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ɸʅʆʊɸʎɯʗ 

 

ʉʥʽʞʢʦ ɼ.ɺ. ʂʦʥʮʝʧʮʽʷ ʧʦʙʫʜʦʚʠ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʤ̫ 

ʥʘʥʦʬʦʪʦʥʥʠʭ ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ 

ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥ̫ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʽ 

ʩʧʝʮ̔ ʘʣʴʥʦʩʪʽ 05.27.06 ï ʪʝʭʥʦʣʦʛʽʷ, ʦʙʣʘʜʥʘʥʥ̫ ʪʘ ʚʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʥʥʦʾ 

ʪʝʭʥʽʢʠ ï ʍʘʨʢʚ̔ʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʚ̔ʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ, ʍʘʨʢʽʚ, 

2021. 

ʈʽʟʥʦʤʘʥʽʪʥʽ ʩʝʥʩʦʨʥʽ ʩʠʩʪʝʤʠ ʻ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʩʝʩʚʽʪʫ. ʆʜʥʝ ̔ ʟ ʚʘʞʣʠʚʠʭ ʤʽʩʮʴ ʟʘʡʤʘʶʪʴ ʩʝʥʩʦʨʥʽ ʩʠʩʪʝʤʠ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʨʽʜʢʠʭ ʟʨʘʟʢʽʚ. 

ʈʦʟʰʠʨʝʥʥʷ ʩʧʠʩʢʫ ʚ̔ ʜʦʤʠʭ ʥʘʫʮʽ ʨʝʯʦʚʠʥ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʦʜʽʚ ʾʭ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ. ɼʦʙʨʝ ʩʝʙʝ 

ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʤʝʪʦʜʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʪʘ ʦʧʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʷʢ 

ʥʘʡʧʦʰʠʨʽʥʝʰʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ. 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥɹ, ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʢʫ ʢʦʥʮʝʧʮʽʾ ʪʝʭʥʦʣʦʛ̔ʯʥʠʭ ʟʘʩʘʜ 

ʚʠʢʦʨʠʩʪʘʥʥ ̫ ʥʘʥʦʬʦʪʦʥʥʠʭ ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣ̫ 

ʩʪʚʦʨʝʥʥʷ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ. ɰʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʘʥʘʣʽʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ, ʨʦʟʰʠʨʠʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʱʦ ʚʢʣʯʁʘ̒  ʟʙʽʣʴʰʝʥʥʷ 

ʥʦʤʝʥʢʣʘʪʫʨʠ ʦʙô̒ ʢʪʽʚ, ʨʝʯʦʚʠʥ, ʱʦ ʤʦʞʫʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠʩ.̫ ʆʪʞʝ 

ʚʠʨʽʰʫʻʪʴʩʷ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ, 

ʦʙʣʘʜʥʘʥʥ̫ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ ʚ ʦʙʣʘʩʪʽ ʩʝʥʩʦʨʠʢʠ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ̒  ʧʦʙʫʜʦʚʘ ʢʦʥʮʝʧʮʽʾ ʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ, ʬʦʪʦʥʥʠʭ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʾʭʥ̔ ʭ ʪʝʦʨʝʪʠʯʥʠʭ 

ʟʘʩʘʜ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʢʣʘʜʥʠʭ ʘʩʧʝʢʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʠʨʽʰʝʥʥʽ 

ʘʢʪʫʘʣʴʥʠʭ ʟʘʜʘʯ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 
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- ʧʨʦʚʝʩʪʠ ʩʠʩʪʝʤʘʪʠʟʘʮʽʶ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʾʭʥʴʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʫ ʬʦʨʤʘʪʽ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʢʣʶʯʘʣʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ, ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ, 

ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʽʟʽʚ ʪʘ ʥʘʜʰʚʠʜʢʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ; 

- ʨʦʟʛʣʷʥʫʪʠ ʚʧʣʠʚ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʦʙʢʠ ʩʫʯʘʩʥʠʭ 

ʘʥʘʣʽʪʠʯʥʠʭ ʧʨʠʣʘʜʽʚ, ʟʦʢʨʝʤʘ, ʩʝʥʩʦʨʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʫ ʨʽʜʢʠʭ ʧʨʦʙ;  

- ʨʦʟʨʦʙʠʪʠ ʢʦʥʮʝʧʮʽʶ ʩʪʚʦʨʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʠʭ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ, ʧʦʻʜʥʘʥʠʭ ʟ ʝʬʝʢʪʠʚʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ; 

- ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʪʘ ʧʨʦʚʝʩʪʠ ʢʦʤʧôʁ ʪʝʨʥʽ ʨʦʟʨʘʭʫʥʢʠ ʬʦʨʤʫʚʘʥʥʷ 

ʩʝʥʩʦʨʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʙʘʟʽ ʝʣʝʢʪʨʦʜʽʚ ʟ ʬʫʥʢʽʦʥʘʣʽʟʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ; 

- ʨʦʟʨʦʙʠʪʠ ʢʦʥʮʝʧʮʽʶ ʧʦʙʫʜʦʚʠ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʫ, ʷʢ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʦʩʥʦʚʠ ʥʘʥʦʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ, ʟʦʢʨʝʤʘ ʥʘʜʰʚʠʜʢʦʾ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨ̔ʾ; 

- ʧʨʦʚʝʩʪʠ ʩʠʥʪʝʟ ʩʭʝʤʦʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚ̔ ʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʦʾ 

ʢʦʥʮʝʧʮʽʾ ʧʦʙʫʜʦʚʠ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʫ, ʱʦ ʚʢʣʶʯʘʻ ʪʝʦʨʝʪʠʯʥʽ, 

ʰʣ̫ʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʫ ʉɸʇʈ çMultisim 12.0è ʚʽʜ Texas Instrument, Co. ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʜ̔ʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʨʦʙʣʝʥʦʛʦ ʥʘʜʰʚʠʜʢʦʛʦ 

ʧʦʪʝʥʮʽʦʩʪʘʪʫ. 

- ʜʦʩʣʽʜʠʪʠ ʧʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʫ 

ʚ ʤʝʪʦʜʘʭ ʥʘʥʦʝʣʝʢʪʨʦʭʽʤʽʾ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʧʦʻʜʥʘʥʥʷ ʚ ʘʥʘʣʽʪʠʯʥʫ 

ʩʠʩʪʝʤʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫ̒ ʬʦʪʦʥʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʟʦʢʨʝʤʘ ʤʝʪʦʜ 

ʝʣʝʢʪʨʦʛʝʥʝʨʦʚʘʥʦʾ ʭʝʤʣ̔ʶʤʽʥʝʩʮʝʥʮʽʾ; 

- ʨʦʟʛʣʷʥʫʪʠ ʘʩʧʝʢʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʝʥʩʦʨʽʚ ʦʧʪʠʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʦʩʦʙʣʠʚʦ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʚʠʱʝ ʝʣʝʢʪʨʦʛʝʥʝʨʦʚʘʥʦʾ ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʮ̔ ʾ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʟʘʜʘʯ ʩʪʘʣʦ ʦʪʨʠʤʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ ʧʦʙʫʜʦʚʠ ʥʘʜhʚʠʜʢʦʛʦ ʧʦʪʝʥʮ̔ʦʩʪʘʪʫ 

ʜʣ̫ ʨʝʘʣʽʟʘʮʽʾ ʚʠʩʦʢʦh ʚʠʜʢʩ̔ʥʠʭ ʤʝʪʦʜʽʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦ ʾ ʘʥʘʣʽʟʫ ʟ 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʢʨʦ-, ʫʣʴʪʨʘʤʽʢʨʦ- ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʜ̔ ʚ, ʷʢ ʩʝʥʩʦʨʽʚ, ʷʢʘ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʚʥʫʪʨʠʢʘʩʢʘʜʥʠʭ ʟʚô̫ʟʢʽʚ, ʢʦʤʧʝʥʩʘʮʽ ʾ ʦʤʽʯʥʦʛʦ 

ʧʘʜʥ̔ʥʷ ʚ ʤʦʜʫʣʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʞʠʤʫ 

ʧʦʚʪʦʨʶʚʘʯʘ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʜʣʷ ʧ̔ʜʩʠʣʶʚʘʯʘ, ʱʦ ʢʝʨʫʻ 

ʧʨʦʪʠʝʣʝʢʪʨʦʜʦʤ ʩʝʥʩʦʨʘ. ɿʘ ʜʣʷ ʮʴʦʛʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʨʠʥʮʠʧ̔ ʚ 

ʧʦʪʝʥʮʽʦʩʪʘʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ (ʩʝʥʩʦʨʘ) ʪʘ ʤʦʞʣʠʚʠʭ ʩʧʦʩʦʙʽʚ 

ʧʦʙʫʜʦʚʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʥʘ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʘʭ. ɺʠʧʨʘʮʶʚʘʥʽ ʥʦʚʽ 

ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʫ ʜʦʟʚʦʣʠʣʠ ʨʝʘʣʽʟʫʚʘʪʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʢʦʥʮʝʧʮʽʶ ʫ ʚʠʛʣʷʜʽ ʚʽʜʧʦʚʽʜʥʦʾ ʩʭʝʤʦʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʥʘ 

ʙʘʟʽ 7 ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚ 

ʧʨʠʢʣʘʜʥʦʤʫ ʉɸʇʈ Multisim 12.0 ʧʽʜʪʚʝʨʜʠʣʦ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ 

ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ.  

ʆʪʨʠʤʘʚ ʧʦʜʘʣɹ ʠhʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʥʘʜʰʚʠʜʢʦʾ ʚʦʣɹʪʘʤʧʝʨʦʤʝʪʨ̔ʾ, ʱʦ 

ʚʢʣʶʯʘʻ ʜʦʩʣʽʜʞʝʥʥ̫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʜʽʚ ʜʣʷ 

ʝʣʝʢʪʨʦʭ̔ʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘʚʝʜʝʥʦ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ ʦʜʥʦʝʣʝʢʪʨʦʥʦʾ 

ʧʘʨʠ ʽʦʥʽʚ Fe(CN)6
3-/4-, ʱʦ ʦʪʨʠʤʘʥʽ ʜʣʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʦʮʽʥʢʠ ʨʦʙʦʪʠ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘʭ ʚ ʨʝʞʠʤʽ ʰʚʠʜʢʦʾ 

ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷʨʠʟʘʮʽʾ. ʆʢʨʽʤ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ 

ʦʪʨʠʤʘʪʠ ʚʽʜʛʫʢ ʫ ʚʠʛʣʷʜʽ ʝʤʽʩʽʾ ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʮʽʾ ʟ 

ʫʣʴʪʨʘʤʽʢʨʦʝʣʢʪʨʦʜʽʚ, ʪʝʭʥʦʣʦʛʽʶ ʢ̫ʠʭ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʚ ʨʦʙʦʪʽ. ʆʮʽʥʝʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣ ʁ ʧʝʨʝʙʽʛʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʥʘ 

ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʽ ʯʝʨʝʟ ʨʝʻʩʪʨʘʮʽʶ ʝʤʽʩʽʾ ʬʦʪʦʥʽʚ ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʤ 

ʧʦʤʥʦʞʫʚʘʯʝʤ ʚ ʨʝʞʠʤʽ ʣʽʯʙʠ ʬʦʪʦʥʽʚ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʨʦʟʚʠʪʢʫ ʢʥ̔ʝʪʠʢʠ 

ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʾ ʝʤʽʩʽʾ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʟʙʫʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʩʝʥʩʦʨʫ, ʱʦ ʤʽʩʪʠʪʴ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜ. 

ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʮʝʧʮ̔ ʷ ʧʦʙʫʜʦʚʠ ʩʝʥʩʦʨʥʦ ʾ ʩʠʩʪʝʤʘ ʟʘ 

ʧʨʠʥʮʠʧʦʤ «ʪʝʩʪ ʥʘ ʤʽʩʮ̔», ʦɦ ʚʢʣʶʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʢʪʠʚʘʪʦʨʘ ʘʥʘʣʽʪʠʯʥʦʾ ʭʝʤ̔ ʣʤʁ̔ ʥʝʩʮʝʥʪʥʦʾ ʨʝʘʢʮʽʾ. 

ʈʦʟʧʦʚʩʶʜʞʝʥʥʷ ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʦʙʫʤʦʚʣʝʥʦʛʦ ʡʦʛʦ ʚʠʩʦʢʠʤʠ 

ʘʥʘʣʽʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘʢʠʤʠ ʷʢ, ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪ,ɹ ʥʠʟʴʢʘ ʤʝʞʘ 
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ʚʠʟʥʘʯʝʥʥ,̫ ʪʦʤʫ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʘʥʘʣʽʪʠʯʥʠʤ ʤʝʪʦʜʦʤ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʙʽʣʴʰʦʩʪʽ ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʨʝʘʢʮʽʡ ʥʝʦʙʭʽʜʥʘ ʥʘʷʚʥʽʩʪʴ 

ʨʝʯʦʚʠʥʠ-ʦʢʠʩʥʠʢʘ. ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʥʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʠʩʪʨʽʡ, ʦɦ 

ʬʦʨʤʫʻ ʘʢʪʠʚʥʽ ʬʦʨʤʠ ʢʠʩʥʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʟʨʘʟʢʫ ʟʘ ʨʘʭʫʥʦʢ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʧʣʠʚʫ, ʱʦ ʟʜʽʡʩʥʶʻ 

ʥʘʥʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧô̒ ʟʦʘʢʪʠʚʘʪʦʨ. ʁʦʛʦ ʤʘʣʽ ʛʘʙʘʨʠʪʠ, ʥʝʚʝʣʠʢʝ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʥʘ ʡʦʛʦ 

ʦʩʥʦʚʽ ʤʽʥʽʘʪʶʨʥʠʭ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ. ɼʦʩʣʽʜʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʨʝʻʩʪʨʘʮʽʾ 

ʦʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʾ ʨʝʘʢʮʽʾ ʷʢ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʛʦ ʧʦʤʥʦʞʫʚʘʯʘ, ʪʘʢ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʨʠ ʤʦʙʽʣʴʥʦʛʦ 

ʪʝʣʝʬʦʥʘ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʦʮʽʥʢʫ ʢʦʞʥʦʛʦ ʟ ʤʝʪʦʜʽʚ, ʪʘ ʥʘʜʘʪʠ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʩʪʦʩʦʚʥʦ ʨʝʘʣʽʟʘʮʽʾ ʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʮʽʻʶ ʪʝʭʥʦʣʦʛʽʻʶ.   

ʆʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʥʘʙʫʚ ʤʝʪʦʜ ʭʝʤ̔ʣʶʤʽʥʝʩʮʝʥʮʽʾ, ʱʦ 

ʚʢʣʶʯʘʻ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʡ̔ ʘʥʘʣʽʟʫ ʥʘ ʙʘʟʽ ʮʴʦʛʦ ʷʚʠʱʘ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʟʥʘʯʫʱʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʽʜʢʠʭ ʧʨʦʙ, ʪʘʢʠʭ ʷʢ 

ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ, ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ, ʛʝʤʽʥ, ʪʝʨʦʟʽʥʘʟʘ. ʆʜʥʠʤ ʽʟ 

ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʧʦʢʣʘʜʝʥʠʭ ʚ ʦʩʥʦʚʫ ʨʦʙʦʪʫ 

ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ, ʻ ʧʦʰʫʢ ʥʦʚʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʢʦʤʧʦʟʠʮʽʡ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʨʦʟʰʠʨʠʪʠ ʧʝʨʝʣʽʢ ʨʝʯʦʚʠʥ, ʱʦ ʤʦʞʫʪʴ ʚʠʟʥʘʯʘʪʠʩʷ ʪʘ/ʘʙʦ ʧʦʢʨʘʱʠʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʫ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʨʝʯʦʚʠʥ ʜʣʷ ʢ̫ʠʭ ʚʞʝ ʽʩʥʫʶʪʴ 

ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ. ʊʦʤʫ ʧʦʰʫʢ ʥʦʚʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʻ ʚʘʞʣʠʚʦʶ 

ʩʢʣʘʜʦʚʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ. ʊʘʢ ʚ ʨʦʙʦʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʾ ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʾ ʢʦʤʧʦʟʠʮʽʾ 

ʣʶʤʽʥʦʣ-ʬʣʫʦʨʝʩʢʘʤʽʥ-ʧʽʨʦʣʽʜʠʥʦʧʝʥʪʽʦʬʝʥʦʥ. ɿʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪ̔ ʤʦʞʣʠʚʠʭ ʨʝʘʛʝʥʪʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʨʦʟʰʠʨʶʻʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʯʥʘ ʙʘʟʘ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ. 

ʂʨʽʤ ʮʴʦʛʦ, ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʾ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ 

ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʚ ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʠʭ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ. ɺ ʨʦʙʦʪʽ 

ʜʦʩʣʽʜʞʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʪʘ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʚ ʘʥʘʣʽʟʽ ʨʽʜʢʠʭ 

ʧʨʦʙ.  
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ʊʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʤʘʟʦʧʦʜʽʙʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ ʣʝʛʦʚʘʥʦ ʘʟʦʪʦʤ, 

ʜʦʟʚʦʣ̫ʻ ʦʪʨʠʤʘʪʠ ʧʝʨʝʚʘʛʠ ʥʘʜ ʪʨʘʜʠʮʡ̔ʥʠʤʠ ʝʣʝʢʪʨʦʜʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʜʽʘʧʘʟʦʥ ʧʦʪʝʥʮʽʘʣʽʚ ʧʦʣʷʨʠʟʘʮʽʾ ʩʝʥʩʦʨʘ, ʧʽʜʚʠʱʠʪʠ 

ʚʜ̔ʛʫʢ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ, ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʚʠʩʦʢʝ ʩʧʽʚʚ̔ ʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ/ʰʫʤ. ʊʘʢʦʞ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ 

ʭʽʤʽʯʥʦʛʦ ʟʚô̫ ʟʫʚʘʥʥʷ ʯʝʨʝʟ ʤʦʣʝʢʫʣʫ ʧʦʩʝʨʝʜʥʠʢ, ʱʦ ʨʦʟʨʦʙʣʝʥʦ ʚ ʮʽʡ ʨʦʙʦʪʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ ʝʣʝʢʪʨʦʜ, ʷʢʦʤʫ 

ʧʨʠʪʘʤʘʥʥʽ ʧʝʚʥʽ ʢʘʪʘʣʽʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʥʠʟʠʚʰʠ ʧʦʪʝʥʮʽʘʣ ʧʽʢʽʚ 

ʦʢʠʩʣʝʥʥʷ ʜʣʷ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʚ ʤʦʜʝʣʴʥʽʡ ʩʫʤʽʰʽ, ʱʦ ʚ̔ ʜʧʦʚʽʜʥʦ 

ʧʦʣʝʛʰʫ ̒ʧʨʦʮʝʩ ʚʠʟʥʘʯʝʥʥʷ ʨʝʯʦʚʠʥʠ ʪʘ ʥʘʜʘʻ ʟʤʦʛʠ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʟʘ 

ʤʝʥʰʠʭ ʧʦʪʝʥʮʽʘʣʦʚ, ʚʠʢʣʶʯʘʁ ʯʠ ʟ ʘʥʘʣʽʟʫ ʨʝʯʦʚʠʥʠ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰ 

ʚʠʩʦʢʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʦʢʠʩʣʝʥʥʷ ʥʽʞ ʮʽʣʴʦʚʠʡ ʘʥʘʣʽʪ. 

ɯʥʰʠʡ ʤʝʪʦʜ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʜʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʚ 

ʨʦʙʦʪʽ, ʪʘ ʷʢʠʡ ʧʨʦʷʚʠʚ ʩʚʽʡ ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʨʦʟʚʠʪʢʫ 

ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʠʭ 

ʰʘʨʽʚ ʟʘ ʤʝʪʦʜʦʤ ʃʘʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ. ʊʘʢ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʥʘʨʥʠʭ ʩʠʩʪʝʤ 

ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ - ʚʽʜʦʤʠʭ ʝʣʝʢʪʨʦʭʤʽʣʶʤʽʥʦʬʦʨʽʚ, ʪʘ ʨʝʯʦʚʠʥ, ʱʦ ʤʦʞʫʪʴ 

ʫʪʚʦʨʶʚʘʪʠ ʚʠʩʦʢʦʚʧʦʨʷʜʢʦʚʘʥʽ ʧʣʽʚʢʠ ʟʘ ʤʝʪʦʜʦʤ ʃʘʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ, 

ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ ʫʥʽʢʘʣʴʥʫ ʪʝʭʥʦʣʦʛʽʶ ʷʢʘ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʦʥʝʨʦʟʯʠʥʠʭ ʨʝʘʛʝʥʪʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʚ ʚʦʜʥʠʭ 

ʟʨʘʟʢʘʭ. ʇʨʦʚʝʜʝʥʥʷ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ 

ʜʦʟʚʦʣʠʣʦ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʨʝʘʛʝʥʪʫ, ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩʠ ʝʣʝʢʪʨʦʣʽʟʫ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʤʘʁ ʪʴ ʤʽʩʮʝ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʢɹʦʩʪʽ ʜʦ 

ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ, ʪʦʤʫ ʬʽʢʩʘʮʽʷ ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʦʬʦʨʘ ʚ ʤʘʪʨʠʮʽ ʥʘ 

ʧʦʚʝʨʭʥʽ ʜʦʟʚʦʣʷʻ ʤʘʣʦʶ ʢʽʣʴʢʽʩʪʶ ʨʝʯʦʚʠʥʠ ʦʨʛʘʥʽʟʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʣʷ ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʚ ʪʦʤʫ ʤʽʩʮʽ ʜʝ ʚʽʥ 

ʧʝʨʝʙʽʛʘ,̒ ʪʘ ʥʝ ʨʦʟʯʠʥʷʪʠ ʡʦʛʦ ʫ ʚʩʴʦʤʫ ʦʙô̒ ʤʽ ʟʨʘʟʢʘ. ɺ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʮʽʻʾ 

ʪʝʭʥʦʣʦʛʽʾ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʩʝʥʩʦʨʥʦʛʦ ʰʘʨʫ, 

ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʽʜʛʫʢʫ ʩʝʥʩʦʨʘ ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ 
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ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘʢʠʭ ʷʢ ʢʽʣʴʢʩ̔ʪɹ ʰʘʨʽʚ, ʢʦʥʮʝʥʪʨʘʮʽ ̫ʣʶʤʽʥʦʬʦʨʫ ʚ 

ʧʣʽʚʮʽ.  

ʆʪʨʠʤʘʚ ʧʦʜʘʣʴhʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʝʣʝʢʪʨʦʛʝʥʝʨʦʚʘʥʦʾ 

ʭʝʤʽʣʶʤ̔ ʥʝʩʮʝʥʮʽʾ, ʱʦ ʚʢʣʶʯʘʻ ʨʦʟʨʦʙʢʫ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ 

ʚʟʘʻʤʦʜʽʾ ʩʧʚ̔ʨʝʘʛʝʥʪʫ ʝʪʠʣʬʦʨʤʘʪʫ ʟ ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʦʬʦʨʦʤ ï ʭʝʣʘʪʥʠʤ 

ʢʦʤʧʣʝʢʩʦʤ ʨʫʪʝʥʽʶ, ʱʦ ʦʧʠʩʫ ̒ʤʝʭʘʥ̔ʟʤ ʛʝʥʝʨʘʮ̔ʾ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʚ 

ʩʝʥʩʦʨʥ̔ ʡ ɽʍʃ ʩʠʩʪʝʤʽ. ɿʘʣʫʯʠʚʰʠ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʨʝʘʣʽʟʦʚʘʥ ʤʝʪʦʜ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʦʛʦ ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʱʦ ʜʦʟʚʦʣʠʚ ʚʠʷʚʠʪʠ ʝʤʽʪʝʨ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ. ʇʦʻʜʥʫʶʯʠ ʟ 

ʜʘʥʠʤʠ ʢʽʥʝʪʠʢʠ ʨʝʘʢʮʽʾ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʦʬʦʨʘ ʟ ʩʧʽʚʨʝʘʛʝʥʪʦʤ ï 

ʝʪʠʣʬʦʨʤʘʪʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʘ ʤʦʜʝʣʴ ʧʨʦʭʦʜʞʝʥʥʷ 

ʘʥʘʣʽʪʠʯʥʦʾ ʨʝʘʢʮʽʾ, ʱʦ ʦʧʠʩʫʻ ʬʦʨʤʫʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʈʦʟʨʦʙʣʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣɹ ʥʘ ʩʝʥʩʦʨʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥ ̫

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʪʘ ʝʣʝʢʪʨʦʭʝʤʽʣʁ ʤʽʥʝʩʮʝʥʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ 

ʚʠʩʦʢʦ ʚhʠʜʢʽʩʥʠʭ ʨʝʞʠʤʘʭ ʧʦʣʷʨʠʟʘʮʽʾ, ʦɦ ʘʧʨʦʙʦʚʘʥʘ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 

ʅɼʈ. ʇʦʻʜʥʘʥʥʷ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʟ ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʥʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ ʟ ʦʙʣʘʜʥʘʥʥʷʤ ʨʝʻʩʪʨʘʮʽʾ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ ʥʘ ʙʘʟʽ 

ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʛʦ ʧʦʤʥʦʞʫʘʚʯʘ, ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʚʠʩʦʢʦʶ ʯʘʩʦʚʦʶ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ. ɺʨʘʭʦʚʫʶʯʠ ʬʘʢʪ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ ʚ ʷʢʦʩʪʽ ʨʦʙʦʯʠʭ ʝʣʝʢʪʨʦʜʽʚ, ʜʦʩʷʛʘʻʪʴʩʷ ʦʜʥʦʯʘʩʥʝ 

ʧʨʦʩʪʦʨʦʚʝ ʦʙʤʝʞʝʥʥʷ ʦʙôʻʤʫ ʟʨʘʟʢʘ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ. ɸ ʦʩʢʽʣʴʢʠ ʟʘ 

ʨʘʭʫʥʦʢ ʰʚʠʜʢʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʝʥʩʦʨʘ ʚʜʘʻʪʴʩʷ ʜʦʩʷʛʪʠ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʯʠʥʫ, ʱʦ ʟʘʣʫʯʝʥʦ ʜʦ ʝʣʝʢʪʨʦʣʽʟʫ, ʮʝ ʻ ʜʦʜʘʪʢʦʚʠʤ ʬʘʢʪʦʨʦʤ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʦʙʤʝʞʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʨʝʘʣʽʟʫʻʪʴʩʷ ʘʥʘʣʽʟ ʟ ʚʠʩʦʢʠʤʠ 

ʧʨʦʩʪʦʨʦʚʦʶ ʪʘ ʯʘʩʦʚʦʶ ʨʦʟʜʽʣʴʥʠʤʠ ʟʜʘʪʥʦʩʪʷʤʠ. 

ʈʦʟʨʦʙʣʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥ ̔ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʟʘʜʘʯʽ ʩʪʚʦʨʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʢʣʘʜʥʠʭ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʥʦʬʦʪʦʥʥʽ ʪʘ 

ʥʦʥʦʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʟʥʘʯʝʥʥʷ ʨʝʯʦʚʠʥ ʚ ʨʽʜʢʠʭ ʧʨʦʙʘʭ. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʚʠʚʘʶʪʴ ʪʝʦʨʝʪʠʯʥʽ, ʤʦʜʝʣʴʥʽ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʽ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥ ɹʥʘʚʢʦʣʠʥhʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ. ɺʦʥʠ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʟʨʘʟʢʽʚ ʧʨʠʣʘʜʽʚ ʪʘ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ, ʧʨʦʧʦʥʫʶʯʠ ʥʦʚ̔ ʧʽʜʭʦʜʠ, 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʚ ʩʪʚʦʨʝʥʥʽ ʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ, ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʽʩʥʫʶʯʦʾ ʪʝʭʥʽʢʠ. ʇʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ ʚ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʙʣʘʩʪʷʭ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʜʝ ʻ ʧʦʪʨʝʙʘ ʘʥʘʣʽʟʫ ʩʢʣʘʜʫ 

ʨʽʜʢʠʭ ʟʨʘʟʢʽʚ, ʘ ʩʘʤʝ ʙʽʦʣʦʛʽʷ, ʤʝʜʠʮʠʥʘ, ʝʢʦʣʦʛʽʷ, ʬʘʨʤʘʮʝʚʪʠʢʘ, 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʢʦʥʪʨʦʣʴ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪ̔. 

 

ʂʣʁ ʯʦʚʽ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʽʷ, ʩʝʥʩʦʨʥʘ ʩʠʩʪʝʤʘ, ʙ̔ ʦʬʦʪʦʥʽʢʘ, 

ʥʘʥʦʝʣʝʢʪʨʦʭʽʤ̔ ʷ, ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʮʽʷ, ʥʘʜʰʚʠʜʢʠʡ ʧʦʪʝʥʮʽʦʩʪʘʪ, ʤʦʜʠʬʽʢʘʮʽʷ, 

ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʷ, ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘʥʘʣʽʟ ʨʝʯʦʚʠʥ.  
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D.V. Snizhko. The concept of construction of sensor systems using 

nanophotonic and nanoelectrochemical technologies. ï Qualifying scientific work 

on the rights of the manuscript.  

The dissertation for competition for the doctor of technical sciences degree on 

specialty 05.27.06 - technology, the equipment and manufacture of electronic 

technics - the Kharkiv National University of Radio Electronics, Kharkiv, 2021. 

 

Various sensory systems are an important element in the study of the universe. 

One of the important places is occupied by sensory systems of chemical analysis, 

which are aimed at studying the component composition of liquid samples. The 

expansion of the list of substances known to science raises the question of creating 

appropriate methods for their determination and monitoring. Methods of 

electrochemical and optical analysis have proven to be the most common analytical 

methods. 

The dissertation contains the results of theoretical and experimental researches 

directed on the development of the concept of technological bases of the use of 

nanophotonic and nanoelectrochemical technologies for the creation of sensory 

systems. Their application allows to improve the analytical characteristics of the 

systems, to expand the functionality, which includes increasing the range of objects, 

substances that can be studied. Thus, the issue of development, improvement and 

development of technologies, equipment for the production of electronic equipment 

in the field of sensors is solved. 

The work aims to build the concept of a sensor system using nanotechnology, 

photonic and electrochemical technologies, their theoretical foundations, taking into 

account the applied aspects of use in solving current problems. 

To achieve this goal, the following tasks are solved: 

- to systematize promising analytical methods for their implementation in the 

format of sensor systems, which included substantiation of the prospects of methods 

of electrochemical, chemiluminescent, electrogenerated chemiluminescent analyses,  
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and ultrafast voltammetry; 

- to consider the influence of nanotechnology on the features of the 

development of modern analytical instruments, in particular, sensors for studying 

the composition of liquid samples; 

- to develop the concept of creating an analytical system using appropriate 

nanotechnologies, combined with effective analytical methods; 

- to develop a model and perform computer calculations of the formation of 

sensory structures based on electrodes with a functionalized surface; 

- to develop the concept of construction of ultrafast potentiostat as an 

instrumental basis of nanoelectrochemical methods for ultrafast voltammetry; 

- to synthesize the circuit implementation in accordance with the developed 

concept of construction of ultra-fast potentiostat, which includes theoretical, by 

modelling the functional behaviour of the proposed circuit implementation in CAD 

"Multisim 12.0" from Texas Instrument, Co. and experimental studies of the 

characteristics of the developed ultrafast potentiostat. 

- to investigate the practical aspects of the use of ultrafast potentiostat in the 

methods of nanoelectrochemistry and the possibility of its combination in an 

analytical system using photonic technologies, in particular, the method of 

electrogenerated chemiluminescence; 

- to consider aspects of the use of various optical radiation sensors for the 

construction of analytical systems, especially those that use the phenomenon of 

electrogenerated chemiluminescence. 

The result of solving these problems was to obtain the following results. 

For the first time the concept of construction of ultrafast potentiostat for the 

realization of high-speed methods of electrochemical analysis using micro-, 

ultramicro- and nanoelectrodes as sensors based on the principles of intra-cascade 

connections, ohmic drop compensation for the amplifier controlling the counter 

electrode of the sensor. For this purpose, the analysis of principles of potentiostating 

of an electrochemical cell (sensor) and possible ways of construction of the 

potentiostat on operational amplifiers is carried out. The developed new principles 
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of construction of the superfast potentiostat allowed to realize the offered concept in 

the form of the corresponding circuit-technical realization based on 7 operational 

amplifiers. The study of functional compliance in the applied CAD Multisim 12.0 

confirmed the possibility of implementing ultra-fast potentiostat according to the 

proposed principles. 

The method of ultrafast voltammetry, which includes the study of the use of 

microelectrodes and nanoelectrodes for electrochemical studies, was further 

developed. Voltammograms of a single-electron pair of Fe(CN)6
3-/4- ions obtained 

for the functional evaluation of the potentiostat operation in studies on 

microelectrodes in the mode of rapid scanning of the polarization potential are 

presented. Also, the possibility of obtaining a response in the form of 

electrochemiluminescence emission from ultramicroelectrodes, the technology of 

which was developed in this work, was investigated. The possibility of controlling 

the course of the electrochemical reaction at the ultramicroelectrode through the 

registration of photon emission by a photoelectron multiplier in the photon counting 

mode is evaluated. Data on the development of electrochemiluminescent emission 

kinetics under different excitation conditions of an electrochemiluminescent sensor 

containing an ultramicroelectrode are obtained. 

For the first time, the concept of building a sensory system on the principle of 

"field test", which includes the use of a nanotechnological piezoelectric activator of 

the analytical chemiluminescent reaction. The spread of chemiluminescent analysis 

due to its high analytical characteristics such as high sensitivity, low limit of 

determination, therefore, is a promising analytical method. Most chemiluminescent 

reactions require an oxidant. The paper proposes a nanotechnological device that 

forms reactive oxygen species for chemiluminescent analysis directly in the sample 

due to the ultrasonic effect of the nanotechnological piezoelectric actuator. Its small 

size, low power consumption and high efficiency allow you to create miniature 

sensor systems based on it. Possibilities of registration of an otic signal of a 

chemiluminescent reaction both utilizing a photoelectronic multiplier and utilizing a 

camera of a mobile phone are investigated. This allowed us to evaluate each of the 
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methods, and provide recommendations for the implementation of a sensor system 

for this technology. 

Further developed the method of chemiluminescence, which includes the 

development of new technologies of analysis based on this phenomenon to 

determine the biologically significant components of liquid samples, such as 

ascorbic acid, superoxide dismutase, hemin, tyrosinase. One of the directions of 

development of analytical methods, which are the basis of the work of sensor 

systems, is the search for new analytical compositions. This allows expanding the 

list of substances that can be determined and/or to improve the characteristics of the 

method for the determination of substances for which methods of determination 

already exist. Therefore, the search for new analytical compositions is an important 

component of the technological development of sensor systems. Thus, the use of a 

new chemiluminescent composition luminol-fluorescamine-pyrrolidinopentio- 

phenone is proposed in the work. Due to the increase in the number of possible 

reagents for analysis, the technological base of sensor systems is expanding. 

Besides, the development of instrumentation technology is an important 

element in the development of effective sensor systems. The use of 

nanotechnologies and nanomaterials in the analysis of liquid samples is investigated 

in the work. 

Thus, the use of diamond-like coatings doped with nitrogen allows obtaining 

advantages over traditional electrode materials, which allows to expand the range of 

polarization potentials of the sensor, increase the response of the analytical signal, 

provide a higher signal-to-noise ratio. The possibility of using functionalized 

electrodes with carbon nanotubes by chemical bonding technology through an 

intermediate molecule, which was developed in this work, is also demonstrated. The 

use of carbon nanotubes has created an electrode that has certain catalytic properties, 

reducing the potential of oxidation peaks for ascorbic acid in the model mixture, 

which simplifies the process of determining the substance and allows analysis at 

lower potentials, excluding from the analysis of substances requiring higher potency, 

than the target analyte. 
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Another method of functionalization of the electrode surface, which was 

studied in the work, and which showed its high potential for the development of 

electrochemiluminescent analysis, the method of formation of monomolecular 

layers by the method of Langmuir-Blodgett. Thus, the study of binary systems of 

organic compounds - known electrochemiluminophores, and substances that can 

form highly ordered films by the Langmuir-Blodgett method, allowed to creation of 

a unique technology that creates conditions for the use of water-insoluble reagents 

for analysis in aqueous samples. Heterogeneous electrochemiluminescent analysis 

reduced reagent costs because the processes of electrolysis and analytical signal 

formation take place close to the electrode surface, so fixation of 

electrochemiluminophore in the matrix on the surface allows a small amount of 

substance to organize the required concentration for electrochemiluminescent 

analysis. do not dissolve it in the entire volume of the sample. In the process of 

developing this technology, the optimal conditions for the formation of the sensor 

layer, obtaining the maximum response of the sensor by optimizing technological 

factors such as the number of layers, the concentration of phosphor in the film were 

investigated. 

The method of electrogenerated chemiluminescence was further developed, 

which includes the development of a physicochemical model of the processes of 

interaction of ethyl formate co-reagent with electrochemiluminophore - ruthenium 

chelate complex, which describes the mechanism of analytical signal generation in 

sensory ECL system. Involving spectroscopic studies of the output signal, the 

method of spectroscopic electrochemiluminescent analysis was implemented, which 

allowed to detection of the analytical signal emitter. Combining with the data of the 

reaction kinetics of the interaction of the electrochemiluminophore with the 

co-reactant - ethyl formate, a physicochemical model of the analytical reaction is 

described, which describes the formation of the analytical signal. 

An experimental sensor system for electrochemical and 

electrochemiluminescent studies in high-speed polarization modes has been 

developed and tested during R&D. The combination of ultra-fast potentiostat with 
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control and measuring equipment with equipment for recording optical radiation 

based on photoelectron multiplier, allowed to create of tools for 

electrochemiluminescent analysis with high temporal resolution. Given the fact that 

ultramicroelectrodes are used as working electrodes, a simultaneous spatial 

limitation of the volume of the sample under study is achieved. And since due to the 

rapid polarization of the electrochemical sensor it is possible to achieve a reduction 

of the solution involved in electrolysis, this is an additional factor of spatial 

limitation. Thus, the analysis with high spatial and temporal resolutions is 

implemented. 

The developed theoretical and experimental models can be used to solve the 

complex problem of creating and studying complex sensor systems using 

nanophotonic and nonoelectrochemical technologies for the determination of 

substances in liquid samples. 

The research results develop theoretical, modelling and experimental methods 

and techniques of environmental research using sensor systems. They are important 

for the creation of new models of devices and systems of electronic technology, 

offering new approaches, recommendations and technologies in the creation of 

measurable systems, and the improvement of existing technology. Practical use of 

the results will increase the characteristics and efficiency of sensor systems in 

various areas of the economy, where there is a need to analyze the composition of 

liquid samples, namely biology, medicine, ecology, pharmaceuticals, technological 

control in the industry. 

 

Key words: technology, sensor system, biophotonics, nanoelectrochemistry, 

chemiluminescence, ultrafast potentiostat, modification, functionalization, software 

and hardware, analysis of substances. 



14 

ʇɽʈɽʃɯʂ ʇʈɸʎʔ ʆʇʋɹʃɯʂʆɺɸʅʀʍ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɰ 

ʉʪʘʪʪʽ ʪʘ ʧʘʪʝʥʪʠ 

1. C. Wang, Y. Chen, D. Snizhko, F. Du, X. Ma, B. Lou, J. Li, and G. Xu, 

«Development of luminol-fluorescamine-ʇʇʌ chemiluminescence system and its 

application to sensitive tyrosinase determination», Talanta, vol. 218, p. 121ï177, 

Oct. 2020. 

2. F. Du, X. Ma, F. Yuan, C. Wang, D. Snizhko, Y. Guan, and G. Xu, 

«Sonochemiluminescence Based on a Small, Cheap, and Low-Power USB 

Mesh-Type Piezoelectric Ultrasonic Transducer», Analytical Chemistry, vol. 92, no. 

7, pp. 4755ï4759, Mar. 2020. 

3. T.H. Fereja, F. Du, C. Wang, D. Snizhko, Y. Guan, and G. Xu, 

«Electrochemiluminescence Imaging Techniques for Analysis and Visualizing», 

Journal of Analysis and Testing, vol. 4, no. 2, pp. 76ï91, Apr. 2020. 

4. ɼ.ɺ. ʉʥʽʞʢʦ, ɸ.ɺ. ʂʫʢʦʙʘ, «ʇʦʪʝʥʮʽʦʩʪʘʪ», ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ, UA 

ˉ120330, 11.11.2019. 

5. T.H. Fereja, S.A. Kitte, W. Gao, F. Yuan, D. Snizhko, L. Qi,  

A. Nsabimana, Z. Liu, and G. Xu, «Artesunate-luminol chemiluminescence system 

for the detection of hemin», Talanta, vol. 204, pp. 379ï385, Nov. 2019. 

6. D. Snizhko, A. Kukoba, «Ultrafast Potentiostat as Compromise between 

Current Sensitivity vs. Response Time», PrzeglŃd Elektrotechniczny, vol. 1, no. 8,  

pp. 104ï109, Aug. 2019. 

7. ɻ.ɹ. ʍʘʣʝʜ, ɸ.ɺ. ʂʫʢʦʙʘ, ʆ.ʄ. ɹʽʣʘh, ʖ.ʊ. ɾʦʣʫʜʦʚ, ɼ.ɺ. ʉʥʽʞʢʦ,  

ʂ.ʄ. ʄʫʟʠʢʘ, «ɽʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʪʚʝʨʜʦʬʘʟʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʩʣʽʜʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʦʣʽʮʠʢʣʽʯʥʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ»,  

ʈʘʜʠʦʪʝʭʥʠʢʘ: ɺʩʝʫʢʨ. ʤʝʞʚʝʜ. ʥʘʫʯʥ.-ʪʝʭʥ. ʩʙ., ʚʳʧ. 192. cc. 106ï112, 2018. 

8. ɼ.ɺ. ʉʥʽʞʢʦ, ʄ.ʄ. ʈʦʞʠʮʴʢʠʡ, «ɼʨʘʡʚʝʨ ʢʝʨʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʥ̔ʝʩʮʝʥʪʥʠʤ ʩʝʥʩʦʨʦʤ ʥʘ ʙʘʟʽ ʩʠʩʪʝʤʠ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ 

ʩʠʛʥʘʣʽʚ», ʉʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ɺʠʧ. 3, ʊ. 101. cc. 121ï125, 2012. 

9. T.H. Fereja, S.A. Kitte, D. Snizhko, L. Qi, A. Nsabimana, Z. Liu, and  

G. Xu, «Tris(2,2ǋ-bipyridyl)ruthenium(II) electrochemiluminescent determination 



15 

of ethyl formate», Analytical and Bioanalytical Chemistry, vol. 410, no. 26,  

pp. 6779ï6785, Aug. 2018. 

10. ɼ.ɺ. ʉʥʽʞʢʦ, ʄ.ʄ. ʈʦʞʠʮʴʢʠʡ, ɻ.ʄ. ɹʝʥʜʝʙʝʨʷ, «ʄʽʢʨʦʝʣʝʢʪʨʦʜ ʽ 

ʩʧʦʩʽʙ ʡʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ» ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ, UA ˉ104519, 10.02.2014. 

11. ɼ.ɺ. ʉʥʽʞʢʦ, «ʋʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜ ʽ ʩʧʦʩʽʙ ʡʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥ»̫,  

ʇʘʪʝʥʪ ʋʢʨʘʾ ʥʠ, UA ˉ117304, 10.07.2018. 

12. D. Snizhko, G. Bani-Khaled, K. Muzyka et al. «Apparatus óSparkô for 

luminescent and electrochemiluminescent measurements», PrzeglŃd 

Elektrotechniczny, vol. 1, no. 6, pp. 40ï44, Jun. 2018. 

13. F. Yuan, L. Qi, T.H. Fereja, D.V. Snizhko, Z. Liu, W. Zhang, and G. Xu, 

«Regenerable bipolar electrochemiluminescence device using glassy carbon bipolar 

electrode, stainless steel driving electrode and cold patch», Electrochimica Acta, vol. 

262, pp. 182ï186, Feb. 2018. 

14. D. Snizhko, O.A. Sushko, E.A. Reshetnyak et al. «Colorimeter based on 

color sensor», PrzeglŃd Elektrotechniczny, vol. 1, no. 5, pp. 98ï103, May 2017. 

15. ɼ.ɺ. ʉʥʽʞʢʦ, ʆ.ɸ. ʉʫʰʢʦ, «ʄʽʢʨʦ- ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʜʠ ʜʣʷ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ», ʉʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ˉ 6, 

T. 143, cc. 156ï160, 2016. 

16. D.V. Snizhko, Y.T. Zholudov, O.M. Bilash, A.V. Kukoba, and  

M.M. Rozhitskii, «Electrochemiluminescence at nitrogen doped diamond-like 

carbon film electrodes», Russian Journal of Electrochemistry, vol. 50, no. 3, pp. 

260ï266, Mar. 2014. 

17. ɽ.ɸ. ʈʝʰʝʪʥʷʢ,ʅ.ɸ. ʅʠʢʠʪʠʥʘ, ɼ.ɺ. ʉʥʝʞʢʦ ʠ ʜʨ., «ʆ ʧʨʠʤʝʥʝʥʠʠ 

ʧʦʨʪʘʪʠʚʥʦʛʦ ʬʦʪʦʤʝʪʨʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʮʚʝʪʘ ʩʦʨʙʝʥʪʦʚ ʚ ʭʠʤʠʯʝʩʢʦʤ 

ʘʥʘʣʠʟʝ», ɺʩ̔ʥʠʢ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ˉ 932. ʍʽʤʽʷ, ɺʠʧ. 

19, ʊ. 42, cc. 208ï215, 2010. 

18. ɽʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ɽʃɸʅ-3d ʜʣʷ ʙʽʦʤʝʜʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ / ɾʦʣʫʜʦʚ ʖ.ʊ., ʉʥʽʞʢʦ ɼ.ɺ., ʂʫʢʦʙʘ ɸ.ɺ. ʪʘ ʽʥ. // ʈʘʜʽʦʪʝʭʥʽʢʘ: 

ɺʩʝ-ʫʢʨ. ʤʽʞʚʽʜ. ʥʘʫʢ.-ʪʝʭʥ. ʟʙ., 2009. ɺʠʧ. 158. ʉ. 180 ï 186. 

19. ɼ.ɺ. ʉʥʝʞʢʦ, «ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘʥʦʬʦʪʦʥʥʳʤ ʩʝʥʩʦʨʥʳʤ  



16 

ʫʩʪʨʦʡʩʪʚʦʤ», ʉʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʥʘʚʽʛʘʮʽʾ ʪʘ ʟʚô̫ʟʢʫ, ɺʠʧ. 3, ˉ11, cc. 151 ï 

155, 2009. 

20. ɸ.ɸ. ʃʫʯʘʥʠʥʦʚ, ɸ.ʆ. ʆʤʘʨʦʚ, ɺ.ɽ. ʉʪʨʝʣʴʥʠʮʢʠʡ, ɼ.ɺ. ʉʥʝʞʢʦ,  

ʅ.ʅ. ʈʦʞʠʮʢʠʡ, «ʕʣʝʢʪʨʦʜʳ ʩ ʘʣʤʘʟʦʧʦʜʦʙʥʳʤ ʧʦʢʨʳʪʠʝʤ ʜʣʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʭʝʤʠʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ», ʌʽʟʠʯʥʘ 

ʽʥʞʝʥʝʨʽʷ ʧʦʚʝʨʭʥʽ, T.7, ˉ1-2, cc. 104 ï 109, 2009. 

21. ɼ.ɺ. ʉʥʽʞʢʦ, «ʈʝʬʣʝʢʪʦʤʝʪʨ ʜʣʷ ʙʽʦʤʝʜʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥ»ɹ,  

ʈʘʜʽʦʪʝʭʥʽʢʘ: ɺʩʝʫʢʨ. ʤʽʞʚʽʜ. ʥʘʫʢ.-ʪʝʭʥ. ʟʙ., ʚʠʧ. 156, cc. 263 ï 267, 2009. 

22. Y. Zholudov, D. Snizhko, A. Kukoba, H. Bilash, and M. Rozhitskii, 

«Aqueous electrochemiluminescence of polycyclic aromatic hydrocarbons 

immobilized into LangmuirïBlodgett film at the electrode», Electrochimica Acta, 

vol. 54, no. 2, pp. 360ï363, Dec. 2008. 

23. ɸ.ʄ. ʉʝʤʝʥʝʡ, ɼ.ɺ. ʉʥʝʞʢʦ, «ɺr ʩʦʢʦʚʦʣʴʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ», ʇʨʠʢʣʘʜʥʘʷ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ, 

ʊ.6, ˉ1, cc.137ï140, 2007. 

ʄʘʪʝʨʽʘʣʠ ʜʦʧʦʚʽʜʝʡ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ, ʩʠʤʧʦʟʽʫʤʘʭ, ʩʝʩʽʷʭ 

24. D. Snizhko, G. Xu «Photon Counting in ECL Instrumentation», in  

The Seventeenth International Symposium on Electroanalytical Chemistry & The 

Third International Meeting on Electrogenerated Chemiluminescence, Changchun, 

China, 2019, pp.228ï229. 

25. D. Snizhko, Y. Zholudov, A. Kukoba, and G. Xu, «LangmuirïBlodgett 

technique versatility for electrode modification and its ECL application», in 20th 

International Symposium on Bioluminescence and Chemiluminescence, Nantes, 

France, 2018, sciencesconf.org:isbc-2018:179114. 

26. N.M. Lysak, D.V. Snizhko, Yu.T. Zholudov, G. Xu, 

«Electrochemiluminescent method of tryptophan detection for assay of biological 

samples», in 5th International Conference Nanobiophysics: Fundamental and 

Applied Aspects, Kharkiv, Ukraine, 2017, p.120. 

27. D. Snizhko, K. Muzyka, and G. Xu, «Trans-impedance Amplifier for ECL 

Analyzer», in 20th International Symposium on Bioluminescence and 



17 

Chemiluminescence, Nantes, France, 2018, sciencesconf.org:isbc-2018:180601. 

28. D. Snizhko, G. Xu, «Electrochemiluminescent Measurements on Wireless 

Chip by CMOS Photocamera», in The Sixteenth International Symposium on 

Electroanalytical Chemistry, Changchun, China. 2017, pp. 94ï96. 

29. D. Snizhko, G.F.H. Bani Khaled, O.M. Bilash, A.V. Kukoba, «Apparatus 

«Spark» for luminescent and electrochemiluminescent measurement», in 6-ʡ 

ʄʝʞʜʫʥʘʨ. ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʡ ʬʦʨʫʤ çʇʨʠʢʣʘʜʥʘʷ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ. 

ʉʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʪʠʪʠʷè, ʂʦʥʬ. çʇʨʦʙʣʝʤʳ ʙʠʦʤʝʜʠʥʞʝʥʝʨʠʠ. 

ʅʘʫʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠè, ʍʘʨʢɹʦʚ, 2017, cc. 167ï169. 

30. D. Snizhko, O. Sushko, G. Xu, «CMOS Photocamera for ECL Detection on 

Wireless Chip», in International Conference on Electrogenerated 

Chemiluminescence, Bordeaux, France, 2016, p. WE.O6. 

31. D. Snizhko, M. Rozhitskii, N. Tsierkezos, U. Ritter, «Ultrafast 

Voltammetry in Electroanalytics» in The Fifteenth International Symposium on 

Electroanalytical Chemistry, Changchun, China, 2015, pp.70ï71. 

32. ɼ.ɺ. ʉʥʽʞʢʦ, «ʃʽʯʠʣʴʥʠʢ ʽʤʧʫʣʩɹʽʚ ʟ USB ʽʥʪʝʨʬʝʡʩʦʤ çPulsarè ʜʣʷ 

ʨʦʙʦʪʠ ʫ ʩʢʣʘʜʽ ʘʥʘʣʽʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ», 

ʥʘ 5-ʦʤ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʤ ʬʦʨʫʤʝ çʇʨʠʢʣʘʜʥʘʷ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ. ʉʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷè. ʉʙ. ʥʘʫʯʥ. ʪʨʫʜʦʚ. 

ʊ 3, ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ, 2014, ʩʩ. 221ï223. 

33. D.V. Snizhko, M.M. Rozhitskii, «Instrumentation for short time resolution 

in ECL measurements», in The first International Meeting on Electrogenerated 

Chemiluminescence, Bertinoro, Italy. 2014, p. 15. 

34. ɼ.ɺ. ʉʥʽʞʢʦ, ʄ.ʄ. ʈʦʞʠʮɹʢʠʡ, «ʅʘʥʦʜʳ ʠʟ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

ʜʣʷ ʥʘʥʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ», ʥʘ VI ʄʝʞʜʫʥʘʨ. ʥʘʫʯʥʘʷ ʢʦʥʬ.  

çʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʘʟʘ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠè, ɸʣʫʰʪʘ, ʋʢʨʘʠʥʘ, 2013, cʩ. 

350ï353. 

35. D.V. Snizhko, U. Ritter, M.M Rozhitskii, «Carbon Nanotubes Material for 

Electrochemical and Electrochemiluminescent Bioanalytics», in 3rd International 

Conference ñNanobiophotonics: Fundamental and Applied Aspectsò, Kharkiv, 



18 

Ukraine, 2013, p. 63. 

36. D.V. Snizhko, Yu.T. Zholudov, «Photonic probing of single-electron acts 

in electrochemical reactions», in 9th ECHEMS Meeting: Electrochemistry in 

ñMolecular surface science and catalysis ò, Lochow, Poland, 2013, p. 40. 

37. ɼ.ɺ. ʉʥʽʞʢʦ, ʄ.ʄ. ʈʦʞʠʮʴʢʠʡ, «ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʣʠʩʣʦʝʚ 

ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʝʮʝʩʩʦʚ ʚ ʵʣʝʢʪʨʦʭʝʤʠʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʩʝʥʩʦʨʘʭ», ʥʘ V ʄʝʞʜʫʥʘʨ. ʥʘʫʯʥʘʷ ʢʦʥʬ. çʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʘʟʘ  

ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠè, ʂʘʮʠʚʝʣʠ, ʋʢʨʘʠʥʘ, 30 ʩʝʥʪʷʙʨʷ-05 ʦʢʪʷʙʨʷ, 2012, ʩc. 

81ï84. 

38. ɼ.ɺ. ʉʥʽʞʢʦ, ɸ.ɺ. ʂʫʢʦʙʘ, ʅ.ʅ. ʈʦʞʠʮʢʠʡ, «ʄʝʪʦʜ ʥʘʜʰʚʠʜʢʦʾ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ ʜʣʷ ʥʘʥʦʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ» ʥʘ ʈʽʯʥʽʡ ʩʝʩʽʾ ʥʘʫʢʦʚʦʾ 

ʨʘʜʠ ʟ ʧʨʦʙʣʝʤʠ çɸʥʘʣʽʪʠʯʥʘ ʭʽʤʽʷè, ɻʫʨʟʫʬ, 2011, ʉ. 56. 

39. D. Snizhko, A. Kukoba, M. Rozhitskii, «Peculiarities of ultra fast 

potentiostates re-alization for nanosecond resolution voltammetry», in The 4th 

Eletrochemistry in Nanoscience meeting ñElecNano4ò-7thECHEMS, Paris, France, 

23-26 May 2011. ï P. 20. 

40. D.V. Snizhko, M.M. Rozhitskii, «Ultra-fast potentiostate for 

nanoelectrochemistry and nanomaterial characterization», in 4th German-Ukrainian 

Symposium ñPhysics and Chemistry of Nanostructures and Nanobiotechnologyò, 

Ilmenau, Germany, 2012, pp. 52ï53. 

41. D.V. Snizhko, M.M. Rozhitskii, «The Electrochemical Instrumentation for 

the Ultra-Fast Voltammetry», in The 63rd Annual Meeting of the International 

Society of Electrochemistry, Prague, Czech Republic, 2012. ï [CD-ROM]. 

42. ɼ.ɺ. ʉʥʽʞʢʦ, ʄ.ʄ. ʈʦʞʠʮʴʢʠʡ, «ʅʘʥʦʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʠʩʪʝʤʠ 9,10-ʜʬ̔ʝʥʽʣʘʥʪʨʘʮʝʥ», ʥʘ ʈʽʯʥʽʡ ʉʝʩʽʾ ʅʘʫʢʦʚʦʾ ʈʘʜʠ ʟ ʧʨʦʙʣʝʤʠ 

"ɸʥʘʣ̔ʪʠʯʥʘ ʭʽʤʽʷ" ʅɸʅ ʋʢʨʘʾʥʠ, ɻʫʨʟʫʬ, ʋʢʨʘʾʥʘ, 2012, ʩ.104. 

43. D.V. Snizhko, M.M. Rozhitskii, «Microelectrodes Characterization by 

Ultra-Fast Voltammetry», in 8th ECHEMS Meeting ñElectrochemistry in 

ñMolecular surface science and catalysisò, Bertinoro, Italy, 2012, p.18. 

44. ɼ.ɺ. ʉʥʽʞʢʦ, ʄ.ʄ. ʈʦʞʠʮʴʢʠʡ, «ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʰʚʠʜʢʦʛʦ 



19 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʚ ʩʫʯʘʩʥʽʡ ʥʘʥʦʘʥʘʣʽʪʠʮʽ» ʥʘ 5-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʌʫʥʢʮʠʦʥʘʣʴʥʘ ̫ ʢʦʤʧʦʥʝʥʪʥʘʷ ʙʘʟʘ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠè, 

ʍʘʨʴʢʦʚ-ʂʘʮʠʚʝʣʠ, ʋʢʨʘʠʥʘ, 2012, ʩʩ. 189ï192. 

45. ɼ.ɺ. ʉʥʽʞʢʦ, ʄ.ʄ. ʈʦʞʠʮʴʢʠʡ, «ʇʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʜʚhʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʙʽʦʤʝʜ-ʽʥʞʝʥʝʨʽʾ», ʥʘ 4-ʦʤ  

ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʤ ʬʦʨʫʤʝ «ʇʨʠʢʣʘʜʥʘʷ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ. 

ʉʦʩʪʦ̫ ʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷè, ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ, ʊ. III, 

ʂʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʙʠʦʤʝʜʠʥʞʝʥʝʨʠʠè, ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ, 

2011, ʩʩ.171ï173. 

46. ɼ.ɺ. ʉʥʽʞʢʦ, ʄ.ʄ. ʈʦʞʠʮʴʢʠʡ, «ɸʩʧʝʢʪʠ ʧʦʙʫʜʦʚʠ ʥʘʜʰʚʠʜʢʦʛʦ  

ʧʦʪʝʥʮʽʦʩʪʘʪʘ», ʥʘ ɯV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʘʟʘ ʥʘʥʦʣɻʝʢʪʨʦʥʠʢʠè. ï ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ, 2011, ʩʩ. 

258ï261. 

47. ɼ.ɺ. ʉʥʝʞʢʦ, ʅ.ʅ. ʈʦʞʠʮʢʠʡ, «ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʢʘʥʠʨʫʶʱʝʡ 

ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʭʝʤʠʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ», ʥʘ IX ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʄʠʥʩʢ, 

ɹʝʣʘʨʫʩʴ, 2010, ʩʩ. 211ï215. 

48. ɼ.ɺ. ʉʥʽʞʢʦ, ʄ.ʄ. ʈʦʞʠʮʴʢʠʡ, «ɼʨʘʡʚʝʨ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʝʥʩʦʨʘ ʥʘ 

ʙʘʟʽ MC ATXM ega-128A1 ʜʣʷ ʘʥʘʣʽʟʫ ʨʽʜʢʠʭ ʩʝʨʝʜʦʚʠʱ», ʥʘ ɯɯI-ʡ 

ʄʝʞʜʫʥʘʨʦʜʥʡ̔ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʌʫʥʢʮʠʦʥʘʣʴʥʘ ʢʦʤʧʦʥʝʥʪʥʘ ʙʘʟʘ 

ʤʽʢʨʦ-, ʦʧʪʦ- ʠ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ», ʂʘʮʠʚʝʣʽ, ʋʢʨʘʾʥʘ 2010, ʩʩ.331ï334. 

49. D. Snizhko, M. Rozhitskii, «Electrochemical Sensors Array Actuator 

Based on XMEGA AVR Microcontroller», ʥʘ 4-ʡ ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʝʥʩʦʨʥʘ ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʤʽʢʨʦʩʠʩʪʝʤʥʽ 

ʪʝʭʥʦʣʦʛʽʾè, ʆʜʝʩʘ, ʋʢʨʘʾʥʘ, 2010, ʩ.77. 

50. O.M. Bilash, D.V. Snizhko, M.M. Rozhitskii, «Biomedical application of 

electro-chemiluminescent nanotechnological sensors» ʥʘ ʈʽʯʥʽʡ ʩʝʩʽʾ ʥʘʫʢʦʚʦʾ 

ʨʘʜʠ ʟ ʧʨʦʙʣʝʤʠ çɸʥʘʣʽʪʠʯʥʘ ʭʽʤʽʷè, ʉʫʜʘʢ, ʋʢʨʘʾʥʘ, 2010, ʩ. 44. 

51. O.M. Bilash, D.V. Snizhko, M.M. Rozhitskii, «Nanodiamond film 



20 

electrodes for water assay electrochemiluminescent sensors», in Luminescence, Vol. 

25., 2010, pp. 203ï204. 

52. ɼ.ɺ. ʉʥʽʞʢʦ, ʄ.ʄ. ʈʦʞʠʮʴʢʠʡ, «ʈʝʬʣʝʢʪʦʤʝʪʨ ʜʣʷ ʘʥʘʣʽʪʠʯʥʠʭ 

ʢʦʣʦʨʠʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ», ʥʘ ʈʽʯʥʽʡ ʩʝʩʽʾ ʥʘʫʢʦʚʦʾ ʨʘʜʠ ʟ ʧʨʦʙʣʝʤʠ  

çɸʥʘʣʽʪʠʯʥʘ ʭʽʤʽʷè, ʅʦʚʠʡ ʉʚʽʪ, ʋʢʨʘʾʥʘ, 2009, ʩ. 69. 

53. ɼ.ɺ. ʉʥʽʞʢʦ, ʄ.ʄ. ʈʦʞʠʮʴʢʠʡ, ɸ.ɯ. ɹʠʭ, «ʅʘʥʦʬʦʪʦʥʥʽ ʩʝʥʩʦʨʠ ʚ  

ʤʝʜʠʮʠʥʽ ʪʘ ʝʢʦʣʦʛʽʾ», ʥʘ ɯɯ-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʕʣʝʢʪʨʦʥʥʘʷ ʢʦʤʧʦʥʝʥʪʥʘʷ ʙʘʟʘ. ʉʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷè, 

ʍʘʨʴʢʦʚ-ʂʘʮʠʚʝʣʠ, ʋʢʨʘʠʥʘ, 2009, ʩʩ. 273ï274. 

54. D. Snizhko, O. Bilash, M. Rozhitskii, «Nanodiamond Thin Film Electrodes 

for Application in Electrochemiluminescent Analysis» in The 3rd Eletrochemistry 

in Nanoscience meeting ñElecNano3ò, Paris, France, 2009, p. 5. 

55. ɼ.ɺ. ʉʥʽʞʢʦ, ʅ.ʅ. ʈʦʞʠʮʢʠʡ, «ɹʠʦʤʝʜʠʮʠʥʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʵʣʝʢʪʨʦʭʝʤʠʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ», ʥʘ 3-ʡ 

ʄʝʞʜʫʥʘʨ. ʈʘʜʠʦɻʣʝʢʪʨʦʥʥʦʤ ʬʦʨʫʤʝ çʇʨʠʢʣʘʜʥʘʷ ʵʣʝʢʪʨʦʥʠʢʘ. ʉʦʩʪʦʷʥʠʝ 

ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷè. ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ, 2008, ʩʩ. 327ï330. 

56. ɼ.ɺ. ʉʥʝʞʢʦ, ʅ.ʅ. ʈʦʞʠʮʢʠʡ, «ɸʣʤʘʟʦʧʦʜʦʙʥʳʝ ʵʣʝʢʪʨʦʜʳ ʜʣʷ 

ʣɻʝʢʪʨʦʭʝ-ʤʠʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʝʥʩʦʨʦʚ» ʥʘ 3-ʽʡ ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʝʥʩʦʨʥʘ ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʤʽʢʨʦʩʠʩʪʝʤʥʽ 

ʪʝʭʥʦʣʦʛʽʾè, ʆʜʝʩʘ, ʋʢʨʘʾʥʘ, 2008, ʩ. 160. 

57. D. Snizhko, A. Kukoba, O. Bilash, «Electrochemistry and Electrogenerated 

Chemiluminescence in Thin Film of Binary System Rubrene/ 

Polymethylmethacrylate», in 3rd ECHEMS Meeting ñElectrochemistry in 

ñNanosystems and Molecules at Workò, Trest, Czech Republic, 2007, P.17. 

58. ɼ.ɺ. ʉʥʝʞʢʦ, ʅ.ʅ. ʈʦʞʠʮʢʠʡ, ɸ.ʀ. ɹʳʭ, «ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʣʘʥ-ʛʤʨʁ-ʙʣʦʜʞʝʪʪʦʚcʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʝʥʩʦʨʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤ »r, ʥʘ ʇʝʨʚʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ  

çʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. ʇʨʦʙʣʝʤʳ ʠ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷè, 

ʍʘʨɹʢʦʚ-ʊʫʘʧʩʝ, ʋʢʨʘʠʥʘ, 2007, ʩʩ. 36ï37. 

59. ɼ.ɺ. ʉʥʽʞʢʦ, ʄ.ʄ. ʈʦʞʠʮʴʢʠʡ, «ʅʦʚʘ ʘʥʘʣʽʪʠʯʥʘ ʩʠʩʪʝʤʘ ʜʣʷ 



21 

ʢʦʥʪʨʦʣʶ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʥʘ ʙʘʟʽ ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʩʝʥʩʦʨʫ ʟ 

ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʰʘʨʽʚ ʭʝʣʘʪʫ ʨʫʪʝʥʽʷ/ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ» ʥʘ 

ʉʝʩʽʾ ʅʘʫʢʦʚʦʾ ʈʘʜʠ ʅɸʅ ʋʢʨʘʾʥʠ ʟ ʧʨʦʙʣʝʤʠ çɸʥʘʣʽʪʠʯʥʘ ʭʽʤʽʷè, ʍʘʨʢʽʚ, 

ʋʢʨʘʾʥʘ, 2007, ʩ. 63. 

 



22 

ɿʄɯʉʊ 

 

ɸʅʆʊɸʎɯʗ 1 

ʇɽʈɽɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ ʊɸ ʉʀʄɺʆʃɯɺ 26 

ɺʉʊʋʇ 29 

1. ʂʆʅʎɽʇʎɯʗ ʇʆɹʋɼʆɺʀ ʊɸ ʊɽʍʅʆʃʆɻɯʗ ɺʀʈʆɹʅʀʎʊɺɸ 

ʅɸɼʐɺʀɼʂʆɻʆ ʇʆʊɽʅʎɯʆʉʊɸʊʋ 43 

1.1 ʇʦʪʝʥʮʽʦʩʪʘʪʫʚʘʥʥʷ ɽʍ ʩʝʥʩʦʨʘ 45 

1.1.1 ʇʦʪʝʥʮʽʦʩʪʘʪ ʪʘ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 46 

1.1.2 ɸʥʘʣʽʟ ʧʨʠʥʮʠʧʽʚ (ʤʝʪʦʜʽʚ) ʧʦʙʫʜʦʚʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ 

ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ 59 

1.1.3 ʆʤʽʯʥʝ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʚ ʨʦʟʯʠʥʽ 73 

1.1.4 ʂʦʤʧʝʥʩʘʮʽʷ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʟ ʾʭ ʽʤʧʫʣʴʩʥʦ-ʙʝʟʧʝʨʝʨʚʥʠʤ 

ʚʠʤʽʨʦʤ 83 

1.1.5 ʂʦʤʧʝʥʩʘʮʽʷ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʟʘ ʨʘʭʫʥʦʢ ʧʦʟʠʪʠʚʥʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ 90 

1.2 ʂʦʥʮʝʧʮʽʷ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ 92 

1.2.1 ɸʥʘʣʽʟ ʨʦʙʽʪ ʽʥʰʠʭ ʘʚʪʦʨʽʚ 93 

1.2.2 ʅʦʚʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ 97 

1.3 ʉʭʝʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ 105 

1.3.1 ʉʭʝʤʘ ʝʣʝʢʪʨʠʯʥʘ-ʧʨʠʥʮʠʧʦʚʘ 105 

1.3.2 ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʩʭʝʤʠ ʚ ʧʘʢʝʪʽ MultiSim 11.0 109 

1.4 ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 113 

2. ʊɽʍʅʆʃʆɻɯʗ ɺʀʈʆɹʅʀʎʊɺɸ ʉɽʅʉʆʈɯɺ ʅɸ ʆʉʅʆɺɯ ʄɯʂʈʆ-, 

ʋʃʔʊʈɸʄɯʂʈʆ- ʊɸ ʅɸʅʆɽʃɽʂʊʈʆɼɯɺ 116 

2.1 ʄʽʢʨʦʝʣʝʢʪʨʦʜʠ ʷʢ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʩʝʥʩʦʨʠ 117 

2.2 ʉʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ 120 

2.3 ʉʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʘ 129 

2.4 ʊʝʩʪʫʚʘʥʥʷ ʟʦʣʦʪʠʭ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ 138 

2.5 ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 140 



23 

3. ʅɸʅʆʊɽʍʅʆʃʆɻɯɰ ɼʃʗ ʉʊɺʆʈɽʅʅʗ ʉɽʅʉʆʈʅʆɻʆ 

ɽʃɽʄɽʅʊɸ 143 

3.1 ʊʝʭʥʦʣʦʛʽʷ ʘʣʤʘʟʦʧʦʜʽʙʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ ʣʝʛʦʚʘʥʦ ʘʟʦʪʦʤ. 143 

3.1.1 ʆʛʣʷʜ ʨʦʙʽʪ ʽʥʰʠʭ ʘʚʪʦʨʽʚ 143 

3.1.2 ʆʧʠʩ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ɸʇʇ 145 

3.1.3 ʅʘʥʦʩʪʨʫʢʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʣʤʘʟʦʧʦʜʽʙʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʠʤ ʤʽʢʨʦʩʢʦʧʦʤ 146 

3.1.4 ɼʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ɸʇʇ 153 

3.1.5 ɽʣʝʢʪʨʦʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ɸʇʇ 154 

3.2 ʊʝʭʥʦʣʦʛʽʷ ʃʘʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʜʝʥʩʦʚʘʥʠʭ 

ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʠʭ ʧʣʽʚʦʢ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ 158 

3.2.1 ʊʝʭʥʦʣʦʛʽʷ ʃɹ-ʧʣʽʚʦʢ ʩʠʩʪʝʤʠ ʇʄʄɸ/ʨʫʙʨʝʥ ʪʘ 

ʉʪʂ/ʨʫʙʨʝʥ 159 

3.2.3 ʊʝʭʥʦʣʦʛʽʷ ʬʦʨʤʫʚʘʥʥʷ ʩʝʥʩʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʙʘʟʽ 

ʃɹ-ʧʣʽʚʦʢ 166 

3.3 ʌʫʥʢʮʽʦʥʘʣʽʟʘʮʽʷ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ ʚʫʛʣʝʮʝʚʠʤʠ 

ʥʘʥʦʪʨʫʙʢʘʤʠ 167 

3.3.1 ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʜʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ɺʅʊ 167 

3.3.2 ʊʝʭʥʦʣʦʛʽʷ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʜʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʚʘʣʝʥʪʥʦʾ ʧʨʠʰʠʚʢʠ ɺʅʊ ʯʝʨʝʟ ʣʽʧʦʻʚʫ ʢʠʩʣʦʪʫ 173 

3.4 ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 176 

4. ʄɽʊʆɼʀ ʈɽɭʉʊʈɸʎɯɰ ʆʇʊʀʏʅʆɻʆ ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ ɿ 

ʌʆʊʆʅʅʀʍ ʉɽʅʉʆʈɯɺ 180 

4.1 ʈʝʻʩʪʨʘʮʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʥʩʦʨʽʚ ʢʦʣʴʦʨʫ 180 

4.2 ʈʝʻʩʪʨʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʛʦ ʧʦʤʥʦʞʫʚʘʯʘ 

ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʩʝʥʩʦʨʽʚ. 181 

4.3 ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʷ ʪʘ ʤʽʢʨʦʩʢʦʧʽʷ 184 

4.4 ʄʫʣʴʪʠʢʘʥʘʣʴʥʠʡ ʘʥʘʣʽʟ 203 

4.5 ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 222 



24 

5. ʂʆʄʃɽʂʉ ʆɹʃɸɼʅɸʅʅʗ ɼʃʗ ʉɽʅʉʆʈʅʀʍ ʉʀʉʊɽʄ 223 

5.1 ʂʦʣʦʨʠʤʝʪʨ çʉ 1001» 223 

5.2 ʂʦʤʧʣʝʢʩ ʜʣʷ ɽʍʃ ʜʦʩʣʽʜʞʝʥʴ çɽʃɸʅ-3D». 230 

5.3 ɸʧʘʨʘʪ çSparkè ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʌɽʇ ʜʦ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ 233 

5.4 ʐʚʠʜʢʽʩʥʠʡ ʣʽʯʠʣʴʥʠʢ ʽʤʧʫʣʴʩʽʚ çPulsar» 241 

5.5 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʘʤʠ 

ʥʘʜʰʚʠʜʢʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ ʪʘ ɽʍʃ 254 

5.6 ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 256 

6. ɿɸʉʊʆʉʋʅʂʀ ʈʆɿʈʆɹʃɽʅʀʍ ʊɽʍʅʆʃʆɻɯʁ 258 

6.1 ɼʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ ʚ ʨʝʞʠʤʽ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʣʽʥʽʡʥʦʾ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷʨʠʟʘʮʽʾ 

ʝʣʝʢʪʨʦʜʘ 258 

6.2 ɼʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ ʤʝʪʦʜʦʤ 

ʝʣʝʢʪʨʦʛʝʥʝʨʦʚʘʥʦʾ ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʮʽʾ 260 

6.3 ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʜʣʷ ʘʢʪʠʚʘʮʽʾ 

ʍʃ ʨʝʘʢʮʽʾ 262 

6.3.1 ʆʧʠʩ ʧʨʠʩʪʨʦ  ʁ 263 

6.3.2 ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʘʢʪʠʚʠ 264 

6.3.3 ɯʥʩʪʨʫʤʝʥʪʘʨʽʡ 264 

6.3.4 ʇʨʦʮʝʜʫʨʘ ʚʽʟʫʘʣʴʥʦʛʦ ʚʠʷʚʣʝʥʥʷ Aʂ. 264 

6.3.5 ʇʨʦʮʝʜʫʨʘ ʚʽʟʫʘʣʴʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʉʆɼ. 265 

6.3.6 ʄʝʭʘʥʽʟʤ ʉʍʃ 268 

6.3.7 ʆʧʪʠʤʽʟʘʮʽʷ ʨʅ 268 

6.3.8 ʆʧʪʠʤʽʟʘʮʽʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʶʤʽʥʦʣʫ 269 

6.3.9 ɺʠʷʚʣʝʥʥʷ Aʂ 271 

6.3.10 ɺʠʷʚʣʝʥʥʷ ʉʆɼ. 272 

6.4 ɿʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʤʦʜʠʬʽʢʦʚʘʥʦ ʘʣʤʘʟʦʧʦʜʽʙʥʠʤʠ 

ʧʣʚ̔ʢʘʤʠ 275 

6.4.1 ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ 276 

6.4.2 ɽʣʝʢʪʨʦʭʽʤʽʣʶʤʽʥʝʩʮʝʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɼʃʌ-ʝʣʝʢʪʨʦʜʽʚ 277 



25 

6.5 ʇʨʠʥʮʠʧ çʪʝʩʪ ʥʘ ʤʽʩʮʽè ʥʘ ʧʨʠʢʣʘʜʽ ʚʠʟʥʘʯʝʥʥʷ ʛʝʤʽʥʫ. 280 

6.5.1. ʍʽʤʽʯʥʽ ʨʝʯʦʚʠʥʠ ʪʘ ʨʝʘʢʪʠʚʠ 283 

6.5.2. ʍʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʝ ʚʠʷʚʣʝʥʥʷ ʛʝʤʽʥʫ 284 

6.5.3. ʇʽʜʛʦʪʦʚʢʘ ʟʨʘʟʢʽʚ ʢʨʦʚʽ 284 

6.5.4. ʇʨʦʮʝʜʫʨʘ ʬʦʪʦʨʝʻʩʪʨʘʮʽʾ ʍʃ 284 

6.5.5. ʍʃ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʢʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 285 

6.5.6. ʆʧʪʠʤʽʟʘʮʽʷ ʫʤʦʚ ʍʃ ʨʝʘʢʮʽʾ 287 

6.5.7 ɺʠʷʚʣʝʥʥʷ ʛʝʤʽʥʫ 290 

6.5.8 ɺʠʷʚʣʝʥʥʷ ʛʝʤʽʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʨʠ ʩʤʘʨʪʬʦʥʘ 291 

6.5.9 ʉʝʣʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ ʍʃ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʛʝʤʽʥʫ 291 

6.6 ɺʠʟʥʘʯʝʥʥʷ ʪʠʨʦʟʠʥʘʟʠ ʍʃ ʤʝʪʦʜʦʤ 296 

6.6.1 ʈʝʘʢʪʠʚʠ ʪʘ ʤʘʪʝʨʽʘʣʠ 297 

6.6.2. ʆʙʣʘʜʥʘʥʥʷ 298 

6.6.3 ʍʃ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʾ ʣʶʤʽʥʦʣ-ʬʣʫʦʨʝʩʢʘʤʽʥ-ʇʇʌ 298 

6.6.4 ʇʨʦʮʝʜʫʨʘ ʦʮʽʥʢʠ ʘʢʪʠʚʥʦʩʪʽ ʪʠʨʦʟʠʥʘʟʠ 298 

6.6.5 ɸʥʘʣʽʟ ʪʠʨʦʟʠʥʘʟʠ ʚ ʟʨʘʟʢʘʭ ʩʠʨʦʚʘʪʢʠ ʣʶʜʠʥʠ. 299 

6.7 ɿʘʩʪʦʩʫʚʘʥʥʷ ɽʍʃ ʤʝʪʦʜʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʧʪʦʬʘʥʫ 306 

6.7.1 ʄʘʪʝʨʽʘʣʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ 307 

6.7.2 ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ 308 

6.8 ɿʘʩʪʦʩʫʚʘʥʥʷ ɽʍʃ ʤʝʪʦʜʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʪʠʣʬʦʨʤʘʪʫ 310 

6.9 ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 320 

ɺʀʉʅʆɺʂʀ 325 

ʇɽʈɽʃɯʂ ʇʆʉʀʃɸʅʔ 330 

ɼʆɼɸʊʆʂ ɸ 376 

ɼʆɼɸʊʆʂ ɹ 379 

ɼʆɼɸʊʆʂ ɺ 387 

 

 



26 

ʇɽʈɽɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ ʊɸ ʉʀʄɺʆʃɯɺ 

 

ɸʇʇ ï ʘʣʤʘʟʦ-ʧʦʜʽʙʥʝ ʧʦʢʨʠʪʪ ̫

ɸʂ ï ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ 

ɸʌʂ ï (ʨʝ)ʘʢʪʠʚʥʽ ʬʦʨʤʠ ʢʠʩʥ  ʁ

ɹʉɸ ï ʙʠʯʠʡ ʩʠʚʦʨʦʪʢʦʚʠʡ ʘʣʴʙʫʤʽʥ 

ɺʅʊ ï ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ 

ɺʅʊ-ʉʆʆʅ ï ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʽ 

ʢʘʨʙʦʢʩʠʣʥɹʦʶ ʛʨʫʧʦʶ 

ɼʅʂ ï ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʾ ʥʦʚʘ ʢʠʩʣʦʪʘ 

ɽʍʃ ï ʝʣʝʢʪʨʦʛʝʥʝʨʦʚʘʥʘ ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʮʽʷ, 

ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʮʽʷ 

ʂɹʈ ï ʢʘʨʙʦʥʘʪʥʠʡ ʙʫʬʝʨʥʠʡ ʨʦʟʯʠʥ 

ʂʄʆʅ ï ʢʨʝʤʥʽʡ-ʤʝʪʘʣʘ ʦʢʩʠʜ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ 

ʃɹ ï ʃʘʥʛʤʶʨ-ɹʣʦʜʞʝʪʪ 

ʃʇʅʑ ï ʣʽʧʦʧʨʦʪʝʾʥʠ ʥʠʟʴʢʦʾ ʱʽʣʴʥʦʩʪʽ 

ʄɽʄʉ ï ʤʽʢʨʦʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ 

ʄʂ ï ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ 

ʄʇ ï ʤʽʢʨʦʧʨʦʮʝʩʦʨ 

ʅʐʇ ï ʥʘʜʚhʠʜʢʠʡ ʧʦʪʝʥʮʽʦʩʪʘʪ 

ʆɽʍʉ ï ʦʜʥʦʝʣʝʢʪʨʦʜʥʠʡ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʩʝʥʩʦʨ 

ʇɽʊ ï ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʫ 

ʇɿɿ ʘʙʦ 

CCD 

ï ʧʨʠʣʘʜ ʟ ʟʘʨʷʜʦʚʠʤ ʟʚô̫ʟʢʦʤ; 

ʇʄʄɸ ï ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ 

ʇʇʌ ï ʧʨ̔ʦʣʽʜʠʥʦʧʝʥʪʽʦʬʝʥʦʥ 

ʇʉʅ ï ʧʝʨʝʪʚʦʨʶʚʘʯ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ 

ʇʋ ï ʧʽʥʦʧʦʣʽʫʨʝʪʘʥ 

ʇʎʉ ï ʧʨʷʤʠʤ ʮʠʬʨʦʚʠʤ ʩʠʥʪʝʟʦʤ 

ʈʅʂ ï ʨʠʙʦʥʫʢʣʝʾʥʦʚʘ ʢʠʩʣʦʪʘ 
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ʉɺ ï ʩʢʣʦʚʫʛʣʝʮʶ 

ʉʆɼ ï ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ 

ʉʪʂ ï ʩʪʝʘʨʠʥʦʚʘ ʢʠʩʣʦʪʘ 

ʉʍʃ ï ʩʦʥʦʭʝʤʽʣʤʽʥʝʩʮʝʥʮʽʷ 

ʉ/ʐ ï ʚ̔ʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ 

ʊʅʄ ï Ăʪʝʩʪ ʥʘ ʤʽʩʮʽò 

ʊʇɸ, ʊʇɸĀ 

ʪʘ ʊʇɸĀ+ 

ï ʪʨʠʧʨʦʧʽʣʘʤʽʥ, ʡʦʛʦ ʨʘʜʠʢʘʣ ʪʘ ʨʘʜʠʢʘʣ- ʦ̔ʥ 

ʋɿʇ ï ʫʣɹʪʨʘʟʚʫʢʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʌɽʇ ï ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʡ ʧʦʤʥʦʞʫʚʘʯ 

ʍʃ ï ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʮʽʷ 

ʎɺɸʄ ï ʮʠʢʣʽʯʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ 

ʎʅʉ ï ʮʝʥʪʨʘʣʴʥʦʾ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ 

ta-C:N ï ʘʣʤʘʟʦ-ʧʦʜʽʙʥʝ ʧʦʢʨʠʪʪ,̫ ʱʦ ʣʝʛʦʚʘʥʝ ʘʟʦʪʦʤ 

CE ï ʧʨʦʪʠʝʣʝʢʪʨʦʜ, ʜʦʧʦʤʽʞʥʠʡ ʝʣʝʢʪʨʦʜ 

FTIR ï ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽ ʾʟ ʌʫʨô̒ ʧʝʨʝʪʚʦʨʝʥʥʷʤ 

HRP ï ʧʝʨʦʢʩʠʜʘʟʠ ʭʨʦʥʫ 

ITO ï iʥʜ̫̔-ʦʣʦʚʘ ʦʢʩʠʜ (indium tin oxide) [ʧʦʢʨʠʪʪ]̫ 

NAD+ ï ʦʢʠʩʣʝʥʘ ʬʦʨʤʘ ʥ̔ ʢʦʪʠʥʘʤʽʜʘʜʝʥʽʥʜʠʥʫʢʣʝʦʪʠʜʫ 

NADH ï ʚ̔ ʜʥʦʚʣʝʥʘ ʬʦʨʤʘ ʥʽʢʦʪʠʥʘʤʽʜʘʜʝʥʽʥʜʠʥʫʢʣʝʦʪʠʜʫ 

PSA ï ʙʽʦʤʘʨʢʝʨʠ ʨʘʢʫ ʧʝʨʝʜʤʽʭʫʨʦʚʦʾ ʟʘʣʦʟʠ 

Ra ï ʇʦʢʘʟʥʠʢ ʰʦʨʭʥʦʩʪʽ, ʩʝʨʝʜʥʻ-ʘʨʠʬʤʝʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʚʠʩʦʪʠ ʧʦʚʝʨʭʥʽ  

RE ï ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ 

Rq ï ʇʦʢʘʟʥʠʢ ʰʦʨʭʥʦʩʪʽ, ʩʝʨʝʜʥʻ-ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʚʠʩʦʪʠ ʧʦʚʝʨʭʥʽ 

Ru(bpy)3
2+ ï ʪʨʠʩ(2,2ô-ʙ̔ ʧʽʨʠʜʠʣ)ʨʫʪʝʥʽʶ ʽʦʥ, ̔ ʦʥ ʙ̔ ʧ̔ʨʠʜʠʣʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʨʫʪʝʥʽʷ 

SECM ï ʩʢʘʥʫʶʯʠʡ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʤʽʢʨʦʩʢʦʧ 

StdDev ï ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ 
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StdErr ï ʩʪʘʥʜʘʨʪʥʘ ʧʦʤʠʣʢʘ 

SWCNT ï ʦʜʥʦʩʪʽʥʥʽ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ 

TBAPF6 ï ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪ ʪʝʪʨʘʙʫʪʠʣʘʤʦʥʽʶ 

USB ï ʫʥ̔ʚʝʨʩʘʣʴʥʘ ʧʦʩʣʽʜʦʚʥʘ ʰʠʥʘ, universal sireal bus 

WE ï ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ 

ɜ ï ʰʚʠʜʢʩ̔ʪɹ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʜʽʚ, h ʚʠʜʢʽʩʪʴ ʨʦʟʛʦʨʪʢʠ 

ʧʦʪʝʥʮʽʘʣʫ 
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ɺʉʊʋʇ 

 

ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ ʧʦʚô̫ ʟʘʥʦ ʟ̔ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʦʚʽʪʥʽʭ 

ʪʝʭʥʦʣʦʛʽʡ. ʎʝ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʣʷʪʠ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʜʫʢʪ, ʱʦ ʤʘʻ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ. ɿʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʶ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛ̔ʡ ʚʜʘʻʪʴʩʷ 

ʦʪʨʠʤʘʪʠ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚ̔ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʞʝ ʽʩʥʫʶʯʠʭ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ, 

ʘʣʝ, ʱʦ ʙʽʣʴʰ ʟʥʘʯʫʱʝ, ʩʪʚʦʨʶʚʘʪʠ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʽ ʪʠʧʠ ʩʠʩʪʝʤ, ʟ 

ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʤ ʬʫʥʢʮʽʦʥʘʣʦʤ. ʆʩʪʘʥʥʻ ʻ ʟʥʘʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ 

ʧʦʜʘʣʴʰʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʥʘʨʦʜʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʫ ʚʠʛʣʷʜʽ 

ʧʝʚʥʠʭ ʘʥʘʣ̔ʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʝʥʩʦʨʠ. 

ʆʩʥʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʫ ʨʦʟʨʦʙʮʽ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ ʻ ʷʢ ʧʦʢʨʘʱʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʤʝʞ̔ ʚʠʟʥʘʯʝʥʥʷ ʨʝʯʦʚʠʥ, ʯʫʪʣʠʚʦʩʪ̔, ʩʝʣʝʢʪʠʚʥʦʩʪ̔, 

ʚʽʜʪʚʦʨʶʚʘʥʦʩʪ̔, ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ̔; ʪʘʢ ʽ ʦʪʨʠʤʘʥʥʷ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ: ʨʦʟʰʠʨʝʥʥʷ ʥʦʤʝʥʢʣʘʪʫʨʠ ʨʝʯʦʚʠʥ, ʱʦ 

ʤʦʞʫʪʴ ʚʠʟʥʘʯʘʪʠʩʷ, ʨʦʟʰʠʨʝʥʥʷ ʦʙʣʘʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʨʦʟʰʠʨʝʥʥʷ ʫʤʦʚ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. ʆʢʨʽʤ ʮʴʦʛʦ, ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʧʦʙʫʜʦʚʫ 

ʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ, ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʻ ʩʫʪʪʻʚʠʤ ʫ ʭʦʜʽ 

ʢʦʤʝʨʮ̔ʘʣʽʟʘʮʽʾ.  

ʗʢʱʦ ʚʠʨʽʰʝʥʥʷ ʧʝʨʰʦʾ ʛʨʫʧʠ ʧʨʦʙʣʝʤ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʚʠʙʦʨʫ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʦʜʽ ʷʢ ʧʦʜʦʣʘʥʥʷ ʧʨʦʙʣʝʤ ʜʨʫʛʦʾ 

ʛʨʫʧʠ ʥʘʡʯʘʩʪʽʰʝ ʧʦʪʨʝʙʫʻ ʩʪʚʦʨʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʇʨʠʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ ʜʦʩʣʽʜʞʝʥʥʷ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʽ ʥʦʚʽʪʥʽʭ 

ʪʝʭʥʦʣʦʛʽʡ ʻ ʩʢʣʘʜʦʚʦʶ ʚ ʝʬʝʢʪʠʚʥʦʤʫ ʚʠʨʽh ʝʥʥʽ ʥʘʛʘʣʴʥʠʭ ʧʨʦʙʣʝʤ 

ʩʫʩʧʽʣʴʩʪʚʘ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʙʣʘʩʪʷʭ: ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʤʝʜʠʮʠʥʠ, ʝʢʦʣʦʛʽʾ, 

ʝʥʝʨʛʝʪʠʮʽ. ʊʝʭʥʦʣʦʛʽʯʥʘ ʙʘʟʘ, ʱʦ ˇʨʫʥʪʫ̒ʪʩɹ ̫ʥʘ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʘ ʧʝʨʝʜʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʩʧʨʦʱʫʻ ʚʠʭʽʜ ʧʝʚʥʦʛʦ ʧʨʦʜʫʢʪʫ ʥʘ 

ʨʠʥʦʢ, ʟʘʚʜʷʢʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʝʩʫʨʩʽʚ.  

ɺʘʞʣʠʚʠʤ ʫ ʩʫʯʘʩʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʨʽʟʥʦʤʘʥʽʪʥʽ ʛʘʣʫʟʽ 

ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ. ɰʭʥ ̒ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʩʠʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʘʩʧʝʢʪʠ, ʩʫʪʪʶ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʧʦʢʨʘʱʝʥʥʷ ʷʢ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʪʘʢ ʽ ʩʘʤʦʛʦ 
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ʧʨʠʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ. ʅʝ ʦʤʠʥʫʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʽ ʚ ʛʘʣʫʟʷʭ 

ʘʥʘʣʽʪʠʢʠ ʪʘ ʩʝʥʩʦʨʠʢʠ. ɺʽʜʧʦʚʽʜʜʶ ʥʘ ʮʽ ʚʠʢʣʠʢʠ ʩʪʘʣʦ ʬʦʨʤʫʚʘʥʥ ̫ʥʦʚʠʭ 

ʜʠʩʮʠʧʣʽʥ ʟʥʘʥʴ, ʪʘʢʠʭ, ʥʘʧʨʠʢʣʘʜ, ̫ʢ ʥʘʥʦʝʣʝʢʪʨʦʭʽʤʽʷ. ʇʨʦ ʩʪʘʥʦʚʣʝʥʥʷ 

ʷʢʦʾ ʪʽʣʴʢʠ ʚ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʨʽʯʯʷ ʤʦʞʥʘ ʚʧʝʚʥʝʥʦ ʛʦʚʦʨʠʪʠ, ʘʣʝ ʽʥʪʝʥʩʠʚʥʠʡ 

ʭʘʨʘʢʪʝʨ ʨʦʟʚʠʪʢʫ ʜʦʩʣʽʜʞʝʥʴ ʚ ʮʽʡ ʛʘʣʫʟʽ ʩʪʨʠʤʘʥʦ ʨʦʟʚʠʪʢʦʤ ʚʽʜʧʦʚʜ̔ʥʠʭ 

ʟʘʩʦʙʽʚ.  

ʉʝʨʝʜ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʚʟʷʪʦ ʟʘ ʦʩʥʦʚʫ ʨʦʙʦʪʠ ʤʦʞʥʘ 

ʚʠʜ̔ʣʠʪʠ ʪʘʢ̔: ʤʽʢʨʦ- ʪʘ ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʬʦʪʦʥʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ 

ʚʢʣʁʯʘʶʪʴ ʙʦ̔ʬʦʪʦʥʥʽ ʪʘ ʥʘʥʦʬʦʪʦʥʥʽ, ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʟ 

ʨʦʟʰʠʨʝʥʥʷʤ ʚ ʦʙʣʘʩʪʴ ʥʘʥʦʭʽʤʽʾ ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʭʽʤʽʾ. ʈʦʟʚʠʪʦʢ ʚʽʜʧʦʚ̔ʜʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʣʠʚʠʡ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʚʠʪʢʫ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʽʭ ʾʾ 

ʩʢʣʘʜʦʚʠʭ: ʧʨʝʜʤʝʪʘ ʧʨʘʮʽ (ʪʦʙʪʦ ʧʨʝʜʤʝʪʘ ʚʧʣʠʚʫ, ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, 

ʩʝʥʩʦʨʽʚ), ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʦʙʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʥʦʩʽʾʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ 

ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ (ʟʥʘʥɹ ʪʘ ʚʤʽʥʴ, ʱʦ ʜʦʩʷʞʥʽ ʧʝʚʥʽʡ ʛʨʫʧ̔  

ʣʶʜʝʡ). ɿ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ, ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʪʨʝʙʫʻ 

ʨʦʟʨʦʙʢʫ ʟʘʩʦʙʽʚ, ʤʝʪʦʜʠʯʥʦʛʦ ʪʘ ʪʝʦʨʝʪʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ, ʱʦ ʤʘʶʪʴ 

ˇʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʠʭ ʟʜʦʙʫʪʢʘʭ, ʚʢʣʶʯʘʶʯʠ ʚʽʜʢʨʠʪʪʷ ʚ ʛʘʣʫʟʽ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʥʘʫʢ. 

ɯʥʩʪʨʫʤʝʥʪʘʨʽʡ ʤʝʪʦʜʽʚ ʙʽʦʬʦʪʦʥʽʢʠ ʫʦʩʦʙʣʶʶʪʴ ʪʘʢʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ, ʷʢ 

ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʮʽ ̫(ʍʃ) ʪʘ ʝʣʝʢʪʨʦʛʝʥʝʨʦʚʘʥʘ ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʮʽ ̫(ɽʍʃ), ʘʣʝ 

ʥʝ ʦʙʤʝʞʫʪʁʴʩʷ ʟʦʢʨʝʤʘ ʥʠʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʫ ʩʫʯʘʩʥʠʭ 

ʽʤʫʥʦʭʽʤʯ̔ʥʠʭ ʘʥʘʣʽʟʘʪʦʨʘʭ ʜʣ̫ ʜ̔ ʘʛʥʦʩʪʠʢʠ ʨʽʟʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʥʘʧʨʠʢʣʘʜ 

COVID-19, ʩʪʘʻ ʟʦʣʦʪʠʤ ʩʪʘʥʜʘʨʪʦʤ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʮʠʭ 

ʤʝʪʦʜʽʚ, ʷʢʽ ʚʽʜʙʠʚʘʶʪʴʩʷ ʫ ʚʠʩʦʢʠʭ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʾʭʥʡ̔ ʦʩʥʦʚʽ. ɯʥʪʝʛʨʘʮʽʷ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʬʦʨʤʘʪ ʩʝʥʩʦʨʥʠʭ 

ʩʠʩʪʝʤ, ʚʢʨʘʡ ʧʝʨʩʧʝʢʪʠʚʥʘ, ʘʣʝ ʧʦʪʨʝʙʫʻ ʨʦʟʚʠʪʢʫ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʥ̔ʩʪʨʫʤʝʥʪʘʨʽʶ. 

ɺʠʨʽʰʝʥʥʶ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʧʨʦʙʣʝʤ ʩʣʫʛʫʻ ʩʠʩʪʝʤʥʠʡ ʭʘʨʘʢʪʝʨ 

ʜʦʩʣʜ̔ʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʡ ʚ ʮʽʡ ʨʦʙʦʪʽ. 



31 

ɿʚô̫ ʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʘ ʟʘ 

ʪʝʤʦʁ ʜʠʩʝʨʪʘʮʽʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚô̫ ʟʘʥʘ ʟ ʥʘʧʨʷʤʢʦʤ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ 

ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ ʢʘʬʝʜʨʽ ʙʽʦʤʝʜʠʯʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ  ̔ ʩʠʩʪʝʤ 

ʍʘʨʢ̔ʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ ʚ ʨʘʤʢʘʭ 

ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʫ çʍʝʤʽ- ʪʘ ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʽ ʤʝʪʦʜʠ ̔ ʟʘʩʦʙʠ ʚ 

ʤʝʜʠʮʠʥʽ, ʦʧʪʦʝʣʝʢʪʨʦʥʽʮ̔ ʽ ʥʘʥʦʪʝʭʥʦʣʦʛʽʷʭè. ɼʦʩʣʽʜʞʝʥʥʷ ʟʜʦʙʫʚʘʯʘ ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʽ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʥʠʟʢʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʚʠʭ ʧʨʦʝʢʪʽʚ, ʟʦʢʨʝʤʘ, ʪʘʢʠʤʠ. 

- ʇʨʦʛʨʘʤʦʶ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ # 255-1 "ʅʦʚʠʡ 

ʤʝʪʦʜ ʪʘ ʢʦʥʮʝʧʮʽʷ ʧʦʙʫʜʦʚʠ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʩʦʢʦʯʫʪʣʠʚʦʾ ʩʠʩʪʝʤʠ ʜʣʷ 

ʢʦʥʪʨʦʣʶ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ ʙʽʦʦʙô̒ ʢʪʽʚ" (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0011U002954, 

2011-2012 ʨʨ.), # 292-1 "ʂʦʥʮʝʧʮʽʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʰʪʫʯʥʦʛʦ ʨʝʮʝʧʪʦʨʘ ʪʘ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣ ̫ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʨʝʯʦʚʠʥ" (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0115U002428, 2016-2018 ʨʨ.), # 314-1  

çɸʥʘʣʽʪʠʯʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʠʭ 

ʦʢʠʩʥʠʢʽʚ ʫ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭè (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0116U006901, 2019-2020 

ʨʨ.), # 324-1 «ʂʦʥʮʝʧʮʽʷ çʜʦʥʦʨ-ʘʢʮʝʧʪʦʨʥʦʾ ʚʟʘ̒ʤʦʜʽʾè ʫ ʨʦʟʨʦʙʮʽ ʦʧʪʠʯʥʦʛʦ 

ʩʝʥʩʦʨʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ» (  ̄

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0118U002063, 2018-2020 ʨʨ.) (ʅʘ ʷʢʠʭ ʘʚʪʦʨ ʙʫʚ ʚʠʢʦʥʘʚʮʝʤ 

ʘʙʦ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʚʠʢʦʥʘʚʮʝʤ). 

- ʅʘʫʢʦʚʠʤ ʧʨʦʝʢʪʦʤ ʚʜ̔ ɼʝʨʞʘʚʥʦʛʦ ʬʦʥʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ # F56/36-2014 "ʅʘʜʰʚʠʜʢʘ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʷ, ʪʝʦʨʽʷ ʪʘ ʧʨʠʥʮʠʧʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷè (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0114U007139, 2014 ʨʦʢʫ, ʥʘʫʢʦʚʠʡ 

ʢʝʨʽʚʥʠʢ).  

- ɻʦʩʧʦʜʘʨʯʦ-ʜʦʛʦʚʽʨʥʠʡ ʥʘʫʢʦʚʠʡ ʧʨʦʝʢʪ # 80-52 çɼʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʚ̔ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʶʯʦʛʦ ʟʦʥʜʦʚʦʛʦ ʤʽʢʨʦʩʢʦʧʘ NT-206è, ʜʣʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ  

ʥʘʫʢʦʚʦʛʦ ʮʝʥʪʨʫ "ɯʥʩʪʠʪʫʪ ʤʝʪʨʦʣʦʛʽʾ " (2008 ʨ.). 

- ʊʨʦɹʤʘ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʤʠ ʧʨʦʝʢʪʘʤʠ, ʱʦ ʬʽʥʘʥʩʫʚʘʣʠʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʅʘʫʢʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʝʥʪʨʫ ʚ ʋʢʨʘʾʥʽ: 
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# 4180 "ɼʦʩʣʽʜʞʝʥʥ̫  ̔ ʨʦʟʨʦʙʢʘ ʪʦʥʢʦʛʦ ʰʘʨʦʚʦʛʦ 

ʝʣʝʢʪʨʦʭʝʤ̔ ʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʜʘʪʯʠʢʘ ʟʘ ʧʨʠʥʮʠʧʦʤ "ʣʘʙʦʨʘʪʦʨʽʷ ʥʘ ʯʠʧʽ" ʟ 

ʘʣʤʘʟʦʧʦʜʽʙʥʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʞʦʚʯʥʽ ʧʽʛʤʝʥʪʠ ʚ ʙʽʦʨʽʜʠʥʘʭ", 

(2007 ï 2009 ʨʨ.); 

# 4495 "ʅʦʚʠʡ ʙʽʦʬʦʪʦʥʥʠʡ ʤʝʪʦʜ ʪʘ ʽʥʩʪʨʫʤʝʥʪ ʥʘ ʙʘʟʽ 

ʥʘʥʦʩʪʨʫʢʪʫʨʦ̔ʚʘʥʦʛʦ ʜʘʪʯʠʢʘ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʘʢʪʠʚʥʠʭ ʬʦʨʤ ʪʫʙʝʨʢʫʣʴʦʟʫ ", 

(2008 ï 2011 ʨʨ.); 

# 5067 "ʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʥʘʥʦʬʦʪʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʨʠʩʪʨʦʾʚ ʜʣʷ 

ʚʠʚ̫ʣʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʽ ʪʦʢʩʠʯʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʫ ʚʦʜʥʠʭ ʦʙô̒ ʢʪʘʭ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ" (2010 ï 2013 ʨʨ.). 

- ʅʽʤʝʮʴʢʦ-ʫʢʨʘʾʥʩʴʢʠʤ ʧʨʦʝʢʪʦʤ ˉ IB-034 çɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ 

ʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʤʦʜʠʬʽʢʦʚʘʥʦ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʦʜʠʢʠ ʥʘʜʰʚʠʜʢʦʛʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ (ʙio)ʘʥʘʣʽʪʠʯʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ" ʚʽʜ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅʽʤʝʯʯʠʥʠ, ʷʢʽ 

ʧʨʦʚʦʜʠʣʠʩ ̫ ʫ ʩʧʽʚʧʨʘʮʽ ʟ ʊʝʭʥʽʯʥʠʤ ʫʥʽʚʝʨʩʠʪʝʪʦʤ ʤ. ɯʣʴʤʝʥʘʫ (2013 ï  

2015 ʨʨ.). 

- ɯʥʜʠʚʽʜʫʘʣʴʥʠʡ ʛʨʘʥʪ (PIFI 2015VTB030) ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟʘ 

ʽʥʽʮʽʘʪʠʚʦʶ ʟ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʧʨʝʟʠʜʝʥʪʘ ɸʢʘʜʝʤʽʾ ʥʘʫʢ ʂʠʪʘʶ 

ʜʣʷ ʟʘʧʨʦhʝʥʦʛʦ ʥʘʫʢʦʚʮʷ ʟʘ ʪʝʤʦʶ çʈʦʟʨʦʙʢʘ ʙʝʟʜʨʦʪʦʚʦʾ ʤʽʢʨʦʘʥʘʣʽʪʠʯʥʦʾ 

ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʾ ʩʠʩʪʝʤʠè. ʄʽʩʮʝ ʚʠʢʦʥʘʥʥʷ: ɼʝʨʞʘʚʥʘ 

ʣʘʙʦʨʘʪʦʨʽʷ ʝʣʝʢʪʨʦʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ ɯʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʾ ʭʽʤʽʾ, ʤ. ʏʘʥʯʫʥʴ, 

ʂʠʪʘʡʩʴʢʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢè, 2015 ï 2020 ʨʨ. 

- ʛʨʘʥʪ ʅʌɼʋ ˉ2020.02/0390 çʅʦʚʽʪʥʽ (ʝʣʝʢʪʨʦ)ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʽ 

(ʙʽʦ)ʩʝʥʩʦʨʥʽ ʧʣʘʪʬʦʨʤʠ ʟ ʣʘʟʝʨʥʦ-ʽʥʜʫʢʦʚʘʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʽʢʨʦ- ʪʘ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠè (2020ʨ). 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʦʙʫʜʦʚʘ ʢʦʥʮʝʧʮʽʾ 

ʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ, ʬʦʪʦʥʥʠʭ ʪʘ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʾʭʥ̔ ʭ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʨʠʢʣʘʜʥʠʭ ʘʩʧʝʢʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʠʨʽʰʝʥʥʽ ʘʢʪʫʘʣʴʥʠʭ ʟʘʜʘʯ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʜʘʯʽ: 
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- ʧʨʦʚʝʩʪʠ ʩʠʩʪʝʤʘʪʠʟʘʮʽʶ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʾʭʥʴʦʾ 

ʨʝʘʣ̔ ʟʘʮʽʾ ʫ ʬʦʨʤʘʪʽ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʢʣʶʯʘʣʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ (ɽʍ), ʍʃ- ʪʘ ɽʍʃ- ʘʥʘʣʽʟʽʚ, 

ʥʘʜʰʚʠʜʢʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ; 

- ʨʦʟʛʣʷʥʫʪʠ ʚʧʣʠʚ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʦʙʢʠ ʩʫʯʘʩʥʠʭ 

ʘʥʘʣʽʪʠʯʥʠʭ ʧʨʠʣʘʜʽʚ, ʟʦʢʨʝʤʘ, ʩʝʥʩʦʨʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʫ ʨʽʜʢʠʭ ʧʨʦʙ;  

- ʨʦʟʨʦʙʠʪʠ ʢʦʥʮʝʧʮʽʶ ʩʪʚʦʨʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʠʭ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ, ʧʦʻʜʥʘʥʠʭ ʟ ʝʬʝʢʪʠʚʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ; 

- ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʪʘ ʧʨʦʚʝʩʪʠ ʢʦʤʧôʁ ʪʝʨʥʽ ʨʦʟʨʘʭʫʥʢʠ ʬʦʨʤʫʚʘʥʥ̫ 

ʩʝʥʩʦʨʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʙʘʟʽ ʝʣʝʢʪʨʦʜʽʚ ʟ ʬʫʥʢʽʦʥʘʣʽʟʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ; 

- ʨʦʟʨʦʙʠʪʠ ʢʦʥʮʝʧʮʽʶ ʧʦʙʫʜʦʚʠ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʫ, ʷʢ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʦʩʥʦʚʠ ʥʘʥʦʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ, ʟʦʢʨʝʤʘ ʥʘʜʰʚʠʜʢʦʾ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨ̔ʾ; 

- ʧʨʦʚʝʩʪʠ ʩʠʥʪʝʟ ʩʭʝʤʦʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʦʾ 

ʢʦʥʮʝʧʮʽʾ ʧʦʙʫʜʦʚʠ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʫ, ʱʦ ʚʢʣʶʯʘʻ ʪʝʦʨʝʪʠʯʥʽ, 

ʰʣ̫ʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʫ ʉɸʇʈ çMultisim 12.0è ʚʽʜ Texas Instrument, Co. ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣ̔ʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʨʦʙʣʝʥʦʛʦ ʥʘʜʰʚʠʜʢʦʛʦ 

ʧʦʪʝʥʮʽʦʩʪʘʪʫ. 

- ʜʦʩʣʽʜʠʪʠ ʧʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʫ 

ʚ ʤʝʪʦʜʘʭ ʥʘʥʦʝʣʝʢʪʨʦʭʽʤʽʾ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʧʦʻʜʥʘʥʥʷ ʚ ʘʥʘʣʽʪʠʯʥʫ 

ʩʠʩʪʝʤʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫ̒ ʬʦʪʦʥʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʟʦʢʨʝʤʘ ʤʝʪʦʜ 

ʝʣʝʢʪʨʦʛʝʥʝʨʦʚʘʥʦʾ ʭʝʤʣ̔ʶʤʽʥʝʩʮʝʥʮʽʾ; 

- ʨʦʟʛʣʷʥʫʪʠ ʘʩʧʝʢʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʝʥʩʦʨʽʚ ʦʧʪʠʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʦʩʦʙʣʠʚʦ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʚʠʱʝ ʝʣʝʢʪʨʦʛʝʥʝʨʦʚʘʥʦʾ ʭʝʤʽʣʶʤʥ̔ʝʩʮʝʥʮ̔ ʾ.  

ʆʙô̒ ʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʝʭʥʦʣʦʛ̔ʯʥʽ ʧʨʦʮʝʩʠ ʧʦʙʫʜʦʚʠ ʘʥʘʣʽʪʠʯʥʠʭ 

ʩʠʩʪʝʤ ʥʘ ʙʘʟʽ ʥʘʥʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʝʥʩʦʨʽʚ ʪʘ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʝʦʨʝʪʠʯʥʽ, ʤʝʪʦʜʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʟʘʩʘʜʠ 
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ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ 

ʩʠʩʪʝʤ ʥʘ ʙʘʟʽ ʥʘʥʦʬʦʪʦʥʥʠʭ ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʩʝʥʩʦʨʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇ̔ ʜ ʯʘʩ ʚʠʢʦʥʘʥʥ ̫ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ: 

- ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ, ʚʢʣʶʯʘʶʯʠ ʝʣʝʢʪʨʦʛʝʥʝʨʦʚʘʥʫ 

ʭʝʤ̔ʣʶʤʽʥʝʩʮʝʥʮʽʶ ʪʘ ʩʦʥʦʭʝʤʽʣʤʁ̔ʥʝʩʮʝʥʮʽʶ; 

- ʤʝʪʦʜʠ ʦʧʪʠʯʥʦʾ, ʘʪʦʤʥʦ-ʩʠʣʦʚʦʾ, ʪʘ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʩʝʥʩʦʨʥʠʭ ʰʘʨʽʚ ʩʝʥʩʦʨʽʚ, ʱʦ 

ʨʦʟʨʦʙʣʣ̫ʠʩʷ, ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚô̫ ʟʢʫ ʤʽʞ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʘʥʘʣʽʪʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ; 

- ʤʝʪʦʜʠ ʢʚʘʥʪʦʚʦʾ ʤʝʭʘʥʽʢʠ ʪʘ ʭʽʤʽʯʥʦʾ ʢʽʥʝʪʠʢʠ ʙʘʛʘʪʦʯʘʩʪʢʦʚʠʭ ʩʠʩʪʝʤ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʟʘʻʤʦʜʽʾ ʩʝʥʩʦʨʥʠʭ ʤʦʣʝʢʫʣ ʟ ʧʦʚʝʨʭʥʝʶ 

ʝʣʝʢʪʨʦʜʽʚ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʝʥʩʦʨʥʦʛʦ ʰʘʨʫ; 

- ʩʧʝʢʪʨʘʣʴʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʤʽʪʝʨʽʚ ʘʥʘʣ̔ ʪʠʯʥʦʾ ʨʝʘʢʮʽʾ 

ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʬʦʨʤʫʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʩʝʥʩʦʨʽ; 

- ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʚʢʣʶʯʘʶʯʠ 

ʤʝʪʦʜ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʫ ʭʦʜʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʥʠʭ ʰʣʷʭʦʤ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʘ ʦʮʽʥʢʠ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʫ; 

- ʤʝʪʦʜʠ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʧʨʠʢʣʘʜʥʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʧʘʢʝʪʘʭ Multisim 12.0, Maple 10.0, ʪʘ HyperChem 8.0, ʜʣ̫ ʦʮʥ̔ʢʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪ ̔ ʥ̔ʪʝʨʬʝʡʩʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ, ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʫ ʩʝʥʩʦʨʥʠʭ ʝʣʝʤʝʥʪʘʭ ʫ ʭʦʜʽ ʾʭʥʴʦʛʦ ʩʪʚʦʨʝʥʥ ̫ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ:  

- ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ ʧʦʙʫʜʦʚʠ ʥʘʜʰʚʠʜʢʦʛʦ 

ʧʦʪʝʥʮʽʦʩʪʘʪʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʤʝʪʦʜʽʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʢʨʦ-, ʫʣʴʪʨʘʤʽʢʨʦ- ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʜʽʚ, ʷʢ ʩʝʥʩʦʨʽʚ, 

ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʚʥʫʪʨʽʰʥʴʦʢʘʩʢʘʜʥʠʭ ʟʚô̫ ʟʢʽʚ, ʢʦʤʧʝʥʩʘʮʽʾ 
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ʦʤʽʯʥʦʛʦ ʧʘʜʽʥʥʷ ʚ ʤʦʜʫʣ ̔ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʝʞʠʤʫ ʧʦʚʪʦʨʶʚʘʯʘ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʜʣʷ ʧʽʜʩʠʣʶʚʘʯʘ, ʱʦ ʢʝʨʫʻ 

ʧʨʦʪʠʝʣʝʢʪʨʦʜʦʤ ʩʝʥʩʦʨʘ; 

- ʥʘʙʫʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʦʟʨʦʙʣʝʥʽ ʟʘ ʥʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʤʽʢʨʦʝʣʝʢʪʨʦʜʠ ʪʘ 

ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʠ ʜʣʷ ʘʥʘʣ̔ʟʫ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʙʽʣʴʰ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʻʶ ʩʝʥʩʦʨʘ ʪʘ ʩʧʦʩʦʙʦʤ ʡʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʪʘ ʚʢʣʶʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʦʢʨʝʤʠʭ ʤʦʣʝʢʫʣ ʘʙʦ ʯʘʩʪʦʢ; 

- ʥʘʙʫʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜ ʝʣʝʢʪʨʦʭʤ̔ʯ̔ʥʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦ̒ʜʥʘʥʥʽ ʤʝʪʦʜʫ ʝʣʝʢʪʨʦʛʝʥʝʨʦʚʘʥʦʾ ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʮʽʾ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʰʚʠʜʢʽʩʥʠʭ 

ʝʣʝʢʪʨʦʭʤ̔ʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʨʘʭʫʥʦʢ ʨʝʻʩʪʨʘʮʽʾ ʝʤʽʩʽ ʾʩʚʽʪʣʘ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻ 

ʝʣʝʢʪʨʦʭ̔ʤʽʯʥʫ ʨʝʘʢʮʽʶ ʟ ʚʠʩʦʢʦʶ ʯʘʩʦʚʦʶ ʪʘ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ; 

- ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽ ʁ ʧʦʙʫʜʦʚʠ ʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʘ ʟʘ 

ʧʨʠʥʮʠʧʦʤ çʪʝʩʪ ʥʘ ʤʽʩʮʽè, ʱʦ ʚʢʣʶʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧô̒ ʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʘʢʪʠʚʘʪʦʨʘ ʘʥʘʣʽʪʠʯʥʦʾ ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʾ ʨʝʘʢʮʽʾ, ʱʦ 

ʚʜ̔ʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʠʭ ʤʦʞʣʠʚʽʩʪʶ ʬʦʨʤʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʬʦʨʤ ʢʠʩʥʶ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʟʨʘʟʢʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʨʝʘʢʮʽʾ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʨʝʯʦʚʠʥ ʜʣʷ ʮʴʦʛʦ. 

- ʥʘʙʫʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜ ʝʣʝʢʪʨʦʛʝʥʝʨʦʚʘʥʦʾ 

ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʮʽʾ, ʱʦ ʚʢʣʶʯʘʻ ʨʦʟʨʦʙʢʫ ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ ʚʟʘʻʤʦʜʽʾ ʩʧʽʚʨʝʘʛʝʥʪʫ ʟ 

ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʦʬʦʨʦʤ, ʱʦ ʦʧʠʩʫʻ ʤʝʭʘʥʽʟʤ ʛʝʥʝʨʘʮʽ ʾ ʘʥʘʣʪ̔ʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ ʚ ʩʝʥʩʦʨʥʽʡ ɽʍʃ ʩʠʩʪʝʤʽ, ʪʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʦʚʦʾ 

ʢʦʤʧʦʟʠʮʽʾ ʨʝʯʦʚʠʥʠ ʜʣʷ ʘʥʘʣʽʟʫ ʨʽʜʢʠʭ ʟʨʘʟʢʽʚ ʟ ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ ʪʘ 

ʥʠʟʴʢʦʶ ʤʝʞʝʶ ʚʠʟʥʘʯʝʥʥʷ; 

- ʚʜʦʩʢʦʥʘʣʝʥʦ ʧʽʜʭʽʜ ʫ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʝʩ̒ʪʨʘʮʽ̒ʁ  ʟʦʙʨʘʞʝʥʥʷ ʩʝʥʩʦʨʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʪʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 
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ʚʽʜ ʽʩʥʫʶʯʠʭ ʢʨʘʱʠʤʠ ʤʝʪʨʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʠʩʪʝʤʠ ʟʘ ʨʘʭʫʥʦʢ 

ʦʧʪʠʤʽʟʘʮʽʾ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜʥʦʩʥʦ ʧʘʨʘʤʝʪʨʽʚ 

ʩʝʥʩʦʨʥʦʛʦ ʝʣʝʤʝʥʪʫ ʪʘ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʨʝʘʢʮʽʾ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ:  

- ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ ʩʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʤ̔ ʢʨʦʝʣʝʢʪʨʦʜʘ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʽʣʴʟʠ ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʝʣʝʤʝʥʪʘ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʦʻʜʥʘʥʥʷ ʧʨʦʚʽʜʥʠʢʽʚ ʫ ʝʣʝʢʪʨʦʜ;̔ 

- ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʁ ʪʘ ʩʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʫʣʪɹʨʘʤʢ̔ʨʦʝʣʝʢʪʨʦʜʘ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷʤ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ 

ʝʣʝʢʪʨʦʜʘ ʩʫʙʤʽʢʨʦʥʥʦʛʦ ʨʦʟʤʽʨʫ ʰʣʷʭʦʤ ʚʠʪʷʛʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʢʽʥʮʷ, ʱʦ 

ʨʦʟʧʣʘʚʣʝʥʦ; 

- ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʙʫʚ ʤʝʪʦʜ ʝʣʝʢʪʨʦʛʝʥʝʨʦʚʘʥʦʾ 

ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʮʽʾ, ʦɦ ʚʢʣʶʯʘʻ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʘʥʘʣʽʟʫ ʥʘ ʙʘʟʽ 

ʮʴʦʛʦ ʷʚʠʱʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʟʥʘʯʫʱʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʽʜʢʠʭ ʧʨʦʙ, 

ʪʘʢʠʭ ʷʢ ʝʪʠʣʬʦʨʤʘʪ, ʪʨʠʧʪʦʬʘʥ.  

- ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʙʫʚ ʤʝʪʦʜ ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʮʽʾ, ʱʦ ʚʢʣʶʯʘʻ 

ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʘʥʘʣʽʟʫ ʥʘ ʙʘʟ̔ ʮʴʦʛʦ ʷʚʠʱʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʙʦ̔ʣʦʛʽʯʥʦ ʟʥʘʯʫʱʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʽʜʢʠʭ ʧʨʦʙ, ʪʘʢʠʭ ʷʢ ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ, 

ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ, ʛʝʤʽʥ, ʪʠʨʦʟʠʥ ʘʟʘ;  

- ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʥʘʙʫʚ ʤʝʪʦʜ ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʮʽʾ, ʱʦ ʚʢʣʶʯʘʻ 

ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʘʥʘʣʽʟʫ ʥʘ ʙʘʟ ̔ ʮɹ ʦʛʦ ʷʚʠʱʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʙʽʦʣʦʛʽʯʥʦʟʥʘʯʫʱʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʽʜʢʠʭ ʧʨʦʙ, ʪʘʢʠʭ ʷʢ ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ, 

ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ, ʛʝʤʽʥ, ʪʠʨʦʟʠʥʘʟʘ.  

- ʨʦʟʨʦʙʣʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʩʝʥʩʦʨʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʪʘ ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʜʦʩʣʽʜʞʝʥ ɹ ʫ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʨʝʞʠʤʘʭ ʧʦʣʷʨʠʟʘʮʽʾ, ʱʦ ʘʧʨʦʙʦʚʘʥʘ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 

ʅɼʈ; 

- ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʍʘʨʢʽʚʩʴʢʦʛʦ 

ʥʘʮ̔ʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ ʧʽʜ ʯʘʩ ʚʠʢʣʘʜʘʥʥʷ ʢʫʨʩʽʚ 

«ɹʽʦʤʝʜʠʯʥʽ ʧʨʠʣʘʜʠ, ʢʦʤʧʣʝʢʩʠ, ʪʝʭʥʦʣʦʛ̔ ʾ ʪʘ ʩʠʩʪʝʤʠ. ʏʘʩʪʠʥʘ 1. 
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ʃʘʙʦʨʘʪʦʨʥʘ ʪʘ ʘʥʘʣʽʪʠʯʥʘ ʪʝʭʥʽʢʘè, çʅʘʥʦʪʝʭʥʦʣʦʛʽʾ ʚ ʙʽʦʤʝʜʠʯʥʽʡ 

ʽʥʞʝʥʝʨʽ»ʾ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɺʩʽ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ 

ʩʫʪʥʽʩʪʴ ʨʦʙʦʪʠ ʪʘ ʚʽʜʙʠʪʽ ʚ ʧʫʥʢʪʘʭ ʥʦʚʠʟʥʠ, ʥʘʫʢʦʚʦʛʦ ʽ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥ̔ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. ʋ ʨʦʙʦʪʘʭ, ʱʦ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ 

ʩʧʽʚʘʚʪʦʨʩʪʚʽ [1ï10, 12ï18, 20, 22ï23], ʟʜʦʙʫʚʘʯʫ ʥʘʣʝʞʠʪʴ ʪʘʢʝ: 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ [1, 2, 5], 

ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ [9], ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʪʘ ʢʦʣʴʦʨʦʤʝʪʨʠʯʥʦʛʦ [14, 

17] ʤʝʪʦʜʽʚ ʫ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʚʥʠʭ ʨʝʯʦʚʠʥ, 

ʚʢʣʶʯʘʶʯʠ ʙʽʦʣʦʛʽʯʥʦ ʟʥʘʯʫʱʽ, ʨʦʟʨʦʙʢʘ ʩʪʨʫʢʪʫʨʠ 

ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤ 

ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ [18], ʨʦʟʨʦʙʢʘ ʢʦʥʮʝʧʮʽʾ ʧʦʙʫʜʦʚʠ, ʩʪʨʫʢʪʫʨʠ ʪʘ ʩʭʝʤʦʪʝʭʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʧʨʦʚʝʜʝʥʥʷ ʡʦʛʦ ʜʦʩʣʜ̔ʞʝʥʥʷ ʪʘ 

ʪʝʩʪʫʚʘʥʥʷ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ [4, 6], ʨʦʟʨʦʙʢʘ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʩʭʝʤʦʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʢʦʣʦʨʠʤʝʪʨʘ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʜʦʮʽʣʴʥʦʩʪʽ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ [14, 17]; ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ ʽʥʪʝʛʨʘʮʽʾ ʩʝʥʩʦʨʽʚ 

ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦ ʚʠʤʽʨʥʠʭ ʧʨʠʣʘʜʽʚ, ʪʘ ʧʦʜʘʣʴʰʦʾ ʽʥʪʝʛʨʘʮʽʾ ʚ 

ʘʥʘʣʽʪʠʯʥʽ ʩʠʩʪʝʤʠ [8, 12, 18]; ʘʥʘʣʽʟ ʮʽʣʽʩʥʦʩʪʽ ʩʠʛʥʘʣʫ ʪʘ ʨʦʟʨʦʙʢʘ 

ʧʨʦʛʨʘʤʥʠʭ ʪʘ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʾʾ ʟʘʙʝʟʧʝʯʝʥʥʷ [8, 12, 14, 17ï18], 

ʨʦʟʨʦʙʢʘ ʩʪʨʫʢʪʫʨʠ ʪʘ ʩʭʝʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ 

ʜʣʷ ʌɽʇ [23], ʘʣʛʦʨʠʪʤʽʟʘʮʽ̫ ʪʘ ʥʘʧʠʩʘʥʥʷ ʢʦʜʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʣʷ ʄʂ [8, 12, 18, 23],   ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʇʂ ʜʣʷ 

ʢʦʥʪʨʦʣʶ ʨʦʙʦʪʠ ʢʦʣʦʨʠʤʝʪʨʘ [14, 17]; ʧʨʦʚʝʜʝʥʥʷ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥɹ ɽʍʃ ʨʝʘʢʮʽʾ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʘʥʘʣʽʪʠʯʥʦʾ 

ʨʝʘʢʮʽʾ [9]; ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ 

ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʢʦʤʧʦʟʠʮʽʡ [1, 2, 5, 6, 9, 14, 

17], ʨʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ, 

ʧʨʦʚʝʜʝʥʥʷ ʡʦʛʦ ʪʝʩʪʫʚʘʥʥʷ [10, 15]; ʦʙ̌ ʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤ̔ ʢʨʦ-, ʫʣʴʪʨʘʤʽʢʨʦ- ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʜʽʚ ʫ ʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ ʜʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ [6, 10, 15], ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 
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ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʜʣ ̫ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʍʃ ʨʝʘʢʮʽʾ, ʜʨʘʡʚʝʨʘ ʡʦʛʦ ʢʝʨʫʚʘʥʥʷ [2]; 

ʨʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʩʝʥʩʦʨʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʙʽʧʦʣʷʨʥʦʛʦ ʝʣʝʢʪʨʦʣ̔ ʟʫ [13]; 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʨʝʘʢʮʽʾ [1ï3, 5, 9, 13]. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ ʥʘ: 

ʄʽʞʥʘʨʦʜʥʦʤʫ ʩʠʤʧʦʟʽʫʤʽ çElectroanalytical Chemistry» (ʤ. ʏʘʥʯʫʥʴ, ʂʠʪʘʡ, 

2015, 2017, 2019), ʄʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ çEletrochemistry in 

Nanoscience» (ʤ. ʇʘʨʠʞ, ʌʨʘʥʮʽʷ, 2009, 2011), 63-ʡ ʨʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

ʄʽʞʥʘʨʦʜʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ ʟ ʝʣʝʢʪʨʦʭʽʤʽʾ (ʤ. ʇʨʘʛʘ, ʏʝʭʽʷ, 2012), ʤʽʞʥʘʨʦʜʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ «Electrogenerated Chemiluminescence» (ʤ. ɹʝʨʪʽʥʦʨʦ, ɯʪʘʣʽʷ, 2014, 

ʤ. ɹʦʨʦʜʦ, ʌʨʘʥʮʽʷ, 2016, ʤ. ʏʘʥʯʫʥʴ, ʂʠʪʘʡ, 2019), 9-ʡ ʤʽʞʥʘʨʦʜʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ «ECHEMS Meeting: Electrochemistry in ñMolecular surface science 

and catalysisò», (ʩ. ʃʴʦʭʦʚ, ʇʦʣʴʱʘ, 2013), 4-ʫ ʅʽʤʝʮʴʢʦ-ʫʢʨʘʾʥʩʴʢʦʤʫ 

ʩʠʤʧʦʟʽʫʤʽ ñPhysics and Chemistry of Nanostructures and Nanobiotechnologyò  

(ʤ. ɯʣʴʤʽʥʘʫ, ʅʽʤʝʯʯʠʥʘ, 2012), ʄʽʞʥʘʨʦʜʥʠʭ ʩʠʤʧʦʟʽʫʤʘʭ «Bioluminescence 

and Chemiluminescence» (ʤ. ɻʝʣʬ, ʂʘʥʘʜʘ, 2012, ʤ. ʅʘʥʪ, ʌʨʘʥʮʽʷ, 2018), 7-ʡ 

ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çInstrumental Methods of Analysis, Modern Trends and 

Applications» (ʤ. ʍʘʥʽʷ, ɻʨʝʮʽʷ, 2011), ʄʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ 

ñNanobiophysics: Fundamental and Applied Aspectsò, (ʤ. ʍʘʨʢ̔ʚ, ʋʢʨʘʾʥʘ, 2013, 

2017), IX-ʽʡ ʄʞ̔ʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ» (ʤ. ʄʽʥʩɹʢ, ɹʣ̔ʦʨʫʩʴ, 2010), 

ʄʞ̔ʥʘʨʦʜʥʠʭ ʨʘʜ̔ʦʝʣʝʢʪʨʦʥʥʠʭ ʬʦʨʫʤʘʭ çʇʨʠʢʣʘʜʥʘʷ ʨʘʜʠʦɻʣʝʢʪʨʦʥʠʢʘ. 

ʉʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷè (ʤ. ʍʘʨʢ̔ʚ, ʋʢʨʘʾʥʘ, 2008, 2011, 2017), 

ʉʝʩʽʷʭ ʅʘʫʢʦʚʦʾ ʈʘʜʠ ʅɸʅ ʋʢʨʘʾʥʠ ʟ ʧʨʦʙʣʝʤʠ çɸʥʘʣʽʪʠʯʥʘ ʭʽʤʽʷè (ʍʘʨʢʽʚ, 

ʋʢʨʘʾʥʠ, 2007, ʤ. ʅʦʚʠʡ ʉʚʽʪ, ʋʢʨʘʾʥʘ, 2009, ʤ. ʉʫʜʘʢ, ʋʢʨʘʾʥʘ, 2010; ʤ. 

ɻʫʨʟʫʬ, ʋʢʨʘʾʥʘ, 2011, 2012), VIII -ʽʡ ʋʢʨʘʾʥʩʴʢʽʡ ʢʦʥʬʝʨʝʥʮʽ ʾʟ ʘʥʘʣʽʪʠʯʥʦʾ 

ʭʽʤʽ ʾ (ʤ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ, 2008), ʇʝʨʰʽʡ ʤ̔ʞʥʘʨʦʜʥʡ̔ ʢʦʥʬʝʨʝʥʮʽʾ 

çʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. ʇʨʦʙʣʝʤʳ ʠ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷè 

(ʤ. ʍʘʨʢ̔ʚ, ʋʢʨʘʾʥʘ, 2007), ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ 

«ʉʝʥʩʦʨʥʘ ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʤʽʢʨʦʩʠʩʪʝʤʥʽ ʪʝʭʥʦʣʦʛʽʾè (ʤ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ, 2008, 

2010), ʄʞ̔ʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ çʕʣʝʢʪʨʦʥʥʘʷ ʢʦʤʧʦʥʝʥʪʥʘʷ ʙʘʟʘ. 
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ʉʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷè (ʤ. ʍʘʨʢ̔ʚ-ʩ.ʂʘʮʠʚʝʣ,̔ 2009, 2010, 2011, 

2012, ʤ. ɸʣʫʰʪʘ, 2013) [24ï59]. 

ʇʫʙʣ̔ʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ 59 ʨʦʙ̔ʪ, ʘ ʩʘʤʝ: 

3 ʧʘʪʝʥʪʠ ʋʢʨʘʾʥʠ, 20 ʩʪʘʪʝʡ ʚ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʢʣʶʯʘʻ 9 

ʩʪʘʪʝʡ ʚ ʥʘʫʢʦʚʠʭ ʞʫʨʥʘʣʘʭ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʧʝʨʝʣʽʢʫ ɺɸʂ, ʪʘ 11 ʩʪʘʪʝʡ ʚ 

ʤʽʞʥʘʨʦʜʥʠʭ ʞʫʨʥʘʣʘʭ, ʷʢʽ ʚʢʣʶʯʝʥʽ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ Web of 

Science Core Collection ʪʘ/ʘʙʦ Scopus (6 ï ʢʚʘʨʪʠʣʴ Q1, 1 ï ʢʚʘʨʪʠʣʴ Q2, 4 ï 

ʢʚʘʨʪʠʣʴ Q3). 

ʉʪʨʫʢʪʫʨʘ ʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ̔ ʚʩʪʫʧʫ, ʝhʩʪʠ 

ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʧʝʨʝʣʽʢʫ ʧʦʩʠʣʘʥʴ, ʪʨʴʦʭ ʜʦʜʘʪʢʽʚ. ʈʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 

375 ʩʪʦʨʽʥʢʘʭ, ʽʣʶʩʪʨʦʚʘʥʘ 30 ʪʘʙʣʠʮʷʤʠ ʡ 132 ʨʠʩʫʥʢʘʤʠ. ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 

ʤʽʩʪʠʪʴ 425 ʥʘʡʤʝʥʫʚʘʥʴ, ʱʦ ʚʠʢʣʘʜʝʥʦ ʥʘ 42 ʩʪʦʨʽʥʢʘʭ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ 

ʨʦʙʦʪʠ ʟ ʜʦʜʘʪʢʘʤʠ ï 396 ʩʪʦʨʽʥʢʠ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʢʦʥʮʝʧʮʽ ʁ ʧʦʙʫʜʦʚʠ ʪʘ ʪʝʭʥʦʣʦʛʽ ʁ

ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʫ. ʎʝʡ ʧʨʠʣʘʜ ʥʝʦʙʭʽʜʥʠʡ ʜʣ̫  

ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥɹ , ʟʦʢʨʝʤʘ ʚʦʣʪɹʘʤʧʝʨʦʤʝʪʨʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʨʝʞʠʤʽ ʥʘʜʰʚʠʜʢʦʾ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷʨʠʟʘʮʽʾ 

ʝʣʝʢʪʨʦʜʽʚ. 

ʈʦʟʨʦʙʣʝʥʘ ʢʦʥʮʝʧʮʽʷ ʧʦʙʫʜʦʚʠ ʪʘ ʚʽʜʧʦʚʽʜʥʘ ʩʭʝʤʥʘ ʨʝʘʣʽʟʘʮʽʷ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʰʚʠʜʢʦʜʽʾ ʝʣʝʢʪʨʦʭ̔ʤʯ̔ʥʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʫ 

ʰʣʷʭʦʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʡʦʛʦ ʙʫʜʦʚʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ, ʷʢʽ 

ʥʘʢʣʘʜʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʶ ʡʦʛʦ ʨʦʙʦʪʠ ʥʘ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʨʦʟʛʦʨʪʢʠ 

ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʝʥʩʦʨʘ (ʷʯʝʡʢʠ). ɺ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʚʠʥʘʭʦʜʽ ʦʙˇʨʫʥʪʦʚʘʥʽ ʥʘʩʪʫʧʥ ̔ʥʝʦʙʭʽʜʥʽ ʟʤʽʥʠ ʚ ʙʫʜʦʚʽ 

ʩʭʝʤʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ: ʘ) ʚʚʝʜʝʥʦ ʣʘʥʮʶʛ ʚʽʜô̒ ʤʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʚ 

ʢʘʩʢʘʜ, ʱʦ ʟʘʜʘʻ ʧʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ, ʮʝ ʟʘʙʝʟʧʝʯʫʻ 

ʧʝʨʝʚʝʜʝʥʥʷ ʩʭʝʤʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʚ ʨʝʞʠʤ ʧʦʚʪʦʨʚʁʘʯʘ ʧʦʪʝʥʮʘ̔ʣʫ ʥʘ 

ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʙ) ʚʚʝʜʝʥʦ ʬʽʣʴʪʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʤʽʞ ʢʘʩʢʘʜʘʤʠ ʚʠʤʽʨʫ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʘ ʪʘ ʢʘʩʢʘʜʦʤ, ʱʦ ʟʘʜʘʻ ʧʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮʽʾ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ, ʚ) ʢʦʤʧʝʥʩʘʮʽʶ ʚʩʴʦʛʦ ʦʤʽʯʥʦʛʦ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʚ 
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ʷʯʝʡʮʽ ʫ ʚʩʴʦʤʫ ʜʘ̔ʧʘʟʦʥʽ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪʘʭ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʟʜʽʡʩʥʶʪʁʴ 

ʰʣ̫ ʭʦʤ ʚʚʝʜʝʥʥʷ ʤʽʩʮʝʚʦʛʦ (ʚʥʫʪʨʽʰʥʴʦʢʘʩʢʘʜʥʦʛʦ) ʧʦʟʠʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚô̫ʟʢʫ ʚ ʢʘʩʢʘʜʽ ʚʠʤʽʨʫ ʩʪʨʫʤʫ, ʪʦʙʪʦ ʫ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʦʪʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʥʘ 7 ʰʚʠʜʢʠʭ ʦʧʝʨʘʮʽʡʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʘʭ ʚʽʜʧʦʚʽʜʘʻ ʥʘʚʝʜʝʥʠʤ ʚʠʱʝ ʧʨʠʥʮʠʧʘʤ. ʆʙʛʨʫʥʪʦʚʘʥʦ ʚʠʤʦʛʠ 

ʜʦ ʢʦʞʥʦʛʦ ʟ ʢʘʩʢʘʜʽʚ, ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʧʨʦʚʝʜʝʥʦ ʚʠʙʽʨ ʟ ʽʩʥʫʶʯʠʭ ʥʘ ʨʠʥʢʫ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ. 

ʊʝʭʥ̔ʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʥʘ ʦʙʨʘʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʜʣ̫ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ ʧʦʙʫʜʦʚʠ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʜʦʟʚʦʣʷʻ 

ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʣʷʨʠʟʘʮʽʶ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ 

ʷʯʝʡʢʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮ̔ʘʣʫ ʧʦʥʘʜ 1 ʄɺ/ʩ, ʱʦ 

ʣʽʤʽʪʫ̒ʪɹʩʷ ʰʚʠʜʢʦʜʽʻʶ ʩʭʝʤʠ ʥʘ ʤʝʞʽ 20 ʄɻʮ, ʪʘ ʟʜ̔ ʡʩʥʁʚʘʪʠ ʚʠʤʽʨ ʩʪʨʫʤʫ 

ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 100 ʧɸ ʜʦ 80 ʤɸ. 

ɺ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʝʥʩʦʨʽʚ ʥʘ 

ʦʩʥʦʚʽ ʤʽʢʨʦ-, ʫʣʴʪʨʘʤʽʢʨʦ- ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʜʽʚ. ʗʢ ʟʘʟʥʘʯʝʥʦ ʫ ʧʝʨʰʦʤʫ 

ʨʦʟʜʽʣʽ ʚʘʞʣʠʚʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʘʩʧʝʢʪʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʰʚʠʜʢʦʛʦ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʻ ʟʘʙʝʟʧʝʯʝʥʥʥʷ ʚʠʩʦʢʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʙʦʯʠʭ ʧʣʦʱʠʥ 

ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ ʜʦ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ. ʎʝ ʣʝʛʢʦ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦ, ʫʣʴʪʨʘʤʽʢʨʦ- ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʜʽʚ ʧʨʠ ʧʦʙʫʜʦʚʽ ʩʝʥʩʦʨʥʦʾ 

ʩʠʩʪʝʤʠ.  

ʆʢʨʽʤ ʢʣʘʩʠʬ̔ ʢʘʮʽʾ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ ʪʘ ʦʛʣʷʜʫ ʤʝʪʦʜ̔ʚ ʾʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʥʘʚʝʜʝʥʦ ʦʧʠʩ ʜʚʦʭ ʨʦʟʨʦʙʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣ̫ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ ʟʽ ʩʢʣʷʥʠʤ ʢʦʨʧʫʩʦʤ ʪʘ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʫ. ʇʨʠ ʨʦʟʨʦʙʮʽ 

ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʽʰʫʚʘʣʘʩʷ ʟʘʜʘʯʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʢ̔ʨʦʝʣʝʢʪʨʦʜʫ 

ʰʣʷʭʦʤ ʟʘʣʫʯʝʥʥʷ ʧʨʦʩʪʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʽ 

ʟʙʝʨʝʞʝʥʥʷʤ ʚʠʩʦʢʠʭ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤ̔ʢʨʦʝʣʝʢʪʨʦʜʫ. ʆʢʨʽʤ 

ʦʧʠʩʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʦ ʟ ʨʽʟʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ.  
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ɺ ʪʨʝʪɹʦʤʫ ʨʦʟʜʽʣʽ ʚʠʩʚʽʪʣʝʥʦ ʪʝʭʥʦʣʦʛ̔ʾ ʤʦʜʠʬ̔ʢʘʮʽʾ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥ ̔

ʝʣʝʢʪʨʦʜʽʚ: ʪʝʭʥʦʣʦʛʽ ʁ ʘʣʤʘʟʦʧʦʜʽʙʥʠʭ ʧʦʢʨʠʪʪ̔ʚ, ʪʝʭʥʦʣʦʛʽ ʁ

ʃʘʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʠʭ 

ʧʣʽʚʦʢ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʪʘ ʪʝʭʥʦʣʦʛʽʶ ʬʫʥʢʮ̔ʦʥʘʣʟ̔ʘʮʽʾ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʽʚ 

ʥʘʥʦʤʘʪʝʨʽʘʣʘʤʠ. ɿʘʣʫʯʝʥʥʷ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ 

ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʢʝʨʫʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʝʥʩʦʨʽʚ. ɸ ʩʘʤʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʤʘʟʦ-ʧʦʜʽʙʥʠʭ ʧʦʢʨʠʪʪʽʚ (ɸʇʇ) ʜʦʟʚʦʣʷʻ ʷʢ ʦʪʨʠʤʘʪʠ 

ʢʘʪʘʣʽʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪ̔ ʧʦʚʝʨʭʥʽ ʜʣʷ ʝʣʝʢʪʨʦʭ̔ ʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʝʚʥʠʭ 

ʨʝʯʦʚʠʥ, ʪʘʢ ʽ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʪʠ ʦʙʣʘʩʪʴ ʧʦʣʷʨʠʟʘʮʽʾ ʚʦʜʥʠʭ ʨʦʟʯʠʥ̔ ʚ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʪʝʭʥʦʣʦʛʽʾ ʱʦ ʨʦʟʨʙʣʷʣʘʩʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʾ ʣʝʛʫʶʯʦʛʦ 

ʝʣʝʤʝʥʪʫ ï ʘʟʦʪʫ, ʫ ʚʽʜʤʽʥʥʦʩʪʽ ʜʦ ʙʽʣʴʰ ʧʦʰʠʨʝʥʦʛʦ ʙʦʨʫ ʫ ̔ʥʰʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʝʣʝʤʝʥʪʫ ʙʽʣʴʰ ʮʽʢʘʚʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʦʪʨʠʤʘʥʥʷ «ʟʝʣʝʥʦʾ» ʪʝʭʥʦʣʦʛʽʾ, ʦʩʢʽʣʴʢʠ ʛʘʟʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʢʣʶʯʝʥʥʷ ʙʦʨʫ ʫ ʢʨʠʩʪʘʣʽʯʥʫ ʨʝʰʽʪʢʫ ʘʣʤʘʟʫ ʪʦʢʩʠʯʥʠʤ, ʦʪʞʝ ʘʟʦʪ ʻ ʙʽʣʴʰ 

ʧʦʨʽʜʥʝʥʠʤ ʜʦ ʧʨʠʨʦʜʠ ʢʦʤʧʦʥʝʥʪʦʤ, ʪʘ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʻ ʙʽʣʴʰ 

ʙʝʟʧʝʯʥʠʤ, ʦʩʢ̔ʣʴʢʠ ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʘʟʦʪʫ ʪʘ 

ʘʨʛʦʥʫ. ʆʩʪʘʥʥʽ  ʧʨʠʨʦʜʥʦ ʧʨʠʩʫʪʥʽ ʫ ʘʪʤʦʩʬʝʨʽ, ʪʦʞ ʥʝ ʥʝʩʫʪʴ ʥʝʙʝʟʧʝʢʠ. 

ʉʢʣʘʜʥʦʩʪʽ ʚʚʝʜʝʥʥʷ ʘʟʦʪʫ ʜʦ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʚʠʨʽʰʫʚʘʣʦʩʷ ʨʦʟʨʦʙʢʦʶ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʨʝʞʠʤʽʚ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ 

ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʚʽʜʥʠʭ ɸʇʇ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʚô̫ ʟʢʫ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ 

ʬʦʨʤʫʚʘʥʥʷ ɸʇʇ ʪʘ ʾʭ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʢʨʽʤ ʮɹ ʦʛʦ 

ʚʠʟʥʘʯʘʚʩʷ ʟʚô̫ ʟʦʢ ʟ ɽʍ ʪʘ ɽʍʃ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʦʪʨʠʤʘʥʠʭ ʝʣʝʢʪʨʦʜʽʚ, ʱʦ 

ʤʦʜʠʬʽʢʦʚʘʥʦ ɸʇʇ ʣʝʛʦʚʘʥʠʭ ʘʟʦʪʦʤ. 

ɺ ʪʝʭʥʦʣʦʛʽʾ ʃʘʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ ʜʦʩʣʽʜʞʫʚʘʚʩʷ  

 

ɺ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ 

ʨʝʻʩʪʨʘʮʽ ʾʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥ̫ ʟ ʬʦʪʦʥʥʠʭ ʩʝʥʩʦʨʽʚ. ʅʘʚʝʜʝʥʦ ʜʦʨʦʙʦʢ 

ʘʚʪʦʨʘ, ʱʦ ʚʢʣʶʯʘʻ ʷʢ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʽ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣɹ ʪʘʪʠ, ʦɦ ʨʝʘʣ̔ʟʦʚʘʥʦ ʫ 

ʚʠʛʣʷʜʽ ʚʽʜʧʦʚ̔ʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 
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ʚʽʜ ʩʝʥʩʦʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʚʘʯʽʚ ʢʦʣʴʦʨʫ, ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʭ ʧʦʤʥʦʞʫʚʘʯ̔ ʚ ʚ 

ʩʪʨʫʤʦʚʦʤʫ ʨʝʞʠʤʽ ʪʘ ʨʝʞʠʤʽ ʣʽʯʙʠ ʽʤʧʫʣʴʩʽʚ, ʨʝʻʩʪʨʘʮʽʾ ʚʠʧʨʦʤʥ̔ʝʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʨ ʇɿɿ ʪʘ ʂʄʆʅ.  

ɺ ʧô̫ʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʠʩʚʷʯʝʥʦ ʨʦʟʨʦʙʮʽ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʨʠʢʣʘʜʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʥʘʚʝʜʝʥʦ ʚ 

ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ: ʢʦʤʧʣʝʢʩ ʜʣʷ ɽʍʃ ʜʦʩʣʽʜʞʝʥʴ «ɽʃɸʅ-3D», 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʘʤʠ ʥʘʜʰʚʠʜʢʦʾ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ ʪʘ ɽʍʃ, ʢʦʣʦʨʠʤʝʪʨ «ʉ 1001». 

ʆʙʛʦʚʦʨʝʥʦ ʩʪʨʫʢʪʫʨʫ ʘʥʘʣʽʟʘʪʦʨʘ ʜʣ̫ ʜʦʩʣʽʜʞʝʥʥʷ ɽʍʃ («ɽʃɸʅ-3D»), 

ʨʝʻʩʪʨʘʮʽʶ ʙʽʦʣʦʛʽʯʥʦ ʟʥʘʯʫʱʠʭ ʢʦʤʧʦʥʝʥʪ̔ ʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽʍʃ ʤʝʪʦʜʫ ʥʘ 

ʧʨʠʢʣʘʜʽ ʝʪʽʣ ʬʦʨʤʘʪʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʝʥʩʦʨʥʠʭ 

ʩʠʩʪʝʤ ʥʘ ʧʨʠʢʣʘʜʽ ʘʣʤʘʟʦʧʦʜʽʙʥʠʭ ʧʦʢʨʠʪʪ̔ ʚ ʪʘ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʧʣʽʚʦʢ, ʱʦ 

ʦʪʨʠʤʘʥʦ ʤʝʪʦʜʦʤ ʃʘʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ. 

ɺ hʦʩʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ, 

ʚʢʣʶʯʘʶʯʠ ʥʘʥʦʝʣʝʢʪʨʦʭʽʤʽʯʥ̔ ʪʘ ʥʘʥʦʬʦʪʦʥʥ̔ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʨʝʘʣʟ̔ʘʮʽʾ 

ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ, ʥʘ ʧʨʠʢʣʘʜʽ ʨʽʰʝʥʥʷ ʧʝʚʥʠʭ ʜʦʩʣʽʜʥʝʮʴʢʠʭ ʟʘʜʘʯ. 
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1. ʂʆʅʎɽʇʎɯʗ ʇʆɹʋɼʆɺʀ ʊɸ ʊɽʍʅʆʃʆɻɯʗ ɺʀʈʆɹʅʀʎʊɺɸ 

ʅɸɼʐɺʀɼʂʆɻʆ ʇʆʊɽʅʎɯʆʉʊɸʊʋ 

 

 

ɺ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʜʝ ʨʦʟʛʣ̫ ʥʫʪʦ ʦʩʥʦʚʠ ʧʦʪʝʥʮʠʦʩʪʘʪʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʝʥʩʦʨʘ, ʱʦ ʚʢʣʶʯʘʻ ʧʠʪʘʥʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʦʤʽʯʥʦʛʦ ʧʦʜʽʥʥʷ 

ʥʘʨʧʫʛʠ ʧʦʣʷʨʠʟʘʮʽʾ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʷʯʝʡʮ.̔ ʇʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʩʫʯʘʩʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ, ʡʦʛʦ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɿʨʦʙʣʝʥʦ ʘʥʘʣʽʟ ʥʝʦʙʭʜʥʦʩʪ̔  

ʪʘ ʧʨʦʙʣʝʤ ʩʪʚʦʨʝʥʥʷ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ʂʨʠʪʠʯʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʢʣʘʩʠʯʥʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʽʥʰʠʭ ʘʚʪʦʨʽʚ 

ʩʪʦʩʦʚʥʦ ʟʙ̔ ʣʴʰʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ɺʠʧʨʘʮʶʚʘʥʦ ʧʨʠʥʮʠʧʠ 

ʧʦʙʫʜʦʚʠ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʩʭʝʤʫ ʝʣʝʢʪʨʠʯʥʫ 

ʧʨʠʥʮʠʧʦʚʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʢʦʥʮʝʧʮʽʶ ʚ ʨʝʘʣʴʥʡ̔ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʨʦʚʝʩʪʠ ʦʮʽʥʢʫ ʾʾ ʨʝʘʣʴʥʠʭ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʮʴʦʤʫ 

ʨʦʟʜʽʣʽ ʜʦʩʣʽʜʞʝʥʦ ʟʚô̫ʟʦʢ ʯʘʩʫ ʚʽʜʛʫʢʫ, ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʤʝʞʽ ʚʠʟʥʘʯʝʥʥʷ ʚ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʷʢʽ 

ʥʘʙʫʪʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘʚʝʜʝʥʠʭ ʨʦʙʽʪ ʚ ʨʦʟʜʽʣʽ, ʱʦ ʙʫʣʦ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ 

ʥʘʩʪʫʧʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʘʚʪʦʨʘ [4, 6, 33, 36, 38-46]. 

ɼʣʷ ʧʦʨʦʟʫʤʽʥʥʷ ʪʝʨʤʽʥʫ ʥʘʥʦʝʣʝʢʪʨʦʭʽʤʽʷ ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʥʫʪʠ 

ʘʩʧʝʢʪʠ ʥʘʥʦʨʦʟʤ̔ʨʥʦʛʦ ʯʘʩʦʚʦʛʦ ʪʘ ʧʨʦʩʪʦʨʦʚʦʛʦ ʦʙʤʝʞʝʥʴ ʪʘ ʝʬʝʢʪʠ, ʷʢʽ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʦʙô̒ ʢʪʘʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʫʤʦʚ ʮʠʭ ʦʙʤʝʞʝʥʴ. ʎʽ ʧʠʪʘʥʥʷ ʻ 

ʧʦʚô̫ ʟʘʥʠʤʠ ʥʝ ʪʽʣʴʢʠ ʟ ʟʦʨʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʬʽʟʠʢʠ ʫ ʪʝʨʤʽʥʽ ʧʨʦʩʪʽʨ-ʯʘʩ, ʷʢ 

ʧʨʦʷʚ ʤʘʪʝʨʽʾ, ʘʣʝ ʡ ʧʝʚʥʠʤ ʯʠʥʦʤ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʘʭ.  

ʊʘʢʠʤ ʯʠʥʦʤ ʪʝʨʤʽʥ ʥʘʥʦʝʣʝʢʪʨʦʭʽʤʽʾ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ, ʷʢ 

ʫʟʘʛʘʣʴʥʶʶʯʠʡ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʷʚʠʱ, ʧʦʚô̫ ʟʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʤ ʥʘʜʰʚʠʜʢʦʛʦ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʜʣʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʫʣɹʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʦʤʘʥ̔ʪʥʠʭ ʦʙô̒ ʢʪʽʚ, ʚʢʣʶʯʘʶʯʠ 

ʥʘʥʦʤʘʪʝʨʽʘʣʠ ʪʘ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʽ ʦʙô̒ ʢʪʠ. ɼʦ ʦʩʪʘʥʥʽʭ, ʙʝʟʫʤʦʚʥʦ ʩʣʽʜ 

ʚʽʜʥʝʩʪʠ ʙʽʦʣʦʛʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʪʘʢʽ ʷʢ ʢʣʽʪʠʥʠ. ʊʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ 
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ʧʠʪʘʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʧʨʦʙʣʝʤʥʦʾ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʛʣʷʥʫʪʦ ʫ ʧʦʜʘʣʴʰʠʭ 

ʨʦʟʜʽʣʘʭ. 

ʉʧʨʦʙʠ ʚʜʦʩʢʦʥʘʣʝʥʥ̫ ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʤʦʤʝʥʪʫ ʾʭ ʧʦʷʚʠ, 

ʱʦ ʟʘʚʜʷʯʝʥʝ ʟʫʩʠʣʣʷʤ ɻʝʡʨʦʚʩʴʢʦʛʦ. ɿ ʤʦʤʝʥʪʫ ʧʦʷʚʠ ʧʝʨʰʦʛʦ 

ʧʦʪʝʥʮʽʘʦʩʪʘʪʫ ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦ ʩʴʦʛʦʜʥʽ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʷ 

ʟʘʟʥʘʣʘ ʜʝʷʢʠʭ ʟʤʽʥ. ɿʤʽʥʘ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʪʘ ʨʦʟʚʠʪʦʢ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ 

ʚʽʜʙʠʚʩʷ ʡ ʝʚʦʣʶʮʽʡʥʦʤʫ ʪʘ ʨʝʚʦʣʶʮʽʡʥʦʤʫ ʨʦʟʚʠʪʢʫ ʧʦʪʝʥʮʽʦʩʪʘʪʫ. ɿʘʤʽʥʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʧʨʠʣʘʜʽʚ ʥʘ ʝʣʝʢʪʨʦʥʥʽ ʣʘʤʧʠ, ʧʦʷʚʘ ʪʨʘʥʟʠʩʪʦʨʘ ʪʘ 

ʧʦʙʫʜʦʚʘ ʧʝʨʰʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʩʭʝʤ, ʽʥʪʝʛʨʘʮʽʷ ʩʭʝʤʦʪʝʭʥʽʢʠ ʦʩʪʘʥʥʽʭ ʥʘ 

ʢʨʠʩʪʘʣ̔ ʚʩʝ ʮʝ ʤʘʡʞʝ ʚʦʜʥʦʯʘʩ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʽʥʞʝʥʝʨʘʤʠ ʡ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ. ʈʦʟʛʣʷʥʫʪʘ ʩʭʝʤʘ ʙʫʜʦʚʠ ʧʦʪʝʥʮʽʦʩʪʘʪʫ ʥʘ 

ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʘʭ ʩʴʦʛʦʜʥʽ ʥʘʡʧʦʰʠʨʝʥʽʰʘ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʙʘʛʘʪʴʤʘ 

ʬʘʢʪʦʨʘʤʠ ʷʢʽ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʽ ʚ ʮʦɹʤʫ ʨʦʟʜʽʣʽ. ʎʷ ʩʭʝʤʘ ʙʝʟʫʤʦʚʥʦ ʤʘʻ 

ʩʚʦ̒ ʤʽʩʮʝ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ, ʦʜʥʘʢ ʬʽʟʠʯʥʽ ʦʙʤʝʞʝʥʥʷ ʾʾ ʨʦʙʦʪʠ ʪʘʢʦʞ ʤʘʶʪʴ 

ʤ̔ ʩʮʝ, ʦʩʦʙʣʠʚʦ ʟʘ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʥʘʜʰʚʠʜʢʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʜʽʚ. 

