʪʠʨʘʥʝ ʟʙʦʛ ʥʝʛʘʪʠʚʥʠʭ ʨʝʘʢʮʠʿʘ ʿʘʚʥʦʩʪʠ ʫ ʚʝʟʠ ʩʘ ʦʚʘʢʚʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ [31]). ʋ ʦʙʘ ʩʣʫʯʘʿʘ ʩʚʘʢʘ ʩʚʝʪʠˀʢʘ ʧʦʩʪʘʚˀʝʥʘ ʿʝ ʥʘ ʧʦʩʝʙʥʦʤ ʩʪʫʙʫ. ɿʘ 

ʚʨʝʤʝ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʘʤʦ ʩʫ LED ʩʚʝʪʠˀʢʝ ʙʠʣʝ ʧʦʚʝʟʘʥʝ ʜʦ ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ. ʈʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ 

ʩʪʫʙʦʚʘ ʙʠʣʦ ʿʝ ʦʢʦ 30 m. ɼʫʞʠʥʘ ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ ʠʟʤʝʹʫ ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ ʠ ʧʨʚʦʛ ʩʪʫʙʘ ʜʝʣʘ 

ʫʣʠʮʝ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʠʟʥʦʩʠʣʘ ʿ ʝ 79 m, ʘ ʠʟʤʝʹʫ ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ ʠ ʧʨʚʦʛ 

ʩʪʫʙʘ ʜʝʣʘ ʫʣʠʮʝ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ 349 m.  

ʂʦʥʚʝʥʮʠʦʥʘʣʥʠ ʜʨʘʿʚʝʨ ʿʝ ʪʠʧʘ PISE-A110A (LG Innotek). ɳʝʛʦʚʝ ʠʟʣʘʟʥʝ ʝʣʝʢʪʨʠʯʥʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʫ: 110 W, 68ï110 Vdc, 1 A. THD ʠʟʥʦʩʠ 20% ʧʨʠ ʥʘʟʥʘʯʝʥʦʿ ʩʥʘʟʠ. ʆʧʩʝʛ 

ʫʣʘʟʥʦʛ ʥʘʧʦʥʘ ʿʝ ʚʝʦʤʘ ʰʠʨʦʢ (ʠʟʥʦʩʠ ʜʦ 120ï277 Vac), ʟʙʦʛ ʯʝʛʘ ʬʘʢʪʦʨ ʩʥʘʛʝ ʤʦʞʝ ʙʠʪʠ 

ʧʘʩʪʠ ʠ ʜʦ 0.4 ʧʨʠ 90% ʩʤʘˁʝʥʦʿ ʠʟʣʘʟʥʦʿ ʩʥʘʟʠ. ɼʨʘʿʚʝʨ ʩʘ ʧʦʙʦˀʰʘʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ 

ʧʨʠ ʜʠʤʦʚʘˁʫ ʿʝ ʪʠʧʘ Xi FP 150 W 0.3ï1.0 A SNLDAE 230 V S240 sXt (PHILIPS Xitanium). 

ʆʧʩʝʛ ʠʟʣʘʟʥʦʛ ʥʘʧʦʥʘ ʿʝ 186ï250 Vdc, ʘ THD ʠʟʥʦʩʠ ʩʘʤʦ 7% ʧʨʠ ʥʘʟʥʘʯʝʥʦʿ ʩʥʘʟʠ. ʆʧʩʝʛ 

ʫʣʘʟʥʦʛ ʥʘʧʦʥʘ ʿ ʝ 202ï254 Vac (ʤʥʦʛʦ ʫʞʠ ʥʝʛʦ ʫ ʩʣʫʯʘʿʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʛ ʜʨʘʿʚʝʨʘ). ɼʝʪʘˀʥʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʙʘ ʪʠʧʘ ʜʨʘʿʚʝʨʘ ʤʦʛʫ ʩʝ ʥʘ˂ʠ ʫ ʪʝʭʥʠʯʢʠʤ ʧʦʜʘʮʠʤʘ ʧʨʦʠʟʚʦʹʘʯʘ. ʀ ʿʝʜʘʥ ʠ 

ʜʨʫʛʠ ʢʦʤʝʨʮʠʿʘʣʥʠ ʜʨʘʿʚʝʨ ʠʤʘʿʫ CE ʩʝʨʪʠʬʠʢʘʪ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʩʫ ʧʨʦʠʟʚʝʜʝʥʠ ʫ ʩʢʣʘʜʫ ʩʘ 

ʩʪʘʥʜʘʨʜʠʤʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʝ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪʠ, ʦʜ ʢʦʿʠʭ ʩʝ ʿʝʜʘʥ (61000-3-2) ʙʘʚʠ 

ʭʘʨʤʦʥʠʿʩʢʦʤ ʝʤʠʩʠʿʦʤ ʩʪʨʫʿʝ (ˁʝʛʦʚʦ ʧʦʩʣʝʜˁʝ ʠʟʜʘˁʝ ʿʝ ʠʟ 2018. [32]).  

ʋ ʦʢʚʠʨʫ ʩʚʘʢʝ ʦʜ ʜʚʝ ʛʨʫʧʝ ʤʝʨʝˁʘ ʠʟʚʨʰʝʥʘ ʩʫ ʪʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʚʠ ʩʝ ʦʜʥʦʩʠʦ ʥʘ 

ʥʦʨʤʘʣʥʠ ʨʝʞʠʤ ʦʩʚʝʪˀʝˁʘ (ʥʠʚʦ ʩʿʘʿʥʦʩʪʠ ʿʝ ʙʠʦ 1,47 cd/m2 ʫ ʜʝʣʫ ʫʣʠʮʝ ʩʘ ʩʚʝʪʠˀʢʘʤʘ 

ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ, ʠ 1,49 cd/m2 ʫ ʜʝʣʫ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ, ʦʙʘ ʦʜʛʦʚʘʨʘʿʫ 

ʩʚʝʪʣʦʪʝʭʥʠʯʢʦʿ ʢʣʘʩʠ ʫʣʠʮʝ ʄ2 [12]). ʇʨʝʦʩʪʘʣʘ ʜʚʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʦʜʥʦʩʝ ʩʝ ʥʘ ʩʤʘˁʝʥʝ 

ʥʠʚʦʝ ʩʿʘʿʥʦʩʪʠ (1 cd/m2 ʠ 0,75 cd/m2, ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʢʣʘʩʘʤʘ ʄ3 ʠ ʄ4, 

ʨʝʩʧʝʢʪʠʚʥʦ [12]). ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʫ ʚʝ˂ʘ ʩʤʘˁʝˁʘ (ʟʘ ʚʠʰʝ ʦʜ ʜʚʝ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ 

ʢʣʘʩʝ) ʠʟʫʟʝʪʥʦ ʨʝʪʢʘ, ʯʘʢ ʠ ʪʦʢʦʤ ʢʘʩʥʠʭ ʥʦʥ˂ʠʭ ʩʘʪʠ. ʉʚʠ ʥʠʚʦʠ ʩʿʘʿʥʦʩʪʠ ʩʫ ʧʦʜʝʰʝʥʠ 

ʧʦʤʦ˂ʫ Owlet ʪʝʣʝʤʝʥʘ˅ʤʝʥʪ ʩʠʩʪʝʤʘ, ʨʘʟʚʠʿʝʥʦʛ ʦʜ ʩʪʨʘʥʝ Schréder ʛʨʫʧʝ [20]. ʉʚʝ ʩʚʝʪʠˀʢʝ 

ʫ ʩʚʘʢʦʤ ʦʜ ʜʚʘ ʜʝʣʘ ʫʣʠʮʝ ʙʠʣʝ ʩʫ ʧʨʠʢˀʫʯʝʥʝ ʥʘ ʠʩʪʫ ʬʘʟʫ ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ.  

ɿʘ ʧʦʪʨʝʙʝ ʤʝʨʝˁʘ ʢʦʨʠʰ˂ʝʥʘ ʩʫ ʪʨʠ ʤʨʝʞʥʘ ʘʥʘʣʠʟʘʪʦʨʘ (ʫʨʝʹʘʿʠ ʦʙʝʟʙʝʹʫʿʫ ʤʝʨʝˁʝ 

ʧʨʦʩʝʯʥʝ ʩʥʘʛʝ ʠ ʝʬʝʢʪʠʚʥʠʭ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʘ ʫ ʦʢʚʠʨʫ ʦʜʨʝʹʝʥʦʛ ʧʝʨʠʦʜʘ, ʢʘʦ ʠ 

ʩʥʠʤʘˁʝ ʪʘʣʘʩʥʠʭ ʦʙʣʠʢʘ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʘ ʠ ʭʘʨʤʦʥʠʢʘ (ʜʦ 50. ʭʘʨʤʦʥʠʢʘ) ʥʘ ʢʨʘʿʫ ʧʝʨʠʦʜʘ 

ʫʟʦʨʢʦʚʘˁʘ). ʄʨʝʞʥʠ ʘʥʘʣʠʟʘʪʦʨ Circutor MYeBOX 1500 ʩʘ CP-5 ʩʪʨʫʿʥʠʤ ʩʝʥʟʦʨʠʤʘ ʙʠʦ ʿʝ 

ʧʦʩʪʘʚˀʝʥ ʫ ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ ʠ ʤʝʨʠʦ ʿʝ ʩʪʨʫʿʫ ʫ ʢʘʙʣʫ ʢʦʿʠ ʥʘʧʘʿʘ ʩʚʝʪʠˀʢʝ ʠ ʥʘʧʦʥ ʫ 

ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ (ʥʘʧʦʥ ʤʨʝʞʝ). ɼʨʫʛʠ ʤʨʝʞʥʠ ʘʥʘʣʠʟʘʪʦʨ, Circutor AR5L ʩʘ CP-5 ʩʪʨʫʿʥʠʤ 

ʩʝʥʟʦʨʠʤʘ, ʢʦʨʠʰ˂ʝʥ ʿʝ ʟʘ ʤʝʨʝˁʝ ʩʪʨʫʿʝ ʠ ʥʘʧʦʥʘ, ʫ ʪʨʘʿʘˁʫ ʦʜ 4 ʜʦ 9 min. ʟʘ ʩʚʘʢʫ 

ʧʦʿʝʜʠʥʘʯʥʫ ʩʚʝʪʠˀʢʫ ʫ ʩʚʘʢʦʤ ʦʜ ʪʨʠ ʨʝʞʠʤʘ. ʊʨʝ˂ʠ ʫʨʝʹʘʿ (Fluke 434 Energy Analyzer) 

ʢʦʨʠʰ˂ʝʥ ʿʝ ʟʘ ʤʝʨʝˁʝ ʩʪʨʫʿʘ ʠ ʥʘʧʦʥʘ ʥʘ LED ʩʚʝʪʠˀʢʘʤʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ 

ʧʦʩʪʘʚˀʝʥʠʭ ʥʘ ʩʪʫʙʦʚʠʤʘ ʥʘʿʫʜʘˀʝʥʠʿʠʤ ʦʜ ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ. ʇʝʨʠʦʜ ʤʝʨʝˁʘ ʩʘ Circutor 

ʤʨʝʞʥʠʤ ʘʥʘʣʠʟʘʪʦʨʠʤʘ (ʠ MYeBOX 1500 ʠ AR5L) ʠʟʥʦʩʠʦ ʿʝ 1 min, ʜʦʢ ʿʝ ʟʘ Fluke ʤʨʝʞʥʠ 

ʘʥʘʣʠʟʘʪʦʨ ʠʟʥʦʩʠʦ 5 s. 

 

4.4.2 ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ  

 

ʇʨʚʠ ʤʝʨʥʠ ʫʨʝʹʘʿ (Circutor MYeBOX 1500) ʙʠʦ ʿʝ ʧʨʠʢˀʫʯʝʥ ʥʘ ʨʘʟʚʦʜʥʠ ʦʨʤʘʥ, ʜʨʫʛʠ 

(Fluke) ʥʘ ʥʘʿʫʜʘˀʝʥʠʿʠ ʩʪʫʙ ʦʜ ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ, ʜʦʢ ʿʝ ʪʨʝ˂ʠ (Circutor AR5L) ʧʦʤʝʨʘʥ ʩʘ 

ʿʝʜʥʦʛ ʩʪʫʙʘ ʥʘ ʜʨʫʛʠ, ʧʦʯʝʚʰʠ ʦʜ ʥʘʿʙʣʠʞʝʛ ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ. ʋ ʤʝʨʥʠʤ ʟʘʧʠʩʠʤʘ 
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ʜʦʙʠʿʝʥʠʤ ʪʨʝ˂ʠʤ ʤʝʨʥʠʤ ʫʨʝʹʘʿʝʤ ʧʦʩʪʦʿʝ ʧʝʨʠʦʜʠ ʩʘ ʥʫʣʪʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ (5 ʧʝʨʠʦʜʘ ʟʘ ʜʝʦ 

ʫʣʠʮʝ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʠ 4 ʧʝʨʠʦʜʘ ʟʘ ʜʝʦ ʫʣʠʮʝ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʪʦʧʣʦ-ʙʝʣʝ 

ʙʦʿʝ), ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʧʝʨʠʦʜʠʤʘ ʢʘʜʘ ʿʝ ʫʨʝʹʘʿ ʧʦʤʝʨʝʥ ʦʜ ʿʝʜʥʦʛ ʜʦ ʜʨʫʛʦʛ ʩʪʫʙʘ. ʂʘʦ 

ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʚʘʞʥʠ ʧʦʜʘʮʠ, THD ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ ʠʟʤʝʨʝʥʠ ʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʘ ʩʚʝʪʠˀʢʘʤʘ 

ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 6, ʘ ʟʘ ʩʚʝʪʠˀʢʝ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʥʘ ʩʣʠʮʠ 7. ʊʘʙʝʣʘ 

27 ʩʘʜʨʞʠ ʧʦʜʘʪʢʝ ʟʘ ʩʚʝʪʠˀʢʝ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʫ ʩʚʘʢʦʤ ʦʜ ʪʨʠ ʨʘʟʤʘʪʨʘʥʘ 

ʨʝʞʠʤʘ ʦʩʚʝʪˀʝˁʘ. ɼʘʪʝ ʧʨʦʩʝʯʥʝ ʘʢʪʠʚʥʝ, ʨʝʘʢʪʠʚʥʝ ʠ ʧʨʠʚʠʜʥʝ ʩʥʘʛʝ ʦʩʥʦʚʥʦʛ ʭʘʨʤʦʥʠʢʘ 

(P, Q ʠ S, ʨʝʩʧʝʢʪʠʚʥʦ) ʜʦʙʠʿʝʥʝ ʩʫ ʦʯʠʪʘʚʘˁʝʤ ʠʥʩʪʨʫʤʝʥʘʪʘ. ʇʨʝʦʩʪʘʣʝ ʩʥʘʛʝ ʩʫ ʠʟʨʘʯʫʥʘʪʝ 

ʥʘ ʦʩʥʦʚʫ ʠʟʤʝʨʝʥʠʭ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʘ, ʫ ʩʢʣʘʜʫ ʩʘ ʩʪʘʥʜʘʨʜʠʤʘ IEEE 1459 [22], DIN 40110 [23] 

ʠ ʪʝʦʨʠʿʠ ʬʠʟʠʯʢʠʭ ʢʦʤʧʦʥʝʥʪʠ ʩʪʨʫʿʘ (CPC ï Currentsô Physical Components) [33, 34]. ʋʢʫʧʥʘ 

ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʿʝ ʧʦʩʣʝʜʠʮʘ ʢʦʤʧʦʥʝʥʘʪʘ ʨʝʘʢʪʠʚʥʝ ʩʪʨʫʿʝ ʧʨʠ ʦʩʥʦʚʥʦʿ ʬʨʝʢʚʝʥʮʠʿʠ ʠ ʧʨʠ 

ʬʨʝʢʚʝʥʮʠʿʘʤʘ ʚʠʰʠʭ ʭʘʨʤʦʥʠʢʘ, ʜʦʢ ʿʝ ʨʘʩʠʧʥʘ ʩʥʘʛʘ ʧʨʦʫʟʨʦʢʦʚʘʥʘ ʧʨʦʤʝʥʦʤ ʝʢʚʠʚʘʣʝʥʪʥʝ 

ʢʦʥʜʫʢʪʘʥʩʝ ʧʦʪʨʦʰʘʯʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʬʨʝʢʚʝʥʮʠʿʘʤʘ ʭʘʨʤʦʥʠʢʘ. ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ 

ʧʨʠʢʘʟʘʥʠʭ ʫ ʪʘʙʝʣʠ 27, ʤʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʭʘʨʤʦʥʠʢʘ ʥʘ ʧʦʚʝ˂ʘˁʝ ʫʢʫʧʥʝ 

ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʠ ʩʤʘˁʝˁʝ ʬʘʢʪʦʨʘ ʩʥʘʛʝ, ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʦʩʥʦʚʥʦʛ ʭʘʨʤʦʥʠʢʘ. 

ʊʘʢʦʹʝ, ʟʥʘʯʘʿʥʦ ʩʤʘˁʝˁʝ ʥʠʚʦʘ ʩʿʘʿʥʦʩʪʠ ʧʨʘ˂ʝʥʦ ʿʝ ʟʥʘʯʘʿʥʠʤ ʩʤʘˁʝˁʝʤ ʬʘʢʪʦʨʘ ʩʥʘʛʝ 

ʩʚʝʪʠˀʢʝ. 

 

a) 

 

ʙ) 

ʉʣʠʢʘ 6. THD (ʠʟʨʘʞʝʥ ʫ %) ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ ʥʘ ʩʪʫʙʦʚʠʤʘ ʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʘ LED 

ʩʚʝʪʠˀʢʘʤʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʧʦʩʪʘʚˀʝʥʠʤ ʥʘ ʩʪʫʙʦʚʝ P1ïP6 
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a) 

ʙ) 

ʚ) 

 

ʉʣʠʢʘ 7. THD (ʠʟʨʘʞʝʥ ʫ %) ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ ʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʪʦʧʣʦ-ʙʝʣʝ 

ʙʦʿʝ ʧʦʩʪʘʚˀʝʥʠʤ ʥʘ ʩʪʫʙʦʚʝ P1ïP5 
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ʊʘʙʝʣʘ 27. ʉʥʘʛʝ ʩʚʝʪʠˀʢʠ ʩʘ ʬʘʢʪʦʨʠʤʘ ʩʥʘʛʝ ʫ ʨʘʟʤʘʪʨʘʥʠʤ ʨʝʞʠʤʠʤʘ ʦʩʚʝʪˀʝˁʘ 

 
ʊʠʧ LED 

ʯʠʧʦʚʘ 
ʉʥʘʛʘ 1,47 (1,49) cd/m2 1 cd/m2 0,75 cd/m2 

ʅʝʫʪʨʘʣʥʘ 

ʙʝʣʘ ʙʦʿʘ 

ʌʫʥʜʘʤʝʥʪʘʣʥʘ ʘʢʪʠʚʥʘ ʩʥʘʛʘ P (W) 84,7 50,3 34,0 

ʌʫʥʜʘʤʝʥʪʘʣʥʘ ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ Q (var) 20,6 19,5 18,7 

ʌʫʥʜʘʤʝʥʪʘʣʥʘ ʧʨʠʚʠʜʥʘ ʩʥʘʛʘ S (VA) 87,2 54,0 38,8 

ʌʫʥʜʘʤʝʥʪʘʣʥʠ ʬʘʢʪʦʨ ʩʥʘʛʝ (ʢʘʧʘʮʠʪʠʚʘʥ) 0,971 0,932 0,876 

ʋʢʫʧʥʘ ʘʢʪʠʚʥʘ ʩʥʘʛʘ Ptot (W) 84,8 50,3 34,0 

ʋʢʫʧʥʘ ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ Qtot (var) 25,0 22,5 21,2 

ʉʥʘʛʘ ʜʠʩʪʦʨʟʠʿʝ Ds (VA) 8,5 6,5 3,9 

ʋʢʫʧʥʘ ʧʨʠʚʠʜʥʘ ʩʥʘʛʘ Stot (VA) 88,8 55,6 40,3 

ʌʘʢʪʦʨ ʩʥʘʛʝ 0,954 0,905 0,844 

ʊʦʧʣʦ-ʙʝʣʘ 

ʙʦʿʘ 

ʌʫʥʜʘʤʝʥʪʘʣʥʘ ʘʢʪʠʚʥʘ ʩʥʘʛʘ P (W) 80,3 45,9 30,6 

ʌʫʥʜʘʤʝʥʪʘʣʥʘ ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ Q (var) 21,2 19,7 18,6 

ʌʫʥʜʘʤʝʥʪʘʣʥʘ ʧʨʠʚʠʜʥʘ ʩʥʘʛʘ S (VA) 83,1 49,9 35,8 

ʌʫʥʜʘʤʝʥʪʘʣʥʠ ʬʘʢʪʦʨ ʩʥʘʛʝ (ʢʘʧʘʮʠʪʠʚʘʥ) 0,967 0,919 0,855 

ʋʢʫʧʥʘ ʘʢʪʠʚʥʘ ʩʥʘʛʘ Ptot (W) 80,3 45,9 30,6 

ʋʢʫʧʥʘ ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ Qtot (var) 22,5 20,9 19,1 

ʉʥʘʛʘ ʜʠʩʪʦʨʟʠʿʝ Ds (VA) 6,4 5,4 4,5 

ʋʢʫʧʥʘ ʧʨʠʚʠʜʥʘ ʩʥʘʛʘ Stot (VA) 83,6 50,7 36,5 

ʌʘʢʪʦʨ ʩʥʘʛʝ 0,960 0,905 0,836 

 

ʂʦʤʝʥʪʘʨʠ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ: 

1. ʇʦʰʪʦ ʿʝ ʫʢʫʧʥʘ ʩʥʘʛʘ ʩʚʝʪʠˀʢʠ ʚʝʦʤʘ ʤʘʣʘ (ʫ ʧʫʥʦʤ ʨʝʞʠʤʫ ʦʪʧʨʠʣʠʢʝ ʠʟʥʦʩʠ 6 Ĭ 

85 W = 510 W (ʥʝʫʪʨʘʣʥe ʙʝʣe ʙʦʿʝ) ʠ 5 Ĭ 80 W = 400 W (ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ)), THD ʥʘʧʦʥʘ 

ʥʘ ʨʘʟʚʦʜʥʦʿ ʢʫʪʠʿʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʚʠʩʠ ʦʜ ʨʝʞʠʤʘ ʨʘʜʘ ʩʚʝʪʠˀʢʠ (ʚʠʜʝʪʠ ʩʣʠʢʫ 7ʘ). 

ʏʘʢ ʠ ʟʘ ʤʘʣʠ ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʦʤʠʥʘʣʥʝ ʩʥʘʛʝ 400 kVA, ʦʚʘ ʦʧʪʝʨʝ˂ʝˁʘ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʘʤʦ ʦʢʦ 0,1%, ʰʪʦ ʟʥʘʯʠ ʜʘ ʙʠ ʧʦʩʪʦʿʘʦ ʚʨʣʦ ʤʘʣʠ ʧʘʜ ʥʘʧʦʥʘ ʥʘ 

ʠʤʧʝʜʘʥʩʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʫʟʨʦʢʦʚʘʥ ʚʠʰʠʤ ʩʪʨʫʿʥʠʤ ʭʘʨʤʦʥʠʮʠʤʘ. ʀʤʧʝʜʘʥʩʘ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʚʦʜʦʚʘ ʦʜ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʦ ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ ʪʘʢʦʹʝ ʩʝ ʤʦʞʝ 

ʩʤʘʪʨʘʪʠ ʚʝʦʤʘ ʤʘʣʦʤ, ʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʧʘʜʦʚʠ ʥʘʧʦʥʘ ʟʘʥʝʤʘʨˀʠʚʠʤ.  

2. ʉʣʠʢʘ 8 ʧʨʝʜʩʪʘʚˀʘ ʩʧʝʢʪʨʝ ʥʘʠʟʤʝʥʠʯʥʝ ʩʪʨʫʿʝ LED ʜʨʘʿʚʝʨʘ ʟʘ ʩʚʝʪʠˀʢʝ ʥʝʫʪʨʘʣʥʝ 

ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʥʘ ʧʨʚʦʤ ʩʪʫʙʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʜʝʣʦʚʘ 

ʫʣʠʮʝ ʟʘ ʩʚʘʢʠ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʨʝʞʠʤʘ ʦʩʚʝʪˀʝˁʘ (R1 = ʧʫʥ ʨʝʞʠʤ, R2 = ʨʝʞʠʤ ʩʘ 

1 cd/m2 ʠ R3 = ʨʝʞʠʤ ʩʘ 0,75 cd/m2) ï ʟʘ ʜʝʪʘˀʝ ʚʠʜʝʪʠ ʢʦʤʝʥʪʘʨ 5. ʈʘʟʣʠʢʘ ʫ ʩʧʝʢʪʨʠʤʘ 

ʩʚʝʪʠˀʢʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ ʿʝ ʦʯʠʛʣʝʜʥʘ ʠ ʧʨʝʪʝʞʥʦ 

ʫʟʨʦʢʦʚʘʥʘ ʨʘʟʣʠʯʠʪʠʤ ʪʠʧʦʚʠʤʘ ʜʨʘʿʚʝʨʘ ʠʥʩʪʘʣʠʨʘʥʠʤ ʫ ʩʚʝʪʠˀʢʘʤʘ.  

3. ʇʨʦʠʟʚʦʜ ʠʤʧʝʜʘʥʩʝ ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ ʩʪʫʙʦʚʘ (ʟʘ 5. ʭʘʨʤʦʥʠʢ ʠʟʥʦʩʠʣʘ 

ʿʝ (57,4 + ʿ21,8) mɋ) ʠ ʩʚʘʢʦʛ ʦʜ ʩʪʨʫʿʥʠʭ ʭʘʨʤʦʥʠʢʘ (ʫ ʘʤʧʝʨʠʤʘ) ʿʝ ʤʘʣʘ. ʊʦ ʟʥʘʯʠ ʜʘ 

ʩʝ ʭʘʨʤʦʥʠʩʿʢʦ ʠʟʦʙʣʠʯʝˁʝ ʥʘʧʦʥʘ ʥʝ ʤʝˁʘ ʤʥʦʛʦ ʜʫʞ ʩʪʫʙʦʚʘ.  

4. ʉʣʠʢʝ 6ʙ ʠ 7ʚ ʧʦʢʘʟʫʿʫ ʜʘ ʩʝ THDi ʛʝʥʝʨʘʣʥʦ ʧʦʚʝ˂ʘʚʘ ʩʘ ʩʤʘˁʝˁʝʤ ʩʥʘʛʝ ʩʚʝʪʠˀʢʝ.  

5. ʅʝ ʤʦʞʝ ʩʝ ʫʦʯʠʪʠ ʫʪʠʮʘʿ THD-ʘ ʥʘʧʦʥʘ (ʩʣʠʢʝ 6ʘ ʠ 7ʙ) ʥʘ ʚʨʝʜʥʦʩʪʠ THD ʩʪʨʫʿʝ ʫ 

ʩʪʫʙʫ (ʩʣʠʢʝ 6ʙ ʠ 7ʚ). ʉʭʦʜʥʦ ʪʦʤʝ, ʜʝʬʠʥʠʩʘʥʝ ʩʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʭʘʨʤʦʥʠʢʘ ʩʪʨʫʿʝ 

ʥʝʟʘʚʠʩʥʦ ʦʜ ʥʘʧʦʥʘ ʠ ʢʦʨʠʰ˂ʝʥʝ ʫ ʧʦʛʣʘʚˀʠʤʘ 4.4.3 ʠ 4.5. ʉʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʭ ʩʪʨʫʿʥʠʭ ʭʘʨʤʦʥʠʢʘ (ʫ mɸ) ʠʟʨʘʯʫʥʘʪʝ ʩʫ ʟʘ ʩʚʘʢʠ ʦʜ ʪʨʠ ʨʘʟʤʘʪʨʘʥʘ ʨʝʞʠʤʘ 

ʦʩʚʝʪˀʝˁʘ, ʢʘʢʦ ʟʘ ʜʝʦ ʫʣʠʮʝ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ, ʪʘʢʦ ʠ ʟʘ ʜʝʦ ʫʣʠʮʝ 

ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ. ʉʚʠ ʩʪʨʫʿʥʠ ʭʘʨʤʦʥʠʮʠ (ʦʜ 1. ʜʦ 50.) ʟʘ ʩʚʠʭ 6 

ʨʘʟʤʘʪʨʘʥʠʭ ʨʝʞʠʤʘ ʦʩʚʝʪˀʝˁʘ (3 ʨʝʞʠʤʘ ʟʘ ʩʚʘʢʠ ʦʜ ʜʚʝ ʜʝʦʥʠʮʝ ʫʣʠʮʝ) ʧʨʠʢʘʟʘʥʠ 

ʩʫ ʥʘ ʩʣʠʮʠ 8. ʉʚʘʢʠ ʧʦʜʘʪʘʢ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 8 ʦʜʨʝʹʝʥ ʿʝ ʢʘʦ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʠʟʤʝʨʝʥʠʭ ʫʟʦʨʘʢʘ; ʥʘ ʧʨʠʤʝʨ, ʟʘ ʨʝʞʠʤ ʥʝʫʪʨʘʣʥʘ ʙʝʣʘ ʙʦʿʘ/1,47 cd/m2 
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ʙʠʣʦ ʿʝ 30 ʫʟʦʨʘʢʘ (5 ʟʘ ʩʚʘʢʠ ʦʜ 6 ʩʪʫʙʦʚʘ), ʜʦʢ ʿʝ ʟʘ ʨʝʞʠʤ ʪʦʧʣʦ-ʙʝʣʘ ʙʦʿʘ/1,49 cd/m2 

ʙʠʣʦ 26 ʫʟʦʨʘʢʘ (6 ʠʟʤʝʨʝʥʠʭ ʥʘ ʩʪʫʙʫ 1 ʠ 5 ʠʟʤʝʨʝʥʠʭ ʥʘ ʩʚʘʢʦʤ ʦʜ 4 ʧʨʝʦʩʪʘʣʘ ʩʪʫʙʘ).  

6. THDu ʠ ʟʥʘʯʘʿʥʠ ʧʦʿʝʜʠʥʘʯʥʠ ʭʘʨʤʦʥʠʮʠ ʥʘʧʦʥʘ ʫ ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ 

ʪʘʙʝʣʠ 28 (ʧʦʿʝʜʠʥʘʯʥʠ ʭʘʨʤʦʥʠʮʠ ʥʘʧʦʥʘ (ʜʦ 25. ʧʨʝʤʘ EN 50160 [35]) ʚʝ˂ʠ ʦʜ 0.1% ʫ 

ʦʜʥʦʩʫ ʥʘ ʦʩʥʦʚʥʠ ʭʘʨʤʦʥʠʢ ʩʤʘʪʨʘʥʠ ʩʫ ʟʥʘʯʘʿʥʠʤ). 

 

 

(a) 

 

(ʙ) 

ʉʣʠʢʘ 8. ʉʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʭʘʨʤʦʥʠʢʘ ʥʘʠʟʤʝʥʠʯʥʝ ʩʪʨʫʿʝ LED ʜʨʘʿʚʝʨʘ ʟʘ ʜʝʦʥʠʮʝ ʫʣʠʮʝ ʩʘ 

ʩʚʝʪʠˀʢʘʤʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ (ʫ mA) 

 

ʊʘʙʝʣʘ 28. ʉʨʝʜˁʘ ʚʨʝʜʥʦʩʪ THDu ʠ ʫʦʯˀʠʚʠ ʭʘʨʤʦʥʠʮʠ ʥʘʧʦʥʘ (ʨʝʜʘ h), ʠʟʨʘʞʝʥʠ ʫ % ʫ 

ʦʜʥʦʩʫ ʥʘ ʦʩʥʦʚʥʠ ʭʘʨʤʦʥʠʢ, ʠʟʤʝʨʝʥʠ ʫ ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ 

 
THDu h = 3 h = 5 h = 7 h = 11 

1,15 0,22 0,71 0,84 0,15 

 

4.4.3 ʇʨʦʚʝʨʘ ʪʘʯʥʦʩʪʠ ʨʘʟʚʠʿʝʥʦʛ ʩʦʬʪʚʝʨʘ 

 

ɸʥʘʣʠʟʘ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʧʨʝʜʩʪʘʚˀʝʥʘ ʫ ʧʦʛʣʘʚˀʫ 4.4.2 ʧʨʝʜʩʪʘʚˀʘ ʜʦʙʘʨ ʫʚʦʜ ʟʘ 

ʜʝʬʠʥʠʩʘˁʝ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʨʘʟʚʠʿʝʥʦʛ ʤʦʜʝʣʘ ʠ ˁʝʛʦʚʫ ʦʮʝʥʫ. ʅʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ 

ʧʨʝʜʩʪʘʚˀʝʥʠʭ ʫ ʧʦʛʣʘʚˀʫ 4.4.2, ʫʩʚʘʿʘ ʩʝ ʩʣʝʜʝ˂ʝ:  

1. ʅʘʧʦʥ ʫ ʪʘʯʢʠ ʧʨʠʢˀʫʯʢʘ ʥʘ ʤʨʝʞʫ (ʨʘʟʚʦʜʥʠ ʦʨʤʘʥ) ʧʦʩʪʘʚˀʝʥ ʿʝ ʜʘ ʙʫʜʝ ʿʝʜʥʘʢ 

ʥʘʧʦʥʫ ʜʦʙʠʿʝʥʦʤ ʦʜ ʢʦʥʪʠʥʫʠʨʘʥʦʛ ʤʝʨʝˁʘ ʢʦʿʝ ʿʝ ʠʟʚʨʰʠʦ ʤʨʝʞʥʠ ʘʥʘʣʠʟʘʪʦʨ 

ʩʤʝʰʪʝʥ ʫ ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ. ʆʚʘ ʤʝʨʝˁʘ ʩʝ ʚʨʰʝ ʢʨʦʟ ʮʝʦ ʝʢʩʧʝʨʠʤʝʥʪ ʢʦʿʠ ʩʝ 

ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʚʝʨʫ ʪʘʯʥʦʩʪʠ ʨʘʟʚʠʿʝʥʦʛ ʩʦʬʪʚʝʨʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʪʝʩʪʠʨʘˁʝ ʤʦʜʝʣʘ ʿʝ 

ʧʨʘʢʪʠʯʥʦ ʠʟʚʨʰʝʥʦ ʟʘ ʜʝʦ ʨʘʟʤʘʪʨʘʥʝ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʦʜ ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ ʜʦ 

ʩʚʘʢʝ ʩʚʝʪʠˀʢʝ ʧʦʚʝʟʘʥʝ ʥʘ ʥʘʧʦʿʥʠ ʢʘʙʣ.  

2. ɽʬʝʢʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʩʪʨʫʿʘ ʩʪʨʫʿʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ LED ʩʚʝʪʠˀʢʝ 

ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʿʝʜʥʘʢʝ ʩʫ ˁʠʭʦʚʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʜʘʪʠʤ ʥʘ ʩʣʠʮʠ 8. 
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ʌʘʟʥʠ ʫʛʣʦʚʠ ʩʪʨʫʿʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʥʦʚʥʠ ʭʘʨʤʦʥʠʢ ʥʘʧʦʥʘ ʥʘʧʘʿʘˁʘ 

Ɋmeas,h ʪʘʢʦʹʝ ʩʝ ʦʜʨʝʹʫʿʫ ʠʟ ʠʟʤʝʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʠ ʦʜʨʞʘʚʘʿʫ ʢʦʥʩʪʘʥʪʥʠʤ. ʊʨʝʙʘ 

ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʿʝ ʠʩʪʠ ʧʨʠʥʮʠʧ ʫʩʨʝʜˁʘʚʘˁʘ ʧʨʠʤʝˁʝʥ ʠ ʥʘ ʝʬʝʢʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ 

(ʧʦʛʣʝʜʘʪʠ ʦʙʿʘʰˁʝˁʝ ʩʣʠʢʝ 8). ʌʘʟʥʠ ʫʛʣʦʚʠ ʦʚʠʭ ʛʝʥʝʨʘʪʦʨʘ ʩʫ ʨʘʟʣʠʯʠʪʠ ʥʘ 

ʨʘʟʣʠʯʠʪʠʤ ʩʪʫʙʦʚʠʤʘ. ʉʚʘʢʠ ʦʜ ˁʠʭ ʿʝ ʿʝʜʥʘʢ ʟʙʠʨʫ Ɋmeas,h ʠ ʧʨʦʠʟʚʦʜʘ ʭʘʨʤʦʥʠʿʩʢʦʛ 

ʨʝʜʘ ʠ ʨʘʟʣʠʢʝ (ɗPole i,1) ʠʟʤʝʹʫ ʬʘʟʥʦʛ ʫʛʣʘ ʬʫʥʜʘʤʝʥʪʘʣʥʦʛ ʥʘʧʦʥʘ ʦʜʨʝʹʝʥʦʛ 

ʧʨʦʨʘʯʫʥʦʤ ʦʩʥʦʚʥʠʭ ʭʘʨʤʦʥʠʢʘ ʠ ʬʘʟʥʦʛ ʫʛʣʘ ʬʫʥʜʘʤʝʥʪʘʣʥʦʛ ʥʘʧʦʥʘ ʠʟʤʝʨʝʥʦʛ ʫ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʠʟʚʝʜʝʥʦʤ ʫ ʮʠˀʫ ʦʜʨʝʹʠʚʘˁʘ Ɋmeas,h.  

3. ɿʘ ʧʦʪʨʝʙʝ ʧʨʦʚʝʨʝ ʪʘʯʥʦʩʪʠ ʨʘʟʚʠʿʝʥʦʛ ʩʦʬʪʚʝʨʘ, ʦʜʣʫʯʝʥʦ ʿʝ ʜʘ ʩʝ ʫʧʦʨʝʜʠ 
ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʩʘ ʭʘʨʤʦʥʠʮʠʤʘ ʨʝʜʘ 3, 5, 7 ʠ 11 ʢʦʿʠ ʩʫ ʟʥʘʯʘʿʥʦ ʧʨʠʩʫʪʥʠ ʫ ʩʧʝʢʪʨʫ 

ʥʘʧʦʥʘ (ʚʠʜʝʪʠ ʪʘʙʝʣʫ 29). 

ʅʘ ʩʣʠʮʠ 9 ʩʫ ʧʨʠʢʘʟʘʥʝ ʠʟʤʝʨʝʥʝ (ʧʦʤʦ˂ʫ AR5L ʤʨʝʞʥʦʛ ʘʥʘʣʠʟʘʪʦʨʘ) ʠ ʠʟʨʘʯʫʥʘʪʝ 

ʚʨʝʜʥʦʩʪʠ ʦʩʥʦʚʥʦʛ ʭʘʨʤʦʥʠʢʘ ʥʘʧʦʥʘ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ 

ʙʦʿʝ. ʋʟ ʪʦ, ʧʦʪʚʨʹʝʥʝ ʩʫ ʧʦʫʟʜʘʥʦʩʪ ʠ ʪʘʯʥʦʩʪ AR5L ʤʨʝʞʥʦʛ ʘʥʘʣʠʟʘʪʦʨʘ, ʢʦʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ 

ʟʘ ʤʝʨʝˁʘ ʥʘ ʩʪʫʙʦʚʠʤʘ ʜʫʞ ʦʙʝ ʜʝʦʥʠʮʝ ʫʣʠʮʝ. ʇʦʩʤʘʪʨʘʝˁʤ ʫʧʦʨʝʜʠʚʠʭ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʝ 

ʦʜʥʦʩʝ ʥʘ ʧʦʩʣʝʜˁʠ ʩʪʫʙ (ʧʦʩʣʝʜˁʘ ʛʨʫʧʘ ʚʨʝʜʥʦʩʪʠ ʟʘ ʩʚʘʢʠ ʦʜ ʨʝʞʠʤʘ (1,47 cd/m2, 1 cd/m2 

ʠ 0,75 cd/m2)), ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʧʦʩʪʦʿʠ ʩʘʛʣʘʩʥʦʩʪ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʜʦʙʠʿʝʥʠʭ ʧʦʤʦ˂ʫ 

AR5L ʠ Fluke ʤʨʝʞʥʠʭ ʘʥʘʣʠʟʘʪʦʨʘ. ʀʩʪʦ ʿʝ ʧʦʪʚʨʹʝʥʦ ʠ ʥʘ ʜʝʦʥʠʮʠ ʫʣʠʮʝ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ 

ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ.  

 

 
 

ʉʣʠʢʘ 9. ʀʟʤʝʨʝʥʝ ʠ ʠʟʨʘʯʫʥʘʪʝ ʚʨʝʜʥʦʩʪʠ ʦʩʥʦʚʥʦʛ ʭʘʨʤʦʥʠʢʘ ʥʘʧʦʥʘ ʟʘ LED ʩʚʝʪʠˀʢʝ 

ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ (ʫ ʚʦʣʪʠʤʘ) 

 

ɼʝʪʘˀʥʠ ʨʝʟʫʣʪʘʪʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʜʝʦʥʠʮʫ ʫʣʠʮʝ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ 

ʙʦʿʝ, ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʮʠ 10, ʦʜʥʦʩʝ ʩʝ ʥʘ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʦʩʥʦʚʥʦʛ ʠ ʚʠʰʠʭ ʭʘʨʤʦʥʠʢʘ 

ʥʘʧʦʥʘ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʤʝʨʝˁʘ.  

 

 

(a) 
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(ʙ) 

 

(ʚ) 

 

(ʛ) 

 

(ʜ) 

ʉʣʠʢʘ 10. ʇʦʨʝʹʝˁʝ ʩʨʝʜˁʠʭ ʦʩʥʦʚʥʠʭ (h = 1) ʠ ʚʠʰʠʭ ʭʘʨʤʦʥʠʩʿʢʠʭ ʥʘʧʦʥʘ (h = 3, 5, 7, 11) 

ʟʘ LED ʩʚʝʪʠˀʢʝ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ (ʫ ʚʦʣʪʠʤʘ) 
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ʃʝʛʝʥʜʘ ʚʘʞʠ ʟʘ ʩʣʠʢʝ 9 ʠ 10 (ʙʨʦʿ ʫ ʠʥʜʝʢʩʫ ʦʟʥʘʯʘʚʘ ʦʩʥʦʚʥʠ ʭʘʨʤʦʥʠʢ (1) ʠʣʠ ʨʝʜ 

ʚʠʝhʛ ʭʘʨʤʦʥʠʢʘ):  

Udist box ï ʥʘʧʦʥ ʠʟʤʝʨʝʥ ʫ ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ (ʧʦʤʦ˂ʫ ʠʥʩʪʨʫʤʝʥʪ MYeBOX 1500).  

UNW poles ï ʥʘʧʦʥʠ ʠʟʤʝʨʝʥʠ ʥʘ ʩʚʠʤ ʩʪʫʙʦʚʠʤʘ ʥʘ ʨʘʟʤʘʪʨʘʥʦ ʿ ʜʝʦʥʠʮʠ ʫʣʠʮʝ 

(ʠʥʩʪʨʫʤʝʥʪʦʤ AR5L).  

Ulast pole ï ʥʘʧʦʥ ʠʟʤʝʨʝʥ ʥʘ ʧʦʩʣʝʜˁʝʤ ʩʪʫʙʫ (ʧʦʤʦ˂ʫ FLUKE ʠʥʩʪʨʫʤʝʥʪʘ).  

UNW poles Calc ï ʥʘʧʦʥ ʠʟʨʘʯʫʥʘʪ ʥʘ ʩʪʫʙʦʚʠʤʘ.  

ʉʠʩʪʝʤʘʪʩʢʦ ʦʜʩʪʫʧʘˁʝ ʠʟʤʝʹʫ ʠʟʨʘʯʫʥʘʪʠʭ ʠ ʠʟʤʝʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʦʩʥʦʚʥʠʭ ʠ 

ʨʘʟʤʘʪʨʘʥʠʭ ʚʠʰʠʭ ʥʘʧʦʥʩʢʠʭ ʭʘʨʤʦʥʠʢʘ ʜʫʞ ʩʪʫʙʦʚʘ ʥʠʿʝ ʧʨʠʤʝ˂ʝʥʦ ʥʠ ʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʘ 

LED ʩʚʝʪʠˀʢʘʤʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ (ʩʣʠʢʘ 10) ʥʠ ʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʪʦʧʣʦ-

ʙʝʣʝ ʙʦʿʝ. ʆʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʧʦʩʪʦʿʠ ʤʝʨʥʠ ʰʫʤ ʫ ʨʝʟʫʣʪʘʪʠʤʘ ʜʦʙʠʿʝʥʠʤ ʤʨʝʞʥʠʤ 

ʘʥʘʣʠʟʘʪʦʨʦʤ ʢʦʨʠʰ˂ʝʥʠʤ ʟʘ ʤʝʨʝˁʘ ʢʦʿʘ ʩʝ ʚʨʰʝ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʩʪʫʙʦʚʠʤʘ. ʆʚʦ ʿʝ ʙʠʣʦ 

ʦʯʝʢʠʚʘʥʦ ʥʝ ʩʘʤʦ ʟʙʦʛ ʛʨʝʰʢʝ ʤʝʨʝˁʘ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʚʝ˂ ʠ ʟʙʦʛ ʛʨʝʰʢʝ ʫʟʨʦʢʦʚʘʥʝ ʦʙʨʘʜʦʤ 

ʩʠʛʥʘʣʘ, ʧʦʩʝʙʥʦ ʧʨʠ ʦʜʨʝʹʠʚʘˁʫ ʤʘʣʠʭ ʢʦʤʧʦʥʝʥʪʠ ʚʠʰʠʭ ʭʘʨʤʦʥʠʢʘ. ʋ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ 

ʙʠʣʦ ʿʝ ʛʨʝʰʘʢʘ ʩ ʿʝʜʥʝ ʩʪʨʘʥʝ (ʥʘ ʧʨʠʤʝʨ, ʦʜʨʝʹʝʥʠ ʠʟʤʝʨʝʥʠ ʭʘʨʤʦʥʠʮʠ ʩʫ ʫʚʝʢ ʙʠʣʠ ʚʝ˂ʠ 

ʦʜ ʠʟʨʘʯʫʥʘʪʠʭ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʙʠʦ ʩʣʫʯʘʿ ʟʘ ʪʨʝ˂ʠ ʭʘʨʤʦʥʠʢ ʢʦʜ LED ʩʚʝʪʠˀʢʠ ʪʦʧʣʦ-ʙʝʣʝ 

ʙʦʿʝ), ʘʣʠ ʥʠʢʘʜʘ ʩʝ ʥʠʿʝ ʜʦʛʦʜʠʣʦ ʜʘ ʛʨʝʰʢʘ ʟʘ ʙʠʣʦ ʢʦʿʠ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʧʦʿʝʜʠʥʘʯʥʠʭ 

ʭʘʨʤʦʥʠʢʘ ʙʫʜʝ ʥʘ ʠʩʪʦʿ ʩʪʨʘʥʠ ʟʘ LED ʩʚʝʪʠˀʢʝ ʢʘʢʦ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ, ʪʘʢʦ ʠ ʟʘ ʩʚʝʪʠˀʢʝ 

ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ. ʇʦʩʪʦʿʘʣʘ ʿʝ ʩʘʤʦ ʩʠʩʪʝʤʘʪʠʯʥʘ ʛʨʝʰʢʘ ʟʘ ʦʩʥʦʚʥʠ ʭʘʨʤʦʥʠʢ 

ʥʘʧʦʥʘ, ʘʣʠ ʿʝ ʦʥʘ ʙʠʣʘ ʤʘˁʘ ʦʜ 100 Ĭ 4,5/235,5 = 1,91% (ʦʚʘ ʤʘʢʩʠʤʘʣʥʘ ʨʘʟʣʠʢʘ ʧʦʿʘʚʠʣʘ ʩʝ 

ʟʘ LED ʩʚʝʪʠˀʢʝ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʫ 11:38). ɺʨʝʜʥʦʩʪʠ ʧʨʝʪʭʦʜʥʦ ʨʘʟʤʘʪʨʘʥʦʛ ʤʝʨʥʦʛ ʰʫʤʘ 

ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 29.  

 

ʊʘʙʝʣʘ 29. ɺʨʝʜʥʦʩʪʠ ʩʪʘʥʜʘʨʜʥʝ ʜʝʚʠʿʘʮʠʿʝ ʟʘ ʨʘʟʤʘʪʨʘʥʝ ʨʝʞʠʤʝ ʦʩʚʝʪˀʝˁʘ (ʠʟʨʘʯʫʥʘʪʝ ʟʘ 

ʩʚʝ ʩʪʫʙʦʚʝ, ʫ % ʫ ʦʜʥʦʩʫ ʥʘ ʠʟʤʝʨʝʥʫ ʚʨʝʜʥʦʩʪ, ʟʘ ʦʩʥʦʚʥʝ ʠ ʭʘʨʤʦʥʠʢʝ ʨʝʜʘ 3, 5, 7 ʠ 11) 

 
ʍʘʨʤʦʥʠʢ ʌʫʥʜʘʤʝʥʪʘʣʥʠ 3 5 7 11 

ʅʝʫʪʨʘʣʥʘ ʙʝʣʘ ʙʦʿʘ, 

1,47 cd/m2 
0,62 29,57 10,67 7,80 25,12 

ʊʦʧʣʦ-ʙʝʣʘ ʙʦʿʘ, 

1,49 cd/m2 
0,93 34,41 11,95 4,70 50,60 

ʅʝʫʪʨʘʣʥʘ ʙʝʣʘ ʙʦʿʘ, 

1 cd/m2 
0,51 21,65 7,41 7,95 42,36 

ʊʦʧʣʦ-ʙʝʣʘ ʙʦʿʘ, 

1 cd/m2 
1,11 46,40 9,52 5,59 34,93 

ʅʝʫʪʨʘʣʥʘ ʙʝʣʘ ʙʦʿʘ, 

0,75 cd/m2 
0,46 18,30 5,00 4,53 21,93 

ʊʦʧʣʦ-ʙʝʣʘ ʙʦʿʘ, 

0,75 cd/m2 
1,02 60,00 20,74 4,14 42,32 

 

ʂʘʦ ʰʪʦ ʿʝ ʠ ʦʯʝʢʠʚʘʥʦ, ʠʟʨʘʯʫʥʘʪʠ ʥʘʧʦʥʠ ʥʘ ʩʪʫʙʦʚʠʤʘ ʩʫ ʧʨʠʙʣʠʞʥʠ ʥʘʧʦʥʫ 

ʠʟʤʝʨʝʥʦʤ ʫ ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ (ʚʠʜʝʪʠ ʩʣʠʢʫ 10), ʟʙʦʛ ʤʘʣʦʛ ʙʨʦʿʘ ʠ ʤʘʣʝ ʩʥʘʛʝ LED 

ʩʚʝʪʠˀʢʠ, ʢʘʦ ʠ ʟʙʦʛ ʥʠʩʢʝ ʠʤʧʝʜʘʥʩʝ ʘʣʫʤʠʥʠʿʫʤʩʢʦʛ ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ 35 mm2 (ʨʘʟʣʠʢʝ ʩʫ ʚʝ˂ʝ 

ʟʘ LED ʩʚʝʪʠˀʢʝ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ, ʰʪʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʤʥʦʛʦ ʚʝ˂ʝʛ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʨʘʟʚʦʜʥʦʛ 

ʦʨʤʘʥʘ ʠ ʧʨʚʦʛ ʩʪʫʙʘ ʩʘ ʩʚʝʪʠˀʢʦʤ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ). ʉʪʦʛʘ, ʦʚʝ ʤʘʣʝ ʨʘʟʣʠʢʝ, ʤʝʨʥʠ ʰʫʤ ʠ 

ʛʨʝʰʢʘ ʦʙʨʘʜʝ ʩʠʛʥʘʣʘ ʫʟʨʦʢʫʿʫ ʚʠʩʦʢʝ ʩʪʘʥʜʘʨʜʥʝ ʜʝʚʠʿʘʮʠʿʝ (ʚʠʜʝʪʠ ʪʘʙʝʣʫ 29). ʆʯʠʛʣʝʜʥʦ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʫʩʣʦʚʠ ʥʠʩʫ ʙʠʣʠ ʜʦʚʦˀʥʦ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʜʘ ʧʦʥʫʜʝ ʢʚʘʥʪʠʪʘʪʠʚʥʫ ʦʮʝʥʫ 

ʤʦʜʝʣʘ. ʇʨʝʤʘ ʪʦʤʝ, ʧʨʦʚʝʨʫ ʤʦʜʝʣʘ ʙʠ ʪʨʝʙʘʣʦ ʨʘʜʠʿʝ ʦʢʘʨʘʢʪʝʨʠʩʘʪʠ ʢʘʦ ʢʚʘʣʠʪʘʪʠʚʥʫ ʥʝʛʦ 

ʢʚʘʥʪʠʪʘʪʠʚʥʫ. ʀʧʘʢ, ʠʟ ʧʨʦʚʝʨʘ ʠʟʚʨʰʝʥʠʭ ʥʘ 6 LED ʩʚʝʪʠˀʢʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʧʦʚʝʟʘʥʠʭ 

ʥʘ ʬʘʟʫ ɸ ʠ 5 LED ʩʚʝʪʠˀʢʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʧʨʠʢˀʫʯʝʥʠʭ ʥʘ ʬʘʟʫ B, ʢʦʿʝ ʨʘʜʝ ʫ ʘʩʠʤʝʪʨʠʯʥʦʤ 
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ʨʝʞʠʤʫ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʝ ʤʦʜʝʣ ʤʦʞʝ ʩʤʘʪʨʘʪʠ ʦʙʝ˂ʘʚʘʿʫ˂ʠʤ ʟʘ ʘʥʘʣʠʟʫ ʚʠʰʠʭ 

ʭʘʨʤʦʥʠʢʘ ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ ʢʦʿʝ ʨʘʜʝ ʫ ʘʩʠʤʝʪʨʠʯʥʠʤ ʨʝʞʠʤʠʤʘ, ʘ 

ʧʨʠʢˀʫʯʝʥʝ ʩʫ ʥʘ ʪʨʦʬʘʟʥʠ ʩʠʩʪʝʤ (ʩʣʫʯʘʿʝʚʠ ʧʨʝʜʩʪʘʚˀʝʥʠ ʥʘ ʩʣʠʮʠ 2). ʈʝʟʫʣʪʘʪʠ ʪʘʢʚʝ 

ʧʨʠʤʝʥʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʩʣʝʜʝ˂ʝʤ ʧʦʛʣʘʚˀʫ. 

 

4.5 ɸʥʘʣʠʟʘ ʢʚʘʣʠʪʝʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʠʥʩʪʘʣʘʮʠʿʠ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʩʘ 

ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ LED ʩʚʝʪʠˀʢʠ  
 

ʂʘʦ ʫ ʧʨʦʨʘʯʫʥʠʤʘ ʦʙʿʘʰˁʝʥʠʤ ʫ ʧʦʛʣʘʚˀʫ 4.4, ʩʧʨʦʚʝʜʝʥʠʤ ʜʘ ʙʠ ʩʝ ʧʨʦʚʝʨʠʣʘ ʪʘʯʥʦʩʪ 

ʤʦʜʝʣʘ, ʧʦʜʘʮʠ ʜʘʪʠ ʥʘ ʩʣʠʮʠ 8 ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʢʘʦ ʫʣʘʟʥʠ ʟʘ ʩʪʨʫʿʥʝ ʭʘʨʤʦʥʠʢʝ (ʩʪʨʫʿʥʠ ʠʟʚʦʨʠ 

ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʝʣʠʥʝʘʨʥʘ ʦʧʪʝʨʝ˂ʝˁʘ LED ʩʚʝʪʠˀʢʠ). ʅʘʧʦʥʠ ʝʢʚʠʚʘʣʝʥʪʥʠʭ 

ʊʝʚʝʥʝʥʦʚʠʭ ʛʝʥʝʨʘʪʦʨʘ ʩʫ ʬʠʢʩʠʨʘʥʠ ʥʘ ʥʘʧʦʥʝ ʠʟʤʝʨʝʥʝ ʫ ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ ʢʘʜʘ ʩʫ 

ʩʚʝʪʠˀʢʝ ʙʠʣʝ ʫʛʘʰʝʥʝ (ʩʣʠʢʘ 11). ʀʤʧʝʜʘʥʩʘ ʝʢʚʠʚʘʣʝʥʪʥʠʭ ʊʝʚʝʥeʥoʚʠʭ ʛʝʥʝʨʘʪʦʨʘ ʫʟʝʪʘ ʿʝ 

ʢʘʦ ʠʤʧʝʜʘʥʩʘ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘʧʘʿʘˁʘ ʩʥʘʛʝ 400 kVA (ʟʘ ʦʩʥʦʚʥʠ ʭʘʨʤʦʥʠʢ 

ʦʥʘ ʠʟʥʦʩʠ Zt = (3,677 + j25,739) mɋ).  

 

 
 

ʉʣʠʢʘ 11. ʅʘʧʦʥʠ ʝʢʚʠʚʘʣʝʥʪʥʠʭ ʊʝʚʝʥʝʥʦʚʠʭ ʛʝʥʝʨʘʪʦʨʘ, ʠʟʨʘʞʝʥʠ ʫ % ʦʩʥʦʚʥʦʛ 

ʭʘʨʤʦʥʠʢʘ ʥʘʧʦʥʘ 

 

ɿʘ ʧʦʪʨʝʙʝ ʦʚʝ ʘʥʘʣʠʟʝ, ʠʟʘʙʨʘʥʘ ʩʫ ʯʝʪʠʨʠ ʧʨʠʤʝʨʘ ʪʠʧʠʯʥʠʭ ʫʣʠʮʘ (ʧʫʪʝʚʘ): ʿʝʜʘʥ 

ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʄ3 ʠ ʿʝʜʘʥ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʄ5 [12] (ʦʥʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʛʨʘʜʩʢʝ 

ʫʣʠʮʝ ʩʘ ʚʝ˂ʦʤ ʠ ʤʘˁʦʤ ʛʫʩʪʠʥʦʤ ʩʘʦʙʨʘ˂ʘʿʘ, ʨʝʩʧʝʢʪʠʚʥʦ), ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʿʝʜʥʦʩʪʨʘʥʠ 

ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ ʠ ʜʚʝ ʩʘʦʙʨʘ˂ʘʿʥʝ ʪʨʘʢʝ, ʢʘʦ ʠ ʿʝʜʘʥ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʄ1 ʠ ʿʝʜʘʥ 

ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʄ2 [12] (ʦʥʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʘʫʪʦʧʫʪ ʠ ʛʣʘʚʥʫ ʛʨʘʜʩʢʫ ʫʣʠʮʫ, 

ʨʝʩʧʝʢʪʠʚʥʦ), ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʮʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ ʠ ʪʨʠ ʩʘʦʙʨʘ˂ʘʿʥʝ ʪʨʘʢʝ. 

ʌʦʪʦʤʝʪʨʠʿʩʢʠ ʧʨʦʨʘʯʫʥʠ, ʧʦʪʨʝʙʥʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʪʠʧʘ ʩʚʝʪʠˀʢʝ ʠ ʫʛʣʘ ʥʘʛʠʙʘ, ʚʠʩʠʥʝ 

ʩʪʫʙʦʚʘ ʠ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ˁʠʭ, ʠʪʜ., ʠʟʚʝʜʝʥʠ ʩʫ ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʦʬʝʩʠʦʥʘʣʥʦʛ ʩʦʬʪʚʝʨʘ 

Ulysse [36] (ʨʘʟʚʠʿʝʥ ʦʜ ʩʪʨʘʥʝ Schréder Group), ʢʦʿʠ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʨʝʣʝʚʘʥʪʥʠʤ CIE 

ʜʦʢʫʤʝʥʪʦʤ [12]. ʇʦʰʪʦ ʩʫ Voltanʘ 3 ʩʚʝʪʠˀʢʝ (ʢʦʨʠʰ˂ʝʥʝ ʫ ʘʥʘʣʠʟʠ ʢʚʘʣʠʪʝʪʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʧʨʝʜʩʪʘʚˀʝʥʦʿ ʫ ʧʦʛʣʘʚˀʫ 4.4) ʙʠʣʝ ʥʝʘʜʝʢʚʘʪʥʝ ʟʘ ʮʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ ʟʙʦʛ 

ˁʠʭʦʚʝ ʤʘʣʝ ʩʥʘʛʝ (ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʠʟʥʦʩʠʣʝ 85 W (ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ) ʠ 80 W (ʪʦʧʣʦ-

ʙʝʣʝ)), ʫ ʦʚʦʿ ʘʥʘʣʠʟʠ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʩʚʝʪʠˀʢʝ Voltanʘ 5 (212 W), ʢʦʿʝ ʧʦʩʝʜʫʿʫ ʠʩʪʠ ʪʠʧ 

ʜʨʘʿʚʝʨʘ ʩʘ ʤʦʛʫ˂ʥʦʰ˂ʫ ʜʠʤʦʚʘˁʘ ʢʘʦ ʠ Voltanʘ 3 (ʩʚʘʢʠ ʦʜ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʟʘ ʩʚʝʪʠˀʢʝ ʢʦʿʠ 

ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ ʧʦʛʣʘʚˀʫ 4.4 ʧʦʤʥʦʞʝʥʠ ʩʫ ʩʘ ʦʜʥʦʩʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʩʥʘʛʘ ʩʚʝʪʠˀʢʠ ï 

212/85 ʠ 212/80, ʨʝʩʧʝʢʪʠʚʥʦ). ʋʣʘʟʥʠ ʧʦʜʘʮʠ ʧʨʠʤʝˁʝʥʠ ʫ ʬʦʪʦʤʝʪʨʠʿʩʢʠʤ ʧʨʦʨʘʯʫʥʠʤʘ ʩʫ 

ʩʣʝʜʝ˂ʠ: 

ï ʚʠʩʠʥʘ ʩʪʫʙʘ: 7ï8 m (ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʫʣʠʮʝ ʄ3 ʠ ʄ5), 8ï10 m (ʄ2) ʠ 12ï

13 m (ʄ1) ï ʢʦʨʘʢ ʿʝ ʙʠʦ 1 m,  

ï ʩʪʘʥʜʘʨʜʥʘ ʨʝʬʣʝʢʩʠʦʥʘ ʢʣʘʩʘ ʧʦʚʨʰʠʥʝ ʢʦʣʦʚʦʟʘ: R3 (Q0 = 0,07 cd/(m2Ālx)),  

ï ʰʠʨʠʥʘ ʩʘʦʙʨʘ˂ʘʿʥʝ ʪʨʘʢʝ: 3,5 m ʟʘ ʫʣʠʮʝ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʄ1, ʄ2 ʠ ʄ3 ʠ 

3 m ʟʘ ʫʣʠʮʝ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʄ5,  
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ï ʰʠʨʠʥʘ ʮʝʥʪʨʘʣʥʦʛ ʧʦʿʘʩʘ (ʟʘ ʮʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ): 3 m,  

ï ʫʜʘˀʝʥʦʩʪ ʩʪʫʙʘ ʦʜ ʙʣʠʞʝ ʠʚʠʮʝ ʢʦʣʦʚʦʟʘ ʫʣʠʮʝ: 1 m ʟʘ ʿʝʜʥʦʩʪʨʘʥʠ ʠ 1,5 m ʟʘ 

ʮʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ,  

ï ʫʛʘʦ ʥʘʛʠʙʘ ʩʚʝʪʠˀʢʝ: 0Áï10Á (ʢʦʨʘʢ = 5Á),  

ï ʧʨʝʚʝʩ: Lb + Llum/2 ï 1 (m) ʟʘ ʿʝʜʥʦʩʪʨʘʥʠ ʠ Lb + Llum/2 ï 1,5 (m) ʟʘ ʮʝʥʪʨʘʣʥʠ 

ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ, ʛʜʝ ʩʫ Lb ʜʫʞʠʥʘ ʣʠʨʝ (ʜʦ 2 m, ʢʦʨʘʢ = 0,5 m) ʠ Llum ʜʫʞʠʥʘ 

ʩʚʝʪʠˀʢʝ (0,655 m ʟʘ ʩʚʝʪʠˀʢʫ Voltana 3 ʠ 0,705 m ʟʘ ʩʚʝʪʠˀʢʫ Voltana 5), ʠ  

ï ʬʘʢʪʦʨ ʦʜʨʞʘʚʘˁʘ ʩʚʝʪʠˀʢʝ: 0,76 (ʬʘʢʪʦʨ ʦʧʘʜʘˁʘ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ: 0,9 ʠ 

ʬʘʢʪʦʨ ʟʘʧʨˀʘˁʘ ʩʚʝʪʠˀʢʝ: 0,85).  

ʋ ʦʙʟʠʨ ʩʫ ʫʟʝʪʘ ʩʘʤʦ ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ ʢʦʿʘ ʠʩʧʫˁʘʚʘʿʫ ʩʣʝʜʝ˂ʝ ʫʩʣʦʚʝ:  

ï ʥʠʚʦ ʩʿʘʿʥʦʩʪʠ ʫʣʠʮʝ (ʧʫʪʘ) (Lav) ʦʜʩʪʫʧʘ ʤʘˁʝ ʦʜ 5% ʦʜ ʧʨʝʧʦʨʫʯʝʥʝ ʚʨʝʜʥʦʩʪʠ,  

ï ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʿʘʿʥʦʩʪʠ (ʦʧʰʪʘ ʠ ʧʦʜʫʞʥʘ) ʧʨʝʣʘʟʝ 97% ʦʜ ʧʨʝʧʦʨʫʯʝʥʝ 

ʚʨʝʜʥʦʩʪʠ,  

ï ʨʝʣʘʪʠʚʥʠ ʧʦʨʘʩʪ ʧʨʘʛʘ (ʢʦʿʠ ʫʢʘʟʫʿʝ ʥʘ ʩʪʝʧʝʥ ʦʛʨʘʥʠʯʝˁʘ ʬʠʟʠʦʣʦʰʢʦʛ 

ʙˀʝʰʪʘˁʘ) ʿʝ ʤʘˁʠ ʦʜ ʧʨʝʧʦʨʫʯʝʥʠʭ ʛʨʘʥʠʮʘ, ʠ  

ï ʢʦʝʬʠʮʠʿʝʥʪ ʦʢʨʫʞʝˁʘ ʿʝ ʚʝ˂ʠ ʦʜ ʧʨʝʧʦʨʫʯʝʥʝ ʚʨʝʜʥʦʩʪʠ.  

ɿʘ ʩʚʘʢʠ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ ʠʟʘʙʨʘʥʦ ʿʝ ʩʚʝʪʣʦʪʝʭʥʠʯʢʦ ʨʝʰʝˁʝ ʩʘ ʤʘʢʩʠʤʘʣʥʠʤ 

ʦʜʥʦʩʦʤ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʩʪʫʙʦʚʘ ʠ ʚʠʩʠʥʝ ʩʪʫʙʦʚʘ (s/H). ʀʟʨʘʯʫʥʘʪʠ ʥʠʚʦʠ ʩʿʘʿʥʦʩʪʠ (cd/m2), 

ʚʠʩʠʥʝ ʩʪʫʙʦʚʘ (m) ʠ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʩʪʫʙʦʚʘ (m) ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 30. 

 

ʊʘʙʝʣʘ 30. ɻʣʘʚʥʠ ʨʝʟʫʣʪʘʪʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʟʘ ʩʚʝ ʨʘʟʤʘʪʨʘʥʝ ʩʣʫʯʘʿʝʚʝ 

 

 

ɱʝʜʥʦʩʪʨʘʥʠ ʨʘʩʧʦʨʝʜ ʎʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ 

M3 M5 M1 M2 

Lav H s Lav H s Lav H s Lav H s 

ʅʝʫʪʨʘʣʥʘ 

ʙʝʣʘ ʙʦʿʘ 
0,96 8 32 0,49 8 52 1,92 12 31 1,45 10 41 

ʊʦʧʣʦ-

ʙʝʣʘ ʙʦʿʘ 
0,96 8 29 0,49 8 51 1,97 12 28 1,43 9 38 

 

ɿʘʪʠʤ ʩʫ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʩʪʫʙʦʚʘ ʠ ˁʠʭʦʚʘ ʚʠʩʠʥʘ ʠʩʢʦʨʠʰ˂ʝʥʠ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ 

ʩʣʝʜʝ˂ʠʭ ʜʫʞʠʥʘ ʢʘʙʣʦʚʘ: 

ï ʠʟʤʝʹʫ ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ ʠ ʧʨʚʦʛ ʩʪʫʙʘ (ʨʘʯʫʥʘʪʦ ʢʘʦ ʜʚʘ ʧʫʪʘ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ 

ʩʪʫʙʦʚʘ ʧʣʫʩ 2 m),  

ï ʠʟʤʝʹʫ ʩʚʘʢʘ ʜʚʘ ʩʫʩʝʜʥʘ ʩʪʫʙʘ (ʨʘʯʫʥʘʪʦ ʢʘʦ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʩʪʫʙʦʚʘ ʧʣʫʩ 2 m), 

ʠ  

ï ʠʟʤʝʹʫ ʧʨʠʢˀʫʯʘʢʘ LED ʜʨʘʿʚʝʨʘ ʩʚʝʪʠˀʢʝ ʠ ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ (ʨʘʯʫʥʘʪʦ ʢʘʦ ʚʠʩʠʥʘ 

ʩʪʫʙʘ ʧʣʫʩ ʜʫʞʠʥʘ ʣʠʨʝ ʧʣʫʩ 1 m).  

ʂʦʨʠʩʪʝ˂ʠ ʦʚʝ ʧʦʜʘʪʢʝ ʢʘʦ ʫʣʘʟʥʝ ʫ ʨʘʟʚʠʿʝʥʦʤ ʩʦʬʪʚʝʨʫ, ʙʨʦʿ ʩʚʝʪʠˀʢʠ ʫ ʨʘʟʤʘʪʨʘʥʦʿ 

ʠʥʩʪʘʣʘʮʠʿʠ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʝ (ʧʫʪʘ) ʿʝ ʚʘʨʠʨʘʥ (ʧʦʚʝ˂ʘʚʘʥ) ʜʦ ʤʘʢʩʠʤʘʣʥʝ (ʜʦʟʚʦˀʝʥʝ) 

ʚʨʝʜʥʦʩʪʠ ʜʦʩʪʠʛʥʫʪʝ ʟʘ ʩʚʘʢʠ ʦʜ ʩʣʝʜʝ˂ʘ 3 ʫʪʠʮʘʿʥʘ ʧʘʨʘʤʝʪʨʘ: ʧʘʜ ʥʘʧʦʥʘ (8%, ʢʘʦ 

ʧʨʝʧʦʨʫʯʝʥʘ ʛʨʘʥʠʮʘ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʝ LED ʩʚʝʪʠˀʢʝ [37]), THDu (ʧʨʝʤʘ EN 50160 [35]) ʠ 

ʧʨʦʮʝʥʘʪ ʧʦʿʝʜʠʥʘʯʥʠʭ ʭʘʨʤʦʥʠʢʘ ʥʘʧʦʥʘ (ʧʨʝʤʘ EN 50160). ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ 

ʪʘʙʝʣʘʤʘ 31ï33. ʊʘʙʝʣʘ 33 ʪʘʢʦʹʝ ʩʘʜʨʞʠ ʨʝʜ ʢʨʠʪʠʯʥʦʛ ʭʘʨʤʦʥʠʢʘ ʥʘʧʦʥʘ, ʢʦʿʠ ʿʝ ʜʘʪ ʫ 

ʟʘʛʨʘʜʘʤʘ. ʉʚʝ ʦʩʥʦʚʥʝ ʠ ʚʠʰʝ ʭʘʨʤʦʥʠʿʩʢʝ ʚʨʝʜʥʦʩʪʠ ʦʜʥʦʩʝ ʩʝ ʥʘ ʧʨʠʢˀʫʯʢʝ LED ʩʚʝʪʠˀʢʝ 

(ʧʦʛʣʝʜʘʪʠ ʥʘʧʦʤʝʥʫ 2 ʥʘ ʢʨʘʿʫ ʧʦʛʣʘʚˀʘ 4.3).  
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ʊʘʙʝʣʘ 31. ʄʘʢʩʠʤʘʣʥʠ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʚʝʪʠˀʢʠ ʧʨʝʤʘ ʜʦʟʚʦˀʝʥʦʤ ʧʘʜʫ ʥʘʧʦʥʘ 

 

 

ɱʝʜʥʦʩʪʨʘʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ ʎʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ 

M3 M5 M1 M2 

ʈʝʞʠʤ ʈʝʞʠʤ ʈʝʞʠʤ ʈʝʞʠʤ 

1 2 3 1 2 3 1 2 3 1 2 3 

ʅʝʫʪʨʘʣʥʘ 

ʙʝʣʘ ʙʦʿʘ 
103 135 168 81 107 132 46 61 75 40 53 66 

ʊʦʧʣʦ-

ʙʝʣʘ ʙʦʿʘ 
111 149 186 84 113 142 48 65 82 41 56 70 

 

ʊʘʙʝʣʘ 32. ʄʘʢʩʠʤʘʣʥʠ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʚʝʪʠˀʢʠ ʧʨʝʤʘ ʜʦʟʚʦˀʝʥʦʤ THDu 

 

 

ɱʝʜʥʦʩʪʨʘʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ ʎʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ 

M3 M5 M1 M2 

ʈʝʞʠʤ ʈʝʞʠʤ ʈʝʞʠʤ ʈʝʞʠʤ 

1 2 3 1 2 3 1 2 3 1 2 3 

ʅʝʫʪʨʘʣʥʘ 

ʙʝʣʘ ʙʦʿʘ 
118 122 143 93 96 113 52 54 63 45 47 55 

ʊʦʧʣʦ-

ʙʝʣʘ ʙʦʿʘ 
131 142 170 100 108 130 55 60 72 48 52 62 

 

ʊʘʙʝʣʘ 33. ʄʘʢʩʠʤʘʣʥʠ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʚʝʪʠˀʢʠ ʧʨʝʤʘ ʜʦʟʚʦˀʝʥʠʤ ʧʨʦʮʝʥʪʫʘʣʥʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ ʧʦʿʝʜʠʥʘʯʥʠʭ ʭʘʨʤʦʥʠʢʘ ʥʘʧʦʥʘ 

 

 

ɱʝʜʥʦʩʪʨʘʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ ʎʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ 

M3 M5 M1 M2 

ʈʝʞʠʤ ʈʝʞʠʤ ʈʝʞʠʤ ʈʝʞʠʤ 

1 2 3 1 2 3 1 2 3 1 2 3 

ʅʝʫʪʨʘʣʥʘ 

ʙʝʣʘ ʙʦʿʘ 

101 

(3) 

106 

(21) 

125 

(21) 

80 

(3) 

84 

(21) 

99 

(21) 

45 

(3) 

46 

(21) 

55 

(21) 

39 

(3) 

40 

(21) 

48 

(21) 

ʊʦʧʣʦ-

ʙʝʣʘ ʙʦʿʘ 

92 

(15) 

88 

(15) 

80 

(15) 

70 

(15) 

67 

(15) 

61 

(15) 

39 

(15) 

37 

(15) 

33 

(15) 

33 

(15) 

32 

(15) 

29 

(15) 

 

ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʫ ʧʘʜʦʚʠ ʥʘʧʦʥʘ ʠʟʨʘʯʫʥʘʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʥʦʚʥʠ ʭʘʨʤʦʥʠʢ, ʰʪʦ 

ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʠʥʞʝˁʝʨʩʢʦʤ ʧʨʘʢʩʦʤ.  

ʋ ʧʦʛʣʝʜʫ ʧʘʜʦʚʘ ʥʘʧʦʥʘ ʠʟ ʪʘʙʝʣʝ 31 ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʝ ʟʘ ʩʚʘʢʫ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ 

ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ ʢʣʘʩʘ ʠ ʟʘ ʩʚʝʪʠˀʢʝ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʙʨʦʿ ʩʚʝʪʠˀʢʠ ʧʦʚʝ˂ʘʚʘ 

ʧʨʠ ʩʤʘˁʠʚʘˁʫ ʥʠʚʦʘ ʩʿʘʿʥʦʩʪʠ, h ʪʦ ʿʝ ʫ ʫ ʩʢʣʘʜʫ ʩʘ ʤʘˁʦʤ ʩʥʘʛʦʤ ʫ ʨʝʞʠʤʠʤʘ 2 ʠ 3. ʊʘʢʦʹʝ 

ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʫ ʩʚʠʤ ʨʘʟʤʘʪʨʘʥʠʤ ʨʝʞʠʤʠʤʘ ʠʥʩʪʘʣʘʮʠʿʘ ʦʩʚʝʪˀʝˁʘ ʩʘ ʩʚʝʪʠˀʢʘʤʘ 

ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ (ʢʦʿʝ ʩʘʜʨʞʝ LED ʜʨʘʿʚʝʨʝ ʩʘ ʧʦʙʦˀʰʘʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʫ ʫʩʣʦʚʠʤʘ 

ʜʠʤʦʚʘˁʘ) ʦʤʦʛʫ˂ʘʚʘ ʚʝ˂ʠ ʙʨʦʿ ʩʚʝʪʠˀʢʠ ʦʜ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʥʝʫʪʨʘʣʥʝ 

ʙʝʣʝ ʙʦʿʝ (ʢʦʿʝ ʩʘʜʨʞʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ LED ʜʨʘʿʚʝʨʝ). 

ʀʩʪʠ ʟʘʢˀʫʯʘʢ ʩʝ ʪʘʢʦʹʝ ʤʦʞʝ ʠʟʚʝʩʪʠ ʠʟ ʪʘʙʝʣʝ 32 ʫ ʧʦʛʣʝʜʫ THDu: ʟʘ ʩʚʘʢʫ ʦʜ 

ʨʘʟʤʘʪʨʘʥʠʭ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ ʢʣʘʩʘ ʠ ʟʘ ʩʚʝʪʠˀʢʝ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʙʨʦʿ 

ʩʚʝʪʠˀʢʠ ʩʝ ʧʦʚʝ˂ʘʚʘ ʢʘʜʘ ʩʝ ʩʤʘˁʠ ʥʠʚʦ ʩʿʘʿʥʦʩʪʠ, ʰʪʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʤʘʠˁʭ ʩʥʘʛʘ ʫ ʨʝʞʠʤʠʤʘ 

2 ʠ 3. ʄʘˁʝ ʩʪʨʫʿʝ ʥʝʛʦ ʫ ʥʦʨʤʘʣʥʦʤ ʨʝʞʠʤʫ (ʟʙʦʛ ʜʠʤʦʚʘˁʘ) ʠʟʘʟʚʘʣʝ ʩʫ ʤʘˁʝ ʝʬʝʢʪʠʚʥʝ 

ʚʨʝʜʥʦʩʪʠ ʭʘʨʤʦʥʠʢʘ ʫ ʘʤʧʝʨʠʤʘ, ʠʘʢʦ ʚʝʠ˂ ʧʨʦʮʝʥʘʪ ʩʪʨʫʿʥʠʭ ʭʘʨʤʦʥʠʢʘ ʦʜʛʦʚʘʨʘ ʨʝʞʠʤʠʤʘ 

2 ʠ 3.  

ʀʟ ʠʩʪʦʛ ʨʘʟʣʦʛʘ (ʟʙʦʛ ʤʘˁʝ ʩʥʘʛʝ ʩʚʝʪʠˀʢʠ ʫ ʨʝʞʠʤʠʤʘ 2 ʠ 3), ʫ ʧʦʛʣʝʜʫ ʧʨʦʮʝʥʪʘ 

ʧʦʿʝʜʠʥʘʯʥʠʭ ʭʘʨʤʦʥʠʢʘ ʜʘʪʠʭ ʫ ʪʘʙʝʣʠ 33 ʫ ʩʚʘʢʦʤ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ ʩʘ LED 

ʩʚʝʪʠˀʢʘʤʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʙʨʦʿ ʩʚʝʪʠˀʢʠ ʩʝ ʧʦʚʝ˂ʘʚʘ ʧʨʠ ʧʦʚʝ˂ʘˁʫ ʨʝʜʥʦʛ ʙʨʦʿʘ ʨʝʞʠʤʘ 

(ʦʜ 1 ʜʦ 3). ʀʟʥʝʥʘʹʫʿʫ˂ʝ, ʟʘ LED ʩʚʝʪʠˀʢʝ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʩʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʙʨʦʿʘ ʨʝʞʠʤʘ 
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ʧʦʚʝ˂ʘʚʘ 15. ʭʘʨʤʦʥʠʢ ʫ ʘʤʧʝʨʠʤʘ. ʊʘʢʦʹʝ, 15. ʭʘʨʤʦʥʠʢ ʿʝ ʚʝ˂ʠ ʫ ʩʣʫʯʘʿʫ ʩʚʝʪʠˀʢʠ ʪʦʧʣʦ-

ʙʝʣʝ ʙʦʿʝ ʥʝʛʦ ʫ ʩʣʫʯʘʿʫ ʩʚʝʪʠˀʢʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ.  

ʄʘʢʩʠʤʘʣʥʠ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʚʝʪʠˀʢʠ ʫ ʠʥʩʪʘʣʘʮʠʿʠ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʝ (ʧʫʪʘ) ʫʟʠʤʘʿʫ˂ʠ 

ʫ ʦʙʟʠʨ ʩʚʘʢʫ ʦʜ ʜʦʟʚʦˀʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʘʜ ʥʘʧʦʥʘ, THDu ʠ ʧʨʦʮʝʥʘʪ ʧʦʿʝʜʠʥʘʯʥʠʭ 

ʭʘʨʤʦʥʠʢʘ ʥʘʧʦʥʘ ʿʝʜʥʘʢ ʿʝ ʥʘʿʤʘˁʝʤ ʦʜ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʙʨʦʿʝʚʘ ʜʘʪʠʭ ʫ ʪʘʙʝʣʘʤʘ 31ï33. ʆʚʝ 

ʚʨʝʜʥʦʩʪʠ ʩʫ ʜʘʪʝ ʫ ʪʘʙʝʣʠ 34.  

 

ʊʘʙʝʣʘ 34. ʄʘʢʩʠʤʘʣʥʠ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʚʝʪʠˀʢʠ ʫ ʨʘʟʤʘʪʨʘʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʦʩʚʝʪˀʝˁʘ 

ʫʣʠʮʘ (ʧʫʪʝʚʘ) 

 

 
ɱʝʜʥʦʩʪʨʘʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ ʎʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ 

M3 M5 M1 M2 

ʅʝʫʪʨʘʣʥʘ ʙʝʣʘ ʙʦʿʘ 101 80 45 39 

ʊʦʧʣʦ-ʙʝʣʘ ʙʦʿʘ 80 61 33 29 

 

ʊʘʙʝʣʘ 32 ʧʦʢʘʟʫʿʝ ʜʘ ʩʫ LED ʩʚʝʪʠˀʢʝ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ (ʢʦʿʝ ʩʘʜʨʞʝ ʜʨʘʿʚʝʨ ʩʘ 

ʧʦʙʦˀʰʘʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʫ ʫʩʣʦʚʠʤʘ ʜʠʤʦʚʘˁʘ) ʧʦʚʦˀʥʠʿʝ ʦʜ ʩʚʝʪʠˀʢʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ 

ʙʦʿʝ (ʩʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʜʨʘʿʚʝʨʦʤ) ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ THDu ʚʨʝʜʥʦʩʪʠ. ʀʧʘʢ, ʟʙʦʛ 

ʨʝʣʘʪʠʚʥʦ ʚʠʩʦʢʦʛ 15. ʭʘʨʤʦʥʠʢʘ ʩʪʨʫʿʝ LED ʩʚʝʪʠˀʢʝ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ, ʤʦʞʝ ʩʝ ʧʦʚʝʟʘʪʠ 

ʤʘˁʠ ʙʨʦʿ ʩʚʝʪʠˀʢʠ ʦʚʦʛ ʪʠʧʘ (ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʪʘʙʝʣʠ 34). 

 

4.6 ʇʘʜ ʥʘʧʦʥʘ ʢʘʦ ʫʪʠʮʘʿʥʠ ʬʘʢʪʦʨ ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʦʩʚʝʪˀʝˁʘ 
 

ʎʠ ˀʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʙʠʣʦ ʧʦʨʝʹʝˁʝ ʠʥʩʪʘʣʘʮʠʿʘ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ ʨʝʘʣʠʟʦʚʘʥʠʭ 

ʧʦʤʦ˂ʫ ʥʘʪʨʠʿʫʤʦʚʠʭ ʠ LED ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʫ ʧʦʛʣʝʜʫ ʧʘʜʘ ʥʘʧʦʥʘ. 

ʆʩʥʦʚʥʠ ʫʣʘʟʥʠ ʧʦʜʘʮʠ ʩʧʨʦʚʝʜʝʥʝ ʘʥʘʣʠʟʝ ʙʠʣʠ ʩʫ: 

ï ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ ʩʪʫʙʦʚʘ,  

ï ʩʥʘʛʘ ʠ ʬʘʢʪʦʨ ʩʥʘʛʝ ʩʚʝʪʠˀʢʝ ʩʘ ʧʨʝʜʩʧʦʿʥʠʤ ʫʨʝʹʘʿʝʤ (ʙʘʣʘʩʪʦʤ ʫ ʩʣʫʯʘʿʫ ʩʚʝʪʠˀʢʝ 

ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʦʤ ʩʚʝʪʣʦʩʪʠ, ʦʜʥʦʩʥʦ ʜʨʘʿʚʝʨʦʤ ʫ ʩʣʫʯʘʿʫ LED ʩʚʝʪʠˀʢʝ), ʠ 

ï ʪʠʧ ʠ ʧʨʝʩʝʢ ʢʘʙʣʘ ʟʘ ʥʘʧʘʿʘˁʝ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ.  

ʇʦʨʝ́ʝˁʝ ʧʨʝʜʤʝʪʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʦʩʚʝʪˀʝˁʘ ʨʝʘʣʠʟʦʚʘʥʠʭ ʧʦʤʦ˂ʫ ʥʘʪʨʠʿʫʤʦʚʠʭ ʠ 

LED ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ ʠʟʚʨʰʝʥʦ ʿʝ ʫʟ ʧʨʝʪʧʦʩʪʘʚʢʫ ʦ ʧʨʠʤʝʥʠ ʪʨʦʬʘʟʥʠʭ ʩʪʨʫʿʥʠʭ ʢʦʣʘ 

ʦʩʚʝʪˀʝˁʘ, ʢʘʢʚʘ ʩʝ ʩʪʘʥʜʘʨʜʥʦ ʧʨʠʤʝˁʫʿʫ ʰʠʨʦʤ ʩʚʝʪʘ. ʆʜ ʩʚʠʭ ʩʣʫʯʘʿʝʚʘ ʦʩʚʝʪˀʝˁʘ 

ʫʣʠʮʘ/ʧʫʪʝʚʘ ʟʘ ʢʦʿʝ ʩʫ ʚʝ˂ ʫʨʘʹʝʥʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʧʨʦʨʘʯʫʥʠ (ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ ʇʨʠʣʦʛʫ 1) 

ʠʟʘʙʨʘʥʦ ʿʝ 6 ʪʠʧʠʯʥʠʭ ʩʣʫʯʘʿʝʚʘ ʩʘ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʫʧʦʨʝʜʠʚʠʤ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʨʝʰʝˁʠʤʘ 

ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠ LED ʩʚʝʪʠˀʢʘʤʘ (ʧʦ ʜʚʘ ʩʣʫʯʘʿʘ ʟʘ ʮʝʥʪʨʘʣʥʠ, ʜʚʦʩʪʨʘʥʠ ʥʘʩʧʨʘʤʥʠ ʠ 

ʿʝʜʥʦʩʪʨʘʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ, ʢʦʿʠʤʘ ʦʜʛʦʚʘʨʘʿʫ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʫʣʠʮʝ/ʧʫʪʘ ʄ1, ʄ2 ʠ 

ʄ3, ʠ ʢʦʿʠ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ ʪʘʙʝʣʘʤʘ 35 ʠ 36). ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʝ, ʫ ʧʦʛʣʝʜʫ 

ʠʟʨʘʯʫʥʘʚʘˁʘ ʧʘʜʘ ʥʘʧʦʥʘ, ʜʚʦʩʪʨʘʥʠ ʥʘʩʧʨʘʤʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ ʤʦʞʝ ʩʚʝʩʪʠ ʥʘ 2 

ʿʝʜʥʦʩʪʨʘʥʘ ʨʘʩʧʦʨʝʜʘ (ʧʦ ʿʝʜʘʥ ʥʘ ʩʚʘʢʦʿ ʩʪʨʘʥʠ ʫʣʠʮʝ/ʧʫʪʘ), ʟʘ ʢʦʿʝ ʩʝ ʧʨʠʤʝˁʫʿʫ ʦʜʚʦʿʝʥʘ 

ʩʪʨʫʿʥʘ ʢʦʣʘ.  

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 
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ʊʘʙʝʣʘ 35. ʆʩʥʦʚʥʠ ʧʦʜʘʮʠ ʦ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʨʝʰʝˁʠʤʘ ʨʘʟʤʘʪʨʘʥʠʭ ʫʣʠʮʘ/ʧʫʪʝʚʘ 

ʨʝʘʣʠʟʦʚʘʥʠʤ ʧʦʤʦ˂ʫ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʩʚʝʪʠˀʢʘʤʘ 

 

ʈʘʩʧʦʨʝʜ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʂʨʠʪʝʨʠʿʫʤ 
s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 
EIR 

Plamp 

(W) 
kW/km 

ʎʝʥʪʨʘʣʥʠ  

3 ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 smax/ Pmin 42 13 0,87 0 1,91 41 68 9,5 0,56 250 11,9 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 

M1 smax 28 8 0,37 5 2,46 61 68 9,9 0,52 150 10,7 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ 

ʫʣʠʮʝ) 

M2 smax/ Pmin 31 10 0,87 10 1,43 40 74 9,9 0,47 150 9,7 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

3 ʪʨʘʢʝ 

M2 smax 29 8 -0,63 10 1,79 68 68 10,0 0,51 100 6,9 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 

M3 smax 37 8 0,87 10 1,25 55 60 14,1 0,62 150 4,1 

M3 Pmin 36 8 1,37 10 1,08 46 60 14,6 0,42 100 2,8 

 

ʊʘʙʝʣʘ 36. ʆʩʥʦʚʥʠ ʧʦʜʘʮʠ ʦ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʨʝʰʝˁʠʤʘ ʨʘʟʤʘʪʨʘʥʠʭ ʫʣʠʮʘ/ʧʫʪʝʚʘ 

ʨʝʘʣʠʟʦʚʘʥʠʤ ʧʦʤʦ˂ʫ LED ʩʚʝʪʠˀʢʠ 

 

ʈʘʩʧʦʨʝʜ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʂʨʠʪʝʨʠʿʫʤ 
s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 
EIR 

Plamp 

(W) 
kW/km 

ʎʝʥʪʨʘʣʥʠ  

3 ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 smax/ Pmin 40 13 0,45 0 1,93 39 80 9,2 0,47 165 8,3 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 

M1 smax 32 8 -0,66 0 2,33 60 69 9,8 0,70 136 8,5 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ 

ʫʣʠʮʝ) 

M2 smax 36 10 -0,66 10 1,43 40 70 10,0 0,45 136 7,6 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

3 ʪʨʘʢʝ 

M2 smax 30 8 -0,66 0 1,55 65 73 9,9 0,52 70 4,7 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 

M3 smax 43 8 0,34 0 1,08 53 59 14,6 0,60 103 2,4 

M3 Pmin 36 8 1,29 0 0,98 45 77 12,3 0,30 53 1,5 

 

ɸʥʘʣʠʟʘ ʿʝ ʦʙʫʭʚʘʪʠʣʘ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʥʘ ʜʝʦʥʠʮʘʤʘ ʜʫʞʠʥʝ 1000 m, 

ʨʝʘʣʠʟʦʚʘʥʝ ʧʦʤʦ˂ʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʩʚʝʪʠˀʢʠ (ʪʠʧʘ Onyx 2) ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ 

ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ, ʩʥʘʛʝ 100 W, 150 W ʠ 250 W, ʦʜʥʦʩʥʦ ʧʦʤʦ˂ʫ LED ʩʚʝʪʠˀʢʠ (ʪʠʧʘ Ampera), 

ʩʥʘʛʝ 53 W, 70 W, 103 W, 136 W ʠ 165 W. ɿʘ ʧʨʦʨʘʯʫʥ ʧʘʜʦʚʘ ʥʘʧʦʥʘ ʧʨʝʪʧʦʩʪʘʚˀʝʥʘ ʿʝ 

ʫʧʦʪʨʝʙʘ ʢʘʙʣʦʚʘ ʩʘ ʘʣʫʤʠʥʠʿʫʤʩʢʠʤ ʧʨʦʚʦʜʥʠʮʠʤʘ ʧʨʝʩʝʢʘ 10 mm2, 16 mm2 ʠʣʠ 25 mm2, ʢʘʦ 

ʠ ʩʣʝʜʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʩʥʘʛʝ: cos ű = 0,85 ʟʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʩʚʝʪʠˀʢʝ ʩʘ 

ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʠʤ ʙʘʣʘʩʪʠʤʘ [38], ʦʜʥʦʩʥʦ cos ű = 0,95 ʟʘ LED ʩʚʝʪʠˀʢʝ ʩʘ ʜʨʘʿʚʝʨʦʤ [39]. 

ʌʦʪʦʤʝʪʨʠʿʩʢʠ ʧʨʦʨʘʯʫʥʠ ʩʫ ʟʘ ʧʦʪʨʝʙʝ ʜʘˀʝ ʘʥʘʣʠʟʝ ʦʙʝʟʙʝʜʠʣʠ ʩʘʤʦ ʿʝʜʘʥ ʠʟʣʘʟʥʠ 

ʧʦʜʘʪʘʢ ï ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ ʩʪʫʙʦʚʘ. 

ʂʦʨʠʰ˂ʝˁʝʤ ʬʦʨʤʫʣʘ ʧʨʝʜʩʪʘʚˀʝʥʠʭ ʫ ʨʝʬʝʨʝʥʮʠ [40], ʟʘ ʩʚʘʢʫ ʦʜ 6 ʠʟʘʙʨʘʥʠʭ 

ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ ʠʟʚʨʰʝʥʠ ʩʫ ʧʨʦʨʘʯʫʥʠ ʧʘʜʘ ʥʘʧʦʥʘ, ʩ ʮʠˀʝʤ ʜʘ ʩʝ ʥʘ ʜʝʦʥʠʮʠ ʦʜ 1000 m ʟʘ 

ʩʚʘʢʠ ʧʨʝʩʝʢ ʢʘʙʣʘ ʦʜʨʝʜʠ ʤʘʢʩʠʤʘʣʘʥ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʪʫʙʦʚʘ, nmax, ʟʘ ʢʦʿʠ ʧʘʜ ʥʘʧʦʥʘ ʥʠʿʝ 

ʚʝ˂ʠ ʦʜ ʤʘʢʩʠʤʘʣʥʦʛ ʜʦʟʚʦˀʝʥʦʛ ʧʘʜʘ ʥʘʧʦʥʘ, ȹumax.  

ʇʨʝʤʘ ʧʦʜʘʮʠʤʘ Philips Lighting-a [41], ʤʘʢʩʠʤʘʣʥʘ ʜʦʟʚʦˀʝʥʘ ʚʨʝʜʥʦʩʪ ʧʘʜʘ ʥʘʧʦʥʘ ʟʘ 

ʩʚʝʪʠˀʢʝ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʠʟʥʦʩʠ 8%. ʇʨʝʤʘ ʨʝʬʝʨʝʥʮʠ [42], ʠʩʪʘ 
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ʚʨʝʜʥʦʩʪ ʩʝ ʧʨʝʧʦʨʫʯʫʿʝ ʠ ʟʘ LED ʩʚʝʪʠˀʢʝ. ʇʦʰʪʦ ʩʝ ʫ ʧʨʘʢʩʠ ʟʘ ʧʘʜ ʥʘʧʦʥʘ ʦʜ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʝ ʩʪʘʥʠʮʝ ʜʦ ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ ʠ ʦʜ ʧʣʦʯʠʮʝ ʫ ʩʪʫʙʫ ʜʦ ʩʚʝʪʠˀʢʝ ʦʩʪʘʚˀʘ 

3%, ȹumax ʠʟʥʦʩʠ 5%. 

ʋ ʪʘʙʝʣʠ 37 ʜʘʪʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʧʦʜʫʞʥʠʭ ʘʢʪʠʚʥʠʭ ʠ ʠʥʜʫʢʪʠʚʥʠʭ ʦʪʧʦʨʥʦʩʪʠ 

ʨʘʟʤʘʪʨʘʥʠʭ ʘʣʫʤʠʥʠʿʫʤʩʢʠʭ ʢʘʙʣʦʚʘ. 

 

ʊʘʙʝʣʘ 37. ʇʦʜʫʞʥʝ ʘʢʪʠʚʥʝ ʠ ʠʥʜʫʢʪʠʚʥʝ ʦʪʧʦʨʥʦʩʪʠ ʨʘʟʤʘʪʨʘʥʠʭ ʘʣʫʤʠʥʠʿʫʤʩʢʠʭ ʢʘʙʣʦʚʘ 

 
 10 mm2 16 mm2 25 mm2 

rAl (ɋ/km) 3,00 1,89 1,20 

x3f (ɋ/km) 0,094 0,090 0,086 

 

ʇʦʰʪʦ ʿʝ ʟʘ ʧʨʦʨʘʯʫʥ ʧʘʜʘ ʥʘʧʦʥʘ ʥʝʦʧʭʦʜʘʥ ʧʦʜʘʪʘʢ ʦ ʫʢʫʧʥʦʿ ʩʥʘʟʠ ʩʚʝʪʠˀʢʝ, ʟʘ 

ʥʘʪʨʠʿʫʤʦʚʝ ʩʚʝʪʠˀʢʝ ʿʝ ʫʩʚʦʿʝʥʦ ʜʘ ʿʝ ʦʥʘ 15% ʚʝ˂ʘ ʦʜ ʩʥʘʛʝ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ, ʜʦʢ ʥʘʚʝʜʝʥʘ 

ʩʥʘʛʘ ʩʚʘʢʝ LED ʩʚʝʪʠˀʢʝ ʫʢˀʫʯʫʿʝ ʠ ʩʥʘʛʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʜʨʘʿʚʝʨʘ. 

ɹʨʦʿ ʩʪʫʙʦʚʘ ʥʘ ʜʝʦʥʠʮʠ ʦʜ 1000 m (n), ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿʝʚʠ ʩʪʫʙʦʚʘ (nmax) ʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʧʘʜʦʚʠ ʥʘʧʦʥʘ (ȹu) ʟʘ ʩʚʝ ʨʘʟʤʘʪʨʘʥʝ ʩʣʫʯʘʿʝʚʝ (ʟʘ ʪʨʦʬʘʟʥʠ ʩʠʩʪʝʤ ʥʘʧʘʿʘˁʘ) 

ʜʘʪʠ ʩʫ ʫ ʪʘʙʝʣʘʤʘ 38 ʠ 39. 

 

ʊʘʙʝʣʘ 38. ʄʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿʝʚʠ ʩʪʫʙʦʚʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʧʘʜʦʚʠ ʥʘʧʦʥʘ ʟʘ 

ʠʥʩʪʘʣʘʮʠʿʫ ʦʩʚʝʪˀʝˁʘ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʩʚʝʪʠˀʢʘʤʘ 

 

ʊʠʧ ʩʚʝʪʠˀʢʝ 

 

 

ʈʘʩʧʦʨʝʜ 

ʩʪʫʙʦʚʘ 

 

ʈʘʩʪʦʿʘˁʝ 

ʠʟʤʝʹʫ 

ʩʫʩʝʜʥʠʭ 

ʩʪʫʙʦʚʘ 

(m) 

n 

ɹʨʦʿ ʩʪʫʙʦʚʘ (nmax) ʠ ʧʘʜ ʥʘʧʦʥʘ (ȹu) 

Al (mm2) 

10 16 25 

nmax 

 

ȹu 

(%) 

nmax 

 

ȹu 

(%) 

nmax 

 

ȹu 

(%) 

Onyx 2 250 W ʮʝʥʪʨʘʣʥʠ 42 24 12 4,68 16 4,97 20 4,82 

Onyx 2 150 W ʜʚʦʩʪʨʘʥʠ 28 36 28 4,91 36 4,91 36 3,16 

Onyx 2 150 W ʮʝʥʪʨʘʣʥʠ 31 33 19 4,80 24 4,69 31 4,88 

Onyx 2 100 W ʜʚʦʩʪʨʘʥʠ 29 35 34 4,80 35 3,22 35 2,07 

Onyx 2 150 W ʿʝʜʥʦʩʪʨʘʥʠ 37 28 24 4,82 28 4,05 28 2,61 

Onyx 2 100 W ʿʝʜʥʦʩʪʨʘʥʠ 36 28 28 4,14 28 2,63 28 1,69 

 

ʊʘʙʝʣʘ 39. ʄʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿʝʚʠ ʩʪʫʙʦʚʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʧʘʜʦʚʠ ʥʘʧʦʥʘ ʟʘ 

ʠʥʩʪʘʣʘʮʠʿʫ ʦʩʚʝʪˀʝˁʘ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ 

 

ʊʠʧ ʩʚʝʪʠˀʢʝ 

 

 

ʈʘʩʧʦʨʝʜ 

ʩʪʫʙʦʚʘ 

 

ʈʘʩʪʦʿʘˁʝ 

ʠʟʤʝʹʫ 

ʩʫʩʝʜʥʠʭ 

ʩʪʫʙʦʚʘ 

(m) 

n 

ɹʨʦʿ ʩʪʫʙʦʚʘ (nmax) ʠ ʧʘʜ ʥʘʧʦʥʘ (ȹu) 

Al (mm2) 

10 16 10 

nmax 

 

ȹu 

(%) 

nmax 

 

ȹu 

(%) 

nmax 

 

ȹu 

(%) 

LED Ampera 80 ʮʝʥʪʨʘʣʥʠ 40 26 17 4,71 22 4,75 26 4,16 

LED Ampera 64 ʜʚʦʩʪʨʘʥʠ 32 32 30 4,84 32 3,46 32 2,21 

LED Ampera 64 ʮʝʥʪʨʘʣʥʠ 36 28 20 4,72 26 4,85 28 3,55 

LED Ampera 32 ʜʚʦʩʪʨʘʥʠ 30 34 34 2,96 34 1,87 34 1,20 

LED Ampera 48 ʿʝʜʥʦʩʪʨʘʥʠ 43 24 24 3,24 24 2,05 24 1,31 

LED Ampera 24 ʿʝʜʥʦʩʪʨʘʥʠ 36 28 28 1,87 28 1,18 28 0,76 

 

ʅʘʧʦʤʝʥʘ: ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʿʝ ʧʘʜ ʥʘʧʦʥʘ ʥʘ ʮʝʣʦʿ ʜʝʦʥʠʮʠ ʦʜ 1000 m ʙʠʦ ʤʘˁʠ ʦʜ 

ȹumax, ʫʟʝʪʦ ʿʝ ʜʘ ʿʝ nmax = n. 

ʇʦʨʝʹʝˁʝʤ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠʭ ʙʨʦʿʝʚʘ ʩʪʫʙʦʚʘ ʫ ʨʘʟʤʘʪʨʘʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ 

ʧʨʝʜʩʪʘʚˀʝʥʠʤ ʫ ʪʘʙʝʣʘʤʘ 38 ʠ 39, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʠʥʩʪʘʣʘʮʠʿʫ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ 

ʢʘʨʘʢʪʝʨʠʩʘʦ ʠʣʠ ʚʝ˂ʠ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʪʫʙʦʚʘ ʠʣʠ ʧʨʠʤʝʪʥʦ ʥʠʞʠ ʧʘʜ ʥʘʧʦʥʘ (ʫ 

ʦʜʥʦʩʫ ʥʘ ʠʥʩʪʘʣʘʮʠʿʫ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʩʚʝʪʠˀʢʘʤʘ) ʫ ʩʚʘʢʦʤ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ 

ʧʨʝʩʝʢʘ ʢʘʙʣʘ ʟʘ ʠʩʪʫ ʜʫʞʠʥʫ ʜʝʦʥʠʮʝ ʦʜ 1000 m. 
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4.7 ɽʬʠʢʘʩʥʦʩʪ TN ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ ʫ ʩʣʫʯʘʿʫ ʢʚʘʨʘ ʢʘʦ ʫʪʠʮʘʿʥʠ ʬʘʢʪʦʨ ʫ 

ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʦʩʚʝʪˀʝˁʘ 
 

ʅʘ ʦʩʥʦʚʫ ʙʨʦʿʘ ʩʪʫʙʦʚʘ (n) ʥʘ ʜʝʦʥʠʮʠ ʜʫʞʠʥʝ 1000 m ʦʜʨʝʫ́ʿʝ ʩʝ ʤʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ 

ʬʘʟʥʝ ʩʪʨʫʿʝ (I f) ʥʘ ʪʦʿ ʜʝʦʥʠʮʠ (ʥʘ ʠʟʣʘʟʫ ʠʟ ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ), ʢʦʿʘ ʩʝ ʦʜʨʝʹʫʿʝ ʧʦʤʦ˂ʫ 

ʩʣʝʜʝ˂ʝ ʬʦʨʤʫʣʝ: 

3 cos
f

f

n P
I

U

Ö
=
Ö Ö j

      (26) 

ʛʜʝ ʿʝ n ʙʨʦʿ ʩʪʫʙʦʚʘ, P ʫʢʫʧʥʘ ʩʥʘʛʘ ʩʚʝʪʠˀʢʝ (ʜʚʝ ʩʚʝʪʠˀʢʝ ʥʘ ʠʩʪʦʤ ʩʪʫʙʫ ʢʦʜ ʮʝʥʪʨʘʣʥʦʛ 

ʨʘʩʧʦʨʝʜʘ), ʘ cos ű ʬʘʢʪʦʨ ʩʥʘʛʝ ʩʚʝʪʠˀʢʝ. 

ʅʘ ʦʩʥʦʚʫ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʬʘʟʥʝ ʩʪʨʫʿʝ ʦʜʨʝʹʫʿʝ ʩʝ ʥʘʟʥʘʯʝʥʘ ʩʪʨʫʿʘ ʫʣʦʰʢʘ 

ʦʩʠʛʫʨʘʯʘ (Ios), ʢʦʿʘ ʩʝ ʧʦʨʝʜʠ ʩʘ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠʤ ʩʪʨʫʿʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ ʢʘʙʣʘ (I td), 

ʦʜʨʝʝ́ʥʠʤ ʫʟ ʫʚʘʞʘʚʘˁʝ ʫʩʣʦʚʘ ʟʘʿʝʜʥʠʯʢʦʛ ʚʦʝ́ˁʘ ʢʘʙʣʦʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʪʣʘ, ʥʘʢʦʥ ʯʝʛʘ ʩʝ 

ʦʜʨʝ́ʫʿʝ ʠʤʧʝʜʘʥʩʘ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʧʨʦʚʝʨʘʚʘ ʜʘ ʣʠ ʠʥʩʪʘʣʘʮʠʿʘ ʟʘʜʦʚʦˀʘʚʘ ʫʩʣʦʚʝ TN ʩʠʩʪʝʤʘ 

ʟʘʰʪʠʪʝ. 

ʀʤʧʝʜʘʥʩʘ ʧʝʪˀʝ ʢʚʘʨʘ ʿʝ ʦʜʨʝʹʝʥʘ ʬʦʨʤʫʣʦʤ [40]: 

,k ID NK T MZ Z Z Z Z= + + +     (27) 

ʫ ʢʦʿʦʿ ʩʫ: 

ZID ï ʠʤʧʝʜʘʥʩʘ ʠʟʚʦʜʥʝ (ʢʘʙʣʦʚʩʢʝ) ʜʝʦʥʠʮʝ ʦʜ ʈʆ ʜʦ ʤʝʩʪʘ ʢʚʘʨʘ (ʢʨʠʪʠʯʘʥ ʿʝ ʢʚʘʨ ʥʘ 

ʥʘʿʫʜʘˀʝʥʠʿʦʿ ʩʚʝʪʠˀʮʠ), 

ZNK ï ʠʤʧʝʜʘʥʩʘ ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ ʦʜ ʊʉ ʜʦ ʈʆ,  

ZT ï ʠʤʧʝʜʘʥʩʘ ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʠ 

ZM ï ʠʤʧʝʜʘʥʩʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ ʤʨʝʞʝ. 

ʋʟ ʧʨʝʪʧʦʩʪʘʚʢʫ ʜʘ ʿʝ ʨʘʩʪʦʿʘˁʝ ʦʜ ʈʆ ʜʦ ʥʘʿʙʣʠʞʝʛ ʩʪʫʙʘ ʿʝʜʥʘʢʦ ʨʘʩʪʦʿʘˁʫ ʠʟʤʝʹʫ 

ʩʫʩʝʜʥʠʭ ʩʪʫʙʦʚʘ, ʠʤʧʝʜʘʥʩʘ ʠʟʚʦʜʥʝ ʜʝʦʥʠʮʝ ʩʝ ʦʜʨʝʹʫʿʝ ʧʦʤʦ˂ʫ ʬʦʨʤʫʣʝ [40]: 

2 ( )ID ID IDZ k L r jx= Ö Ö Ö +     (28) 

(k ʿʝ ʨʝʜʥʠ ʙʨʦʿ ʩʪʫʙʘ ʥʘ ʢʦʤʝ ʩʝ ʜʝʩʠʦ ʢʚʘʨ, L ʿʝ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʫ́ ʩʫʩʝʜʥʠʭ ʩʪʫʙʦʚʘ ʫʚʝ˂ʘʥʦ 

ʟʘ 2 m, a r ID ʠ xID ʩʫ ʧʦʜʫʞʥʘ ʘʢʪʠʚʥʘ ʠ ʠʥʜʫʢʪʠʚʥʘ ʦʪʧʦʨʥʦʩʪ ʠʟʚʦʜʥʝ ʜʝʦʥʠʮʝ).  

ʀʤʧʝʜʘʥʩʘ ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ ʈʆ ʦʜʨʝʹʫʿʝ ʩʝ ʢʦʨʠʰ˂ʝˁʝʤ ʬʦʨʤʫʣʝ [40]: 

2 ( )NK NK NKZ D r jx= Ö Ö +     (29) 

(D ʿʝ ʜʫʞʠʥʘ ʥʘʧʦʿʥʦʛ ʚʦʜʘ, ʘ rNK ʠ xNK ʩʫ ʧʦʜʫʞʥʘ ʘʢʪʠʚʥʘ ʠ ʠʥʜʫʢʪʠʚʥʘ ʦʪʧʦʨʥʦʩʪ ʥʘʧʦʿʥʦʛ 

ʢʘʙʣʘ ʈʆ).  

ɿʘ ʦʜʨʝʠ́ʚʘˁʝ ʠʤʧʝʜʘʥʩʝ ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ ʙʠʨʘ ʩʝ ʥʘʿʤʘˁʠ ʧʨʝʩʝʢ ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ ʢʦʿʠ ʿʝ 

ʫʦʙʠʯʘʿʝʥʦ ʟʘʩʪʫʧˀʝʥ ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʿʘʚʥʦʛ ʦʩʚʝʪˀʝˁʘ. ʉʚʠ ʚʝ˂ʠ ʧʨʝʩʝʮʠ ʢʘʙʣʘ ʩʫ ʤʘˁʝ 

ʢʨʠʪʠʯʥʠ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʝʬʠʢʘʩʥʦʩʪʠ TN ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ, ʿʝʨ ʠʤʘʿʫ ʤʘˁʝ ʠʤʧʝʜʘʥʩʝ. ʂʘʙʣ 

ʥʘʿʤʘˁʝʛ ʧʨʝʩʝʢʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʦʚʫ ʥʘʤʝʥʫ ʿʝ ʢʘʙʣ ʪʠʧʘ PP00-AY 4 x 50 mmĮ, ʯʠʿʝ ʩʫ 

ʧʦʜʫʞʥʝ ʦʪʧʦʨʥʦʩʪʠ rNK = 0,628 ɋ/km ʠ xNK = 0,083 ɋ/km. 

ɼʫʞʠʥʘ ʢʘʙʣʘ ʠʟʤʝʫ́ ʊʉ ʠ ʈʆ ʦʙʠʯʥʦ ʥʠʿʝ ʚʝ˂ʘ ʦʜ D = 300 m, ʧʘ ˂ʝ ʩʝ ʧʨʦʨʘʯʫʥʠ ʚʨʰʠʪʠ 

ʩʘ ʦʚʦʤ ʚʨʝʜʥʦʰ˂ʫ ʢʘʦ ʢʨʠʪʠʯʥʦʤ. 

