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ɼɽʇɸʈʊɸʄɽʅʊ ʆʉɺɯʊʀ ɯ ʅɸʋʂʀ, ʄʆʃʆɼɯ ʊɸ ʉʇʆʈʊʋ 
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ʅɸʅʆʏɸʉʊʂʀ: ʉʀʅʊɽɿ, ɺʃɸʉʊʀɺʆʉʊɯ, ɽʂʆʃʆɻɯʏʅɯ 
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ʉʪʘʪʫʩ ʫ ʄɸʅ 

(ʩʣʫʭʘʯ, ʢʘʥʜʠʜʘʪ, ʜʽʡʩʥʠʡ ʯʣʝʥ ʄɸʅ) 

ɻʦʣʦʚʘʥʴ ɼʝʥʠʩ ʈʦʤʘʥʦʚʠʯ 

ʧʦʚʥʘ ʜʘʪʘ ʥʘʨʦʜʞʝʥʥʷ  

ʫʯʝʥʴ 11 ʢʣʘʩʫ ʩʝʨʝʜʥʴʦʾ  

ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʴʦʾ ʰʢʦʣʠ 

 ɯ-ɯɯɯ ʩʪʫʧʝʥʽʚ ˉ 201 ʤ. ʂʠʻʚʘ, 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʨʘʡʦʥ 

ʜʦʤʘʰʥʷ ʘʜʨʝʩʘ 
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ʢ.ʙ.ʥ., ʧʨʦʚʽʜʥʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ  

ɯʥʩʪʠʪʫʪʫ ʙʽʦʭʽʤʽʾ ʽʤ. ʆ.ɺ. ʇʘʣʣʘʜʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ,  

ʘʢʘʜʝʤʽʢ ʋʢʨʘʾʥʩʴʢʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ 

ʢʦʥʪʘʢʪʥʠʡ ʪʝʣʝʬʦʥ 

ʧʝʜʘʛʦʛʽʯʥʠʡ ʢʝʨʽʚʥʠʢ: 

(ʧʨʽʟʚʠʱʝ ʽʤô̫  ʧʦ ʙʘʪʴʢʦʚʽ (ʧʦʚʥʽʩʪʶ), 

ʚʯʝʥʝ ʟʚʘʥʥʷ, ʤʽʩʮʝ ʨʦʙʦʪʠ ʧʦʩʘʜʘ,  

ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʢʦʥʪʘʢʪʥʽ ʪʝʣʝʬʦʥʠ) 
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ʅɸʅʆʏɸʉʊʂʀ: ʉʀʅʊɽɿ, ɺʃɸʉʊʀɺʆʉʊɯ, ɽʂʆʃʆɻɯʏʅɯ 

ɸʉʇɽʂʊʀ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

ʅʆɺɯ ɹɯʆʉʋʄɯʉʅɯ ʌʃʋʆʈɽʉʎɽʅʊʅɯ ʂɸʈɹʆʅʆɺɯ ʅɸʅʆʏɸʉʊʂʀ: 

ʉʀʅʊɽɿ, ɺʃɸʉʊʀɺʆʉʊɯ, ɽʂʆʃʆɻɯʏʅɯ ɸʉʇɽʂʊʀ 

ɸʚʪʦʨ ʨʦʙʦʪʠ: ɻʦʣʦʚʘʥʴ ɼʝʥʠʩ ʈʦʤʘʥʦʚʠʯ, ʂʠʾʚʩʴʢʝ ʪʝʨʠʪʦʨʽʘʣʴʥʝ ʚʽʜʜʽʣʝʥʥʷ 

ʄɸʅ ʋʢʨʘʾʥʠ, ʣʘʙʦʨʘʪʦʨʽʷ ʥʘʥʦʙʽʦʪʝʭʥʦʣʦʛʽʡ ɯʥʩʪʠʪʫʪʫ ʙʽʦʭʽʤʽʾ ʽʤ. ʆ.ɺ. ʇʘʣʣʘʜʽʥʘ 

ʅɸʅ ʋʢʨʘʾʥʠ, 11 ʢʣʘʩ ɿʆʐ ɯ-ɯɯɯ ʩʪʫʧʝʥʽʚ ʰʢʦʣʠ ˉ 201 ʤ. ʂʠʻʚʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʅʘʟʘʨʝʥʢʦ ɺʦʣʦʜʠʤʠʨ ɯʚʘʥʦʚʠʯ, ʢ.ʙ.ʥ., ʧʨʦʚʽʜʥʠʡ ʥʘʫʢʦʚʠʡ 

ʩʧʽʚʨʦʙʽʪʥʠʢ ɯʥʩʪʠʪʫʪʫ ʙʽʦʭʽʤʽʾ ʽʤ. ʆ.ɺ. ʇʘʣʣʘʜʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ʊɽɿʀ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʧʦʚô̫ ʟʘʥʘ ʟ ʪʠʤ, ʱʦ ʘʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʥʘʯʥʠʤʠ ʝʢʦʣʦʛʽʯʥʠʤʠ 

ʨʠʟʠʢʘʤʠ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʣʶʜʠʥʠ. ʅʘʫʢʦʚʮʽ ʥʘʛʦʣʦʰʫʶʪʴ, ʱʦ 

ʚʠʷʚʣʝʥʽ ʟʘ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʭʽʤʽʯʥʽ ʪʘ ʧʘʪʦʬʽʟʽʦʣʦʛʽʯʥʽ ʝʬʝʢʪʠ ʦʢʨʝʤʠʭ 

ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʠʞʠʚʘʥʥʷ ʣʶʜʩʪʚʘ ʚ ʍʍɯ ʩʪʦʣʽʪʪʽ ʟʥʘʯʥʦ  ʁ

ʤʽʨʦ  ʁʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʙʝʟʧʝʢʠ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʽ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ.  

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʦʰʫʢ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʩʪʘʪʠ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʚʠʩʦʢʦʪʦʢʩʠʯʥʠʤ ʥʘʥʦʬʣʫʦʨʦʬʦʨʘʤ 

(ʚʫʛʣʝʮʝʚʠʤ ʥʘʥʦʪʨʫʙʢʘʤ, ʬʫʣʝʨʝʥʘʤ, ʢʚʘʥʪʦʚʠʭ ʥʘʥʦʪʦʯʢʘʤ ʟ ʦʢʩʠʜʽʚ ʚʘʞʢʠʭ 

ʤʝʪʘʣʽʚ ʪʦʱʦ) ʟ ʾʭ ʜʦʚʝʜʝʥʦʶ ʨʫʡʥʽʚʥʦʶ ʜʽʻʶ ʥʘ ʙʽʦʦʙôʻʢʪʠ ï ɼʅʂ ʽ ʢʣʽʪʠʥʠ, ʘ 

ʪʘʢʦʞ ʝʢʦʣʦʛʽʯʥʦ  ʁʥʝʙʝʟʧʝʢʦ  ʁʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ.   

ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ:  

1)  ʉʠʥʪʝʟʫʚʘʥʥʷ ʥʦʚʠʭ ʟʨʘʟʢʽʚ ʙʽʦʩʫʤʽʩʥʠʭ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ 

ʢʣʘʩʫ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʯʘʩʪʦʢ.  

2) ɺʠʚʯʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʦʚʦʩʠʥʪʝʟʦʚʘʥʠʭ ʥʘʥʦʯʘʩʪʦʢ ʛʝʣʴ-

ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʠʤ, ʝʣʝʢʪʨʦʬʦʨʝʪʠʯʥʠʤ, ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʘʤʠ 

(ʨʦʟʤʽʨʽʚ ʦʪʨʠʤʘʥʠʭ ʯʘʩʪʦʢ, ʥʘʷʚʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ, ʩʧʝʢʪʨʫ ʾʭ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ), ʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʣʫʦʨʦʬʦʨʽʚ ʚʽʜ 

ʫʤʦʚ ʾʭ ʦʪʨʠʤʘʥʥʷ.  

3) ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʦʢʩʠʯʥʦʩʪʽ ʤʝʪʦʜʦʤ ʙʽʦʪʝʩʪʫʚʘʥʥʷ ʥʘ ʙʽʦʦʙô̒ ʢʪʘʭ 

Daphnia magna ʽ ʢʣʽʪʠʥʘʭ ʣʽʥʽʾ HeLa, ʘ ʪʘʢʦʞ ʧʝʨʩʧʝʢʪʠʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 

ʙʽʦʚʽʟʫʘʣʽʟʘʮʽʾ in vivo. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʦʪʨʠʤʘʥʥʷ ʙʽʦʩʫʤʽʩʥʠʭ 

ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʢʘʨʙʦʥʦʚʠʭ ʥʘʥʦʯʘʩʪʦʢ ʟ ʧʨʦʩʪʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ. ʊʘʢʽ 

ʥʘʥʦʤʘʪʝʨʽʘʣʠ ʚʽʜʥʦʩʥʦ ʣʝʛʢʦ ʩʠʥʪʝʟʫʶʪʴʩʷ ʛʽʜʨʦʪʝʨʤʽʯʥʠʤ ʤʝʪʦʜʦʤ, ʤʘʶʪʴ 

ʥʝʟʚʠʯʘʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʽʪʽʥʥʷ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʙʽʦʩʫʤʽʩʥʠʭ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʤʘʨʢʝʨʽʚ. ʋ ʨʦʙʦʪʽ 

ʚʠʚʯʝʥʽ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ ʥʘʥʦʬʣʫʦʨʦʬʦʨʽʚ, ʪʘʢʽ ʷʢ ʤʘʩʘ, ʟʘʨʷʜ, 

ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʦʢʩʠʯʥʽʩʪʴ ʜʣʷ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʙʽʦʚʽʟʫʘʣʽʟʘʮʽʽ ʥʘ ʧʨʠʢʣʘʜʽ ʨʘʯʢʽʚ Daphnia magna ʽ ʢʣʽʪʠʥ 

ʣʽʥʽʾ HeLa. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ: ɻʦʣʦʚʥʽ ʥʝʜʦʣʽʢʠ ʩʫʯʘʩʥʠʭ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ 

ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ (ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ ʟ ʦʢʩʠʜʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, 

ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʪʘ ʽʥ.), ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʝʜʠʢʦ-ʙʽʦʣʦʛʽʯʥʠʭ 

ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ï ʾʭ ʛʦʩʪʨʘ ʪʦʢʩʠʯʥʽʩʪʴ, ʨʫʡʥʽʚʥʘ ʜʽʷ ʥʘ ɼʅʂ ʽ ʢʣʽʪʠʥʠ 

[1], ʘ ʪʘʢʦʞ ʝʢʦʣʦʛʽʯʥʘ ʥʝʙʝʟʧʝʢʘ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ [2].  

ʇʨʠ ʮʴʦʤʫ ʚ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʥʘʫʢʦʚʮʽ ʉʐɸ, ʂʠʪʘʶ ʪʘ ɯʥʜʽʾ ʧʦʚʽʜʦʤʠʣʠ ʧʨʦ 

ʚʽʜʢʨʠʪʪʷ ʥʦʚʦʛʦ ʢʣʘʩʫ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʦʯʦʢ (C-dots) [4], ʦʪʨʠʤʘʥʠʭ 

ʜʦʩʠʪʴ ʧʨʦʩʪʠʤ ʛʽʜʨʦʪʝʨʤʽʯʥʠʤ ʤʝʪʦʜʦʤ [5] ʟ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ [6] ʽ ʥʘʚʽʪʴ ʚʽʜʭʦʜʽʚ 

ʧʨʠʨʦʜʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʟʦʢʨʝʤʘ, ʤʝʣʝʥʦʾ ʢʘʚʠ [7] ʽ ʩʦʻʚʦʛʦ ʤʦʣʦʢʘ [8]. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʯʝʥʠʭ ʩʚʽʜʯʘʪʴ ʧʨʦ ʙʽʦʩʫʤʽʩʥʽʩʪʴ ʽ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʮʠʭ 

ʤʘʪʝʨʽʘʣʽʚ [9] ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʫʥʽʢʘʣʴʥʠʭ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʷʢʦʩʪʝʡ [10]. ʇʨʠ ʮʴʦʤʫ 

ʣʠʰʘʻʪʴʩʷ ʯʠʤʘʣʦ ʥʝʚʠʚʯʝʥʠʭ ʧʠʪʘʥʴ ʱʦʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʦʚʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ: 

ʥʝʚʠʚʯʝʥʘ ʧʨʠʨʦʜʘ ʩʚʽʯʝʥʥʷ ʮʠʭ ʩʪʨʫʢʪʫʨ, ʥʝʜʦʩʪʘʪʥʴʦ ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʤʝʪʦʜʠ ʾʭ ʩʠʥʪʝʟʫ, 

ʥʝʤʘʻ ʜʘʥʠʭ ʱʦʜʦ ʾʭ ʤʦʜʠʬʽʢʘʮʽʾ ʪʘ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʉʘʤʝ ʟ ʮʠʤ 

ʧʦʚôʷʟʘʥʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʦʛʦ ʢʣʘʩʫ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ. 

