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ʂʀɰɺʉʔʂʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ 

ɯʄɽʅɯ ʊɸʈɸʉɸ ʐɽɺʏɽʅʂɸ 

ʌɸʂʋʃʔʊɽʊ ʈɸɼɯʆʌɯɿʀʂʀ, ɽʃɽʂʊʈʆʅɯʂʀ ʊɸ ʂʆʄʇôʖʊɽʈʅʀʍ ʉʀʉʊɽʄ 

ʂʘʬʝʜʨʘ ʤʝʜʠʯʥʦʾ ʨʘʜʽʦʬʽʟʠʢʠ 

   

ɼʦ ʟʘʭʠʩʪʫ ʜʦʧʫʱʝʥʦ:                                                                                 çʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫè 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ________ ʉʝʨʛʽʡ ʈɸɼʏɽʅʂʆ 

ç __ è ʯʝʨʚʥʷ 2023 ʨ. 

  

ʂɺɸʃɯʌɯʂɸʎɯʁʅɸ ʈʆɹʆʊɸ ɹɸʂɸʃɸɺʈɸ 

ʥʘ ʪʝʤʫ: 

ç ʈʆɿʈʆɹʂɸ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ɸʅɸʃɯɿʋ ʈʋʍʆɺʆɰ ɸʂʊʀɺʅʆʉʊɯ 

ʃɸɹʆʈɸʊʆʈʅʀʍ ʊɺɸʈʀʅ ʋ ɼʆɹʆɺɯʁ ʈʀʊʄɯʎɯ è 

   

ɺʠʢʦʥʘʣʘ: 

ʩʪʫʜʝʥʪʢʘ 4-ʛʦ ʢʫʨʩʫ 

ʜʝʥʥʦʾ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʦʩʪʽ 105 ï ʇʨʠʢʣʘʜʥʘ ʬʽʟʠʢʘ ʪʘ ʥʘʥʦʤʘʪʝʨʽʘʣʠ 

ʆʇ çɽʣʝʢʪʨʦʥʽʢʘ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʝʜʠʮʠʥʽè 

ɺʘʢʫʣʝʥʢʦ ɿʣʘʪʘ ʄʘʢʩʠʤʽʚʥʘ                                                                        _______________ 

  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: 

ʢʘʥʜ. ʙʽʦʣ. ʥʘʫʢ,  

ʄʘʢʩʠʤʶʢ ʆʣʝʢʩʘʥʜʨ ʇʝʪʨʦʚʠʯ                                                                   _______________ 

ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ  

ʉʫʜʘʢʦʚ ʆʣʝʢʩʘʥʜʨ ʆʣʝʢʩʘʥʜʨʦʚʠʯ                                                             _______________ 

 

ʈʝʮʝʥʟʝʥʪ: 

ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʦʡʢʦ ʖʨʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ                                                                         _______________ 

  

ɿʘʩʚʽʜʯʫʶ, ʱʦ ʫ ʮʽʡ ʙʘʢʘʣʘʚʨʩʴʢʽʡ ʨʦʙʦʪʽ 

ʥʝʤʘʻ ʟʘʧʦʟʠʯʝʥʴ ʟ ʧʨʘʮʴ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʙʝʟ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʩʠʣʘʥʴ 

ʉʪʫʜʝʥʪ _____________ 

  

ʈʦʙʦʪʘ ʜʦʧʫʱʝʥʘ ʜʦ ʟʘʭʠʩʪʫ ʚ ɽʂ ʨʽʰʝʥʥʷʤ ʢʘʬʝʜʨʠ ʤʝʜʠʯʥʦʾ ʨʘʜʽʦʬʽʟʠʢʠ 

ʚʽʜ ç___è ʯʝʨʚʥʷ 2023 ʨ., ʧʨʦʪʦʢʦʣ ˉ __. 

  

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʤʝʜʠʯʥʦʾ ʨʘʜʽʦʬʽʟʠʢʠ, 

ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ  

ʈʘʜʯʝʥʢʦ ʉʝʨʛʽʡ ʇʝʪʨʦʚʠʯ                                                                            _____________ 

  

ʂʠʾʚ ï 2023 

https://ir.library.knu.ua/collections/b055f1ba-8308-4f32-9517-b3dda328d7de
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Реферат 

ɹʘʢʘʣʘʚʨʩʴʢʘ ʨʦʙʦʪʘ 32ʩʪ , 3ʨʠʩʫʥʢʘ , 13 ʜʞʝʨʝʣʘ, 2ʜʦʜʘʪʢʠ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʨʫʯʥʦʛʦ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ 

ʪʚʘʨʠʥ ʟʘ ʚʽʜʝʦ. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʜʣʷ 

ʜʝʪʝʢʪʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʱʫʨʽʚ ʚ ʜʝʧʨʝʩʠʚʥʦ ʤʘʥʽʘʢʘʣʴʥʦʤʫ ʩʪʘʥʽ ʟ ʤʝʪʦʶ 

ʧʝʨʝʚʽʨʢʠ ʜʽʾ ʙʣʦʢʘʪʦʨʘ ʢʠʩʣʦʪʥʦ-ʯʫʪʣʠʚʠʭ ʽʦʥʥʠʭ ʢʘʥʘʣʽʚ ASIC-1ʘ ʚ 

ʤʠʛʜʘʣʠʥʽ. 

ʂʃʖʏʆɺɯ ʉʃʆɺɸ: ɺɯɼɽʆ, ʇʆɺɽɼɯʅʂɸ, ɹʃʆʂɸʊʆʈ, ʂʀʉʃʆʊʅʆ- 

ʏʋʊʃʀɺɯ ɯʆʅʅɯ ʂɸʅɸʃʀ ASIC-1ɸ 
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Вступ: 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʜʘʥʠʭ ʻ ʥʝʚʽʜ'ʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʽ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ 

ʨʦʣʴ ʫ ʨʦʟʫʤʽʥʥʽ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʆʜʥʠʤ ʽʟ ʥʘʧʨʷʤʢʽʚ 

ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʚʯʝʥʥʷ ʂʠʩʣʦʪʥʦ-ʯʫʪʣʠʚʦʛʦ ʽʦʥʥʦʛʦ ʢʘʥʘʣʫ-1ʘ (ASIC-1ʘ) ʚ 

ʤʠʛʜʘʣʠʥʽ ʪʘ ʡʦʛʦ ʥʦʚʦʾ ʪʝʨʘʧʝʚʪʠʯʥʦʾ ʤʽʰʝʥʽ ʫ ʧʦʚʝʜʽʥʮʽ, ʧʦʚ'ʷʟʘʥʽʡ ʟ 

ʜʝʧʨʝʩʽʻʶ. 

ɼʝʧʨʝʩʽʷ ʻ ʩʝʨʡʦʟʥʠʤ ʧʩʠʭʽʯʥʠʤ ʨʦʟʣʘʜʦʤ, ʷʢʠʡ ʩʫʪʪʻʚʦ ʧʦʛʽʨʰʫʻ ʷʢʽʩʪʴ ʞʠʪʪʷ 

ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʪʘ ʩʦʮʽʘʣʴʥʦʛʦ ʚʧʣʠʚʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʥʘʷʚʥʽ ʤʝʪʦʜʠ ʣʽʢʫʚʘʥʥʷ ʜʝʧʨʝʩʽʾ, ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʪʦʣʝʨʘʥʪʥʽʩʪʴ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʙʤʝʞʝʥʽ. ʊʦʤʫ ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʪʝʨʘʧʝʚʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ, 

ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʦʚʠʭ ʤʽʰʝʥʷʭ ʪʘ ʤʝʭʘʥʽʟʤʘʭ ʜʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʂʠʩʣʦʪʥʦ-ʯʫʪʣʠʚʦʛʦ ʽʦʥʥʦʛʦ ʢʘʥʘʣʫ-1ʘ (ASIC-1ʘ) ʚ ʤʠʛʜʘʣʠʥʽ 

ʷʚʣʷʻ ʩʦʙʦʶ ʥʦʚʠʡ ʽʥʪʝʨʝʩʥʠʡ ʥʘʧʨʷʤʦʢ ʫ ʚʠʚʯʝʥʥʽ ʜʝʧʨʝʩʽʾ. ASIC-1ʘ ʻ 

ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ, ʱʦ ʨʝʛʫʣʶʻ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʽʚ ʫ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞʘʭ 

ʤʦʟʢʫ ʪʘ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʢʦʥʪʨʦʣʽ ʝʤʦʮʽʡʥʠʭ ʨʝʘʢʮʽʡ ʪʘ ʧʦʚʝʜʽʥʢʠ. 

ɺʠʚʯʝʥʥʷ ʡʦʛʦ ʬʫʥʢʮʽʡ, ʚʢʣʶʯʘʶʯʠ ʥʦʚʫ ʪʝʨʘʧʝʚʪʠʯʥʫ ʤʽʰʝʥʴ ʫ ʧʦʚʝʜʽʥʮʽ, 

ʧʦʚ'ʷʟʘʥʽʡ ʟ ʜʝʧʨʝʩʽʻʶ, ʤʦʞʝ ʚʽʜʢʨʠʪʠ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʣʽʢʫʚʘʥʥʷ ʜʝʧʨʝʩʽʾ ʪʘ ʽʥʰʠʭ ʧʩʠʭʽʯʥʠʭ ʨʦʟʣʘʜʽʚ. 

ʇʦʚʝʜʽʥʢʘ ʻ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʩʪʘʥʫ ʤʦʟʢʫ ʪʘ ʧʩʠʭʽʯʥʦʛʦ ʙʣʘʛʦʧʦʣʫʯʯʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʦʚʠʭ ʘʩʧʝʢʪʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʜʝʧʨʝʩʽʻʶ, ʜʦʟʚʦʣʷʻ ʛʣʠʙʰʝ 

ʨʦʟʫʤʽʪʠ ʾʾ ʤʝʭʘʥʽʟʤʠ ʪʘ ʟʥʘʭʦʜʠʪʠ ʥʦʚʽ ʰʣʷʭʠ ʚʧʣʠʚʫ ʥʘ ʥʠʭ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ 

ʜʘʥʠʭ ʜʦʧʦʤʘʛʘʻ ʟʙʠʨʘʪʠ, ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟ ʙʽʣʴʰʦʶ 

ʪʦʯʥʽʩʪʶ ʪʘ ʰʚʠʜʢʽʩʪʶ, ʩʧʨʠʷʶʯʠ ʧʦʰʫʢʫ ʥʦʚʠʭ ʧʨʦʛʨʝʩʠʚʥʠʭ ʤʝʪʦʜʽʚ 

ʣʽʢʫʚʘʥʥʷ ʪʘ ʧʦʢʨʘʱʝʥʥʶ ʥʘʰʦʛʦ ʨʦʟʫʤʽʥʥʷ ʜʝʧʨʝʩʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʂʠʩʣʦʪʥʦ-ʯʫʪʣʠʚʦʛʦ ʽʦʥʥʦʛʦ ʢʘʥʘʣʫ-1ʘ ʚ ʤʠʛʜʘʣʠʥʽ 

ʪʘ ʡʦʛʦ ʥʦʚʦʾ ʪʝʨʘʧʝʚʪʠʯʥʦʾ ʤʽʰʝʥʽ ʫ ʧʦʚʝʜʽʥʮʽ, ʧʦʚ'ʷʟʘʥʽʡ ʟ ʜʝʧʨʝʩʽʻʶ, ʤʘʶʪʴ 

ʚʝʣʠʢʫ ʘʢʪʫʘʣʴʥʽʩʪʴ ʽ ʥʦʚʠʟʥʫ, ʦʩʢʽʣʴʢʠ ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 

ʧʽʜʭʦʜʽʚ ʫ ʣʽʢʫʚʘʥʥʽ ʜʝʧʨʝʩʽʾ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʷ ʣʶʜʝʡ, ʱʦ 

ʩʪʨʘʞʜʘʶʪʴ ʚʽʜ ʮʴʦʛʦ ʨʦʟʣʘʜʫ.  