ʋʢʫʧʥʘ ʠʤʧʝʜʘʥʩʘ ʦʜ ʊʉ ʜʦ ʤʝʩʪʘ ʢʚʘʨʘ ʜʘʪʘ ʿʝ ʬʦʨʤʫʣʦʤ [40]: 

2 2( ) ( )l ID NK ID NKZ R R X X= + + +      (30) 

ʇʨʠʣʠʢʦʤ ʠʟʨʘʯʫʥʘʚʘˁʘ ʠʤʧʝʜʘʥʩʝ ʧʝʪˀʝ ʢʚʘʨʘ ʪʨʝʙʘ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʠ:  
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ï ʠʤʧʝʜʘʥʩʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ ʤʨʝʞʝ ʦʜ ʤʝʩʪʘ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʜʦ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʉʅ/ʅʅ (ZM < 0,001 ɋ), ʠ  

ï ʠʤʧʝʜʘʥʩʫ ʝʥʝʨʛʝʪʩʢʦʛ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (ʦʥʘ ʿʝ ʥʘʿʚʝ˂ʘ (ʢʨʠʪʠʯʥʘ) ʟʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨ 
ʩʥʘʛʝ 250 kVA (ʥʘʿʤʘˁʘ ʩʥʘʛʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢʦʿʠ ʩʝ ʫʦʙʠʯʘʿʝʥʦ ʢʦʨʠʩʪʝ ʟʘ ʧʦʪʨʝʙʝ 

ʿʘʚʥʦʛ ʦʩʚʝʪˀʝˁʘ), ʟʘ ʢʦʿʫ ʿʝ ZT = 0,024 ɋ).  

ʀʘʢʦ ʩʫ ʫ ʧʠʪʘˁʫ ʢʦʤʧʣʝʢʩʥʝ ʚʝʣʠʯʠʥʝ, ʢʦʜ ʢʦʿʠʭ ʚʨʝʜʥʦʩʪ ʠʤʧʝʜʘʥʩʝ ʟʘʚʠʩʠ ʠ ʦʜ 

ʘʢʪʠʚʥʝ ʠ ʦʜ ʨʝʘʢʪʠʚʥʝ (ʠʥʜʫʢʪʠʚʥʝ) ʢʦʤʧʦʥʝʥʪʝ, ʟʙʦʛ ʚʝʦʤʘ ʤʘʣʝ ʚʨʝʜʥʦʩʪʠ ʟʙʠʨʘ ʠʤʧʝʜʘʥʩʠ 

ZT + ZM (Ò 0,025 ɋ), ʫʢʫʧʥʘ ʠʤʧʝʜʘʥʩʘ ʧʝʪˀʝ ʢʚʘʨʘ (Zk) ʤʦʞʝ ʜʘ ʩʝ ʠʟʨʘʯʫʥʘ ʢʘʦ ʧʨʦʩʪ ʟʙʠʨ Z1 

+ ZT + ZM = Zl + 0,025 (ɋ) [40].  

ʅʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ʠʤʧʝʜʘʥʩʝ ʧʝʪˀʝ ʢʚʘʨʘ ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʩʪʨʫʿʘ ʢʦʿʘ ʩʝ ʫʩʧʦʩʪʘʚˀʘ ʫ 

ʧʝʪˀʠ ʢʚʘʨʘ (ʩʘ Uf ʿʝ ʦʟʥʘʯʝʥ ʬʘʟʥʠ ʥʘʧʦʥ) [40]: 

.
f

k

k

U
I

Z
=       (31) 

ʉʤʘʪʨʘ ʩʝ ʜʘ ʿʝ ʫ TN ʩʠʩʪʝʤʫ ʟʘʰʪʠʪʘ ʦʜ ʿʝʜʥʦʧʦʣʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʝʬʠʢʘʩʥʘ ʫʢʦʣʠʢʦ ʩʝ 

ʢʚʘʨ ʝʣʠʤʠʥʠʰʝ ʫ ʦʢʚʠʨʫ ʚʨʝʤʝʥʩʢʦʛ ʠʥʪʝʨʚʘʣʘ ʧʨʦʧʠʩʘʥʦʛ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʩʪʘʥʜʘʨʜʦʤ [42]. 

ɺʨʝʤʝ ʠʩʢˀʫʯʝˁʘ ʜʦ 5 s ʜʦʟʚʦˀʘʚʘ ʩʝ ʟʘ ʥʘʧʦʿʥʝ ʚʦʜʦʚʝ, ʫ ʢʦʿʝ ʩʧʘʜʘʿʫ ʠ ʩʪʨʫʿʥʘ ʢʦʣʘ 

ʿʘʚʥʦʛ ʦʩʚʝʪˀʝˁʘ. ɿʘ ʧʨʦʚʦʜʥʠʢ ʤʘˁʝʛ ʧʨʝʩʝʢʘ ʢʦʿʠ ʧʦʚʝʟʫʿʝ ʧʣʦʯʫ ʩʘ ʦʩʠʛʫʨʘʯʝʤ ʫ ʩʪʫʙʫ 

(6 ɸ) ʠ ʩʚʝʪʠˀʢʫ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʦ ʚʨʝʤʝ ʠʩʢˀʫʯʝˁʘ ʠʟʥʦʩʠ 0,4 s [42]. 

ʂʘʢʦ ʿʝ ʥʘʟʥʘʯʝʥʘ ʩʪʨʫʿʘ ʫʤʝʪʢʘ ʦʩʠʛʫʨʘʯʘ ʫ ʩʪʫʙʫ ʥʘʿʤʘˁʝ 2 ʩʪʝʧʝʥʘ ʥʠʞʘ ʦʜ ʥʘʟʥʘʯʝʥʝ 

ʩʪʨʫʿʝ ʫʤʝʪʘʢʘ ʚʠʩʦʢʦʫʯʠʥʩʢʠʭ ʦʩʠʛʫʨʘʯʘ ʠʣʠ ʘʫʪʦʤʘʪʩʢʠʭ ʧʨʝʢʠʜʘʯʘ ʢʦʿʠ ʰʪʠʪʝ ʠʟʚʦʜʥʫ 

ʜʝʦʥʠʮʫ, ʤʦʞʝ ʜʘ ʩʝ ʟʘʢˀʫʯʠ ʜʘ ˂ʝ ʫʤʝʪʘʢ ʦʩʠʛʫʨʘʯʘ ʤʘˁʝ ʥʘʟʥʘʯʝʥʝ ʩʪʨʫʿʝ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʫ 

ʩʪʫʙʫ ʠ ʰʪʠʪʠ ʠʥʩʪʘʣʘʮʠʿʫ ʩʚʝʪʠˀʢʝ ʩʠʛʫʨʥʦ ʟʘʜʦʚʦˀʠʪʠ ʫ ʧʦʛʣʝʜʫ ʝʬʠʢʘʩʥʦʩʪʠ ʟʘʰʪʠʪʝ 

ʫʢʦʣʠʢʦ ʟʘʜʦʚʦˀʠ ʟʘʰʪʠʪʥʘ ʢʦʤʧʦʥʝʥʪʘ ʠʥʩʪʘʣʠʨʘʥʘ ʫ ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ. ɿʘʧʨʘʚʦ, ʩʪʨʫʿʘ ʫ 

ʧʝʪˀʠ ʢʚʘʨʘ ʥʝ ʨʘʟʣʠʢʫʿʝ ʩʝ ʤʥʦʛʦ ʫʢʦʣʠʢʦ ʩʝ, ʫʤʝʩʪʦ ʠʩʧʨʝʜ ʧʨʠʢˀʫʯʥʝ ʧʣʦʯʝ ʫ ʩʪʫʙʫ, ʢʚʘʨ 

ʜʝʩʠ ʧʦʩʣʝ ʧʨʠʢˀʫʯʥʝ ʧʣʦʯʝ ʥʘ ʢʘʙʣʫ ʤʘˁʝʛ ʧʨʝʩʝʢʘ. ʇʦʰʪʦ ʿʝ ʦʩʠʛʫʨʘʯ ʫ ʩʪʫʙʫ ʤʘˁʝ 

ʥʘʟʥʘʯʝʥʝ ʩʪʨʫʿʝ, ʦʥ ˂ʝ ʤʥʦʛʦ ʙʨʞʝ ʨʝʘʛʦʚʘʪʠ ʥʝʛʦ ʟʘʰʪʠʪʥʘ ʢʦʤʧʦʥʝʥʪʘ ʟʥʘʯʘʿʥʦ ʚʝ˂ʝ 

ʥʘʟʥʘʯʝʥʝ ʩʪʨʫʿʝ ʟʘ ʠʩʪʫ (ʩʣʠʯʥʫ) ʩʪʨʫʿʫ ʢʨʘʪʢʦʛ ʩʧʦʿʘ.  

ʅʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ʧʨʝʪʭʦʜʥʦ ʦʜʨʝʝ́ʥʝ ʥʦʤʠʥʘʣʥʝ ʩʪʨʫʿʝ ʦʩʠʛʫʨʘʯʘ Ios, ʩʘ ʜʠʿʘʛʨʘʤʘ 

ʥʘ ʩʣʠʮʠ 12 ʟʘ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʦ ʚʨʝʤʝ ʨʝʘʛʦʚʘˁʘ (ʠʩʢˀʫʯʝˁʘ) ʦʩʠʛʫʨʘʯʘ ʦʜ 5 s ʤʦʞʝ ʜʘ 

ʩʝ ʦʜʨʝʜʠ ʩʪʨʫʿʘ Ia, ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʤʘˁʫ ʩʪʨʫʿʫ ʢʦʿʘ ʦʙʝʟʙʝʫ́ʿʝ ʜʘ ʩʝ ʠʟʚʦʜʥʘ ʜʝʦʥʠʮʘ ʫ 

ʢʦʿʦʿ ʿʝ ʥʘʩʪʘʦ ʢʚʘʨ ʠʩʢˀʫʯʠ ʫʥʫʪʘʨ 5 s. 

 

 
 

ʉʣʠʢʘ 12. ʂʨʠʚʝ ʩʪʨʫʿʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʪʦʧˀʠʚʠʭ ʫʤʝʪʘʢʘ ʚʠʩʦʢʦʫʯʠʥʩʢʠʭ ʦʩʠʛʫʨʘʯʘ 

(ʦʩʠʛʫʨʘʯʘ ʪʠʧʘ NV) 
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ʅʘ ʘʧʩʮʠʩʠ ʜʠʿʘʛʨʘʤʘ ʩʘ ʩʣʠʢʝ 12 ʤʦʛʫ ʩʝ ʦʯʠʪʘʪʠ ʚʨʝʜʥʦʩʪʠ ʩʪʨʫʿʘ Ia ʟʘ ʦʯʝʢʠʚʘʥʝ 

ʥʘʟʥʘʯʝʥʝ ʩʪʨʫʿʝ ʫʤʝʪʘʢʘ NV ʦʩʠʛʫʨʘʯʘ ʦʜ 10 ï 25 A.  

ʅʘ ʢʨʘʿʫ ʩʝ ʧʨʦʚʝʨʘʚʘ ʜʘ ʣʠ ʿʝ ʠʩʧʫˁʝʥ ʫʩʣʦʚ: 

.k aI I²       (32) 

ʋʢʦʣʠʢʦ ʿʝ ʦʥ ʠʩʧʫˁʝʥ, ʟʘʰʪʠʪʘ ʿʝ ʝʬʠʢʘʩʥʘ. 

ɽʬʠʢʘʩʥʦʩʪ ʟʘʰʪʠʪʝ ʩʝ ʠʩʧʠʪʫʿʝ ʟʘ ʩʚʘʢʫ ʦʜ 6 ʠʟʘʙʨʘʥʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ, ʢʘʦ ʠ ʟʘ ʩʚʝ 

ʨʘʟʤʘʪʨʘʥʝ ʧʨʝʩʝʢʝ ʢʘʙʣʦʚʘ. 

ʈʝʟʫʣʪʘʪʠ ʧʨʦʨʘʯʫʥʘ ʩʫ ʜʘʪʠ ʫ ʪʘʙʝʣʘʤʘ 40ï45. ʆʥʝ ʩʘʜʨʞʝ ʙʨʦʿ ʩʪʫʙʦʚʘ ʥʘ ʜʝʦʥʠʮʠ ʦʜ 

1000 m (n), ʤʘʢʩʠʤʘʣʥʫ ʬʘʟʥʫ ʩʪʨʫʿʫ (I f), ʧʨʦʮʝʥʪʫʘʣʥʠ ʦʜʥʦʩ ʤʘʢʩʠʤʘʣʥʝ ʬʘʟʥʝ ʠ ʪʨʘʿʥʦ 

ʜʦʟʚʦˀʝʥʝ ʩʪʨʫʿʝ ʢʘʙʣʘ (I f/I td), ʥʘʟʥʘʯʝʥʫ ʩʪʨʫʿʫ ʦʩʠʛʫʨʘʯʘ (Ios), ʩʪʨʫʿʫ ʢʚʘʨʘ (Ik), ʤʠʥʠʤʘʣʥʫ 

ʩʪʨʫʿʫ ʨʝʘʛʦʚʘˁʘ (Ia) ʟʘ ʦʩʠʛʫʨʘʯʝ ʪʠʧʘ NV ʠ ʤʘʢʩʠʤʘʣʘʥ ʙʨʦʿ ʩʪʫʙʦʚʘ (nmax) ʥʘ ʜʝʦʥʠʮʠ ʦʜ 

1000 m ʟʘ ʢʦʿʠ ʿʝ TN ʩʠʩʪʝʤ ʟʘʰʪʠʪʝ ʝʬʠʢʘʩʘʥ. 

 

ʊʘʙʝʣʘ 40. ʄʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʪʫʙʦʚʘ (nmax) ʟʘ ʝʬʠʢʘʩʥʫ TN ʟʘʰʪʠʪʫ ʠʥʩʪʘʣʘʮʠʿʝ 

ʦʩʚʝʪˀʝˁʘ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʩʚʝʪʠˀʢʘʤʘ ʥʘʧʘʿʘʥʫ ʘʣʫʤʠʥʠʿʫʤʩʢʠʤ ʢʘʙʣʦʤ ʧʨʝʩʝʢʘ 10 mm2 

 

ʊʠʧ ʩʚʝʪʠˀʢʝ 
P 

(W) 

ʈʘʩʧʦʨʝʜ 

 

s 

(m) 

n 

 

I f 

(A) 

I f/I td 

(%) 

Ios 

(A) 

Ik 

(A) 

Ia 

(A) 

nmax 

 

HPS Onyx 2 250 ʮʝʥʪʨʘʣʥʠ 42 24 23,53 58,82 25 34,11 100 15 

HPS Onyx 2 150 ʜʚʦʩʪʨʘʥʠ 28 36 5,29 13,24 10 33,40 40 29 

HPS Onyx 2 150 ʮʝʥʪʨʘʣʥʠ 31 33 19,41 48,53 20 33,14 75 21 

HPS Onyx 2 100 ʜʚʦʩʪʨʘʥʠ 29 35 3,43 8,58 10 33,25 40 28 

HPS Onyx 2 150 ʿʝʜʥʦʩʪʨʘʥʠ 37 28 8,24 20,59 10 33,05 40 22 

HPS Onyx 2 100 ʿʝʜʥʦʩʪʨʘʥʠ 36 28 5,49 13,73 10 33,87 40 23 

 

ʊʘʙʝʣʘ 41. ʄʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʪʫʙʦʚʘ (nmax) ʟʘ ʝʬʠʢʘʩʥʫ TN ʟʘʰʪʠʪʫ ʠʥʩʪʘʣʘʮʠʿʝ 

ʦʩʚʝʪˀʝˁʘ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʩʚʝʪʠˀʢʘʤʘ ʥʘʧʘʿʘʥʫ ʘʣʫʤʠʥʠʿʫʤʩʢʠʤ ʢʘʙʣʦʤ ʧʨʝʩʝʢʘ 16 mm2 

 

ʊʠʧ ʩʚʝʪʠˀʢʝ 
P 

(W) 

ʈʘʩʧʦʨʝʜ 

 

s 

(m) 

n 

 

I f 

(A) 

I f/I td 

(%) 

Ios 

(A) 

Ik 

(A) 

Ia 

(A) 

nmax 

 

HPS Onyx 2 250 ʮʝʥʪʨʘʣʥʠ 42 24 23,53 45,25 25 52,27 100 16 

HPS Onyx 2 150 ʜʚʦʩʪʨʘʥʠ 28 36 5,29 10,18 10 51,21 40 36 

HPS Onyx 2 150 ʮʝʥʪʨʘʣʥʠ 31 33 19,41 37,33 20 50,83 75 27 

HPS Onyx 2 100 ʜʚʦʩʪʨʘʥʠ 29 35 3,43 6,60 10 51,00 40 35 

HPS Onyx 2 150 ʿʝʜʥʦʩʪʨʘʥʠ 37 28 8,24 15,84 10 50,70 40 28 

HPS Onyx 2 100 ʿʝʜʥʦʩʪʨʘʥʠ 36 28 5,49 10,56 10 51,91 40 28 

 

ʊʘʙʝʣʘ 42. ʄʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʪʫʙʦʚʘ (nmax) ʟʘ ʝʬʠʢʘʩʥʫ TN ʟʘʰʪʠʪʫ ʠʥʩʪʘʣʘʮʠʿʝ 

ʦʩʚʝʪˀʝˁʘ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʩʚʝʪʠˀʢʘʤʘ ʥʘʧʘʿʘʥʫ ʘʣʫʤʠʥʠʿʫʤʩʢʠʤ ʢʘʙʣʦʤ ʧʨʝʩʝʢʘ 25 mm2 

 

ʊʠʧ ʩʚʝʪʠˀʢʝ 
P 

(W) 

ʈʘʩʧʦʨʝʜ 

 

s 

(m) 

n 

 

I f 

(A) 

I f/I td 

(%) 

Ios 

(A) 

Ik 

(A) 

Ia 

(A) 

nmax 

 

HPS Onyx 2 250 ʮʝʥʪʨʘʣʥʠ 42 24 23,53 35,65 25 78,09 100 20 

HPS Onyx 2 150 ʜʚʦʩʪʨʘʥʠ 28 36 5,29 8,02 10 76,59 40 36 

HPS Onyx 2 150 ʮʝʥʪʨʘʣʥʠ 31 33 19,41 29,41 20 76,04 75 33 

HPS Onyx 2 100 ʜʚʦʩʪʨʘʥʠ 29 35 3,43 5,20 10 76,28 40 35 

HPS Onyx 2 150 ʿʝʜʥʦʩʪʨʘʥʠ 37 28 8,24 12,48 10 75,86 40 28 

HPS Onyx 2 100 ʿʝʜʥʦʩʪʨʘʥʠ 36 28 5,49 8,32 10 77,58 40 28 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 

 

52 

ʊʘʙʝʣʘ 43. ʄʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʪʫʙʦʚʘ (nmax) ʟʘ ʝʬʠʢʘʩʥʫ TN ʟʘʰʪʠʪʫ ʠʥʩʪʘʣʘʮʠʿʝ 

ʦʩʚʝʪˀʝˁʘ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʥʘʧʘʿʘʥʫ ʘʣʫʤʠʥʠʿʫʤʩʢʠʤ ʢʘʙʣʦʤ ʧʨʝʩʝʢʘ 10 mm2 

 

ʊʠʧ ʩʚʝʪʠˀʢʝ 
P 

(W) 

ʈʘʩʧʦʨʝʜ 

 

s 

(m) 

n 

 

I f 

(A) 

I f/I td 

(%) 

Ios 

(A) 

Ik 

(A) 

Ia 

(A) 

nmax 

 

Ampera 80 165 ʮʝʥʪʨʘʣʥʠ 40 26 16,82 42,06 20 33,05 75 16 

Ampera 64 136 ʜʚʦʩʪʨʘʥʠ 32 32 4,27 10,67 10 33,17 40 26 

Ampera 64 136 ʮʝʥʪʨʘʣʥʠ 36 28 14,93 37,33 16 33,87 50 18 

Ampera 32 70 ʜʚʦʩʪʨʘʥʠ 30 34 2,33 5,83 10 33,17 40 27 

Ampera 48 103 ʿʝʜʥʦʩʪʨʘʥʠ 43 24 4,85 12,12 10 33,40 40 19 

Ampera 24 53 ʿʝʜʥʦʩʪʨʘʥʠ 36 28 2,91 7,27 10 33,87 40 23 

 

ʊʘʙʝʣʘ 44. ʄʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʪʫʙʦʚʘ (nmax) ʟʘ ʝʬʠʢʘʩʥʫ TN ʟʘʰʪʠʪʫ ʠʥʩʪʘʣʘʮʠʿʝ 

ʦʩʚʝʪˀʝˁʘ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʥʘʧʘʿʘʥʫ ʘʣʫʤʠʥʠʿʫʤʩʢʠʤ ʢʘʙʣʦʤ ʧʨʝʩʝʢʘ 16 mm2 

 

ʊʠʧ ʩʚʝʪʠˀʢʝ 
P 

(W) 

ʈʘʩʧʦʨʝʜ 

 

s 

(m) 

n 

 

I f 

(A) 

I f/I td 

(%) 

Ios 

(A) 

Ik 

(A) 

Ia 

(A) 

nmax 

 

Ampera 80 165 ʮʝʥʪʨʘʣʥʠ 40 26 16,82 32,35 20 50,70 75 24 

Ampera 64 136 ʜʚʦʩʪʨʘʥʠ 32 32 4,27 8,21 10 50,87 40 32 

Ampera 64 136 ʮʝʥʪʨʘʣʥʠ 36 28 14,93 28,72 16 51,91 50 28 

Ampera 32 70 ʜʚʦʩʪʨʘʥʠ 30 34 2,33 4,49 10 50,87 40 34 

Ampera 48 103 ʿʝʜʥʦʩʪʨʘʥʠ 43 24 4,85 9,32 10 51,21 40 24 

Ampera 24 53 ʿʝʜʥʦʩʪʨʘʥʠ 36 28 2,91 5,60 10 51,91 40 28 

 

ʊʘʙʝʣʘ 45. ʄʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʪʫʙʦʚʘ (nmax) ʟʘ ʝʬʠʢʘʩʥʫ TN ʟʘʰʪʠʪʫ ʠʥʩʪʘʣʘʮʠʿʝ 

ʦʩʚʝʪˀʝˁʘ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʥʘʧʘʿʘʥʫ ʘʣʫʤʠʥʠʿʫʤʩʢʠʤ ʢʘʙʣʦʤ ʧʨʝʩʝʢʘ 25 mm2 

 

ʊʠʧ ʩʚʝʪʠˀʢʝ 
P 

(W) 

ʈʘʩʧʦʨʝʜ 

 

s 

(m) 

n 

 

I f 

(A) 

I f/I td 

(%) 

Ios 

(A) 

Ik 

(A) 

Ia 

(A) 

nmax 

 

Ampera 80 165 ʮʝʥʪʨʘʣʥʠ 40 26 16,82 25,49 20 75,86 75 26 

Ampera 64 136 ʜʚʦʩʪʨʘʥʠ 32 32 4,27 6,46 10 76,10 40 32 

Ampera 64 136 ʮʝʥʪʨʘʣʥʠ 36 28 14,93 22,63 16 77,58 50 28 

Ampera 32 70 ʜʚʦʩʪʨʘʥʠ 30 34 2,33 3,54 10 76,10 40 34 

Ampera 48 103 ʿʝʜʥʦʩʪʨʘʥʠ 43 24 4,85 7,34 10 76,59 40 24 

Ampera 24 53 ʿʝʜʥʦʩʪʨʘʥʠ 36 28 2,91 4,41 10 77,58 40 28 

 

ʅʘʧʦʤʝʥʘ: ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʿʝ ʟʘʰʪʠʪʘ ʥʘ ʮʝʣʦʿ ʜʝʦʥʠʮʠ ʦʜ 1000 m ʙʠʣʘ ʝʬʠʢʘʩʥʘ, 

ʫʩʚʦʿʝʥʦ ʿʝ ʜʘ ʿʝ nmax = n.  

ʀʟ ʪʘʙʝʣʘ 40ï45 ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʟʘ ʩʢʦʨʦ ʧʦʣʦʚʠʥʫ ʨʘʟʤʘʪʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ (ʩʚʠ 

ʩʣʫʯʘʿʝʚʠ ʢʘʙʣʘ ʧʨʝʩʝʢʘ 10 mm2, ʮʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ ʫ ʩʣʫʯʘʿʫ ʥʘʪʨʠʿʫʤʦʚʠʭ ʩʚʝʪʠˀʢʠ ʠ ʢʘʙʣʘ 

ʧʨʝʩʝʢʘ 16 mm2, ʮʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ ʫ ʩʣʫʯʘʿʫ LED ʩʚʝʪʠˀʢʠ ʩʥʘʛʝ 165 W ʠ ʢʘʙʣʘ ʧʨʝʩʝʢʘ 

16 mm2 ʠ ʮʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ ʫ ʩʣʫʯʘʿʫ ʥʘʪʨʠʿʫʤʦʚʠʭ ʠʟʚʦʨʘ ʩʥʘʛʝ 250 W ʠ ʢʘʙʣʘ ʧʨʝʩʝʢʘ 

25 mm2) TN ʩʠʩʪʝʤ ʥʝ ʧʨʝʜʩʪʘʚˀʘ ʝʬʠʢʘʩʥʫ ʟʘʰʪʠʪʫ (Ia > Ik, ʦʜʥʦʩʥʦ nmax < n).  

ʊʘʙʝʣʝ 40ï45 ʪʘʢʦʝ́ ʧʦʢʘʟʫʿʫ ʜʘ ʦʜʥʦʩʠ ʤʘʢʩʠʤʘʣʥʝ ʬʘʟʥʝ ʠ ʤʘʢʩʠʤʘʣʥʝ ʪʨʘʿʥʦ 

ʜʦʟʚʦˀʝʥʝ ʩʪʨʫʿʝ ʢʘʙʣʘ (I f/I td) ʠʤʘʿʫ ʪʘʢʚʝ ʚʨʝʜʥʦʩʪʠ ʜʘ ʫʪʠʮʘʿ ʟʘʿʝʜʥʠʯʢʦʛ ʚʦʝ́ˁʘ ʢʘʙʣʦʚʘ ʥʝ 

ʜʦʚʦʜʠ ʜʦ ʥʝʜʦʟʚʦˀʝʥʠʭ ʪʝʨʤʠʯʢʠʭ ʦʧʪʝʨʝ˂ʝˁʘ. 

 

4.8 ʋʚʘʞʘʚʘˁʝ ʧʘʜʘ ʥʘʧʦʥʘ ʠ ʝʬʠʢʘʩʥʦʩʪʠ TN ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ ʫ ʩʣʫʯʘʿʫ ʢʚʘʨʘ 

ʢʘʦ ʫʪʠʮʘʿʥʠʭ ʬʘʢʪʦʨʘ 
 

ʋ ʮʠˀʫ ʘʜʝʢʚʘʪʥʦʛ ʧʦʨʝʹʝˁʘ ʤʘʢʩʠʤʘʣʥʦʛ ʙʨʦʿʘ ʩʪʫʙʦʚʘ ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫʣʠʯʥʦʛ 

ʦʩʚʝʪˀʝˁʘ ʨʝʘʣʠʟʦʚʘʥʠʭ ʧʦʤʦ˂ʫ ʥʘʪʨʠʿʫʤʦʚʠʭ ʠ LED ʠʟʚʦʨʘ, ʙʠʣʦ ʿʝ ʧʦʪʨʝʙʥʦ ʫʚʘʞʠʪʠ ʠ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʢʨʠʪʝʨʠʿʫʤ ʧʘʜʘ ʥʘʧʦʥʘ ʠ ʢʨʠʪʝʨʠʿʫʤ TN ʟʘʰʪʠʪʝ (ʫʟ ʢʦʨʠʛʦʚʘˁʝ ʜʫʞʠʥʝ ʜʝʦʥʠʮʝ, ʧʦ 

ʧʦʪʨʝʙʠ). 

ʊʘʙʝʣʝ 46 ʠ 47 ʩʘʜʨʞʝ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʥʦʚʦʛ (ʢʦʨʠʛʦʚʘʥʦʛ) ʙʨʦʿʘ ʩʪʫʙʦʚʘ ʟʘ ʢʦʿʝ 

ʩʫ ʠʩʧʫˁʝʥʘ ʦʙʘ ʫʩʣʦʚʘ. 

 

ʊʘʙʝʣʘ 46. ʂʦʨʠʛʦʚʘʥʠ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʪʫʙʦʚʘ ʢʦʿʠ ʠʩʧʫˁʘʚʘ ʦʙʘ ʫʩʣʦʚʘ (ʩʣʫʯʘʿ 

ʥʘʪʨʠʿʫʤʦʚʠʭ ʩʚʝʪʠˀʢʠ) 

 

ʊʠʧ ʩʚʝʪʠˀʢʝ 

 

 

ʈʘʩʧʦʨʝʜ 

ʩʪʫʙʦʚʘ 

 

ʈʘʩʪʦʿʘˁʝ 

ʠʟʤʝʹʫ 

ʩʪʫʙʦʚʘ 

n 

ʂʦʨʠʛʦʚʘʥ ʤʘʢʩʠʤʘʣʘʥ ʙʨʦʿ ʩʪʫʙʦʚʘ 

Al (mm2) 

10 16 25 

nmax 

Onyx 2 250 W ʮʝʥʪʨʘʣʥʠ 42 24 12 16 20 

Onyx 2 150 W ʜʚʦʩʪʨʘʥʠ 28 36 28 36 46 

Onyx 2 150 W ʮʝʥʪʨʘʣʥʠ 31 33 19 24 31 

Onyx 2 100 W ʜʚʦʩʪʨʘʥʠ 29 35 28 44 56 

Onyx 2 150 W ʿʝʜʥʦʩʪʨʘʥʠ 37 28 22 31 40 

Onyx 2 100 W ʿʝʜʥʦʩʪʨʘʥʠ 36 28 23 37 50 

 

ʊʘʙʝʣʘ 47. ʂʦʨʠʛʦʚʘʥʠ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʪʫʙʦʚʘ ʢʦʿʠ ʠʩʧʫˁʘʚʘ ʦʙʘ ʫʩʣʦʚʘ (ʩʣʫʯʘʿ 

LED ʩʚʝʪʠˀʢʠ) 

 

ʊʠʧ ʩʚʝʪʠˀʢʝ 

 

 

ʈʘʩʧʦʨʝʜ 

ʩʪʫʙʦʚʘ 

 

ʈʘʩʪʦʿʘˁʝ 

ʠʟʤʝʹʫ 

ʩʪʫʙʦʚʘ 

n 

ʂʦʨʠʛʦʚʘʥ ʤʘʢʩʠʤʘʣʘʥ ʙʨʦʿ ʩʪʫʙʦʚʘ 

Al (mm2) 

10 16 25 

nmax 

Ampera 165 W ʮʝʥʪʨʘʣʥʠ 40 26 16 22 26 

Ampera 136 W ʜʚʦʩʪʨʘʥʠ 32 32 26 39 49 

Ampera 136 W ʮʝʥʪʨʘʣʥʠ 36 28 18 26 29 

Ampera 70 W ʜʚʦʩʪʨʘʥʠ 30 34 27 44 69 

Ampera 103 W ʿʝʜʥʦʩʪʨʘʥʠ 43 24 19 31 49 

Ampera 53 W ʿʝʜʥʦʩʪʨʘʥʠ 36 28 23 37 58 

 

ɸʥʘʣʠʟʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠʭ ʙʨʦʿʝʚʘ ʩʪʫʙʦʚʘ ʫ 

ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠ LED ʩʚʝʪʠˀʢʘʤʘ, ʚʠʜʠ ʩʝ ʜʘ ʥʠʿʝ ʤʦʛʫ˂ʝ ʠʟʚʝʩʪʠ ʦʧʰʪʠ 

ʟʘʢˀʫʯʘʢ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʚʝ ʩʣʫʯʘʿʝʚʝ.  

ʋ ʧʦʣʦʚʠʥʠ (ʜʝʚʝʪ ʦʜ ʦʩʘʤʥʘʝʩʪ) ʩʣʫʯʘʿʝʚʘ ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ, ʤʘʢʩʠʤʘʣʥʦ 

ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʪʫʙʦʚʘ ʿʝ ʚʝ˂ʠ ʥʝʛʦ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʩʚʝʪʠˀʢʘʤʘ. 

ʀ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʦʜ ʢʦʿʠʭ ʿʝ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʪʫʙʦʚʘ ʤʘˁʠ ʫ ʩʣʫʯʘʿʫ ʠʥʩʪʘʣʘʮʠʿʝ 

ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʥʝʛʦ ʫ ʩʣʫʯʘʿʫ ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʩʚʝʪʠˀʢʘʤʘ, ʨʝʯ ʿʝ ʦ 

ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢʠʤ ʠʣʠ ʥʝʰʪʦ ʜʫʞʠʤ ʜʝʦʥʠʮʘʤʘ ʫ ʩʣʫʯʘʿʫ LED ʠʥʩʪʘʣʘʮʠʿʝ.  

ʀʘʢʦ ʿʝ ʠʥʩʪʘʣʘʮʠʿʫ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʢʘʨʘʢʪʝʨʠʩʘʦ ʠʣʠ ʚʝ˂ʠ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ 

ʙʨʦʿ ʩʪʫʙʦʚʘ ʠʣʠ ʧʨʠʤʝʪʥʦ ʥʠʞʠ ʧʘʜ ʥʘʧʦʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʠʥʩʪʘʣʘʮʠʿʫ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ 

ʩʚʝʪʠˀʢʘʤʘ ʫ ʩʚʘʢʦʤ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ ʧʨʝʩʝʢʘ ʢʘʙʣʘ ʟʘ ʠʩʪʫ ʜʫʞʠʥʫ ʜʝʦʥʠʮʝ ʦʜ 

1000 m, ʥʘʢʦʥ ʫʟʠʤʘˁʘ ʫ ʦʙʟʠʨ ʠ ʜʨʫʛʦʛ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʝʛ ʫʩʣʦʚʘ (ʝʬʠʢʘʩʥʦʩʪ TN ʩʠʩʪʝʤʘ 

ʟʘʰʪʠʪʝ) ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʫ ʥʘʿʚʝ˂ʝ ʨʘʟʣʠʢʝ ʫ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʦʤ ʙʨʦʿʫ ʩʪʫʙʦʚʘ ʫ 

ʢʦʨʠʩʪ ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʧʦʩʪʠʛʥʫʪʝ ʟʘ ʘʣʫʤʠʥʠʿʫʤʩʢʠ ʢʘʙʣ ʧʨʝʩʝʢʘ 25 mm2 (ʪʝ 

ʨʘʟʣʠʢʝ ʠʟʥʦʩʝ: 6 ʩʪʫʙʦʚʘ ʫ ʩʣʫʯʘʿʫ ʮʝʥʪʨʘʣʥʦʛ ʨʘʩʧʦʨʝʜʘ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʚʝ˂ʝ ʩʥʘʛʝ 

(ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʢʣʘʩʘ ʫʣʠʮʝ/ʧʫʪʘ ʄ1), 3 ʠ 13 ʩʪʫʙʦʚʘ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʜʚʦʩʪʨʘʥʦʛ ʥʘʩʧʨʘʤʥʦʛ 

ʨʘʩʧʦʨʝʜʘ, ʘ 9 ʠ 8 ʩʪʫʙʦʚʘ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʿʝʜʥʦʩʪʨʘʥʦʛ ʨʘʩʧʦʨʝʜʘ ï ʚʠʜʝʪʠ ʪʘʙʝʣʝ 46 ʠ 47). 

ʄʘˁʝ ʨʘʟʣʠʢʝ ʫ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʦʤ ʙʨʦʿʫ ʩʪʫʙʦʚʘ ʫ ʢʦʨʠʩʪ ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ LED 

ʩʚʝʪʠˀʢʘʤʘ ʧʦʩʪʠʛʥʫʪʝ ʩʫ ʟʘ ʘʣʫʤʠʥʠʿʫʤʩʢʠ ʢʘʙʣ ʧʨʝʩʝʢʘ 16 mm2 (6 ʠ 2 ʩʪʫʙʘ ʫ ʩʣʫʯʘʿʝʚʠʤʘ 

ʮʝʥʪʨʘʣʥʦʛ ʨʘʩʧʦʨʝʜʘ, ʘ 3 ʩʪʫʙʘ ʫ ʩʣʫʯʘʿʫ ʜʚʦʩʪʨʘʥʦʛ ʥʘʩʧʨʘʤʥʦʛ ʨʘʩʧʦʨʝʜʘ ʩʘ ʩʚʝʪʠˀʢʘʤʘ 

ʚʝ˂ʝ ʩʥʘʛʝ (ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʫʣʠʮʝ/ʧʫʪʘ ʄ1)). ɿʘ ʘʣʫʤʠʥʠʿʫʤʩʢʠ ʢʘʙʣ ʧʨʝʩʝʢʘ 10 mm2 

ʚʝ˂ʠ ʙʨʦʿ ʩʪʫʙʦʚʘ ʫ ʩʣʫʯʘʿʫ ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʧʦʩʪʠʛʥʫʪ ʿʝ ʩʘʤʦ ʢʦʜ ʮʝʥʪʨʘʣʥʦʛ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 

 

54 

ʨʘʩʧʦʨʝʜʘ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʚʝ˂ʝ ʩʥʘʛʝ (ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʫʣʠʮʝ/ʧʫʪʘ ʄ1), ʜʦʢ ʿʝ ʫ ʩʚʠʤ 

ʦʩʪʘʣʠʤ ʩʣʫʯʘʿʝʚʠʤʘ (ʠʟʫʟʝʚ ʿʝʜʥʦʛ) ʚʝ˂ʠ ʙʨʦʿ ʩʪʫʙʦʚʘ ʧʦʩʪʠʛʥʫʪ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ 

ʩʚʝʪʠˀʢʘʤʘ.  

 

4.9 ʇʨʘʚʮʠ ʜʘˀʝʛ ʠʩʪʨʘʞʠʚʘˁʘ 
 

ɿʘ ʨʘʟʚʠʿʘˁʝ ʤʦʜʝʣʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ ʫ ʩʣʫʯʘʿʫ ʥʝʣʠʥʝʘʨʥʦʛ ʠ 

ʥʝʩʠʤʝʪʨʠʯʥʦʛ ʫʣʠʯʥʦʛ LED ʦʩʚʝʪˀʝˁʘ ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ ʩʚʘʢʠ ʦʜ ʩʪʨʫʿʥʠʭ 

ʠʟʚʦʨʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ LED ʩʚʝʪʠˀʢʝ (ʥʝʣʠʥʝʘʨʥʦ ʦʧʪʝʨʝ˂ʝˁʝ) ʢʘʨʘʢʪʝʨʠʰʝ ʢʦʥʩʪʘʥʪʥʘ 

ʩʪʨʫʿʘ (ʩʪʨʫʿʝ ʩʫ ʜʘʪʝ ʥʘ ʩʣʠʮʠ 8). ɽʢʩʧʝʨʠʤʝʥʪʠ ʠʟʚʨʰʝʥʠ ʩ ʮʠˀʝʤ ʫʪʚʨʹʠʚʘˁʘ ʦʚʠʭ ʩʪʨʫʿʘ 

ʥʠʩʫ ʧʦʢʨʠʚʘʣʠ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ (ʦʥʦ ʿʝ ʙʠʣʦ ʦʛʨʘʥʠʯʝʥʦ ʥʘ 1ï2,5%). 

ʇʦʪʨʝʙʘʥ ʿʝ ʠhʨʠ ʦʧʩʝʛ ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ ʜʘ ʙʠ ʩʝ ʫʩʧʦʩʪʘʚʠʣʘ ʟʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʩʧʝʢʪʨʘ 

ʩʪʨʫʿʝ ʠ ʩʧʝʢʪʨʘ ʥʘʧʦʥʘ ʥʘʧʘʿʘˁʘ. ʆʚʘʢʚʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʩʝ ʤʦʞʝ ʩʧʨʦʚʝʩʪʠ ʫ 

ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʩʣʠʯʥʠʤ ʦʥʠʤʘ ʧʨʠʢʘʟʘʥʠʤ ʫ ʨʝʬʝʨʝʥʮʠ [16].  

ʅʝ ʤʦʞʝ ʩʝ ʧʦʥʫʜʠʪʠ ʝʿʜʥʦʩʪʘʚʘʥ ʤʝʪʦʜ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʩʚʦʿʩʪʘʚʘ ʭʘʨʤʦʥʠʿʩʢʝ ʝʤʠʩʠʿʝ 

LED ʩʚʝʪʠˀʢʠ ʫ ʰʠʨʦʢʦʤ ʦʧʩʝʛʫ ʚʠʰʠʭ ʭʘʨʤʦʥʠʢʘ ʫ ʥʘʧʦʥʫ ʥʘʧʘʿʘˁʘ. ʇʦʪʨʝʙʥʦ ʿʝ ʧʨʝʪʭʦʜʥʦ 

ʤʝʨʝˁʝ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ ʠʣʠ ʩʠʤʫʣʘʮʠʿʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʣʘ LED ʩʚʝʪʠˀʢʠ ʢʦʿʝ 

ʩʘʜʨʞʠ ʜʨʘʿʚʝʨ ʠ ʜʠʦʜʝ. ʈʘʟʣʦʛ ʪʦʤʝ ʿʝ ʦʛʨʦʤʥʘ ʨʘʟʣʠʢʘ ʫ ʩʪʨʫʿʥʠʤ ʭʘʨʤʦʥʠʮʠʤʘ ʢʦʿʠ ʩʝ 

ʦʜʥʦʩʝ ʥʘ ʨʘʟʣʠʯʠʪʝ ʪʠʧʦʚʝ LED ʜʨʘʿʚʝʨʘ [16]. ɹʨʦʿʥʠ ʪʝʩʪʦʚʠ ʥʘ LED ʩʚʝʪʠˀʢʘʤʘ ʩʘ 

ʨʘʟʣʠʯʠʪʠʤ ʪʠʧʦʚʠʤʘ ʜʨʘʿʚʝʨʘ ʠ ʧʨʦʫʯʘʚʘˁʝ ˁʠʭʦʚʠʭ ʩʚʦʿʩʪʘʚʘ ʝʤʠʪʦʚʘˁʘ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ 

ʢʣʘʩʠʬʠʢʘʮʠʿʝ LED ʜʨʘʿʚʝʨʘ ʫ ʧʦʛʣʝʜʫ ˁʠʭʦʚʠʭ ʩʚʦʿʩʪʘʚʘ ʭʘʨʤʦʥʠʿʩʢʝ ʝʤʠʩʠʿʝ ʠ ʦʜʨʝʹʠʚʘˁʘ 

ʭʘʨʤʦʥʠʿʩʢʝ ʝʤʠʩʠʿʝ ʟʘ ʩʚʘʢʫ ʢʣʘʩʫ, ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʨʘʟʚʦʿ ʿʝʜʥʦʩʪʘʚʥʝ ʤʝʪʦʜʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

ʩʚʦʿʩʪʘʚʘ ʭʘʨʤʦʥʠʿʩʢʝ ʝʤʠʩʠʿʝ LED ʩʚʝʪʠˀʢʠ.  

ɼʨʫʛʠ ʧʨʦʙʣʝʤ ʩʝ ʦʜʥʦʩʠ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʨʝʞʝ ʥʘ ʤʝʩʪʫ ʧʨʠʢˀʫʯʢʘ, ʦʜʥʦʩʥʦ ʥʘ 

ʥʘʧʦʥ ʠ ʠʤʧʝʜʘʥʩʫ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʊʝʚʝʥʝʥʦʚʦʛ ʛʝʥʝʨʘʪʦʨʘ. ɸʥʘʣʠʟʘ ʨʘʟʣʠʯʠʪʠʭ ʫʩʣʦʚʘ ʫ 

ʧʦʛʣʝʜʫ ʭʘʨʤʦʥʠʿʩʢʦʛ ʟʘʛʘʹʝˁʘ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦ ʿʤʨʝʞʠ ʥʘʧʘʿʘˁʘ ʜʦʚʝʣʘ ʙʠ ʜʦ ʦʧʰʪʠʿʠʭ 

ʟʘʢˀʫʯʘʢʘ ʠ ʧʨʝʧʦʨʫʢʘ ʟʘ ʤʘʢʩʠʤʘʣʥʠ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ LED ʩʚʝʪʠˀʢʠ ʫ ʦʩʚʝʪˀʝˁʫ ʫʣʠʮʘ 

(ʧʫʪʝʚʘ) ʧʨʠʢˀʫʯʝʥʠʭ ʥʘ ʦʜʨʝʹʝʥʝ ʪʘʯʢʝ ʤʨʝʞʝ.  

ʊʨʝ˂ʘ ʠʜʝʿʘ ʟʘ ʜʘˀʝ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʠʟʚʦʹʝˁʝ ʪʝʩʪʦʚʘ ʥʘ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʦʩʚʝʪˀʝˁʘ 

ʧʫʪʝʚʘ ʩʘ ʟʥʘʪʥʦ ʚʝ˂ʠʤ ʙʨʦʿ ʩʪʫʙʦʚʘ ʠ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʚʝ˂ʝ ʩʥʘʛʝ ʥʝʛʦ ʰʪʦ ʿʝ ʪʦ ʙʠʣʦ ʫ 

ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʠʟʚʨʰʝʥʠʤ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ. ʆʚʘʢʚʠ ʪʝʩʪʦʚʠ ʙʠ ʦʤʦʛʫ˂ʠʣʠ ʙʦˀʫ ʧʨʦʚʝʨʫ 

ʪʘʯʥʦʩʪʠ ʨʘʟʚʠʿʝʥʦʛ ʤʦʜʝʣʘ. 

 

4.10 ɿʘʢˀʫʯʮʠ 
 

ʇʦʨʝʹʝˁʝʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ THD-ʘ ʥʘʧʦʥʘ ʩʚʘʢʝ ʦʜ ʪʝʩʪʠʨʘʥʠʭ ʩʚʝʪʠˀʢʠ ʫ 

ʩʚʠʤ ʨʘʟʤʘʪʨʘʥʠʤ ʨʝʞʠʤʠʤʘ ʥʠʿʝ ʙʠʣʦ ʤʦʛʫ˂ʝ ʢʚʘʥʪʠʬʠʢʦʚʘʪʠ ʫʪʠʮʘʿ ʜʦʜʘʪʝ ʦʪʧʦʨʥʦʩʪʠ ʠ 

ʧʨʠʛʫʰʥʠʮʝ ʥʘ ʨʝʜ ʩʘ ʩʚʝʪʠˀʢʦʤ. ʄʝʹʫʪʠʤ, ʜʦʜʘʚʘˁʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʧʨʠʛʫʰʥʠʮʝ ʥʘ ʨʝʜ 

ʪʝʩʪʠʨʘʥʠʤ ʩʚʝʪʠˀʢʘʤʘ ʜʦʚʝʣʦ ʿʝ ʜʦ ʤʘʣʦʛ ʧʦʚʝ˂ʘˁʘ ʚʨʝʜʥʦʩʪʠ THD-a ʩʪʨʫʿʝ ʩʚʘʢʝ ʩʚʝʪʠˀʢʝ, 

ʟʙʦʛ ʯʝʛʘ ʿʝ ʟʘʢˀʫʯʝʥʦ ʜʘ ʧʨʦʤʝʥʘ ʫ ʚʨʝʜʥʦʩʪʠ THD-ʘ ʥʘʧʦʥʘ ʧʦʩʪʦʿʠ, ʘʣʠ ʜʘ ʿʝ ʚʨʣʦ ʤʘʣʘ. 

ʉʤʘˁʠʚʘˁʝʤ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ LED ʩʚʝʪʠˀʢʠ ʫʦʯʝʥʦ ʿʝ ʦʧʘʜʘˁʝ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʟʘ ʧʨʠʙʣʠʞʥʦ 

ʠʩʪʠ ʧʨʦʮʝʥʘʪ, ʢʘʦ ʠ ʦʧʘʜʘˁʝ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʩʥʘʛʝ ʩʚʠʭ ʨʘʟʤʘʪʨʘʥʠʭ ʩʚʝʪʠˀʢʠ. ʅʘʿʥʠʞʠ 

ʬʘʢʪʦʨ ʩʥʘʛʝ, ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʤʘʢʩʠʤʘʣʥʦ ʜʠʤʦʚʘˁʝ ʩʚʝʪʠˀʢʝ, ʢʦʥʩʪʘʪʦʚʘʥ ʿʝ ʢʦʜ ʿʝʜʥʝ ʦʜ 

ʜʚʝ ʪʝʩʪʠʨʘʥʝ LED ʩʚʝʪʠˀʢʝ, ʯʠʤʝ ʿʝ ʠʣʫʩʪʨʦʚʘʥ ʫʪʠʮʘʿ ʫʧʦʪʨʝʙʝ ʜʨʘʿʚʝʨʘ ʨʘʟʣʠʯʠʪʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ. ɿʘ ʫʦʯʝʥʝ ʥʠʩʢʝ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʩʥʘʛʝ ʩʚʝʪʠˀʢʠ (ʠʩʧʦʜ 0,9), ʘ ʫ ʮʠˀʫ 

ˁʝʛʦʚʝ ʧʦʧʨʘʚʢʝ, ʦʜʥʦʩʥʦ ʩʫʟʙʠʿʘˁʘ ʚʠʰʠʭ ʭʘʨʤʦʥʠʢʘ, ʧʨʝʜʣʦʞʝʥʘ ʿʝ ʫʧʦʪʨʝʙʘ ʧʨʠʛʫʰʥʠʮʝ 

ʟʙʦʛ ʢʘʧʘʮʠʪʠʚʥʦʛ ʢʘʨʘʢʪʝʨʘ ʬʘʢʪʦʨʘ ʩʥʘʛʝ ʩʚʝʪʠˀʢʠ. 

ɸʥʘʣʠʟʦʤ ʩʮʝʥʘʨʠʿʘ ʿʘʚʥʦʛ ʦʩʚʝʪˀʝˁʘ ʩʘ ʪʨʠ ʨʝʞʠʤʘ ʨʘʜʘ, ʟʘ ʯʝʪʠʨʠ ʪʠʧʠʯʥʝ 

ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ ʦʜʨʝʹʝʥʝ ʩʫ ʧʨʦʮʝʥʪʫʘʣʥʝ ʨʘʟʣʠʢʝ ʫʪʨʦʰʝʥʝ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʝʣʝʢʪʨʠʯʥʝ 
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ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʝʥʝʨʛʠʿʝ ʥʘ ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ ʫ ʩʣʫʯʘʿʫ ʠʥʩʪʘʣʠʨʘˁʘ LED ʫʤʝʩʪʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ 

(ʥʘʪʨʠʿʫʤʦʚʠʭ ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ) ʩʚʝʪʠˀʢʠ. ʇʨʠʤʝʥʘ LED ʩʚʝʪʠˀʢʠ ʦʙʝʟʙʝʜʠʣʘ ʿʝ ʧʨʝʢʦ 50% 

ʫʰʪʝʜʘ ʘʢʪʠʚʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ (ʥʘʪʨʠʿʫʤʦʚʝ ʠʣʠ ʤʝʪʘʣ-

ʭʘʣʦʛʝʥʝ) ʩʚʝʪʠˀʢʝ ʥʘ ʩʚʠʤ ʨʘʟʤʘʪʨʘʥʠʤ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘʤʘ, ʦʩʠʤ ʫ ʩʣʫʯʘʿʫ ʦʩʚʝʪˀʝˁʘ 

ʘʫʪʦʧʫʪʘ, ʛʜʝ ʿʝ ʫʰʪʝʜʘ ʘʢʪʠʚʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟʥʦʩʠʣʘ 42%. 

ɻʣʘʚʥʠ ʮʠˀ ʨʘʟʚʠʿʝʥʦʛ ʤʦʜʝʣʘ ʙʠʦ ʿʝ ʜʘ ʩʝ ʫʩʪʘʥʦʚʝ ʢʚʘʥʪʠʪʘʪʠʚʥʠ ʠʥʜʠʢʘʪʦʨʠ 

ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ ʜʫʞ ʩʪʫʙʦʚʘ ʨʘʟʣʠʯʠʪʠʭ ʠʥʩʪʘʣʘʮʠʿʘ LED ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ (ʧʫʪʝʚʘ) ʫ 

ʥʦʨʤʘʣʥʦʤ ʠ ʨʝʞʠʤʠʤʘ ʨʝʜʫʢʦʚʘʥʦʛ ʦʩʚʝʪˀʝˁʘ.  

ʇʨʚʦ ʩʫ ʨʘʟʚʠʿʝʥʠ ʤʦʜʝʣ ʧʨʦʨʘʯʫʥʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʩʦʬʪʚʝʨ, ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ 

ʠʟʨʘʯʫʥʘʚʘˁʝ ʭʘʨʤʦʥʠʿʩʢʝ ʜʠʩʪʦʨʟʠʿʝ ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ (ʧʫʪʝʚʘ) ʢʦʿʝ 

ʢʘʨʘʢʪʝʨʠʰʝ ʿʝʜʥʦʩʪʨʘʥʠ ʠʣʠ ʮʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ ʫ ʩʣʫʯʘʿʫ ʥʝʩʠʤʝʪʨʠʯʥʦʛ ʠ 

ʥʝʣʠʥʝʘʨʥʦʛ LED ʦʧʪʝʨʝ˂ʝˁʘ (ʤʦʜʝʣ ʩʝ ʤʦʞʝ ʩʤʘʪʨʘʪʠ ʦʧʰʪʠʤ, ʿʝʨ ʩʝ ʩʚʠ ʦʩʪʘʣʠ ʩʪʘʥʜʘʨʜʥʠ 

ʨʘʩʧʦʨʝʜʠ ʩʪʫʙʦʚʘ (ʩʚʝʪʠˀʢʠ) ʤʦʛʫ ʪʨʝʪʠʨʘʪʠ ʢʘʦ ʿʝʜʥʦʩʪʨʘʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ). ʅʦʚʠʥʘ 

ʤʦʜʝʣʘ ʿʝ ʫ ʢʦʤʙʠʥʦʚʘˁʫ ʜʚʝ ʪʝʭʥʠʢʝ ʢʦʿʝ ʩʝ ʰʠʨʦʢʦ ʢʦʨʠʩʪʝ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʠ ʠ ˁʠʭʦʚʘ 

ʧʨʠʤʝʥʘ ʥʘ ʩʚʘʢʠ ʦʜ ʭʘʨʤʦʥʠʢʘ ʫ ʪʨʦʬʘʟʥʦʤ ʩʠʩʪʝʤʫ: (1) ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʥʝʩʠʤʝʪʨʠʯʥʠʭ 

ʪʨʦʬʘʟʥʠʭ ʚʝʣʠʯʠʥʘ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʜʠʨʝʢʪʥʝ, ʠʥʚʝʨʟʥʝ ʠ ʥʫʣʪʝ ʩʠʤʝʪʨʠʯʥʝ ʢʦʤʧʦʥʝʥʪʝ ʠ 

ʦʙʨʥʫʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ, ʠ (2) ʤʦʜʝʣ ʠʤʧʝʜʘʥʩʝ ʟʘ ʩʠʤʝʪʨʠʯʥʝ ʩʠʩʪʝʤʝ (ʧʨʠʤʝˁʫʿʝ ʩʝ ʫ ʩʚʘʢʦʤ 

ʦʜ d, i, 0 ʩʠʩʪʝʤʘ).  

ʇʨʦʮʝʜʫʨʘ ʧʦʯʠˁʝ ʦʜ ʿʝʜʥʘʯʠʥʘ ʫ ʥʝʩʠʤʝʪʨʠʯʥʦ ʦʧʪʝʨʝ˂ʝʥʦʤ ʪʨʦʬʘʟʥʦʤ ʩʠʩʪʝʤʫ ʠ 

ˁʠʭʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʫ ʜʠʨʝʢʪʥʝ, ʠʥʚʝʨʟʥʝ ʠ ʥʫʣʪʝ (d, i, 0) ʢʦʤʧʦʥʝʥʪʝ. ʆʚʦ ʿʝ ʧʨʠʤʝˁʝʥʦ 

ʥʘ ʩʚʘʢʠ ʨʝʣʝʚʘʥʪʥʠ ʧʦʿʝʜʠʥʘʯʥʠ ʭʘʨʤʦʥʠʢ. ʅʘʢʦʥ ʪʦʛʘ ʩʝ ʬʦʨʤʠʨʘ ʤʦʜʝʣ ʠʤʧʝʜʘʥʩʝ ʧʦ ʬʘʟʠ, 

ʢʦʿʠ ʩʝ ʦʙʠʯʥʦ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʫʯʘʚʘˁʝ ʭʘʨʤʦʥʠʿʩʢʠʭ ʧʨʦʙʣʝʤʘ ʫ ʩʠʤʝʪʨʠʯʥʠʤ ʪʨʦʬʘʟʥʠʤ 

ʩʠʩʪʝʤʠʤʘ, ʠ ʨʝʰʘʚʘʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʿʝʜʥʘʯʠʥʝ ʟʘ ʩʚʘʢʠ ʦʜ ʭʘʨʤʦʥʠʢʘ ʫ ʩʚʘʢʦʤ d, i, 0 ʩʠʩʪʝʤʫ. 

ʇʦʩʣʝʜˁʠ ʢʦʨʘʢ ʿʝ ʦʜʨʝʹʠʚʘˁʝ ʩʪʨʫʿʘ ʠ ʥʘʧʦʥʘ ʫ A, B, C ʬʘʟʘʤʘ ʠʥʩʪʘʣʘʮʠʿe ʫʣʠʯʥʦʛ 

ʦʩʚʝʪˀʝˁʘ ʢʦʨʠʰ˂ʝˁʝʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʠʟ d, i, 0 ʫ A, B, C ʩʠʩʪʝʤ. ʄʦʜʝʣ ʿʝ ʦʧʰʪʠ ʠ ʤʦʞʝ ʩʝ 

ʧʨʠʤʝʥʠʪʠ ʥʘ ʙʠʣʦ ʢʦʿʫ ʠʥʩʪʘʣʘʮʠʿʫ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʝ/ʧʫʪʘ. ʊʦ ʟʥʘʯʠ ʜʘ ʩʝ ʩʦʬʪʚʝʨ ʤʦʞʝ 

ʢʦʨʠʩʪʠʪʠ ʟʘ ʜʨʫʛʝ LED ʜʨʘʿʚʝʨʝ, ʫʟ ʧʨʝʪʧʦʩʪʘʚʢʫ ʧʦʩʝʜʦʚʘˁʘ ˁʠʭʦʚʦʛ ʩʧʝʢʪʨʘ ʩʪʨʫʿʘ ʫ 

ʥʦʨʤʘʣʥʦʤ ʠ ʨʝʞʠʤʫ ʨʝʜʫʢʦʚʘʥʦʛ ʦʩʚʝʪˀʝˁʘ. ɹʠʪʘʥ ʜʝʪʘˀ ʫ ʤʦʜʝʣʫ ʿʝ ʜʘ ʩʝ ʬʘʟʥʠ ʫʛʣʦʚʠ 

ʩʪʨʫʿʥʠʭ ʭʘʨʤʦʥʠʢʘ ʤʝˁʘʿʫ ʩʘ ʧʨʦʤʝʥʦʤ ʬʘʟʝ ʦʩʥʦʚʥʦʛ ʭʘʨʤʦʥʠʢʘ ʥʘʧʦʥʘ ʜʫʞ ʩʪʫʙʦʚʘ. ʀʧʘʢ, 

ʿʦʰ ʫʚʝʢ ʿʝ ʥʝʦʧʭʦʜʥʦ ʩʚʝʦʙʫʭʚʘʪʥʦ ʪʝʩʪʠʨʘˁʝ ʤʦʜʝʣʘ, ʠ ʪʦ ʧʨʝʪʝʞʥʦ ˁʝʛʦʚʦʛ ʜʝʣʘ ʢʦʿʠ ʩʝ 

ʙʘʚʠ ʧʘʨʘʤʝʪʨʠʤʘ ʤʦʜʝʣʘ. ʊʝʩʪʠʨʘˁʝ ʦʙʘʚˀʝʥʦ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʥʝ ʤʦʞʝ ʩʝ ʩʤʘʪʨʘʪʠ 

ʜʦʚʦˀʥʠʤ ʜʘ ʛʘʨʘʥʪʫʿʝ ʧʦʪʨʝʙʥʫ ʪʘʯʥʦʩʪ ʤʦʜʝʣʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʩʦʬʪʚʝʨʘ ʫ ʧʨʘʢʩʠ. ʂʘʢʦ ʿʝ 

ʥʘʚʝʜʝʥʦ ʫ ʧʦʛʣʘʚˀʫ 4.9, ʫʪʚʨʹʠʚʘˁʝʤ ʚʝʟʝ ʠʟʤʝʹʫ ʩʧʝʢʪʨʘ ʩʪʨʫʿʝ ʠ ʩʧʝʢʪʨʘ ʥʘʧʦʥʘ ʥʘʧʘʿʘˁʘ 

ʟʘ ʨʘʟʣʠʯʠʪʝ LED ʜʨʘʿʚʝʨʝ ʤʦʞʝ ʩʝ ʧʦʚʝ˂ʘʪʠ ʫʢʫʧʥʘ ʪʘʯʥʦʩʪ ʧʨʦʨʘʯʫʥʘ. ʋʚʦʹʝˁʝ ʦʚʝ ʚʝʟʝ 

ʟʘʭʪʝʚʘʣʦ ʙʠ ʥʦʚʠ ʠʪʝʨʘʪʠʚʥʠ ʧʦʩʪʫʧʘʢ ʨʝʰʘʚʘˁʘ ʫ ʩʦʬʪʚʝʨʫ, h ʪʦ ʧʨʝʜʩʪʘʚˀʘ ʧʨʘʚʘʮ ʟʘ ʜʘˀʘ 

ʠʩʪʨʘʞʠʚʘˁʘ. 

ɼʨʫʛʦ, ʥʘ ʦʙʘ ʜʝʣʘ ʧʠʣʦʪ ʠʥʩʪʘʣʘʮʠʿʝ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ (ʿʝʜʥʝ ʨʝʘʣʠʟʦʚʘʥʝ ʩʘ LED 

ʩʚʝʪʠˀʢʘʤʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʢʦʿʝ ʩʘʜʨʞʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʜʨʘʿʚʝʨʝ, ʘ ʜʨʫʛʝ ʩʘ LED 

ʩʚʝʪʠˀʢʘʤʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʢʦʿʝ ʩʘʜʨʞʝ ʜʨʘʿʚʝʨʝ ʩʘ ʧʦʙʦˀʰʘʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʫ ʧʦʛʣʝʜʫ 

ʝʤʠʩʠʿʝ ʚʠʰʠʭ ʭʘʨʤʦʥʠʢʘ) ʤʝʨʝʥʠ ʩʫ THDi, THDu ʠ ʧʦʿʝʜʠʥʘʯʥʠ ʭʘʨʤʦʥʠʮʠ ʩʪʨʫʿʝ ʠ ʥʘʧʦʥʘ 

ʫ ʥʦʨʤʘʣʥʦʤ ʠ ʜʚʘ ʨʝʞʠʤʘ ʨʝʜʫʢʦʚʘʥʦʛ ʦʩʚʝʪˀʝˁʘ. ʄʝʨʝˁʘ ʩʫ ʦʙʝʟʙʝʜʠʣʘ ʭʘʨʤʦʥʠʿʩʢʠ 

ʩʪʨʫʿʥʠ ʩʧʝʢʪʘʨ LED ʩʚʝʪʠˀʢʠ ʧʦʪʨʝʙʘʥ ʟʘ ʧʨʦʫʯʘʚʘˁʝ ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ ʫ ʧʠʣʦʪ 

ʠʥʩʪʘʣʘʮʠʿʠ. ʊʘʜʘ ʩʫ ʨʘʟʚʠʿʝʥʠ ʤʦʜʝʣ ʠ ʩʦʬʪʚʝʨ ʧʨʦʚʝʨʝʥʠ ʫʧʦʨʝʹʠʚʘˁʝʤ ʠʟʨʘʯʫʥʘʪʝ ʠ 

ʠʟʤʝʨʝʥʝ ʜʠʩʪʦʨʟʠʿʝ ʥʘʧʦʥʘ ʫ ʧʠʣʦʪ ʠʥʩʪʘʣʘʮʠʿʠ. ʂʘʦ ʰʪʦ ʿʝ ʨʘʟʤʘʪʨʘʥʦ ʫ ʧʦʛʣʘʚˀʫ 4.4.3, 

ʧʠʣʦʪ ʠʥʩʪʘʣʘʮʠʿʘ ʿʝ ʩʘʜʨʞʘʣʘ ʤʘʣʠ ʙʨʦʿ ʩʪʫʙʦʚʘ (ʫʢʫʧʥʘ ʦʧʪʝʨʝ˂ʝˁʘ ʩʫ ʙʠʣʘ 510 W (ʩʚʝʪʠˀʢʝ 

ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ) ʠ 400 W (ʩʚʝʪʠˀʢʝ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ)), ʢʦʿʠ ʩʫ ʥʘʧʘʿʘʥʠ ʢʘʙʣʦʤ ʚʝʣʠʢʦʛ 

ʧʨʝʩʝʢʘ (35 mm2). ʉʪʦʛʘ, ʫʢʫʧʥʘ ʧʨʦʤʝʥʘ ʥʘʧʦʥʘ ʜʫʞ ʦʙʝ ʜʝʦʥʠʮʝ ʫʣʠʮʝ ʙʠʣʘ ʿʝ ʤʘʣʘ. ɿʙʦʛ 

ʪʦʛʘ ʥʠʿʝ ʙʠʣʦ ʤʦʛʫ˂ʝ ʠʟʚʨʰʠʪʠ ʩʪʘʪʠʩʪʠʯʢʫ ʘʥʘʣʠʟʫ ʫ ʧʦʛʣʝʜʫ ʪʘʯʥʦʩʪʠ ʤʦʜʝʣʘ. ʀʘʢʦ ʿʝ 

ʤʝʨʥʠ ʰʫʤ ʟʘ ʚʠʰʝ ʭʘʨʤʦʥʠʢʝ ʙʠʦ ʧʨʠʤʝʪʘʥ, ʩʘʛʣʘʩʥʦʩʪ ʠʟʤʝʹʫ ʠʟʨʘʯʫʥʘʪʝ ʠ ʠʟʤʝʨʝʥʝ 
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ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʜʠʩʪʦʨʟʠʿʝ ʥʘʧʦʥʘ ʫ ʦʙʘ ʜʝʣʘ ʧʠʣʦʪ ʠʥʩʪʘʣʘʮʠʿʝ ʜʝʣʫʿʝ ʧʨʠʭʚʘʪˀʠʚʦ, ʟʙʦʛ ʯʝʛʘ ʨʘʟʚʠʿʝʥʠ 

ʤʦʜʝʣ ʠ ʩʦʬʪʚʝʨ ʦʙʝ˂ʘʚʘʿʫ ʫ ʧʦʛʣʝʜʫ ʘʥʘʣʠʟʝ ʚʠʰʠʭ ʭʘʨʤʦʥʠʢʘ ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫʣʠʯʥʦʛ 

ʦʩʚʝʪˀʝˁʘ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʪʨʦʬʘʟʥʘ ʘʩʠʤʝʪʨʠʿʘ.  

ʇʨʘʢʪʠʯʥʠ ʮʠˀ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʙʠʦ ʿʝ ʜʘ ʩʝ ʫʪʚʨʜʠ ʤʘʢʩʠʤʘʣʥʠ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ LED 

ʩʚʝʪʠˀʢʠ (ʩʘ ʜʨʘʿʚʝʨʠʤʘ ʢʘʢʦ ʩʪʘʥʜʘʨʜʥʠʭ, ʪʘʢʦ ʠ ʧʦʙʦˀʰʘʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ) ʫ ʪʨʦʬʘʟʥʠʤ 

ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʫ ʧʦʛʣʝʜʫ ʢʚʘʣʠʪʝʪʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʇʘʜ ʥʘʧʦʥʘ ʟʘ 

ʦʩʥʦʚʥʠ ʭʘʨʤʦʥʠʢ, ʢʘʦ ʠ THDu ʠ ʧʨʦʮʝʥʘʪ ʧʦʿʝʜʠʥʘʯʥʠʭ ʭʘʨʤʦʥʠʢʘ ʥʘʧʦʥʘ (ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ 

ʨʘʟʤʘʪʨʘʣʦ ʠ ʥʦʨʤʘʣʥʠ ʠ ʨʝʞʠʤʝ ʨʝʜʫʢʦʚʘʥʦʛ ʦʩʚʝʪˀʝˁʘ), ʠʟʨʘʯʫʥʘʪʠ ʩʫ ʧʦʤʦ˂ʫ ʨʘʟʚʠʿʝʥʦʛ 

ʩʦʬʪʚʝʨʘ. ʍʘʨʤʦʥʠʮʠ ʩʪʨʫʿʝ LED ʩʚʝʪʠˀʢʠ (ʫʣʘʟʥʠ ʧʦʜʘʮʠ) ʦʜʨʝʹʝʥʠ ʩʫ ʤʝʨʝˁʠʤʘ 

ʠʟʚʨʰʝʥʠʤ ʥʘ ʧʠʣʦʪ ʠʥʩʪʘʣʘʮʠʿʠ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ ʫʧʦʪʨʝʙʘ 

LED ʜʨʘʿʚʝʨʘ ʩʘ ʧʦʙʦˀʰʘʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʫʪʠʮʘʣʘ ʥʘ ʤʘʝˁ ʧʘʜʦʚʝ ʥʘʧʦʥʘ ʠ ʚʨʝʜʥʦʩʪʠ 

THDu ʫ ʩʚʠʤ ʨʘʟʤʘʪʨʘʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ. ʆʚʦ ʿʝ ʠ ʙʠʣʦ ʦʯʝʢʠʚʘʥʦ, ʘʣʠ ʨʝʣʘʪʠʚʥʦ ʚʠʩʦʢ 15. 

ʭʘʨʤʦʥʠʢ LED ʩʚʝʪʠˀʢʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʧʨʦʫʟʨʦʢʦʚʘʦ ʿʝ ʜʘ ʦʚʘʿ ʭʘʨʤʦʥʠʢ ʥʘʧʦʥʘ ʙʫʜʝ 

ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠ ʬʘʢʪʦʨ ʟʘ ʤʘʢʩʠʤʘʣʘʥ ʜʦʟʚʦˀʝʥ ʙʨʦʿ LED ʩʚʝʪʠˀʢʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ. ʂʘʦ 

ʧʦʩʣʝʜʠʮʘ ʪʦʛʘ, ʫ ʩʚʠʤ ʨʘʟʤʘʪʨʘʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʛʨʘʥʠʮʘ ʫ ʧʦʛʣʝʜʫ ʙʨʦʿʘ ʩʚʝʪʠˀʢʠ ʙʠʣʘ ʿʝ 

ʥʠʞʘ ʟʘ ʩʚʝʪʠˀʢʝ ʪʦʧʣʦ-ʙʝʣʝ ʥʝʛʦ ʟʘ ʩʚʝʪʠˀʢʝ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ. ʄʘʢʩʠʤʘʣʘʥ ʜʦʟʚʦˀʝʥ 

ʙʨʦʿ LED ʩʚʝʪʠˀʢʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʦʧʘʜʘ ʫ ʨʝʞʠʤʠʤʘ ʨʝʜʫʢʦʚʘʥʦʛ ʦʩʚʝʪˀʝˁʘ ʧʦʰʪʦ ʩʝ 15. 

ʭʘʨʤʦʥʠʢ ʩʪʨʫʿʝ ʫ ʘʤʧʝʨʠʤʘ ʧʦʚʝ˂ʘʚʘ ʢʘʜʘ ʩʝ ʩʤʘˁʠ ʩʚʝʪʣʦʩʥʠ ʬʣʫʢʩ ʠ ʩʥʘʛʘ ʩʚʝʪʠˀʢʝ. 

ɿʘ 6 ʪʠʧʠʯʥʠʭ ʩʣʫʯʘʿʝʚʘ ʩʘ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʫʧʦʨʝʜʠʚʠʤ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʨʝʰʝˁʠʤʘ ʩʘ 

ʥʘʪʨʠʿʫʤʦʚʠʤ ʠ LED ʩʚʝʪʠˀʢʘʤʘ (ʧʦ ʜʚʘ ʩʣʫʯʘʿʘ ʟʘ ʮʝʥʪʨʘʣʥʠ, ʜʚʦʩʪʨʘʥʠ ʥʘʩʧʨʘʤʥʠ ʠ 

ʿʝʜʥʦʩʪʨʘʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ, ʢʦʿʠʤʘ ʦʜʛʦʚʘʨʘʿʫ ʩʪʘʥʜʘʨʜʥʝ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʫʣʠʮʝ/ʧʫʪʘ 

ʄ1, ʄ2 ʠ ʄ3) ʘʥʘʣʠʟʠʨʘʥ ʝʿ ʠ ʫʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʩʚʝʪʠˀʢʠ ʥʘ ʧʨʝʩʝʢ ʢʘʙʣʘ ʩʪʨʫʿʥʦʛ ʢʦʣʘ 

ʦʩʚʝʪˀʝˁʘ, ʝʬʠʢʘʩʥʦʩʪ ʟʘʰʪʠʪʝ ʦʜ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ (ʫ ʩʣʫʯʘʿʫ ʢʚʘʨʘ) ʠ ʧʘʜ ʥʘʧʦʥʘ. ɸʥʘʣʠʟʘ 

ʿʝ ʦʙʫʭʚʘʪʠʣʘ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʥʘ ʜʝʦʥʠʮʘʤʘ ʠʥʠʮʠʿʘʣʥʝ ʜʫʞʠʥʝ 1000 m, ʨʝʘʣʠʟʦʚʘʥʝ 

ʧʦʤʦ˂ʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʠ LED 

ʩʚʝʪʠˀʢʠ, ʧʨʠʤʝʥʦʤ ʢʘʙʣʦʚʘ ʩʘ ʘʣʫʤʠʥʠʿʫʤʩʢʠʤ ʧʨʦʚʦʜʥʠʮʠʤʘ ʧʨʝʩʝʢʘ 10 mm2, 16 mm2 ʠʣʠ 

25 mm2, ʟʘ ʩʣʝʜʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʩʥʘʛʝ: cos ű = 0,85 ʟʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʩʚʝʪʠˀʢʝ ʩʘ 

ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʠʤ ʙʘʣʘʩʪʠʤʘ, ʦʜʥʦʩʥʦ cos ű = 0,95 ʟʘ LED ʩʚʝʪʠˀʢʝ ʩʘ ʜʨʘʿʚʝʨʦʤ. 

ʇʦʨʝʹʝˁʝʤ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠʭ ʙʨʦʿʝʚʘ ʩʪʫʙʦʚʘ ʫ ʨʘʟʤʘʪʨʘʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʩʘ ʘʩʧʝʢʪʘ 

ʧʘʜʘ ʥʘʧʦʥʘ, ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʿʝ ʠʥʩʪʘʣʘʮʠʿʫ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʢʘʨʘʢʪʝʨʠʩʘʦ ʠʣʠ ʚʝ˂ʠ 

ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʪʫʙʦʚʘ ʠʣʠ ʧʨʠʤʝʪʥʦ ʥʠʞʠ ʧʘʜ ʥʘʧʦʥʘ ʥʘ ʜʝʦʥʠʮʠ ʜʫʞʠʥʝ 

1000 m (ʫ ʦʜʥʦʩʫ ʥʘ ʠʥʩʪʘʣʘʮʠʿʫ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʩʚʝʪʠˀʢʘʤʘ) ʫ ʩʚʘʢʦʤ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ 

ʩʣʫʯʘʿʝʚʘ ʧʨʝʩʝʢʘ ʢʘʙʣʘ. ʋ ʧʦʛʣʝʜʫ TN ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ ʿ ʝ, ʟʘ ʠʩʪʫ ʜʫʞʠʥʫ ʜʝʦʥʠʮʝ ʦʜ 1000 m, 

ʟʘʢˀʫʯʝʥʦ ʜʘ ʟʘ ʩʢʦʨʦ ʧʦʣʦʚʠʥʫ ʨʘʟʤʘʪʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ TN ʩʠʩʪʝʤ ʟʘʰʪʠʪʝ ʥʝ ʧʨʝʜʩʪʘʚˀʘ 

ʝʬʠʢʘʩʥo ʨʝʰʝˁʝ. ʋ ʮʠˀʫ ʘʜʝʢʚʘʪʥʦʛ ʧʦʨʝʹʝˁʘ ʤʘʢʩʠʤʘʣʥʦʛ ʜʦʟʚʦˀʝʥʦʛ ʙʨʦʿʘ ʩʪʫʙʦʚʘ ʫ 

ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʨʝʘʣʠʟʦʚʘʥʠʭ ʧʦʤʦ˂ʫ ʥʘʪʨʠʿʫʤʦʚʠʭ ʠ LED ʠʟʚʦʨʘ, ʙʠʣʦ ʿʝ 

ʧʦʪʨʝʙʥʦ ʫʚʘʞʠʪʠ ʠ ʢʨʠʪʝʨʠʿʫʤ ʧʘʜʘ ʥʘʧʦʥʘ ʠ ʢʨʠʪʝʨʠʿʫʤ TN ʟʘʰʪʠʪʝ (ʫʟ ʢʦʨʠʛʦʚʘˁʝ ʜʫʞʠʥʝ 

ʜʝʦʥʠʮʝ, ʧʦ ʧʦʪʨʝʙʠ). ɸʥʘʣʠʟʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʤʘʢʩʠʤʘʣʥʦʛ ʜʦʟʚʦˀʝʥʦʛ ʙʨʦʿʘ 

ʩʪʫʙʦʚʘ ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠ LED ʩʚʝʪʠˀʢʘʤʘ, ʥʠʿʝ ʙʠʣʦ ʤʦʛʫ˂ʝ ʠʟʚʝʩʪʠ ʦʧʰʪʠ 

ʟʘʢˀʫʯʘʢ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʚʝ ʩʣʫʯʘʿʝʚʝ. ʋ ʧʦʣʦʚʠʥʠ ʩʣʫʯʘʿʝʚʘ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ 

ʩʪʫʙʦʚʘ ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʙʠʦ ʿʝ ʚʝ˂ʠ ʥʝʛʦ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ 

ʥʘʪʨʠʿʫʤʦʚʠʤ ʩʚʝʪʠˀʢʘʤʘ. ʀ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʦʜ ʢʦʿʠʭ ʿʝ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʪʫʙʦʚʘ 

ʙʠʦ ʤʘˁʠ ʟʘ ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʨʘʜʠʣʦ ʩʝ ʦ ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢʠʤ ʠʣʠ ʥʝʰʪʦ 

ʜʫʞʠʤ ʜʝʦʥʠʮʘʤʘ ʫ ʩʣʫʯʘʿʫ LED ʠʥʩʪʘʣʘʮʠʿʝ. ʀʘʢʦ ʿʝ ʠʥʩʪʘʣʘʮʠʿʫ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ 

ʢʘʨʘʢʪʝʨʠʩʘʦ ʠʣʠ ʚʝ˂ʠ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʪʫʙʦʚʘ ʠʣʠ ʧʨʠʤʝʪʥʦ ʥʠʞʠ ʧʘʜ ʥʘʧʦʥʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʠʥʩʪʘʣʘʮʠʿʫ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʩʚʝʪʠˀʢʘʤʘ ʫ ʩʚʘʢʦʤ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ 

ʧʨʝʩʝʢʘ ʢʘʙʣʘ, ʥʘʢʦʥ ʫʟʠʤʘˁʘ ʫ ʦʙʟʠʨ ʠ ʝʬʠʢʘʩʥʦʩʪʠ TN ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ, ʫʦʯʝʥʦ ʿʝ ʜʘ ʩʫ 

ʥʘʿʚʝ˂ʝ ʨʘʟʣʠʢʝ ʫ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʦʤ ʙʨʦʿʫ ʩʪʫʙʦʚʘ ʫ ʢʦʨʠʩʪ ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ LED 

ʩʚʝʪʠˀʢʘʤʘ ʧʦʩʪʠʛʥʫʪʝ ʟʘ ʘʣʫʤʠʥʠʿʫʤʩʢʠ ʢʘʙʣ ʧʨʝʩʝʢʘ 25 mm2.  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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5 LED ʆʉɺɽʊɲɽɳɽ ʋʃʀʎɸ ʀ ʇʋʊɽɺɸ ʊʆʇʃʆ-ɹɽʃɽ ʀ ʅɽʋʊʈɸʃʅɽ 

ɹɽʃɽ ɹʆɱɽ ʉɺɽʊʃʆʉʊʀ: ʉʋɹɱɽʂʊʀɺʅʀ ɼʆɾʀɺɲɸɱʀ ʇɽʐɸʂɸ 
 

ʆʚʦ ʧʦʛʣʘʚˀʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʧʦʩʚʝ˂ʝʥʦ ʩʫʙʿʝʢʪʠʚʥʦʤ ʜʦʞʠʚˀʘʿʫ ʚʠʜˀʠʚʦʩʪʠ ʠ ʚʠʜʥʦʛ 

ʢʦʤʬʦʨʘ ʧʝʰʘʢʘ ʧʨʠ ʢʦʨʠʰ˂ʝˁʫ LED ʧʘʢʝʪʘ ʪʦʧʣʦ-ʙʝʣʝ ʠ ʥʝʫʪʨʘʣʥʦ ʙʝʣʝ ʙʦʿʝ ʫ ʫʣʠʯʥʦʤ 

ʦʩʚʝʪˀʝˁʫ. ʀʩʪʨʘʞʠʚʘˁʝ ʿʝ ʟʘʩʥʦʚʘʥʦ ʥʘ ʧʦʨʝʹʝˁʫ ʩʫʙʿʝʢʪʠʚʥʠʭ ʜʦʞʠʚˀʘʿʘ ʨʝʣʝʚʘʥʪʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʢʚʘʣʠʪʝʪʘ ʦʩʚʝʪˀʝˁʘ ʪʨʦʪʦʘʨʘ ʫʣʠʮʝ ʦʩʚʝʪˀʝʥʝ ʧʦʤʦ˂ʫ LED ʧʘʢʝʪʘ ʧʨʠʜʨʫʞʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K ʠ 4000 K. 

 

5.1 ʇʨʝʛʣʝʜ ʧʫʙʣʠʢʦʚʘʥʠʭ ʨʝʟʫʣʪʘʪʘ ʫ ʚʝʟʠ ʩʘ ʩʫʙʿʝʢʪʠʚʥʠʤ ʜʦʞʠʚˀʘʿʠʤʘ 

ʧʝʰʘʢʘ 
 

ʇʨʠʤʝʥʘ LED ʪʝʭʥʦʣʦʛʠʿʝ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ ʙʨʟʦ ʩʝ ʧʦʚʝ˂ʘʚʘ. ʆʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ 

ʧʦʩʚʝ˂ʝʥʦ ʿʝʜʥʦʤ ʦʜ ʩʪʨʘʪʝʰʢʠʭ ʧʠʪʘˁʘ ʫ ʚʝʟʠ ʫʧʦʪʨʝʙʝ LED ʧʘʢʝʪʘ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ: 

ʧʨʝʬʝʨʠʨʘʥʦʿ ʙʦʠʿ ʩʚʝʪʣʦʩʪʠ. ʇʨʠʜʨʫʞʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʙʦʿʝ ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʫʧʥʦʛ LED 

ʧʘʢʝʪʘ ʙʝʣʝ ʩʚʝʪʣʦʩʪʠ ʫʛʣʘʚʥʦʤ ʿʝ ʫ ʦʧʩʝʛʫ 2700ï10000 K. LED ʧʘʢʝʪʝ ʩʘ ʚʠʩʦʢʦʤ 

ʧʨʠʜʨʫʞʝʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ (ʭʣʘʜʥʦ-ʙʝʣʘ ʙʦʿʘ ʩʚʝʪʣʦʩʪʠ, ʙʦʛʘʪʘ ʩʚʝʪʣʦʰ˂ʫ 

ʧʣʘʚʝ ʙʦʝʿ) ʢʘʨʘʢʪʝʨʠʰʫ ʥʘʿʚʝ˂ʝ ʩʚʝʪʣʦʩʥʝ ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ ʧʦʩʪʠʛʥʫʪʝ ʦ ʪʨʦʰʢʫ ʥʠʞʠʭ 

ʦʧʰʪʠʭ ʠʥʜʝʢʩʘ ʨʝʧʨʦʜʫʢʮʠʿʝ ʙʦʿʝ [43]. ʂʘʦ ʝʥʝʨʛʝʪʩʢʠ ʥʘʿʝʬʠʢʘʩʥʠʿʠ ʤʝʹʫ ʩʚʠʤ LED 

ʧʘʢʝʪʠʤʘ, LED ʧʘʢʝʪʠ ʭʣʘʜʥʦ-ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ ʩʫ ʢʦʨʠʰʝ˂ʥʠ ʫ ʧʨʚʦʙʠʪʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

LED ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ, ʦʙʠʯʥʦ ʟʘʤʝˁʫʿʫ˂ʠ ʧʨʝʪʭʦʜʥʦ ʠʥʩʪʘʣʠʨʘʥʝ ʥʘʪʨʠʿʫʤʦʚʝ ʠʟʚʦʨʝ 

ʩʚʝʪʣʦʩʪʠ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʞʫ˂ʢʘʩʪʝ ʙʦʝʿ ʩʚʝʪʣʦʩʪʠ. ʄʝʹʫʪʠʤ, ʨʝʘʢʮʠʿʝ ʿʘʚʥʦʩʪʠ ʩʫ ʧʦʢʘʟʘʣʝ 

ʜʘ ʤʥʦʛʠ ʛʨʘʹʘʥʠ ʥʠʩʫ ʙʠʣʠ ʟʘʜʦʚʦˀʥʠ ʥʦʚʦʠʥʩʪʘʣʠʨʘʥʠʤ ʦʩʚʝʪˀʝˁʝʤ, ʫʛʣʘʚʥʦʤ ʟʙʦʛ 

ʥʝʧʨʠʿʘʪʥʝ (ʭʣʘʜʥʝ, ʧʣʘʚʠʯʘʩʪʝ) ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ, ʧʦʚʝ˂ʘʥʦʛ ʩʚʝʪʣʦʩʥʦʛ ʟʘʛʘʹʝˁʘ ʠ ʙˀʝʰʪʘˁʘ 

[37, 44, 45]. ʇʦʿʝʜʠʥʠ ʩʪʘʥʦʚʥʠʮʠ ɹʨʫʢʣʠʥʘ, ʉʠʿʝʪʣʘ ʠ ʍʿʫʩʪʦʥʘ ʫ ʉɸɼ ʧʨʠʜʨʫʞʠʣʠ ʩʫ ʩʝ 

ʦʨʛʘʥʠʟʘʮʠʿʠ International Dark-Sky Association (IDA) ʫ ʘʢʮʠʿʘʤʘ ʧʨʦʪʠʚ ʫʣʠʯʥʦʛ LED 

ʦʩʚʝʪˀʝˁʘ ʢʦʿʝ ʿʝ ʙʦʛʘʪʦ ʩʚʝʪʣʦʰ˂ʫ ʧʣʘʚʝ ʙʦʝʿ [37]. ɱʝʜʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʧʦʢʘʟʘʣʦ ʜʘ ʩʝ 

ʘʪʤʦʩʬʝʨʘ ʢʦʿʫ ʩʪʚʘʨʘ ʫʣʠʯʥʦ LED ʦʩʚʝʪˀʝˁe ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʩʚʝʪʣʦʩʪ ʙʦʛʘʪʘ ʧʣʘʚʦʤ ʙʦʿʦʤ 

ʜʦʞʠʚˀʘʚʘ ʢʘʦ ʤʘˁʝ ʧʨʠʿʘʪʥʘ [46], ʜʦʢ ʿʝ ʜʨʫʛʦ ʠʩʪʨʘʞʠʚʘˁʝ [47] ʦʪʢʨʠʣʦ ʜʘ ʫʣʠʯʥʦ LED 

ʦʩʚʝʪˀʝˁʝ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ ʦʜ 5500 K ʜʦ 6000 K ʠʟʘʟʠʚʘ ʪʫʨʦʙʥʦ ʠ ʥʝʧʨʠʿʘʪʥʦ 

ʦʢʨʫʞʝˁʝ, ʜʦʢ ʦʥʦ ʩʘ ʤʘʦˁʤ ʧʨʠʜʨʫʞʝʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ ʙʦʿʝ 4100ï4300 K ʩʪʚʘʨʘ ʧʨʠʿʘʪʥʠʿʫ 

ʘʪʤʦʩʬʝʨʫ. 

ɿʙʦʛ ʪʚʨʜˁʠ ʫ ʚʝʟʠ ʩʘ ʥʝʛʘʪʠʚʥʠʤ ʝʬʝʢʪʠʤʘ ʧʣʘʚʝ ʩʚʝʪʣʦʩʪʠ ʥʘ ʩʿʘʿ ʥʝʙʘ, ʥʦ˂ʥʝ ʧʝʿʟʘʞʝ 

ʠ ʥʦ˂ʥʝ ʞʠʚʦʪʠˁʝ, IDA ʿʝ ʥʝʜʘʚʥʦ ʧʨʝʧʦʨʫʯʠʣʘ ʜʘ ʙʠ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ ʪʨʝʙʘʣʦ 

ʧʨʠʤʝˁʠʚʘʪʠ ʩʘʤʦ LED ʧʘʢʝʪʝ ʯʠʿʘ ʧʨʠʜʨʫʞʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʙʦʿʝ ʥʝ ʧʨʝʣʘʟʠ 3000 K [48]. 

ʉʣʠʯʥʫ ʧʨʝʧʦʨʫʢʫ ʿʝ ʜʘʣʦ ʠ ʫʜʨʫʞʝˁʝ American Medical Association (ɸʄɸ), ʘʣʠ ʠʟ ʜʨʫʛʦʛ 

ʨʘʟʣʦʛʘ ï ʫ ʮʠˀʫ ʩʤʘʝˁˁʘ ʰʪʝʪʥʠʭ ʝʬʝʢʘʪʘ ʥʘ ʯʦʚʝʢʦʚʦ ʟʜʨʘʚˀʝ ʧʨʠ ʠʟʣʘʛʘˁʫ ʩʚʝʪʣʦʩʪʠ 

ʤʘˁʠʭ ʪʘʣʘʩʥʠʭ ʜʫʞʠʥʘ ʪʦʢʦʤ ʥʦʠ˂ [49]. 

ʆʚʝ ʧʨʝʧʦʨʫʢʝ ʥʠʩʫ ʦʩʪʘʣʝ ʥʝʟʘʧʘʞʝʥʝ. ʆʙʿʘʚˀʝʥ ʿ ʝ ʜʦʢʫʤʝʥʪ [50] ʢʦʿʠ ʘʥʘʣʠʟʠʨʘ ʙʨʦʿʥʝ 

ʬʘʢʪʦʨʝ ʠʟʣʘʛʘˁʘ ʩʚʝʪʣʦʩʪʠ ʢʦʿʠ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʫ ʥʘ ʟʜʨʘʚˀʝ ˀʫʜʠ. Aʢʦ ʿʝ ʤʨʝʞˁʘʯʘ 

ʠʟʣʦʞʝʥʘ ʢʨʘʪʢʦʪʘʣʘʩʥʦʿ ʩʚʝʪʣʦʩʪʠ ʚʠʩʦʢʦʛ ʠʥʪʝʥʟʠʪʝʪʘ ʫ ʜʫʞʝʤ ʪʨʘʿʘˁʫ, ʤʦʞʝ ʜʦ˂ʠ ʜʦ ˁ ʝʥʦʛ 

ʪʨʘʿʥʦʛ ʦʰʪʝ˂ʝˁʘ [51, 52], ʟʙʦʛ ʯʝʛʘ ʿʝ ʫʜʨʫʞʝˁʝ American Conference of Governmental 

Industrial Hygienists (ACGIH) ʦʜʨʝʜʠʣʦ ʛʨʘʥʠʮʝ ʠʟʣʘʛʘˁʘ ʦʧʘʩʥʦʩʪʠ ʦʜ ʧʣʘʚʝ ʩʚʝʪʣʦʩʪʠ (blue-

light hazard) [53]. ʄʝʹʫʪʠʤ, ʠʟ ʥʝʜʘʚʥʦ ʦʙʿʘʚˀʝʥʦʛ ʠʟʚʝʰʪʘʿʘ [54] ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ 

ʩʚʝʪʣʦʩʪ ʫʣʠʯʥʠʭ LED ʩʚʝʪʠˀʢʠ ʚʠʩʦʢʝ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ (ʜʦ 6400 K) ʥʝ ʪʨʝʙʘ 

ʩʤʘʪʨʘʪʠ ʥʝʙʝʟʙʝʜʥoʤ ʢʘʢʦ ʟʘ ʧʝʰʘʢʝ, ʪʘʢʦ ʠ ʟʘ ʚʦʟʘʯʝ. ʆʚʘʿ ʟʘʢˀʫʯʘʢ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʟʘʧʘʞʘˁʫ 

ʜʘ ʩʝ ʥʘ ʫʜʘˀʝʥʦʩʪʠ ʦʜ 2 m (ʢʦʿʘ ʿʝ ʫʛʣʘʚʥʦʤ ʧʨʝʢʦʨʘʯʝʥʘ ʫ ʧʨʘʢʩʠ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ), 

ʧʨʠʙʣʠʞʘʚʘˁʝ ʛʨʘʥʠʮʘʤʘ ʠʟʣʘʛʘˁʘ ʧʣʘʚʦʿ ʩʚʝʪʣʦʩʪʠ [53] ʧʦʩʪʠʞʝ ʩʘʤʦ ʧʨʠʣʠʢʦʤ ʩʪʘʙʠʣʥʝ 
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ʬʠʢʩʘʮʠʿʝ ʫ ʪʨʘʿʘˁʫ ʦʜ ʧʨʝʢʦ 2,5 ʩʘʪʘ. ʋ ʨʝʬʝʨʝʥʮʠ [50] ʿʝ ʪʘʢʦʹʝ ʟʘʢˀʫʯʝʥʦ ʜʘ ʘʢʦ ʫ ʩʧʝʢʪʨʫ 

ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʦʛ LED ʧʘʢʝʪʘ ʦʜ ʠʥʜʠʿʫʤ ʛʘʣʠʿʫʤ ʥʠʪʨʠʜʘ (In-Ga-N) ʜʦʤʠʥʠʨʘʿʫ ʢʨʘʪʢʝ 

ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ, ʦʥʝ ʠʤʘʿʫ ʚʝ˂ʠ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʩʫʟʙʠʿʘˁʝ ʩʠʥʪʝʟʝ ʤʝʣʘʪʦʥʠʥʘ ʥʦ˂ʫ. ʇʦʰʪʦ ʩʝ 

ʦʙʝ ʧʨʝʧʦʨʫʢʝ [48, 49] ʟʘʩʥʠʚʘʿʫ ʩʘʤʦ ʥʘ ʧʨʠʜʨʫʞʝʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʙʦʿʝ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ 

ʧʦʿʝʜʥʦʩʪʘʚˀʝˁʝ ʩʧʝʢʪʨʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʩʥʘʛʝ ʟʨʘʯʝˁʘ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ ʚʘʞʥʝ ʟʘ ʧʨʦʮʝʥʫ 

ʫʪʠʮʘʿʘ ʩʚʝʪʣʦʩʪʠ ʥʘ ʯʦʚʝʢʦʚ ʥʝʚʠʟʫʝʣʥʠ ʩʠʩʪʝʤ, ʫ ʨʝʬʝʨʝʥʮʠ [50] ʿ ʝ ʠʩʪʘʢʥʫʪʦ ʜʘ ʧʨʠʜʨʫʞʝʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʙʦʿʝ ʥʠʢʘʜʘ ʥʝ ʙʠ ʪʨʝʙʘʣʦ ʢʦʨʠʩʪʠʪʠ ʟʘ ʝʚʘʣʫʘʮʠʿʫ ʪʘʢʚʠʭ ʝʬʝʢʘʪʘ. ʉʣʠʯʥʘ 

ʢʨʠʪʠʢʘ ʧʦʩʪʦʿʠ ʠ ʫ ʨʝʬʝʨʝʥʮʠ [55] ʫ ʢʦʿʦʿ ʩʝ ʥʘʚʦʜʠ ʜʘ ʩʝ ʬʦʪʦʙʠʦʣʦʰʢa ʤʦ˂ ʩʧʝʢʪʨʘ ʠʟʚʦʨʘ 

ʩʚʝʪʣʦʩʪʠ ʥʝ ʤʦʞʝ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʘʪʠ ʿʝʜʥʠʤ ʙʨʦʿʝʤ (ʧʨʠʜʨʫʞʝʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ ʙʦʿʝ). 

ʋʧʨʢʦʩ ʦʚʦʤ ʘʨʛʫʤʝʥʪʫ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʦʩʣʝʜʠʮʝ ʢʦʨʠʰ˂ʝˁʘ ʨʘʟʣʠʯʠʪʠʭ 

ʧʨʠʜʨʫʞʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʙʦʿʝ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ ʧʦ ʟʜʨʘʚˀʝ ʠ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, 

ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʚʝʟʠ ʩʘ ʩʫʙʿʝʢʪʠʚʥʠʤ ʜʦʞʠʚˀʘʿʝʤ ʫʣʠʯʥʦʛ LED ʦʩʚʝʪˀʝˁʘ ʨʘʟʣʠʯʠʪʠʭ 

ʧʨʠʜʨʫʞʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʙʦʿʝ ʧʨʠʣʠʯʥʦ ʿʝ ʤʘʣʦ. ʋ ʠʩʪʨʘʞʠʚʘˁʫ ʢʦʿʝ ʩʝ ʙʘʚʠʣʦ ʦʩʚʝʪˀʝˁʝʤ 

ʧʝʰʘʯʢʝ ʩʪʘʟʝ [56] (ʩʚʝʪʠˀʢʝ ʩʫ ʧʦʩʪʘʚˀʝʥʝ 4,2 m ʠʟʥʘʜ ʪʨʦʪʦʘʨʘ), ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʫ 

ʠʩʧʠʪʘʥʠʮʠ ʧʨʝʬʝʨʠʨʘʣʠ ʧʨʠʜʨʫʞʝʥʫ ʪʝʤʝʧʨʘʪʫʨʫ ʙʦʿʝ ʦʜ 3000 ± 200 K ʟʘ ʦʩʚʝʪˀʝʥʦʩʪ ʦʜ 

5 lx, ʠ ʧʨʠʜʨʫʞʝʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʙʦʿʝ ʦʜ 3500 ± 250 K ʟʘ 50 lx, ʰʪʦ ʟʥʘʯʠ ʜʘ ʩʫ ʧʨʠʜʨʫʞʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ ʤʘʝˁ ʦʜ 4000 K ʧʦʞʝˀʥʠʿʝ ʟʘ ʦʩʚʝʪˀʝˁʝ ʧʝʰʘʯʢʝ ʩʪʘʟʝ ʥʝʟʘʚʠʩʥʦ ʦʜ ʥʠʚʦʘ 

ʦʩʚʝʪˀʝʥʦʩʪʠ. ʋ ʨʝʬʝʨʝʥʮʠ [57] ʪʝʩʪʠʨʘʥʦ ʿʝ LED ʦʩʚʝʪˀʝˁʝ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʧʨʠʜʨʫʞʝʥʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʙʦʿʝ (1870 K, 2490 K, 3007 K, 4075 K ʠ 5020 K) ʠ ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʩʝ LED ʧʘʢʝʪʠ 

ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ ʦʜ ʦʢʦ 3000 K ʩʤʘʪʨʘʿʫ ʥʘʿʧʦʛʦʜʥʠʿʠʤ ʟʘ ʫʣʠʯʥʦ ʦʩʚʝʪˀʝˁʝ. 

ɼʘʥʘʩ ʧʨʦʿʝʢʪʘʥʪʠ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ, ʫ ʮʠˀʫ ʠʟʙʝʛʘʚʘˁʘ ʧʦʤʝʥʫʪʠʭ ʥʝʛʘʪʠʚʥʠʭ ʨʝʘʢʮʠʿʘ 

ʿʘʚʥʦʩʪʠ, ʥʝ ʢʦʨʠʩʪʝ LED ʧʘʢʝʪʝ ʭʣʘʜʥʦ-ʙʝʣʝ ʙʦʿʝ, ʚʝ˂ ʦʙʠʯʥʦ ʙʠʨʘʿʫ LED ʧʘʢʝʪʝ ʥʝʫʪʨʘʣʥʝ 

ʙʝʣʝ ʙʦʿʝ ʟʙʦʛ ʚʝ˂ʝ ʩʚʝʪʣʦʩʥʝ ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ LED ʧʘʢʝʪʝ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ. 

ʄʝʹʫʪʠʤ, ʨʘʟʣʠʢʘ ʫ ʩʚʝʪʣʦʩʥʦʿ ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ ʠʟʤʝʹʫ LED ʧʘʢʝʪʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʙʦʿʝ 4000 K ʠ LED ʧʘʢʝʪʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K (ʠʩʪʦʛ ʦʧʰʪʝʛ ʠʥʜʝʢʩʘ 

ʨʝʧʨʦʜʫʢʮʠʿʝ ʙʦʿʘ ʦʜ 80) ʠʟʥʦʩʠ ʩʘʤʦ 6% [58] (2011. ʛʦʜʠʥʝ, ʨʘʟʣʠʢʘ ʿʝ ʠʟʥʦʩʠʣʘ 20% [59]). 

ɼʘʢʣʝ, ʩʚʝʪʣʦʩʥʫ ʠʩʢʦʨʠʩʪʠʚʦʩʪ ʚʠʰʝ ʥʝ ʪʨʝʙʘ ʩʤʘʪʨʘʪʠ ʜʦʤʠʥʘʥʪʘʥʠʤ ʢʨʠʪʝʨʠʿʫʤʦʤ ʧʨʠ 

ʠʟʙʦʨʫ ʠʟʤʝʹʫ LED ʧʘʢʝʪʘ ʥʝʫʪʨʘʣʥʦ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ ʢʦʿʠ ʩʫ ʥʘʤʝˁʝʥʠ ʟʘ 

ʫʣʠʯʥʦ ʦʩʚʝʪˀʝˁʝ. ʀʟʙʦʨ ʪʨʝʙʘ ʜʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʩʫʙʿʝʢʪʠʚʥʠʤ ʜʦʞʠʚˀʘʿʠʤʘ ʚʦʟʘʯʘ ʠ ʧʝʰʘʢʘ 

(ʦʜʥʦʩʥʦ ʩʘʤʦ ʚʦʟʘʯʘ ʫ ʩʣʫʯʘʿʫ ʫʣʠʮʘ (ʧʫʪʝʚʘ) ʥʘʤʝˁʝʥʠʭ ʠʩʢˀʫʯʠʚʦ ʟʘ ʤʦʪʦʨʥʠ ʩʘʦʙʨʘ˂ʘ)ʿ.  

 

5.2 ʇʨʠʤʝˁʝʥʘ ʤʝʪʦʜʘ 
 

5.2.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ 

 

ɸʥʢʝʪʘ ʿʝ ʠʟʚʨʰʝʥʘ ʫ ʫʣʠʮʠ ʄʠʣʫʪʠʥʘ ʄʠʣʘʥʢʦʚʠ˂ʘ ʫ ɹʝʦʛʨʘʜʫ, ʧʨʠʢʘʟʘʥʦ ʿʥʘ ʩʣʠʮʠ 13. 

ɻʣʘʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʣʠʮʝ ʩʫ:  

ï ʜʚʦʩʤʝʨʥʠ ʩʘʦʙʨʘ˂ʘʿ (ʜʚʝ ʪʨʘʢʝ, ʰʠʨʦʢʝ ʧʦ 3 m),  

ï ʩʨʝʜʝˁ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʩʪʫʙʦʚʘ ʠʟʥʦʩʠ ʦʢʦ 30 m (ʩʣʠʢʘ 14),  

ï ʨʘʩʪʦʿʘˁʝ ʩʪʫʙʦʚʘ ʦʜ ʙʣʠʞʝ ʠʚʠʮʝ ʢʦʣʦʚʦʟʘ ʠʟʥʦʩʠ 2,7 m (ʩʣʠʢʘ 14),  

ï ʥʘʩʧʨʘʤʥʠ ʪʨʦʪʦʘʨ ʿʝ ʰʠʨʦʢ 3 m (ʩʣʠʢa 14),  

ï ʚʠʩʠʥʘ ʩʪʫʙʦʚʘ ʿʝ 8 m,  

ï ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʢʣʘʩʘ ʫʣʠʮʝ ʿʝ ʄ3 (Lav = 1 cd/m2) [12], ʠ  

ï ʧʦʚʨʰʠʥʝ ʢʦʣʦʚʦʟʘ ʠ ʪʨʦʪʦʘʨʘ ʩʫ ʦʜ ʩʣʠʯʥʝ ʚʨʩʪʝ ʘʩʬʘʣʪʘ: ʩʪʘʥʜʘʨʜʥʘ ʨʝʬʣʝʢʩʠʦʥʘ 

ʢʣʘʩʘ ʧʦʚʨʰʠʥʝ ʢʦʣʦʚʦʟʘ ʿʝ R3, ʘ ʩʨʝʜˁʠ ʢʦʝʬʠʮʠʿʝʥʪ ʩʿʘʿʥʦʩʪʠ (Q0) ʠʟʥʦʩʠ 

0,08 cd/(m2 lx). 
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ʉʣʠʢʘ 13. ɼʝʦ ʫʣʠʮʝ ʫ ʢʦʿʦʿ ʿʝ ʦʙʘʚˀʝʥʦ ʠʩʪʨʘʞʠʚʘˁʝ 

 

 
 

ʉʣʠʢʘ 14. ɻʝʦʤʝʪʨʠʿʘ ʫʣʠʮʝ ʠ ʧʦʟʠʮʠʿʝ ʩʪʫʙʦʚʘ 

 

ʆʩʚʝʪˀʝˁʝ ʫʣʠʮʝ ʙʠʣʦ ʿʝ ʧʦʜʝˀʝʥʦ ʥʘ ʜʚʝ ʪʝʩʪ ʟʦʥʝ ʩʘ ñʪʘʤʧʦʥñ ʟʦʥʦʤ ʠʟʤʝʹʫ (ʩʣʠʢʘ 

14). ɱʝʜʥʘ ʪʝʩʪ ʟʦʥʘ ʿʝ ʙʠʣʘ ʦʩʚʝʪˀʝʥʘ ʩʘ ʧʝʪ LED ʩʚʝʪʠˀʢʠ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 

3000 K, a ʜʨʫʛa ʩʘ ʧʝʪ LED ʩʚʝʪʠˀʢʠ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K (ˁʠʭʦʚʝ ʩʧʝʢʪʨʘʣʥʝ 

ʨʘʩʧʦʜʝʣʝ ʩʥʘʛʝ ʟʨʘʯʝˁʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʩʣʠʮʠ 15). ʉʚʝʪʠˀʢʝ ʫ ʦʙʝ ʟʦʥʝ ʙʠʣʝ ʩʫ ʪʠʧʘ Voltana 

3 (Schréder Group, 24 LEDs, 1 ɸ, 80 W). ʇʦʰʪʦ ʩʫ ˁʠʭʦʚe ʨʘʩʧʦʜʝʣʝ ʩʚʝʪʣʦʩʥʦʛ ʠʥʪʝʥʟʠʪʝʪʘ 

ʧʨʘʢʪʠʯʥʦ ʠʩʪʝ, ʥʘ ʩʣʠʮʠ 16 ʧʨʠʢʘʟʘʥʘ ʿʝ ʩʘʤʦ ʩʧʝʢʪʨʘʣʥʘ ʨʘʩʧʦʜʝʣʘ LED ʩʚʝʪʠˀʢʝ 

ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K. ʉʚʝʪʠˀʢʝ ʢʦʿe ʧʨʠʧʘʜʘʿʫ ʟʦʥʠ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʙʦʿʝ 3000 K (ʠʥʩʪʘʣʠʨʘʥʝ 2017. ʛʦʜʠʥʝ) ʩʘʜʨʞʝ LED ʧʘʢʝʪʝ ʩʘ ʦʧʰʪʠʤ ʠʥʜʝʢʩʦʤ ʨʝʧʨʦʜʫʢʮʠʿʝ 

ʙʦʿʘ 80 ʠ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ 7814 lm, ʜʦʢ ʦʥʝ ʠʟ ʟʦʥʝ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K, 

ʠʥʩʪʘʣʠʨʘʥʝ 2015. ʛʦʜʠʥʝ, ʩʘʜʨʞʝ LED ʧʘʢʝʪʝ ʦʧʰʪʝʛ ʠʥʜʝʢʩʘ ʨʝʧʨʦʜʫʢʮʠʿʝ ʙʦʿʝ 80 ʠ 

ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ 7921 lm (ʠʩʧʠʪʘʥʠʮʠ ʥʠʩʫ ʠʤʘʣʠ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʪʨʝʥʫʪʢʫ ʠʥʩʪʘʣʘʮʠʿʝ 

ʩʚʝʪʠˀʢʠ). ʅʘʛʠʙ ʩʚʝʪʠˀʢʠ ʩʘ LED ʧʘʢʝʪʠʤʘ ʦʜ 3000 K ʠʟʥʦʩʠʦ ʿʝ 9°, a ʢʦʜ ʩʚʝʪʠˀʢʠ ʩʘ LED 

ʧʘʢʝʪʠʤʘ ʦʜ 4000 K 7°. ʉʚʝʪʠˀʢʝ ʩʫ ʩʘ ʩʪʫʙʦʚʠʤʘ ʙʠʣʝ ʧʦʚʝʟʘʥʝ ʣʠʨʘʤʘ ʦʜ 1,2 m. ʊʘʤʧʦʥ ʟʦʥʘ 

(ʩʣʠʢʘ 14), ʢʦʿʫ ʩʫ ʯʠʥʠʣʘ ʪʨʠ ʩʪʫʙʘ ʠʟʤʝʹʫ ʜʚʝ ʪʝʩʪ ʟʦʥʝ, ʠʤʘʣʘ ʿ ʝ ʟʘ ʮʠˀ ʜʘ ʩʧʨʝʯʠ ʙʠʣʦ ʢʘʢʘʚ 

ʫʪʠʮʘʿ ʩʚʝʪʣʦʩʪʠ ʿʝʜʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʥʘ ʜʨʫʛʫ (ʩʚʝʪʠˀʢʝ ʫ ʪʘʤʧʦʥ ʟʦʥʠ ʙʠʣʝ ʩʫ 

ʠʩʢˀʫʯʝʥʝ ʪʦʢʦʤ ʘʥʢʝʪʝ). 
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ʉʣʠʢʘ 15. ʉʧʝʢʪʨʘʣʥa ʨʘʩʧʦʜʝʣʘ ʩʥʘʛʝ ʟʨʘʯʝˁʘ LED ʧʘʢʝʪʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 

3000 K ʠ 4000 K ʢʦʨʠʰ˂ʝʥʠʭ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ 

 

 
 

ʉʣʠʢʘ 16. ʇʦʣʘʨʥʠ ʜʠʿʘʛʨʘʤ ʩʚʝʪʠˀʢʝ ʩʘ LED ʧʘʢʝʪʠʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K  

(ʧʨʘʚʮʠ ʩʘ ʤʘʢʩʠʤʘʣʥʠʤ ʩʚʝʪʣʦʩʥʠʤ ʠʥʪʝʥʟʠʪʝʪʦʤ ʧʨʠʧʘʜʘʿʫ C-ʧʦʣʫʨʘʚʥʠʤʘ ʦʜ 5° ʠ 175°) 

 

ʀʟʨʘʯʫʥʘʪʝ ʚʨʝʜʥʦʩʪʠ ʦʩʚʝʪˀʝʥʦʩʪʠ ʪʨʦʪʦʘʨʘ (ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ (Eav) ʦʩʚʝʪˀʝʥʦʩʪʠ 

ʪʨʦʪʦʘʨʘ ʫ 30 (=3Ā10) ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʪʘʯʘʢʘ ʦʜʨʝʹʝʥʠʭ ʥʘ ʦʩʥʦʚʫ ʩʪʘʥʜʘʨʜʘ CIE 140-2000 

[60], ʤʠʥʠʤʘʣʥʘ ʭʦʨʠʟʦʥʪʘʣʥʘ ʦʩʚʝʪˀʝʥʦʩʪ (Emin), ʧʦʣʫʮʠʣʠʥʜʨʠʯʥʘ ʦʩʚʝʪˀʝʥʦʩʪ (Esc) ʠ 

ʨʝʣʘʪʠʚʥʠ ʧʦʨʘʩʪ ʧʨʘʛʘ (TI)) ʟʘ ʦʙʝ ʠʩʧʠʪʥʝ ʟʦʥʝ ʜʘʪʝ ʩʫ ʫ ʪʘʙʝʣʠ 48 (ˁʠʭʦʚʝ ʚʨʝʜʥʦʩʪʠ, 

ʠʟʨʘʯʫʥʘʪʝ ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʦʬʝʩʠʦʥʘʣʥʦʛ ʩʦʬʪʚʝʨʘ Ulysse 3, ʥʘʤʝˁʝʥʦʛ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ, 

ʦʜʥʦʩʝ ʩʝ ʥʘ ʪʨʦʪʦʘʨ ʥʘʩʧʨʘʤ ʩʪʫʙʦʚʘ, ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 14). ʄʠʥʠʤʘʣʥʝ ʭʦʨʠʟʦʥʪʘʣʥʝ 

ʦʩʚʝʪˀʥʦʩʪʠ ʦʜʥʦʩʝ ʩʝ ʥʘ ʚʨʝʜʥʦʩʪʠ ʫ ʜʚʝ ʩʨʝʜʠʰˁʝ ʪʘʯʢʝ ʥʠʟʘ ʦʜ 10 ʪʘʯʘʢʘ ʧʦˀʘ ʚʨʝʜʥʦʚʘˁʘ 

ʢʦʿʠ ʿʝ ʥʘʿʫʜʘˀʝʥʠʠʿ ʦʜ ʩʚʝʪʠˀʢʠ. ʇʦʣʫʮʠʣʠʥʜʨʠʯʥʝ ʦʩʚʝʪˀʝʥʦʩʪʠ ʨʘʯʫʥʘʪʝ ʩʫ ʟʘ ʧʨʘʚʮʝ 

ʛʣʝʜʘˁʘ ʦʜ 0° ʠ 180° ï ʦʙʘ ʩʫ ʧʘʨʘʣʝʣʥʘ ʦʩʠ ʩʠʤʝʪʨʠʿʝ ʫʣʠʮʝ, ʢʘʦ ʠ ʟʘ ʧʨʘʚʘʮ ʛʣʝʜʘˁʘ ʦʜ 90°, 

ʜʦʢ ʩʫ ʚʨʝʜʥʦʩʪʠ ʨʝʣʘʪʠʚʥʦʛ ʧʦʨʘʩʪʘ ʧʨʘʛʘ (TI) ʨʘʯʫʥʘʪʝ ʟʘ ʧʨʘʚʘʮ ʛʣʝʜʘˁʘ ʦʜ 0° (180°) [60]. 