ɺʨʘʭʦʚʫʶʯʠ ʙʽʦʩʫʤʽʩʥʽʩʪʴ, ʛʘʨʥʫ ʬʣʫʦʨʝʩʮʝʥʪʥʫ ʚʽʜʧʦʚʽʜʴ ʪʘ ʣʝʛʢʫ ʜʦʩʪʫʧʥʽʩʪ ɹ 

ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʩʠʨʦʚʠʥʠ ʦʨʛʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ï ʫʩʝ ʮʝ ʜʦʟʚʦʣʷʻ ʩʧʦʜʽʚʘʪʠʩʷ, ʱʦ ʮʽ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʬʣʫʦʨʦʬʦʨʘʤʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚ ʙʽʦʤʝʜʠʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʟʦʢʨʝʤʘ, ʟʘʜʣʷ ʦʜʝʨʞʘʥʥʷ ʢʣʽʪʠʥʥʠʭ 

ʟʦʙʨʘʞʝʥʴ in vivo. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʥʘʥʦʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʚʫʛʣʝʮʶ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ ʙʽʦʪʦʢʩʠʢʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʚʫʛʣʝʮʶ.  

ʄʝʪʘ: ʚʠʚʯʝʥʥʷ ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦ-

ʯʘʩʪʦʢ, ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ, ʙʽʦʪʦʢʩʠʢʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʙʽʦʚʽʟʫʘʣʽʟʘʮʽʾ in vivo. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʛʝʣ-ɹʭʨʦʤʘʪʦʛʨʘʬʽʷ, ʝʣʝʢʪʨʦʬʦʨʝʟ,  ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʽʷ, 

ʙʽʦʪʝʩʪʫʚʘʥʥʷ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʪʦʢʩʠʯʥʦʩʪʽ. 
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ: 

1) ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʟʘʧʨʦʚʘʜʞʝʥʦ ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʟʨʘʟʢʽʚ 

ʙʽʦʩʫʤʽʩʥʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʢʣʘʩʫ ʢʘʨʙʦʥʦʚʠʭ ʥʘʥʦʯʘʩʪʦʢ ʟ ʧʦʪʫʞʥʠʤʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ;  

2) ɼʦʩʣʽʜʞʝʥʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʦʚʦʩʠʥʪʝʟʦʚʘʥʠʭ ʥʘʥʦʯʘʩʪʦʢ 

ʛʝʣʴ-ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʠʤ, ʝʣʝʢʪʨʦʬʦʨʝʪʠʯʥʠʤ, ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʘʤʠ 

(ʨʦʟʤʽʨʽʚ ʦʪʨʠʤʘʥʠʭ ʯʘʩʪʦʢ, ʥʘʷʚʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ, ʩʧʝʢʪʨʫ ʾʭ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ), ʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʣʫʦʨʦʬʦʨʽʚ ʚʽʜ 

ʫʤʦʚ ʾʭ ʦʪʨʠʤʘʥʥʷ.  

3) ɺʠʟʥʘʯʝʥʦ ʧʘʨʘʤʝʪʨʠ ʪʦʢʩʠʯʥʦʩʪʽ ʤʝʪʦʜʦʤ ʙʽʦʪʝʩʪʫʚʘʥʥʷ ʥʘ ʙʽʦʦʙôʻʢʪʘʭ 

Daphnia magna ʽ ʢʣʽʪʠʥʘʭ ʣʽʥʽʾ HeLa, ʘ ʪʘʢʦʞ ʧʦʢʘʟʘʥʦ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʣʷ ʙʽʦʚʽʟʫʘʣʽʟʘʮʽʾ in vivo. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ: ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʥʦʚʽ ʟʨʘʟʢʠ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ï 

çʩʠʥʽè, çʬʽʦʣʝʪʦʚʽè ʪʘ çʟʝʣʝʥʽè ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʥʘʥʦʪʦʯʢʠ ʥʘ ʦʩʥʦʚʽ ʚʫʛʣʝʮʶ, ʱʦ ʤʘʶʪʴ 

ʧʦʪʫʞʥʽ ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʦʢʘʟʘʥʘ ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʯʥʽʩʪʴ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʪʦʢʩʠʯʥʦʛʦ ʝʬʝʢʪʫ ʥʘ ʪʝʩʪʦʚʽ ʙʽʦʦʙô̒ ʢʪʠ Daphnia magna ʽ ʢʣʽʪʠʥʠ ʣʽʥʽʾ HeLa. 

ʅʘʫʢʦʚʽ ʧʫʙʣʽʢʘʮʽʾ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʇʨʦ ʨʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʨ ʜʦʧʦʚʽʜʘʚ ʥʘ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, ʟʦʢʨʝʤʘ XVII  ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʽ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ çɽʢʦʣʦʛʽʷ. 

ʃʶʜʠʥʘ. ʉʫʩʧʽʣʴʩʪʚʦè [11], ɺʩʝʫʢʨʘʾʥʩʢɹʦʤʫ ʙʽʦʣʦʛʽʯʥʦʤʫ ʬʦʨʫʤʽ ʫʯʥʽʚʩʴʢʦʾ ʪʘ 

ʩʪʫʜʝʥʪʩʴʢʦʾ ʤʦʣʦʜʽ çɼʦʪʠʢ ʧʨʠʨʦʜʠè [12], ɺʩʝʫʢʨʘʾʥʩʴʢʦʤʫ ʝʪʘʧʽ ʢʦʥʢʫʨʩʫ 

ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ INTEL ISEF-2016.  

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʛʦ ʢʣʘʩʫ ʬʣʫʦʨʦʬʦʨʽʚ ʥʘ 

ʦʩʥʦʚʽ ʚʫʛʣʝʮʶ ʤʘʻ ʚʝʣʠʯʝʟʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʙʽʦʤʝʜʠʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 

ʋ ʧʝʨʩʧʝʢʪʠʚʽ ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʙʽʦʩʫʤʽʩʥʽ ʥʘʥʦʯʘʩʪʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʙʝʟʧʝʯʥʠʭ ʧʨʠʞʠʪʪʻʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʘʜʨʝʩʥʦʾ ʜʦʩʪʘʚʢʠ ʣʽʢʽʚ ʜʦ 

ʢʣʽʪʠʥ-ʤʽʰʝʥʝʡ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʝʬʝʢʪʠʚʥʦ ʙʦʨʦʪʠʩʷ ʟ ʧʦʰʠʨʝʥʠʤʠ ʭʚʦʨʦʙʘʤʠ ʣʶʜʩʪʚʘ. 

ʆʪʨʠʤʘʥʽ ʙʽʦʩʫʤʽʩʥʽ ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʢʘʨʙʦʥʦʚʽ ʥʘʥʦʯʘʩʪʢʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʟʥʘʡʪʠ 

ʚʪʽʣʝʥʥʷ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʥʦʚʦʛʦ ʢʣʘʩʫ ʘʥʘʣʽʪʠʯʥʠʭ ʙʽʦʩʝʥʩʦʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ 

ʥʘʜʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ ʪʘ ʦʧʝʨʘʪʠʚʥʽʩʪʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ.  
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ʈʆɿɼɯʃ ɯ                                                                                                                                              

ʉʋʏɸʉʅʀʁ ʉʊɸʅ ɼʆʉʃɯɼɾɽʅʔ ʌʃʋʆʈɽʉʎɽʅʊʅʀʍ 

ʅɸʅʆʄɸʊɽʈɯɸʃɯɺ 

 

ʋ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʻ ʜʝʢʽʣʴʢʘ ʚʠʟʥʘʯʝʥʴ ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ. ʉʧʝʮʽʘʣʽʩʪʠ 

ʜʝʨʞʘʚʥʦʾ ʧʨʦʛʨʘʤʠ ʉʐɸ çʅʘʮʽʦʥʘʣʴʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʽʯʥʘ ʽʥʽʮʽʘʪʠʚʘè ʥʘʚʦʜʷʪʴ ʪʘʢʝ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ: çʅʘʥʦʪʝʭʥʦʣʦʛʽʷ ï ʮʝ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʨʦʟʨʦʙʢʠ ʥʘ ʘʪʦʤʥʦʤʫ, ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʯʠ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʽʚʥʷʭ ʫ ʰʢʘʣʽ 

ʨʦʟʤʽʨʽʚ ʧʨʠʙʣʠʟʥʦ ʚʽʜ 1 ʜʦ 100 ʥʤ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʟʥʘʥʴ ʧʨʦ ʧʨʠʨʦʜʫ ʷʚʠʱ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʫ ʥʘʥʦʰʢʘʣʽ, 

ʘ ʪʘʢʦʞ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʫʢʪʫʨ, ʧʨʠʣʘʜʽʚ ʽ ʩʠʩʪʝʤ, ʱʦ ʥʘʙʫʚʘʶʪʴ 

ʥʦʚʠʭ ʷʢʦʩʪʝʡ ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʤʘʣʝʥʴʢʠʤ ʨʦʟʤʽʨʘʤ. ʅʘʥʦʪʝʭʥʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʨʦʟʨʦʙʢʠ ʚʢʣʶʯʘʶʪʴ ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʤʘʥʽʧʫʣʷʮʽʾ ʥʘʥʦʨʦʟʤʽʨʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʪʘ ʾʭ 

ʽʥʪʝʛʨʘʮʽʶ ʫ ʙʽʣʴʰ ʚʝʣʠʢʽ ʢʦʤʧʦʥʝʥʪʠ, ʩʠʩʪʝʤʠ ʽ ʘʨʭʽʪʝʢʪʫʨʠè [13].  

ʈʦʟʚʠʪʦʢ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʫ 

ʥʘʥʦʤʝʪʨʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʫʪʪʻʚʦ ʟʤʽʥʶ ̒ʬʽʟʠʯʥʽ, ʭʽʤʽʯʥʽ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʥʦʨʝʯʦʚʠʥ ʽ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ, ʤʽʮʥʽʩʪʴ, ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, 

ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ, ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʢʦʝʬʽʮʽʻʥʪ ʦʧʪʠʯʥʦʛʦ ʟʘʣʦʤʣʝʥʥʷ ʩʚʽʪʣʘ, 

ʬʦʥʦʚʠʡ ʩʧʝʢʪʨ, ʪʝʧʣʦʻʤʥ̔ ʩʪʴ, ʚʧʣʠʚ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʪʘ ʽʥ.  

 

1.1. ɽʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ: ʬʘʢʪʦʨʠ ʨʠʟʠʢʫ 

ʆʩʢʽʣʴʢʠ ʨʝʯʦʚʠʥʘ ʫ ʚʠʛʣʷʜʽ ʥʘʥʦʯʘʩʪʠʥʦʢ ʽ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʤʘʻ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ 

ʢʘʨʜʠʥʘʣʴʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʾʭ ʘʥʘʣʦʛʽʚ ʫ ʬʦʨʤʽ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʜʠʩʧʝʨʩʽʡ ʘʙʦ 

ʩʫʮʽʣʴʥʠʭ ʬʘʟ, ʥʘʥʦʤʘʪʝʨʽʘʣʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʡ ʬʘʢʪʦʨ, ʱʦ ʚʧʣʠʚʘʻ 

ʥʘ ʦʨʛʘʥʽʟʤʠ ʽ ʩʝʨʝʜʦʚʠʱʝ ʾʭ ʽʩʥʫʚʘʥʥʷ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʚʠʥʠʢʥʝʥʥʷ ʩʢʣʘʜʥʠʭ 

ʥʘʫʢʦʚʠʭ ʧʨʦʙʣʝʤ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʧʣʠʚʦʤ ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʽ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʅʘ ʩʴʦʛʦʜʥʽ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʽ ʧʦʪʝʥʮʽʡʥʽ ʝʢʦʣʦʛʽʯʥʽ 

ʥʘʩʣʽʜʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ. ɺʨʘʭʦʚʫʶʯʠ ʫʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʦʮʥ̔ʢʠ ʨʠʟʠʢʫ ʤʦʞʣʠʚʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʪʘ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʥʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ ʪʘ ʝʢʦʩʠʩʪʝʤʠ. ɯ ʩʘʤʝ 
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ʪʦʤʫ ʦʩʦʙʣʠʚʫ ʘʢʪʫʘʣʴʥʽʩʪʴ ʤʘʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʧʦʰʫʢʫ ʘʣʴʪʝʨʥʘʪʠʚ ʽ ʟʘʤʽʥʠ 

ʪʦʢʩʠʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ï ʥʘ ʙʽʦʩʫʤʽʩʥʽ ʪʘ ʝʢʦʣʦʛʯʥʦ 

ʙʝʟʧʝʯʥʽ. 