ɺʦʯʝʚʠʜʴ ʽʩʥʫʶʯʘ ʢʦʥʮʝʧʮʽʷ ʙʫʜʦʚʠ ʧʦʪʝʥʮʽʦʩʪʘʪʫ ʧʦʪʨʝʙʫʻ ʧʝʨʝʛʣʷʜʫ ʚ 

ʘʩʧʝʢʪʽ ʾʾ  ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʥʘʜʰʚʠʜʢʽʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ 

ʟʫʩʠʣʣʷ ʟ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʧʦʪʝʥʮʽʦʩʪʘʪʫ ʟʘʚʞʜʠ ʧʨʠʛʦʨʪʘʣʠ ʧʝʚʥʠʡ 

ʽʥʪʝʨʝʩ ʜʦʩʣʽʜʥʠʢʽʚ. ʆʛʣʷʜ ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʰʝʥʴ, ʪʘ ʘʥʘʣʽʟ ʾʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʚ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʥʝʦʙʭʽʜʥʠʡ ʝʣʝʤʝʥʪ ʫ ʨʦʟʨʦʙʮʽ ʥʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʨʦʙʦʪʽ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʧʽʜʩʫʤʫʚʘʪʠ, ʱʦ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʢʠ 

ʥʘʥʦʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʚô̫ ʟʘʥʦ ʟ ʨʦʟʚʠʪʢʦʤ ʢʦʥʮʝʧʮʽʾ ʙʫʜʦʚʠ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ 

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʟʘʜʘʯ, ʨʦʟʚô̫ ʟʘʥʥʷ ʷʢʠʭ ʤʦʞʣʠʚʝ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʚʽʜʙʠʚʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʮʽ̒ ʾ ʨʦʙʦʪʠ.  
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1.1 ʇʦʪʝʥʮʽʦʩʪʘʪʫʚʘʥʥʷ ɽʍ ʩʝʥʩʦʨʘ  

 

ʇʨʦʙʣʝʤʫ ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʝʪʦʜʘʤʠ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ, ʱʦ ʚʢʣʶʯʘʻ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʩʝʥʩʦʨʽʚ, 

ʤʦʞʣʠʚʦ ʩʬʦʨʤʫʣʁʚʘʪʠ ʢ̫ ʥʝʦʙʭʽʜʥʩ̔ʪɹ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʤʫ ʯʝʨʝʟ ʨʦʙʦʯʠʡ 

ʝʣʝʢʪʨʦʜ ʩʝʥʩʦʨʘ ʧʨʠ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʟʤʽʥʽ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ ʤʽʞ ʨʦʙʦʯʠʤ 

ʝʣʝʢʪʨʦʜʦʤ ʪʘ ʨʦʟʯʠʥʦʤ.  

ʇʦʪʝʥʮʽʦʩʪʘʪ ʧʨʠʣʘʜ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧʝʥʩʘʮʽʾ ʦʤʽʯʥʦʛʦ ʧʘʜʽʥʥʷ 

ʥʘʧʨʫʛʠ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʷʯʝʡʮʽ ʪʘ/ʘʙʦ ʚʠʤʽʨʥʦʤʫ ʪʨʘʢʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʩʭʝʤʠ, 

ʪʘ ʟʜʽʡʩʥʝʥʥʷ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʜʽʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʥʘʡʧʨʦʩʪʽʰʦʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ ʥʝʦʙʭʽʜʥʦ ʜʚʘ ʝʣʝʢʪʨʦʜʠ ʨʦʟʜʽʣʝʥʽ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ (ʯʘʩʪʽʰ ʟʘ ʚʩʝ ʨʦʟʯʠʥʦʤ) ʟ ʥʦʩʽʷʤʠ ʟʘʨʷʜʽʚ 

ʦ̔ʥʘʤʠ. ʂʦʞʥʠʡ ʟ ʝʣʝʢʪʨʦʜʽʚ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʦʣʫ ʝʣʝʤʝʥʪ, ʪʘ 

ʚʜ̔ʦʢʨʝʤʠʪʠ ʧʨʦʮʝʩʠ ʥʘ ʥʠʭ ʦʜʠʥ ʚʽʜ ʜʨʫʛʦʛʦ. ʊʘʢʠʤ ʯʠʥʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʦʞʥʘ ʩʧʨʤ̫ʫʚʘʪʠ ʥʘ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʪʽʣʴʢʠ ʥʘ ʦʜʥʦʤʫ ʝʣʝʢʪʨʦʜʽ 

(ʨʦʙʦʯʦʤʫ), ʽʥʰʠʡ ʝʣʝʢʪʨʦʜ (ʜʦʧʦʤʽʞʥʠʡ) ʚʠʢʣʶʯʠʪʠ ʟ ʨʦʟʛʣ̫ʜʫ. ɺ 

ʝʣʝʢʪʨʦʭʽʤʯ̔ʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʟʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʩʪʨʫʤʫ ʚʽʜ ʧʦʪʝʥʮʘ̔ʣʫ, ʱʦ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʨʦʙʦʯʦʤʫ ʝʣʝʢʪʨʦʜʽ. ʇʨʦʙʣʝʤʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʤʽʨʫ ʧʦʪʝʥʮʽʘʣʫ ʟʟʦʚʥʽ ʷʯʝʡʢʠ. ʆʪʞʝ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚʠʤʽʨʫ ʨ̔ʟʥʠʮ̔ ʧʦʪʝʥʮʘ̔ʣ̔ʚ ʤ̔ʞ ʩʝʨʝʜʦʚʠʱʝʤ 

(ʝʣʝʢʪʨʦʣʽʪʦʤ) ʪʘ ʨʦʙʦʯʠʤ ʝʣʝʢʪʨʦʜʦʤ ʚ ʘʥʘʣʽʪʠʯʥʽʡ ʝʣʝʢʪʨʦʭʽʤʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʨʴʦʭʝʣʝʢʪʨʦʜʥʘ ʷʯʝʡʢʘ. ʊʨʝʪʽʡ ʝʣʝʢʪʨʦʜ ʻ ʝʣʝʢʪʨʦʜʦʤ 

ʧʦʨʽʚʥʷʥʥʷ, ʧʦʪʝʥʮʽʘʣ ʷʢʦʛʦ ʻ ʥʝʟʤʽʥʥʠʤ ʫ ʥʘʩʣʽʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʜʘ, 

ʱʦ ʥʝ ʧʦʣʷʨʠʟʫʻʪʴʩʷ, ʪʦʙʪʦ ʩʪʨʫʤ ʯʝʨʝʟ ʷʢʠʡ ʜʦʩʪʘʪʥʴʦ ʤʘʣʠʡ, ʱʦʙ ʥʝ 

ʟʤʽʥʶʚʘʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʙʘʣʘʥʩ ʟʚʦʨʦʪʥʦʾ ʝʣʝʢʪʨʦʭʤ̔ʽʯʥʦʾ ʨʝʘʢʮʽʾ , ʱʦ 

ʟʘʜʘʻ ʧʦʪʝʥʮʽʘʣ ʝʣʝʢʪʨʦʜʫ ʫ ʩʝʨʝʜʦʚʠʱ̔. ʈʦʟʤʽʱʫʶʯʠ ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ 

ʜʦʩʪʘʪʥʴʦ ʙʣʠʟʴʢʦ ʜʦ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʫ ʤʦʞʣʠʚʘ ʢʦʤʧʝʥʩʘʮ̫̔  ʧʘʜʽʥʥ ̫

ʥʘʧʨʫʛʠ ʥʘ ʽʥʪʝʨʬʝʡʩʽ ʜʦʧʦʤʽʞʥʠʡ ʝʣʝʢʪʨʦʜ/ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʧʘʜʽʥʥʽ ʥʘʧʨʫʛʠ 

ʥʘ ʦʤʽʯʥʦʤʫ ʦʧʦʨʽ ʩʝʨʝʜʦʚʠʱʘ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʣʠʚʝ ʢʝʨʫʚʘʥʥʷ ʟʟʦʚʥʽ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ ʧʦʪʝʥʮʽʘʣʦʤ ʥʘ ʽʥʪʝʨʬʝʡʩʽ ʨʦʟʯʠʥ/ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ.  
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ɼʦ ʩʢʣʘʜʫ ʪʨɹʦʭʝʣʝʢʪʨʦʜʥʦ ʾʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ ʚʭʦʜʷʪʴ ʨʦʙʦʯʠʡ, 

ʜʦʧʦʤʽʞʥʠʡ ʝʣʝʢʪʨʦʜʠ ʪʘ ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ. ʌʫʥʢʮʽʷ ʧʦʪʝʥʮʽʦʩʪʘʪʫ 

ʟʜʽʡʩʥʶʚʘʪʠ ʢʝʨʫʚʘʥʥʷ ʧʦʪʝʥʮʽʘʣʦʤ ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ ʜʣʷ ʫʪʨʠʤʘʥʥʷ 

ʧʦʪʝʥʮʽʘʣʫ ʨʦʟʯʠʥʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʛʨʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ʷʯʝʡʢʠ ʯʝʨʝʟ ʚʠʤ̔ʨ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʪʘ 

ʨʝʘʣʽʟʘʮʽʷ ʚʠʤʽʨʫ ʩʪʨʫʤʫ ʯʝʨʝʟ ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ̔ʧʦʙʫʜʦʚʠ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʫ ʨʦʟʛʣʷʥʫʪʦ 

ʙʘʟʦʚʽ ʧʘʨʘʤʝʪʨʠ ʮʴʦʛʦ ʧʨʠʣʘʜʫ (ʧ. 1.1.1), ʚʽʜʦʤ ̔ʧʨʠʥʮʠʧʠ ʡʦʛʦ ʧʦʙʫʜʦʚʠ 

(ʧ. 1.1.2), ʧʨʦʙʣʝʤʫ ʢʦʤʧʝʥʩʘʮʽʾ ʦʤ̔ʯʥʠʭ ʚʪʨʘʪ ʚ ɽʍ ʷʯʝʡʮʽ (ʧ. 1.1.3-1.1.4), 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʢʦʥʮʝʧʮʽʶ ʧʦʙʫʜʦʚʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʥʘʜʰʚʠʜʢʠʭ ʨʝʞʠʤʽʚ ʡʦʛʦ ʨʦʙʦʪʠ (ʧ. 1.2) ʪʘ ʨʦʟʨʦʙʣʝʥʫ ʚʽʜʧʦʚʽʜʥʫ ʜʦ ʮʽʻʾ 

ʢʦʥʮʝʧʮʽʾ ʩʭʝʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ (ʧ.1.3), ʟ 

ʦʙʛʨʫʥʪʫʚʘʥʥʷʤ ʦʙʨʘʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ. ʇʨʠʢʣʘʜʠ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʟʘʜʘʯʘʭ ʙʫʜʝ ʥʘʚʝʜʝʥʦ ʚ 6 ʨʦʟʜʽʣʽ. 

 

1.1.1 ʇʦʪʝʥʮʽʦʩʪʘʪ ʪʘ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

 

ɺ ʮʴʦʤʫ ʧʫʥʢʪʽ ʥʘʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮ̫̔ ʦʙʣʘʜʥʘʥʥ,̫ ʱʦ ʻ ʥʘ ʨʠʥʢʫ. 

ɺʠʩʚʽʪʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʜʝ̫ ʢʠʭ ʟʨʘʟʢʚ̔ ʚ ʘʩʧʝʢʪʘʭ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ. ʋʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʧʝʨʝʚʘʛʘʤ ʪʘ ʥʝʜʦʣʽʢʘʤ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ, ʦʩʦʙʣʠʚʦ ʚ ʘʩʧʝʢʪʽ ʨʝʘʣʽʟʘʮʽʾ ʥʘʜʰʚʠʜʢʠʭ 

ʨʝʞʠʤʽʚ ʧʦʣʷʨʠʟʘʮʽʾ ɽʍ ʩʝʥʩʦʨʘ. 

ʂʣʘʩʠʬʽʢʘʮʽ.̫ ɺʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥ ̔ ʜʦʩʣ̔ ʜʞʝʥʥʷ ʥʝ ʤʦʞʣʠʚʽ ʙʝʟ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ, ʥʘʩʘʤʧʝʨʝʜ ʧʦʪʝʥʮʦ̔ʩʪʘʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʧʨʦʚʝʜʝʥʥʷ ʧʦʣʷʨʠʟʘʮʽʾ ʧʨʦʪʠ ʝʣʝʢʪʨʦʜʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʦʚʘʞʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ɽʍ ̫ʯʝʡʢʠ (ʩʝʥʩʦʨʘ), ʱʦ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʝʣʝʢʪʨʦʜʦʤ ʧʦʨʽʚʥʷʥʥʷ, 

ʪʘ ʚʠʤʽʨʫ ʩʪʨʫʤʫ ʯʝʨʝʟ ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ.  

ʇʝʨ  h ʟʘ ʚʩʝ ʧʦʪʝʥʮʽʦʩʪʘʪʠ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʟʘ ʩʧʝʮʽʘʣʽʟʘʮʽʻʶ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥ:̫  
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- ʮʝ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʩʪʘʥʮʽʾ, ʱʦ ʤʘʶʪʴ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʤʝʪʦʜʠʢ ʚʦʣʴʪʘʤʧʝʨʦʤʘʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʪʘ 

ʤʦʞʣʠʚʦʩʪʽ ʽʥ.ʪʝʛʨʘʮʽʾ ʟ ʽʥʰʠʤ ʜʦʩʣʽʜʥʠʮʴʢʠʤ ʦʙʣʘʜʥʘʥʥʷʤ 

(ʥʘʧʨʠʢʣʘʜ, Autolab PGSTAT 128N ʚʽʜ Metrohm AG); 

- ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʦʪʝʥʮʽʦʩʪʘʪʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ 

ʩʝʥʩʦʨʽʚ, ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ ʧʨʠʢʣʘʜ, ʨʅ-ʤʝʪʨʠʯʥʽ ʧʦʪʝʥʮʽʦʩʪʘʪʠ 

(ʥʘʧʨʠʢʣʘʜ, pH-ʤʝʪʨ PP20 ʚʽʜ Sartorius AG); 

- ʤʽʥʽʘʪʶʨʥʽ ʧʦʪʝʥʮʽʦʩʪʘʪʠ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʨʽʰʝʥʴ. ʇʦʨʪʘʪʠʚʥʽ 

ʨʽʰʝʥʥʷ ʚʩʝ ʙʽʣʴʰ ʽ ʙʽʣʴʰ ʮʽʢʘʚʣʷʪʴ ʜʦʩʣʽʜʥʠʢʽʚ ʚ ʩʚʽʪʣʽ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥɹ ʟʘ ʤʽʩʪʦʤ ʦʪʨʠʤʘʥʥʷ ʟʨʘʟʢʘ, ʪʦʙʪʦ ʘʥʘʣʽʟ ʚ ʧʦʣʴʦʚʠʭ 

ʫʤʦʚʘʭ (ʥʘʧʨʠʢʣʘʜ, ʧʦʨʪʘʪʠʚʥʠʡ ʙʝʟʧʨʦʚʽʜʥʠʡ ʧʦʪʝʥʮʽʦʩʪʘʪ Sensit 

BT ʚʽʜ PalmSens BV). 

- ʥ̔ʪʝʛʨʘʣʴʥʽ ʧʦʪʝʥʮʦ̔ʩʪʘʪʠ, ʧʝʨʝʚʘʞʥʘ ʯʘʩʪʠʥʘ ʝʣʝʢʪʨʠʯʥʦʾ ʩʭʝʤʠ 

ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ ̔ʥʪʝʛʨʘʣʴʥʦʾ ʤʽʢʨʦʩʭʝʤʠ (ʥʘʧʨʠʢʣʘʜ, 

ʤʽʢʨʦʩʭʝʤʘ LMP91000 ʚʽʜ Texas Instruments Inc.);  

- ʽʥʪʝʛʨʦʚʘʥʽ (ʚʙʫʜʦʚʘʥʽ) ʧʦʪʝʥʮʽʦʩʪʘʪʠ, ̫ ʢ ʩʢʣʘʜʦʚʘ ʯʘʩʪʠʥʘ ʽʥʰʦʛʦ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. (ʇʨʠʢʣʘʜʦʤ ʮʦɹʛʦ ʪʠʧʫ ʦʙʣʘʜʥʘʥʥ̫  ̒

ʧʨʠʣʘʜʠ ʜʣʷ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ  VersaSCAN ʚ̔ ʜ 

Princeton Applied Research Co.). 

ʍʦʯʘ ʙʽʣʴʰʽʩʪʴ ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ ʙʫʜʫʻʪʴʩʷ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʩʭʝʤʦʶ, ʱʦ 

ʙʫʣʘ ʟʘʧʨʦʚʘʜʞʝʥʘ ʱʝ ɻʝʡʨʦʚʩʴʢʠʤ [60]. ɿ ʨʦʟʚʠʪʢʦʤ ʚʽʜʧʦʚʽʜʥʦʾ 

ʩʭʝʤʦʪʝʭʥʽʯʥʦʾ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʡʜʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʮʽʻʾ ʩʭʝʤʠ. ʉʪʠʩʣʠʡ ʦʛʣʷʜ 

ʝʚʦʣʶʮʽʾ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʜʝ 

ʥʘʚʝʜʝʥʦ ʚ ʨʦʟʜʽʣʽ 1.1.2. ʊʫʪ ʚʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ 

ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʦʜʥʘʢʦʚʦʶ ʙʘʟʦʚʦʶ ʩʭʝʤʦ .ʁ ʈʽʟʥʦʤʘʥʽʪʪʷ ʬʫʥʢʮ̔ʦʥʘʣʴʥʦʩʪʽ ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʟʰʠʨʝʥʥʷ ʙʘʟʦʚʦʾ ʩʭʝʤʠ ʜʣ̫ 

ʥʘʜʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʬʫʥʢʮʽʡ ʟʘʭʠʩʪʫ ʪʘ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʦʧʝʨʘʪʦʨʘ ʧʽʜ ʯʘʩ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʭʽʜʥʦʛʦ/ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʤʦʞʣʠʚʽʩʪɹ ʧʨʦʚʝʜʝʥʥʷ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʚʠʤʽʨʽʚ, ʬʫʥʢʮʽʾ ʽʥʪʝʛʨʘʮʽʾ 

ʧʦʪʝʥʮ̔ ʦʩʪʘʪʘ ʟ ʽʥʰʠʤ ʜʦʩʣʽʜʥʠʮʴʢʠʤ ʦʙʣʘʜʥʘʥʥʷʤ. 
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ʈʦʟʛʣʷʥʝʤʦ ʙʘʟʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ, ʱʦ ʚʘʞʣʠʚʽ ʷʢ ʜʣʷ 

ʦʧʠʩʫ ʾʭ ʪʝʭʥʽʯʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʟʜʽʡʩʥʶʚʘʪʠ ʝʣʝʢʪʨʦʣʽʟ ʟ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ 

ʘʥʘʣʽʟʫ ʧʝʚʥʠʭ ʭʽʤʽʯʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʷʯʝʡʢʘʭ, 

ʪʘʢ ʽ ʜʦʜʘʪʢʦʚʠʭ ʬʫʥʢʮʽʡ, ʱʦ, ʥʘʧʨʠʢʣʘʜ, ʚʘʞʣʠʚʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʨʫʯʥʦʩʪʽ 

ʫ ʢʦʨʠʩʪʫʚʘʥʥʽ. ʊʘʢʦʞ ʥʘʚʝʜʝʥʘ ʪʝʨʤʽʥʦʣʦʛʽʷ ʩʧʨʠʷʪʠʤʝ ʨʦʟʫʤʽʥʥʶ ʦʧʠʩʫ 

ʨʦʟʨʦʙʣʝʥʦʾ ʘʚʪʦʨʦʤ ʢʦʥʮʝʧʮʽʾ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ.  

ɹʘʟʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʝʥʮʽʩʪʘʪʘ. 

ʉʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ. ɹʫʚʘʶʪʴ 2, 3, ʘʙʦ 4 ʝʣʝʢʪʨʦʜʥ ̔(ʤʫʣʴʪʠʝʣʝʢʪʨʦʜʥʽ ʟ 5 

ʽ ʙʽʣʴʰʝ ʝʣʝʢʪʨʦʜʘʤʠ ʻ ʚʝʣʴʤʠ ʨʽʜʢʠʤ ʚʠʧʘʜʢʦʤ). ɼʣʷ ʚʠʤʽʨʫ ʟʘʣʝʞʥʦʩʪʽ 

ʩʪʨʫʤ-ʧʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ ʜʦʩʪʘʪʥʴʦ ʜʚʦʭ 

ʝʣʝʢʪʨʦʜʽʚ (ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʥʽ ʪʘ ʙʽʧʦʣʷʨʥʽ ʤʝʪʦʜʠʢʠ ʝʣʝʢʪʨʦʭʽʤ̔ʯʥʦʛʦ 

ʘʥʘʣʽʟʫ). ʆʜʥʘʢ ʚ ʘʥʘʣʽʪʠʮʽ ʜʫʞʝ ʯʘʩʪʦ ʟʘʜʣʷ ʘʙʩʪʨʘʛʫʚʘʥʥʷ ʚʽʜ ʨʦʟʛʣʷʜʫ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʦʜʥʦʤʫ ʟ ʝʣʝʢʪʨʦʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪɹ ʝʣʝʢʪʨʦʜ 

ʧʦʨʽʚʥʷʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʧʨʦʮʝʩʘʭ, ʦɦ ʧʨʦʭʦʜʷʪ ɹʪʽʣʴʢʠ-ʥʦ ʥʘ 

ʨʦʙʦʯʦʤʫ ʝʣʝʢʪʨʦʜʽ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʨʠʝʣʝʢʪʨʦʜʥʫ ʷʯʝʡʢʫ ʜʦʩʣʽʜʥʠʢ ʚ 

ʙʽʣʴʰʦʤʫ ʩʪʫʧʝʥʽ ʚʽʣʴʥʠʡ ʜʦ ʚʠʙʦʨʫ ʨʝʞʠʤʠ ʝʣʝʢʪʨʦʣʽʟʫ, ʢʦʥʩʪʨʫʢʮʽʾ ʯ̫ʝʡʢʠ, 

ʪʘ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʋʩʢʣʘʜʥʝʥʥʷʤ ʻ ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ ʪʘ 

ʥʝʦʙʭʽʜʥʩ̔ʪ ɹ ʡʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥ ̫ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʷʯʝʡʮʽ, ʦʜʥʘʢ ʮʝ 

ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʥʘʙʫʪʠʤʠ ʧʝʨʝʚʘʛʘʤʠ, ʘ ʩʘʤʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʽʣʴʢʠ ʧʨʦʮʝʩʽʚ ʥʘ 

ʤʝʞʽ ʨʦʙʦʯʦʛʦ (ʽʥʜʠʢʘʪʦʨʥʦʛʦ, ʩʝʥʩʦʨʥʦʛʦ) ʝʣʝʢʪʨʦʜʘ ʟ ʨʦʟʯʠʥʦʤ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʚʜʘʻʪʴʩʷ ʘʙʩʪʨʘʛʫʚʘʪʠʩʷ ʚʽʜ ʧʨʦʮʝʩʽʚ ʚ ʦʙô̒ ʤʽ ʷʯʝʡʢʠ ʪʘ ʧʨʦʮʝʩʘʭ ʥʘ 

ʧʨʦʪʠʝʣʝʢʪʨʦʜ.̔ ʏʝʪʚʝʨʪʠʤ ʝʣʝʢʪʨʦʜʦʤ ʚ ʩʭʝʤʽ ʤʦʞʝ ʙʫʪʠ ʝʣʝʢʪʨʦʜ ʚʠʤʽʨʫ 

ʧʦʪʝʥʮʽʘʣʫ ʤʽʞ ʽʥʪʝʨʬʝʡʩʘʤʠ ʜʦ ʝʣʝʢʪʨʦʜʫ ʧʦʨʽʚʥʷʥʥʷ ʢʦʣʠ ʫʥʝʤʦʞʣʠʚʣʝʥʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʩʝʨʝʜʦʚʠʱʽ ʜʝ ʟʥʘʭʦʜʠʪʴʩʷ ʨʦʙʦʯʠʡ 

ʝʣʝʢʪʨʦʜ. ɸʣʝ ʚʚʦʜʷʯʠ ʜʝʢʽʣʴʢʘ ʬʘʟ ʫ ʚʠʤ̔ʨʥʫ ʷʯʝʡʢʫ ʤʦʞʣʠʚʦ ʚʠʤʽʨʶʚʘʪʠ 

ʧʦʪʝʥʮʽʘʣ ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʜʦʜʘʚʘʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʟʩʫʚ ʧʦʪʝʥʮʽʘʣʫ, ʱʦ 

ʚʠʥʠʢʘʻ ʤʽʞ ʬʘʟʘʤʠ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ʪʘ ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥʷʥʥʷ ʜʦ ʩʠʛʥʘʣʫ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʧʦʪʝʥʮʽʦʩʪʘʪʘ.  

ʂʦʣʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʥʝ ʤʘʻ ʫ ʚʠʤ̔ʨʽ ʧʦʪʝʥʮʽʘʣʫ ʤ̔ ʞ ʬʘʟʘʤʠ, ʫ ʚʠʧʘʜʢʫ 

ʢʦʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʚ ʦʜʥʽʡ ʬʘʟʽ, ʮʝʡ ʝʣʝʢʪʨʦʜ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ 
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ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʫ ʜʣʷ ʚʠʤʨ̔ʫ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʚ ʧʨʦʚʽʜʥʠʢʘʭ, ʷʢʠʤʠ 

ʧʽʜʢʣʶʯʝʥʦ ʷʯʝʡʢʫ ʜʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʫ ʚʠʧʘʜʢʫ 

ʩʠʣʴʥʦʩʪʨʫʤʥʠʭ ʧʨʦʮʝʩʽʚ, ʢʦʣʠ ʚʝʣʠʢʠʡ ʩʪʨʫʤ ʥʘ ʥʝʚʝʣʠʢʦʤʫ ʦʧʦʨʽ ʩʪʚʦʨʶʻ 

ʩʫʪʪʻʚʝ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ, ʱʦ ʻ ʦʤʽʯʥʠʤʠ ʚʪʨʘʪʘʤʠ, ʚʽʜʧʦʚʽʜʥʦ ʧʦʪʝʥʮʽʘʣ 

ʧʦʣʷʨʠʟʘʮʽʾ ʷʯʝʡʢʠ ʥʠʞʯʝ ʥʘ ʮʶ ʚʝʣʠʯʠʥʫ, ʘ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʝʪʦʜʠʯʥʠʭ 

ʧʦʤʠʣʦʢ.  

ʊʘʢʫ ʨʝʘʣʽʟʘʮʽʶ ʤʦʞʣʠʚʦ ʟʥʘʡʪʠ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʩʪʘʥʮʽʾ Autolab 

PGSTAT 128N ʚʽʜ Metrohm AG. 

ɯʥhʠʤ ʧʨʠʢʣʘʜʦʤ ʻ ʙʽʧʦʪʝʥʮʽʦʩʪʘʪʠ, ʢʦʣʠ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʾ ʤʝʪʦʜʠʢʠ 

ʧʦʪʨʽʙʥʦ ʢʝʨʫʚʘʥʥʷ ʜʚʦʤʘ ʨʦʙʦʯʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ. ʇʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮʽʾ 

ʟʘʜʘʻʪʴʩʷ ʥʘ ʧʨʦʪʠʝʣʝʢʪʨʦʜʽ, ʪʘ ʥʘ ʦʜʥʦʤʫ ʟ ʨʦʙʦʯʠʭ ʝʣʝʢʪʨʦʜʽʚ. ʇʨʠ ʮɹ ʦʤʫ 

ʦʧʦʨʥʠʤ ʩʠʛʥʘʣʦʤ ʻ ʧʦʪʝʥʮʽʘʣ ʝʣʝʢʪʨʦʜʫ ʧʦʨʽʚʥʷʥʥʷ, ʘ ʽʥʰʠʡ ʨʦʙʦʯʠʡ 

ʝʣʝʢʪʨʦʜ ʧʨʠʚʝʜʝʥʦ ʜʦ ʧʦʪʝʥʮʽʘʣʫ ʟʘʛʘʣʴʥʦʾ ʰʠʥʠ. ʎʷ ʧʦʪʨʝʙʘ ʚʠʥʠʢʘʻ ʜʣʷ 

ʤʝʪʦʜʠʢʠ ʦʙʝʨʪʘʶʯʦʛʦ ʜʠʩʢʦʚʦʛʦ ʝʣʝʢʪʨʦʜʘ ʟ ʢʽʣʴʮʝʤ, ʪʘ ʧʦʜʽʙʥʠʭ [61-62].  

ʄʦʞʣʠʚʽʩʪʴ ʚʠʤʽʨʫ ʚ ʷʯʝʡʮ ̔ʟ ñʧʣʘʚʘʶʯʠʤʠò ʝʣʝʢʪʨʦʜʘʤʠ (ñfloating 

electrodesò). ʊʝʨʤʽʥ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʝʘʣʽʟʘʮʽʶ ʛʘʣʴʚʘʥʽʯʥʦʾ ʨʦʟʚô̫ ʟʢʠ ʣʘʥʮʶʛʽʚ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʚʽʜ ʢʦʨʧʫʩʫ ʧʨʠʣʘʜʫ, ʣʘʥʮʶʛʽʚ ʤʝʨʝʞʝʚʦʛʦ ʞʠʚʣʝʥʥʷ ʪʘ 

ʧʽʜʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʧʨʠʣʘʜʽʚ, ʥʘʧʨʠʢʣʘʜ, ʢʝʨʫʯʁʦʛʦ ʢʦʤʧôʁ ʪʝʨʘ. ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʨʝʘʣ̔ ʟʘʮʽʾ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʚʽʣʴʥʫ ʩʭʝʤʫ 

ʟʘʟʝʤʣʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ, ʱʦ ʙʫʚʘʻ ʧʨʠʥʮʠʧʦʚʦ ʜʣʷ ʧʝʚʥʠʭ ʚʠʜʽʚ 

ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʾʭ ʧʨʦʚʝʜʝʥʥʷ, ʪʘʢʠʭ 

ʷʢ ʟ ʣʝʛʢʦ ʟʘʡʤʠʩʪʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ɼʣʷ ʨʝʘʣʽʟʘʮ̔ʾ  ʨʝʞʠʤ̔ʚ ʨʦʙʦʪʠ ʟ 

ʧʣʘʚʘʶʯʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ ʘʥʘʣʦʛʦʚʘ ʯʘʩʪʠʥʘ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʤʘʻ ʙʫʪʠ 

ʛʘʣʴʚʘʥʠʯʥʦ ʚʽʜʦʢʨʝʤʣʝʥʘ ʚʽʜ ʚʠʭʽʜʥʠʭ ʢʘʩʢʘʜʽʚ. 

ʂʦʤʧʝʥʩʘʮʽʷ ʦʤʽʯʥʠʭ ʚʪʨʘʪ. ʅʘʷʚʥʽʩʪʴ ʮʽʻʾ ʬʫʥʢʮʽʾ ʚʘʞʣʠʚʘ ʧʨʠ ʨʦʙʦʪʽ 

ʟ ʨʦʟʯʠʥʘʤʠ, ʱʦ ʤʘʪʁʴ ʥʠʟʴʢʫ ʧʨʦʚ̔ ʜʥʽʩʪʴ, ʪʘ ʨʝʞʠʤʘʭ ʚhʠʜʢʦʾ ʨʦʟʛʦʨʪʢʠ 

ʧʦʪʝʥʮʽʘʣʫ. ʆʙʛʦʚʦʨʝʥʥʷ ʤʝʪʦʜʽʚ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʬʫʥʢʮʽʾ ʫ ʢʦʤʝʨʮʽʡʥʠʭ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘʭ ʧʨʦʚʝʜʝʥʦ ʥʠʞʯʝ 1.1.3-1.1.6. ʎʽʻʾ ʬʫʥʢʮʽʾ ʧʨʠʜʽʣʝʥʦ ʦʩʦʙʣʠʚʫ 

ʫʚʘʛʫ, ʷʢ ʚʘʞʣʠʚʦʾ ʜʣʷ ʘʜʝʢʚʘʪʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʰʚʠʜʢʽʩʥʠʭ ʨʝʞʠʤʽʚ 
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ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʪʦʤʫ ʜʘʥʘ ʬʫʥʢʮʽʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʫ ʩʭʝʤ̔ ʥʘʜhʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ.  

ʇʦʣʦʩʘ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ (bandwidth gain). ʇʦʣʦʩʘ ʯʘʩʪʦʪ ʚ ʷʢʽʡ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠ ʨʦʙʦʪʫ ʧʦʪʝʥʮʽʦʩʪʘʪ (ʧʦʣʷʨʠʟʘʮʽʶ ʝʣʝʢʪʨʦʜʽʚ, 

ʧʦʪʝʥʮʽʦʩʪʘʪʫʚʘʥʥʷ ʪʘ ʚʠʤʽʨ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʪʨʫʤʫ). ʇʦʣʦʩʘ ʯʘʩʪʦʪ ʚʠʤʽʨʽʚ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʤʦʞʝ ʙʫʪʠ ʤʝʥʰʦʶ ʟʘ ʥʘʚʝʜʝʥʫ, ʪʘ ʙʫʪʠ ʦʙʤʝʞʝʥʦʶ 

ʰʚʠʜʢʽʩʪʶ ʩʠʥʪʝʟʫ ʩʠʛʥʘʣʫ, ʯʠ ʜʦʜʘʪʢʦʚʠʤʠ ʬʽʣʴʪʨʘʤʠ (ʮʠʬʨʦʚʠʤʠ ʘʙʦ 

ʘʥʘʣʦʛʦʚʠʤʠ).  

ʏʘʩ ʚʠʤʽʨʫ (ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʯʘʩ ʝʣʝʢʪʨʦʣʽʟʫ). ʎʝʡ ʧʘʨʘʤʝʪʨ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʷ ʜʦʚʛʦ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʧʦʣʷʨʠʟʘʮʽʷ ʝʣʝʢʪʨʦʜʽʚ ʪʘ ʟʙ̔ʨ 

ʚʽʜʧʦʚʽʜʥʠʭ ʜʘʥʠʭ. ʆʙʤʝʞʝʥʥʷ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʨʦʟʤʽʨʘʤʠ ʧʘʤô̫ ʪʽ ʧʨʠʩʪʨʦʶ 

ʪʘ ʰʚʠʜʢʽʩʪʶ ʟô̒ ʜʥʘʥʥʷ ʜʦ ʢʝʨʫʶʯʦʛʦ ʢʦʤʧôʁ ʪʝʨʘ ̒  ʚʠʨʽʰʘʣʴʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚhʠʜʢʽʩʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʪʘ ʦʧʪʠʤʘʣʴʥʦʤʫ ʟʙʦʨʽ ʜʘʥʠʭ ʧʨʠ 

ʧʦʚʽʣʴʥʠʭ ʩʠʛʥʘʣʘʭ ʟʙʫʜʞʝʥʥʷ ʤʦʞʣʠʚʦ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦ. 

ʆʪʞʝ ʤʦʞʣʠʚʦ ʚʠʚʯʘʪʠ ʯʘʩʦʚʽ ʟʤʽʥʠ ʧʨʦʮʝʩʽʚ ʪʘ ʚʽʜʪʚʦʨʚʁʘʥʦʩʪʽ ʚʽʜʛʫʢʫ 

ʩʠʩʪʝʤʠ ʥʘ ʚʝʣʠʢʦʤʫ ʯʘʩʦʚʦʤʫ ʧʨʦʤʽʞʢʫ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʝʨʫʚʘʥʥʷ ʧʨʦʪʠʝʣʝʢʪʨʦʜ.  

ɼʘ̔ʧʘʟʦʥ ʧʦʪʝʥʮʽʘʣʽʚ ʧʦʣʷʨʠʟʘʮʽʾ ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ (Compliance voltage). 

ʁʦʛʦ ʯʘʩʪʽʰ ʟʘ ʚʩʝ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʜʽʘʧʘʟʦʥ ʥʘʧʨʫʛ ʚʽʜʥʦʩʥʦ ʟʘʛʘʣʴʥʦʾ ʰʠʥʠ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʪʘ ʻ ʨʽʟʥʠʮʝ  ʁʧʦʪʝʥʮʽʘʣʽʚ ʤʽʞ ʧʨʦʪʠʝʣʝʢʪʨʦʜʦʤ ʪʘ ʨʦʙʦʯʠʤ 

ʝʣʝʢʪʨʦʜʦʤ. ʇʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮ̔ʾ  ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ ʥʝ ʻ ʩʠʛʥʘʣʦʤ ʢʝʨʫʚʘʥʥʷ 

ʧʦʪʝʥʮʽʦʩʪʘʪʦʤ, ʘ ̒  ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʠʛʥʘʣʦʤ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʜʦ ʧʨʦʪʠ ʝʣʝʢʪʨʦʜʘ. 

ʊʦʙʪʦ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʻʜʥʘʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ, ʩʠʛʥʘʣʫ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʟ ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥʷʥʥʷ, ʪʘ ʩʠʛʥʘʣʫ ʢʦʤʧʝʥʩʘʮʽʾ ʦʤ̔ʯʥʠʭ 

ʚʪʨʘʪ ʚ ʯ̫ʝʡʮʽ. ʆʪʞʝ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʦʣʷʨʠʟʘʮʽʾ ʨʦʟʯʠʥʫ ʟʘ ʧʝʚʥʦʶ 

ʧʨʦʛʨʘʤʦʶ ʟʤʽʥʠ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʤʝʞʽ ʨʦʟʯʠʥ-ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ ʤʦʞʣʠʚʦʩʪʽ 

ʧʦʣʷʨʠʟʘʮʽʾ ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ ʤʘʶʪʴ ʙʫʪʠ ʙʽʣʴʰʠʤʠ, ʱʦʙʠ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʽʜʧʦʚʜ̔ʥʝ ʜʦʜʘʚʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʩʠʛʥʘʣʽʚ. ʎʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʯʘʩʪ̔h  ʟʘ ʚʩʝ 

ʣʽʤʽʪʦʚʘʥʘ ʩʭʝʤʦʪʝʭʥʽʢʦʶ ʚʠʭʽʜʥʦʛʦ ʢʘʩʢʘʜʫ ʚʫʟʣʘ ʧʦʪʝʥʮʽʦʩʪʘʪʫʚʘʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʙʽʣʴʰʽʩʪʴ ʢʦʤʝʨʮʽʡʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʩʧʨʦʝʢʪʦʚʘʥʦ 
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ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʞʠʚʣʝʥʥʷ Ñ15ɺ. ʊʦʤʫ ʙʘʛʘʪʦ ʟ ʧʦʪʝʥʮ̔ʦʩʪʘʪʽʚ ʤʘʶʪʴ ʮʝʡ 

ʧʘʨʘʤʝʪʨ ʦʙʤʝʞʝʥʠʡ ʚʝʣʠʯʠʥʦ ʁʜʝʦɦ ʥʠʞʯʝ ʮʽʻʾ ʚʝʣʠʯʠʥʠ. ʎʝ ʟʫʤʦʚʣʝʥʦ 

ʬʘʢʪʦʤ ʥʘʷʚʥʦʩʪʽ ʥʘʚʽʪʴ ʫ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽ ʟ ʨʦʟʤʘʭʦʤ ʚʠʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ ʥʘʙʣʠʞʝʥʦʛʦ ʜʦ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ, ʧʝʚʥʦʛʦ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʫ 

ʚʠʭʽʜʥʦʤʫ ʢʘʩʢʘʜ.̔ ʇʦʪʨʽʙʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʣʷʨʠʟʘʮʽ ̫ʚ ʜʽʘʧʘʟʦʥʽ ±10 ɺ 

ʟʘʜʦʚʦʣʴʥʷʻ ʙʽʣɹ ʰʽʩʪʴ ʘʥʘʣʽʪʠʯʥʠʭ ʧʦʪʨʝʙ, ʪʦʤʫ ʩʧʝʮʠʬʽʯʥʽ ʚʠʩʦʢʦʚʦʣʴʪʥʽ 

ʧʦʪʝʥʮʽʦʩʪʘʪʠ, ʷʢʽ ʤʘʶʪʴ ʚʠʭʽʜʥʽ ʢʘʩʢʘʜʠ, ʱʦ ʙʫʜʫʶʪʴʩʷ ʥʘ ʚʠʩʦʢʦʚʦʣʴʪʥʽʡ 

ʩʭʝʤʦʪʝʭʥʽʮʽ, ʤʝʥʰ ʧʦʰʠʨʝʥʽ ʚ ʝʣʝʢʪʨʦʘʥʘʣʽʪʠʮʽ. ʆʙʣʘʩʪʴ ʧʝʨʝʚʘʞʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ ʻ ʝʥʝʨʛʝʪʠʢʘ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ.  

ɼʘ̔ʧʘʟʦʥ ʩʪʨʫʤʽʚ ʧʦʣʷʨʠʟʘʮʽʾ ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ (Current Compliance). 

ʆʢʨʽʤ ʧʦʪʝʥʮʽʘʣʫ ʝʣʝʢʪʨʠʯʥʽ ʣʘʥʮʶʛ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʧʨʦʭʦʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʷʯʝʡʢʫ. ʎʝʡ ʧʘʨʘʤʝʪʨ 

ʜʣʷ ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ ʧʦʚô̫ ʟʘʥʦ ʟ ʤʦʞʣʠʚʽʩʪʶ ʚʠʤʽʨʫ ʩʪʨʫʤʫ ʯʝʨʝʟ ʨʦʙʦʯʠʡ 

ʝʣʝʢʪʨʦʜ. ʆʩʢʽʣʴʢʠ ʩʪʨʫʤ ʤʘʡʞʝ ʥʝ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ, ʪʦʤʫ 

ʩʪʨʫʤ ʯʝʨʝʟ ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ ʜʦʨʽʚʥʶʻ ʩʪʨʫʤʫ ʯʝʨʝʟ ʧʨʦʪʠʝʣʝʢʪʨʦʜ, ʦʪʞʝ 

ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪ ̔ʧʽʜʢʣʯʁʝʥʠʭ ʩʭʝʤ ʚʜ̔ʧʦʚʽʜʥʦ ʚʽʜʙʠʚʘʪʠʤʫʪʴʩʷ 

ʥʘ ʦʙʦʭ ʝʣʝʢʪʨʦʜʘʭ. ʅʘʧʨʠʢʣʘʜ, ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʟʘ ʩʪʨʫʤʦʤ ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʧʽʜʢʣʶʯʝʥʦʛʦ ʜʣʷ ʚʠʤʽʨʫ ʜʦ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʧʨʠʧʠʥʷʻ 

ʥʦʨʤʘʣʴʥʠʡ ʨʝʞʠʤ ʧʦʪʝʥʮ̔ʦʩʪʘʪʫʚʘʥʥʷ ʷʯʝʡʢʠ. ʆʩʢʽʣʴʢʠ ʩʭʝʤʘ ʥʝ ʟʘʙʝʟʧʝʯʫ̒ 

ʧʦʜʘʣʴhʝ ʟʨʦʩʪʘʥʥ ̫ʩʪʨʫʤʫ, ʜʦʩʪʦʚʽʨʥʦ ʛʦʚʦʨʠʪʠ ʧʨʦ ʨʦʟʧʦʜʽʣ ʧʦʪʝʥʮʽʘʣʽʚ ʚ 

ʷʯʝʡʮʽ ʥʝ ʤʦʞʣʠʚʦ ʦʪʞʝ, ʮʝ ʬʘʢʪ ʤʘʻ ʚʽʜʩʪʝʞʫʚʘʪʠʩʷ ʪʘ ʚʯʘʩʥʦ 

ʧʦʧʝʨʝʜʞʘʪʠʩʷ.  

ʐʚʠʜʢʽʩʪʴ ʩʢʘʥʫʚʘʥʥʷ ʧʦʪʝʥʮʽʘʣʦʤ ʧʦʣʷʨʠʟʘʮʽʾ. ʇʘʨʘʤʝʪʨ ʚʽʜʙʠʚʘʻ 

ʤʦʞʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʽʢʠ ʟʤʽʥʶʚʘʪʠ ʧʦʪʝʥʮ̔ʘʣ ʝʣʝʢʪʨʦʜʘ. ʄʘʢʩʠʤʘʣʴʥʦ 

ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʚô̫ ʟʘʥʦ ʟʽ hʚʠʜʢʽʩʪʶ ʟʨʦʩʪʘʥʥʷ ʩʠʛʥʘʣʫ ʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʽʜʩʠʣʶʚʘʯʘʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʭʝʤʽ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ʅʘ 

ʮʶ ʚʣʘʩʪʠʚʽʩʪʴ ʚʧʣʠʚʘʻ ʪʘʢʦʞ ʰʚʠʜʢʽʩʥ ̔ ʤʦʞʣʠʚʦʩʪʽ ʩʭʝʤʠ ʬʦʨʤʫʚʘʥʥ ̫

ʩʠʛʥʘʣʫ ʟʙʫʜʞʝʥʥʷ. ʅʘʡʤʝʥʝh ʟʥʘʯʝʥʥ̫ ʮɹʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʙʤʝʞʝʥʦ ʜʨʝʡʬʦʤ 

ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʁ ʩʭʝʤʠ ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʨʫʛʠ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʜʘ.  
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ʐʚʠʜʢʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʩʠʛʥʘʣʫ (Slew Rate). ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʱʦ ʦʧʠʩʫʻ 

ʰʚʠʜʢʽʩʥʽ ʤʦʞʣʠʚʦʩʪʽ ʟʤʽʥʠ ʧʦʪʝʥʮʽʘʣ ʧʨʠ ʩʪʫʧʽʥʯʘʪʦʤʫ ʟʙʫʜʞʝʥʥʽ 

(ʧʦʣʷʨʠʟʘʮʽ)ʾ ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ. ɺʠʤʽʨʶ̒ʪʴʩʷ ʷʢ ʢʨʠʚʘ ʥʘʭʠʣʫ ʚʠʭʽʜʥʦ ʾʥʘʧʨʫʛʠ 

( ʪʦʙʪʦ ʥʘʧʨʫʛʠ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʜʘ) ʧʨʠ ʧʦʜʘʥʥʽ ʽʤʧʫʣʴʩʫ ʧʨʷʤʦʢʫʪʥʦʾ 

ʬʦʨʤʠ. 

ʏʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ (Rise Time). ʎʝ ʯʘʩ ʷʢʠʡ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʟʤʽʥʠ 

ʥʘʧʨʫʛʠ ʧʦʣʷʨʠʟʘʮʽʾ ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ ʟ ʦʜʥʦʛʦ ʟʥʘʯʝʥʥ̫ ʥʘ ʜʨʫʛʝ. ɼʝʷʢʽ ʬ̔ʨʤʠ 

ʥʘʚʦʜʷʪʴ ʮʝʡ ʧʦʢʘʟʥʠʢ ʜʣʷ ʟʤʽʥʠ ʧʦʪʝʥʮ̔ʘʣʫ ʤʽʞ -1,0ɺ ʜʦ +1,0ɺ, ʽʥʦʜʽ ʚʽʜ 0 ʜʦ 

+1,0ɺ. ɿʘ ʚʝʣʠʯʠʥʫ ʮʽʻʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʨʝʪʴʩʷ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʟʤʽʥʠ ʩʠʛʥʘʣʫ 

ʚʽʜ 10% ʜʦ 90% ʘʤʧʣʽʪʫʜʥʦʾ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʛʠ ʧʦʣʷʨʠʟʘʮʽʾ (Ui - Uf), 

ʪʦʙʪʦ ʨʽʟʥʠʮʽ ʤʽʞ ʧʨʠʢʽʥʮʝʚʠʤ Uf ʪʘ ʧʦʯʘʪʢʦʚʠʤ ʟʥʘʯʝʥʥʷʤ U i̔. ʉʣʽʜ 

ʟʘʫʚʘʞʠʪʠ ʱʦ ʮʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʚʦʜʠʪʴʩʷ ʟʘ ʫʤʦʚʠ ʩʧʝʮʠʬʽʢʘʮʽʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʪʝʥʮʽʦʩʪʘʪʘ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʧʝʚʥʦʶ ʤʽʨʦʶ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʴʦʛʦ. 

ʄ̔ʥʤ̔ʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ . ʎʝ ʯʘʩ ʟʤʽʥʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʦʙʦʭ 

ʥʘʧʨʷʤʘʭ, ʪʦʙʪʦ ʬʦʨʤʫʚʘʥʥʷ ʦʢʨʝʤʦʛʦ ʧʨʷʤʦʢʫʪʥʦʛʦ ʽʤʧʫʣʴʩʫ. ɺ ʩʠʩʪʝʤʘʭ ʟ 

ʮʠʬʨʦʚʠʤ ʩʠʥʪʝʟʦʤ ʩʠʛʥʘʣʫ ʬʦʨʤʫʚʘʥʥʷ ʟʙʫʜʞʝʥʥʷ ʧʦʚô̫ ʟʘʥʦ ʟʽ ʰʚʠʜʢʽʩʪʶ 

ʨʦʙʦʪʠ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʱʦ ʬʦʨʤʫʻ ʩʠʛʥʘʣ ʟʙʫʜʞʝʥʥʷ ʟʘ 

ʢʝʨʫʶʯʦʶ ʧʨʦʛʨʘʤʦʁ. 

ʇʦʣʦʩʘ ʯʘʩʪʦʪ. ɼʦʜʘʪʢʦʚʦ ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʨʦʩʪʘʥʥʷ 

ʩʠʛʥʘʣʫ ʧʦʣʷʨʠʟʘʮʽʾ ʤʦʞʣʠʚʝ ʧʽʜʢʣʶʯʝʥʥʷ ʬʽʣʴʪʨʽʚ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʦʪʝʥʮʽʦʩʪʘʪʘ, ʟʘ ʫʤʦʚ ʚʠʥʠʢʥʝʥʥʷ 

ʛʝʥʝʨʘʮʽʾ ʚ ʩʭʝʤʽ ʘʙʦ ʟʙʽʣʴʰʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ ʟʘ ʨʘʭʫʥʦʢ 

ʯʘʩʪʦʪʥʦʛʦ ʦʙʤʝʞʝʥʥʷ ʩʠʛʥʘʣʫ.  

ɼʽʘʧʘʟʦʥ ʥʘʧʨʫʛʠ ʧʦʣʷʨʠʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ (Applied Voltage 

Range). ʎʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʽʜʙʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʟʤʽʥʠ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷʨʠʟʘʮʽʾ 

ʥʘ ʤʝʞʽ ʤʽʞ ʨʦʟʯʠʥʦʤ (ʨʦʙʦʯʦʶ ʬʘʟʦʶ ʷʯʝʡʢʠ) ʪʘ ʨʦʙʦʯʠʤ ʝʣʝʢʪʨʦʜʦʤ. ʎʝʡ 

ʜʘ̔ʧʘʟʦʥ ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ ʜʽʘʧʘʟʦʥʫ ʧʦʣʷʨʠʟʘʮʽʾ ʧʨʦʪʠʝʣʝʢʪʨʦʜʫ, ʪʘ 

ʧʨʠʩʪʦʩʦʚʘʥʦ ʜʦ ʘʤʧʣʽʪʫʜʠ ʛʝʥʝʨʘʪʦʨʘ ʩʠʛʥʘʣʫ ʟʙʫʜʞʝʥʥʷ. ɹʘʛʘʪʴʤʘ ʬʽʨʤʘʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʫ ʩʠʛʥʘʣʫ. ʆʪʞʝ 
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ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚʫʟʣʘ ʧʝʨʝʪʚʦʨʚʁʘʯʘ ʮʠʬʨʦʚʦʾ 

ʥ̔ʬʦʨʤʘʮʽʾ ʜʦ ʘʥʘʣʦʛʦʚʦʾ ʬʦʨʤʠ ʚʠʟʥʘʯʘʻ ʘʤʧʣ̔ʪʫʜʫ ʟʙʫʜʞʝʥʥʷ ʧʦʪʝʥʮʽʦʩʪʘʪ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʯʥʽʩʪʥʽ ʪʘ ʜʠʥʘʤʽʯʥʽ ʧʦʣʷʨʠʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ 

ʧʨʠʚô̫ ʟʘʥʦ ʜʦ ʪʦʯʥʦʩʪʽ ʪʘ ʜʠʥʘʤʽʢʠ ʟʜʽʡʩʥʝʥʥʷ ʮʴʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʪʦʙʪʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʎɸʇ.  

ʈʦʟʜ̔ ʣʥɹʘ ʟʜʘʪʥʽʩʪʴ ʥʘʧʨʫʛʠ ʧʦʣʷʨʠʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ (Applied 

Voltage Resolution). ʎʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʮʠʬʨʦʚʠʭ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʧʨʦʛʨʘʤʥʦ-ʢʝʨʦʚʘʥʦʾ ʟʤʽʥʠ 

ʥʘʧʨʫʛʠ ʧʦʣʷʨʠʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ. ʌʘʢʪʦʨʘʤʠ, ʱʦ ʚʜ̔ʧʦʚ̔ʜʘʶʪʴ ʟʘ ʾʾ 

ʚʝʣʠʯʠʥʫ ʻ ʧʝʨʰ ʟʘ ʚʩʝ ʜʽʘʧʘʟʦʥ ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʠʥʪʝʟʫ ʩʠʛʥʘʣʫ 

ʟʙʫʜʞʝʥʥʷ. 

ʊʦʯʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʧʨʫʛʠ ʧʦʣʷʨʠʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ 

(Applied Voltage Accuracy). ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʟʥʘʯʘʻ ʤʦʞʣʠʚʫ ʨʦʟʙʽʞʥʽʩʪʴ ʤʽʞ 

ʚʝʣʠʯʠʥʦʶ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʧʨʦʛʨʘʤʦʶ ʧʦʣʷʨʠʟʘʮʽʾ (ʟʙʫʜʞʝʥʥʷ), ʪʘ ʨʝʘʣʴʥʦ 

ʧʨʠʢʣʘʜʝʥʦʶ ʥʘʧʨʫʛʦʶ ʜʦ ʽʥʪʝʨʬʝʡʩʫ ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ-ʨʦʟʯʠʥ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʝʣʝʢʪʨʦʤʝʪʨʠʯʥʽ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʦʙʫʤʦʚʣʝʥʦ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʩʭʝʤʠ ʚʠʤʽʨʫ ʧʦʪʝʥʮʽʘʣʫ ʝʣʝʢʪʨʦʜʫ ʧʦʨʽʚʥʷʥʥʷ. ɼʣʷ ʦʧʠʩʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɼʽʘʧʘʟʦʥ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ (Max input range). ʆʩʢʽʣʴʢʠ ʚ ʧʦʪʝʥʮʽʦʩʪʘʪʘʭ 

ʜʦʩʪʘʪʥʴʦ ʯʘʩʪʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʠʤʽʨ ʨ̔ʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʝ ʪʽʣʴʢʠ ʜʣ ̫

ʚʠʧʨʘʮʚʁʘʥʥʷ ʩʠʛʥʘʣʫ ʢʦʤʧʝʥʩʘʮʽʾ, ʘʣʝ ʪʘʢʦʞ ʟʜʽʡʩʥʶʻʪɹ ʩʷ ʡʦʛʦ ʤʦʥʽʪʦʨʠʥʛ 

ʟʘʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ʆʢʨʽʤ ʮʴʦʛʦ ʚʠʤʽʨ 

ʧʦʪʝʥʮʽʘʣʫ ʨʦʟʽʨʚʘʥʦʛʦ ʣʘʥʮʶʛʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ (ʢʦʣʠ ʧʨʦʪʠʝʣʝʢʪʨʦʜ 

ʚʜ̔ʢʣʁʯʝʥʦ), ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʩʪʘʨʪʦʚʠʡ ʧʦʪʝʥʮʽʘʣ, ʧʨʠ ʷʢʦʤʫ ʩʫʤʘʨʥʠʡ 

ʩʪʨʫʤ ʯʝʨʝʟ ʷʯʝʡʢʫ ʜʦʨʽʚʥʶʻ ʥʫʣʁ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʟʥʘʯʝʥʥʷ ʷʢ ʧʦʯʘʪʢʫ 

ʧʦʣʷʨʠʟʘʮʽʾ ʷʯʝʡʢʠ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʧʦʯʘʪʢʦʚʠʡ ʚʧʣʠʚ ʚʠʤʽʨʥʦʶ ʩʠʩʪʝʤʠ, 

ʥʝ ʚʠʚʦʜʷʯʠ ʾʾ ʨʘʧʪʦʚʦ ʟ ʨʽʚʥʦʚʘʛʠ.  

ʇʦʣʦʩʘ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʝʣʝʢʪʨʦʤʝʪʨʘ. ɺʠʟʥʘʯʘ̒ ʯʘʩʪʦʪʥʠʡ ʜ̔ʘʧʘʟʦʥ, ʚ 

ʷʢʦʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʤʽʨ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ʆʩʢʽʣʴʢʠ ʜʣʷ ʚʠʤʽʨʫ 
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ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʚʪʦʨʶʚʘʯ ʥʘʧʨʫʛʠ, ʧʦʣʦʩʘ 

ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʧʝʨʚʠʥʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʝʣʝʢʪʨʦʤʝʪʨʘ ʚʠʟʥʘʯʘ̒ ʮʶ ʚʝʣʠʯʠʥʫ. 

ɺʭʽʜʥʠʡ ʽʤʧʝʜʘʥʩ. ʊʘʢʦʞ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʭʜ̔ʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʧʝʨʚʠʥʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʝʣʝʢʪʨʦʤʝʪʨʘ ʪʘ ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʽʜʢʣʶʯʝʥʥʷ 

(ʟô̒ ʜʥʘʥʥʷ) ʷʯʝʡʢʠ ʜʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ʍʘʨʘʢʪʝʨʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʩʧʨʦʪʠʚʫ ʻ 

ʟʥʘʯʝʥʥʷ ʙʽʣʴʰʽ ʟʘ 0,1 ɻʆʤ. ʅʘʷʚʥʘ ʧʘʨʘʟʠʪʥʘ ʻʤʥʽʩʪʴ ʚʢʣʶʯʝʥʘ ʧʘʨʘʣʝʣʴʥʦ 

ʚʭ̔ʜʥʦʤʫ ʦʧʦʨʫ ʪʘ ʩʢʣʘʜʘʻ ʦʜʠʥʠʮʽ ʧʌ. ɺʢʣʶʯʘʻ ʷʢ ʧʘʨʘʟʠʪʥʫ ʤ̒ʥʩ̔ʪɹ 

ʧʽʜʩʠʣʶʚʘʯʘ ʪʘʢ ʽ ʜʨʦʪʽʚ ʧʨʠʻʜʥʘʥʥʷ ʷʯʝʡʢʠ ʜʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. 

ʉʪʨʫʤ ʚʠʪʦʢʫ. ɺʠʟʥʘʯʘʻ ʤʽʥʽʤʘʣʴʥʠʡ ʩʪʨʫʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʫ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ʍʘʨʘʢʪʝʨʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʻ 

ʦʜʠʥʠʮʽ ʧɸ.  

ʇʨʠʛʥʽʯʝʥʥʷ ʩʠʥʬʘʟʥʦʾ ʟʘʚʘʜʠ (Common mode rejection ratio, CMRR). 

ʇʘʨʘʤʝʪʨ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʩʢʽʣʴʢʠ ʧʨʠʛʥʽʯʫʻʪʴʩʷ ʩʠʛʥʘʣ ʩʠʥʬʘʟʥʦʾ ʟʘʚʘʜʠ ʚ 

ʩʭʝʤʽ ʝʣʝʢʪʨʦʤʝʪʨʘ. ʆʩʢʽʣʴʢʠ ʚʠʤʽʨʠ ʧʨʦʭʦʜʷʪʴ ʜʣʷ ʩʣʘʙʦʩʪʨʫʤʥʦʛʦ ʩʠʛʥʘʣʫ 

ʝʣʝʢʪʨʦʜʫ ʧʦʨʽʚʥʷʥʥʷ, ʮʝʡ ʬʘʢʪʦʨ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʨʠʛʥʠʯʝʥʥʷ ʟʘʚʘʜ ʚʽʜ ʟʦʚʥ̔hʥʽʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ, ʪʘ ʽʥʰʠʭ ʧʨʠʣʘʜʽʚ. 

ʊʠʧʦʚʠʤ ʻ ʟʥʘʯʝʥʥʷ 60 ʜɹ ʥʘ ʯʘʩʪʦʪʽ 100 ʢɻʮ. 

ʍʦʯʘ ʜʣʷ ʨʦʙʦʪʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʤʽʨʫ ʥʘʧʨʫʛʠ ʬʦʨʤʘʣʴʥʦ 

ʥʝ ʽʩʥʫʻ, ʦʢʨʽʤ ʚʠʤʽʨʫ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʧʽʜʩʠʣʚʁʘʯʘ, ʱʦ ʟʘʜʘʻ ʧʦʪʝʥʮʽʘʣ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ. 

ʆʜʥʘʢ ʚ ʙʽʣʴʰʦʩʪʽ ʧʨʦʬʝʩʽʡʥʠʭ ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ 

ʚʠʤʽʨ ʥʝ ʪʽʣʴʢʠ ʧʦʪʝʥʮʽʘʣʫ ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥʷʥʥʷ, ʘʣʝ ʡ ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ ʪʘ 

ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ. ʆʮʽʥʶʻʪʴʩʷ ʩʠʛʥʘʣ ʟ ʝʣʝʢʪʨʦʜʫ ʧʦʨʽʚʥʷʥʥʷ. ɼʦʜʘʚʘʥʥʷ 

ʮʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʤʘʻ ʩʝʥʩ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʪʨʦʣʶ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥ ̫ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʫ ʧʨʠʧʫʩʪʠʤʦʤʫ ʨʝʞʠʤʽ ʪʘ 

ʚ̔ ʜʩʫʪʥʦʩʪʽ ʡʦʛʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʚʠʙ̔ʨ ʢʦʨʝʢʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʚʠʤʽʨʫ ʩʪʨʫʤʽʚ ʪʘ ʧʦʪʝʥʮʽʘʣʽʚ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʠʤʽʨʫ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʧʦʪʝʥʮʽʦʩʪʘʪʽ ʻ 

ʥʘʩʪʫʧʥʽ.  
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ʄʘʢʩʠʤʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʥʘʧʨʫʛʠ ʚʠʤʽʨʫ ʥʘʧʨʫʛʠ. ɼʽʘʧʘʟʦʥ ʚʝʣʠʯʠʥʘ 

ʥʘʧʨʫʛʠ, ʱʦ ʤʦʞʝ ʚʠʤʽʨʶʚʘʪʠʩʷ ʚ ʧʝʚʥʠʭ ʪʦʯʢʘʭ ʧʦʪʝʥʮʽʦʩʪʘʪʘ, ʥʘʩʘʤʧʝʨʝʜ, 

ʥʘ ʝʣʝʢʪʨʦʜʘʭ, ʯʠ ʪʦʯʥʽʰʝ ʣʽʥʽʷʭ ʧʽʜʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʦʜʚ̔. ʉʣ̔ʜ ʟʘʫʚʘʞʠʪʠ ʱʦ 

ʚʠʤʽʨʥʽ ʤʦʞʣʠʚʦʩʪʽ ʢʦʨʝʣʶʶʪʴ ʟ ʦʧʝʨʘʮʽʡʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ, ʘʣʝ ʥʝ ʟʘʚʞʜʠ. 

ʊʦʤʫ ʥʘʷʚʥʽʩʪʴ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʙʣʠʞʝʥʥʷʤ ʥʘʧʨʫʛʠ 

ʟʙʫʜʞʝʥʥʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʥʘʧʨʫʛʠ ʧʦʣʷʨʠʟʘʮʽʾ 

ʧʨʦʪʠʝʣʝʢʪʨʦʜʫ (ʪʦʙʪʦ ʦʧʝʨʘʮʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ), ʘ ʥʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, 

ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʩʭʝʤʦʶ ʚʠʤʽʨʫ ʥʘʧʨʫʛʠ. 

ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʚʠʤʽʨʫ ʥʘʧʨʫʛʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʠʩʫʻ 

ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʜʽʣʷʪʠ ʟʘ ʨʽʚʥʝʤ ʟʤʽʥʫ ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʛʠ ʫ ʪʦʯʢʘʭ ʚʠʤʽʨʫ. ʎʷ 

ʚʝʣʠʯʠʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚô̫ʟʘʥʘ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʪʘ ʨʽʚʥʝʤ ʰʫʤʽʚ ʫ ʚʠʤʽʨʥʠʭ ʢʘʩʢʘʜʘʭ. ɺʝʣʠʯʠʥʘ ʚ ʜʝʢʽʣʴʢʘ ʤʢɺ 

ʻ ʜʦʩʪʘʪʥʴʦ ʛʘʨʥʠʤ ʨʽʚʥʝʤ ʩʫʯʘʩʥʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʜʣʷ ʘʥʘʣʽʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥ.ɹ 

ʊʦʯʥ̔ʩʪʴ ʚʠʤ̔ ʨʫ ʥʘʧʨʫʛʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʱʦ ʚʽʜʙʠʚʘʻ ʧʦʭʠʙʢʫ ʤ̔ ʞ 

ʨʝʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʥʘʧʨʫʛʠ ʪʘ ʚʝʣʠʯʠʥʦʶ, ʦʪʨʠʤʘʥʦʶ ʚ ʧʨʦʮʝʩʽ ʾʾ ʚʠʤʽʨʫ. ɰʾ 

ʟʥʘʯʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʨʦʙʦʪʠ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ 

ʧʝʨʝʪʚʦʨʁʚʘʯʘ, ʪʘ ʪʦʯʥʦʩʪʽ ʨʦʙʦʪʠ ʧʽʜʩʠʣʶʚʘʯ̔ʚ ʩʠʛʥʘʣʽʚ. 

ɺʠʤʽʨ ʩʪʨʫʤʫ ʯʝʨʝʟ ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ ʻ ʧʨʠʥʮʠʧʦʚʦʶ ʬʫʥʢʮʽʻʶ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʜʣʷ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʦʚʝʜʝʥʥʷ ʧʦʪʝʥʮʽʦʩʪʘʪʫʚʘʥʥʷ 

ʷʯʝʡʢʠ ʻ ʛʦʣʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʧʦʪʝʥʮʽʦʩʪʘʪʘ, ʦʜʥʘʢ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʱʦʜʦ ʧʦʚʝʜʽʥʢʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʢʦʤʧʦʟʠʮ̔ʾ  ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʁ  ʻ ʚʠʤʽʨ 

ʩʪʨʫʤʫ. ʊʦʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʤʽʨʫ ʩʪʨʫʤʫ ʧʦʪʝʥʮʦʩʪʘʪʤ ʻ ʦʜʥʠʤʠ ʟ 

ʥʘʡʛʦʣʦʚʥʽʰʠʭ. ʆʪʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʠʤʽʨʫ ʥʘʧʨʫʛʠ ʚ ʧʦʪʝʥʮʽʦʩʪʘʪʽ ʻ 

ʥʘʩʪʫʧʥʽ, ɦ ʦ ʚʽʜʙʠʚʘʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʩʧʨʦʤʦʞʥʦʩʪʽ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. 

ʉʪʨʫʤʦʚʽ ʜʽʘʧʘʟʦʥʠ (Current Ranges). ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʪʘ ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʫ ʩʪʨʫʤʫ ʚ ʷʢʦʤʫ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʚʠʟʥʘʯʝʥʘ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʫ ʩʪʨʫʤʫ. ɿʤʽʥʘ ʜʽʘʧʘʟʦʥʽʚ ʚ ʙʘʛʘʪʦɹʭ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘʭ ʚʠʢʦʥʘʥʘ ʟ ʜʝʢʘʜʥʠʤ ̔ʥʪʝʨʚʘʣʦʤ. ɺ ʢʣʘʩʠʯʥʽʡ ʩʭʝʤʽ 

ʧʦʪʝʥʮ̔ʦʩʪʘʪʘ, ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʩʠʛʥʘʣʫ ʟʘ ʩʪʨʫʤʦʤ ʫʥʝʤʦʞʣʠʚʣʶʻ 
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ʢʦʥʪʨʦʣʴʦʚʘʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʣʷʨʠʟʘʮʽʶ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ. ʆʪʞʝ ʚ 

ʙʘʛʘʪʴʦʭ ʧʦʪʝʥʮʽʦʩʪʘʪʘʭ ʻ ʬʫʥʢʮʽʾ ʢʦʥʪʨʦʣʶ ʩʪʨʫʤʫ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦʾ ʟʤʽʥʠ 

ʜʽʘʧʘʟʦʥʫ ʡʦʛʦ ʚʠʤʽʨʫ. ɹʘʟʚʘ ʪʦʯʥʽʩʪʴ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʱʦʜʦ ʚʠʤ̔ ʨʫ ʩʪʨʫʤʫ 

ʧʦʚô̫ ʟʘʥʘ ʟ ʧʝʨʚʠʥʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʩʪʨʫʤʫ ʜʦ ʥʘʧʨʫʛʠ, ʦʜʥʘʢ, ʫ ʚʠʧʘʜʢʫ 

ʜʫʞʝ ʩʣʘʙʢʠʭ ʩʪʨʫʤʽʚ, ʚ ʧʦʪʝʥʮʽʦʩʪʘʪʘʭ ʥʝ ʚʠʢʣʶʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ. ʆʩʢʽʣʴʢʠ ʧʦʜʘʣʴʰʽ ʢʘʩʢʘʜʠ ʧʽʜʩʠʣʶʶʪʴ ʪʘʢʦʞ 

ʰʫʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʪʘ ʚʣʘʩʥʽ hʫʤʠ, ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʫ ʩʪʨʫʤʫ ʜʣʷ ʜʽʘʧʘʟʦʥʽʚ, ʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʝ ʧʽʜʩʠʣʝʥʥʷ, ʘʣʝ ʮʝ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ 

ʯʫʪʣʠʚʽʩʪʴ ʩʭʝʤʠ ʚʠʤʽʨʫ ʩʪʨʫʤʫ. 

ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʜʣʷ ʚʠʤʽʨʫ ʩʪʨʫʤʫ (Current Resolution). ʎʷ 

ʚʝʣʠʯʠʥʘ ʧʦʚô̫ ʟʘʥʘ ʷʢ ʟ ʤʦʞʣʠʚʦʩʪʷʤʠ ʩʭʝʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ 

ʪʘʢ ʽ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ʌʘʢʪʠʯʥʦ ʻ 

ʜʦʙʫʪʢʦʤ ʯʫʪʣʠʚʦʩʪʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʢʘʩʢʘʜʽʚ ʧʽʜʩʠʣʝʥʥʷ, 

ʷʢʱʦ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ) ʥʘ ʚʠʣʠʥʫ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ʆʩʪʘʥʥ̒  ʻ ʟʥʘʯʝʥʥʷʤ ʥʘʧʨʫʛʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ ɸʎʇ ʥʘ ʦʜʠʥ ʙʽʪ. ʊʘʢʠʤ ʯʠʥʦʤ ʮʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʢʘʟʫʻ ʤʽʥʽʤʘʣʴʥʫ ʚʝʣʠʯʠʥʫ ʟʤʽʥʫ ʩʪʨʫʤʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʟʘʨʝʻʩʪʨʦʚʘʥʦ. ɺ ʩʧʝʮʠʬʽʢʘʮʽʾ ʯʘʩʪʽʰ ʟʘ ʚʩʝ ʥʘʚʦʜʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ 

ʯʫʪʣʠʚʽʩʪʴ ʜʣʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʩʪʨʫʤʫ, ʘʙʦ ʯʫʪʣʠʚʽʩʪʴ ʢʦʞʥʦʛʦ ʟʽ 

ʩʪʨʫʤʦʚʦʛʦ ʜʽʘʧʘʟʦʥʽʚ, ʯʠ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ.  

ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʫ ʩʪʨʫʤʫ (Current Accuracy). ʎ̫  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʯʘʩʪʽʰ 

ʟʘ ʚʩʝ ʚʽʜʙʠʚʘ ̒ʤʝʪʨʦʣʦʛʽʯʥʽ ʩʧʨʦʤʦʞʥʦʩʪʽ ʩʭʝʤʠ ʚʠʤʽʨʫ ʩʪʨʫʤʫ ʱʦʜʦ ʨʽʟʥʠʮʽ 

ʤʞ̔ ʨʝʘʣʴʥʠʤ ʩʪʨʫʤʦʤ ʫ ʷʯʝʡʮʽ ʪʘ ʚʠʤʽʨʷʥʦʛʦ ʡʦʛʦ ʟʥʘʯʝʥʥʷ. ʏʘʩʪʽʰ ʟʘ ʚʩʝ 

ʥʘʚʦʜʠʪʴʩʷ ʚʽʜʥʦʩʥʘ ʪʦʯʥʽʩʪʴ ʜʣʷ ʚʩʽʭ ʜʽʘʧʘʟʦʥʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʯʫʪʣʠʚʦʩʪʽ, ʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʪʘ ʨʦʟʜʣ̔ɹ ʥʦʾ ʟʜʘʪʥʦʩʪʽ ɸʎʇ ʪʘ ʪʦʯʥʦʩʪʽ 

ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ (ʨʝʟʠʩʪʦʨʽʚ ʫ ʣʘʥʮ ʛʁʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʩʪʨʫʤ-ʥʘʧʨʫʛʘ). ɸʙʦ ʫʪʦʯʥʶʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʦʜʘʪʢʦʚʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ, 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʣʷ ʧʝʚʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʫ ʩʪʨʫʤʫ.  
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ʇʦʣʦʩʘ ʯʘʩʪʦʪ ʚʠʤʽʨʫ ʩʪʨʫʤʫ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʽʜʙʠʚʘʻ ʰʚʠʜʢʽʩʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʩʭʝʤʠ ʧʝʨʝʪʚʦʨʚʁʘʯʘ ʪʘ ʟʙʦʨʫ ʜʘʥʠʭ ʚ ʧʦʪʝʥʮʽʦʩʪʘʪʽ. ɯʥʦʜʽ ʜʦ ʮʽʻʾ 

ʚʝʣʠʯʠʥʠ ʥʘʚʦʜʠʪʴʩʷ (ʤʘʢʩʠʤʘʣʴʥʘ) ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ ɸʎʇ. ɺʽʜʧʦʚʽʜʥʦ 

ʥʘʚʦʜʠʪʴʩʷ ʛʨʘʥʠʯʥʘ ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʫ, ̫ ʢʠʡ ʤʦʞʝ ʙʫʪʠ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʚ ʩʠʩʪʝʤʽ 

ʙʝʟ ʩʧʦʪʚʦʨʝʥʥʷ. 

ʆʙʤʝʞʝʥʥʷ ʧʦʣʦʩʠ ʯʘʩʪʦʪ ʚʠʤʽʨʫ ʩʪʨʫʤʫ (Bandwidth limit filter). ʎʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʽʜʙʠʚʘʻ ʥʘʷʚʥʽʩʪʴ ʚ ʩʭʝʤʽ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʜʦʜʘʪʢʦʚʦʾ ʬʫʥʢʮʽʾ 

ʱʦʜʦ ʬʽʣʴʪʨʘʮʽʾ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ʆʙʤʝʞʝʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʜʘ̔ʧʘʟʦʥʫ ʟ ʚʝʨʭʫ, 

ʪʦʙʪʦ ʬʽʣʴʪʨʘʤʠ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ, ʚʠʤʽʨʦʤ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦʟʚʦʣʷʻ 

ʟʙʽʣʴʰʠʪʠ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ ʟʘ ʨʘʭʫʥʦʢ ʚʪʨʘʪ ʫ ʜʠʥʘʤʽʯʥʠʭ 

ʤʦʞʣʠʚʦʩʪʷʭ. ʆʩʢʽʣʴʢʠ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʢʦʤʧʦʥʝʥʪʠ ʩʠʛʥʘʣʫ ʬʽʣʴʪʨʫʶʪʴʩʷ, 

ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ ʩʠʛʥʘʣʫ ʥʘ ʟʙʫʜʞʝʥʥ ̫ʫʧʦʚʽʣʴʥʶʻʪʴʩʷ ʫ ʚʠʭʽʜʥʦʤʫ ʩʠʛʥʘʣ̔, ʦɦ 

ʙʫʜʝ ʟʘʨʝʻʩʪʨʦʚʘʥʦ. ʆʜʥʘʢ ʾʭ ʜʦʜʘʚʘʥʥʷ ʟʙʽʣʴʰʫʻ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ- ʫhʤ ʜʣʷ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʩʠʛʥʘʣʽʚ. ɺʠʨʦʙʥʠʢʠ ʟʘʟʥʘʯʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʠʥ ʟ ʜʝʢʽʣʴʢʘ ʬʽʣʴʪʨʽʚ (ʭʘʨʘʢʪʝʨʥʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ 3-5 ʬʽʣʴʪʨʽʚ), ʘʙʦ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʠ ʙʝʟ ʜʦʜʘʪʢʦʚʦʾ ʬʽʣʪɹʨʘʮʽʾ ʚ 

ʤʝʞʘʭ ʧʦʚʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. 

ʅʘʷʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʬʫʥʢʮʽʡ ʚ ʧʦʪʝʥʮʽʦʩʪʘʪʽ ʻ ʚʘʞʣʠʚʠʤ ʚ ʘʩʧʝʢʪʽ 

ʧʨʦʚʝʜʝʥʥʷ ʪʦʯʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʬʫʥʢʮʽʡ ʻ 

ʥʘ̫ʚʥ̔ʩʪʴ ʢʦʤʧʝʥʩʘʮʽʾ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʚ ʷʯʝʡʮʽ. ɺ ʢʦʤʝʨʮʽʡʥʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʚʽ ʩʭʝʤʠ ʢʦʤʧʝʥʩʘʮʽʾ: ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʟʠʪʠʚʥʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʤʽʞ ʢʘʩʢʘʜʘʤʠ ʚʠʤʽʨʫ ʩʪʨʫʤʫ ʪʘ ʧʦʪʝʥʮʽʦʩʪʘʪʫʚʘʥʥʷ ï 

ʢʦʤʧʝʥʩʘʮʽʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʟʠʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ʟʢʫ (Positive Feedback), 

ʽʥʰʦʶ ʤʦʞʣʠʚʽʩʪʶ ʻ ʚʠʢʦʨʠʩʪʘʥʥ̫ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʧʝʨʝʨʚʥʦʛʦ ʨʦʟʤʠʢʘʥʥʷ 

ʚʠʤʽʨʥʦʾ ʷʯʝʡʢʠ ʟʘʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʪʘ ʜʦʜʘʚʘʥʥʷ ʥʘʧʨʫʛʠ ʢʦʤʧʝʥʩʘʮʽʾ ʜʦ 

ʧʦʣʷʨʠʟʫʶʯʦʾ ʥʘʧʨʫʛʠ ï ʜʠʥʘʤʽʯʥʘ ʢʦʤʧʝʥʩʘʮʽʷ (Dynamic iR). ʅʝʦʙʭʽʜʥʽʩʪʴ 

ʧʨʦʚʝʜʝʥʥʷ ʦʤʽʯʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʚ ʢʦʞʥʦʤʫ ʟ 

ʨʝʞʠʤʽʚ, ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʛʦ ʟ ʤʝʪʦʜʽʚ ʢʦʤʧʝʥʩʘʮʽʾ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ 

ʚ ʧ. 1.1.4. ʪʘ 1.1.5. 
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ɿʘʟʥʘʯʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝ ʻ ʚʠʯʝʨʧʥʠʤʠ ʫ ʩʚʽʪʣʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʘʥʘʣʽʪʠʯʥʠʭ ʧʨʠʣʘʜʽʚ ʟ ʧʦʜʚʽʡʥʠʤ ʬʫʥʢʮʽʦʥʘʣʦʤ, ʘ ʩʘʤʝ ʧʦʪʝʥʮʦʩʪʘʪʠʯʥʠʭ ʪʘ 

ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʠʭ ʨʝʞʠʤʽʚ ʧʨʦʚʝʜʝʥʥ̫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʊʘʢʦʞ ʚʘʞʣʠʚʦʶ ʤʝʪʦʜʠʢʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ 

ʽʤʧʝʜʘʥʩʦʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʑʦ ʧʦʪʨʝʙʫʻ ʚʽʜ ʩʭʝʤʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʘʙʦ 

ʛʘʣʴʚʘʥʦʩʪʘʪʘ ʥʘʷʚʥʦʩʪʽ ʚʝʣʴʤʠ ʛʘʨʥʠʭ ʚhʠʜʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢ 

ʟʙʫʜʞʝʥʥ ̫ʪʘʢ ʽ ʘʜʝʢʚʘʪʥʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ ʬʘʟʦʚʠʭ ʟʤʽʥ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

ʩʪʨʫʤʫ ʘʙʦ ʥʘʧʨʫʛʠ. 

ʈʝʘʣʽʟʘʮʽʷ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʟ ʚʠʩʦʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘ ʚʩʽʤʘ 

ʧʦʢʘʟʥʠʢʘʤʠ  ̒ʚʝʣʴʤʠ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ, ʯʘʩʪʽʰ ʚʠʨʽʰʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʜʫʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʦ ʨʝʘʣʽʟʘʮʽʾ ʙʘʟʦʚʦʾ ʩʭʝʤʠ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʥʘ ʨʽʟʥʽʡ ʩʭʝʤʦʪʝʭʥʮ̔,̔ ʟʘ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʦʙʠʨʘʪʠ ʷʢʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʪʨʽʙʥʽ ʚʽʜ ʧʨʠʣʘʜʫ. ʅʘʧʨʠʢʣʘʜ ʚʝʣʠʢʽ ʩʪʨʫʤʠ ʝʣʝʢʪʨʦʣʽʟʫ, ʯʠ 

ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʟ ʥʠʟʴʢʠʤʠ ʰʫʤʘʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ. ʆʪʞʝ 

ʚʠʙʽʨ ʢʦʞʥʦʾ ʟ ʤʦʜʝʣʝʡ ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ ʤʘʻ ̌ʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʘʥʘʣʽʟʽ ʩʧʝʢʪʨʫ 

ʘʥʘʣ̔ʪʠʯʥʠʭ ʟʘʚʜʘʥʴ, ʱʦ ʚʠʨʽʰʫʚʘʪʠʤʫʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  

ʂʦʨʧʦʨʘʮʽʷ AMTEK ® Scientific Instrument ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʠʪʴ ʜʚʽ 

ʢʦʤʧʘʥʽʾ, ʱʦ ʚʠʨʦʙʣʷʶʪʴ ʧʦʪʝʥʮʽʦʩʪʘʪʠ: Solatron Analytical ʪʘ Princeton 

Applied Research. ɰʭ ʧʦʪʝʥʮʽʦʩʪʘʪʠ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʨʟ̔ʥʦʤʘʥʽʪʥʠʤ ʚʠʤʦʛʘʤ, 

ʥʘʧʨʠʢʣʘʜ ʧʦʪʝʥʮʦ̔ʩʪʘʪʠ 12XX ʩʝʨʽʾ, ʱʦ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʽʥʜʝʢʩ ʮʠʪʫʚʘʥʥʷ ʫ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ, ʚʽʜʟʥʘʯʘʻ ʜʦʚʽʨʫ ʥʘʫʢʦʚʮʽʚ ʜʦ ʮʴʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʊʘ ʷʢʱʦ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʣʘʜʥʘʥʥʷ ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʜʦ 1 ʤʢɺ ʚʽʜʥʦʩʥʦ ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥʷʥʥʷ (ʧʨʠ ʘʙʩʦʣʶʪʥʽʡ ʧʦʭʠʙʮʽ 

ʙ̔ ʣʷ 100 ʤʢɺ) ʪʘ ʤʽʥʽʤʘʣʴʥʠʡ ʚʭʽʜʥʠʡ ʩʪʨʫʤ 1 ʧɸ ʜʣʷ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ʚʞʝ 

ʥʝ ʻ ʜʫʞʝ ʚʠʟʥʘʯʥʠʤʠ. ʊʘ ʟʘʣʠʰʘʶʪʴ ʜʘʥʝ ʦʙʣʘʜʥʘʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʤ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʜʘʯʘʭ ʜʝ ʨʽʚʝʥʴ ʫhʤʚ̔ ʪʘ ʯʫʪʣʠʚʽʩʪʴ ʻ 

ʧʨʠʥʮʠʧʦʚʠʤʠ. ɺʽʜʤʽʥʥʽʩʪʶ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʻ ʛʘʣʴʚʘʥʽʯʥʘ ʽʟʦʣʷʮʽʷ ʚʩʽʭ 

ʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʜʦʚʽʣʴʥʦ ʢʦʥʬʽʛʫʨʫʚʘʪʠ ʚʠʤʽʨʥʫ ʷʯʝʡʢʫ. 

ʏʫʜʦʚʠʤ ʟʨʘʟʢʦʤ ʩʫʯʘʩʥʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʨʽhʝʥʥʷ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʟʘʜʘʯʘʭ ModuLab XM ECS ʝʣʝʢʪʨʦʭʽʤʽʯʥʘ ʩʪʘʥʮʽʷ ʚʽʜ ʢʦʤʧʘʥʽʾ Solatron 
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Analytical. ʅʘʷʚʥʽʩʪʴ ʤʦʜʫʣʷ ʎɸʇ ʟ ʰʚʠʜʢʽʩʪʶ ʛʝʥʝʨʘʮʽʾ ʩʠʛʥʘʣʫ 

1 ʄʚʠʙ̔ʨʢʘ/ʩ ʪʘ ɸʎʇ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʰʚʠʜʢʽʩʪʶ ʫ ʩʫʢʫʧʥʽʩʪʶ ʟʽ ʦʧʝʨʘʮʽʡʥʠʤʠ 

ʧʽʜʩʠʣʶʚʘʯʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪɹ ʚʠʩʦʢʫ ʰʚʠʜʢʩ̔ʪʴ ʟʨʦʩʪʘʥʥʷ ʩʠʛʥʘʣʫ ʧʦʥʘʜ 

10 ɺ/ʤʢʩ ʜʘʻ ʟʤʦʛʠ ʧʨʘʮʶʚʘʪʠ ʟ ʣʽʥʽʡʥʦʶ ʨʦʟʛʦʨʪʢʦʶ ʩʠʛʥʘʣʫ ʜʦ 25ʢɺ/ʩ. ʎʝ ʻ 

ʦʜʥʠʤ ʟ ʥʘʡʚʠʱʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʝʨʝʜ ʢʦʤʝʨʮʽʡʥʠʭ ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ. ɸʣʝ ʮʴʦʛʦ ʥʝ 

ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʧʝʨʝʭʦʜʫ ʜʦʩʣʽʜʞʝʥʴ ʚ ʨʝʞʠʤ ʥʘʜʰʚʠʜʢʦ ʾ ʧʦʣʷʨʠʟʘʮʽʾ 

ʝʣʝʢʪʨʦʜʽʚ ʟ ̔ʰʚʠʜʢʽʩʪʶ ʧʦʥʘʜ 100 ʢɺ/ʩ.  

ɿ ʦʛʣʷʜʫ ʩʫʯʘʩʥʦʛʦ ʨʠʥʢʫ ʢʦʤʝʨʮʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʚʽʜʨʽʟʥʪ̫ʴʩʷ 

ʚʝʣʴʤʠ ʜʦʙʨʠʤ ʨʦʟʤʘʾʪʪʷʤ ʷʢ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ, ʪʝʭʥʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʘʢ ʽ ʚʘʨʪʽʩʪʶ, ʦʜʥʘʢ, ʚʠʧʣʠʚʘʻ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ, 

ʱʦ ʤʦʞʫʪɹ  ʧʨʘʮʚʁʘʪʠ ʚ ʨʝʞʠʤ̔  ʥʘʜʰʚʠʜʢʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʫʪʨʦʜʽʚ, ʱʦ 

ʚ̒ʘʞʣʠʚʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʯʘʩʦʚʦʾ ʪʘ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

 

1.1.2 ɸʥʘʣ̔ʟ ʧʨʠʥʮʠʧʚ̔ (ʤʝʪʦʜʚ̔) ʧʦʙʫʜʦʚʠ ʝʣʝʢʪʨʦʭʤ̔̔ʯʥʠʭ 

ʧʦʪʝʥʮʦ̔ʩʪʘʪʚ̔  

 

ʈʦʟʚʠʪʦʢ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʜʦʩʪʫʧʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ 

ʧʽʜʩʠʣʁʚʘʯʽʚ ʚ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʚʠʟʥʘʯʠʣʦ ʾʭ ʧʝʨʝʚʘʞʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʭʝʤ ʩʫʯʘʩʥʠʭ ʧʦʪʝʥʮ̔ʦʩʪʘʪʽʚ [63, 64]. 

ʆʩʥʦʚʥʘ ʟʘʜʘʯʘ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ï ʧ̔ʜʪʨʠʤʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʨʦʙʦʯʦʛʦ 

ʝʣʝʢʪʨʦʜʘ ʥʘ ʟʘʜʘʥʦʤʫ ʨ̔ʚʥ̔ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʘʙʦ ʭ̔ʤ̔ʯʥʠʭ ʟʤ̔ʥ ʥʘ 

ʝʣʝʢʪʨʦʜ.̔ ʇʦʪʝʥʮʦ̔ʩʪʘʪ ʧʽʜʪʨʠʤʫʻ ʟʘʜʘʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ 

ʰʣʷʭʦʤ ʟʤ̔ʥʠ ʚʝʣʠʯʠʥʠ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʢʨ̔ʟɹ ʷʯʝʡʢʫ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, 

ʱʦ ʪʝʨʤ̔ʥʦʣʦʛʽʷ ʧʦʣʷʨʠʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ɽʍ ʷʯʝʡʢʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʘʥʘʣʽʪʠʯʥʽʡ ʭʽʤʽʾ, ʥʝ ʚ̔ ʜʧʦʚʽʜʘʻ ʪʝʨʤʽʥʦʣʦʛʽʾ ʱʦ ʟʘʟʚʠʯʘʡ 

ʤʘʻ ʤʽʩʮʝ ʚ ʝʣʝʢʪʨʦʪʝʭʥʠʮʽ. ʊʦʤʫ ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʢʦʣʠ ʨʽʯ ʡʜʝ ʧʨʦ ʧʦʪʝʥʮʽʘʣ 

ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʘ ʚʽʥ ʙʽʣʴ  hʟʘ ʚʩʝ ʮʽʢʘʚʠʪʴ ʜʦʩʣʽʜʥʠʢʘ, ʪʦ ʻ ʬʽʟʠʯʥʦ 

ʧʦʪʝʥʮʽʘʣ ʥʘ ʤʝʞʽ ʽʥʪʝʨʬʝʡʩʫ ʤʽʞ ʨʦʙʦʯʠʤ ʝʣʝʢʪʨʦʜʦʤ ʪʘ ʨʦʟʯʠʥʦʤ! ɺ 

ʙʽʣɹhʦʩʪ̔  ʩʭʝʤ ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʙʣʠʟʴʢʠʡ ʜʦ 
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ʧʦʪʝʥʮʽʘʣʫ ʟʘʛʘʣʴʥʦʾ ʰʠʥʠ, ʦʩʢʽʣʴʢʠ ʚ̔ʥ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʩʭʝʤʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʥʘ ʦʧʝʨʘʮʽʡʥʦʤʫ ʧʽʜʩʠʣʶʚʘʯʽ. «ɿʘʟʝʤʣʝʥʥ̫» 

ʥʝ̔ʥʚʝʨʪʫʁʯʦʛʦ ʚʭʦʜʫ ʚʠʤʫʰʫʶ ʦʧʝʨʘʮʡ̔ʥʫ ʩʭʝʤʫ ʧʽʜʪʨʠʤʫʚʘʪʠ ʪ̔ ʡ ʩʘʤʠʡ 

ʧʦʪʝʥʮʽʘʣ ʽ ʥʘ ʽʥʚʝʨʪʫʶʯʦʤʫ ʚʭʦʜʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʦʪʝʥʮʽʦʩʪʘʪ ʢʦʨʝʢʪʥʦ 

ʧʨʘʮʶʻ, ʧʦʢʠ ʥʝ ʧʝʨʝʚʘʥʪʘʞʝʥ ʟʘ ʩʪʨʫʤʦʤ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ. ʆʩʢʽʣʴʢʠ ʧʨʠ 

ʚʠʥʠʢʥʝʥʥ̔ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʙʨʘʥʦʛʦ ʩʪʨʫʤʦʚʦʛʦ ʜ̔ʘʧʘʟʦʥʫ, ʦʧʝʨʘʮ̔ʡʥʘ ʩʭʝʤʘ 

ʥʝʩʧʨʦʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʦʪʝʥʮ̔ʘʣ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʫ ʚʠʤʽʨʘʭ, ʢʦʣʠ ʨʽʟʥʠʮʷ ʚ ʥʘʧʨʫʟʽ ʤʽʞ ʨʦʟʯʠʥʦʤ ʪʘ ʨʦʙʦʯʠʤ 

ʝʣʝʢʪʨʦʜʦʤ ʥʝʚʠʟʥʘʯʝʥʘ, ʘʙʦ ʟʤʽʥʶʻʪʴʩʷ ʥʝ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʛʨʘʤʠ ʤʝʪʦʜʠʢʠ 

ʟʙʫʜʞʝʥʥ ̫ʩʝʥʩʦʨʘ. 

ʇʦʪʝʥʮ̔ʦʩʪʘʪ, ʚ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʦʤʫ ʚʠʧʘʜʢʫ, ʤʘʻ ʪʨʠ ʚʠʭʦʜʠ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʙʦʯʦʤʫ, ʜʦʧʦʤʽʞʥʦʤʫ ʝʣʝʢʪʨʦʜʘʤ ʪʘ ʝʣʝʢʪʨʦʜʫ ʧʦʨʽʚʥʷʥʥʷ, 

ʚʽʜʧʦʚʽʜʥʦ [63-64]. ʋ ʚʠʧʘʜʢʫ ʪʘʢʦʛʦ ʧʽʜʢʣʶʯʝʥʥ̫ , ʤʞ̔ ʨʦʙʦʯʠʤ ʪʘ 

ʜʦʧʦʤ̔ ʞʥʠʤ ʝʣʝʢʪʨʦʜʘʤʠ ʧʨʦʪʢ̔ʘ̒ ʦʩʥʦʚʥʠʡ ʩʪʨʫʤ ʧʦʣʷʨʠʟʘʮ̔ ʾ, ʘ ʤ̔ʞ 

ʨʦʙʦʯʠʤ ʝʣʝʢʪʨʦʜʦʤ ʪʘ ʝʣʝʢʪʨʦʜʦʤ ʧʦʨʽʚʥʥ̫ʥ̫ ï ʥʝʟʥʘʯʥʠʡ ʢʝʨʫʶʯʠʡ ʩʪʨʫʤ, 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʤʽʨʫ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʨʦʟʯʠʥʫ. ɺʝʣʠʯʠʥʘ 

ʢʝʨʫʶʯʦʛʦ ʩʪʨʫʤʫ ʤʘʻ ʙʫʪʠ ʪʘʢʦʶ, ʱʦʙ ʥʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʜʘ 

ʧʦʨʽʚʥʷʥʥʷ, ʪʦʤʫ ʩʭʝʤʘ ʡʦʛʦ ʚʠʤʽʨʫ ʤʘʻ ʙʫʪʠ ʟ ʚʝʣʠʢʠʤ ʟʥʘʯʝʥʥʷʤ ʚʭʽʜʥʦʛʦ 

ʽʤʧʝʜʘʥʩʫ. 

ɼʣ̫  ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʰʠʨʦʢʦʾ ʟʤʽʥʠ ʩʪʨʫʤʫ ʪʘ ʧʦʪʝʥʮʽʘʣʫ, 

ʧʦʪʝʥʮʽʦʩʪʘʪ ʧʦʚʠʥʝʥ ʤʘʪʠ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʚʝʣʠʢʽ ʚʝʣʠʯʠʥʠ ʚʠʭʽʜʥʦʛʦ 

ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ (ʤʽʞ ʨʦʙʦʯʠʤ ʪʘ ʜʦʧʦʤʽʞʥʠʤ ʝʣʝʢʪʨʦʜʘʤʠ), ʛʘʨʥʫ 

ʚhʠʜʢʦʜʽʶ, ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʤʽʥʠ ʧʦʪʝʥʮʽʘʣʫ, ʥʠʟʴʢʠʡ ʢʝʨʫʶʯʠʡ ʩʪʨʫʤ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʥʘʩʪʫʧʥʠʡ: ʩʠʛʥʘʣ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ, ʷʢʠʡ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʨʽʟʥʠʮʶ ʤʽʞ ʦʧʦʨʥʦʶ ʥʘʧʨʫʛʦʶ ʽ ʧʦʪʝʥʮʽʘʣʦʤ ʨʦʙʦʯʦʛʦ 

ʝʣʝʢʪʨʦʜʘ, ʚʠʤʽʨʷʥʠʤ ʱʦʜʦ ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥ̫ ʥʥ̫, ʧʽʩʣʷ ʧʦʩʠʣʝʥʥʷ ʚʠʢʣʠʢʘʻ 

ʟʤʽʥʫ ʩʪʨʫʤʫ ʯʝʨʝʟ ʷʯʝʡʢʫ ʚ ʥʘʧʨʷʤʢʫ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ. 

1.1.2.1 ɸʥʘʣʽʟ ʩʭʝʤʦʪʝʭʥʽʢʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. 

ʇʦʪʝʥʮʽʦʩʪʘʪ ʷʚʣʷʻ ʩʦʙʦʶ ʝʣʝʢʪʨʦʥʥʫ ʩʭʝʤʫ ʜʣʷ ʫʧʨʘʚʣʥ̔ʥ̫ ʧʦʪʝʥʮʽʘʣʦʤ ʪʘ 

ʚʠʤʽʨʦʤ ʩʪʨʫʤʫ, ʱʦ ʤʘ̒ ʪʨʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠ ʚʠʭʦʜʠ, ʷʢʽ ʟô̒ ʜʥʘʥ ̔ʟ ʪʨʴʦʤʘ 
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ʝʣʝʢʪʨʦʜʘʤʠ: ʨʦʙʦʯʠʤ, ʜʦʧʦʤʽʞʥʠʤ ʝʣʝʢʪʨʦʜʘʤʠ ʪʘ ʝʣʝʢʪʨʦʜʦʤ ʧʦʨʽʚʥʷʥʥʷ. ɺ 

ʧʦʪʝʥʮʽʦʩʪʘʪʽ ʚʽʜʙʫʚʘ̒ʪɹʩʷ ʧʦʨʽʚʥʷʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʤʽʞ ʨʦʙʦʯʠʤ ʝʣʝʢʪʨʦʜʦʤ ʪʘ 

ʝʣʝʢʪʨʦʜʦʤ ʧʦʨʚ̔ʥʥ̫ʥʷ ̔ ʟ ʟʦʚʥʽʰʥʽʤ ʜʦʚʽʣʴʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ, ɦ ʦ ʥʘʜʭʦʜʷʪʴ ʚʽʜ 

ʛʝʥʝʨʘʪʦʨʘ. ʇʨʠʣʘʜ ʧʦʚʠʥʝʥ ʨʝʘʛʫʚʘʪʠ ʥʘ ʨʽʟʥʠʮ ʁ ʮʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʝʛʘʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʮʷ ʨʽʟʥʠʮʷ 

ʟʚʦʜʠʣʘʩʷ ʜʦ ʥʫʣʷ. ʉʪʨʫʤ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ, ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʷʢʦʤʦʛʘ ʤʝʥh ʠʤ. ʎʽ ʚʠʤʦʛʠ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʁʚʘʯʽʚ, ʷʢʽ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʽ ʭʦʨʦʰʫ 

ʩʪʘʙʽʣʽʟʘʮʽʶ. ɹʫʜʴ ̫ ʢʠʡ ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 

ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.1. ɿʘʟʚʠʯʘʡ ʦʜʠʥ ʟ ʚʠʚʦʜʽʚ 

ʟʘʟʝʤʣʷʪ̒ɹʩ,̫ ʪʦʤʫ ʽʥʦʜʽ ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʟʦʙʨʘʞʫʶʪʴ ʫ ʚʠʛʣʷʜʽ 

ʪʨɹʦʭʧʦʣʶʩʥʠʢʘ [63]. ʊʘʢʠʡ ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʚ 

ʧʦʪʝʥʮʽʦʩʪʘʪʽ, ʜʝ ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ ʧʨʦʭʦʜʠʪʴ ʚʽʜ ʚʠʭʦʜʫ ʧʽʜʩʠʣʶʚʘʯʘ ʯʝʨʝʟ 

ʜʦʧʦʤ̔ʞʥʠʡ ʝʣʝʢʪʨʦʜ, ʯʝʨʝʟ ʱʦ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʘ̔ʣʽʚ ʤʽʞ ʚʭʦʜʘʤʠ ʧʨʘʛʥʝ ʜʦ 

ʥʫʣʷ. ɺʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʝʨʘʮʡ̔ʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʟʘʣʝʞʠʪʴ ʪʦʯʥʽʩʪʴ ʽ 

ʰʚʠʜʢʽʩʪʴ ʮʽʻʾ ʦʧʝʨʘʮʽʾ. 

 

 

ʈʠʩʫʥʦʢ 1.1 - ɻʨʘʬ̔ʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʁʚʘʯʘ 

 

ɼʣ̫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʝʨʘʮʽʾ ʧʦʨʽʚʥʷʥʥʷ ʥʝʦʙʭ̔ ʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʝʪʘʣʦʥʥʠʡ ʦʧʽʨ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʨʫʤʫ, ʷʢʠʡ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʷʯʝʡʢʫ ʪʘ 

ʛʝʥʝʨʘʪʦʨ. ɿʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢ ʤʠ ʨʦʟʪʘʰʦʚʫʻʤʦ ʮʽ ʝʣʝʤʝʥʪʠ ʚ ʟʦʚʥʽʰʥʽʭ 

ʣʘʥʮʁ ʛʘʭ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʠʤ. ɿʦʚʥʽʰʥ̔ ʡ ʣʘʥʮʶʛ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʤʦʞʥʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʥʘ ʧʨʠʢʣʘʜʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʢʨʝʤʠʭ 

ʟʘʤʢʥʫʪʠʭ ʢʦʥʪʫʨʽʚ, ʷʢʽ ʡʦʛʦ ʫʪʚʦʨʶʶʪʴ [63-64]. ʉʭʝʤʘ ʪʘʢʠʭ ʢʦʥʪʫʨʽʚ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.2. 
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ʄʠ ʤʘʻʤʦ ʯʦʪʠʨʠ ʪʘʢʠʭ ʢʦʥʪʫʨʠ. ɼʚʘ ʟ ʥʠʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ 

ʟʦʚʥʽʥhʴʦʛʦ ʣʘʥʮʶʛʘ ʚʜ̔ ʙʫʜʴ-ʷʢʦʛʦ ʚʠʭʦʜʫ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ̔ ʥʚʝʨʩʥʦʛʦ ʚʭʦʜʫ. 

ɺʦʥʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʝʪʣʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ʟʢʫ, ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʜʦʧʦʤʽʞʥʠʡ 

ʝʣʝʢʪʨʦʜ ʪʘ ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ, ʚʭʽʜ ʽ ʚʠʭʽʜ ʧʽʜʩʠʣʶʚʘʯʘ (ʚʝʨʭʥʽʡ). ʅʠʞʥʽʡ 

ʢʦʥʪʫʨ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʩʢʣʘʜʘʻʪʴʩʷ ʪʽʣʴʢʠ ʟ ʥʠʞʥʦɹʛʦ ʚʭʦʜʫ ʽ ʚʠʭʦʜʫ 

ʧʽʜʩʠʣʶʚʘʯʘ. ʊʨʝʪ̔ʤ ʢʦʥʪʫʨʦʤ ʻ ʢʦʥʪʫʨ ʧʝʨʝʜʘʯʽ ʩʪʨʫʤʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʦʧʦʤ̔ʞʥʦʛʦ ʽ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʽʚ ʪʘ ʜʚʦʭ ʥʠʟʴʢʦʦʤʥʠʭ ʚʠʭʦʜʽʚ ʧʽʜʩʠʣʶʚʘʯʘ 

(ʨʠʩ. 1.2). ɿ ʮʴʦʛʦ ʢʦʥʪʫʨʫ ʩʪʨʫʤ ʤʦʞʝ ʚʽʣʴʥʦ ʧʨʦʪʽʢʘʪʠ ʚʽʜ ʧʽʜʩʠʣʶʚʘʯʘ ʜʦ 

ʷʯʝʡʢʠ, ʪʘʢ ʷʢ ʢʦʥʪʫʨ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʽʣʴʢʠ ʥʠʟʴʢʦʦʤʥʫ ʯʘʩʪʠʥʫ. ʊʦʤʫ, 

ʙʫʜʴ-ʷʢʠʡ ʧʨʠʩʪʨʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣ̫ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʨʫʤʫ, ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʪʘh ʦʚʫʚʘʪʠʩʷ ʚ ʮʴʦʤʫ ʢʦʥʪʫʨʽ. ʋ ʩʭʝʤʽ, ʱʦ ʥʘ ʨʠʩ. 1.3, ʽʩʥʫʻ ʪʨʠ ʤʽʩʮʷ 

ʚʢʣʁʯʝʥʥʷ ʚʠʤʽʨʥʠʢʽʚ ʩʪʨʫʤʫ [63]. 

 

˾ͦ͋ͦ;͙  ͚͔͡ ͔ͭͪͦ͒͟

˨ͦ ͨͦͣ͗ͤ͜ ͙͚ ͔͡ ͔ͭͪͦ͒͟

˩͔ͭͪͦ͒͟͡ ͨͦ ͍ͪ͜ Ύͤͤ Ύͤ

 

ʈʠʩʫʥʦʢ 1.2 - ʉʭʝʤʘ ʟʘʤʢʥʫʪʠʭ ʢʦʥʪʫʨ̔ʚ ʟʦʚʥʽh ʥʽʭ ʣʘʥʮʶʛʽʚ 

ʧʦʪʝʥʮʦ̔ʩʪʘʪʘ 

ÕA

ÕA

ÕA

 

ʈʠʩʫʥʦʢ 1.3 - ʉʧʦʩʦʙʠ ʚʢʣʶʯʝʥʥ̫  ʚʠʤʽʨʫ ʩʪʨʫʤʫ 

 

ʏʝʪʚʝʨʪʠʡ ʢʦʥʪʫʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʝʣʝʢʪʨʦʜʘ 

ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʚʠʩʦʢʦʦʤʥʠʭ ʚʭʦʜʽʚ ʧʜ̔ʩʠʣʶʚʘʯʘ. ʎʝ ʢʦʥʪʫʨ ʧʦʨʽʚʥʷʥʥʷ, ʪʫʪ 

ʟʦʚʥ̔h ʥ̔ ʡ ʧʦʪʝʥʮʽʘʣ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʥʘʧʨʫʛʦʶ ʷʯʝʡʢʠ. ʑʦʙ ʦʪʨʠʤʘʪʠ ʩʠʛʥʘʣ 
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ʢʦʨʝʢʮʽʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʧʝʨʘʮʽʾ ʧʦʨʽʚʥʷʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʚʢʣʶʯʠʪʠ ʧʦʩʣʽʜʦʚʥʦ ʟ 

ʷʯʝʡʢʦʶ ʛʝʥʝʨʘʪʦʨ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʜʝʨʞʫʻʤʦ, ʱʦ ʥʘʧʨʫʛʘ ʤʽʞ ʨʦʙʦʯʠʤ 

ʝʣʝʢʪʨʦʜʦʤ ʪʘ ʝʣʝʢʪʨʦʜʦʤ ʧʦʨʽʚʥʷʥʥʷ ʜʦʨ̔ʚʥʶ̒ ʥʘʧʨʫʟʽ ʛʝʥʝʨʘʪʦʨʘ, ʪʘʢ ʷʢ 

ʩʫʤʘ ʧʦʪʝʥʮʽʘʣʽʚ ʚʟʜʦʚʞ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ ʪʘ 

ʩʠʛʥʘʣ ʢʦʨʝʢʮʽʾ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʎʝ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʤʝʪʦʜ ʧʨʷʤʦʛʦ 

ʧʦʨ̔ʚʥʷʥʥʷ ʥʘʧʨʫʛʠ. ɻʝʥʝʨʘʪʦʨ ʟʙʫʜʞʝʥʥʷ ʪʘʢʦʞ ʤʦʞʝ ʧʽʜʢʣʶʯʘʪʠʩʷ ʚ ʪʨʴʦʭ 

ʤʩ̔ʮʷʭ. ɿʘ ʜʦʧʦʤʦʛʦʁ ʨʽʟʥʠʭ ʚʢʣʶʯʝʥʴ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʚʠʤʽʨʶʚʘʯʘ ʩʪʨʫʤʫ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʝʚô̫ ʪʴ ʩʭʝʤ ʚʢʣʶʯʝʥʥʷ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ɺʩʽ ʚʦʥʠ ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. 1.4. ɻʦʣʦʚʥʝ ʚ ʮʠʭ ʩʭʝʤʘʭ - ʮʝ ʟʚô̫ ʟʦʢ ʤʽʞ ʢʦʥʪʫʨʦʤ ʧʝʨʝʜʘʯʽ ʩʪʨʫʤʫ ʽ 

ʢʦʥʪʫʨʦʤ ʧʦʨʽʚʥʷʥʥʷ. ʋ ʢʦʞʥʽʡ ʩʭʝʤʽ ʦʜʠʥ ʝʣʝʤʝʥʪ  ̒ʩʧʣ̔ʴʥʠʤ ʜʣʷ ʦʙʦʭ ʮʠʭ 

ʢʦʥʪʫʨʽʚ. ʗʢʱʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʯʘ ʩʪʨʫʤʫ ʘʙʦ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜʧʦʚʽʜʘ ̒

ʨʠʩ. 1.4 (c, f; g; h, i), ʪʦ ʟʘʚʜʷʢʠ ʧʨʦʪʽʢʘʥʥʶ ʩʪʨʫʤʫ ʚ ʢʦʥʪʫʨʽ ʧʝʨʝʜʘʯʽ ʩʪʨʫʤʫ, 

ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ I Ĭ R ʧʨʠʟʚʝʜʝ ʜʦ ʪʘʢʦʛʦ ʞ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʚ ʢʦʥʪʫʨʽ 

ʧʦʨʽʚʥʷʥʥ.̫ 

ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ, ʟʘʛʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʻ ʛʝʥʝʨʘʪʦʨ (ʜʠʚ. ʨʠʩ. 1.4), 

ʧʦʚʥʠʡ ʩʪʨʫʤ ʧʦʚʠʥʝʥ ʧʨʦʪʽʢʘʪʠ ʯʝʨʝʟ ʡʦʛʦ ʚʠʭʽʜʥʠʡ ʦʧʽʨ. ʊʘʢ ʷʢ ʮʝ ʧʘʜʽʥʥʷ 

ʥʘʧʨʫʛʠ ʚʭʦʜʠʪʴ ʚ ʣʘʥʮʶʛ ʢʦʥʪʫʨʫ ʧʦʨʽʚʥʷʥʥ,̫ ʚʦʥʦ ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʩʠʛʥʘʣ 

ʧʦʨʽʚʥʷʥʥʷ ʥʘ ʚʭʦʜʽ ʧʽʜʩʠʣʶʚʘʯʘ ʽ ʧʨʦʷʚʣʷʪ̒ɹ ʩʷ ʷʢ ʜʝʷʢʠʡ ʧʦʪʝʥʮʽʘʣ ʤʽʞ 

ʨʦʙʦʯʠʤ ʝʣʝʢʪʨʦʜʦʤ ʪʘ ʝʣʝʢʪʨʦʜʦʤ ʧʦʨʽʚʥʷʥʥʷ. ʎʽ ʩʭʝʤʠ ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ 

ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥ ̫ ʪʣ̔ʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʚ ʛʝʥʝʨʘʪʦʨʽ ʻ ʤʝʥʰʠʤ, ʥʽʞ ʧʦʤʠʣʢʘ, ʜʦʧʫʩʪʠʤʘ ʧʨʠ ʟʤʽʥʽ 

ʥʘʧʨʫʛʠ ʷʯʝʡʢʠ. ʊʦʡ ʞʝ ʝʬʝʢʪ ʚʠʭʦʜʠʪʴ ʽ ʚ ʨʘʟʽ, ʢʦʣʠ ʩʧʽʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʻ 

ʚʠʤʽʨʶʚʘʯ ʩʪʨʫʤʫ (ʜʠʚ. ʨʠʩ. 1.4 d), ʘʣʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ 

ʦʜʥʦʯʘʩʥʦ ʨʝ̒ʩʪʨʫʻʪʴʩʷ ʚʠʤʽʨʥʠʢʦʤ ʩʪʨʫʤʫ. ɺʝʣʠʯʠʥʘ ʧʘʜʥ̔ʥʷ ʥʘʧʨʫʛʠ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʯʫʪʣʠʚʽʩʪʴ ʧʨʠʩʪʨʦʶ, ʱʦ ʨʝʻʩʪʨʫʻ, ʪʘ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ 1ʤɺ 

ʜʣ̫ ʯʫʪʣʠʚʠʭ ʨʝʻʩʪʨʘʪʦʨʽʚ ʜʦ ʩʦʪʝʥʴ ʤʽʣʽʚʦʣʴʪ [65]. 

ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʧʨʦʙʣʝʤ ʻ ʧʨʦʙʣʝʤʘ ʟʘʟʝʤʣʝʥʥʷ ʩʠʩʪʝʤʠ çʜʞʝʨʝʣʦ 

ʞʠʚʣʝʥʥʷ - ʧʦʪʝʥʮʽʦʩʪʘʪè. ʗʢ ʧʨʘʚʠʣʦ, ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʟʘʟʝʤʣʝʥʝ ʪʘ ʜʽʻ ʷʢ 

ʧʦʪʝʥʮʽʘʣ ʟʝʤʣʽ ʜʣʷ ʚʩʽʻʾ ʩʭʝʤʠ. ɹʽʣʴʰʽʩʪʴ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ 

ʚʠʧʫʩʢʘʻʪʴʩʷ ʟ ʦʜʥʽʻʶ ʚʠʭʽʜʥʦʶ ʢʣʝʤʦʶ, ʜʨʫʛʘ ʟʘʟʝʤʣʝʥʘ [66]. ɼʣʷ ʪʘʢʠʭ 
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ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʤʦʞʣʠʚʽ ʜʚʽ ʩʭʝʤʠ ʟʘʟʝʤʣʝʥʥʷ. ʗʢ ʧʨʠʢʣʘʜ ʤʦʞʥʘ 

ʧʨʠʚʝʩʪʠ ʩʭʝʤʫ, ʟʦʙʨʘʞʝʥʫ ʥʘ ʨʠʩ. 1.5 a. 
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ʈʠʩʫʥʦʢ 1.4 - ʉʭʝʤʠ ʚʢʣʶʯʝʥʥ̫  ʧʦʪʝʥʮ̔ʦʩʪʘʪʘ 
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ʍʦʯʘ ʝʣʝʤʝʥʪʠ ʜʚʦʭ ʩʭʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ. 1.5, ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʽʩʥʫʶʪʴ ʚʘʞʣʠʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʮʠʤʠ ʪʠʧʘʤʠ ʟʘʟʝʤʣʝʥʥʷ. 

a b

µA µA

~

~

ͻ˿͔ͣ͊  ͔͊ͣ͘͘͡ ͔ͤ Ύͤ A-͙ͭͨͯ ͻ˿͔ͣ͊  ͔͊ͣ͘͘͡ ͔ͤ Ύͤ B-͙ͭͨͯ

 

ʈʠʩʫʥʦʢ 1.5 ï ʉʭʝʤʠ ʟʘʟʝʤʣʝʥʥʷ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 

 

ʇʦ-ʧʝʨh ʝ, ʛʝʥʝʨʘʪʦʨ ʥʝ ʚʭʦʜʠʪʴ ʚ ʧʨʦʩʪʠʡ ʣʘʥʮʶʛ,  ̔ ʡʦʛʦ ʚʘʞʢʦ 

ʽʟʦʣʁʚʘʪʠ ʚʽʜ ʟʝʤʣʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʝʨʝʜ ʜʝʚô̫ ʪʠ ʩʭʝʤ A-ʪʠʧʫ (ʜʠʚ. ʨʠʩ. 1.5) 

ʪʽʣʴʢʠ ʚ b-, c-, h- ʪʘ i-ʩʭʝʤʘʭ ʛʝʥʝʨʘʪʦʨ ʤʦʞʥʘ ʟʘʟʝʤʣʠʪʠ. ɼʣʷ ʚʩʽʭ ʩʭʝʤ B-ʪʠʧʫ 

ʛʝʥʝʨʘʪʦʨ ʧʦʚʠʥʝʥ ʙʫʪʠ ʽʟʦʣʴʦʚʘʥʠʡ. ʇʦ-ʜʨʫʛʝ, ʷʢʱʦ ʦʜʠʥ ʢʽʥʝʮʴ 

ʩʪʨʫʤʦʚʠʤʨ̔ʶʶʯʦʛʦ ʦʧʦʨʫ ʟʘʟʝʤʣʝʥʦ, ʧʨʠʩʪʨ̔ʡ, ʱʦ ʨʝʻʩʪʨʫʻ ʩʪʨʫʤ, ʪʘʢʦʞ 

ʤʦʞʥʘ ʟʘʟʝʤʣʠʪʠ. 

ɹʫʜʴ ʷʢʠʡ ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʤʘʻ ʜʨʝʡʬ. ɿʘ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ 

ʚʝʣʠʯʠʥʘ ʮʴʦʛʦ ʜʨʝʡʬʫ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʤʘʣʦʶ (ʢʽʣʴʢʘ ʤɺ ʟʘ ʜʝʥʴ), ʘʣʝ ʙʝʟ 

ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʭʦʜʽʚ ʜʨʝʡʬ ʤʦʞʝ ʩʪʘʪʠ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤ. ʍʦʨʦʰʠʡ ʝʬʝʢʪ 

ʜʦʩʷʛʘʪ̒ɹ ʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ, ʱʦ 

ʚʢʣʶʯʝʥʠʡ ʤʽʞ ʚʭʦʜʘʤʠ ʦʩʥʦʚʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ. ʎʝ ʚʢʣʶʯʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ 

ʜʣʷ ʣʘʥʮʶʛʘ ʥʝʛʘʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ, ʷʢʠʡ ʥʝ ʤʽʩʪʠʪʴ ʥʽʷʢʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ ʥʘ ʨʠʩ. 1.6 ʧʦʢʘʟʘʥʽ ʤʝʪʦʜʠ ʩʪʘʙʽʣʟ̔ʘʮʽʾ ʜʣʷ ʩʭʝʤ A- ʪʘ B-ʪʠʧʫ. 

ʊʫʪ ʆʇ2 - ʩʪʘʙʽʣʽʟʫʶʯʠʡ ʧʽʜʩʠʣʶʚʘʯ. 

ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʮʠʭ ʜʚʦʭ ʩʭʝʤ ʫ ʪʦʤʫ, ʱʦ ʚ ʩʭʝʤʽ A-ʪʠʧʫ 

ʩʪʘʙʽʣʟ̔ʫʁʯʠʡ ʧʽʜʩʠʣʶʚʘʯ ʜʽʻ ʚʽʜʥʦʩʥʦ ʧʦʪʝʥʮʽʘʣʫ ʟʝʤʣʽ, ʘ ʚ ʩʭʝʤ ̔ B-ʪʠʧʫ 

ʩʪʘʙʽʣʟ̔ʫʶʯʠʡ ʧʽʜʩʠʣʶʚʘʯ ʧʦʚʠʥʝʥ ʙʫʪʠ ʽʟʦʣʴʦʚʘʥʠʤ ʚʽʜ ʟʝʤʣʽ. ʆʜʥʘʢ, ʚʩʽ 

ʚʠ ʝɦ ʧʝʨʝʨʘʭʦʚʘʥʽ ʩʭʝʤʠ ʟʥʘʭʦʜʷʪʴ ʦʙʤʝʞʝʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʘʢ ʷʢ ʤʘʶʪʴ 
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ʦʜʠʥ ʧʜ̔ʩʠʣ ʚʁʘʯ. ʂʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʩʭʝʤʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʦʢʦʚʦʛʦ 

ʧʦʚʪʦʨʚʁʘʯʘ ʘʙʦ ʧʦʚʪʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ. 
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ͻ˿͔ͣ͊  ͙ͫͭ͊͋͜͡ ͊͘ͼ͜͝ ͘  
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ʈʠʩʫʥʦʢ 1.6 - ʉʭʝʤʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʆʇ1 

 

ʈʦʟʛʣʷʥʝʤʦ ʩʭʝʤʦʪʝʭʥʽʯʥʽ ʨʝʘʣʽʟʘʮʽʾ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. 

ʉʭʝʤʘ ʧʦʚʪʦʨʶʚʘʯʘ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.7.  

Z2

Z1
31

42

Z1 ͭ  ͊Z2 ς ͔ ͍͍͊͟͜ ͔ͤͭͤ͜͡ 
ͦͨͦͪ .͙

1, 2 - ͍ ͻ͒͜ ͤ͜ ͍͙ ͍͙ͦ͒ , 
3, 4 ς ͍ ͻ͙͒͜ ͤ͜ ͍͙ ͍͙ͦ͒ .

 

ʈʠʩʫʥʦʢ 1.7 ï ʉʭʝʤʘ ʧʦʚʪʦʨʶʚʘʯʘ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜ ̔

 

ʇʦʚʪʦʨʶʚʘʯ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʫʟʛʦʜʞʝʥʥ.̫ ʅʘʷʚʥʽʩʪʴ ʯʦʪʠʨʴʦʭ 

ʚʠʚʦʜʽʚ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟô̒ ʜʥʘʪʠ ʧʦʚʪʦʨʶʚʘʯ ʟ ʽʥʰʦʶ ʩʭʝʤʦʶ. ʊʫʪ ʻ 
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ʜʚʘ ʥʝʛʘʪʠʚʥʽ ʟʚʦʨʦʪʥʽ ʟʚô̫ ʟʢʠ, ʷʢʽ ʧʨʠ ʨʦʙʦʪʽ ʨʝʛʫʣʶʶʪʴʩʷ ʚʠʭʽʜʥʦʶ 

ʥʘʧʨʫʛʦʶ ʪʘʢ, ʱʦ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ ʤʽʞ ʚʭʦʜʘʤʠ ʜʦʨ̔ʚʥʶʻ ʥʫʣʶ. ʎʷ ʩʭʝʤʘ 

ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʩʪʘʙ̔ʣ̔ʟʦʚʘʥʘ, ʷʢʱʦ Z1 ʘʙʦ Z2 ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʪʦʙʪʦ ʚ 

ʦʜʥʽʡ ʟ ʧʝʪʝʣʴ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʥʝʤʘʻ ʝʣʝʤʝʥʪʽʚ. 

ʇʦʚʪʦʨʶʚʘʯ ʥʘʧʨʫʛʠ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʟ ʟʘʛʘʣʴʥʦʾ ʩʭʝʤʠ, 

ʜʦʧʫʩʢʘʶʯʠ, ʱʦ Z1 = 0, ʘ Z2 Ÿ Ð. ʎʷ ʩʭʝʤʘ ʟ ʧʽʜʢʣʶʯʝʥʠʤ ʜʦ ʚʭʽʜʥʠʭ 

ʟʘʪʠʩʢʘʯʽʚ ʛʝʥʝʨʘʪʦʨʦʤ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.8 a. 

ɻʝʥʝʨʘʪʦʨ ʧʨʘʮʶʻ ʧʨʠ ʚʠʩʦʢʦʤʫ ʚʠʭʽʜʥʦʤʫ ʦʧʦʨʽ ʧʽʜʩʠʣʶʚʘʯʘ, ʚ ʪʦʡ ʯʘʩ, 

ʷʢ ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʧʦʚʪʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ ʜʫʞʝ ʤʘʣʠʡ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʚʦʭ ʩʧʦʩʦʙʽʚ ʟʘʟʝʤʣʝʥʥʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʚʘ ʪʠʧʠ 

ʧʨʦʩʪʠʭ ʧʦʚʪʦʨ ʚʁʘʯʽʚ ʥʘʧʨʫʛʠ (ʜʠʚ. ʨʠʩ. 1.8). ʊʘʢ ʷʢ Z1 ʚ ʧʦʚʪʦʨʶʚʘʯʽ 

ʥʘʧʨʫʛʠ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʩʭʝʤʘ ʤʦʞʝ ʙʫʪʠ ʩʪʘʙʽʣʽʟʦʚʘʥʘ, ʷʢ ʚʢʘʟʫʚʘʣʦʩʷ 

ʨʘʥʽʰʝ. 

~ ~

a b  

ʈʠʩʫʥʦʢ 1.8 ï ɼʚʘ ʩʧʦʩʦʙʘ ʟʘʟʝʤʣʝʥʠʷ ʧʦʚʪʦʨʠʪʝʣʝʡ ʥʘʧʨʷʞʝʥʠʷ 

 

ʇʝʨʝʪʚʦʨʶʚʘʯ ʩʪʨʫʤ-ʥʘʧʫʛʘ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʟ ʟʘʛʘʣʴʥʦʾ ʩʭʝʤʠ, 

ʧʨʠʡʤʘʁ ʯʠ Z2 ʨʽʚʥʠʤ ʥʫʣʶ ʪʘ ʜʦʧʫʩʢʘʯʁʠ Z1 ʨʽʚʥʠʤ ʢʽʥʮʝʚʦʤʫ ʦʧʦʨʫ 

ʚʠʤʽʨʶʚʘʯʘ ʩʪʨʫʤʫ. ʎʷ ʩʭʝʤʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.9. 

ʉʪʨʫʤ, ʱʦ ʪʝʯʝ ʚʽʜ ʚʭʽʜʥʦʛʦ ʚʠʚʦʜʫ 1, ʧʨʷʤʫʻ ʰʣʷʭʦʤ ʥʠʟʴʢʦʛʦ ʦʧʦʨʫ 

ʯʝʨʝʟ ʚʠʤʽʨʶʚʘʯ ʩʪʨʫʤʫ ʪʘ ʚʭʽʜ ʧʽʜʩʠʣʶʚʘʯʘ ʜʦ ʚʠʚʦʜʫ 2.  
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ʆʩʢʽʣʴʢʠ ʜʚʘ ʚʭʦʜʠ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʦʜʥʘʢʦʚʠʤʠ ʧʦʪʝʥʮʘ̔ʣʘʤʠ, 

ʝʬʝʢʪʠʚʥʠʡ ʚʭʽʜʥʠʡ ʦʧʽʨ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʧʨʘʢʪʠʯʥʦ ʜʦʨʽʚʥʶʻ 

ʥʫʣʶ ʪʘ ʩʪʨʫʤ ʤʦʞʝ ʙʫʪʠ ʚʠʤʽʨʷʥʠʡ ʥʘʧʨʷʤʫ, ʘ ʥʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʪʘʣʦʥʥʦʛʦ 

ʦʧʦʨʫ. ʗʢʦɦ ʚʠʤʽʨʶʚʘʯ ʩʪʨʫʤʫ ʷʚʣʷʻ ʩʦʙʦʶ ʝʪʘʣʦʥʥʠʡ ʦʧ̔ʨ, ʪʦ ʧʘʜ̔ʥʥʷ 

ʥʘʧʨʫʛʠ ʥʘ ʥʴʦʤʫ, ʘ, ʦʪʞʝ, ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ ʩʪʨʫʤʫ. 

Z1

 

ʈʠʩʫʥʦʢ 1.9 ï ʉʭʝʤʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ 

 

ʗʢʱʦ ʜʦ ʩʭʝʤʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʟ ʦʜʥʠʤ ʧʽʜʩʠʣʶʚʘʯʝʤ ʜʦʜʘʪʠ ʩʪʨʫʤʦʚʠʡ 

ʧʦʚʪʦʨʶʚʘʯ ʽ ʧʦʚʪʦʨʶʚʘʯ ʥʘʧʨʫʛʠ, ʪʦ ʤʦʞʥʘ ʫʩʫʥʫʪʠ ʧʘʜʥ̔ʥʷ ʥʘʧʨʫʛʠ ʥʘ 

ʝʣʝʤʝʥʪʘʭ, ʟʘʛʘʣʴʥʠʭ ʜʣʷ ʢʦʥʪʫʨʫ ʚʠʤ̔ʨʫ ʩʪʨʫʤʫ ʪʘ ʢʦʥʪʫʨʫ ʧʦʨʽʚʥʷʥʥʷ 

ʥʘʧʨʫʛ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʚ ʩʭʝʤʫ (ʜʠʚ. ʨʠʩ. 1.3) ʚʢʣʶʯʠʪʠ ʧʨʦʩʪʠʡ 

ʧʦʚʪʦʨʚʁʘʯ ʥʘʧʨʫʛʠ ʤʽʞ ʛʝʥʝʨʘʪʦʨʦʤ ʽ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʣʘʥʮʶʛʦʤ, ʪʦ ʤʦʞʥʘ 

ʫʩʫʥʫʪʠ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʛʝʥʝʨʘʪʦʨ,̔ ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.10. 

~

ÕA

 

ʈʠʩʫʥʦʢ 1.10 - ɺʢʣʶʯʝʥʠʝ ʧʦʚʪʦʨʠʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʛʝʥʝʨʘʪʦʨʦʤ ʠ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʮʝʧʴʶ 
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ʊʦʯʥʦ ʪʘʢ ʞʝ ʚ ʩʭʝʤʽ (ʜʠʚ. ʨʠʩ. 1.5 d) ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʩʪʨʫʤʦʚʠʡ 

ʧʦʚʪʦʨʶʚʘʯ, ʱʦ ʢʦʤʧʝʥʩʫʚʘʪʠʤʝ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʚʠʤʽʨʥʠʢʫ ʩʪʨʫʤʫ. 

ɺʢʣʁʯʝʥʥʷ ʪʦʢʦʚʦʛʦ ʧʦʚʪʦʨʶʚʘʯʘ ʟʘʙʝʟʧʝʯʫʻ ʥʠʟʴʢʠʡ ʦʧʽʨ ʣʘʥʮʁʛʘ ʜʣʷ 

ʩʪʨʫʤʫ ʢʦʤʽʨʢʠ. ɿ ʜʦʜʘʚʘʥʥʷʤ ʜʨʫʛʦʛʦ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʜʦ ʩʭʝʤʠ 

ʧʦʪʝʥʮʦ̔ʩʪʘʪʘ ʧʨʦʙʣʝʤʘ ʟʘʟʝʤʣʝʥʥʷ ʩʪʘʻ ʙʽʣʴʰ ʩʢʣʘʜʥʦʶ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʦʜʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʛʘʣʴʥʘ ʪʦʯʢʘ ʟʘʟʝʤʣʝʥʥ ̫ ʜʣʷ 

ʧʦʚʪʦʨʶʚʘʯʘ ʪʘ ʢʝʨʫʶʯʦʛʦ ʧʽʜʩʠʣʶʚʘʯʚ̔. ʊʘʢʘ ʟʘʛʘʣʴʥʘ ʪʦʯʢʘ ʟʘʟʝʤʣʝʥʥʷ 

ʤʦʞʣʠʚʘ ʚ ʙʫʜʴ-ʷʢʽʡ ʥʘʚʝʜʝʥʽʡ ʩʭʝʤʽ, ʷʢʱʦ ʪʽʣʴʢʠ ʛʝʥʝʨʘʪʦʨ ʘʙʦ ʧʨʠʩʪʨʽʡ 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʨʫʤʫ ʤʘʶʪʴ ʧʨʠʨʦʜʥʠʡ ʟʚô̫ ʟʦʢ ʽʟ ʟʝʤʣʝʶ [66]. ʗʢʱʦ ʞ ʮʽ 

ʝʣʝʤʝʥʪʠ ʽʟʦʣʴʦʚʘʥ̔ , ʧʦʚʪʦʨʶʚʘʯ ʪʘʢʦʞ ʧʦʚʠʥʝʥ ʙʫʪʠ ʽʟʦʣʴʦʚʘʥʠʡ ʽ ʜʣʷ ʡʦʛʦ 

ʞʠʚʣʝʥʥ̫ ʥʝʦʙʭʽʜʥʝ ʦʢʨʝʤʝ ʽʟʦʣʴʦʚʘʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ. ʗʢʱʦ ʚ ʩʭʝʤʘʭ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʟʘʟʝʤʣʝʥʥ̫ A-ʪʠʧʫ, ʦʙʠʜʚʘ ʧʽʜʩʠʣʶʚʘʯʘ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʟʝʤʣʝʥʽ. ɼʣʷ ʩʭʝʤ ʽʟ ʟʘʟʝʤʣʝʥʥʷʤ B-ʪʠʧʫ, ʧʦʚʪʦʨʶʚʘʯ ʩʪʨʫʤʫ ʘʙʦ ʥʘʧʨʫʛʠ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ̔ʟʦʣʴʦʚʘʥʠʡ. ɺʩʽ ʮʽ ʩʭʝʤʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʤʝʪʦʜʫ ʧʨʷʤʦʛʦ 

ʧʦʨʽʚʥʷʥʥʷ, ʷʢʠʡ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʨʷʤʦʤʫ ʧʦʨʽʚʥʷʥʥʽ ʥʘʧʨʫʛ ʥʘ ʛʝʥʝʨʘʪʦʨʽ ʪʘ 

ʯ̫ʝʡʮʽ. ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʻ ʤʝʪʦʜ ʥʝʧʨʷʤʦʛʦ ʧʦʨʽʚʥʷʥʥʷ. 

1.1.2.2. ɺʠʤʽʨʥʠʡ ʤʽʩʪ. ʄʝʪʦʜʠ ʥʝʧʨʷʤʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʚʠʤʽʨʽ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʦʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥ̫, ʧʽʜ ʜʽʻʶ ʦʜʥʦʛʦ ʟ 

ʜʞʝʨʝʣ ʥʘʧʨʫʛʠ. ʇʦʨʽʚʥʷʥʥʷ ʮʠʭ ʩʪʨʫʤʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʨʦʩʪʽʡ ʤʦʩʪʦʚʽʡ 

ʩʭʝʤʽ, ʷʢʘ ʤʦʞʝ ʟô̒ ʜʥʫʚʘʪʠʩʷ ʟʽ ʩʭʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʝʥʮʽʘʣʦʤ, ʷʢ ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩ. 1.11. 

~

R2

R1

 

ʈʠʩʫʥʦʢ 1.11 ï ʇʨʦʩʪʘ ʤʦʩʪʦʚʘ ʩʭʝʤʘ 
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ʏʦʪʠʨʠ ʧʣʝʯʘ ʤʦʩʪʘ ʫʪʚʦʨʶʶʪʴ ʜʚʘ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ (ʥʘʧʨʫʛʘ 

ʛʝʥʝʨʘʪʦʨʘ ʽ ʥʘʧʨʫʛʘ ʥʘ ʷʯʝʡʮʽ) ʽ ʜʚʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʦʧʦʨʠ. ɺʝʣʠʯʠʥʘ 

ʩʪʨʫʤʫ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʷʯʝʡʢʫ, ʪʘʢʘ, ʱʦ ʧʽʜʪʨʠʤʫʻ ʨʽʟʥʠʮ ʁ ʚʭ̔ʜʥʠʭ 

ʧʦʪʝʥʮʽʘʣʽʚ ʧʽʜʩʠʣʶʚʘʯʘ ʨʽʚʥʦʁ  ʥʫʣʶ, ʪʦʙʪʦ ʟʙʝʨʽʛʘʻ ʤʽʩʪ ʟʙʘʣʘʥʩʦʚʘʥʠʤ. ʋ 

ʜʘʥʠʭ ʩʭʝʤʘʭ ʤʦʞʣʠʚʝ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʞʝʨʝʣ ʥʘʧʨʫʛʠ ʧʦʩʣʽʜʦʚʥʦ 

ʘʙʦ ʧʘʨʘʣʝʣɹʥʦ ʟ ʤʦʩʪʦʤ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚ ʩʭʝʤʽ ʥʘ ʨʠʩ. 1.11 

ʚʠʢʦʥʫʶʪʴʩʷ ʚʩʽ ʚʠʤʦʛʠ, ʷʢʽ ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ ʩʭʝʤ ʟ ʧʦʪʝʥʮʽʦʩʪʘʪʠʯʥʠʤ 

ʫʧʨʘʚʣʥ̔ʥʷ, ʜʣʷ ʨʦʙʦʪʠ ʤʦʩʪʘ ʧʦʨ̔ʚʥ̫ʥʥʷ ʧʦʪʨʽʙʥʦ ʟʥʘʯʥʠʡ ʩʪʨʫʤ, ʱʦ 

ʧʨʦʪ̔ʢʘʻ ʯʝʨʝʟ ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ. ʗʢʱʦ ʤʠ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʦʚʪʦʨʶʚʘʯ ʥʘʧʨʫʛʠ ʷʢ ʧʨʠʩʪʨʽʡ ʜʣʷ ʫʟʛʦʜʞʝʥʥ,̫ ʪʦ ʪʨʫʜʥʦʱʽ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʦʛʦ ʩʪʨʫʤʫ, ʤʦʞʥʘ ʟ ʫʩʧʽʭʦʤ ʧʦʜʦʣʘʪʠ (ʜʠʚ. ʨʠʩ. 1.12). 

~

R2

R1

 

ʈʠʩʫʥʦʢ 1.12 ï ʇʦʚʪʦʨʶʚʘʯ ʥʘʧʨʫʛʠ ʷʢ ʧʨʠʩʪʨʡ̔ ʜʣʷ ʫʟʛʦʜʞʝʥʥʷ 

 

ɸʥʘʣʽʟ ʩʭʝʤʠ ʤʦʩʪʦʚʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʟ ʧʠʪʘʥʥʷ ʟʘʟʝʤʣʝʥʥʷ ʪʘ ʤʽʩʮʷ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʦʢʦʚʠʤʽʨʶʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʤʦʞʝ ʙʫʪʠ ʧʨʦʚʝʜʝʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʘʥʘʣʽʟʽ ʩʭʝʤʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʟ ʦʜʥʠʤ 

-ʧʽʜʩʠʣʶʚʘʯʝʤ. ʈʦʟʛʣʷʥʝʤʦ ʥʘʡʙʽʣʴʰ ʟʘʩʪʦʩʦʚʫʚʘʥʽ ʩʭʝʤʠ, ʚ ʷʢʠʭ ʦʙʠʜʚʘ 

ʧʜ̔ʩʠʣʶʚʘʯʘ ʽ ʛʝʥʝʨʘʪʦʨ ʟʘʟʝʤʣʝʥʽ. ʋ ʮʠʭ ʩʭʝʤʘʭ ʤʦʞʣʠʚʽ ʪʨʠ ʩʧʦʩʦʙʠ 

ʚʢʣʶʯʝʥʥʷ ʧʨʠʩʪʨʦʶ ʜʣʷ ʚʠʤʽʨʫ ʩʪʨʫʤʫ ʜʦ ʢʦʥʪʫʨ, ʱʦ ʧʝʨʝʜʘʻ ʩʪʨʫʤ. ɼʣʷ 

A-ʪʠʧʫ ʟʘʟʝʤʣʝʥʥʷ ʧʨʠʟʥʘʯʝʥʽ ʩʭʝʤʠ, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1.13 a, b, c. ʅʘ ʨʠʩ. 1.14 

ʧʦʢʘʟʘʥ̔ ʩʭʝʤʠ B-ʪʠʧʫ ʟʘʟʝʤʣʝʥʥʷ.  

ɺʠʤʽʨʶʚʘʯ ʩʪʨʫʤʫ, ʨʦʟʪʘʰʦʚʘʥʠʡ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.13 b, ʚʥʦʩʠʪʴ 

ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ I Ĭ R ʚ ʣʘʥʮʶʛ ʧʦʨʽʚʥʷʥʥʷ, ʘ ʣʘʥʮʶʛ ʚʠʤʽʨʫ ʩʪʨʫʤʫ, 
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ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.14 c, ʧʝʨʝh ʢʦʜʞʘʻ ʩʪʘʙ̔ʣʽʟʘʮʽʾ ʢʝʨʫʶʯʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ. 

ɾʦʜʥʘ ʩʭʝʤʘ B-ʪʠʧʫ ʥʝ ʤʦʞʝ ʙʫʪʠ ʩʪʘʙʽʣʽʟʦʚʘʥʘ. ɿ ʫʩʽʭ ʩʭʝʤ ʥʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʦʶ ʻ ʩʭʝʤʘ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.14 b. ɼʦʧʦʚʥʠʚʰʠ ʾʾ ʩʪʨʫʤʦʚʠʤ 

ʧʦʚʪʦʨʚʁʘʯʝʤ, ʷʢ ʛʦʚʦʨʠʣʦʩʷ ʚʠʱʝ, ʤʦʞʥʘ ʧʦʟʙʫʪʠʩʷ ʚʧʣʠʚʫ ʧʘʜʥ̔ʥʷ 

ʥʘʧʨʫʛʠ. 
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ʈʠʩʫʥʦʢ 1.13 ï ʉʧʦʩʦʙʠ ʚʢʣʶʯʝʥʥʷ ʧʨʠʩʪʨʦʶ ʚʠʤʽʨʫ ʩʪʨʫʤʫ ʟ 

ʟʘʟʝʤʣʝʥʥʷʤ ɸ-ʪʠʧʫ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ɼʝʬʦʨʜʦʤ, ʮʷ ʩʭʝʤʘ ʟʥʘʡʰʣʘ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

[65-66]. 
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ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʨʠ ʨʦʙʦʪʽ ʟ ʚʝʣʠʢʠʤʠ ʩʪʨʫʤʘʤʠ ʜʣʷ 

ʢʦʞʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʣʘʥʮʶʛʘ, ʱʦ ʟʘʜʘʻ ʩʪʨʫʤ, ʧʦʪʨʽʙʝʥ ʜʦʜʘʪʢʦʚʠʡ 

ʧʽʜʩʠʣʚʁʘʯ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʩʭʝʤʠ (ʜʠʚ. ʈʠʩ. 1.13 b) ʟ ʩʪʨʫʤʦʚʠʤ 

ʧʦʚʪʦʨʶʚʘʯʝʤ, ʥʝʦʙʭʽʜʥʽ ʜʚʘ ʜʦʜʘʪʢʦʚʠʭ ʧʽʜʩʠʣʶʚʘʯʘ. ɼʣʷ ʩʭʝʤʠ, ʧʦʢʘʟʘʥʦʾ 

ʥʘ ʨʠʩ. 1.13 a, ʧʦʪʨʽʙʝʥ ʪʽʣʴʢʠ ʦʜʠʥ ʜʦʜʘʪʢʦʚʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʘʣʝ ʧʨʠʩʪʨʽʡ 

ʚʠʤʽʨʫ ʩʪʨʫʤʫ ʧʨʠ ʮʴʦʤʫ ʥʝ ʤʦʞʥʘ ʟʘʟʝʤʣʷʪʠ.  
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ʈʠʩʫʥʦʢ 1.14 ï ʉʧʦʩʦʙʳ ʚʢʣʶʯʝʥʠʷ ʪʦʢʦʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ 

ʟʘʟʝʤʣʝʥʠʝʤ B-ʪʠʧʘ 

 

ɿ ʫʩʽʭ ʥʘʚʝʜʝʥʠʭ ʩʭʝʤ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʘʜʰʚʠʜʢʦʛʦ 

ʨʝʞʠʤʫ ʟʙʫʜʞʝʥʥʷ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʦʶ ʚʠʜʘʻʪʴʩʷ ʩʭʝʤʘ, ʱʦ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 1.13 b, ʷʢʘ ʪʝʤ ʥʝ ʤʝʥ  h ʧʦʪʨʝʙʫʻ ʧʝʨʝʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ 

ʥʘʜhʚʠʜʢʦʛʦ ʟʙʫʜʞʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ. 
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1.1.3 ʆʤʽʯʥʝ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʚ ʨʦʟʯʠʥʽ 

 

ʇʨʘʢʪʠʢʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʚʠʥʠʢʥʝʥʥʷ ʚʘʛʦʤʠʭ ʚʪʨʘʪ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʷʯʝʡʮʽ. ʆʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ 

ʚʠʥʠʢʥʝʥʥʷ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʚ ʷʯʝʡʮʽ ʻ:  

- ʥʠʟʴʢʘ ʧʨʦʚʽʜʥʽʩʪʴ ʨʦʟʯʠʥʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ (ʢʦʤʧʦʟʠʮʽʾ); 

- ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʽ ʚʠʤʽʨʥʽ ʩʪʨʫʤʠ; 

- ʥʝ ʽʜʝʘʣʴʥʘ ʛʝʦʤʝʪʨʽʷ ʚʠʤʨ̔ʶʚʘʣʴʥʦʾ ʷʯʝʡʢʠ. 

ʅʘʷʚʥʽʩʪ ɹ ʭʦʯʘ ʙ ʦʜʥʦʛʦ ʟ ʟʘʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ, ʻ ʧʝʨʝʜʫʤʦʚʦʶ 

ʧʨʠʜʽʣʠʪʠ ʟʫʩʠʣʣʷ ʜʣʷ ʫʩʫʥʝʥʥʷ ʚʧʣʠʚʫ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʚ ʯ̫ʝʡʮʽ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʝ ʮʝ ʨʦʙʠʪʠ ʟʘ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʫ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥ ̔ʚ ʦʙʨʘʭʫʥʢʘʭ, 

ʥʘʧʨʠʢʣʘʜ, ʰʚʠʜʢʦʩʪʽ ʢʦʨʦʟʽʾ, ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʘʙʦ ʧʦʩʪʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ. ʆʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʫʩʫʥʝʥʥʷ ʮʽʻʾ ʧʝʨʝʰʢʦʜʠ ʫ 

ʚʠʤʽʨʘʭ ʻ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʦʤʽʯʥʠʭ ʚʪʨʘʪ, ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʍʦʯʘ ʽʩʥʫ̒ ʧʝʚʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚ 

ʧʦʩʪʦʙʨʦʙʮʽ (ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʫ), ʦʜʥʘʢ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʘʨʽʘʪʠʚʥʦʩʪʽ 

ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ, ʥʘʧʨʠʢʣʘʜ, ʘʙʦ ʧʝʚʥʽʡ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʨʝʘʣʴʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷʨʠʟʘʮʽʾ ʧʨʦʪʠ ʧʨʦʛʨʘʤʠ ʧʦʣʷʨʠʟʘʮʽʾ. ʆʪʞʝ ʟʘʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪ̔, ʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʢʦʤʧʝʥʩʘʮʽ̫ 

ʦʤ̔ʯʥʠʭ ʚʪʨʘʪ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʧʨʦʚʝʜʝʥʥʷ ʘʜʝʢʚʘʪʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʌʘʢʪʦʨʠ, ʱʦ ʥʘʚʝʜʝʥʦ ʚʠɦ ʝ, ʥʝ ʤʽʩʪʷʪʴ ʙʫʜʴ ʷʢʠʭ ʯʠʩʝʣʴʥʠʭ ʜʘʥʠʭ, ʪʘ , 

ʙʝʟʫʤʦʚʥʦ, ʥʦʩʷʪʴ ʩʫʙô̒ʢʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʪʘ 

ʥʘʜʘʥʥʷ ʦʙô̒ʢʪʠʚʥʦʾ ʚʘʛʦʤʦʩʪʽ ʢʦʞʥʦʤʫ ʟ ʬʘʢʪʦʨʽʚ ʧʦʪʨʽʙʥʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ 

ʨʦʟʛʣʷʥʫʪʠ ʧʨʦʙʣʝʤʫ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʚ ʷʯʝʡʮʽ. ʎʝ ʥʘʜʘʩʪʴ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʪʘ 

ʨʦʟʫʤʽʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʤʧʝʥʩʘʮʽʶ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʜʣʷ ʧʝʚʥʦʛʦ 

ʜʦʩʣ̔ ʜʞʝʥʥʷ. 

ɼʣʷ ʦʮʽʥʢʠ ʢʽʣʴʢʽʩʥʦʛʦ ʚʧʣʠʚʫ ʦʤʽʯʥʦʛʦ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʨʦʟʛʣʷʥʝʤʦ 

ʧʦʪʝʥʮʠʦʩʪʘʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ ʪʘ ʧʨʦʮʝʩʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ 
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ʝʣʝʢʪʨʦʣʽʟʫ ʨʦʟʯʠʥʫ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʟʚʝʨʥʫʪʠʩ̫  ʜʦ ʬʟ̔ʠʯʥʦʾ ʤʦʜʝʣʽ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦ ʾ ʷʯʝʡʢʠ. ʊʨɹʦʭʝʣʝʢʪʨʦʜʥʘ ʚʠʤʽʨʥʘ ʷʯʝʡʢʘ ʚ ʩʧʨʦʱʝʥʦʤʫ 

ʚʠʛʣʷʜʽ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ (ʬʽʟʠʯʥʦʶ ʤʦʜʝʣʣʶ), ʱʦ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.14. ɺʦʥʘ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ: ʧʦʪʝʥʮʽʦʩʪʘʪ, 

ʧʨʦʪʠʝʣʝʢʪʨʦʜ (ʜʦʧʦʤʽʞʥʠʡ ʝʣʝʢʪʨʦʜ), ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ, ʢʘʧʣ̫̔ʨ ʃʫʛʽʥʘ 

(ʥʝ ʦʙʦʚô̫ʟʢʦʚʠʡ ʝʣʝʤʝʥʪ), ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ, ʝʣʝʢʪʨʦʣʪ̔ (ʨʦʙʦʯʠʡ ʨʦʟʯʠʥ, 

ʨʦʙʦʯʘ ʢʦʤʧʦʟʠʮʽʷ). ɿʘ ʚʠʢʣʶʯʝʥʥʷʤ ʧʝʨʰʦʛʦ, ʥʘʚʝʜʝʥʽ ʝʣʝʤʝʥʪʠ 

ʨʦʟʤʽʱʫʶʪʴʩʷ ʚ ʷʢʦʤʫʩʴ ʦʙô̒ ʤ̔ ï ʷʯʝʡʮʽ, ʱʦ ʥʦʩʠʪʴ ʜʦʧʦʤʽʞʥʠʡ ʭʘʨʘʢʪʝʨ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʦʨʛʘʥʽʟʫʶʯʠ ʛʝʦʤʝʪʨʽʶ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʚʟʘʻʤʥʝ 

ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ, ʫʪʨʠʤʘʥʥʷ ʨʦʟʯʠʥʫ ʪʘ ʽʥʰ.  

 

 

ʈʠʩʫʥʦʢ 1.14 ï ʉʭʝʤʘ ʬ̔ ʟʠʯʥʦʾ ʤʦʜʝʣʽ ʧʽʜʢʣʶʯʝʥʥʷ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʜʦ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ (ʩʝʥʩʦʨʘ) ʟʘ ʪʨʴʦʭʝʣʝʢʪʨʦʜʥʦʶ ʩʭʝʤʦʶ  

 

ʅʘ ʩʭʝʤʽ, ʱʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.14 ʚʽʜʟʥʘʯʠʤʦ ʭʘʨʘʢʪʝʨʥʽ ʪʦʯʦʢ (ʤʽʩʮʴ). 

ɸ ï ʪʦʯʢʘ ʧʜ̔ʢʣʶʯʝʥʥʷ ʧʨʦʚʽʜʥʠʢʘ, ʱʦ ʧʽʜʢʣʶʯʘʻ ʧʨʦʪʠʝʣʝʢʪʨʦʜ (ʜʦʧʦʤʽʞʥʠʡ 

ʝʣʝʢʪʨʦʜ) ʷʯʝʡʢʠ (ʩʝʥʩʦʨʘ), ɹ ï ʪʦʯʢʘ ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʦʚʽʜʥʠʢʘ, ʱʦ ʧʦʻʜʥʫʻ 

ʧʦʪʝʥʮʽʦʩʪʘʪ ʟ ʧʨʦʪʠʝʣʝʢʪʨʦʜʦʤ, ɺ ï ʪʦʯʢʘ ʢʦʥʪʘʢʪʫ ʨʦʟʯʠʥʫ ʟ 

ʧʨʦʪʠʝʣʝʢʪʨʦʜʦʤ, ɻ - ʪʦʯʢʘ ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʜʫ ʧʦʨʽʚʥʷʥʥʷ (ʤ̔ʩʮʝ ʢʦʥʪʘʢʪʫ 

ʇʦʪʝʥʮʽʦʩʪʘʪ 
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ʨʦʟʯʠʥʫ ʷʯʝʡʢʠ ʟ ʨʦʟʯʠʥʦʤ ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥʷʥʥʷ), ɼ ï ʪʦʯʢʘ ʢʦʥʪʘʢʪʫ 

ʨʦʟʯʠʥʫ ʟ ʨʦʙʦʯʠʤ ʝʣʝʢʪʨʦʜʦʤ ʯ̫ʝʡʢʠ (ʩʝʥʩʦʨʘ), ʂ ï ʪʦʯʢʘ ʧʽʜʢʣʶʯʝʥʥʷ 

ʧʨʦʚʽʜʥʠʢʘ, ʱʦ ʧʦʻʜʥʫʻ ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ ʟ ʧʦʪʝʥʮʽʦʩʪʘʪʦʤ, ʃ ï ʪʦʯʢʘ 

ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʦʚʽʜʥʠʢʘ, ʱʦ ʧʽʜʢʣʶʯʘʻ ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ ʜʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ, ʄ 

ï ʪʦʯʢʘ ʚʠʤʽʨʫ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʪʘ ʤʽʩʮʝ ʢʦʥʪʘʢʪʫ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʧʨʦʚʽʜʥʠʢʘ ʟ ʚʥʫʪʨʽʰʥʽʤ ʨʦʟʯʠʥʦʤ ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥʷʥʥʷ, ʅ ï ʪʦʯʢʘ 

ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʦʚʽʜʥʠʢʘ, ʱʦ ʧʽʜʢʣʯʁʘʻ ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ ʜʦ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ.  

ɸʥʘʣ̔ʟ ʧʦʚʝʜʽʥʢʠ ʚʠʤʽʨʥʦʾ ʷʯʝʡʢʠ ʧʽʜ ʯʘʩ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʟʙʫʜʞʝʥʥʷ 

ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʚ ʘʩʧʝʢʪʽ ʧʨʦʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʾʾ 

ʝʣʝʤʝʥʪʠ, ʪʘ ʩʠʛʥʘʣʽʚ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʚʦʜʘʭ ʧʦʪʝʥʮʽʦʩʪʘʪʘ 

(ʚʠʚʦʜʘʭ ʧʜ̔ʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ).  

