
ʊɽʍʅʀʏɽʉʂʀ ʋʅʀɺɽʈʉʀʊɽʊ ï ʉʆʌʀʗ 
ʄʘʰʠʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʥ ʬʘʢʫʣʪʝʪ 

ʂʘʪʝʜʨʘ: ʊʝʭʥʦʣʦʛʠʷ ʥʘ ʤʘʰʠʥʦʩʪʨʦʝʥʝʪʦ ʠ 

ʤʝʪʘʣʦʨʝʞʝʱʠ ʤʘʰʠʥʠ 

 

 

 

 

ʄʘʛ. ʠʥʞ. ʅʠʢʦʣʘʡ ʇʝʪʢʦʚ ʆʩʪʨʝʚ 

 

 

 

 

ɹʒʈɿʆ ʇʈʆʊʆʊʀʇʀʈɸʅɽ ʀ ʀɿʈɸɹʆʊɺɸʅɽ ʅɸ LED 

ʆʉɺɽʊʀʊɽʃʅʀ ʊɽʃɸ 

 

 

 

 

ɸ ɺ ʊ ʆ ʈ ɽ ʌ ɽ ʈ ɸ ʊ 
ʥʘ ʜʠʩʝʨʪʘʮʠʷ ʟʘ ʧʨʠʜʦʙʠʚʘʥʝ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘ ʠ ʥʘʫʯʥʘ ʩʪʝʧʝʥ 

"ɼʆʂʊʆʈ" 

 

 

ʆʙʣʘʩʪ: 5. ʊʝʭʥʠʯʝʩʢʠ ʥʘʫʢʠ 

ʇʨʦʬʝʩʠʦʥʘʣʥʦ ʥʘʧʨʘʚʣʝʥʠʝ: 5.1. ʄʘʰʠʥʥʦ ʠʥʞʝʥʝʨʩʪʚʦ  

ʅʘʫʯʥʘ ʩʧʝʮʠʘʣʥʦʩʪ: (02. 01. 10.) ʊʝʭʥʦʣʦʛʠʷ ʥʘ ʤʘʰʠʥʦʩʪʨʦʝʥʝʪʦ 

 

 

 

 

ʅʘʫʯʝʥ ʨʲʢʦʚʦʜʠʪʝʣ: ʇʨʦʬ.  ʜ-ʨ ʠʥʞ. ʇʝʪʲʨ ʀʚʘʥʦʚ ʍʘʜʞʠʡʩʢʠ 

                                     ʇʨʦʬ.  ʜ-ʨ ʠʥʞ. ɻʝʦʨʛʠ ɼʠʤʠʪʨʦʚ ʊʦʜʦʨʦʚ 

 

 

 

 

 

 

ʉʆʌʀʗ, 2017 ʛ. 
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ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʝ ʦʙʩʲʜʝʥ ʠ ʥʘʩʦʯʝʥ ʟʘ ʟʘʱʠʪʘ ʦʪ ʂʘʪʝʜʨʝʥʠʷ ʩʲʚʝʪ 

ʥʘ ʢʘʪʝʜʨʘ Ăʊʄʄñ ʢʲʤ ʌʘʢʫʣʪʝʪ Ăʄʊʌñ ʥʘ ʊʋ-ʉʦʬʠʷ ʥʘ ʨʝʜʦʚʥʦ ʟʘʩʝʜʘʥʠʝ, 

ʧʨʦʚʝʜʝʥʦ ʥʘ 05.06.2017 ʛ. 
 

ʇʫʙʣʠʯʥʘʪʘ ʟʘʱʠʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʱʝ ʩʝ ʩʲʩʪʦʠ ʥʘ 26.10.2017 ʛ. 

oʪ 17,00 ʯʘʩʘ ʚ ʂʦʥʬʝʨʝʥʪʥʘʪʘ ʟʘʣʘ ʥʘ ɹʀʎ ʥʘ ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ ï 

ʉʦʬʠʷ ʥʘ ʦʪʢʨʠʪʦ ʟʘʩʝʜʘʥʠʝ ʥʘ ʥʘʫʯʥʦʪʦ ʞʫʨʠ, ʦʧʨʝʜʝʣʝʥʦ ʩʲʩ ʟʘʧʦʚʝʜ ˉ 

ʆɾ-265 / 05.07.2017 ʛ. ʥʘ ʈʝʢʪʦʨʘ ʥʘ ʊʋ-ʉʦʬʠʷ ʚ ʩʲʩʪʘʚ: 

1. ʧʨʦʬ. ʜ-ʨ ʠʥʞ. ɻʝʦʨʛʠ ʊʦʜʦʨʦʚ ʇʦʧʦʚï ʧʨʝʜʩʝʜʘʪʝʣ  

2. ʧʨʦʬ. ʜ-ʨ ʠʥʞ. ʇʝʪʲʨ ʍʘʜʞʠʡʩʢʠ ï ʥʘʫʯʝʥ ʩʝʢʨʝʪʘʨ 

3. ʧʨʦʬ. ʜ-ʨ ʠʥʞ. ʀʚʘʥ ɸʥʜʦʥʦʚ ɻʝʦʨʛʠʝʚ  

4. ʧʨʦʬ. ʜ-ʨ ʠʥʞ. ɸʥʛʝʣ ɸʥʪʦʥʦʚ ɼʠʢʦʚ  

5. ʜʦʮ. ʜ-ʨ ʠʥʞ. ɽʚʩʪʘʪʠ ʃʝʬʪʝʨʦʚ ʃʝʬʪʝʨʦʚ  

 

ʈʝʮʝʥʟʝʥʪʠ: 

1. ʧʨʦʬ. ʜ-ʨ ʠʥʞ. ɻʝʦʨʛʠ ʊʦʜʦʨʦʚ ʇʦʧʦʚ 

2. ʜʦʮ. ʜ-ʨ ʠʥʞ. ɽʚʩʪʘʪʠ ʃʝʬʪʝʨʦʚ ʃʝʬʪʝʨʦʚ 

 

 

 

ʄʘʪʝʨʠʘʣʠʪʝ ʧʦ ʟʘʱʠʪʘʪʘ ʩʘ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʠʥʪʝʨʝʩʫʚʘʱʠʪʝ ʩʝ ʚ 

ʢʘʥʮʝʣʘʨʠʷʪʘ ʥʘ ʌʘʢʫʣʪʝʪ Ăʄʊʌñ ʥʘ ʊʋ-ʉʦʬʠʷ, ʙʣʦʢ ˉ3, ʢʘʙʠʥʝʪ ˉ 3230. 

 

ɼʠʩʝʨʪʘʥʪʲʪ ʝ ʨʝʜʦʚʝʥ ʜʦʢʪʦʨʘʥʪ ʢʲʤ ʢʘʪʝʜʨʘ Ăʊʄʄʄñ ʥʘ ʬʘʢʫʣʪʝʪ 

Ăʄʊʌñ . ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʧʦ ʜʠʩʝʨʪʘʮʠʦʥʥʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʩʘ ʥʘʧʨʘʚʝʥʠ ʦʪ 

ʘʚʪʦʨʘ, ʢʘʪʦ ʥʷʢʦʠ ʦʪ ʪʷʭ ʩʘ ʧʦʜʢʨʝʧʝʥʠ ʦʪ ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʧʨʦʝʢʪʠ. 

1. ɺʲʪʨʝʰʥʠʷ ʢʦʥʢʫʨʩ ʥʘ ʊʋ ï ʉʦʬʠʷ 2015 ʛ. ʜʦʛ. No. 152ʇɼ0018-5. 

 

 

 

 

 

ɸʚʪʦʨ: ʤʘʛ. ʠʥʞ. ʅʠʢʦʣʘʡ ʆʩʪʨʝʚ 
ɿʘʛʣʘʚʠʝ: ɹʲʨʟʦ ʧʨʦʪʦʪʠʧʠʨʘʥʝ ʠ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ LED ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ 

ʊʠʨʘʞ: 30 ʙʨʦʷ 

ʆʪʧʝʯʘʪʘʥʦ ʚ ʀʇʂ ʥʘ ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ ï ʉʦʬʠʷ 
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I. ʆɹʑɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʅɸ ɼʀʉɽʈʊɸʎʀʆʅʅʀʗ ʊʈʋɼ  

 

ɸʢʪʫʘʣʥʦʩʪ ʥʘ ʧʨʦʙʣʝʤʘ 

ɺ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʪʨʠ ʦʩʥʦʚʥʠ ʪʝʤʘʪʠʯʥʠ ʦʙʣʘʩʪʠ 

ʩʚʲʨʟʘʥʠ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ LED ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ. ʇʲʨʚʘʪʘ ʝ ʩʚʲʨʟʘʥʘ ʩ 

ʦʧʪʠʤʘʣʥʦʪʦ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʢʦʨʧʫʩʠʪʝ ʥʘ LED ʦʩʚʝʪʠʪʝʣʠʪʝ ʪʘʢʘ, ʯʝ ʪʝ ʜʘ 

ʨʘʟʩʝʡʚʘʪ ʛʝʥʝʨʠʨʘʥʘʪʘ ʦʪ ʩʚʝʪʦʜʠʦʜʠʪʝ ʪʦʧʣʠʥʘ. ɺʪʦʨʘʪʘ ʦʙʣʘʩʪ ʝ ʧʨʠ 

ʦʙʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʤʝʞʜʫʨʝʙʨʠʷʪʘ ʥʘ ʦʩʚʝʪʠʪʝʣʥʠʪʝ ʢʦʨʧʫʩʠ. ʊʨʝʪʘʪʘ 

ʪʝʤʘʪʠʢʘ ʝ ʩʚʲʨʟʘʥʘ ʩ ʪʦʚʘ, ʢʘʢ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʥʘʡ-ʜʦʙʲʨ ʬʫʥʢʮʠʦʥʘʣʥʦ-

ʩʪʦʡʥʦʩʪʝʥ ʘʥʘʣʠʟ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ LED ʦʩʚʝʪʠʪʝʣʠ. 

ʅʷʤʘ ʢʘʢ ʜʘ ʥʝ ʩʝ ʦʪʯʝʪʝ ʘʢʪʫʘʣʥʦʩʪʪʘ ʠ ʟʥʘʯʝʥʠʝʪʦ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ 

ʪʨʫʜ, ʪʷʩʥʦ ʩʚʲʨʟʘʥʘ ʩ ʠʢʦʥʦʤʠʷʪʘ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ ʠ ʥʝʛʦʚʠʷ ʝʢʦʣʦʛʠʯʝʥ 

ʘʩʧʝʢʪ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʠʥʦʚʘʪʠʚʥʦʩʪʪʘ ʠ ʝʣʝʛʘʥʪʥʦʩʪʪʘ ʥʘ LED ʧʨʦʜʫʢʪʠʪʝ 

ʩʘ ʥʝʠʟʙʝʞʥʘ ʯʘʩʪ ʦʪ ʚʩʝʢʠʜʥʝʚʠʝʪʦ ʥʘ 21-ʚʠ ʚʝʢ. 

 

ʎʝʣ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ, ʦʩʥʦʚʥʠ ʟʘʜʘʯʠ ʠ ʤʝʪʦʜʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ 

ʎʝʣʪʘ ʝ ʜʘ ʩʝ ʠʟʩʣʝʜʚʘʪ, ʘʥʘʣʠʟʠʨʘʪ ʠ ʫʩʲʚʲʨʰʝʥʩʪʚʘʪ ʝʪʘʧʠʪʝ ʥʘ ʙʲʨʟʦ 

ʧʨʦʝʢʪʠʨʘʥʝ, ʧʨʦʪʦʪʠʧʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ LED ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ. 

ɿʘ ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ ʪʘʟʠ ʮʝʣ ʩʘ ʧʦʩʪʘʚʝʥʠ ʩʣʝʜʥʠʪʝ ʦʩʥʦʚʥʠ ʟʘʜʘʯʠ: 

ɼʘ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʠʥʜʫʩʪʨʠʘʣʥʠ ʧʨʦʮʝʩʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʥʘ LED ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ. 

ɼʘ ʩʝ ʠʟʩʣʝʜʚʘʪ ʠ ʘʥʘʣʠʟʠʨʘʪ ʧʨʦʙʣʝʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʥʘ LED ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ. 

ɼʘ ʩʝ ʧʨʦʚʝʜʘʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʦʧʪʠʤʘʣʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʝʙʨʘʪʘ ʠ ʪʷʭʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʦ 

ʧʦʣʦʞʝʥʠʝ. 

ɼʘ ʩʝ ʤʦʜʝʣʠʨʘ ʪʦʧʣʠʥʥʦʪʦ ʧʦʚʝʜʝʥʠʝ, ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ CAE 

ʩʦʬʪʫʝʨʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʠʟʯʠʩʣʠʪʝʣʥʘ ʜʠʥʘʤʠʢʘ ʥʘ ʬʣʫʠʜʠʪʝ 

ï CFD. 

ɼʘ ʩʝ ʠʟʩʣʝʜʚʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʭʠʙʨʠʜʥʘ ʪʝʭʥʦʣʦʛʠʷ ʩ 

ʮʠʨʢʫʣʷʨ ʠ ʧʘʣʮʦʚʘ ʬʨʝʟʘ ʟʘ ʧʨʦʨʷʟʚʘʥʝ ʥʘ ʤʝʞʜʫʨʝʙʨʠʷʪʘ ʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ 

ʥʘ CAD/CAM ʩʠʩʪʝʤʠʪʝ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʫʧʨʘʚʣʷʚʘʱʠ ʧʨʦʛʨʘʤʠ. 

ɼʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʠʢʦʥʦʤʠʯʝʩʢʘ ʦʙʦʩʥʦʚʢʘ ʥʘ ʚʟʝʪʠʪʝ ʨʝʰʝʥʠʷ.  

 

ʅʘʫʯʥʘ ʥʦʚʦʩʪ 

ɺ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʩʘ ʧʨʝʜʣʦʞʝʥʠ ʜʚʘ ʪʝʦʨʝʪʠʯʥʠ ʤʦʜʝʣʘ ʟʘ 

ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʦʧʪʠʤʘʣʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʝʙʨʘʪʘ, ʢʘʢʪʦ ʠ ʚʠʨʪʫʘʣʝʥ 

ʪʝʨʤʦʬʣʫʠʜʝʥ ʤʦʜʝʣ ʧʦ ʤʝʪʦʜʘ ʥʘ ʠʟʯʠʩʣʠʪʝʣʥʘ ʜʠʥʘʤʠʢʘ ʥʘ ʬʣʫʠʜʠʪʝ. 