 

1.2. ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʚʽʪʯʠʟʥʷʥʽʡ ʥʘʥʦʙʽʦʪʝʭʥʦʣʦʛʽʯʥʽʡ ʛʘʣʫʟʽ 

ɯʥʪʝʥʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʜʦʩʣʽʜʞʝʥʴ ʟ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʷʚ ʩʪʚʦʨʝʥʥʶ 

ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʥʦʚʠʭ ʩʧʝʮʽʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ, ʮʝʥʪʨʽʚ, ʽʥʩʪʠʪʫʪʽʚ, 

ʜʝ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺ ʋʢʨʘʾʥʽ ʅʘʮʽʦʥʘʣʴʥʦʶ 

ʘʢʘʜʝʤʽʻʶ ʥʘʫʢ ʨʦʟʨʦʙʣʝʥʘ ʢʦʤʧʣʝʢʩʥʘ ʧʨʦʛʨʘʤʘ ʟ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ, ʜʦ ʚʠʢʦʥʘʥʥʷ 

ʷʢʦʾ ʟʘʣʫʯʝʥʽ ʨʽʟʥʽ ʥʘʫʢʦʚʽ ʫʩʪʘʥʦʚʠ ʜʝʨʞʘʚʠ. ɯʥʩʪʠʪʫʪʦʤ ʭʽʤʽʾ ʧʦʚʝʨʭʥʽ 

ʽʤ. ʆ.ʆ. ʏʫʡʢʘ ʅɸʅ ʋʢʨʘʾʥʠ ʩʧʽʣʴʥʦ ʟ ʚʽʪʯʠʟʥʷʥʠʤʠ ʥʘʫʢʦʚʦ-ʤʝʜʠʯʥʠʤʠ ʟʘʢʣʘʜʘʤʠ 

ʚʧʝʨʰʝ ʫ ʩʚʽʪʽ ʨʦʟʨʦʙʣʝʥʦ, ʜʦʩʣʽʜʞʝʥʦ ʪʘ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʤʝʜʠʯʥʫ ʧʨʘʢʪʠʢʫ ʥʦʚʠʡ 

ʧʨʝʧʘʨʘʪ ʩʦʨʙʮʽʡʥʦ-ʜʝʪʦʢʩʠʢʘʮʽʡʥʦʾ ʜʽʾ çʉʠʣʽʢʩè ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʢʨʝʤʥʝʟʝʤʫ [13]. ʋ 

ʤʽʞʥʘʨʦʜʥʦʤʫ ʮʝʥʪʨʽ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ɯʥʩʪʠʪʫʪʫ ʝʣʝʢʪʨʦʟʚʘʨʶ-

ʚʘʥʥʷ ʽʤ. ɭ.ʆ. ʇʘʪʦʥʘ ʅɸʅ ʋʢʨʘʾʥʠ ʪʨʠʚʘʣʠʡ ʯʘʩ ʧʨʦʚʦʜʷʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟ 

ʨʦʟʨʦʙʢʠ ʩʫʯʘʩʥʠʭ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʘʚʽʘʮʽʡʥʫ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʢʦʩʤʽʯʥʫ ʛʘʣʫʟʴ, ʘ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ð ʽ ʙʽʦʣʦʛʽʶ ʪʘ ʤʝʜʠʮʠʥʫ [13]. 

ɯʥʩʪʠʪʫʪ ʤʦʣʝʢʫʣʷʨʥʦʾ ʙʽʦʣʦʛʽʾ ʽ ʛʝʥʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʚʽʜʦʤʠʡ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʟʽ 

ʩʪʚʦʨʝʥʥʷ ʙʽʦʩʝʥʩʦʨʽʚ, ʨʦʟʨʦʙʣʝʥʠʭ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ. ɼʦʩʣʽʜʞʝʥʥʷ ʟ 

ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʚ ɯʥʩʪʠʪʫʪʽ ʟʘʛʘʣʴʥʦʾ ʪʘ ʥʝʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽʤ. ɺ.ɯ ɺʝʨʥʘʜʩʴʢʦʛʦ ʅɸʅ 

ʋʢʨʘʾʥʠ ʧʨʦʚʦʜʷʪʴ ʙʽʣʴʰʝ 50 ʨʦʢʽʚ, ʟʦʢʨʝʤʘ ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʩʠʥʪʝʟʫ 

çʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʟ ʩʘʞʽè, ʷʢʫ ʧʽʟʥʽʰʝ ʥʘʟʚʘʣʠ ʥʘʥʦʪʨʫʙʢʠ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠʢʫ 

ʨʦʟʯʠʥʝʥʥʷ ʤʝʪʘʣʽʚ ʫ ʧʦʣʽʤʝʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʟʛʦʜʦʤ ʧʦʯʘʣʠ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ 

ʤʘʛʥʽʪʥʦʤʫ ʟʘʧʠʩʽ ʽʥʬʦʨʤʘʮʽʾ, ʪʘ ʭʽʤʽʯʥʠʭ ʟʘʩʦʙʽʚ ʦʜʝʨʞʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ [13]. 

 

1.3. ʆʩʥʦʚʥʽ ʪʠʧʠ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭ ʩʪʨʫʢʪʫʨʠ 

ʌʣʫʦʨʝʩʮʝʥʪʥʽ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʩʪʨʫʢʪʫʨʠ, ʪʘʢʽ ʷʢ ʥʘʥʦʘʣʤʘʟʠ, ʬʫʣʝʨʝʥʠ, 

ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʽ ʛʨʘʬʝʥ  ̒ ʥʦʚʠʤʠ ʪʠʧʘʤʠ ʤʘʪʝʨʽʘʣʽʚ, ʫ ʷʢʠʭ ʚʠʩʦʢʝ 

ʚʽʜʥʦʰʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʦ ʦʙ'ʻʤʫ ʻ ʪʠʤ ʛʦʣʦʚʥʠʤ ʯʠʥʥʠʢʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʾʭ 

ʚʣʘʩʪʠʚʦʩʪʽ. ɺʦʥʠ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʨʽʟʥʽ ʢʦʤʙʽʥʘʮʽʾ ʦʩʥʦʚʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ 
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(ʟ ʛʨʘʬʝʥʦʧʦʜʙ̔ʥʠʤʠ sp2 ʽ ʘʣʤʘʟʦʧʦʜʽʙʥʠʤʠ sp 3- ʛʽʙʨʠʜʠʟʘʮʽʷʤʠ), ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʩʠʥʪʝʟʦʚʘʥʽ ʽ ʜʘʣʽ ʤʦʜʠʬʽʢʦʚʘʥʽ ʧʦʣʷʨʥʠʤʠ ʛʨʫʧʘʤʠ [15]. ʎʽ ʛʨʫʧʠ ʚʚʦʜʷʪʴ ʧʽʜ ʯʘʩ 

ʘʙʦ ʧʽʩʣʷ ʩʠʥʪʝʟʫ ʮʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ, ʘʜʞʝ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʯʠʥʝʥʽ ʚ ʧʦʣʷʨʥʠʭ 

ʨʦʟʯʠʥʥʠʢʘʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚʦʜʽ. ʆʩʥʦʚʥʽ ʛʨʘʬʝʥʦʚʽ 2D ʽ 3D ʘʣʤʘʟʥʽ ʩʪʨʫʢʪʫʨʠ ʨʘʟʦʤ 

ʟ ʦʢʩʠʜ-ʛʨʘʬʝʥʦʚʠʤʠ GO-ʪʦʯʢʘʤʠ, ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʽ C-ʪʦʯʢʘʤʠ 

ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.1. 

ɼʚʦʚʠʤʽʨʥʠʡ ʛʨʘʬʝʥ ʽ ʪʨʠʚʠʤʽʨʥʠʡ ʘʣʤʘʟ ʚ ʦʩʥʦʚʥʦʤʫ ʥʝʬʣʫʦʨʝʩʮʝʥʪʥʽ. 

ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʛʨʘʬʝʥʘ ʟ'ʷʚʣʷʻʪʴʩʷ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʡʦʛʦ ʨʦʟʤʽʨʽʚ ʜʦ ʜʝʢʽʣʴʢʦʭ 

ʥʘʥʦʤʝʪʨʽʚ ʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʣʷʭʦʤ ʧʨʠʻʜʥʘʥʥʷ ʧʦʣʷʨʥʠʭ ʛʨʫʧ ʜʦ ʡʦʛʦ ʢʨʘʾʚ. ʋ 

ʦʢʩʠʜʫ ʛʨʘʬʝʥʫ ʧʦʣʷʨʥʽ ʛʨʫʧʠ ʟʚ'ʷʟʘʥʽ ʫ ʚʩʽʡ ʧʣʦʱʠʥʽ, ʬʦʨʤʫʶʯʠ ʝʣʝʤʝʥʪʠ 

ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʻ ʬʣʫʦʨʝʩʮʝʥʪʥʠʤʠ ʚʠʧʨʦʤʽʥʶʚʘʯʘʤʠ.. 

ʌʣʫʦʨʝʩʮʝʥʪʥʽ ʥʘʥʦʪʦʯʢʠ ʚʫʛʣʝʮʶ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʷʢʽ 

ʧʨʠʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʥʠʢʽʚ ʯʝʨʝʟ ʾʭ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʠʡ ʩʠʥʪʝʟ, ʜʦʩʪʫʧʥʽ 

ʜʣʷ ʙʘʛʘʪʴʦʭ ʤʝʪʦʜʠʢʠ ʙʘʛʘʪʴʦʭ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿʦʢʨʝʤʘ, ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʧʨʦʩʪʦʛʦ ʩʧʘʣʶʚʘʥʥʷ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʦʨʛʘʥʽʯʥʦʾ 

ʨʝʯʦʚʠʥʠ ʽ ʥʘʚʽʪʴ ʚʽʜʭʦʜʽʚ ʧʨʠʨʦʜʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʪʘʢʠʭ ʷʢ ʤʝʣʝʥʫ ʢʘʚʫ ʽ ʩʦʻʚʝ 

ʤʦʣʦʢʦ. ʅʘ ʩʪʘʜʽʾ ʾʭ ʩʠʥʪʝʟʫ ʦʪʨʠʤʘʥʽ ʯʘʩʪʠʥʢʠ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʛʽʜʨʦʢʩʠʣʴʥʽ, 

ʢʘʨʙʦʥʽʣʴʥʽ ʽ ʢʘʨʙʦʢʩʠʣʴʥʽ ʛʨʫʧʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫ ʩʬʦʨʤʦʚʘʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ. 

ʎʝ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ ʾʭ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʶ [15].  
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ʈʠʩ. 1.1. ʉʪʨʫʢʪʫʨʠ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ [15]. 
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ʈʆɿɼɯʃ ɯɯ                                                                                                                        

ɼɽʗʂɯ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʅʗ ʌʃʋʆʈɽʉʎɽʅʊʅʀʍ ʅɸʅʆʄɸʊɽʈɯɸʃɯɺ 

 

2.1.  ʇʨʠʥʮʠʧ ʜʽʾ ʤʝʪʦʜʫ ʛʝʣʴ-ʭʨʦʤʘʪʦʛʨʘʬʽʾ 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʥʘʥʦʪʝʭʥʦʣʦʛʽʷ ï ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʘ ʥʘʫʢʘ, ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʢʣʘʩʠʯʥʦʾ ʙʽʦʣʦʛʽʾ, ʭʽʤʽʾ, ʬʽʟʠʢʠ, ʝʢʦʣʦʛʽʾ. 

ʄʝʪʦʜ ʛʝʣʴ-ʬʽʣʴʪʨʘʮʽʾ ʻ ʦʜʥʠʤ ʟ ʤʝʪʦʜʽʚ ʢʦʣʦʥʢʦʚʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ. 

ʇʨʠʥʮʠʧʦʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʛʝʣʴ-ʬʽʣʴʪʨʘʮʽʾ ʚʽʜ ʚʩʽʭ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʭʨʦʤʘʪʦʛʨʘʬʽʾ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʦʣʝʢʫʣʠ, ʷʢʽ ʨʦʟʜʽʣʷʶʪʴʩʷ ʧʨʠ ʛʝʣʴ-ʬʽʣʴʪʨʘʮʽʾ, ʥʝ ʩʦʨʙʫʶʪʴʩʷ 

ʚʩʝʨʝʜʠʥʽ ʛʨʘʥʫʣ ʽ ʚʟʘʛʘʣʽ ʥʽ ʬʽʟʠʯʥʦ, ʥʽ ʭʽʤʽʯʥʦ ʥʝ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʾʭ ʤʘʪʝʨʽʘʣʦʤ. 

ɺʝʩʴ ʧʨʦʮʝʩ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʛʨʫʥʪʫʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʨʦʟʤʽʨʽʚ 

ʤʦʣʝʢʫʣ ʬʽʣʴʪʨʦʚʘʥʦʾ ʩʫʤʽʰʽ ʽ ʧʦʨ ʫ ʛʨʘʥʫʣʘʭ [16]. 

ʈʦʟʜʽʣʝʥʥʷ ʤʦʣʝʢʫʣ ʟʘ ʨʦʟʤʽʨʘʤʠ ʽ ʬʦʨʤʦʶ ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʣʘʩʪʠʚʦʩʪʷʭ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʠʪʘ, ʷʢʽ ʤʘʶʪʴ ʯʠʤʘʣʦ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘʡʯʘʩʪʽʰʝ ʜʣʷ ʮʽʻʾ 

ʤʝʪʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʦʨʛʘʥʽʯʥʽ ʧʦʣʽʤʝʨʠ ʟ ʪʨʠʚʠʤʽʨʥʦʶ ʩʽʪʯʘʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʱʦ 

ʥʘʜʘʻ ʾʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʝʣʽʚ. ʄʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʨʝʯʦʚʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʝʣʽʚ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʽʜʤʽʥʥʦʩʪʷʭ ʫ ʨʦʟʤʽʨʽ ʤʦʣʝʢʫʣ, ʥʘʟʠʚʘʻʪʴʩʷ ʛʝʣʴ-ʬʽʣʴʪʨʘʮʽʻʶ.  