ʇʦʚʝʜʽʥʢʘ ʢʦʞʥʦʛʦ ʟ ̔ʥʪʝʨʬʝʡʩʽʚ ʤʽʞ ʧʨʦʚʽʜʥʠʢʦʤ ʧʝʨʰʦʛʦ ʨʦʜʫ ʪʘ 

ʧʨʦʚʽʜʥʠʢʦʤ ʜʨʫʛʦʛʦ ʨʦʜʫ (ʤʝʞʘ ʤʽʞ ʜʚʦʤʘ ʬʘʟʘʤʠ) ʤʦʞʝ ʙʫʪʠ ʟʤʦʜʝʣɹʦʚʘʥʘ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʢʦʥʜʝʥʩʘʪʦʨʘ ʪʘ ʨʝʟʠʩʪʦʨ, ʱʦ ʧʦʻʜʥʘʥʽ 

ʧʘʨʘʣʝʣʴʥʦ. ɺʽʜʧʦʚʽʜʥʦ ̒ʤʥ̔ ʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚʽʜʽʛʨʘʻ ʧʦʚʝʜʽʥʢʫ ʤ̒ʥʦʩʪʽ 

ʧʦʜʚʽʡʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ, ʱʦ ʚʠʥʠʢʘʻ ʥʘ ʤʝʞʽ ʬʘʟ ʝʣʝʢʪʨʦʜ-ʨʦʟʯʠʥ. 

ʆʜʠʥʠʮʷ ʻʤʥʦʩʪʽ ʥʘ ʢʦʞʥʠʡ 1 ʩʤ2 ʝʣʝʢʪʨʦʜʫ ʩʢʣʘʜʘʻ ʚʝʣʠʯʥʫ 20é70 ʤʢʌ [67]. 

ɺʜ̔ʧʦʚʜ̔ʥʦ ʜʦ ʨʦʟʤʽʨʽʚ ʝʣʝʢʪʨʦʜʽʚ ʝʣʝʢʪʨʦʭʤ̔̔ ʯʥʦʾ ʷʯʝʡʢʠ ʤʦʞʥʘ ʦʮ̔ʥʠʪʠ 

ʚʝʣʠʯʠʥʫ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʚ ʤʦʜʝʣʽ. ʇʝʨʝʥʦʩ ʝʣʝʢʪʨʦʥʫ ʯʝʨʝʟ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʙʘʨô̒ ʨ, ʱʦ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʨʽʟʥʦʾ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʽʚ ʫ ʟʦʥʽ ʧʨʦʚʽʜʥʦʩʪʽ 

ʢʦʥʪʘʢʪʫʶʯʠʭ ʬʘʟ, ʤʦʞʝ ʙʫʪʠ ʤʦʜʝʣʴʦʚʘʥʦ ʩʧʨʦʪʠʚʦʤ ʨʝʟʠʩʪʦʨʘ. ʁʦʛʦ 

ʚʝʣʠʯʠʥʘ ʻ ʤʦʜʝʣʴʥʠʤ ʝʢʚʽʚʘʣʝʥʪʦʤ ʩʧʨʦʪʠʚʦʤ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ (ʩʧʨʦʪʠʚ 

ʧʦʣʷʨʠʟʘʮʽʾ), ʪʦʙʪʦ ʰʚʠʜʢʦʩʪ̔ ʨʝʘʢʮʽʾ ʧʝʨʝʥʦʩʫ ʝʣʝʢʪʨʦʥʘ. ʆʩʪʘʥʥʷ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʧʨʠʨʦʜʠ ʨʦʟʯʠʥʫ ʪʘ ʡʦʛʦ ʝʣʝʢʪʨʦʘʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʾʭ ʢʽʣʴʢʦʩʪʽ, ʧʨʠʨʦʜʠ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʧʦʪʝʥʮʽʘʣʫ. 

ʈʽʚʥʷʥʥ̫ ɹʘʪʪʣʝʨʘ-ɺʦʣʤʝʨʘ (Butler-Volmer equation) ʜʘʻ ʦʧʠʩ ʮʽʡ ʟʘʣʝʞʥʦʩʪʽ 

[64] 
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ʜʝ i ï ʩʪʨʫʤ ʯʝʨʝʟ ʝʣʝʢʪʨʦʜ, ɸ; i0 ï ʩʪʨʫʤ ʦʙʤ̔ʥʫ , ɸ; ɖ ï ʧʦʪʝʥʮʽʘʣ ʝʣʝʢʪʨʦʜʘ 

ʚʽʜʥʦʩʥʦ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (ʧʝʨʝʥʘʧʨʫʛʘ ʘʢʪʠʚʘʮʽʾ), ɺ : T ï ʘʙʩʦʣʶʪʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; n ï ʢ̔ ʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ, ̫ ʢʘ ʙʝʨʝ ʫʯʘʩʪʴ ʚ ʝʣʝʢʪʨʦʜʥ̔ʡ ʨʝʘʢʮʽʾ; 

F ï ʩʪʘʣʘ ʌʘʨʘʜʝʷ; R - ʫʥ̔ʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ; Ŭ ï ʢʘʪʦʜʥʠʡ ʢʦʝʬ̔ʮ̔ ʥ̒ʪ 

ʧʝʨʝʥʦʩʫ ʟʘʨ̫ʜʫ, ʙʝʟʨʦʟʤ̔ʨʥʠʡ; (1 - Ŭ) ï ʢʦʝʬʽʮʽʻʥʪ ʘʥʦʜʥʦʛʦ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ, 

ʙʝʟʨʦʟʤ̔ʨʥʠʡ. 

ɺʽʜʧʦʚʽʜʥʠʡ ʧʝʨʝʥʦʩ ʟʘʨʜ̫ʫ ʫ ʨʦʟʯʠʥʽ ʤʦʞʝ ʙʫʪʠ ʪʘʢʦʞ ʤʦʜʝʣʴʦʚʘʥʦ 

ʨʝʟʠʩʪʦʨʦʤ, ʦɦ ʻ ʝʣʝʢʪʨʠʯʥʠʤ ʝʢʚʽʚʘʣʝʥʪʦʤ ʧʨʦʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʪʨʫʤʫ ʯʝʨʝʟ ʝʣʝʢʪʨʦʣʽʪ. ʄʦʙʽʣʴʥʽʩʪʴ ʽʦʥʽʚ, ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʷ, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʛʝʦʤʝʪʨʽʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʪʨʫʤʫ ʫ ʷʯʝʡʮʽ ʚʩʝ ʮʝ ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ 

ʩʧʨʦʪʠʚʫ ʮʴʦʛʦ ʨʝʟʠʩʪʦʨʘ.  

ʅʘʚʝʜʝʥʘ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʦʙʨʘʥʦ ʷʢ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʘ ʪʘ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʘ ʤʦʜʝʣʴ ʧʦʣʫ ʝʣʝʤʝʥʪʘ ï ʩʧʨʦʱʝʥʘ ʷʯʝʡʢʘ ʈʝʥʜʝʣʷ (Simplified 

Randles Cell). ɺʦʥʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʷʢ ʚʽʜʧʨʘʚʥʘ ʪʦʯʢʘ ʜʣʷ ʧʦʙʫʜʦʚʠ ʙʽʣʴʰ 

ʩʢʣʘʜʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʦʧʠʩʫ̒ ʨʝʘʣʴʥʽ ʝʣʝʢʪʨʦʭʽʤ̔ ʯʥʽ ʷʯʝʡʢʠ. 

ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʪʨʴʦʭʝʣʝʢʪʨʦʜʥʦʾ ʷʯʝʡʢʠ ʮʝ ʧʦʻʜʥʘʥʥʷ ʪʨʴʦʭ 

ʩʧʨʦʱʝʥʠʭ ʤʦʜʝʣʝʡ ʈʝʥʜʝʣʷ ʟʘ ʩʭʝʤʦʶ ʟʽʨʢʠ (ʨʠʩ. 1.15).  

ɺʽʜʧʦʚʽʜʥʽ ʢʦʥʜʝʥʩʘʪʦʨʠ ʪʘ ʨʝʟʠʩʪʦʨʠ ʤʘʶʪʴ ʽʥʜʝʢʩʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʟʚ 

ʝʣʝʢʪʨʦʜʽʚ: Cʧʝ, Rʧʝ ï ʢʦʥʜʝʥʩʘʪʦʨ ʪʘ ʨʝʟʠʩʪʦʨ ʤʝʞ̔ ʧʨʦʪʠʝʣʝʢʪʨʦʜ-ʨʦʟʯʠʥ, Cʝʧ, 

Rʝʧ ï ʢʦʥʜʝʥʩʘʪʦʨ ʪʘ ʨʝʟʠʩʪʦʨ ʤʝʞ̔ ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ-ʨʦʟʯʠʥ, Cʨʝ, Rʨʝ ï 

ʢʦʥʜʝʥʩʘʪʦʨ ʪʘ ʨʝʟʠʩʪʦʨ ʤʝʞ̔ ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ-ʨʦʟʯʠʥ. 

ɼʦ ʩʭʝʤʠ ʜʦʜʘʥʦ ʱʝ ʪʨʠ ʝʣʝʤʝʥʪʠ, ʢʣʶʯ ʂ1, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʪʴʩʷ 

ʚ ʨʦʟô̫ ʩʥʝʥʥ̔  ʧʨʠʥʮʠʧʫ ʜʽʾ ʦʜʥʦʛʦ ʟ ʤʝʪʦʜʽʚ ʢʦʤʧʝʥʩʘʮʽʾ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʚ 

ʯ̫ʝʡʮʽ, ʧʘʨʘʟʠʪʥʘ ʻʤʥʽʩʪʴ ʢʘʙʝʣʶ ʉʢʘʙ ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ ʪʘ 

ʚʠʤʽʨʥʠʡ ʨʝʟʠʩʪʦʨ Rʚʠʤ, ʱʦ ʻ ʚʭʽʜʥʠʤ ʦʧʦʨʦʤ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʟ ʚʠʭʦʜʫ 

ʧʽʜʢʣʶʯʝʥʥʷ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ. 
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ʈʠʩʫʥʦʢ 1.15 ï ɽʣʝʢʪʨʦʪʝʭʥ̔ʯʥʘ ʤʦʜʝʣʴ ʪʨʴʦʭ-ʝʣʝʢʪʨʦʜʥʦ ʾ

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ (ʩʝʥʩʦʨʘ) 

 

ɼʣ̫  ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʣʘʜʫ ʤʘʪʝʨʽʘʣʫ ʚʠʟʥʘʯʠʤʦʩʷ ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ 

ʪʦʯʢʘʤʠ ʚ ʮʽʡ ʤʦʜʝʣʽ (ʩʭʝʤʽ). 

ɸ - ʪʦʯʢʘ ʧ̔ʜʢʣʶʯʝʥʥʷ ʢʝʨʫʶʯʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʝʥʮʽʦʩʪʘʪʘ; 

ɹ ï ʪʦʯʢʘ ʧʽʜʢʣʶʯʝʥʥʷ ʢʘʙʝʣʶ ʧʦʻʜʥʘʥʥʷ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʟ 

ʧʨʦʪʠʝʣʝʢʪʨʦʜʦʤ; 

ɺ ï ʧʦʚʝʨʭʥʷ ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ; 

ɻ ï ʧʦʚʝʨʭʥʷ ʨʦʟʯʠʥʫ ʥʘ ʤʝʞʽ ʟ ʧʨʦʪʠ ʝʣʝʢʪʨʦʜʦʤ; 

ɼ ï ʪʦʯʢʘ ʚ ʨʦʟʯʠʥʽ ʜʝ ʨʦʟʪʘʰʦʚʘʥʦ ʢʽʥʝʮʴ ʢʘʧʽʣʷʨʘ ʃʫʛ̔ʥʘ; 

ɽ ï ʧʦʚʝʨʭʥʷ ʨʦʟʯʠʥʫ ʥʘ ʤʝʞʽ ʟ ʨʦʙʦʯʠʤ ʝʣʝʢʪʨʦʜʦʤ; 

ɾ ï ʧʦʚʝʨʭʥʷ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ; 

ɿ ï ʧʦʚʝʨʭʥʷ ʨʦʟʯʠʥʫ ʥʘ ʤʝʞʽ ʟ ʝʣʝʢʪʨʦʜʦʤ ʧʦʨʽʚʥʷʥʥʷ; 

ɯ ï ʪʦʯʢʘ ʧʽʜʢʣ ʯʁʝʥʥʷ ʢʘʙʝʣʶ ʧʦʻʜʥʘʥʥʷ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʟ ʝʣʝʢʪʨʦʜʦʤ 

ʧʦʨʽʚʥʷʥʥʷ; 

ʂ - ʪʦʯʢʘ ʧʽʜʢʣʶʯʝʥʥʷ ʢʘʙʝʣʶ ʧʦʻʜʥʘʥʥʷ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʟ ʨʦʙʦʯʠʤ 

ʝʣʝʢʪʨʦʜʦʤ. 
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ɹʽʣʴʰʽʩʪʴ ʘʥʘʣʽʪʠʯʥʠʭ ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ ʧʨʦʚʦʜʠʪʴ ʚʠʤʽʨ ʩʪʨʫʤʫ ʨʦʙʦʯʦʛʦ 

ʝʣʝʢʪʨʦʜʘ, ʜʣʷ ʯʦʛʦ ʚʽʥ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʚʠʤʽʨʥʦʛʦ ʣʘʥʮʶʛʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʩʪʨʫʤ-ʥʘʧʨʫʛʘ, ʷʢʠʡ ʧʨʠʚʦʜʠʪʴ ʧʦʪʝʥʮʽʘʣ ʧʽʜʢʣʶʯʝʥʦʛʦ ʢʘʙʝʣʶ ʜʦ ʟʘʛʘʣʴʥʦʾ 

ʠhʥʠ. ʆʩʢʽʣʴʢʠ ʚ ʥʘʰʽʡ ʤʦʜʝʣʽ ʤʠ ʚʠʥʝʩʣʠ ʟ ʦʛʣʷʜʫ ʩʧʨʦʪʠʚ ʤʽʞ ʪʦʯʢʘʤʠ ʂ ʪʘ 

ɾ, ʚʦʥʠ ʤʦʞʫʪʴ ʚʚʘʞʘʪʠʩʷ ʝʢʚʧ̔ʦʪʝʥʮʽʘʣʴʥʠʤʠ ʟ ʧʦʪʝʥʮʽʘʣʦʤ ʟʘʛʘʣʴʥʦʾ ʰʠʥʠ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ. (ɺʠʧʘʜʦʢ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʧʨʦʪʠʚʫ ʢʘʙʝʣʶ ʤʽʞ ʨʦʙʦʯʠʤ 

ʝʣʝʢʪʨʦʜʦʤ ʪʘ ʧʦʪʝʥʮʽʦʩʪʘʪʦʤ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʧʽʟʥʽʰʝ, ʜʝ ʙʫʜʝ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʭʝʤʫ ʯʦʪʠʨʴʦʭ ʝʣʝʢʪʨʦʜʥʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ 

ʷʯʝʡʢʠ). ʊʦʤʫ ʪʦʯʢʠ ɸ ʪʘ ɹ ʪʫʪ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʝʢʚʽʧʦʪʝʥʮʽʘʣʥɹʠʤʠ, ʘ ʢʣʶʯ ʂ1 

ʟʘʤʢʥʫʪʠʤ.  

ʉʫʪʴ ʨʦʙʦʪʠ ʧʦʪʝʥʮʽʦʩʪʘʪʫ ʮʝ ʢʦʥʪʨʦʣʴ ʥʘʧʨʫʛʠ ʤʽʞ ʪʦʯʢʘʤʠ ɽ ʪʘ ɾ. 

ɺʽʜʧʦʚʽʜʥʦ ʮʝ ʽʥʪʝʨʬʝʡʩ ʨʦʟʯʠʥ-ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ, ʘ ʥʘʧʨʫʛʘ ʻ ʥʘʧʨʫʛʦʶ 

ʧʦʣʷʨʠʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ. ʇʨʝʜʤʝʪ ʚʦʣʪɹʘʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʤʽʨ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʩʪʨʫʤʫ ʯʝʨʝʟ ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ ʧʨʠ ʧʝʚʥʽʡ ʥʘʧʨʫʟʽ 

ʧʦʣʷʨʠʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ Uʝʬ (ʝʬʝʢʪʠʚʥʘ ʥʘʧʨʫʛʘ). 

ʆʜʥʘʢ ʥʘʧʨʫʛʫ ʧʦʣʷʨʠʟʘʮʽʡ ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ 

ʷʯʝʡʢʠ ʪʽʣʴʢʠ ʧʨʠʢʣʘʜʫʯʁʠ ʾ ʾʤʞ̔ ʜʚʦʭ ʝʣʝʢʪʨʦʜʽʚ.  

ɺʠʤʽʨ ʧʦʪʝʥʮʽʘʣʫ ʨʦʟʯʠʥʫ Uʨʦʟ ʟʜʽʡʩʥʶ̒ʪʴʩʷ ʚ ʪʦʯʮʽ ɼ. ʆʩʢʽʣʴʢʠ ʜʣʷ 

ʚʠʤʽʨʫ ʧʦʪʝʥʮʽʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʩʦʢʦʽʤʧʝʜʘʥʩʥʘ ʩʭʝʤʘ ʟ ʤʝʪʦʶ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦʪʽʢʘʥʥʷ ʚʝʣʠʢʦʛʦ ʚʠʤʽʨʥʦʛʦ ʩʪʨʫʤʫ. ʎʝ ʧʦʧʝʨʝʜʞʫʻ 

ʧʦʣʷʨʠʟʘʮʽʶ ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥʷʥʥ̫ , ʘ ʪʘʢʦʞ ʜʘʻ ʟʤʦʛʠ ʟʥʝʭʪʫʚʘʪʠ ʧʘʜʽʥʥʷʤ 

ʥʘʧʨʫʛʠ ʥʘ ʢʘʧʽʣʷʨʽ ʃʫʛ̔ʥʘ, ʪʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʩʧʨʦʪʠʚʽ ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥʷʥʥʷ. 

ʆʪʞʝ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʪʦʯʢʠ ɼ ʪʘ ɯ ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʠʤʠ 

ʪʘʢʦʞ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣ̫  ʨʘʙʦʪʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʥʝ ʧʨʠʥʮʠʧʦʚʦ (ʟʘ ʧʝʚʥʠʤʠ 

ʟʘʫʚʘʞʝʥʥʷʤʠ) ʷʢ ʧʦʜʽʣʝʪʴʩʷ ʧʦʪʝʥʮʽʘʣ ʤʽʞ ʽʥʪʝʨʬʝʡʩʘʤʠ. ʈʦʟʤʽʱʫʶʯʠ 

ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ (ʢʘʧʽʣʷʨ ʃʫʛʽʥʘ) ʫ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʨʦʙʦʯʦʛʦ 

ʝʣʝʢʪʨʦʜʫ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠʩʷ ʟ ʡʦʛʦ ʚʝʣʠʯʠʥʦʶ ʚʽʜʥʦʩʥʦ ʟʘʛʘʣʴʥʦʾ ʰʠʥʠ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ʆʩʢʽʣʴʢʠ ʧʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮʽʾ ʷʯʝʡʢʠ Uʧʦʣ, ʪʦʙʪʦ ʧʦʪʝʥʮʽʘʣ ʚ 
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ʪʦʯʮʽ ɹ, ʚʽʜʦʤʠʡ ï ʮʝ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʧʦʪʝʥʮʽʦʩʪʘʪʘ, ʱʦ ʢʦʥʪʨʦʣʴʦʚʘʥʦ ʾʤ 

ʛʝʥʝʨʫʻʪʴʩʷ. ɿʚʽʜʩʠ ʬʫʥʢʮʽʷ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʾ ʦʧʝʨʘʮʽʾ:  

Uʧʦʣ = Uʝʬ + Uʨʦʟ . 

ʊʦʙʪʦ ʩʠʛʥʘʣ ʫ ʚʠʛʣʷʜʽ ʧʦʪʝʥʮʽʘʣʫ ʨʦʟʯʠʥʫ ʚʠʢʦʨʠʩʪʦʚʫ̒ʪʴʩʷ ʷʢ ʩʠʛʥʘʣ 

ʢʦʨʝʢʮ̔ʾ ʪʘ ʜʦʜʘʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʧʦʣʷʨʠʟʘʮ̔ʾ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ. 

ʆʪʨʠʤʘʥʘ ʥʘʧʨʫʛʘ  ̒ ʥʘʧʨʫʛʦʶ ʧʦʣʷʨʠʟʘʮʽʾ ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ, ʱʦ ʤʘ ̒

ʧʨʦʜʫʢʫʚʘʪʠ ʧʦʪʝʥʮ̔ʦʩʪʘʪ. ʎʝ ʙʫʣʦ ʙ ʜʽʡʩʥʦ ʪʘʢ ʷʢʙʠ ʪʦ ʥʝ ʽʩʥʫʚʘʣʦ ʧʨʦʙʣʝʤʠ 

ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʜʘ ʧʦʨʚ̔ʥ̫ʥʥʷ ʪʘ ʥʝ ʽʩʥʫʚʘʣʦ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʦʟʯʠʥʫ ʤʽʞ 

ʢʘʧ̔ʣʨ̫ʦʤ ʃʫʛʽʥʘ (ʝʣʝʢʪʨʦʜʦʤ ʧʦʨʽʚʥʷʥʥʷ) ʪʘ ʨʦʙʦʯʠʤ ʝʣʝʢʪʨʦʜʦʤ.  

ʇʦʪʨʽʙʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʜʫ ʧʦʨʽʚʥʷʥʥʷ ʤʘʻ 

ʧʨʠʥʮʠʧʦʚʠʡ ʭʘʨʘʢʪʝʨ ʟ ʦʛʣʷʜʫ ʥʝ ʪʽʣʴʢʠ ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʧʦʚʝʨʭʥʽ, ʘ ʪʘʢʦʞ 

ʱ̔ʣʴʥʦʩʪʽ ʩʪʨʫʤʽʚ ʯʝʨʝʟ ʷʯʝʡʢʫ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʡʦʛʦ ʙʣʠʟʴʢʦʩʪʽ. ɯʩʥʫʶʪʴ 

ʬʘʢʪʦʨʠ ʟʘʚʘʞʘʶʯʠ çʧʨʘʚʠʣʴʥʦʤʫè ʨʦʟʪʘʰʫʚʘʥʥʶ, ʝʢʩʧʝʨʠʤʝʥʪʘʪʦʨ 

ʚʠʤʫʰʝʥʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ çʟʨʫʯʥʝè ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʽʚ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʩʧʨʦʪʠʚ ʨʦʟʯʠʥʫ ʧʦʜʽʣ̫̒ʪʴʩʷ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ. ʆʜʥʘ ʯʘʩʪʠʥʘ ʤ̔ʞ ʧʨʦʪʠ 

ʝʣʝʢʪʨʦʜʦʤ ʪʘ ʝʣʝʢʪʨʦʜʦʤ ʧʦʨʽʚʥʷʥʥʷ ʪʦʯʢʠ ɼ ʪʘ ɻ ʦʭʦʧʣʝʥʦ ʟʚʦʨʦʪʥʠʤ 

ʟʚô̫ ʟʢʦʤ ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥʷʥʥʷ, ʪʘ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʨʦʙʦʪʦʶ 

ʚʠʤʽʨʥʦʛʦ ʪʨʘʢʪʫ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʷʯʝʡʢʠ. ɼʨʫʛʘ ʯʘʩʪʠʥʘ ʩʧʨʦʪʠʚʫ 

ʨʦʟʯʠʥʘ, ʱʦ ʚʠʥʠʢʣʘ, ʤʽʞ ʝʣʝʢʪʨʦʜʦʤ ʧʦʨʚ̔ʥʥ̫ʥʷ ʪʘ ʨʦʙʦʯʠʤ ʝʣʝʢʪʨʦʜʦʤ, 

ʪʦʙʪʦ ʤʽʞ ʪʦʯʢʘʤʠ ɼ ʪʘ ɽ, ʚʠʢʣʁʯʝʥʘ ʟ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ. ɿʚʽʜʩʠ ʧʦʪʝʥʮʽʘʣ 

ʧʦʣʷʨʠʟʘʮʽʾ ʱʦ ʥʘʢʣʘʜʝʥʦ ʜʦ ʷʯʝʡʢʠ ʙʫʜʝ ʩʢʣʘʜʘʪʠʩʷ ʟ 

Uôʧʦʣ = Uôʝʬ + Uôʨʦʟ1 + Uôʨʦʟ2 . 

ʆʩʢʽʣʴʢʠ ʚʠʤʽʨ ʧʦʪʝʥʮʘ̔ʣʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ ʪʦʯʢʠ ɼ. Uôʨʦʟ1 ſ Uʨʦʟ. 

ʇʨʠ ʟʙʝʨʝʞʝʥʥʽ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ Uôʧʦʣ = Uʧʦʣ, ʙʫʜʝ ʪʘʢʠʤ ʷʢ ʜʦ ʮʴʦʛʦ. ʊʘʢʠʤ 

ʯʠʥʦʤ  

Uʝʬ + Uʨʦʟ1 = Uôʝʬ + Uôʨʦʟ1 + Uôʨʦʟ2 . 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ Uôʨʦʟ1 ſ Uʨʦʟ, ʤʠ ʤʘʻʤʦ 

Uʝʬ = Uôʝʬ + Uôʨʦʟ2 . 

ʊʦʙʪʦ ʜʦ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʫ ʝʣʝʢʪʨʦʜʫ ʙʫʜʝ ʥʘʢʣʘʜʝʥʦ ʧʦʪʝʥʮʽʘʣ  

Uôʝʬ = Uʝʬ - Uôʨʦʟ2 . 
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ʊʘʢʠʤ ʯʠʥʦʤ ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʜʘ ʧʦʨ̔ʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ ʨʦʙʦʯʦʛʦ 

ʝʣʝʢʪʨʦʜʘ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ ʧʦʣʷʨʠʟʘʮʽʾ. ʆʪʞʝ ʧʦʭʠʙʢʘ ʫ ʧʦʣʷʨʠʟʘʮʽʾ 

ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ 

ʷʯʝʡʢʫ ʪʘ ʧʨʦʧʦʨʮʽʡʥʦ ʨʦʩʪʫ ʥʝ ʩʢʦʤʧʝʥʩʦʚʘʥʦʛʦ ʦʤʽʯʥʦʛʦ ʦʧʦʨʫ ʨʦʟʯʠʥʫ. 

ɺʠʨʽʰʝʥʥʷʤ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʜʦʜʘʚʘʥʥʷ ʜʦ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦʪʝʥʮʽʦʩʪʘʪʘ 

ʜʣʷ ʟʙʫʜʞʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ ʥʘʧʨʫʛʠ 

Uôʧʦʣ = Uʧʦʣ + Uôʨʦʟ2. 

ʇʨʦʙʣʝʤʘ ʷʢʫ ʧʦʪʨʽʙʥʦ ʪʝʭʥʽʯʥʦ ʨ̔h ʠʪʠ ï ʮʝ ʚʠʟʥʘʯʝʥʥʷ Uôʨʦʟ2, ʪʘ 

ʜʦʜʘʚʘʥʥʷ ʾʾ ʚʝʣʠʯʠʥʠ ʜʦ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷʨʠʟʘʮʽʾ ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ. 

ʄʝʪʦʜʠʯʥʠʤʠ ʟʘʩʦʙʘʤʠ ʫʩʫʥʝʥʥʷ ʚʧʣʠʚʫ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʚʽʜʥʦʩʪʽ ʝʣʝʢʪʨʦʣʽʪʫ (ʢʦʤʧʦʟʠʮʽʾ) ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʚʘʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʽʚ ʫ 

ʚʠʛʣʷʜʽ ʩʦʣ̔ , ʱʦ ʜʠʩʦʮʽʶʻ, ʢʠʩʣʦʪʠ ʘʙʦ ʣʫʛʠ, ʪʘʢ ʟʚʘʥʠʭ ʜʦʧʦʤʽʞʥʠʭ 

ʝʣʝʢʪʨʦʣʽʪʚ̔. ɺʦʥʠ ʤʘʶʪʴ ʟʙʽʣʴʰʠʪʠ ʧʨʦʚʽʜʥʽʩʪʴ ʨʦʟʯʠʥʫ, ʧʨʠ ʮʴʦʤʫ ʙʫʪʠ 

ʭʽʤ̔ʯʥʦ ʥʝʡʪʨʘʣʴʥʠʤʠ ʜʦ ʨʝʯʦʚʠʥ ʪʘ ʧʨʦʜʫʢʪʽʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ, ʱʦ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ. ɿʘʟʥʘʯʝʥʫ ʫʤʦʚʫ ɦ ʦʜʦ ʧʝʚʥʦʾ ʽʥʝʨʪʥʦʩʪʽ ʬʦʥʦʚʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ 

ʥʝ ʟʘʚʞʜʠ ʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ. ʆʪʞʝ ʽʩʥʫʶʪʴ ʚʠʧʘʜʢʠ ʢʦʣʠ 

ʮʠʤ ʩʧʦʩʦʙʦʤ ʥʝ ʤʦʞʣʠʚʦ ʩʢʦʨʠʩʪʘʪʠʩʷ. 

ɼʦʜʘʚʘʥʥʷ ʬʦʥʦʚʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʚʧʣʠʚʘʻ ʥʘ ʝʣʝʢʪʨʦʭʽʤʽ,ʁ ʥʘʚʽʪʴ ʷʢʱʦ 

ʦ̔ʥʠ ʬʦʥʦʚʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ ʟʘʣʫʯʘʶʪʴʩʷ ʜʦ ʨʝʘʢʮʽʾ. ɺʦʥʠ 

ʙʫʜʫʪʴ ʟʤʽʥʶʚʘʪʠ ʩʢʣʘʜ ʧʦʜʚʽʡʥʦʛʦ ʰʘʨʫ (Cf), ʱʦ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ 

ʨʦʟʯʠʥʥʽʩʪʴ ʘʙʦ ʩʪʨʫʢʪʫʨʫ ʨʝʘʛʝʥʪ̔ ʚ ʘʙʦ ʧʨʦʜʫʢʪʽʚ. ɸʙʦ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʽʥʠ 

ʩʪʨʫʢʪʫʨʠ ʘʪʦʤʥʠʭ ʰʘʨ̔ʚ ʧʦʚʝʨʭʥʽ. ʂʦʣʠ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥ ̫ ʻ ʚʠʚʯʝʥʥʷ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʧʝʚʥʦʾ ʨʝʯʦʚʠʥʠ, ʘ ʥʝ ʨʝʯʦʚʠʥʠ ʟʘ ʫʤʦʚʠ ʧʝʚʥʦʛʦ 

ʬʦʥʦʚʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ, ʜʦʜʘʚʘʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʚʠʢʣʶʯʝʥʦ. ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ 

ʩʣʫʛʫʚʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʨʝʯʦʚʠʥʠ ʚ ʧʝʚʥʦʤʫ ʨʦʟʯʠʥʥʠʢʫ 

ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ (ʥʘʜʣʠʰʢʦʚʠʭ) ʢʦʤʧʦʥʝʥʪʽʚ ʬʦʥʦʚʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ. 

ɯʥʰʠʤ ʩʧʦʩʦʙʦʤ ʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʽʜʩʪʘʥʴ ʤʽʞ ʝʣʝʢʪʨʦʜʦʤ ʧʦʨʽʚʥʷʥʥʷ 

(ʢʘʧʽʣʷʨʦʤ ʃʫʛʽʥʘ) ʪʘ ʨʦʙʦʯʠʤ ʝʣʝʢʪʨʦʜʦʤ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʧʝʚʥʫ ʢʦʥʩʪʨʫʢʮʽʶ 

ʚʠʤʽʨʥʦʾ ʷʯʝʡʢʠ, ɦ ʦ ʩʧʨʦʝʢʪʦʚʘʥʦ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʮʶ ʚʽʜʩʪʘʥ.ɹ 

ɹʝʟʫʤʦʚʥʦ ʮʝʡ ʤʝʪʦʜ ʪʝʞ ʤʘʻ ʩʚʦʾ ʦʙʤʝʞʝʥʥʷ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ. ʅʝ ʟʘʚʞʜʠ ʻ 
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ʤʦʞʣʠʚʽʩʪʴ ʚʠʛʦʪʦʚʠʪʠ ʧʝʚʥʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʘʙʦ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚ 

ʧʝʚʥʽʡ ʛʝʦʤʝʪʨ̔ ʾ ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ, ʪʦʙʪʦ ʤʘʶʪʴ ʤʝʭʘʥʽʯʥʽ ʦʙʤʝʞʝʥʥʷ. 

ɯʥʰʠʤ ʚʘʞʣʠʚʠʤ ʤʦʤʝʥʪʦʤ ʻ ʪʝ, ʱʦ ʝʣʝʢʪʨʦʣʽʪ ʻ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʚ ʷʢʦʤʫ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʩʪʨʫʤ. ʗʢʱʦ ʨʦʟʤʽʩʪʠʪʠ ʧʝʚʥʠʡ 

ʦʙô̒ʢʪ ʥʘ hʣʭ̫ʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʪʨʫʤʽʚ, ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ ʾʭ ʧʝʨʝʨʦʟʧʦʜ̔ ʣʫ ʚ 

ʦʙô̒ ʤʽ. ʆʪʞʝ ʨʦʟʤʽʱʝʥʥʷ ʢʘʧʽʣʷʨʘ ʃʫʛʽʥʘ ʘʙʦ ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥʷʥʥʷ ʜʫʞʝ 

ʙʣʠʟʴʢʦ ʜʦ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ʧʨʠʟʚʦʜʠʪʴ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʜʦ ʟʤʽʥʠ ʱʽʣʴʥʦʩʪʽ 

ʩʪʨʫʤʫ ʧʦ ʡʦʛʦ ʧʦʚʝʨʭʥʽ, ʨʦʙʣʷʯʠ ʧʦʭʦʜʞʝʥʥ ̫ ʨʝʘʢʮʽʾ ʥʝ ʨʽʚʥʦʤʽʨʥʦ ʥʘ 

ʝʣʝʢʪʨʦʜʽ (ʨʠʩ. 1.16). ʊʘʢʠʤ ʯʠʥʦʤ ʟʤʽʥʁ̒ ʪɹʩʷ ʝʬʝʢʪʠʚʥʘ ʛʝʦʤʝʪʨʽʷ ʨʦʙʦʯʦʛʦ 

ʝʣʝʢʪʨʦʜʘ. ʆʩʪʘʥʥʻ ʧʝʚʥʠʤ ʯʠʥʦʤ ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʘ ʘʥʘʣʽʪʠʯʥʦʤʫ ʩʠʛʥʘʣʽ.  

 

ʘ)                                                                             ʙ) 

ʈʠʩʫʥʦʢ 1.16 ï ɺʧʣʠʚ ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥʷʥʥʷ ʙʽʣʷ ʨʦʙʦʯʦʛʦ 

ʝʣʝʢʪʨʦʜʘ: ʘ) ʝʬʝʢʪ ʩʣʘʙʢʠʡ (ʣʽʥʽʡ ʩʪʨʫʤʽʚ ʦʛʠʥʘʶʪʴ ʦʙô̒ ʢʪ, ʾʭ ʱʽʣʴʥʽʩʪʴ ʨʽʚʥʘ 

ʫ ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ), ʙ) ʝʬʝʢʪ ʩʫʪʪʻʚʠʡ (ʣʽʥʽʡ ʩʪʨʫʤʽʚ, ʦʛʠʥʘʶʯʠ 

ʦʙô̒ ʢʪ, ʨʦʟʧʦʜʽʣʝʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ʥʝʨʽʚʥʦʤʽʨʥʦ, ʱʽʣʴʥʽʩʪɹ 

ʩʪʨʫʤʫ ʧʽʜ ʝʣʝʢʪʨʦʜʦʤ ʧʦʨʽʚʥʷʥʥʷ ʤʝʥʰʘ ʥʽʞ ʥʘ ʽʥʰʠʭ ʜʽʣʷʥʢʘʭ I < I avr). 

 

ʆʮʽʥʢʫ ʧʦʭʠʙʢʠ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷʨʠʟʘʮʽʾ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʨʠ ʫʤʦʚʽ 

ʚʽʜʦʤʦʾ ʚʝʣʠʯʠʥʠ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʚ ʷʯʝʡʮʽ. ʆʪʞʝ ʚʠʤʽʨ ʦʩʪʘʥʥʭ̔ ̒ ʧʨʠʥʮʠʧʦʚʠʤ 

ʜʣʷ ʘʥʘʣʽʟʫ ʩʫʪʪʻʚʦʩʪʽ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʜʣʷ ʧʝʚʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʾʭ ʢʦʤʧʝʥʩʘʮʽʾ.  

ʈʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ ʈʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ I < Iavr 
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ɺʠʤʽʨ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʤʦʞʣʠʚʦ ʟʜʽʡʩʥʶʚʘʪʠ ʜʝʢʽʣʴʢʦʤʘ ʤʝʪʦʜʘʤʠ, ʱʦ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʧʦʩʪʽʡʥʦ ʩʪʨʫʤʦʚʽ, ʪʘ ʟʤʽʥʥʦ ʩʪʨʫʤʦʚʽ. 

ɼʣ̫  ʨʦʟʛʣ̫ ʜʫ ʧʨʦʮʝʩʫ ʚʠʤʽʨʫ ʧʦʚʝʨʥʝʤʦʩʷ ʜʦ ʦʙʨʘʥʦʾ ʤʦʜʝʣʽ, ʚ ʷʢʽʡ 

ʚʠʟʥʘʯʠʤʦ ʭʘʨʘʢʪʝʨʥʽ ʚʝʣʠʯʠʥʠ ʩʧʨʦʪʠʚʫ ʧʝʨʝʥʦʩʫ ʝʣʝʢʪʨʦʥʘ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ 

ʚ 2000 ʆʤ, ʦʤʽʯʥʦʛʦ ʩʧʨʦʪʠʚʫ ʨʦʟʯʠʥʫ 100 ʆʤ ʪʘ ʻʤʥʽʩʪʴ ʧʦʜʚʽʡʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫʶ 0,5 ʤʢʌ. ʆʙʨʘʥʽ ʚʝʣʠʯʠʥʠ ʻ ʥʘʙʣʠʞʝʥʠʤʠ ʜʦ ʨʝʘʣʥɹʠʭ 

ʟʥʘʯʝʥʴ ʙʽʣʴʰʦʩʪʽ ʤʘʢʨʦʷʯʝʡʦʢ, ʟ ʷʢʠʤʠ ʧʨʘʮʶʶʪʴ ʜʦʩʣʜ̔ʥʠʢʠ. ʆʩʢʽʣʴʢʠ ʜʣʷ 

ʚʠʤʽʨʫ ʩʧʨʦʪʠʚʫ ʥʝ ʧʨʠʥʮʠʧʦʚʦ ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʤʽʨ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, 

ʘ ʫ ʚʠʧʘʜʢʫ ʩʠʤʝʪʨʠʯʥʠʭ ʝʣʝʢʪʨʦʜʽʚ (ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ʪʘ ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ) 

ʤʦʞʣʠʚʦ ʩʧʨʦʩʪʠʪʠ ʤʦʜʝʣ ɹʜʦ ʥʘʩʪʫʧʥʦʾ ʬʦʨʤʠ (ʨʠʩ. 1.17), ʜʝ ʚ ʧʦʩʣʽʜʦʚʥʦ 

ʧʦʻʜʥʘʥʽ ʨʝʟʠʩʪʦʨ ʦʤʽʯʥʦʛ ʩʧʨʦʪʠʚʫ, ʟ ʧʘʨʘʣʝʣʴʥʦ ʧʦʻʜʥʘʥʠʤʠ ʨʝʟʠʩʪʦʨʦʤ ʪʘ 

ʻʤʥʽʩʪʶ, ʱʦ ʦʧʠʩʫʶʪʴ ʽʥʪʝʨʬʝʡʩ ʨʦʟʯʠʥ-ʝʣʝʢʪʨʦʜ.  

 

ʈʠʩʫʥʦʢ 1.17 ï ɽʣʝʢʪʨʠʯʥʘ ʤʦʜʝʣʴ ʷʯʝʡʢʠ ʧʨʠ ʚʠʤʽʨʽ ʾʾ ʧʨʦʚʽʜʥʦʩʪʽ ʥʘ 

ʟʤʽʥʥʦʤʫ ʩʪʨʫʤ ̔(ʤʦʜʝʣɹ  ʈʝʥʜʝʣʷ) 

 

ɸʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ ʮʽʻʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʻ ʢʣʶʯʝʤ ʚ ʨʦʟʫʤʽʥʥʽ 

ʧʨʠʥʮʠʧʫ ʚʠʤʽʨʫ ʩʧʨʦʪʠʚʫ ʝʣʝʢʪʨʦʣʽʪʫ. ʅʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ ʝʬʝʢʪ 

ʧʨʠʩʫʪʥʦʩʪʽ ʻʤʥʦʩʪʽ ʚʽʜʩʫʪʥʽʡ. ɺʧʣʠʚ ʤʘʶʪʴ ʪʽʣʴʢʠ ʧʦʩʣʽʜʦʚʥʦ ʟô̒ ʜʥʘʥʽ 

ʨʝʟʠʩʪʦʨʠ. ʆʩʢʽʣʴʢʠ ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʯʘʩʪʦʪʠ ʧʝʨʝʚʘʞʘʪʠʤʝ ʧʨʦʚ̔ʜʥʽʩʪʴ ʻʤʥʦʩʪʽ 

ʥʘʜ ʧʨʦʚʽʜʥʽʩʪʶ ʨʝʟʠʩʪʦʨʘ ʡʦʛʦ ʝʬʝʢʪ ʟʤʝʥʰʫʻʪʴʩʷ, ʪʘ ʧʨʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʽʡ 

ʧʨʦʚʽʜʥʦʩʪʽ ʻʤʥʦʩʪʽ (ʱʦ ʤʦʞʣʠʚʦ ʷʢ ʧʨʠ ʾʾ ʚʝʣʠʢʽʡ ʻʤʥʦʩʪʽ ʘʙʦ ʚʝʣʠʢʽʡ ʯʘʩʪʦʪʽ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ) ʩʧʨʦʪʠʚ ʨʦʟʯʠʥʫ ʚʠʟʥʘʯʘʪʠʤʝ ʩʪʨʫʤ ʚ ʧʦʩʣʽʜʦʚʥʦʤʫ 

ʣʘʥʮʶʛʫ. ʊʦʙʪʦ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʴʦʛʦ ʣʘʥʮʶʛʘ ʤʘʻ 

ʚʠʛʣʷʜ, ʱʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.18, ʧʦʢʘʟʫʶʯʠ ʧʝʨʝʨʦʟʧʦʜʽʣ ʚʧʣʠʚʫ ʝʣʝʤʝʥʪʽʚ 

ʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʷʯʝʡʢʠ ʚ ʮʽʣʦʤʫ. ʎʁ  ʧʦʚʝʜʽʥʢʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ 

ʤʦʞʣʠʚʦ ʜʦʩʣʽʜʠʪʠ ʤʝʪʦʜʦʤ ʽʤʧʝʜʘʥʩ-ʩʧʝʢʪʨʦʩʢʦʧ̔ʾ .  
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ʈʠʩʫʥʦʢ 1.18 ï ɸʏʍ ʧʦʚʝʜʽʥʢʘ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ 

 

ʆʪʞʝ ʧʨʦʚʦʜʷʯʠ ʚʠʤʽʨ ʥʘ ʚʝʣʠʢʽʡ ʯʘʩʪʦʪʽ ʤʦʞʣʠʚʦ ʦʮʽʥʠʪʠ ʩʧʨʦʪʠʚ 

ʨʦʟʯʠʥʫ Ru. ɿʥʘʶʯʠ ʡʦʛʦ ʚʝʣʠʯʠʥʫ ʥʘʜʘʣʽ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ 

ʧʦʭʠʙʢʠ ʧʦʪʝʥʮʽʘʣʫ, ʜʣʷ ʯʦʛʦ ʜʦʩʪʘʪʥʴʦ ʧʝʨʝʤʥʦʞʠʪʠ ʚʝʣʠʯʠʥʫ ʚʠʤʽʨʥ̫ʦʛʦ 

ʩʪʨʫʤʫ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʚʝʣʠʯʠʥʫ ʮʴʦʛʦ ʩʧʨʦʪʠʚʫ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʦʙʨʘʥʦʛʦ ʩʧʨʦʪʠʚʫ ʫ 100 ʆʤ ʧʨʠ ʩʪʨʫʤʽ ʯʝʨʝʟ ʷʯʝʡʢʫ 10 ʤʢɸ ʧʦʭʠʙʢʘ 

ʧʦʪʝʥʮʽʦʩʪʘʪʫʚʘʥʥʷ ʩʢʣʘʜʘʪʠʤʝ ʣʠʰʝ 100 ʆʤ Ā 20 ʤʢɸ = 2 ʤɺ, ʱʦ ʚ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʝ  ̒ʩʫʪʪʻʚʘ. 

ɯʥhʠʤ ʥʘʩʣʽʜʢʦʤ ʤʦʜʝʣʽ, ʱʦ ʨʦʟʛʣʷʥʫʪʦ, ʻ ʪʝ ʦɦ ʫ ʚʠʧʘʜʢʫ ʟʥʘʯʥʦ 

ʙʽʣʴʰʦʛʦ ʩʧʨʦʪʠʚʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʥʦʩʫ ʝʣʝʢʪʨʦʥʫ, ʥʘʜ ʩʧʨʦʪʠʚʦʤ 

ʝʣʝʢʪʨʦʣʽʪʫ ʚʧʣʠʚ ʦʩʪʘʥʥɹ ʦʛʦ ʥʝ ʻ ʩʫʪʪʻʚʠʤ. ʆʩʢʽʣʴʢʠ ʩʪʨʫʤ ʯʝʨʝʟ ʷʯʝʡʢʫ 

ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ ʧʨʦʮʝʩʘʤʠ ʧʝʨʝʥʦʩʫ ʝʣʝʢʪʨʦʥʘ ʥʘ ʤʝʞʽ 

ʨʦʟʯʠʥ-ʝʣʝʢʪʨʦʜ, ʜʝ ʡ ʙʫʜʝ ʨʝʘʣʽʟʦʚʘʥʦ ʧʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ 

ʷʯʝʡʢʠ. 

ʆʜʥʘʢ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʜʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʷʯʝʡʢʫ, ʮʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʙʽʣʴʝhʥʥʷ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʩʧʨʦʪʠʚʽ ʨʦʟʯʠʥʫ ʷʯʝʡʢʠ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ 

ʧʨʦ ʮʝʡ ʝʬʝʢʪ, ʡʦʛʦ ʥʘʩʣʽʜʢʠ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʚ ʧ.1.2. 

 

1.1.4 ʂʦʤʧʝʥʩʘʮʽʷ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʟ ʾʭ ̔ʤʧʫʣʴʩʥʦ-ʙʝʟʧʝʨʝʨʚʥʠʤ ʚʠʤʽʨʦʤ 

ʆʮʽʥʢʘ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʚ ʷʯʝʡʢʠ ʰʣʷʭʦʤ ʟʤʽʥʥʦ-ʩʪʨʫʤʦʚʦʛʦ ʚʠʤʽʨʫ 

ʽʤʧʝʜʘʥʩʫ ʥʝ ʟʘʚʞʜʠ ̒ ʟʨʫʯʥʠʤ ʩʧʦʩʦʙʦʤ, ʦʩʢʽʣʴʢʠ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ 
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ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʽʚ ʥʘ ʚʠʩʦʢʽʡ ʯʘʩʪʦʪʽ. ɯʥʦʜʽ ʦʤʽʯʥʘ 

ʧʨʦʚʽʜʥʽʩʪʴ ʨʦʟʯʠʥʫ ʻ ʬʫʥʢʮʽʻʶ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷʨʠʟʘʮʽʾ ʷʯʝʡʢʠ. ɿʚʽʜʩʠ 

ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʧʦʩʪʽʡʥʦʛʦ ʚʠʤʽʨʫ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʾʭ 

ʥʝʧʝʨʝʨʚʥʘ ʢʦʤʧʝʥʩʘʮʽʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʷʯʝʡʢʫ ʪʘ ʧʦʪʦʯʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʨʦʟʯʠʥʫ. 

ɼʣʷ ʚʠʤʽʨʫ ʦʤʽʯʥʦʛʦ ʩʧʨʦʪʠʚʫ ʷʯʝʡʢʠ (ʧʨʦʚʽʜʥʦʩʪʽ ʨʦʟʯʠʥʫ) 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʧʝʨʝʨʚʥʠʭ ʩʪʨʫʤʽʚ. ɼʣʷ ʯʦʛʦ ʚ ʩʭʝʤʽ ʧʦʪʝʥʮʽʦʩʪʘʪʘ 

ʧʝʨʝʜʙʘʯʘʻʪʩɹ ̫ ʨʦʟʤʠʢʘʯ (ʨʠʩ. 1.19). ʇʦʪʝʥʮʽʘʣ ʚ ʷʯʝʡʮʽ ʚʠʤʽʨʶʻʪʴʩʷ ʜʦ 

ʨʦʟʤʠʢʘʥʥʷ, ʪʘ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʨʦʟʤʠʢʘʥʥʷ, ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʠʭʦʜʷʯʠ ʟ ʬʽʟʠʢʠ 

ʧʨʦʮʝʩʽʚ ʚ ʷʯʝʡʮʽ ʧʦʪʝʥʮʽʘʣ ʥʘ ʝʣʝʢʪʨʦʜʽ ʧʦʨʽʚʥʷʥʥʷ ʰʚʠʜʢʦ ʟʤʽʥʠʪʴʩʷ ʥʘ 

ʚʝʣʠʯʠʥʫ ʦʤ̔ ʯʥʠʭ ʚʪʨʘʪ ʚ ʷʯʝʡʮʽ. ʆʩʢʽʣʴʢʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʨʫʤʫ (ʧʨʠ ʨʦʟʨʠʚʽ 

ʣʘʥʮʶʛʘ) ʯʝʨʝʟ ʷʯʝʡʢʫ, ʝʣʝʢʪʨʦʜ ʙʫʜʝ ʚʢʘʟʫʚʘʪʠ ʧʦʪʝʥʮʽʘʣ ʚ ʯ̫ʝʡʮʽ. ɺʽʥ 

ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʧʦʪʝʥʮʽʘʣʦʤ ʜʦ ʷʢʦʛʦ ʙʫʜʝ ʟʘʨʷʜʞʝʥʦ ʻʤʥʽʩʪɹ ʧʦʜʚʽʡʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ. ʇʦʜʘʣʽ ʮʷ ʻʤʥʽʩʪʴ ʙʫʜʝ ʨʦʟʨʷʞʘʪʠʩʷ, 

ʪʦʞ ʧ̔ ʩʣʷ ʚʠʤʨ̔ʫ ʨʽʟʥʠʮ ̔ (ʩʪʨʠʙʢʘ ʧʦʪʝʥʮʽʘʣʫ), ʩʭʝʤʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʪʘʥʫ, ʰʣʷʭʦʤ ʧʽʜʢʣ ʯʁʝʥʥʷ ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ ʧʨʠ ʟʘʤʠʢʘʥʥʽ 

ʨʦʟʤʠʢʘʯʘ. 

 

ʈʠʩ. 1.19 ï ʄʦʜʝʣʴ ʷʯʝʡʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʽʜʢʣʶʯʝʥʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ 

 

ɿ ʧʝʨʦhʛʦ ʧʦʛʣʷʜʫ, ʮʝʡ ʧʨʠʥʮʠʧ ʚʠʤʽʨʫ ʜʦʩʪʘʪʥɹʦ ʧʨʦʩʪʠʡ, ʘʣʝ ʻ ʧʝʚʥʽ 

ʫʩʢʣʘʜʥʝʥʥʷ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʪʦʯʥʽʩʪʴ ʮɹ ʦʛʦ ʤʝʪʦʜʫ ʚʠʤʽʨʫ ʦʤʽʯʥʠʭ ʚʪʨʘʪ. ʊʘʢʽ 

ʬʘʢʪʦʨʠ ʷʢ ʰʚʠʜʢʽʩʪʴ ʚʠʙʽʨʢʠ ʜʘʥʠʭ (ʦʮʠʬʨʦʚʫʚʘʥʥʷ) ʪʘ ʚʝʣʠʯʠʥʘ ʚʠʭʽʜʥʦʾ 

ʻʤʥʦʩʪʽ ʧʦʪʝʥʮʽʦʩʪʘʪʘ, ʥʘʷʚʥʽʩʪʴ ʧʝʨʝʰʢʦʜ ʫ ʚʠʛʣʷʜʽ ʰʫʤʫ ʩʠʛʥʘʣʫ. 
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ʐʚʠʜʢʽʩʪʴ ʚʠʙʽʨʢʠ ʜʘʥʠʭ ̒ ʚʘʞʣʠʚʠʤ ʟʘ ʜʣʷ ʰʚʠʜʢʦʛʦ ʚʠʤʽʨʫ ʩʪʨʠʙʢʘ 

ʧʦʪʝʥʮʽʘʣʫ, ʦʩʢ̔ʣɹʢʠ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʨʦʟʤʠʢʘʥʥʷ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʨʦʟʨʷʜ ʻʤʥʦʩʪʽ 

ʧʦʜʚʽʡʥʦʛʦ ʰʘʨʫ ʯʝʨʝʟ ʩʧʨʦʪʠʚ Rfaradaic. ʗʢʱʦ ʧʨʦʚʦʜʠʪʠ ʜʝʢʽʣʴʢʘ ʚʠʤʽʨʽʚ ʪʦ 

ʝʢʩʪʨʘʧʦʣʶʶʯʠ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʦʮʽʥʢʫ ʦʤʽʯʥʠʭ ʚʪʨʘʪ. ʆʜʥʘʢ, ʜʣ̫ 

ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩ̫ ʣʽʥʽʡʥʘ ʤʦʜʝʣʴ, 

ʧʨʦʮʝʩ ʨʦʟʨʷʜʫ ʤʘʻ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ, ʦʪʞʝ ʚʠʟʥʘʯʠʪʠʩʷ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ ʝʢʩʧʦʥʝʥʪʠ ʪʘ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʟʘʚʘʞʢʦ. ɽʢʩʧʝʨʠʤʝʥʪʘʪʦʨʠ 

ʚʠʭʦʜʷʪʴ ʟ ʧʦʩʪʽʡʥʦʾ ʯʘʩʫ ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦ ʾʷʯʝʡʢʠ Ű = RC.  ʊʦʙʪʦ ʯʘʩʫ 

ʨʦʟʨʷʜʫ ʻʤʥʦʩʪʽ ʚ ʝ ʨʘʟ. ɼʣʷ ʦʙʨʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʯʝʡʢʠ Ű = 2000 Ā 0,5 Ā 10-6 = 1 

ʤʩ. ɹʝʨʫʯʠ ʟ 10-ʨʘʟʦʚʠʤ ʟʘʧʘʩʦʤ, ʰʚʠʜʢʦʜʽʷ ʧʨʠʩʪʨʦʶ ʚʠʙʽʨʢʠ ʩʠʛʥʘʣʫ ʤʘʻ 

ʩʪʘʥʦʚʠʪʠ 0,1 ʤʩ ʪʘ ʤʝʥʰʝ. ʋ ʚʠʧʘʜʢʫ ʢʦʣʠ ʧʦʩʪʽʡʥʘ ʷʯʝʡʢʠ ʤʝʥʰʘ, ʥʝʦʙʭʽʜʥʦ 

ʚʽʜʧʦʚʜ̔ʥʝ ʟʤʝʥh ʝʥʥ̫ ʯʘʩʫ ʚʠʙʽʨʢʠ, ʪʦʙʪʦ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ɸʎʇ. ʆʜʥʘʢ 

ʧʨʠ ʟʤʝʥʰʝʥʥ̔ ʯʘʩʫ ʚʠʙʽʨʢʠ ʚʧʣʠʚʦʚʠʤ ʩʪʘʻ ʽʥʰʠʡ ʬʘʢʪʦʨ ï ʚʠʭʽʜʥʘ ʻʤʥʽʩʪʴ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ.  

ɺʠʭʽʜʥʘ ʻʤʥʽʩʪʴ ʧʦʪʝʥʮʽʦʩʪʘʪʘ, ʚʠʭʦʜʷʯʠ ʟ ʥʘʚʝʜʝʥʦʾ ʚʠʱʝ ʤʦʜʝʣʽ, 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪʚ̔, ʮʝ ʤ̒ʥʽʩʪʴ ʢʘʙʝʣʶ ʧʽʜʢʣʶʯʝʥʥʷ ʚʠʭʦʜʫ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʜʦ ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ ʪʘ ʧʘʨʘʟʠʪʥʘ ̒ʤʥʽʩʪʴ ʨʦʟʤʠʢʘʯʘ ʥʘ ʧʣʘʪʽ 

ʧʦʪʝʥʮʽʦʩʪʘʪ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʢʘʙʝʣʶ ʤʘʨʢʠ RG-174 1ʤ ʢʘʙʝʣʶ ʤʘʻ ʻʤʥʽʩʪʴ 

101 ʧʌ, ʘ ʨʦʟʤʠʢʘʯ ʥʘ ʙʘʟʽ ʧʦʣʦɹʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʧʨʠʣʘʜʫ KAQY212, ʤʘʻ 

ʧʘʨʘʟʠʪʥʫ ̒ʤʥʽʩʪʴ ʚ 6 ʧʌ. ʊʘʢʠʤ ʯʠʥʦʤ ʚ ʤʦʤʝʥʪ ʨʦʟʤʠʢʘʥʥʷ ʜʦ ʷʯʝʡʢʠ 

ʟʘʣʠʰʘʻʪʴʩ ̫ʧ̔ ʜʢʣʶʯʝʥʠʤ ʟʘʨʷʜʞʝʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨ.  

ʆʩʢʽʣʴʢʠ ʥʘ ʤʦʤʝʥʪ ʨʦʟʤʠʢʘʥʥʷ ʢʦʤʧʝʥʩʘʮʽʷ ʩʧʨʦʪʠʚʫ Rsolution ʚ̔ʜʩʫʪʥʷ, 

ʦʩʢʽʣʴʢʠ ʧʦʪʝʥʮʽʦʩʪʘʪ ʧʝʨʝʚʦʜʠʪʴʩʷ ʚ ʨʝʞʠʤ ʚʠʤʽʨʫ ʨʚ̔ʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮ̔ ʘʣʫ. 

ʈʦʟʨʷʜ ʻʤʥʦʩʪʽ ʉʢʘʙʝʣʷ ʧʨʦʭʦʜʠʪʴ ʟ ʚʝʣʠʢʦʶ ʩʪʘʣʦʶ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʦʚʝʜʽʥʢʘ 

ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʝʣʝʢʪʨʦʜʽ ʧʦʨʽʚʥʷʥʥʷ ʤʘʪʠʤʝ ʭʘʨʘʢʪʝʨ, ʷʢ ʮʝ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 1.20. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʘʜʝʢʚʘʪʥʦʛʦ ʚʠʤʽʨʫ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʯʘʩ ʚʠʙʽʨʢʠ, ʢʦʣʠ ʻʤʥʽʩʪ ɹʢʘʙʝʣʶ ʉʢʘʙʝʣʷ ʚʞʝ ʨʦʟʨʷʜʞʝʥʘ, ʘʣʝ 

ʻʤʥʽʩʪʴ ʧʦʜʚʽʡʥʦʛʦ ʰʘʨʫ ʉfaradaic ʱʝ ʟʘʣʠʰʘʻʪʴʩʷ ʟʘʨʷʜʞʝʥʦʶ. ʊʦʙʪʦ 
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ʘʥʘʣʽʟʫʶʯʠ ʯʘʩʦʚʫ ʧʦʚʝʜʽʥʢʫ ʨʦʟʨʷʜʫ ʮʠʭ ʻʤʥʦʩʪʝʡ, ʧʦʪʨʽʙʥʦ ʦʙʨʘʪʠ ʜʽʣʷʥʢʫ 

ʤʽʞ ʜʚʦʤʘ ʢʨʠʚʠʤʠ (ʨʠʩ. 1.21).  

 

ʈʠʩ. 1.20 ï ɺʧʣʠʚ ʨʦʟʨʠʚʘʥʥʷ ʣʽʥʽʾ ʢʝʨʫʚʘʥʥ ̫ ʥʘ ʚʠʤʽʨ ʧʦʪʝʥʮʽʘʣʫ 

ʯ̫ʝʡʢʠ 

 

ʈʠʩʫʥʦʢ 1.21 ï ʈʦʟʨʷʜ ʻʤʥʦʩʪʝʡ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ 

 

ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʧʨʦʤʽʞʦʢ ʤʽʞ 10 ʤʢʩ ʪʘ 10 ʤʩ. ʗʢʱʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʮʝ ʥʝ ʤʦʞʣʠʚʦ, ʢʦʣʠ ʻʤʥʽʩʪʴ ʢʘʙʝʣʶ ʧʦʨʽʚʥʷʥʘ ʟ ʻʤʥʽʩʪʶ ʧʦʜʚʽʡʥʦʛʦ ʰʘʨʫ, 

ʢʦʤʧʝʥʩʘʮʽʷ ʤʝʪʦʜʦʤ ʧʝʨʝʨʚʥʠʭ ʩʪʨʫʤʽʚ ʥʝ ʤʦʞʣʠʚʘ.  

ɯʥʰʦʶ ʧʨʦʙʣʝʤʦʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʯʫʪʣʠʚʩ̔ʪʴ ʡʦʛʦ ʜʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ 

ʰʫʤʚ̔. ɺ ʩʠʩʪʝʤʘʭ ʜʝ ʮʽʡ ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʦ, ʚʝʣʠʯʠʥʘ ʟʤʽʥʠ 

ʧʦʪʝʥʮʽʘʣʫ ʧʽʜ ʯʘʩ ʨʦʟʨʠʚʫ ʩʪʨʫʤʫ (ʪʦʙʪʦ ʥʝʦʙʭʽʜʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ) ʩʢʣʘʜʘʻ ʚʽʜ 

ʢʽʣʴʢʦʭ ʤʽʣʽʚʦʣɹʪ ʜʦ ʜʝʢʽʣʴʢʦʭ ʩʦʪʽʥ ʤʣ̔ʽʚʦʣʴʪ. ʆʩʢʽʣʴʢʠ ʢʦʤʧʝʥʩʘʮʽʷ 
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ʙʘʟʫʻʪʴʩ ̫ʥʘ ʨʽʟʥʠʮʽ ʫ ʥʘʧʨʫʛʘʭ ʜʦ ʪʘ ʧʽʩʣ̫ ʨʦʟʨʠʚʫ, ʮʽ ʚʠʤʽʨʠ ʨʦʟʥʝʩʝʥʽ ʚ ʯʘʩʽ, 

ʜʦ ʨʽʟʥʠʮʽ ʚʭʦʜʠʪʴ ʰʫʤ ʢʦʞʥʦʛʦ ʟ ʚʠʤʽʨʽʚ, ʱʦ ʟʚʝʣʠʯʫʻ ʧʦʭʠʙʢʫ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʤʧʝʥʩʘʮʽʾ, ʙʽʣʴʰ ʥʽʞ ʜʣʷ ʚʠʤʽʨʫ ʧʦʪʦʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ɿʚʘʞʫʶʯʠ ʪʝ, ʱʦ 

ʚʠʤʽʨʠ ʧʦʪʝʥʮʽʘʣʽʚ ʧʦʪʨʽʙʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʟ ʤʘʣʦʶ ʧʦʩʪʽʡʥʦʶ ʯʘʩʫ, 

ʟʘʩʪʦʩʫʚʘʪʠ ʬʽʣʴʪʨʘʮʽʶ ʫʥʝʤʦʞʣʠʚʣʝʥʦ ʙʝʟ ʩʫʪʪʻʚʦʾ ʟʤʽʥʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʆʪʞʝ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʚʧʣʠʚʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʪʴʩʷ: 

- ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʝ ʝʢʨʘʥʫʚʘʥʥʷ ʚʠʤʽʨʥʦʾ ʷʯʝʡʢʠ (ʢʣʽʪʢʘ ʌʘʨʘʜʝʷ) ʜʣʷ 

ʚʠʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʟʘʚʘʜ ʟ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʷʯʝʡʢʠ, 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʨʝʜʥʦɹ ʾ ʚʝʣʠʯʠʥʠ ʩʠʛʥʘʣʫ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʚʽʨʦʛʽʜʥʦʩʪʽ ʧʽʜʩʠʣʝʥʦʛʦ ʰʫʤʫ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʥʭʨʦʥʥʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ ʟʘ ʫʤʦʚʠ ʚʽʜʦʤʦʾ ʯʘʩʪʦʪʠ 

ʰʫʤʫ, ʚʠʢʣʶʯʘʻ ʟʨʦʩʪʘʥʥʷ ʰʫʤʫ ʫ ʚʠʤʽʨ̔; 

- ʷʢʱʦ ʰʫʤʠ ʟʘʥʘʜʪʦ ʚʝʣʠʢʽ ʚ ʢʦʤʧʝʥʩʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʝʨʝʜʥʷ 

ʚʝʣʠʯʠʥʘ ʜʚʦʭ ʚʠʤʽʨʽʚ ʧʩ̔ʣ̫ ʨʦʟʨʠʚʫ ʩʪʨʫʤʫ ʚ ʯʝʧʢʽ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʢʩʪʨʘʧʦʣʷʮʽʾ.  

ʇʦʧʝʨʝʜʥʽʡ ʦʧʠʩ ʩʪʦʩʫʚʘʚʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʤʽʨʫ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʚ 

ʷʯʝʡʮʽ. ʆʩʢʽʣʴʢʠ ʚʠʤʽʨ ʥʝ ʻ ʩʘʤʦʮʣ̔ʣʁ  ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʨʠʥʮʠʧ ʢʦʤʧʝʥʩʘʮʽʾ. ɺ ʙʽʣʴʰʦʩʪ̔  ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ ʩʠʛʥʘʣ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟ 

ʧʨʦʛʨʘʤʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ʎɸʇ ʘʙʦ ʽʥʰʠʡ ʧʨʠʩʪʨʽʡ), ʱʦ ʩʠʥʪʝʟʫʻ ʩʠʛʥʘʣ 

ʟʙʫʜʞʝʥʥʷ ʷʯʝʡʢʠ ʢʦʨʝʛʫʻʪʴʩʷ ʩʠʛʥʘʣʦʤ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʟ ʝʣʝʢʪʨʦʜʘ 

ʧʦʨʽʚʥʷʥʥʷ. ʉʠʛʥʘʣ, ʱʦ ʙʫʜʝ ʧʨʠʢʣʘʜʝʥʠʡ ʜʦ ʧʦʪʠʝʣʝʢʪʨʦʜʫ ʷʯʝʡʢʠ ʧʦʻʜʥʫʻ 

ʮʽ ʜʚʘ ʩʠʛʥʘʣʘ. ɼʦʜʘʚʘʥʥʷ ʜʦ ʮʠʭ ʜʚʦʭ ʩʠʛʥʘʣʽʚ ʪʨʝʪʴʦʛʦ ï ʩʠʛʥʘʣʫ ʢʦʨʨʝʢʮʽʾ 

ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʤʦʞʣʠʚʦ ʷʢ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʛʨʘʤʥʦʾ ʢʦʨʝʢʮʽʾ ʩʠʛʥʘʣʫ ʱʦ 

ʛʝʥʝʨʫʻʪʴʩʷ ʧʨʦʛʨʘʤʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ, ʪʘʢ ʽ ʩʫʤʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʩʠʛʥʘʣʫ, 

ʦɦ ʬʦʨʤʫʻʪʴʩʷ ʦʢʨʝʤʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʥʘ ʧʽʜʩʪʘʚʽ ʚʠʤ̔ʨʷʥʦʾ ʥʘʧʝʨʝʜʦʜʥʽ 

ʦʤʽʯʥʠʭ ʚʪʨʘʪ. ʊʦʙʪʦ ʤʦʞʣʠʚʽ ʧʨʦʛʨʘʤʥʽ ʘʙʦ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʟʘʩʦʙʠ 

ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʤʝʪʦʜʫ ʢʦʤʧʝʥʩʘʮʽʾ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʘʛʘʣʦʤ ʦʧʠʩʘʥʦ 

ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ: 

Uʧʦʣ(t) = Uʧʨʦʛ(t) ï Uʚʪʨʘʪ(t-1), 

ʜʝ Uʧʦʣ(t)  - ʥʘʧʨʫʛʘ ʧʦʣʷʨʠʟʘʮʽʾ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʧʨʦʪʠʝʣʝʢʪʨʦʜ; Uʧʨʦʛ(t) ï 
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ʥʘʧʨʫʛʘ, ʱʦ ʤʘʻ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʤʝʞʽ ʨʦʟʯʠʥ-ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ;  

Uʚʪʨʘʪ(t-1) ï ʚʝʣʠʯʠʥʘ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʚ ʷʯʝʡʮʽ. 

ɸʣʛʦʨʠʪʤ ʢʦʨʝʢʮʽʾ ʧʨʘʮʶʻ ʚʽʜʧʦʚʽʜʥʦ ʟ ʥʫʣʴʦʚʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. ɿ 

ʚʠʤ̔ʨʦʤ ʩʪʨʫʤʦʚʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʚʠʟʥʘʯʝʥʥʷ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʥʘ 

ʧʦʜʘʣʴʰʦʤʫ ʢʨʦʮʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʨʝʢʮʽʷ ʥʘʧʨʫʛʠ, ʱʦ ʧʦʣʷʨʠʟʫʻ ʷʯʝʡʢʫ, 

ʚʽʜʧʦʚʽʜʥʦ ʧʨʦʛʨʘʤʠ ʪʘ ʚʠʤʽʨʷʥʠʭ ʚʪʨʘʪ. ʇʨʦʮʝʩ ʚʠʤʽʨʫ ʧʦʚʪʦʨʶʻʪʴʩʷ ʷʢ ʜʣʷ 

ʩʪʨʫʤʫ ʪʘʢ ʽ ʦʤʽʯʥʠʭ ʚʪʨʘʪ, ʟʘʤʠʢʘʯʁʠ ʮʠʢʣ. ʆʪʞʝ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʽʣʴʰʝ ʥʘʙʣʠʞʝʥʥ,̫ ʪʘ ʙʽʣʴʰ ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʦʤʽʯʥʠʭ ʚʪʨʘʪ.  

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʟʤʽʥʘ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ ʮʴʦʤʫ 

ʤʝʪʦʜʽ ʙʫʜʝ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʤʽʨʷʥʘ ʪʘ ʢʦʤʧʝʥʩʦʚʘʥʘ, ʱʦ ʻ ʦʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ 

ʤʝʪʦʜʫ. 

ʇʝʨʝʚʘʛʘʤʠ ʮʦɹʛʦ ʤʝʪʦʜʫ ʢʦʤʧʝʥʩʘʮʽʾ ʻ: 

- ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ ʧʦʧʝʨʝʜʥʽʡ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʤʽʯʥʽ ʚʪʨʘʪʠ ʚ 

ʷʯʝʡʮʽ; 

- ʟʤʽʥʘ ʦʤʽʯʥʽ ʚʪʨʘʪʠ ʚ ʷʯʝʡʮʽ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʧʦʭʠʙʢʠ ʢʦʤʧʝʥʩʘʮʽʾ; 

- ʢʦʤʧʝʥʩʘʮʽʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʽʘʧʘʟʦʥʫ ʚʠʤʨ̔ʫ ʩʪʨʫʤʫ, ʪʦʤʫ ʚʦʥʘ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʟ ʘʚʪʦʤʘʪʠʯʥʦʶ 

ʥʘʩʪʨʦʡʢʦʶ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʫ; 

- ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʚʪʦʪʠʧʥʘ ʢʦʨʝʢʮʽʷ ʰʚʠʜʢʦʩʪʽ ʧʦʣʷʨʠʟʘʮʽʾ 

ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ ʪʘ ʛʨʘʥʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷʨʠʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʪʨʘʪ. 

ʂʦʤʧʝʥʩʘʮʽʷ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʟ ʾʭ ʽʤʧʫʣʴʩʥʦ-ʙʝʟʧʝʨʝʨʚʥʠʤ ʚʠʤʽʨʦʤ ʜʦʙʨʝ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʤʝʪʦʜ, ʘʣʝ ʦʙʤʝʞʝʥʥʷ ʱʦ ʽʩʥʫʶʪʴ ʚ ʥʴʦʤʫ ʥʝ ʜʦʟʚʦʣʷʶʪʴ 

ʡʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʝʷʢʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʢʦʤʧʦʟʠʮʽʡ. ɼʦ 

ʦʙʤʝʞʝʥʴ ʤʝʪʦʜʫ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʥʝʜʦʣʽʢʠ ʤʝʪʦʜʫ, ʩʣʽʜ ʚʽʜʥʝʩʪʠ: 

- ʥʝʦʙʭ̔ʜʥʽʩʪʴ ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʦʾ ʬʘʨʘʜʝʻʚʩʴʢʦʾ ʻʤʥʦʩʪʽ; 

- ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʜʽʾ; 

- ʩʧʨʦʪʠʚ ʬʘʨʘʜʝʻʚʩʴʢʠʭ ʧʨʦʮʝʩʽʚ ʤʘʻ ʙʫʪʠ ʙʽʣʴʰʠʤ ʟʘ ʩʧʨʦʪʠʚ 

ʦʤʽʯʥʠʭ ʚʪʨʘʪ; 
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- ʩʧʨʦʪʠʚ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʤʘʻ ʙʫʪʠ ʦʙʤʝʞʝʥʦ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʝʣʠʢʦʾ ʬʘʨʘʜʝʻʚʩʴʢʦʾ ʻʤʥʦʩʪʽ ʜʣʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʤʝʪʦʜʘ 

ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʧʽʜ ʯʘʩ ʨʦʟʨʠʚʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ (ʚʽʜʢʣʶʯʝʥʥʷ 

ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ) ʝʣʝʢʪʨʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʻʤʥʦʩʪʽ ʧʦʜʚʽʡʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ (ʬʘʨʘʜʝʻʚʩʴʢʘ ʻʤʥʽʩʪʴ). ɿʘʤʘʣʘ 

ʻʤʥʽʩʪʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʩʠʩʪʝʤʘ ʚʠʤ̔ʨʫ ʚʪʨʘʪ ʟʘʚʠʱʫʻ ʾʭ ʦʮʽʥʢʫ, ʮʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʧʨʠʪʘʤʘʥʥʝ ʚʝʣʠʢʦʛʦ ʩʪʨʫʤʫ ʪʘ ʧʝʨʝʚʘʥʪʘʞʝʥʥʶ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ɺ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʮʷ ʻʤʥʽʩʪʴ ʤʘʻ ʙʫʪʠ ʚ ʜʝʢʽʣʴʢʘ ʤʽʢʨʦʬʘʨʘʜ, 

ʟʘ ʫʤʦʚʠ ʦʜʠʥʠʮʽ ʻʤʥʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʝʚʦʛʦ ʝʣʝʢʪʨʦʜʘ 20é50 ʤʢʌ/ʩʤ2. 

ʇʣʦʱʠʥʘ ʝʣʝʢʪʨʦʜʘ ʤʘʻ ʙʫʪʠ ʥʝ ʤʝʥʰ 1 ʩʤ2. ʅʘʷʚʥʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʽʟʦʣʶʶʯʠʭ ʧʦʢʨʠʪʴ (ʧʣʽʚʦʢ), ʱʦ ʟʤʝʥʰʫʶʪʴ ʻʤʥʽʩʪʴ, ʚʠʢʣʶʯʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʘ ʪʘʢʦʞ. 

ʆʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʩʪʦʩʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʠʚʫ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ. ʏʘʩ ʥʘ ʚʠʤ̔ʨ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʨʦʟʽʨʚʘʥʦʾ 

ʷʯʝʡʢʠ ʤʘʻ ʙʫʪʠ ʟʥʘʯʥʦ ʤʝʥʰʠʤ ʥʽʞ ʯʘʩ, ʱʦ ʥʝʦʙʭʽʜʥʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʫ 

ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ ʧʝʚʥʽʡ ʪʦʯʮʽ ʧʨʦʛʨʘʤʠ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ. ʈʘʥʽʰʝ 

ʦʙʛʦʚʦʨʶʚʘʣʦʩʷ, ʱʦ ʯʘʩ ʚʠʤʽʨʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʷʯʝʡʢʠ ʪʘ ʩʪʨʫʤʦʚʦʛʦ 

ʜ̔ʘʧʘʟʦʥʫ. ʆʪʞʝ ʥʝʦʙʭʽʜʥʦ ʟʤʽʥʘ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʫʤʦʚ 

ʝʢʩʧʝʨʠʤʝʥʪʫ (ʩʪʨʫʤʦʚʦʛʦ ʜ̔ ʘʧʘʟʦʥʫ). ɼʽʘʧʘʟʦʥ ʧʝʨʝʨʠʚʘʥʥʷ ʩʪʨʫʤʫ ʣʝʞʠʪʴ ʚ 

ʤʝʞʘʭ 10 ʤʢʩ é 100 ʤʩ, ʪʘʢʠʤ ʯʠʥʦʤ ʟʜʽʡʩʥʶʚʘʪʠ ʨʦʟʛʦʨʪʢʫ ʧʦʪʝʥʮʽʘʣʫ 

ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʟ ʜʦʩʪʘʪʥʴʦ ʤʘʣʦʶ ʰʚʠʜʢʽʩʪʶ ʜʦ 10 ʤɺ/ʩ. 

ʄʦʞʣʠʚ̔ ʩʪ ɹ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʪʘʢʦʞ ʫʥʝʤʦʞʣʠʚʣʝʥʘ ʷʢʱʦ 

ʦʤʽʯʥʝ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʧʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮʽʾ ʥʘ ʨʦʙʦʯʦʤʫ 

ʝʣʝʢʪʨʦʜʽ. ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʦʤʽʯʥʠʡ ʩʧʨʦʪʠʚ ʙʽʣʴʰ ʥʽʞ ʚ 10é20 ʨʘʟʽʚ 

ʧʝʨʝʚʠʫɦʻ ʩʧʨʦʪʠʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʥʦʩʫ ʝʣʝʢʪʨʦʥʘ ʥʘ ʤʝʞʽ ʨʦʙʦʯʠʡ 

ʝʣʝʢʪʨʦʜ-ʨʦʟʯʠʥ, ʚʠʤʽʨ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʚ ʷʯʝʡʮʽ ʻ ʚʝʣʴʤʠ ʥʝʪʦʯʥʠʤʠ, ʱʦ ʨʦʙʠʪʴ 

ʧʦʜʘʣʴʰʫ ʢʦʤʧʝʥʩʘʮʽʶ ʥʝʝʬʝʢʪʠʚʥʦʶ. ʆʪʞʝ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʤʘʻ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʦʙʤʝʞʝʥʥʷ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʧʝʚʥʦʶ ʚʝʣʠʯʠʥʦʶ. ʅʘ ʧʨʘʢʪʠʮʽ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʨ̔ʥʠʭ ʯʠʩʝʣʥɹʠʭ ʜʘʥʠʭ ʱʦʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
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ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ, ʱʦʙ ʩʧʨʦʪʠʚ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʚ ʤʝʞʽ 1/10 ʚʽʜ ʬʘʨʘʜʝʻʚʩʴʢʦʛʦ ʩʧʨʦʪʠʚʫ. 

 

1.1.5 ʂʦʤʧʝʥʩʘʮʽʷ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʟʘ ʨʘʭʫʥʦʢ ʧʦʟʠʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚô̫ ʟʢʫ 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʨʦʟʛʣ̫ʥʫʪʝ ʚʠʱʝ, ʤʝʪʦʜ ʢʦʤʧʝʥʩʘʮʽʾ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʟ ʾʭ 

ʽʤʧʫʣʴʩʥʦ-ʙʝʟʧʝʨʝʨʚʥʠʤ ʚʠʤʽʨʦʤ ʻ ʢʦʨʠʩʥʠʤ, ʢʦʣʠ ʜʦʩʣʽʜʞʫʶʪʴʩʷ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʷʚʠʱʘ ʟ ʧʦʚʽʣʴʥʦʶ ʜʠʥʘʤʽʢʦʶ, ʥʘʧʨʠʢʣʘʜ, ʨʝʘʢʮʽʾ ʢʦʨʦʟʽʾ ʘʙʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʩʪʨʦʾʚ ʟʙʝʨʛ̔ʘʥʥʷ ʝʥʝʨʛʽʾ (ʙʘʪʘʨʝʡ, ʘʢʫʤʫʣʷʪʦʨʚ̔, 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʚ̔). ʊʘ ʻ ʥʝʧʨʠʜʘʪʥʠʤ ʜʣʷ ʰʚʠʜʢʦʧʣʠʥʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʇʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ʚʠʤʽʨʶʚʘʥʴ ʻ ʝʢʩʧʝʨʠʤʝʥʪ ʟ ʰʚʠʜʢʽʩʪʶ ʨʦʟʛʦʨʪʢʠ 1000 ɺ/ʩ 

ʟʘ ʤʝʪʦʜʦʤ ʮʠʢʣʽʯʥʦ ʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ 

ʝʣʝʢʪʨʦʭ̔ʤʯ̔ʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʉʫʪʪ̒ʚʦ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʰʚʠʜʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʜʘʻ ʤʝʪʦʜ 

ʧʦʟʠʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʜʦʣʘʪʠ ʦʙʤʝʞʝʥʥʷ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʤʝʪʦʜʘ.  

ʎʝʡ ʤʝʪʦʜ ʻ ʟʘ ʟʤʽʩʪʦʤ ʚʚʝʜʝʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʜʦ 

ʩʭʝʤʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ʆʩʢ̔ʣʢɹʠ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʘʥʘʣʽʪʠʯʥʠʭ 

ʧʦʪʝʥʮ̔ʦʩʪʘʪ̔ ʚ ʟʜʽʡʩʥʶʻ ʚʠʤʨ̔ ʩʪʨʫʤʫ ʯʝʨʝʟ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʷʯʝʡʢʫ. ɭ 

ʤʦʞʣʠʚʽʩʪʴ ʜʦʜʘʪʠ ʜʦ ʩʠʛʥʘʣʫ ʟʙʫʜʞʝʥʥʷ ʜʦʜʘʪʢʦʚʠʡ ʩʠʛʥʘʣ, ʱʦ ʻ 

ʧʨʦʧʦʨʮʽʡʥʠʤ ʩʪʨʫʤʫ ʯʝʨʝʟ ʷʯʝʡʢʫ, ʪʦʙʪʦ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʦʤʽʯʥʠʤ ʚʪʨʘʪʘʤ. 

ʆʩʢʽʣʴʢʠ ʩʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ ʜʦʜʘʪʢʦʚʦ ʟʙʽʣʴʰʫʻ ʩʠʛʥʘʣ (ʥʘʧʨʫʛʫ) ʧʦʣ̫ ʨʠʟʘʮʽʾ 

ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ, ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ ʥʦʩʠʪʴ ʧʦʟʠʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ. ɿʘ ʫʤʦʚʠ 

ʧʦʩʪʽʡʥʦʩʪʽ ʦʤʽʯʥʦʛʦ ʩʧʨʦʪʠʚʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ, ʮʝʡ ʤʝʪʦʜ ʻ ʜʦʩʪʘʪʥʴʦ 

ʝʬʝʢʪʠʚʥʠʤ. 

ɺʠʢʣʘʜʝʥʠʡ ʧʨʠʥʮʠʧ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʁ ʩʭʝʤʦʶ ʨʠʩ.1.22.  

ʅʘ ʤʘʣʶʥʢʫ ʩʪʨʫʤʦʚʠʡ ʩʠʛʥʘʣ ʟ ʚʠʭʦʜʫ ʯʝʨʝʟ ʤʘʩʰʪʘʙʥʠʡ ʧʽʜʩʠʣʶʚʘʯ 

AD4 ʥʘʜʭʦʜʠʪʴ ʚ ʪʦʯʢʫ ʩʫʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʚ ʢʣʘʩʠʯʥʽʡ ʩʭʝʤʽ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. 

ʎʝ ʪʦʯʢʘ ʩʪʨʫʤʦʚʦʛʦ ʜʦʜʘʚʘʥʥʷ ʩʠʛʥʘʣʫ ʚʽʜ ʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʟʘʜʘʻ ʩʠʛʥʘʣ 

ʟʙʫʜʞʝʥʥʷ, ʩʠʛʥʘʣ ʚʽʜô̒ ʤʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʟ ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥ̫ʥʥʷ, ʪʘ 
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ʩʠʛʥʘʣ ʧʦʟʠʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʢʦʤʧʝʥʩʘʮʽʾ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʚ ʷʯʝʡʮʽ. 

ɼʣʷ ʩʫʤʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʻʜʥʘʥʥʷ ʨʝʟʠʩʪʦʨʽʚ ʟʽʨʢʦʶ ʦʜʥʘʢʦʚʦʾ 

ʚʝʣʠʯʠʥʠ R. ɺʽʜʧʦʚʽʜʥʦ ʤʘʩʰʪʘʙʫʶʯʠʡ ʧʽʜʩʠʣʶʚʘʯ ʧʦʟʠʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚô̫ ʟʢʫ ʤʘʻ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʠ ʟʘ ʥʘʧʨʫʛʦʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ  

Rfb2 / (Rfb1+Rfb2), ʚʨʘʭʦʚʫʶʯʠ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʨʫʤʫ ʜʦ ʥʘʧʨʫʛʠ, 

ʚʽʜʧʦʚʽʜʥʦ ʟʥʘʯʝʥʥʷ ʨʝʟʠʩʪʦʨʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʤʽʯʥʠʤ ʚʪʨʘʪʘʤ ʚ ʩʭʝʤʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ [Rfb2 / (Rfb1+Rfb2)]Rcv. ʊʦʙʪʦ ʚʠʭʦʜʷʯʠ ʟ ʩʪʨʫʤʦʚʦʛʦ 

ʜʘ̔ʧʘʟʦʥʫ ʚʠʤʽʨʫ ʥʝʦʙʭʽʜʥʝ ʚʽʜʧʦʚʽʜʥʝ ʟʘʚʜʘʥʥʷ ʤʘʩʰʪʘʙʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʜʣʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ʆʩʢʽʣʴʢʠ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʦʮʠʬʨʦʚʫʻʪʴʩʷ, 

ʟʥʘʯʥʦ ʛʥʫʯʢʽʰʘ ʩʭʝʤʘ ʚʠʭʦʜʠʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʱʦ ʟʘʜʘʻ ʩʠʛʥʘʣ ʢʦʨʝʢʮʾ̔ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷ ʚʠʤʽʨʷʥʦʛʦ 

ʩʪʨʫʤʫ ʯʝʨʝʟ ʷʯʝʡʢʫ. ʋ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʫ 

ʩʠʛʥʘʣʫ ʤʦʞʣʠʚʝ ʟʘʜʽʷʪʠ ʧʨʦʛʨʘʤʥʫ ʢʦʨʝʢʮʽʶ ʢʦʜʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʎɸʇ 

ʛʝʥʝʨʘʪʦʨʘ ʩʠʛʥʘʣʫ ʟʙʫʜʞʝʥʥʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʤʽʯʥʠʭ ʚʪʨʘʪ.  

 

 

ʈʠʩʫʥʦʢ 1.22 ï ʇʦʪʝʥʮ̔ʦʩʪʘʪ ʟ ʧʦʟʠʪʠʚʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚô̫ ʟʢʦʤ  

 

ɼʦ ʧʝʨʝʚʘʛ ʮʴʦʛʦ ʤʝʪʦʜʫ ʢʦʤʧʝʥʩʘʮʽʾ ʩʣʽʜ ʚʽʜʥʝʩʪʠ: 
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- ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚ ʰʠʨʦʢʦʤʫ ʯʘʩʪʦʪʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ (ʪʦʙʪʦ ʜʣ ̫ ʜʦʩʪʘʪʥʴʦ ʰʚʠʜʢʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʘʣʝ ʥʝ 

ʥʘʜʰʚʠʜʢʦʛʦ. ʎʶ ʧʨʦʙʣʝʤʫ ʙʫʜʝ ʦʙʛʦʚʦʨʝʥʦ ʚ ʥʘʩʪʫʧʥ̔ʡ ʛʣʘʚʽ 2.2) 

- ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʨʝʢʮʽʷ ʷʢ ʤʝʞʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷʨʠʟʘʮʽʾ 

ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ, ʪʘʢ ʽ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷʨʠʟʘʮʽʾ 

ʧʨʦʪʠʝʣʝʢʪʨʦʜʫ.  

ʅʝʜʦʣʽʢʘʤʠ ʤʝʪʦʜʘ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʻ:  

- ʥʝʦʙʭʽʜʥʽʩʪɹ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʦʤʽʯʥʠʭ ʚʪʨʘʪ; 

- ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʧʦʤʠʣʢʠ ʢʦʤʧʝʥʩʘʮʽʾ ʚ ʥʘʩʣʽʜʦʢ ʟʤʽʥʠ 

ʨʝʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʧʽʜʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ; 

- ʟʤʽʥʘ ʪʦʢʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʫ ʧʽʜʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʪʨʝʙʫʻ 

ʚʜ̔ʧʦʚʽʜʥʦʾ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ 

ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʩʧʨʦʪʠʚʫ, ʱʦ ʢʦʤʧʝʥʩʫʻʪʴʩʷ; 

- ʧʦʟʠʪʠʚʥʠʡ ʟʚô̫ ʟʦʢ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʦʩʮʠʣʷʮʽʡ ʚ ʧʦʪʝʥʮʽʦʩʪʘʪʽ. 

ʆʩʪʘʥʥʻ ʻ ʧʨʠʥʮʠʧʦʚʠʤ ʬʘʢʪʨʦʤ, ʱʦ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʢʦʤʧʝʥʩʘʮʽʾ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʚ ʥʘʜʰʚʠʜʢʦʤʫ 

ʧʦʪʝʥʮʽʦʩʪʘʪʽ.  

 

1.2 ʂʦʥʮʝʧʮʽʷ ʥʘʜhʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ 

ɿʙ̔ʣʴʰʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʮʝ ʥʝ ʪʽʣʴʢʠ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʦʚʦʾ 

ʨʦʟʜʽʣʴʥʦʾʟʜʘʪʥʦʩʪʽ, ʟʘ ʨʘʭʫʥʦʢ ʯʘʩʦʚʠʭ ʦʙʤʝʞʝʥʴ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʜʦʜʘʪʢʦʚʝ ʧʨʦʩʪʦʨʦʚʝ ʦʙʤʝʞʝʥʥʷ ʪʦʛʦ 

ʦʙô̒ ʤʫ ʨʦʟʯʠʥʫ, ʦɦ ʙʫʜʝ ʟʘʣʫʯʝʥʦ ʚ ʧʨʦʮʝʩ ʝʣʝʢʪʨʦʣʽʟʫ. ʆʩʢʽʣʴʢʠ ʟʤʝʥʰʝʥʥʷ 

ʯʘʩʫ ʝʣʝʢʪʨʦʣʽʟʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʰʘʨʫ ʜʠʬʫʟʽʾ ʨʝʯʦʚʠʥʠ, ʚʠʭʽʜ ʥʘ 

ʤʽʢʨʦʩʝʢʫʥʜʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʤʝʥʰʫʻ ʦʙô̒ ʤ ʨʝʯʦʚʠʥʠ, ʱʦ ʟʘʣʫʯʝʥʘ ʜʦ 

ʝʣʝʢʪʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʰʘʨʦʤ ʚ ʜʝʢʽʣʢɹʘ ʥʘʥʦʤʝʪʨʽʚ. (ʙ̔ʣʴh ʜʝʪʘʣʴʥʦ ʜʠʚ. ʧ. 6.)  

ɿʨʦʩʪʘʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ ʦʙʣʘʩʪʽ ʘʥʘʣʽʟʫ ʦʢʨʝʤʠʭ ʤʦʣʝʢʫʣ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘʥʦʤʘʪʝʨʘ̔ʣ̔ʚ ʚ ʝʣʝʢʪʨʦʭʽʤʽʾ, ʜʦʩʣʽʜʞʝʥʴ ʧʣʽʚʦʢ, ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ 
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ʜʦʩʣʽʜʞʝʥʴ ʢʘʪʘʣʽʪʠʯʥʠʭ ʨʝʘʢʮʽʡ, ʚʩʝ ʮʝ ʩʪʠʤʫʣʶʻ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ 

ʩʧʨʷʤʦʚʘʥ̔ ʥʘ ʟʙ̔ ʣʴʰʝʥʥʷ ʰʚʠʜʢ̔ʩʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. 

1.2.1 ɸʥʘʣʽʟ ʨʦʙʽʪ ʽʥʰʠʭ ʘʚʪʦʨʽʚ 

ʇʦʪʝʥʮʽʦʩʪʘʪ ʧʨʠʣʘʜ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧʝʥʩʘʮʽʾ ʦʤʽʯʥʦʛʦ ʧʘʜʽʥʥʷ 

ʥʘʧʨʫʛʠ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʷʯʝʡʮʽ (ʩʝʥʩʦʨʽ) ʪʘ/ʘʙʦ ʚʠʤʽʨʥʦʤʫ ʪʨʘʢʪʽ 

ʝʣʝʢʪʨʠʯʥʦʾ ʩʭʝʤʠ, ʪʘ ʟʜʽʡʩʥʝʥʥʷ ʧʦʣʷʨʠʟʘʮ̔ ʾ ʝʣʝʢʪʨʦʜʚ̔ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ 

ʷʯʝʡʢʠ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʘʡʧʨʦʩʪʽʡʰʦʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ ʥʝʦʙʭʽʜʥʦ ʜʚʘ 

ʝʣʝʢʪʨʦʜʠ ʨʦʟʜʽʣʝʥʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ (ʯʘʩʪʽʰ ʟʘ ʚʩʝ ʨʦʟʯʠʥʦʤ) 

ʟ ʥʦʩʽʷʤʠ ʟʘʨʷʜʽʚ ï ʽʦʥʘʤʠ. ʂʦʞʥʠʡ ʟ ʝʣʝʢʪʨʦʜʽʚ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʥʘʧʽʚʝʣʝʤʝʥʪ, ʪʘ ʚʽʜʦʢʨʝʤʠʪʠ ʧʨʦʮʝʩʠ ʥʘ ʥʠʭ ʦʜʠʥ ʚʽʜ ʜʨʫʛʦʛʦ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʩʧʨʷʤʫʚʘʪʠ ʥʘ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʪʽʣʴʢʠ ʥʘ ʦʜʥʦʤʫ 

ʝʣʝʢʪʨʦʜʽ (ʱʦ ʟʚʝʪʴʩʷ ʨʦʙʦʯʠʤ ʝʣʝʢʪʨʦʜʦʤ), ʽʥʰʠʡ ʝʣʝʢʪʨʦʜ (ʜʦʧʦʤʽʞʥʠʡ) ʪʘ 

ʧʨʦʮʝʩʠ ʥʘ ʥʦɹʤʫ ʚʠʢʣʶʯʠʪʠ ʟ ʨʦʟʛʣʷʜʫ. ɺ ʝʣʝʢʪʨʦʭ̔ʤ̔ ʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʭ̫ 

ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʟʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʪʨʫʤʫ ʚʽʜ ʧʦʪʝʥʮʽʘʣʫ, ʱʦ 

ʨʝʘʣ̔ʟʦʚʘʥʦ ʥʘ ʤʝʞʽ ʤʽʞ ʨʦʙʦʯʠʤ ʝʣʝʢʪʨʦʜʦʤ ʪʘ ʨʦʟʯʠʥʦʤ. ʇʨʦʙʣʝʤʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʤʽʨʫ ʧʦʪʝʥʮʽʘʣʫ ʟʟʦʚʥʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ 

ʯ̫ʝʡʢʠ. ʆʪʞʝ ʜʣʷ ʚʠʨʽʝhʥʥ̫  ʧʨʦʙʣʝʤʠ ʚʠʤ̔ʨʫ ʧʦʪʝʥʮʽʘʣʫ ʤʽʞ ʩʝʨʝʜʦʚʠʱʝʤ 

(ʝʣʝʢʪʨʦʣʽʪʦʤ) ʪʘ ʨʦʙʦʯʠʤ ʝʣʝʢʪʨʦʜʦʤ ʚ ʘʥʘʣʽʪʠʯʥʡ̔ ʝʣʝʢʪʨʦʭʽʤʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʨʴʦʭʝʣʝʢʪʨʦʜʥʘ ʷʯʝʡʢʘ. ʊʨʝʪʽʡ ʝʣʝʢʪʨʦʜ ʻ ʝʣʝʢʪʨʦʜʦʤ 

ʧʦʨʽʚʥʷʥʥʷ, ʧʦʪʝʥʮʽʘʣ ʷʢʦʛʦ ʻ ʥʝʟʤʽʥʥʠʤ ʫ ʥʘʩʣʽʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʧʦʣʷʨʠʟʫ̒ʤʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʪʦʙʪʦ ʷʢʦʤʫ ʧʨʠʪʘʤʘʥʥʠʡ ʧʝʚʥʠʡ ʧʦʪʝʥʮʽʘʣ ʫ 

ʩʝʨʝʜʦʚʠʱʽ ʟʘ ʨʘʭʫʥʦʢ ʦʙʦʨʦʪʥʦʾ ʝʣʝʢʪʨʦʭʽʤʯ̔ʥʦʾ ʨʝʘʢʮʽʾ ʥʘ ʥʴʦʤʫ. ɼʣʷ 

ʟʤʝʥʰʝʥʥʷ ʟʤʽʥʠ ʧʦʪʝʥʮʽʘʣʫ ʚʥʘʩʣʽʜʦʢ ʡʦʛʦ ʚʠʤʽʨʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʙʤʝʞʝʥʥʷ 

ʩʪʨʫʤʫ ʯʝʨʝʟ ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ, ʱʦʙ ʥʝ ʟʤʽʥʶʚʘʪʠ ʪʝʨʤʦʜʠʥʘʤ̔ ʯʥʠʡ 

ʙʘʣʘʥʩ ʦʙʦʨʦʪʥʦ ʾʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ. ʈʦʟʤʽʱʫʶʯʠ ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ 

ʜʦʩʪʘʪʥʴʦ ʙʣʠʟʴʢʦ ʜʦ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʫ, ʤʦʞʣʠʚʘ ʢʦʤʧʝʥʩʘʮʽʷ ʧʘʜʽʥʥʷ 

ʥʘʧʨʫʛʠ ʥʘ ʤʝʞʽ ʜʦʧʦʤ̔ʞʥʠʡ ʝʣʝʢʪʨʦʜ/ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʧʘʜʽʥʥ̫ ʥʘʧʨʫʛʠ ʥʘ 

ʦʤʽʯʥʦʤʫ ʦʧʦʨʽ ʩʝʨʝʜʦʚʠʱʘ ʤʽʞ ʜʦʧʦʤʽʞʥʠʤ ʝʣʝʢʪʨʦʜʦʤ ʪʘ ʝʣʝʢʪʨʦʜʦʤ 

ʧʦʨʽʚʥʷʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʣʠʚʝ ʢʝʨʫʚʘʥʥʷ ʟʟʦʚʥʽ ʧʦʪʝʥʮʽʘʣʦʤ ʥʘ 

ʽʥʪʝʨʬʝʡʩʽ ʨʦʟʯʠʥ/ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ, ʟʤʽʥʶʶʯʠ ʧʦʪʝʥʮʽʘʣ ʧʨʠʢʣʘʜʝʥʠʡ ʤʽʞ 
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ʜʦʧʦʤʽʞʥʠʤ ʪʘ ʨʦʙʦʯʠʤ ʝʣʝʢʪʨʦʜʘʤʠ, ʚʠʤʽʨʶʶʯʠ ʧʦʪʝʥʮʽʘʣ ʝʣʝʢʪʨʦʜʘ 

ʧʦʨ̔ʚʥʷʥʥʷ, ʪʘ ʟʜʽʡʩʥʶʁʯʠ ʚ̔ʜʧʦʚʽʜʥʫ ʢʦʨʝʢʮʽʁ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷʨʠʟʘʮʽʾ. 

ʉʭʝʤʠ ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ, ʱʦ ʯʘʩʪʽʰ ʟʘ ʚʩʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʢʦʤʝʨʮʽʡʥʠʭ ʧʨʠʣʘʜʽʚ ʙʘʟʫʶʪʴʩʷ ʥʘ ʩʭʝʤʽ, ʱʦ ʥʘʚʝʜʝʥʦ, ʥʘʧʨʠʢʣʘʜ ʚ ʨʦʙʦʪʘʭ 

[66-68], ̫ ʢʫ ʚʟʷʪʦ ʟʘ ʧʨʦʪʦʪʠʧ. 

ɹʘʟʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʥʘʚʝʜʝʥʦ ʾʩʭʝʤʠ :̒ ʢʘʩʢʘʜ, ʱʦ ʟʘʜʘʻ ʧʦʪʝʥʮʘ̔ʣ 

ʧʦʣʨ̫ʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʯ̫ʝʡʢʠ; ʧʦʚʪʦʨʶʚʘʯ ʥʘʧʨʫʛʠ; ʝʣʝʢʪʨʦʭʽʤʽʯʥʘ 

ʷʯʝʡʢʘ, ʱʦ ʤʽʩʪʠʪʴ ʨʦʙʦʯʠʡ, ʜʦʧʦʤʽʞʥʠʡ ʝʣʝʢʪʨʦʜʠ ʪʘ ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ; 

ʧʝʨʝʪʚʦʨʶʚʘʯ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ; ʣʘʥʮʶʛ ʧʦʟʠʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮ̔ʾ  ʦʤʽʯʥʦʛʦ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʚ ʷʯʝʡʮʽ.  

ʇʦʚʪʦʨʶʚʘʯ ʥʘʧʨʫʛʠ ʟʜʽʡʩʥʶʻ ʚʠʤʨ̔ ʨ̔ ʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʘ 

ʝʣʝʢʪʨʦʜʽ ʧʦʨʽʚʥʷʥʥʷ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʷʯʝʡʮʽ. ʎʝʡ ʩʠʛʥʘʣ ʜʦʜʘʻʪʴʩʷ ʜʦ 

ʩʠʛʥʘʣʫ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷʨʠʟʘʮʽʾ ʧʨʦʪʠ ʝʣʝʢʪʨʦʜʘ. ɼʦ ʥʠʭ ʜʦʜʘʻʪʴʩʷ 

ʩʠʛʥʘʣ ʢʦʤʧʝʥʩʘʮʽʾ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʣʘʥʮʶʛʦʤ ʧʦʟʠʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ. 

ʉʠʛʥʘʣ ʜʦ ʦʩʪʘʥʥʴʦʛʦ ʥʘʜʭʦʜʠʪʴ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ. ʉʫʤʘ ʮʠʭ 

ʩʠʛʥʘʣʽʚ ʻ ʚʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʢʝʨʫʚʘʥʥʷ ʢʘʩʢʘʜʦʤ, ʱʦ ʟʘʜʘʻ ʧʦʪʝʥʮʽʘʣ 

ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ. 

ʅʝʜʦʣʽʢʦʤ ʮʽʻʾ ʩʭʝʤʠ ʻ ʥʠʟʴʢʘ ʰʚʠʜʢʦʜʽ.̫ ʎʝ ʟʫʤʦʚʣʝʥʦ ʜʝʢʽʣʴʢʦʤʘ 

ʬʘʢʪʦʨʘʤʠ. ʇʦ-ʧʝʨʰʝ, ʚʝʣʠʢʠʡ ʦʧ̔ʨ ʝʣʝʢʪʨʦʜʫ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʥʘʷʚʥʽʩʪ ɹ

ʧʘʨʘʟʠʪʥʠʭ ʻʤʥʦʩʪʝʡ ʚ ʣʘʥʮʶʟʽ ʚʠʤʽʨʫ ʨ̔ ʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʝʣʝʢʪʨʦʜʽ 

ʧʦʨʽʚʥʷʥʥʷ ʦʙʫʤʦʚʣʶʶʪʴ ʚʝʣʠʢʫ ʩʪʘʣʫ ʯʘʩʫ ʜʣʷ ʮʴʦʛʦ ʢʘʥʘʣʫ. ʄʘʣʠʡ ʩʪʨʫʤ 

ʯʝʨʝʟ ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʥʘʷʚʥʽʩʪʴ ʟʦʚʥʽʰʥʽʭ ʟʘʚʘʜ ʫʥʝʤʦʞʣʠʚʣʶʪʁ ɹ

ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʟ ʚʠʩʦʢʦ  ʁʰʚʠʜʢʦʜʽʻʶ. ʆʩʢʽʣʴʢʠ 

ʜʣʷ ʢʘʩʢʘʜʘ, ʱʦ ʟʘʜʘʻ ʧʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ 

ʥʝʛʘʪʠʚʥʠʡ ʟʚʦʨʦʪʥʽʡ ʟʚô̫ʟʦʢ ʨʝʘʣʽʟʦʚʘʥʦ ʯʝʨʝʟ ʢʘʥʘʣ ʚʠʤʽʨʫ ʨʽʚʥʦʚʘʞʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ, ʚʽʥ ʻ ʚʝʣʴʤʠ ʧʦʚʽʣʴʥʠʤ. ɼʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʙʫʜʞʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʩʭʝʤʠ ʧʦʪʝʥʮʦ̔ʩʪʘʪʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʘʩʪʦʪʥʝ ʦʙʤʝʞʝʥʥʷ 

ʧʜ̔ʩʠʣʝʥʥʷ ʢʘʩʢʘʜʫ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ. ʊʘʢʠʤ ʯʠʥʦʤ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ 

ʬʫʥʢʮʽʷ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʥʝ ʧʽʜʪʨʠʤʫʻʪʴʩʷ, ʦɦ ʧʝʨʝʰʢʦʜʞʘʻ ʧʨʦʚʦʜʠʪʠ 

ʧʦʣʷʨʠʟʘʮʽʶ ʝʣʝʢʪʨʦʜʽʚ ʟ ʚʠʩʦʢʦʶ ʚhʠʜʢʽʩʪʶ.  
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ʆʢʨʽʤ ʮʴʦʛʦ, ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʤʧʝʥʩʘʮʽʾ ʦʤʽʯʥʦʛʦ 

ʦʧʦʨʫ ʨʦʟʯʠʥʫ ʷʯʝʡʢʠ. ʈʦʟʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʜʫ ʧʦʨʽʚʥʷʥʥʷ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ 

ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʫ ʥʝ ʟʘʚʞʜʠ ʤʦʞʣʠʚʦ, ʘʙʦ ʫʩʢʣʘʜʥʝʥʦ, 

ʥʘʧʨʠʢʣʘʜ, ʤʽʥʽʘʪʶʨʠʟʘʮʽʻʶ ʝʣʝʢʪʨʦʜʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ. 

ʆʪʞʝ ʟʘʣʠʰʘʻʪʴʩʷ ʯʘʩʪʠʥʘ ʥʝ ʩʢʦʤʧʝʥʩʦʚʘʥʦʛʦ ʦʤʽʯʥʦʛʦ ʦʧʦʨʫ ʚ ʨʦʟʯʠʥʽ ʤʽʞ 

ʝʣʝʢʪʨʦʜʦʤ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʨʦʙʦʯʠʤ ʝʣʝʢʪʨʦʜʦʤ ʽ ʚ ʢʣʘʩʠʯʥ̔ʡ ʩʭʝʤʽ.  

ʇʨʦʙʣʝʤʘ ʢʦʤʧʝʥʩʘʮʽʾ ʦʤʽʯʥʦʛʦ ʧʘʜʽʥʥ̫  ʥʘʧʨʫʛʠ ʚ ʷʯʝʡʮʽ ʚʠʨʽʰʫ̒ ʪʴʩʷ ʚ 

ʢʦʤʝʨʮʽʡʥʠʭ ʧʦʪʝʥʮʦ̔ʩʪʘʪʘʭ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʧʦʟʠʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚô̫ ʟʢʫ ʤʽʞ ʢʘʩʢʘʜʦʤ ʚʠʤʽʨʫ ʩʪʨʫʤʫ ʪʘ ʢʘʩʢʘʜʦʤ, ʱʦ ʟʘʜʘʻ ʧʦʪʝʥʮʽʘʣ. ʅʘ 

ʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭ̔ ʤʽʯʥʦʾ 

ʷʯʝʡʢʠ ʮʝʡ ʤ̔ʞʢʘʩʢʘʜʥʠʡ ʟʚʦʨʦʪʥʽʡ ʟʚô̫ ʟʦʢ ʤʦʞʝ ʧʝʨʝʚʘʞʘʪʠ ʥʘʜ ʟʚʦʨʦʪʥʤ̔ 

ʟʚô̫ ʟʢʦʤ ʢʘʥʘʣʫ ʚʠʤʽʨʫ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʪʘ ʙʫʪʠ ʜʦʜʘʪʢʦʚʠʤ 

ʜʞʝʨʝʣʦʤ ʟʙʫʜʞʝʥʥʷ ʩʭʝʤʠ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʻ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʆʜʥʽʻʶ ʟ ʮʝʥʪʨʘʣɹʥʠʭ ʧʨʦʙʣʝʤ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʥʘʜʰʚʠʜʢʦʛʦ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ ̒ ʧʨʦʙʣʝʤʘ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʚʽʜʛʫʢʫ ʧʨʠʣʘʜʫ ʟ̔ ʟʙʝʨʝʞʝʥʥʷʤ 

ʯʫʪʣʠʚʦʩʪʽ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʥʷʭ. ʊʘʢ ʘʚʪʦʨ [69] ʩʪʚʝʨʜʞʫʻ, 

"ʟʜʘʪʥʽʩʪʴ ʜʦ ʚʠʤʽʨʶʚʘʥʥʷ ʥɸ ʪʘ ʧɸ ʩʪʨʫʤʽʚ ʚ ʥʘʥʦʩʝʢʫʥʜʥʠʭ ʯʘʩʦʚʠʭ 

ʤʘʩʰʪʘʙʘʭ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʙʣʝʤʦʶ". ʎʝ ʧʨʦʙʣʝʤʘ ʪʨʘʜʠʮʽʡʥʘ ʜʣʷ ʥ̔ʞʝʥʝʨʽʚ, 

ʪʘ ʧʦʣʷʛʘʻ ʫ ʦʜʥʦʯʘʩʥʦʤʫ ʟʥʠʞʝʥʥ̔ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʨʫʤʫ ʪʘ ʯʘʩʫ 

ʚʽʜʛʫʢʫ, ʪʦʙʪʦ ʟʙʽʣʴʰʝʥʥʷ ʯʫʪʣʠʚʦʩʪ̔ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʟ ʨʦʟhʠʨʝʥʥʤ̫ ʩʤʫʛʠ 

ʡʦʛʦ ʧʨʦʧʫʩʢʘʥʥʷ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ. ʑʦʙ ʟʨʦʟʫʤ̔ ʪʠ ʮʶ ʧʨʦʙʣʝʤʫ 

ʧʦʪʨʽʙʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʘʥʘʣʽʟʫʚʘʪʠ ʩʫʪʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ʦʪʞʝ i = 

dQ / dt [64]. ʊʫʪ ʤʘʪʝʤʘʪʠʯʥʠʡ ʚʠʨʘʟ dt ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʫ ʚʠʤʽʨʶʚʘʥʥʷ, dQ ʻ 

ʢʽʣʴʢʽʩʪʴ ʟʘʨʷʜʫ, ɦ ʦ ʜʦʩʪʫʧʥʘ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʘʥʘʣʽʪʠʯʥʠʡ ʩʠʛʥʘʣ, ʪʦʙʪʦ ʩʪʨʫʤʫ 

i. ʇʽʜʚʠʱʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʩʠʛʥʘʣʫ ʚʽʜʧʦʚʽʜʘʻ ʟʥʠʞʝʥʥ ʁ ʯʘʩʫ 

ʚʠʤʽʨʶʚʘʥʥʷ dt ʜʣʷ ʧʦʪʝʥʮʽʦʩʪʘʪʘ, ʘ ʦʪʞʝ ʽ ʢʽʣʴʢʦʩʪʽ ʟʘʨʷʜʽʚ. ɼʣʷ ʟʙʝʨʝʞʝʥʥʷ 

ʧʦʪʦʯʥʦ ʾ ʯʫʪʣʠʚʦʩʪ̔ ʥʝʦʙʭʽʜʥʝ ʟʥʠʞʝʥʥʷ ʤʝʞʽ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʫ, ʷʢʝ 

ʦʙʤʝʞʝʥʝ ʪʝʭʥʦʣʦʛʽʻʶ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʗʢ ʧʨʠʢʣʘʜ ʮʽʻʾ ʧʨʦʙʣʝʤʠ 

ʨʦʟʛʣʷʥʝʤʦ ʩʫʯʘʩʥʠʡ ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ LMP7721 ʚʽʜ ʢʦʤʧʘʥʽʾ Texas 

Instrument, ʷʢʠʡ ʤʘ ̒ʪʠʧʦʚʠʡ ʩʪʨʫʤ ʟʤʽʱʝʥʥʷ ʚʭʦʜʫ 3 ʬɸ, ʪʘ ʥʘʚʝʜʝʥʠʡ ʜʦ 
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ʚʭʦʜʫ ʰʫʤ ʩʪʨʫʤʫ 0,01 ʧɸ / ɻʮ-1/2 [71]. ʗʢɦʦ ʟʘʜʘʪʠʩʷ ʨʽʚʥʝʤ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

10 ʬɸ (ʱʦ ʪʽʣʴʢʠ ʚʪʨʠʯʽ ʙʣ̔ʴʰʝ ʰʫʤʽ ʥʘ ʚʭʦʜʽ) ʤʠ ʤʘʻʤʦ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʩ̔ʪɹ 

(ʰʚʠʜʢʦʜʽ ʁ ʚʠʤʽʨʶʚʘʥʴ) ʚ 1 ɻʮ, ʪʦʙʪʦ ʯʘʩʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʢʣʘʜʘʻ 1 ʩʝʢ, ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʝʤ, 

ʚʝʣʠʢʝ, ʧʦʥʘʜ 6000 ʝʣʝʢʪʨʦʥʽʚ. ʌʽʟʠʯʥʘ ʤʝʞʘ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʙʽʣʴʰʝ, ʥʽʞ ʨʽʚʝʥʴ ʨʝʻʩʪʨʘʮʽ ̫ ʦʜʥʦʛʦ ʝʣʝʢʪʨʦʥʘ ʜʣ̫  ʨʝʘʣʴʥʦʾ ʩʭʝʤʠ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ɽʣʝʢʪʨʦʥʥ ̔ ʢʦʤʧʦʥʝʥʪʠ, ʜʨʦʪʠ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ, ʨʝʟʠʩʪʦʨʽʚ ʪʘ ʽʥʰʽ ʝʣʝʢʪʨʦʥʥʽ ʢʦʤʧʦʥʝʥʪʠ ʤʘʶʪʴ ʰʫʤʠ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʝʥʴ ʚʠʷʚʣʝʥʥʷ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʣʘʥʮʶʟʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ. 

ɿʥʠʞʝʥʥʷ ʮɹʦʛʦ ʨʽʚʥʷ ʜʦ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ. 

ɿ ʥ̔ ʦhʛʦ ʙʦʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʚʠʤʽʨʫ ʪʘ ʩʫʯʘʩʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʧʦʜʦʣʘʪʠ ʦʙʤʝʞʫʶʯʽ 

ʬʘʢʪʦʨʠ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʾ ʢʣʘʩʠʯʥʠʭ ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ ʟ 

ʤʝʪʦʁ  ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʚʽʜʛʫʢʫ ʜʦ ʥʘʥʦʩʝʢʫʥʜʥʦʛʦ ʨʽʚʥʷ 

ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ, ʷʢʽ ʤʠ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʪʠ ʟ ʢʦʤʝʨʮʽʡʥʠʤʠ 

ʦʧʝʨʘʮʽʡʥʠʤʠ ʧʽʜʩʠʣʁ ʚʘʯʘʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʦʙʫʜʫʚʘʪʠ ʥʘʜhʚʠʜʢʦʛʦ ʧʦʪʝʥʮʦ̔ʩʪʘʪʘ ʪʘ 

ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʣʠ ʨʦʟʛʣ̫ʥʫʪʽ ʚ ʨʽʟʥʠʭ ʩʪʘʪʪʷʭ [72-90]. ʊʝʦʨʝʪʠʯʥʦʶ 

ʦʩʥʦʚʦʶ ʝʣʝʢʪʨʦʭʽʤʽʾ  ʚ hʚʠʜʢʠʭ ʨʝʞʠʤʘʭ ʧʦʣʷʨʠʟʘʮʽʾ ʜʦʩʣʽʜʞʝʥʦ ʍ. ɸʤʘʪʦʨʝ 

ʽ ʩʧʽʚʘʚʪʦʨʘʤʠ [91]. ʈʦʟʫʤʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʠʪʠ ʚ [92-94]. 

ʉʭʝʤʫ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ, ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʨʦʙʦʪʽ [77] ʪʘ 

[78], ʜʝ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ, ʧʨʠʥʮʠʧ ʢʦʤʧʝʥʩʘʮʽʾ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʚ ʟʘʟʥʘʯʝʥʽʡ 

ʩʭʝʤ̔. ʅʝʜʦʣʽʢʘʤʠ ʮʽʻʾ ʩʭʝʤʠ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʾʾ ʙʫʜʦʚʠ, ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ ʥʘʷʚʥʽʩʪʴ ʙʘʛʘʪʴʦʭ ʤʽʞʢʘʩʢʘʜʥʠʭ ʟʚô̫ ʟʢʽʚ, ʷʢʽ ʧʦʪʨʝʙʫʁ ʪʴ 

ʫʟʛʦʜʞʝʥʥʷ, ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʫʪʚʦʨʶʶʪʴ ʫʤʦʚʠ ʜʣ̫ ʚʠʥʠʢʥʝʥʥʷ ʦʩʮʠʣʷʮʽʡ ʪʘ 

ʥʝʩʪʘʙʽʣɹʥʦʾ ʨʦʙʦʪʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ɺ ʩʭʝʤʽ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦ̒ʜʥʘʥʥʷ ʚʠʭʦʜʽʚ 

ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ ʪʘ ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥʷʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤ̒ʥʦʩʪʽ, 

ʱʦ ʚʥʦʩʠʪʴ ʜʦʜʘʪʢʦʚʝ ʻʤʥʽʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʩʭʝʤʫ. ʆʩʪʘʥʥʻ ʻ ʥʝʙʘʞʘʥʠʤ 

ʜʣʷ ʥʦʨʤʘʣʥɹʦʾ  ʨʦʙʦʪʠ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʢʘʩʢʘʜʫ, ʱʦ ʟʘʜʘʻ ʧʦʪʝʥʮʽʘʣ 

ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʤ̔̔ ʯʥʦʾ ̫ ʯʝʡʢʠ. ʊʘʢʦʞ, ʧʦʟʠʪʠʚʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ, ʱʦ 



97 

ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʩʭʝʤʽ, ʦʭʦʧʣʶʻ ʜʚʘ ʢʘʩʢʘʜʠ ï ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʪʘ 

ʢʘʩʢʘʜ, ʱʦ ʟʘʜʘʻ ʧʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʦʪʝʥʮʽʦʩʪʘʪ ʧʦʪʨʝʙʫʻ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʦʾ ʥʘʩʪʨʦʡʢʠ ʮʠʭ ʣʘʥʮʶʛʽʚ ʜʣʷ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʦʩʮʠʣʷʮʽʡ ʚ ʨʦʙʦʪʽ. ʎʽ ʥʝʜʦʣʽʢʠ ʙʫʣʦ ʫʩʫʥʝʥʦ ʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʩʭʝʤʽ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʫ. 

 

ʂʦʤʝʨʮʽʡʥʽ ʧʦʪʝʥʮʽʦʩʪʘʪʠ ʤʘʶʪʴ ʤʦʞʣʠʚʦʩʪ̔ ʜʣʷ ʩʪʘʙʽʣʴʥʦʾ  ʨʦʙʦʪʠ ʟ 

ʨʽʟʥʠʤʠ ̫ ʯʝʡʢʘʤʠ ʪʘ ʩʠʩʪʝʤʘʤʠ ʝʣʝʢʪʨʦʜʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʚʦʥʠ ʤʘʶʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʜʦʟʚʦʣ̫ ʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʽʚ ʟ ʥʠʟʴʢʦʶ ʯʘʩʦʚʦʶ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ. ɺ ʜʝʷʢʠʭ ʟ ʥʠʭ ʨʝʘʣʽʟʫʻʪʴʩʷ ʢʦʤʧʝʥʩʘʮʽʷ ʦʤʽʯʥʦʛʦ 

ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʤʽʨʫ ʩʪʨʫʤʫ ʨʦʟʨʷʜʫ ʧʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʨʦʟʨʠʚʫ 

ʫ ʚʠʤʽʨʥʠʭ ʣʘʥʮʶʛʘʭ. ʊʘʢʠʤ ʯʠʥʦʤ ʢʦʤʧʝʥʩʘʮʽʷ ʦʤʽʯʥʦʛʦ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ 

ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʫ ʰʚʠʜʢʽʩʪʴ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʜʘ, ʘ ʦʪʞʝ ʚʧʣʠʚʘʻ ʥʘ 

ʰʠʨʠʥʫ ʧʦʣʦʩʠ ʧʨʦʧʫʩʢʘʥʥʷ.  

ɿʚʦʨʦʪʥʽʡ ʟʚô̫ ʟʦʢ ʣʘʥʮʶʛʘ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʨʫʤʫ ʪʘʢʦʞ ʦʙʤʝʞʫ ̒ʰʠʨʠʥʫ 

ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ɯʥhʠʤ ʢʣʘʩʠʯʥʠʤ ʨʽʰʝʥʥʷʤ ʢʦʤʧʝʥʩʘʮʽ ʾ

ʦʤʽʯʥʦʛʦ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʻ ʚʚʝʜʝʥʥʷ ʤ̔ʞʢʘʩʢʘʜʥʦʛʦ ʣʘʥʮʶʛʘ ʧʦʟʠʪʠʚʥʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʤʽʞ ʧʽʜʩʠʣʶʚʘʯʝʤ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʪʘ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ 

ʩʪʨʫʤʫ ʚ ʥʘʧʨʫʛʫ (ʨʠʩ.1.22).  

ɺ ʢʦʥʩʪʨʫʢʮʽʷʭ ʥʘʜhʚʠʜʢʠʭ ʧʦʪʝʥʮʽʦʩʪʘʪʘʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʤʽʞʢʘʩʢʘʜʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ ʟ ʧʦʟʠʪʠʚʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ, ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ 

ʚ ʦʙʤʝʞʝʥʥ̔ ʰʚʠʜʢʽʩʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʦʪʝʥʮʽʦʩʪʘʪʘ, ʦʩʢʽʣʴʢʠ ʜʦʜʘʪʢʦʚʠʡ 

ʢʘʩʢʘʜ ʚʥʦʩʠʪʴ ʷʢ ʟʘʪʨʠʤʢʫ, ʪʘʢ ʽ ʜʦʜʘʪʢʦʚʠʡ ʟʩʫʚ ʬʘʟʠ ʩʠʛʥʘʣʫ. ʋ ʩʫʢʫʧʥʦʩʪʽ .  

 

1.2.2 ʅʦʚʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮ̔ʦʩʪʘʪʘ 

 

ɺ ʦʩʥʦʚʫ ʚʠʥʘʭʦʜʫ ʧʦʩʪʘʚʣʝʥʦ ʟʘʜʘʯʫ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʫ ʰʣʷʭʦʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʡʦʛʦ 

ʙʫʜʦʚʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ, ʷʢʽ ʥʘʢʣʘʜʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʶ ʡʦʛʦ ʨʦʙʦʪʠ ʥʘ 

ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷʨʠʟʘʮʽ.ʾ ɼʣʷ ʯʦʛʦ 
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ʦʙ̌ ʨʫʥʪʦʚʘʥʦ ʥʝʦʙʭʽʜʥʽ ʟʤʽʥʠ ʚ ʙʫʜʦʚʽ ʩʭʝʤʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ɿʛʽʜʥʦ ʚʠʥʘʭʦʜʫ: ʘ) 

ʚʚʝʜʝʥʦ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʠʡ ʣʘʥʮʶʛ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʚ ʢʘʩʢʘʜ, ʱʦ ʟʘʜʘʻ 

ʧʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ, ʮʝ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʚʝʜʝʥʥʷ 

ʩʭʝʤʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʚ ʨʝʞʠʤ ʧʦʚʪʦʨʶʚʘʯʘ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʙ) 

ʚʚʝʜʝʥʦ ʬʽʣʴʪʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʤʞ̔ ʢʘʩʢʘʜʘʤʠ ʚʠʤʽʨʫ ʨʽʚʥʦʚʘʞʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʘ ʪʘ ʢʘʩʢʘʜʦʤ, ʱʦ ʟʘʜʘʻ ʧʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮʽ ʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ 

ʯ̫ʝʡʢʠ, ʚ) ʢʦʤʧʝʥʩʘʮʽ̫ ʚʩʴʦʛʦ ʦʤʽʯʥʦʛʦ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʚ ʷʯʝʡʮʽ ʫ ʚʩɹʦʤʫ 

ʜ̔ ʘʧʘʟʦʥʽ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪʘʭ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ 

ʤʽʩʮʝʚʦʛʦ (ʚʥʫʪʨ̔h ʥʴʦʢʘʩʢʘʜʥʦʛʦ) ʧʦʟʠʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʚ ʢʘʩʢʘʜʽ 

ʚʠʤʽʨʫ ʩʪʨʫʤʫ, ʪʦʙʪʦ ʫ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ.  

ɺʠʨʽʰʝʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʧʨʦʙʣʝʤ ʢʣʘʩʠʯʥʦʾ ʩʭʝʤʠ ʟʜʡ̔ʩʥʝʥʦ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʠʭ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʩʭʝʤʠ ʥʘʜʰʚʠʜʢʦʛʦ 

ʧʦʪʝʥʮ̔ʦʩʪʘʪʘ. ʉʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʥʘ ʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʷʭ 

ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʪʘ ʚʠʩʦʢʘ ʯʘʩʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʧʦʙʫʜʦʚʠ ʩʭʝʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʩʪʫʧʥʠʭ ʧʨʠʥʮʠʧʽʚ: 

- ʚʽʜʩʫʪʥʽʩʪʴ ʤʽʞʢʘʩʢʘʜʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ 

ʦʤ̔ʯʥʦʛʦ ʧʘʜ̔ʥʥʷ ʥʘʧʨʫʛʠ, 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʩʮʝʚʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʚ ʢʘʩʢʘʜʽ, ʱʦ ʟʘʜʘʻ 

ʧʦʪʝʥʮʽʘʣ, ʟʘʜʣʷ ʢʦʥʪʨʦʣʁ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʥʘ ʚʠʩʦʢʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʘ̔ʣʫ, 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʩʮʝʚʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʤʧʝʥʩʘʮʽʾ ʦʤʽʯʥʦʛʦ ʧʘʜ̔ʥʥ̫ ʥʘʧʨʫʛʠ ʚ ʢʘʩʢʘʜʽ ʚʠʤʽʨʫ ʩʪʨʫʤʫ. 

ɿʘʟʥʘʯʝʥʽ ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʦʙʫʤʦʚʣʝʥʽ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʣʽʤʽʪʫʶʪʴ 

ʤʦʞʣʠʚʦʩʪʽ ʢʣʘʩʠʯʥʦʾ ʩʭʝʤʠ ʜʦ ʾʾ ʨʦʙʦʪʠ ʥʘ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʨʦʟʛʦʨʪʢʠ 

ʧʦʪʝʥʮʘ̔ʣʫ ʧʦʣʷʨʠʟʘʮʽʾ. ɸ ʩʘʤʝ ʥʘʷʚʥʽʩʪʴ ʤʽʞʢʘʩʢʘʜʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʚ 

ʢʣʘʩʠʯʥʽʡ ʩʭʝʤʽ ʣʽʤʽʪʫʻ ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟʤʝʥʰʫʶʯʠ 

ʡʦʛʦ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʦʪʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʙʽʞʥʦʩʪʽ ʟʩʫʚʫ ʬʘʟ 

ʩʠʛʥʘʣʽʚ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ʆʪʞʝ ʚ̔ ʜô̒ ʤʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ ʟ ʝʣʝʢʪʨʦʜʫ 

ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʧʦʟʠʪʠʚʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ ʟ ʢʘʩʢʘʜʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʩʪʨʫʤ-ʥʘʧʨʫʛʘ, ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʨʦʙʦʪʫ ʢʘʩʢʘʜʫ, ʱʦ ʟʘʜʘ ̒
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ʧʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ. ʆʪʞʝ ʪʨʘʜʠʮʽʡʥʠʤ ʨʽʰʝʥʥʷʤ ʻ 

ʯʘʩʪʦʪʥʝ ʦʙʤʝʞʝʥʥ̫ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʮʴʦʛʦ ʢʘʩʢʘʜʫ, ʰʣʷʭʦʤ 

ʧʨʠʛʥʽʯʝʥʥʷ ʡʦʛʦ ʢʦʝʬʽʮʽʥ̒ʪʘ ʧʽʜʩʠʣʝʥʥʷ ʜʦ ʥʫʣʷ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʫʥʝʤʦʞʣʠʚʣʶʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʧʦʣʷʨʠʟʘʮʽʾ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, 

ʪʦʙʪʦ ʟʜʽʡʩʥʝʥʥʷ ʰʚʠʜʢʽʩʥʦʾ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷʨʠʟʘʮʽʾ. 

ɿʘʜʣʷ ʫʩʫʥʝʥʥ̫ ʟʘʟʥʘʯʝʥʠʭ ʦʙʤʝʞʝʥʴ ʢʣʘʩʠʯʥʦʾ ʩʭʝʤʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ, ʱʦ ʚʽʜʧʦʚ̔ʜʘ̒ ʩʬʦʨʤʫʣʴʦʚʘʥʠʤ ʧʨʠʥʮʠʧʘʤ 

ʰʚʠʜʢʦʜʽʡʥʦʩʪʽ ʧʦʪʝʥʮʽʦʩʪʘʪʘ, ʪʘ ̫ʢʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.23. ɼʦ ʾʾ ʩʢʣʘʜʫ 

ʚʭʦʜʷʪʴ ʥʘʩʪʫʧʥ ̔ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ (ʥʫʤʝʨʘʮʽʷ ʢʘʩʢʘʜʽʚ ʦʙʨʘʥʘ ʜʣʷ ʟʙʝʨʝʞʝʥʥ̫  

ʩʧʘʜʢʦʤ̒ʥʦʩʪʽ ʤʽʞ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʪʘ ʢʣʘʩʠʯʥʦʶ ʩʭʝʤʘʤʠ ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ):  

1 ï ʢʘʩʢʘʜ, ʱʦ ʟʘʜʘʻ ʧʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ; 

2 ï ʥʝ̔ʥʚʝʨʪʫʶʯʠʡ ʧʦʚʪʦʨʶʚʘʯ; 

3 ï ʝʣʝʢʪʨʦʭʽʤʽʯʥʘ ʷʯʝʡʢʘ; 

4 ï ʧʝʨʝʪʚʦʨʶʚʘʯ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ; 

5 ï ʣʘʥʮʶʛ ʧʦʟʠʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ (ʚʥʫʪʨʽʰʥʴʦʢʘʩʢʘʜʥʠʡ); 

6 ï ʣʘʥʮʶʛ ʚʽʜô̒ ʤʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ʟʢʫ (ʚʥʫʪʨʽʰʥʴʦʢʘʩʢʘʜʥʠʡ); 

7 ï ʬʽʣʴʪʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ, 

8,9 ï ʙʫʬʝʨʠ, 

10 ï ʚʠʯʠʪʘʯ, 

11 ï ʚʭʽʜʥʠʡ ʙʫʬʝʨ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ ×2. 

ʌʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʯʘʩʪʠʥ ʩʭʝʤʠ ʥʘʜhʚʠʜʢʽʩʥʦʛʦ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʻ ʥʘʩʪʫʧʥʽ. 

ʗʢ ʽ ʚ ʢʣʘʩʠʯʥʽʡ ʩʭʝʤʽ ʜʦʧʦʤʽʞʥʠʡ ʝʣʝʢʪʨʦʜ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʷʯʝʡʮʽ 

ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʢʘʩʢʘʜʫ, ʱʦ ʟʘʜʘʻ ʥʘʧʨʫʛʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ. ɽʣʝʢʪʨʦʜ 

ʧʦʨʽʚʥʷʥʥ ̫ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʥʝʽʥʚʝʨʪʫʶʯʦʛʦ ʧʦʚʪʦʨʶʚʘʯʘ. ʈʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ ʥʘʧʨʫʛʘ. 

ɺʭʽʜʥʠʡ ʢʘʩʢʘʜ 11, ʷʢʠʤ ʻ ʧʽʜʩʠʣʶʚʘʯ ʥʘʧʨʫʛʠ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ×2, 

ʚʠʢʦʥʫ ̒ʚʽʜʪʚʦʨʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ ʟʙʫʜʞʝʥʥ̫  ʟ ʛʝʥʝʨʘʪʦʨʘ ʧʽʩʣʷ ʡʦʛʦ 

ʧʨʦʭʦʜʞʝʥʥ̫ ʜʦʚʛʦ ʁʣʽʥʽʻ  ʁʟ ʧʨʠʢʽʥʮʝʚʠʤ ʪʝʨʤʽʥʘʪʦʨʦʤ, ʥʘʧʨʠʢʣʘʜ, ʦʤʽʯʥʠʤ 
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ʥʘʚʘʥʪʘʞʝʥʥʷʤ 50 ʆʤ. ʗʢʘ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʚ̔ 

ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ ʥʘ ʟʥʘʯʥʫ ʚʽʜʩʪʘʥʴ. 
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ʈʠʩʫʥʦʢ 1.23 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʥʘʜhʚʠʜʢʦʛʦ ʧʦʪʝʥʮʦ̔ʩʪʘʪʘ 

 

ʅʘʩʪʫʧʥʠʤ ʝʣʝʤʝʥʪʦʤ  ̒ ʢʘʩʢʘʜ 1, ʱʦ ʟʘʜʘʻ ʧʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮʽ ʾ

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ. ʁʦʛʦ ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʩʭʝʤʦʶ ʩʫʤʘʪʦʨʘ ʟ ʚʽʜʢʨʠʪʦʁ  

ʧʝʪʣʝʶ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʷʢ ʽ ʚ ʢʣʘʩʠʯʥʽʡ ʩʭʝʤʽ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ɼʦʜʘʪʢʦʚʠʡ 

ʣʘʥʮʛʁ ʤʽʩʮʝʚʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ 6, ʱʦ  ̒ʬʽʣʴʪʨʦʤ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ, ʜʽʻ ʷʢ 

ʣʘʥʮʶʛ ʚʽʜô̒ʤʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ʟʢʫ. ʁʦʛʦ ʧʦʙʫʜʦʚʘʥʦ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʜʣʷ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ ʢʘʩʢʘʜ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʧʦʚʪʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ. ʎʷ 

ʦʩʦʙʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʫ ʻ ʩʫʪʪʻʚʦʶ ʚ̔ ʜʤʽʥʥʽʩʪ ʁʜʦ 
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ʽʥʰʠʭ ʩʭʝʤ ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ ʫ ʧʨʠʥʮʠʧ̔ ʦʨʛʘʥʽʟʘʮʽʾ ʢʘʩʢʘʜʫ 1, ʱʦ ʟʘʜʘʻ 

ʧʦʪʝʥʮʽʘʣ ʧʦʣʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦ ʾ ʷʯʝʡʢʠ 3. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʚʽʜʦʤʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ h ʣ̫ ʭʦʤ ʧʦʚʥʦʛʦ ʧʨʠʛʥʽʯʝʥʥʷ 

ʧʽʜʩʠʣʝʥʥʷ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ.  

ʉʠʛʥʘʣ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʜʣʷ ʢʘʩʢʘʜʫ 1 ʥʘ ʥʠʟɹ ʢʠʭ ʯʘʩʪʦʪʘʭ ʥʘʜʭʦʜʠʪ ɹ

ʟ ʢʘʩʢʘʜʫ 2. ʂʘʩʢʘʜ 2  ̒ ʪʦʢʦʚʠʤ ʙʫʩʪʝʨʦʤ, ʱʦ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʩʭʝʤʦʶ 

ʥʝ̔ ʥʚʝʨʪʫʶʯʦʛʦ ʧʜ̔ʩʠʣʁʚʘʯʘ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ Ĭ1, ʪʦʙʪʦ ʧʦʚʪʦʨʶʚʘʯʝʤ ʥʘʧʨʫʛʠ. 

ɺʽʥ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʧʽʜʩʠʣʝʥʥʷ ʟʘ ʩʪʨʫʤʦʤ ʩʣʘʙʢʦʛʦ ʩʠʛʥʘʣʫ ʟ ʝʣʝʢʪʨʦʜʫ 

ʧʦʨʽʚʥʷʥʥʷ, ʱʦ ʚʠʤ̔ʨʶʻ ʨʽʚʥʦʚʘʞʥʠʡ ʧʦʪʝʥʮ̔ʘʣ ʚ ʨʦʟʯʠʥʽ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ 

ʷʯʝʡʮ̔ 3. ʗʢ ʽ ʚ ʪʨʘʜʠʮʽʡʥʽʡ ʩʭʝʤʽ, ʮʝʡ ʩʠʛʥʘʣ ʚʠʢʦʨʠʩʪʦʚʫʪ̒ʴʩʷ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʷʯʝʡʮʽ ʤʽʞ ʜʦʧʦʤʽʞʥʠʤ 

ʝʣʝʢʪʨʦʜʦʤ ʪʘ ʝʣʝʢʪʨʦʜʦʤ ʧʦʨʽʚʥʷʥʥʷ. ɿʘʚʜʷʢʠ ʯʦʤʫ ʜʦʩ̫ ʛʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʢʦʥʪʨʦʣʚʁʘʪʠ ʧʦʪʝʥʮʽʘʣ ʥʘ ʤʝʞ̔ ʤʽʞ ʨʦʟʯʠʥʦʤ ʪʘ ʨʦʙʦʯʠʤ ʝʣʝʢʪʨʦʜʦʤ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʚʽʜʦʢʨʝʤʣʶ̒ʪʴʩ̫ ʚ ʜʦʩʣʽʜʞʝʥʥ ̔ ʚʧʣʠʚ ʜʦʧʦʤʽʞʥʦʛʦ ʝʣʝʢʪʨʦʜʫ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʪ̫ʴʩʷ ʚ ʘʩʧʝʢʪʽ ʚʠʚʯʝʥʥʷ ʧʦʣʫ ʝʣʝʤʝʥʪʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʦʤʧʦʟʠʮʽʻʶ ʨʦʟʯʠʥʦʤ ʪʘ ʤʘʪʝʨʽʘʣʦʤ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ. ɿʙʝʨʝʞʝʥʥ̫ ʮ̔ ʻʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʟ ʢʣʘʩʠʯʥʦʾ ʩʭʝʤʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ (ʬʽʛ. 1) ʤʘ̒ ʤ̔ʩʮʝ ʚ ʩʭʝʤʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʥʘʜʰʚʠʜʢʽʩʥʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ʆʩʢʽʣʴʢʠ ʚʝʣʠʯʠʥʘ 

ʨ̔ʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʩʠʩʪʝʤʠ, ʱʦ ʯʘʩʪ̔ʰ ʟʘ ʚʩʝ ʥʝ ̒ ʚhʠʜʢʦʟʤʽʥʥʠʤʠ, ʦʪʞʝ ʚʽʜʩʫʪʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʘ 

ʟʥʘʯʠʤʽʩʪʴ ʰʚʠʜʢʽʩʥʦʛʦ ʚʠʤʽʨʫ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʘ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʟʘʧʘʩ ʬʘʟʦʚʦʛʦ ʟʩʫʚʫ 

ʩʭʝʤʠ ʚʠʤʽʨʫ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʦʚʠʥʝʥ ʙʫʪʠ ʜʦʩʪʘʪʥ̔ ʤ ʜʣʷ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʝʨʝʭʦʜʫ ʣʘʥʮʶʛʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʟ ʚʽʜô̒ ʤʥʦʛʦ ʜʦ 

ʧʦʟʠʪʠʚʥʦʛʦ ʜʣʷ ʢʘʥʘʣʫ ʚʠʤʽʨʫ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ʅʘ ʚʽʜʤʽʥʥʽʩʪʴ ʚʽʜ 

ʢʣʘʩʠʯʥʦʾ ʩʭʝʤʠ, ʜʣʷ ʫʩʫʥʝʥʥʷ ʚʧʣʠʚʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʤʧʦʥʝʥʪ ʩʠʛʥʘʣʫ, 

ʜʝ ʬʘʟʦʚʠʡ ʟʩʫʚ ʤʦʞʝ ʥʘʙʫʚʘʪʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ, ʧʽʜʢʣʶʯʝʥʥ̫ ʢʘʩʢʘʜʫ 

ʚʠʤʽʨʫ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 2 ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʥʮʶʛʘ 7, ʱʦ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʬʽʣʴʪʨʘ ʥʠʟʴʢʠʭ 

ʯʘʩʪʦʪ. ʏʘʩʪʦʪʥʝ ʦʙʤʝʞʝʥʥʷ ʩʠʛʥʘʣʫ ʜʦʟʚʦʣʷʻ ʟʘʧʦʙʽʛʪʠ ʥʘʷʚʥʦʩʪʽ ʚ ʩʠʛʥʘʣʽ 
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ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ ʜʣʷ ʢʘʩʢʘʜʫ 1, ʱʦ ʟʘʜʘʻ ʧʦʪʝʥʮʽʘʣ 

ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ. ʊʘ ʟʜʽʡʩʥʶʚʘʪʠ ʡʦʛʦ ʧʝʨʝʜʘʯʫ ʪʣ̔ɹ ʢʠ ʚ 

ʜʽʘʧʘʟʦʥʽ ʜʝ ʬʘʟʦʚʠʡ ʟʩʫʚ ʚʽʜʧʦʚʽʜʘʻ ʥʝʦʙʭʽʜʥʠʤ ʫʤʦʚʘʤ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ. 

ʌʽʣʴʪʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ 7, ʱʦ ʚ̔ ʜʦʢʨʝʤʣʶ  ̒ʢʘʩʢʘʜ ʚʠʤʽʨʫ ʨʚ̔ʥʦʚʘʞʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ 2 ʚʽʜ ʢʘʩʢʘʜʫ 1, ʱʦ ʟʘʜʘʻ ʧʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮʽʾ ʷʯʝʡʢʠ, 

ʫʟʛʦʜʞʫ̒ ʪʴʩʷ ʟ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʠʤ ʣʘʥʮʶʛʦʤ 6 ʤʽʩʮʝʚʦʛʦ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚô̫ ʟʢʫ ʢʘʩʢʘʜʫ 1, ʱʦ ʟʘʜʘʻ ʧʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮʽʾ ʷʮʝʡʢʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʦʪʨʠʤʘʪʠ ʤʦʥʦʪʦʥʥʫ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ʄʦʥʦʪʦʥʥʩ̔ʪʴ 

ʧʝʨʝʜʘʪʦʯʥʦʾ ʬʫʥʢʮʽʾ ʟʘʙʝʟʧʝʯʫʻ ʧʦʩʪʫʧʦʚʠʡ ʧʝʨʝʭʽʜ ʨʦʙʦʪʠ ʥʘʜʰʚʠʜʢʦʛʦ 

ʧʦʪʝʥʮʦ̔ʩʪʘʪʘ ʟ ʨʝʞʠʤʫ ʢʣʘʩʠʯʥʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʜʦ ʨʝʞʠʤʫ ʧʦʚʪʦʨʶʚʘʯʘ 

ʩʠʛʥʘʣʫ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ. ʎʝ ʟʤʝʥʰʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʷʚʠ 

ʘʨʪʝʬʘʢʪʽʚ, ʧʦʚô̫ ʟʘʥʠʭ ʟ ʩʝʣʝʢʪʠʚʥʠʤ ʧ̔ʜʩʠʣʝʥʥʷʤ ʧʝʚʥʠʭ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ.  

ʆʩʦʙʣʠʚʽʩʪʶ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʜhʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ  ̒ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʟʘ ʧʣʦʱʠʥʦʶ ʜʦʧʦʤʽʞʥʦʛʦ ʪʘ 

ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʽʚ.  

ɿʘ ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʦʾ ʨʽʟʥʠʮʽ ʤʽʞ ʨʦʙʦʯʠʤ ʝʣʝʢʪʨʦʜʦʤ ʪʘ ʜʦʧʦʤʽʞʥʠʤ 

ʨʦʟʧʦʜʽʣ ʧʦʪʝʥʮʽʘʣʫ ʚ ʷʯʝʡʮ ̔ ʙʫʜʝ ʥʝʨʽʚʥʦʤʽʨʥʠʤ. ʆʩʢʽʣʴʢʠ ʜʦʧʦʤʽʞʥʠʡ 

ʝʣʝʢʪʨʦʜ ʦʙʠʨʘʻʪʩɹ̫  ʙ̔ʣʴʰʦʾ ʧʣʦʱʠʥʠ, ʧʦʜʚʽʡʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʰʘʨ, ʱʦ 

ʫʪʚʦʨʶ̒ ʪʴʩʷ ʥʘ ʥʴʦʤʫ ʧʨʠ ʟʘʥʫʨʝʥʥ ̔ʝʣʝʢʪʨʦʜʘ ʜʦ ʨʦʟʯʠʥʫ, ʤʘʻ ʟʥʘʯʥʦ ʙʽʣʴʰʫ 

ʤ̒ʥʽʩʪʴ ʥʽʞ ʻʤʥʽʩʪʴ ʧʦʜʚʽʡʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ hʘʨʫ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʱʦ 

ʤʘʻ ʟʘʟʚʠʯʘʡ ʤʝʥʰʫ ʧʣʦʱʠʥʫ. ʇʝʨʝʥʦʩ ʝʣʝʢʪʨʦʥʘ ʯʝʨʝʟ ʤʝʞʫ ʤʞ̔ ʝʣʝʢʪʨʦʜʦʤ 

ʪʘ ʨʦʟʯʠʥʦʤ ʤʦʞʣʠʚʦ ʦʧʠʩʘʪʠ ʚ ʧʝʨhʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʦʤʽʯʥʠʤ ʦʧʦʨʦʤ, ʷʢʠʡ 

ʧ̔ʜʢʣʶʯʝʥʦ ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʻʤʥʩ̔ʪɹ ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘ ̒ʻʤʥʦʩʪʽ 

ʧʦʜʚ̔ʡʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ. ɺʜ̔ʧʦʚʽʜʥʦ ʥʘ ʜʝʷʢʽʡ ʯʘʩʪʦʪʽ, ʻʤʥʽʩʥʘ 

ʧʨʦʚʽʜʥʽʩʪʴ ʙʫʜʝ ʧʝʨʝʚʘʞʘʪʠ ʦʤʽʯʥʫ, ʪʘʢʠʤ ʯʠʥʦʤ ʨʝʘʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʩʭʝʤʠ 

ʧʝʨʝʚʘʞʘʪʠʤʫʪʴ ʫ ʚʧʣʠʚʽ ʥʘ ʨʦʟʧʦʜʽʣ ʧʦʪʝʥʮʘ̔ʣʫ ʚ ʷʯʝʡʮ.̔ ʆʩʢʽʣʴʢʠ ʩʪʨʫʤ 

ʙʫʜʝ ʦʙʤʝʞʝʥʦ ʤʝʥʰʦʶ ʟ ʻʤʥʦʩʪʝʡ ʫ ʧʦʩʣʽʜʦʚʥʦʤʫ ʟô̒ ʜʥʘʥʥ,̔ ʦʪʞʝ ʻʤʥʽʩʪʴ 

ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ʙʫʜʝ ʚʠʨʽʰʘʣʴʥʦʶ ʚ ʮʴʦʤʫ ʧʠʪʘʥʥʽ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʥʘ 

ʤ̒ʥʦʩʪʽ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʱʦ ʤʘʪʠʤʝ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ, ʙʫʜʝ ʧʝʨʝʚʘʞʥʦ 
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ʨʝʘʣʟ̔ʦʚʫʚʘʪʠʩ ̫ʧʘʜʽʥʥʷ ʧʦʪʝʥʮʽʘʣʫ. ʊʦʙʪʦ ʤʘʪʠʤʝ ʤʽʩʮʝ ʥʘʩʪʫʧʥʝ, ʧʦʪʝʥʮʽʘʣ 

ʧʨʠʢʣʘʜʝʥʠʡ ʜʦ ʯ̫ʝʡʢʠ 3 ʙʫʜʝ ʟʦʩʝʨʝʜʞʝʥʦ ʚ ʟʥʘʯʥ̔ʡ ʤʽʨʽ ʥʘ ʤʝʞʽ ʨʦʙʦʯʦʛʦ 

ʝʣʝʢʪʨʦʜʘ ʜʦ ʨʦʟʯʠʥʫ ʷʯʝʡʢʠ, ʘ ʦʪʞʝ ʨʦʙʦʪʘ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʟʚʦʜʠʪʠʤʝʪʴʩʷ 

ʪʽʣʴʢʠ ʜʦ ʢʦʤʧʝʥʩʘʮʽʾ ʢʦʤʧʦʥʝʥʪʠ ʧʦʪʝʥʮʽʘʣʫ, ʱʦ ʧʘʜʘ̒ ʥʘ ʦʤʽʯʥʦʤʫ ʩʧʨʦʪʠʚʽ 

ʨʦʟʯʠʥʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ 

ʧʦʣ̫ʨʠʟʘʮ̔ʾ  (ʩʠʛʥʘʣʫ ʟʙʫʜʞʝʥʥʷ) ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ 3 ʜʦʩʪʘʪʥʴʦ 

ʧʦʚʪʦʨʝʥʥʷ ʘʤʧʣ̔ʪʫʜʠ ʩʠʛʥʘʣʫ ʟ ʛʝʥʝʨʘʪʦʨʘ, ʱʦ ʩʠʥʪʝʟʫʻ ʩʠʛʥʘʣ ʟʙʫʜʞʝʥʥʷ. 

ʊʦʯʥʽʩʪ ɹʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʪʝʥʮ̔ʘʣʫ ʥʘ ʤʝʞʽ ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ ï ʨʦʟʯʠʥ ʙʫʜʝ 

ʪʠʤ ʙʽʣʴʰʘ, ʯʠʤ ʙʣ̔ɹ ʰʝ ʩʧʽʚʚʽʜʥʦh ʝʥʥʷ ʧʣʦɦʠʥ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ʜʦ 

ʜʦʧʦʤʽʞʥʦʛʦ ʝʣʝʢʪʨʦʜʘ. ʆʪʨʠʤʘʥʥʷ ʚʝʣʠʢʦʛʦ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʩʧʽʚʚ̔ ʜʥʦʰʝʥʥʷ 

ʤʦʞʣʠʚʦ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʨʦʙʦʯʠʭ ʝʣʝʢʪʨʦʜʽʚ ʚ 

ʢʦʤʙ̔ʥʘʮʽʾ ʟ ʢʣʘʩʠʯʥʠʤ ʜʦʧʦʤʽʞʥʠʤ ʤʘʢʨʦʝʣʝʢʪʨʦʜʦʤ.  

ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʢʦʤʧʝʥʩʘʮʽʾ ʦʤ̔ʯʥʦʛʦ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʫ ʷʯʝʡʮʽ 3 

ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʥʘʜʰʚʠʜʢʦʤʫ ʧʦʪʝʥʮʽʦʩʪʘʪ̔  ʟʘ ʤʽʩʮʝʤ ʚʠʤʨ̔ʫ 

ʩʪʨʫʤʫ, ʪʦʙʪʦ ʢʘʩʢʘʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ 4. ʎʷ ʦʩʦʙʣʠʚʩ̔ʪʴ 

ʚʜ̔ʨʽʟʥʷʻ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʩʭʝʤʫ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʚʽʜ ʢʣʘʩʠʯʥʦʾ ʩʭʝʤʠ, ʚ ʷʢʽʡ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʽʾ ʦʤʽʯʥʦʛʦ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʩʠʛʥʘʣ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ ʥʘʧʨʫʛʘ 

ʧʦʜʘʻʪʴʩʷ ʜʦ ʢʘʩʢʘʜʫ ʧʦʪʝʥʮʦʩʪʘʪʫʚʘʥʥʷ. ʆʪʞʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʘʥʮʶʛ 

ʤ̔ʞʢʘʩʢʘʜʥʦʛʦ ʟʚô̫ ʟʢʫ, ʱʦ ʻ ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʠ ʨʦʙʦʪʽ 

ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ. ʊʦʙʪʦ ʨʦʙʦʪʘ ʢ̫ʦʛʦ ʫʥʝʤʦʞʣʠʚʣʝʥʘ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, 

ʜʝ ʨʦʟʙʽʞʥʽʩʪʴ ʬʘʟ ʟʥʘʯʥʘ ʤʽʞ ʢʘʩʢʘʜʦʤ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ 4 ʪʘ 

ʢʘʩʢʘʜʦʤ 1, ʱʦ ʟʘʜʘʻ ʧʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ. ɺ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʤʧʝʥʩʘʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʨʦʙʦʪʠ 

ʦʜʥʦʛʦ ʢʘʩʢʘʜʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ 4. 

ɺʠʤʽʨ ʩʪʨʫʤʫ ʯʝʨʝʟ ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ 4, ʢʣʘʩʠʯʥʫ ʩʭʝʤʫ ʷʢʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʦ 

ʜʦʜʘʪʢʦʚʠʤ ʣʘʥʮʁ ʛʦʤ ʤʽʩʮʝʚʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ 5 ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʢʦʤʧʝʥʩʘʮʽʾ ʦʤ̔ʯʥʦʛʦ ʧʘʜ̔ ʥʥʷ ʥʘʧʨʫʛʠ ʫ ʷʯʝʡʮʽ. ʆʩʢʽʣʴʢʠ ʬʫʥʢʮʽʷ ʢʦʤʧʝʥʩʘʮʽʾ 

ʯʘʩʪʠʥʠ ʦʤʯ̔ʥʦʛʦ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʟʘ ʢʣʘʩʠʯʥʦʁ  ʩʭʝʤʦʶ ʨʦʙʦʪʠ ʥʘ ʥʠʟʴʢʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʚʠʤʠʢʘʻʪʴʩʷ ʨʘʟʦʤ ʟ ʧʨʠʛʥʽʯʝʥʥʷʤ ʩʠʛʥʘʣʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ 
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ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥʷʥʥʷ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʬʽʣʴʪʨʦʤ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ 7, ʚ ʩʭʝʤ̔ 

ʟʘʙʝʟʧʝʯʝʥʦ ʥʝʟʘʣʝʞʥʠʡ ʤʝʭʘʥʽʟʤ ʢʦʤʧʝʥʩʘʮʽʾ ʦʤʽʯʥʦʛʦ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʣʘʥʮʶʛ 5 ʧʦʟʠʪʠʚʥʦʛʦ ʤʽʩʮʝʚʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ 

ʥʝʟʘʣʝʞʥʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʝʥʩʘʮʽʁ ʦʤʽʯʥʦʛʦ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʚ ʷʯʝʡʮʽ ʚ 

ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚhʠʜʢʦʜʽʾ ʩʭʝʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʩʪʨʫʤ-ʥʘʧʨʫʛʘ 4. ʆʩʢʽʣʴʢʠ ʩʭʝʤʠ ʢʦʤʧʝʥʩʘʮʽʾ ʻ ʥʝʟʘʣʝʞʥʠʤʠ ʦʜʥʘ ʚʽʜ ʥ̔h ʦʾ, 

ʷʢ ʟʘ ʤʽʩʮʝʤ ʚʠʤʽʨʫ, ʪʘʢ ʽ ʤʽʩʮʝʤ ʢʦʤʧʝʥʩʘʮʽʾ, ʾʭ ʨʦʙʦʪʘ ʥʝ ʟʘʣʝʞʠʪʴ ʦʜʥʘ ʚʽʜ 

ʥ̔ʰʦʾ. ʂʦʣʠ ʩʠʛʥʘʣ ʢʦʤʧʝʥʩʘʮʽʾ ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥʷʥʥʷ ʧʨʠʛʥʽʯʫʻʪɹʩʷ ʥʘ 

ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʨʦʙʦʪʘ ʣʘʥʮʁ ʛʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ 5 ʧʨʦʜʦʚʞʫʻʪʴʩʷ. 

