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ʄʝʪʦʶ ʨʦʙʦʪʠ  ̒ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʟ ʘʚʪʦʥʦʤʥʠʤ ʧʨʠʡʥʷʪʪʷʤ ʨʽʰʝʥʥʷ ʜʣʷ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʩʠʩʪʝʤ 

ʪʝʣʝʫʧʨʘʚʣʽʥʥʷ  ̔ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʭʤʘʨʥʠʭ ʧʣʘʪʬʦʨʤ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ 

ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʯʘʩʪʦʪʥʠʭ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʩʝʥʩʦʨʽʚ ʦʜʥʦʯʘʩʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ, ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ, ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʦʧʪʠʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʘʟʽʚ ʥʘ ʦʩʥʦʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʪʨʫʢʪʫʨ ʟ 

ʚʽʜôʻʤʥʠʤ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʦʧʦʨʦʤ.  

 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʧʨʦʧʦʨʮʽʡʥʠʭ ʪʠʩʢʫ, 

ʚʦʣʦʛʦʩʪʽ, ʪʝʤʧʝʨʘʪʫʨʽ, ʦʧʪʠʯʥʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʶ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʘʟʽʚ ʪʘ ʽʥʜʫʢʮʽʾ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ  ʫ ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʯʘʩʪʦʪʥʠʭ ʩʝʥʩʦʨʘʭ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʫ ʨʦʟʙʫʜʦʚʠ ʧʨʠʣʘʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʟ 

ʘʚʪʦʥʦʤʥʠʤ ʧʨʠʡʥʷʪʪʷʤ ʨʽʰʝʥʥʷ  ʜʣʷ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʩʠʩʪʝʤ 

ʪʝʣʝʫʧʨʘʚʣʽʥʥʷ ʪʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʭʤʘʨʥʠʭ ʧʣʘʪʬʦʨʤ ʟ ʧʦʣʽʧʰʝʥʠʤʠ ʤʝʪʨʦʣʦʛʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ. 

 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ -  ̒ ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʽ ʯʘʩʪʦʪʥʽ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʽ  ʩʝʥʩʦʨʠ 

ʦʜʥʦʯʘʩʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʪʠʩʢʫ, ʚʦʣʦʛʦʩʪʽ,  ʪʝʤʧʝʨʘʪʫʨʠ, ʽʥʜʫʢʮʽʾ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʘʟʽʚ  ʥʘ ʦʩʥʦʚʽ 

ʨʝʘʢʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ  ʩʪʨʫʢʪʫʨ ʟ ʚʽʜôʻʤʥʠʤ ʜʠʬʝʨʝʥʮʽʡʥʠʤ  

ʦʧʦʨʦʤ ʜʣʷ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʩʠʩʪʝʤ ʪʝʣʝʫʧʨʘʚʣʽʥʥʷ ʪʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʭʤʘʨʥʠʭ ʧʣʘʪʬʦʨʤ. 
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ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

 
- ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʜʽʾ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ (ʪʠʩʢʫ, ʚʦʣʦʛʦʩʪʽ, ʪʝʤʧʝʨʘʪʫʨʠ, ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʛʘʟʽʚ, ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) ʥʘ ʟʤʽʥʠ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʪʨʫʢʪʫʨ ʟ ʚʽʜ'ʻʤʥʠʤ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʦʧʦʨʦʤ  ʪʘ 

ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʠʭ  ʩʝʥʩʦʨʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ; 

- ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʤʝʪʦʜʠ ʪʘ ʩʧʦʩʦʙʠ ʨʝʘʣʽʟʘʮʽʾ ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ 

ʩʝʥʩʦʨʽʚ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʟ ʯʘʩʪʦʪʥʠʤ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ; 

- ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʝʥʩʦʨʽʚ ʪʠʩʢʫ, 

ʚʦʣʦʛʦʩʪʽ, ʪʝʤʧʝʨʘʪʫʨʠ, ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʛʘʟʽʚ ʥʘ ʦʩʥʦʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʪʨʫʢʪʫʨ ʟ ʚʽʜôʻʤʥʠʤ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʦʧʦʨʦʤ ʟ ʯʘʩʪʦʪʥʠʤ 

ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ; 

-  ʨʦʟʨʦʙʠʪʠ ʩʭʝʤʠ, ʢʦʥʩʪʨʫʢʮʽʾ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʨʘʟʢʠ ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ 

ʯʘʩʪʦʪʥʠʭ ʩʝʥʩʦʨʽʚ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʜʣʷ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʩʠʩʪʝʤ ʪʝʣʝʫʧʨʘʚʣʽʥʥʷ  ̔

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʭʤʘʨʥʠʭ ʧʣʘʪʬʦʨʤ; 

- ʚʠʢʦʥʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ  ̔ ʜʦʩʣʽʜʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʝʥʩʦʨʽʚ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʟ ʯʘʩʪʦʪʥʠʤ ʚʠʭʽʜʥʠʤ 

ʩʠʛʥʘʣʦʤ ʥʘ ʦʩʥʦʚʽ ʨʝʘʢʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ  ̔ʚʽʜ'ʻʤʥʦʛʦ ʦʧʦʨʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ 

ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʩʠʩʪʝʤ ʪʝʣʝʫʧʨʘʚʣʽʥʥʷ ʪʘ ʙʝʟʜʨʦʪʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ (WSN); 

- ʨʦʟʨʦʙʠʪʠ ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ ʦʜʥʦʯʘʩʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  ʜʣʷ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ; 

- ʨʦʟʨʦʙʠʪʠ ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ ʦʜʥʦʯʘʩʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  ʜʣʷ ʩʠʩʪʝʤ ʪʝʣʝʫʧʨʘʚʣʽʥʥʷ; 

- ʨʦʟʨʦʙʠʪʠ ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ ʦʜʥʦʯʘʩʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  ʜʣʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʭʤʘʨʥʠʭ ʧʣʘʪʬʦʨʤ. 
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ɸʂʊʋɸʃʔʅɯʉʊʔ 
         ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʙʝʟʜʨʦʪʦʚʽ ʩʝʥʩʦʨʥʽ ʤʝʨʝʞʽ (WSN) ʪʘ ʚʽʜʜʘʣʝʥʽ ʩʠʩʪʝʤʠ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʯʘʩʪʠʥʘ ʢʽʣʴʢʦʭ ʚʘʞʣʠʚʠʭ ʛʘʣʫʟʝʡ, ʥʘʧʨʠʢʣʘʜ, ʩʦʮʽʘʣʴʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ, 

ʚʽʡʩʴʢʦʚʽʡ ʩʬʝʨʽ, ʤʦʥʽʪʦʨʠʥʛʫ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ 

ʩʠʩʪʝʤʘʭ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʡ ʧʨʘʛʥʫʪʴ ʢʝʨʫʚʘʪʠ ʩʚʦʾʤ ʙʽʟʥʝʩʦʤ, 

ʨʦʙʦʪʘʤʠ ʪʘ ʘʜʤʽʥʽʩʪʨʘʮʽʷʤʠ ʫ ʫʥʽʚʝʨʩʘʣʴʥʦʤʫ, ʜʠʥʘʤʽʯʥʦʤʫ ʪʘ ʦʨʽʻʥʪʦʚʘʥʦʤʫ ʥʘ ʥʘʚʯʘʥʥʷ ʩʪʠʣʽ. ʊʘʢʽ ʚʠʜʠ 

ʜʽʷʣʴʥʦʩʪʽ, ʷʢ ʜʠʩʪʘʥʮʽʡʥʝ ʥʘʚʯʘʥʥʷ, ʝʢʦʣʦʛʽʯʥʝ ʥʘʚʯʘʥʥʷ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʣʶʜʝʡ, ʙʝʟʧʝʢʘ ʙʫʜʠʥʢʽʚ ʪʘ 