ʇʨʝʜʣʦʞʝʥʘ ʝ ʠʥʦʚʘʪʠʚʥʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʪʝʩʥʠ ʢʘʥʘʣʠ, 

ʥʘʨʝʯʝʥʘ ʭʠʙʨʠʜʥʘ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʤʙʠʥʠʨʘʱʘ ʜʚʘ ʨʘʟʣʠʯʥʠ ʧʦ ʚʠʜ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʦʜʭʦʜ ʟʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʫʧʨʘʚʣʷʚʘʱʘ 

ʧʨʦʛʨʘʤʘ ʩʲʩ ʩʧʝʮʠʘʣʠʟʠʨʘʥ ʧʦʩʪʧʨʦʮʝʩʦʨ. 
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ʇʨʘʢʪʠʯʝʩʢʘ ʧʨʠʣʦʞʠʤʦʩʪ 

ʈʘʟʨʘʙʦʪʝʥʘ ʝ ʩʪʫʜʠʷ ʟʘ ʦʙʫʯʝʥʠʝ ʥʘ ʧʝʨʩʦʥʘʣʘ ʧʦ ʧʨʦʝʢʪʠʨʘʥʝ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ LED ʦʩʚʝʪʠʪʝʣʠ, ʚʢʣʶʯʚʘʱʘ ʥʘʡ-ʚʘʞʥʠʪʝ ʠ ʛʨʘʜʠʚʥʠ 

ʝʣʝʤʝʥʪʠ ʥʘ LED ʦʩʚʝʪʠʪʝʣʥʠʪʝ ʪʝʣʘ, ʚʥʝʜʨʝʥʘ ʚʲʚ ʬʠʨʤʘ Ăɹʉʄñ ʆʆɼ. 

ɸʧʨʦʙʠʨʘʥ ʝ ʧʦʜʭʦʜ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʛʨʝʰʢʠʪʝ ʧʨʠ ʧʨʦʝʢʪʠʨʘʥʝ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ LED ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ, ʢʦʡʪʦ ʝ ʥʘ ʙʘʟʘ ʥʘ ʤʥʦʛʦʛʦʜʠʰʝʥ 

ʦʧʠʪ ʥʘ ʜʦʢʪʦʨʘʥʪʘ. ʆʧʨʝʜʝʣʝʥ ʝ ʥʘʡ-ʙʣʘʛʦʧʨʠʷʪʥʠʷʪ ʚʘʨʠʘʥʪ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʦ ʧʦʣʦʞʝʥʠʝ ʥʘ ʦʩʚʝʪʠʪʝʣʥʦʪʦ ʪʷʣʦ ʯʨʝʟ ʚʠʨʪʫʘʣʥʠ ʠ ʨʝʘʣʥʠ 

ʠʟʩʣʝʜʚʘʥʠʷ, ʩ ʢʦʝʪʦ ʜʘ ʩʝ ʛʘʨʘʥʪʠʨʘ ʥʝʛʦʚʦʪʦ ʙʝʟʧʨʦʙʣʝʤʥʦ ʬʫʥʢʮʠʦʥʠʨʘʥʝ 

ʠ ʥʘʜʝʞʜʥʦʩʪ. ʏʨʝʟ ʨʝʘʣʥʠ ʠ ʚʠʨʪʫʘʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ LED ʦʩʚʝʪʠʪʝʣʠ ʥʘ 

ʬʠʨʤʘ Ăɹʉʄñ ʆʆɼ ʝ ʦʙʦʩʥʦʚʘʥʘ ʩʪʝʧʝʥʪʘ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ 

ʚʠʨʪʫʘʣʥʘʪʘ ʪʦʧʣʠʥʥʘ ʩʠʤʫʣʘʮʠʷ. ɺʥʝʜʨʝʥʘ ʝ ʭʠʙʨʠʜʥʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ 

ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʪʝʩʥʠ ʢʘʥʘʣʠ ʩ ʮʠʨʢʫʣʷʨ ʠ ʧʦʩʣʝʜʚʘʱʦ ʜʦʦʙʨʘʙʦʪʚʘʥʝ ʥʘ 

ʦʩʪʘʥʘʣʠʷ ʩʣʝʜ ʥʝʛʦ ʤʘʪʝʨʠʘʣ ʩ ʧʘʣʮʦʚʘ ʬʨʝʟʘ ʚʲʚ ʬʠʨʤʘ Ăɹʉʄñ ʆʆɼ 

 

ɸʧʨʦʙʘʮʠʷ 

ʆʩʥʦʚʥʘʪʘ ʯʘʩʪ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ ʩʘ ʧʨʦʚʝʜʝʥʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʙʘʟʘ ʥʘ Ăɹʉʄñ ʆʆɼ. ʈʝʟʫʣʪʘʪʠʪʝ ʩʘ ʘʧʨʦʙʠʨʘʥʠ ʚ ʨʝʜʠʮʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʦʝʢʪʠ. ʉʲʱʦ ʪʘʢʘ ʯʘʩʪ ʦʪ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷʪ 

ʪʨʫʜ ʩʘ ʜʦʢʣʘʜʚʘʥʠ ʠ ʜʠʩʢʫʪʠʨʘʥʠ ʥʘ:  

ʉʙʦʨʥʠʢ ʜʦʢʣʘʜʠ ʦʪ XXVII ʄʝʞʜʫʥʘʨʦʜʥʘ ʥʘʫʯʥʘ ʢʦʥʬʝʨʝʥʮʠʷ Ă70 

ʛʦʜʠʥʠ ʄʊʌñ, ʉʦʟʦʧʦʣ, ɹʲʣʛʘʨʠʷ; 

ʉʙʦʨʥʠʢ ʜʦʢʣʘʜʠ ʦʪ XIII ʄʝʞʜʫʥʘʨʦʜʝʥ ʢʦʥʛʨʝʩ Ăʄʘʰʠʥʠ, ʪʝʭʥʦʣʦʛʠʠ, 

ʤʘʪʝʨʠʘʣʠñ, ɹʦʨʦʚʝʮ, ɹʲʣʛʘʨʠʷ; 

ʉʧʠʩʘʥʠʝ ʥʘ ʠʥʞʝʥʝʨʥʠʪʝ ʠʥʜʫʩʪʨʠʠ ʚ ɹʲʣʛʘʨʠʷ Ăʄʘʰʠʥʦʩʪʨʦʝʥʝ ʠ 

ʝʣʝʢʪʨʦʪʝʭʥʠʢʘñ ɹʲʣʛʘʨʠʷ; 

ʉʙʦʨʥʠʢ ʜʦʢʣʘʜʠ ʦʪ XVI ʅʘʮʠʦʥʘʣʥʘ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʦʩʚʝʪʣʝʥʠʝ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʦ ʫʯʘʩʪʠʝ ĂBulLightñ, ʉʦʟʦʧʦʣ, ɹʲʣʛʘʨʠʷ; 

ʄʝʞʜʫʥʘʨʦʜʥʦ ʠʟʣʦʞʝʥʠʝ ʟʘ ʦʩʚʝʪʣʝʥʠʝ ñLight and Buldingò, ʌʨʘʥʢʬʫʨʪ, 

ɻʝʨʤʘʥʠʷ. 

 

ʇʫʙʣʠʢʘʮʠʠ 

ʆʩʥʦʚʥʠ ʧʦʩʪʠʞʝʥʠʷ ʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʩʘ ʧʫʙʣʠʢʫʚʘʥʠ 

ʚ 6ʙʨ. ʥʘʫʯʥʠ ʩʪʘʪʠʠ, ʦʪ ʢʦʡʪʦ 2ʙʨ. ʩʘʤʦʩʪʦʷʪʝʣʥʠ ʠ ʝʜʥʘ ʩʪʫʜʠʷ ʟʘ ʦʙʫʯʝʥʠʝ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʝʤ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ 

ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʝ ʚ ʦʙʝʤ ʦʪ (164) ʩʪʨʘʥʠʮʠ, ʢʘʪʦ ʚʢʣʶʯʚʘ ʫʚʦʜ, (5) 

ʛʣʘʚʠ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʬʦʨʤʫʣʠʨʘʥʠʪʝ ʦʩʥʦʚʥʠ ʟʘʜʘʯʠ, ʩʧʠʩʲʢ ʥʘ ʦʩʥʦʚʥʠʪʝ 

ʧʨʠʥʦʩʠ, ʩʧʠʩʲʢ ʥʘ ʧʫʙʣʠʢʘʮʠʠʪʝ ʧʦ ʜʠʩʝʨʪʘʮʠʷʪʘ ʠ ʠʟʧʦʣʟʚʘʥʘ ʣʠʪʝʨʘʪʫʨʘ. 

ʎʠʪʠʨʘʥʠ ʩʘ ʦʙʱʦ (107) ʣʠʪʝʨʘʪʫʨʥʠ ʠʟʪʦʯʥʠʮʠ, ʢʘʪʦ (52)  ʩʘ ʥʘ ʣʘʪʠʥʠʮʘ ʠ 

(55)  ʥʘ ʢʠʨʠʣʠʮʘ. ʈʘʙʦʪʘʪʘ ʚʢʣʁ ʯʚʘ ʦʙʱʦ (95) ʬʠʛʫʨʠ ʠ (18) ʪʘʙʣʠʮʠ. 

ʅʦʤʝʨʘʪʘ ʥʘ ʬʠʛʫʨʠʪʝ ʠ ʪʘʙʣʠʮʠʪʝ ʚ ʘʚʪʦʨʝʬʝʨʘʪʘ ʩʲʦʪʚʝʪʩʪʚʘʪ ʥʘ ʪʝʟʠ ʚ 

ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ.  
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II. ʉʒɼʒʈɾɸʅʀɽ ʅɸ ɼʀʉɽʈʊɸʎʀʆʅʅʀʗ ʊʈʋɼ 

ɻʃɸɺɸ 1. ɸʅɸʃʀɿ ʅɸ ʉʒɺʈɽʄɽʅʅʆʊʆ ʉʒʉʊʆʗʅʀɽ ʅɸ 

ʇʈʆɹʃɽʄɸ ɿɸ ɹʒʈɿʆ ʇʈʆʊʆʊʀʇʀʈɸʅɽ ʀ ʀɿʈɸɹʆʊɺɸʅɽ ʅɸ 

LED ʆʉɺɽʊʀʊɽʃʅʀ ʊɽʃɸ. 

ɿʘ ʜʘ ʩʝ ʧʨʦʝʢʪʠʨʘʪ, ʠʟʨʘʙʦʪʷʪ ʠ ʚʝʨʠʬʠʮʠʨʘʪ ʠʟʜʝʣʠʷ, ʢʘʢʚʠʪʦ ʚ ʩʣʫʯʘʷ 

ʩʘ ʦʩʚʝʪʠʪʝʣʥʠʪʝ ʪʝʣʘ, ʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʠ ʚʩʠʯʢʦ ʢʦʥʩʪʨʫʢʪʦʨʲʪ ʜʘ ʙʲʜʝ 

ʜʦʙʨʝ ʟʘʧʦʟʥʘʪ ʩ ʦʩʥʦʚʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʝʣʝʤʝʥʪʘ ʠʟʣʲʯʚʘʱ ʩʚʝʪʣʠʥʘ, 

ʘ ʠʤʝʥʦ ʩʚʝʪʦʜʠʦʜʘ. ʉ ʥʘʨʘʩʪʚʘʥʝʪʦ ʥʘ ʙʨʦʷ ʥʘ ʦʙʱʝʩʪʚʝʥʠʪʝ ʧʦʨʲʯʢʠ, 

ʩʚʲʨʟʘʥʠ ʩ LED ʦʩʚʝʪʣʝʥʠʝ, ʢʲʜʝʪʦ  ʠʟʠʩʢʚʘʥʠʷʪʘ (ʨʘʟʤʝʨʠ, ʤʘʪʝʨʠʘʣʠ, 

ʤʦʱʥʦʩʪʠ, ʝʥʝʨʛʠʡʥʘ ʝʬʝʢʪʠʚʥʦʩʪ, ʩʪʝʧʝʥ ʟʘ ʟʘʱʠʪʘ ʠ ʜʨ.) ʟʘ ʦʩʚʝʪʠʪʝʣʥʠʪʝ 

ʪʝʣʘ ʩʘ ʨʘʟʣʠʯʥʠ, ʩʝ ʥʘʣʘʛʘ ʝʜʥʘ ʪʝʥʜʝʥʮʠʷ ʟʘ ʙʲʨʟʦ ʧʨʦʪʦʪʠʧʠʨʘʥʝ ʥʘ LED 

ʦʩʚʝʪʣʝʥʠʝ. ʀʤʝʥʥʦ ʪʫʢ  ʜʦʙʨʦʪʦ ʧʦʟʥʘʚʘʥʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ 

ʩʚʝʪʦʜʠʦʜʘ, ʢʘʢʪʦ ʠ ʥʝʧʨʝʢʲʩʥʘʪʦʪʦ ʩʣʝʜʝʥʝ ʥʘ ʥʦʚʠʪʝ ʪʝʥʜʝʥʮʠʠ ʥʘ ʧʘʟʘʨʘ, 

ʧʦʟʚʦʣʷʚʘʪ ʜʘ ʩʝ ʨʝʘʣʠʟʠʨʘʪ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʠ ʥʘ ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ, ʦʪ 

ʢʦʠʪʦ ʜʘ ʩʝ ʠʟʙʝʨʝ ʥʘʡ-ʨʘʮʠʦʥʘʣʥʠʷʪ. 

ʆʪ ʥʘʧʨʘʚʝʥʠʷ ʘʥʘʣʠʟ ʥʘ ʩʲʚʨʝʤʝʥʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʧʨʦʙʣʝʤʘ ʧʨʠ 

ʧʨʦʝʢʪʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ LED ʦʩʚʝʪʠʪʝʣʠ ʩʘ ʫʩʪʘʥʦʚʝʥʠ ʩʣʝʜʥʠʪʝ 

ʠʟʚʦʜʠ: 

1. ʅʝ ʝ ʦʪʢʨʠʪʘ ʤʝʪʦʜʦʣʦʛʠʯʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʠ ʪʝʭʥʦʣʦʛʠʷʪʘ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ LED ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ.  

2. ʃʠʧʩʚʘ ʦʙʱʘ ʤʝʪʦʜʦʣʦʛʠʷ ʟʘ ʧʨʦʙʣʝʤʠʪʝ ʧʨʠ ʧʨʦʝʢʪʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʥʘ LED ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ. 

3. ʅʝ ʩʘ ʦʪʢʨʠʪʠ ʜʦʩʪʘʪʲʯʥʦ ʧʦʜʨʦʙʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 

ʦʭʣʘʞʜʘʥʝʪʦ ʠ ʧʦ-ʩʧʝʮʠʘʣʥʦ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʦʧʪʠʤʘʣʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʨʝʙʨʘʪʘ ʠ ʪʷʭʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʦ ʧʦʣʦʞʝʥʠʝ ʧʨʠ LED ʦʩʚʝʪʠʪʝʣʠ.  