ɺ ʜʘʥʽ ʨʦʙʦʪʽ ʟʘʧʨʦʧʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʨʫʯʥʦʛʦ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 
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ʜʝʪʝʢʪʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʱʫʨʽʚ ʟʘ ʚʽʜʝʦ. ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʟʘʩʪʦʩʫʚʘʥʘ ʜʣʷ 

ʜʝʪʝʢʪʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʱʫʨʽʚ ʚ ʜʝʧʨʝʩʠʚʥʦ ʤʘʥʽʘʢʘʣʴʥʦʤʫ ʩʪʘʥʽ ʟ ʤʝʪʦʶ 

ʧʝʨʝʚʽʨʢʠ ʜʽʾ ʙʣʦʢʘʪʦʨʘ ʢʠʩʣʦʪʥʦ-ʯʫʪʣʠʚʠʭ ʽʦʥʥʠʭ ʢʘʥʘʣʽʚ ASIC-1ʘ ʚ 

ʤʠʛʜʘʣʠʥʽ. ʊʝʤʘ ʘʢʪʫʘʣʴʥʘ ʟʘʨʘʟ, ʫ ʚʦʻʥʥʠʡ ʩʪʘʥ. ʂʦʣʠ ʣʶʜʠʥʘ ʩʭʠʣʴʥʘ ʜʦ 

ʩʪʨʝʩʫ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʜʝʧʨʝʩʽʾ ʪʘ ʤʘʥʽʾ.  
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1. ʇʦʚʝʜʽʥʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

 1.1 ʂʠʩʣʦʪʥʦ-ʯʫʪʣʠʚʽ ʽʦʥʥʽ ʢʘʥʘʣʠ (ASIC). 

ʂʠʩʣʦʪʥʦ-ʯʫʪʣʠʚʽ ʽʦʥʥʽ ʢʘʥʘʣʠ (ASICs) ʻ ʦʩʦʙʣʠʚʠʤ ʪʠʧʦʤ ʤʝʤʙʨʘʥʥʠʭ ʙʽʣʢʽʚ, 

ʷʢʽ ʨʝʘʛʫʶʪʴ ʥʘ ʟʤʽʥʠ ʢʠʩʣʦʪʥʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʆʜʥʠʤ ʟ 

ʢʣʶʯʦʚʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ASIC-ʢʣʘʩʫ ʻ ʢʘʥʘʣ ASIC-1ʘ, ʷʢʠʡ ʚʠʷʚʣʝʥʦ ʚ ʨʽʟʥʠʭ 

ʪʢʘʥʠʥʘʭ, ʚʢʣʶʯʘʶʯʠ ʥʝʨʚʦʚʫ ʩʠʩʪʝʤʫ, ʽ ʚʠʢʦʥʫʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʨʝʛʫʣʷʮʽʾ 

ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ASIC-1ʘ ʻ ʢʘʣʴʮʽʻʚʠʤ ʽ ʥʘʪʨʽʻʚʠʤ ʢʘʥʘʣʦʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʘ ʟʥʠʞʝʥʥʷ pH 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʽʥ ʤʘʻ ʦʩʦʙʣʠʚʫ ʩʪʨʫʢʪʫʨʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʧ'ʷʪʠ ʩʫʙʦʜʠʥʠʮʴ, ʟ'ʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ. ʂʦʞʥʘ ʩʫʙʦʜʠʥʠʮʷ ʤʽʩʪʠʪʴ 

ʰʝʩʪʠʛʨʘʥʥʠʡ ʢʘʥʘʣ, ʯʝʨʝʟ ʷʢʠʡ ʽʦʥʠ ʢʘʣʴʮʽʶ ʪʘ ʥʘʪʨʽʶ ʤʦʞʫʪʴ ʧʨʦʥʠʢʘʪʠ ʚ 

ʢʣʽʪʠʥʫ. 

ʂʘʥʘʣ ASIC-1ʘ ʝʢʩʧʨʝʩʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʤʦʟʢʫ, ʚʢʣʶʯʘʶʯʠ ʤʠʛʜʘʣʠʥʫ. 

ʄʠʛʜʘʣʠʥʘ ʻ ʢʣʶʯʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʚʽʜʧʦʚʽʜʘʣʴʥʦʶ ʟʘ ʦʙʨʦʙʢʫ ʝʤʦʮʽʡʥʠʭ 

ʩʪʠʤʫʣʽʚ ʽ ʩʪʨʝʩʦʚʠʭ ʨʝʘʢʮʽʡ. ʋ ʤʠʛʜʘʣʠʥʽ ʢʘʥʘʣ ASIC-1ʘ ʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ 

ʨʝʛʫʣʷʮʽʾ ʝʢʩʢʽʪʘʙʝʣʴʥʦʩʪʽ ʥʝʡʨʦʥʽʚ ʪʘ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ. ɿʤʽʥʠ ʚ ʘʢʪʠʚʥʦʩʪʽ 

ʢʘʥʘʣʫ ASIC-1ʘ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʝʤʦʮʽʡʥʽ ʨʝʘʢʮʽʾ, ʥʘʚʯʘʥʥʷ ʪʘ ʧʘʤ'ʷʪʴ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʢʘʥʘʣ ASIC-1ʘ ʤʦʞʝ ʤʘʪʠ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʨʦʟʚʠʪʢʫ 

ʜʝʧʨʝʩʽʾ. ɺʽʥ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʧʦʚʝʜʽʥʢʫ, ʧʦʚ'ʷʟʘʥʫ ʟʽ ʩʪʨʝʩʦʤ, ʥʘʩʪʨʦʻʤ ʪʘ 

ʤʦʪʠʚʘʮʽʻʶ. ɹʣʦʢʫʚʘʥʥʷ ʘʙʦ ʘʢʪʠʚʘʮʽʷ ʢʘʥʘʣʫ ASIC-1ʘ ʚ ʪʚʘʨʠʥʥʠʭ ʤʦʜʝʣʷʭ 

ʜʝʧʨʝʩʽʾ ʜʝʤʦʥʩʪʨʫʻ ʟʤʽʥʠ ʚ ʝʤʦʮʽʡʥʦʤʫ ʩʪʘʥʽ, ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʽʥʪʝʨʝʩʽ ʜʦ 

ʥʘʛʦʨʦʜʠ. 

ʆʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʣʽʢʫʚʘʥʥʷ ʜʝʧʨʝʩʽʾ ʻ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʢʘʥʘʣ ASIC-

1ʘ ʪʝʨʘʧʝʚʪʠʯʥʽ ʩʪʨʘʪʝʛʽʾ. ɼʝʷʢʽ ʬʘʨʤʘʢʦʣʦʛʽʯʥʽ ʨʝʯʦʚʠʥʠ ʚʠʷʚʠʣʠ ʟʜʘʪʥʽʩʪʴ 

ʚʧʣʠʚʘʪʠ ʥʘ ʘʢʪʠʚʥʽʩʪʴ ʢʘʥʘʣʫ ASIC-1ʘ ʽ ʧʦʢʨʘʱʫʚʘʪʠ ʩʠʤʧʪʦʤʠ ʜʝʧʨʝʩʽʾ ʫ 

ʪʚʘʨʠʥʥʠʭ ʤʦʜʝʣʷʭ. ʆʜʥʘʢ, ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʙʽʣʴʰ 

ʛʣʠʙʦʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʨʦʣʽ ʢʘʥʘʣʫ ASIC-1ʘ ʚ ʜʝʧʨʝʩʽʾ ʪʘ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 

ʪʝʨʘʧʝʚʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ. 

ɺʠʩʥʦʚʦʢ: ʂʘʥʘʣ ASIC-1ʘ ʻ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʠʩʣʦʪʥʦ-ʯʫʪʣʠʚʠʭ ʽʦʥʥʠʭ 

ʢʘʥʘʣʽʚ ʪʘ ʚʽʜʽʛʨʘʻ ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʨʝʛʫʣʷʮʽʾ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ ʚ 
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ʤʦʟʢʫ ʽ ʤʠʛʜʘʣʠʥʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʢʘʥʘʣ ASIC-1ʘ ʤʦʞʝ ʙʫʪʠ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʨʦʟʚʠʪʢʦʤ ʜʝʧʨʝʩʽʾ ʪʘ ʻ ʧʦʪʝʥʮʽʡʥʦʶ ʪʝʨʘʧʝʚʪʠʯʥʦʶ ʤʽʰʝʥʥʶ ʜʣʷ 

ʮʴʦʛʦ ʧʩʠʭʽʯʥʦʛʦ ʨʦʟʣʘʜʫ. ʇʨʦʜʦʚʞʝʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʴʦʤʫ 

ʥʘʧʨʷʤʢʫ ʤʦʞʝ ʩʧʨʠʷʪʠ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʣʽʢʫʚʘʥʥʷ ʜʝʧʨʝʩʽʾ ʽ 

ʧʦʣʽʧʰʝʥʥʶ ʷʢʦʩʪʽ ʞʠʪʪʷ ʧʘʮʽʻʥʪʽʚ. 
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 1.2  ʇʨʦ ʙʽʧʦʣʷʨʥʠʡ ʨʦʟʣʘʜ ʽ ʜʝʧʨʝʩʽʶ. 

ɯʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʠʭ ʨʦʟʣʘʜʠ ʥʘʩʪʨʦʶ - ʚʝʣʠʢʘ ʜʝʧʨʝʩʽʷ (MD) ̔  ʙʽʧʦʣʷʨʥʠʡ ʨʦʟʣʘʜ 

(BD). ʈʦʟʣʘʜʠ ʥʘʩʪʨʦʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʠʣʴʥʘ ʪʘ ʥʝʘʜʝʢʚʘʪʥʘ ʟʤʽʥʘ ʥʘʩʪʨʦʶ, 

ʩʦʮʽʘʣʴʥʽ, ʢʦʛʥʽʪʠʚʥʽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʦʨʫʰʝʥʥʷ. 

ʄɼ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʩʫʤʦʤ, ʚʪʦʤʦʶ, ʭʘʨʯʦʚʽ  ʨʦʟʣʘʜʠ, ʧʦʨʫʰʝʥʥʷ 

ʩʥʫ, ʩʫʾʮʠʜʘʣʴʥʽ ʜʫʤʢʠ, ʧʦʯʫʪʪʷ ʧʨʦʚʠʥʠ ʪʘ ʩʦʮʽʘʣʴʥʦʾ ʩʘʤʦʽʟʦʣʷʮʽʾ. BD 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʧʽʟʦʜʠ ʤʘʥʽʾ ʪʘ ʜʝʧʨʝʩʽʾ. 

