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ɸʅʆʊɸʎɯʗ 

ʄʠʨʦʥʶʢ ʆ.ɺ. ʅɸʋʂʆɺɯ ɿɸʉɸɼʀ ʉʊɺʆʈɽʅʅʗ ʉʊʈʋʂʊʋʈʀ ʆʈɻɸʅʆ-

ʄɯʅɽʈɸʃʔʅʀʍ ʇʆɺɽʈʍʆʅʔ ɿɯ ʉʊɸʃʆʖ ʉʋʇɽʈɻɯɼʈʆʌʆɹʅɯʉʊʖ. -  

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.17.11 çʊʝʭʥʦʣʦʛʽʷ ʪʫʛʦʧʣʘʚʢʠʭ ʥʝʤʝʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚè. - 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʄʆʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2024. 

ɼʠʩʝʨʪʘʮʽʷ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʥʘʫʢʦʚʠʭ ʟʘʩʘʜ ʦʪʨʠʤʘʥʥʷ 

ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ  ʨʝʛʫʣʴʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʢʩʪʨʘʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʪʝʢʩʪʫʨʫʚʘʥʥʷ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʘʙʣʷʮʽʾ ʧʦʚʝʨʭʦʥʴ ʤʝʪʘʣʽʚ ʪʘ ʾʭ ʦʢʩʠʜʽʚ ʬʝʤʪʦʩʝʢʫʥʜʥʠʤ ʣʘʟʝʨʦʤ ʟ 

ʦʜʝʨʞʘʥʥʷʤ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʪʝʢʩʪʫʨ ʪʘ ʘʜʠʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʦʜʝʨʞʘʥʥʷ 

ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʪʠʥʦʢ ʪʫʛʦʧʣʘʚʢʠʭ 

ʥʝʤʝʪʘʣʽʯʥʠʭ ʨʝʯʦʚʠʥ ʷʢ ʬʦʨʤʫʶʯʠʭ ʪʝʢʩʪʫʨʫ ʥʘʧʦʚʥʶʚʘʯʽʚ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡ.   

 ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʟ ʧʽʜʚʠʱʝʥʦʶ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʬʦʨʤʫʚʘʥʥʷ ʾʭ 

ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʝʦʨʝʪʠʯʥʽ ʧʽʜʭʦʜʠ ʪʘ ʧʨʦʛʥʦʩʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʩʪʨʫʢʪʫʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʪʘʢʠʭ ʧʦʚʝʨʭʦʥʴ ʽ ʟʥʘʯʝʥʥʷʤʠ 

ʨʽʚʥʦʚʘʞʥʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ. ʇʦʢʘʟʘʥʦ ʱʦ ʧʨʠ ʦʜʝʨʞʘʥʥʽ ʧʦʚʝʨʭʦʥʴ ʟ ʚʠʩʦʢʦʶ 

ʚʣʘʩʪʠʚʽʩʪʶ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʽʻʨʘʨʭʽʯʥʠʭ 

ʜʚʦʨʽʚʥʝʚʠʭ ʤʽʢʨʦ- ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽʩʥʫʶʯʽ ʩʧʦʩʦʙʠ 

ʟʥʠʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʥʝʦʨʛʘʥʽʯʥʠʭ ʦʢʩʠʜʽʚ, 

ʩʠʣʽʢʘʪʽʚ ʪʘ ʤʝʪʘʣʽʚ ʟʘ ʨʘʭʫʥʦʢ ʭʽʤʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʦʨʛʘʥʽʯʥʠʤʠ ʪʘ 

ʩʽʣʽʮʽʡʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ.  
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ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʭʦʜʷʯʠ ʟ 

ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʪʘʥʫ ʂʘʩʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʩʪʨʫʢʪʫʨʠ, ʟʦʢʨʝʤʘ, ʽʻʨʘʨʭʽʯʥʦʛʦ ʪʠʧʫ, ʱʦ ʦʜʝʨʞʘʥʘ ʘʜʠʪʠʚʥʠʤ ʪʘ 

ʝʢʩʪʨʘʢʪʠʚʥʠʤ ʤʝʪʦʜʘʤʠ. ɼʣʷ ʘʜʠʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʢʨʠʪʝʨʽʾ ʧʽʜʙʦʨʫ 

ʢʦʤʧʦʥʝʥʪʽʚ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʘ ʜʣʷ ʝʢʩʪʨʘʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ 

ʦʜʝʨʞʘʥʥʷ ʪʝʢʩʪʫʨʠ ï ʫʪʦʯʥʝʥʦ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʫ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ LIPSS ʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʷʭ ʤʝʪʘʣʽʚ ʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨ ʥʘ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʧʦʚʝʨʭʥʷʭ, ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʪʝʢʩʪʫʨʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʆʢʨʝʤʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʤʝʪʦʜʘʤ ʦʮʽʥʢʠ 

ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʪʘ ʟʤʦʯʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʈʦʟʚʠʥʫʪʦ  ʢʣʘʩʠʯʥʽ 

ʤʝʪʦʜʠ ɿʽʩʤʘʥʘ ʪʘ ʆʫʝʥʩʘ-ɺʝʥʜʪʘ ʜʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʽʾ ʧʦʚʝʨʭʥʽ ʪʝʢʩʪʫʨ ʘ ʪʘʢʦʞ ʟʤʽʥʠ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʚ ʭʦʜʽ ʧʨʠʩʢʦʨʝʥʦʛʦ ʩʪʘʨʽʥʥʷ ʧʽʜ 

ʜʽʻʶ ʘʛʨʝʩʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʩʝʨʝʜʦʚʠʱʘ: ʋʌ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʢʦʣʠʚʘʥʴ,  ʜʠʥʘʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʚʦʜʠ, ʨʽʜʠʥ ʟʽ ʟʥʠʞʝʥʠʤ ʧʦʚʝʨʭʥʝʚʠʤ ʥʘʪʷʛʦʤ 

ʪʦʱʦ.   

ɺ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʦʜʝʨʞʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʬʦʨʤʫʶʪʴ ʪʦʧʦʛʨʘʬʽʶ ʧʦʚʝʨʭʥʽ ʟʘ ʘʜʠʪʠʚʥʠʤ ʰʣʷʭʦʤ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʥʦʨʽʚʥʷ  

ʪʝʢʩʪʫʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʘʩʪʠʥʢʠ SiO2, ʦʜʝʨʞʘʥʽ ʜʦʙʨʝ ʚʽʜʪʚʦʨʶʚʘʥʠʤʠ ʪʘ 

ʤʘʩʰʪʘʙʦʚʘʥʠʤʠ ʟʦʣʴ-ʛʝʣʴ ʽ ʧʽʨʦʛʝʥʥʠʤ ʤʝʪʦʜʘʤʠ. ʄʽʢʨʦʨʽʚʝʥʴ  ʧʦʚʝʨʭʥʝʚʦʾ 

ʩʪʨʫʢʪʫʨʠ ʬʦʨʤʫʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʪʦʥʢʦʰʘʨʦʚʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʟ ʨʽʟʥʦʶ ʬʦʨʤʦʶ ʯʘʩʪʠʥʦʢ: ʩʬʝʨʠʯʥʦʶ, ʧʩʝʚʜʦʢʫʙʽʯʥʦʶ, ʚʦʣʦʢʥʠʩʪʦʶ, 

ʣʫʩʢʫʥʯʘʩʪʦʶ ʪʘ ʜʚʦʨʽʚʥʝʚʦʶ. ɼʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʝʣʝʤʝʥʪʽʚ ʪʦʧʦʛʨʘʬʽʾ ʧʽʜʽʙʨʘʥʦ 

ʚʽʜʧʦʚʽʜʥʠʡ ʤʦʜʠʬʽʢʘʪʦʨ ʜʣʷ ʟʥʠʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ. ʇʦʢʘʟʘʥʦ ʱʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʫ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ ʦʜʝʨʞʘʥʠʭ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʉʪʦʙʝʨʘ 

ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʪʘ ʡʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʰʣʷʭʦʤ ʚʘʨʽʶʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʯʠʥʥʦʩʪʽ ʍʘʥʩʝʥʘ ʩʝʨʝʜʦʚʠʱʘ ʩʠʥʪʝʟʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʘʨʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ.  ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʷʜʫ ʜʠʩʧʝʨʩʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʘʨʽʶʚʘʥʥʷʤ ʬʦʨʤʠ ʪʘ ʪʠʧʫ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʤʽʢʨʦʨʽʚʥʷ ʪʝʢʩʪʫʨʠ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ ʘʜʠʪʠʚʥʠʤ ʤʝʪʦʜʦʤ, ʟʦʢʨʝʤʘ: 
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ʤʽʢʨʦʥʽʟʦʚʘʥʦʛʦ ʢʘʣʴʮʠʪʫ, ʧʝʨʣʽʪʦʚʦʛʦ ʚʽʜʩʽʚʫ  ʪʘ ʚʘʣʦʨʠʟʦʚʘʥʠʭ ʪʝʭʥʦʛʝʥʥʠʭ 

ʚʽʜʭʦʜʽʚ: ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʪʘ ʬʽʣʴʪʨ-ʧʝʨʣʽʪʫ.  

ɺ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʪʝʢʩʪʫʨʠ ʪʘ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʜʠʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʟʛʘʜʘʥʠʭ 

ʜʠʩʧʝʨʩʥʠʭ ʥʘʥʦ- ʪʘ ʤʽʢʨʦʯʘʩʪʠʥʦʢ ʽ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʾʭ 

ʬʽʢʩʘʮʽʶ ʥʘ ʩʫʙʩʪʨʘʪʘʭ. ʇʦʢʘʟʘʥʦ, ʱʦ . ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ ʥʘʥʝʩʝʥʥʷ 

ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘʣʠʚʦʤ, ʧʥʝʚʤʘʪʠʯʥʠʤ ʥʘʧʠʣʝʥʥʷʤ ʪʘ ʨʘʢʝʣʝʤ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʟʜʘʪʥʠʭ 

ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫ ʂʘʩʽ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʫʤʦʚʠ ʥʘʥʝʩʝʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʟ 

ʥʘʜʢʨʠʪʠʯʥʠʤ ʚʤʽʩʪʦʤ ʬʦʨʤʫʶʯʠʭ ʪʝʢʩʪʫʨʫ ʜʠʩʧʝʨʩʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʈʦʟʛʣʷʥʫʪʦ 

ʬʘʢʪʦʨʠ ʬʦʨʤʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʨʦʟʤʽʨ 

ʯʘʩʪʠʥʦʢ, ʩʪʫʧʽʥʴ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ ʧʦʣʽʤʝʨʫ ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʥʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʜʘʪʢʦʚʠʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʦʾ 

ʟʜʘʪʥʦʩʪʽ ʻ ʦʜʥʦʯʘʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʨʽʚʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʢʩʪʫʨʠ. 

ʊʘʢʠʡ ʝʬʝʢʪ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʷʢ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʣʘʩʥʝ 

ʛʽʜʨʦʬʽʣʴʥʠʭ ʽʻʨʘʨʭʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʪʘʢ ʽ ʩʪʚʦʨʝʥʥʷ ʾʭ ʟ ʥʘʙʦʨʫ ʤʽʢʨʦ- ʪʘ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʛʽʜʨʦʬʦʙʥʠʭ ʯʘʩʪʠʥʦʢ.  

ɺ ʧôʷʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʽ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʨʫʢʪʫʨ 

ʝʢʩʪʨʘʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ, ʟʦʢʨʝʤʘ ʘʙʣʷʮʽʻʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ 

ʣʘʟʝʨʘ ʥʘ ʧʦʚʝʨʭʥʷʭ ʘʣʶʤʽʥʽʶ ʪʘ ʩʪʘʣʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʜʠʪʠʚʥʦʛʦ ʤʝʪʦʜʫ, ʣʘʟʝʨʥʘ 

ʘʙʣʷʮʽʷ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʫʧʦʨʷʜʢʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ ʦʢʩʠʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ 

ʤʝʪʘʣʽʯʥʠʭ ʩʫʙʩʪʨʘʪʽʚ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʮʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ ʷʢ ʤʽʢʨʦ- ʪʘʢ ʽ ʥʘʥʦʨʦʟʤʽʨʥʽ ʪʝʢʩʪʫʨʠ, 

ʷʢʽ ʧʽʩʣʷ ʦʙʨʦʙʢʠ 1H,1H,2H,2H-ʇʝʨʬʪʦʨʦʢʪʠʣʪʨʠʝʪʦʢʩʠʩʠʣʘʥʦʤ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʫʪʘʤʠ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʜʦ 160Á ʜʣʷ ʥʘʥʦʪʝʢʩʪʫʨʠ ʽ  ʜʦ 154Á ʫ 

ʚʠʧʘʜʢʫ ʤʽʢʨʦʪʝʢʩʪʫʨʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʱʦ  ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʤʦʜʠʬʽʢʘʪʦʨʘ ʚʽʜʽʛʨʘʻ 

ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʪʘʥʫ ʂʘʩʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʣʘʥʽʚ 

ʟʘʙʝʟʧʝʯʫʻ ʧʦʨ̔ʛ ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʥʘ ʨʽʚʥʽ 45-50 ʤɼʞ/ʤ2 ʚ ʥʝʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʦʟʤʽʨʫ ʩʪʨʫʢʪʫʨʠ. ʇʝʨʝʭʽʜ ʜʦ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ 

ʟʥʠʞʫʻ ʩʪʽʡʢʽʩʪʴ ʧʽʜʚʠʱʫʶʯʠ ʮʽ ʟʥʘʯʝʥʥʷ  ʜʦ 55-65 ʤɼʞ/ʤ2. 

 ɺ ʰʦʩʪʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚ ʫʤʦʚʘʭ ʜʽʾ ʘʛʨʝʩʠʚʥʠʭ ʬʘʢʪʦʨʽʚ 

ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʢʨʠʪʝʨʽʾ ʦʜʝʨʞʘʥʥʷ ʩʪʽʡʢʠʭ 

ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʈʦʟʨʦʙʣʝʥʘ ʣʽʥʽʡʢʘ ʩʢʣʘʜʽʚ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ 

ʧʦʢʨʠʪʪʽʚ ʟ ʽʻʨʘʨʭʽʯʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʘʨʽʘʥʪʠ ʝʬʝʢʪʠʚʥʠʭ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʩʪʨʫʢʪʫʨ ʫ ʷʢʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʡ ʨʽʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʠʤ  SiO2, ʤʽʢʨʦʨʦʟʤʽʨʥʠʡ ï ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʠʤ ʢʘʣʴʮʠʪʦʤ ʟ 

ʯʘʩʪʠʥʢʘʤʠ 4,7 ʪʘ 25 ʤʢʤ. ʂʽʣʴʢʽʩʪʴ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ ʟʙʘʣʘʥʩʦʚʘʥʘ ʫ 

ʥʘʜʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʽ. ɺ ʭʦʜʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʤʝʭʘʥʽʯʥʝ ʩʪʠʨʘʥʥʷ 

ʚʩʪʘʥʦʚʣʝʥʦ ʱʦ ʚ ʧʨʦʮʝʩʽ ʨʫʡʥʫʚʘʥʥʷ ʚʦʥʠ ʟʙʝʨʽʛʘʶʪʴ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ 

ʥʘ ʨʽʚʥʽ 145-155Á, ʪʦʙʪʦ ʧʨʠ ʟʥʷʪʪʽ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʥʦʚʦʫʪʚʦʨʝʥʘ ʧʦʚʝʨʭʥʷ ʟʙʝʨʽʛʘʻ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɼʦʩʣʽʜʞʝʥʦ ʩʪʽʡʢʽʩʪʴ ʜʦ ʤʝʭʘʥʽʯʥʦʛʦ ʩʪʠʨʘʥʥʷ 

ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʨʦʟʤʽʨʥʦʛʦ ʧʝʨʣʽʪʦʚʦʛʦ ʚʽʜʩʽʚʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʧʦʣʽʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥʦʤ. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʽ ʧʦʢʨʠʪʪʷ ʻ ʯʫʪʣʠʚʠʤʠ 

ʜʦ ʪʨʠʚʘʣʦʾ ʜʽʾ ʚʦʜʠ ʫ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ. ʇʦ ʩʫʪʽ, ʮʝ ʦʢʨʽʤ ʚʣʘʩʥʝ ʢʦʥʪʘʢʪʫ ʨʽʜʢʦʾ 

ʚʦʜʠ ʟ ʪʝʢʩʪʫʨʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ ʚʢʣʶʯʘʻ ʽ ʚʟʘʻʤʦʜʽʾ ʾʾ ʟ ʚʦʜʷʥʦʶ ʧʘʨʦʶ, ʷʢʘ 

ʢʦʥʜʝʥʩʫʻʪʴʩʷ ʚ ʧʦʨʘʭ ʧʦʚʝʨʭʥʽ, ʚʠʤʫʰʝʥʦ ʧʝʨʝʚʦʜʷʯʠ ʢʦʥʪʘʢʪ ʟʽ ʩʪʘʥʫ ʂʘʩʽ ʜʦ 

ʩʪʘʥʫ ɺʝʥʮʝʣʷ, ʱʦ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ. ʇʦʢʘʟʘʥʦ ʱʦ ʩʪʽʡʢʽʩʪʴ ʰʘʨʽʚ 

ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʦʛʦ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʽ SiO2 ʻ ʧʽʜʚʠʱʝʥʦʶ (ʙʽʣʴʰʝ 16 

ʮʠʢʣʽʚ ʙʝʟ ʚʪʨʘʪʠ ʧʦʯʘʪʢʦʚʦʛʦ ʨʽʚʥʷ) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʘʨʙʦʣʘʥʮʶʛʦʚʠʤʠ ʧʦʣʽʤʝʨʘʤʠ 

ʪʘ ʩʪʝʘʨʠʥʦʚʦʶ ʢʠʩʣʦʪʦʶ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʣʝʥʦʛʦ ʢʘʣʴʮʠʪʫ. ʇʦʢʘʟʘʥʦ ʱʦ ʥʘʡʙʽʣʴʰ 

ʚʨʘʟʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ  ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʧʦʢʨʠʪʪʽʚ ʻ 

ʧʦʣʽʤʝʨʥʘ ʤʘʪʨʠʮʷ, ʘ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʤʦʜʠʬʽʢʫʶʯʠʤ ʘʛʝʥʪʦʤ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʝʣʝʤʝʥʪʽʚ ʪʝʢʩʪʫʨʠ ʻ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʋʌ-ʩʪʽʡʢʽʩʪʶ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʪʠʯʥʦʶ ʜʽʻʶ ʚʦʜʠ, ʾʾ ʜʠʥʘʤʽʯʥʠʡ 

ʨʫʭ ʻ ʩʫʪʪʻʚʠʤ ʜʝʩʪʨʫʢʮʽʡʥʠʤ ʬʘʢʪʦʨʦʤ ʷʢ ʜʣʷ ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽʚ, ʪʘʢ 

ʽ ʜʣʷ ʪʝʢʩʪʫʨ. ɺʪʽʤ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʽʢʨʦʯʘʩʪʠʥʦʢ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʝʢʩʪʫʨʠ 
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ʩʪʽʡʢʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʥʘʙʘʛʘʪʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʽ ʧʨʠ ʧʝʚʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʦ 

ʬʨʘʛʤʝʥʪʘʨʥʠʤ ʚʠʜʘʣʝʥʥʷʤ ʟʦʚʥʽʰʥʴʦʛʦ ʛʽʜʨʦʬʽʣʽʟʦʚʘʥʦʛʦ ʰʘʨʫ ʪʘ ʚʽʜʢʨʠʪʪʷʤ 

ʩʚʽʞʠʭ ʚʥʫʪʨʽʰʥʽʭ ʰʘʨʽʚ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʦʙʠ ʦʜʝʨʞʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟ ʩʪʽʡʢʠʤʠ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʝʢʩʪʨʘʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʥʘ ʘʣʶʤʽʥʽʾ ʪʘ 

ʘʥʦʜʦʚʘʥʦʤʫ ʘʣʶʤʽʥʽʾ, ʩʪʘʣʽ ʪʘ ʘʜʠʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʰʠʨʦʢʦʾ ʣʽʥʽʡʢʠ ʩʫʙʩʪʨʘʪʽʚ. 

ʈʦʟʨʦʙʣʝʥʦ ʫʥʽʬʽʢʦʚʘʥʫ ʩʭʝʤʫ ʦʪʨʠʤʘʥʥʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʩʬʦʨʤʫʚʘʪʠ ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʟʚʠʥʝʥʫ ʛʽʜʨʦʬʦʙʥʫ ʽʻʨʘʨʭʽʯʥʫ ʪʝʢʩʪʫʨʫ, ʱʦ 

ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʦʶ ʚ ʫʤʦʚʘʭ ʩʚʽʪʣʦʚʦʛʦ ʪʘ ʤʝʭʘʥʽʯʥʦʛʦ ʩʪʘʨʽʥʥʷ. ʈʦʟʨʦʙʣʝʥʦ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʦʜʝʨʞʘʥʥʷ ʪʘ ʥʘʥʝʩʝʥʥʷ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ 

ʪʦʥʢʦʰʘʨʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ LIPSS- ʪʝʢʩʪʫʨ ʥʘ 

ʧʦʚʝʨʭʥʷʭ ʤʝʪʘʣʽʚ ʰʣʷʭʦʤ ʣʘʟʝʨʥʦʾ ʘʙʣʷʮʽʾ ʟ ʥʘʩʪʫʧʥʦʶ ʛʽʜʨʦʬʦʙʽʟʘʮʽʻʶ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʩʠʣʘʥʘʤʠ. 

 ʉʬʦʨʤʫʣʴʦʚʘʥʽ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, 

ʧʨʦʛʥʦʩʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʽʜʭʦʜʠ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʷʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ 

ʢʫʨʩʽʚ çʆʩʥʦʚʠ ʪʝʭʥʦʣʦʛʽʾ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚè, çʉʧʝʮʽʘʣʴʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʽ ʦʨʛʘʥʽʯʥʠʭ ʟʚ'ʷʟʫʶʯʠʭ ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚè, 

çɽʢʩʧʣʫʘʪʘʮʽʡʥʘ ʥʘʜʽʡʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚè ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʙʘʢʘʣʘʚʨʽʚ 

ʪʘ ʤʘʛʽʩʪʨʽʚ ʥʘ ʢʘʬʝʜʨʽ ʍʊʂʄ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 161 

çʍʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʞʝʥʝʨʽʷè. ʊʝʭʥʽʯʥʘ ʥʦʚʠʟʥʘ ʨʦʟʨʦʙʦʢ ʟʘʭʠʱʝʥʘ ʧʘʪʝʥʪʦʤ 

ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ 154355 çʉʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʦʙôʻʤʥʦʛʦ 

ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʛʦ ʧʦʢʨʠʪʪʷè, ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʝʢʪ ʊʝʭʥʽʯʥʠʭ ʋʤʦʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ 

ʘʜʠʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʽ ʟʜʘʪʥʽʩʪʶ ʜʦ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ, ʷʢʽ ʙʫʣʠ ʘʧʨʦʙʦʚʘʥʽ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʘʭ ʧʽʜʧʨʠʻʤʩʪʚʘ ʊʆɺ çɸʣʴʬʘ-ʇʣʘʩʪè. 

 ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʘʥʦʯʘʩʪʠʥʢʠ, ʧʦʣʽʤʝʨʥʘ ʤʘʪʨʠʮʷ, ʥʘʥʦʢʦʤʧʦʟʠʪ, 

ʟʤʦʯʫʚʘʥʥʷ, ʝʣʝʤʝʥʪʠ ʧʦʚʝʨʭʥʽ, ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟ, ʤʦʜʠʬʽʢʘʮʽʷ ʧʦʚʝʨʭʥʽ, 

ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʽʩʪʴ, ʤʘʪʝʨʽʘʣʠ.  
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SUMMARY  

Myronyuk O.V. SCIENTIFIC BASES OF CREATION OF SURFACES WITH 

SUSTAINABLE  SUPERHYDROPHOBICITY. ï Qualifying scientific work on the 

rights of manuscript. 

Thesis for the degree of Doctor of Technical Sciences in specialty 05.17.11 

"Technology of refractory non-metallic materials". ï National Technical University of 

Ukraine "Igor Sikorsky Kyiv Polytechnic Institute", Ministry of Education and science of 

Ukraine, Kyiv, 2024. 

The dissertation is devoted to the development of scientific principles for obtaining 

superhydrophobic surfaces with controlled structure and physicochemical properties by 

applying extractive texturing methods, including ablation of metal surfaces and their 

oxides with a femtosecond laser to obtain micro- and nanoscale textures and an additive 

method for obtaining organo-mineral surfaces using particles of refractory nonmetallic 

substances as texture-forming fillers of polymer compositions.   

 The first section analyzes the main approaches to the creation of surfaces with 

increased water repellency, the formation of their structural features, and methods for 

ensuring stability in service conditions.  The theoretical approaches and prognostic 

models that establish the relationship between the structural features of such surfaces and 

the values of equilibrium wetting angles are analyzed. It is shown that the creation of 

hierarchical two-level micro-nanoscale structures is the most effective in obtaining 

surfaces with high water repellency. The existing methods of reducing the surface energy 

of textured surfaces of inorganic oxides, silicates, and metals by chemical modification 

with organic and organosilicon compounds are analyzed.  

Chapter 2 substantiates the choice of research objects based on the theoretical 

foundations of the stability of the Cassie state depending on the geometric parameters of 

the structure, in particular, the hierarchical type obtained by additive and extractive 

methods. For the additive method, the criteria for the selection of components of 

organomineral composites are formulated, and for the extractive method of obtaining the 
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texture, the parameters of the femtosecond laser operation for creating LIPSS structures 

on metal surfaces and microstructures on inorganic surfaces are specified, and the most 

effective textures for the formation of water-repellent properties are determined. 

Particular attention is paid to methods for estimating the surface energy and wetting of 

the studied surfaces. The classical methods of Zisman and Owens-Wendt have been 

developed to estimate the surface energy of textures and changes in the water repellency 

of surfaces during accelerated aging under the influence of aggressive environmental 

factors: UV radiation, temperature fluctuations, dynamic impact of water, liquids with 

reduced surface tension, etc.  