ʂʘʩʢʘʜʠ 8-10 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ɺ 

ʢʣʘʩʠʯʥʽʡ ʩʭʝʤʽ ʩʠʛʥʘʣ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʻ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ 

ʧʦʪʝʥʮʽʦʩʪʘʪʫ, ʚʝʣʠʯʠʥʘ ʥʘʧʨʫʛʠ ʢʦʛʦ ʧʨʦʧʦʨʮʽʡʥʘ ʩʪʨʫʤʫ ʯʝʨʝʟ ʨʦʙʦʯʠʡ 

ʝʣʝʢʪʨʦʜ. ɺ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʩʭʝʤʽ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʩʪʨʫʤ-ʥʘʧʨʫʛʘ 4 ʤʩ̔ʪʠʪɹ ʷʢ ʩʠʛʥʘʣ, ʚʝʣʠʯʠʥʘ ʥʘʧʨʫʛʠ ʷʢʦʛʦ ʻ ʧʨʦʧʦʨʮʽʡʥʦʶ 

ʩʪʨʫʤʫ ʯʝʨʝʟ ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ, ʪʘʢ ʽ ʩʠʛʥʘʣ, ʟ ʥʘʧʨʫʛʦʶ, ʱʦ ʻ ʢʦʤʧʝʥʩʘʮʽʻʶ 

ʦʤʯ̔ʥʠʭ ʚʪʨʘʪ ʚ ʷʯʝʡʮʽ 3. ʎʝ ʟʫʤʦʚʣʝʥʦ ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ 4 ʟ ʜʦʜʘʪʢʦʚʠʤ ʣʘʥʮʶʛʦʤ ʧʦʟʠʪʠʚʥʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ 5. ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʢʦʨʠʩʥʦʛʦ ʧʝʨʰʦʛʦ ʩʠʛʥʘʣʫ, 

ʱʦ ʥʝʩʝ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʨʫʤ ʯʝʨʝʟ ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ, ʚʽʜ ʩʠʛʥʘʣʫ 

ʢʦʤʧʝʥʩʘʮ̔ ʾ, ʱʦ ʜʦʜʘʥʦ ʥʘ ʚʠʭʦʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ 4, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʯʠʪʘʯ 10. ʆʩʪʘʥʥʽʡ ʟʜʡ̔ʩʥʶʻʪʴʩʷ ʚʽʜʥʽʤʘʥʥʷ ʩʠʛʥʘʣʫ 

ʢʦʤʧʝʥʩʘʮʽʾ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ, 

ʥʘʧʨʫʛʘ ʷʢʦʛʦ ʧʨʦʧʦʨʮʽʡʥʘ ʩʪʨʫʤʫ ʯʝʨʝʟ ʷʯʝʡʢʫ. ʅʘ ʢʘʩʢʘʜʘʭ 8, 9 ʧʦʙʫʜʦʚʘʥʽ 

ʩʠʤʝʪʨʠʯʥʽ ʙʫʬʝʨʠ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ 4 ʚʽʜ ʩʭʝʤʠ 

ʚʠʯʠʪʘʯʘ 10, ʢʦʝʬʮ̔ʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʷʢʠʭ ʟʘ ʥʘʧʨʫʛʦʶ Ĭ1. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʨʠʢʽʥʮʝʚʠʤ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ̒ ʥʘʧʨʫʛʘ ʧʨʦʧʦʨʮʽʡʥʘ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʤʫ ʩʪʨʫʤʫ ʯʝʨʝʟ ʷʯʝʡʢʫ, ʢ̫ ʮʝ ʤʘʻ ʤʩ̔ʮʝ ʚ ʢʣʘʩʠʯʥʽʡ ʩʭʝʤʽ 

ʧʦʪʝʥʮʦ̔ʩʪʘʪʘ. 

ʅʘʷʚʥʽʩʪʴ ʜʝʢʽʣʴʢʦʭ ʧʦʩʣʽʜʦʚʥʦ ʟô̒ ʜʥʘʥʠʭ ʢʘʩʢʘʜʽʚ 5, 8 - 10 ʥʝ ʚʧʣʠʚʘʻ 

ʥʘ ʟʘʛʘʣʴʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʭʝʤʠ, ʦʩʢʽʣʴʢʠ ʚʽʜʩʫʪʥʽʡ ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ ʤʽʞ 
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ʢʘʩʢʘʜʘʤʠ. ɿʘʙʝʟʧʝʯʠʚʰʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʣʦʩ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʧʽʜʩʠʣʚʁʘʯ̔ʚ 

ʜʣʷ ʮʴʦʛʦ ʣʘʥʮʶʛʘ ʤʦʞʣʠʚʦ ʟʘʜʘʪʠ ʰʚʠʜʢʦʜʽʶ ʚʩʴʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʟʘʛʘʣʦʤ. 

ʏʘʩʦʚʘ ʟʘʪʨʠʤʢʘ ʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʩʠʛʥʘʣʫ ʚ ʩʭʝʤʽ ʚʠʤʽʨʫ ʩʪʨʫʤʫ ʤʦʞʝ ʙʫʪ 

ʢʦʤʧʝʥʩʦʚʘʥʘ, ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʩʠʛʥʘʣʠ ʢʦʤʧʝʥʩʘʮʽʾ ʪʘ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ 4 ʬʦʨʤʫʶʪʴʩʷ ʨʘʟʦʤ ʥʘ ʚʠʭʦʜʘʭ ʢʘʩʢʘʜʫ 4, 

ʧʨʦʭʦʜʪ̫ʴ ʧʦʩʣʽʜʦʚʥʦ ʩʠʤʝʪʨʠʯʥʽ ʢʘʩʢʘʜʠ 8, 9 ʪʘ ʢʘʩʢʘʜ 10. ɿʘʪʨʠʤʢʘ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʻ ʬʽʢʩʦʚʘʥʦʶ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʦʤ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʢʘʩʢʘʜʘʭ, ʦʪʞʝ ʤʦʞʝ ʙʫʪʠ ʚʨʘʭʦʚʘʥʘ 

ʧʨʠ ʨʝʻʩʪʨʘʮʽʾ ʟʘʣʝʞʥʦʩʪʽ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʜʣ ̫ʝʣʝʢʪʨʦʭʽʤ̔ʯʥʦʾ ʷʯʝʡʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʥʘʷʚʥʽʩʪʴ ʤʽʞʢʘʩʢʘʜʥʦʛʦ ʟô̒ ʜʥʘʥʥʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ 

ʦʤʯ̔ʥʦʛʦ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʚ ʷʯʝʡʮʽ ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʩʭʝʤʽ ʧʦʪʝʥʮʽʦʩʪʘʪʘ 

ʫʩʫʥʝʥʦ.  

 

1.3 ʉʭʝʤʥʘ ʨʝʘʣʽʟʘʮʽ ̫ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮ̔ ʦʩʪʘʪʘ 

 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʮʝʧʮʽʾ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ 

ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʦʙʢʫ ʡʦʛʦ ʩʭʝʤʦʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ. 

 

1.3.1 ʉʭʝʤʘ ʝʣʝʢʪʨʠʯʥʘ-ʧʨʠʥʮʠʧʦʚʘ 

 

ʈʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʮʝʧʮ̔ ʾ ʧʦʙʫʜʦʚʠ ʥʘʜʚhʠʜʢʦʛʦ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʚʽʜʪʚʦʨʝʥʘ ʫ ʚʠʛʣʷʜʽ ʩʭʝʤʠ ʝʣʝʢʪʨʠʯʥʦʾ  ʥʘ 7 ʢʘʩʢʘʜʘʭ 

ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ (ʨʠʩ. 1.24). ʄʽʥʽʤʽʟʘʮʽʷ ʢʽʣʴʢʦʩʪʽ ʦʧʝʨʘʮʽʡʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʽʚ ʻ ʚʘʞʣʠʚʦʶ ʟ ʪʦʯʢʠ ʟʦʨʠ ʥʠʟʢʠ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʟʤʝʥʰʝʥʥʷ 

ʥʝʙʘʞʘʥʦʛʦ ʬʘʟʦʚʦʛʦ ʥʘʙ̔ʛʫ ʤʽʞ ʢʘʩʢʘʜʘʤʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ, ʧʽʜʚʠʱʝʥʥʷ 

ʰʚʠʜʢʦʜʽʾ, ʟʤʝʥh ʝʥʥʷ ʯʘʩʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʩʭʝʤʽ, ʪʘ ʽʥʰ̔.  

ʈʦʟʛʣʷʥʝʤʦ ʪʝʭʥʽʯʥʫ ʨʝʘʣʽʟʘʮʽʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʮʝʧʮʽʾ ʧʦʙʫʜʦʚʠ 

ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. 
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ʈʠʩ. 1.24 ï ʉʭʝʤʘ ʝʣʝʢʪʨʠʯʥʘ ʧʨʠʥʮʠʧʦʚʘ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ 

 

ʈʝʟʠʩʪʦʨ R1 ʻ ʦʤ̔ʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 50 ʆʤ ï ʪʝʨʤʽʥʘʪʦʨʦʤ ʜʦʚʛʦʾ ʣ̔ʥʽʾ, 

ʱʦ ʧʝʨʝʜʘʻ ʩʠʛʥʘʣ ʟʙʫʜʞʝʥʥʷ ʟ ʛʝʥʝʨʘʪʦʨʘ ʜʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ʎʠʤ ʛʝʥʝʨʘʪʦʨʦʤ 

ʤʦʞʝ ʙʫʪʠ ʜʦʚʽʣʴʥʠʡ ʛʝʥʝʨʘʪʦʨ ɺʏ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʥʘ ʜʦʚʛʫ 

ʣʽʥʽʶ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 50 ʆʤ, ʪʘ ʧʽʜʪʨʠʤʫʻ ʩʠʥʪʝʟ ʥʝʦʙʭʜ̔ʥʦ ʾʬʦʨʤʠ ʩʠʛʥʘʣʫ, 

ʥʘʧʨʠʢʣʘʜ, ʷʢʘ ʣʽʥʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ, ʪʘ ʤʦʞʝ ʙʫʪʠ ʜʦʚʽʣʴʥʦ ʟʘʜʘʥʦ 

ʧʦʪʝʥʮʽʘʣʠ ʤʽʥʽʤʫʤʫ ʪʘ ʤʘʢʩʠʤʫʤʫ ʧʦʣʷʨʠʟʘʮʽ,ʾ ʱʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʮʠʢʣʽʯʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨ̔ʾ . 

ɺʭʽʜʥʠʡ ʢʘʩʢʘʜ 11 ʻ ʥʝʽʥʚʝʨʪʫʶʯʠʡ ʧʽʜʩʠʣʶʚʘʯ ʥʘʧʨʫʛʠ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʧʽʜʩʠʣʝʥʥʷ Ĭ2 ʥʘ ʰʚʠʜʢʦʜʽʡʥʦʤʫ ʦʧʝʨʘʮʽʡʥʦʤʫ ʧʽʜʩʠʣʶʚʘʯ ̔AD7 ʟ ʥʠʟʴʢʠʤ 

ʟʥʘʯʝʥʥʷʤ ʟʩʫʚʫ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ, ʥʘʧʨʠʢʣʘʜ, LM7171 ʚʽʜ Texas Instrument Inc. 

ʇʽʩʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣ ʥʘʜʭʦʜʠʪʴ ʜʦ ʢʘʩʢʘʜʫ 1, ʱʦ ʟʘʜʘʻ 

ʧʦʪʝʥʮʘ̔ʣ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ, ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ R2. ʇʦʻʜʥʘʥʥʷ 

ʨʝʟʠʩʪʦʨʽʚ R2, R3, R4 ʚ ʦʜʥʽʡ ʪʦʯʮʽ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʜʦʜʘʚʘʥʥʷ ʚʽʜʧʦʚʜ̔ʥʠʭ 

ʩʠʛʥʘʣʽʚ. ɸ ʩʘʤʝ, ʩʠʛʥʘʣʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʟ ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥʷʥʥʷ, 
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ʚʽʜʪʚʦʨʝʥʦʛʦ ʰʚʠʜʢʦʜʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʟʙʫʜʞʝʥʥ̫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ, 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ (ʥʝʰʚʠʜʢʦʜʽʡʥʦʛʦ) ʩʠʛʥʘʣʫ, ʱʦ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʜʣʷ ʟʘʚʜʘʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ. 

ʉʠʛʥʘʣ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʟ ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʬʽʣʴʪʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ 7, ʱʦ ʟ̔ʙʨʘʥʦ ʥʘ ʝʣʝʤʝʥʪʘʭ R4,C1,R5. T-ʧʦʜʽʙʥʠʡ 

ʬ̔ʣʴʪʨ ʦʙʨʘʥʦ ʷʢ ʬʽʣʴʪʨ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʪʘ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʦʢʨʝʤʣʝʥʥʷ 

ʨʝʟʠʩʪʦʨʘʤʠ ʻʤʥʦʩʪʽ ʟʤʝʥʰʝʥʦ ʾʾ  ʚʧʣʠʚ ʥʘ ʢʘʩʢʘʜʠ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯ̔ʚ 

AD1 ʪʘ AD2. 

ʂʘʩʢʘʜ 1, ʱʦ ʟʘʜʘʻ ʧʦʪʝʥʮ̔ʘʣ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ 

ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʰʚʠʜʢʦʜʽʡʥʦʤʫ ʦʧʝʨʘʮʽʡʥʦʤʫ ʧʽʜʩʠʣʶʚʘʯʽ AD1 ʟ ʥʠʟʴʢʠʤ 

ʟʥʘʯʝʥʥ̫ʤ ʟʩʫʚʫ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ, LM7171 ʚʽʜ Texas Instrument Inc. ʁʦʛʦ 

ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʩʭʝʤʦʶ ʩʫʤʘʪʦʨʘ ʟ ʚʽʜʢʨʠʪʦʁ  ʧʝʪʣʝʶ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʥʘ 

ʥʠʟʴʢʽʡ ʯʘʩʪʦʪʽ. 

ʃʘʥʮʶʛ ʚʽʜô̒ ʤʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ 6, ʷʢʠʡ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʝʣʝʤʝʥʪʘʭ 

C2, R6, ̒  ʬʽʣʴʪʨʦʤ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ, ɦ ʦ ʚʠʟʥʘʯʘʻ ʯʘʩʪʦʪʫ ʧʝʨʝʤʠʢʘʥʥʷ ʢʘʩʢʘʜʫ 

1 ʚ ʨʝʞʠʤ ʧʦʚʪʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʨʦʣʴ 

ʧʦʪʝʥʮʘ̔ʣʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ, ʨʝʟʠʩʪʦʨʠ R2, R3, ʩʫʤʘ ʨʝʟʠʩʪʦʨʽʚ R4 ʪʘ 

R5, ʪʘ R6, ʤʘʶʪʴ ʙʫʪʠ ʦʜʥʘʢʦʚʦʛʦ ʥʦʤʽʥʘʣʫ. 

ʂʘʩʢʘʜ 2 ʥʝʽʥʚʝʨʪʫʶʯʦʛʦ ʧʦʚʪʦʨʶʚʘʯʘ, ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʰʚʠʜʢʦʤʫ 

ʦʧʝʨʘʮʽʡʥʦʤʫ ʧʽʜʩʠʣʶʚʘʯʽ AD2 ʟ ʤʘʣʠʤ ʚʭʽʜʥʠʤ ʩʪʨʫʤʦʤ ʪʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʶ 

ʧʨʠ ʦʜʠʥʠʯʥʦʤʫ ʧʽʜʩʠʣʝʥʥʽ, ʥʘʧʨʠʢʣʘʜ, OPA627 ʚʽʜ Texas Instrument Inc. 

ʇʝʨʝʪʚʦʨʶʚʘʯ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ 4 ʚʠʢʦʥʘʥʦ ʥʘ ʦʧʝʨʘʮʽʡʥʦʤʫ ʧʽʜʩʠʣʶʚʘʯʽ 

AD3 ʟ ʣʘʥʮʶʛʦʤ ʚʽʜô̒ ʤʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ R7, ʱʦ ʚʠʟʥʘʯʘʻ ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ. ʆʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʦʧʝʨʘʮʽʡʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ ʚ ʮʴʦʤʫ ʢʘʩʢʘʜʽ ʻ ʥʘʜ ʠhʨʦʢʘ ʧʦʣʦʩʘ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʧʽʜʩʠʣʝʥʥ,̫ 

ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʠʟʴʢʠʭ ʚʭʽʜʥʠʭ ʩʪʨʫʤʽʚ. ʇʨʠʢʣʘʜʦʤ ʦʧʝʨʘʮʽʡʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʮʴʦʤʫ ʢʘʩʢʘʜʽ, ̒  THS4631 ʚʽʜ Texas 

Instrument Inc. 
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ʃʘʥʮʁʛ ʧʦʟʠʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ 5 ʜʣ̫ ʢʘʩʢʘʜʫ ʧʝʨʝʪʚʦʨʁʚʘʯʘ 

ʩʪʨʫʤ-ʥʘʧʨʫʛʘ 4 ʟʽʙʨʘʥʦ ʥʘ ʨʝʟʠʩʪʠʚʥʦʤʫ ʧʦʜʽʣʴʥʠʢʫ ʟ ʨʝʟʠʩʪʦʨʽʚ R8, R9. ɰʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʟʥʘʯʘʪʠʤʝ ʚʝʣʠʯʠʥʫ ʥʘʧʨʫʛʠ ʢʦʤʧʝʥʩʘʮʽʾ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʝʣʠʯʠʥʠ ʩʧʨʦʪʠʚʫ ʣʘʥʮʶʛʘ ʚ̔ʜô̒ ʤʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ R7 ʦʧʦʨ Rʢʦʤʧ., ʱʦ 

ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʩʭʝʤʦʶ ʧʝʨʝʪʚʦʨʁʚʘʯʘ ʩʪʨʫʤ ʥʘʧʨʫʛʘ 4 ʟ ʧʦʟʠʪʠʚʥʠʤ 

ʟʚʦʨʦʪʥʠʤ ʟʚô̫ ʟʢʦʤ 5, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

Rʢʦʤʧ. = R7ĀR9/R8. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʷʯʝʡʢʫ ʙʫʜʝ ʬʦʨʤʫʚʘʪʠʩʷ 

ʩʠʛʥʘʣ ʢʦʤʧʝʥʩʘʮ̔ʾ  ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʩʧʨʦʪʠʚʽ Rʢʦʤʧ. ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ 

ʷʯʝʡʮʽ, ʱʦ ʙʫʜʝ ʧʦʜʘʚʘʪʠʩʷ ʥʘ ʥʝʽʥʚʝʨʪʫʶʯʠʡ ʚʭʽʜ ʦʧʝʨʘʮʡ̔ʥʦʛʦ ʧ̔ ʜʩʠʣʶʚʘʯʘ 

AD3, ʟʘʩʪʘʚʣʷʶʯʠ ʡʦʛʦ ʟʤʽʥʶʚʘʪʠ ʡ ʧʦʪʝʥʮʽʘʣ ʽʥʚʝʨʪʫʶ ʯʦʛʦ ʚʭʦʜʫ ʥʘ 

ʚʽʜʧʦʚʽʜʥʫ ʚʝʣʠʯʠʥʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʷʯʝʡʮ ̔ʚʠʥʠʢʘʪʠʤʝ 

ʜʦʜʘʪʢʦʚʘ ʥʘʧʨʫʛʘ ʧʦʣʷʨʠʟʘʮʽʾ, ɦ ʦ ʜʦʜʘʻʪʴʩʷ ʜʦ ʥʘʧʨʫʛʠ ʧʦʣʷʨʠʟʘʮ̔ʾ ʟ ʢʘʩʢʘʜʫ 

1, ʷʢʘ ʟʘʜʘʻʪʴʩʷ ʛʝʥʝʨʘʪʦʨʦʤ.  

ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʪʘ ʩʠʛʥʘʣ ʢʦʤʧʝʥʩʘʮʽʾ 

ʥʘʧʨʫʛʠ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʯʝʨʝʟ ʧʦʚʪʦʨʶʚʘʯʽ ʥʘʧʨʫʛʠ (ʙʫʬʝʨʠ) AD4 ʪʘ AD5 

ʥʘʜʭʦʜʷʪʴ ʜʦ ʢʘʩʢʘʜʫ ʚʠʯʠʪʘʯʘ AD6. ɺ ʷʢʦʩʪ̔ ʙʫʬʝʨʽʚ AD4 ʪʘ AD5 ʦʙʨʘʥʦ 

ʧʜ̔ʩʠʣʁʚʘʯʽ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ Ĭ1, ʟ ʥʘʜʚʠʩʦʢʦʶ ʰʚʠʜʢʦʜʽʻʶ ʪʘ 

ʤʘʣʠʤ ʯʘʩʦʤ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ. ʇʨʠʢʣʘʜʦʤ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ, 

ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʮʴʦʤʫ ʢʘʩʢʘʜʽ, ̒  OPA633 ʚʽʜ Texas Instrument Inc. 

ɺʠʯʠʪʘʯ ʟʙ̔ʨʘʥʦ ʥʘ ʦʧʝʨʘʮʽʡʥʦʤʫ ʧʽʜʩʠʣʶʚʘʯʽ AD6, ʟ ʣʘʥʮʶʛʘʤʠ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʥʘ ʦʜʥʘʢʦʚʠʭ ʨʝʟʠʩʪʦʨʘʭ R10 - R13, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʜʠʥʠʯʥʝ ʧʜ̔ʩʠʣʝʥʥ ̫ ʨ̔ʟʥʠʮ ̔ ʤʽʞ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʪʘ ʩʠʛʥʘʣʦʤ ʢʦʤʧʝʥʩʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ  ̒

ʥʘʧʨʫʛʘ ʧʨʦʧʦʨʮʽʡʥʘ ʩʪʨʫʤʫ ʯʝʨʝʟ ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ Iʨʦʙ. ʝʣ. ʚ̔ ʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʨʘʟʫ: 

Uʚʠʭ. = - R7ĀIʨʦʙ. ʝʣ., 

ʜʝ Iʨʦʙ. ʝʣ. ï ʩʪʨʫʤ ʯʝʨʝʟ ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʢʘʩʢʘʜʫ, ʷʢ 

ʥʘʧʨʠʢʣʘʜ, ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ LM7171 ʚʽʜ 

Texas Instrument Inc. 
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ʉʠʛʥʘʣ ʟ ʚʠʯʠʪʘʯʘ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʠʭʽʜ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ R14, 

ʷʢʠʡ ʽʟʦʣʶʻ ʚʠʭʽʜʥʠʡ ʢʘʩʢʘʜ AD6 ʚʽʜ ʜʦʚʛʦʾ ʣʽʥʽʾ ʥʘ ʚʠʭʦʜʽ ʥʘʜʰʚʠʜʢʦʛʦ 

ʧʦʪʝʥʮʦ̔ʩʪʘʪʘ. 

ʊʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʥʘ ʙʘʟʽ ʥʘʚʝʜʝʥʠʭ ʫ ʧʨʠʢʣʘʜʘʭ ʦʧʝʨʘʮʽʡʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʽʚ ʜʣʷ ʟʘʧʨʦʧʘʥʦʚʘʥʦʾ ʩʭʝʤʠ ʧʦʙʫʜʦʚʠ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ 

ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘʜh ʚʠʜʢʠʡ ʧʦʪʝʥʮʽʦʩʪʘʪ, ʷʢʠʡ ʤʦʞʝ ʟʜʡ̔ʩʥʁʚʘʪʠ 

ʧʦʣ̫ʨʠʟʘʮʽʶ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ ʨʦʟʛʦʨʪʢʠ 

ʧʦʪʝʥʮʽʘʣʫ 2 ʄɺ/ʩ, ʱʦ ʣʤ̔̔ ʪʫʻʪʴʩʷ ʚhʠʜʢʦʜʽʻʶ ʩʭʝʤʠ ʥʘ ʤʝʞʽ 20 ʄɻʮ, ʪʘ 

ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʤʽʨ ʩʪʨʫʤʫ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 100 ʧɸ ʜʦ 80 ʤɸ. 

 

1.3.2 ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʩʭʝʤʠ ʚ ʧʘʢʝʪʽ MultiSim 11.0 

ɸʥʘʣʽʟ ʨʦʙʦʪʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʚ ʪʨʠ ʝʪʘʧʠ: ʨʦʟʜʽʣʴʥʝ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʞʥʦʛʦ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʚ̔ ʧʦʪʝʥʮʽʦʩʪʘʪʘ 

(ʦʩʥʦʚʥʦ ʾʯʘʩʪʠʥʠ, ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ) ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ 

ʚʩɹʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ, ʱʦ ʧ̔ ʜʢʣʶʯʝʥʦ ʜʦ ʪʝʩʪʦʚʦʾ ʷʯʝʡʢʠ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥ̔ PSpaice ʤʦʜʝʣʽ ʢʦʤʧʦʥʝʥʪʽʚ ʩʭʝʤʠ ʚ Multisim 11.0 ï 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜ National Instrument, Inc. ʊʘʢʦʞ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʦ 

ʝʬʝʢʪ ʚʧʣʠʚʫ ʟʥʘʯʝʥ ɹ ʢʦʤʧʦʥʝʥʪ̔ ʚ ʩʭʝʤʠ ʥʘ ʘʤʧʣʽʪʫʜʥʽ ʪʘ ʯʘʩʪʦʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʭʝʤʠ. ʄʦʥʦʪʦʥʥʽʩʪʴ ʘʤʧʣʽʪʫʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʛʫʢʫ ʚ 

ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥ ̔ʙʫʣʦ ʦʙʨʘʥʦ ʷʢ ʦʧʪʠʤʫʤ. ʎʝ ʚʘʞʣʠʚʦ ʜʣʷ ʫʩʫʥʝʥʥʷ 

ʢʦʣʠʚʘʥʴ, ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʟʙʫʜʞʝʥʴ ʧʦʪʝʥʮʦ̔ʩʪʘʪʘ, ʱʦ ʥʝʦʙʭʽʜʥʝ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʩʥʦʚʥʦʾ ʨʦʙʦʪʠ ʜʦ ʥʘʚʝʜʝʥʦʾ ʚʠʱʝ ʽʜʝʦʣʦʛʽʾ ʧʦʪʝʥʮ̔ʦʩʪʘʪ. 

ʌʽʣʴʪʨʠ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʧʝʪʣʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ 

ʜʣʷ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʪʘ ʧʦʚʪʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ. ɺʦʥʠ ʙʫʣʠ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʦʥʦʪʦʥʥʦʾ ʬʫʥʢʮʽʾ ʚʽʜʛʫʢʫ ʜʣ̫  ʩʭʝʤʠ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, 

ʱʦ ʤʝʥʰʝ ʽ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʜʣʷ RCR-ʬʽʣʴʪʨʘ ʢʦʣʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʘʙʦ ʤ̔ʥʽʤʫʤʫ, ʪʘ ʣʠʰʝ 

ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʟʙʝʨ̔ʛʘʻ ʤʦʥʦʪʦʥʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟʤ̔ʥʠ ʩʪʨʫʤʫ ʚ 

ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. ʄʦʜʝʣʶʚʘʥʥʷ ʟʽ ʟʤʽʥʦʶ ʟʥʘʯʝʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʢʦʥʪʫʨʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʚ ʧʦʪʝʥʮʽʦʩʪʘʪ ʪʘ ʫ ʬʽʣʴʪʨʽ ʜʦʟʚʦʣʠʣʦ ʩʧʨʦʩʪʠʪʠ 
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ʚʠʙʽʨ ʢʦʥʜʝʥʩʘʪʦʨʽʚ. ʊʘʢ ʧʘʨʘʤʝʪʨʠ ʦʙʦʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʽ ʨʝʟʠʩʪʦʨʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʦʚʠʥʥʽ ʙʫʪʠ ʫʪʦʯʥʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʦʾ ʤʝʞ̔ 

ʛʨʘʥʠʯʥʦʾ ʯʘʩʪʦʪʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʚʦʥʠ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ 10 

ʥʌ ʜʣʷ ʢʦʥʪʫʨʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʪʘ 5,6 ʥʌ ʜʣʷ ʬʽʣʴʪʨʘ. ʈʝʟʠʩʪʦʨʠ R1, R2, 

R5 510 ʆʤ ʽ R3, R4, 250 ʆʤ ʽ 260 ʆʤ ʚʽʜʧʦʚʽʜʥʦ. ʄʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʥʘ 

ʩʭʝʤʫ ʨʝʟʠʩʪʦʨʘ, ʫ ʧʝʨʝʪʚʦʨʚʁʘʯʽ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʧʦʢʘʟʘʣʦ, ʱʦ ʨʽʚʝʥʴ 

ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,1% ʜʦ ʯʘʩʪʦʪʠ 14 ʄɻʮ, ʯʘʩʪʦʪʘ 

ʦʙʤʝʞʝʥʥʷ ʧʽʜʩʠʣʝʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 110 ʄɻʮ (ʨʠʩ. 1.25).  

ɺʽʜʧʦʚʽʜʥʽ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ ʪʘ ʬʘʟʦʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1.26. ɺ̔ ʜʟʥʘʯʘʻʪʴʩʷ ʧʦʩʪʽʡʥʽʩʪʴ  

ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ ʾʭ ʩʧʘʜʦʤ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʦʙʤʝʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʧʽʜʩʠʣʶʚʘʯʘ.  

ɻʦʣʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʫ ʣʘʥʮʶʟʽ ʧʝʨʝʪʚʦʨʁ ʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʻ ʧʝʨh ʠʡ 

ʧʽʜʩʠʣʶʚʘʯ. ʁʦʛʦ ʢʦʥʪʫʨ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʚʠʟʥʘʯʘʻ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ 

ʚʩɹʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ɺʠʱʝ ʤʠ ʦʙʛʦʚʦʨʠʣʠ ʤʝʞʫ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʪʘ ʾʾ 

ʟʚô̫ ʟʦʢ ʟ ʯʘʩʪʦʪʥʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʁ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ʇʨʘʢʪʠʯʥʠʡ 

ʥ̔ʪʝʨʝʩ ʜʣʷ ʦʙʨʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʜʝʣʚʁʘʥʥʷ ʨʦʙʦʪʠ ʟ ʨʝʟʠʩʪʦʨʦʤ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚô̫ʟʢʫ ʧʝʨʰʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʚ ʜʽʘʧʘʟʦʥʽ 1 ... 100 ʢʆʤ. ʅʝʚʝʣʠʢʘ ʻʤʥʽʩʪʴ ʚ 

ʥʝʛʘʪʠʚʥʦʤʫ ʟʚʦʨʦʪʥʦʤʫ ʟʚô̫ ʟʢʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʽʜʩʠʣʶʚʘʯʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ (ʨʠʩ. 1.25-1.26) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʦʙʤʝʞʝʥʥʷ 

ʧʨʦʧʫʩʢʘʥʥʷ ʤʘʻ ʤʽʩʮʝ ʧʽʩʣʷ 20 ʄɻʮ ʜʣʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ 10 ʢʆʤ ʪʘ 2 ʧʌ. 

ʎʴʦʛʦ ʜʦʩʪʘʪʥʴʦ ʜʣ̫ ʨʝʘʣʽʟʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʣʽʥʽʡʥʦʾ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ 1 

ʄɺ/ʩ. 

ɸʥʘʣ̔ʟ ʨʦʙʦʪʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʟ ʧʨʠʻʜʥʘʥʦʶ ʪʝʩʪʦʚʦʶ ʤʦʜʝʣʶ 

ʝʣʝʢʪʨʦʭ̔ʤʽʯʥʦʾ ʷʯʝʡʢʦ,ʁ ʱʦ ʚʢʣʶʯʘʣʘ ʚ ʩʦʙʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʘʥʘʣʦʛʠ 

ʝʣʝʢʪʨʦʜʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʜʦ ʨʦʟʯʠʥʫ ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʢʪʨʦʜʘ. ɼʣʷ ʩʧʨʦʱʝʥʥʷ 

ʤʦʜʝʣʽ ʚʦʥʠ ʙʫʣʠ ʟʤʦʜʝʣʴʦʚʘʥʽ ʧʘʨʘʣʝʣʴʥʠʤ ʟô̒ ʜʥʘʥʥʷʤ ʨʝʟʠʩʪʦʨʘ ʪʘ 

ʢʦʥʜʝʥʩʘʪʦʨʘ. ʃʥ̔ʽʡʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʟʘʣʠʰʘʣʠʩʷ ʜʦ 

ʻʤʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ 2000 ʧʌ (ʨʠʩ.1.27), ʱʦ ʻ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʤ 
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ʟʥʘʯʝʥʥʷʤ, ʚʨʘʭʦʚʫʶʯʠ ʬʘʢʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ. ʆʪʞʝ 

ʧʦʪʝʥʮ̔ʦʩʪʘʪ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʷʯʝʡʢʘʤʠ, ʪʘ ʝʣʝʢʪʨʦʜʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ. 

 

ʈʠʩ. 1.25 ï ɸʤʧʣʽʪʫʜʦ-ʯʘʩʪʦʪʥʽ ʪʘ ʬʘʟʦʚʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ 

ʚʫʟʣʘ ʧʦʪʝʥʮʽʦʩʪʘʪʫʚʘʥʥʷ 

 

 

ʈʠʩʫʥʦʢ 1.26 ï ɸʤʧʣʽʪʫʜʦ-ʯʘʩʪʦʪʥʽ ʪʘ ʬʘʟʦʚʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʣʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ 

 

ʐʣʷʭʦʤ ʤʦʜʝʣʚʁʘʥʥʷ ʙʫʣʘ ʧʝʨʝʚʽʨʝʥʘ ʢʦʤʧʝʥʩʘʮʽ̫ ʦʤʽʯʥʦʛʦ ʧʘʜʽʥʥʷ 

ʥʘʧʨʫʛʠ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʚʽʜʧʦʚ̔ ʜʥʦʛʦ ʦʧʦʨʫ ʜʦ ʤʦʜʝʣʽ ʷʯʝʡʢʠ. ɼʦʜʘʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʜʦ ʨʝʟʠʩʪʠʚʥʦʛʦ ʧʦʜ̔ʣʴʥʠʢʘ ʚ ʧʦʟʠʪʠʚʥʦʤʫ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚô̫ ʟʢʫ ʚ ʧʝʨʝʪʚʦʨʶʚʘʯ̔ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʢʦʤʧʝʥʩʫʻ ʚʪʨʘʪʫ ʥʘʧʨʫʛʠ ʚ ʷʯʝʡʮʽ ʚ 

ʫʩʦɹʤʫ ʯʘʩʪʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ. 
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ʈʠʩʫʥʦʢ 1.27 ï ʊʝʩʪʦʚʘ ʤʦʜʝʣʴ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ (ʫ ʚʠʤʽʨʘʭ 

ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: Ccount ï ʻʤʥʽʩʪʴ ʧʦʜʚʽʡʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ 

ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ 0,1 ʤʢʌ, Rcount ï ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʦʧʽʨ ʜʣʷ ʧʝʨʝʥʦʩʫ ʝʣʝʢʪʨʦʥʘ 

ʯʝʨʝʟ ʤʝʞʫ ʧʨʦʪʠʝʣʝʢʪʨʦʜ - ʨʦʟʯʠʥï 1 kɋ, Cwork ï ʻʤʥʽʩʪʴ ʧʦʜʚʽʡʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ 2 ʧʌ, Rwork ï ʝʢʚʚ̔ʘʣʝʥʪʥʠʡ ʦʧʽʨ ʜʣʷ 

ʧʝʨʝʥʦʩʫ ʝʣʝʢʪʨʦʥʘ ʯʝʨʝʟ ʤʝʞʫ ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ - ʨʦʟʯʠʥ ï 10 kɋ, Cref ï 

ʻʤʥʽʩʪʴ ʧʦʜʚʽʡʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥʷʥʥ ̫ 10 ʧʌ, Rref ï 

ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʦʧʽʨ ʜʣʷ ʧʝʨʝʥʦʩʫ ʝʣʝʢʪʨʦʥʘ ʯʝʨʝʟ ʤʝʞʫ ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ - 

ʨʦʟʯʠʥ ï 50 kɋ, ʩʧʨʦʪʠʚ ʨʦʟʯʠʥʫ ʤʽʞ ʧʨʦʪʠʝʣʝʢʪʨʦʜʦʤ ʪʘ ʝʣʝʢʪʨʦʜʦʤ 

ʧʦʨʽʚʥʷʥʥ ̫ Rɋ ʪʘ ʩʧʨʦʪʠʚ ʨʦʟʯʠʥʫ ʤʽʞ ʝʣʝʢʪʨʦʜʦʤ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʨʦʙʦʯʠʤ 

ʝʣʝʢʪʨʦʜʦʤ RU ʙʫʣʦ 0 ʆʤ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʟʥʘʯʝʥʥ̫ ʤʝʞʽ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʧʦʪʝʥʮʽʦʩʪʘʪʘ: Cwork ï ʟʤ̔ʥʶʚʘʣʘʩʴ ʚ ʜʽʘʧʘʟʦʥʽ 2é2000 pF, Rɋ + RU ï 

ʟʤʽʥʶʚʘʣʘʩʴ ʚ ʜʽʘʧʘʟʦʥʽ 0é1 kɋ).  

 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʢʣʶʯʘʶʯʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʉɸʇʈ 

Multisim 12.0, ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʦʾ ʩʭʝʤʠ ʝʣʝʢʪʨʠʯʥʦ ʾ

ʧʨʠʥʮʠʧʦʚʦʾ ʚʠʛʦʪʦʚʣʝʥʦ ʥʘʜʰʚʠʜʢʠʡ ʧʦʪʝʥʮʽʦʩʪʘʪ, ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 

ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ ʷʢʦʛʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.28.  
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ʘ)                                                        ʙ) 

ʈʠʩʫʥʦʢ 1.28 ï ɿʦʚʥʽʰʥ̔ʡ ʚʠʛʣʷʜ ʧʣʘʪʠ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ: 

ʘ) ʚʠʜ ʟʚʝʨʭʫ, ʙ) ʚʠʜ ʟʥʠʟʫ. 

 

1.4 ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 

 

ʉʧʠʨʘʶʯʠʩɹ ʥʘ ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʜʞʝʨʝʣ, 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʥʝʦʙʭʽʜʥʩ̔ʪɹ ʨʦʟʨʦʙʢʠ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʫ, ʷʢ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʘʥʘʣ̔ ʟʫ ʫ ʰʚʠʜʢʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ. ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ʚʽʜʦʤʠʭ ʩʭʝʤ 

ʧʦʙʫʜʦʚʠ ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ ʧʦʙʫʜʦʚʠ 

ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʠʭ ʧʨʠʥʮʠʧʘʭ: 

- ʚʽʜʩʫʪʥʽʩʪʴ ʤʽʞʢʘʩʢʘʜʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ 

ʦʤ̔ʯʥʦʛʦ ʧʘʜ̔ʥʥʷ ʥʘʧʨʫʛʠ, 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʩʮʝʚʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʚ ʢʘʩʢʘʜ̔ , ɦʦ ʟʘʜʘ̒  

ʧʦʪʝʥʮʽʘʣ, ʟʘʜʣʷ ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʥʘ ʚʠʩʦʢʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ, 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʩʮʝʚʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʤʧʝʥʩʘʮʽ ʾʦʤʯ̔ʥʦʛʦ ʧʘʜ̔ʥʥ̫ ʥʘʧʨʫʛʠ ʚ ʢʘʩʢʘʜʽ ʚʠʤʽʨʫ ʩʪʨʫʤʫ. 

ɺʠʷʚʣʝʥʽ ʥʝʜʦʣʽʢʠ ʪʘ ʦʙʤʝʞʝʥʥ̫ ʩʫʯʘʩʥʠʭ ʢʦʤʝʨʮʽʡʥʠʭ ʧʦʪʝʥʮʽʦʩʪʘʪʽʚ 

ʪʘ ʥʘʷʚʥʠʭ ʨʦʟʨʦʙʦʢ ʽʥʰʠʭ ʘʚʪʦʨʽʚ, ʱʦ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʨʝʞʠʤʽ 

ʥʘʜʰʚʠʜʢʦʾ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ, ʚʠʨʽʰʝʥʦ ʰʣʷʭʦʤ ʘ) ʚʚʝʜʝʥ ̫

ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʠʡ ʣʘʥʮʶʛʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʚ ʢʘʩʢʘʜ̔, ʱʦ ʟʘʜʘʻ 
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ʧʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʚʝʜʝʥʥʷ 

ʩʭʝʤʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʚ ʨʝʞʠʤ ʧʦʚʪʦʨʶʚʘʯʘ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʙ) 

ʚʚʝʜʝʥʦ ʬʽʣʴʪʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʤʽʞ ʢʘʩʢʘʜʘʤʠ ʚʠʤʽʨʫ ʨʚ̔ʥʦʚʘʞʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʘ ʪʘ ʢʘʩʢʘʜʦʤ, ʱʦ ʟʘʜʘʻ ʧʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦ ʾ

ʷʯʝʡʢʠ, ʚ) ʢʦʤʧʝʥʩʘʮʽʷ ʚʩʴʦʛʦ ʦʤʽʯʥʦʛʦ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʚ ʷʯʝʡʮʽ ʫ ʚʩʴʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪʘʭ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ 

ʤʽʩʮʝʚʦʛʦ (ʚʥʫʪʨʽʰʥʴʦʢʘʩʢʘʜʥʦʛʦ) ʧʦʟʠʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʚ ʢʘʩʢʘʜʽ 

ʚʠʤʽʨʫ ʩʪʨʫʤʫ, ʪʦʙʪʦ ʫ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʠʭ ʧʨʠʥʮʠʧʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʘ 

ʝʣʝʢʪʨʠʯʥʘ ʧʨʠʥʮʠʧʦʚʘ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 7 ʦʧʝʨʘʮʽʡʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʽʚ, ʱʦ ʨʝʘʣʽʟʫʻ ʦʩʥʦʚʥ̔ ʪʘ ʜʦʜʘʪʢʦʚʽ ʬʫʥʢʮʦ̔ʥʘʣʴʥʽ ʚʫʟʣʠ 

ʥʘʜʚhʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ. ʄʽʥ̔ʤ̔ʟʘʮʽʷ ʢʽʣʴʢʦʩʪʽ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ 

ʻ ʚʘʞʣʠʚʦʶ ʟ ʪʦʯʢʠ ʟʦʨʠ ʥʠʟʢʠ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʟʤʝʥʰʝʥʥʷ ʥʝʙʘʞʘʥʦʛʦ 

ʬʘʟʦʚʦʛʦ ʥʘʙʽʛʫ ʤʽʞ ʢʘʩʢʘʜʘʤʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ, ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ, 

ʟʤʝʥh ʝʥʥʷ ʯʘʩʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʩʭʝʤʽ, ʪʘ ʽʥʰ̔.  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʚʭʽʜʥʦʛʦ ʢʘʩʢʘʜʘ ʧʽʜʩʠʣʶʚʘʯʘ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ 

×2, ʢʘʩʢʘʜʘ ʚʠʯʠʪʘʯʘ, ʢʘʩʢʘʜʘ, ʱʦ ʟʘʜʘʻ ʧʦʪʝʥʮʽʘʣ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ 

ʷʯʝʡʢʠ, ʦʙʨʘʥʦ LM7171 ʚʽʜ Texas Instrument Inc. ɼʣʷ ʢʘʩʢʘʜʫ ʚʠʤ̔ʨʫ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʦʙʨʘʥʦ OPA627 ʚʽʜ Texas Instrument Inc. ɼʣʷ ʢʘʩʢʘʜʫ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʦʙʨʘʥʦ THS4631 ʚʽʜ Texas Instrument Inc., ʷʢ 

ʙʫʬʝʨʠ ʚʠʢʦʨʠʩʪʘʥʦ OPA 633 ʚ̔ʜ Texas Instrument Inc. 

ʆʩʢ̔ʣʴʢʠ, ʣʘʥʮʶʛ ʚʠʤʽʨʫ ʩʪʨʫʤʫ ʯʝʨʝʟ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʷʯʝʡʢʫ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚʥʦ ʚʢʣʶʯʝʥʠʭ ʢʘʩʢʘʜʽʚ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ, 

ʙʫʬʝʨʽʚ ʪʘ ʚʠʯʠʪʘʯʘ. ɿʘʪʨʠʤʢʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʟʙʫʜʞʝʥʥʷ 

(ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ) ʪʘ ʾʾ ʚʽʜʛʫʢ ʤʘʻ ʧʦʩʪʽʡʥʠʡ ʭʘʨʘʢʪʝʨ. ɼʣʷ 

ʦʙʨʘʥʦʾ ʩʭʝʤʦʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽ ʾʚʦʥʘ ʩʢʣʘʜʘʻ   

ɺʠʢʦʨʠʩʪʘʥʥʷ ʉɸʇʈ Multisim 11.0 ʜʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʦʮʽʥʢʫ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʧʦʪʝʥʮʽʦʩʪʘʪʘ, ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʧʘʩʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʡʦʛʦ ʩʭʝʤʠ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʜʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʡʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽʩʪʴ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʦʙʨʘʥʦʾ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ 
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ʤʦʞʣʠʚʝ ʦʪʨʠʤʘʥʥʷ ʧʦʣʦʩʠ ʧʨʦʧʫʩʢʘʥʥʷ ʧʦʥʘʜ 20 ʄɻʮ ʜʣʷ ʩʭʝʤʠ ʟʽ 

ʟʚʦʨʦʪʥʠʤ ʟʚô̫ ʟʢʦʤ 10 ʢʆʤ ʪʘ 2 ʧʌ ʫ ʢʘʩʢʘʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ. 

ʎʴʦʛʦ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʣ̔ʥʡ̔ʥʦʾ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ 1 

ʄɺ/ʩ. ʄʦʜʝʣʶʚʘʥʥʷ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞʽ ʩʪʘʙʽʣɹʥʦʩʪʽ ʧʦʪʝʥʮʽʦʩʪʘʪʘ 

ʚʠʟʥʘʯʠʣʠ ʤʘʩʠʤʘʣɹ ʥʫ ʝʢʚʽʚʘʣʝʥʪʥʫ ʻʤʥʽʩʪʴ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ ʚ 2000 

ʧʌ, ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʤʧʝʥʩʘʮʽʶ ʦʤʽʯʥʠʭ ʚʪʨʘʪ ʜʦ 1 ʢʆʤ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 10 ʢʆʤ ʚ ʟʚʦʨʦʪʥʦʤʫ ʟʚô̫ ʟʢʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ. ʎ̫  

ʝʢʚʽʚʘʣʝʥʪʥʘ ʻʤʥʽʩʪ,ɹ ʱʦ ʤʦʜʝʣʶʚʘʣʘ ʧʦʚʝʜʽʥʢʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʷʯʝʡʢʠ, 

ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʥʽʞ ʻʤʥʽʩʪʴ ʧʨʠʪʘʤʘʥʥʘ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘʤ ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ 

ʟʥʘʯʝʥʥʥʷʤʠ 5-10 ʧʌ. ʆʪʞʝ, ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ 

ʟʘʙʝʟʧʝʯʝʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥ̫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʽʢʨʦ-, ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ 

ʪʘ ʥʘʥʦʜʽ ʫ ʨʽʟʥʠʭ ʨʦʙʦʯʠʭ ʩʝʨʝʜʦʚʠɦ ʘʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʩʝʥʩʦʨʽʚ. 

ʉʪʘʙʽʣʴʥʽʩʪʴ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʮʠʢʣʽʯʥʝ ʥʘʢʣʘʜʘʥʥ ̫

ʟʙʫʜʞʫʶʯʦʛʦ ʩʠʛʥʘʣʫ ʙʝʟ ʧʘʫʟ, ʱʦ ʻ ʡʦʛʦ ʩʫʪʪʻʚʦʶ ʧʝʨʝʚʘʛʦʶ ʪʘ ʤʦʞʣʠʚʽʩʪʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʷʢ ʮʠʢʣʽʯʥʘ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʷ ʚ ʥʘʜʰʚʠʜʢʦʤʫ ʨʝʞʠʤ ̔ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʧʦʣʷʨʠʟʘʮʽʾ.  

ʎʽ ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʙʫʣʦ ʧʝʨʝʚʽʨʝʥʦ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʥʠʟʮʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʢʦʤʧʦʟʠʮʽʡ, 

ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʚ ʨʦʟʜʽʣʽ 6. 

ʈʝʟʫʣɹʪʘʪʠ, ʷʢʽ ʥʘʙʫʪʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘʚʝʜʝʥʠʭ ʨʦʙʽʪ ʚ 1 ʨʦʟʜʽʣʽ, ʙʫʣʦ 

ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ ʥʘʩʪʫʧʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʘʚʪʦʨʘ [4, 6] ʪʘ ʦʧʨʦʙʦʚʘʥʦ ʥʘ 

ʤʞ̔ʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ [33, 36, 38-46]. 
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2. ʊɽʍʅʆʃʆɻɯʗ ɺʀʈʆɹʅʀʎʊɺɸ ʉɽʅʉʆʈɯɺ ʅɸ ʆʉʅʆɺɯ ʄɯʂʈʆ-, 

ʋʃʔʊʈɸʄɯʂʈʆ- ʊɸ ʅɸʅʆɽʃɽʂʊʈʆɼɯɺ 

 

ɺ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʦʙʛʦʚʦʨʶʚʘʣʘʩʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʢʨʦ- 

ʪʘ ʫʣʴʪʨʘʤʽʢʨʦ- ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʜʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʥʦʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ɰʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʦʪʨʠʤʘʪʠ ʚʝʣʠʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥ ̫

ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ ʟ ʨʦʙʦʯʠʤ ʝʣʝʢʪʨʦʜʦʤ. ʆʩʥʦʚʥʦ  ʁʾʭ ʧʝʨʝʚʘʛʦʶ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʦʙʤʝʞʝʥʥʷ ʦʙʣʘʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʣʽʟʫ, ʱʦ 

ʚʘʞʣʠʚʦ ʚ ʘʩʧʝʢʪʽ ʨʝʘʣʽʟʘʮʽʾ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ.  

ʅʝʦʜʤʽʥʥʦ ʩʣʽʜ ʚʢʘʟʘʪʠ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ ʨʦʟʤʽʨʽʚ ʨʦʙʦʯʦʾ 

ʜʽʣʷʥʢʠ ʝʣʝʢʪʨʦʜʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʥ̔ʠ ʭʘʨʘʢʪʝʨʫ ʤʘʩʦ-ʧʝʨʝʥʦʩʫ ʨʝʯʦʚʠʥʠ 

ʧʦʙʣʠʟʫ ʝʣʝʢʪʨʦʜʘ. ʊʘʢ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʚʜʘʻʪʴʩʷ 

ʧʽʜʥʷʪʠ ʾʾ ʧʠʪʦʤʝ ʟʥʘʯʝʥʥʷ, ʪʘʢʠʤ ʯʠʥʦʤ ʟʙʽʣʴʰʠʪʠ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ ʫhʤ 

ʜʣʷ ʜʣʷ ʩʝʥʩʦʨʽʚ, ʦɦ ʙʫʜʫʶʪʴʩʷ ʟ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ. ʆʪʞʝ ʮʝʡ ʤʝʪʦʜ 

ʧʽʜʚʠʱʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ ʻ ʮʽʢʘʚʠʤ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ.  

ɺ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʦʛʣʷʜ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ. ʆʙʛʦʚʦʨʝʥʦ ʧʦʪʦʯʥʽ ʧʨʦʙʣʝʤʠ ʫ ʩʪʚʦʨʝʥʥʽ ʩʝʥʩʦʨ̔ ʚ ʥʘ 

ʾʭ ʦʩʥʦʚʽ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʚʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʪʘ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʘ 

ʜʣʷ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʦʧʠʩ ʷʢʦʾ ʤʽʩʪʠʪʴʩʷ ʫ ʨʦʟʜ̔ʣʽ. ʅʘʚʝʜʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʨʘʟʢʽʚ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ ʪʘ 

ʫʣʪɹʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. ʆʙʛʦʚʦʨʝʥʦ 

ʧʝʨʩʧʝʢʪʠʚʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʚʠʢʣʘʜʝʥʦ ʘʚʪʦʨʦʤ ʚ ʥʘʩʪʫʧʥʠʭ 

ʧʫʙʣ̔ ʢʘʮʽʷʭ [6, 10, 11, 15, 33, 34, 36, 43]. 
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2.1 ʄʽʢʨʦʝʣʝʢʪʨʦʜʠ ʷʢ ʝʣʝʢʪʨʦʭʽʤʽʯʥ ̔ʩʝʥʩʦʨʠ 

 

ɻʨʫʧʘ ʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʟʨʦʙʣʝʥʽ ʟ ʜʫʞʝ ʪʦʥʢʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʦʚʽʜʥʠʢʘ 

ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʛʝʦʤʝʪʨʽʾ ʟ ʦʜʥʠʤ ʟ ʨʦʟʤʽʨʽʚ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʫ ʢʽʣʴʢʘ 

ʤʽʢʨʦʤʝʪʨʽʚ ʥʘʟʠʚʘʶʪʴʩʷ ʤʢ̔ʨʦʝʣʝʢʪʨʦʜʘʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʋʄɽ ʥʘʙʫʚʘ̒ 

ʧʦʰʠʨʝʥʥʷ ʚ ʥʘʩʣʽʜʦʢ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʤʝʪʦʜ̔ ʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʾʭ ̫ʢ 

ʫʥʽʢʘʣʴʥʠʡ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ. ʇʦʰʠʨʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚ ʪʘʢʠʭ 

ʦʙʣʘʩʪʷʭ ʷʢ ʪʫʥʝʣʴʥʘ ʤʽʢʨʦʩʢʦʧʽʷ [95-96], ʩʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʘ 

ʤʽʢʨʦʩʢʦʧʽ ̫[97], ʝʣʝʢʪʨʦʬʽʟʽʦʣʦʛʽʷ [96], ʭ̔ʤʽʯʥʘ ʢʽʥʝʪʠʢʘ [97], ʥʘʥʦʣʽʪʦʛʨʘʬ̔ʷ 

[98] ʟʫʤʦʚʠʣʠ ʽʥʪʝʨʝʩ ʪʘ ʚʽʜʧʦʚʽʜʥʠʡ ʨ̔ʩʪ ʧʫʙʣʽʢʘʮ̔ʡ ʟʘ ʪʝʤʘʪʠʢʦʶ 

ʚʠʛʦʪʦʚʣʝʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ, ʚʢʣʶʯʘʶʯʠ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʥʘʜh ʚʠʜʢʠʭ ʨʝʞʠʤʘʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʤʝʪʦʜʚ̔ ʘʥʘʣʽʟʫ.  

ɿʜʘʪʥʽʩʪʴ ʜʦ ʚʠʩʦʢʠʭ ʯʘʩʦʚʦʾ ʪʘ ʧʨʦʩʪʦʨʦʚʦʾ  ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ ʨʦʙʠʪʴ ʾʭ ʥʝʟʘʤ̔ʥʥʠʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʻʤ ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʰʚʠʜʢʠʭ ʭʽʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ [94, 96, 97], ʧʨʦʚʝʜʝʥʥʷ in-vivo ʚʦʣʴʪʘʤʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʽʚ ʚ ʞʠʚʠʭ 

ʪʢʘʥʠʥʘʭ [98], ʪʘ ʜʦʩʣʜ̔ʞʝʥʥ̫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʽʦʥʫʚʘʥʥ ̫ʦʢʨʝʤʠʭ ʢʣʽʪʠʥ 

[99], ʚʠʚʯʝʥʥʷ ʟʤ̔ʥ ʧʨʦʚʜ̔ʥʦʩʪ ̔ʦʢʨʝʤʠʭ ʽʦʥʥʠʭ ʢʘʥʘʣʽʚ ʤʝʤʙʨʘʥʥʽʭ ʩʪʨʫʢʪʫʨ 

[100], ʝʬʝʢʪʠʚʥʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ ʘʥʘʣʪ̔̔ʚ ʚ ʤʝʪʦʜʽ ʢʘʧʽʣʷʨʥʦʛʦ ʝʣʝʢʪʨʦʬʦʨʝʟʫ 

[101], ʧʽʜʚʠʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʠʭ ʪʘ ʝʣʝʢʪʨʦʣ̔ ʪʦʛʨʘʬʽʯʥʠʭ 

ʤʝʪʦʜʽʚ [102], ʘ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʥʷ ʢʘʨʪʦʛʨʘʬ̔ʾ  ʦʢʠʩʥʦ-ʚʜ̔ʥʦʚʣʶʚʘʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʽ ʤʝʪʦʜʦʤ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. ʋ 

ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʙʣʝʤʥʠʭ ʦʙʣʘʩʪʭ̫, ʤʦʞʣʠʚʦʩʪ̔ ʤʝʪʦʜʽʚ ʜʦ ʧʨʦʩʪʦʨʦʚʦʾ ʪʘ 

ʯʘʩʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟʚʦʨʦʪʥʦ ʧʨʦʧʦʨʮʽʡʥʽ ʜʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ 

ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. ɺʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʽʚ ʝʣʝʢʪʨʦʜʽʚ, ʧʘʨʘʟʠʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʧʦʢʨʘʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʨʦʟʚʠʪʢʫ 

ʟʘʟʥʘʯʝʥʠʭ ʤʝʪʦʜ̔ʚ. 

ʇʦʪʨʝʙʘ ʫ ʮʠʭ ʝʣʝʢʪʨʦʜʘʭ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʫ ʨ̔ʟʥʠʭ ʛʘʣʫʟʭ̫ 

ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ: ʨʝʘʣʽʟʘʮʽʾ ʭʽʤʽʯʥʦʾ ʽʥʝʨʪʥʦʩʪʽ ʝʣʝʢʪʨʦʜʫ ʜʦ 
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ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʨʦʟʯʠʥʥʠʢʽʚ ʟ ʷʢʠʤʠ ʙʫʜʝ ʢʦʥʪʘʢʪʫʚʘʪʠ ʝʣʝʢʪʨʦʜ ʫ ʧʨʦʮʝʩʽ 

ʨʦʙʦʪʠ ʙʝʟ ʡʦʛʦ ʨʫʡʥʫʚʘʥʥʷ, ʧʨʦʩʪʦʪʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʤʘʪʠ ʪʦʯʥʽ ʨʦʟʤʽʨʠ, ʷʢʽ 

ʤʦʞʣʠʚʦ ʚʠʤʨ̔ʷʪʠ ʧʨʦʩʪʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ ʚʽʜʪʚʦʨʝʥʦ ʚʠʨʦʙʣʷʪʠʩʷ. 

ʄʽʢʨʦʝʣʝʢʪʨʦʜ ʟ ʧʨʦʚʽʜʥʠʢʦʤ ʟ ʤʝʪʘʣʝʚʦʛʦ ʜʨʦʪʫ ʧʣʘʪʠʥʦʚʦʾ ʛʨʫʧʠ ʘʙʦ ʜʨʦʪʫ 

ʟʽ ʩʢʣʦʚʫʛʣʝʮʷ, ʦɦ ʨʦʟʪʘʰʦʚʘʥʦ ʫ ʽʟʦʣʴʦʚʘʥʦʤʫ ʢʦʨʧʫʩʽ ʚʽʜʦʤʽ. ʊʘʢʽ 

ʤʽʢʨʦʝʣʝʢʪʨʦʜʠ ʦʧʠʩʘʥʽ ʚ ʥʘʩʪʫʧʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʧʦʩʠʣʘʥʥʷʭ [94, 102] 

ʅʘʡʤʝʥʰʽ ʚʽʜʦʤʽ ʋʄɽ, ʱʦ ʧʦʚʽʜʦʤʣʷʣʠʩʷ ʫ ʣʽʪʝʨʘʪʫʨʽ, ʪʘ ʤʘʶʪʴ 

ʜʦʩʪʘʪʥʴʦ ʛʘʨʥʠʡ ʝʣʝʢʪʨʦʭʽʤ̔ʯʥʠʡ ʚʽʜʛʫʢ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʘʜʽʫʩʦʤ ʨʦʙʦʯʦʾ 

ʧʦʚʝʨʭʥʽ 0,1 ʤʢʤ [103], ʪʘ ʙʽʣʴʰ ʚ̔ʜʦʤ̔ ʪʘ ʧʦʰʠʨʝʥʽ ʝʣʝʢʪʨʦʜʠ ʟ ʨʘʜ̔ ʫʩʦʤ 

ʨʦʙʦʯʦʾ  ʧʦʚʝʨʭʥʽ ʚ ʜʽʘʧʘʟʦʥʽ 1,0-25,0 ʤʢʤ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʫʯʘʩʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʜʽʣʝʥʦ ʚʠʥʘʭʦʜʞʝʥʥʶ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʥʦʜʽʚ, ʪʦʙʪʦ 

ʝʣʝʢʪʨʦʜʽʚ ʟ ʨʦʟʤʽʨʘʤʠ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʤʝʥʰʽ ʟʘ 1 ʤʢʤ. ɺʠʢʦʨʠʩʪʘʥʥ ̫

ʦʩʪʘʥʥʽʭ, ʷʢ ʨʽʟʥʦʚʠʜʫ ʋʄɽ ʟ ʱʝ ʤʝʥʰʦʶ ʨʦʙʦʯʦʶ ʧʦʚʝʨʭʥʝʶ, ʚ ʙʽʣʴʦhʤʫ 

ʩʪʫʧʝʥʽ ʧʨʦʷʚʣʷʻ ʦʩʦʙʣʠʚʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʧʨʠʪʘʤʘʥʥʽ ʋʄɽ. ʆʜʥʘʢ 

ʪʝʭʥʽʯʥʽ ʪʨʫʜʥʦʱʽ, ʧʦʚô̫ ʟʘʥʽ ʷʢ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʢʠʩʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʪʘʢ ʽ ʚʝʣʠʢʽ ʯʘʩʦʚ̔  ʟʘʪʨʘʪʠ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ, 

ʨʦʙʣʷʪʴ ʮʽ ʜʦʩʣʽʜʞʝʥʥ̫ ʦʙʤʝʞʝʥʠʤʠ. ʆʜʥʘʢ ʨʦʟʚʠʪʦʢ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʤʘʩʦʚʦʛʦ (ʨʫʪʠʥʥʦʛʦ) ʚʠʨʦʙʥʠʮʪʚʘ, ʙʝʟʫʤʦʚʥʦ, ʩʧʨʠʷʪʠʤʝ ʨʦʩʪʫ ʽʥʪʝʨʝʩʫ ʪʘ 

ʚ̔ ʜʧʦʚʽʜʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ, ʷʢ ʥʘʥʦʜʠ [103]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʜʦʟʚʦʣʷʻ ʚʠʚʯʘʪʠ ʢʦʥʩʪʘʥʪʠ 

ʚhʠʜʢʦʩʪʽ ʧʝʨʝʥʦʩʫ ʝʣʝʢʪʨʦʥʫ, ʷʢʽ ʟʥʘʯʥʦ ʚʠʱʽ, ʥʽʞ ʮʝ ʤʦʞʣʠʚʦ ʟʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʣʘʩʠʯʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ.  

 

ʊʝʨʤʽʥ çʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜè ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ 

ʘʥʘʣʽʪʠʮʽ ʜʦ ʤʢ̔ʨʦʝʣʝʢʪʨʦʜʽʚ, ʦɦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʠʤ ʧʨʦʷʚʦʤ 

ʩʬʝʨʠʯʥʦʾ ʜʠʬʫʟʽʾ ʝʣʝʢʪʨʦʛʝʥʝʨʦʚʘʥʠʭ ʥʘ ʝʣʝʢʪʨʦʜʽ ʨʝʯʦʚʠʥ ʥʘʜ ʣʽʥʽʡʥʦʶ 

ʜʠʬʫʟʽʻʶ, ʱʦ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʝʣʝʢʪʨʦʜʽʚ ʚʝʣʠʢʠʭ ʨʦʟʤʨ̔̔ʚ.  

ʆʩʦʙʣʠʚʦʩʪʷʤʠ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ ʻ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʬʘʨʘʜʝ̒ʚʩʴʢʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʝʣʝʢʪʨʦʜʽ, ʟʙʽʣʴʰʝʥʥʷ 

ʚʜ̔ʥʦh ʝʥʥʷ ʬʘʨʘʜʝʻʚʩʴʢʠʭ ʧʨʦʮʝʩʽʚ ʜʦ ʻʤʥʽʩʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʜʚʽʡʥʦʛʦ 
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ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ, ʱʦ ʩʪʚʦʨʶʻʪʴʩ̫ ʥʘ ʝʣʝʢʪʨʦʜʽ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʤʧʝʥʩʘʮʽʾ 

ʦʤʽʯʥʦʛʦ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʫ ʚʠʤʽʨʥʽʡ ʢʦʤʽʨʮʽ ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʥʘʩʣʽʜʢʫ ʤʘʣʠʭ 

ʩʪʨʫʤʽʚ ʚʽʜʛʫʢʫ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ, ʤʘʣʘ ʧʘʨʘʟʠʪʥʘ ʻʤʥ̔ʩʪʴ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ 

ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʜʫʞʝ ʰʚʠʜʢʫ ʧʦʣʷʨʠʟʘʮʽʶ ʝʣʝʢʪʨʦʜʫ, ʟʙʽʣʴhʝʥʥʷ 

ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ ʙʽʣʴʰ 

ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʚʠʤʽʨʚʁʘʥʥʷʤʠ ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ, ʷʢʠʡ 

ʙʽʣʴʰ ʰʚʠʜʢʦ ʚʩʪʘʥʦʚʣʁ ʻʪʴʩʷ ʥʘ ʤ̔ ʢʨʦʝʣʝʢʪʨʦʜʘʭ, ʥʽʞ ʥʘ ʤʘʢʨʦʝʣʝʢʪʨʦʜʘʭ, 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʨʦʙʦʯʦʾ ʜʽʣʷʥʢʠ ʝʣʝʢʪʨʦʜʫ ʜʦʟʚʦʣʷʻ ʧʨʦʧʦʨʮʽʡʥʦ 

ʟʤʝʥʰʠʪʠ ʦʙô̒ ʤ ʟʨʘʟʢʘ, ʱʦ ʤʦʞʝ ʜʦʩʣʽʜʞʫʚʘʪʠʩʷ. ʆʪʞʝ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ 

ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ ̒ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʚʘʞʣʠʚʠʤ ʟʘʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ̔ʜ ʝʣʝʢʪʨʦʜʫ, ʷʢ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʜʣʷ 

ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɿʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʫ ʜʦ ʩʫʙʤʽʢʨʦʥʥʠʭ ʪʘ 

ʥʘʥʦʨʦʟʤʽʨʽʚ, ʟʥʘʯʥʦ ʧʽʜʩʠʣʶʻ ʧʨʦʷʚ ʟʘʟʥʘʯʝʥʠʭ ʝʬʝʢʪʽʚ, ʪʦʤʫ ̒ ʪʝʦʨʝʪʠʯʥʦ ʪʘ 

ʧʨʘʢʪʠʯʥʦ ʮʽʢʘʚʠʤ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʦʩʪʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʢʠʭ ʝʣʝʢʪʨʦʜʽʚ. ʇʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʝʣʝʢʪʨʦʜʽʚ ʟ ʥʘʜʤʘʣʠʤʠ 

ʝʣʝʢʪʨʦʜʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʥʘ ʧʝʨʰʝ ʤʽʩʮʝ ʚʠʭʦʜʠʪʴ ʧʠʪʘʥʥʷ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʧʨʦʩʪʦʪʠ ʨʝʘʣ̔ ʟʘʮʽʾ. ʋʣʴʪʨʘʤ̔ʢʨʦʝʣʝʢʪʨʦʜʠ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ 

ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʚʞʝ ʚʽʜʦʤʽ.  

ʊʘʢʽ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʠ, ʥʘʧʨʠʢʣʘʜ, ʦʧʠʩʘʥʽ ʚ ʥʘʩʪʫʧʥʠʭ 

ʣʪ̔ʝʨʘʪʫʨʥʠʭ ʧʦʩʠʣʘʥʥʷʭ [104-105].  

ʉʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʢ̔ʨʦʝʣʝʢʪʨʦʜʽʚ ʙʘʟʫʻʪʴʩ̫ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʤʽʢʨʦʜʨʦʪʫ, ʱʦ ʨʦʟʪʘʰʦʚʫʁʪ ɹ ʚ ʽʟʦʣʴʦʚʘʥʦʤʫ ʢʦʨʧʫʩʽ. ʈʦʟʤʽʨ ʨʦʙʦʯʦʾ 

ʧʦʚʝʨʭʥʽ ʬʦʨʤʫʻʪʴʩʷ ʛʝʦʤʝʪʨʽʻʶ ʤʽʢʨʦʜʨʦʪʫ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ. ɿʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʤʽʢʨʦʜʨʦʪʫ ʤʝʥʰ ʜʝʢʽʣʴʢʦʭ ʤʽʢʨʦʤʝʪʨʽʚ ʻ 

ʚʢʨʘʡ ʩʢʣʘʜʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ. ʄʽʢʨʦʝʣʝʢʪʨʦʜʠ ʚʠʨʦʙʣʷʶʪʩɹ̫  

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʢʽʥʝʮʴ ʩʢʣʷʥʦʾ ʪʨʫʙʢʠ ʚʠʪʷʛʫʶʪʴ ʫ ʢʘʧʽʣʷʨ ʪʘ ʚ ʢʘʧʽʣʷʨ 

ʚʪʷʛʫʶʪʴ ʧʨʦʚʽʜ ʘʙʦ ʥʠʪʢʫ ʟ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʫ ʘʙʦ ʩʢʣʦʚʫʛʣʝʮʶ. ʇʦʪʽʤ ʜʨʽʪ 

ʟʘʧʘʶʁʪʴ ʚ ʩʢʣ̫ʥʽʡ ʪʨʫʙʮʽ ʧʨʠ ʾʾ ʨʦʟʽʛʨʽʚʽ. ʊʦʚʱʠʥʘ ʽʟʦʣʮ̫ʡ̔ʥʦʛʦ ʰʘʨʫ ʟ 

ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ ʘʙʦ ʩʢʣʘ ʥʝ ʧʝʨʝʚʠʱʫʻ ʜʝʢʣ̔ɹ ʢʦʭ ʤ̔ ʣʽʤʝʪʨʽʚ. ɺʠʨʦʙʥʠʮʪʚʦ 
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ʨʽʚʥʦʤʽʨʥʦʾ ʪʦʚʱʠʥʠ ʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʝʣʝʢʪʨʦʜʘ ʥʝ 

ʧʦʪʨʽʙʥʝ, ʦʩʢʽʣʴʢʠ ʯʘʩʪʽʰ ʟʘ ʚʩʝ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʨʦʮʝʩʠ ʥʘ ʪʦʨʮʽ 

ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ, ʪʦʙʪʦ ʥʘ ʛʨʘʥʠʮʽ ʤʞ̔ ʥʝʽʟʦʣʴʦʚʘʥʦʶ ʜʽʣʷʥʢʦʶ ʜʨʦʪʫ ʥʘ 

ʟʘʧʘʷʥʦʤʫ ʢʽʥʮʽ ʤʢ̔ʨʦʝʣʝʢʪʨʦʜʘ ʪʘ ʨʦʟʯʠʥʦʤ ʜʦ ʷʢʦʛʦ ʯʘʩʪʢʦʚʦ ʟʘʥʫʨʶʻʪʴʩʷ 

ʝʣʝʢʪʨʦʜ ʫ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ.  

ɯʥʰʠʤ ʩʧʦʩʦʙʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʫ ʻ ʚʢʨʠʪʪʷ ʝʧʦʢʩʠʜʥʦʶ ʩʤʦʣʦʶ 

ʧʨʦʚʽʜʥʠʢʘ. ɼʣʷ ʯʦʛʦ ʧʨʦʚʽʜʥʠʢ ʚʢʨʠʚʘʪʁʴ ʽʟʦʣʷʮʽʡʥʠʤ hʘʨʦʤ ʰʣʷʭʦʤ 

ʨʦʟʧʠʣʁʚʘʥʥʷ ʯʠ ʟʘʥʫʨʝʥʥʷ ʫ ʝʧʦʢʩʠʜʥʫ ʩʤʦʣʫ ʯʠ ʨʝʟʠʥʫ. ɸʙʦ ʟʜʽʡʩʥʶʪʁʴ 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʨʧʫʩʫ ʫ ʬʦʨʤʽ ʰʣʷʭʦʤ ʟʘʣʠʚʢʠ ʬʦʨʤʠ ʝʧʦʢʩʠʜʥʦʶ ʩʤʦʣʦʶ ʯʠ 

ʨʝʟʠʥʦʶ. ʇʦʧʝʨʝʜʥʴʦ ʫ ʬʦʨʤ̔ ʟʘʢʨʽʧʣʶʪʁʴ ʤʽʢʨʦʜʨʽʪ. [106] 

ʉʣʘʙʢʠʤʠ ʤʩ̔ʪʘʤʠ ʦʧʠʩʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʻ ʩʢʣʘʜʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ 

ʢʦʥʪʘʢʪʫ ʤʽʞ ʤʽʢʨʦʝʣʝʢʪʨʦʜʦʤ ʪʘ ʧʨʦʚʽʜʥʠʢʦʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʽʜʻʜʥʘʥʥʷ, ʪʘ ʧʽʜʚʠʱʝʥʥ̫ ʽʥʝʨʪʥʦʩʪʽ ʢʦʨʧʫʩʫ ʤʢ̔ʨʦʝʣʝʢʪʨʦʜʘ, ʦʩʢʽʣʴʢʠ 

ʧʦʣʽʤʝʨʥʘ ʩʤʦʣʘ ʯʠ ʨʝʟʠʥʘ ʤʝʥʰ ʽʥʝʨʪʥʽ ʥʽʞ ʩʢʣʦ. 

 

2.2 ʉʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ 

 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʘ ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʢ̔ʨʦʝʣʝʢʪʨʦʜʘ, 

ʱʦ ʚʢʣʶʯʘʣʘ ʨʦʟʨʦʙʢʫ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʝʚʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʾ ʜʣʷ ʾʾ ʨʝʘʣ̔ʟʘʮʽʾ. ʇʽʜʚʠɦ ʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʦʙʤʝʞʝʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʷʭ ʙʫʣʦ ʦʜʥ̔̒ ʶ ʟ 

ʦʩʥʦʚʥʠʭ ʫʤʦʚʦʶ ʠ ʨʦʟʨʦʙʢʠ, ʪʘ ʚʠʨʽʰʝʥʥʷ ʥʝʜʦʣ̔ ʢʽʚ ʚʜ̔ʦʤʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ.  

ɺʽʜʤʽʥʥʽʩʪʶ ʚʠʥʘʭʦʜʫ  ̒ ʧʨʦʩʪʦʪʘ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ 

ʤʢ̔ʨʦʝʣʝʢʪʨʦʜʫ ʟʽ ʩʢʣʷʥʠʤ ʢʦʨʧʫʩʦʤ. 

ɺ ʦʩʥʦʚʫ ʚʠʥʘʭʦʜʫ ʧʦʩʪʘʚʣʝʥʦ ʟʘʜʘʯʫ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ ʰʣʷʭʦʤ ʟʘʣʫʯʝʥʥ ̫ ʧʨʦʩʪʠʭ ʪʘ 

ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʚʠʩʦʢʠʭ ʤʝʪʨʦʣʦʛʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ. 

ʎʷ ʟʘʜʘʯʘ ʚʠʨʽʰʝʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 
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ʋ ʤʽʢʨʦʝʣʝʢʪʨʦʜ,̔ ʱʦ ʤʽʩʪʠʪ ɹʤʽʢʨʦʜʨʽʪ ʟ ʩʢʣʦʚʫʛʣʝʮ ʁʯʠ ʤʝʪʘʣʫ, ʱʦ 

ʟʘʧʘ̫ʥʠʡ ʫ ʩʢʣʷʥʦʤʫ ʢʦʨʧʫʩʽ, ʟʛʽʜʥʦ ʚʠʥʘʭʦʜʫ, ʢʦʥʪʘʢʪ ʜʦ ʤʽʢʨʦʜʨʦʪʫ 

ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʚʽʜʥʠʢʘ, ʢ̫ʠʡ ʚʠʛʦʪʦʚʣʝʥʦ ʟ ʤʝʪʘʣʫ ʟ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʨʦʟʰʠʨʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʥʠʤ 

ʢʦʝʬʮ̔ʽʻʥʪʦʤ ʨʦʟhʠʨʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʢʦʨʧʫʩʫ, ʪʘ ʧʦʻʜʥʘʥʦ ʟ ʤʽʢʨʦʜʨʦʪʦʤ ʯʝʨʝʟ 

ʤʝʪʘʣʝʚʫ ʛʽʣʟɹʫ. 

ʇʦʜ̒ʥʘʥʥʷ ʜʝʢʣ̔ʴʢʦʭ ʤʘʪʝʨʽʘʣʽʚ (ʤʘʪʝʨʽʘʣʫ ʤʽʢʨʦʜʨʦʪʫ ʪʘ ʤʘʪʝʨʽʘʣʫ 

ʧʨʦʚ̔ʜʥʠʢʘ) ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ ʫ ʩʢʣʷʥʦʤʫ ʢʦʨʧʫʩʽ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʪʝʭʥʦʣʦʛʽʯʥʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʷʢʘ ʤʦʞʝ ʚʠʛʦʪʦʚʣʷʪʠʩʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ ʟ ʧʝʨʝʚʽʨʢʘʤʠ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʥʘ ʧʨʦʪʷʟʽ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ 

ʚʠʛʦʪʦʚʣʝʥʥʷ. ʎʝ ʜʘʻ ʟʤʦʛʠ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʟʥʠʟʠʪʠ 

ʚʠʙʨʘʢʦʚʢʫ ʪʘ ʚʠʪʨʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʙʨʘʢʫ. 

ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʦʪʨʠʤʫʶʪʴʩʷ ʙʽʣʴʰ ʷʢʽʩʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʋ ʩʧʦʩʦʙʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ ʰʣʷʭʦʤ ʟʘʧʘʁʚʘʥʥʷ 

ʤʽʢʨʦʜʨʦʪʫ ʫ ʩʢʣʷʥʠʡ ʢʦʨʧʫʩ, ʟʛʽʜʥʦ ʚʠʥʘʭʦʜʫ, ʜʦʜʘʥʦ ʝʪʘʧʠ ʦʯʠʱʝʥʥʷ 

ʤʽʢʨʦʜʨʦʪʫ ʭʤ̔ʽʯʥʠʤ ʩʧʦʩʦʙʦʤ, ʧʦʻʜʥʘʥʥʷ ʤʽʢʨʦʜʨʦʪʫ ʟ ʧʨʦʚʽʜʥʠʢʦʤ, ʷʢʠʡ 

ʚʠʛʦʪʦʚʣʝʥʦ ʟ ʤʝʪʘʣʫ ʟ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʦʝʬʽʮʽ̒ʥʪʦʤ ʨʦʟʠhʨʝʥʥʷ 

ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʨʦʟhʠʨʝʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʢʦʨʧʫʩʘ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʣʝʚʦʾ ʛʽʣʴʟʠ, ʱʦ ʧʝʨʝʪʠʩʢʘʻʪʴʩʷ ʚ 

ʜʚʦʭ ʤʽʩʮʷʭ, ʨʦʟʤʽʱʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʤʽʢʨʦʜʨʽʪ-ʛʽʣʴʟʘ-ʧʨʦʚʽʜʥʠʢ ʫ ʩʢʣʷʥʦʤʫ 

ʢʦʨʧʫʩʽ, ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʘ ʚʝʨʪʠʢʘʣʥɹʦ, ʬʽʢʩʘʮʽʷ ʢʦʥʩʪʨʫʢʮʽʾ 

ʤ̔ ʢʨʦʜʨʽʪ-ʛʽʣɹʟʘ-ʧʨʦʚʽʜʥʠʢ ʟ ʙʦʢʫ ʧʨʦʚʽʜʥʠʢʘ ʫ ʪʨʫʙʮʽ ʪʘʢ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʨʦʟʤʽʱʝʥʥʷ ʚʟʜʦʚʞ ʦʩʽ ʩʠʤʝʪʨʽʾ ʢʦʨʧʫʩʫ, ʟʘʧʘʶʚʘʥʥʷ ʩʢʣʥ̫ʦʛʦ ʢʦʨʧʫʩ ʟ ʜʚʦʭ 

ʢʽʥʮʽʚ, ʧʨʠ ʯʦʤʫ ʟ ʙʦʢʫ ʤʽʢʨʦʜʨʦʪʫ ʩʢʣʷʥʠʡ ʢʦʨʧʫʩ ʟʘʧʘʶʻʪʴʩʷ ʫ ʚʘʢʫʫʤʽ.  

ʄʦʞʣʠʚʽʩʪʴ ʫ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʦʯʥʦʾ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʨʽʻʥʪʘʮʽʾ 

ʤ̔ʢʨʦʜʨʦʪʫ ʫ ʩʢʣʷʥʦʤʫ ʢʦʨʧʫʩʽ ʧʽʜ ʯʘʩ ʟʘʧʘʶʚʘʥʥʷ ʢʽʥʮʷ ʢʦʨʧʫʩʫ ʟ ʙʦʢʫ 

ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʫʣʴʪʨʘ ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʽʰʫ ʛʝʦʤʝʪʨʽʶ 

ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʧʨʦʬ̔ ʣʶ ʣʘʪʝʨʘʣʥɹʦʛʦ 

ʧʝʨʝʪʠʥʫ ʤʽʢʨʦʜʨʦʪʫ. ʈʦʟʜʽʣʝʥʥʷ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘ ʜʝʢʽʣʴʢʘ 
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ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʝʪʘʧʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʶ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘ 

ʢʦʞʥʦʤʫ ʝʪʘʧʽ. 

ʆʙô̒ʢʪʦʤ ʚʠʥʘʭʦʜʫ ʻ ʤʽʢʨʦʝʣʝʢʪʨʦʜ ʽ ʩʧʦʩʽʙ ʡʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ. 

ʄʽʢʨʦʝʣʝʢʪʨʦʜ ʤʘʻ ʩʢʣ̫ʥʠʡ ʢʦʨʧʫʩ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʽʟʦʣʷʮʽʶ ʧʨʦʚʽʜʥʠʢʘ ʚʽʜ 

ʨʦʟʯʠʥʫ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʽʡʢʽʩʪ ʁʝʣʝʢʪʨʦʜʫ ʜʦ ʭʽʤʽʯʥʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ 

ʚʧʣʠʚʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʝʣʝʢʪʨʦʜʫ ʜʦʟʚʦʣʷʻ ʙʝʟ ʧʝʨʝʰʢʦʜ 

ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨ ʩʠʛʥʘʣʽʚ, ʚʢʣ ʯʁʘʶʯʠ ʩʠʛʥʘʣʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʧʨʠ ʚʠʩʦʢʠʭ 

ʰʚʠʜʢʦʩʪ̫ʭ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʜʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʽʢʨʦʝʣʝʢʪʨʦʜ ʤʦʞʝ 

ʚʠʛʦʪʦʚʣʷʪʠʩʷ ʟ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʁ  ʪʘ ʚʠʩʦʢʦʶ 

ʘʜʛʝʟʽʻʶ ʤʽʞ ʢʦʨʧʫʩʦʤ ʪʘ ʧʨʦʚʽʜʥʠʢʦʤ, ʱʦ ʫʪʚʦʨʶ ̒ʝʣʝʢʪʨʦʜʥʫ ʧʦʚʝʨʭʥʶ. 

ʅʘ ʨʠʩ. 2.1 ʥʘʚʝʜʝʥʘ ʙʫʜʦʚʘ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ, ʱʦ ʚʠʛʦʪʦʚʣʷʻʪʴʩ ̫

ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʩʧʦʩʦʙʦʤ. ʆʩʥʦʚʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ :̒ 1 ï 

ʚʠʚʽʜ ʝʣʝʢʪʨʦʜʫ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʧʨʠʩʪʨʦʾʚ, 2 ï ʛʝʨʤʝʪʠʯʥʠʡ ʢʽʥʝʮʴ 

ʝʣʝʢʪʨʦʜʫ ʟ ʙʦʢʫ ʢʦʥʪʘʢʪʫ ʜʦ ʟʦʚʥʽhʥʽʭ ʧʨʠʩʪʨʦʾʚ, 3 ï ʝʣʝʢʪʨʠʯʥʠʡ ʧʨʦʚʽʜʥʠʢ 

ʟ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʤʘʻ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 

ʝʢʚ̔ʚʘʣʝʥʪʥʠʡ ʜʦ ʤʘʪʝʨʽʘʣʫ ʢʦʨʧʫʩʫ, 4 ï ʩʢʣʷʥʠʡ ʢʦʨʧʫʩ, 5 ï ʛ̔ ʣʴʟʘ ʜʣʷ 

ʟô̒ʜʥʘʥʥ̫ ʧʨʦʚʽʜʥʠʢʘ ʟ ʤʽʢʨʦʜʨʦʪʦʤ, 6 ï ʤʽʢʨʦʜʨʽʪ ʟ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʫʪʚʦʨʶʻ 

ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ ʝʣʝʢʪʨʦʜʫ (ʧʨʦʬʽʣʴ ʧʝʨʝʪʠʥʫ ʟʘʚʜʘʻ ʛʝʦʤʝʪʨʽʶ ʨʦʙʦʯʦʛʦ 

ʝʣʝʢʪʨʦʜʫ ʫ ʨʘʟʽ ʡʦʛʦ ʰʣʽʬʫʚʘʥʥʷ), 7 ï ʛʝʨʤʝʪʠʯʥʠʡ ʢʽʥʝʮʴ ʝʣʝʢʪʨʦʜʫ ʟ ʙʦʢʫ 

ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ, 8 ï ʚʽʜʢʨʠʪʘ ʜʽʣʷʥʢʘ ʤʽʢʨʦʜʨʦʪʫ, ʱʦ ʻ ʨʦʙʦʯʦʶ ʯʘʩʪʠʥʦʶ 

ʝʣʝʢʪʨʦʜʥʦʾ ʧʦʚʝʨʭʥʽ. 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ɹʫʜʦʚʘ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ: 1 ï ʚʠʚʽʜ ʝʣʝʢʪʨʦʜʫ ʜʣʷ 

ʧʽʜʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʧʨʠʩʪʨʦʾʚ, 2 ï ʛʝʨʤʝʪʠʯʥʠʡ ʢʽʥʝʮʴ ʝʣʝʢʪʨʦʜʫ ʟ ʙʦʢʫ 

ʢʦʥʪʘʢʪʫ ʜʦ ʟʦʚʥʽʰʥʽʭ ʧʨʠʩʪʨʦʾʚ, 3 ï ʝʣʝʢʪʨʠʯʥʠʡ ʧʨʦʚʽʜʥʠʢ ʟ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʤʘʻ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬ̔ʮ̔̒ ʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʦ 
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ʤʘʪʝʨʽʘʣʫ ʢʦʨʧʫʩʫ, 4 ï ʩʢʣʷʥʠʡ ʢʦʨʧʫʩ,  5 ï ʛʽʣʴʟʘ ʜʣʷ ʟô̒ ʜʥʘʥʥʷ ʧʨʦʚʽʜʥʠʢʘ ʟ 

ʤʢ̔ʨʦʜʨʦʪʦʤ, 6 ï ʤʽʢʨʦʜʨʽʪ ʟ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʫʪʚʦʨʶʻ ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ 

ʝʣʝʢʪʨʦʜʫ (ʧʨʦʬʽʣʴ ʧʝʨʝʪʠʥʫ ʟʘʚʜʘʻ ʛʝʦʤʝʪʨʽʶ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʫ ʫ ʨʘʟʽ ʡʦʛʦ 

ʣhʽʬʫʚʘʥʥʷ), 7 ï ʛʝʨʤʝʪʠʯʥʠʡ ʢʽʥʝʮʴ ʝʣʝʢʪʨʦʜʫ ʟ ʙʦʢʫ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ, 8 ï 

ʚʽʜʢʨʠʪʘ ʜʽʣʷʥʢʘ ʤʽʢʨʦʜʨʦʪʫ, ʱʦ ʻ ʨʦʙʦʯʦʶ ʯʘʩʪʠʥʦʶ ʝʣʝʢʪʨʦʜʥʦʾ ʧʦʚʝʨʭʥʽ. 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ ʤʘ ̒ʥʘʩʪʫʧʥʽ ʦʟʥʘʢʠ. 

ʊʦʚ ʠɦʥʘ ̔ ʟʦʣʷʮʽʡʥʦʛʦ h ʘʨʫ ʢʦʨʧʫʩʫ ʩʢʣʘʜʘʪʠʤʝ ʚʽʜ 0,1 ʜʦ 3,0 ʤʽʣʽʤʝʪʨʽʚ 

ʽ ʤʽʢʨʦʜʨʽʪ ʜʽʘʤʝʪʨʦʤ ʚʽʜ 0,1 ʜʦ 100 ʤʽʢʨʦʤʝʪʨʽʚ. ʈʦʙʦʯʘ ʧʦʚʝʨʭʥʷ 

ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʤʦʞʝ ʙʫʪʠ ʫ ʬʦʨʤʽ ʜʠʩʢʘ ʘʙʦ ʷʢ ʜʽʣʷʥʢʘ ʤʽʢʨʦʜʨʦʪʫ ʚʽʣʴʥʘ ʚʽʜ 

ʽʟʦʣʮ̫ʡ̔ʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʢʦʨʧʫʩʫ ʥʘ ʦʜʥʦʤʫ ʢʽʥʮʽ ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ. 

ɿ ʽʥʰʦʛʦ ʢʽʥʮʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʨʝʘʣ̔ʟʦʚʘʥʦ ʢʦʥʪʘʢʪʥʘ ʜʽʣʷʥʢʘ, 

ʥʘʧʨʠʢʣʘʜ, ʷʢ ʚʽʣʴʥʠʡ ʚʽʜ ʽʟʦʣʮ̫̔ ʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʽʜʥʠʢ ʟ ʜʽʘʤʝʪʨʦʤ ʚʽʜ 

0,1 ʤʤ ʟ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʤʘʻ ʪʦʪʦʞʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ 

ʨʦʟhʠʨʝʥʥʷ ʟ ʤʘʪʝʨʽʘʣʦʤ ʢʦʨʧʫʩʫ, ʥʘʧʨʠʢʣʘʜ, ʢʦʚʘʨ, ʧʣʘʪʠʥʽʪ, ʧʣʘʪʠʥʘ ʪʘ ʽʥʰ.̔ 

ɸʙʦ ʢʦʥʪʘʢʪʥʘ ʜʽʣʷʥʢʘ ʜʦ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʚʠʛʣ̫ ʜʽ 

ʢʽʣʴʮʷ ʟ ʤʘʪʝʨʽʘʣʫ ʜʨʦʪʫ, ʱʦ ʻ ʧʨʦʚʽʜʥʠʢʦʤ, ʪʘ ̫ʢʝ ʟʘʬʽʢʩʦʚʘʥʦ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʶ ʪʨʫʙʢʦ ʁʥʘ ʢʦʨʧʫʩʽ. ɸʙʦ ʜʣʷ ʦʨʛʘʥʟ̔ʘʮʽʾ ʢʦʥʪʘʢʪʥʦʾ ʜʽʣʷʥʢʠ 

ʜʦ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠʧʘʥ̫ʘ ʜʦ ʧʨʦʚʽʜʥʠʢʘ ʛʽʣʴʟʘ ʟ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʝʨʝʚʘʞʥʦ ʤʝʪʘʣʫ (ʤʽʜʴ, ʙʨʦʥʟʘ, ʣʘʪʫʥʴ, ʪʘ 

ʽʥʰ.). 

ɺʪ̔ ʣʝʥʥʷ ʝʣʝʢʪʨʦʜʘ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 2.2. ʇʦʟʜʦʚʞʥʽ ʨʦʟʨʽʟʠ ʩʦʚʽʩʥʦ 

ʜʠʩʢʦʚʦʛʦ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ, ʱʦ ʚʠʢʦʥʘʥʦ ʟ ʨʽʟʥʠʤʠ ʚʘʨ̔ ʘʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʽʾ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʜʦ ʝʣʝʢʪʨʦʜʘ. ʈʠʩ. 2.2 ʘ ï ʚʘʨʽʘʥʪ ʟʽ ʩʪʨʠʞʥʝʤ ʟ ʜʨʦʪʫ , 

ʷʢ ʚʠʚʦʜʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʜʦ ʝʣʝʢʪʨʦʜʘ. ʈʠʩ. 2.2 ʙ ï ʚʘʨʽʘʥʪ ʟ ʛʽʣʴʟʦʶ, 

ʷʢ ʚʠʚʦʜʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʜʦ ʝʣʝʢʪʨʦʜʘ. ʌʽʛ. 2.2 ʚ ï ʚʘʨʽʘʥʪ ʟ ʧʝʪʣʝʶ 

ʜʨʦʪʫ, ʷʢ ʚʠʚʦʜʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʜʦ ʝʣʝʢʪʨʦʜʘ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥ ̫ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ.  
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ʘ)                                          ʙ)                                      ʚ) 

ʈʠʩʫʥʦʢ 2.2 ï ɺʘʨʽʘʥʪʠ ʨʝʘʣʽʟʘʮ̔ ʾ ʚʠʚʦʜʽʚ ʝʣʝʢʪʨʦʜʽʚ 

 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʤʽʢʨʦʜʨʽʪ (6) ʟ ʤʘʪʝʨʘ̔ʣʫ, ʱʦ ʙʫʜʝ ʨʦʙʦʯʦʶ 

ʧʦʚʝʨʭʥʝʁ ʝʣʝʢʪʨʦʜʘ, ʧʦʧʝʨʝʜʥʴʦ ʦʯʠʫɦʪ̒ʩɹ ̫ʭʽʤʽʯʥʠʤ ʩʧʦʩʦʙʦʤ, ʱʦʙ 

ʚʠʜʘʣʠʪʠ ʟʦʚʥʽʰʥ̔ʡ hʘʨ ʤʘʪʝʨʽʘʣʫ, ̫ ʢʠʡ ʤʦʞʝ ʟʤʝʥʰʫʚʘʪʠ ʘʜʛʝʟʽʶ ʧʦʚʝʨʭʥʽ 

ʜʨʦʪʫ ʜʦ ʤʘʪʝʨʽʘʣʫ ʢʦʨʧʫʩʫ (ʩʢʣʘ), ʯʠ ʫʩʢʣʘʜʥʶʚʘʪʠ ʦʩʘʜʞʝʥʥʷ ʤʽʜʽ ʥʘ 

ʧʦʚʝʨʭʥʶ ʜʨʦʪʫ. 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʫ ʜʨʦʪʫ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʢʦʥʪʘʢʪʥʦʛʦ hʘʨʫ ʥʘ ʧʦʚʝʨʭʥʶ ʜʨʦʪʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʫʻʪʴʩʷ ʤʝʪʘʣʝʚʝ 

ʧʦʢʨʠʪʪ,̫ ʥʘʧʨʠʢʣʘʜ, ʟ ʤʽʜ.̔  

ʇ̔ ʩʣʷ ʮʦɹʛʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʾ ʤʝʪʘʣʝʚʦʾ ʛʽʣʴʟʠ (5) ʤʽʢʨʦʜʨʽʪ 

ʧʦʻʜʥʫʻʪʴʩʷ ʟ ʜʨʦʪʦʤ, ʱʦ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʷʢ ʝʣʝʢʪʨʠʯʥʠʡ ʧʨʦʚʽʜʥʠʢ (3), 

ʰʣʷʭʦʤ ʧʝʨʝʪʠʩʢʘʥʥ̫ ʛʽʣɹʟʠ ʚ ʜʚʦʭ ʤʩ̔ʮʷʭ. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʻ ʦʯʠɦ ʝʥʥ̫  ʚʽʜ ʤʘʪʝʨ̔ʘʣʫ ʢʦʥʪʘʢʪʥʦʛʦ ʰʘʨʫ ʜʽʣʷʥʢʠ 

ʜʨʦʪʫ, ʷʢʘ ʙʫʜʝ ʢʦʥʪʘʢʪʫʚʘʪʠ ʟ ʢʦʨʧʫʩʦʤ ʝʣʝʢʪʨʦʜʫ ʪʘ ʙʫʜʝ ʤʘʪʝʨʽʘʣʦʤ 

ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʫ. ɼʣʷ ʯʦʛʦ ʢʽʥʯʠʢ ʜʨʦʪʫ ʟʘʥʫʨʶʻʪʴʩʷ ʜʦ 
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ʪʨʘʚʠʣʴʥʦʛʦ ʨʦʟʯʠʥʫ, ʘ ʧʦʪʽʤ ʧʨʦʤʠʚʘ̒ʪʴʩʷ ʪʘ ʩʫʰʠʪʴʩʷ.  

ʇʦʪʽʤ ʜʘʥʘ ʢʦʥʩʪʨʫʢʮ̫̔  ʤ̔ ʢʨʦʜʨʽʪ-ʛʽʣɹʟʘ-ʧʨʦʚʽʜʥʠʢ ʨʦʟʤʽʱʫʻʪʴʩʷ ʫ 

ʩʢʣʷʥʦʤʫ ʢʦʨʧʫʩʽ (4). ʇʦʧʝʨʝʜʥʴʦ ʫ ʩʢʣʷʥʦʾ ʪʨʫʙʢʠ ʯʠ ʢʘʧʽʣʷʨʫ ʚʽʜʪʷʛʫʻʪʴʩʷ 

ʢʽʥʯʠʢ ʧʽʩʣʷ ʡʦʛʦ ʨʦʟʽʛʨʽʚʫ ʪʘ ʟʘʧʘʶʻʪɹʩʷ ʟ ʚʽʜʪʷʛʥʫʪʦʛʦ ʢʽʥʮʷ. ʅʘ ʜʘʥʦʤʫ 

ʝʪʘʧʽ ʤʦʞʣʠʚʝ ʪʦʯʥʝ ʨʦʟʤʽʱʝʥʥʷ ʟʽʙʨʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʤʢ̔ʨʦʜʨʽʪ-ʛʽʣʴʟʘ-ʧʨʦʚʽʜʥʠʢ ʫ ʩʢʣʷʥʦʤʫ ʢʦʨʧʫʩʽ, ʪʘ ʾʭ ʬʽʢʩʘʮʽʷ ʧʝʨʝʜ 

ʧʦʜʘʣʴʰʠʤʠ ʝʪʘʧʘʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ. ʄʦʞʣʠʚʽʩʪʴ ʬʽʢʩʘʮʽʾ 

ʤʽʢʨʦʜʨʦʪʫ ʫ ʚʠʛʣʷʜʽ ʟʽʙʨʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʚʽʜʥʠʢ-ʛʽʣʴʟʘ-ʤʽʢʨʦʜʨʽʪ 

ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥ̔h ʫ ʘʢʩʽʘʣʴʥʫ ʦʨʽ̒ ʥʪʘʮʽʶ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜ ʯʘʩ ʟʘʧʘʚʁʘʥʥʷ 

ʨʦʙʦʯʦʛʦ ʢ̔ ʥʮʷ ʫʣʴʪʨʘ ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ. ʊʦʙʪʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʘʢʩʽʘʣʴʥʦʛʦ 

ʧʝʨʝʪʠʥʫ ʟ ʬʦʨʤʦʁ ʢʨʫʛʫ ʪʘ ʧʦʧʝʨʝʜʠʪʠ ʥʝ ʘʢʩʽʘʣʴʥʝ ʨʦʟʤʽʱʝʥʥ ̫ʤʽʢʨʦʜʨʦʪʫ 

ʫ ʢʦʨʧʫʩʽ, ʷʢʝ ʧʨʠ ʚʽʜʰʣʽʬʦʚʫʚʘʥʥʽ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʢʥ̔ʮʝʚʦʤʫ ʝʪʘʧʽ ʤʦʞʝ 

ʧʨʠʚʝʩʪʠ ʜʦ ʦʪʨʠʤʘʥʥʷ ʝʣʽʧʪʠʯʥʦʾ ʬʦʨʤʠ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʯʘʩʪʽʰʝ ʻ ʥʝ 

ʙʘʞʘʥʦʶ.  

ʉʢʣ̫ ʥʠʡ ʢʦʨʧʫʩ ʟ ʨʦʟʤʽʱʝʥʠʤ ʫ ʩʝʨʝʜʠʥʽ ʧʦ̒ ʜʥʘʥʠʤʠ ʤʽʢʨʦʜʨʦʪʦʤ, 

ʛ̔ʣʴʟʦʶ ʪʘ ʧʨʦʚʽʜʥʠʢʦʤ ʧʽʜʢʣʶʯʘ̒ʪʴʩʷ ʯʝʨʝʟ ʚʽʜʢʨʠʪʠʡ ʢʽʥʝʮʴ ʜʦ ʚʘʢʫʫʤʥʦʛʦ 

ʥʘʩʦʩʫ ʟʘ ʜʦʧʦʤʦʛʦʁ  ʚʘʢʫʫʤʥʦʛʦ ʰʣʘʥʛʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʽʘʤʝʪʨʫ. ʇ̔ʩʣʷ 

ʩʪʚʦʨʝʥʥʷ ʚʘʢʫʫʤʫ ʫ ʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ ʚʽʜʪʷʛʥʫʪʠʡ ʢʽʥʝʮ ɹ ʢʦʨʧʫʩʫ 

ʨʦʟʽʛʨʽʚʘʻʪʴʩʷ. ɿʘ ʨʘʭʫʥʦʢ ʟʦʚʥ̔h ʥʴʦʛʦ ʪʠʩʢʫ ʚ ʤʽʩʪʽ ʨʦʟʽʛʨʽʚʫ ʝʣʝʢʪʨʦʜ 

ʟʜʘʚʣʶʻʪʩɹ̫ ʧʦʢʨʠʚʘʁ ʯʠ ʽʟʦʣʷʮʽʡʥʠʤ ʰʘʨʦʤ ʟ ʤʘʪʝʨʽʘʣʫ ʢʦʨʧʫʩʫ ʤʽʢʨʦʜʨʽʪ 

ʜʨ̔ ʪ ʫ ʤʽʩʮʽ ʨʦʟʽʛʨʚ̔ʫ. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʜʦʚʞʠʥʠ ʟʘʧʘ̫ʥʦʾ ʜʽʣʷʥʢʠ 

ʢʽʥʯʠʢʘ (7) ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʟ ʤʽʢʨʦʜʨʦʪʦʤ ʫ ʩʝʨʝʜʠʥʽ ʧʨʦʮʝʩ ʥʘʛʨʽʚʫ 

ʧʝʨʝʨʠʚʘʻʪʴʩʷ ʪʘ ʢʦʨʧʫʩ ʝʣʝʢʪʨʦʜʫ ʦʭʦʣʦʜʞʫʻʪʴʩʷ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ 

ʟʘʧʘʁ ʚʘʥʥʷ ʽʥʰʦʛʦ ʢʽʥʮʷ ʩʢʣʷʥʦʛʦ ʢʦʨʧʫʩʫ (2) ʣh̫ ʭʦʤ ʡʦʛʦ ʨʦʟʽʛʨʽʚʫ ʚʠʱʝ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ. ʎʝ ʤʦʞʣʠʚʦ ʟʜ̔ʡʩʥʶʚʘʪʠ ʷʢ ʧʽʜ ʚʘʢʫʫʤʦʤ ʯʠ ʧʽʩʣʷ 

ʚʽʜʢʣʯʁʝʥʥʷ ʚʽʜ ʚʘʢʫʫʤʥʦʾ ʣʽʥʽʾ ʟʘʛʦʪʦʚʢʠ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ. ʈʦʟʥʝʩʝʥʥʷ ʫ 

ʧʨʦʩʪʦʨʽ ʤʽʢʨʦʜʨʦʪʫ ʪʘ ʢʽʥʮ̫  ʝʣʝʢʪʨʦʜʫ, ʜʝ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʧʽʜʢʣʶʯʝʥʥʷ 

ʜʦ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ, ʜʦʟʚʦʣʷʻ ʧʽʜʽʡʤʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʤʽʩʪʽ ʟʘʧʘʶʚʘʥʥʷ ʮʴʦʛʦ 

ʢ̔ ʥʮʷ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦ ʥʝ ʧʨʠʟʚʦʜʷʯʠ ʜʦ ʦʢʠʩʣʝʥʥʷ ʯʠ ʨʫʡʥʘʮʽʾ ʤʽʢʨʦʜʨʦʪʫ, 

ʱʦ ʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʢʣʦʚʫʛʣʝʮʝʚʦʛʦ 
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ʤʽʢʨʦʜʨʦʪʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ. ʇʨʠ ʟʘʧʘʁʚʘʥʥ̔ ʜʨʫʛʦʛʦ ʢʽʥʮʷ 

ʢʦʨʧʫʩʘ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘʷʚʥʩ̔ʪʴ ʚʽʜʢʨʠʪʦʾ ʜʽʣʷʥʢʠ ʜʨʦʪʫ 

ʧʨʦʚʽʜʥʠʢʘ, ʷʢʠʡ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʪʴʩʷ ʷʢ ʝʣʝʢʪʨʠʯʥʠʡ 

ʢʦʥʪʘʢʪ ʜʦ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʪʘ ʩʣʫʛʫʚʘʪʠʤʝ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ 

ʧʨʠʩʪʨʦʾʚ (1). ɺ̔ ʜʧʦʚʽʜʥʦ ʜʘʥʠʡ ʢ̔ʥʝʮʴ ʦʬʦʨʤʣʶʻʪʴʩʷ ʷʢ ʩʪʨʠʞʝʥʴ, ʧʝʪʣʷ ʯʠ 

ʧʽʜʧʘʶʻʪʴʩʷ ʜʦ ʢʦʥʪʘʢʪʥʦʾ ʛʽʣʴʟʠ, ʧʝʨʝʚʘʞʥʦ ʤʝʪʘʣʝʚʦʾ. ʅʘʚʝʜʝʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 2.2. 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʢʽʥʯʠʢ ʝʣʝʢʪʨʦʜʘ ʤʝʭʘʥʽʯʥʦ ʟʚʽʣʥɹ̫ ʻʪʴʩʷ ʚʜ̔ 

ʽʟʦʣʷʪʦʨʘ, ʰʣʽʬʫʻʪʴʩʷ ʪʘ ʧʦʣʽʨʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥ ̫ ʚʜ̔ʧʦʚʽʜʥʦʾ ʷʢʦʩʪʽ 

ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʫ (8).  

ʇʽʩʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʫ ʡʦʛʦ ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ (8) ʤʦʞʝ ʙʫʪʠ 

ʤʦʜʠʬʽʢʦʚʘʥʘ ʬʽʟʠʯʥʠʤʠ ʪʘ/ʘʙʦ ʭʽʤʽʯʥʠʤ ʪʘ/ʘʙʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ 

ʧʨʦʮʝʩʦʤ/ʧʨʦʮʝʩʘʤʠ. ʗʢ ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʥʘʥʝʩʝʥʥʷ ʙʣʘʛʦʨʦʜʥʦʛʦ 

ʤʝʪʘʣʫ ʥʘ ʧʦʚʝʨʭʥʶ ʝʣʝʢʪʨʦʜʫ ʟʽ ʩʢʣʦʚʫʛʣʝʮʶ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʨʧʫʩʫ ʟ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʶ ʪʦʚʱʠʥʦʶ ʽʟʦʣʷʮʽʾ ʟʤʝʥh ʫ̒ 

ʻʤʥʽʩʥʠʡ ʟʚô̫ʟʦʢ ʤʽʞ ʥʠʪʢʦʶ ʘʙʦ ʜʨʦʪʦʤ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʢʦʨʧʫʩʽ ʪʘ 

ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠɦ ʝʤ, ʚʽʜʧʦʚʽʜʥʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʥʦʝhʥʥʷ 

ʩʠʛʥʘʣ/ʰʫʤ, ʟʘʚʜʷʢʠ ʮʴʦʤʫ ʟʤʝʥʰʫʶʪʴʩʷ ʧʘʨʘʟʠʪʥ ̔̒ ʤʥʽʩʥ̔ ʩʪʨʫʤʠ ʧʨʠ ʨʦʙʦʪʽ 

ʟ ʝʣʝʢʪʨʦʜʦʤ. ɺʠʩʦʢʘ ʥʘʧʨʫʛʘ ʧʨʦʙʦʶ ʪʘ ʚʠʩʦʢʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʤʘʪʝʨ̔ʘʣʫ 

ʢʦʨʧʫʩʫ ʝʣʝʢʪʨʦʜʫ ʟʤʝʥʰʫʶʪʴ ʧʘʨʘʟʠʪʥʽ ʪʦʢʠ ʚʠʪʽʢʫ ʤʘʡʞʝ ʜʦ ʥʫʣʷ, ɦ ʦ ʪʘʢʦʞ 

ʧʦʟʠʪʠʚʥʦ ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʘ ʟʨʦʩʪʘʥʥʽ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʽʢʨʦʝʣʝʢʪʨʦʜʠ ʤʦʞʝ ʚʠʛʦʪʦʚʣʷʪʠʩʷ ʟ ʜʫʞʝ ʤʘʣʝʥʢɹʦʶ 

ʝʣʝʢʪʨʦʘʢʪʠʚʥʦʶ ʨʦʙʦʯʦʶ ʧʦʚʝʨʭʥʝʶ, ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʨʫʤʘʤʠ ʚ 

ʜʽʘʧʘʟʦʥʽ ʧʽʢʦʘʤʧʝʨʽʚ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣ̫ ʚʠʤʽʨʶʚʘʥɹ ʚ ʯʘʩʪʦʪʥʽʡ 

ʦʙʣʘʩʪʽ ʜʦ ʜʝʩʷʪʢʽʚ ʄɻʮ. 

ʅʘʚʝʜʝʥʠʡ ʤʽʢʨʦʝʣʝʢʪʨʦʜ ʻ ʢʦʨʠʩʥʠʤ ʦʩʦʙʣʠʚʦ ʚ ʙʽʦʭʽʤʽʯʥʠʭ ʪʘ 

ʤʝʜʠʯʥʠʭ ʦʙʣʘʩʪʷʭ, ʥʘʧʨʠʢʣʘʜ, ʚ ʷʢʦʩʪʽ ʘʤʧʝʨʦʤʝʪʨʠʯʥʦʛʦ ʘʙʦ 

ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʜʘʪʯʠʢʽʚ, ʷʢ ʩʪʠʤʫʣʶʶʯʠʭ ʝʣʝʢʪʨʦʜʽʚ, ʘʙʦ ʚ ʷʢʦʩʪʽ 

ʝʣʝʢʪʨʦʜʽʚ ʜʣʷ ʢʣ̔ɹʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʟʚʦʨʦʪʥʴʦʾ 

ʚʦʣɹʪʘʤʧʝʨʦʤʝʪʨʽʾ. 
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ʆʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥ̫  ʮʴʦʛʦ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʤʦʞʝ ʙʫʪʠ 

ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʽ ʤʽʢʨʦʩʝʥʩʦʨʠ ʚ ʷʢʠʭ ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ ʝʣʝʢʪʨʦʜʫ ʚʢʨʠʪʘ 

ʦ̔ʥ-ʩʝʣʝʢʪʠʚʥʠʤ ʰʘʨʦʤ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʽʦʥ-ʩʝʣʝʢʪʠʚʥʠʡ ʤʘʪʝʨʽʘʣ. ɼʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʦʥ ʩʝʣʝʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʥʥ̫ , ʥʘʧʨʠʢʣʘʜ, 

ʩʣʘʙʢʠʭ ʨʦʟʯʠʥʽʚ ʩʦʣʝʡ ʤʝʪʘʣʽʚ ʘʙʦ ʽʦʥʥʦ-ʦʙʤʽʥʥʠʭ ʩʤʦʣ, ʢʨʘʫʥ ʝʬʽʨʽʚ, 

ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʟ ʜʝʢʽʣʴʢʦʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʦʱʦ, ʷʢʽ ʚʙʫʜʦʚʘʥʽ ʚ ʤʘʪʨʠʮʶ 

ʧʦʣʽʤʝʨʫ (ʥʘʧʨʠʢʣʘʜ, ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʫ, ʩʠʣʽʢʦʥʦʚʽ ʛʫʤʠ ʪʘ ʪ.ʧ.). ʌʫʥʢʮʽʻʶ 

ʽʦʥ-ʩʝʣʝʢʪʠʚʥʦʛʦ ʰʘʨʫ ʤʝʤʙʨʘʥʠ ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʫ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʫʧʫ ʜʦ ʝʣʝʢʪʨʦʘʢʪʠʚʥʦʾ ʜʽʣʷʥʢʠ ʝʣʝʢʪʨʦʜʫ ʪʽʣʴʢʠ ʨʝʯʦʚʠʥʘʤ, ʷʢʽ ʙʫʜʫʪʴ 

ʚʠʟʥʘʯʘʪʠʩʷ.  

ʉʫʢʫʧʥʽʩʪʴ ʮʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʝhʥʴ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʯʫʪʣʠʚʽʩʪʴ 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʤʝʪʦʜʘʤʠ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʫʪʴ ʤʽʢʨʦʝʣʝʢʪʨʦʜʠ 

ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʰʫʤʚ̔, ʷʢʽ ʣʽʤʽʪʫʶʪʴ ʤʝʞʫ ʚʠʟʥʘʯʝʥʥ̫ 

ʨʝʯʦʚʠʥ. ʊʦʙʪʦ ʟʤʝʥʰʝʥʥʷ ʰʫʤʽʚ ʧʨʠʟʚʦʜʠʪ ɹ ʜʦ ʤʦʞʣʠʚʦʩʪʽ ʪʦʯʥʽʰʝ 

ʚʠʟʥʘʯʘʪʠ ʘʥʘʣʽʪʠʯʥʠʡ ʩʠʛʥʘʣ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚô̫ʟʘʥʠʡ ʟ ʢʽʣʴʢʽʩʪʶ 

ʨʝʯʦʚʠʥʠ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴ. ɿʙ̔ʣʴhʠʪʠ ʚʽʜʥʦʰʝʥʥ̫ ʩʠʛʥʘʣ/ʰʫʤ, ʧʦʣʽʧʰʠʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʩʝʨʽʶ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ, ʟ 

ʟʦʣʦʪʠʤ ʤʽʢʨʦʜʨʦʪʦʤ Ø42 ʤʢʤ (ʨʠʩ. 2.3) ʪʘ Ø25 ʤʢʤ, ʪʘ ʟʽ ʩʢʣʦʚʫʛʣʝʮʶ  

Ø6 ʤʢʤ. 

 

 

ʈʠʩʫʥʦʢ 2.3 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʟʨʘʟʢʽʚ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʣʽʨʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.4. ɿʦʙʨʘʞʝʥʥʷ 

ʦʪʨʠʤʘʥʦ ʥʘ ʤʝʪʘʣʦ-ʛʨʘʬʽʯʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ ʄʀʂ-4 (ʌʽʨʤʘ ʃʦʤʦ, ʤ. 
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ʃʝʥʽʥʛʨʘʜ, ʉʉʉʈ) ʚ ʪʝʤʥʦʤʫ ʧʦʣʽ. ʈʝʟʫʣɹ ʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʷʚʠʣʠ ʪʝ, ʱʦ 

ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ ʤʘʻ ʬʦʨʤʫ ʧʨʘʚʠʣʴʥʦʛʦ ʢʨʫʛʫ ʟ ʜʽʘʤʝʪʨʦʤ ʝʢʚʽʚʘʣʝʥʪʥʠʤ 

ʜʽʘʤʝʪʨʫ ʟʦʣʦʪʦʛʦ ʜʨʦʪʫ 42 ʤʢʤ.  

 

 

ʈʠʩʫʥʦʢ 2.4 ï ʆʧʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ (ʢʨʫʛ ʚ 

ʮʝʥʪʨʽ ï ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ ʟʦʣʦʪʦʛʦ ʝʣʝʢʪʨʦʜʘ Ø42ʤʢʤ) 

 

ʊʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʶʯʦʶ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ (ʉɽʄ). ʆʪʨʠʤʘʥʥ ̔ʟʦʙʨʘʞʝʥʥ ̫ʤʽʢʨʦʝʣʝʢʪʨʦʜ̔ʚ ʟʽ ʩʢʣʦʚʫʛʣʝʮʷ 

(ʉɺ) ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.5. ɼʽʘʤʝʪʨ ʨʦʙʦʯʦʛʦ ʜʠʩʢʫ ʟʙʽʛʘʻʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʽʘʤʝʪʨʘ ʉɺ ʚʦʣʦʢʥʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʟʨʘʟʢʽʚ. 

 

 

                   ɸ)                                         ɹ)                                        ɺ) 

ʈʠʩʫʥʦʢ 2.5 ï ʉɽʄ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ ʟ ʨʽʟʥʠʤ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ ʧʦʚʝʨʭʥʽ. ʈʦʟʤʽʨ ʰʢʘʣʠ ʚʽʜʨʽʟʢʫ: ɸ) 1 ʤʤ, ɹ) 500 ʤʢʤ, ɺ) 20 

ʤʢʤ (ʪʝʤʥʠʡ ʢʨʫʛ ʚ ʮʝʥʪʨʽ ï ʨʦʙʦʯʘ ʧʦʚʝʨʭʥ ̫ ʝʣʝʢʪʨʦʜʘ ʟʽ ʩʢʣʦʚʫʛʣʝʮʶ 

Ø5 ʤʢʤ). 
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2.3 ʉʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʫʣɹ ʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʘ 

ʅʝʜʦʣʽʢʘʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʢ̔ʨʦʝʣʝʢʪʨʦʜʽʚ ʥʘʚʝʜʝʥʠʤʠ ʚʠʱʝ ʩʧʦʩʦʙʦʤ 

ʪʘ ʪ̔, ʱʦ ʥʘʚʝʜʝʥ̔ ʫ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʧʦʩʠʣʘʥʥʷʭ, ʧʦʣʷʛʘʻ ʫ ʥʝʤʦʞʣʠʚʦʩʪʽ ʘʙʦ 

ʚʢʨʘʡ ʚʠʩʦʢʦʾ ʩʢʣʘʜʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʜʽʚ ʟ ʩʫʙʤʽʢʨʦʥʥʠʤʠ ʨʦʟʤʽʨʘʤʠ. 

ʆʩʢʽʣʢɹʠ ʨʦʙʦʪʘ ʟ ʥʘʜʪʦʥʢʠʤ ʤʽʢʨʦʜʨʦʪʦʤ ʦʙʫʤʦʚʣʶʻ ʚʠʩʦʢ ̔ʨʠʟʠʢʠ ʨʦʟʨʠʚʫ 

ʤʢ̔ʨʦʜʨʦʪʫ ʧʽʜ ʯʘʩ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮ̔ ʡ, ʱʦ ʟʫʤʦʚʣʶʻ ʙʨʘʢ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʝʣʝʢʪʨʦʜʘ. ʄʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʪʘʢʦʛʦ ʤʽʢʨʦʜʨʦʪʫ ʪʝʞ ʤʘʣʘ, ʮʝ 

ʫʩʢʣʘʜʥʶʻ ʘʙʦ ʫʥʝʤʦʞʣʠʚʣʁ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʷʢʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʘ. ʅʘʧʨʠʢʣʘʜ, ʟʘʥʫʨʝʥʥʷ ʤʽʢʨʦʜʨʦʪʫ ʫ ̔ʟʦʣʷʮʽʡʥʠʡ 

ʨʦʟʯʠʥ (ʩʤʦʣʫ), ʜʣʷ ʩʪʚʦʨʝʥʥ̫  ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʪʘ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʤ ʯʠʥʦʤ 

ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ. ʊʘʢʦʞ ʫʩʢʣʘʜʥʝʥʦ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʩʘʤʦʥʝʩʫʯʦʛʦ 

ʝʣʝʢʪʨʦʜʘ ʚʥʘʩʣʽʜʢʫ ʤʘʣʦʾ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ. 

ʅʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʤʠ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚʠʥʘʭʦʜʫ ʻ ʩʧʦʩ̔ʙ ʽ 

ʤʽʢʨʦʝʣʝʢʪʨʦʜ, ʱʦ ʦʧʠʩʘʥʽ ʥʠʞʯʝ [105]. ʉʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ 

ʣh̫ ʭʦʤ ʟʘʧʘʚʁʘʥʥʷ ʤʽʢʨʦʜʨʦʪʫ ʫ ʩʢʣʷʥʠʡ ʢʦʨʧʫʩ, ʧʦʪʽʤ ʥʘ ʤʽʢʨʦʜʨ̔ʪ, ʷʢʠʡ 

ʧʦʧʝʨʝʜʥʴʦ ʦʯʠɦʝʥʠʡ ʭʽʤʯ̔ʥʠʤ ʩʧʦʩʦʙʦʤ, ʥʘʥʦʩʷʪʴ ʤʝʪʘʣʝʚʝ ʧʦʢʨʠʪʪʷ, 

ʥʘʧʨʠʢʣʘʜ, ʟ ʤʽʜʽ, ʧʽʩʣʷ ʯʦʛʦ ʤʽʢʨʦʜʨʽʪ ʧʦʻʜʥʫʶʪʴ ʟ  ʧʨʦʚʽʜʥʠʢʦʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʣʝʚʦʾ ʛʽʣʴʟʠ, ʷʢʫ ʧʝʨʝʪʠʩʢʘʶʪʴ ʫ ʜʚʦʭ ʤʽʩʮʷʭ, ʜʽʣʷʥʢʫ ʜʨʦʪʫ, 

ʱʦ ʙʫʜʝ ʨʦʙʦʯʦʶ ʧʦʚʝʨʭʥʝʶ ʝʣʝʢʪʨʦʜʘ, ʦʯʠʫɦʶʪɹ ʰʣʷʭʦʤ ʟʘʥʫʨʝʥʥʷ ʢʽʥʯʠʢʘ 

ʤʽʢʨʦʜʨʦʪʫ ʜʦ ʪʨʘʚʠʣʴʥʦʛʦ ʨʦʟʯʠʥʫ, ʧʽʩʣʷ ʚʠʚʽʣʴʥʝʥʥʷ ʚʽʜ ʤʝʪʘʣʫ ʨʦʙʦʯʦʾ 

ʜʽʣʷʥʢʠ ʤʽʢʨʦʜʨʽʪ ʧʨʦʤʠʚʘʶʪʴ ʪʘ ʩʫʰʘʪʴ, ʜʘʣʽ ʢʦʥʩʪʨʫʢʮʽʶ 

ʤʽʢʨʦʜʨʽʪ-ʛʽʣʴʟʘ-ʧʨʦʚʽʜʥʠʢ ʨʦʟʤ̔ʱʫʶʪʴ ʫ ʩʢʣʷʥʦʤʫ ʢʦʨʧʫʩʽ, ʧʨʠʯʦʤʫ ʦʜʠʥ 

ʢʽʥʝʮʴ ʧʨʦʚ̔ʜʥʠʢʘ ʬʽʢʩʫ ʪʁ ɹʥʘ ʢ̔ʥʮʽ ʪʨʫʙʢʠ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚʝʨʪʠʢʘʣʥɹʦ, ʪʘʢ 

ʱʦʙ  ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʤʽʱʝʥʥʷ ʚʟʜʦʚʞ ʦʩʽ ʩʠʤʝʪʨʽʾ ʢʦʨʧʫʩʫ, ʧʦʪʽʤ ʩʢʣʷʥʠʡ 

ʢʦʨʧʫʩ ʟʘʧʘʁ ʶʪʴ ʟ ʜʚʦʭ ʢʽʥʮʽʚ, ʧʨʠʯʦʤʫ ʟ ʙʦʢʫ ʤʽʢʨʦʜʨʦʪʫ ʩʢʣʷʥʠʡ ʢʦʨʧʫʩ 

ʟʘʧʘʶʶʪɹ ʫ ʚʘʢʫʫʤʽ. 

ʄʽʢʨʦʝʣʝʢʪʨʦʜ, ʱʦ ʟʨʦʙʣʝʥʦ ʟʘ ʮʠʤ ʩʧʦʩʦʙʦʤ, ʤʽʩʪʠʪʴ ʤʽʢʨʦʜʨʽʪ ʟʽ 

ʩʢʣʦʚʫʛʣʝʮʶ ʯʠ ʤʝʪʘʣʫ, ʱʦ ʟʘʧʘʷʥʠʡ ʫ ʩʢʣʷʥʦʤʫ ʢʦʨʧʫʩʽ, ʢʦʥʪʘʢʪ ʜʦ 

ʤʢ̔ʨʦʜʨʦʪʫ ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʚʽʜʥʠʢʘ, ʷʢʠʡ ʚʠʛʦʪʦʚʣʝʥʦ ʟ ʤʝʪʘʣʫ ʟ 
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ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʨʦʟʰʠʨʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʢʦʝʬʮ̔ʽʻʥʪʫ ʨʦʟhʠʨʝʥʥ ̫ʤʘʪʝʨʽʘʣʫ ʢʦʨʧʫʩʘ, ʯʝʨʝʟ ʤʝʪʘʣʝʚʫ ʛʽʣʴʟʫ.  

ɺʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʤʦʞʣʠʚʝ ʟ ʟʘʩʪʦʩʫʚʘʥʥ̫ʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʩʧʦʩʦʙʽʚ [105], ʦʜʥʘʢ, ʟʘʟʥʘʯʝʥʠʡ ʩʧʦʩʽʙ ʥʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʨʦʟʤʽʨʠ 

ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʤʝʥʰʽ ʟʘ ʨʦʟʤʽʨʠ ʤʽʢʨʦʜʨʦʪʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ. 

ʎʝʡ ʥʝʜʦʣʽʢ ʚʠʨʽʰʫʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʥʘʩʪʫʧʥʠʤ ʩʧʦʩʦʙʦʤ [107], ʚ 

ʷʢʦʤʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʟʜ̔ʡʩʥʶʶʪʴ ʰʣʷʭʦʤ ʭʽʤʽʯʥʦʾ ʤʦʜʠʬ̔ʢʘʮ̔ʾ 

ʧʦʚʝʨʭʥʽ ʤʽʢʨʦʜʨʦʪʫ ʟʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ̔ ʟʦʣ̫ʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥʦ ,ʁ 

ʱʦ ʢʦʚʘʣʝʥʪʥʦ ʟʰʠʚʘʶʪʴ ʟ ʤʘʪʝʨʘ̔ʣʦʤ ʤʽʢʨʦʜʨʦʪʫ. ɺʢʘʟʘʥʠʡ ʩʧʦʩʽʙ ʜʦʟʚʦʣʷʻ 

ʚʠʛʦʪʦʚʣ̫ʪʠ ʤ̔ ʢʨʦʝʣʝʢʪʨʦʜʠ ʟ ʜʦʩʪʘʪʥʴʦ ʭʦʨʦʰʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ, ʚʽʜʪʚʦʨʶʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥ̔  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʢʪʨʦʜʫ.  

ʆʜʥʘʢ ʥʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʽʟʦʣʶʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦʣʽʤʝʨʥʠʭ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʦʢʨʠʪʴ, 

ʦɦ ̒ ʤʝʥʰ ʽʥʝʨʪʥʠʤʠ ʥʽʞ ʩʢʣʷʥʽ. ʅʝʚʝʣʠʢʽ ʨʦʟʤʽʨʠ ʽʟʦʣʶʶʯʦʛʦ ʧʦʢʨʠʪʪʷ 

ʪʘʢʦʞ ʦʙʫʤʦʚʣʶʶʪʴ ʚʠʩʦʢʫ ʧʘʨʘʟʠʪʥʫ ʻʤʥʽʩʪʴ ʤʽʞ ʝʣʝʢʪʨʦʜʦʤ ʪʘ ʨʦʙʦʯʠʤ 

ʨʦʟʯʠʥʦʤ, ʦɦ ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʘ ʟʥʠʞʝʥʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ. ʎʝ 

ʧʨʠʟʚʦʜʠʪɹ ʜʦ ʧʦʪʨʝʙʠ ʟʤʝʥʰʝʥʥʷ ʚʢʘʟʘʥʠʭ ʧʝʨʝʰʢʦʜ ʜʣ ̫ ʜʦʩʷʛʥʝʥʥʷ 

ʚʠʩʦʢʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʊʘʢʦʞ ʥʝ ʚʠʨʽʰʫʻʪʴʩʷ ʧʠʪʘʥʥʷ 

ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪ̔ ʝʣʝʢʪʨʦʜʫ. 

ɺ ʦʩʥʦʚʫ ʚʠʥʘʭʦʜʫ ʧʦʩʪʘʚʣʝʥʦ ʟʘʜʘʯʫ ʟʤʝʥʰʝʥʥʷ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ 

ʝʣʝʢʪʨʦʜʫ ʜʦ ʩʫʙʤʽʢʨʦʥʥʠʭ ʨʦʟʤʽʨʽʚ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʚ̔ 

ʚʠʛʦʪʦʚʣʝʥʥ ̫ ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ ʣhʭ̫ʦʤ ʟʘʣʫʯʝʥʥʷ ʧʨʦʩʪʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʎʷ ʟʘʜʘʯʘ ʚʠʨʽhʝʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɺ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜ̔, ʱʦ 

ʤ̔ʩʪʠʪʴ ʤʽʢʨʦʜʨʽʪ ʟ ʤʝʪʘʣʫ, ʱʦ ʟʘʧʘʷʥʠʡ ʫ ʩʢʣʷʥʦʤʫ ʢʦʨʧʫʩʽ, ʢʦʥʪʘʢʪ ʜʦ 

ʤʢ̔ʨʦʜʨʦʪʫ ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʚʽʜʥʠʢʘ, ʷʢʠʡ ʚʠʛʦʪʦʚʣʝʥʦ ʟ ʤʝʪʘʣʫ ʟ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʨʦʟʰʠʨʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʢʦʝʬ̔ʮʽʻʥʪʫ ʨʦʟʰʠʨʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʢʦʨʧʫʩʘ, ʪʘ ʧʦʻʜʥʘʥʦ ʤʝʭʘʥʽʯʥʦ ʪʘ  

ʝʣʝʢʪʨʠʯʥʦ, ʟʛʽʜʥʦ ʚʠʥʘʭʦʜʫ, ʨʦʙʦʯʘ ʧʦʚʝʨʭʥ̫, ʱʦ ʫʪʚʦʨʝʥʘ ʧʦʧʝʨʝʯʥʠʤ 
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ʧʝʨʝʨʽʟʦʤ ʝʣʝʢʪʨʦʜʘ, ʤʝʥʰʘ ʥʽʞ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʝʨʽʟ ʟʘʧʘʷʥʦʛʦ ʤʽʢʨʦʜʨʦʪʫ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʫʣʴʪʨʘʤ̔ʢʨʦʝʣʝʢʪʨʦʜʘ, ʘ ʩʘʤʝ ʤʘʻ 

ʩʫʙʤʽʢʨʦʥʥ ̔ ʨʦʟʤʽʨʠ. ʇʨʠʯʦʤʫ,ʚ ʫʣʴʪʨʘʤ̔ʢʨʦʝʣʝʢʪʨʦʜʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʠʢʦʨʠʩʪʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʦʚʱʠʥʘ ʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ ʢʦʨʧʫʩʫ ʩʢʣʘʜʘʪʠʤʝ 

ʚ̔ ʜ 0,1 ʜʦ 3,0 ʤ̔ʣʽʤʝʪʨʽʚ, ʤʽʢʨʦʜʨʽʪ ʜʽʘʤʝʪʨʦʤ ʚʽʜ 1 ʜʦ 100 ʤʽʢʨʦʤʝʪʨʽʚ. 

ʋ ʩʧʦʩʦʙ̔ ʚʠʛʦʪʦʚʣʝʥʥ̫ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʰʣʷʭʦʤ ʟʘʧʘʶʚʘʥʥʷ 

ʤ̔ʢʨʦʜʨʦʪʫ ʫ ʩʢʣʷʥʠʡ ʢʦʨʧʫʩ, ʤʽʢʨʦʜʨʽʪ, ʷʢʠʡ ʧʦʧʝʨʝʜʥʴʦ ʦʯʠʱʝʥʠʡ ʭʽʤ̔ʯʥʠʤ 

ʩʧʦʩʦʙʦʤ, ʧʦʻʜʥʫʶʪʴ ʟ ʧʨʦʚʽʜʥʠʢʦʤ ʤʝʭʘʥʽʯʥʦ ʪʘ ʝʣʝʢʪʨʠʯʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʘʣʝʚʦʾ ʛʽʣʴʟʠ, ʱʦ ʬʽʢʩʫʻ ʦʙʠʜʚʘ ʝʣʝʤʝʥʪʠ, ʜʘʣʽ ʢʦʥʩʪʨʫʢʮʽʁ 

ʤʢ̔ʨʦʜʨʽʪ-ʧʨʦʚʽʜʥʠʢ ʨʦʟʤʽʱʫʁʪʴ ʫ ʩʢʣʷʥʦʤʫ ʢʦʨʧʫʩʽ, ʟ ʙʦʢʫ ʧʨʦʚʽʜʥʠʢʘ 

ʢʦʥʩʪʨʫʢʮʽʶ ʬʽʢʩʫʪʁʴ ʥʘ ʢʽʥʮʽ ʪʨʫʙʢʠ, ʷʢʘ ʨʦʟʪʘʦhʚʘʥʘ ʚʝʨʪʠʢʘʣʴʥʦ, ʪʘʢ ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʤʽʱʝʥʥ̫ ʚʟʜʦʚʞ ʦʩʽ ʩʠʤʝʪʨʽʾ ʢʦʨʧʫʩʫ, ʧʦʪʽʤ ʩʢʣʷʥʠʡ ʢʦʨʧʫʩ 

ʟʘʧʘʶʪʁʴ ʟ ʢʽʥʮʷ ʨʦʟʤʽʱʝʥʥʷ ʤʽʢʨʦʜʨʦʪʫ ʫ ʚʘʢʫʫʤʽ,  ʟʛʽʜʥʦ ʚʠʥʘʭʦʜʫ, 

ʟʜʽʡʩʥʶʶʪʴ ʦʜʥʦʯʘʩʥʦ ʚʠʪ̫ʛʫʚʘʥʥʷ ʮʴʦʛʦ ʢʽʥʮʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʠʥʠ 

ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥi ʤʢ̔ʨʦʜʨʦʪʫ, ʘ ʪʘʢʦʞ ʢʦʨʧʫʩʫ, ʱʦ ʤʦʞʣʠʚʦ ʟʘʚʜʷʢʠ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʩʪʽ ʤʘʪʝʨʘ̔ʣʫ ʤʽʢʨʦʜʨʦʪʫ, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʝʪʘʧʫ ʚʠʪʷʛʫʚʘʥʥʷ 

ʚʠʢʦʥʫʶʪʴ ʨʦʟʽʛʨʽʚ ʜʽʣʥ̫ʢʠ ʤ̔ ʢʨʦʝʣʝʢʪʨʦʜʘ ʟ ʟʘʧʘʷʥʠʤ ʤʽʢʨʦʜʨʦʪʦʤ, ʧ̔ʩʣʷ 

ʚʠʪ̫ʛʫʚʘʥʥʷ ʦʙʨʦʙʣʷʶʪʴ ʧʝʨʝʨʽʟ ʝʣʝʢʪʨʦʜʘ  ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʣʽʬʫʚʘʥʥʷ ʪʘ 

ʧʦʣʽʨʫʚʘʥʥʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʽʩʣʷ ʰʣʽʬʫʚʘʥʥʷ ʪʘ ʧʦʣʽʨʫʚʘʥʥʷ   ʥʘ ʢʽʥʮʽ 

ʝʣʝʢʪʨʦʜʫ ʙʫʣʦ ʚʽʜʢʨʠʪʦ ʧʦʯʘʪʦʢ ʢʦʥʫʩʥʦʾ ʯʘʩʪʠʥʠ ʤʽʢʨʦʜʨʦʪʫ, ʪʦʙʪʦ ʜʣ̔ʥ̫ʢʘ 

ʟʚʫʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʤʽʢʨʦʜʨʦʪʫ  ʻ ʟʨ̔ʟʘʥʠʤ ʢʦʥʫʩʦʤ, ʢʨʽʤ ʪʦʛʦ, ʩʢʣʷʥʠʡ 

ʢʦʨʧʫʩ ʟʘʧʘʶʪʁʴ ʟ ʦʙʦʭ ʢʽʥʮʽʚ. ʇʨʠʯʦʤʫ, ʫ ʩʧʦʩʦʙ̔ ʦʙʠʜʚʘ ʝʣʝʤʝʥʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʣʝʚʦ ʾʛʽʣʴʟʠ ʬʽʢʩʫʶʪʴ ʟʚʘʨʚʁʘʥʥʷʤ, ʘʙʦ ʟʘʧʘʶʚʘʥʥʷʤ. 

ɺʽʜʤʽʥʥʽʩʪʶ ʚʠʥʘʭʦʜʫ ʻ ʪʝʭʥʽʯʥʘ ʧʨʦʩʪʦʪʘ ʧʨʦʮʝʩ̔ʚ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʦ ʫ 

ʩʧʦʩʦʙʽ ʚʠʨʦʙʥʠʮʪʚʘ ʫʣʴʪʨʘʤ̔ʢʨʦʝʣʝʢʪʨʦʜʫ ʟʽ ʩʢʣʷʥʠʤ ʢʦʨʧʫʩʦʤ. ʎʝʡ ʩʧʦʩʽʙ 

ʨʝʘʣʽʟʫʻ ʢʦʥʩʪʨʫʢʮʽʶ ʫʣʴʪʨʘʤʢ̔ʨʦʝʣʝʢʪʨʦʜʘ, ʷʢʘ ʚʽʜʨʽʟʥ̫ʻʪʴʩʷ ʤʦʞʣʠʚ̔ʩʪʶ 

ʦʪʨʠʤʫʚʘʪʠ ʨʦʟʤʽʨʠ ʨʦʙʦʯʦʾ ʧʣʦʱʠʥʠ ʫʣʴʪʨʘ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʟʥʘʯʥʦ ʤʝʥʰʽ ʟʘ 

ʨʦʟʤʽʨʠ ʧʝʨʝʪʠʥʫ ʤʽʢʨʦʜʨʦʪʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʝʪʘʧʫ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ, ʦʩʢ̔ʣʴʢʠ ʚ ʙʘʟʦʚʽʡ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ 



132 

ʟʘ ʷʢʦʶ ʚʠʛʦʪʦʚʣʝʥʦ ʧʨʦʪʦʪʠʧ ʤʘʪʝʨʽʘʣ ʢʦʨʧʫʩʫ ʝʣʝʢʪʨʦʜʘ ʚʠʪʷʛʫʻʪɹʩ̫ ʥʘ 

ʦʜʥʦʤʫ ʟ ʝʪʘʧʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ. ʆʪʞʝ ʟʘʣʫʯʝʥʥʷ ʥʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʟʙʝʨʽʛʘʻʪʴʩ ̫ ʪʝʭʥʦʣʦʛʽʯʥʩ̔ʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮ̔ʾ  ʫʣʴʪʨʘʤʢ̔ʨʦʝʣʝʢʪʨʦʜʘ. 

ʋ ʩʧʦʩʦʙʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʜʦʜʘʥʦ ʝʪʘʧ ʜʦʜʘʪʢʦʚʦʛʦ 

ʚʠʪʷʛʫʚʘʥʥʷ ʤ̔ʢʨʦʜʨʦʪʫ. ʁʦʛʦ ʟʜʡ̔ʩʥʶʁʪʴ ʧʽʩʣʷ ʟʘʧʘʶʚʘʥʥ̫  ʤʽʢʨʦʜʨʦʪʫ ʫ 

ʩʢʣʷʥʠʡ ʢʦʨʧʫʩ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʝʪʘʧʫ ʚʠʪʷʛʫʚʘʥʥʷ ʚʠʢʦʥʫʁʪʴ ʨʦʟʽʛʨʽʚ ʜʽʣʥ̫ʢʠ 

ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʟ ʟʘʧʘʷʥʠʤ ʤʢ̔ʨʦʜʨʦʪʦʤ. ʎʝ ʤʦʞʣʠʚʦ ʟʜʡ̔ʩʥʠʪʠ, ʥʘʧʨʠʢʣʘʜ, 

ʟʘʚʜʷʢʠ ʤʽʥʽʘʪʶʨʥʦʤʫ ʥʘʛʨʽʚʘʯʫ ʫ ʚʠʛʣʷʜʽ ʥʽʭʨʦʤʦʚʦ ʾʩʧʽʨʘʣ ̔ʟ ʚʥʫʪʨʽʰʥʽʤ 

ʨʘʜʽʫʩʦʤ ʪʨʦʭʠ ʙʽʣʴhʠʤ ʟʘ ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʩʢʣʷʥʦʛʦ ʢʦʨʧʫʩʫ ʫʣʴʪʨʘ 

ʤʢ̔ʨʦʝʣʝʢʪʨʦʜʘ. ʊʝʤʧʝʨʘʪʫʨʫ ʧʽʜʙʠʨʘʪʁʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʽʩʣ̫ ʰʚʠʜʢʦʛʦ 

ʨʦʟʽʛʨʽʚʫ ʟʘ ʯʘʩ, ʦɦ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʬʦʨʤʘʮʽʾ ʘʙʦ ʨʫʡʥʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʘ, 

ʧʨʠʢʣʘʜʫʚʘʥʥ ̫ʥʝʚʝʣʠʢʦʛʦ ʟʫʩʠʣʣʷ ʙʫʣʦ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʚʠʪʷʛʫʚʘʥʥ̫  ʢʽʥʯʠʢʘ 

ʝʣʝʢʪʨʦʜʫ ʪʘ ʨʦʟʪʷʛʫʚʘʥʥʷ ʤʽʢʨʦʜʨʦʪʫ. ʈʘʟʦʤ ʟ ʚʠʪʷʛʫʚʘʥʥʷʤ ʢʦʨʧʫʩʫ ʟʘʚʜʢ̫ʠ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʩʪʽ ʤʘʪʝʨ̔ʘʣʫ ʤʽʢʨʦʜʨʦʪʫ ʟʜʽʡʩʥʶʪʁʴ ʚʠʪ̫ʛʫʚʘʥʥʷ ̔ ʤʘʪʝʨʽʘʣʫ 

ʤʽʢʨʦʜʨʦʪʫ. ɺ ʤʽʩʮʽ ʨʦʟʽʛʨʽʚʫ ʤʘʻ ʤʽʩʮʝ ʟʚʫʞʝʥʥʷ ʤʘʪʝʨʘ̔ʣʫ ʽʟʦʣʷʮʽʡʥʦʛʦ 

ʢʦʨʧʫʩʫ ʥʘ ʤʽʢʨʦʜʨʦʪʫ ʚ ʮʴʦʤʫ ʢʦʨʧʫʩʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʟʤʝʥʰʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ 

ʨʦʟʤʽʨʽʚ ʧʝʨʝʨʽʟʫ ʤʽʢʨʦʜʨʦʪʫ. ʇʽʩʣʷ ʚʠʪʷʛʫʚʘʥʥʷ ʚʠʢʦʥʫʪ̒ʩɹ ̫ʪʘ ʦʙʨʦʙʣʷ̒ʪɹʩʷ 

ʧʝʨʝʨʽʟ ʝʣʝʢʪʨʦʜʫ, ʜʽʣʷʥʢʫ ʧʝʨʝʨʽʟʫ ʚʠʙʠʨʘʪʁʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧ̔ʩʣʷ 

ʰʣʽʬʫʚʘʥʥʷ, ʪʘ ʧʦʣʽʨʫʚʘʥʥʷ ʥʘ ʢʽʥʮʽ ʝʣʝʢʪʨʦʜʫ ʙʫʣʘ ʚʽʜʢʨʠʪʘ ʢʦʥʫʩʥʘ ̫

ʯʘʩʪʠʥʘ ʤʽʢʨʦʜʨʦʪʫ, ʪʦʙʪʦ ʜʽʣʷʥʢʘ ʟʚʫʞʝʥʥ ̫ʤʘʪʝʨʽʘʣʫ ʤʽʢʨʦʜʨʦʪʫ. 

ɿʘʚʜʢ̫ʠ ʧʨʦʮʝʩʫ ʚʠʪʷʛʫʚʘʥʥ ̫ ʚʜʘʻʪʴʩʷ ʟʥʘʯʥʦ ʟʤʝʥ ʠhʪʠ ʨʦʟʤʽʨʠ 

ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ, ʜʦʟʚʦʣʷʶʯʠ ʚʠʛʦʪʦʚʠʪʠ 

ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʦʜ ʟ ʛʘʙʘʨʠʪʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʪʘ ʜʦʩʪʘʪʥʴʦʶ ʤʝʭʘʥʽʯʥʦʶ 

ʤ̔ʮʥʽʩʪʶ, ʢ̫ʘ ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʫ ʨʦʙʦʪʫ ʧʨʠ ʤʘʥʽʧʫʣʷʮʽʷʭ 

ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʦʤ, ʷʢ ʥʘʧʨʠʢʣʘʜ ʫʩʪʘʥʦʚʢʘ ʡʦʛʦ ʫ ʚʠʤʽʨʥʫ ʷʯʝʡʢʫ ʘʙʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʜʫ ʫ ʜʦʩʣʽʜʥʦʤʫ ʟʨʘʟʢʫ.  

ʄʦʞʣʠʚʽʩʪʴ ʫ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʫʣʴʪʨʘʤʢ̔ʨʦʝʣʝʢʪʨʦʜʘ ʦʪʨʠʤʘʪʠ 

ʟʥʘʯʥʦ ʤʝʥʰʫ ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ ʝʣʝʢʪʨʦʜʘ ʥʽʞ ʜʽʘʤʝʪʨ ʤʽʢʨʦʜʨʦʪʫ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʜʦʟʚʦʣʷʻ ʟʙʝʨʝʛʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ 
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ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥ̫, ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʘʙʦ ʚʠʢʣʶʯʠʪʠ ʙʨʘʢ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ, ʱʦ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʨʦʟʨʠʚʦʤ ʤʽʢʨʦʜʨʦʪʫ. ɿʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ 

ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʟʘʟʥʘʯʝʥʽ ʚʠʱʝ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠʪʘʤʘʥʥʽ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘʤ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʣʠʚʝ ʦʪʨʠʤʘʥʥʷ 

ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ, 

ʩʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʷʢʠʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦ. 

ɿʘ ʮʠʤ ʩʧʦʩʦʙʦʤ ʟʨʦʙʣʝʥʦ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜ. ʋʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜ 

ʤʘʻ ʩʢʣʷʥʠʡ ʢʦʨʧʫʩ, ʦɦ ʟʘʙʝʟʧʝʯʫʻ ʽʟʦʣʷʮʽʶ ʧʨʦʚʽʜʥʠʢʘ ʚ̔ʜ ʨʦʟʯʠʥʫ ʪʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʽʡʢʽʩʪ ʁ ʝʣʝʢʪʨʦʜʫ ʜʦ ʭʽʤʽʯʥʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ ʚʧʣʠʚʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽ̫ ʝʣʝʢʪʨʦʜʘ ʜʦʟʚʦʣ̫̒  ʙʝʟ ʧʝʨʝʰʢʦʜ ʧʨʦʚʦʜʠʪʠ 

ʚʠʤ̔ʨ ʩʠʛʥʘʣʽʚ, ʚʢʣʶʯʘʶʯʠ ʩʠʛʥʘʣʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʧʨʠ ʚʠʩʦʢʠʭ ʚhʠʜʢʦʩʪ̫ʭ 

ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʜʘ 

 ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʽʢʨʦʝʣʝʢʪʨʦʜ ʤʦʞʝ ʚʠʛʦʪʦʚʣ̫ ʪʠʩʷ ʟ ʚʠʩʦʢʦʶ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʚʠʩʦʢʦʶ ʘʜʛʝʟʽʻʶ ʤʽʞ ʢʦʨʧʫʩʦʤ ʪʘ ʧʨʦʚʽʜʥʠʢʦʤ 

(ʤʽʢʨʦʜʨʦʪʦʤ), ʱʦ ʫʪʚʦʨʶ ̒ʝʣʝʢʪʨʦʜʥʫ ʧʦʚʝʨʭʥ .ʁ 

ʅʘ ʨʠʩ. 2.6 ʥʘʚʝʜʝʥʘ ʙʫʜʦʚʘ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ, ʱʦ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʩʧʦʩʦʙʦʤ, ʪʘ ʚʢʘʟʘʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ: 1 ï ʚʠʚ̔ʜ 

ʝʣʝʢʪʨʦʜʫ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʧʨʠʩʪʨʦʾʚ, 2 ï ʛʝʨʤʝʪʠʯʥʠʡ ʢʽʥʝʮʴ 

ʝʣʝʢʪʨʦʜʫ ʟ ʙʦʢʫ ʢʦʥʪʘʢʪʫ ʜʦ ʟʦʚʥʽʰʥʽʭ ʧʨʠʩʪʨʦʾʚ, 3 ï ʝʣʝʢʪʨʠʯʥʠʡ ʧʨʦʚʽʜʥʠʢ 

ʟ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʤʘʻ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟhʠʨʝʥʥʷ 

ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʦ ʤʘʪʝʨʽʘʣʫ ʢʦʨʧʫʩʘ, 4 ï ʩʢʣʷʥʠʡ ʢʦʨʧʫʩ, 5 ï ʜʽʣʷʥʢʘ ʟô̒ ʜʥʘʥʥʷ 

ʧʨʦʚʽʜʥʠʢʘ ʟ ʤʽʢʨʦʜʨʦʪʦʤ, 6 ï ʤʽʢʨʦʜʨ̔ʪ ʟ ʤʝʪʘʣʫ, 7 ï ʜʽʣʷʥʢʘ ʟʚʫʞʝʥʥ̫ 

ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʘ, ʱʦ ʫʪʚʦʨʝʥʘ ʚʠʪ̫ ʛʫʚʘʥʥʷʤ ʡʦʛʦ ʢʥ̔ʮ̫ , 8 ï ʜʽʣʷʥʢʘ 

ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʪʷʛʫʚʘʥʥʷ ʟʘʚʘʨʝʥʦʛʦ ʤʢ̔ʨʦʜʨʦʪʫ ʫ ʩʢʣʷʥʦʤʫ ʢʦʨʧʫʩʽ ʟʘʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥ ̔ʤʽʢʨʦʜʨʦʪʫ, 9 ï ʚʽʜʢʨʠʪʘ ʜʽʣ̫ʥʢʘ ʚʠʪʷʛʥʫʪʦʛʦ 

ʤʽʢʨʦʜʨʦʪʫ, ʱʦ ʻ ʨʦʙʦʯʦʶ ʧʦʚʝʨʭʥʝ  ʁʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʘ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽ̫ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʫ ʤʘʻ ʥʘʩʪʫʧʥʽ ʦʟʥʘʢʠ. 

ʊʦʚʱʠʥʘ ʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ ʢʦʨʧʫʩʫ ʩʢʣʘʜʘʪʠʤʝ ʚʽʜ 0,1 ʜʦ 3,0 ʤʽʣʽʤʝʪʨʽʚ 

ʽ ʤ̔ʢʨʦʜʨʽʪ ʜʽʘʤʝʪʨʦʤ ʚʽʜ 1 ʜʦ 100 ʤʽʢʨʦʤʝʪʨʽʚ. 
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ʈʠʩʫʥʦʢ 2.6 ɹʫʜʦʚʘ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʘ:  1 ï ʚʠʚʽʜ ʝʣʝʢʪʨʦʜʫ ʜʣʷ 

ʧʽʜʢʣʯʁʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʧʨʠʩʪʨʦʾʚ, 2 ï ʛʝʨʤʝʪʠʯʥʠʡ ʢʽʥʝʮʴ ʝʣʝʢʪʨʦʜʫ ʟ ʙʦʢʫ 

ʢʦʥʪʘʢʪʫ ʜʦ ʟʦʚʥʽʰʥʽʭ ʧʨʠʩʪʨʦʾʚ, 3 ï ʝʣʝʢʪʨʠʯʥʠʡ ʧʨʦʚʽʜʥʠʢ ʟ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʤʘʻ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʦ 

ʤʘʪʝʨʽʘʣʫ ʢʦʨʧʫʩʘ, 4 ï ʩʢʣʷʥʠʡ ʢʦʨʧʫʩ, 5 ï ʜʽʣʷʥʢʘ ʟô̒ ʜʥʘʥʥʷ ʧʨʦʚʽʜʥʠʢʘ ʟ 

ʤʽʢʨʦʜʨʦʪʦʤ, 6 ï ʤʽʢʨʦʜʨʽʪ ʟ ʤʝʪʘʣʫ, 7 ï ʜʽʣʷʥʢʘ ʟʚʫʞʝʥʥʷ 

ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʘ, ʦɦ ʫʪʚʦʨʝʥʘ ʚʠʪʷʛʫʚʘʥʥʷʤ ʡʦʛʦ ʢʽʥʮʷ, 8 ï ʜʽʣʷʥʢʘ 

ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʪʷʛʫʚʘʥʥʷ ʟʘʚʘʨʝʥʦʛʦ ʤʽʢʨʦʜʨʦʪʫ ʫ ʩʢʣʷʥʦʤʫ ʢʦʨʧʫʩʽ ʟʘʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʤʽʢʨʦʜʨʦʪʫ, 9 ï ʚʽʜʢʨʠʪʘ ʜʽʣʷʥʢʘ ʚʠʪ̫ʛʥʫʪʦʛʦ 

ʤʽʢʨʦʜʨʦʪʫ, ʱʦ ʻ ʨʦʙʦʯʦʶ ʧʦʚʝʨʭʥʝʶ ʫʣɹʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʘ. 

 

ʈʦʙʦʯʘ ʧʦʚʝʨʭʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ, ʱʦ ʦʪʨʠʤʘʥʘ ʧ̔ ʩʣʷ ʰʣʽʬʫʚʘʥʥʷ ʪʘ 

ʧʦʣʽʨʫʚʘʥʥ,̫ ʷʢ ʚʽʜʢʨʠʪʘ ʜʣ̔ʥ̫ʢʘ ʣʘʪʝʨʘʣʴʥʦʛʦ ʧʝʨʝʪʠʥʫ ʤʽʢʨʦʜʨʦʪʫ ʚ ʤʽʩʮʽ 

ʟʚʫʞʝʥʥʷ, ʤʘʻ ʟʥʘʯʥʦ ʤʝʥʰʽ ʨʦʟʤʽʨʠ ʜʽʘʤʝʪʨʫ ʥʽʞ ʤʽʢʨʦʜʨʽʪ ʚ ʜʝʩʷʪʢʠ ʨʘʟʽʚ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʣʠʭ ʜʽʘʤʝʪʨʽʚ ʤʽʢʨʦʜʨʦʪʫ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʤʝʥʰʝʥʥʷ 

ʜ̔ ʘʤʝʪʨʫ ʜʦ ʩʫʙʤʽʢʨʦʥʥʠʭ ʪʘ ʥʘʥʦʨʦʟʤʽʨʽʚ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥ.̔ 

ɿ ʽʥʰʦʛʦ ʢʽʥʮʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʨʝʘʣʟ̔ʦʚʘʥʦ ʢʦʥʪʘʢʪʥʘ ʜʽʣʷʥʢʘ, 

ʥʘʧʨʠʢʣʘʜ, ʷʢ ʚʽʣʴʥʠʡ ʚʽʜ ʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʽʜʥʠʢ ʟ ʜʽʘʤʝʪʨʦʤ ʚʽʜ 

0,1 ʤʤ ʟ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʤʘʻ ʪʦʪʦʞʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ 

ʨʦʟʠhʨʝʥʥʷ ʟ ʤʘʪʝʨʽʘʣʦʤ ʢʦʨʧʫʩʫ, ʥʘʧʨʠʢʣʘʜ, ʢʦʚʘʨ, ʧʣʘʪʠʥʽʪ, ʧʣʘʪʠʥʘ ʪʘ ʽʥʰ̔. 