ʍʨʦʤʘʪʦʛʨʘʬʽʯʥʫ ʢʦʣʦʥʢʫ ʟʘʧʦʚʥʶʶʪʴ ʥʘʙʨʷʢʣʠʤ ʛʝʣʝʤ ʽ ʚʨʽʚʥʦʚʘʞʫʶʪʴ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ. ɺʝʣʠʢʽ ʤʦʣʝʢʫʣʠ, ʥʝ ʧʨʦʥʠʢʘʶʪʴ ʚ ʧʦʨʠ ʩʠʪʘ, ʧʨʦʭʦ-

ʜʷʪʴ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʛʝʣʶ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʥʝʚʝʣʠʢʽ ʤʦʣʝʢʫʣʠ çʟʘʩʪʨʷʛʘʁʪʴè ʫ ʥʠʭ ʽ ʨʫʭʘ-

ʶʪʴʩʷ ʟ ʤʝʥʰʦʶ ʰʚʠʜʢʽʩʪʶ. ʊʨʠ ʩʪʘʜʽʾ ʪʘʢʦʛʦ ʧʦʜʽʣʫ ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 2.1. 

 

ʈʠʩ .2.1.  ʇʦʜʽʣ ʨʝʯʦʚʠʥ ʤʝʪʦʜʦʤ ʛʝʣʴ-ʬʽʣʴʪʨʘʮʽʾ: 1 - ʤʦʤʝʥʪ ʚʥʝʩʝʥʥʷ ʩʫʤʽʰʽ ʥʘ ʢʦʣʦʥʢʫ;  

2 - ʧʦʯʘʪʦʢ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ; 3 - ʧʦʯʘʪʦʢ ʚʠʭʦʜʫ ʟ ʢʦʣʦʥʢʠ ʬʨʘʢʮʽʾ ʥʘʡʙʽʣʴʰ ʚʝʣʠʢʠʭ ʤʦʣʝʢʫʣ [16]. 
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2.2. ʇʨʠʥʮʠʧ ʜʽʾ ʤʝʪʦʜʫ ʝʣʝʢʪʨʦʬʦʨʝʟʫ 

ʏʠʤʘʣʦ ʚʘʞʣʠʚʠʭ ʫ ʙʽʦʣʦʛʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʤʦʣʝʢʫʣ, ʪʘʢʠʭ ʷʢ ʘʤʽʥʦʢʠʩʣʦʪʠ, 

ʧʝʧʪʠʜʠ, ʙʽʣʢʠ ʽ ʥʫʢʣʝʾʥʦʚʽ ʢʠʩʣʦʪʠ, ʤʽʩʪʷʪʴ ʽʦʥʽʟʫʶʯʽ ʛʨʫʧʠ, ʪʦʤʫ ʚ ʨʦʟʯʠʥʽ ʚʦʥʠ 

ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʚ ʟʘʨʷʜʞʝʥʽʡ ʬʦʨʤʽ, ʫ ʚʠʛʣʷʜʽ ʢʘʪʽʦʥʽʚ (+) ʘʙʦ ʘʥʽʦʥʽʚ (-). ʂʨʽʤ ʪʦʛʦ, 

ʤʦʣʝʢʫʣʠ ʟ ʙʣʠʟʴʢʠʤʠ ʟʘ ʚʝʣʠʯʠʥʦʶ ʟʘʨʷʜʘʤʠ, ʘʣʝ ʨʽʟʥʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʚʘʛʦʶ, 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʚʽʜʥʦʰʝʥʥʷʤ ʟʘʨʷʜʫ ʜʦ ʤʘʩʠ. ʅʘ ʚʩʽʭ ʮʠʭ ʚʽʜʤʽʥʥʦʩʪʷʭ 

ʟʘʩʥʦʚʘʥʦ ʧʦʜʽʣ ʽʦʥʽʚ ʧʨʠ ʨʫʩʽ ʾʭ ʫ ʨʦʟʯʠʥʽ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ; ʚ ʮʴʦʤʫ ʽ 

ʧʦʣʷʛʘʻ ʧʨʠʥʮʠʧ ʤʝʪʦʜʫ ʝʣʝʢʪʨʦʬʦʨʝʟʫ [16]. 

 

2.3. ʇʨʠʥʮʠʧ ʜʽʾ ʤʝʪʦʜʫ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʽʾ 

ʅʘ ʩʴʦʛʦʜʥʽ ʤʝʪʦʜʠ ʬʣʫʦʨʠʤʝʪʨʽʾ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʙʽʦʭʽʤʽʯʥʠʭ ʪʘ 

ʝʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʨʦʟʜʽʣʴʥʽʡ ʟʜʘʪʥʦʩʪʽ, ʯʫʪʣʠʚʦʩʪʽ ʪʘ 

ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʘ ʪʘʢʦʞ ʧʨʦʩʪʦʪʽ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ. 

ɺʠʤʽʨʶʚʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʨʘʟʢʽʚ ï ʩʧʝʢʪʨʠ ʟʙʫʜʞʝʥʥʷ ʽ ʚʠʧʨʦʤʽʥʝʥʥʷ ʻ ʦʩʥʦʚʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʬʣʫʦʨʦʬʦʨʽʚ, ʪʘ ʜʘʶʪʴ ʟʤʦʛʫ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ 

ʙʫʜʦʚʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.2. 

 

ʈʠʩ. 2.2. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʜʝʪʝʢʮʽʾ ʬʣʫʦʨʝʩʮʝʥʮʽʾ.  

ʇʦʟʥʘʯʝʥʥʷ: 1. ɼʞʝʨʝʣʦ ʩʚʽʪʣʘ. 2. ʉʠʥʽʡ ʬʦʪʦʬʽʣʴʪʨ. 3. ɼʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ. 4. ʉʚʽʪʣʦ-ʞʦʚʪʠʡ 

ʬʦʪʦʬʽʣʴʪʨ. 5. ʆʢʦ (ʘʙʦ ʬʦʪʦʝʣʝʢʪʨʦʥʥʠʡ ʜʝʪʝʢʪʦʨ). 

 

 

2.4. ɺʠʟʥʘʯʝʥʥʷ ʪʦʢʩʠʯʥʦʛʦ ʝʬʝʢʪʫ ʥʘ ʙʽʦʦʙô̒ ʢʪʠ ʤʝʪʦʜʦʤ ʙʽʦʪʝʩʪʫʚʘʥʥʷ 

ʇʽʜ ʯʘʩ ʙʽʦʪʝʩʪʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʪʦʢʩʠʯʥʠʡ ʝʬʝʢʪ ʨʝʯʦʚʠʥʠ ʥʘ ʦʨʛʘʥʽʟʤʠ. 

ʊʦʢʩʠʯʥʠʡ ʝʬʝʢʪ - ʮʝ ʟʤʽʥʘ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʢʘʟʥʠʢʘ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʘʙʦ ʬʫʥʢʮʽʡ 

ʦʨʛʘʥʽʟʤʫ ʧʽʜ ʚʧʣʠʚʦʤ ʪʦʢʩʠʢʘʥʪʘ. ɿʘʣʝʞʠʪʴ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʪʨʫʪʠ, ʩʧʝʮʠʬʽʢʠ 
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ʤʝʪʘʙʦʣʽʟʤʫ ʦʨʛʘʥʽʟʤʫ, ʬʘʢʪʦʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʚʤʽʩʪ ʢʠʩʥʶ, ʨʅ, 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʽʥ.). 

ʇʽʜ ʪʦʢʩʠʯʥʽʩʪʶ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʫʤʽʶʪʴ ʟʜʘʪʥʽʩʪʴ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʧʨʦʷʚʣʷʪʠ 

ʧʦʰʢʦʜʞʫʶʯʫ ʘʙʦ ʣʝʪʘʣʴʥʫ ʜʽʶ ʥʘ ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ. ʈʝʯʦʚʠʥʘ, ʱʦ ʥʘʜʘʻ ʪʦʢʩʠʯʥʫ 

ʜʽʶ, ʥʘʟʠʚʘʻʪʴʩʷ ʪʦʢʩʠʢʘʥʪʦʤ, ʘ ʧʨʦʮʝʩ ʚʧʣʠʚʫ ʪʦʢʩʠʢʘʥʪʘ ʥʘ ʦʨʛʘʥʽʟʤ - 

ʪʦʢʩʠʢʘʮʽʻʶ (ʥʘ ʝʢʦʩʠʩʪʝʤʫ - ʪʦʢʩʠʬʽʢʘʮʽʻʶ).  

ʇʦʢʘʟʥʠʢ çʚʠʞʠʚʘʥʥʷ / ʣʝʪʘʣʴʥʽʩʪʴè ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʽ ʩʘʤʝ ʟ ʥʴʦʛʦ ʟʘʟʚʠʯʘʡ 

ʧʦʯʠʥʘʶʪʴ ʦʮʽʥʢʫ ʪʦʢʩʠʯʥʦʩʪʽ ʨʝʯʦʚʠʥ ʽ ʨʦʟʯʠʥʽʚ. ɼʣʷ ʙʽʦʪʝʩʪʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʩʪ-ʦʙô̒ ʢʪʽʚ Daphnia Magna ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʘʙʦʨʘʪʦʨʥʘ ʢʫʣʴʪʫʨʘ 

ʧʘʨʪʝʥʦʛʝʥʝʪʠʯʝʩʢʠʭ ʩʘʤʦʢ, ʷʢʽ ʢʦʞʥʽ 8-14 ʜʝʥʴ ʥʘʨʦʜʞʫʶʪʴ ʤʦʣʦʜʴ, ʷʢʘ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʜʦʨʦʩʣʠʭ ʩʘʤʦʢ ʪʽʣʴʢʠ ʨʦʟʤʽʨʘʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʚʯʘʪʠ ʚʧʣʠʚ 

ʦʢʨʝʤʠʭ ʨʝʯʦʚʠʥ ʚ ʨʷʜʽ ʧʦʢʦʣʽʥʴ, ʱʦ  ̒ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ 

ʧʦʪʨʘʧʣʷʥʥʷ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʠʭ ʯʠ ʽʥʰʠʭ ʪʦʢʩʠʢʘʥʪʽʚ. 
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ʈʆɿɼɯʃ ɯɯɯ                                                                                                                       

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸ ʏɸʉʊʀʅɸ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʥʘ ʙʘʟʽ ʣʘʙʦʨʘʪʦʨʽʾ 

ʥʘʥʦʙʽʦʪʝʭʥʦʣʦʛʽʡ ɯʥʩʪʠʪʫʪʫ ʙʽʦʭʽʤʽʾ ʽʤ. ʆ.ɺ. ʇʘʣʣʘʜʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ.  

 

3.1. ʇʽʜʛʦʪʦʚʢʘ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ 

ʅʘ ʮʝʡ ʯʘʩ ʫ ʣʘʙʦʨʘʪʦʨʽʾ ʚʽʜʧʨʘʮʴʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʦʪʨʠʤʘʥʥʷ ʢʘʨʙʦʥʦʚʠʭ ʪʦʯʦʢ 

ʜʝʢʽʣʴʢʦʭ ʪʠʧʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʩʚʦʾʤʠ ʬʣʫʦʨʝʩʮʝʥʪʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʌʣʫʦʨʝʩʮʝʥʪʥʽ ʥʘʥʦʤʘʪʝʨʽʘʣʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ 

ʛʽʜʨʦʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʟʦʢʨʝʤʘ: ʘʣʘʥʽʥʫ, 

ʛʣʽʮʝʨʠʥʫ, ʮʫʢʨʦʟʠ, ʣʠʤʦʥʥʦʾ ʢʠʩʣʦʪʠ, ʢʘʨʙʘʤʽʜʫ. ʆʜʥʠʤ ʽʟ ʚʠʟʥʘʯʥʠʭ ʬʘʢʪʽʚ ʻ 

ʦʪʨʠʤʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʪʦʯʦʢ ʟ ʨʽʟʥʠʤʠ ʬʣʫʦʨʝʩʮʝʥʪʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʟʘʚʜʷʢʠ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʽʟʥʠʭ ʪʠʧʽʚ ʨʦʟʯʠʥʥʠʢʽʚ. ɿʦʢʨʝʤʘ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʠʩʪʠʣʴʦʚʘʥʦʾ 

ʚʦʜʠ ʧʽʢ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʟʤʽʱʫʻʪʴʩʷ ʚ ʙʽʢ ʫʣʴʨʘʬʽʦʣʝʪʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʩʧʝʢʪʨʫ 

ʧʦʨʽʚʥʷʥʦ ʟ ʨʦʟʯʠʥʥʠʢʘʤʠ, ʫ ʷʢʠʭ ʧʨʠʩʫʪʥʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʩʦʣʝʡ ʢʘʣʴʮʽʶ, ʢʘʣʽʶ ʪʘ 

ʤʘʛʥʽʶ. ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʤʝʪʦʜʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʽʾ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚʫʛʣʝʮʝʚʽ 

ʥʘʥʦʯʘʩʪʢʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʬʣʫʦʨʝʩʮʝʥʮʽʾ. 