4. ʉʲʱʝʩʪʚʫʚʘʪ ʨʝʜʠʮʘ ʠʟʩʣʝʜʚʘʥʠʷ ʦʪʥʦʩʥʦ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʪʦʧʣʠʥʥʦʪʦ 

ʧʦʚʝʜʝʥʠʝ ʥʘ ʨʘʜʠʘʪʦʨʠ ʠ ʥʘ ʩʚʝʪʦʜʠʦʜʠ. ʅʷʤʘ ʜʦʩʪʘʪʲʯʥʦ ʧʦʜʨʦʙʥʦ 

ʧʨʦʚʝʜʝʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʮʷʣʦʩʪʥʦ LED ʦʩʚʝʪʠʪʝʣʥʦ ʪʷʣʦ. 

5. ʃʠʧʩʚʘ ʤʝʪʦʜʦʣʦʛʠʷ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝʪʦ ʥʘ ʨʘʜʠʘʪʦʨʠ, ʢʦʠʪʦ ʜʘ ʦʩʠʛʫʨʷʪ 

ʥʦʨʤʘʣʥʘ ʨʘʙʦʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʚʝʪʦʜʠʦʜʠʪʝ ʯʨʝʟ ʩʚʦʙʦʜʥʘ ʢʦʥʚʝʢʮʠʷ. 

6. ʅʝ ʩʝ ʝ ʥʘʣʦʞʠʣʘ ʜʦʤʠʥʘʥʪʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʤʘʣʢʠ 

ʩʝʨʠʠ ʥʘ ʩʣʦʞʥʠ ʢʦʨʧʫʩʠ, ʚ ʢʦʠʪʦ ʝ ʩʲʚʤʝʩʪʝʥ ʨʘʜʠʘʪʦʨ.  

7. ʅʝ ʝ ʦʪʢʨʠʪʘ ʤʝʪʦʜʦʣʦʛʠʷ, ʢʘʢ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʥʘʡ-ʜʦʙʲʨ ʬʫʥʢʮʠʦʥʘʣʥʦ-

ʩʪʦʡʥʦʩʪʝʥ ʘʥʘʣʠʟ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ LED ʦʩʚʝʪʠʪʝʣʠ. 

ʎʝʣʪʘ ʝ ʜʘ ʩʝ ʠʟʩʣʝʜʚʘʪ, ʘʥʘʣʠʟʠʨʘʪ ʠ ʫʩʲʚʲʨʰʝʥʩʪʚʘʪ ʝʪʘʧʠʪʝ ʥʘ 

ʙʲʨʟʦ ʧʨʦʝʢʪʠʨʘʥʝ, ʧʨʦʪʦʪʠʧʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ LED ʦʩʚʝʪʠʪʝʣʥʠ 

ʪʝʣʘ. 

ɿʘ ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ ʪʘʟʠ ʮʝʣ ʩʘ ʧʦʩʪʘʚʝʥʠ ʩʣʝʜʥʠʪʝ ʦʩʥʦʚʥʠ ʟʘʜʘʯʠ: 

1. ɼʘ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʠʥʜʫʩʪʨʠʘʣʥʠ ʧʨʦʮʝʩʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʥʘ LED ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ. 

2. ɼʘ ʩʝ ʠʟʩʣʝʜʚʘʪ ʠ ʘʥʘʣʠʟʠʨʘʪ ʧʨʦʙʣʝʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 

LED ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ. 
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3. ɼʘ ʩʝ ʧʨʦʚʝʜʘʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʦʧʪʠʤʘʣʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʝʙʨʘʪʘ ʠ ʪʷʭʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʦ 

ʧʦʣʦʞʝʥʠʝ. 

4. ɼʘ ʩʝ ʤʦʜʝʣʠʨʘ ʪʦʧʣʠʥʥʦʪʦ ʧʦʚʝʜʝʥʠʝ, ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ CAE 

ʩʦʬʪʫʝʨʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʠʟʯʠʩʣʠʪʝʣʥʘ ʜʠʥʘʤʠʢʘ ʥʘ ʬʣʫʠʜʠʪʝ 

ï CFD. 

5. ɼʘ ʩʝ ʠʟʩʣʝʜʚʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʭʠʙʨʠʜʥʘ ʪʝʭʥʦʣʦʛʠʷ ʩ 

ʮʠʨʢʫʣʷʨ ʠ ʧʘʣʮʦʚʘ ʬʨʝʟʘ ʟʘ ʧʨʦʨʷʟʚʘʥʝ ʥʘ ʤʝʞʜʫʨʝʙʨʠʷʪʘ ʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ 

ʥʘ CAD/CAM ʩʠʩʪʝʤʠʪʝ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʫʧʨʘʚʣʷʚʘʱʠ ʧʨʦʛʨʘʤʠ. 

6. ɼʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʠʢʦʥʦʤʠʯʝʩʢʘ ʦʙʦʩʥʦʚʢʘ ʥʘ ʚʟʝʪʠʪʝ ʨʝʰʝʥʠʷ. 

 

ɻʃɸɺɸ 2. ʇʈʆʀɿɺʆɼʉʊɺʆ ʅɸ LED ʆʉɺɽʊʃɽʅʀɽ 

1  ɸʥʘʣʠʟ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʷ ʧʨʦʮʝʩ ʥʘ LED ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ 

ɼʦʙʨʦʪʦ ʧʦʟʥʘʚʘʥʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʷ ʧʨʦʮʝʩ ʥʘʤʘʣʷʚʘ ʨʘʟʭʦʜʠʪʝ, ʘ 

ʩʲʱʝʚʨʝʤʝʥʥʦ ʧʦʚʠʰʘʚʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʧʨʦʜʫʢʪʘ ʠ ʩʲʦʪʚʝʪʥʦ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʝʪʦ. ʊʦʡ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʜʝʣʠ ʫʩʣʦʚʥʦ 

ʥʘ ʩʣʝʜʥʠʪʝ ʧʝʪ ʝʪʘʧʘ: ʇʦʪʝʥʮʠʘʣʝʥ ʧʘʟʘʨ ï ʘʥʘʣʠʟʠʨʘ ʩʝ ʪʲʨʩʝʥʝʪʦ ʠ 

ʥʘʣʠʯʥʦʩʪʪʘ, ʦʙʩʲʞʜʘ ʩʝ ʠ ʩʝ ʩʲʙʠʨʘ ʠʥʬʦʨʤʘʮʠʷ  ʚ ʩʣʫʯʘʡ, ʢʦʛʘʪʦ ʩʝ ʩʲʟʜʘʚʘ 

ʥʦʚ ʧʨʦʜʫʢʪ; ʇʨʦʠʟʚʦʜʩʪʚʝʥʠ ʨʝʰʝʥʠʷ ï ʦʧʨʝʜʝʣʷ ʩʝ ʤʝʪʦʜʲʪ, ʚʲʟʤʦʞʥʦʩʪʪʘ 

ʠ ʥʝʦʙʭʦʜʠʤʠʪʝ ʩʨʦʢʦʚʝ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ; ʇʨʦʝʢʪʠʨʘʥʝ ï ʩʲʟʜʘʚʘ ʩʝ ʠ ʩʝ 

ʠʟʧʠʪʚʘ ʚʠʨʪʫʘʣʝʥ ʤʦʜʝʣ ʥʘ ʦʩʚʝʪʠʪʝʣʥʦʪʦ ʪʷʣʦʪʦ; ʇʨʦʠʟʚʦʜʩʪʚʦ ï ʩʲʟʜʘʚʘ 

ʩʝ ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʚʢʣʶʯʚʘʱʘ ʚ ʩʝʙʝ ʩʠ ʜʦʚʲʨʰʠʪʝʣʥʠ 

ʦʙʨʘʙʦʪʢʠ, ʩʛʣʦʙʷʚʘʥʝ ʠ ʠʟʧʠʪʚʘʥʝ; ʆʮʝʥʢʘ -  ʨʘʚʥʦʩʤʝʪʢʘ ʥʘ ʠʟʙʨʘʥʠʪʝ 

ʨʝʰʝʥʠʷ ʠ ʥʘ ʬʠʥʘʥʩʦʚʠʷ ʨʝʟʫʣʪʘʪ. 

1.1 ʇʲʨʚʠ ʝʪʘʧ ï Ăʇʦʪʝʥʮʠʘʣʝʥ ʧʘʟʘʨò 

ɺ ʥʝʛʦ ʩʝ ʘʥʘʣʠʟʠʨʘ ʪʲʨʩʝʥʝʪʦ ʥʘ ʯʘʩʪʥʠʷ ʠ ʧʫʙʣʠʯʥʠʷ ʩʝʢʪʦʨ ʥʘ 

ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ. ʇʲʨʚʘʪʘ ʩʪʲʧʢʘ, ʢʦʷʪʦ ʩʝ ʦʙʩʲʞʜʘ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʢʘʩʘʝ 

ʛʦʪʦʚʠʪʝ ʧʨʦʜʫʢʪʠ ʠ ʧʦ-ʢʦʥʢʨʝʪʥʦ, ʢʦʠ ʦʪ ʪʷʭ ʤʦʞʝ ʜʘ ʩʝ ʧʦʣʟʚʘʪ ʟʘ 

ʧʦʩʨʝʱʘʥʝ ʥʘ ʪʲʨʩʝʥʝʪʦ. ɸʢʦ ʧʨʦʜʫʢʪ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘʪʘ ʛʘʤʘ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʝʪʦ ʤʦʞʝ ʜʘ ʧʦʢʨʠʝ ʠʟʠʩʢʚʘʥʠʷʪʘ ʠ ʧʦʪʨʝʙʥʦʩʪʠʪʝ, ʙʠʣʦ ʪʦ ʠ ʩ 

ʣʝʢʘ ʤʦʜʠʬʠʢʘʮʠʷ, ʪʦ ʪʦʚʘ ʝ ʥʘʡ-ʨʘʮʠʦʥʘʣʥʠʷʪ ʧʦʜʭʦʜ, ʪʲʡ ʢʘʪʦ ʦʙʱʦʪʦ 

ʚʨʝʤʝʪʦ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʛʦʪʦʚʘ ʧʨʦʜʫʢʮʠʷ ʱʝ ʝ ʥʘʡ-ʢʨʘʪʢʦ. ɸʢʦ ʦʙʘʯʝ 

ʨʘʟʨʘʙʦʪʝʥʠʪʝ ʧʨʦʜʫʢʪʠ ʦʪ ʧʦʨʪʬʦʣʠʦʪʦ ʥʘ ʢʦʤʧʘʥʠʷʪʘ, ʜʦʨʠ ʩʣʝʜ 

ʤʦʜʠʬʠʢʘʮʠʷ, ʥʝ ʤʦʛʘʪ ʜʘ ʧʦʢʨʠʷʪ ʠʟʠʩʢʚʘʥʠʷʪʘ, ʩʝ ʥʘʣʘʛʘ ʜʘ ʩʝ ʧʨʝʤʠʥʝ ʢʲʤ 

ʩʲʟʜʘʚʘʥʝ ʥʘ ʥʦʚ ʧʨʦʜʫʢʪ. ʇʨʠ ʩʲʟʜʘʚʘʥʝʪʦ ʤʫ ʧʲʨʚʦ ʩʝ ʠʟʭʦʞʜʘ ʦʪ 

ʧʦʪʨʝʙʥʦʩʪʠʪʝ ʥʘ ʧʘʟʘʨʘ. ʇʦʜ ʧʘʟʘʨ ʪʫʢ ʪʨʷʙʚʘ ʜʘ ʩʝ ʨʘʟʙʠʨʘ ï ʟʘʧʠʪʚʘʥʠʷ ʠ 

ʜʠʨʝʢʪʥʠ ʧʦʨʲʯʢʠ ʦʪ ʯʘʩʪʥʠʷ ʩʝʢʪʦʨ ʠ ʢʘʥʜʠʜʘʪʩʪʚʘʥʝ ʧʦ ʦʙʱʝʩʪʚʝʥʠ 

ʧʦʨʲʯʢʠ ʠ ʧʫʙʣʠʯʥʠ ʧʦʢʘʥʠ ʦʪ ʦʙʱʝʩʪʚʝʥʠʷ ʩʝʢʪʦʨ. 

ʂʦʛʘʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʨʘʟʨʘʙʦʪʠ ʥʦʚ ʧʨʦʜʫʢʪ, ʧʲʨʚʦ ʩʝ ʫʪʦʯʥʷʚʘ ʢʘʢʚʦ ʱʝ 

ʙʲʜʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʪʦ ʥʘ ʦʩʚʝʪʠʪʝʣʥʦʪʦ ʪʷʣʦ, ʩʣʝʜ ʪʦʚʘ ʩʝ ʫʪʦʯʥʷʚʘʪ ʚʩʠʯʢʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʦʩʚʝʪʠʪʝʣʥʦʪʦ ʪʷʣʦ ʢʘʪʦ ʤʦʱʥʦʩʪ, 

ʩʚʝʪʣʠʥʝʥ ʜʦʙʠʚ, ʮʚʝʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʨ. ʉʭʝʤʘʪʠʯʥʦ ʪʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ 

ʬʠʛ. 2.1.1. 
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ʌʠʛ. 2.1.1 ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʝʪʘʧ 1 
1.2 ɺʪʦʨʠ ʝʪʘʧ ï Ăʇʨʦʠʟʚʦʜʩʪʚʝʥʠ ʨʝʰʝʥʠʷñ 

ɺ ʪʦʟʠ ʝʪʘʧ ʥʘ ʙʘʟʘʪʘ ʥʘ ʩʲʙʨʘʥʘʪʘ ʧʲʨʚʦʥʘʯʘʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 

ʧʦʪʨʝʙʥʦʩʪʠʪʝ ʥʘ ʧʘʟʘʨʘ ʦʪ ʧʲʨʚʠʷ ʝʪʘʧ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʚʟʝʤʝ ʨʝʰʝʥʠʝ ʟʘ 

ʩʣʝʜʥʠʪʝ ʢʘʟʫʩʠ: 

- ʂʘʢʲʚ ʱʝ ʝ ʦʩʥʦʚʥʠʷʪ ʤʝʪʦʜ, ʧʦ ʢʦʡʪʦ ʱʝ ʩʝ ʧʨʦʠʟʚʝʞʜʘ ʧʨʦʜʫʢʪʘ? 

- ɺʲʟʤʦʞʥʦ ʣʠ ʝ ʧʨʦʜʫʢʪʲʪ ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʝ ʚ ʧʨʝʜʧʨʠʷʪʠʝʪʦ? 

- ʉʨʦʢʲʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʫʜʦʚʣʝʪʚʦʨʷʚʘ ʣʠ ʧʦʪʝʥʮʠʘʣʥʠʷ ʧʘʟʘʨ? 

ɺʪʦʨʠ ʝʪʘʧ ʝ ʧʨʝʜʩʪʘʚʝʥ ʩʭʝʤʘʪʠʯʥʦ ʥʘ ʬʠʛ. 2.1.6. 

 

ʌʠʛ. 2.1.6 ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʝʪʘʧ 2 

1.3 ʊʨʝʪʠ ʝʪʘʧ ï Ăʇʨʦʝʢʪʠʨʘʥʝñ 

ɺ ʥʝʛʦ ʢʦʥʩʪʨʫʢʪʦʨʲʪ ʩ ʧʦʤʦʱʪʘ ʥʘ CAD ʩʠʩʪʝʤʘ ʤʦʜʝʣʠʨʘ 

ʦʩʚʝʪʠʪʝʣʥʦʪʦ ʪʷʣʦ. ʊʨʷʙʚʘ ʜʘ ʩʝ ʦʙʲʨʥʝ ʦʩʦʙʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʠʟʙʦʨʘ ʥʘ 

ʦʩʥʦʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʦʩʚʝʪʠʪʝʣʥʦʪʦ ʪʷʣʦ - ʜʠʦʜʠ, ʣʝʱʠ ʠ ʟʘʭʨʘʥʚʘʥʝ. ʊʝ 

ʩʘ ʦʩʥʦʚʘ ʟʘ ʤʦʜʝʣʠʨʘʥʝʪʦ ʥʘ ʢʦʨʧʫʩʘ ʠ ʩʝ ʠʟʙʠʨʘʪ ʥʘ ʙʘʟʘʪʘ ʥʘ ʩʲʙʨʘʥʘʪʘ 

ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʧʲʨʚʠ ʝʪʘʧ, ʦʪʥʘʩʷʱʘ ʩʝ ʜʦ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʦʩʚʝʪʠʪʝʣʥʦʪʦ 

ʪʷʣʦ. ʉʣʝʜ ʢʘʪʦ ʤʦʜʝʣʲʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʛʦʪʦʚ, ʪʦʡ ʩʝ ʧʦʜʣʘʛʘ ʥʘ 

ʠʥʞʝʥʝʨʥʠ ʧʨʝʩʤʷʪʘʥʠʷ ʠ ʘʥʘʣʠʟʠ. ʊʦʚʘ ʩʝ ʠʟʚʲʨʰʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ CAE 

ʩʠʩʪʝʤʘ. ʆʙʠʢʥʦʚʝʥʦ ʝ ʜʦʩʪʘʪʲʯʥʦ ʜʘ ʩʝ ʥʘʧʨʘʚʠ  ʪʦʧʣʠʥʝʥ ʘʥʘʣʠʟ, ʟʘ ʜʘ ʩʝ 

ʧʨʦʚʝʨʠ ʢʘʢʚʘ ʱʝ ʝ ʤʘʢʩʠʤʘʣʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʨʝʘʣʥʦʪʦ ʪʷʣʦ.  
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ʌʠʛ. 2.1.7 ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʝʪʘʧ 3 

1.4 ʏʝʪʚʲʨʪʠ ʝʪʘʧ ï Ăʇʨʦʠʟʚʦʜʩʪʚʦñ 

- ʇʨʦʠʟʚʦʜʩʪʚʦ ʯʨʝʟ ʣʝʝʥʝ 

ʄʝʪʦʜʘ ʥʘ ʣʝʝʥʝ ʝ ʤʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʝʥ, ʩʣʝʜʦʚʘʪʝʣʥʦ ʧʨʠ ʛʦʣʝʤʠ ʩʝʨʠʠ, 

ʠʥʚʝʩʪʠʮʠʷʪʘ ʟʘ ʠʥʩʪʨʫʤʝʥʪʘ ʩʝ ʚʲʟʚʨʲʱʘ ʙʲʨʟʦ. ʊʦʚʘ ʝ ʠ ʧʨʠʯʠʥʘʪʘ ʤʝʪʦʜʲʪ 

ʜʘ ʝ ʥʘʡ-ʧʦʜʭʦʜʷʱ ʟʘ ʩʝʨʠʡʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ [53].  

- ʇʨʦʠʟʚʦʜʩʪʚʦ ʯʨʝʟ ʣʠʩʪʦʦʙʨʘʙʦʪʚʘʥʝ 

ʄʝʪʦʜʲʪ ʧʨʝʜʣʘʛʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʠʟʨʘʙʦʪʚʘʪ ʜʝʪʘʡʣʠ ʩ ʠʟʢʣʶʯʠʪʝʣʥʘ 

ʪʦʯʥʦʩʪ, ʯʠʩʪʦʪʘ ʥʘ ʦʙʨʘʙʦʪʚʘʥʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ ʠ ʦʪʣʠʯʥʦ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 

ʢʨʘʡʥʠʪʝ ʠʟʜʝʣʠʷ. ʄʝʪʦʜʲʪ ʩʲʱʦ ʝ ʤʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʝʥ, ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ 

ʟʘ ʧʲʣʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ. ʀʥʩʪʨʫʤʝʥʪʘʣʥʘʪʘ ʝʢʠʧʠʨʦʚʢʘ ʝ ʩʢʲʧʘ, ʥʦ ʚʝʜʥʲʞ 

ʟʘʢʫʧʝʥʘ, ʪʷ ʩʝ ʧʦʣʟʚʘ ʟʘ ʨʘʟʥʦʦʙʨʘʟʥʠ ʧʨʦʜʫʢʪʠ. ʇʨʦʮʝʩʲʪ ʧʦʟʚʦʣʷʚʘ ʤʥʦʛʦ 

ʙʲʨʟʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ʦʧʠʪʥʠ ʦʙʨʘʟʮʠ ʠ ʧʨʦʪʦʪʠʧʠ  [93].  

- ʇʨʦʠʟʚʦʜʩʪʚʦ ʯʨʝʟ ʝʢʩʪʨʫʜʠʨʘʥ ʘʣʫʤʠʥʠʝʚ ʧʨʦʬʠʣ 

ʄʝʪʦʜʲʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʯʨʝʟ ʝʢʩʪʨʫʜʠʨʘʥ ʘʣʫʤʠʥʠʝʚ ʧʨʦʬʠʣ ʩʲʱʦ ʩʝ 

ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʝ ʠʥʩʪʨʫʤʝʥʪʘʣʥʘ 

ʝʢʠʧʠʨʦʚʢʘ. ʊʫʢ ʦʙʘʯʝ ʠʥʚʝʩʪʠʮʠʷʪʘ ʟʘ ʠʥʩʪʨʫʤʝʥʪʘ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʤʘʣʢʘ, 

ʦʪʢʦʣʢʦʪʦ ʧʨʠ ʣʝʝʥʝʪʦ. ɻʣʦʙʘʣʥʠʷʪ ʧʘʟʘʨ ʦʙʘʯʝ ʨʘʟʧʦʣʘʛʘ ʩ ʛʦʣʷʤʦ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʘ ʛʦʪʦʚʠ ʧʨʦʬʠʣʠ, ʦʪ ʢʦʝʪʦ ʩʣʝʜʚʘ, ʯʝ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʩʧʝʩʪʠ 

ʚʨʝʤʝ ʠ ʧʘʨʠ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘʣʥʘ ʝʢʠʧʠʨʦʚʢʘ. 

- ʇʨʦʠʟʚʦʜʩʪʚʦ ʯʨʝʟ ʩʪʨʫʞʢʦʦʪʥʝʤʘʥʝ 

ʄʝʪʦʜʲʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʯʨʝʟ ʩʪʨʫʞʢʦʦʪʥʝʤʘʥʝ ʥʘʤʠʨʘ ʛʦʣʷʤʦ 

ʧʨʠʣʦʞʝʥʠʝ ʧʦʨʘʜʠ ʛʲʚʢʘʚʦʩʪʪʘ ʩʠ. ʍʘʨʘʢʪʝʨʠʟʠʨʘ ʩʝ ʩ ʠʥʩʪʨʫʤʝʥʪʘʣʥʘ 

ʝʢʠʧʠʨʦʚʢʘ, ʢʦʷʪʦ ʥʝ ʠʟʠʩʢʚʘ ʛʦʣʝʤʠ ʠʥʚʝʩʪʠʮʠʠ. ʄʝʪʦʜʲʪ ʤʥʦʛʦ ʯʝʩʪʦ ʩʝ 

ʧʦʣʟʚʘ ʢʘʪʦ ʜʦʚʲʨʰʚʘʱ ʤʝʪʦʜ ʩʣʝʜ ʣʝʝʥʝ ʠ ʠʟʪʝʛʣʷʥʝ ʥʘ ʧʨʦʬʠʣ, ʢʲʜʝʪʦ ʝ 

ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʦʪʚʦʨʠ ʠ ʜʘ ʩʝ ʥʘʨʝʞʘʪ ʨʝʟʙʠ.  

- ɹʦʷʜʠʩʚʘʥʝ 

ʉʣʝʜ ʢʘʪʦ ʢʦʨʧʫʩʲʪ ʥʘ LED ʦʩʚʝʪʠʪʝʣʥʦʪʦ ʪʷʣʦ ʝ ʧʨʦʠʟʚʝʜʝʥ ʧʦ 

ʛʦʨʝʧʦʩʦʯʝʥʠʪʝ ʤʝʪʦʜʠ, ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʤʫ ʩʝ ʥʘʥʝʩʝ ʧʦʢʨʠʪʠʝ. ʆʙʠʢʥʦʚʝʥʦ 

ʩʝ ʙʦʷʜʠʩʚʘʪ, ʥʦ ʥʝ ʝ ʠʟʢʣʶʯʝʥʦ ʠ ʘʥʦʜʠʨʘʥʝ, ʧʦʮʠʥʢʦʚʘʥʝ, ʥʠʢʝʣʠʨʘʥʝ ʠ ʜʨ.  
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ʌʠʛ. 2.1.8 ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʝʥ ʥʘ 

ʝʪʘʧ 4 

 
 

ʌʠʛ. 2.1.9 ʉʭʝʤʘʪʠʯʥʦ 

ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʝʪʘʧ 5 

- ʉʛʣʦʙʷʚʘʥʝ 

ʉʣʝʜʚʘ ʩʛʣʦʙʷʚʘʥʝ ʥʘ 

ʦʩʚʝʪʠʪʝʣʥʦʪʦ ʪʷʣʦ, 

ʢʲʜʝʪʦ ʚʩʠʯʢʠ ʦʩʥʦʚʥʠ 

ʢʦʤʧʦʥʝʥʪʠ ʩʝ ʩʛʣʦʙʷʚʘʪ 

ʢʲʤ ʢʦʨʧʫʩʘ. ʇʨʦʮʝʩʲʪ 

ʤʦʞʝ ʜʘ ʩʝ ʘʚʪʦʤʘʪʠʟʠʨʘ, 

ʥʦ ʠʥʚʝʩʪʠʮʠʷʪʘ ʝ 

ʠʟʢʣʶʯʠʪʝʣʥʦ ʛʦʣʷʤʘ ʠ 

ʤʥʦʛʦ ʯʝʩʪʦ ʥʝ ʝ 

ʦʧʨʘʚʜʘʥʘ. 

- ʀʟʧʠʪʚʘʥʝ 

ʀʟʧʠʪʚʘʥʝʪʦ ʝ ʦʪ ʨʘʟʣʠʯʝʥ ʭʘʨʘʢʪʝʨ, ʧʲʨʚʠʪʝ ʦʙʨʘʟʮʠ ʠʣʠ ʧʨʦʪʦʪʠʧʲʪ ʩʝ 

ʠʟʧʠʪʚʘʪ ʚ ʮʝʥʪʲʨ ʟʘ ʠʟʧʠʪʚʘʥʝ ʠ ʝʚʨʦʧʝʡʩʢʘ ʩʝʨʪʠʬʠʢʘʮʠʷ, ʦʪ ʢʲʜʝʪʦ ʩʝ 

ʧʦʣʫʯʘʚʘ ʩʝʨʪʠʬʠʢʘʪ ʟʘ ʧʨʦʜʫʢʪʘ, ʦʪʛʦʚʘʨʷʱ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ɽʉ ʟʘ 

ʙʝʟʦʧʘʩʥʦʩʪ, ʟʜʨʘʚʝ ʠ ʦʧʘʟʚʘʥʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ 

ʥʘ ʬʠʛ. 2.1.8. 

1.5 ʇʝʪʠ ʝʪʘʧ ï Ăʆʮʝʥʢʘñ 

ɺ ʥʝʛʦ ʩʝ ʧʨʘʚʠ ʨʘʚʥʦʩʤʝʪʢʘ ʥʘ ʠʟʙʨʘʥʠʪʝ ʨʝʰʝʥʠʷ ʠ ʥʘ ʬʠʥʘʥʩʦʚʠʷ 

ʨʝʟʫʣʪʘʪ. ɺ ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ ʦʮʝʥʢʘ ʩʝ ʠʟʯʠʩʣʷʚʘ ʢʘʢʚʠ ʠʥʚʝʩʪʠʮʠʠ ʩʘ 

ʥʘʧʨʘʚʝʥʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʜʘʜʝʥʠʷ ʧʨʦʜʫʢʪ. ʆʧʨʝʜʝʣʷ ʩʝ ʠ 

ʩʝʙʝʩʪʦʡʥʦʩʪʪʘ ʥʘ ʠʟʜʝʣʠʝʪʦ. ɺ ʨʘʚʥʦʩʤʝʪʢʘʪʘ ʩʝ ʧʨʦʚʝʨʷʚʘ ʜʘʣʠ 

ʧʨʦʠʟʚʝʜʝʥʦʪʦ ʦʩʚʝʪʠʪʝʣʥʦ ʪʷʣʦ ʦʪʛʦʚʘʨʷ ʜʝʡʩʪʚʠʪʝʣʥʦ ʥʘ ʟʘʜʘʜʝʥʠʪʝ 

ʠʟʠʩʢʚʘʥʠʷ. ʇʦʩʣʝʜʥʦ ʩʝ ʪʝʩʪʚʘ ʥʘʜʝʞʜʥʦʩʪʪʘ ʥʘ ʠʟʜʝʣʠʝʪʦ. ʉʭʝʤʘʪʠʯʥʦ ʪʦʡ 

ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʬʠʛ. 2.1.9. 