ʄʘʥʽʘʢʘʣʴʥʠʡ ʝʧʽʟʦʜʠ ʤʦʞʫʪʴ ʩʢʣʘʜʘʪʠʩʷ ʟ ʛʽʧʝʨʘʢʪʠʚʥʦʩʪʽ, ʧʽʜʥʝʩʝʥʦʛʦ 

ʥʘʩʪʨʦʶ ʘʙʦ ʭʚʠʣʶʚʘʥʥʷ, ʰʚʠʜʢʽ ʜʫʤʢʠ, ʙʝʟʨʦʟʩʫʜʥʘ ʧʦʚʝʜʽʥʢʘ, ʤʘʣʘ ʧʦʪʨʝʙʘ 

ʜʣʷ ʩʥʫ, ʘ ʽʥʦʜʽ ʡ ʧʩʠʭʦʟʫ. ʂʽʣʴʢʘ ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʭ ʩʧʦʣʫʢ ʧʽʜʪʚʝʨʜʞʝʥʽ ʷʢ 

ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʥʘʩʪʨʦʶ ʨʦʟʣʘʜʠ. ʅʘʡʧʦʰʠʨʝʥʽʰʽ ʧʨʝʧʘʨʘʪʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʣʽʢʫʚʘʥʥʷ BD ï ʣʽʪʽʡ, ʧʨʦʪʠʩʫʜʦʤʥʽ ʧʨʝʧʘʨʘʪʠ 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʘʜʝʢʚʘʪʥʝ ʣʽʢʫʚʘʥʥʷ, ʙʽʣʴʰʽʩʪʴ ʧʘʮʽʻʥʪʠ ʧʨʦʜʦʚʞʫʶʪʴ ʤʘʪʠ 

ʧʦʚʪʦʨʶʚʘʥʽ ʝʧʽʟʦʜʠ ʥʘʩʪʨʦʶ, ʧʦʙʽʯʥʽ ʩʠʤʧʪʦʤʠ, ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʦʨʫʰʝʥʥʷ, 

ʧʩʠʭʦʩʦʮʽʘʣʴʥʽ ʽʥʚʘʣʽʜʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʟʥʘʯʥʽ ʤʝʜʠʯʥʽ ʪʘ ʧʩʠʭʽʘʪʨʠʯʥʽ ʩʫʧʫʪʥʽ 

ʟʘʭʚʦʨʶʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʙʘʛʘʪʦ ʧʘʮʽʻʥʪʽʚ ʥʝ ʨʝʢʣʘʤʫʶʪʴ ʦʜʥʘʢʦʚʦ ʨʝʘʛʫʚʘʪʠ 

ʥʘ ʜʦʩʪʫʧʥʽ ʣʽʢʠ ʽ ʤʦʞʝ-ʥʝ ʧʝʨʝʥʦʩʷʪʴ ʧʦʙʽʯʥʽ ʝʬʝʢʪʠ ʮʠʭ ʧʨʝʧʘʨʘʪʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʣʽʢʽʚ ʚʽʜ ʨʦʟʣʘʜʽʚ ʥʘʩʪʨʦʶ ʥʘ 

ʢʦʥʢʨʝʪʥʽ ʮʽʣʽ, ʷʢʽ ʤʦʛʣʠ ʙ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʽ ʙʝʟʧʝʯʥʽ ʤʝʪʦʜʠ 

ʣʽʢʫʚʘʥʥʷ. ʇʨʦʪʝ ʢʨʘʱʝ ʨʦʟʫʤʽʥʥʷ ʧʘʪʦʬʽʟʽʦʣʦʛʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʮʠʭ ʨʦʟʣʘʜʽʚ 

ʚʘʞʣʠʚʠʡ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʣʽʢʽʚ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʫ ʢʣʽʥʽʯʥʽʡ 

ʧʨʘʢʪʠʮʽ. ɼʦʩʷʛʥʝʥʥʷ ʚ ʛʝʥʝʪʠʮʽ, ʥʝʡʨʦʙʽʦʣʦʛʽʯʥʽ ʪʘ ʬʘʨʤʘʢʦʣʦʛʽʯʥʽ 

ʤʝʪʦʜʦʣʦʛʽʾ ʜʦʧʦʤʦʛʣʠ ʚ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʝʡ ʪʚʘʨʠʥ, ʽ ʮʽ ʤʦʜʝʣʽ ʙʫʣʠ ʚʘʞʣʠʚʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʫʪʴ 

ʙʫʪʠ    ʩʧʝʮʠʬʽʯʥʦʶ ʧʘʪʦʬʽʟʽʦʣʦʛʽʻʶ ʧʩʠʭʽʘʪʨʽʾ ʨʦʟʣʘʜʠ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʦʚʝʜʽʥʢʠ ʱʫʨʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʦʜʝʣʽ, ʱʦ ʥʘʩʣʽʜʫʶʪʴ 

ʜʝʧʨʝʩʠʚʥʽ ʽ ʤʘʥʽʘʢʘʣʴʥʽ ʩʪʘʥʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʘʥʘʣʦʛʘʤʠ ʜʝʧʨʝʩʽʾ ʪʘ 

ʙʽʧʦʣʷʨʥʦʛʦ ʨʦʟʣʘʜʫ ʣʶʜʠʥʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʮʠʭ ʩʪʘʥʽʚ ʫ ʱʫʨʽʚ ʜʦʟʚʦʣʷʶʪʴ ʥʘʤ 

ʢʨʘʱʝ ʨʦʟʫʤʽʪʠ ʤʝʭʘʥʽʟʤʠ ʮʠʭ ʧʦʨʫʰʝʥʴ ʪʘ ʧʦʪʝʥʮʽʡʥʽ ʰʣʷʭʠ ʣʽʢʫʚʘʥʥʷ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʽ ʢʦʨʦʪʢʽ ʦʧʠʩʠ ʜʠʧʨʝʩʠʚʥʠʭ ʽ ʤʘʥʽʘʢʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʱʫʨʽʚ: 

1. ɼʠʧʨʝʩʠʚʥʽ ʤʦʜʝʣʽ ʱʫʨʽʚ: 
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 ʄʦʜʝʣʴ ʙʝʟʥʘʜʽʡʥʦʩʪʽ: ʑʫʨʠ ʧʽʜʜʘʶʪʴʩʷ ʪʨʠʚʘʣʦʤʫ ʩʪʨʝʩʫ ʘʙʦ ʥʝʧʝʨʝʙʦʨʥʠʤ 

ʥʝʛʘʪʠʚʥʠʤ ʧʦʜʨʘʟʥʠʢʘʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʽʥʪʝʨʝʩʫ ʜʦ ʥʘʛʦʨʦʜʠ ʪʘ 

ʚʯʠʥʢʽʚ, ʟʥʠʞʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʽ ʚʠʷʚʽʚ ʟʘʜʦʚʦʣʝʥʥʷ. 

 ʄʦʜʝʣʴ ʥʝʧʝʨʝʙʦʨʥʦʾ ʚʪʨʘʪʠ: ʑʫʨʠ ʧʽʜʜʘʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʥʝʛʘʪʠʚʥʠʭ ʧʦʜʨʘʟʥʠʢʽʚ ʘʙʦ ʩʪʨʝʩʦʚʠʭ ʩʠʪʫʘʮʽʡ, ʱʦ ʚʝʜʝ ʜʦ ʜʝʧʨʝʩʠʚʥʠʭ 

ʩʠʤʧʪʦʤʽʚ, ʚʢʣʶʯʘʶʯʠ ʘʧʘʪʽʶ, ʚʪʨʘʪʫ ʽʥʪʝʨʝʩʫ ʜʦ ʥʘʛʦʨʦʜʠ ʪʘ ʟʥʠʞʝʥʫ 

ʘʢʪʠʚʥʽʩʪʴ. 

2. Mʘʥʽʘʢʘʣʴʥʽ ʤʦʜʝʣʽ ʱʫʨʽʚ: 

 ʄʦʜʝʣʴ ʛʽʧʝʨʘʢʪʠʚʥʦʩʪʽ: ʑʫʨʠ ʧʽʜʜʘʶʪʴʩʷ ʩʪʠʤʫʣʷʮʽʾ ʘʙʦ ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʤ 

ʧʨʝʧʘʨʘʪʘʤ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʧʝʨʝʙʫʜʞʝʥʠʡ ʩʪʘʥ, ʟʙʽʣʴʰʝʥʫ ʬʽʟʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ, 

ʥʝʧʨʠʨʦʜʥʦ ʧʽʜʚʠʱʝʥʫ eʥepʛiʶ ʪʘ aʛiʪaʮiʶ. 

 ʄʦʜʝʣʴ ʙʽʧʦʣʷʨʥʦʛʦ ʨʦʟʣʘʜʫ: ʑypʠ ʧʽʜʜʘʶʪʴʩʷ ʢʦʤʙʽʥʘʮʽʾ ʩʪʨʝʩʦʚʠʭ ʬʘʢʪʦʨʽʚ 

ʪʘ ʩʪʠʤʫʣʷʮʽʾ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʧʝʨʽʦʜʠ ʤʘʥʽʾ (ʛʽʧʝʨʘʢʪʠʚʥʽʩʪʴ, ʧʽʜʚʠʱʝʥʠʡ 

ʥaʩʪʨʽʡ) ʪʘ ʜʝʧʨʝʩʽʾ (ʘʧʘʪʽʷ, ʙʝʟʥʘʜʽʡʥʽʩʪʴ). 

 ʎʽ ʤʦʜʝʣʽ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚiʩʪʴ ʜʦʩʣʽʜʥʠʢʘʤ ʚʠʚʯʘʪʠ ʬʽʟʽʦʣʦʛʽʯʥʽ ʪʘ 

ʤoʣʝʢʫʣʷʨʥʽ ʟʤʽʥʠ. 



10 
 

2. ɼʦʩʣʽʜʞʝʥʥʷ ʢʠʩʣʦʪʥʦ-ʯʫʪʣʠʚʠʭ ʽʦʥʥʠʭ ʢʘʥʘʣʽʚ (ASICs) ʽ ʾʭ ʨʦʣʴ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʠʩʣʦʪʥʦ-ʯʫʪʣʠʚʠʭ ʽʦʥʥʠʭ ʢʘʥʘʣʽʚ (ASICs) ʽ ʾʭ ʨʦʣʴ ʫ ʧʦʚʝʜʽʥʮʽ, 

ʧʦʚ'ʷʟʘʥʽʡ ʟ ʜʝʧʨʝʩʽʻʶ, ʟʜʝʙʽʣʴʰʦʛʦ ʧʨʦʚʦʜʷʪʴʩʷ ʚ ʛʘʣʫʟʽ ʥʝʡʨʦʥʘʫʢʠ ʪʘ 

ʧʩʠʭʽʘʪʨʽʾ. ɹʘʛʘʪʦ ʥʘʫʢʦʚʮʽʚ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʛʨʫʧ ʟʘʡʤʘʶʪʴʩʷ ʚʠʚʯʝʥʥʷʤ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʬʫʥʢʮʽʡ ʽ ʨʝʛʫʣʷʮʽʾ ASIC-1ʘ ʢʘʥʘʣʫ, ʘ ʪʘʢʦʞ ʡʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʝʤʦʮʽʡʥʫ ʧʦʚʝʜʽʥʢʫ ʪʘ ʨʦʟʚʠʪʦʢ ʜʝʧʨʝʩʽʾ. 

ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʥʘʫʢʦʚʮʽʚ, ʷʢʽ ʚʥʝʩʣʠ ʚʘʛʦʤʠʡ ʚʥʝʩʦʢ ʫ ʮʶ ʦʙʣʘʩʪʴ, 

ʤʦʞʥʘʚʽʜʟʥʘʯʠʪʠ ʪʘʢʠʭ ʜʦʩʣʽʜʥʠʢʽʚ: 

1. Dr. Robert W. Gereau IV: ɺʽʥ ʻ ʧʨʦʬʝʩʦʨʦʤ ʘʥʝʩʪʝʟʽʦʣʦʛʽʾ ʪʘ ʬʘʨʤʘʢʦʣʦʛʽʾ ʚ 

ʋʥʽʚʝʨʩʠʪʝʪʽ ɺʘʰʠʥʛʪʦʥʘ. ʁʦʛʦ ʛʨʫʧʘ ʟʘʡʤʘʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷʤ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ASIC-1ʘ ʢʘʥʘʣʫ ʪʘ ʡʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʝʡʨʦʥʘʣʴʥʫ ʩʠʛʥʘʣʽʟʘʮʽʶ ʪʘ ʙʽʣʴ. 

ɺʦʥʠ ʪʘʢʦʞ ʜʦʩʣʽʜʞʫʶʪʴ ʨʦʣʴ ASIC-1ʘ ʚ ʝʤʦʮʽʡʥʠʭ ʩʪʘʥʘʭ, ʪʘʢʠʭ ʷʢ ʜʝʧʨʝʩʽʷ 

ʪʘ ʩʪʨʘʭʦʚʽ ʨʦʟʣʘʜʠ. 

Dr. Robert W. Gereau IV ʻ ʚʠʟʥʘʥʠʤ ʚʯʝʥʠʤ, ʷʢʠʡ ʚʥʽʩ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʣʽ ʢʘʥʘʣʫ ASIC-1ʘ ʚ ʝʤʦʮʽʡʥʠʭ ʩʪʘʥʘʭ, ʟʦʢʨʝʤʘ ʚ ʜʝʧʨʝʩʽʾ ʪʘ 

ʩʪʨʘʭʦʚʠʭ ʨʦʟʣʘʜʘʭ. ɺʽʥ ʻ ʧʨʦʬʝʩʦʨʦʤ ʘʥʝʩʪʝʟʽʦʣʦʛʽʾ ʪʘ ʬʘʨʤʘʢʦʣʦʛʽʾ ʚ 

ʋʥʽʚʝʨʩʠʪʝʪʽ ɺʘʰʠʥʛʪʦʥʘ ʽ ʐʢʦʣʽ ʤʝʜʠʮʠʥʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ Dr. Gereau ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʚʯʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ 

ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʙʦʣʶ ʪʘ ʝʤʦʮʽʡʥʠʭ ʩʪʘʥʽʚ. ɺʽʥ ʜʦʩʣʽʜʞʫʻ ʨʦʣʴ ASIC-1ʘ ʢʘʥʘʣʫ 

ʚ ʥʝʡʨʦʥʘʣʴʥʽʡ ʩʠʛʥʘʣʽʟʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʚ ʢʦʥʪʝʢʩʪʽ ʙʦʣʶ, ʩʪʨʝʩʫ ʪʘ ʝʤʦʮʽʡʥʠʭ 

ʨʝʘʢʮʽʡ. 

ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʜʦʩʣʽʜʞʝʥʴ Dr. Gereau ʻ ʨʦʣʴ ASIC-1ʘ ʢʘʥʘʣʫ ʚ 

ʜʝʧʨʝʩʽʾ. ɺʽʥ ʧʨʦʚʦʜʠʪʴ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʘ ʪʚʘʨʠʥʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʜʝʣʽ 

ʜʝʧʨʝʩʽʾ, ʱʦʙ ʚʠʚʯʠʪʠ ʚʧʣʠʚ ʙʣʦʢʫʚʘʥʥʷ ʘʙʦ ʘʢʪʠʚʘʮʽʾ ʢʘʥʘʣʫ ASIC-1ʘ ʥʘ 

ʧʦʚʝʜʽʥʢʦʚʽ ʪʘ ʥʝʚʨʦʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʝʧʨʝʩʽʾ. ʁʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ 

ʪʝ, ʱʦ ʢʘʥʘʣ ASIC-1ʘ ʤʦʞʝ ʙʫʪʠ ʧʦʪʝʥʮʽʡʥʦʶ ʪʝʨʘʧʝʚʪʠʯʥʦʶ ʤʽʰʝʥʥʶ ʜʣʷ 

ʣʽʢʫʚʘʥʥʷ ʜʝʧʨʝʩʽʾ. 

ʂʨʽʤ ʪʦʛʦ, Dr. Gereau ʪʘʢʦʞ ʜʦʩʣʽʜʞʫʻ ʨʦʣʴ ASIC-1ʘ ʚ ʩʪʨʘʭʦʚʠʭ ʨʦʟʣʘʜʘʭ. ɺʽʥ 

ʚʠʚʯʘʻ, ʷʢ ʮʝʡ ʢʘʥʘʣ ʚʧʣʠʚʘʻ ʥʘ ʝʤʦʮʽʡʥʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʩʪʨʘʭʦʚʽ ʧʦʜʨʘʟʥʠʢʠ ʪʘ 

ʨʦʟʚʠʪʦʢ ʩʪʨʘʭʦʚʠʭ ʨʦʟʣʘʜʽʚ, ʪʘʢʠʭ ʷʢ ʧʦʩʪʪʨʘʚʤʘʪʠʯʥʠʡ ʩʪʨʝʩʦʚʠʡ ʨʦʟʣʘʜ 
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(ʇʊʉʈ). ʁʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ ʤʦʞʣʠʚʫ ʨʦʣʴ ʢʘʥʘʣʫ ASIC-1ʘ ʫ 

ʨʝʛʫʣʷʮʽʾ ʩʪʨʘʭʦʚʦʾ ʧʘʤ'ʷʪʽ ʪʘ ʢʦʥʪʨʦʣʽ ʩʪʨʘʭʦʚʠʭ ʨʝʘʢʮʽʡ. 

 

 

 

2. Dr. Xin-Hong Zhu: ɺʽʥ ʻ ʧʨʦʬʝʩʦʨʦʤ ʬʘʨʤʘʢʦʣʦʛʽʾ ʪʘ ʬʽʟʽʦʣʦʛʽʾ ʚ ʋʥʽʚʝʨʩʠʪʝʪʽ 

ʰʪʘʪʫ ʄʽʩʩʫʨʽ. ʁʦʛʦ ʛʨʫʧʘ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʚʠʚʯʝʥʥʽ ʨʦʣʽ ASIC-1ʘ ʚ ʙʦʣʶ, 

ʩʪʨʝʩʦʚʽʡ ʚʽʜʧʦʚʽʜʽ ʪʘ ʝʤʦʮʽʡ 

Dr. Xin-Hong Zhu ̒  ʚʠʜʘʪʥʠʤ ʜʦʩʣʽʜʥʠʢʦʤ, ̫ ʢʠʡ ʚʥʽʩ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʚʠʚʯʝʥʥʷ 

ʨʦʣʽ ʢʘʥʘʣʫ ASIC-1ʘ ʚ ʙʦʣʶ, ʩʪʨʝʩʦʚʽʡ ʚʽʜʧʦʚʽʜʽ ʪʘ ʝʤʦʮʽʷʭ. ɺʽʥ ʻ ʧʨʦʬʝʩʦʨʦʤ 

ʬʘʨʤʘʢʦʣʦʛʽʾ ʚ ʋʥʽʚʝʨʩʠʪʝʪʽ ʰʪʘʪʫ ɯʣʣʽʥʦʡʩ ʫ ʏʠʢʘʛʦ. 

ɼʦʩʣʽʜʞʝʥʥʷ Dr. Zhu ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʫʤʽʥʥʷ ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ 

ʨʝʛʫʣʶʶʪʴ ʙʽʣʴ, ʩʪʨʝʩʦʚʫ ʚʽʜʧʦʚʽʜʴ ʪʘ ʝʤʦʮʽʾ. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʘʩʧʝʢʪʽʚ ʡʦʛʦ 

ʨʦʙʦʪʠ ʻ ʨʦʣʴ ʢʘʥʘʣʫ ASIC-1ʘ ʚ ʮʠʭ ʧʨʦʮʝʩʘʭ. 

Dr. Zhu ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʽʜʭʦʜʠ, ʚʢʣʶʯʘʶʯʠ 

ʚʠʚʯʝʥʥʷ ʪʚʘʨʠʥʥʠʭ ʤʦʜʝʣʝʡ, ʢʣʽʪʠʥʥʠʭ ʢʫʣʴʪʫʨ ʪʘ ʤʦʣʝʢʫʣʷʨʥʽ ʤʝʪʦʜʠ, ʱʦʙ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʬʫʥʢʮʽʾ ʢʘʥʘʣʫ ASIC-1ʘ. ɺʽʥ ʚʠʚʯʘʻ, ʷʢ ʘʢʪʠʚʘʮʽʷ ʘʙʦ ʙʣʦʢʫʚʘʥʥʷ 

ʮʴʦʛʦ ʢʘʥʘʣʫ ʚʧʣʠʚʘʻ ʥʘ ʙʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʙʦʣʝʤ, ʩʪʨʝʩʦʤ ʪʘ 

ʝʤʦʮʽʷʤʠ. 

ʆʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʚʽʜʢʨʠʪʪʽʚ Dr. Zhu ʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʢʘʥʘʣʦʤ ASIC-1ʘ ʽ 

ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʰʣʷʭʘʤʠ, ʱʦ ʚʢʣʶʯʝʥʽ ʚ ʨʝʘʢʮʽʶ ʥʘ ʙʽʣʴ. ɺʽʥ ʧʦʢʘʟʘʚ, ʱʦ 

ʘʢʪʠʚʘʮʽʷ ʢʘʥʘʣʫ ASIC-1ʘ ʤʦʞʝ ʩʧʨʠʷʪʠ ʧʽʜʩʠʣʝʥʥʶ ʙʦʣʝʚʦʛʦ ʩʠʛʥʘʣʫ, ʪʦʜʽ ʷʢ 

ʡʦʛʦ ʙʣʦʢʫʚʘʥʥʷ ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʙʦʣʝʚʫ ʯʫʪʣʠʚʽʩʪʴ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʧʦʪʝʥʮʽʡʥʫ 

ʨʦʣʴ ʢʘʥʘʣʫ ASIC-1ʘ ʚ ʨʝʛʫʣʶʚʘʥʥʽ ʙʦʣʶ. 