ʀʟ ʪʘʙʝʣʝ 48 ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʫ ʫ ʦʙʝ ʫʣʠʯʥʝ ʟʦʥʝ ʧʦʩʪʠʛʥʫʪʝ ʫʧʦʨʝʜʠʚʝ ʩʨʝʜˁʝ 

ʦʩʚʝʪˀʝʥʦʩʪʠ ʪʨʦʪʦʘʨʘ. ʆʩʪʘʣʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʧʘʨʘʤʝʪʨʠ ʩʫ ʪʘʢʦʹʝ ʠʤʘʣʠ (ʩʢʦʨʦ) ʿʝʜʥʘʢʝ 

ʚʨʝʜʥʦʩʪʠ. ʊʨʝʙʘ ʦʙʨʘʪʠʪʠ ʧʘʞˁʫ ʥʘ ʪʦ ʜʘ ʩʫ ʦʩʚʝʪˀʝʥʦʩʪʠ ʠʟʤʝʨʝʥʝ ʥʘ ʧʦʚʨʰʠʥʘʤʘ ʪʨʦʪʦʘʨʘ 

ʙʠʣʝ ʚʝʦʤʘ ʩʣʠʯʥʝ ʠʟʨʘʯʫʥʘʪʠʤ (4,2 lx ʧʨʝʤʘ 4,1 lx, ʠ 4,3 lx ʧʨʝʤʘ 4,4 lx), ʢʘʦ ʠ ʥʘ ʪʦ ʜʘ 

ʧʨʠʢʘʟʘʥʝ ʠʟʨʘʯʫʥʘʪʝ ʩʨʝʜˁʝ ʦʩʚʝʪˀʝʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ˁʠʭʦʚʝ ʧʦʯʝʪʥʝ (ʠʥʠʮʠʿʘʣʥʝ, ʘ ʥʝ 

ʧʦʛʦʥʩʢʝ (ʝʢʩʧʣʦʘʪʘʮʠʦʥʝ)) ʚʨʝʜʥʦʩʪʠ. ʇʦʰʪʦ ʩʫ ʩʚʝʪʠˀʢʝ ʩʘ LED ʧʘʢʝʪʠʤʘ ʦʜ 4000 K, 

ʠʥʩʪʘʣʠʨʘʥʝ ʜʚʝ ʛʦʜʠʥʝ ʨʘʥʠʿʝ, ʙʠʣʝ ʪʠʧʘ L80, ʩʤʘʪʨʘʥʦ ʿʝ ʜʘ ʿʝ ʩʤʘˁʝˁʝ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ 

(ʟʘ ʚʨʝʤʝ ʦʜ ʩʘʤʦ 8000 ʩʘʪʠ) ʟʘʥʝʤʘʨˀʠʚʦ (ʩʚʝʪʠˀʢʝ ʩʫ ʦʯʠʰ˂ʝʥʝ ʧʨʝ ʘʥʢʝʪʠʨʘˁʘ). 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 48. ʌʦʪʦʤʝʪʨʠʿʩʢʠ ʧʘʨʘʤʝʪʨʠ ʢʦʿʠ ʦʧʠʩʫʿʫ ʦʩʚʝʪˀʝˁʝ ʪʨʦʪʦʘʨʘ ʠʩʧʦʜ ʦʙʝ 

ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ 

 

Eav 

[lx]  

Emin 

[lx]  

Esc ʧʨʠ 0° 

[lx]  

Esc ʧʨʠ 90° 

[lx]  

TI 

[%] 

LED ʧʘʢʝʪʠ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K 

4,1 1,3 1,7 0,9 12,7 

LED ʧʘʢʝʪʠ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K 

4,4 1,3 1,9 1,0 12,4 

 

5.2.2 ɸʥʢʝʪʘ ʠ ʫʧʠʪʥʠʢ 

 

ɸʥʢʝʪʘ ʿʝ ʨʝʘʣʠʟʦʚʘʥʘ ʧʫʪʝʤ ʫʧʠʪʥʠʢʘ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʰʝʩʪ ʛʣʘʚʥʠʭ ʧʠʪʘˁʘ (1ï6) ʠ 

ʯʝʪʠʨʠ ʜʦʜʘʪʥʘ ʧʠʪʘˁʘ (7ï10) (ʚʠʜʝʪʠ ʇʨʠʣʦʛ 2). ɿʘ ʧʠʪʘˁʘ 1ï5 ʠʩʧʠʪʘʥʠʮʠ ʩʫ ʟʘʤʦˀʝʥʠ ʜʘ 

ʦʮʝʥʝ ʩʚʘʢʠ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʚʘʣʠʪʝʪʘ ʦʩʚʝʪˀʝˁʘ ʠ ˁʠʭʦʚ ʦʧʰʪʠ ʫʪʠʩʘʢ ʦʮʝʥʘʤʘ 

1ï5 (ʙʦˀʠ ʢʚʘʣʠʪʝʪ ʦʜʛʦʚʘʨʘ ʚʝʦ˂ʿ ʦʮʝʥʠ). ʂʨʦʟ ʧʠʪʘˁʝ 6, ʦʜ ʠʩʧʠʪʘʥʠʢʘ ʿʝ ʟʘʪʨʘʞʝʥʦ ʜʘ ʦʮʝʥʝ 

ʩʚʦʿ ʫʪʠʩʘʢ ʧʨʠ ʠʟʣʘʛʘˁʫ ʩʚʘʢʦ ʿʦʜ ʠʩʧʠʪʘʥʠʭ ʙʦʿʘ ʩʚʝʪʣʦʩʪʠ. 

ʇʨʚʦʙʠʪʥʠ ʫʧʠʪʥʠʢ ʟʘ ʘʥʢʝʪʫ ʿʝ ʙʠʦ ʠʩʪʠ ʢʘʦ ʦʥʘʿ ʟʘ ʦʮʝʥʫ ʘʤʙʠʿʝʥʪʘʣʥʦʛ ʦʩʚʝʪˀʝˁʘ ʠʟ 

ʨʝʬʝʨʝʥʮʝ [61]. ʂʘʦ ʰʪʦ ʿʝ ʧʨʝʜʣʦʞʝʥʦ ʫ ʨʝʬʝʨʝʥʮʘʤʘ [62] ʠ [63], ʬʦʨʤʠʨʘʥʘ ʿʝ ʬʦʢʫʩ ʛʨʫʧʘ 

ʟʘ ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʫʧʠʪʥʠʢʘ ʥʦʚʦ ʿʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʿʧʦʩʪʘʚʮʠ. ʌʦʢʫʩ ʛʨʫʧʫ ʩʫ ʯʠʥʠʣʠ ʘʫʪʦʨ ʠ 

ʧʨʦʬ. ʜʨ ʄʠʦʤʠʨ ʂʦʩʪʠ˂ ʩʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ, ˁʠʭʦʚʝ ʢʦʣʝʛʝ ʠʟ ʘʢʘʜʝʤʩʢʝ 

ʟʘʿʝʜʥʠʮʝ ʠ ʠʩʢʫʩʥʠ ʧʨʦʿʝʢʪʘʥʪʠ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ. ʏʣʘʥʦʚʠ ʬʦʢʫʩ ʛʨʫʧʝ ʩʫ ʧʘʞˀʠʚʦ 

ʘʥʘʣʠʟʠʨʘʣʠ ʩʚʘʢʦ ʧʠʪʘˁʝ ʠ ʨʘʟʛʦʚʘʨʘʣʠ ʦ ˁʝʛʦʚʦʿ ʥʝʦʧʭʦʜʥʦʩʪʠ, ʿʘʩʥʦ˂ʠ ʠ ʧʦʪʝʥʮʠʿʘʣʥʦ 

ʟʙʫˁʫʿʫ˂ʠʤ ʧʦʿʤʦʚʠʤʘ, ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ ʙʨʦʿʥʠʤ ʤʦʜʠʬʠʢʘʮʠʿʘʤʘ ʫʧʠʪʥʠʢʘ. ʅʘ ʧʨʠʤʝʨ, 

ʧʦʰʪʦ ʩʫ ʦʙʝ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʧʨʘʢʪʠʯʥʦ ʠʜʝʥʪʠʯʥʝ ʠ ʬʦʪʦʤʝʪʨʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʜʚʘ ʪʠʧʘ ʩʚʝʪʠˀʢʠ ʩʘʤʦ ʥʝʟʥʘʪʥʦ ʨʘʟʣʠʯʠʪʝ, ʯʣʘʥʦʚʠ ʬʦʢʫʩ ʛʨʫʧʝ ʩʫ ʧʨʝʧʦʨʫʯʠʣʠ ʜʘ ʩʝ 

ʧʠʪʘˁʝ ʫ ʚʝʟʠ ʩʘ ʨʘʚʥʦʤʝʨʥʦʰ˂ʫ ʦʩʚʝʪˀʝʥʦʩʪʠ ʠʟʦʩʪʘʚʠ. ʐʪʦ ʩʝ ʪʠʯʝ ʦʩʚʝʪˀʝˁʘ ˀʫʜʩʢʠʭ 

ʣʠʮʘ, ʦʜ ʫʯʝʩʥʠʢʘ ʿʝ ʟʘʪʨʘʞʝʥʦ ʜʘ ʦʮʝʥʝ ʦʩʚʝʪˀʝʥʦʩʪ ʣʠʮʘ ʧʝʰʘʢʘ ʩʘ ʫʜʘˀʝʥʦʩʪʠ ʦʜ ʦʢʦ 5 m, 

ʰʪʦ ʩʝ ʩʤʘʪʨʘ ʥʘʿʤʘˁʠʤ ʨʘʩʪʦʿʘˁʝʤ ʜʦʚʦˀʥʠʤ ʟʘ ʙʨʟʫ ʦʜʙʨʘʤʙʝʥʫ ʨʝʘʢʮʠʿʫ ʫ ʩʣʫʯʘʿʫ ʥʘʧʘʜʘ 

[12]. ʇʦʰʪʦ ʿʝ ʘʥʢʝʪʘ ʙʠʣʘ ʠʟʚʝʜʝʥʘ ʥʘ ʪʠʧʠʯʥʦʿ ʛʨʘʜʩʢʦʿ ʫʣʠʮʠ ʢʦʿʘ ʫʢˀʫʯʫʿʝ ʧʨʦʣʘʟʥʘ ʠ 

ʧʘʨʢʠʨʘʥʘ ʚʦʟʠʣʘ, ʨʘʩʪʠˁʝ ʥʘ ʿʝʜʥʦʿ ʩʪʨʘʥʠ ʫʣʠʮʝ ʠ ʧʝʰʘʢʝ ʫ ʦʜʝ˂ʠ ʨʘʟʣʠʯʠʪʠʭ ʙʦʿʘ ʥʘ ʜʨʫʛʦʿ, 

ʦʜ ʠʩʧʠʪʘʥʠʢʘ ʿ ʝ ʪʘʢʦʹʝ ʟʘʪʨʘʞʝʥʦ ʜʘ ʦʮʝʥʝ ʨʝʧʨʦʜʫʢʮʠʿʫ ʙʦʿʘ. ʇʦʰʪʦ ʩʫ ʩʚʝʪʠˀʢe ʧʦʩʪʘʚˀʝʥʝ 

ʥʘ ʩʪʫʙʦʚʝ ʚʠʩʠʥʝ 8 m (4 m ʫ ʨʝʬʝʨʝʥʮʠ [61]), ʢʘʦ ʠ ʫʩʣʝʜ ʯʠˁʝʥʠʮʝ ʜʘ ʩʫ ʠʟʨʘʯʫʥʘʪʝ 

ʚʨʝʜʥʦʩʪʠ ʨʝʣʘʪʠʚʥʦʛ ʧʦʨʘʩʪʘ ʧʨʘʛʘ (TI) ʙʠʣʝ ʧʨʠʙʣʠʞʥo ʠʩʪe ʫ ʦʙʘ ʩʣʫʯʘʿʘ (ʚʠʜʝʪʠ ʪʘʙʝʣʫ 

48), ʧʠʪʘˁʝ ʫ ʚʝʟʠ ʩʘ ʙˀʝʰʪʘˁʝʤ ʿʝ ʠʟʦʩʪʘʚˀʝʥʦ. ʇʠʪʘˁʝ ʫ ʚʝʟʠ ʩʘ ʦʧʰʪʠʤ ʫʪʠʩʢʦʤ ʦ 

ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʦʩʚʝʪˀʝˁʘ ʦʩʪʘʣʦ ʿʝ ʠʩʪʦ. ʇʦʰʪʦ ʩʝ ʘʥʢʝʪʘ ʙʘʚʠʣʘ ʫʣʠʯʥʠʤ (ʘ ʥʝ 

ʘʤʙʠʿʝʥʪʘʣʥʠʤ) ʦʩʚʝʪˀʝˁʝʤ, ʙʨʦʿ ʛʣʘʚʥʠʭ ʧʠʪʘˁʘ ʩʤʘˁʝʥ ʿʝ ʥʘ ʰʝʩʪ (ʚʠʜʝʪʠ ʇʨʠʣʦʛ 2). 

ɼʦʜʘʪʥʘ ʧʠʪʘˁʘ ʠʟ ʧʨʚʦʙʠʪʥʦʛ ʫʧʠʪʥʠʢʘ ʦʩʪʘʣʘ ʩʫ ʧʨʘʢʪʠʯʥʦ ʠʩʪʘ (ʧʠʪʘˁʘ 7ï9 ʠʟ 

ʇʨʠʣʦʛʘ 2). ʅʦʚʦ, ʜʦʜʘʪʥʦ ʧʠʪʘˁʝ (10) ʜʦʜʘʪʦ je ʩ ʮʠˀʝʤ ʜʘ ʩʝ ʦʜʨʝʜʠ ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʧʘʨʘʤʝʪʘʨ 

ʢʚʘʣʠʪʝʪʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʠʟ ʧʝʨʩʧʝʢʪʠʚʝ ʧʝʰʘʢʘ. 

 

5.2.3 ʇʨʦʮʝʜʫʨʘ 

 

ɸʥʢʝʪʘ ʿʝ ʦʙʘʚˀʝʥʘ 12. ʦʢʪʦʙʨʘ 2017 (20ï21h) ʧʦ ʩʫʚʠʤ ʚʨʝʤʝʥʩʢʠʤ ʫʩʣʦʚʠʤʘ. ʅʘ 

ʫʚʦʜʥʦʤ ʧʨʝʜʘʚʘˁʫ ʦʜʨʞʘʥʦʤ ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʘʥʢʝʪʠʨʘˁʘ, ʠʩʪʘʢʥʫʪ ʿʝ ʟʥʘʯʘʿ ʠʩʪʨʘʞʠʚʘˁʘ, 

ʠʩʪʠʯʫ˂ʠ ʯʠˁʝʥʠʮʫ ʜʘ ʙʠ ʨʝʟʫʣʪʘʪʠ ʘʥʢʝʪʝ ʤʦʛʣʠ ʜʦʧʨʠʥʝʪʠ ʜʦʥʦʰʝˁʫ ʩʪʨʘʪʝʰʢʝ ʦʜʣʫʢʝ ʫ 

ʚʝʟʠ ʩʘ ʫʧʦʪʨʝʙʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʙʦʝʿ ʩʚʝʪʣʦʩʪʠ LED ʧʘʢʝʪʘ ʥʘʤʝˁʝʥʠʭ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ. 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʆʚʦ ʿʝ ʫʯʠˁʝʥʦ ʩ ʥʘʤʝʨʦʤ ʜʘ ʩʝ ʫʯʝʩʥʠʮʠ ʧʦʪʨʫʜʝ ʜʘ ʜʘʿʫ ʠʩʢʨʝʥʝ ʦʜʛʦʚʦʨʝ ʠ ʢʦʥʮʝʥʪʨʠʰʫ 

ʧʨʠ ʦʮʝˁʠʚʘˁʫ ʨʘʟʤʘʪʨʘʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ. ʆʜ ʫʯʝʩʥʠʢʘ ʿʝ ʟʘʪʨʘʞʝʥʦ ʜʘ 

ʦʜʛʦʚʦʨʝ ʥʘ ʧʠʪʘˁʘ ʙʝʟ ʩʘʨʘʜˁʝ ʩʘ ʦʩʪʘʣʠʤ ʫʯʝʩʥʠʮʠʤʘ. ʂʨʦʟ ʫʚʦʜʥʦ ʧʨʝʜʘʚʘˁʝ ʫʯʝʩʥʠʮʠ ʩʫ 

ʫʧʦʟʥʘʪʠ ʩʘ ʪʝʨʤʠʥʠʤʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʫʧʠʪʥʠʢʫ ʠ ʩʘ ʧʨʦʮʝʜʫʨʦʤ ʘʥʢʝʪʠʨʘˁʘ. ʆʨʛʘʥʠʟʘʪʦʨʠ 

ʘʥʢʝʪʝ ʩʫ ʧʨʦʰʣʠ ʢʨʦʟ ʩʚʘ ʧʠʪʘˁʘ ʟʘʿʝʜʥʦ ʩʘ ʫʯʝʩʥʠʮʠʤʘ, ʢʦʿʠ ʩʫ ʩʢʨʝʥʫʣʠ ʧʘʞˁʫ ʥʘ ʥʝʢʦʣʠʢʦ 

ʩʪʚʘʨʠ ʢʦʿʝ ʩʫ ʧʦʤʦʛʣʝ ʜʘ ʩʝ ʦʙʝʟʙʝʜʠ ʜʦʜʘʪʥʦ ʧʦʿʘʰˁʝˁʝ ʢʘʢʦ ʪʝʨʤʠʥʦʣʦʛʠʿʝ, ʪʘʢʦ ʠ 

ʧʨʦʮʝʜʫʨʝ. ʅʘ ʧʨʠʤʝʨ, ʟʘ ʧʠʪʘˁʘ 1ï5 ʨʘʟʿʘʰˁʝʥʦ ʿʝ ʜʘ ʩʝ ʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʥʘ ʩʢʘʣʠ ʦʜʥʦʩʠ ʥʘ 

ʙʦʠˀ ʫʪʠʩʘʢ, ʢʘʦ ʠ ʪʦ ʜʘ ʩʝ ʦʮʝʥʝ 1 ʠ 5 ʦʜʥʦʩʝ ʥʘ ʘʧʩʦʣʫʪʥʦ ʥʝʧʨʠʭʚʘʪˀʠʚ, ʦʜʥʦʩʥʦ ʘʧʩʦʣʫʪʥʦ 

ʧʨʠʭʚʘʪˀʠʚ ʫʪʠʩʘʢ ʦ ʧʘʨʘʤʝʪʨʫ ʦʩʚʝʪˀʝˁʘ. ʋʯʝʩʥʠʮʠʤʘ ʿʝ ʥʘʧʦʤʝʥʫʪʦ ʜʘ ʙʨʦʿʝʚʠ 1ï5 ʫ 

ʧʠʪʘˁʫ 6 ʥʝʤʘʿʫ ʥʠʰʪʘ ʟʘʿʝʜʥʠʯʢʦ ʩʘ ʦʮʝʥʘʤʘ 1ï5 ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʧʠʪʘˁʠʤʘ 1ï5. ʊʦʢʦʤ 

ʫʚʦʜʥʦʛ ʧʨʝʜʘʚʘˁʘ, ʫʯʝʩʥʠʮʠ ʩʫ ʩʪʘʿʘʣʠ ʥʘ ʧʦʯʝʪʢʫ ʪʝʩʪ ʟʦʥʝ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 

3000 K. 

ʋʯʝʩʥʠʮʠ ʩʫ ʧʦʪʦʤ ʟʘʤʦˀʝʥʠ ʜʘ ʧʦʩʝʪʝ ʦʙʝ ʟʦʥʝ ʠ ʜʘ ʫ ˁʠʤʘ ʧʨʦʚʝʜʫ ʥʘʿʤʘˁʝ 10 ʤʠʥʫʪʘ 

ʙʝʟ ʧʨʝʢʠʜʘ, ʢʘʢʦ ʙʠ ʠʤʘʣʠ ʜʦʚʦˀʥʦ ʚʨʝʤʝʥʘ ʢʘʢʦ ʟʘ ʭʨʦʤʘʪʩʢʫ ʘʜʘʧʪʘʮʠʿʫ, ʪʘʢʦ ʠ ʟʘ 

ʘʜʘʧʪʘʮʠʿʫ ʦʯʠʿʫ ʥʘ ʥʠʚʦ ʩʿʘʿʥʦʩʪʠ. ʊʘʢʦʹʝ ʩʫ ʙʠʣʠ ʫʧʫ˂ʝʥʠ ʜʘ ʧʦʩʝʪʝ ʩʚʘʢʫ ʟʦʥʫ ʥʘʿʤʘˁʝ ʜʚʘ 

ʧʫʪʘ ʧʨʝ ʥʝʛʦ ʰʪʦ ʦʜʛʦʚʦʨʝ ʥʘ ʙʠʣʦ ʢʦʿʝ ʧʠʪʘˁʝ, ʢʘʦ ʠ ʜʘ ʦʜʛʦʚʘʨʘʿʫ ʥʘ ʧʠʪʘˁʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʝ 

ʥʘ ʩʚʘʢʫ ʟʦʥʫ ʜʦʢ ʩʪʦʿʝ ʫ ʪʦʿ ʟʦʥʠ. ʇʦʩʣʝ ʦʪʧʨʠʣʠʢʝ ʩʘʪ ʚʨʝʤʝʥʘ, ʩʚʠ ʫʯʝʩʥʠʮʠ ʩʫ ʧʨʝʜʘʣʠ ʩʚʦʿʝ 

ʧʦʧʫˁʝʥʝ ʫʧʠʪʥʠʢʝ ʦʨʛʘʥʠʟʘʪʦʨʠʤʘ ʘʥʢʝʪʝ. ʀʟʤʝʹʫ ʜʚʝ ʪʝʩʪ ʟʦʥʝ ʥʠʿʝ ʙʠʣʦ ʬʠʟʠʯʢʠʭ ʨʘʟʣʠʢʘ 

ʦʩʠʤ ʦʩʚʝʪˀʝˁʘ (ʩʚʘʢʘ ʪʝʩʪ ʟʦʥʘ ʿʝ ʙʠʣʘ ʜʫʛʘ 120 m, ʘ ʠʩʧʠʪʘʥʠʮʠʤʘ ʿʝ ʨʝʯʝʥʦ ʜʘ ʪʦʢʦʤ 

ʦʮʝˁʠʚʘˁʘ ʠʟʙʝʛʘʚʘʿʫ ʢʨʘʪʢʝ ʜʝʣʦʚʝ ʪʨʦʪʦʘʨʘ ʛʜʝ ʿʝ ʙʠʣʦ ʙʣʘʛʦʛ ʜʦʧʨʠʥʦʩʘ ʩʚʝʪʣʦʩʪʠ ʦʢʦʣʥʠʭ 

ʟʛʨʘʜʘ). 

 

5.2.4 ʋʯʝʩʥʠʮʠ ʘʥʢʝʪʝ 

 

ʋʯʝʩʥʠʮʠ ʘʥʢʝʪʝ (61 ʤʫʰʢʦʛ ʠ 78 ʞʝʥʩʢʦʛ ʧʦʣʘ) ʙʠʣʠ ʩʫ ʩʪʫʜʝʥʪʠ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ 

ɹʝʦʛʨʘʜʫ (71 ʩʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʠ 68 ʩʘ ɸʨʭʠʪʝʢʪʦʥʩʢʦʛ ʬʘʢʫʣʪʝʪʘ) ʩʪʘʨʦʩʥʝ 

ʜʦʙʠ ʠʟʤʝʹʫ 21 ʠ 25 ʛʦʜʠʥʘ. ʉʪʫʜʝʥʪʠ ʩʘ ʦʚʠʭ ʬʘʢʫʣʪʝʪʘ ʩʝ ʤʦʛʫ ʩʤʘʪʨʘʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ 

ʠʩʧʠʪʘʥʠʮʠʤʘ, ʿʝʨ ʧʨʠʧʘʜʘʿʫ ʧʦʧʫʣʘʮʠʿʠ ʢʦʿʘ ʿʝ ʩʧʦʩʦʙʥʘ ʜʘ ʨʘʟʫʤʝ ʚʝʦʤʘ ʩʧʝʮʠʬʠʯʥʘ ʘʥʢʝʪʥʘ 

ʧʠʪʘˁʘ. 

5.3 ʈʝʟʫʣʪʘʪʠ ʠ ʜʠʩʢʫʩʠʿʘ 
 

5.3.1 ʆʧʰʪʘ ʘʥʘʣʠʟʘ 

 

ʊʘʙʝʣʘ 49 ʩʘʜʨʞʠ ʙʨʦʿ ʠʩʧʠʪʘʥʠʢʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʚʘʢʫ ʦʜ ʦʮʝʥʘ (1ï5) ʫ ʚʝʟʠ ʩʘ 

ʧʠʪʘˁʠʤʘ 1ï5. ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʠʟ ʪʘʙʝʣʝ 49, ʫ ʚʝʟʠ ʩʘ ʠʥʪʝʥʟʠʪʝʪʦʤ ʦʩʚʝʪˀʝˁʘ 

ʪʨʦʪʦʘʨʘ (ʧʠʪʘˁʝ 1), ʚʝʣʠʢʘ ʚʝ˂ʠʥʘ ʠʩʧʠʪʘʥʠʢʘ ʦʮʝʥʠʣʘ ʿʝ 3000 K LED ʠʥʩʪʘʣʘʮʠʿʫ ʦʩʚʝʪˀʝˁʘ 

ʩʘ 4 ʠ 5 (81 ʠ 35, ʨʝʩʧʝʢʪʠʚʥʦ, ʦʜ 139 ʠʩʧʠʪʘʥʠʢʘ), ʜʦʢ ʿʝ 4000 K LED ʠʥʩʪʘʣʘʮʠʿʘ ʫʛʣʘʚʥʦʤ 

ʦʮʝˁʝʥʘ ʩʘ 3 ʠ 4 (47 ʠ 61 ʠʩʧʠʪʘʥʠʢ, ʨʝʩʧʝʢʪʠʚʥʦ). ʀʩʪʦ ʚʘʞʠ ʟʘ ʩʚʝ ʧʨʝʦʩʪʘʣʝ ʧʘʨʘʤʝʪʨʝ 

ʦʩʚʝʪˀʝˁʘ ʨʘʟʤʘʪʨʘʥʝ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ (ʦʩʚʝʪˀʝˁʝ ˀʫʜʩʢʠʭ ʣʠʮʘ, ʜʦʞʠʚˀʘʿ ʧʨʠʿʘʪʥʦʩʪʠ 

ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ ʠ ʨʝʧʨʦʜʫʢʮʠʿʘ ʙʦʿʘ ï ʧʠʪʘˁʘ 2ï4), ʢʘʦ ʠ ʟʘ ʦʧʰʪʠ ʫʪʠʩʘʢ (ʧʠʪʘˁʝ 5). ʇʦʰʪʦ 

ʪʘʙʝʣʘ 49 ʧʦʢʘʟʫʿʝ ʜʘ ʨʘʩʧʦʜʝʣʝ ʦʮʝʥʘ ʥʠʩʫ ʨʘʚʥʦʤʝʨʥʝ, ʩʪʘʪʠʩʪʠʯʢʘ ʘʥʘʣʠʟʘ ʿʝ ʙʠʣʘ ʟʘʩʥʦʚʘʥʘ 

ʥʘ ʚʨʝʜʥʦʩʪʠʤʘ ʤʝʜʠʿʘʥʘ ʠ ʠʥʪʝʨʢʚʘʨʪʠʣʥʠʤ ʦʧʩʝʟʠʤʘ, ʠʟʨʘʯʫʥʘʪʠʤ ʢʦʨʠʰ˂ʝˁʝʤ ʬʦʨʤʫʣʘ 

[64] ʚʘʞʝ˂ʠʭ ʟʘ ʛʨʫʧʥʠ ʪʨʝʪʤʘʥ ʧʦʜʘʪʘʢʘ. ʋ ʮʠˀʫ ʧʨʦʚʝʨʝ ʩʪʘʪʠʩʪʠʯʢʦʛ ʟʥʘʯʘʿʘ ʜʦʙʠʿʝʥʠʭ 

ʨʝʟʫʣʪʘʪʘ, ʧʨʠʤʝˁʝʥ ʿʝ Wilcoxon signed-rank ʪʝʩʪ. ɿʘ ʩʚʘʢʦ ʦʜ ʧʠʪʘˁʘ 1ï5, ʠʥʜʠʢʘʪʦʨ 

ʩʪʘʪʠʩʪʠʯʢʦʛ ʟʥʘʯʘʿʘ (p) ʠʟʨʘʯʫʥʘʪ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ IBM SPSS Statistics. ɺʨʝʜʥʦʩʪʠ ʩʚʠʭ ʦʚʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʦʙʘ ʪʠʧʘ ʦʩʚʝʪˀʝˁʘ ʜʘʪʝ ʩʫ ʫ ʪʘʙʝʣʠ 50. 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 49. ɹʨʦʿ ʠʩʧʠʪʘʥʠʢʘ ʢʦʿʠ ʩʫ ʠʟʘʙʨʘʣʠ ʧʦʥʫʹʝʥʝ ʦʮʝʥʝ ʟʘ ʧʠʪʘˁʘ 1ï5 

 

ʇʠʪʘˁʝ ʀʥʩʪʘʣʘʮʠʿʘ ʦʩʚʝʪˀʝˁʘ 
ʆʮʝʥʘ 

1 2 3 4 5 

1 
LED ʧʘʢʝʪʠ 3000 K 0 4 19 81 35 

LED ʧʘʢʝʪʠ 4000 K 0 9 47 61 22 

2 
LED ʧʘʢʝʪʠ 3000 K 0 4 21 74 40 

LED ʧʘʢʝʪʠ 4000 K 1 9 52 49 28 

3 
LED ʧʘʢʝʪʠ 3000 K 0 5 16 58 60 

LED ʧʘʢʝʪʠ 4000 K 5 26 48 41 19 

4 
LED ʧʘʢʝʪʠ 3000 K 1 4 24 74 36 

LED ʧʘʢʝʪʠ 4000 K 0 14 47 52 26 

5 
LED ʧʘʢʝʪʠ 3000 K 0 1 14 85 39 

LED ʧʘʢʝʪʠ 4000 K 0 8 68 44 19 

 

ʊʘʙʝʣʘ 50. ɺʨʝʜʥʦʩʪʠ ʤʝʜʠʿʘʥʘ, ʠʥʪʝʨʢʚʘʨʪʠʣʥʠʭ ʦʧʩʝʛʘ ʠ ʧʦʢʘʟʘʪʝˀʘ ʩʪʘʪʠʩʪʠʯʢʦʛ ʟʥʘʯʘʿʘ 

 
ʇʠʪʘˁʝ  1 2 3 4 5 

ɺʨʝʜʥʦʩʪ 

ʤʝʜʠʿʘʥʝ 

LED ʧʘʢʝʪʠ 3000 K 4,07 4,10 4,33 4,04 4,13 

LED ʧʘʢʝʪʠ 4000 K 3,72 3,65 3,29 3,66 3,40 

ʀʥʪʝʨʢʚʘʨʪʠʣʥʠ 

ʦʧʩʝʛ 

LED ʧʘʢʝʪʠ 3000 K 3,59ï4,51 3,63ï4,64 3,65ï4,84 3,68ï4,43 3,71ï4,53 

LED ʧʘʢʝʪʠ 4000 K 3,04ï4,14 2,95ï4,14 2,62ï3,91 2,93ï4,06 2,89ï3,96 

p  <0,001 <0,001 <0,001 0,001 <0,001 

 

ʇʨʝʤʘ ʚʨʝʜʥʦʩʪʠʤʘ ʤʝʜʠʿʘʥʘ ʜʘʪʠʭ ʫ ʪʘʙʝʣʠ 50, ʠʩʧʠʪʘʥʠʮʠ ʩʫ ʦʮʝʥʠʣʠ 3000 K LED 

ʠʥʩʪʘʣʘʮʠʿʫ ʦʩʚʝʪˀʝˁʘ ʢʘʦ ʙʦˀʝ ʨʝʰʝˁʝ ʧʦ ʧʠʪʘˁʫ ʩʚʘʢʦʛ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʦʩʚʝʪˀʝˁʘ, ʘ ʧʦʩʝʙʥʦ ʧʦ ʧʠʪʘˁʫ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ (ʧʠʪʘˁʝ 3) ʠ ʦʧʰʪʝʛ ʫʪʠʩʢʘ (ʧʠʪʘˁʝ 5). ʄʘʣʠ 

ʠʥʪʝʨʢʚʘʨʪʠʣʥʠ ʦʧʩʝʟʠ, ʢʦʿʠ ʫʢʘʟʫʿʫ ʥʘ ʨʘʩʧʦʜʝʣʫ ʮʝʥʪʨʘʣʥʝ ʧʦʣʦʚʠʥʝ ʚʨʝʜʥʦʩʪʠ ʫ ʦʢʚʠʨʫ 

ʩʢʫʧʘ ʧʦʜʘʪʘʢʘ, ʧʦʢʘʟʫʿʫ ʜʦʩʣʝʜʥʦʩʪ ʫ ʦʮʝˁʠʚʘˁʫ ʩʚʠʭ ʨʘʟʤʘʪʨʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʦʩʚʝʪˀʝˁʘ ʠ 

ʦʧʰʪʝʛ ʫʪʠʩʢʘ. ʇʦʰʪʦ ʿʝ p < 0,01 ʟʘ ʩʚʘʢʦ ʦʜ ʧʠʪʘˁʘ 1ï5, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʝ ʜʦʙʠʿʝʥʠ 

ʨʝʟʫʣʪʘʪʠ ʤʦʛʫ ʩʤʘʪʨʘʪʠ ʩʪʘʪʠʩʪʠʯʢʠ ʚʝʦʤʘ ʟʥʘʯʘʿʥʠʤ ʟʘ ʩʚʝ ʨʘʟʤʘʪʨʘʥʝ ʧʘʨʘʤʝʪʨʝ 

ʦʩʚʝʪˀʝˁʘ, ʢʘʦ ʠ ʟʘ ʦʧʰʪʠ ʫʪʠʩʘʢ. 

ʏʠˁʝʥʠʮʘ ʜʘ ʿʝ ʠʥʩʪʘʣʘʮʠʿʘ ʦʩʚʝʪˀʝˁʘ ʩʘ LED ʧʘʢʝʪʠʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 

3000 K ʦʢʘʨʘʢʪʝʨʠʩʘʥʘ ʢʘʦ ʩʚʝʪʣʠʿʘ (ʠʘʢʦ ʩʫ ʦʙʘ ʥʠʚʦʘ ʦʩʚʝʪˀʝʥʦʩʪʠ ʙʠʣʘ ʩʢʦʨʦ ʠʩʪʘ) ʠ ʩʘ 

ʙʦʦˀʤ ʨʝʧʨʦʜʫʢʮʠʿʦʤ ʙʦʿʘ (ʠʘʢʦ ʦʙʘ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ ʠʤʘʿʫ ʿʝʜʥʘʢ ʦʧʰʪʠ ʠʥʜʝʢʩ 

ʨʝʧʨʦʜʫʢʮʠʿʝ ʙʦʿʘ ʦʜ 80) ʟʘʩʣʫʞʫʿʝ ʜʦʜʘʪʥʘ ʦʙʿʘʰˁʝˁʘ. ɼʦʞʠʚˀʘʿ ʠʥʪʝʥʟʠʪʝʪʘ ʦʩʚʝʪˀʝˁʘ 

ʪʨʦʪʦʘʨʘ ʥʝ ʟʘʚʠʩʠ ʩʘʤʦ ʦʜ ˁʝʛʦʚʝ ʦʩʚʝʪˀʝʥʦʩʪʠ ʢʘʦ ʜʝʬʠʥʠʩʘʥʦʛ ʬʦʪʦʤʝʪʨʠʿʩʢʦʛ ʧʘʨʘʤʝʪʨʘ 

ʦʩʚʝʪˀʝˁʘ. ʅʘ ʜʦʞʠʚˀʘʿ ʦʩʚʝʪˀʝʥʦʩʪʠ ʫʪʠʯʫ ʠ ʨʝʬʣʝʢʩʠʦʥʘ ʩʚʦʿʩʪʚʘ ʘʩʬʘʣʪʘ, ʩʧʝʢʪʨʘʣʥʘ 

ʨʘʩʧʦʜʝʣʘ ʩʥʘʛʝ ʟʨʘʯʝˁʘ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ ʠ ʚʝʣʠʯʠʥʘ ʚʠʜʥʦʛ ʧʦˀʘ, ʟʙʦʛ ʯʝʛʘ ʩʘʤʘ 

ʦʩʚʝʪˀʝʥʦʩʪ (ʢʘʦ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʧʘʨʘʤʝʪʘʨ) ʥʠʿʝ ʜʦʚʦˀʥʘ ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ ʜʦʞʠʚˀʘʿ 

ʦʩʚʝʪˀʝʥʦʩʪʠ. ɼʦʞʠʚˀʘʿ ʨʘʟʣʠʢʝ ʫ ʨʝʧʨʦʜʫʢʮʠʿʠ ʙʦʿʘ ʤʦʞʝ ʩʝ ʝʚʝʥʪʫʘʣʥʦ ʦʙʿʘʩʥʠʪʠ 

ʯʠˁʝʥʠʮʦʤ ʜʘ ʦʧʰʪʠ ʠʥʜʝʢʩ ʨʝʧʨʦʜʫʢʮʠʿʝ ʙʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʠ ʧʨʠʢʘʟ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ ʜʘ ʨʝʧʨʦʜʫʢʫʿʝ ʙʦʝʿ, ʿʝʨ ʦʥʘ ʟʘʚʠʩʠ ʦʜ ˁʝʛʦʚʝ ʩʧʝʢʪʨʘʣʥʝ 

ʨʘʩʧʦʜʝʣʝ ʩʥʘʛʝ ʟʨʘʯʝˁʘ. ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʫ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ 

ʤʝʜʠʿʘʥʘ ʠʥʩʪʘʣʘʮʠʿʘ ʦʩʚʝʪˀʝˁʘ ʩʘ LED ʧʘʢʝʪʠʤʘ ʦʜ 3000 K ʠ 4000 K ʫ ʚʝʟʠ ʩʘ ʧʠʪʘˁʠʤʘ 1 ʠ 

4 (ʧʨʚʦ ʩʝ ʦʜʥʦʩʠ ʥʘ ʠʥʪʝʥʟʠʪʝʪ ʦʩʚʝʪˀʝˁʘ ʪʨʦʪʦʘʨʘ, ʘ ʜʨʫʛʦ ʥʘ ʨʝʧʨʦʜʫʢʮʠʿʫ ʙʦʿʘ) ʤʘˁʝ ʦʜ 

ʦʥʠʭ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʜʨʫʛʘ ʧʠʪʘˁʘ. ɸʥʢʝʪʘ ʿʝ ʨʘʹʝʥʘ ʧʦʜ ʠʩʪʠʤ ʥʠʚʦʠʤʘ ʬʦʪʦʧʩʢʠʭ ʩʿʘʿʥʦʩʪʠ 

ʢʦʣʦʚʦʟʘ (1 cd/m2) ʫ ʦʙʝ ʪʝʩʪ ʟʦʥʝ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʤʝʟʦʧʩʢʠ ʝʬʝʢʪʠ ʥʠʩʫ ʫʟʝʪʠ ʫ ʦʙʟʠʨ (ʦʙʘ ʥʠʚʦʘ 

ʩʿʘʿʥʦʩʪʠ ʩʫ ʧʦʜʝʰʝʥʘ ʢʦʨʠʰ˂ʝˁʝʤ Owlet ʪʝʣʝʤʝʥʘ˅ʤʝʥʪ ʩʠʩʪʝʤʘ [20] ʠ ʩʘʚʨʝʤʝʥe 

ʬʦʪʦʤʝʪʨʠʿʩʢe ʢʘʤʝʨe ï ʣʫʤʠʥʘʥʩʤʝʪʨa LMK  98-4 [65]). ʋʢˀʫʯʠʚʘˁʝ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ ʙʠ 

ʠʟʘʟʚʘʣʦ ʥʠʞʠ ʥʠʚʦ ʬʦʪʦʧʩʢʝ ʩʿʘʿʥʦʩʪʠ ʢʦʣʦʚʦʟʘ (ʠ, ʩʘʤʠʤ ʪʠʤ, ʠ ʥʠʞʠ ʥʠʚʦ ʦʩʚʝʪˀʝʥʦʩʪʠ 

ʪʨʦʪʦʘʨʘ) ʫ ʟʦʥʠ ʩʘ LED ʧʘʢʝʪʠʤʘ ʦʜ 4000 K ʥʝʛʦ ʫ ʟʦʥʠ ʩʘ LED ʧʘʢʝʪʠʤʘ ʦʜ 3000 K. ʉʪʦʛʘ ʙʠ 

ʩʝ ʤʦʛʣʦ ʦʯʝʢʠʚʘʪʠ ʜʘ ʩʘ ʫʚʘʞʘʚʘʝˁʝʤ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ, ʦʧʨʝʜʝˀʝˁʝ ʟʘ LED ʧʘʢʝʪʝ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 

 

64 

ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K ʫ ʚʝʟʠ ʠʥʪʝʥʟʠʪʝʪʘ ʦʩʚʝʪˀʝˁʘ ʪʨʦʪʦʘʨʘ (ʧʠʪʘˁʝ 1) ʙʫʜʝ 

ʠʟʨʘʞʝʥʠʿʝ. 

ʐʪʦ ʩʝ ʪʠʯʝ ʧʠʪʘˁʘ 6, ʩʢʦʨʦ 62% ʠʩʧʠʪʘʥʠʢʘ (86/139) ʦʮʝʥʠʣʦ ʿʝ LED ʠʥʩʪʘʣʘʮʠʿʫ 

ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K ʢʘʦ ʘʜʝʢʚʘʪʥʫ ʫ ʧʦʛʣʝʜʫ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ, ʜʦʢ ʿʝ ʩʣʠʯʘʥ 

ʙʨʦʿ ʠʩʧʠʪʘʥʠʢʘ (81/139) ʦʮʝʥʠʦ LED ʠʥʩʪʘʣʘʮʠʿʫ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K 

ʭʣʘʜʥʠʿʦʤ ʥʝʛʦ ʰʪʦ ʪʨʝʙʘ.  

ʊʘʙʝʣʘ 51 ʩʘʜʨʞʠ ʨʝʟʫʣʪʘʪʝ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʜʦʜʘʪʥʘ ʧʠʪʘˁʘ. ɸʥʘʣʠʟʦʤ ʦʜʛʦʚʦʨʘ ʥʘ 

ʧʨʚʦ ʜʦʜʘʪʥʦ ʧʠʪʘˁʝ (ʧʠʪʘˁʝ 7 ʠʟ ʪʘʙʝʣʝ 51), ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʿʝ ʦʛʨʦʤʥʘ ʚʝ˂ʠʥʘ ʠʩʧʠʪʘʥʠʢʘ 

(76%) ʜʘʣʘ ʧʨʝʜʥʦʩʪ ʠʥʩʪʘʣʘʮʠʿʠ ʦʩʚʝʪˀʝˁʘ ʩʘ LED ʠʟʚʦʨʠʤʘ ʩʚʝʪʣʦʩʪʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ. ʋ 

ʚʝʟʠ ʩʘ ʧʠʪʘˁʠʤʘ 8 ʠ 9, ʤʦʨʘ ʩʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʧʦʩʪʦʿʝ ʜʚʘ ʩʣʫʯʘʿʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʦʜʛʦʚʦʨʘ 

ʥʘ ʧʠʪʘˁʝ 7:  

ï ʢʘʜʘ ʿʝ ʦʜʛʦʚʦʨ ʥʘ ʧʠʪʘˁʝ 7 ʦʩʚʝʪˀʝˁʝ ʩʘ LED ʠʟʚʦʨʠʤʘ ʩʚʝʪʣʦʩʪʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ, 

ʧʠʪʘˁʝ 8 ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʨʝʜʥʦʩʪʠ LED ʧʘʢʝʪʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʢʦʿʝ ʩʫ ʠʟʘʙʨʘʣʠ 

ʠʩʧʠʪʘʥʠʮʠ ʦʧʨʝʜʝˀʝʥʠ ʟʘ LED ʧʘʢʝʪʝ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ, ʜʦʢ ʩʝ ʧʠʪʘˁʝ 9 ʦʜʥʦʩʠ ʥʘ 

ʧʨʝʜʥʦʩʪʠ LED ʧʘʢʝʪʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʠʟʜʚʦʿʝʥʝ ʦʜ ʠʩʪʝ ʛʨʫʧʝ ʠʩʧʠʪʘʥʠʢʘ, ʠ 

ï ʢʘʜʘ ʿʝ ʦʜʛʦʚʦʨ ʥʘ ʧʠʪʘˁʝ 7 ʦʩʚʝʪˀʝˁʝ ʩʘ LED ʠʟʚʦʨʠʤʘ ʩʚʝʪʣʦʩʪʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ 

ʙʦʿʝ, ʧʠʪʘˁʝ 8 ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʨʝʜʥʦʩʪʠ LED ʧʘʢʝʪʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʢʦʿʝ ʩʫ ʠʩʪʘʢʣʠ 

ʠʩʧʠʪʘʥʠʮʠ ʦʧʨʝʜʝˀʝʥʠ ʟʘ LED ʧʘʢʝʪʝ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ, ʜʦʢ ʩʝ ʧʠʪʘˁʝ 9 ʦʜʥʦʩʠ 

ʥʘ ʧʨʝʜʥʦʩʪʠ LED ʧʘʢʝʪʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʠʟʜʚʦʿʝʥʝ ʦʜ ʩʪʨʘʥʝ ʠʩʪʝ ʛʨʫʧʝ ʠʩʧʠʪʘʥʠʢʘ. 

 

ʊʘʙʝʣʘ 51. ɹʨʦʿ ʠʩʧʠʪʘʥʠʢʘ ʢʦʿʠ ʩʫ ʠʟʘʙʨʘʣʠ ʧʦʥʫʹʝʥʝ ʦʜʛʦʚʦʨʝ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʜʦʜʘʪʥʘ 

ʧʠʪʘˁʘ 

ʇʠʪʘˁʝ ʀʥʩʪʘʣʘʮʠʿʘ ʦʩʚʝʪˀʝˁʘ ʀʟʙʦʨ ʠʩʧʠʪʘʥʠʢʘ 

7 
LED ʧʘʢʝʪʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ 105 

LED ʧʘʢʝʪʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ 33 

  1 2 3 4 

8 
LED ʧʘʢʝʪʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ 39 40 79 34 

LED ʧʘʢʝʪʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ 14 10 21 9 

9 
LED ʧʘʢʝʪʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ 6 4 8 4 

LED ʧʘʢʝʪʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ 17 18 9 11 

10  46 27 57 4 

 

ʇʨʝʤʘ ʤʠʰˀʝˁʫ ʠʩʧʠʪʘʥʠʢʘ ʦʧʨʝʜʝˀʝʥʠʭ ʟʘ ʠʥʩʪʘʣʘʮʠʿʫ ʦʩʚʝʪˀʝˁʘ ʩʘ LED ʧʘʢʝʪʠʤʘ 

ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ, ʜʚʘ ʥʘʿʙʦˀʘ ʧʘʨʘʤʝʪʨʘ ʦʩʚʝʪˀʝˁʘ ʢʦʘʿ ʢʘʨʘʢʪʝʨʠʰʫ ʦʚʫ ʚʨʩʪʫ ʦʩʚʝʪˀʝˁʘ 

(ʧʠʪʘˁʝ 8) ʙʠʣʠ ʩʫ ʙʦʿʘ ʩʚʝʪʣʦʩʪʠ (79/105) ʠ ʠʟʛʣʝʜ ˀʫʜʩʢʠʭ ʣʠʮʘ (40/105). ʈʝʣʘʪʠʚʥʦ ʤʘʣʠ 

ʙʨʦʿ ʦʚʠʭ ʠʩʧʠʪʘʥʠʢʘ ʿʝ ʩʢʦʨʦ ʧʦʜʿʝʜʥʘʢʦ ʦʮʝʥʠʦ ʠʟʛʣʝʜ ˀʫʜʩʢʠʭ ʣʠʮʘ ʠ ʠʥʪʝʥʟʠʪʝʪ 

ʦʩʚʝʪˀʝˁʘ ʪʨʦʪʦʘʨʘ (18 ʠ 17, ʨʝʩʧʝʢʪʠʚʥʦ) ʢʘʦ ʧʘʨʘʤʝʪʨʝ ʦʩʚʝʪˀʝˁʘ ʧʦ ʢʦʿʠʤʘ ʿʝ LED 

ʠʥʩʪʘʣʘʮʠʿʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʙʠʣʘ ʙʦʘˀ (ʧʠʪʘˁʝ 9) ï ʩʢʦʨʦ ʧʦʣʦʚʠʥʘ ʠʩʧʠʪʘʥʠʢʘ ʥʠʿʝ 

ʫʚʠʜʝʣʘ ʥʠʢʘʢʚʫ ʧʨʝʜʥʦʩʪ LED ʠʥʩʪʘʣʘʮʠʿʝ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ.  

ʀʩʧʠʪʘʥʠʮʠ ʦʧʨʝʜʝˀʝʥʠ ʟʘ LED ʠʥʩʪʘʣʘʮʠʿʫ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʦʜʘʙʨʘʣʠ ʩʫ ʙʦʿʫ 

ʩʚʝʪʣʦʩʪʠ (21/33) ʠ ʠʥʪʝʥʟʠʪʝʪ ʦʩʚʝʪˀʝˁʘ ʪʨʦʪʦʘʨʘ (14/33) ʢʘʦ ʜʚʘ ʥʘʿʙʦˀʘ ʧʘʨʘʤʝʪʨʘ 

ʦʩʚʝʪˀʝˁʘ ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʫ LED ʠʥʩʪʘʣʘʮʠʿʫ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ (ʧʠʪʘˁʝ 8). ʄʘʣʠ ʙʨʦʿ ʦʚʠʭ 

ʠʩʧʠʪʘʥʠʢʘ (8) ʦʮʝʥʠʦ ʿʝ ʙʦʿʫ ʩʚʝʪʣʦʩʪʠ ʢʘʦ ʧʘʨʘʤʝʪʘʨ ʧʦ ʢʦʤ ʿʝ LED ʠʥʩʪʘʣʘʮʠʿʘ ʪʦʧʣʦ-ʙʝʣʝ 

ʙʦʿʝ ʙʠʣʘ ʙʦʘˀ (ʧʠʪʘˁʝ 9).  

ʐʪʦ ʩʝ ʪʠʯʝ ʧʠʪʘˁʘ 10, ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʧʘʨʘʤʝʪʘʨ ʢʚʘʣʠʪʝʪʘ ʦʩʚʝʪˀʝˁʘ ʠʟ ʧʝʨʩʧʝʢʪʠʚʝ 

ʧʝʰʘʢʘ ʙʠʣʘ ʿʝ ʙʦʿʘ ʩʚʝʪʣʦʩʪʠ (57/139), ʜʦʢ ʿʝ ʠʥʪʝʥʟʠʪʝʪʫ ʦʩʚʝʪˀʝˁʘ ʜʘʪ ʥʝʰʪʦ ʤʘˁʠ ʟʥʘʯʘʿ 

(46/139). 
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5.3.2 ɸʥʘʣʠʟʘ ʧʦ ʧʦʣʫ 

 

ɿʙʦʛ ʧʨʠʩʫʪʥʦʩʪʠ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʠʩʧʠʪʘʥʠʢʘ ʤʫʰʢʦʛ ʠ ʞʝʥʩʢʦʛ ʧʦʣʘ (61 ʠ 78, 

ʨʝʩʧʝʢʪʠʚʥʦ), ʠʟʚʝʜʝʥʘ ʿʝ ʜʦʜʘʪʥʘ ʘʥʘʣʠʟʘ ʨʝʟʫʣʪʘʪʘ ʧʦ ʧʦʣʫ.  

ɿʘ ʩʚʘʢʦ ʦʜ ʧʠʪʘˁʘ 1ï5, ʚʝʣʠʢʘ ʚʝ˂ʠʥʘ ʤʫʰʢʘʨʘʮʘ ʠ ʞʝʥʘ ʜʘʣʠ ʩʫ LED ʠʥʩʪʘʣʘʮʠʿʠ 

ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʦʮʝʥʝ 4 ʠ 5, ʜʦʢ ʿʝ LED ʠʥʩʪʘʣʘʮʠʿʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʫʛʣʘʚʥʦʤ ʦʮʝˁʝʥʘ 

ʦʮʝʥʘʤʘ 3 ʠ 4.  

ʉʢʦʨʦ 69% ʤʫʰʢʘʨʘʮʘ ʠ ʧʨʝʢʦ 56% ʞʝʥʘ ʦʮʝʥʠʣʠ ʩʫ LED ʠʥʩʪʘʣʘʮʠʿʫ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ 

ʘʜʝʢʚʘʪʥʦʤ ʫ ʧʦʛʣʝʜʫ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ, ʘ ʧʨʝʢʦ 57% (59%) ʤʫʰʢʘʨʘʮʘ (ʞʝʥʘ) ʦʮʝʥʠʣʠ ʩʫ LED 

ʠʥʩʪʘʣʘʮʠʿʫ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʭʣʘʜʥʠʿʦʤ ʥʝʛʦ ʰʪʦ ʪʨʝʙʘ. ʀ ʤʫʰʢʘʨʮʠ ʠ ʞʝʥʝ ʠʟʘʙʨʘʣʠ ʩʫ 

ʙʦʫʿ ʩʚʝʪʣʦʩʪʠ ʢʘʦ ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʧʘʨʘʤʝʪʘʨ ʢʚʘʣʠʪʝʪʘ ʦʩʚʝʪˀʝˁʘ.  

ʊʘʙʝʣʘ 52 ʩʘʜʨʞʠ ʚʨʝʜʥʦʩʪ ʤʝʜʠʿʘʥʝ, ʠʥʪʝʨʢʚʘʨʪʠʣʥʠ ʦʧʩʝʛ ʠ ʠʥʜʠʢʘʪʦʨ ʩʪʘʪʠʩʪʠʯʢʦʛ 

ʟʥʘʯʘʿʘ ʟʘ ʩʚʘʢʦ ʦʜ ʧʠʪʘˁʘ 1ï5 ʟʘ ʤʫʰʢʘʨʮʝ/ʞʝʥʝ ʟʘ ʦʙʝ ʪʝʩʪ ʟʦʥʝ. ʀʟ ʪʘʙʝʣʝ 52 ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ 

ʜʘ ʩʫ, ʧʨʝʤʘ ʚʨʝʜʥʦʩʪʠʤʘ ʤʝʜʠʿʘʥʘ, ʠ ʤʫʰʢʘʨʮʠ ʠ ʞʝʥʝ ʦʮʝʥʠʣʠ LED ʠʥʩʪʘʣʘʮʠʿʫ ʪʦʧʣʦ-ʙʝʣʝ 

ʙʦʿʝ ʢʘʦ ʙʦˀʫ ʫ ʧʦʛʣʝʜʫ ʩʚʠʭ ʨʘʟʤʘʪʨʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʦʩʚʝʪˀʝˁʘ, ʢʘʦ ʠ ʦʧʰʪʝʛ ʫʪʠʩʢʘ. ʂʘʦ ʠ 

ʫ ʩʣʫʯʘʿʫ ʮʝʣʦʢʫʧʥʝ ʛʨʫʧʝ ʠʩʧʠʪʘʥʠʢʘ, ʥʘʿʚʝ˂ʝ ʨʘʟʣʠʢʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʝʜʠʿʘʥʘ ʦʜʥʦʩʝ ʩʝ ʥʘ 

ʙʦʫʿ ʩʚʝʪʣʦʩʪʠ (ʧʠʪʘˁʝ 3). ʋ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʨʘʟʤʘʪʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʤʝʜʠʿʘʥʘ (ʩʝʜʘʤ ʦʜ 

ʜʝʩʝʪ), ʤʘʝˁ ʤʝʜʠʿʘʥʝ ʦʜʛʦʚʘʨʘʿʫ ʞʝʥʩʢʦ ʿʛʨʫʧʠ, ʰʪʦ ʩʫʛʝʨʠʰʝ ʜʘ ʞʝʥʝ ʠʤʘʿʫ ʠʟʨʘʞʝʥʠʿʝ 

ʢʨʠʪʠʯʢʦ ʤʠʰˀʝˁʝ ʧʦ ʧʠʪʘˁʫ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʥʝʛʦ ʤʫʰʢʘʨʮʠ. ɿʘ ʦʙʝ ʛʨʫʧʝ ʠ ʟʘ ʩʚʘ 

ʧʠʪʘˁʘ, ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʠʥʪʝʨʢʚʘʨʪʠʣʥʠ ʦʧʩʝʟʠ ʩʫ ʫʞʠ ʟʘ ʟʦʥʫ ʩʘ LED ʧʘʢʝʪʠʤʘ ʦʜ 3000 K, 

ʧʦʢʘʟʫʿʫ˂ʠ ʚʝ˂ʫ ʜʦʩʣʝʜʥʦʩʪ ʫ ʦʮʝˁʠʚʘˁʫ ʧʘʨʘʤʝʪʘʨʘ ʦʩʚʝʪˀʝˁʘ ʠ ʦʧʰʪʝʛ ʫʪʠʩʢʘ ʟʦʥʝ ʩʘ LED 

ʧʘʢʝʪʠʤʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ. ɼʦʢ ʩʫ ʨʝʟʫʣʪʘʪʠ ʫ ʚʝʟʠ ʩʘ ʧʠʪʘˁʠʤʘ 1ï5 ʥʘ ʢʦʿʘ ʿʝ ʦʜʛʦʚʦʨʠʣʘ 

ʤʫʰʢʘ ʛʨʫʧʘ ʩʪʘʪʠʩʪʠʯʢʠ ʚʝʦʤʘ ʟʥʘʯʘʿʥʠ (p < 0,01), ʦʚʦ ʥʝ ʚʘʞʠ ʟʘ ʨʝʟʫʣʪʘʪʝ ʧʠʪʘˁʘ 1 ʠ 4 ʥʘ 

ʢʦʿʘ ʿʝ ʦʜʛʦʚʦʨʠʣʘ ʞʝʥʩʢʘ ʛʨʫʧʘ, ʢʦʿʠ ʩʫ ʩʘʤʦ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʠ (0,01 < p < 0,05). ʆʜʛʦʚʦʨʠ 

ʦʚʝ ʛʨʫʧʝ ʥʘ ʦʩʪʘʣʘ ʧʠʪʘˁʘ ʩʫ ʜʦʩʣʝʜʥʠ ʠ ʩʪʘʪʠʩʪʠʯʢʠ ʚʝʦʤʘ ʟʥʘʯʘʿʥʠ. 

 

ʊʘʙʝʣʘ 52. ʉʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ, ʠʥʪʝʨʢʚʘʨʪʠʣʥʠ ʦʧʩʝʟʠ ʠ ʠʥʜʠʢʘʪʦʨʠ ʩʪʘʪʠʩʪʠʯʢʦʛ ʟʥʘʯʘʿʘ 

ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʤʫʰʢʦ/ʞʝʥʩʢʝ ʛʨʫʧʝ ʠʩʧʠʪʘʥʠʢʘ 

 
ʇʠʪʘˁʝ  1 2 3 4 5 

ɺʨʝʜʥʦʩʪ 

ʤʝʜʠʿʘʥʝ 

LED ʧʘʢʝʪʠ 3000 K 4,13/4,02 4,20/4,02 4,47/4,23 4,09/3,99 4,26/4,05 

LED ʧʘʢʝʪʠ 4000 K 3,60/3,80 3,75/3,57 3,40/3,23 3,63/3,68 3,30/3,49 

ʀʥʪʝʨʢʚʘʨʪʠʣʥʠ 

ʦʧʩʝʛ 

LED ʧʘʢʝʪʠ 3000 K 
3,66ï4,49/ 

3,53ï4,42 

3,72ï4,68/ 

3,66ï4,39 

3,75ï4,70/ 

3,57ï4,72 

3,66ï4,52/ 

3,37ï4,35 

3,83ï4,68/ 

3,63ï4,42 

LED ʧʘʢʝʪʠ 4000 K 
2,98ï4,09/ 

3,10ï4,46 

3,00ï4,22/ 

2,91ï4,08 

2,49ï4,13/ 

2,54ï3,80 

2,91ï4,13/ 

2,95ï4,03 

2,85ï3,92/ 

2,91ï3,99 

p 
 0,001/ 

0,023 

0,001/ 

0,010 

<0,001/ 

<0,001 

0,006/ 

0,028 

<0,001/ 

<0,001 

 

5.4 ɿʘʢˀʫʯʘʢ 
 

ʇʦʰʪʦ ʧʝʰʘʮʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʘʞʥe ʫʯʝʩʥʠʢʝ ʫ ʩʘʦʙʨʘ˂ʘʿʫ ʥʘ ʛʨʘʜʩʢʠʤ ʫʣʠʮʘʤʘ, ˁʠʭʦʚʠ 

ʩʫʙʿʝʢʪʠʚʥʠ ʜʦʞʠʚˀʘʿʠ ʩʫ ʥʝʦʧʭʦʜʥʠ ʟʘ ʦʜʣʫʢʫ ʦ ʦʜʛʦʚʘʨʘʿʫ˂ʦ ʿʙʦʠʿ ʩʚʝʪʣʦʩʪʠ LED ʧʘʢʝʪʘ 

ʥʘʤʝˁʝʥʠʭ ʟʘ ʫʣʠʯʥʦ ʦʩʚʝʪˀʝˁʝ. ʉʪʦʛʘ, ʪʝʤʘ ʦʚʦʛ ʜʝʣʘ ʜʠʩʝʨʪʘʮʠʿʝ ʙʠʣʠ ʩʫ ʩʫʙʿʝʢʪʠʚʥʠ 

ʜʦʞʠʚˀʘʿʠ ʧʝʰʘʢʘ ʫ ʚʝʟʠ ʩʘ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʨʝʘʣʠʟʦʚʘʥʠʭ ʧʦʤʦ˂ʫ LED 

ʧʘʢʝʪʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K ʠ 4000 K. ɼʘ ʙʠ ʜʚʝ ʪʝʩʪ ʠʥʩʪʘʣʘʮʠʿʝ ʙʠʣʝ 

ʫʧʦʨʝʜʠʚʝ ʩ ʪʘʯʢʝ ʛʣʝʜʠʰʪʘ ʧʝʰʘʢʘ, ʦʥʝ ʩʫ ʧʦʜʝʰʝʥʝ ʪʘʢʦ ʜʘ ʩʫ ʩʣʝʜʝ˂ʠ ʦʙʿʝʢʪʠʚʥʠ 

ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʧʘʨʘʤʝʪʨʠ ʫʧʦʨʝʜʠʚʠ: ʩʨʝʜˁʘ ʦʩʚʝʪˀʝʥʦʩʪ ʪʨʦʪʦʘʨʘ (ʧʦʪʚʨʹʝʥʦ ʤʝʨʝˁʠʤʘ), 
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ʤʠʥʠʤʘʣʥʘ ʭʦʨʠʟʦʥʪʘʣʥʘ ʦʩʚʝʪˀʝʥʦʩʪ, ʧʦʣʫʮʠʣʠʥʜʨʠʯʥʘ ʦʩʚʝʪˀʝʥʦʩʪ ʠ ʨʝʣʘʪʠʚʥʠ ʧʦʨʘʩʪ 

ʧʨʘʛʘ.  

ʉʫʙʿʝʢʪʠʚʥʠ ʜʦʞʠʚˀʘʿʠ ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʦʩʚʝʪˀʝˁʘ ʦʙʝ ʠʥʩʪʘʣʘʮʠʿʝ ʫʣʠʯʥʦʛ 

ʦʩʚʝʪˀʝˁʘ ʫʧʦʨʝʹʝʥʠ ʩʫ ʢʦʨʠʰ˂ʝˁʝʤ ʫʧʠʪʥʠʢʘ. ʈʝʧʨʝʟʝʥʪʘʪʠʚʘʥ ʙʨʦʿ ʦʜ 139 ʩʪʫʜʝʥʘʪʘ (61 

ʤʫʰʢʘʨʘʮ ʠ 78 ʞʝʥʘ), ʩʪʘʨʦʩʥʦʛ ʜʦʙʘ 21ï25 ʛʦʜʠʥʘ, ʫʯʝʩʪʚʦʚʘʦ ʿʝ ʫ ʘʥʢʝʪʠ ʦʮʝˁʫʿʫ˂ʠ ʩʚʘʢʠ 

ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʚʘʣʠʪʝʪʘ ʦʩʚʝʪˀʝˁʘ (ʠʥʪʝʥʟʠʪʝʪ ʦʩʚʝʪˀʝˁʘ (ʥʠʚʦ ʦʩʚʝʪˀʝʥʦʩʪʠ) 

ʪʨʦʪʦʘʨʘ, ʠʟʛʣʝʜ ˀʫʜʩʢʠʭ ʣʠʮʘ, ʙʦʿʘ ʩʚʝʪʣʦʩʪʠ ʠ ʨʝʧʨʦʜʫʢʮʠʿʘ ʙʦʿʘ), ʢʘʦ ʠ ʦʧʰʪʠ ʫʪʠʩʘʢ, 

ʦʮʝʥʘʤʘ ʦʜ 1 ʜʦ 5. ʈʝʟʫʣʪʘʪʠ ʘʥʢʝʪʝ ʩʫ ʩʪʘʪʠʩʪʠʯʢʠ ʘʥʘʣʠʟʠʨʘʥʠ ʟʘ ʮʝʣʦʢʫʧʥʫ ʛʨʫʧʫ 

ʠʩʧʠʪʘʥʠʢʘ, ʢʘʦ ʠ ʧʦ ʛʨʫʧʘʤʘ ʦʜʨʝʹʝʥʠʭ ʧʦ ʧʦʣʫ.  

ʈʝʟʫʣʪʘʪʠ ʦʚʝ ʘʥʢʝʪʝ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʫ, ʰʪʦ ʩʝ ʪʠʯʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ ʠʟ ʧʝʨʩʧʝʢʪʠʚʝ 

ʧʝʰʘʢʘ, LED ʧʘʢʝʪʠ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K ʙʠʣʠ ʢʦʥʟʠʩʪʝʥʪʥʦ ʧʨʝʬʝʨʠʨʘʥʠ ʫ 

ʦʜʥʦʩʫ ʥʘ LED ʧʘʢʝʪʝ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K. ʄʝʹʫʪʠʤ, ʟʙʦʛ ʦʛʨʘʥʠʯʝʥʠʭ 

ʫʩʣʦʚʘ ʘʥʢʝʪʝ, ʜʦʙʠʿʝʥʝ ʨʝʟʫʣʪʘʪʝ ʪʨʝʙʘ ʩʤʘʪʨʘʪʠ ʧʨʚʦʩʪʝʧʝʥʦʤ ʧʦʜʨʰʢʦʤ ʟʘ ʰʠʨʦʢʫ 

ʫʧʦʪʨʝʙʫ LED ʧʘʢʝʪʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʧʨʝ ʜʘʚʘˁʘ 

ʢʦʥʘʯʥʝ ʧʨʝʧʦʨʫʢʝ ʧʦʪʨʝʙʥʘ ʩʫ ʜʦʜʘʪʥʘ ʠʩʪʨʘʞʠʚʘˁʘ, ʢʦʿʘ ʫʢˀʫʯʫʿʫ ʢʘʢʦ ʜʦʞʠʚˀʘʿʝ 

ʠʩʧʠʪʘʥʠʢʘ ʜʨʫʛʠʭ ʫʟʨʘʩʪʘ, ʪʘʢʦ ʠ ʚʦʟʘʯʘ. 
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ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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6 LED ʆʉɺɽʊɲɽɳɽ ʋʃʀʎɸ ʀ ʇʋʊɽɺɸ ʊʆʇʃʆ-ɹɽʃɽ ʀ ʅɽʋʊʈɸʃʅɽ 

ɹɽʃɽ ɹʆɱɽ ʉɺɽʊʃʆʉʊʀ: ʀʉʇʀʊʀɺɸɳɽ ʆɹɱɽʂʊʀɺʅʀʍ 

ʇɸʈɸʄɽʊɸʈɸ ʆʉɺɽʊɲɽɳɸ ʀ ʉʋɹɱɽʂʊʀɺʅʀ ɼʆɾʀɺɲɸɱʀ 

ɺʆɿɸʏɸ 
 

ʆʚʘʿ ʜʝʦ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʠʤʘʦ ʿʝ ʟʘ ʮʠˀ ʜʘ ʦʜʨʝʜʠ ʧʨʝʬʝʨʠʨʘʥʫ ʙʦʫʿ ʩʚʝʪʣʦʩʪʠ 

LED ʧʘʢʝʪʘ ʠʟ ʧʝʨʩʧʝʢʪʠʚʝ ʚʦʟʘʯʘ. ʉʪʦʛʘ ʿʝ ʠʟʚʨʰʝʥʘ ʦʮʝʥʘ ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʚʘʣʠʪʝʪʘ 

ʦʩʚʝʪˀʝˁʘ ʢʘʢʦ ʦʙʿʝʢʪʠʚʥʦ, ʪʘʢʦ ʠ ʩʫʙʿʝʢʪʠʚʥʦ. ʇʨʚʦ ʿʝ ʧʦʜʨʘʟʫʤʝʚʘʣʦ ʜʚʘ ʠʩʧʠʪʠʚʘˁʘ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʫʦʯʘʚʘˁʫ (ʜʝʪʝʢʮʠʿʠ) ʤʘʣʠʭ ʤʝʪʘ ʠ ʧʝʰʘʢʘ, ʘ ʜʨʫʛʦ ʘʥʢʝʪʫ ʩʘ ʩʪʚʘʨʥʦʤ ʚʦʞˁʦʤ. 

ɸʥʢʝʪʝ ʢʦʿʝ ʠʩʪʨʘʞʫʿʫ ʩʫʙʿʝʢʪʠʚʥʝ ʜʦʞʠʚˀʘʿʝ ʚʦʟʘʯʘ ʧʨʠʣʠʢʦʤ ʩʪʚʘʨʥʝ ʚʦʞˁʝ ʩʫ ʚʝʦʤʘ ʨʝʪʢʝ 

[61, 66, 67]. ʀʘʢʦ ʿʝ ʙʠʣʦ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʝ ʿʝ ʧʦʢʘʟʘʣʦ ʜʘ ʿʝ ʧʦʥʘʰʘˁʝ ʚʦʟʘʯʘ ʧʨʠʣʠʢʦʤ 

ʩʪʚʘʨʥʝ ʚʦʞˁʝ ʫʣʠʮʦʤ ʩʣʠʯʥʦ ʦʥʦʤ ʫ ʩʠʤʫʣʘʪʦʨʫ ʚʦʞˁʝ (ʜʦ ʦʚʦʛ ʟʘʢˀʫʯʢʘ ʩʝ ʜʦʰʣʦ 

ʨʘʟʤʘʪʨʘˁʝʤ ʨʘʟʣʠʯʠʪʠʭ ʦʧʘʩʥʠʭ ʩʮʝʥʘʨʠʿʘ) [68], ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʩʤʘʪʨʘʥʦ ʿʝ ʜʘ 

ʩʠʤʫʣʘʪʦʨʠ ʚʦʞˁʝ ʥʝ ʤʦʛʫ ʟʘʤʝʥʠʪʠ ʩʪʚʘʨʥʫ ʚʦʞˁʫ ʧʨʠʣʠʢʦʤ ʘʥʘʣʠʟʠʨʘˁʘ ʫʪʠʮʘʿʘ ʙʦʿʝ 

ʩʚʝʪʣʦʩʪʠ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʫ ʚʦʞʠˁ. 

 

6.1 ʇʨʝʛʣʝʜ ʧʫʙʣʠʢʦʚʘʥʠʭ ʨʝʟʫʣʪʘʪʘ ʫ ʚʝʟʠ ʩʘ ʠʩʧʠʪʠʚʘˁʝʤ ʦʙʿʝʢʪʠʚʥʠʭ ʠ 

ʩʫʙʿʝʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʦʩʚʝʪˀʝˁʘ 
 

LED ʪʝʭʥʦʣʦʛʠʿʘ ʢʦʿʘ ʩʝ ʧʨʠʤʝʫˁʿʝ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ ʢʦʥʩʪʘʥʪʥʦ ʥʘʧʨʝʜʫʿʝ ʪʦʢʦʤ 

ʧʦʩʣʝʜˁʝ ʜʝʮʝʥʠʿʝ. ʉʚʝʪʣʦʩʥʝ ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ LED ʧʘʢʝʪʘ ʩʫ ʩʝ ʚʝ˂ ʧʨʠʙʣʠʞʠʣʝ 200 lm/W 

[69], ʩʚʝʪʣʦʩʥʘ ʨʘʩʧʦʜʝʣʘ LED ʩʚʝʪʠˀʢʠ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʣʘʛʦʜʠ ʩʢʦʨʦ ʩʚʘʢʦʤ ʢʦʣʦʚʦʟʫ, ʠ LED 

ʘʜʘʧʪʠʚʥʠ ʩʠʩʪʝʤʠ ʦʙʝʟʙʝʹʫʿʫ ʥʘʿʚʝ˂ʠ ʧʨʦʮʝʥʘʪ ʫʰʪʝʜʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ [13]. ʀʘʢʦ ʟʘʚʠʩʠ 

ʦʜ ʤʥʦʛʠʭ ʫʪʠʮʘʿʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʦʜ ʢʦʿʠʭ ʩʫ ʥʘʿʚʘʞʥʠʿʠ ʩʪʨʫʿʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ [70], ʞʠʚʦʪʥʠ 

ʚʝʢ LED ʧʘʢʝʪʘ ʜʘʣʝʢʦ ʧʨʝʚʘʟʠʣʘʟʠ ʦʥʘʿ ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʠʟʚʦʨʝ ʩʚʝʪʣʦʩʪʠ. 

ʉʫʙʿʝʢʪʠʚʥʠ ʧʘʨʘʤʝʪʨʠ ʦʩʚʝʪˀʝˁʘ, ʢʘʦ ʰʪʦ ʩʫ ʙʦʘʿ ʩʚʝʪʣʦʩʪʠ, ʨʝʧʨʦʜʫʢʮʠʿʘ ʙʦʿʘ ʠ 

ʙˀʝʰʪʘˁʝ, ʪʘʢʦʹʝ ʩʫ ʚʝʦʤʘ ʚʘʞʥʠ, ʿʝʨ ʫʪʠʯʫ ʥʘ ʦʧʰʪʠ ʫʪʠʩʘʢ ʢʦʿʠ ʩʝ ʩʪʚʘʨʘ ʢʦʜ ʧʦʩʤʘʪʨʘʯʘ. 

ʆʧʰʪʝ ʿʝ ʧʦʟʥʘʪʦ ʜʘ ʩʝ ʦʩʚʝʪˀʝˁʘ ʜʚʝ ʫʣʠʮʝ ʥʘʤʝˁʝʥʝ ʟʘ ʤʦʪʦʨʥʠ ʠʣʠ ʤʝʰʦʚʠʪʠ ʩʘʦʙʨʘ˂ʘʿ, 

ʢʦʝʿ ʦʜʣʠʢʫʿʫ ʫʧʦʨʝʜʠʚʝ ʚʨʝʜʥʦʩʪʠ ʦʙʿʝʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʦʩʚʝʪˀʝˁʘ (ʥʠʚʦ ʩʿʘʿʥʦʩʪʠ, ʦʧʪhʘ 

ʠ ʧʦʜʫʞʥʘ ʨʘʚʥʦʤʝʨʥʦʩʪ ʩʿʘʿʥʦʩʪʠ, ʨʝʣʘʪʠʚʥʠ ʧʦʨʘʩʪ ʧʨʘʛʘ (TI) ʠ ʢʦʝʬʠʮʠʿʝʥʪ ʦʢʨʫʞʝˁʘ (SR)), 

ʤʦʛʫ ʦʧʠʩʘʪʠ ʢʘʦ ʦʯʠʛʣʝʜʥʦ ʨʘʟʣʠʯʠʪʘ ʦʜ ʩʪʨʘʥʝ ʧʦʩʤʘʪʨʘʯʘ [71, 72]. ʉʫʧʨʦʪʥʦ ʦʙʿʝʢʪʠʚʥʠʤ 

ʧʘʨʘʤʝʪʨʠʤʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ, ʟʘʭʪʝʚʠ ʟʘ ʩʫʙʿʝʢʪʠʚʥʝ ʧʘʨʘʤʝʪʨʝ ʩʫ ʨʝʪʢʦ ʜʘʪʠ ʫ 

ʩʪʘʥʜʘʨʜʠʤʘ ʠ ʧʨʝʧʦʨʫʢʘʤʘ. 

LED ʧʘʢʝʪʠ ʧʦʩʝʜʫʿʫ ʠ ʜʦʜʘʪʥʠ ʧʨʦʙʣʝʤ. ɿʙʦʛ ʯʠˁʝʥʠʮʝ ʜʘ ʩʝ ʩʧʝʢʪʨʘʣʥʝ ʨʘʩʧʦʜʝʣʝ 

ʩʥʘʛʝ ʟʨʘʯʝˁʘ LED ʧʘʢʝʪʘ ʟʥʘʪʥʦ ʨʘʟʣʠʢʫʿʫ ʦʜ ʦʥʠʭ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ 

ʩʠʿʘʣʠʮʝ (ʥʘʪʨʠʿʫʤʦʚʠ ʠʟʚʦʨʠ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ, ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠ ʠʟʚʦʨʠ, ʠʪʜ.), ʧʦʪʨʝʙaʥ je ʥʦʚ 

ʩʠʩʪʝʤ ʚʨʝʜʥʦʚʘˁʘ ʢʘʢʦ ʟʘ ʠʟʛʣʝʜ LED ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ, ʪʘʢʦ ʠ ʟʘ ʨʝʧʨʦʜʫʢʮʠʿʫ ʙʦʿʘ. ʄʝʹʫʪʠʤ, 

ʪʘʢʚʠ ʧʘʨʘʤʝʪʨʠ ʥʝ ʧʦʩʪʦʿʝ (ʙʠʣʦ ʿʝ ʥʝʢʦʣʠʢʦ ʧʦʢʫʰʘʿʘ ʫ ʚʝʟʠ ʩʘ ʨʝʧʨʦʜʫʢʮʠʿʦʤ ʙʦʿʝ [73, 74], 

ʘʣʠ ʥʠʿʝʜʘʥ ʫ ʧʦʛʣʝʜʫ ʠʟʛʣʝʜʘ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ). 

ʈʘʜʦʚʠ ʢʦʿʠ ʠʩʪʨʘʞʫʿʫ ʜʦʞʠʚˀʘʿʝ ˀʫʜʠ ʫ ʚʝʟʠ ʩʘ ʫʣʠʯʥʠʤ LED ʦʩʚʝʪˀʝˁʝʤ ʨʘʟʣʠʯʠʪʠʭ 

ʧʨʠʜʨʫʞʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʙʦʿʝ ʧʨʠʣʠʯʥʦ ʩʫ ʨʝʪʢʠ. ʋ ʨʝʬʝʨʝʥʮʠ [56] ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʫ ʫ ʦʧʩʝʛʫ 

ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 1850ï10000 K ʠʩʧʠʪʘʥʠʮʠ ʧʨʝʬʝʨʠʨʘʣʠ ʧʨʠʜʨʫʞʝʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʙʦʿʝ 3000 ± 200 K ʧʨʠ ʥʠʚʦʫ ʦʩʚʝʪˀʝʥʦʩʪʠ ʦʜ 5 lx (ʧʨʠʙʣʠʞʥʦ 0,3 cd/m2), ʠ 

ʧʨʠʜʨʫʞʝʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʙʦʿʝ 3500 ± 250 K ʧʨʠ 50 lx (ʦʢʦ 3 cd/m2). ʅʘ ʦʩʥʦʚʫ ʯʠˁʝʥʠʮʝ ʜʘ ʿʝ 

ʿʘʚʥʦʩʪ ʧʨʝʬʝʨʠʨʘʣʘ ʪʦʧʣʦ-ʙʝʣʫ ʙʦʿʫ ʩʚʝʪʣʦʩʪʠ, ʧʨʝʧʦʨʫʯʝʥʝ ʩʫ LED ʩʚʝʪʠˀʢʝ ʧʨʠʜʨʫʞʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 2400 K ʟʘ ʟʘʤʝʥʫ 194 ʜʝʢʦʨʘʪʠʚʥʝ ʫʣʠʯʥʝ ʩʚʝʪʠˀʢʝ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ 

ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʫ ʦʢʚʠʨʫ ʧʠʣʦʪ ʧʨʦʿʝʢʪʘ ʫ ʛʨʘʜʫ ʅʘʥʪʘʢʝʪʫ, ʉɸɼ [75]. ʀʟʚʨʰʝʥʦ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʿʝ ʥʝʢʦʣʠʢʦ ʪʝʩʪʦʚʘ ʝʬʝʢʘʪʘ LED ʦʩʚʝʪˀʝˁʘ ʨʘʟʣʠʯʠʪʝ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ ʦʜ 

1870 K, 2490 K, 3007 K, 4075 K ʠ 5020 K [76]. ɼʦʥʝʩʝʥʠ ʩʫ ʩʣʝʜʝ˂ʠ ʟʘʢˀʫʯʮʠ: ʫ ʦʩʚʝʪˀʝˁʫ 

ʧʫʪʝʚʘ ʘʜʘʧʪʘʮʠʿʘ ʦʢʘ ʥʘ ʤʨʘʢ ʿʝ ʤʥʦʛʦ ʣʘʢʰʘ ʥʘʢʦʥ ʠʟʣʘʛʘˁʘ ʩʚʝʪʣʦʩʪʠ LED ʧʘʢʝʪʘ ʪʦʧʣʦ-

ʙʝʣʝ ʥʝʛʦ ʚʠʩʦʢʝ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ, ʢʘʦ ʠ ʜʘ LED ʧʘʢʝʪʠ ʥʠʩʢʝ ʧʨʠʜʨʫʞʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ ʫʪʠʯʫ ʥʘ ʤʘˁʠ ʩʿʘʿ ʥʝʙʘ ʠ ʙʦˀʝ ʧʨʦʩʪʠʨʘˁʝ ʩʚʝʪʣʦʩʪʠ ʫ ʤʘʛʣʠ ʠʣʠ 

ʠʟʤʘʛʣʠʮʠ. ʋʟ ʪʦ, ʠʩʧʠʪʘʥʠʮʠ ʩʫ ʦʜʘʙʨʘʣʠ ʧʨʠʜʨʫʞʝʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʙʦʿʝ ʦʜ ʦʢʦ 3000 K ʢʘʦ 

ʥʘʿʧʦʛʦʜʥʠʿʫ ʟʘ ʦʩʚʝʪˀʝˁʝ ʧʫʪʝʚʘ. ʋ ʦʢʚʠʨʫ ʧʠʣʦʪ ʧʨʦʿʝʢʪʘ ʩʧʨʦʚʝʜʝʥʦʛ ʫ ʢʘʤʧʫʩʫ ʉʪʘʥʬʦʨʜ 

ʋʥʠʚʝʨʟʠʪʝʪʘ [77] ʪʝʩʪʠʨʘʥʦ ʿʝ ʩʝʜʘʤ LED ʩʚʝʪʠˀʢʠ, ʯʝʪʠʨʠ ʩʚʝʪʠˀʢʝ ʩʘ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ 

ʠʟʚʦʨʠʤʘ ʩʘ ʢʝʨʘʤʠʯʢʠʤ ʛʦʨʠʦʥʠʢʦʤ ʠ ʩʚʝʪʠˀʢʘ ʩʘ ʠʥʜʫʢʮʠʦʥʠʤ ʠʟʚʦʨʦʤ ʩʚʝʪʣʦʩʪʠ, ʯʠʿʠ ʩʫ 

ʦʧʩʝʟʠ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ ʦʜ 2700 K ʜʦ 4000 K. ʅʘʿʙʦˀʝ ʦʮʝˁʝʥʘ ʩʚʝʪʠˀʢʘ ʿʝ ʙʠʣʘ 

LED ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 2700 K. 

ʇʨʠʣʠʢʦʤ ʧʨʦʿʝʢʪʦʚʘˁʘ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʝ ʥʘʤʝˁʝʥʝ ʟʘ ʤʦʪʦʨʥʠ ʠʣʠ ʤʝʰʦʚʠʪʠ 

ʩʘʦʙʨʘ˂ʘʿ, ʧʨʦʿʝʢʪʘʥʪ ʤʦʨʘ ʜʘ ʦʜʘʙʝʨʝ ʙʦʿʫ ʩʚʝʪʣʦʩʪʠ. ʄʝʹʫʪʠʤ, ʥʝ ʧʦʩʪʦʿʠ ʫʧʫʪʩʪʚʦ ʫ ʚʝʟʠ ʩʘ 

ʦʚʠʤ ʧʘʨʘʤʝʪʨʦʤ. ʋʜʨʫʞʝˁʘ International Dark-Sky Association (IDA) [48] ʠ American Medical 

Association (ɸʄɸ) [49], ʧʨʚʦ ʟʙʦʛ ʥʘʚʝʜʝʥʠʭ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʘʪʘ ʧʣʘʚʝ ʩʚʝʪʣʦʩʪʠ ʥʘ ʩʿʘʿ ʥʝʙʘ, 

ʥʦ˂ʥʝ ʧʝʿʟʘʞʝ ʠ ʥʦ˂ʥʝ ʞʠʚʦʪʠˁʝ, ʘ ʜʨʫʛʦ ʫ ʮʠˀʫ ʩʤʘʝˁˁʘ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʘʪʘ ʥʘ ˀʫʜʩʢʦ 

ʟʜʨʘʚˀʝ ʧʨʠʣʠʢʦʤ ʠʟʣʘʛʘˁʘ ʢʨʘʪʢʦʪʘʣʘʩʥʦʿ ʩʚʝʪʣʦʩʪʠ, ʥʝʜʘʚʥʦ ʩʫ ʧʨʝʧʦʨʫʯʠʣʘ ʜʘ ʙʠ ʩʘʤʦ 

LED ʧʘʢʝʪʠ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ ʢʦʘʿ ʥʝ ʧʨʝʣʘʟʠ 3000 K ʪʨʝʙʘʣʦ ʜʘ ʩʝ ʢʦʨʠʩʪʝ ʫ 

ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ. ʄʝʹʫʪʠʤ, ʠʟʥʝʪʠ ʩʫ ʫʙʝʜˀʠʚʠ ʨʘʟʣʦʟʠ ʧʨʦʪʠʚ ʦʚʠʭ ʧʨʝʧʦʨʫʢʘ [50, 51]. 

ʇʨʝʜʩʪʘʚˀʝʥʦ ʿʝ ʥʝʢʦʣʠʢʦ ʧʨʠʤʝʨʘ ʛʨʘʜʦʚʘ (ɳʫʿʦʨʢ, ʉʠʿʝʪʣ, ʍʿʫʩʪʦʥ ʠ ʄʦʥʪʨʝʘʣ) [37, 44] ʫ 

ʢʦʿʠʤʘ ʩʫ ʙʨʦʿʥʝ ʫʣʠʮʝ ʦʩʚʝʪˀʝʥʝ ʧʨʚʦʙʠʪʥʠʤ LED ʩʚʝʪʠˀʢʘʤʘ ʭʣʘʜʥʦ-ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ 

(ʙʦʛʘʪʝ ʧʣʘʚʦʤ ʙʦʿʦʤ), ʢʦʿʝ ʩʫ ʚʝʨʦʚʘʪʥʦ ʠʟʘʙʨʘʥʝ ʟʙʦʛ ʥʘʿʚʝ˂ʝ ʩʚʝʪʣʦʩʥʝ ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ ʤʝʹʫ 

ʩʚʠʤ LED ʧʘʢʝʪʠʤʘ. ʋ ʦʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʨʝʘʢʮʠʿʝ ʿʘʚʥʦʩʪʠ ʩʫ ʧʦʢʘʟʘʣʝ ʜʘ ʤʥʦʛʠ ʛʨʘʹʘʥʠ ʥʠʩʫ 

ʟʘʜʦʚʦˀʥʠ ʧʦʩʪʠʛʥʫʪʠʤ ʝʬʝʢʪʠʤʘ ʦʩʚʝʪˀʝˁʘ, ʢʦʿʝ ʿʝ ʧʦ ˁʠʭʦʚʠʤ ʨʝʯʠʤʘ ʧʨʝʿʘʢʦʛ 

ʠʥʪʝʥʟʠʪʝʪʘ, ʠʟʘʟʠʚʘ ʿʘʢʦ ʙˀʝʰʪʘˁʝ ʠ ʧʨʦʙʣʝʤʝ ʩʘ ʩʧʘʚʘˁʝʤ. ʊʘʢʦʹʝ ʩʫ ʧʨʠʿʘʚˀʝʥʠ ʠ 

ʥʝʧʨʠʿʘʪʥʘ (ʭʣʘʜʥʘ, ʧʣʘʚʠʯʘʩʪʘ) ʙʦʿʘ ʩʚʝʪʣʦʩʪʠ ʠ ʧʦʚʝ˂ʘʥʦ ʩʚʝʪʣʦʩʥʦ ʟʘʛʘʹʝˁʝ.  

ɼʘ ʙʠ ʩʝ ʩʧʨʝʯʠʣʝ ʥʝʛʘʪʠʚʥʝ ʨʝʘʢʮʠʿʝ ʿʘʚʥʦʩʪʠ, ʧʨʦʿʝʢʪʘʥʪʠ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ 

ʠʟʙʝʛʘʚʘʿʫ ʢʦʨʠʰ˂ʝˁʝ LED ʧʘʢʝʪʘ ʭʣʘʜʥʦ-ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ. ʋʤʝʩʪʦ ˁʠʭ, ʦʙʠʯʥʦ ʙʠʨʘʿʫ 

LED ʧʘʢʝʪʝ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ, ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʥʠʿʝ ʦʜ LED ʧʘʢʝʪʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ. 

ʄʝʹʫʪʠʤ, ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʩʚʝʪʣʦʩʥʠʭ ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʫʧʥʠʭ LED ʧʘʢʝʪʘ 

ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ (4000 K) ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ (3000 K) (ʦʙʘ ʩʘ ʠʩʪʠʤ ʦʧʰʪʠʤ ʠʥʜʝʢʩʦʤ 

ʨʝʧʨʦʜʫʢʮʠʿʝ ʙʦʿʘ 80) ʠʟʥʦʩʠ ʩʘʤʦ 6% [58]. ʇʨʝʜʚʠʹʝʥʦ ʿʝ ʧʦʩʪʠʟʘˁʝ ʿʝʜʥʘʢʝ ʩʚʝʪʣʦʩʥʝ 

ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ LED ʧʘʢʝʪʘ ʪʦʧʣʦ-ʙʝʣʝ, ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʭʣʘʜʥʦ-ʙʝʣʝ ʙʦʿʝ 2025. ʛʦʜʠʥʝ [78]. 

ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʨʘʟʤʘʪʨʘˁʝ ʤʝʟʦʧʩʢʠʭ ʥʠʚʦʘ ʩʿʘʿʥʦʩʪʠ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʬʦʪʦʧʩʢʠʤ 

ʥʠʚʦʠʤʘ ʩʿʘʿʥʦʩʪʠ ʢʦʿʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʫʿʫ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ (0,5ï1 cd/m2) 

ʦʤʦʛʫ˂ʘʚʘʿʫ ʫʰʪʝʜe ʝʥʝʨʛʠʿʝ ʢʦʿe ʥʝ ʧʨʝʣʘʟe 5% ʢʘʜʘ ʩʝ ʫʤʝʩʪʦ LED ʧʘʢʝʪʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ 

ʢʦʨʠʩʪʝ ʦʥʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ [21]. ɼʘʢʣʝ, ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ (ʩʚʝʪʣʦʩʥʘ ʠʩʢʦʨʠʩʪʠʚʦʩʪ) 

ʚʠʰʝ ʥʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʝ ʦʜʣʫʯʫʿʫ˂ʠ ʢʨʠʪʝʨʠʿʫʤ ʧʨʠ ʠʟʙʦʨʫ ʠʟʤʝʹʫ LED ʧʘʢʝʪʘ ʥʝʫʪʨʘʣʥʝ 

ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʥʘʤʝˁʝʥʠʭ ʟʘ ʫʣʠʯʥʦ ʦʩʚʝʪˀʝˁʝ, ʚʝ˂ ʙʠ ʠʟʙʦʨ ʪʨʝʙʘʣʦ ʜʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ 

ʧʨʝʬʝʨʝʥʮʠʿʘʤʘ (ʦʧʨʝʜʝˀʝˁʫ) ʚʦʟʘʯʘ ʠ ʧʝʰʘʢʘ (ʦʜʥʦʩʥʦ, ʩʘʤʦ ʚʦʟʘʯʘ ʘʢʦ ʿʝ ʫʣʠʮʘ (ʧʫʪ) 

ʠʩʢˀʫʯʠʚʦ ʥʘʤʝˁʝʥʘ ʟʘ ʤʦʪʦʨʥʠ ʩʘʦʙʨʘ˂ʘʿ). ʅʘʨʘʚʥʦ, ʤʥʦʛʦ ʚʝ˂ʠ ʟʥʘʯʘʿ ʪʨʝʙʘ ʜʘʪʠ 

ʨʝʟʫʣʪʘʪʠʤʘ ʦʮʝʥʝ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʙʝʟʙʝʜʥʦʩʪ ʫ ʩʘʦʙʨʘ˂ʘʿʫ. 

ʋ ɹʝʦʛʨʘʜʫ ʿʝ ʩʧʨʦʚʝʜʝʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʢʦʿʝ ʩʝ ʙʘʚʠ ʧʦʨʝʹʝˁʝʤ ʜʦʞʠʚˀʘʿʘ ʧʝʰʘʢʘ ʫ 

ʧʦʛʣʝʜʫ ʚʠʜˀʠʚʦʩʪʠ ʠ ʚʠʜʥʦʛ ʢʦʤʬʦʨʘ ʫ ʜʚʘ ʜʝʣʘ ʫʣʠʮʝ ʦʩʚʝʪˀʝʥʝ LED ʩʚʝʪʠˀʢʘʤʘ 

ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K ʠ 4000 K [79]. ʈʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ ʢʚʘʣʠʪʝʪʘ 

ʦʩʚʝʪˀʝˁʘ ʪʨʦʪʦʘʨʘ (ʠʥʪʝʥʟʠʪʝʪ ʦʩʚʝʪˀʝˁʘ (ʥʠʚʦ ʦʩʚʝʪˀʝʥʦʩʪʠ), ʦʩʚʝʪˀʝʥʦʩʪ ˀʫʜʩʢʠʭ ʣʠʮʘ, 

ʧʨʠʿʘʪʥʦʩʪ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ ʠ ʨʝʧʨʦʜʫʢʮʠʿʘ ʙʦʿʘ), ʢʘʦ ʠ ʦʧʰʪʠ ʫʪʠʩʘʢ, ʩʫʙʿʝʢʪʠʚʥʦ ʩʫ ʫʧʦʨʝʹʝʥʠ 

ʢʦʨʠʰ˂ʝˁʝʤ ʫʧʠʪʥʠʢʘ. ʀʩʧʠʪʘʥʠʮʠ ʩʫ ʦʮʝʥʠʣʠ LED ʦʩʚʝʪˀʝˁʝ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 

ʦʜ 3000 K ʢʘʦ ʙʦˀʝ ʨʝʰʝˁʝ ʫ ʧʦʛʣʝʜʫ ʩʚʘʢʦʛ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʦʩʚʝʪˀʝˁʘ, ʘ ʧʦʩʝʙʥʦ 
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ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʫ ʧʦʛʣʝʜʫ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ ʠ ʦʧʰʪʝʛ ʫʪʠʩʢʘ. ʄʝʹʫʪʠʤ, ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʩʫ ʧʨʝ ʢʦʥʘʯʥʦʛ ʟʘʢˀʫʯʢʘ 

ʧʦʪʨʝʙʥʘ ʜʦʜʘʪʥʘ ʠʩʪʨʘʞʠʚʘˁʘ, ʢʦʿʘ ʫʢˀʫʯʫʿʫ ʜʦʞʠʚˀʘʿʝ ʠʩʧʠʪʘʥʠʢʘ ʜʨʫʛʠʭ ʫʟʨʘʩʪʘ, ʢʘʦ ʠ 

ʜʦʞʠʚˀʘʿʝ ʚʦʟʘʯʘ. 

 

6.2 ʇʨʠʤʝˁʝʥʘ ʤʝʪʦʜʘ 
 

6.2.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ 

 

ʀʩʪʨʘʞʠʚʘˁʝ (ʧʠʣʦʪ ʧʨʦʿʝʢʘʪ) ʿʝ ʨʝʘʣʠʟʦʚʘʥʦ ʫ ʫʣʠʮʠ ʄʠʣʫʪʠʥʘ ʄʠʣʘʥʢʦʚʠ˂ʘ ʫ 

ɹʝʦʛʨʘʜʫ (ʩʣʠʢʘ 17) ʥʘʤʝˁʝʥʦ ʿ ʟʘ ʜʚʦʩʤʝʨʥʠ ʩʘʦʙʨʘ˂ʘʿ. ʎʝʣʘ ʫʣʠʮʘ ʿʝ ʧʨʝʪʭʦʜʥʦ ʙʠʣʘ 

ʦʩʚʝʪˀʝʥʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ. ɿʘ ʧʦʪʨʝʙʝ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ, ʿʝʜʘʥ ʜʝʦ 

ʫʣʠʮʝ ʙʠʦ ʿʝ ʦʩʚʝʪˀʝʥ LED ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K, ʘ ʜʨʫʛʠ LED 

ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K.  

 

 
 

ʉʣʠʢʘ 17. ɼʝʦ ʫʣʠʮʝ ʠʟʘʙʨʘʥ ʟʘ ʧʠʣʦʪ ʧʨʦʿʝʢʘʪ 

 

ʉʚʘʢʘ ʜʝʦʥʠʮʘ ʫʣʠʮʝ (ʪʝʩʪ ʟʦʥʘ) ʙʠʣʘ ʿʝ ʦʩʚʝʪˀʝʥʘ ʩʘ ʧʝʪ ʩʚʝʪʠˀʢʠ. ʉʨʝʜˁʝ ʨʘʩʪʦʿʘˁʝ 

ʠʟʤʝʹʫ ʩʪʫʙʦʚʘ ʙʠʣʦ ʿʝ 30 m (ʩʣʠʢʘ 18), ʘ ʚʠʩʠʥʘ ʩʪʫʙʘ 8 m (ʩʚʝʪʠʢˀʝ ʩʫ ʥʘ ʩʪʫʙʦʚʝ ʧʦʩʪʘʚˀʝʥʝ 

ʧʦʤʦ˂ʫ ʣʠʨʘ ʜʫʞʠʥʝ 1,2 m). ɻʫʩʪʠʥʘ ʩʘʦʙʨʘ˂ʘʿʘ ʫ ʫʣʠʮʠ ʿ ʝ ʥʠʩʢʘ ʪʦʢʦʤ ʥʦ˂ʠ, ʰʪʦ ʿ ʝ ʦʤʦʛʫ˂ʠʣʦ 

ʠʟʚʦʹʝˁʝ ʩʚʠʭ ʧʦʪʨʝʙʥʠʭ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʤʝʨʝˁʘ (ʧʦʤʦ˂ʫ CCD ʢʘʤʝʨʝ). ʆʙʝʟʙʝʹʝʥʘ ʿʝ 

ʪʘʤʧʦʥ ʟʦʥʘ ʩʘ ʪʨʠ ʩʪʫʙʘ (ʩʚʝʪʠˀʢʝ) (ʩʣʠʢʘ 18) ʠʟʤʝʹʫ ʜʚʝ ʠʥʩʪʘʣʘʮʠʿʝ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ 

ʨʘʜʠ ʩʧʨʝʯʘʚʘˁʘ ʫʪʠʮʘʿʘ ʿʝʜʥʝ ʪʝʩʪ ʟʦʥʝ ʥʘ ʜʨʫʛʫ (ʩʚʝʪʠˀʢʝ ʫ ʪʘʤʧʦʥ ʟʦʥʠ ʙʠʣʝ ʩʫ ʠʩʢˀʫʯʝʥʝ 

ʪʦʢʦʤ ʩʚʘʢʦʛ ʦʜ ʪʨʠ ʠʩʧʠʪʠʚʘˁʘ). ʅʘ ʢʦʨʠʩʥʠʯʢʦʤ ʚʝʙ ʠʥʪʝʨʬʝʿʩʫ ʧʨʠʤʝˁʝʥʦʛ ʪʝʣʝʤʝʥʘ˅ʤʝʥʪ 

ʩʠʩʪʝʤʘ (Owlet [20]) ʩʚʝʪʠˀʢʝ ʩʘ LED ʧʘʢʝʪʠʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K ʙʠʣʝ ʩʫ 

ʦʟʥʘʯʝʥʝ ʙʨʦʿʝʤ 1ï5, ʩʚʝʪʠˀʢʝ ʫ ʪʘʤʧʦʥ ʟʦʥʠ 6ï8, ʠ ʩʚʝʪʠˀʢʝ ʩʘ LED ʧʘʢʝʪʠʤʘ ʧʨʠʜʨʫʞʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K 9ï13 (ʩʣʠʢʘ 18).  
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ʉʣʠʢʘ 18. ɻʝʦʤʝʪʨʠʿʘ ʫʣʠʮʝ ʩʘ ʧʦʟʠʮʠʿʘʤʘ ʩʪʫʙʦʚʘ ʠ ʤʝʪʘ (ʇ ï ʧʝʰʘʮʠ, ʉɿ ï ʩʚʝʪʣʦʟʝʣʝʥʘ 

ʢʦʮʢʘ ʠ ʊʇ ï ʪʘʤʥʦʧʣʘʚʘ ʢʦʮʢʘ) 

 

ʉʚʝ ʩʚʝʪʠˀʢʝ ʩʫ ʙʠʣʝ ʠʩʪʦʛ ʪʠʧʘ (24 LEDs, 1 A, 80 W, IP66, IK08, ʩʘ ʩʪʘʢʣʝʥʠʤ 

ʧʨʦʪʝʢʪʦʨʦʤ, ʩʘ ʢʫ˂ʠʰʪʝʤ ʦʜ ʘʣʫʤʠʥʠʿʫʤʘ ʣʠʚʝʥʦʛ ʧʦʜ ʚʠʩʦʢʠʤ ʧʨʠʪʠʩʢʦʤ, ʧʦʜʝʩʠʚʦʛ 

ʥʘʛʠʙʘ) ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʫ ʧʨʘʢʪʠʯʥʦ ʿʝʜʥʘʢʝ ʨʘʩʧʦʜʝʣʝ ʩʚʝʪʣʦʩʥʦʛ ʠʥʪʝʥʟʠʪʝʪʘ. ʉʚʝʪʠˀʢʝ ʠʟ 

ʧʨʚʝ ʪʝʩʪ ʟʦʥʝ (ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K, ʦʧʰʪʝʛ ʠʥʜʝʢʩʘ ʨʝʧʨʦʜʫʢʮʠʿʝ ʙʦʿʝ 80 ʠ 

ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ 7800 lm) ʩʫ ʥʝʜʘʚʥʦ ʧʦʩʪʘʚˀʝʥʝ, ʜʦʢ ʩʫ ʩʚʝʪʠˀʢʝ ʠʟ ʜʨʫʛʝ ʪʝʩʪ ʟʦʥʝ 

(ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K, ʦʧʰʪʝʛ ʠʥʜʝʢʩʘ ʨʝʧʨʦʜʫʢʮʠʿʝ ʙʦʿʝ 80 ʠ ʩʚʝʪʣʦʩʥʦʛ 

ʬʣʫʢʩʘ 7900 lm) ʧʦʩʪʘʚˀʝʥʝ 2015. ʛʦʜʠʥʝ (ʫʯʝʩʥʠʮʠ ʥʠʩʫ ʟʥʘʣʠ ʢʘʜʘ ʩʫ ʢʦʿʝ ʩʚʝʪʠˀʢʝ 

ʫʛʨʘʹʝʥʝ). ʋʛʘʦ ʥʘʛʠʙʘ ʧʨʚʦʛ ʪʠʧʘ ʩʚʝʪʠʢˀʠ ʠʟʥʦʩʠʦ ʿʝ 9°, ʘ ʜʨʫʛʦʛ 7°. ʉʚʝ ʩʚʝʪʠˀʢʝ ʙʠʣe ʩʫ 

ʦʧʨʝʤˀʝʥe ʜʠʤʘʙʠʣʥʠʤ ʜʨʘʿʚʝʨʦʤ ʠ ʢʦʥʪʨʦʣʝʨʦʤ, ʪʠʤʝ ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʠʩʪʠ ʥʠʚʦ ʩʿʘʿʥʦʩʪʠ ʫ 

ʦʙʝ ʪʝʩʪ ʟʦʥʝ, ʰʪʦ ʿʝ ʙʠʣʦ ʚʘʞʥʦ ʠ ʟʘ ʦʙʿʝʢʪʠʚʥʫ ʠ ʩʫʙʿʝʢʪʠʚʥʫ ʦʮʝʥʫ. 

ʇʦʯʝʪʥʠ (ʠʥʠʮʠʿʘʣʥʠ) ʥʠʚʦ ʩʿʘʿʥʦʩʪʠ ʢʦʣʦʚʦʟʘ (Lav), ʦʧʰʪʘ ʠ ʧʦʜʫʞʥʘ ʨʘʚʥʦʤʝʨʥʦʩʪ 

ʩʿʘʿʥʦʩʪʠ (Uʦ ʠ Ul, ʨʝʩʧʝʢʪʠʚʥʦ), ʨʝʣʘʪʠʚʥʠ ʧʦʨʘʩʪ ʧʨʘʛʘ (TI) ʠ ʢʦʝʬʠʮʠʿʝʥʪ ʦʢʨʫʞʝˁʘ (SR), 

ʠʟʨʘʯʫʥʘʪʠ ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʩʪʘʥʜʘʨʜʥʝ ʨʝʬʣʝʢʩʠʦʥʝ ʢʣʘʩʝ ʢʦʣʦʚʦʟʘ R3 ʠ ʩʨʝʜˁʝʛ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʩʿʘʿʥʦʩʪʠ ʢʦʣʦʚʦʟʘ (Q0) ʦʜ 0,08 cd/(m2Ālx) [11], ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 53 ʟʘ ʦʙʝ 

ʪʝʩʪ ʟʦʥʝ (ˁʠʭʦʚʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʠʟʨʘʯʫʥʘʪʝ ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʦʬʝʩʠʦʥʘʣʥʦʛ ʩʦʬʪʚʝʨʘ ʟʘ ʫʣʠʯʥʦ 

ʦʩʚʝʪˀʝˁʝ Ulysse 3, ʢʦʿʠ ʿʝ ʨʘʟʚʠʦ Schréder Group, ʠ ʥʘ ʦʩʥʦʚʫ ʧʨʝʧʦʨʫʢʘ CIE 115-2010 [12] ʠ 

CIE 140-2000 [60]). ʇʦ ʠʥʩʪʘʣʠʨʘˁʫ ʩʚʝʪʠˀʢʠ, ʥʠʚʦʠ ʩʿʘʿʥʦʩʪʠ (ʤʝʨʝʥʠ CCD ʢʘʤʝʨʦʤ) ʙʠʣʠ 

ʩʫ ʚʝʦʤʘ ʙʣʠʟʫ ʠʟʨʘʯʫʥʘʪʠʤ: 1,46 cd/m2 (LED ʧʘʢʝʪʠ 3000 K) ʠ 1,50 cd/m2 (LED ʧʘʢʝʪʠ 4000 K) 

[11]. 

 

ʊʘʙʝʣʘ 53. ʌʦʪʦʤʝʪʨʠʿʩʢʠ ʧʘʨʘʤʝʪʨʠ ʢʦʿʠ ʦʧʠʩʫʿʫ ʦʙʝ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ 

 
Lav 

[cd/m2] 

Uo 

[%] 

Ul 

[%] 

TI 

[%] 
SR  

LED ʧʘʢʝʪʠ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K 

1,49 40 80 11,4 0,53 

LED ʧʘʢʝʪʠ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K 

1,47 46 82 11,4 0,54 

 

6.2.2 ʀʩʧʠʪʠʚʘˁʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʝ ʥʘ ʦʙʿʝʢʪʠʚʥʫ (ʢʚʘʥʪʠʪʘʪʠʚʥʫ) ʝʚʘʣʫʘʮʠʿʫ 

 

ʀʟʚʝʜʝʥʘ ʩʫ ʜʚʘ ʠʩʧʠʪʠʚʘˁʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʢʚʘʥʪʠʪʘʪʠʚʥʠʤ ʧʦʢʘʟʘʪʝˀʠʤʘ ʫʣʠʯʥʦʛ 

ʦʩʚʝʪˀʝˁʘ: ʧʨʚʦ ʧʦʩʚʝ˂ʝʥʦ ʚʠʜˀʠʚʦʩʪʠ (ʜʝʪʝʢʮʠʿʠ) ʤʘʣʠʭ ʤʝʪʘ, ʠ ʜʨʫʛʦ ʫʦʯʘʚʘˁʫ ʧʝʰʘʢʘ.  

ɼʝʚʝʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ ʢʦʥʮʝʧʪ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʟʘʩʥʦʚʘʥ ʥʘ ʚʠʜˀʠʚʦʩʪʠ 

ʤʘʣʠʭ ʤʝʪʘ (Small Target Visibility ï STV), ʢʦʠʿ ʫʛʣʘʚʥʦʤ ʧʨʦʤʦʚʠʰʝ ɸʜʨʠʘʥ [80ï82], ʫʩʚʦʿʠʣʠ 
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ʩʫ ʠ CIE [83] ʠ ANSI/IESNA [84]. ʀʩʪʠʯʫ˂ʠ ʜʘ ʿʝ ʫ ʦʙʘ ʜʦʢʫʤʝʥʪʘ ʫʩʚʦʿʝʥʘ ʥʠʩʢʘ ʨʝʬʣʝʢʪʘʥʩʘ 

ʧʨʝʜʤʝʪʘ ʦʜ 20%, ʧʨʝʧʦʨʫʯʝʥʝ STV ʚʨʝʜʥʦʩʪʠ ʩʫ ʩʝ ʢʨʝʪʘʣʝ ʦʜ 5,0 ʜʦ 7,5 (ʟʘ ʥʠʚʦʝ ʩʿʘʿʥʦʩʪʠ 

ʠʟʤʝʹʫ 0,5 cd/m2 ʠ 1,0 cd/m2) ʫ CIE ʜʦʢʫʤʝʥʪʫ, ʠ ʦʜ 1,6 ʜʦ 4,9 (ʟʘ ʥʠʚʦʝ ʩʿʘʿʥʦʩʪʠ ʫ ʦʧʩʝʛʫ ʦʜ 

0,3 cd/m2 ʜʦ 1,0 cd/m2) ʫ ANSI/IESNA ʜʦʢʫʤʝʥʪʫ.  