2 ʇʨʦʝʢʪʠʨʘʥʝ ʥʘ LED ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ 

2.1 ɺʠʜʦʚʝ ʧʨʦʝʢʪʠʨʘʥʝ 

ʇʨʦʝʢʪʠʨʘʥʝʪʦ ʝ ʪʚʦʨʯʝʩʢʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʪʝʭʥʠʯʝʩʢʠʷ ʟʘʤʠʩʲʣ ʥʘ 

ʠʟʜʝʣʠʝʪʦ, ʬʫʥʢʮʠʦʥʘʣʥʘʪʘ ʤʫ ʩʪʨʫʢʪʫʨʘ ʠ ʪʝʭʥʦʣʦʛʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ [78]. 

ʏʝʩʪʦ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʝʪʦ ʧʦʜ ʧʨʦʝʢʪʠʨʘʥʝ ʩʝ ʠʤʘ ʧʨʝʜʚʠʜ 

ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ ʧʨʦʝʢʪʠʨʘʥʝ, ʢʦʝʪʦ ʦʙʭʚʘʱʘ ʪʨʠʪʝ ʦʩʥʦʚʥʠ ʥʘʧʨʘʚʣʝʥʠʷ - 

CAD/CAM/CAE (ʬʠʛ. 2.2.1). 
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ʌʠʛ. 2.2.1 ʆʩʥʦʚʥʠ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʧʨʦʝʢʪʠʨʘʥʝʪʦ 

2.3 ʄʦʜʝʣʠʨʘʥʝ ʥʘ LED ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ 

ɺ ʧʨʘʢʪʠʢʘʪʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʥʷʢʦʣʢʦ ʥʘʯʠʥʘ ʥʘ ʤʦʜʝʣʠʨʘʥʝ. ʊʝ ʩʝ ʦʪʥʘʩʷʪ 

ʟʘ ʚʩʠʯʢʠ ʦʙʣʘʩʪʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʘ ʥʝ ʩʘʤʦ ʟʘ LED  ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ. ʊʝ 

ʟʘʚʠʩʷʪ ʛʣʘʚʥʦ ʦʪ ʧʦʩʪʘʚʝʥʠʪʝ ʫʩʣʦʚʠʷ, ʦʪ ʪʦʚʘ ʢʦʣʢʦ ʦʧʠʪʝʥ ʝ ʢʦʥʩʪʨʫʢʪʦʨʲʪ 

ʠ ʢʦʣʢʦ ʜʦʙʨʝ ʚʣʘʜʝʝ CAD ʤʦʜʝʣʠʝʨʘ. 

2.3.4 ʄʦʜʝʣʠʨʘʥʝ ʩ User Define Futures (UDF) 

ɻʦʣʷʤʦ ʫʣʝʩʥʝʥʠʝ ʧʨʠ ʤʦʜʝʣʠʨʘʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʩʲʟʜʘʜʝʥʘ ʙʘʟʘ ʜʘʥʥʠ, ʩʲʜʲʨʞʘʱʘ ʛʨʘʜʠʚʥʠʪʝ ʝʣʝʤʝʥʪʠ ʥʘ 

ʝʜʠʥ ʤʦʜʝʣ. ʊʦʚʘ ʩʘ ʪʘʢʘ ʥʘʨʝʯʝʥʠʪʝ ʬʠʯʲʨʠ, ʢʦʠʪʦ ʩʘ ʠʟʛʨʘʜʝʥʠ ʥʘ ʙʘʟʘʪʘ ʥʘ 

ʩʢʠʮʠ (ʬʠʛ. 2.2.7).  

  
ʌʠʛ. 2.2.7 ʌʠʯʲʨʠ ʌʠʛ. 2.2.8 ʉʲʟʜʘʚʘʥʝ ʥʘ ʬʠʯʲʨ 

ɿʘ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʝʜʥʘ ʙʘʟʘ ʦʪ ʜʘʥʥʠ ʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʠ ʚʩʠʯʢʦ ʪʷ ʜʘ 

ʙʲʜʝ ʩʲʟʜʘʜʝʥʘ. ɿʘ ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ ʥʘʡ-ʯʝʩʪʦ ʚ ʪʘʢʘʚʘ ʙʘʟʘ ʜʘʥʥʠ ʩʝ 

ʩʲʜʲʨʞʘʪ ʬʠʯʲʨʠ ʥʘ ʩʪʘʥʜʘʨʪʥʠʪʝ ʝʣʝʤʝʥʪʠ, ʠʟʛʨʘʞʜʘʱʠ ʦʩʚʝʪʠʪʝʣʥʦʪʦ 

ʪʷʣʦ, ʢʘʪʦ ʩʢʨʝʧʠʪʝʣʥʠʪʝ ʦʪʚʦʨʠ ʥʘ ʧʣʘʪʢʠʪʝ ʠ ʣʝʱʠʪʝ, ʠ ʪ.ʥ. 
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ʅʘ ʬʠʛ. 2.2.8 ʝ ʧʦʢʘʟʘʥʦ 

ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ UDF ʟʘ 

ʦʪʚʦʨʠʪʝ ʥʘ ʣʝʱʘ LEDlink 

24Led. ɺʲʚʝʞʜʘ ʩʝ ʠʤʝʪʦ ʥʘ 

ʬʠʯʲʨʘ ʠ ʩʝ ʟʘʜʘʚʘʪ 

ʨʝʬʝʨʝʥʪʥʠ ʧʦʚʲʨʭʥʠʥʠ. 

ʉʣʝʜ ʢʘʪʦ UDF ʝ ʚʝʯʝ 

ʩʲʟʜʘʜʝʥ, ʪʦʡ ʤʦʞʝ ʜʘ ʩʝ 

ʚʤʲʢʚʘ ʚʲʚ ʚʩʝʢʠ ʝʜʠʥ 

ʜʝʪʘʡʣ, ʢʘʢʪʦ ʝ ʧʦʢʘʟʘʥʦ ʥʘ 

ʬʠʛ. 2.2.9 

  
ʌʠʛ. 2.2.9 ɺʤʲʢʚʘʥʝ ʥʘ ʬʠʯʲʨ 

3 ʀʟʩʣʝʜʚʘʥʝ ʠ ʘʥʘʣʠʟ ʥʘ ʧʨʦʙʣʝʤʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʄʥʦʛʦ ʯʝʩʪʦ ʚ ʧʨʘʢʪʠʢʘʪʘ ʩʝ ʥʘʣʘʛʘ ʥʦʚʠ ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ ʜʘ ʩʝ ʠʟʩʣʝʜʚʘʪ 

ʠ ʘʥʘʣʠʟʠʨʘʪ. ʊʦʚʘ ʩʝ ʧʨʘʚʠ ʩ ʮʝʣ ʜʘ ʩʝ ʧʨʝʜʦʪʚʨʘʪʷʪ ʛʨʝʰʢʠ ʦʪ 

ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʚ ʩʣʝʜʚʘʱʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ. 

3.1 ʇʨʦʙʣʝʤʠ ʩ ʢʦʥʩʪʨʫʢʮʠʠʪʝ ʥʘ LED ʦʩʚʝʪʠʪʝʣʠ 

ʆʩʥʦʚʥʠʪʝ ʝʣʝʤʝʥʪʠ, ʦʪ ʢʦʠʪʦ ʝ ʠʟʛʨʘʜʝʥʦ LED ʦʩʚʝʪʠʪʝʣʥʦ ʪʷʣʦ ʩʘ: 

ʢʦʨʧʫʩ, ʨʘʜʠʘʪʦʨ, ʩʚʝʪʦʜʠʦʜʠ, ʧʣʘʪʢʘ PCB, ʣʝʱʠ, ʟʘʱʠʪʥʦ ʩʪʲʢʣʦ ʠ 

ʟʘʭʨʘʥʚʘʥʝ. ʉʭʝʤʘʪʠʯʥʦ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛ. 2.3.1 ʎʝʣʪʘ ʥʘ ʢʦʨʧʫʩʘ ʝ ʜʘ 

ʟʘʱʠʪʠ ʝʣʝʢʪʨʦʥʥʠʪʝ ʝʣʝʤʝʥʪʠ ʦʪ ʚʦʜʘ, ʚʣʘʛʘ ʠ ʤʝʭʘʥʠʯʥʠ ʧʦʚʨʝʜʠ. ʊʦʯʥʦ 

ʧʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ, ʢʦʥʩʪʨʫʢʪʦʨʠʪʝ ʠʟʧʠʪʚʘʪ ʥʘʡ-ʛʦʣʷʤʘ ʪʨʫʜʥʦʩʪ ʧʨʠ 

ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʤʫ. ʆʪ ʪʫʢ ʩʝ ʠʟʷʩʥʷʚʘ ʢʘʢʲʚ ʝ ʦʩʥʦʚʥʠʷʪ ʧʨʦʙʣʝʤ ʥʘ 

ʢʦʥʩʪʨʫʢʮʠʠʪʝ, ʘ ʠʤʝʥʥʦ - ʢʘʢ ʪʝ ʜʘ ʩʝ ʧʨʦʝʢʪʠʨʘʪ. 

 
ʌʠʛ. 2.3.1 ï ʆʩʥʦʚʥʠ ʝʣʝʤʝʥʪʠ ʥʘ LED ʦʩʚʝʪʠʪʝʣʥʦ ʪʷʣʦ 

3.3 ʋʧʣʲʪʥʷʚʘʥʝ ʥʘ ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ 

ʇʨʝʜʠ ʚʩʠʯʢʦ ʫʧʣʲʪʥʷʚʘʥʝ ʥʘ ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ ʩʝ ʥʘʣʘʛʘ ʧʦʨʘʜʠ ʬʘʢʪʘ, ʯʝ 

ʚʦʜʘʪʘ ʧʦʚʨʝʞʜʘ ʝʣʝʢʪʨʦʥʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ. ɺʲʧʨʝʢʠ ʯʝ ʪʷ ʝ ʩ ʦʪʥʦʩʠʪʝʣʥʦ 
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ʥʠʩʲʢ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʝʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪ  ů = 0.01 S/m [99], ʚʲʧʨʦʩʥʘʪʘ ʚʦʜʘ 

ʦʙʠʢʥʦʚʝʥʦ ʥʝ ʝ ʯʠʩʪʘ, ʘ ʩʲʜʲʨʞʘ ʨʘʟʣʠʯʥʠ ʤʠʥʝʨʘʣʠ ʠʣʠ ʤʨʲʩʦʪʠʷ, ʢʦʠʪʦ 

ʧʨʦʚʝʞʜʘʪ ʝʣʝʢʪʨʠʯʝʩʪʚʦʪʦ. ɼʨʫʛ ʩʲʱʝʩʪʚʝʥ ʧʨʦʙʣʝʤ ʝ, ʯʝ ʚʦʜʘʪʘ  ʦʢʠʩʣʷʚʘ 

ʝʣʝʢʪʨʦʥʥʠʪʝ ʝʣʝʤʝʥʪʠʪʝ ʠ ʘʣʫʤʠʥʠʝʚʠʷ ʢʦʨʧʫʩ. ʇʦʣʫʯʠʣʠʷʪ ʩʝ ʦʢʠʩ  Al2O3 

ʠ FeO ʝ ʝʣʝʢʪʨʦʧʨʦʚʦʜʠʤ. 
ʅʘʙʣʶʜʘʚʘʪ ʩʝ ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ ʫʧʣʲʪʥʷʚʘʥʝ ʥʘ ʦʩʚʝʪʠʪʝʣʥʠʪʝ ʪʝʣʘ ʟʘ 

ʧʦʩʪʠʛʘʥʝ ʩʪʝʧʝʥ ʥʘ ʟʘʱʠʪʘ ʧʦ-ʛʦʣʷʤʘ ʦʪ IP65. ʋʧʣʲʪʥʝʥʠʷʪʘ ʩʝ ʠʟʤʝʨʚʘʪ ʧʦ 

ʩʢʘʣʘ ʟʘ ʪʚʲʨʜʦʩʪ Shore A, 0-100 ʝʜʠʥʠʮʠ, ʢʘʪʦ ʢʦʣʢʦʪʦ ʝ ʧʦ-ʛʦʣʷʤʦ ʯʠʩʣʦʪʦ, 

ʪʦʣʢʦʚʘ ʝ ʧʦ-ʪʚʲʨʜʦ ʫʧʣʲʪʥʝʥʠʝʪʦ (ʬʠʛ. 2.3.7). 

ʂʦʣʢʦʪʦ ʠ ʪʚʲʨʜʦ ʜʘ ʠʟʛʣʝʞʜʘ ʩʪʲʢʣʦʪʦ, ʪʦ ʩʝ ʦʛʲʚʘ ʚ ʤʝʩʪʘʪʘ ʥʘ 

ʧʨʠʪʠʩʢʘʥʝ, ʢʘʪʦ ʩʝ ʧʦʣʫʯʘʚʘ ʧʨʦʣʫʢʘ, ʤʝʞʜʠʥʘ, ʧʨʝʟ ʢʦʷʪʦ ʧʨʝʤʠʥʘʚʘ ʚʦʜʘ 

(ʬʠʛ. 2.3.8). ɿʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʪʦʚʘ, ʩʝ ʧʨʝʧʦʨʲʯʚʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʫʧʣʲʪʥʝʥʠʷ 

ʩ Shore A 30. ʉʲʱʦ ʪʘʢʘ ʧʨʠ ʫʧʣʲʪʥʷʚʘʥʝ ʥʘ ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ ʩʲʩ ʩʪʲʢʣʦ ʠ 

ʫʧʣʲʪʥʝʥʠʝ ʩ ʪʚʲʨʜʦʩʪ ʦʢʦʣʦ 40 ʰʦʨʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʪʠʩʢʘʱʠʪʝ 

ʤʝʭʘʥʠʟʤʠ ʥʘ ʩʪʲʢʣʦʪʦ ʜʘ ʩʝ ʨʘʟʧʦʣʘʛʘʪ ʥʘ ʨʘʟʩʪʦʷʥʠʷ, ʥʝ ʧʦ ʛʦʣʝʤʠ ʦʪ 100 

mm, ʧʨʠ ʜʝʙʝʣʠʥʘ ʥʘ ʩʪʲʢʣʦʪʦ 4 mm. 150 mm ʟʘ ʩʪʲʢʣʦ 5 mm ʠ 200 mm ʟʘ 

ʩʪʲʢʣʦ 6 mm.   

 
ʌʠʛ. 2.3.8 ʇʨʦʣʫʢʘ, ʤʝʞʜʠʥʘ ʤʝʞʜʫ ʩʪʲʢʣʦ ʠ ʫʧʣʲʪʥʝʥʠʝ 

4 ʀʟʚʦʜʠ 

1. ʇʨʝʜʣʦʞʝʥʦ ʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʷʪ ʮʠʢʲʣ ʜʘ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘ ʫʩʣʦʚʥʦ ʥʘ ʧʝʪ 

ʝʪʘʧʘ. ɺʩʝʢʠ ʝʜʠʥ ʦʪ ʪʷʭ ʩʝ ʘʥʘʣʠʟʠʨʘ ʠ ʩʝ ʦʪʙʝʣʷʟʚʘʪ ʩʣʘʙʠʪʝ ʤʝʩʪʘ, ʤʝʩʪʘʪʘ, 

ʢʲʜʝʪʦ ʩʝ ʜʦʧʫʩʢʘʪ ʥʘʡ-ʤʥʦʛʦ ʛʨʝʰʢʠ. 