The third chapter discusses the preparation and study of elements that form the 

surface topography by the additive method. To create the nanoscale textures, SiO2 

particles obtained by well reproducible and scalable sol-gel and pyrogenic methods are 

used. The micro level of the surface structure is formed by using dispersed fillers of thin-

layer composites with different particle shapes: spherical, pseudo-cubic, fibrous, flake, 

and two-level. For each type of topography element, an appropriate modifier was selected 

to reduce the surface energy. It has been shown that the control of the average size and 

distribution of silica particles obtained by the Stober sol-gel method can be achieved by 

varying the Hansen solubility parameters of the synthesis medium through the use of 

paired solvents.  The paper considers the use of a number of dispersed materials with 

varying shape and type of particle surface to form the micro-level texture of 

organomineral coatings by the additive method, in particular: micronized calcite, perlite 

screenings, and valorized anthropogenic waste: red sludge and filter perlite.  

The fourth section discusses the formation of the texture and water-repellent 

properties of additive coatings based on the above-mentioned dispersed nano- and micro 

particles and the polymer matrix that ensures their fixation on substrates. It has been 

shown that the use of classical methods of applying organic-mineral coatings by pouring, 

pneumatic spraying, and squeegee can be used to obtain water-repellent surfaces capable 

of forming the Cassie state. This is achieved by applying composites with a supercritical 

content of texture-forming dispersed elements. The factors of formation of the critical 
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concentration value are considered, including particle size, degree of polymer 

crystallinity, and the presence of surface modification. It is shown that an additional 

resource for increasing the water-repellency is the simultaneous use of the micro- and 

nanoscale texture organization. This effect can be realized both through the use of 

hydrophilic hierarchical structures and their creation from a set of micro- and nanosized 

hydrophobic particles. 

Chapter 5 discusses the peculiarities of forming surface structures by the extractive 

method, in particular, by ablation using a femtosecond laser on the surfaces of aluminum 

and steel. In contrast to the additive method, laser ablation allows the formation of ordered 

oxide structures on the surface of metal substrates without the need for a polymer matrix. 

It has been shown that this method allows obtaining both micro- and nanoscale textures, 

which, after treatment with 1H,1H,2H,2H-Perfluoroctyltriethoxysilane, are characterized 

by water-wetting angles of up to 160Á for nanotextures and up to 154Á for microtextures. 

It has been found that the chemical composition of the modifier plays a crucial role in the 

formation of the stability of the Cassie state. The use of silanes provides a threshold for 

maintaining stability at the level of 45-50 mJ/m2, regardless of the characteristic size of 

the structure. The transition to hydrocarbon modifiers reduces the stability, increasing 

these values to 55-65 mJ/m2. 

 Chapter 6 presents the results of studies of the stability of the properties of water-

repellent coatings under the influence of aggressive environmental factors and formulates 

criteria for obtaining stable superhydrophobic surfaces. A line of compositions of water-

repellent coatings with hierarchical structures has been developed. The variants of 

effective water-repellent structures are proposed, in which the nanoscale level is 

represented by hydrophobized SiO2, and the microscale level is represented by 

hydrophobized calcite with particles of 4.7 and 25 microns. The amount of film-forming 

agent is balanced in the supercritical state. During the mechanical abrasion test, it was 

found that in the process of destruction, they retain the value of the wetting angles at 145-

155Á, i.e., when the upper layers are removed, the newly formed surface retains water-

repellent properties. The resistance to mechanical abrasion of coatings based on micro-
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sized perlite screenings modified with polymethylhydride siloxane was studied. It was 

shown that superhydrophobic coatings are sensitive to prolonged exposure to water under 

static conditions. In fact, in addition to the actual contact of liquid water with the textured 

surface, it also includes its interaction with water vapor, which condenses in the pores of 

the surface, forcing the contact from the Cassie state to the Wenzel state, which 

significantly reduces the wetting angle. It is shown that the stability of the silicone 

hydrophobic agent layers on the SiO2 surface is increased (more than 16 cycles without 

loss of the initial level) compared to carboxylic chain polymers and stearic acid on the 

surface of ground calcite. It is shown that the most vulnerable component of textured 

water-repellent coatings is the polymer matrix, and the most effective modifying agent 

for reducing the surface energy of texture elements is organosilicon compounds with 

increased UV resistance. It has been established that, compared to the static effect of 

water, its dynamic movement is a significant destructive factor for both polymer film 

formers and textures. However, when microparticles are used to form the texture, the 

stability of the coatings is greatly increased and, at a certain ratio, the wetting angles 

increase, which can be explained by the fragmentary removal of the outer hydrophilized 

layer and the opening of fresh inner layers.  

Methods of obtaining surfaces with stable water-repellent properties by the 

extractive method on aluminum and anodized aluminum, steel, and by the additive 

method for a wide range of substrates are proposed. A unified scheme for the production 

of superhydrophobic surfaces, including the use of modified industrial waste, has been 

developed, which allows the formation of a developed hydrophobic hierarchical texture 

on the surface that remains stable under conditions of light and mechanical aging. 

Technological schemes for the preparation and application of organo-mineral 

superhydrophobic thin-layer coatings and the creation of water-repellent LIPSS textures 

on metal surfaces by laser ablation followed by hydrophobization with functional silanes 

have been developed. 

 The scientific provisions, prognostic models and experimental approaches 

formulated during the work are used as elements of the courses ñFundamentals of 
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nanocomposite technologyò, ñSpecial methods of research of inorganic and organic 

binders and composite materialsò, ñOperational reliability of structural materialsò in the 

preparation of bachelors and masters at the Department of Chemical Technology and 

Engineering of Igor Sikorsky Kyiv Polytechnic Institute, specialty 161 ñChemical 

Technology and Engineeringò. The technical novelty of the developments is protected by 

the patent of Ukraine for utility model No. 154355 ñMethod of obtaining a bulk 

superhydrophobic coatingò, the draft Technical Conditions for the production of additive 

coatings with the ability to self-healing have been developed, which have been tested at 

the production facilities of Alpha-Plast LLC. 

Keywords: nanoparticles, polymer matrix, nanocomposite, wetting, surface 

feature, sol-gel synthesis, surface modification, superhydrophobicity, materials. 
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for elastomeric compositions (2020) Voprosy Khimii i Khimicheskoi Tekhnologii, 5, 

pp. 53 ï 62 DOI: 10.32434/0321-4095-2020-132-5-53-62 (Scopus Q3, ʂʘʪ. ɸ)  

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʦʙʛʦʚʦʨʝʥʥʷ ʧʨʦʙʣʝʤʠ ʨʦʙʦʪʠ, ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟ ʽʯ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ 

ʪʘ ʤʽʢʨʦʩʢʦʧʽʾ, ʦʧʠʩ ʨʝʟʫʣʴʪʘʪʽʚ, ʨʝʜʘʛʫʚʘʥʥʷ ʩʪʘʪʪʽ. 
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6. Myronyuk, O. , Raks, V. A., Baklan, D., Vasyliev, G., Vanagas, E., Kurdil, N., 

Sivolapov, P. (2021). Water repellent coatings with hierarchal structures obtained on 

anodized aluminum with femtosecond laser ablation. Applied Nanoscience, 12(3), 

523ï531. https://doi.org/10.1007/s13204-021-01697-8  (Scopus Q2) ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ï ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʪʘ ʤʝʪʠ ʨʦʙʦʪʠ, ʢʝʨʫʚʘʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʧʠʩʘʥʥʷ ʩʪʘʪʪʽ. 

7. Sivolapov, P., Myronyuk, O. , Baklan, D. (2022). Synthesis of stober silica 

nanoparticles in solvent environments with different Hansen solubility parameters. 

Inorganic Chemistry Communications, 143, 109769. 

https://doi.org/10.1016/j.inoche.2022.109769  (Scopus Q2) ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʪʘ ʤʝʪʠ ʨʦʙʦʪʠ, ʢʝʨʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, 

ʨʝʜʘʛʫʚʘʥʥʷ ʩʪʘʪʪʽ. 

8. Myronyuk, O. , Baklan, D., Yong, Z., Rodin, A. M. (2022). Complex destruction of 

textured water-repellent coatings under the influence of UV and water flow. Materials 

Today Communications, 33, 104509. https://doi.org/10.1016/j.mtcomm.2022.104509  

(Scopus Q2) ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʪʘ ʤʝʪʠ ʨʦʙʦʪʠ, ʢʝʨʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʥʘʧʠʩʘʥʥʷ ʩʪʘʪʪʽ. 

9. Myronyuk, O. , Baklan, D., Vasilyev, G. S., Rodin, A. M., Vanagas, E. (2022). Wetting 

patterns of liquid-repellent femtosecond laser textured aluminum surfaces. Coatings, 

12(12), 1852. https://doi.org/10.3390/coatings12121852 (Scopus Q2) ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ï ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʪʘ ʤʝʪʠ ʨʦʙʦʪʠ, ʢʝʨʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʥʘʧʠʩʘʥʥʷ ʩʪʘʪʪʽ. 

10. Myronyuk, O. , Baklan, D., Rodin, A. M., Vanagas, E., Yong, Z. (2023). Owensï

Wendt Characterization of femtosecond-laser-textured hydrophobic aluminum 

surfaces. Coatings, 13(6), 1104. https://doi.org/10.3390/coatings13061104 (Scopus 

Q2) ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʪʘ ʤʝʪʠ ʨʦʙʦʪʠ, ʧʣʘʥʫʚʘʥʥʷ ʪʘ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʧʠʩʘʥʥʷ ʩʪʘʪʪʽ. 

11. Myronyuk, O. , Baklan, D., Rodin, A. M. (2023b). UV resistance of super-

hydrophobic stainless steel surfaces textured by femtosecond laser pulses. Photonics, 

10(9), 1005. https://doi.org/10.3390/photonics10091005 (Scopus Q2) ʆʩʦʙʠʩʪʠʡ 
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ʚʥʝʩʦʢ ï ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʪʘ ʤʝʪʠ ʨʦʙʦʪʠ, ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʧʠʩʘʥʥʷ ʩʪʘʪʪʽ. 

12. Myronyuk, O. , Baklan, D., Rodin, A. M. (2023). OwensïWendt method for 

comparing the UV stability of spontaneous liquid-repellency with wet chemical 

treatment of laser-textured stainless steel. Biomimetics, 8(8), 584. 

https://doi.org/10.3390/biomimetics8080584 (Scopus Q2) ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʪʘ ʤʝʪʠ ʨʦʙʦʪʠ, ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʥʘʧʠʩʘʥʥʷ ʩʪʘʪʪʽ. 

 

ʉʪʘʪʪʽ ʫ  ʥʘʫʢʦʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʜʦ ʇʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ ʢʘʪʝʛʦʨʽʾ çɹè 

13. Arshynnikov, D., Sviderskiy, V., Myronyuk, O. , Baklan, D. (2017). Investigation of 

the modification process of natural sedimentary calcite by organosilicon compounds. 

Technology Audit and Production Reserves, 5(1(37), 19ï23. 

https://doi.org/10.15587/2312-8372.2017.111246; (ʌʘʭʦʚʝ, ʢʘʪ. ɹ) ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ï ʬʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʪʘ ʟʘʜʘʯ ʨʦʙʦʪʠ, ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʨʝʜʘʛʫʚʘʥʥʷ ʩʪʘʪʪʽ. 

14. Kharchenko, A., Myronyuk, O. , Melnyk, L., Sivolapov, P. (2017). Analysis of 

methods of regulation of silicon dioxide particles size obtained by the Stober method. 

Technology Audit and Production Reserves, 2(3(40), 9ï16. 

https://doi.org/10.15587/2312-8372.2018.128571; (ʌʘʭʦʚʝ, ʢʘʪ. ɹ) ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ï ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʪʘ ʤʝʪʠ ʨʦʙʦʪʠ, ʢʝʨʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, 

ʨʝʜʘʛʫʚʘʥʥʷ ʩʪʘʪʪʽ. 

15. Myronyuk, O. , Baklan, D., Nudchenko, L. (2020). Evaluation of the surface energy 

of dispersed aluminium oxide using Owens-Wendt theory. Technology Audit and 

Production Reserves, 2(1(52), 25ï27. https://doi.org/10.15587/2312-

8372.2020.200756 (ʌʘʭʦʚʝ, ʢʘʪ. ɹ) ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʪʘ 

ʤʝʪʠ ʨʦʙʦʪʠ, ʢʝʨʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʥʘʧʠʩʘʥʥʷ 

ʩʪʘʪʪʽ. 

16. Sivolapov, P., Myronyuk, O. , Baklan, D., Berehovyj, T. (2021). Formation of 

effective concentration of film forming superhydrophobic coatings based on silicon 
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dioxide. Technology Audit and Production Reserves, 3(3(59), 6ï9. 

https://doi.org/10.15587/2706-5448.2021.233535 (ʌʘʭʦʚʝ, ʢʘʪ. ɹ)  ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ï ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʪʘ ʤʝʪʠ ʨʦʙʦʪʠ, ʢʝʨʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʥʘʧʠʩʘʥʥʷ ʩʪʘʪʪʽ. 

17. Myronyuk, O. , Baklan D., Novoseltsev A. (2021). Evaluation of the surface energy of 

solids using two-component mixtures of test liquids. Herald Of Khmelnytskyi National 

University, 297(3), 81ï86. https://doi.org/10.31891/2307-5732-2021-297-3-81-86  

(ʌʘʭʦʚʝ, ʢʘʪ. ɹ) ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʪʘ ʤʝʪʠ ʨʦʙʦʪʠ, 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʧʠʩʘʥʥʷ ʩʪʘʪʪʽ. 

18. Myronyuk, O.  V., Baklan, D. V. (2021). Determination of stochastic 

superhydrophobic structures surface energy based on calcium carbonate. Scientific 

Notes of Taurida National V.I. Vernadsky University. Series: Technical Sciences, (4), 

204ï209. https://doi.org/10.32838/2663-5941/2021.4/31 (ʌʘʭʦʚʝ, ʢʘʪ. ɹ) ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ï ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʪʘ ʤʝʪʠ ʨʦʙʦʪʠ, ʢʝʨʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʥʘʧʠʩʘʥʥʷ ʩʪʘʪʪʽ. 

19. Myronyuk O.,  Baklan D., Zilong J. (2021). The use of hydrophobized perlite as the 

base layer of superhydrophobic coatings. Herald of Khmelnytskyi National University, 

303(6), 247ï250. https://doi.org/10.31891/2307-5732-2021-303-6-247-250 (ʌʘʭʦʚʝ, 

ʢʘʪ. ɹ) ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʪʘ ʤʝʪʠ ʨʦʙʦʪʠ, ʢʝʨʫʚʘʥʥʷ 

ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʥʘʧʠʩʘʥʥʷ ʩʪʘʪʪʽ. 

20. Myronyuk, O. , Baklan, D. (2022). Analysis of water-repellent properties of coatings 

based on hydrophobized expanded perlite under mechanical abrasion. Technology 

Audit and Production Reserves, 2(3(64), 6ï9. https://doi.org/10.15587/2706-

5448.2022.256009  (ʌʘʭʦʚʝ, ʢʘʪ. ɹ) ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʪʘ 

ʤʝʪʠ ʨʦʙʦʪʠ, ʢʝʨʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʥʘʧʠʩʘʥʥʷ 

ʩʪʘʪʪʽ. 

21. Myronyuk, O. , Baklan, D. (2022). Aging analysis of textured water-repellent coatings 

under ultraviolet radiation and water. Technology Audit and Production Reserves, 

4(3(66), 12ï15. https://doi.org/10.15587/2706-5448.2022.263528   (ʌʘʭʦʚʝ, ʢʘʪ. ɹ) 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʪʘ ʤʝʪʠ ʨʦʙʦʪʠ, ʢʝʨʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʥʘʧʠʩʘʥʥʷ ʩʪʘʪʪʽ. 
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22. ʆ.ʄʠʨʦʥʶʢ, ɼ. ɹʘʢʣʘʥ, ɺ. ɻʣʫʭʦʚʩʴʢʠʡ ʆʩʦʙʣʠʚʦʩʪʽ ʟʤʦʯʫʚʘʥʥʷ 

ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʬʝʤʪʦʩʝʢʫʥʜʥʠʤ ʣʘʟʝʨʦʤ // ɺʽʩʥʠʢ 

ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʉʝʨʽʷ: çʊʝʭʥʽʯʥʽ ʥʘʫʢʠè ˉ5, 2022 ʩ. 

52-56 http://journals.khnu.km.ua/vestnik/?p=14816 (ʌʘʭʦʚʝ, ʢʘʪ. ɹ) ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ï ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʪʘ ʤʝʪʠ ʨʦʙʦʪʠ, ʢʝʨʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʥʘʧʠʩʘʥʥʷ ʩʪʘʪʪʽ. 

23. O Myronyuk, O.  (2023). Determination of critical surface tension of wetting of 

textured water-repellent surfaces. Technology Audit and Production Reserves, 2(1(70), 

10ï13. https://doi.org/10.15587/2706-5448.2023.277936 (ʌʘʭʦʚʝ, ʢʘʪ. ɹ) ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ï ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʪʘ ʤʝʪʠ ʨʦʙʦʪʠ, ʚʠʢʦʥʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʧʠʩʘʥʥʷ ʩʪʘʪʪʽ. 

ʉʪʘʪʪʽ ʫ ʚʠʜʘʥʥʷʭ, ʷʢʽ ʥʝ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʬʘʭʦʚʠʭ 

24. ʂʣʠʰʠʥ, ɸ. ɺ., ʄʠʨʦʥʶʢ, ɸ. ɺ., ɼʫʜʢʦ, ɺ. ɸ., ɹʘʢʣʘʥ, ɼ. ɺ., ʏʘʰʢʘ-ʈʘʪʫʰʥʡ̔, ɺ. 

ʇ., ʊʘʨʘʩʝʥʢʦ, ɼ. ɺ. (2016). Surface structure of silica-based superhydrophobic 

coatings. ScienceRise, 10(2 (27), 61ï66. https://doi.org/10.15587/2313-

8416.2016.80162 ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʪʘ ʤʝʪʠ ʨʦʙʦʪʠ, ʢʝʨʫʚʘʥʥʷ 

ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʥʘʧʠʩʘʥʥʷ ʩʪʘʪʪʽ. 

25. ʆ. ɺ. ʄʠʨʦʥʶʢ, ɺ. ɸ. ɼʫʜʢʦ, ɼ. ɺ. ɹʘʢʣʘʥ, ʂ. ʆ. ʉʤʦʣʴʥʠʯʝʥʢʦ ɼʦʩʣʽʜʞʝʥʥʷ 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ ʉʀʄɺʆʃɯɺ, ʆɼʀʅʀʎʔ, 

ʉʂʆʈʆʏɽʅʔ ʊɸ ʊɽʈʄɯʅɯɺ 

 

ʉɸɺ ï ʘʮʝʪʦʙʫʪʠʨʘʪ ʮʝʣʶʣʦʟʠ; 

AC ï ʩʪʠʨʦʣʘʢʨʠʣʘʪ; 

LIPSS ï ʃʘʟʝʨʥʦ-ʽʥʜʫʢʦʚʘʥʽ ʧʝʨʽʦʜʠʯʥʽ ʧʦʚʝʨʭʥʝʚʽ ʩʪʨʫʢʪʫʨʠ; 

POTS ï 1H,1H,2H,2H-ʇʝʨʬʪʦʨʦʦʢʪʠʣʪʨʠʝʪʦʢʩʠʩʠʣʘʥ; 

OCTEO ï ʆʢʪʠʣʪʨʠʝʪʦʢʩʠʩʠʣʘʥ ; 

R972 ï ʧʽʨʦʛʝʥʥʠʡ ʢʨʝʤʥʝʟʝʤ Aerosil R972 (Evonik); 

APTES  ï ɔ-ʘʤʽʥʦʧʨʦʧʽʣʪʨʠʝʪʦʢʩʠʩʠʣʘʥ; 

ʊɽʆʉ ï ʪʝʪʨʘʝʪʦʢʩʠʩʠʣʘʥ;  

mAl ï ʘʣʶʤʽʥʽʡ ʤʘʨʢʠ 7500 ʟ ʤʽʢʨʦʨʦʟʤʽʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʧʦʚʝʨʭʥʽ; 

nAl ï ʘʣʶʤʽʥʽʡ ʤʘʨʢʠ 7500 ʟ ʥʘʥʦʨʦʟʤʽʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʧʦʚʝʨʭʥʽ; 

fAl ï ʘʣʶʤʽʥʽʡ ʤʘʨʢʠ 7500 ʟ ʧʣʘʩʢʦʶ ʧʦʚʝʨʭʥʝʶ; 

ʉɽʄ ï ʩʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ; 

ʊɽʄ ï ʪʨʘʥʩʤʽʩʽʡʥʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ; 

ATR ï ʥʝʧʦʚʥʝ ʚʥʫʪʨʽʰʥʴʻ ʚʽʜʙʠʪʪʷ; 

ʋʌ ï ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ;  

CaCO3-tSt ï ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʽʶ ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʠʡ ʩʪʝʘʨʠʥʦʚʦʶ ʢʠʩʣʦʪʦʶ; 

MTES ï ʤʝʪʠʣʪʨʠʝʪʦʢʩʠʩʠʣʘʥ;  

PMHS ï ʧʦʣ̔ʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥ; 
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ɺʉʊʋʇ 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ.  

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʚʽʜʥʝʩʝʥʥʷʤ ʮʽʻʾ ʟʘʜʘʯʽ ʜʦ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʪʘ 

ʧʨʠʢʣʘʜʥʦʾ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʚ ʋʢʨʘʾʥʽ. ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʤʘʪʝʨʽʘʣʠ ʫ 

ʪʦʥʢʦʤʫ ʰʘʨʽ ï ʧʦʢʨʠʪʪʷ ʟ ʥʘʥʦʨʦʟʤʽʨʥʦʶ ʪʝʢʩʪʫʨʦʶ ʪʘ ʥʘʜʟʚʠʯʘʡʥʦ ʨʦʟʚʠʥʝʥʦʶ 

ʧʦʚʝʨʭʥʝʶ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ 

ʝʬʝʢʪʽʚ ʽ ʻ ʜʞʝʨʝʣʦʤ ʤʘʡʙʫʪʥʴʦʛʦ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʍʘʨʘʢʪʝʨʥʦʶ ʨʠʩʦʶ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʾʭ ʟʜʘʪʥʦʩʪʽ ʜʦ ʚʟʘʻʤʦʜʽʾ ʟ ʨʝʯʦʚʠʥʘʤʠ ʚ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʥʝʨʛʽʡ ï ʚʽʜ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʦʾ ʽʥʝʨʪʥʦʩʪʽ ʦʣʝʦʬʦʙʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʜʦ ʧʽʜʚʠʱʝʥʦʾ ʚʠʙʽʨʢʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʫ ʬʦʪʦʢʘʪʘʣʽʟʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ.   

ʆʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʻ ʧʦʢʨʠʪʪʷ ʟ ʝʬʝʢʪʦʤ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʨʽʜʠʥ, ʟʦʢʨʝʤʘ ʚʦʜʠ ʪʘ ʾʾ ʨʦʟʯʠʥʽʚ. ʅʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʘ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʻʨʘʨʭʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʚ ʷʢʠʭ ʥʘ 

ʧʦʚʝʨʭʥʽ ʤʽʢʨʦʪʝʢʩʪʫʨʠ  ʟʥʘʭʦʜʠʪʴʩʷ ʥʘʥʦʪʝʢʩʪʫʨʘ ʟʽ ʟʥʠʞʝʥʦʶ ʧʦʚʝʨʭʥʝʚʦʶ 

ʝʥʝʨʛʽʻʶ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʱʝʧʣʝʥʥʷ ʥʝʧʦʣʷʨʥʠʭ ʘʛʝʥʪʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ 

ʜʦʜʘʪʢʦʚʽ ʧʨʘʢʪʠʯʥʽ ʝʬʝʢʪʠ ʪʘʢʠʭ ʧʦʚʝʨʭʦʥʴ: ʘʥʪʠʢʦʨʦʟʽʡʥʠʡ, ʩʘʤʦʦʯʠʱʝʥʥʷ, 

ʘʥʪʠʦʞʝʣʝʜʥʠʡ, ʟʥʠʞʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʝʨʪʷ, ʧʽʜʚʠʱʝʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʜʦ ʟʘʙʨʫʜʥʝʥʴ, ʪʦʱʦ.  

ɺʪʽʤ, ʨʦʟʨʦʙʢʘ ʜʽʡʩʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʨʽʰʝʥʴ ʽ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʤʽʯʝʥʦʛʦ 

ʥʘʧʨʷʤʢʫ ʩʪʨʠʤʫʻʪʴʩʷ ʨʷʜʦʤ ʬʘʢʪʦʨʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʥʠʟʴʢʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʘʢʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʪʘ ʤʘʣʘ ʰʚʠʜʢʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʪʝʢʩʪʫʨ, ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʙʘʛʘʪʦʩʪʘʜʽʡʥʦʾ ʦʙʨʦʙʢʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ɺʽʜʢʨʠʪʝ ʽ ʧʠʪʘʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʟʦʢʨʝʤʘ ʧʽʜ ʜʽʻʶ ʩʦʥʷʯʥʦʛʦ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ ʪʘ ʩʪʘʪʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟ 

ʚʦʜʦʶ ʽ ʾʾ ʨʦʟʯʠʥʘʤʠ.  
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ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʢʘ ʥʘʫʢʦʚʠʭ ʟʘʩʘʜ ʦʪʨʠʤʘʥʥʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʟ  ʨʝʛʫʣʴʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʚʠʨʽʰʝʥʥʷ ʷʢʦʛʦ ʜʦʟʚʦʣʠʪʴ ʨʦʟʨʦʙʠʪʠ 

ʚʽʪʯʠʟʥʷʥʽ ʭʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʦʜʝʨʞʘʥʥʷ, ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʽʜʚʠʩʠʪʠ ʩʪʽʡʢʽʩʪʴ ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ.   