ɸʙʦ ʢʦʥʪʘʢʪʥʘ ʜʽʣʷʥʢʘ ʜʦ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ 

ʢʽʣɹʮʷ ʟ ʤʘʪʝʨʽʘʣʫ ʜʨʦʪʫ, ʱʦ ʻ ʧʨʦʚʽʜʥʠʢʦʤ, ʪʘ ̫ʢʝ ʟʘʬʽʢʩʦʚʘʥʦ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʶ ʪʨʫʙʢʦʶ ʥʘ ʢʦʨʧʫʩʽ. ɸʙʦ ʜʣʷ ʦʨʛʘʥ̔ʟʘʮʽʾ ʢʦʥʪʘʢʪʥʦʾ ʜʽʣʷʥʢʠ 

ʜʦ ʤ̔ʢʨʦʝʣʝʢʪʨʦʜʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩ ̫ʧʨʠʧʘ̫ ʥʘ ʜʦ ʧʨʦʚ̔ ʜʥʠʢʘ ʛʽʣʴʟʘ ʟ 

ʝʣʝʢʪʨʦʧʨʦʚʜ̔ʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʝʨʝʚʘʞʥʦ ʤʝʪʘʣʫ (ʤ̔ʜʴ, ʙʨʦʥʟʘ, ʣʘʪʫʥʴ, ʪʘ 

ʽʥʰ.). 

1     2              3          4          5          6        7             8        9 
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ʥʘʩʪʫʧʥʠʭ ʝʪʘʧ̔ʚ.  

ʅʘ ʧʝʨʦhʤʫ ʝʪʘʧʽ ʤʽʢʨʦʜʨʪ̔ (6) ʟ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʙʫʜʝ ʨʦʙʦʯʦʶ 

ʧʦʚʝʨʭʥʝʶ ʝʣʝʢʪʨʦʜʘ, ʧʦʧʝʨʝʜʥʴʦ ʦʯʠʱʫʁʪʴ ʭ̔ʤʽʯʥʠʤ ʩʧʦʩʦʙʦʤ, ʱʦʙ 

ʚʠʜʘʣʠʪʠ ʟʦʚʥʽʰʥʽʡ ʰʘʨ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʤʦʞʝ ʟʤʝʥʰʫʚʘʪʠ ʘʜʛʝʟʽʶ ʧʦʚʝʨʭʥʽ 

ʜʨʦʪʫ ʜʦ ʤʘʪʝʨʽʘʣʫ ʢʦʨʧʫʩʫ (ʩʢʣʘ), ʯʠ ʫʩʢʣʘʜʥʶʚʘʪʠ ʟô̒ ʜʥʘʥʥʷ ʤʽʢʨʦʜʨʦʪʫ ʟ 

ʧʨʦʚʽʜʥʠʢʦʤ, ʦɦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʷʢ ʢʦʥʪʘʢʪʥʠʡ ʚʠʚʽʜ ʝʣʝʢʪʨʦʜʫ. 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʁ ʪʴ ʧʦʻʜʥʘʥʥʷ ʤʽʢʨʦʜʨʦʪʫ ʟ ʜʨʦʪʦʤ, ʱʦ 

ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʷʢ ʝʣʝʢʪʨʠʯʥʠʡ ʧʨʦʚʽʜʥʠʢ (3). ɼʣʷ ʯʦʛʦ ʤʦʞʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʩʧʦʩʽʙ ʧʦʻʜʥʘʥʥʷ ʰʣʷʭʦʤ ʧʝʨʝʪʠʩʢʘʥʥʷ ʜʦʧʦʤʽʞʥʦʾ ʛʽʣʴʟʠ ʚ 

ʜʚʦʭ ʤʩ̔ʮʷʭ, ʘʙʦ ʩʧʘʚʁʘʥʥʷ ʤʽʢʨʦʜʨʦʪʫ ʟ ʜʨʦʪʦʤ, ʘʙʦ ʟʚʘʨʁʚʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ 

ʫʪʚʦʨʶʪ̒ɹʩʷ ʜʽʣʷʥʢʘ ʧʦʻʜʥʘʥʥʷ ʜʨʦʪʫ ʟ ʤʽʢʨʦʜʨʦʪʦʤ (5). 

ʇʦʪʽʤ ʧʦʻʜʥʘʥʫ ʢʦʥʩʪʨʫʢʮʽ ʁ ʤʽʢʨʦʜʨʽʪ-ʧʨʦʚʽʜʥʠʢ ʨʦʟʤʽʱʫʪʁ ɹ ʫ 

ʩʢʣ̫ʥʦʤʫ ʢʦʨʧʫʩʽ (4). ʇʦʧʝʨʝʜʥʴʦ ʫ ʩʢʣʷʥʦʾ ʪʨʫʙʢʠ ʯʠ ʢʘʧʽʣʷʨʫ ʚʠʪʛ̫ʫʁʪ ɹ

ʢ̔ʥʯʠʢ ʧʽʩʣʷ ʡʦʛʦ ʨʦʟʽʛʨʽʚʫ ʪʘ ʟʘʧʘʁʁ ʪ ɹʟ ʚʠʪʷʛʥʫʪʦʛʦ ʢʽʥʮʷ. ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ 

ʤʦʞʣʠʚʝ ʪʦʯʥʝ ʨʦʟʤʽʱʝʥʥʷ ʟʽʙʨʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʽʢʨʦʜʨʽʪ-ʧʨʦʚ̔ ʜʥʠʢ ʫ 

ʩʢʣʷʥʦʤʫ ʢʦʨʧʫʩʽ, ʪʘ ʾ ʾʬʽʢʩʘʮʽʷ ʧʝʨʝʜ ʧʦʜʘʣʴʰʠʤʠ ʝʪʘʧʘʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʫʣʴʪʨʘʤ̔ʢʨʦʝʣʝʢʪʨʦʜʘ. ʄʦʞʣʠʚʽʩʪʴ ʬʽʢʩʘʮʽʾ ʤʽʢʨʦʜʨʦʪʫ ʫ ʚʠʛʣʷʜʽ ʟʽʙʨʘʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʚʽʜʥʠʢ-ʤʽʢʨʦʜʨʽʪ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʫ ʘʢʩʽʘʣʴʥʫ ʦʨʽʻʥʪʘʮʽʶ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʜ̔ ʯʘʩ ʟʘʧʘʶʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʢʽʥʮʷ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʘ. ʊʦʙʪʦ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʘʢʩʽʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟ ʬʦʨʤʦʶ ʢʨʫʛʘ ʪʘ ʧʦʧʝʨʝʜʠʪʠ 

ʥʝʘʢʩʽʘʣʴʥʝ ʨʦʟʤʽʱʝʥʥ̫ ʤʽʢʨʦʜʨʦʪʫ ʫ ʢʦʨʧʫʩʽ, ɦ ʦ ʻ ʥʝʙʘʞʘʥʠʤ.  

ʉʢʣʥ̫ʠʡ ʢʦʨʧʫʩ ʟ ʨʦʟʤʽʱʝʥʠʤ ʫ ʩʝʨʝʜʠʥʽ ʤ̔ʢʨʦʜʨʦʪʦʤ, ʱʦ ʧʦʻʜʥʘʥʠʡ ʟ 

ʧʨʦʚʽʜʥʠʢʦʤ ʧʽʜʢʣʶʯʘʪʁɹ ʯʝʨʝʟ ʚʽʜʢʨʠʪʠʡ ʢʽʥʝʮʴ ʜʦ ʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʘʢʫʫʤʥʦʛʦ ʰʣʘʥʛʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʘ̔ʤʝʪʨʫ. ʇʽʩʣʷ ʩʪʚʦʨʝʥʥʷ 

ʚʘʢʫʫʤʫ ʫ ʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ ʚʠʪʷʛʥʫʪʠʡ ʢʽʥʝʮ ɹ ʢʦʨʧʫʩʫ ʨʦʟ̔ʛʨʽʚʘʪʁʴ. ɿʘ 

ʨʘʭʫʥʦʢ ʟʦʚʥ̔h ʥʴʦʛʦ ʪʠʩʢʫ ʚ ʤʽʩʪʽ ʨʦʟʽʛʨʽʚʫ ʝʣʝʢʪʨʦʜ ʟʜʘʚʣʶʻʪʴʩ,̫ 

ʧʦʢʨʠʚʘʶʯʠ  ʤʢ̔ʨʦʜʨʽʪ ʽʟʦʣʷʮʽʡʥʠʤ ʰʘʨʦʤ ʟ ʤʘʪʝʨʽʘʣʫ ʢʦʨʧʫʩʫ ʫ ʤʽʩʮʽ 

ʨʦʟʽʛʨʽʚʫ. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥ ̫ʜʦʩʪʘʪʥʴʦʾ ʜʦʚʞʠʥʠ ʟʘʧʘʷʥʦʾ ʜʽʣʷʥʢʠ ʢʽʥʯʠʢʘ (7) 

ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʟ ʤ̔ʢʨʦʜʨʦʪʦʤ ʫ ʩʝʨʝʜʠʥʽ ʧʨʦʮʝʩ ʥʘʛʨʽʚʫ ʧʝʨʝʨʠʚʘʁʪʴ ʪʘ 
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ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥ ̫ ʟʥʦʚ ʟʜʽʡʩʥʶʪʁʴ ʨʦʟʽʛʨʽʚ ʢʽʥʮʷ ʝʣʝʢʪʨʦʜʘ (7) ʟ 

ʟʘʧʘʷʥʠʤ ʤʽʢʨʦʜʨʦʪʦʤ (6) ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʪ̫ʛʫʚʘʥʥʷ. ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʩʪʠʯʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʢʦʨʧʫʩʫ ʪʘ ʤʽʢʨʦʜʨʦʪʫ ʥʘ ʜʽʣʷʥʮʽ 

ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʪʷʛʫʚʘʥʥʷ (8) ʟʜʽʡʩʥʶʪʁʴ ʚʠʪʷʛʫʚʘʥʥ̫ ʰʣʷʭʦʤ ʧʨʠʢʣʘʜʫʚʘʥʥ̫ 

ʥʝʚʝʣʠʢʦʾ ʩʠʣʠ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʢʦʨʧʫʩʫ 

ʟʜʽʡʩʥʶʁ ʪʴ ʧʽʜʚʽʰʫʚʘʥʥ̫ʤ ʚʘʥʪʘʞʫ ʜʦ ʢʽʥʮʷ ʟ ʤʢ̔ʨʦʜʨʦʪʦʤ ʥʠʞʯʝ ʟʦʥʠ 

ʨʦʟʽʛʨʚ̔ʫ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʟʘʧʘʁʚʘʥʥʷ ʽʥʰʦʛʦ ʢʽʥʮʷ ʩʢʣʷʥʦʛʦ ʢʦʨʧʫʩʫ (2) 

ʰʣʷʭʦʤ ʡʦʛʦ ʨʦʟʽʛʨʽʚʫ ʚʠʝɦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ. ʄʽʩʮʝ ʜʣʷ ʧʣʘʚʣʝʥʥʷ 

ʦʙʠʨʘʪʁ ɹʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘ̫ ʚʥʽʩʪʴ ʚʽʜʢʨʠʪʦʾ ʜʽʣʷʥʢʠ ʜʨʦʪʫ 

ʧʨʦʚʽʜʥʠʢʘ, ʷʢʠʡ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫ̒ʪʩɹ ̫ʷʢ ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʥʪʘʢʪ ʜʦ 

ʤ̔ʢʨʦʝʣʝʢʪʨʦʜʘ ʪʘ ʩʣʫʞʠʪʴ ʜʣ̫  ʧʽʜʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʧʨʠʩʪʨʦʾʚ (1). 

ɺʽʜʧʦʚʽʜʥʦ ʜʘʥʠʡ ʢʥ̔ʝʮʴ ʦʬʦʨʤʣʶʪʁʴ ʷʢ ʩʪʨʠʞʝʥʴ, ʯʠ ʷʢ ʧʝʪʣʷ ʧʽʜʧʘʶʻʪʴʩʷ 

ʜʦ ʢʦʥʪʘʢʪʥʦʾ ʛʽʣʴʟʠ, ʧʝʨʝʚʘʞʥʦ ʤʝʪʘʣʝʚʦʾ. ɿʘʧʘʶʚʘʥʥʷ ʮʴʦʛʦ ʢʽʥʮʷ ʤʦʞʣʠʚʦ 

ʟʜʡ̔ʩʥʶʚʘʪʠ ʧʨʠ ʚʘʢʫʫʤʽ ʚ ʩʝʨʝʜʠʥ̔  ʢʦʨʧʫʩʫ, ʮʝ ʩʧʨʠʷʻ ʛʝʨʤʝʪʠʯʥʦʤʫ 

ʟʘʧʘʶʚʘʥʥʶ ʽ ʮʴʦʛʦ ʢʽʥʮʷ ʝʣʝʢʪʨʦʜʫ. 

ʈʦʟʥʝʩʝʥʥʷ ʫ ʧʨʦʩʪʦʨʽ ʜʽʣ̫ʥʢʠ ʤʽʢʨʦʜʨʦʪʫ, ʱʦ ʙʫʜʝ ʜʦʜʘʪʢʦʚʦ ʚʠʪʷʛʥʫʪʘ, 

ʢʽʥʮʷ ʝʣʝʢʪʨʦʜʫ, ʜʝ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʧʦʜ̒ʥʘʥʥʷ ʤʽʢʨʦʜʨʦʪʘ ʟ ʧʨʦʚʽʜʥʠʢʦʤ, 

ʪʘ ʜʽʣʷʥʢʠ ʧʨʦʚʽʜʥʠʢʘ, ʜʝ ʙʫʜʝ ʟʜʽʡʩʥʝʥʦ ʟʘʧʘʶʚʘʥʥ̫ ʢʦʨʧʫʩʫ, ʜʦʟʚʦʣʷʻ 

ʧʽʜʽʡʤʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩ̔ʚ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦ ʥʝ 

ʧʨʠʟʚʦʜʷʯʠ ʜʦ ʦʢʠʩʣʝʥʥʷ ʯʠ ʨʫʡʥʘʮʽʾ ʘʥʽ ʤʢ̔ʨʦʜʨʦʪʫ, ʘʥʽ ʡʦʛʦ ʟô̒ ʜʥʘʥʥʷ ʟ 

ʧʨʦʚʜ̔ʥʠʢʦʤ.  

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʢʽʥʯʠʢ ʝʣʝʢʪʨʦʜʘ ʤʝʭʘʥʽʯʥʦ ʟʚʽʣʴʥʷʪʁʴ ʚʽʜ 

ʟ̔ʦʣ̫ʪʦʨʘ ʰʣʷʭʦʤ ʡʦʛʦ ʣʘʪʝʨʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʰʣʽʬʫʪʁʴ ʪʘ ʧʦʣʽʨʫʪʁʴ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚ̔ʜʥʦʾ ʷʢʦʩʪʽ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ (9).  

ʇʽʩʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʡʦʛʦ ʨʦʙʦʯʘ ʧʦʚʝʨʭʥ ̫ (9) 

ʤʦʞʝ ʙʫʪʠ ʤʦʜʠʬʽʢʦʚʘʥʘ ʬʽʟʠʯʥʠʤʠ ʪʘ/ʘʙʦ ʭ̔ ʤʽʯʥʠʤ ʪʘ/ʘʙʦ ʝʣʝʢʪʨʦʭʤ̔̔ ʯʥʠʤ 

ʧʨʦʮʝʩʦʤ/ʧʨʦʮʝʩʘʤʠ. ʗʢ ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ ʽʥʰʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟ ʨʦʟʯʠʥʫ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʨʧʫʩʫ ʟ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʶ ʪʦʚʱʠʥʦʁ ʽʟʦʣʷʮʽʾ ʟʤʝʥh ʫ̒ 

ʧʘʨʘʟʠʪʥʠʡ ʻʤʥʽʩʥʠʡ ʟʚô̫ ʟʦʢ ʤʞ̔ ʝʣʝʢʪʨʦʜʦʤ ʪʘ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠɦ ʝʤ, 

ʚʜ̔ʧʦʚʽʜʥʦ ʟʤʝʥʰʫʶʪʴʩʷ ʧʘʨʘʟʠʪʥʽ ʻʤʥʩ̔ʥ̔  ʩʪʨʫʤʠ ʧʨʠ ʨʦʙʦʪʽ ʟ ʝʣʝʢʪʨʦʜʦʤ, 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ, ʟʘʚʜʷʢʠ ʮʴʦʤʫ. ɺʠʩʦʢʘ 

ʥʘʧʨʫʛʘ ʧʨʦʙʦʶ ʪʘ ʚʠʩʦʢʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʤʘʪʝʨʽʘʣʫ ʢʦʨʧʫʩʫ ʝʣʝʢʪʨʦʜʘ 

ʟʤʝʥʰʫʶʪʴ ʧʘʨʘʟʠʪʥʽ ʪʦʢʠ ʚʠʪʽʢʫ ʤʘʡʞʝ ʜʦ ʥʫʣ,̫ ʱʦ ʪʘʢʦʞ ʧʦʟʠʪʠʚʥʦ 

ʚ̔ʜʙʠʚʘʻʪʴʩ ̫ʥʘ ʟʨʦʩʪʘʥʥʽ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʽʢʨʦʝʣʝʢʪʨʦʜ ʤʦʞʝ ʚʠʛʦʪʦʚʣʷʪʠʩʷ ʟ ʜʫʞʝ ʤʘʣʝʥʢɹʦʶ 

ʝʣʝʢʪʨʦʘʢʪʠʚʥʦʶ ʨʦʙʦʯʦʶ ʧʦʚʝʨʭʥʝʶ, ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʨʫʤʘʤʠ ʚ 

ʜʽʘʧʘʟʦʥ ̔ʧʢ̔ʦʘʤʧʝʨʽʚ. ʄʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ ʚ ʯʘʩʪʦʪʥʽʡ 

ʦʙʣʘʩʪ̔  ʜʦ ʜʝʩʪ̫ʢ̔ ʚ ʄɻʮ. 

ʅʘʚʝʜʝʥʠʡ ʤʽʢʨʦʝʣʝʢʪʨʦʜ ʻ ʢʦʨʠʩʥʠʤ ʦʩʦʙʣʠʚʦ ʚ ʙʽʦʭʽʤʽʯʥʠʭ ʪʘ 

ʤʝʜʠʯʥʠʭ ʦʙʣʘʩʪʷʭ, ʥʘʧʨʠʢʣʘʜ, ʷʢ ʘʤʧʝʨʦʤʝʪʨʠʯʥʠʡ ʘʙʦ ʧʦʪʝʥʮʦ̔ʤʝʪʨʠʯʥʠʡ 

ʜʘʪʯʠʢ, ʯʠ ̫ʢ ʩʪʠʤʫʣʶʶʯʠʡ ʝʣʝʢʪʨʦʜ ʟ ʚʠʩʦʢʦʶ ʣʦʢʘʣʽʟʘʮʽʻʶ ʜʽʾ, ʘʙʦ ʷʢ 

ʝʣʝʢʪʨʦʜ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ, ʦʩʦʙʣʠʚʦ ʜʣ̫ ʟʚʦʨʦʪʥʴʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ. 

ʉʫʢʫʧʥ̔ʩʪʴ ʮʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʯʫʪʣʠʚʽʩʪʴ ʪʘ 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʩʧʦʩʦʙʘʤʠ, ʢ̫̔  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʽʢʨʦʝʣʝʢʪʨʦʜʠ ʷʢ ʜʘʪ- 

ʯʠʢʠ. ɿʙ̔ ʣʴʰʠʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʤʝʞʫ ʚʠʟʥʘʯʝʥʥʷ 

ʨʝʯʦʚʠʥ. ʆʩʢʣ̔ɹʢʠ ʟʙʽʣʴʰʝʥʥʷ ʩʧʽʚʚʽʜʥʦʝhʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰʝ ʧʽʜʩʠʣʝʥʥʷ ʚ ʘʧʘʨʘʪʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʦʪʞʝ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʨʚ̔ʥ̫ ʫhʤʫ ʜʦʩʷʛʘʪʠ ʙʽʣʴʰ 

ʥʠʟʴʢʠʤ ʤʝʞ ʚʠʟʥʘʯʝʥʥ ̫ʩʠʛʥʘʣʫ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥɹʦ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʢʽʣʴʢʽʩʪʶ 

ʨʝʯʦʚʠʥʠ, ʦɦ ʜʦʩʣʽʜʞʫʶʪʴ. ʊʘʢʠʤ ʯʠʥʦʤ ʜʦʩʷʛʪʠ ʙʽʣʴʰ ʥʠʟʴʢʦʾ ʤʝʞʠ 

ʚʠʟʥʘʯʝʥʥʷ, ʪʘ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʯʫʪʣʠʚʦʩʪʽ ʩʧʦʩʦʙʫ ʚʠʟʥʘʯʝʥʥʷ ʨʝʯʦʚʠʥʠ. 

ʅʘ ʨʠʩ. 2.7 ʥʘʚʝʜʝʥʦ ʉɽʄ ʟʦʙʨʘʞʝʥʥʷ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ 

ʫʣʪɹʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʘ, ʱʦ ʦʪʨʠʤʘʥʦ ʟ ʟʦʣʦʪʦʛʦ ʤʽʢʨʦʜʨʦʪʘ Ø25 ʤʢʤ. ʐʣʷʭʦʤ 

ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʟ ʚʠʪ̫ʛʫʚʘʥʥʷ ʤʽʢʨʦʜʨʦʪʫ ʚʜʘʣʦʩʷ 

ʦʪʨʠʤʘʪʠ ʟʤʝʥʰʝʥʥʷ ʜʽʘʤʝʪʨʫ ʨʦʙʦʯʦ ʾʧʦʚʝʨʭʥʽ ʜʦ ʨʦʟʤʨ̔ʫ ~500 ʥʤ. 

 



138 

 

ɸ)                                                      ɹ) 

ʈʠʩʫʥʦʢ 2.7 ï ʉɽʄ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥ̔  ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ ʟ ʨʽʟʥʠʤ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ ʧʦʚʝʨʭʥʽ. ʈʦʟʤʽʨ ʰʢʘʣʠ ʚʽʜʨʽʟʢʫ: ɸ) 50 ʤʢʤ, ɹ) 5 ʤʢʤ 

(ʪʝʤʥʠʡ ʢʨʫʛ ʚ ʮʝʥʪʨʽ ï ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ ʟʦʣʦʪʦʛʦ ʝʣʝʢʪʨʦʜʘ Ø500 ʥʤ). 

 

2.4 ʊʝʩʪʫʚʘʥʥʷ ʟʦʣʦʪʠʭ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ 

 

ʆʢʨʽʤ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥɹ ʢʦʥʩʪʨʫʢʮ̔ ʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ ʧʨʦʚʝʜʝʥʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥ ̔ ʜʦʩʣ̔ʜʞʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʙʘʟʫʪʁʩɹ ̫ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʚʦʨʦʪʥʦʾ ʝʣʝʢʪʨʦʭʽʤʯ̔ʥʦʾ ʨʝʘʢʮʽʾ ʦʢʠʩʣʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ 

ʨʝʯʦʚʠʥʠ ʥʘ ʝʣʝʢʪʨʦʜʽ. ʋ ʷʢʦʩʪʽ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʦʙʨʘʥʦ ʩʠʩʪʝʤʫ ʟ ʜʚʦʭ ʨʝʯʦʚʠʥ 

ʢʘʣʽʡ ʬʝʨʦʮʝʥ ʪʘ ʢʘʣʽʡ ʬʝʨʦʮʽʘʥʘʪ ʟʘʣʟ̔ʘ K3Fe(CN)6 ʪʘ K2Fe(CN)6. ʎʷ ʧʘʨʘ ʤʘʻ 

ʛʘʨʥʫ ʟʚʦʨʦʪʥʽʩʪʴ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʦʢʠʩʣʝʥʥ-̫ʚʽʜʥʦʚʣʝʥʥʷ. ʊʦʤʫ ʚʦʥʘ 

ʜʫʞʝ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʚʢʣʶʯʘʶʯʠ ʥʘʥʦʤʘʪʝʨʽʘʣʠ. 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʦʜʥʦʾ ʩʠʩʪʝʤʠ. ʈʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ ʤʢ̔ʨʦʝʣʝʢʪʨʦʜ ʟ 

ʟʦʣʦʪʠʤ ʤʽʢʨʦʜʠʩʢʦʤ ʜʽʘʤʝʪʨʦʤ 42 ʤʢʤ, ʚʽʜʧʦʚʽʜʥʘ ʧʣʦʱʠʥʘ 0,1385 ʤʤ2. 

ʄʘʪʝʨʽʘʣ ʽʟʦʣʷʮʽʾ ʝʣʝʢʪʨʦʜʘ ï ʩʢʣʦ. ʇʨʦʪʠʝʣʝʢʪʨʦʜ ï ʧʣʘʪʠʥʦʚʘ ʬʦʣʴʛʘ 

ʧʣʦʱʠʥʦʶ 400 ʤʤ2. ɽʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ ï Ag/AgCl, ʱʦ ʟʘʥʫʨʝʥʦ ʫ ʥʘʩʠʯʝʥʠʡ 

ʨʦʟʯʠʥ KCl.  

ʊʝʩʪʦʚʠʡ ʨʦʟʯʠʥ ʩʢʣʘʜʘʚʩʷ ʟ ʨʦʟʯʠʥʥʠʢʘ ï ʙʽʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ, 

ʝʣʝʢʪʨʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ 10-2 M K3Fe(CN)6 ʪʘ 10-2 M K2Fe(CN)6 ʪʘ ʬʦʥʦʚʦʛʦ 

ʝʣʝʢʪʨʦʣʽʪʫ KCl ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʁ 0,1 ʄ. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʝʜʝʥʦ ʫ ʚʠʛʣʷʜʽ ʚʽʜʧʦʚʽʜʥʦʾ ʚʦʣʴʪ ʘʤʧʝʨʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 2.8) ʪʘ ʛʨʘʬʽʢʫ, ʱʦ ʚʽʜʙʠʚʘʻ ʚʽʜʛʫʢ 8 ʟʨʘʟʢʽʚ 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ (ʨʠʩ. 2.9). 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʤʝʪʦʜ ʮʠʢʣʽʯʥʦʾ ʣʽʥʽʡʥʦʾ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʘ̔ʣʫ. 

ʇʘʨʘʤʝʪʨʠ ʧʦʣʷʨʠʟʘʮʽʾ ʰʚʠʜʢʽʩʪʴ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ ʩʢʣʘʜʘʻ 100 ʤɺ/ʩ. 

ʇʦʪʝʥʮʽʘʣʠ ʨʝʚʝʨʩʫ ʧʦʣʷʨʠʟʘʮʽʾ 0,15 ɺ ʪʘ 0,75 ɺ ʚʽʜʥʦʩʥʦ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʚʦʜʥʝʚʦʛʦ ʝʣʝʢʪʨʦʜʘ. 

 
ʈʠʩʫʥʦʢ 2.8 ï ʎʠʢʣʽʯʥʘ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʚ ʪʝʩʪʦʚʦʤʫ 

ʨʦʟʯʠʥ.̔ ʐʚʠʜʢʽʩʪʴ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ 100 ʤɺ/ʩ. 

 

ʈʠʩʫʥʦʢ 2.9 - ʈʦʟʙʽʞʥʽʩʪʴ ʚʽʜʛʫʢʘ 8 ʟʨʘʟʢʽʚ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ. ʂʚʘʜʨʘʪʠ ï 

ʚʽʜʭʠʣʝʥʥʷ ʨʽʟʥʠʮʽ ʤʽʞ ʧʦʪʝʥʮ̔ʘʣʘʤʠ ʧʽʢʽʚ ʦʢʠʩʣʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ, 

ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ʚʽʜʭʠʣʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʚʽʜʥʦʚʣʝʥʥʷ ʚʽʜʥʦʩʥʦ 0,3875ɺ 

ʚʽʜʥʦʩʥʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʦʜʥʝʚʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʥʝʧʝʨʝʨʚʥʘ ʣʽʥʽʷ ʚʽʜʭʠʣʝʥʥʷ 

ʧʦʪʝʥʮʽʘʣʫ ʦʢʠʩʣʝʥʥʷ 0,4845ɺ ʚʽʜʥʦʩʥʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʦʜʥʝʚʦʛʦ ʝʣʝʢʪʨʦʜʘ. 
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2.5 ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 

 

ɼʦʩʣʜ̔ʞʝʥʥʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʟʘ ʪʝʤʦʶ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʜʽʚ ʚʠʷʚʠʣʦ ʧʨʦʙʣʝʤʫ ʩʢʣʘʜʥʦʩʪʽ ʪʘ 

ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʥʘʷʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ. ʆʜʥʫ ʽʟ ʚʘʞʣʠʚʠʭ 

ʧʨʦʙʣʝʤ ʩʢʣʘʜʘʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ ʤʽʢʨʦʜʨʦʪʦʤ ʪʘ 

ʧʨʦʚʽʜʥʠʢʦʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʚʠʚʽʜ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ 

ʤ̔ ʢʨʦʝʣʝʢʪʨʦʜʫ. ʆʪʨʠʤʘʥʥʷ ʧʝʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢ ʜʽʘʤʝʪʨ 

ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥ̔ , ʾʾ ʬʦʨʤʘ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʚʽʜʪʚʦʨʶʚʘʥʥʷ ʧʝʚʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷ ʧʘʨʘʟʠʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʨʝʙʫʁʪʴ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ. ɺ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʦʧʠʩ ʨʦʟʨʦʙʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʘ.  

ʆʩʦʙʣʠʚʽʩʪʶ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʫ ʩʢʣʘʜʘʻ ʪʝ, ʱʦ 

ʢʦʥʪʘʢʪ ʜʦ ʤʽʢʨʦʜʨʦʪʫ ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʚʽʜʥʠʢʘ, ʷʢʠʡ ʚʠʛʦʪʦʚʣʝʥʦ 

ʟ ʤʝʪʘʣʫ ʟ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʨʦʟʰʠʨʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʨʦʟʰʠʨʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʢʦʨʧʫʩʫ ʝʣʝʢʪʨʦʜʘ, ʯʝʨʝʟ 

ʤʝʪʘʣʝʚʫ ʛʽʣʟɹʫ. ɯʥʰʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʪʝ, ʱʦ ʥʘ ʤʽʢʨʦʜʨʽʪ, ʷʢʠʡ ʧʦʧʝʨʝʜʥʴʦ 

ʦʯʠʱʝʥʠʡ ʭʽʤʽʯʥʠʤ ʩʧʦʩʦʙʦʤ, ʥʘʥʦʩʠʪʴʩʷ ʤʝʪʘʣʝʚʝ ʧʦʢʨʠʪʪʷ, ʥʘʧʨʠʢʣʘʜ, ʟ 

ʤʜ̔ʽ, ʧʽʩʣʷ ʯʦʛʦ ʤʽʢʨʦʜʨʽʪ ʧʦ̒ʜʥʫʻʪʴʩʷ ʟ ʧʨʦʚʽʜʥʠʢʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʣʝʚʦʾ 

ʛʽʣʴʟʠ, ʷʢʘ ʧʝʨʝʪʠʩʢʘʻʪʴʩʷ ʫ ʜʚʦʭ ʤʽʩʮʷʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʰʘʨʫ ʟʘʙʝʟʧʝʯʫʻ 

ʥʘʣʝʞʥʠʡ ʢʦʥʪʘʢʪ ʤʽʞ ʛʽʣʴʟʦʶ ʪʘ ʤʽʢʨʦʜʨʦʪʦʤ, ʡʦʛʦ ʧʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʣʽʧʰʫʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʧʦʻʜʥʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʜʘʚʣʶʚʘʥʥʷ 

ʛʽʣʴʟʠ.  

ʇʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʾ ʩʪʘʣʘ ʾʾ ʤʦʜʠʬʽʢʘʮʽʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʫʣʴʪʨʘʤʢ̔ʨʦʝʣʝʢʪʨʦʜ̔ ʚ. ʆʩʦʙʣʠʚʽʩʪʶ ʢʦʥʩʪʨʫʢʮʽʾ ʷʢʦʛʦ ʻ ʪʝ, ʦɦ ʨʦʙʦʯʘ 

ʧʦʚʝʨʭʥʷ, ʷʢʘ ʫʪʚʦʨʝʥʘ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʝʣʝʢʪʨʦʜʘ, ʤʝʥʰʘ ʥʽʞ 

ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʝʨʽʟ ʟʘʧʘʷʥʦʛʦ ʤʽʢʨʦʜʨʦʪʫ, ʦɦ ʚʠʢʦʨʠʩʪʦʚʫʁ ʪʴ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʫʣʪɹʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʘ, ʪʘ ʤʘ̒ ʩʫʙʤʽʢʨʦʥʥ ̔ ʨʦʟʤ̔ ʨʠ. ʎʝ ʙʫʣʦ 

ʜʦʩʷʛʥʫʪʦ ʟʘ ʨʘʭʫʥʦʢ ʟʘʚʜʷʢʠ ʜʦʜʘʪʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʟ ʦʜʥʦʯʘʩʥʦ 
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ʚʠʪʷʛʫʚʘʥʥʷ ʤʽʢʨʦʜʨʦʪʫ ʟ ʨʦʙʦʯʦʛʦ ʢʽʥʮʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʦʜʥʦʯʘʩʥʦ ʟ 

ʚʠʪʷʛʫʚʘʥʥʷʤ ʤʘʪʝʨʽʘʣʫ ʢʦʨʧʫʩʫ, ʦɦ ʤʦʞʣʠʚʦ ʟʘʚʜʷʢʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʤʽʢʨʦʜʨʦʪʫ, ʜʣʷ ʯʦʛʦ ʚʠʢʦʥʫʶʪʴ ʨʦʟʛ̔ʨʽʚ ʜʽʣʷʥʢʠ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʟ 

ʟʘʧʘʷʥʠʤ ʤʽʢʨʦʜʨʦʪʦʤ. ɿʤʝʥʰʝʥʥʷ ʧʣʦʱʠʥʠ ʧʝʨʝʪʠʥʫ ʤʽʢʨʦʜʨʦʪʫ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ ʟ ʨʦʙʦʯʦʶ ʧʦʚʝʨʭʥʝ,ʁ ʱʦ ʤʘʻ ʨʦʟʤʽʨʠ 

ʤʝʥh ʽ ʟʘ ʧʝʨʚʠʥʥʠʡ ʜʽʘʤʝʪʨ ʤʽʢʨʦʜʨʦʪʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ. ɼʦʜʘʚʘʥʥʷ 

ʜʦʜʘʪʢʦʚʦʾ  ʦʧʝʨʘʮʽʾ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ, 

ʦʩʢʽʣʴʢʠ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʮʠʢʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʞ ʩʘʤʝ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʽ 

ʚ ʽʥʰʠʭ ʦʧʝʨʘʮʽʷʭ.  

ɺʠʛʦʪʦʚʣʝʥʽ ʟʨʘʟʢʠ ʤʽʢʨʦʝʣʝʢʪʨʦʜʚ̔ ʟ ʤʘʪʝʨʽʘʣʦʤ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ 

ʝʣʝʢʪʨʦʜʘ ʟʽ ʩʢʣʦʚʫʛʣʝʮʷ, ʪʘ ʟʦʣʦʪʘ. ɿʨʘʟʢʠ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ 

ʚʠʛʦʪʦʚʣʷʣʠʩʷ ʟ ʟʦʣʦʪʦʶ ʨʦʙʦʯʦ  ʁʧʦʚʝʨʭʥʝʶ. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʧʨʦʚʝʜʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʦʙʦʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʩʢʣ̫ ʥʽ 

ʪʨʫʙʢʠ-ʢʘʧʽʣʷʨʠ ʟʽ ʩʢʣʘ ʪʠʧʫ Pyrex ʟ ʥʠʟʴʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʣʘʚʣʝʥʥʷ 565°ʉ.  

ʆʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʪʘ 

ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʷʢʦʾ ʧʽʜʪʚʝʨʜʠʣʠ ʚ̔ ʜʧʦʚʽʜʥʽʩʪʴ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʊʘʢ ʚʩʪʘʥʦʚʣʝʥʦ ʜʽʘʤʝʪʨ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ ʟʽ 

ʟʦʣʦʪʘ ʩʢʣʘʚ Ø42 ʤʢʤ ʪʘ Ø25 ʤʢʤ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʤʽʨ̔ʚ ʧʝʨʝʪʠʥʫ ʜʚʦʭ 

ʨʽʟʥʠʭ ʤ̔ʢʨʦʜʨʦʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʟʨʘʟʢʽʚ.) ɼʣʷ 

ʩʢʣʦʚʫʛʣʝʮʶ ʜʽʘʤʝʪʨ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʫ ʬʦʨʤʽ ʜʠʩʢʫ ʩʢʣʘʜʘʚ Ø6 ʤʢʤ.  

ɼʣʷ ʟʨʘʟʢʽʚ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟ ʟʦʣʦʪʦʛʦ ʤʽʢʨʦʜʨʦʪʫ 

ʚʜʘʣʦʩʷ ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ ʜʽʘʤʝʪʨʫ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʙʽʣ̫ 500 ʥʤ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʩʫʙʥʘʥʦʤʝʪʨʦʚʦʤʫ ʜʽʘʧʘʟʦʥʫ, ʪʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʨʠʥʮʠʧʦʚʠʭ 

ʨʦʟʤʽʨʽʚ ʥʘʥʦʜʽʚ.  

ʄʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ ʧʽʜʪʚʝʨʜʠʣʠ 

ʟʙʝʨʝʞʝʥʥʷ ʬʦʨʤʠ ʧʝʨʝʪʠʥʫ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʧʽʜ ʯʘʩ ʡʦʛʦ ʟʘʧʘʶʚʘʥʥʷ ʚ 

ʩʢʣ̫ʥʠʡ ʢʦʨʧʫʩ. ɿʘ ʪʝʭʥʦʣʦʛʽʻʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ ʤʘʻ ʤʽʩʮʝ 

ʚʽʜʪʚʦʨʝʥʥʷ ʜʽʘʤʝʪʨʫ ʪʘ ʬʦʨʤʠ ʧʝʨʝʪʠʥʫ ʤ̔ ʢʨʦʜʨʦʪʘ ʫ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ 

ʜʠʩʢʦʚʦʛʦ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ.  
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ɽʣʝʢʪʨʦʭʽʤʽʯʥʽ ʜʦʩʣ̔ ʜʞʝʥʥʷ ʟʘ ʜʦʤʧʦʤʦʛʦʶ ʤʝʪʦʜʘ ʮʠʢʣʽʯʥʦʾ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ ʚʠʟʥʘʯʠʣʠ ʥʝʚʠʣʠʢʫ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʧʦʪʝʥʮʽʘʣʽʚ ʦʢʠʩʣʝʥʥʷ 

ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ±10 ʤɺ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥ̔ ʩʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʽ, 

ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ ʪʘ ʢʦʨʝʣʶʻ ʟ ʪʦʯʥʩ̔ʪʁ 

ʚʠʤʽʨʫ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʜ̔ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ɸʤʧʣʽʪʫʜʘ ʚʽʜʛʫʢʫ ʟʨʘʟʢʽʚ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ ʥʘ ʨʽʚʥʽ 1% ʚʠʩʦʢʫ 

ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʜʽʘʤʝʪʨʘ ʤʽʢʨʦʜʨʦʪʫ ʚ ʜʽʘʤʝʪʨʽ ʨʦʙʦʯʦ ʾʜʠʩʢʦʚʦʾ ʧʦʚʝʨʭʥʽ 

ʤʽʢʨʦʝʣʝʢʪʨʦʜʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʚʠʢʣʘʜʝʥʦ ʘʚʪʦʨʦʤ ʚ ʥʘʩʪʫʧʥʠʭ 

ʧʫʙʣʽʢʘʮʽʷʭ [6, 10, 11, 15] ʪʘ ʘʧʨʦʙʦʚʘʥʦ ʥʘ ʤʞ̔ʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ [33, 34, 

36, 43]. 
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3. ʅɸʅʆʊɽʍʅʆʃʆɻɯɰ ɼʃʗ ʉʊɺʆʈɽʅʅʗ ʉɽʅʉʆʈʅʆɻʆ ɽʃɽʄɽʅʊɸ  

 

3.1 ʊʝʭʥʦʣʦʛʽ̫ ʘʣʤʘʟʦʧʦʜʽʙʥʠʭ ʧʦʢʨʠʪʪ̔ ʚ, ʱʦ ʣʝʛʦʚʘʥʦ ʘʟʦʪʦʤ. 

 

ʆʧʠʩ ʪʝʭʥʦʣʦʛʾ̔ ʘʣʤʘʟʦʧʦʜ̔ʙʥʠʭ ʧʦʢʨʠʪʪ̔ ʚ (ɸʇʇ, ta-C:N) ʤʽʩʪʠʪʴ ʦʧʠʩ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʾʭ ʥʘʥʝʩʝʥʥ ̫ʟʘ ʫʤʦʚ ʦʩʘʜʞʝʥʥʷ ʾʭ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ. ɺ ʨʦʟʜ̔ʣ̔  

ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣ̔ʜʞʝʥʥʷ ʬʽʟʠʯʥʠʭ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʣʝʛʦʚʘʥʠʭ ʘʟʦʪʦʤ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʭ ʘʣʤʘʟʦʧʦʜ̔ ʙʥʠʭ ta-C:N ʧʦʢʨʠʪʪ̔ʚ.  

ʈʦʙʦʪʠ ʱʦʜʦ ʩʠʥʪʝʟʫ ʟʨʘʟʢ̔ʚ ʚʠʢʦʥʫʚʘʣʠʩʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ 

ʪʝʭʥʦʣʦʛ̔ ʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʅʘʮ̔ʦʥʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʮʝʥʪʨʫ çʍʘʨʢ̔ʚʩʴʢʠʡ 

ʬ̔ ʟʠʢʦ-ʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè ʚ ʃʘʙʦʨʘʪʦʨ̔ʾ  ʘʣʤʘʟʥʠʭ ʪʘ ʘʣʤʘʟʦʧʦʜʽʙʥʠʭ 

ʧʦʢʨʠʪʪʽʚ (ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜ.ʬ.-ʤ.ʥ. ʉʪʨʻʣʴʥʠʮʢɹʦʛʦ ɺ.ɭ.). 

ɸʣʤʘʟʦʧʦʜʽʙʥʠʡ ʚʫʛʣʝʮʴ ʻ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʪʨʘʜʠʮʽʡʥʠʤ ʤʘʪʝʨʽʘʣʘʤ, ʢ̫̔  

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʝʣʝʢʪ-ʨʦʭʽʤʽʯʥʽ ʝʣʝʢʪʨʦʜʠ. ɸʣʤʘʟʥʽ ʡ ʘʣʤʘʟʦʧʦʜʽʙʥʽ 

ʝʣʝʢʪʨʦʜʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʪʘʙʽʣʴʥʩ̔ʪʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʨʦʙʦʪʽ, 

ʚʽʜʥʦʚʣʶʚʘʥ̔ʩʪʶ ʧʦʚʝʨʭʥʽ, ʜʦʚʛʦʚʽʯʥʽʩʪʶ. ʐʠʨʦʢʝ ʚ̔ʢʥʦ ʧʦʪʝʥʮʽʘʣʫ ʽ ʚʢʨʘʡ 

ʤʘʣʠʡ ʬʦʥʦʚʠʡ ʩʪʨʫʤ ʨʦʙʣʷʪʴ ʮʝʡ ʤʘʪʝʨʽʘʣ ʫʥ̔ʢʘʣʴʥʠʤ ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʾ [16]. 

ɸʤʦʨʬʥʽ ʘʣʤʘʟʦʧʦʜʽʙʥʽ ʧʣʽʚʢʠ (ɸʇʇ) ʤʘʶʪʴ ʧʝʨʝʚʘʛʠ ʚ ʪʦʤʫ, ʱʦ 

ʥʘʥʦʩʷʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʙʣʠʟʴʢʽʡ ʜʦ ʢʽʤʥʘʪʥʦʾ, ʱʦ ʨʦʟʠhʨʶʻ ʤʦʞʣʠʚʦʩʪʽ 

ʾʭʥʴʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥ̫ ʚ ʝʣʝʢʪʨʦʥʽʮʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ, ʥʘʧʨʠ-ʢʣʘʜ, 

ʤʽʢʨʦʝʣʝʢʪʨʦʜʥʠʭ ʩʝʥʩʦʨ̔ ʚ. 

ʇʝʨʰʽ ʜʦʩʚʽʜʠ ʟ ʝʣʝʢʪʨʦʭʽʤʽʾ ʘʣʤʘʟʫ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 1987 ʨʦʢʫ [108]. ɸʇʇ 

ʟ ʮʴʦʛʦ ʧʦʛʣʷʜʫ ʧʦʯʘʣʠ ʽʥʪʝʥʩʠʚʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʟ ʢʽʥʮʷ 90ʭ. ʅʘ ʩʴʦʛʦʜʥʽ 

ʤʘʻʤʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ ʟ ʚʠʚʯʝʥʥ ̫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʝʣʝʢʪʨʦʜʽʚ ʟ ʘʣʤʘʟʦʧʦʜʽʙʥʠʤʠ ʧʣʽʚʢʘʤʠ [109-120]. 

 

3.1.1 ʆʛʣʷʜ ʨʦʙʽʪ ʽʥʰʠʭ ʘʚʪʦʨʽʚ 

ʋ ʣʽʪʝʨʘʪʫʨʽ ʦʧʠʩʘʥʦ ʨʷʜ ʤʝʪʦʜʽʚ ʦʜʝʨʞʘʥʥʷ ʣʝʛʦʚʘʥʠʭ ɸʇʇ ʧʣʽʚʦʢ. ɸʟʦʪ 

ʻ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʠʤ ʝʢʦʣʦʛʯ̔ʥʦ ʙʝʟʧʝʯʥʠʤ ʣʝʛʫʁ ʯʠʤ ʝʣʝʤʝʥʪʦʤ ʜʣʷ ɸʇʇ 

[121]. 
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ɺʚʝʜʝʥʥ̫ ʘʟʦʪʫ ʚ ɸʇʇ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʷʜʫ ʝʬʝʢʪʽʚ [122, 123]. ʇʨʠ ʤʘʣʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʘʟʦʪ ʩʧʨʠʷʻ  ʛʨʫʧʫʚʘʥʥʶ ʮʝʥʪʨʽʚ sp2 ʬʘʟʠ ʚ ʢʣʘʩʪʝʨʠ. ɼʘʣʽ, ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ  ʧʦʥʘʜ 10% ʘʟʦʪ ʩʧʨʠ̫̒ ʩʪʚʦʨʝʥʥʶ ʥʦʚʠʭ ʮʝʥʪʨʽʚ sp2 ʬʘʟʠ. ʇʨʠ 

ʮɹʦʤʫ ʚʤʽʩʪ sp3-ʬʘʟʠ ʚ ɸʇʇ ʩ̔ʪʦʪʥʦ ʟʥʠʞʫʪ̒ɹʩʷ. ʅʘʨʝh ʪ̔ , ʘʟʦʪ ʦʭʦʯʝ ʬʦʨʤʫʻ 

ʥʝʣʝʛʫʯʁʽ (ʢʦʤʧʝʥʩʦʚʘʥʽ) ʮʝʥʪʨʠ ʚʥʘʩʣʽʜʦʢ ʨʽʟʥʦʤʘʥ̔ ʪʪʷ ʬʦʨʤ ʡʦʛʦ 

ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʭ ʟʘʚô̫ ʟʢʽʚ ʫ ʚʫʛʣʝʮʝʚʽʡ ʤʘʪʨʠʮʽ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʘʟʦʪʫ ʚ 

ʧʦʢʨʠʪʪʽ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʤʦʥʦʪʦʥʥʦ ʟʤʝʥʰʫʪ̒ʴʩʷ. 

ʃʝʛʦʚʘʥʽ ʘʟʦʪʦʤ ʘʣʤʘʟʦʧʦʜʽʙʥʽ ʧʦʢʨʠʪʪʷ ʥʘʙʫʚʘʶʪʴ ʥʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʭʤ̔̔ ʯʥʦʾ ̔ʥʝʨʪʥʦʩʪʽ, ʱʦ ʧʨʠʪʘʤʘʥʥʘ ɸʇʇ. ɿʤʽʥʶʶʪʴʩʷ ʾʭʥ ̔

ʤʝʭʘʥʽʯʥʽ (ʪʚʝʨʜʽʩʪʴ, ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ) ʽ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ 

(ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʦʦʧʽʨ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʚʝʨʜʽʩʪʴ ʘʣʤʘʟʦʧʦʜ̔ʙʥʠʭ ʧʦʢʨʠʪʪʽʚ, 

ʣʝʛʦʚʘʥʠʭ ʘʟʦʪʦʤ, (ta-C:N), ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮ̔ʾ ʘʟʦʪʫ ʟʤʝʥʰʫʻʪʴʩʷ 

ʚʽʜ 60 ʜʦ 45 ɻʇʘ [124]. ʄʘʻ ʤʽʩʮʝ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽ̒ ʥʪʘ ʪʝʨʪ ̫ʜʦ 0,03÷0,04 ʚ 

ʫʤʦʚʘʭ ʟʥʠʞʝʥʦʾ ʚʦʣʦʛʦʩʪʽ (ʩʫʭʦʤʫ ʘʟʦʪʽ) [125]. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʁʚʘʥʴ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ  ʝʣʝʢʪʨʦʭʽʤ̔ʯʥʠʭ ʧʨʦʮʝʩʘʭ ʝʣʝʢʪʨʦʜʠ ʟ ʪʘʢʠʤʠ ʧʦʢʨʠʪʪʷʤʠ 

ʜʦʟʚʦʣʷʶʪʴ ʦʜʝʨʞʘʪʠ h ʠʨʦʢʝ ʚʽʢʥʦ ʧʦʪʝʥʮ̔ʘʣʫ, ʷʢʝ ʙʣʠʟʴʢʝ ʜʦ ʨʝʟʫʣʴʪʘʪʫ ʜʣʷ 

ʢʨʘʱʠʭ ʟʨʘʟʢʽʚ ʘʣʤʘʟʥʠʭ ʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʽʩʪʦʪʥʦ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ 

ʾʭʥɹʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ [126]. 

ʋ ʣʽʪʝʨʘʪʫʨʽ [127] ʽʩʥʫʶʪɹ ʜʘʥ,̔ ʷʢʽ ʩʚʜ̔ʯʘʪɹ ʧʨʦ ʪʝ, ʱʦ ʧʠʪʦʤʠʡ ʦʧʽʨ 

ɸʇʇ ʧʣʽʚʦʢ ʤʦʥʦʪʦʥʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 109 ʜʦ 10 ʆʤĿʩʤ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ 

ʘʟʦʪʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ ʧʣʽʚʢʠ ʟ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ ʽ ʭʽʤʽʯʥʦʶ 

ʩʪʽʡʢʽʩʪʶ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥ.ɹ 

ʈʦʟʧʦʚʩʁ ʜʞʝʥʠʤ ʩʧʦʩʦʙʦʤ ʦʜʝʨʞʘʥʥʷ ɸʇʇ ʙʝʟ ʜʦʤʽʢhʠ ʚʦʜʥʶ ʚ ʫʤʦʚʘʭ 

ʣʝʛʫʚʘʥʥʷ ʘʟʦʪʦʤ ʻ ʦʩʘʜʞʝʥʥ ̫ ʧʣʘʟʤʠ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ ʟ 

ʛʨʘʬʽʪʦʚʠʤ ʢʘʪʦʜʦʤ ʚ ʘʪʤʦʩʬʝʨʽ ʘʟʦʪʫ. ʇʨʠ ʮʴʦʤʫ ʘʟʦʪ ʚʚʦʜʠʪʴʩʷ ʫ ʚʘʢʫʫʤʥʫ 

ʢʘʤʝʨʫ ʫ ʚʠʜʽ ʥʝʡʪʨʘʣʴʥʦʛʦ ʛʘʟʫ [126], ʽ ʡʦʛʦ ʘʢʪʠʚʘʮ̔ʷ ʟʜʽʡʩʥʁ ʻʪʴʩʷ ʚ ʧʦʪʦʮʽ 

ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʾ ʚʫʛʣʝʮʝʚʦʾ ʧʣʘʟʤʠ. ɯʥʰʠʡ ʚʘʨʽʘʥʪ ʦʜʝʨʞʘʥʥʷ ta-C:N 

ʨʝʘʣʽʟʫʻʪɹʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʦʥʥʦʛʦ ʧʫʯʢʘ ʘʟʦʪʫ ʚʽʜ ʦʢʨʝʤʦʛʦ ʜʞʝʨʝʣʘ, ʱʦ 

ʙʦʤʙʘʨʜʫʻ ʧʦʚʝʨʭʥʶ  ɸʇʇ ʧʣʽʚʢʠ ʚ ʧʨʦʮʝʩʽ ʦʩʘʜʞʝʥʥʷ, ʘʙʦ ʚ ʭʦʜʽ ʥʘʩʪʫʧʥʦʾ 

ʦʙʨʦʙʢʠ. 
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3.1.2 ʆʧʠʩ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʥʘʥʝʩʝʥʥ ̫ɸʇʇ 

ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʦʜʝʨʞʘʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚ̔ʜʥʠʭ 

ʘʣʤʘʟʦʧʦʜʽʙʥʠʭ ʧʣʽʚʦʢ ʟ ʬʽʣʴʪʨʦʚʘʥʦʾ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʾ ʧʣʘʟʤʠ ʟ ʣʝʛʫʚʘʥʥʷʤ 

ʘʟʦʪʦʤ. ʉʭʝʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.1.  

 

ʈʠʩʫʥʦʢ 3.1 ï ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣɹʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ta-C:N 

ʧʦʢʨʠʪʪ̔ʚ: 1 - ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʠʡ ʚʠʧʘʨʥʠʢ, 2 -ʘʥʦʜ, 3 - ʤʘʛʥʽʪʥ ̔ʢʦʪʫʰʢʠ 

ʬʽʣʴʪʨʘ ʤʘʢʨʦʯʘʩʪʦʢ, 4 - 90Ü ʧʣʘʟʤʦʧʨʦʚ̔ʜ, 5 - ɺʏ ʛʝʥʝʨʘʪʦʨ, 6 - 

ʧʦʜʢʣʘʜʢʦʪʨʠʤʘʯ, 7 - ʩʠʩʪʝʤʘ ʥʘʧʫʩʢʫ ʛʘʟʽʚ, 8 - ʚʘʢʫʫʤʥʘ ʢʘʤʝʨʘ  

 

ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʫʩʪʘʥʦʚʢʠ ʻ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʠʡ ʚʠʧʘʨʥʠʢ, 

ʬʽʣɹʪʨ ʤʘʢʨʦʯʘʩʪʦʢ, ʚʘʢʫʫʤʥʘ ʢʘʤʝʨʘ ʟ ʨʦʟʪʘʰʦʚʘʥʠʤ ʫʩʝʨʝʜʠʥʽ ʥʝʾ 

ʫʪʨʠʤʫʚʘʯʝʤ ʧʽʜʢʣʘʜʢʠ, ʩʠʩʪʝʤʘ ʥʘʧʫʩʢʫ ʨʦʙʦʯʦʛʦ ʛʘʟʫ (ʩʫʤʽʰ ʘʨʛʦʥʫ ʡ 

ʘʟʦʪʫ), ɺʏ ʛʝʥʝʨʘʪʦʨ. ʏʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ɺʏ ʛʝʥʝʨʘʪʦʨʘ ʩʢʣʘʜʘʻ ~10 ʄɻʮ. 

ɻʝʥʝʨʘʪʦʨ ʧʽʜʢʣʁ ʯʝʥʠʡ ʜʦ ʫʪʨʠʤʫʚʘʯʘ ʧʽʜʢʣʘʜʢʠ ʯʝʨʝʟ ʢʦʥʜʝʥʩʘʪʦʨ. ɿʘ 

ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʧ̔ʜ ʯʘʩ ʛʦʨʽʥʥʷ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ ʥʘ ʫʪʨʠʤʫʚʘʯʽ 

ʧʽʜʢʣʘʜʢʠ ʫʪʚʦʨʶʻʪʴʩʷ ʥʝʛʘʪʠʚʥʠʡ ʚʽʜʥʦʩʥʦ ʢʘʤʝʨʠ ʧʦʪʝʥʮʽʘʣ, ʱʦ 

ʩʘʤʦʧʽʜʪʨʠʤʫ̒ʪʴʩʷ, ʚʝʣʠʯʠʥʦʶ ʧʦʨʷʜʢʫ 100-1000 ɺ. ɺʝʣʠʯʠʥʫ ʮʴʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʤʦʞʥʘ ʨʝʛʫʣʁʚʘʪʠ, ʟʤʽʥʶʶʯʠ ʘʤʧʣʽʪʫʜʫ ʢʦʣʠʚʘʥʴ ɺʏ ʛʝʥʝʨʘʪʦʨʘ. 

ʄʘʪʝʨʘ̔ʣʦʤ ʢʘʪʦʜʘ ʫ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʤʫ ʚʠʧʘʨʥʠʢʫ ʻ ʦʩʦʙʣʠʚʦ ʯʠʩʪʠʡ 

ʛʨʘʬʽʪ. ʌʽʣʴʪʨ ʤʘʢʨʦʯʘʩʪʦʢ [128] ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʣʘʟʤʦʚʦʜʘ ʫ ʚʠʛʣʷʜʽ ʜʚʦʭ 
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ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʘʪʨʫʙʢʽʚ ï ʚʭʽʜʥʦʛʦ ʽ ʚʠʭʽʜʥʦʛʦ, ʢ̫ʽ ʟʚʘʨʝʥʦ ʧʽʜ ʧʨʷʤʠʤ ʢʫʪʦʤ ̔ 

ʤʘʛʥʽʪʥʠʭ ʢʦʪʫh ʦʢ, ʱʦ ʦʭʦʧʣʶʶʪʴ ʧʣʘʟʤʦʚʦʜ. ʄʘʛʥʪ̔ʥʝ ʧʦʣʝ, ʷʢʝ ʩʪʚʦʨʝʥʝ  

ʤʘʛʥʽʪ-ʥʠʤʠ ʢʦʪʫʰʢʘʤʠ, ʜʦʟʚʦʣʷʻ ʟʤʽʥʠʪʠ ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʧʦʪʦʢʫ ʚʫʛʣʝʮʝʚʦʾ 

ʧʣʘʟʤʠ ʽ ʚʽʜʦʢʨʝʤʠʪʠ ʟʘʨʷʜʞʝʥ̔ ʢʦʤʧʦʥʝʥʪʠ ʧʣʘʟʤʠ ʚʽʜ ʥʝʡʪʨʘʣʴʥʠʭ. 

ʋʩʝʨʝʜʠʥʽ ʧʣʘʟʤʦʚʦʜʘ ʨʦʟʪʘʰʦʚʘʥʦ ʜʘ̔ʬʨʘʛʤʠ ʫ ʚʠʛʣʷʜʽ ʨʝʙʝʨ, ʱʦ 

ʟʘʪʨʠʤʫʶʪʴ ʤʘʢʨʦʯʘʩʪʢʠ ʛʨʘʬʽʪʫ, ʱʦ ʚʠʣʽʪʘʶʪʴ ʟ ʢʘʪʦʜʘ ʚ ʧʨʦʮʝʩʽ ʛʦʨʽʥʥʷ 

ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ. ʅʘʩʘʤʢʽʥʝʮʴ, ʥʘ ʧʽʜʢʣʘʜʢʫ ʧʦʧʘʜʘʻ ʧʦʪʽʢ ʽʦʥʽʚ 

ʚʫʛʣʝʮʶ, ʝʥʝʨʛʽʶ ʷʢʠʭ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʰʣʷʭʦʤ ʧʦʜʘʯ ̔ʧʨʠʤʫʩʦʚʦʛʦ (ʘʙʦ 

ʪʘʢʦʛʦ ɦʦ ʩʘʤʦʩʪʽʡʥʦ ʥʘʚʦʜʠʪʴʩʷ) ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ʅʘʷʚʥʽʩʪɹ  

ʬʽʣʴʪʨʘ ʤʘʢʨʦʯʘʩʪʦʢ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ ʧʣʽʚʢʠ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʟ 

ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʁ  ʜʝʬʝʢʪʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʥʘʩʢʨʽʟʥʠʭ ʧʽʨ, ʱʦ ʽʩʪʦʪʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʢʪʨʦʜʚ̔ ʟ ʧʦʢʨʠʪʪʷʤʠ. 

ʋ ʭʦʜ̔  ʧʽʜʛʦʪʦʚʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʽ ʥʘʣʘʛʦʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʥʘʧʫʩʢʫ ʛʘʟʽʚ. ʊʠʩʢ ʨʦʙʦʯʦʛʦ ʛʘʟʫ  (ʘʟʦʪ 

+ ʘʨʛʦʥ) ʚʩʪʘʥʦʚʣʶʚʘʚʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʈ=1Ŀ10-4 - 8·10-2 ʊʦʨʨ. ʅʘ ʚʝʨʭʥʽʡ ʤʝʞʽ 

ʚʠʥʠʢʘʶʪɹ ʪʨʫʜʥʦʱʽ ʟ ʧʜ̔ʪʨʠʤʢʦʶ ʪʠʩʢʫ ʫ ʚʘʢʫʫʤʥ̔ʡ ʢʘʤʝʨʽ, ʧʦʚô̫ʟʘʥʽ ʟ ʪʠʤ, 

ʱʦ ʥʝʦʙʭʽʜʥʠʡ ʜʣ̫ ʮʴʦʛʦ ʧʦʪʽʢ ʛʘʟʫ, ʱʦ ʥʘʧʫʩʢʘʻʪʴʩʷ, ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʤʝʞʽ 

ʜʦʩ̫ʞʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʜʢʘʯʢʠ ʚʘʢʫʫʤʥʦʛʦ ʘʛʨʝʛʘʪʫ. ʂʨʽʤ ʪʦʛʦ, ʷʢ ʚʽʜʟʥʘʯʘʣʠ 

ʨʽʟʥʽ ʘʚʪʦʨʠ, ʫ ʧʨʦʮʝʩʽ ʛʦʨʽʥʥʷ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ ʨʦʟʨ̫ ʜʫ ʪʠʩʢ ʫ ʚʘʢʫʫʤʥʡ̔ 

ʢʘʤʝʨ̔ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥ̫ʻʪʴʩʷ ʚʽʜ ʩʧʦʯʘʪʢʫ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʚʥʘʩʣʽʜʦʢ ʧʨʦʮʝʩʽʚ 

ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʟʽ ʩʪʽʥʦʢ ʽ ʚʽʜʢʘʯʫʚʘʣʴʥʦʾ ʜʽʾ ʚʫʛʣʝʮʝʚʦʾ ʧʣʽʚʢʠ, ʢʦʪʨʘ ʱʦʡʥʦ 

ʦʩʘʜʞʝʥʘ. 

ʋʪʨʠʤʫʚʘʯ ʧʽʜʢʣʘʜʢʠ ʤʘʻ ʚʦʜʷʥʝ ʦʭʦʣʦʜʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘʥʦʩʠʪʠ 

ʧʦʢʨʠʪʪ ̫ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʙʣʠʟʴʢʽʡ ʜʦ ʢʽʤʥʘʪʥʦʾ. 

 

3.1.3 ʅʘʥʦʩʪʨʫʢʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥ̫  ʘʣʤʘʟʦʧʦʜʽʙʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʠʤ ʤʽʢʨʦʩʢʦʧʦʤ 

ɼʣʷ ʧʦhʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʥʪʝʟʫ ʘʣʤʘʟʥʠʭ ʪʘ 

ʘʣʤʘʟʦʧʦʜʽʙʥʠʭ ʧʦʢʨʠʪʪʽʚ ʩʝʥʩʦʨʘ ʚ ʨʦʙʦʪʽ ʧʨʦʚʦʜʠʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʤʦʨʬʦʣʦʛʯ̔ʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘ ʥʘʥʦʨʽʚʥʽ ʪʘ ʚʧʣʠʚʫ ʥʘ ʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʩʠʥʪʝʟʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʩʢʘʥʫʶʯʠʤ 

ʟʦʥʜʦʚʠʤ ʤʽʢʨʦʩʢʦʧʦʤ NT-206, ʢʦʥʪʘʢʪʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʥʜʽʚ 

NSC-11 (Micromash Co.) (ʨʠʩ. 3.2). 

ʇʝʨʝʜʫʩ̔ ʤ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʧʦʚʝʨʭʥ̔  ʤʘʪʝʨʽʘʣʽʚ, ʥʘ ʷʢ ̔ ʥʘʥʦʩʠʣʠʩʷ 

ʘʣʤʘʟʥʽ ʪʘ ʘʣʤʘʟʦʧʦʜʽʙʥʽ ʧʦʢʨʠʪʪʷ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʯʘʪʢʦʚʠʡ 

ʩʪʘʥ ʧʦʚʝʨʭʥ,̔ ʥʘ ʷʢʫ ʟʜʡ̔ʩʥʶʚʘʣʦʩʷ ʦʩʘʜʞʝʥʥʷ ʧʣʽʚʦʢ. 

ʉʢʣʦʚʫʛʣʝʮʴ. ɼʣ̫ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʧʽʜʢʣʘʜʦʢ ʟʽ ʩʢʣʦʚʫʛʣʝʮʶ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ ʰʣʽʬʫʚʘʥʥ̫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʙʨʘʟʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ʘʙʨʘʟʠʚʥʦʛʦ ʧʘʧʝʨʫ ʟ ʨʦʟʤʽʨʘʤʠ ʘʙʨʘʟʠʚʫ ~1ʤʢʤ ) ʪʘ ʘʙʨʘʟʠʚʥʦʾ ʧʘʩʪʠ 

(ʨʦʟʤʽʨʘʤʠ ʘʙʨʘʟʠʚʫ ~1ʤʢʤ ). ɼʦʩʣʽʜʞʝʥʥʷ ʧʽʜʢʣʘʜʢʠ ʧʽʩʣʷ ʰʣʬ̔ʫʚʘʥʥʷ ʜʘʣʠ 

ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʟʥʘʯʠʪʠ ʚʠʩʦʢʽʡ ʩʪʫʧʽʥʴ ʦʙʨʦʙʢʠ - ʨʠʩ.3.3. 

 

 

ʈʠʩʫʥʦʢ 3.2 ï ɿʦʚʥ̔ʰʥʽʡ ʚʠʛʣʷʜ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʽʢʨʦʩʢʦʧʫ NT-206 

 

ʅʝʟʥʘʯʥʘ ʚʝʣʠʯʠʥʘ Ra = 3,67 ʥʤ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ ʛʣʘʜʢʦʩʪ ɹʧʦʚʝʨʭʥʽ. 

ʅʘʷʚʥ̔ ʩʪʴ ʥʘ ʟʦʙʨʘʞʝʥʥ̔ ʧʘʨʘʣʝʣʴʥʠʭ ʩʤʫʛ ʚʽʜʦʙʨʘʞʘʻ ʤʦʨʬʦʣʦʛʽʯʥʫ 

ʦʩʦʙʣʠʚʽʩʪʴ ʧʽʜʢʣʘʜʦʢ ʥʘ ʥʘʥʦʨʽʚʥʽ , ʱʦ ʧʨʦʭʦʜʷʪʴ ʝʪʘʧ ʰʣʬ̔ʫʚʘʥʥ̫. ɻʣʠʙʠʥʘ 

ʙʦʨʦʟʝʥ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʜʽʻʶ ʯʘʩʪʦʢ ʘʙʨʘʟʠʚʫ, ʷʢʽ ʨʫʭʘʪʁɹ ʩʷ ʧʘʨʘʣʝʣʴʥʦ, 

ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 10 ʥʤ ʧʨʠ ʰʠʨʠʥʽ ʜʦ 1 ʤʢʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʽʘʤʝʪʨʫ ʘʙʨʘʟʠʚʫ. 

(ʨʠʩ. 3.4). 
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ʈʠʩʫʥʦʢ 3.3 ï ʇʦʚʝʨʭʥʷ ʩʢʣʦʚʫʛʣʝʮʝʚʦʾ ʧʽʜʢʣʘʜʢʠ, ʷʢʘ ʧʨʦʡ ʣhʘ ʦʙʨʦʙʢʫ 

ʘʙʨʘʟʠʚʥʠʤ ʤʘʪʝʨ̔ʘʣʦʤ (1,2 ï ʥʦʤʝʨʠ ʤʘʨʢʝʨʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ,ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʘʥʘʣʟ̔ʫ ʾʾ  ʨʦʟʪʠʥʫ ʚʟʜʦʚʞ ʧʨʷʤʦʾ ʤʽʞ ʤʘʨʢʝʨʽʚ ʨʠʩ. 3.4)  

 

 

ʈʠʩʫʥʦʢ 3.4 ï ʇʝʨʝʪʠʥ ʧʦʚʝʨʭʥʽ ʚʟʜʦʚʞ ʧʨʷʤʦʾ ʤʽʞ ʤʘʨʢʝʨʽʚ 1,2 ʧʽʜʢʣʘʜʢʠ ʟ̔ 

ʩʢʣʦʚʫʛʣʝʮʁ , ʱʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.3  

 

ʄʦʣʽʙʜʝʥ. ɼʦʩʣ̔ʜʞʝʥʥ̫  ʤʦʣʙ̔ʜʝʥʦʚʠʭ ʧʽʜʢʣʘʜʦʢ ʚʠʷʚʠʣʠ ʾʭ 

ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 3.5), ʷʢʘ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ 

ʟʘʨʦʜʢʽʚ ï ʧʦʜʘʣʴʰʠʭ ʮʝʥʪʨʽʚ ʨʦʩʪʫ ʘʣʤʘʟʥʠʭ ʪʘ ʘʣʤʘʟʦʧʦʜʽʙʥʠʭ ʧʣʽʚʦʢ. ʗʢ ʽ 

ʥʘ ʧʽʜʢʣʘʜʢʘʭ ʟʽ ʩʢʣʦʚʫʛʣʝʮʶ ʧʨʠ ʦʙʨʦʙʮʽ ʘʣʤʘʟʥʠʤʠ ʧʘʩʪʘʤʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʽʥʪʝʨʢʘʣʷʮ̫̔ ʯʘʩʪʦʢ ʘʙʨʘʟʠʚʫ (ʨʠʩ.3.6). 
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ʂʨʝʤʥʽʡ. ɿ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʩʠʥʪʝʟʫ ʘʣʤʘʟʥʠʭ ʪʘ 

ʘʣʤʘʟʦʧʦʜʽʙʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʝʤʥʽʶ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʟʨʘʟʢʠ 

ʢʨʝʤʥʽʻʚʠʭ ʧʽʜʢʣʘʜʦʢ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩ̫ ʚ ʨʦʙʦʪʽ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ɸʇʇ 

(ʨʠʩ.3.7). ʋʩʽ ʟʨʘʟʢʠ ʤʘʪʁɹ  ʚʠʩʦʢʫ ʷʢ̔ʩʪ ɹʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ. 

ʋ ʧʦʜʘʣʴʰʠʭ ʨʦʙʦʪʘʭ ʧʨʦʚʦʜʠʣʠʩ̫ ʜʦʩʣʽʜʞʝʥʥ̫ ʚʧʣʠʚʫ ʩʧʦʩʦʙʫ 

ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʧʽʜʢʣʘʜʢʠ ʥʘ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ɸʇʇ. ʅʘ ʨʠʩ 3.8 ʥʘʚʝʜʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʣʽʙʜʝʥʦʚʠʭ ʧʽʜʢʣʘʜʦʢ ʥʘ ʝʪʘʧ̔  ʫʪʚʦʨʶʚʘʥʥʷ 

ʟʘʨʦʜʢʽʚ. 

 

ʈʠʩʫʥʦʢ 3.5 ï 3D- ʟʦʙʨʘʞʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʚʝʨʭʥʽ ʤʦʣʽʙʜʝʥʦʚʦʾ ʧʽʜʢʣʘʜʢʠ 

 

ʈʠʩʫʥʦʢ 3.6 ï 3D-ʟʦʙʨʘʞʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʚʝʨʭʥʽ ʤʦʣʽʙʜʝʥʦʚʦʾ ʧʽʜʢʣʘʜʢʠ ʧʨʠ 

ʦʙʨʦʙʮʽ ʾʾ ʰʣʽʬʫʚʘʣʴʥʦʶ ʧʘʩʪʦʶ (ʩʪʨʽʣʢʦʶ ʚʽʜʟʥʘʯʝʥʦ ʽʥʪʝʨʢʘʣʴʦʚʘʥʝ ʟʝʨʥʦ 

ʘʙʨʘʟʠʚʫ) 
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ɼʣʷ ʤʦʣʽʙʜʝʥʦʚʦʾ ʧʽʜʢʣʘʜʢʠ, ʱʦ ʧʽʜʛʦʪʦʚʣʝʥʘ ʪʽʣʴʢʠ ʤʝʪʦʜʦʤ 

ʰʣʽʬʫʚʘʥʥʷ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ɸʇʇ ( ʜʠʚ. ʨʠʩ. 3.8 ʘ), ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ 

ʦʩʪʨʽʚʥʦʾ ʩʪʨʫʢʪʫʨʠ ʬʦʨʤʫʚʘʥʴ ʟ ʟʝʨʝʥ, ʱʦ ʤʘʶʪʴ ʨʦʟʤʽʨʠ ~ 1 ʤʢʤ. ʄʽʞ 

ʟʝʨʥʘʤʠ ̒ ʚʽʜʢʨʠʪʽ ʜʽʣʷʥʢʠ ʧʜ̔ʢʣʘʜʢʠ, ʥʘ ʷʢʠʭ ʚʠʜʥʦ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ʧ̔ʜʢʣʘʜʢʠ. ʄʦʨʬʦʣʦʛʽʷ ʮʠʭ ʜʽʣʷʥʦʢ ʜʦʙʨʝ ʢʦʨʝʣʶʻ ʟʽ ʩʪʨʫʢʪʫʨʦʶ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʦʪʨʠʤʘʥʘ ʜʣʷ ʤʦʣʽʙʜʝʥʦʚʦʾ ʧʽʜʢʣʘʜʢʠ ʫ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷ 

(ʨʠʩ. 3.5).  

 

ʈʠʩʫʥʦʢ 3.7 ï 2D-ʟʦʙʨʘʞʝʥʥʷ ʚʠʭʜ̔ʥʦʾ ʧʦʚʝʨʭʥ̔ ʢʨʝʤʥʽʶ 

 

a                                                                             b 

ʈʠʩʫʥʦʢ 3.8 ï ʄʦʨʬʦʣʦʛ̔ʷ ʧʦʚʝʨʭʥʽ ʘʣʤʘʟʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʤʦʣʽʙʜʝʥʦʚʽʡ 

ʧʽʜʢʣʘʜʮʽ ʧʽʩʣʷ ʨʦʩʪʫ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ ʚ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ ʩʠʥʪʝʟʫ: ʘ) 

ʧʽʜʢʣʘʜʢʘ, ʱʦ ʙʫʣʘ ʦʙʨʦʙʣʝʥʘ ʪʽʣʴʢʠ ʤʝʭʘʥ̔ʯʥʦ; ʙ) ʧʽʜʢʣʘʜʢʘ, ʦʙʨʦʙʣʝʥʘ 

ʤʝʭʘʥʽʯʥʦ ʟ ʥʘʩʪʫʧʥʠʤ çʟʘʩʽʚʦʤè ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʤʘʟʥʦʾ ʧʘʩʪʠ 
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ɼʣ̫  ʟʨʘʟʢʘ, ʱʦ ʧʨʦʭʦʜʠʚ ʦʢʨʽʤ ʰʣʽʬʫʚʘʥʥʷ ʱʝ ʡ ʟʘʩʽʚʘʥʥʷ 

ʥʘʥʦʜʠʩʧʝʨʩʥʠʤ ʘʣʤʘʟʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ 

ʥʘʥʦʢʨʠʩʪʘʣʽʪʽʚ ʪʘ ʫʱ̔ ʣʴʥʝʥʥʷ ʾʭ ʧʘʢʫʚʘʥʥʷ ʧʨʠ ʥʘʥʝʩʝʥʥʽ. ɿʦʚʩʽʤ ʚʽʜʩʫʪʥ̔  

ʚʽʜʢʨʠʪʽ ʜʣ̔ʷʥʢʠ ʧʽʜʢʣʘʜʢʠ (ʨʠʩ. 3.8 b). ʉʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʣ̔ʚʢʠ ʟ 

ʟʘʨʦʜʢʘʤʠ ʘʣʤʘʟʥʠʭ ʥʘʥʦʢʨʠʩʪʘʣʽʚ ʚʽʜʙʠʚʘʶʪʴ ʧʦʚʝʨʭʥʝʚʫ ʤʦʨʬʦʣʦʛʽʶ 

ʧʽʜʢʣʘʜʢʠ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʤʘʣʦʶ ʪʦʚʱʠʥʦʶ ʧʣʽʚʢʠ (ʙʣʠʟʴʢʦʾ ʜʦ ʜʽʘʤʝʪʨʫ 

ʟʝʨʥʘ).  

ʋ ʧʦʜʘʣʴʰʠʭ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʭ̫ ʜʣʷ ʘʣʤʘʟʥʠʭ ʪʘ ɸʇʇ ʥʘ 

ʩʢʘʥʫʶʯʦʤʫ ʟʦʥʜʦʚʦʤʫ ʤʽʢʨʦʩʢʦʧʽ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʦʜʥʦʨʽʜʥʩ̔ʪʴ ʧʣʽʚʦʢ. 

ʂʦʥʪʨʦʣʶʚʘʣʘʩʴ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʦʢʦʣʽʚ ʪʘ ʢʨʫʧʥʠʭ ʢʨʠʩʪʘʣʽʪʽʚ, ʱʦ ʻ ʜʝʬʝʢʪʘʤʠ 

ʩʠʥʪʝʟʫ ʧʣʽʚʦʢ. 

ɼʣʷ ʜʝʷʢʠʭ ʜʦʩʣʽʜʞʝʥʠʭ ʩʪʨʫʢʪʫʨ ʙʫʣʘ ʧʨʠʪʘʤʘʥʥʘ ʥʘ̫ʚʥʽʩʪʴ ʢʨʘʧʣʠʥ, 

ʷʢʽ ʙʫʣʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʷʢ ʯʘʩʪʢʠ ʘʙʨʘʟʠʚʫ (ʘʣʤʘʟʥʦʾ ʧʘʩʪʠ), ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ (ʨʠʩ. 3.9). 

 

 

ʈʠʩʫʥʦʢ 3.9 ï ʄʦʨʬʦʣʦʛʽʯʥʽ ʜʝʬʝʢʪʠ ʘʣʤʘʟʥʠʭ ʧʦʢʨʠʪʴ -  ʢʨʘʧʣʠʥʠ ʤʘʪʝʨʽʘʣʫ 

(ʧʽʜʢʣʘʜʢʘ ʟʽ ʩʢʣʦʚʫʛʣʝʮʁ ) 

 

ʅʘʷʚʥʽʩʪʴ ʥʘ ʢʘʨʪʠʥʘʭ ʢʨʘʪʝʨʥʦʛʦ ʝʬʝʢʪʫ ʩʚʽʜʯʠʪɹ  ʧʨʦ ʟʘʥʫʨʝʥʥʷ ʮʠʭ 

ʯʘʩʪʦʢ ʚʛʣʠʙ ʧʦʚʝʨʭʥʽ ʧʽʜʯʘʩ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʪʘ ʥʝ ʻ ʜʝʬʝʢʪʘʤʠ 
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ʧʦʯʘʪʢʦʚʦʾ ʩʪʨʫʢʪʫʨʠ. ʅʘ ʨʠʩ. 3.10 ʩʪʨʽʣʢʦʶ 1 ʚʽʜʟʥʘʯʝʥʦ ʫʪʚʦʨʝʥʥʷ ʩʢʣʘʜʢʠ 

ʧʦʧʝʨʝʜʫ ʯʘʩʪʢʠ ʪʘ ʥʝʚʝʣʠʯʢʦʾ ʟʘʧʘʜʠʥʠ ʧʦʟʘʜʫ ï ʩʪʨʽʣʢʘ 2.  

ʋ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʘʣʤʘʟʦʧʦʜ̔ʙʥʦʛʦ ʧʦʢʨʠʪʪʷ 

ʽʥʪʝʨʢʘʣʴʦʚʘʥʽ ʯʘʩʪʢʠ ʩʣʫʞʘʪʴ ʮʝʥʪʨʘʤʠ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ. ʇʨʠʩʫʪʥʽʩʪʴ ʥʘ 

ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ ʯʘʩʪʢʘʭ ʙʽʣʴʰ ʤʽʣʢʠʭ ʟʝʨʝʥ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ʚʪʦʨʠʥʥʦʛʦ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʥʘ ʥʠʭ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ɸʇʇ (ʨʠʩ. 3.11). ʂʨʽʤ 

ʮʦɹʛʦ, ʜʝʷʢʽ ʢʨʘʧʣʠʥʠ, ʚʽʨʦʛʽʜʥʦ, ʟô̫ ʚʣʷʣʠʩʷ ʫ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ɸʇʇ, ʱʦ ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʥʝʩʝʥʥ̫ ʢʨʫʧʥʠʭ ʯʘʩʪʦʢ ʤʘʪʝʨ̔ʘʣʫ ʢʘʪʦʜʘ ʥʘ ʧʽʜʢʣʘʜʢʫ ʧʨʠ 

ʥʘʥʝʩʝʥʥʽ. 

 

ʈʠʩʫʥʦʢ 3.10 ï ʉʪʚʦʨʝʥʥʷ ʯʘʩʪʢʦʶ ʢʨʘʪʝʨʫ ʫ ʧʣʽʚʮʽ: 1 ï ʩʢʣʘʜʢʘ , 2 ï ʟʘʧʘʜʠʥʘ 

(ʧʽʜʢʣʘʜʢʘ ʟʽ ʩʢʣʦʚʫʛʣʝʮʁ ).  

 

ʈʠʩʫʥʦʢ 3.11 ï ɺʪʦʨʠʥʥʝ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʥʘ ʢʨʘʧʣʠʥʘʭ ʤʘʪʝʨʽʘʣʫ 

(ʧʽʜʢʣʘʜʢʘ ʟʽ ʩʢʣʦʚʫʛʣʝʮ )ʁ 

2 

1 
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ɯʥʰʠʤ ʪʠʧʦʤ ʜʝʬʝʢʪʽʚ ʙʫʣʠ ʧʨʦʢʦʣʠ ʧʣʽʚʢʠ (ʨʠʩ.3.12), ʱʦ ʟʫʤʦʚʣʝʥʽ 

ʟʨʠʚʘʤʠ ʧʣʘʟʤʠ (ʝʣʝʢʪʨʠʯʥʠʤ ʧʨʦʙʦʤ̒ ʧʣʽʚʢʠ). ʅʝʩʪʘʙʽʣʴʥ̔ʩʪʴ ʧʣʘʟʤʠ ʧʨʠ 

ʪʨʠʚʘʣʦʤʫ ʯʘʩ̔  ʾʾ ʧʜ̔ʪʨʠʤʫʚʘʥʥʷ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʪʦʚʩʪʠʭ (>3 ʤʢʤ) ʪʘ ʱʽʣʥɹʠʭ 

ʧʣʽʚʦʢ ʧʨʠʚʦʜʠʣʘ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʮʠʭ ʜʝʬʝʢʪʽʚ, ʱʦ ʧʦʪʨʝʙʫʚʘʣʦ ʧʦʰʫʢʫ 

ʨʝʞʠʤʽʚ ʧʨʠ ʷʢʠʭ ʧʣʘʟʤʘ ʙʫʣʘ ʙʽʣʴʰ ʩʪʘʙ̔ʣʴʥʘ. 

  

a                                                                     b 

ʈʠʩʫʥʦʢ 3.12 ï ʄʦʨʬʦʣʦʛʯ̔ʥʽ ʜʝʬʝʢʪʠ ʘʣʤʘʟʥʠʭ ʧʦʢʨʠʪʪʽʚ: ʧʨʦʢʦʣʠ ʧʣ̔ʚʢʠ  

(ʘ ï 2D-ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥ̔, b ï ʨʦʟʪʠʥ ʧʦʚʝʨʭʥʽ ʚʟʜʦʚʞ ʣʽʥʽʾ ʤʽʞ ʤʘʨʢʝʨʘʤʠ 

1 ʪʘ 2) 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʽʣʴʢʦʩʪʽ ʣʝʛʫʶʯʦʛʦ ʛʘʟʫ ʚʠʷʚʠʣʦ ʧʦʜʨʽʙʥʝʥʥ̫ 

ʥʘʥʦʘʣʤʘʟʥʠʭ ʟʝʨʝʥ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʙʽʣʴʰ ʱʽʣʴʥʫ ʧʣʽʚʢʫ, ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʦʪʨʠʤʫʚʘʪʠ ʱʽʣʴʥʫ ʧʣʽʚʢʫ ʧʨʠ ʤʝʥh̔ ʡ ʪʦʚʱʠʥ̔  ʨʠʩ. 3.13.  

 

3.1.4 ɼʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ɸʇʇ 

ʇʦʢʨʠʪʪ̫ ta-C:N ʦʜʝʨʞʘʥʦ ʟ ʬʽʣɹʪʨʦʚʘʥʦ ʾ ʧʣʘʟʤʠ ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ 

ʜʞʝʨʝʣʘ ʟ ʛʨʘʬʽʪʦʚʠʤ ʢʘʪʦʜʦʤ ʚ ʘʟʦʪ̔ ʟʘ ʫʤʦʚ ʧʨʠʢʣʘʜʝʥʥ ̫ʜʦ ʧʽʜʢʣʘʜʢʠ ɺʏ 

ʧʦʪʝʥʮʽʘʣʫ 50-1000 ɺ. ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʚ ʥʘʧʨʷʤʢʫ ʧʦʧʝʨʝʢ ʰʘʨʫ 

ʩʢʣʘʜʘʻ 5Ŀ103 - 2.7·107 ʆʤĿʩʤ. ɺ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʚʠʤʽʨʁʚʘʥʥʷʭ ʥʘ ʝʣʝʢʪʨʦʜʘʭ 

ʟ ta-C:N ʧʦʢʨʠʪʪʷʤʠ ʦʜʝʨʞʘʥʦ ʙʽʣʴʰ ʰʠʨʦʢʫ ʟʦʥʫ ʽʜʝʘʣʴʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʪʘ 

ʤʝʥh ʠʡ ʬʦʥʦʚʠʡ ʩʪʨʫʤ ʧʦʨʽʚʥʥ̫ʦ ʟ̔ ʩʢʣʦʚʫʛʣʝʮʝʤ. ʋ ʝʢʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʟʥʘʯʝʥʦ, ʦɦ ʦʢʠʩʣʚʁʘʣʴʥʦ-ʚ̔ ʜʥʦʚʣʶʚʘʣʴʥ̔ ʨʝʘʢʮʽʾ ʚ ʩʠʩʪʝʤ̔ 

K3[Fe(CN)6] + K4[Fe(CN)6] ʻ ʦʙʦʨʦʪʥʠʤʠ ʥʘ ʦʪʨʠʤʘʥʦʤʫ ʤʘʪʝʨʽʘʣʽ. 
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ʉʪʘʙ̔ʣʴʥ̔ʩʪʴ ʪʘ ʚ̔ ʜʪʚʦʨʁʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʚ̔ ʚʠʤ̔ʨʁ ʚʘʥɹ ʩʚ̔ʜʯʠʪɹ ʧʨʦ ʭ̔ʤ̔ʯʥʫ 

ʩʪʘʙ̔ʣʴʥ̔ʩʪɹ ʦʜʝʨʞʘʥʠʭ ta-C:N ʧʦʢʨʠʪʪ̔ʚ. 

 

 

a                                                                                  b 

ʈʠʩʫʥʦʢ 3.13 ï ʄʦʨʬʦʣʦʛʽʷ ʧʦʚʝʨʭʥʽ ʘʣʤʘʟʥʠʭ ʧʦʢʨʠʪ ɹ

(ʢ̔ʣʢɹʩ̔ʪʴ ʘʟʦʪʫ ʫ ʛʘʟʦʚʽʡ ʬʘʟ̔  ʧʨʠ ʥʘʥʝʩʝʥʥ:̔ ʘ ï 0,1%; b ï2%) 

 

ʆʪʨʠʤʘʥʽ ʧʦʢʨʠʪʪʷ ʙʫʣʠ ʪʝʤʥʦʛʦ ʢʦʣʴʦʨʫ, ʥʝʧʨʦʟʦʨʽ. ɰʭ ʪʦʚʱʠʥʘ ʙʫʣʘ 

ʚʠʤʽʨʷʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʬʝʨʝʥʮ̔ ʡʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʄʀʀ-4, ʪʘ ʩʪʘʥʦʚʠʣʘ 

0,3 õ 0,6 ʤʢʤ. ɺʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ɟ ʧʦʧʝʨʝʢ ʰʘʨʫ ʜʘʣʠ ʥʘʩʪʫʧʥʽ 

ʨʝʟʫʣʴʪʘʪʠ. ʅʘʡʙʽʣʴʰʠʡ ʦʧʨ̔ ɟ = 2,7 · 106 ʆʤ Ŀ ʩʤ ʤʘʣʠ ʟʨʘʟʢʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʚ 

ʧʝʨʰʽʡ ʩʝʨʽʾ (ʧʦʪʝʥʮʽʘʣ ʟʩʫʚʫ 50 ÷ 100 ɺ) ʧʨʠ ʪʠʩʢʫ ʘʟʦʪʫ 1 · 10-4 ʊʦʨʨ. 

ʅʘʡʤʝʥʰʠʡ ʦʧ̔ʨ ɟ = 5 · 103 ʆʤ Ŀ ʩʤ ʧʦʢʘʟʘʣʠ ʟʨʘʟʢʠ, ʦʪʨʠʤʘʥ ̔ʚ ʜʨʫʛʽʡ ʩʝʨʽʾ 

(ʧʦʪʝʥʮʽʘʣ ʟʩʫʚʫ 1000 ɺ, ʪʠʩʢ ʘʟʦʪʫ (1 ÷ 2) · 10-4 ʊʦʨʨ). 

ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ɟ ʚʽʜ ʪʠʩʢʫ ʘʟʦʪʫ ʜʣʷ ʟʨʘʟʢʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʚ ʧʝʨʰʽʡ ʩʝʨʽʾ, ʻ ʤʦʥʦʪʦʥʥʦ ʩʧʘʜʥʦ  ʁ(ʨʠʩ. 3.14). ɿʤʽʥʘ ʪʠʩʢʫ ʥʘ 

ʧʦʨ̫ʜʦʢ ʚʠʢʣʠʢʘ̒  ʟʤʽʥʫ ɟ ʤʘʡʞʝ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ. 

3.1.5 ɽʣʝʢʪʨʦʭ̔ʤʽʯʥʽ ʜʦʩʣʜ̔ʞʝʥʥʷ ɸʇʇ 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʘʣʠ ʧʦʨʽʚʥʣ̫ɹ ʥʽ ʚʠʤʽʨʶʚʘʥʥ̫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʜʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ̔ʩʢʣʦʚʫʛʣʝʮʶ ʙʝʟ ʧʦʢʨʠʪʪʷ ʪʘ ʟ ta-C: 

N ʧʦʢʨʠʪʪʷʤ, ʷʢʽ ʦʪʨʠʤʘʥ ̔ ʧʨʠ ʧʦʪʝʥʮʽʘʣʽ ʟʤʽʱʝʥʥʷ 1000 ɺ. ʄʝʪʦʜʦʤ 
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ʮʠʢʣʽʯʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ (ʎɺɸʄ) ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ 

ʬʦʥʦʚʦ ʾ ʩʠʩʪʝʤʠ H2O + 0,1 M LiClO4 ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʟ̔  ʩʢʣʦʚʫʛʣʝʮʶ ʙʝʟ 

ʧʦʢʨʠʪʪʷ (ʉɺ) ʪʘ ʟ ta-C: N ʧʦʢʨʠʪʪʷʤ (ɸʇʇ) ʚ ʢʘʪʦʜʥʽʡ (ʨʠʩ.3.15) ʪʘ ʘʥʦʜʥ̔ ʡ 

(ʨʠʩ.3.16) ʦʙʣʘʩʪʷʭ. ɺʠʤʽʨʠ ʧʨʦʚʝʜʝʥʽ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ 

100 ʤɺ / ʩ. 

  

ʈʠʩʫʥʦʢ 3.14 ï ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʚ̔ʜ ʪʠʩʢʫ ʘʟʦʪʫ ʚ 

ʧʨʦʮʝʩʽ ʦʩʘʜʞʝʥʥ̫  ta-C:N ʧʦʢʨʠʪʪʷ ʧʨʠ ʧʦʪʝʥʮʽʘʣʽ ʟʤʽʱʝʥʥʷ ʥʘ ʧʽʜʢʣʘʜʮʽ 1000 

ɺ. 

 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦʝʣʝʢʪʨʦʜʠ ʟ ta-C: N ʧʦʢʨʠʪʪ̫ ʤ 

ʭʘʨʘʢʪʝʨʠʟʫʪʁʩɹʷ ʟʥʘʯʥʦ ʤʝʥʰʠʤ ʬʦʥʦʚʠʤ ʩʪʨʫʤ, ʮʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʟʥʘʯʥʦ ʚʠɦʝ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʜʣ̫ ʚʽʜʦʤʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ. ʊʘʢʦʞ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʟʰʠʨʝʥʥʷ ʦʙʣʘʩʪ̔ ʽʜʝʘʣʴʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ, ʪʦʙʪʦ ʜʽʘʧʘʟʦʥʫ 

ʨʦʙʦʯʠʭ ʧʦʪʝʥʮʽʘʣʽʚ, ʜʝ ʤʦʞʣʠʚʦ ʧʨʦʚʦʜʠʪʠ ʦʢʠʩʣʝʥʥʷ ʘʙʦ ʚ̔ ʜʥʦʚʣʝʥʥʷ 

ʨʝʘʛʝʥʪʽʚ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʩ̔ʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ ʜʣ ̫

ʚʦʜʥʠʭ ʧʨʦʙ. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʚʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ta-C:N ʧʦʢʨʠʪʪʽʚ ʷʢ 

ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʦʨʦʪʥʦʩʪʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ ʥʘ ʜʘʥʦʤʫ ʝʣʝʢʪʨʦʜʽ. 

ɺ ʷʢʦʩʪʽ ʪʝʩʪʦʚʦʾ ʦʜʥʦʝʣʝʢʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʧʘʨʫ 

K3[Fe(CN)6] + K4[Fe(CN)6] [129-131]. ɺʽʜʦʤʦ, ʱʦ ʨʽʟʥʠʮʷ ʤʽʞ ʧʦʪʝʥʮʽʘʣʘʤʠ 

ʧʽʢʽʚ ʦʢʠʩʣʝʥʥʷ ʽ ʚ̔ ʜʥʦʚʣʝʥʥʷ ʜʣʷ ʦʙʦʨʦʪʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮ̔ʡ 
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ʩʪʘʥʦʚʠʪʴ ʚʝʣʠʯʠʥʫ å58 ʤɺ. ɿ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ (ʨʠʩ. 3.17) ʚʠʜʥʦ, ʱʦ ʟʨʘʟʦʢ 

ˉ9 ʟ ʥʝʣʝʛʦʚʘʥʦʾ ta-C ʧʦʢʨʠʪʪʷʤ ʭʘʨʘʢʪʝʨʠʟʫʪ̒ʴʩʷ: ʚʝʣʠʢʦʶ ʨʽʟʥʠʮʝʶ 

ʘʤʧʣ̔ʪʫʜ ʧʽʢʽʚ ʦʢʠʩʣʝʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ (ʘʤʧʣʽʪʫʜʘ ʧʽʢʫ ʚʽʜʥʦʚʣʝʥʥ̫ ʥʘ 18% 

ʤʝʥʰʝ ʘʤʧʣʽʪʫʜʠ ʧ̔ ʢʫ ʦʢʠʩʣʝʥʥʷ), ʨʽʟʥʠʮʝʁ ʤ̔ʞ ʧʽʢʘʤʠ ʚ 750 ʤɺ, ʥʠʞʯʦʶ 

ʱʽʣʴʥʽʩʪʶ ʩʪʨʫʤʫ ʧʦ ʧʦʨʽʚʥʷʥʥʷ ʟ ʧʣʘʪʠʥʦʚʠʤ ʝʣʝʢʪʨʦʜʦʤ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʠʟʴʢʫ ʧʨʦʚ̔ʜʥʦʩʪ̔ ʧʦʢʨʠʪʪʷ ʪʘ/ʘʙʦ ʝʥʝʨʛʝʪʠʯʥ̔ ʪʨʫʜʥʦʱʽ ʧʝʨʝʥʝʩʝʥʥʷ 

ʝʣʝʢʪʨʦʥʘ ʥʘ ʜʘʥʦʤʫ ʝʣʝʢʪʨʦʜʥʦʤʫ ʤʘʪʝʨʘ̔ʣ̔ ʦʩʦʙʣʠʚʦ ʜʣʷ ʢʘʪʦʜʥʦʾ ʬʘʟʠ. 

 

ʈʠʩʫʥʦʢ 3.15 ï ʂʘʪʦʜʥʘ ʦʙʣʘʩʪʴ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤ ʬʦʥʦʚʦʾ ʩʠʩʪʝʤʠ H2O + 0,1 

M LiClO4, ɦ ʦ ʦʪʨʠʤʘʥʦ ʤʝʪʦʜʦʤ ʎɺɸʄ ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʟ ̔ʩʢʣʦʚʫʛʣʝʮʶ (ʉɺ) ʪʘ 

ɸʇʇ 

 

ɿʨʘʟʦʢ ˉ8 ʟ ta-C: N ʧʦʢʨʠʪʪʷʤ, ʦʪʨʠʤʘʥʠʤ ʰʣʷʭʦʤ ʦʩʘʜʞʝʥʥ̫  

ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ ʚʫʛʣʝʮʝʚʦʾ ʧʣʘʟʤʠ ʧʨʠ ʪʠʩʢʫ ʘʟʦʪʫ 1 · 10-3 ʊʦʨʨ, 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʚʠʩʦʢʦ  ʁ ʝʣʝʢʪʨʦʧʨʦʚʜ̔ʥʩ̔ʪʁ. ɸʤʧʣʽʪʫʜʠ 

ʧʢ̔ʽʚ ʽ ʾʭ ʨʦʟʪʘhʫʚʘʥʥʷ ʥʘ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤ̔, ʦʪʨʠʤʘʥʠʭ ʜʣʷ ʟʨʘʟʢʘ ˉ8 ʚ 

ʢ̫ʦʩʪʽ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʣʘʪʠʥʦʚʦʛʦ 

ʝʣʝʢʪʨʦʜʘ, ʜʣʷ ʷʢʦʛʦ ʥʝ ʩʧʦʩʪʝʨʽʛʘ̒ʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʢʣʘʜʥʝʥʴ ʚ ʜʘʥʽʡ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʨʝʘʢʮ̔ ʾ (ʟ ʮʽʻʾ ʧʨʠʯʠʥʠ ʚʽʥ ʙʫʚ ʫʟʷʪʠʡ ʚ ̫ʢʦʩʪʽ ʟʨʘʟʢʘ). 

ɺʦʣʴʪʘʤʧʝʨʦʛʨʘʤʘ ʟʨʘʟʢʘ ˉ10 ʟ ta-C: N ʧʦʢʨʠʪʪʷʤ, ʦʪʨʠʤʘʥʠʤ ʧʨʠ ʪʠʩʢʫ 

ʘʟʦʪʫ 2 Ŀ 10-3 ʊʦʨʨ, ʚʠ̫ʚʣʷ̒ ʪʨʦʭʠ ʙʽʣʴʰʫ (ʥʘ 10 õ 20 ʤɺ) ʨʽʟʥʠʮ ʁʤʞ̔ ʧ̔ʢʘʤʠ ʡ 
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ʟʥʠʞʝʥʥʷ ʱ̔ ʣʥɹʦʩʪʽ ʩʪʨʫʤʫ ʧʨʦʮʝʩʽʚ ʦʢʠʩʣʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥ̫, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʦʧʦʨʦʤ ʮʴʦʛʦ ʧʦʢʨʠʪʪʷ.  

 

 

ʈʠʩʫʥʦʢ 3.16 ï ɸʥʦʜʥʘ ʦʙʣʘʩʪʴ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ ʬʦʥʦʚʦʾ ʩʠʩʪʝʤʠ H2O 

+ 0,1 M LiClO4, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʎɺɸʄ ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʟ ʩʢʣʦʚʫʛʣʝʮʶ (ʉɺ) 

ʽ ɸʋʇ 

 

 

ʈʠʩʫʥʦʢ 3.17 ï ɺʦʣɹʪʘʤʧʝʨʦʛʨʘʤʠ ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ ʎɺɸʄ ʥʘ 

ʝʣʝʢʪʨʦʜʘʭ ʟ Pt - 1 ʪʘ ʩʢʣʦʚʫʛʣʝʮʶ ʟ ɸʇʇ, ʦʪʨʠʤʘʥʠʤʠ ʧʨʠ ʪʠʩʢʫ ʣʝʛʫʁʯʦʛʦ 

ʛʘʟʫ (N2): ˉ08 - 1 · 10-3 ʊʦʨʨ, ˉ09 - ʙʝʟ ʣʝʛʫʚʘʥʥ̫, ˉ10 - 2 · 10-3 ʊʦʨʨ, ʫ 

ʨʦʟʯʠʥʽ 1ʤʄ K4[Fe(CN)6] + 1,1ʤʤ K3[Fe(CN)6] + 0,1M LiClO4 ʚ 

ʙ̔ʜʠʩʪʠʣɹʦʚʘʥʽʡ ʚʦʜʽ 
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ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʙ̔ʛʘʶʪʩɹ ̫ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʝʚʦʣʶʮʽ ʾ

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʣʤʘʟʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʣʝʛʫʶʯʠʭ 

ʨʝʯʦʚʠʥ [132,133]. ʊʘʢ ʫ ʩʣʘʙʦ ʣʝʛʦʚʘʥʦʛʦ ʘʣʤʘʟʫ ʩʧʦʩʪʝʨʽʛʘʪʁʴʩʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʨʠ ʮʴʦʤʫ ʚʝʥʪʠʣʴʥʠʡ ʝʬʝʢʪ ʘʣʤʘʟʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʝʣʝʢʪʨʦʜʽʚ ʧʨʦ̫ʚʣ̫̒ʪʩɹ ̫ʚ ʘʩʠʤʝʪʨʽʾ ʧʽʢʽʚ ʦʢʠʩʣʝʥʥʷ ʽ 

ʚʽʜʥʦʚʣʝʥʥ̫ ʨʝʯʦʚʠʥ ʜʣ̫ ʦʜʥʦʝʣʝʢʪʨʦʥʥʠʭ ʨʝʘʢʮʽʡ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʛʫʶʯʠʭ ʨʝʯʦʚʠʥ ʘʣʤʘʟ ʩʪʘʻ çʤʝʪʘʣʦʧʦʜʽʙʥʠʤʠè, ʽ ʨʝʘʢʮʽʾ 

ʙʽʣʴʰ ʟʚʦʨʦʪʥʠʤʠ [134-144]. 

 

3.2 ʊʝʭʥʦʣʦʛʽʷ ʃʘʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʜʝʥʩʦʚʘʥʠʭ 

ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʠʭ ʧʣʽʚʦʢ ʦʨʛʘʥʯ̔ʥʠʭ ʩʧʦʣʫʢ 

 

ʊʝʭʥʦʣʦʛ̫̔  ʃʘʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ (ʃɹ) ʜʦʟʚʦʣ̫̒  ʦʪʨʠʤʘʪʠ ʤʦʥʦ- ʽ 

ʤʫʣʴʪʠʰʘʨʦʚʽ ʚʠʩʦʢʦʦʨʛʘʥʽʟʦʚʘʥʽ ʧʣʽʚʢʠ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʪʦʚʱʠʥʦʶ, 

ʦʨʽʻʥʪʘʮʽʻʶ ʽ ʚʠʩʦʢʦʶ ʧʦʚʝʨʭʥʝʚʦʶ ʱʽʣʴʥʽʩʪʶ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʮʝʥʪʨʽʚ. 

ʆʜʥʘʢ ʽʩʥʫʶʯʽ ʥʘʡʙ̔ʣʴʰ ʝʬʝʢʪʠʚʥʽ ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʦʬʦʨʠ, ʥʘʧʨʠʢʣʘʜ 

ʘʥʪʨʘʮʝʥʦʚʦʛʦ ʪʠʧʫ, ʘʙʦ ʤʝʪʘʣʦʦʨʛʘʥʯ̔ʥʽ ʢʦʤʧʣʝʢʩʠ ʥʝ  ̒ʘʤʬ̔ ʬʽʣʴʥʠʤʠ ʽ ʥʝ 

ʟʜʘʪʥʽ ʩʘʤʦʩʪʽʡʥʦ ʫʪʚʦʨʶʚʘʪʠ ʦʜʥʦʨʽʜʥʽ ʽ ʩʪʘʙʽʣʴʥʽ ʣʝʥʛʤʶʨʽʚʩʴʢʽ ʤʦʥʦ ʘhʨʠ 

ʥʘ ʧʦʚʝʨʭʥʽ ʚʦʜʥʦʾ ʩʫʙʬʘʟʠ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʃɹ ʧʣʽʚʢʠ. 

ʆʜʥʠʤ ʟ ʧʜ̔ʭʦʜʽʚ ʜʦ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʧʨʦʙʣʝʤʠ ʻ ʩʪʚʦʨʝʥʥʷ ʃɹ-ʧʣʽʚʦʢ 

ʟʤʽʰʘʥʠʭ ʙʥ̔ʘʨʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʪʝʨʤʦʜʠʥʘʤʯ̔ʥʦ ʩʪʘʙʽʣʴʥʠʭ ʘʤʬʽʬʽʣʴʥʠʭ 

ʤʦʥʦʤʝʨʥʠʭ ʘʙʦ ʧʦʣʽʤʝʨʥʠʭ ʩʧʦʣʫʢ ʟ ʽʤʤʦʙʽʣʽʟʦʚʘʥʠʤʠ ʚ ʥʠʭ 

ʥʝʘʤʬʽʬʽʣʴʥʠʤʠ ʭʝʤʽʣʶʤʥ̔ʝʩʮʝʥʪʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ. ɻʦʣʦʚʥʘ ʚʠʤʦʛʘ ʜʦ 

ʢʦʤʧʦʥʝʥʪ̔ʚ ʩʠʩʪʝʤʠ ï ʟʜʘʪʥʽʩʪʴ ʫʪʚʦʨʶʚʘʪʠ ʬʘʟʦʚʦ-ʦʜʥʦʨʽʜʥʫ ʩʠʩʪʝʤʫ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʥ̫ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʟ ʨʫʙʨʝʥʦʤ ʽ 

ʧʨ̔ʠʜʠʥʽʻʚʠʤ ʢʦʤʧʣʝʢʩʦʤ ʨʫʪʝʥʽʶ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʪʝ, ʱʦ ʮʽ 

ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʦʬʦʨʠ ʤʘʶʪʴ ʧʨʦʪʠʣʝʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʥʦʩʥʦ ʨʦʟʯʠʥʥʦʩʪ̔  

ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʪʦʤʫ ʽ ʪʝʭʥʦʣʦʛʽʷ ʩʪʚʦʨʝʥʥʷ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ 

ʥʘ ʾʭ ʦʩʥʦʚʽ ʙʫʜʝ ʨ̔ ʟʥʦʶ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘʢʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʥʦʚʥʫ ʚʠʤʦʛʫ ï ʫʪʚʦʨʝʥʥʷ ʬʘʟʦʚʦ ʦʜʥʦʨʽʜʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʟʘʣʝʞʠʪɹ  ʷʢ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʦʬʦʨʽʚ, ʪʘʢ ʽ ʚʽʜ ʫʤʦʚ 
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ʧʨʦʚʝʜʝʥʥʷ ɽʍʃ-ʜʦʩʣʽʜʞʝʥʴ ʚ ʩʝʥʩʦʨ̔, ʱʦ ʨʦʟʨʦʙʣʶ̒ʪʩɹʷ, ʘ ʩʘʤʝ ʚʤʽʩʪ 

ʝʣʝʢʪʨʦʣʽʪʫ (ʨʦʟʯʠʥʥʠʢ, ʬʦʥʦʚʠʡ ʝʣʝʢʪʨʦʣʽʪ), ʤʘʪʝʨʽʘʣ ʝʣʝʢʪʨʦʜʽʚ ʪʘ ʫʤʦʚʠ 

ʝʣʝʢʪʨʦʣʽʟʫ. ɺʨʘʭʦʚʫʶʯʠ ʮʝ, ʚ ʷʢʦʩʪʽ ʣʝʥʛʤʶʨʦʛʝʥʥʠʭ ʤʘʪʨʠʮʴ ʚʠʢʦʨʠʩʪʘʥʽ 

ʚʽʜʦʤʽ ʣʝʥʛʤʶʨʦʛʝʥʥʽ ʷʢ ʤʦʥʦʤʝʨʥʽ, ʪʘʢ  ̔ʧʦʣʽʤʝʨʥ ̔ʩʧʦʣʫʢʠ ï ʩʪʝʘʨʠʥʦʚʘ 

ʢʠʩʣʦʪʘ (ʉʪʂ) ʽ ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ (ʇʄʄɸ), ʜʦʩʣʽʜʞʝʥ̔ ʫʤʦʚʠ ʾʭ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʝʨʝʥʦʩʫ ʤʦʥʦʰʘʨʽʚ ʥʘ ʢʚʘʨʮʦʚʽ ʘʙʦ ʧʨʦʟʦʨʽ ʩʪʨʫʤʦʧʨʦʚʽʜʥʽ 

(ITO) ʧʽʜʢʣʘʜʢʠ, ʚʠʟʥʘʯʝʥʥʷ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʪʨʠʤʘʥʠʭ 

ʤʫʣʴʪʠʰʘʨʦʚʠʭ ʃɹ ʧʣʽʚʦʢ ʽ ʨʦʟʨʦʙʢʘ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʥʷ 

ʚʧʦʨʜ̫ʢʦʚʘʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʪʨʫʢʪʫʨ ʟ ʽʥʢʦʨʧʦʨʦʚʘʥʠʤʠ 

ʝʣʝʢʪʨʦʭʝʤʽʣʶʤ̔ʥʦʬʦʨʘʤʠ ʥʘ ʧʽʜʢʣʘʜʢʘʭ ʟ ITO-ʝʣʝʢʪʨʦʜʘʤʠ. 

 

3.2.1 ʊʝʭʥʦʣʦʛʽʷ ʃɹ-ʧʣʽʚʦʢ ʩʠʩʪʝʤʠ ʇʄʄɸ/ʨʫʙʨʝʥ ʪʘ ʉʪʂ/ʨʫʙʨʝʥ 

ʇʣʦʱʘ ʧʨʦʝʢʮʽʾ ʤʦʣʝʢʫʣʠ ʨʫʙʨʝʥʫ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʘ ʜʣ̫ ʤʦʜʝʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʜʣ ̫ʾ ʾ ʧʨʦʩʪʦʨʦʚʦʾ ʦʨʽʻʥʪʘʮʽʾ, ʢʦʣʠ ʾʾ ʙʘʟʦʚʘ ʧʣʦʱʠʥʘ ʻ ʧʘʨʘʣʝʣʴʥʦʶ 

ʤʝʞʽ ʧʦʜʽʣʫ ʚʦʜʘ/ʧʦʚʽʪʨʷ, ʩʢʣʘʜʘʻ 1,25 ʥʤ2, ʘ ʢʦʣʠ ʥʦʨʤʘʣʴʥʦ ʜʦ ʤʝʞʽ ʧʦʜʽʣʫ 

ð 0,64 ʥʤ2. ɺʝʣʠʯʠʥʘ ɸ, ʦʪʨʠʤʘʥʘ ʟ p-ɸ ʟ̔ʦʪʝʨʤ ʜʣʷ ʩʠʩʪʝʤʠ ʇʄʄɸ/ʨʫʙʨʝʥ 

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮ̔ʾ  ʨʫʙʨʝʥʫ ʙʽʣʴʰʝ 20% ʤʦʣɹʥ. ʩʢʣʘʜʘʻ 0,36 ʥʤ2. ʎʝ ʟʥʘʯʝʥʥ ̫

ʩʫʪʪʻʚʦ ʤʝʥʰʝ ʪʦʛʦ, ʱʦ ʤʘʣʦ ʙʠ ʤʽʩʮʝ ʜʣʷ ʥʦʨʤʘʣʴʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʙʘʟʦʚʦʾ 

ʧʣʦʱʠʥʠ ʤʦʣʝʢʫʣʠ ʨʫʙʨʝʥʫ ʚ ʇʄʄɸ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʬʘʟʦʚʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʚ ʤʦʥʦ ʘhʨʘʭ ʩʠʩʪʝʤʠ ʇʄʄɸ/ʨʫʙʨʝʥ ʟ ʫʪʚʦʨʝʥʥʷʤ ʘʛʨʝʛʘʪ̔ʚ ʟ 

ʤʦʣʝʢʫʣ ʨʫʙʨʝʥʫ. ʈʘʟʦʤ ʟ ʪʠʤ, ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ̔ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ 

ʪʠʩʢʫ ʢʦʣʘʧʩʫ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʯʘʩʪʠʥʘ ʤʦʣʝʢʫʣ ʨʫʙʨʝʥʫ ʨʦʟʯʠʥʝʥʽ ʫ 

ʧʦʣ̔ʤʝʨʥʽʡ ʤʘʪʨʠʮʽ ʽ ʦʨʽʻʥʪʦʚʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʪʽʣʴʢʠ ʯʘʩʪʠʥʘ ʤʦʣʝʢʫʣʠ 

ʨʫʙʨʝʥʫ (ʙʦʢʦʚʽ ʙʝʥʟʦʣʴʥ ̔ʛʨʫʧʠ) ʟʥʘʭʦʜʷʪʩɹʷ ʤʽʞ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʇʄʄɸ, 

ʘ ʙʘʟʦʚʘ ʧʣʦʱʠʥʘ, ʚʥʘʩʣʽʜʦʢ ʟʥʘʯʥʦʾ ʛʽʜʨʦʬʦʙʥʦʩʪʽ ʨʫʙʨʝʥʫ ʚʠʰʪʦʚʭʫ̒ʪʴʩʷ ʥʘ 

ʧʦʚʝʨʭʥʶ ʤʦʥʦhʘʨʫ. ɿʘʣʝʞʥʽʩʪʴ ʧʣʦʱʠʥʠ ʥʘ ʤʦʣʝʢʫʣʫ ʨʫʙʨʝʥʫ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʫʙʨʝʥʫ ʚ ʤʦʥʦh ʘʨʽ ʩʠʩʪʝʤʠ ʇʄʄɸ/ʨʫʙʨʝʥ ʽ ʚʽʜ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʪʠʩʢʫ ʜʦʟʚʦʣ̫ ̒ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʦʩʪʦʨʦʚʘ ʦʨʽʻʥʪʘʮʽʷ ʤʦʣʝʢʫʣ ʨʫʙʨʝʥʫ 

ʚ ʤʦʥʦʰʘʨʽ ʤʦʞʝ ʢʦʥʪʨʦʣʶʚʘʪʠʩʷ ʩʘʤʝ ʮʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.  
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ʇʣʦ ʘɦ ʥʘ ʤʦʣʝʢʫʣʫ ʨʫʙʨʝʥʫ ʚ ʤʦʥʦʰʘʨʽ ʩʠʩʪʝʤʠ ʩʪʝʘʨʠʥʦʚʘ 

ʢʠʩʣʦʪʘ/ʨʫʙʨʝʥ (ʉʪʂ/ʨʫʙʨʝʥ) ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʝʤʣ̔ʶʤʽʥʦʬʦʨʫ ʤʝʥʰʝ 20% 

(ʤʦʣʥɹ.) ʩʢʣʘʜʘ̒ ʧʨʠʙʣʠʟʥʦ 0,76 ʥʤ2. ʋ ʧʦʨ̔ʚʥʥ̫ʥʽ ʟ ʩʠʩʪʝʤʦʶ ʇʄʄɸ/ʨʫʙʨʝʥ 

ï ʮʝ ʟʥʘʯʥʦ ʙʽʣʴʰʝ. ʊʦʤʫ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʽʤʤʦʙʽʣʽʟʘʮʽʷ ʤʦʣʝʢʫʣ 

ʨʫʙʨʝʥʫ ʾʭ ʧʨʦʩʪʦʨʦʚʘ ʦʨʽʻʥʪʘʮʽʷ ʚ ʤʦʥʦʰʘʨʽ ʉʪʂ/ʨʫʙʨʝʥ ʚʽʜʨʽʟʥʷʪ̒ɹʩʷ ʚʽʜ 

ʩʠʩʪʝʤʠ ʇʄʄɸ/ʨʫʙʨʝʥ. ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʤʦʣʝʢʫʣʠ ʭʝʤʣ̔ʁ ʤ̔ ʥʦʬʦʨʫ 

ʨʦʟʪʘʰʦʚʘʥʽ ʩʚʦʻʶ ʙʘʟʠʩʥʦʁ ʧʣʦʱʠʥʦʶ ʤʽʞ ʘʣʢʽʣɹʥʠʤʠ ʨʘʜʠʢʘʣʘʤʠ ʤʦʣʝʢʫʣ 

ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ. ɿʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʥʘ ʤʦʣʝʢʫʣʫ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʫʙʨʝʥʫ ʚ ʩʠʩʪʝʤʽ ʉʪʂ/ʨʫʙʨʝʥ (ʪʘʙʣ. 3.1 ʽ 3.2), ʪʘʢʦʞ 

ʢ̫ ʽ ʜʣʷ ʩʠʩʪʝʤʠ ʇʄʄɸ/ʨʫʙʨʝʥ, ʦʙʫʤʦʚʣʝʥʦ ʘʛʨʝʛʘʮʽʻʶ ʤʦʣʝʢʫʣ ʨʫʙʨʝʥʫ. 

 

ʊʘʙʣʠʮʷ 3.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʥʦʰʘʨʚ̔ ʙʽʥʘʨʥʠʭ ʩʠʩʪʝʤ ʇʄʄɸ / 

ʨʫʙʨʝʥ ʜʣʷ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʫʙʨʝʥʫ ʚ ʤʦʥʦʰʘʨʘʭ 

ʉʨʫʙ, 

ʤʦʣʴ.% 

ʉʪʠʩʣʠʚʽʩʪʴ, ŭ, ʤ/ʤH 
A12, 

ʥʤ2 

ʢ́, 

ʤH/ʤ 
Aʨʫʙ, ʥʤ

2
 

 p=7, ʤH ʤ1 p =12, ʤH ʤ-1 p=18,ʤH 

ʤ-1 

   

0 0,140 0,014 0,031 0,18 0,26 - 

10 - 0,059 0,021 0,21 0,20 45 

20 0,400 0,021 0,034 0,22 0,20 36 

30 0,063 0,048 0,039 0,18 0,22 18.4 

50 0,053 0,035 0,054 0,17 0,29 15 

 

ʊʠʩʢ ʢʦʣʘʧʩʫ ʫ ʣʝʥʛʤʶʨʚ̔ʩʴʢʠʭ ʤʦʥʦʰʘʨʘʭ ʩʠʩʪʝʤʠ ʉʪʂ/ʨʫʙʨʝʥ ʟʥʘʯʥʦ 

ʚʠɦʠʡ ʟʘ ʪʠʩʢ ʜʣʷ ʇʄʄɸ/ʨʫʙʨʝʥ (ʨʠʩ. 3.18, 3.19). ʂʦʝʬʽʮʽʥ̒ʪ ʩʪʠʩʥʝʥʥ ̫

ʤʦʥʦʰʘʨʽʚ ʟʥʠʞʫʻʪʴʩ ̫ ʧʨʠ ʟʙʣ̔ʴhʝʥʥ̔ ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʠʩʢʫ, ʽ ʚ ʽʥʪʝʨʚʘʣʽ 

ʟʥʘʯʝʥ ɹˊ = 12 õ 19 ʤʅ ʤ-1 (ʇʄʄɸ / ʨʫʙʨʝʥ) ʽ ˊ = 25-50 ʤʅ ʤ-1 (ʉʪʂ / ʨʫʙʨʝʥ) 

ʬʘʟʦʚʠʡ ʩʪʘʥ ʤʦʥʦʰʘʨʽʚ ʧʦʜʽʙʥʠʡ ʜʦ ʨʽʜʠʥʥʦʢʨʠʩʪʘʣ̔ ʯʥʦʛʦ.  

ʄʦʥʦʰʘʨʠ ʩʠʩʪʝʤ ʇʄʄɸ / ʨʫʙʨʝʥ ʽ ʉʪʂ / ʨʫʙʨʝʥ ʧʨʠ ʦʧʪʠʤʘʣɹʥʽʡ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʫʙʨʝʥʫ (20% ʤʦʣʴ) ʩʪʘʙʽʣʴʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʩʫʙʬʘʟʠ ʽ 
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ʧʝʨʝʥʦʩʷʪʴʩ̫  ʥʘ ʢʚʘʨʮʦʚʽ ʽ ʩʪʨʫʤʦʧʨʦʚʽʜʥʽ (ITO) ʧʽʜʢʣʘʜʢʠ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʧʝʨʝʥʦʩʫ, ʙʣʠʟʴʢʠʤ ʜʦ ʦʜʠʥʠʮʽ. 

 

ʊʘʙʣʠʮʷ 3.2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʥʦh ʘʨ̔ʚ ʙʥ̔ʘʨʥʠʭ ʩʠʩʪʝʤ ʉʪʂ / ʨʫʙʨʝʥ ʜʣʷ 

ʨ̔ ʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʫʙʨʝʥʫ ʚ ʤʦʥʦh ʘʨʘʭ* 

ʉʈʫʙ. 

ʤʦʣʴ.

% 

ʉʪʠʩʣʠʚʽʩʪʴ, ŭ, ʤ/ʤH 
A12, 

ʥʤ2 

pʢ, ʤH/ʤ Aʨʫʙ, ʥʤ
2
 p = 5, ʤH ʤ-1 ˊ = 15, ʤH ʤ-1 ˊ = 30, ʤH ʤ-1 

10 0,074 0,019 0,013 0,22 58 0,66 

20 0,039 0,024 0,006 0,32 58 0,76 

30 0,173 0,017 0,011 0,32 55 0,56 

50 0,059 0.005 0,005 0,24 46 0,27 

0 0,072 0,019 0,044 0,20 58 - 

* Aʨʫʙ. ï ʧʣʦʱʘ ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʨʫʙʨʝʥʫ ʚ ʤʦʥʦhʘʨʽ; ʉʨʫʙ. ï ʢʦʥʮʝʥʪʨʘʮ̔ ʷ (ʚ 

ʤʦʣʴʥ. %) ʨʫʙʨʝʥʫ ʚ ʩʪʝʘʨʠʥʦʚʽʡ ʢʠʩʣʦʪʽ, ʢ́ ï ʪʠʩʢ ʢʦʣʘʧʩʫ, 
TAA )/)(/1( pd µµ-= , T 

ï ʪʝʨʤʦʜʽʥʘʤ̔ʯʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʬʦʨʤʫʚʘʥʥ̫ ʧʣ̔ʚʢʠ. 

 

 

ʈʠʩʫʥʦʢ 3.18 ð ḯ A ʟ̔ʦʪʝʨʤʠ ʙʽʥʘʨʥʦʾ ʩʠʩʪʝʤʠ ʇʄʄɸ / ʨʫʙʨʝʥ ʜʣʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʫʙʨʝʥʫ ʚ ʤʦʥʦʰʘʨʽ: 1)- 0% ð ʇʄʄɸ, 2) ï 10%, 3) -20%, 4) ï 

30%, 5) ï 50% (ʤʦʣʴʥ.) 



162 

 

ʈʠʩʫʥʦʢ 3.19 ð  ́ ï A ʽʟʦʪʝʨʤʠ ʙʽʥʘʨʥʦʾ ʩʠʩʪʝʤʠ ʉʪʂ / ʨʫʙʨʝʥ ʜʣ ̫

ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʫʙʨʝʥʫ ʚ ʤʦʥʦhʘʨ:̔ 1)- 0% - ʉʪʂ, 2) ï 10%, 3)-20%, 4) ï 30%, 5) 

ï 50% (ʤʦʣʥɹ.) 

 

ɺʠʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʬʘʟʥʠʭ ʣʝʥʛʤʶʨʽʚʩʴʢʠʭ ʤʦʥʦʰʘʨʽʚ 

ʜʦʟʚʦʣʠʣʦ ʚʠʢʦʥʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʫʤʦʚ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʃɹ ʧʣʽʚʦʢ ʟ 

ʙʽʥʘʨʥʠʭ ʩʠʩʪʝʤ ʇʄʄɸ / ʨʫʙʨʝʥ ʽ ʉʪʂ / ʨʫʙʨʝʥ. ɿʥʘʡʜʝʥʦ, ɦʦ ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʥʦʩʫ ʤʦʥʦ ʘhʨ̔ʚ ʥʘ ʧʨʦʟʦʨʽ ʢʚʘʨʮʦʚʘ ʧʽʜʢʣʘʜʢʠ ʜʣʷ ʩʠʩʪʝʤʠ ʇʄʄɸ / 

ʨʫʙʨʝʥ ʟʘʙʝʟʧʝʯʫʻ ʤʝʪʦʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʣʽʬʪʫ. ʆʧʪʠʤʘʣʴʥʠʡ ʪʠʩʢ, ʧʨʠ 

ʢ̫ʦʤʫ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʥʘʥʝʩʝʥʥʷ ʤʦʥʦʰʘʨʽʚ ʥʘ ʧʽʜʢʣʘʜʢʫ, ʩʪʘʥʦʚʠʚ 18 ʤʅ/ʤ. 

ɼʣʷ ʩʠʩʪʝʤʠ ʉʪʂ/ʨʫʙʨʝʥ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʤ ʻ ʤʝʪʦʜ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʣʽʬʪʫ, 

ʘ ʪʠʩʢ ʧʝʨʝʥʦʩʫ ʩʪʘʥʦʚʠʚ 30 ʤʅ/ʤ. ʇʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ ʤʦʥʦʰʘʨʽʚ ʧʽʜʢʣʘʜʢʠ ʟ 

ITO ʧʦʢʨʠʪʪʷʤ ʧʨʦʤʠʚʘʣʠʩʴ ʫ ʽʟʦʧʨʦʧʽʣʦʚʦʤʫ ʩʧʠʨʪʽ, ʭʣʦʨʦʬʦʨʤ ̔ ʽ ʚʦʜʽ. 

ʂʚʘʨʮʦʚʽ ʧʽʜʢʣʘʜʢʠ ï ʦʙʨʦʙʣʷʣʠʩʴ ʫ 35% ʨʦʟʯʠʥ̔  ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨ̔ 60̄ ʉ ʽ ʚʦʜ.̔ ɼʦʩʣʽʜʞʝʥʥ ̫ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʽ ʣʶʤʽʥʝʩʮʝʥʮ̔ ʾ 

ʨʫʙʨʝʥʫ ʚ ʃɹ ʧʣʽʚʮʽ ʩʠʩʪʝʤʠ ʇʄʄɸ / ʨʫʙʨʝʥ, ʩʠʩʪʝʤʠ ʉʪʂ / ʨʫʙʨʝʥ, ʘ ʪʘʢʦʞ 

ʨʦʟʯʠʥʫ ʨʫʙʨʝʥʫ ʫ ʭʣʦʨʦʬʦʨʤʽ ʚʠʷʚʠʣʠ ʥʘʩʪʫʧʥʽ ʟʘʣʝʞʥʦʩʪʽ. ɺʠʜ ʩʧʝʢʪʨ̔ʚ 

ʚʽʜʧʦʚʽʜʘ̒  ʦʧʠʩʘʥʦʤʫ ʚ ʣʪ̔ʝʨʘʪʫʨ̔. ʄʘʢʩʠʤʫʤʠ ʧʦʛʣʠʥʘʥʥʷ ʟʥʘʭʦʜʠʪʩɹʷ ʧʨʠ 

labs = 495ʥʤ. ʄʘʢʩʠʤʫʤ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʨʫʙʨʝʥʫ ʚ ʨʦʟʯʠʥʽ ʭʣʦʨʦʬʦʨʤʫ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʙʣʠʟʫ llum= 559°1 ʥʤ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʚ ʃɹ ʧʣʽʚʢʘʭ ʜʚʦʭ ʩʠʩʪʝʤ ï 

ʧʨʠ llum = 555°1 ʥʤ. ʄʘʣʠʡ ʛʽʧʩʦʭʨʦʤʥʠʡ ʟʩʫʚ, ʡʤʦʚ̔ʨʥʦ ʦʙʫʤʦʚʣʝʥʠʡ 

ʩʣʘʙʢʦʶ ʚʟʘ̒ʤʦʜʽʻʶ ʤʦʣʝʢʫʣ ʨʫʙʨʝʥʫ ʟ ʤʘʪʨʠʯʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ.  
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3.2.2 ɸʪʦʤʥʦ-ʩʠʣʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʃɹ ʧʣʽʚʦʢ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʜʦʟʚʦʣʠʣʦ ʜʦʩʣʽʜʠʪʠ 

ʤʦʨʬʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʫ ʇʄʄɸ/ʨʫʙʨʝʥ ʥʘ ʧʦʚʝʨʭʥʽ ITO 

ʝʣʝʢʪʨʦʜʽʚ (ʨʠʩ. 3.20). ɺ ʜʦʩʣ̔ʜʞʝʥʥʷʭ ʥʘ ʚʝʣʠʢʽʡ ʧʣʦʠɦʥʽ ʚʠʷʚʣʝʥʦ 

ʬʦʨʤʫʚʘʥʥʷ ʨʽʚʥʦʤʽʨʥʦʾ ʧʣʽʚʢʠ ʥʝʚʝʣʠʢʦʾ ʰʦʨʭʥʦʩʪʽ, ʧʦʢʘʟʥʠʢʠ Ra = 1,86 ʥʤ 

ʪʘ Rq = 3,35 ʥʤ. ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʦʩʣʽʜʞʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 3.21), 

ʱʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.20. 

 

  

ʘ)                                                                             ʙ) 

ʈʠʩʫʥʦʢ 3.20 ï ʄʦʨʬʦʣʦʛʽʷ ITO ʧʽʜʢʣʘʜ ʟ ʥʘʥʝʩʝʥʠʤ ʰʘʨʦʤ 

ʇʄʄɸ/ʨʫʙʨʝʥ, ʱʦ ʥʘʥʝʩʝʥʦ ʧʨʠ ʧʦʚʝʨʭʥʝʚʦʤʫ ʥʘʪʷʛʫ18 ʤʅ/ʤ ʪʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʫʙʨʝʥʘ ʜʦ ʤʦʥʦʤʝʨʘ ʇʄʄɸ 1:5. ʘ) 

 

ʌʨʘʢʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʚʝʨʭʥ ̔ʝʣʝʢʪʨʦʜʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.22. ʌʫʥʢʮʽʷ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʰʝʥʥʷ ʣʦʛʘʨʠʬʤʫ ʧʝʨʠʤʝʪʨʫ ʬʨʘʢʪʘʣʘ ʜʦ ʧʣʦʱ̔ ʧʦʚʝʨʭʥʽ 

ʬʨʘʢʪʘʣʘ ʜʘʻ ʜʦʙʨʫ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʢʦʝʬʽʮʽʻʥʪ ʩʘʤʦʧʦʜʙ̔ʥʦʩʪ̔ ʩʢʣʘʜʘʻ 

0,988. ʈʦʟʤʽʨ ʬʨʘʢʪʘʣʫ ʜʦʨ̔ʚʥʁ ʻ 2,977. ʍʘʨʘʢʪʝʨʠʟʫ ̒ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ 

ʧʣʽʚʢʠ. 
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ʈʠʩʫʥʦʢ 3.21 ï ʇʘʨʘʤʝʪʨʠ ʧʦʚʝʨʭʥʽ ʃɹ ʧʣ̔ʚʢʠ ʟ ʨʠʩ. 3.20. ɿ ʚʝʨʭʫ ʚ ʥʠʟ: 

ʈʦʟʧʦʜʽʣ ʚʠʩʦʪ, ʥʘʧʨʷʤ ʢʫʪʘ ʥʘʭʠʣʫ ʥʦʨʤʘʣʽ ʜʦ ʧʣʦʩʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʚ ʪʦʯʮ̔, ʪʘ 

ʨʦʟʧʦʜʽʣ ʢʫʪʘ ʥʘʭʠʣʫ ʥʦʨʤʘʣʽ ʜʦ ʧʣʦʩʢʦʩʪʽ ʧʦʚʝʨʭʥ̔  ʟʨʘʟʢʘ ʚ ʪʦʯʮʽ. 

 

 

ʈʠʩʫʥʦʢ 3.22 ï ʈʝʟʫʣʪɹʘʪʠ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʚʝʨʭʥʽ ʟ ʨʠʩ. 3.20. 

 

ɺ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘ ʤʘʣʠʭ ʧʦʣʷʭ (ʨʠʩ. 3.23) ʚʜʘʣʦʩʷ ʚʠʷʚʠʪʠ ʩʪʨʫʢʪʫʨʫ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʽʤʝʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʫ ʚʠʜʽ ʛʣʦʙʫʣ ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 
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ʭʾʥʴʦʛʦ ʜʽʘʤʝʪʨʫ 207 ʥʤ ± 20 ʥʤ. ʈʦʟʙʽʞʥʽʩʪʴ ʫ ʨʦʟʤʽʨʘʭ, ʚʽʨʦʛʽʜʥʽʝh ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ ʨʽʟʥʠʮʽ ʜʦʚʞʠʥʠ ʣʘʥʮʶʛʽʚ ʧʦʣʽʤʝʨʫ ʚʽʜʧʦʚʽʜʥʠʭ ʤʦʣʝʢʫʣ.  

 

ʈʠʩʫʥʦʢ 3.23 - ʊʦʧʦʛʨʘʬʽʷ ʧʦʚʝʨʭʥʽ ITO ʝʣʝʢʪʨʦʜʘ ʚʢʨʠʪʦʛʦ ʰʘʨʦʤ 

ʇʄʄɸ/ʨʫʙʨʝʥ. (ʃʽʥʽʷ 1-2 ʤʘʨʢʫʻ ʧʝʨʝʪʠʥ ʧʦʚʝʨʭʥʽ, ʱʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.24) 

 

ʈʠʩʫʥʦʢ 3.24 ï ʇʨʦʬ̔ʣɹ  ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʥʽ, ʱʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.23. 

 

ɺʩʪʘʥʦʚʣʝʥʘ ʣʽʥ̔ʡʥʘ ʟʘʣʝʞʥʩ̔ʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʽʥʽʾ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʨʫʙʨʝʥʫ 

ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʥʝʩʝʥʠʭ ʥʘ ʧʽʜʢʣʘʜʢʫ ʤʦʥʦʰʘʨʚ̔  ʜʣʷ ʦʙʦʭ ʩʠʩʪʝʤ. ʅʘ ʮ̔ʡ 

ʦʩʥʦʚ̔  ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʝʟʘʣʝʞʥ̔ʩʪɹ  ʢʦʝʬʽʮʽʥ̒ʪʫ ʧʝʨʝʥʦʩʫ ʤʦʥʦʘhʨʚ̔ 

ʜʣ̫ ʦʙʦʭ ʩʠʩʪʝʤ ʚʽʜ ʢʽʣʴʢʦʩʪ̔ ʧʦʧʝʨʝʜʥʴʦ ʧʝʨʝʥʝʩʝʥʠʭ ʤʦʥʦʰʘʨ̔ʚ. 
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʠʩʢʫ, ʧʨʠ ʷʢʦʤʫ ʟʜʽʡʩʥʁ̒ ʪɹʩʷ 

ʧʝʨʝʥʝʩʝʥʥʷ ʤʦʥʦʰʘʨʽʚ ʥʘ ʧʽʜʢʣʘʜʢʫ, ʟʨʦʩʪʘʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʶʤʽʥʝʩʮʝʥʮʽʾ. 

ʊʦʙʪʦ, ʟ ̔ ʟʙ̔ ʣʴʰʝʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʠʩʢʫ ʧʦʚʝʨʭʥʝʚʘ ʱʣ̔ʴʥʽʩʪ ɹ ʤʦʣʝʢʫʣ 

ʨʫʙʨʝʥʫ ʫ ʤʦʥʦʰʘʨʽ, ʽ ʪʠʤ ʩʘʤʠʤ, ʦʙ¡̒ʤʥʘ ʱʽʣʴʥʽʩʪʴ ʟʨʦʩʪʘʻ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʥʝʩʝʥʠʭ ʥʘ ʧʽʜʢʣʘʜʢʫ ʤʦʥʦʰʘʨʽʚ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʣʶʤ̔ʥʝʩʮʝʥʮʽʾ ʜʣʷ ʃɹ ʧʣʚ̔ʦʢ ʩʠʩʪʝʤʠ ʇʄʄɸ / ʨʫʙʨʝʥ ʧʨʠʙʣʠʟʥʦ ʫ 2.5 ʨʘʟʠ 

ʙʣ̔ʴʰʘ, ʥʽʞ ʜʣʷ ʩʠʩʪʝʤʠ ʉʪʂ / ʨʫʙʨʝʥ.  

 

3.2.3 ʊʝʭʥʦʣʦʛʽʷ ʬʦʨʤʫʚʘʥʥʷ ʩʝʥʩʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʙʘʟʽ ʃɹ-ʧʣʽʚʦʢ 

ʅʘ ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ, ʘ ʪʘʢʦʞ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʤ̔ʝɦʥʥʷ ʤʦʣʝʢʫʣ ʝʣʝʢʪʨʦʭʝʤʽʣʶʤ̔ʥʦʬʦʨʽʚ ʫ 

ʣʝʥʛʤʶʨʦʛʝʥʥʠʭ ʤʘʪʨʠʮʷʭ ð ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ (ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʘ 

ʩʧʦʣʫʢʘ)  ̔ʧʦʣ̔ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʫ (ʚʠʩʦʢʦʤʦʣʝʢʫʣ̫ʨʥʘ ʩʧʦʣʫʢʘ), ʧʨʦʚʝʜʝʥʠʡ 

ʢʦʤʧʣʝʢʩ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʪʦʥʢʦʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨ ʟ 

ʝʣʝʢʪʨʦʭʝʤʣ̔ʶʤʽʥʦʬʦʨʘʤʠ ð ʨʫʙʨʝʥʦʤ ʽ ʧʽʨʠʜʠʥʽʻʚʠʤ ʢʦʤʧʣʝʢʩʦʤ ʨʫʪʝʥʽʶ ʚ 

ʣʝʥʛʤʶʨʦʛʝʥʥʠʭ ʤʘʪʨʠʮ̫ʭ. ʅʘ ʮʡ̔ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʩʪʚʦʨʝʥʥ̫ ʥʘʜʪʦʥʢʠʭ ʦʨʛʘʥʽʯʥʠʭ ʧʣ̔ʚʦʢ ʟ ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʦʬʦʨʘʤʠ ʥʘ 

ʧʨʦʟʦʨʠʭ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʝʣʝʢʪʨʦʜʘʭ. ʊʝʭʥʦʣʦʛʽʷ ʚʢʣʶʯʘ ̒ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ 

ʧʨʦʮʝʩʠ. 

ɼʣʷ ʧʣʽʚʦʢ ʟ ʨʫʙʨʝʥʦʤ:  

1. ʇʽʜʛʦʪʦʚʢʫ ʧʦʚʝʨʭʥ̔ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʧʽʜʢʣʘʜʦʢ. 

2. ʇʽʜʛʦʪʦʚʢʫ ʩʫʤʽʩʥʦʛʦ ʨʦʟʯʠʥʫ ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʦʬʦʨʫ ʽ 

ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʫ. 

3. ʅʘʥʝʩʝʥʥ̫ ʩʫʤʽʩʥʦʛʦ ʨʦʟʯʠʥʫ ʨʫʙʨʝʥ  /ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ ʥʘ 

ʧʦʚʝʨʭʥʶ ʙʽʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ ʫ ʣʝʥʛʤʶʨʽʚʩʴʢʠʡ ʫʩʪʘʥʦʚʮʽ. 

4. ʉʪʚʦʨʝʥʥʷ ʢʦʥʜʝʥʩʦʚʘʥʦʛʦ ʣʝʥʛʤʶʨʽʚʩʴʢʦʛʦ ʤʦʥʦʘhʨʫ. 

5. ʇʦʩʣʽʜʦʚʥʝ ʧʝʨʝʥʝʩʝʥʥʷ ʤʝʪʦʜʦʤ ʐʝʬʝʨʘ ʣʝʥʛʤʶʨʽʚʩʴʢʠʭ ʤʦʥʦʰʘʨʽʚ 

ʥʘ ʩʪʨʫʤʦʧʨʦʚʽʜʥʽ ʧʽʜʢʣʘʜʢʠ. 

6. ʇʨʦʩʫhʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʩʪʨʫʢʪʫʨ.  

ɼʣʷ ʧʣʽʚʦʢ ʟ ʢʦʤʧʣʝʢʩʦʤ ʨʫʪʝʥʽʶ:  
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1. ʇʽʜʛʦʪʦʚʢʫ ʧʦʚʝʨʭʥʽ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʧʜ̔ʢʣʘʜʦʢ. 

2. ʇʨʠʛʦʪʫʚʘʥʥ̫ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʝʣʝʢʪʨʦʭʝʤʽʣ ʤʁʽʥʦʬʦʨʫ. 

3. ʇʨʠʛʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʞʠʨʥʦʾ ʢʠʩʣʦʪʠ ʫ ʥʝʧʦʣʷʨʥʦʤʫ ʨʦʟʯʠʥʥʠʢʫ. 

4. ʅʘʥʝʩʝʥʥʷ ʨʦʟʯʠʥʫ ʞʠʨʥʦʾ ʢʠʩʣʦʪʠ ʥʘ ʧʦʚʝʨʭʥʶ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ 

ʢʦʤʧʣʝʢʩʫ ʨʫʪʝʥʽʶ ʫ ʣʝʥʛʤʶʨʽʚʩʢɹʠʡ ʫʩʪʘʥʦʚʮʽ. 

5. ʌʦʨʤʫʚʘʥʥʷ ʢʦʥʜʝʥʩʦʚʘʥʦʛʦ ʣʝʥʛʤʶʨʽʚʩʢɹʦʛʦ ʤʦʥʦʰʘʨʫ ʥʘ ʤʝʞ ̔ʧʦʜʽʣʫ 

ʚʦʜʘ/ʧʦʚʽʪʨ̫. 

6. ʇʦʩʣʽʜʦʚʥʝ ʧʝʨʝʥʝʩʝʥʥʷ ʤʝʪʦʜʦʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʣ̔ ʬʪʫ ʤʦʥʦʰʘʨʽʚ ʥʘ 

ʩʪʨʫʤʦʧʨʦʚʽʜʥʽ ʧ̔ ʜʢʣʘʜʢʠ. 

7. ʇʨʦʩʫʰʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʩʪʨʫʢʪʫʨ ʚ ʢʘʤʝʨʽ ʙʝʟ ʜʦʩʪʫʧʫ ʩʚʽʪʣʘ ʫ ʧʦʚʽʪʨʽ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 50ʉ̄ ·60̄ ʉ. 

ʈʝʟʫʣʴʪʘʪʠ ɽʍʃ ʜʦʩʣʽʜʞʝʥɹ ʩʝʥʩʦʨʽʚ ʥʘ ʙʘʟ ̔ʃɹ ʧʣʽʚʦʢ ʧʨʦʚʝʜʝʥʦ ʚ 

ʰʦʩʪʦʤʫ ʨʦʟʜʽʣʽ (ʜʠʚ. ʧ. 6.4). 

 

3.3 ʌʫʥʢʮʽʦʥʘʣʟ̔ʘʮʽʷ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ 

 

ʆʜʥʠʤ ʟ ʤʝʪʦʜʽʚ ʬʫʥʢʮʽʦʥʘʣ̔ʟʘʮʽʾ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʽʚ ʻ ʭʽʤʽʯʥʘ 

ʧʨʠʰʠʚʢʘ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʭ ʧʦʚʝʨʭʥ.ʁ ɺ ʧʫʥʢʪʽ ʥʘʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʚʽʜʦʤʠʭ ʪʝʭʥʦʣʦʛʽʡ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʜʚ̔ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ 

(ɺʅʊ), ʪʘ ʦʧʠʩ ʪʝʭʥʦʣʦʛʽʾ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʚ̔ ʚʫʛʣʝʮʝʚʠʤʠ 

ʥʘʥʦʪʨʫʙʢʘʤʠ ʱʦ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʚ ʨʦʙʦʪʽ. ɼʣʷ ʯʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫ̒ 

ʘʣʴʬʘ-ʣʽʧʦʻʚʫ ʢʠʩʣʦʪʫ ʜʣʷ ʦʨʛʘʥʽʟʘʮ̔ʾ ʢʦʚʘʣʝʥʪʥʦʾ ʟʰʠʚʢʠ ʚʫʛʣʝʮʝʚʦʾ 

ʥʘʥʦʪʨʫʙʢʠ ʟ ʤʘʪʝʨʽʘʣʦʤ ʝʣʝʢʪʨʦʜʘ (ʟʦʣʦʪʦʤ), ʱʦ ʬʫʥʢʮʽʦʥʘʣʽʟʫʻʪʴʩʷ. 

 

3.3.1 ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʜʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ɺʅʊ 

ɺʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ 

ʟʘʩʪʦʩʫʥʢʽʚ [145-146]. ʁʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʙʘʛʘʪʴʤʘ ʘʚʪʦʨʘʤʠ, ʷʢ ʽ 

ʪʝʭʥʦʣʦʛʽʾ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʾ [146-156]. 
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ʄʦʜʠʬʢ̔ʘʮʽʷ ʝʣʝʢʪʨʦʜʘ ʯʝʨʝʟ ʟʚô̫ʟʦʢ Au-CNT ʤʦʞʫʪʴ ʙʫʪʠ ʢʣʘʩʠʬʽʢʦʚʘʥʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦʩʧʦʩʦʙʽʚ ʾʭ ʦʨʛʘʥʽʟʘʮʽʾ: 

1) ʧʨʤ̫ʝ ʧʦʻʜʥʘʥʥʷ Au-CNT, ʢʦʣʠ ʚʫʛʣʝʮʝʚ̔ ʥʘʥʦʪʨʫʙʢʠ ʙʝʟʧʦʩʝʨʝʜʥʦɹ 

ʧʨʠʢʨʽʧʣʝʥʽ ʜʦ ʧʦʚʝʨʭʥʽ ʟʦʣʦʪʦʛʦ ʝʣʝʢʪʨʦʜʘ ʙʝʟ ʙʫʜ-ɹʷʢʠʭ ʟô̒ ʜʥʫʶʯʠʭ 

ʤʦʣʝʢʫʣ; 

2) ʟʚô̫ ʟʦʢ Au-CNT, ʢʦʣʠ ʻ ʜʝʢ̫ʽ ʧʦʩʝʨʝʜʥʠʢʠ ʤʽʞ ʚʫʛʣʝʮʝʚʠʤʠ 

ʥʘʥʦʪʨʫʙʢʘʤʠ ʪʘ ʟʦʣʦʪʠʤ ʝʣʝʢʪʨʦʜʦʤ. 

ʇʦʚʝʨʭʥʝʚʠʡ ʟʚô̫ ʟʦʢ Au-CNT ʤʦʞʝ ʙʫʪʠ ʜʦʜʘʪʢʦʚʦ ʢʣʘʩʠʬʽʢʦʚʘʥʦ ʷʢ 

ʢʦʚʘʣʝʥʪʥʦ ʟʚô̫ ʟʘʥʽ ̔ ʥʝ ʟʚô̫ʟʘʥʽ ʢʦʚʘʣʝʥʪʥʦ. ʊʫʪ ʤʠ ʚʠʟʥʘʯʘʻʤʦ ʢʦʚʘʣʝʥʪʥʦ 

ʟʚô̫ ʟʘʥʠʤʠ ʪʽ, ʱʦ ʤʘʶʪʴ ʪʽʣʴʢʠ ʟ ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʘʙʦ ʛʨʫʧʫ ʤ̔ʞ ʚʫʛʣʝʮʝʚʦʶ 

ʥʘʥʦʪʨʫʙʢʦʶ ʪʘ ʧʦʚʝʨʭʥʝ ʁ ʟʦʣʦʪʦʛʦ ʝʣʝʢʪʨʦʜʘ ʪʘ ʤʦʣʝʢʫʣʘ ʢʦʚʘʣʝʥʪʥʦ 

ʧʦʚô̫ ʟʘʥʘ ʟ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʽ ʤʘ ̒Au-S ʟʚô̫ʟʦʢ ʽʟ ʟʦʣʦʪʦʤ. ɯʥʰʽ 

ʪʠʧʠ ʥʘʟʠʚʘʁ ʪʴʩʷ ʥʝ ʢʦʚʘʣʝʥʪʥʦ ʧʦʚô̫ ʟʘʥʽ Au-CNT ʟʚô̫ ʟʢʠ. 

ʉʝʨʝʜ ʥʝ ʢʦʚʘʣʝʥʪʥʦʛʦ ʟʚô̫ ʟʢʫ Au-CNT, ʽʩʥʫʻ ʢʣ̔ʴʢʘ ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʠʣ ʘʙʦ 

ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʪʘ ʟʦʣʦʪʦʤ, ʽ ʟô̒ ʜʥʫʁʯʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ. ɼʣ ̫ ʚʟʘʻʤʦʜʽʾ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ̔ ʟô̒ ʜʥʫʶʯʠʭ ʤʦʣʝʢʫʣ 

(ʜʦʢʣʘʜʥʠʡ ʦʧʠʩ ʥʠʞʯʝ), ʚʦʥʠ ʚʢʣʶʯʘʶʪʴ: 

- -́ ˊ ʩʪʝʢʽʥʛ, 

-  ʛʽʜʨʦʬʦʙʥʽ ʩʠʣʠ, 

-  ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʫ ʚʟʘ̒ʤʦʜʽ.ʁ 

ɼʣ̫ ʚʟʘʻʤʦʜ̔ʾ  ʤʽʞ ʟʦʣʦʪʠʤʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʽ ʤʦʣʝʢʫʣʘʤʠ-ʣʽʥʢʝʨʘʤʠ 

(ʜʠʚ. ʧʦʜʨʦʙʠʮʽ ʥʠʞʯʝ), ʻ: 

- Au-S ʟʚô̫ ʟʦʢ, 

- ʚʟʘ̒ʤʦʜʽ ̫ʘʤʽʥʦʛʨʫʧʠ ʽ ʟʦʣʦʪʘ, 

- ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʘ ʚʟʘʻʤʦʜʽʷ. 

ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʻ ʪʽʣʴʢʠ ʦʜʥʘ ʤʦʣʝʢʫʣʘ, ʷʢʘ ʧʦʚô̫ ʟʫʻ ʟʦʣʦʪʠʡ ʝʣʝʢʪʨʦʜ ʟ 

ʚʫʛʣʝʮʝʚʦ  ʁʥʘʥʦʪʨʫʙʢʦʁ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʽʥʰʽ ʤʦʞʫʪʴ ʤʘʪʠ ʜʚʽ ʘʙʦ ʙʽʣʴʰʝ 

ʤʦʣʝʢʫʣ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʟʚô̫ ʟʦʢ. 

ʇʨʷʤʝ ʦʩʘʜʞʝʥʥ̫  ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ ʥʘ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʢʘʭ.  
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ʋ ʤʝʪʦʜʽ ʧʨʷʤʦʛʦ ʦʩʘʜʞʝʥʥʷ ʚʫʛʣʝʮʝʚ ̔ ʥʘʥʦʪʨʫʙʢʠ ʦʩʽʜʘʶʪʴ ʥʘ 

ʥʝʤʦʜʠʬʽʢʦʚʘʥʫ ʘʙʦ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʫ ʧʦʚʝʨʭʥ  ʁ ʝʣʝʢʪʨʦʜʘ, ʘʣʝ ʙʝʟ 

ʙʫʜɹ-ʷʢʠʭ ʟʦʚʥʽʰʥʽʭ ʟô̒ ʜʥʫʶʯʠʭ ʤʦʣʝʢʫʣ. ʇʨʦʮʝʩ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫ̒ ʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʝ̫ʢʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʥʘ ʧʦʚʝʨʭʥʽ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʰʣʷʭʦʤ ʨʦʟʙʠʚʘʥʥʷ ʉ-ʉ ʟʚô̫ ʟʢʽʚ ʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ. ʅʘʧʨʠʢʣʘʜ, ʦʙʨʦʙʢʘ ʢʠʩʣʦʪʦʶ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ 

ʛʝʥʝʨʫʻ -COOH ʛʨʫʧʠ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʥʦʪʨʫʙʦʢ. ʇʨʷʤʽ ʤʝʪʦʜʠ ʦʩʘʜʞʝʥʥʷ 

ʤʦʞʥʘ ʨʦʟʜ̔ʣʠʪʠ ʥʘ ʬʽʟʠʯʥʽ  ̔«ʚʦʣʦʛʽ» ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ. 

ʌʽʟʠʯʥʝ ʦʩʘʜʞʝʥʥʷ. 

ʊʝʨʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʟʦʣʦʪʠʡ ʝʣʝʢʪʨʦʜ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴh 

ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ. ɸʚʪʦʨʠ [157] ʧʦʚʽʜʦʤʠʚ ʧʨʦ ʤʝʪʦʜ 

ʪʝʨʤʽʯʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥ̫ ʜʣ̫ ʥʘʥʝʩʝʥʥʷ ʟʦʣʦʪʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ 

ʥʝʤʦʜʠʬʽʢʦʚʘʥʽ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʚ ʟʘʢʨʠʪʽʡ ʢʘʤʝʨʽ ʚʠʧʘʨʦʚʫʚʘʥʥ ̫ʧʨʠ 

2×10-4 ʇʘ , ʜʝ ʬʦʨʤʠ ʦʩʘʜʞʝʥʦʛʦ ʟʦʣʦʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʚʝʣʠʢʽ ʩʬʝʨʠʯʥʽ ʯʘʩʪʢʠ 

ʘʙʦ ʜʦʚʛʽ ʜʨʦʪʦʧʦʜʽʙʥʽ ʩʪʨʫʢʪʫʨʠ.  

ʄʦʢʨʝ ʭʽʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ.  

ʋ ʧʦʨʽʚʥʥ̫ʥ̔ ʟ ʬʽʟʠʯʥʠʤ ʦʩʘʜʞʝʥʥʷʤ, «ʚʦʣʦʛ̔» ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʨʦʩʪʽʰʽ, ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʘʢʫʫʤʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  

ɺ ʧʨʦʮʝʩʽ ʤʦʜʠʬʽʢʘʮʽʾ ʟʦʣʦʪʘ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʩʠʥʪʝʟʫʶʪʴʩʷ ʜʦ 

ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥʷ. Zhang ʽ Wang [158], ʽ Zhang ʽ ʽʥ.h [159] ʨʦʟʨʦʙʠʣʠ ʤʝʪʦʜʠ 

in situ ʚ ʦʜʠʥ ʢʨʦʢ (ʨʠʩ. 3.25) , ʱʦʙ ʥʘʥʦʩʠʪʠ ʟʦʣʦʪʽ ʥʘʥʦʯʘʩʪʢʠ ʥʘ ʦʯʠʱʝʥ ̔

ʢʠʩʣʦʪʦʶ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ. ɺʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʩʧʦʯʘʪʢʫ ʟʤʽʰʫʶʪʴ ʽʟ 

ʩʦʣʷʤʠ ʟʦʣʦʪʘ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʨʝʢʫʨʩʦʨʘ ʧʦʢʨʠʪʪʷ ʥʘ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʢʘʭ, 

ʽ ʩʫʤʽʰ ʧʦʪ̔ ʤ ʥʘʛʨʽʚʘʶʪʴ ʜʦ ʢʠʧʥ̔ʥʷ ʟ ʥʘʩʪʫʧʥʠʤ ʜʦʜʘʚʘʥʥʷʤ ʮʠʪʨʘʪʫ ʥʘʪʨʽʶ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ ʥʘ ʥʘʥʦʪʨʫʙʢʘʭ. ʈʦʟʤʽʨ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ 

ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʰʣʷʭʦʤ ʧʨʦʩʪʦʾ ʟʤʽʥʠ ʩʧ̔ ʚʚʽʜʥʦh ʝʥʥʷ ʮʠʪʨʘʪʫ ʥʘʪʨʽʶ ʽ 

HAuCl4. ʎʽ ʥʘʥʦʯʘʩʪʠʥʢʠ ʟʦʣʦʪʘ ʧ̔ʜʚʠɦ ʠʣʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʚʽʜʛʫʢʫ 

ʙʽʦʤʦʣʝʢʫʣ ʥʘ ʝʣʝʢʪʨʦʜʘʭ, ʚʢʘʟʫʶʯʠ ʥʘ ʙʽʦʩʝʥʩʦʨʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ [160-163]. 