ʚʽʡʩʴʢʦʚʠʭ ʦʙôʻʢʪʽʚ ʪʦʱʦ, ʚʠʤʘʛʘʶʪʴ ʚʠʥʷʪʢʦʚʦʾ ʙʘʟʠ, ʷʢʘ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʩʪʽʡʥʫ, ʟʘʭʠʱʝʥʫ, ʥʘʜʽʡʥʫ ʪʘ 

ʫʥʽʚʝʨʩʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʽʟ ʟʘʢʦʥʥʠʤʠ ʜʘʥʠʤʠ ʘʙʦ ʦʩʥʦʚʦʶ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʥʘʚʯʘʥʥʷ ʚ ʢʦʥʪʝʢʩʪʽ ʾʭ 

ʦʙʤʝʞʝʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

          ʅʘʷʚʥʽʩʪʴ ʧʽʜʢʣʶʯʝʥʴ ʜʦ ɯʥʪʝʨʥʝʪʫ ʪʘ ʥʠʟʴʢʽ ʚʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʠʚʝʣʠ ʜʦ ʙʫʤʫ ʨʦʟʫʤʥʠʭ 

ʦʙôʻʢʪʽʚ, ʧʨʠʩʪʨʦʾʚ ʟ ʪʨʠʩʪʦʨʦʥʥʴʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʦʨʘ, ʧʘʤôʷʪʽ ʪʘ 

ʙʝʟʜʨʦʪʦʚʦʛʦ ʟ'ʻʜʥʘʥʥʷ. ʎ ̔ʨʦʟʫʤʥʽ ʧʨʠʣʘʜʠ ʦʩʥʘʱʝʥʽ ʩʝʥʩʦʨʘʤʠ, ʷʢʽ ʚʠʤʽʨʶʶʪʴ, ʦʙʨʦʙʣʷʶʪʴ ʪʘ ʧʝʨʝʜʘʶʪʴ 

ʜʘʥʽ, ʘ ʪʘʢʦʞ ʧʨʠʩʪʨʦʷʤʠ, ʟʜʘʪʥʠʤʠ ʧʨʠʡʤʘʪʠ ʢʦʤʘʥʜʠ. ɼʣ ̫ ʮʠʭ ʧʨʠʩʪʨʦʾʚ ʮʝʥʪʨʘʣʴʥʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ 

ʚʠʷʚʠʣʘʩʷ ʚʠʛʽʜʥʦʶ ʯʝʨʝʟ ʯʠʩʣʝʥʥʽ ʬʘʢʪʦʨʠ, ʚʢʣʶʯʘʶʯʠ ʟʜʘʪʥʽʩʪʴ ʣʝʛʢʦ ʦʪʨʠʤʫʚʘʪʠ ʟ ʚʝʣʠʯʝʟʥʠʭ ʩʭʦʚʠʱ 

ʽʥʬʦʨʤʘʮʽʶ, ʝʬʝʢʪʠʚʥʦ ʨʦʟʧʦʜʽʣʷʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ. ʏʝʨʝʟ ʮ ̔ ʬʘʢʪʦʨʠ ʙʘʛʘʪʴʦʤ ʧʨʠʩʪʨʦʷʤ ʤʦʞʝ 

ʙʫʪʠ ʢʦʨʠʩʥʦ ʦʙʨʦʙʣʷʪʠ ʣʠʰʝ ʜʝʷʢʽ ʜʘʥʽ ʣʦʢʘʣʴʥʦ ʪʘ ʨʦʟʚʘʥʪʘʞʫʚʘʪʠ ʽʥʰʫ ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʮʝʥʪʨʘʣʴʥʽ 

ʩʝʨʚʝʨʠ. ʉʝʨʝʜ ʚʠʱʝʟʛʘʜʘʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʚʩʝ ʯʘʩʪʽʰʝ ʧʨʠʩʫʪʥʽ ʚ ʩʫʯʘʩʥʦʤʫ ʞʠʪʪʽ,  ̒ʨʦʙʦʪʠ. ʊʘʢʽ ʧʨʠʢʣʘʜʠ, 