ʀʘʢʦ ʙʝʟʙʝʜʥʦʩʪ ʫ ʩʘʦʙʨʘ˂ʘʿʫ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʦʜ ʩʧʦʩʦʙʥʦʩʪʠ ʚʦʟʘʯʘ ʜʘ ʫʦʯʠ ʠ 

ʧʨʝʧʦʟʥʘ ʤʘʣʝ ʧʨʝʧʨʝʢʝ ʥʘ ʧʫʪʫ, STV ʢʦʥʮʝʧʪ ʥʠʢʘʜʘ ʥʠʿʝ ʙʠʦ ʰʠʨʦʢʦ ʢʦʨʠʰ˂ʝʥ. ʂʘʦ 

ʧʦʩʣʝʜʠʮʘ ʪʦʛʘ, ʧʨʝʧʦʨʫʯʝʥʝ STV ʚʨʝʜʥʦʩʪʠ ʥʠʩʫ ʙʠʣʝ ʫʢˀʫʯʝʥʝ ʫ ʘʞʫʨʠʨʘʥʠ CIE ʜʦʢʫʤʝʥʪ 

ʠʟ 2010. ʛʦʜʠʥʝ [12], ʘ 2006. ʛʦʜʠʥʝ IESNA ʢʦʤʠʪʝʪ ʟʘ ʦʩʚʝʪˀʝˁʝ ʧʫʪʝʚʘ ʧʦʚʫʢʘʦ ʿʝ STV ʢʘʦ 

ʦʙʘʚʝʟʘʥ ʧʘʨʘʤʝʪʘʨ ʫ ʧʨʦʿʝʢʪʦʚʘˁʫ. ʄʝʹʫʪʠʤ, ʫ ʠʩʪʦ ʚʨʝʤʝ IESNA ʿʝ ʟʘʜʨʞʘʣʘ STV ʢʘʦ ʘʣʘʪ 

ʟʘ ʬʠʥʦ ʧʦʜʝʰʘʚʘˁʝ ʠʥʩʪʘʣʘʮʠʿʘ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ ʧʨʦʿʝʢʪʦʚʘʥʠʭ ʧʦ ʩʪʘʥʜʘʨʜʥʠʤ 

ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʩʿʘʿʥʦʩʪʠ.  

ʇʦʰʪʦ ʿʝ ʧʨʦʿʝʢʪʦʚʘˁʝ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʟʘʩʥʦʚʘʥʦ ʥʘ ʢʨʠʪʝʨʠʿʫʤʫ ʩʿʘʿʥʦʩʪʠ ʫ ʦʙʝ 

ʟʦʥʝ (ʚʠʜʝʪʠ ʪʘʙʝʣʫ 53), ʧʨʚʦ ʠʩʧʠʪʠʚʘˁʝ ʢʦʝʿ ʩʝ ʦʜʥʦʩʠʣʦ ʥʘ ʦʙʿʝʢʪʠʚʥʫ ʦʮʝʥʫ ʙʠʣʦ ʿʝ 

ʧʦʩʚʝ˂ʝʥʦ ʧʦʨʝʹʝˁʫ STV ʚʨʝʜʥʦʩʪʠ ʜʚʝ ʜʝʦʥʠʮʝ ʫʣʠʮʝ ʩʘ ʦʩʚʝʪˀʝˁʝʤ ʧʨʠʜʨʫʞʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K ʠ 4000 K. ʋ ʦʢʚʠʨʫ ʜʨʫʛʦʛ ʠʩʧʠʪʠʚʘˁʘ (ʪʘʢʦʹʝ ʧʦʩʚʝ˂ʝʥʦʛ 

ʦʙʿʝʢʪʠʚʥʦ ʿʦʮʝʥʠ) ʪʝʩʪ ʟʦʥʝ ʩʫ ʫʧʦʨʝʹʝʥʝ ʫ ʧʦʛʣʝʜʫ ʩʧʦʩʦʙʥʦʩʪʠ ʚʦʟʘʯʘ ʜʘ ʫʦʯʝ ʧʝʰʘʢʝ. 

 

6.2.2.1 ʀʩʧʠʪʠʚʘˁʝ ʟʘʩʥʦʚʘʥʦ ʥʘ STV ʢʦʥʮʝʧʪʫ 

 

ʆʚʦ ʠʩʧʠʪʠʚʘˁʝ ʿʝ ʟʘʩʥʦʚʘʥʦ ʥʘ ANSI/IESNA ʫʩʣʦʚʠʤʘ ʠʟ 2000. ʛʦʜʠʥʝ (ʢʘʜʘ ʿʝ 

ʨʝʬʣʝʢʪʘʥʩʘ ʤʝʪʝ ʧʨʦʤʝˁʝʥʘ ʩʘ 0,2 ʥʘ 0,5 [85]), ʧʦʪʚʨʹʝʥʠʤ 2014. ʛʦʜʠʥʝ [86]. ʋʩʣʦʚʠ ʩʫ 

ʩʣʝʜʝ˂ʠ:  

ï ʨʘʚʥʘ ʤʝʪʘ (ʜʠʤʝʥʟʠʿʘ 18 cm × 18 cm), ʜʠʬʫʟʥʝ ʨʝʬʣʝʢʪʘʥʩʝ ʦʜ 0,5, ʧʦʩʪʘʚˀʘ ʩʝ 

ʥʦʨʤʘʣʥʦ ʥʘ ʦʩʫ ʫʣʠʮʝ ʫ ʩʚʘʢʦʿ ʦʜ ʩʪʘʥʜʘʨʜʥʠʭ ʪʘʯʘʢʘ ʧʦˀʘ ʚʨʝʜʥʦʚʘˁʘ,  

ï ʣʠʥʠʿʘ ʧʦʩʤʘʪʨʘʯ-ʤʝʪʘ ʿʝ ʧʘʨʘʣʝʣʥʘ ʦʩʠ ʫʣʠʮʝ,  

ï ʧʦʩʤʘʪʨʘʯ ʿʝ ʫʚʝʢ ʧʦʟʠʮʠʦʥʠʨʘʥ 83 m ʦʜ ʤʝʪʝ (ʫʛʘʦ ʛʣʝʜʘˁʘ ʿʝ ʬʠʢʩʠʨʘʥ ʥʘ 7,45 ʤʠʥ), 

ʚʠʩʠʥʘ ʧʦʩʤʘʪʨʘˁʘ ʿʝ 1,45 m, ʘ ʧʨʘʚʘʮ ʛʣʝʜʘˁʘ ʿʝ ʩʢʦʨʦ ʭʦʨʠʟʦʥʪʘʣʘʥ (ʫʛʘʦ ʛʣʝʜʘˁʘ 

ʥʘʜʦʣʝ ʿʝ 1°), 

ï ʧʦʩʤʘʪʨʘʯ ʠʤʘ 60 ʛʦʜʠʥʘ,  

ï ʧʨʘʛ ʢʦʥʪʨʘʩʪʘ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʧʨʝʤʘ ɸʜʨʠʿʘʥʦʚʦʤ ʤʦʜʝʣʫ [81], ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ 

ʿʝ ʚʨʝʤʝ ʧʦʩʤʘʪʨʘˁʘ 0,2 s, ʠ  

ï ʧʦʟʘʜʠʥʩʢʘ ʩʿʘʿʥʦʩʪ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʢʘʦ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʩʿʘʿʥʦʩʪʠ ʮʝʥʪʨʘʣʥʠʭ ʪʘʯʘʢʘ 

ʥʘ ʜʦˁʦʿ ʠ ʛʦʨˁʦ ʿʣʠʥʠʿʠ ʤʝʪʝ (ʧʦʩʣʝʜˁʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʪʘʯʢʫ ʢʦʣʦʚʦʟʘ ʧʦʟʠʮʠʦʥʠʨʘʥʫ 

11,77 m ʠʟʘ ʮʠˀʘ).  

ʀʟʤʝʹʫ ʩʪʫʙʦʚʘ 11 ʠ 12 ʫ ʟʦʥʠ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K, ʦʜʥʦʩʥʦ ʠʟʤʝʹʫ 

ʩʪʫʙʦʚʘ 3 ʠ 4 ʫ ʟʦʥʠ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K (ʚʠʜʝʪʠ ʩʣʠʢʫ 18), ʠʟʘʙʨʘʥʦ ʿʝ 60 (= 

6Ā10) ʩʪʘʥʜʘʨʜʥʠʭ (ʨʝʛʫʣʘʨʥʠʭ) ʪʘʯʘʢʘ ʧʦˀʘ ʚʨʝʜʥʦʚʘˁʘ ʧʨʠʢʘʟʘʥʠʭ ʥʘ ʩʣʠʮʠ 19 (ʧʦʩʪʦʿʝ ʜʚʝ 

ʩʘʦʙʨʘ˂ʘʿʥʝ ʪʨʘʢʝ ʥʘ ʧʦʩʤʘʪʨʘʥʦʿ ʫʣʠʮʠ ʠ ʥʠʿʝʜʥʦ ʦʜ ʜʚʘ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʩʪʫʙʦʚʘ ʥʝ ʧʨʝʣʘʟʠ 

30 m) [60]. ʉʚʝʪʣʦʟʝʣʝʥʘ ʤʝʪʘ (18 cm × 18 cm), ʠʟʨʘʹʝʥʘ ʦʜ ʢʘʨʪʦʥʘ (ʜʠʬʫʟʥʝ ʨʝʬʣʝʢʪʘʥʩʝ 0,46 

(ʧʨʠʙʣʠʞʥʦ 0,5), ʠʟʤʝʨʝʥʝ ʩʧʝʢʪʨʦʤʝʪʨʦʤ GL Spectis 1.0 ʢʦʿʠ ʧʦʩʝʜʫʿʝ ʭʘʣʦʛʝʥʫ ʩʠʿʘʣʠʮʫ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 2854 K ʠ ʫʣʘʟʥʠ ʦʧʪʠʯʢʠ ʩʠʩʪʝʤ ʩʘ ʬʠʢʩʠʨʘʥʠʤ ʚʠʟʫʝʣʥʠʤ ʫʛʣʦʤ ʦʜ 2° [87]), 

ʧʦʩʪʘʚˀʝʥʘ ʿʝ ʫ ʩʚʘʢʦ ʿʪʘʯʢʠ ʧʦˀʘ ʚʨʝʜʥʦʚʘˁʘ. ʇʦʩʤʘʪʨʘʯ (CCD ʢʘʤʝʨʘ (ʣʫʤʠʥʘʥʩʤʝʪʘʨ) 

LMK  98-4 [88]) ʧʦʟʠʮʠʦʥʠʨʘʥ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʛʦʨʝ ʥʘʚʝʜʝʥʠʤ ANSI/IESNA ʫʩʣʦʚʠʤʘ [86], ʧʨʠ 

ʯʝʤʫ ʩʝ ˁʝʛʦʚʘ ʧʦʟʠʮʠʿʘ ʧʨʠʣʘʛʦʹʘʚʘ ʩʚʘʢʦʿ ʪʘʯʢʠ ʧʦˀʘ ʚʨʝʜʥʦʚʘˁʘ. 
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ʉʣʠʢʘ 19. 60 ʪʘʯʘʢʘ ʧʦˀʘ ʚʨʝʜʥʦʚʘˁʘ ʫ ʢʦʿʠʤʘ ʿʝ ʧʦʩʪʘʚˀʝʥʘ ʤʘʣʘ ʤʝʪʘ (ʢʘʤʝʨʘ ʿʝ ʙʠʣʘ 

ʧʦʩʪʘʚˀʝʥʘ ʣʝʚʦ ʦʜ ʩʪʫʙʘ 3 (11)) 

 

ʇʨʝ ʬʦʪʦʛʨʘʬʠʩʘˁʘ, ʧʦʤʦ˂ʫ CCD ʢʘʤʝʨʝ ʠ ʪʝʣʝʤʝʥʘ˅ʤʝʥʪ ʩʠʩʪʝʤʘ, ʥʠʚʦʠ ʩʿʘʿʥʦʩʪʠ ʫ 

ʦʙʝ ʟʦʥʝ ʙʠʣʠ ʩʫ ʧʦʜʝʰʝʥʠ ʥʘ ʚʨʝʜʥʦʩʪ ʦʜ 1 cd/m2, ʰʪʦ ʦʜʛʦʚʘʨʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʦʿ ʢʣʘʩʠ ʫʣʠʮʝ 

M3 [12]. ʀʩʪʦ ʧʦʜʝʰʘʚʘˁʝ ʦʩʚʝʪˀʝˁʘ ʫʨʘʹʝʥʦ ʿʝ ʠ ʟʘ ʜʨʫʛʘ ʜʚʘ ʠʩʧʠʪʠʚʘˁʘ. ʉʚʘ ʠʩʧʠʪʠʚʘˁʘ 

ʩʫ ʠʟʚʝʜʝʥʘ ʢʘʜʘ ʿʝ ʫʣʠʮʘ ʙʠʣʘ ʩʫʚʘ. 

ʅʘʧʨʘʚˀʝʥʘ ʿʝ ʬʦʪʦʛʨʘʬʠʿʘ ʟʘ ʩʚʘʢʠ ʧʦʣʦʞʘʿ ʤʝʪʝ, ʢʦʨʠʰ˂ʝˁʝʤ high-dynamic range 

imaging ʪʝʭʥʦʣʦʛʠʿʝ (HDRI), ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʩʥʠʤʘˁʝ ʩʮʝʥʘ/ʢʘʜʨʦʚʘ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʠ ʚʠʩʦʢ 

ʠ ʥʠʟʘʢ ʥʠʚʦ ʩʿʘʿʥʦʩʪʠ (ʢʘʤʝʨʦʤ ʩʝ ʬʦʪʦʛʨʘʬʠʰʝ ʥʝʢʦʣʠʢʦ ʩʣʠʢʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʤʝʥʠʤʘ 

ʝʢʩʧʦʟʠʮʠʿʝ ʢʦʿʝ ʩʝ ʧʦʪʦʤ ʢʦʥʚʝʨʪʫʫʿ ʫ ʿʝʜʠʥʩʪʚʝʥʫ ʩʣʠʢʫ ʩʘ ʧʦʜʘʮʠʤʘ ʦ ʩʿʘʿʥʦʩʪʠ).  

 

6.2.2.2 ʀʩʧʠʪʠʚʘˁʝ ʢʦʝʿ ʩʝ ʦʜʥʦʩʠ ʥʘ ʫʦʯʘʚʘˁʝ ʧʝʰʘʢʘ 

 

ʇʨʠʤʝˁʝʥʘ ʿʝ ʧʨʦʮʝʜʫʨʘ ʧʨʝʜʩʪʘʚˀʝʥʘ ʫ ʨʝʬʝʨʝʥʮʠ [89], ʟʘʩʥʦʚʘʥʘ ʥʘ ʘʥʘʣʠʟʠ 

ʬʦʪʦʛʨʘʬʠʿʘ ʧʝʰʘʢʘ ʢʦʿʠ ʧʨʝʣʘʟʠ ʫʣʠʮʫ ʠ ʧʨʦʨʘʯʫʥʫ ʜʚʝ ʚʨʩʪʝ ʧʘʨʘʤʝʪʘʨʘ ʚʨʝʜʥʦʚʘˁʘ, 

ʦʜʥʦʩʥʦ ʨʘʟʣʠʢʘ ʫ ʩʿʘʿʥʦʩʪʠ (ʢʦʥʪʨʘʩʪʘ).  

ʉʠʤʫʣʠʨʘʿʫ˂ʠ ʧʝʰʘʢʘ ʢʦʿʠ ʧʨʝʣʘʟʠ ʫʣʠʮʫ, ʦʩʦʙʘ ʦʙʫʯʝʥʘ ʫ ʪʘʤʥʫ ʦʜʝ˂ʫ ʙʠʣʘ ʿʝ 

ʧʦʩʪʘʚˀʝʥʘ ʫ ʧʝʪ ʪʘʯʘʢʘ ʜʫʞ ʩʨʝʜˁʝ ʣʠʥʠʿʝ ʠʟʤʝʹʫ ʩʪʫʙʦʚʘ 10 ʠ 11 ʫ ʟʦʥʠ ʧʨʠʜʨʫʞʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K, ʦʜʥʦʩʥʦ ʠʟʤʝʹʫ ʩʪʫʙʦʚʘ 2 ʠ 3 ʫ ʟʦʥʠ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 

4000 K (ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 20).  

 

 
 

ʉʣʠʢʘ 20. ʇʦʟʠʮʠʿʝ ʧʝʰʘʢʘ ʠ ʢʘʤʝʨʝ 
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ʇʦʩʤʘʪʨʘʯ (CCD ʢʘʤʝʨʘ) ʿʝ ʙʠʦ ʧʦʩʪʘʚˀʝʥ ʥʘ 29 m, 38 m ʠ 60 m ʦʜ ʧʝʰʘʢa (ʜʫʞʠʥʝ 

ʟʘʫʩʪʘʚʥʦʛ ʧʫʪʘ ʧʨʠ ʙʨʟʠʥʠ ʦʜ 50 km/h, 60 km/h ʠ 80 km/h, ʨʝʩʧʝʢʪʠʚʥʦ, ʠ ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ 

ʜʘ ʚʨʝʤʝ ʨʘʟʤʠʰˀʘˁʘ ʠʟʥʦʩʠ 1 s [90, 91]). ʉʠʤʫʣʠʨʘʿʫ˂ʠ ʧʦʣʦʞʘʿ ʦʯʠʿʫ ʚʦʟʘʯʘ, ʢʘʤʝʨʘ ʿʝ ʙʠʣʘ 

ʧʦʩʪʘʚˀʝʥʘ ʫ ʦʩʠ ʩʠʤʝʪʨʠʿʝ ʩʘʦʙʨʘ˂ʘʿʥʝ ʪʨʘʢʝ ʙʣʠʞʝ ʩʪʫʙʦʚʠʤʘ (ʚʠʜʝʪʠ ʩʣʠʢʫ 20) ʥʘ ʚʠʩʠʥʠ 

ʦʜ 1,5 m. ʂʘʤʝʨʘ ʿʝ ʙʠʣʘ ʫʩʤʝʨʝʥʘ ʢʘ ʧʝʰʘʢʫ ʫ ʪʘʯʢʘʤʘ 1 m ʠʟʥʘʜ ʢʦʣʦʚʦʟʘ. ʉʥʠʤˀʝʥʘ ʿʝ 

ʬʦʪʦʛʨʘʬʠʿʘ ʟʘ ʩʚʘʢʠ ʧʦʣʦʞʘʿ ʤʝʪʝ ʠ ʢʘʤʝʨʝ (15 ʬʦʪʦʛʨʘʬʠʿʘ ʟʘ ʩʚʘʢʫ ʪʝʩʪ ʟʦʥʫ). ʌʦʪʦʛʨʘʬʠʿʘ 

ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʦʟʠʮʠʿʫ ʧʝʰʘʢʘ P2 ʠ ʧʦʟʠʮʠʿʫ ʢʘʤʝʨʝ C2 ʫ ʟʦʥʠ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʙʦʿʝ 3000 K ʜʘʪʘ ʿʝ ʢʘʦ ʧʨʠʤʝʨ (ʩʣʠʢʘ 21).  

 

 
 

ʉʣʠʢʘ 21. ʌʦʪʦʛʨʘʬʠʿʘ ʧʝʰʘʢʘ 

 

ʉʚʘʢʘ ʬʦʪʦʛʨʘʬʠʿʘ ʿʝ ʦʙʨʘʹʝʥʘ ʧʦʤʦ˂ʫ ʩʦʬʪʚʝʨʘ ʢʘʤʝʨʝ ʠ ʫ ʩʢʣʘʜʫ ʩʘ ʧʦʩʪʫʧʢʦʤ ʜʘʪʠʤ 

ʫ ʨʝʬʝʨʝʥʮʠ [89]. ʇʨʚʦ ʿʝ ʧʝʰʘʢ ʦʠʚʠʯʝʥ ʣʠʥʠʿʦʤ, ʘ ʟʘʪʠʤ ʿʝ ʥʘʮʨʪʘʥʘ ʿʦʰ ʿʝʜʥʘ ʣʠʥʠʿʘ ʢʦʿʘ 

ʦʢʨʫʞʫʿʝ ʧʨʝʪʭʦʜʥʫ (ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʥʘʿʙʣʠʞʝ ʪʘʯʢʝ ʜʚʝ ʣʠʥʠʿʝ ʙʠʣʦ ʿʝ ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢʦ 

ʰʠʨʠʥʠ ʬʠʛʫʨʝ ʧʝʰʘʢʘ). ʅʘʢʦʥ ʪʦʛʘ ʩʫ ʦʜʨʝʹʝʥʝ ʚʨʝʜʥʦʩʪʠ ʩʿʘʿʥʦʩʪʠ ʤʝʪʝ (ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʩʿʘʿʥʦʩʪʠ ʧʦʚʨʰʠʥʝ ʢʦʫʿ ʧʨʝʢʨʠʚʘ ʬʠʛʫʨʘ ʧʝʰʘʢʘ), ʩʿʘʿʥʦʩʪʠ ʧʦʟʘʜʠʥʝ (ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʩʿʘʿʥʦʩʪʠ ʧʦʚʨʰʠʥʝ ʦʜʨʝʹʝʥʝ ʫʥʫʪʨʘʰˁʦʤ ʠ ʩʧʦˀʘʰˁʦʤ ʣʠʥʠʿʦʤ), ʢʘʦ ʠ ʩʪʘʥʜʘʨʜʥʝ 

ʜʝʚʠʿʘʮʠʿʝ ʩʿʘʿʥʦʩʪʠ ʤʝʪʝ ʠ ʩʿʘʿʥʦʩʪʠ ʧʦʟʘʜʠʥʝ. 

ʇʨʚʠ ʧʨʠʤʝˁʝʥʠ ʧʘʨʘʤʝʪʘʨ ʚʨʝʜʥʦʚʘˁʘ ʢʦʥʪʨʘʩʪʘ ʙʠʦ ʿʝ ʩʪʘʥʜʘʨʜʥʠ (ɺʝʙʝʨʦʚ) 

ʢʦʥʪʨʘʩʪ, ʢʦʿʠ ʿʝ ʜʘʦ ʢʦʨʠʩʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʟʥʘʢʫ ʚʨʝʜʥʦʩʪʠ ʢʦʥʪʨʘʩʪʘ. ɼʝʬʠʥʠʰʝ ʩʝ ʢʘʦ: 

ɺʝʙʝʨʦʚ ʢʦʥʪʨʘʩʪ ,
-

= t b

b

L L

L
    (33) 

ʛʜʝ ʩʫ Lt ʠ Lb ʩʨʝʜˁe ʩʿʘʿʥʦʩʪʠ ʤʝʪʝ ʠ ʧʦʟʘʜʠʥʝ, ʨʝʩʧʝʢʪʠʚʥʦ. ɼʨʫʛʠ ʧʘʨʘʤʝʪʘʨ ʚʨʝʜʥʦʚʘˁʘ ʿʝ 

ʧʨʝʜʩʪʘʚˀʘʦ ɼʦʿʣʦʚ ʢʦʥʪʨʘʩʪ, ʜʝʬʠʥʠʩʘʥ ʢʘʦ: 

( ) ( )
1/2

2 2
ɼʦʿʣʦʚ ʢʦʥʪʨʘʩʪ ,è ø= - + s -s

ê út b t bL L    (34) 

(ůt ʠ ůb ʩʫ ʩʪʘʥʜʘʨʜʥʝ ʜʝʚʠʿʘʮʠʿʝ ʚʨʝʜʥʦʩʪʠ ʧʠʢʩʝʣʘ ʤʝʪʘ ʠ ʧʦʟʘʜʠʥʝ, ʨʝʩʧʝʢʪʠʚʥʦ [89]).  

ɼʦʿʣʦʚ ʧʘʨʘʤʝʪʘʨ ʚʨʝʜʥʦʚʘˁʘ ʢʦʥʪʨʘʩʪʘ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪ ʩʿʘʿʥʦʩʪʠ ʢʘʢʦ 

ʫʥʫʪʘʨ ʧʝʰʘʢʘ, ʪʘʢʦ ʠ ʩʮʝʥʝ ʠʟʘ ˁʝʛʘ. ʆʚʘ ʿʧʘʨʘʤʝʪʘʨ ʚʨʝʜʥʦʚʘˁʘ ʢʦʥʪʨʘʩʪʘ ʿʝ ʚʘʞʘʥ ʟʘ ʦʚʦ 

ʠʩʧʠʪʠʚʘˁʝ ʟʙʦʛ ʧʦʩʪʦʿʘˁʘ ʟʥʘʯʘʿʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʿʘʿʥʦʩʪʠ ʫ ʠʩʧʠʪʥʦʤ ʧʦʫˀ.  
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6.2.3 ʀʩʧʠʪʠʚʘˁʝ ʢʦʿʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʫʙʿʝʢʪʠʚʥʫ ʦʮʝʥʫ 

 

ʀʩʧʠʪʠʚʘˁʝ ʿʝ ʟʘʩʥʦʚʘʥʦ ʥʘ ʘʥʢʝʪʠ ʩʧʨʦʚʝʜʝʥʦʿ ʢʨʦʟ ʫʧʠʪʥʠʢ ʧʦʤʦ˂ʫ ʢʦʛ ʿʝ ʦʜ ʚʦʟʘʯʘ 

ʪʨʘʞʝʥʦ ʜʘ ʠʟʘʙʝʨʫ ʧʦʛʦʜʥʠʿʝ ʩʚʝʪʣʦʪʝʭʥʠʯʢʦ ʨʝʰʝˁʝ ʫ ʚʝʟʠ ʩʘ ʰʝʩʪ ʧʘʨʘʤʝʪʘʨʘ, ʢʘʦ ʠ ʩʘ 

ʦʧʰʪʦʤ ʚʠʜˀʠʚʦʰ˂ʫ. ʀʩʧʠʪʘʥʠʮʠ ʩʫ ʪʘʢʦʹʝ ʟʘʤʦˀʝʥʠ ʜʘ ʦʜʛʦʚʦʨʝ ʥʘ ʪʨʠ ʜʦʜʘʪʥʘ ʧʠʪʘˁʘ. 

ʇʨʚʘ ʜʚʘ ʩʫ ʩʝ ʦʜʥʦʩʠʣʘ ʥʘ ʠʟʙʦʨ ʥʘʿʙʦˀʠʭ ʧʘʨʘʤʝʪʘʨʘ ʦʩʚʝʪˀʝˁʘ ʫ ʩʚʘʢʦʿ ʦʜ ʜʚʝ ʠʥʩʪʘʣʘʮʠʿʝ 

ʦʩʚʝʪˀʝˁʘ, ʘ ʪʨʝ˂ʝ ʥʘ ʠʟʙʦʨ ʥʘʿʟʥʘʯʘʿʥʠʿʝʛ ʧʘʨʘʤʝʪʨʘ ʦʩʚʝʪˀʝˁʘ ʠʟ ʧʝʨʩʧʝʢʪʠʚʝ ʚʦʟʘʯʘ.  

ʋʧʠʪʥʠʢ ʢʦʨʠʰ˂ʝʥ ʫ ʨʝʬʝʨʝʥʮʠ [61] ʩʣʫʞʠʦ ʿʝ ʢʘʦ ʧʦʯʝʪʥʠ ʫʧʠʪʥʠʢ ʟʘ ʘʥʢʝʪʫ. 

ʌʠʥʘʣʠʟʦʚʘʥ ʿʝ ʦʜ ʩʪʨʘʥʝ ʬʦʢʫʩ ʛʨʫʧʝ ʢʦʿʫ ʩʫ ʩʘʯʠˁʘʚʘʣʠ ʘʫʪʦʨ ʠ ʧʨʦʬ. ʜʨ ʄʠʦʤʠʨ ʂʦʩʪʠ˂ 

ʩʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ, ˁʠʭʦʚʝ ʢʦʣʝʛʝ ʠʟ ʘʢʘʜʝʤʩʢʝ ʟʘʿʝʜʥʠʮʝ ʠ ʠʩʢʫʩʥʠ ʧʨʦʿʝʢʪʘʥʪʠ 

ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ. ʅʘ ʩʘʩʪʘʥʢʫ ʬʦʢʫʩ ʛʨʫʧʝ, ʜʝʪʘˀʥʦ ʿʝ ʘʥʘʣʠʟʠʨʘʥʦ ʩʚʘʢʦ ʧʠʪʘˁʝ ʠʟ 

ʧʦʯʝʪʥʦʛ ʫʧʠʪʥʠʢʘ ʠ ʜʠʩʢʫʪʦʚʘʥʦ ʿʝ ʦ ˁʝʛʦʚʦ ʿ ʥʝʦʧʭʦʜʥʦʩʪʠ, ʿʘʩʥʦ˂ʠ ʠ ʢʦʨʠʰ˂ʝʥʦ ʿ

ʪʝʨʤʠʥʦʣʦʛʠʿʠ ʢʦʿʠ ʙʠ ʤʦʛʣʠ ʜʘ ʟʙʫʥʝ ʠʩʧʠʪʘʥʠʢʝ, ʥʘʢʦʥ ʯʝʛʘ ʿʝ ʬʦʢʫʩ ʛʨʫʧʘ ʥʘʧʨʘʚʠʣʘ 

ʥʝʢʦʣʠʢʦ ʠʟʤʝʥʘ ʫ ʧʦʯʝʪʥʦʤ ʫʧʠʪʥʠʢʫ. ʇʨʝ ʩʚʝʛʘ, ʨʘʟʤʘʪʨʘʥ ʿʝ ʩʘʤʦ ʩʫʙʿʝʢʪʠʚʥʠ ʜʦʞʠʚˀʘʿ 

ʠʥʪʝʥʟʠʪʝʪʘ ʦʩʚʝʪˀʝˁʘ ʢʦʣʦʚʦʟʘ (ʘ ʥʝ ʦʧʰʪʠ ʠʥʪʝʥʟʠʪʝʪ ʦʩʚʝʪˀʝˁʘ ʢʦʣʦʚʦʟʘ ʠ ʪʨʦʪʦʘʨʘ), ʿʝʨ 

ʿʝ ʫ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʥʠʚʦʦʤ ʩʿʘʿʥʦʩʪʠ ʫʣʠʮʝ. ʌʦʢʫʩ ʛʨʫʧʘ ʿʝ ʫʢʣʦʥʠʣʘ ʧʠʪʘˁʝ ʢʦʿʝ ʩʝ ʦʜʥʦʩʠ ʥʘ 

ʨʘʚʥʦʤʝʨʥʦʩʪ ʩʚʝʪʣoʩʪʠ (ʩʿʘʿʥʦʩʪʠ) ʢʦʣʦʚʦʟʘ, ʿʝʨ ʩʫ ʛʝʦʤʝʪʨʠʿʘ ʦʙʝ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʠ 

ʬʦʪʦʤʝʪʨʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʙʘ ʪʠʧʘ ʩʚʝʪʠˀʢʠ ʙʠʣʠ ʩʢʦʨʦ ʠʜʝʥʪʠʯʥʠ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʿʝ 

ʩʤʘˁʝʥ ʙʨʦʿ ʧʠʪʘˁʘ, ʰʪʦ ʿʝ ʙʠʣʦ ʧʦʞʝˀʥʦ ʟʙʦʛ ʢʨʘʪʢʦʛ ʠʟʣʘʛʘˁʘ ʚʦʟʘʯʘ ʪʝʩʪ ʟʦʥʘʤʘ (ʿʝʜʘʥ 

ʮʠʢʣʫʩ ʚʦʞˁʝ (ʫ ʦʙʘ ʧʨʘʚʮʘ) ʪʨʘʿʘʦ ʿʝ ʦʢʦ 1,5 min). ʋʟ ʪʦ, ʟʙʦʛ ʢʨʘʪʢʝ ʜʫʞʠʥʝ ʦʙʝ ʪʝʩʪ ʟʦʥʝ, 

ʥʠʿʝ ʙʠʣʦ ʧʦʪʨʝʙʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʧʦʜʫʞʥʫ ʨʘʚʥʦʤʝʨʥʦʩʪ ʩʿʘʿʥʦʩʪʠ. ɼʨʫʛa ʦʩʥʦʚʥʘ ʧʠʪʘˁʘ ʠʟ 

ʧʦʯʝʪʥʦʛ ʫʧʠʪʥʠʢʘ (ʫ ʚʝʟʠ ʩʘ ʙʦʿʦʤ ʩʚʝʪʣʦʩʪʠ, ʙˀʝʰʪʘˁʝʤ ʠ ʫʦʯʘʚʘˁʝʤ ʧʝʰʘʢʘ ʠ ʧʨʝʧʨʝʢʘ) 

ʥʠʩʫ ʠʟʤʝˁʝʥʘ. ʂʦʥʘʯʥʦ, ʫʧʠʪʥʠʢ ʿʝ ʩʘʜʨʞʘʦ ʰʝʩʪ ʛʣʘʚʥʠʭ ʧʠʪʘˁʘ ʢʦʿʘ ʧʦʢʨʠʚʘʿʫ ʨʘʟʤʘʪʨʘʥʝ 

ʧʘʨʘʤʝʪʨʝ ʢʚʘʣʠʪʝʪʘ ʦʩʚʝʪˀʝˁʘ (ʢʦʿʠ ʩʝ ʤʦʛʫ ʟʘʧʘʟʠʪʠ ʧʨʠʣʠʢʦʤ ʚʦʞʝˁ). ʋʤʝʩʪʦ ʧʠʪʘˁʘ ʫ 

ʚʝʟʠ ʩʘ ʦʧʰʪʠʤ ʫʪʠʩʢʦʤ (ʧʦʯʝʪʥʠ ʫʧʠʪʥʠʢ), ʩʝʜʤʦ ʧʠʪʘˁʝ ʿʝ ʤʦʜʠʬʠʢʦʚʘʥʦ ʜʘ ʩʝ ʦʜʥʦʩʠ ʥʘ 

ʦʧʰʪʫ ʚʠʜˀʠʚʦʩʪ. ɼʚʘ ʜʦʜʘʪʥʘ ʧʠʪʘˁʘ ʠʟ ʧʦʯʝʪʥʦʛ ʫʧʠʪʥʠʢʘ ʙʠʣʘ ʩʫ ʤʘʣʦ ʠʟʤʝˁʝʥʘ: ʦʜ 

ʠʩʧʠʪʘʥʠʢʘ ʿʝ ʟʘʪʨʘʞʝʥʦ ʜʘ ʠʟʘʙʝʨʫ ʜʚʘ (ʫʤʝʩʪʦ ʿʝʜʥʦʛ) ʥʘʿʙʦˀʘ ʧʘʨʘʤʝʪʨʘ ʢʚʘʣʠʪʝʪʘ ʫʣʠʯʥʦʛ 

ʦʩʚʝʪˀʝˁʘ ʦʜ ʰʝʩʪ ʧʦʥʫʹʝʥʠʭ. ɼʘ ʙʠ ʩʝ ʫʪʚʨʜʠʦ ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʧʘʨʘʤʝʪʘʨ ʢʚʘʣʠʪʝʪʘ ʫʣʠʯʥʦʛ 

ʦʩʚʝʪˀʝˁʘ ʠʟ ʧʝʨʩʧʝʢʪʠʚʝ ʚʦʟʘʯʘ, ʬʦʢʫʩ ʛʨʫʧʘ ʿʝ ʢʨʝʠʨʘʣʘ ʥʦʚʦ (ʪʨʝ˂ʝ) ʜʦʜʘʪʥʦ ʧʠʪʘˁʝ. 

ʂʦʥʘʯʘʥ ʦʙʣʠʢ ʫʧʠʪʥʠʢʘ ʢʦʨʠʰ˂ʝʥʦʛ ʫ ʘʥʢʝʪʠ ʜʘʪ ʿʝ ʫ ʇʨʠʣʦʛʫ 3. 

ʇʦʰʪʦ ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʦʮʝˁʠʚʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʦʩʚʝʪˀʝˁʘ ʥʠʿʝ ʩʤʘʪʨʘʥʦ ʤʦʛʫ˂ʠʤ ʟʙʦʛ 

ʢʨʘʪʢʦʛ ʚʨʝʤʝʥʘ ʠʟʣʘʛʘˁʘ ʪʝʩʪ ʟʦʥʘʤʘ, ʩʚʠ ʯʣʘʥʦʚʠ ʬʦʢʫʩ ʛʨʫʧʝ ʩʫ ʩʝ ʩʣʦʞʠʣʠ ʜʘ ʠʩʧʠʪʘʥʠʮʠ 

ʪʨʝʙʘ ʜʘ ʠʟʘʙʝʨʫ ʩʘʤʦ ʙʦˀʝ ʦʜ ʜʚʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ ʧʦ ʧʠʪʘˁʫ ʩʚʘʢʦʛ ʧʘʨʘʤʝʪʨʘ.  

ɼʘ ʙʠ ʩʝ ʧʦʩʪʫʧʘʢ ʘʥʢʝʪʠʨʘˁʘ ʠ ʪʝʨʤʠʥʦʣʦʛʠʿʘ ʢʦʨʠʰ˂ʝʥʘ ʫ ʫʧʠʪʥʠʢʫ ʦʙʿʘʩʥʠʣʠ 

ʠʩʧʠʪʘʥʠʮʠʤʘ, ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʚʦʞˁʝ ʦʜʨʞʘʥʦ ʿʝ ʫʚʦʜʥʦ ʧʨʝʜʘʚʘˁʝ. ʋʧʠʪʥʠʢ ʿʝ ʧʨʦʯʠʪʘʥ ʠ 

ʫʯʝʩʥʠʮʠ ʩʫ ʧʦʩʪʘʚʠʣʠ ʥʝʢʦʣʠʢʦ ʧʠʪʘˁʘ (ʦ ʟʥʘʯʝˁʫ ʢʦʣʦʚʦʟʘ (ʦʜʛʦʚʦʨ: ʦʥ ʥʝ ʫʢˀʫʯʫʿʝ 

ʪʨʦʪʦʘʨ) ʠ ʚʠʜˀʠʚʦʩʪʠ (ʦʜʛʦʚʦʨ: oʥʘ ʥʝ ʫʢˀʫʯʫʿʝ ʚʠʜʥʠ ʢʦʤʬʦʨ), ʢʘʦ ʠ ʦ ʫʣʦʟʠ ʩʫʚʦʟʘʯʘ), ʰʪʦ 

ʿʝ ʜʦʧʨʠʥʝʣʦ ʧʦʪʧʫʥʦʤ ʨʘʟʫʤʝʚʘˁʫ ʢʘʢʦ ʧʦʿʤʦʚʘ, ʪʘʢʦ ʠ ʮʝʣʝ ʧʨʦʮʝʜʫʨʝ. ʋ ʮʠˀʫ ʧʦʚʝ˂ʘˁʘ 

ʤʦʪʠʚʘʮʠʿʝ ʠʩʧʠʪʘʥʠʢʘ ʜʘ ʜʘʿʫ ʠʩʢʨʝʥʝ ʦʜʛʦʚʦʨʝ ʠ ʢʦʥʮʝʥʪʨʠʰʫ ʩʝ ʧʨʠʣʠʢʦʤ ʦʮʝˁʠʚʘˁʘ 

ʨʘʟʤʘʪʨʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ, ʨʝʯʝʥʦ ʠʤ ʿʝ ʜʘ ʙʠ ʨʝʟʫʣʪʘʪʠ ʘʥʢʝʪʝ ʤʦʛʣʠ ʜʘ 

ʜʦʧʨʠʥʝʩʫ ʫʩʚʘʿʘˁʫ ʩʪʨʘʪʝʰʢʝ ʦʜʣʫʢʝ ʫ ʚʝʟʠ ʩʘ ʫʧʦʪʨʝʙʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ LED 

ʧʘʢʝʪʘ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ.  

 

6.2.3.1 ʋʯʝʩʥʠʮʠ ʘʥʢʝʪʝ 

 

ʉʪʘʨʦʩʥʦ ʜʦʙʘ ʫʯʝʩʥʠʢʘ ʘʥʢʝʪʝ (45 ʤʫʰʢʘʨʘʮʘ ʠ 8 ʞʝʥʘ) ʙʠʣʦ ʿʝ ʠʟʤʝʹʫ 21 ʠ 67 ʛʦʜʠʥʘ 

(22 ʩʫ ʙʠʣʠ ʤʣʘʹʠ ʦʜ 25 ʛʦʜʠʥʘ, ʘ 23 ʩʫ ʙʠʣʠ ʩʪʘʨʦʩʪʠ ʠʟʤʝʹʫ 25 ʠ 35 ʛʦʜʠʥʘ). ʇʦʨʝʜ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʧʦʩʝʜʦʚʘˁʘ ʚʘʞʝ˂ʝ ʚʦʟʘʯʢʝ ʜʦʟʚʦʣʝ, ʩʚʘʢʠ ʫʯʝʩʥʠʢ ʿʝ ʧʦʪʚʨʜʠʦ ʜʘ ʿʝ ʘʢʪʠʚʘʥ ʚʦʟʘʯ ʩʘ 

ʥʦʨʤʘʣʥʠʤ ʚʠʜʦʤ. ʆʨʛʘʥʠʟʘʪʦʨʠ ʠʩʪʨʘʞʠʚʘˁʘ ʥʠʩʫ ʩʤʘʪʨʘʣʠ ʥʝʦʧʭʦʜʥʠʤ ʩʧʨʦʚʦʹʝˁʝ ʙʠʣʦ 

ʢʘʢʚʝ ʧʨʦʚʝʨʝ ʚʠʜʘ ʫʯʝʩʥʠʢʘ, ʿʝʨ ʩʫ, ʫʤʝʩʪʦ ʢʘʪʝʛʦʨʠʩʘˁʘ ʫʯʝʩʥʠʢʘ ʫ ʥʝʢʝ ʦʜʨʝʹʝʥʝ ʛʨʫʧʝ ʫ 

ʧʦʛʣʝʜʫ ˁʠʭʦʚʦʛ ʚʠʜʘ, ʞʝʣʝʣʠ ʜʘ ʦʥʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʰʠʨʦʢʫ ʧʦʧʫʣʘʮʠʿʫ ʚʦʟʘʯʘ. ɿʙʦʛ ʪʦʛʘ ʿʝ 

ʩʪʘʨʦʩʥʦ ʜʦʙʘ ʫʯʝʩʥʠʢʘ ʧʨʠʧʘʜʘʣʦ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʫ ʠ ʘʥʛʘʞʦʚʘʥʘ ʩʫ ʦʙʘ ʧʦʣʘ. 

 

6.2.3.2 ʇʨʦʮʝʜʫʨʘ 

 

ɼʦʛʦʚʦʨʝʥʦ ʿʝ ʜʘ ʙʨʟʠʥʘ ʚʦʞˁʝ ʙʫʜʝ ʦʢʦ 50 km/h, ʰʪʦ ʦʜʛʦʚʘʨʘ ʥʘʿʯʝʰʝ˂ʤ ʙʨʟʠʥʩʢʦʤ 

ʦʛʨʘʥʠʯʝˁʫ ʥʘ ʛʨʘʜʩʢʠʤ ʫʣʠʮʘʤʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʧʠʣʦʪ ʧʨʦʿʝʢʪʘ ʧʨʝʜʩʪʘʚˀʝʥʦʛ ʫ ʨʝʬʝʨʝʥʮʠ 

[22], ʜʝʦ ʫʣʠʮʝ ʫ ʢʦʤʝ ʿʝ ʚʨʰʝʥʦ ʠʩʧʠʪʠʚʘˁʝ ʥʠʿʝ ʟʘʪʚʦʨʝʥ ʟʘ ʩʘʦʙʨʘ˂ʘʿ. ʄʝʹʫʪʠʤ, ʟʙʦʛ 

ʣʦʢʘʮʠʿʝ ʨʘʟʤʘʪʨʘʥʝ ʫʣʠʮʝ (ʢʦʤʝʨʮʠʿʘʣʥʘ ʟʦʥʘ) ʠ ʜʦʙʘ ʜʘʥʘ, ʛʫʩʪʠʥʘ ʩʘʦʙʨʘ˂ʘʿʘ ʿʝ ʙʠʣʘ ʚʝʦʤʘ 

ʥʠʩʢʘ.  

ʉʚʝʪʣʦʩʪ ʜʨʫʛʝ ʙʦʿʝ ʤʦʛʣʘ ʩʝ ʚʠʜʝʪʠ ʩʘʤʦ ʠʟ ʜʘˀʠʥʝ ʠ, ʩʪʦʛʘ, ʧʨʘʢʪʠʯʥʦ ʥʠʿʝ ʫʪʠʮʘʣʘ ʥʘ 

ʘʤʙʠʿʝʥʪ ʚʦʞˁʝ.  

ʋ ʨʝʬʝʨʝʥʮʠ [92] ʧʨʦʫʯʘʚʘʥ ʿʝ ʫʪʠʮʘʿ ʜʠʤʦʚʘˁʘ ʥʘ ʧʨʦʤʝʥʫ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ ʙʝʣʠʭ LED 

ʧʘʢʝʪʘ. ʆʪʢʨʠʚʝʥʦ ʿʝ ʜʘ ʥʠ ʜʠʤʦʚʘˁʝ ʨʝʛʫʣʘʮʠʿʦʤ ʩʪʨʫʿʝ ʥʠʪʠ ʤʦʜʫʣʘʮʠʿʦʤ ʧʫʣʩʥʝ ʰʠʨʠʥʝ 

(pulse width modulation (PWM)) (ʢʦʨʠʰ˂ʝʥʦ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ) ʥʠʿʝ ʠʟʘʟʚʘʣʦ ʧʨʠʤʝʪʥʫ 

ʧʨʦʤʝʥʫ ʪʨʠʭʨʦʤʘʪʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘ (ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ) ʬʦʩʬʦʨʥʠʭ LED ʧʘʢʝʪʘ ʢʦʠʿ ʩʫ 

ʢʦʨʠʰ˂ʝʥʠ ʠ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ. ʉʪʦʛʘ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʤʘˁʝˁʝ ʩʪʚʘʨʥʠʭ ʥʠʚʦʘ 

ʩʿʘʿʥʦʩʪʠ ʥʘ 1 cd/m2 ʫ ʦʙʝ ʪʝʩʪ ʟʦʥʝ ʥʠʿʝ ʠʟʘʟʚʘʣʦ ʧʨʠʤʝʪʥʫ ʧʨʦʤʝʥʫ ʪʨʠʭʨʦʤʘʪʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪʘ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ ʥʠ ʫ ʿʝʜʥʦ ʿʦʜ ˁʠʭ.  

ʀʘʢʦ ʿʝ ʘʥʢʝʪʘ ʫʢˀʫʯʠʚʘʣʘ ʩʘʤʦ ʚʦʞˁʫ ʜʝʩʥʦʤ ʩʪʨʘʥʦʤ, ˁʝʥʠ ʨʝʟʫʣʪʘʪʠ ʩʝ ʤʦʛʫ 

ʩʤʘʪʨʘʪʠ ʦʧʰʪʠʤ, ʿʝʨ ʩʘʜʘʰˁʠ ʩʪʘʥʜʘʨʜʠ ʠ ʧʨʝʧʦʨʫʢʝ [60, 93] ʥʝ ʧʨʘʚʝ ʥʠʢʘʢʚʫ ʨʘʟʣʠʢʫ 

ʠʟʤʝʹʫ ʚʦʞˁʝ ʜʝʩʥʦʤ ʠ ʣʝʚʦʤ ʩʪʨʘʥʦʤ ʫ ʧʦʛʣʝʜʫ ʧʦʣʦʞʘʿʘ ʚʦʟʘʯʘ ʧʨʠ ʧʨʦʨʘʯʫʥʫ ʦʙʿʝʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ (ʚʦʟʘʯ ʩʝ ʧʦʩʪʘʚˀʘ ʫ ʦʩʫ ʩʚʘʢʝ ʩʘʦʙʨʘ˂ʘʿʥʝ ʪʨʘʢʝ).  

ɼʦʢ ʩʫ ʯʝʢʘʣʠ ʩʚʦʿ ʨʝʜ ʟʘ ʚʦʞˁʫ, ʫʯʝʩʥʠʮʠ ʩʫ ʩʪʘʿʘʣʠ ʙʣʠʟʫ ʪʝʩʪ ʟʦʥʝ ʩʘ LED ʧʘʢʝʪʠʤʘ 

ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K, ʠʟ ʢʦʿʝ ʿʝ ʧʦʯʠˁʘʦ ʩʚʘʢʠ ʮʠʢʣʫʩ ʚʦʞʝˁ. ʀʩʧʠʪʘʥʠʮʠ ʩʫ 

ʚʦʟʠʣʠ ʠʣʠ ʘʫʪʦʤʦʙʠʣ ʦʙʝʟʙʝʹʝʥ ʦʜ ʩʪʨʘʥʝ ʦʨʛʘʥʠʟʘʪʦʨʘ ʘʥʢʝʪʝ ʠʣʠ, ʫ ʮʠˀʫ ʩʢʨʘ˂ʝˁʘ ʫʢʫʧʥʦʛ 

ʪʨʘʿʘˁʘ ʘʥʢʝʪʝ, ʩʦʧʩʪʚʝʥʠ ʘʫʪʦʤʦʙʠʣ. ʂʦʨʠʰ˂ʝʥʠ ʩʫ ʩʘʤʦ ʘʫʪʦʤʦʙʠʣʠ ʩʘ ʬʘʨʦʚʠʤʘ ʢʦʿʠ 

ʩʘʜʨʞʝ ʭʘʣʦʛʝʥʝ ʩʠʿʘʣʠʮʝ, ʢʦʿʝ ʩʫ ʠ ʜʘˀʝ ʜʦʤʠʥʘʥʪʥʝ ʫ ʩʘʦʙʨʘ˂ʘʿʫ. ʊʦʢʦʤ ʩʚʘʢʝ ʚʦʞˁʝ ʥʘ 

ʚʦʟʠʣʠʤʘ ʩʫ ʙʠʣʘ ʫʢˀʫʯʝʥʘ ʦʙʦʨʝʥʘ ʩʚʝʪʣʘ.  

ʋʥʫʪʨʘʰˁʝ ʘʤʙʠʿʝʥʪʘʣʥʦ ʦʩʚʝʪˀʝˁʝ ʫ ʩʚʠʤ ʘʫʪʦʤʦʙʠʣʠʤʘ ʙʠʣʦ ʿʝ ʠʩʢˀʫʯʝʥʦ (ʰʪʦ 

ʧʨʝʜʩʪʘʚˀʘ ʫʦʙʠʯʘʿʝʥʫ ʩʠʪʫʘʮʠʿʘ ʫ ʧʨʘʢʩʠ), ʦʩʪʘʚˀʘʿʫ˂ʠ ʩʘʤʦ ʝʬʝʢʘʪ ʦʩʚʝʪˀʝˁʘ ʠʥʩʪʨʫʤʝʥʪ 

ʪʘʙʣʝ ʥʘ ʚʦʟʘʯʘ. ʄʝʹʫʪʠʤ, ʦʚʘʿ ʝʬʝʢʘʪ ʩʝ ʤʦʞʝ ʩʤʘʪʨʘʪʠ ʟʘʥʝʤʘʨˀʠʚʠʤ [94].  

ʋ ʩʪʫʜʠʿʠ ʦ ʢʦʤʙʠʥʦʚʘʥʦʤ ʝʬʝʢʪʫ ʦʩʚʝʪˀʝˁʘ ʧʫʪʘ ʠ ʬʘʨʦʚʘ ʘʫʪʦʤʦʙʠʣʘ [95], ʠʟʚʝʜʝʥʠ 

ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʘ ʦʩʚʝʪˀʝʥʦʤ ʠ ʥʝʦʩʚʝʪˀʝʥʦʤ ʧʫʪʫ ʫ ʮʠˀʫ ʫʪʚʨʹʠʚʘˁʘ ʫʪʠʮʘʿʘ ʙˀʝʰʪʘˁʘ 

(ʢʦʿʠ ʿʝ ʠʟʘʟʚʘʥ ʬʘʨʦʚʠʤʘ ʥʘʜʦʣʘʟʝ˂ʠʭ ʘʫʪʦʤʦʙʠʣʘ) ʥʘ ʚʦʟʘʯʝʚʫ ʚʠʜˀʠʚʦʩʪ. ʂʘʦ ʰʪʦ ʿʝ ʠ 

ʦʯʝʢʠʚʘʥʦ, ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʦʩʚʝʪˀʝˁʝ ʧʫʪʝʚʘ ʩʤʘˁʫʿʝ ʝʬʝʢʘʪ ʙˀʝʰʪʘˁʘ ʥʘʜʦʣʘʟʝ˂ʝʛ 

ʘʫʪʦʤʦʙʠʣʘ ʟʙʦʛ ʧʦʙʦˀʰʘʥʝ ʚʠʟʫʝʣʥʝ ʘʜʘʧʪʘʮʠʿʝ ʚʦʟʘʯʘ. ɼʨʫʛʘ ʩʪʫʜʠʿʘ [96] ʿʝ ʠʩʪʨʘʞʠʚʘʣʘ 

ʝʬʝʢʘʪ ʜʠʤʦʚʘˁʘ ʦʩʚʝʪˀʝˁʘ ʧʫʪʘ (100%, 71% ʠ 49% ʧʦʯʝʪʥʦʛ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ) ʥʘ 

ʙˀʝʰʪʘˁʝ ʠʟʘʟʚʘʥʦ ʢʨʘʪʢʠʤ (ʦʙʦʨʝʥʠʤ) ʩʚʝʪʣʠʤʘ ʥʘʜʦʣʘʟʝ˂ʝʛ ʘʫʪʦʤʦʙʠʣʘ. ʉʫʧʨʦʪʥʦ 

ʦʯʝʢʠʚʘˁʠʤʘ, ʥʠʿʝ ʧʨʦʥʘʹʝʥʘ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʙˀʝʰʪʘˁʫ. ʋ ʦʚʦʤ 

ʠʩʪʨʘʞʠʚʘˁʫ, ʩʘʤʦ ʰʝʩʪ ʫʯʝʩʥʠʢʘ ʠʤʘʣʦ ʿʝ ʥʘʜʦʣʘʟʝ˂ʠ ʘʫʪʦʤʦʙʠʣ ʪʦʢʦʤ ʚʦʞˁʝ, ʟʙʦʛ ʯʝʛʘ 

ʙˀʝʰʪʘˁʝ ʬʘʨʦʚʘ ʘʫʪʦʤʦʙʠʣʘ ʧʨʘʢʪʠʯʥʦ ʥʠʿʝ ʫʪʠʮʘʣʦ ʥʘ ʦʜʛʦʚʦʨʝ. 

ʆʜ ʚʦʟʘʯʘ ʿʝ ʟʘʪʨʘʞʝʥʦ ʜʘ ʧʘʞˀʠʚʦ ʧʨʦʯʠʪʘʿʫ ʧʠʪʘˁʘ ʧʨʝ ʚʦʞˁʝ ʠ ʦʙʨʘʪʝ ʧʘʞˁʫ ʥʘ 

ʨʝʣʝʚʘʥʪʥʝ ʧʘʨʘʤʝʪʨʝ ʦʩʚʝʪˀʝˁʘ (ʠʥʪʝʥʟʠʪʝʪ ʦʩʚʝʪˀʝˁʘ, ʙʦʿʘ ʩʚʝʪʣʦʩʪʠ, ʙˀʝʰʪʘˁʝ ʠʪʜ.). 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ɿʘʜʘʪʘʢ ʩʫʚʦʟʘʯʘ ʿʝ ʙʠʦ ʜʘ ʧʦʜʩʝʪʠ ʚʦʟʘʯʘ ʥʘ ʦʚʝ ʧʘʨʘʤʝʪʨʝ ʥʝʢʦʣʠʢʦ ʧʫʪʘ ʪʦʢʦʤ ʚʦʞˁʝ. ʇʦ 

ʟʘʚʨʰʝʥʦʿ ʚʦʞˁʠ (ʜʦʢ ʩʫ ʜʦʞʠʚˀʘʿʠ ʙʠʣʠ ʩʚʝʞʠ), ʚʦʟʘʯ ʙʠ ʧʦʧʫʥʠʦ ʫʧʠʪʥʠʢ ʠ ʧʨʝʜʘʦ ʛʘ 

ʦʨʛʘʥʠʟʘʪʦʨʠʤʘ ʘʥʢʝʪʝ. ʉʘʤʦ ʚʦʟʘʯʠ, ʘ ʥʝ ʠ ʩʫʚʦʟʘʯʠ, ʧʦʧʫˁʘʚʘʣʠ ʩʫ ʫʧʠʪʥʠʢ, ʿʝʨ ʿʝ 

ʩʧʨʦʚʝʜʝʥʦ ʠʩʪʨʘʞʠʚʘˁʝ [97] ʧʦʢʘʟʘʣʦ ʜʘ ʩʫ ʧʝʨʬʦʨʤʘʥʩʝ ʚʦʟʘʯʘ ʙʠʣʝ ʥʠʞʝ ʥʝʛʦ ʢʦʜ ʧʫʪʥʠʢʘ. 

ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʧʦʤʝʥʫʪʦ, ʚʦʞˁʘ ʿʝ ʫʚʝʢ ʧʦʯʠˁʘʣʘ ʠʟ ʜʝʣʘ ʟʘ ʦʢʫʧˀʘˁʝ ʫʯʝʩʥʠʢʘ, ʢʦʿʠ ʿʝ 

ʙʠʦ ʦʩʚʝʪˀʝʥ ʠ ʫʜʘˀʝʥ 20 m ʦʜ ʧʨʚʦʛ ʩʪʫʙʘ ʟʦʥʝ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 

3000 K (ʦʟʥʘʯʝʥʦ ʩʘ 13 ʥʘ ʩʣʠʮʠ 18) ï ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʩʫ ʚʦʟʘʯʠ ʫ ʦʚʫ ʟʦʥʫ ʫʣʘʟʠʣʠ ʠʟ ʚʝ˂ 

ʦʩʚʝʪˀʝʥʦʛ ʧʦʜʨʫʯʿʘ. ʅʘʧʫʰʪʘʿʫ˂ʠ ʟʦʥʫ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K, 

ʚʦʟʘʯ ʿʝ ʧʨʦʣʘʟʠʦ ʢʨʦʟ ʪʘʤʧʦʥ (ʪʘʤʥʫ) ʟʦʥʫ ʠʟ ʢʦʿʝ ʿʝ ʫʣʘʟʠʦ ʫ ʟʦʥʫ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K. ʅʘʢʦʥ ʚʦʞˁʝ ʢʨʦʟ ʦʚʫ ʟʦʥʫ ʠ ʧʦʣʫʢʨʫʞʥʦʛ ʦʢʨʝʪʘˁʘ ʥʘʟʘʜ, ʚʦʟʘʯ ʿʝ 

ʿʦʰ ʿʝʜʥʦʤ ʫʣʘʟʠʦ ʫ ʟʦʥʫ ʦʜ 4000 K (ʦʚʦʛ ʧʫʪʘ ʠʟ ʚʝ˂ ʦʩʚʝʪˀʝʥʦʛ ʧʦʜʨʫʯʿʘ). ʂʦʥʘʯʥʦ, ʥʘʢʦʥ 

ʧʦʥʦʚʥʦʛ ʧʨʦʣʘʩʢʘ ʢʨʦʟ ʪʘʤʧʦʥ ʟʦʥʫ, ʚʦʟʘʯ ʿʝ ʫʣʘʟʠʦ ʫ ʟʦʥʫ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K (ʦʚʦʛ ʧʫʪʘ ʠʟ ʥʝʦʩʚʝʪˀʝʥʦʛ (ʪʘʤʥʦʛ) ʧʦʜʨʫʯʿʘ). ʊʨʝʙʘ ʥʘʛʣʘʩʠʪʠ ʜʘ 

ʢʘʜʘ ʙʠ ʚʦʟʘʯ ʢʨʦʟ ʟʦʥʝ ʧʨʦʣʘʟʠʦ ʦʙʨʥʫʪʠʤ ʨʝʜʦʤ, ʨʝʟʫʣʪʘʪʠ ʙʠ ʙʠʣʠ ʧʨʘʢʪʠʯʥʦ ʠʩʪʠ.  

ʅʘ ʦʩʥʦʚʫ ˁʠʭʦʚʠʭ ʚʨʝʤʝʥʩʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʠʜʝʥʪʠʬʠʢʦʚʘʥʝ ʩʫ ʪʨʠ ʢʦʤʧʦʥʝʥʪʝ 

ʭʨʦʤʘʪʩʢʝ ʘʜʘʧʪʘʮʠʿʝ: ʩʧʦʨʘ, ʙʨʟʘ ʠ ʪʨʝʥʫʪʥʘ ʭʨʦʤʘʪʩʢʘ ʘʜʘʧʪʘʮʠʿʘ, ʦʜ ʢʦʿʠʭ ʧʨʚʝ ʜʚʝ ʫʪʠʯʫ 

ʥʘ ʙʦʿʫ ʩʚʝʪʣʦʩʪʠ ʠ ʭʨʦʤʘʪʩʢʫ ʜʠʩʢʨʠʤʠʥʘʮʠʿʫ, ʘ ʪʨʝ˂ʘ ʠʩʢˀʫʯʠʚʦ ʥʘ ʙʦʫʿ ʩʚʝʪʣʦʩʪʠ [98]. 

ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʧʦʪʧʫʥʘ ʭʨʦʤʘʪʩʢʘ ʘʜʘʧʪʘʮʠʿʘ ʦʙʠʯʥʦ ʪʨʘʿʝ ʜʦ 40 ʩʝʢʫʥʜʠ, ʰʪʦ ʿʝ ʧʦʩʪʠʛʥʫʪʦ ʫ 

ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ.  

ʇʦʰʪʦ ʩʝ ʿʝʜʥʦ ʦʜ ʧʠʪʘˁʘ ʦʜʥʦʩʠʣʦ ʥʘ ʫʦʯʘʚʘˁʝ ʧʝʰʘʢʘ ʪʦʢʦʤ ʚʦʞˁʝ, ʦʜ ʚʦʟʘʯʘ ʩʝ 

ʦʯʝʢʠʚʘʣʦ ʜʘ ʧʨʠʤʝʪʝ ʫʯʝʩʥʠʢʝ ʦʙʫʯʝʥʝ ʫ ʪʘʤʥʫ ʦʜʝ˂ʫ, ʢʦʿʠ ʩʫ ʩʪʘʿʘʣʠ ʥʘ ʠʚʠʯˁʘʢʫ ʫ ʦʙʝ ʪʝʩʪ 

ʟʦʥʝ (ˁʠʭʦʚ ʧʦʣʦʞʘʿ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 18).  

ʀʩʪʠʯʫ˂ʠ ʚʘʞʥʦʩʪ ʫʦʯʘʚʘˁʘ ʤʘʣʠʭ ʧʨʝʧʨʝʢʘ ʥʘ ʫʣʠʮʠ [43, 99], ʜʚʝ ʠʜʝʥʪʠʯʥʝ ʢʦʮʢʝ 

(ʿʝʜʥʘ ʩʚʝʪʣʦʟʝʣʝʥʘ, ʘ ʜʨʫʛʘ ʪʘʤʥʦʧʣʘʚʘ) ʙʠʣʝ ʩʫ ʧʦʩʪʘʚˀʝʥʝ ʫ ʦʩʠ ʢʦʣʦʚʦʟʘ ʫ ʩʚʘʢʦʿ ʪʝʩʪ ʟʦʥʠ 

(ʧʦʟʠʮʠʿʝ ʦʚʝ ʯʝʪʠʨʠ ʢʦʮʢʝ ʪʘʢʦʹʝ ʩʫ ʧʨʠʢʘʟʘʥʝ ʥʘ ʩʣʠʮʠ 18). ʇʨʝʤʘ STV ʢʦʥʮʝʧʪʫ, ʚʦʟʘʯ 

ʪʨʝʙʘ ʜʘ ʫʦʯʠ ʧʨʝʧʨʝʢʫ (ʢʦʮʢʫ) ʧʦʜ ʫʛʣʦʚʠʤʘ ʥʘʛʥʫʪʠʤ ʠʟʥʘʜ 7.45ô (1ô = ˊ / (180Ā60) rad). 

ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʘ ʟʘʫʩʪʘʚʥʠ ʧʫʪ (ʨʘʩʪʦʿʘˁʝ ʧʨʝʹʝʥʦ ʟʘ ʚʨʝʤʝ ʨʘʟʤʠʰˀʘˁʘ ʠ ʢʦʯʝˁʘ) ʢʦʿʠ 

ʦʜʛʦʚʘʨʘ ʙʨʟʠʥʠ ʦʜ 55 km/h (ʢʦʿʘ ʿʝ ʥʝʰʪʦ ʚʝ˂ʘ ʦʜ 50 km/h, ʢʦʣʠʢʦ ʿʝ ʜʦʛʦʚʦʨʝʥʦ ʟʘ 

ʝʢʩʧʝʨʠʤʝʥʪ) ʠʟʥʦʩʠ 33 m (ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʚʨʝʤʝ ʨʘʟʤʠʰˀʘˁʘ ʠʟʥʦʩʠ 1 s) [90, 91], 

ʜʫʞʠʥʘ ʠʚʠʮʝ ʢʦʮʢʠ ʧʦʪʨʝʙʥʠʭ ʟʘ ʦʚʘʿ ʝʢʩʧʝʨʠʤʝʥʪ ʠʟʥʦʩʠʣʘ ʿʝ: 

33 m 7.45 7.2 cm,
180 60

p
= Ö Ö =

Ö
a     (35) 

ʟʙʦʛ ʯʝʛʘ ʩʫ ʥʘʧʨʘʚˀʝʥʝ ʢʦʮʢʝ ʜʫʞʠʥʝ ʠʚʠʮe 8 cm (ʥʘ ʩʣʠʮʠ 22 ʧʨʠʢʘʟʘʥʘ ʿʝ ʬʦʪʦʛʨʘʬʠʿʘ 

ʩʚʝʪʣʦʟʝʣʝʥʝ ʢʦʮʢʝ ʥʘ ʢʦʣʦʚʦʟʫ). ʇʦʰʪʦ STV ʢʦʥʮʝʧʪ, ʢʦʿʠ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ ʿʝʜʥʦ ʿʨʝʬʣʝʢʪʘʥʩʠ, 

ʧʦʥʝʢʘʜ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʧʦʛʨʝʰʥʠʭ ʟʘʢˀʫʯʘʢʘ [43], ʪʝʩʪʠʨʘʥʝ ʩʫ ʢʦʮʢʝ ʠ ʩʚʝʪʣʝ ʠ ʪʘʤʥʝ ʙʦʿʝ. 

ʉʚʝ ʢʦʮʢʝ ʩʫ ʥʘʧʨʘʚˀʝʥʝ ʦʜ ʢʘʨʪʦʥʘ ʠ ʥʘʧʫˁʝʥʝ ʧʝʩʢʦʤ. ʄʝʨʝˁʝ ʨʝʬʣʝʢʪʘʥʩʝ (ɟ) ʦʙʝ ʚʨʩʪʝ 

ʢʘʨʪʦʥʘ ʠʟʚʨʰʝʥʦ ʿʝ ʧʦʤʦ˂ʫ ʩʧʝʢʪʨʦʤʝʪʨʘ GL Spectis 1.0 [87]. ʀʟʤʝʨʝʥʘ ʨʝʬʣʝʢʪʘʥʩʘ 

ʪʘʤʥʦʧʣʘʚʦʛ ʢʘʨʪʦʥʘ ʙʠʣʘ ʿʝ 0.12, ʘ ʩʚʝʪʣʦʟʝʣʝʥʦʛ 0.43.  

 

 
 

ʉʣʠʢʘ 22. ʉʚʝʪʣʘ ʢʦʮʢʘ ʧʦʩʪʘʚˀʝʥʘ ʥʘ ʢʦʣʦʚʦʟʫ ʫ ʟʦʥʠ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K 
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ʆʜ ʚʦʟʘʯʘ ʿʝ ʟʘʪʨʘʞʝʥʦ ʜʘ ʰʪʦ ʧʨʝ ʦʙʘʚʝʩʪʠ ʩʫʚʦʟʘʯʘ ʦ ʫʦʯʘʚʘˁʫ ʧʨʝʧʨʝʢʝ ʠʣʠ ʧʝʰʘʢʘ. 

ʅʘ ʢʨʘʿʫ ʚʦʞˁʝ, ʥʝʢʦʣʠʢʦ ʚʦʟʘʯʘ ʿʝ ʧʨʠʿʘʚʠʣʦ ʜʘ ʫʦʧʰʪʝ ʥʠʩʫ ʚʠʜʝʣʠ ʧʝʰʘʢʝ ʥʠ ʢʦʮʢʝ ʪʘʤʥʝ 

ʙʦʿʝ (ʪʦʢʦʤ ʪʝʩʪʘ, ʜʚʝ ʢʦʮʢʝ ʪʘʤʥʝ ʙʦʿʝ ʩʫ ʧʨʝʛʘʞʝʥʝ ʪʦʯʢʦʚʠʤʘ ʚʦʟʠʣʘ, ʘ ʟʘʪʠʤ ʟʘʤʝˁʝʥʝ 

ʨʝʟʝʨʚʥʠʤ). 

 

6.3 ʈʝʟʫʣʪʘʪʠ ʠ ʜʠʩʢʫʩʠʿʘ  
 

6.3.1 ʀʩʪʨʘʞʠʚʘˁʝ ʟʘʩʥʦʚʘʥʦ ʥʘ STV ʢʦʥʮʝʧʪʫ 

 

ɿʘ ʩʚʘʢʫ ʦʜ ʪʝʩʪ ʟʦʥʘ ʪʘʙʝʣʘ 54 ʩʘʜʨʞʠ ʥʠʚʦʝ ʚʠʜˀʠʚʦʩʪʠ ʤʝʪʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʩʚʠʭ 60 

ʪʘʯʘʢʘ ʧʦˀʘ ʚʨʝʜʥʦʚʘˁʘ. ʋ ʟʦʥʠ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 3000 K, ʟʘ 29 ʪʘʯʘʢʘ 

ʥʠʚʦ ʚʠʜˀʠʚʦʩʪʠ ʿʝ ʙʠʦ ʠʟʤʝʹʫ 0 ʠ 1, ʟʘ 16 ʪʘʯʘʢʘ ʠʟʤʝʹʫ 1 ʠ 2, ʟʘ 10 ʪʘʯʘʢʘ ʠʟʤʝʹʫ 2 ʠ 3, ʠ ʟʘ 

5 ʪʘʯʘʢʘ ʠʟʤʝʹʫ 3 ʠ 4, ʜʦʢ ʿʝ ʫ ʟʦʥʠ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 4000 K ʟʘ 34 ʪʘʯʢʝ 

ʥʠʚʦ ʚʠʜˀʠʚʦʩʪʠ ʙʠʦ ʠʟʤʝʹʫ 0 ʠ 1, ʟʘ 16 ʪʘʯʘʢʘ ʠʟʤʝʹʫ 1 ʠ 2, ʟʘ 8 ʪʘʯʘʢʘ ʠʟʤʝʹʫ 2 ʠ 3 ʠ ʟʘ ʜʚʝ 

ʪʘʯʢʝ ʠʟʤʝʹʫ 3 ʠ 4. STV ʚʨʝʜʥʦʩʪʠ (ʧʦʥʜʝʨʠʩʘʥʠ ʩʨʝʜˁʠ ʥʠʚʦʠ ʚʠʜˀʠʚʦʩʪʠ) ʟʘ ʟʦʥʝ ʩʘ 

ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 3000 K ʠ 4000 K, ʠʟʨʘʯʫʥʘʪʝ ʧʦ ʧʦʩʪʫʧʢʫ ʜʘʪʦʤ ʫ 

ʨʝʬʝʨʝʥʮʠ [86], ʠʟʥʦʩʠʣʠ ʩʫ 1,14 ʠ 1,01, ʨʝʩʧʝʢʪʠʚʥʦ. ʀʘʢʦ ʿʝ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʦʚʝ ʜʚʝ 

ʚʨʝʜʥʦʩʪʠ ʤʘʣʘ, ʦʙʝ STV ʚʨʝʜʥʦʩʪʠ ʩʫ ʥʠʩʢʝ (ʙʣʠʟʫ 1). ʉʪʦʛʘ, ʦʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʫʢʘʟʫʿʝ ʥʘ 

ʧʦʪʨʝʙʫ ʟʘ ʜʦʜʘʪʥʠʤ ʪʝʩʪʦʚʠʤʘ ʧʦ ʦʚʦʤ ʧʠʪʘˁʫ (ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʩʚʝʪʠˀʢʘʤʘ ʠ ʥʠʚʦʠʤʘ 

ʩʿʘʿʥʦʩʪʠ, ʢʘʦ ʠ ʩʘ ʤʘʣʠʤ ʤʝʪʘʤʘ ʜʨʫʛʠʭ ʙʦʘʿ ʠ ʨʝʬʣʝʢʪʘʥʩʠ), ʥʝʦʧʭʦʜʥʠʤ ʟʘ ʜʦʥʦʰʝˁʝ 

ʟʘʢˀʫʯʢʘ ʦ ʦʜʥʦʩʫ ʠʟʤʝʹʫ LED ʧʘʢʝʪʘ ʠ ʚʠʜˀʠʚʦʩʪʠ ʤʘʣʠʭ ʤʝʪʘ. 

 

ʊʘʙʝʣʘ 54. ʅʠʚʦʠ ʚʠʜˀʠʚʦʩʪʠ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʟʘ ʩʚʠʭ 60 ʪʘʯʢʘ ʥʘ ʤʨʝʞʠ (ʧʨʝʤʘ ˁʠʭʦʚʦʿ 

ʥʦʪʘʮʠʿʠ ʧʨʠʤʝˁʝʥʦ ʿʥʘ ʩʣʠʮʠ 19) 

 
LED CCT ʊʘʯʢʝ 1 2 3 4 5 6 7 8 9 10 

3000 K 
1 

-1,16 0,25 0,25 0,86 1,70 0,30 -1,96 -3,26 0,76 0,10 

4000 K -1,77 -0,72 0,67 0,24 -0,67 -1,54 -2,40 -3,01 -3,30 -2,43 

3000 K 
2 

-1,30 -0,16 0,25 0,45 -0,08 -1,51 -2,14 -2,59 -2,40 -2,57 

4000 K -0,82 0,73 0,65 0,02 -1,25 -1,51 -2,86 -2,80 -2,96 -2,42 

3000 K 
3 

-1,58 0,25 0,42 0,11 0,06 -1,30 -2,10 -2,83 -2,80 -3,88 

4000 K 0,09 1,33 1,19 0,58 0,00 -0,95 -1,19 -1,62 -1,67 -2,05 

3000 K 
4 

-1,40 0,43 0,56 -0,18 0,06 -0,96 -2,21 -3,12 -3,04 -3,47 

4000 K 0,68 1,56 1,56 0,74 -0,05 -0,16 -0,72 -1,29 -0,38 -0,71 

3000 K 
5 

0,22 0,28 1,22 0,36 0,53 0,08 -1,37 -1,93 -1,80 -2,77 

4000 K 0,92 1,45 2,13 1,25 0,45 0,26 0,04 0,07 0,05 -0,07 

3000 K 
6 

-2,34 -1,09 -1,21 0,99 0,69 0,35 -0,51 -0,37 -1,33 -1,18 

4000 K 0,99 1,60 1,54 0,98 0,50 0,53 0,19 0,24 0,38 -0,37 

 

6.3.2 ʀʩʪʨʘʞʠʚʘˁʝ ʧʦʩʚʝ˂ʝʥʦ ʫʦʯʘʚʘˁʫ ʧʝʰʘʢʘ  

 

ʋ ʪʘʙʝʣʠ 55 ʜʘʪʘ ʩʫ ʜʚʘ ʧʦʢʘʟʘʪʝˀʘ ʢʦʥʪʨʘʩʪʘ ʩʿʘʿʥʦʩʪʠ ʟʘ ʩʚʘʢʫ ʦʜ ʧʝʪ ʧʦʟʠʮʠʿʘ ʧʝʰʘʢʘ 

ʠ ʪʨʠ ʧʦʟʠʮʠʿʝ ʢʘʤʝʨʝ ʟʘ ʦʙʝ ʪʝʩʪ ʟʦʥʝ.  
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ʊʘʙʝʣʘ 55. ɺʝʙʝʨʦʚʝ ʠ ɼʦʿʣʦʚʝ ʜʦʟʝ ʢʦʥʪʨʘʩʪʘ ʟʘ ʩʚʝ ʧʦʟʠʮʠʿʝ ʧʝʰʘʢʘ ʠ ʢʘʤʝʨʝ 

 

ʇʦʟʠʮʠʿʘ 

ʧʝʰʘʢʘ 

ʇʦʟʠʮʠʿʘ 

ʢʘʤʝʨʝ 
C1 (60 m) C2 (38 m) C3 (29 m) 

ʊʠʧ ʢʦʥʪʨʘʩʪʘ ɺʝʙʝʨ ɼʦʿʣ ɺʝʙʝʨ ɼʦʿʣ ɺʝʙʝʨ ɼʦʿʣ 

1 
3000 K -0,02 0,05 -0,03 0,09 -0,05 0,41 

4000 K -0,02 0,03 -0,03 0,04 -0,05 0,11 

2 
3000 K -0,02 0,05 -0,03 0,05 -0,04 0,07 

4000 K -0,02 0,03 -0,03 0,10 -0,05 0,12 

3 
3000 K -0,02 0,02 -0,04 0,19 -0,05 0,13 

4000 K -0,02 0,13 -0,04 0,54 -0,05 0,36 

4 
3000 K -0,03 0,01 -0,04 0,71 -0,04 0,02 

4000 K -0,02 0,03 -0,03 0,01 -0,03 0,01 

5 
3000 K -0,02 0,01 -0,03 0,01 -0,05 0,05 

4000 K -0,02 0,01 -0,03 0,07 -0,04 0,01 

 

ʇʦʚʝ˂ʘˁʝʤ ʫʜʘˀʝʥʦʩʪʠ ʩʘ ʢʦʿʝ ʩʝ ʩʣʠʢʘ ʧʝʰʘʢ, ˁʝʛʦʚ ʣʠʢ ʿʝ ʠʟʛʣʝʜʘʦ ʤʘˁʠ. ʉ ʮʠˀʝʤ ʜʘ 

ʩʝ ʧʦʜʘʮʠ ʦ ʢʦʥʪʨʘʩʪʠʤʘ ʥʦʨʤʘʣʠʟʫʿʫ, ʠʟʨʘʯʫʥʘʪʠ ɺʝʙʝʨʦʚʠ ʠ ɼʦʿʣʦʚʠ ʢʦʥʪʨʘʩʪʠ ʩʫ 

ʧʦʤʥʦʞʝʥʠ ʩʘ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʜʦʟʠʨʘˁʘ ʩʚʝʪʣʦʩʪʠ, ʢʦʿʠ ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʦʜʥʦʩ ʠʟʤʝʹʫ ʚʠʩʠʥʝ 

ʧʝʰʘʢʘ (1,9 m) ʠ ʫʜʘˀʝʥʦʩʪʠ ʢʘʤʝʨʝ [97]. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʫ ʜʦʙʠʿʝʥʝ ɺʝʙʝʨʦʚʝ ʠ ɼʦʿʣʦʚʝ ʜʦʟʝ 

ʢʦʥʪʨʘʩʪʘ ʠ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʧʨʝʜʣʦʞʝʥʦ ʫ ʨʝʬʝʨʝʥʮʠ [97], ʧʦʨʝʹʝˁʝ ʠʟʤʝʹʫ ʜʚʝ ʠʥʩʪʘʣʘʮʠʿʝ 

ʦʩʚʝʪˀʝˁʘ ʙʠʣʦ ʿʝ ʥʘ ʦʩʥʦʚʫ ˁʠʭʦʚʠʭ ʚʨʝʜʥʦʩʪʠ, ʘ ʥʝ ʥʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ɺʝʙʝʨʦʚʦʛ 

(ɼʦʿʣʦʚʦʛ) ʢʦʥʪʨʘʩʪʘ. 

ʐʪʦ ʩʝ ʪʠʯʝ ʚʨʝʜʥʦʩʪʠ ɺʝʙʝʨʦʚʠʭ ʠ ɼʦʿʣʦʚʠʭ ʜʦʟʘ ʢʦʥʪʨʘʩʪʘ, ʠʟ ʪʘʙʝʣʝ 55 ʤʦʞʝ ʩʝ 

ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʚʝ ʦʚʝ ʚʨʝʜʥʦʩʪʠ ʠʤʘʿʫ ʥʝʛʘʪʠʚʘʥ ʟʥʘʢ, ʢʘʦ ʠ ʜʘ ʠʥʩʪʘʣʘʮʠʿʘ ʦʩʚʝʪˀʝˁʘ ʩʘ 

ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K ʧʨʫʞʘ ʥʝʰʪʦ ʙʦˀʫ ʤʦʛʫ˂ʥʦʩʪ ʫʦʯʘʚʘˁʘ 

ʧʝʰʘʢʘ (ʫ 4 ʩʣʫʯʘʿʘ (ʦʜ 15) ʘʧʩʦʣʫʪʥʘ ʚʨʝʜʥʦʩʪ ɺʝʙʝʨʦʚʝ ʜʦʟʝ ʢʦʥʪʨʘʩʪʘ ʚʝ˂ʘ ʿʝ ʢʦʜ ʟʦʥʝ ʩʘ 

ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K, ʜʦʢ ʩʫʧʨʦʪʥʦ ʚʘʞʠ ʩʘʤʦ ʫ ʿʝʜʥʦʤ ʩʣʫʯʘʿʫ). 

ʄʝʹʫʪʠʤ, ʫ ʧʦʛʣʝʜʫ ɼʦʿʣʦʚʝ ʜʦʟʝ ʢʦʥʪʨʘʩʪʘ ʥʠʿʝʜʥʘ ʦʜ ʜʚʝ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʥʠʿʝ ʫ 

ʧʨʝʜʥʦʩʪʠ (ʫ 7 ʩʣʫʯʘʿʝʚʘ ɼʦʿʣʦʚʘ ʜʦʟʘ ʢʦʥʪʨʘʩʪʘ ʚʝʘ˂ ʿʝ ʟʘ ʟʦʥʫ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K, ʜʦʢ ʫ ʜʨʫʛʠʭ 7 ʩʣʫʯʘʿʝʚʘ ʚʘʞʠ ʩʫʧʨʦʪʥʦ).  

 

6.3.3 ʀʩʪʨʘʞʠʚʘˁʝ ʢʦʿʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʫʙʿʝʢʪʠʚʥʫ ʦʮʝʥʫ  

 

ʈʝʟʫʣʪʘʪʠ ʘʥʢʝʪʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 56. ʐʪʦ ʩʝ ʪʠʯʝ ʧʠʪʘˁʘ 1ï7, ʠʟ ʪʘʙʝʣʝ 56 ʤʦʞʝ 

ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʝ ʚʝ˂ʠ ʙʨʦʿ ʠʩʧʠʪʘʥʠʢʘ ʦʧʨʝʜʝʣʠʦ ʟʘ ʠʥʩʪʘʣʘʮʠʿʫ ʦʩʚʝʪˀʝˁʘ ʩʘ LED ʧʘʢʝʪʠʤʘ 

ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K ʫ ʧʦʛʣʝʜʫ ʠʥʪʝʥʟʠʪʝʪʘ ʦʩʚʝʪˀʝˁʘ ʢʦʣʦʚʦʟʘ (ʝˁʛʦʚʦʛ 

ʥʠʚʦʘ ʩʿʘʿʥʦʩʪʠ), ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ, ʦʛʨʘʥʠʯʝˁʘ ʙˀʝʰʪʘˁʘ, ʫʦʯʘʚʘˁʘ ʤʘʣʠʭ ʧʨʝʧʨʝʢʘ ʪʘʤʥʝ ʙʦʝʿ 

ʠ ʦʧʰʪʝ ʚʠʜˀʠʚʦʩʪʠ, ʜʦʢ ʩʫ LED ʩʚʝʪʠˀʢʝ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K ʦʮʝˁʝʥʝ ʢʘʦ 

ʧʦʛʦʜʥʠʿʝ ʟʘ ʫʦʯʘʚʘˁʝ ʧʝʰʘʢʘ ʠ ʫʦʯʘʚʘˁʝ ʤʘʣʠʭ ʧʨʝʧʨʝʢʘ ʩʚʝʪʣʝ ʙʦʿʝ, ʢʦʿʘ ʩʫ ʚʘʞʥʘ ʟʘ 

ʙʝʟʙʝʜʥʦʩʪ ʫ ʩʘʦʙʨʘ˂ʘʿʫ. ʄʝʹʫʪʠʤ, ʫʙʝʜˀʠʚʘ ʚʝ˂ʠʥʘ ʿʝ ʧʦʩʪʦʿʘʣʘ ʩʘʤʦ ʫ ʧʦʛʣʝʜʫ ʙʦʿʝ 

ʩʚʝʪʣʦʩʪʠ LED ʧʘʢʝʪʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K (41:12) ʠ ʙʦʝˀʛ ʫʦʯʘʚʘˁʘ 

ʧʨʝʧʨʝʢʘ ʩʚʝʪʣʝ ʙʦʿʝ ʫ ʟʦʥʠ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K (35:17). 

ʇʨʚʠʤ ʿ ʝ ʧʦʪʚʨʹʝʥʦ ʦʯʠʛʣʝʜʥʦ ʦʧʨʝʜʝˀʝˁʝ ʟʘ ʩʚʝʪʣʦʩʪ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʠʟ ʧʝʨʩʧʝʢʪʠʚʝ ʚʦʟʘʯʘ 

ʫ ʧʦʛʣʝʜʫ ʚʠʜʥʦʛ ʢʦʤʬʦʨʘ, ʜʦʢ ʿʝ ʜʨʫʛʦ ʫ ʩʢʣʘʜʫ ʩʘ ʟʘʢˀʫʯʮʠʤʘ ʧʨʝʜʩʪʘʚˀʝʥʠʤ ʫ ʨʝʬʝʨʝʥʮʠ 

[100], ʢʦʿʠ ʥʘʚʦʜʝ ʜʘ ʿʝ ʙʦˀʘ ʚʠʜˀʠʚʦʩʪ ʟʝʣʝʥʠʭ ʧʨʝʜʤʝʪʘ ʫ ʩʢʣʘʜʫ ʩʘ ʚʝʦ˂ʤ ʧʨʠʜʨʫʞʝʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʦʤ ʙʦʿʝ ʟʙʦʛ ʚʝ˂ʝʛ ʜʦʞʠʚˀʘʿʘ ʦʩʚʝʪˀʝʥʦʩʪʠ ʠ ʧʝʨʮʝʧʮʠʿʝ ʠʟʛʣʝʜʘ ʧʨʝʜʤʝʪʘ ʟʝʣʝʥʝ 

ʙʦʿʝ.  

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 56. ɹʨʦʿ ʠʩʧʠʪʘʥʠʢʘ ʢʦʿʠ ʩʫ ʦʜʘʙʨʘʣʠ ʩʚʘʢʠ ʦʜ ʧʦʥʫʹʝʥʠʭ ʦʜʛʦʚʦʨʘ 

 

ɻʣʘʚʥʘ ʧʠʪʘˁʘ 

ʇʦʥʫʹʝʥʠ ʦʜʛʦʚʦʨʠ 

A  

(LED ʧʘʢʝʪʠ 3000 K) 

ɹ  

(LED ʧʘʢʝʪʠ 4000 K) 

1 27 26 

2 41 12 

3 28 23 

4 22 28 

5 (ɟ = 43%) 17 35 

6 (ɟ = 12%) 27 22 

7 29 23 

ɼʦʜʘʪʥʘ ʧʠʪʘˁʘ 
ʇʦʥʫʹʝʥʠ ʦʜʛʦʚʦʨʠ 

1 2 3 4 5 6 

8 (LED ʧʘʢʝʪʠ 3000 K) 15 27 18 14 6 8 

9 (LED ʧʘʢʝʪʠ 4000 K) 15 7 13 20 20 11 

10 16 4 7 14 6 / 

 

ʀʩʧʠʪʘʥʠʮʠ ʩʫ ʜʚʝ ʪʝʩʪ ʟʦʥʝ ʦʮʝʥʠʣʠ ʧʨʘʢʪʠʯʥʦ ʿʝʜʥʘʢʦ ʫ ʧʦʛʣʝʜʫ ʠʥʪʝʥʟʠʪʝʪʘ 

ʦʩʚʝʪˀʝˁʘ ʢʦʣʦʚʦʟʘ (ˁʝʛʦʚʦʛ ʥʠʚʦʘ ʩʿʘʿʥʦʩʪʠ) (27:26), ʜʦʢ ʿʝ ʤʘʣʦ ʚʝ˂ʠ ʙʨʦʿ ʠʩʧʠʪʘʥʠʢʘ 

(28:22) ʙʠʦ ʦʧʨʝʜʝˀʝʥ ʟʘ LED ʧʘʢʝʪʝ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K ʫ ʧʦʛʣʝʜʫ ʫʦʯʘʚʘˁʘ 

ʧʝʰʘʢʘ. ʋ ʦʙʘ ʩʣʫʯʘʿʘ ʦʩʚʝʪˀʝʥʠ ʦʙʿʝʢʪʠ (ʢʦʣʦʚʦʟ ʩʘʯʠˁʝʥ ʦʜ ʘʩʬʘʣʪʘ ʠ ʦʜʝ˂ʘ ʧʝʰʘʢʘ) ʙʠʣʠ 

ʩʫ ʪʘʤʥʠ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʤʦʛʫ˂ʠ ʨʘʟʣʦʛ ʦʜʩʫʩʪʚʘ ʟʥʘʯʘʿʥʦʛ ʦʧʨʝʜʝˀʝˁʘ ʟʘ ʦʩʚʝʪˀʝˁʝ ʚʝʝ˂ 

ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ (ʫ ʨʝʬʝʨʝʥʮʠ [101] ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʦʩʚʝʪˀʝˁʝ ʩʘ ʚʝ˂ʦʤ 

ʧʨʠʜʨʫʞʝʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ ʙʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʿʘʯʠ ʜʦʞʠʚˀʘʿ ʦʩʚʝʪˀʝˁʘ ʧʨʦʩʪʦʨʘ ʦʜ ʦʥʦʛ ʩʘ 

ʤʘʦˁʤ ʧʨʠʜʨʫʞʝʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ ʙʦʿʝ, ʙʝʟ ʨʘʟʤʘʪʨʘˁʘ ʪʘʤʥʠʭ ʧʨʦʩʪʦʨʘ). ʀʩʪʦ ʦʙʿʘʰˁʝˁʝ 

ʚʘʞʠ ʠ ʟʘ ʨʝʟʫʣʪʘʪʝ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʫʦʯʘʚʘˁʝ ʤʘʣʠʭ ʧʨʝʧʨʝʢʘ ʪʘʤʥʝ ʙʦʿʝ (ʤʘʣʦ ʚʝ˂ʠ ʜʝʦ 

ʠʩʧʠʪʘʥʠʢʘ (27:22) ʠʟʘʙʨʘʦ ʿʝ ʦʩʚʝʪˀʝˁʝ ʤʘˁʝ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ). 

ʐʪʦ ʩʝ ʪʠʯʝ ʧʠʪʘˁʘ 8, ʜʚʘ ʥʘʿʙʦˀʘ ʧʘʨʘʤʝʪʨʘ ʦʩʚʝʪˀʝˁʘ ʢʦʿʘ ʢʘʨʘʢʪʝʨʠʰʫ ʠʥʩʪʘʣʘʮʠʿʫ 

ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 3000 K ʙʠʣʠ ʩʫ ʙʦʿʘ ʩʚʝʪʣʦʩʪʠ (27 ʦʜ 53 

ʠʩʧʠʪʘʥʠʢʘ) ʠ ʦʛʨʘʥʠʯʝˁʝ ʙˀʝʰʪʘˁʘ (18/53). ɼʚʘ ʥʘʿʙʦˀʘ ʧʘʨʘʤʝʪʨʘ ʦʩʚʝʪˀʝˁʘ ʩʘ LED 

ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 4000 K (ʧʠʪʘˁʝ 9) ʩʫ ʫʦʯʘʚʘˁʝ ʧʝʰʘʢʘ (20/53) ʠ 

ʦʪʢʨʠʚʘˁʝ ʤʘʣʠʭ ʧʨʝʧʨʝʢʘ ʩʚʝʪʣʝ ʙʦʿʝ (20/53).  

ʐʪʦ ʩʝ ʪʠʯʝ ʧʠʪʘˁʘ 10, ʜʚʘ ʥʘʿʟʥʘʯʘʿʥʠʿʘ ʧʘʨʘʤʝʪʨʘ ʢʚʘʣʠʪʝʪʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʝ ʚʦʟʘʯʘ ʩʫ ʠʥʪʝʥʟʠʪʝʪ ʦʩʚʝʪˀʝˁʘ (ʥʠʚʦ ʩʿʘʿʥʦʩʪʠ) ʢʦʣʦʚʦʟʘ (16/53) ʠ ʫʦʯʘʚʘˁʝ 

ʧʝʰʘʢʘ (14/53), ʰʪʦ ʿʝ ʠ ʙʠʣʦ ʦʯʝʢʠʚʘʥʦ. ɿʥʘʪʥʦ ʤʘˁʠ ʙʨʦʿ ʠʩʧʠʪʘʥʠʢʘ ʿʝ ʩʤʘʪʨʘʦ ʜʨʫʛʝ 

ʧʘʨʘʤʝʪʨʝ ʚʘʞʥʠʤ. ʇʦʰʪʦ ʿʝ ʥʘʿʤʘˁʠ ʙʨʦʿ ʠʩʧʠʪʘʥʠʢʘ ʥʘʚʝʦ ʙʦʿʫ ʩʚʝʪʣʦʩʪʠ, ʦʯʠʛʣʝʜʥʦ ʿʝ 

ʟʘʥʝʤʘʨʝʥ ʟʥʘʯʘʿ ʚʠʜʥʦʛ ʢʦʤʬʦʨʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʙʝʟʙʝʜʥʦʰ˂ʫ ʫ ʩʘʦʙʨʘ˂ʘʿʫ.  

ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʿʝ ʤʘʣʠ ʙʨʦʿ ʠʩʧʠʪʘʥʠʢʘ ʙʠʦ ʥʝʦʜʣʫʯʘʥ ʫ ʚʝʟʠ ʦʜʨʝʹʝʥʠʭ ʧʠʪʘˁʘ.  

ɼʘ ʙʠ ʩʝ ʧʨʦʚʝʨʠʣʦ ʢʦʣʠʢʦ ʩʫ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʠʪʘˁʘ 1ï7 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʠ, ʧʨʠʤʝˁʝʥ ʿʝ z-ʪʝʩʪ ʿʝʜʥʦʛ ʫʟʦʨʢʘ ʟʘ ʧʨʦʧʦʨʮʠʿʝ ʯʠʿʠ ʩʫ ʨʝʟʫʣʪʘʪʠ 

ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 57. ɿʘ ʩʚʘʢʦ ʦʜ ʧʠʪʘˁʘ ʠʟʨʘʯʫʥʘʪʝ ʩʫ z-ʚʨʝʜʥʦʩʪʠ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ 

ʧʦʩʤʘʪʨʘʥʝ ʠ ʧʨʝʪʧʦʩʪʘʚˀʝʥʝ ʧʨʦʧʦʨʮʠʿʝ ʦʜ 0,5, ʧʦʢʘʟʘʪʝˀ ʩʪʘʪʠʩʪʠʯʢʦʛ ʟʥʘʯʘʿʘ (p) ʠ 

ʠʥʪʝʨʚʘʣʠ ʧʦʫʟʜʘʥʦʩʪʠ ʦʜ 95% (ˁʠʭʦʚʝ ʜʦʝˁ ʠ ʛʦʨˁʝ ʛʨʘʥʠʮʝ) ʢʦʨʠʰ˂ʝˁʝʤ IBM SPSS 

Statistics. 
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ʊʘʙʝʣʘ 57. Z-ʚʨʝʜʥʦʩʪʠ ʢʦʨʠʛʦʚʘʥʝ ʫ ʢʦʥʪʠʥʫʠʪʝʪʫ, ʧʦʢʘʟʘʪʝˀʠ ʩʪʘʪʠʩʪʠʯʢʦʛ ʟʥʘʯʘʿʘ ʠ ʜʦˁʝ 

ʠ ʛʦʨˁʝ ʛʨʘʥʠʮʝ ʧʦʫʟʜʘʥʦʩʪʠ ʦʜ 95% 

ɻʣʘʚʥʘ ʧʠʪʘˁʘ  
ɹʨʦʿ 

ʠʩʧʠʪʘʥʠʢʘ 
z p 

ɼʦˁʘ ʛʨʘʥʠʮʘ 

ʧʦʫʟʜʘʥʦʩʪʠ ʦʜ 95%  

ɻʦʨˁʘ ʛʨʘʥʠʮʘ 

ʧʦʫʟʜʘʥʦʩʪʠ ʦʜ 95% 

1 
LED ʧʘʢʝʪʠ 3000 K 27 0,00 

1,00 
0,37 0,64 

LED ʧʘʢʝʪʠ 4000 K 26 0,00 0,36 0,63 

2 
LED ʧʘʢʝʪʠ 3000 K 41 3,85 

< 0,01 
0,66 0,89 

LED ʧʘʢʝʪʠ 4000 K 12 -3,85 0,11 0,34 

3 
LED ʧʘʢʝʪʠ 3000 K 28 0,56 

0,58 
0,41 0,69 

LED ʧʘʢʝʪʠ 4000 K 23 -0,56 0,31 0,59 

4 
LED ʧʘʢʝʪʠ 3000 K 22 -0,71 

0,48 
0,30 0,58 

LED ʧʘʢʝʪʠ 4000 K 28 0,71 0,42 0,70 

5 (ɟ = 43%) 
LED ʧʘʢʝʪʠ 3000 K 17 -2,36 

0,02 
0,20 0,45 

LED ʧʘʢʝʪʠ 4000 K 35 2,36 0,55 0,80 

6 (ɟ = 12%) 
LED ʧʘʢʝʪʠ 3000 K 27 0,57 

0,57 
0,41 0,69 

LED ʧʘʢʝʪʠ 4000 K 22 -0,57 0,31 0,59 

7 
LED ʧʘʢʝʪʠ 3000 K 29 0,69 

0,49 
0,42 0,69 

LED ʧʘʢʝʪʠ 4000 K 23 -0,69 0,31 0,58 

 

ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʠʟ ʪʘʙʝʣʝ 57, z-ʪʝʩʪ ʿʝʜʥʦʛ ʫʟʦʨʢʘ ʟʘ ʧʨʦʧʦʨʮʠʿʝ ʥʠʿʝ ʧʦʢʘʟʘʦ 

ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʫ ʩʫʙʿʝʢʪʠʚʥʠʤ ʜʦʞʠʚˀʘʿʠʤʘ ʠʥʩʪʘʣʘʮʠʿa ʩʘ LED ʧʘʢʝʪʠʤʘ 

ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K ʠ 4000 K ʫ ʧʦʛʣʝʜʫ ʚʝ˂ʠʥʝ ʨʘʟʤʘʪʨʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ 

(ʩʣʫʯʘʿʝʚʠ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ p > 0,05). ɱʝʜʠʥʠ ʠʟʫʟʝʮʠ ʩʫ ʙʦʿʘ ʩʚʝʪʣʦʩʪʠ (p < 0,01 (ʩʪʘʪʠʩʪʠʯʢʠ 

ʚʝʦʤʘ ʟʥʘʯʘʿʥʦ), ʫ ʢʦʨʠʩʪ ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K) ʠ 

ʫʦʯʘʚʘˁʝ ʧʨʝʧʨʝʢʝ ʩʚʝʪʣʝ ʙʦʿʝ (0,01 < p < 0,05 (ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʦ), ʫ ʢʦʨʠʩʪ ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ 

ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K). ʆʚʠ ʧʦʢʘʟʘʪʝˀʠ ʩʫ ʫ ʩʢʣʘʜʫ ʩʘ ʧʦʜʘʮʠʤʘ 

ʜʘʪʠʤ ʫ ʪʘʙʝʣʠ 56.  

ɿʘʥʠʤˀʠʚʦ ʿʝ ʜʘ ʿʝ ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʩʧʨʦʚʝʜʝʥʦʤ ʫ ʨʝʬʝʨʝʥʮʠ [61], ʢʦʿʝ ʩʝ ʙʘʚʠʣʦ 

ʧʦʨʝʹʝˁʝʤ ʠʥʩʪʘʣʘʮʠʿʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʨʝʘʣʠʟʦʚʘʥʠʭ ʧʦʤʦ˂ʫ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ 

ʠʟʚʦʨʠʤʘ ʩʚʝʪʣʦʩʪʠ (ʧʨʠʜʨʫʞʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʙʦʿʝ 2000 K) ʠ LED ʩʚʝʪʠˀʢʠ ʧʨʠʜʨʫʞʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K, ʦʪʢʨʠʚʝʥʦ ʜʘ ʿʝ ʚʝ˂ʠʥʘ ʠʩʧʠʪʘʥʠʢʘ ʧʨʝʬʝʨʠʨʘʣʘ ʙʦʫʿ ʩʚʝʪʣʦʩʪʠ LED 

ʧʘʢʝʪʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K. ʄʝʹʫʪʠʤ, ʠʩʧʠʪʘʥʠʮʠ ʢʦʿʠ ʩʫ ʫʯʝʩʪʚʦʚʘʣʠ ʫ ʦʚʦʤ 

ʠʩʪʨʘʞʠʚʘˁʫ ʩʤʘʪʨʘʣʠ ʩʫ ʜʘ ʿʝ ʙʦʿʘ ʩʚʝʪʣʦʩʪʠ LED ʧʘʢʝʪʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 

3000 K ʧʨʠʢʣʘʜʥʠʿʘ ʦʜ LED ʧʘʢʝʪʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K. ʄʦʛʫ˂ʝ ʦʙʿʘʰˁʝˁʝ 

ʙʠ ʩʝ ʤʦʛʣʦ ʠʟʚʝʩʪʠ ʠʟ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʫ ʙʦʿʠ ʩʚʝʪʣʦʩʪʠ ʠʟʤʝʹʫ ʥʘʪʨʠʿʫʤʦʚʠʭ ʠʟʚʦʨʘ ʠ LED 

ʧʘʢʝʪʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K (ʧʨʚʠ ʩʝ ʥʝ ʤʦʛʫ ʦʧʠʩʘʪʠ ʢʘʦ ʠʟʚʦʨʠ ʢʦʿʠ ʝʤʠʪʫʿʫ 

ʩʚʝʪʣʦʩʪ ʙʝʣʝ ʙʦʿʝ). 

ʀʩʧʠʪʘʥʠʮʠ ʩʫ ʜʘʣʠ ʩʣʝʜʝ˂ʝ ʢʦʤʝʥʪʘʨʝ:  

ï ʢʦʮʢʝ ʪʘʤʥʝ ʙʦʿʝ ʥʠʩʫ ʤʦʛʣʝ ʜʘ ʩʝ ʚʠʜʝ ʥʠ ʫ ʿʝʜʥʦʿ ʦʜ ʪʝʩʪ ʟʦʥʘ (ʯʝʪʠʨʠ ʠʩʧʠʪʘʥʠʢʘ 

ʩʫ ʜʘʣʘ ʢʦʤʝʥʪʘʨʝ ʩʣʠʯʥʝ ʥʘʚʝʜʝʥʦʤ),  

ï ʠʥʪʝʥʟʠʪʝʪ ʦʩʚʝʪˀʝˁʘ ʿʝ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʝ ʚʝ˂ʠ ʫ ʦʙʝ ʟʦʥʝ (ʿʝʜʘʥ ʠʩʧʠʪʘʥʠʢ), ʠ 

ʩʚʝʪʣʦʩʪ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʿʝ ʦʤʦʛʫ˂ʘʚʘʣʘ ʙʦʫˀ ʚʠʜˀʠʚʦʩʪ ʠ ʚʝ˂ʫ ʩʣʠʯʥʦʩʪ ʚʦʞˁʠ 

ʧʨʠ ʜʥʝʚʥʦ ʿʩʚʝʪʣʦʩʪʠ, ʜʦʢ ʿʝ ʩʚʝʪʣʦʩʪ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʜʘʚʘʣʘ ʫʪʠʩʘʢ ʚʝʰʪʘʯʢʝ 

ʩʚʝʪʣʦʩʪʠ ʢʦʘʿ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʫʩʣʦʚʝ ʫ ʚʦʞʠˁ (ʿʝʜʘʥ ʠʩʧʠʪʘʥʠʢ).  

ʀʟ ʦʚʠʭ ʢʦʤʝʥʪʘʨʘ ʩʝ ʤʦʛʫ ʠʟʚʝʩʪʠ ʩʣʝʜʝ˂ʘ ʜʚʘ ʟʘʢˀʫʯʢʘ:  

ï ʢʦʤʝʥʪʘʨʠ (ʠʘʢʦ ʩʫ ʠʭ ʜʘʣʘ ʜʚʘ ʫʯʝʩʥʠʢʘ) ʩʫ ʙʠʣʠ ʫ ʢʦʨʠʩʪ ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ LED 

ʧʘʢʝʪʠʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K, ʠ  

ï ʯʝʪʠʨʠ ʢʦʤʝʥʪʘʨʘ ʥʘ ʣʦʰʫ ʚʠʜˀʠʚʦʩʪ ʪʘʤʥʦʧʣʘʚʠʭ ʢʦʮʢʠ (ʫ ʦʙʝ ʪʝʩʪ ʟʦʥʝ) ʧʦʪʚʨʜʠʣʠ 

ʩʫ ʜʘ ʤʘʣʝ ʧʨʝʧʨʝʢʝ ʩʘ ʚʝʦʤʘ ʥʠʩʢʦʤ ʨʝʬʣʝʢʪʘʥʩʦʤ ʥʠʩʫ ʧʨʠʢʣʘʜʥʝ ʟʘ ʧʨʦʮʝʥʫ 

ʧʝʨʬʦʨʤʘʥʩʠ ʚʦʟʘʯʘ ʫ ʥʦ˂ʥʠʤ ʫʩʣʦʚʠʤʘ. 
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6.4 ɿʘʢˀʫʯʮʠ 
 

ɱʝʜʥʦ ʦʜ ʩʪʨʘʪʝʰʢʠʭ ʧʠʪʘˁʘ ʫ LED ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ ʿʝ ʦʜʨʝʹʠʚʘˁʝ ʧʨʝʬʝʨʠʨʘʥʝ ʙʦʿʝ 

ʩʚʝʪʣʦʩʪʠ. ʉ ʪʠʤ ʮʠˀʝʤ, ʦʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʙʠʣʦ ʧʦʩʚʝ˂ʝʥʦ ʧʦʨʝʹʝˁʫ ʢʘʢʦ ʦʙʿʝʢʪʠʚʥʠʭ 

(ʢʚʘʥʪʠʪʘʪʠʚʥʠʭ) ʧʘʨʘʤʝʪʘʨʘ, ʪʘʢʦ ʠ ʩʫʙʿʝʢʪʠʚʥʠʭ ʜʦʞʠʚˀʘʿʘ ʚʦʟʘʯʘ (ʧʨʠʣʠʢʦʤ ʩʪʚʘʨʥʝ 

ʚʦʞˁʝ) ʠʥʩʪʘʣʘʮʠʿʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʨʝʘʣʠʟʦʚʘʥʠʭ ʧʦʤʦ˂ʫ LED ʧʘʢʝʪʘ ʧʨʠʜʨʫʞʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K (ʪʦʧʣʦ-ʙʝʣʘ ʙʦʿʘ ʩʚʝʪʣʦʩʪʠ) ʠ 4000 K (ʥʝʫʪʨʘʣʥʘ ʙʝʣʘ ʙʦʿʘ ʩʚʝʪʣʦʩʪʠ). 

ɼʚʝ ʪʝʩʪ ʠʥʩʪʘʣʘʮʠʿʝ, ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʫ ʫʧʦʨʝʜʠʚʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʧʘʨʘʤʝʪʨʠ (ʧʨʚʝʥʩʪʚʝʥʦ 

ʥʠʚʦ ʩʿʘʿʥʦʩʪʠ ʢʦʣʦʚʦʟʘ (ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʄ3 ʩʚʝʪʣʦʪʝʭʥʠʯʢʦʿ ʢʣʘʩʠ ʫʣʠʮʘ)) ʠ ʿʝʜʥʘʢʠ ʦʧʰʪʠ 

ʠʥʜʝʢʩʠ ʨʝʧʨʦʜʫʢʮʠʿʝ ʙʦʿʘ, ʧʦʩʪʘʚˀʝʥʝ ʩʫ ʫ ʠʩʪʦʿ ʫʣʠʮʠ.  

ʐʪʦ ʩʝ ʪʠʯʝ ʦʙʿʝʢʪʠʚʥʝ ʦʮʝʥʝ, ʠʜʝʥʪʠʬʠʢʦʚʘʥa je ʥʝʟʥʘʪʥʘ ʧʨʝʜʥʦʩʪ ʫ ʢʦʨʠʩʪ 

ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K ʫ ʚʝʟʠ ʩʘ ʫʦʯʘʚʘˁʝʤ ʤʘʣʠʭ 

ʧʨʝʧʨʝʢʘ ʠ ʧʝʰʘʢʘ.  

ʉʫʙʿʝʢʪʠʚʥʦ ʧʦʨʝʹʝˁʝ ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʦʩʚʝʪˀʝˁʘ ʦʙʝ ʠʥʩʪʘʣʘʮʠʿʝ ʠʟʚʝʜʝʥʦ ʿʝ 

ʢʦʨʠʰ˂ʝˁʝʤ ʫʧʠʪʥʠʢʘ. ʆʜ ʫʯʝʩʥʠʢʘ, ʩʪʘʨʦʩʪʠ ʠʟʤʝʹʫ 21 ʠ 67 ʛʦʜʠʥʘ (45 ʤʫʰʢʘʨʘʮʘ ʠ 8 ʞʝʥʘ), 

ʟʘʪʨʘʞʝʥʦ ʿʝ ʜʘ ʠʟʘʙʝʨʫ ʧʦʛʦʜʥʠʿʫ ʦʜ ʜʚʝ ʠʥʩʪʘʣʘʮʠʿʝ ʫ ʚʝʟʠ ʩʘ ʩʚʘʢʠʤ ʦʜ ʰʝʩʪ ʨʘʟʤʘʪʨʘʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʦʩʚʝʪˀʝˁʘ, ʢʘʦ ʠ ʜʘ ʫʧʦʨʝʜʝ ˁʠʭʦʚʝ ʦʧʰʪʝ ʚʠʜˀʠʚʦʩʪʠ.  

ɺʝ˂ʠ ʙʨʦʿ ʠʩʧʠʪʘʥʠʢʘ ʿʝ ʦʮʝʥʠʦ ʠʥʩʪʘʣʘʮʠʿʫ ʦʩʚʝʪˀʝˁʘ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K ʢʘʦ ʦʥʫ ʢʦʿʘ ʦʙʝʟʙʝʹʫʿʝ ʜʦʥʝʢʣʝ ʙʦʫˀ ʦʧʰʪʫ ʚʠʜˀʠʚʦʩʪ. ʇʨʝʜʥʦʩʪ 

LED ʧʘʢʝʪʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K ʪʘʢʦʹʝ ʿʝ ʠʟʨʘʞʝʥʘ ʟʘ ʚʝ˂ʠʥʫ ʘʥʘʣʠʟʠʨʘʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ, ʠʩʪʠʯʫ˂ʠ ʜʘ ʩʝ ʦʙʘ ʠʟʫʟʝʪʢʘ ï ʫʦʯʘʚʘˁʝ ʧʝʰʘʢʘ ʠ ʫʦʯʘʚʘˁʝ ʤʘʣʠʭ ʧʨʝʧʨʝʢʘ ʩʚʝʪʣʝ 

ʙʦʿʝ ʥʘ ʢʦʣʦʚʦʟʫ ï ʦʜʥʦʩʝ ʥʘ ʙʝʟʙʝʜʥʦʩʪ ʩʘʦʙʨʘ˂ʘʿʘ. ʄʝʹʫʪʠʤ, ʫʙʝʜˀʠʚʘ ʚʝ˂ʠʥʘ ʧʦʩʪʦʿʘʣʘ ʿʝ 

ʩʘʤʦ ʫ ʧʦʛʣʝʜʫ ʠʟʙʦʨʘ ʙʦʝʿ ʩʚʝʪʣʦʩʪʠ (ʫ ʢʦʨʠʩʪ ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K) ʠ ʜʝʪʝʢʮʠʿʝ ʧʨʝʧʨʝʢʝ ʩʚʝʪʣʝ ʙʦʿʝ (ʫ ʢʦʨʠʩʪ ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ 

ʩʚʝʪʠˀʢʘʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K), ʰʪʦ ʿʝ ʧʦʪʚʨʹʝʥʦ ʩʪʘʪʠʩʪʠʯʢʦʤ ʘʥʘʣʠʟʦʤ.  

ʉʧʨʦʚʝʜʝʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʠʤʘʣʦ ʥʝʢʦʣʠʢʦ ʦʛʨʘʥʠʯʝˁʘ/ʠʟʘʟʦʚʘ:  

ï ʠʩʪʨʘʞʠʚʘˁʝ ʫ ʧʦʛʣʝʜʫ ʦʙʿʝʢʪʠʚʥʝ ʠ ʩʫʙʿʝʢʪʠʚʥʝ ʦʮʝʥʝ ʠʟʚʝʜʝʥʦ ʿʝ ʧʦʜ ʩʫʚʦʤ 

ʧʦʚʨʰʠʥʦʤ ʢʦʣʦʚʦʟʘ; ʨʝʟʫʣʪʘʪʠ ʢʦʿʠ ʩʝ ʤʦʛʫ ʜʦʙʠʪʠ ʫ ʫʩʣʦʚʠʤʘ ʤʦʢʨʝ ʢʦʣʦʚʦʟʥʝ 

ʧʦʚʨʰʠʥʝ ʤʦʛʫ ʙʠʪʠ ʜʨʫʛʘʯʠʿʠ, 

ï ʧʨʠʤʝˁʝʥ ʿʝ ʩʘʤʦ ʥʠʚʦ ʩʿʘʿʥʦʩʪʠ ʦʜ 1 cd/m2, 

ï ʟʘ ʦʙʿʝʢʪʠʚʥʫ ʝʚʘʣʫʘʮʠʿʫ ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʤʘʣʘ ʤʝʪʘ ʩʘʤʦ ʿʝʜʥʝ ʙʦʿʝ ʠ ʨʝʬʣʝʢʪʘʥʩʝ; ʫʟ 

ʪʦ, ʠʘʢʦ ʩʝ ʢʦʨʠʩʪʠ ʜʝʮʝʥʠʿʘʤʘ ʠ ʢʘʦ ʪʘʢʚʘ ʿʝ ʧʨʠʤʝˁʝʥʘ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ, STV 

ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚˀʘ ʩʘʤʦ ʪʝʦʨʠʿʩʢʫ ʧʨʦʮʝʥʫ ʚʠʜˀʠʚʦʩʪʠ,  

ï ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʩʘʤʦ ʬʘʨʦʚʠ ʩʘ ʭʘʣʦʛʝʥʠʤ ʩʠʿʘʣʠʮʘʤʘ, 

ï ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʦʙʘʚˀʝʥʦ ʫ ʫʩʣʦʚʠʤʘ ʚʝʦʤʘ ʤʘʣʝ ʛʫʩʪʠʥʝ ʩʘʦʙʨʘ˂ʘʿʘ,  

ï ʩʪʘʨʦʩʪ ʚʦʟʘʯʘ ʥʠʿʝ ʨʘʟʤʘʪʨʘʥʘ, ʠʘʢʦ ʟʥʘʪʥʦ ʫʪʠʯʝ ʥʘ ʙˀʝʰʪʘˁʝ, ʠ  

ï ʧʨʠʤʝˁʝʥʠ ʩʫ LED ʧʘʢʝʪʠ ʿʝʜʥʝ ʩʧʝʢʪʨʘʣʥʝ ʨʘʩʧʦʜʝʣʝ ʩʥʘʛʝ ʟʨʘʯʝˁʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ 

ʥʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ ʦʜ 3000 K (4000 K).  

ʂʘʦ ʰʪʦ ʿʝ ʦʙʿʘʰˁʝʥʦ ʫ ʧʦʛʣʘʚˀʫ 6.3.3, ʟʙʦʛ ʢʨʘʪʢʦʛ ʚʨʝʤʝʥʩʢʦʛ ʪʨʘʿʘˁʘ ʚʦʞˁʝ ʢʦʿʘ ʿʝ 

ʧʦʜʨʘʟʫʤʝʚʘʣʘ ʩʫʙʿʝʢʪʠʚʥʫ ʦʮʝʥʫ ʙʨʦʿʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʦʩʚʝʪˀʝˁʘ, ʤʦʛʫ˂ʥʦʩʪ ʟʘ 

ʢʚʘʥʪʠʬʠʢʘʮʠʿʦʤ ʚʠʟʫʝʣʥʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʥʠʿʝ ʧʦʩʪʦʿʘʣʘ. ʄʝʹʫʪʠʤ, ʝʢʩʧʝʨʠʤʝʥʪʠ ʩ ʮʠˀʝʤ 

ʧʨʠʢʫʧˀʘˁʘ ʢʚʘʥʪʠʪʘʪʠʚʥʠʭ ʧʦʜʘʪʘʢʘ ʦ ʚʠʟʫʝʣʥʠʤ ʧʝʨʬʦʨʤʘʥʩʘʤʘ ʫʯʝʩʥʠʢʘ ʫ ʚʝʟʠ ʩʘ 

ʫʦʯʘʚʘˁʝʤ ʤʘʣʠʭ ʤʝʪʘ ʠ ʧʝʰʘʢʘ ʤʦʛʫ ʠ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʩʧʨʦʚʝʜʝʥʠ ʫ ʙʫʜʫ˂ʠʤ ʩʪʫʜʠʿʘʤʘ ʢʘʢʦ 

ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʠ ʥʝʦʧʭʦʜʥʠ ʧʦʜʘʮʠ ʟʘ ʢʦʥʘʯʘʥ ʟʘʢˀʫʯʘʢ. ʊʘʢʚʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʙʠ ʤʦʛʣʠ 

ʟʘʩʥʦʚʘʥʠ ʥʘ ʚʨʝʤʝʥʫ ʠ ʩʪʦʧʠ ʫʦʯʘʚʘˁʘ ʧʨʝʜʤʝʪʘ ʥʘ ʢʦʣʦʚʦʟʫ. ʇʦʩʪʦʿʝ ʜʚʝ ʤʦʛʫ˂ʥʦʩʪʠ: ʜʘ ʩʝ 

ʢʦʨʠʩʪʝ ʩʠʤʫʣʘʪʦʨʠ ʚʦʞˁʝ (ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʟʥʘʪʥʦ ʿʝʜʥʦʩʪʘʚʥʠʿʠ ʧʨʠʩʪʫʧ) ʠʣʠ ʩʪʚʘʨʥʘ 

ʚʦʞˁʘ. ʇʦʩʣʝʜˁʝ ʙʠ ʜʘʣʦ ʧʦʫʟʜʘʥʠʿʝ ʨʝʟʫʣʪʘʪʝ, ʘʣʠ ʙʠ ʙʠʣʦ ʢʦʤʧʣʠʢʦʚʘʥʠʿʝ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ. 

ʅʘʿʚʝ˂ʠ ʧʨʦʙʣʝʤ ʙʠ ʙʠʦ ʢʘʢʦ ʧʨʝʮʠʟʥʦ ʨʝʛʠʩʪʨʦʚʘʪʠ ʚʨʝʤʝ ʧʦʿʘʚˀʠʚʘˁʘ ʧʨʝʜʤʝʪʘ ʠ ʚʨʝʤʝ 
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ˁʝʛʦʚʦʛ ʫʦʯʘʚʘˁʘ ʦʜ ʩʪʨʘʥʝ ʚʦʟʘʯʘ, ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʣʦ ʚʨʝʤʝ ʫʦʯʘʚʘˁʘ ʧʨʝʜʤʝʪʘ. ɼʦʜʘʪʥʠ 

ʧʨʦʙʣʝʤ ʙʠ ʧʨʝʜʩʪʘʚˀʘʣʦ ʫʪʚʨʹʠʚʘˁʝ ʧʦʣʦʞʘʿʘ ʘʫʪʦʤʦʙʠʣʘ ʫ ʪʨʝʥʫʪʢʫ ʧʦʿʘʚˀʠʚʘˁʘ ʦʙʿʝʢʪʘ.  

ɿʙʦʛ ʦʚʠʭ ʦʛʨʘʥʠʯʝˁʘ ʠ ʯʠˁʝʥʠʮʝ ʜʘ ʩʫ ʨʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʢʘʟʘʣʠ ʙʣʘʛʫ 

ʧʨʝʬʝʨʝʥʮʠʿʫ LED ʧʘʢʝʪʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K, ʧʨʝʜʩʪʘʚˀʝʥʠ ʧʠʣʦʪ ʧʨʦʿʝʢʘʪ 

ʤʦʞʝ ʩʝ ʩʤʘʪʨʘʪʠ ʧʦʯʝʪʥʠʤ ʢʦʨʘʢʦʤ ʰʠʨʝʛ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʪʨʝʙʥʦʛ ʟʘ ʜʦʥʦʰʝˁʝ ʢʦʥʘʯʥʝ 

ʦʜʣʫʢʝ ʦ ʦʜʛʦʚʘʨʘʿʫ˂ʦʿ ʙʦʿʠ ʩʚʝʪʣʦʩʪʠ ʠʟ ʫʛʣʘ ʚʦʟʘʯʘ, ʥʫʜʝ˂ʠ ʩʤʝʨʥʠʮʝ ʟʘ ʙʫʜʫ˂ʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ. 
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7 ʇʆʈɽɫɽɳɽ ɽʅɽʈɻɽʊʉʂɽ ɽʌʀʂɸʉʅʆʉʊʀ ʀ ʊʈʆʐʂʆɺɸ ʂʆɱʀ ʉɽ 

ʆɼʅʆʉɽ ʅɸ ʂʆʅɺɽʅʎʀʆʅɸʃʅɽ ʀ LED ʀʅʉʊɸʃɸʎʀɱɽ 

ʆʉɺɽʊɲɽɳɸ ʋʃʀʎɸ ʀ ʇʋʊɽɺɸ 
 

ʆʚʘʿ ʜʝʦ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʦʩʚʝ˂ʝʥ ʿʝ ʘʜʝʢʚʘʪʥʦʤ ʧʦʨʝʹʝˁʫ LED ʩʚʝʪʠˀʢʠ ʩʘ 

ʩʚʝʪʠˀʢʘʤʘ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʠʣʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠʟʚʦʨʠʤʘ ʩʘ 

ʢʝʨʘʤʠʯʢʠʤ ʛʦʨʠʦʥʠʢʦʤ (ʟʙʦʛ ˁʠʭʦʚʝ ʨʝʣʘʪʠʚʥʦ ʚʠʩʦʢʝ ʮʝʥʝ, ʧʦʩʣʝʜˁʝ ʩʝ ʫʛʣʘʚʥʦʤ ʢʦʨʠʩʪʝ 

ʫ ʙʦʛʘʪʠʤ ʟʝʤˀʘʤʘ), ʢʦʿʝ ʩʝ ʧʨʠʤʝˁʫʿʫ ʟʘ ʦʩʚʝʪˀʝˁʝ ʫʣʠʮʘ ʠʣʠ ʧʫʪʝʚʘ ʥʘʤʝˁʝʥʠʭ ʟʘ 

ʤʦʪʦʨʠʟʦʚʘʥʠ ʠʣʠ ʤʝʰʦʚʠʪʠ ʩʘʦʙʨʘ˂ʘʿ. ʇʦʨʝʹʝˁʝ ʿʝ ʠʟʚʨʰʝʥʦ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʧʦʪʨʦʰˁʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʝʢʦʥʦʤʩʢʠʭ ʧʦʢʘʟʘʪʝˀʘ.  

ʋ ʧʦʛʣʝʜʫ ʤʝʪʦʜʦʣʦʛʠʿʝ, ʦʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʥʫ ʥʘʜʦʛʨʘʜˁʫ ʦʥʦʛ ʢʦʿʝ ʿʝ 

ʧʨʝʜʩʪʘʚˀʝʥʦ ʫ ʨʝʬʝʨʝʥʮʠ [102]. ʇʨʚʠ ʜʝʦ ʤʝʪʦʜʦʣʦʛʠʿʝ, ʥʘʤʝˁʝʥ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʦʧʪʠʤʘʣʥʦʛ 

(ʝʥʝʨʛʝʪʩʢʠ ʥʘʿʝʬʠʢʘʩʥʠʿʝʛ) ʩʚʝʪʣʦʪʝʭʥʠʯʢʦʛ ʨʝʰʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ, ʩʘʜʘ ʿʝ ʫʦʧʰʪʝʥ. ɳʝʛʦʚ 

ʜʨʫʛʠ ʜʝʦ, ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʨʦʨʘʯʫʥ ʪʨʦʰʢʦʚʘ, ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʥʘ ʦʧʰʪʠʿʠ ʥʘʯʠʥ ʥʝʛʦ ʰʪʦ 

ʿʝ ʪʦ ʫʨʘʹʝʥʦ ʫ ʨʝʬʝʨʝʥʮʠ [103]. ʇʦʨʝʜ ʪʦʛʘ, ʜʘʪ ʿʝ ʩʢʫʧ ʥʦʚʠʭ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʬʦʨʤʫʣʘ ʟʘ 

ʧʨʦʨʘʯʫʥ ʩʚʠʭ ʪʨʦʰʢʦʚʘ ʦʜʨʞʘʚʘˁʘ LED ʩʚʝʪʠˀʢʠ. ʀʟ ʨʘʟʣʦʛʘ ʥʘʚʝʜʝʥʠʭ ʫ ʧʨʝʪʭʦʜʥʠʤ 

ʧʦʛʣʘʚˀʠʤʘ, ʨʘʟʤʘʪʨʘʥʝ ʩʫ LED ʩʚʝʪʠˀʢʝ ʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ, ʘ ʥʝ ʩʘʤʦ 

ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʢʘʦ ʫ ʨʝʬʝʨʝʥʮʠ [102]. ɹʫʜʫ˂ʠ ʜʘ ʿʝ ʟʙʦʛ ʙʨʟʦʛ ʨʘʟʚʦʿʘ LED ʪʝʭʥʦʣʦʛʠʿʝ 

ʧʦʪʨʝʙʥʦ ʨʝʜʦʚʥʦ ʘʞʫʨʠʨʘʪʠ ʩʪʫʜʠʿʝ ʦʚʦʛ ʪʠʧʘ, ʦʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʩʝ ʙʘʚʠʣʦ ʪʨʝʥʫʪʥʦ 

ʜʦʩʪʫʧʥʠʤ LED ʩʚʝʪʠˀʢʘʤʘ ʩʘ ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʦʤ ʦʧʪʠʢʦʤ ʠ LED ʧʘʢʝʪʠʤʘ ʩʘ ʞʠʚʦʪʥʠʤ 

ʚʝʢʦʤ ʦʜ 100000 ʩʘʪʠ [104, 105] (ʫ ʧʨʝʪʭʦʜʥʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʦʥʠ ʩʘ ʞʠʚʦʪʥʠʤ 

ʚʝʢʦʤ ʦʜ 50000 ʩʘʪʠ [102]) ʠ ʩʚʝʪʣʦʩʥʝ ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ ʜʦ 160 lm/W (ʫ ʧʨʝʪʭʦʜʥʦʤ 

ʠʩʪʨʘʞʠʚʘˁʫ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʦʥʠ ʦʜ 90 lm/W). ʇʦʨʝʜ ʩʪʘʥʜʘʨʜʥʠʭ LED ʧʘʢʝʪʘ ʢʦʿʠ ʩʝ ʜʘʥʘʩ 

ʢʦʨʠʩʪʝ ʫ ʩʚʝʪʠˀʢʘʤʘ ʥʘʤʝˁʝʥʠʤ ʟʘ ʦʩʚʝʪˀʝˁʝ ʫʣʠʮʘ/ʧʫʪʝʚʘ, ʫʟʝʪʠ ʩʫ ʫ ʦʙʟʠʨ ʠ ʦʥʠ ʢʦʿʝ 

ʢʘʨʘʢʪʝʨʠʰʝ ʩʚʝʪʣʦʩʥʘ ʠʩʢʦʨʠʩʪʠʚʦʩʪ ʦʜ 190 lm/W, ʢʦʿʠ ʩʝ ʢʦʤʝʨʮʠʿʘʣʥʦ ʤʦʛʫ ʦʯʝʢʠʚʘʪʠ ʫ 

ʙʣʠʩʢʦʿ ʙʫʜʫ˂ʥʦʩʪʠ. ʐʪʦ ʩʝ ʪʠʯʝ ʝʢʦʥʦʤʩʢʝ ʘʥʘʣʠʟʝ, ʧʦʨʝʜ ʫʪʠʮʘʿʘ ʩʪʦʧʝ ʘʢʪʫʝʣʠʟʘʮʠʿʝ ʠ ʮʝʥʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʩʧʨʦʚʝʜʝʥʘ ʘʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ ʦʙʫʭʚʘʪʠʣʘ ʿʝ ʠ ʫʪʠʮʘʿ ʞʠʚʦʪʥʦʛ ʚʝʢʘ 

LED ʧʘʢʝʪʘ. ʇʨʝʜʥʦʩʪʠʤʘ ʢʦʿʝ ʩʝ ʤʦʛʫ ʦʩʪʚʘʨʠʪʠ ʧʨʠʤʝʥʦʤ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤʘ ʪʘʢʦʹʝ ʿʝ 

ʧʦʩʚʝ˂ʝʥʘ ʧʘʞˁʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʧʨʝʪʭʦʜʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ, ʢʦʿʝ ʿʝ ʙʠʣʦ ʟʘʩʥʦʚʘʥʦ ʥʘ 

ʧʨʝʧʦʨʫʢʘʤʘ CIE [12], ʦʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʫʟʝʣʦ ʫ ʦʙʟʠʨ ʥʝʜʘʚʥʝ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʟʘʭʪʝʚʝ ʢʦʿʝ 

ʿʝ ʥʘʤʝʪʥʫʦ European Committee for Standardization [106]. ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʩʝ ʧʨʠʤʝʥʘ ʥʦʚʠʭ 

ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ (ʢʘʦ ʰʪʦ ʿʝ LED ʪʝʭʥʦʣʦʛʠʿʘ) ʩʤʘʪʨʘ ʧʨʠʤʘʨʥʦʤ ʤʝʪʦʜʦʤ 

ʟʘ ʩʤʘˁʝˁʝ ʥʝʛʘʪʠʚʥʠʭ ʫʪʠʮʘʿʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ [107], ʠʟʘʙʨʘʥʘ ʩʫ ʩʘʤʦ ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ 

ʨʝʰʝˁʘ ʩʘ ʤʠʥʠʤʘʣʥʦʤ ʠʥʩʪʘʣʠʩʘʥʦʤ ʩʥʘʛʦʤ (ʘ ʥʝ ʠ ʦʥʘ ʩʘ ʤʘʢʩʠʤʘʣʥʠʤ ʨʘʩʪʦʿʘˁʝʤ ʠʟʤʝʹʫ 

ʩʪʫʙʦʚʘ ʢʘʦ ʫ ʧʨʝʪʭʦʜʥʦʤ ʠʩʪʨʘʞʠʚʘˁʫ). ʇʨʦʨʘʯʫʥ ʠʥʩʪʘʣʠʩʘʥʠʭ ʩʥʘʛʘ (ʧʦʪʨʦʰˁʠ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ) ʫʧʦʨʝʜʠʚʠʭ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ ʨʝʰʝˁʘ ʨʝʘʣʠʟʦʚʘʥʠʭ ʧʦʤʦ˂ʫ LED ʧʘʢʝʪʘ 

(ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ) ʠ ʥʘʪʨʠʿʫʤʦʚʠʭ ʠʟʚʦʨʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ, ʢʘʦ ʠ ʫʧʦʨʝʜʠʚʠʭ 

ʨʝʰʝˁʘ ʨʝʘʣʠʟʦʚʘʥʠʭ ʧʦʤʦ˂ʫ LED ʧʘʢʝʪʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ 

(ʧʦʩʣʝʜˁʝ ʧʦʨʝʹʝˁʝ ʥʠʿʝ ʨʘʟʤʘʪʨʘʥʦ ʫ ʧʨʝʪʭʦʜʥʦʤ ʠʩʪʨʘʞʠʚʘˁʫ), ʦʙʝʟʙʝʜʠʦ ʿʝ ʧʦʜʘʪʢʝ ʦ 

ʪʨʝʥʫʪʥʦ ʦʩʪʚʘʨʠʚʠʤ ʫʰʪʝʜʘʤʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. 

 

7.1 ʇʨʝʛʣʝʜ ʧʫʙʣʠʢʦʚʘʥʠʭ ʨʝʟʫʣʪʘʪʘ ʫ ʚʝʟʠ ʩʘ ʝʥʝʨʛʝʪʩʢʦʤ ʝʬʠʢʘʩʥʦʰ˂ʫ ʠ 

ʪʨʦʰʢʦʚʠʤʘ ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ LED ʦʩʚʝʪˀʝˁʘ 
 

ɿʙʦʛ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʫʰʪʝʜʝ ʪʨʦʰʢʦʚʘ, ʫ ʪʦʢʫ ʿʝ ʤʘʩʦʚʥʠ ʧʨʝʣʘʟʘʢ ʩʘ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʛ ʥʘ LED ʦʩʚʝʪˀʝˁʝ. ʋ ʦʩʚʝʪˀʝˁʫ ʫʣʠʮʘ/ʧʫʪʝʚʘ, ʢʦʿe ʫʯʝʩʪʚʫʿʝ ʩʘ ʦʢʦ 1,3% ʫ 

ʫʢʫʧʥʦʿ ʧʦʪʨʦʰˁʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ɽʚʨʦʧʠ [108] ʠ ʩʘ ʦʢʦ 1% ʫ ʛʣʦʙʘʣʥʦʿ ʧʦʪʨʦʰˁʠ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ [109], LED ʧʘʢʝʪʠ ʩʝ ʛʝʥʝʨʘʣʥʦ ʧʦʨʝʜʝ ʩʘ ʠʟʚʦʨʠʤʘ ʩʚʝʪʣʦʩʪʠ ʩʘ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʝʣʝʢʪʨʠʯʥʠʤ ʧʨʘʞˁʝˁʝʤ (ʥʘʪʨʠʿʫʤʦʚʠ ʠʟʚʦʨʠ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʠʣʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠ ʠʟʚʦʨʠ) 

ʩ ʮʠˀʝʤ ʧʨʦʮʝʥʝ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ, ʪʨʦʰʢʦʚʘ, ʢʚʘʣʠʪʝʪʘ ʦʩʚʝʪˀʝˁʘ ʠ ʫʪʠʮʘʿʘ ˁʠʭʦʚʝ 

ʧʨʠʤʝʥʝ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. ʅʝʢʝ ʦʜ ʙʨʦʿʥʠʭ ʩʪʫʜʠʿʘ ʢʦʿʝ ʩʝ ʙʘʚʝ ʦʚʠʤ ʧʠʪʘˁʠʤʘ 

ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʫ ʥʘʩʪʘʚʢʫ, ʩ ʮʠˀʝʤ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʝ ˁʠʭʦʚʠ ʜʦʧʨʠʥʦʩʠ ʠ ʥʝʜʦʩʪʘʮʠ.  

ɻʨʘʜ ʂʦʚʝʥʪʨʠ ʿʝ ʥʝʜʘʚʥʦ ʟʘʤʝʥʠʦ 29701 ʫʣʠʯʥʫ ʩʚʝʪʠˀʢʫ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ 

ʩʚʝʪʣʦʩʪʠ LED ʩʚʝʪʠˀʢʘʤʘ [110]. ɽʢʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ ʢʦʿʘ ʿʝ ʠʤʘʣʘ ʟʘ ʮʠˀ ʜʘ ʫʧʦʨʝʜʠ ʫʰʪʝʜʝ 

ʧʦʜʨʘʟʫʤʝʚʘʣʘ ʿʝ ʩʣʝʜʝ˂ʘ ʜʚʘ ʩʮʝʥʘʨʠʿʘ: ʟʘʤʝʥʫ ʧʦʩʪʦʿʝ˂ʠʭ ʩʚʝʪʠˀʢʠ LED ʩʚʝʪʠˀʢʘʤʘ ʠ 

ʫʚʦʹʝˁʝ ʧʘʨʮʠʿʘʣʥʦʛ ʩʠʩʪʝʤʘ ʥʦ˂ʥʦʛ ʦʩʚʝʪˀʝˁʘ ʫ ʧʦʩʪʦʿʝ˂ʝ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ. ɸʥʘʣʠʟʘ 

ʿʝ ʠʟʚʨʰʝʥʘ ʫʟ ʧʨʝʪʧʦʩʪʘʚʢʫ ʧʝʨʠʦʜʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʦʜ 20 ʛʦʜʠʥʘ (2010ï2030), ʩʪʦʧʝ 

ʘʢʪʫʝʣʠʟʘʮʠʿʝ (ʛʦʜʠʰˁʘ ʩʪʦʧʘ ʧʨʠʥʦʩʘ ʢʦʿʫ ʠʥʚʝʩʪʠʪʦʨʠ ʦʯʝʢʫʿʫ) ʦʜ 3,5% ʠ ʩʪʦʧʝ ʠʥʬʣʘʮʠʿʝ 

ʦʜ 2,4%. ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʙʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʩʠʩʪʝʤʘ ʧʘʨʮʠʿʘʣʥʦʛ ʥʦ˂ʥʦʛ ʦʩʚʝʪˀʝˁʘ, ʢʦʿʠ ʤʦʞʝ 

ʙʠʪʠ ʦʜ ʢʦʨʠʩʪʠ ʫ ʢʨʘʪʢʦʨʦʯʥʦʤ ʧʝʨʠʦʜʫ, ʦʙʝʟʙʝʜʠʣʘ ʫʰʪʝʜʫ ʝʥʝʨʛʠʿʝ ʦʜ 21% ʫ ʦʜʥʦʩʫ ʥʘ 

ʪʨʝʥʫʪʥʫ ʧʦʪʨʦʰˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʜʦʢ ʙʠ ʧʨʠʤʝʥʘ LED ʩʚʝʪʠˀʢʠ, ʢʦʿʘ ʿʝ ʧʦʚʦˀʥʘ ʫ 

ʜʫʛʦʨʦʯʥʦʤ ʧʝʨʠʦʜʫ, ʩʤʘˁʠʣʘ ʧʦʪʨʦʰˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʟʘ 44%. ʄʝʹʫʪʠʤ, ʪʨʝʙʘ 

ʥʘʛʣʘʩʠʪʠ ʜʘ ʥʝʜʦʩʪʘʿʫ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʨʝʣʝʚʘʥʪʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʢʦʿʠ ʦʧʠʩʫʿʫ ʟʘʤʝˁʝʥʝ ʠ ʥʦʚʝ 

ʩʚʝʪʠˀʢʝ (ʠʟʙʦʨ (ʥʝ)ʘʜʝʢʚʘʪʥʠʭ ʩʚʝʪʠˀʢʠ), ʢʘʦ ʠ ʦ ʥʠʚʦʠʤʘ ʩʿʘʿʥʦʩʪʠ/ʦʩʚʝʪˀʝʥʦʩʪʠ 

ʫʣʠʮʝ/ʧʫʪʘ ʧʦʩʪʠʛʥʫʪʠʤ ʧʨʝ ʠ ʧʦʩʣʝ ʟʘʤʝʥʝ. ʆʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʘʢʮʠʿʝ ʟʘʤʝʥʝ ʩʚʝʪʠˀʢʠ ʢʦʿʝ ʥʠʩʫ 

ʟʘʩʥʦʚʘʥʝ ʥʘ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪʥʠʤ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʨʝʰʝˁʠʤʘ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ 

ʫʚʝ˂ʘʥʠʭ ʠʣʠ ʫʤʘˁʝʥʠʭ ʫʰʪʝʜʘ ʙʠʣʦ ʢʦʿʝ ʚʨʩʪʝ.  

ʀʩʧʫˁʘʚʘʿʫ˂ʠ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʟʘʭʪʝʚʝ ʜʘʪʝ ʫ ʠʪʘʣʠʿʘʥʩʢʦʤ ʩʪʘʥʜʘʨʜʫ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʿʫ 

ʧʫʪʝʚʘ, ʫ ʩʪʫʜʠʿʠ ʩʣʫʯʘʿʘ ʦʧʰʪʠʥʝ ʂʦʤʠʩʦ ʘʥʘʣʠʟʠʨʘʥʘ ʩʫ ʩʣʝʜʝ˂ʘ ʪʨʠ ʩʮʝʥʘʨʠʿʘ ʟʘ ʧʦʩʪʠʟʘˁʝ 

ʫʰʪʝʜʘ ʝʥʝʨʛʠʿʝ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ: ʫʛʨʘʜˁʘ ʩʠʩʪʝʤʘ ʟʘ ʨʝʛʫʣʘʮʠʿʫ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ 

(ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʝ 75% ʠ 50% ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ ʫ ʦʜʥʦʩʫ ʥʘ ʥʦʨʤʘʣʥʠ ʨʝʞʠʤ ʦʩʚʝʪˀʝˁʘ) ʫ 

ʧʦʩʪʦʿʝ˂ʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ (ʩʘ 7674, ʧʨʝʪʝʞʥʦ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ 

ʧʨʠʪʠʩʢʘ), ʟʘʤʝʥʫ ʧʦʩʪʦʿʝ˂ʠʭ LED ʩʚʝʪʠˀʢʘʤʘ ʠ ʠʩʪʦʚʨʝʤʝʥʫ ʧʨʠʤʝʥʫ ʦʙʘ ʥʘʚʝʜʝʥʘ ʩʮʝʥʘʨʠʿʘ 

[111]. ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʿʝ ʫʰʪʝʜʘ ʝʥʝʨʛʠʿʝ ʠʟʥʦʩʠʣʘ 45%, 37% ʠ 66%, ʨʝʩʧʝʢʪʠʚʥʦ. ʀʘʢʦ ʩʫ 

ʘʫʪʦʨʠ ʧʨʠʤʝʥʠʣʠ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʠ ʧʨʦʨʘʯʫʥ ʧʝʨʠʦʜʘ ʧʦʚʨʘ˂ʘʿʘ ʥʦʚʮʘ, ʠʟʚʨʰʝʥ ʪʘʢʦ ʰʪʦ ʩʝ 

ʥʝʪʦ ʢʘʧʠʪʘʣʥʘ ʠʥʚʝʩʪʠʮʠʿʘ ʧʦʜʝʣʠ ʩʘ ʛʦʜʠʰˁʠʤ ʫʰʪʝʜʘʤʘ ʪʨʦʰʢʦʚʘ, ˁʠʭʦʚʠ ʟʘʢˀʫʯʮʠ ʩʫ 

ʫʙʝʜˀʠʚʠ: ʪʨʝ˂ʠ ʩʮʝʥʘʨʠʦ ʿʝ ʟʥʘʪʥʦ ʧʦʚʦˀʥʠʿʠ ʦʜ ʜʨʫʛʦʛ (ʧʝʨʠʦʜʠ ʧʦʚʨʘ˂ʘʿʘ ʩʫ 10 ʠ 16 

ʛʦʜʠʥʘ, ʨʝʩʧʝʢʪʠʚʥʦ), ʜʦʢ ʿʝ ʧʨʚʠ ʩʮʝʥʘʨʠʦ ʥʘʿʧʦʚʦˀʥʠʿʠ (ʧʝʨʠʦʜ ʧʦʚʨʘ˂ʘʿʘ ʿ ʝ ʩʘʤʦ 4 ʛʦʜʠʥʝ).  

ʋ ʨʝʬʝʨʝʥʮʠ [112] ʿʝ ʠʟʚʨʰʝʥʘ ʘʥʘʣʠʟʘ ʪʨʦʰʢʦʚʘ ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ (life cycle cost (LCC)) 

ʟʘ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʧʫʪʝʚʘ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʩʚʝʪʣʦʩʪʠ ʠ LED 

ʩʚʝʪʠˀʢʘʤʘ. LCC ʘʥʘʣʠʟʘ ʿʝ ʫʟʝʣʘ ʫ ʦʙʟʠʨ ʠʥʚʝʩʪʠʮʠʦʥʝ ʪʨʦʰʢʦʚʝ, ʪʨʦʰʢʦʚʝ ʝʢʩʧʣʦʘʪʘʮʠʿʝ 

(ʫʪʨʦʰʝʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʠ ʦʜʨʞʘʚʘˁʝ) ʠ ʧʨʝʦʩʪʘʣʫ ʚʨʝʜʥʦʩʪ (ʪʨʦʰʢʦʚʝ ʥʘ ʢʨʘʿʫ 

ʞʠʚʦʪʥʦʛ ʚʝʢʘ, ʢʘʦ ʰʪʦ ʩʫ ʪʨʦʰʢʦʚʠ ʨʝʮʠʢʣʘʞʝ ʠ ʜʝʤʦʥʪʘʞʝ). ʇʨʝʜʚʠʹʝʥʦ ʿʝ ʜʘ ʩʚʝʪʠˀʢʝ ʨʘʜʝ 

4000 ʩʘʪʠ ʛʦʜʠʰˁʝ ʥʘ ʧʫʪʝʚʠʤʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʄ4 [12] ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ 

ʦʜ 30 ʛʦʜʠʥʘ. ʂʘʦ ʦʧʪʠʤʘʣʥʘ ʠʟʘʙʨʘʥʘ ʩʫ ʨʘʩʪʦʿʘˁʘ ʩʪʫʙʦʚʘ ʦʜ 50 m ʟʘ ʩʚʝʪʠˀʢʝ ʩʘ 

ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʠ 36 m ʟʘ LED ʩʚʝʪʠˀʢʝ. ʆʩʠʤ ʦʩʥʦʚʥʦʛ ʩʣʫʯʘʿʘ, ʧʨʦʫʯʘʚʘʥʦ ʿʝ ʰʝʩʪ 

ʨʘʟʣʠʯʠʪʠʭ ʩʮʝʥʘʨʠʿʘ: ʫʜʚʦʩʪʨʫʯʝˁʝ ʪʨʦʰʢʦʚʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ (ʦʩʥʦʚʥʠ ʩʣʫʯʘʿ: 

0,1 ú/kWh), ʠʩʢˀʫʯʝˁʝ ʧʦʿʝʜʠʥʘʯʥʝ ʟʘʤʝʥʝ ʩʠʿʘʣʠʮʘ/ʩʚʝʪʠˀʢʠ, ʩʤʘˁʝˁʝ ʮʝʥʝ LED ʩʚʝʪʠˀʢʠ, 

ʩʤʘˁʝˁʝ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʥʘʪʨʠʿʫʤʦʚʦʛ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ, ʧʦʚʝ˂ʘˁʝ ʞʠʚʦʪʥʦʛ ʚʝʢʘ LED 

ʩʚʝʪʠˀʢʝ ʠ ʤʦʜʫʣʘʨʥʦʩʪ LED ʩʚʝʪʠˀʢʝ (ʟʘʤʝʥʘ ʜʝʣʦʚʘ ʩʚʝʪʠˀʢʝ ʢʦʿʠ ʩʫ ʫ ʢʚʘʨʫ (LED ʤʦʜʫʣʘ 

ʠ/ʠʣʠ ʜʨʘʿʚʝʨʘ) ʫʤʝʩʪʦ ʟʘʤʝʥʝ ʮʝʣʝ ʩʚʝʪʠˀʢʝ). ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʙʠ LED ʩʚʝʪʠˀʢʘ ʧʦʩʪʘʣʘ 

ʝʢʦʥʦʤʩʢʠ ʧʦʚʦˀʥʠʿʘ (ʤʘˁʠ LCC) ʦʜ ʩʚʝʪʠˀʢʝ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʦʤ ʩʚʝʪʣʦʩʪʠ, ʩʚʠ 

ʩʮʝʥʘʨʠʿʠ ʙʠ ʤʦʨʘʣʠ ʜʘ ʩʝ ʦʜʚʠʿʘʿʫ ʠʩʪʦʚʨʝʤʝʥʦ. ʀʘʢʦ ʿʝ ʌʠʥʩʢʘ ʘʛʝʥʮʠʿʘ ʟʘ ʩʘʦʙʨʘ˂ʘʿ 

ʦʜʦʙʨʠʣʘ ʦʙʝ ʩʚʝʪʠˀʢʝ ʟʘ ʫʧʦʪʨʝʙʫ ʥʘ ʧʫʪʝʚʠʤʘ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʢʣʘʩʘ ʄ4, 

ʥʝʜʦʩʪʘʪʘʢ ʨʝʣʝʚʘʥʪʥʠʭ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ (ʥʠʚʦ ʩʿʘʿʥʦʩʪʠ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ, ʠʪʜ.) 

ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʦʜʘʙʨʘʥʠʤ ʨʘʩʪʦʿʘˁʠʤʘ ʠʟʤʝʹʫ ʩʪʫʙʦʚʘ ʩʧʨʝʯʘʚʘ ʜʘ ʩʝ ʜʚʝ ʠʥʩʪʘʣʘʮʠʿʝ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʦʩʚʝʪˀʝˁʘ ʪʨʝʪʠʨʘʿʫ ʢʘʦ ʫʧʦʨʝʜʠʚʝ. ʋʟ ʪʦ, LCC ʘʥʘʣʠʟʘ ʥʠʿʝ ʫʟʝʣʘ ʫ ʦʙʟʠʨ ʥʠʿʝʜʥʫ ʜʨʫʛʫ 

ʩʚʝʪʣʦʪʝʭʥʠʯʢʫ ʢʣʘʩʫ ʧʫʪʝʚʘ. 

ʂʦʨʠʩʪʝ˂ʠ ʠ ʪʨʘʜʠʮʠʦʥʘʣʥʫ ʠ ʤʝʪʦʜʦʣʦʛʠʿʫ ʧʨʠʣʘʛʦʹʝʥʫ ʨʘʟʤʘʪʨʘʥʦʤ ʩʣʫʯʘʿʫ, ʢʦʿʘ ʿʝ 

ʫʢˀʫʯʠʚʘʣʘ ʚʘʨʠʿʘʮʠʿʫ ʮʝʥʝ ʪʨʦʰʢʦʚʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʧʨʦʿʝʢʪʘ ʫ 

ʬʘʟʘʤʘ, ʫ ʨʝʬʝʨʝʥʮʠ [113] ʧʨʦʮʝˁʝʥʘ ʿ ʝ ʟʘʤʝʥʘ 193045 ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʩʚʝʪʠˀʢʠ ʥʘʤʝˁʝʥʠʭ 

ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ LED ʩʚʝʪʠˀʢʘʤʘ. ʀʟʨʘʯʫʥʘʪʦ ʿʝ ʜʘ ʿʝ ʛʦʜʠʰˁʘ ʫʰʪʝʜʘ ʝʥʝʨʛʠʿʝ ʠʟʥʦʩʠʣʘ 

70%. ʋʟ ʧʨʝʪʧʦʩʪʘʚʢʫ ʩʪʦʧʝ ʪʨʦʰʢʦʚʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʦʜ 0,19 ú/kWh, ʛʦʜʠʰˁʝ 

ʢʦʨʠʰ˂ʝˁʝ ʿʘʚʥʦʛ ʦʩʚʝʪˀʝˁʘ ʦʜ 4167 ʩʘʪʠ ʫ ʦʢʚʠʨʫ ʧʨʦʿʝʢʪʥʦʛ ʧʝʨʠʦʜʘ ʦʜ 12 ʛʦʜʠʥʘ, 

ʦʯʝʢʠʚʘʥʠ ʞʠʚʦʪʥʠ ʚʝʢ ʢʦʤʝʨʮʠʿʘʣʥʠʭ LED ʩʚʝʪʠˀʢʠ ʦʜ 50000 ʩʘʪʠ ʠ ʩʪʦʧʫ ʘʢʪʫʝʣʠʟʘʮʠʿʝ ʦʜ 

6,9% ʟʘ ʪʨʘʜʠʮʠʦʥʘʣʥʫ ʘʥʘʣʠʟʫ, ʧʦʢʘʟʘʥʦ ʝʿ ʜʘ ʿʝ ʚʨʝʜʥʦʩʪ ʧʨʦʿʝʢʪʘ ʜʦʙʠʿʝʥʘ ʘʥʘʣʠʟʦʤ 

ʧʨʠʣʘʛʦʹʝʥʦʤ ʨʘʟʤʘʪʨʘʥʦʤ ʩʣʫʯʘʿʫ ʚʝ˂ʘ ʦʜ ʦʥʝ ʜʦʙʠʿʝʥʝ ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ ʘʥʘʣʠʟʦʤ, ʿʝʨ ʿʝ 

ʜʨʫʛʘ ʦʧʪʠʤʠʩʪʠʯʥʦ ʧʨʝʪʧʦʩʪʘʚˀʘʣʘ ʢʦʥʩʪʘʥʪʥʫ ʮʝʥʫ ʪʨʦʰʢʦʚʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʪʦʢʦʤ 

ʜʫʛʦʛ ʚʝʢʘ ʪʨʘʿʘˁʘ LED ʧʘʢʝʪʘ (LED ʧʘʢʝʪ ʩʘʜʨʞʠ LED ʯʠʧ ʦʢʨʫʞʝʥ ʧʣʘʩʪʠʯʥʠʤ ʢʫ˂ʠʰʪʝʤ 

ʢʦʿʝ ʤʦʞʝ ʙʠʪʠ ʧʨʝʢʨʠʚʝʥʦ ʬʦʩʬʦʨʦʤ). ʄʝʹʫʪʠʤ, ʢʨʘʪʘʢ ʧʝʨʠʦʜ ʪʨʘʿʘˁʘ ʧʨʦʿʝʢʪʘ ʦʜ ʩʘʤʦ 12 

ʛʦʜʠʥʘ ʠ ʦʜʩʫʩʪʚʦ ʧʦʜʘʪʘʢʘ ʦ ʬʦʪʦʤʝʪʨʠʿʩʢʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ ʧʨʝ ʠ 

ʧʦʩʣʝ ʟʘʤʝʥʝ ʯʠʥʝ ʨʝʟʫʣʪʘʪʝ ʩʪʫʜʠʿʝ ʫʧʠʪʥʠʤ.  

ʋ ʧʨʦʿʝʢʪʫ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʩʧʨʦʚʝʜʝʥʦʤ ʫ ʫʥʠʚʝʨʟʠʪʝʪʩʢʦʤ ʢʘʤʧʫʩʫ ʫ ʇʘʣʝʨʤʫ 

(ʀʪʘʣʠʿʘ), ʢʦʿʠ ʫʢˀʫʯʫʿʝ ʫʣʠʮʝ, ʧʝʰʘʯʢʝ ʩʪʘʟʝ, ʙʘʰʪʝ, ʠʪʜ., ʘʥʘʣʠʟʠʨʘʥʠ ʩʫ ʝʥʝʨʛʝʪʩʢʠ, 

ʝʢʦʥʦʤʩʢʠ ʠ ʩʦʮʠʿʘʣʥʠ ʘʩʧʝʢʪʠ ʟʘʤʝʥʝ ʧʦʩʪʦʿʝ˂ʠʭ ʩʚʝʪʠˀʢʠ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠ ʞʠʚʠʥʠʤ 

ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ LED ʩʚʝʪʠˀʢʘʤʘ [114]. ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ ʫʰʪʝʜʝ ʝʥʝʨʛʠʿʝ ʜʦ 84%, 

ʧʨʘ˂ʝʥʝ ʟʥʘʯʘʿʥʠʤ ʫʰʪʝʜʘʤʘ ʪʨʦʰʢʦʚʘ, ʤʦʛʫ ʧʦʩʪʠ˂ʠ ʘʢʦ ʩʝ ʧʨʠʤʝʥʠ ʜʠʤʦʚʘˁʝ ʫ 

ʥʦʚʦʠʟʚʝʜʝʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʦʩʚʝʪˀʝˁʘ. ʉʧʨʦʚʝʜʝʥʘ ʘʥʢʝʪʘ ʿʝ ʧʦʢʘʟʘʣʘ ʦʧʨʝʜʝˀʝʥʦʩʪ ʟʘ 

LED ʩʚʝʪʠˀʢʝ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K (ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʪʦʧʣʦ-

ʙʝʣʦʤ ʙʦʿʦʤ ʩʚʝʪʣʦʩʪʠ), ʧʦʩʝʙʥʦ ʤʝʹʫ ʚʦʟʘʯʠʤʘ. ʆʩʥʦʚʥʠ ʥʝʜʦʩʪʘʪʘʢ ʠʩʪʨʘʞʠʚʘˁʘ ʣʝʞʠ ʫ 

ʯʠˁʝʥʠʮʠ ʜʘ ʥʠʿʝ ʧʦʪʚʨʹʝʥʘ ʬʦʪʦʤʝʪʨʠʿʩʢʘ (ʥʘʿʚʘʞʥʠʿʘ) ʘʜʝʢʚʘʪʥʦʩʪ ʟʘʤʝʥʝ ʥʘʪʨʠʿʫʤʦʚʠʭ 

ʠʟʚʦʨʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʩʥʘʛʝ 250 W ʠ ʞʠʚʠʥʠʭ ʠʟʚʦʨʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʩʥʘʛʝ 400 W LED 

ʠʟʚʦʨʠʤʘ ʦʜ 78 W, ʦʜʥʦʩʥʦ 118 W.  

ʋ ʩʪʫʜʠʿʠ ʩʣʫʯʘʿʘ ʧʨʝʜʩʪʘʚˀʝʥʦʿ ʫ ʨʝʬʝʨʝʥʮʠ [115] ʨʘʟʤʘʪʨʘʥʦ ʿʝ ʩʝʜʘʤ ʧʫʪʝʚʘ 

ʥʘʤʝˁʝʥʠʭ ʟʘ ʤʦʪʦʨʠʟʦʚʘʥʠ ʩʘʦʙʨʘ˂ʘʿ ʦʩʚʝʪˀʝʥʠʭ LED ʩʚʝʪʠˀʢʘʤʘ. ʋʧʦʨʝʹʝʥʘ ʩʫ ʜʚʘ 

ʩʮʝʥʘʨʠʿʘ ʢʦʿʠ ʩʝ ʙʘʚʝ ʫʰʪʝʜʦʤ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʇʨʚʠ ʿʝ ʧʦʜʨʘʟʫʤʝʚʘʦ ʧʨʠʣʘʛʦʹʘʚʘˁʝ 

ʤʠʥʠʤʘʣʥʦʤ ʥʠʚʦʫ ʩʿʘʿʥʦʩʪʠ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʪʨʝʥʫʪʥʦʿ ʄ ʩʚʝʪʣʦʪʝʭʥʠʯʢʦʿ ʢʣʘʩʠ ʠʣʠ ʩʧʫʰʪʘˁʝ 

ʥʘ ʥʠʞʫ ʄ ʢʣʘʩʫ [12], ʜʦʢ ʩʝ ʜʨʫʛʠ ʟʘʩʥʠʚʘʦ ʥʘ ʧʨʠʤʝʥʠ ʚʨʝʤʝʥʩʢʦʛ ʨʘʩʧʦʨʝʜʘ ʜʠʤʦʚʘˁʘ 

ʧʨʠʣʘʛʦʹʝʥʦʛ ʛʫʩʪʠʥʠ ʩʘʦʙʨʘ˂ʘʿʘ, ʟʙʦʛ ʯʝʛʘ ʛʘ ʢʘʨʘʢʪʝʨʠʰʝ ʤʘˁʠ ʨʠʟʠʢ ʦʜ ʫʪʠʮʘʿʘ ʥʘ 

ʙʝʟʙʝʜʥʦʩʪ ʫ ʩʘʦʙʨʘ˂ʘʿʫ ʥʝʛʦ ʢʘʜʘ ʩʝ ʨʘʟʤʘʪʨʘ ʥʠʞʘ ʄ ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʢʣʘʩʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ 

ʧʦʢʘʟʘʣʠ ʜʘ ʜʨʫʛʠ ʩʮʝʥʘʨʠʦ ʠʤʘ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʚʝ˂ʝ ʫʰʪʝʜʝ ʝʥʝʨʛʠʿʝ (3445ï5867 kWh/km 

ʛʦʜʠʰˁʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 2485ï6299 kWh/km ʛʦʜʠʰˁʝ).  

ʋ ʨʝʬʝʨʝʥʮʠ [116] ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʿʝ ʜʝʪʝʢʮʠʿʘ ʦʙʿʝʢʘʪʘ/ʧʨʝʜʤʝʪʘ ʙʦˀʘ ʢʘʜʘ ʩʝ ʧʨʠʤʝˁʫʿʝ 

ʦʩʚʝʪˀʝˁʝ ʰʠʨʦʢʦʛ ʩʧʝʢʪʨʘ (LED) ʥʝʛʦ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʠ ʦʩʚʝʪˀʝˁʝ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ 

ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʧʨʠ ʿʝʜʥʘʢʦ ʿʦʩʚʝʪˀʝʥʦʩʪʠ ʫʣʠʮʝ/ʧʫʪʘ ʠʣʠ ʿʝʜʥʘʢʦʤ ʥʠʚʦʫ ʩʿʘʿʥʦʩʪʠ. ɼʨʫʛʠ 

ʟʘʢˀʫʯʘʢ ʿʝ ʙʠʦ ʜʘ ʙʠ LED ʦʩʚʝʪˀʝˁʝ, ʯʘʢ ʠ ʦʥʦ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʥʠʞʠ ʥʠʚʦ 

ʩʿʘʿʥʦʩʪʠ/ʦʩʚʝʪˀʝʥʦʩʪʠ, ʦʙʝʟʙʝʜʠʣʦ ʚʝ˂ʝ ʨʘʩʪʦʿʘˁʝ ʜʝʪʝʢʮʠʿʝ ʦʜ ʦʩʚʝʪˀʝˁʘ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ 

ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ.  

ʊʨʠ ʩʠʩʪʝʤʘ ʿʘʚʥʦʛ ʦʩʚʝʪˀʝˁʘ (ʥʘʪʨʠʿʫʤʦʚʠ ʠʟʚʦʨʠ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ, ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠ ʠ 

LED ʠʟʚʦʨʠ) ʧʦʩʪʘʚˀʝʥʘ ʥʘ ʙʝʪʦʥʩʢʦʿ ʧʝʰʘʯʢʦʿ ʩʪʘʟʠ ʫʧʦʨʝʹʝʥʘ ʩʫ ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʠ 

ʢʚʘʣʠʪʘʪʠʚʥʦ [117]. ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ LED ʧʘʢʝʪʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʿʙʦˀʫ ʦʧʮʠʿʫ ʫ ʧʦʛʣʝʜʫ 

ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʙʝʟʙʝʜʥʦʩʪʠ (ʰʪʦ ʩʝ ʪʠʯʝ ʧʦʩʣʝʜˁʝʛ, ʣʦʢʘʣʥʠ ʢʦʨʠʩʥʠʮʠ ʩʫ 

ʦʮʝˁʠʚʘʣʠ ʜʘ ʣʠ ʩʝ ʦʩʝ˂ʘʿʫ ʙʝʟʙʝʜʥʦ ʢʘʜʘ ʥʦ˂ʫ ʭʦʜʘʿʫ ʩʘʤʠ ʧʦ ʨʘʟʤʘʪʨʘʥʦʿ ʩʪʘʟʠ). 

ʂʚʘʥʪʠʪʘʪʠʚʥʘ ʘʥʘʣʠʟʘ, ʢʦʿʘ ʿʝ ʫʢˀʫʯʠʚʘʣʘ ʤʝʟʦʧʩʢʝ ʝʬʝʢʪʝ, ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʙʠ ʧʦʚʝ˂ʘˁʝ 

ʧʝʨʮʝʧʮʠʿʝ ʩʿʘʿʥʦʩʪʠ, ʢʦʿʫ ʦʙʝʟʙʝʹʫʿʫ LED ʠʣʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠ ʠʟʚʦʨʠ ʩʚʝʪʣʦʩʪʠ, ʙʠʣʦ ʤʘʝˁ 
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ʘʢʦ ʙʠ ʩʝ ʟʘ ʧʨʦʨʘʯʫʥ ʢʦʨʠʩʪʠʣʘ ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚˀʝʥʘ ʫ ʨʝʬʝʨʝʥʮʠ [118] ʥʝʛʦ ʢʘʜʘ ʙʠ ʩʝ 

ʢʦʨʠʩʪʠʣʘ CIE ʤʝʪʦʜʘ [119]. ɻʣʘʚʥʠ ʥʝʜʦʩʪʘʪʘʢ ʠʩʪʨʘʞʠʚʘˁʘ ʣʝʞʠ ʫ ʯʠˁʝʥʠʮʠ ʜʘ ʩʫ ʩʝ 

ʫʧʦʨʝʹʝʥʝ ʩʨʝʜˁʝ ʭʦʨʠʟʦʥʪʘʣʥʝ ʦʩʚʝʪˀʝʥʦʩʪʠ ʟʥʘʪʥʦ ʨʘʟʣʠʢʦʚʘʣʝ (ˁʠʭʦʚ ʤʘʢʩʠʤʘʣʥʠ ʦʜʥʦʩ 

ʠʟʥʦʩʠʦ ʿʝ 1,46), ʢʘʦ ʠ ʫ ʪʦʤʝ ʜʘ ʩʫ ʦʥʝ ʙʠʣʝ 3,1ï4,6 ʧʫʪʘ ʚʝ˂ʝ ʦʜ ʤʠʥʠʤʘʣʥʦʛ ʧʦʪʨʝʙʥʦʛ ʥʠʚʦʘ 

ʦʩʚʝʪˀʝʥʦʩʪʠ (10 lx ʟʘ CIE ʩʚʝʪʣʦʪʝʭʥʠʯʢʫ ʢʣʘʩʫ P2 [12]). ʊʘʢʦʹʝ, ʧʨʠʤʝˁʝʥʠ LED ʧʘʢʝʪʠ 

ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ ʦʜ ʯʘʢ 6500 K ʪʝʰʢʦ ʩʝ ʤʦʛʫ ʩʤʘʪʨʘʪʠ ʘʜʝʢʚʘʪʥʠʤ ʟʘ ʦʩʚʝʪˀʝˁʝ 

ʧʝʰʘʯʢʠʭ ʩʪʘʟʘ. 

ʀʘʢʦ ʩʚʝʜʝʥʦ ʥʘ LED ʦʩʚʝʪˀʝˁʝ ʿʝʜʥʝ (ʧʨʠʛʨʘʜʩʢʝ) ʫʣʠʮʝ (ʩʘ ʜʚʝ ʩʘʦʙʨʘ˂ʘʿʥʝ ʪʨʘʢʝ, 

ʥʘʤʝˁʝʥʝ ʟʘ ʜʚʦʩʤʝʨʥʠ ʩʘʦʙʨʘ˂ʘʿ), ʠʩʪʨʘʞʠʚʘˁʝ ʢʦʝʿ ʩʝ ʙʘʚʠ ʤʦʛʫ˂ʥʦʰ˂ʫ ʫʰʪʝʜʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʧʨʠʤʝʥʦʤ ʩʮʝʥʘʨʠʿʘ ʜʠʤʦʚʘˁʘ ʠ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ ʟʘʩʣʫʞʫʿʝ ʜʘ ʩʝ ʧʦʤʝʥʝ, ʿʝʨ 

ʜʝʣʫʿʝ ʜʘ ʥʝ ʧʦʩʝʜʫʿʝ ʥʠ ʪʝʦʨʠʿʩʢʝ ʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʥʝʜʦʩʪʘʪʢʝ [120]. ʈʘʟʤʦʪʨʝʥʘ ʩʫ ʪʨʠ 

ʨʘʟʣʠʯʠʪʘ ʩʮʝʥʘʨʠʿʘ ʦʩʚʝʪˀʝˁʘ. ʋ ʦʩʥʦʚʥʦʤ ʩʮʝʥʘʨʠʿʫ (ʩʮʝʥʘʨʠʦ ʙʨʦʿ 3) ʦʩʪʚʘʨʝʥʠ ʩʫ ʫʩʣʦʚʠ 

ʟʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʫ ʢʣʘʩʫ ʄ4 ʠ ʦʜʨʞʘʚʘʥʠ ʢʦʥʩʪʘʥʪʥʠʤ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʫʢˀʫʯʝʥʦʛ ʦʩʚʝʪˀʝˁʘ. 

ʋ ʧʨʚʦʤ ʩʮʝʥʘʨʠʿʫ ʥʠʚʦʠ ʩʿʘʿʥʦʩʪʠ ʫʣʠʮʝ ʙʠʣʠ ʩʫ ʫ ʩʢʣʘʜʫ ʩʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʢʣʘʩʘʤʘ ʄ4, 

ʄ5 ʠ ʄ6 (ʠʟʥʦʩʠʣʠ ʩʫ 0,75 cd/m2, 0,5 cd/m2 ʠ 0,3 cd/m2, ʨʝʩʧʝʢʪʠʚʥʦ [12]), ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʜʦʙʘ 

ʥʦ˂ʠ. ʋ ʜʨʫʛʦʤ ʩʮʝʥʘʨʠʿʫ ʥʠʚʦ ʬʦʪʦʧʩʢʝ ʩʿʘʿʥʦʩʪʠ ʟʘ ʩʚʘʢʫ ʦʜ ʪʨʠ ʄ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ 

ʩʤʘˁʝʥ ʿʝ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʤʝʟʦʧʩʢʝ ʝʬʝʢʪʝ (ʧʨʝʤʘ CIE ʤʝʪʦʜʠ [119]). ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ 

ʜʘ ʿʝ ʧʦʪʨʦʰˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʦʩʥʦʚʥʦʤ ʩʮʝʥʘʨʠʿʫ ʟʘ ʦʢʦ 82% ʚʝ˂ʘ ʥʝʛʦ ʫ ʧʨʚʦʤ 

ʩʮʝʥʘʨʠʿʫ, ʢʘʦ ʠ ʜʘ ʿʝ ʫʢˀʫʯʝˁ ʝ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ ʦʤʦʛʫ˂ʠʣʦ ʜʦʜʘʪʥʝ ʛʦʜʠʰˁʝ ʫʰʪʝʜʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʦʜ ʩʢʦʨʦ 15%.  

ʋ ʠʩʪʨʘʞʠʚʘˁʫ ʧʨʝʜʩʪʘʚˀʝʥʦʤ ʫ ʨʝʬʝʨʝʥʮʠ [121], ʢʦʿʝ ʩʝ ʙʘʚʠʣʦ ʧʨʦʮʝʥʦʤ ʧʦʪʝʥʮʠʿʘʣʘ 

ʫʧʦʪʨʝʙʝ LED ʧʘʢʝʪʘ ʫ ʿʘʚʥʦʤ ʦʩʚʝʪˀʝˁʫ, ʫʢʨʘʪʢʦ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʦ 26 ʩʪʫʜʠʿʘ (2008ï2012) 

ʢʦʿʝ ʩʫ ʩʝ ʙʘʚʠʣʝ ʧʦʨʝʹʝˁʝʤ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ (ʫʛʣʘʚʥʦʤ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ 

ʧʨʠʪʠʩʢʘ) ʩʘ LED ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ. ʄʝʹʫʪʠʤ, ʫʤʝʩʪʦ ʜʘ ʟʘʜʦʚʦˀʝ 

ʫʩʣʦʚʝ ʝʢʚʠʚʘʣʝʥʪʥʠʭ (ʧʨʘʢʪʠʯʥʦ ʿʝʜʥʘʢʠʭ) ʥʠʚʦʘ ʬʦʪʦʧʩʢʝ ʠʣʠ ʤʝʟʦʧʩʢʝ ʩʿʘʿʥʦʩʪʠ ʠ ʩʚʝ 

ʟʘʭʪʝʚʝ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʨʘʟʤʘʪʨʘʥʦʿ ʩʚʝʪʣʦʪʝʭʥʠʯʢʦʿ ʢʣʘʩʠ ʫʣʠʮʝ/ʧʫʪʘ, ʦʚʝ ʩʪʫʜʠʿʝ ʩʫ 

ʫʛʣʘʚʥʦʤ ʧʦʨʝʜʠʣʝ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ ʨʝʘʣʠʟʦʚʘʥʝ ʧʦʤʦ˂ʫ ʧʦʩʪʦʿʝ˂ʠʭ 

(ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʛ ʪʠʧʘ) ʠ ʧʨʦʠʟʚʦˀʥʦ ʦʜʘʙʨʘʥʠʭ LED ʩʚʝʪʠˀʢʠ ʨʘʟʣʠʯʠʪʦʛ ʪʠʧʘ ʠ ʩʥʘʛʝ. ʆʚʦ 

ʿʝ ʩʧʨʝʯʠʣʦ ʧʦʩʪʠʟʘˁʝ ʨʝʣʝʚʘʥʪʥʠʭ ʟʘʢˀʫʯʘʢʘ ʫ ʧʦʛʣʝʜʫ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ LED ʫ 

ʦʜʥʦʩʫ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ.  

ʋ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʿ ʩʪʫʜʠʿʠ ʩʣʫʯʘʿʘ ʫ ʨʝʬʝʨʝʥʮʠ [11] ʫʧʦʨʝʹʝʥʠ ʩʫ ʨʝʣʝʚʘʥʪʥʠ 

ʧʘʨʘʤʝʪʨʠ ʢʚʘʣʠʪʝʪʘ ʠʥʩʪʘʣʘʮʠʿʘ ʦʩʚʝʪˀʝˁʘ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠ LED ʩʚʝʪʠˀʢʘʤʘ. ʅʠʚʦʠ 

ʬʦʪʦʧʩʢʝ ʠʣʠ ʤʝʟʦʧʩʢʝ ʩʿʘʿʥʦʩʪʠ ʥʘ ʨʘʟʤʘʪʨʘʥʠʤ ʜʝʣʦʚʠʤʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʙʠʣʠ ʩʫ 

ʫʧʦʨʝʜʠʚʠ (ʧʨʘʢʪʠʯʥʦ ʿʝʜʥʘʢʠ) ʠ ʙʠʣʠ ʩʫ ʠʩʧʫˁʝʥʠ ʩʚʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʟʘʭʪʝʚʠ ʨʝʣʝʚʘʥʪʥʠ ʟʘ 

ʨʘʟʤʘʪʨʘʥʫ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠ ʢʣʘʩʫ ʄ3 [12]. ʆʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʧʦʢʘʟʘʣʦ ʜʘ ʧʨʠʤʝʥʘ LED 

ʫʤʝʩʪʦ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʦʙʝʟʙʝʹʫʿʝ ʦʢʦ 31% ʤʘˁʫ 

ʧʦʪʨʦʰˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʥʦʨʤʘʣʥʦʤ ʨʝʞʠʤʫ ʦʩʚʝʪˀʝˁʘ. ʋʢˀʫʯʠʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ 

ʩʮʝʥʘʨʠʿʘ ʜʠʤʦʚʘˁʘ ʦʤʦʛʫ˂ʠʣʦ ʿʝ ʫʢʫʧʥʫ ʫʰʪʝʜʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʦʜ ʦʢʦ 50%, ʢʦʿʘ ʩʝ 

ʧʦʚʝ˂ʘʚʘ ʟʘ ʜʦʜʘʪʥʠʭ 10% ʘʢʦ ʩʝ ʫ ʦʙʟʠʨ ʫʟʤʫ ʤʝʟʦʧʩʢʠ ʝʬʝʢʪʠ. ʄʝʹʫʪʠʤ, ʦʚʘ ʘʥʘʣʠʟʘ ʩʝ 

ʦʜʥʦʩʠʣʘ ʩʘʤʦ ʥʘ ʿʝʜʘʥ ʪʠʧ ʫʣʠʮʝ/ʧʫʪʘ ʢʦʿʠ ʧʨʠʧʘʜʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʦʿ ʢʣʘʩʠ ʄ3 (ʩʘ ʿʝʜʥʦʤ 

ʩʘʦʙʨʘ˂ʘʿʥʦʤ ʪʨʘʢʦʤ ʟʘ ʩʚʘʢʠ ʩʤʝʨ ʠ ʿʝʜʥʦʩʪʨʘʥʠʤ ʨʘʩʧʦʨʝʜʦʤ ʩʪʫʙʦʚʘ).  

ʋ ʨʝʬʝʨʝʥʮʠ [122] ʠʟʚʨʰʝʥʘ ʿʝ ʘʥʘʣʠʟʘ ʝʢʦʥʦʤʩʢʝ ʦʧʨʘʚʜʘʥʦʩʪʠ ʟʘʤʝʥʝ ʧʦʩʪʦʿʝ˂ʠʭ 

ʥʘʪʨʠʿʫʤʦʚʠʭ ʩʚʝʪʠˀʢʠ (ʩʘ ʠʟʚʦʨʠʤʘ ʩʚʝʪʣʦʩʪʠ ʩʥʘʛʝ 100 W) ʥʦʚʠʤ LED ʩʚʝʪʠˀʢʘʤʘ (ʩʘ 

ʩʚʝʪʣʦʰ˂ʫ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʠ ʩʥʘʛʝ 80 W) ʥʘ ʩʘʦʙʨʘ˂ʘʿʥʠʮʠ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʄ3. ʎʠˀ 

ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʙʠʦ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʜʘ ʣʠ ˂ʝ ʥʦʚʘʮ ʫʰʪʝʹʝʥ ʩʤʘˁʝʥʦʤ ʧʦʪʨʦʰˁʦʤ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʠ ʤʘˁʠʤ ʪʨʦʰʢʦʚʠʤʘ ʦʜʨʞʘʚʘˁʘ (ʢʦʿʠ ʩʫ ʧʦʩʣʝʜʠʮʘ ʜʫʞʝʛ ʞʠʚʦʪʥʦʛ ʚʝʢʘ LED 

ʧʘʢʝʪʘ) ʙʠʪʠ ʜʦʚʦˀʘʥ ʜʘ ʧʦʢʨʠʿʝ ʠʥʚʝʩʪʠʮʠʦʥʝ ʪʨʦʰʢʦʚʝ (ʢʫʧʦʚʠʥʫ ʠ ʤʦʥʪʘʞʫ ʥʦʚʠʭ LED 

ʩʚʝʪʠˀʢʠ), ʠ ʪʦ ʫ ʧʝʨʠʦʜʫ ʦʜ 10 ʛʦʜʠʥʘ (ʦʜ ʪʨʝʥʫʪʢʘ ʟʘʤʝʥʝ ʜʦ ʢʨʘʿʘ ʧʨʝʜʚʠʹʝʥʦʛ 

ʝʢʩʧʣʦʘʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ ʩʚʝʪʠˀʢʠ ʦʜ 20 ʛʦʜʠʥʘ). ɿʙʦʛ ʥʝʧʨʦʤʝˁʝʥʝ ʜʫʞʠʥʝ ʥʘʧʘʿʘʥʝ ʪʨʘʩʝ, 
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ʦʜʥʦʩʥʦ ʙʨʦʿʘ ʩʪʫʙʦʚʘ ʥʘ ˁʦʿ, ʤʝʪʦʜʘ ʘʢʪʫʝʣʠʟʘʮʠʿʝ ʪʨʦʰʢʦʚʘ ʿʝ ʫʤʝʩʪʦ ʥʘ ʮʝʣʫ ʠʥʩʪʘʣʘʮʠʿʫ 

ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʧʨʠʤʝˁʝʥʘ ʥʘ ʩʘʤʦ ʿʝʜʥʫ ʩʚʝʪʠˀʢʫ. ʇʦʨʝʹʝˁʝʤ ʜʚʘ ʩʮʝʥʘʨʠʿʘ ï ʟʘʤʝʥʘ 

ʥʘʪʨʠʿʫʤʦʚʠʭ ʩʚʝʪʠˀʢʠ (ʩʪʘʨʠʭ 10 ʛʦʜʠʥʘ) LED ʩʚʝʪʠˀʢʘʤʘ ʩʘ ʠ ʙʝʟ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ 

ʪʝʣʝʤʝʥʘ˅ʤʝʥʪ ʩʠʩʪʝʤʘ ï ʢʦʥʩʪʘʪʦʚʘʥʦ ʿʝ ʜʘ ʟʘʤʝʥʘ ʥʠʿʝ ʦʧʨʘʚʜʘʥʘ ʩʘ ʝʢʦʥʦʤʩʢʦʛ ʘʩʧʝʢʪʘ, 

ʦʜʥʦʩʥʦ ʜʘ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠ ʧʝʨʠʦʜ ʦʜ 10 ʛʦʜʠʥʘ ʥʠʿʝ ʜʦʚʦˀʘʥ ʜʘ ʩʝ, ʯʘʢ ʠ ʫʟ ʧʨʠʤʝʥʫ ʫʨʝʹʘʿʘ 

ʟʘ ʨʝʜʫʢʮʠʿʫ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ, ʠʥʚʝʩʪʠʮʠʿʘ ʦʪʧʣʘʪʠ ʢʨʦʟ ʫʰʪʝʜʝ ʫ ʧʦʪʨʦʰˁʠ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʠ ʦʜʨʞʘʚʘˁʫ. 

ʋ ʨʝʬʝʨʝʥʮʠ [102] ʫʧʦʨʝʹʝʥʝ ʩʫ LED ʩʚʝʪʠˀʢʝ ʠ ʩʚʝʪʠˀʢʝ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ 

ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʥʘʤʝˁʝʥʝ ʟʘ ʦʩʚʝʪˀʝˁʝ ʫʣʠʮʘ/ʧʫʪʝʚʘ ʫ ʧʦʛʣʝʜʫ ʧʦʪʨʦʰˁʝ ʠ ʪʨʦʰʢʦʚʘ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʘʥʘʣʠʟʠʨʘʿʫ˂ʠ ʜʚʝ ʦʧʮʠʿʝ: ʦʥʫ ʛʜʝ ʤʝʟʦʧʩʢʠ ʝʬʝʢʪʠ ʥʠʩʫ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʠ 

ʜʨʫʛʫ ʛʜʝ ʩʫ ʦʥʠ ʫʟʝʪʠ ʫ ʦʙʟʠʨ. ʈʘʟʤʦʪʨʝʥʝ ʩʫ ʩʚʝ ʨʝʣʝʚʘʥʪʥʝ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ 

ʫʣʠʮʘ/ʧʫʪʝʚʘ (ʄ1ïʄ6) ʠ ʩʚʠ ʨʘʩʧʦʨʝʜʠ ʩʪʫʙʦʚʘ. ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʩʫ ʫʰʪʝʜʝ ʝʥʝʨʛʠʿʝ ʯʝʩʪʦ 

ʟʘʥʝʤʘʨˀʠʚʝ ʘʢʦ ʩʝ ʫ ʦʙʟʠʨ ʥʝ ʫʟʤʫ ʤʝʟʦʧʩʢʠ ʝʬʝʢʪʠ. ʇʦʯʝʪʥʠ (ʠʥʚʝʩʪʠʮʠʦʥʠ) ʪʨʦʰʢʦʚʠ, 

ʪʨʦʰʢʦʚʠ ʟʘ ʫʪʨʦʰʝʥʫ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʠ ʪʨʦʰʢʦʚʠ ʦʜʨʞʘʚʘˁʘ (ʩʚʝʜʝʥʠ ʥʘ ʢʨʘʿ ʧʝʨʠʦʜʘ 

ʝʢʩʧʣʦʘʪʘʮʠʿʝ) ʠʟʨʘʯʫʥʘʪʠ ʩʫ ʟʘ ʩʚʘʢʠ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ ʢʦʨʠʰ˂ʝˁʝʤ ʬʦʨʤʫʣʘ ʢʦʿʝ ʩʫ 

ʠʟʚʝʜʝʥʝ ʫ ʨʝʬʝʨʝʥʮʠ [103]. ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʫ ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʟʘ LED ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ 

ʨʝʰʝˁʘ (ʯʘʢ ʠ ʢʘʜʘ ʩʝ ʫ ʦʙʟʠʨ ʫʟʤʫ ʤʝʟʦʧʩʢʠ ʝʬʝʢʪʠ) ʙʠʣʠ 1,36ï6,44 ʧʫʪʘ ʚʝ˂ʠ ʦʜ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʪʨʦʰʢʦʚʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʨʘʟʤʘʪʨʘʥʘ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪʥʘ 

ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ. ʇʨʠʤʝˁʝʥʘ 

ʤʝʪʦʜʦʣʦʛʠʿʘ ʥʠʿʝ ʫʢˀʫʯʠʚʘʣʘ ʪʨʦʰʢʦʚʝ ʦʜʨʞʘʚʘˁʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʝʨʠʦʜʠʯʥʫ ʛʨʫʧʥʫ 

ʟʘʤʝʥʫ LED ʜʨʘʿʚʝʨʘ. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʠ, ʰʪʦ ʿʝ ʿʦʰ ʚʘʞʥʠʿʝ, ʟʙʦʛ ʟʥʘʯʘʿʥʠʭ ʧʦʙʦˀʰʘˁʘ LED 

ʪʝʭʥʦʣʦʛʠʿʝ ʢʦʿʘ ʩʫ ʩʝ ʜʦʛʦʜʠʣʘ ʫ ʤʝʹʫʚʨʝʤʝʥʫ, ʧʨʠʢʘʟʘʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʟʘʩʪʘʨʝʣʠ, ʰʪʦ 

ʧʦʪʚʨʹʫʿʫ ʠ ʨʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ ʧʨʝʜʤʝʪʥʦʿ ʜʠʩʝʨʪʘʮʠʿʠ. 

ɿʙʦʛ ʥʝʛʘʪʠʚʥʠʭ ʨʝʘʢʮʠʿʘ ʿʘʚʥʦʩʪʠ [37], LED ʧʘʢʝʪʠ ʭʣʘʜʥʦ-ʙʝʣʝ ʙʦʿʝ ʥʠʩʫ ʧʨʠʤʝˁʝʥʠ ʫ 

ʧʨʝʜʤʝʪʥʦʤ ʠʩʪʨʘʞʠʚʘˁʫ. ʇʦʰʪʦ ʪʨʝʥʫʪʥʦ ʥʝ ʧʦʩʪʦʿʝ ʧʨʝʧʦʨʫʢʝ ʫ ʚʝʟʠ ʩʘ ʧʨʝʬʝʨʠʨʘʥʦʤ 

ʙʦʿʦʤ ʩʚʝʪʣʦʩʪʠ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ [123], ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʩʫ ʧʨʠʤʝˁʝʥʠ LED ʧʘʢʝʪʠ 

ʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ, ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʦʧʰʪʠ ʠʥʜʝʢʩ ʨʝʧʨʦʜʫʢʮʠʿʝ ʙʦʿʘ ʥʝ ʤʘˁʠ 

ʦʜ 80 (ʦʧʰʪʠ ʠʥʜʝʢʩ ʨʝʧʨʦʜʫʢʮʠʿʝ ʙʦʿʘ ʫʢʘʟʫʿʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ ʜʘ ʥʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʘʯʠʥ ʧʨʠʢʘʞʝ ʙʦʿʝ ʦʙʿʝʢʘʪʘ). ʀʘʢʦ ʧʨʦʿʝʢʪʘʥʪʠ ʦʩʚʝʪˀʝˁʘ ʦʙʠʯʥʦ ʙʠʨʘʿʫ LED 

ʧʘʢʝʪʝ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ, ʢʦʿʠ ʩʫ ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʥʠʿʠ ʦʜ LED ʧʘʢʝʪʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ, 

ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ˁʠʭʦʚʝ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ (ʩʚʝʪʣʦʩʥʝ ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ, ʠʟʨʘʞʝʥʝ ʫ lm/W) 

ʩʪʘʣʥʦ ʩʝ ʩʤʘˁʫʿʝ (ʥʘ ʧʨʠʤʝʨ, ʩʚʝʪʣʦʩʥʘ ʠʩʢʦʨʠʩʪʠʚʦʩʪ LED ʧʘʢʝʪʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ 

ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K ʩʘʤʦ ʿʝ 6% ʚʝ˂ʘ ʥʝʛʦ ʢʦʜ LED ʧʘʢʝʪʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ 

ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K, ʧʨʠ ʠʩʪʦʤ ʦʧʰʪʝʤ ʠʥʜʝʢʩʫ ʨʝʧʨʦʜʫʢʮʠʿʝ ʙʦʿʘ ʦʜ 80 [58], 

ʜʦʢ ʿʝ ʧʝʪ ʛʦʜʠʥʘ ʨʘʥʠʿʝ ʨʘʟʣʠʢʘ ʙʠʣʘ 25%).  

ʆʜʨʞʠʚʦ ʦʩʚʝʪˀʝˁʝ ʫʣʠʮʘ/ʧʫʪʝʚʘ ʧʦʜʨʘʟʫʤʝʚʘ ʨʘʟʤʘʪʨʘˁʝ ʩʚʠʭ ˁʝʛʦʚʠʭ ʥʝʛʘʪʠʚʥʠʭ 

ʫʪʠʮʘʿʘ ʥʘ ʟʜʨʘʚˀʝ ˀʫʜʠ (ʦʰʪʝ˂ʝˁʝ ʤʨʝʞˁʘʯʝ [51,124], ʧʦʨʝʤʝ˂ʝʥ ʮʠʨʢʘʜʠʿʘʣʥʠ ʨʠʪʘʤ [125, 

126], ʠʪʜ.), ʝʢʦʩʠʩʪʝʤʝ (ʠ ʙʠˀʢʝ ʠ ʞʠʚʦʪʠˁʝ) [127, 128], ʩʚʝʪʣʦʩʥʦ ʟʘʛʘʹʝˁʝ (ʫʛʣʘʚʥʦʤ 

ʙˀʝʰʪʘˁʝ, ʥʝʞʝˀʝʥʦ ʦʩʚʝʪˀʘʚʘˁʝ ʦʢʦʣʥʠʭ ʦʙʿʝʢʘʪʘ ʠ ʩʿʘʿ ʥʝʙʘ) [129, 130], ʠʩʮʨʧˀʠʚʘˁʝ 

ʧʣʝʤʝʥʠʪʠʭ ʤʝʪʘʣʘ (ʥʘ ʧʨʠʤʝʨ, ʟʣʘʪʦ ʠ ʩʨʝʙʨʦ) ʠ ʢʨʠʪʠʯʥʠʭ ʤʝʪʘʣʘ (ʥʘ ʧʨʠʤʝʨ, ʛʘʣʠʿʫʤ, 

ʠʪʨʠʿʫʤ ʠ ʮʝʨʠʿʫʤ), ʦʜ ʢʦʿʠʭ ʩʫ ʩʚʠ ʥʝʦʧʭʦʜʥʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ LED ʯʠʧʦʚʘ [131] ʠʪʜ. ʅʘ ʦʩʥʦʚʫ 

ɸʛʝʥʜʝ ʟʘ ʦʜʨʞʠʚʠ ʨʘʟʚʦʿ 2030, ʢʦʿʫ ʩʫ ʫʩʚʦʿʠʣʝ ʩʚʝ ʯʣʘʥʠʮʝ ʋʿʝʜʠˁʝʥʠʭ ʥʘʮʠʿʘ 2015. ʛʦʜʠʥʝ 

[132], ʠʩʪʨʘʞʠʚʘˁʝ ʫ ʨʝʬʝʨʝʥʮʠ [133] ʙʠʣʦ ʿʝ ʧʨʚʦ ʫ ʫʩʧʦʩʪʘʚˀʘˁʫ ʦʢʚʠʨʘ ʦʜ 84 ʠʥʜʠʢʘʪʦʨʘ 

ʦʜʨʞʠʚʦʩʪʠ ʟʘ ʩʧʦˀʥʦ ʦʩʚʝʪˀʝˁʝ, ʧʦʜʝˀʝʥʠʭ ʥʘ ʪʨʠ ʜʠʤʝʥʟʠʿʝ (ʝʢʦʣʦʛʠʿʫ ʠ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, 

ʝʢʦʥʦʤʠʿʫ ʠ ʜʨʫʰʪʚʝʥʫ ʠ ʜʨʫʰʪʚʦ). ɻʝʥʝʨʘʣʥʦ ʥʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʝ 16 ʰʚʝʜʩʢʠʭ ʦʧʰʪʠʥʩʢʠʭ 

ʤʘʩʪʝʨʧʣʘʥʦʚʘ ʟʘ ʦʩʚʝʪˀʝˁʝ, ʫ ʨʝʬʝʨʝʥʮʠ [134] ʿʝ ʥʝʜʘʚʥʦ ʧʨʝʜʣʦʞʝʥʦ 28 ʥʦʚʠʭ ʠʥʜʠʢʘʪʦʨʘ 

ʦʜʨʞʠʚʦʩʪʠ (10 ʫ ʜʠʤʝʥʟʠʿʠ ʝʢʦʣʦʛʠʿʝ ʠ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʠ 18 ʫ ʜʠʤʝʥʟʠʿʠ ʜʨʫʰʪʚʝʥʦʛ ʠ 

ʜʨʫʰʪʚʘ). ʋ ʨʝʬʝʨʝʥʮʠ [134] ʿʝ ʥʘʛʣʘʰʝʥʦ ʜʘ ʠʥʜʠʢʘʪʦʨʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ LED ʦʩʚʝʪˀʝˁʝ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 

 

88 

ʥʠʩʫ ʣʘʢʠ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʟʙʦʛ ʥʝʜʦʩʪʘʪʢʘ ʟʥʘˁʘ ʠʣʠ ʰʠʨʦʢʦ ʧʨʠʭʚʘ˂ʝʥʠʭ ʩʠʩʪʝʤʘ ʚʨʝʜʥʦʚʘˁʘ 

ʫ ʦʜʨʝʹʝʥʠʤ ʦʙʣʘʩʪʠʤʘ.  

ʇʦʥʦʚʠʤʦ ʜʘ ʧʦʩʪʦʿʝ ʠ ʜʨʫʛʘ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʘʿ ʠʤʘʿʫ ʧʦʤʝʥʫʪʠ ʥʝʜʦʩʪʘʪʘʢ ʧʦʨʝʹʝˁʘ 

ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ/ʠʣʠ ʧʦʯʝʪʥʠʭ, ʫʢʫʧʥʠʭ ʠ ʜʨʫʛʠʭ ʪʨʦʰʢʦʚʘ ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʫ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʯʠʪʠ (ʠʣʠ ʯʘʢ ʥʠʩʫ ʫʟʝʪʠ ʫ ʦʙʟʠʨ) 

ʥʠʚʦʠ ʩʿʘʿʥʦʩʪʠ/ʦʩʚʝʪˀʝʥʦʩʪʠ, ʛʜʝ ʩʫ ʚʨʣʦ ʚʝʨʦʚʘʪʥʠ ʧʦʛʨʝʰʥʠ ʟʘʢˀʫʯʮʠ ʦ ʦʩʪʚʘʨʝʥʠʤ 

ʫ ʪhʝʜʘʤʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ/ʪʨʦʰʢʦʚʘ. ʇʦʤʝʥʫʪʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʨʝʪʢʦ ʫʟʠʤʘʣʘ ʫ ʦʙʟʠʨ 

ʤʝʟʦʧʩʢʝ ʝʬʝʢʪʝ, ʨʝʣʝʚʘʥʪʥʝ ʟʘ ʤʦʪʦʨʠʟʦʚʘʥʠ ʠ ʤʝʰʦʚʠʪʠ ʩʘʦʙʨʘ˂ʘʿ. ɳʠʭʦʚʦ ʫʢˀʫʯʠʚʘˁʝ 

ʧʨʫʞʘ ʤʦʛʫ˂ʥʦʩʪ ʩʤʘˁʝˁʘ ʥʠʚʦʘ ʬʦʪʦʧʩʢʝ ʩʿʘʿʥʦʩʪʠ LED ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʝ/ʧʫʪʘ (ʦʙʠʯʥʦ 

ʧʨʘ˂ʝʥʦ ʩʤʘˁʝˁʝʤ ʫʢʫʧʥʝ ʠʥʩʪʘʣʠʩʘʥʝ ʩʥʘʛʝ ʥʘ ʨʘʟʤʘʪʨʘʥʦʿ ʜʝʦʥʠʮʠ ʫʣʠʮʝ/ʧʫʪʘ), ʿʝʨ ʙʝʣʝ 

LED ʧʘʢʝʪʝ ʢʘʨʘʢʪʝʨʠʰʝ ʧʨʠʤʝʪʥʘ ʝʤʠʩʠʿʘ ʫ ʦʙʣʘʩʪʠ ʧʣʘʚʝ ʙʦʿʝ, ʯʠʤʝ ʿʝ ʦʤʦʛʫ˂ʝʥʘ ʙʦʘˀ 

ʧʝʨʮʝʧʮʠʘʿ ʩʚʝʪʣʦʩʪʠ ʚʦʟʘʯʘ ʫ ʤʝʟʦʧʩʢʠʤ ʫʩʣʦʚʠʤʘ ʦʜ ʧʝʨʮʝʧʮʠʿʝ ʩʚʝʪʣʦʩʪʠ ʥʘʪʨʠʿʫʤʦʚʠʭ 

ʠʟʚʦʨʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ. 

ɸʥʘʣʠʟʘ ʧʦʩʪʦʿʝ˂ʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʫ ʧʨʝʪʭʦʜʥʦ ʧʨʝʜʩʪʘʚˀʝʥʘ ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ:  

ï ʫ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʨʘʹʝʥʘ ʩʫ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʝ ʥʘ ʦʩʚʝʪˀʝˁʝ 
ʿʝʜʥʝ ʫʣʠʮʝ/ʧʫʪʘ, ʟʙʦʛ ʯʝʛʘ ˁʠʭʦʚʠ ʨʝʟʫʣʪʘʪʠ ʥʝʤʘʿʫ ʦʧʰʪʫ ʚʨʝʜʥʦʩʪ,  

ï ʫ ʤʥʦʛʠʤ ʩʣʫʯʘʿʝʚʠʤʘ, ʫʧʦʨʝʹʝʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ ʥʠʩʫ ʙʠʣʝ 

ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪʥʝ (ʥʝ ʢʘʨʘʢʪʝʨʠʰʝ ʠʭ ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢ ʥʠʚʦ 

ʩʿʘʿʥʦʩʪʠ/ʦʩʚʝʪˀʝʥʦʩʪʠ), ʥʘ ʪʘʿ ʥʘʯʠʥ ʩʧʨʝʯʘʚʘʿʫ˂ʠ ʧʦʩʪʠʟʘˁʝ ʚʨʝʜʥʠʭ ʟʘʢˀʫʯʘʢʘ 

ʫ ʧʦʛʣʝʜʫ ʧʦʢʘʟʘʪʝˀʘ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʪʨʦʰʢʦʚʘ,  

ï ʫ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʥʠʩʫ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʤʝʟʦʧʩʢʠ ʝʬʝʢʪʠ, ʰʪʦ ʿʝ ʦʥʝʤʦʛʫ˂ʘʚʘʣʦ 

ʧʦʩʪʠʟʘˁʝ ʦʧʪʠʤʘʣʥʠʭ ʫʰʪʝʜʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʠʤʝʥʦʤ LED ʧʘʢʝʪʘ ʫ 

ʦʩʚʝʪˀʝˁʫ ʫʣʠʮʘ/ʧʫʪʝʚʘ,  

ï ʫ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʢʦʨʠʰ˂ʝʥʠ ʩʫ LED ʧʘʢʝʪʠ ʥʝʦʜʛʦʚʘʨʘʿʫ˂ʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ,  

ï ʧʦʩʪʦʿʝ˂ʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʛʝʥʝʨʘʣʥʦ ʥʝʜʦʩʪʘʿʝ ʧʨʠʤʝʥʘ ʘʜʝʢʚʘʪʥʝ ʤʝʪʦʜʝ 

ʝʢʦʥʦʤʩʢʦʛ ʧʦʨʝʹʝˁʘ ʨʘʟʣʠʯʠʪʠʭ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ ʨʝʰʝˁʘ, ʰʪʦ ʿʝ ʤʦʛʣʦ ʜʘ 

ʩʧʨʝʯʠ ʚʘʞʥʝ ʦʜʣʫʢʝ ʦ ʦʩʚʝʪˀʝˁʫ ʫʣʠʮʘ/ʧʫʪʝʚʘ (ʦʜ ʩʪʨʘʥʝ ʚʣʘʜʝ, ʛʨʘʜʩʢʠʭ ʚʣʘʩʪʠ 

ʠ ʜʨ.), ʠ  

ï ʠʟʚʨʰʝʥʝ ʝʢʦʥʦʤʩʢʝ ʘʥʘʣʠʟʝ ʥʝ ʩʘʜʨʞʝ ʘʜʝʢʚʘʪʥʫ ʘʥʘʣʠʟʫ ʦʩʝʪˀʠʚʦʩʪʠ.  

ʇʨʠʤʝʥʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʝʪʦʜʝ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʧʨʝʚʘʟʠʹʝʥʠ ʩʫ ʩʚʠ ʥʘʚʝʜʝʥʠ 

ʥʝʜʦʩʪʘʮʠ. ʈʘʟʤʦʪʨʝʥʘ ʩʫ ʪʨʠ ʪʠʧʘ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ ʢʦʿʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʫ ʦʩʚʝʪˀʝˁʫ 

ʫʣʠʮʘ/ʧʫʪʝʚʘ (ʥʘʪʨʠʿʫʤʦʚʠ ʠʟʚʦʨʠ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ, ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠ ʠ LED ʠʟʚʦʨʠ). 

ɸʥʘʣʠʟʠʨʘʥʝ ʩʫ ʩʚʝ ʨʝʣʝʚʘʥʪʥʝ ʫʣʠʮʝ/ʧʫʪʝʚʠ, ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʫ ʨʘʟʣʠʯʠʪʝ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ 

ʢʣʘʩʝ ʪʠʧʘ ʄ, ʨʘʟʣʠʯʠʪʠ ʙʨʦʿʝʚʠ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʪʨʘʢʘ ʠ ʨʘʟʣʠʯʠʪʠ ʨʘʩʧʦʨʝʜʠ ʩʪʫʙʦʚʘ. 

ʋʧʦʨʝʹʝʥʘ ʩʫ ʩʘʤʦ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪʥʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ, ʧʨʠʤʝʥʦʤ 

ʧʨʝʜʩʪʘʚˀʝʥʝ ʦʧʰʪʝ ʧʨʦʮʝʜʫʨʝ. ʄʝʟʦʧʩʢʠ ʝʬʝʢʪʠ ʩʫ ʪʘʢʦʹʝ ʘʥʘʣʠʟʠʨʘʥʠ ʢʨʦʟ ʿʝʜʥʦʩʪʘʚʘʥ 

ʧʨʠʩʪʫʧ [21]. ʆʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʧʦʢʘʟʘʣʦ ʜʘ ʩʝ ʦʚʠ ʝʬʝʢʪʠ ʦʧʪʠʤʘʣʥʦ ʤʦʛʫ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʘʢʦ 

ʩʫ ʧʦʜʨʞʘʥʠ ʫʧʦʪʨʝʙʦʤ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʨʦʤʝʥʝ ʥʠʚʦʘ 

ʩʿʘʿʥʦʩʪʠ. ʊʘʢʦʹʝ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʪʨʝʙʘ ʧʨʠʤʝʥʠʪʠ ʩʘʤʦ LED ʧʘʢʝʪʝ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠʣʠ ʪʦʧʣʦ-

ʙʝʣʝ ʙʦʿʝ. ʇʨʝʜʣʦʞʝʥʘ ʿʝ ʫʥʘʧʨʝʹʝʥʘ ʧʨʦʮʝʜʫʨʘ ʝʢʦʥʦʤʩʢʦʛ ʧʦʨʝʹʝˁʘ ʨʘʟʣʠʯʠʪʠʭ 

ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ ʨʝʰʝˁʘ, ʘ ʧʨʠʤʝˁʝʥʘ ʘʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ ʦʙʫʭʚʘʪʠʣʘ ʿʝ ʪʨʠ ʚʘʞʥʘ 

ʧʘʨʘʤʝʪʨʘ: ʩʪʦʧʫ ʘʢʪʫʝʣʠʟʘʮʠʿʝ, ʮʝʥʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʞʠʚʦʪʥʠ ʚʝʢ LED ʧʘʢʝʪʘ.  

 

7.2 ʄʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʝʥʝʨʛʝʪʩʢʠ ʥʘʿʝʬʠʢʘʩʥʠʿʠʭ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ 

ʨʝʰʝˁʘ 
 

ʊʝʭʥʠʯʢʠ ʠʟʚʝʰʪʘʿ EN 13201:1 [135] ʠ ʝʚʨʦʧʩʢʠ ʩʪʘʥʜʘʨʜʠ EN 13201:2ï4 [93, 106, 136] 
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ʚʝʟʠ ʩʘ ʩʣʝʜʝ˂ʠʤ ʬʦʪʦʤʝʪʨʠʿʩʢʠʤ ʧʘʨʘʤʝʪʨʠʤʘ: ʧʦʛʦʥʩʢʘ (ʝʢʩʧʣʦʘʪʘʮʠʦʥʘ) ʩʨʝʜˁʘ ʩʿʘʿʥʦʩʪ, 

ʢʦʘʿ ʩʝ ʪʘʢʦʹʝ ʥʘʟʠʚʘ ʥʠʚʦ ʩʿʘʿʥʦʩʪʠ (Lav), ʦʧʰʪʘ ʠ ʧʦʜʫʞʥʘ ʨʘʚʥʦʤʝʨʥʦʩʪ ʩʿʘʿʥʦʩʪʠ (Uo ʠ Ul, 

ʨʝʩʧʝʢʪʠʚʥʦ), ʨʝʣʘʪʠʚʥʠ ʧʦʨʘʩʪ ʧʨʘʛʘ (TI) ʠ ʢʦʝʬʠʮʠʿʝʥʪ ʠʚʠʯʥʝ ʦʩʚʝʪˀʝʥʦʩʪʠ (EIR). 

ʅʘʚʝʜʝʥʦ ʦʛʨʘʥʠʯʝˁʝ ʟʘ ʩʚʘʢʠ ʦʜ ʧʝʪ ʧʘʨʘʤʝʪʘʨʘ ʟʘʚʠʩʠ ʦʜ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʫʣʠʮʝ/ʧʫʪʘ, 

ʦʜʨʝʹʝʥʦʛ ʛʫʩʪʠʥʦʤ ʩʘʦʙʨʘ˂ʘʿʘ ʠ ʜʨʫʛʠʤ ʨʝʣʝʚʘʥʪʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʨʘʟʤʘʪʨʘʥʝ 

ʫʣʠʮʝ/ʧʫʪʘ.  

ʆʧʰʪʠ ʫʣʘʟʥʠ ʧʦʜʘʮʠ ʧʦʪʨʝʙʥʠ ʟʘ ʬʦʪʦʤʝʪʨʠʿʩʢʝ ʧʨʦʨʘʯʫʥʝ ʠ ʧʨʦʨʘʯʫʥʝ ʝʥʝʨʛʝʪʩʢʝ 

ʝʬʠʢʘʩʥʦʩʪʠ ʩʫ ʩʣʝʜʝ˂ʠ (ʦʧʩʝʟʠ/ʚʨʝʜʥʦʩʪʠ ʢʦʨʠʰ˂ʝʥʠ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʜʘʪʠ ʩʫ ʫ 

ʟʘʛʨʘʜʘʤʘ):  

ï ʚʠʩʠʥʘ ʩʪʫʙʘ (H) (7ï8 m ʟʘ ʿʝʜʥʦʩʪʨʘʥʠ, ʮʠʢ-ʮʘʢ ʠ ʥʘʩʧʨʘʤʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ, ʠ 

8ï10 m ʠ 12ï13 m ʟʘ ʮʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ ʥʘ ʛʨʘʜʩʢʠʤ ʫʣʠʮʘʤʘ ʠ 

ʘʫʪʦʧʫʪʝʚʠʤʘ, ʨʝʩʧʝʢʪʠʚʥʦ (ʩʚʝ ʩʘ ʢʦʨʘʢʦʤ ʦʜ 1 m)),  

ï ʩʪʘʥʜʘʨʜʥʘ ʨʝʬʣʝʢʩʠʦʥʘ ʢʣʘʩʘ ʧʦʚʨʰʠʥʝ ʢʦʣʦʚʦʟʘ (R3, ʢʦʿʫ ʢʘʨʘʢʪʝʨʠʰʝ ʩʨʝʜˁʠ 

ʢʦʝʬʠʮʠʿʝʥʪ ʩʿʘʿʥʦʩʪʠ Q0 = 0,07 cd/(m2Ālx)),  

ï ʰʠʨʠʥʘ ʩʘʦʙʨʘ˂ʘʿʥʝ ʪʨʘʢʝ (3,5 m ʟʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʄ1ïʄ4 ʠ 3 m ʟʘ 

ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʄ5 ʠ ʄ6),  

ï ʰʠʨʠʥʘ ʮʝʥʪʨʘʣʥʦʛ ʧʦʿʘʩʘ (3 m),  

ï ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʩʪʫʙʘ ʠ ʙʣʠʞʝ ʠʚʠʮʝ ʢʦʣʦʚʦʟʘ (1 m ʟʘ ʿʝʜʥʦʩʪʨʘʥʠ, ʮʠʢ-ʮʘʢ ʠ 

ʥʘʩʧʨʘʤʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ ʠ 1,5 m ʟʘ ʮʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ),  

ï ʫʛʘʦ ʥʘʛʠʙʘ ʩʚʝʪʠˀʢʝ (Ŭ), ʜʝʬʠʥʠʩʘʥ ʢʘʦ ʫʛʘʦ ʠʟʤʝʹʫ ʨʘʚʥʠ ʦʪʚʦʨʘ ʦʧʪʠʯʢʦʛ 
ʩʠʩʪʝʤʘ ʩʚʝʪʠˀʢʝ ʠ ʨʘʚʥʠ ʢʦʣʦʚʦʟʘ (0ï10Á, ʚʘʨʠʨʘʥ ʩʘ ʢʦʨʘʢʦʤ ʦʜ 5Á),  

ï ʧʨʝʚʝʩ ʩʚʝʪʠˀʢʝ (ʦ), ʜʝʬʠʥʠʩʘʥ ʢʘʦ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʧʨʦʿʝʢʮʠʿʝ ʦʧʪʠʯʢʦʛ ʮʝʥʪʨʘ 

ʩʚʝʪʠˀʢʝ ʥʘ ʫʣʠʮʫ/ʧʫʪ ʠ ʙʣʠʞʝ ʠʚʠʮʝ ʢʦʣʦʚʦʟʘ (ʘʢʦ ʿʝ ʦʧʪʠʯʢʠ ʮʝʥʪʘʨ ʩʚʝʪʠˀʢʝ 

ʧʨʦʿʝʢʪʦʚʘʥ ʥʘ ʢʦʣʦʚʦʟ, ʧʨʝʚʝʩ ʩʚʝʪʠˀʢʝ ʿʝ ʧʦʟʠʪʠʚʘʥ, ʫ ʩʫʧʨʦʪʥʦʤ ʿʝ ʥʝʛʘʪʠʚʘʥ) 

(ʧʨʝʚʝʩ ʩʚʝʪʠˀʢʝ ʿʝ ʿʝʜʥʘʢ Lb + Llum/2 ï 1 (m) ʟʘ ʿʝʜʥʦʩʪʨʘʥʠ, ʮʠʢ-ʮʘʢ ʠ ʥʘʩʧʨʘʤʥʠ 

ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ ʠ Lb + Llum/2 ï 1,5 (m) ʟʘ ʮʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ, ʛʜʝ ʿʝ Lb 

ʜʫʞʠʥʘ ʣʠʨʝ (ʜʦ 2 m, ʚʘʨʠʨʘʥʘ ʩʘ ʢʦʨʘʢʦʤ ʦʜ 0,5 m), ʘ Llum ʜʫʞʠʥʘ ʩʚʝʪʠˀʢʝ),  

ï ʩʥʘʛʘ (Plamp) ʠ ʩʚʝʪʣʦʩʥʠ ʬʣʫʢʩ ʥʘʪʨʠʿʫʤʦʚʠʭ ʠʟʚʦʨʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ (70 W 

(6600 lm), 100 W (10,700 lm), 150 W (17,500 lm) ʠ 250 W (33,200 lm)),  

ï ʩʥʘʛʘ (Plamp) ʠ ʩʚʝʪʣʦʩʥʠ ʬʣʫʢʩ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ ʠʟʚʦʨʘ ʩʘ ʢʝʨʘʤʠʯʢʠʤ 

ʛʦʨʠʦʥʠʢʦʤ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ (70 W (7500 lm), 100 W (10,500 lm), 150 W 

(16,500 lm) ʠ 250 W (28,300 lm)),  

ï ʪʠʧ ʩʚʘʢʝ ʦʜ ʠʟʘʙʨʘʥʠʭ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʩʚʝʪʠˀʢʠ (Onyx 2 [137], Citea Mini ʠ 

Citea Midi [138] ʟʘ ʥʘʪʨʠʿʫʤʦʚʝ ʠʟʚʦʨʝ ʠ Onyx 2 ʠ Citea Midi ʟʘ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʝ 

ʠʟʚʦʨʝ, ʩʚʝ ʧʨʦʠʟʚʦʜʝʥʝ ʦʜ ʩʪʨʘʥʝ Schréder Group), 

ï ʪʠʧ ʠ ʩʥʘʛʘ (Plum), ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʩʚʝʪʣʦʩʥʠʤ ʬʣʫʢʩʦʤ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʩʪʝ 

LED ʧʘʢʝʪʘ ï ʥʝʫʪʨʘʣʥʘ ʙʝʣʘ ʠʣʠ ʪʦʧʣʦ-ʙʝʣʘ ʙʦʿʘ, ʩʚʘʢʝ ʦʜ ʠʟʘʙʨʘʥʠʭ LED 

ʩʚʝʪʠˀʢʠ (Ampera Mini (16 LED ʧʘʢʝʪʘ: 36,1 W ʠ 24 LED ʧʘʢʝʪʘ: 53 W), Ampera 

Midi (32 LED ʧʘʢʝʪʘ: 70 W, 48 LED ʧʘʢʝʪʘ: 103 W ʠ 64 LED ʧʘʢʝʪʘ: 136 W), 

Ampera Maxi (80 LED ʧʘʢʝʪʘ: 165 W) [139] ʠ Voltana 1ï5 (31 W, 56 W, 80 W, 

110 W ʠ 212 W) [140], ʩʚʝ ʧʨʦʠʟʚʝʜʝʥʝ ʦʜ ʩʪʨʘʥʝ Schréder Group), ʠ  

ï ʬʘʢʪʦʨ ʦʜʨʞʘʚʘˁʘ ʩʚʝʪʠˀʢʝ (MF), ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʧʘʨʘʤʝʪʘʨ ʢʦʿʠ ʧʦʢʘʟʫʿʝ 

ʩʤʘˁʝˁʝ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ ʩʚʝʪʠˀʢʝ ʫ ʧʦʛʦʥʩʢʦʤ ʧʝʨʠʦʜʫ (ʢʘʢʦ ʟʙʦʛ ʦʧʘʜʘˁʘ 

ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ, ʪʘʢʦ ʠ ʟʙʦʛ ʟʘʧʨˀʘˁʘ ʦʧʪʠʯʢʠʭ ʜʝʣʦʚʘ 

ʩʚʝʪʠˀʢʝ) (0,81 ʟʘ ʥʘʪʨʠʿʫʤʦʚʝ ʠʟʚʦʨʝ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʠ 0,71 ʟʘ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʝ 

ʠʟʚʦʨʝ [141], ʢʘʦ ʠ 0,76 ʟʘ LED ʩʚʝʪʠˀʢʝ (ʬʘʢʪʦʨ ʦʧʘʜʘˁʘ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ 

ʠʟʚʦʨʘ 0,9 ʠ ʬʘʢʪʦʨ ʟʘʧʨˀʘˁʘ ʩʚʝʪʠˀʢʝ 0,85)). 

ʋ ʮʠˀʫ ʜʦʙʠʿʘˁʘ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪʥʠʭ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ ʨʝʰʝˁʘ ʢʦʨʠʰ˂ʝˁʝʤ 

ʥʘʪʨʠʿʫʤʦʚʠʭ (ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ) ʠ LED ʠʟʚʦʨʘ, ʠʟʚʨʰʝʥʠ ʩʫ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʧʨʦʨʘʯʫʥʠ ʟʘ ʩʚʝ 
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ʨʝʣʝʚʘʥʪʥʝ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʫʣʠʮʘ/ʧʫʪʝʚʘ (ʄ1ïʄ6) ʠ ʨʘʩʧʦʨʝʜʝ ʩʪʫʙʦʚʘ (ʿʝʜʥʦʩʪʨʘʥʠ, 

ʮʠʢ-ʮʘʢ, ʥʘʩʧʨʘʤʥʠ ʠ ʮʝʥʪʨʘʣʥʠ) ʢʦʨʠʰ˂ʝˁʝʤ Solution Finder ʤʦʜʫʣʘ ʧʦʩʣʝʜˁʝ ʚʝʨʟʠʿʝ 

ʩʦʬʪʚʝʨʘ Ulysse, ʢʦʿʠ ʿʝ ʨʘʟʚʠʣʘ Schréder Group [42]. ʅʘʢʦʥ ʦʜʘʙʠʨʘ ʧʦʩʪʫʧʢʘ ʧʨʦʨʘʯʫʥʘ 

(ʧʨʝʤʘ CIE 140ï2019 [142], IES RP-8 [143] ʠʣʠ EN 13201-3 [93], ʦʜ ʢʦʿʠʭ ʿʝ ʧʦʩʣʝʜˁʠ ʢʦʨʠʰ˂ʝʥ 

ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ), ʧʦʪʨʝʙʥʦ ʿʝ ʦʜʨʝʜʠʪʠ/ʦʜʘʙʨʘʪʠ ʩʣʝʜʝ˂ʝ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ (ʩʣʠʢʘ 23ʘ 

ʩʘʜʨʞʠ ʧʦʜʘʪʢʝ ʢʦʿʠ ʦʧʠʩʫʿʫ ʿʝʜʥʫ ʠʥʩʪʘʣʘʮʠʿʫ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ):  

ï ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʢʣʘʩʘ ʫʣʠʮʝ/ʧʫʪʘ, ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ ʠ ʚʨʩʪʘ ʩʘʦʙʨʘ˂ʘʿʘ 

(ʤʦʪʦʨʠʟʦʚʘʥʠ/ʤʝʰʦʚʠʪʠ ʠʣʠ ʧʝʰʘʯʢʠ),  

ï ʫʜʘˀʝʥʦʩʪ ʩʪʫʙʦʚʘ ʦʜ ʙʣʠʞʝ ʠʚʠʮʝ ʢʦʣʦʚʦʟʘ ʠ ʦʧʩʝʟʠ ʚʠʩʠʥʝ ʠ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ 

ʩʪʫʙʦʚʘ, ʢʘʦ ʠ ʫʛʘʦ ʥʘʛʠʙʘ ʠ ʧʨʝʚʝʩʘ ʩʚʝʪʠˀʢʝ, ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʢʦʨʘʢʦʤ ʟʘ ʩʚʘʢʠ 

ʦʜ ˁʠʭ (ʢʘʦ ʰʪʦ ʿʝ ʦʧʠʩʘʥʦ ʠʟʥʘʜ, ʦʧʩʝʛ ʧʨʝʚʝʩʘ ʩʚʝʪʠˀʢʝ ʟʘʚʠʩʠ ʦʜ ʫʩʚʦʿʝʥʦʛ 

ʦʧʩʝʛʘ ʜʫʞʠʥʘ ʣʠʨʝ),  

ï ʙʨʦʿ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʪʨʘʢʘ ʠ ˁʠʭʦʚʘ ʰʠʨʠʥʘ, ʠ  

ï ʩʪʘʥʜʘʨʜʥʘ ʨʝʬʣʝʢʩʠʦʥʘ ʢʣʘʩʘ ʢʦʣʦʚʦʟʘ ʠʣʠ ʪʘʙʝʣʘ ʨʝʬʣʝʢʩʠʿʝ ʧʦʚʨʰʠʥʝ 

ʢʦʣʦʚʦʟʘ (ʠʟʘʙʨʘʥʘ ʠʟ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʙʘʟʝ ʧʦʜʘʪʘʢʘ).  

ʉʣʝʜʝ˂ʠ ʢʦʨʘʢ ʿʝ ʠʟʙʦʨ ʣʠʩʪʝ ʞʝˀʝʥʠʭ ʩʚʝʪʠˀʢʠ ʠʟ ʩʦʬʪʚʝʨʩʢʝ ʙʘʟʝ ʩʚʝʪʠˀʢʠ (ʟʘʿʝʜʥʦ 

ʩʘ ʠʟʙʦʨʦʤ ʬʘʢʪʦʨʘ ʦʜʨʞʘʚʘˁʘ ʩʚʝʪʠˀʢʝ ʟʘ ʩʚʘʢʫ ʦʜ ˁʠʭ). ʉʚʝʪʠˀʢʝ ʢʦʿʝ ʩʝ ʨʘʟʤʘʪʨʘʿʫ ʫ 

ʦʜʨʝʹʝʥʦʤ ʧʨʦʿʝʢʪʫ ʦʩʚʝʪˀʝˁʘ ʫʚʦʟʝ ʩʝ ʠʟ ʠʟʘʙʨʘʥʝ ʣʠʩʪʝ (ʩʣʠʢʘ 23ʙ). ʊʦʣʝʨʘʥʮʠʿʫ ʥʠʚʦʘ 

ʩʿʘʿʥʦʩʪʠ (ʩʨʝʜˁʘ ʧʦʛʦʥʩʢʘ ʩʿʘʿʥʦʩʪ) (5% ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ) ʠ ʪʦʣʝʨʘʥʮʠʿʫ ʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʩʿʘʿʥʦʩʪʠ (ʦʧʰʪʝ ʠ ʧʦʜʫʞʥʝ) (3% ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ) ʪʘʢʦʹʝ ʪʨʝʙʘ ʧʦʜʝʩʠʪʠ. ʈʝʟʫʣʪʘʪ 

ʧʨʦʨʘʯʫʥʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʩʚʠʤ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʨʝʰʝˁʠʤʘ ʢʦʿʘ ʟʘʜʦʚʦˀʘʚʘʿʫ ʬʦʪʦʤʝʪʨʠʿʩʢʝ 

ʟʘʭʪʝʚʝ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʦʜʘʙʨʘʥʦʿ ʩʚʝʪʣʦʪʝʭʥʠʯʢʦʿ ʢʣʘʩʠ ʫʣʠʮʝ/ʧʫʪʘ (ʩʣʠʢʘ 24). ʊʨʝʙʘ 

ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʟʘ ʩʚʘʢʫ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʩʚʝʪʠˀʢʠ (ʠ ʩʚʘʢʠ ʦʜ ʠʟʘʙʨʘʥʠʭ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ) 

ʪʨʝʙʘ ʧʦʚʝ˂ʘʚʘʪʠ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʩʪʫʙʦʚʘ (ʫ ʠʪʝʨʘʮʠʿʘʤʘ) ʜʦʢ ʩʝ ʥʝ ʜʦʙʠʿʝ ʤʘʢʩʠʤʘʣʥʦ 

ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʩʪʫʙʦʚʘ, ʢʦʿʝ ʦʜʛʦʚʘʨʘ ʝʥʝʨʛʝʪʩʢʠ ʥʘʿʝʬʠʢʘʩʥʠʿʝʤ ʩʚʝʪʣʦʪʝʭʥʠʯʢʦʤ ʨʝʰʝˁʫ. 