ɸʚʪʦʨʠ [164] ʧʦʚʽʜʦʤʠʣʠ ʧʨʦ in situ ʤʦʜʠʬʽʢʘʮʽʶ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ 

ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʟʦʣʦʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʭʚʠʣʴ, ʜʝ ʤʽʢʨʦʭʚʠʣʴʦʚʘ ʦʙʨʦʙʢʘ 
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ʬʫʥʢʮʽʦʥʘʣ̔ ʟʦʚʘʣʘ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʬʨʘʛʤʝʥʪʘʤʠ ïCOOH [165-166]. 

ïʉʆʆʅ ʬʨʘʛʤʝʥʪʠ ʩʧʨʠʷʣʠ ʚʽʜʢʣʘʜʝʥʥʶ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ. ɯʥʰʠʡ in situ 

ʤʝʪʦʜ [167], ʚʠʢʦʨʠʩʪʦʚʫ ̒ ʤʝʪʦʜ, ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʦʩʘʜʞʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ ʥʘ ITO [164], ʜʝ ʚʫʛʣʝʮʝʚ̔ ʥʘʥʦʪʨʫʙʢʠ 

ʜʦʜʘʪʢʦʚʦ ʤʦʜʠʬʽʢʦʚʘʥʽ ʘʤ̔ʥʦ-ʪʝʨʤʽʥʦʚʘʥʦʶ ʽʦʥʥʦʶ ʨʽʜʠʥʦʶ. ʂʨʽʤ ʪʦʛʦ, ʋʌ- 

ʦʧʨʦʤʽʥʝʥʥʷ ʤʦʞʝ ʪʘʢʦʞ ʚʠʢʣʠʢʘʪʠ ʟʨʦʩʪʘʥʥʷ ʥʘʥʦʯʘʩʪʦʢ ʟʦʣʦʪʘ ʥʘ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʢʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʮʝʪʦʥʫ ʚ ʷʢʦʩʪʽ ʬʦʪʦʯʫʪʣʠʚʦʛʦ 

ʘʛʝʥʪʘ ( Zhang ʽ ʩʧʽʚʘʚʪ., 2008). 

 

 

ʈʠʩʫʥʦʢ 3.25 ï In situ ʧʨʦʮʝʜʫʨʘ ʦʩʘʜʞʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ ʥʘ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʢʘʭ  

 

ʍʤ̔ʯ̔ʥʽ ʤʝʪʦʜʠ ʧʨʷʤʦʛʦ ʦʩʘʜʞʝʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʢʘʭ ʥʘ ʟʦʣʦʪʦ 

ʫʩʢʣʘʜʥʝʥʦ ʯʝʨʝʟ ʥʠʟʴʢʫ ʨʝʘʢʮ̔ʡʥʫ ʟʜʘʪʥ̔ʩʪʴ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. ɸʚʪʦʨʠ 

[164] ʧʨʝʜʩʪʘʚʠʣʠ ʦʩʘʜʞʝʥʥ̫ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʢʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʪʘʥʦʣʫ, 

ʢ̫ʠʡ ʟʥʠʞʫʻ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʤ̔ ʞ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʽ ʧʦʢʨʘʱʫʻ 

ʨʦʟʯʠʥʥʽʩʪʴ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. ɺ ʽʥʰʦʤʫ ʤʝʪʦʜʽ [159] ʚʫʛʣʝʮʝʚ̔ 

ʥʘʥʦʪʨʫʙʢʠ ʥʘʥʦʩʠʣʠʩ ̫ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ 1-3 ʛʦʜʠʥ ʦʙʨʦʙʢʠ ʫʣʴʪʨʘʟʚʫʢʦʤ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʩʧʣʫʪʫʚʘʥʥʷ ʥʘʥʦʪʨʫʙʦʢ ʽ ʜʦʟʚʦʣʷʣʦ ʟʙʠʨʘʪʠ 

ʧʝʨʝʚʘʞʥʦ ʦʨʽʻʥʪʦʚʘʥʽ ʤʦʥʦʰʘʨʦʚʽ ʧʣʽʚʢʠ. 

2.2.2 ʂʦʚʘʣʝʥʪʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʟʦʣʦʪʘ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ. 
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ʇʨ̫ʤʝ ʦʩʘʜʞʝʥʥʷ ʥʘ ʟʦʣʦʪʦ ʥʝ ʚʠʤʘʛʘʻ ʥʽʷʢʠʭ ʟʚô̫ ʟʢʦʚʠʭ ʤʦʣʝʢʫʣ ʤʽʞ 

ʟʦʣʦʪʦʤ ʽ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ, ʽ ʚʦʥʠ ʤʘʶʪɹ  ʙʘʛʘʪʦ ʧʝʨʝʚʘʛ, ʷʢ 

ʧʨʦʩʪʦʪʘ ʧʨʦʮʝʜʫʨʠ ʡ ʯʠʩʪʦʪʘ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʦʪʝ, ʧʨʷʤʽ ʤʝʪʦʜʠ ʦʩʘʜʞʝʥʥʷ 

ʪʘʢʦʞ ʤʘ̒  ʜʝʷʢʽ ʥʝʜʦʣʢ̔ʠ, ʥʘʧʨʠʢʣʘʜ, ʩʠʣʠ ʤʽʞ ʟʦʣʦʪʦʤ ʽ ʚʫʛʣʝʮʝʚʠʤʠ 

ʥʘʥʦʪʨʫʙʢʘʤʠ ʩʣʘʙʢʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʥʘʥʦʪʨʫʙʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʦʢʨʝʤʣʝʥʽ ʚʽʜ 

ʟʦʣʦʪʘ ʧʨʠ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʪʘʢʠʭ ʷʢ ʽʥʪʝʥʩʠʚʥʘ ʫʣʴʪʨʘʟʚʫʢʦʚʘ ʦʙʨʦʙʢʘ. 

ʍʽʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ ̒  ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ, ɦ ʦ ʧʦʪʨʝʙʫʻ ʯʘʩʪ̔hʝ ʙ̔ʣɹ ʰʝ ʯʘʩʫ ʥʘ 

ʦʙʨʦʙʢʫ ʧʦʚʝʨʭʥʽ. 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʚʠɦ ʝ, ʟʚô̫ ʟʦʢ ʤʽʞ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʽ ʟʦʣʦʪʦʤ ʤʦʞʝ 

ʙʫʪʠ ʢʣʘʩʠʬʽʢʦʚʘʥʠʡ ʷʢ ʢʦʚʘʣʝʥʪʥʠʭ ʘʙʦ ʥʝʢʦʚʘʣʝʥʪʥʠʡ. ʂʦʚʘʣʝʥʪʥʽ ʟʚô̫ ʟʢʠ 

ʧʨʦʩʪʦ ʤʘʶʪʴ ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʘʙʦ ʛʨʫʧʫ ʤʽʞ ʚʫʛʣʝʮʝʚʦʶ ʥʘʥʦʪʨʫʙʢʦʶ ʽ 

ʧʦʚʝʨʭʥʝʶ ʟʦʣʦʪʦʛʦ ʝʣʝʢʪʨʦʜʫ. ʎʷ ʤʦʣʝʢʫʣʘ ʘʙʦ ʛʨʫʧʘ ʧʦʚʠʥʥʽ ʤʘʪʠ ʦʜʠʥ 

ʢʦʚʘʣʝʥʪʥʠʡ ʟʚô̫ ʟʦʢ ʟ ʚʫʛʣʝʮʝʚʦʶ ʥʘʥʦʪʨʫʙʢʦʶ ʽ Au - S ʟʚô̫ ʟʦʢ ʽʟ ʟʦʣʦʪʠʤ 

ʝʣʝʢʪʨʦʜʦʤ. ɸʣʪɹʝʨʥʘʪʠʚʥʦ, ʤʦʞʝ ʙʫʪʠ ʜʚʽ ʘʙʦ ʙʽʣʴʰʝ ʤʦʣʝʢʫʣ ʤʽʞ ʥʠʤʠ, ʘʣʝ 

ʮʽ ʤʦʣʝʢʫʣʠ ʪʘʢʦʞ ʤʘʶʪʴ ʙʫʪʠ ʢʦʚʘʣʝʥʪʥʦ ʟʚô̫ ʟʘʥ.̔ ʅʝʢʦʚʘʣʝʥʪʥʠʡ ʟʚô̫ʟʦʢ 

ʤʦʞʝ ʤʘʪʠ ʦʜʥʫ ʘʙʦ ʙʣ̔ʴʰʝ ʤʦʣʝʢʫʣ ʘʙʦ ʛʨʫʧ ʤʽʞ ʟʦʣʦʪʦʤ ʽ ʥʘʥʦʪʨʫʙʢʘʤʠ.  

ɸʚʪʦʨʠ [164-166] ʜʘʣʠ ʧʝʨʰʠʡ ʦʧʠʩ ʢʦʚʘʣʝʥʪʥʦ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ 

ʦʜʥʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. ʇʽʩʣʷ ʮʴʦʛʦ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʙʘʛʘʪʦ 

ʚʠʜʽʚ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʟ ʢʦʚʘʣʝʥʪʥʠʤʠ ʟʚô̫ ʟʢʘʤʠ. 

Wong ʟ ʛʨʫʧʦʶ ʟʨʦʙʠʚ ʦʛʣʷʜʫ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʩʧʦʩʦʙʽʚ 

ʤʦʜʠʬ̔ʢʘʮʽʾ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʥʘ ʦʩʥʦʚʽ ʦʢʠʩʣʝʥʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʘʙʦ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʙʝʟ ʟʤ̔ʥ [167]. ʆʢʠʩʣʝʥʽ ʚʫʛʣʝʮʝʚʽ 

ʥʘʥʦʪʨʫʙʢʠ ʟ ʢʘʨʙʦʢʩʠʣʘʪʥʠʤʠ ʛʨʫʧʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʟʚô̫ ʟʢʫ 

ʟ ï OH, - NH2, ʽ ʽʥʰʠʤʠ, ʘ ʥʝʦʙʨʦʙʣʝʥʽ ʚʫʛʣʝʮʝʚ̔ ʥʘʥʦʪʨʫʙʢʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʽ ʛʨʫʧʦʶ R-(ʉʆ)-ʆ-(CO)-R, Li/NH3 [167]. ʎʽ 

ʤʝʪʦʜʠ ʢʦʚʘʣʝʥʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʙʫʣʠ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʽ ʜʣʷ ʦʩʘʜʞʝʥʥʷ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʥʘ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ [168-169] ʤʦʜʠʬʽʢʫʚʘʣʠ ʙʘʛʘʪʦʩʪʽʥʥʽ 

ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ 2-ʘʤ̔ ʥʦʝʪʘʥʪʽʦʣʦʤ (ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

ʜʽʮʽʢʣʦʛʝʢʩʽʣʢʘʨʙʦʜʽʽʤʽʜʘ) ʽ ʟʽʙʨʘʣʠ ʥʘʥʦʯʘʩʪʠʥʢʠ ʟʦʣʦʪʘ ʥʘ ʮʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʢʘʭ h ʣʷʭʦʤ ʟʚô̫ ʟʫʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ ʜʦ ʥʘʥʦʪʨʫʙʢʠ 
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ʪʽʦʣʘʪʥʠʤʠ ʛʨʫʧʘʤʠʘʤʠ . Coleman ʽ ʩʧʽʚʘʚʪ. [170] ʢʦʚʘʣʝʥʪʥʦ ʥʘʥʦʩʠʣʠ 

ʥʘʥʦʯʘʩʪʠʥʢʠ ʟʦʣʦʪʘ ʥʘ ʦʜʥʦʩʪʽʥʥʽ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʝʘʢʮʽʾ ɹʽʥʛʝʣʷ (Bingel) (ʨʠʩ. 3.26). ʆʩʘʜʞʝʥʥʷ ʟʘʩʥʦʚʘʥʦ ʥʘ ʨʝʘʢʮʽʾ 

ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʥʘ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʢʘʭ ʟ ʘʤʽʥʦʛʨʫʧʘʤʠ ʚ 2 - 

ʘʤ̔ ʥʦʝʪʘʥʪʽʦʣʽ [171], ʽ ʨʝʘʢʮʽʾ ʪʽʦʣʴʥʦʾ ʛʨʫʧʠ ʚ 2- ʘʤʽʥʦʝʪʘʥʪ̔ ʦʣ ̔ ʟ 

ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʟʦʣʦʪʘ. Zanella ʽ ʩʧʽʚʘʚʪ. [172] ʜʦʩʣʽʜʞʫʚʘʣʠ ʦʩʘʜʞʝʥʥʷ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ ʥʘ ʨʽʟʥʽ ʘʣʠʬʘʪʠʯʥ̔ ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʽ ʪʦ̔ʣ ʤʦʜʠʬʽʢʦʚʘʥʽ 

ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʦʢʩʠʣʴʥʦʾ ʛʨʫʧʠ ʥʘ 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʢʘʭ, HSCH2CH2OH ʤʦʞʫʪɹ ʙʫʪʠ ʟʤʽʥʝʥʽ ʥʘ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʢʘʭ ʰʣʷʭʦʤ ʨʝʘʢʮʽʽ -ʆʅ ʽ  -ʉʆʆʅ ʛʨʫʧ ʜʣʷ ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʥʘ ʟʦʣʦʪ̔  

[173]. 

 

ʈʠʩʫʥʦʢ 3.26 ï ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʭʤ̔̔ʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʮʠʢʣʦʧʨʦʧʘʥʫʚʘʥʥ̫  ʦʜʥʦʩʪ̔ʥʥʠʭ ʥʘʥʦʪʨʫʙʦʢ 

 

ʅʝʢʦʚʘʣʝʥʪʥʦ ʧʦʚô̫ ʟʘʥ̔  Au-CNT ʟʚô̫ ʟʢʠ 

ʂʦʚʘʣʝʥʪʥʝ ʧʨʠʻʜʥʘʥʥ̫ ʜʦ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ 

ʦʟʥʘʯʘʻ ʩʠʣʴʥʫ ʽʤʤʦʙʽʣʽʟʘʮʽʶ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ ʥʘ ʚʫʛʣʝʮʝʚʠʭ 
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ʥʘʥʦʪʨʫʙʢʘʭ, ʘʣʝ ʧʨʦʮʝʜʫʨʠ ʜʣʷ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʽ 

ʱʝʧʣʝʥʥʷ ʪʽʦʣʦʚʠʭ ʛʨʫʧ ʥʝ ʻ ʜʫʞʝ ʧʨʦʩʪʠʤʠ. ʂʨ̔ʤ ʪʦʛʦ, ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ, 

ʢʦʚʘʣʝʥʪʥ̔ ʟʚô̫ ʟʢʠ ʥʝ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʦʣʦʪʠʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʚ̔. ʊʦʤʫ ʚʠʨʦʙʣʷʶʪʴʩʷ ʙʘʛʘʪʦ ʥʝʢʦʚʘʣʝʥʪʥʦ ʧʦʚô̫ ʟʘʥʠʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ Au-CNT. 

ʗʢ ʦʧʠʩʘʥʦ ʚʠʱʝ, ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʩʠʣʠ ʘʙʦ ʚʟʘ̒ʤʦʜʽʾ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ 

ʟʚô̫ʟʢʫ ʪʘ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʘʙʦ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʟʦʣʦʪʘ. ʄʦʞʝ ʙʫʪʠ 

ʦʜʥʘ ʘʙʦ ʜʝʢʽʣʴʢʘ ʤʦʣʝʢʫʣ ï ʟʚô̫ ʟʢ̔ʚ ʤʽʞ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʪʘ 

ʟʦʣʦʪʦʤ. ʋ ʮʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʡʥʷʪʽ ʪʨʠ ʚʠʜʠ ʧʨʦʮʝʜʫʨ. 

ʊʠʧ 1: ʤʦʣʝʢʫʣʠ ï ʧʦʩʝʨʝʜʥʠʢʠ ʩʧʦʯʘʪʢʫ ʧʨʠʢʨʽʧʣʝʥʽ ʜʦ ʟʦʣʦʪʘ, ʽ ʧʦʪʽʤ 

ʥʘʥʦʩʷʪʩɹ̫  ʥʘʥʦʯʘʩʪʠʥʢʠ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. [174] 

ʊʠʧ 2: ʤʦʣʝʢʫʣʠ ï ʧʦʩʝʨʝʜʥʠʢʠ ʩʧʦʯʘʪʢʫ ʧʨʠʢʨʽʧʣʝʥ ̔ʜʦ ʥʘʥʦʪʨʫʙʦʢ, ʘ 

ʧʦʪʽʤ ʮʽ ʤʦʜʠʬʢ̔ʦʚʘʥʽ ʥʘʥʦʪʨʫʙʢʠ ʟô̒ ʜʥʘʥʽ ʟ ʟʦʣʦʪʦʤ. [175] 

ʊʠʧ 3: ʆʜʨʘʟʫ ʽ ʚʫʛʣʝʮʝʚʘ ʥʘʥʦʪʨʫʙʢʘ ʽ ʧʦʚʝʨʭʥʷ ʟʦʣʦʪʘ ʧʦʻʜʥʘʥ̔ ʯʝʨʝʟ 

ʤʦʣʝʢʫʣʫ ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʦʜʽʾ ʤʦʣʝʢʫʣʠ-ʧʦʩʝʨʝʜʥʠʢʘ ʚʦʜʥʦʯʘʩ ʟ ʟʦʣʦʪʦʤ ʪʘ 

ʥʘʥʦʪʨʫʙʢʦʶ. [176, 177] 

 

3.3.2 ʊʝʭʥʦʣʦʛʽʷ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʜʘ ʟʘ ʜʦʧʦʤʦʛʦʁ  ʢʦʚʘʣʝʥʪʥʦʾ 

ʧʨʠʰʠʚʢʠ ɺʅʊ ʯʝʨʝʟ ʣʧ̔ʦʚ̒ʫ ʢʠʩʣʦʪʫ 

ʈʝʯʦʚʠʥʠ, ɦ ʦ ʤʘʪʁɹ ʪ̔ʦʣʦʚʽ ʛʨʫʧʠ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʘʤʦʦʨʛʘʥ̔ʟʦʚʫʚʘʪʠ 

ʤʦʣʝʢʫʣʨ̫ʥ̔ ʧʣʽʚʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʟʦʣʦʪʘ. ɺ ʜʦʩʣʽʜʞʝʥʥ ̔ʚʠʨʽʰʫʚʘʣʘʩʷ ʟʘʜʘʯʘ 

ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫ̒  ʽʥʰʽ ʭʽʤʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʘ ʩʘʤʝ (±) 

-Ŭ-ʣʽʧʦʻʚʘ ʢʠʩʣʦʪʘ (ʪʘʢʦʞ ʚ̔ʜʦʤʫ ʷʢ: (±) -1,2-ʜʠʪʠʦʣʘʥ-3-ʧʝʥʪʘʥʦʚʘ ʢʠʩʣʦʪʘ, 

6,8-ʜʠʪʠʦʢʪʘʥʦʚʘ ʢʠʩʣʦʪʘ, DL-Ŭ-ʣʧ̔ʦ̒ʚʘ ʢʠʩʣʦʪʘ, DL-6,8-ʪʽʦʢʪʦʚʘ ʢʠʩʣʦʪʘ, 

Lip(S2)). 

ɼʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩ ̫ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʧʨʦʮʝʩ. ɼʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮ̔ ʾ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʥʘʩʪʫʧʥ̔  ʨʝʯʦʚʠʥʠ. ɺ ʧʨʦʮʝʩʽ 

ʤʦʜʠʬʽʢʘʮʽʾ ʨʦʟʯʠʥʦʤ ʜʣ ̫ʭ̔ ʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʻ ʣʽʧʦʻʚʘ ʢʠʩʣʦʪʘ ʚ ʝʪʘʥʦʣʽ, ʾʾ 

ʢʦʥʮʝʥʪʨʘʮ̫̔  ʩʪʘʥʦʚʠʪʴ 0,15 ʤʛ/ʤʣ. 
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ɽʣʝʢʪʨʦʜʘʤʠ ʩʣʫʛʫʚʘʣʠ ʩʠʪʘʣʦʚʽ ʧʣʘʩʪʠʥʠ ʟ ʥʘʥʝʩʝʥʠʤ ʥʘ ʥʠʭ ʰʘʨʦʤ ʟʦʣʦʪʘ 

ʤʝʪʦʜʦʤ ʦʩʘʜʞʝʥʥʷ ʚ ʛʘʟʦʚʡ̔ ʬʘʟʽ (ʪʦʚʠɦʥʦʶ ʚ 5 ʤʢʤ), ʱʦ ʥʘʥʝʩʝʥʦ ʥʘ 

ʧʽʜʢʣʘʜʢʫ ʯʝʨʝʟ ʧʽʜʘhʨ ʭʨʦʤʫ (300 ʥʤ). ʇʽʜʢʣʘʜʢʠ ʙʫʣʠ ʧʦʧʝʨʝʜʥʦɹ ʥʘʨʽʟʘʥ̔ 

ʥʘ ʧʣʘʩʪʠʥʠ 15ʤʤ×15ʤʤ ʽ ʪʦʚʱʠʥʦʶ 0,6ʤʤ, ʱʦ ʽ ʩʣʫʛʫʚʘʣʠ ʦʩʥʦʚʦ  ʁʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʤʦʜʠʬʽʢʘʮʽʾ.  

ʇʨʦʮʝʜʫʨʘ ʤʦʜʠʬʢ̔ʘʮʽʾ ʩʢʣʘʜʘʣʘʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢ̔ʚ. 

1) ʇʦʧʝʨʝʜʥʴʦ ʧʣʘʩʪʠʥʠ ʧʨʦʤʠʚʘʣʠ ʘʮʝʪʦʥʦʤ ʪʘ ʝʪʘʥʦʣʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʫʣɹʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ (10 ʭʚʠʣʠʥ). 

2) ʇʽʩʣ̫ ʧʨʦʤʠʚʘʥʥʷ ʚʦʣʦʛ̔ ʩʫʙʩʪʨʘʪʠ ʥʝʛʘʡʥʦ ʟʘʥʫʨʶʚʘʣʠ ʚ ʨʦʟʯʠʥ ʜʣʷ 

ʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʝʪʘʥʦʣʴʥʠʡ ʨʦʟʯʠʥ ʣʽʧʦʻʚʦʾ ʢʠʩʣʦʪʠ). ɺʦʥʠ ʟʥʘʭʦʜʠʣʠʩʴ ʫ 

ʨʦʟʯʠʥ̔ ʜʚʘ ʜʥʽ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʌ̔ ʢʩʘʮʽʾ 1,2-ʜʽʪʽʦʣʘʥʦʚʦʛʦ ʢʽʣʴʮʷ 

ʥʘ ʧʦʚʝʨʭʥʽ ʟʦʣʦʪʘ ʟʜʽʡʩʥʶʻʪʩɹʷ hʣ̫ ʭʦʤ ʫʪʚʦʨʝʥʥʷ ʟʚô̫ʟʢʽʚ ʤ̔ʞ ʘʪʦʤʘʤʠ 

ʟʦʣʦʪʘ ʝʣʝʢʪʨʦʜʘ ʟ ʢʦʞʥʠʤ ʘʪʦʤʦʤ ʩʽʨʢʠ ʚ ʛʨʫʧʽ -S ï S-, ʪʘʢʠʤ ʯʠʥʦʤ ʣʘʥʮʶʛʘ 

ʧʝʥʪʘʥʦʚʦʾ ʢʠʩʣʦʪʠ ʨʦʟʛʦʨʥʫʪʦ ʫ ʨʦʟʯʠʥ. ʁʦʛʦ ʜʦʚʞʠʥʘ ʩʧʨʠ̫ ̒ ʥʘʩʪʫʧʥʫ 

ʚʟʘʻʤʦʜ̔ʁ  ʟ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ (ɺʅʊ). 

3) ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʩʫʭ̔ ʩʫʙʩʪʨʘʪʠ ʟʘʥʫʨʶʚʘʣʠ ʥʘ 3 ʭʚʠʣʠʥʠ ʚ 

ʪ̔ ʦʥʽʣʭʣʦʨʠʜ, SOCl2 - ʮʝ ʨʽʜʠʥʘ ʚ ʥʦʨʤʘʣʴʥʦʤʫ ʩʪʘʥʽ. ʎʝʡ ʨʝʘʛʝʥʪ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʩɹʷ ʜʣʷ ʟʘʤʽʥʠ ïʆʅ ʛʨʫʧʠ ʚ ʢʘʨʙʦʢʩʠʣʥɹ̔ʡ ʛʨʫʧʽ ʥʘ Cl. 

ʇʨʦʮʝʜʫʨʘ ʭʣʦʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʩʪʫʧʥʦʾ ʩʪʘʜʽʾ 

ʦʨʛʘʥʽʟʘʮʽʾ ʭ̔ʤ̔ʯʥʦʛʦ ʟʚô̫ ʟʢʫ ɺʅʊ ʟ ʧʦʚʝʨʭʥʝʁ  ʝʣʝʢʪʨʦʜʘ. 

4) ʇ̔ ʩʣ ̫ʚʠʣʫʯʝʥʥʷ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʯʠʥʫ ʩʫʙʩʪʨʘʪʠ ʧʽʜʩʫʰʫʚʘʣʠ ʫ 

ʧʦʚʽʪʨʽ ʥʘ ʧʨʦʪʷʟʽ 10-30 ʩ ʜʦ ʚʠʧʘʨʦʚʫʚʘʥʥ̫ ʟʘʣʠ ʢhʽʚ ʨʦʟʯʠʥʫ. ʇʦʪʽʤ ʡʦʛʦ 

ʧʝʨʝʥʦʩʠʣʠ ʚ ʨʦʟʯʠʥ ɺʅʊ-COOH ʚ ʪʦʣʫʦʣʽ, ʜʝ ʟʘʣʠʰʘʣʠ ʥʘ 1 ʜʦʙʫ. 

5) ʇ̔ʩʣ̫ ʚʠʪʨʠʤʢʠ ʚ ʩʫʩʧʝʥʟʽʾ ʟ ɺʅʊ-COOH ʧʜ̔ʢʣʘʜʢʠ ʚʠʡʤʘʣʠ ʟ 

ʨʦʟʯʠʥʫ. ɼʣʷ ʚʠʜʘʣʝʥʥʷ ʥʘʜʣʠʰʢʽʚ ɺʅʊ-COOH, ʱʦ ʥʝ ʧʨʦʨʝʘʛʫʚʘʣʠ ʟ 

ʧʦʚʝʨʭʥʝ  ʁʝʣʝʢʪʨʦʜʘ, ʭʾ ʧʨʦʤʠʚʘʣʠ ʣh̫ʭʦʤ ʟʘʥʫʨʝʥʥʷ ʫ ʪʦʣʫʦʣ ʽ ʩʫʰʠʣʠ ʥʘ 

ʧʦʚ̔ʪʨʽ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʾ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʥʘʩʪʫʧʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪ̔. 

ʈʦʟʧʦʜ̔ʣ ʯʦʨʥʦ ʾʬʘʟʠ ɺʅʊ ʥʘ ʜʝʷʢʠʭ ʝʣʝʢʪʨʦʜʘʭ ʧʦʚô̫ ʟʘʥʦ ʟ ʨʦʟʧʦʜʽʣʦʤ SOCl2 

ʥʘ ʝʣʝʢʪʨʦʜʽ ʧʝʨʝʜ ʟʘʥʫʨʝʥʥʤ̫ ʫ ʨʦʟʯʠʥ MWCNT. ʊʦʤʫ ʧʨʦʩʫʰʝʥʥʷ 
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ʝʣʝʢʪʨʦʜʽʚ ʧʝʨʝʜ ʟʘʥʫʨʝʥʥʷʤ ʜʦ ʨʦʟʯʠʥʫ ɺʅʊ ʻ ʚʘʞʣʠʚʠʤ. ʅʘʜʣʠʰʦʢ ʨʦʟʯʠʥʫ 

ʜʣ̫ ʭʣʦʨʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʢʨʘʧʣʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʟʚô̫ ʟʢʽʚ ʤ̔ʞ 

ʥʘʥʦʪʨʫʙʢʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʦʜʽʾ ʟ ʾʭ -ʉʆʆʅ ʛʨʫʧʘʤʠ. ʇʦʜʘʣʴʰʘ ʚʟʘʻʤʦʜʽʷ ʟ 

ʧʦʚʝʨʭʥʝʶ ʤʦʞʝ ʙʫʪʠ ʫʩʢʣʘʜʥʝʥʘ ʟʘ ʨʘʭʫʥʦʢ ʥʘʢʦʧʠʯʝʥʥ̫ ʚʥʫʪʨʽʰʥʭ̔ ʩʠʣ 

ʥʘʪʷʛʫ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʠʭ ʧʦʻʜʥʘʥʴ ʥʘʥʦʪʨʫʙʦʢ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʮʴʦʛʦ 

ʚʧʣʠʚʫ ʩʣʜ̔ ʧʦʯʝʢʘʪʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʽʦʥ̔ʣʭʣʦʨʠʜʫ ʟ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʽʚ 

ʧʝʨʝʜ ʟʘʥʫʨʝʥʥʷʤ ʝʣʝʢʪʨʦʜʘ ʜʦ ʨʦʟʯʠʥʫ ʟ ɺʅʊ. 

 

ʈʠʩʫʥʦʢ 3.27 ï ʉɽʄ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥ ̔ ʟʦʣʦʪʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʱʦ 

ʤʦʜʠʬʽʢʦʚʘʥʦ ɺʅʊ (ʟʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʘʥʦ ʚ ʊʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ 

ʤ. ɯʣʴʤʽʥʘʫ, ʩʢʘʥʫʁʯʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʤʽʢʨʦʩʢʦʧ Hitachi S-4800 FE-SEM) 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʩʧʝʥʟʽʾ ɺʅʊ-ʉʆʆʅ ʟ ʤʝʥʰʦʶ ʚʘʨʽʘʪʠʚʥʽʩʪʶ ʜʦʚʞʠʥʠ 

ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʱʽʣʴʥʫ ʧʣʽʚʢʫ ʟ ʤʝʥʦh  ʁʢ̔ʣɹʢ̔ʩʪʁ  ʜʝʬʝʢʪʽʚ (ʨʠʩ. 

3.27). ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʦʜʠʬʽʢʘʮʽʷ ʟʦʣʦʪʦʾ ʯʘʩʪʠʥʠ 

ʤ̔ ʢʨʦʝʣʝʢʪʨʦʜ̔ʚ  ̒ ʤʦʞʣʠʚʦʶ ̔ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʦʚʦʛʦ ʨʝʘʛʝʥʪʫ ʣʽʧʦʻʚʦʾ 

ʢʠʩʣʦʪʠ. 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʇ̔ ʜʢʣʶʯʝʥʥʷ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ʟʜ̔ ʡʩʥʶʚʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʜʥʦʛʦ 

ʜʨʦʪʫ ʚ ʣʘʢʦʚʽʡ ʽʟʦʣʷʮʽʾ, ʱʦ ʧʦʻʜʥʫʚʘʚʩʷ ʟ ʧʦʚʝʨʭʥʝʶ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʚʽʜʥʦʛʦ ʢʣʝʁ  ʥʘ ʦʩʥʦʚʽ ʩʨʽʙʥʦʾ ʧʫʜʨʠ ʚ ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ. 

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʢʦʥʪʘʢʪʫ ʨʦʟʯʠʥʫ ʟ ʚʽʜʢʨʠʪʦʛʦ ʜʽʣʷʥʢʦʶ ʤʽʜʥʦʛʦ ʜʨʦʪʘ ʪʘ 

5ʤʢʤ 
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ʦʙʣʘʩʪ̔ ʥʘʥʝʩʝʥʥʷ ʧʨʦʚʽʜʥʦʛʦ ʢʣʝʶ, ʚʦʥʠ ʦʙʨʦʙʣʷʣʠʩʷ ʽʟʦʣʷʮʽʡʥʠʤ ʣʘʢʦʤ. 

ʇʣʦʱʘ ʝʣʝʢʪʨʦʜʘ ʩʪʘʥʦʚʠʣʘ 1.52 ʩʤ2. ɺ ʷʢʦʩʪʽ ʤʝʪʦʜʘ ʜʦʩʣʽʜʞʝʥʥ ̫ʦʙʨʘʥʦ 

ʮʠʢʣʽʯʥʫ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʶ, ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʚʩʷ ʟʽ ʚhʠʜʢʽʩʪʴ 

ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ 100 ʤɺ/ʩ. ʌʦʥʦʚʠʤ ʨʦʟʯʠʥʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʜʽʚ ʙʫʚ ʬʦʩʬʘʪʥʠʡ ʙʫʬʝʨ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤ pH (5,0; 

7,0; 9,0).  

 

ʈʠʩʫʥʦʢ 3.28 ï ʎʠʢʣ̔ʯʥʘ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ ʜʣʷ ʨʦʟʯʠʥʫ ʘʩʢʦʨʙʽʥʦʚʦʾ 

ʢʠʩʣʦʪʠ (980 ʤʢʄ) ʥʘ ʟʦʣʦʪʦʤʫ ʝʣʝʢʪʨʦʜʽ, ʱʦ ʤʦʜʠʬʽʢʦʚʘʥʦ ɺʅʊ. (ʇʫʥʢʪʠʨʥʘ 

ʣʽʥʽʷ ï ʬʦʥʦʚʠʡ ʨʦʟʯʠʥ ʙʝʟ ʜʦʜʘʚʘʥʥʷ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʥʝʧʝʨʝʨʚʥʘ ʣʽʥʽʷ - 

ʨʦʟʯʠʥ ɸʂ ʟ pH=5.0, ʪhʨʠʭʦʚʘʥʘ ʣʽʥʽʷ ï ʨʦʟʯʠʥ ɸʂ ʟ pH=7.0, ʪhʨʠʭ- 

ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ï ʨʦʟʯʠʥ ɸʂ ʟ pH=9.0. 

 

3.4 ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ  

 

ɸʥʘʣ̔ʟ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʚʠʷʚʠʚ ʧʨʦʙʣʝʤʫ ʦʙʤʝʞʝʥʦʩʪʽ 

ʪʨʘʜʠʮʽʡʥʠʭ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʫ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʧʨʠ ʧʝʚʥʠʭ ʧʦʪʝʥʮʽʘʣʘʭ, ʱʦ ʧʦʚô̫ʟʘʥʦ ʟ ʨʦʟʨʷʜʦʤ ʨʦʟʯʠʥʫ ʟ 

ʦʜʥʦʛʦ ʙʦʢʫ ʪʘ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ ʥʝʦʙʭʽʜʥʠʤʠ ʧʦʪʝʥʮʽʘʣʘʤʠ ʜʣʷ ʧʝʨʝʙʽʛʫ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟ ʘʥʘʣʽʪʦʤ.  

ɯʥh ʦʶ ʧʨʦʙʣʝʤʦʶ, ʱʦ ʚʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ, ʮʝ ʟʘʤʘʣʘ ʢʽʣʴʢʽʩʪʴ 

ʜʦʩʪʫʧʥʠʭ ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʦʬʦʨʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʚ ʚʦʜʥʠʭ 
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ʨʦʟʯʠʥʘʭ, ʱʦ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʦʩʪʽ ʩʪʦʩʦʚʥʦ ʨʦʟʨʦʙʢʠ ɽʍʃ ʤʝʪʦʜʠʢ ʪʘ 

ʚʽʜʧʦʚʽʜʥʠʭ ʩʝʥʩʦʨʽʚ. ʎʝ ʦʙʤʝʞʫʻ ʩʧʠʩʦʢ ʨʝʯʦʚʠʥ, ʱʦ ʤʦʞʫʪʴ ʚʠʟʥʘʯʘʪʠʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʤʝʪʦʜʫ.  

ɼʣ̫  ʚʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʙʣʝʤ ʚ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʦʙʢʫ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ: 1) ʩʪʚʦʨʝʥʥʷ ʘʣʤʘʟʦʧʦʜʽʙʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ 

ʣʝʛʦʚʘʥʦ ʘʟʦʪʦʤ, 2) ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʧʣʽʚʦʢ ʤʝʪʦʜʦʤ 

ʃʘʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ, 3) ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʥʽ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʟʘ 

ʨʘʭʫʥʦʢ ʢʦʚʘʣʝʥʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʯʝʨʝʟ ʤʦʣʝʢʫʣʫ ʧʦʩʝʨʝʜʥʠʢ. ʎʽ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʜʽʣʝʥʦ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʧʝʨʩʧʝʢʪʠʚʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʝʥʩʦʨʠʮʽ ʪʘ 

ʘʢʪʠʚʥʦʩʪʽ ʧʫʙʣʽʢʘʮʽʾ ʚ ʮʠʭ ʥʘʧʨʷʤʢʘʭ.  

ʇʨʠ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʥʷ ʘʣʤʘʟʦʧʦʜʽʙʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʘʩʧʝʢʪʠ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟ ʱʽʣɹʥʦʁ 

ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ ʜʝʬʝʢʪʽʚ ʧʣʽʚʢʠ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʨʦʟʰʠʨʝʥʥʷ ʚʽʢʥʘ ʧʦʪʝʥʮʽʘʣʽʚ ʧʦʣʷʨʠʟʘʮʽʾ. ɺʠʟʥʘʯʝʥʦ, ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʨʦʚʽʜʥʠʭ ʧʦʢʨʠʪʪʽʚ ʤʝʪʦʜʦʤ ʦʩʘʜʞʝʥʥʷ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷʤ ʤʘʪʝʨʽʘʣʫ ʪʘ ʡʦʛʦ ʬʽʣɹʪʨʫʚʘʥʥʷ ʚ 

ʤʘʛʥʽʪʥʦʤʫ ʩʝʧʘʨʘʪʦʨʽ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ ʥʘʥʝʩʝʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ 

ʪʠʩʢʫ ʘʟʦʪʫ (1 ÷ 2) · 10-4 ʊʦʨʨ. ʇʦʪʝʥʮʽʘʣ ʟʩʫʚʫ 1000 ɺ ʚʽʜ ɺʏ ʛʝʥʝʨʘʪʦʨʘ ʟ 

ʯʘʩʪʦʪʦʶ 10 ʄɻʮ, ʥʘʢʣʘʜʘʚʩ̫ ʥʘ ʧʽʜʢʣʘʜʢʫ. ʊʦʚʱʠʥʘ ɸʇʇ ʧʣʽʚʦʢ ʙʫʣʘ 

ʚʠʤʽʨʷʥʘ ʟʘ ʜʦʧʦʤʦʛʦʁ ̔ʥʪʝʨʬʝʨʝʥʮ̔ ʡʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʄʀʀ-4, ʪʘ ʩʪʘʥʦʚʠʣʘ 

0,3 õ 0,6 ʤʢʤ. ʇʨʠ ʦʙʨʦʙʮʽ ʧʽʜʢʣʘʜʦʢ ʘʣʤʘʟʥʦʶ ʧʘʩʪʦʶ ʟ ʟʝʨʥʠʩʪʽʩʪʶ Ò 1 ʤʢʤ 

ʪʦʚʱʠʥʘ ʣʝʛʦʚʘʥʠʭ ʘʣʤʘʟʥʠʭ ʧʦʢʨʠʪʪʽʚ ʙʝʟ ʚʽʜʰʘʨʫʚʘʥʴ ʤʦʛʣʘ ʙʫʪʠ ʜʦʚʝʜʝʥʘ 

ʜʦ 8 ï 12 ʤʢʤ ʽ ʙʽʣʴʰ. ɿʨʘʟʢʠ, ʦʪʨʠʤʘʥʽ ʚ ʟʘʟʥʘʯʝʥʠʭ ʫʤʦʚʘʭ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʷ ʦʧʦʨʦʤ ʧʦʧʝʨʝʢ ʰʘʨʫ ɟ = 5 · 103 ʆʤ Ŀ ʩʤ, ʪʘ ʧʦʢʘʟʘʣʠ ʛʘʨʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ʇʦʚʝʜʽʥʢʫ ʟʨʘʟʢʘ ˉ8 ʚ 

ʢ̫ʦʩʪʽ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʣʘʪʠʥʦʚʦʛʦ 

ʝʣʝʢʪʨʦʜʘ, ʜʣʷ ʦʙʦʨʦʪʥʦʾ ʝʣʝʢʪʨʦʭʽʤ̔ʯʥʦʾ ʨʝʘʢʮʽʾ ʨʽʟʥʠʮʷ ʤʽʞ ʧʽʢʘʤʠ 

ʦʢʠʩʣʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʥʘʙʣʠʞʘʣʘʩʷ ʜʦ ʪʝʦʨʝʪʠʯʥʦʾ ʤʝʞʽ ʙʽʣʷ 58 ʤɺ. 

ɸʤʧʣʽʪʫʜʘ ʩʠʛʥʘʣʫ ʙʫʣʘ ʤʝʥʰʘ ʥʘ 19,64% ʚʽʜ ʧʣʘʪʠʥʦʚʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʙʽʣʴʰʠʤ ʩʧʨʦʪʠʚʦʤ ʧʣʽʚʢʠ, ʪʘ ʚʽʨʦʛʽʜʥʦ ʤʝʥʰʦʁ  ʘʢʪʠʚʥʦʶ 
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ʧʣʦʱʠʥʦʶ ʥʽʞ ʧʣʘʪʠʥʦʚʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʟʘ ʨʘʭʫʥʦʢ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜ̔ ʣʫ 

ʘʟʦʪʫ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ʨʝʰʽʪʮʽ ʟʝʨʥʘ ʘʣʤʘʟʘ. ʆʩʢʽʣʴʢʠ ʥʝʣʝʛʦʚʘʥʠʡ ʘʣʤʘʟ ʻ 

ʽʟʦʣʷʪʦʨʦʤ, ʮʝ ʟʘʣʠʰʘʻ ʥʝʘʢʪʠʚʥʠʤ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʷʭ. ʎʝ 

ʧ̔ʜʪʚʝʨʜʞʫʻʪʴʩʷ ʬʘʢʪʦʤ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʝʣʝʢʪʨʦʟʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ 

ʟʨʘʟʢʘʭ, ʱʦ ʦʪʨʠʤʘʥʽ ʟʽ ʟʤʝʥhʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʪʽʚ ʜʦ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

100é300 ʥʤ. ɼʦʚʝʜʝʥʦ, ʱʦ ʪʝʭʥʦʣʦʛʽʷ ɸʇʇ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʚʽʢʥʦ 

ʧʦʪʝʥʮʽʘʣʽʚ ʧʦʣʷʨʠʟʘʮʽʾ ʨʝʯʦʚʠʥ ʚ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ, ʦʪʨʠʤʘʪʠ ʜʝʷʢʽ 

ʢʘʪʘʣʽʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʪʘ  

ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʾ ʃɹ ʬʦʨʤʫʚʘʥʥʷ 

ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʤʦʞʣʠʚʦ ʧʨʦʚʦʜʠʪʠ ʬʽʢʩʘʮʽ ʁ

ʚʦʜʦʥʝʨʦʟʯʠʥʥʠʭ ʝʣʝʢʪʨʦʣʶʤʽʥʦʬʦʨʽʚ ʚ ʤʘʪʨʠʮʽ ʧʣʽʚʢʦʦʨʛʘʥʽʟʫʶʯʦʾ  

ʦʨʛʘʥʽʯʥʦʾ ʩʧʦʣʫʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʨʝʘʢʮʽʾ ʚ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ. ɿʘ 

ʨʘʭʫʥʦʢ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʩʝʥʩʦʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʜʘʻʪʴʩʷ ʦʪʨʠʤʘʪʠ 

ʥʝʦʙʭʽʜʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʣʶʤʽʥʦʬʦʨʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ, 

ʪʦʙʪʦ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʤʽʩʮʷ ʧʨʦʭʦʜʞʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʨʝʘʢʮʽʾ. 

ʈʝʯʦʚʠʥʘ, ʱʦ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʷ ʤʦʞʝ ʚʽʣʴʥʦ ʢʦʥʪʘʢʪʫʚʘʪʠ ʟ ʧʦʚʝʨʭʥʝʶ ʧʣʽʚʢʠ, 

ʚʧʣʠʚʘʶʯʠ ʥʘ ʚʽʜʛʫʢ ʩʝʥʩʦʨʘ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʽʜʢʨʠʪʘ 

ʧʨʠʥʮʠʧʦʚʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʦʥʝʨʦʟʯʠʥʥʠʭ ʣʶʤʽʥʦʬʦʨʽʚ, ʱʦ 

ʨʦʟhʠʨʶʻ ʘʥʘʣʽʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʝʥʩʦʨʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ɽʍʃ 

ʘʥʘʣʽʟʫ. 

ɺ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʥʘʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʟ ʨʫʙʨʝʥʦʤ ʪʘ 

ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʟ ʇʄʄɸ ʟ ʨʫʙʨʝʥʦʤ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʝʥʩʦʨʥʦʛʦ ʰʘʨʫ 

ɽʍʃ ʩʝʥʩʦʨʘ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʚ̔ ʥʘ ʧʦʚʝʨʭʥʽ ITO 

ʝʣʝʢʪʨʦʜʽʚ. ʊʘʢ ʦʧʪʠʤʘʣʴʥʠʤ ʧʦʚʝʨʭʥʝʚʠʤ ʥʘʪʷʛʦʤ ʧʣʽʚʢʠ ʜʣʷ ʾʾ ʧʝʨʝʥʝʩʝʥʥʷ 

ʥʘ ʧʽʜʢʣʘʜʢʫ ʩʪʘʥʦʚʠʣʦ ʜʣ̫  ʢʦʤʧʦʟʠʮʽʾ ʇʄʄɸ/ʨʫʙʨʝʥ 18 ʤʅ/ʤ, ʘ ʜʣʷ 

ʢʦʤʧʦʟʠʮʽʾ ʩʪʝʘʨʠʥʦʚʘ ʢʠʩʣʦʪʘ/ʨʫʙʨʝʥ ï 30 ʤʅ/ʤ. ɺʠʟʥʘʯʝʥʦ ʱʦ ʜʣʷ 

ʢʦʤʧʦʟʠʮʽʾ ʇʄʄɸ/ʨʫʙʨʝʥ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚ 2,5 ʨʘʟʠ ʙʽʣʴʰʫ ʧʦʚʝʨʭʥʝʚʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʣʶʤʽʥʦʬʦʨʫ ʚ ʧʣʽʚʮʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʚʠʩʦʢʠʡ 

ʚʽʜʛʫʢ ʩʝʥʩʦʨʘ.  
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʟ ʤʝʪʦʶ ʥʘʜʘʥʥʷ ʢʘʪʘʣʽʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʜʥʽ ʧʦʚʝʨʭʥʽ ʩʝʥʩʦʨʽʚ, ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ɺʅʊ ʷʢ 

ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʥʴʶʛʘʪʽʚ ʘʙʦ ʧʦʜʘʣʴʰʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ̒ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ, ʱʦ ʚʠʪʽʢʘ ̒ʟ ʘʥʘʣʟ̔ʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ. 

ʆʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʝʪʦʜʽʚ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʚʘʣʝʥʪʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ɺʅʊ ʟ ʧʦʚʝʨʭʥʝʶ ʝʣʝʢʪʨʦʜʘ. ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʛʦ ʧʦʩʝʨʝʜʥʠʢʘ ï (±) -Ŭ-ʣ̔ ʧʦ̒ʚʦ ʾʢʠʩʣʦʪʠ, ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ 

ʟʚô̫ ʟʢʫ ʤʽʞ ɺʅʊ-ʉʆʆʅ ʪʘ ʧʦʚʝʨʭʥʝʶ ʟʦʣʦʪʦʛʦ ʝʣʝʢʪʨʦʜʘ. ʇʦʩʣʽʜʦʚʥʽʩʪʴ 

ʦʧʝʨʘʮʽʡ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʭʽʤʽʯʥʦʾ «ʤʦʢʨʦʾ» ʪʝʭʥʦʣʦʛʽʾ ʦʨʛʘʥʽʟʘʮʽʾ ʰʘʨʫ ɺʅʊ 

ʧʜ̔ʪʚʝʨʜʞʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʉɽʄ ʜʦʩʣʽʜʞʝʥʴ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. 

ɺʦʥʠ ʚʠʷʚʠʣʠ ʥʘʷʚʥʽʩʪʴ ʱʽʣʴʥʦʛʦ ʚʢʨʠʪʪʷ ʝʣʝʢʪʨʦʜʥʦʾ ʧʦʚʝʨʭʥʽ 

ʙʘʛʘʪʦʩʪʽʥʥʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʜʦʚʞʠʥʦʶ ʧʨʠʙʣʠʟʥʦ 3 ʤʢʤ. ɽʣʝʢʪʨʦʜʠ, ʱʦ 

ʤʦʜʠʬʽʢʦʚʘʥʽ ʮʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʧʝʚʥʽ ʢʘʪʘʣʽʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʦʢʠʩʣʝʥʥʽ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ. ʋ ʤʦʜʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟ 

ʘʩʢʦʨʙʽʥʦʚʦʶ ʢʠʩʣʦʪʦʶ ʦʪʨʠʤʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʪʠ ʾʾ ʚʤʽʩʪ ʧʨʠ 

ʧʦʪʝʥʮʽʘʣʽ ʦʢʠʩʣʝʥʥʷ 0,125 ɺ (pH = 5,0), ʱʦ ʻ ʙʽʣʴʰ ʤʝʥʰʠʤ ʟʥʘʯʝʥʥʷʤ ʥʽʞ 

ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʾ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʥʘʩʪʫʧʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ. 

ʈʦʟʧʦʜʽʣ ʯʦʨʥʦʾ ʬʘʟʠ ɺʅʊ ʥʘ ʜʝʷʢʠʭ ʝʣʝʢʪʨʦʜʘʭ ʧʦʚô̫ ʟʘʥʦ ʟ ʨʦʟʧʦʜʽʣʦʤ SOCl2 

ʥʘ ʝʣʝʢʪʨʦʜʽ ʧʝʨʝʜ ʟʘʥʫʨʝʥʥʷʤ ʫ ʨʦʟʯʠʥ ɺʅʊ. ʊʦʤʫ ʧʨʦʩʫʰʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ 

ʧʝʨʝʜ ʟʘʥʫʨʝʥʥʷʤ ʜʦ ʨʦʟʯʠʥʫ ɺʅʊ ʻ ʚʘʞʣʠʚʠʤ. ʅʘʜʣʠʰʦʢ ʨʦʟʯʠʥʫ ʜʣʷ 

ʭʣʦʨʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʢʨʘʧʣʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʟʚô̫ ʟʢʽʚ ʤʽʞ 

ʥʘʥʦʪʨʫʙʢʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʦʜʽʾ ʟ ʾʭ -ʉʆʆʅ ʛʨʫʧʘʤʠ. ʇʦʜʘʣʴʰʘ ʚʟʘ̒ʤʦʜʽʷ ʟ 

ʧʦʚʝʨʭʥʝʶ ʤʦʞʝ ʙʫʪʠ ʫʩʢʣʘʜʥʝʥʘ ʟʘ ʨʘʭʫʥʦʢ ʥʘʢʦʧʠʯʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ 

ʥʘʪʷʛʫ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʠʭ ʧʦʻʜʥʘʥʴ ʥʘʥʦʪʨʫʙʦʢ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʮʴʦʛʦ 

ʚʧʣʠʚʫ ʩʣ̔ʜ ʟʘʯʝʢʘʪʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʽʦʥʽʣʭʣʦʨʠʜʫ ʟ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʽʚ 

ʧʝʨʝʜ ʟʘʥʫʨʝʥʥʷʤ ʝʣʝʢʪʨʦʜʘ ʜʦ ʨʦʟʯʠʥʫ ʟ ɺʅʊ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʚʠʢʣʘʜʝʥʦ ʘʚʪʦʨʦʤ ʚ ʥʘʩʪʫʧʥʠʭ 

ʧʫʙʣʽʢʘʮʽʷʭ [7, 20, 22] ʪʘ ʘʧʨʦʙʦʚʘʥʦ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ [25, 31, 34, 

35, 37, 47, 51, 54-59]. 
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4. ʄɽʊʆɼʀ ʈɽɭʉʊʈɸʎɯɰ ʆʇʊʀʏʅʆɻʆ ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ ɿ 

ʌʆʊʆʅʅʀʍ ʉɽʅʉʆʈɯɺ 

 

4.1 ʈʝ̒ʩʪʨʘʮ̔ ʷ ʟʘ ʜʦʧʦʤʦʛʦʁ ʩʝʥʩʦʨʚ̔ ʢʦʣɹ ʦʨʫ 

 

ʆʜʥʠʤ ʟ ʤʝʪʦʜʽʚ, ʱʦ ʻ ʢʦʥʢʫʨʝʥʪʥʠʤ ʜʦ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʦʛʦ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʢʦʣʴʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʩʚʽʪʣʘ, ʻ ʧʦʨʽʚʥʷʥʥ̫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʟʽ ʟʨʘʟʢʦʤ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ ʩʫʤʽʰ ̔ʪʨʴʦʭ ʩʧʝʢʪʨʘʣɹ ʥʦ 

ʯʠʩʪʠʭ ʢʦʣʦɹʨʽʚ. ɯʥh ʠʤ ʤʝʪʦʜʦʤ  ̒ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʨɹʦʭ ʩʚʽʪʣʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʱʦ ʤʘʶʪʴ ʨ̔ʟʥʫ ʩʧʝʢʪʨʘʣʴʥʫ ʯʫʪʣʠʚʽʩʪʴ.  

ɺʠʤʽʨʠ ʢʦʣʴʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʙʝʟ ʜʦʩʣʽʜʞʝʥʥʷ ʡʦʛʦ 

ʩʧʝʢʪʨʫ, ʧʨʦʚʦʜʪ̫ɹ ʫ ʢʦʣʦʨʠʤʝʪʨʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʤʨ̔ʫ ʩʚ̔ʪʣʦʚʦʛʦ ʧʦʪʦʢʫ, 

ʦɦ ʧʨʦʭʦʜʠʪɹ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʩʧʝʮ̔ʘʣʴʥʠʭ ʩʚ̔ʪʣʦʬ̔ʣʪɹʨ̔ʚ, ʷʢ̔ ʚʠʜ̔ʣʷʪʁʴ ʟ ʥɹʦʛʦ 

ʢʨʘʩʥʫ, ʟʝʣʝʥʫ ʪʘ ʩʠʥʶ ʩʧʝʢʪʨʘʣʴʥ̔ ʩʢʣʘʜʦʚ̔  (ʜʣ̫ ʚʠʟʥʘʯʝʥʥʷ ʢʦʣʴʦʨʦʚʠʭ 

ʢʦʦʨʜʠʥʘʪ RGB). ʊʘʢʘ ʢʦʥʩʪʨʫʢʮ̫̔ ʟʥʘʯʥʦ ʟʜʝʰʝʚʣʶ  ̒ʚʘʨʪʽʩʪ ɹʢʦʣʦʨʠʤʝʪʨʘ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ̔ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʤ. ɹʝʟʫʤʦʚʥʦ, ʮʝ ʚ̔ʜʙʠʚʘʻʪʴʩʷ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʥʘ ʨʝʬʣʝʢʪʦʤʝʪʨ̔, ʚʽʜʧʦʚʽʜʥʦ ʮʝ 

ʟʤʝʥhʫ̒ ʜ̔ʘʧʘʟʦʥ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥ.̫ ʆʜʥʘʢ, ʟʘ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʧʦʙʫʜʦʚʠ ʛʨʘʜʫʚʁʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʣʠʚʦ ʜʦʩ̫ʛʥʝʥʥ̫  

ʚʠʩʦʢʠʭ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʦʪʨʠʤʘʥʥʷ ʪʦʯʥʠʭ ʽ ʜʦʩʪʦʚʨ̔ʥʠʭ ʜʘʥʠʭ.  

ɼʦʩʷʛʥʝʥʥʷ ʫ ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ ʦʧʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʜʦʟʚʦʣʠʣʠ 

ʩʪʚʦʨʠʪʠ ʫ ʮʽʡ ʦʙʣʘʩʪʽ ʥʦʚʽʪʥʽ ʦʧʪʠʯʥʽ ʝʣʝʤʝʥʪʠ ï ʜʘʪʯʠʢʠ ʢʦʣʴʦʨʫ. 

ʉʪʨʫʢʪʫʨʥʦ ʮʽ ʝʣʝʤʝʥʪʠ ʷʚʣ̫ ʶʪʴ ʩʦʙʦʶ ʤʘʪʨʠʮ  ʁʬʦʪʦʜʦ̔ʜ̔ʚ, ʦɦ ʨʦʟʤ̔ ʱʝʥʽ ʥʘ 

ʦʜʥʦʤʫ ʢʨʠʩʪʘʣʽ, ʪʘ ʚʢʨʠʪʽ ʩʠʩʪʝʤʦʶ ʦʧʪʠʯʥʠʭ ʬ̔ ʣʴʪʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʚʦʜʠʪʠ ʦʧʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʧʝʚʥ̔ʡ ʩʧʝʢʪʨʘʣʴʥʡ̔ ʩʤʫʟʽ. ʏʘʩʪʽ hʟʘ ʚʩʝ ʟʘ 

ʩʠʩʪʝʤʫ ʢʦʣʴʦʨʦʚʠʭ ʜʦʩʣ̔ʜʞʝʥʴ ʦʙʠʨʘʻʪʴʩʷ RGB-ʩʠʩʪʝʤʘ ʟ ʦʧʪʠʯʥʠʤʠ 

ʬʽʣʴʪʨʘʤʠ ʥʘ ʚʜ̔ʧʦʚ̔ʜʥ̔ ʜʘ̔ʧʘʟʦʥʠ: ʯʝʨʚʦʥʦʛʦ, ʟʝʣʝʥʦʛʦ, ʩʠʥʴʦʛʦ ʪʘ ʢʘʥʘʣ ʙʝʟ 

ʬʽʣʴʪʨʚ̔ (ʜʣʷ ʜʝʷʢʠʭ ʜʘʪʯʠʢʽʚ). ʆʩʪʘʥʥʽʡ ʢʘʥʘʣ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʦʪʨʠʤʘʥʥ̫ ʟʘʛʘʣʴʥʦʾ (ʽʥʪʝʛʨʘʣʴʥʦʾ ʟʘ ʩʧʝʢʪʨʦʤ) ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʪʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ. 
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ʅʘ ʩʫʯʘʩʥʦʤʫ ʨʠʥʢʫ ʨʘʜ̔ʦʝʣʝʢʪʨʦʥʽʢʠ ʜʘʪʯʠʢʠ ʢʦʣʦɹʨʫ ʧʨʝʜʩʪʘʚʣʝʥ ̔

ʜʚʦʤʘ ʢʦʤʧʘʥʽʤ̫ʠ ï Hamamatsu [178] ʪʘ Avago [179], ʦʙʠʜʚʽ ʻ ʣʽʜʝʨʘʤʠ ʫ 

ʧʦʙʫʜʦʚʽ ʦʧʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. ʇʦʧʠʪ ʫ ʜʝʝhʚʠʭ ʪʘ ʥʘʜʤʽʥʽʘʪʶʨʥʠʭ 

ʩʝʥʩʦʨʘʭ, ʦɦ ʽʥʪʝʛʨʫʶʪʴ ʫ ʩʦʙʽ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪ̔ 

ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʫ ʢʦʣʴʦʨʦʚʦʤʫ ʬʦʨʤʘʪ̔ RGB ̒  ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʯʁʠʤ.  

 

4.2 ʈʝ̒ʩʪʨʘʮʽ ʾʟʘ ʜʦʧʦʤʦʛʦ ʁʬʦʪʦʝʣʝʢʪʨʦʥʥʦʛʦ ʧʦʤʥʦʞʫʚʘʯʘ ʦʧʪʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ ʩʝʥʩʦʨʽʚ. 

 

ɺʠʟʥʘʯʝʥʥ ̫ʥʘʜʩʣʘʙʢʠʭ ʦʧʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʻ ʩʢʣʘʜʥʦ  ʁʟʘʜʘʯʝʶ, ʱʦ ʜʦʩʽ 

ʚʠʨ̔h ʫ̒ʪʩɹʷ ʥʘʩʘʤʧʝʨʝʜ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʭ 

ʧʦʤʥʦʞʫʚʘʯʚ̔ (ʌɽʇ) [180]. ɰʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʞʣʠʚʦ ʚ ʜʚʦʭ ʨʝʞʠʤʘʭ 

ʚʢʣʁʯʝʥʥʷ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʝʨʚʠʥʥʠʤ ʢʘʩʢʘʜʦʤ ʧʽʜʩʠʣʝʥʥʷ ʪʘ ʤʝʪʦʜʦʤ 

ʧʦʜʘʣʴhʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ ʩʠʛʥʘʣʫ, ʫ ʩʪʨʫʤʦʚʦʤʫ ʪʘ ʣʯ̔ʠʣʴʥʦʤʫ ʨʝʞʠʤʘʭ. 

ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʌɽʇ ʻ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽ̒ ʥʪ ʧʦʩʠʣʝʥʥʷ ʩʠʛʥʘʣʫ, 

ʢ̫ʠʡ ʚʠʟʥʘʯʘ̒ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥ̫. ʎʝʡ ʪʠʧ ʜʘʪʯʠʢʘ ʤʦʞʝ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʜʦ 107 ʨʘʟʽʚ ʧʦʩʠʣʝʥʥʷ ʩʠʛʥʘʣʫ, ʱʦ ʥʝʜʦʩʷʞʥʝ ʥ̔h ʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ. ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʌɽʇ ʧʦʤʥʦʞʫ̒ʪʴʩʷ ʥʘ ʬʦʪʦʩʪʨʫʤ ʫ ʜʠʥʦʜʥʽʡ 

ʩʠʩʪʝʤʽ ʌɽʇ, ʪʦʤʫ ʡʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʥʘʧʨʫʛʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʨʘʥʩʧʽʤʧʝʜʘʥʩʥʦʛʦ ʧ̔ ʜʩʠʣʶʚʘʯʘ ʻ ʧʨʦʩʪʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʽʥʪʝʛʨʘʮ̔ ʾ ʜʘʪʯʠʢʘ ʚ 

ʚʠʤʽʨʶʚʘʣʴʥʫ ʩʠʩʪʝʤʫ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʝʥʦʤʝʥʘʣʥɹʦʛʦ ʧʦʩʠʣʝʥʥʷ ʌʄʊ 

ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʤʦʞʥʘ 

ʚʠʷʚʠʪʠ ʚ ʨʝʟʫʣʴʪʘʪ̔ ʦʜʥʦʬʦʪʦʥʥʦʾ ʘʜʩʦʨʙʮʽʾ ʬʦʪʦʢʘʪʦʜʦʤ. ʎʝʡ ʨʝʞʠʤ ʨʦʙʦʪʠ 

ʥʘʟʠʚʘʻʪʩɹ̫  ʨʝʞʠʤʦʤ ʧʽʜʨʘʭʫʥʢʫ ʬʦʪʦʥʽʚ. ʊʫʪ ʻ ʢʽʣʴʢʘ ʜʦʩʪʘʪʥʽʭ ʟʘʫʚʘʞʝʥʴ: 

ʚʠʧʨʦʤʥ̔ʶʚʘʥʥʷ ʥʝ ʟʙʠʨʘ̒ ʪʩɹʷ ʧʦʚʥʽʩʪʶ ʌɽʇ, ʽ ʥʝ ʢʦʞʥʘ ʬʦʪʦʥʥʘ ʚʟʘʻʤʦʜʽʷ ʟ 

ʬʦʪʦʢʘʪʦʜʦʤ ʚʠʨʦʙʣʷʻ ʬʦʪʦʝʣʝʢʪʨʦʥ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʜʘʪʯʠʢʘ ʪʘ ʢʚʘʥʪʦʚʘ 

ʝʬʝʢʪʠʚʥ̔ʩʪɹ ʬʦʪʦʢʘʪʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʦʧʠʩʫʪʁɹ  ʮ̔ ʧʨʦʮʝʩʠ. ʉʪʘʪʠʩʪʠʢʘ 

ʛʝʥʝʨʘʮʽʾ ʽʤʧʫʣʴʩʽʚ ʧʦʚô̫ ʟʘʥʦ ʟ ʢʦʥʩʪʨʫʢʮʽʻʶ ʌɽʇ, ʜʣʷ ʨʝʻʩʪʨʘʮ̔ ʾ ʦʢʨʝʤʠʭ 

ʬʦʪʦʥʚ̔ ʥʘʤʘʛʘʶʪʴʩ̫  ʦʪʨʠʤʘʪʠ ʚʠʨʙ̔, ʦɦ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʧʦʜʽʣʫ ʇʫʘʩʩʦʥʘ. ʅʘ 

ʥʴʦʤʫ ʙʘʟʫʻʪʴʩʷ ʦʮʽʥʢʘ ʨʽʚʥ ̫ʰʫʤʫ, ʱʦ ʙʫʜʝ ʨʦʟʛʣ̫ʥʫʪʦ ʥʠʞʯʝ. 
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ʇʨʦʚʝʜʝʥʦ ʧʦʨ̔ʚʥ̫ʥʥ̫ ʮʠʭ ʜʚʦʭ ʤʝʪʦʜ̔ʚ ʨʝ̒ ʩʪʨʘʮʽʾ ʩʠʛʥʘʣʫ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʠʡ ʢʦʤʧʣʝʢʩ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʨʝʻʩʪʨʘʮ̔ʾ ʦʧʪʠʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʚʁʘʥʥʷ ʷʢ ʚ ʩʪʨʫʤʦʚʦʤʫ ʨʝʞʠʤʽ (ʧʨʠʣʘʜ «Spark») ʪʘʢ ʽ ʚ ʨʝʞʠʤʽ 

ʣʽʯʙʠ ̔ʤʧʫʣʴʩʚ̔ (ʧʨʠʣʘʜ «Pulsar»), ɦ ʦ ʙʫʜʫʪɹ ʨʦʟʛʣ̫ʥʫʪ̔ ʚ ʧô̫ ʪʦʤʫ ʨʦʟʜʽʣʽ. 

ɼʣʷ ʧʦʨ̔ʚʥ̫ʥʥʷ ʤʝʪʦʜʽʚ ʨʝʻʩʪʨʘʮʽʾ ʩʣʘʙʢʦʛʦ ʩʚʽʪʣʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʌɽʇ, 

ʤʦʞʥʘ ʩʧʨʦʩʪʠʪʠ ʬʦʨʤʫʣʁʚʘʥʥʷ ʜʦ ʧʨʦʙʣʝʤʠ ʜʦʩʷʛʥʝʥʥ̫ ʪʦʛʦ ʞ ʩʘʤʦʛʦ ʨ̔ ʚʥʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪ̔ ʫ ʨʝʻʩʪʨʘʮʽ ʾ ʩʠʛʥʘʣʫ. ɼʦʩʷʛʪʠ ʨʦʟʜʽʣʴʥʦ ʾ ʟʜʘʪʥʦʩʪ̔  ʦʜʥʦʛʦ 

ʬʦʪʦʥʘ ʤʦʞʥʘ ʨʟ̔ʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʥʘʡʚʠʱʠʡ ʨʽʚʝʥ ɹʚʽʜʥʦʝhʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ 

ʦʧʠʩʫʻ ʣʽʯʠʣʥɹʠʡ ʨʝʞʠʤ. ɯʥʰʽ ʤʝʪʦʜʠ ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰʦʛʦ ʦʙʩʷʛʫ 

ʚʠʤʽʨʶʚʘʥʴ, ʪʦʤʫ ʚʦʥʠ ʤʝʥʰ ʪʦʯʥʽ, ʷʢʱʦ ʯʘʩ ʾʭ ʚʠʤʽʨʶʚʘʥʥ̫ ʧʦʨʽʚʥ̫ʥʥʠʡ, 

ʘʙʦ ʧʦʚʽʣʴʥʽʰʽ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʚ̔ʥ̫ ʥʝʚʠʟʥʘʯʝʥʦʩʪ.̔ ʆʮʽʥʢʘ ʧʝʨʝʚʘʛʠ 

ʣʽʯʠʣʴʥʦʛʦ ʨʝʞʠʤʫ ʥʘʜ ʩʪʨʫʤʦʚʠʤ ʨʝʞʠʤʦʤ ʤʘʻ ʢʚʘʥʪʦʚʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 1,2. 

ʄʘʪʝʤʘʪʠʯʥʘ ʬʦʨʤʘʣʽʟʘʮʽʷ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʘ ʰʣʷʭʦʤ 

ʘʥʘʣ̔ʟʫ ʚʠʨʘʟʫ ʜʣʷ ʚʜ̔ʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʫhʤ. 

ʉʪʨʫʤʦʚʠʡ ʨʝʞʠʤ ʨʝʻʩʪʨʘʮʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʩɹʷ ʨʽʚʥʝʤ ʰʫʤʫ 
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ʜʝ Iph ï ʬʦʪʦʩʪʨʫʤ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʥʘʩʣʽʜʦʢ ʦʧʨʦʤʽʥʝʥʥʷ ʌɽʇ, e ï ʟʘʨʷʜ 

ʝʣʝʢʪʨʦʥʘ, NF ï ʢʦʝʬ̔ʮʽʻʥʪ ʰʫʤʫ ʌɽʇ, B - ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʥʷ ʚʠʤʽʨʥʦʾ 

ʩʠʩʪʝʤʠ, Ib ï ʩʪʨʫʤ ʬʦʪʦʢʘʪʦʜʘ ʚ ʥʘʩʣʽʜʦʢ ʬʦʥʦʚʦʛʦ ʦʧʨʦʤ̔ʥʝʥʥ,̫ ʪʘ Id ï ʩʪʨʫʤ 

ʬʦʪʦʢʘʪʦʜʘ ʫ ʪʝʤʨʚ̫ʽ (ʙʝʟ ʦʧʨʦʤʽʥʝʥʥ)̫. 

ʋ ʨʝʞʠʤʽ ʣʽʯʙʠ ʬʦʪʦʥ̔ ʚ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

 

 ( ))(22
 = SNR

dbS

S

NNN

TN

++  (2)  

 



183 

ʜʝ NS ï ʧʦʪ̔ʢ ʽʤʧʫʣʴʩʽʚ/ʩ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʥʘʩʣʽʜʦʢ ʦʧʨʦʤʽʥʝʥʥʷ ʌɽʇ, Nb ï ʧʦʪ̔ʢ 

ʽʤʧʫʣʴʩʽʚ/ʩ ʚ ʥʘʩʣʽʜʢʫ ʬʦʥʦʚʦʛʦ ʦʧʨʦʤʽʥʝʥʥ,̫ ʪʘ Nd ï ʧʦʪ̔ʢ ̔ʤʧʫʣʩɹʚ̔/ʩ ʫ 

ʪʝʤʨʷʚʽ (ʙʝʟ ʦʧʨʦʤʽʥʝʥʥʷ), T ï ʯʘʩ ʚʠʤʽʨʫ. 

ʇʨʠʧʫʩʪʠʤʦ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ 

ʮʠʭ ʜʚʦʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʌɽʇ. B = 1 ɻʮ ʚʽʜʧʦʚʽʜʥʦ T = 1/2B = 0,5 ʩ. ʈʽʟʥʠʮʷ 

ʤʞ̔ ʮʠʤʠ ʚʠʨʘʟʘʤʠ ʟʚʦʜʠʪʴʩʷ ʜʦ ʢʦʝʬ̔ʮʽʥ̒ʪʘ ʰʫʤʫ NF. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʞʠʤ 

ʧʜ̔ʨʘʭʫʥʢʫ ʬʦʪʦʥʽʚ ʻ ʢʨʘʱʠʤ, ʪʦʤʫ ʱʦ ʜʠʩʢʨʠʤʽʥʘʪʦʨ ʝʬʝʢʪʠʚʥʦ ʚʠʜʘʣʷʻ 

ʢʦʤʧʦʥʝʥʪ ʰʫʤʫ ʚʽʜ ʪʝʤʥʦʛʦ ʩʪʨʫʤʫ ʟ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʌɽʇ. ʂʨʤ̔ ʪʦʛʦ, 

ʩʭʝʤʘ ʧʽʜʨʘʭʫʥʢʫ ʬʦʪʦʥʽʚ ʚʽʣʴʥʘ ʚʽʜ ʚʠʪʦʢʫ ʧʦʩʪ̔ʡʥʦʛʦ ʩʪʨʫʤʫ ʧʨʦʪ̫ʛʦʤ 

ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʚʠʤ̔ʨʁ ʚʘʥʥʷ. ʎʝ ʫʩʫʚʘʻ ʫhʤʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ, 

ʦʩʢʽʣʴʢʠ ʾʭ ʪʘʢʦʞ ʧʨʠʜʫʰʫʻ ʜʠʩʢʨʠʤʽʥʘʪʦʨ. 

ʎʝʡ ʝʬʝʢʪ, ʦʪʨʠʤʘʥʠʡ ʚʥʘʩʣʽʜʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʢʨʠʤ̔ʥʘʪʦʨʘ ʚ 

ʽʥʪʝʨʬʝʡʩʥʦʤʫ ʣʘʥʮʶʟʽ ʚ ʩʭʝʤʽ ʧ̔ ʜʨʘʭʫʥʢʫ ̔ʤʧʫʣʴʩʽʚ, ʻ ʧʨʠʚʘʙʣʠʚʠʤ. ɯʥʰʽ 

ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʌɽʇ ʤʝʥ  hʝʬʝʢʪʠʚʥ̔ ʜʣ̫ ʦʪʨʠʤʘʥʥ̫ ʚʠʩʦʢʦʛʦ ʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ-ʰʫʤ ʜʣʷ ʩʣʘʙʢʠʭ ʦʧʪʠʯʥʠʭ ʧʦʪʦʢʽʚ. 

ʆʩʢʽʣʴʢʠ ʚʠʨʘʟʠ ʜʣʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ ʜʝʤʦʥʩʪʨʫʶʪʴ ʨʽʟʥʠʮʶ ʤ̔ʞ 

ʨʝʞʠʤʘʤʠ ʣʠhʝ ʚ NF (ʢʦʝʬ̔ ʮʽʻʥʪ ̔ ʰʫʤʫ), ʚʘʞʣʠʚʝ ʨʦʟʫʤʽʥʥʷ ʬ̔ʟʠʯʥʦʾ 

ʩʫʪʥʦʩʪʽ ʡʦʛʦ ʚʠʥʠʢʥʝʥʥ̫ ʫ ʬʦʨʤʫʣʽ. ʎʝʡ ʢʦʝʬʮ̔̒̔ ʥʪ ʚʽʜʧʦʚʽʜʘ̒ ʚʧʣʠʚʫ 

ʩʠʩʪʝʤʠ ʜʠʥʦʜʚ̔ ʥʘ ʨʝʘʢʮʽʶ ʌɽʇ, ʪʦʙʪʦ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ (ʨʦʟʤʥʦʞʝʥʥʷ 

ʝʣʝʢʪʨʦʥʽʚ) ʫ ʌɽʇ. ʎʝʡ ʰʫʤ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʥʝʩʪʘʙ̔ʣɹʥʽʩʪʶ ʢʦʝʬ̔ʮʽʻʥʪʘ 

ʧʦʤʥʦʞʝʥʥʷ ʌɽʇ. ɼʠʩʢʨʠʤʽʥʘʪʦʨ ʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʦ ʚʠʨ̔ ʫhʻ ʮʶ ʧʨʦʙʣʝʤʫ. 

ʆʜʥʘʢ ʫ ʚʠʤ̔ ʨʚʁʘʣʥɹʦʤʫ ʢʘʥʘʣʽ ʻ ʰʫʤʠ, ʧʦʚô̫ ʟʘʥʽ ʟ ʬʦʪʦʢʘʪʦʜʦʤ, ʚ ʦʙʦʭ 

ʨʝʞʠʤʘʭ. ʊʨʠʚʘʣʠʡ ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʩʠʛʥʘʣʫ ʘʙʦ 

ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʧʦʚʪʦʨʝʥʴ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʨʚ̔ʥʷ ʨʦʟʜʽʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʩʠʛʥʘʣʫ ʜʦ ʦʜʥʦʛʦ ʬʦʪʦʥʘ ʟ ʧʝʚʥʦʶ ʥʘʜʡ̔ʥʽʩʪ  ʁʚ ʦʙʦʭ ʩʭʝʤʘʭ. 

ɽʬʝʢʪʠʚʥʝ ʧʨʠʛʥʯ̔ʝʥʥ̫ ʰʫʤʽʚ ʌɽʇ ʚʠʤʘʛʘ ̒ ʪʦʯʥʠʭ ʥʘʣʘʰʪʫʚʘʥʴ 

ʜʠʩʢʨʠʤʽʥʘʪʦʨʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʪʠʩʪʠʮʽ ʛʝʥʝʨʘʮʽʾ ʽʤʧʫʣʴʩʽʚ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣ ̫ ʧʝʚʥʦʛʦ ʌɽʇ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʦʪʦʚʠʭ ʤʦʜʫʣʽʚ ʌɽʇ ʟ 

ʤ̔ʧʫʣʴʩʥʠʤ ʚʠʭʦʜʦʤ ʜʦʟʚʦʣ̫ʻ ʫʥʠʢʥʫʪʠ ʧʨʦʮʝʩʫ ʜʦʩʣʽʜʞʝʥʥ̫ ʩʪʘʪʠʩʪʠʢʠ 
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ʛʝʥʝʨʘʮʽʾ ʽʤʧʫʣʩɹʚ̔, ʦʩʢʽʣʴʢʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʥʘʩʪʨʦʡʢʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʚʠʨʦʙʥʠʢʦʤ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʤʦʜʫʣʷ. 

ɿʥʠʞʝʥʥʷ ʨʽʚʥʷ ʰʫʤʫ ʥʝ ʪʘʢʝ ʚʝʣʠʢʝ, ʘʣʝ ʜʦʚʛʦʪʨʠʚʘʣʘ ʩʪʘʙʽʣʴʥʽʩʪɹ 

ʨʝʞʠʤʫ ʧʽʜʨʘʭʫʥʢʫ ʬʦʪʦʥʽʚ ʧʦʢʨʘʱʫʻ ʧʦʚʪʦʨʚʁʘʥ̔ ʩʪʴ ʚʠʤʽʨʶʚʘʥɹ. ʋ ʨʝʞʠʤʽ 

ʣʯ̔ʙʠ ̔ʤʧʫʣʴʩ̔ʚ ʩʪʘʙʽʣʴʥʽʩʪ ɹʜʦʩ̫ʛʘʪ̒ʴʩʷ ʚʽʜʩʽʢʘʥʥʤ̫ ʧʦʚʽʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʢʣʶʯʘʶʪʴ ʢʦʣʠʚʘʥʥʷ ʪʘ ʜʨʝʡʬ. ɸʤʧʣʪ̔ʫʜʥʠʡ ʜʠʩʢʨʠʤʽʥʘʪʦʨ ʚ ʩʭʝʤ̔ 

ʽʥʪʝʨʬʝʡʩʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʌɽʇ ʝʬʝʢʪʠʚʥʦ ʫʩʫʚʘʻ ʰʫʤʠ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʥʘ 

ʚʥʫʪʨʽʰʥʭ̔ ʢʘʩʢʘʜʘʭ ʌɽʇ. ʅʦʨʤʘʣʽʟʘʮʽ ̫ ʽʤʧʫʣʴʩʽʚ ʨʦʙʠʪɹ  ̔ʥʪʝʨʬʝʡʩʥʫ 

ʝʣʝʢʪʨʦʥ̔ ʢʫ ʥʝʯʫʪʣʠʚʦʶ ʜʦ ʟʤʥ̔ʠ ʘʤʧʣʽʪʫʜʠ ʽʤʧʫʣʴʩʽʚ (ʚ ʧʝʚʥʠʭ ʤʝʞʘʭ). 

ʈʦʙʦʪʘ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ ʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ ʦʙʤʝʞʝʥʥʷ ʧʦʣʦʩʠ 

ʧʨʦʧʫʩʢʘʥʥ,̫ ʢʦʣʠ ʚʘʨ̔ʘʮ̔ ʷ ʩʠʛʥʘʣʫ ʥʝʟʥʘʯʥʘ, ʘʣʝ ʧʨʠʩʫʪʥ̔ʡ ʰʫʤ. 

ʈʝ̒ ʩʪʨʘʮʽʷ ʘʢʪʫ ʚʟʘʻʤʦʜʽʾ ʟ ʜʝʪʝʢʪʦʨʦʤ ʚʽʜʙʫʚʘʪ̒ɹ ʩʷ ʚ ʩʧʝʢʪʨʘʣʴʥʽʡ 

ʦʙʣʘʩʪ̔ ̔ʤʧʫʣʴʩʽʚ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʱʽʣʴʥʽʩʪʴ ʧʦʪʦʢʫ ʽʤʧʫʣʴʩʽʚ ʟʙʝʨʽʛʘʻ ʟʚô̫ʟʦʢ ʟ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʦ  ʁʩʢʣʘʜʦʚʦʶ ʩʠʛʥʘʣʫ, ʪʦʤʫ ʽʤʧʫʣʴʩʥʘ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʫ ʥʝ 

ʚʥʦʩʠʪʴ ʩʧʦʪʚʦʨʝʥʥʷ. ʇʝʨʝʚʘʛʠ ʨʝʞʠʤʫ ʧʽʜʨʘʭʫʥʢʫ ʬʦʪʦʥʚ̔ ʌɽʇ 

ʢʦʤʧʝʥʩʫʶʪʴ ʩʢʣʘʜʥʦʩʪʽ ʽʥʪʝʨʬʝʡʩʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʜʣʷ ʨʝʞʠʤʫ ʣʽʯʙʠ 

ʽʤʧʫʣʴʩʽʚ. 

 

4.3 ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʷ ʪʘ ʤʽʢʨʦʩʢʦʧʽʷ 

 

ɸʥʘʣʽʟ ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʭʽʤʽʣʶʤʽʥʝʩʮʝʥʮ̔ʾ (ɽʍʃ) ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ. ʁʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥ̫ ʤʠ 

ʦʢʠʩʥʦ-ʚ̔ ʜʥʦʚʣʶʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʜʚ̔, ʘ ʜʦʟʚʦʣʷ ʧʨʦʚʦʜʠʪʠ 

ʚʠʚʯʝʥʥʷ ʢʥ̔ʝʪʠʢʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʥʘ ʤʽʢʨʦʩʢʦʧʽʯʥʦʤʫ ʨʽʚʥʽ. ʊʘʢʦʞ 

ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪɹʩʷ ʪʝʭʥʦʣʦʛʽʾ ʙʦ̔ʘʥʘʣʽʟʫ ʟ ʚʠʩʦʢʦ  ʁʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʁ 

ʨʦʟʜʣ̔ʴʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʚʠʩʦʢʦʶ ʧʨʦʧʫʩʢʥʦʁ  ʟʜʘʪʥʽʩʪʶ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʻ .ʁ ʋ 

ʧʦʨʽʚʥʷʥʥ ̔ʟ ̔ʥʰʠʤʠ ʤ̔ʢʨʦʩʢʦʧʘʤʠ, ɽʍʃ ʤ̔ ʢʨʦʩʢʦʧʽʷ ʥʝ ʧʦʪʨʝʙʫʻ ʦʧʪʠʯʥʦʛʦ 

ʟʙʫʜʞʝʥʥ̫ ʫ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʦʪʞʝ ʧʽʜʭʽʜ ʧʦʟʙʘʚʣʝʥʠʡ ʬʦʥʦʚʠʭ ʰʫʤʽʚ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʦʞʣʠʚʦʩʪ̔  ʦʪʨʠʤʘʪʠ ʥʠʟʴʢʫ ʤʝʞʫ ʚʠʟʥʘʯʝʥʥ.̫ ɺ ʨʦʙʦʪʽ 

ʨʦʟʛʣʷʥʫʪʦ ʧʨʦʘʥʘʣʟ̔ʦʚʘʥʽ ʪʘ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʽ ʨʦʙʦʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪɹ 
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ʤʝʪʦʜ ɽʍʃ ʜʣʷ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʙô̒ʢʪʽʚ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʽ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ̫ʚʠɦ ʘ ɽʍʃ, 

ʨʦʟʽʙʨʘʥʘ ʡʦʛʦ ʩʧʝʮʠʬʽʢʘ ʪʘ ʥʘʜʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʩʪʦʩʦʚʥʦ ʨʦʟʨʦʙʢʠ ʩʝʥʩʦʨʥʠʭ 

ʩʠʩʪʝʤ ʟʘ ʮʽʻʶ ʪʝʭʥʦʣʦʛʽ̒ .ʁ ʆʙʛʦʚʦʨʝʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴhʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ɽʍʃ ʤʽʢʨʦʩʢʦʧʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʙ̔ ʪ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʟ ʧʨʦʙʣʝʤʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ɽʍʃ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʦɹʛʦ ʷʚʠʱʘ ʫ ʤʽʢʨʦʩʢʦʧ̔ʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥ̫ ʭ ʧʨʦʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ 

[3]. ʎʝʡ ʥʘʧʨʷʤ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʧʦʯʘʪʦ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʘʥʘʣʽʪʠʯʥʦʾ 

ʦʧʪʦʭʝʤʦʪʨʦʥ̔ ʢʠ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʦ̔ʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʨʘʜʽʦʝʣʢʪʨʦʥʽʢʠ 

[181]. ɼʝ ʧʦʢʘʟʘʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʨʦʜʥʦ ʾ ʧʦʚʝʨʭʥʽ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʝʣʝʢʪʨʦʘʢʪʠʚʥʠʭ ʜʽʣ̫ʥʦʢ ʟʨʘʟʢʽʚ ʥʘ ʤʽʢʨʦʩʢʦʧʽʯʥʦʤʫ ʨʽʚʥʽ. 

ʆʩʢʽʣʴʢʠ ʘʥʛ̔ʽʣ̫ʮ̔ʡʥʠ ʰʣʷʭ ɽʍʃ ʨʝʘʢʮ̔ʾ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʝʥʠʡ ʫ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʘʭ, ʡʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʤʦʞʣʠʚʝ ʟʜʝʙʽʣʴʰʦʛʦ ʚ ʘʧʨʦʪʦʥʥʠʭ 

ʨʦʟʯʠʥʥʠʢʘʭ, ʱʦ ʦʙʤʝʞʫʻ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʙʽʦʚʽʟʫʘʣʽʟʘʮʽʾ. ʇʝʨʝʚʘʞʥʘ 

ʙ̔ ʣʴh̔ʩʪ ɹ ʥʘʡʥʦʚʽʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʽʟʫʘʣʽʟʘʮʽ ʾ ɽʍʃ ʜʣ̫ ʙʽʦʘʥʘʣ̔ ʟʽʚ 

ʩʧʨ̫ ʤʦʚʘʥʦ ʥʘ ʟʘʩʪʦʩʫʘʚʥʥʷ ʤʝʭʘʥʽʟʤʫ, ʦɦ ʚʢʣʶʯʘʻ ɽʍʃ ʨʝʘʢʮʽ ʁ ʟʽ 

ʩʧʽʚʨʝʘʛʝʥʪʦʤ. ʂʦʤʧʣʝʢʩ Ru(bpy)3
2+ ʟ̔ ʩʧʽʚʨʝʘʛʝʥʪʘʤʠ ʥʘ ʦʩʥʦʚʽ ʘʤʽʥʽʚ, ʪʘʢʠʤʠ 

ʷʢ ʪʨʠʧʨʦʧʽʣʘʤʽʥ (ʊʇɸ) ʘʙʦ 2-(ʜʠʙʫʪʠʣʘʤʽʥʦ)ʝʪʘʥʦʣ, ʥʘ ʩʴʦʛʦʜʥ̔ ʻ ʥʘʡʙʽʣʴʰ 

ʧʦh ʠʨʝʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣ̫ ʚ̔ ʟʫʘʣ̔ʟʘʮ̔ ʾ ɽʍʃ. ʆʩʢ̔ʣʴʢʠ ʢʦʤʧʣʝʢʩʠ Ru(bpy)3
2+ 

ʤʦʞʝ ʣʝʛʢʦ ʟʚô̫ ʟʫʚʘʪʠʩʷ ʟ ʙʽʣʢʘʤʠ, ʚʽʥ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʽʤʫʥʦʘʥʘʣʽʟʽʚ. ʃʶʤʽʥʦʣ, ʷʢʠʡ ʨʝʘʛʫ ̒ʟ ʧʝʨʝʢʠʩʦʤ ʚʦʜʥʶ, ʫʪʚʦʨʶʶʯʠ ʩʚʽʪʣʦ, 

ʪʘʢʦʞ ʻ ʱʝ ʦʜʥʠʤ ʣʶʤʽʥʦʬʦʨʦʤ ʜʣʷ ʚʽʟʫʘʣ̔ʟʘʮʽʾ ɽʍʃ. ʆʩʢʣ̔ʢɹʠ ʝʤʽʩʽʷ ɽʍʃ 

ʜʣ̫  ʣʁʤʥ̔ʦʣʫ ʩʫʪʪ̒ʚʦ ʟʘʣʝʞʠʪ ɹ ʚ̔ ʜ ʢʽʣʴʢʦʩʪʽ H2O2, ʮʷ ʩʠʩʪʝʤʘ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʚʠʢʣʠʢʘʻ ʽʥʪʝʨʝʩ ʜʣʷ ʙʽʦʘʥʘʣʽʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʱʦ ʚʢʣʶʯʘʻ ʜʦʩʣʽʜʞʝʥʥʷ 

ʘʢʪʠʚʥʠʭ ʬʦʨʤ ʢʠʩʥʶ ʪʘ ʦʢʠʩʣʶʚʘʣʴʥʠʡ ʩʪʨʝʩ [182]. ʂʨʽʤ ʪʦʛʦ, ʮʝ ʜʦʟʚʦʣʷʻ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʜʽʷʣʴʥʽʩʪʴ ʦʢʩʠʜʘʟʠ, ʷʢʘ ʚ̔ʜʧʦʚʽʜʘ̒ ʟʘ ʫʪʚʦʨʝʥʥ ̫ʧʝʨʦʢʩʠʜʫ 

ʚʦʜʥʶ ʚ ʾʾ ʧʨʠʩʫʪʥʦʩʪʽ. 
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ɼʦʩʣʽʜʞʫʚʘʪʠ ʨʦʟʤʽʨ, ʬʦʨʤʫ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʘʢʪʠʚʥʦʾ 

ʧʦʚʝʨʭʥʽ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʁ  ʝʤʽʩʽʾ ʩʚʽʪʣʘ, ʷʢ ʥʘʩʣʽʜʦʢ ɽʍʃ ʨʝʘʢʮʽʾ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʥʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦ ʘʢʪʠʚʥʠʭ ʦʙʣʘʩʪʷʭ [183]. 

ʊʠʧ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨ̔ ʘʣʫ, ʧʨʠʨʦʜʘ ʨʦʟʯʠʥʥʠʢʘ, ʨʅ ʩʝʨʝʜʦʚʠʱʘ, 

ʥʘʷʚʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʦʨʝʘʛʝʥʪʫ, 

ʢʦʥʮʝʥʪʨʘʮʽ ̫ʣ ʤʁʽʥʦʬʦʨʫ ʪʘ ʛ̔ʜʨʦʬʦʙʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ ̒ ʦʩʥʦʚʥʠʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʩ̔ʪɹ ɽʍʃ 

ʨʝʘʢʮ̔ ʾ. ɿʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢ ʦʢʠʩʣʶ̒ʪʴʩʷ ʢʦʤʧʣʝʢʩ Ru(bpy)3
2+, ɽʍʃ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ɽʍʃ ʨʝʘʢʮʽʾ Ru(bpy)3
2+ ʟ ʊʇɸ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʘ 

ʦʩʥʦʚʥ̔ ʪʠʧʠ. ʇʝʨʰʠʡ ʪʠʧ ʧʝʨʝʜʙʘʯʘ ̒ ʧʨʷʤʠʡ ʰʣʷʭ, ʢʦʣʠ Ru(bpy)3
2+ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʢʠʩʣʶʻʪʩɹʷ, ʚʠʧʨʦʤʽʥʶʶʯʠ ɽʍʃ (ʨʠʩ. 3ʘ). ʆʜʥʘʢ ʟʘ ʮʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ɽʍʃ ʨʝʘʢʮ̔ʷ ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʦ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽ ʾɽʍʃ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʥʠʟʴʢʠʭ ʧʦʪʝʥʮʽʘʣʘʭ ʦʢʠʩʣʝʥʥʷ, ʪʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʽʤʫʥʦʣʦʛʽʯʥʠʭ ʘʥʘʣʽʟʽʚ ʥʘ ʛʨʘʥʫʣʘʭ. ɼʨʫʛʠʡ ʰʣʷʭ ʚʢʣ ʯʁʘ̒  ʣʠʰʝ ʙʝʟʧʦʩʝʨʝʜʥʻ 

ʦʢʠʩʣʝʥʥʤ̫ ʩʦʨʝʘʛʝʥʪʫ ʊʇɸ ʥʘ ʧʦʚʝʨʭʥ̔ ʝʣʝʢʪʨʦʜʘ,  ̔ ʧʦʪ̔ʤ ʛʝʥʝʨʫʶʪʴʩʷ 

ʧʨʦʤ̔ ʞʥʽ ʨʘʜʠʢʘʣʠ, ʊʇɸĀ ʪʘ ʊʇɸĀ+, ʜʠʬʫʟ̔ʁ  ʮʠʭ ʨʝʯʦʚʠʥ ʜʦ Ru(bpy)3
2+ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʟʙʫʜʞʝʥʥʦʛʦ ʩʪʘʥʫ ʚ ʨʝʘʢʮʽʾ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʚʽʪʣʘ (ʟ 

ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ Ḑ615 ʥʤ). ɽʍʃ ʮʽʻʾ ʩʠʩʪʝʤʠ ʝʬʝʢʪʠʚʥʦ ʽ ʟʘ ʫʤʦʚʠ 

ʬʟ̔ʦ̔ʣʦʛʽʯʥʦʛʦ ʟʥʘʯʝʥʥ̫ pH, ʧʨʠ ʮʴʦʤʫ ʣ ʤʁʥ̔ʦʬʦʨ ʨʝʛʝʥʝʨʫʻʪʩɹ ̫in-situ (ʨʠʩ. 

3b). ɼʨʫʛʠʡ ʰʣʷʭ, ʷʢʠʡ ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ ʛʝʪʝʨʦʛʝʥʥʠʤ ʧʨʦʮʝʩʦʤ ɽʍʃ, ʻ 

ʦʩʥʦʚʥʠʤ ʤʝʭʘʥ̔ʩʪʠʯʥʠʤ ʰʣʷʭʦʤ ʜʣʷ ʘʥʘʣ̔ʟʽʚ ʥʘ ʦʩʥʦʚʽ ʛʨʘʥʫʣ ʪʘ ʜʣʷ ɽʍʃ 

ʤʽʢʨʦʩʢʦʧʽʾ ʟʘ ʜʦʧʦʤʦʛʦ  ʁʤʯ̔ʝʥʠʭ ʢʣʽʪʠʥ (vide infra) [184, 185]. ʆʜʥʘʢ ʩʣ̔ʜ 

ʫʩʚ̔ʜʦʤʣ ʚʁʘʪʠ, ʱʦ ɽʍʃ ʟʦʩʝʨʝʜʞʝʥʦ ʚ ʤʽʢʨʦʤʝʪʨʠʯʥʦʤʫ ʰʘʨʽ ʧʦʙʣʠʟʫ 

ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ, ʜʝ ʧʨʦʤʽʞʥʽ ʨʘʜʠʢʘʣʠ (ʊʇɸĀ ʪʘ ʊʇɸĀ+) ʟʥʘʭʦʜʷʪʴʩʷ ʫ 

ʥʘʡʙʽʣʴʰʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʨʦʜʫʢʫʪʁʴʩ̫ ʥʘ ʝʣʝʢʪʨʦʜʽ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʣʠʰʝ ʣʶʤ̔ʥʦʬʦʨʠ, ʱʦ ʟʦʩʝʨʝʜʞʝʥʽ ʧʦʙʣʠʟʫ ʧʝʚʥʦʾ ʜ̔ʣ̫ ʥʢʠ 

ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ, ʩʧʨʠʷʶʪʴ ʝʤʽʩʽʾ ʩʠʛʥʘʣʫ ɽʍʃ. ɺʘʨʽʘʮʽʷ ʧʦʪʝʥʮʽʘʣʫ 

ʦʢʠʩʣʝʥʥʷ ʪʘ ʟʤʽʥʘ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʦʟʚʦʣʷʶʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠ ʨʽʟʥʽ 

ʤʝʭʘʥʽʟʤʠ ʛʝʥʝʨʘʮʽʾ ɽʍʃ ʜʣʷ ʩʠʩʪʝʤʠ ʣʶʤʽʥʦʣ/H2O2. ɼʣ̫ ʜʝʧʨʦʪʦʥʫʚʘʥʥʷ 

ʣʁ ʤʥ̔ʦʣʫ ʥʝʦʙʭʽʜʥʠʡ ʣʫʞʥʝ ʩʝʨʝʜʦʚʠʱʝ, ɦ ʦʙ ʫʪʚʦʨʠʪʠ ʦʢʠʩʣʝʥʠʡ ʧʨʦʤʽʞʥʠʡ 
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ʧʨʦʜʫʢʪ ʜʽʘʟʘʭʽʥʦʥ, ʟ ʥʘʩʪʫʧʥʠʤ ʡʦʛʦ ʨʦʟʢʣʘʜʦʤ ʫ 3-ʘʤʽʥʦʬʪʘʣʘʪ ʫ 

ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ. ʆʩʪʘʥʥʽʡ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʦʩʥʦʚʥʦʛʦ 

ʩʪʘʥʫ ʽ ʚʠʧʨʦʤʽʥʶʻ ʬʦʪʦʥʠ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʤʘʢʩʠʤʫʤʫ 425 ʥʤ (ʨʠʩ. 3ʚ). 

 

 

ʈʠʩʫʥʦʢ 4.1 ï ɹʘʟʦʚʽ ɽʍʃ ʧʨʠʥʮʠʧʠ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʾ ʨʝʘʢʮʽʾ Ru(bpy)3
2+/ʊʇɸ ʪʘ 

ʣʁ ʤ̔ ʥʦʣ/ʧʝʨʦʢʩʠʜ ʚʦʜʥʶ ʢʦʤʧʦʟʠʮ̫̔ ʭ. ʘ) Ru(bpy)3
2+ ʪʘ ʊʇɸ ʦʢʠʩʣʶʶʪʴʩʷ ʥʘ 

ʝʣʝʢʪʨʦʜʽ ʚ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʣʶʚʘʣʴʥʽʡ ɽʍʃ ʨʝʘʢʮʽʾ, b) ɽʍʃ ʝʤʽʩʽ̫  ɦʦ ʚʠʥʠʢʘʻ 

ʪʽʣʴʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʢʠʩʣʝʥʥʷ ʊʇɸ ʥʘ ʝʣʝʢʪʨʦʜʽ ʪʘ ʟʘʣʫʯʝʥʥʷ ʣʶʤʽʥʦʬʦʨʫ ʫ 

ʛʝʪʝʨʦʛʝʥʥʽʡ ʨʝʘʢʮʽʾ ʟ ʨʘʜʠʢʘʣʘʤʠ ʊʇɸ, c) ʘʥʽʦʥ ʣʶʤʽʥʦʣʘ ʪʘ ʧʝʨʝʢʠʩ ʚʦʜʥʁ 

ʦʢʠʩʣʶʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥ̔ ʝʣʝʢʪʨʦʜʘ ʟ ʝʤʩ̔ʽʻʶ ɽʍʃ, [182] d) ʉʭʝʤʘ ʧʨʠʣʘʜʫ 

ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʝʻʩʪʨʘʮʽ ʾɽʍʃ ʟʦʙʨʘʞʝʥʴ (ʤʽʢʨʦʩʢʦʧʽʾ) ʉʢʦʨʦʯʝʥʥʷ: RE ï 

ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ; CCD ï ʇɿɿ, ʧʨʠʣʘʜ ʟ ʟʘʨʷʜʦʚʠʤ ʟʚô̫ ʟʢʦʤ; WE ï ʨʦʙʦʯʠʡ 

ʝʣʝʢʪʨʦʜ, CE ï ʧʨʦʪʠʝʣʝʢʪʨʦʜ; am  - ʘʤʽʥ, Ru - ʣʶʤʽʥʦʬʦʨ. [187] 

 

ʋ ʩʠʩʪʝʤʽ ʣʶʤʥ̔ʦʣ-H2O2 ʨʝʘʢʮʽʡʥʠʤʠ ʻ ʢʠʩʥʝʚʽ ʨʘʜʠʢʘʣʠ, ʪʘʢʽ ʷʢ 

ʩʫʧʝʨʦʢʩʠʜ (O2 sing), ʩʠʥʛʣʝʪʥʠʡ ʢʠʩʝʥʴ (1OĀ) ʘʙʦ ʛʽʜʨʦʢʩʠʜ (HOĀ), ʢ̫ʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʜʽ ʝʣʝʢʪʨʦʭ̔ʤʽʯʥʦ ʪʘ ʩʧʨʠʷʶʪ ɹʛʝʥʝʨʘʮʽʾ ʟʙʫʜʞʝʥʦʛʦ 

ʩʪʘʥʫ 3-ʘʤʽʥʦʬʪʘʣʘʪʫ ʜʣʷ ʩ̫ʢʨʘʚʦʾ ɽʍʃ ʨʝʘʢʮʽʾ. ɽʍʃ ʩʠʩʪʝʤʘ ʣʶʤʥ̔ʦʣʫ 

ʚʠʤʘʛʘʻ ʥʠʞʯʦʛʦ ʘʥʦʜʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (ʪʦʙʪʦ Ḑ 0,4 ɺ), ʥʽʞ Ru(bpy)3
2+, ʦɦ 



188 

ʙʽʣʴʰ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʞʠʚʠʭ ʢʣʽʪʠʥ. ʆʜʥʘʢ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ Ru 

(bpy)3
2+, ʦʢʠʩʣʝʥʥʷ ʣʶʤʽʥʦʣʫ  ̒ʥʝʟʚʦʨʦʪʥʠʤ ʷʚʠʱʝ, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ ʚʽʥ ʤʦʞʝ 

ʚʠʧʨʦʤʽʥʶʚʘʪʠ ʬʦʪʦʥ ʣʠʝh ʦʜʠʥ ʨʘʟ ʫ ʧʨʦʮʝʩʽ ʨʝʘʢʮʽʾ, ʘ ʥʝ ʧʦʚʪʦʨʥʦ, ʷʢ  ʮʝ 

ʤʦʞʝ Ru(bpy)3
2+. [182, 186] 

ʄʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʁ ʤʽʥʝʩʮʝʥʪʥʠʭ ʥʘʧ̔ʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʧʦʣʽʤʝʨʥʠʭ ʥʘʥʦʯʘʩʪʦʢ (Pdots) ʧʨʠʚʝʨʥʫʣʘ ʫʚʘʛʫ ʚ ʦʙʣʘʩʪʽ ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʾ, 

ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʥʝʪʦʢʩʠʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʤ̫, ʧʨʦʩʪʦʪʽ ʚ ʨʦʟʨʦʙʮʽ 

ʤʫʣɹʪʠʽʤʫʥʦʘʥʘʣʽʟʫ ʙʽʣʢʽʚ ʰʣʷʭʦʤ ʟʯʝʧʣʝʥʥʷ ʟ ʧʦʜʚʽʡʥʦʶ ʩʧʽʨʘʣʣ ʁɼʅʂ ʪʘ ʾ ʭ 

ʙʽʦʩʫʤʽʩʥʦʩʪʽ. ʅʘʥʦʯʘʩʪʢʠ ʧʦʣʽʤʝʨʫ ʦʪʨʠʤʘʥ ̔ ʰʣ̫ ʭʦʤ ʥʘʥʦʧʨʝʮʠʧ̔ ʪʘʮʽʾ 

ʧʦʣʽ[(9,9-ʜʽʦʢʪʠʣʬʫʦʨʝʥʽʣ-2,7-ʜʽʾʣ)-ʘʣʴʪ-ʢʦ-(1,4-ʙʝʥʟʦ-[2,1ǋ,3]-ʪʽʘʜʽʘʟʦʣʫ)] ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʧʦʣ̔(ʩʪʠʨʦʣ-ʢʦ-ʤʘʣʝʾ ʥʦʚʦʛʦ ʘʥʛʽʜʨʠʜʫ) ̔  ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʦ ɼʅʂ, 

ʷʢʘ ʛʽʙʨʠʜʠʟʦʚʘʥʘ ʟ ʜʨʫʛʦʁ ɼʅʂ ʟ ʤʘʨʢʝʨʦʤ ʧʨʠʛʥ̔ʯʫʚʘʯʝʤ ʟʙʫʜʞʝʥʥʠʭ 

ʩʪʘʥʚ̔ ʜʣ̫ ʩʘʤʦʛʘʩʽʥʥʷ ɽʍʃ ʝʤʽʩʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʢʘʥʮʝʨʦʝʤʙʨʽʦʥʘʣʴʥʦʛʦ ʘʥʪʠʛʝʥʫ, ʬʨʘʛʤʝʥʪʫ ʮʠʪʦʢʝʨʘʪʠʥ-19 ʪʘ 

ʥʝʡʨʦʥ-ʩʧʝʮʠʬʯ̔ʥʦʾ ʝʥʦʣʘʟʠ, ʷʢ̔ ʻ ʩʧʝʮʠʬʽʯʥʠʤʠ ʙʽʦʤʘʨʢʝʨʘʤʠ ʫ ʚʠʧʘʜʢʫ ʨʘʢ 

ʣʝʛʝʥʽ [188]. 

ʇʦʣ ̔ [2-ʤʝʪʦʢʩʠ-5-(2-ʝʪʠʣʛʝʢʩʠʣʦʢʩʠ)-1,4-(1-ʮʽʘʥʦʚʽʥ̔ʣʝʥ-1,4-ʬʝʥʽʣʝʥ)] 

(CN-PPV) ʧʦʣʽʤʝʨʥʽ ʥʘʥʦʯʘʩʪʢʠ ʜʝʤʦʥʩʪʨʫʚʘʣʠ ʚʽʜʤʽʥʥʽ ʘʥʘʣ̔ʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʜʣʷ Fe3+ ʟ ʰʠʨʦʢʠʤ ʣ̔ʥʽʡʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʚʽʜ 100 ʧM ʜʦ 100 ʤʢʄ ʪʘ ʤʝʞʝ  ʁ

ʚʠʷʚʣʝʥʥ̫  67 ʧM [189]. ʍʠʪʦʟʘʥ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʥʘʥʦ-TiO2 ʬʪʦʨʠʜ ʦʢʩʠʜʘ 

ʦʣʦʚʘ ʧʨʦʚʽʜʥʝ ʩʢʣʦ (FTO / TiO2 / CS) ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʜʣʷ ʘʥʘʣʽʟʫ H2O2, 

ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʟ ʢʣʪ̔ʠʥ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʥʘ ʤʽʢʨʦʩʢʦʧ̔ʯʥʤʫ ʨ̔ʚʥ̔ [190]. 

ʅʘ ʚʜ̔ʤʥ̔ʫ ʚ̔ ʜ ʬʣʫʦʨʝʩʮʝʥʪʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ, ̫ʢʘ ʧʦʪʨʝʙʫʻ ʩʚʽʪʣʘ 

ʟʙʫʜʞʝʥʥʷ, ɽʍʃ ʚ̔ʟʫʘʣʽʟʘʮʽʷ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ ʟʙʫʜʞʝʥʥʷ. ʎʝ 

ʚʽʜʥʦʩʥʝ ʩʧʨʦɦʝʥʥʷ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʜʝʪʝʢʪʦʨʘ ʦʧʪʠʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʝʥʥʷ. ʅʘ ʤʘʣʶʥʢʫ 3d ʧʦʢʘʟʘʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ɽʍʃ ʚ̔ʟʫʘʣʟ̔ʘʮʽʾ 

ʧʨʠʭʦʚʘʥʠʭ ʚʽʜʙʠʪʢʽʚ ʧʘʣʮɹʽʚ, ʱʦ ʧʽʜʪʨʠʤʫʻ ʚʠʩʦʢʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥ̔ ʩʪʴ ʥʘ 

ʤʽʢʨʦʤʝʪʨʦʚʦʤʫ ʨʽʚʥʽ. ɺʦʥʘ ʚʢʣʶʯʘ̒ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʤʦʜʫʣɹ (ɽʍ ʷʯʝʡʢʘ ʪʘ 

ʧʦʪʝʥʮʽʦʩʪʘʪ) ʪʘ ʦʧʪʠʯʥʠʡ ʤʦʜʫʣʴ ʜʣʷ ʟʘʧʠʩʫ ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʠʩʪʨʦ  ʁʟ ʟʘʨʷʜʦʚʠʤ ʟʚô̫ʟʢʦʤ (ʇɿɿ). ʉʢʘʥʫʶʯʠʡ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʤʽʢʨʦʩʢʦʧ 
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(SECM), ʦʙʣʘʜʥʘʥʠʡ ʫʣʴʪʨʘʤʽʢʨʦʝʣʝʢʪʨʦʜʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʌɽʇ ʜʣʷ 

ʟʡʦʤʢʠ ʟʦʙʨʘʞʝʥʴ ɽʍʃ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʥʘʧʨʠʢʽʥʮʽ 1990-ʭ [191, 192]. 

ʆʜʥʘʢ ʮʷ ʫʩʪʘʥʦʚʢʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʟʜʝʙʽʣʴʰʦʛʦ ʚʠʤʘʛʘʣʘ ʪʦʯʥʠʭ ʧʨʠʣʘʜʚ̔, 

ʜʦʨʦʛʦʾ ʪʘ ʩʢʣʘʜʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʟʨʘʟʢʽʚ, ʱʦ ʦʙʤʝʞʫʻ ʙʽʣʴʰ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥ ̫ʤʝʪʦʜʫ ɽʍʃ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ. ʅʝʜʦʣʽʢʠ ʧʦʧʽʢʩʝʣʴʥʦʛʦ ʦʪʨʠʤʘʥʥ̫ 

ʟʦʙʨʘʞʝʥʥʥʷ ʙʫʣʠ ʧʦʜʦʣʘʥʽ ʟ ʧʦʷʚʦʶ ʇɿɿ-ʢʘʤʝʨ, ʷʢ ̔ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ 

ʦʪʨʠʤʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ, ʦɦ ʟʘʙʝʟʧʝʯʫ ̒ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥ̔ʩʪ ɹ ʘʥʘʣʽʟʫ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʇɿɿ ʷʢ ʚʠʩʦʢʘ ʨʦʟʜʣ̔ʴʥʘ ʟʜʘʪʥʽʩʪ ɹ ʜʣʷ ʟʡʦʤʢʠ ʦʧʪʠʯʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʮʽʣʢʦʤ ʜʦʨʝʯʥʽ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʝʪʘʣʝʡ. ʆʜʥʘʢ, ʟ ̔ʟʙ̔ʣɹ ʰʝʥʥʷʤ 

ʢʦʝʬʽʮʽʻʥʪʫ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʦʙô̒ ʢʪʫ ʟʥʠʞʫʻʪʴʩʷ ʷʩʢʨʘʚʽʩʪɹ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ 

ʦʪʨʠʤʫʪ̒ɹʩʷ. ʅʠʟɹ ʢʘ ʯʫʪʣʠʚʩ̔ʪʴ ʇɿɿ ̒ ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʥʘ ʰʣʷʭʫ 

ʦʪʨʠʤʘʥʥ̫ ɽʍʃ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. ʎʶ ʚʣʘʩʪʠʚʽʩʪʴ 

ʤʦʞʥʘ ʧʦʢʨʘʱʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇɿɿ ʟ ʝʣʝʢʪʨʦʥʠʤ 

ʧʦʤʥʦʞʝʥʥʷʤ (EMCCD), ʚ ʜʝʷʢʠʭ ʨʝʞʠʤʘʭ ʯʫʪʣʠʚʽʩʪʴ ʷʢʦʛʦ ʤʦʞʝ ʩʷʛʘʪʠ 

ʨʚ̔ʥ̫ ʦʢʨʝʤʠʭ ʬʦʪʦʥ̔ ʚ. EMCCD ʧʦʩʪʫʧʦʚʦ ʩʪʘʶʪʴ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʜʣʷ ʤʽʢʨʦ- / ʥʘʥʦʤʘʩʰʪʘʙʥʦʾ ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʾ. ɺ 

ʨʦʙʦʪʽ [193] ʨʦʟʨʦʙʣʝʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʤʢ̔ʨʦʬʣʶʾʜʥʦ ʾɽʍʃ ʚ̔ ʟʫʘʣʽʟʘʮʽ ʾʥʘ 

ʧʘʧʝʨʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʽʢʦʪʠʥʘʤʽʜʫ, 2-ʜʠʙʫʪʠʣʘʤʽʥʦʝʪʘʥʦʣʫ, 

ʘʜʝʥʽʥʜʠʥʫʢʣʝʦʪʠʜʫ (NADH). 

ɯʥʰʠʤ ʥʘʧʨʷʤʢʦʤ ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥ ̫ ʢʘʤʝʨʘ 

ʩʤʘʨʪ-ʪʝʣʝʬʦʥʫ (ʨʠʩ. 4.2). ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʘʤʝʨʠ ʤʦʙʽʣɹʥʦʛʦ ʪʝʣʝʬʦʥʫ ʷʢ 

ʥ̔ʩʪʨʫʤʝʥʪʫ ʟʯʠʪʫʚʘʥʥʷ ʨʦʙʠʪʴ ʾʾ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʦʶ ʪʘ ʧʨʠʜʘʪʥʦʶ ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʤʩ̔ʮʽ ʜʣʷ ʨʟ̔ʥʦʤʘʥʽʪʥʠʭ ʮʽʣʝʡ. ʎʝ ʤʦʞʝ 

ʩʧʨʠ̫ʪʠ hʚʠʜʢʦʤʫ ʨʦʟʚʠʪʢʫ ʪʘ ʰʠʨʦʢʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʁ  ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʾ ʷʢ 

ʽʥʩʪʨʫʤʝʥʪʫ ʘʥʘʣʽʟʫ [9]. 

ʅʘʡʙ̔ʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʤʝʪʦʜʘʤʠ ʨʝʻʩʪʨʘʮʽʾ ʝʤʽʩʽʾ ɽʍʃ, ʚʢʣʶʯʘʶʯʠ 

ʩʧʝʢʪʨʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʤʽʨ ʥ̔ʪʝʥʩʠʚʥʦʩʪʽ ʪʘ ʦʪʨʠʤʘʥʥ̫  ʟʦʙʨʘʞʝʥ,ɹ 

ʙʘʟʫʁ ʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʛʦ ʧʦʤʥʦʞʫʚʘʯʘ (ʌɽʇ), ʬʦʪʦʜʽʦʜʘ 

(ʌɼ), ʂʄʆʅ ʪʘ ʇɿɿ ʤʘʪʨʠʮ ɹʬʦʪʦʜʝʪʝʢʪʦʨʽʚ. ɽʥʛʩʪʨʦʤ ʪʘ ʽʥ. ʚ ʧʽʦʥʝʨʩʴʢʽ 

ʨʦʙʦʪʠ ʧʦʚ̔ʜʦʤʠʚ ʧʨʦ ʤʦʞʣʠʚ̔ʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʘ ɽʍʃ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ 
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[183] ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʝʣʝʢʪʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʥʝʦʜʥʦʨʽʜʥʩ̔ʪ̫ʭ 

ʝʣʝʢʪʨʦʜʽʚ ʥʘ ʤʽʢʨʦʩʢʦʧʽʯʥʦʤʫ ʤʘʩʪhʘʙʽ. 

 

 

ʈʠʩʫʥʦʢ 4.2 - ʂʦʥʩʪʨʫʢʮʽʷ ʪʘ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ɽʍʃ ʜʘʚʘʯʘ ʥʘ ʦʩʥʦʚʽ 

ʤʽʢʨʦʨʽʜʠʥʥʦʛʦ ʧʘʧʝʨʫ: ʘ) ʄʽʢʨʦʨʽʜʠʥʥʠʡ ʧʘʧ̔ʨ ʦʨʛʘʥʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʣʘʩʠʯʥʦʛʦ ʩʪʨʫʤʝʥʝʚʦʛʦ ʧʨʠʥʪʝʨʘ. b) ʇʝʨʝʜ ʩʫʰʽʥʥʷʤ, ʢʦʞʝʥ ʧʘʧʝʨʦʚʠʡ 

ʝʣʝʤʝʥʪ ʚʠʨʽʟʘʶʪʴ, ʪʘ ʜʦʜʘʶʪʴ 10 ʤʄ ʨʦʟʯʠʥ Ru(bpy)3
2+ ʜʦ ʛʽʜʨʦʬʦʙʥʦʾ 

ʦʙʣʘʩʪʽ. c) ʇʦʪʽʤ ʧʘʧʝʨʦʚʫ ʧʽʜʢʣʘʜʢʫ ʨʦʟʪʘʰʦʚʫʶʪʴ ʥʘ ʚʝʨʭʥʽʡ ʩʪʦʨʦʥʽ 

ʥʘʧʝʯʘʪʘʥʦ ʾ ʝʣʝʢʪʨʦʜʥʦʾ ʷʯʝʡʢʠ, ʪʘ ʧʦʢʨʠʚʘʶʪʴ ʧʨʦʟʦʨʦʶ ʧʣʘʩʪʤʘʩʦʁ  

ʧʣʘʩʪʠʥʦʶ. d) ʈʽʜʢʠʡ ʟʨʘʟʦʢ ʜʦʜʘʻʪʴʩʷ ʯʝʨʝʟ ʥʝʚʝʣʠʢʠʡ ʦʪʚʽʨ ʫ ʧʣʘʩʪʠʢʦʚʽʡ 

ʪʨʫʙʮʽ ʚʥʠʟʫ ʢʘʥʘʣʫ, ʢʦʣʠ ʟʦʥʘ ʜʝʪʝʢʪʫʚʘʥʥʷ ʙʫʜʝ ʧʦʚʥʽʩʪʶ ʟʚʦʣʦʞʝʥʘ, 

ʤʽʢʨʦʨʜ̔ʠʥʥʠʡ ʩʝʥʩʦʨ ʨʦʟʤʽʱʫʻʪʴʩʷ ʧʦʙʣʠʟʫ ʦʙô̒ ʢʪʠʚʘ ʢʘʤʝʨʠ ʪʝʣʝʬʦʥʘ, ʪʘ 

ʥʘʢʣʘʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ 1,25 ɺ, ʚʽʜʨʘʟʫ ʨʝ̒ʩʪʨʫʻʪʴʩʷ ʪʘ ʘʥʘʣʽʟʫʻʪʴʩʷ ʝʤʽʩʽʷ ɽʍʃ. 

[193] 

 

ʇʨʦʜʦʚʞʝʥʥʷ ʨʦʙ̔ʪ ʟ ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʾ ʥʘ ʤʘʩʠʚʘʭ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ ʜʘʣʠ 

ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ, ʱʦʜʦ ʧʨʦʮʝʩʚ̔, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʫ ʚʠʤʽʨʥʽʡ ʷʯʝʡʮʽ ʟ 

ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘ ʯʫʪʣʠʚʽʩʪʶ [194, 195]. ʎʽ ʜʦʩʷʛʥʝʥʥʷ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʽʟʫʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʩʪʘʥʦʚʣʷʪʴ ʦʩʥʦʚʫ ʜʣ ̫ ʦʜʥʦʯʘʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʟʨʘʟʢʽʚ ʘʙʦ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʪʘ/ʘʙʦ ʙʽʦʣʦʛʽʯʥʠʭ ʷʚʠʱ, ʪʘʢʠʭ ʷʢ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʦʪʦʢʫ 

ʨʝʯʦʚʠʥʠ ʙ̔ ʣʷ ʢʣʪ̔ʠʥ, ʧʦʚô̫ ʟʘʥʠʡ ʟ ʮʠʨʢʫʣ̫ʮ̔ ʻʶ ʝʢʟʦʮʠʪʦʪʠʯʥʠʭ 

ʤʽʢʨʦʜʦʤʝʥʽʚ ʫ ʢʣʽʪʠʥʘʭ. ʈʠʩ. 4.3 ʦʧʠʩʫʻ ʯʘʩʦʚ̔ ʨʘʤʢʠ ʨʽʟʥʠʭ ʚʠʟʥʘʯʥʠʭ 
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ʜʦʩ̫ʛʥʝʥʴ ʫ ɽʍʃ ʚʟ̔ʫʘʣʽʟʘʮʽʾ. 1964 ʨ., ʧʝʨʰʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʟ ʚʽʟʫʘʣ̔ʟʘʮʽʾ ɽʍʃ 

[196, 197]; 1987 ʨ., ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽʍʃ 

[183, 198]; ʚ̔ ʟʫʘʣʽʟʘʮʽʷ ɽʍʃ ʟ ʯʘʩʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ, 1990 ʨ. [198]; 

ʚʽʟʫʘʣ̔ʟʘʮʽʷ ɽʍʃ ʥʘ ʨʽʚʥʽ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ, 1993 ʨ. [199]; ʚʟ̔ʫʘʣʽʟʘʮʽʷ ɽʍʃ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʢʘʥʫʶʯʦʛʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ, 1998 [181]; 2003 ʨ., 

ʚ̔ ʟʫʘʣʽʟʘʮʽʷ ɽʍʃ ʥʘ ʤʘʩʠʚʽ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽʚ [200]; 2008 ʨ., ʚʽʟʫʘʣʽʟʘʮʽʷ ɽʍʃ ʥʘ 

ʨʽʚʥʽ ʦʢʨʝʤʠʭ ʥʘʥʦʯʘʩʪʦʢ [201]; 2012 ʨ., ʚʽʟʫʘʣʽʟʘʮʽʷ ʨ̔ʟʥʦʢʦʣʴʦʨʦʚʦ ʾ

ɽʍʃ [202] ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ɽʍʃ ʥʘ ʧʨʠʭʦʚʘʥʠʭ ʚʽʜʙʠʪʢʘʭ ʧʘʣʴʮʽʚ [203]; 2015 ʨ., 

ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʷ  ʦʢʨʝʤʠʭ ʢʣʽʪʠʥ [204]; 2017 ʨ., ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʷ ʜʣʷ 

ʜʘ̔ʛʥʦʩʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ ʨʘʢʫ [205, 206]. 

 

 

ʈʠʩʫʥʦʢ 4.3 - ʏʘʩʦʚʽ ʰʢʘʣʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ɽʍʃ.  

 

ɿ ʤʦʤʝʥʪʫ ʧʝʨʰʠʭ ʜʝʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʦʩʫʚʘʥʥʷ 

ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʻ ʚʽʜʥʦʩʥʦ ʧʦʚʽʣʴʥʠʤ ʧʦʨʽʚʥʷʥʦ ʟ ʬʣʫʦʨʝʩʮʝʥʪʥʦʶ 

ʚʽʟʫʘʣʽʟʘʮʽʻʶ. ʋ ʬʣʫʦʨʝʩʮʝʥʪʥʽʡ ʤʽʢʨʦʩʢʦʧ̔ ʾ ʟʦʙʨʘʞʝʥʥ ̫ ʬʦʨʤʫʶʪʴ 

ʣʶʤʽʥʦʬʦʨʠ, ʷʢʽ ʧʦʛʣʠʥʘʪʁʴ ʬʦʪʦʥ ʽ ʟʙʫʜʞʫʶʪʴʩʷ ʜʦ ʩʠʥʛʣʝʪʥʦʛʦ ʩʪʘʥʫ, 

ʧʦʚʝʨʥʝʥʥ̫ ʚ ʦʩʥʦʚʥʠʡ ʩʪʘʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʬʦʪʦʥʘ ʟ 

ʙʽʣʴʰʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣ̔. ʆʜʥʘʢ ʧʨʦʮʝʩ ɽʍʃ ʚ̔ʣɹʥʠʡ ʚʽʜ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʦʧʪʠʯʥʦʛʦ ʟʙʫʜʞʝʥʥʷ, ʘ ʬʦʪʦʥʠ ʚʠʧʨʦʤʽʥʶʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. ʊʦʤʫ ʦʩʥʦʚʥʦʁ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʾ ʻ ʦʙʤʝʞʝʥʘ 
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ʢʽʣʴʢʽʩʪʴ ʬʦʪʦʥʽʚ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʣʶʤ̔ʥʦʬʦʨʦʤ ʥʘ ʜʽʣʷʥʮʽ ʝʣʝʢʪʨʦʜʘ, ʷʢʽ 

ʽʥʦʜʽ ʚʘʞʢʦ ʬ̔ ʢʩʫʚʘʪʠ ʥʘʚʽʪɹ ʦʜʥʦʬʦʪʦʥʥʠʤ ʣʯ̔ʠʣʴʥʠʢʘʤʠ. ɼʝʷʢ ̔ʤʝʪʦʜʠʯʥʽ 

ʧʨʠʡʦʤʠ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʢʚʘʥʪʦʚʠʡ ʚʠʭʽʜ ɽʍʃ ʨʝʘʢʮʽʾ , ʪʘʢʠ ʷʢ: 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʣʠhʢʫ ʩʦʨʝʘʛʝʥʪʫ ʘʙʦ ʧʽʜʚʠʝɦʥʥʷ ʨʅ ʩʝʨʝʜʦʚʠʱʘ. 

ɺʘʞʣʠʚʠʤ ʪʘʢʦʞ  ̒ʚʠʨʽʝhʥʥʷ ʧʨʦʙʣʝʤʠ ʙʽʦʣʦʛʽʯʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʨʝʘʛʝʥʪʽʚ ʜʣʷ 

ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʱʦ ʦʙʤʝʞʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʙʦ̔ʘʥʘʣʽʟʫ [182, 

207-210]. ɿ ʨʦʟʚʠʪʢʦʤ ʦʜʥʦʬʦʪʦʥʥʠʭ ʣʽʯʠʣʴʥʠʢ̔ ʚ, ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙô̒ ʢʪʠʚʽʚ ʟ 

ʙʣ̔ʴʰʦʶ ʯʠʩʣʦʚʦʶ ʘʧʝʨʪʫʨʦʶ ʪʘ ʨʦʟʨʦʙʢʦ  ʁ ʩʚʽʪʣʦʚʦʜ̔ʚ, ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʷʚʣʝʥʥʷ ʩʣʘʙʢʦʾ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʟʥʘʯʥʦ ʧʽʜʚʠʠɦʣʘʩ̫  ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ. ʇʦʷʚʘ 

ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʯʫʜʦʚʦʶ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʧʦʣʝʛʰʫʻ ʰʚʠʜʢʽʩʪʴ 

ʨʝʘʢʮʽʾ ʣʶʤʽʥʦʬʦʨʽʚ. ʋ ʧʦʻʜʥʘʥʥ ̔ ʟ ʥʦʚʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʝʣʝʢʪʨʦʜʽʚ ʪʘ 

ʩʠʩʪʝʤʦʶ ʚʠʷʚʣʝʥʥʷ, ʧʨʦʩʪʦʨʦʚʘ ʪʘ ʯʘʩʦʚʘ ʨʦʟʜʽʣʴʥ̔ ʟʜʘʪʥʦʩʪʽ ʫ ɽʍʃ 

ʤʽʢʨʦʩʢʦʧʽʾ ʜʦʩʷʛʘʶʪɹ ʨʽʚʥʷ ʥʘʥʦʤʝʪʨʽʚ ʪʘ ʤʽʣʽʩʝʢʫʥʜ ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʤʦʞʣʠʚʝ ʜʦʩʷʛʥʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʦʙô̒ ʢʪʽʚ 

ʥʝʦʙʭʜ̔ʥʦʾ ʜʣ̫ ʚʠʨʽʰʝʥʠʭ ʟʘʜʘʯ ʟ ʚʽʟʫʘʣʽʟʘʮʽʾ ʫ ʙ̔ʦʘʥʘʣʽʟʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʦʜʘ ɽʍʃ ʟ ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪ ʁ[183].  

ɺ ʨʦʙʦʪʽ [211] ʧʦʚʽʜʦʤʣ̫ʣʦʩɹ ʧʨʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʜʥʦʝʣʝʢʪʨʦʜʥʦʾ 

ʝʣʝʢʪʨʦʭʽʤʯ̔ʥʦ ʾʩʠʩʪʝʤʠ, ʱʦ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʜʣʷ ʦʜʥʦʪʦʯʢʦʚʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʪʘʢ ʽ ʤʫʣɹʪʠʧʣʝʢʩʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʉʫʪʴ ʤʝʪʦʜʘ ʧʦʣʷʛʘʻ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʛʨʘʜʽʻʥʪʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʨʦʟʯʠʥʽ ʚʟʜʦʚʞ ʦʜʥʦʛʦ ʝʣʝʢʪʨʦʜʘ 

ʟʘ ʨʘʭʫʥʦʢ ʡʦʛʦ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʦʛʦ ʩʧʨʦʪʠʚʫ ʚʟʜʦʚʞ ʧʦʚʝʨʭʥ.̔ ɻʨʘʜʽʻʥʪʫ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʯ̫ʝʡʢʠ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʣʽʟʦʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʚ ʥʽʡ. ɼʣʷ ʨʝʘʣ̔ ʟʘʮʽʾ 

ʤʫʣʴʪʠʧʣʝʢʩʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʣʘʜ ʷʢʠʡ ʩʪʚʦʨʶʚʘʚʩʷ 

ʰʣʷʭʦʤ ʧʨʠʢʨʽʧʣʝʥʥʷ ʩʘʤʦʢʣʝʶʯʦʾ ʧʣʘʩʪʠʢʦʚʦʾ ʧʣʽʚʢʠ ʟ ʢʣ̔ʴʢʦʤʘ ʦʪʚʦʨʘʤʠ ʥʘ 

ITO ʝʣʝʢʪʨʦʜ, ʚʜ̔ʧʦʚʽʜʥʦ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʤʫʣʴʪʠʧʣʝʢʩʥʠʡ ɽʍʃ ʘʥʘʣʽʟ 

ʟ ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ ʧʨʠ ʜʫʞʝ ʥʠʟʴʢʽʡ ʙʝʟʧʝʯʥʽʡ ʥʘʧʨʫʟʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʩʤʘʨʪʬʦʥ ʢ̫ ʜʝʪʝʢʪʦʨ (ʨʠʩ. 4.4). 
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ʈʠʩʫʥʦʢ 4.4 ï ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʝʣʝʢʪʨʦʜʥʦʛʦ ɽʍ ʩʝʥʩʦʨʘ (ʆɽʍʉ):  

ʘ) ʤʝʭʘʥʽʟʤ ʧʨʦʮʝʩʽʚ ʥʘ  ʆɽʍʉ; b) ɿʦʙʨʘʞʝʥʥʷ ɽʍʃ, ʱʦ ʦʪʨʠʤʘʥʝʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʤʘʨʪʬʦʥʘ ʧʨʠ ʨʽʟʥʽʡ ʥʘʧʨʫʟʽ ʧʦʣʷʨʠʟʘʮʽʾ. ʈʦʟʯʠʥ: 0,1 M 

ʢʘʨʙʦʥʘʪʥʠʡ ʙʫʬʝʨ; pH 11,0; 1,0 ʤʄ ʣʶʤʽʥʦʣʘ; 1,0 ʤʄ H2O2; c) ʉʭʝʤʘʪʠʯʥʝ 

ʟʦʙʨʘʞʝʥʥʷ 9 ʤʽʢʨʦʷʯʝʡʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʆɽʍʉ (ʚʠʜ ʟʛʦʨʠ); d) ɿʦʙʨʘʞʝʥʥʷ ɽʍʃ 

ʝʤʽʩʽ ʾʢʦʤʧʦʟʠʮʽʾ ʣʶʤʽʥʦʣ-H2O2 ʟ 9 ʤʽʢʨʦʷʯʝʡʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʆɽʍʉ. ʈʦʟʯʠʥ: 

0,1 M ʢʘʨʙʦʥʘʪʥʠʡ ʙʫʬʝʨ; pH 11,0; 1,0 ʤʄ ʣʶʤʽʥʦʣʘ; 1,0 ʤʄ H2O2; ʥʘʧʨʫʛʘ 10 

ɺ. [211] 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚ ʙʽʦʘʥʘʣʽʟʽ. 

ɺʽʜʧʦʚʜ̔ʥʦ ʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ɽʍʃ ʤʝʪʦʜʫ ʤʦʞʣʠʚʦ ʚʠʷʚʣʷʪʠ ʢʽʣʴʢʽʩʪɹ ʷʢ 

ʣʶʤ̔ʥʦʬʦʨʫ, ʪʘʢ ʽ ʩʦʨʝʘʛʝʥʪʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʶ ʚ 

ʘʥʘʣʽʟʽ ʨ̔ʟʥʠʭ ʪʠʧʽʚ ʙʽʦʤʦʣʝʢʫʣ, ʪʘʢʠʭ ̫ʢ ʬʝʨʤʝʥʪʠ, ʙʽʣʢʠ ʪʘ ʥʫʢʣʝʾʥʦʚʽ 

ʢʠʩʣʦʪʠ. ʂʨʽʤ ʪʦʛʦ, ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽ,̫ ʷʢ ʽ ʙʫʜʴ ̫ʢʠʡ ʤʝʪʦʜ ʚʽʟʫʘʣʽʟʘʮʽʾ, 

ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʜʽʣʷʻ ʜʞʝʨʝʣʘ ʩʚʪ̔ʣʘ, ʪʦʙʪʦ ʨʽʟʥʠʭ ʮʝʥʪʨʽʚ ʝʤʽʩʽʾ ʬʦʪʦʥʽʚ ʥʘ 

ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʚʽʪʴ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʙʫʜʞʝʥʥʽ ʚʩʽʭ 

ʮʝʥʪʨʚ̔ ʚʠʧʨʦʤʥ̔ʝʥʥʷ ʚ ʤʘʩʠʚʽ, ʟʦʙʨʘʞʫʶʪʴʩʷ ʮʠʭ ʮʝʥʪʨʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʤʫʣʴʪʠʧʣʝʢʩʥʠʭ ɽʍʃ ʘʥʘʣʽʟʽʚ, ʪʦʙʪʦ ʧʨʦʚʝʜʝʥʥʷ ʧʘʨʘʣʝʣʴʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʘʛʘʪʴʦʭ ʟʨʘʟʢʚ̔, ʘʙʦ ʚ ʦʜʥʽʡ ʧʨʦʙʽ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʙʘʛʘʪʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʙʽʦʘʥʘʣ̔ ʟ̔, ɽʍʃ ʚ̔ʟʫʘʣʽʟʘʮʽʷ ʜʦʙʨʝ 
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ʧʦʻʜʥʫʻʪʴʩʷ ʟ ʚʽʜʦʤʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ, ʩʢʨʠʥʽʥʛʫ 

ʛʝʥʦʪʦʢʩʠʯʥʦʩʪʽ ʪʘ ʽʤʫʥʦʘʥʘʣʽʟʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʝʚʥʠʭ ʙʦ̔ʤʦʣʝʢʫʣ. 

ɸʥʘʣʽʟʠ ʥʘ ʦʩʥʦʚʽ ʬʝʨʤʝʥʪʽʚ 

ʈʝʯʦʚʠʥʠ, ʱʦ ʻ ʩʧʽʚʨʝʘʛʝʥʪʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢʽ ʷʢ ʜʝʛʽʜʨʦʛʝʥʘʟʠ, ʪʘʢ ̔ 

ʦʢʩʠʜʘʟʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽʍʃ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

Ru(bpy)3
2+ ʽ ʣʶʤʽʥʦʣʫ [212]. ʃʶʤʽʥʦʣ ʨʝʘʛʫʻ ʟ ʧʝʨʝʢʠʩʦʤ ʚʦʜʥʶ, ʱʦ 

ʫʪʚʦʨʁ ʻʪɹʩʷ ʦʢʩʠʜʘʟʘʤʠ, ʪʦʙʪʦ ʚʜ̔ʧʦʚʜ̔ʥʠʤʠ ʬʝʨʤʝʥʪʘʤʠ-ʨʝʘʛʝʥʪʘʤʠ. ɿ 

ʽʥʰʦʛʦ ʙʦʢʫ, ʦʩʢʽʣʴʢʠ ʢʦʬʝʨʤʝʥʪ NADH ʤʽʩʪʠʪʴ ʘʤʽʥʦʛʨʫʧʫ, ʚʽʥ ʤʦʞʝ ʙʨʘʪʠ 

ʫʯʘʩʪʴ ̫ʢ ʩʧʽʚʨʝʘʛʝʥʪ ʚ ɽʍʃ ʨʝʘʢʮʽʾ ʟ Ru(bpy)3
2+. ʊʘʢʠʤ ʯʠʥʦʤ, 

NADH-ʟʘʣʝʞʥʘ ʩʠʩʪʝʤʘ ʜʝʛʽʜʨʦʛʝʥʘʟʥʦʾ ʨʝʘʢʮʽʾ ʤʦʞʝ ʜʦʩʣʽʜʞʫʚʘʪʠʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ɽʍʃ, ʱʦ ʚʢʣʯʁʘ̒ ʦʢʠʩʣʝʥʥʷ ʨʝʘʛʝʥʪʫ ʪʘ ʦʜʥʦʯʘʩʥʝ ʚʽʜʥʦʚʣʝʥʥʷ 

NAD+ ʜʦ NADH. ʄʫʣʴʪʠʧʣʝʢʩʥʽ ʬʝʨʤʝʥʪʘʪʠʚʥ̔ ʤʘʩʠʚʠ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥ̔  

ʰʣʷʭʦʤ ʟʚô̫ ʟʫʚʘʥʥʷ ʨʽʟʥʠʭ ʚʽʜʧʦʚʽʜʥʠʭ ʦʢʩʠʜʘʟ ʫ ʛʽʙʨʠʜʥʠʭ ʤʘʪʝʨʽʘʣʘʭ 

ʭʪ̔ʦʟʘʥʫ ʪʘ ʙʘʛʘʪʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʥʘ ɯʊʆ ʝʣʝʢʪʨʦʜʘʭ. 

ʆʜʥʦʯʘʩʥʠʡ ʘʥʘʣʽʟ ʛʣʶʢʦʟʠ, ʣʘʢʪʘʪʫ ʪʘ ʭʦʣʽʥʫ ʧʨʠ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 

ʧʨʦʚʦʜʠʣʠ ʰʣʷʭʦʤ ʚʠʤ̔ ʨʚʁʘʥʥʷ ̔ ʥʪʝʥʩʠʚʥʦʩʪʽ ʣʶʤʥ̔ʝʩʮʝʥʮʽʾ ɽʍʃ ʟʦʙʨʘʞʝʥʴ 

(ʨʠʩ. 4.5 I) [213]. ʉʧʝʮʠʬʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʢʦʞʥʦʾ ʙʽʦʩʝʥʩʦʨʥʦʾ ʜʽʣʷʥʢʠ-ʧʣʷʤʠ 

(ʛʣʶʢʦʟʘ, ʭʦʣʽʥ, ʛʣʫʪʘʤʘʪ, ʣʽʟʠʥ, ʣʘʢʪʘʪ ʪʘ ʩʝʯʦʚʘ ʢʠʩʣʦʪʘ) ʨʝʻʩʪʨʫʚʘʣʠ ʙʝʟ 

ʩʫʪʪʻʚʦʾ ʧʝʨʝʭʨʝʩʥʦʾ ʨʝʘʢʪʠʚʥʦʩʪʽ [214]. ʑʦʙ ʧʽʜʚʠʱʠʪʠ ɦ ʽʣɹʥ̔ʩʪʴ ʝʣʝʢʪʨʦʜʽʚ, 

ʛʨʫʧʠ ɾʘʥʛ [215] ʪʘ ʉʝʥʪʽʢ [209] ʚʠʛʦʪʦʚʠʣʠ ʥʘʥʦʽʛʦʣʴʯʘʪ̔ ʝʣʝʢʪʨʦʜʠ, ʟʜʘʪʥʽ 

ʛʝʥʝʨʫʚʘʪʠ ɽʍʃ ʥʘ ʥʘʥʦʨʦʟʤʽʨʥʦʤʫ ʥʘʢʦʥʝʯʥʠʢʫ, ʧʦʩʠʣʶʶʯʠ ʤʘʩʦʦʙʤʽʥ 

ʣʶʤʥ̔ʦʬʦʨʫ ʪʘ/ʘʙʦ ʩʧʽʚʨʝʘʛʝʥʪʫ ʥʘ ʤʽʢʨʦʝʣʝʢʪʨʦʜʽ - ʢʽʥʯʠʢʫ. 

ɻʣʶʢʦʟʦʦʢʩʠʜʘʟʫ ʽʤʤʦʙʽʣʽʟʦʚʫʚʘʣʠ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʦʛʦ ʥʘʬʽʦʥʦʤ 

ʝʣʝʢʪʨʦʜʘ, ʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ɽʍʃ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʫʩʽʤʘ ʥʘʥʦʛʦʣʢʘʤʠ, 

ʬʽʢʩʫʚʘʣʘʩʷ ʫ ʚʠʛʣʷʜʽ ʟʦʙʨʘʞʝʥʥʷ. ɺ ʮʠʭ ʨʦʙʦʪʘʭ ʚʠʟʥʘʯʝʥʥ ̫ʢʦʥʮʝʥʪʨʘʮʽ ʾ

ʛʣʶʢʦʟʠ ʧʨʦʚʝʜʝʥʦ ʚ ʜ̔ʘʧʘʟʦʥ ̔ 0,5 ʤʢʄ ʜʦ 5 ʤʄ, ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʦ 

ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫ ʟ ʜʫʞʝ ʚʠʩʦʢʦ ʁʱʽʣʴʥʩ̔ʪʁ ʮʝʥʪʨʽʚ, ʤʽʩʪ ʘʥʘʣʽʟʫ ( ʯ̫ʝʡʦʢ) 

(> 4 × 103 ʯ̫ʝʡʦʢ/ʤʤ2) (ʨʠʩ. 4.5 II). 
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ʈʠʩʫʥʦʢ 4.5 ï I) (A) ʧʦʢʘʟʫʻ ʤʘʩʠʚ ʽʟ ʨʘʜʽʘʣʴʥʦ ʨʦʟʤ̔ ʱʝʥʠʭ ʝʣʝʢʪʨʦʜʽʚ, 

ʤʦʜʠʬ̔ ʢʦʚʘʥʠʭ ʧʦʧʘʨʥʦ. ɿʦʙʨʘʞʝʥʥʷ ɽʍʃ, ʟʨʦʙʣʝʥʽ ʜʣʷ: ɺ) ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʨʦʟʯʠʥʫ, ʉ) ʨʦʟʯʠʥ, ʦɦ ʤʽʩʪʠʪ ɹ1 ʤʄ ʭʦʣʽʥ ʭʣʦʨʠʜʫ, D) 2 ʤʄ ʣʘʢʪʘʪʫ, ɽ) 1,0 

ʤʄ ʛʣʶʢʦʟʠ, F) ʩʫʤʽʰʽ, ʱʦ ʤʽʩʪʠʪʴ 1 ʤʄ ʭʣʦʨʠʜ ʭʦʣʽʥʫ, 1 ʤʄ ʣʘʢʪʘʪ ʪʘ 1 ʤʄ 

ʛʣʶʢʦʟʠ. [213] II)  ʃʶʤʽʥʝʩʮʝʥʪʥʝ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʤʦʜʠʬʽʢʦʚʘʥʦʾ 

ʛʣʶʢʦʟʦʦʢʩʠʜʘʟʦʶ ʥʘʥʦʽʛʦʣʴʥʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ ʧʦʚʝʨʭʥʽ ʜʣʷ ʘʥʘʣʽʟʫ ʛʣʢʁʦʟʠ. 

(ɺʩʪʘʚʢʘ ï ʉɽʄ ʟʦʙʨʘʞʝʥʥʷ ʥʘʥʦʽʛʦʣʴʥʠʭ ʝʣʝʢʪʨʦʜʽʚ). [215] 

 

ɯʤʫʥʦʘʥʘʣʽʟ. 

ɺʠ̫ ʚʣʝʥʥʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʙʽʣʢʽʚ-ʙʽʦʤʘʨʢʝʨʽʚ ʤʘʻ ʧʨʠʥʮʠʧʦʚʝ ʟʥʘʯʝʥʥ ̫

ʚ ʨʘʥʥ̔ʡ ʜʽʘʛʥʦʩʪʠʮ ̔ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʣʽʢʫʚʘʥʥʷ. ɺ ʜʘʥʠʡ ʯʘʩ ʥʘ ʨʠʥʦʢ 

ʧʨʦʜʘʻʪɹʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢ̔ʩʪɹ ʪʝʩʪ-ʩʠʩʪʝʤ ʤ̔ʫʥʦʣʦʛ̔ ʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʨʷʜʫ 

ʙʽʦʤʘʨʢʝʨʽʚ ʟʘʭʚʦʨʶʚʘʥʴ, ʚʢʣʶʯʘʶʯʠ ʩʝʨʮʝʚʽ, ʽʥʬʝʢʮʽʡʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ, 

ʘʥʘʣʽʟʫ ʧʫʭʣʠʥʠ ʱʠʪʦʚʠʜʥʦʾ ʟʘʣʦʟʠ. ɯʥʪʝʨʣʝʡʢ̔ʥ-6 (IL-6) ʪʘ ʘʥʪʠʛʝʥ ʨʘʢʫ 

ʧʝʨʝʜʤʽʭʫʨʦʚʦʾ ʟʘʣʦʟʠ (PSA) ʫ ʩʠʨʦʚʘʪʮ ̔ ʢʨʦʚʽ ʧʘʮʽ̒ʥʪʘ ʙʫʣʠ ʫʩʧ̔h ʥʦ 

ʚʠʚ̫ʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚ ʨʦʙʦʪʽ [216]. ɺ ʮʽʡ ʨʦʙʦʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʽʢʨʦʣʫʥʢʠ ʟ ʽʥʪʝʛʨʦʚʘʥʠʤʠ ʚ ʥʠʭ ʦʜʥʦʩʪʽʥʥʠʤʠ 

ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʠ (SWCNT), ʱʦ ʧʦʢʨʠʪʽ ʘʥʪʠʪʽʣʘʤʠ. ʃʫʥʢʠ ʤʘʶʪʴ 

ʛʽʜʨʦʬʦʙʥ ̔ ʧʦʣʽʤʝʨʥ ̔ ʩʪ̔ʥʢʠ. ʊʘʢʠʡ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʡ ʤʦʜʠʬʽʢʦʚʘʥʠʡ 

ʝʣʝʢʪʨʦʜ ʤʘʻ ʚʠʩʦʢʦʘʢʪʠʚʥʽ ʜʽʣʷʥʢʠ ʧʦʚʝʨʭʥʽ ʜʣʷ ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʘʥʪʠʪ̔ʣ-ʧʝʨʝʭʦʧʣʚʁʘʯʽʚ ʜʣʷ ʩʝʥʜʚʽʯ-ʽʤʫʥʦʘʥʘʣʽʟʫ.  

ɼʣʷ ʧʦʩʠʣʝʥʥʷ ɽʍʃ ʩʠʛʥʘʣʫ ʚ ʩʝʥʩʦʨʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʥʦʯʘʩʪʢʠ 

ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ, ʱʦ ʙʫʣʠ ʣʝʛʦʚʘʥ ̔Ru(bpy)3
2+. ʆʪʨʠʤʘʥʦ ʤʝʞʫ ʚʠʟʥʘʯʝʥʥ ̫

ʜʣʷ IL-6 ʪʘ PSA ʝʢʚʽʚʘʣʝʥʪʥʫ ʜʦ ʢʦʤʝʨʮʽʡʥʠʭ ʩʠʩʪʝʤ ʘʥʘʣʽʟʫ ʚ ʧʦʪʦʮʽ ʥʘ 
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ʤʽʢʨʦʩʬʝʨʘʭ. ɽʍʃ-ʘʢʪʠʚʥʽ ʜʽʣʷʥʢʠ ʙʫʣʠ ʜʦʙʨʝ ʨʦʟʧʦʜʽʣʝʥʽ ʧʨʦʩʪʦʨʦʚʦ ʥʘ 

ʧʽʜʢʣʘʜʮʽ, ʱʦ ʚʠʪʽʢʘʻ ʟ ʘʥʘʣʟ̔ʫ ʦʪʨʠʤʘʥʦʛʦ ɽʍʃ ʟʦʙʨʘʞʝʥʥʷ. ʎ̫  ʚʽʜʤʽʥʥʽʩʪʴ 

ɽʍʃ ʤʝʪʦʜʫ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʚʘʛʫ ʥʘʜ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʠʤ 

ʤʫʣʴʪʠʧʣʝʢʩʥʠʤ ʽʤʫʥʦʘʥʘʣʽʟʦʤ ʥʘ ʤʘʪʨʠʮʽ ʝʣʝʢʪʨʦʜʽʚ, ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ ʦʢʨʝʤʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʽʜʢʣʶʯʝʥʥʷʭ ʜʦ ʦʢʨʝʤʠʭ ʣʫʥʦʢ ʘʙʦ 

ʩʝʥʩʦʨʥʠʭ ʜʽʣʷʥʦʢ.  

ʎʷ ʤʽʢʨʦʨʽʜʠʥʥʘ ʩʠʩʪʝʤʘ ʙʫʣʘ ʨʦʟʰʠʨʝʥʘ ʜʣʷ ʚʠ̫ʚʣʝʥʥʷ ʯʦʪʠʨʴʦʭ ʙʽʣʢʽʚ, 

ʪʘʢʠʭ ʷʢ ʧʨʦʩʪʘʪʦʩʧʝʮʠʬʽʯʥʠʡ ʤʝʤʙʨʘʥʥʠʡ ʘʥʪʠʛʝʥ (PSMA), 

ʧʨʦʩʪʘʪʦʩʧʝʮʠʬʽʯʥʠʡ ʘʥʪʠʛʝʥ (PSA), ʽʥʪʝʨʣʝʢʽʥ-6 (IL-6) ʪʘ ʬʘʢʪʦʨ 

ʪʨʦʤʙʦʮʠʪʽʚ-4 (PF-4 ) ʫ ʩʠʨʦʚʘʪʮ̔ ʢʨʦʚʽ ʈʠʩ. 4.6 a) [217]. ʉ ʁʪʘ ʽʥ. [187] ʪʘʢʦʞ 

ʨʦʟʨʦʙʠʚ ʧʨʠʩʪʨʽʡ ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʷʢʠʡ ʚʽʟʫʘʣʽʟʫʚʘʚ ʧʨʠʭʦʚʘʥʽ ʚʜ̔ʙʠʪʢʠ 

ʧʘʣʴʮʽʚ ʷʢ ʫ ʥʝʛʘʪʠʚʥʦʤʫ, ʪʘʢ ʽ ʚ ʧʦʟʠʪʠʚʥʦʤʫ ʨʝʞʠʤʘʭ. ɺʜ̔ʩʫʪʥʽʩʪʴ ʘʙʦ 

ʟʤʝʥʰʝʥʥʷ ɽʍʃ ʩʠʛʥʘʣʫ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʚ ʨʝʞʠʤʽ ʥʝʛʘʪʠʚʫ ʧʨʠ ʚʟ̔ʫʘʣʽʟʘʮʽʾ 

ʯʝʨʝʟ ʩʘʣʴʥʠʡ (ʙʘʛʘʪʠʡ ʰʢʽʨʥʠʤ ʩʘʣʦʤ) ʚʽʜʙʠʪʦʢ ʧʘʣʴʮʷ, ʱʦ ʧʦʢʨʠʚʘʻ ɯʊʆ 

ʝʣʝʢʪʨʦʜ. ʊʘʢʠʤ ʯʠʥʦʤ, ɽʍʃ ʝʤʽʩʽ ̫ʚʠʥʠʢʘ ̒ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟ ʚʜ̔ʢʨʠʪʦʾ 

ʧʦʚʝʨʭʥʽ ITO ʝʣʝʢʪʨʦʜʘ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʊʇɸ. ʋ ʮʴʦʤʫ ʨʝʞʠʤʽ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʞʦʜʥʘ ʧʦʧʝʨʝʜʥʷ ʘʙʦ ʧʽʩʣʷʦʙʨʦʙʢʘ ʟʨʘʟʢʘ, ʷʢʘ, ʷʢ ʧʨʘʚʠʣʦ, ʻ ʩʢʣʘʜʥʦʶ ʪʘ 

ʥʝʦʙʭʽʜʥʦʶ ʫ ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʚʽʜʙʠʪʢʚ̔.  

ɺ̔ ʜʙʠʪʦʢ ʧʘʣʮɹ̫ ʤ̔ʤʦʙʽʣʽʟʦʚʘʥʦ ʟ ʧʦʭʽʜʥʦ  ʁ ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʽ ʁ ʚ 

ʧʦʟʠʪʠʚʥʦʤʫ ʨʝʞʠʤʽ. ʎʽ ʤʽʯʝʥʽ ʣʶʤʽʥʦʬʦʨʦʤ ʚʽʜʙʠʪʦʢ ʧʨʦʜʫʢʫ̒ ɽʍʃ ʚ 

ʥʘʩʣʽʜʢʫ ʨʝʘʢʮʽʾ ʟ ʩʧʚ̔ʨʝʘʛʝʥʪʦʤ, ʱʦ ʣʝʛʢʦ ʜʠʬʫʥʜʫ̒. ɼʘʥʘ ʤʝʪʦʜʠʢʘ ʙʫʣʘ 

ʪʘʢʦʞ ʧʦʰʠʨʝʥʘ ʥʘ ʽʤʫʥʥʫ ʚʽʟʫʘʣʽʟʘʮʽʶ ʚʠʜʽʣʝʥʴ ʧʦʪʫ ʣʶʜʠʥʠ, ʧʨʠʩʫʪʥʽʭ ʫ 

ʧʨʠʭʦʚʘʥʠʭ ʚʽʜʙʠʪʢʘʭ ʧʘʣʴʮʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʦʢʩʠʜʘʟʠ ʭʨʦʥʫ (HRP) ʷʢ 

ʤʽʪʦʢ ʪʘ ʣʶʤʽʥʦʣʫ, ʷʢ ʣʶʤʽʥʦʬʦʨʫ [218]. ʅʘ ʨʠʩ. 4.6 b) ʧʦʢʘʟʘʥʦ ʟʦʙʨʘʞʝʥʥʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ɽʍʃ ʽʤʫʥʦʛʣʦʙʫʣʽʥʫ G (hIgG) ʥʘ ʚʽʜʙʠʪʢʫ ʣʶʜʩʴʢʦʛʦ ʧʘʣʴʮ.̫ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ɽʍʃ ʚʟ̔ʫʘʣʽʟʘʮʽʾ ʜʣʷ ʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ ʚʠʷʚʣʝʥʥʷ 

ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ʬʦʢʫʩʫʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʥʘ ʩʢʨʠʥʽʥʛʫ 

ʛʝʥʦʪʦʢʩʠʯʥʦʩʪʽ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʩʠʚ ʩʝʥʩʦʨʥʠʭ ʜ̔ ʣʷʥʦʢ, ʱʦ ʤʽʩʪʷʪʴ 

ɼʅʂ, ʨʽʟʥʽ ʽʟʦʬʦʨʤʠ ʮʠʪʦʭʨʦʤʫ P450 ʪʘ ɽʍʃ ʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʦʧʦʣʽʤʝʨʫ 

Ru(bpy)2ʇʇʌ10
2+ (ʨʠʩ. 4.6 ʩ) [219]. ʈʷʜ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʦʙʣʝʥʦ ʽ 
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ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ɽʍʃ ̔ʤʫʥʦʩʝʥʩʦʨʥʠʭ ʤʘʩʠʚʘʭ. ʎʽ ʤʝʪʦʜʠ ʚʘʞʣʠʚʽ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ɽʍʃ ʟʦʙʨʘʞʝʥ ɹʜʣʷ ʧ̔ ʜʚʠ ʝɦʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ 

ʟʦʙʨʘʞʝʥʥʷʭ. ɿʘʚʜʷʢʠ ʩʪʨʘʪʝʛʽʾ ʧʦʜʚʽʡʥʦʛʦ ʧʜ̔ʩʠʣʝʥʥʷ ɼʅʂ ʫ ʧʦʻʜʥʘʥʥ ̔ʟ 

ʚʠʢʦʨʠʩʪʘʥʥ̫ ʤ ʧʦʣʤ̔ʝʨʥʠʭ ʪʦʯʦʢ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ɽʍʃ ʝʤ̔ ʩʽʾ ʙʫʣʘ ʧʽʜʚʠʱʝʥʘ 

[220].  