ʷʢ iRobot Roomba, ʨʦʙʦʪ, ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʦʩʪʫʧʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʟʘʩʦʙʠ ʜʣʷ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʞʠʪʪʷ. ʂʨʽʤ ʪʦʛʦ, 

Amazon ʪʘ Google ʜʦʩʣʽʜʞʫʶʪʴ ʪʘ ʨʦʟʨʦʙʣʷʶʪʴ ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʜʦʩʪʘʚʢʠ ʩʧʦʞʠʚʯʠʭ ʧʨʦʜʫʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʝʟʧʽʣʦʪʥʠʢʽʚ. ɹʽʣʴʰʽʩʪʴ ʮʠʭ ʨʦʙʦʪʽʚ ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʚʙʫʜʦʚʘʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʘʣʝ ʚʩʝ ʦʜʥʦ 

ʛʝʥʝʨʫʶʪʴ ʚʝʣʠʢʽ ʦʙôʻʤʠ ʜʘʥʠʭ. ʍʤʘʨʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ʪʘʢʠʭ ʨʦʙʦʪʽʚ ʩʪʚʦʨʶʻ ʙʘʛʘʪʦ ʧʨʦʙʣʝʤ ʯʝʨʝʟ ʞʦʨʩʪʢʽ 

ʚʠʤʦʛʠ ʜʦ ʟʘʪʨʠʤʢʠ ʪʘ ʚʝʣʠʢʠʡ ʦʙôʻʤ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. 

       ʅʘ ʜʘʥʠʡ ʯʘʩ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʦʜʥʦʯʘʩʥʦ ʚʠʤʽʨʶʚʘʣʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʣʠ ʪʠʩʢ, ʚʦʣʦʛʽʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʫ, 

ʦʧʪʠʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʪʘ ʛʘʟʦʚʠʡ ʩʢʣʘʜ  ̔ʢʦʥʮʝʥʪʨʘʮʽʶ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʫ ʩʚʽʪʽ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʽʩʥʫʻ. ʅʘ ʢʘʬʝʜʨʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʡ  ̔ ʩʠʩʪʝʤ ɺʽʥʥʠʮʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʨʦʟʨʦʙʣʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʟʘʩʘʜʠ  ̔ ʟʘʧʘʪʝʥʪʦʚʘʥʦ ʨʷʜ ʢʦʥʩʪʨʫʢʮʽʡ 

ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʯʘʩʪʦʪʥʠʭ ʩʝʥʩʦʨʽʚ  ̔ʩʭʝʤʦʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ ʯʘʩʪʦʪʥʠʭ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʩʝʥʩʦʨʽʚ ʟ ʘʚʪʦʥʦʤʥʠʤ ʧʨʠʡʥʷʪʪʷʤ ʨʽʰʝʥʥʷ  ʜʣʷ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʩʠʩʪʝʤ 

ʪʝʣʝʫʧʨʘʚʣʽʥʥʷ ʪʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʭʤʘʨʥʠʭ ʧʣʘʪʬʦʨʤ. 
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ʈʠʩʫʥʦʢ 1 ï ɿʘʩʪʦʩʫʚʘʥʥʷ ɯʦʊ ʩʝʥʩʦʨʽʚ 

IoT ï ʮʝ ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ, ʟʘʛʘʣʴʥʘ ʥʘʟʚʘ ʜʣʷ ʧʨʠʩʪʨʦʾʚ, ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ʟʘʛʘʣʴʥʦʾ ʤʝʨʝʞʽ. ʗʢ ʦʢʨʝʤʠʡ 

ʚʠʜ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʚʠʜʽʣʷʶʪʴ IoT ï ʧʨʦʤʠʩʣʦʚʠʡ ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʙʽʟʥʝʩ ̔  ̔ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʽ. ʋ IoT  ̔ IoT ʜʘʪʯʠʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴ, ʱʦʙ ʟʙʠʨʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ: 