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʥʘ 

ʢʘʬʝʜʨʽ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʚ 

ʨʘʤʢʘʭ ʅɼʈ: ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ (ˉ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0121U112384) ʪʘ ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʬʦʨʤʦʚʘʥʠʭ 

ʬʝʤʪʦʩʝʢʫʥʜʥʠʤ ʣʘʟʝʨʦʤ ʪʘ ʦʨʛʘʥʽʯʥʦ ʧʦʢʨʠʪʠʭ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚ 

ʋʌ-ʩʝʨʝʜʦʚʠʱʽ (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0122U002645). 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʚʠʪʦʢ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʦʜʝʨʞʘʥʥʷ 

ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʽ ʩʪʘʣʠʤ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʥʥʷʤ 

ʘʜʠʪʠʚʥʠʤ ʪʘ ʝʢʩʪʨʘʢʪʠʚʥʠʤ ʤʝʪʦʜʘʤʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ:  

1. ʇʨʦʚʝʩʪʠ ʢʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʜʝʨʞʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʟʦʢʨʝʤʘ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ, 

ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʣʽʤʽʪʫʶʯʽ ʬʘʢʪʦʨʠ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ; 

2. ɿʜʽʡʩʥʠʪʠ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʘʜʠʪʠʚʥʦʾ ʽ ʝʢʩʪʨʘʢʪʠʚʥʦʾ ʪʝʭʥʦʣʦʛʽʡ 

ʬʦʨʤʫʚʘʥʥʷ ʪʝʢʩʪʫʨ ʧʦʚʝʨʭʥʽ, ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʤʝʪʦʜʠʢ, ʘ ʪʘʢʦʞ 

ʧʨʦʚʝʩʪʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʾʭ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʜʝʩʪʨʫʢʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ;  

3. ɺʩʪʘʥʦʚʠʪʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʦʜʝʨʞʘʥʥʷ ʪʘ ʤʦʜʠʬʽʢʘʮʽʾ 

ʧʦʚʝʨʭʥʽ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚ ʷʢʦʩʪʽ ʥʘʥʦ- ʽ 

ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʜʠʪʠʚʥʠʭ ʪʝʢʩʪʫʨ; 

4. ɼʦʩʣʽʜʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ  

ʘʜʠʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʦʢʩʠʜʥʠʭ, ʩʠʣʽʢʘʪʥʠʭ ʽ 

ʢʘʨʙʦʥʘʪʥʠʭ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʯʘʩʪʠʥʦʢ ʽ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ; 
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5. ʆʮʽʥʠʪʠ ʚʧʣʠʚ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʦʥʴ, ʩʬʦʨʤʦʚʘʥʠʭ 

ʝʢʩʪʨʘʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʾ ʘʙʣʷʮʽʾ ʪʘ ʪʠʧʫ ʤʦʜʠʬʽʢʘʪʦʨʫ ʥʘ ʾʭ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ; 

6. ɺʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʜʚʦʭʨʽʚʥʝʚʦʶ ʤʽʢʨʦ-

ʥʘʥʦʩʪʨʫʢʪʫʨʦʶ ʧʽʜ ʜʽʻʶ ʬʘʢʪʦʨʽʚ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦ- ʪʘ ʥʘʥʦ-ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ 

ʚʠʩʦʢʠʤʠ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʘʜʠʪʠʚʥʠʤ ʪʘ ʝʢʩʪʨʘʢʪʠʚʥʠʤ 

ʤʝʪʦʜʘʤʠ; 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ  

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʽʻʝʨʘʨʭʽʯʥʦʶ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʩʪʨʫʢʪʫʨʦʶ, ʾʭ 

ʪʝʢʩʪʫʨʥʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʪʽʡʢʽʩʪʴ ʛʽʜʨʦʬʦʙʥʦʛʦ ʝʬʝʢʪʫ ʚ ʫʤʦʚʘʭ 

ʜʽʾ ʜʝʩʪʨʫʢʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʦʜʝʨʞʘʥʥʷ ʮʠʭ ʧʦʚʝʨʭʦʥʴ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʉʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚʠʚʯʘʣʠʩʷ 

ʤʝʪʦʜʘʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʩʢʘʥʫʶʯʦʾ (ʈʕʄ 106ʀ, Selmi ʪʘ MIRA3 LMU, Tescan) ʪʘ 

ʧʨʦʩʚʽʯʫʶʯʦʾ (ʇʕʄ 100-01, Selmi) ʤʽʢʨʦʩʢʦʧʽʾ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʦʯʫʚʘʥʥʷ ï 

ʤʝʪʦʜʦʤ ʩʠʜʷʯʦʾ ʢʨʘʧʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ ʟ ʛʦʥʽʦʤʝʪʨʠʯʥʦʶ 

ʧʨʠʩʪʘʚʢʦʶ ʪʘ ʬʽʢʩʘʮʽʻʶ ʟʦʙʨʘʞʝʥʥʷ (Konus Academy + Delta Optical HDCE 5), 

ʚʟʘʻʤʦʜʽʶ ʦʨʛʘʥʽʯʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʽ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽʚ ʟ ʤʽʥʝʨʘʣʴʥʠʤʠ 

ʧʦʚʝʨʭʥʷʤʠ ï ʽʥʬʨʘʯʝʨʚʦʥʦʶ ʩʧʝʢʪʨʦʩʢʦʧʽʻʶ (Nicolet 4700, Specord IR-75), 

ʨʝʥʪʛʝʥʦʬʣʶʦʨʠʩʮʝʥʪʥʠʤ ʘʥʘʣʽʟʦʤ (EXPERT 3L, INAM). ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ 

ʦʜʝʨʞʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʦ ʜʽʾ ʘʛʨʝʩʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ï 

ʤʝʪʦʜʘʤʠ ʧʨʠʩʢʦʨʝʥʦʛʦ ʩʪʘʨʽʥʥʷ ʚ ʋʌ ʢʘʤʝʨʽ, ʧʽʜ ʜʽʻʶ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ, ʚ 

ʩʪʘʪʠʯʥʽʡ ʽ ʜʠʥʘʤʽʯʥʽʡ ʜʽʾ ʚʦʜʠ ʟ ʥʘʩʪʫʧʥʦʶ ʦʮʽʥʢʦʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ 

ʟ ʤʝʪʦʜʘʤʠ ʥʘ ʙʘʟʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ ɿʽʩʤʘʥʘ ʪʘ ʆʫʝʥʩʘ-ɺʝʥʜʪʘ. 

ʂʦʤʧʦʟʠʮʽʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʜʠʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʦʜʝʨʞʘʥʽ ʧʦ ʪʝʭʥʦʣʦʛʽʾ 

ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʢʣʶʯʘʻ ʩʫʤʽʱʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤʫ 
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ʢʫʣʴʦʚʦʤʫ ʤʣʠʥʽ ʪʘ ʥʘʥʝʩʝʥʥʷ ʧʥʝʚʤʘʪʠʯʥʠʤ ʥʘʧʠʣʝʥʥʷʤ. ɽʢʩʪʨʘʢʪʠʚʥʽ ʪʝʢʩʪʫʨʠ 

ʤʽʢʨʦ- ̔  ʥʘʥʦʨʽʚʥʷ ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʫ 

ʤʘʨʢʠ ñCarbideò laser (Light Conversion) ʟ ʧʦʪʫʞʥʽʩʪʶ 6 ɺʪ, ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 1030 

ʥʤ.  

ʄʘʪʝʤʘʪʠʯʥʫ ʦʙʨʦʙʢʫ ʦʜʝʨʞʘʥʠʭ ʜʘʥʠʭ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʠʭ ʧʘʢʝʪʽʚ Microsoft Office 2016, Origin 8,0, Spectragryph 2,0, ScopePhoto 

(ScopeTek). 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: ʚ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʦʜʝʨʞʘʥʦ: 

1. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʽ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʘʜʠ ʩʪʚʦʨʝʥʥʷ ʩʪʽʡʢʠʭ 

ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʢʫʪʦʤ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʚʠʱʝ 160Á  

ʽʻʨʘʨʭʽʯʥʦʾ ʜʚʦʨʽʚʥʝʚʦʾ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʘʜʠʪʠʚʥʠʤ ʪʘ 

ʝʢʩʪʨʘʢʪʠʚʥʠʤ ʤʝʪʦʜʘʤʠ; 

2. ɺʧʝʨʰʝ ʦʧʠʩʘʥʦ ʪʘ ʽʥʪʝʨʧʨʝʪʦʚʘʥʦ ʥʝʪʠʧʦʚʽ S-ʧʦʜʽʙʥʽ ʢʨʠʚʽ ɿʽʩʤʘʥʘ ʪʘ 

ʆʫʝʥʩʘ-ɺʝʥʜʪʘ ʧʨʠ ʧʝʨʝʭʦʜʽ ʤʽʞ ʩʪʘʥʘʤʠ ʟʤʦʯʫʚʘʥʥʷ ɺʝʥʮʝʣʷ ʪʘ ʂʘʩʽ ʫ 

ʽʻʨʘʨʭʽʯʥʠʭ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʪʝʢʩʪʫʨ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʢʨʠʪʝʨʽʾ ʩʪʽʡʢʦʩʪʽ 

ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʨʽʜʠʥ ʪʘʢʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʚʣʘʩʥʠʤ 

ʝʥʝʨʛʝʪʠʯʥʠʤ ʩʪʘʥʦʤ ʤʘʪʝʨʽʘʣʫ ʧʦʚʝʨʭʥʽ (Ɑ╛
╟),, ʪʘʢ ʽ ʾʾ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ (Ɑ╣╢
╓ȾⱭ╢

╓); 

3. ʅʘʙʫʣʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʘ ʟʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʽʷ ʉʪʦʙʝʨʘ ʩʠʥʪʝʟʫ 

ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ ʰʣʷʭʦʤ ʚʘʨʽʶʚʘʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʍʘʥʩʝʥʘ (ŭD, ŭP, ŭH) ʨʝʘʢʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʦʜʝʨʞʘʥʥʷʤ ʯʘʩʪʠʥʦʢ 

ʨʝʛʫʣʴʦʚʘʥʠʭ ʨʦʟʤʽʨʽʚ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 40 ʜʦ 2000 ʥʤ; 

4. ʉʬʦʨʤʫʣʴʦʚʘʥʽ ʢʨʠʪʝʨʽʾ ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʥʫ ʟʤʦʯʫʚʘʥʥʷ ʂʘʩʽ ʥʘ ʘʜʠʪʠʚʥʠʭ 

ʪʝʢʩʪʫʨʘʭ ʪʠʧʫ ʧʦʣʽʤʝʨʥʘ ʤʘʪʨʠʮʷ ï ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʽ ʤʽʥʝʨʘʣʴʥʽ 

ʥʘʧʦʚʥʶʚʘʯʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʟʥʘʯʝʥʴ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʚʠʱʝ 140Á: 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ, ʟʘ ʝʥʝʨʛʽʻʶ ʧʦʚʝʨʭʥʽ ʪʝʢʩʪʫʨʦʫʪʚʦʨʶʶʯʠʭ ʯʘʩʪʠʥʦʢ, ʟʘ 

ʢʨʠʩʪʘʣʽʯʥʽʩʪʶ ʤʘʪʨʠʮʽ;  
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5. ɺʧʝʨʰʝ ʦʧʠʩʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʛʝʥʥʠʭ ʚʽʜʭʦʜʽʚ ï ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʪʘ 

ʬʽʣʴʪʨ-ʧʝʨʣʽʪʫ ʷʢ ʩʠʨʦʚʠʥʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ 

ʘʜʠʪʠʚʥʠʭ ʧʦʚʝʨʭʦʥʴ; 

6. ɺʧʝʨʰʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʣʽʢʘʪʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʟ ʣʫʩʢʫʥʯʘʩʪʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʜʣʷ ʘʜʠʪʠʚʥʠʭ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ 

ʧʦʢʨʠʪʪʽʚ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʫ ʟʜʘʪʥʽʩʪʴ ʥʘ ʨʽʚʥʽ ʢʫʪʘ 

ʟʤʦʯʫʚʘʥʥʷ ʚʠʱʝ 140Á ʚ ʭʦʜʽ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ; 

7. ɺʧʝʨʰʝ ʧʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʽ ʟʜʘʪʥʽʩʪʶ 

ʜʦ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʝʭʘʥʽʯʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʧʦʢʨʠʪʪʷ ʪʦʚʱʠʥʦʶ 20-30 ʤʢʤ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

8. ɺʧʝʨʰʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ ʱʦ ʩʪʽʡʢʽʩʪʴ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʜʠʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʤʽʢʨʦʦʨʟʤʽʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʪʨʫʢʪʫʨʠ 

ʚ ʫʤʦʚʘʭ ʩʪʘʪʠʯʥʦʾ ʪʘ ʜʠʥʘʤʽʯʥʦʾ ʜʽʾ ʚʦʜʠ ʚ 4 ʨʘʟʠ ʚʠʱʝ ʥʽʞ ʫ ʧʦʢʨʠʪʪʽʚ 

ʥʘʧʦʚʥʝʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ; 

9. ɼʽʩʪʘʣʦ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʫʷʚʣʝʥʥʷ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʠʬʽʢʘʮʽʾ 

ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʬʝʤʪʦʩʝʢʫʥʜʥʠʤ ʣʘʟʝʨʦʤ ʤʝʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʟ 

ʧʝʨʽʦʜʠʯʥʦʶ ʥʘʥʦ-ʩʪʨʫʢʪʫʨʦʶ (LIPSS) ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʟ ʢʫʪʦʤ ʟʤʦʯʫʚʘʥʥʷ ʚʠʱʝ 160Á, ʢʫʪʘ ʩʢʦʯʫʚʘʥʥʷ ï ʥʠʞʯʝ 5Á; 

10. ɺʧʝʨʰʝ ʧʦʢʘʟʘʥʦ ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʪʨʘʢʪʠʚʥʠʭ ʩʪʨʫʢʪʫʨ, ʚ ʷʢʠʭ ʧʦʻʜʥʘʥʦ 

ʤʽʢʨʦʪʝʢʩʪʫʨʫ ʪʘ LIPSS ʜʦʟʚʦʣʷʻ ʥʘ 10-15Á ʧʽʜʚʠʩʠʪʠ ʟʥʘʯʝʥʥʷ ʩʪʘʪʠʯʥʦʛʦ 

ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʻʜʥʘʥʥʷʤ ʝʢʩʪʨʘʢʪʠʚʥʘ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ-ʘʜʠʪʠʚʥʝ ʧʦʢʨʠʪʪʷ;  

11. ɺʧʝʨʰʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʛʽʜʨʦʬʦʙʥʽʩʪʴ ʪʦʥʢʠʭ ʰʘʨʽʚ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʪʘ 

ʬʪʦʨʦʚʘʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʥʘ ʧʦʚʝʨʭʥʷʭ SiO2, CaCO3 ʪʘ Al2O3 ʚʠʱʘ ʥʘ 18 

ʤɼʞ/ʤ2 ʘ ʪʘʢʦʞ ʚ 3,5-4,0 ʨʘʟʠ ʙʽʣʴʰ ʩʪʽʡʢʘ ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʢʘʨʙʦʣʘʥʮʶʛʦʚʠʭ ʧʦʣʽʤʝʨʽʚ ʪʘ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʚ ʫʤʦʚʘʭ ʬʦʪʦʜʝʩʪʨʫʢʮʽʾ 

ʧʨʠ ʫʬ-ʦʧʨʦʤʽʥʝʥʥʽ. 
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ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʦʙʠ 

ʦʜʝʨʞʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟ ʩʪʽʡʢʠʤʠ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʝʢʩʪʨʘʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʥʘ ʥʝʘʥʦʜʦʚʘʥʦʤʫ ʘʣʶʤʽʥʽʾ, ʩʪʘʣʽ ʪʘ ʘʥʦʜʦʚʘʥʦʤʫ 

ʘʣʶʤʽʥʽʾ, ʘ ʪʘʢʦʞ ʘʜʠʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʰʠʨʦʢʦʾ ʣʽʥʽʡʢʠ ʩʫʙʩʪʨʘʪʽʚ. ʈʦʟʨʦʙʣʝʥʦ 

ʫʥʽʬʽʢʦʚʘʥʫ ʩʭʝʤʫ ʦʪʨʠʤʘʥʥʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʥʘ 

ʧʦʚʝʨʭʥʽ ʨʦʟʚʠʥʝʥʫ ʛʽʜʨʦʬʦʙʥʫ ʽʻʨʘʨʭʽʯʥʫ ʪʝʢʩʪʫʨʠ, ʩʪʘʙʽʣʴʥʦʾ ʚ ʫʤʦʚʘʭ 

ʩʚʽʪʣʦʚʦʛʦ ʪʘ ʤʝʭʘʥʽʯʥʦʛʦ ʩʪʘʨʽʥʥʷ. ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʦʜʝʨʞʘʥʥʷ ʪʘ 

ʥʘʥʝʩʝʥʥʷ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʪʦʥʢʦʰʘʨʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʘ ʪʘʢʦʞ 

ʩʪʚʦʨʝʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ LIPSS-ʪʝʢʩʪʫʨ ʥʘ ʧʦʚʝʨʭʥʷʭ ʤʝʪʘʣʽʚ ʰʣʷʭʦʤ 

ʣʘʟʝʨʥʦʾ ʘʙʣʷʮʽʾ ʟ ʥʘʩʪʫʧʥʦʶ ʛʽʜʨʦʬʦʙʽʟʘʮʽʻʶ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ 

ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ. 

 ʉʬʦʨʤʫʣʴʦʚʘʥʽ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʧʨʦʛʥʦʩʪʠʯʥʽ 

ʤʦʜʝʣʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʽʜʭʦʜʠ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʷʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʢʫʨʩʫ 

çɽʢʩʧʣʫʘʪʘʮʽʡʥʘ ʥʘʜʽʡʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚè ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʟʜʦʙʫʚʘʯʽʚ 

ʜʨʫʛʦʛʦ (ʤʘʛʽʩʪʝʨʩʴʢʦʛʦ) ʨʽʚʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ ʟʘ ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʦʶ ʧʨʦʛʨʘʤʦʶ 

çʍʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʝʦʨʛʘʥʽʯʥʠʭ ʚ'ʷʞʫʯʠʭ ʨʝʯʦʚʠʥ, ʢʝʨʘʤʽʢʠ, ʩʢʣʘ ʪʘ ʧʦʣʽʤʝʨʥʠʭ 

ʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚè ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 161 çʍʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʽʥʞʝʥʝʨʽʷè (ɼʦʜʘʪʦʢ ɺ). ʊʝʭʥʽʯʥʘ ʥʦʚʠʟʥʘ ʨʦʟʨʦʙʦʢ ʟʘʭʠʱʝʥʘ ʧʘʪʝʥʪʦʤ ʋʢʨʘʾʥʠ ʥʘ 

ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ 154355 çʉʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʦʙôʻʤʥʦʛʦ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʛʦ 

ʧʦʢʨʠʪʪʷè (ɼʦʜʘʪʦʢ ɻ), ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʝʢʪ ʊʝʭʥʽʯʥʠʭ ʋʤʦʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ 

ʘʜʠʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʽ ʟʜʘʪʥʽʩʪʶ ʜʦ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ, ʷʢʽ ʙʫʣʠ ʘʧʨʦʙʦʚʘʥʽ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʘʭ ʧʽʜʧʨʠʻʤʩʪʚʘ ʊʆɺ çɸʣʴʬʘ-ʇʣʘʩʪè (ɼʦʜʘʪʢʠ ɹ ʪʘ ɼ) .  

 ʈʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʥʘʫʢʦʚʮʽʚ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʚ ʛʘʣʫʟʽ ʬʽʟʠʢʦ-ʭʽʤʽʾ ʧʦʚʝʨʭʥʽ, ʽʥʞʝʥʝʨʽʚ-ʪʝʭʥʦʣʦʛʽʚ ʟ ʦʙʨʦʙʢʠ, 

ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ ʪʘ ʣʘʢʦʬʘʨʙʦʚʠʭ ʧʦʢʨʠʪʪʽʚ, ʚʠʢʣʘʜʘʯʽʚ, ʘ ʪʘʢʦʞ ʩʪʫʜʝʥʪʽʚ ʽ 

ʘʩʧʽʨʘʥʪʽʚ ʚʠʱʽʡ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʧʽʜʛʦʪʦʚʢʫ ʬʘʭʽʚʮʽʚ ʚ ʛʘʣʫʟʽ 

ʪʝʭʥʦʣʦʛʽʾ ʪʫʛʦʧʣʘʚʢʠʭ ʥʝʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ, 

ʥʘʥʦʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʧʽʜʛʦʪʦʚʢʠ ʽ ʦʙʨʦʙʢʠ 
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ʧʦʚʝʨʭʥʽ, ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʦʨʛʘʥʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ 

ʪʦʱʦ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʥʘ ʢʘʬʝʜʨʽ 

ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ 

ʂʠʾʚʩʴʢʦʛʦ ʇʦʣʽʪʝʭʥʽʯʥʦʛʦ ɯʥʩʪʠʪʫʪʫ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ɺʦʥʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʷʢ ʨʝʟʫʣʴʪʘʪʠ ʩʘʤʦʩʪʽʡʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʪʘʢ ʽ 

ʪʘʢʠʭ, ʷʢʽ ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ï ʟʘ ʫʯʘʩʪʶ ʜ.ʪ.ʥ., ʧʨʦʬ ʉʚʽʜʝʨʩʴʢʦʛʦ 

ɺʘʣʝʥʪʠʥʘ ɸʥʘʪʦʣʽʡʦʚʠʯʘ ʘ ʪʘʢʦʞ ʘʩʧʽʨʘʥʪʽʚ (ʉʽʚʦʣʘʧʦʚ ʇ.ɺ. ʪʘ ɹʘʢʣʘʥ ɼ.ɺ.) ʪʘ 

ʤʘʛʽʩʪʨʽʚ (ʎʟʷ ʎʟʠʣʫʥ, ʎʟʦ ʖʥ), ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ ʘʙʦ ʢʦʥʩʫʣʴʪʘʥʪʦʤ ʷʢʠʭ ʙʫʚ 

ʟʜʦʙʫʚʘʯ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʙʫʣʠ 

ʦʧʫʙʣʽʢʦʚʘʥʽ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʫ ʧʦʩʪʘʥʦʚʮʽ ʧʨʦʙʣʝʤʠ, ʬʦʨʤʫʣʶʚʘʥʥʽ 

ʩʪʨʘʪʝʛʽʾ ʾʾ ʚʠʨʽʰʝʥʥʷ, ʤʝʪʠ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʚʜʘʥʴ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, 

ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʩʫʯʘʩʥʦʾ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʟʘ ʜʘʥʦʶ ʧʨʦʙʣʝʤʘʪʠʢʦʶ, 

ʧʣʘʥʫʚʘʥʥʽ ʽ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘʥʘʣʽʟʽ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʬʦʨʤʫʣʶʚʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʦʙʨʦʙʮʽ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ, ʾʭ ʽʥʪʝʨʧʨʝʪʘʮʽʾ, ʧʽʜʛʦʪʦʚʮʽ ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʧʫʙʣʽʢʘʮʽʾ.    ʋʩʽ ʥʘʫʢʦʚʽ 

ʫʟʘʛʘʣʴʥʝʥʥʷ, ʧʦʣʦʞʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ, ʚʠʩʥʦʚʢʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʚʠʢʣʘʜʝʥʽ ʫ 

ʜʠʩʝʨʪʘʮʽʾ, ʚʠʢʦʥʘʥʽ ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ.     

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʾ 

ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʘ ʘʧʨʦʙʦʚʘʥʦ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ: ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ 

web-ʢʦʥʬʝʨʝʥʮʽʷ çʂʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠè. (ʂʠʾʚ, ʅʊʋʋ "ʂʇɯ", 2014, 2016, 2018, 

2023), ʍʽʤʽʯʥʽ ʂʘʨʘʟʽʥʩʴʢʽ ʯʠʪʘʥʥʷ (ʤ. ʍʘʨʢʽʚ, ʍʅʋ ʽʤ. ɺ.ʅ. ʂʘʨʘʟʽʥʘ, 2015), 

ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʉʠʩʪʝʤʠ ʨʦʟʨʦʙʢʠ ʪʘ ʧʦʩʪʘʥʦʚʢʠ 

ʧʨʦʜʫʢʮʽʾ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ; (ʉʫʤɼʋ, ʤ. ʉʫʤʠ, 2016), ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʪʘ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ NANO (ʤ. ʃʴʚʽʚ 2015-2022), EastWest Chemistry 

Conference (EWCC) (ʂʠʾʚ, ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2021), OPAL (ʤ. ʊʝʥʝʨʠʬʝ, 

ɯʩʧʘʥʽʷ 2022, 2023), AMPT (ʤ. ʂʠʾʚ. 2022), CLEO/Europe-EQEC (ʤ. ʄʶʥʭʝʥ, 2023). 
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ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 41 ʥʘʫʢʦʚʫ ʧʨʘʮʶ, ʫ ʪʦʤʫ ʯʠʩʣʽ, - 15 

ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ, ʚʢʣʶʯʝʥʠʭ ʜʦ ʇʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ (ʚ ʪ.ʯ. 4 ʚʢʣʶʯʝʥʠʭ ʜʦ ʢʘʪʝʛʦʨʽʾ ñɸò), 8 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ 

ʽʥʦʟʝʤʥʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ, ʱʦ ʽʥʜʝʢʩʫʶʪʴʩʷ ʫ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟʘʭ Scopus ʪʘ/ʘʙʦ Web of Science Core Collection); 10 ʩʪʘʪʝʡ ʫ 

ʚʠʜʘʥʥʷʭ, ʚʽʜʥʝʩʝʥʠʭ ʜʦ ʜʨʫʛʦʛʦ ð ʪʨʝʪʴʦʛʦ ʢʚʘʨʪʠʣʽʚ (Q2ðQ3) ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʣʘʩʠʬʽʢʘʮʽʾ SCImago Journal and Country Rank ʘʙʦ Journal Citation Reports; 2 ʩʪʘʪʪʽ 

ʫ ʚʠʜʘʥʥʷʭ, ʷʢʽ ʥʝ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʬʘʭʦʚʠʭ, 1 ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ; 15 

ʪʝʟ ʪʘ ʜʦʧʦʚʽʜʝʡ ʥʘ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ. 