 

 

ʈʠʩʫʥʦʢ 4.6 ï ʘ) ʤʽʢʨʦʨʽʜʠʥʥʘ ʩʠʩʪʝʤʘ (ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ), ʱʦ ʤʽʩʪʠʪʴ 

ʤʘʪʨʠʮʶ ʟ 30-ʤʽʢʨʦʷʯʝʡʦʢ, ʷʢʽ ʧʽʜʢʣʶʯʝʥ ̔ ʜʦ ʢʝʨʦʚʘʥʠʭ ʤʽʢʨʦʥʘʩʦʩʽʚ ʪʘ 

ʢʘʩʝʪʠ ʜʣ ̫ ʟʨʘʟʢʽʚ/ʨʝʘʛʝʥʪʽʚ. ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ Arduino ʟʘʧʫʩʢʘʻ ʧʨʦʛʨʘʤʫ 

ʤʽʢʨʦʥʘʩʦʩʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʘʥʘʣʽʟʘ. [217] b) ʆʧʠʩ ʧʨʦʮʝʩʫ 

ʚʠʟʥʘʯʝʥʥʷ ʘʥʪʠʛʝʥʥʠʭ ʟʘʣʠʰʢʽʚ, ʥʘʷʚʥʠʭ ʫ ʚʽʜʙʠʪʢʫ ʧʘʣʴʮʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʽʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ. [218] c)ɽʍʃ ʟʦʙʨʘʞʝʥʥʷ 

ʦʪʨʠʤʘʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇɿɿ ʟ ʤʘʩʠʚʫ 49 ʦʢʨʝʤʠʤʠ ʧʣʷʤ ʨʫʪʝʥʽʷ ʧʦʣʽʚʽʥʽʣ 

ʧʽʨʠʜʠʥʫ/ɼʅʂ/ʬʝʨʤʝʥʪʫ, ʱʦ ʤʽʩʪʷʪʴ ʮʠʪʦʭʨʦʤ cyt P450 1B1. ʅʘ ʧʣʷʤʠ 

ʚʧʣʠʚʘʣʠ 0,5 ʤʄ H2O2 + 100 ʤʢʄ ʙʝʥʟʧʠʨʝʥʫ ʧʨʦʪʷʛʦʤ ʧʦʟʥʘʯʝʥʦʛʦ ʯʘʩʫ (ʭʚ). 

ɽʣʝʤʝʥʪʠ ʚʥʠʟʫ ʩʝʥʩʦʨʘ ʟʤʽhʫʚʘʣʠ ʟ H2O2 ʘʙʦ ʙʝʥʟʧʠʨʝʥʦʤ ʜʣʷ ʯʘʩʫ ʨʝʘʢʮʽʾ 

ʚʽʜ 1 ʜʦ 7 ʭʚ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʣʠ ʩʧʨʘʚʘ ʥʘʣʽʚʦ (ʥʝ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʨʠʩʫʥʢʫ ʜʣʷ 

ʷʩʥʦʩʪʽ). [219] 

 



198 

ʎʝ ʙʫʣʦ ʜʦʩ̫ʛʥʫʪʦ ʚ ʽʤʫʥʦʘʥʘʣʽʟʘʭ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʢʨʫʛʦʦʙʽʛʫ 

ʦʣʽʛʦʥʫʢʣʝʦʪʠʜʥʠʭ ʣʘʥʮʶʛʽʚ, ʘ ʧʦʪʽʤ ʬʝʨʤʝʥʪʘʪʠʚʥʦ ʮʠʢʣʽʯʥʦʛʦ ʚʠʚʽʣɹ ʥʝʥʥʷ 

ʧʦʣʽʤʝʨʥʠʭ ʪʦʯʦʢ ʽʟ ʩʘʤʦʟʘʛʘʩʘʶʯʠʭ ʟʦʥʜ̔ʚ. ʇʦʣʽʤʝʨʥʽ ʪʦʯʢʠ ʚʠʷʚʣʷʣʠ ʚ 11 

ʨʘʟʽʚ ʚʠʱʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ɽʍʃ ʧʦʨʽʚʥʷʥʦ ʟ ʨʘʥʽʰʝ ʧʦʚʽʜʦʤʣʝʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʘ 

ʦʩʘʜʞʝʥʥʷ ʟʦʣʦʪʘ ʥʘ ITO ʝʣʝʢʪʨʦʜ ʧʦʩʠʣʠʣʦ ɽʍʃ ʩʠʛʥʘʣ ʫ 100 ʨʘʟʽʚ. ʂʨʽʤ ʪʦʛʦ, 

ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʘʩʥ̔ʥ ̫ʯʦʨʥʠʭ ʜʽʨ ʟʘʙʝʟʧʝʯʫ̒ ʥʠʟʴʢʠʡ ʬʦʥʦʚʠʡ ʰʫʤ ʧʨʠ 

ʦʪʨʠʤʘʥʥʽ ɽʍʃ ʟʦʙʨʘʞʝʥʥʷ. 

ʂʦʣʴʦʨʦʚʠʡ ɽʍʃ ʘʥʘʣʽʟ 

ʂʦʣʴʦʨʦʚʘ ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʷ ʙʫʣʘ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʜʣʷ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ɼʅʂ-ʤʽʢʨʦʯʠʧʘ, ʱʦ ʙʫʚ ʚʠʛʦʪʦʚʣʝʥʠʡ ʷʢ 

ʤʽʢʨʦʨʽʜʠʥʥʘʧʣʘʪʬʦʨʤʘ ʟ ʩʠʩʪʝʤʦʶ ʚʽʜʢʨʠʪʠʭ ʙʽʧʦʣʷʨʥʠʭ ʝʣʝʢʪʨʦʜʽʚ [221]. ʋ 

ʥʘʚʝʜʝʥʠʭ ʧʦʧʝʨʝʜʥʽʭ ʧʨʠʢʣʘʜʘʭ ʤʦʞʣʠʚʦʩʪʽ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ɽʍʃ 

ʟʦʙʨʘʞʝʥʴ ʟʘʣʝʞʘʪʴ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʽʜ ʨʽʟʥʦʤʘʥʽʪʪ ̫ʤʘʩʠʚʫ ʜʘʪʯʠʢʽʚ. ɸʣʝ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʧʦʢʨʘʱʝʥʘ ʰʣʷʭʦʤ ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʦʣʴʦʨʫ ɽʍʃ ʝʤʽʩʽʾ. 

ɼʚʦʡʥʠʡ ʢʦʣʴʦʨʦʚʠʡ ʚʽʜʛʫʢ ʚʽʜ ʩʠʥʴʦ-ʟʝʣʝʥʦʛʦ ʜʦ ʯʝʨʚʦʥʦʛʦ ʙʫʣʦ ʧʦʤʽʪʥʦ ʧʨʠ 

ʩʝʣʝʢʪʠʚʥʦʤʫ ʟʙʫʜʞʝʥʥʽ ʢʦʤʧʣʝʢʩʽʚ ʽʨʠʜʽʶ ʪʘ ʨʫʪʝʥʽʶ ʰʣʷʭʦʤ ʩʢʘʥʫʚʘʥʥʷ 

ʧʦʪʝʥʮʽʘʣʫ ʧʦʣ̫ʨʠʟʘʮʽʾ ʙʽʧʦʣʷʨʥʦʛʦ ʝʣʝʢʪʨʦʜʘ. ɿ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥɹ, ʢʦʣʠ 

ʢʦʣʨ̔ ʧʝʨʝʭʦʜʠʪʴ ʚʽʜ ʩʠʥʴʦʛʦ ʟʝʣʝʥʦʛʦ ʩʚʽʪʣʘ ʜʦ ʯʝʨʚʦʥʦʛʦ, ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ 

ʤʥʦʞʠʥʥʽ ʙʽʦʤʘʨʢʝʨʠ ʨʘʢʫ ʧʝʨʝʜʤʽʭʫʨʦʚʦʾ ʟʘʣʦʟʠ (PSA, ʤʽʢʨʦʈʅʂ-141, ʱʦ 

ʮʠʨʢʫʣʶʻ ʪʘ ʩʘʨʢʦʟʠʥ) (ʨʠʩ. 4.7 ʘ) [222].  

ʎʝʡ ʪʠʧ ʘʥʘʣʽʪʠʯʥʠʭ ʧʣʘʪʬʦʨʤ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʝʨʤʝʥʪʽʚ ʘʙʦ ʙʽʣʢʽʚ 

ʜʝʤʦʥʩʪʨʫʻ ʧʝʨʝʚʘʛʠ ʧʨʦʚʝʜʝʥʥʷ ʤʫʣʴʪʠʧʣʝʢʩʦʚʘʥʠʭ ʘʥʘʣʽʟʽʚ ʥʘ ʙʘʟ̔ ʷʚʠʱʘ 

ɽʍʃ. ɼʣʷ ʨʦʟʤʝʞʫʚʘʥʥʷ ʢʽʣɹʢʦʭ ɽʍʃ ʣʶʤʥ̔ʦʬʦʨʽʚ ̔ ʩʥʫʻ ʜʚʘ ʤʦʞʣʠʚʽ ʩʧʦʩʦʙʠ: 

(1) ʦʧʪʠʤʟ̔ʘʮʽʷ ʥʝʦʙʭʽʜʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʟʙʫʜʞʝʥʥʷ (2) ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʦʚʞʠʥ 

ʭʚʠʣʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺ ʜʘʥʠʡ ʯʘʩ ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʦʚʞʠʥʠ ʭʚʠʣ ̔ ɽʍʃ 

ʟʜ̔ʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʧʦʪʝʥʮʽʘʣʫ ʟʙʫʜʞʝʥʥʷ ʜʣʷ ʟʙʫʜʞʝʥʥʷ ɽʍʃ 

ʨʝʘʢʮʽʾ ʚʽʜ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʪʴ ʨʽʟʥʽ ʣʶʤʽʥʦʬʦʨʠ. ʌʦʪʦʥʠ, 

ɽʍʃ ʝʤʽʩʽʾ ʣʶʤʽʥʦʬʦʨʘ, ʱʦ ʚʠʧʨʦʤʽʥʶʻ ʟʝʣʝʥʝ ʩʚʽʪʣʦ [Ir (df-ppy)2(BPS)]-, ʪʘ 

ʣʶʤ̔ʥʦʬʦʨʘ, ʱʦ ʚʠʧʨʦʤʽʥʶʻ ʯʝʨʚʦʥʝ ʩʚʽʪʣʦ [Ru(bpy)2(L)]2+ (L =N4,N4ǋ- 

ʙʽʩ((2S)-1-ʤʝʪʦʢʩʠ-1-ʦʢʩʦʧʨʦʧʘʥ-2-ʽʣ)-2,2ǋ-ʙʽʧʽʨʠʜʠʣ-4,4ǋ-ʜʠʢʘʨʙʦʢʩ̔ʘʤʽʜ) ʟ 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʊʇɸ ʷʢ ʟʘʛʘʣʴʥʦʛʦ ʩʧʽʚʨʝʘʛʝʥʪʫ ʩʧʦʩʪʝʨʽʛʘʣʠ ʇɿɿ-ʢʘʤʝʨʦʶ ʽʟ 

ʩʝʨʝʜʥʽʤ ʦʢʠʩʣʶʚʘʣʴʥʦ-ʚʽʜʥʦʚʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ, ʚʠ̫ ʚʣʝʥʦ, ʱʦ ʟʙʫʜʞʫʻʪʴʩʷ 

ʣʠʰʝ ʢʦʤʧʣʝʢʩ [Ru (bpy)2(L)]2+ ʫ ʧʨʠʩʫʪʥʦʩʪʽ [Ir(dfppy)2(BPS)]-, ʚ ʪʦʡ ʞʝ ʯʘʩ 

ɽʍʃ ʩʠʛʥʘʣ ʚʽʜ ʜʚʦʭ ʢʦʤʧʣʝʢʩʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ 

ʧʦʪʝʥʮʽʘʣʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʯʽʪʢʦ ʥʘʣʘʰʪʫʚʘʪʠ ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʚʽʜ ʯʝʨʚʦʥʦʾ ʜʦ 

ʟʝʣʝʥʦʾ [203]. 

 

ʈʠʩʫʥʦʢ 4.7 ï ɽʍʃ ʟʦʙʨʘʞʝʥʥʷ: ʘ) ʤʘʩʠʚʫ ʙʽʧʦʣʷʨʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʽʟ 

ʟʙʣ̔ɹ ʰʝʥʦʶ ʢʽʣʴʢʽʩʪʶ PSA, miRNA-141 ʪʘ ʩʘʨʢʦʟʠʥʫ. [222] ʙ) ʧʦʚʝʨʭʥʽ 

ʝʣʝʢʪʨʦʜʘ (ʜʽʘʤʝʪʨʦʤ 3 ʤʤ) ʟ ʨʽʟʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ (ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ ʷʯʝʡʢʠ ʫ 

ʚʦʣʴʪʘʭ) ʜʣʷ ʧʦʜʚʽʡʥʠʭ ʩʠʩʪʝʤ. ɺʝʨʭʥʻ ʟʦʙʨʘʞʝʥʥʷ (ʩʠʩʪʝʤʘ ɸ) ʦʪʨʠʤʘʥʦ ʚ 

ʨʦʟʯʠʥ ̔0,05 ʤʄ [Ru(bpy)2(L)] 2+ ʪʘ 0,25 ʤʄ Ir(ppy)3 ʟ 0,1 ʄ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʦʤ 

ʪʝʪʨʘʙʫʪʠʣʘʤʦʥʽʶ (TBAPF6), ʷʢ ʬʦʥʦʚʠʡ ʝʣʝʢʪʨʦʣʽʪ, ʪʘ 10 ʤʄ TPrA, ʷʢ 

ʩʦʨʝʘʛʝʥʪ, ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ. ʋʤʦʚʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʠʞʥʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

(ʉʠʩʪʝʤʘ ɹ) ʙʫʣʠ ʦʜʥʘʢʦʚʠʤʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʪʦʛʦ, ʱʦ ʢʦʤʧʣʝʢʩ ʨʫʪʝʥʽʶ ʙʫʚ 

ʟʤʽʥʝʥʠʡ ʥʘ 0,1 ʤʄ Ir (df-ppy)3. ʏʘʩ ʝʢʩʧʦʟʠʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʙʫʚ 

ʦʜʥʘʢʦʚʠʡ. 

 

ɻʨʫʧʘ ɼʦʝʚʝʥʘ [223] ʧʦʰʠʨʶʻ ʮʽ ʧʨʠʥʮʠʧʠ ʥʘ ʩʧʝʮʠʬʽʯʥʝ ʟʙʫʜʞʝʥʥʷ ʚ 

ʙʽʥʘʨʥʠʭ ʩʫʤʽʰʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʤʠʢʘʥʥʷ/ʚʠʤʠʢʘʥʥʷ hʣʭ̫ʦʤ ʢʦʥʪʨʦʣʁ 
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ʧʦʪʝʥʮʽʘʣʫ (ʨʠʩ. 4.7 ʙ). ʉʠʩʪʝʤʘ A ʤ̔ ʩʪʠʣʘ Ir(ppy)3 ʪʘ [Ru(bpy)2(L)]2+, ʟʝʣʝʥʽ ʪʘ 

ʯʝʨʚʦʥʽ ʣʶʤʽʥʦʬʦʨʠ; ʉʠʩʪʝʤʘ ɺ ʚʢʣʶʯʘʻ ʚʠʧʨʦʤʽʥʶʚʘʯʽ ʟʝʣʝʥʦʛʦ ʪʘ ʩʠʥʴʦʛʦ 

ʢʦʣʴʦʨʽʚ Ir(ppy)3 ʪʘ Ir(dfppy)3 ʚʽʜʧʦʚʽʜʥʦ. ɿ ʚʽʟʫʘʣʽʟʦʚʘʥʦʾ ʩʝʨ̔ʾ  ɽʍʃ ʟʦʙʨʘʞʝʥʴ 

ʮʠʭ ʜʚʦʭ ʙʽʥʘʨʥʠʭ ʩʫʤʽʰʝʡ ʟ ʨʽʟʥʠʤʠ ʧʦʪʝʥʮʽʘʣʘʤʠ ʧʦʤʽʯʝʥʦ, ʱʦ ʟʝʣʝʥʝ 

ʩʚʽʪʣʦ ʚʽʜ Ir(ppy)3 ʩʧʝʮʽʘʣʴʥʦ «ʚʚʤ̔ʢʥʝʥʦ» ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʪʘ 

«ʚʠʤʢʥʝʥʦ» ʜʣʷ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʦʢʠʩʣʝʥʥʷ. 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʦʢʨʝʤʠʭ ʦʙô̒ʢʪʽʚ 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʦʢʨʝʤʠʭ ʦʙô̒ʢʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʧʦʦʜʠʥʦʢʽ ʯʘʩʪʢʠ 

ʪʘ ʢʣʽʪʠʥʠ, ʥʘʙʫʚ ʨʦʟʚʠʪʢʫ, ʱʦ ʚʢʣʶʯʘ̒  ʧʝʨʝʚʽʨʢʫ ʝʢʟʦʮʠʪʦʪʦʢʩʠʯʥʠʭ 

ʚʠʜ̔ʣʝʥʴ ʥʘ ʧʦʚʝʨʭʥʽ ʢʣʽʪʠʥʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʟʘʻʤʦʟʚô̫ ʟʢʫ ʬʫʥʢʮʽʾ ʟ 

ʩʪʨʫʢʪʫʨʦ  ʁʯʘʩʪʢʠ. ʋʪʦʯʥʝʥʥʷ ʮʠʭ ʦʩʥʦʚʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʪʘ ʬʽʟʠʯʥʠʭ ʷʚʠ ɦ

ʚʘʞʣʠʚʝ ʜʣʷ ʛʣʠʙʦʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ ʦʢʨʝʤʠʭ ʢʣʽʪʠʥ/ʯʘʩʪʦʢ, ʱʦ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫ ʜʽʘʛʥʦʩʪʠʮʽ ʪʘ ʪʝʨʘʧʽʾ ʨʽʟʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʪʘʢ ̔  ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʝʣʝʢʪʨʦʢʘʪʘʣʽʟʫ. ʇʦʪʦʯʥʠʡ ʩʪʘʥ ʧʨʦʙʣʝʤʠ ʫ ʮʽʡ 

ʛʘʣʫʟʽ ʧʦʣʷʛʘʻ ʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʝ̒ʩʪʨʘʮʽʾ ʩʠʛʥʘʣʫ ʜʣʷ ʦʢʨʝʤʦʾ ʮʽʣʽ ʚʽʜ ʬʦʥʦʚʦʛʦ, 

ʱʦ ʦʙʤʝʞʫ ̒ʦʪʨʠʤʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦ ʾʪʘ/ʘʙʦ ʯʘʩʦʚʦ ʾ̔ ʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʝʦʜʥʦʨʽʜʥʽ 

ʧʦʜʽʾ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʮʠʭ ʦʙô̒ ʢʪʘʭ. ɯʥʪʝʛʨʘʮʽʷ ʝʣʝʢʪʨʦʭʽʤʽʾ ʥʘ ʦʢʨʝʤʠʭ 

ʦʙô̒ ʢʪʘʭ ʪʘ ɽʍʃ ʤʘʻ ʧʝʨʝʚʘʛʠ ʯʝʨʝʟ ʥʠʟɹʢʠʭ ʬʦʥʦʚʠʡ ʩʠʛʥʘʣ ʪʘ ʚʠʩʦʢʫ 

ʯʫʪʣʠʚ̔ ʩʪʴ ɽʍʃ ʘʥʘʣʽʟʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʚʘʙʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ɽʍʃ 

ʚʽʟʫʘʣ̔ ʟʘʮʽ̫ ʣʦʢʘʣʴʥʦʾ ʝʣʝʢʪʨʦʭ̔ʤʽʾ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʻ ʩʢʣʘʜʥʠʭ ʤʽʢʨʦʧʨʠʣʘʜʽʚ. 

ʋ ʮɹʦʤʫ ʢʦʥʪʝʢʩʪʽ ʦʜʥʦʤʦʤʝʥʪʥʘ ɽʍʃ ʚʟ̔ʫʘʣʽʟʘʮʽʷ ʩʪʘʣʘ ʜʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʦʶ 

ʪʝʭʥʽʢʦʶ ʚʽʟʫʘʣɹʥʦʾ ʽʥʩʧʝʢʮʽʾ ʙʦ̔ʣʦʛʽʯʥʦʾ ʪʘ ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʦʢʨʝʤʠʭ 

ʜʽʣʷʥʦʢ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʙô̒ ʢʪʽʚ. 

ʆʢʨʝʤ ̔ʢʣʽʪʠʥʠ. 

ɼʦʩʣ̔ʜʞʝʥʥʷ ʟ ʚʠʩʦʢʠʤʠ ʧʨʦʩʪʦʨʦʚʦʶ ʪʘ ʯʘʩʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 

ʦʢʨʝʤʠʭ ʞʠʚʠʭ ʢʣʽʪʠʥ ʥʘʜʘʻ ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʠʨʦʜʫ ʢʣʽʪʠʥ, 

ʧʦʚô̫ ʟʘʥʠʭ ʽʟ ʢʣʽʪʠʥʥʦʶ ʧʦʜʽʡ. ʍʦʯʘ ʬʣʫʦʨʝʩʮʝʥʪʥʘ ʤ̔ ʢʨʦʩʢʦʧʽʷ ʢʣʽʪʠʥ ʻ 

ʧʦʧʫʣʷʨʥʠʤ ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʫ ʪʘ ʨʦʟʧʦʜʽʣʫ ʙʽʦʤʦʣʝʢʫʣ, 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʟʦʥʜʽʚ ʜʣʷ ʤʘʣʠʭ ʤʦʣʝʢʫʣ ʟʘʡʤʘʻ 

ʙʘʛʘʪʦ ʯʘʩʫ, ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʮʠʭ ʟʦʥʜʽʚ ʯʘʩʪʦ ʦʙʤʝʞʫʶʪʴ ʧʝʨʝʣʽʢ ʦʙô̒ ʢʪ̔ʚ 
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ʜʦʩʣʽʜʞʝʥʥ.̫ ʂʨʽʤ ʪʦʛʦ, ʥʠʟʴʢʝ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ ʫhʤ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ 

ʟʦʙʨʘʞʝʥʥʷʭ ʢʣʽʪʠʥ ʫʩʢʣʘʜʥʶʻ ʚʽʟʫʘʣʽʟʘʮʽʶ ʙʣ̔ʢʽʚ ʤʝʤʙʨʘʥʠ ʟ ʥʠʟʴʢʠʤ 

ʚʤʽʩʪʦʤ. ɼʣ ̫ɽʍʃ ʤʽʢʨʦʩʢʦʧʽʾ ʦʢʨʝʤʠʭ ʢʣ̔ʪʠʥ ʢʦʤʝʨʮʽʡʥʦ ʜʦʩʪʫʧʥʽ ʦʢʩʠʜʘʟʠ, 

ʱʦ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʨʝʘʢʮʽʾ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʨʽʙʥʠʤʠ 

ʨʝʘʛʝʥʪʘʤʠ ʚ ʢʣ̔ ʪʠʥʘʭ, ʱʦ ʚʠʨʦʙʣʷʶʪʴ ʧʝʨʦʢʩʠʜ ʚʦʜʥʶ. H2O2 ʛʝʥʝʨʫʻ 

ʽʥʪʝʥʩʠʚʥʫ ɽʍʃ ʣʁ ʤʽʥʦʣʫ, ʽ, ʷʢ ʜʦʚʝʜʝʥʦ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ɽʍʃ ʥʘ ʟʦʙʨʘʞʝʥʥʽ 

ʢʦʨʝʣʶʻ ʟ ʢʽʣʴʢʽʩʪʶ ʨʝʘʛʝʥʪʫ [224]. ʄʽʢʨʦʣʫʥʢʠ ʨʦʟʤʽʨʦʤ ʟ ʢʣʽʪʠʥʠ ʙʫʣʠ 

ʚʠʛʦʪʦʚʣʝʥʽ ʥʘ ITO ʝʣʝʢʪʨʦʜʽ ʜʣʷ ʽʤʤʦʙ̔ʣʽʟʘʮʽʾ ʦʢʨʝʤʠʭ ʞʠʚʠʭ ʢʣʽʪʠʥ ʜʣ ̫

ɽʍʃ ʤʽʢʨʦʩʢʦʧʽʾ ʛʨʫʧʦʶ ʉ  ʁ[225]. ɽʤʽʩʽʷ ɽʍʃ ʩʠʛʥʘʣʫ ʚ ʨʝʘʢʮʽʾ ʣʶʤʽʥʦʣʫ ʟ 

H2O2 ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ 500 ʥʄ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʥʘ ʥʘʥʦʣʠʩʪʘʭ g-C3N4, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ɯʊʆ ʝʣʝʢʪʨʦʜʘ. ʎʝ ʜʦʟʚʦʣʷʣʦ 

ʚʠʷʚʣʷʪʠ ʧʘʨʘʣʝʣʴʥʦ ʥʠʟʴʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʦʣʝʩʪʝʨʠʥʫ ʚ ʦʢʨʝʤʠʭ ʢʣʽʪʠʥʘʭ. 

ʇʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʦʢʩʠʜʘʟʠ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʽʟ ʨʝʘʛʝʥʪʦʤ ʥʘ ʢʣʽʪʠʥʥʽʡ ʤʝʤʙʨʘʥʽ 

ʨʝʘʢʮʽʷ ʤʝʤʙʨʘʥʥʠʭ ʤʦʣʝʢʫʣ ʪʘ ʦʢʩʠʜʘʟʠ ʥʝʛʘʡʥʦ ʟʘʚʝʨʫhʚʘʣʘʩʷ. ʇʦʢʘʟʘʥʦ, 

ʱʦ ʙʝʟʧʝʨʝʨʚʥʘ ʛʝʥʝʨʘʮʽʷ H2O2 ʥʘ ʧʦʚʝʨʭʥʽ ʢʣʽʪʠʥʠ ʪʘ ʾʾ ʚʣ̔ʴʥʠʡ ʨʦʟʧʦʜʽʣ ʫ 

ʨʦʟʯʠʥ ̔ʚ ʣʫʥʮ ̔ʟʘʙʝʟʧʝʯʫ ̒ʤʘʡʞʝ ʩʪʽʡʢʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʘ ʚʜ̔ʢʨʠʪʠʭ ʜ̔ ʣʷʥʢʘʭ 

ITO ʝʣʝʢʪʨʦʜʘ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ. ɺ ʨʦʙʦʪʽ [206] ʤʝʤʙʨʘʥʥ̔ ʙʽʣʢʠ 

ʚʽʟʫʘʣʽʟʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʝʨʭʥʝʚʦ-ʦʙʤʝʞʝʥʦʾ ɽʍʃ ʤʽʢʨʦʩʢʦʧʽ.ʾ ʅʘ 

ʚʜ̔ʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʦʾ ʬʣʫʦʨʝʩʮʝʥʪʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɽʍʃ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ ʣʠʰʝ ʥʘ ʤ̔ ʪʢʘʭ Ru(bpy)3
2+, ʱʦ ʙʫʣʠ ʟʘʢʨʽʧʣʝʥ ̔ʥʘʤʝʤʙʨʘʥʽ ʢʣʽʪʠʥʠ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ʝʣʝʢʪʨʦʜʘ (ʨʠʩ. 4.8 I). ʎʝʡ 

ʨʝʟʫʣʴʪʘʪ ʥʝʚʽʜô̒ ʤʥʦ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʫʥʽʢʘʣʴʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʛʝʥʝʨʘʮʽʾ ɽʍʃ ʚ 

ʨʝʘʢʮʽʾ ʟ ʩʧʽʚʨʝʛʝʥʪʦʤ ʊʇɸ, ʷʢ ʥʘʩʣʽʜʦʢ ʦʙʤʝʞʝʥʦʛʦ ʯʘʩʫ ʞʠʪʪʷ 

ʝʣʝʢʪʨʦʛʝʥʝʨʦʚʘʥʦʛʦ ʨʘʜʠʢʘʣʘ ʊʇɸ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʦʢʨʝʤʠʭ ʯʘʩʪʦʢ 

ʄʽʢʨʦ- ʪʘ ʥʘʥʦʯʘʩʪʢʠ ʟ ʚʠʩʦʢʦ  ʁ ʝʣʝʢʪʨʠʯʥʦ ʁ ʻʤʥ̔ʩʪʁ ʪʘ 

ʝʣʝʢʪʨʦʢʘʪʘʣʽʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʨʦʧʦʥʫʶʪʴʩ̫ ʷʢ ʥʦʚ̔ ʝʣʝʢʪʨʦʜʥʽ 

ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʧʝʨʝʥʦʩʫ ʝʣʝʢʪʨʦʥʚ̔, 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʪʘ ʝʣʝʢʪʨʦʢʘʪʘʣʽʟʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʥʘ ʨʽʚʥʽ 

ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ ʩʧʨʠʷʪʠʤʝ ʟô̫ ʩʫʚʘʥʥʶ ʟʚô̫ ʟʢʫ ʤʽʞ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʬʫʥʢʮʽʻʶ 
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ʯʘʩʪʦʢ [226]. ɼʦʩʣʽʜʥʠʮʴʢʘ ʛʨʫʧʘ ɹʘʨʜʘ ʧʦʚʽʜʦʤʠʣʘ ʧʨʦ ʥʦʚʘʪʦʨʩɹʢʫ ʨʦʙʦʪʠ ʟ 

ɽʍʃ ʘʥʘʣʽʟʫ ʦʢʨʝʤʠʭ ʥʘʥʦʯʘʩʪʦʢ. ɿʘʢʨ̔ʧʣʝʥ̔ ʦʢʨʝʤʽ ʥʘʥʦʯʘʩʪʢʠ ʧʦʣʤ̔ʝʨʫ ʟ 

ʜʽʘʤʝʪʨʦʤ 25 ʥʤ ʥʘ ʧʨʝʜʤʝʪʥʠʭ ʩʪʝʢʣʘʭ ʚ̔ ʟʫʘʣʽʟʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽʍʃ 

ʨʝʘʢʮʽʾ ʟ ʩʧʽʚʨʝʘʛʝʥʪʦʤ. ɽʍʃ ʩʠʛʥʘʣ ʚ 1500 ʬʦʪʦʥʽʚ ʧʨʦʪʷʛʦʤ 100 ʩ ʥʘʜʭʦʜʠʚ 

ʚ̔ ʜ ʢʦʞʥʦʾ ʥʘʥʦʯʘʩʪʢʠ, ʧʦʢʘʟʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥ ̫ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ 

ʘʥʘʣʽʟʫ ʜʣ ̫ʙʽʦʩʝʥʩʦʨʽʚ [227].  

 

 

ʈʠʩʫʥʦʢ 4.8 - I) a)ʌʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʷ, b) ɽʍʃ ʪʘ c) ʥʘʢʣʘʜʝʥʽ ʦʙʠʜʚʘ 

ʟʦʙʨʘʞʝʥʥʷ ʢʣʽʪʠʥ ʷʻʯʥʠʢʽʚ ʢʠʪʘʡʩʴʢʦʛʦ ʭʦʤô̫ ʢʘ, ʚʠʨʦʱʝʥʠʭ ʥʘ 

ʩʢʣʦʚʫʛʣʝʮʝʚʦʤʫ ʝʣʝʢʪʨʦʜʽ. [206] II) ɽʍʃ ʟʦʙʨʘʞʝʥʥʷ ʤʫʣʴʪʠʧʣʝʢʩʥʠʭ 

ʩʝʥʜʚʽʯ-ʽʤʫʥʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ. [185] II I) ɽʍʃ 

ʟʦʙʨʘʞʝʥʥʷ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʤʦʜʠʬʽʢʦʚʘʥʽ ʢʚʘʥʪʦʚʠʤʠ ʪʦʯʢʘʤʠ, ʟ 

ʨʽʟʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʧʦʣʷʨʠʟʘʮʽʾ. [228] 

 

ʊʘʢʦʞ ʧʦʚʽʜʦʤʣʷʣʦʩʷ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʾ  ʜʣʷ ʘʥʘʣʽʟʫ 

ʧʦʣʽʩʪʠʨʦʣʴʥʠʭ ʤʢ̔ʨʦʩʬʝʨ ʟ ʨʦʟʤʽʨʦʤ Ḑ3,1 ʤʢʤ, ʱʦ ʙʫʣʠ ʤʦʜʠʬʽʢʦʚʘʥ ̔
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ʘʥʪʠʛʝʥʘʤʠ, ̫ ʢ ʧʨʠʢʣʘʜ ʙʽʦʩʝʥʩʦʨʘ [184]. ʇʽʩʣʷ ʨʝʘʢʮʽʾ ʘʥʪʠʪʽʣʘ ɦ ʦ ʤʘʨʢʦʚʘʥʦ 

Ru(bpy)3
2+, ʝʤʽʩʽʷ ʬʦʪʦʥʽʚ ʚʽʜʙʫʚʘʣʘʩʷ ʟ ʮʽʣʦʾ ʢʫʣʴʢʠ, ʪʘʢʠʤ ʯʠʥʦʤ ʙʫʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʤʫʣʴʪʠʧʣʝʢʩʦʚʘʥʠʭ ʽʤʫʥʦʘʥʘʣʽʟʽʚ 

ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʾ (ʨʠʩ. 4.8 II). ʆʩʢʽʣʴʢʠ ʢʦʞʥʠʡ ʪʠʧ 

ʤ̔ ʢʨʦʩʬʝʨ ʚ ʤʘʩʠʚ̔ ʦʢʨʝʤʦ ʚʠʟʥʘʯʘʚʩ ̫ʟʘ ʜʦʧʦʤʦʛʦʶ ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʾ ʱʦ 

ʧʨʦʭʦʜʠʣʘ ʦʜʥʦʯʘʩʥʦ ʚ ʤʫʣɹʪʠʧʣʝʢʩʦʚʘʥʦʤʫ ɽʍʃ ʘʥʘʣʽʟʽ. ʂʨʽʤ ʪʦʛʦ, 

ʧʦʚʽʜʦʤʣ̫ʣʦʩʷ, ʱʦ ɽʍʃ ʚʽʟʫʘʣʽʟʘʮʽʷ ʩʧʨʦʤʦʞʥʘ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʜʦʩʣʜ̔ʞʝʥʥ̫ ʭ ʝʣʝʢʪʨʦʢʘʪʘʣʽʪʠʯʥʦ ʾʨʝʘʢʮʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʦʢʨʝʤʠʭ ʢʚʘʥʪʦʚʠʭ 

ʪʦʯʦʢ, ʥʘ ʧʨʠʢʣʘʜʽ ʤ̔ ʢʨʦʯʘʩʪʦʢ ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ 

ʨʦʟɦʝʧʣʝʥʥʽ ʚʦʜʠ [228]. ɺ ʫʤʦʚʘʭ ʘʥʦʜʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʝʣʝʢʪʨʦʘʢʪʠʚʥʽ 

ʦʢʠʩʣʶʚʘʣʴʥʦ-ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʮʝʥʪʨʠ ʢʚʘʥʪʦʚʠʭ ʪʦʯʢʘʭ CdSeTe ʚʠʨʦʙʣʷʣʠ ʥʘ 

ʾʭ ʧʦʚʝʨʭʥ̔ ʚʠʜ̔ʚ ʛʽʜʨʦʧʝʨʦʢʩʠʜ ʷʢ ʩʧʽʚʨʝʘʛʝʥʪ, ʷʢʠʡ ʫ ʧʦʜʘʣʴʰʦʤʫ 

ʟʙʽʣʴʰʫʚʘʚ ̔ ʥʪʝʥʩʠʚʥʽʩʪʴ ɽʍʃ ʣʶʤʽʥʦʣʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʩʷ ʜʣ̫ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʥʘʥʦʯʘʩʪʦʢ (ʨʠʩ. 4.8 III). ʃʽʥʽʡʥʘ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ɽʍʃ ʩʠʛʥʘʣʦʤ ʽ ʧʦʪʦʢʦʤ 

ʬʦʪʦʥʽ ʧʦʢʘʟʫʻ, ʱʦ ʽʥʪʝʥʩʠʚʥ̔ʩʪʴ ɽʍʃ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʚʽʟʫʘʣʴʥʠʡ 

ʩʠʛʥʘʣ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʝʣʝʢʪʨʦʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʦʢʨʝʤʠʭ ʯʘʩʪʦʢ. 

[212]. 

 

4.4 ʄʫʣʴʪʠʢʘʥʘʣʴʥʠʡ ʘʥʘʣʽʟ  

 

ɸʥʘʣʽʟ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʧʦʢʘʟʫ ̒ ʧʨʠʚʘʙʣʠʚʠʡ ʧʦʪʝʥʮ̔ʘʣ 

ʷʚʠʱʘ ʝʣʝʢʪʨʦʛʝʥʝʨʦʚʘʥʦʾ ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʮʽʾ (ɽʍʃ) ʷʢ ʚʠʩʦʢʦʯʫʪʣʠʚʠʡ 

ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ, ʱʦ ʣʝʛʢʦ ʘʚʪʦʤʘʪʠʟʫʻʪʴʩ̫  [229-241]. ɺ ʮʴʦʤʫ ʤʝʪʦʜʽ ʧʽʜ 

ʘʥʘʣʪ̔ʠʯʥʠʤ ʩʠʛʥʘʣʦʤ ʤʘʶʪɹ ʥʘ ʫʚʘʟ̔ ʝʤʽʩʽʶ ʬʦʪʦʥʽʚ ʧʽʜ ʯʘʩ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ. ʎʝʡ ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ ʚʞʝ ʟʥʘʡh ʦʚ ʩʚʦʻ ʤʽʩʮʝ ʫ ʽʤʫʥʦʘʥʘʣʽʟ,̔ 

ʚʠʷʚʣʝʥʥ̔ ʙʽʦʤʦʣʝʢʫʣ, ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠh ʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʪʘ ʽʥʰʠʭ [242-253], ʦʩʢʽʣʴʢʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʠʟʴʢʠʤ ʬʦʥʦʚʠʤ 

ʩʠʛʥʘʣʦʤ, ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ, ʢʦʨʦʪʢʠʤ ʯʘʩʦʤ ʘʥʘʣʽʟʫ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ 

ʧʦʪʨʝʙʠ ʫ ʟʦʚʥʽhʥʦɹʤʫ ʜʞʝʨʝʣʽ ʩʚʪ̔ʣʘ. 
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ɿʘʟʚʠʯʘʡ, ʧʨʠʣʘʜʠ ʜʣʷ ɽʍʃ ʘʥʘʣʽʟʫ ʧʦʻʜʥʫʶʪʴ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʨʦʙʦʯʫ 

ʩʪʘʥʮʽʶ ʪʘ ʣʶʤʽʥʝʩʮʝʥʪʥʠʡ ʘʥʘʣʽʟʘʪʦʨ [241, 246-247], ʱʦ ʻ ʜʦʨʦʛʠʤ, ʥʝ 

ʧʦʨʪʘʪʠʚʥʠʤ ʦʙʣʘʜʥʘʥʥʤ̫. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʧʨʠʣʘʜʚ̔ ɽʍʃ ʜʣʷ ʜʝʰʝʚʠʭ, 

ʧʦʨʪʘʪʠʚʥʠʭ, ʰʚʠʜʢʠʭ ʜʦʩʣʽʜʞʝʥɹ ̒ ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ. 

ɺ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʨʠʮʽ ʝʣʝʢʪʨʦʜʽʚ, ʦɦ ʨʦʟʤʽʱʝʥʽ 

ʥʘ ʯʠʧʽ ʜʣʷ ʝʣʝʢʪʨʦʭ̔ʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘ ʪʘʢʦʞ ʧʦʻʜʥʘʪʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʤʘʪʨʠʯʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʜʘʪʯʠʢʘ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʩʚ̔ ʪʣʘ. ʎʝ ʧʽʜʚʠʱʫʻ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʚʽʜʪʚʦʨʚʁʘʥʽʩʪʴ ʘʥʘʣ̔ʪʠʯʥʠʭ ʧʨʠʣʘʜʽʚ. ʉʫʯʘʩʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʂʄʆʅ (ʢʦʤʧʣʽʤʝʥʪʘʨʥʠʭ ʤʝʪʘʣ-ʦʢʩʠʜ-ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ̔ʚ) ʜʣʷ ʤʘʪʨʠʯʥʠʭ 

ʦʧʪʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʩʪʽʣʴʥʠʢʦʚʠʭ 

ʪʝʣʝʬʦʥ̔ʚ ʪʘ ʟʘʤʽʱʫ ̒ʨʦʟʚʠʥʝʥʫ ʪʝʭʥʦʣʦʛʽʁ  ʧʨʠʣʘʜʽʚ ʟ ʟʘʨʷʜʦʚʠʤ ʟʚô̫ ʟʢʦʤ 

(ʇɿɿ), ʦʩʢʽʣʢɹʠ ʮʽʥʘ ʚʠʨʦʙʥʠʮʪʚʘ ʂʄʆʅ-ʜʘʪʯʠʢʠ ʥʠʞʯʘ. ʊʦʞ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

 ̒ ʧʨʠʚʘʙʣʠʚʦʁ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʜʦʨʦʛʠʤ ʩʧʝʮʽʘʣʟ̔ʦʚʘʥʠʤ ʣʶʤʽʥʝʩʮʝʥʪʥʠʤ 

ʘʥʘʣʽʟʘʪʦʨʘʤ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʩʪʠʭ ʤʝʪʦʜʽʚ 

ʙʧ̔ʦʣ̫ʨʥʦʛʦ ʝʣʝʢʪʨʦʣʽʟʫ ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʟʙʫʜʞʝʥʥ ̫ʘʥʘʣʽʪʠʯʥʦʾ ʨʝʘʢʮʽʾ 

ʚ ʩʝʥʩʦʨʽ ʥʝ ʧʦʪʨʝʙʫʻ ʩʢʣʘʜʥʦʛʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥ,̫ ʽ ʮʝ ʤʦʞʝ ʙʫʪʠ 

ʨʝʘʣʽʟʦʚʘʥʦ ʙʝʟʜʨʦʪʦʚʠʤ ʩʧʦʩʦʙʦʤ.  

ɽʣʝʢʪʨʦʭʝʤʽʣʤʁʥ̔ʝʩʮʝʥʪʥʘ ʨʝʘʢʮʽʷ ʪʨʠʩ-ʙʽʧ̔ʨʠʜʠʣ-ʨʫʪʝʥʽʶ Ru(bpy)3
2+ ʟ 

ʪʨʠʧʨʦʧʽʣʘʤʽʥʦʤ ʜʦʩʪʘʪʥʴʦ ʜʦʙʨʝ ʚʽʜʦʤʘ. [248] ʎʷ ʨʝʘʢʮʽ̫, ʷʢ ʽ ʨʝʘʢʮʽʾ ʟ 

ʧʦʭʽʜʥʠʤʠ Ru(bpy)3
2+, ʠhʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʯʠʩʣʝʥʥʠʭ ʥʘʫʢʦʚʠʭ 

ʨʦʙʦʪʘʭ ʽ ʤʦʞʝ ʚʚʘʞʘʪʠʩʷ ʝʪʘʣʦʥʥʦʶ ɽʍʃ ʨʝʘʢʮʽʷ ʜʣʷ ʧʦʨʽʚʥ̫ʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʪʘ ʘʧʨʦʙʘʮʽʾ  ʥʦʚʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ (ʢʦʤʧʦʟʠʮʡ̔). ʎʝ ʪʘʢʦʞ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦ ʽ ʢʦʨʠʩʥʦ ʜʣʷ ʧʦʨ̔ʚʥ̫ʥʥʷ ʨʽʟʥʠʭ ʧʨʠʣʘʜʽʚ. [12, 249-252] 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʠʪʠ ʚʟʘʻʤʦʟʚô̫ ʟʦʢ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʨʦʟʨʦʙʣʝʥʦʾ ɽʍʃ ʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʟ ʪʝʭʥʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠʣʘʜʽʚ, ʦɦ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʾʾ ʧʦʙʫʜʦʚʠ.  

ɹʘʛʘʪʦ ʬʘʢʪʦʨʽʚ, ʚʢʣʶʯʘʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʘʢʮʽ ʾ ɽʍʃ, ʢʦʥʬ̔ ʛʫʨʘʮʽ ̫

ʢʦʤʽʨʢʠ, ʨʝʞʠʤ ʟʙʫʜʞʝʥʥʷ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʩʚʽʪʣʘ, ʢʦʝʬʽʮʽʥ̒ʪ 

ʧʨʦʧʫʩʢʘʥʥʷ ʜʣʷ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʨʦʟʤʽʨ ʤʘʪʨʠʮʽ ʩʝʥʩʦʨʘ ʪʘ ʨʦʟʤʽʨ 

ʩʝʥʩʦʨʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥ̔ ʩʪʴ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 



205 

ʚ ʜʘʪʯʠʢʫ, ʰʫʤ ʚ ʝʣʝʢʪʨʦʥʽʮʽ ʽ ʩʭʝʤʘ ʜʨʘʡʚʝʨʘ ʨʘʟʦʤ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʦʩʪʫʧʥʫ 

ʤʝʞʫ ʚʠʷʚʣʝʥʥʷ, ʣʽʥʽʡʥʽʩʪʴ ʪʘ ʯʫʪʣʠʚʩ̔ʪɹ ʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ. ʆʪʞʝ, 

ʚʠʟʥʘʯʝʥʥ ̫ʯʫʪʣʠʚʦʩʪʽ, ʣʽʥʽʡʥʦʩʪʽ ʪʘ ʤʝʞʽ ʚʠʷʚʣʝʥʥʷ ʜʣʷ ʢʦʣʦʨʠʤʝʪʨʠʯʥʦʛʦ 

ɽʍʃ ʘʥʘʣʽʟʫ ʣhʷʭʦʤ ʥʘʣʘʰʪʫʚʘʥʥ̫ ʬʦʪʦʢʘʤʝʨʠ ʥʘ ʦʩʥʦʚʽ ʜʘʪʯʠʢʘ ʂʄʆʅ ʪʘ 

ʙʝʟʜʨʦʪʦʚʦʛʦ ʯ̔ʧʫ ʟ ʤʘʪʨʠʮʝʶ ʝʣʝʢʪʨʦʜʽʚ. ʊʘʢʦʞ ʫ ʨʦʙʦʪʽ ʦʙʛʦʚʦʨʶʻʪʴʩʷ 

ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥ,ɹ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʜʘʥʠʭ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʨʦʟʜʽʣ 

ʍʽʤʽʯʥʽ ʨʝʯʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʠ. ʊʨʠʩ(2,2ô-ʙ̔ ʧʽʨʠʜʠʣ) ʜʠʭʣʦʨʨʫʪʝʥʽʶ (II) 

ʛʝʢʩʘʛʽʜʨʘʪ (Ru(bpy)3
2+) ʪʘ ʪʨʠʧʨʦʧʽʣʘʤʽʥ (ʊʇɸ) ʚʽʜ Aldrich, ʬʦʩʬʘʪ ʥʘʪʨʽʶ 

(Na2HPO4) ʽ ʬʦʩʬʘʪ ʥʘʪʨʽʶ (NaH2PO4), ʱʦ ʧʨʠʜʙʘʥʦ ʫ Beijing Chemical 

Reagent Company. ʆʩʥʦʚʥʠʡ ʨʦʟʯʠʥ ʪʨʠʩ-ʙʽʧʽʨʠʜʠʣʨʫʪʝʥʽʶ ʛʜ̔ʨʦʭʣʦʨʠʜʫ 

(5ʤʄ) ʛʦʪʫʚʘʣʠ ʨʦʟʯʠʥʝʥʥʤ̫ 7,5 ʤʛ ʪʨʠʩ(2,2ô-ʙʽʧʽʨʠʜʠʣ) ʜʠʭʣʦʨʨʫʪʝʥ̔ ʶ (II) 

ʛʝʢʩʘʛʽʜʨʘʪʫ ʚ 2 ʤʣ ʙʫʬʝʨʥʦʛʦ ʨʦʟʯʠʥʫ, ʘ ʧʦʪʽʤ ʨʦʟʙʘʚʣʷʣʠ ʜʦ ʚʜ̔ʧʦʚʽʜʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʫʬʝʨʥʠʤ ʨʦʟʯʠʥʦʤ ʟ ʊʇɸ (10 ʤʄ). ʆʩʪʘʥʥʽʡ ʛʦʪʫʚʘʣʠ ʰʣʷʭʦʤ 

ʨʦʟʯʠʥʝʥʥʷ 38 ʤʢʣ ʊʇɸ ʚ 20 ʤʣ ʙʫʬʝʨʥʦʛʦ ʨʦʟʯʠʥʫ. 0,2ʄ ʙʫʬʝʨʥʦʛʦ ʨʦʟʯʠʥʫ 

Na2HPO4-NaH2PO4 (ʨʅ 6,7) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣ ̫ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʽʚ ʪʘ 

ɽʍʃ ʜʦʩʣʽʜʞʝʥ.ɹ ɹʜ̔ʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ 

ʙʫʬʝʨʥʦʛʦ ʨʦʟʯʠʥʫ. 

ʇʨʠʣʘʜʠ. ɼʣʷ ʚʠʤʽʨʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ɽʍʃ ʘʥʘʣʟ̔ʘʪʦʨ ʥʘ ʙʘʟʽ 

ʧʨʠʣʘʜʫ ñSparkò ʪʘ ʌɽʇ ʉR-105 ʚʽʜ Hamamatsu Photonics Co. ɼʣ̫ ʥʘʧʨʘʚʣʝʥʥ ̫

ʩʚʽʪʣʘ ʚʽʜ ʤʽʢʨʦʩʭʝʤʠ ʜʦ ATG ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʘʢʨʠʣʦʚʠʡ ʩʚ̔ ʪʣʦʚʜ̔ ʟ 

ʜ̔ ʘʤʝʪʨʦʤ ʚʦʣʦʢʥʘ 3 ʤʤ, ʧʨʠʜʙʘʥʠʡ ʫ ʢʦʤʧʘʥʽʾ YaGeer Building Materials 

Company. 

ɼʣʷ ʬʦʪʦʨʝʻʩʪʨʘʮʽʾ ʙʫʚ ʟʘʜʽ̫ʥʘ ʮʠʬʨʦʚʘ ʜʟʝʨʢʘʣʴʥʘ ʬʦʪʦʢʘʤʝʨʘ Canon 

600D ʟ ʦʙô̒ ʢʪʠʚʦʤ EF-S 18-135mm f / 3.5-5.6 IS STM ʟ ʬʦʢʫʩʥʦʶ ʚʽʜʩʪʘʥʥʶ f = 

113ʤʤ ʪʘ ʜʽʘʬʨʘʛʤʦʶ f / 5.6. ʂʘʤʝʨʘ ʙʫʣʘ ʧʽʜʢʣʶʯʝʥʘ ʜʦ ʩʚʽʪʣʦʟʘʭʠʩʥʦʾ 

ʢʘʤʝʨʠ. ɺʠʩʦʪʘ ʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ ʨʘʟʦʤ ʛʘʙʘʨʠʪʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʢʘʤʝʨʠ 

ʩʪʘʥʦʚʠʣʘ 0,39 ʤ (ʥʘʡʙʣʠʞʯʘ ʬʦʢʫʩʥʘ ʚʽʜʩʪʘʥʴ) ʧʨʠ ʨʦʟʤʽʱʝʥʥʽ ʙʝʟʜʨʦʪʦʚʦʛʦ 

ʯʽʧʫ ʚʥʠʟʫ ʢʘʤʝʨʠ. 
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ʇʦʣʷʨʠʟʘʮʽʷ ʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʨʦʟʤʽʱʝʥʘ ʥʘ ʯʠʧʽ ʟʜʡ̔ʩʥʶʚʘʣʘʩʷ ʤʦʜʫʣʝʤ 

ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʽʥʜʫʢʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ, ɦ ʦ ʧʨʠʜʙʘʥʠʤ ʫ ʢʦʤʧʘʥ̔ʾ 

Xinketai. ʂʘʪʫ ʢhʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʤʦʜʫʣʷ ʟ ʤ̔ʜʥʦʛʦ ʜʨʦʪʫ ʨʦʟʤʽʱʫʚʘʣʘʩʷ ʥʘ 

ʚʽʜʩʪʘʥʽ 5ʤʤ  ʚʽʜ ʙʝʟʜʨʦʪʦʚʦʛʦ ʯʠʧʫ, ʱʦ ʤʘʻ ʚʽʩʽʤ ʧʘʨ ʝʣʝʢʪʨʦʜʽʚ ʢ̔ ʣʴʮʝ-ʜʠʩʢ, 

ʷʢʽ ʟô̒ ʜʥʘʥ ̔ʧʘʨʘʣʝʣʴʥʦ. ɼʽʘʤʝʪʨ ʮʝʥʪʨʘʣʴʥʦʛʦ ʜʠʩʢʦʚʦʛʦ ʝʣʝʢʪʨʦʜʘ - 3,175 ʤʤ, 

ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʢʽʣɹʮʝʚʦʛʦ ʝʣʝʢʪʨʦʜʘ - 5,715 ʤʤ, ʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʢʽʣʴʮʝʚʠʤ 

ʪʘ ʜʠʩʢʦʤ - 0,635 ʤʤ. ʂʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ ʧʣʘʥʘʨʥʦʛʦ ʽʥʜʫʢʪʦʨʘ ʥʘ ʯʠʧʽ, ʱʦ 

ʧʨʠʡʤʘ ̒ʝʥʝʨʛʽ ʁʪʘ ʨʦʟʤʽʱʝʥʦ ʚ ʮʝʥʪʨʽ ʯʠʧʫ, ʩʪʘʥʦʚʠʪɹ ʧʦ 17 ʚʠʪʢʽʚ ʧʦ ʦʙʠʜʚʘ 

ʙʦʢʠ ʯʠʧʘ. ɺʠʧʨʷʤʥʠʡ ʜʽʦʜ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʧʦʣʷʨʥʠʭ ʽʤʧʫʣʴʩʽʚ ʻ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʜʦ̔ʜ ʪʠʧʫ 1SS422. 

ʊʨʠʤʘʯ ʯʠʧʫ ʪʘ ʢʦʪʫʰʢʠ ʤʦʜʫʣʷ ʧʝʨʝʜʘʚʘʯʘ, ʘ ʪʘʢʦʞ ʥʘʢʣʘʜʢʘ ʙʫʣʠ 

ʥʘʜʨʫʢʦʚʘʥʽ ʥʘ 3D ʧʨʠʥʪʝʨʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ABS-ʧʣʘʩʪʠʢʫ. ʅʘʢʣʘʜʢʘ ʤʘ̒ 

ʚʠʩʦʪʫ 1 ʩʤ ʟ 8 ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʚʽʢʥʘʤʠ ʥʘʚʧʨʦʪʠ ʝʣʝʢʪʨʦʜʽʚ. ʉʪʽʥʢʠ ʥʘʢʣʘʜʢʠ 

ʥʝ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʝʣʝʢʪʨʦʜʘʤʠ, ʪʦʤʫ ʢʨʘʧʣʷ ʨʦʟʯʠʥʫ ʚ 30 ʤʢʣ ʬʢ̔ʩʫʻʪɹ ʩʷ ʥʘ 

ʝʣʝʢʪʨʦʜʘʭ ʩʠʣʦʶ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ. ʅʘʢʣʘʜʢʘ ʧʦʧʝʨʝʜʞʘʻ ʟʘʩʚʽʯʫʚʘʥʥʷ 

ʦʙʣʘʩʪʽ ʩʫʩʽʜʥʽʭ ʝʣʝʢʪʨʦʜʽʚ, ʨʦʟʜʽʣʷʶʯʠ ʚʠʤʽʨʥʽ ʜʽʣʷʥʢʠ ʯʠʧʫ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʚʧʣʠʚ ʩʫʩʽʜʽʚ ʙʫʚ ʧʨʠʜʫʰʝʥʠʡ ʥʘ ʯʠʧʽ ʟ ʤʘʩʠʚʦʤ ʝʣʝʢʪʨʦʜʽʚ (ʨʠʩ. 4.9). 

 

 

ʈʠʩʫʥʦʢ 4.9 ï ɹʝʟʜʨʦʪʦʚʠʡ ʯ̔ ʧ ʟ ʤʘʩʠʚʦʤ 8 ʝʣʝʢʪʨʦʜʥʠʭ ʧʘʨ ʫ ʪʨʠʤʘʯʽ, 

ʥʘʢʣʘʜʢʘ ʪʘ ʤʦʜʫʣ ɹʜʨʘʡʚʝʨʘ. 

 

ʇʨʦʮʝʜʫʨʘ ʚʠʟʥʘʯʝʥʥ ̫Ru(bpy)3
2+ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʘʪʦʨʘ PMT. ʉʝʨʽʶ ʟ 

1 ʤʣ, 0,2 ʄ ʙʫʬʝʨʥʠʭ ʨʦʟʯʠʥʽʚ (pH = 6,7), ʱʦ ʤʽʩʪʠʪʴ 0,01 ʄ TPA ʪʘ ʨʽʟʥʽ 

ʢʦʥʮʝʥʪʨʘʮ̔ʾ  Ru(bpy)3
2+, ʛʦʪʫʚʘʣʠ ʧʦʩʣʽʜʦʚʥʠʤ ʨʦʟʚʝʜʝʥʥʷʤ ʚʠʭʽʜʥʦʛʦ 
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ʨʦʟʯʠʥʫ (ʢʦʥʮʝʥʪʨʘʮʽ̫ Ru(bpy)3
2+ ʙʫʣʘ: 250, 125, 64, 32, 16, 8, 4, 2 ʤʢʄ 

ʚʽʜʧʦʚʽʜʥʦ). ʇʦʪʽʤ 30 ʤʢʣ ʨʦʟʯʠʥʫ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʚʩʷ, ʧʝʨʝʥʦʩʠʣʠ ʥʘ 

ʙʝʟʜʨʦʪʦʚʠʡ ʩʝʥʩʦʨʥʠʡ ʯʠʧ ʪʘ ʚʠʤʽʨʷʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʟ̔ʘʪʦʨʘ ʙʘʟʽ 

ʧʨʠʣʘʜʫ ñSparkò ʪʘ ʌɽʇ ʉR-105. ʋ ʢʦʞʥʦʤʫ ʚʠʤʽʨʽ ʦʜʥʘ ʷʯʝʡʢʘ ʟ 

ʧʨʠʢʨʽʧʣʝʥʠʤ ʩʚʽʪʣʦʚʦʜʦʤ ʟʘʧʦʚʥʶʚʘʣʘʩʴ ʟʨʘʟʢʦʤ, ʘ ʽʥʰʽ ʷʯʝʡʢʠ - ʙʫʬʝʨʥʠʤ 

ʨʦʟʯʠʥʦʤ, ʱʦ ʤʽʩʪʠʚ ʣʠʰʝ ʊʇɸ (ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʜʽʙʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʙʝʟʜʨʦʪʦʚʦʛʦ ʧʨʠʡʤʘʯʘ ʯʠʧʫ, ʧʦʜʽʙʥʦ ʜʦ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ̫ʢ ʫ 

ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ɽʍʃ). ʎʝʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʦʚʪʦʨʶʚʘʣʠ ʜʣʷ ʢʦʞʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Ru(bpy)3
2+. ʅʘʧʨʫʛʘ ʬʦʪʦʧʦʤʥʦʞʫʚʘʯʘ ʩʢʣʘʜʘʣʘ 1100 ɺ. ʇʝʨʽʦʜ 

ʟʘʧʠʩʫ ɽʍʃ ʙʫʚ ʪʘʢʠʤ ʩʘʤʠʤ, ʷʢ ʽ ʧʝʨʽʦʜ ʝʢʩʧʦʟʠʮʽʾ ʜʣʷ ʧʨʦʮʝʜʫʨʠ 

ʬʦʪʦʛʨʘʬʫʚʘʥʥ.̫ 

ʇʨʦʮʝʜʫʨʘ ʚʠʷʚʣʝʥʥ ̫ʬʦʪʦʛʨʘʬʽʾ Ru(bpy)3
2+. ʋ ʜʦʩʣ̔ʜʞʝʥʥʷʭ ʜʦʩʣʽʜʞʝʥʦ 

ʪʦʡ ʩʘʤʠʡ ʜʽʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮ̔ʡ ʨʦʟʯʠʥʫ Ru(bpy)3
2+, ʱʦ ʽ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʘʪʦʨʘ ʌɽʇ, ʦʧʠʩʘʥʠʡ ʚʠʱʝ. 30 ʤʢʣ ʢʦʞʥʦʛʦ ʨʦʟʯʠʥʫ 

ʥʘʥʦʩʠʣʠ ʥʘ ʧʘʨʫ ʟʦʣʦʪʠʭ ʝʣʝʢʪʨʦʜʽʚ, ʪʦʤʫ ʯʧ̔ ʤʽʩʪʠʚ 8 ʧʘʨ ʟʦʣʦʪʠʭ 

ʝʣʝʢʪʨʦʜ̔ʚ, ʟʘʧʦʚʥʝʥʠʭ ʨʦʟʯʠʥʘʤʠ Ru(bpy)3
2+ ʨʽʟʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ. 

ɽʣʝʢʪʨʦʭʽʤʯ̔ʥʝ ʟʙʫʜʞʝʥʥʷ ʩʠʥʭʨʦʥʠʟʫʚʘʣʦʩʷ ʟ ʧʦʯʘʪʢʦʤ ʨʝʻʩʪʨʘʮʽʾ ɽʍʃ ʟʘ 

ʜʦʧʦʤʦʛʦʁ ʧʨʦʩʪʦʛʦ ʧʝʨʝʤʠʢʘʯʘ ʟ ʜʚʦʤʘ ʢʦʥʪʘʢʪʥʠʤʠ ʛʨʫʧʘʤʠ. ʆʜʥʘ ʛʨʫʧʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥ̫ ʜʦ ʙʝʟʜʨʦʪʦʚʦʛʦ 

ʤʦʜʫʣʷ, ʥ̔ʰʘ ï ʢʝʨʫʚʘʣʘ ʟʘʪʚʦʨʦʤ ʬʦʪʦʢʘʤʝʨʠ. ɼʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʦɦ 

ʦʪʨʠʤʘʥ ̔ ʚʽʜ ʬʦʪʦʜʘʪʯʠʢʘ, ʬʘʡʣʠ ʟʦʙʨʘʞʝʥʴ ʫ ʬʦʨʤʘʪʽ Canon CR2 ʙʫʣʠ 

ʧʝʨʝʪʚʦʨʝʥʽ ʚ ʥʝʩʪʠʩʥʫʪʽ 16-ʨʦʟʨʷʜʥʽ ʬʘʡʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥ ̫ UFRaw 0.19.2 ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ. ɺʽʥ ʤʘʩʰʪʘʙʫʚʘʚ ʥʘhʽ 

ʧʦʯʘʪʢʦʚʽ 14-ʙ̔ ʪʦʚʽ ʜʘʥʽ ʫ ʬʦʨʤʘʪʽ CR2 ʽ ʪʨʘʥʩʬʦʨʤʫʚʘʚ ʜʘʥʽ ʽʟ ʩʝʥʩʝʣɹ ʥʦʛʦ ʚ 

ʧʽʢʩʝʣʴʥʠʡ ʜʦʤʝʥ. ʄʠ ʟʤʽʥʠʣʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʘʤʝʨʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʜʣʷ 

ʽʥʜʝʢʩʽʚ ʤʥʦʞʝʥʥʷ ʢʘʥʘʣʽʚ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʦʜʠʥʠʮʽ ʽ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʞʦʜʥʠʭ ʧʨʦʬʽʣʽʚ ʫʧʨʘʚʣʽʥʥʷ ʢʦʣɹʦʨʦʤ (ʛʘʤʤʘ-ʢʦʨʝʢʮʽʷ ʪʘ 

ʧʘʨʘʤʝʪʨʠ ʣʽʥʽʡʥʦʩʪʽ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ 1). ʊʦʞ ʚʠʭʽʜʥʠʡ ʬʘʡʣ tiff ʤʽʩʪʠʚ 

ʣʠʰʝ ʨʦʟʰʠʨʝʥʽ ʜʦ 16-ʙʽʪʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʚʠʭʽʜʥʽ ʜʘʥʽ ʟ ʤʘʪʨʠʮʽ ʩʝʥʩʦʨʘ 

ʬʦʪʦʢʘʤʝʨʠ. ʆʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʴ ʧʨʦʚʦʜʠʣʘʩʴ ʫ ʧʨʦʛʨʘʤʽ ʟ ʚ̔ʜʢʨʠʪʠʤ ʢʦʜʦʤ 
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ImageJ 1.49. ʇʨʦʮʝʜʫʨʘ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥ ̔ʝʪʘʧʠ. 

ʇʦʯʘʪʢʦʚʽ ʪʝʤʥʽ (ʬʦʥʦʚʽ) ʟʦʙʨʘʞʝʥʥ̫ ʦʪʨʠʤʫʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʤ̫ ʪʠʭ ʩʘʤʠʭ 

ʨʝʞʠʤʽʚ ʬʦʪʦʟʡʦʤʢʠ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʽʟ 

ʛʘʨʷʯʠʭ ʧʽʢʩʝʣʽʚ ʽʟ ʟʦʙʨʘʞʝʥɹ. ɻʘʨʷʯʽ ʧʽʢʩʝʣʽ ʥʘ ʤʘʪʨʠʮ̔ ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʧʦʨʦʛʦʚʠʤ ʨʽʚʥʝʤ, ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ ʝʥʪʨʦʧʽʶ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʢʦʞʥʦʛʦ ʢʦʣʴʦʨʦʚʦʛʦ ʢʘʥʘʣʫ. ʇ̔ʩʣ̫ ʮʴʦʛʦ ʬʦʥʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʥʽʤʘʣʠ ʽʟ 

ñʩʚʽʪʣʠʭò (ʟʨʘʟʢʽʚ) ʟʦʙʨʘʞʝʥʴ. ʆʙʨʦʙʣʝʥʽ ʟʦʙʨʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪɹʩ̫ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪ̔ ɽʍʃ ʚʽʜ ʟʨʘʟʢʽʚ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʰʫʤʽʚ, ʦʙʯʠʩʣʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʷ ʜʣʷ ʜʽʣʷʥʦʢ, ʷʢ̔ ʦʭʦʧʣʶʚʘʣʠ ʦʙʣʘʩʪʴ ʝʣʝʢʪʨʦʜʥʦʾ ʧʘʨʠ 

ʜʠʩʢ-ʢʽʣʴʮʝ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʣʴʦʨʦʚʦʛʦ ʢʘʥʘʣʫ ʪʘ ʜʘʥʠʭ 

ʾʭ ʢʦʤʧʦʟʠʮʽʾ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʢʦʤʧʦʟʠʪʥʦʛʦ ʢʘʥʘʣʫ ʚʠʟʥʘʯʘʣʠ ʷʢ ʩʝʨʝʜʥʁ 

ʘʨʝʬʤʝʪʠʯʥʫ: 

 

ʜʝ R, G ʪʘ B - ʢʦʣʴʦʨʦʚʽ ʢʦʦʨʜʠʥʘʪʠ (ʥ̔ʪʝʥʩʠʚʥʽʩʪʴ ʧʽʢʩʝʣʷ ʚ ʢʦʞʥʦʤʫ ʢʘʥʘʣ ̔

ʢʦʣʴʦʨʫ). 

ʇʨʦʮʝʜʫʨʘ ʚʠʤʽʨʁʚʘʥʥʷ ʬʦʥʦʚʦʾ ɽʍʃ Ru(bpy)3
2+. ɺʠʭʽʜʥʠʡ ʨʦʟʯʠʥ 

Ru(bpy)3
2+ ʨʦʟʙʘʚʣʷʣʠ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ 1 ʤʄ ʙʫʬʝʨʥʠʤ ʨʦʟʯʠʥʦʤ (pH = 7,3). 

ʏʘʩʪʠʥʫ ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʜʦʜʘʪʢʦʚʦ ʟʤʽʰʫʚʘʣʠ ʟ ʙʫʬʝʨʦʤ ʫ ʦʙô̒ ʤʥʽʡ ʧʨʦʧʦʨʮʽʾ 

2:1, ʦʪʨʠʤʫʶʯʠ 0,66 ʤʄ ʨʦʟʯʠʥʫ Ru(bpy)3
2+. ʎʝʡ ʝʪʘʧ ʧʦʚʪʦʨʶʚʘʣʠ 7 ʨʘʟʽʚ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʜʽʘʧʘʟʦʥʫ ʢʦʥʮʝʥʪʨʘʮʽʡ Ru(bpy)3
2+: 1; 0,66; 0,44; 0,29; 0,19; 0,13; 

0,08; 0,05 ʤʄ. 

ʇʨʦʮʝʜʫʨʘ ʘʥʘʣʽʟʫ ʬʦʥʦʚʦʛʦ ʨʚ̔ʥʷ ɽʍʃ ʚʽʜ Ru(bpy)3
2+ ʙʫʣʘ ʧʦʜʽʙʥʘ ʜʦ 

ʧʨʦʮʝʜʫʨʠ ʚʠʚ̫ʣʝʥʥ ̫ Ru(bpy)3
2+. ɺʩʽ ʜʘʥʽ ʙʫʣʠ ʟʽʙʨʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʯʫʪʣʠʚʦʩʪ̔ ISO-6400. 

ʇʨʦʮʝʜʫʨʘ ʚʠʟʥʘʯʝʥʥʷ TʇA ʤʝʪʦʜʦʤ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʘʨʪʽʶ 100 ʤʢʄ ʨʦʟʯʠʥʽʚ Ru(bpy)3
2+ ʟ ʨʟ̔ʥʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʊʇɸ. 30 ʤʢʣ ʢʦʞʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘʥʦʩʠʣʠ ʥʘ ʧʘʨʠ ʟʦʣʦʪʠʭ 

ʝʣʝʢʪʨʦʜ̔ʚ, ʪʦʤʫ ʯʽʧ ʤʽʩʪʠʚ 8 ʟʘʧʦʚʥʝʥʠʭ ʷʯʝʡʦʢ ʟ ʊʇɸ ʨʽʟʥʦʾ ʢʦʥʮʝʥʪʨʘʮ̔ʾ : 

500, 250, 125, 63, 32, 16, 8, 4 ʤʢʄ. ʇʨʦʮʝʜʫʨʘ ʘʥʘʣʽʟʫ ʚʠʷʚʣʝʥʥʷ TʇA ʙʫʣʘ 



209 

ʧʦʜʽʙʥʦʶ ʜʦ ʧʨʦʮʝʜʫʨʠ ʚʠʷʚʣʝʥʥ̫ Ru(bpy)3
2+. ɺʩʽ ʜʘʥʽ ʙʫʣʠ ʟʙ̔ʨʘʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʫʪʣʠʚʦʩʪʽ ISO-6400. 

ɺʠʟʥʘʯʝʥʥʷ Ru(bpy)3
2+. 

ɼʝʪʘʣʴʥʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʙʝʟʜʨʦʪʦʚʦʛʦ ʩʝʥʩʦʨʥʦʛʦ ʯʠʧʫ ʥʘʚʝʜʝʥʦ ʚ [253, 

254]. ʂʦʨʦʪʢʦ, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʥʘʩʪʫʧʥʠʡ. ʄʦʜʫʣʴ ʧʝʨʝʜʘʚʘʯʘ ʚʠʨʦʙʣʷʻ 

ʩʠʥʫʩʦʜʾʘʣʴʥʠʡ ʩʠʛʥʘʣ, ʷʢʠʡ ʽʥʜʫʢʫʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ ʥʘʚʢʦʣʦ 

ʧʽʜʢʣʶʯʝʥʦʛʦ ʽʥʜʫʢʪʦʨʘ. ʂʦʪʫʰʢʘ ʧʨʠʡʤʘʯʘ ʥʘʜʨʫʢʦʚʘʥʘ ʥʘ ʜʨʫʢʦʚʘʥʽʡ ʧʣʘʪʽ 

ʩʝʩʥʦʨʥʦʛʦ ʯʠʧʫ ʦʪʨʠʤʫʻ ʝʥʝʨʛʽʶ ʚʽʜ ʤʦʜʫʣʷ, ʢʦʣʠ ʯʠʧ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʧʝʨʝʜʘʚʘʯʘ. ɺʢʣʶʯʝʥʠʡ ʜʽʦʜ ʚ ʩʭʝʤ̔  ʧʨʠʡʤʘʯʘ 

ʧʝʨʝʪʚʦʨʶʻ ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʩʠʛʥʘʣ ʥʘ ʽʤʧʫʣʴʩʠ ʟ ʦʜʥʽʻʶ ʧʦʣʷʨʥʽʩʪʶ. 

ʇʦʣʷʨʥʽʩʪʴ ʜʽʦʜʘ ʚ ʣʘʥʮʶʟʽ ʚʠʟʥʘʯʘ̒, ʷʢʠʡ ʝʣʝʢʪʨʦʜ ʚ ʧʘʨʽ ʜʠʩʢ-ʢʣ̔ʴʮʝ ʙʫʜʝ 

ʢʘʪʦʜʦʤ ʘʙʦ ʘʥʦʜʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʜʘʥʠʡ ʩʠʛʥʘʣ ʟʙʫʜʞʝʥʥʷ ʜʦ ʝʣʝʢʪʨʦʜʽʚ 

ʤ̔ ʢʨʦʩʭʝʤʠ ʻ ʽʤʧʫʣɹʩʥʦʶ ʧʦʩʣʜ̔ʦʚʥʽʩʪʶ ʦʜʥ̒ʾ̔ ʧʦʣʷʨʥʦʩʪʽ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 

ʮʝ ʟʘʧʦʙʽʛʘʻ ʮʠʢʣʫ ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʩʣ̫ ʦʢʠʩʣʝʥʥʷ ʥʘ ʜʠʩʢʦʚʦʤʫ ʝʣʝʢʪʨʦʜ.̔  

ʂʦʥʪʨʦʣʴʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʦʟʯʠʥʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ɽʍʃ 

ʘʥʘʣʽʟʘʪʦʨʦʤ ʥʘ ʙʘʟʽ ʧʨʠʣʘʜʫ ñSparkò ʪʘ ʌɽʇ ʉR-105. ɺʽʥ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʜʣʷ 

ʦʮ̔ʥʢʠ ʧʨʦʮʝʜʫʨʠ ʧ̔ ʜʛʦʪʦʚʢʠ ʟʨʘʟʢʽʚ ʪʘ ʧʦʚʝʜʽʥʢʫ ʙʝʟʜʨʦʪʦʚʦʛʦ ʯʠʧʘ. 

ʆʩʢʽʣʴʢʠ ʚʽʢʥʦ ʌɽʇ ʨʦʟʪʘʰʦʚʘʥʝ ʚʥʠʟʫ ʩʚʽʪʣʦʟʘʭʠʩʥʦʾ ʢʘʤʝʨʠ, ʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʚʽʪʣʦʚʦʜʥʝ ʚʦʣʦʢʥʦ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʷ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ 

ʚʝʨʭʥʴʦʾ ʢʨʠʰʢʠ ʙʝʟʜʨʦʪʦʚʦʛʦ ʯʠʧʘ ʜʦ ʌɽʇ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ 

ʧʝʨʝʜʙʘʯʫʚʘʥʫ ʣʽʥ̔ʡʥʫ ʟʘʣʝʞʥʩ̔ʪɹ ʤʽʞ ʣʦʛʘʨʠʬʤʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ɽʍʃ ʪʘ 

ʣʦʛʘʨʠʬʤʦʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʚʩʴʦʤʫ ʚʠʤʽʨʚʁʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ (ʨʠʩ. 4.10). 

ʈʽʚʥʷʥʥ ̫ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʢʨʠʚʦʾ ʻ log (I, a.u.) = 0.948log (c, M) + 6.873 ʟ 

ʢʦʝʬʽʮʽʥ̒ʪʦʤ ʢʦʨʝʣʷʮʽʾ  R2 = 0.995. 

ɿ ʣ̔ ʪʝʨʘʪʫʨʠ [255-257] ʪʘʢʦʞ ʚ̔ ʜʦʤʦ, ʱʦ ʣʥ̔ʽʡʥʽʩʪʴ ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʡ̔ ʦʜʠʥʠʮʴ ʧM. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʜʦʩʪʫʧʥʠʡ ʜʠʥʘʤʽʯʥʠʡ 

ʜ̔ ʘʧʘʟʦʥ ʤʝʪʦʜʫ, ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʬʫʥʢʮʽʶ ʚʽʜʛʫʢʫ ʜʘʪʯʠʢʘ ʪʘ ʚʠʟʥʘʯʠʪʠ 

ʡʦʛʦ ʤʝʞʫ ʚʠʷʚʣʝʥʥʷ. 

ʇʦʧʝʨʝʜʥʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʝ, ʦɦ ʟʘʩʪʦʩʦʚʘʥʘ ʢʘʤʝʨʘ ʤʘʻ 14-ʨʦʟʨʷʜʥʠʡ 

ʎɸʇ (ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ), ʥʘʚʦʜʠʪʴ ʥʘ ʜʫʤʢʫ ʧʨʦ ʦʮʠʬʨʦʚʢʫ 
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ʜʠʥʘʤ̔ʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 16383: 1, ʘʣʝ ʨʝʘʣʴʥ ̔ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʨʦʩʪʦʚʫʶʪʴ ʮʶ 

ʽʜʝʁ. 

ʆʜʥʝ ʷʚʠʱʝ, ʷʢʝ ʯʘʩʪʦ ʙʫʚʘʻ ʧʦʟʘ ʤʝʞʘʤʠ ʟʦʨʫ, - ʮʝ ʨʦʟʧʦʜʽʣ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʠʛʥʘʣʫ. ɺʭʽʜʥʠʡ ʩʠʛʥʘʣ ʧʦʚʠʥʝʥ ʟʥʘʭʦʜʠʪʠʩʴ ʚʩʝʨʝʜʠʥʽ 

ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʢʘʤʝʨʠ. ʋ ʢʦʤʝʨʮʽʡʥʦʤʫ ʘʥʘʣʽʟʘʪʦʨ̔ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ 

ʚʢʣʶʯʘʻ ʽʥʪʝʛʨʘʮʽʶ, ʬʽʣʴʪʨʘʮʽʶ ʪʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʩʠʛʥʘʣʫ, ʱʦ ʟʘʧʦʙʽʛʘʻ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʶ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ʅʘʰʽ ʚʠʤʽʨʶʚʘʥʥ̫ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʠʛʥʘʣ ʚʽʜ ʷʯʝʡʢʠ ʧʦʚʠʥʝʥ ʩʪʘʥʦʚʠʪʠ ʥʝ ʙʽʣʴʰʝ 2/3 ʟʘʛʘʣɹ ʥʦʛʦ 

ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʜʘʪʯʠʢʘ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʡʦʛʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʶ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʨʦʟʧʦʜʽʣ ʩʚʽʪʣʘ ʥʝ ʧʝʨʝʭʦʜʠʪʴ ʚʝʨʭʥʶ ʤʝʞʫ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʢʘʤʝʨʠ,  ̔ʚʽʜʭʠʣʝʥʥ̫ ʚ̔ʜ ʣʽʥʽʡʥʦʩʪ̔ ʜʘʪʯʠʢʘ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩ.̫ 

 

 

ʈʠʩʫʥʦʢ 4.10 ï ɺʟʘʻʤʦʟʚôó̫ ʟʦʢ ʤʞ̔ ʣʦʛʘʨʠʬʤʦʤ ̔ʥʪʝʥʩʠʚʥʦʩʪʽ ɽʍʃ ʪʘ 

ʣʦʛʘʨʠʬʤʦʤ ʢʦʥʮʝʥʪʨʘʮʽʾ Ru(bpy)3
2+ ʟ (TʇA): 10 ʤʄ ʚ ʬʦʩʬʘʪʥʦʤʫ ʙʫʬʝʨʽ pH 

= 6,8. ʅʘʧʨʫʛʘ ʌɽʇ: 1100ɺ. 

 

ʑʦʙ ʟʘʧʦʙʽʛʪʠ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʩʧʦʪʚʦʨʝʥʥʶ ʜʘʥʠʭ, ʤʠ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʞʦʜʥʦʛʦ ʧʨʦʬʽʣʶ ʜʣʷ ʢʦʣʴʦʨʦʚʦʾ ʢʨʠʚʦʾ, ʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʦʧʮ̔ʁ ʘʙʩʦʣʶʪʥʠʭ ʢʦʣʦʨʠʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

UFRaw, ʪʦʤʫ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʥʝʦʙʨʦʙʣʝʥʦʛʦ ʬʘʡʣʫ CR2 ʫ ʬʘʡʣ ʟʦʙʨʘʞʝʥʥʷ 

TIFF ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʣʠʰʝ ʤʘʩʰʪʘʙʫʚʘʥʥ ̫ʟ 14-ʙ̔ ʪʦʚʦʛʦ ʥʘ 16-ʙʽʪʥʠʡ ʚʠʭʽʜ. 

ɯʥʰʠʤ ʦʙʤʝʞʫʶʯʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ ʻ ʰʫʤʠ. ʐʫʤ ʢʘʤʝʨʠ, 

ʱʦ ʧʦʻʜʥʫʻ ʰʫʤ ʝʣʝʢʪʨʦʥʽʢʠ ʟʯʠʪʫʚʘʥʥʷ ʪʘ ʩʝʨʝʜʥʽʡ ʰʫʤ ʩʝʥʩʦʨʥʦʛʦ 
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ʝʣʝʤʝʥʪʘ ʜʣʷ ISO-100, ʩʪʘʥʦʚʠʚ 31,72 ʟʽ ʩʪʘʥʜʘʨʪʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ 34,87 (ʜʣʷ 

ʯʝʨʚʦʥʦʛʦ ʢʘʥʘʣʫ, ʜʣ̫  14-ʙʽʪʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ). ʄʝʞʘ ʚʠʷʚʣʝʥʥ ̫ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ ʦʙʯʠʩʣʶ̒ʪʴʩʷ ʷʢ ʟʥʘʯʫʱʠʡ ʨʽʚʝʥʴ [258, 259]: 

 

ʄʝʞʘ ʚʠʟʥʘʯʝʥʥʷ = (ʩʝʨʝʜʥʽʡ ʰʫʤ+ ʢʚʘʥʪʠʣʴ × ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ). 

 

ʂʚʘʥʪʠʣʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʪʘ ʨʦʟʧʦʜʽʣʫ ʰʫʤʫ, ʽ ʡʦʛʦ ʯʘʩʪʦ 

ʧʨʠʡʤʘʶʪʴ ʫ ʜʘ̔ʧʘʟʦʥ ̔ʚʽʜ 1,645 (ʡʤʦʚʽʨʥʽʩʪʴ 95%) ʜʦ 3,091 (ʡʤʦʚʽʨʥʽʩʪʴ 

99,9%), ʪʦʤʫ ʤʝʞʘ ʚʠ̫ʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʟʤʝʥʰʫʻ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ.  

ʊʦʤʫ ʝʬʝʢʪʠʚʥʠʡ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ: 

 

 

 

 

ʘʙʦ ʮʝ ʜʦʨʽʚʥʶʻ 6,9 ʙʽʪ, ʱʦ ʻ ʥʝ ʥʘʩʪʽʣʴʢʠ ʧʦʛʘʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ. ɼʣʷ ʙʽʣʴʰʦʾ 

ʯʫʪʣʠʚʦʩʪʽ (ʚʝʣʠʢʦʛʦ ISO) ʮʝʡ ʜʽʘʧʘʟʦʥ ʥʠʞʯʠʡ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʣʦ ʟʘʧʠʩʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʙʝʟʜʨʦʪʦʚʦʛʦ ʯʽʧʘ ʟ 

ʨʦʟʯʠʥʘʤʠ ʨʽʟʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʢ̫ ʦʧʠʩʘʥʦ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʮʝʜʫʨʠ. 

ʆʪʨʠʤʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʽʩʪʦʪʥʠʤ ʟʤʽʱʝʥʥʷʤ ʛʽʩʪʦʛʨʘʤʠ 

ʽʥʪʝʥʩʠʚʥʦʩʪ̔, ʢ̫ʘ ʥʝ ʧʝʨʝʢʨʠʚʘʻ ʜʘʪʯʠʢ ʢʘʤʝʨʠ (ʨʠʩ. 4.10). ɼʚʽ ʢʣʽʪʠʥʠ, ʱʦ 

ʤʽʩʪ̫ ʪʴ ʥʘʡʥʠʞʯʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʨʘʟʢʘ, ʧʨʘʢʪʠʯʥʦ ʥʝ ʜʝʤʦʥʩʪʨʫʚʘʣʠ ʩʠʛʥʘʣʫ. 

ʇʦʪʽʤ ʤʠ ʟʙʽʣʴʰʠʣʠ ʯʫʪʣʠʚʽʩʪʴ ʜʘʪʯʠʢʘ ʢʘʤʝʨʠ ʟ ISO-100 ʜʦ ISO-6400. ʇʨʠ 

ʙʽʣʴʰ ʚʠʩʦʢʽʡ ʯʫʪʣʠʚʦʩʪ̔  ʝʣʝʤʝʥʪʠ ʜʘʪʯʠʢʽʚ ʙʫʣʠ ʧ̔ʜʩʚ̔ʯʝʥʽ ʩʠʛʥʘʣʦʤ ʢʣʽʪʠʥ ʟ 

ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʟʨʘʟʢʘ. ɼʫʞʝ ʚʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʁ ʤʘʪʨʠʮʽ CMOS ʻ 

ʪʝ, ʱʦ ʩʫʩʽʜʥʽ ʝʣʝʤʝʥʪʠ ʥʝ ʩʪʨʘʞʜʘʶʪʴ, ʢʦʣʠ ʷʢʠʡʩʴ ʝʣʝʤʝʥʪ ʧʽʜʩʚʽʯʫʻʪʴʩʷ. 

ʆʪʞʝ, ʟʦʙʨʘʞʝʥʥʷ ʢʣʽʪʠʥʦʢ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʽʰʝʥʽ ʫ ʚʠʧʘʜʢʫ ʧʝʨʝʩʚʽʪʣʝʥʥʷ 

ʜʝʷʢʠʭ ʟ ʥʠʭ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʧʦʨʫʯ ʙʫʣʠ ʨʦʟʪʘʰʦʚʘʥ ̔ ʜʚʽ ʢʣʽʪʠʥʠ ʟ 

ʥʘʡʙʽʣʴʰʦʁ  ʪʘ ʥʘʡʥʠʞʯʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ. ɸʥʘʣʽʟ ʟʦʙʨʘʞʝʥʥʷ ʥʝ ʚʠʟʥʘʯʠʚ 
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ʧʝʨʝʭʨʝʩʥʠʭ ʨʦʟʤʦʚ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʤʘʩʠʚʫ. ʆʪʞʝ, ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʦʜʥʽʡ 

ʢʣ̔ʪʠʥʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪ̔ ʽʥʰʠʭ ʢʣʽʪʠʥ. 

           

(a)                                        (b) 

ʈʠʩʫʥʦʢ 4.10 ï ʌʦʪʦʛʨʘʬʽʷ ɽʍʃ ʩʠʩʪʝʤʠ. ʂʦʥʮʝʥʪʨʘʮʽ̫ Ru(bpy)3
2+: ʚʽʜ 

250 ʜʦ 2 ʤʢʄ (8 ʢʣʽʪʠʥ, ʨʦʟʚʝʜʝʥʥʷ 1:2), ʟ10 ʤʄ TʇA ʚ ʙʫʬʝʨʥʦʤʫ ʨʦʟʯʠʥʽ ʨʅ 

= 6,8. a) - ISO-100, b) - ISO-6400. ɿʦʙʨʘʞʝʥʥʷ ʙʫʣʠ ʜʦʜʘʪʢʦʚʦ ʦʙʨʦʙʣʝʥʽ ʜʣ̫  

ʢʨʘʱʦ ʾʧʝʯʘʪʽ. 

 

ɼʘʥʽ, ʱʦ ʦʪʨʠʤʘʥʽ ʟʘ ʨʟ̔ʥʠʭ ʯʫʪʣʠʚʦʩʪʝʡ, ʥʦʨʤʘʣʽʟʫʚʘʣʠʩʴ ʜʦ ISO-6400 

(ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟ ISO-100 ʧʦʤʥʦʞʫʚʘʣʠ ʥʘ 64). ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʜʣʷ 6-ʾ 

ʢʣʽʪʠʥʠ, ʱʦ ʦʪʨʠʤʘʥʦ ʜʣʷ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʨʦʟʯʠʥʫ ʜʣ ̫ ʜʚʦʭ ʨ̔ ʟʥʠʭ 

ʯʫʪʣʠʚʦʩʪʝʡ (ISO-100 ʪʘ ISO-6400), ʙʫʣʘ ʦʜʥʘʢʦʚʦʶ ʟ ʨʽʟʥʠʮʝʶ ʤʝʥhʝ 2% 

(ʧʽʩʣʷ ʥʦʨʤʘʣ̔ ʟʘʮʽʾ). ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʤʙʽʥʘʮʽ ̫ʜʘʥʠʭ ʟ ʮʠʭ ʜʚʦʭ ʟʦʙʨʘʞʝʥɹ 

ʙʫʣʦ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʢʨʠʚʫ ʚ ʫʩʴʦʤʫ ʜʽʘʧʘʟʦʥ ̔

ʢʦʥʮʝʥʪʨʘʮʽʡ ʪʝʩʪʦʚʠʭ ʨʦʟʯʠʥʽʚ (ʨʠʩ. 4.11). ʈʽʚʥʷʥʥʷ ʢʘʣʽʙʨʫʚʘʣɹʥʦʾ ʢʨʠʚʦʾ 

ʜʣʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʢʘʥʘʣʫ ʤʘʻ ʟʥʘʯʝʥʥʷ log (I, a.u.) = 1450 log (c, M) + 10,793 ʟ 

ʢʦʝʬʽʮʽʥ̒ʪʦʤ ʢʦʨʝʣʷʮʽʾ R2=0,996. 

 

ɸʥʘʣ̔ʟ ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʴ (ʨʠʩ. 4.10) ʧʦʢʘʟʫʻ, ʱʦ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ 

ʢʘʤʝʨʠ ʧʝʨʝʚʠʱʫʻ 100: 1 (2 ʚ ʣʦʛʘʨʠʬʤʯ̔ʥʦʤʫ ʤʘʩʰʪʘʙ)̔, ʱʦ ʙʫʣʦ 

ʧʝʨʝʜʙʘʯʝʥʦ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. 

ʑʝ ʦʜʥʽʻ ʁ ʚʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʣɹ ʦʨʦʚʦʛʦ 

CMOS-ʜʘʪʯʠʢʘ ʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙʠʨʘʪʠ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʡ ʢʘʥʘʣ ʜʣʷ 

ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ Ru(bpy)3
2+ ʤʘʻ ʤʘʢʩʠʤʫʤ 

ʚʠʧʨʦʤ̔ʥʚʁʘʥʥʷ ʥʘ 620 ʥʤ, ʦʪʞʝ ʯʝʨʚʦʥʠʡ ʢʘʥʘʣ ʤʘʻ ʚ 2 ʨʘʟʠ ʚʠʱʫ ʨʝʘʢʮʽʶ, 
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ʥ̔ ʞ ʟʝʣʝʥʠʡ, ʽ ʚ 18 ʨʘʟʽʚ ʚʠʱʠʡ, ʥʽʞ ʩʠʥʽʡ. ʅʘʭʠʣ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʢʨʠʚʠʭ 

ʦʜʥʘʢʦʚʠʡ, ʦɦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʭʦʨʦʰʫ ʢʦʨʝʣʷʮʽʶ ʤʽʞ ʢʘʥʘʣʘʤʠ. ʉʧʝʢʪʨ ECL ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʪʦʤʫ ʤʦʞʥʘ ʨʦʟʠhʨʠʪʠ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ, 

ʢʦʤʙ̔ ʥʫʶʯʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟ ʨʽʟʥʠʭ ʢʘʥʘʣʽʚ. 

 

 

ʈʠʩʫʥʦʢ 4.11 ï ɺʟʘʻʤʦʟʚô̫ ʟʦʢ ʤʽʞ ʣʦʛʘʨʠʬʤʦʤ ɽʍʃ ̔ʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ 

ʣʦʛʘʨʠʬʤʦʤ ʢʦʥʮʝʥʪʨʘʮʽʾ Ru(bpy)3
2+. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʪʘ ʢʨʠʚʽ 

ʘʧʨʦʢʩʠʤʘʮʽʾ: ƴ ̔  ʯʦʨʥʘ ʣʽʥʽʷ - ʢʦʤʧʦʟʠʪʥʠʡ ʢʘʥʘʣ, ǒ ̔  ʯʝʨʚʦʥʘ ʣʥ̔ʽ̫ - ʯʝʨʚʦʥʠʡ 

ʢʘʥʘʣ, ƶ ʪʘ ʟʝʣʝʥʘ ʣʽʥʽʷ - ʟʝʣʝʥʠʡ ʢʘʥʘʣ, Ƹ ʽ ʩʠʥʷ ʣʥ̔ʽʷ ï ʩʠʥ̔ʡ ʢʘʥʘʣ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʢʦʨʦʪʢʽ ʨʠʩʢʠ - ʮʝ ʨʽʚʝʥʴ ʰʫʤʫ. ʋ ʟʝʣʝʥʦʤʫ, ʢʦʤʧʦʟʠʪʥʦʤʫ, 

ʯʝʨʚʦʥʦʤʫ ʪʘ ʩʠʥʴʦʤʫ ʢʘʥʘʣʘʭ ʚʦʥʠ ʧʦʜʽʙʥʽ. 

 

ʅʘ ʨʠʩ. 4.11 ʧʦʢʘʟʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʪʘ ʢʘʣʽʙʨʫʚʘʣʴʥʽ ʢʨʠʚ̔ ʜʣʷ 

ʢʦʣʴʦʨʦʚʠʭ ʢʘʥʘʣʚ̔. ʅʠʟʴʢʘ ʯʫʪʣʠʚʽʩʪʴ ʩʠʥʴʦʛʦ ʢʘʥʘʣʫ ʜʦ ʚʠʧʨʦʤ̔ ʥʶʚʘʥʥʷ 

Ru(bpy)3
2+ ʪʘ ʙʣʠʟʴʢʘ ʜʦ ʨʚ̔ʥ̫ ʰʫʤʦʚʦʛʦ ʩʠʛʥʘʣʫ ʚʜ̔ʛʫʢ ʩʝʥʩʦʨʘʜʣʷ ʤʘʣʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʦʙʫʤʦʚʠʣʦ ʚʠʢʣʶʯʝʥʥʷ 3 ʥʘʡʤʘʣʽʰʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟ ʧʨʦʮʝʩʫ 

ʘʧʨʦʢʩʠʤʘʮʽʾ. ʗʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʜʘʣ̔ , ʮ ̔3 ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʫʞʝ ʙʣʠʟʴʢʽ ʜʦ ʤʝʞʽ 

ʚʠʚ̫ʣʝʥʥʷ (ʜʠʚ. ʪʘʙʣ 4.2). ʆʜʥʘ ʪʦʯʢʘ ʥʘʡʤʝʥʰʦʾ ʥʠʞʯʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘʢʦʞ 

ʙʫʣʘ ʚʠʢʣʶʯʝʥʘ ʟ ʧʨʦʮʝʜʫʨʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʣʷ ʟʝʣʝʥʦʛʦ ʢʘʥʘʣʫ. 

ʈ̔ ʚʥʷʥʥʷ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʢʨʠʚʦʾ ʯʝʨʚʦʥʦʛʦ ʢʘʥʘʣʫ ʻ  

log (I, a.u.) = 1,512 log (c, M) + 11,331, ʢʦʝʬʽʮ̔ ʻʥʪ ʢʦʨʝʣʷʮ̔ ʾ R2 = 0,996. 

ʈʽʚʥʷʥʥʷ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʢʨʠʚʦʾ ʟʝʣʝʥʦʛʦ ʢʘʥʘʣʫ ʻ  

log (I, a.u.) = 1,508 log (c, M) + 10,965, ʢʦʝʬʮ̔ʽʻʥʪ ʢʦʨʝʣʮ̫̔ ʾ R2 = 0,991. 
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ʈʽʚʥʷʥʥʷ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʢʨʠʚʦʾ ʩʠʥʴʦʛʦ ʢʘʥʘʣʫ  ̒ 

log (I, a.u.) = 1,406 log (c, M) + 9,666, ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʮ̫̔ ʾ R2 = 0,971. 

ʇʦʨʽʚʥʷʥʥʷ ʥʘʭʠʣʽʚ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʢʨʠʚʠʭ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʁ 

ʌɽʇ ʪʘ ʬʦʪʦʢʘʤʝʨʠ, ʧʦʢʘʟʫʻ ʽʩʪʦʪʥʫ ʨʽʟʥʠʮʶ. ʃʽʥʽʡʥʽʩʪʴ ʚʽʜʛʫʢʫ ʌɽʇ ʜʦʙʨʝ 

ʚʽʜʦʤʘ, ʪʦʜ̔ ʷʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʪʯʠʢʘ ʬʦʪʦʢʘʤʝʨʠ ʥʝʚʽʜʦʤʽ. ɼʣʷ ʘʥʘʣʽʟʫ 

ʨʝʘʢʮʽʾ ʬʦʪʦʢʘʤʝʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʙʽʣʠʡ ʩʚʽʪʣʦʜʽʦʜ (LW 

541C-BWDW-6K9L Osram) ̫ ʢ ʪʝʩʪʦʚʝ ʜʞʝʨʝʣʦ. ʅʘʙʽʨ ʩʽʨʠʭ ʬ̔ ʣʴʪʨʽʚ (ʟ ʥʘʙʦʨʫ 

ʢʦʣɹʦʨʦʚʦʛʦ ʦʧʪʠʯʥʦʛʦ ʩʢʣʘ, ɻʆʉʊ 9411-75) ʚʠʢʦʨʠʩʪʘʣʠ ʜʣʷ ʟʤʽʥʠ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʨʘʟʢʦʚʦʛʦ ʜʞʝʨʝʣʘ. ɺʠʤʽʨʶʚʘʥʥʷ ʧ̔ ʜʪʚʝʨʜʠʣʠ ʥʝʣʽʥ̔ʡʥʽʩʪʴ 

ʚʜ̔ʧʦʚʽʜʽ (ʨʠʩ. 4.12). ʂʘʣʽʙʨʫʚʘʣʴʥʽ ʢʨʠʚʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ Ru(bpy)3
2+ ʤʘʶʪʴ 

ʢʽʥʮʝʚʠʡ ʥʘʭʠʣ ʤʘʡʞʝ ʦʜʠʥʠʮʶ, ʢ̫ʱʦ ʚʨʘʭʫʚʘʪʠ ʥʝʣʽʥʽʡʥʫ ʨʝʘʢʮʽʶ ʜʘʪʯʠʢʘ. 

ʎʝ ʟʙʽʛʘʻʪʴʩʷ ʟ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ɽʍʃ ̔ʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

Ru(bpy)3
2+, ʱʦ ʚʽʜʦʤʘ ʟ ʣʽʪʝʨʘʪʫʨʠ [255-257] ʪʘ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʌɽʇ. 

 

ʈʠʩʫʥʦʢ 4.12 ï ɺ̔ʜʛʫʢʫ ʜʘʪʯʠʢʘ Canon EOS 600D. ɼʘʥʽ ʦʪʨʠʤʘʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʩʪʦʚʦʛʦ ʩʚʽʪʣʦʜʽʦʜʘ ʪʘ ʥʘʙʦʨʫ ʩʽʨʠʭ ʦʧʪʠʯʥʠʭ ʬʽʣʴʪʨʽʚ ʟ 

ʨʽʟʥʠʤ ʧʦʛʣʠʥʘʥʥʷʤ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʤʽʞ ʢʘʥʘʣʘʤʠ ʥʝ ʥʦʨʤʘʣʽʟʫʻʪʴʩ.̫ 

 

ʗʢ ʧʨʘʚʠʣʦ, ʦʧʪʠʯʥʠʡ ʜʘʪʯʠʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʚʥʝʤ ʪʝʤʥʦʚʦʛʦ 

ʩʠʛʥʘʣʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʤʝʞʫ ʚʠʷʚʣʝʥʥʷ. ʆʩʢʽʣɹ ʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʟ ʢʦʤʽʨʢʠ ʙʫʣʦ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʤ ʪʘ ʤʫʣʴʪʠʧʢ̔ʩʝʣʴʥʠʤ ʚʠʤʽʨʶʚʘʥʥʷʤ, ʤʠ 

ʧʦʚʠʥʥ̔ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʪʘʥʜʘʨʪʥʝ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʪʝʤʥʦʛʦ ʰʫʤʫ. ɿ 

ʪʝʤʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ (ʙʝʟ ʛʝʥʝʨʘʮʽʾ ɽʍʃ) ʤʠ ʦʪʨʠʤʫʻʤʦ ʤʝʞʫ ʚʠʷʚʣʝʥʥʷ. 

ɿʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʫʻʪʴʩʷ ʟʘ ʪʠʭ ʩʘʤʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʱʦ ʽ 
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ʚʠʤʽʨʁʚʘʥʥʷ ʪʝʩʪʦʚʠʭ ʟʨʘʟʢʽʚ, ʟ ʝʢʩʧʦʟʠʮʽʻ  ʁ 30 ʩ. ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʪʘ 

ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ (StdDev) ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʜʣ̫ ʚʩɹ ʦʛʦ ʢʘʜʨʫ. 

ʉʪʘʥʜʘʨʪʥʘ ʧʦʤʠʣʢʘ (StdErr) ʙʫʣʘ ʨʦʟʨʘʭʦʚʘʥʘ ʜʣʷ ʦʙʣʘʩʪʽ ʚʠʙ̔ʨʢʠ, ʢ̫ʘ ʻ 

ʢʦʣʦʤ ʜʽʘʤʝʪʨʦʤ 210 ʧʽʢʩʝʣʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʦʙʨʘʞʝʥʥʁ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ɽʍʃ ʚʜ̔ ʜʠʩʢʦʚʦʛʦ ʝʣʝʢʪʨʦʜʘ. ʇʨʦʧʦʨʮʽʷ ʤʽʞ ʧʣʦʱʘʤʠ ʚʩʴʦʛʦ ʢʘʜʨʫ ʪʘ 

ʦʙʣʘʩʪʶ ʚʠʜʽʣʝʥʥ̫ ʩʪʘʥʦʚʠʪʴ n = 18024930/34664 (ʫ ʧʽʢʩʝʣʷʭ ʥʘ ʦʙʣʘʩʪʴ), ʪʦʤʫ 

 

 

 

ʄʝʞʘ ʚʠ̫ʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʜʣʷ ʨʚ̔ʥʷ ʡʤʦʚʽʨʥʦʩʪʽ 0,95: 

 

LODsignal = mean noise + 1,645StdErr + 1,645 StdDevsignal, 

 

ʜʝ StdErr - ʮʝ ʩʪʘʥʜʘʨʪʥʘ ʧʦʤʠʣʢʘ ʰʫʤʦʚʦʛʦ ʩʠʛʥʘʣʫ ʜʣʷ ʷʯʝʡʢʠ, ɦ ʦ ʦʪʨʠʤʘʥʘ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʪʝʤʥʠʭ ʢʘʜʨʽʚ, ʽ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥ ̫ StdDevsignal 

ʩʠʛʥʘʣʫ ʜʣʷ ʥʠʟʢɹʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʥʘʣʽʪʫ. ʆʮʥ̔ʢʘ StdDevsignal ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʟ 

ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʟʤʽʥʘ ʩʠʛʥʘʣʫ ʚʽʜʛʫʢʫ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʟʤʽʥʠ ʰʫʤʫ ʪʘ ʚʘʨʽʘʮʽʾ 

ʟʨʘʟʢʘ (ʚʦʥʘ ʚʢʣʶʯʘ ̒ ʧʽʜʛʦʪʦʚʢʫ ʟʨʘʟʢʘ, ʨʦʟʚʝʜʝʥʥ ̫ ʪʦʱʦ). ʗʢʱʦ ʦʙʠʜʚʘ 

ʨʦʟʧʦʜ̔ ʣʠ ʻ ɻʘʫʩʩʦʚʠʤʠ, ʪʦʜʽ ʩʪʘʥʜʘʨʪʥʝ ʚ̔ʜʭʠʣʝʥʥ ̫ʩʠʛʥʘʣʫ ʤʦʞʥʘ ʟʥʘʡʪʠ ʷʢ  

 

, 

 

ʜʝ StdDevlow conc - ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʨʝʘʢʮʽʾ ʟʨʘʟʢʘ, 

ʦʪʨʠʤʘʥʝ ʜʣʷ ʥʠʟʴʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʥʘʣʽʪʫ, StdDevnoise - ʩʪʘʥʜʘʨʪʥʝ 

ʚʽʜʭʠʣʝʥʥ̫ ʰʫʤʫ ʚ ʚʠʤ̔ʨʶʚʘʥʽʡ ʢʦʤʽʨʮʽ, ʷʢʝ ʜʦʨʽʚʥʶʻ StdErr, ʦʪʨʠʤʘʥʝ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʪʝʤʥʠʭ ʢʘʜʨʽʚ. 

ɺʠʣʫʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʚʘʨʽʘʮʽʾ ʟʨʘʟʢʘ ʚʽʜ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʚʽʜʭʠʣʝʥʥʷ ʚʘʨʽʘʮʽʾ ʚʽʜʛʫʢʫ ʜʣʷ ʥʠʟʴʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʥʘʣʽʪʫ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʤʥʫ ʨʘʤʢʫ, ʟʘʧʠʩʘʥʫ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ (ʨʽʟʥʘ ʯʫʪʣʠʚʽʩʪʴ 
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ISO), ʽ ʫʥʠʢʥʫʪʠ ʚʠʤʨ̔ ʚʁʘʥʴ ʟʨʘʟʢʽʚ ʟ ʥʠʟʴʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʣʷ ʮʠʭ ʫʤʦʚ. 

ɯʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʘʨʽʘʮʽʶ ʩʠʛʥʘʣʫ ʫ ʟʨʘʟʢʘʭ ʟ ʥʠʟʴʢʦ ʁʢʦʥʮʝʥʪʨʘʮʽʻʶ ʘʥʘʣʽʪʫ 

ʦʪʨʠʤʫʚʘʣʠ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ 8 ʦʜʥʘʢʦʚʠʭ ʟʨʘʟʢʚ̔ ʜʣ̫ ʢʦʞʥʦʛʦ ʢʦʣʴʦʨʦʚʦʛʦ 

ʢʘʥʘʣʫ. ɼʣʷ ʢʘʣ̔ ʙʨʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʢʦʣʴʦʨʦʚʦʛʦ ʢʘʥʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 3 

ʨʽʟʥʽ ʥʠʟʴʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʜʠʚ. ʪʘʙʣ. 4.1). 

 

ʊʘʙʣʠʮʷ 4.1 ï ʉʪʘʥʜʘʨʪʥʝ ʚ̔ ʜʭʠʣʝʥʥʷ ʩʠʛʥʘʣʫ ʚʽʜʛʫʢʫ* ʧʨʠ ʥʠʟʴʢʽʡ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʂʘʥʘʣ ISO StdDevlow conc. 

ʏʝʨʚʦʥʠʡ 100 9.21**  

ɿʝʣʝʥʠʡ 100 8.53**  

ʉʠʥʽʡ 100 9.16** 

ʂʦʤʧʦʟʠʪʥʠʡ 100 8.76** 

ʏʝʨʚʦʥʠʡ 6400 89.7 

ɿʝʣʝʥʠʡ 6400 68.5 

ʉʠʥʽʡ 6400 84.1 

ʂʦʤʧʦʟʠʪʥʠʡ 6400 80.5 

* ɼʘʥʽ ʚ ʮʽʡ ʪʘ ʥʘʩʪʫʧʥʠʭ ʪʘʙʣʠʮʷʭ ʥʘʚʦʜʷʪʴʩʷ ʚ ʦʜʠʥʠʮʷʭ ʜʣʷ 

16-ʙʽʪʦʚʦʛʦ ʤʘʩʰʪʘʙʦʚʘʥʦʛʦ ʜ̔ ʘʧʘʟʦʥʫ ʟʦʙʨʘʞʝʥɹ 

**  ɼʘʥʽ ʥʝ ʥʦʨʤʫʶʪʴʩʷ. ɼʣʷ ʥʦʨʤʘʣʽʟʘʮ̔ ʾ ʜʦ ISO-6400 ʪʘ ʦʜʠʥʠʮʴ 

ʢʘʣʽʙʨʫʚʘʣɹʥʦʾ ʢʨʠʚʦʾ ʾʾ ʩʣʽʜ ʧʦʤʥʦʞʠʪʠ ʥʘ 64. 

 

ʄʝʞʘ ʚʠʟʥʘʯʝʥʥʷ ʜʣ̫ ʘʥʘʣʽʪʫ Ru(bpy)3
2+ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʢʨʠʚʠʭ ʜʣʷ ʨʽʟʥʠʭ ʯʫʪʣʠʚʦʩʪʝʡ ISO ʪʘ 

ʢʦʣʴʦʨʦʚʠʭ ʢʘʥʘʣʽʚ (ʪʘʙʣ. 4.2). 

ʄʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʥɹ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʝʢʩʧʦʟʠʮʽʾ ʦʙʤʝʞʝʥʘ. ɺʠʢʠʜ ɽʍʃ Ru(bpy)3
2+ ʧʨʦʧʦʨʮʽʡʥʠʡ 

ʩʪʨʫʤʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʦʢʠʩʣʝʥʥʷ. ɼʠʥʘʤʽʢʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɽʍʃ ʥʝ ʻ 

ʣʽʥʽʡʥʦʶ, ʪʦʤʫ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʠʧʨʦʤʥ̔ʁ ʚʘʥʥʷ ʩʚ̔ʪʣʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʇʦʚʥʝ ʧʝʨʝʢʘʣʽʙʨʫʚʘʥʥ ̫ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʢʦʞʥʦʛʦ 
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ʟʥʘʯʝʥʥʷ ʝʢʩʧʦʟʠʮʽʾ. ɺ ʥʘʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʤʽʞ ʟʘʪʚʦʨʦʤ ʬʦʪʦʢʘʤʝʨʠ ʪʘ ʤʦʜʫʣʝʤ ʙʝʟʜʨʦʪʦʚʦʛʦ ʧʝʨʝʜʘʚʘʯʘ 

ʟʘ ʜʦʧʦʤʦʛʦʁ  ʧʨʦʩʪʦʛʦ ʧʝʨʝʤʠʢʘʯʘ ʟ ʜʚʦʤʘ ʛʨʫʧʘʤʠ ʢʦʥʪʘʢʪʽʚ, ʱʦ ʧʦʢʨʘʱʫʻ 

ʚʽʜʪʚʦʨʶʚʘʥʽʩʪ ɹʚʠʤʽʨʶʚʘʥʴ. 

 

ʊʘʙʣʠʮ̫ 4.2 ï ʐʫʤʠ ʪʘ ʤʝʞ̔ ʚʠʷʚʣʝʥʥʷ Ru(bpy)3
2+ 

ʂʘʥʘʣ ISO ʉʝʨʝʜʥʻ StdDev StdErr ʄʝʞʘ ʚʠʟʥ., ʤʢM 

ʏʝʨʚʦʥʠʡ 100 31.72* 34.87* 1.529* 6.6 

ɿʝʣʝʥʠʡ 100 27.90* 32.97* 1.446* 10.4 

ʉʠʥʽʡ 100 28.16* 33.30* 1.461* 38.9 

ʂʦʤʧʦʟ. 100 29.28* 33.77* 1.481* 8.9 

ʏʝʨʚʦʥʠʡ 6400 420.2 474.5 20.81 2.2 

ɿʝʣʝʥʠʡ 6400 382.2 451.3 19.79 3.4 

ʉʠʥʽʡ 6400 412.1 468.9 20.57 12.3 

ʂʦʤʧʦʟ. 6400 404.8 465.3 20.41 2.9 

* ɼʘʥʽ ʥʝ ʥʦʨʤʫʁ ʪʴʩʷ. ɼʣʷ ʥʦʨʤʘʣʽʟʘʮ̔ʾ  ʜʦ ISO-6400 ʪʘ ʦʜʠʥʠʮʴ 

ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʢʨʠʚʦʾ ʾʾ ʩʣʽʜ ʧʦʤʥʦʞʠʪʠ ʥʘ 64. 

 

ɺʠʤ̔ʨʁʚʘʥʥʷ ʬʦʥʦʚʦʾ ɽʍʃ ʚʽʜ Ru(bpy)3
2+. 

ɼʦʙʨʝ ʚʽʜʦʤʦ, ʱʦ Ru(bpy)3
2+ ʜʘʻ ɽʍʃ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ TʇA ʫ ʚʦʜʥʦʤʫ 

ʨʦʟʯʠʥʽ, ʱʦ ʯʘʩʪʦ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʨʝʘʢʮʽʻʶ ʤʽʞ Ru(bpy)3
2+ ʪʘ OHÅ. [257] ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ Ru(bpy)3
2+, ʦɦ ʟʘʧʦʙʽʛʘʻ ʦʪʨʠʤʘʥʥʶ 

ʥʠʟʴʢʦʾ ʤʝʞʽ ʚʠʷʚʣʝʥʥʷ ʩʧʽʚʨʝʘʛʝʥʪʫ TʇA. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʟʥʘʯʠʪʠ 

ʚʘʨʽʘʮʽʶ ʬʦʥʦʚʦʛʦ ʩʠʛʥʘʣʫ ʮʽʻʾ ʨʝʘʢʮʽʾ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʶ Ru(bpy)3
2+, ʷʢʘ ʻ ʜʦʩʪʘʪʥɹʦʶ ʜʣ̫  ʚʠʷʚʣʝʥʥ̫ ɽʍʃ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʦʪʦʢʘʤʝʨʠ, ʘʣʝ ʜʘʻ ʜʦʩʠʪʴ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʬʦʥʦʚʦʛʦ ʚʠʧʨʦʤʽʥʚʁʘʥʥʷ. ʇʨʠ 

ʮʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ Ru(bpy)3
2+ ʨʽʚʝʥ ɹ ʬʦʥʦʚʦʛʦ ʩʠʛʥʘʣʫ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʧʦʨʽʚʥʷʥʥʠʤ ʘʙʦ ʤʝʥʰʠʤ, ʥʽʞ h ʫʤ ʬʦʪʦʜʝʪʝʢʪʦʨʘ, ʪʦʤʫ ʤʝʞʘ ʚʠʷʚʣʝʥʥʷ TʇA 

ʚʠʟʥʘʯʘʪ̒ɹ ʩ̫ ʨ̔ʚʥʝʤ ʰʫʤʫ ʧʨʠʩʪʨʦʶ ʘʙʦ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʠʤʨ̔ʶʚʘʥʴ. 
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ʈʠʩʫʥʦʢ 4.13 ï ʌʦʥʦʚʠʡ ʩʠʛʥʘʣ ɽʍʃ ʜʣʷ ʨ̔ ʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ Ru(bpy)3
2+ ʫ 

ʙʫʬʝʨʥʦʤʫ ʨʦʟʯʠʥʽ, ʨʅ = 7,3. ʂʽʥʮʝʚʽ ʪʦʯʢʠ ʚʩʪʘʥʦʚʣʝʥʠʭ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ 

ʢʨʠʚʠʭ ʚʢʘʟʫʶʪʴ ʜʽʘʧʘʟʦʥ ʜʘʥʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʦʮʝʜʫʨʽ 

ʘʧʨʦʢʩʠʤʘʮʽʾ, ʪʦʯʢʠ ʤʘʣʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʙʫʣʠ ʚʠʢʣʶʯʝʥʽ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʬʦʥʦʚʦʛʦ ʝʤʽʩʽʾ ɽʍʃ ʜʣ̫ Ru(bpy)3
2+ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.13. 

ʐʪʨʠʭʦʚʽ ʣʽʥ̔ʾ  ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚʠʟʥʘʯʝʥʽ ʧʦʨʦʛʦʚʽ ʨʽʚʥʽ ʰʫʤʚ̔. 

ʇʨʦʮʝʜʫʨʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʢʨʠʚʦʾ ʙʫʣʘ 

ʚʠʢʦʥʘʥʘ ʜʣʷ ʟʥʘʯʝʥɹ  ʩʠʛʥʘʣʫ ʚʠʝɦ ʨʽʚʥʷ ʰʫʤʫ. ʈʦʟʨʘʭʫʥʦʢ ʤʝʞʠ ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʟʘ ʧʨʦʮʝʜʫʨʦʶ, ʦɦ ʦʧʠʩʘʥʦ ʚʠʱʝ ʚ ʨʦʟʜʽʣʽ çɺʠʷʚʣʝʥʥʷ Ru(bpy)3
2+». 

ʇʘʨʘʤʝʪʨʠ ʢʨʠʚʠʭ ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘ ʤʝʞʘ ʚʠʟʥʘʯʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 4.3. 

 

ʊʘʙʣʠʮʷ 4.3 ï ʐʫʤ ʪʘ ʤʝʞʘ ʚʠʟʥʘʯʝʥʥ ̫ʜʣʷ ʬʦʥʦʚʦʾ ɽʍʃ Ru(bpy)3
2+ 

ʂʘʥʘʣ  ʅʘʭʠʣ ʇʝʨʝʪʠʥ R2 ʐʫʤ ʄʝʞʘ 

ʚʠʟʥ., mM 

ʂʦʤʧ. 0.296 3.689 0.998 2.693 0.432 

ʏʝʨʚʦʥʠʡ 0.449 4.305 0.999 2.684 0.245 

ɿʝʣʝʥʠʡ 0.259 3.537 0.997 2.671 0.453 

ʉʠʥʽʡ 0.107 2.938 1.000 2.680 3.870 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʮʝʜʫʨʠ ʚʠʷʚʣʝʥʥʷ TʇA ʧʨʦʧʦʥʫ̒ʪɹʩ ̫ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

100 ʤʢʄ Ru(bpy)3
2+, ʱʦ ʙʽʣʴʰʝ ʥʽʞ ʫ ʜʚʘ ʨʘʟʠ ʥʠʞʯʝ ʤʝʞʠ ʚʠʟʥʘʯʝʥʥʷ ʚ 

ʯʝʨʚʦʥʦʤʫ ʢʘʥʘʣʽ (ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʦʤʫ). 

ɺʠʟʥʘʯʝʥʥʷ ʊʇɸ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 100 ʤʢʄ 

ʨʦʟʯʠʥʠ Ru(bpy)3
2+ ʟ ʨʽʟʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ TʇA. ʎ̫ ʢʦʥʮʝʥʪʨʘʮʽ̫  ʽʩʪʦʪʥʦ 

ʥʠʞʯʘ ʟʘ ʚʠʟʥʘʯʝʥʫ ʤʝʞʫ ʚʠʷʚʣʝʥʥʷ ʜʣʷ ʬʦʥʦʚʦʾ ɽʍʃ. 

ɿʘʣʝʞʥʽʩʪɹ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʘʛʝʥʪʫ ʚ ʣʦʛʘʨʠʬʤʽʯʥʽʡ ʰʢʘʣ̔ ʜʝʤʦʥʩʪʨʫʻ 

ʭʦʨʦʰʫ ʢʦʨʝʣʷʮʽʶ ʟ ʣʽʥʽʡʥʦʁ ʬʫʥʢʮʽʻʶ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʫʟʘʛʘʣʴʥʝʥʽ ʚ ʪʘʙʣ. 4.4. 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʧʨʦʚʦʜʠʪɹ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʜʣ̫ ʬʦʥʦʚʦʾ ɽʍʃ Ru(bpy)3
2+. 

ɿʘʣʝʞʥʽʩʪ ɹECL ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʘʛʝʥʪʫ ʜʝʤʦʥʩʪʨʫʻ ʣʽʥ̔ʡʥʫ ʧʦʚʝʜʽʥʢʫ 

ʚ ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ (ʨʠʩ. 4.14). ɼʣʷ ʚʠʙʨʘʥʦʛʦ ʨʽʚʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʚʠʚ̫ʣʝʥʥʷ (95%) ʤʝʞʘ ʚʠʟʥʘʯʝʥʥʷ ʜʣʷ ʨʝʘʛʝʥʪʫ ʩʢʣʘʣʘ 31,1 ʤʢʄ ʜʣʷ 

ʯʝʨʚʦʥʦʛʦ ʢʘʥʘʣʫ. ʋ ʟʚô̫ ʟʢʫ ʟ ʪʠʤ, ʱʦ TʇA ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʨʽʟʥʠʭ ʥʝʟʚʦʨʦʪʥʠʭ 

ʭʽʤʽʯʥʠʭ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮ̫̔ ʭ, ʡʦʛʦ ʤʝʞʘ ʚʠʟʥʘʯʝʥʥ ̫ʙʽʣʴʰʘ ʥʽʞ ʜʣʷ 

Ru(bpy)3
2+, ʱʦ ʻ ʨʝʘʛʝʥʪʦʤ, ʷʢʠʡ ʚʽʜʥʦʚʣʶʻʪɹʩ̫ ʫ ɽʍʃ ʨʝʘʢʮʽ.ʾ 

 

 

ʈʠʩʫʥʦʢ 4.14 ï ʂʘʣʽʙʨʫʚʘʣʴʥʘ ʢʨʠʚʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʩʧʽʚʨʝʘʛʝʥʪʫ TʇA. 

100 ʤʢʄ ʨʦʟʯʠʥʫ Ru(bpy)3
2+, ʨʅ = 7,3. ʂʥ̔ʮʝʚʽ ʪʦʯʢʠ ʚʠʟʥʘʯʝʥʠʭ 

ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʢʨʠʚʠʭ ʚʢʘʟʫʶʪʴ ʜʽʘʧʘʟʦʥ ʜʘʥʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʧʨʦʮʝʜʫʨʽ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʪʦʯʢʠ ʤʝʥʰʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʙʫʣʠ ʚʠʢʣʶʯʝʥʽ. 
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ʊʘʙʣʠʮʷ 4.4 ï ʐʫʤ ʪʘ ʤʝʞʘ ʚʠʟʥʘʯʝʥʥʷʊʇɸ 

ʂʘʥʘʣ  ʅʘʭʠʣ ʇʝʨʝʪʠʥ R2 ʐʫʤ ʄʝʞʘ ʚʠʟʥ., ʤʢM 

ʂʦʤʧ. 0.348 4.178 0.999 2.694 54.4 

ʏʝʨʚʦʥʠʡ 0.459 4.755 0.987 2.686 31.1 

ɿʝʣʝʥʠʡ 0.325 4.049 0.993 2.668 56.3 

ʉʠʥʽʡ 0.092 2.975 1.000 2.685 704.4 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʩʚʽʪʣʘ ʚ ʦʧʪʠʯʥʽʡ ʩʠʩʪʝʤʽ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ. 

ʈʝʛʫʣʶʚʘʥʥ̫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʦʨʫ ʩʚʽʪʣʘ, ʥʘʧʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴh  

ʧʨʦʟʦʨʦʛʦ ʦʙô̒ ʢʪʠʚʘ ʘʙʦ ʙʽʣʴʦhʾ ʜʽʘʬʨʘʛʤʠ ʧʦʢʨʘʱʫʻ ʤʝʞʫ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʯʫʪʣʠʚʽʩʪʴ. ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʤʘʪʨʠʮʽ ʩʝʥʩʦʨʘ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ 

ʯʫʪʣʠʚʽʩʪʴ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. ɿʽʙʨʘʥʝ ʩʚʽʪʣʦ ʟ ʟʨʘʟʢʘ ʨʦʟʧʦʜʣ̔ʷʻʪʴʩ̫  ʤʽʞ 

ʧʽʢʩʝʣʷʤʠ, ʪʦʤʫ ʨʦʟʤʨ̔ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʜʘʪʯʠʢʫ ʚʠʟʥʘʯʘʻ ʯʘʩʪʢʫ ʨʦʟʧʦʜʽʣʫ 

ʩʚ̔ʪʣʘ ʤʽʞ ʧʽʢʩʝʣʷʤʠ. ʏʠʤ ʙʽʣʴʰʝ ʟʦʙʨʘʞʝʥʥʷ ʦʙô̒ʢʪʘ, ʪʠʤ ʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ 

ʩʚʽʪʣʘ ʥʘ ʧʽʢʩʝʣɹ , ʪʦʙʪʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʻ ʟʤʝʥʰʝʥʥʤ̫ 

ʯʫʪʣʠʚʦʩʪʽ ʜʣʷ ʘʥʘʣ̔ʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. ɺʠʙʽʨ ʚʽʜʧʦʚʽʜʥʦʾ ʣʽʥʟʠ ʜʣʷ ʦʪʨʠʤʘʥʥ ̫

ɽʍʃ ʟʦʙʨʘʞʝʥɹ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʥʘʣʽʪʠʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʪʘ ʥʝ ʤʘʻ ʫʥʽʚʝʨʩʘʣʴʥʦʾ 

ʚʽʜʧʦʚʽʜʽ.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ɽʍʃ ʟʦʙʨʘʞʝʥʴ ʟ ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ ʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʢʨʘʝɦʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʉD 

ʬʦʪʦʜʝʪʝʢʪʦʨʽʚ. ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʧʨʠʢʣʘʜ̔ʚ ʻ ʢʘʤʝʨʠ ʪʠʧʫ EM-CCD Princeton 

Instruments ProEM HS 512BX3. (ʌʦʪʦ ʦʪʨʠʤʘʥʦ ʚ ʂʣʁʯʦʚʽʡ ʥʘʮʽʦʥʘʣʴʥʽʡ 

ʣʘʙʦʨʘʪʦʨʽʾ ʘʥʘʣʽʪʠʯʥʦʾ ʝʣʝʢʪʨʦʭʽʤʽʾ ɯʥʩʪʠʪʫʪʫ ʧʨʠʢʣʘʜʥʦʾ ʭʽʤʽʾ ʤ. ʏʘʥʯʫʥʴ, 

ʂʠʪʘʡ, ʷʢʫ ʦʯʦʣʶʻ ʧʨʦʬ. ɻʫʦʙʘʦ ʉʁ ). ʆʩʦʙʣʠʚʽʩʪʶ ʢʘʤʝʨʠ ʻ ʝʣʝʢʪʨʦʥʥʝ 

ʧʦʤʥʦʞʝʥʥ,̫ ʦɦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʜ ʩʯʠʪʫʚʘʥʥʷʤ ʪʘ ʦʮʠʬʨʦʚʢʦʶ ʩʠʛʥʘʣʫ 

ʷʯʝʡʦʢ, ʮʝ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʰʫʤʠ ʢʘʤʝʨʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʣʶʯʝʥʥʷ (ʤʘʡʞʝ 

ʧʦʚʥʦʛʦ ʧʨʠʛʥʯ̔ʝʥʥ)̫ h ʫʤʽʚ, ʱʦ ʧʦʚô̫ ʟʘʥʽ ʟ ʦʮʠʬʨʦʚʢʦʶ. ʆʜʥʘʢ ʟʘʣʠh ʘʪʁʩɹʷ 

ʰʫʤʠ ʩʘʤʦʛʦ ʜʝʪʝʢʪʦʨʥʦʛʦ ʝʣʝʤʝʥʪʘ (ʩʝʥʩʝʣʷ) ʪʘ ʰʫʤʠ ʧʦʚô̫ ʟʘʥʽ ʟ ʧʝʨʝʥʦʩʦʤ 

ʟʘʨʷʜʫ ʤʽʞ ʷʯʝʡʢʘʤʠ. ʆʪʞʝ ʧʦʚʥʽʩʪʶ ʰʫʤʠ ʟʯʠʪʫʚʘʥʥʷ ʥʝ ʚʠʢʣʶʯʝʥʽ ʚ ʮʽʡ 

ʢʘʤʝʨʽ. ʊʘʢʦʞ ʜʦʙʨʝ ʩʢʘʟʫʻʪʴʩʷ ʥʘ ʟʘʛʘʣʴʥʦʤʫ ʟʤʝʥʱʝʥʥʽ ʰʫʤʽʚ ʦʭʦʣʦʜʞʝʥʥʷ 
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ʜʝʪʝʢʪʦʨʘ ʭʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʩʪʘʜʽʡʥʦʛʦ ʧʻʣʴʪʻ ʝʣʝʤʝʥʪʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʨʦʙʦʯʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʤʘʪʨʠʮʽ ʥʘ ʨʽʚʥʽ ï 80 °ʉ.  

 

ʈʠʩʫʥʦʢ 4.15 ï EM-CCD Princeton Instruments ProEM HS 512BX3, ʱʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʟʛʦʨʠ ʩʚʽʪʣʦʟʘʭʠʩʥʦʾ ʢʘʤʝʨʠ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ɽʍʃ ʪʝʭʥʦʣʦʛʽʾ ʘʥʘʣʽʟʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʫʣʪɹʠʧʣʠʢʘʪʠʚʥʦʛʦ 

ʘʥʘʣʽʟʫ ʦʩʦʙʣʠʚʦ ʟʨʫʯʥʝ, ʦʩʢʽʣʴʢʠ ʻ ʧʨʷʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʢʘʥʘʣ ʢʝʨʫʚʘʥʥʷ 

ʘʥʘʣʽʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ. ʇʨʠ ʚʽʜʢʣʶʯʝʥʥʽ ʦʜʥʦʛʦ ʟ ʝʣʝʢʪʨʦʜʽʚ ʩʝʥʩʦʨʘ, 

ʘʥʘʣʽʪʠʯʥʘ ʨʝʘʢʮʽʷ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ʇʨʠ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ 

ʨʽʟʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʩʝʥʩʦʨ ʟʜʘʪʥʠʡ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʧʦʣʫʢ. ɸ ʟʘʚʜʷʢʠ ʘʜʨʝʩʥʽʡ ʘʢʪʠʚʘʮʽʾ ʩʝʥʩʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʨʠʩ. 

4.16) ʟô̫ ʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʪʫ ʩʘʤʫ ʘʥʘʣʽʪʠʯʥʫ ʨʝʘʢʮʽʶ, ʱʦ 

ʥʝʦʙʭʽʜʥʘ. ʆʪʞʝ ɽʍʃ ʩʝʥʩʦʨ ʜʝʤʦʥʩʪʨʫʻ ʤʦʞʣʠʚʽʩʪʴ ʛʥʫʯʢʦʛʦ ʧʽʜʭʦʜʫ 

ʨʝʘʣʽʟʘʮʽʾ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ.  

 

ʈʠʩʫʥʦʢ 4.16 ï ʌʦʪʦʛʨʘʬʽʷ ɽʍʃ ʩʝʥʩʦʨʘ ʟ ʤʘʪʨʠʮʝʶ ʝʣʝʢʪʨʦʜʽʚ (ʢʨʦʢ 

ʨʝʰʽʪʢʠ 50 ʤʢʤ), ʨʦʟʯʠʥ 0.1 ʤʄ ʙʽʧʠʨʠʜʠʣʫ ʨʫʪʝʥʽʶ ʟ 1ʤʄ ʊʇɸ, ʬʦʩʬʘʪʥʠʡ 

ʙʫʬʝʨ ʨʅ=7.0. 
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4.5 ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 

 

ɼʦʩʣʽʜʞʝʥʦ ʘʩʧʝʢʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʥʩʦʨʥʦʛʦ ʙʝʩʧʨʦʚʽʜʥʦʛʦ ʯʠʧʫ ʟ 

ʤʘʪʨʠʮʝʶ  ʝʣʝʢʪʨʦʜʽʚ ʜʣʷ ʢʦʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ɽʍʃ ʘʥʘʣʽʟʫ. ʈʦʟʛʣʷʥʫʪʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʂʄʆʅ ʤʘʪʨʠʮʽ ʬʦʪʦʩʝʥʩʦʨʘ ʜʣʷ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʛʦ 

ʪʘ ʙʘʛʘʪʦʧʽʢʩʝʣʴʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʩʚʽʪʣʘ. ɺʠʟʥʘʯʝʥʦ ʧʘʨʘʤʝʪʨʠ ʦʙʣʘʜʥʘʥʥʷ, 

ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʯʫʪʣʠʚʩ̔ʪʴ ʪʘ ʤʝʞʫ ʚʠʚ̫ʣʝʥʥʷ. ʇʦʙʫʜʦʚʘʥʘ ʩʠʩʪʝʤʘ ɽʍʃ, ɦ ʦ 

ʤʽʩʪʠʪʴ ʩʝʥʩʦʨʥʠʡ ʙʝʟʜʨʦʪʦʚʠʡ ʯʠʧ ʪʘ ʧʦʜ̒ʥʘʥʦ ʟ ʬʦʪʦʢʘʤʝʨʦʶ, ʧʨʦʚʝʜʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʚ ɽʍʃ ʨʝʘʢʮʽ ʾ Ru(bpy)3
2+ ʟ ʩʧʽʚʨʝʘʛʝʥʪʦʤ TʇA, ʱʦ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫ̒ʪʴʩʷ ʚ ɽʍʃ ʘʥʘʣʽʟʽ. ʆʪʨʠʤʘʥʽ ʢʘʣʽʙʨʫʚʘʣʴʥʽ ʢʨʠʚ̔ ʜʣʷ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʢʘʥʘʣʫ ʪʘ ʦʢʨʝʤʠʭ ʢʦʣʴʦʨʦʚʠʭ ʢʘʥʘʣʽʚ. ʏʝʨʚʦʥʠʡ ʢʘʥʘʣ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʬʦʪʦʩʝʥʩʦʨʘ ʧʦʢʘʟʘʚ ʥʘʡʢʨʘʱʫ ʯʫʪʣʠʚʽʩʪʴ ʩʝʨʝʜ ʽʥʰʠʭ 

ʢʘʥʘʣ̔ʚ ʜʣʷ ʦʙʨʘʥʦʾ ɽʍʃ ʨʝʘʢʮʽʾ. ʄʝʞʘ ʚʠʷʚʣʝʥʥʷ ʨʝʘʢʮʽʾ ʟʛʽʜʥʦ ʟ ʘʥʘʣʽʟʦʤ 

ʪʝʤʥʦʛʦ ʰʫʤʫ ʪʘ ʦʪʨʠʤʘʥʠʤʠ ʢʘʣʽʙʨʫʚʘʣʴʥʠʤʠ ʢʨʠʚʠʤʠ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʷʢ 1,9 

ʤʢʄ Ru(bpy)3
2+ ʪʘ 31,1 ʤʢʄ TʇA. ʆʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ, ʷʢʘ 

ʧʦʢʨʘʱʫ̒ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʚʽʪʣʘ ʪʘ 

ʟʙʝʨʽʛʘʻ ʣʽʥʽʡʥʽʩʪʴ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʢʨʠʚʦʾ. ɿʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʶ 

ʤʘʪʨʠʮʽ ʦʧʪʠʯʥʦʛʦ ʜʘʪʯʠʢʘ ʪʘ ʚʪʨʘʪ̔  ʜʘʥʠʭ ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʙʫʣʦ ʟʜʡ̔ʩʥʝʥʦ 

ʟʘ ʜʦʧʦʤʦʛʦʁ  ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʧʨʘʮʶ̒ ʟ ʬʘʡʣʦʤ ʥʝʦʙʨʦʙʣʝʥʠʭ 

ʜʘʥʠʭ ʦʧʪʠʯʥʦʛʦ ʜʘʪʯʠʢʘ ʟ ʚʽʜʦʤʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ. 

ʂʦʣʦʨʠʤʝʪʨʠʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦʙʨʝ ʢʦʨʝʣʶʶʪʴ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʘʪʦʨʦʤ ʥʘ ʙʘʟʽ ʌɽʇ. ʃʥ̔ʽʡʥʠʡ ʟʚô̫ ʟʦʢ ʤʞ̔ ʣʦʛʘʨʠʬʤʦʤ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʥʘʣʽʪʫ ʪʘ ʣʦʛʘʨʠʬʤʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ɽʍʃ ʩʧʦʩʪʝʨʽʛʘʣʠ ʜʣ̫  

ʢʦʥʮʝʥʪʨʘʮʽʾ Ru(bpy)3
2+ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 2 ʤʢʄ ʜʦ 250 ʤʢʄ. ʂʘʣʽʙʨʫʚʘʣʴʥʘ 

ʢʨʠʚʘ ʜʣ̫ ʰʠʨʦʢʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ 

ʟʦʙʨʘʞʝʥʥʷ ʧʨʠ ʨʽʟʥʡ̔ ʯʫʪʣʠʚʦʩʪʽ ʢʘʤʝʨʠ (ISO-100 ʪʘ ISO6400). ʇʨʝʜʩʪʘʚʣʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣ ʤʘʪʨʠʯʥʦʛʦ ʂʄʆʅ ʬʦʪʦʜʘʪʯʠʢʘ ʟ 

ʙʝʟʜʨʦʪʦʚʠʭ ʩʝʥʩʦʨʥʠʤ ʯʠʧʦʤ ʟ ʤʘʪʨʠʮʝʶ ʝʣʝʢʪʨʦʜʽʚ ʜʣʷ ʘʥʘʣʽʪʠʯʥʠʭ 

ʟʘʩʪʦʩʫʥʢʽʚ. 
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5. ʂʆʄʃɽʂʉ ʆɹʃɸɼʅɸʅʅʗ ɼʃʗ ʉɽʅʉʆʈʅʀʍ ʉʀʉʊɽʄ 

 

ɺ ʨʦʟʜʽʣ ̔ʨʦʟʛʣ̫ʥʫʪʦ ʘʩʧʝʢʪʠ ʧʦʙʫʜʦʚʠ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ ʥʘ ʧʨʠʢʣʘʜʽ 

ʨʦʟʨʦʙʢʠ ʾʭ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. ʋʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʨʦʟʨʦʙʮʽ ʪʘʢʠʭ ʧʨʠʣʘʜʽʚ, 

ʱʦ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʦʢʨʝʤʦ ʪʘ ʽ ʫ ʩʢʣʘʜʽ ʩʢʣʘʜʥʦʾ ʩʝʥʩʦʨʥʦʾ 

ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʥʦʬʦʪʦʥʥʠʭ ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʭʤ̔ʯ̔ʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɼʣʷ ʨʦʙʦʪʠ ʟ ʨʽʟʥʦʤʘʥʪ̔ʥʠʤʠ ʽʥʜʠʢʘʪʦʨʥʠʤʠ ʪʝʩʪ-ʩʠʩʪʝʤʘʤʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʢʦʣʦʨʠʤʝʪʨ «C 1001», ʦɦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʂʄʆʅ ʩʝʥʩʦʨʽ ʢʦʣʴʦʨʫ. 

ɽʣʝʢʪʨʦʭʝʤʣ̔ʶʤ̔ʥʝʩʮʝʥʪʥʠʡ ʘʥʘʣʽʟʘʪʦʨ «ɽʃɸʅ-3D» ʜʣ ̫ ʧʨʦʚʝʜʝʥʥʷ 

ʛʦʤʦʛʝʥʥʠʭ ʪʘ ʛʝʪʝʨʦʛʝʥʥʠʭ ʜʦʩʣ̔ʜʞʝʥʴ, ʚʢʣʯʁʘʯʁʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʜ̔ʚ 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ. ɸʧʘʨʘʪ «Spark» ʜʣ̫ ʢʦʥʪʨʦʣʶ 

ʨʦʙʦʪʠ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʌɽʇ ʜʦ ʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ 

ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʷʢ ʍʃ ʪʘ ɽʍʃ, ʘʣʝ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʟʦʢʨʝʤʘ ʥʠʤʠ. 

ʐʚʠʜʢʽʩʥʠʡ ʣʽʯʠʣɹʥʠʢ ʽʤʧʫʣʴʩʽʚ «Pulsar» ʜʣʷ ʨʦʙʦʪʠ ʟ ʌɽʇ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ 

ʨʝʞʠʤʽ ʣʽʯʙʠ ʽʤʧʫʣʴʩʽʚ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʧʪʠʯʥʦʛʦ ʢʘʥʘʣʫ 

ʚʠʤʽʨʙ\ ʚʁʘʥʥʷ ʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʠʩʦʢʦʶ ʯʘʩʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʯʫʪʣʠʚʽʩʪʶ ʪʘ ʤʝʞʝʶ ʚʠʟʥʘʯʝʥʥ,̫ ʱʦ ʚʜ̔ʧʦʚʽʜʘ ̒ʧ̔ ʜʨʘʭʫʥʢʫ 

ʦʢʨʝʤʠʭ ʬʦʪʦʥʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ɽʍʃ ʚ 

ʨʝʞʠʤʽ ʥʘʜʰʚʠʜʢʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʜʽʚ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʦʙʢʠ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʢʣʘʜʝʥʦ ʚ ʩʪʘʪʪʷʭ [4, 6-8, 11, 12, 14, 15, 17-19, 21, 23] ʪʘ 

ʘʧʨʦʙʦʚʘʥʦ ʥʘ ʢʦʥʬʝʨʝʥʮʽ̫ʭ, ʩʠʤʧʦʟʫ̔ʤʘʭ, ʪʘ ʩʝʩ̫̔ ʭ [24-25, 27, 29, 31-33, 36, 

41-43, 48-49, 52]. 

 

5.1 ʂʦʣʦʨʠʤʝʪʨ «ʉ 1001» 

 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʦʙʢʫ ʨʝʬʣʝʢʪʦʤʝʪʨʫ ʥʘ ʙʘʟʽ ʜʘʪʯʠʢʫ ʢʦʣʴʦʨʫ 

S9037 ʚ̔ ʜ Hamamatsu Photonics, ʦɦ ʥʘ ʤʘʪʨʠʮ ̔ ʦʧʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

(ʧʣʦɦ ʝʶ 0, 32 ʤʤ2) ʤʘ̒ ʦʧʪʠʯʥʽ ʬ̔ ʣʴʪʨʠ ʥʘ ʜʽʘʧʘʟʦʥʠ ʜʣʷ ʯʝʨʚʦʥʦʛʦ, ʟʝʣʝʥʦʛʦ 

ʪʘ ʩʠʥʴʦʛʦ ʩʧʝʢʪʨʽʚ ʟ ʩʧʝʢʪʨʘʣʴʥʦʶ ʦʙʣʘʩʪʶ ʯʫʪʣʠʚʦʩʪʽ 400õ720ʥʤ. ʆʢʨ̔ʤ 
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ʮʴʦʛʦ ʜʘʪʯʠʢ ʢʦʣʴʦʨʫ ʚʢʣʯʁʘ̒ ʜʦ ʩʚʦ̒ ʾ ʩʪʨʫʢʪʫʨʠ ʧʦʧʝʨʝʜʥʽ ʧ̔ʜʩʠʣʁ ʚʘʯʽ ʜʣ̫  

ʪʨɹʦʭ ʢʘʥʘʣʚ̔ ʢʦʣɹʦʨʫ, 12-ʙʽʪʥʠʡ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʚʁʘʯ ʪʘ 

ʮʠʬʨʦʚʠʡ ʤʦʜʫʣʴ, ʱʦ ʢʝʨʫʻ ʧʨʦʮʝʩʦʤ ʚʠʤʽʨʫ ʪʘ ʨʝʘʣʟ̔ʫ̒ ʮʠʬʨʦʚʠʡ 

ʧʦʩʣʽʜʦʚʥʠʡ ʽʥʪʝʨʬʝʡʩ. [178]  

ʆʩʥʦʚʥʠʤʠ ʟʘʜʘʯʘʤʠ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʫ ʜʘʥʽʡ ʨʦʙʦʪ ̔ʮʝ ʦʛʣʷʜ ʧʨʦʙʣʝʤʠ 

ʢʦʣʴʦʨʦʚʠʭ ʜʦʩʣʜ̔ʞʝʥʴ ʜʣ ̫ ʪʚʝʨʜʠʭ ʦʙô̒ ʢʪ̔ ʚ, ʫ ʷʢʦʩʪʽ ̫ʢʠʭ ʚʠʩʪʫʧʘʪʁʴ 

ʨʟ̔ʥʦʤʘʥʽʪʥʽ ʽʥʜʠʢʘʪʦʨʥʽ ʪʝʩʪ-ʩʠʩʪʝʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʟ̔ʫ ʭ̔ʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʙ, ʪʘ ʨʦʟʨʦʙʢʘ ʩʫʯʘʩʥʦʛʦ ʨʝʬʣʝʢʪʦʤʝʪʨʘ ʟ 

USB- ʥ̔ʪʝʨʬʝʡʩʦʤ, ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʤʽʨʁ ʚʘʣʥɹʦʾ ʩʠʩʪʝʤʠ ʩʫʯʘʩʥʦʛʦ 

ʨʝʬʣʝʢʪʦʤʝʪʨʫ. 

ʉʪʨʫʢʪʫʨʥʫ ʦʨʛʘʥʟ̔ʘʮ̔ʁ  ʨʝʬʣʝʢʪʦʤʝʪʨʘ ʜʣʷ ʙ̔ʦʤʝʜʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥ,ɹ ʱʦ 

ʨʦʟʨʦʙʣʶʻʪʴʩʷ ʫ ʜʘʥ̔ʡ ʨʦʙʦʪʽ, ʥʘʚʝʜʝʥʫ ʥʘ ʨʠʩ. 5.1. 

 

ʈʠʩʫʥʦʢ 5.1 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʨʝʬʣʝʢʪʦʤʝʪʨʘ: ʄʂ ï ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ, ʇʂ 

ï ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʁ ʪʝʨ, ʃʉʅ ï ʣʽʥ̔ʡʥʠʡ ʩʪʘʙʽʣʽʟʘʪʦʨ ʥʘʧʨʫʛʠ, ɼʂ ï ʜʘʪʯʠʢ 

ʢʦʣʴʦʨʫ, ɹʉɼ ï ʙʣʦʢ ʩʚʽʪʣʦʜʦ̔ʜʽʚ. 

 

ɼʣʷ ʧʜ̔ʩʚʯ̔ʫʚʘʥʥʷ ʟʨʘʟʢʘ 3 ʚʠʢʦʨʠʩʪʦʚʫʪ̒ʩɹʷ ʩʭʝʤʘ ʨʠʩ. 5.2 (ʘ ï ʚʠʛʣʷʜ ʟ 

ʙʦʢʫ, ʙ ï ʚʠʛʣʷʜ ʟʥʠʟʫ) ʫ ʚʠʛʣʷʜʽ ʙʣʦʢʫ ʟ ʯʦʪʠʨʴʦʭ ʩʚ̔ʪʣʦʜ̔ʦʜ̔ʚ 1 ʟ ʚʫʟɹʢʦʁ  

ʜ̔ʘʛʨʘʤʦʁ ʩʧʨ̫ ʤʦʚʘʥʦʩʪ,̔ ʨʦʟʪʘh ʦʚʘʥʽ ʟ ʯʦʪʠʨʴʦʭ ʩʪʦʨ̔ʥ ʚ̔ʜ ʜʘʪʯʠʢʘ ʪʘ 

ʩʧʨ̫ʤʦʚʘʥʽ ʧ̔ʜ ʢʫʪʦʤ ʫ 45º ʜʦ ʟʨʘʟʢʘ. ɼʘʪʯʠʢ ʢʦʣʦɹʨʫ 2 ʨʦʟʪʘʰʦʚʫʻʪʴʩ̫  ʤʽʞ 

ʩʚʪ̔ʣʦʜʽʦʜʘʤʠ ʥʘ ʚʽʜʩʪʘʥʽ ʫ 7 ʤʤ ʚʽʜ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ, ʱʦ ʜʦʩʣʽʜʞʫ̒ ʪʴʩʷ. ɼʣʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ ʯʘʩʪʢʠ ʙʦʢʦʚʦʛʦ ʚʠʧʨʦʤ̔ʥʶʚʘʥʥʷ ʩʚʽʪʣʦʜʽʦʜ̔ʚ 

ʇʂ ʄʂ 

ʃʉʅ 

ɼɾʉɼ 

ɼʂ 

ɹʉɼ 
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ʩʝʥʩʦʨʫ ʚʠʢʦʨʠʩʪʘʥʦ ʥʝʧʨʦʟʦʨʠʡ ʮʠʣʥ̔ʜʨʠʯʥʠʡ ʝʢʨʘʥ. ɺʠʙʽʨ ʜʘʥʦʾ 

ʚʠʤ̔ʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʜ̔ʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʄʂʆ (ʄ̔ʞʥʘʨʦʜʥʦʾ ʢʦʤʽʩʽʾ  ʟ 

ʦʩʚʽʪʣʝʥʥʷ) ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʪʯʠʢʫ ʢʦʣʴʦʨʫ. ʆʩʢ̔ʣʴʢʠ 

ʚʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚ̔ʪʣʦʜʽʦʜ̔ʚ ʥʝ ʣ̔ʥ̔ʡʥʘ ʪʘ ʚʨʘʭʦʚʫʁʯʠ ʪʦʡ ʬʘʢʪ 

ʱʦ ̔ʥʪʝʥʩʠʚʥ̔ʩʪɹ ʚʠʧʨʦʤʽʥʶʚʘʥʥ̫  ʧʨʦʧʦʨʮʽʡʥʘ ʪʦʢʫ ʯʝʨʝʟ ʩʚʽʪʣʦʜʦ̔ʜ, ʜʣʷ 

ʦʙʨʘʥʥʷ ʨʦʙʦʯʦʾ  ʪʦʯʢʠ ʥʘ ʚʦʣʴʪ-ʘʤʧʝʨʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮ ̔ ʧʝʨʝʚʘʞʥʠʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ʫ ̫ ʢʦʩʪ̔  ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʩʚ̔ ʪʣʦʜʦ̔ʜ̔ʚ. ʊʦʤʫ ʚ 

ʩʪʨʫʢʪʫʨʫ ʩʭʝʤʫ ʨʝʬʣʝʢʪʦʤʝʪʨʘ ʚʭʦʜʠʪɹ ʤ̔ʧʫʣʴʩʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ 

ʧ̔ ʜʚʠ ʫɦʁ ʯʦʛʦ ʪʠʧʫ, ʚʠʢʦʥʘʥʝ ʟʘ ʙʫʩʪʝʨʥʦʁ  ʩʭʝʤʦ  ʁ DC-DC ʢʦʥʚʝʨʪʝʨʘ. 

ʆʩʢ̔ʣɹʢʠ ʞʠʚʣʝʥʥ ̫ʨʝʬʣʝʢʪʦʤʝʪʨʘ ʟʜ̔ʡʩʥʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜ h ʠʥʠ USB, 

ʦʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ, ɦ ʦ ʚʠʩʫʚʘʶʪʴʩ̫  ʜʦ ʥʴʦʛʦ, ̒  ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʩ̔ʪʴ, ʥʠʟɹʢ̔ 

ʰʫʤʠ, ʩʪʘʙ̔ʣʴʥ̔ʩʪɹ .  

                     

                          ɸ)                                                                      ɹ) 

ʈʠʩʫʥʦʢ 5.2 ï ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʩʝʥʩʦʨʘ ʢʦʣʴʦʨʫ ʪʘ ʩʚʽʪʣʦʜʽʦʜʽʚ 

ʦʩʚʽʪʣʝʥʥʷ ʚ ʢʦʣʦʨʠʤʝʪʨʽ «ʉ 1001»: 1 - ʩʝʥʩʦʨ ʢʦʣʴʦʨʫ, 2 ï ʩʚʽʪʣʦʜʽʦʜ, 3 ï 

ʟʨʘʟʦʢ. ɸ) ʚʠʜ ʟʙʦʢʫ, ɹ) ʚʠʜ ʟ ʥʠʟʫ (ʟʽ ʩʪʦʨʦʥʠ ʟʨʘʟʢʘ). 

 

ʈʠʩʫʥʦʢ 5.2 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʢʦʣʦʨʠʤʝʪʨʘ «ʉ 1001» (ʟ ʧʨʘʚʘ) ʟ 

ʢʦʣɹʦʨʦʚʠʤʠ ʟʨʘʟʢʘʤʠ (ʟ ʣʽʚʘ). 
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ʈʠʩʫʥʦʢ 5.3 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʥ̔ʪʝʨʬʝʡʩʥʦʛʦ ʚʢ̔ʥʘ «Features» 

ʢʦʣʦʨʠʤʝʪʨʘ «ʉ 1001» ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʫ ʨʦʙʦʪʠ. 

 

ʈʠʩʫʥʦʢ 5.4 ï ɿʦʚʥʽʰʥʡ̔ ʚʠʛʣʷʜ ʥ̔ʪʝʨʬʝʡʩʥʦʛʦ ʚʽʢʥʘ «Measurements» 

ʢʦʣʦʨʠʤʝʪʨʘ «ʉ 1001» ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʫ ʟʨʘʟʢʘ. 

 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʨʦʙʣʝʥʦʛʦ ʢʦʣʦʨʠʤʝʪʨʘ «ʉ 1001» ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣ. 5.1 

 

ʊʘʙʣʠʮʷ 5.1 ï ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʣʦʨʠʤʝʪʨʘ «ʉ 1001» 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

ʉʧʝʢʪʨʘʣʴʥʠʡ 

ʜ̔ʘʧʘʟʦʥ:  

400é720 ʥʤ 

ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ:  12 ʙʪ̔ Ĭ  

 × 3 ʢʦʣʴʦʨʘ 

ʇʣʦʱʘ ʧʦʚʝʨʭʥ̔,  

ʱʦ ʘʥʘʣʟ̔ʫ̒ʪʴʩʷ: Ø 5ʤʤ, 

ɯʥʪʝʨʬʝʡʩ:  HID*, USB 2.0 

ɾʠʚʣʝʥʥ̫: ʥʝ ʙ̔ʣʴʰ 1 ɺʪ 

ɺʘʛʘ: 76 ʛ 

* ʅʝʤʘʻ ʥʝʦʙʭʜ̔ʥʦʩʪʽ ʚ ʫʩʪʘʥʦʚʢʠ ʜʨʘʡʚʝʨ̔ ʚ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʚ̔ ʜʪʚʦʨʶʚʘʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʢʦʣʦʨʠʤʝʪʨʘ ʧʨʦʚʦʜʠʣʠ ʜʣʷ 

ʨʽʟʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ. ʇʽʜ ʯʘʩ ʪʝʩʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʦʨʠʩʪʠʡ 

ʧʽʥʦʧʦʣʽʫʨʝʪʘʥ (ʇʋ), ʽʥʜʠʢʘʪʦʨʥʠʡ ʧʘʧʽʨ ʪʘ ʩʠʣʽʢʘʛʝʣʴ. ɹʫʣʠ ʦʙʨʘʥ̔ ʪʝʩʪʦʚʽ 

ʨʝʘʢʮʽʾ ʟ ʨʽʟʥʠʤʠ ʢʦʣʴʦʨʘʤʠ (ʪʘʙʣ. 5.2). [260, 261] ɼʦʩʣʽʜʞʝʥʦ ʟʘʣʝʞʥʦʩʪʽ 

ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜ ʩʦʨʙʝʥʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʚʽʜ ʩʦʨʙʘʪʥʠʭ ʢʦʣʴʦʨʽʚ. 