ʨʦʟʫʤʥʠʭ ʙʨʘʩʣʝʪʽʚ, ʚʝʨʩʪʘʪʽʚ, ʘʚʪʦʤʦʙʽʣʽʚ. ɺʦʥʠ ʤʦʞʫʪʴ ʚʠʤʽʨʶʚʘʪʠ ʨʽʟʥʽ ʬʽʟʠʯʥʽ ʧʦʢʘʟʥʠʢʠ: ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʜʦ ʨʽʚʥʷ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 2 ï ʇʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ɯʦʊ ʩʠʩʪʝʤ 

  

ɼʣʷ ʰʚʠʜʢʦʛʦ ʦʙ'ʻʜʥʘʥʥʷ ʜʘʪʯʠʢʽʚ ʚ ʤʝʨʝʞʫ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʭʤʘʨʥʽ ʧʣʘʪʬʦʨʤʠ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʙʽʡʪʠʩ ̫ʙʝʟ ʚʣʘʩʥʠʭ ʩʝʨʚʝʨʽʚ  ̔ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʧʨʷʤʦ ʚ ʭʤʘʨʫ ʧʦ ʟʘʭʠʱʝʥʠʭ ʢʘʥʘʣʘʭ. 

ʂʨʽʤ ʪʦʛʦ, ʪʘʢʽ ʧʣʘʪʬʦʨʤʠ ʜʦʧʦʤʘʛʘʶʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ, ʟʽʙʨʘʥʽ ʟ ʜʘʪʯʠʢʽʚ,  ̔ʦʧʪʠʤʽʟʫʚʘʪʠ ʙʽʟʥʝʩï

ʧʨʦʮʝʩʠ. 
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ʊɽʆʈɽʊʀʏʅɯ ʆʉʅʆɺʀ ʇʆɹʋɼʆɺʀ ʇɯʈʆɽʃɽʂʊʈʀʏʅʀʍ  

ʉɽʅʉʆʈɯɺ ʊɽʄʇɽʈɸʊʋʈʀ 

 

 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʦʛʦ  

ʩʝʥʩʦʨʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʦʩʥʦʚʽ  

ʧʽʨʦʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ 

 

ɯ ʨ(t)

ʇ̔ʨʦʝʣʝʢʪʨʠʯʥʠʡ ʩʝʥʩʦʨʇ̔ʜʩʠʣʶʚʘʯ

U(t)

ʉERp REʉp

ʈʠʩʫʥʦʢ 3 ï ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʧʽʨʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʝʥʩʦʨʘ ʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 
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˽͙ͪ ͪͦͣ͘͜΅͔ͤͤ ͔͔ͨͪ͒͜ ͔͔͙ͨͪͦͭͪ͜͟͡;͙ͤͣ ;͙͍͙ͯͭͣ͡ ͔͔͔ͣͤͭͦͣ͡ ͣͦ͒ͯ͡Ύͭͦͪ͊Σ ͍͙ͨͪͦͣͤ͜Ό͍͊ͤͤΎ ͘ 
͔ͨͪͦ͒ͦͣ͜ ͔͔͙͍ͨͪͪ͊ͤͤΎ lΣ ͍ ͨͪͦͣ͗ͯ͜͟ ;͊ͫͯ  ͣ͗͜ ͔͙ͨͪͦ͒͊ͣ͜ N ͜ N+1 (Nl <t <(N+1) l) ͋ ͔ͯ͒ ͙͍͙ͦͨͫͯ͊ͭͫΈ 
͍͙ͪ͊ͦͣ͘ [88]: 
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                                                (4.1) 

͔͒ t ς ͭ ͔ͪͣ͜;ͤ͊ ͨͦͫͭ ͚ͤ͊͜ ͔͔͙ͨͪͦͭͪ͜͟͡;͎ͤͦͦ ;͙͍͎ͯͭͦͦ͡ ͔͔͔ͣͤͭ͊͡: 