 

ʆʙʩʷʛ ʪʘ ʩʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʰʝʩʪʠ 

ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟʽ 302 ʥʘʡʤʝʥʫʚʘʥʴ. ɼʠʩʝʨʪʘʮʽʡʥʘ 

ʥʘʫʢʦʚʘ ʨʦʙʦʪʘ ʤʽʩʪʠʪʴ 105 ʨʠʩʫʥʢʽʚ,  37 ʪʘʙʣʠʮ ɹʪʘ 42 ʬʦʨʤʫʣʠ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ 

ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 367 ʩʪʦʨʽʥʦʢ, ʟ ʥʠʭ 277 ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ. 
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ʈʆɿɼɯʃ 1 ʊɽʆʈɽʊʀʏʅɯ ʇɽʈɽɼʋʄʆɺʀ, ʇʈɸʂʊʀʏʅɯ ɿɸʉɸɼʀ ʊɸ 

ʇʈʆɹʃɽʄʀ ʉʊɺʆʈɽʅʅʗ ʉʊʈʋʂʊʋʈʀ ʆʈɻɸʅʆ-ʄɯʅɽʈɸʃʔʅʀʍ 

ʇʆɺɽʈʍʆʅʔ ɿɯ ʉʊɸʃʆʖ ʉʋʇɽʈɻɯɼʈʆʌʆɹʅɯʉʊʖ 

 

1.1. ʊʝʦʨʝʪʠʯʥʽ ʧʝʨʝʜʫʤʦʚʠ ʩʪʚʦʨʝʥʥʷ ʩʪʽʡʢʠʭ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ 

ʧʦʚʝʨʭʦʥʴ 

ʉʪʽʡʢʽʩʪʴ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʠʣʽʢʘʪʥʠʭ ʽ ʩʧʝʮʽʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʜʽʾ ʨʽʟʥʠʭ ʨʽʜʠʥ, ʘ ʦʩʦʙʣʠʚʦ ʜʦ ʪʨʠʚʘʣʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʚʦʜʦʶ ʪʘ ʾʾ 

ʨʦʟʯʠʥʘʤʠ, ʻ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʚʠʨʦʙʽʚ ʽʟ ʥʠʭ [1]. 

ʇʽʜ ʚʦʜʦʩʪʽʡʢʽʩʪʶ ʤʘʪʝʨʽʘʣʽʚ ʟʘʟʚʠʯʘʡ ʨʦʟʫʤʽʶʪʴ ʾʭʥʶ ʭʽʤʽʯʥʫ ʽʥʝʨʪʥʽʩʪʴ ʱʦʜʦ 

ʚʦʜʠ, ʘ ʪʘʢʦʞ ʚʽʜʩʫʪʥʽʩʪʴ ʩʢʣʘʜʦʚʠʭ, ʱʦ ʝʢʩʪʨʘʛʫʶʪʴʩʷ ʚʦʜʦʶ. ɺʘʞʣʠʚʦʶ 

ʧʝʨʝʜʫʤʦʚʦʶ, ʱʦ ʬʦʨʤʫʻ ʮʶ ʚʣʘʩʪʠʚʽʩʪʴ, ʻ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʘ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʧʦʚʝʨʭʥʽ 

ʧʦʣʽʤʝʨʫ ʘʙʦ ʢʦʤʧʦʟʠʮʽʾ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʜʦ ʟʤʦʯʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ. ɺʦʥʘ ʤʦʞʝ ʙʫʪʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʤʘʪʝʨʽʘʣʫ ʽ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʨʽʜʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʠʟʢʠ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʧʽʜʭʦʜʽʚ, ʥʘʧʨʠʢʣʘʜ: ʆʫʝʥʩʘ-ɺʝʥʜʪʘ, ʌʦʫʢʩʘ ʘʙʦ ɺʘʥ ʆʩʩʘ [2]. ɻʨʫʙʘ ʦʮʽʥʢʘ 

ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʥʘʯʝʥʴ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʨʽʜʠʥʦʶ ʟ ʨʽʟʥʦʶ 

ʧʦʣʷʨʥʽʩʪʶ [3]. 

ʅʘʡʙʽʣʴʰ ʩʪʽʡʢʠʤʠ ʜʦ ʜʽʾ ʨʽʜʢʦʾ ʚʦʜʠ ʻ ʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘʡʤʝʥʰ 

ʩʧʦʨʽʜʥʝʥʽ ʟ ʥʝʶ, ʪʘʢʽ, ʥʘʧʨʠʢʣʘʜ, ʷʢ ʧʦʣʽʦʣʝʬʽʥʠ, ʬʪʦʨʦʚʘʥʽ ʧʦʣʽʦʣʝʬʽʥʠ, 

ʦʨʛʘʥʦʩʠʣʦʢʩʘʥʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʡʚʠʱʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ 

ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ, ʦʪʨʠʤʘʥʠʤʠ ʜʣʷ ʧʦʣʽʤʝʨʽʚ. [4]. ʎʽ ʤʘʪʝʨʽʘʣʠ, ʚʽʜʧʦʚʽʜʥʦ, ʤʘʶʪʴ 

ʥʘʡʥʠʞʯʫ ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ. 

ʆʜʥʘʢ, ʷʢ ʧʦʢʘʟʘʣʘ ʥʠʟʢʘ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʨʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʣʠʩʪʷ 

ʣʦʪʦʩʘ, ʧʽʨ'ʷ ʢʘʯʢʠ ʟʚʠʯʘʡʥʦʾ, ʣʘʧʦʢ ʚʦʜʦʤʽʨʦʢ), ʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʜʫʞʝ 

ʧʦʩʪʫʧʘʶʪʴʩʷ ʾʤ ʟʘ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʂʨʘʡʦʚʠʡ ʢʫʪ 

ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʧʦʚʝʨʭʥʽ ʧʦʣʽʪʝʪʨʘʬʪʦʨʝʪʠʣʝʥʫ, ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʩʪʘʥʦʚʠʪʴ 

ʙʣʠʟʴʢʦ 108Á, ʘ ʣʠʩʪʷ ʣʦʪʦʩʘ - ʧʦʥʘʜ 150Á [5]. ʆʩʪʘʥʥʻ ʜʦʩʷʛʘʻʪʴʩʷ ʘʞ ʥʽʷʢ ʥʝ 
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ʥʘʷʚʥʽʩʪʶ ʱʝ ʙʽʣʴʰ ʥʝʧʦʣʷʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʩʢʣʘʜʽ ʧʨʠʨʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ, ʘ ʟʘ 

ʨʘʭʫʥʦʢ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭʥʴʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʆʜʥʠʤ ʟ ʷʩʢʨʘʚʠʭ ʧʨʠʢʣʘʜʽʚ ʧʝʨʝʥʝʩʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʙʽʦʤʽʤʝʪʠʢʠ ʚ ʪʝʭʥʦʣʦʛʽʶ 

ʤʘʪʝʨʽʘʣʽʚ ʻ ʧʦʚʝʨʭʥʽ ʟ ʢʝʨʦʚʘʥʦʶ ʟʤʦʯʫʚʘʥʽʩʪʶ, ʟʦʢʨʝʤʘ, ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ. ʅʦʩʽʷʤʠ ʮʽʻʾ ʧʨʠʨʦʜʥʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʻ ʣʠʩʪʷ 

ʣʦʪʦʩʘ, ʢʘʯʠʥʝ ʧʽʨ'ʷ, ʢʨʠʣʘ ʤʝʪʝʣʠʢʽʚ ʪʘ ʧʝʣʶʩʪʢʠ ʪʨʦʷʥʜ. ɺʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʻ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʦʶ ʜʣʷ ʜʨʽʙʥʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʚʧʣʠʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ 

ʥʘ ʷʢʽ ʤʦʞʝ ʙʫʪʠ ʩʝʨʡʦʟʥʠʤ ʽʤʤʦʙʽʣʽʟʫʶʯʠʤ ʬʘʢʪʦʨʦʤ. ʇʽʜʚʠʱʝʥʘ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʮʠʭ ʧʨʠʨʦʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʤʦʚʣʝʥʘ ʨʦʟʚʠʥʝʥʠʤ 

ʨʝʣʴʻʬʦʤ, ʘ ʪʘʢʦʞ ʥʠʟʴʢʦʶ ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʣʷʨʥʽʩʪʶ ʧʦʚʝʨʭʥʽ, ʱʦ ʩʧʨʠʯʠʥʷʻ 

ʟʥʠʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ. ʊʝʢʩʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʧʨʠʨʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʟʫʤʦʚʣʝʥʘ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʤʽʢʨʦʩʢʦʧʽʯʥʠʤʠ ʚʠʩʪʫʧʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʧʫʯʢʠ ʥʘ ʢʨʠʣʘʭ ʢʦʤʘʨʘ 

ʘʙʦ ʚʠʨʦʩʪʠ ʫ ʚʠʧʘʜʢʫ ʣʠʩʪʷ ʣʦʪʦʩʘ ʯʠ ʧʝʣʶʩʪʦʢ ʞʦʨʞʠʥʠ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʤʽʩʪʷʪʴ 

ʜʨʽʙʥʦʤʘʩʰʪʘʙʥʠʡ ʨʽʚʝʥʴ ʰʦʨʩʪʢʦʩʪʽ, ʫʪʚʦʨʝʥʠʡ ʢʨʠʩʪʘʣʘʤʠ ʚʦʩʢʦʧʦʜʽʙʥʠʭ 

ʩʫʙʩʪʘʥʮʽʡ. ʂʨʽʤ ʬʦʨʤʫʚʘʥʥʷ ʙʽ-ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʨʝʣʴʻʬʫ, ʷʢʘ ʚʚʘʞʘʻʪʴʩʷ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʷʚʫ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʚʦʥʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʫ ʚʣʘʩʥʫ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ, ʦʩʢʽʣʴʢʠ ʮʽ ʚʦʩʢʠ ʻ 

ʚʽʜʥʦʩʥʦ ʥʝʧʦʣʷʨʥʠʤʠ ʚʫʛʣʝʚʦʜʥʝʚʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. 

ʄʝʭʘʥʽʟʤʠ ʜʦʩʷʛʥʝʥʥʷ ʥʘʩʪʽʣʴʢʠ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʥʥʷ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʠʨʦʜʘ, ʧʦʟʘ ʚʩʷʢʠʤʠ ʩʫʤʥʽʚʘʤʠ, ʧʦʨʦʜʠʣʠ ʟʨʦʩʪʘʶʯʠʡ ʽʥʪʝʨʝʩ ʫ 

ʥʘʫʢʦʚʦʤʫ ʩʧʽʚʪʦʚʘʨʠʩʪʚʽ. ʎʝ ʩʪʘʻ ʦʯʝʚʠʜʥʠʤ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʢʽʣʴʢʦʩʪʽ ʧʫʙʣʽʢʘʮʽʡ 

ʫ ʨʝʻʩʪʨʽ sciencedirect.com, ʱʦ ʤʽʩʪʷʪʴ ʫ ʢʣʶʯʦʚʠʭ ʩʣʦʚʘʭ ʩʣʦʚʦ "superhydrophobic" 

ʟ 1996 ʜʦ 2022 ʨʦʢʫ ʾʭ ʦʧʫʙʣʽʢʦʚʘʥʦ ʙʽʣʴʰʝ 3000. 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʝ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʫʙʣʽʢʘʮʽʡ ʫ ʯʘʩʽ. ʋ 

ʥʘʩʪʫʧʥʽ ʢʽʣʴʢʘ ʨʦʢʽʚ ʦʯʽʢʫʻʪʴʩʷ ʱʝ ʙʽʣʴʰ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ ʮʽʻʾ 

ʪʝʤʘʪʠʢʠ.  

ɺʠʚʯʝʥʥʷ ʧʨʠʨʦʜʥʽʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʤʘʶʪʴ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʽ ʪʘ 

ʩʘʤʦʦʯʠʱʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʧʦʯʘʣʦʩʷ ʱʝ ʥʘ ʧʦʯʘʪʢʫ 90-ʭ ʨʦʢʽʚ. ɼʦ ʪʘʢʠʭ 
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ʧʨʠʨʦʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚʽʜʥʦʩʷʪʴʩʷ ʣʦʪʦʩ, ʨʠʩ, ʢʦʣʦʢʘʟʽʷ ʝʩʢʫʣʝʥʪʘ, ʧʝʣʶʩʪʢʠ 

ʪʨʦʷʥʜʠ, ʪʦʱʦ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠʯʠʥʦʶ ʧʽʜʚʠʱʝʥʦʛʦ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʥʥʷ, 

ʟʦʢʨʝʤʘ ʜʦʩʷʛʥʝʥʥʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʛʦ ʩʪʘʥʫ ʟʤʦʯʫʚʘʥʥʷ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ 

ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʥʷʭ ʩʪʘʪʠʯʥʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ï ʚʠʱʝ 150, ʥʠʟʴʢʠʭ ʛʽʩʪʝʨʝʟʠʩʫ 

ʟʤʦʯʫʚʘʥʥʷ ʪʘ ʢʫʪʘ ʩʢʦʯʫʚʘʥʥʷ ï ʜʦ 10 ʻ ʤʽʢʨʦ/ʥʘʥʦ ʽʻʨʘʨʭʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʥʘ ʮʠʭ 

ʧʦʨʦʜʥʠʭ ʧʦʚʝʨʭʥʷʭ .  

ɽʬʝʢʪʦʤ ʣʦʪʦʩʘ ʥʘʟʠʚʘʶʪʴ ʦʯʠʱʝʥʥʷ ʣʠʩʪʷ ʣʦʪʦʩʘ ʢʨʘʧʣʷʤʠ ʜʦʱʦʚʦʾ ʚʦʜʠ. 

ʇʨʠ ʧʦʪʨʘʧʣʷʥʥʽ ʢʨʘʧʝʣʴ ʚʦʜʠ ʥʘ ʧʦʚʝʨʭʥʶ, ʚʦʥʠ ʥʘʙʫʚʘʶʪʴ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ, ʪʘ 

ʟʘ ʙʨʘʢʦʤ ʘʜʛʝʟʽʾ, ʱʦ ʟʫʤʦʚʣʶʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʜʦʩʪʘʪʥʴʦʛʦ ʟʤʦʯʫʚʘʥʥʷ, 

ʩʢʦʯʫʶʪʴʩʷ ʟ ʧʦʚʝʨʭʥʽ, ʟʘʭʦʧʣʶʶʯʠ ʟ ʩʦʙʦʶ ʯʘʩʪʠʥʢʠ ʙʨʫʜʫ, ʟʘʣʠʰʘʶʯʠ ʯʠʩʪʫ 

ʧʦʚʝʨʭʥʶ. ʅʠʟʴʢʘ ʟʤʦʯʫʚʘʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʥʘ ʧʦʚʝʨʭʥʽ ʮʠʭ ʣʠʩʪʽʚ 

ʙʽʦʛʝʥʥʠʭ ʚʠʩʪʫʧʽʚ ʚʠʩʦʪʦʶ 3-10 ʤʢʤ ʷʢʽ ʚʢʨʠʪʽ ʥʘʥʦʢʨʠʩʪʘʣʘʤʠ ʚʦʩʢʫ ʨʦʟʤʽʨʦʤ 

70-100 ʥʤ.  

ʋ 1963 ʨʦʮʽ ʢʦʤʧʘʥʽʷ DuPont ʧʨʝʜʩʪʘʚʠʣʘ ʩʚʽʡ ʧʨʦʜʫʢʪ ʥʘ ʦʩʥʦʚʽ ʬʪʦʨʚʤʽʩʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʜʣʷ ʦʙʨʦʙʢʠ ʪʢʘʥʠʥ, ʷʢʠʡ ʦʪʨʠʤʘʚ ʥʘʟʚʫ Zepel. 

ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʪʢʘʥʠʥʘ ʥʘʙʫʚʘʣʘ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʡ ʨʽʚʝʥʴ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʥʥʷ, 

ʱʦ ʙʫʣʦ ʟʫʤʦʚʣʝʥʦ ʧʦʻʜʥʘʥʥʷʤ ʥʠʟʴʢʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ 

ʝʢʨʘʥʫʚʘʥʥʷ ʧʦʣʷʨʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʛʨʫʧ ʪʢʘʥʠʥʠ ʤʦʣʝʢʫʣʘʤʠ ʤʦʜʠʬʽʢʘʪʦʨʘ ʪʘ 

ʪʝʢʩʪʫʨʠ ʪʦʥʢʠʭ ʚʦʣʦʢʦʥ.  ɺ ʧʦʜʘʣʴʰʦʤʫ ʪʘʢʽ ʤʦʜʠʬʽʢʘʪʦʨʠ ʧʨʦʜʦʚʞʫʚʘʣʠ 

ʧʨʠʚʝʨʪʘʪʠ ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ ʪʘ ʧʨʦʤʠʩʣʦʚʮʽʚ. ʅʘʡʙʽʣʴʰ ʢʨʫʧʥʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ 

ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʽʚ ʥʘʨʘʟʽ ʻ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ Dow (ʅʽʤʝʯʯʠʥʘ), Gelest (ʗʧʦʥʽʷ), Evonik 

(ʌʨʘʥʮʽʷ), ʪʦʱʦ.  

ʇʠʪʘʥʥʶ ʩʠʥʪʝʟʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʽʚ ʙʫʣʠ 

ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ ʫʢʨʘʾʥʩʴʢʠʭ ʚʯʝʥʠʭ, ʟʦʢʨʝʤʘ ʧʨʦʬ. ʇʘʱʝʥʢʘ ʆ.ʆ., ʜʦ ʘʚʪʦʨʩʪʚʘ 

ʷʢʦʛʦ ʥʘʣʝʞʘʪʴ ʤʦʥʦʛʨʘʬʽʾ ʟ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ,  

ʛʽʜʨʦʬʦʙʽʟʘʮʽʾ, ʦʙʨʦʙʢʠ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʘʤʠ ʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ 

ʛʽʜʨʦʬʦʙʥʦʛʦ ʩʧʫʯʝʥʦʛʦ  ʧʝʨʣʽʪʫ, ʪʦʱʦ.  
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ɺʧʝʨʰʝ ʤʝʭʘʥʽʟʤ ʝʬʝʢʪʫ ʣʦʪʦʩʘ ʙʫʚ ʜʦʩʣʽʜʞʝʥʠʡ ʽ ʦʧʠʩʘʥʠʡ ɹʘʨʪʣʦʪʪʦʤ ʽ 

ʅʝʡʥʭʘʡʩʦʤ ʫ 1997 ʨʦʮʽ [6].  ʇʽʜ ʯʘʩ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ 

ʚʣʘʩʪʠʚʽʩʪʴ ʩʘʤʦʦʯʠʱʝʥʥʷ ʦʙʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ ʽʻʨʘʨʭʽʯʥʦʾ ʰʦʨʩʪʢʦʾ ʩʪʨʫʢʪʫʨʠ 

ʧʦʚʝʨʭʥʽ ʣʠʩʪʷ ʨʦʩʣʠʥʠ. ɿ ʪʦʛʦ ʯʘʩʫ ʮʝʡ ʪʠʧ ʩʘʤʦʦʯʠʱʝʥʥʷ ʣʠʩʪʢʽʚ ʨʦʩʣʠʥ ʽ 

ʦʪʨʠʤʘʚ ʥʘʟʚʫ çʝʬʝʢʪ ʣʦʪʦʩʘè. 

 ɿʘ ʦʩʪʘʥʥʽ ʜʚʘ ʜʝʩʷʪʠʣʽʪʪʷ ʜʦʩʣʽʜʥʠʮʴʢʠʡ ʽʥʪʝʨʝʩ ʜʦ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʩʪʽ ʪʘ 

ʩʘʤʦʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟʥʘʯʥʦ ʟʨʽʩ. ɹʫʣʠ ʧʨʦʚʝʜʝʥʽ ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʧʦʚ'ʷʟʘʥʽ ʟ ʽʤʽʪʘʮʽʻʶ ʧʨʠʨʦʜʥʠʭ ʨʦʩʣʠʥ ʽ ʪʚʘʨʠʥ. ʇʨʦʚʝʜʝʥʘ ʚʝʣʠʢʘ ʨʦʙʦʪʘ ʧʦ 

ʚʠʚʯʝʥʥʶ ʩʪʨʫʢʪʫʨʠ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʤʦʯʫʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʛʽʜʨʦʬʦʙʥʽʩʪʶ. ɺʝʣʠʢʠʭ ʟʫʩʠʣʴ ʜʦʢʣʘʜʝʥʦ ʜʦ ʨʦʟʨʦʙʢʠ ʰʪʫʯʥʠʭ 

ʘʥʘʣʦʛʽʚ ʧʨʠʨʦʜʥʽʭ ʧʦʚʝʨʭʦʥʴ ʟ ʥʘʜʟʚʠʯʘʡʥʦ ʥʠʟʴʢʠʤ ʟʤʦʯʫʚʘʥʥʷʤ ʚʦʜʦʶ ʽ ʤʝʥʰ 

ʧʦʣʷʨʥʠʤʠ ʨʽʜʠʥʘʤʠ. ʊʘʢʽ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʽ ʧʦʚʝʨʭʥʽ ʤʘʶʪʴ ʙʘʛʘʪʦ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ, ʪʘʢʠʭ ʷʢ ʧʦʚʝʨʭʥʽ ʟʜʘʪʥʽ ʜʦ ʩʘʤʦʦʯʠʱʝʥʥʷ, ʟʙʦʨʫ ʨʽʜʢʦʾ ʚʦʜʠ ʟ ʚʦʜʷʥʦʾ 

ʧʘʨʠ, ʘʥʪʠʢʦʨʦʟʽʡʥʽ ʩʠʩʪʝʤʠ, ʘʥʪʠʦʞʝʣʝʜʥʽ ʧʦʢʨʠʪʪʷ, ʩʠʩʪʝʤʠ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ 

ʚʦʜʥʠʭ ʝʤʫʣʴʩʽʡ ʦʣʽʾ,  ʘʥʪʠʦʙʨʘʩʪʘʶʯʽ ʧʦʢʨʠʪʪʷ, ʪʦʱʦ. 

ʇʽʜ ʯʘʩ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʥʠʟʢʫ ʧʽʜʭʦʜʽʚ ʜʦ ʦʧʠʩʫ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʫʧʝʥʷ ʛʽʜʨʦʬʦʙʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʟ ʨʽʟʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʧʦʚʝʨʭʥʽ, ʘ 

ʪʘʢʦʞ ʜʦ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʢʠʭ ʧʦʚʝʨʭʦʥʴ.  ʅʘʷʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʟ ʮʽʻʾ 

ʪʝʤʠ ʜʫʞʝ ʦʙʰʠʨʥʘ ʽ ʧʦʪʨʝʙʫʻ ʫʟʘʛʘʣʴʥʝʥʥʷ. 

 

1.2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʦʯʫʚʘʥʥʷ 

1.2.1. ʂʫʪ ʟʤʦʯʫʚʘʥʥʷ ʨʽʚʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʫʧʝʥʷ ʬʽʟʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʦʶ ʧʦʚʝʨʭʥʝʶ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ. ʆʩʪʘʥʥʽʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʠʣ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʢʦʞʥʦʾ ʟ ʬʘʟ "ʨʽʜʠʥʘ - ʪʚʝʨʜʝ ʪʽʣʦ - ʛʘʟ", ʷʢʽ ʜʽʶʪʴ ʥʘ ʣʽʥʽʾ 

ʢʦʥʪʘʢʪʫ ʽ, ʢʦʤʧʝʥʩʫʶʯʠ ʦʜʥʘ ʦʜʥʫ, ʧʨʠʚʦʜʷʪʴ ʜʦ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ. ɺʠʭʦʜʷʯʠ ʟ 

ʮʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ, ʖʥʛʦʤ [ 7] ʙʫʣʦ ʚʠʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ (1) ʨʽʚʥʦʚʘʞʥʦʛʦ 

ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ (cosɗ) ʚʽʜ ʩʠʣ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ: 
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ʞʪʚ

ʞʪʚ

-

-
=
s

ss
qcos ,      (1) 

ʜʝ ʪʚs  ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʥʘ ʤʝʞʽ ʪʚʝʨʜʘ ʧʦʚʝʨʭʥʷ/ʛʘʟ; ʞʪʚ-s  ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ 

ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʬʘʟ ʪʚʝʨʜʘ ʧʦʚʝʨʭʥʷ/ʨʽʜʠʥʘ; ʞs  ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʥʘ ʤʝʞʽ 

ʨʽʜʠʥʘ/ʛʘʟ. 

ʎʝ ʰʠʨʦʢʦ ʚʽʜʦʤʝ ʨʽʚʥʷʥʥʷ ʤʦʞʝ ʙʫʪʠ ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʝ ʫ ʚʠʛʣʷʜʽ 

ʧʨʦʝʢʮʽʾ ʢʨʘʧʣʽ ʨʽʜʠʥʠ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʚ ʢʦʥʪʘʢʪʽ ʟ ʪʚʝʨʜʦʶ ʧʦʚʝʨʭʥʝʶ ʚ ʘʪʤʦʩʬʝʨʽ 

ʛʘʟʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʬʦʨʤʘ ʧʨʦʝʢʮʽʾ ʢʨʘʧʣʽ, ʘ ʪʦʯʥʽʰʝ ʢʫʪ ʤʽʞ ʜʦʪʠʯʥʦʶ ʜʦ ʧʦʚʝʨʭʥʽ 

ʢʨʘʧʣʽ ʪʘ ʣʽʥʽʻʶ ʩʫʙʩʪʨʘʪʫ, ʻ ʧʘʨʘʤʝʪʨʦʤ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻ ʩʪʫʧʽʥʴ 

ʚʟʘʻʤʦʜʽʾ ʚ ʩʠʩʪʝʤʽ ʪʚʝʨʜʘ ʧʦʚʝʨʭʥʷ/ʨʽʜʠʥʘ. ʅʘʧʨʠʢʣʘʜ, ʟʘʣʝʞʥʦ ʚʽʜ ʟʥʘʯʝʥʴ ʢʫʪʘ 

ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʚʦʜʦʶ, ʾʭ ʧʦʜʽʣʷʶʪʴ ʥʘ ʛʽʜʨʦʬʽʣʴʥʽ (ɗ<90Á) ʽ ʛʽʜʨʦʬʦʙʥʽ 

(ɗ>90Á). 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʩʚʦʶ ʧʨʦʩʪʦʪʫ, ʨʽʚʥʷʥʥʷ ʖʥʛʘ ʻ ʜʦʩʠʪʴ ʪʦʯʥʠʤ. ʋ ʨʦʙʦʪʽ [8] 

ʚʩʽ ʯʦʪʠʨʠ ʢʦʤʧʦʥʝʥʪʠ ʨʽʚʥʷʥʥʷ (1) ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʝʟʘʣʝʞʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʚʦʥʦ ʻ ʩʪʘʪʠʩʪʠʯʥʦ ʜʦʩʪʦʚʽʨʥʠʤ. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʦʪʨʠʤʘʥʦ ʪʝʦʨʝʪʠʯʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʢʫʪ 

ʟʤʦʯʫʚʘʥʥʷ ʜʣʷ ʧʣʦʩʢʦʾ ʧʦʚʝʨʭʥʽ, ʚʠʭʦʜʷʯʠ ʟ ʧʦʣʦʞʝʥʴ ʪʝʦʨʽʾ ɼʶʧʨʝ ʽ ɼʞʠʨʽʬʘʣʢʦ-

ɻʫʜʘ [9]. ɼʣʷ ʤʘʪʝʨʽʘʣʫ ʟ ʥʘʡʥʠʞʯʦʶ ʚʽʜʦʤʦʶ ʧʦʚʝʨʭʥʝʚʦʶ ʝʥʝʨʛʽʻʶ (6,7 ʤɼʞ/ʤ2 

ʜʣʷ ʧʦʚʝʨʭʥʽ ʧʝʨʬʪʦʨʝʢʦʟʘʥʫ: ʧʨʘʚʠʣʴʥʦ ʦʨʽʻʥʪʦʚʘʥʠʭ ʱʽʣʴʥʦ ʫʧʘʢʦʚʘʥʠʭ ʰʘʨʽʚ, 

ʧʦʚʝʨʭʥʷ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʪʽʣʴʢʠ ʟ -CF3 ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ [10]) ʙʫʚ 

ʦʪʨʠʤʘʥʠʡ ʢʫʪ 120Á. ʊʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʥʘ ʢʦʨʠʩʪʴ ʥʝʤʦʞʣʠʚʦʩʪʽ ʜʦʩʷʛʥʝʥʥʷ 

ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʚʠʢʣʶʯʥʦ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ. ɼʦ ʪʠʭ ʩʘʤʠʭ ʚʠʩʥʦʚʢʽʚ ʧʨʠʚʦʜʷʪʴ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʣʠʩʪʢʘ ʣʦʪʦʩʘ, ʱʦ ʻ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʤ ʧʨʠʢʣʘʜʦʤ ʧʨʠʨʦʜʥʦʾ 

ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʾ ʧʦʚʝʨʭʥʽ, ʘʜʞʝ ʩʘʤ ʚʽʩʢ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʻ ʧʦʨʽʚʥʷʥʦ 

ʛʽʜʨʦʬʽʣʴʥʠʤ (ʥʘ ʧʣʦʩʢʽʡ ʧʦʚʝʨʭʥʽ ʚʦʩʢʫ ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʜʦʨʽʚʥʶʻ 109Á 
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ʪʘ ʛʽʩʪʝʨʝʟʠʩ 71Á [11]), ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʩʘʤʦʛʦ 

ʣʠʩʪʢʘ ʙʣʠʟʴʢʦ 150Á. 