ʂʨʽʤ ʪʦʛʦ, ʜʦʩʣʽʜʞʝʥʥʷ Dr. Zhu ʪʘʢʦʞ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʘʥʘʣ ASIC-1ʘ ʚʧʣʠʚʘʻ ʥʘ 

ʩʪʨʝʩʦʚʫ ʚʽʜʧʦʚʽʜʴ ʪʘ ʝʤʦʮʽʾ. ɺʽʥ ʚʠʚʯʘʻ ʤʝʭʘʥʽʟʤʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʢʘʥʘʣ 

ASIC-1ʘ ʚʧʣʠʚʘʻ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʝʡʨʦʥʘʣʴʥʠʭ ʤʝʨʝʞ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ 

ʩʪʨʝʩʦʚʫ ʨʝʘʢʮʽʶ ʪʘ ʨʝʛʫʣʷʮʽʶ ʝʤʦʮʽʡʥʦʛʦ ʩʪʘʥʫ. 
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ʈʦʙʦʪʘ Dr. Xin-Hong Zhu ʩʧʨʠʷʻ ʢʨʘʱʦʤʫ ʨʦʟʫʤʽʥʥʶ ʨʦʣʽ ʢʘʥʘʣʫ ASIC-1ʘ ʚ 

ʙʦʣʶ, ʩʪʨʝʩʦʚʽʡ ʚʽʜʧʦʚʽʜʽ ʪʘ ʝʤʦʮʽʷʭ. ʁʦʛʦ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʣʽʢʫʚʘʥʥʷ ʙʦʣʶ ʪʘ ʧʩʠʭʽʯʥʠʭ ʨʦʟʣʘʜʽʚ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟʽ ʩʪʨʝʩʦʤ. 
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3. Експерименти	з	вивчення	поведінкової	активності 

1.3 ʄʝʪʦʜ ʭʚʦʩʪʦʚʘ ʧʽʜʚʽʩʘ : 

ɭ ʦʜʥʠʤ ʽʟ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʝʪʦʜʽʚ ʫ ʧʦʚʝʜʽʥʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʱʫʨʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʠʚʯʝʥʥʷ ʜʝʧʨʝʩʠʚʥʠʭ ʩʪʘʥʽʚ. ʎʝʡ ʪʝʩʪ ʜʦʟʚʦʣʷʻ 

ʚʠʤʽʨʷʪʠ ʧʘʩʠʚʥʫ ʧʦʚʝʜʽʥʢʫ ʪʘ ʚʽʜʯʫʪʪʷ ʙʝʟʥʘʜʽʡʥʦʩʪʽ, ʷʢʽ ʻ ʚʘʞʣʠʚʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʝʧʨʝʩʽʾ. 

ʇʨʦʮʝʜʫʨʘ ʪʝʩʪʫ ʥʘ ʭʚʦʩʪʦʚʫ ʧʽʜʚʽʩʫ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

1. ʇʽʜʛʦʪʦʚʢʘ ʱʫʨʘ: ʑʫʨʘ ʧʦʤʽʱʘʶʪʴ ʚ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʢʘʤʝʨʫ ʘʙʦ ʧʝʨʝʥʦʩʢʫ, ʜʝ 

ʚʽʥ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʜʝʷʢʦʛʦ ʧʝʨʽʦʜʫ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʜʦ ʥʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

2. ʇʽʜʚʽʰʫʚʘʥʥʷ ʱʫʨʘ: ʇʽʩʣʷ ʘʜʘʧʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʱʫʨʘ ʧʽʜʚʽʰʫʶʪʴ ʟʘ ʭʚʽʩʪ ʥʘ 

ʥʝʚʝʣʠʢʽʡ ʚʠʩʦʪʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʢʣʽʧʩʫ ʘʙʦ ʥʠʪʢʠ. ɺʘʞʣʠʚʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ ʱʫʨʘ ʧʽʜ ʯʘʩ ʧʽʜʚʽʰʫʚʘʥʥʷ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʦʪʝʥʮʽʡʥʠʭ 

ʪʨʘʚʤ. 

3. ʈʝʻʩʪʨʘʮʽʷ ʧʦʚʝʜʽʥʢʠ: ʇʽʩʣʷ ʧʽʜʚʽʰʫʚʘʥʥʷ ʱʫʨʘ ʚʠʤʽʨʶʶʪʴ ʪʨʠʚʘʣʽʩʪʴ ʡʦʛʦ 

ʧʘʩʠʚʥʦʾ ʧʦʚʝʜʽʥʢʠ, ʷʢʘ ʚʢʣʶʯʘʻ ʙʝʟʨʫʭʣʠʚʽʩʪʴ, ʚʽʜʩʫʪʥʽʩʪʴ ʨʫʭʽʚ ʪʘ 

ʚʠʩʥʘʞʝʥʽʩʪʴ. ʎʝʡ ʯʘʩ ʨʝʻʩʪʨʫʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ, ʟʘʟʚʠʯʘʡ 5-10 

ʭʚʠʣʠʥ. 

4. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ: ʇʘʩʠʚʥʽʩʪʴ ʱʫʨʘ ʚʠʤʽʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʟʥʘʯʝʥʥʷ 

ʯʘʩʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʚʽʥ ʥʝ ʚʠʷʚʣʷʻ ʘʢʪʠʚʥʦʩʪʽ. ʏʠʤ ʪʨʠʚʘʣʽʰʠʡ ʧʝʨʽʦʜ 

ʧʘʩʠʚʥʦʩʪʽ, ʪʠʤ ʚʠʱʠʡ ʨʽʚʝʥʴ ʙʝʟʥʘʜʽʡʥʦʩʪʽ ʚʚʘʞʘʻʪʴʩʷ. 

ʊʝʩʪ ʥʘ ʭʚʦʩʪʦʚʫ ʧʽʜʚʽʩʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʜʝʧʨʝʩʠʚʥʠʭ ʩʪʘʥʽʚ ʫ 

ʱʫʨʽʚ, ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʥʪʠʜʝʧʨʝʩʘʥʪʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʜʽʾ 

ʨʽʟʥʠʭ ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ. ʎʝʡ ʪʝʩʪ ʻ ʰʚʠʜʢʠʤ ʽ ʧʨʦʩʪʠʤ ʤʝʪʦʜʦʤ, 

ʷʢʠʡ ʥʘʜʘʻ ʦʙ'ʻʢʪʠʚʥʽ ʜʘʥʽ ʧʨʦ ʧʦʚʝʜʽʥʢʦʚʽ ʟʤʽʥʠ ʫ ʱʫʨʽʚ, ʧʦʚ'ʷʟʘʥʽ ʟ ʜʝʧʨʝʩʽʻʶ. 

 

 

 

2.3 ʄʝʪʦʜ ʧʨʠʤʫʩʦʚʝ ʧʣʘʚʘʥʥʷ 

 ɭ ʱʝ ʦʜʥʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʦʚʝʜʽʥʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʠʚʯʝʥʥʷ ʜʝʧʨʝʩʠʚʥʦʛʦ ʩʪʘʥʫ ʫ ʱʫʨʽʚ. ʎʝʡ ʪʝʩʪ 
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ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʧʦʚʝʜʽʥʢʦʚʫ ʨʝʘʢʮʽʶ ʱʫʨʘ ʥʘ ʩʪʨʝʩʦʚʽ ʫʤʦʚʠ ʪʘ ʚʠʟʥʘʯʠʪʠ 

ʝʬʝʢʪʠ ʧʦʪʝʥʮʽʡʥʠʭ ʘʥʪʠʜʝʧʨʝʩʘʥʪʽʚ. 

ʇʨʦʮʝʜʫʨʘ ʪʝʩʪʫ ʥʘ ʧʨʠʤʫʩʦʚʝ ʧʣʘʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

1. ʇʽʜʛʦʪʦʚʢʘ ɦ ʫʨʘ: ʑʫʨʘ ʧʦʤʽʱʘʶʪʴ ʫ ʚʠʩʦʢʠʡ ʮʠʣʽʥʜʨʠʯʥʠʡ ʨʝʟʝʨʚʫʘʨ ʟ ʚʦʜʦʶ. 

ʆʙ'ʻʤ ʚʦʜʠ ʤʘʻ ʙʫʪʠ ʜʦʩʪʘʪʥʽʤ, ʱʦʙ ʱʫʨ ʤʽʛ ʧʣʘʚʘʪʠ, ʘʣʝ ʥʝ ʜʦʩʪʘʪʥʽʤ, ʱʦʙ ʚʽʥ 

ʤʽʛ ʜʦʪʷʛʥʫʪʠʩʴ ʜʦ ʜʥʘ ʘʙʦ ʚʠʙʨʘʪʠʩʴ ʟ ʨʝʟʝʨʚʫʘʨʘ. 

2. ʈʝʻʩʪʨʘʮʽʷ ʧʦʚʝʜʽʥʢʠ: ʑʫʨʘ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ, ʟʘʟʚʠʯʘʡ 

5-10 ʭʚʠʣʠʥ. ʇʽʜ ʯʘʩ ʮʴʦʛʦ ʧʝʨʽʦʜʫ ʨʝʻʩʪʨʫʶʪʴʩʷ ʨʽʟʥʽ ʧʦʢʘʟʥʠʢʠ ʧʦʚʝʜʽʥʢʠ, 

ʪʘʢʽ ʷʢ ʧʣʘʚʘʥʥʷ, ʙʝʟʨʫʭʣʠʚʽʩʪʴ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʽʚ ʪʘ ʽʥʰʽ ʘʢʪʠʚʥʦʩʪʽ. 

3. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ: ɸʥʘʣʽʟʫʻʪʴʩʷ ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʱʫʨ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʧʘʩʠʚʥʦʤʫ ʩʪʘʥʽ, ʥʝ ʨʫʭʘʻʪʴʩʷ ʪʘ ʣʠʰʝ ʧʣʘʚʘʻ ʘʙʦ ʩʧʣʠʚʘʻ ʥʘ ʧʦʚʝʨʭʥʶ ʚʦʜʠ. 

ʎʝʡ ʧʝʨʽʦʜ ʚʽʜʦʙʨʘʞʘʻ ʙʝʟʥʘʜʽʡʥʽʩʪʴ ʽ ʚʚʘʞʘʻʪʴʩʷ ʧʦʢʘʟʥʠʢʦʤ ʜʝʧʨʝʩʠʚʥʦʛʦ 

ʩʪʘʥʫ. ɼʦʜʘʪʢʦʚʦ, ʘʥʘʣʽʟʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʠʭ ʨʫʭʽʚ ʪʘ ʾʭ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʽʜ 

ʯʘʩ ʧʝʨʽʦʜʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʊʝʩʪ ʥʘ ʧʨʠʤʫʩʦʚʝ ʧʣʘʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʧʦʚʝʜʽʥʢʦʚʫ ʨʝʘʢʮʽʶ ʱʫʨʘ ʥʘ 

ʩʪʨʝʩʦʚʠʡ ʩʪʠʤʫʣ ʪʘ ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ ʙʝʟʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʝʧʨʝʩʠʚʥʦʛʦ ʩʪʘʥʫ. ʎʝʡ 

ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʜʝʧʨʝʩʽʾ. 
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3.3ʄʝʪʦʜ " Flowepot"  

(ɼʝʧʨʠʚʘʮʽʷ ʰʚʠʜʢʦʾ ʬʘʟʠ ʩʥʫ )ʻ ʦʜʥʠʤ ʟ ʤʝʪʦʜʽʚ ʜʝʧʨʠʚʘʮʽʾ ʩʥʫ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʟ ʱʫʨʘʤʠ. ʎʝʡ ʤʝʪʦʜ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʦʾ ʧʣʘʪʬʦʨʤʠ ʘʙʦ ʢʦʣʦʜʢʠ, ʷʢʘ ʜʦʧʦʤʘʛʘʻ ʫʪʨʠʤʫʚʘʪʠ ʱʫʨʽʚ ʫ ʩʪʘʥʽ 

ʙʦʜʨʦʩʪʽ, ʧʝʨʝʰʢʦʜʞʘʶʯʠ ʾʭʥʴʦʤʫ ʧʨʠʨʦʜʥʦʤʫ ʩʥʫ. 