2. ʉʣʝʜ ʘʥʘʣʠʟʠʨʘʥʝ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠʪʝ ʠ ʤʝʪʦʜʠʪʝ ʟʘ ʪʷʭʥʦʪʦ ʧʦʣʫʯʘʚʘʥʝ ʩʝ 

ʫʩʪʘʥʦʚʷʚʘ, ʯʝ ʧʨʠ ʛʦʣʝʤʠ ʩʝʨʠʠ ʥʘʡ-ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʢʦʨʧʫʩʠʪʝ ʥʘ ʫʣʠʯʥʠʪʝ 

LED ʦʩʚʝʪʠʪʝʣʠ ʩʝ ʧʨʦʠʟʚʝʞʜʘʪ ʯʨʝʟ ʦʪʣʠʚʘʥʝ.  

3. ʆʧʨʝʜʝʣʝʥʠ ʩʘ ʥʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ LED 

ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʷʭʥʦʪʦ ʧʨʘʢʪʠʯʝʩʢʦ ʧʨʠʣʦʞʝʥʠʝ. 

4. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʥʘʡ-ʛʦʣʷʤʘ ʪʨʫʜʦʝʤʢʦʩʪ ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʨʠ ʢʦʥʩʪʨʫʠʨʘʥʝ 

ʥʘ ʩʲʚʤʝʩʪʝʥʠ ʚ ʝʜʥʦ ʪʷʣʦ ʨʘʜʠʘʪʦʨ ʠ ʢʦʨʧʫʩ ʥʘ LED ʦʩʚʝʪʠʪʝʣ.  

5. ɺ ʧʨʘʢʪʠʢʘʪʘ, ʩʣʝʜ ʚʠʨʪʫʘʣʝʥ ʘʥʘʣʠʟ ʩʝ ʧʨʝʜʣʘʛʘ ʨʝʘʣʥʦ ʚʘʣʠʜʠʨʘʥʝ ʥʘ 

ʥʦʚʦʧʨʦʝʢʪʠʨʘʥʠʪʝ LED ʦʩʚʝʪʠʪʝʣʠ ʩ ʮʝʣ ʜʘ ʩʝ ʧʨʝʜʦʪʚʨʘʪʷʪ ʛʨʝʰʢʠ ʧʨʠ 

ʩʣʝʜʚʘʱʦ ʧʨʦʝʢʪʠʨʘʥʝ. 

6. ʅʘ ʙʘʟʘ ʥʘ ʧʨʦʚʝʜʝʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʩʝ ʧʨʝʧʦʨʲʯʚʘ LED ʦʩʚʝʪʠʪʝʣʥʠʪʝ ʪʝʣʘ 

ʜʘ ʩʘ ʫʧʣʲʪʥʝʥʠ ʩ ʫʧʣʲʪʥʠʪʝʣ ʩ ʪʚʲʨʜʦʩʪ 30 Shore A, ʘ ʥʝ ʩ ʪʝʯʝʥ ʩʠʣʠʢʦʥ, 

ʧʦʣʠʤʝʨ ʠʣʠ ʜʨ.  

https://bg.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BC%D0%B5%D0%BD%D1%81
https://bg.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D1%8A%D1%80
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ɻʃɸɺɸ 3. ʊʆʇʃʀʅʅʆ ʆʈɸɿʄɽʈʗɺɸʅɽ ʅɸ ʂʆʈʇʋʉʀʊɽ ʅɸ LED 

ʆʉɺɽʊʀʊɽʃʅʀ ʊɽʃɸ 

ʉ ʥʘʚʣʠʟʘʥʝʪʦ ʥʘ LED ʦʩʚʝʪʣʝʥʠʝʪʦ ʥʘ ʤʘʩʦʚʠʷ ʧʘʟʘʨ ʩʝ ʥʘʙʣʶʜʘʚʘ ʝʜʥʦ 

ʠʟʤʝʥʝʥʠʝ ʥʘ ʢʦʨʧʫʩʠʪʝ ʥʘ ʦʩʚʝʪʠʪʝʣʥʠʪʝ ʪʝʣʘ ʩʧʨʷʤʦ ʜʦʩʝʛʘ ʧʦʟʥʘʪʠʪʝ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʪʝʣʘ (ʟʘ ʣʫʤʠʥʝʩʮʝʥʪʥʠ, ʭʘʣʦʛʝʥʥʠ, ʩ ʥʘʞʝʞʘʝʤʘ ʞʠʯʢʘ ʠ 

ʜʨ. ʣʘʤʧʠ).  ʇʨʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʣʘʤʧʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʜʦʧʫʩʪʠʤʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʝ ʥʷʢʦʣʢʦ ʧʲʪʠ ʧʦ-ʚʠʩʦʢʘ ʦʪ ʪʘʟʠ ʧʨʠ LED. ʊʦʚʘ ʝ ʠ ʛʣʘʚʥʘʪʘ 

ʧʨʠʯʠʥʘ, ʪʝʭʥʠʪʝ ʢʦʨʧʫʩʠ ʜʘ ʥʷʤʘʪ ʦʭʣʘʞʜʘʱʘ ʯʘʩʪ, ʜʦʢʘʪʦ ʧʨʠ LED ʩʝ 

ʥʘʙʣʶʜʘʚʘʪ ʪʘʢʘʚʘ ʠ ʪʦ ʷʩʥʦ ʠʟʨʘʟʝʥʘ.  

ʄʦʪʠʚʠʪʝ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʠ ʘʥʘʣʠʟʠʨʘʥʝ ʥʘ ʪʦʧʣʠʥʥʦʪʦ ʧʦʚʝʜʝʥʠʝ ʥʘ LED 

ʦʩʚʝʪʠʪʝʣʠ ʝ, ʯʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʝʧʨʘʚʠʣʥʦ ʦʨʘʟʤʝʨʷʚʘʥʝ ʥʘ ʨʘʜʠʘʪʦʨʠʪʝ, 

ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʥʝʩʧʦʩʦʙʥʦʩʪ ʜʘ ʩʝ ʨʘʟʩʝʝ ʦʪʜʘʜʝʥʘʪʘ ʪʦʧʣʠʥʘ ʠʣʠ ʜʦ 

ʧʨʝʦʨʘʟʤʝʨʷʚʘʥʝ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʧʦ-ʪʝʞʢʦ ʠ ʧʦ-ʛʦʣʷʤʦ ʪʷʣʦ. ʀ ʜʚʘʪʘ ʩʣʫʯʘʷ 

ʛʣʘʚʥʦ ʚʦʜʷʪ  ʜʦ ʟʘʛʫʙʠ ʟʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʢʦʠʪʦ ʢʲʤ ʤʦʤʝʥʪʘ ʩʘ ʤʥʦʛʦ ʚʘʞʥʠ 

ʟʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʝʜʥʦ ʧʨʝʜʧʨʠʷʪʠʝ.ʇʨʠ ʪʦʧʣʠʥʥʦ ʦʨʘʟʤʝʨʷʚʘʥʝ 

ʥʘ ʢʦʨʧʫʩʠʪʝ ʥʘ LED ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ ʩʝ ʮʝʣʠ ʜʘ ʩʝ ʧʦʢʘʞʘʪ ʧʦʜʭʦʜʠ, ʧʦ 

ʢʦʠʪʦ ʢʦʥʩʪʨʫʢʪʦʨʠʪʝ, ʨʘʟʨʘʙʦʪʚʘʱʠ ʤʦʱʥʠ LED ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ, ʪʨʷʙʚʘ 

ʜʘ ʩʝ ʨʲʢʦʚʦʜʷʪ ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ 

ʨʘʜʠʘʪʦʨʠʪʝ ʠʣʠ ʥʘ ʨʘʜʠʘʪʦʨʥʘʪʘ ʯʘʩʪ ʦʪ ʢʦʨʧʫʩʘ, ʘʢʦ ʩʘ ʩʲʚʤʝʩʪʝʥʠ ʚ ʝʜʠʥ 

ʢʦʨʧʫʩ. 

1 ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʦʧʪʠʤʘʣʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʝʙʨʘʪʘ ʧʨʠ ʩʚʦʙʦʜʥʘ 

ʢʦʥʚʝʢʮʠʷ. ʊʝʦʨʝʪʠʯʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦ ʨʝʰʝʥʠʝ 

ɼʦʨʠ ʠ ʩ ʮʷʣʘʪʘ ʝʫʬʦʨʠʷ ʦʢʦʣʦ ʦʭʣʘʞʜʘʥʝʪʦ ʯʨʝʟ ʧʨʠʥʫʜʝʥʘʪʘ ʢʦʥʚʝʢʮʠʷ, 

ʤʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʚ ʝʣʝʢʪʨʦʥʥʘʪʘ ʠʥʜʫʩʪʨʠʷ ʚʩʝ ʦʱʝ ʩʘ ʟʘʚʠʩʠʤʠ ʦʪ 

ʦʭʣʘʞʜʘʥʝ ʯʨʝʟ ʩʚʦʙʦʜʥʘ ʢʦʥʚʝʢʮʠʷ. ɽʩʪʝʩʪʚʝʥʦʪʦ ʠʟʧʣʫʚʘʥʝ ʥʘ ʪʦʧʣʠʷ 

ʚʲʟʜʫʭ ʧʦʟʚʦʣʷʚʘ ʥʘ ʢʦʥʩʪʨʫʢʪʦʨʠʪʝ ʜʘ ʠʟʙʷʛʚʘʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʧʨʠʥʫʜʝʥʦʪʦ ʦʭʣʘʞʜʘʥʝ, ʧʦʚʠʰʘʚʘʡʢʠ ʥʘʜʝʞʜʥʦʩʪʪʘ ʠ ʥʘʤʘʣʷʚʘʡʢʠ 

ʩʝʙʝʩʪʦʡʥʦʩʪʪʘ ʥʘ ʧʨʦʜʫʢʪʘ. ɿʘ ʩʲʞʘʣʝʥʠʝ ʧʦʨʘʜʠ ʚʠʩʢʦʟʠʪʝʪʘ ʥʘ ʚʲʟʜʫʭʘ 

ʨʘʟʩʪʦʷʥʠʷʪʘ ʤʝʞʜʫ ʨʝʙʨʘʪʘ ʧʨʠ ʩʚʦʙʦʜʥʘ ʢʦʥʚʝʢʮʠʷ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʪʘʢʠʚʘ, 

ʯʝ ʜʘ ʩʝ ʠʟʙʝʛʥʝ Ăʟʘʜʫʰʘʚʘʥʝʪʦñ ʥʘ ʛʨʘʥʠʯʥʠʪʝ ʩʣʦʝʚʝ [43] [44] [77].  

ʆʧʪʠʤʘʣʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ, ʩ ʢʦʝʪʦ ʩʝ ʧʦʩʪʠʛʘ ʥʘʡ-ʜʦʙʨʘ ʪʝʤʧʝʨʘʪʫʨʥʘ 

ʝʬʝʢʪʠʚʥʦʩʪ, ʟʘʚʠʩʠ ʦʪ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʛʨʘʥʠʯʥʠʷ (ʧʦʚʲʨʭʥʦʩʪʥʠʷ) ʩʣʦʡ ʥʘ 

ʤʦʣʝʢʫʣʠʪʝ ʟʘʩʪʦʷʣ ʚʲʟʜʫʭ. ʊʝʟʠ ʤʦʣʝʢʫʣʠ ʟʘʜʲʨʞʘʪ ʪʦʧʣʠʥʘ ʚ ʨʘʜʠʘʪʦʨʘ, 

ʢʘʪʦ ʫʚʝʣʠʯʘʚʘʪ ʧʦʚʠʰʘʚʘʥʝʪʦ ʥʘ  ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʤʫ.  

ʀʥʪʝʨʬʝʨʝʥʮʠʷʪʘ (ʥʘʩʣʘʛʚʘʥʝʪʦ) ʥʘ ʪʝʟʠ ʩʣʦʝʚʝ ʦʪ ʜʚʝʪʝ ʩʪʨʘʥʠ ʥʘ ʢʘʥʘʣʘ, 

ʥʘʨʠʯʘʥʦ ʦʱʝ ʥʘʧʲʣʥʦ ʠʟʛʨʘʜʝʥ ʧʦʪʦʢ, ʟʘʙʘʚʷ ʦʪʚʝʞʜʘʥʝʪʦ ʥʘ ʪʦʧʣʠʥʘʪʘ ʠ 

ʧʨʝʜʠʟʚʠʢʚʘ ʟʘʜʫʰʘʚʘʱ ʝʬʝʢʪ (ʬʠʛ. 3.1.1). ɼʝʙʝʣʠʥʘʪʘ ʥʘ ʪʝʟʠ ʩʣʦʝʚʝ 

ʦʧʨʝʜʝʣʷ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʢʦʥʚʝʢʪʠʚʝʥ ʪʦʧʣʦʦʙʤʝʥ h. ʊʦʟʠ ʩʣʦʡ ʦʪ 

ʥʝʧʦʜʚʠʞʝʥ ʚʲʟʜʫʭ ʠʟʧʲʣʥʷʚʘ ʨʦʣʷʪʘ ʥʘ Ăʧʦʢʨʠʚʘʣʦñ, ʠʟʦʣʠʨʘʱʦ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʨʝʙʨʘʪʘ, ʟʘʜʲʨʞʘʡʢʠ ʪʦʧʣʠʥʘʪʘ ʚʲʪʨʝ ʚ ʤʝʪʘʣʘ ʠ 

ʧʨʝʜʦʪʚʨʘʪʷʚʘ ʝʬʝʢʪʘ ʥʘ ʪʦʧʣʦʦʪʜʘʚʘʥʝ. ʉ ʝʜʠʥ ʛʨʘʥʠʯʝʥ ʩʣʦʡ ʦʪ ʚʩʷʢʘ 

ʩʪʨʘʥʘ ʥʘ ʤʝʞʜʫʨʝʙʨʠʝʪʦ ʧʣʶʩ ʤʷʩʪʦ ʟʘ ʠʟʣʠʟʘʥʝ ʥʘ ʪʦʧʣʠʷ ʚʲʟʜʫʭ, 
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ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʨʝʙʨʘʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʟʥʘʯʠʪʝʣʥʦ, ʟʘʚʠʩʝʡʢʠ ʦʪ 

ʜʲʣʞʠʥʘʪʘ ʠ ʧʦʚʲʨʭʥʦʩʪʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʨʘʜʠʘʪʦʨʘ [2]. 