 

1.2. 2. ʂʫʪ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟ ʰʦʨʩʪʢʽʩʪʶ 

ʐʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʟʥʘʯʥʦ ʟʤʽʥʶʻ ʾʾ ʟʤʦʯʫʚʘʥʽʩʪʴ ʨʽʜʠʥʘʤʠ ʟʘ ʨʘʭʫʥʦʢ 

ʢʘʧʽʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʫʙʩʪʨʘʪʫ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʽ ʜʚʘ ʧʨʠʥʮʠʧʦʚʦ ʨʽʟʥʠʭ 

ʤʝʭʘʥʽʟʤʠ ʟʤʦʯʫʚʘʥʥʷ: ʙʝʟ ʧʦʚʽʪʨʷ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʷʭ, ʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʬʘʢʪʦʨʫ (ʨʠʩ. 1, ʘ, ʙ). ʎʽ ʜʚʘ ʨʽʟʥʽ ʤʝʭʘʥʽʟʤʠ ʦʧʠʩʫʶʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤʠ ɺʝʥʮʝʣʷ [12, 13] ʽ ʂʘʩʩʽ-ɹʘʢʩʪʝʨʘ [14] ʚʽʜʧʦʚʽʜʥʦ. ʈʝʘʣʽʟʘʮʽʷ ʪʦʛʦ ʯʠ 

ʽʥʰʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟʤʦʯʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʠʟʢʠ ʯʠʥʥʠʢʽʚ: ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ 

ʨʽʜʠʥʠ, ʱʦ ʟʤʦʯʫʻ, ʝʥʝʨʛʽʾ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʫʪʚʦʨʶʻ ʧʽʜʢʣʘʜʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʤʦʯʫʚʘʥʥʷ, ʰʚʠʜʢʦʩʪʽ ʧʦʪʨʘʧʣʷʥʥʷ ʨʽʜʠʥʠ ʥʘ ʧʦʚʝʨʭʥʶ ʩʫʙʩʪʨʘʪʫ, ʯʘʩʫ 

ʟʤʦʯʫʚʘʥʥʷ ʪʦʱʦ. 

 

 

ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ  1 ï ʄʦʜʝʣʽ ʟʤʦʯʫʚʘʥʥʷ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ: ʘ ï ʤʦʜʝʣʴ ʂʘʩʽ-

ɹʘʢʩʪʝʨʘ; ʙ ï ʤʦʜʝʣʴ ɺʝʥʮʝʣʷ. 
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ʄʦʜʝʣʴ ʂʘʩʽ-ɹʘʢʩʪʝʨʘ ʦʧʠʩʫʻ ʚʠʧʘʜʦʢ ʟʤʦʯʫʚʘʥʥʷ ʟʘ ʫʯʘʩʪʶ ʚʣʦʚʣʝʥʦʛʦ 

ʥʝʨʽʚʥʦʩʪʷʤʠ ʧʦʚʝʨʭʥʽ ʧʦʚʽʪʨʷ, ʦʪʞʝ, ʢʨʘʧʣʷ ʨʽʜʠʥʠ ʢʦʥʪʘʢʪʫʻ ʣʠʰʝ ʟ ʤʘʣʦʶ 

ʯʘʩʪʠʥʦʶ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʽ ʚʠʨʘʞʘʻʪʴʩʷ ʪʘʢʠʤ ʨʽʚʥʷʥʥʷʤ (2): 

 

2211 coscos*cos qqq Ö+Ö= ff ,                                      (2) 

ʜʝ ɗ* - ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʦʶ, ʛʨʘʜ; ɗ1 - ʢʫʪ 

ʟʤʦʯʫʚʘʥʥʷ ʘʥʘʣʦʛʽʯʥʦʾ ʧʣʦʩʢʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʦʶ, ʛʨʘʜ; ɗ2 - ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ 

ʨʽʜʠʥʦʶ ʛʘʟʦʧʦʜʽʙʥʦʾ ʬʘʟʠ, ʛʨʘʜ; f1 ̔  f2 - ʯʘʩʪʢʠ ʧʣʦʱʽ ʚʟʘʻʤʦʜʽʾ ʪʚʝʨʜʝ ʪʽʣʦ - ʨʽʜʠʥʘ 

ʽ ʛʘʟ - ʨʽʜʠʥʘ ʚʽʜʧʦʚʽʜʥʦ, ʩʫʤʘ ʯʘʩʪʦʢ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. 

 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʛʘʟʦʧʦʜʽʙʥʦʾ ʬʘʟʠ ʨʽʜʠʥʦʶ ʩʪʘʥʦʚʠʪʴ 180 

ʛʨʘʜʫʩʽʚ ʽ, ʚʠʨʘʞʘʶʯʠ ʯʘʩʪʢʫ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʟ ʛʘʟʦʤ ʯʝʨʝʟ ʯʘʩʪʢʫ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ 

ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʦʶ ʧʽʜʢʣʘʜʢʦʶ, ʦʪʨʠʤʫʻʤʦ ʦʩʪʘʪʦʯʥʝ ʨʽʚʥʷʥʥʷ ʤʦʜʝʣʽ (3): 

)cos1(1*cos 11 qq ++-= f     (3) 

ʄʦʜʝʣʴ ɺʝʥʮʝʣʷ ʷʚʣʷʻ ʩʦʙʦʶ ʦʧʠʩ ʚʠʧʘʜʢʫ ʟʤʦʯʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ 

ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʦʶ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʧʨʦʰʘʨʢʫ ʧʦʚʽʪʨʷ, ʚʣʦʚʣʝʥʦʛʦ 

ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʷʤʠ ʩʪʨʫʢʪʫʨʠ (4). ʇʦ ʩʫʪʽ, ʚʦʥʘ ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʤʦʜʝʣʽ ʂʘʩʽ-

ɹʘʢʩʪʝʨʘ: 

ʧʨ

ʠʩʪ

S

S
qq coscos * = ,      (4) 

ʜʝ ɗ* ï ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʰʦʨʩʪʢʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʦʶ, ʛʨʘʜ.; ɗ ï ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ 

ʘʥʘʣʦʛʽʯʥʦʾ ʧʣʘʩʢʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʦʶ, ʛʨʘʜ.; r ï ʬʘʢʪʦʨ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ: 

ʧʨ

ʠʩʪ

S

S
r =  ʧʨʠ ʪʦʤʫ, ʱʦ Sʠʩʪ ï ʽʩʪʠʥʘ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʩʪʨʫʢʪʫʨʠ; Sʧʨ ï ʧʣʦʱʘ ʧʨʦʝʢʮʽʾ 

ʩʪʨʫʢʪʫʨʠ.   
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ʆʙ'ʻʜʥʘʚʰʠ ʨʽʚʥʷʥʥʷ ɺʝʥʮʝʣʷ (4) ʽ ʂʘʩʩʽ-ɹʘʢʩʪʝʨʘ (2), ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʧʝʨʝʭʽʜʥʦʛʦ ʨʝʞʠʤʫ ʟʤʦʯʫʚʘʥʥʷ (5) ʤʽʞ ʤʝʪʘʩʪʘʙʽʣʴʥʠʤʠ 

ʩʪʘʥʘʤʠ, ʱʦ ʚʨʘʭʦʚʫʚʘʪʠʤʝ ʦʜʥʦʯʘʩʥʦ ʽ ʬʘʢʪʦʨ ʰʦʨʩʪʢʦʩʪʽ, ʽ ʯʘʩʪʢʫ ʚʟʘʻʤʦʜʽʾ 

ʨʽʜʠʥʘ - ʪʚʝʨʜʝ ʪʽʣʦ [15, 16]: 

2211 coscos*cos qqq Ö+ÖÖ= frf .    (5) 

ɿʤʽʥʘ ʪʦʧʦʛʨʘʬʽʾ ʥʝʨʽʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʟʤʽʥ ʟʥʘʯʝʥʥʷ 

ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ. ʇʦʧʘʜʘʥʥʷ ʧʦʚʽʪʨʷ ʥʝ ʜʘʻ ʟʤʦʛʠ ʨʽʜʠʥʽ ʧʨʦʥʠʢʘʪʠ ʚ 

ʧʦʨʠ, ʽ ʪʘʢʠʡ ʩʪʘʥ ʻ ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʽʰʠʤ. ʆʜʥʘʢ, ʧʽʜ ʜʽʻʶ ʩʠʣ ʪʷʞʽʥʥʷ, ʪʠʩʢʫ 

ʃʘʧʣʘʩʘ (ʢʘʧʽʣʷʨʥʠʡ ʪʠʩʢ), ʢʨʘʧʣʷ ʯʘʩʪʢʦʚʦ ʤʦʞʝ ʧʨʦʥʠʢʘʪʠ ʚʛʣʠʙ ʪʝʢʩʪʫʨʠ 

ʧʦʚʝʨʭʥʽ. ʊʦʙʪʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʂʘʩʩʽ - ɹʘʢʩʪʝʨʘ, ʧʝʨʝʭʽʜʥʠʡ 

ʨʝʞʠʤ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ ʛʽʩʪʝʨʝʟʠʩʫ [17-19], ʷʢʱʦ ʢʨʘʧʣʷ 

"ʯʽʧʣʷʪʠʤʝʪʴʩʷ" ʟʘ ʧʦʚʝʨʭʥʶ, ʦʩʢʽʣʴʢʠ ʚ ʪʘʢʦʤʫ ʨʘʟʽ ʨʽʜʠʥʘ ʤʦʞʝ ʯʘʩʪʢʦʚʦ 

ʢʦʥʪʘʢʪʫʚʘʪʠ ʟʽ ʩʪʽʥʢʘʤʠ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ, ʥʝ ʪʦʨʢʘʶʯʠʩʴ ʥʠʞʥʴʦʛʦ ʰʘʨʫ 

ʧʦʚʝʨʭʥʽ. 

ʊʘʢ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʮʽʢʘʚʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʧʨʠʢʣʘʜ, ʦʨʽʻʥʪʦʚʘʥʘ ʰʦʨʩʪʢʽʩʪʴ [20] (ʧʘʨʘʣʝʣʴʥʽ ʚʦʣʦʢʥʘ/ʩʤʫʛʠ ʥʘ 

ʧʦʚʝʨʭʥʽ) ʟʫʤʦʚʣʶʻ ʟʜʘʪʥʽʩʪʴ ʢʨʘʧʝʣʴ ʨʽʜʠʥʠ ʟʽʩʢʦʚʟʫʚʘʪʠ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ ʽ, 

ʥʘʚʧʘʢʠ, ʟʘʣʠʰʘʪʠʩʷ ʥʘ ʧʦʚʝʨʭʥʽ, ʷʢʱʦ ʨʫʭ ʩʧʨʷʤʦʚʘʥʠʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ 

ʚʦʣʦʢʦʥ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʝʣʠʢʘ ʨʽʟʥʠʮʷ ʤʽʞ ʢʨʘʡʦʚʠʤʠ ʢʫʪʘʤʠ 

ʟʘʣʝʞʥʦ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ ʢʨʘʧʣʽ [15]. 

ʈʽʚʥʷʥʥʷ (5) ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʦʧʠʩʫ ʚʟʘʻʤʦʜʽʾ ʨʽʜʠʥʘ - ʪʚʝʨʜʝ ʪʽʣʦ ʜʣʷ 

ʧʨʠʨʦʜʥʠʭ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ [21, 22]. ʆʜʥʘʢ ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʤʦʜʝʣʽ ʥʝ 

ʟʘʚʞʜʠ ʤʦʞʫʪʴ ʦʧʠʩʘʪʠ ʷʚʠʱʝ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʩʪʽ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ [23-25] 

ʥʝʦʜʥʦʨʘʟʦʚʦ ʟʘʟʥʘʯʘʣʦʩʷ, ʱʦ ʦʙʠʜʚʘ ʨʽʚʥʷʥʥʷ ɺʝʥʮʝʣʷ ʽ ʂʘʩʽ-ɹʘʢʩʪʝʨʘ ʧʨʠʡʥʷʪʥʽ 

ʪʽʣʴʢʠ ʚ ʨʘʟʽ, ʷʢʱʦ ʨʦʟʤʽʨ ʢʨʘʧʣʽ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʨʦʟʤʽʨʠ ʝʣʝʤʝʥʪʽʚ ʪʝʢʩʪʫʨʠ. 

ɼʦʩʽ ʥʝʤʘʻ ʦʜʥʦʟʥʘʯʥʦʾ ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʠʪʘʥʥʷ, ʷʢʠʤ ʯʠʥʦʤ ʜʦʩʷʛʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʠʡ 

ʩʪʘʥ ʟʤʦʯʫʚʘʥʥʷ. ɯ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʫʩʧʽʭʠ ʚ ʦʮʽʥʮʽ ʧʝʨʝʭʽʜʥʦʛʦ ʩʪʘʥʫ, ʫʤʦʚʠ 

ʧʝʨʝʭʦʜʫ ʥʝ ʚʠʟʥʘʯʝʥʽ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʟʥʘʯʝʥʽ ʪʝʦʨʽʾ ʟʤʦʯʫʚʘʥʥʷ ʻ ʢʦʨʠʩʥʠʤʠ, ʘʣʝ ʥʝ ʜʦʩʪʘʪʥʽʤʠ ʜʣʷ 

ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʟʤʦʯʫʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʊʠʤ ʧʘʯʝ, ʫ ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

ʧʝʨʝʭʽʜʥʠʭ ʩʪʘʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʜʝʘʣʽʟʦʚʘʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʩʪʨʦʛʦ ʪʝʢʩʪʫʨʦʚʘʥʽ ʧʦʚʝʨʭʥʽ. ʎʝ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʷʢ ʧʨʠʨʦʜʥʠʤ ʧʦʚʝʨʭʥʷʤ, ʪʘʢ ʽ 

ʤʦʞʣʠʚʠʤ ʰʪʫʯʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʦʪʨʠʤʘʥʠʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʧʦʚʥʶʚʘʯʽʚ, 

ʧʦʨʦʫʪʚʦʨʶʚʘʯʽʚ [26, 27], ʟʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. 

 

1.2. 3. ɻʽʩʪʝʨʝʟʠʩ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ 

ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʜʦʩʣʽʜʞʝʥʥʽ [28], ʚʽʜʦʤʦ ʱʦ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ 

ʩʘʤʝ ʧʦ ʩʦʙʽ ʥʝ ʻ ʛʘʨʘʥʪʽʻʶ ʭʦʨʦʰʠʭ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɯʩʥʫʻ 

ʥʠʟʢʘ ʧʦʚʝʨʭʦʥʴ, ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʽʩʪʴ ʷʢʠʭ ʤʝʪʘʩʪʘʙʽʣʴʥʘ ʚ ʯʘʩʽ, ʘ ʪʘʢʦʞ ʪʘʢʠʭ, ʟ 

ʷʢʠʭ, ʟʘ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ, ʨʽʜʠʥʘ ʥʝ ʩʢʦʯʫʻʪʴʩʷ. ɼʣʷ ʦʧʠʩʫ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʥʘʯʝʥʥʷ ʛʽʩʪʝʨʝʟʠʩʫ 

ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʅ (6), ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʨʽʟʥʠʮʶ ʟʥʘʯʝʥʴ ʢʫʪʘ ʥʘʪʽʢʘʥʥʷ ʥʘʪq  ʪʘ 

ʢʫʪʘ ʚʽʜʪʽʢʘʥʥʷ ʦʪq  ʨʽʜʠʥʠ ʥʘ ʧʦʚʝʨʭʥʽ ʧʽʜ ʥʘʭʠʣʦʤ [29] ʘ ʪʘʢʦʞ ʧʨʠ ʟʤʦʯʫʚʘʥʥʽ 

ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʰʦʨʩʪʢʦʾ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 2). 

 

ʈʠʩʫʥʦʢ 2 ï ʂʨʘʡʦʚʽ ʢʫʪʠ ʥʘʪʽʢʘʥʥʷ ɗʥʘʪ  ʪʘ ʚʽʜʪʽʢʘʥʥʷ ɗʦʪ 

 

ʦʪʥʘʪH qq -= .                                       (6) 

ʄʘʣʝ ʟʥʘʯʝʥʥʷ ʛʽʩʪʝʨʝʟʠʩʫ ʅ ʟʘʙʝʟʧʝʯʫʻ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʩʢʦʯʫʚʘʥʥʷ, 

ʪʦʙʪʦ ʢʫʪʘ, ʥʘ ʷʢʠʡ ʤʘʻ ʙʫʪʠ ʥʘʭʠʣʝʥʘ ʧʦʚʝʨʭʥʷ, ʱʦʙ ʢʨʘʧʣʷ ʤʦʛʣʘ ʤʠʤʦʚʽʣʴʥʦ 
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ʩʢʦʪʠʪʠʩʷ ʟ ʧʦʚʝʨʭʥʽ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ. ɿʘ ʚʝʣʠʢʦʾ ʨʽʟʥʠʮʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʽ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʢʨʘʧʣʷ ʥʝ ʤʦʞʝ ʚʽʜʽʨʚʘʪʠʩʷ, ʥʘʚʽʪʴ ʷʢʱʦ ʩʪʘʪʠʯʥʠʡ 

ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʧʦʢʘʟʫʻ ʟʥʘʯʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʤʫ 

ʩʪʘʥʫ [30]. ɿʛʽʜʥʦ ʟ ʙʘʛʘʪʴʤʘ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [31-33], ʛʽʩʪʝʨʝʟʠʩ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʻ 

ʚʘʞʣʠʚʽʰʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʥʽʞ ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʨʘʡʦʚʠʡ ʢʫʪ, ʷʢʠʡ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʥʘ ʧʦʚʝʨʭʥʽ ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. 

ɻʽʩʪʝʨʝʟʠʩ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʥʘ ʧʣʦʩʢʠʭ ʩʫʙʩʪʨʘʪʘʭ, ʫ ʨʘʟʽ 

ʭʽʤʽʯʥʦʾ ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ ʧʦʚʝʨʭʥʽ [34]. ʈʽʟʥʽ ʜʽʣʷʥʢʠ ʧʦʚʝʨʭʥʽ ʤʦʞʫʪʴ ʤʘʪʠ ʚʽʜʤʽʥʥʫ 

ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ. ʋ ʤʽʩʮʽ ʧʝʨʝʭʦʜʫ ʚʽʜ ʦʜʥʽʻʾ ʪʘʢʦʾ ʜʽʣʷʥʢʠ ʜʦ ʽʥʰʦʾ, ʟʛʽʜʥʦ ʟ 

ʨʽʚʥʷʥʥʷʤ ʖʥʛʘ, ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʘ ʩʢʣʘʜʦʚʘ ʪʚʝʨʜʦʾ ʬʘʟʠ, ʚʽʜʧʦʚʽʜʥʦ 

ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ ʽ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʬʘʟ, ʱʦ ʩʪʚʦʨʶʚʘʪʠʤʝ ʙʘʨ'ʻʨ 

ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʮʽʻʾ ʤʝʞʽ, ʱʦ ʡ ʧʨʠʟʚʦʜʠʪʠʤʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʛʽʩʪʝʨʝʟʠʩʫ. 

ʂʨʽʤ ʚʧʣʠʚʫ ʪʦʧʦʛʨʘʬʽʾ ʪʘ ʭʽʤʽʯʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʧʦʚʝʨʭʥʽ, ʪʘʢʦʞ ʛʽʩʪʝʨʝʟʠʩ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʟʜʘʪʥʦʩʪʽ ʤʦʣʝʢʫʣʷʨʥʠʭ ʛʨʫʧ ʥʘ ʧʦʚʝʨʭʥʽ 

ʧʝʨʝʦʨʽʻʥʪʫʚʘʪʠʩʷ ʽ ʜʠʬʫʥʜʫʚʘʪʠ ʚ ʨʽʜʢʫ ʬʘʟʫ, ʟ ʯʘʩʦʤ ʢʦʥʪʘʢʪʫ ʜʚʦʭ ʬʘʟ ʧʽʜ ʯʘʩ 

ʜʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ ʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʟʤʦʯʫʚʘʥʥʷ ʨʽʜʠʥʦʶ ʽ ʚʽʜʜʽʣʝʥʥʷ 

ʢʨʘʧʣʽ ʚʽʜ ʧʦʚʝʨʭʥʽ [35]. 

ɻʽʩʪʝʨʝʟʠʩ ʟʤʦʯʫʚʘʥʥʷ, ʷʢ ʫʞʝ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ, ʚʠʥʠʢʘʻ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʥʝʨʽʚʥʦʩʪʝʡ ʥʘ ʧʦʚʝʨʭʥʽ. ʑʝ ʚ ʧʝʨʰʠʭ ʨʦʙʦʪʘʭ ʽʟ ʚʠʚʯʝʥʥʷ ʛʽʩʪʝʨʝʟʠʩʫ ʜʣʷ 

ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ ɼʞʦʥʩʦʥ ʽ ɼʝʪʪʨ ʦʧʠʩʫʶʪʴ ʟʤʽʥʫ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ 

ʥʘʪʽʢʘʥʥʷ ʡ ʥʘʙʨʷʢʘʥʥʷ ʧʨʠ ʟʤʽʥʽ ʰʦʨʩʪʢʦʩʪʽ [36]. ɸʚʪʦʨʠ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ 

ʛʽʩʪʝʨʝʟʠʩ ʟʤʽʥʶʻʪʴʩʷ ʥʝʣʽʥʽʡʥʦ: ʩʧʦʯʘʪʢʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʦʨʩʪʢʦʩʪʽ ʛʽʩʪʝʨʝʟʠʩ 

ʟʨʦʩʪʘʻ ʘʞ ʜʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʥʘʪʽʢʘʥʥʷ ʽ ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ 

ʜʦ ʟʥʘʯʝʥʴ ʤʝʥʰʠʭ, ʥʽʞ ʥʘ ʨʽʚʥʽʡ ʧʦʚʝʨʭʥʽ. ʊʘʢʠʡ ʩʪʨʠʙʦʢ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʝʨʝʭʽʜ ʟʽ 

ʩʪʘʥʫ ɺʝʥʮʝʣʷ, ʢʦʣʠ ʢʨʘʧʣʷ ʟʘʩʪʨʷʻ ʚ "ʧʦʨʘʭ" ʧʦʚʝʨʭʥʽ, ʫ ʤʝʪʘʩʪʘʙʽʣʴʥʠʡ ʩʪʘʥ 

ʂʘʩʩʽ. ɿʘ ʧʦʜʘʣʴʰʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʰʦʨʩʪʢʦʩʪʽ (ʜʣʷ ʧʦʚʝʨʭʦʥʴ ʽʟ 

ʥʝʨʽʚʥʦʩʪʷʤʠ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ) ʚʠʩʪʫʧʠ ʥʘ ʧʦʚʝʨʭʥʽ ʟʥʦʚʫ ʩʣʫʛʫʚʘʪʠʤʫʪʴ 

"ʟʘʯʽʧʢʘʤʠ" ʜʣʷ ʢʨʘʧʣʽ [32], ʽ ʦʩʪʘʥʥʷ ʟʥʦʚʫ ʧʝʨʝʭʦʜʠʪʠʤʝ ʚ ʩʪʘʥ ɺʝʥʮʝʣʷ. 