.
pS c d
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r
t

Ö Ö Ö
=                                                       (4.2) 

͔͒ G ς ͟ ͔ͦͺ͜ͼ͜Ίͤͭ ͔͍ͭͨͦ͒͒͊͜͡;͜ ͨ ͔͔͙ͪͦͭͪ͜͟͡;͎ͤͦͦ ;͙͍͎ͯͭͦͦ͡ ͔͔͔ͣͤͭ͊͡.  
ˤ͙ͻ͒ͤ͊͜ ͎ͤ͊ͨͪͯ͊ ͔͔͙ͨͪͦͭͪ͜͟͡;͎ͤͦͦ ;͙͍͎ͯͭͦͦ͡ ͔͔͔ͣͤͭ͊͡ ͤ͊ ͍ͻͦ͒͜ ͙ͨ͒ͫ͜ ͡Ό͍͊;͊ ͍͙ͤ͊͘;͊ΊͭΈΎͫ 

͍ͪͤ͜ΎͤͤΎͣ 

2
1

2

22
1 2

2

( ) 1 ,  ʧʨʠ 0<t< ,
2

1

( ) 1 1 ,  ʧʨʠ <t< .
2

1

t

p E

t

p E

P S r e
U t e

C C
e

P S r e
U t e e

C C
e

l

t
t

l

t

ll
lt
t t

l

t

t l

t l
l

Ö -

Ö

-
Ö - -

Ö

Ö

å õÖ Ö Ö
= Ö Ö -æ ö

+ ç ÷+

è ø
å õÖ Ö Ö é ù= Ö Ö - - -æ öé ù+ ç ÷+ é ùê ú
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ʈʆɿʈʆɹʂɸ ʄɸʊɽʄɸʊʀʏʅʀʍ ʄʆɼɽʃɽʁ 

ʈɸɼɯʆɺʀʄɯʈʖɺɸʃʔʅʀʍ ʏɸʉʊʆʊʅʀʍ ʄɯʂʈʆɽʃɽʂʊʈʆʅʅʀʍ 

ʉɽʅʉʆʈɯɺ ʊɽʄʇɽʈɸʊʋʈʀ ɽʃɽʄɽʅʊɯɺ ɼʃʗ ʉʇɽʎɯɸʃɯɿʆɺɸʅʀʍ 

ʍʄɸʈʅʀʍ ʇʃɸʊʌʆʈʄ 

ʈʠʩʫʥʦʢ 4 ï ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

 ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʝʥʩʦʨʘ ʥʘ ʦʩʥʦʚʽ ʩʪʨʫʢʪʫʨʠ  

ʟ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ  
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ʈʠʩʫʥʦʢ 5 ï ɸʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʽʤʧʝʜʘʥʩʫ  

ʚʽʜ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʜʣʷ ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʦʛʦ  

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʝʥʩʦʨʘ  

ʈʠʩʫʥʦʢ 6 ï ʈʝʘʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʽʤʧʝʜʘʥʩʫ  

ʚʽʜ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʜʣʷ ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

 ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʝʥʩʦʨʘ  
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ʈʠʩʫʥʦʢ 7 ï ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʦʛʦ  

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʝʥʩʦʨʘ ʥʘ ʦʩʥʦʚʽ ʩʪʨʫʢʪʫʨʠ ʙʽʧʦʣʷʨʥʦʛʦ 

 ʪʘ ʜʚʦʟʘʪʚʦʨʥʦʛʦ ʧʦʣʴʦʚʦʛʦ ʄɼʅ ʪʨʘʥʟʠʩʪʦʨʽʚ  
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ʈʠʩʫʥʦʢ 10 - ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ  

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʛʦ ʩʝʥʩʦʨʘ ʪʝʤʧʝʨʘʪʫʨʠ 
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ʈʠʩʫʥʢʫ 13 - ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ  

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʛʦ  ʩʝʥʩʦʨʘ ʪʝʤʧʝʨʘʪʫʨʠ 
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ʈʠʩʫʥʦʢ  16 - ʉʭʝʤʘ ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ  

ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʯʘʩʪʦʪʥʠʤ ʚʠʭʦʜ  

[Cu3Nd(AA)5(OCH3)4CH3OH] Ā CH3OH, ʜʝ 

HAA = H3CïC(O)ïCH2ïC(O)ïCH3. 