ʆʩʥʦʚʥʽ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʽ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʨʝʻʩʪʨʫʚʘʣʠ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ Lambda Bio (Perkin Elmer) ʽ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʽ Quanta Master 

(ʌʦʪʦʥ Technology International), ʚʽʜʧʦʚʽʜʥʦ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʟʘʥʦʩʠʤʦ ʜʦ ʪʘʙʣʠʮʽ 3.1. 

 

3.2. ɼʦʩʣʽʜʞʝʥʥʷ ʢʘʨʙʦʥʦʚʠʭ ʪʦʯʦʢ ʤʝʪʦʜʦʤ ʛʝʣʴ-ʭʨʦʤʘʪʦʛʨʘʬʽʾ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʯʦʪʠʨʴʦʭ ʚʽʜʽʙʨʘʥʠʭ ʜʣʷ ʜʘʥʦʛʦ ʜʦʩʣʽʜʫ 

ʟʨʘʟʢʽʚ ʢʘʨʙʦʥʦʚʠʭ ʥʘʥʦʪʦʯʦʢ (BG-CD, Blu-CD, Green-CD, Violet-CD) 

ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʤʝʪʦʜ ʛʝʣʴ-ʭʨʦʤʘʪʦʛʨʘʬʽʾ ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ ʩʝʬʘʜʝʢʩ ʟ 

ʨʽʟʥʦʨʦʟʤʽʨʥʠʤʠ ʙʽʣʢʘʤʠ ʚ ʷʢʦʩʪʽ ʩʚʽʜʢʽʚ. 

3.2.1. ʇʣʘʥ ʨʦʙʦʪʠ 

1. ɿʘ ʜʦʧʦʤʦʛʦʶ ʙʣʘʢʠʪʥʦʛʦ ʜʝʢʩʪʨʘʥʫ ʚʠʟʥʘʯʘʻʤʦ ʚʽʣʴʥʠʡ ʦʙ'ʻʤ ʢʦʣʦʥʢʠ (Vʦ), 

ʟʘʧʦʚʥʝʥʦʾ ʛʝʣʝʤ ʩʝʬʘʜʝʢʩʫ. 



15 

 

 

 

 

 

 

 

 

ʌʦʪʦ 3.1. ʌʣʫʦʨʝʩʮʝʥʮʽʷ ʦʪʨʠʤʘʥʦʛʦ ʟʨʘʟʢʘ BG-CD 
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2. ʉʢʣʘʜʘʻʤʦ ʢʘʣʽʙʨʫʚʘʣʴʥʠʡ ʛʨʘʬʽʢ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʙôʻʤʫ ʝʣʶʮʽʾ ʪʘ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʤʘʩʠ ʚʽʜʦʤʠʭ ʙʽʣʢʽʚ ʨʽʟʥʦʾ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ. ɼʣʷ ʮʴʦʛʦ ʚʠʟʥʘʯʘʻʤʦ ʦʙ'ʻʤ ʝʣʶʮʽʾ 

(Vʝ1) ɹʉɸ (ʙʠʯʘʯʠʡ ʩʠʨʦʚʘʪʢʦʚʠʡ ʘʣʴʙʫʤʽʥ ï ʙʽʣʦʢ ʧʣʘʟʤʠ ʢʨʦʚʽ ʚʝʣʠʢʦʾ ʨʦʛʘʪʦʾ 

ʭʫʜʦʙʠ ʟ ʚʠʟʥʘʯʝʥʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ 64 ʢɼʘ, ʦʜʥʦʣʘʥʮʶʛʦʚʠʡ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ 582 ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʟʘʣʠʰʢʽʚ), ʚʠʟʥʘʯʘʻʤʦ ʦʙ'ʻʤ ʝʣʶʮʽʾ (Vʝ2) ʉʊɻ 

(ʩʦʤʘʪʦʪʨʦʧʥʠʡ ʛʦʨʤʦʥ, ʘʙʦ ʩʦʤʘʪʦʪʨʦʧʽʥ, ʱʦ ʤʽʩʪʠʪʴ 191 ʘʤʽʥʦʢʠʩʣʦʪʫ ʪʘ ʤʘʻ 

ʚʠʟʥʘʯʝʥʫ ʤʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ 21,6 ʢɼʘ), ʚʠʟʥʘʯʘʻʤʦ ʦʙ'ʻʤ ʝʣʶʮʽʾ (Vʝ3) ʘʧʨʦʪʠʥʠʥʘ 

 (ʦʜʥʦʣʘʥʮʶʛʦʚʠʡ ʙʽʣʦʢ ʧʣʘʟʤʠ ʢʨʦʚʽ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ ʟ ʚʠʟʥʘʯʝʥʦʶ 

ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ 7.25 ʢɼʘ, ʱʦ ʤʽʩʪʠʪʴ 58 ʘʤʽʥʦʢʠʩʣʦʪ). 

3. ɺʠʟʥʘʯʘʻʤʦ ʦʙ'ʻʤ ʝʣʶʮʽʾ (Vʝ4) ʬʽʦʣʝʪʦʚʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ 

ʥʘʥʦʤʘʪʝʨʽʘʣʫ ʪʘ ʦʙ'ʻʤ ʝʣʶʮʽʾ (Vʝ3) ʩʠʥʴʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ 

ʥʘʥʦʤʘʪʝʨʽʘʣʫ. ʅʘ ʦʩʥʦʚʽ ʢʘʣʽʙʨʫʚʘʣʴʥʦʛʦ ʛʨʘʬʽʢʘ ʚʠʟʥʘʯʘʻʤʦ ʾʭ ʤʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ.  

4. ɼʦʩʣʽʜʞʫʻʤʦ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʯʦʪʠʨʴʦʭ ʟʨʘʟʢʽʚ ʢʘʨʙʦʥʦʚʠʭ 

ʥʘʥʦʪʦʯʦʢ (BG-CD, Blu-CD, Green-CD, Violet-CD)  ʪʘ ʨʦʙʠʤʦ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʾʭ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ. 

3.2.2 ʍʽʜ ʨʦʙʦʪʠ 

ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʛʝʣʶ: ʉʝʬʘʜʝʢʩ G100 (15 ʛ) ʟʘʤʦʯʫʻʤʦ ʚ 250 ʤʣ 

ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ ʟ ʜʦʜʘʚʘʥʥʷʤ ʘʟʠʜʫ ʥʘʪʨʽʶ (125 ʤʛ) ʚ ʩʢʣʷʥʮʽ ʽ ʟʘʣʠʰʘʻʤʦ ʜʣʷ 

ʥʘʙʫʭʘʥʥʷ ʥʘ 20 ʭʚ. ʆʪʨʠʤʘʥʠʡ ʛʝʣʴ-ʩʝʬʘʜʝʢʩ ʪʨʠʤʘʻʤʦ ʥʘ ʚʦʜʷʥʽʡ ʙʘʥʽ 30 ʭʚ ʜʣʷ 

ʩʪʝʨʠʣʽʟʘʮʽʾ. ʇʽʩʣʷ ʮʴʦʛʦ ʧʨʦʤʠʚʘʻʤʦ ʩʝʬʘʜʝʢʩ 50%-ʘʟʠʜʫ ʥʘʪʨʽʶ (50 ʤʣ) ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʬʣʦʨʠ. 

ʇʦʧʝʨʝʜʥʴʦ ʧʦʢʣʘʚʰʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʥʮʝʪʫ ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʧʘʧʽʨ ʜʽʘʤʝʪʨʦʤ, 

ʱʦ ʜʦʨʽʚʥʶ  ̒ʜʽʘʤʝʪʨʫ ʢʦʣʦʥʢʠ, ʚʣʠʚʘʻʤʦ ʛʝʣʴ ʩʝʬʘʜʝʢʩʫ ʚ ʢʦʣʦʥʢʫ, ʦʜʥʦʯʘʩʥʦ 

ʜʘʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʚʦʜʥʦʤʫ ʙʫʬʝʨʫ ʚʠʪʽʢʘʪʠ ʯʝʨʝʟ ʥʠʞʥʽʡ ʘʜʘʧʪʝʨ. ʏʘʩʪʠʥʢʠ ʛʝʣʶ 

ʦʩʽʜʘʶʪʴ ʽ ʬʦʨʤʫʶʪʴ ʙʝʟʧʝʨʝʨʚʥʠʡ ʩʪʦʚʧʯʠʢ ʛʝʣʶ. ʇʦʩʪʫʧʦʚʦ, ʫ ʤʽʨʫ ʚʠʭʦʜʫ 

ʨʦʟʯʠʥʥʠʢʘ, ʚʣʠʚʘʻʤʦ ʚ ʢʦʣʦʥʢʫ ʥʦʚʽ ʧʦʨʮʽʾ ʛʝʣʶ ʜʦ ʫʪʚʦʨʝʥʥʷ ʩʪʦʚʧʯʠʢʘ ʛʝʣʶ 

ʚʠʩʦʪʦʶ ʧʨʠʙʣʠʟʥʦ 30 ʩʤ, ʩʣʽʜʢʫʶʯʠ ʥʘ ʛʦʤʦʛʝʥʥʽʩʪʶ ʨʦʟʯʠʥʫ. ʇʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʦʚʧʯʠʢʘ ʛʝʣʶ ʢʦʣʦʥʢʫ ʟʘʧʦʚʥʶʻʤʦ ʜʦʚʝʨʭʫ ʜʠʩʪʠʣʷʪʦʤ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʥʮʝʪʘ 

ʧʦʤʽʱʘʻʤʦ ʥʘ ʧʦʚʝʨʭʥʶ ʨʽʜʠʥʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʧʘʧʽʨ ʨʦʟʤʽʨʦʤ, ʨʽʚʥʠʤ ʜʽʘʤʝʪʨʫ 

ʢʦʣʦʥʢʠ. ɼʘʣʽ ʟʣʠʚʘʻʤʦ ʙʫʬʝʨ ʜʦ ʨʽʚʥʷ ʛʝʣʶ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʧʘʧʽʨ 
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ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʛʝʣʶ ʽ ʦʙʝʨʽʛʘʻ ʡʦʛʦ ʚʽʜ ʢʘʣʘʤʫʯʝʥʥʷ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʜʦʜʘʚʘʥʥʽ ʩʫʤʽʰʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʯʦʚʠʥ ʽ ʜʠʩʪʠʣʷʪʫ. 

ʇʽʩʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʦʣʦʥʢʠ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ʫ 0,5 ʤʣ ʦʙʝʨʝʞʥʦ 

ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʫʩʽʡ ʧʦʚʝʨʭʥʽ ʚʝʨʭʥʴʦʛʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʧʘʧʝʨʫ. ʇʽʩʣʷ 

ʧʨʦʭʦʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʫ ʛʝʣʴ, ʫ ʢʦʣʦʥʢʫ ʟʘʣʠʚʘʻʪʴʩʷ ʙʫʬʝʨ ʚ ʦʙôʻʤʽ 10 ʤʣ. ʈʽʚʝʥʴ 

ʙʫʬʝʨʫ ʥʘʜ ʛʝʣʝʤ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʘ ʩʪʘʣʦʤʫ ʨʽʚʥʽ ʜʦ ʧʦʚʥʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʟʨʘʟʢʘ. 

ɼʦʩʣʽʜ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʯʝʨʛʦʚʦ ʜʣʷ ʢʦʞʥʦʛʦ ʟ 4 ʟʨʘʟʢʽʚ. 

ɺʠʟʥʘʯʝʥʥʷ ʚʽʣʴʥʦʛʦ ʦʙ'ʻʤʫ ʢʦʣʦʥʢʠ (Vʦ) 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʣʴʥʦʛʦ ʦʙ'ʻʤʫ ʢʦʣʦʥʢʠ (Vʦ) ʟʣʠʚʘʻʤʦ ʙʫʬʝʨ ʜʦ ʨʽʚʥʷ ʛʝʣʶ ʽ 

ʚʥʦʩʠʤʦ ʧʽʧʝʪʢʦʶ ʚ ʢʦʣʦʥʢʫ 2 ʤʣ ʨʦʟʯʠʥʫ ʙʣʘʢʠʪʥʦʛʦ ʜʝʢʩʪʨʠʥʫ (1%). ɺʽʜʢʨʠʚʘʻʤʦ 

ʥʠʞʥʽʡ ʚʠʭʽʜ ʢʦʣʦʥʢʠ ʽ, ʢʦʣʠ ʙʣʘʢʠʪʥʠʡ ʜʝʢʩʪʨʘʥ ʫʚʽʡʜʝ ʚ ʛʝʣʴ, ʧʝʨʝʢʨʠʚʘʻʤʦ ʥʠʞʥʽʡ 

ʚʠʭʽʜ ʢʦʣʦʥʢʠ. ɿʚʝʨʭʫ ʜʦʣʠʚʘʻʤʦ ʙʫʬʝʨʥʠʡ ʨʦʟʯʠʥ, ʚʽʜʢʨʠʚʘʻʤʦ ʥʠʞʥʽʡ ʚʠʭʽʜ 

ʢʦʣʦʥʢʠ, ʘ ʨʦʟʯʠʥ, ʱʦ ʚʠʪʽʢʘʻ, ʟʙʠʨʘʻʤʦ ʚ ʧʨʦʙʽʨʢʠ ʧʦ 1 ʤʣ. ʇʽʩʣʷ ʚʠʭʦʜʫ ʙʣʘʢʠʪʥʦʛʦ 

ʜʝʢʩʪʨʘʥʫ ʚʠʤʽʨʶʻʤʦ ʦʧʪʠʯʥʫ ʱʽʣʴʥʽʩʪʴ ʬʨʘʢʮʽʡ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ʧʨʠ ʜʦʚʞʠʥʽ 

ʭʚʠʣʽ 595 ʥʤ ʽ ʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʛʝʣʴ-ʬʽʣʴʪʨʘʮʽʾ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʣʴʥʦʛʦ ʦʙ'ʻʤʫ ʢʦʣʦʥʢʠ 

(Vʦ ) ʦʨʽʻʥʪʫʻʤʦʩʷ ʥʘ ʧʝʨʰʫ ʟʘʙʘʨʚʣʝʥʫ ʬʨʘʢʮʽʶ. 