43 
 

ʆʜʥʘʢ ʮʝ ʥʝ ʦʟʥʘʯʘʻ, ʱʦ ʚ ʩʪʘʥʽ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʟʤʦʯʫʚʘʥʥʷ ʛʽʩʪʝʨʝʟʠʩ ʜʦʨʽʚʥʶʻ 

0, ʘ ʣʠʰʝ ʪʝ, ʱʦ ʜʣʷ ʩʪʘʥʫ ʂʘʩʩʽ ʚʽʥ ʫ 10-20 ʨʘʟʽʚ ʤʝʥʰʠʡ, ʥʽʞ ʜʣʷ ʩʪʘʥʫ ɺʝʥʮʝʣʷ 

[37]. ɺʠʭʦʜʷʯʠ ʟ ʮʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʙʘʛʘʪʦ ʜʦʩʣʽʜʥʠʢʽʚ ʦʧʠʩʫʶʪʴ ʫʤʦʚʠ, ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʥʫ ʂʘʩʩʽ [38-41]. ʊʘʢ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʂʘʩʩʽ ʪʘ ɺʝʥʮʝʣʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʨ'ʻʨʫ ʤʽʞ ʮʠʤʠ ʩʪʘʥʘʤʠ ʜʘʣʦ 

ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʧʦʟʠʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʢʩʪʫʨʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʩʪʘʙʽʣʴʥʦʛʦ ʩʪʘʥʫ ʂʘʩʩʽ. ʉʘʤʽ ʞ ʨʽʚʥʷʥʥʷ ʂʘʩʩʽ-ɹʘʢʩʪʝʨʘ ʽ ɺʝʥʮʝʣʷ ʥʝ ʜʘʶʪʴ 

ʟʤʦʛʠ ʧʝʨʝʜʙʘʯʠʪʠ ʛʽʩʪʝʨʝʟʠʩ, ʷʢʠʡ, ʩʢʦʨʽʰʝ, ʦʧʠʩʫʻ ʭʘʨʘʢʪʝʨ "ʟʘʯʝʧʣʝʥʥʷ ʽ 

ʚʽʜʯʝʧʣʝʥʥʷ" ʚ ʧʨʦʮʝʩʽ ʨʫʭʫ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ ʪʨʴʦʭ ʬʘʟ. ʊʦʤʫ ʙʘʛʘʪʦ ʨʦʙʽʪ ʙʫʣʦ 

ʧʨʠʩʚʷʯʝʥʦ ʩʪʚʦʨʝʥʥʶ ʤʦʜʝʣʝʡ, ʷʢʽ ʜʘʣʠ ʙ ʟʤʦʛʫ ʧʝʨʝʜʙʘʯʠʪʠ ʛʽʩʪʝʨʝʟʠʩ 

ʟʤʦʯʫʚʘʥʥʷ, ʚʠʭʦʜʷʯʠ ʟ ʨʫʭʫ ʤʝʞʽ ʨʦʟʜʽʣʫ ʪʨʴʦʭ ʬʘʟ [42-47]. 

 

1.2.4. ʄʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʪʦʧʦʛʨʘʬʽʾ ʰʦʨʩʪʢʠʭ ʧʦʚʝʨʭʦʥʴ 

ɯʩʥʫʻ ʙʝʟʣʽʯ ʤʦʜʝʣʝʡ, ʱʦ ʦʧʠʩʫʶʪʴ, ʥʘʩʘʤʧʝʨʝʜ, ʚʧʣʠʚ ʪʦʧʦʛʨʘʬʽʾ ʧʦʚʝʨʭʥʽ ʥʘ 

ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ, ʛʽʩʪʝʨʝʟʠʩ, ʢʫʪ ʩʢʦʯʫʚʘʥʥʷ ʪʦʱʦ. ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ ʩʪʨʦʛʦ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʥʷʭ, ʦʪʨʠʤʘʥʠʭ ʣʽʪʦʛʨʘʬʽʻʶ. ɯ 

ʚʽʜʧʦʚʽʜʥʦ, ʥʘʡʯʘʩʪʽʰʝ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʻ ʚʽʨʥʠʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ. 

ɿʘʛʘʣʦʤ, ʧʽʜʭʦʜʠ ʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʩʪʽ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 

ʢʽʣʴʢʘ ʚʠʜʽʚ. ɺʠʭʦʜʷʯʠ ʟ ʬʘʢʪʦʨʫ, ʷʢʠʡ ʚʚʘʞʘʻʪʴʩʷ ʢʣʶʯʦʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʮʴʦʛʦ ʷʚʠʱʘ, ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʦʧʠʩʫʶʪʴ: 

 - ʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʨʽʚʥʷʥʴ ʂʘʩʽ-ɹʘʢʩʪʝʨʘ ʽ ɺʝʥʮʝʣʷ; 

 - ʬʦʨʤʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʛʽʩʪʝʨʝʟʠʩʫ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ; 

 - ʫʤʦʚʠ ʜʦʩʷʛʥʝʥʥʷ ʩʪʽʡʢʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ ʂʘʩʽ-ɹʘʢʩʪʝʨʘ (ʰʫʢʘʶʪʴ 

ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʟʤʽʨʽʚ ʪʦʧʦʛʨʘʬʽʾ, ʦʙ'ʻʤʫ ʽ ʬʦʨʤʠ ʢʨʘʧʣʽ, ʣʦʢʘʣʴʥʽ ʤʽʥʽʤʫʤʠ 

ʝʥʝʨʛʽʾ ʪʦʱʦ). 
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ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʬʦʨʤʠ, ʚʽʜʩʪʘʥʽ ʤʽʞ ʥʝʨʽʚʥʦʩʪʷʤʠ, ʘ ʪʘʢʦʞ ʾʭʥʽʭ 

ʨʦʟʤʽʨʽʚ ʥʘ ʟʥʘʯʝʥʥʷ ʨʽʚʥʦʚʘʞʥʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ. ʎʽ ʧʘʨʘʤʝʪʨʠ ʚʠʨʘʞʘʶʪʴʩʷ 

ʯʝʨʝʟ ʬʘʢʪʦʨʠ ʰʦʨʩʪʢʦʩʪʽ ʚ ʨʽʚʥʷʥʥʷʭ ɺʝʥʮʝʣʷ ʽ ʂʘʩʽ. 

ʆʧʠʩʘʥʦ  ʩʪʘʪʠʯʥʠʡ ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʷʢ ʜʣʷ ʧʣʦʩʢʦʾ ʧʦʚʝʨʭʥʽ, ʪʘʢ ʽ 

ʜʣʷ ʰʦʨʩʪʢʠʭ ʧʦʚʝʨʭʦʥʴ ʽʟ ʨʽʟʥʦʶ ʧʝʨʽʦʜʠʯʥʦ ʦʨʛʘʥʽʟʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ [41, 48]. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ, ʤʦʞʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ 

ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʩʪʘʥʫ ʟʤʦʯʫʚʘʥʥʷ (ʂʘʩʽ) ʽ ʚʧʣʠʚ ʬʦʨʤʠ ʤʝʞʽ ʢʦʥʪʘʢʪʫ [41]. ʊʘʢ ʜʣʷ 

ʧʦʚʝʨʭʥʽ ʟ ʧʝʨʽʦʜʠʯʥʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʦʜʥʘʢʦʚʠʤʠ ʢʚʘʜʨʘʪʥʠʤʠ ʚʠʩʪʫʧʘʤʠ ʬʘʢʪʦʨ 

ʰʦʨʩʪʢʦʩʪʽ rf ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ (7).  

ʇʦʜʽʙʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʚʝʜʝʥʦ ʜʣʷ ʧʦʚʝʨʭʦʥʴ ʽʟ ʚʠʩʪʫʧʘʤʠ ʮʠʣʽʥʜʨʠʯʥʦʾ, 

ʢʦʥʽʯʥʦʾ, ʧʽʨʘʤʽʜʘʣʴʥʦʾ, ʥʘʧʽʚʩʬʝʨʠʯʥʦʾ ʬʦʨʤ. ɸʚʪʦʨʠ ʜʦʭʦʜʷʪʴ ʚʠʩʥʦʚʢʫ, ʱʦ 

ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʽ ʥʠʟʴʢʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ ʤʦʞʣʠʚʝ ʟʘ ʚʠʩʪʫʧʽʚ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʤʘʶʪʴ ʬʦʨʤʫ ʧʽʚʩʬʝʨ ʽʟ ʛʝʢʩʘʛʦʥʘʣʴʥʠʤ ʧʘʢʫʚʘʥʥʷʤ ʘʙʦ 

ʧʽʨʘʤʽʜʘʣʴʥʠʭ ʚʠʩʪʫʧʽʚ ʽʟ ʢʨʫʛʣʦʶ ʚʝʨʭʽʚʢʦʶ. 

r

hp
hr

2

f

2
181r +=ÖÖ+= h ,     (7) 

ʜʝ ʨ ï ʧʘʨʘʤʝʪʨ ʫʧʘʢʦʚʢʠ ʚʠʩʪʫʧʽʚ ʧʦʚʝʨʭʥʽ (ʜʣʷ ʢʚʘʜʨʘʪʥʠʭ ï hrp 2= ,  ɖ ï 

ʛʫʩʪʠʥʘ ʚʠʩʪʫʧʽʚ ʥʘ ʦʜʠʥʠʮʶ ʧʦʚʝʨʭʥʽ), r ï ʜʦʚʞʠʥʘ ʩʪʦʨʦʥʠ ʢʚʘʜʨʘʪʫ,  h ï ʚʠʩʦʪʘ 

ʥʝʨʽʚʥʦʩʪʽ. 

 

ʇʦʜʽʙʥʘ ʪʝʢʩʪʫʨʘ ʟʽ ʩʬʝʨʠʯʥʠʤʠ ʥʝʨʽʚʥʦʩʪʷʤʠ ʨʦʟʛʣʷʥʫʪʘ ʙʘʛʘʪʴʤʘ ʘʚʪʦʨʘʤʠ 

[41, 48-52]. ʌʘʢʪʦʨʠ ʰʦʨʩʪʢʦʩʪʽ fs (8) ʽ rs (9) ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʫʥʢʮʽʷʤ ʛʣʠʙʠʥʠ 

ʧʨʦʚʠʩʘʥʥʷ ǩ ʢʨʘʧʣʽ ʨʽʜʠʥʠ ʤʽʞ ʩʬʝʨʠʯʥʠʤʠ ʚʠʩʪʫʧʘʤʠ ʨʘʜʽʫʩʘ R (ʧʨʠ ʫʤʦʚʽ ʱʦ 

 1)R(cos += qZ , qcos  ï ʢʦʩʠʥʫʩ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʭʽʤʽʯʥʦ ʽʜʝʥʪʠʯʥʦʾ ʧʣʦʩʢʦʾ 

ʧʦʚʝʨʭʥʽ) [53]: 
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ʑʝ ʦʜʥʠʤ ʧʨʠʢʣʘʜʦʤ ʥʝʨʽʚʥʦʾ ʪʦʧʦʛʨʘʬʽʾ ʻ ʬʨʘʢʪʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ, ʱʦ ʪʘʢʦʞ 

ʚʠʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʠʤʠ ʢʫʪʘʤʠ ʟʤʦʯʫʚʘʥʥʷ. ɼʣʷ ʪʘʢʠʭ ʧʦʚʝʨʭʦʥʴ ʐʠʙʽʯʽ ʪʘ ʆʥʜʘ 

[54] ʚʠʚʦʜʷʪʴ ʤʦʜʝʣʴ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ (10). 

ʎʝʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʚʠʨʘʟ ʜʦʙʨʝ ʦʧʠʩʫʻ ʟʤʦʯʫʚʘʥʥʷ ʷʢ ʛʽʜʨʦʬʽʣʴʥʠʭ, ʪʘʢ ʽ 

ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ [55ï57]. 

 qq coscos
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ʜʝ 
l

L
 ï ʚʽʜʥʦʰʝʥʥʷ ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ ʤʝʞ ʜʦʚʞʠʥ ʬʨʘʢʪʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ, D ( 

2ÒD<3 ) ï ʧʘʨʘʤʝʪʨ ʬʨʘʢʪʘʣʴʥʦʛʦ ʚʠʤʽʨʫ 

  

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʜʝʣʴ ʐʠʙʽʯʽ ʪʘ ʨʽʚʥʷʥʥʷ ʂʘʩʽ-ɹʘʢʩʪʝʨʘ, ʂʘʤʧʦʩ ʟʽ 

ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ [58] ʚʠʚʦʜʷʪʴ ʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʜʣʷ 

ʩʪʦʭʘʩʪʠʯʥʦʾ ʥʝʨʽʚʥʦʾ ʧʦʚʝʨʭʥʽ (11): 

 

ö
ö

÷

õ

æ
æ

ç

å

+

+-=

)cos1(32
*

1
1cos

2

q

p
q

D

f
,    (11) 

ʜʝ D* - ʧʘʨʘʤʝʪʨ ʬʨʘʢʪʘʣʴʥʦʛʦ ʚʠʤʽʨʫ, ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʧʘʨʘʤʝʪʨʫ 

ʰʦʨʩʪʢʦʩʪʽ ʂʘʩʩʽ, ʽ ʚʠʨʘʞʝʥʠʡ ʜʣʷ ʧʝʚʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ (12); ʟʘ ʫʤʦʚʠ 

ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ ʚʠʩʪʫʧʽʚ: 
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ʜʝ R - ʨʘʜʽʫʩ ʩʬʝʨʠʯʥʦʛʦ ʚʠʩʪʫʧʫ ʽ D - ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ ʥʘʡʙʣʠʞʯʠʤʠ 

ʚʠʩʪʫʧʘʤʠ  

ɿʘʛʘʣʦʤ ʧʨʠʨʦʜʥʽ ʧʦʚʝʨʭʥʽ, ʱʦ ʤʘʶʪʴ ʩʪʦʭʘʩʪʠʯʥʫ ʰʦʨʩʪʢʫʚʘʪʫ ʩʪʨʫʢʪʫʨʫ, 

ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʛʘʫʩʩʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʽ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʘʧʨʦʢʩʠʤʘʮʽʻʶ [41, 48, 

59 - 63]. ɹʫʰʘʥ ʽ ʅʦʩʦʚʩʢʽ ʧʨʦʧʦʥʫʶʪʴ ʤʦʜʝʣʴ ʜʣʷ ʚʠʧʘʜʢʦʚʦʾ ʰʦʨʩʪʢʦʾ ʩʪʨʫʢʪʫʨʠ 

ʥʘ ʦʩʥʦʚʽ ʟʤʦʜʝʣʴʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ɻʘʫʩʘ [41]. ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʪʦʧʦʛʨʘʬʽʷ ʦʧʠʩʫʻʪʴʩʷ 

ʪʽʣʴʢʠ ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ: ʩʪʘʥʜʘʨʪʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ ʚʽʜ ʚʠʩʦʪʠ ʥʝʨʽʚʥʦʩʪʝʡ ů 

(ʚʝʨʪʠʢʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ) ʽ ʢʦʨʝʣʷʮʽʡʥʦʶ ʜʦʚʞʠʥʦʶ ɓ (ʧʨʦʩʪʦʨʦʚʠʡ 

ʧʘʨʘʤʝʪʨ/ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ).  

ʊʦʜʽ ʬʘʢʪʦʨ ʰʦʨʩʪʢʦʩʪʽ ʚʠʨʘʞʘʻʪʴʩʷ ʪʘʢʦʶ ʬʫʥʢʮʽʻʶ (13): 
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ʜʝ l ï ʽʥʪʝʨʚʘʣ ʚʠʤʽʨʶʚʘʥʥʷ. 

 

ʆʜʥʘʢ, ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʚ ʢʦʤʙʽʥʘʮʽʾ ʟ ʥʠʟʴʢʠʤ 

ʛʽʩʪʝʨʝʟʠʩʦʤ ʜʣʷ ʧʦʚʝʨʭʦʥʴ ʽʟ ʛʘʫʩʩʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ ʟʘ 

ʨʦʟʤʽʨʘʤʠ ʚʠʜʘʻʪʴʩʷ ʩʢʣʘʜʥʠʤ.  

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ, ʧʦʨʽʚʥʷʥʦ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʟ ʘʥʘʣʽʟʫ 

ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʡ ʧʦʚʝʨʭʥʽ ʟ ʰʦʨʩʪʢʽʩʪʶ, ʦʪʨʠʤʘʥʦʶ ʜʣʷ ʟʤʦʜʝʣʴʦʚʘʥʦʾ ʛʘʫʩʦʚʦʾ 

ʧʦʚʝʨʭʥʽ [59-63]. ʐʦʨʩʪʢʽʩʪʴ ʜʣʷ ʨʝʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʚʽʜʧʦʚʽʜʘ ̒ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ 

ʜʣʷ ʛʘʫʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʠʡ ʩʪʘʪʠʩʪʠʯʥʠʡ ʧʽʜʭʽʜ 

ʷʢ ʜʣʷ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʘʣʴʥʠʭ ʧʨʠʨʦʜʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʪʘʢ ʽ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʰʪʫʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʽ ʩʪʦʭʘʩʪʠʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. 



47 
 

ʅʝʨʽʚʥʽ ʧʦʚʝʨʭʥʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʛʽʩʪʝʨʝʟʠʩʫ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ, 

ʱʦ ʟʘʣʝʞʠʪʴ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʚʽʜ ʰʦʨʩʪʢʦʩʪʽ. ʆʪʞʝ, ʟʥʘʯʝʥʥʷ ʛʽʩʪʝʨʝʟʠʩʫ ʤʦʞʫʪʴ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʟʤʽʥʶʚʘʪʠʩʷ ʧʽʜ ʯʘʩ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʢʩʪʫʨʠ ʧʦʚʝʨʭʥʽ.  

ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʛʽʩʪʝʨʝʟʠʩʫ ʚʽʜ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚ ʟʤʦʯʫʚʘʥʥʷ 

[30, 64]. ʅʘʧʨʠʢʣʘʜ, ɺʽʤʘʥ ʟʽ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ [64] ʧʨʦʧʦʥʫʻ ʪʘʢʫ ʬʦʨʤʫʣʫ 

ʛʽʩʪʝʨʝʟʠʩʫ (14) ʥʘ ʦʩʥʦʚʽ ʧʨʦʩʪʦʾ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ. 

ʇʦʜʽʙʥʠʡ ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʇʘʪʘʥʢʘʨ [30] ʽ ʪʝʦʨʝʪʠʯʥʦ ʚʠʚʦʜʠʪʴ ʬʦʨʤʫʣʫ, 

ʷʢʘ ʦʧʠʩʫʻ ʛʽʩʪʝʨʝʟʠʩ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʥʝʨʛʽʡ ʜʠʩʠʧʘʮʽʾ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ, ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʝʨʝʤʽʱʝʥʥʷ ʪʨʠʬʘʟʥʦʾ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ. 
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ʜʝ *q  ï ʨʽʚʥʦʚʘʞʥʠʡ ʢʨʘʡʦʚʠʡ ʢʫʪ, 3
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R  ï ʧʦʯʘʪʢʦʚʠʡ ʨʘʜʽʫʩ ʩʬʝʨʠʯʥʦʾ 

ʢʨʘʧʣʽ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʾʾ ʨʦʟʤʽʩʪʠʣʠ ʥʘ ʩʫʙʩʪʨʘʪʽ (ʪʫʪ - ʦʙ'ʻʤ ʪʘʢʦʾ ʢʨʘʧʣʽ), U - 

ʧʦʪʝʥʮʽʡʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʨ'ʻʨ ʧʝʨʝʤʽʱʝʥʥʷ ʪʨʠʬʘʟʥʦʾ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ, - 

ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʟʤʦʯʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ. 

 

ʇʨʦʙʣʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʽʩʪʝʨʝʟʠʩʫ ʧʦʣʷʛʘʻ 

ʚ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʽʡ. ɹʽʣʴʰʽʩʪʴ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʤʫ ʰʣʷʭʫ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʟʤʦʯʫʚʘʥʥʷ, ʧʨʘʮʶʶʪʴ ʥʘ ʨʽʚʥʽ 

ʪʝʦʨʽʾ ʽ ʟʘʣʠʰʘʶʪʴʩʷ ʨʘʜʰʝ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʠʤʠ. 

ʂʨʽʤ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘ 

ʛʽʩʪʝʨʝʟʠʩ ʰʦʨʩʪʢʦʩʪʽ, ʭʽʤʽʯʥʦʾ ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ, ʩʠʣ ʘʜʩʦʨʙʮʽʾ, ʚʟʘʻʤʦʜʠʬʫʟʽʾ, 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʽ, ʬʦʨʤʠ ʢʨʘʧʣʽ, ʱʦ ʢʦʥʪʘʢʪʫʻ, [65], ʘʜʛʝʟʽʾ [66, 

67] ʪʘ ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ [68]. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʙʘʛʘʪʦ ʘʚʪʦʨʽʚ ʨʦʟʛʣʷʜʘʶʪʴ ʛʽʩʪʝʨʝʟʠʩ 

ʱʦʜʦ ʪʨʠʬʘʟʥʦʾ ʤʝʞʽ [15, 30, 48, 69]. ʇʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʛʽʩʪʝʨʝʟʠʩ ʧʨʦʧʦʨʮʽʡʥʠʡ ʜʦ 
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ʯʘʩʪʢʠ ʢʦʥʪʘʢʪʫ ʤʽʞ ʨʽʜʠʥʦʶ ʽ ʪʚʝʨʜʠʤ ʪʽʣʦʤ (15) ʽ, ʦʜʥʦʯʘʩʥʦ, ʚʨʘʭʦʚʫʶʪʴ ʬʘʢʪʦʨ 

ʤʽʢʨʦʨʦʟʤʽʨʥʦʾ ʰʦʨʩʪʢʦʩʪʽ ʅr, ʱʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʜʦ ʱʽʣʴʥʦʩʪʽ ʪʨʠʬʘʟʥʦʾ ʣʽʥʽʾ 

ʢʦʥʪʘʢʪʫ [48]. 

rf HHSH += 2

4
*
p

 ,                                                 (15) 

ʜʝ H - ʛʽʩʪʝʨʝʟʠʩ ʟʤʦʯʫʚʘʥʥʷ ʥʘ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʷʭ ʽʜʝʥʪʠʯʥʦʛʦ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ; 2

4
fS

p
 ï ʚʽʜʧʦʚʽʜʘʻ ʧʣʦʱʽ ʚʟʘʻʤʦʜʽʾ ʨʽʜʢʦʾ ʪʘ ʪʚʝʨʜʦʾ ʬʘʟ (2

fS
 
ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʢʚʘʜʨʘʪ ʚʽʜʥʦʰʝʥʥʷ ʨʘʜʽʫʩʘ ʚʠʩʦʯʠʥ ʥʘ ʪʝʢʩʪʫʨʦʚʘʥʽʡ ʧʦʚʝʨʭʥʽ ʜʦ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʥʠʤʠ). 

ɼʣʷ ʪʦʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ ʥʘʪʽʢʘʥʥʷ ʽ ʚʽʜʪʽʢʘʥʥʷ, ʄʘʢʂʽʥʣʽ ʟʽ 

ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ [15] ʚʚʦʜʷʪʴ ʥʦʚʠʡ ʧʘʨʘʤʝʪʨ ʪʝʢʩʪʫʨʠ ʧʦʚʝʨʭʥʽ űd, d ï ʧʦʟʥʘʯʘʻ 

"ʜʠʬʝʨʝʥʮʽʘʣʴʥʦ ʤʘʣʫ" ʦʙʣʘʩʪʴ ʪʚʝʨʜʦʾ ʪʘ ʛʘʟʦʚʦʾ ʬʘʟ ʧʽʜ ʯʘʩ ʧʝʨʝʤʽʱʝʥʥʷ ʘʙʦ 

ʚʽʜʭʠʣʝʥʥʷ (ʥʘʪʽʢʘʥʥʷ ʽ ʚʽʜʪʽʢʘʥʥʷ ʢʨʘʧʣʽ) ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ ʪʨʴʦʭ ʬʘʟ. ˆʨʫʥʪʫʶʯʠʩʴ 

ʥʘ ʨʽʚʥʷʥʥʽ (2), ʜʦʩʣʽʜʥʠʢʠ ʨʦʟʨʘʭʦʚʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʨʘʡʦʚʠʡ ʢʫʪ ʥʘʪʽʢʘʥʥʷ 

ʥʘʪq  (16) ʽ ʤʽʥʽʤʘʣʴʥʠʡ ʢʫʪ ʚʽʜʪʽʢʘʥʥʷ ʦʪq  (17): 

 

21 cos)1(coscos qqq ʥʘʪʥʘʪʥʘʪ frf -+= ,   (16) 

 

21 cos)1(coscos qqq ʦʪʦʪʦʪ frf -+= ,    (17) 

ʜʝ ʥʘʪf  ʪʘ ʦʪf  ï ʚʽʜʧʦʚʽʜʥʦ ʤʽʥʽʤʘʣʴʥʠʡ ʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʬʘʢʪʦʨ ʰʦʨʩʪʢʦʩʪʽ ʜʣʷ 

ʪʨʠʬʘʟʥʦʾ ʤʝʞʽ, ʰʠʨʠʥʘ ʷʢʦʾ ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʚʽʜʩʪʘʥʽ ʤʽʞ ʜʚʦʤʘ 

ʥʘʡʙʣʠʞʯʠʤʠ ʚʠʩʦʯʠʥʘʤʠ ʥʘ ʧʦʚʝʨʭʥʽ; 1q ʠ  2q ï ʢʫʪʠ ʟʤʦʯʫʚʘʥʥʷ ʪʚʝʨʜʦʾ ʪʘ 

ʛʘʟʦʧʦʜʽʙʥʦʾ ʬʘʟ ʨʽʜʠʥʦʶ ʚʽʜʧʦʚʽʜʥʦ. 

 

ʄʦʜʠʬʽʢʫʶʯʠ ʨʽʚʥʷʥʥʷ ʂʘʩʽ-ɹʘʢʩʪʝʨʘ ʄʘʢʂʽʥʣʽ ʟʽ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ [15] ʚʠʚʽʚ 

ʨʽʚʥʷʥʥʷ (18) ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʫʪʘ ʩʢʦʯʫʚʘʥʥʷ ʢʨʘʧʣʽ: 
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Vg

frfrfrfrD ʥʘʪʦʪʥʘʪʦʪ

ÖÖÖ

ÖÖ-Ö+ÖÖ-ÖÖÖ
=

rp

qqs
w

)cos)(cos)((2
sin 21 ,  (18) 

 

ʜʝ r ï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ, ʱʦ ʟʤʦʯʫʻ, V  ï ʦʙôʻʤ ʢʨʘʧʣʽ, D ï ʜʽʘʤʝʪʨ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ 

ʪʨʴʦʭ ʬʘʟ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʠʡ ʟ ʨʽʚʥʷʥʥʷ (19). 

 

 

( )
3

1

3 *cos*cos32

3
)2/*cos(2 öö

÷

õ
ææ
ç

å

+-
Ö-º

qqp
pq

V
D .                           (19) 

 

ɺʠʱʝʥʘʚʝʜʝʥʽ ʤʦʜʝʣʽ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʟʘʻʤʦʜʽʾ ʨʽʜʢʦʾ 

ʪʘ ʪʚʝʨʜʦʾ ʬʘʟ, ʷʢʽ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʤʦʞʫʪʴ ʙʫʪʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʧʝʚʥʠʤʠ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʤʝʞʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ 

ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʤʦʯʫʚʘʥʥʷ ʚʽʜʽʛʨʘʻ ʩʧʦʩʽʙ 

ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ. 