    ʑʝ ʩʝ ʨʘʟʛʣʝʜʘ ʢʘʢ ʩʝ 

ʦʧʨʝʜʝʣʷ ʜʝʙʝʣʠʥʘʪʘ ‏ ʥʘ 
ʛʨʘʥʠʯʥʠʷ ʩʣʦʡ ʧʨʠ 

ʦʙʪʠʯʘʥʝ ʥʘ ʚʝʨʪʠʢʘʣʥʘ 

ʧʣʘʩʪʠʥʘ ʯʨʝʟ ʩʚʦʙʦʜʥʘ 

ʢʦʥʚʝʢʮʠʷ. ɿʘ ʮʝʣʪʘ 

ʨʘʟʛʣʝʞʜʘʤʝ ʚʝʨʪʠʢʘʣʥʘ 

ʧʣʘʩʪʠʥʘ ʩ ʜʲʣʞʠʥʘ ὒ
πȟςυ ά, ʢʦʷʪʦ ʝ ʥʘʛʨʷʪʘ ʜʦ 

Ὕ χπ ᴈ (ʬʠʛ. 3.1.5). 

ʇʣʘʩʪʠʥʘʪʘ ʩʝ ʥʘʤʠʨʘ ʚʲʚ 

ʚʲʟʜʫʰʥʘ ʩʨʝʜʘ ʩ 

ʪʝʤʧʝʨʘʪʫʨʘ Ὕ ςυ ᴈ. 

  

ʌʠʛ. 3.1.1 ʀʥʪʝʨʬʝʨʝʥʮʠʷ ʥʘ ʛʨʘʥʠʯʥʠʪʝ 

ʩʣʦʝʚʝ 

ʇʲʨʚʦ ʱʝ ʩʝ ʠʟʯʠʩʣʠ ‏ ʚ ʛʦʨʥʠʷ ʢʨʘʡ ʥʘ ʧʣʘʩʪʠʥʘʪʘ, ʧʨʠ ʚʲʟʜʫʭ ʚ ʧʦʢʦʡ. 

ʉʣʝʜ ʪʦʚʘ ʱʝ ʩʝ ʨʘʟʛʣʝʜʘ ʢʘʢ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʛʨʘʥʠʯʥʠʷ ʩʣʦʡ ʱʝ ʩʝ ʧʨʦʤʝʥʠ, 

ʘʢʦ ʚʲʟʜʫʭʲʪ ʩʚʦʙʦʜʥʦ ʦʙʪʠʯʘ ʚʝʨʪʠʢʘʣʥʘʪʘ ʧʣʘʩʪʠʥʘ ʩʲʩ ʩʢʦʨʦʩʪ ό
υ άȾί  [28]. 

 

ɿʘ ʘʪʤʦʩʬʝʨʝʥ ʚʲʟʜʫʭ ʩʘ 

ʠʟʧʦʣʟʚʘʥʠ ʩʣʝʜʥʠʪʝ 

ʪʦʧʣʦʬʠʟʠʯʥʠ ʩʚʦʡʩʪʚʘ. Ὕ

σςπȟφυ ὑ;  ’ ρχȟωυz
ρπ ά Ⱦί;  0Òπȟχ; ‍ σȟρςz
ρπ ὑ . 

ʇʨʠ ʚʲʟʜʫʭ ʚ ʧʦʢʦʡ ʩʣʝʜʚʘ, 

ʯʝ:'Ò
   

φȟφχzρπ 

 

ʌʠʛ. 3.1.5 ʆʙʪʠʯʘʥʝ ʥʘ ʚʝʨʪʠʢʘʣʥʘ 

ʧʣʘʩʪʠʥʘ ʧʨʠ ʩʚʦʙʦʜʥʘ ʢʦʥʚʝʢʮʠʷ 

ʉʣʝʜʦʚʘʪʝʣʥʦ ʦʪ ʬʦʨʤʫʣʘ (3.10) ʩʣʝʜʚʘ, ʯʝ ʧʦʪʦʢʲʪ ʝ ʣʘʤʠʥʘʨʝʥ.  
Ὑὥ 'Òz 0Òφȟφχzρπz πȟχ τȟφχzρπ          

ʊʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʣʦʞʠ ʘʥʘʣʠʟʲʪ. ʆʪ ʨʝʟʫʣʪʘʪʠʪʝ ʥʘ ʬʠʛ. 

3.1.3. ʩʣʝʜʚʘ, ʯʝ ʟʘ 0Òπȟχ , ʂ φȟπ ʚ ʢʨʘʷ ʥʘ ʛʨʘʥʠʯʥʠʷ ʩʣʦʡ, ʪʦʝʩʪ ‏ ώ.  
ʢʲʜʝʪʦ: 

ʉʣʝʜʦʚʘʪʝʣʥʦ ʦʪ ʬʦʨʤʫʣʘ (3.11) ʩʣʝʜ ʟʘʤʝʩʪʚʘʥʝ ʥʘ ʂ ʠ ‏ ώ ʩʝ 
ʧʦʣʫʯʘʚʘ: 

‏
φὒ

ὋὶȾτ Ⱦ

φz πȟςυ

ρȟφχzρπ Ⱦ
πȟπςτ ά ςτ άά             

ʆʪ ʬʠʛ. 3.1.4 ʠ ʦʪ ʬʦʨʤʫʣʠ (3.12) ʠ (3.13) ʩʝ ʦʧʨʝʜʝʣʷ, ʯʝ ʤʘʢʩʠʤʘʣʥʦ 

ʜʦʩʪʠʛʥʘʪʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʧʦʪʦʢʘ ʝ ʧʨʠ Ὢ ʂ πȟςψ, ʩʣʝʜʦʚʘʪʝʣʥʦ: 

ό
ς’z Ὢ ʂ Ὃzὶ

ὒ
πȟσσ άȾί                           

ɿʘ ʧʦʪʦʢ ʩʲʩ ʩʢʦʨʦʩʪ ό υ άȾί ʩʣʝʜʚʘ ʦʪ ʬʦʨʤʫʣʘ (3.9): 

ɺʲʟʜʫʭ 
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ὙὩ
όὒ

’

υz πȟςυ

ρχȟωυzρπ 
φȟωχzρπ                    

ʊʦʝʩʪ ʛʨʘʥʠʯʥʠʷʪ ʧʦʪʦʢ ʝ ʣʘʤʠʥʘʨʝʥ. ʉʣʝʜʦʚʘʪʝʣʥʦ ʦʪ ʬʦʨʤʫʣʘ (3.14) 

ʩʣʝʜʚʘ, ʯʝ: 

‏
υὒ

ὙὩȾ
υz πȟςυ

φȟωχzρπ Ⱦ
πȟππτχ ά υ άά 

ɻʨʘʥʠʯʥʠʪʝ ʩʣʦʝʚʝ ʧʨʠ ʩʚʦʙʦʜʥʘ ʢʦʥʚʝʢʮʠʷ ʠʤʘʪ ʧʦ-ʥʠʩʢʘ ʩʢʦʨʦʩʪ ʦʪ ʪʝʟʠ 

ʧʨʠ ʧʨʠʥʫʜʝʥʘ ʢʦʥʚʝʢʮʠʷ, ʢʦʝʪʦ ʚʦʜʠ ʠ ʜʦ ʪʷʭʥʘʪʘ ʧʦ-ʛʦʣʷʤʘ ʜʝʙʝʣʠʥʘ [28]. 

ɿʘ ʧʦ-ʧʨʝʮʠʟʥʦ ʠʟʯʠʩʣʷʚʘʥʝ ʱʝ ʩʝ ʨʘʟʛʣʝʜʘ ʦʙʪʠʯʘʥʝ ʥʘ ʚʝʨʪʠʢʘʣʥʠ 

ʚʲʟʜʫʰʥʠ ʢʘʥʘʣʠ (ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʤʝʞʜʫ ʜʚʝ ʧʣʘʩʪʠʥʠ) ʧʨʠ ʩʚʦʙʦʜʥʘ 

ʢʦʥʚʝʢʮʠʷ ʬʠʛ. 3.1.7.   

 

ʋʨʘʚʥʝʥʠʝ (3.19) ʝ ʧʨʠʣʦʞʠʤʦ ʚ 

ʩʣʝʜʥʠʪʝ ʛʨʘʥʠʮʠ: 

ρπ
Ὓ

ὒ
Ὑzὥ ρπ    

Ὓ ςȟχρὙὥὛ Ὄzϳ Ⱦ  σȢςρ 

ʩʣʝʜ ʟʘʤʝʩʪʚʘʥʝ ʥʘ ʬʦʨʤʫʣʠ (3.3) 

ʠ (3.6) ʚ (3.23) ʩʝ ʧʦʣʫʯʘʚʘ: 

Ὓ ςȟφυω 
ᶻ  z

ᶻᶻ ᶻ

ȟ

”z ȟ     

ʌʠʛ. 3.1.7 ʉʚʦʙʦʜʥʘ ʢʦʥʚʝʢʮʠʷ 

ʤʝʞʜʫ ʜʚʝ ʧʣʘʩʪʠʥʠ 

2 ʆʧʨʝʜʝʣʷʥʝ ʢʦʥʩʪʨʫʢʪʠʚʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʨʘʜʠʘʪʦʨʠʪʝ ʥʘ ʤʦʱʥʠ 
LED ʦʩʚʝʪʠʪʝʣʠ ʯʨʝʟ ʧʲʣʝʥ ʬʘʢʪʦʨʝʥ ʝʢʩʧʝʨʠʤʝʥʪ 

ɿʘ ʜʘ ʩʝ ʧʨʠʜʦʙʠʝ ʧʨʝʜʩʪʘʚʘ ʢʘʢʚʦ ʚʣʠʷʥʠʝ ʦʢʘʟʚʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʦʪʦ 

ʧʦʣʦʞʝʥʠʝ ʠ ʛʝʦʤʝʪʨʠʯʥʠʪʝ ʨʘʟʤʝʨʠ ʥʘ ʨʘʜʠʘʪʦʨʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ ʧʦʜʭʦʜ, ʥʘʨʠʯʘʥ ʧʲʣʝʥ ʬʘʢʪʦʨʝʥ ʝʢʩʧʝʨʠʤʝʥʪ, ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʦʡʪʦ ʩʝ ʠʟʚʝʞʜʘʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʧʨʝʜʝʣʷʱʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ 

ʥʘ ʨʘʜʠʘʪʦʨʠʪʝ.  

ʊʦʟʠ ʧʦʜʭʦʜ ʩʝ ʩʚʝʞʜʘ ʜʦ ʪʦʚʘ, ʯʝ ʟʘ ʦʧʨʝʜʝʣʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʦʞʝ ʜʘ ʩʝ 

ʧʨʦʚʝʜʝ ʝʢʩʧʝʨʠʤʝʥʪ, ʢʦʡʪʦ ʥʝ ʠʟʠʩʢʚʘ ʤʥʦʛʦ ʚʨʝʤʝ ʠ ʨʝʩʫʨʩʠ, ʘ ʚʩʲʱʥʦʩʪ ʝ 

ʠʟʢʣʶʯʠʪʝʣʥʦ ʧʦʣʝʟʝʥ ʟʘ ʧʨʘʚʠʣʥʦʪʦ ʢʦʥʩʪʨʫʠʨʘʥʝ ʠ ʦʨʘʟʤʝʨʷʚʘʥʝ ʥʘ 

ʦʩʚʝʪʠʪʝʣʥʠʪʝ ʪʝʣʘ. ɿʘ ʮʝʣʪʘ ʩʝ ʠʟʨʘʙʦʪʚʘʪ ʯʝʪʠʨʠ ʨʘʟʣʠʯʥʠ  ʦʧʠʪʥʠ ʦʙʨʘʟʮʠ, 

ʢʘʪʦ  ʪʝ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʩ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʝʜʥʘʢʚʘ ʧʣʦʱ. ʇʲʨʚʠʷʪ ʦʙʨʘʟʝʮ ʩʝ 

ʠʟʨʘʙʦʪʚʘ ʩ ʤʘʢʩʠʤʘʣʥʦ ʜʲʣʛʠ ʨʝʙʨʘ ʠ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʷʭ. ʇʨʠ ʚʪʦʨʠʷ ʩʝ 

ʟʘʧʘʟʚʘ ʤʘʢʩʠʤʘʣʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʝʙʨʘʪʘ, ʘ ʚʠʩʦʯʠʥʘʪʘ ʠʤ ʩʪʘʚʘ 

ʤʠʥʠʤʘʣʥʘ. ʊʨʝʪʠʷʪ ʦʙʨʘʟʝʮ ʩʝ ʠʟʨʘʙʦʪʚʘ ʩ ʤʘʢʩʠʤʘʣʥʘ ʚʠʩʦʯʠʥʘ ʥʘ ʨʝʙʨʘʪʘ 

ʠ ʩ ʤʠʥʠʤʘʣʥʦ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʷʭ. ʇʦʩʣʝʜʥʠʷʪ, ʯʝʪʚʲʨʪʠ ʦʙʨʘʟʝʮ, ʩʝ 

ʠʟʨʘʙʦʪʚʘ ʩ ʤʠʥʠʤʘʣʥʘ ʚʠʩʦʯʠʥʘ ʠ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʝʙʨʘʪʘ. ʉʲʱʦ ʪʘʢʘ 

ʝʢʩʧʝʨʠʤʝʥʪʲʪ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʦʚʝʜʝ ʥʘ ʝʜʥʦ ʠ ʩʲʱʦ ʤʷʩʪʦ ʧʨʠ ʝʜʥʘʢʚʠ 

ʢʣʠʤʘʪʠʯʥʠ ʫʩʣʦʚʠʷ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʬʠʛ. 
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3.2.1 ʯʨʝʟ ʜʠʘʛʨʘʤʘ, ʩʲʧʨʦʚʦʜʝʥʘ ʩ ʬʠʛʫʨʠ ʥʘ ʦʙʨʘʟʮʠʪʝ ʠ ʪʝʭʥʠʪʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʧʦʣʦʞʝʥʠʷ. 
 