ɿʘ ʩʚʘʢʠ ʦʜ ʘʥʘʣʠʟʠʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ (ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʄ1ïʄ6 ʠ 4 ʨʘʟʣʠʯʠʪʘ ʨʘʩʧʦʨʝʜʘ 

ʩʪʫʙʦʚʘ) ʫʧʦʨʝʹʝʥʘ ʩʫ ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ ʜʦʙʠʿʝʥʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʩʚʝʪʠˀʢʝ ʢʦʿʝ ʩʘʜʨʞʝ 

ʠʩʪʠ ʪʠʧ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ ʫ ʧʦʛʣʝʜʫ ʫʢʫʧʥʝ ʠʥʩʪʘʣʠʩʘʥʝ ʩʥʘʛʝ ʥʘ ʨʘʟʤʘʪʨʘʥʦʿ ʜʝʦʥʠʮʠ 

ʫʣʠʮʝ/ʧʫʪʘ ʜʫʞʠʥʝ 1 km (ʠʟʨʘʞʝʥʦ ʫ kW/km), ʘ ʟʘ ʦʧʪʠʤʘʣʥʦ ʩʝ ʙʠʨʘ ʦʥʦ ʢʦʝʿ ʢʘʨʘʢʪʝʨʠʰʝ 

ʥʘʿʤʘˁʘ ʩʥʘʛʘ. ɸʢʦ ʩʫ ʫʢʫʧʥʝ ʩʥʘʛʝ ʿʝʜʥʘʢʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʩʚʝʪʠˀʢʝ ʢʦʿʝ ʩʘʜʨʞʝ ʠʩʪʠ ʪʠʧ ʠʟʚʦʨʘ 

ʩʚʝʪʣʦʩʪʠ, ʢʘʦ ʦʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ ʩʝ ʙʠʨʘ ʦʥʦ ʢʦʝʿ ʢʘʨʘʢʪʝʨʠʰʝ ʚʝ˂ʝ ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ 

ʩʪʫʙʦʚʘ, ʘ ʘʢʦ ʩʫ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʩʪʫʙʦʚʘ ʿ ʝʜʥʘʢʘ, ʦʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ ʿ ʝ ʦʥʦ ʢʦʝʿ ʢʘʨʘʢʪʝʨʠʰʝ 

ʚʝ˂ʠ ʥʠʚʦ ʩʿʘʿʥʦʩʪʠ. ɼʦʙʠʿʝʥʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ ʩʫ ʦʧʠʩʘʥʘ ʫʩʢʣʘʹʝʥʦʰ˂ʫ 

(ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ ʩʘ ʟʝʣʝʥʠʤ ʟʥʘʢʦʤ ʥʠʩʫ ʫʟʝʣʘ ʫ ʦʙʟʠʨ ʥʠ ʪʦʣʝʨʘʥʮʠʿʫ ʩʿʘʿʥʦʩʪʠ ʥʠ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʿʘʿʥʦʩʪʠ, ʜʦʢ ʦʥʘ ʩʘ ʥʘʨʘʥ˅ʘʩʪʠʤ ʟʥʘʢʦʤ ʿʝʩʫ), ʨʘʩʪʦʿʘˁʝʤ ʠʟʤʝʹʫ ʩʪʫʙʦʚʘ, 

ʚʠʩʠʥʦʤ ʩʪʫʙʘ, ʧʨʝʚʝʩʦʤ ʩʚʝʪʠˀʢʝ, ʫʛʣʦʤ ʥʘʛʠʙʘ ʩʚʝʪʠˀʢʝ, ʪʠʧʦʤ ʩʚʝʪʠˀʢʝ, ʙʨʦʿʝʤ ʤʘʪʨʠʮʝ 

(ʪʘʙʝʣʘ ʩʚʝʪʣʦʩʥʦʛ ʠʥʪʝʥʟʠʪʝʪʘ ʩʚʝʪʠˀʢʝ, ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʥʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʜʦʢʫʤʝʥʪ 

ʩʚʘʢʝ ʩʚʝʪʠˀʢʝ), ʬʣʫʢʩʦʤ ʩʚʝʪʠˀʢʝ, ʬʘʢʪʦʨʦʤ ʦʜʨʞʘʚʘˁʘ ʩʚʝʪʠˀʢʝ, ʧʦʛʦʥʩʢʦʤ ʤʠʥʠʤʘʣʥʦʤ 

ʠ ʩʨʝʜˁʦʤ ʩʿʘʿʥʦʰ˂ʫ, ʦʧʰʪʦʤ ʨʘʚʥʦʤʝʨʥʦʰ˂ʫ ʩʿʘʿʥʦʩʪʠ, ʛʨʘʜʠʿʝʥʪʦʤ ʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʩʿʘʿʥʦʩʪʠ, Ug, (ʢʦʿʠ ʥʠʿʝ ʫʟʝʪ ʫ ʦʙʟʠʨ ʫ ʨʘʟʤʘʪʨʘʥʦʤ EN ʩʪʘʥʜʘʨʜʫ), ʧʦʜʫʞʥʠʤ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠʤʘ ʩʿʘʿʥʦʩʪʠ, ʨʝʣʘʪʠʚʥʠʤ ʧʦʨʘʩʪʦʤ ʧʨʘʛʘ, ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʠʚʠʯʥʝ ʦʩʚʝʪˀʝʥʦʩʪʠ 

ʠ ʫʢʫʧʥʦʤ ʩʥʘʛʦʤ ʥʘ ʜʝʦʥʠʮʠ ʫʣʠʮʝ/ʧʫʪʘ ʜʫʞʠʥʝ 1 km (ʩʣʠʢʘ 24). 
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a) 

 

ʙ) 

ʉʣʠʢʘ 23. ʉʥʠʤʮʠ ʝʢʨʘʥʘ ʧʨʦʿʝʢʪʥʦʛ ʜʝʣʘ (ʘ) ʠ ʜʝʣʘ ʟʘ ʠʟʙʦʨ ʩʚʝʪʠˀʢʝ (ʙ) ʤʦʜʫʣʘ Solution 

Finder ʩʦʬʪʚʝʨʘ Ulysse 
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ʉʣʠʢʘ 24. ʉʥʠʤʘʢ ʝʢʨʘʥʘ ʨʘʟʣʠʯʠʪʠʭ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ ʨʝʰʝˁʘ ʟʘ ʩʘʦʙʨʘ˂ʘʿʥʠʮʫ ʜʝʬʠʥʠʩʘʥʫ 

ʥʘ ʩʣʠʮʠ 23ʘ 

 

ɹʘʟʘ ʧʦʜʘʪʘʢʘ ʦ ʩʚʝʪʠˀʢʘʤʘ ʩʦʬʪʚʝʨʘ Ulysse ʩʘʜʨʞʠ ʪʘʙʝʣʫ ʩʚʝʪʣʦʩʥʦʛ ʠʥʪʝʥʟʠʪʝʪʘ ʠ 

ʜʨʫʛʝ ʨʝʣʝʚʘʥʪʥʝ (ʧʨʝʪʝʞʥʦ ʬʦʪʦʤʝʪʨʠʿʩʢʝ ʠ ʝʣʝʢʪʨʠʯʥʝ) ʧʦʜʘʪʢʝ ʟʘ ʩʚʘʢʫ ʩʚʝʪʠˀʢʫ 

ʧʨʦʠʟʚʝʜʝʥʫ ʦʜ ʩʪʨʘʥʝ Schréder Group ʠ, ʧʨʝʤʘ ʪʦʤʝ, ʟʘ ʩʚʘʢʫ ʩʚʝʪʠˀʢʫ ʨʘʟʤʘʪʨʘʥʫ ʫ ʦʚʦʤ 

ʠʩʪʨʘʞʠʚʘˁʫ. ʀʘʢʦ ʧʦʩʪʦʿʝ ʙʨʦʿʥʠ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪʠ ʧʦʪʚʨʹʝʥʠ ʫ ʧʨʘʢʩʠ ʧʨʦʿʝʢʪʦʚʘˁʘ 

ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ (DIALux, Calculux, Relux, AGi32, ʠʪʜ.), ʜʦʩʪʫʧʥʦʩʪ ʨʝʣʝʚʘʥʪʥʠʭ 

ʧʦʜʘʪʘʢʘ ʟʘ ʩʚʝ ʩʚʝʪʠˀʢʝ ʨʘʟʤʘʪʨʘʥʝ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʢʘʦ ʠ ʯʠˁʝʥʠʮʘ ʜʘ ʿʝ Ulysse 

ʧʨʦʬʝʩʠʦʥʘʣʥʠ ʩʦʬʪʚʝʨ ʢʦʿʠ ʩʝ ʜʝʮʝʥʠʿʘʤʘ ʢʦʨʠʩʪʠ ʰʠʨʦʤ ʩʚʝʪʘ (ʚʠʜʝʪʠ, ʥʘ ʧʨʠʤʝʨ, 

ʨʝʬʝʨʝʥʮʝ [144, 145]), ʧʨʝʩʫʜʥʦ ʩʫ ʫʪʠʮʘʣʠ ʥʘ ʠʟʙʦʨ ʩʦʬʪʚʝʨʘ Ulysse ʟʘ ʦʚʦ ʠʩʪʨʘʞʠʚʘˁʝ. 

ʇʨʝʧʦʨʫʯʫʿʝ ʩʝ ʜʘ ʩʝ ʤʝʟʦʧʩʢʠ ʝʬʝʢʪʠ ʫʟʤʫ ʫ ʦʙʟʠʨ ʧʨʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠʤ ʧʨʦʨʘʯʫʥʠʤʘ ʟʘ 

ʫʣʠʮʝ/ʧʫʪʝʚʝ ʥʘʤʝˁʝʥʝ ʟʘ ʤʦʪʦʨʠʟʦʚʘʥʠ/ʤʝʰʦʚʠʪʠ ʩʘʦʙʨʘ˂ʘʿ. ʋ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ, 

ʫʢˀʫʯʝˁʝ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ ʫ ʧʨʦʨʘʯʫʥʠʤʘ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠʣʠ ʪʦʧʣʦ-

ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ, ʩʧʨʦʚʝʜʝʥʦ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʢʦʨʠʛʦʚʘʥʠʭ (ʩʤʘˁʝʥʠʭ) ʥʠʚʦʘ ʬʦʪʦʧʩʢʝ 

ʩʿʘʿʥʦʩʪʠ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʢʣʘʩʘʤʘ ʄ1ïʄ6, ʧʨʝʫʟʝʪʠʤ ʠʟ ʨʝʬʝʨʝʥʮʝ [21]. ʆʥʠ 

ʩʫ ʜʘʪʠ ʫ ʪʘʙʝʣʠ 58 ï ʫʩʚʦʿʝʥʠ ʦʜʥʦʩʠ ʩʢʦʪʦʧʩʢʦʛ ʠ ʬʦʪʦʧʩʢʦʛ ʬʣʫʢʩʘ (S/P) ʙʠʣʠ ʩʫ 1,60 

(ʥʝʫʪʨʘʣʥʘ ʙʝʣʘ ʙʦʿʘ ʩʚʝʪʣʦʩʪʠ) ʠ 1,35 (ʪʦʧʣʦ-ʙʝʣʘ ʙʦʿʘ ʩʚʝʪʣʦʩʪʠ) [146]). 

 

ʊʘʙʝʣʘ 58. ʌʦʪʦʧʩʢʠ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʤʝʟʦʧʩʢʠ (ʢʦʨʠʛʦʚʘʥʠ ʬʦʪʦʧʩʢʠ) ʥʠʚʦʠ ʩʿʘʿʥʦʩʪʠ ʢʦʿʠ 

ʚʘʞʝ ʟʘ CIE ʩʪʘʥʜʘʨʜʥʝ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʫʣʠʮʘ/ʧʫʪʝʚʘ (M1 (2 cd/m2) ï M6 (0,3 cd/m2)) ʠ 

ʨʘʟʤʘʪʨʘʥʝ LED ʠʟʚʦʨʝ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ 

 
 LED ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ LED ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ 

ʌʦʪʦʧʩʢʠ ʥʠʚʦ ʩʿʘʿʥʦʩʪʠ 

(cd/m2) 
2,00 1,50 1,00 0,75 0,50 0,30 2,00 1,50 1,00 0,75 0,50 0,30 

ʂʦʨʠʛʦʚʘʥʠ ʬʦʪʦʧʩʢʠ 

ʥʠʚʦ ʩʿʘʿʥʦʩʪʠ (cd/m2) 
1,90 1,40 0,91 0,67 0,43 0,25 1,92 1,42 0,92 0,68 0,45 0,26 
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7.3 ʂʦʥʚʝʥʮʠʦʥʘʣʥʦ ʫ ʧʦʨʝʹʝˁʫ ʩʘ LED ʦʩʚʝʪˀʝˁʝʤ ʫʣʠʮʘ ʠ ʧʫʪʝʚʘ: ʧʦʢʘʟʘʪʝˀʠ 

ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ 
 

ʈʘʟʤʘʪʨʘʥʠ ʩʣʫʯʘʿʝʚʠ (ʫʢʫʧʥʦ 17) ʦʙʫʭʚʘʪʘʿʫ ʫʣʠʮʝ/ʧʫʪʝʚʝ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʨʘʩʧʦʨʝʜʦʤ 

ʩʪʫʙʦʚʘ ʠ ʨʘʟʣʠʯʠʪʠʤ ʙʨʦʿʝʤ ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʪʨʘʢʘ (ʧʨʠʢʘʟʘʥʠʭ ʥʘ ʩʣʠʮʠ 25), ʢʘʦ ʠ ʩʘ 

ʨʘʟʣʠʯʠʪʠʤ ʄ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʢʣʘʩʘʤʘ. ɿʘ ʩʚʘʢʠ ʦʜ ʘʥʘʣʠʟʠʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ ʫ ʪʘʙʝʣʘʤʘ 59 ʠ 

60 ʧʨʠʢʘʟʘʥʘ ʩʫ ʦʧʪʠʤʘʣʥʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ ʜʦʙʠʿʝʥʘ ʢʦʨʠʰ˂ʝˁʝʤ ʩʚʝʪʠˀʢʠ ʩʘ 

ʥʘʪʨʠʿʫʤʦʚʠʤ ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠʟʚʦʨʠʤʘ. ʋ ʪʘʙʝʣʘʤʘ 61 ʠ 62 ʧʨʠʢʘʟʘʥʘ ʩʫ ʦʧʪʠʤʘʣʥʘ 

ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ ʜʦʙʠʿʝʥʘ ʢʦʨʠʰ˂ʝˁʝʤ LED ʩʚʝʪʠˀʢʠ, ʦʜʨʝʹʝʥʘ ʙʝʟ ʫʚʘʞʘʚʘˁʘ 

ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ, ʦʜʥʦʩʥʦ ʫʟʠʤʘʿʫ˂ʠ ʠʭ ʫ ʦʙʟʠʨ. ɼʘ ʙʠ ʩʝ ʩʘʛʣʝʜʘʣʝ ʧʨʝʜʥʦʩʪʠ ʠʟʨʘʞʝʥʝ 

ʫʰʪʝʜʘʤʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʠʤʝʥʦʤ LED ʫʤʝʩʪʦ ʥʘʪʨʠʿʫʤʦʚʠʭ ʠʣʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ 

ʩʚʝʪʠˀʢʠ, ʪʘʙʝʣʘ 63 ʩʘʜʨʞʠ ʩʘʤʦ ʦʜʥʦʩʝ ʠʟʤʝʹʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʠʥʩʪʘʣʠʩʘʥʠʭ ʩʥʘʛʘ (ʧʦʪʨʦʰˁʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ) ʜʫʞ ʜʝʦʥʠʮʝ ʫʣʠʮʝ/ʧʫʪʘ ʜʫʞʠʥʝ 1 km, ʢʦʿʠ ʚʘʞʝ ʟʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ 

ʨʝʰʝˁʘ ʧʦʤʦ˂ʫ LED ʩʚʝʪʠˀʢʠ (ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ) ʠ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ 

ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ, ʢʘʦ ʠ ʟʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ ʧʦʤʦ˂ʫ LED ʩʚʝʪʠˀʢʠ ʪʦʧʣʦ-

ʙʝʣʝ ʙʦʿʝ ʠ ʩʚʝʪʠˀʢʠ ʩʘ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠʟʚʦʨʠʤʘ. ʊʨʝʙʘ ʥʘʛʣʘʩʠʪʠ ʜʘ ʿʝ ʫʟʝʪʦ ʜʘ ʿʝ 

ʠʥʩʪʘʣʠʩʘʥʘ ʩʥʘʛʘ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠʟʚʦʨʠʤʘ, ʢʦʿʘ ʫʢˀʫʯʫʿʝ 

ʩʥʘʛʫ ʧʨʝʜʩʧʦʿʥʦʛ ʫʨʝʹʘʿʘ, 15% ʚʝ˂ʘ ʦʜ ʩʥʘʛʝ ʩʠʿʘʣʠʮʝ, ʜʦʢ ʩʫ ʩʥʘʛʝ LED ʩʚʝʪʠˀʢʠ ʧʨʝʫʟʝʪʝ 

ʠʟ ʧʦʛʣʘʚˀʘ 7.2 (ʦʥʝ ʚʝ˂ ʫʢˀʫʯʫʿʫ ʩʥʘʛʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʜʨʘʿʚʝʨʘ). ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʩʥʘʛʘ 

ʧʨʝʜʩʧʦʿʥʦʛ ʫʨʝʹʘʿʘ ʥʘʤʝˁʝʥʦʛ ʟʘ ʩʚʝʪʠˀʢʝ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠʟʚʦʨʠʤʘ 

ʟʘʚʠʩʠ ʦʜ ˁʝʛʦʚʦʛ ʪʠʧʘ (ʢʚʘʣʠʪʝʪʘ), ʩʪʘʨʦʩʪʠ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʩʥʘʛʝ ʩʠʿʘʣʠʮʝ, ʦʙʠʯʥʦ ʩʝ ʫʟʠʤʘ 

ʜʘ ʦʥʘ ʠʟʥʦʩʠ 15% ʩʥʘʛʝ ʩʠʿʘʣʠʮʝ. ʅʘ ʧʨʠʤʝʨ, ʩʥʘʛʘ ʧʨʝʜʩʧʦʿʥʦʛ ʫʨʝʹʘʿʘ ʿʝʜʥʦʛ ʧʨʦʠʟʚʦʹʘʯʘ, 

ʢʦʿʠ ʿʝ ʥʘʤʝˁʝʥ ʟʘ ʥʘʪʨʠʿʫʤʦʚʝ ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʝ ʠʟʚʦʨʝ ʩʥʘʛʝ 150 W, ʢʨʝ˂ʝ ʩʝ ʦʜ 17 W (ʦʢʦ 

11%) ʜʦ 26 W (ʦʢʦ 17%) [147]. ʋ ʨʝʬʝʨʝʥʮʠ [148] ʿʝ ʢʦʥʩʪʘʪʦʚʘʥʦ ʜʘ ʩʫ ʩʥʘʛʝ ʧʨʝʜʩʧʦʿʥʦʛ 

ʫʨʝʹʘʿʘ ʢʦʿʝ ʦʜʛʦʚʘʨʘʿʫ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʦʜ 100 W, 150 W ʠ 250 W ʠʟʥʦʩʠʣʝ 14%, 15% 

ʠ 13% ʦʜ ʩʥʘʛʝ ʩʠʿʘʣʠʮʝ, ʨʝʩʧʝʢʪʠʚʥʦ, ʘ ʫ ʨʝʬʝʨʝʥʮʠ [28] ʜʘ ʿʝ ʩʥʘʛʘ ʧʨʝʜʩʧʦʿʥʦʛ ʫʨʝʹʘʿʘ 

ʥʘʤʝˁʝʥʦʛ ʥʘʪʨʠʿʫʤʦʚʦʤ ʠʟʚʦʨʫ ʦʜ 150 W ʠʟʥʦʩʠʣʘ 17% ʩʥʘʛʝ ʩʠʿʘʣʠʮʝ. 

 

                  
 

              a)   ʙ)            ʚ)         ʛ) 

 

ʉʣʠʢʘ 25. ʈʘʟʣʠʯʠʪʠ ʨʘʩʧʦʨʝʜʠ ʩʪʫʙʦʚʘ (ʿʝʜʥʦʩʪʨʘʥʠ (ʘ), ʮʠʢ-ʮʘʢ (ʙ), ʥʘʩʧʨʘʤʥʠ (ʜʚʝ 

ʢʦʥʬʠʛʫʨʘʮʠʿʝ) (ʚ), ʮʝʥʪʨʘʣʥʠ (ʛ) ʧʨʠʤʝˁʝʥʠ ʥʘ ʫʣʠʮʘʤʘ/ʧʫʪʝʚʠʤʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʙʨʦʿʝʤ 

ʩʘʦʙʨʘ˂ʘʿʥʠʭ ʪʨʘʢʘ ʨʘʟʤʘʪʨʘʥʠʭ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ 
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ʊʘʙʝʣʘ 59. ʆʩʥʦʚʥʠ ʧʦʜʘʮʠ ʦ ʦʧʪʠʤʘʣʥʠʤ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʨʝʰʝˁʠʤʘ ʨʘʟʤʘʪʨʘʥʠʭ 

ʫʣʠʮʘ/ʧʫʪʝʚʘ ʨʝʘʣʠʟʦʚʘʥʠʤ ʧʦʤʦ˂ʫ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ 

 

ʈʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 

EIR 

 

Plamp 

(W) 

ʊʠʧ 

ʩʚʝʪʠˀʢʝ 

kW/ 

km 

ɱʝʜʥʦʩʪʨʘʥʠ 

ʜʚʝ ʪʨʘʢʝ 

M3 36 8 1,37 10 1,08 46 60 14,6 0,42 100 Onyx 2 3,2 

M4 31 7 1,25 5 0,73 39 61 12,2 0,35 70 Citea Mini 2,6 

M5 46 8 1,25 5 0,55 35 39 13,0 0,43 70 Citea Mini 1,7 

M6 46 8 -0,21 10 0,43 43 39 15,9 0,62 70 Citea Midi 1,7 

ʎʠʢ-ʮʘʢ 

ʪʨʠ ʪʨʘʢʝ 

M3 18 8 1,25 10 1,00 45 69 9,6 0,50 70 Citea Mini 4,5 

M4 21 8 0,87 10 0,75 40 69 9,7 0,55 70 Onyx 2 3,8 

M5 35 8 1,37 5 0,51 37 39 12,1 0,56 70 Onyx 2 2,3 

ʅʘʩʧʨʘʤʥʠ 

ʪʨʠ ʪʨʘʢʝ 

M2 25 7 1,25 5 1,47 52 69 9,1 0,40 70 Citea Mini 6,4 

M3 37 8 1,25 10 0,98 44 64 13,3 0,50 70 Citea Mini 4,4 

M4 40 8 0,25 10 0,84 53 59 11,8 0,56 70 Citea Mini 4,0 

ʅʘʩʧʨʘʤʥʠ 

ʯʝʪʠʨʠ ʪʨʘʢʝ 

M1 25 8 1,37 10 1,98 54 69 9,9 0,45 100 Onyx 2 9,2 

M2 20 7 1,37 0 1,46 44 79 9,8 0,50 70 Onyx 2 8,1 

M3 31 7 1,25 10 0,96 45 69 12,7 0,49 70 Citea Mini 5,2 

ʎʝʥʪʨʘʣʥʠ 

ʪʨʠ ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 23 10 0,87 10 1,92 41 79 8,6 0,47 150 Onyx 2 15,0 

M2 31 10 0,87 10 1,43 40 74 9,9 0,47 150 Onyx 2 11,2 

ʎʝʥʪʨʘʣʥʠ 

ʪʨʠ ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 42 13 0,87 0 1,91 41 68 9,5 0,56 250 Onyx 2 13,7 

M2 32 13 0,87 5 1,45 39 77 9,7 0,56 150 Onyx 2 10,8 

 

ʊʘʙʝʣʘ 60. ʆʩʥʦʚʥʠ ʧʦʜʘʮʠ ʦ ʦʧʪʠʤʘʣʥʠʤ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʨʝʰʝˁʠʤʘ ʨʘʟʤʘʪʨʘʥʠʭ 

ʫʣʠʮʘ/ʧʫʪʝʚʘ ʨʝʘʣʠʟʦʚʘʥʠʤ ʧʦʤʦ˂ʫ ʩʚʝʪʠˀʢʠ ʩʘ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠʟʚʦʨʠʤʘ 

 

ʈʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 

EIR 

 

Plamp 

(W) 

ʊʠʧ 

ʩʚʝʪʠˀʢʝ 

kW/ 

km 

ɱʝʜʥʦʩʪʨʘʥʠ 

ʜʚʝ ʪʨʘʢʝ 

M3 34 8 1,37 5 1,03 40 63 14,9 0,37 100 Onyx 2 3,3 

M4 29 7 0,87 5 0,72 53 64 11,4 0,40 70 Onyx 2 2,8 

M5 41 8 0,87 0 0,53 42 41 11,6 0,53 70 Onyx 2 2,0 

M6 45 8 -0,13 10 0,39 46 39 13,7 0,65 70 Onyx 2 1,8 

ʎʠʢ-ʮʘʢ 

ʪʨʠ ʪʨʘʢʝ 

M3 17 7 0,87 10 0,98 39 68 10,9 0,51 70 Onyx 2 4,7 

M4 21 8 1,37 10 0,75 41 72 9,8 0,54 70 Onyx 2 3,8 

M5 35 8 1,37 5 0,51 37 39 12,4 0,56 70 Onyx 2 2,3 

ʅʘʩʧʨʘʤʥʠ 

ʪʨʠ ʪʨʘʢʝ 

M2 24 7 1,30 5 1,47 51 71 9,3 0,39 70 Citea Midi 6,7 

M3 34 8 1,30 10 0,99 41 59 12,5 0,44 70 Citea Midi 4,7 

M4 37 8 -0,21 10 0,73 47 59 12,9 0,53 70 Citea Midi 4,4 

ʅʘʩʧʨʘʤʥʠ 

ʯʝʪʠʨʠ ʪʨʘʢʝ 

M1 22 8 1,37 10 1,94 58 76 9,2 0,45 100 Onyx 2 10,5 

M2 20 7 1,37 0 1,45 44 79 10,0 0,50 70 Onyx 2 8,1 

M3 28 7 1,30 10 1,00 43 59 10,3 0,40 70 Citea Midi 5,8 

ʎʝʥʪʨʘʣʥʠ 

ʪʨʠ ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 19 10 0,87 10 1,96 40 79 9,4 0,49 150 Onyx 2 18,2 

M2 25 10 0,87 10 1,46 42 80 8,9 0,47 150 Onyx 2 13,8 

ʎʝʥʪʨʘʣʥʠ 

ʪʨʠ ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 20 13 0,37 10 1,93 39 91 9,6 0,56 150 Onyx 2 17,3 

M2 18 13 0,87 5 1,44 40 96 9,7 0,55 100 Onyx 2 12,8 
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ʊʘʙʝʣʘ 61. ʆʩʥʦʚʥʠ ʧʦʜʘʮʠ ʦ ʦʧʪʠʤʘʣʥʠʤ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʨʝʰʝˁʠʤʘ ʨʘʟʤʘʪʨʘʥʠʭ 

ʫʣʠʮʘ/ʧʫʪʝʚʘ ʨʝʘʣʠʟʦʚʘʥʠʤ ʧʦʤʦ˂ʫ LED ʩʚʝʪʠˀʢʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʫ ʬʦʪʦʧʩʢʠʤ ʠ 

ʤʝʟʦʧʩʢʠʤ ʫʩʣʦʚʠʤʘ 

 
ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ 

ʈʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 

EIR 

 

Plum 

(W) 

ʊʠʧ ʩʚʝʪʠˀʢʝ 

 

kW/ 

km 

ɱʝʜʥʦʩʪʨʘʥʠ 

ʜʚʝ ʪʨʘʢʝ 

M3 36 8 1,29 0 0,98 45 77 12,3 0,30 53 Ampera Mini 24 1,5 

M4 32 8 1,29 0 0,73 44 85 10,4 0,30 36,1 Ampera Mini 16 1,1 

M5 48 8 1,29 0 0,54 34 41 13,8 0,30 36,1 Ampera Mini 16 0,8 

M6 45 8 -0,25 10 0,30 41 39 15,4 0,30 31 Voltana 1 0,7 

ʎʠʢ-ʮʘʢ 

ʪʨʠ ʪʨʘʢʝ 

M3 18 7 0,79 5 1,02 39 65 11,6 0,30 36,1 Ampera Mini 16 2,0 

M4 22 8 0,29 10 0,77 39 64 10,4 0,34 36,1 Ampera Mini 16 1,6 

M5 37 8 1,29 0 0,48 35 41 14,7 0,40 36,1 Ampera Mini 16 1,0 

ʅʘʩʧʨʘʤʥʠ 

ʪʨʠ ʪʨʘʢʝ 

M2 23 8 0,29 0 1,47 73 90 9,9 0,45 36,1 Ampera Mini 16 3,1 

M3 36 7 0,29 0 0,97 55 60 14,9 0,42 36,1 Ampera Mini 16 2,0 

M4 43 8 0,29 0 0,72 43 59 15,0 0,44 36,1 Ampera Mini 16 1,7 

ʅʘʩʧʨʘʤʥʠ 

ʯʝʪʠʨʠ ʪʨʘʢʝ 

M1 22 8 1,29 0 1,95 48 90 9,8 0,36 53 Ampera Mini 24 4,8 

M2 19 7 -0,21 10 1,44 58 89 10,0 0,37 36,1 Ampera Mini 16 3,8 

M3 30 7 1,29 0 0,97 39 82 11,7 0,31 36,1 Ampera Mini 16 2,4 

ʎʝʥʪʨʘʣʥʠ 

ʪʨʠ ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 15 8 0,84 0 1,93 40 88 9,8 0,44 70 Ampera Midi 32 9,3 

M2 16 10 0,29 10 1,43 39 88 8,8 0,42 53 Ampera Mini 24 6,6 

ʎʝʥʪʨʘʣʥʠ 

ʪʨʠ ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 40 13 0,45 0 1,93 39 80 9,2 0,47 165 Ampera Maxi 80 8,3 

M2 41 13 0,84 5 1,44 43 71 8,8 0,39 136 Ampera Midi 64 6,6 

ʄʝʟʦʧʩʢʠ ʫʩʣʦʚʠ 

ʈʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 

EIR 

 

Plum 

(W) 

ʊʠʧ ʩʚʝʪʠˀʢʝ 

 

kW/ 

km 

ɱʝʜʥʦʩʪʨʘʥʠ 

ʜʚʝ ʪʨʘʢʝ 

M3 41 8 1,29 0 0,86 41 62 13,6 0,30 53 Ampera Mini 24 1,3 

M4 37 8 1,29 0 0,63 44 74 11,6 0,30 36,1 Ampera Mini 16 1,0 

M5 49 8 -0,21 10 0,44 46 40 14,2 0,34 36,1 Ampera Mini 16 0,7 

M6 45 8 -0,25 10 0,30 41 39 15,4 0,30 31 Voltana 1 0,7 

ʎʠʢ-ʮʘʢ 

ʪʨʠ ʪʨʘʢʝ 

M3 20 8 0,79 0 0,89 44 64 10,2 0,38 36,1 Ampera Mini 16 1,8 

M4 24 8 0,79 5 0,64 43 63 10,6 0,35 36,1 Ampera Mini 16 1,5 

M5 40 8 1,29 10 0,40 34 43 13,0 0,39 36,1 Ampera Mini 16 0,9 

ʅʘʩʧʨʘʤʥʠ 

ʪʨʠ ʪʨʘʢʝ 

M2 24 8 0,29 0 1,37 72 89 8,2 0,41 36,1 Ampera Mini 16 3,0 

M3 40 8 0,79 0 0,86 45 64 13,6 0,33 36,1 Ampera Mini 16 1,8 

M4 44 8 -0,71 10 0,70 55 60 14,1 0,37 36,1 Ampera Mini 16 1,6 

ʅʘʩʧʨʘʤʥʠ 

ʯʝʪʠʨʠ ʪʨʘʢʝ 

M1 23 8 0,79 0 1,81 59 87 9,2 0,40 53 Ampera Mini 24 4,6 

M2 21 8 1,29 0 1,35 49 88 8,7 0,35 36,1 Ampera Mini 16 3,4 

M3 33 7 0,79 0 0,86 39 70 14,6 0,36 36,1 Ampera Mini 16 2,2 

ʎʝʥʪʨʘʣʥʠ 

ʪʨʠ ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 16 9 0,84 10 1,82 42 89 9,9 0,39 70 Ampera Midi 32 8,8 

M2 17 10 0,29 10 1,34 39 89 8,7 0,42 53 Ampera Mini 24 6,2 

ʎʝʥʪʨʘʣʥʠ 

ʪʨʠ ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 42 13 0,95 0 1,84 43 78 9,6 0,48 165 Ampera Maxi 80 7,9 

M2 34 12 0,84 0 1,33 39 84 8,3 0,43 103 Ampera Midi 48 6,1 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 62. ʆʩʥʦʚʥʠ ʧʦʜʘʮʠ ʦ ʦʧʪʠʤʘʣʥʠʤ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʨʝʰʝˁʠʤʘ ʨʘʟʤʘʪʨʘʥʠʭ 

ʫʣʠʮʘ/ʧʫʪʝʚʘ ʨʝʘʣʠʟʦʚʘʥʠʤ ʧʦʤʦ˂ʫ LED ʩʚʝʪʠˀʢʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʫ ʬʦʪʦʧʩʢʠʤ ʠ ʤʝʟʦʧʩʢʠʤ 

ʫʩʣʦʚʠʤʘ 

 
ʌʦʪʦʧʩʢʠ ʫʩʣʦʚʠ 

ʈʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 

EIR 

 

Plum 

(W) 

ʊʠʧ ʩʚʝʪʠˀʢʝ 

 

kW/ 

km 

ɱʝʜʥʦʩʪʨʘʥʠ 

ʜʚʝ ʪʨʘʢʝ 

M3 30 8 1,29 0 0,98 45 85 10,4 0,30 53 Ampera Mini 24 1,8 

M4 41 8 1,29 0 0,72 41 62 13,1 0,30 53 Ampera Mini 24 1,3 

M5 45 8 1,29 0 0,48 42 47 12,7 0,30 36,1 Ampera Mini 16 0,8 

M6 43 8 0,25 10 0,30 46 41 14,4 0,36 31 Voltana 1 0,7 

ʎʠʢ-ʮʘʢ 

ʪʨʠ ʪʨʘʢʝ 

M3 16 7 0,79 0 0,96 47 73 11,8 0,35 36,1 Ampera Mini 16 2,3 

M4 20 8 0,79 0 0,75 44 64 9,9 0,38 36,1 Ampera Mini 16 1,8 

M5 33 8 1,29 10 0,48 34 48 13,6 0,38 36,1 Ampera Mini 16 1,1 

ʅʘʩʧʨʘʤʥʠ 

ʪʨʠ ʪʨʘʢʝ 

M2 20 7 0,29 0 1,47 69 90 9,6 0,43 36,1 Ampera Mini 16 3,6 

M3 32 7 0,79 0 0,96 48 72 14,6 0,34 36,1 Ampera Mini 16 2,3 

M4 40 8 0,79 0 0,72 45 64 13,1 0,33 36,1 Ampera Mini 16 1,8 

ʅʘʩʧʨʘʤʥʠ 

ʯʝʪʠʨʠ ʪʨʘʢʝ 

M1 18 8 1,29 0 2,00 48 89 8,3 0,36 53 Ampera Mini 24 5,9 

M2 24 8 1,29 0 1,50 46 88 10,0 0,36 53 Ampera Mini 24 4,4 

M3 36 8 0,79 0 0,97 44 77 12,0 0,40 53 Ampera Mini 24 2,9 

ʎʝʥʪʨʘʣʥʠ 

ʪʨʠ ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 31 10 0,45 5 1,92 40 77 10,0 0,43 165 Ampera Maxi 80 10,6 

M2 32 10 0,84 5 1,44 42 71 9,5 0,42 136 Ampera Midi 64 8,5 

ʎʝʥʪʨʘʣʥʠ 

ʪʨʠ ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 35 12 0,95 0 1,91 39 84 9,3 0,44 165 Ampera Maxi 80 9,4 

M2 45 13 0,95 0 1,44 42 75 9,7 0,48 165 Ampera Maxi 80 7,3 

ʄʝʟʦʧʩʢʠ ʫʩʣʦʚʠ 

ʈʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 

EIR 

 

Plum 

(W) 

ʊʠʧ ʩʚʝʪʠˀʢʝ 

 

kW/ 

km 

ɱʝʜʥʦʩʪʨʘʥʠ 

ʜʚʝ ʪʨʘʢʝ 

M3 33 8 1,29 0 0,89 44 85 11,1 0,30 53 Ampera Mini 24 1,6 

M4 30 8 1,29 0 0,65 45 85 9,6 0,30 36,1 Ampera Mini 16 1,2 

M5 48 8 1,29 0 0,45 34 41 13,4 0,30 36,1 Ampera Mini 16 0,8 

M6 45 8 -0,25 10 0,27 41 39 15,2 0,30 31 Voltana 1 0,7 

ʎʠʢ-ʮʘʢ 

ʪʨʠ ʪʨʘʢʝ 

M3 17 7 0,79 0 0,91 46 66 12,0 0,35 36,1 Ampera Mini 16 2,1 

M4 21 8 0,29 5 0,69 45 62 10,3 0,38 36,1 Ampera Mini 16 1,7 

M5 36 8 1,29 10 0,44 34 45 14,5 0,38 36,1 Ampera Mini 16 1,0 

ʅʘʩʧʨʘʤʥʠ 

ʪʨʠ ʪʨʘʢʝ 

M2 21 7 0,29 0 1,40 69 88 9,9 0,43 36,1 Ampera Mini 16 3,4 

M3 34 7 0,29 5 0,88 51 73 15,0 0,35 36,1 Ampera Mini 16 2,1 

M4 42 8 0,29 5 0,67 45 62 14,2 0,31 36,1 Ampera Mini 16 1,7 

ʅʘʩʧʨʘʤʥʠ 

ʯʝʪʠʨʠ ʪʨʘʢʝ 

M1 19 8 1,29 0 1,90 49 89 8,6 0,36 53 Ampera Mini 24 5,6 

M2 26 8 0,79 0 1,35 55 86 9,5 0,40 53 Ampera Mini 24 4,1 

M3 28 7 1,29 0 0,88 41 80 10,8 0,31 36,1 Ampera Mini 16 2,6 

ʎʝʥʪʨʘʣʥʠ 

ʪʨʠ ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 31 10 0,45 5 1,92 40 77 10,0 0,43 165 Ampera Maxi 80 10,6 

M2 28 10 0,84 5 1,36 39 76 9,6 0,41 103 Ampera Midi 48 7,4 

ʎʝʥʪʨʘʣʥʠ 

ʪʨʠ ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 36 12 0,95 0 1,86 39 82 9,5 0,44 165 Ampera Maxi 80 9,2 

M2 47 13 0,95 0 1,38 41 74 10,0 0,48 165 Ampera Maxi 80 7,0 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 63. ʆʜʥʦʩʠ ʠʥʩʪʘʣʠʩʘʥʠʭ ʩʥʘʛʘ ʦʧʪʠʤʘʣʥʠʭ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ ʨʝʰʝˁʘ ʨʘʟʤʘʪʨʘʥʠʭ 

ʫʣʠʮʘ/ʧʫʪʝʚʘ ʜʦʙʠʿʝʥʠʭ ʢʦʨʠʰ˂ʝˁʝʤ ʩʚʝʪʠˀʢʠ ʩʘ LED (ʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ) 

ʠ ʥʘʪʨʠʿʫʤʦʚʠʤ/ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠʟʚʦʨʠʤʘ (ʙʝʟ ʫʚʘʞʘʚʘˁʘ/ʩʘ ʫʚʘʞʘʚʘˁʝʤ ʤʝʟʦʧʩʢʠʭ 

ʝʬʝʢʘʪʘ ʧʨʠ ʦʜʨʝʹʠʚʘˁʫ ʨʝʰʝˁʘ ʢʦʨʠʰ˂ʝˁʝʤ LED ʦʩʚʝʪˀʝˁʘ) 

 

ʈʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

×PLEDNW/ 

×PHPS 

×PLEDWW/ 

×PHPS 

×PLEDNWmes/ 

×PHPS 

×PLEDWWmes / 

×PHPS 

×PLEDWW/ 

×PMH 

×PLEDWWmes/ 

×PMH 

ɱʝʜʥʦʩʪʨʘʥʠ 

ʜʚʝ ʪʨʘʢʝ 

M3 0,47 0,56 0,40 0,50 0,54 0,48 

M4 0,42 0,49 0,38 0,45 0,47 0,43 

M5 0,46 0,46 0,41 0,46 0,41 0,41 

M6 0,41 0,41 0,41 0,41 0,38 0,38 

ʎʠʢ-ʮʘʢ 

ʪʨʠ ʪʨʘʢʝ 

M3 0,45 0,51 0,40 0,47 0,49 0,45 

M4 0,42 0,47 0,40 0,45 0,47 0,45 

M5 0,43 0,48 0,39 0,43 0,48 0,43 

ʅʘʩʧʨʘʤʥʠ 

ʪʨʠ ʪʨʘʢʝ 

M2 0,48 0,56 0,47 0,53 0,54 0,51 

M3 0,46 0,53 0,41 0,48 0,49 0,45 

M4 0,42 0,45 0,40 0,42 0,41 0,39 

ʅʘʩʧʨʘʤʥʠ 

ʯʝʪʠʨʠ ʪʨʘʢʝ 

M1 0,52 0,64 0,50 0,61 0,56 0,54 

M2 0,47 0,55 0,42 0,51 0,55 0,51 

M3 0,46 0,56 0,43 0,50 0,50 0,45 

ʎʝʥʪʨʘʣʥʠ 

ʪʨʠ ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 0,62 0,71 0,59 0,71 0,58 0,58 

M2 0,59 0,76 0,56 0,66 0,62 0,54 

ʎʝʥʪʨʘʣʥʠ 

ʪʨʠ ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 0,61 0,69 0,58 0,67 0,54 0,53 

M2 0,61 0,68 0,56 0,65 0,57 0,55 

 

ʋʧʦʨʝʹʫʿʫ˂ʠ ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ ʨʝʘʣʠʟʦʚʘʥʘ ʧʦʤʦ˂ʫ LED ʩʚʝʪʠˀʢʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ 

ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ (ʜʦʙʠʿʝʥa ʙʝʟ ʫʚʘʞʘʚʘˁʘ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ) ʩʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ 

ʨʝʰʝˁʠʤʘ ʨʝʘʣʠʟʦʚʘʥʠʤ ʧʦʤʦ˂ʫ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ (ʢʦʣʦʥʝ ×PLEDNW/ ×PHPS 

ʠ ×PLEDWW/ ×PHPS ʫ ʪʘʙʝʣʠ 63), ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʤʘˁʝˁʝ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

ʧʨʠʤʝʥʦʤ LED ʩʚʝʪʠˀʢʠ ʚʘʨʠʨʘ ʦʜ 38% ʜʦ 59% ʠ ʦʜ 24% ʜʦ 59%, ʨʝʩʧʝʢʪʠʚʥʦ. ɸʢʦ ʩʝ ʫ ʦʙʟʠʨ 

ʫʟʤʫ ʤʝʟʦʧʩʢʠ ʝʬʝʢʪʠ (ʢʦʣʦʥʝ ×PLEDNWmes/ ×PHPS ʠ ×PLEDWWmes/ ×PHPS ʫ ʪʘʙʝʣʠ 63), ʫʰʪʝʜʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʚʘʨʠʨʘʿʫ ʦʜ 41% ʜʦ 62% ʟʘ LED ʩʚʝʪʠˀʢʝ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʠ ʦʜ 29% 

ʜʦ 59% ʟʘ LED ʩʚʝʪʠˀʢʝ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ. ʋ ʩʢʦʨʦ ʩʚʠʤ ʨʘʟʤʘʪʨʘʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʫʚʘʞʘʚʘˁʝ 

ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ ʨʝʟʫʣʪʠʨʘʣʦ ʿʝ ʜʦʜʘʪʥʠʤ ʫʰʪʝʜʘʤʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʋʰʪʝʜʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʩʫ ʧʨʠʤʝʪʥʦ ʤʠʥʠʤʘʣʥʥʝ ʫ ʩʣʫʯʘʿʫ ʮʝʥʪʨʘʣʥʦʛ ʨʘʩʧʦʨʝʜʘ, ʰʪʦ ʧʦʪʚʨʹʫʿʝ 

ʜʘ LED ʩʚʝʪʠˀʢʝ ʦʜʣʠʢʫʿʝ ʙʦʘˀ ʨʘʩʧʦʜʝʣʘ ʩʚʝʪʣʦʩʥʦʛ ʠʥʪʝʥʟʠʪʝʪʘ ʫ ʫʟʜʫʞʥʦʿ ʥʝʛʦ ʫ 

ʧʦʧʨʝʯʥʦʿ ʚʝʨʪʠʢʘʣʥʦʿ ʨʘʚʥʠ.  

ʇʦʨʝʹʝˁʝʤ LED ʩʚʝʪʠˀʢʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʩʘ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠʟʚʦʨʠʤʘ 

ʙʝʟ ʫʚʘʞʘʚʘˁʘ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ (ʢʦʣʦʥʘ ×PLEDWW/ ×PMH ʫ ʪʘʙʝʣʠ 63), ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ 

ʩʤʘˁʝˁʝ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʚʘʨʠʨʘ ʦʜ 38% ʜʦ 62%. ɸʢʦ ʩʝ ʫ ʦʙʟʠʨ ʫʟʤʫ ʤʝʟʦʧʩʢʠ 

ʝʬʝʢʪʠ (ʢʦʣʦʥʘ ×PLEDWWmes/ ×PMH ʫ ʪʘʙʝʣʠ 63), ʫʰʪʝʜʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʚʘʨʠʨʘʿʫ ʦʜ 42% 

ʜʦ 62%. ʋ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʨʘʟʤʘʪʨʘˁʝ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ ʨʝʟʫʣʪʠʨʘʣʦ ʿʝ ʜʦʜʘʪʥʠʤ ʫʰʪʝʜʘʤʘ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʇʦʥʦʚʦ, ʫʰʪʝʜʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʩʫ ʧʨʠʤʝʪʥʦ ʤʠʥʠʤʘʣʥʝ ʟʘ 

ʮʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ.  

ʇʨʝʤʘ ʨʝʟʫʣʪʘʪʠʤʘ ʧʨʝʪʭʦʜʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ [102], ʧʦʪʨʦʰˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʠ 

ʢʦʨʠʰ˂ʝˁʫ LED ʩʚʝʪʠˀʢʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʫʤʝʩʪʦ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ 

ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʚʘʨʠʨʘʣʘ ʿʝ ʦʜ ʩʤʘˁʝˁʘ ʜʦ 30% ʜʦ ʧʦʚʝ˂ʘˁʘ ʜʦ 79% ʢʘʜʘ ʩʝ ʥʝ ʫʟʠʤʘʿʫ ʫ 

ʦʙʟʠʨ ʤʝʟʦʧʩʢʠ ʝʬʝʢʪʠ, ʥʘʛʣʘʰʘʚʘʿʫ˂ʠ ʜʘ ʩʫ ʥʘʿʚʝ˂ʠ ʧʦʨʘʩʪʠ ʫ ʧʦʪʨʦʰˁʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

ʙʠʣʠ ʫ ʩʣʫʯʘʿʫ ʮʝʥʪʨʘʣʥʦʛ ʨʘʩʧʦʨʝʜʘ ʩʘ ʪʨʠ ʩʘʦʙʨʘ˂ʘʿʥʝ ʪʨʘʢʝ. ʊʘʢʦʹʝ ʿʝ ʟʘʢˀʫʯʝʥʦ ʜʘ LED 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʩʚʝʪʠˀʢʝ ʿʦʰ ʫʚʝʢ ʥʠʩʫ ʧʦʛʦʜʥʝ ʟʘ ʧʫʪʝʚʝ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʢʣʘʩʘ ʄ1. 

ʋʧʦʨʝʹʫʿʫ˂ʠ ʦʚʝ ʨʝʟʫʣʪʘʪʝ ʩʘ ʦʥʠʤʘ ʜʘʪʠʤ ʫ ʪʘʙʝʣʠ 63, ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʫ ʧʦʙʦˀʰʘʥʘ 

ʩʚʝʪʣʦʩʥʘ ʠʩʢʦʨʠʩʪʠʚʦʩʪ LED ʧʘʢʝʪʘ ʠ ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʘ ʦʧʪʠʢʘ ʧʦʪʧʫʥʦ ʧʨʝʦʢʨʝʥʫʣʠ 

ʧʨʝʜʥʦʩʪ ʫ ʢʦʨʠʩʪ LED ʪʝʭʥʦʣʦʛʠʿʝ ʫ ʧʦʛʣʝʜʫ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ.  

ʅʘʚʝʜʝʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʚʝʟʘʥʦ ʟʘ LED ʦʩʚʝʪˀʝˁʝ (ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K) 

ʿʝʜʥʝ (ʧʨʠʛʨʘʜʩʢʝ) ʫʣʠʮʝ ʩa ʜʚʝ ʩʘʦʙʨʘʘ˂ʿʥʝ ʪʨʘʢʝ [120] ʧʦʢʘʟʘʣʦ ʿʝ ʜʘ ʿʝ ʫʚʘʞʘʚʘˁʝ ʤʝʟʦʧʩʢʠʭ 

ʝʬʝʢʘʪʘ ʜʦʧʨʠʥʝʣʦ ʫʰʪʝʜʘʤʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʦʜ 12%, 14% ʠ 15% ʟʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ 

ʫʣʠʮʘ ʄ4, ʄ5 ʠ ʄ6, ʨʝʩʧʝʢʪʠʚʥʦ. ʆʚʝ ʫʰʪʝʜʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʦʩʪʠʛʥʫʪʝ ʩʫ ʧʦʤʦ˂ʫ 

ʘʜʘʧʪʠʚʥʦʛ ʩʠʩʪʝʤʘ, ʢʦʿʠ ʿʝ ʦʤʦʛʫ˂ʠʦ ʘʜʝʢʚʘʪʥʦ ʧʦʜʝʰʘʚʘˁʝ ʥʠʚʦʘ ʤʝʟʦʧʩʢʝ ʩʿʘʿʥʦʩʪʠ ʢʦʿʠ 

ʦʜʛʦʚʘʨʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʢʣʘʩʘʤʘ ʄ4ïʄ6, ʠʟʨʘʯʫʥʘʪʠʭ ʧʨʠʤʝʥʦʤ ʟʘʭʪʝʚʥʝ CIE ʧʨʦʮʝʜʫʨʝ 

[119]. ʇʨʝʤʘ ʧʦʜʘʮʠʤʘ ʧʨʠʢʘʟʘʥʠʤ ʫ ʪʘʙʝʣʠ 63, ʫʰʪʝʜʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʦʩʪʚʘʨʝʥʝ ʫ ʦʚʦʤ 

ʠʩʪʨʘʞʠʚʘˁʫ ʫʚʘʞʘʚʘˁʝʤ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ ʫ LED ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ 

(ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K) ʠʟʥʦʩʠʣʝ ʩʫ 10%, 11% ʠ 0% ʟʘ ʨʘʟʤʘʪʨʘʥʝ ʫʣʠʮʝ/ʧʫʪʝʚʝ 

ʩʘ ʜʚʝ ʩʘʦʙʨʘ˂ʘʿʥʝ ʪʨʘʢʝ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʫ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʄ4, ʄ5 ʠ ʄ6. ʆʥʝ ʩʫ ʜʦʙʠʿʝʥʝ 

ʫ ʧʨʦʮʝʩʫ ʧʨʦʿʝʢʪʦʚʘˁʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ (ʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ, ʦʜʥʦʩʥʦ ʙʝʟ ʧʨʠʤʝʥʝ 

ʘʜʘʧʪʠʚʥʦʛ ʩʠʩʪʝʤʘ), ʛʜʝ ʩʫ ʤʝʟʦʧʩʢʠ (ʢʦʨʠʛʦʚʘʥʠ ʬʦʪʦʧʩʢʠ) ʥʠʚʦʠ ʩʿʘʿʥʦʩʪʠ ʦʜʨʝʹʝʥʠ 

ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʦʮʝʜʫʨʝ ʧʨʝʜʩʪʘʚˀʝʥʝ ʫ ʨʝʬʝʨʝʥʮʠ [21], ʥʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ʦʜʥʦʩʘ S/P [119]. 

ʇʦʨʝʹʝˁʝʤ ʦʚʘ ʜʚʘ ʩʣʫʯʘʿʘ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʫ ʤʘʢʩʠʤʘʣʥʝ ʫʰʪʝʜʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

ʢʦʿʝ ʩʝ ʤʦʛʫ ʧʦʩʪʠ˂ʠ ʫʚʘʞʘʚʘˁʝʤ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ ʫʧʨʘʚʦ ʦʥʝ ʢʦʿʝ ʩʝ ʧʦʩʪʠʞʫ ʧʨʠʤʝʥʦʤ 

ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤʘ. ʆʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʩʝ ʦʥʝ ʪʝʰʢʦ ʤʦʛʫ ʧʦʩʪʠ˂ʠ ʫ ʧʨʦʮʝʩʫ ʧʨʦʿʝʢʪʦʚʘˁʘ (ʫ 

ʩʣʫʯʘʿʫ ʨʘʟʤʘʪʨʘʥʝ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʄ6 ʥʠʿʝ ʙʠʣʦ ʫʰʪʝʜʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ). ʀʟ ʪʦʛ 

ʨʘʟʣʦʛʘ, ʘ ʿʦʰ ʚʠʰʝ ʟʙʦʛ ʯʠˁʝʥʠʮʝ ʜʘ ʘʜʘʧʪʠʚʥʠ ʩʠʩʪʝʤʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʦʩʪʠʟʘˁʝ ʤʘˁʝ 

ʟʘʭʪʝʚʥʠʭ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ ʫʩʣʦʚʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʥʠʞʝ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ (ʢʦʿʝ ʩʫ 

ʥʘʿʯʝʰ˂ʝ ʧʨʠʢʣʘʜʥʝ ʢʘʩʥʦ ʥʦ˂ʫ), ˁʠʭʦʚʘ ʫʧʦʪʨʝʙʘ ʩʝ ʚʝʦʤʘ ʧʨʝʧʦʨʫʯʫʿʝ ʫ ʦʩʚʝʪˀʝˁʫ 

ʫʣʠʮʘ/ʧʫʪʝʚʘ. ʊʨʝʙʘ ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʝ ʤʘʢʩʠʤʘʣʥʝ ʧʨʦʮʝʥʪʫʘʣʥʝ ʫʰʪʝʜʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

ʤʦʛʫ ʧʦʩʪʠ˂ʠ ʧʨʠʤʝʥʦʤ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤʘ (ʨʘʟʣʠʯʠʪʠʭ ʨʝʞʠʤʘ ʦʩʚʝʪˀʝˁʘ) ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

LED ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ, ʿʝʨ ʩʫ ʧʨʦʮʝʥʪʫʘʣʥʝ ʨʝʜʫʢʮʠʿʝ ʩʥʘʛʝ ʥʘʿʚʝ˂ʝ ʢʦʜ LED ʩʚʝʪʠˀʢʠ 

[13]. ʊʨʝʙʘ ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʫ ʜʘʥʘʩ ʫ ʫʧʦʪʨʝʙʠ ʨʘʟʣʠʯʠʪʝ ʪʦʧʦʣʦʛʠʿʝ ʤʨʝʞʘ ʟʘ ʨʝʛʫʣʘʮʠʿʫ 

ʦʩʚʝʪˀʝˁʘ, ʦʜ ʢʦʿʠʭ ʩʫ ʥʝʢʝ Cellular Gateways, Wi-Fi Ethernet Gateways ʠ USB Gateways [149]. 

 

7.4 ʄʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʧʨʦʨʘʯʫʥ ʪʨʦʰʢʦʚʘ 
 

ʋ ʧʨʝʪʭʦʜʥʦʤ ʠʩʪʨʘʞʠʚʘˁʫ [102] ʠʟʚʨʰʝʥʦ ʿʝ ʝʢʦʥʦʤʩʢʦ ʧʦʨʝʹʝˁʝ ʩʚʝʪʠˀʢʠ ʩʘ 

ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʠ LED ʩʚʝʪʠˀʢʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʧʦʤʦ˂ʫ 

ʬʦʨʤʫʣʘ ʠʟʚʝʜʝʥʠʭ ʫ ʨʝʬʝʨʝʥʮʠ [103], ʢʦʿʝ ʩʫ ʙʠʣe ʟʘʩʥʦʚʘʥʝ ʥʘ ʦʧʰʪʝʧʨʠʭʚʘ˂ʝʥʦʿ ʤʝʪʦʜʠ 

ʘʢʪʫʝʣʠʟʘʮʠʿʝ ʪʨʦʰʢʦʚʘ. ɿʥʘʯʘʿʘʥ ʨʘʟʚʦʿ LED ʪʝʭʥʦʣʦʛʠʿʝ ʫ ʧʦʩʣʝʜˁʦʿ ʜʝʮʝʥʠʿʠ ʥʘʤʝʪʥʫʦ ʿʝ 

ʟʘʭʪʝʚ ʟʘ ʫʥʘʧʨʝʹʝʥʦʤ ʤʝʪʦʜʦʣʦʛʠʿʦʤ ʢʦʿʘ ʩʝ ʙʘʚʠ ʬʠʥʘʥʩʠʿʩʢʠʤ ʧʠʪʘˁʠʤʘ, ʧʦʩʝʙʥʦ ʫ ʜʝʣʫ 

ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʪʨʦʰʢʦʚʝ ʦʜʨʞʘʚʘˁʘ LED ʠʥʩʪʘʣʘʮʠʿʘ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ (ʦʥʠʭ ʢʦʿʠ 

ʩʝ ʦʜʥʦʩʝ ʥʘ ʛʨʫʧʥʫ ʟʘʤʝʥʫ LED ʜʨʘʿʚʝʨʘ ʠ ʧʣʦʯʘ ʩʘ LED ʯʠʧʦʚʠʤʘ, ʤʦʛʫ˂ʠʭ ʟʙʦʛ 

ʤʦʜʫʣʘʨʥʦʩʪʠ LED ʩʚʝʪʠˀʢʝ). ʆʚʘ ʤʝʪʦʜʦʣʦʛʠʿʘ, ʢʦʿʘ ʠʩʧʨʘʚʥʦ ʫʢˀʫʯʫʿʝ ʩʚʝ ʨʝʣʝʚʘʥʪʥʝ 

ʪʨʦʰʢʦʚʝ, ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝ ʫ ʇʨʠʣʦʛʫ 4. ɿʘʩʥʦʚʘʥʘ ʿʝ ʥʘ ʧʦʨʝʹʝˁʫ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ (ʟʙʠʨ 

ʩʚʠʭ ʨʝʣʝʚʘʥʪʥʠʭ ʘʢʪʫʝʣʠʟʦʚʘʥʠʭ ʪʨʦʰʢʦʚʘ) ʦʧʪʠʤʘʣʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʦʩʚʝʪˀʝˁʘ 

ʫʣʠʮʘ/ʧʫʪʝʚʘ. ʋʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʩʫ ʫʢˀʫʯʠʚʘʣʠ ʧʦʯʝʪʥʝ (ʠʥʚʝʩʪʠʮʠʦʥʝ) ʠ ʝʢʩʧʣʦʘʪʘʮʠʦʥʝ 

ʪʨʦʰʢʦʚʝ, ʢʦʿʠ ʩʫ ʩʚʝʜʝʥʠ ʥʘ ʢʨʘʿ ʧʝʨʠʦʜʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ (ʚʠʜʝʪʠ ʇʨʠʣʦʛ 4), ʜʦʢ ʧʨʝʦʩʪʘʣʘ 

(ʨʝʟʠʜʫʘʣʥʘ) ʚʨʝʜʥʦʩʪ (ʪʨʦʰʘʢ ʥʘ ʢʨʘʿʫ ʞʠʚʦʪʥʦʛ ʚʝʢʘ) ʥʠʿʝ ʫʟʝʪʘ ʫ ʦʙʟʠʨ ʟʙʦʛ ʥʝʜʦʩʪʘʪʢʘ 

ʧʦʫʟʜʘʥʠʭ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʫ ʚʝʟʠ ʩʘ ʨʝʮʠʢʣʘʞʦʤ ʠ ʜʝʤʦʥʪʘʞʦʤ.  

ʊʨʦʰʢʦʚʠ ʟʘʤʝʥʝ ʨʘʥʦ ʧʨʝʛʦʨʝʣʠʭ ʥʘʪʨʠʿʫʤʦʚʠʭ ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ ʠʟʚʦʨʘ ʠʣʠ LED 

ʧʘʢʝʪʘ, ʢʦʿʠ ʩʫ ʫʢˀʫʯʝʥʠ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʫʢʫʧʥʝ ʪʨʦʰʢʦʚʝ ʫ ʇʨʠʣʦʛʫ 4 (ʿʝʜʥʘʯʠʥʝ 4.14 ʠ 4.15), 
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ʥʠʩʫ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʥʠ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʿʝʨ ʦʙʠʯʥʦ ʥʝ ʧʨʝʣʘʟʝ 1% ʫ ʩʣʫʯʘʿʫ ʩʚʝʪʠˀʢʠ ʩʘ 

ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ [102], ʜʦʢ ʟʘ ʩʚʝʪʠˀʢʝ ʩʘ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠ LED ʠʟʚʦʨʠʤʘ ʥʝʤʘ 

ʧʦʜʘʪʘʢʘ. ɼʨʫʛʠ ʨʘʟʣʦʛ ʟʘʰʪʦ ʪʨʦʰʢʦʚʠ ʟʘ ʨʘʥʦ ʧʨʝʛʦʨʝʣʝ LED ʧʘʢʝʪʝ ʥʠʩʫ ʫʨʘʯʫʥʘʪʠ ʿʝ ʪʘʿ 

ʰʪʦ ʩʫ ʦʥʠ ʥʠʞʠ ʦʜ ʦʥʠʭ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʛʨʫʧʥʫ ʟʘʤʝʥʫ ʧʣʦʯʘ ʩʘ LED ʯʠʧʦʚʠʤʘ, ʢʦʿʠ, ʢʘʦ 

ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʧʦʛʣʘʚˀʫ 7.5, ʩʘʤʦ ʥʝʟʥʘʪʥʦ ʫʪʠʯʫ ʥʘ ʫʢʫʧʥʝ ʘʢʪʫʝʣʠʟʦʚʘʥʝ ʪʨʦʰʢʦʚʝ. 

 

7.5 ɽʢʦʥʦʤʩʢʦ ʧʦʨʝʹʝˁʝ  
 

ʋ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʠʟʨʘʯʫʥʘʪʠ ʩʫ ʫʢʫʧʥʠ ʘʢʪʫʝʣʠʟʦʚʘʥʠ ʪʨʦʰʢʦʚʠ ʟʘ ʜʝʦʥʠʮʝ 

ʫʣʠʮʝ/ʧʫʪʘ ʜʫʞʠʥʝ 1 km (ʢʘʦ ʰʪʦ ʿʝ ʫʨʘʹʝʥʦ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʠʥʩʪʘʣʠʩʘʥʠʭ ʩʥʘʛʘ). ʇʦʰʪʦ 

ʫʦʙʠʯʘʿʝʥʠ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠ ʧʝʨʠʦʜʠ ʧʨʠʧʘʜʘʿʫ ʦʧʩʝʛʫ ʦʜ 20ï30 ʛʦʜʠʥʘ, ʫʩʚʦʿʝʥ ʿʝ ʧʝʨʠʦʜ ʦʜ 

24 ʛʦʜʠʥʝ, ʢʦʿʠ ʿʝ ʙʣʠʟʫ ʩʨʝʜʠʥʝ ʦʧʩʝʛʘ 20ï30 ʛʦʜʠʥʘ ʠ ʜʝˀʠʚ ʿʝ ʩʘ ʩʚʠʤ ʩʣʝʜʝ˂ʠʤ ʧʝʨʠʦʜʠʤʘ: 

ʧʝʨʠʦʜʦʤ ʛʨʫʧʥʝ ʟʘʤʝʥʝ ʥʘʪʨʠʿʫʤʦʚʠʭ ʠʟʚʦʨʘ (4 ʛʦʜʠʥʝ), ʧʝʨʠʦʜʦʤ ʛʨʫʧʥʝ ʟʘʤʝʥʝ ʤʝʪʘʣ-

ʭʘʣʦʛʝʥʠʭ ʠʟʚʦʨʘ (2 ʛʦʜʠʥʝ) ʠ ʧʝʨʠʦʜʦʤ ʛʨʫʧʥʝ ʟʘʤʝʥʝ LED ʜʨʘʿʚʝʨʘ (4 ʛʦʜʠʥʝ). ʋʩʚʦʿʝʥʦ 

ʛʦʜʠʰˁʝ ʚʨʝʤʝ ʨʘʜʘ ʩʚʝʪʠˀʢʠ ʿʝ 4000 ʩʘʪʠ.  

ʉʚʠ ʪʨʦʰʢʦʚʠ ʦʧʨʝʤʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʇʨʠʣʦʛʫ 5. ʇʦʜʘʮʠ ʜʘʪʠ ʫ ʪʝʢʩʪʫ ʠ ʫ ʪʘʙʝʣʘʤʘ 5.1 

ʠ 5.2 ʇʨʠʣʦʛʘ 5 ʧʨʝʫʟʝʪʠ ʩʫ ʦʜ ɱʂʇ Ăɱʘʚʥʦ ʦʩʚʝʪˀʝˁʝò ʢʦʿʝ ʿʝ ʟʘʜʫʞʝʥʦ ʟʘ ʠʟʛʨʘʜˁʫ ʠ 

ʦʜʨʞʘʚʘˁʝ ʩʧʦˀʥʦʛ (ʿʘʚʥʦʛ) ʦʩʚʝʪˀʝˁʘ ʫ ɹʝʦʛʨʘʜʫ, ʜʦʢ ʩʫ ʧʦʜʘʮʠ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʘʤʘ 5.3ï

5.5 ʧʨʝʫʟʝʪʠ ʦʜ ʢʦʤʧʘʥʠʿʝ Minel-Schréder ʠʟ ɹʝʦʛʨʘʜʘ, ʯʣʘʥʠʮʝ ʧʨʦʠʟʚʦʹʘʯʘ ʩʚʝʪʠˀʢʠ 

(Schréder Group).  

ɿʘ ʩʚʘʢʠ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ ʠʟʨʘʯʫʥʘʪʠ ʩʫ ʫʢʫʧʥʠ ʠ ʩʚʠ ʦʩʪʘʣʠ ʨʝʣʝʚʘʥʪʥʠ 

ʘʢʪʫʝʣʠʟʦʚʘʥʠ ʪʨʦʰʢʦʚʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪʥʠʭ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ ʨʝʰʝˁʘ 

ʨʝʘʣʠʟʦʚʘʥʠʭ ʧʦʤʦ˂ʫ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ, ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠ LED ʠʟʚʦʨʠʤʘ ʫʟ 

ʧʨʝʪʧʦʩʪʘʚʢʫ ʩʪʦʧʝ ʘʢʪʫʝʣʠʟʘʮʠʿʝ ʦʜ i = 3%, 5% ʠ 7%, ʢʘʦ ʠ ʿʝʜʠʥʩʪʚʝʥʝ ʪʘʨʠʬʝ ʢʦʿʫ 

ʢʘʨʘʢʪʝʨʠʰʫ ʮʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ce = 0,1 ú/kWh, 0,2 ú/kWh ʠ 0,3 ú/kWh. ʊʨʦʰʢʦʚʠ ʩʫ 

ʠʟʨʘʯʫʥʘʪʠ ʟʘ 54 ʩʣʫʯʘʿʘ (9 ʟʘ ʥʘʪʨʠʿʫʤʦʚʝ ʠʟʚʦʨʝ, 9 ʟʘ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʝ ʠʟʚʦʨʝ ʠ 18 ʟʘ LED 

ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ (ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ) ʜʦʙʠʿʝʥʘ ʙʝʟ ʫʚʘʞʘʚʘˁʘ ʤʝʟʦʧʩʢʠʭ 

ʝʬʝʢʘʪʘ, ʢʘʦ ʠ 18 ʟʘ LED ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ ʜʦʙʠʿʝʥʘ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʤʝʟʦʧʩʢʝ 

ʝʬʝʢʪʝ).  

ʀʣʫʩʪʨʘʪʠʚʥʝ ʪʘʙʝʣʝ 6.1 ʠ 6.2 (ʇʨʠʣʦʛ 6), ʦʜ ʢʦʿʠʭ ʩʝ ʧʨʚʘ ʦʜʥʦʩʠ ʥʘ ʿʝʜʥʦʩʪʨʘʥʠ ʠ ʮʠʢ-

ʮʘʢ ʨʘʩʧʦʨʝʜ, ʘ ʜʨʫʛʘ ʥʘ ʥʘʩʧʨʘʤʥʠ ʠ ʮʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜ, ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʜʘʪʢʝ ʢʦʿʠ 

ʦʜʛʦʚʘʨʘʿʫ ʩʣʫʯʘʿʫ ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʫ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʨʘʟʤʘʪʨʘʥʝ ʩʪʦʧʝ ʘʢʪʫʝʣʠʟʘʮʠʿʝ ʠ ʮʝʥʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ (i = 5% ʠ ce = 0.2 ú/kWh). ɸʥʘʣʠʟʘ ʪʘʙʝʣʘ 6.1 ʠ 6.2 ʧʦʢʘʟʘʣʘ ʿ ʝ ʜʘ ʫ ʩʣʫʯʘʿʫ 

ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʧʦʯʝʪʥʠ ʪʨʦʰʢʦʚʠ ʯʠʥʝ 17ï46% (ʪʨʦʰʢʦʚʠ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ 46ï79%) ʦʜ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ. ʐʪʦ ʩʝ ʪʠʯʝ ʩʚʝʪʠˀʢʠ ʩʘ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠʟʚʦʨʠʤʘ, 

ʧʦʯʝʪʥʠ ʪʨʦʰʢʦʚʠ ʩʫ ʠʟʥʦʩʠʣʠ 19ï38% ʦʜ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ, ʜʦʢ ʩʫ ʪʨʦʰʢʦʚʠ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʠʟʥʦʩʠʣʠ 37ï62%. ʋ ʩʣʫʯʘʿʫ LED ʩʚʝʪʠˀʢʠ, ʧʦʯʝʪʥʠ ʪʨʦʰʢʦʚʠ ʩʫ ʠʟʥʦʩʠʣʠ 28ï52% 

ʦʜ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʟʘ LED ʩʚʝʪʠˀʢʝ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ, ʠ 27ï52% ʟʘ LED ʩʚʝʪʠˀʢʝ ʪʦʧʣʦ-

ʙʝʣʝ ʙʦʿʝ, ʜʦʢ ʩʫ ʪʨʦʰʢʦʚʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟʥʦʩʠʣʠ 28ï62% ʟʘ LED ʩʚʝʪʠˀʢʝ ʥʝʫʪʨʘʣʥʝ 

ʙʝʣʝ ʙʦʿʝ, ʘ 28ï63% ʟʘ LED ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ.  

ɿʘ ʩʚʘʢʫ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʫʣʠʮʘ/ʧʫʪʝʚʘ ʠ ʩʚʘʢʫ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʢʦʤʙʠʥʘʮʠʿʘ i ʠ ce, ʪʘʙʝʣʝ 

6.3ï6.6 ʩʘʜʨʞʝ ʦʜʥʦʩʝ ʠʟʤʝʹʫ ʫʢʫʧʥʠʭ ʘʢʪʫʝʣʠʟʦʚʘʥʠʭ ʪʨʦʰʢʦʚʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ ʨʝʰʝˁʘ 

ʨʝʘʣʠʟʦʚʘʥʠʭ ʧʦʤʦ˂ʫ ʩʚʝʪʠˀʢʠ ʩʘ LED (ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ) ʠ ʥʘʪʨʠʿʫʤʦʚʠʤ 

ʠʟʚʦʨʠʤʘ, ʜʦʙʠʿʝʥʝ ʥʝ ʫʟʠʤʘʿʫ˂ʠ/ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʤʝʟʦʧʩʢʝ ʝʬʝʢʪʝ (CdLEDNW/ CdHPS, 

CdLEDWW/ CdHPS, CdLEDNWmes/ CdHPS ʠ CdLEDWWmes/ CdHPS), ʦʜʥʦʩʝ CdLEDNWmes/ CdLEDNW ʠ 

CdLEDWWmes/ CdLEDWW (ʢʦʿʠ ʧʦʢʘʟʫʿʫ ʫʪʠʮʘʿ ʫʚʘʞʘʚʘˁʘ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ), ʢʘʦ ʠ ʦʜʥʦʩʝ ʠʟʤʝʹʫ 

ʫʢʫʧʥʠʭ ʘʢʪʫʝʣʠʟʦʚʘʥʠʭ ʪʨʦʰʢʦʚʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ ʨʝʰʝˁʘ ʩʘ LED ʠʟʚʦʨʠʤʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ 

ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠʟʚʦʨʠʤʘ (CdLEDWW/ CdMH ʠ CdLEDWWmes/ CdMH).  
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ʊʘʙʝʣʘ 64, ʠʟʚʝʜʝʥʘ ʠʟ ʪʘʙʝʣʘ 6.3ï6.6, ʩʘʜʨʞʠ ʦʧʩʝʛʝ ʩʚʠʭ ʨʝʣʝʚʘʥʪʥʠʭ ʦʜʥʦʩʘ ʫʢʫʧʥʠʭ 

ʪʨʦʰʢʦʚʘ (ʜʦʙʠʿʝʥʠʭ ʙʝʟ ʫʚʘʞʘʚʘˁʘ/ʫʚʘʞʘʚʘˁʝʤ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ) ʟʘ ʩʚʘʢʠ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ 

ʨʘʩʧʦʨʝʜʘ ʩʪʫʙʦʚʘ, ʠʟʨʘʯʫʥʘʪʠʭ ʫʟʠʤʘˁʝʤ ʫ ʦʙʟʠʨ ʩʚʠʭ ʨʘʟʤʘʪʨʘʥʠʭ ʢʦʤʙʠʥʘʮʠʿʘ i ʠ ce. 

 

ʊʘʙʝʣʘ 64. ʆʧʩʝʟʠ ʩʚʠʭ ʨʝʣʝʚʘʥʪʥʠʭ ʦʜʥʦʩʘ ʫʢʫʧʥʠʭ ʘʢʪʫʝʣʠʟʦʚʘʥʠʭ ʪʨʦʰʢʦʚʘ ʟʘ ʩʚʘʢʠ ʦʜ 

ʨʘʟʤʘʪʨʘʥʠʭ ʨʘʩʧʦʨʝʜʘ ʩʪʫʙʦʚʘ 

 

ʈʘʩʧʦʨʝʜ 
CdLEDNW/ 

CdHPS 

CdLEDWW/ 

CdHPS 

CdLEDNWmes/ 

CdHPS 

CdLEDWWmes/ 

CdHPS 

CdLEDNWmes/ 

CdLEDNW 

CdLEDWWmes/ 

CdLEDWW 

CdLEDWW/ 

CdMH 

CdLEDWWmes/ 

CdMH 

ɱʝʜʥʦʩʪʨʘʥʠ 0,61ï0,88 0,63ï1,07 0,59ï0,80 0,61ï0,98 0,88ï1,00 0,91ï1,26 0,52ï0,80 0,50ï0,73 

ʎʠʢ-ʮʘʢ 0,66ï0,90 0,74ï0,99 0,62ï0,83 0,69ï0,93 0,91ï0,95 0,90ï0,94 0,63ï0,78 0,58ï0,72 

ʅʘʩʧʨʘʤʥʠ 0,63ï0,99 0,68ï1,20 0,60ï0,94 0,63ï1,14 0,91ï0,97 0,92ï1,14 0,53ï0,86 0,49ï0,82 

ʎʝʥʪʨʘʣʥʠ 0,69ï1,34 0,75ï1,03 0,68ï1,26 0,72ï1,00 0,92ï1,06 0,92ï1,01 0,45ï0,64 0,43ï0,65 

 

ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʩʚʝ ʨʘʩʧʦʨʝʜʝ ʩʪʫʙʦʚʘ, ʠʟ ʪʘʙʝʣʝ 64 ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʦʜʥʦʩʠ 

CdLEDNW/ CdHPS ʠ CdLEDWW/ CdHPS ʧʨʠʧʘʜʘʿʫ ʦʧʩʝʟʠʤʘ 0,61ï1,34 ʠ 0,63ï1,20, ʨʝʩʧʝʢʪʠʚʥʦ. ʂʘʜʘ 

ʩʫ ʤʝʟʦʧʩʢʠ ʝʬʝʢʪʠ ʫʟʝʪʠ ʫ ʦʙʟʠʨ, ʦʜʥʦʩʠ CdLEDNWmes/ CdHPS ʠ CdLEDWWmes/ CdHPS ʙʠʣʠ ʩʫ ʫ ʦʧʩʝʛʫ 

0,59ï1,26 ʠ 0,61ï1,14, ʨʝʩʧʝʢʪʠʚʥʦ, ʜʦʢ ʩʫ ʦʜʥʦʩʠ CdLEDNWmes/ CdLEDNW ʠ CdLEDWWmes/ CdLEDWW 

ʙʠʣʠ ʫ ʦʧʩʝʛʫ 0,88ï1,06 ʠ 0,90ï1,26, ʨʝʩʧʝʢʪʠʚʥʦ. ʂʘʜʘ ʩʝ ʧʦʨʝʜʝ ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ ʩʘ 

LED ʠʟʚʦʨʠʤʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠʟʚʦʨʠʤʘ, ʦʜʥʦʩʠ CdLEDWW/ CdMH ʠ 

CdLEDWWmes/ CdMH ʙʠʣʠ ʩʫ ʫ ʦʧʩʝʛʫ 0,45ï0,86 ʠ 0,43ï0,82, ʨʝʩʧʝʢʪʠʚʥʦ. ʀʘʢʦ ʿʝ ʫʢˀʫʯʠʚʘˁʝ 

ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ ʦʤʦʛʫ˂ʠʣʦ ʜʦʜʘʪʥʫ ʫʰʪʝʜʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʩʢʦʨʦ ʩʚʠʤ ʨʘʟʤʘʪʨʘʥʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ (ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʫʧʦʨʝʹʠʚʘˁʝʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʧʦʜʘʪʘʢʘ ʠʟ ʪʘʙʝʣʝ 63), ʦʜʥʦʩʠ 

CdLEDNWmes/ CdLEDNW ʠʣʠ CdLEDWWmes/ CdLEDWW ʜʘʪʠ ʫ ʪʘʙʝʣʠ 64 ʩʫ ʫ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʙʠʣʠ ʚʝ˂ʠ 

ʦʜ 1. ʆʚʦ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ʿʝ ʫ ʩʚʘʢʦʤ ʦʜ ʪʠʭ ʩʣʫʯʘʿʝʚʘ ʦʧʪʠʤʘʣʥʦ ʩʚʝʪʣʦʪʝʭʥʠʯʢʦ ʨʝʰʝˁʝ 

ʜʦʙʠʿʝʥʦ ʫʚʘʞʘʚʘˁʝʤ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ ʧʦʩʪʠʛʥʫʪʦ ʪʠʧʦʤ ʩʚʝʪʠˀʢʝ ʢʦʿʫ ʢʘʨʘʢʪʝʨʠʰʝ ʤʘˁʘ 

ʩʥʘʛʘ ʦʜ ʦʥʝ ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʦʧʪʠʤʘʣʥʦ ʩʚʝʪʣʦʪʝʭʥʠʯʢʦ ʨʝʰʝˁʝ ʜʦʙʠʿʝʥʦ ʙʝʟ ʫʚʘʞʘʚʘˁʘ 

ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʚʝ˂ʝʛ ʙʨʦʿʘ ʩʪʫʙʦʚʘ ʠ, ʩʘʤʠʤ ʪʠʤ, ʚʝ˂ʠʭ ʧʦʯʝʪʥʠʭ ʠ/ʠʣʠ 

ʪʨʦʰʢʦʚʘ ʦʜʨʞʘʚʘˁʘ.  

ʇʨʝʜʩʪʘʚˀʝʥʘ ʝʢʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ ʟʘʩʥʦʚʘʥʘ ʿʝ ʥʘ ʞʠʚʦʪʥʦʤ ʚʝʢʫ LED ʧʘʢʝʪʘ ʦʜ 100000 

ʩʘʪʠ, ʢʦʿʠ ʦʙʠʯʥʦ ʜʝʢʣʘʨʠʰʫ ʚʦʜʝ˂ʠ ʧʨʦʠʟʚʦʹʘʯʠ LED ʧʘʢʝʪʘ. ʄʝʹʫʪʠʤ, ʥʘ ʪʨʞʠʰʪʫ ʩʫ 

ʧʨʠʩʫʪʥʠ ʠ LED ʧʘʢʝʪʠ ʩʘ ʢʨʘ˂ʠʤ ʞʠʚʦʪʥʠʤ ʚʝʢʦʤ (ʢʦʿʠ ʿʝ ʠʟʤʝʹʫ 50000 ʠ 100000 ʩʘʪʠ) [149]. 

ʉʪʦʛʘ ʿʝ ʘʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ ʧʨʦʰʠʨʝʥʘ ʫʢˀʫʯʠʚʘˁʝʤ ʞʠʚʦʪʥʦʛ ʚʝʢʘ LED ʧʘʢʝʪʘ ʢʘʦ ʪʨʝ˂ʝʛ 

ʧʘʨʘʤʝʪʨʘ. ɸʢʦ ʿʝ ʞʠʚʦʪʥʠ ʚʝʢ LED ʧʘʢʝʪʘ ʤʘˁʠ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ 100000 ʩʘʪʠ, ʪʨʦʰʢʦʚʠ 

ʦʜʨʞʘʚʘˁʘ ʩʝ ʧʦʚʝ˂ʘʚʘʿʫ ʟʙʦʛ ʫʢˀʫʯʠʚʘˁʘ ʪʨʦʰʢʦʚʘ ʛʨʫʧʥʝ ʟʘʤʝʥʝ ʧʣʦʯʘ ʩʘ LED ʯʠʧʦʚʠʤʘ, 

ʯʠʤʝ ʩʝ ʧʦʚʝ˂ʘʚʘʿʫ ʠ ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ.  

ʇʨʚʦ, ʫʟʝʪ ʿʝ ʫ ʦʙʟʠʨ ʞʠʚʦʪʥʠ ʚʝʢ LED ʧʘʢʝʪʘ ʦʜ 50000 ʩʘʪʠ. ɸʢʪʫʝʣʠʟʦʚʘʥʠ ʪʨʦʰʢʦʚʠ 

ʛʨʫʧʥʝ ʟʘʤʝʥʝ ʧʣʦʯʘ ʩʘ LED ʯʠʧʦʚʠʤʘ ʪʦʢʦʤ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦʛ ʧʝʨʠʦʜʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʦʜ 24 

ʛʦʜʠʥʝ ʧʨʦʫʟʨʦʢʦʚʘʦ ʿʝ ʧʦʚʝ˂ʘˁʝ ʦʜ 10,58ï12,34% ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʘʢʪʫʝʣʠʟʦʚʘʥʠʭ ʪʨʦʰʢʦʚʘ 

ʦʜʨʞʘʚʘˁʘ, ʜʦʢ ʩʝ ʧʦʚʝ˂ʘˁʝ ʦʜ ʩʘʤʦ 0,77ï3,45% ʜʦʛʦʜʠʣʦ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʫʢʫʧʥʠʤ 

ʘʢʪʫʝʣʠʟʦʚʘʥʠʤ ʪʨʦʰʢʦʚʠʤʘ.  

ʇʨʝʤʘ ʬʦʨʤʫʣʘʤʘ 4.7, 4.11 ʠ 4.12 (ʇʨʠʣʦʛ 4), ʘʢʦ ʩʝ ʞʠʚʦʪʥʠ ʚʝʢ LED ʧʘʢʝʪʘ ʧʦʚʝ˂ʘ 

ʧʨʝʢʦ 50000 ʩʘʪʠ (ʜʦ 100000 ʩʘʪʠ), ʫʢʫʧʥʠ ʘʢʪʫʝʣʠʟʦʚʘʥʠ ʪʨʦʢhʦʚʠ ʙʠ ʩʝ ʩʤʘˁʠʣʠ (ʟʙʦʛ 

ʯʠˁʝʥʠʮʝ ʜʘ ʙʠ ʛʨʫʧʥʘ ʟʘʤʝʥʘ ʧʣʦʯʘ ʩʘ LED ʯʠʧʦʚʠʤʘ ʙʠʣʘ ʠʟʚʨʰʝʥʘ ʙʣʠʞʝ ʢʨʘʿʫ 

ʝʢʩʧʣʦʘʪʘʮʠʦʥʦʛ ʧʝʨʠʦʜʘ). ɼʘʢʣʝ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʞʠʚʦʪʥʠ ʚʝʢ LED ʧʘʢʝʪʘ ʩʘʤʦ 

ʥʝʟʥʘʪʥʦ ʫʪʠʯʝ ʥʘ ʫʢʫʧʥʝ ʪʨʦʰʢʦʚʝ.  

ʇʨʝʪʭʦʜʥʦ ʠʩʪʨʘʞʠʚʘˁʝ [102] ʿʝ ʧʦʢʘʟʘʣʦ ʜʘ ʿʝ ʦʜʥʦʩ ʠʟʤʝʹʫ ʫʢʫʧʥʠʭ ʘʢʪʫʝʣʠʟʦʚʘʥʠʭ 

ʪʨʦʰʢʦʚʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ ʨʝʰʝˁʘ ʩʘ LED ʠʟʚʦʨʠʤʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʠ ʥʘʪʨʠʿʫʤʦʚʠʤ 

ʠʟʚʦʨʠʤʘ ʙʠʦ ʫ ʦʧʩʝʛʫ ʦʜ 1,44ï7,61 ʢʘʜʘ ʤʝʟʦʧʩʢʠ ʝʬʝʢʪʠ ʥʠʩʫ ʫʟʝʪʠ ʫ ʦʙʟʠʨ. ʋʧʦʨʝʹʫʿʫ˂ʠ 

ʦʚʘʿ ʦʧʩʝʛ ʩʘ ʦʧʩʝʛʦʤ ʦʜ 0,61ï1,34 ʦʜʥʦʩʘ CdLEDNW/ CdHPS ʜʦʙʠʿʝʥʠʤ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʤʦʞʝ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʨʘʩʪ ʪʨʞʠʰʪʘ ʦʩʚʝʪˀʝˁʘ ʚʦʹʝʥ ʩʪʘʣʥʠʤ ʠ ʟʥʘʯʘʿʥʠʤ ʧʦʙʦˀʰʘˁʠʤʘ LED 

ʪʝʭʥʦʣʦʛʠʿʝ ʢʦʥʘʯʥʦ ʫʯʠʥʠʦ ʜʘ ʿʝ ʦʥʘ ʛʝʥʝʨʘʣʥʦ ʙʦˀʘ ʦʧʮʠʿʘ ʦʜ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ 

ʠʟʚʦʨʠʤʘ ʫ ʧʦʛʣʝʜʫ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʠ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʧʦʛʣʘʚˀʫ 7.3, ʝʥʝʨʛʝʪʩʢʝ 

ʝʬʠʢʘʩʥʦʩʪʠ. 

 

7.6 ʋʧʦʪʨʝʙʘ ʝʬʠʢʘʩʥʠʿʠʭ LED ʧʘʢʝʪʘ  
 

ɼʘ ʙʠ ʩʝ ʠʣʫʩʪʨʦʚʘʣʝ ʫʰʪʝʜʝ ʝʥʝʨʛʠʿʝ ʢʦʿʝ ʩʝ ʤʦʛʫ ʦʯʝʢʠʚʘʪʠ ʫ ʙʣʠʩʢʦʿ ʙʫʜʫ˂ʥʦʩʪʠ, 

ʪʘʢʦʹʝ ʩʫ ʨʘʟʤʦʪʨʝʥʝ LED ʩʚʝʪʠˀʢʝ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʩʚʝʪʣʦʩʥʘ ʠʩʢʦʨʠʩʪʠʚʦʩʪ ʦʜ 190 lm/W 

[21] ʟʘ LED ʧʘʢʝʪʝ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ. ʋ ʦʚʦʿ ʘʥʘʣʠʟʠ ʩʫ ʧʨʠʤʝˁʝʥʝ Ampera 

ʩʚʝʪʠˀʢʝ ʟʙʦʛ ʥʘʿʙʦˀʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʫ ʩʢʦʨʦ ʩʚʠʤ ʨʘʟʤʘʪʨʘʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ (ʚʠʜʝʪʠ ʪʘʙʝʣʝ 

61 ʠ 62). ʂʦʨʠʩʪʝ˂ʠ ʤʝʪʦʜʦʣʦʛʠʿʫ ʦʧʠʩʘʥʫ ʫ ʧʦʛʣʘʚˀʫ 7.2, ʟʘ ʩʚʘʢʠ ʦʜ 17 ʨʘʟʤʘʪʨʘʥʠʭ 

ʩʣʫʯʘʿʝʚʘ ʜʦʙʠʿʝʥʦ ʿʝ ʦʧʪʠʤʘʣʥʦ ʩʚʝʪʣʦʪʝʭʥʠʯʢʦ ʨʝʰʝˁʝ ʙʝʟ ʫʚʘʞʘʚʘˁʘ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ 

(ʧʨʝʜʩʪʘʚˀʝʥʦ ʦʜʥʦʩʦʤ ʠʥʩʪʘʣʠʩʘʥʝ ʩʥʘʛʝ (ʧʦʪʨʦʰˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ) ×PLED/ ×PHPS), ʢʘʦ 

ʠ ʨʝʰʝˁʝ ʜʦʙʠʿʝʥʦ ʫʚʘʞʘʚʘˁʝʤ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ (ʦʜʥʦʩʠ ×PLEDNWmes/ ×PHPS ʠ ×PLEDWWmes/ 

×PHPS). ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ ʪʘʙʝʣʠ 65.  

 

ʊʘʙʝʣʘ 65. ʉʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ ʫʣʠʮʘ ʠ ʧʫʪʝʚʘ ʜʦʙʠʿʝʥʘ ʢʦʨʠʰ˂ʝˁʝʤ LED ʧʘʢʝʪʘ ʢʦʿʝ 

ʢʘʨʘʢʪʝʨʠʰʝ ʩʚʝʪʣʦʩʥʘ ʠʩʢʦʨʠʩʠʚʦʩʪ ʦʜ 190 lm/W 
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/ ×PHPS 

ʊʠʧ ʩʚʝʪʠˀʢʝ ʩʘ 

LED ʯʠʧʦʚʠʤʘ 

ʪʦʧʣʦ-ʙʝʣʝ  

ʙʦʿʝ 

×PLEDWWmes/ 

×PHPS 

ɱʝʜʥʦʩʪʨʘʥʠ 

ʜʚʝ ʪʨʘʢʝ 

M3 Ampera Mini 16 0.37 Ampera Mini 16 0.34 Ampera Mini 16 0.34 

M4 Ampera Mini 16 0.34 Ampera Mini 16 0.34 Ampera Mini 16 0.34 

M5 Ampera Mini 16 0.41 Ampera Mini 16 0.41 Ampera Mini 16 0.41 

M6 Ampera Mini 16 0.41 Ampera Mini 16 0.35 Ampera Mini 16 0.41 

ʎʠʢ-ʮʘʢ 

ʪʨʠ ʪʨʘʢʝ 

M3 Ampera Mini 16 0.38 Ampera Mini 16 0.36 Ampera Mini 16 0.36 

M4 Ampera Mini 16 0.37 Ampera Mini 16 0.34 Ampera Mini 16 0.34 

M5 Ampera Mini 16 0.39 Ampera Mini 16 0.39 Ampera Mini 16 0.39 

ʅʘʩʧʨʘʤʥʠ 

ʪʨʠ ʪʨʘʢʝ 

M2 Ampera Mini 16 0.42 Ampera Mini 16 0.39 Ampera Mini 16 0.39 

M3 Ampera Mini 16 0.41 Ampera Mini 16 0.39 Ampera Mini 16 0.39 

M4 Ampera Mini 16 0.40 Ampera Mini 16 0.40 Ampera Mini 16 0.40 

ʅʘʩʧʨʘʤʥʠ 

ʯʝʪʠʨʠ ʪʨʘʢʝ 

M1 Ampera Mini 16 0.43 Ampera Mini 16 0.41 Ampera Mini 16 0.43 

M2 Ampera Mini 16 0.37 Ampera Mini 16 0.36 Ampera Mini 16 0.37 

M3 Ampera Mini 16 0.41 Ampera Mini 16 0.37 Ampera Mini 16 0.37 

ʎʝʥʪʨʘʣʥʠ 

ʪʨʠ ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 Ampera Mini 24 0.51 Ampera Mini 16 0.48 Ampera Mini 16 0.48 

M2 Ampera Mini 24 0.53 Ampera Mini 24 0.48 Ampera Mini 24 0.48 

ʎʝʥʪʨʘʣʥʠ 

ʪʨʠ ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 Ampera Maxi 80 0.56 Ampera Mini 16 0.53 Ampera Mini 16 0.53 

M2 Ampera Midi 32 0.54 Ampera Mini 24 0.49 Ampera Midi 48 0.52 

 

ʅʦʚʠ ʩʚʝʪʣʦʩʥʠ ʬʣʫʢʩʝʚʠ (ʫ ʣʫʤʝʥʠʤʘ) ʩʚʝʪʠˀʢʠ Ampera ʠʟʨʘʯʫʥʘʪʠ ʩʫ ʜʝˀʝˁʝʤ 

ˁʠʭʦʚʠʭ ʩʥʘʛʘ (ʫ ʚʘʪʠʤʘ) ʩʘ 1,1 (ʩʥʘʛʘ LED ʜʨʘʿʚʝʨʘ ʿʝ ʦʢʦ 9% ʫʢʫʧʥʝ ʩʥʘʛʝ ʩʚʝʪʠˀʢʝ) ʠ 

ʤʥʦʞʝˁʝʤ ʦʚʠʭ ʚʨʝʜʥʦʩʪʠ ʩʘ 190. ʇʦʰʪʦ ʩʝ ʦʯʝʢʫʿʝ ʜʘ ˂ʝ ʧʝʨʬʦʨʤʘʥʩʝ ʫ ʩʤʠʩʣʫ ʩʚʝʪʣʦʩʥʝ 

ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ LED ʧʘʢʝʪʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʫ ʙʣʠʩʢʦʿ ʙʫʜʫ˂ʥʦʩʪʠ ʙʠʪʠ 

ʿʝʜʥʘʢʝ, ʩʣʫʯʘʿ ʙʝʟ ʫʚʘʞʘʚʘˁʘ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ ʩʝ ʦʜʥʦʩʠ ʥʘ LED ʧʘʢʝʪʝ ʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ 

ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ. ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʫ, ʟʙʦʛ ʥʝʜʦʩʪʘʪʢʘ ʠʥʬʦʨʤʘʮʠʿʘ, ʚʨʝʜʥʦʩʪʠ ʦʜʥʦʩʘ S/P 

ʢʦʿʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʫ ʧʦʛʣʘʚˀʫ 7.2 ʟʘʜʨʞʘʥʝ ʟʘ LED ʧʘʢʝʪʝ ʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ. 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ɸʥʘʣʠʟʠʨʘʿʫ˂ʠ ʢʦʣʦʥʫ ʢʦʿʘ ʩʘʜʨʞʠ ʦʜʥʦʩ ×PLED/ ×PHPS ʫ ʪʘʙʝʣʠ 65, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ 

ʜʘ ʘʢʦ ʩʝ ʤʝʟʦʧʩʢʠ ʝʬʝʢʪʠ ʥʝ ʫʟʤʫ ʫ ʦʙʟʠʨ ʩʤʘˁʝˁʝ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʚʘʨʠʨʘ ʦʜ 

44% ʜʦ 66% ʟʘ LED ʧʘʢʝʪʝ ʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ. ɸʢʦ ʩʝ ʤʝʟʦʧʩʢʠ ʝʬʝʢʪʠ ʫʟʤʫ 

ʫ ʦʙʟʠʨ (ʢʦʣʦʥʝ ʢʦʿʝ ʩʘʜʨʞʝ ʦʜʥʦʩ ×PLEDNWmes/ ×PHPS ʠ ×PLEDWWmes/ ×PHPS), ʩʤʘˁʝˁʝ ʧʦʪʨʦʰˁʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʚʘʨʠʨʘ ʦʜ 47% ʜʦ 66%. ʇʦʥʦʚʦ, ʫ ʥʝʢʠʤ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ 

ʫʚʘʞʘʚʘˁʝ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ ʥʠʿʝ ʨʝʟʫʣʪʠʨʘʣʦ ʜʦʜʘʪʥʠʤ ʫʰʪʝʜʘʤʘ ʝʥʝʨʛʠʿʝ.  

ɻʦʨʝ ʥʘʚʝʜʝʥʠ ʧʦʜʘʮʠ ʧʦʢʘʟʫʿʫ ʜʘ ʢʦʥʘʯʥʘ ʧʨʦʮʝʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʝʜʩʪʘʚˀʝʥʦʛ ʫ 

ʨʝʬʝʨʝʥʮʠ [150], ʫ ʢʦʤ ʿʝ ʥʘʚʝʜʝʥʦ ʜʘ ʧʦʪʝʥʮʠʿʘʣ ʫʰʪʝʜʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟʥʦʩʠ 83% 

ʢʦʨʠʰ˂ʝˁʝʤ ʙʫʜʫ˂ʠʭ LED ʩʚʝʪʠˀʢʠ (ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʩʚʝʪʣʦʩʥʘ ʠʩʢʦʨʠʩʪʠʚʦʩʪ ʦʜ 

200 lm/W) ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ, ʫʚʘʞʘʚʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ 

ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤʘ.  

ʀʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ ʫ ɹʝʦʛʨʘʜʫ, ʩʘʜʨʞʝ ʦʢʦ 120000 ʩʚʝʪʠˀʢʠ ʩʘ 

ʫʢʫʧʥʦʤ ʠʥʩʪʘʣʠʩʘʥʦʤ ʩʥʘʛʦʤ ʦʜ ʦʢʦ 25 MW (ʩʚʝʪʠˀʢʝ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ 

ʧʨʠʪʠʩʢʘ ʫʯʝʩʪʚʫʿʫ ʩʘ 80%, ʘ ʩʚʝʪʠˀʢʝ ʩʘ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠ LED ʠʟʚʦʨʠʤʘ ʩʘ ʧʦ 10%). 

ʋʟʠʤʘʿʫ˂ʠ ʦʚʦ ʫ ʦʙʟʠʨ, ʢʘʦ ʠ ʯʠˁʝʥʠʮʫ ʜʘ ʿʝ, ʧʨʝʤʘ ʪʘʙʝʣʠ 65, ʩʥʘʛʘ LED ʩʚʝʪʠˀʢʠ ʢʦʿʝ ˂ʝ ʫ 

ʩʢʦʨʠʿʦʿ ʙʫʜʫ˂ʥʦʩʪʠ ʠʤʘʪʠ ʰʠʨʫ ʧʨʠʤʝʥʫ ʟʘ ʦʢʦ 60% ʤʘˁʘ ʦʜ ʩʥʘʛʝ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ 

ʠʟʚʦʨʠʤʘ, ʧʝʨʩʧʝʢʪʠʚʥʝ ʛʦʜʠʰˁʝ ʫʰʪʝʜʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ɹʝʦʛʨʘʜʫ ʘʢʦ ʩʫ ʩʚʝ ʧʦʩʪʦʿʝ˂ʝ 

ʩʚʝʪʠˀʢʝ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʟʘʤʝˁʝʥʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ LED, ʦʪʧʨʠʣʠʢʝ ʠʟʥʦʩʠ: 

0,6 Ā 0,8 Ā 25 MW Ā 4000 h = 48 GWh 

(ʛʦʜʠʰˁʝ ʫʰʪʝʜʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʦ ʛʣʘʚʠ ʩʪʘʥʦʚʥʠʢʘ ʠʟʥʦʩʝ ʦʢʦ 28 kWh (ʰʪʦ ʟʘ 

ʛʦʜʠʰˁʫ ʧʦʪʨʦʰˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʦ ʩʪʘʥʦʚʥʠʢʫ ʦʜ 4000 kWh ʠʟʥʦʩʠ 0,7%)). 

 

7.7 ɼʠʩʢʫʩʠʿʘ  
 

ʇʦʩʪʦʿʝ ʯʝʪʠʨʠ ʜʦʤʠʥʘʥʪʥʘ ʘʩʧʝʢʪʘ ʢʦʝʿ ʪʨʝʙʘ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʢʘʜʘ ʩʝ ʧʦʨʝʜʝ 

ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʠ LED ʨʝʰʝˁʘ ʟʘ ʦʩʚʝʪˀʝˁʝ ʫʣʠʮʘ/ʧʫʪʝʚʘ: 

ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ, ʢʚʘʣʠʪʝʪ ʦʩʚʝʪˀʝˁʘ ʠ ʫʪʠʮʘʿʠ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. 

ʇʦʰʪʦ ʿʝ ʦʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʫʛʣʘʚʥʦʤ ʙʠʣʦ ʧʦʩʚʝ˂ʝʥʦ ʧʨʚʦʤ ʠ ʜʨʫʛʦʤ ʘʩʧʝʢʪʫ, ʧʨʝʦʩʪʘʣʘ ʜʚʘ 

˂ʝ ʙʠʪʠ ʫʢʨʘʪʢʦ ʦʙʨʘʹʝʥʘ ʫ ʥʘʩʪʘʚʢʫ.  

ʐʪʦ ʩʝ ʪʠʯʝ ʢʚʘʣʠʪʝʪʘ ʦʩʚʝʪˀʝˁʘ, ʧʦʨʝʜ ʠʩʧʫˁʝʥʦʩʪʠ ʟʘʭʪʝʚʘ ʧʨʝʜʩʪʘʚˀʝʥʠʭ ʫ 

ʨʝʣʝʚʘʥʪʥʠʤ (ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʤ) ʩʪʘʥʜʘʨʜʠʤʘ (ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʙʝʟʙʝʜʥʦʩʪ, ʩʠʛʫʨʥʦʩʪ ʠ 

ʚʠʜʥʠ ʢʦʤʬʦʨ), ʧʦʩʪʦʿʝ ʠ ʜʨʫʛʠ ʚʘʞʥʠ ʘʩʧʝʢʪʠ ʢʦʿʠ ʩʝ ʦʙʠʯʥʦ ʟʘʥʝʤʘʨʫʿʫ ʧʨʠʣʠʢʦʤ ʧʦʨʝʹʝˁʘ 

ʨʘʟʣʠʯʠʪʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʦʩʚʝʪˀʝˁʘ. ʅʘʿʚʘʞʥʠʿʝ ʩʫ ʙʦʿʘ ʩʚʝʪʣʦʩʪʠ ʠ ʨʝʧʨʦʜʫʢʮʠʿʘ ʙʦʿʘ, ʢʦʿʠ 

ʥʝʩʫʤˁʠʚʦ ʠʜʫ ʫ ʧʨʠʣʦʛ LED ʪʝʭʥʦʣʦʛʠʿʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ (ʟʙʦʛ 

ʩʚʝʪʣʦʩʪʠ ʙʝʣʝ ʙʦʿʝ ʠ ʚʝʦʤʘ ʜʦʙʨʝ ʨʝʧʨʦʜʫʢʮʠʿʝ ʙʦʿʘ). ʅʝʜʘʚʥʦ ʠʩʪʨʘʞʠʚʘˁʝ, ʫ ʢʦʿʝʤ ʿʝ ʦʜ 

ʫʯʝʩʥʠʢʘ (ʧʝʰʘʢʘ) ʟʘʪʨʘʞʝʥʦ ʜʘ ʫʧʦʨʝʜʝ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪʥʦ LED ʦʩʚʝʪˀʝˁʝ 

ʪʨʦʪʦʘʨʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ, ʧʦʢʘʟʘʣʦ ʿʝ ˁʠʭʦʚʫ ʧʨʝʬʝʨʝʥʮʠʿʫ ʟʘ LED 

ʦʩʚʝʪˀʝˁʝ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʫ ʧʦʛʣʝʜʫ ʩʚʠʭ ʨʘʟʤʘʪʨʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ: ʠʥʪʝʥʟʠʪʝʪʘ ʦʩʚʝʪˀʝˁʘ 

(ʦʩʚʝʪˀʝʥʦʩʪʠ) ʪʨʦʪʦʘʨʘ, ʦʩʚʝʪˀʝʥʦʩʪʠ ˀʫʜʩʢʠʭ ʣʠʮʘ, ʧʨʠʿʘʪʥʦʩʪʠ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ ʠ 

ʨʝʧʨʦʜʫʢʮʠʿʝ ʙʦʿʘ [79]. ʄʝʹʫʪʠʤ, ʫ ʜʨʫʛʦʤ ʠʩʪʨʘʞʠʚʘˁʫ, ʢʦʿʝ ʩʝ ʙʘʚʠʣʦ ʜʦʞʠʚˀʘʿʠʤʘ ʚʦʟʘʯʘ, 

ʥʠʿʝ ʜʦʥʝʩʝʥ ʢʦʥʘʯʘʥ ʟʘʢˀʫʯʘʢ ʫ ʧʦʛʣʝʜʫ ˁʠʭʦʚʝ ʧʨʝʬʝʨʝʥʮʠʿʝ ʟʘ LED ʧʘʢʝʪʝ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ 

ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ. ʋʯʝʩʥʠʮʠ ʫʢˀʫʯʝʥʠ ʫ ʩʪʚʘʨʥʫ ʚʦʞˁʫ ʦʮʝʥʠʣʠ ʩʫ ʦʩʚʝʪˀʝˁʝ 

ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʢʘʦ ʙʦˀʝ ʫ ʧʦʛʣʝʜʫ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ, ʘ ʦʩʚʝʪˀʝˁʝ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʢʘʦ ʙʦˀʝ 

ʫ ʧʦʛʣʝʜʫ ʫʦʯʘʚʘˁʘ ʩʚʝʪʣʠʭ ʧʨʝʧʨʝʢʘ, ʜʦʢ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʥʠʿʝ ʫʩʪʘʥʦʚˀʝʥʘ ʧʨʠ 

ʦʮʝˁʠʚʘˁʫ ʦʩʚʝʪˀʝˁʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʫ ʧʦʛʣʝʜʫ ʦʩʪʘʣʠʭ ʨʘʟʤʘʪʨʘʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ (ʠʥʪʝʥʟʠʪʝʪ ʦʩʚʝʪˀʝˁʘ (ʦʩʚʝʪˀʝʥʦʩʪ) ʢʦʣʦʚʦʟʘ, ʙˀʝʰʪʘˁʝ, ʫʦʯʘʚʘˁʝ ʧʝʰʘʢʘ ʠ 

ʫʦʯʘʚʘˁʝ ʪʘʤʥʠʭ ʧʨʝʧʨʝʢʘ) [123]. ʉʪʦʛʘ ʿʝ ʟʘʢˀʫʯʝʥʦ ʜʘ ʩʫ ʧʦʪʨʝʙʥʘ ʜʦʜʘʪʥʘ ʠʩʪʨʘʞʠʚʘˁʘ 
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ʢʘʢʦ ʙʠ ʩʝ ʧʨʝʧʦʨʫʯʠʣʘ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʙʦʿʘ ʩʚʝʪʣʦʩʪʠ ʟʘ ʤʦʪʦʨʠʟʦʚʘʥʠ ʠʣʠ ʤʝʰʦʚʠʪʠ ʩʘʦʙʨʘ˂ʘʿ. 

ʆʩʪʘʣʠ ʘʩʧʝʢʪʠ ʧʝʨʬʦʨʤʘʥʩʠ ʦʩʚʝʪˀʝˁʘ, ʢʘʦ ʰʪʦ ʩʫ ʜʥʝʚʥʠ ʠʟʛʣʝʜ ʩʚʝʪʠˀʢʠ ʠ ʫʩʢʣʘʹʝʥʦʩʪ 

ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʩʘ ʘʤʙʠʿʝʥʪʘʣʥʠʤ ʠ/ʠʣʠ ʘʨʭʠʪʝʢʪʦʥʩʢʠʤ (ʜʝʢʦʨʘʪʠʚʥʠʤ) ʦʩʚʝʪˀʝˁʝʤ, 

ʪʘʢʦʹʝ ʟʘʩʣʫʞʫʿʫ ʧʘʞˁʫ.  

ʋʪʠʮʘʿʠ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʩʚʝʪʠˀʢʠ ʟʘ ʦʩʚʝʪˀʝˁʝ ʫʣʠʮʘ/ʧʫʪʝʚʘ ʘʥʘʣʠʟʠʨʘʿʫ ʩʝ ʢʨʦʟ 

ʧʨʦʮʝʥʫ ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ (LCA ï life cycle analysis). ʋ ʨʝʬʝʨʝʥʮʠ [151] ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʩʫ 

ʥʘʿʚʘʞʥʠʿʝ (ʥʘʿʫʪʠʮʘʿʥʠʿʝ) ʬʘʟʝ ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ ʧʨʦʠʟʚʦʜˁʘ ʠ ʫʧʦʪʨʝʙʘ. ʇʨʚʘ ʦʙʠʯʥʦ 

ʫʢˀʫʯʫʿʝ ʥʘʙʘʚʢʫ ʩʠʨʦʚʠʥʘ, ʧʨʦʠʟʚʦʜˁʫ ʠ ʪʨʘʥʩʧʦʨʪ ʤʘʪʝʨʠʿʘʣʘ ʠ ʜʝʣʦʚʘ ʟʘ ʩʚʝʪʠˀʢʝ, 

ʩʢʣʘʧʘˁʝ ʩʚʝʪʠˀʢʠ ʠ ʧʘʢʦʚʘˁʝ [152], ʜʦʢ ʜʨʫʛʘ ʫʢˀʫʯʫʿʝ ʧʦʪʨʦʰˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ 

ʦʜʨʞʘʚʘˁʝ.  

ʋ LCA ʩʪʫʜʠʿʠ ʢʦʿʘ ʿʝ ʫʧʦʨʝʹʠʚʘʣʘ LED ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ 

ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʫ ʫʢʫʧʥʠ ʫʪʠʮʘʿʠ ʦʙʝ ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʙʠʣʠ ʥʘ ʩʣʠʯʥʦʤ ʥʠʚʦʫ 

(ʢʦʨʠʩʪʝ˂ʠ ʢʠʣʦʤʝʪʘʨ ʦʩʚʝʪˀʝʥʦʛ ʧʫʪʘ ʢʘʦ ʬʫʥʢʮʠʦʥʘʣʥʫ ʿʝʜʠʥʠʮʫ, ʫʪʠʮʘʿʠ ʥʘ ʞʠʚʦʪʥʫ 

ʩʨʝʜʠʥʫ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʙʠʣʠ ʩʫ 3% ʤʘˁʠ ʦʜ ʦʥʠʭ ʢʦʜ LED ʩʚʝʪʠˀʢʠ) 

[152]. ʊʘʢʦʹʝ ʿʝ ʟʘʢˀʫʯʝʥʦ ʜʘ ʿʝ ʚʝ˂ʠʥʘ ʫʪʠʮʘʿʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʦʙʝ ʪʝʭʥʦʣʦʛʠʿʝ 

ʛʝʥʝʨʠʩʘʥʘ ʫ ʬʘʟʠ ʨʘʜʘ (96% ʟʘ ʩʚʝʪʠˀʢʝ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʠ 87% ʟʘ LED ʩʚʝʪʠˀʢʝ). 

ʋʢʘʟʫʿʫ˂ʠ ʥʘ ʥʝʢʦʣʠʢʦ ʥʝʩʠʛʫʨʥʦʩʪʠ ʧʨʠʩʫʪʥʠʭ ʫ LCA ʩʪʫʜʠʿʠ, ʫ ʨʝʬʝʨʝʥʮʠ [152] ʠʩʪʘʢʥʫʪʦ 

ʿʝ ʜʘ ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʧʨʦʫʯʘʚʘˁʝʤ ʜʚʝ ʦʜʨʝʹʝʥʝ ʩʚʝʪʠˀʢʝ ʥʠʩʫ ʧʨʠʤʝʥˀʠʚʠ ʥʘ ʩʚʝ 

ʩʚʝʪʠˀʢʝ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠ LED ʠʟʚʦʨʠʤʘ ʩʚʝʪʣʦʩʪʠ, ʟʘʢˀʫʯʫʿʫ˂ʠ ʜʘ ʙʠ ʧʨʦʫʯʘʚʘˁʝ ʚʠʰʝ 

ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʩʚʝʪʠˀʢʠ ʩʤʘˁʠʣʦ ʠʩʪʘʢʥʫʪʫ ʥʝʩʠʛʫʨʥʦʩʪ. ʉʪʦʛʘ ʙʠ ʧʨʘʚʘʮ ʜʘˀʝʛ 

ʠʩʪʨʘʞʠʚʘˁʘ ʤʦʛʘʦ ʙʠʪʠ ʧʦʩʚʝ˂ʝʥ ʧʦʨʝʹʝˁʫ ʨʘʟʤʘʪʨʘʥʠʭ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠ LED 

ʠʟʚʦʨʠʤʘ ʫ ʧʦʛʣʝʜʫ ʙʨʦʿʥʠʭ ʫʪʠʮʘʿʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʥʘʚʝʜʝʥʠʭ ʫ ʨʝʬʝʨʝʥʮʠ [151] (ʢʘʦ 

ʰʪʦ ʩʫ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ, ʠʩʮʨʧˀʠʚʘˁʝ ʚʦʜʝ, ʤʝʪʘʣʘ ʠ ʬʦʩʠʣʘ, ʟʘʢʠʩʝˀʘʚʘˁʝ ʢʦʧʥʝʥʠʭ ʠ 

ʩʚʝʞʠʭ ʚʦʜʘ ʠ ʝʢʦʪʦʢʩʠʯʥʦʩʪ, ʪʦʢʩʠʯʥʦʩʪ ʧʦ ˀʫʜʝ ʠ ʧʨʠʨʦʜʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʟʝʤˀʠʰʪʘ).  

ɱʦʰ ʿʝʜʘʥ ʧʨʦʙʣʝʤ ï ʝʤʠʩʠʿʘ ʚʠʰʠʭ ʥʘʧʦʥʩʢʠʭ ʠ ʩʪʨʫʿʥʠʭ ʭʘʨʤʦʥʠʢʘ ï ʪʘʢʦʹʝ ʟʘʩʣʫʞʫʿʝ 

ʜʘ ʩʝ ʩʧʦʤʝʥʝ. ʀʘʢʦ ʿʝ ʙʠʣʦ ʜʦʩʪʘ ʨʘʜʦʚʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ (ʥʘ ʧʨʠʤʝʨ, ʠʩʪʨʘʞʠʚʘˁʘ 

ʧʨʝʜʩʪʘʚˀʝʥʘ ʫ ʨʝʬʝʨʝʥʮʘʤʘ [13, 39, 153]), ʧʦʪʨʝʙʥʘ ʩʫ ʜʦʜʘʪʥʘ ʠʩʪʨʘʞʠʚʘˁʘ, ʧʦʩʝʙʥʦ 

ʧʦʩʚʝ˂ʝʥʘ ʫʪʠʮʘʿʫ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ LED ʜʨʘʿʚʝʨʘ. 

 

7.8 ɿʘʢˀʫʯʮʠ  
 

ɹʨʦʿʥʠ ʥʝʜʦʩʪʘʮʠ ʧʨʝʜʩʪʘʚˀʝʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʚʝʟʠ ʩʘ ʦʩʚʝʪˀʝˁʝʤ ʫʣʠʮʘ/ʧʫʪʝʚʘ 

ʫʢʘʟʫʿʫ ʥʘ ʪʦ ʜʘ ʩʫ ʧʦʛʨʝʰʥʠ ʟʘʢˀʫʯʮʠ ʦ ʫʰʪʝʜʘʤʘ ʝʥʝʨʛʠʿʝ/ʪʨʦʰʢʦʚʘ ʧʨʠ ʧʨʠʤʝʥʠ LED 

ʫʤʝʩʪʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʩʚʝʪʠˀʢʠ ʙʠʣʠ ʚʨʣʦ ʚʝʨʦʚʘʪʥʠ ʫ ʤʥʦʛʠʤ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ.  