ʇʨʠʥʮʠʧ ʤʝʪʦʜʫ " Flowepot " ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʱʫʨʘ ʨʦʟʤʽʱʫʻʤʦ ʥʘ ʧʽʜʩʪʘʚʮʽ 

ʘʙʦ ʧʣʘʪʬʦʨʤʽ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘʜ ʨʽʜʠʥʦʶ (ʨʠʩ 3.1). ʇʣʘʪʬʦʨʤʘ ʤʦʞʝ ʙʫʪʠ 

ʟʨʦʙʣʝʥʘ ʟ ʤʝʪʘʣʫ, ʧʣʘʩʪʤʘʩʠ ʘʙʦ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʽ ʚʦʥʘ ʟʘʟʚʠʯʘʡ 

ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʫ ʧʨʠʤʽʱʝʥʥʽ ʘʙʦ ʢʣʽʪʮʽ ʱʫʨʘ. 

ʂʦʣʠ ɦ ʫʨ ʟʘʩʠʥʘʻ ʪʘ ʡʦʛʦ ʤ'ʷʟʠ ʨʦʟʩʣʘʙʣʶʶʪʴʩʷ, ʚʽʥ ʚʧʘʜʘʻ ʫ ʚʦʜʫ, ɦ ʦ ʚʠʢʣʠʢʘʻ 

ʡʦʛʦ ʧʨʦʙʫʜʞʝʥʥʷ. ɺʦʜʘ ʩʣʫʞʠʪʴ ʷʢ ʩʪʠʤʫʣ, ʷʢʠʡ ʩʧʨʠʯʠʥʷʻ ʧʝʨʝʨʠʚʘʥʥʷ ʩʥʫ 

ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʩʪʘʥʫ ʙʦʜʨʦʩʪʽ ʱʫʨʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʜʦʟʚʦʣʷʻ 

ʜʝʧʨʠʚʫʚʘʪʠ ʱʫʨʽʚ ʚʽʜ ʩʥʫ, ʧʝʨʝʰʢʦʜʞʘʶʯʠ ʾʭʥʴʦʤʫ ʧʨʠʨʦʜʥʦʤʫ ʨʝʞʠʤʫ ʩʥʫ 

ʪʘ ʧʨʠʚʦʜʷʯʠ ʜʦ ʙʦʜʨʦʱʽ. 

ɺʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʤʝʪʦʜ " Flowepot" ʧʦʪʨʝʙʫʻ ʧʠʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ 

ʩʪʝʞʝʥʥʷ ʟʘ ʱʫʨʘʤʠ, ʦʩʢʽʣʴʢʠ ʾʭʥʻ ʙʝʟʧʦʩʝʨʝʜʥʻ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʟ ʚʦʜʦʶ ʤʦʞʝ 

ʙʫʪʠ ʩʪʨʝʩʦʚʠʤ. ɼʦʩʣʽʜʥʠʢʠ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʫʤʦʚʠ ʜʣʷ ʱʫʨʽʚ 

ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʾʤ ʜʦʩʪʫʧ ʜʦ ʾʞʽ ʪʘ ʚʦʜʠ, ʘ ʪʘʢʦʞ 

ʚʨʘʭʦʚʫʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʧʦʢʦʻʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʩʣʷ ʜʝʧʨʠʚʘʮʽʾ ʩʥʫ. 

ʄʝʪʦʜ " Flowepot " ̒  ʢʦʨʠʩʥʠʤ ̔ ʥʩʪʨʫʤʝʥʪʦʤ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʩʥʫ ʪʘ ʡʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʬʽʟʽʦʣʦʛʽʾ, ʧʦʚʝʜʽʥʢʠ ʪʘ ʢʦʛʥʽʪʠʚʥʠʭ ʬʫʥʢʮʽʡ ʱʫʨʽʚ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʝʡ ʤʝʪʦʜ, ʤʠ ʤʦʞʝʤʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʥʘʩʣʽʜʢʠ ʚʽʜʩʫʪʥʦʩʪʽ ʘʙʦ 

ʦʙʤʝʞʝʥʥʷ ʩʥʫ ʥʘ ʧʦʚʝʜʽʥʢʫ, ʥʘʚʯʘʥʥʷ, ʧʘʤ'ʷʪʴ, ʬʽʟʽʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʽʥʰʽ 

ʧʘʨʘʤʝʪʨʠ, ʧʦʚ'ʷʟʘʥʽ ʟʽ ʩʥʦʤ. 
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                                                ʈʠʩʫʥʦʢ 3.1 

S. Gulyani, B.N. Mallick, Effect of rapid eye movement sleep deprivation on rat brain Na-K ATPase activity, 

J. Sleep Res. 2 (1) (1993) 45–50, https://doi.org/ 10.1111/j.1365-2869.1993.tb00060.x. 
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4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ 

4.1 ʈʫʯʥʝ ʜʝʪʝʢʪʫʚʘʥʥʷ ʨʫʭʽʚ ʪʚʘʨʠʥ 

ʄʠ ʚʚʝʣʠ ʰʪʫʯʥʦ  ʱʫʨʽʚ ʚ ʤʘʥʽʘʢʘʣʴʥʠʡ ʩʪʘʥ.  ʎʝ ʟʘʡʤʘʻ ʚʽʜ ʪʨʴʦʭ ʜʥʽʚ, 

ʤʝʪʦʜʦʤ " Flowepot "  . ɻʦʪʫʻʤʦ ʨʦʟʯʠʥ ʙʣʦʢʘʪʦʨʫ, ʦʙʦʚôʷʟʢʦʚʦ ʟʘʧʠʩʫʻʤʦ ʯʘʩ 

ʽʥôʻʢʮʽʡ. ʈʦʟʯʠʥ ʥʝ ʟʙʝʨʽʛʘʻʪʴʩʷ.  

ʅʘʰʘ ʛʽʧʦʪʝʟʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ ʱʦ ʙʣʦʢʘʜʘ ASICʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʝʜʫʢʮʽʾ ʤʘʥʽʻ 

ʧʦʜʽʙʥʦʾ ʧʦʚʝʜʽʥʢʠ. ʄʠ ʜʘʚʘʣʠ ʙʣʦʢʘʪʦʨ 5b ʧʝʨʝʜ ʽ ʧʽʩʣʷ ʽʥʽʮʽʘʮʽʾ ʷʢʘ ʪʨʠʚʘʣʘ 3 

ʜʥʽ. ɼʘʣʽ ʱʫʨʽʚ ʩʘʜʠʤʦ ʚ ʚʽʜʢʨʠʪʝ ʧʦʣʝ ʽ ʟʘʧʠʩʫʻʤʦ ʚʽʜʝʦ (ʨʠʩ 4.1).  ɺʩʴʦʛʦ 

ʯʦʪʠʨʠ  ʛʨʫʧʠ. ɼʚʽ ʛʨʫʧʠ ʢʦʥʪʨʦʣʴ: ʤʘʥʽʷ ʙʝʟ ʙʣʦʢʘʪʦʨʘ ʽ ʙʝʟ ʤʘʥʽʾ,ʽ ʜʨʫʛʘ ʛʨʫʧʠ 

ʟ ʙʣʦʢʘʪʦʨʦʤ -ʜʦ ʽ ʧʽʩʣʷ  ʽʥʽʮʽʘʮʽʾ. 

ʄʘʻʤʦ 32 ʚʽʜʝʦ ʚʽʜ ʯʦʪʠʨʴʦʭ ʛʨʫʧ ʧʦ ʚʽʩʽʤ ʚʽʜ ʢʦʞʥʦʶ. 

 

                                ʈʠʩʫʥʦʢ 4.1 

ʄʘʥʽʷ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʧʽʜʚʠʱʝʥʽʡ ʘʢʪʠʚʥʦʩʪʽ. ʊʦʙʪʦ ʤʠ ʩʧʦʩʪʝʨʽʛʘʻʤʦ, ʷʢ ʱʫʨʠ 

ʧʨʠʰʚʠʜʰʝʥʦ  ʙʽʛʘʶʪʴ ʧʦ ʧʝʨʠʤʝʪʨʫ ʚʽʜʢʨʠʪʦʛʦ ʧʦʣʷ, ʚʟʙʠʨʘʶʪʴʩʷ ʥʘ ʩʪʽʥʢʠ, 

ʟʘʡʤʘʶʪʴʩʷ ʛʨʫʤʽʥʛʦʤ ï ʧʨʦʷʚʣʝʥʥʷ ʤʘʥʽʾ. 

ʇʝʨʝʜʠʚʣʷʻʤʦʩʴ ʚʩʽ ʚʽʜʝʦ ʬʽʢʩʫʶʯʠ ʯʘʩ ʽ ʜʽʾ ( ʚʟʙʠʨʘʥʥʷ, ʛʨʫʤʽʥʛ, ʙʽʛ) ʚ Excel. 

ʇʦʨʽʚʥʶʶʯʠ ʜʘʥʽ ʪʘʙʣʠʮʽ (ʜʠʚ. ʜʦʜʘʪʦʢ ʈʫʯʥʝ ʜʝʪʝʢʪʫʚʘʥʥʷ ʨʫʭʽʚ) ʙʘʯʠʤʦ,ʱʦ 

ʧʽʜ, ʜʽʻʶ ʙʣʦʢʘʪʦʨʽʚ ʱʫʨʠ ʤʝʥʰ ʘʢʪʠʚʥʽ.  
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ʍʦʯʘ ʚʩʝ ʦʜʥʦ ʟʘʡʤʘʶʪʴʩʷ ʪʠʤ ʩʘʤʠʤ: ʧʝʨʝʩʫʚʘʶʪʴʩʷ ʧʦ ʧʝʨʠʤʝʪʨʫ, ʜʦʩʪʘʪʥʴʦ 

ʨʽʜʢʦ ʚʠʭʦʜʷʪʴ ʥʘ ʮʝʥʪʨ, ʯʫʭʘʶʪʴʩʷ ʪʘ ʚʟʙʠʨʘʶʪʴʩʷ ʥʘ ʩʪʽʥʢʠ. 

4.2 ɸʣʛʦʨʠʪʤ ʜʝʪʝʢʪʫʚʘʥʥʷ ʨʫʭʫ 

ɺ ʜʨʫʛʽʡ ʯʘʩʪʠʥʽ  ʤʦʻʾ ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʝʪʝʢʮʽʷ  ʨʫʭʦʚʦʾ 

ʘʢʪʠʚʥʦʩʪʽ. ɼʣʷ ʮʴʦʛʦ ʷ ʟʘʩʪʦʩʫʚʘʣʘ ʘʣʛʦʨʠʪʤ. ʄʘʶ ʚʽʜʝʦ ʜʝʥʥʦʾ ʽ ʥʽʯʥʦʾ ʬʘʟʠ. 

 

                                           ʈʠʩʫʥʦʢ 4.2 

  ʅʘ ʚʽʜʝʦ ʱʫʨʠ ʚ ʢʣʽʪʮʽ, ʟʘ ʩʧʨʠʡʥʷʪʣʠʚʠʭ ʫʤʦʚ ʙʝʟ ʧʦʜʨʘʟʥʠʢʽʚ (ʨʠʩ 4.2). 

ʂʦʞʝʥ ʱʫʨ ʫ ʩʚʦʾʡ ʢʣʽʪʮʽ. ʄʠ ʤʘʻʤʦ ʟʘʬʽʢʩʫʚʘʪʠ ʾʭ ʩʦʥ ʽ ʘʢʪʠʚʥʫ ʬʘʟʫ.  