ʈʠʩʫʥʦʢ 5.18 - ʉʭʝʤʘʪʠʯʥʝ ʨʦʟʤʽʱʝʥʥʷ ʭʽʤʽʯʥʠʭ  

ʟʚôʷʟʢʽʚ  ʚ ʪʝʪʨʘʢʽʩ-Õ3-(ʤʝʪʦʢ-ʩʦ) (ʤʝʪʘʥʦʣ) ʧʝʥʪʘʢʽʩ 

 (ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦ)  (ʪʨʠʢʫʧʨʫʤ(ɯɯ), ʥʝʦʜʠʤ(ɯɯɯ)) 

 ʤʝʪʘʥʦʣ ( ɯ )  
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ʈʠʩʫʥʦʢ 30 - ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ  

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʛʦ ʩʝʥʩʦʨʘ ʪʝʤʧʝʨʘʪʫʨʠ 
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ʈʠʩʫʥʦʢ 33 - ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ  

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʛʦ ʩʝʥʩʦʨʘ ʪʝʤʧʝʨʘʪʫʨʠ 
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ʈʠʩʫʥʦʢ 36 -  ʉʧʝʢʪʨ ʘʚʪʦʛʝʥʝʨʘʪʦʨʥʦʛʦ  

ʩʝʥʩʦʨʘ ʪʝʤʧʝʨʘʪʫʨʠ  

ʟ ʯʘʩʪʦʪʥʠʤ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ  

ʥʘ ʦʩʥʦʚʽ ʜʚʦʭ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ 

ʈʠʩʫʥʦʢ 37 -  ʉʧʝʢʪʨ ʘʚʪʦʛʝʥʝʨʘʪʦʨʥʦʛʦ  

ʩʝʥʩʦʨʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʯʘʩʪʦʪʥʠʤ  

ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʥʘ ʦʩʥʦʚʽ ʙʽʧʦʣʷʨʥʦʛʦ  

ʪʘ ʧʦʣʴʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʽʚ 
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ʈɸɼɯʆɺʀʄɯʈʖɺɸʃʔʅɯ ʏɸʉʊʆʊʅɯ ʄɯʂʈʆɽʃɽʂʊʈʆʅʅɯ 

ʉɽʅʉʆʈʀ ʊʀʉʂʋ 

ʈʠʩʫʥʦʢ 38 ï ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʦʛʦ  

ʯʘʩʪʦʪʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʪʠʩʢʫ  

ʟ ʯʫʪʣʠʚʠʤ MEMS ʢʦʥʜʝʥʩʘʪʦʨʦʤ 
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ʈʠʩʫʥʦʢ 45 ï ʈʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʠʡ ʯʘʩʪʦʪʥʠʡ  

ʧʝʨʝʪʚʦʨʶʚʘʯ ʪʠʩʢʫ ʟ ʯʫʪʣʠʚʠʤ ʜʦ ʪʠʩʢʫ ʨʝʟʠʩʪʦʨʦʤ 
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ʈʠʩʫʥʦʢ 49 - ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ  

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʛʦ ʩʝʥʩʦʨʘ ʪʠʩʢʫ  
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ʈʠʩʫʥʦʢ 52 - ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʛʦ  

ʩʝʥʩʦʨʘ ʪʠʩʢʫ ʟ ʘʢʪʠʚʥʠʤ ʽʥʜʫʢʪʠʚʥʠʤ ʝʣʝʤʝʥʪʦʤ 
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ʈʠʩʫʥʦʢ 55 -  ʉʧʝʢʪʨ ʘʚʪʦʛʝʥʝʨʘʪʦʨʥʦʛʦ 

ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʝʥʩʦʨʘ ʪʠʩʢʫ ʥʘ ʦʩʥʦʚʽ 

ʪʨʘʥʟʠʩʪʦʨʥʦʾ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ 



30 

  

ʄɸʊɽʄɸʊʀʏʅɯ ʄʆɼɽʃɯ ʏɸʉʊʆʊʅʀʍ ʉɽʅʉʆʈɯɺ 

ɺʆʃʆɻʆʉʊɯ ɼʃʗ ʈɸɼɯʆɽʃɽʂʊʈʆʅʅʀʍ 

ɺʀʄɯʈʖɺɸʃʔʅʀʍ ʉʀʉʊɽʄ 
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ʈʠʩʫʥʦʢ 56 ï ɽʣʝʢʪʨʠʯʥʘ ʪʘ ʝʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʠ 

ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʚʦʣʦʛʠ, 

ʟʘ ʩʭʝʤʦʶ ʟ ʟʘʛʘʣʴʥʠʤ ʢʦʣʝʢʪʦʨʦʤ 
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  ˙̰̘̗̖̉̉̐ ̋ ̧̨̰̙̖̖̑̋̉̕ 

˥̎̏̑̕ 1ɀ10 ̘  ˩ 10ɀ100 ̘  ˩ 100ɀ1000 ̘  ˩

V1=1,292 ̠  
V2=0,763 ̠  

0,57 % 1,24 % 1,61 % 

V1=1,292 ̠  
V2=0,863 ̠  

0,72 % 1,49 % 1,98 % 

V1=1,590 ̠  
V2=1,296 ̠  

1,02 % 1,76 % 2,11 % 

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 
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ɹʣʦʢ-ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 
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ʉʧʝʢʪʨ ʘʚʪʦʛʝʥʝʨʘʪʦʨʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ  

ʩʝʥʩʦʨʘ ʚʦʣʦʛʦʩʪʽ ʟ ʯʘʩʪʦʪʥʠʤ ʚʠʭʽʜʥʠʤ  

ʩʠʛʥʘʣʦʤ ʽ ʚʦʣʦʛʦʯʫʪʣʠʚʠʤ ʨʝʟʠʩʪʠʚʥʠʤ  

ʝʣʝʤʝʥʪʦʤ ʧʨʠ ʚʦʣʦʛʦʩʪʽ 99 %  

ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ 25 ᴈ 

ʉʧʝʢʪʨ ʘʚʪʦʛʝʥʝʨʘʪʦʨʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

 ʩʝʥʩʦʨʘ ʚʦʣʦʛʦʩʪʽ ʟ ʯʘʩʪʦʪʥʠʤ ʚʠʭʽʜʥʠʤ  

ʩʠʛʥʘʣʦʤ ʧʨʠ ʚʦʣʦʛʦʩʪʽ 30 %  

ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ 25 ᴈ 
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ʈʆɿʈʆɹʂɸ ʇʈʀʂʃɸɼʅʀʍ ʇʈʆɻʈɸʄ ɺ ʉɽʈɽɼʆɺʀʑɯ SIMULINK MATLAB 

ɼʃʗ  ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉʋ ɺʇʃʀɺʋ ɿʆɺʅɯʐʅɯʍ ʌɸʂʊʆʈɯɺ ʅɸ 

ɸʂʊʀɺʅɯ ʉʊʈʋʂʊʋʈʀ ʈɸɼɯʆɺʀʄɯʈʖɺɸʃʔʅʀʍ ʏɸʉʊʆʊʅʀʍ 

ʇɸʈɸʄɽʊʈʀʏʅʀʍ ʄɯʂʈʆɽʃɽʂʊʈʆʅʅʀʍ ʇʈʀʃɸɼɯɺ ʌɯɿʀʏʅʀʍ 

ɺɽʃʀʏʀʅ 

ʈʠʩʫʥʦʢ 43 ï ʉʭʝʤʘ ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘ ʦʩʥʦʚʽ ʙʽʧʦʣʷʨʥʠʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ɺɸʍ 
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