 

1.2.5. ʋʤʦʚʠ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʛʦ ʩʪʘʥʫ 

ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʥʠʟʴʢʝ ʟʥʘʯʝʥʥʷ ʛʽʩʪʝʨʝʟʠʩʫ ʥʝ ʟʘʚʞʜʠ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʩʪʽ. ɼʣʷ ʮʴʦʛʦ ʱʝ ʦʜʥʽʻʶ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ 

ʻ ʩʪʽʡʢʽʩʪʴ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʩʪʘʥʫ ʟʤʦʯʫʚʘʥʥʷ, ʷʢʠʡ ʦʧʠʩʫʻʪʴʩʷ ʤʦʜʝʣʣʶ ʂʘʩʩʽ - 

ɹʘʢʩʪʝʨʘ.  

ʑʝ ʚ 1964 ʨ. ɼʞʦʥʩʦʥ ʽ ɼʝʪʪʨ ʫ ʩʚʦʾʡ ʨʦʙʦʪʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʪʘʥʠ ɺʝʥʮʝʣʷ ʽ 

ʂʘʩʩʽ ʻ ʤʝʪʘʩʪʘʙʽʣʴʥʠʤʠ ʽ ʤʦʞʣʠʚʠʡ ʧʝʨʝʭʽʜ ʤʽʞ ʥʠʤʠ [47]. ʅʘʩʘʤʧʝʨʝʜ ʩʣʽʜ 

ʟʘʟʥʘʯʠʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʚʠʩʪʫʧʽʚ ʧʦʚʝʨʭʥʽ ʟ ʨʦʟʤʽʨʦʤ ʢʨʘʧʝʣʴ, ʷʢʽ 

ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʩʫʙʩʪʨʘʪʦʤ [37, 40, 70].  
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ʇʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʜʦʩʠʪʴ ʚʝʣʠʢʦʾ ʢʨʘʧʣʽ ʥʘ ʚʝʨʰʠʥʘʭ ʥʝʨʽʚʥʦʩʪʝʡ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʛʝʪʝʨʦʛʝʥʥʠʡ ʩʪʘʥ ʥʝʟʤʘʯʫʚʘʥʥʷ ʂʘʩʩʽ (ʨʠʩ. 3 ʘ), ʦʜʥʘʢ ʜʣʷ ʪʠʭ 

ʩʘʤʠʭ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʢʦʣʠ ʢʨʘʧʣʷ ʤʘʻ ʨʦʟʤʽʨ ʤʝʥʰʠʡ ʟʘ ʥʝʨʽʚʥʦʩʪʽ ʥʘ 

ʧʦʚʝʨʭʥʽ ʪʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ, ʪʦ ʨʽʜʢʘ ʬʘʟʘ ʢʦʥʜʝʥʩʫʻʪʴʩʷ ʥʘ ʥʠʞʥʴʦʤʫ ʰʘʨʽ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʚʥʦʛʦ ʟʤʦʯʫʚʘʥʥʷ (ʨʠʩ. 3 ʙ). 

 

  

ʘ ʙ 

 

ʈʠʩʫʥʦʢ 3 ï ʂʨʘʧʣʽ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʥʘ ʪʝʢʩʪʫʨʦʚʘʥʽʡ ʧʦʚʝʨʭʥʽ: ʘ - ʜʽʘʤʝʪʨ 

ʢʨʘʧʣʽ ʤʝʥʰʠʡ ʟʘ ʨʦʟʤʽʨʠ ʚʠʩʪʫʧʽʚ ʧʦʚʝʨʭʥʽ; ʙ - ʜʽʘʤʝʪʨ ʢʨʘʧʣʽ ʙʽʣʴʰʠʡ ʟʘ ʚʠʩʪʫʧʠ. 

 

ʊʘʢ, ɽʢʩʪʨʘʥʜ ʫ ʩʚʦʾʡ ʨʦʙʦʪʽ [45] ʜʦʩʣʽʜʞʫʻ ʧʝʨʝʭʽʜ ʩʪʘʥʫ ʂʘʩʽ ʚ ɹʘʢʩʪʝʨʘ 

ʟʘʣʝʞʥʦ ʚʽʜ ʦʙ'ʻʤʫ ʢʨʘʧʣʽ. ɸʚʪʦʨ ʨʦʙʠʪʴ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʪʠʩʢʫ ʃʘʧʣʘʩʘ ʧʽʜ ʢʨʘʧʣʝʶ ʽ ʧʦʚʥʦʛʦ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ. 

ʆʮʽʥʢʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʪʘʥʫ ʂʘʩʩʽ, ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ, ʛʽʩʪʝʨʝʟʠʩʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʘʧʽʣʷʨʥʦʛʦ ʪʠʩʢʫ ʧʨʦʚʦʜʠʪʴʩʷ ʙʘʛʘʪʴʤʘ ʘʚʪʦʨʘʤʠ [37, 71-73]. ɿʛʽʜʥʦ 

ʟ ʮʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʽʩʥʫʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʘʪʠʯʥʠʡ ʪʠʩʢ, ʷʢʠʡ ʤʦʞʝ ʜʽʷʪʠ ʥʘ 

ʢʨʘʧʣʶ ʚ ʩʪʘʥʽ ʂʘʩʩʽ ʪʘ ʧʝʨʝʚʠʱʝʥʥʷ ʷʢʦʛʦ ʧʨʠʟʚʝʜʝ ʜʦ ʧʝʨʝʭʦʜʫ ʚ ʩʪʘʥ ɺʝʥʮʝʣʷ.  

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ (20) ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʬʦʨʤʽ 

[74]: 

R

C
p

qs cosÖÖ
=D ,                                                    (20) 
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ʜʝ ʉ - ʢʦʥʩʪʘʥʪʘ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʪʝʢʩʪʫʨʠ ʧʦʚʝʨʭʥʽ (ʫ ʨʘʟʽ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʚʠʩʪʫʧʽʚ ʉ=2), R - ʨʘʜʽʫʩ ʚʠʩʪʫʧʽʚ ʧʦʚʝʨʭʥʽ, - ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʟʤʦʯʫʚʘʣʴʥʦʾ 

ʨʽʜʠʥʠ.    

 

ʇʦʢʘʟʘʥʦ [75], ʱʦ ʧʝʨʝʭʽʜ ʟʽ ʩʪʘʥʫ ʂʘʩʽ-ɹʘʢʩʪʝʨʘ ʜʦ ʩʪʘʥʫ ɺʝʥʮʝʣʷ 

ʟʜʽʡʩʥʶʚʘʪʠʤʝʪʴʩʷ ʚ ʪʦʤʫ ʨʘʟʽ, ʢʦʣʠ ʤʘʢʩʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ʧʨʦʚʠʩʘʥʥʷ ŭ ʢʨʘʧʣʠʥʠ 

ʨʘʜ̔ʫʩʫ R, ʦʧʠʩʫʚʘʥʘ ʨʽʚʥʷʥʥʷʤ ʃʘʧʣʘʩʘ (ʨʠʩ. 4), ʙʫʜʝ ʙʽʣʴʰʦʶ ʟʘ ʚʠʩʦʪʫ 

ʥʝʨʽʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʅ, ʱʦ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʥʝʨʽʚʥʽʩʪʶ (21). ʄʘʢʩʠʤʘʣʴʥʝ 

ʧʨʦʚʠʩʘʥʥʷ ʢʨʘʧʣʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʩʝʨʝʜʠʥʽ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʚʠʩʪʫʧʘʤʠ. H - 

ʚʠʩʦʪʘ ʮʠʣʽʥʜʨʠʯʥʠʭ ʚʠʩʪʫʧʽʚ, D - ʜʽʘʤʝʪʨ, 2ʈ  ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ, d ï 

ʤʘʢʩʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ʧʨʦʚʠʩʘʥʥʷ ʢʨʘʧʣʽ. 
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d .                                                     (21) 

 

 

ʈʠʩʫʥʦʢ 4 ï ʇʦʣʦʞʝʥʥʷ ʢʨʘʧʣʽ ʥʘ ʩʪʨʫʢʪʫʨʦʚʘʥʽʡ ʧʦʚʝʨʭʥʽ ʟ ʮʠʣʽʥʜʨʠʯʥʠʤʠ 

ʚʠʩʪʫʧʘʤʠ. 

 

ʑʝ ʦʜʥʠʤ ʧʦʰʠʨʝʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʛʝʪʝʨʦʛʝʥʥʦʛʦ 

ʩʪʘʥʫ ʟʤʦʯʫʚʘʥʥʷ ʻ ʦʮʽʥʢʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʨ'ʻʨʫ ʤʽʞ ʜʚʦʤʘ ʛʨʘʥʠʯʥʠʤʠ ʩʪʘʥʘʤʠ 

ʂʘʩʩʽ ʪʘ ɺʝʥʮʝʣʷ. ʊʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʚ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʦʙʠʜʚʘ 
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ʩʪʘʥʠ ʻ ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʠʤʠ ʪʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʚʦʤ ʣʦʢʘʣʴʥʠʤ ʤʽʥʽʤʫʤʘʤ ʝʥʝʨʛʽʾ. 

ʆʜʥʘʢ ʛʣʦʙʘʣʴʥʠʡ ʤʽʥʽʤʫʤ ʝʥʝʨʛʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʦʤʫ ʟʽ ʩʪʘʥʽʚ, ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ 

ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʨʝʘʣʴʥʦʤʫ ʨʝʞʠʤʫ ʟʤʦʯʫʚʘʥʥʷ. ʇʝʨʝʭʽʜ ʤʽʞ ʥʠʤʠ ʙʫʜʝ ʤʦʞʣʠʚʠʡ 

ʣʠʰʝ ʚ ʨʘʟʽ ʧʦʜʦʣʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʨ'ʻʨʫ [23, 76]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʜʥʦʛʦ ʟ ʨʝʞʠʤʽʚ ʟʤʦʯʫʚʘʥʥʷ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʪʦʛʦ, 

ʷʢʠʤ ʯʠʥʦʤ ʢʨʘʧʣʶ ʥʘʥʝʩʝʥʦ ʥʘ ʧʦʚʝʨʭʥʶ: ʥʘʚʽʪʴ ʫ ʨʘʟʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʽʥʽʤʫʤʫ ʚ 

ʩʪʘʥʽ ʂʘʩʩʽ, ʧʝʨʝʭʽʜ ʜʦ ɺʝʥʮʝʣʷ ʟʜʽʡʩʥʶʚʘʪʠʤʝʪʴʩʷ, ʷʢʱʦ "ʢʨʘʧʘʪʠ" ʢʨʘʧʣʶ ʟ 

ʧʝʚʥʦʾ ʚʠʩʦʪʠ [77], ʧʝʨʝʩʫʚʘʪʠ ʾʾ ʧʦʚʝʨʭʥʝʶ [78] ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʦʜʥʽ 

ʨʦʟʯʠʥʠ ʚʠʩʦʢʦʾ ʛʫʩʪʠʥʠ [79]. 

ɼʦ ʜʝʩʪʘʙʽʣʽʟʘʮʽʾ ʩʪʘʥʫ ʂʘʩʩʽ ʧʨʠʟʚʦʜʠʪʴ ʜʽ̫ ʢʘʧʽʣʷʨʥʠʭ ʭʚʠʣʴ, ʢʦʥʜʝʥʩʘʮʽ ̫ʪʘ 

ʥʘʢʦʧʠʯʝʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʨʘʧʝʣʴ ʨʽʜʠʥʠ, ʽ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʧʦʚʝʨʭʥʽ [80]. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʪʘʥʫ ʂʘʩʩʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʽʚ ʥʝʨʽʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʽ 

ʧʽʜʢʣʘʜʢʠ. ʇʨʠ ʮʴʦʤʫ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʻ: ʢʫʪ ʤʽʞ ʥʠʞʥʽʤ 

ʰʘʨʦʤ ʧʦʚʝʨʭʥʽ ʪʘ ʚʠʩʪʫʧʦʤ ʥʘ ʥʽʡ, ʘ ʪʘʢʦʞ ʚʠʩʦʪʘ ʥʝʨʽʚʥʦʩʪʝʡ.  

ʆʜʥʘʢ ʧʨʠ ʨʦʟʛʣʷʜʽ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʷʢ ʬʫʥʢʮʽʾ ʨʦʟʤʽʨʽʚ, ʬʦʨʤʠ ʽ ʱʽʣʴʥʦʩʪʽ 

ʚʠʩʪʫʧʽʚ ʧʦʚʝʨʭʥʽ, ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ 

ʂʘʩʩʽ, ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʽ ʤʽʥʽʤʘʣʴʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ, ʥʝʦʙʭʽʜʥʦ 

ʟʥʠʞʫʚʘʪʠ ʱʽʣʴʥʽʩʪʴ ʚʠʩʪʫʧʽʚ ʜʦ ʧʝʚʥʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ [32].  

ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ ʧʘʨʘʤʝʪʨʽʚ ʪʝʢʩʪʫʨʠ ʧʦʚʝʨʭʥʽ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʄʘʢʂʽʥʣʽ ʟʽ 

ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ [81, 82]. ɸʚʪʦʨʠ ʨʦʟʛʣʷʜʘʶʪʴ ʽʜʝʘʣʽʟʦʚʘʥʫ ʧʦʚʝʨʭʥʶ ʟʽ 

ʩʬʝʨʠʯʥʠʤʠ ʚʠʩʪʫʧʘʤʠ (ʚʦʣʦʢʥʘʤʠ, ʨʠʩ. 5).  

  

ʈʠʩʫʥʦʢ 5 ï ʉʭʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʝʢʩʪʫʨʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʟʽ ʩʬʝʨʠʯʥʠʤʠ 

ʥʝʨʽʚʥʦʩʪʷʤʠ. 



53 
 

ɸ ʪʘʢʦʞ ʪʦʧʦʛʨʘʬʽʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʦʛʦ 

ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʽ ʩʪʽʡʢʽʩʪʴ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʩʪʘʥʫ ʟʘ ʨʘʭʫʥʦʢ ʦʩʦʙʣʠʚʦʾ ʬʦʨʤʠ 

ʚʠʩʪʫʧʽʚ, ʷʢʫ ʚʦʥʠ ʥʘʟʚʘʣʠ "micro-hoodoo" ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʤʦʞʣʠʚʦʾ ʧʣʦʱʽ 

ʟʤʦʯʫʚʘʥʥʷ ʥʝʨʽʚʥʦʩʪʝʡ (ʨʠʩ. 6). 

 

 

ʈʠʩʫʥʦʢ 6 ï ʄʦʜʝʣʴ ʪʝʢʩʪʫʨʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʚʠʩʪʫʧʘʤʠ ʫ ʬʦʨʤʽ "micro-

hoodoo". 

ʄʦʜʝʣʴ ʧʦʚʝʨʭʥʽ ʟ ̔ʩʬʝʨʠʯʥʠʤʠ ʥʝʨʽʚʥʦʩʪʷʤʠ ʚʽʜʧʦʚʽʜʘʻ ʪʘʢʠʤ ʤʘʪʝʨʽʘʣʘʤ ʷʢ 

ʪʢʘʥʠʥʠ ʘʙʦ ʦʨʽʻʥʪʦʚʘʥʽ ʚʦʣʦʢʥʘ ʟ ʩʠʥʪʝʪʠʯʥʠʭ ʘʙʦ ʦʙʨʦʙʣʝʥʠʭ ʧʨʠʨʦʜʥʽʭ 

ʧʦʣʽʤʝʨʽʚ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʧʦʚʝʨʭʥʽ ʟ ʦʙʝʨʥʝʥʦʶ ʛʝʦʤʝʪʨʽʻʶ ʤʘʡʞʝ ʥʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ 

ʚ ʧʨʠʨʦʜʽ ʽ ʻ ʩʠʥʪʝʪʠʯʥʠʤ ʧʨʦʜʫʢʪʦʤ. 

ɺʠʚʝʜʝʥʦ ʧʘʨʘʤʝʪʨ ʩʪʽʡʢʦʩʪʽ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʩʪʘʥʫ ʟʤʦʯʫʚʘʥʥʷ ʅ* (22), ʱʦ 

ʷʚʣʷʻ ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʛʣʠʙʠʥʠ ʧʦʨ ʥʘ ʪʝʢʩʪʫʨʦʚʘʥʽʡ ʧʦʚʝʨʭʥʽ ʜʦ 

ʛʣʠʙʠʥʠ ʧʨʦʚʠʩʘʥʥʷ ʢʨʘʧʣʽ ʤʽʞ ʚʠʩʪʫʧʘʤʠ: 

 

 
( )[ ]

2

* cos12

D

lHR
H ʢʘʧÖ+Ö-
=

q
          (22) 
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lʢʘʧ
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s
ï ʜʦʚʞʠʥʘ ʢʘʧʽʣʷʨʘ ʜʣʷ ʢʨʘʧʣʽ ʨʽʜʠʥʠ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʚ 

ʨʽʚʥʦʚʘʞʥʦʤʫ ʩʪʘʥʽ ʥʘ ʧʦʚʝʨʭʥʽ, r ï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ, g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ 

ʧʘʜʽʥʥʷ, s ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʨʽʜʠʥʠ; R, H, D ï ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʚʝʨʭʥʽ, 

ʷʢʘ ʟʤʦʯʫʻʪʴʩʷ (ʨʠʩ. 7, 8). 
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ʊʘʢʦʞ ʄʘʢʂʽʥʣʽ ʟʽ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʚʚʦʜʷʪʴ ʜʨʫʛʠʡ ʧʘʨʘʤʝʪʨ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʝʢʩʪʫʨʫ, ʧʦʟʥʘʯʝʥʠʡ D*. ʇʘʨʘʤʝʪʨ D* ʻ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʠʤ 

ʬʘʢʪʦʨʫ ʰʦʨʩʪʢʦʩʪʽ ʚ ʨʽʚʥʷʥʥʽ ʂʘʩʩʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʡʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ. ʊʘʢ, ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʥʝʨʽʚʥʦʩʪʝʡ 

ʧʦʚʝʨʭʥʽ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʦʣʦʢʦʥ ʥʘ ʈʠʩ. 7), ʧʨʦʩʪʦʨʦʚʠʡ ʧʘʨʘʤʝʪʨ ʙʫʜʝ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʪʘʢʠʤ ʯʠʥʦʤ (23): 

( )
R

DR
D

+
=*                        (23) 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʪʘ ʩʪʘʣʦʛʦ ʩʪʘʥʫ ʟʤʦʯʫʚʘʥʥʷ 

ʂʘʩʩʽ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʻ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʦʙʦʭ ʬʘʢʪʦʨʽʚ ʅ* ʽ 

D*. ʆʜʥʘʢ ʜʣʷ ʜʝʷʢʠʭ ʧʦʚʝʨʭʦʥʴ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʟʛʘʜʘʥʠʭ ʪʝʢʩʪʫʨ ʪʠʧʫ "micro-

hoodoo", ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʙʝʨʥʝʥʦʶ ʛʝʦʤʝʪʨʽʻʶ (ʨʠʩ. 6), ʟʙʽʣʴʰʝʥʥʷ D* ʥʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʅ*. ɼʣʷ ʪʘʢʠʭ ʧʦʚʝʨʭʦʥʴ ʧʨʦʩʪʦʨʦʚʠʡ ʧʘʨʘʤʝʪʨ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠʤʝʪʴʩʷ ʟʛʽʜʥʦ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (24): 

2

* ö
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å +
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D
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D      (24) 

ɼʦʩʣʽʜʥʠʢʠ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʪʘʢʽ ʧʦʚʝʨʭʥʽ ʤʘʪʠʤʫʪʴ ʦʤʥʽʦʬʦʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: 

ʪʦʙʪʦ ʟʜʘʪʥʽʩʪʴ ʥʝ ʟʤʦʯʫʚʘʪʠʩʷ ʨʽʜʠʥʘʤʠ ʷʢ ʟ ʚʠʩʦʢʠʤ, ʪʘʢ ʽ ʥʠʟʴʢʠʤ ʧʦʚʝʨʭʥʝʚʠʤ 

ʥʘʪʷʛʦʤ.  

ʆʜʥʘʢ ʦʧʠʩʘʥʘ ʚʠʱʝ ʪʝʢʩʪʫʨʘ ʻ ʥʝ ʻʜʠʥʦʶ, ʟʜʘʪʥʦʶ ʟʘʙʝʟʧʝʯʠʪʠ ʝʢʩʪʨʝʤʘʣʴʥʦ 

ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʽ ʩʪʽʡʢʠʡ ʛʝʪʝʨʦʛʝʥʥʠʡ ʩʪʘʥ ʟʤʦʯʫʚʘʥʥʷ. 

ɼʦʩʷʛʥʝʥʥʷ ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ ʂʘʩʩʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʦʚʝʨʭʥʽ ʟ ʽʻʨʘʨʭʽʯʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ [75, 84-86]  (ʨʠʩ. 7). 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠʨʦʜʥʽ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʽ ʧʦʚʝʨʭʥʽ, ʥʘʧʨʠʢʣʘʜ ʣʠʩʪʷ 

ʣʦʪʦʩʘ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʪʘʢʽ ʽʻʨʘʨʭʽʯʥʽ ʧʦʚʝʨʭʥʽ, ʜʝ ʤʽʢʨʦʨʽʚʝʥʴ ʪʝʢʩʪʫʨʠ 

ʩʬʦʨʤʦʚʘʥʠʡ ʟʘ ʨʘʭʫʥʦʢ ʦʨʛʘʥʝʣ ʣʠʩʪʢʘ, ʘ ʥʘʥʦ- (ʘʙʦ ʩʫʙʤʽʢʨʦʥʥʠʡ) ʨʽʚʝʥʴ ï 

ʢʨʠʩʪʘʣʘʤʠ ʨʦʩʣʠʥʥʦʛʦ ʚʦʩʢʫ.  
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ʈʠʩʫʥʦʢ 7 ï ʇʦʚʝʨʭʥʷ ʟ ʽʻʨʘʨʭʽʯʥʦʶ ʪʝʢʩʪʫʨʦʶ. 

 

ɺʠʩʪʫʧʠ ʥʘ ʽʻʨʘʨʭʽʯʥʽʡ ʧʦʚʝʨʭʥʽ ʤʘʶʪʴ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʤʠ, ʱʦʙ ʢʨʘʧʣʷ 

ʥʝ ʤʦʛʣʘ ʪʦʨʢʘʪʠʩʷ ʟʘʛʣʠʙʣʝʥʴ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʘʚʪʦʨʠ ʨʦʙʦʪʠ [75] ʟʘʟʥʘʯʘʶʪʴ, ʱʦ 

ʫʤʦʚʦʶ ʥʝʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʢʨʘʧʣʝʶ ʟ ʨʘʜʽʫʩʦʤ ʙʣʠʟʴʢʦ 1 ʤʤ ʽ ʙʽʣʴʰʝ ʻ ʪʝ, ʱʦ 

ʚʠʩʦʪʘ, ʜʽʘʤʝʪʨ ʚʠʩʪʫʧʽʚ ʽ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ ʜʦʨʽʚʥʶʶʪʴ ʙʣʠʟʴʢʦ 30, 15 ʽ 130 ʤʢʤ. 

ɺʦʜʥʦʯʘʩ ʥʘʥʦʨʦʟʤʽʨʥʽ ʥʝʨʽʚʥʦʩʪʽ ʚʠʩʦʪʦʶ 10 ʥʤ ʽ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʥʠʤʠ - 100 ʥʤ, 

ʣʝʛʢʦ ʚʽʜʰʪʦʚʭʫʚʘʪʠʤʫʪʴ ʢʨʘʧʣʽ, ʨʘʜʽʫʩ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ ʥʘʥʦʤʝʪʨʘ.  

ɺʦʜʥʦʯʘʩ, ʥʘʨʘʟʽ ʚʽʜʩʫʪʥʽ ʜʦʩʪʘʪʥʴʦ ʜʦʙʨʝ ʨʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ ʜʣʷ ʦʧʠʩʫ 

ʽʻʨʘʨʭʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʟʦʢʨʝʤʘ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʩʪʽʡʢʦʩʪʽ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʛʦ ʩʪʘʥʫ. 

ʇʦʟʘ ʫʚʘʛʦʶ ʜʦʩʣʽʜʥʠʢʽʚ ʯʘʩʪʦ ʟʘʣʠʰʘʻʪʴʩʷ ʽ ʧʨʦʮʝʩ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ 

ʧʨʠʜʘʪʥʦʛʦ ʟ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʚʣʘʩʥʦʾ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʦʾ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʻ ʜʨʫʛʠʤ ʬʘʢʪʦʨʦʤ ʜʦʩʷʛʥʝʥʥʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʛʦ 

ʩʪʘʥʫ. ɿʦʢʨʝʤʘ, ʚʽʜʩʫʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʷʢʠʭ ʙʠ ʚ ʰʠʨʦʢʦʤʫ ʩʝʥʩʽ ʧʦʨʽʚʥʶʚʘʣʠʩʷ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʣʝʚʦʜʥʝʚʠʭ, ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʪʘ ʬʪʦʨʦʚʘʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ 

ʧʦʚʝʨʭʥʽ.  

ʉʠʩʪʝʤʘʪʠʟʦʚʘʥʦ ʪʝʦʨʝʪʠʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʦʧʠʩʫ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʩʪʨʫʢʪʫʨ. 

ɿʦʢʨʝʤʘ, ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʧʦʚʝʨʭʦʥʴ, 

ʨʦʟʛʣʷʥʫʪʦ ʩʧʦʩʦʙʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʫʧʝʥʷ ʛʽʜʨʦʬʦʙʥʦʩʪʽ ʧʦʚʝʨʭʥʽ, 

ʘ ʪʘʢʦʞ ʤʦʜʝʣʽ ʩʪʽʡʢʦʛʦ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʛʦ ʩʪʘʥʫ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʡ 

ʩʪʘʥ, ʻ: 1) ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʢʨʘʧʣʝʶ ʚʦʜʠ (ʜʣʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʛʦ ʩʪʘʥʫ 
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ʭʘʨʘʢʪʝʨʥʝ ʟʥʘʯʝʥʥʷ ʮʽʻʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʱʝ ʟʘ 140Á); 2) ʛʽʩʪʝʨʝʟʠʩ ʢʫʪʘ 

ʟʤʦʯʫʚʘʥʥʷ (ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʥʘʪʽʢʘʥʥʷ ʽ ʚʽʜʪʽʢʘʥʥʷ); 3) ʢʫʪ 

ʩʢʦʯʫʚʘʥʥʷ. ɿʥʘʯʝʥʥʷ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʥʘʯʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ 

ʟʤʦʯʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ɺʠʷʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʜʦʩʷʛʥʝʥʥʷ ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ ʂʘʩʩʽ ʙʝʟ 

ʧʝʨʝʭʦʜʫ ʚ ʩʪʘʥ ɺʝʥʮʝʣʷ.  