ʉʧʝʢʪʨʠ ʜʠʬʫʟʥʦʛʦ ʚʽʜʙʠʪʪʷ ʩʦʨʙʘʪʽʚ ʤʽʩʪʠʣʠ ʜʦʚʞʠʥʠ ʭʚʠʣʴ ʦʭʦʧʣʶʚʘʣʠ 

ʤʘʡʞʝ ʚʝʩɹ ʚʠʜʠʤʠʡ ʜʽʘʧʘʟʦʥ̔. ʊʽʦʮʽʘʥʘʪʥʠʡ ʢʦʤʧʣʝʢʩ ʽʦʥʘ Co2+, 

ʘʜʩʦʨʙʦʚʘʥʠʡ ʥʘ ʧʽʥʦʧʦʣʽʫʨʠʪʘʥʽ, ʤʘʻ ʤʘʢʩʠʤʫʤ ʧʦʛʣʠʥʘʥʥʷ ʥʘ 622 ʥʤ. 

ɯʤʤʦʙʽʣʽʟʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩ ʽʦʥʽʚ Cu2+ ʟ ʬʦʨʤʘʟʘʥʦʤ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʤʘʢʩʠʤʫʤʦ ʧʦʛʣʠʥʘʥʥʷ ʥʘ 558 ʥʤ. ʅʝʡʪʨʘʣʴʥʠʡ ʯʝʨʚʦʥʠʡ, ʱʦ ʘʜʩʦʨʙʦʚʘʥʠʡ 

ʥʘ ʩʠʣʽʢʘʛʝʣʽ, ʤʘʻ ʤʘʢʩʠʤʫʤ ʧʦʛʣʠʥʘʥʥʷ ʥʘ 540 ʥʤ. 

 

ʊʘʙʣʠʮʷ 5.2 ï ʈʝʟʫʣɹʪʘʪʠ ʢʦʣʴʦʨʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ɸʥʘʣ̔ʪ  ʈʝʘʛʝʥʪ 
ɯʥʜʠʢʘʪʦʨʘ 

ʩʠʩʪʝʤʘ  

ʉʦʨ- 

ʙʝʥʪ  

ɼʘ̔ʧʘʟʦʥ 

ʢʦʥʮʝʥʪʨʘ- 

ʮʽʾ, ʤʦʣʴ /ʣ  

ʏʘʩ, 

ʭʚ  

ɿʤʽʥʘ 

ʢʦʣʴʦʨʫ 

ʩʦʨʙʝʥ- 

ʪʫ 

Co2+ SCNï 

KSCN, 1,0 

ʤʦʣʴ/ʣ 

NaF, 0,01 

ʤʦʣʴ/ʣ 

H2SO4,ʨʅ2  

ʇʋ (0,5ï40)·10-6 30 
ʙʽʣʠʡ ï 

ʩʠʥʽʡ 

«ʅʝʡʪʨʘʣ-ɹ

ʥʠʡ 

ʯʝʨʚʦʥʠʡ» 

ï HCl, ʨʅ 3  
ʉʽʣʽʢʘ- 

ʛʝʣʴ 
(0,1ï1)·10-5 120 

ʙ̔ ʣʠʡ ï 

ʤʘʣʠʥʦʚ

ʠʡ 

Cu2+ 
ʌʦʨʤʘ- 

ʟʘʥ 

ʧʘʧʽʨ-Cu- 

ʪʝʩʪ,  

HCl, ʨʅ 3  

ɯʥʜʠʢʘ-

ʪʦʨʥʘ 

ʙʫʤʘʛʘ 

(0,8ï12)·10-3 15 

ʞʦʚʪʠʡï 

ʬʽʦʣʝ- 

ʪʦʚʠʡ 

 

ʇʽʩʣ̫  ʨʝʘʢʮʽʾ ʟ ʨʽʟʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʘʥʘʣʽʪʫ ʢʦʣʴʦʨʦʚʽ ʪʝʩʪ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦ ʁʢʦʣʦʨʠʤʝʪʨʘ «ʉ 1001» (ʨʠʩ. 5.2). ɼʣʷ ʢʦʞʥʦʾ 

ʩʠʩʪʝʤʠ ʙʫʚ ʦʙʨʘʥʠʡ ʢʘʥʘʣ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʚʽʜʛʫʢʦʤ (ʨʠʩ. 5.5). ʂʦʤʧʣʝʢʩʠ 

Co(II) ʪʘ Cu(II) ʪʘ ʤʘʣʘʭʪ̔ʦʚʦʛʦ ʟʝʣʝʥʦʛʦ ʤʘʶʪʴ ʦʩʥʦʚʥʽ ʟʤʽʥʠ ʚ ʯʝʨʚʦʥʦʤʫ 

ʢʘʥʘʣʽ, ʢʦʤʧʣʝʢʩʠ Fe(III) ʪʘ ʽʥʜʠʢʘʪʦʨ «ʅʝʡʪʨʘʣʴʥʠʡ ʯʝʨʚʦʥʠʡ» ʤʘʶʪʴ 

ʥʘʡʙʽʣʴʰʽ ʟʤʽʥʠ ʚ ʟʝʣʝʥʦʤʫ ʢʘʥʘʣʽ (ʪʘʙʣ. 5.3).  
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ʊʘʙʣʠʮ̫ 5.3 ï ʇʘʨʘʤʝʪʨʠ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʢʨʠʚʦʾ 

ʊʝʩʪ ʩʠʩʪʝʤʘ 
ʂʦʣʴʦʨʦʚ

ʠʡ ʢʘʥʘʣ 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʨʝʘʛʝʥʪʫ, 

ʤʦʣʴ/ʣ 

ʇʘʨʘʤʝʪʨʠ ʣʽʥʽʾ 

ʘʧʨʦʢʩʠʤʘʮʽʾ, 

y0+a·e-x/t 

ʂʦʝʬ̔ʮ

ʽʻʥʪ 

ʢʦʨʝʣʷ

ʮʽʾ, R2 y0 a T 

ʉʦ2+-SCN-ʇʋ  ʯʝʨʚʦʥʠʡ  (0.5ï15)Ā10-6  277.8 1119 32.71 0.989 

ʅʝʡʪʨʘʣʴʥʠʡ 

ʯʝʨʚʦʥʠʡ-ʩʽʣʽʢʘ

ʛʝʣʴ  

ʟʝʣʝʥʠʡ (1ï20)·10-5  156.7 659.2 61.69 0.996 

Cu-ʧʘʧʽʨ ʯʝʨʚʦʥʠʡ (0.5ï24)Ā10-3  142.7 85.09 2.796 0.957 

 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʪʦ 

ʪʦʯʥʦʩʪ̔ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʦʨʙʝʥʪʽʚ ʽʥʜʠʢʘʪʦʨʽʚ, ʱʦ ʟʚʝʜʝʥʦ ʚ 

ʪʘʙʣ. 5.4. 

     

ʘ                                                                               ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 5.5 ï R-, G-, B-ʢʦʤʧʦʥʝʥʪʠ ʢʦʣʴʦʨʫ ʜʣʷ ʜʽʘʧʘʟʦʥʫ 4095 (12 ʙʽʪ) 

ʜʣʷ: ʘ ï ʢʦʤʧʣʝʢʩ ʪʽʦʮʠʘʥʘʪʫ Co2+ ʽʦʥʫ ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʥʘ ʇʋ; ʙ ï ʽʥʜʠʢʘʪʦʨ 

ʯʝʨʚʦʥʠʡ ʢʨʘʩʥʠʡ ʥʘ ʩʠʣʢ̔ʘʛʝʣʽ; ʚ ï ʢʦʤʧʣʝʢʩ Cu2+ ʦ̔ʥʽʚ ʟ ʬʦʨʤʘʟʘʥʦʤ ʥʘ 

ʧʘʧʝʨʽ 
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ʊʘʙʣʠʮʷ 5.4 ï ɺʽʜʪʚʦʨʁ ʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤ̔ʨʁʚʘʥʥ ̫ R-, G-, 

B-ʢʦʣʴʦʨʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣ ̫ʨʽʟʥʠʭ ʩʦʨʙʝʥʪʽʚ 

ʉʦʨʙʝʥʪ 
ɺʜ̔ʪʚʦʨʶʚʘʥʽʩʪʴ, 

sr% (n=5) 

ʊʦʯʥʽʩʪʴ, 

sr% (n=9) 

ʇʋ  0,10ï0,6 0,1ï0,7 

ʇʘʧʽʨ  0,08ï0,3 0,1ï0,3 

ʉʽʣʽʢʘʛʝʣʴ 0,06ï0,4 0,1ï0,4 

 

ɿ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʪʦʯʥʽʩʪɹ 

ʦʙʤʝʞʫʻʪʴʩʷ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʶ ʘʥʘʣʽʪʠʯʥʦʾ ʨʝʘʢʮʽʾ, ʱʦ ʻ ʤʝʥʰʝʶ ʥʽʞ ʪʦʯʥʽʩʪɹ 

ʚʠʤʽʨʫ ʢʦʣʴʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ, ʷʢʘ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʢʦʣʦʨʠʤʝʪʨʽ. ʆʩʢʽʣʴʢʠ ʚʠʤʽʨ 

ʢʦʣʴʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʛʨʘʥʠʯʥʦʶ ʪʦʯʥʽʩʪʶ ʚ 1 ʙʽʪ, ʪʦʙʪʦ 

1/4095=0,025%, ʜʣʷ ʩʝʥʩʦʨʘ ʢʦʣʴʦʨʫ S9067 Hamamatsu. ʈʦʟʙʽʞʥʽʩʪʴ ʫ 

ʟʥʘʯʝʥʥ̫ ʭ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʚʠʤʽʨʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʽʘʧʘʟʦʥʫ ʟʤʥ̔ʠ ʢʦʣʴʦʨʫ 

ʧʝʚʥʠʭ ʪʝʩʪ ʩʠʩʪʝʤ. ʇʘʧ̔ʨ ʪʘ ʩʝʣʽʢʘʛʝʣʴ ʧʨʦʷʚʠʣʠ ʩʝʙʝ ʙʽʣʴʰ ʷʢʽʩʥʠʤʠ 

ʩʦʨʙʝʥʪʘʤʠ, ʟʥʘʯʝʥʥ ̫ʪʦʯʥʦʩʪʽ ʇʋ ʩʦʨʙʝʥʪʘ ʥʘʙʣʠʞʝʥʽ ʜʦ ʥʠʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦʜʦ ʚʽʨʥʦʩʪʽ ʦʙʨʘʥʠʭ ʪʝʭʥ̔ʯʥʠʭ 

ʨʽʰʝʥʴ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʣʦʨʠʤʝʪʨʘ ʪʘ ʡʦʛʦ ʩʧʨʦʤʦʞʥʦʩʪʽ ʫ ʨʦʙʦʪʽ ʟ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʢʦʣɹʦʨʦʚʠʤʠ ʟʨʘʟʢʘʤʠ. 

ʂʦʣʦʨʠʤʝʪʨ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩ ̫ ʢ̫ ʫʥʚ̔ʝʨʩʘʣʴʥʠʡ ̔ʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʣʴʦʨʫ ʪʚʝʨʜʠʭ ʥʝ ʣʶʤ̔ʥʝʩʮʫʯʁʠʭ ʦʙô̒ʢʪ̔ʚ. 

ʥʘʩʘʤʧʝʨʝʜ, ʡʦʛʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʥʘʩʪʫʧʥʠʭ ʦʙʣʘʩʪʷʭ: 

ï ʭ̔ʤ̔ʯʥʠʡ ʘʥʘʣ̔ʟ (ʝʢʩʧʨʝʩ-ʘʥʘʣ̔ʟ ʥʘ ʦʩʥʦʚ̔ ʥ̔ʜʠʢʘʪʦʨʥʠʭ ʪʝʩʪ-ʩʠʩʪʝʤ ʫ 

ʚʠʛʣʷʜʽ ʧʦʨʦhʢ̔ʚ ʘʙʦ ʟʘʢʨʧ̔ʣʝʥʠʭ ʥʘ ʧʘʧʝʨʽ, ʧʦʣʫ̔ʨʝʪʘʥ̔ ʪʘ ʽʥʰ.); 

ï ʘʥʘʣʟ̔ ̔ ʤʦʥ̔ʪʦʨʠʥʛ ʝʢʦʣʦʛʽʯʥʦʾ ʦʙʩʪʘʥʦʚʢʠ; 

ï ʧʦʣɹʦʚ̔ ʜʦʩʣʽʜʞʝʥʥ;̫ 

ï ʩ̔ʣʴʩɹʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ (ʘʥʘʣʟ̔ ʩʪʘʥʫ ʧʨʦʜʫʢʪʚ̔, ʩʧʣ̔ʦʩʪ ̔ʧʣʦʜʚ̔) 

ï ʭʘʨʯʦʚʘ ʧʨʦʤʠʩʣʦʚʩ̔ʪʴ (ʢʦʥʪʨʦʣʴ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩ̔ʚ, ̫ʢʦʩʪ̔ 

ʩʠʨʦʚʠʥʠ); 

ï ʘʥʘʣʟ̔ ʤʝʜʠʢʘʤʝʥʪʚ̔; 

ï ʘʥʘʣʟ̔ ʧʠʪʥʦʾ ʚʦʜʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʦʾ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʫ ʩʫʢʫʧʥʦʩʪʽ ʟ ʢʦʥʮʝʧʮʽ̫ ʤʠ 
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ʤʘʢʩʠʤʘʣʴʥʦʾ ʤ̔ʥ̔ ʘʪʶʨ̔ʟʘʮ̔ʾ ʪʘ ʬʫʥʢʮʦ̔ʥʘʣʟ̔ʘʮʾ̔ ʜʦʟʚʦʣʷ̒ ʨʝʘʣʟ̔ʫʚʘʪʠ 

ʤ̔ʥ̔ʘʪʶʨʥʠʡ ʢʦʣʦʨʠʤʝʪʨ, ʟʨʫʯʥʠʡ ʫ ʧ̔ʜʢʣʶʯʝʥʥ ̔ʜʦ ʢʦʤʧôʁ ʪʝʨʫ (ʚ ʪʦʤ ʯʠʩʣ̔ 

ʚ̔ ʨʦʛʽʜʥʽʩʪʴ ʧ̔ʜʢʣʶʯʝʥʥ ̫ ʜʦ ʤʦʙʽʣʴʥʠʭ ʧʣʘʪʬʦʨʤ), ʦɦ ʨʦʙʠʪɹ ʡʦʛʦ 

ʥʝʟʘʤʽʥʥʠʤ ʫ ʜʦʩʣʽʜʥʠʮʴʢʽʡ ʨʦʙʦʪ̔ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʥʢʘʭ, ʜʝ ʪʦʯʥ̔ʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʣʴʦʨʫ  ̒ ʬʘʢʪʦʨʦʤ ʝʬʝʢʪʠʚʥʦʩʪ̔ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʪʨʦʶ. 

ɻʣʠʙʠʥʘ ʨʦʟʜ̔ʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʦʣʦʨʠʤʝʪʨʘ ʜʦʟʚʦʣʷ̒ ʧʨʠʣʘʜʫ ʨʦʟʨʽʟʥʷʪʠ ʙ̔ʣɹ ʰ 

68 ʤʣʨʜ. ʢʦʣʴʦʨʽʚ. ʎʝ ʨʦʙʠʪʴ ʧʨʠʣʘʜ ʫʥ̔ʚʝʨʩʘʣʴʥʠʤ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʟʘʩʦʙʦʤ 

ʜʣʷ ʙʣ̔ʴʦhʩʪʽ ʢʦʣʴʦʨʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

5.2 ʂʦʤʧʣʝʢʩ ʜʣʷ ɽʍʃ ʜʦʩʣʽʜʞʝʥʴ «ɽʃɸʅ-3D». 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʭ̔ʤʯ̔ʥʠʭ ʪʘ ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʠʭ 

ʜʦʩʣʽʜʞʝʥɹ  ʚ ʃʘʙʦʨʘʪʦʨʽʾ ʘʥʘʣʽʪʠʯʥʦʾ ʦʧʦʭʝʤʦʪʨʦʥʽʢʠ ʢʘʬʝʜʨʠ ɹʽʦʤʝʜʠʯʥʦʾ 

ʽʥʞʝʥʝʨʽʾ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʦ̔ʥʘʣʴʥʦʛʦ ʫʥ̔ʚʝʨʩʠʪʝʪʫ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ 

ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʦʙʢʫ ʧʨʦʛʨʘʥʦ-ʘʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ɽʃɸʅ-3d, ʩʪʨʫʢʪʫʨʥʘ 

ʩʭʝʤʘ ʷʢʦʛʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 5.6. ɼʦ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥ ̫ʢʦʤʧʣʝʢʩʫ 

ʚʭʦʜʷʪʴ ʪʨʠ ʦʩʥʦʚʥʠʭ ʤʦʜʫʣʷ: ʤʦʜʫʣɹ  ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤʠ ʪʘ 

ʦʧʪʠʯʥʠʤʠ ʚʠʤ̔ ʨʶʚʘʥʥʷʤʠ, ʧʝʨʩʦʥʘʣɹʥʠʡ ʢʦʤʧôʁ ʪʝʨ ʪʘ ʧʣʘʪʘ ʚʚʦʜʫ-ʚʠʚʦʜʫ 

ʽʥʬʦʨʤʘʮʽʾ Advantech PCI-1711.  

ʂʝʨʫʚʘʥʥ ̫ʢʦʤʧʣʝʢʩʫ ɽʃɸʅ-3d (ʨʠʩ. 5.7) ʟʜ̔ʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʁ ʪʝʨʘ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʪʘ 

ʨʦʟʤʽʱʝʥʦʾ ʥʘ PCI ʰʠʥʽ ʧʣʘʪʠ ʚʚʦʜʫ-ʚʠʚʦʜʫ ʥ̔ʬʦʨʤʘʮʽʾ PCI-1711 ʩʝʨʽʾ 

PC-LabCard ʬʽʨʤʠ Advantech Co., Ltd [262]. ʊʘʢʽ ʧʣʘʪʠ ʟʙʦʨʫ ʜʘʥʠʭ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣ ̫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʤʠʩʣʦʚʦʛʦ ʪʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʚʚʦʜʫ ʪʘ ʚʠʚʦʜʫ ʮʠʬʨʦʚʦʾ ʪʘ ʘʥʘʣʦʛʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʫʧʨʘʚʣʽʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʪʘ ʧʨʠʩʪʨʦʷʤʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʬʝʡʩʥʦʛʦ 

ʢʘʙʝʣʶ ʧʣʘʪʫ ʧʦ̒ʜʥʘʥʦ ʟ ʤʦʜʫʣʝʤ ʢʝʨʫʚʘʥʥ̫ .  
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ʈʠʩʫʥʦʢ 5.6 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ɽʍʃ-ʘʥʘʣ̔ʟʘʪʦʨʫ ɽʃɸʅ-3D 

 

 

ʈʠʩʥʦʢ 5.7 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ɽʍʃ-ʘʥʘʣ̔ʟʘʪʦʨʫ ɽʃɸʅ-3D 

 

ʉʪʨʫʢʪʫʨʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʢʦʤʧʣʝʢʩʫ ʟʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʩʪʫʧʥʠʭ ʬʫʥʢʮ̔ʡ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ɽʍ ʪʘ ɽʍʃ ʜʦʩʣʽʜʞʝʥ:ɹ 

ʧʦʪʝʥʮʽʦʩʪʘʪʫʚʘʥʥʷ ʪʨʴʦʭʝʣʝʢʪʨʦʜʥʦʾ ʯ̫ʝʡʢʠ, ʦʜʥʦʯʘʩʥʠʡ ʚʠʤʽʨ ʝʤʽʩʽʾ 

ʬʦʪʦʥ̔ʚ ʪʘ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜ, ʟ ʾʭ ʧʨʠʚô̫ ʟʢʦʶ ʜʦ 

ʩʠʛʥʘʣʫ ʟʙʫʜʞʝʥʥʷ (ʧʦʪʝʥʮʽʘʣ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʫ ʚʽʜʥʦʩʥʦ ʧʦʪʝʥʮ̔ʘʣʫ 

ʨʦʟʯʠʥʫ). ʈʝʻʩʪʨʘʮʽʷ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʩʠʩʪʝʤʽ ʟʜʽʡʩʥʶʻʪʴʩ ̫ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʦʜʫʣ̫ ʬʦʪʦʝʣʝʢʪʨʦʥʥʦʛʦ ʧʦʤʥʦʞʫʚʘʯʘ (ʌɽʇ) ʬʨ̔ʤʠ Hamamatsu H5784-20 
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(ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ ʜʦʚʞʠʥ ʭʚʠʣʴ 300 - 920 ʥʤ) [263]. ʆʩʦʙʣʠʚʦʩʪʷʤʠ 

ʦʩʪʘʥʥʴʦʛʦ ʻ ʚʠʩʦʢʘ ʯʫʪʣʠʚ̔ʩʪ,ɹ ʤʽʥʽʘʪʶʨʥʽʩʪ,ɹ ʥʠʟʴʢʘ ʩʧʦʞʠʚʯʘ ʧʦʪʫʞʥʽʩʪʴ, 

ʥʘʷʚʥʽʩʪʴ ʚʙʫʜʦʚʘʥʠʭ ʜʞʝʨʝʣʘ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʞʠʚʣʝʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʬʦʪʦʩʪʨʫʤ-ʥʘʧʨʫʛʘ, ʣʝʛʢʩ̔ʪ ɹʽʥʩʪʘʣʷʮʽʾ ʪʘ ʢʝʨʫʚʘʥʥʷ. ɿʚʘʞʘʁʯʠ ʥʘ ʚʠʩʦʢʫ 

ʚʘʨʪʽʩʪʴ ʪʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ̔ʥʪʝʥʩʠʚʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʨʦʤʽʥʝʥʥ̫ ʤʦʜʫʣ̫ ʌɽʇ 

ʚ ʢʦʤʧʣʝʢʩʽ ɽʃɸʅ-3d ʧʝʨʝʜʙʘʯʝʥʦ ʬʫʥʢʮʽʾ ʟʘʭʠʩʪʫ ʧʦʤʥʦʞʫʚʘʯʘ ʚʜ̔ 

ʥʝʰʪʘʪʥʦʛʦ ʨʝʞʠʤʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʟʥ̫ʪ̔ʡ ʢʨʠ ʮhʽ ʩʚʽʪʣʦʥʝʧʨʦʥʠʢʥʦʛʦ 

ʙʦʢʩʫ. ʎʝ ʨʝʘʣʟ̔ʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʭʝʤʠ ʢʦʥʪʨʦʣʶ ʧʦʣʦʞʝʥʥʷ ʢʨʠhʢʠ 

ʙʦʢʩʫ ʥʘ ʙʘʟʽ ʦʧʪʠʯʥʠʭ ʜʘʪʯʠʢʽʚ, ʷʢʘ ʚʽʜʢʣʶʯʘ̒  ʤʦʜʫʣ ɹʌɽʇ ʫ ʨʘʟʽ ʚʽʜʢʨʠʪʪʷ 

ʙʦʢʩʫ. ʆʢʨʽʤ ʮʴʦʛʦ, ʤʦʜʫʣʴ ʌɽʇ ʦʙʣʘʜʥʘʥʦ ʟʘʭʠʩʥʠʤ ʧʝʣʶʩʪʢʦʚʠʤ ʟʘʪʚʦʨʦʤ, 

ʱʦ ʜʦʟʚʦʣ̫  ̒ʟʘʢʨʠʚʘʪʠ ʬʦʪʦʢʘʪʦʜ ʧʦʤʥʦʞʫʚʘʯʘ ʜʣ ̫ʟʘʭʠʩʪʫ ʚ̔ʜ ʤʦʞʣʠʚʦʾ 

ʜʝʩʪʨʫʢʪʠʚʥʦʾ ʜʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʩʚʽʪʣʘ, ʢʦʣʠ ʬʦʪʦʧʨʠʡʤʘʯ ʥʝ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ. 

ʎʝ ʪʘʢʦʞ ʜʦʟʚʦʣ̫ ̒ ʧʨʦʚʦʜʠʪʠ ʢʦʥʪʨʦʣʴ ʪʝʤʥʦʚʦʛʦ ʩʪʨʫʤʫ ʌɽʇ ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪ̔  ʚʠʣʫʯʝʥʥ̫ ʟʨʘʟʢʘ ʟʽ ʩʚʽʪʣʦʥʝʧʨʦʥʠʢʥʦʛʦ ʙʦʢʩʫ, ʦɦ ̒ ʚʘʞʣʠʚʦʁ 

ʬʫʥʢʮ̔ ʻʶ ʢʦʥʪʨʦʣʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʙʦʪʠ ʤʦʜʫʣʷ ʌɽʇ.  

ɼʦ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʣʝʢʩʫ ʩʣʽʜ ʚʽʜʥʝʩʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʟ ʪʨɹʦʭʝʣʝʢʪʨʦʜʥʦʶ ɽʍ- ʘʙʦ ɽʍʃ-ʷʯʝʡʢʦʁ, ʟʜʽʡʩʥʶʚʘʪʠ 

ʧʦʣʷʨʠʟʘʮʽʶ ʜʦʧʦʤʽʞʥʦʛʦ ʝʣʝʢʪʨʦʜʫ ʚ ʜʽʘʧʘʟʦʥʽ Ñ10 ɺ ʩʪʨʫʤʦʤ ʜʦ 10 ʤɸ, ʧʨʠ 

ʮɹ ʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʟʤʽʥʠ ʧʦʪʝʥʮ̔ʘʣʫ ʚ 1 ʤɺ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʯʫʪʣʠʚʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʧʜ̔ʩʠʣʶʚʘʯʽʚ ʟ ʄʆʅ-ʪʨʘʥʟʠʩʪʦʨʘʤʠ ʥʘ ʚʭʦʜ̔ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʤʽʨʚʁʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʪʨʫʤʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʧʨʦʭʦʜʠʪ ɹ

ʯʝʨʝʟ ʷʯʝʡʢʫ, ʚʽʜ 1 ʧɸ. ʎʝ ʜʦʟʚʦʣʷ̒  ʟʜ̔ ʡʩʥʁʚʘʪʠ ʚʠʩʦʢʦʪʦʯʥʝ 

ʧʦʪʝʥʮʽʦʩʪʘʪʫʚʘʥʥ̫  ʷʯʝʡʢʠ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʫ ʜʦʪʨʠʤʘʥʥʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʘʥʘʣʽʪʠʯʥʦʾ ʪʝʭʥʽʢʠ ʜʦ ʦʙʨʘʥʠʭ ɽʍ- ʪʘ ɽʍʃ-ʤʝʪʦʜʠʢ. ɺʠʢʦʨʠʩʪʘʥʥ ̫ʤʦʜʫʣʷ 

ʌɽʇ ʟ ʩʪʨʫʤʦʚʦʶ ʩʭʝʤʦ ʁ ʨʝʻʩʪʨʘʮʽʾ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʽʥʪʝʛʨʦʚʘʥʠʤ 

ʧʽʢʦʘʤʧʝʨʥʠʤ ʦʧʝʨʘʮ̔ ʡʥʠʤ ʧʜ̔ʩʠʣ ʚʁʘʯʝʤ ʜʣʷ ʧʝʨʝʪʚʦʨʶʚʘʥʥʷ 

ʬʦʪʦʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʪʘ ʥʘʷʚʥʽʩʪɹ ʩʭʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʙʫʜʦʚʘʥʠʤ ʜʞʝʨʝʣʦʤ 

ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʞʠʚʣʝʥʥʷ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣ̔ʜʞʝʥʥ ̫ ʦʧʪʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ ʟ ʜʠʥʘʤʽʯʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʜʦ 7 ʧʦʨʷʜʢʽʚ ʚʝʣʠʯʠʥʠ (70 ʜɹ), ʧʨʠ ʮʴʦʤʫ 

ʤʘʢʩʠʤʘʣʴʥʘ ʯʫʪʣʠʚʩ̔ʪ ɹʬʦʪʦʢʘʪʦʜʫ ʩʷʛʘʻ ʟʥʘʯʝʥʥʷ 78 ʤɸ/ɺʪ ʧʨʠ 680 ʥʤ. 
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ɿʘʚʜʷʢʠ ʮɹ ʦʤʫ ʤʘ̒ ʪʩɹʷ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʘʥʘʣʽʪʠʯʥʠʭ ʨʝʘʢʮʽʡ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʁ ʪɹ ʩ̫ ̫ʢ ʚʠʩʦʢʠʤ, ʪʘʢ ʽ ʩʣʘʙʢʠʤ ʨʽʚʥʝʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʧʪʠʯʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ. 

ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚ̔ ʩʪʶ ʢʦʤʧʣʝʢʩʫ ʻ ʥʘʚ̫ʥʩ̔ʪʴ ʩʚʽʪʣʦʟʘʭʠʩʥʦʛʦ ʙʦʢʩʫ, ʜʝ 

ʨʦʟʤ̔ɦ ʫʻʪʴʩʷ ʢʚʘʨʮʦʚʘ ʷʯʝʡʢʘ ʫ ʩʧʝʮʘ̔ʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʨʽʧʣʝʥʥʷ, ʨʦʟô̒ ʤʠ ʜʣʷ 

ʧʽʜʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʷʯʝʡʢʠ, ʤʦʜʫʣ ɹʌɽʇ ʥʘ ʨʫʭʦʤʽʡ ʧʽʜʩʪʘʚʮ,̔ ʩʠʩʪʝʤʘ 

ʛʘʟʦʛʦʥʽʚ ʜʣʷ ʧʽʜʚʝʜʝʥʥʷ ʟʘʭʠʩʥʦʾ ʘʨʛʦʥʦʚʦʾ ʘʪʤʦʩʬʝʨʠ ʜʦ ʷʯʝʡʢʠ. ʉʠʩʪʝʤʘ 

ʢʨ̔ ʧʣʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʚʠʢʦʥʘʥʘ ʫ ʚʠʛʣʷʜʫ ʝʢʩʮʝʥʪʨʠʯʥʠʭ ʟʘʞʠʤ̔ʚ ʜʣʷ 

ʰʚʠʜʢʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

ʅʝʦʙʭʜ̔ʥʩ̔ʪɹ ʚ ʮʦɹʤʫ ʟʫʤʦʚʣʝʥʘ ʧʦʪʨʝʙʦʶ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʨʽʟʥʠʭ ʝʣʝʢʪʨʦʜʚ̔, 

ʱʦ ʤʘʁʪɹ ʧʣʦʩʢʫ ʢʦʥʩʪʨʫʢʮ̔ ʶ, ʷʢʘ ʥʘʡʙʽʣʴh  ʟʨʫʯʥʘ ʧʨʠ ʧʦʙʫʜʦʚʽ 

ʪʦʥʢʦʰʘʨʦʚʠʭ ʩʝʥʩʦʨʚ̔. 

 

5.3 ɸʧʘʨʘʪ «Spark» ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʌɽʇ ʜʦ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ 

 

ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʠʩʪʨʽʡ ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʙʣʦʢʠ: ʧʝʨʝʪʚʦʨʚʁʘʯ 

ʩʪʨʫʤʫ ʚ ʥʘʧʨʫʛʫ, ʬ̔ʣʴʪʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ɹʘʪʪʝʨʚʦʨʪʘ 2-ʛʦ ʧʦʨʷʜʢʫ, ʜʞʝʨʝʣʦ 

ʚʠʩʦʢʦʾ  ʥʘʧʨʫʛʠ, ʜʚʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ, ʧʝʨʝʜʥ̫ ʧʘʥʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʽ ʟʘʜʥ̫ 

ʧʘʥʝʣɹ  ʽʟ ʨʦʟô̒ ʤʘʤʠ, ʙʣʦʢ ʞʠʚʣʝʥʥ.̫ ɺʟʘʻʤʦʜʽʷ ʘʛʨʝʛʘʪʽʚ ʧʦʢʘʟʘʥʦ ʥʘ 

ʙʣʦʢ-ʩʭʝʤʽ ʘʧʘʨʘʪʫ çSparkè (ʨʠʩ. 5.8). ɺʩ̔ ʝʣʝʤʝʥʪʠ ʨʦʟʤ̔ ʫɦ ʪʁʴʩʷ ʚ 

ʤʘʣʝʥʴʢʦʤʫ  ʤʝʪʘʣʝʚʦʤʫ ʢʦʨʧʫʩʽ. ʊʘʢʦʞ ʤʦʞʣʠʚʦ ʥʝʟʘʣʝʞʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʠʣʘʜʫ ʷʢ ʜʞʝʨʝʣʘ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʘʙʦ ʪʨʘʥʩ̔ʤʧʝʜʘʥʩʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ ʟ ʚʠʭʜ̔ʥʠʤ ʬʽʣʴʪʨʦʤ ʥʠʟɹ ʢʠʭ ʯʘʩʪʦʪ.  

ʉʪʨʫʢʪʫʨʘ ʘʧʘʨʘʪʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 5.9. ʈʦʙʦʪʘ ʘʧʘʨʘʪʫ ʢʦʥʪʨʦʣʶʻʪʴʩ̫ 

ʜʚʦʤʘ ʚʢʣʶʯʝʥʠʤʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʤʠ. ʏʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʭʽʜʥʠʭ / ʚʠʭ̔ʜʥʠʭ ʧʦʨʪʽʚ ʜʣʷ ʢʝʨʫʚʘʥʥ̫ ʢʥʦʧʢʘʤʠ, ʽʥʜʠʢʘʪʦʨʘʤʠ ʪʘ ʙʣʦʢʘʤʠ ʚ 

ʩʭʝʤʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥ̔ ʜʚʘ ʦʜʥʘʢʦʚʽ ʥʝʜʦʨʦʛʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ATMega16 

(Atmel-Microchip Co.). 
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ʈʠʩʫʥʦʢ 5.8 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʨʠʣʘʜʫ «Spark» (ʟʣ̔ʚʘ ï ʬʨʦʥʪʘʣʴʥʘ 

ʧʘʥʝʣʴ, ʩʧʨʘʚʘ ï ʟʘʜʥ ̫ʧʘʥʝʣʴ) 

 

 

ʈʠʩʫʥʦʢ 5.9 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ «Spark» 

 

ʄʢ̔ʨʦʢʦʥʪʨʦʣʝʨ Mʂ 1 ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʯʠʪʫʚʘʥʥʷ ʩʪʘʥʫ ʢʥʦʧʦʢ, ʽʥʜʠʢʘʮʽʶ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʚʽʪʣʦʜʽʦʜʘʤʠ. ʉʫʧʨʦʚʦʜʞʫʶʯʠ ʮʽ ʬʫʥʢʮʽʾ, ʚʽʥ ʧʝʨʝʤʠʢʘ ̒

ʢʦʥʪʫʨʠ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ʟʢʫ ʫ ʬʽʣɹʪʨʽ ʪʘ ʧʝʨʝʪʚʦʨʶʚʘʯ ʩʪʨʫʤʫ ʚ ʥʘʧʨʫʛʫ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʄʢ̔ʨʦʢʦʥʪʨʦʣʝʨ Mʂ 2 ʢʝʨʫʻ ʜʞʝʨʝʣʦʤ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʥʘʣʘʰʪʫʚʘʥʴ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʢʨʽʧʣʝʥʠʭ ʢʥʦʧʦʢ ʫʧʨʘʚʣʽʥʥʷ. 

ʉʪʘʥ ʨʦʙʦʪʠ ʜʞʝʨʝʣʘ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʚʽʜʦʙʨʘʞʘʻʪʴʩ̫  ʥʘ 7-ʩʝʛʤʝʥʪʥʦʤʫ 

ʽʥʜʠʢʘʪʦʨʽ ʪʘ ʩʚʽʪʣʦʜʽʦʜʽ. 

ɺ ʧʨʠʣʘʜʽ ʨʝʘʣʽʟʦʚʘʥʦ ʧʦʩʣʽʜʦʚʥʝ ʚʤʠʢʘʥʥʷ ʞʠʚʣʝʥʥʷ, ʧʦ-ʧʝʨʝh, 

ʢʦʥʪʫʨʫ ʢʝʨʫʚʘʥʥ ̫ ʥʘ ʦʩʥʦʚ ̔ ʮʠʬʨʦʚʦʛʦ ʧʦʪʝʥʮʽʦʤʝʪʨʘ, ʘ ʧʦʪʽʤ 
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ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʙʣʦʢʫ ʞʠʚʣʝʥʥ̫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʂʄʆʅ ʨʝʣʝ, ʦɦ ʟʘʧʦʙʽʛʘʻ 

ʥʝʢʦʥʪʨʦʣɹ ʦʚʘʥ̔ʡ ʧʦ̫ ʚʽ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʧʨʠʣʘʜʫ. ʊʦʞ ʌɽʇ ʙʫʜʝ 

ʛʘʨʘʥʪʦʚʘʥʦ ʚʠʤʢʥʝʥʦ ʧʽʜ ʯʘʩ ʫʚ̔ ʤʢʥʝʥʥʷ ñSparkò. 

ʏʫʪʣʠʚʽʩʪʴ ʌɽʇ, ʱʦ ʧʨʘʮʶʻ ʚ ʩʪʨʫʤʦʚʦʤʫ ʨʝʞʠʤʽ, ʢʦʥʪʨʦʣʶʻʪʴʩʷ 

ʜʚʦʤʘ ʬʘʢʪʦʨʘʤʠ. ʇʝʨʰʠʡ ï ʟʚʦʨʦʪʥʠʤ ʟʚô̫ ʟʢʦʤ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʩʪʨʫʤ-ʥʘʧʨʫʛʘ, ʱʦ ʧʝʨʝʪʚʦʨʶ̒ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʌɽʇ, ʘ ʜʨʫʛʠʡ - ʚʝʣʠʯʠʥʘ 

ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥ̫ ʌɽʇ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʠʩʪʨʽʡ ʤʘʻ ʜʽʘʧʘʟʦʥ ʚʘʨʽʘʮʽʾ ʢʦʝʬʮ̔ʽʻʥʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ 

ʯʦʪʠʨʠ ʜʝʢʘʜʠ, ʱʦ ʨʦʟʰʠʨʶʻ ʜʠʥʘʤʽʯʥʠʡ ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ. ʇʝʨʝʪʚʦʨʶʚʘʯ 

ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʙʘʟʫʻʪʴʩ ̫ʥʘ ʦʧʝʨʘʮʽʡʥʽʡ ʩʭʝʤ ̔ʽʥʚʝʨʪʫʁ ʯʦʛʦ ʧʜ̔ʩʠʣʁʚʘʯʘ ʟ 

ʨʝʟʠʩʪʦʨʦʤ ʫ ʢʦʥʪʫʨʽ ʥʝʛʘʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ (ʨʠʩ. 5.10). 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨ̔ʚʥʥ̫ʥʷʤ: 

 

 
feedback

PMT
CVC

R

I
U -=  (1) 

 

ʜʝ UCVC - ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, IPMT - ʬʦʪʦʩʪʨʫʤ, ʱʦ ʚʠʨʦʙʣʷ ̒ʌɽʇ, 

Rfeedback - ʟʥʘʯʝʥʥʷ ʨʝʟʠʩʪʦʨʘ ʚ ʢʦʣ̔ ʥʝʛʘʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ. ʆʩʢ̔ ʣʴʢʠ 

ʌɽʇ ʧʨʘʮʶʻ ʟ ʥʝʛʘʪʠʚʥʦʶ ʧʦʣʷʨʥʽʩʪʁ , ʧʦʯʘʪʢʦʚʠʡ ʥʝʛʘʪʠʚʥʠʡ ʬʦʪʦʩʪʨʫʤ 

ʩʪʚʦʨʶʻ ʧʦʟʠʪʠʚʥʫ ʥʘʧʨʫʛʫ ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ 1. 

ʉʠʛʥʘʣ ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʥʘʜʭʦʜʠʪʴ ʜʦ ʬʽʣʴʪʨʫ ʥʠʟʴʢʠʭ 

ʯʘʩʪʦʪ. 

ɹʘʟʦʶ ʧʝʨʝʪʚʦʨʶʚʘʯʘ  ̒ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʁ ʚʘʯ JFET AD8610 (Analog 

Device Co.), U1, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʦʯʥʽʩʪʁ, ʜʫʞʝ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʰʫʤʫ, 

ʥʠʟʴʢʠʤ ʚʭʽʜʥʠʡ ʩʪʨʫʤʦʤ, ʰʠʨʦʢʦʶ ʩʤʫʛʦʁ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ. ʈʝʟʠʩʪʦʨʠ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ, R1 ... R4, ʧʝʨʝʤʠʢʘʶʪʴʩʷ ʛʝʨʢʦʥʦʚʠʤʠ ʨʝʣʝ, S1 ... S4, ʱʦʙ 

ʤʽʥ̔ʤʟ̔ʫʚʘʪʠ ʚʪʨʘʪʫ ʩʣʘʙʢʦʛʦ ʩʪʨʫʤʦʚʦʛʦ ʩʠʛʥʘʣʫ. ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʜʝʛʨʘʜʘʮʽʾ 

ʛʝʨʢʦʥʦʚʠʭ ʨʝʣʝ, ʟʘʧʦʙʽʛʘʥʥʷ ʟʙʫʜʞʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ ʧʨʠ ʧʝʨʝʤʠʢʘʥʥ ̔

ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ, ʚ ʩʭʝʤʽ ʧʝʨʝʜʙʘʯʝʥʦ ʩʧʝʮʠʬʽʯʥʠʡ ʪʝʭʥʽʯʥʠʡ ʧʨʠʡʦʤ. 

ʃʘʥʮʶʛ ʟ ʜʚʦʤʘ ʨʝʣʝ ʟô̒ ʜʥʘʥʦ ʧʘʨʘʣʝʣʴʥʦ ʢʦʣʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ, ʢʦʞʥʠʡ ʟ 

ʥʠʭ ʤʽʩʪʠʪʴ ʛʝʨʢʦʥʦʚʝ ʨʝʣʝ ʪʘ ʨʝʟʠʩʪʦʨ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ. ʋ ʥʦʚʦʤʫ ʢʦʣʽ 
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ʦʜʥʝ ʨʝʣʝ ̒  ʛʝʨʢʦʥʦʚʠʤ, S5, ʽʥʰʝ - ʦʧʪʠʯʥʠʤ ʂʄʆʅ-ʨʝʣʝ, S6. ʂʦʞʝʥ ʟ ʥʠʭ ʩʚʦʾ 

ʧʝʨʝʚʘʛʠ. ʈʝʣʝ CMOS ʥʝʯʫʪʣʠʚʝ ʜʦ ʢ̔ ʣʴʢʦʩʪʽ ʪʘ ʫʤʦʚ ʥʘ ʤʦʤʝʥʪ ʧʝʨʝʤʠʢʘʥʥʷ. 

ʂʦʣʠ ʛʝʨʢʦʥʦʚʝ ʨʝʣʝ ʚʽʜʢʨʠʪʝ, ʚʦʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪɹ ʩʷ ʜʫʞʝ ʭʦʨʦʰʦʶ 

ʽʟʦʣʷʮʽʻʶ. ɺʘʞʣʠʚʦʁ ʟʘʜʘʯʝʶ ʻ ʟʘʧʦʙʽʛʪʠ ʚʠʪʦʢʫ ʩʠʛʥʘʣʫ ʟ ʢʦʣʫ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚô̫ ʟʢʫ. 

 

 

ʈʠʩʫʥʦʢ 5.10 ï ʇʨʦʛʨʘʤʦʚʘʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʩʪʨʫʤʫ ʚ ʥʘʧʨʫʛʫ. 

 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʣʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ  ̒ʥʘʩʪʫʧʥʠʡ. 

ʅʘ ʧʝʨhʦʤʫ ʢʨʦʮʽ, ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʛʝʨʢʦʥʦʚʝ ʨʝʣʝ ʚ ʜʦʜʘʪʢʦʚʦʤʫ ʢʦʥʪʫʨʽ, 

ʧʦʪʽʤ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʂʄʆʅ-ʨʝʣʝ. ʅʦʚʠʡ ʰʣʷʭ ʻ ʢʨʘɦʠʤ ʜʣʷ ʩʠʛʥʘʣʫ, ʥʽʞ 

ʧʽʜʢʣʶʯʝʥʠʡ ʢʦʥʪʫʨ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʟ ʚʝʣʠʢʠʤ ʩʧʨʦʪʠʚʦʤ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʠʡ ʨʝʟʠʩʪʦʨʦʤ. ʆʪʞʝ, ʩʪʨʫʤ ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʦʪʽʢʘ̒ ʯʝʨʝʟ ʥʦʚʝ ʢʦʣʦ, ʽ 

ʧʽʜʩʠʣʶʚʘʯ ʚ ʮʝʡ ʤʦʤʝʥʪ ʜʝʘʢʪʠʚʫʻʪʴʩʷ. 

ʅʘ ʜʨʫʛʦʤʫ ʢʨʦʮʽ ʥʦʚʠʡ ʨʝʟʠʩʪʦʨ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʦʙʠʨʘʻʪʴʩʷ, 

ʧʽʜʢʣʶʯʝʥʥʤ̫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʛʝʨʢʦʥʦʚʦʛʦ ʨʝʣʝ. ɸ ʧʦʧʝʨʝʜʥʽʡ ʨʝʟʠʩʪʦʨ 

ʜʝʘʢʪʠʚʫ̒ʪʴʩʷ, ʨʦʟʤʠʢʘʥʥʷʤ ʡʦʛʦ ʛʝʨʢʦʥʦʚʦʛʦ ʨʝʣʝ. 

ʆʩʪʘʥʥʡ̔ ʢʨʦʢ, ʧʩ̔ʣʷ ʧʦʚʪʦʨʥʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ, 

ʂʄʆʅ ʨʝʣʝ ʩʧʦʯʘʪʢʫ ʨʦʟʤʠʢʘʻʪʴʩʷ, ʘ ʧʦʪʽʤ ʛʝʨʢʦʥʦʚʝ ʨʝʣʝ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʚ 

ʜʦʜʘʪʢʦʚʦʤʫ ʢʦʣ̔. ʉʪʨʫʤ ʥʝ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʛʝʨʢʦʥʦʚʝ ʨʝʣʝ ʧʨʠ ʡʦʛʦ ʚʠʤʠʢʘʥʥʽ, 

ʦʩʢʽʣʴʢʠ ʜʦʜʘʪʢʦʚʝ ʢʦʣʦ ʙʫʣʦ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʽʨʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʂʄʆʅ 

ʨʝʣʝ. 
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ʇʨʦʮʝʜʫʨʘ ʟʤʽʥʠ ʨʝʟʠʩʪʦʨʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʟʘʢʽʥʯʝʥʘ. 

ʉʢʣʘʜʥʘ ʧʨʦʮʝʜʫʨʘ ʧʝʨʝʢʣʶʯʝʥʥʷ ʨʝʟʠʩʪʦʨʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ 

ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʢʦʶ ʫʧʨʘʚʣʽʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ. ʇʝʨʝʚʘʛʦʶ ʙʣ̔ɹ ʰ 

ʩʢʣʘʜʥʦʾ ʩʭʝʤʠ ʧʦʣʷʛʘ̒ ʚ ʪʦʤʫ, ʱʦ ʙʫʜ-ɹʷʢʝ ʛʝʨʢʦʥʦʚʝ ʨʝʣʝ ʥʽʢʦʣʠ ʥʝ 

ʧʝʨʝʤʠʢʘʻʪʴʩʷ ʚ ʥʘʚʘʥʪʘʞʝʥʦʤʫ ʩʪʘʥʽ, ʦʪʞʝ ʟʤʝʥʰʝʥʘ ʾʭ ʜʝʛʨʘʜʘʮʽʷ. 

ɼʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦ ʩʧʨʷʤʦʚʘʥʠʭ ʜʽʦʜʘ, ʱʦ ʧʘʨʘʣʝʣʴʥʦ ʟô̒ ʜʥʘʥʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʭʠʩʪʫ ʚʭʦʜʫ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʟ ʚʠʩʦʢʠʤ 

ʽʤʧʝʜʘʥʩʦʤ ʫ ʢʦʣ̔ ʥʝʛʘʪʠʚʥʦʤʫ ʟʚʦʨʦʪʥʦʤʫ ʟʚô̫ ʟʢʫ. ʎʝʡ ʣʘʥʮʶʛ ʟʘʧʦʙʽʛʘʻ 

ʧʽʜʚʠʱʝʥʥʶ ʩʠʛʥʘʣʫ ʚʠʱʝ ʨʽʚʥʷ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʨʦʟʽʤʢʥʫʪʦʤʫ 

p-n-ʧʝʨʝʭʦʜʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʘʧʨʷʤʢʫ ʩʪʨʫʤʫ. ʆʩʢ̔ʣʴʢʠ ʦʧʝʨʘʮʽʡʥʘ ʩʭʝʤʘ 

ʧʽʜʪʨʠʤʫʻ ʦʜʥʘʢʦʚʠʡ ʧʦʪʝʥʮʽʘʣ ʥʘ ʦʙʦʭ ʚʭʦʜʘʭ, ʽʥʚʝʨʪʫʁʯʠʡ ʚʭʽʜ ʙʫʜʝ 

ʧʨʠʪʷʥʫʪʦ ʜʦ ʨʽʚʥʷ ʥʝ̔ʥʚʝʨʪʫʶʯʦʛʦ ʚʭʦʜʫ, ʷʢʠʡ ʟʘʟʝʤʣʝʥʠʡ ʚ ʩʭʝʤʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʭʽʜʥʠʡ ʩʪʨʫʤʦʚʠʡ ʩʠʛʥʘʣ ʥʝ 

ʤʦʞʝ ʟʙʽʣʴʰʠʪʠʩ ̫ ʜʦ ʥʝʙʝʟʧʝʯʥʦʛʦ ʨʽʚʥʷ ʟʘʚʜʷʢʠ ʮɹ ʦʤʫ ʣʘʥʮʶʛʫ, ʦɦ 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʝ ʨʽʰʝʥʥʷ ʟʘʭʠʩʪʫ [264]. 

ɯʥʰʠʤ ʩʧʦʩʦʙʦʤ ʢʦʥʪʨʦʣʶ ʯʫʪʣʠʚʦʩʪʽ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʌɽʇ ʻ 

ʚʝʣʠʯʠʥʘ ʥʘʧʨʫʛʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʞʠʚʣʝʥʥʷ ʌɽʇ. ʆʩʪʘʥʥʽʡ ʤʘʻ 

ʥʝʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʯʫʪʣʠʚʽʩʪ ɹ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʾ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ, ʧʨʦʪʝ 

ʧʽʜʪʨʠʤʫʻ ʤʦʞʣʠʚʽʩʪʴ ʌɽʇ ʧʨʘʮʁ ʚʘʪʠ ʟ ʨ̔ʟʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʩʚʽʪʣʘ, ̫ʢ 

ʩʣʘʙʢʦʶ, ʪʘʢ  ̔ʷʩʢʨʘʚʦ .ʁ 

ɺ ʘʧʘʨʘʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʛʨʘʤʦʚʘʥʝ ʚʠʩʦʢʦʚʦʣʴʪʥʝ ʜʞʝʨʝʣʦ 

ʥʘʧʨʫʛʠ DW-N152-10k (TianJin Dongwen High Voltage Power Co., Ltd., ʂʠʪʘʡ). 

ʂʝʨʫʚʘʥʥʷ ʥʠʤ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʛʦ ʧʦʪʝʥʮʽʦʤʝʪʨʘ 

AD5231BRUZ10 (Analog Device, Inc.) ʪʘ ʜʚʦʤʘ ʪʚʝʨʜʦʪʽʣɹʥʠʤʠ ʨʝʣʝ 

KAQY212 (Cosmo Electronics Corp.). ʆʧʪʦʨʝʣʝ ʧʽʜʢʣʶʯʘʶʪʴ ʜʞʝʨʝʣʦ Ñ 15 ɺ 

ʜʦ ʜʞʝʨʝʣʘ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ, ʮʝ ʟʘʙʝʟʧʝʯʫ ̒ʧʝʚʥʫ ʧʦʩʣʜ̔ʦʚʥʽʩʪʴ ʜʣʷ ʡʦʛʦ 

ʚʚʽʤʢʥʝʥʥʷ. ʆʧʦʨʥʘ ʥʘʧʨʫʛʘ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʜʞʝʨʝʣʦʤ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ, ʤʘʻ 

10-ʙʽʪʥʫ ʪʦʯʥʽʩʪʴ, ʟ ʚʽʜʤʽʥʥʦʁ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʶ. ʎʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʘʞʣʠʚʘ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʌɽʇ ʚ 

ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣ̔ʜʞʝʥʥʷʭ. ɸʢʪʠʚʘʮ̔ʷ ʜʞʝʨʝʣʘ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʤʦʞʣʠʚʝ ʣʠʰʝ 
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ʪʽʣʴʢʠ ʧʽʩʣʷ ʪʦʛʦ ʷʢ ʦʧʝʨʘʪʦʨ ʥʘʪʠʩʢʘʻ ʢʥʦʧʢʫ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʄʂ2 ʩʧʦʯʘʪʢʫ 

ʟʘʬʽʢʩʫ ̒ʟʥʘʯʝʥʥ ̫ʧʦʪʝʥʮʽʦʤʝʪʨʘ, ʘ ʧʦʪʽʤ ʚʚ̔ʤʢʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʙʣʦʢʘ 

ʚʠʩʦʢʦʚʦʣɹʥʦʛʦ ʞʠʚʣʝʥʥʷ. ʅʝʢʦʥʪʨʦʣʴʦʚʘʥʝ ʞʠʚʣʝʥʥʷ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʢʣʁʯʘʻʪʴʩʷ, ʱʦʙ ʚʘʞʣʠʚʦ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʰʢʦʜʞʝʥʥ ̫ʌɽʇ. ʆʢʨʽʤ ʮʦɹʛʦ, 

ʄʂ2 ʚʠʢʦʨʠʩʪʦʚʫ̒ ʚʙʫʜʦʚʘʥʠʡ ʤʦʥʽʪʦʨ ʥʘʧʨʫʛʠ ʪʘ ʩʪʦʨʦʞʦʚʠʡ ʪʘʡʤʝʨ ʜʣʷ 

ʢʦʥʪʨʦʣʶ ʢʦʨʝʢʪʥʦʩʪʽ ʨʦʙʦʪʠ ʄʂ ʪʘ ʧʨʠʩʪʨʦʶ ʟʘʛʘʣʦʤ. 

ʆʢʨʽʤ ʢʝʨʫʚʘʥʥʷ ʯʫʪʣʠʚʽʩʪʶ ʌɽʇ, ʚ ʧʨʠʣʘʜʽ ʚʠʨʽʰʫʻʪɹʩʷ ʟʘʜʘʯʘ 

ʮʽʣʽʩʥʦʩʪʽ ʩʠʛʥʘʣʫ, ʜʣʷ ʘʜʝʢʚʘʪʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʩʝʥʩʦʨʘ ʫ ʚʠʤʨ̔ʥʫ ʩʠʩʪʝʤʫ. 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣ̫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʣʽʩʥʦʩʪ̔ ʩʠʛʥʘʣʫ ʻ ʙʣʦʢʫʚʘʥʥʷ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ɺʠʩʦʢʦʯʘʩʪʦʪʥ̔ ʟʤʽʥʠ 

ʩʠʛʥʘʣʫ ʤʦʞʫʪʴ ʙʫʪʠ ʙʘʛʘʪʦʨʘʟʦʚʦ ʚ̔ʜʪʚʦʨʝʥʽ ʚ ʦʮʠʬʨʦʚʘʥʦʤʫ ʩʧʝʢʪʨʽ ʟ 

ʯʘʩʪʦʪʦʶ ʟʙʦʨʫ ʜʘʥʠʭ, ʱʦ ʚʽʜʦʤʝ ʷʢ ʝʬʝʢʪ ʚʽʜʜʟʝʨʢʘʣʝʥʥ.̫ ʋ ʨʦʟʨʦʙʣʝʥʦʤʫ 

ʘʧʘʨʘʪʽ ʬʽʣʴʪʨ ʟʛʣʘʜʞʫʚʘʥʥ̫  ʻ ʘʢʪʠʚʥʠʤ ʬʽʣʴʪʨʦʤ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ. 

ʎʽʣʽʩʥʽʩʪʴ ʩʠʛʥʘʣʫ ʚ ʨʦʟʨʦʙʣʝʥʦʤʫ ʘʧʘʨʘʪʽ, ʱʦ ʧʦʻʜʥʫʻ ʌɽʇ ̔  ʟʦʚʥʽʰʥʽʡ 

ʧʨʠʩʪʨʽʡ ʟʙʦʨʫ ʜʘʥʠʭ, ʟʘʙʝʟʧʝʯʫʻʪʴʩ̫ ʬʽʣʴʪʨʦʤ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ɹʘʪʪʝʨʚʦʨʪʘ 

2-ʛʦ ʧʦʨʷʜʢʫ (ʨʠʩ. 5.11). ʌ̔ ʣʴʪʨ ɹʘʪʪʝʨʚʦʨʪʘ ʦʙʨʘʥʦ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʨʝʘʢʮʽʷ ʻ 

ʥʘʡʙʽʣɹh  ʨʽʚʥʦʤʽʨʥʦʶ ʚ ʩʤʫʟ̔ ʧʨʦʧʫʩʢʘʥʥʷ [265]. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʬʽʣʴʪʨʘ 

ɹʘʪʪʝʨʚʦʨʪʘ 2-ʛʦ ʧʦʨʷʜʢʫ ʜʦʩʪʘʪʥʴʦ ʦʜʥʦʛʦ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ, ʜʣ ̫

ʯʦʛʦ ʦʙʨʘʥʦ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʡ ʧ̔ ʜʩʠʣʶʚʘʯʘ JFET AD825, U2, ʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʘʧʘʨʘʪʽ. 

 

ʈʠʩʫʥʦʢ 5.11 ï ʇʨʦʛʨʘʤʦʚʘʥʠʡ ʬʽʣʪɹʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʥʘ ʦʩʥʦʚʽ 

ʪʦʧʦʣʦʛʽʾ ʉʘʣʝʥʘ-ʂʝʷ  
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ʊʦʧʦʣʦʛʽʶ ʉʘʣʝʥʘ-ʂʝʷ ʦʙʨʘʥʦ, ʦʩʢ̔ʣʴʢʠ ʚʦʥʘ ʧʨʦʩʪʘ ʽ ʥʝʯʫʪʣʠʚʘ ʜʦ 

ʢʦʤʧʦʥʝʥʪʽʚ. ʅʝʜʦʣʽʢʦʤ ʻ ʥʠʟʴʢʘ ʜʦʙʨʦʪʥʽʩʪʴ, ʪʘʢ ʜʣ̫ ʦʜʠʥʠʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪ 

ʧʦʩʠʣʝʥʥ ̫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʚʽʜʛʫʢʫ ʚʠʟʥʘʯʘʶʪɹ ʧʦʚʽʣʥɹʝ 

ʟʘʪʫʭʘʥʥʷ ʚʽʜʛʫʢʫ ʮʴʦʛʦ ʬʽʣʴʪʨʘ ʚ ʩʤʫʟʽ ʯʘʩʪʦʪ. 

ʄʘʢʩʠʤʘʣʴʥʦ ʧʣʦʩʢʘ ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ 

ʬʣ̔ʪɹʨʘ ɹʘʪʪʝʨʚʦʨʪʘ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʩʧʦʩʪʝʨʽʛʘ̒ʪʩɹ,̫ ʢʦʣʠ Q ʜʦʨʽʚʥʶ̒ 1/ã2. 

ʎʝ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʰʣ̫ ʭʦʤ ʚʠʙʦʨʫ ʥʘʩʪʫʧʥʠʭ ʟʥʘʯʝʥ ɹ ʢʦʤʧʦʥʝʥʪ̔ʚ  

C1 = 2 C2 = 1 ʤʢʌ ʽ R1.x = R2.x = 750 ʆʤ, 1,5 ʢʆʤ, 7,5 ʢʆʤ ʽ 15 ʢʆʤ, ʦɦ ʜʘʻ 300, 

150, 30 ʘʙʦ 15 ɻʮ ʯʘʩʪʦʪʠ ʟʨʽʟʫ ʚʽʜʧʦʚ̔ʜʥʦ. ɺʘʨʽʘʮʽʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ 

ʟʜʽʡʩʥʶʻʪɹʩʷ ʧʦʜʚʽʡʥʠʤ 4-ʢʘʥʘʣʴʥʠʤ ʘʥʘʣʦʛʦʚʠʤ ʤʫʣʪɹʠʧʣʝʢʩʦʨʦʤ ADG 

1409 (Analog Device, Inc.), U3, ʚʽʥ ʤʘ̒  ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʧʨ̔ ʢʘʥʘʣʫ ʣʠʰʝ 5 ʆʤ. 

ɺʠʭʽʜʥʠʡ ʩʪʨʫʤ 50 ʤɸ ʧʽʜʩʠʣʶʚʘʯʘ ʟʘʜʦʚʦʣʴʥ̫̒  ʧʦʪʨʝʙʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘʩʪʫʧʥʦʛʦ ʢʘʩʢʘʜʫ, ʪʦʤʫ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘʜʭʦʜʠʪɹ ʥʘ 

ʚʠʭʽʜʥʠʡ ʨʦʟô̒ ʤ ʜʦ ʚʭʦʜʫ ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʜʘʥʠʭ. 

ɺʠʙʽʨ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʤʦʞʝ ʙʫʪʠ ʟʨʦʙʣʝʥʠʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʩʪʫʧʥʦʛʦ 

ʧʽʜʭʦʜʫ. ʄʘʢʩʠʤʘʣʴʥʝ ʧʨʠʜʫʰʝʥʥʷ ʤʘ̒ ʙʫʪʠ ʚ ʩʤʫʟʽ ʙʣʦʢʫʚʘʥʥʷ [266]: 

 

 ( )BA 25,1lg20min ³= , (2) 

 

ʜʝ: Amin - ʧʨʠʜʫʰʝʥʥʷ ʩʠʛʥʘʣʫ, ʜɹ, B - ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ɸʎʇ, ʙ̔ ʪʠ. ʆʩʢʽʣɹ ʢʠ 

ʙʣʦʢʫ ʯʁʠʡ ʬʽʣʴʪʨ - ʮʝ ɹʘʪʪʝʨʚʦʨʪ ʜʨʫʛʦʛʦ ʧʦʨ̫ʜʢʫ, ʡʦʛʦ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 
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ʜʝ: fc ï ʯʘʩʪʦʪʘ, ɻʮ, ʜɹ, fc - ʯʘʩʪʦʪʘ ʚʽʜʩʽʯʝʥʥ ̫ʬʽʣʴʪʨʘ, ɻʮ. 

ʂʦʤʙʥ̔ʘʮʽʷ ʨʽʚʥʷʥʴ (2) ʪʘ (3) ʜʘʻ ʨ̔ ʚʥʷʥʥʷ ʜʣʷ ʤʽʥʽʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ fs ʜʣ̫ ʩʠʩʪʝʤʠ ʧʨʠʜʙʘʥʥʷ: 

 

 
4 2 125.1 -³= B

cs ff .  (4) 
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ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʧʦʪʝʥʮʽʦʩʪʘʪʫ ʩʪʘʥʦʚʠʪʴ 10 

ʢʚʠʙʦʨʦʢ/ʩ ʟ ʨʦʟʜʽʣʴʥʦʁ ʟʜʘʪʥʩ̔ʪʁ ɸʎʇ 14 ʙʽʪ ʚ ʜʦʜʘʪʢʦʚʦʤʫ ʢʘʥʘʣʽ, ʯʘʩʪʦʪʫ 

ʚʽʜʩʽʢʘʥʥʷ ʬʽʣʴʪʨʘ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʙʨʘʪʠ ʤʝʥh ʝ ʥʞ̔: 
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ɺ ʨʦʟʨʦʙʣʝʥʦʤʫ ʘʧʘʨʘʪʽ ʨʦʙʦʪʘ ʬʽʣʴʪʨʘ ʟ ʯʘʩʪʦʪʦʶ ʚʽʜʩʽʯʝʥʥʷ 15 ʽ 30 ɻʮ 

ʚʽʜʧʦʚʽʜʘʻ ʮʴʦʤʫ ʢʨʠʪʝʨʽʶ. 

ʌʫʥʢʮ̔ʦʥʘʣʴʥʽʩʪʴ ʘʧʘʨʘʪʫ. 

ɺʩʽ ʢʥʦʧʢʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʝʨʝʜʥʽʡ ʧʘʥʝʣʽ. ɰʭ ʬʫʥʢʮʽʾ ʥʘʩʪʫʧʥʽ. 

ʇʝʨʝʤʠʢʘʯ çʞʠʚʣʝʥʥʷè ʚʤʠʢʘ/̒ʚʠʤʠʢʘʻ ʧʨʠʩʪʨʽʡ. ʉʚʽʪʽʥʥʷ ʢʥʦʧʢʠ 

ʚʢʘʟʫʻ ʥʘ ʨʦʙʦʪʫ ʧʨʠʩʪʨʦʶ. ʋʧʨʘʚʣʽʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʣʽʚʽʡ ʯʘʩʪʠʥʽ ʧʝʨʝʜʥʴʦʾ ʧʘʥʝʣ̔. 

ʂʥʦʧʢʠ «ʏʫʪʣʠʚʽʩʪʴ» ʢʦʥʪʨʦʣʶʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʣʷ 

ʩʠʛʥʘʣʫ ʚʽʜʧʦʚ̔ʜʥʦ 100, 10, 1, 0,1 ʤʢɸ/ɺ. 

ʂʥʦʧʢʠ «ɺʽʜʧʦʚ̔ʜɹ» ʢʝʨʫʶʪʴ ʢʦʥʩʪʘʥʪʦʶ ʽʥʪʝʛʨʘʮʽʾ ʜʣʷ ʧʝʨʝʪʚʦʨʚʁʘʯʘ 

ʩʪʨʫʤ-ʥʘʧʨʫʛʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʙʦʨʫ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨ̔ʚ ʚ ʢʦʥʪʫʨʽ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ, ʚʽʥ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ 0,01, 0,1, 1 ʘʙʦ 10 ʥʌ. ʇʘʨʘʣʝʣʴʥʘ 

ʢʦʤʙʽʥʘʮʽʷ ʨʝʟʠʩʪʦʨʘ ʟ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʫ ʢʦʥʪʫʨʽ ʥʝʛʘʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚô̫ ʟʢʫ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʦʨʛʘʥʽʟʦʚʫʻ ʘʢʪʠʚʥʠʡ ʬʽʣʴʪʨ ʥʠʟʴʢʠʭ 

ʯʘʩʪʦʪ (ʘʙʦ ʽʥʪʝʛʨʘʪʦʨ) ʟ ʯʘʩʪʦʪʦʶ ʟʨʽʟʫ 1/(2ˊRC), ʜʝ R ʽ C - ʚʽʜʧʦʚ̔ ʜʥʽ 

ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫ ʟʚʦʨʦʪʥʦʤʫ ʟʚô̫ ʟʢʫ . 

ʂʥʦʧʢʠ "ʌʽʣʴʪʨ" ʟʘʜʘʁ ʪʴ ʯʘʩʪʦʪʠ ʚʽʜʩʽʢʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʬʽʣʴʪʨʘ ʥʠʟʢɹʠʭ 

ʯʘʩʪʦʪ ʜʦ 300, 150, 30 ʘʙʦ 15 ɻʮ. ɺʽʜʧʦʚ̔ ʜʥʝ ʟʥʘʯʝʥʥʷ ʬʽʢʩʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʜʢʣʶʯʝʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ. ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʦʙʨʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʦʙʛʦʚʦʨ ʚʁʘʣʠʩʴ ʚʠʱʝ. 

ʋʧʨʘʚʣʽʥʥʷ ʜʞʝʨʝʣʦʤ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥ̔ 

ʧʝʨʝʜʥʴʦʾ ʧʘʥʝʣʽ. ɯʥʜʠʢʘʮ̔ʷ ʥʘʣʘʰʪʫʚʘʥʴ ʚʜ̔ʦʙʨʘʞʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ ʜʠʩʧʣʝʾ. ɼʣʷ ʟʤʽʥʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ 
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ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʝʨʚʦʥ̔ ʪʘ ʟʝʣʝʥʽ ʢʥʦʧʢʠ ʧʨʷʤʦʢʫʪʥʠʢʠ. ʆʙʠʜʚʽ ʢʥʦʧʢʠ 

ʥʝʘʢʪʠʚʥʽ, ʢʦʣʠ ʚʚʽʤʢʥʝʥʦ ʚʠʩʦʢʫ ʥʘʧʨʫʛʫ. ɼʣʷ ʟʤʥ̔ʠ ʟʥʘʯʝʥʥʷ ʜʞʝʨʝʣʦ 

ʚʠʩʦʢʦ ʾʥʘʧʨʫʛʠ ʩʣʽʜ ʚʠʤʢʥʫʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʥʦʧʢʠ ñHV on/offò. ʉʚʽʪʽʥʥʷ 

ʮʽʻʾ ʢʥʦʧʢʠ ʚʢʘʟʫʻ ʥʘ ʚʠʩʦʢʫ ʥʘʧʨʫʛʫ ʥʘ ʚʠʭʦʜʽ. ʂʦʣʠ ʚʠʩʦʢʫ ʥʘʧʨʫʛʫ 

ʚʚʽʤʢʥʝʥʦ, ʾʾ ʟʥʘʯʝʥʥʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʧʘʤô̫ʪʽ EEPROM ʧʨʠʩʪʨʦʶ. ʇʨʠ 

ʥʘʩʪʫʧʥʦʤʫ ʫʚʽʤʢʥʝʥʥʽ ʧʨʠʩʪʨʡ̔ ʚʩʪʘʥʦʚʣʶʻ ʮʝ ʥʘʣʘʰʪʫʚʘʥʥ̫, ʘʣʝ ʩʪʘʥ 

ʜʞʝʨʝʣʘ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʻ «ʚʠʤʢʥʫʪʦ». 

ɺʩʽ ʨʦʟô̒ ʤʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʟʘʜʥʽʡ ʧʘʥʝʣ̔. ʊʫʪ ʻ ʦʜʠʥ ʨʦʟô̒ ʤ SHV 

ʜʣ̫ʚʠʭʦʜʫ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʽ ʜʚʘ ʨʦʟô̒ ʤʠ BNC ʜʣʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ PMT ʪʘ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʘʙʦ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ ʟʙʦʨʫ ʩʠʛʥʘʣʫ. ʂʨʽʤ 

ʪʦʛʦ, ʨʦʟʝʪʢʘ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʣʽʥʽʾ ʞʠʚʣʝʥʥʷ 220ɺ ʪʘ ʟʘʧʦʙʽʞʥʠʢ ʨʦʟʤʽʱʝʥʽ 

ʥʘ ʟʘʜʥʽʡ ʧʘʥʝʣʽ. ʇʝʨʝʜʙʘʯʝʥʝ ʟʘʟʝʤʣʝʥʥʷ ʧʨʠʩʪʨʦʶ ʜʣ ̫ʧʨʠʜʫʰʝʥʥʷ ʰʫʤ̔ʚ ʪʘ 

ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ. 

ʈʝʘʣʽʟʦʚʘʥʘ ʫ ʨʦʟʨʦʙʣʝʥʦʤʫ ʧʨʠʩʪʨʦ ʾʦʙʨʦʙʢʘ ʩʠʛʥʘʣʫ ʚʽʜʧʦʚʽʜʥʘ ʜʦ ʮʽʣʽ 

ʟʘʙʝʟʧʝʯʝʥʥ ̫ ʮʣ̔ʽʩʥʦʩʪʽ ʩʠʛʥʘʣʫ ʫ ʚʠʤʽʨʥʦʤʫ ʪʨʘʢʪ.̔ ʇʨʦʩʪʦʪʘ ʪʘ 

ʦʧʝʨʘʪʠʚʥ̔ ʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʧʦʣʝʛʰʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɸʜʘʧʪʠʚʥʩ̔ʪʴ ʪʘ ʟʤʽʥʘ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ ʡʦʛʦ ̔ ʥʪʝʛʨʘʮʽʶ ʟ ʙʘʛʘʪʴʤʘ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤʠ ʘʥʘʣʽʟʘʪʦʨʘʤʠ. ʊʘʢ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣ̫ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʫ 

ɽʍʃ ʩʝʥʩʦʨʘ ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʽ [12] ʥʘ ʧʨʠʢʣʘʜ ̔ʽʥʪʝʛʨʘʮʽʾ ʫ ʚʠʤʽʨʥʫ ʩʠʩʪʝʤʫ 

ʝʣʝʢʪʨʦʭʽʤʯ̔ʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ CHI 800C ʚ̔ʜ CH Instrument ʪʘ ʌɽʇ CR-105 ʚʽʜ 

Hamamatsu Photonics. 

 

5.4 ʐʚʠʜʢʽʩʥʠʡ ʣʯ̔ʠʣʴʥʠʢ ʽʤʧʫʣɹʩ̔ʚ «Pulsar»  

 

ʅʘ ʨʠʥʢʫ ʜʦʩʪʫʧʥʽ ʣʯ̔ʠʣʴʥʠʢʠ ʬʦʪʦʥʽʚ, ʥʘʧʨʠʢʣʘʜ, ʣʽʯʠʣʴʥʠʢ ʬʦʪʦʥʽʚ 

SR400 ʬʽʨʤʠ Stanford Research Systems ʪʘ C8855-01 - ʮʝ ʣʽʯʠʣʥɹʠʢ ʟ 

ʽʥʪʝʨʬʝʡʩʦʤ USB ʚʽʜ Hamamatsu photonics, Inc. ʆʙʠʜʚʘ ʮʽ ʧʨʠʩʪʨʦʾ ʤʘʁʪʴ 

ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. SR400 ʧʽʜʪʨʠʤʫ ̒ʩʠʥʪʝʟ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʨʦʙʦʪʫ ʟ 

ʢʣ̔ɹ ʢʦʤʘ ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʢʘʥʘʣʘʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ, ʢʦʣʠ ʚ 

ʪʘʥʜʝʤʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʝʢʽʣʢɹʘ ʌɽʇ. C8855-01 ʧʽʜʪʨʠʤʫ̒  USB-ʽʥʪʝʨʬʝʡʩ 
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ʪʘ ʞʠʚʣʝʥʥʷ ʤʦʜʫʣʷ ʌɽʇ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʘʧʘʨʘʪʫ ʟ ʥʘʙʦʨʦʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʝʦʙʭ̔ʜʥʠʭ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥ̫ ɽʍʃ. ʊʘʢ ʨʝʘʣʽʟʦʚʘʥʘ ʧʽʜʪʨʠʤʢʘ 

ʧʦʜʚʽʡʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʟ ʘʥʘʣʦʛʦʚʠʤ ʪʘ ʮʠʬʨʦʚʠʤ ʚʠʭʦʜʦʤ, ʪʦʯʥʘ ʨʦʙʦʪʘ ʙʝʟ 

ʚʪʨʘʪʠ ʽʤʧʫʣʴʩʫ ʘʙʦ ʤʝʨʪʚʦʛʦ ʯʘʩʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

ARM ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʻ ʟʘʚʜʘʥʥʷ ʧʽʜʨʘʭʫʥʢʫ ʬʦʪʦʥ̔ʚ ʚ ʢʦʤʧʘʢʪʥʠʭ ʨʦʟʤʽʨʘʭ. 

ʌʫʥʢʮʽʦʥʘʣʥɹ̔ ʩʪʴ ʘʧʘʨʘʪʫ, ʱʦ ʦʙʛʦʚʦʨʝʥʘ ʥʠʞʯʝ, ʜʦʙʨʝ ʘʜʘʧʪʦʚʘʥʘ ʜʣʷ 

ʽʥʪʝʛʨʘʮʽʾ ʜʦ ʩʠʩʪʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ɽʍʃ ʚʠʤ̔ʨʶʚʘʥʴ. 

ʆʧʠʩ ʢʦʥʩʪʨʫʢʮʽ ʾ

ɸʧʘʨʘʪ çPulsarè (ʨʠʩ. 5.12) ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʶ ʌɽʇ ʚ 

ʨʝʞʠʤʽ ʣʽʯʙʠ ʽʤʧʫʣʩɹʚ̔ ʜʣ ̫ ʨʝʻʩʪʨʘʮʽʾ ʥʘʜʩʣʘʙʢʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥ̫. ʎʝʡ 

ʧʨʠʩʪʨʽʡ ʧʦʚʥʽʩʪʶ ʩʫʤʽʩʥʠʡ ʟ ʌɽʇ ʤʦʜʫʣʷʤʠ Hamamatsu Photonics, ʘ ʪʘʢʦʞ 

ʽʥʰʠʤʠ ʜʘʪʯʠʢʘʤʠ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʟ ʽʤʧʫʣʴʩʥʠʤ ʚʠʭʦʜʦʤ.  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʘʧʘʨʘʪʫ ʦʙʨʘʥʦ ʚʠʩʦʢʦʽʥʪʝʛʨʦʚʘʥʠʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ARM 

7 STM32F407. ʎʝʡ ʢʦʥʪʨʦʣʝʨ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʁ, 

ʟʘʚʜʷʢʠ ʢʦʥʚʝʨʻʨʫ ʟʯʠʪʫʚʘʥʥ ̫ʢʦʤʘʥʜ ʟ ʬʣʝʰ-ʧʘʤô̫ ʪʽ, ʱʦ ʜʦʟʚʦʣʷ̒ ʧʨʘʮʶʚʘʪʠ 

ʄʂ ʙʝʟ ʟʘʪʨʠʤʦʢ ʜʦ ʯʘʩʪʦʪʠ ʚ 168 ʄɻʮ. 

 

 
ʈʠʩʫʥʦʢ 5.12 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ «Pulsar». 

 

ɸʜʘʧʪʠʚʥʠʡ ʧʨʠʩʢʦʨʶʚʘʯ ʧʘʤô̫ʪʽ ʚ ʨʝʞʠʤʽ ʨʝʘʣʥɹʦʛʦ ʯʘʩʫ ʨʝʘʣʽʟʫʻ 

ʟʯʠʪʫʚʘʥʥʷ ʽʥʩʪʨʫʢʮʽʡ ʫ ʢʝhʽ ʯʝʨʛʠ ʧʦʧʝʨʝʜʥʴʦʾ ʚʠʙʽʨʢʠ, ʱʦ ʟʙʽʣʴʰʫʻ 

ʚhʠʜʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ ʟ ʬʣʝ -hʧʘʤô̫ ʪʽ. ʎʝ ʤʽʥʽʤʽʟʫʻ ʟʘʪʨʠʤʢʫ 

ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜ ʟ ʬʣʝʰ-ʧʘʤô̫ʪʽ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪɹ ʄʂ. 
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ʅʘʷʚʥʽʩʪʴ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʣʽʯʠʣʴʥʠʢʘ, ʢʦʥʪʨʦʣʝʨʘ DMA, ʤʦʜʫʣʽʚ USB ʪʘ 

ʎɸʇ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʧʨʠʜʘʪʥʽʩʪʴ ʜʦ ʩʪʚʦʨʝʥʥʷ ʧʨʠʩʪʨʦʶ ʟ ʤʽʥʽʤʫʤʦʤ 

ʟʦʚʥʽʰʥʽʭ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʆʩʥʦʚʥʦʶ ʬʫʥʢʮʽʻʁ ʧʨʠʩʪʨʦʶ ʻ ʟʙʽʨ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ. ɺʽʥ 

ʧʽʜʨʘʭʦʚʫʻ ʢʦʞʝʥ ̔ʤʧʫʣʴʩ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʪʨʠʚʘʣʽʩʪʶ 6 ʥʩ. ʎʝ ʦʟʥʘʯʘ̒, ʱʦ 

ʘʧʘʨʘʪ ʥʘʢʦʧʠʯʫʻ ʢʽʣʴʢʽʩʪʴ ʽʤʧʫʣɹ ʩ̔ʚ ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʡ ʯʘʩ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʝʨʽʦʜʦʤ ʟʘʪʚʦʨʘ. ɼʘʥʽ ʧʨʦ ʧʽʜʨʘʭʫʥʦʢ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ ʚ ʘʜʝʢʚʘʪʥʫ ʬʦʨʤʫ. 

ʋ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʘʧʘʨʘʪʽ ʨʝʘʣʽʟʦʚʘʥʦ ʜʚʽ ʤʦʞʣʠʚʦʩʪʽ. ʈʝʟʫʣʴʪʘʪ ʧʽʜʨʘʭʫʥʢʫ 

ʧʝʨʝʜʘʻʪʴʩʷ ʷʢ ʮʠʬʨʦʚʠʡ ʧʦʪ̔ʢ ʜʘʥʠʭ, ʽ, ʩʠʥʭʨʦʥʥʦ, ʛʝʥʝʨʫʻʪʴʩʷ ʘʥʘʣʦʛʦʚʠʡ 

ʩʠʛʥʘʣ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʧʨʷʤʠʤ ʮʠʬʨʦʚʠʤ ʩʠʥʪʝʟʦʤ (ʇʎʉ). 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪ̔ ʟʘʜʽʷʥʽ ʥʘʩʪʫʧʥʽ 

ʚʥʫʪʨʽʰʥʽ ʙʣʦʢʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ, ʷʢʽ ʧʦʢʘʟʘʥʽ ʥʘ ʙʣʦʢ-ʩʭʝʤʽ (ʨʠʩ. 5.13). 

ɺʽʜʤʥ̔ʥʦʁ ʨʠʩʦ  ʁʪʘʡʤʝʨʽʚ ARM ʻ ʨʦʙʦʪʘ ʚ ʷʢʦʩʪʽ ʣʽʯʠʣɹʥʠʢʘ ʟ ʢʘʥʘʣʦʤ 

ʟʘʭʦʧʣʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʩʠʛʥʘʣʫ. ʊʘʡʤʝʨ TIM1 ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ 

ʟʘʭʦʧʣʝʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ, ʧʦʨʪ ʪʘʡʤʝʨʘ ʙʫʚ ʥʘʣʘʰʪʦʚʘʥʠʡ ʷʢ ʚʭʽʜʥʠʡ, 

ʘ ʨʝʟʠʩʪʦʨ ʪʝʨʤʥ̔ʘʪʦʨʘ 50 ʆʤ ʙʫʚ ʜʦʜʘʥʠʡ ʥʘ ʩʠʛʥʘʣʴʥʫ ʣʽʥ̔ʁ ʚʜ̔ ʤʦʜʫʣʷ ʌɽʇ. 

ʊʘʡʤʝʨ TIM1 ʢʝʨʫʻʪʴʩʷ ʩʠʩʪʝʤʥʦʶ ʪʘʢʪʦʚʦʶ ʯʘʩʪʦʪʦʶ 168 ʄɻʮ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʙʽʨ ʩʠʛʥʘʣʫ ʜʦ 84 ʄɻʮ, ɦ ʦ ʚʽʜʧʦʚʽʜʘʻ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʩɹʫ 6 ʥʩ 

ʟ ʧʘʫʟʦʶ 6 ʥʩ. ʎʴʦʛʦ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʨʦʙʦʪʠ ʟ ʙʽʣʴʰ̔ʩʪʶ ʤʦʜʫʣʽʚ ʌɽʇ. 

ɼʣʷ ʤʽʥʤ̔̔ ʟʘʮʽʾ ʢʦʣʠʚʘʥʥʷ ʧʝʨʽʦʜʚ̔ ʯʘʩʫ, ʢʦʥʪʨʦʣʝʨ DMA ʫʧʨʘʚʣʷʻ 

ʧʦʪʦʢʦʤ ʜʘʥʠʭ ʚ ʨʝʘʣʽʟʦʚʘʥʦʤʫ ʘʧʘʨʘʪʽ. ʊʘʡʤʝʨ TIM6 ʩʠʥʭʨʦʥʽʟʫʻ ʧʝʨʽʦʜ ʜʣʷ 

ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ ʟ ʪʘʡʤʝʨʘ TIM1. ʂʦʥʪʨʦʣʝʨ DMA ʚʠʢʦʥʫ̒ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʟ 

ʨʝʛʽʩʪʨʘ ʪʘʡʤʝʨʘ TIM1 ʚ ʙʫʬʝʨ SRAM (ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤô̫ʪ̔). ʇʽʩʣʷ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʢʦʥʪʨʦʣʝʨ DMA ʘʢʪʠʚʫʻ ʧʝʨʝʨʠʚʘʥʥʷ ʜʣʷ ʚʠʢʣʠʢʫ ʬʫʥʢʮʽʾ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ. ʂʽʣʴʢʘ ʰʠʥ ʚ ʩʠʩʪʝʤʽ ʪʘ ʟʘʧʠʪ DMA ʚʠʩʦʢʦʛʦ ʧʨʽʦʨʠʪʝʪʫ ʟʘʧʦʙʽʛʘʶʪʴ 

ʟʘʪʨʠʤʮʽ ʯʘʩʫ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ. ʆʩʥʦʚʥʠʡ ʯʘʩ ʨʦʙʦʪʠ ʟʤʝʥʰʫʻʪɹ ʩʷ ʟʘʚʜ̫ʢʠ 

DMA ʦʧʝʨʘʮʽʷʤ, ʱʦ ʚʠʜʽʣ̫ʻ ʙʽʣʴʰʝ ʚʽʣʴʥʦʛʦ ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ ʜʣʷ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ. ʋ ʬʫʥʢʮʽʾ ʦʙʨʦʙʥʠʢʘ ʧʝʨʝʨʠʚʘʥʥʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ DMA ʧʨʦʛʨʘʤʘ 

ʚʢʣʶʯʘʻ ʝʣʝʤʝʥʪ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʧʦʚʥʝʥʥʷʤ ʣʽʯʠʣʴʥʠʢʘ. ʇʽʩʣʷ ʟʯʠʪʫʚʘʥʥ̫ 

ʪʘʡʤʝʨʘ TIM1 ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʜʽʣʠʪʴʩ ̫ʥʘ ʜʚʘ ʧʦʪʦʢʠ. ʆʜʠʥ - ʮʝ ʧʦʪʽʢ ʜʘʥʠʭ 
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ʧʽʜʨʘʭʫʥʢʫ, ʧʝʨʝʜʘʥʠʡ ̫ʢ ʮʠʬʨʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʥʘ ʇʂ, ʽʥʰʠʡ - ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʜʘʥʠʭ ʚ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ. ɸʤʧʣʽʪʫʜʘ ʥʘʧʨʫʛʠ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʻ 

ʧʨʦʧʦʨʮʽʡʥʦʶ ʤʠʪʪʚ̒ʽʡ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʬʦʪʦʥʽʚ. 

 

 

ʈʠʩʫʥʦʢ 5.13 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʠʣʘʜʫ «Pulsar» 

 

TIM 1 - ʮʝ 16-ʨʦʟʨʷʜʥʠʡ ʪʘʡʤʝʨ ʟ ʬʣʘʛʦʤ ʧʝʨʝʧʦʚʥʝʥʥʷ. ʆʩʪʘʥʥʽʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʷʢʽ ʟʯʠʪʫʶʪʴʩʷ ʟ ʣʽʯʠʣʴʥʠʢʘ TIM1 ʙʝʟ 

ʟʫʧʠʥʢʠ ʪʘʡʤʝʨʘ. ʗʢʱʦ ʚʠʷʚʣʝʥʦ ʧʝʨʝʧʦʚʥʝʥʥʷ, ʮʝ ʦʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʝʨʝʨʘʭʫʥʢʫ ʜʘʥʠʭ, ʱʦ ʟʯʠʪʘʥʽ ʟ ʙʫʬʝʨʘ TIM1. 

 

ʇʝʨʝʜʘʯʘ ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ ʥʘ ʇʂ ʟʜʡ̔ʩʥʁ̒ ʪɹʩʷ ʯʝʨʝʟ USB ʟ ʧʦʜʚʽʡʥʦʶ 

ʙʫʬʝʨʠʟʘʮʽʻ .ʁ ɿʘʚʝʨ ʝhʥʥʷ DMA ʧʝʨʝʜʘʯʽ ʤʽʞ ʨʝʛʽʩʪʨʦʤ ʪʘʡʤʝʨʘ TIM1 ʪʘ 

SRAM ʘʢʪʠʚʫʻ ʧʝʨʝʨʠʚʘʥʥʷ, ʡʦʛʦ ʬʫʥʢʮʽʷ-ʦʙʨʦʙʥʠʢ ʧʝʨʝʜʘʻ ʜʘʥʽ ʪʘʡʤʝʨʘ ʟ 

SRAM ʜʦ ʙʫʬʝʨʘ FIFO, ʨʦʟʤʽʱʝʥʦʛʦ ʚ SRAM. ʎʝʡ ʙʫʬʝʨ FIFO ʤʦʞʥʘ 

ʢʦʥʪʨʦʣʚʁʘʪʠ ʧʨʦʛʨʘʤʥʦ. ɺʙʫʜʦʚʘʥʠʡ USB-ʤʦʜʫʣʴ ʫ ʚʠʙʨʘʥʦʤʫ ʄʂ ʤʘʻ 

ʚʣʘʩʥʠʡ ʢʦʥʪʨʦʣʝʨ DMA ʪʘ 1,25 ʢʙʘʡʪ ʙʫʬʝʨʘ FIFO ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʪʦʤʫ 
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ʜʘʥ̔ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ SRAM ʽ ʧʝʨʝʜʘʶʪʴʩʷ ʚ ʙʫʬʝʨ USB-ʤʦʜʫʣʷ. ʊʨʘʥʟʘʢʮʽʾ 

ʜʘʥʠʭ ʥʘ USB ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʛʦʣʦʚʥʠʤ ʇʂ, ʷʢʠʡ ʚʠʚʽʣʴʥʷʻ ʙʫʬʝʨ USB. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʧʦʚʥʶʻ ʣʠʰʝ ʧʨʦʛʨʘʤʥʠʡ ʙʫʬʝʨ FIFO. ʊʨʘʥʟʘʢʮʽʷ 

ʜʘʥʠʭ ʤʽʞ ʤʦʜʫʣʝʤ USB ʪʘ SRAM ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʢʦʥʪʨʦʣʝʨʦʤ USB DMA. 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʚ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʚʢʣʶʯʘʻ ʡʦʛʦ ʧʦʧʝʨʝʜʥ  ʁ

ʦʙʨʦʙʢʫ. ʂʦʞʝʥ ʝʪʘʧ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʻ ʥʝʦʙʦʚô̫ ʟʢʦʚʠʤ ʽ ʟʘʣʝʞʠʪɹ  ʚʽʜ ʥʘʙʦʨʫ 

ʧʘʨʘʤʝʪʨ̔ ʚ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʅʘ ʧʦʯʘʪʢʫ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʨʝʙ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʨʝʢʮʽʷ ʣʽʥʽʡʥʦʩʪʽ ʩʝʥʩʦʨʥʦʾ ʣʽʯʠʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʎʝ 

ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʽʥʪʝʥʩʠʚʥʠʭ ʧʦʪʦʢʽʚ ʬʦʪʦʥʽʚ, ʢʦʣʠ ʦʜʠʥ ʽʤʧʫʣʴʩ ʤʦʞʝ 

ʟʘʜʦʚʦʣʴʥʠʪʠ ʨʝʻʩʪʨʘʮʽʡʥʽ ʧʘʨʠ ʬʦʪʦʥʽʚ ʟ ʚʝʣʠʢʦʁ ʡʤʦʚʽʨʥʽʩʪʶ. ʎʝ ʷʚʠʱʝ ʻ 

ʟʘʛʘʣʴʥʠʤ ʽ ʢʦʨʠʛʫʻʪʴʩ ̫ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʞʣʠʚʦʩʪʝʡ ʧʽʜʨʘʭʫʥʢʫ ʝʣʝʢʪʨʦʥʽʢʠ 

ʌɽʇ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʌɽʇ ʤʦʜʫʣʷ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ̒ ʮʠʬʨʦʚʘ ʬʽʣʴʪʨʘʮʽʷ. ʋ ʨʝʘʣʽʟʦʚʘʥʦʤʫ ʬʽʣʴʪʨʽ 

ʥʠʟɹʢʠʭ ʯʘʩʪʦʪ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʫʟʛʦʜʞʫ̒ ʪɹʩʷ ʽʟ ʩʠʩʪʝʤʦʶ ʟʙʦʨʫ, 

ʧʽʜʢʣʶʯʝʥʦʶ ʜʦ çPulsar». ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʡ 

ʢʘʥʘʣ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʫ ʧʦʪʝʥʮʽʦʩʪʘʪʽ, ʧʨʠʩʪʨʦʶ ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ 

ʚʠʤ̔ʨʁʚʘʥʴ. ʇʽʩʣʷ ʮʠʬʨʦʚʦʛʦ ʬʽʣʴʪʨʘ ʜʘʥʽ ʜʣʷ ʇʎʉ ʧʦʪʨʘʧʣʷʶʪʴ ʜʦ 

ʚʙʫʜʦʚʘʥʦʛʦ ʎɸʇ. ɺʽʥ ʤʘʻ ʣʠhʝ 12-ʙ̔ ʪʥʫ ʨʦʟʜʽʣɹʥʫ ʟʜʘʪʥʽʩʪʴ, ʘʣʝ ʧʨʘʚʠʣʥɹʠʡ 

ʚʠʙʨ̔ʫ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʦʞʣʠʚʦʩʪʽ ʎɸʇ. ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʩʪʘʥʦʚʠʪʴ 10 

ʢɻʮ, ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʽʜʨʘʭʫʥʢʫ 84 ʄɻʮ ʩʪʘʥʦʚʠʪʴ 8400 ʚ̔ ʜʣʽʢ̔ʚ 

ʟʘ ʧʝʚʥʠʡ ʧʝʨ̔ ʦʜ, ʘ ɸʎʇ ʤʦʞʝ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ 4096 ʨʽʚʥʽʚ. 

ɺʽʜʧʦʚʽʜʥʦ, ʦʩʢʽʣʴʢʠ ʽʥʪʝʥʩʠʚʥʠʡ ʩʠʛʥʘʣ ʪʨʘʧʣʷʻʪʴʩʷ ʥʝ ʯʘʩʪʦ, ʪʦʤʫ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʤʦʞʣʠʚʝ ʙʝʟ ʚʪʨʘʪʠ. 

ʈʦʙʦʪʘ ʎɸʇ ʥʝ ʪʘʢ ʩʠʣʴʥʦ ʩʠʥʭʨʦʥʽʟʫʻʪʴʩʷ, ʷʢ ʧʝʨʽʦʜ ʩʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ, 

ʦʩʢ̔ ʣʴʢʠ ʎʇʉ ʻ ʬʫʥʢʮʽʻʶ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʩʠʛʥʘʣʫ ʎʇʉ 

ʩʪʘʥʦʚʠʪʴ 10 ʢɻʮ, ʘ ʢʦʣʠʚʘʥʥʷ ʯʘʩʫ ʧʨʠ ʚʠʢʣʠʢʫ ʮʽʻʾ ʬʫʥʢʮʽʾ ʥʝʟʥʘʯʥʝ. 

ʄʦʞʣʠʚʦʩʪʝʡ ʚʙʫʜʦʚʘʥʦʛʦ ʎɸʇ ʦʙʨʘʥʦʛʦ ʄʂ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚ̔ ʜʧʦʚʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʎʇʉ ʚ ʨʦʟʨʦʙʣʝʥʦʤʫ ʘʧʘʨʘʪʽ. 
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ɺʠʭʽʜ ʎɸʇ ʙʫʬʝʨʠʟʫʻʪʴʩʷ ʦʧʝʨʘʮʽʡʥʠʤ ʧ̔ ʜʩʠʣʚʁʘʯʝʤ, ʷʢʠʡ ʤʘʩʰʪʘʙʫʻ 

ʩʠʛʥʘʣ ʜʦ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 10 ɺ, ʪʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ʩʠʛʥʘʣʫ ʧʽʜʢʣʶʯʝʥʦʾ ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʚʥʽʩʪʶ. 

ɸʧʘʨʘʪ ʤʘʻ ʚʠʭʽʜʥʠʡ ʘʧʘʨʘʪʥʠʡ ʬ̔ ʣʪɹʨ ʜʣʷ ʧʨʠʜʫhʝʥʥʷ ʝʬʝʢʪʫ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʥʘ ʚʠʭʦʜʽ. ɺʠʭʽʜʥʠʡ ʬʽʣɹʪʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʚʠʢʣʶʯʘʻ ʝʬʝʢʪ 

ʯʘʩʪʦʪʠ ʚʠʙʽʨʢʠ ʜʘʥʠʭ ʜʦ ʎɸʇ ʽʟ ʬʽʢʩʦʚʘʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ 10 

ʢɻʮ. ʆʩʢʣ̔ʢɹʠ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʜʣʷ ʎʇʉ ʻ ʧʦʩʪʽʡʥʦʶ, ʪʦ ʚʠʭʽʜʥʠʡ ʬʽʣʴʪʨ 

ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʜʣʷ ʨʦʙʦʪʠ ʟ ʯʘʩʪʦʪʦʶ ʚʽʜʩʯ̔ʝʥʥʷ 1 ʢɻʮ. ʌʽʣʴʪʨ ɹʘʪʪʝʨʚʦʨʪʘ 

ʰʦʩʪʦʛʦ ʧʦʨʷʜʢʫ ʤʘʻ ʧʨʠʜʫʰʝʥʥʷ ʚ -120 ʜɹ ʥʘ ʯʘʩʪʦʪʽ 10 ʢɻʮ. ʎʴʦʛʦ ʜʦʩʪʘʪʥʴʦ 

ʜʣʷ ʙʘʛʘʪʴʦʭ ʚʠʤʽʨʶʚʘʥʴ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ, ʥʘʚʽʪʴ ʩʠʩʪʝʤʘʤʠ ʟ 

16-ʙʽʪʥʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʨʝʜʘʯʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

ʚʠʭʽʜʥʦʛʦ ʬ̔ ʣʴʪʨʘ (ʨʠʩ. 5.14) ʚʠʤʽʨʥ̫ʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʨʘʪʦʨʘ ʜʦʚʽʣʴʥʦʾ 

ʬʦʨʤʠ DG3121A ʬʽʨʤʠ Rigol, Co. ʪʘ ʮʠʬʨʦʚʦʛʦ ʦʩʮʠʣʦʛʨʘʬʘ Rigol DS1204B. 

 

 
ʈʠʩʫʥʦʢ 5.14 ï ʆʩʮʠʣʦʛʨʘʤʘ ʟ ʬ̔ ʣʴʪʨʘ ʅʏ ʘʧʘʨʘʪʫ ñʇʫʣʴʩʘʨò, ʢ̫ ʚʽʜʛʫʢ 

ʥʘ ʚʭʽʜʥʠʡ ʩʠʥʫʩʦʾ ʜʘʣʴʥʠʡ ʩʠʛʥʘʣ ʽʟ ʨʦʟʛʦʨʪʢʦʶ ʯʘʩʪʦʪʠ ʚʽʜ 1 ʜʦ 10 ʢɻʮ 

(ʝʢʩʧʦʥʝʥʮʽʘʣɹʥʠʡ ʭʘʨʘʢʪʝʨ ʨʦʟʛʦʨʪʢʠ ʯʘʩʪʦʪʠ). 

 

ʇʦʪʝʥʮʽʦʩʪʘʪʠ ʤʘʶʪʴ ʨʽʟʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʽ ʷʢ ʩʤʫʛʘ 

ʧʨʦʧʫʩʢʘʥʥʷ, ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ  ʪʘ ʥʘʷʚʥʽʩʪʴ ʚʭʽʜʥʦʛʦ ʬʽʣʴʪʨʘ 

ʟʛʣʘʜʞʫʚʘʥʥʷ. ʎʝ ʚʠʤʘʛʘ ̒ ʚʽʜ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʎɸʇ ʧʦʛʦʜʞʝʥʥʷ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʠ ʟʙʦʨʫ. ʎʽʣʽʩʥʽʩʪʴ ʩʠʛʥʘʣʫ ʚ ʩʠʩʪʝʤʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʫʟʛʦʜʞʝʥʥʷʤ ʤʽʞ ʩʧʝʢʪʨʦʤ ʩʠʛʥʘʣʫ ʪʘ ʤʦʞʣʠʚʦʩʪʷʤʠ ʧʝʨʝʜʘʯʽ 
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ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ. ɺʠʩʦʢʦʯʘʩʪʦʪʥʽ ʢʦʤʧʦʥʝʥʪʠ ʩʣʽʜ ʧʨʠʜʫʰʠʪʠ. ʎʝ 

ʟʘʚʜʘʥʥʷ ʚʠʨʽʰʫʻʪʴʩ̫  ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʤʠ ʬʣ̔ɹ ʪʨʘʤʠ ʟʛʣʘʜʞʫʚʘʥʥʷ. ʋ çPulsar» 

ʬʣ̔ɹ ʪʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʜʚʦʭ ʤʽʩʮʷʭ. ɸʧʘʨʘʪʥʠʡ ʬʽʣʴʪʨ ʦʧʪʠʤʽʟʦʚʘʥʠʡ 

ʜʦ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ 1 ʢɻʮ, ʜʦʜʘʪʢʦʚʝ ʦʙʤʝʞʝʥʥʷ ʚ ʩʧʝʢʪʨʽ ʩʠʛʥʘʣʫ 

ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʛʨʘʤʥʠʡ ʬʽʣʴʪʨ. ʇʨʦʛʨʘʤʥʠʡ ʬʽʣʴʪʨ ʧʨʠʩʪʦʩʦʚʘʥʠʡ ʜʦ ʩʠʩʪʝʤʠ 

ʟʙʦʨʫ ʜʘʥʠʭ ̔ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʛʣʠʙʠʥʫ ʬʽʣʴʪʨʘʮʽʾ ʜʦ 4000 ʚʠʙʽʨʦʢ, ʱʦ 

ʩʪʘʥʦʚʠʪʴ ʜʦ 0,4 ʩ. 

ʃʽʯʙʘ ʽʤʧʫʣʴʩʽʚ ʚʽʣʴʥʘ ʚʽʜ ʚʪʨʘʪʠ ʽʤʧʫʣʴʩʫ ʘʙʦ "ʤʝʨʪʚʦʛʦ" ʯʘʩʫ ʟʘ 

ʨʘʭʫʥʦʢ ʥʝʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ ʪʘʡʤʝʨʘ TIM1, ʪʝʭʥʦʣʦʛʽʾ ʧʦʜʚʽʡʥʦʾ ʙʫʬʝʨʠʟʘʮʽʾ, 

ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʧʘʤô̫ ʪʽ, ʚʠʢʦʨʠʩʪʘʥʥ̫ ʚʝʢʪʦʨʠʟʦʚʘʥʦʛʦ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ 

ʢʦʥʪʨʦʣʝʨʘ ʧʝʨʝʨʠʚʘʥʴ. ʇʨʦʮʝʩ ʧʽʜʨʘʭʫʥʢʫ, ʧʨʦʚʝʜʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʦʯʥʦʛʦ ʘʧʘʨʘʪʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʝʨʽʦʜʫ ʦʧʠʪʫʚʘʥʴ ʪʘʡʤʝʨʘ, ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ 

ʪʦʯʥ ̔ʚʠʤʽʨʶʚʘʥʥʷ. 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʝʨʝʰʢʦʜʠ ʻ ʚʝʣʠʢʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʠ ʯʫʪʣʠʚʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʚʠʤʽʨʘʭ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʧʨʦʥʠʢʥʝʥʥ̫ ʰʫʤʫ ʜʦ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ, çPulsarè ʪʘ ʇʂ ʚʟʘʻʤʦʜʽʶʪʴ ʯʝʨʝʟ ʽʟʦʣʴʦʚʘʥʠʡ ʽʥʪʝʨʬʝʡʩ USB. 

ɯʥʪʝʛʨʘʣʴʥʘ ʽʥʪʝʨʬʝʡʩʥʘ ʤʽʢʨʦʩʭʝʤʘ ADuM4160 ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ̔ʟʦʣʷʮʽʶ ʧʽʜʢʣʶʯʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʈʝʘʣʟ̔ʘʮ̫̔  ʧʨʦʪʦʢʦʣʫ ʚʽʨʪʫʘʣʴʥʦʛʦ COM-ʧʦʨʪʫ (VCP) ʩʧʨʦʫɦ ̒

ʽʥʪʝʛʨʘʮʽʶ ʧʨʠʩʪʨʦʶ ʜʦ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. ʆʪʞʝ, ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʤʦʞʝ ʢʦʥʪʨʦʣʶʚʘʪʠ ʨʦʙʦʪʫ çPulsarè ʯʝʨʝʟ VCP, 

ʥʘʧʨʠʢʣʘʜ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ Nova ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʝʥʮʽʦʩʪʘʪʘʤʠ 

Autolab ʬʽʨʤʠ Metrohm. ʇʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ çPulsarè ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʟʘʜʘʶʪʴʩʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʪʝʥʮʽʦʩʪʘʪʦʤ, ʱʦ ʫʩʫʚʘʻ ʧʦʪʨʝʙʠ ʚ ʜʦʜʘʪʢʦʚʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ. 

ʃʽʯʠʣɹʥʠʢ «Pulsar» ʧʦʚʥʽʩʪʶ ʩʫʤ̔ ʩʥʠʡ ʟ USB 2.0 ʽ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʚ 

ʨʝʞʠʤʽ «ʇʦʚʥʦʰʚʠʜʢʽʩʥʠʡ» (Full Speed) ʯʝʨʝʟ ʝʣʝʢʪʨʠʯʥʦ ʽʟʦʣʴʦʚʘʥʠʡ 

ʽʥʪʝʨʬʝʡʩ ʜʦ ʇʂ. ʅʘʷʚʥʽʩʪʴ ʛʘʣʴʚʘʥʯ̔ʥʦʾ ʨʦʟʚô̫ ʟʢʠ ʤʽʞ ʣʽʯʠʣʴʥʠʢʦʤ ʪʘ 

ʢʦʤʧôʁ ʪʝʨʦʤ ʤʦʞʝ ʧʦʢʨʘʱʠʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʩʫʤʽʩʥʽʩʪʴ ʽʥʪʝʛʨʦʚʘʥʦʛʦ 
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ʦʙʣʘʜʥʘʥʥʷ, ʟʘʭʠʱʘʁ ʯʠ ʚʽʜ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʝʨʝʰʢʦʜ ʥʘ ʛʦʣʦʚʥʦʤʫ 

ʢʦʤʧôʁ ʪʝʨ.̔  

«Pulsar» ʧʽʜʪʨʠʤʫʻ ʦʧʮʽʾ ʧʨʦʛʨʘʤʥʠʭ ʪʘ ʘʧʘʨʘʪʥʠʭ ʪʨʠʛʝʨʽʚ. ʇʨʦʛʨʘʤʥʝ 

ʫʧʨʘʚʣʥ̔ʥʷ ʘʢʪʠʚʫʻ ʟʙʽʨ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ ʯʝʨʝʟ USB. ɯʥʰʘ 

ʤʦʞʣʠʚʽʩʪʴ - ʘʧʘʨʘʪʥʠʡ ʪʨʠʛʝʨ. ɿʦʚʥʽhʥʽʡ ʩʠʛʥʘʣ ʚʠʢʦʨʠʩʪʦʚʫʪ̒ʴʩʷ ʷʢ 

ʪʨʠʛʝʨʥʠʡ ʩʠʛʥʘʣ ʜʣʷ ʘʢʪʠʚʘʮʽʾ ʣʽʯʠʣʴʥʠʢʘ, ʷʢʠʡ ʟʘʣʠ ʘhʻʪʴʩ ̫ ʚ ʩʪʘʥʽ 

ʦʯʽʢʫʚʘʥʥʷ ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʘ. ʌʫʥʢʮʽʷ ʦʙʨʦʙʥʠʢʘ ʮɹʦʛʦ ʩʠʛʥʘʣʫ 

ʧʝʨʝʨʠʚʘʥʥʷ ʤʘʻ ʧʨʠʛʥʽʯʝʥʫ ʦʧʝʨʘʮʽʶ ̔ ʥʽʮʽʘʣʽʟʘʮʽʾ ʩʪʝʢʘ, ʪʦʤʫ ʟʘʪʨʠʤʢʘ 

ʘʢʪʠʚʘʮʽʾ ʥʘʜʟʚʠʯʘʡʥʦ ʤʘʣʘ. ʇʝʨʽʦʜ 6 ʪʘʢʪʽʚ - ʮʝ ʤʘʢʩʠʤʘʣɹʥʘ ʯʘʩʦʚʘ ʟʘʪʨʠʤʢʘ 

ʜʣʷ ʧʝʨʝʨʠʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚ ARM ʪʘ 3 ʢʦʤʘʥʜʠ ʘʢʪʠʚʘʮʽʾ ʧʝʨʝʨʠʚʘʥʥʷ (3 ʪʘʢʪʠ) 

ʥʘ ʧʦʯʘʪʢʫ ʬʫʥʢʮʽʾ ʦʙʨʦʙʥʠʢʘ ʧʝʨʝʨʠʚʘʥʴ, ʪʦʙʪʦ ʟʘʪʨʠʤʢʘ ʩʢʣʘʜʘʻ 53,6 ʥʩ. 

ʇʦʯʘʪʢʦʚʝ ʚ̔ʜʢʣʶʯʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʧʝʨʝʨʠʚʘʥɹ ʛʘʨʘʥʪʫʻ ʩʠʥʭʨʦʥʽʟʘʮʽʶ 

ʘʢʪʠʚʘʮʽʾ ʜʚʦʭ ʪʘʡʤʝʨʚ̔ ʫ ʥʘʩʪʫʧʥʠʭ ʜʚʦʭ ʧʦʩʣʽʜʦʚʥʠʭ ʢʦʤʘʥʜʘʭ. ʇʽʩʣ ̫

ʟʘʧʫʩʢʫ ʪʘʡʤʝʨʽʚ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʧʦʥʦʚʣʶʻ ʦʙʨʦʙʢʫ ʧʝʨʝʨʠʚʘʥʴ. 

__disable_irq(); 

TIM1->CR1 |= TIM_CR1_CEN; 

TIM6->CR1 |= TIM_CR1_CEN; 

__enable_irq(); 

ʂʨʽʤ ʪʦʛʦ, ʚ «Pulsarè ʨʝʘʣʽʟʦʚʘʥʘ ʬʫʥʢʮʽʷ ʩʘʤʦʧʝʨʝʚʽʨʢʠ. ʊʘʡʤʝʨ TIM2 

ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʥʘ ʩʪʚʦʨʝʥʥʷ ʧʦʩʣ̔ʜʦʚʥʦʩʪ̔ ̔ʤʧʫʣʴʩʽʚ ʟ ʧʝʚʥʦʶ ʰʚʠʜʢʽʩʪʶ. 

ʂʦʥʬʽʛʫʨʘʮʽʷ ʪʘʡʤʝʨʘ TIM1 ʜʦʟʚʦʣʷʻ ʟʤ̔ʥʶʚʘʪʠ ʜʞʝʨʝʣʦ ʩʠʛʥʘʣʫ ʟʘʭʦʧʣʝʥʥʷ 

ʟ ʦʜʥʦʛʦ ʚʠʚʦʜʫ ʥʘ ʽʥʰʠʡ, ʷʢʠʡ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʪʘʡʤʝʨʘ 

TIM2. ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʽʜʨʘʭʫʥʢʫ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʰʣʷʭʦʤ ʟʘʜʦʚʦʣʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʧʽʜʨʘʭʦʚʘʥʠʭ ʽʤʧʫʣʴʩʽʚ ʪʘʡʤʝʨʦʤ TIM1 ʜʦ ʢʽʣʴʢʦʩʪʽ ʩʬʦʨʤʦʚʘʥʠʭ ʽʤʧʫʣʴʩʽʚ 

TIM2. ʆʙʠʜʚʘ ʪʘʡʤʝʨʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʠʩʪʝʤʥʦʛʦ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʪʦʤʫ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪ̔ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʦʚʥʽʰʥʽʡ ʛʝʥʝʨʘʪʦʨ 

ʽʤʧʫʣɹ ʩʽʚ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʛʝʥʝʨʘʪʦʨ ʜʦʚ̔ʣɹʥʦʾ ʬʦʨʤʠ DG3121A ʬʽʨʤʠ Rigol, 

Co. ʆʩʪʘʥʥʽʡ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʚʠʚʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʜʣʷ ʧʽʜʨʘʭʫʥʢʫ ʽʤʧʫʣʴʩʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʬʫʥʢʮʽʾ ʛʝʥʝʨʘʮʽʾ 

ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ. ɿʘʣʫʯʝʥʥʷ ʪʦʯʥʦʛʦ ʚʦʣɹ ʪʤʝʪʨʘ Rigol DM 3068, 
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ʮʠʬʨʦʚʦʛʦ ʦʩʮʠʣʦʛʨʘʬʘ Rigol DS1204B ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʨʝʘʣʴʥʽʡ 

ʘʥʘʣʽʪʠʯʥʽʡ ʩʠʩʪʝʤʽ ʟʘʙʝʟʧʝʯʠʣʠ ʪʝʩʪʫʚʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʪʘʢʦʞ 

ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʧʘʨʘʪʫ. ɹʫʣʦ ʜʦʚʝʜʝʥʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʚʪʨʘʪʠ ʽʤʧʫʣʴʩʫ ʧʨʠ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ ʽʤʧʫʣʴʩʽʚ, ʚʢʣʶʯʘʶʯʠ ʟʤ̔ʥʥ ̔ʯʘʩʪʦʪʠ, ʘ 

ʬʦʨʤʘ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜʙʠʚʘʻ ʢʽʣʴʢʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ʫ ʢʦʞʥʦʤʫ ʧʝʨʽʦʜʽ 

ʦʧʠʪʫʚʘʥʥʷ. 

ɼʦʜʘʪʢʦʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʘʧʘʨʘʪʫ «Pulsar» ʻ ʧʦʜʘʯʘ ʞʠʚʣʝʥʥʷ ʜʣʷ 

ʧʽʜʢʣʶʯʝʥʦʛʦ ʤʦʜʫʣʷ ʌɽʇ. ʅʘʧʨʠʢʣʘʜ, ʤʦʜʫʣʽ H-7828, H-10682 ʬʽʨʤʠ 

Hamamatsu ʤʘʶʪʴ ʥʘʧʨʫʛʫ ʞʠʚʣʝʥʥ ̫5 ɺ. ɼʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʣʽʥ̔ʡʥʦʤʫ ʨʝʛʫʣʷʪʦʨʽ. ɼʣʷ ʫʧʨʘʚʣʽʥʥʷ ʜʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ 5ɺ ʜʣʷ ʌɽʇ ʚ 

ʘʧʘʨʘʪʽ ʻ ʢʥʦʧʢʘ ʞʠʚʣʝʥʥʷ ʽʟ ʚʙʫʜʦʚʘʥʠʤ ʩʚʽʪʣʦʜʽʦʜʥʠʤ ʽʥʜʠʢʘʪʦʨʦʤ. ɺʽʥ 

ʟʘʙʝʟʧʝʯʫʻ ʨʫʯʥʠʡ ʢʦʥʪʨʦʣʴ ʞʠʚʣʝʥʥ ̫ʌɽʇ. ɾʠʚʣʝʥʥʷ ʘʢʪʠʚʫʻʪʴʩʷ ʣʠʰʝ 

ʨʘʟʦʤ ʽʟ ʧʨʦʛʨʘʤʥʦʶ ʢʦʤʘʥʜʦʶ, ʦʩʢʽʣʴʢʠ ʢʥʦʧʢʘ ʧʦʩʣʽʜʦʚʥʦ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ 

ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ, ʢʝʨʦʚʘʥʦʛʦ ʄʂ. 

ɸʧʘʨʘʪ ʤʘ̒ 4 ʩʚʽʪʣʦʜʽʦʜʠ, ʱʦ ʚʢʘʟʫʶʪʴ ʥʘ ʡʦʛʦ ʩʪʘʥ. ɯʥʽʮʽʘʣʽʟʘʮʽʷ 

ʢʦʥʪʨʦʣʝʨʘ ʟʘʢʽʥʯʫʻʪʴʩʷ ʩʚʽʪʽʥʥʷʤ ʧʦʤʘʨʘʥʯʝʚʦʛʦ ʩʚ̔ ʪʣʦʜ̔ʦʜʫ «On». 

ʇ̔ ʜʢʣʶʯʝʥʥʷ ʜʦ USB ʧʦʟʥʘʯʘʻʪʴʩ̫ ʙʣʠʤʘʯʁʠʤ ʩʠʥʽʤ ʩʚʽʪʣʦʜʽʦʜʦʤ «USB». 

ʏʝʨʚʦʥʠʡ ʩʚʽʪʣʦʜʽʦʜ çSourceè ʚʢʘʟʫ̒ ʥʘ ʦʪʨʠʤʘʥʥ ̫ʢʦʤʘʥʜʠ ʥʘ ʚʚʽʤʢʥʝʥʥʷ 

ʞʠʚʣʝʥʥʷ ʌɽʇ, ʘ ʢʦʤʘʥʜʘ ʥʘ ʚʠʤʢʥʝʥʥʷ ʌɽʇ ï ʚʠʤʢʥʝʥʥʷ ʯʝʨʚʦʥʦʛʦ 

ʩʚʽʪʣʦʜʽʦʜʘ «Source». ɿʝʣʝʥʠʡ ʩʚʽʪʣʦʜʦ̔ʜʥʠʡ ʽʥʜʠʢʘʪʦʨ «Run» ʧʦʯʠʥʘʻ 

ʩʚʽʪʠʪʠʩʷ ʧʽʩʣʷ ʦʪʨʠʤʘʥʥ̫ ʧʦʚʥʦʛʦ ʥʘʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʧʨʠʩʪʨʦʶ, ʘ ʡʦʛʦ 

ʰʚʠʜʢʝ ʙʣʠʤʘʥʥʷ ʘʢʪʠʚʫʻʪʴʩʷ ʨʘʟʦʤ ʽʟ ʟʙʦʨʦʤ ʜʘʥʠʭ. ʇʽʩʣʷ ʚʠʤʽʨʶʚʘʥʥ̫, ʱʦ 

ʟʘʚʝʨʰʫʻʪʴʩʷ ʢʦʤʘʥʜʦʶ «Stop» ʽʥʜʠʢʘʪʦʨ «Run» ʚʠʤʠʢʘʻʪʴʩʷ. 

ɼʝʷʢʽ ʤʦʜʫʣʽ ʌɽʇ ʤʦʞʫʪɹ  ʛʝʥʝʨʫʚʘʪʠ ʩʠʛʥʘʣ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʜʦʜʘʪʢʦʚ̔ʡ ʩʠʛʥʘʣʴʥʽʡ ʣʽʥʽʾ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʟʘʥʘʜʪʦ ʽʥʪʝʥʩʠʚʥʦʤʫ 

ʦʩʚʽʪʣʝʥʥʽ ʌɽʇ, ʢʦʣʠ ʪʝʭʥʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʨʝʞʠʤʫ ʧʽʜʨʘʭʫʥʢʫ ʜʣ ̫ʧʝʚʥʦʛʦ 

ʌɽʇ ʟʥʠʢʘʶʪʴ. ʄʦʥʽʪʦʨʠʥʛ ʩʠʛʥʘʣʫ ʧʝʨʝʢʨʠʪʪʷ ʟʘʧʦʙʽʛʘʻ ʧʦʤʠʣʢʘʤ 

ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ ʚ ʘʧʘʨʘʪʽ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʮʴʦʛʦ ʩʠʛʥʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩ̫ ʧʦʨʪʦʤ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʝʨʝʨʠʚʘʥʥʷ ʽ ʟʤʫʰʫʻ ʧʨʠʩʪʨʽʡ ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ 

ʧʝʨʝʢʨʠʪʪʷ ʚ ʧʦʪʦʮʽ ʜʘʥʠʭ. 
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ʇʨʠ ʨʦʟʨʦʙʮʽ ʰʚʠʜʢʽʩʥʦʛʦ USB ʣʽʯʠʣʴʥʠʢʘ çPulsar» ʙʫʣʠ ʚʨʘʭʦʚʘʥʽ 

ʥʘʩʪʫʧʥʽ ʯʠʥʥʠʢʠ.  

ɼʣʷ ʩʪʨʫʤʦʚʦʾ ʩʠʩʪʝʤʠ ʨʝʻʩʪʨʘʮʽ ʾʩʠʛʥʘʣʫ ʌɽʇ ʧʝʨʚʠʥʥʠʤ ʢʘʩʢʘʜʦʤ ̒ 

ʧʝʨʝʪʚʦʨʶʚʘʯ ʩʪʨʫʤ-ʥʘʧʨʫʛʘ (ʇʉʅ), ʦʩʢʽʣʴʢʠ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʌɽʇ ʻ 

ʬʦʪʦʩʪʨʫʤ. ʆʩʢʽʣʴʢʠ ʰʚʠʜʢʦʜʽʷ ʩʭʝʤʠ ʇʉʅ ʟʚʦʨʦʪʥʦ-ʧʨʦʧʦʨʮʽʡʥʘ ʜʦ ʡʦʛʦ 

ʧʽʜʩʠʣʝʥʥʷ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥ̫ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʜʽʾ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʟ 

ʤʘʣʠʤʠ ʩʚ̔ ʪʣʦʚʠʤʠ ʧʦʪʦʢʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫ̒ʪɹʩʷ ʣʯ̔ʠʣʴʥʘ ʩʭʝʤʘ, ʚʽʜʤʽʥʥʽʩʪʶ 

ʷʢʦʾ ʻ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʽʤʧʫʣʴʩʽʚ ʫ ʢʽʣʴʢʦʩʪʽ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʜʦ ʯʠʩʣʘ 

ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʬʦʪʦʥʽʚ. ʊʦʤʫ ʜʣ ̫ʚʠʢʦʨʠʩʪʘʥʥʷ ʌɽʇ ʫ ʰʠʨʦʢʦʤʫ ʜ̔ ʘʧʘʟʦʥʽ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʨʝʩ̒ʪʨʘʮʽʾ ʰʚʠʜʢʦʧʣʠʥʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʪʨ̔ʙʥʦ ʟʘʣʫʯʝʥʥʷ 

ʰʚʠʜʢʦʜʽʁʯʠʭ ʧʽʜʩʠʣ ʚʁʘʯʽʚ ʪʘ ʣʽʯʠʣʴʥʠʢʽʚ. ʅʘ ʩʴʦʛʦʜʥʽ ʤʦʜʫʣʽ ʌɽʇ, ʱʦ 

ʚʠʨʦʙʣʷʶʪʴʩʷ ʦʜʥʠʤ ʟ ʣʽʜʝʨʦʤ ʫ ʮʽʡ ʛʘʣʫʟʽ HAMAM ATSU PHOTONICS, 

ʭʘʨʘʢʪʝʨʠʟʫʁ ʪʴʩʷ ʪʨʠʚʘʣʽʩʪʶ ʽʤʧʫʣʴʩʽʚ ʫ 10é20 ʧʩ, ʦɦ ʚʽʜʧʦʚʽʜʥʦ ʧʦʪʨʝʙʫʻ 

ʨʦʙʦʪʠ ʣʽʯʠʣʴʥʠʢʘ ʟʽ ʰʚʠʜʢʦʜ̔̒ ʶ 100é50 ʄɻʮ. ɼʘʥʠʡ ʢʦʤʧʣʝʢʩ ʧʦʚʥ̔ʩʪʶ 

ʩʫʤ̔ʩʥʠʡ ʟ ʾʭ ʧʨʦʜʫʢʮʽʻʶ, ʘ ʪʘʢʦʞ ʽʥʰʠʤʠ ʜʘʪʯʠʢʘʤʠ (ʩʝʥʩʦʨʘʤʠ), ʚʠʭ̔ ʜʥʠʤ 

ʩʠʛʥʘʣʦʤ ʷʢʠʭ  ̒ ʤ̔ʧʫʣʴʩʠ. ʄʦʞʣʠʚʽʩʪʴ ʨʝʻʩʪʨʘʮʽʾ ʩʚʽʪʣʦʚʠʭ ʧʦʪʦʢ̔ʚ ʚ 

ʠhʨʦʢʦʤʫ ʜʠʥʘʤʽʯʥʦʤʫ ʜʘ̔ʧʘʟʦʥʽ ʟ ʚʠʩʦʢʦʁ  ʨʦʟʜ̔ ʣʥɹʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦʟʚʦʣʷʻ 

ʨʝʘʣʽʟʫʚʘʪʠ ʙʝʟʧʨʝʮʝʜʝʥʪʥʫ ʪʦʯʥʩ̔ʪʴ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʩʚʽʪʣʦʚʠʭ ʧʦʪʦʢʽʚ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʘʨʭʽʪʝʢʪʫʨʠ ARM 7 ʽ 

ʰʚʠʜʢ̔ ʩʥʠʭ ʣʯ̔ʠʣʴʥʠʢʽʚ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʽ ʪʝʭʥ̔ʯʥʽ ʧʦʢʘʟʥʠʢʠ ʦʙʣʘʜʥʘʥʥʷ, 

ʥʘʚ̫ʥʽʩʪʴ ʛʥʫʯʢʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʽʥʪʝʛʨʘʮ̔ʾ ʟ ʽʥh ʠʤ ʦʙʣʘʜʥʘʥʥʷʤ , ʷʢ ʚ 

ʘʥʘʣʦʛʦʚʦʤʫ , ʪʘʢ ʽ ʮʠʬʨʦʚʦʤʫ ʨʝʞʠʤ ̔ʟô̒ ʜʥʘʥʥʷ. ʇʦʜʚʽʡʥʘ ʙʫʬʝʨʠʟʘʮʽʷ ʟ 

ʙʘʛʘʪʦʨʽʚʥʝʚʦʶ ʩʠʩʪʝʤʦʶ ʧʝʨʝʨʠʚʘʥʴ ʫʩʫʚʘʻ ʩʠʪʫʘʮʽʾ ʚʪʨʘʪʠ ʽʤʧʫʣɹʩʽʚ ʘʙʦ 

ʥʘʷʚʥʦʩʪʽ çʤʝʨʪʚʦʛʦ ʯʘʩʫè ʫ ʚʠʤʽʨʘʭ. ʃʽʯʠʣɹʥʠʢ "Pulsar" ʧʦʚʥʽʩʪʶ ʩʫʤ̔ ʩʥʠʡ ʟ 

USB 2.0 ʽ ʧʽʜʢʣʁ ʯʘ̒ʪʩɹ̫  ʚ ʨʝʞʠʤʽ çFull-Speed» ʯʝʨʝʟ ʛʘʣʴʚʘʥ̔ʯʥʦ ʽʟʦʣʴʦʚʘʥʠʡ 

ʽʥʪʝʨʬʝʡʩ ʜʦ ʇʂ. ʅʘʷʚʥʽʩʪʴ ʛʘʣʴʚʘʥʽʯʥʦʾ ʨʦʟʚô̫ ʟʢʠ ʤʽʞ ʣʽʯʠʣʥɹʠʢʦʤ ʽ ʇʂ 

ʜʦʟʚʦʣʷ̒  ʧ̔ʜʚʠʱʠʪʠ ʝʣʝʢʪʨʦʤʘʛʥ̔ʪʥʫ ʩʫʤʽʩʥʽʩʪ ɹ ʥ̔ʪʝʛʨʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʚ ʧʝʨʰʫ ʯʝʨʛʫ , ʨʝʘʣʽʟʫʶʯʠ ʟʘʭʠʩʪ ʚʽʜ ʝʣʝʢʪʨʦʤʘʛʥ̔ʪʥʠʭ ʧʝʨʝʰʢʦʜ ʟ ʙʦʢʫ 

ʢʦʥʪʨʦʣʁʁ ʯʦʛʦ ʢʦʤʧôʁ ʪʝʨʘ. ʃʽʯʠʣʴʥʠʢ "Pulsar" ʚʠʢʦʨʠʩʪʦʚʫ̒  ʪʝʭʥʦʣʦʛʽʶ 

çʛʘʨʷʯʦʛʦè ʧʽʜʢʣʶʯʝʥʥʷ ʟ ʩʘʤʦʥʘʩʪʨʦʁ ʚʘʥʥ ̫ʜʨʘʡʚʝʨ̔ ʚ ʚ ʦʧʝʨʘʮʽʡʥʽʡ ʩʠʩʪʝʤ̔. 
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ʎʝ ʨʦʙʠʪʴ ʣʝʛʢʠʤ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚ ʤʦʙʽʣʴʥʠʭ ʩʠʩʪʝʤʘʭ, 

ʢʦʣʠ ʨʦʟʛʦʨʪʘʥʥ̫ ʚʠʤ̔ ʨʚʁʘʣɹʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚʠʤʘʛʘ ̒ʧʜ̔ʢʣʁʯʝʥʥʷ ʜʝʢ̔ ʣɹʢʦʭ 

ʜʝʪʝʢʪʦʨʽʚ. ʈʝʘʣʽʟʘʮʽʷ ʤʥʦʞʠʥʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʥʘ ʰʠʥʽ USB ʜʘ̒  ʤʦʞʣʠʚʽʩʪɹ 

ʩʪʚʦʨʝʥʥ̫  ʤʝʨʝʞ ̔ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʚʾ, ʪʘʢ ʟʚʘʥʦʾ ʨʦʟʧʦʜʽʣʝʥʦʾ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. ʋʧʨʘʚʣʽʥʥʷ ʢʦʤʧʣʝʢʩʦʤ ʤʦʞʣʠʚʦ ʷʢ ʯʝʨʝʟ 

ʩʧʝʮ̔ʘʣʟ̔ʦʚʘʥʝ ʇʆ, ʪʘʢ ʽ ʢʦʤʘʥʜʠ ASCII ʬʦʨʤʘʪʫ, ʦɦ ʧʝʨʝʜʘʶʪʴʩʷ ʯʝʨʝʟ 

ʚʽʨʪʫʘʣʴʥʠʡ ʧʦʩʣʽʜʦʚʥʠʡ ʧʦʨʪ (ʥʘʧʨʠʢʣʘʜ, ʧʨʦʛʨʘʤʘʤʠ ʟʘ ʪʠʧʦʤ Hyper 

Terminal). ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʛʨʘʤʥʫ ʩʫʤʽʩʥʽʩʪʴ ʽ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ 

ʢʦʤʧʣʝʢʩʫ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʨʦʛʨʘʤʥʽ ʩʝʨʝʜʦʚʠɦ ʘ ʟ ʧʽʜʪʨʠʤʢʦʁ ʧʦʩʣʜ̔ʦʚʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʨʪʚ̔.  

ʆʩʦʙʣʠʚʦʩʪʷʤʠ ʢʦʤʧʣʝʢʩʫ ʻ:  

- ʏʘʩʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʩʠʛʥʘʣʫ: ʜʣ̫  ʮʠʬʨʦʚʦʛʦ ʽʥʪʝʨʬʝʡʩʥʦʛʦ 

ʚʠʭʦʜʫ ï 10 ʤʢʩ; ʜʣ ̫ʘʥʘʣʦʛʦʚʦʛʦ ʽʥʪʝʨʬʝʡʩʥʦʛʦ ʚʠʭʦʜʫ ï 100 ʤʢʩ. ʎʝ  ̒

ʩ̔ʪʦʪʥʠʤ ʜʣʷ ʰʚʠʜʢ̔ ʩʥʦʾ ʨʝ̒ʩʪʨʘʮʽʾ ʩʣʘʙʢʠʭ ʩʚ̔ʪʣʦʚʠʭ ʧʦʪʦʢʽʚ 

ʭʝʤ̔ʣʁ ʤʽʥʝʩʮʝʥʮ̔ ʾ , ʝʣʝʢʪʨʦʭʝʤʽʣʁ ʤ̔ ʥʝʩʮʝʥʮʽʽ , ʙ̔ ʦʣʦʛʽʯʥʦʾ ʩʧʦʥʪʘʥʥʦʾ 

ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʪʢʘʥʠʥ ʡ ʽʥʰʝ.  

- ʐʚʠʜʢʝ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʇʂ. ʄʦʞʣʠʚʽʩʪʴ ʤʠʪʪʻʚʦ ʧʦʯʘʪʠ 

ʚʠʤʽʨʶʚʘʥʥʷ , ʷʢ ʪʽʣʴʢʠ ʙʫʜʝ ʧʽʜʢʣʶʯʝʥʠʡ «Pulsarè ʜʦ ʇʂ , c ʧʦʧʝʨʝʜʥɹ ʦ 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥ̫ ʤ . 

- ʄʦʞʣʠʚʘ ʨʦʙʦʪʘ ʚ ʨʟ̔ʥʠʭ ʨʝʞʠʤʘʭ ʽ ʤʝʪʦʜʘʭ ʨʝʻʩʪʨʘʮʽʾ, «Pulsar» ʻ 

ʛʥʫʯʢʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʯʝʨʝʟ ʚʽʨʪʫʘʣʥɹʠʡ COM ʧʦʨʪ, 

ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʰʠʥʽ USB. 

- ɯʥʪʝʛʨʘʮʽʷ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ. 

- ɻʘʣʴʚʘʥʽʯʥʦ ʟ̔ʦʣɹʦʚʘʥʠʡ USB ʽʥʪʝʨʬʝʡʩ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ 

ʝʣʝʢʪʨʦʤʘʛʥʪ̔ʥʫ ʟʘʭʠʱʝʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ. 

- ʇʨʝʮʠʟʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥ̫ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʚʪʨʘʪʠ ̔ ʤʧʫʣʴʩ̔ ʚ ʘʙʦ çʤʝʨʪʚʠʤè 

ʯʘʩʦʤ ʫ ʚʠʤʽʨʘʭ , ʟʘʚʜʢ̫ʠ ʪʝʭʥʦʣʦʛʽʷʤ ʧʦʜʚʽʡʥʦ ʾ ʙʫʬʝʨʠʟʘʮʽʾ , ʧʨʷʤʦʛʦ 

ʜʦʩʪʫʧʫ ʜʦ ʧʘʤô̫ ʪʽ , ʚʝʢʪʦʨʠʟʦʚʘʥʦʤʫ ʙʘʛʘʪʦʨʚ̔ʥʝʚʦʤʫ ʢʦʥʪʨʦʣʝʨʫ ʧʝʨʝʨʠʚʘʥɹ 

ʪʘ ʘʧʘʨʘʪʥʦʤʫ ʢʦʥʪʨʦʣʶ ʯʘʩʫ ʚʠʤʽʨʶʚʘʥʴ. 
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- ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʢʣʶʯʝʥʥ ̫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʜʘʪʯʠʢʚ̔ ʽ 

ʞʠʚʣʝʥʥʷ ʡʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ̔ʜ ʣʽʯʠʣʴʥʠʢʘ çPulsar» 

ʆʩʥʦʚʥ̔ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚhʽʜʢʽʩʥʦʛʦ ʣʯ̔ʠʣʴʥʠʢʘ ʽʤʧʫʣʴʩʽʚ 

«Pulsar» ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 5.5. 

ɼʣʷ ʧʦʙʫʜʦʚʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʣʘʙʦʨʘʪʦʨʥʦ ʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ɽʍʃ ʜʦʩʣʽʜʞʝʥʴ ʚ ʨʝʞʠʤʽ ʰʚʠʜʢʽʩʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʜʚ̔ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʜʘʥʠʡ ʣʽʯʠʣʴʥʠʢ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʤʦʜʫʣʷ ʌɽʇ ʜʦ ʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ, 

ʩʪʨʫʢʪʫʨʫ ʷʢʦʾ ʦʙʛʦʚʦʨʝʥʦ ʚ ʧ.5.5. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʮʴʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʧ.6.2. 

ʇʨʠ ʨʦʟʨʦʙʮʽ hʚʠʜʢʽʩʥʦʛʦ ʣʽʯʠʣʥɹʠʢʘ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʫʯʘʩʥʽ 

ʧʜ̔ʭʦʜʠ, ʱʦ ʙʘʟʫʁʪʩɹʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʛʨʘʮʽʾ, ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ, 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪ ̔ ʪʘ ʰʚʠʜʢʦʜʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʨʦʙʦʪʫ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɺʠʩʦʢʦ ʥ̔ʪʝʛʨʦʚʘʥʠʡ ʄʇ ARM ST32F407VGT6Z ʻ ʧʦ̒ʜʥʘʥʥ ̫

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʷʜʨʘ, ʤʦʜʫʣʁ ʦʧʝʨʘʮ̔ʾ ʟ ʧʣʘʚʘʶʯʦʁ  ʪʦʯʢʦʁ, ʨʦʟʚʠʥʫʪʦʾ 

ʧʝʨʠʬʝʨʽʾ, ʚʢʣʶʯʘʶʯʠ ʧʨʦʜʫʢʪʠʚʥʽ ʎɸʇ, ʱʦ ʧʝʨʝʚʦʜʠʪʴ ʮʽʡ ʄʇ ʜʦ ʢʣʘʩʫ 

«ʩʠʩʪʝʤʠ-ʥʘ-ʯʠʧʽ», ʱʦ ʘʜʘʧʪʦʚʘʥʘ ʜʣ ̫ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʙʽʣʴʰʩ̔ʪʴ ʝʣʝʤʝʥʪʽʚ ʨʦʟʨʦʙʣʝʥʦʛʦ ʰʚʠʜʢʽʩʥʦʛʦ ʣ̔ʯʠʣʥɹʠʢʘ, ʻ 

ʚʙʫʜʦʚʘʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ (ʤʦʜʫʣʷʤʠ) ʤʽʢʨʦʧʨʦʮʝʩʦʨʫ (ʄʇ), ʟʦʚʥ̔ʰʥʽʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʟʘʣʠh ʠʣʘʩʴ ʪʽʣɹʢʠ ʯʘʩʪʠʥʘ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʞʠʚʣʝʥʥʷ ʪʘ ʘʢʪʠʚʥʦʛʦ ʬʽʣʴʪʨʫ 6-ʛʦ ʧʦʨʷʜʢʫ ɹʘʪʪʝʨʚʦʨʪʫ ʜʣʷ ʚʠʭʽʜʥʦʛʦ 

ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ. ʆʩʦʙʣʠʚʽʩʪʶ ʨʝʘʣʽʟʘʮʽʾ USB ʥ̔ʪʝʨʬʝʡʩʫ ʫ ʜʘʥʦʤʫ 

ʧʨʠʣʘʜʽ ʩʪʘʣʘ ʡʦʛʦ ʧʦʚʥʘ ʛʘʣʴʚʘʥʽʯʥʘ ̔ʟʦʣʮ̫̫̔  ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʽʥʪʝʛʨʘʣʥɹʦʾ ʤ̔ ʢʨʦʩʭʝʤʠ ADuM4160 ʚʽʜ Analog Device, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʧʽʜʚʠʱʠʪʠ ʝʣʝʢʪʨʦʤʘʛʥ̔ʪʥʫ ʩʫʤʽʩʥʽʩʪʴ ʧʨʠ ʽʥʪʝʛʨʘʮʽʾ ʡʦʛʦ ʜʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʢ̫ ʥʘʧʨʠʢʣʘʜ, PGSTAT128N, 

ʷʢʠʡ ʧʦʻʜʥʘʥʦ ʟ ʢʝʨʫʁʯʠʤ ʢʦʤʧôʁʪʝʨʦʤ ʟʘ ʪʽʻʶ ʞʝ ʪʝʭʥʦʣʦʛʽʻʶ.  
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ʊʘʙʣʠʮ̫ 5.5 ï ʊʝʭʥʯ̔ʥ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚhʽʜʢʽʩʥʦʛʦ ʣʽʯʠʣʴʥʠʢʘ ʽʤʧʫʣʴʩ̔ʚ 

«Pulsar» 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

ɺʭ̔ʜ 

ʂ̔ ʣʴʢʽʩʪʴ ʚʭ̔ʜʥʠʭ ʩʠʛʥʘʣ̔ʚ  1 ʢʘʥʘʣ 

ʈʽʚʝʥʴ ʣʦʛ̔ʯʥʦʛʦ ʩʠʛʥʘʣʫ ʂʄʆʇ ʧʦʟʠʪʠʚʥʘ ʣʦʛ̔ʢʘ 

(ʚʠʩʦʢʠʡ ʨʚ̔ʝʥʴ >2ɺ); 

ʊʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ʩʠʛʥʘʣʫ 5 ʥʩ ʪʘ ʙ̔ʣɹ  h

ɺʭ̔ʜʥʠʡ ̔ʤʧʝʜʘʥʩ  50 ʆʤ 

ʃʽʯʠʣʴʥʠʢ 

ʄʝʪʦʜ ʣʽʯʙʠ ʙʝʟʧʝʨʝʨʚʥʠʡ  

ʄʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʩʣʽʜʫʚʘʥʥʷ 

ʤ̔ʧʫʣɹʩ̔ʚ  

100 ʄɻʮ 

ʄʘʢʩʠʤʘʣʴʥʘ ʤ̒ʥʩ̔ʪɹ ʣʽʯʠʣɹʥʠʢʘ 232 

ɺʠʙ̔ʨʢʘ ʜʘʥʠʭ ʣʽʯʠʣʴʥʠʢʘ  

ʉʠʛʥʘʣ ʚʠʙ̔ʨʢʠ  ɺʥʫʪʨ̔hʥ̔ʡ 

ʇʝʨ̔ʦʜ ʚʠʙ̔ʨʢʠ ʚʽʜ 10 ʤʢʩ ʜʦ 5ʩ ʟ 

ʰʘʛʦʤ ʚ 10 ʤʢʩ 

 

ʊʨʠʛʝʨ 

ʄʝʪʦʜ ʟʘʧʫʩʢʫ  ʧʨʦʛʨʘʤʥʠʡ ʘʙʦ ʟʦʚʥ̔h ʥ̔ʡ 

ʘʧʘʨʘʪʥʠʡ  

ʉʠʛʥʘʣ ʟʦʚʥʽʰʥʴʦʛʦ ʪʨʠʛʝʨʘ ʧʦʟʠʪʠʚʥʠʡ ʊʊʃ  

ID ʧʨʠʩʪʨʦʶ ʜʦ 255 ʧʨʠʩʪʨʦʾʚ ʥʘ ʰʠʥ̔ USB 

ɺʠʭ̔ʜʥʠʡ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ 

ɼ̔ʘʧʘʟʦʥ ʥʘʧʨʫʛʠ  ʚ̔ ʜ 0 ʜʦ 10 ɺ 

ɼʠʩʢʨʝʪʥʩ̔ʪʴ ʎɸʇ  12 ʙʪ̔ 

ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʥ̫  ʘʥʘʣʦʛʦʚʦʛʦ 

ʬ̔ʣɹʪʨʘ 

10 ʢɻʮ 

ʄʦʞʣʠʚʽʩʪʴ ʮʠʬʨʦʚʦ ʾʬ̔ʣʴʪʨʘʮʽʾ:  ʩ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ ʚʽʜ 0,25 

ɻʮ ʪʘ ʙʽʣʴʰ 

ɿʘʛʘʣʴʥʽ 

ɻʘʙʘʨʠʪʠ (ɺ Ĭ ɻ Ĭ ʐ)  75 × 185 × 175 ʤʤ 

ʄʘʩʘ  1,2 ʢʛ 

ʋʤʦʚʠ ʨʦʙʦʪʠ ʦʪ -15 ʜʦ 45 Áʉ/ ʚʦʣʦʛʽʩʪʴ ʥʝ 

ʙ̔ʣɹ  h80% 

ʋʤʦʚʠ ʟʙʝʨ̔ʛʘʥʥʷ  ʦʪ -25 ʜʦ 75 Áʉ/ ʚʦʣʦʛʽʩʪʴ ʥʝ 

ʙ̔ ʣɹh 90% 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ IEC61236 - 1 Group 1 Class B 

ɾʠʚʣʝʥʥʷ 220 ɺ Ñ 20 %, 50 ɻʮ 
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5.5 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʜʦʩʣ̔ʜʞʝʥʥʷ ʤʝʪʦʜʘʤʠ 

ʥʘʜʰʚʠʜʢʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ ʪʘ ɽʍʃ 

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʝʣʝʢʪʨʦʜ̔ʚ ʚ 

ʤʝʪʦʜʽ ʝʣʝʢʪʨʦʛʝʥʝʨʦʚʘʥʦʾ ʭʝʤʣ̔ʶʤʽʥʝʩʮʝʥʮ̔ ʾ ʟʽ ʰʚʠʜʢ̔ʩʥʦʁ  ʨʦʟʛʦʨʪʢʦʁ  

ʧʦʪʝʥʮʽʘʣʫ ʝʣʝʢʪʨʦʜʘ ʚ ʨʦʙʦʪ̔ ʧʨʦʚʝʜʝʥʘ ʨʦʟʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣɹ ʥʦʾ 

ʫʩʪʘʥʦʚʢʠ, ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.15. ʁʦʛʦ ʦʩʥʦʚʫ ʩʢʣʘʜʘʻ 

ʤʦʜʫʣʴ ʥʘʜʰʚʠʜʢʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʫ, ʦɦ ʞʠʚʠʪʴʩʷ ʚ̔ ʜ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʜʞʝʨʝʣʘ 

ʞʠʚʣʝʥʥʷ RIGOL. ɸ ʪʘʢʦʞ ʤʦʜʫʣɹ  ʨʝʻʩʪʨʘʮʾ̔ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥ̫ , ʱʦ 

ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʝʣʝʢʪʨʦʛʝʥʝʨʦʚʘʥʦʾ ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʮʽʾ, ʘ ʩʘʤʝ 

PMT Hamamatsu H-10682. ʆʩʢʽʣʴʢʠ ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʪʘ 

ʝʣʝʢʪʨʦʭʝʤ̔ʣʶʤʽʥʝʮʝʥʪʥʠʭ ʜʦʩʣʽʜʞʝʥ ɹʧʝʨʝʜʙʘʯʘ̒ ʪʴʩʷ ʚ ʨʝʞʠʤʽ ʥʘʜʰʚʠʜʢʦʾ 

ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮ̔ ʘʣʫ ʜʦ ʩʢʣʘʜʫ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʙʫʣʦ ʚʚʝʜʝʥʦ 

ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤ̔ʨʥʝ ʦʙʣʘʜʥʘʥʥ̫ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʰʚʠʜʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ ʪʘ ʛʝʥʝʨʘʮʽʾ ʩʠʛʥʘʣʫ ʟʙʫʜʞʝʥʥʷ ʝʣʝʢʪʨʦʭʤ̔ʽʯʥʦʾ ʷʯʝʡʢʠ.  

ʆʩʢʽʣʴʢʠ ʢʦʤʝʨʮʽʡʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣ̔ʜʞʝʥʴ ʥʝ 

ʨʝʘʣʽʟʫʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʚ ʰʚʠʜʢ̔ʩʥʠʭ ʨʝʞʠʤʘʭ. ɼʣʷ ʛʝʥʝʨʘʮʽʾ ʽʤʧʫʣʴʩ̔ʚ 

ʟʙʫʜʞʝʥʥʷ ʪʘ ʨʝʻʩʪʨʘʮʽʾ ʚʽʜʛʫʢʫ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʦ ʛʝʥʝʨʘʪʦʨ ʩʠʛʥʘʣʽʚ 

ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ, ʱʦ ʧʨʘʮʶʻ ʟʘ ʧʨʠʥʮʠʧʦʤ ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʫ Rigol 

DG3121A, ʩʧʽʣʴʥʦ ʟ 4-ʭ ʢʘʥʘʣɹ ʥʠʤ ʮʠʬʨʦʚʠʤ ʦʩʮʠʣʦʛʨʘʬʦʤ Rigol DS1204B. 

ɰʭ ʧʦʣʦʩʠ ʯʘʩʪʦʪʥʦʛʦ ʧʨʦʧʫʩʢʘʥʥʷ ʜʦʟʚʦʣʷʁʪ ɹ ʨʝʘʣʟ̔ʫʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪ ʟ 

ʥʘʥʦʩʝʢʫʥʜʥʦʶ ʨʦʟʜʽʣʴʥʦ ʁʟʜʘʪʥ̔ʩʪʶ.  
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ʈʠʩʫʥʦʢ 5.15 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʨʘʡʚʝʨʘ ʝʣʝʢʪʨʦʭʤ̔̔ ʯʥʦʛʦ ʩʝʥʩʦʨʘ 

 

ɯʥʪʝʨʬʝʡʩʦʤ ʜʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʝʥʩʦʨʘ (ʷʯʝʡʢʠ) ʚʠʩʪʫʧʘʻ 

ʨʦʟʨʦʙʣʝʥʠʡ ʘʚʪʦʨʘʤʠ ʰʚʠʜʢʽʩʥʠʡ ʧʦʪʝʥʮʽʦʩʪʘʪ, ʱʦ ʧʽʜʪʨʠʤʫʻ ʚʠʩʦʢ̔  

ʚhʠʜʢʦʩʪʽ ʥʘʨʦʩʪʘʥʥʷ ʩʠʛʥʘʣʽʚ, ʨʦʙʦʪʫ ʚ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ. ʇʨʠ ʮʴʦʤʫ 

ʚʽʥ ʚʦʣʦʜʽ̒ ʜʦʩʪʘʪʥʴʦʶ ʯʫʪʣʠʚʽʩʪʶ ʽ ʤʝʞʝʁ ʨʝʻʩʪʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ 

ʜʣʷ ʨʦʙʦʪʠ ʟ ʝʣʝʢʪʨʦʭ̔ʤʯ̔ʥʠʤʠ ʷʯʝʡʢʘʤʠ ʟ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʨʝʘʣʟ̔ʫ̒ʪʴʩʷ ʚʠʤʽʨʥʠʡ ʢʘʥʘʣ ʚ ʨʦʟʨʦʙʣʝʥʡ̔ ʘʥʘʣʪ̔ʠʯʥʽʡ ʩʠʩʪʝʤʽ. ʋ ʧʦʻʜʥʘʥʥʽ ʟ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʚ ʩʢʣʘʜ ʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ ʚʢʣʶʯʝʥʦ 

ʦʙʣʘʜʥʘʥʥ ̫ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʦʢʨʝʤʠʭ ʬʦʪʦʥʽʚ H-10682 Hamamatsu Photonics K.K. 

[267], ʘ ʪʘʢʦʞ ʦʙʣʘʜʥʘʥʥ ̫(ʣ̔ ʯʠʣʥɹʠʢ ʽʤʧʫʣʩɹʽʚ «Pulsar») ʨʦʟʨʦʙʢʠ ʘʚʪʦʨʽʚ ʜʣʷ 

ʩʠʥʭʨʦʥ̔ʟʘʮʽʾ ʝʣʝʢʪʨʦʭʽʤ̔ʯʥʠʭ ʪʘ ʦʧʪʠʯʥʠʭ ʚʠʤʽʨʁ ʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʚ ʦʜʥʽʡ 

ʘʥʘʣʽʪʠʯʥʽʡ ʩʠʩʪʝʤʽ. 

ʋ ʜʦʩʣʽʜʞʝʥʥ̫ʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʨʦʟʨʦʙʣʝʥʠʡ ʘʚʪʦʨʘʤʠ ʥʘʜʰʚʠʜʢʠʡ 

ʧʦʪʝʥʮʽʦʩʪʘʪ ʚ ʩʫʢʫʧʥʦʩʪʽ ʟ ʢʦʥʪʨʦʣɹʥʦ-ʚʠʤʨ̔ʶʚʘʣʴʥʦʶ ʘʧʘʨʘʪʫʨʦ  ʁʬʨ̔ʤʠ 

RIGOL: ʛʝʥʝʨʘʪʦʨʦʤ ʩʠʛʥʘʣʽʚ DG3121A, ʦʩʮʠʣʦʛʨʘʬʦʤ DS1204B ʪʘ ʜʞʝʨʝʣʦʤ 

ʞʠʚʣʝʥʥʷ DP1308A. ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʫʤʦʚʣʝʥʝ ʧʦʪʨʝʙʦʶ ʦʜʝʨʞʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʰʚʠʜʢʦʜʽʾ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ï 109 ʚʠʙʽʨʦʢ/ʩ ʜʣʷ ʥʘʥʦʩʝʢʫʥʜʥʦʾ 

ʨʦʟʜʣ̔ɹ ʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʠʚʯʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʪʘ 

ʝʣʝʢʪʨʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʝʣʝʢʪʨʦʜʘʭ, ʦɦ ʤʦʜʠʬʽʢʦʚʘʥʦ 

ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ.  

ʇʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʡ ʢʦʤʧʣʝʢʩ ʨʝʻʩʪʨʘʮʽ ʾʬʦʪʦʥʽʚ ʥʘ ʙʘʟʽ ʮʠʬʨʦʚʦʛʦ 

USB ʣ̔ ʯʠʣʴʥʠʢʘ «Pulsar» ʻ ʦʩʥʦʚʦ ʁ ʜʣʷ ʽʥʪʝʛʨʘʮ̔ʾ  ʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʪʘ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʪʦʜʫ ʝʣʝʢʪʨʦʛʝʥʝʨʦʚʘʥʦʾ 

ʭʝʤʽʣʁʤʽʥʝʩʮʝʥʮʽʾ.  

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.16. 

ʈʦʟʨʦʙʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽ̫ ʤʦʞʝ ʟʥʘʡʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʚʠʨʽʰʝʥʥʽ ʧʨʠʢʣʘʜʥʠʭ 

ʟʘʜʘʯ, ʷʢ ʥʘʧʨʠʢʣʘʜ ʘʥʘʣʟ̔ ʰʚʠʜʢʠʭ ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʢʪʨʦʭʽʤʽʾ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨ. 

 



256 

 

ʈʠʩʫʥʦʢ 5.16 ï ɿʦʚʥʽhʥʡ̔ ʚʠʛʣʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʾʫʩʪʘʥʦʚʢʠ (ʌɽʇ ï 

ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʡ ʧʦʤʥʦʞʫʚʘʯ, ʅʐʇ ï ʥʘʜʚhʠʜʢʠʡ ʧʦʪʝʥʮʽʦʩʪʘʪ) 

 

5.6 ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ  

 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʦɦʜʦ ʨʦʟʨʦʙʢʠ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʁ ʩʝʥʩʦʨʽʚ, ʱʦ ʦʪʨʠʤʘʥʽ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ.  

ʇʨʠ ʨʦʟʨʦʙʮ ̔ʢʦʣʦʨʠʤʝʪʨʘ ʥʘ ʙʘʟʽ ʜʘʪʯʠʢʘ ʢʦʣʴʦʨʫ S9037 ʚʽʜ Hamamatsu 

Photonics, ʚʠʟʥʘʯʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʚ 

ʢʦʣʴʦʨʦʤʝʪʨʠʯʥʦʤʫ ʘʥʘʣʽʟʽ, ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ 

ʚʠʩʦʢ̔  ʟʥʘʯʝʥʥʷ ʤʝʞʽ ʚʠʟʥʘʯʝʥʥʷ ʫ ʧʦʨʽʚʥʷʥʥ ̔ ʟ ʚʽʟʫʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʊʦʯʥʽʩʪʴ ʚʠʤ̔ʨʫ ʢʦʣʴʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʩʪʘʥʦʚʠʪʴ 0,024%, ʱʦ ʟʥʘʯʥʦ ʤʝʥʰʝ 

ʚʘʨʽʘʪʠʚʥʦʩʪ̔ ʚʽʜʛʫʢʫ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʧʦʚô̫ ʟʘʥʦ ʟ ʥʝ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʆʪʞʝ ʟʙʣ̔ʴʝhʥʥ̫  ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʧʦʪʨʝʙʫʻ 

ʧʦʢʨʘʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʨʦʮʝʜʫʨʠ ʧʨʦʚʝʜʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʜʠʢʘʪʦʨʥʠʭ ʩʠʩʪʝʤ, ʘ ʨʦʟʨʦʙʣʝʥʝ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʢʨʠʚʘʻ ʧʦʪʨʝʙʠ ʫ ʪʦʯʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʌɽʇ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʦʜʘʭ ʘʥʘʣʽʟʫ ʪʘʢʠʭ ʷʢ ʍʃ ʪʘ ɽʍʃ 

ʧʦʪʨʝʙʫʻ ʚʽʜʧʦʚʽʜʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʮʠʭ ʦʧʪʠʯʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʜʦ ʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ. 








































































































































































































































