ɺ ʘʣʛʦʨʠʪʤʽ ʷ ʧʨʦʧʠʩʫʶ ʢʦʦʨʜʠʥʘʪʠ ʢʦʞʥʦʾ ʢʣʽʪʢʠ ʟ ʱʫʨʘʤʠ. ʂʦʣʠ ʫ ʥʘʩ ʻ ʨʫʭ, 

ʪʦʙʪʦ ʟʤʽʥʘ ʚ ʯʘʩʽ ʽ ʧʨʦʩʪʦʨʽ,ʫ ʥʘʩ ʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʽʢʩʝʣʷ ʥʘ ʢʘʨʪʠʥʮʽ 

ɼʣʷ ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ ʚ ʩʝʨʝʜʠʥʽ ʦʙʣʘʩʪʽ, ʟʥʘʭʦʜʠʤʦ ʥʘ ʜʚʦʭ ʩʫʩʽʜʥʽʭ ʢʘʜʨʘʭ 

ʨʽʟʥʠʮʶ ʧʽʢʩʝʣʽʚ, ʚʽʜʥʽʤʘʻʤʦ  ʩʫʩʽʜʥʽʡ ʽ ʾʭ ʨʽʟʥʠʮʷ ʙʫʜʝ ʨʫʭ ʫ ʥʘʰʽʡ ʦʙʣʘʩʪʽ. 

ʈʝʘʣʽʟʘʮʽʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʘʚʝʜʝʥʘ ʫ ɼʦʜʘʪʢʫ ʂʦʜ ʧʨʦʛʨʘʤʠ 

ʜʝʪʝʢʪʫʚʘʥʥʷ ʨʫʭʽʚ. 
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5. ɺʠʩʥʦʚʢʠ: 

1. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʘʪʦʨʫ 5b ASIC 1A ʨʝʮʝʧʪʦʨʽʚ ʥʘ ʤʦʜʝʣʷʭ ʤʘʥʽʾ ʱʫʨʽʚ 

ʧʦʢʘʟʘʣʦ, ʱʦ ʮʝʡ ʙʣʦʢʘʪʦʨ ʝʬʝʢʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʤʦʮʽʡʥʽ ʩʪʘʥʠ ʪʘ 

ʧʦʚʝʜʽʥʢʫ ʪʚʘʨʠʥ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʙʣʦʢʘʪʦʨʫ ʙʫʣʦ ʟʤʽʥʝʥʦ ʘʢʪʠʚʥʽʩʪʴ 

ASIC 1A ʨʝʮʝʧʪʦʨʽʚ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʧʦʤʽʪʥʦʛʦ ʟʥʠʞʝʥʥʷ ʩʠʤʧʪʦʤʽʚ 

ʤʘʥʽʾ. 

2. ʇʽʜʚʠʱʝʥʘ ʘʢʪʠʚʥʽʩʪʴ, ʟʙʫʜʣʠʚʽʩʪʴ ʽ ʪʝʨʧʽʥʥʷ ʜʦ ʧʝʨʝʩʫʚʘʥʥʷ ʻ 

ʨʦʟʰʠʨʝʥʠʤʠ ʫ ʤʘʥʽʘʢʘʣʴʥʠʭ ʱʫʨʽʚ ʜʦ ʚʚʝʜʝʥʥʷ ʙʣʦʢʘʪʦʨʘ. ʂʨʽʤ ʪʦʛʦ, 

ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʤʽʥʠ ʚ ʤʦʜʝʣʷʭ ʩʥʫ ʪʘ ʘʢʪʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʧʦʩʠʣʝʥʥʷ ʩʦʮʽʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʘʛʨʝʩʠʚʥʘ ʘʙʦ ʥʝʧʦʨʷʜʢʦʚʘʥʘ ʧʦʚʝʜʽʥʢʘ. 

ɸʢʪʠʚʥʽʩʪʴ ʽ ʨʫʭʣʠʚʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ  ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʙʣʦʢʘʪʦʨʽʚ 

ʨʝʮʝʧʪʦʨʽʚ ASIC 1A. ɺʦʥʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʤʝʥʰ ʟʙʫʜʣʠʚʫ  ʪʘ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʦʨʤʘʣʽʟʦʚʘʥʫ ʧʦʚʝʜʽʥʢʫ. ʐʠʣʴʥʽʩʪʴ ʜʦ ʘʛʨʝʩʠʚʥʦʾ ʪʘ 

ʙʝʟʣʘʜʥʦʾ ʧʦʚʝʜʽʥʢʠ ʟʥʘʯʥʦ ʧʨʠʛʣʫʰʝʥʘ. ʊʘʢʦʞ ʧʦʤʽʪʥʝ ʟʥʠʞʝʥʥʷ 

ʩʦʮʽʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʘ ʾʭ ʨʝʞʠʤ ʩʥʫ ʪʘ ʘʢʪʠʚʥʦʩʪʽ ʩʪʘʶʪʴ ʙʽʣʴʰ 

ʨʝʛʫʣʷʨʥʠʤʠ.. 

3. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʘʞʣʠʚʫ ʨʦʣʴ ASIC 1A ʨʝʮʝʧʪʦʨʽʚ ʫ 

ʨʝʛʫʣʶʚʘʥʥʽ ʝʤʦʮʽʡʥʠʭ ʩʪʘʥʽʚ ʪʘ ʧʦʚʝʜʽʥʢʠ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʤʘʥʽʻʶ. 

ɹʣʦʢʫʚʘʥʥʷ ʮʠʭ ʨʝʮʝʧʪʦʨʽʚ ʤʦʞʝ ʚʠʷʚʠʪʠʩʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ 

ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʪʝʨʘʧʝʚʪʠʯʥʠʭ ʩʪʨʘʪʝʛʽʡ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʤʘʥʽʘʢʘʣʴʥʠʭ 

ʩʪʘʥʽʚ ʽ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʠʤʠ ʧʩʠʭʽʯʥʠʭ ʨʦʟʣʘʜʽʚ. 

ʅʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦʙ ʨʦʟʢʨʠʪʠ ʤʝʭʘʥʽʟʤʠ ʜʽʾ 

ʙʣʦʢʘʪʦʨʫ 5b ASIC 1A ʨʝʮʝʧʪʦʨʽʚ ʪʘ ʚʠʚʯʠʪʠ ʡʦʛʦ ʧʦʪʝʥʮʽʡʥʽ ʧʦʙʽʯʥʽ ʝʬʝʢʪʠ. 

ɼʦʜʘʪʢʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʘ ʽʥʰʠʭ ʤʦʜʝʣʷʭ ʧʦʚʝʜʽʥʢʠ, ʘ ʪʘʢʦʞ ʢʣʽʥʽʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʣʶʜʷʭ, ʤʦʞʫʪʴ ʧʽʜʪʚʝʨʜʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʙʝʟʧʝʯʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʙʣʦʢʘʪʦʨʫ ʷʢ ʧʦʪʝʥʮʽʡʥʦʛʦ ʣʽʢʫʚʘʣʴʥʦʛʦ ʟʘʩʦʙʫ ʜʣʷ ʤʘʥʽʾ 

ʪʘ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʝʶ ʨʦʟʣʘʜʽʚ. 

ʋʩʝ ʮʝ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ 

ʣʽʢʫʚʘʥʥʷ ʧʩʠʭʽʯʥʠʭ ʨʦʟʣʘʜʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʨʦʣʴ ASIC 1A ʨʝʮʝʧʪʦʨʽʚ ʫ ʨʝʛʫʣʷʮʽʾ 

ʝʤʦʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. 
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ɼʦʜʘʪʢʠ  

ʂʦʜ ʧʨʦʛʨʘʤʠ ʜʝʪʝʢʪʫʚʘʥʥʷ ʨʫʭʽʚ: 

int main() 

{ 

    int main(int argc, char* argv[]) { 

 

        // Create a VideoCapture object and open the input file 

        // If the input is the web camera, pass 0 instead of the video file name 

        VideoCapture cap(argv[1]); 

        //ImageCapture cap(argv[1]); 

 

        if (!cap.isOpened()) { 

            cout << "Error opening video stream or file" << endl; 

            return -1; 

        } 

 

        while (1) { 

 

            Mat frame; 

            cap >> frame; 

            if (frame.empty()) 

                break; 

            imshow("Frame", frame); 

            // Press  ESC on keyboard to exit 

            char c = (char)waitKey(25); 

            if (c == 27) 



23 
 

                break; 

        } 

        cap.release(); 

        destroyAllWindows(); 

        return 0; 

    } 

    // ɺʽʜʢʨʠʪʪʷ ʚʽʜʝʦʬʘʡʣʫ 

    VideoCapture cap("video.mp4"); 

 

    if (!cap.isOpened()) { 

        cout << "ʇʦʤʠʣʢʘ ʚʽʜʢʨʠʪʪʷ ʚʽʜʝʦʬʘʡʣʫ." << endl; 

        return -1; 

    } 

 

    // ʆʪʨʠʤʘʥʥʷ ʧʝʨʰʦʛʦ ʢʘʜʨʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʚʽʜʝʦ ʪʘ ʬʦʥʦʚʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ 

    Mat background; 

    cap >> background; 

 

    if (background.empty()) { 

        cout << "ʇʦʤʠʣʢʘ ʦʪʨʠʤʘʥʥʷ ʧʝʨʰʦʛʦ ʢʘʜʨʫ." << endl; 

        return -1; 

    } 

 

    // ɿʤʽʥʘ ʨʦʟʤʽʨʽʚ ʬʦʥʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʨʦʟʤʽʨʠ ʚʽʜʝʦ 

    resize(background, background, Size(cap.get(CAP_PROP_FRAME_WIDTH), 

cap.get(CAP_PROP_FRAME_HEIGHT))); 
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    // ʂʦʥʚʝʨʪʘʮʽʷ ʬʦʥʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚ ʛʨʘʜʘʮʽʾ ʩʽʨʦʛʦ 

    cvtColor(background, background, COLOR_BGR2GRAY); 

 

    // ɿʘʜʘʥʥʷ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʩʢʠ ʨʫʭʫ 

    const int threshold_value = 30; 

 

    // ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʚʽʜʝʦ ʪʘ ʢʣʽʪʦʢ 

    int frame_width = cap.get(CAP_PROP_FRAME_WIDTH); 

    int frame_height = cap.get(CAP_PROP_FRAME_HEIGHT); 

    int cell_size = 20; 

    int cells_count_x = frame_width / cell_size; 

    int cells_count_y = frame_height / cell_size; 

 

    // ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʤʘʩʠʚʫ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʢʣʽʪʦʢ ʥʘ 

ʧʦʪʦʯʥʦʤʫ ʪʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʘʜʨʽ 

    bool current_cells[cells_count_x][cells_count_y]; 

    bool previous_cells[cells_count_x][cells_count_y]; 

 

    // ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʤʘʩʠʚʫ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʤʽʥʝʥʠʭ ʢʣʽʪʦʢ ʥʘ ʢʘʜʨʽ 

    int changed_cells_count[cells_count_x][cells_count_y]; 

 

    // ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʤʘʩʢʠ ʨʫʭʫ 

    Mat motion_mask(frame_height, frame_width, CV_8UC1, Scalar(0)); 

 

    // ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʚʽʢʥʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʽʜʝʦ 
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    namedWindow("Video", WINDOW_NORMAL); 

 