ʈʝʟʫʣʪʘʪʠ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ, ʜʦʙʠʿʝʥʠ ʧʨʠʤʝʥʦʤ ʨʘʟʚʠʿʝʥʝ ʦʧʰʪʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʟʘ 

ʧʦʨʝʹʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ, ʩʫʛʝʨʠʰʫ ʜʘ ʩʝ ʧʨʠʤʝʥʦʤ LED 

ʫʤʝʩʪʦ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʣʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠʟʚʦʨʠʤʘ ʩʘ ʢʝʨʘʤʠʯʢʠʤ ʛʦʨʠʦʥʠʢʦʤ 

ʤʦʛʫ ʧʦʩʪʠ˂ʠ ʟʥʘʯʘʿʥʝ ʫʰʪʝʜʝ ʝʥʝʨʛʠʿʝ. ʋʰʪʝʜʝ ʝʥʝʨʛʠʿʝ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʝ LED ʫʤʝʩʪʦ 

ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʩʫ ʟʥʘʯʘʿʥʝ ʯʘʢ ʠ ʘʢʦ ʩʝ ʥʝ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʤʝʟʦʧʩʢʠ 

ʝʬʝʢʪʠ. ɸʢʦ ʩʝ ʫ ʦʙʟʠʨ ʫʟʤʫ ʤʝʟʦʧʩʢʠ ʝʬʝʢʪʠ, ʧʨʦʩʝʯʥʝ ʫʰʪʝʜʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʘʜʘ ʩʝ 

ʫʤʝʩʪʦ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʧʨʠʤʝˁʫʿʫ LED ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ ʙʝʣʝ ʙʦʿʝ 

ʠʟʥʦʩʝ 41ï62%, ʦʜʥʦʩʥʦ 29ï59% (38ï59% ʠ 24ï59%, ʘʢʦ ʩʝ ʫ ʦʙʟʠʨ ʥʝ ʫʟʠʤʘʿʫ ʤʝʟʦʧʩʢʠ 

ʝʬʝʢʪʠ). ʊʘʢʦʹʝ ʿʝ ʟʘʢˀʫʯʝʥʦ ʜʘ ʢʘʜʘ ʩʝ ʧʦʨʝʜʝ ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ ʨʝʘʣʠʟʦʚʘʥʘ ʧʦʤʦ˂ʫ 

LED ʠʟʚʦʨʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʩʘ ʦʥʠʤ ʠʟʚʝʜʝʥʠʤ ʧʦʤʦ˂ʫ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ ʠʟʚʦʨʘ ʧʨʦʩʝʯʥʝ 

ʫʰʪʝʜʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟʥʦʩʝ 42ï62% (38ï62% ʘʢʦ ʩʝ ʥʝ ʫʟʤʫ ʫ ʦʙʟʠʨ ʤʝʟʦʧʩʢʠ ʝʬʝʢʪʠ). 

ʊʨʝʙʘ ʥʘʛʣʘʩʠʪʠ ʜʘ ʙʠ ʧʦʤʝʥʫʪʠ ʧʨʦʮʝʥʪʠ ʫʰʪʝʜʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʙʠʣʠ ʚʝ˂ʠ ʢʘʜʘ ʙʠ ʩʝ 

ʧʨʠʤʝʥʠʣʠ ʘʜʘʧʪʠʚʥʠ ʩʠʩʪʝʤʠ (ʨʘʟʣʠʯʠʪʠ ʨʝʞʠʤʠ ʦʩʚʝʪˀʝˁʘ), ʿʝʨ ʿʝ ʧʨʦʮʝʥʘʪ ʩʤʘˁʝˁʘ ʩʥʘʛʝ 

ʥʘʿʚʝ˂ʠ ʢʦʜ LED ʩʚʝʪʠˀʢʠ.  
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ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʦʜʥʦʩʠ ʠʟʤʝʹʫ ʫʢʫʧʥʠʭ ʘʢʪʫʝʣʠʟʦʚʘʥʠʭ ʪʨʦʰʢʦʚʘ ʫʧʦʨʝʜʠʚʠʭ 

ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ ʨʝʰʝˁʘ ʨʝʘʣʠʟʦʚʘʥʠʭ ʧʦʤʦ˂ʫ LED (ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ) ʠ 

ʥʘʪʨʠʿʫʤʦʚʠʭ ʠʟʚʦʨʘ ʧʨʠʧʘʜʘʿʫ ʦʧʩʝʟʠʤʘ 0,59ï1,26 ʠ 0,61ï1,14 ʘʢʦ ʩʝ ʫʚʘʞʝ ʤʝʟʦʧʩʢʠ ʝʬʝʢʪʠ, 

ʠ 0,61ï1,34 ʠ 0,63ï1,20 ʘʢʦ ʩʝ ʥʝ ʫʚʘʞʝ. ʆʜʥʦʩʠ ʚʝ˂ʠ ʦʜ 1 ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʦʩʪʦʿʝ ʫ ʩʣʫʯʘʿʝʚʠʤʘ 

ʿʝʜʥʦʩʪʨʘʥʦʛ ʠ ʮʠʢ-ʮʘʢ ʨʘʩʧʦʨʝʜʘ ʩʪʫʙʦʚʘ, ʘ ʚʝʦʤʘ ʩʫ ʨʝʪʢʠ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʥʘʩʧʨʘʤʥʦʛ ʠ 

ʮʝʥʪʨʘʣʥʦʛ ʨʘʩʧʦʨʝʜʘ ʩʪʫʙʦʚʘ. ʇʦʨʝʹʝˁʝʤ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ ʨʝʰʝˁʘ ʨʝʘʣʠʟʦʚʘʥʠʭ ʧʦʤʦ˂ʫ 

LED ʠʟʚʦʨʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ ʠʟʚʦʨʘ, ʦʜʥʦʩʠ ʠʟʤʝʹʫ ˁʠʭʦʚʠʭ ʫʢʫʧʥʠʭ 

ʪʨʦʰʢʦʚʘ ʙʠʣʠ ʩʫ ʫ ʦʧʩʝʛʫ ʦʜ 0,43ï0,82 (0,45ï0,86, ʘʢʦ ʩʝ ʫ ʦʙʟʠʨ ʥʝ ʫʟʤʫ ʤʝʟʦʧʩʢʠ ʝʬʝʢʪʠ). 

ʇʨʦʰʠʨʝʥʘ ʘʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ ʪʨʦʰʢʦʚʘ, ʠʟʚʝʜʝʥʘ ʨʘʟʤʘʪʨʘʿʫ˂ʠ ʥʝ ʩʘʤʦ ʫʦʙʠʯʘʿʝʥʦ 

ʧʨʝʪʧʦʩʪʘʚˀʝʥʝ ʩʪʦʧʝ ʘʢʪʫʝʣʠʟʘʮʠʿʝ ʠ ʮʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʚʝ˂ ʠ ʞʠʚʦʪʥʠ ʚʝʢ LED 

ʧʘʢʝʪʘ (ʢʘʦ ʪʨʝ˂ʠ ʫʪʠʮʘʿʥʠ ʧʘʨʘʤʝʪʘʨ), ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʧʦʩʣʝʜˁʠ ʩʘʤʦ ʥʝʟʥʘʪʥʦ ʫʪʠʯʝ ʥʘ ʫʢʫʧʥʝ 

ʪʨʦʰʢʦʚʝ. ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʫ ʧʦʢʘʟʘʪʝˀʠ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʪʨʦʰʢʦʚʘ ʢʦʿʠ 

ʦʧʠʩʫʿʫ ʧʨʠʤʝʥʫ LED ʩʚʝʪʠˀʢʠ ʫ ʦʩʚʝʪˀʝˁʫ ʫʣʠʮʘ/ʧʫʪʝʚʘ ʤʥʦʛʦ ʙʦˀʠ ʦʜ ʦʥʠʭ ʜʦʙʠʿʝʥʠʭ ʫ 

ʩʣʠʯʥʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʩʧʨʦʚʝʜʝʥʦʤ ʧʨʝ ʩʢʦʨʦ ʜʝʮʝʥʠʿʝ.  

ɼʘ ʙʠ ʩʝ ʠʣʫʩʪʨʦʚʘʣʝ ʫʰʪʝʜʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʝ ʙʠ ʩʝ ʤʦʛʣʝ ʧʦʩʪʠ˂ʠ ʫ ʙʣʠʩʢʦʿ 

ʙʫʜʫ˂ʥʦʩʪʠ, ʨʘʟʤʘʪʨʘʥʝ ʩʫ ʠ LED ʩʚʝʪʠˀʢʝ ʩʘ ʧʘʢʝʪʠʤʘ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʩʚʝʪʣʦʩʥʘ 

ʠʩʢʦʨʠʩʪʠʚʦʩʪ ʦʜ 190 lm/W. ʇʨʦʩʝʯʥʝ ʫʰʪʝʜʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʠ ʢʦʨʠʰ˂ʝˁʫ LED 

ʧʘʢʝʪʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʠʟʥʦʩʠʣʘ ʿʝ 47ï66% (44ï66% ʙʝʟ ʫʚʘʞʘʚʘˁʘ 

ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ). ʊʘʢʦʹʝ ʩʝ ʧʦʢʘʟʘʣʦ ʜʘ ʙʠ ʟʘʤʝʥʘ ʩʚʠʭ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ 

ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ, ʢʦʿʝ ʫʯʝʩʪʚʫʿʫ ʩʘ 80% ʫ ʫʢʫʧʥʦʿ ʠʥʩʪʘʣʠʩʘʥʦʿ ʩʥʘʟʠ ʠʥʩʪʘʣʘʮʠʿʘ ʦʩʚʝʪˀʝˁʘ 

ʫʣʠʮʘ/ʧʫʪʝʚʘ ʫ ɹʝʦʛʨʘʜʫ, LED ʩʚʝʪʠˀʢʘʤʘ ʩʘ ʧʦʙʦˀʰʘʥʦʤ ʩʚʝʪʣʦʩʥʦʤ ʠʩʢʦʨʠʩʪʠʚʦʰ˂ʫ, 

ʜʦʚʝʣʘ ʜʦ ʛʦʜʠʰˁʝ ʫʰʪʝʜʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʦ ʩʪʘʥʦʚʥʠʢʫ ʦʜ ʦʢʦ 28 kWh.  

ʅʘʛʣʘʰʝʥʝ ʩʫ ʠ ʙʦˀʝ ʧʝʨʬʦʨʤʘʥʩʝ ʦʩʚʝʪˀʝˁʘ LED ʠʟʚʦʨʘ ʫ ʦʜʥʦʩʫ ʥʘ ʥʘʪʨʠʿʫʤʦʚʝ 

ʠʟʚʦʨʝ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ, ʧʨʚʝʥʩʪʚʝʥʦ ʫ ʧʦʛʣʝʜʫ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ ʠ ʨʝʧʨʦʜʫʢʮʠʿʝ ʙʦʿʘ.  

ʇʨʝ ʦʢʦ 10 ʛʦʜʠʥʘ ʫ ʨʝʢʣʘʤʥʦʤ ʤʘʪʝʨʠʿʘʣʫ LED ʧʨʦʠʟʚʦʹʘʯʘ ʥʘʚʝʜʝʥʦ ʿʝ ʜʘ ʧʨʠ ʟʘʤʝʥʠ 

ʢʣʘʩʠʯʥʠʭ LED ʩʚʝʪʠˀʢʘʤʘ ʫ ʦʩʚʝʪˀʝˁʫ ʫʣʠʮʘ/ʧʫʪʝʚʘ ʫʰʪʝʜʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʤʦʞʝ ʜʘ 

ʧʨʝʹʝ 80%. ʋ ʪʦ ʚʨʝʤʝ ʦʚʘ ʠʟʿʘʚʘ ʤʦʛʣʘ ʿʝ ʜʘ ʚʘʞʠ ʩʘʤʦ ʟʘ ʧʦʩʪʦʿʝ˂ʝ ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ ʞʠʚʠʥʠʤ 

ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ. ʇʨʝʤʘ ʨʝʟʫʣʪʘʪʠʤʘ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ, ʪʦ ˂ʝ ʫʩʢʦʨʦ ʚʘʞʠʪʠ ʠ ʟʘ 

ʟʘʤʝʥʫ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ/ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠʟʚʦʨʠʤʘ LED ʩʚʝʪʠˀʢʘʤʘ. 
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ʊʝʤʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʫʪʚʨʹʠʚʘˁʝ ʦʧʨʘʚʜʘʥʦʩʪʠ ʫʧʦʪʨʝʙʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʫ 

ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ, ʧʦʨʝʹʝˁʝʤ ʨʝʣʝʚʘʥʪʥʠʭ ʧʦʢʘʟʘʪʝˀʘ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʢʚʘʣʠʪʝʪʘ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʢʘʦ ʠ ʝʢʦʥʦʤʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʠʥʩʪʘʣʘʮʠʿʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʠʟʚʝʜʝʥʠʭ 

ʧʦʤʦ˂ʫ LED ʩʚʝʪʠˀʢʠ ʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ (ʥʘʪʨʠʿʫʤʦʚʠʭ ʠʣʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ) ʩʚʝʪʠˀʢʠ, ʫʟ 

ʫʚʘʞʘʚʘˁʝ ʫʧʦʪʨʝʙʝ ʩʠʩʪʝʤʘ ʟʘ ʨʝʛʫʣʘʮʠʿʫ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ (ʪʝʣʝʤʝʥʘ˅ʤʝʥʪ ʩʠʩʪʝʤʘ) ʠ 

ʝʬʝʢʘʪʘ ʤʝʟʦʧʩʢʦʛ ʚʠʹʝˁʘ. 

ʎʠˀ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʫʪʚʨʹʠʚʘˁʝ ʦʙʿʝʢʪʠʚʥʠʭ ʠ ʩʫʙʿʝʢʪʠʚʥʠʭ ʧʦʢʘʟʘʪʝˀʘ ʧʨʠʤʝʥʝ LED 

ʪʝʭʥʦʣʦʛʠʿʝ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ, ʩʘ ʘʩʧʝʢʪʘ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ, ʢʚʘʣʠʪʝʪʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ, ʧʘʨʘʤʝʪʘʨʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ, ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ ʠ 

ʝʢʦʥʦʤʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʢʘʦ ʠ ʦʙʘʚʝʰʪʘʚʘˁʝ ʥʘʫʯʥʦ-ʩʪʨʫʯʥʝ ʿʘʚʥʦʩʪʠ ʢʦʿʘ ʩʝ ʙʘʚʠ ʫʣʠʯʥʠʤ 

ʦʩʚʝʪˀʝˁʝʤ ʦ ʩʪʚʘʨʥʠʤ ʤʦʛʫ˂ʥʦʩʪʠʤʘ LED ʪʝʭʥʦʣʦʛʠʿʝ. 

ʋ ʮʠˀʫ ʧʦʨʝʹʝˁʘ ʨʝʣʝʚʘʥʪʥʠʭ ʧʦʢʘʟʘʪʝˀʘ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠʥʩʪʘʣʘʮʠʿʘ ʫʣʠʯʥʦʛ 

ʦʩʚʝʪˀʝˁʘ ʠʟʚʝʜʝʥʠʭ ʧʦʤʦ˂ʫ LED ʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ (ʥʘʪʨʠʿʫʤʦʚʠʭ ʠʣʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ) 

ʩʚʝʪʠˀʢʠ, ʠʟʘʙʨʘʥʦ ʝʿ 17 ʪʠʧʠʯʥʠʭ ʛʨʘʜʩʢʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ ʢʦʿʠʤʘ ʦʜʛʦʚʘʨʘʿʫ ʩʚʝ ʩʪʘʥʜʘʨʜʥʝ 

ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ, ʟʘ ʢʦʿʝ ʩʫ, ʫʟ ʠʟʙʦʨ ʘʜʝʢʚʘʪʥʦʛ ʨʘʩʧʦʨʝʜʘ ʩʚʝʪʠˀʢʠ (ʿʝʜʥʦʩʪʨʘʥʠ, ʮʠʢ-

ʮʘʢ, ʜʚʦʩʪʨʘʥʠ ʥʘʩʧʨʘʤʥʠ ʠʣʠ ʮʝʥʪʨʘʣʥʠ), ʠʟʚʨʰʝʥʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʧʨʦʨʘʯʫʥʠ ʫʟ 

ʧʨʝʪʧʦʩʪʘʚˀʝʥʫ ʧʨʠʤʝʥʫ ʩʘʚʨʝʤʝʥʠʭ ʥʘʪʨʠʿʫʤʦʚʠʭ, ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ ʠ LED ʩʚʝʪʠˀʢʠ ʪʦʧʣʦ-

ʙʝʣʝ ʙʦʿʝ (ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K) ʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ (ʧʨʠʜʨʫʞʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K). ʀʟʙʦʨ ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʝ/ʧʫʪʘ ʚʨʰʝʥ ʿʝ ʧʦ ʜʚʘ 

ʢʨʠʪʝʨʠʿʫʤʘ: ʢʨʠʪʝʨʠʿʫʤʫ ʤʘʢʩʠʤʘʣʥʦʛ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʩʪʫʙʦʚʘ ʠ ʢʨʠʪʝʨʠʿʫʤʫ ʤʠʥʠʤʘʣʥʝ 

ʠʥʩʪʘʣʠʩʘʥʝ ʩʥʘʛʝ. ʀʟʣʘʟʥʠ ʧʦʜʘʮʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʨʝʣʝʚʘʥʪʥʠ ʟʘ ʪʝʭʥʦ-

ʝʢʦʥʦʤʩʢʫ ʘʥʘʣʠʟʫ ʙʠʣʠ ʩʫ ʪʠʧʦʚʠ ʥʘʪʨʠʿʫʤʦʚʠʭ, ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ ʠ LED ʩʚʝʪʠˀʢʠ, ʢʦʿʠ 

ʦʜʛʦʚʘʨʘʿʫ ʦʧʪʠʤʘʣʥʠʤ ʨʝʰʝˁʠʤʘ ʦʩʚʝʪˀʝˁʘ, ʢʘʦ ʠ ʚʠʩʠʥʝ ʠ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ 

ʩʪʫʙʦʚʘ (ʩʚʝʪʠˀʢʠ) ʫ ʦʢʚʠʨʫ ʩʚʠʭ 17 ʨʘʟʤʘʪʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ. 

ʂʘʢʦ ʙʠ ʩʝ ʘʥʘʣʠʟʠʨʘʦ ʫʪʠʮaj ʩʚʠʭ ʨʘʟʤʘʪʨʘʥʠʭ ʩʚʝʪʠˀʢʠ ʥa ʢʚaʣʠʪeʪ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ, ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ ʠ ʧʨʠ ʤʨʝʞʥʦʤ ʥʘʧʦʥʫ, ʠʟʚʨʰʝʥʘ ʩʫ ʤʝʨʝˁʘ ʚʨeʜʥoʩʪʠ 

ʩʣʝʜʝ˂ʠʭ ʧaʨaʤeʪaʨa ʠʟʘʙʨʘʥʠʭ (ʥʘ ʦʩʥʦʚʫ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ) ʥʘʪʨʠʿʫʤʦʚʠʭ, ʤʝʪʘʣ-

ʭʘʣʦʛʝʥʠʭ ʠ LED ʩʚʝʪʠˀʢʠ: 

ς ʘʢʪʠʚʥʝ ʩʥaʛʝ, 

ς ʨeaʢʪʠʚʥʝ ʩʥaʛʝ, 

ς ʩʪʨʫjʝ, 
ς ʬʘʢʪʦʨʘ ʩʥʘʛʝ, 

ς THD ʥʘʧʦʥʘ, ʠ 

ς ʊHD ʩʪʨʫʿʝ. 

ʃʘʙʦʨʘʪʦʨʠʿʩʢʘ ʤʝʨʝˁʘ ʥʘʚʝʜʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ (ʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥʘ) ʠʟʚʨʰʝʥʘ ʩʫ ʧʨʠ 

ʥʘʧʦʥʠʤʘ ʯʠʿʠ ʝʿ ʩʪʝʧʝʥ ʠʟʦʙʣʠʯʝˁʘ ʤʝˁʘʥ ʜʦʜʘʚʘˁʝʤ ʦʪʧʦʨʥʦʩʪʠ ʠ ʧʨʠʛʫʰʥʠʮʝ ʥʘ ʨʝʜ ʩʘ 

ʩʚʘʢʦʤ ʠʩʧʠʪʠʚʘʥʦʤ ʩʚʝʪʠˀʢʦʤ (ʪʘʢʚʠʤ ʧʦʩʪʫʧʢʦʤ ʿʝ ʩʠʤʫʣʠʨʘʥʘ ʢʘʙʣʦʚʩʢʘ ʚʝʟʘ ʠʟʤʝʹʫ 

ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ ʿʘʚʥʦʛ ʦʩʚʝʪˀʝˁʘ ʠ ʧʨʚʝ ʩʚʝʪʠˀʢʝ ʫ ʠʥʩʪʘʣʘʮʠʿʠ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʝ/ʧʫʪʘ). 

ʋʧʦʪʨʝʙʦʤ ʪʝʣʝʤʝʥʘ˅ʤʝʥʪ ʩʠʩʪʝʤʘ, ʩʚʠ ʥʘʚʝʜʝʥʠ ʧʘʨʘʤʝʪʨʠ ʩʫ ʨʘʟʤʘʪʨʘʥʠ ʠ ʫ ʨʝʞʠʤʠʤʘ ʨʘʜʘ 

ʩʘ ʨʝʜʫʢʦʚʘʥʠʤ ʩʚʝʪʣʦʩʥʠʤ ʬʣʫʢʩʦʤ (ʢʦʿʠ ʩʝ ʧʨʠʤʝˁʫʿʫ ʫ ʢʘʩʥʠʤ ʥʦ˂ʥʠʤ ʠ ʨʘʥʠʤ ʿʫʪʘʨˁʠʤ 

ʩʘʪʠʤʘ). ʋʚʘʞʝʥʠ ʩʫ ʠ ʝʬʝʢʪʠ ʤʝʟʦʧʩʢʦʛ ʚʠʹʝˁʘ (ʥʠʚʦʠ ʩʿʘʿʥʦʩʪʠ ʨʘʟʤʘʪʨʘʥʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ 

ʟʘ ʤʦʪʦʨʥʠ ʠ ʤʝʰʦʚʠʪʠ ʩʘʦʙʨʘ˂ʘʿ ʦʜʛʦʚʘʨʘʿʫ ʤʝʟʦʧʩʢʦʤ ʚʠʹʝˁʫ). ʇʦʨʝʹʝˁʝʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ 

ʚʨʝʜʥʦʩʪʠ THD-ʘ ʥʘʧʦʥʘ ʩʚʘʢʝ ʦʜ ʪʝʩʪʠʨʘʥʠʭ ʩʚʝʪʠˀʢʠ ʫ ʩʚʠʤ ʨʘʟʤʘʪʨʘʥʠʤ ʨʝʞʠʤʠʤʘ ʥʠʿʝ 

ʙʠʣʦ ʤʦʛʫ˂ʝ ʢʚʘʥʪʠʬʠʢʦʚʘʪʠ ʫʪʠʮʘʿ ʜʦʜʘʪʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʧʨʠʛʫʰʥʠʮʝ ʥʘ ʨʝʜ ʩʘ ʩʚʝʪʠˀʢʦʤ. 

ʄʝʹʫʪʠʤ, ʜʦʜʘʚʘˁʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʧʨʠʛʫʰʥʠʮʝ ʥʘ ʨʝʜ ʪʝʩʪʠʨʘʥʠʤ ʩʚʝʪʠˀʢʘʤʘ ʜʦʚʝʣʦ ʿʝ ʜʦ 

ʤʘʣʦʛ ʧʦʚʝ˂ʘˁʘ ʚʨʝʜʥʦʩʪʠ THD-a ʩʪʨʫʿʝ ʩʚʘʢʝ ʩʚʝʪʠˀʢʝ, ʟʙʦʛ ʯʝʛʘ ʿʝ ʟʘʢˀʫʯʝʥʦ ʜʘ ʧʨʦʤʝʥʘ ʫ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʚʨʝʜʥʦʩʪʠ THD-ʘ ʥʘʧʦʥʘ ʧʦʩʪʦʿʠ, ʘʣʠ ʜʘ ʿʝ ʚʨʣʦ ʤʘʣʘ. ʉʤʘˁʠʚʘˁʝʤ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ LED 

ʩʚʝʪʠˀʢʠ ʫʦʯʝʥʦ ʿʝ ʦʧʘʜʘˁʝ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ ʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʟʘ ʧʨʠʙʣʠʞʥʦ ʠʩʪʠ ʧʨʦʮʝʥʘʪ, 

ʢʘʦ ʠ ʦʧʘʜʘˁʝ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʩʥʘʛʝ ʩʚʠʭ ʨʘʟʤʘʪʨʘʥʠʭ ʩʚʝʪʠˀʢʠ. ʅʘʿʥʠʞʠ ʬʘʢʪʦʨ ʩʥʘʛʝ, 

ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʤʘʢʩʠʤʘʣʥʦ ʜʠʤʦʚʘˁʝ ʩʚʝʪʠˀʢʝ, ʢʦʥʩʪʘʪʦʚʘʥ ʿʝ ʢʦʜ ʿʝʜʥʝ ʦʜ ʜʚʝ ʪʝʩʪʠʨʘʥʝ 

LED ʩʚʝʪʠˀʢʝ, ʯʠʤʝ ʿʝ ʠʣʫʩʪʨʦʚʘʥ ʫʪʠʮʘʿ ʫʧʦʪʨʝʙʝ ʜʨʘʿʚʝʨʘ ʨʘʟʣʠʯʠʪʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ. ɿʘ 

ʫʦʯʝʥʝ ʥʠʩʢʝ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʩʥʘʛʝ ʩʚʝʪʠˀʢʠ (ʠʩʧʦʜ 0,9), ʘ ʫ ʮʠˀʫ ˁʝʛʦʚʝ ʧʦʧʨʘʚʢʝ, 

ʦʜʥʦʩʥʦ ʩʫʟʙʠʿʘˁʘ ʚʠʰʠʭ ʭʘʨʤʦʥʠʢʘ, ʧʨʝʜʣʦʞʝʥʘ ʿʝ ʫʧʦʪʨʝʙʘ ʧʨʠʛʫʰʥʠʮʝ ʟʙʦʛ ʢʘʧʘʮʠʪʠʚʥʦʛ 

ʢʘʨʘʢʪʝʨʘ ʬʘʢʪʦʨʘ ʩʥʘʛʝ ʩʚʝʪʠˀʢʠ. 

ɸʥʘʣʠʟʦʤ ʩʮʝʥʘʨʠʿʘ ʿʘʚʥʦʛ ʦʩʚʝʪˀʝˁʘ ʩʘ ʪʨʠ ʨʝʞʠʤʘ ʨʘʜʘ, ʟʘ ʯʝʪʠʨʠ ʪʠʧʠʯʥʝ 

ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ ʦʜʨʝʹʝʥʝ ʩʫ ʧʨʦʮʝʥʪʫʘʣʥʝ ʨʘʟʣʠʢʝ ʫʪʨʦʰʝʥʝ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʥʘ ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ ʫ ʩʣʫʯʘʿʫ ʠʥʩʪʘʣʠʨʘˁʘ LED ʫʤʝʩʪʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ 

(ʥʘʪʨʠʿʫʤʦʚʠʭ ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ) ʩʚʝʪʠˀʢʠ. ʇʨʠʤʝʥʘ LED ʩʚʝʪʠˀʢʠ ʦʙʝʟʙʝʜʠʣʘ ʿʝ ʧʨʝʢʦ 50% 

ʫʰʪʝʜʘ ʘʢʪʠʚʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ (ʥʘʪʨʠʿʫʤʦʚʝ ʠʣʠ ʤʝʪʘʣ-

ʭʘʣʦʛʝʥʝ) ʩʚʝʪʠˀʢʝ ʥʘ ʩʚʠʤ ʨʘʟʤʘʪʨʘʥʠʤ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘʤʘ, ʦʩʠʤ ʫ ʩʣʫʯʘʿʫ ʦʩʚʝʪˀʝˁʘ 

ʘʫʪʦʧʫʪʘ, ʛʜʝ ʿʝ ʫʰʪʝʜʘ ʘʢʪʠʚʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟʥʦʩʠʣʘ 42%. 

ʀʟʚʨʰʝʥʘ ʩʫ ʠ ʤʝʨʝˁʘ ʚʨʝʜʥʦʩʪʠ ʛʦʨʝ ʧʦʤʝʥʫʪʠʭ ʨʝʣʝʚʘʥʪʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʩʚʝʪʠˀʢʠ ʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ï ʥʘ ʜʚʘ ʜʝʣʘ ʨʝʘʣʥʝ ʠʥʩʪʘʣʘʮʠʿʝ LED ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ (ʿʝʜʥʝ 

ʩʘ LED ʜʨʘʿʚʝʨʠʤʘ ʩʘ ʩʪʘʥʜʘʨʜʥʠʤ, ʘ ʜʨʫʛʝ ʩʘ LED ʜʨʘʿʚʝʨʠʤʘ ʩʘ ʧʦʙʦˀʰʘʥʠʤ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ). ʅʘ ʦʩʥʦʚʫ ʠʟʤʝʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʨʘʟʚʠʿʝʥ ʿʝ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʟʘ 

ʧʨʦʨʘʯʫʥ ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ ʫ ʪʨʦʬʘʟʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ. ʆʩʥʦʚʥʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʦʜʝʣʘ ʩʫ: 

ï ʥʝʟʘʚʠʩʥʦ ʨʘʟʤʘʪʨʘˁʝ ʩʚʘʢʦʛ ʭʘʨʤʦʥʠʢʘ (ʦʩʥʦʚʥʦʛ ʠ ʚʠʰʠʭ ʭʘʨʤʦʥʠʢʘ) ʢʦʨʠh˂ ʝˁʝʤ 

ʿʝʜʥʦʬʨʝʢʚʝʥʪʥʦʛ ʢʦʣʘ,  

ï ʦʜʨʝʹʠʚʘˁʝ ʩʪʨʫʿʥʠʭ ʠʟʚʦʨʘ LED ʩʚʝʪʠˀʢʠ ʫ ʩʚʘʢʦʤ ʦʜ ʦʚʠʭ ʢʦʣʘ ʥʘ ʦʩʥʦʚʫ 

ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʩʪʨʫʿʥʦʛ ʩʧʝʢʪʨʘ ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʝ ʨʘʟʤʘʪʨʘʥʝ LED ʩʚʝʪʠˀʢʝ (ʙʝʟ 

ʫʚʘʞʘʚʘˁʘ ʧʨʦʤʝʥʘ ʩʪʨʫʿʥʦʛ ʩʧʝʢʪʨʘ LED ʩʚʝʪʠˀʢʝ ʩʘ ʧʨʦʤʝʥʦʤ ʝʬʝʢʪʠʚʥʝ 

ʚʨʝʜʥʦʩʪʠ ʠ ʩʪʝʧʝʥʘ ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ),  

ï ʠʟʨʘʯʫʥʘʚʘˁʝ ʩʪʨʫʿʘ ʫ ʢʘʙʣʫ ʢʦʿʠ ʧʦʚʝʟʫʿʝ ʩʫʩʝʜʥʝ ʩʪʫʙʦʚʝ ʩʚʝʪʠˀʢʠ ʩʘʙʠʨʘˁʝʤ 

ʩʪʨʫʿʘ LED ʩʚʝʪʠˀʢʠ,  

ï ʧʨʠʤʝʥʘ ʤʝʪʦʜʝ ʩʠʤʝʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʬʦʨʤʠʨʘˁʝ ʜʠʨʝʢʪʥʝ, ʠʥʚʝʨʟʥʝ ʠ ʥʫʣʪʝ 

(d, i, 0) ʢʦʤʧʦʥʝʥʪʝ ʩʪʨʫʿʘ ʩʠʤʝʪʨʠʯʥʦʛ ʩʠʩʪʝʤʘ ʢʨʦʟ ʢʘʙʣ ʢʦʿʠ ʧʦʚʝʟʫʿʝ ʩʪʫʙʦʚʝ 

ʩʚʝʪʠˀʢʠ, ʧʦʣʘʟʝ˂ʠ ʦʜ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʩʪʨʫʿʘ ʫ ʪʨʦʬʘʟʥʦʤ A, B, C ʩʠʩʪʝʤʫ,  

ï ʢʦʨʠʰ˂ʝˁʝ ʩʪʝʧʝʥʘ ʠʟʦʙʣʠʯʝˁʘ ʥʘʧʦʥʘ ʢʘʜʘ ʩʫ LED ʩʚʝʪʠˀʢʝ ʠʩʢˀʫʯʝʥʝ ʢʘʦ ʫʣʘʟʥʦʛ 

ʧʦʜʘʪʢʘ ʢʦʿʠ ʤʦʞʝ ʙʠʪʠ ʧʦʩʪʘʚˀʝʥ ʧʨʦʠʟʚʦˀʥʦ,  

ï ʚʘʣʠʜʥʦʩʪ ʤʦʜʝʣʘ ʟʘ ʙʠʣʦ ʢʦʿʠ ʙʨʦʿ ʩʪʫʙʦʚʘ,  

ï ʠʟʨʘʯʫʥʘʚʘˁʝ ʥʘʧʦʥʘ ʫ d, i, 0 ʩʠʩʪʝʤʫ ʫ ʩʚʘʢʦʤ ʯʚʦʨʫ ʢʦʣʘ (ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʥʘʧʦʥʝ ʥʘ 

ʩʚʘʢʦʤ ʩʪʫʙʫ) ʨʝʰʘʚʘˁʝʤ ʤʦʜʝʣʘ ʠʤʧʝʜʘʥʩʝ ʫ ʩʚʘʢʦʤ ʦʜ d, i, 0 ʩʠʩʪʝʤʘ ʠ ʟʘ ʩʚʘʢʠ ʦʜ 

ʭʘʨʤʦʥʠʢʘ, ʠ 

ï ʦʜʨʝʹʠʚʘˁʝ ʬʘʟʥʦʛ ʥʘʧʦʥʘ ʫ ʩʚʘʢʦʿ ʦʜ A, B, C ʬʘʟʘ ʫ ʩʚʘʢʦʤ ʯʚʦʨʫ ʢʦʣʘ ʢʦʨʠh˂ ʝˁʝʤ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ d, i, 0 ʩʠʩʪʝʤʘ ʫ A, B, C ʩʠʩʪʝʤ. 

ʅʘʢʦʥ ʪʦʛʘ je ʥʘʧʠʩʘʥ ʧʨʦʛʨʘʤ u Matlab-ʫ, ʢʦʿʠ ʿʝ ʧʨʠʤʝˁʝʥ ʥʘ ʯʝʪʠʨʠ ʪʠʧʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ 

ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ (ʧʫʪʝʚʘ), ʩ ʮʠˀʝʤ ʜʘ ʩʝ ʦʜʨʝʜʠ ʤʘʢʩʠʤʘʣʘʥ ʙʨʦʿ ʩʚʝʪʠˀʢʠ ʟʘ ʢʦʿʠ ʥʠʿʝ 

ʧʨʝʢʦʨʘʯʝʥʘ ʥʠʿʝʜʥʘ ʦʜ ʛʨʘʥʠʮʘ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʘʜ ʥʘʧʦʥʘ, THD ʥʘʧʦʥʘ ʠ ʧʦʿʝʜʠʥʘʯʥʝ 

ʭʘʨʤʦʥʠʢʝ ʥʘʧʦʥʘ ʫ ʥʦʨʤʘʣʥʦʤ ʠ ʨʝʜʫʢʦʚʘʥʠʤ ʨʝʞʠʤʠʤʘ ʦʩʚʝʪˀʝˁʘ. ʋ ʩʚʠʤ ʨʘʟʤʘʪʨʘʥʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʛʨʘʥʠʮʘ ʫ ʧʦʛʣʝʜʫ ʙʨʦʿʘ ʩʚʝʪʠˀʢʠ ʙʠʣʘ ʿʝ ʥʠʞʘ ʟʘ LED ʩʚʝʪʠˀʢʝ ʩʘ ʯʠʧʦʚʠʤʘ 

ʪʦʧʣʦ-ʙʝʣʝ ʥʝʛʦ ʟʘ ʦʥʝ ʩʘ ʯʠʧʦʚʠʤʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ. 

ɿʘ 6 ʪʠʧʠʯʥʠʭ ʩʣʫʯʘʿʝʚʘ ʩʘ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʫʧʦʨʝʜʠʚʠʤ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʤ ʨʝʰʝˁʠʤʘ ʩʘ 

ʥʘʪʨʠʿʫʤʦʚʠʤ ʠ LED ʩʚʝʪʠˀʢʘʤʘ (ʧʦ ʜʚʘ ʩʣʫʯʘʿʘ ʟʘ ʮʝʥʪʨʘʣʥʠ, ʜʚʦʩʪʨʘʥʠ ʥʘʩʧʨʘʤʥʠ ʠ 

ʿʝʜʥʦʩʪʨʘʥʠ ʨʘʩʧʦʨʝʜ ʩʪʫʙʦʚʘ, ʢʦʿʠʤʘ ʦʜʛʦʚʘʨʘʿʫ ʩʪʘʥʜʘʨʜʥʝ ʩʚʝʪʣʦʪʝʭʥʠʯʢʝ ʢʣʘʩʝ ʫʣʠʮʝ/ʧʫʪʘ 
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ʄ1, ʄ2 ʠ ʄ3) ʘʥʘʣʠʟʠʨʘʥ ʝʿ ʠ ʫʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʩʚʝʪʠˀʢʠ ʥʘ ʧʨʝʩʝʢ ʢʘʙʣʘ ʩʪʨʫʿʥʦʛ ʢʦʣʘ 

ʦʩʚʝʪˀʝˁʘ, ʝʬʠʢʘʩʥʦʩʪ ʟʘʰʪʠʪʝ ʦʜ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ (ʫ ʩʣʫʯʘʿʫ ʢʚʘʨʘ) ʠ ʧʘʜ ʥʘʧʦʥʘ. ɸʥʘʣʠʟʘ 

ʿʝ ʦʙʫʭʚʘʪʠʣʘ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʥʘ ʜʝʦʥʠʮʘʤʘ ʠʥʠʮʠʿʘʣʥʝ ʜʫʞʠʥʝ 1000 m, ʨʝʘʣʠʟʦʚʘʥʝ 

ʧʦʤʦ˂ʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʠ LED 

ʩʚʝʪʠˀʢʠ. ʇʨʝʪʧʦʩʪʘʚˀʝʥʘ ʿʝ ʫʧʦʪʨʝʙʘ ʢʘʙʣʦʚʘ ʩʘ ʘʣʫʤʠʥʠʿʫʤʩʢʠʤ ʧʨʦʚʦʜʥʠʮʠʤʘ ʧʨʝʩʝʢʘ 

10 mm2, 16 mm2 ʠʣʠ 25 mm2, ʢʘʦ ʠ ʩʣʝʜʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʩʥʘʛʝ: cos ű = 0,85 ʟʘ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʩʚʝʪʠˀʢʝ ʩʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʠʤ ʙʘʣʘʩʪʠʤʘ, ʦʜʥʦʩʥʦ cos ű = 0,95 ʟʘ LED 

ʩʚʝʪʠˀʢʝ ʩʘ ʜʨʘʿʚʝʨʦʤ. ʇʦʨʝʹʝˁʝʤ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠʭ ʙʨʦʿʝʚʘ ʩʪʫʙʦʚʘ ʫ ʨʘʟʤʘʪʨʘʥʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʩʘ ʘʩʧʝʢʪʘ ʧʘʜʘ ʥʘʧʦʥʘ, ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʿʝ ʠʥʩʪʘʣʘʮʠʿʫ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ 

ʢʘʨʘʢʪʝʨʠʩʘʦ ʠʣʠ ʚʝ˂ʠ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʪʫʙʦʚʘ ʠʣʠ ʧʨʠʤʝʪʥʦ ʥʠʞʠ ʧʘʜ ʥʘʧʦʥʘ ʥʘ 

ʜʝʦʥʠʮʠ ʜʫʞʠʥʝ 1000 m (ʫ ʦʜʥʦʩʫ ʥʘ ʠʥʩʪʘʣʘʮʠʿʫ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʩʚʝʪʠˀʢʘʤʘ) ʫ ʩʚʘʢʦʤ ʦʜ 

ʨʘʟʤʘʪʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ ʧʨʝʩʝʢʘ ʢʘʙʣʘ. ʉʘ ʘʩʧʝʢʪʘ TN ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ, ʟʘ ʠʩʪʫ ʜʫʞʠʥʫ ʜʝʦʥʠʮʝ 

ʦʜ 1000 m, ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʟʘ ʩʢʦʨʦ ʧʦʣʦʚʠʥʫ ʨʘʟʤʘʪʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ TN ʩʠʩʪʝʤ ʟʘʰʪʠʪʝ ʥʝ 

ʧʨʝʜʩʪʘʚˀʘ ʝʬʠʢʘʩʥo ʨʝʰʝˁʝ. ʋ ʮʠˀʫ ʘʜʝʢʚʘʪʥʦʛ ʧʦʨʝʹʝˁʘ ʤʘʢʩʠʤʘʣʥʦʛ ʜʦʟʚʦˀʝʥʦʛ ʙʨʦʿʘ 

ʩʪʫʙʦʚʘ ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʨʝʘʣʠʟʦʚʘʥʠʭ ʧʦʤʦ˂ʫ ʥʘʪʨʠʿʫʤʦʚʠʭ ʠ LED 

ʠʟʚʦʨʘ, ʙʠʣʦ ʿʝ ʧʦʪʨʝʙʥʦ ʫʚʘʞʠʪʠ ʠ ʢʨʠʪʝʨʠʿʫʤ ʧʘʜʘ ʥʘʧʦʥʘ ʠ ʢʨʠʪʝʨʠʿʫʤ TN ʟʘʰʪʠʪʝ (ʫʟ 

ʢʦʨʠʛʦʚʘˁʝ ʜʫʞʠʥʝ ʜʝʦʥʠʮʝ, ʧʦ ʧʦʪʨʝʙʠ). ɸʥʘʣʠʟʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʤʘʢʩʠʤʘʣʥʦ 

ʜʦʟʚʦˀʝʥʠʭ ʙʨʦʿʝʚʘ ʩʪʫʙʦʚʘ ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʠ LED ʩʚʝʪʠˀʢʘʤʘ, ʥʠʿʝ ʙʠʣʦ 

ʤʦʛʫ˂ʝ ʠʟʚʝʩʪʠ ʦʧʰʪʠ ʟʘʢˀʫʯʘʢ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʚʝ ʩʣʫʯʘʿʝʚʝ. ʋ ʧʦʣʦʚʠʥʠ ʩʣʫʯʘʿʝʚʘ 

ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʪʫʙʦʚʘ ʫ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʙʠʦ ʿʝ ʚʝ˂ʠ ʥʝʛʦ ʫ 

ʩʣʫʯʘʿʝʚʠʤʘ ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʩʚʝʪʠˀʢʘʤʘ. ʀ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʦʜ ʢʦʿʠʭ ʿʝ 

ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʪʫʙʦʚʘ ʙʠʦ ʤʘˁʠ ʟʘ ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʨʘʜʠʣʦ ʩʝ ʦ 

ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢʠʤ ʠʣʠ ʥʝʰʪʦ ʜʫʞʠʤ ʜʝʦʥʠʮʘʤʘ ʫ ʩʣʫʯʘʿʫ LED ʠʥʩʪʘʣʘʮʠʿʝ. ʀʘʢʦ ʿʝ 

ʠʥʩʪʘʣʘʮʠʿʫ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʢʘʨʘʢʪʝʨʠʩʘʦ ʠʣʠ ʚʝ˂ʠ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠ ʙʨʦʿ ʩʪʫʙʦʚʘ 

ʠʣʠ ʧʨʠʤʝʪʥʦ ʥʠʞʠ ʧʘʜ ʥʘʧʦʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʠʥʩʪʘʣʘʮʠʿʫ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ ʩʚʝʪʠˀʢʘʤʘ ʫ ʩʚʘʢʦʤ 

ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ ʧʨʝʩʝʢʘ ʢʘʙʣʘ, ʥʘʢʦʥ ʫʟʠʤʘˁʘ ʫ ʦʙʟʠʨ ʠ ʝʬʠʢʘʩʥʦʩʪʠ TN ʩʠʩʪʝʤʘ 

ʟʘʰʪʠʪʝ, ʫʦʯʝʥʦ ʿʝ ʜʘ ʩʫ ʥʘʿʚʝ˂ʝ ʨʘʟʣʠʢʝ ʫ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʦʤ ʙʨʦʿʫ ʩʪʫʙʦʚʘ ʫ ʢʦʨʠʩʪ 

ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ ʧʦʩʪʠʛʥʫʪʝ ʟʘ ʘʣʫʤʠʥʠʿʫʤʩʢʠ ʢʘʙʣ ʧʨʝʩʝʢʘ 25 mm2. 

ʅʘ ʦʩʥʦʚʫ ʧʠʣʦʪ ʧʨʦʿʝʢʪʘ ʫ ʦʢʚʠʨʫ ʢʦʛ ʝʿ ʫʟ ʧʦʤʦ˂ ʪʝʣʝʤʝʥʘ˅ʤʝʥʪ ʩʠʩʪʝʤʘ, ʤʦʙʠʣʥʦʛ 

ʣʫʤʠʥʘʥʩʤʝʪʨʘ (CCD ʢʘʤʝʨʝ), ʘʥʢʝʪʝ ʠ ʩʪʘʪʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ ˁʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠʟʚʨʰʝʥʦ 

ʧʦʨʝʹʝˁʝ ʩʫʙʿʝʢʪʠʚʥʠʭ ʧʦʢʘʟʘʪʝˀʘ ʢʚʘʣʠʪʝʪʘ ʠʥʩʪʘʣʘʮʠʿʘ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʨʝʘʣʠʟʦʚʘʥʠʭ 

ʧʦʤʦ˂ʫ LED ʯʠʧʦʚʘ ʪʦʧʣʦ-ʙʝʣʝ ʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ, ʢʘʦ ʠ ʥʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʝ ʨʝʣʝʚʘʥʪʥʠʭ 

ʨʝʬʝʨʝʥʮʠ ʢʦʿʝ ʩʫ ʩʝ ʙʘʚʠʣʝ ʟʜʨʘʚʩʪʚʝʥʠʤ ʘʩʧʝʢʪʠʤʘ ʫʧʦʪʨʝʙʝ LED ʩʚʝʪʠˀʢʠ ʫ ʫʣʠʯʥʦʤ 

ʦʩʚʝʪˀʝˁʫ, ʜʦʙʠʿʝʥʝ ʩʫ ʧʨʝʧʦʨʫʢʝ ʫ ʚʝʟʠ ʩʘ LED ʯʠʧʦʚʠʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʨʠʜʨʫʞʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ ʟʘ ʧʨʠʤʝʥʫ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ. 

ʇʨʚʠ ʜʝʦ ʘʥʢʝʪʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʩʚʝ˂ʝʥ ʿʝ ʩʫʙʿʝʢʪʠʚʥʦʤ ʜʦʞʠʚˀʘʿʫ ʚʠʜˀʠʚʦʩʪʠ ʠ 

ʚʠʜʥʦʛ ʢʦʤʬʦʨʘ ʧʝʰʘʢʘ ʧʨʠ ʢʦʨʠʰ˂ʝˁʫ LED ʧʘʢʝʪʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ (ʧʨʠʜʨʫʞʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K) ʠ ʥʝʫʪʨʘʣʥʦ ʙʝʣʝ ʙʦʿʝ (ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K) ʫ 

ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ. ɼʘ ʙʠ ʜʚʝ ʪʝʩʪ ʠʥʩʪʘʣʘʮʠʿʝ ʙʠʣʝ ʫʧʦʨʝʜʠʚʝ ʩ ʪʘʯʢʝ ʛʣʝʜʠʰʪʘ ʧʝʰʘʢʘ, 

ʧʦʜʝʰʝʥʝ ʩʫ ʪʘʢʦ ʜʘ ʩʫ ʩʣʝʜʝ˂ʠ ʦʙʿʝʢʪʠʚʥʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʧʘʨʘʤʝʪʨʠ ʙʠʣʠ ʫʧʦʨʝʜʠʚʠ: ʩʨʝʜˁʘ 

ʭʦʨʠʟʦʥʪʘʣʥʘ ʦʩʚʝʪˀʝʥʦʩʪ ʪʨʦʪʦʘʨʘ, ʤʠʥʠʤʘʣʥʘ ʭʦʨʠʟʦʥʪʘʣʥʘ ʦʩʚʝʪˀʝʥʦʩʪ, 

ʧʦʣʫʮʠʣʠʥʜʨʠʯʥʘ ʦʩʚʝʪˀʝʥʦʩʪ ʠ ʨʝʣʘʪʠʚʥʠ ʧʦʨʘʩʪ ʧʨʘʛʘ. ʉʫʙʿʝʢʪʠʚʥʠ ʜʦʞʠʚˀʘʿʠ 

ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʦʩʚʝʪˀʝˁʘ ʦʙʝ ʠʥʩʪʘʣʘʮʠʿʝ ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʫʧʦʨʝʹʝʥʠ ʩʫ 

ʢʦʨʠʰ˂ʝˁʝʤ ʫʧʠʪʥʠʢʘ. ʈʝʧʨʝʟʝʥʪʘʪʠʚʘʥ ʙʨʦʿ ʦʜ 139 ʩʪʫʜʝʥʘʪʘ (61 ʤʫʰʢʘʨʘʮ ʠ 78 ʞʝʥʘ), 

ʩʪʘʨʦʩʥʦʛ ʜʦʙʘ 21ï25 ʛʦʜʠʥʘ, ʫʯʝʩʪʚʦʚʘʦ ʿʝ ʫ ʘʥʢʝʪʠ ʦʮʝˁʫʿʫ˂ʠ ʩʚʘʢʠ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʢʚʘʣʠʪʝʪʘ ʦʩʚʝʪˀʝˁʘ (ʠʥʪʝʥʟʠʪʝʪ ʦʩʚʝʪˀʝˁʘ (ʥʠʚʦ ʦʩʚʝʪˀʝʥʦʩʪʠ) ʪʨʦʪʦʘʨʘ, 

ʠʟʛʣʝʜ ˀʫʜʩʢʠʭ ʣʠʮʘ, ʙʦʿʘ ʩʚʝʪʣʦʩʪʠ ʠ ʨʝʧʨʦʜʫʢʮʠʿʘ ʙʦʿʘ), ʢʘʦ ʠ ʦʧʰʪʠ ʫʪʠʩʘʢ, ʦʮʝʥʘʤʘ ʦʜ 1 

ʜʦ 5. ʈʝʟʫʣʪʘʪʠ ʘʥʢʝʪʝ, ʢʦʿʠ ʩʫ ʩʪʘʪʠʩʪʠʯʢʠ ʘʥʘʣʠʟʠʨʘʥʠ ʟʘ ʮʝʣʦʢʫʧʥʫ ʛʨʫʧʫ ʠʩʧʠʪʘʥʠʢʘ, ʢʘʦ 

ʠ ʧʦ ʛʨʫʧʘʤʘ ʩʘ ʠʩʧʠʪʘʥʠʮʠʤʘ ʠʩʪʦʛ ʧʦʣʘ, ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʩʫ ʦʜ ʩʪʨʘʥʝ ʧʝʰʘʢʘ, ʰʪʦ ʩʝ ʪʠʯʝ 

ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ, LED ʧʘʢʝʪʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ (ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K) ʙʠʣʠ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 

 

108 

ʢʦʥʟʠʩʪʝʥʪʥʦ ʧʨʝʬʝʨʠʨʘʥʠ ʫ ʦʜʥʦʩʫ ʥʘ LED ʧʘʢʝʪʝ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ (ʧʨʠʜʨʫʞʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K).  

ɼʨʫʛʠ ʜʝʦ ʘʥʢʝʪʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʦʜʥʦʩʠʦ ʩʝ ʥʘ ʦʜʨʝʹʠʚʘˁʝ ʧʨʝʬʝʨʠʨʘʥʝ ʙʦʝʿ ʩʚʝʪʣʦʩʪʠ 

LED ʧʘʢʝʪʘ ʠʟ ʧʝʨʩʧʝʢʪʠʚʝ ʚʦʟʘʯʘ, ʟʙʦʛ ʯʝʛʘ ʿʝ ʠʟʚʨʰʝʥʦ ʦʮʝˁʠʚʘˁʝ ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʢʚʘʣʠʪʝʪʘ LED ʦʩʚʝʪˀʝˁʘ ʪʦʧʣʦ-ʙʝʣʝ ʠ ʥʝʫʪʨʘʣʥʦ ʙʝʣʝ ʙʦʿʝ (ʨʝʜʦʤ 3000 K ʠ 4000 K), ʠ ʪʦ ʢʘʢʦ 

ʦʙʿʝʢʪʠʚʥʦ ʪʘʢʦ ʠ ʩʫʙʿʝʢʪʠʚʥʦ. ʇʨʚʦ ʦʮʝˁʠʚʘˁʝ ʿʝ ʙʠʣʦ ʟʘʩʥʦʚʘʥʦ ʥʘ ʚʠʜˀʠʚʦʩʪʠ ʤʘʣʠʭ ʤʝʪʘ 

ʠ ʧʝʰʘʢʘ, ʘ ʜʨʫʛʦ ʥʘ ʧʦʧʫˁʘʚʘˁʫ ʫʧʠʪʥʠʢʘ ʦʜ ʩʪʨʘʥʝ ʠʩʧʠʪʘʥʠʢʘ ʢʦʿʠ ʩʫ ʫʯʝʩʪʚʦʚʘʣʠ ʫ 

ʩʪʚʘʨʥʦ ʿʚʦʞʠˁ. ʀʩʧʠʪʠʚʘˁʝ ʢʦʿʝ ʩʝ ʦʜʥʦʩʠʣʦ ʥʘ ʚʠʜˀʠʚʦʩʪ ʤʘʣʠʭ ʤʝʪʘ ʙʠʣʦ ʿʝ ʙʘʟʠʨʘʥʦ ʥʘ 

ʫʩʣʦʚʠʤʘ ʦʨʛʘʥʠʟʘʮʠʿʝ ANSI/IESNA, ʜʦʢ ʿʝ ʠʩʧʠʪʠʚʘˁʝ ʢʦʿʝ ʩʝ ʦʜʥʦʩʠʣʦ ʥʘ ʜʝʪʝʢʮʠʿʫ ʧʝʰʘʢʘ 

ʙʠʣʦ ʟʘʩʥʦʚʘʥʦ ʥʘ ʩʦʬʪʚʝʨʩʢʦʿ ʘʥʘʣʠʟʠ ʬʦʪʦʛʨʘʬʠʿʘ ʧʝʰʘʢʘ ʢʦʿʠ ʧʨʝʣʘʟʠ ʫʣʠʮʫ (ʧʝʰʘʢ ʿʝ ʙʠʦ 

ʧʦʩʪʘʚˀʝʥ ʫ ʧʝʪ ñʪʘʯʘʢʘò ʜʫʞ ʩʨʝʜˁʝ ʣʠʥʠʿʝ ʠʟʤʝʹʫ ʦʜʨʝʹʝʥʠʭ ʩʪʫʙʦʚʘ ʫ ʦʙʝ ʠʥʩʪʘʣʘʮʠʿʝ 

ʦʩʚʝʪˀʝˁʘ). ʉʫʙʿʝʢʪʠʚʥʦ ʧʦʨʝʹʝˁʝ ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʦʩʚʝʪˀʝˁʘ ʦʙʝ ʠʥʩʪʘʣʘʮʠʿʝ 

ʠʟʚʝʜʝʥʦ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʫʧʠʪʥʠʢʘ. ʆʜ ʫʯʝʩʥʠʢʘ (ʚʦʟʘʯʘ) ʩʪʘʨʦʩʪʠ ʠʟʤʝʹʫ 21 ʠ 67 ʛʦʜʠʥʘ (45 

ʤʫʰʢʘʨʘʮʘ ʠ 8 ʞʝʥʘ) ʪʨʘʞʝʥʦ ʿʝ ʜʘ ʠʟʘʙʝʨʫ ʧʦʛʦʜʥʠʿʫ ʦʜ ʜʚʝ ʠʥʩʪʘʣʘʮʠʿʝ ʫ ʚʝʟʠ ʩʘ ʩʚʘʢʠʤ ʦʜ 

ʰʝʩʪ ʨʘʟʤʘʪʨʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʦʩʚʝʪˀʝˁʘ (ʥʠʚʦ ʩʿʘʿʥʦʩʪʠ, ʙʦʿʘ ʩʚʝʪʣʦʩʪʠ, ʬʠʟʠʦʣʦʰʢʦ 

ʙˀʝʰʪʘˁʝ, ʫʦʯʘʚʘˁʝ ʧʝʰʘʢʘ, ʫʦʯʘʚʘˁʝ ʩʚʝʪʣʝ ʧʨʝʧʨʝʢʝ ʥʘ ʢʦʣʦʚʦʟʫ ʠ ʫʦʯʘʚʘˁʝ ʪʘʤʥʝ 

ʧʨʝʧʨʝʢʝ ʥʘ ʢʦʣʦʚʦʟʫ), ʢʘʦ ʠ ʜʘ ʫʧʦʨʝʜʝ ˁʠʭʦʚʝ ʦʧʰʪʝ ʚʠʜˀʠʚʦʩʪʠ. ʅʠʚʦʠ ʩʿʘʿʥʦʩʪʠ ʙʠʣʠ ʩʫ 

ʧʨʘʢʪʠʯʥʦ ʿʝʜʥʘʢʠ ʥʘ ʦʙʝ ʜʝʦʥʠʮʝ, ʥʘ ʩʚʘʢʦʿ ʦʜ ˁʠʭ ʙʠʣʠ ʩʫ ʟʘʜʦʚʦˀʝʥʠ ʠ ʩʚʠ ʦʩʪʘʣʠ 

ʧʘʨʘʤʝʪʨʠ ʢʚʘʣʠʪʝʪʘ (ʦʧʰʪʘ ʠ ʧʦʜʫʞʥʘ ʨʘʚʥʦʤʝʨʥʦʩʪ ʩʿʘʿʥʦʩʪʠ, ʧʦʨʘʩʪ ʧʨʘʛʘ ʠ ʦʩʚʝʪˀʝʥʦʩʪ 

ʥʝʧʦʩʨʝʜʥʦʛ ʦʢʨʫʞʝˁʘ ʫʣʠʮʝ). ʐʪʦ ʩʝ ʪʠʯʝ ʦʙʿʝʢʪʠʚʥʝ ʦʮʝʥʝ, ʠʜʝʥʪʠʬʠʢʦʚʘʥa je ʥʝʟʥʘʪʥʘ 

ʧʨʝʜʥʦʩʪ ʫ ʢʦʨʠʩʪ ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʩʘ LED ʧʘʢʝʪʠʤʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʫ ʚʝʟʠ ʩʘ 

ʫʦʯʘʚʘˁʝʤ ʤʘʣʠʭ ʧʨʝʧʨʝʢʘ ʠ ʧʝʰʘʢʘ. ʀʩʧʠʪʠʚʘˁʝ ʙʘʟʠʨʘʥʦ ʥʘ ʩʫʙʿʝʢʪʠʚʥʠʤ ʜʦʞʠʚˀʘʿʠʤʘ 

ʧʦʢʘʟʘʣʦ ʿʝ ʜʘ ʿʝ ʚʝ˂ʠ ʙʨʦʿ ʠʩʧʠʪʘʥʠʢʘ ʦʮʝʥʠʦ ʠʥʩʪʘʣʘʮʠʿʫ ʦʩʚʝʪˀʝˁʘ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʩʘ LED 

ʧʘʢʝʪʠʤʘ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʢʘʦ ʦʥʫ ʢʦʿʘ ʜʦʥʝʢʣʝ ʦʙʝʟʙʝʹʫʿʝ ʙʦˀʫ ʦʧʰʪʫ ʚʠʜˀʠʚʦʩʪ. ʇʨʝʜʥʦʩʪ 

LED ʧʘʢʝʪʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K ʪʘʢʦʹʝ ʿʝ ʙʠʣʘ ʠʟʨʘʞʝʥʘ ʟʘ ʚʝ˂ʠʥʫ 

ʘʥʘʣʠʟʠʨʘʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʫʟ ʥʘʧʦʤʝʥʫ ʜʘ ʩʝ ʦʙʘ ʠʟʫʟʝʪʢʘ ï ʫʦʯʘʚʘˁʝ ʧʝʰʘʢʘ ʠ ʜʝʪʝʢʮʠʿʘ 

ʤʘʣʠʭ ʧʨʝʧʨʝʢʘ ʩʚʝʪʣʝ ʙʦʿʝ ʥʘ ʢʦʣʦʚʦʟʫ ï ʦʜʥʦʩʝ ʥʘ ʙʝʟʙʝʜʥʦʩʪ ʩʘʦʙʨʘ˂ʘʿʘ. ʉʪʘʪʠʩʪʠʯʢʘ 

ʘʥʘʣʠʟʘ ʿʝ ʧʦʪʚʨʜʠʣʘ ʜʘ ʿʝ ʫʙʝʜˀʠʚʘ ʚʝ˂ʠʥʘ ʧʦʩʪʦʿʘʣʘ ʩʘʤʦ ʫ ʧʦʛʣʝʜʫ ʠʟʙʦʨʘ ʙʦʝʿ ʩʚʝʪʣʦʩʪʠ (ʫ 

ʢʦʨʠʩʪ ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʩʘ LED ʧʘʢʝʪʠʤʘ ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 3000 K) ʠ 

ʜʝʪʝʢʮʠʿʝ ʧʨʝʧʨʝʢʝ ʩʚʝʪʣʝ ʙʦʿʝ (ʫ ʢʦʨʠʩʪ ʠʥʩʪʘʣʘʮʠʿʝ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʩʘ LED ʧʘʢʝʪʠʤʘ 

ʧʨʠʜʨʫʞʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʿʝ 4000 K).  

ʅʘʢʦʥ ʩʚʠʭ ʠʟʚʨʰʝʥʠʭ ʧʨʦʨʘʯʫʥʘ, ʤʝʨʝˁʘ, ʘʥʘʣʠʟʘ ʠ ʩʠʤʫʣʘʮʠʿʘ, ʫʨʘʹʝʥʘ ʿʝ ʪʝʭʥʦ-

ʝʢʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ ʦʧʨʘʚʜʘʥʦʩʪʠ ʫʧʦʪʨʝʙʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʫ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ. ʊʝʭʥʦ-

ʝʢʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ ʿʝ ʙʠʣʘ ʧʦʩʚʝ˂ʝʥʘ ʘʜʝʢʚʘʪʥʦʤ ʧʦʨʝʹʝˁʫ LED ʩʚʝʪʠˀʢʠ ʩʘ ʩʚʝʪʠˀʢʘʤʘ ʩʘ 

ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʟʚʦʨʠʤʘ ʚʠʩʦʢʦʛ ʧʨʠʪʠʩʢʘ ʠʣʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠʟʚʦʨʠʤʘ ʩʘ ʢʝʨʘʤʠʯʢʠʤ 

ʛʦʨʠʦʥʠʢʦʤ, ʧʨʠʤʝˁʝʥʠʭ ʟʘ ʦʩʚʝʪˀʝˁʝ ʫʣʠʮʘ ʠʣʠ ʧʫʪʝʚʘ ʥʘʤʝˁʝʥʠʭ ʟʘ ʤʦʪʦʨʠʟʦʚʘʥʠ ʠʣʠ 

ʤʝʰʦʚʠʪʠ ʩʘʦʙʨʘ˂ʘʿ. ʇʦʨʝʹʝˁʝ ʿʝ ʠʟʚʨʰʝʥʦ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ 

ʝʢʦʥʦʤʩʢʠʭ ʧʦʢʘʟʘʪʝˀʘ. ʈʘʟʤʘʪʨʘʥʝ ʩʫ LED ʩʚʝʪʠˀʢʝ ʩʘ ʧʘʢʝʪʠʤʘ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʠ ʪʦʧʣʦ-

ʙʝʣʝ ʙʦʿʝ, ʩʚʝʪʣʦʩʥʝ ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ ʜʦ 160 lm/W, ʘ ʟʘ ʦʙʝ ʘʥʘʣʠʟʝ ʩʫ ʢʦʨʠʰ˂ʝʥʘ 

ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ ʧʦ ʢʨʠʪʝʨʠʿʫʤʫ ʤʠʥʠʤʘʣʥʝ ʠʥʩʪʘʣʠʩʘʥʝ ʩʥʘʛʝ. ʇʦʨʝʜ ʩʪʘʥʜʘʨʜʥʠʭ 

LED ʧʘʢʝʪʘ ʢʦʿʠ ʩʝ ʜʘʥʘʩ ʢʦʨʠʩʪʝ ʫ ʩʚʝʪʠˀʢʘʤʘ ʥʘʤʝˁʝʥʠʤ ʦʩʚʝʪˀʝˁʫ ʫʣʠʮʘ/ʧʫʪʝʚʘ, ʫʟʝʪʠ ʩʫ 

ʫ ʦʙʟʠʨ ʠ ʦʥʠ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʩʚʝʪʣʦʩʥʘ ʠʩʢʦʨʠʩʪʠʚʦʩʪ ʦʜ 190 lm/W, ʢʦʿʠ ʩʝ ʢʦʤʝʨʮʠʿʘʣʥʦ 

ʤʦʛʫ ʦʯʝʢʠʚʘʪʠ ʫ ʙʣʠʩʢʦʿ ʙʫʜʫ˂ʥʦʩʪʠ. ʉʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ ʩʫ ʦʜʨʝʹʝʥʘ ʪʘʢʦ ʜʘ ʟʘ ʩʚʘʢʫ 

ʩʘʦʙʨʘ˂ʘʿʥʠʮʫ ʙʫʜʫ ʠʩʧʫˁʝʥʠ ʩʚʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠ ʟʘʭʪʝʚʠ ʩʧʝʮʠʬʠʮʠʨʘʥʠ ʫ ʘʢʪʫʝʣʥʠʤ EN 

ʩʪʘʥʜʘʨʜʠʤʘ, ʫʟ ʫʩʣʦʚ ʜʘ ʜʦʙʠʿʝʥʠ ʥʠʚʦʠ ʩʿʘʿʥʦʩʪʠ ʤʘˁʝ ʦʜ 5% ʦʜʩʪʫʧʘʿʫ ʦʜ ʟʘʭʪʝʚʘʥʠʭ. 

ʇʨʠʤʝʥʦʤ ʧʨʝʜʩʪʘʚˀʝʥʝ ʦʧʰʪʝ ʧʨʦʮʝʜʫʨʝ ʟʘ ʧʦʨʝʹʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʦʩʚʝʪˀʝˁʘ 

ʫʣʠʮʘ/ʧʫʪʝʚʘ ʩʘ ʠʣʠ ʙʝʟ ʫʚʘʞʘʚʘˁʘ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ, ʫʧʦʨʝʹʝʥʘ ʩʫ ʩʘʤʦ ʬʦʪʦʤʝʪʨʠʿʩʢʠ 

ʝʢʚʠʚʘʣʝʥʪʥʘ ʩʚʝʪʣʦʪʝʭʥʠʯʢʘ ʨʝʰʝˁʘ. ʐʪʦ ʩʝ ʪʠʯʝ ʝʢʦʥʦʤʩʢʝ ʘʥʘʣʠʟʝ, ʧʦʨʝʜ ʫʪʠʮʘʿʘ 

ʩʪʘʥʜʘʨʜʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ï ʩʪʦʧʝ ʘʢʪʫʝʣʠʟʘʮʠʿʝ ʠ ʮʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ï ʥʘ ʫʢʫʧʥʝ 

ʠʥʚʝʩʪʠʮʠʦʥʝ ʪʨʦʰʢʦʚʝ, ʩʧʨʦʚʝʜʝʥʘ ʘʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ ʦʙʫʭʚʘʪʠʣʘ ʿʝ ʠ ʫʪʠʮʘʿ ʞʠʚʦʪʥʦʛ 
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ʚʝʢʘ LED ʧʘʢʝʪʘ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ ʧʨʠʤʝʥʦʤ LED ʫʤʝʩʪʦ ʩʚʝʪʠˀʢʠ ʩʘ 

ʥʘʪʨʠʿʫʤʦʚʠʤ ʠʣʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ ʠʟʚʦʨʠʤʘ ʩʘ ʢʝʨʘʤʠʯʢʠʤ ʛʦʨʠʦʥʠʢʦʤ ʤʦʛʫ ʧʦʩʪʠ˂ʠ 

ʟʥʘʯʘʿʥʝ ʫʰʪʝʜʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ (24ï62%), ʠ ʜʘ ʩʫ ʦʥʝ ʟʥʘʯʘʿʥʝ ʯʘʢ ʠ ʘʢʦ ʩʝ ʥʝ ʫʚʘʞʝ 

ʤʝʟʦʧʩʢʠ ʝʬʝʢʪʠ. ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʦʜʥʦʩʠ ʠʟʤʝʹʫ ʫʢʫʧʥʠʭ ʘʢʪʫʝʣʠʟʦʚʘʥʠʭ ʪʨʦʰʢʦʚʘ 

ʫʧʦʨʝʜʠʚʠʭ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ ʨʝʰʝˁʘ ʨʝʘʣʠʟʦʚʘʥʠʭ ʧʦʤʦ˂ʫ LED ʠ ʥʘʪʨʠʿʫʤʦʚʠʭ/ʤʝʪʘʣ-

ʭʘʣʦʛʝʥʠʭ ʠʟʚʦʨʘ ʧʨʠʧʘʜʘʿʫ ʦʧʩʝʛʫ 0,43ï1,34. ʇʨʦʰʠʨʝʥʘ ʘʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ ʪʨʦʰʢʦʚʘ, 

ʠʟʚʝʜʝʥʘ ʨʘʟʤʘʪʨʘˁʝʤ ʫʪʠʮʘʿʘ ʞʠʚʦʪʥʦʛ ʚʝʢʘ LED ʧʘʢʝʪʘ (ʢʘʦ ʪʨʝ˂ʝʛ ʫʪʠʮʘʿʥʦʛ ʧʘʨʘʤʝʪʨʘ), 

ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʦʥ ʩʘʤʦ ʥʝʟʥʘʪʥʦ ʫʪʠʯʝ ʥʘ ʫʢʫʧʥʝ ʪʨʦʰʢʦʚʝ. 
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ʇʈʀʃʆɻ 1 
 

ʈʝʟʫʣʪʘʪʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ 

 

ʊʘʙʝʣʘ 1. ʈʝʟʫʣʪʘʪʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʜʦʙʠʿʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ ʥʘʪʨʠʿʫʤʦʚʝ ʩʚʝʪʠˀʢʝ 

Onyx 2 

 

ʈʘʩʧʦʨʝʜ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʂʨʠʪʝʨʠʿʫʤ 
s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 
EIR 

Plamp 

(W) 
kW/km 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 

M3 smax 37 8 0,87 10 1,25 55 60 14,1 0,62 150 4,1 

M3 Pmin 36 8 1,37 10 1,08 46 60 14,6 0,42 100 2,8 

M4 smax 36 8 0,37 10 0,78 60 61 12,8 0,54 100 2,8 

M4 Pmin 29 7 0,87 5 0,72 53 64 11,2 0,40 70 2,4 

M5 smax 45 8 -0,63 10 0,51 47 39 13,6 0,72 100 2,2 

M5 Pmin 41 8 0,87 0 0,53 42 41 11,3 0,53 70 1,7 

M6 smax/ Pmin 45 8 -0,13 10 0,40 46 39 13,4 0,65 70 1,6 

ʎʠʢ-ʮʘʢ 

3 ʪʨʘʢʝ 

M3 smax 26 8 1,37 10 1,38 46 60 12,1 0,62 150 5,8 

M3 Pmin 17 7 0,87 10 0,99 39 68 10,6 0,51 70 4,1 

M4 smax 27 8 1,37 10 0,80 46 60 10,7 0,60 100 3,7 

M4 Pmin 21 8 0,87 10 0,75 40 69 9,7 0,55 70 3,3 

M5 smax 38 8 1,37 10 0,59 36 39 13,0 0,68 100 2,6 

M5 Pmin 35 8 1,37 5 0,51 37 39 12,1 0,56 70 2,0 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

3 ʪʨʘʢʝ 

M2 smax 29 8 -0,63 10 1,79 68 68 10,0 0,51 100 6,9 

M2 Pmin 23 8 0,37 0 1,45 59 68 9,8 0,49 70 6,1 

M3 smax 36 8 1,37 0 1,77 47 60 14,9 0,49 100 5,6 

M3 Pmin 33 8 1,37 5 1,01 42 61 14,4 0,51 70 4,2 

M4 smax/ Pmin 35 8 0,37 10 0,89 47 61 14,9 0,55 70 4,0 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 

M1 smax 28 8 0,37 5 2,46 61 68 9,9 0,52 150 10,7 

M1 Pmin 25 8 1,37 10 1,98 54 69 9,9 0,45 100 8,0 

M2 smax 27 8 0,37 5 1,67 60 69 10,0 0,50 100 7,4 

M2 Pmin 20 7 1,37 0 1,46 44 79 9,8 0,50 70 7,0 

M3 smax 37 8 -0,63 10 1,08 47 59 14,5 0,61 100 5,4 

M3 Pmin 28 7 0,87 0 1,01 39 60 10,9 0,50 70 5,0 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ 

ʫʣʠʮʝ) 

M1 smax 34 10 0,87 10 2,08 51 70 9,9 0,58 250 14,7 

M1 Pmin 23 10 0,87 10 1,92 41 79 8,6 0,47 150 13,0 

M2 smax/ Pmin 31 10 0,87 10 1,43 40 74 9,9 0,47 150 9,7 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 smax/ Pmin 42 13 0,87 0 1,91 41 68 9,5 0,56 250 11,9 

M2 smax 48 13 0,87 5 1,45 48 69 9,9 0,70 250 10,4 

M2 Pmin 32 13 0,87 5 1,45 39 77 9,7 0,56 150 9,4 
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ʊʘʙʝʣʘ 2. ʈʝʟʫʣʪʘʪʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʜʦʙʠʿʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ ʥʘʪʨʠʿʫʤʦʚʝ ʩʚʝʪʠˀʢʝ 

Citea 

 

ʈʘʩʧʦʨʝʜ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʂʨʠʪʝʨʠʿʫʤ 
s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 
EIR 

Plamp 

(W) 

ʊʠʧ 

ʩʚʝʪʠˀʢʝ 
kW/km 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 

M3 smax/ Pmin 35 8 1,30 10 1,02 42 60 14,5 0,50 100 Midi  2,9 

M4 smax 36 8 0,80 10 0,91 47 59 14,8 0,51 100 Midi  2,8 

M4 Pmin 31 7 1,25 5 0,73 39 61 12,2 0,35 70 Mini  2,3 

M5 smax/ Pmin 46 8 1,25 5 0,55 35 39 13,0 0,43 70 Mini  1,5 

M6 smax/ Pmin 46 8 -0,21 10 0,43 43 39 15,9 0,62 70 Midi (Mini)  1,5 

ʎʠʢ-ʮʘʢ 

3 ʪʨʘʢʝ 

M3 smax 24 8 1,30 10 1,37 50 59 7,9 0,57 150 Midi  6,3 

M3 Pmin 18 8 1,30 10 1,00 49 69 9,7 0,52 70 Midi (Mini)  3,9 

M4 smax 21 8 1,30 5 0,81 53 59 7,5 0,68 100 Midi  4,8 

M4 Pmin 20 8 1,30 10 0,74 45 59 11,3 0,60 70 Midi (Mini)  3,5 

M5 smax 39 8 1,30 10 0,59 44 39 14,8 0,67 100 Midi  2,6 

M5 Pmin 35 8 1,30 5 0,49 40 39 15,0 0,61 70 Midi (Mini)  2,0 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

3 ʪʨʘʢʝ 

M2 smax 28 8 0,75 0 1,66 57 68 9,9 0,48 100 Mini  7,1 

M2 Pmin 25 8 1,30 10 1,45 62 79 9,3 0,52 70 Midi (Mini)  5,6 

M3 smax/ Pmin 37 8 1,30 10 0,97 48 67 11,7 0,52 70 Midi (Mini)  3,8 

M4 smax/ Pmin 40 8 0,30 10 0,81 51 61 14,5 0,59 70 Midi (Mini)  3,5 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 

M1 smax 32 8 0,80 0 1,93 48 68 9,5 0,54 150 Midi  9,4 

M1 Pmin 23 8 1,30 5 1,99 58 76 9,7 0,45 100 Midi  8,7 

M2 smax 33 8 -0,21 5 1,65 54 69 10,0 0,62 150 Midi (Mini)  9,1 

M2 Pmin 20 7 1,25 10 1,48 58 82 9,5 0,45 70 Mini  7,0 

M3 smax 37 8 0,30 10 1,01 42 60 14,5 0,59 100 Midi  5,4 

M3 Pmin 31 7 1,25 10 0,96 45 69 12,7 0,49 70 Mini  4,5 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 smax/ Pmin 37 10 0,30 10 2,01 44 71 10,0 0,57 250 Midi  13,5 

M2 smax 39 10 0,80 10 1,51 55 70 10,0 0,66 250 Midi  12,8 

M2 Pmin 28 9 0,80 10 1,45 39 81 7,4 0,47 150 Midi (Mini)  10,7 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 smax/ Pmin 40 12 0,30 0 1,94 41 81 9,5 0,58 250 Midi  12,5 

M2 smax/ Pmin 50 13 0,80 0 1,50 45 77 10,0 0,64 250 Midi  10,0 
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ʊʘʙʝʣʘ 3. ʈʝʟʫʣʪʘʪʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʜʦʙʠʿʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʝ 

ʩʚʝʪʠˀʢʝ Onyx 2 

 

ʈʘʩʧʦʨʝʜ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʂʨʠʪʝʨʠʿʫʤ 
s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 
EIR 

Plamp 

(W) 
kW/km 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 

M3 smax 37 8 0,87 10 1,03 55 60 13,9 0,62 150 4,1 

M3 Pmin 34 8 1,37 5 1,03 40 63 14,9 0,37 100 2,9 

M4 smax 37 8 0,37 10 0,86 62 59 13,0 0,68 150 4,1 

M4 Pmin 29 7 0,87 5 0,72 53 64 11,4 0,40 70 2,4 

M5 smax 44 8 -0,13 10 0,57 48 40 14,5 0,62 100 2,3 

M5 Pmin 41 8 0,87 0 0,53 42 41 11,6 0,53 70 1,7 

M6 smax/ Pmin 45 8 -0,13 10 0,39 46 39 13,7 0,65 70 1,6 

ʎʠʢ-ʮʘʢ 

3 ʪʨʘʢʝ 

M3 smax 26 8 1,37 10 1,14 46 60 12,0 0,62 150 5,8 

M3 Pmin 17 7 0,87 10 0,98 39 68 10,9 0,51 70 4,1 

M4 smax 25 8 0,87 10 0,74 43 60 10,4 0,61 100 4,0 

M4 Pmin 21 8 1,37 10 0,75 41 72 9,8 0,54 70 3,3 

M5 smax 38 8 1,37 10 0,51 36 39 12,9 0,68 100 2,6 

M5 Pmin 35 8 1,37 5 0,51 37 39 12,4 0,56 70 2,0 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

3 ʪʨʘʢʝ 

M2 smax 29 8 -0,63 10 1,54 68 68 10,0 0,51 100 6,9 

M2 Pmin 23 8 1,37 5 1,44 49 74 9,9 0,48 70 6,1 

M3 smax 36 8 -0,13 5 1,34 54 61 15,0 0,62 100 5,6 

M3 Pmin 33 8 1,37 5 1,01 42 61 14,8 0,51 70 4,2 

M4 smax/ Pmin 35 8 -0,13 10 0,87 50 59 14,9 0,56 70 4,0 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 

M1 smax 28 8 0,37 5 2,03 61 68 9,8 0,52 150 10,7 

M1 Pmin 22 8 1,37 10 1,94 58 76 9,2 0,45 100 9,1 

M2 smax 28 8 -0,13 10 1,87 57 69 10,0 0,57 150 10,7 

M2 Pmin 20 7 1,37 0 1,45 44 79 10,0 0,50 70 7,0 

M3 smax 37 8 -0,63 10 1,30 49 60 14,9 0,69 150 8,1 

M3 Pmin 26 7 0,87 0 0,96 43 63 10,4 0,50 70 5,4 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 smax 30 10 0,37 5 1,92 40 69 9,7 0,48 250 16,7 

M1 Pmin 19 10 0,87 10 1,96 40 79 9,4 0,49 150 15,8 

M2 smax 34 10 0,87 10 1,56 51 70 9,6 0,58 250 14,7 

M2 Pmin 25 10 0,87 10 1,46 42 80 8,9 0,47 150 12,0 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 smax 33 13 0,87 10 1,92 39 74 9,9 0,55 250 15,2 

M1 Pmin 20 13 0,37 10 1,93 39 91 9,6 0,56 150 15,0 

M2 smax 42 13 0,87 0 1,43 41 68 9,2 0,56 250 11,9 

M2 Pmin 18 13 0,87 5 1,44 40 96 9,7 0,55 100 11,1 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 
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ʊʘʙʝʣʘ 4. ʈʝʟʫʣʪʘʪʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʜʦʙʠʿʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʝ 

ʩʚʝʪʠˀʢʝ Citea Midi 

 

ʈʘʩʧʦʨʝʜ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʂʨʠʪʝʨʠʿʫʤ 
s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 
EIR 

Plamp 

(W) 
kW/km 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 

M3 smax 34 8 1,30 5 1,33 50 60 12,7 0,47 150 4,4 

M3 Pmin 31 8 1,30 10 0,98 42 60 10,0 0,38 100 3,2 

M4 smax 34 8 -0,71 5 0,93 52 60 10,0 0,46 150 4,4 

M4 Pmin 29 8 1,30 10 0,73 46 60 8,8 0,37 70 2,4 

M5 smax 42 8 1,30 10 0,78 38 39 11,0 0,45 100 2,4 

M5 Pmin 41 8 0,30 10 0,49 47 39 10,5 0,47 70 1,7 

M6 smax/ Pmin 41 8 -0,71 10 0,46 37 41 12,0 0,44 70 1,7 

ʎʠʢ-ʮʘʢ 

3 ʪʨʘʢʝ 

M3 smax 26 8 1,30 10 1,04 44 59 12,5 0,58 150 5,8 

M3 Pmin 17 8 0,80 10 0,97 46 59 8,3 0,45 70 4,1 

M4 smax 27 8 0,30 10 0,90 50 60 8,7 0,60 150 5,6 

M4 Pmin 18 8 -0,21 10 0,82 51 60 8,6 0,50 70 3,9 

M5 smax 36 8 1,30 10 0,61 38 39 10,6 0,53 100 2,8 

M5 Pmin 34 8 1,30 5 0,48 34 41 10,3 0,51 70 2,1 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

3 ʪʨʘʢʝ 

M2 smax 32 8 0,80 5 1,45 57 68 9,8 0,47 100 6,3 

M2 Pmin 24 7 1,30 5 1,47 51 71 9,3 0,39 70 5,8 

M3 smax 39 8 -0,71 5 1,30 42 60 14,6 1,01 150 7,7 

M3 Pmin 34 8 1,30 10 0,99 41 59 12,5 0,44 70 4,1 

M4 smax/ Pmin 37 8 -0,21 10 0,73 47 59 12,9 0,53 70 3,8 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 

M1 smax 32 8 -0,71 5 2,36 63 68 10,0 0,59 250 15,6 

M1 Pmin 21 7 1,30 10 1,91 54 79 9,9 0,42 100 9,5 

M2 smax 32 8 -0,21 5 1,52 59 71 9,8 0,54 150 9,4 

M2 Pmin 19 7 1,30 10 1,48 52 82 8,6 0,39 70 7,4 

M3 smax 36 8 -0,71 10 1,39 46 59 13,4 0,56 150 8,3 

M3 Pmin 28 7 1,30 10 1,00 43 59 10,3 0,40 70 5,0 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 smax 27 9 0,80 0 1,92 42 87 8,2 0,47 250 18,5 

M1 Pmin 17 10 0,80 5 1,95 41 88 8,4 0,52 150 17,6 

M2 smax/ Pmin 37 10 0,80 10 1,44 41 72 9,1 0,49 250 13,5 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 smax 27 12 0,80 5 1,93 41 81 6,4 0,54 250 18,5 

M1 Pmin 18 12 0,80 5 1,91 39 88 6,6 0,62 150 16,7 

M2 smax 38 12 0,80 10 1,43 40 84 7,9 0,53 250 13,2 

M2 Pmin 24 12 0,80 5 1,43 40 84 8,1 0,65 150 12,5 

 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 5. ʈʝʟʫʣʪʘʪʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʜʦʙʠʿʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ LED ʩʚʝʪʠˀʢʝ Ampera 

(700 mA) ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ 

 

ʈʘʩʧʦʨʝʜ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʂʨʠʪʝʨʠʿʫʤ 
s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 
EIR 

Plum 

(W) 
kW/km 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 

M3 smax 43 8 0,34 0 1,21 53 59 14,9 0,60 136 3,2 

M3 Pmin 30 8 1,29 0 0,98 45 85 10,4 0,30 53 1,8 

M4 smax 43 8 0,34 0 0,91 53 59 14,1 0,60 103 2,4 

M4 Pmin 41 8 1,29 0 0,72 41 62 13,1 0,30 53 1,3 

M5 smax 50 8 -0,66 5 0,48 50 40 14,5 0,74 70 1,4 

M5 Pmin 45 8 1,29 0 0,48 42 47 12,7 0,30 36,1 0,8 

M6 smax 54 8 0,29 5 0,29 38 39 15,4 0,78 53 1,0 

M6 Pmin 50 8 -0,71 10 0,36 43 39 15,4 0,34 36,1 0,7 

ʎʠʢ-ʮʘʢ 

3 ʪʨʘʢʝ 

M3 smax 29 8 1,34 10 1,23 54 62 13,4 0,73 136 4,7 

M3 Pmin 16 7 0,79 0 0,96 47 73 11,8 0,35 36,1 2,3 

M4 smax 29 8 1,34 10 0,92 54 62 12,6 0,73 103 3,6 

M4 Pmin 20 8 0,79 0 0,75 44 64 9,9 0,38 36,1 1,8 

M5 smax 43 8 1,34 10 0,59 34 39 14,8 0,41 70 1,6 

M5 Pmin 33 8 1,29 10 0,48 34 48 13,6 0,38 36,1 1,1 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

3 ʪʨʘʢʝ 

M2 smax 30 8 -0,05 0 1,86 76 68 7,6 0,96 165 11,0 

M2 Pmin 20 7 0,29 0 1,47 69 90 9,6 0,43 36,1 3,6 

M3 smax 47 8 -0,66 5 0,98 61 60 14,5 0,81 103 4,4 

M3 Pmin 32 7 0,79 0 0,96 48 72 14,6 0,34 36,1 2,3 

M4 smax 46 8 0,34 5 0,73 53 59 13,8 0,75 70 3,0 

M4 Pmin 40 8 0,79 0 0,72 45 64 13,1 0,33 36,1 1,8 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 

M1 smax 32 8 -0,16 0 2,04 51 69 9,9 0,65 136 8,5 

M1 Pmin 18 8 1,29 0 2,00 48 89 8,3 0,36 53 5,9 

M2 smax 32 8 -0,16 0 1,53 51 69 9,3 0,65 103 6,4 

M2 Pmin 24 8 1,29 0 1,50 46 88 10,0 0,36 53 4,4 

M3 smax 45 8 -0,66 5 1,13 44 59 15,0 0,66 103 4,6 

M3 Pmin 36 8 0,79 0 0,97 44 77 12,0 0,40 53 2,9 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 smax/ Pmin 31 10 0,45 5 1,92 40 77 10,0 0,43 165 10,6 

M2 smax 37 10 0,45 0 1,43 58 76 9,8 0,68 165 8,9 

M2 Pmin 32 10 0,84 5 1,44 42 71 9,5 0,42 136 8,5 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 smax/ Pmin 35 12 0,95 0 1,91 39 84 9,3 0,44 165 9,4 

M2 smax/ Pmin 45 13 0,95 0 1,44 42 75 9,7 0,48 165 7,3 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 
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ʊʘʙʝʣʘ 6. ʈʝʟʫʣʪʘʪʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʜʦʙʠʿʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ LED ʩʚʝʪʠˀʢʝ Voltana 

(1000 mA) ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ 

 

ʈʘʩʧʦʨʝʜ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʂʨʠʪʝʨʠʿʫʤ 
s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 
EIR 

Plum 

(W) 
kW/km 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 

M3 smax 44 8 1,35 5 1,15 43 59 15,0 0,73 212 4,8 

M3 Pmin 35 8 0,83 10 0,96 53 72 13,7 0,30 80 2,3 

M4 smax 41 8 -0,22 0 0,87 42 61 14,5 0,36 110 2,7 

M4 Pmin 30 7 1,26 0 0,74 45 79 11,4 0,32 56 1,9 

M5 smax 54 8 1,28 5 0,50 35 40 13,9 0,78 110 2,0 

M5 Pmin 29 7 1,25 10 0,49 57 75 11,1 0,36 31 1,1 

M6 smax 56 8 -0,67 5 0,34 35 41 19,8 0,70 80 1,4 

M6 Pmin 43 8 0,25 10 0,30 46 41 14,4 0,36 31 0,7 

ʎʠʢ-ʮʘʢ 

3 ʪʨʘʢʝ 

M3 smax 26 8 1,28 0 0,96 55 59 9,7 0,61 110 4,2 

M3 Pmin 18 7 1,26 5 0,96 39 59 9,2 0,36 56 3,1 

M4 smax 26 8 1,28 10 0,93 45 60 11,3 0,63 110 4,2 

M4 Pmin 13 7 1,25 5 0,76 53 75 10,7 0,36 31 2,4 

M5 smax 41 8 1,33 5 0,51 39 41 15,0 0,64 80 2,0 

M5 Pmin 22 8 0,75 5 0,48 34 39 10,6 0,46 31 1,4 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

3 ʪʨʘʢʝ 

M2 smax 31 8 -0,65 0 1,76 76 69 7,7 0,92 212 13,7 

M2 Pmin 25 8 1,26 0 1,49 64 75 9,9 0,47 56 4,5 

M3 smax 46 8 -0,72 0 1,04 61 59 13,9 0,68 110 4,8 

M3 Pmin 38 8 0,26 10 0,96 49 62 13,7 0,45 56 2,9 

M4 smax 48 8 -0,72 10 0,75 62 60 13,5 0,85 110 4,6 

M4 Pmin 27 7 1,25 10 0,74 42 76 12,6 0,31 31 2,3 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 

M1 smax 30 8 -0,65 0 2,63 64 74 9,9 0,70 212 14,1 

M1 Pmin 22 8 1,33 5 1,95 49 87 9,0 0,41 80 7,3 

M2 smax 31 8 -0,22 0 1,48 63 83 9,9 0,65 110 7,1 

M2 Pmin 21 8 1,26 10 1,45 44 85 8,3 0,38 56 5,3 

M3 smax 46 8 -0,15 5 1,41 53 59 14,9 0,81 212 9,2 

M3 Pmin 31 8 1,26 10 0,98 42 77 10,4 0,38 56 3,6 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 smax/ Pmin 31 10 0,85 5 1,91 42 90 10,0 0,45 212 13,7 

M2 smax 36 10 0,85 10 1,57 46 81 10,0 0,55 212 11,8 

M2 Pmin 21 10 0,78 5 1,43 42 90 7,6 0,45 110 10,5 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 smax/ Pmin 34 12 0,85 10 1,94 42 80 9,7 0,37 212 12,5 

M2 smax/ Pmin 44 13 0,85 10 1,45 44 80 10,0 0,46 212 9,6 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 7. ʈʝʟʫʣʪʘʪʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʜʦʙʠʿʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ LED ʩʚʝʪʠˀʢʝ Ampera 

(700 mA) ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ 

 

ʈʘʩʧʦʨʝʜ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʂʨʠʪʝʨʠʿʫʤ 
s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 
EIR 

Plum 

(W) 
kW/km 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 

M3 smax 43 8 0,34 0 1,08 53 59 14,6 0,60 103 2,4 

M3 Pmin 36 8 1,29 0 0,98 45 77 12,3 0,30 53 1,5 

M4 smax 43 8 0,84 0 0,82 48 59 15,0 0,44 70 1,6 

M4 Pmin 32 8 1,29 0 0,73 44 85 10,4 0,30 36,1 1,1 

M5 smax 51 8 0,29 0 0,50 47 39 15,0 0,69 53 1,0 

M5 Pmin 48 8 1,29 0 0,54 34 41 13,8 0,30 36,1 0,8 

M6 smax 56 8 -0,71 5 0,30 38 40 17,6 0,74 53 0,9 

M6 Pmin 52 8 -0,21 0 0,32 48 39 14,1 0,75 36,1 0,7 

ʎʠʢ-ʮʘʢ 

3 ʪʨʘʢʝ 

M3 smax 29 8 1,34 10 1,10 54 62 13,1 0,73 103 3,6 

M3 Pmin 18 7 0,79 5 1,02 39 65 11,6 0,30 36,1 2,0 

M4 smax 29 8 1,34 10 0,73 54 62 12,0 0,73 70 2,4 

M4 Pmin 22 8 0,29 10 0,77 39 64 10,4 0,34 36,1 1,6 

M5 smax 42 8 1,29 10 0,48 38 39 13,8 0,61 53 1,3 

M5 Pmin 37 8 1,29 0 0,48 35 41 14,7 0,40 36,1 1,0 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

3 ʪʨʘʢʝ 

M2 smax 30 8 -0,66 0 1,55 65 73 9,9 0,52 70 4,7 

M2 Pmin 23 8 0,29 0 1,47 73 90 9,9 0,45 36,1 3,1 

M3 smax 47 8 -0,66 5 1,17 61 60 15,0 0,81 103 4,4 

M3 Pmin 36 7 0,29 0 0,97 55 60 14,9 0,42 36,1 2,0 

M4 smax 48 8 -0,66 10 0,75 60 60 14,4 0,83 70 2,9 

M4 Pmin 43 8 0,29 0 0,72 43 59 15,0 0,44 36,1 1,7 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 

M1 smax 32 8 -0,66 0 2,33 60 69 9,8 0,70 136 8,5 

M1 Pmin 22 8 1,29 0 1,95 48 90 9,8 0,36 53 4,8 

M2 smax 32 8 -0,16 0 1,82 51 69 9,7 0,65 103 6,4 

M2 Pmin 19 7 -0,21 10 1,44 58 89 10,0 0,37 36,1 3,8 

M3 smax 46 8 -0,16 10 1,05 52 59 14,9 0,81 103 4,5 

M3 Pmin 30 7 1,29 0 0,97 39 82 11,7 0,31 36,1 2,4 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 smax 33 10 -0,05 0 1,93 54 83 9,9 0,61 165 10,0 

M1 Pmin 15 8 0,84 0 1,93 40 88 9,8 0,44 70 9,3 

M2 smax 36 10 -0,66 10 1,43 40 70 10,0 0,45 136 7,6 

M2 Pmin 16 10 0,29 10 1,43 39 88 8,8 0,42 53 6,6 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 smax/ Pmin 40 13 0,45 0 1,93 39 80 9,2 0,47 165 8,3 

M2 smax 48 13 -0,05 5 1,56 39 69 10,0 0,40 165 6,9 

M2 Pmin 41 13 0,84 5 1,44 43 71 8,8 0,39 136 6,6 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 8. ʈʝʟʫʣʪʘʪʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʜʦʙʠʿʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ LED ʩʚʝʪʠˀʢʝ Voltana 

(1000 mA) ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ 

 

ʈʘʩʧʦʨʝʜ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʂʨʠʪʝʨʠʿʫʤ 
s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 
EIR 

Plum 

(W) 
kW/km 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 

M3 smax 43 8 1,35 10 1,25 44 62 14,9 0,74 212 4,9 

M3 Pmin 38 8 0,83 10 0,97 50 59 14,9 0,30 80 2,1 

M4 smax 41 8 -0,22 5 0,93 48 60 13,9 0,45 110 2,7 

M4 Pmin 33 7 1,26 0 0,74 43 66 12,4 0,32 56 1,7 

M5 smax 54 8 1,28 5 0,54 35 40 14,2 0,78 110 2,0 

M5 Pmin 29 7 1,25 10 0,49 57 75 11,1 0,36 31 1,1 

M6 smax 56 8 -0,67 0 0,37 34 40 20,0 0,70 80 1,4 

M6 Pmin 45 8 -0,25 10 0,30 41 39 15,4 0,30 31 0,7 

ʎʠʢ-ʮʘʢ 

3 ʪʨʘʢʝ 

M3 smax 26 8 1,28 5 1,08 45 59 11,3 0,62 110 4,2 

M3 Pmin 11 7 1,25 10 0,99 41 81 8,9 0,31 31 2,8 

M4 smax 27 8 -0,22 10 0,76 54 59 12,7 0,82 110 4,1 

M4 Pmin 15 7 1,25 10 0,73 41 71 11,0 0,31 31 2,1 

M5 smax 41 8 0,83 10 0,51 41 39 15,0 0,69 80 2,0 

M5 Pmin 23 8 0,25 10 0,49 34 40 11,3 0,44 31 1,3 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

3 ʪʨʘʢʝ 

M2 smax 30 8 -0,17 0 1,46 76 81 9,5 0,62 80 5,3 

M2 Pmin 15 7 1,25 5 1,44 55 90 7,7 0,36 31 4,1 

M3 smax 46 8 -0,72 0 1,14 61 59 14,1 0,68 110 4,8 

M3 Pmin 22 7 1,25 10 0,99 41 81 11,0 0,31 31 2,8 

M4 smax 48 8 -0,72 10 0,82 62 60 13,8 0,85 110 4,6 

M4 Pmin 30 7 1,25 10 0,73 40 78 14,0 0,31 31 2,1 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 

M1 smax 30 8 -0,15 0 1,95 68 68 6,5 0,78 212 14,1 

M1 Pmin 17 8 1,26 10 1,96 48 92 8,1 0,38 56 6,6 

M2 smax 31 8 -0,22 0 1,52 56 77 10,0 0,59 110 7,1 

M2 Pmin 23 8 1,26 10 1,45 43 84 8,9 0,38 56 4,9 

M3 smax 45 8 -0,22 5 1,01 48 59 13,1 0,66 110 4,9 

M3 Pmin 34 8 1,26 5 0,96 47 66 13,1 0,42 56 3,3 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 smax/ Pmin 32 10 0,35 10 1,93 42 87 9,8 0,53 212 13,3 

M2 smax 38 10 0,85 0 1,45 57 80 9,9 0,74 212 11,2 

M2 Pmin 23 10 0,78 5 1,44 42 91 7,9 0,45 110 9,6 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 smax/ Pmin 36 13 0,35 10 1,94 43 82 9,7 0,42 212 11,8 

M2 smax 45 12 0,85 0 1,45 40 85 9,6 0,52 212 9,4 

M2 Pmin 25 12 0,28 10 1,44 39 89 7,9 0,36 110 8,8 

 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 9. ʈʝʟʫʣʪʘʪʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʜʦʙʠʿʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ LED ʩʚʝʪʠˀʢʝ Ampera 

(700 mA) ʩʚʝʪʣʦʩʥʝ ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ 190 lm/W 

 

ʈʘʩʧʦʨʝʜ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʂʨʠʪʝʨʠʿʫʤ 
s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 
EIR 

Plum 

(W) 
kW/km 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 

M3 smax 43 8 0,34 0 1,24 53 59 15,0 0,60 103 2,4 

M3 Pmin 29 8 1,29 0 0,97 45 86 10,1 0,30 36,1 1,2 

M4 smax 43 8 0,79 0 0,77 55 64 15,0 0,46 53 1,2 

M4 Pmin 39 8 1,29 0 0,72 44 70 12,5 0,30 36,1 0,9 

M5 smax 51 8 -0,21 5 0,53 49 42 15,0 0,70 53 1,0 

M5 Pmin 49 8 -0,21 10 0,54 46 40 14,8 0,34 36,1 0,7 

M6 smax 57 8 -0,71 10 0,33 39 39 18,3 0,76 53 0,9 

M6 Pmin 53 8 -0,71 5 0,34 49 39 15,2 0,77 36,1 0,7 

ʎʠʢ-ʮʘʢ 

3 ʪʨʘʢʝ 

M3 smax 29 8 1,34 10 1,26 54 62 13,4 0,73 103 3,6 

M3 Pmin 21 8 0,29 5 0,99 45 62 11,1 0,38 36,1 1,7 

M4 smax 29 8 1,34 10 0,86 54 62 12,4 0,73 70 2,4 

M4 Pmin 25 8 1,29 5 0,75 40 60 11,9 0,33 36,1 1,4 

M5 smax 42 8 1,29 10 0,57 38 39 14,2 0,61 53 1,3 

M5 Pmin 40 8 1,29 10 0,49 34 43 13,5 0,39 36,1 0,9 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

3 ʪʨʘʢʝ 

M2 smax 29 8 -0,71 0 1,47 68 74 10,0 0,53 53 3,7 

M2 Pmin 27 8 0,29 0 1,47 71 89 9,1 0,41 36,1 2,7 

M3 smax 46 8 0,34 5 1,02 53 59 14,8 0,75 70 3,0 

M3 Pmin 41 8 0,79 0 1,01 44 60 14,3 0,33 36,1 1,8 

M4 smax 49 8 0,29 5 0,72 53 59 14,9 0,76 53 2,2 

M4 Pmin 44 8 -0,71 10 0,85 55 60 14,6 0,37 36,1 1,6 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 

M1 smax 32 8 -0,16 0 2,09 51 69 9,9 0,65 103 6,4 

M1 Pmin 18 8 1,29 0 1,91 48 89 8,3 0,36 36,1 4,0 

M2 smax 32 8 -0,16 0 2,09 51 69 9,9 0,65 103 6,4 

M2 Pmin 24 8 1,29 0 1,43 46 88 9,9 0,36 36,1 3,0 

M3 smax 45 8 -0,66 5 1,05 44 59 14,8 0,66 70 3,1 

M3 Pmin 35 7 0,29 10 0,97 39 71 13,9 0,33 36,1 2,1 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 smax 35 10 0,45 0 1,94 58 79 10,0 0,68 165 9,4 

M1 Pmin 14 10 0,29 10 1,92 39 88 9,2 0,42 53 7,6 

M2 smax 38 10 0,34 0 1,46 57 75 9,5 0,61 136 7,2 

M2 Pmin 18 9 0,79 10 1,43 39 87 8,9 0,43 53 5,9 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 smax/ Pmin 43 13 0,95 0 1,94 42 77 9,9 0,48 165 7,7 

M2 smax 52 13 -0,05 0 1,43 40 70 9,5 0,49 165 6,3 

M2 Pmin 24 13 0,84 5 1,43 43 91 6,2 0,39 70 5,8 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 10. ʈʝʟʫʣʪʘʪʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʜʦʙʠʿʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ LED ʩʚʝʪʠˀʢʝ 

Ampera (700 mA) ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ ʫʚʘʞʘʚʘʿʫ˂ʠ ʤʝʟʦʧʩʢʝ ʝʬʝʢʪʝ 

 

ʈʘʩʧʦʨʝʜ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʂʨʠʪʝʨʠʿʫʤ 
s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 
EIR 

Plum 

(W) 
kW/km 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 

M3 smax 43 8 0,34 0 0,91 53 59 14,1 0,60 103 2,4 

M3 Pmin 33 8 1,29 0 0,89 44 85 11,1 0,30 53 1,6 

M4 smax 43 8 -0,16 10 0,71 53 61 14,7 0,41 70 1,6 

M4 Pmin 30 8 1,29 0 0,65 45 85 9,6 0,30 36,1 1,2 

M5 smax 51 8 0,79 0 0,43 44 39 14,7 0,63 53 1,0 

M5 Pmin 48 8 1,29 0 0,45 34 41 13,4 0,30 36,1 0,8 

M6 smax 56 8 -0,71 5 0,25 38 40 17,0 0,74 53 0,9 

M6 Pmin 52 8 -0,21 0 0,27 48 39 13,6 0,75 36,1 0,7 

ʎʠʢ-ʮʘʢ 

3 ʪʨʘʢʝ 

M3 smax 29 8 1,34 10 0,92 54 62 12,6 0,73 103 3,6 

M3 Pmin 17 7 0,79 0 0,91 46 66 12,0 0,35 36,1 2,1 

M4 smax 27 8 1,29 0 0,69 41 59 10,9 0,38 53 2,0 

M4 Pmin 21 8 0,29 5 0,69 45 62 10,3 0,38 36,1 1,7 

M5 smax 42 8 1,34 10 0,60 34 41 14,6 0,41 70 1,7 

M5 Pmin 36 8 1,29 10 0,44 34 45 14,5 0,38 36,1 1,0 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

3 ʪʨʘʢʝ 

M2 smax 30 8 0,29 0 1,39 69 88 9,9 0,41 53 3,5 

M2 Pmin 21 7 0,29 0 1,40 69 88 9,9 0,43 36,1 3,4 

M3 smax 47 8 -0,66 5 0,98 61 60 14,5 0,81 103 4,4 

M3 Pmin 34 7 0,29 5 0,88 51 73 15,0 0,35 36,1 2,1 

M4 smax 47 8 -0,16 10 0,68 56 60 14,0 0,79 70 3,0 

M4 Pmin 42 8 0,29 5 0,67 45 62 14,2 0,31 36,1 1,7 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 

M1 smax 32 8 -0,16 0 2,04 51 69 9,9 0,65 136 8,5 

M1 Pmin 19 8 1,29 0 1,90 49 89 8,6 0,36 53 5,6 

M2 smax 32 8 -0,16 0 1,53 51 69 9,3 0,65 103 6,4 

M2 Pmin 26 8 0,79 0 1,35 55 86 9,5 0,40 53 4,1 

M3 smax 46 8 -0,16 10 0,89 52 59 14,4 0,81 103 4,5 

M3 Pmin 28 7 1,29 0 0,88 41 80 10,8 0,31 36,1 2,6 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 smax/ Pmin 31 10 0,45 5 1,92 40 77 10,0 0,43 165 10,6 

M2 smax 38 10 0,45 0 1,39 58 75 10,0 0,68 165 8,7 

M2 Pmin 28 10 0,84 5 1,36 39 76 9,6 0,41 103 7,4 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 smax/ Pmin 36 12 0,95 0 1,86 39 82 9,5 0,44 165 9,2 

M2 smax/ Pmin 47 13 0,95 0 1,38 41 74 10,0 0,48 165 7,0 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 11. ʈʝʟʫʣʪʘʪʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʜʦʙʠʿʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ LED ʩʚʝʪʠˀʢʝ 

Voltana (1000 mA) ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ ʫʚʘʞʘʚʘʿʫ˂ʠ ʤʝʟʦʧʩʢʝ ʝʬʝʢʪʝ 

 

ʈʘʩʧʦʨʝʜ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʂʨʠʪʝʨʠʿʫʤ 
s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 
EIR 

Plum 

(W) 
kW/km 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 

M3 smax 44 8 1,35 5 1,15 43 59 15,0 0,73 212 4,8 

M3 Pmin 38 8 0,83 10 0,88 50 59 14,6 0,30 80 2,1 

M4 smax 41 8 -0,22 5 0,84 48 60 13,6 0,45 110 2,7 

M4 Pmin 34 7 1,26 0 0,65 43 60 12,5 0,32 56 1,6 

M5 smax 54 8 1,28 5 0,50 35 40 13,9 0,78 110 2,0 

M5 Pmin 33 7 1,25 10 0,43 51 65 12,2 0,36 31 0,9 

M6 smax 56 8 -0,67 5 0,34 35 41 19,8 0,70 80 1,4 

M6 Pmin 45 8 -0,25 10 0,27 41 39 15,2 0,30 31 0,7 

ʎʠʢ-ʮʘʢ 

3 ʪʨʘʢʝ 

M3 smax 26 8 1,28 5 0,99 45 59 11,1 0,62 110 4,2 

M3 Pmin 11 7 1,25 5 0,90 52 84 9,5 0,36 31 2,8 

M4 smax 27 8 -0,22 10 0,70 54 59 12,4 0,82 110 4,1 

M4 Pmin 15 7 1,25 5 0,66 48 64 11,7 0,36 31 2,1 

M5 smax 42 8 1,33 10 0,45 40 44 14,8 0,69 80 1,9 

M5 Pmin 23 8 0,25 10 0,44 34 40 11,1 0,44 31 1,3 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

3 ʪʨʘʢʝ 

M2 smax 31 8 -0,65 0 1,76 76 69 7,7 0,92 212 13,7 

M2 Pmin 26 8 0,76 0 1,36 60 71 9,8 0,54 56 4,3 

M3 smax 46 8 -0,72 0 1,04 61 59 13,9 0,68 110 4,8 

M3 Pmin 22 7 1,25 5 0,90 52 77 9,6 0,36 31 2,8 

M4 smax 48 8 -0,72 10 0,75 62 60 13,5 0,85 110 4,6 

M4 Pmin 30 7 1,25 5 0,66 47 69 11,8 0,36 31 2,1 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 

M1 smax 30 8 -0,65 0 2,63 64 74 9,9 0,70 212 14,1 

M1 Pmin 23 8 1,33 5 1,87 49 86 9,2 0,41 80 7,0 

M2 smax 31 8 -0,22 0 1,48 63 83 9,9 0,65 110 7,1 

M2 Pmin 22 8 1,26 10 1,38 43 85 8,5 0,38 56 5,1 

M3 smax 45 8 -0,22 5 0,92 48 59 12,9 0,66 110 4,9 

M3 Pmin 33 8 1,26 10 0,92 40 76 10,8 0,38 56 3,4 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 smax/ Pmin 31 10 0,85 5 1,91 42 90 10,0 0,45 212 13,7 

M2 smax 37 10 0,35 0 1,37 55 81 10,0 0,69 212 11,5 

M2 Pmin 22 10 0,78 5 1,37 42 91 7,6 0,45 110 10,0 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 smax/ Pmin 35 12 0,85 10 1,88 41 79 9,9 0,37 212 12,1 

M2 smax 44 12 0,85 0 1,35 40 85 9,3 0,52 212 9,6 

M2 Pmin 24 12 0,28 10 1,36 40 90 7,6 0,36 110 9,2 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 12. ʈʝʟʫʣʪʘʪʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʜʦʙʠʿʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ LED ʩʚʝʪʠˀʢʝ 

Ampera (700 mA) ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ ʫʚʘʞʘʚʘʿʫ˂ʠ ʤʝʟʦʧʩʢʝ ʝʬʝʢʪʝ 

 

ʈʘʩʧʦʨʝʜ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʂʨʠʪʝʨʠʿʫʤ 
s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 
EIR 

Plum 

(W) 
kW/km 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 

M3 smax 43 8 0,34 0 1,08 53 59 14,6 0,60 103 2,4 

M3 Pmin 41 8 1,29 0 0,86 41 62 13,6 0,30 53 1,3 

M4 smax 44 8 0,79 0 0,64 55 59 14,8 0,45 53 1,2 

M4 Pmin 37 8 1,29 0 0,63 44 74 11,6 0,30 36,1 1,0 

M5 smax 52 8 -0,21 5 0,44 49 40 14,8 0,70 53 1,0 

M5 Pmin 49 8 -0,21 10 0,44 46 40 14,2 0,34 36,1 0,7 

M6 smax 57 8 -0,71 10 0,28 39 39 17,7 0,76 53 0,9 

M6 Pmin 54 8 0,29 5 0,23 38 39 14,6 0,78 36,1 0,7 

ʎʠʢ-ʮʘʢ 

3 ʪʨʘʢʝ 

M3 smax 29 8 1,34 10 1,10 54 62 13,1 0,73 103 3,6 

M3 Pmin 20 8 0,79 0 0,89 44 64 10,2 0,38 36,1 1,8 

M4 smax 29 8 1,34 10 0,73 54 62 12,0 0,73 70 2,4 

M4 Pmin 24 8 0,79 5 0,64 43 63 10,6 0,35 36,1 1,5 

M5 smax 42 8 1,29 10 0,48 38 39 13,8 0,61 53 1,3 

M5 Pmin 40 8 1,29 10 0,40 34 43 13,0 0,39 36,1 0,9 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

3 ʪʨʘʢʝ 

M2 smax 30 8 -0,66 0 1,55 65 73 9,9 0,52 70 4,7 

M2 Pmin 24 8 0,29 0 1,37 72 89 8,2 0,41 36,1 3,0 

M3 smax 47 8 -0,66 5 1,17 61 60 15,0 0,81 103 4,4 

M3 Pmin 40 8 0,79 0 0,86 45 64 13,6 0,33 36,1 1,8 

M4 smax 48 8 0,79 5 0,65 50 60 15,0 0,73 53 2,2 

M4 Pmin 44 8 -0,71 10 0,70 55 60 14,1 0,37 36,1 1,6 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 

M1 smax 32 8 -0,16 0 1,82 51 69 9,7 0,65 103 6,4 

M1 Pmin 23 8 0,79 0 1,81 59 87 9,2 0,40 53 4,6 

M2 smax 32 8 -0,66 0 1,75 60 69 9,2 0,70 103 6,4 

M2 Pmin 21 8 1,29 0 1,35 49 88 8,7 0,35 36,1 3,4 

M3 smax 46 8 -0,16 10 1,05 52 59 14,9 0,81 103 4,5 

M3 Pmin 33 7 0,79 0 0,86 39 70 14,6 0,36 36,1 2,2 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 smax 34 10 0,45 0 1,84 57 80 9,6 0,68 165 9,7 

M1 Pmin 16 9 0,84 10 1,82 42 89 9,9 0,39 70 8,8 

M2 smax 37 10 -0,16 0 1,33 54 76 9,8 0,54 136 7,4 

M2 Pmin 17 10 0,29 10 1,34 39 89 8,7 0,42 53 6,2 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 smax/ Pmin 42 13 0,95 0 1,84 43 78 9,6 0,48 165 7,9 

M2 smax 51 13 -0,05 0 1,35 40 71 9,2 0,49 165 6,5 

M2 Pmin 34 12 0,84 0 1,33 39 84 8,3 0,43 103 6,1 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 13. ʈʝʟʫʣʪʘʪʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʜʦʙʠʿʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ LED ʩʚʝʪʠˀʢʝ 

Voltana (1000 mA) ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ ʫʚʘʞʘʚʘʿʫ˂ʠ ʤʝʟʦʧʩʢʝ ʝʬʝʢʪʝ 

 

ʈʘʩʧʦʨʝʜ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʂʨʠʪʝʨʠʿʫʤ 
s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 
EIR 

Plum 

(W) 
kW/km 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 

M3 smax 43 8 1,35 10 1,25 44 62 14,9 0,74 212 4,9 

M3 Pmin 28 7 1,26 0 0,86 43 82 11,7 0,31 56 2,0 

M4 smax 44 8 1,28 0 0,64 42 60 13,2 0,71 110 2,5 

M4 Pmin 37 8 1,26 0 0,63 49 63 11,2 0,38 56 1,5 

M5 smax 54 8 1,28 5 0,54 35 40 14,2 0,78 110 2,0 

M5 Pmin 35 7 1,25 10 0,40 45 52 12,8 0,36 31 0,9 

M6 smax 56 8 -0,67 0 0,37 34 40 20,0 0,70 80 1,4 

M6 Pmin 45 8 -0,25 10 0,30 41 39 15,4 0,30 31 0,7 

ʎʠʢ-ʮʘʢ 

3 ʪʨʘʢʝ 

M3 smax 26 8 1,28 5 1,08 45 59 11,3 0,62 110 4,2 

M3 Pmin 12 7 1,25 10 0,91 42 83 9,5 0,31 31 2,6 

M4 smax 27 8 -0,22 10 0,76 54 59 12,7 0,82 110 4,1 

M4 Pmin 16 7 0,75 10 0,66 48 63 12,8 0,36 31 1,9 

M5 smax 41 8 0,83 10 0,51 41 39 15,0 0,69 80 2,0 

M5 Pmin 24 7 1,25 5 0,41 34 40 8,2 0,43 31 1,3 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

3 ʪʨʘʢʝ 

M2 smax 32 8 -0,17 0 1,37 72 78 9,9 0,62 80 5,0 

M2 Pmin 16 7 1,25 5 1,35 55 91 8,0 0,36 31 3,9 

M3 smax 46 8 -0,72 0 1,14 61 59 14,1 0,68 110 4,8 

M3 Pmin 25 7 1,25 5 0,87 53 73 10,6 0,36 31 2,5 

M4 smax 48 8 -0,72 10 0,82 62 60 13,8 0,85 110 4,6 

M4 Pmin 33 7 1,25 5 0,66 42 60 12,9 0,36 31 1,9 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 

M1 smax 30 8 -0,15 0 1,95 68 68 6,5 0,78 212 14,1 

M1 Pmin 26 8 1,33 5 1,81 49 82 10,0 0,41 80 6,2 

M2 smax 32 8 -0,72 0 1,33 63 71 9,9 0,70 110 6,9 

M2 Pmin 25 8 1,26 10 1,33 43 81 9,2 0,38 56 4,5 

M3 smax 46 8 1,28 0 0,86 42 60 13,2 0,72 110 4,8 

M3 Pmin 37 8 0,76 10 0,87 43 62 13,6 0,42 56 3,0 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 smax 34 10 0,85 10 1,82 45 83 9,9 0,54 212 12,5 

M1 Pmin 18 9 0,78 0 1,81 44 94 10,0 0,67 110 12,2 

M2 smax 38 10 0,85 0 1,45 57 80 9,9 0,74 212 11,2 

M2 Pmin 18 9 0,83 0 1,33 42 94 9,7 0,65 80 8,9 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 smax/ Pmin 38 13 0,35 10 1,84 42 81 10,0 0,43 212 11,2 

M2 smax 48 12 0,85 0 1,36 39 82 10,0 0,52 212 8,8 

M2 Pmin 27 12 0,28 10 1,33 39 90 8,1 0,36 110 8,1 

 

 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 14. ʈʝʟʫʣʪʘʪʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʜʦʙʠʿʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ LED ʩʚʝʪʠˀʢʝ 

Ampera (700 mA) ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ ʠ ʩʚʝʪʣʦʩʥʝ ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ 190 lm/W 

ʫʚʘʞʘʚʘʿʫ˂ʠ ʤʝʟʦʧʩʢʝ ʝʬʝʢʪʝ 

 

ʈʘʩʧʦʨʝʜ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʂʨʠʪʝʨʠʿʫʤ 
s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 
EIR 

Plum 

(W) 
kW/km 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 

M3 smax 43 8 0,34 0 1,24 53 59 15,0 0,60 103 2,4 

M3 Pmin 32 8 1,29 0 0,88 44 85 10,8 0,30 36,1 1,1 

M4 smax 44 8 0,79 0 0,66 53 59 14,0 0,57 53 1,2 

M4 Pmin 41 8 1,29 0 0,69 41 62 13,0 0,30 36,1 0,9 

M5 smax 53 8 1,29 5 0,45 39 40 14,9 0,80 53 1,0 

M5 Pmin 49 8 -0,21 10 0,54 46 40 14,8 0,34 36,1 0,7 

M6 smax 57 8 -0,71 10 0,33 39 39 18,3 0,76 53 0,9 

M6 Pmin 55 8 -0,21 5 0,26 38 39 16,0 0,76 36,1 0,7 

ʎʠʢ-ʮʘʢ 

3 ʪʨʘʢʝ 

M3 smax 29 8 1,34 10 1,26 54 62 13,4 0,73 103 3,6 

M3 Pmin 22 8 0,29 10 0,93 39 64 10,8 0,34 36,1 1,6 

M4 smax 29 8 1,34 10 0,86 54 62 12,4 0,73 70 2,4 

M4 Pmin 27 8 1,29 0 0,66 41 59 10,8 0,38 36,1 1,3 

M5 smax 42 8 1,29 10 0,57 38 39 14,2 0,61 53 1,3 

M5 Pmin 41 8 1,29 5 0,43 37 40 13,3 0,59 36,1 0,9 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

3 ʪʨʘʢʝ 

M2 smax/ Pmin 29 8 0,29 0 1,37 70 89 9,6 0,41 36,1 2,5 

M3 smax 48 8 -0,66 10 0,88 60 60 14,9 0,83 70 2,9 

M3 Pmin 42 8 -0,21 5 0,92 55 60 13,2 0,39 36,1 1,7 

M4 smax 50 8 -0,21 10 0,67 56 60 15,0 0,80 53 2,1 

M4 Pmin 44 8 -0,71 10 0,85 55 60 14,6 0,37 36,1 1,6 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 

M1 smax 32 8 -0,16 0 2,09 51 69 9,9 0,65 103 6,4 

M1 Pmin 18 8 1,29 0 1,91 48 89 8,3 0,36 36,1 4,0 

M2 smax 32 8 -0,16 0 1,42 51 69 9,2 0,65 70 4,4 

M2 Pmin 24 8 1,29 0 1,43 46 88 9,9 0,36 36,1 3,0 

M3 smax 45 8 -0,66 5 1,05 44 59 14,8 0,66 70 3,1 

M3 Pmin 38 8 0,79 0 0,88 43 71 12,3 0,40 36,1 1,9 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 smax 35 10 0,45 0 1,94 58 79 10,0 0,68 165 9,4 

M1 Pmin 10 10 0,29 10 1,83 40 97 8,4 0,42 36,1 7,2 

M2 smax 40 10 0,34 0 1,39 57 72 9,9 0,61 136 6,8 

M2 Pmin 20 10 0,79 10 1,35 41 85 8,8 0,43 53 5,3 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 smax 44 13 0,95 0 1,90 42 76 10,0 0,48 165 7,5 

M1 Pmin 10 12 0,79 5 1,85 39 98 6,4 0,36 36,1 7,2 

M2 smax 53 13 -0,05 0 1,40 40 69 9,6 0,49 165 6,2 

M2 Pmin 37 13 0,84 5 1,38 42 77 8,0 0,39 103 5,6 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʊʘʙʝʣʘ 15. ʈʝʟʫʣʪʘʪʠ ʬʦʪʦʤʝʪʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʜʦʙʠʿʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ LED ʩʚʝʪʠˀʢʝ 

Ampera (700 mA) ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ ʠ ʩʚʝʪʣʦʩʥʝ ʠʩʢʦʨʠʩʪʠʚʦʩʪʠ 190 lm/W 

ʫʚʘʞʘʚʘʿʫ˂ʠ ʤʝʟʦʧʩʢʝ ʝʬʝʢʪʝ 

 

ʈʘʩʧʦʨʝʜ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʂʨʠʪʝʨʠʿʫʤ 
s 

(m) 

H 

(m) 

o 

(m) 

Ŭ 

(o) 

Lav 

(cd/m2) 

Uo 

(%) 

Ul 

(%) 

TI 

(%) 
EIR 

Plum 

(W) 
kW/km 

ɱʝʜʥʦʩʪʨʘʥʠ 

2 ʪʨʘʢʝ 

M3 smax 43 8 0,34 0 1,24 53 59 15,0 0,60 103 2,4 

M3 Pmin 32 8 1,29 0 0,88 44 85 10,8 0,30 36,1 1,1 

M4 smax 44 8 0,79 0 0,66 53 59 14,0 0,57 53 1,2 

M4 Pmin 42 8 0,79 5 0,63 46 62 13,5 0,35 36,1 0,9 

M5 smax 53 8 1,29 5 0,45 39 40 14,9 0,80 53 1,0 

M5 Pmin 51 8 0,79 0 0,41 44 39 14,6 0,63 36,1 0,7 

M6 smax/ Pmin 57 8 -0,71 10 0,23 39 39 17,0 0,76 36,1 0,6 

ʎʠʢ-ʮʘʢ 

3 ʪʨʘʢʝ 

M3 smax 29 8 1,34 10 0,86 54 62 12,4 0,73 70 2,4 

M3 Pmin 22 8 0,29 10 0,93 39 64 10,8 0,34 36,1 1,6 

M4 smax 29 8 1,34 10 0,86 54 62 12,4 0,73 70 2,4 

M4 Pmin 27 8 1,29 0 0,66 41 59 10,8 0,38 36,1 1,3 

M5 smax 42 8 1,29 10 0,57 38 39 14,2 0,61 53 1,3 

M5 Pmin 41 8 1,29 5 0,43 37 40 13,3 0,59 36,1 0,9 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

3 ʪʨʘʢʝ 

M2 smax/ Pmin 29 8 0,29 0 1,37 70 89 9,6 0,41 36,1 2,5 

M3 smax 48 8 -0,66 10 0,88 60 60 14,9 0,83 70 2,9 

M3 Pmin 43 8 -0,71 10 0,87 57 62 14,3 0,37 36,1 1,7 

M4 smax 51 8 -0,71 10 0,63 61 60 14,9 0,84 53 2,1 

M4 Pmin 44 8 -0,71 5 0,78 56 60 14,7 0,52 36,1 1,6 

ɼʚʦʩʪʨʘʥʠ 

ʥʘʩʧʨʘʤʥʠ 

4 ʪʨʘʢʝ 

M1 smax 32 8 -0,16 0 2,09 51 69 9,9 0,65 103 6,4 

M1 Pmin 19 8 1,29 0 1,81 49 89 8,5 0,36 36,1 3,8 

M2 smax 32 8 -0,16 0 1,42 51 69 9,2 0,65 70 4,4 

M2 Pmin 25 8 0,79 0 1,34 56 86 9,2 0,40 36,1 2,9 

M3 smax 45 8 -0,21 5 0,86 41 64 14,9 0,58 53 2,4 

M3 Pmin 39 8 0,79 0 0,86 43 68 12,6 0,40 36,1 1,9 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ ʫʣʠʮʝ) 

M1 smax 35 10 0,45 0 1,94 58 79 10,0 0,68 165 9,4 

M1 Pmin 10 10 0,29 10 1,83 40 97 8,4 0,42 36,1 7,2 

M2 smax 40 10 0,34 0 1,39 57 72 9,9 0,61 136 6,8 

M2 Pmin 20 10 0,79 10 1,35 41 85 8,8 0,43 53 5,3 

ʎʝʥʪʨʘʣʥʠ 

3 ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 smax 45 13 -0,05 5 1,80 39 69 9,8 0,40 165 7,3 

M1 Pmin 10 12 0,79 5 1,85 39 98 6,4 0,36 36,1 7,2 

M2 smax 53 10 -0,05 0 1,40 40 69 9,6 0,49 165 6,2 

M2 Pmin 20 12 0,79 5 1,33 43 89 7,3 0,49 53 5,3 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 
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ʇʈʀʃʆɻ 2 
 

ɸʥʢʝʪʥʠ ʫʧʠʪʥʠʢ ʟʘ ʩʫʙʿʝʢʪʠʚʥʫ ʦʮʝʥʫ ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʚʘʣʠʪʝʪʘ ʜʚʘ ʪʠʧʘ 

ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʥʘʤʝˁʝʥ ʧʝʰʘʮʠʤʘ 

 

 

 

 

 

ˢ˹˴˩́˹ˮ ̂˽ˮ́˹ˮ˴ ˭ˢ ˿̂ˣ˳˩˴́ˮˤ˹̂ ˻̇˩˹̂ ˾˩˶˩ˤˢ˹́˹ˮ̆ 

˽ˢ˾ˢ˸˩́ˢ˾ˢ ˴ˤˢ˶ˮ́˩́ˢ ˨ˤˢ ́ˮ˽ˢ ̂˶ˮ̉˹˻˥ ˻˿ˤ˩́˷˩˺ˢ 

 

- ˭ ˢ ˽˩̊ˢ˴˩ - 
 

 

ˮ˸˩ ˮ ˽˾˩˭ˮ˸˩  

˸ˢ́ˮ̉˹ˮ ˣ˾˻˳  

ˣ˾˻˳ ˥˻˨ˮ˹ˢ  

˿͔ͭͯ͒ͤͭ ͫ͊ͣ _______________________________________________ ͺ͔͊ͯͭͭ͊͟͡ 

˽˻́˽ˮ˿  

 

 

 

 

 

˭˹ˢ̉˩˺˩ ˻˨˥˻ˤ˻˾ˢ ˮ˭ ˢ˹˴˩́˹˻˥ ̂˽ˮ́˹ˮ˴ˢΥ 

 

1 ς s ˽˿˻˶̂́˹˻ ˹˩˽˾ˮ̆ˤˢ́˷ˮˤ˻ 

2 ς ̂ ˥˶ˢˤ˹˻˸ ˹˩˽˾ˮ̆ˤˢ́˷ˮˤ˻ 

3 ς ˿ ˾˩˨˺˩ ˽˾ˮ̆ˤˢ́˷ˮˤ˻ 

4 ς ̂ ˥˶ˢˤ˹˻˸ ˽˾ˮ̆ˤˢ́˷ˮˤ˻ 

5 ς s ˽˿˻˶̂́˹˻ ˽˾ˮ̆ˤˢ́˷ˮˤ˻ 
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˻˿ˤ˩́˷˩˺˩ ˿ˢ LED ˮ ˭ˤ˻˾ˮ˸ˢ ˿ˤ˩́˶˻˿́ˮ ́˻˽˶˻-ˣ˩˶˩ ˣ˻˳˩ ς ́ ˮ˽ м 

 

˹͊ ͍ͫ͊ͦ͟ ͦ͒ р ͙ͨͭ͊ͥ͊ ͙͘ ͔͔ͫ͒͡ΐ͔ ͔͔ͭ͊͋͡ ͎͍ͦ͒ͦ͊ͪ͊ ͔ͫ ͙͍͔͊ͦͪͯ͗͊ͥͣ͘͟ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ΐ͔͎ ͋ͪͦ͊͞ όм ͒ͦ рύΦ 

 

 

1. 