 

 

 

 

 

 

  

  
 

 

 

3 ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʦʩʚʝʪʠʪʝʣ SLLA ï 20 

ʄʘʩʦʚʦʪʦ ʥʘʚʣʠʟʘʥʝ ʥʘ LED ʦʩʚʝʪʠʪʝʣʥʠʪʝ ʪʝʣʘ ʥʘ ʧʘʟʘʨʘ, ʦʙʚʲʨʟʘʥʦ ʩ 

ʧʦʚʠʰʝʥʦʪʦ ʪʲʨʩʝʥʝ, ʜʦʚʝʜʝ ʜʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʠ ʦʩʚʝʪʠʪʝʣʥʠ 

ʪʝʣʘ. ɿʘ ʛʦʜʠʥʠʪʝ ʧʨʝʜʠ 2012 ʛ., ʭʘʨʘʢʪʝʨʥʦ ʟʘ LED ʦʩʚʝʪʠʪʝʣʥʠʪʝ ʢʦʨʧʫʩʠ 

ʙʝʰʝ, ʯʝ ʪʝ ʠʤʘʪ ʷʩʥʦ ʠʟʨʘʟʝʥʠ ʨʝʙʨʘ ʟʘ ʧʦ-ʜʦʙʨʦ ʦʪʚʝʞʜʘʥʝ ʥʘ ʪʦʧʣʠʥʘʪʘ, 

ʛʝʥʝʨʠʨʘʥʘ ʦʪ ʩʚʝʪʦʜʠʦʜʘ. ɺ ʩʲʚʨʝʤʝʥʥʠʪʝ ʦʩʚʝʪʠʪʝʣʥʠ ʪʝʣʘ ʠʟʢʣʶʯʠʪʝʣʥʦ 

ʤʥʦʛʦ ʩʝ ʥʘʙʣʷʛʘ ʥʘ ʜʠʟʘʡʥʝʨʩʢʦʪʦ ʠʟʧʲʣʥʝʥʠʝ. ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ LED 

ʦʩʚʝʪʠʪʝʣʥʠʪʝ ʪʝʣʘ ʧʨʠʜʦʙʠʚʘʪ ʩʣʦʞʥʠ ʬʦʨʤʠ, ʢʦʠʪʦ ʪʨʫʜʥʦ ʤʦʛʘʪ ʜʘ ʩʝ 

ʦʨʘʟʤʝʨʷʪ ʪʦʧʣʠʥʥʦ. ʊʫʢ ʥʘ ʧʦʤʦʱ ʩʝ ʧʦʷʚʷʚʘʪ ʤʦʱʥʠʪʝ CAD/CAM/CAE 

ʩʦʬʪʫʝʨʠ ʬʠʛ.3.3.8. ɺ ʪʘʙʣʠʮʘ 3.3.4 ʩʘ ʜʘʜʝʥʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘ. 

ʊʘʙʣʠʮʘ 3.3.4 ʈʝʟʫʣʪʘʪʠ ʦʪ ʪʨʠʪʝ ʠʟʧʠʪʚʘʥʠʷ ʥʘ SLLA -20 

˟́ ςυ ᴈ ʆʨʠʛʠʥʘʣ ɹʝʟ ʨʝʙʨʘ ʇʨʝʟ ʨʝʙʨʦ 

ʈʝʘʣʥʦ τχ ᴈ υς ᴈ τψ ᴈ 

ʉʪʨʫʢʪʫʨʝʥ ʘʥʘʣʠʟ τσ ᴈ υς ᴈ τχ ᴈ 

ʊʝʨʤʦ-ʬʣʫʠʜʝʥ τχ ᴈ υρȟυ ᴈ τψȟυ ᴈ 

ʉ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʝʪʦ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʩʚʝʪʦʜʠʦʜʠ ʩʝ 

ʧʦʷʚʠʭʘ ʪʘʢʠʚʘ ʩʲʩ ʩʚʝʪʣʠʥʝʥ ʜʦʙʠʚ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ ςππ ὰȾύ [11] [10]. 
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ɺʩʣʝʜʩʪʚʠʝ ʦʪ ʧʦ-ʛʦʣʝʤʠʷ ʜʦʙʠʚ ʩʝ ʜʦʩʪʠʛʘ ʥʫʞʥʘʪʘ ʦʩʚʝʪʝʥʦʩʪ ʩ ʧʦ-ʤʘʣʢʘ 

ʤʦʱʥʦʩʪ. ʊʫʢ ʝ ʠ ʤʦʤʝʥʪʲʪ, ʢʦʛʘʪʦ LED ʦʩʚʝʪʠʪʝʣʠʪʝ ʟʘʧʦʯʥʘʭʘ ʜʘ ʩʝ 

ʤʦʥʪʠʨʘʪ ʥʘ ʢʦʨʧʫʩʠ ʦʪ ʣʠʩʪʦʚ ʤʘʪʝʨʠʘʣ ʙʝʟ ʜʦʧʲʣʥʠʪʝʣʝʥ ʨʘʜʠʘʪʦʨ. 

   

ʌʠʛ. 3.3.8 CAD ʤʦʜʝʣʠ ʥʘ ʢʦʨʧʫʩ ʥʘ ʦʩʚʝʪʠʪʝʣ SLLA-20 
4 ʀʟʚʝʞʜʘʥʝ ʥʘ ʟʘʚʠʩʠʤʦʩʪ ʧʣʦʱ ï ʤʦʱʥʦʩʪ 

ɿʘ ʜʘ ʩʝ ʠʟʚʝʜʝ ʧʨʠʙʣʠʟʠʪʝʣʥʘ ʟʘʚʠʩʠʤʦʩʪ, ʢʘʢʚʘ ʧʣʦʱ ʝ ʥʝʦʙʭʦʜʠʤʘ ʟʘ 

ʨʘʟʩʝʡʚʘʥʝʪʦ ʥʘ ʝʜʠʥ ʚʘʪ ʤʦʱʥʦʩʪ, ʝ ʧʨʦʚʝʜʝʥʦ ʠʟʩʣʝʜʚʘʥʝ, ʚ ʢʦʝʪʦ ʩʝ 

ʠʟʧʦʣʟʚʘ ʘʣʫʤʠʥʠʝʚʘ ʧʣʦʯʘ ʩ ʨʘʟʤʝʨʠ πȟτz πȟτ ά. 
5 ʇʨʦʝʢʪʠʨʘʥʝ ʥʘ ʦʩʚʝʪʠʪʝʣʥʦ ʪʷʣʦ SLL800-1300W 

ɿʘ ʛʦʣʝʤʠ ʩʧʦʨʪʥʠ ʩʲʦʨʲʞʝʥʠʷ ʢʘʪʦ ʩʪʘʜʠʦʥʠ ʠʣʠ ʛʦʣʬ ʠʛʨʠʱʘ ʩʝ ʠʟʠʩʢʚʘ 

ʦʩʚʝʪʝʥʦʩʪ ʥʘ ʠʛʨʠʱʝʪʦ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ σππ ὰὼ [15]. ʊʘʟʠ ʦʩʚʝʪʝʥʦʩʪ ʩʝ 

ʧʦʩʪʠʛʘ ʩ ʤʦʱʥʠ ʦʩʚʝʪʠʪʝʣʠ, ʪʲʡ ʢʘʪʦ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʩʪʲʣʙʦʚʝʪʝ ʝ ʦʢʦʣʦ 15m 

ʟʘ ʛʦʣʬ ʠʛʨʠʱʘ ʠ ʜʚʦʡʥʦ ʧʦʚʝʯʝ ʟʘ ʩʪʘʜʠʦʥʠ. ʇʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʪʘʢʦʚʘ 

ʦʩʚʝʪʠʪʝʣʥʦ ʪʷʣʦ ʥʝ ʝ ʣʝʩʥʘ ʟʘʜʘʯʘ. ʅʘ ʬʠʛʫʨʘ 3.3.11 ʝ ʧʦʢʘʟʘʥʦ LED 

ʦʩʚʝʪʠʪʝʣʥʦ ʪʷʣʦ SLL800 ʥʘ ʬʠʨʤʘ Ăɹʉʄñ ʆʆɼ, ʢʦʝʪʦ ʝ ʩ ʤʦʱʥʦʩʪ ʜʦ 

ρσππ ὡ. SLL 800 ʩʝ ʥʘʨʝʞʜʘ ʚ ʯʝʣʥʠʪʝ ʢʣʘʩʘʮʠʠ ʩʨʝʜ ʚʦʜʝʱʠʪʝ ʩʚʝʪʦʚʥʠ  

ʬʠʨʤʠ ʢʘʪʦ Philips, Osram ʠ ʜʨ. ɿʘ ʜʘ ʙʲʜʝ ʮʝʥʘʪʘ ʧʨʠʚʣʝʢʘʪʝʣʥʘ, ʧʨʠ SLL800 

ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʚʘ ʤʝʪʦʜʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ: ʣʠʩʪʦʦʙʨʘʙʦʪʚʘʥʝ ʠ 

ʩʪʨʫʞʢʦʦʪʥʝʤʘʥʝ. ʅʘ ʬʠʛ. 3.3.12 ʝ ʧʦʢʘʟʘʥ CFD ʘʥʘʣʠʟ ʥʘ ʦʩʚʝʪʠʪʝʣ SL800. 

  

ʌʠʛ. 3.3.12 ʇʨʦʝʢʪʥʠ ʚʘʨʠʘʥʪʠ ʥʘ SLL800 
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ʌʠʛ. 3.3.11 LED ʦʩʚʝʪʠʪʝʣ SLL800 ʥʘ ʬʠʨʤʘ ɹʉʄ ʆʆɼ 

6 ʀʟʚʦʜʠ 

1. ʇʨʝʜʣʦʞʝʥʠ ʩʘ ʜʚʘ ʪʝʦʨʝʪʠʯʥʠ ʤʦʜʝʣʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʦʧʪʠʤʘʣʥʦʪʦ 

ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʝʙʨʘʪʘ. ɺ ʧʲʨʚʠʷ ʤʦʜʝʣ ʧʣʦʱʪʘ ʥʘ ʚʩʷʢʦ ʨʝʙʨʦ ʩʝ 

ʨʘʟʛʣʝʞʜʘ ʢʘʪʦ ʦʪʜʝʣʥʘ ʚʝʨʪʠʢʘʣʥʘ ʧʣʘʩʪʠʥʘ, ʘ ʚʲʚ ʚʪʦʨʠʷ ʤʦʜʝʣ ʚʩʷʢʦ 

ʤʝʞʜʫʨʝʙʨʠʝ ʩʝ ʨʘʟʛʣʝʜʘʥʦ ʢʘʪʦ ʩʠʤʝʪʨʠʯʝʥ ʠʟʦʪʝʨʤʠʯʝʥ ʚʝʨʪʠʢʘʣʝʥ ʢʘʥʘʣ. 

2. ʇʨʝʜʩʪʘʚʝʥʦ ʝ ʠʟʩʣʝʜʚʘʥʝ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʥʘʡ-ʙʣʘʛʦʧʨʠʷʪʥʠʷ ʚʘʨʠʘʥʪ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʦ ʧʦʣʦʞʝʥʠʝ ʥʘ ʦʩʚʝʪʠʪʝʣʥʦʪʦ ʪʷʣʦ, ʪʘʢʘ, ʯʝ ʪʦ ʜʘ ʙʲʜʝ 

ʤʦʥʪʠʨʘʥʦ ʧʨʘʚʠʣʥʦ, ʩ ʢʦʝʪʦ ʜʘ ʩʝ ʛʘʨʘʥʪʠʨʘ ʥʝʛʦʚʦʪʦ ʢʦʨʝʢʪʥʦ 

ʬʫʥʢʮʠʦʥʠʨʘʥʝ ʠ ʥʘʜʝʞʜʥʦʩʪ.  

3. ɼʦʢʘʟʘʥʦ ʝ, ʯʝ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʨʝʙʨʘʪʘ, ʷʚʥʦ 

ʠʟʨʘʟʝʥʦ ʝ ʧʨʝʜʠʤʩʪʚʦʪʦ ʧʨʠ ʧʦ-ʛʦʣʷʤʦ ʨʘʟʩʪʦʷʥʠʝ, ʧʨʠ ʟʘʧʘʟʚʘʥʝ ʥʘ ʧʣʦʱʪʘ. 

ɸ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʜʲʣʞʠʥʘʪʘ ʥʘ ʨʝʙʨʘʪʘ ʧʦ ʧʦʩʦʢʘ ʥʘ ʛʨʘʚʠʪʘʮʠʷʪʘ ʩʝ 

ʥʘʙʣʶʜʘʚʘ ʧʦ-ʜʦʙʨʦ ʦʪʚʝʞʜʘʥʝ ʥʘ ʪʦʧʣʠʥʘʪʘ ʧʨʠ ʧʦ-ʚʠʩʦʢʠ ʨʝʙʨʘ, ʧʨʠ ʝʜʥʘ ʠ 

ʩʲʱʘ ʧʣʦʱ.  

4. ʏʨʝʟ ʇʌɽ ʩʘ ʧʦʣʫʯʝʥʠ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʪʥʘʩʷʱʠ ʩʝ ʟʘ ʢʦʥʢʨʝʪʥʠ ʫʩʣʦʚʠʷ, ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʢʦʠʪʦ ʩʝ ʧʦʣʫʯʘʚʘ ʧʨʠʙʣʠʟʠʪʝʣʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʨʘʜʠʘʪʦʨʘ, 

ʧʨʦʤʝʥʷʡʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʪʝ ʧʘʨʘʤʝʪʨʠ.  

5. ʏʨʝʟ ʨʝʘʣʥʠ ʠ ʚʠʨʪʫʘʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ LED ʦʩʚʝʪʠʪʝʣʠ ʥʘ ʬʠʨʤʘ Ăɹʉʄñ 

ʆʆɼ ʝ ʦʙʦʩʥʦʚʘʥʘ ʩʪʝʧʝʥʪʘ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʚʠʨʪʫʘʣʥʘʪʘ 

ʪʦʧʣʠʥʥʘ  ʩʠʤʫʣʘʮʠʷ. 

6. ʈʘʟʨʘʙʦʪʝʥ ʝ ʚʠʨʪʫʘʣʝʥ ʪʝʨʤʦʬʣʫʠʜʝʥ ʤʦʜʝʣ, ʢʦʡʪʦ ʫʣʝʩʥʷʚʘ 

ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ LED ʦʩʚʝʪʠʪʝʣʠ. 

7. ʏʨʝʟ ʬʠʟʠʯʝʩʢʠ ʝʢʩʧʝʨʠʤʝʥʪ ʝ ʦʧʨʝʜʝʣʝʥʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʧʣʦʱ ʟʘ 

ʨʘʟʩʝʡʚʘʥʝ ʥʘ ʦʧʨʝʜʝʣʝʥʘ ʤʦʱʥʦʩʪ. 

8. ʇʨʦʝʢʪʠʨʘʥʦ ʝ ʠ ʝ ʧʨʦʠʟʚʝʜʝʥʦ LED ʦʩʚʝʪʠʪʝʣʥʦ ʪʷʣʦ ʦʪ ʚʠʩʦʢ ʢʣʘʩ ʩ 

ʤʦʱʥʦʩʪ ʜʦ 1300 W.  