ʉʢʣʘʜʘʻʤʦ ʢʘʣʽʙʨʫʚʘʣʴʥʫ ʩʽʪʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʟʥʘʯʝʥʥʷ ʦʙ'ʻʤʽʚ ʝʣʮʁʽʾ 

ʢʽʣʴʢʦʭ ʨʽʟʥʦʨʦʟʤʽʨʥʦ-ʤʦʣʝʢʫʣʷʨʥʠʭ ʙʽʣʢʽʚ: (Vʝ1) ɹʉɸ, (Vʝ2) ʉʊɻ ʪʘ (Vʝ3) 

ʘʧʨʦʪʠʥʠʥʘ. 

ɻʦʪʫʻʤʦ ʨʦʟʯʠʥʠ ɹʉɸ (0,2% ʨʦʟʯʠʥʫ), ʉʊɻ (0,3% ʨʦʟʯʠʥʫ) ʪʘ ʘʧʨʦʪʠʥʠʥʘ 

(0,5% ʨʦʟʯʠʥʫ). 2 ʤʣ ʨʦʟʯʠʥʫ ɹʉɸ (ʙʠʯʘʯʠʡ ʩʠʚʦʨʦʪʢʦʚʠʡ ʘʣʴʙʫʤʽʥ) ʥʘʥʦʩʠʤʦ ʥʘ 

ʛʝʣʴ-ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʫ ʢʦʣʦʥʢʫ. ʇʨʦʤʠʚʘʻʤʦ ʢʦʣʦʥʢʫ ʜʠʩʪʠʣʷʪʥʠʤ ʙʫʬʝʨʦʤ ʽ 

ʟʙʠʨʘʻʤʦ ʬʨʘʢʮʽʾ ʧʦ 1 ʤʣ. ʇʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʥʷ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ ʚʠʤʽʨʶʻʤʦ ʦʧʪʠʯʥʫ 

ʱʽʣʴʥʽʩʪʴ ʨʦʟʯʠʥʽʚ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ (ʬʨʘʢʮʽʾ, ʱʦ ʤʽʩʪʷʪʴ ʙʽʣʦʢ, ʚʠʤʽʨʶʻʤʦ ʧʨʠ 

ʜʦʚʞʠʥʽ ʭʚʠʣʽ 420 ʥʤ) ʽ ʟʘʥʦʩʠʤʦ ʜʘʥʽ ʜʦ ʪʘʙʣʠʮʽ ʨʝʟʫʣʴʪʘʪʽʚ ʛʝʣʴ-ʬʽʣʴʪʨʘʮʽʾ. 

ɺʠʟʥʘʯʘʻʤʦ ʦʙʩʷʛ ʝʣʶʮʽʾ ʙʽʣʢʘ. ɼʣʷ ʮʴʦʛʦ ʦʨʽʻʥʪʫʻʤʦʩʴ ʥʘ çʧʽʢʦʚʫè ʬʨʘʢʮʽʶ, ʱʦ 

ʤʽʩʪʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʙʽʣʢʘ. 

ɼʣʷ ʉʊɻ ʪʘ ʘʧʨʦʪʠʥʽʥʘ ʜʦʩʣʽʜ ʧʦʚʪʦʨʶʻʤʦ ʘʥʘʣʦʛʽʯʥʦ. 

ʉʢʣʘʜʘʻʤʦ ʢʘʣʽʙʨʫʚʘʣʴʥʠʡ ʛʨʘʬʽʢ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʙʽʣʢʽʚ ʪʘ 

ʦʙôʻʤʽʚ ʝʣʶʮʽʾ. 
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ɺʠʟʥʘʯʘʻʤʦ ʦʙôʻʤʠ ʝʣʶʮʽʾ ʦʪʨʠʤʘʥʠʭ ʨʝʯʦʚʠʥ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʪʘ ʟʘʥʦʩʠʤʦ ʜʘʥʽ ʜʦ ʪʘʙʣʠʮʽ ʪʘ ʩʢʣʘʜʘʻʤʦ ʢʘʣʽʙʨʫʚʘʣʴʥʠʡ ʛʨʘʬʽʢ 

(ʦʙôʻʤ ʝʣʶʮʽʾ ʟʘʧʠʩʫʻʤʦ ʜʣʷ ʬʨʘʢʮʽʡ ʽʟ ʧʽʢʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʬʣʫʦʨʝʩʮʝʥʮʽʾ, ʜʣʷ ʟʨʘʟʢʘ 

BD-CD, ʱʦ ʧʦʢʘʟʘʚ ʜʚʘ ʧʽʢʦʚʠʭ ʟʥʘʯʝʥʥʷ, ʬʽʢʩʫʻʤʦ ʦʙʠʜʚʘ ʟʥʘʯʝʥʥʷ, ʧʦʟʥʘʯʠʚʰʠ ʾʭ 

ʚʽʜʧʦʚʽʜʥʦ ʷʢ  BD-CD-1 ʨʘrt, BD-CD-2 ʨʘrt).  ɺʠʟʥʘʯʘʻʤʦ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʘʩ ʥʦʚʠʭ ʨʝʯʦʚʠʥ.  

3.2.3. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʫ ʪʘ ʾʭ ʦʮʽʥʢʘ  

ʆʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ Blu-CD, Green-CD, Violet-CD 

ʧʨʦʭʦʜʠʣʠ ʢʨʽʟʴ ʛʝʣʴ-ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʫ ʢʦʣʦʥʢʫ ʟʘʛʘʣʦʤ ʛʦʤʦʛʝʥʥʦ ʽʟ ʨʦʟʧʦʜʽʣʝʥʥʷʤ 

5-7 ʬʨʘʢʮʽʡ. ɿʨʘʟʦʢ BD-CD ʙʫʚ ʬʨʘʢʮʽʦʥʦʚʘʥʠʡ ʥʘ 16 ʬʨʘʢʮʽʡ. 

ʋʩʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʥʦʩʠʤʦ ʜʦ ʟʘʛʘʣʴʥʦʾ ʪʘʙʣʠʮʽ (ʊʘʙʣʠʮʷ 3.1). 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʫ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʦʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʝʯʦʚʠʥʠ ï ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ, ʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʘ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʧʝʢʪʨʦʤ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʪʘ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʨʘʟʢʠ ʟ çʟʝʣʝʥʠʤè ʩʧʝʢʪʨʦʤ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʤʘʶʪʴ ʙʽʣʴʰʫ ʤʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ, ʟ 

çʩʠʥʽʤè ʩʧʝʢʪʨʦʤ ï ʩʝʨʝʜʥʶ, çʬʽʦʣʝʪʦʚʠʤè - ʥʘʡʤʝʥʰʫ ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ. 

 

3.3. ʌʨʘʢʮʽʦʥʫʚʘʥʥʷ ʉ-ʪʦʯʦʢ ʤʝʪʦʜʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʬʦʨʝʟʫ. 

3.3.1. ʇʣʘʥ ʨʦʙʦʪʠ 

1) ʇʨʠʛʦʪʫʚʘʥʥʷ ʊʨʠʩ-ʅʉɯ ʙʫʬʝʨʘ ʪʘ ʨʦʟʯʠʥʫ ʘʛʘʨʦʟʠ. 

2) ʌʦʨʤʫʚʘʥʥʷ ʘʛʘʨʦʟʥʦʛʦ ʙʣʦʢʫ. 

3) ʅʘʥʝʩʝʥʥʷ ʟʨʘʟʢʽʚ ʫ ʣʫʥʢʠ. 

4) ɿʘʧʫʩʢ ʘʧʘʨʘʪʫ ʝʣʝʢʪʨʦʬʦʨʝʟʫ. 

5) ɿʙʽʨ ʪʘ ʘʥʘʣʽʟ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʫ 

6) ɿʘʥʝʩʝʥʥʷ ʜʘʥʠʭ ʜʦ ʪʘʙʣʠʮʽ 

3.3.2. ʍʽʜ ʨʦʙʦʪʠ 

1. ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʊʨʠʩ HCl ʫ 50-ʪʠ ʤʽʣʽʤʦʣʷʨʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ: ʟʤʽʰʫʻʤʦ 

200 ʤʣ (ʱʦ ʚʽʜʧʦʚʽʜʘʻ cʫʤʘʨʥʦʤʫ ʦʙôʻʤʫ ʙʫʬʝʨʥʦʾ ʢʘʤʝʨʠ ʪʘ ʽʟʦʣʶʶʯʦʾ ʧʣʘʩʪʠʥʠ) 

ʜʠʩʪʠʣʷʪʫ ʪʘ 1.57ʛ ʊʨʠʩ ʅʉl. 
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2. ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ 1%-ʛʦ ʨʦʟʯʠʥʫ ʘʛʘʨʦʟʠ: 30 ʤʣ ʙʫʬʝʨʘ ʟʤʽʰʫʻʤʦ ʟ 0.33ʛ ʘʛʘʨʦʟʠ 

ʪʘ ʩʪʘʚʠʤʦ ʨʦʟʯʠʥ ʥʘ ʚʦʜʷʥʫ ʙʘʥʶ ʜʦ ʧʦʚʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʨʝʯʦʚʠʥʠ. 

3. ɺʠʤʽʨʶʶʯʠ ʪʝʤʧʝʨʘʪʫʨʫ ʨʦʟʯʠʥʫ ʘʛʘʨʦʟʠ, ʧʨʦʚʦʜʠʤʦ ʬʦʨʤʫʚʘʥʥʷ ʘʛʘʨʦʟʥʦʛʦ 

ʙʣʦʢʫ (ʨʦʟʤʽʨʠ 10.5 ʩʤ ʥʘ 7.5ʩʤ ʥʘ 0.4 ʩʤ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 50ʉ ʥʘ ʽʟʦʣʶʶʯʫ 

ʧʣʘʩʪʠʥʫ ʽʟ ʛʨʝʙʽʥʮʝʤ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʣʫʥʦʢ. 

4. ʇʽʩʣʷ ʟʘʩʪʠʛʘʥʥʷ ʘʛʘʨʦʟʥʦʛʦ ʛʝʣʶ, ʚʠʡʤʘʻʤʦ ʛʨʝʙʽʥʝʮʴ ʪʘ ʩʘʤʧʣʝʨʦʤ ʥʘʥʦʩʠʤʦ 

0.1 ʤʣ  ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʫ ʢʦʞʥʫ ʣʫʥʢʫ. 

5. ɿʘʣʠʚʘʻʤʦ 170 ʤʣ ʙʫʬʝʨʘ ʫ ʚʽʜʩʽʢʠ ʙʫʬʝʨʥʦʾ ʢʘʤʝʨʠ ʪʘ ʨʦʟôʻʜʥʫʻʤʦ ʾʭ 

ʧʝʨʝʤʠʢʘʯʝʤ. 

6. ɺʩʪʘʥʦʚʣʶʻʤʦ ʽʟʦʣʶʶʯʫ ʧʣʘʩʪʠʥʢʫ ʟ ʥʦʩʽʻʤ, ʚʩʪʘʥʦʚʣʶʻʤʦ ʬʽʣʴʪʨʠ-ʤʽʩʪʢʠ, 

ʟʘʢʨʠʚʘʻʤʦ ʢʨʠʰʢʦʶ ʝʣʝʢʪʨʦʬʦʨʝʪʠʯʥʠʡ ʙʣʦʢ. 

7. ɽʣʝʢʪʨʦʜʠ ʧʽʜôʻʜʥʫʶʪʴʩʷ ʜʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʧʨʠʣʘʜ ʚʤʠʢʘʻʪʴʩʷ ʧʨʠ 60ɸ, 

0.03V ʥʘ 2 ʛʦʜʠʥʠ. 

3.3.3. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʫ ʪʘ ʾʭ ʦʮʽʥʢʘ 

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʜʦʩʣʽʜʫ ʩʧʦʩʪʝʨʽʛʘʣʠ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ: 

1. G-CD: ʦʩʥʦʚʥʘ ʬʨʘʢʮʽʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1,7 ʩʤ ʜʦ 2,9 ʩʤ ʫ ʙʽʢ ʘʥʦʜʫ. 

2. BG-CD-1 part: ʦʩʥʦʚʥʘ ʬʨʘʢʮʽʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 2 ʩʤ ʜʦ 3.5 ʩʤ ʫ ʙʽʢ 

ʘʥʦʜʫ. 