    // ɿʘʚʝʨʰʝʥʥʷ ʧʨʦʛʨʘʤʠ ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʢʣʘʚʽʰʫ "q" 

    while (waitKey(1) != 'q') { 

 

        // ʆʪʨʠʤʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʢʘʜʨʫ 

        Mat current_frame; 

        cap >> current_frame; 

 

        if (current_frame.empty()) { 

            cout << "ʂʽʥʝʮʴ ʚʽʜʝʦʬʘʡʣʫ." << endl; 

            break; 

        } 

 

        // ɿʤʽʥʘ ʨʦʟʤʽʨʽʚ ʧʦʪʦʯʥʦʛʦ ʢʘʜʨʫ ʥʘ ʨʦʟʤʽʨʠ ʬʦʥʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

        resize(current_frame, current_frame, background.size()); 

 

        // ʂʦʥʚʝʨʪʘʮʽʷ ʧʦʪʦʯʥʦʛʦ ʢʘʜʨʫ ʚ ʛʨʘʜʘʮʽʾ ʩʽʨʦʛʦ 

        Mat gray_frame; 

        cvtColor(current_frame, gray_frame, COLOR_BGR2GRAY); 

 

        // ɺʽʜʥʽʤʘʥʥʷ ʬʦʥʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʢʘʜʨʫ 

        Mat frame_diff; 

        absdiff(background, gray_frame, frame_diff); 
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        // ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦ ʚʽʜʤʽʥʥʦʩʪʽ ʢʘʜʨʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʤʘʩʢʠ ʨʫʭʫ 

        Mat threshold_frame; 

        threshold(frame_diff, threshold_frame, threshold_value, 255, 

THRESH_BINARY); 

 

        // ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʰʫʤʫ ʥʘ ʤʘʩʮʽ 

ʨʫʭʫ 

        erode(threshold_frame, threshold_frame, Mat(), Point(-1, -1), 2); 

        dilate(threshold_frame, threshold_frame, Mat(), Point(-1, -1), 2); 

 

        // ʂʦʧʽʶʚʘʥʥʷ ʤʘʩʢʠ ʨʫʭʫ ʜʦ ʟʤʽʥʥʦʾ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ 

        motion_mask = threshold_frame.clone(); 

 

        // ʈʦʟʜʽʣʝʥʥʷ ʤʘʩʢʠ ʨʫʭʫ ʥʘ ʢʣʽʪʢʠ 

        for (int i = 0; i < cells_count_x; i++) { 

            for (int j = 0; j < cells_count_y; j++) { 

 

                // ʆʪʨʠʤʘʥʥʷ ʦʙʣʘʩʪʽ ʢʣʽʪʢʠ ʥʘ ʤʘʩʮʽ ʨʫʭʫ 

                Rect cell_rect(i * cell_size, j * cell_size, cell_size, cell_size); 

                Mat cell_mask = motion_mask(cell_rect); 

 

                // ʆʙʨʘʭʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʽʢʩʝʣʽʚ ʥʘ ʢʣʽʪʠʥʽ, ʷʢʽ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ 255 

(ʙʽʣʠʡ ʢʦʣʽʨ) 

                int white_pixel_count = countNonZero(cell_mask); 

 

                // ʗʢʱʦ ʢʽʣʴʢʽʩʪʴ ʙʽʣʠʭ ʧʽʢʩʝʣʽʚ ʥʘ ʢʣʽʪʠʥʽ ʙʽʣʴʰʝ ʟʘʜʘʥʦʛʦ ʧʦʨʦʛʫ, 
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                // ʚʚʘʞʘʻʤʦ, ʱʦ ʚ ʢʣʽʪʠʥʽ ʻ ʨʫʭ 

                bool is_movement = white_pixel_count > cell_size * cell_size * 0.2; 

 

                // ɿʙʝʨʽʛʘʻʤʦ ʩʪʘʥ ʢʣʽʪʢʠ ʥʘ ʧʦʪʦʯʥʦʤʫ ʢʘʜʨʽ 

                current_cells[i][j] = is_movement; 

 

                // ʆʙʨʘʭʦʚʫʻʤʦ ʢʽʣʴʢʽʩʪʴ ʟʤʽʥʝʥʠʭ ʢʣʽʪʦʢ ʥʘ ʧʦʪʦʯʥʦʤʫ ʢʘʜʨʽ 

                if (current_cells[i][j] != previous_cells[i][j]) { 

                    changed_cells_count[i][j]++; 

                } 

 

                // ɺʽʜʦʙʨʘʞʝʥʥʷ ʩʪʘʥʫ ʢʣʽʪʢʠ ʥʘ ʧʦʪʦʯʥʦʤʫ ʢʘʜʨʽ 

                if (current_cells[i][j]) { 

                    rectangle(current_frame, cell_rect, Scalar(0, 0, 255), 2); 

                } 

            } 

        } 

 

        // ʂʦʧʽʶʚʘʥʥʷ ʩʪʘʥʫ ʢʣʽʪʦʢ ʥʘ ʧʦʪʦʯʥʦʤʫ ʢʘʜʨʽ ʜʦ ʟʤʽʥʥʦʾ ʜʣʷ ʥʘʩʪʫʧʥʦʾ 

ʽʪʝʨʘʮʽʾ 

        memcpy(previous_cells, current_cells, sizeof(current_cells)); 

 

        // ɺʽʜʦʙʨʘʞʝʥʥʷ ʚʽʜʝʦ ʟʽ ʩʪʘʥʦʤ ʢʣʽʪʦʢ ʥʘ ʧʦʪʦʯʥʦʤʫ ʢʘʜʨʽ 

        imshow("Video", current_frame); 

    } 
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    // ɿʚʽʣʴʥʝʥʥʷ ʨʝʩʫʨʩʽʚ 

    cap.release(); 

    destroyAllWindows(); 

 

    return 0; 

} 

ʈʫʯʥʝ ʜʝʪʝʢʪʫʚʘʥʥʷ ʨʫʭʫ 

00:00:45 run 00:00:05 

00:00:50 stop 00:00:02 

00:00:52 run 00:00:04 

00:00:56 stop 00:00:08 

00:01:04 run 00:00:03 

00:01:07 stop 00:00:02 

00:01:09 run 00:00:04 

00:01:13 groom 00:00:03 

00:01:16 run 00:00:02 

00:01:18 exp 00:00:02 

00:01:20 run 00:00:02 

00:01:22 stop 00:00:04 

00:01:26 run 00:00:04 

00:01:30 stop 00:00:01 

00:01:31 run 00:00:03 

00:01:34 stop 00:00:01 

00:01:35 run 00:00:03 

00:01:38 stop 00:00:02 

00:01:40 run 00:00:05 

00:01:45 exp 00:00:03 

00:01:48 run 00:00:02 

00:01:50 exp 00:00:01 

00:01:51 stop 00:00:03 

00:01:54 run 00:00:04 

00:01:58 exp 00:00:04 

00:02:02 run 00:00:06 

00:02:08 exp 00:00:03 

00:02:11 run 00:00:02 
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00:02:13 groom 00:00:01 

00:02:14 run 00:00:04 

00:02:18 stop 00:00:02 

00:02:20 run 00:00:02 

00:02:22 exp 00:00:09 

00:02:31 groom 00:00:03 

00:02:34 run 00:00:03 

00:02:37 stop 00:00:01 

00:02:38 exp 00:00:05 

00:02:43 groom 00:00:14 

00:02:57 run 00:00:02 

00:02:59 exp 00:00:02 

00:03:01 run 00:00:03 

00:03:04 exp 00:00:03 

00:03:07 run 00:00:06 

00:03:13 exp 00:00:08 

00:03:21 run 00:00:04 

00:03:25 exp 00:00:10 

00:03:35 run 00:00:05 

00:03:40 exp 00:00:07 

00:03:47 stop 00:00:02 

00:03:49 run 00:00:05 

00:03:54 exp 00:00:04 

00:03:58 stop 00:00:04 

00:04:02 exp 00:00:14 

00:04:16 run 00:00:01 

00:04:17 exp 00:00:05 

00:04:22 run 00:00:02 

00:04:24 exp 00:00:03 

00:04:27 run 00:00:01 

00:04:28 stop 00:00:02 

00:04:30 run 00:00:03 

00:04:33 exp 00:00:02 

00:04:35 run 00:00:02 

00:04:37 exp 00:00:06 

00:04:43 run 00:00:01 

00:04:44 stop 00:00:04 
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00:04:48 run 00:00:02 

00:04:50 exp 00:00:06 

00:04:56 run 00:00:03 

00:04:59 exp 00:00:06 

00:05:05 run 00:00:04 

00:05:09 stop 00:00:05 

00:05:14 run 00:00:03 

00:05:17 exp 00:00:03 

00:05:20 run 00:00:04 

00:05:24 stop 00:00:02 

00:05:26 run 00:00:01 

00:05:27 stop 00:00:03 

00:05:30 run 00:00:02 

00:05:32 stop 00:00:01 

00:05:33 run 00:00:01 

00:05:34 stop 00:00:01 

00:05:35 run 00:00:02 

00:05:37 stop 00:00:01 

00:05:38 run 00:00:02 

00:05:40 stop 00:00:02 

00:05:42 run 00:00:02 

00:05:44 stop 00:00:01 

00:05:45 run 00:00:03 

00:05:48 stop 00:00:02 

00:05:50 run 00:00:04 

00:05:54 stop 00:00:03 

00:05:57 run 00:00:02 

00:05:59 exp 00:00:02 

00:06:01 run 00:00:02 

00:06:03 stop 00:00:04 

00:06:07 run 00:00:03 

00:06:10 stop 00:00:07 

00:06:17 run 00:00:02 

00:06:19 exp 00:00:02 

00:06:21 stop 00:00:04 

00:06:25 run 00:00:02 

00:06:27 stop 00:00:01 



31 
 

00:06:28 run 00:00:02 

00:06:30 stop 00:00:01 

00:06:31 run 00:00:04 

00:06:35 stop 00:00:02 

00:06:37 run 00:00:04 

00:06:41 stop 00:00:07 

00:06:48 run 00:00:08 

00:06:56 stop 00:00:02 

00:06:58 exp 00:00:05 

00:07:03 run 00:00:03 

00:07:06 stop 00:00:07 

00:07:13 exp 00:00:05 

00:07:18 run 00:00:04 

00:07:22 exp 00:00:02 

00:07:24 run 00:00:01 

00:07:25 stop 00:00:02 

00:07:27 run 00:00:03 

00:07:30 exp 00:00:11 

00:07:41 stop 00:00:06 

00:07:47 exp 00:00:05 

00:07:52 stop 00:00:02 

00:07:54 run 00:00:02 

00:07:56 stop 00:00:04 

00:08:00 run 00:00:03 

00:08:03 stop 00:00:03 

00:08:06 run 00:00:02 

00:08:08 stop 00:00:03 

00:08:11 exp 00:00:08 

00:08:19 stop 00:00:05 

00:08:24 run 00:00:02 

00:08:26 stop 00:00:04 

00:08:30 run 00:00:03 

00:08:33 stop 00:00:07 

00:08:40 groom 00:01:12 

00:09:52 stop 00:00:04 

00:09:56 run 00:00:02 

00:09:58 stop 00:00:06 
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00:10:04 run 00:00:05 

00:10:09 exp 00:00:05 

00:10:14 run 00:00:02 

00:10:16 stop 00:00:16 

00:10:32 run 00:00:08 

00:10:40 exp 00:00:04 

00:10:44 run 23:49:16 

 