 

˻ͼ͔͙͔ͤͭ ˤ͊΄ ͙͍͒ͦ͗͊͢͞ ͙͔͙͔ͤͭͤͭͭ͊͘ ͍͔͔ͦͫͭͥ͊͢ ́˾˻́˻ˢ˾ˢ ό͔͎͍͎ͥͦͦ ͙͍ͤͦ͊ 
͍͔͔͙ͦͫͭͤͦͫͭ͢ύΦ 

 

1 2 3 4 5 

2. 

 

˻ͼ͔͙͔ͤͭ ͯ ͦͦ͟͞͞ ͔͙ͣͪ ͔ͫ ͙͡ͼ͊ ͔ͨ΄͊͊͟ ͔ͦ͟͞ ͔ͫͪΐ͔͔ͭ ͊ͫͤͦ͞ ͯͦ;͍͊͊ͯ͞Φ 

 

1 2 3 4 5 

3. 

 

˻ͼ͔͙͔ͤͭ ˤ͊΄ ͙͍͒ͦ͗͊͢͞ ͙͙ͨͪ͊ͭͤͦͫͭ͞ ͔͋ͦ͞ ͍͔͙ͫͭͦͫͭ͡Φ 

 

1 2 3 4 5 

4. 

 

˻ͼ͔͙͔ͤͭ ˤ͊΄ ͙͍͒ͦ͗͊͢͞ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͙͔͔͎ͨͪͣͥͤͦ ͍͔͔ͦͫͭͥ͊͢ ͒͊ ͍͔ͪͤͦ 
͙͔ͨͪ͊͗͟ ͔͋ͦ͞ ό͙͙ͨ͊ͪͪ͊ͤ͟ͻ ͍͙ͦ͊͘͡Σ ͔ͦ͒ΐ͔ ͙ͨͪͦ͊ͤ͊͘͟͡Σ ͍͔͎͔ͭ͊ͼ͙͔͞ΣΦΦΦύΦ 

 

1 2 3 4 5 

5. 

 

˻ͼ͔͙͔ͤͭ ˤ͊΄ ͦͨ΄͙ͭ ͙ͯͭͫ͊͟ ͦ ͙͍͔͔͒ͤͦͣ͘ ͍͔͔ͦͫͭͥͯ͢Φ 

 

1 2 3 4 5 

 

 

 

6. 
ˣͦ͊͞ ͍͔͙ͫͭͦͫͭ͡ ͔͞ όͦͤ͊͘;͙͙ͭ ͍͊͒ͪ͊ͭ͟ 

ͯ͘ ͙͙͊͋ͪ͊ͤ͘ ͎͍ͦ͒ͦͦͪύΥ 

       ͨ ͔͍͙ͪ΄͔ ͻ͊͒ͤ͊͡ 

       ͨ ͔͍͙ͪ΄͔ ͭͦͨ͊͡ 

        ͤ ͔΄ͭͦ ͻ͙͊͒ͤ͊͡͞ ͔͎ͤͦ ΄ͭͦ ͔ͭͪ͋͊ 

        ͤ ͔΄ͭͦ ͙ͭͦͨ͊͡͞ ͔͎ͤͦ ΄ͭͦ ͔ͭͪ͋͊ 

       ͊ ͔͍͒͊ͭͤ͊͟ 
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˻˿ˤ˩́˷˩˺˩ ˿ˢ LED ˮ ˭ˤ˻˾ˮ˸ˢ ˿ˤ˩́˶˻˿́ˮ ˹˩̂́˾ˢ˶˹˩ ˣ˩˶˩ ˣ˻˳˩ ς ́ ˮ˽ н 

 

˹͊ ͍ͫ͊ͦ͟ ͦ͒ р ͙ͨͭ͊ͥ͊ ͙͘ ͔͔ͫ͒͡ΐ͔ ͔͔ͭ͊͋͡ ͎͍ͦ͒ͦ͊ͪ͊ ͔ͫ ͙͍͔͊ͦͪͯ͗͊ͥͣ͘͟ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ΐ͔͎ ͋ͪͦ͊͞ όм ͒ͦ рύΦ 

 

 

1. 

 

˻ͼ͔͙͔ͤͭ ˤ͊΄ ͙͍͒ͦ͗͊͢͞ ͙͔͙͔ͤͭͤͭͭ͊͘ ͍͔͔ͦͫͭͥ͊͢ ́˾˻́˻ˢ˾ˢ ό͔͎͍͎ͥͦͦ ͙͍ͤͦ͊ 
͍͔͔͙ͦͫͭͤͦͫͭ͢ύΦ 

 

1 2 3 4 5 

2. 

 

˻ͼ͔͙͔ͤͭ ͯ ͦͦ͟͞͞ ͔͙ͣͪ ͔ͫ ͙͡ͼ͊ ͔ͨ΄͊͊͟ ͔ͦ͟͞ ͔ͫͪΐ͔͔ͭ ͊ͫͤͦ͞ ͯͦ;͍͊͊ͯ͞Φ 

 

1 2 3 4 5 

3. 

 

˻ͼ͔͙͔ͤͭ ˤ͊΄ ͙͍͒ͦ͗͊͢͞ ͙͙ͨͪ͊ͭͤͦͫͭ͞ ͔͋ͦ͞ ͍͔͙ͫͭͦͫͭ͡Φ 

 

1 2 3 4 5 

4. 

 

˻ͼ͔͙͔ͤͭ ˤ͊΄ ͙͍͒ͦ͗͊͢͞ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͙͔͔͎ͨͪͣͥͤͦ ͍͔͔ͦͫͭͥ͊͢ ͒͊ ͍͔ͪͤͦ 
͙͔ͨͪ͊͗͟ ͔͋ͦ͞ ό͙͙ͨ͊ͪͪ͊ͤ͟ͻ ͍͙ͦ͊͘͡Σ ͔ͦ͒ΐ͔ ͙ͨͪͦ͊ͤ͊͘͟͡Σ ͍͔͎͔ͭ͊ͼ͙͔͞ΣΦΦΦύΦ 

 

1 2 3 4 5 

5. 

 

˻ͼ͔͙͔ͤͭ ˤ͊΄ ͦͨ΄͙ͭ ͙ͯͭͫ͊͟ ͦ ͙͍͔͔͒ͤͦͣ͘ ͍͔͔ͦͫͭͥͯ͢Φ 

 

1 2 3 4 5 

 

 

 

6. 
ˣͦ͊͞ ͍͔͙ͫͭͦͫͭ͡ ͔͞ όͦͤ͊͘;͙͙ͭ ͍͊͒ͪ͊ͭ͟ 

ͯ͘ ͙͙͊͋ͪ͊ͤ͘ ͎͍ͦ͒ͦͦͪύΥ 

       ͨ ͔͍͙ͪ΄͔ ͻ͊͒ͤ͊͡ 

       ͨ ͔͍͙ͪ΄͔ ͭͦͨ͊͡ 

        ͤ ͔΄ͭͦ ͻ͙͊͒ͤ͊͡͞ ͔͎ͤͦ ΄ͭͦ ͔ͭͪ͋͊ 

        ͤ ͔΄ͭͦ ͙ͭͦͨ͊͡͞ ͔͎ͤͦ ΄ͭͦ ͔ͭͪ͋͊ 

       ͊ ͔͍͒͊ͭͤ͊͟ 
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7. ˭͙͔͊ͦͪͯ͗ͭ͟ ͔͙ͪ͒ͤ ͋ͪͦ͞ ͙͔ͫͨͪ͒ ͙ͭͨ͊ ͍͔͔ͦͫͭͥ͊͢ ͙ͦ͟͞ ˤ͊ͣ ͔ͫ ͍͙΄͔ ͒ͦͨ͊͒͊Υ 

 

м   ͍͔͔͔ͦͫͭͥ͢ ͫ͊ [95 ͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͭͦͨͦ͡-͔͔͋͡ ͔͋ͦ͞ ό́ˮ˽ мύ 

н   ͍͔͔͔ͦͫͭͥ͢ ͫ͊ [95 ͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͔͔ͤͯͭͪ͊ͤ͡ ͔͔͋͡ ͔͋ͦ͞ ό́ˮ˽ нύ 

 

 

 

8. ˻͒ ͍͔͔͙ͤ͊͒ͤͻΣ ͙͔͊ͦͪͯ͗ͭ͘͟ ͔͔ͪ͒ͤ ͔͍͔͋ͪͦ͞ ͙͔ͫͨͪ͒ ͍͙ͤ͊͞΄͔ 2 ͔ͨ͊ͪ͊ͣͭͪ͊ ͎͋ͦ͘ ͙ͦ͟͞ͻ ͔ͫͣ͊ͭͪ͊ͭ ͒͊ 

͔͞ ͙ͭͨ ͍͔͔ͦͫͭͥ͊͢ ͙ͦ͟͞ ˤ͊ͣ ͔ͫ ͍͙΄͔ ͒ͦͨ͊͒͊ ͋ ͙ͦ͢ ͦ͒ ͎͎͒ͪͯͦΥ 

 

1. ͙͔͙͔ͤͭͤͭͭ͘ ͍͔͔ͦͫͭͥ͊͢ ͭͪͦͭͦ͊ͪ͊ 

2. ͯͦ;͍͔͊͊ͥ ͙͡ͼ͊ ͔ͨ΄͊͊͟ 

3. ͙ͨͪ͊ͭͤͦͫͭ͞ ͔͋ͦ͞ ͍͔͙ͫͭͦͫͭ͡ 

4. ͍͔ͪͤͦ ͙͙͍͔ͨͪ͊͊ͥ͘͟ ͋ͦ͊͞ 

 

 

 

9. ˢͦ͟ ͔ͫͣ͊ͭͪ͊ͭ ͒͊ ͙ͭͨ ͍͔͔ͦͫͭͥ͊͢ ͙ͦ͟͞ ˤ͊ͣ ͔ͫ ͔ͣ͊ͥ ͒ͦͨ͊͒͊ ͙ͣ͊ ͔͔ͤ͟ ͔͙ͨͪ͒ͤͦͫͭ ͯ ͦ͒ͤͦͫͯ ͤ͊ ͙ͭͨ 

͍͔͔ͦͫͭͥ͊͢ ͙ͦ͟͞ ˤ͊ͣ ͔ͫ ͍͙΄͔ ͒ͦͨ͊͒͊Σ ͙͔͊ͦͪͯ͗ͭ͘͟ ͔͙ͪ͒ͤ ͋ͪͦ͞ ͙͔ͫͨͪ͒ ͔͎͒ͤͦ͞ ͦ͒ ͍͔͔͙ͤ͊͒ͤͻ 

͎ͪ͊ͦ͊͘͡ ͙ͦ͟͞ ͔ͫ ͤ͊ ͭͦ ͙ͦ͒ͤͦͫ όͯ ͙͍ͨͪͦͭͤͦͣΣ ͔ͤ ͔ͭͪ͋͊ ͙ͤ΄ͭ͊ ͒͊ ͙͔͊ͦͪͯ͗ͭ͘͟ύ: 

 

1. ͙͔͙͔ͤͭͤͭͭ͘ ͍͔͔ͦͫͭͥ͊͢ ͭͪͦͭͦ͊ͪ͊ 

2. ͯͦ;͍͔͊͊ͥ ͙͡ͼ͊ ͔ͨ΄͊͊͟ 

3. ͙ͨͪ͊ͭͤͦͫͭ͞ ͔͋ͦ͞ ͍͔͙ͫͭͦͫͭ͡ 

4. ͍͔ͪͤͦ ͙͙͍͔ͨͪ͊͊ͥ͘͟ ͋ͦ͊͞ 

 

 

 

10. 

˽ͦ ˤ͊΄͔ͣ ͙ͣ΄͔ͥͯ͢Σ ͤ͊ͤ͊͘͞;͙͙͊ͤ͞͞ 

͔ͨ͊ͪ͊ͣͭ͊ͪ ͍͙͔͊ͭͭ͊͟͡ ͙ͯ͡;͎ͤͦ ͍͔͔ͦͫͭͥ͊͢ 

ͫ͊ ͔͊ͫͨͭ͊͟ ͔ͨ΄͊͊͟ ͔͞ όͦͤ͊͘;͙͙ͭ ͍͊͒ͪ͊ͭ͟ ͯ͘ 

͙͙͊͋ͪ͊ͤ͘ ͎͍ͦ͒ͦͦͪύΥ 

        ͙ ͔͙͔ͤͭͤͭͭ͘ ͍͔͔ͦͫͭͥ͊͢ ͭͪͦͭͦ͊ͪ͊ 

        ͯ ͦ;͍͔͊͊ͥ ͙͡ͼ͊ ͔ͨ΄͊͊͟ 

        ͨ ͙ͪ͊ͭͤͦͫͭ͞ ͔͋ͦ͞ ͍͔͙ͫͭͦͫͭ͡ 

        ͍ ͔ͪͤͦ ͙͙͍͔ͨͪ͊͊ͥ͘͟ ͋ͦ͊͞ 
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ʇʈʀʃʆɻ 3 
 

ɸʥʢʝʪʥʠ ʫʧʠʪʥʠʢ ʟʘ ʩʫʙʿʝʢʪʠʚʥʫ ʦʮʝʥʫ ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʚʘʣʠʪʝʪʘ ʜʚʘ ʪʠʧʘ 

ʫʣʠʯʥʦʛ ʦʩʚʝʪˀʝˁʘ ʥʘʤʝˁʝʥ ʚʦʟʘʯʠʤʘ 

 

 

 

 

 

 

 

 

ˢ˹˴˩́˹ˮ ̂˽ˮ́˹ˮ˴ ˭ˢ ˿̂ˣ˳˩˴́ˮˤ˹̂ ˻̇˩˹̂ ˾˩˶˩ˤˢ˹́˹ˮ̆ 

˽ˢ˾ˢ˸˩́ˢ˾ˢ ˴ˤˢ˶ˮ́˩́ˢ ˨ˤˢ ́ˮ˽ˢ ̂˶ˮ̉˹˻˥ ˻˿ˤ˩́˷˩˺ˢ 

 

- ˭ ˢ ˤ˻˭ˢ̉˩ - 
 

 

ˮ˸˩ ˮ ˽˾˩˭ˮ˸˩  

˸ˢ́ˮ̉˹ˮ ˣ˾˻˳  

ˣ˾˻˳ ˥˻˨ˮ˹ˢ  

˽˻́˽ˮ˿  
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˹͊ ͍ͫ͊ͦ͟ ͦ͒ т ͍͔͔͙ͤ͊͒ͤͻ ͙ͨͭ͊ͥ͊ ͎͍ͦ͒ͦ͊ͪ͊ ͔ͫ ͙͍͔͊ͦͪͯ͗͊ͥͣ͘͟ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ΐ͔͎ 
͍ͫͦ͊͡ όˢ ͙͙͡ ˣύΦ 
 

 

1. ˤ͔ΐ͙ ͙͔͙͔ͤͭͤͭͭ͘ ͍͔͔ͦͫͭͥ͊͢ ό͍͔ΐ͙ ͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ύ ˴˻˶˻ˤ˻˭ˢ ͔͔ͦ͋͋͘Ώ͔ͯ͞Υ  

 

ˢ   ˮͤͫͭ͊͊͡ͼ͙͊͞ ͫ͊ [95 ͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͭͦͨͦ͡-͔͔͋͡ ͔͋ͦ͞ 

ˣ   ˮͤͫͭ͊͊͡ͼ͙͊͞ ͫ͊ [95 ͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͔͔ͤͯͭͪ͊ͤ͡ ͔͔͋͡ ͔͋ͦ͞ 

 

 

2. ˽͙͙ͪ͊ͭͤͯ͞͞ ͋ͦͯ͞ ͍͔͙ͫͭͦͫͭ͡ ͔͔ͦ͋͋͘Ώ͔ͯ͞Υ 

 

ˢ   ˮͤͫͭ͊͊͡ͼ͙͊͞ ͫ͊ [95 ͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͭͦͨͦ͡-͔͔͋͡ ͔͋ͦ͞ 

ˣ   ˮͤͫͭ͊͊͡ͼ͙͊͞ ͫ͊ [95 ͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͔͔ͤͯͭͪ͊ͤ͡ ͔͔͋͡ ͔͋ͦ͞ 

 

 

3. ˸͔͊ͥ ͔͋͢΄͔ͭ͊ͥ ͔ͦ͟͞ ͙͙͍͊͊ͯ͘͘͞ ͍͔͙͔ͫͭ͢͟ ͔͔ͦ͋͋͘Ώ͔ͯ͞Υ 

 

ˢ   ˮͤͫͭ͊͊͡ͼ͙͊͞ ͫ͊ [95 ͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͭͦͨͦ͡-͔͔͋͡ ͔͋ͦ͞ 

ˣ   ˮͤͫͭ͊͊͡ͼ͙͊͞ ͫ͊ [95 ͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͔͔ͤͯͭͪ͊ͤ͡ ͔͔͋͡ ͔͋ͦ͞ 

 

 

4. ˣ͔ͦ͢ ͯͦ;͍͔͊͊ͥ ͔ͨ΄͊͊͟ ͙ͦ͟͞ ͔ͫͭͦ͞ ͯ͘ ͙͍͙ͼͯ ͭͪͦͭͦ͊ͪ͊ ͔͔ͦ͋͋͘Ώ͔ͯ͞Υ 

 

ˢ   ˮͤͫͭ͊͊͡ͼ͙͊͞ ͫ͊ [95 ͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͭͦͨͦ͡-͔͔͋͡ ͔͋ͦ͞ 

ˣ   ˮͤͫͭ͊͊͡ͼ͙͊͞ ͫ͊ [95 ͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͔͔ͤͯͭͪ͊ͤ͡ ͔͔͋͡ ͔͋ͦ͞ 

 

 

5. ˣ͔ͦ͢ ͯͦ;͍͔͊͊ͥ ͍͔͔ͫͭ͡ ͔͔͔ͨͪͨͪ͟ ͤ͊ ͍ͦͦͦͯ͘͟͡ ό͔͔͔ͤ͘͡ ͦ͟ͼ͔͟ύ ͔͔ͦ͋͋͘Ώ͔ͯ͞Υ 

 

ˢ   ˮͤͫͭ͊͊͡ͼ͙͊͞ ͫ͊ [95 ͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͭͦͨͦ͡-͔͔͋͡ ͔͋ͦ͞ 

ˣ   ˮͤͫͭ͊͊͡ͼ͙͊͞ ͫ͊ [95 ͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͔͔ͤͯͭͪ͊ͤ͡ ͔͔͋͡ ͔͋ͦ͞ 

 

 

6. ˣ͔ͦ͢ ͯͦ;͍͔͊͊ͥ ͔ͭ͊ͣͤ ͔͔͔ͨͪͨͪ͟ ͤ͊ ͍ͦͦͦͯ͘͟͡ όͭ͊ͣͤͦ-͍͔ͨ͊͡ ͦ͟ͼ͔͟ύ ͔͔ͦ͋͋͘Ώ͔ͯ͞Υ 

 

ˢ   ˮͤͫͭ͊͊͡ͼ͙͊͞ ͫ͊ [95 ͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͭͦͨͦ͡-͔͔͋͡ ͔͋ͦ͞ 

ˣ   ˮͤͫͭ͊͊͡ͼ͙͊͞ ͫ͊ [95 ͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͔͔ͤͯͭͪ͊ͤ͡ ͔͔͋͡ ͔͋ͦ͞ 

 

 

7. ˮ͔͎ͤͭͪ͊ͤͦ͡Σ ͋ͦͯ͢ ͍͙͙͍͒ͦͫͭ͢ ͔͔ͦ͋͋͘Ώ͔ͯ͞Υ 
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ˢ   ˮͤͫͭ͊͊͡ͼ͙͊͞ ͫ͊ [95 ͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͭͦͨͦ͡-͔͔͋͡ ͔͋ͦ͞ 

ˣ   ˮͤͫͭ͊͊͡ͼ͙͊͞ ͫ͊ [95 ͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͔͔ͤͯͭͪ͊ͤ͡ ͔͔͋͡ ͔͋ͦ͞ 

8. ̊ͭ͊ ͔͞Σ ͯ ͍͙ͦͪͯ͟ с ͍͔͔͙ͤ͊͒ͤͻ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊Σ ͔ͤ͊͋ͦ͢͞ ͦ͒͟ ͍͔͔ͦͫͭͥ͊͢ ͔ͦ͟͞ ͍ͫͭ͊ͪ͊ ͙ͤͫͭ͊͊͡ͼ͙͊͞ ͫ͊ [95 
͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͭͦͨͦ͡-͔͔͋͡ ͔͋ͦ͞Κ ˭͙͔͊ͦͪͯ͗ͭ͟ ͔͍͔͋ͪͦ͞ ͙͔ͫͨͪ͒ ͍͙ͤ͊͞΄͔ 2 ͨ ͔͊ͪ͊ͣͭͪ͊Φ 

 

1. ͙͔͙͔ͤͭͤͭͭ͘ ͍͔͔ͦͫͭͥ͊͢ ͟ ͍ͦͦͦ͊͘͡ 

2. ͋ͦ͊͞ ͍͔͙ͫͭͦͫͭ͡ 

3. ͔ͣ͊ͥ ͔͋͢΄͔ͭ͊ͥ 

4. ͯͦ;͍͔͊͊ͥ ͔ͨ΄͊͊͟ 

5. ͯͦ;͍͔͊͊ͥ ͍͔͔ͫͭ͡ ͔͔͔ͨͪͨͪ͟ ͤ͊ ͍ͦͦͦͯ͘͟͡ ό͔͔͔ͤ͘͡ ͦ͟ͼ͔͟ύ 

6. ͯͦ;͍͔͊͊ͥ ͔ͭ͊ͣͤ ͔͔͔ͨͪͨͪ͟ ͤ͊ ͍ͦͦͦͯ͘͟͡ όͭ͊ͣͤͦ-͍͔ͨ͊͡ ͦ͟ͼ͔͟ύ 

 

9. ̊ͭ͊ ͔͞Σ ͯ ͍͙ͦͪͯ͟ с ͍͔͔͙ͤ͊͒ͤͻ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊Σ ͔ͤ͊͋ͦ͢͞ ͦ͒͟ ͍͔͔ͦͫͭͥ͊͢ ͔ͦ͟͞ ͍ͫͭ͊ͪ͊ ͙ͤͫͭ͊͊͡ͼ͙͊͞ ͫ͊ [9D 
͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͔͔ͤͯͭͪ͊ͤ͡ ͔͔͋͡ ͔͋ͦ͞Κ ˭͙͔͊ͦͪͯ͗ͭ͟ ͔͍͔͋ͪͦ͞ ͙͔ͫͨͪ͒ ͍͙ͤ͊͞΄͔ 2 ͨ ͔͊ͪ͊ͣͭͪ͊Φ 

 

1. ͙͔͙͔ͤͭͤͭͭ͘ ͍͔͔ͦͫͭͥ͊͢ ͍ͦͦͦ͊͘͟͡ 

2. ͋ͦ͊͞ ͍͔͙ͫͭͦͫͭ͡ 

3. ͔ͣ͊ͥ ͔͋͢΄͔ͭ͊ͥ 

4. ͯͦ;͍͔͊͊ͥ ͔ͨ΄͊͊͟ 

5. ͯͦ;͍͔͊͊ͥ ͍͔͔ͫͭ͡ ͔͔͔ͨͪͨͪ͟ ͤ͊ ͍ͦͦͦͯ͘͟͡ ό͔͔͔ͤ͘͡ ͦ͟ͼ͔͟ύ 

6. ͯͦ;͍͔͊͊ͥ ͔ͭ͊ͣͤ ͔͔͔ͨͪͨͪ͟ ͤ͊ ͍ͦͦͦͯ͘͟͡ όͭ͊ͣͤͦ-͍͔ͨ͊͡ ͦ͟ͼ͔͟ύ 

 

10. 

˽ͦ ˤ͊΄͔ͣ ͙ͣ΄͔ͥͯ͢Σ ͤ͊ͤ͊͘͞;͙͙͊ͤ͞͞ 

͔ͨ͊ͪ͊ͣͭ͊ͪ ͍͙͔͊ͭͭ͊͟͡ ͙ͯ͡;͎ͤͦ ͍͔͔ͦͫͭͥ͊͢ 

ͫ͊ ͔͊ͫͨͭ͊͟ ͍ͦ͊͘;͊ ͔͞ όͦͤ͊͘;͙͙ͭ ͍͊͒ͪ͊ͭ͟ ͯ͘ 

͙͙͊͋ͪ͊ͤ͘ ͎͍ͦ͒ͦͦͪύΥ 

        ͙ ͔͙͔ͤͭͤͭͭ͘ ͍͔͔ͦͫͭͥ͊͢ ͍ͦͦͦ͊͘͟͡ 

        ͋ ͦ͊͞ ͍͔͙ͫͭͦͫͭ͡ 

        ͣ ͊ͦ͡ ͔͋͢΄͔ͭ͊ͥ 

        ͯ ͦ;͍͔͊͊ͥ ͔ͨ΄͊͊͟ 

        ͯ ͦ;͍͔͊͊ͥ ͔͔ͨͪͨͪ͊͟ ͤ͊ ͍ͦͦͦͯ͘͟͡ 

 

ˢͦ͟ ͙͔ͣ͊ͭ ͔͙ͤ͟ ͔ͦͣͤͭ͊ͪ͟Σ ͙ͯͨ΄͙͔ͭ ͎͊Φ 
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ʇʈʀʃʆɻ 4 
 

ʇʨʦʨʘʯʫʥ ʪʨʦʰʢʦʚʘ 

 

ʇʦʯʝʪʥʠ (ʠʥʚʝʩʪʠʮʠʦʥʠ) ʪʨʦʰʢʦʚʠ ʟʘ ʠʥʩʪʘʣʘʮʠʿʫ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʝ/ʧʫʪʘ (Cin) ʤʦʛʫ ʩʝ 

ʠʟʨʘʯʫʥʘʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʩʣʝʜʝ˂ʝ ʿʝʜʥʘʯʠʥʝ: 

Cin = Np [Cp + Cb + k (Cl + Cwl) + Cwp],         (4.1) 

ʛʜʝ ʩʫ: 

ï Np ʿʝ ʙʨʦʿ ʩʪʫʙʦʚʘ ʜʫʞ ʨʘʟʤʘʪʨʘʥʝ ʜʝʦʥʠʮʝ ʫʣʠʮʝ (ʧʫʪʘ),  

ï Cp ʿʝ ʮʝʥʘ ʩʪʫʙʘ ʩʘ ʧʦʪʨʝʙʥʦʤ ʦʧʨʝʤʦʤ ʠ ʜʦʜʘʮʠʤʘ,  

ï Cb ʿʝ ʮʝʥʘ ʿʝʜʥʦʩʪʨʫʢʝ ʠʣʠ ʜʚʦʩʪʨʫʢʝ ʣʠʨʝ (ʘʢʦ ʧʦʩʪʦʿʠ),  

ï k ʿʝ ʙʨʦʿ ʩʚʝʪʠˀʢʠ ʧʦ ʩʪʫʙʫ,  

ï Cl ʿʝ ʮʝʥʘ ʩʚʝʪʠˀʢʝ (ʩʚʝʪʠˀʢʘ ʿʝ ʦʧʨʝʤˀʝʥʘ ʩʘ ʩʠʿʘʣʠʮʦʤ, ʧʨʝʜʩʧʦʿʥʠʤ ʫʨʝʹʘʿʝʤ 

ʠ ʛʦʨʠʦʥʠʢʦʤ ʠʣʠ LED ʧʘʢʝʪʠʤʘ ʠ ʜʨʘʿʚʝʨʠʤʘ),  

ï Cwl ʿʝ ʮʝʥʘ ʫʛʨʘʜˁʝ ʩʚʝʪʠˀʢʝ, ʠ  

ï Cwp ʿʝ ʮʝʥʘ ʧʦʩʪʘʚˀʘˁʘ ʩʪʫʙʘ. 

ʇʦʰʪʦ ʿʝ ʮʝʥʘ ʢʘʙʣʦʚʘ ʟʘ ʩʥʘʙʜʝʚʘˁʝ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʩʚʠʭ ʩʚʝʪʠˀʢʠ ʥʘ 

ʨʘʟʤʘʪʨʘʥʦʿ ʜʝʦʥʠʮʠ ʫʣʠʮʝ/ʧʫʪʘ (ʫʢˀʫʯʫʿʫ˂ʠ ʠ ˁʠʭʦʚʦ ʧʦʣʘʛʘˁʝ) ʧʨʘʢʪʠʯʥʦ ʿʝʜʥʘʢʘ ʟʘ 

ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ (ʧʫʪʝʚʘ) ʢʦʿʝ ʩʝ ʧʦʨʝʜʝ, ʦʙʠʯʥʦ ʩʝ ʥʝ ʫʨʘʯʫʥʘʚʘ ʫ ʧʦʯʝʪʥʝ 

ʪʨʦʢhʦʚʝ ʧʨʠʣʠʢʦʤ ʝʢʦʥʦʤʩʢʦʛ ʧʦʨʝʹʝˁʘ ʨʘʟʣʠʯʠʪʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ. 

ʊʨʦʰʢʦʚʠ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʫʢˀʫʯʫʿʫ ʪʨʦʰʢʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʦʜʨʞʘʚʘˁʘ, ʧʨʠ ʯʝʤʫ 

ʧʦʩʣʝʜˁʠ ʫʛʣʘʚʥʦʤ ʫʢˀʫʯʫʿʫ ʪʨʦʰʢʦʚʝ ʧʦʪʨʝʙʥʝ ʟʘ ʟʘʤʝʥʫ ʩʠʿʘʣʠʮʘ (ʠʣʠ LED ʧʘʢʝʪʘ ʠ 

ʜʨʘʿʚʝʨʘ) ʠ ʯʠʰ˂ʝˁʝ ʩʚʝʪʠˀʢʠ.  

ɻʦʜʠʰˁʠ ʪʨʦʰʢʦʚʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ (Ce) ʤʦʛʫ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʩʣʝʜʝ˂ʝ 

ʿʝʜʥʘʯʠʥʝ: 

Ce = kĀNpĀP1 (t1Āce1 + t2Āce2 + ... + tmĀcem),    (4.2) 

ʛʜʝ ʩʫ: 

ï P1 ʿʝ ʫʢʫʧʥʘ ʩʥʘʛʘ ʩʚʝʪʠˀʢʝ,  

ï m ʿʝ ʙʨʦʿ ʪʘʨʠʬʘ,  

ï tj (  ʿ= 1, 2, ..., m) ʿʝ ʛʦʜʠʰˁʝ ʚʨʝʤʝ ʨʘʜʘ ʩʚʝʪʠˀʢʝ ʫ ʦʢʚʠʨʫ -ʿʪʝ ʪʘʨʠʬʝ, ʠ  

ï cej ʿʝ ʮʝʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʿ-ʪʦʿ ʪʘʨʠʬʠ. 

ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʦʧʪʠʤʘʣʥʘ ʧʨʦʮʝʜʫʨʘ ʦʜʨʞʘʚʘˁʘ ʫ ʩʣʫʯʘʿʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ 

ʩʚʝʪʠˀʢʠ ʧʦʜʨʘʟʫʤʝʚʘ ʦʨʛʘʥʠʟʦʚʘʥʫ (ʧʝʨʠʦʜʠʯʥʫ) ʛʨʫʧʥʫ ʟʘʤʝʥʫ ʩʠʿʘʣʠʮʘ ʩʘ ʯʠʰ˂ʝˁʝʤ 

ʩʚʝʪʠˀʢʝ ʩʘʤʦ ʧʨʠ ʟʘʤʝʥʠ ʩʠʿʘʣʠʮʝ [64], ʪʨʦʰʢʦʚʠ ʟʘ ʩʚʘʢʫ ʛʨʫʧʥʫ ʟʘʤʝʥʫ ʩʚʝʪʠˀʢʝ ʫʟ 

ʠʩʪʦʚʨʝʤʝʥʦ ʯʠʰ˂ʝˁʝ ʩʚʝʪʠˀʢʝ ʤʦʛʫ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʩʣʝʜʝ˂ʝ ʿʝʜʥʘʯʠʥʝ: 

Cgr = kĀNp (Cls + Cgrw),     (4.3) 

ʛʜʝ Cls ʧʨʝʜʩʪʘʚˀʘ ʮʝʥʫ ʩʠʿʘʣʠʮʝ, ʘ Cgrw ʫʢˀʫʯʫʿʝ ʪʨʦʰʢʦʚʝ ʚʦʟʠʣʘ ʠ ʨʘʜʘ ʥʘ ʟʘʤʝʥʠ ʠʟʚʦʨʘ 

ʩʚʝʪʣʦʩʪʠ ʠ ʯʠʰ˂ʝˁʫ ʩʚʝʪʠˀʢʝ.  

ʋ ʩʣʫʯʘʿʫ LED ʩʚʝʪʠˀʢʠ ʧʦʩʪʦʿʝ ʪʨʠ ʛʣʘʚʥʝ ʚʨʩʪʝ ʦʜʨʞʘʚʘˁʘ: ʤʦʛʫ˂ʘ ʛʨʫʧʥʘ ʟʘʤʝʥʘ 

ʧʣʦʯʘ ʩʘ LED ʯʠʧʦʚʠʤʘ (ʥʘ ʧʨʠʤʝʨ, 50000 ʩʘʪʠ ʥʘʢʦʥ ʫʛʨʘʜˁʝ ʩʚʝʪʠˀʢʝ), ʧʝʨʠʦʜʠʯʥʘ ʛʨʫʧʥʘ 

ʟʘʤʝʥʘ ʜʨʘʿʚʝʨʘ ʠ ʠʩʪʦʚʨʝʤʝʥʦ ʯʠʰ˂ʝˁʝ ʩʚʝʪʠˀʢʠ (ʥʘ ʧʨʠʤʝʨ, ʩʚʘʢʝ ʯʝʪʚʨʪʝ ʛʦʜʠʥʝ).  

ʎʝʥʘ ʟʘ ʛʨʫʧʥʫ ʟʘʤʝʥʫ ʧʣʦʯʘ ʩʘ LED ʯʠʧʦʚʠʤʘ ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ ʩʣʝʜʝ˂ʦʤ ʿʝʜʥʘʯʠʥʦʤ: 

CgrLED = kĀNp (qĀCl + Cgrcb),    (4.4) 
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ʛʜʝ q ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ ʠʟʤʝʹʫ ʮʝʥʘ ʧʣʦʯʝ ʩʘ LED ʯʠʧʦʚʠʤʘ ʠ ʮʝʣʝ ʩʚʝʪʠˀʢʝ (ʤʦʞʝ ʩʝ ʫʟʝʪʠ 

q = 0.2), ʘ Cgrcb ʫʢˀʫʯʫʿʝ ʮʝʥʫ ʚʦʟʠʣʘ ʠ ʨʘʜʘ ʥʘ ʟʘʤʝʥʠ ʧʣʦʯʝ ʩʘ LED ʯʠʧʦʚʠʤʘ ʧʨʠ ʛʨʫʧʥʦʿ 

ʟʘʤʝʥʠ. 

ʎʝʥʘ ʧʝʨʠʦʜʠʯʥʝ ʛʨʫʧʥʝ ʟʘʤʝʥʝ ʜʨʘʿʚʝʨʘ ʠ ʠʩʪʦʚʨʝʤʝʥʦʛ ʯʠʰ˂ʝˁʘ ʩʚʝʪʠˀʢʠ ʤʦʞʝ ʩʝ 

ʠʟʨʘʯʫʥʘʪʠ ʩʣʝʜʝ˂ʦʤ ʿʝʜʥʘʯʠʥʦʤ: 

Cgrdr = kĀNpĀCdr,             (4.5) 

ʛʜʝ Cdr ʫʢˀʫʯʫʿʝ ʮʝʥʫ ʥʦʚʦʛ ʜʨʘʿʚʝʨʘ ʠ ʪʨʦʰʢʦʚʝ ʚʦʟʠʣʘ ʠ ʨʘʜʘ ʥʘ ˁ ʝʛʦʚʦ ʿʫʛʨʘʜˁʠ ʠ ʯʠʰ˂ʝˁʝ 

ʩʚʝʪʠˀʢʠ. 

ʇʦʨʝʜ ʧʨʝʪʭʦʜʥʠʭ ʪʨʦʰʢʦʚʘ, ʤʦʛʫ ʩʝ ʫʢˀʫʯʠʪʠ ʠ ʪʨʦʰʢʦʚʠ ʟʘʤʝʥʝ ʿʝʜʥʦʛ ʠʟʚʦʨʘ 

ʩʚʝʪʣʦʩʪʠ (ʟʘ ʠʟʚʦʨʝ ʩʚʝʪʣʦʩʪʠ ʢʦʿʠ ʩʫ ʨʘʥʦ ʧʨʝʛʦʨʝʣʠ) [18]. ʋ -ʿʪʦʿ ʛʦʜʠʥʠ ʥʘʢʦʥ ʧʦʩʪʘʚˀʘˁʘ 

ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʝ/ʧʫʪʘ, ʦʜʥʦʩʥʦ ʥʘʢʦʥ ʛʨʫʧʥʝ ʟʘʤʝʥʝ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ, ʦʥʠ ʠʟʥʦʩʝ: 

Csrj = Nj Ā (Cls + Cs.r.w.),          (4.6) 

ʛʜʝ ʿʝ Nj ʙʨʦʿ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ ʢʦʿʠ ʩʫ ʧʨʝʛʦʨʝʣʠ ʪʦʢʦʤ -ʿʪʝ ʛʦʜʠʥʝ, ʘ Cs.r.w. ʫʢˀʫʯʫʿʝ ʪʨʦʰʢʦʚʝ 

ʚʦʟʠʣʘ ʠ ʨʘʜʘ ʥʘ ʟʘʤʝʥʠ ʿʝʜʥʦʛ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ.  

ɿʙʦʛ ʯʠˁʝʥʠʮʝ ʜʘ ʩʫ ʪʨʦʰʢʦʚʠ ʟʘʤʝʥʝ ʦʩʪʘʣʠʭ (ʝʣʝʢʪʨʠʯʥʠʭ ʠʣʠ ʦʧʪʠʯʢʠʭ) ʜʝʣʦʚʘ 

ʩʚʝʪʠˀʢʝ ʫʛʣʘʚʥʦʤ ʠʩʧʦʜ 1% ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ, ʦʥʠ ʩʝ ʤʦʛʫ ʟʘʥʝʤʘʨʠʪʠ.  

ʋʢʫʧʥʠ ʪʨʦʰʢʦʚʠ, Cd, ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʟʙʠʨ ʩʚʠʭ ʨʝʣʝʚʘʥʪʥʠʭ ʪʨʦʰʢʦʚʘ ʩʚʝʜʝʥʠʭ ʥʘ 

ʢʨʘʿ ʧʝʨʠʦʜʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ, ʊ, ʤʦʛʫ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʩʣʝʜʝ˂ʝ ʿʝʜʥʘʯʠʥʝ: 

Cd = Cind + Ced + Cgrd + Csrd,              (4.7) 

ʛʜʝ Cind, Ced, Cgrd ʠ Csrd ʧʨʝʜʩʪʘʚˀʘʿʫ ʘʢʪʫʝʣʠʟʦʚʘʥʝ ʧʦʯʝʪʥʝ ʪʨʦʰʢʦʚʝ, ʪʨʦʰʢʦʚʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʠ ʛʨʫʧʥʝ ʠ ʧʦʿʝʜʠʥʘʯʥʝ ʪʨʦʰʢʦʚʝ ʦʜʨʞʘʚʘˁʘ, ʨʝʩʧʝʢʪʠʚʥʦ. ɸʢʪʫʝʣʠʟʦʚʘʥʠ ʧʦʯʝʪʥʠ 

ʠ ʪʨʦʰʢʦʚʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʤʦʛʫ ʩʝ ʦʜʨʝʜʠʪʠ ʩʣʝʜʝ˂ʠʤ ʿʝʜʥʘʯʠʥʘʤʘ (i ʿʝ ʩʪʦʧʘ 

ʘʢʪʫʝʣʠʟʘʮʠʿʝ, ʠʟʨʘʞʝʥʘ ʫ ʧʨʦʮʝʥʪʠʤʘ): 

( )1
100

= Ö +
T

ind in
iC C      (4.8) 
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i i iC C C

i
. (4.9) 

ɿʘ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ ʩʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʩʚʝʪʠˀʢʘʤʘ, 

ʘʢʪʫʝʣʠʟʦʚʘʥʠ ʪʨʦʰʢʦʚʠ ʛʨʫʧʥʦʛ ʦʜʨʞʘʚʘˁʘ ʤʦʛʫ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦ ʩʣʝʜʝ˂ʠʤ ʬʦʨʤʫʣʘʤʘ: 
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ʛʜʝ ʩʫ:  
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ï Tgr ʿʝ ʧʝʨʠʦʜ ʛʨʫʧʥʝ ʟʘʤʝʥʝ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ (ʥʘ ʧʨʠʤʝʨ, Tgr = 4 ʛʦʜʠʥʝ ʟʘ 

ʥʘʪʨʠʿʫʤʦʚʝ ʠ Tgr = 2 ʛʦʜʠʥʝ ʟʘ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʝ ʠʟʚʦʨʝ), ʠ  

ï nr ʿʝ ʙʨʦʿ ʛʨʫʧʥʠʭ ʟʘʤʝʥʘ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ.  

ɿʘ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ ʫʣʠʮʘ/ʧʫʪʝʚʘ ʩʘ LED ʩʚʝʪʠˀʢʘʤʘ, ʘʢʪʫʝʣʠʟʦʚʘʥʠ ʪʨʦʢhʦʚʠ 

ʛʨʫʧʥʦʛ ʦʜʨʞʘʚʘˁʘ ʤʦʛʫ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦ ʩʣʝʜʝ˂ʠʤ ʬʦʨʤʫʣʘʤʘ: 

1 2= +grd grd grdC C C      (4.11) 
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ʛʜʝ ʩʫ: 

ï TLED ʿʝ ʚʨʝʤʝ ʨʘʜʘ ʩʚʝʪʠˀʢʝ ʥʘʢʦʥ ʢʦʿʝʛ ʩʝ ʧʣʦʯʘ ʩʘ LED ʯʠʧʦʚʠʤʘ ʪʨʝʙʘ 

ʟʘʤʝʥʠʪʠ,  

ï nrd ʿʝ ʙʨʦʿ ʛʨʫʧʥʠʭ ʟʘʤʝʥʘ ʜʨʘʿʚʝʨʘ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ, ʠ  

ï TgrLED ʿʝ ʧʝʨʠʦʜ ʛʨʫʧʥʝ ʟʘʤʝʥʝ ʜʨʘʿʚʝʨʘ ʠ ʯʠʰ˂ʝˁʘ ʩʚʝʪʠˀʢʝ (ʦʙʠʯʥʦ ʯʝʪʠʨʠ 

ʛʦʜʠʥʝ).  

ɸʢʪʫʝʣʠʟʦʚʘʥʠ ʧʦʿʝʜʠʥʘʯʥʠ ʪʨʦʰʢʦʚʠ ʦʜʨʞʘʚʘˁʘ (Csrd) ʤʦʛʫ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦ ʩʣʝʜʝ˂ʠʤ 

ʬʦʨʤʫʣʘʤʘ: 
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ʛʜʝ Csrjd ʧʨʝʜʩʪʘʚˀʘ ʫʢʫʧʥʝ ʘʢʪʫʝʣʠʟʦʚʘʥʝ ʪʨʦʢhʦʚʝ ʟʘʤʝʥʝ ʿʝʜʥʦʛ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ ʪʦʢʦʤ 

ʩʚʠʭ -ʿʪʠʭ ʛʦʜʠʥʘ. 
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ʇʈʀʃʆɻ 5 
 

ʊʨʦʰʢʦʚʠ ʦʧʨʝʤʝ ʠ ʨʘʜʘ 

 

ʊʘʙʝʣʝ 5.1ï5.5 ʩʘʜʨʞʝ ʩʚʝ ʪʨʦʰʢʦʚʝ ʦʧʨʝʤʝ (ʫ EUR (ú), ʙʝʟ ʇɼɺ-ʘ) ʢʦʨʠʰ˂ʝʥʝ ʫ ʦʚʦʤ 

ʠʩʪʨʘʞʠʚʘˁʫ. ʀʘʢʦ ʮʝʥʘ ʫʛʨʘʜˁʝ ʩʪʫʙʘ ʟʘʚʠʩʠ ʦʜ ˁʝʛʦʚʝ ʚʠʩʠʥʝ ʠ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʪʣʘ, ʫʩʚʦʿʝʥʘ ʿʝ ʢʦʥʩʪʘʥʪʥʘ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ Cwp = 50 ú, ʫʚʝ˂ʘʥʘ ʟʘ Cwl = 40 ú ʟʘ ʫʛʨʘʜˁʫ ʩʚʘʢʝ 

ʩʚʝʪʠˀʢʝ. ʋ ʧʨʦʩʝʢʫ ʿʝ ʫʩʚʦʿʝʥʦ 50 ú ʧʦ ʩʚʝʪʠˀʢʠ ʟʘ ʮʝʥʫ ʚʦʟʠʣʘ ʠ ʨʘʜʘ ʢʘʢʦ ʥʘ ʛʨʫʧʥʦ ʿʟʘʤʝʥʠ 

ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ (LED ʜʨʘʿʚʝʨʘ, ʧʣʦʯʝ ʩʘ LED ʯʠʧʦʚʠʤʘ), ʪʘʢʦ ʠ ʥʘ ʯʠʰ˂ʝˁʫ ʩʚʝʪʠˀʢʝ (Cgrw 

= Cgrcb = 50 ú, ʜʦʢ ʿʝ Cdr ʠʟʥʦʩʠʦ 92 (50 + 42) ú ʠ 103 (50 + 53) ú ʟʘ ʩʚʝʪʠˀʢʝ Voltana ʠ Ampera, 

ʨʝʩʧʝʢʪʠʚʥʦ). 

 

ʊʘʙʝʣʘ 5.1. ʎʝʥʘ ʧʦʪʧʫʥʦ ʧʦʮʠʥʢʦʚʘʥʦʛ ʯʝʣʠʯʥʦʛ ʩʪʫʙʘ (Cp) ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ˁʝʛʦʚʝ ʚʠʩʠʥʝ 

(H) 

 

H (m) 7 8 9 10 11 12 13 

Cp 350 400 450 500 550 600 650 

 

ʊʘʙʝʣʘ 5.2. ʊʨʦʰʢʦʚʠ ʿʝʜʥʦʩʪʨʫʢʠʭ ʠ ʜʚʦʩʪʨʫʢʠʭ ʣʠʨʘ ʜʫʞʠʥʝ lb (Cb) ï ʟʘ ʜʚʦʩʪʨʫʢʫ ʣʠʨʫ lb 

ʧʨʝʜʩʪʘʚˀʘ ʜʫʞʠʥʫ ʿʝʜʥʦʛ ʢʨʘʢʘ 

 
lb 0,5 1 1,5 2 

Cb (ʿʝʜʥʦʩʪʨʫʢʘ ʣʠʨʘ) 10 12 15 20 

Cb (ʜʚʦʩʪʨʫʢʘ ʣʠʨʘ) 20 24 30 40 

 

ʊʘʙʝʣʘ 5.3. ʎʝʥʝ ʩʚʝʪʠˀʢʠ Onyx 2 ʠ Citea (Cl) ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʥʘʛʝ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ (P) 

 
ʊʠʧ ʩʚʝʪʠˀʢʝ ʊʠʧ ʠʟʚʦʨʘ 

ʩʚʝʪʣʦʩʪʠ 

P (W) 70 100 150 250 

Onyx 2 HPS/MH 
Cl 

231 243 254 264 

Citea Midi  397 410 414 439 

Citea Mini HPS Cl 362 397 402 424 

 

ʊʘʙʝʣʘ 5.4. ʎʝʥʝ Ampera ʠ Voltana ʩʚʝʪʠˀʢʠ (ʪʦʧʣʦ-ʙʝʣʝ ʠʣʠ ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ ʙʦʿʝ ʩʚʝʪʣʦʩʪʠ) 

(Cl) ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʥʘʛʝ (P) 

ʊʠʧ 

ʩʚʝʪʠˀʢʝ 

Ampera 
P (W) 36,1 53 70 103 136 165 

Cl 236 251 308 327 339 437 

Voltana 
P (W) 31 56 80 110 212 / 

Cl 134 171 206 258 520 / 

 

ʊʘʙʝʣʘ 5.5. ʎʝʥʝ ʥʘʪʨʠʿʫʤʦʚʠʭ ʠ ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʭ ʩʠʿʘʣʠʮʘ (Cls) ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʥʘʛʝ (P) 

 
P (W) 70 100 150 250 

Cls (HPS) 6 8 9 11 

Cls (MH) 19 19 20 20 
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ʇʈʀʃʆɻ 6 
 

ɸʢʪʫʝʣʠʟʦʚʘʥʠ ʪʨʦʰʢʦʚʠ ʠ ʦʜʥʦʩʠ ʫʢʫʧʥʠʭ ʘʢʪʫʝʣʠʟʦʚʘʥʠʭ ʪʨʦʰʢʦʚʘ 

 

ʊʘʙʝʣʘ 6.1. ɸʢʪʫʝʣʠʟʦʚʘʥʠ ʧʦʯʝʪʥʠ ʪʨʦʰʢʦʚʠ (Cind), ʪʨʦʰʢʦʚʠ ʫʪʨʦʰʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

(Ced), ʪʨʦʰʢʦʚʠ ʦʜʨʞʘʚʘˁʘ (Cgrd) ʠ ʫʢʫʧʥʠ (Cd) ʪʨʦʰʢʦʚʠ ʫʧʦʨʝʜʠʚʠʭ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ 

ʨʝʰʝˁʘ ʨʝʘʣʠʟʦʚʘʥʠʭ ʧʦʤʦ˂ʫ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ (HPS), ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ (MH) ʠ 

LED ʠʟʚʦʨʠʤʘ (ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ (NW LEDs) ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ (WW LEDs)) (ʿʝʜʥʦʩʪʨʘʥʠ ʠ 

ʮʠʢ-ʮʘʢ ʨʘʩʧʦʨʝʜʠ) 

 

ʈʘʩʧʦʨʝʜ 

ʩʪʫʙʦʚʘ 

  ɹʝʟ ʫʚʘʞʘʚʘˁʘ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ ʉʘ ʫʚʘʞʘʚʘˁʝʤ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʦ 

ʨʝʰʝˁʝ 

Cind 

(1000 ú) 

Ced 

(1000 ú) 

Cgrd 

(1000 ú) 

Cd 

(1000 ú) 

Cind 

(1000 ú) 

Ced 

(1000 ú) 

Cgrd 

(1000 ú) 

Cd 

(1000 ú) 

ɱʝʜʥʦʩʪʨʘʥʠ 

ʜʚʝ ʪʨʘʢʝ 

M3 

HPS 68 115 15 198 68 115 15 198 

MH 73 123 56 252 73 123 56 252 

NW LEDs 69 53 27 148 61 47 24 133 

WW LEDs 83 64 33 180 76 58 30 164 

M4 

HPS 87 95 17 199 87 95 17 199 

MH 77 100 65 243 77 100 65 243 

NW LEDs 77 41 31 149 67 36 27 130 

WW LEDs 61 47 24 133 82 44 33 158 

M5 

HPS 62 63 11 136 62 63 11 136 

MH 59 72 47 178 59 72 47 178 

NW LEDs 51 27 20 98 50 27 20 97 

WW LEDs 55 30 22 107 51 27 20 98 

M6 

HPS 64 63 11 138 64 63 11 138 

MH 54 66 43 163 54 66 43 163 

NW LEDs 47 25 20 92 47 25 20 92 

WW LEDs 49 26 21 96 47 25 20 92 

ʎʠʢ-ʮʘʢ 

ʪʨʠ ʪʨʘʢʝ 

M3 

HPS 157 160 29 347 157 160 29 347 

MH 131 169 110 410 131 169 110 410 

NW LEDs 125 72 54 251 122 66 49 236 

WW LEDs 140 81 61 282 131 76 57 264 

M4 

HPS 114 138 25 277 114 138 25 277 

MH 115 138 90 342 115 138 90 342 

NW LEDs 109 59 44 213 100 54 40 195 

WW LEDs 122 66 49 236 114 62 46 222 

M5 

HPS 69 83 15 168 69 83 15 168 

MH 69 83 54 207 69 83 54 207 

NW LEDs 67 36 27 130 63 33 25 121 

WW LEDs 75 40 30 144 67 36 27 130 
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ʊʘʙʝʣʘ 6.2. ɸʢʪʫʝʣʠʟʦʚʘʥʠ ʧʦʯʝʪʥʠ ʪʨʦʰʢʦʚʠ (Cind), ʪʨʦʰʢʦʚʠ ʫʪʨʦʰʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

(Ced), ʪʨʦʰʢʦʚʠ ʦʜʨʞʘʚʘˁʘ (Cgrd) ʠ ʫʢʫʧʥʠ (Cd) ʪʨʦʰʢʦʚʠ ʫʧʦʨʝʜʠʚʠʭ ʩʚʝʪʣʦʪʝʭʥʠʯʢʠʭ 

ʨʝʰʝˁʘ ʨʝʘʣʠʟʦʚʘʥʠʭ ʧʦʤʦ˂ʫ ʩʚʝʪʠˀʢʠ ʩʘ ʥʘʪʨʠʿʫʤʦʚʠʤ (HPS), ʤʝʪʘʣ-ʭʘʣʦʛʝʥʠʤ (MH) ʠ 

LED ʠʟʚʦʨʠʤʘ (ʥʝʫʪʨʘʣʥʝ ʙʝʣʝ (NW LEDs) ʠ ʪʦʧʣʦ-ʙʝʣʝ ʙʦʿʝ (WW LEDs)) (ʥʘʩʧʨʘʤʥʠ ʠ 

ʮʝʥʪʨʘʣʥʠ ʨʘʩʧʦʨʝʜʠ) 

 

ʈʘʩʧʦʨʝʜ 

ʩʪʫʙʦʚʘ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʦ 

ʨʝʰʝˁʝ 

ɹʝʟ ʫʚʘʞʘʚʘˁʘ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ ʉʘ ʫʚʘʞʘʚʘˁʝʤ ʤʝʟʦʧʩʢʠʭ ʝʬʝʢʘʪʘ 

Cind 

(1000 ú) 

Ced 

(1000 ú) 

Cgrd 

(1000 ú) 

Cd 

(1000 ú) 

Cind 

(1000 ú) 

Ced 

(1000 ú) 

Cgrd 

(1000 ú) 

Cd 

(1000 ú) 

ʅʘʩʧʨʘʤʥʠ 

ʪʨʠ ʪʨʘʢʝ 

M2 

HPS 217 235 43 495 217 235 43 495 

MH 232 241 157 630 232 241 157 630 

NW LEDs 209 113 85 407 200 108 81 389 

WW LEDs 226 131 98 455 213 123 92 429 

M3 

HPS 157 160 29 347 157 160 29 347 

MH 176 172 112 459 176 172 112 459 

NW LEDs 124 72 54 250 124 67 50 241 

WW LEDs 143 82 61 286 133 77 58 268 

M4 

HPS 145 149 27 321 145 149 27 321 

MH 162 160 104 427 162 160 104 427 

NW LEDs 114 62 46 222 108 59 44 211 

WW LEDs 124 67 50 241 114 62 46 222 

ʅʘʩʧʨʘʤʥʠ 

ʯʝʪʠʨʠ 

ʪʨʘʢʝ 

M1 

HPS 199 336 44 579 199 336 44 579 

MH 223 377 172 772 223 377 172 772 

NW LEDs 226 174 88 488 215 166 85 465 

WW LEDs 275 211 108 594 260 200 102 562 

M2 

HPS 227 292 53 573 227 292 53 573 

MH 227 292 190 710 227 292 190 710 

NW LEDs 235 136 102 473 231 123 92 447 

WW LEDs 206 158 81 445 190 147 75 412 

M3 

HPS 175 189 34 399 175 189 34 399 

MH 199 206 134 540 199 206 134 540 

NW LEDs 153 87 65 305 138 80 60 277 

WW LEDs 137 106 54 296 162 93 69 323 

ʎʝʥʪʨʘʣʥʠ 

ʪʨʠ ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ 

ʫʣʠʮʝ) 

M1 

HPS 167 540 48 756 167 540 48 756 

MH 201 651 201 1053 201 651 201 1053 

NW LEDs 256 334 129 719 251 314 121 686 

WW LEDs 163 388 63 614 163 388 63 614 

M2 

HPS 125 405 36 567 125 405 36 567 

MH 156 504 155 815 156 504 155 815 

NW LEDs 236 238 121 595 221 223 113 557 

WW LEDs 139 310 61 510 154 264 69 487 

ʎʝʥʪʨʘʣʥʠ 

ʪʨʠ ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 

HPS 104 491 27 623 104 491 27 623 

MH 217 626 193 1037 217 626 193 1037 

NW LEDs 141 305 50 497 131 282 46 459 

WW LEDs 154 341 56 550 148 329 54 531 

M2 

HPS 137 393 35 565 137 393 35 565 

MH 236 459 209 903 236 459 209 903 

NW LEDs 121 242 48 411 138 220 58 415 

WW LEDs 126 270 44 440 120 258 42 421 
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ʊʘʙʝʣʘ 6.3. ʆʜʥʦʩʠ ʫʢʫʧʥʠʭ ʘʢʪʫʝʣʠʟʦʚʘʥʠʭ ʪʨʦʰʢʦʚʘ ʟʘ ʩʚʝ ʨʘʟʤʘʪʨʘʥʝ ʩʣʫʯʘʿʝʚʝ 

ʿʝʜʥʦʩʪʨʘʥʦʛ ʨʘʩʧʦʨʝʜʘ  

 

ʈʘʩʧʦʨʝʜ 

ʩʪʫʙʦʚʘ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʆʜʥʦʩ 

i (%) 

3 5 7 

ce (ú/kWh) 

0,10 0,20 0,30 0,10 0,20 0,30 0,10 0,20 0,30 

ɱʝʜʥʦʩʪʨʘʥʠ 

ʜʚʝ ʪʨʘʢʝ 

M3 

CdLEDNW/ CdHPS 0,86 0,73 0,67 0,87 0,75 0,69 0,88 0,77 0,70 

CdLEDWW/ CdHPS 1,04 0,89 0,81 1,05 0,91 0,83 1,07 0,93 0,85 

CdLEDNWmes/ CdHPS 0,76 0,65 0,60 0,78 0,67 0,61 0,79 0,68 0,63 

CdLEDWWmes/ CdHPS 0,95 0,81 0,74 0,96 0,83 0,76 0,98 0,85 0,78 

CdLEDNWmes/ CdLEDNW 0,89 0,89 0,89 0,89 0,89 0,89 0,89 0,89 0,89 

CdLEDWWmes/ CdLEDWW 0,91 0,91 0,91 0,91 0,91 0,91 0,91 0,91 0,91 

CdLEDWW/ CdMH 0,75 0,69 0,66 0,78 0,72 0,68 0,80 0,74 0,70 

CdLEDWWmes/ CdMH 0,69 0,63 0,60 0,71 0,65 0,62 0,73 0,67 0,64 

M4 

CdLEDNW/ CdHPS 0,84 0,74 0,67 0,84 0,75 0,69 0,85 0,76 0,70 

CdLEDWW/ CdHPS 0,72 0,66 0,63 0,72 0,67 0,63 0,71 0,67 0,64 

CdLEDNWmes/ CdHPS 0,73 0,64 0,59 0,74 0,65 0,60 0,74 0,66 0,61 

CdLEDWWmes/ CdHPS 0,89 0,78 0,72 0,90 0,79 0,73 0,90 0,80 0,74 

CdLEDNWmes/ CdLEDNW 0,88 0,88 0,88 0,88 0,88 0,88 0,88 0,88 0,88 

CdLEDWWmes/ CdLEDWW 1,24 1,18 1,14 1,25 1,19 1,15 1,26 1,21 1,17 

CdLEDWW/ CdMH 0,55 0,53 0,52 0,56 0,55 0,53 0,58 0,56 0,55 

CdLEDWWmes/ CdMH 0,68 0,63 0,59 0,71 0,65 0,61 0,73 0,67 0,64 

M5 

CdLEDNW/ CdHPS 0,80 0,71 0,65 0,80 0,72 0,66 0,80 0,72 0,67 

CdLEDWW/ CdHPS 0,88 0,77 0,71 0,88 0,78 0,73 0,88 0,79 0,74 

CdLEDNWmes/ CdHPS 0,80 0,70 0,65 0,80 0,71 0,66 0,80 0,72 0,67 

CdLEDWWmes/ CdHPS 0,80 0,71 0,65 0,80 0,72 0,66 0,80 0,72 0,67 

CdLEDNWmes/ CdLEDNW 0,99 0,99 0,99 0,99 0,99 0,99 0,99 0,99 0,99 

CdLEDWWmes/ CdLEDWW 0,91 0,91 0,91 0,91 0,91 0,91 0,91 0,91 0,91 

CdLEDWW/ CdMH 0,63 0,58 0,55 0,65 0,60 0,57 0,67 0,62 0,59 

CdLEDWWmes/ CdMH 0,57 0,53 0,50 0,59 0,55 0,52 0,61 0,57 0,54 

M6 

CdLEDNW/ CdHPS 0,75 0,66 0,61 0,74 0,67 0,62 0,74 0,67 0,63 

CdLEDWW/ CdHPS 0,78 0,69 0,64 0,78 0,70 0,65 0,78 0,70 0,65 

CdLEDNWmes/ CdHPS 0,75 0,66 0,61 0,74 0,67 0,62 0,74 0,67 0,63 

CdLEDWWmes/ CdHPS 0,75 0,66 0,61 0,74 0,67 0,62 0,74 0,67 0,63 

CdLEDNWmes/ CdLEDNW 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 

CdLEDWWmes/ CdLEDWW 0,96 0,96 0,96 0,96 0,96 0,96 0,96 0,96 0,96 

CdLEDWW/ CdMH 0,62 0,57 0,54 0,64 0,59 0,56 0,66 0,61 0,58 

CdLEDWWmes/ CdMH 0,59 0,55 0,52 0,61 0,57 0,53 0,63 0,58 0,55 
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ʊʘʙʝʣʘ 6.4. ʆʜʥʦʩʠ ʫʢʫʧʥʠʭ ʘʢʪʫʝʣʠʟʦʚʘʥʠʭ ʪʨʦʰʢʦʚʘ ʟʘ ʩʚʝ ʨʘʟʤʘʪʨʘʥʝ ʩʣʫʯʘʿʝʚʝ ʮʠʢ-ʮʘʢ 

ʨʘʩʧʦʨʝʜʘ 

 

ʈʘʩʧʦʨʝʜ 

ʩʪʫʙʦʚʘ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʆʜʥʦʩ 

i (%) 

3 5 7 

ce (ú/kWh) 

0,10 0,20 0,30 0,10 0,20 0,30 0,10 0,20 0,30 

ʎʠʢ-ʮʘʢ 

ʪʨʠ ʪʨʘʢʝ 

M3 

CdLEDNW/ CdHPS 0,81 0,72 0,66 0,80 0,72 0,67 0,80 0,73 0,68 

CdLEDWW/ CdHPS 0,91 0,80 0,74 0,90 0,81 0,75 0,90 0,82 0,76 

CdLEDNWmes/ CdHPS 0,76 0,67 0,62 0,76 0,68 0,63 0,76 0,69 0,64 

CdLEDWWmes/ CdHPS 0,85 0,75 0,70 0,85 0,76 0,71 0,84 0,77 0,71 

CdLEDNWmes/ CdLEDNW 0,95 0,94 0,94 0,95 0,94 0,94 0,95 0,95 0,94 

CdLEDWWmes/ CdLEDWW 0,94 0,94 0,94 0,94 0,94 0,94 0,94 0,94 0,94 

CdLEDWW/ CdMH 0,72 0,66 0,63 0,74 0,69 0,65 0,77 0,71 0,67 

CdLEDWWmes/ CdMH 0,67 0,62 0,59 0,70 0,64 0,61 0,72 0,67 0,63 

M4 

CdLEDNW/ CdHPS 0,87 0,75 0,69 0,88 0,77 0,70 0,89 0,78 0,72 

CdLEDWW/ CdHPS 0,97 0,84 0,76 0,98 0,85 0,78 0,99 0,87 0,80 

CdLEDNWmes/ CdHPS 0,80 0,69 0,63 0,81 0,70 0,64 0,81 0,72 0,66 

CdLEDWWmes/ CdHPS 0,91 0,79 0,71 0,92 0,80 0,73 0,93 0,82 0,75 

CdLEDNWmes/ CdLEDNW 0,92 0,91 0,91 0,92 0,91 0,91 0,92 0,92 0,91 

CdLEDWWmes/ CdLEDWW 0,94 0,94 0,94 0,94 0,94 0,94 0,94 0,94 0,94 

CdLEDWW/ CdMH 0,72 0,67 0,63 0,75 0,69 0,66 0,77 0,71 0,68 

CdLEDWWmes/ CdMH 0,68 0,63 0,60 0,70 0,65 0,62 0,72 0,67 0,64 

M5 

CdLEDNW/ CdHPS 0,88 0,76 0,69 0,89 0,78 0,71 0,90 0,79 0,72 

CdLEDWW/ CdHPS 0,98 0,84 0,77 0,99 0,86 0,78 0,99 0,88 0,80 

CdLEDNWmes/ CdHPS 0,82 0,71 0,64 0,83 0,72 0,66 0,83 0,74 0,67 

CdLEDWWmes/ CdHPS 0,88 0,76 0,69 0,89 0,78 0,71 0,90 0,79 0,72 

CdLEDNWmes/ CdLEDNW 0,93 0,93 0,93 0,93 0,93 0,93 0,93 0,93 0,93 

CdLEDWWmes/ CdLEDWW 0,90 0,90 0,90 0,90 0,90 0,90 0,90 0,90 0,90 

CdLEDWW/ CdMH 0,73 0,67 0,64 0,75 0,70 0,66 0,78 0,72 0,68 

CdLEDWWmes/ CdMH 0,66 0,61 0,58 0,68 0,63 0,60 0,70 0,65 0,62 
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ʊʘʙʝʣʘ 6.5. ʆʜʥʦʩʠ ʫʢʫʧʥʠʭ ʘʢʪʫʝʣʠʟʦʚʘʥʠʭ ʪʨʦʰʢʦʚʘ ʟʘ ʩʚʝ ʨʘʟʤʘʪʨʘʥʝ ʩʣʫʯʘʿʝʚʝ 

ʥʘʩʧʨʘʤʥʦʛ ʨʘʩʧʦʨʝʜʘ 

 

ʈʘʩʧʦʨʝʜ 

ʩʪʫʙʦʚʘ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʆʜʥʦʩ 

i (%) 

3 5 7 

ce (ú/kWh) 

0,10 0,20 0,30 0,10 0,20 0,30 0,10 0,20 0,30 

ʅʘʩʧʨʘʤʥʠ 

ʪʨʠ ʪʨʘʢʝ 

M2 

CdLEDNW/ CdHPS 0,92 0,81 0,74 0,93 0,82 0,76 0,93 0,83 0,77 

CdLEDWW/ CdHPS 1,03 0,91 0,84 1,03 0,92 0,85 1,03 0,93 0,86 

CdLEDNWmes/ CdHPS 0,88 0,77 0,71 0,89 0,78 0,72 0,89 0,80 0,74 

CdLEDWWmes/ CdHPS 0,97 0,86 0,79 0,97 0,87 0,80 0,97 0,87 0,81 

CdLEDNWmes/ CdLEDNW 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 

CdLEDWWmes/ CdLEDWW 0,94 0,94 0,94 0,94 0,94 0,94 0,94 0,94 0,94 

CdLEDWW/ CdMH 0,75 0,71 0,68 0,77 0,72 0,69 0,78 0,74 0,71 

CdLEDWWmes/ CdMH 0,70 0,66 0,64 0,72 0,68 0,65 0,74 0,70 0,67 

M3 

CdLEDNW/ CdHPS 0,80 0,71 0,66 0,80 0,72 0,67 0,80 0,73 0,68 

CdLEDWW/ CdHPS 0,92 0,82 0,76 0,92 0,82 0,77 0,92 0,83 0,78 

CdLEDNWmes/ CdHPS 0,78 0,69 0,63 0,78 0,69 0,64 0,78 0,70 0,65 

CdLEDWWmes/ CdHPS 0,86 0,76 0,71 0,86 0,77 0,72 0,86 0,78 0,73 

CdLEDNWmes/ CdLEDNW 0,97 0,96 0,96 0,97 0,96 0,96 0,97 0,97 0,96 

CdLEDWWmes/ CdLEDWW 0,94 0,94 0,94 0,94 0,94 0,94 0,93 0,94 0,94 

CdLEDWW/ CdMH 0,64 0,61 0,59 0,66 0,62 0,60 0,67 0,64 0,61 

CdLEDWWmes/ CdMH 0,60 0,57 0,55 0,61 0,58 0,56 0,63 0,60 0,57 

M4 

CdLEDNW/ CdHPS 0,77 0,68 0,63 0,78 0,69 0,64 0,78 0,70 0,65 

CdLEDWW/ CdHPS 0,84 0,74 0,68 0,84 0,75 0,69 0,84 0,76 0,70 

CdLEDNWmes/ CdHPS 0,74 0,65 0,60 0,74 0,66 0,61 0,74 0,66 0,62 

CdLEDWWmes/ CdHPS 0,77 0,68 0,63 0,78 0,69 0,64 0,78 0,70 0,65 

CdLEDNWmes/ CdLEDNW 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 

CdLEDWWmes/ CdLEDWW 0,92 0,92 0,92 0,92 0,92 0,92 0,92 0,92 0,92 

CdLEDWW/ CdMH 0,58 0,55 0,53 0,60 0,56 0,54 0,61 0,58 0,55 

CdLEDWWmes/ CdMH 0,54 0,51 0,49 0,55 0,52 0,50 0,56 0,53 0,51 

ʅʘʩʧʨʘʤʥʠ 

ʯʝʪʠʨʠ ʪʨʘʢʝ 

M1 

CdLEDNW/ CdHPS 0,96 0,82 0,75 0,97 0,84 0,77 0,99 0,86 0,79 

CdLEDWW/ CdHPS 1,17 1,00 0,91 1,19 1,03 0,94 1,20 1,05 0,96 

CdLEDNWmes/ CdHPS 0,91 0,78 0,72 0,93 0,80 0,73 0,94 0,82 0,75 

CdLEDWWmes/ CdHPS 1,11 0,95 0,86 1,12 0,97 0,89 1,14 0,99 0,91 

CdLEDNWmes/ CdLEDNW 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 

CdLEDWWmes/ CdLEDWW 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 

CdLEDWW/ CdMH 0,81 0,74 0,71 0,84 0,77 0,73 0,86 0,79 0,75 

CdLEDWWmes/ CdMH 0,76 0,70 0,67 0,79 0,73 0,69 0,82 0,75 0,71 

M2 

CdLEDNW/ CdHPS 0,94 0,81 0,73 0,95 0,82 0,75 0,96 0,84 0,77 

CdLEDWW/ CdHPS 0,85 0,77 0,72 0,86 0,78 0,73 0,86 0,79 0,74 

CdLEDNWmes/ CdHPS 0,89 0,76 0,69 0,90 0,78 0,71 0,91 0,80 0,72 

CdLEDWWmes/ CdHPS 0,79 0,71 0,67 0,79 0,72 0,68 0,80 0,73 0,69 

CdLEDNWmes/ CdLEDNW 0,95 0,94 0,94 0,95 0,94 0,94 0,96 0,95 0,94 

CdLEDWWmes/ CdLEDWW 0,93 0,93 0,93 0,93 0,93 0,93 0,92 0,93 0,93 

CdLEDWW/ CdMH 0,63 0,61 0,60 0,65 0,63 0,61 0,67 0,64 0,63 

CdLEDWWmes/ CdMH 0,58 0,57 0,55 0,60 0,58 0,57 0,62 0,60 0,58 

M3 

CdLEDNW/ CdHPS 0,86 0,76 0,70 0,86 0,77 0,71 0,86 0,77 0,72 

CdLEDWW/ CdHPS 0,80 0,74 0,70 0,80 0,74 0,71 0,80 0,75 0,71 

CdLEDNWmes/ CdHPS 0,78 0,69 0,63 0,78 0,70 0,64 0,78 0,70 0,65 

CdLEDWWmes/ CdHPS 0,91 0,80 0,74 0,91 0,81 0,75 0,91 0,82 0,76 

CdLEDNWmes/ CdLEDNW 0,91 0,91 0,91 0,91 0,91 0,91 0,91 0,91 0,91 

CdLEDWWmes/ CdLEDWW 1,13 1,08 1,05 1,14 1,09 1,06 1,14 1,10 1,07 

CdLEDWW/ CdMH 0,55 0,54 0,53 0,56 0,55 0,54 0,57 0,56 0,55 

CdLEDWWmes/ CdMH 0,62 0,58 0,56 0,63 0,60 0,57 0,65 0,61 0,59 
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ʊʘʙʝʣʘ 6.6. ʆʜʥʦʩʠ ʫʢʫʧʥʠʭ ʘʢʪʫʝʣʠʟʦʚʘʥʠʭ ʪʨʦʰʢʦʚʘ ʟʘ ʩʚʝ ʨʘʟʤʘʪʨʘʥʝ ʩʣʫʯʘʿʝʚʝ 

ʮʝʥʪʨʘʣʥʦʛ ʨʘʩʧʦʨʝʜʘ 

 

ʈʘʩʧʦʨʝʜ 

ʩʪʫʙʦʚʘ 

ʉʚʝʪʣʦ-

ʪʝʭʥʠʯʢʘ 

ʢʣʘʩʘ 

ʆʜʥʦʩ 

i (%) 

3 5 7 

ce (ú/kWh) 

0,10 0,20 0,30 0,10 0,20 0,30 0,10 0,20 0,30 

ʎʝʥʪʨʘʣʥʠ 

ʪʨʠ ʪʨʘʢʝ 

(ʛʨʘʜʩʢʝ 

ʫʣʠʮʝ) 

M1 

CdLEDNW/ CdHPS 1,11 0,93 0,84 1,14 0,95 0,86 1,16 0,98 0,88 

CdLEDWW/ CdHPS 0,86 0,81 0,78 0,87 0,81 0,79 0,87 0,82 0,79 

CdLEDNWmes/ CdHPS 1,06 0,88 0,80 1,09 0,91 0,82 1,12 0,93 0,84 

CdLEDWWmes/ CdHPS 0,86 0,81 0,78 0,87 0,81 0,79 0,87 0,82 0,79 

CdLEDNWmes/ CdLEDNW 0,96 0,95 0,95 0,96 0,95 0,95 0,96 0,96 0,95 

CdLEDWWmes/ CdLEDWW 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 

CdLEDWW/ CdMH 0,57 0,58 0,58 0,58 0,58 0,59 0,59 0,59 0,59 

CdLEDWWmes/ CdMH 0,57 0,58 0,58 0,58 0,58 0,59 0,59 0,59 0,59 

M2 

CdLEDNW/ CdHPS 1,27 1,01 0,90 1,31 1,05 0,93 1,34 1,08 0,96 

CdLEDWW/ CdHPS 0,97 0,89 0,86 0,98 0,90 0,86 0,98 0,91 0,87 

CdLEDNWmes/ CdHPS 1,19 0,95 0,84 1,22 0,98 0,87 1,26 1,02 0,90 

CdLEDWWmes/ CdHPS 0,96 0,84 0,79 0,97 0,86 0,80 0,99 0,87 0,82 

CdLEDNWmes/ CdLEDNW 0,94 0,94 0,94 0,94 0,94 0,94 0,94 0,94 0,94 

CdLEDWWmes/ CdLEDWW 0,99 0,95 0,92 1,00 0,95 0,93 1,01 0,96 0,94 

CdLEDWW/ CdMH 0,62 0,62 0,62 0,63 0,63 0,62 0,64 0,64 0,63 

CdLEDWWmes/ CdMH 0,61 0,58 0,57 0,63 0,60 0,58 0,65 0,61 0,59 

ʎʝʥʪʨʘʣʥʠ 

ʪʨʠ ʪʨʘʢʝ 

(ʘʫʪʦʧʫʪ) 

M1 

CdLEDNW/ CdHPS 0,89 0,78 0,73 0,91 0,80 0,75 0,93 0,82 0,76 

CdLEDWW/ CdHPS 0,98 0,86 0,81 1,01 0,88 0,83 1,03 0,90 0,84 

CdLEDNWmes/ CdHPS 0,82 0,72 0,68 0,84 0,74 0,69 0,86 0,75 0,70 

CdLEDWWmes/ CdHPS 0,95 0,83 0,79 0,97 0,85 0,80 1,00 0,87 0,82 

CdLEDNWmes/ CdLEDNW 0,93 0,92 0,92 0,93 0,92 0,92 0,93 0,92 0,92 

CdLEDWWmes/ CdLEDWW 0,97 0,97 0,97 0,97 0,97 0,97 0,97 0,97 0,97 

CdLEDWW/ CdMH 0,51 0,52 0,53 0,53 0,53 0,53 0,54 0,54 0,54 

CdLEDWWmes/ CdMH 0,50 0,51 0,51 0,51 0,51 0,52 0,52 0,52 0,52 

M2 

CdLEDNW/ CdHPS 0,78 0,72 0,69 0,79 0,73 0,70 0,79 0,73 0,70 

CdLEDWW/ CdHPS 0,82 0,77 0,75 0,83 0,78 0,75 0,83 0,78 0,76 

CdLEDNWmes/ CdHPS 0,82 0,72 0,68 0,83 0,73 0,69 0,84 0,75 0,70 

CdLEDWWmes/ CdHPS 0,78 0,74 0,72 0,79 0,74 0,72 0,80 0,75 0,73 

CdLEDNWmes/ CdLEDNW 1,05 1,00 0,98 1,05 1,01 0,99 1,06 1,02 0,99 

CdLEDWWmes/ CdLEDWW 0,96 0,96 0,96 0,96 0,96 0,96 0,96 0,96 0,96 

CdLEDWW/ CdMH 0,45 0,49 0,51 0,45 0,49 0,51 0,46 0,49 0,51 

CdLEDWWmes/ CdMH 0,43 0,46 0,49 0,43 0,47 0,49 0,44 0,47 0,49 
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ʀʟʿʘʚʘ ʦ ʘʫʪʦʨʩʪʚʫ 
 

 

 

 

ʀʤʝ ʠ ʧʨʝʟʠʤʝ ʘʫʪʦʨʘ ʄʘʨʢʦ ɼʘʚʠʜʦʚʠ˂ 

 

ɹʨʦʿ ʠʥʜʝʢʩʘ 13/5024 

 

 

ʀʟʿʘʚˀʫʿʝʤ 

 

 

ʜʘ ʿʝ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʧʦʜ ʥʘʩʣʦʚʦʤ 

 

 

ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ 

ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 

 

Å ʨʝʟʫʣʪʘʪ ʩʦʧʩʪʚʝʥʦʛ ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʘʜʘ;  

Å ʜʘ ʜʠʩʝʨʪʘʮʠʿʘ ʫ ʮʝʣʠʥʠ ʥʠ ʫ ʜʝʣʦʚʠʤʘ ʥʠʿʝ ʙʠʣʘ ʧʨʝʜʣʦʞʝʥʘ ʟʘ ʩʪʠʮʘˁʝ ʜʨʫʛʝ ʜʠʧʣʦʤʝ 

ʧʨʝʤʘ ʩʪʫʜʠʿʩʢʠʤ ʧʨʦʛʨʘʤʠʤʘ ʜʨʫʛʠʭ ʚʠʩʦʢʦʰʢʦʣʩʢʠʭ ʫʩʪʘʥʦʚʘ;  

Å ʜʘ ʩʫ ʨʝʟʫʣʪʘʪʠ ʢʦʨʝʢʪʥʦ ʥʘʚʝʜʝʥʠ ʠ  

Å ʜʘ ʥʠʩʘʤ ʢʨʰʠʦ/ʣʘ ʘʫʪʦʨʩʢʘ ʧʨʘʚʘ ʠ ʢʦʨʠʩʪʠʦ/ʣʘ ʠʥʪʝʣʝʢʪʫʘʣʥʫ ʩʚʦʿʠʥʫ ʜʨʫʛʠʭ ʣʠʮʘ.  

 

 

 

 

 

 

 

ʇʦʪʧʠʩ ʘʫʪʦʨʘ 

 

ʋ ɹʝʦʛʨʘʜʫ, 28. 3. 2022.         

 

        ______________________________ 
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ʀʟʿʘʚʘ o ʠʩʪʦʚʝʪʥʦʩʪʠ ʰʪʘʤʧʘʥʝ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʚʝʨʟʠʿʝ ʜʦʢʪʦʨʩʢʦʛ ʨʘʜʘ 
 

 

 

ʀʤʝ ʠ ʧʨʝʟʠʤʝ ʘʫʪʦʨʘ ʄʘʨʢʦ ɼʘʚʠʜʦʚʠ˂ 

 

ɹʨʦʿ ʠʥʜʝʢʩʘ 13/5024 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ ɽʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʨʘʯʫʥʘʨʩʪʚʦ 

 

ʅʘʩʣʦʚ ʨʘʜʘ ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 

 

ʄʝʥʪʦʨ ʧʨʦʬ. ʜʨ ɱʦʚʘʥ ʄʠʢʫʣʦʚʠ˂ 

 

 

 

 

ʀʟʿʘʚˀʫʿʝʤ ʜʘ ʿʝ ʰʪʘʤʧʘʥʘ ʚʝʨʟʠʿʘ ʤʦʛ ʜʦʢʪʦʨʩʢʦʛ ʨʘʜʘ ʠʩʪʦʚʝʪʥʘ ʝʣʝʢʪʨʦʥʩʢʦʿ ʚʝʨʟʠʿʠ ʢʦʿʫ 

ʩʘʤ ʧʨʝʜʘʦ/ʣʘ ʨʘʜʠ ʧʦʭʨʘˁʠʚʘˁʘ ʫ ɼʠʛʠʪʘʣʥʦʤ ʨʝʧʦʟʠʪʦʨʠʿʫʤʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ.  

 

ɼʦʟʚʦˀʘʚʘʤ ʜʘ ʩʝ ʦʙʿʘʚʝ ʤʦʿʠ ʣʠʯʥʠ ʧʦʜʘʮʠ ʚʝʟʘʥʠ ʟʘ ʜʦʙʠʿʘˁʝ ʘʢʘʜʝʤʩʢʦʛ ʥʘʟʠʚʘ ʜʦʢʪʦʨʘ 

ʥʘʫʢʘ, ʢʘʦ ʰʪʦ ʩʫ ʠʤʝ ʠ ʧʨʝʟʠʤʝ, ʛʦʜʠʥʘ ʠ ʤʝʩʪʦ ʨʦʹʝˁʘ ʠ ʜʘʪʫʤ ʦʜʙʨʘʥʝ ʨʘʜʘ.  

 

ʆʚʠ ʣʠʯʥʠ ʧʦʜʘʮʠ ʤʦʛʫ ʩʝ ʦʙʿʘʚʠʪʠ ʥʘ ʤʨʝʞʥʠʤ ʩʪʨʘʥʠʮʘʤʘ ʜʠʛʠʪʘʣʥʝ ʙʠʙʣʠʦʪʝʢʝ, ʫ 

ʝʣʝʢʪʨʦʥʩʢʦʤ ʢʘʪʘʣʦʛʫ ʠ ʫ ʧʫʙʣʠʢʘʮʠʿʘʤʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ.  

 

 

 

 

ʇʦʪʧʠʩ ʘʫʪʦʨʘ 

 

ʋ ɹʝʦʛʨʘʜʫ, 28. 3. 2022.         

 

        ______________________________ 
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ʀʟʿʘʚʘ ʦ ʢʦʨʠʰ˂ʝˁʫ 
 

 

ʆʚʣʘʰ˂ʫʿʝʤ ʋʥʠʚʝʨʟʠʪʝʪʩʢʫ ʙʠʙʣʠʦʪʝʢʫ Ăʉʚʝʪʦʟʘʨ ʄʘʨʢʦʚʠ˂ñ ʜʘ ʫ ɼʠʛʠʪʘʣʥʠ ʨʝʧʦʟʠʪʦʨʠʿʫʤ 

ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ ʫʥʝʩʝ ʤʦʿʫ ʜʦʢʪʦʨʩʢʫ ʜʠʩʝʨʪʘʮʠʿʫ ʧʦʜ ʥʘʩʣʦʚʦʤ: 

 

 

ʋʪʠʮʘʿ ʧʨʠʤʝʥʝ LED ʪʝʭʥʦʣʦʛʠʿʝ ʥʘ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ 

ʘʜʘʧʪʠʚʥʦʤ ʫʣʠʯʥʦʤ ʦʩʚʝʪˀʝˁʫ 

 

 

ʢʦʿʘ ʿʝ ʤʦʿʝ ʘʫʪʦʨʩʢʦ ʜʝʣʦ.  

 

ɼʠʩʝʨʪʘʮʠʿʫ ʩʘ ʩʚʠʤ ʧʨʠʣʦʟʠʤʘ ʧʨʝʜʘʦ/ʣʘ ʩʘʤ ʫ ʝʣʝʢʪʨʦʥʩʢʦʤ ʬʦʨʤʘʪʫ ʧʦʛʦʜʥʦʤ ʟʘ ʪʨʘʿʥʦ 

ʘʨʭʠʚʠʨʘˁʝ.  

 

ʄʦʿʫ ʜʦʢʪʦʨʩʢʫ ʜʠʩʝʨʪʘʮʠʿʫ ʧʦʭʨʘˁʝʥʫ ʫ ɼʠʛʠʪʘʣʥʦʤ ʨʝʧʦʟʠʪʦʨʠʿʫʤʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ 

ɹʝʦʛʨʘʜʫ ʠ ʜʦʩʪʫʧʥʫ ʫ ʦʪʚʦʨʝʥʦʤ ʧʨʠʩʪʫʧʫ ʤʦʛʫ ʜʘ ʢʦʨʠʩʪʝ ʩʚʠ ʢʦʿʠ ʧʦʰʪʫʿʫ ʦʜʨʝʜʙʝ 

ʩʘʜʨʞʘʥʝ ʫ ʦʜʘʙʨʘʥʦʤ ʪʠʧʫ ʣʠʮʝʥʮʝ ʂʨʝʘʪʠʚʥʝ ʟʘʿʝʜʥʠʮʝ (Creative Commons) ʟʘ ʢʦʿʫ ʩʘʤ ʩʝ 

ʦʜʣʫʯʠʦ/ʣʘ.  

 

1. ɸʫʪʦʨʩʪʚʦ (CC BY)  

2. ɸʫʪʦʨʩʪʚʦ ï ʥʝʢʦʤʝʨʮʠʿʘʣʥʦ (CC BY-NC)  

3. ɸʫʪʦʨʩʪʚʦ ï ʥʝʢʦʤʝʨʮʠʿʘʣʥʦ ï ʙʝʟ ʧʨʝʨʘʜʘ (CC BY-NC-ND)  

4. ɸʫʪʦʨʩʪʚʦ ï ʥʝʢʦʤʝʨʮʠʿʘʣʥʦ ï ʜʝʣʠʪʠ ʧʦʜ ʠʩʪʠʤ ʫʩʣʦʚʠʤʘ (CC BY-NC-SA)  

5. ɸʫʪʦʨʩʪʚʦ ï ʙʝʟ ʧʨʝʨʘʜʘ (CC BY-ND)  

6. ɸʫʪʦʨʩʪʚʦ ï ʜʝʣʠʪʠ ʧʦʜ ʠʩʪʠʤ ʫʩʣʦʚʠʤʘ (CC BY-SA)  

 

(ʄʦʣʠʤʦ ʜʘ ʟʘʦʢʨʫʞʠʪʝ ʩʘʤʦ ʿʝʜʥʫ ʦʜ ʰʝʩʪ ʧʦʥʫʹʝʥʠʭ ʣʠʮʝʥʮʠ.  

ʂʨʘʪʘʢ ʦʧʠʩ ʣʠʮʝʥʮʠ ʿʝ ʩʘʩʪʘʚʥʠ ʜʝʦ ʦʚʝ ʠʟʿʘʚʝ).  

 

 

ʇʦʪʧʠʩ ʘʫʪʦʨʘ 

 

ʋ ɹʝʦʛʨʘʜʫ, 28. 3. 2022.         

 

        ______________________________ 
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1. ɸʫʪʦʨʩʪʚʦ. ɼʦʟʚʦˀʘʚʘʪʝ ʫʤʥʦʞʘʚʘˁʝ, ʜʠʩʪʨʠʙʫʮʠʿʫ ʠ ʿʘʚʥʦ ʩʘʦʧʰʪʘʚʘˁʝ ʜʝʣʘ, ʠ ʧʨʝʨʘʜʝ, 

ʘʢʦ ʩʝ ʥʘʚʝʜʝ ʠʤʝ ʘʫʪʦʨʘ ʥʘ ʥʘʯʠʥ ʦʜʨʝʹʝʥ ʦʜ ʩʪʨʘʥʝ ʘʫʪʦʨʘ ʠʣʠ ʜʘʚʘʦʮʘ ʣʠʮʝʥʮʝ, ʯʘʢ ʠ ʫ 

ʢʦʤʝʨʮʠʿʘʣʥʝ ʩʚʨʭʝ. ʆʚʦ ʿʝ ʥʘʿʩʣʦʙʦʜʥʠʿʘ ʦʜ ʩʚʠʭ ʣʠʮʝʥʮʠ.  

 

2. ɸʫʪʦʨʩʪʚʦ ï ʥʝʢʦʤʝʨʮʠʿʘʣʥʦ. ɼʦʟʚʦˀʘʚʘʪʝ ʫʤʥʦʞʘʚʘˁʝ, ʜʠʩʪʨʠʙʫʮʠʿʫ ʠ ʿʘʚʥʦ 

ʩʘʦʧʰʪʘʚʘˁʝ ʜʝʣʘ, ʠ ʧʨʝʨʘʜʝ, ʘʢʦ ʩʝ ʥʘʚʝʜʝ ʠʤʝ ʘʫʪʦʨʘ ʥʘ ʥʘʯʠʥ ʦʜʨʝʹʝʥ ʦʜ ʩʪʨʘʥʝ ʘʫʪʦʨʘ ʠʣʠ 

ʜʘʚʘʦʮʘ ʣʠʮʝʥʮʝ. ʆʚʘ ʣʠʮʝʥʮʘ ʥʝ ʜʦʟʚʦˀʘʚʘ ʢʦʤʝʨʮʠʿʘʣʥʫ ʫʧʦʪʨʝʙʫ ʜʝʣʘ.  

 

3. ɸʫʪʦʨʩʪʚʦ ï ʥʝʢʦʤʝʨʮʠʿʘʣʥʦ ï ʙʝʟ ʧʨʝʨʘʜʘ. ɼʦʟʚʦˀʘʚʘʪʝ ʫʤʥʦʞʘʚʘˁʝ, ʜʠʩʪʨʠʙʫʮʠʿʫ ʠ 

ʿʘʚʥʦ ʩʘʦʧʰʪʘʚʘˁʝ ʜʝʣʘ, ʙʝʟ ʧʨʦʤʝʥʘ, ʧʨʝʦʙʣʠʢʦʚʘˁʘ ʠʣʠ ʫʧʦʪʨʝʙʝ ʜʝʣʘ ʫ ʩʚʦʤ ʜʝʣʫ, ʘʢʦ ʩʝ 

ʥʘʚʝʜʝ ʠʤʝ ʘʫʪʦʨʘ ʥʘ ʥʘʯʠʥ ʦʜʨʝʹʝʥ ʦʜ ʩʪʨʘʥʝ ʘʫʪʦʨʘ ʠʣʠ ʜʘʚʘʦʮʘ ʣʠʮʝʥʮʝ. ʆʚʘ ʣʠʮʝʥʮʘ ʥʝ 

ʜʦʟʚʦˀʘʚʘ ʢʦʤʝʨʮʠʿʘʣʥʫ ʫʧʦʪʨʝʙʫ ʜʝʣʘ. ʋ ʦʜʥʦʩʫ ʥʘ ʩʚʝ ʦʩʪʘʣʝ ʣʠʮʝʥʮʝ, ʦʚʦʤ ʣʠʮʝʥʮʦʤ ʩʝ 

ʦʛʨʘʥʠʯʘʚʘ ʥʘʿʚʝ˂ʠ ʦʙʠʤ ʧʨʘʚʘ ʢʦʨʠʰ˂ʝˁʘ ʜʝʣʘ.  

 

4. ɸʫʪʦʨʩʪʚʦ ï ʥʝʢʦʤʝʨʮʠʿʘʣʥʦ ï ʜʝʣʠʪʠ ʧʦʜ ʠʩʪʠʤ ʫʩʣʦʚʠʤʘ. ɼʦʟʚʦˀʘʚʘʪʝ ʫʤʥʦʞʘʚʘˁʝ, 

ʜʠʩʪʨʠʙʫʮʠʿʫ ʠ ʿʘʚʥʦ ʩʘʦʧʰʪʘʚʘˁʝ ʜʝʣʘ, ʠ ʧʨʝʨʘʜʝ, ʘʢʦ ʩʝ ʥʘʚʝʜʝ ʠʤʝ ʘʫʪʦʨʘ ʥʘ ʥʘʯʠʥ ʦʜʨʝʹʝʥ 

ʦʜ ʩʪʨʘʥʝ ʘʫʪʦʨʘ ʠʣʠ ʜʘʚʘʦʮʘ ʣʠʮʝʥʮʝ ʠ ʘʢʦ ʩʝ ʧʨʝʨʘʜʘ ʜʠʩʪʨʠʙʫʠʨʘ ʧʦʜ ʠʩʪʦʤ ʠʣʠ ʩʣʠʯʥʦʤ 

ʣʠʮʝʥʮʦʤ. ʆʚʘ ʣʠʮʝʥʮʘ ʥʝ ʜʦʟʚʦˀʘʚʘ ʢʦʤʝʨʮʠʿʘʣʥʫ ʫʧʦʪʨʝʙʫ ʜʝʣʘ ʠ ʧʨʝʨʘʜʘ.  

 

5. ɸʫʪʦʨʩʪʚʦ ï ʙʝʟ ʧʨʝʨʘʜʘ. ɼʦʟʚʦˀʘʚʘʪʝ ʫʤʥʦʞʘʚʘˁʝ, ʜʠʩʪʨʠʙʫʮʠʿʫ ʠ ʿʘʚʥʦ ʩʘʦʧʰʪʘʚʘˁʝ 

ʜʝʣʘ, ʙʝʟ ʧʨʦʤʝʥʘ, ʧʨʝʦʙʣʠʢʦʚʘˁʘ ʠʣʠ ʫʧʦʪʨʝʙʝ ʜʝʣʘ ʫ ʩʚʦʤ ʜʝʣʫ, ʘʢʦ ʩʝ ʥʘʚʝʜʝ ʠʤʝ ʘʫʪʦʨʘ ʥʘ 

ʥʘʯʠʥ ʦʜʨʝʹʝʥ ʦʜ ʩʪʨʘʥʝ ʘʫʪʦʨʘ ʠʣʠ ʜʘʚʘʦʮʘ ʣʠʮʝʥʮʝ. ʆʚʘ ʣʠʮʝʥʮʘ ʜʦʟʚʦˀʘʚʘ ʢʦʤʝʨʮʠʿʘʣʥʫ 

ʫʧʦʪʨʝʙʫ ʜʝʣʘ.  

 

6. ɸʫʪʦʨʩʪʚʦ ï ʜʝʣʠʪʠ ʧʦʜ ʠʩʪʠʤ ʫʩʣʦʚʠʤʘ. ɼʦʟʚʦˀʘʚʘʪʝ ʫʤʥʦʞʘʚʘˁʝ, ʜʠʩʪʨʠʙʫʮʠʿʫ ʠ ʿʘʚʥʦ 

ʩʘʦʧʰʪʘʚʘˁʝ ʜʝʣʘ, ʠ ʧʨʝʨʘʜʝ, ʘʢʦ ʩʝ ʥʘʚʝʜʝ ʠʤʝ ʘʫʪʦʨʘ ʥʘ ʥʘʯʠʥ ʦʜʨʝʹʝʥ ʦʜ ʩʪʨʘʥʝ ʘʫʪʦʨʘ ʠʣʠ 

ʜʘʚʘʦʮʘ ʣʠʮʝʥʮʝ ʠ ʘʢʦ ʩʝ ʧʨʝʨʘʜʘ ʜʠʩʪʨʠʙʫʠʨʘ ʧʦʜ ʠʩʪʦʤ ʠʣʠ ʩʣʠʯʥʦʤ ʣʠʮʝʥʮʦʤ. ʆʚʘ ʣʠʮʝʥʮʘ 

ʜʦʟʚʦˀʘʚʘ ʢʦʤʝʨʮʠʿʘʣʥʫ ʫʧʦʪʨʝʙʫ ʜʝʣʘ ʠ ʧʨʝʨʘʜʘ. ʉʣʠʯʥʘ ʿʝ ʩʦʬʪʚʝʨʩʢʠʤ ʣʠʮʝʥʮʘʤʘ, ʦʜʥʦʩʥʦ 

ʣʠʮʝʥʮʘʤʘ ʦʪʚʦʨʝʥʦʛ ʢʦʜʘ. 