3. B-CD: ʦʩʥʦʚʥʘ ʬʨʘʢʮʽʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʩʤ ʜʦ 0.5 ʩʤ ʫ ʙʽʢ ʢʘʪʦʜʫ. 

4. BG-CD-2 part; ʦʩʥʦʚʥʘ ʬʨʘʢʮʽʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʩʤ ʜʦ 1 ʩʤ ʫ ʙʽʢ 

ʢʘʪʦʜʫ. 

5. V-CD; ʬʨʘʢʮʽʷ ʛʦʤʦʛʝʥʥʦ ʨʦʟʧʦʜʽʣʠʣʘʩʷ ʚʽʜ 0 ʩʤ ʜʦ 3 ʩʤ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʬʦʨʝʟʫ ʥʘ ʘʛʘʨʦʟʽ ʚʜʘʣʦʩʷ 

ʚʩʪʘʥʦʚʠʪʠ ʥʘʷʚʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʠʭ ʧʦʣʷʨʥʠʭ ʛʨʫʧ ʘʪʦʤʽʚ  ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʘʭ ï 

ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʯʘʩʪʢʘʭ. 

ʇʨʠ ʮʴʦʤʫ ʥʘʷʚʥʽʩʪʴ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʽʦʥʽʚ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʥʘʥʦʪʦʯʦʢ ʽʟ 

çʟʝʣʝʥʠʤè ʩʧʝʢʪʨʦʤ ʬʣʫʦʨʝʩʮʝʥʮʽʾ, ʘ ʜʣʷ ʥʘʥʦʪʦʯʦʢ ʽʟ çʩʠʥʽʤè  ʪʘ çʬʽʦʣʝʪʦʚʠʤè 

ʩʧʝʢʪʨʦʤ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ï ʥʘʷʚʥʽʩʪʴ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʽʦʥʽʚ. 

ʅʘʷʚʥʽʩʪʴ ʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʘʨʙʦʥʦʚʠʭ ʥʘʥʦʪʦʯʢʘʭ ʧʦʣʷʨʥʠʭ ʛʨʫʧ ʘʪʦʤʽʚ ʻ 

ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʜʣʷ ʾʭ ʧʦʜʘʣʴʰʦʾ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ.  
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ʌʦʪʦ 3.2. ʌʨʘʢʮʽʦʥʫʚʘʥʥʷ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʥʘʥʦʯʘʩʪʦʢ ʤʝʪʦʜʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʬʦʨʝʟʫ.                                 

ʉʧʝʢʪʨ ʟʙʫʜʞʝʥʥʷ 370 ʥʤ 

 
 

ʊʘʙʣʠʮʷ 3.1. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ 

ʈʝʯʦʚʠʥʘ ʄʦʣʝʢʫʣʷʨʥʘ 

ʤʘʩʘ (ʢɼʘ) 

ʆʙʩʷʛ 

ʝʣʶʮʽʾ 

(ʤʣ) 

ʉʧʝʢʪʨ 

ʟʙʫʜʞʝʥʥʷ 

ɚex
max 

(ʥʤ) 

ʉʧʝʢʪʨ 

ʝʤʽʩʽʾ 

ɚem
max 

(ʥʤ) 

ɽʣʝʢʪʨʠʯʥʠʡ 

ʟʘʨʷʜ 

ɹʣʘʢʠʪʥʠʡ 

ʜʝʢʩʪʨʘʥ 

200 35    

G-CD ʍ1= 70 44 425 530 ï 

ɹʉɸ  64 45    

BG-CD-1 part ʍ2= 59 51 405 525 ï 

B-CD ʍ3= 32 74 350 445 + 

BG-CD-2 part ʍ4= 29 83 350 440 + 

ʉʊɻ 21.6 120    

V-CD ʍ5=10 135 335 405 + 

ɸʧʨʦʪʠʥʠʥ 7.25 140    
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3.4. ɼʠʥʘʤʽʢʘ ʬʦʨʤʫʚʘʥʥʷ ʢʘʨʙʦʥʦʚʠʭ ʯʘʩʪʠʥʦʢ 

3.4.1. ʇʣʘʥ ʨʦʙʦʪʠ 

1) ʇʨʠʛʦʪʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʜʣʷ ʜʦʩʣʽʜʫ. 

2) ʊʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʟʨʘʟʢʽʚ. 

3) ɺʠʜʽʣʝʥʥʷ ʥʘʥʦʯʘʩʪʦʢ. 

4) ɿʘʧʠʩ ʩʧʝʢʪʨʽʚ ʝʤʽʩʽʾ ʪʘ ʘʙʩʦʨʙʮʽʾ ʟʨʘʟʢʽʚ.  

5) ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ.  

3.4.2. ʍʽʜ ʨʦʙʦʪʠ 

1) ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʩʫʤʽʰʽ ʣʠʤʦʥʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʢʘʨʙʘʤʽʜʫ ʫ ʤʦʣʷʨʥʦʤʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:3 ʚʽʜʧʦʚʽʜʥʦ, ʙʝʨʫʪʴʩʷ ʥʘʚʘʞʢʠ ʜʣʷ ʜʝʚôʷʪʠ ʟʨʘʟʢʽʚ: ʚ ʢʦʞʥʦʤʫ 

ʚʠʧʘʜʢʫ ʟʚʘʞʫʻʪʴʩʷ 0.258 ʛ ʣʠʤʦʥʥʦʾ ʢʠʩʣʦʪʠ ʪʘ 0.242 ʛ ʩʝʯʦʚʠʥʠ, ʟʘʛʘʣʦʤ ʚ 

ʢʦʞʥʦʤʫ ʽʟ ʟʨʘʟʢʽʚ ʤʽʩʪʠʪʴʩʷ 0.5 ʛ ʩʫʤʽʰʽ, ʢʦʪʨʘ ʚʥʦʩʠʪʴʩʷ ʫ ʪʝʨʤʦʩʪʽʡʢʠʡ ʪʠʛʝʣʴ ʽʟ 

ʪʝʤʥʦʛʦ ʩʢʣʘ ʦʙôʻʤʦʤ 2 ʤʣ. ʂʦʞʥʠʡ ʪʠʛʝʣʴ ʟʘʢʨʠʚʘʻʪʴʩʷ ʘʣʶʤʽʥʽʻʚʦʶ ʬʦʣʴʛʦʶ. 

2) ʇʽʩʣʷ ʨʦʟʽʛʨʽʚʫ ʩʫʰʠʣʴʥʦʾ ʰʘʬʠ, ʚʩʝʨʝʜʠʥʫ ʚʥʦʩʷʪʴʩʷ 9 ʟʨʘʟʢʽʚ ʥʘ 

ʤʝʪʘʣʝʚʦʤʫ ʪʨʠʤʘʯʽ. ɿʨʘʟʢʠ ʚʠʡʤʘʶʪʴʩʷ ʧʦʯʝʨʛʦʚʦ ʯʝʨʝʟ 1, 2, 4, 8, 16, 32, 64, 128, 

256 ʭʚ ʚʽʜʧʦʚʽʜʥʦ.  

4) ɿʨʘʟʢʠ ʙʫʣʠ ʨʦʟʚʝʜʝʥʽ ʜʦ ʦʙôʻʤʫ 2 ʤʣ ʪʘ ʜʦʚʝʜʝʥ ̔ʜʦ ʛʦʤʦʛʝʥʥʦʛʦ ʩʪʘʥʫ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʜʠʩʧʝʨʛʘʪʦʨʦʤ ʋɿɼʅ-ɸ150, ʽ ʮʝʥʪʨʠʬʫʛʦʚʘʥʽ (ʮʝʥʪʨʠʬʫʛʘ 

Eppendorf AG 22331, 5 ʭʚ, 10 ʪʠʩ. ʦʙʝʨʪʽʚ) ʟʽ ʟʙʦʨʦʤ ʩʫʧʝʨʥʦʪʘʥʪʫ.  

5)  ɺʽʟʫʘʣʴʥʦ ʜʝʪʝʢʪʦʚʘʥʘ ʥʘʷʚʥʽʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʫ ʟʨʘʟʢʘʭ (ʬʦʪʦ 3). 

6) ʅʘ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʽ ʙʫʣʠ ʚʠʤʽʨʷʥʽ ʩʧʝʢʪʨʠ ʚʠʧʨʦʤʽʥʝʥʥʷ  ʪʘ 

ʧʦʛʣʠʥʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʘ Quanta 

Master (ʌʦʪʦʥ Technology International), ʦʙʨʦʙʣʝʥʽ ʧʨʦʛʨʘʤʦʶ Origin. 
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ʌʦʪʦ 3.3. ʆʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʢʘʨʙʦʥʦʚʠʭ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʥʘʥʦʯʘʩʪʦʢ, ʬʨʘʢʮʽʦʥʦʚʘʥʠʭ ʟʘ ʯʘʩʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʨʦʙʢʠ. ʉʧʝʢʪʨ ʟʙʫʜʞʝʥʥʷ 370 ʥʤ. 

 

 

 

ʈʠʩ. 3.1. ɿʘʣʝʞʥʽʩʪʴ ʩʧʝʢʪʨʫ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʯʘʩʫ ʦʙʨʦʙʢʠ.  
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3.4.3. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʫ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ  

ʆʪʨʠʤʘʥʦ 9 ʟʨʘʟʢʽʚ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʬʣʫʦʨʝʩʮʝʥʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʫʧʝʥʷ ʦʙʨʦʙʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚʽʜʦʙʨʘʞʝʥʽ ʛʨʘʬʽʯʥʦ 

ʥʘ ʨʠʩ. 3.1.:  

ɼʦ 4-ʾ ʭʚʠʣʠʥʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʰʚʠʜʢʝ ʧʽʜʚʠʱʝʥʥʷ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʫ ʦʙʣʘʩʪʽ 

ʟʙʫʜʞʝʥʥʷ: 360 ʥʤ, ʚʠʧʨʦʤʽʥʶʚʘʥʥ:̫ 440 ʥʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʫʪʚʦʨʝʥʥʷ ʧʝʚʥʦʾ, 

ʟʜʘʪʥʦʾ ʜʦ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʨʝʯʦʚʠʥʠ. ɿʘ ʥʘʰʠʤ ʧʨʠʧʫʱʝʥʥʷʤ ʽʩʥʫʻ ʽʤʦʚʽʨʥʽʩʪʴ  

ʫʪʚʦʨʝʥʥʷ ʽʟ ʣʠʤʦʥʥʦʾ ʢʠʩʣʦʪʽ ʪʘ ʩʝʯʦʚʠʥʠ ʥʦʚʦʾ ʛʝʪʝʨʦʮʠʢʣʽʯʥʦʾ ʩʧʦʣʫʢʠ ï 

ʮʠʪʨʘʟʠʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʟʜʘʪʥʦʾ ʜʦ ʬʣʫʦʨʝʩʮʝʥʮʽʾ [17]. 

ʅʘʜʘʣʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʦʾ ʦʙʣʘʩʪʽ ʬʣʫʦʨʝʩʮʝʥʮʽʾ [18] ï ʽʟ ʧʽʢʦʤ 

ʧʨʠ ʟʙʫʜʞʝʥʥʽ: 415 ʥʤ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ: 530 ʥʤ, ʷʢʠʡ ʟʨʦʩʪʘʻ ʚʧʨʦʜʦʚʞ ʥʘʛʨʽʚʘʥʥʷ 

ʤʦʞʣʠʚʦ ʟʘʚʜʷʢʠ ʫʪʚʦʨʝʥʥʶ ʢʘʨʙʦʥʦʚʦʛʦ ʷʜʨʘ ʯʝʨʝʟ ʧʦʣʽʤʝʨʠʟʘʮʽʶ [19], ʱʦ ʽ 

ʚʠʟʥʘʯʘʻ ʟʜʘʪʥʽʩʪʴ ʜʦ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʢʘʨʙʦʥʦʚʠʭ ʪʦʯʦʢ [18]. 

 

3.5. ɺʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʢʘʨʙʦʥʦʚʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʙʽʦʦʙôʻʢʪ Daphnia magna 

3.5.1. ʇʣʘʥ ʨʦʙʦʪʠ 

1) ʇʽʜʛʦʪʫʚʘʥʥʷ ʦʙôʻʤʽʚ ʽʟ ʟʨʘʟʢʘʤ, ʢʦʥʪʨʦʣʶ. 

2) ɺʥʝʩʝʥʥʷ ʫ ʜʦʩʣʽʜʥʽ ʦʙôʤ̒ʠ ʜʘʬʥʽʡ. 

3) ʆʮʽʥʢʘ ʢʽʣʴʢʦʩʪʽ ʜʘʬʥʽʡ ʧʽʩʣʷ ʜʦʩʣʽʜʫ, ʤʘʪʝʤʘʪʠʯʥʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ. 

4) ɺʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʜʘʬʥʽʡ ʢʘʨʙʦʥʦʚʠʤʠ 

ʯʘʩʪʢʘʤʠ 

 

3.5.2. ʍʽʜ ʨʦʙʦʪʠ 

ɿʨʘʟʢʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʚʝʜʝʥʥʷ ʥʘʣʠʚʘʶʪʴʩʷ ʫ ʩʢʣʷʥʽ ʻʤʥʦʩʪʽ ʦʙôʻʤʦʤ 100 ʤʣ. 

ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʦʥʪʨʦʣʶ ʥʘʣʠʚʘʶʪʴ 100 ʤʣ ʚʽʜʬʽʣʴʪʨʦʚʘʥʦʾ ʚʦʜʠ ʟ ʻʤʥʦʩʪʝʡ, ʜʝ 

ʢʫʣʴʪʠʚʫʶʪʴʩʷ ʜʘʬʥʽʾ. ʇʦʚʪʦʨʶʚʘʥʽʩʪʴ ʫ ʜʦʩʣʽʜʽ ʪʘ ʢʦʥʪʨʦʣʽ - ʧʦʪʨʽʡʥʘ. 

ʋ ʢʦʞʥʫ ʜʦʩʣʽʜʥʫ ʽ ʢʦʥʪʨʦʣʴʥʫ ʻʤʥʽʩʪʴ ʚʤʽʱʫʶʪʴ ʧʦ 10 ʜʘʬʥʽʡ ʫ ʚʽʮʽ ʜʦ 24 

ʛʦʜʠʥ. ɰʭ ʰʚʠʜʢʦ ʧʝʨʝʥʦʩʷʪʴ ʩʢʣʷʥʦʶ ʪʨʫʙʢʦʶ ʜʽʘʤʝʪʨʦʤ 5-7 ʤʤ, ʟʘʥʫʨʠʚʰʠ ʫ ʚʦʜʫ. 

1) ʊʨʠʚʘʣʽʩʪʴ ʙʽʦʪʝʩʪʫʚʘʥʥʷ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʛʦʩʪʨʦʾ ʪʦʢʩʠʯʥʦʩʪʽ ʩʪʘʥʦʚʠʪʴ 96 ʛʦʜʠʥ. 
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ʇʽʜ ʯʘʩ ʙʽʦʪʝʩʪʫʚʘʥʥʷ ʜʘʬʥʽʡ ʥʝ ʛʦʜʫʶʪʴ. ʅʘʧʨʠʢʽʥʮʽ ʙʽʦʪʝʩʪʫʚʘʥʥʷ ʚʽʟʫʘʣʴʥʦ 

ʚʠʟʥʘʯʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʞʠʚʠʭ ʪʘ ʽʤʤʦʙʽʣʽʟʦʚʘʥʠʭ ʜʘʬʥʽʡ. (ɼʘʬʥʽʷ ʚʚʘʞʘʻʪʴʩʷ ʞʠʚʦʶ, 

ʷʢʱʦ ʚʦʥʘ ʟʜʘʪʥʘ ʚʽʣʴʥʦ ʧʝʨʝʤʽʱʫʚʘʪʠʩʴ ʫ ʪʦʚʱʽ ʚʦʜʽ ʘʙʦ ʧʽʜʽʡʤʘʪʠʩʴ ʽʟ ʜʥʘ 

ʧʦʩʫʜʠʥʠ ʥʝ ʧʽʟʥʽʰʝ 15 ʩʝʢʫʥʜ ʧʽʩʣʷ ʣʝʛʢʦʛʦ ʩʪʨʫʰʫʚʘʥʥʷ). ɯʥʰʽ ʜʘʬʥʽʾ ʚʚʘʞʘʶʪʴʩʷ 

ʟʘʛʠʙʣʠʤʠ.  

ɿʘʩʥʦʚʫʶʯʠʩʴ ʥʘ ʜʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʨʴʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʚʠʟʥʘʯʝʥʴ ʢʽʣʴʢʦʩʪʽ 

ʞʠʚʠʭ ʜʘʬʥʽʡ ʫ ʢʦʥʪʨʦʣʽ ʟʥʘʭʦʜʷʪʴ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʢʽʣʴʢʦʩʪʽ ʜʘʬʥʽʡ ʟʘ 

ʬʦʨʤʫʣʦʶ 3.1. [20]: 

       
ʬʦʨʤʫʣʘ (3.1.) 

 

ʜʝ: - ʨʝʟʫʣʴʪʘʪ ʽ-ʛʦ ʚʠʤʽʨʫ ʢʽʣʴʢʦʩʪʽ ʞʠʚʠʭ ʜʘʬʥʽʡ ʫ ʢʦʥʪʨʦʣʽ. (i ï ʥʦʤʝʨ 

ʚʠʤʽʨʫ ʢʽʣʴʢʦʩʪʽ ʞʠʚʠʭ ʜʘʬʥʽʡ ʫ ʢʦʥʪʨʦʣʽ, i = i,...,I;  I ï ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʣʝʣʴʥʠʭ 

ʚʠʤʽʨʽʚ ʢʽʣʴʢʦʩʪʽ ʞʠʚʠʭ ʜʘʬʥʽʡ ʫ ʢʦʥʪʨʦʣʽ, I = 3. 

ʈʦʟʨʘʭʫʥʦʢ ʚʽʜʥʦʰʝʥʥʷ ʫ ʚʽʜʩʦʪʢʘʭ ʢʽʣʴʢʦʩʪʽ ʟʘʛʠʙʣʠʭ ʜʘʬʥʽʡ ʫ ʜʦʩʣʽʜʽ ʜʦ 

ʢʽʣʴʢʦʩʪʽ ʜʘʬʥʽʡ ʫ ʢʦʥʪʨʦʣʽ ʟʘ ʬʦʨʤʫʣʦʶ 3.2.: 

                                                  
ʬʦʨʤʫʣʘ (3.2.) 

 

ɺʠʩʥʦʚʦʢ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʯʠ ʚʽʜʩʫʪʥʽʩʪʴ ʛʦʩʪʨʦʾ ʣʝʪʘʣʴʥʦʾ ʪʦʢʩʠʯʥʦʩʪʽ  

  

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ʨʦʙʣʷʪʴ, ʟʘʩʥʦʚʫʶʯʠʩʴ ʥʘ ʚʝʣʠʯʠʥʽ ɸ. ʗʢʱʦ ʚʝʣʠʯʠʥʦ ɸ 

ʩʪʘʥʦʚʠʪʴ 50%  ʜʘʬʥʽʡ ʽ ʙʽʣʴʰʝ ʚʚʘʞʘʶʪʴ, ʱʦ ʘʥʘʣʽʟʦʚʘʥʘ ʧʨʦʙʘ ʚʠʷʚʣʷʻ ʛʦʩʪʨʫ 

ʣʝʪʘʣʴʥʫ ʪʦʢʩʠʯʥʽʩʪʴ.  

ʂʦʥʪʨʦʣʴ: ʟʘ ʯʘʩ ʜʦʩʣʽʜʫ (96ʛʦʜ) ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʜʘʬʥʽʡ ʫ 

ʢʦʥʪʨʦʣʽ ʧʨʠʡʥʷʪʦ Xave=10                                                                                                                  
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ʊʘʙʣʠʮʷ 3.2. 

ʈʝʟʫʣʴʪʘʪʠ ʙʽʦʪʝʩʪʫʚʘʥʥʷ ʥʘ Daphnia Magna 

ʇ\ʥ ʜʦʩʣʽʜʫ 

ʂʽʣʴ-ʪ  ɹʜʘʬʥʽʡ ʫ 

ʢʦʥʪʨʦʣʽ (ʧʽʩʣʷ 

ʧʨʦʭʦʜʞʝʥʥʷ 

ʜʦʩʣʽʜʫ ï ʟ 10) 

Õl ʩʪʦʢʦʚʦʛʦ 

ʨʦʟʯʠʥʫ ʚʟʷʪʦ ʥʘ 

100 ʤʣ ʚʦʜʠ 

 

Xalive (ʢ-ʪʴ 

ʞʠʚʠʭ) 

 

%  

ʽʤʤʦʙʽʣʽʟʦʚʘʥʠʭ 

1 10 10 10 0 

2 10 100 9 10 

3 9 1000 10 0 

4 10 5000 9 10 

3.5.3. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʫ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. 

ʇʨʠ ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ ʙʽʦʪʝʩʪʫʚʘʥʥʷ (ʜʦ 96 ʛʦʜʠʥ), ʷʢʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʛʦʩʪʨʫ ʪʦʢʩʠʯʥʫ ʜʽʶ ʢʘʨʙʦʥʦʚʠʭ ʥʘʥʦʯʘʩʪʦʢ, ʚʠʞʠʚʘʥʥʷ ʜʘʬʥʽʡ ʫ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʘʭ 

ʥʝ ʟʤʽʥʠʣʘʩʷ. ʂʨʠʪʝʨʽʻʤ ʪʦʢʩʠʯʥʦʩʪʽ ʻ ʟʘʛʠʙʝʣʴ 50% ʽ ʙʽʣʴʰʝ ʚʽʜʩʦʪʢʽʚ ʜʘʬʥʽʡ ʟʘ 

ʧʝʨʽʦʜ ʯʘʩʫ ʜʦ 96 ʛʦʜʠʥ ʫ ʪʝʩʪʦʚʦʤʫ ʨʦʟʯʠʥʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʝʤ. ɿʚʽʜʩʠ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʽ ʥʘʥʦʯʘʩʪʢʠ ʥʝ ʤʘʶʪʴ ʛʦʩʪʨʦʾ ʪʦʢʩʠʯʥʦʾ ʜʽʾ ʥʘ 

ʪʝʩʪ-ʦʙ'ʻʢʪ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʣʽʜʞʫʚʘʥʽ ʬʣʫʦʨʦʬʦʨʠ, ʚʽʨʦʛʽʜʥʦ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʢʣʽʪʠʥ ʪʘ ʞʠʚʠʭ ʦʙôʢ̒ʪʽʚ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʧʨʦʬʘʨʙʦʚʫʚʘʥʥʷ ʞʠʚʠʭ ʜʘʬʥʽʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʥʬʦʢʘʣʴʥʦʛʦ 

ʝʧʽʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ. ɼʣʷ ʮʴʦʛʦ ʜʘʬʥʽʾ ʟʘʥʫʨʶʚʘʣʠ ʫ ʨʦʟʯʠʥ ʟ 

ʢʘʨʙʦʥʦʚʠʤʠ ʯʘʩʪʢʘʤʠ ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʷʢʘ ʩʫʪʪʻʚʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ  

(1000 ʤʢʣ/100ʤʣ) ʥʘ ʨʽʟʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ (ʚʽʜ 1 ʛʦʜʠʥʠ ʜʦ 3 ʪʠʞʥʽʚ). ɿôʷʩʫʚʘʣʦʩʷ, ʱʦ 

ʚʠʪʨʠʤʫʚʘʥʥʷ ʨʘʯʢʽʚ ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʨʦʟʯʠʥʽ ʜʘʻ ʟʘʜʦʚʽʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʾʭ ʚʥʫʪʨʽʰʥʽʭ ʩʪʨʫʢʪʫʨ ʧʨʠʙʣʠʟʥʦ ʟʘ 10 ʛʦʜʠʥ (ʬʦʪʦ 3.4). ʎʝ ʜʘ ̒

ʧʽʜʩʪʘʚʠ ʜʣʷ ʦʧʪʠʤʽʩʪʠʯʥʦʛʦ ʟʘʢʣʶʯʝʥʥʷ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʙʦʥʦʚʠʭ 

ʯʘʩʪʦʢ ʫ ʷʢʦʩʪʽ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʨʝʧʦʨʪʝʨʽʚ ʧʨʠ ʚʠʚʯʝʥʥʽ ʞʠʚʠʭ ʽʩʪʦʪ ʷʢ ʚ 

ʽʥʪʘʢʪʥʦʤʫ ʩʪʘʥʽ, ʪʘʢ ʽ ʧʨʠ ʜʽʾ ʧʦʰʢʦʜʞʫʶʯʠʭ ʯʠʥʥʠʢʽʚ ï ʪʦʢʩʠʥʽʚ, ʦʪʨʫʪ, ʚʽʨʫʩʽʚ ʪʘ 

ʽʥʰʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ. ɺʽʟʫʘʣʴʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʦʰʢʦʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨ ʢʣʽʪʠʥʠ ʘʙʦ 

ʦʨʛʘʥʽʟʤʫ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʥʝʩʧʨʠʷʪʣʠʚʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʜʦʚʢʽʣʣʷ. 
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ʌʦʪʦ 3.4. ʂʦʥʬʦʢʘʣʴʥʘ ʤʽʢʨʦʩʢʦʧʽʷ. ʆʙôʻʢʪ Daphnia Magna ï ʬʣʫʦʨʝʩʮʝʥʮʽʷ ʢʘʨʙʦʥʦʚʠʭ 

ʥʘʥʦʪʦʯʦʢ. ʉʧʝʢʪʨ ʟʙʫʜʞʝʥʥʷ 405 ʥʤ. ɽʤʽʩʽʾ 525 ʥʤ ʽ 440 ʥʤ. 

 

 

ʌʦʪʦ 3.5. ʂʦʥʬʦʢʘʣʴʥʘ ʤʽʢʨʦʩʢʦʧʽʷ. ʆʙôʻʢʪ ʢʣʽʪʠʥʠ ʣʽʥʽʾ HeLa ï ʬʣʫʦʨʝʩʮʝʥʮʽʷ ʢʘʨʙʦʥʦʚʠʭ 

ʥʘʥʦʪʦʯʦʢ. ʉʧʝʢʪʨ ʟʙʫʜʞʝʥʥʷ 405 ʥʤ.  

 

 

 

 