ʅʘʚʝʜʝʥʦ ʣʽʥʽʡʢʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʦʤʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʜʘʶʪʴ ʟʤʦʛʫ ʘʥʘʣʽʪʠʯʥʦ 

ʚʠʟʥʘʯʠʪʠ ʪʘʢʽ ʚʘʞʣʠʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʷʢ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʨʽʜʠʥʘʤʠ ʪʘ 

ʡʦʛʦ ʛʽʩʪʝʨʝʟʠʩ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʤʦʞʣʠʚʝ ʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʪʽʡʢʠʭ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʂʨʽʤ ʪʦʛʦ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʦʩʽʙ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʩʪʘʥʫ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ 

ʥʘ ʨʽʚʥʷʥʥʽ ʂʘʩʩʽ-ɹʘʢʩʪʝʨʘ ʽ ʨʦʟʚʠʥʫʪʠʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʽʚ. 

ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʝʬʝʢʪʫ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʩʪʽ ʪʘ ʧʽʜʭʦʜʫ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʪʘʢʠʭ ʩʫʙʩʪʨʘʪʽʚ.   

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʷʚʠʱʝ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ 

ʪʨʴʦʤʘ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ:  

1) ʨʽʚʥʦʚʘʞʥʠʤ ʢʨʘʡʦʚʠʤ ʢʫʪʦʤ ʟʤʦʯʫʚʘʥʥʷ, ʷʢʠʡ ʦʧʠʩʫʻ ʚʟʘʻʤʦʜʽʶ ʢʨʘʧʣʽ 

ʨʽʜʠʥʠ, ʱʦ ʟʤʦʯʫʻ, ʽʟ ʩʫʙʩʪʨʘʪʦʤ ʫ ʩʪʘʪʠʯʥʦʤʫ ʧʦʣʦʞʝʥʥʽ; 

2) ʛʽʩʪʝʨʝʟʠʩʦʤ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʜʘʪʥʦʩʪʽ ʢʨʘʧʣʽ ʩʢʦʯʫʚʘʪʠʩʷ 

ʟ ʧʦʚʝʨʭʥʽ ʟʘ ʤʽʥʽʤʘʣʴʥʦʾ ʜʽʾ ʟʦʚʥʽʰʥʽʭ ʩʠʣ ʚ ʫʤʦʚʘʭ ʜʠʥʘʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʨʴʦʭ ʬʘʟ 

"ʨʽʜʠʥʘ - ʛʘʟ - ʪʚʝʨʜʝ ʪʽʣʦ";  

3) ʩʪʽʡʢʽʩʪʶ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʩʪʘʥʫ ʟʤʦʯʫʚʘʥʥʷ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʦ ʤʦʜʝʣʣʶ 

ʂʘʩʩʽ - ɹʘʢʩʪʝʨʘ.  ʉʪʘʙʽʣʴʥʽʩʪʴ ʩʪʘʥʫ ʂʘʩʩʽ - ɹʘʢʩʪʝʨʘ, ʥʘʩʘʤʧʝʨʝʜ, ʦʧʠʩʫʻʪʴʩʷ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʛʽʩʪʝʨʝʟʠʩʫ ʪʘ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʻ ʙʽʣʴʰ 

ʚʘʞʣʠʚʠʤ ʢʨʠʪʝʨʽʻʤ ʟʜʘʪʥʦʩʪʽ ʚʽʜʰʪʦʚʭʫʚʘʪʠ ʨʽʜʠʥʠ, ʥʽʞ ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʘʪʠʯʥʠʡ 

ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ. ʆʜʥʘʢ ʢʣʘʩʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʽ ʧʦʚʝʨʭʥʽ, 

ʥʝ ʟʜʘʪʥʽ ʧʨʦʛʥʦʟʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʩʢʦʯʫʚʘʥʥʷ ʢʨʘʧʣʽ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ 

ʩʪʚʦʨʝʥʥʷ ʘʜʝʢʚʘʪʥʦʾ ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʪʘ ʛʽʩʪʝʨʝʟʠʩʫ ʥʘ 

ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʥʷʭ, ʟʦʢʨʝʤʘ ʟ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʚʠʩʪʫʧʽʚ. 

ɺʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʠʭ ʧʦʚʝʨʭʦʥʴ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʾʭʥʴʦʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʩʧʨʠʷʻ 

ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʨʽʜʠʥ.   

ɹʽʣʴʰʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʧʠʩʫʶʪʴ ʢʨʠʪʝʨʽʾ ʟʤʦʯʫʚʘʥʥʷ, ʚʠʭʦʜʷʯʠ ʟ 

ʘʥʘʣʽʟʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝʨʽʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʽ (ʚʠʩʦʪʘ, ʜʦʚʞʠʥʘ ʘʙʦ 

ʜʽʘʤʝʪʨ - ʫ ʨʘʟʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʚʠʩʪʫʧʽʚ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʘʡʙʣʠʞʯʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʧʦʚʝʨʭʥʽ). ɯʜʝʘʣʽʟʦʚʘʥʽ ʤʦʜʝʣʽ ʜʦʙʨʝ ʦʧʠʩʫʶʪʴ ʩʪʨʦʛʦ ʪʝʢʩʪʫʨʦʚʘʥʽ 

ʧʦʚʝʨʭʥʽ. ʆʜʥʘʢ ʜʣʷ ʪʦʧʦʛʨʘʬʽʾ ʟʽ ʩʪʦʭʘʩʪʠʯʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʥʝʨʽʚʥʦʩʪʝʡ ʪʘʢʦʞ 

ʤʦʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʦʜʝʣʝʡ, ʟʘ ʫʤʦʚʠ ʧʨʘʚʠʣʴʥʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʚʠʙʽʨʢʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʚʦʜʷʪʴ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʧʦʣʽʤʦʜʘʣʴʥʘ ʽʻʨʘʨʭʽʯʥʘ 

ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʽʡʢʠʡ ʛʝʪʝʨʦʛʝʥʥʠʡ ʩʪʘʥ ʟʤʦʯʫʚʘʥʥʷ ʂʘʩʩʽ-

ɹʘʢʩʪʝʨʘ ʽ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʢʨʘʧʝʣʴ ʨʽʜʠʥʠ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ ʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ. 

ʊʦʤʫ ʧʽʜ ʯʘʩ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʪʘʢʦʾ ʧʦʚʝʨʭʥʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʰʦʨʩʪʢʦʩʪʽ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ. ʄʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʜʚʘ ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ: ʨʦʟʨʘʭʫʥʦʢ 

ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ ʪʝʢʩʪʫʨʠ ʥʘ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʨʦʟʤʽʨʥʦʤʫ ʨʽʚʥʽ ʪʘ ʤʦʜʝʣʴ ʜʣʷ 

ʬʨʘʢʪʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʆʙʠʜʚʘ ʧʽʜʭʦʜʠ ʧʨʠʜʘʪʥʽ ʜʣʷ ʦʧʠʩʫ ʧʨʠʨʦʜʥʠʭ 

ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ ʽ ʩʪʨʫʢʪʫʨ ʟʽ ʩʪʘʪʠʩʪʠʯʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʥʝʨʽʚʥʦʩʪʝʡ.  

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʧʠʪʘʥʥʷ ʱʦʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʝʣʝʤʝʥʪʽʚ ʪʝʢʩʪʫʨ, ʷʢʽ 

ʙ ʧʨʦʷʚʣʷʣʠ ʤʘʢʩʠʤʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʥʥʷ 

ʟʘʣʠʰʘʻʪʴʩʷ ʨʦʟʢʨʠʪʠʤ ʥʝʜʦʩʪʘʪʥʴʦ.  
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1.3. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦ ʚʠʙʦʨʫ ʪʠʧʫ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ ʩʪʽʡʢʠʭ 

ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʢʨʠʪʪʽʚ 

1.3.1. ʄʝʪʦʜʠ ʦʜʝʨʞʘʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʪʝʢʩʪʫʨ  

ɯʩʥʫʶʯʽ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʩʧʦʩʦʙʠ ʦʜʝʨʞʘʥʥʷ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʟ ʽʻʨʘʨʭʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʚʠʩʦʢʠʤ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʥʥʷʤ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʦʟʧʦʜʽʣʝʥʽ ʥʘ ʘʜʠʪʠʚʥʽ, ʩʫʪʥʽʩʪʴ ʷʢʠʭ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʦʢʨʝʤʦʛʦ ʰʘʨʫ ʥʘ 

ʧʦʚʝʨʭʥʽ ʩʫʙʩʪʨʘʪʫ, ʱʦ ʪʝʢʩʪʫʨʫʻʪʴʩʷ ʪʘ ʝʢʩʪʨʘʢʪʠʚʥʽ, ʷʢʽ ʧʦʣʷʛʘʶʪʴ ʫ ʚʠʜʘʣʝʥʥʽ 

ʧʝʚʥʦʾ ʯʘʩʪʠʥʠ ʤʘʪʝʨʽʘʣʫ ʟ ʧʦʚʝʨʭʥʽ. ʇʦʨʽʚʥʷʥʥʷ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ 

ʘʜʠʪʠʚʥʠʭ ʪʘ ʝʢʩʪʨʘʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ [76] ʥʘʚʝʜʝʥʦ ʚ ʊʘʙʣ. 1. 

 

 

ʊʘʙʣʠʮʷ 1 ï ʄʝʪʦʜʠ ʦʜʝʨʞʘʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ: ʧʝʨʝʚʘʛʠ 

(+) ʪʘ ʥʝʜʦʣʽʢʠ (-) 

ʊʝʭʥʦʣʦʛʽʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ 

+/-

*  

ʇʦʨʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʨʠʪʪʽʚ 

1 2 3 

ɽʢʩʪʨʘʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʝ  

ʪʨʘʚʣʝʥʥʷ 

+ ʷʢʽʩʪʴ, ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ï ʪʨʠʚʘʣʽʩʪʴ, ʥʠʟʴʢʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʧʨʠʜʘʪʥʽʩʪʴ ʥʘ 

ʤʝʪʘʣʘʭ 

ʍʽʤʽʯʥʝ ʪʨʘʚʣʝʥʥʷ + ʇʨʦʩʪʦʪʘ ʦʬʦʨʤʣʝʥʥʷ, ʜʝʰʝʚʠʟʥʘ 

ï ɺʠʩʦʢʘ ʜʝʬʝʢʪʥʽʩʪʴ, ʥʠʟʴʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʩʪʨʫʢʪʫʨ 

ʃʘʟʝʨʥʘ ʘʙʣʷʮʽʷ + ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʪʝʢʩʪʫʨʠ 

ï ʝʥʝʨʛʦʻʤʥʽʩʪʴ, ʦʙʤʝʞʝʥʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ 

ɸʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ɽʣʝʢʪʨʦʧʨʷʜʽʥʥʷ  + ʧʨʦʩʪʦʪʘ ʪʝʭʥʦʣʦʛʽʾ, ʜʝʰʝʚʠʟʥʘ 

ï ʧʦʛʘʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʥʠʟʴʢʘ ʤʽʮʥʽʩʪʴ 
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1 2 3 

ʍʽʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ 

ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ  

+ ʤʽʮʥʽʩʪʴ, ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ 

ï ʧʦʛʘʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʚʠʩʦʢʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ 

ʄʝʪʦʜ ʨʦʟʜʽʣʝʥʥʷ 

ʬʘʟ 

+ ʜʝʰʝʚʠʟʥʘ, ʚʠʩʦʢʘ ʘʜʛʝʟʽʷ 

ï ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ, ʥʠʟʴʢʘ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ 

ʊʝʤʧʣʘʪʥʠʡ ʤʝʪʦʜ + ʜʝʰʝʚʠʟʥʘ 

ï ʦʙʤʝʞʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʪʝʢʩʪʫʨʠ 

ɿʦʣʴ-ʛʝʣʴ 

ʪʝʭʥʦʣʦʛʽʷ 

+ ʧʨʦʩʪʦʪʘ, ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʝʢʦʣʦʛʽʯʥʽʩʪʴ 

ï ʥʠʟʴʢʘ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ (ʢʨʠʭʢʽʩʪʴ) 

ʄʝʪʦʜ ʪʝʨʤʽʯʥʦʛʦ 

ʨʦʟʧʠʣʝʥʥʷ 

+ ʅʠʟʴʢʘ ʚʘʨʪʽʩʪʴ, ʰʠʨʦʢʠʡ ʧʝʨʝʣʽʢ ʤʘʪʝʨʽʘʣʽʚ 

ï ʆʙʤʝʞʝʥʥʷ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ, ʥʠʟʴʢʘ ʘʜʛʝʟʽʷ ʪʘ 

ʝʢʦʣʦʛʽʯʥʽʩʪʴ  

ʇʦʣʽʤʝʨʠʟʘʮʽʷ ʥʘ 

ʧʽʜʢʣʘʜʮʽ 

+ ɹʝʟ ʟʘʙʨʫʜʥʝʥʥʷ, ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʥʝʨʦʟʯʠʥʥʠʭ 

ʧʦʣʽʤʝʨʽʚ, ʚʠʩʦʢʘ ʟʤʽʰʫʚʘʥʽʩʪʴ 

ï ʧʦʛʘʥʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ, ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ 

ʉʧʽʥ-ʢʦʘʪʠʥʛ + ɺʠʩʦʢʦʷʢʽʩʥʝ ʧʦʢʨʠʪʪʷ ʤʘʣʦʾ ʪʦʚʱʠʥʠ 

ï ʅʠʟʴʢʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ, ʛʣʘʜʢʘ ʧʦʚʝʨʭʥʷ 

ʇʦʢʨʠʪʪʷ 

ʟʘʥʫʨʝʥʥʷʤ 

+ ʉʢʣʘʜʥʘ ʧʦʚʝʨʭʥʷ, ʜʫʞʝ ʚʠʩʦʢʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ 

ï ʥʠʟʴʢʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ 

ʇʥʝʚʤʘʪʠʯʥʝ 

ʥʘʥʝʩʝʥʥʷ 

+ ʧʨʦʩʪʦʪʘ, ʥʝʦʙʤʝʞʝʥʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ 

ï ʧʨʠʜʘʪʥʽʩʪʴ ʣʠʰʝ ʜʣʷ ʩʠʩʪʝʤ ʟ ʥʦʩʽʻʤ 

 

ʄʝʪʦʜ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʥʘʥʝʩʝʥʥʷ ʻ ʥʘʡʙʽʣʴʰ ʧʨʘʢʪʠʯʥʠʤ ʜʣʷ ʤʝʪʘʣʝʚʠʭ 

ʧʦʚʝʨʭʦʥʴ ʚ ʩʝʥʩʽ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʪʝʢʩʪʫʨ ʥʘ ʚʝʣʠʢʠʭ ʧʣʦʱʘʭ [77] ʟ ʨʽʜʠʥʠ. 

ʅʘʧʨʠʢʣʘʜ, ʧʦʢʘʟʘʥʦ ʱʦ ʪʘʢʠʤʠ ʤʝʪʦʜʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʝʨʞʘʥʽ ʧʦʚʝʨʭʥʝʚʽ 

ʩʪʨʫʢʪʫʨʠ ʪʠʧʫ ʪʨʫʙʦʢ, ʛʦʣʦʢ, ʜʝʥʜʨʠʪʽʚ, ʚʦʣʦʢʦʥ, ʣʠʩʪʽʚ ʪʦʱʦ [78]. ɼʦ ʮʴʦʛʦ ʢʣʘʩʫ 

ʤʝʪʦʜʽʚ ʪʝʢʩʪʫʨʫʚʘʥʥʷ ʚʽʜʥʦʩʷʪʴ: ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ, ʘʥʦʜʥʝ ʦʢʠʩʣʝʥʥʷ, 

ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʫ, ʝʣʝʢʪʨʦʧʦʣʽʤʝʨʠʟʘʮʽʶ [79].  



60 
 

ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʢʨʠʪʪʽʚ, ʦʜʝʨʞʘʥʠʭ ʮʠʤ ʤʝʪʦʜʦʤ  - ʘʥʪʠʢʦʨʦʟʽʡʥʠʡ 

ʟʘʭʠʩʪ ʤʝʪʘʣʽʚ, ʱʦ ʦʜʥʘʢ ʦʙʤʝʞʫʻʪʴʩʷ ʧʦʤʽʨʥʦʶ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʶ [80]. ʆʜʥʘʢ, ʻ 

ʧʨʠʢʣʘʜʠ ʩʪʚʦʨʝʥʥʷ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʦʣʝʦʬʽʣʴʥʽʩʪʴ ʽ 

ʯʝʨʝʟ ʮʝ ʥʝ ʢʦʥʪʘʤʽʥʫʶʪʴʩʷ ʧʨʠ ʯʘʩʪʠʭ ʜʦʪʦʨʢʘʥʥʷʭ, ʧʦʢʨʠʪʪʷ ʤʝʜʠʯʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʦʩʪʽʡʥʦʤʫ ʢʦʥʪʘʢʪʽ ʟ ʨʽʜʠʥʘʤʠ, ʜʝʪʘʣʝʡ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʪʦʱʦ.  

ʄʝʪʦʜ ʭʽʤʽʯʥʦʛʦ ʪʨʘʚʣʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʢʪʠʚʥʠʭ ʨʦʟʯʠʥʽʚ ʜʣʷ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʪʨʘʚʣʝʥʥʷ ʩʫʙʩʪʨʘʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʝʤʥʽʶ [81]) ʘʙʦ ʾʭ 

ʦʢʠʩʣʝʥʥʷ (ʧʨʠʢʣʘʜ ï ʬʦʨʤʫʚʘʥʥʷ ʽʻʨʘʨʭʽʯʥʦ ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʢʨʠʩʪʘʣʽʚ ʦʢʩʠʜʫ 

ʘʣʶʤʽʥʽʶ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʣʫʛʦʤ [82]). ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʚʠʩʦʢʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ 

ʤʝʪʦʜʫ, ʚʽʥ ʻ ʜʫʞʝ ʚʠʙʽʨʢʦʚʠʤ ʟ ʦʛʣʷʜʫ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʦʜʝʨʞʫʶʪʴʩʷ ʪʘ 

ʥʝʝʢʦʣʦʛʽʯʥʠʤ ʚʥʘʩʣʽʜʦʢ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʛʨʝʩʠʚʥʠʭ ʨʝʘʛʝʥʪʽʚ. 

ʆʩʥʦʚʥʠʤ ʧʨʦʜʫʢʪʦʤ ʭʽʤʽʯʥʦʛʦ ʪʨʘʚʣʝʥʥʷ ʻ ʩʪʦʭʘʩʪʠʯʥʽ ʧʦʚʝʨʭʥʝʚʽ ʩʪʨʫʢʪʫʨʠ, ʷʢʽ 

ʚʽʜʥʦʩʥʦ ʜʦʙʨʝ ʟʘʢʨʽʧʣʶʶʪʴʩʷ ʥʘ ʧʝʨʚʠʥʥʽʡ ʧʦʚʝʨʭʥʽ ʪʘ ʥʝ ʧʦʪʨʝʙʫʶʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʟʘʢʨʽʧʣʶʚʘʯʽʚ.  

ɺʪʽʤ, ʚʨʘʭʦʚʫʶʯʠ ʘʛʨʝʩʠʚʥʽʩʪʴ ʨʦʟʯʠʥʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʮʴʦʤʫ 

ʤʝʪʦʜʽ, ʧʦʚʝʨʭʥʽ ʦʜʝʨʞʫʶʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʛʽʜʨʦʬʽʣʴʥʦʩʪʽ, ʱʦ 

ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʭ ʥʘʩʪʫʧʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʦʙʨʦʙʢʠ ʛʽʜʨʦʬʦʙʽʟʫʶʯʠʤʠ 

ʘʛʝʥʪʘʤʠ. ʎʝ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʦʟʠʪʠʚʥʠʡ ʤʦʤʝʥʪ ʦʩʢʽʣʴʢʠ ʚʠʩʦʢʘ 

ʨʝʘʢʪʠʚʥʽʩʪʴ ʪʘʢʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘʙʝʟʧʝʯʫʻ ʭʽʤʽʯʥʫ ʚʟʘʻʤʦʜʽʶ ʾʾ ʟ ʤʦʣʝʢʫʣʘʤʠ 

ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʘ. ʅʝʜʦʣʽʢʦʤ ʩʪʦʭʘʩʪʠʯʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʽ ʰʠʨʦʢʦʛʦ ʧʝʨʝʣʽʢʫ 

ʤʘʪʝʨʽʘʣʽʚ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʮʽʣʴʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʪʨʫʢʪʫʨʠ: ʛʣʠʙʠʥʠ 

ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʟʘʧʘʜʠʥ ʪʘ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʨʝʣʴôʻʬʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʩʪʽ.  

ʄʝʪʦʜ ʣʘʟʝʨʥʦʾ ʘʙʣʷʮʽʾ  ʧʦʣʷʛʘʻ ʫ ʚʠʙʽʨʢʦʚʦʤʫ ʚʠʧʘʨʦʚʫʚʘʥʥʽ ʩʝʛʤʝʥʪʽʚ 

ʧʦʚʝʨʭʥʽ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʙʘʞʘʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʘʟʝʨʽʚ ʟ ʧʦʨʽʚʥʷʥʦ 

ʜʦʚʛʠʤ ʽʤʧʫʣʴʩʦʤ (ʥʘʧʨʠʢʣʘʜ, ʤʽʣʽʩʝʢʫʥʜʥʠʭ [83]) ʚʠʥʝʩʝʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʡʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝʛʨʽʚʫ ʪʘ ʧʝʨʝʚʦʜʫ ʚ ʛʘʟʦʚʫ ʬʘʟʫ, ʚ ʪʦʡ 

ʞʝ ʯʘʩ ʙʽʣʴʰ ʢʦʨʦʪʢʦʪʨʠʚʘʣʽ ʽʤʧʫʣʴʩʠ ï ʬʝʤʪʦ- ̔  ʧʽʢʦʩʝʢʫʥʜʥʽ ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʟʠʪʠ 
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ʩʪʫʧʽʥʴ ʦʢʠʩʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʯʘʩ ʪʝʢʩʪʫʨʫʚʘʥʥʷ ʦʩʢʽʣʴʢʠ ʥʘʜʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʥʝ ʜʦʩʷʛʘʻʪʴʩʷ, ʘ ʚʠʥʝʩʝʥʥʷ ʩʧʦʥʫʢʘʻʪʴʩʷ ʝʬʝʢʪʦʤ ʂʦʣʦʤʙʘ.  

ʇʨʠ ʟʥʠʞʝʥʥʽ ʢʫʪʘ ʧʘʜʽʥʥʷ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʫ 

ʢʦʨʦʪʢʦʽʤʧʫʣʴʩʥʠʭ ʣʘʟʝʨʽʚ ʤʦʞʣʠʚʦ ʫʪʚʦʨʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦ ʫʧʦʨʷʜʢʦʚʘʥʠʭ 

ʩʪʨʫʢʪʫʨ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʨʦʟʤʽʨʥʦʩʪʽ. ɹʝʟʫʤʦʚʥʦ, ʣʘʟʝʨʥʘ ʘʙʣʷʮʽʷ ʻ ʝʥʝʨʛʦʻʤʥʠʤ 

ʤʝʪʦʜʦʤ, ʦʜʥʘʢ ʜʦʟʚʦʣʷʻ ʫʪʚʦʨʶʚʘʪʠ ʜʦʙʨʝ ʚʽʜʪʚʦʨʶʚʘʥʽ ʪʝʢʩʪʫʨʠ ʥʘ ʧʦʨʽʚʥʷʥʦ 

ʚʝʣʠʢʦʤʫ ʤʘʩʰʪʘʙʽ ʧʦʚʝʨʭʦʥʴ. ʄʘʪʝʨʽʘʣʠ ʜʣʷ ʪʝʢʩʪʫʨʫʚʘʥʥʷ ʥʝ ʦʙʤʝʞʫʶʪʴʩʷ 

ʤʝʪʘʣʘʤʠ, ʘ ʚʢʣʶʯʘʶʪʴ ʢʝʨʘʤʽʯʥʽ ʧʦʚʝʨʭʥʽ, ʧʦʣʽʤʝʨʠ ʪʦʱʦ.  ɿʦʢʨʝʤʘ, ʜʣʷ 

ʪʝʢʩʪʫʨʫʚʘʥʥʷ ʧʦʣʽʤʝʨʽʚ ʤʦʞʝ ʙʫʪʠ ʦʙʨʘʥʠʡ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʡ ʣʘʟʝʨ, ʘ ʤʝʪʘʣʠ 

ʟʘʜʦʚʽʣʴʥʦ ʪʝʢʩʪʫʨʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʣʘʟʝʨʽʚ ʟ ʜʦʚʞʠʥʦʶ 

ʭʚʠʣʠ 1080 ʥʤ, ʷʢʽ ʻ ʧʦʨʽʚʥʷʥʦ ʧʨʦʤʠʩʣʦʚʦ ʜʦʩʪʫʧʥʠʤ ʚʘʨʽʘʥʪʦʤ ʪʝʭʥʦʣʦʛʽʾ. 

ʇʝʨʝʚʘʛʦʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʪʘʢʦʞ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʘʨʪʝʬʘʢʪʽʚ ʥʘ 

ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʪʝʢʩʪʫʨʫʚʘʥʥʷ. ʆʢʨʝʤʦʶ ʧʝʨʝʚʘʛʦʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʜʝʨʞʘʥʥʷ ʚʠʩʦʢʦʚʽʜʪʚʦʨʶʚʘʥʦʾ ʪʝʢʩʪʫʨʠ ʟ ʮʽʣʴʦʚʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʦ ʧʝʨʝʚʽʨʢʠ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʟʤʦʯʫʚʘʥʥʷ ʽʩʥʫʶʯʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʪʦʱʦ.  

ʄʝʪʦʜ ʝʣʝʢʪʨʦʧʨʷʜʽʥʥʷ ʤʘʻ ʥʠʟʴʢʫ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʽ ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ 

ʧʦʣʽʤʝʨʥʠʭ ʚʦʣʦʢʦʥ ʟ ʜʽʘʤʝʪʨʘʤʠ ʚʽʜ ʤʽʢʨʦʤʝʪʨʽʚ ʜʦ ʥʘʥʦʤʝʪʨʽʚ [84], ʷʢʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʘʢʨʽʧʣʝʥʠʤʠ ʥʘ ʧʦʚʝʨʭʥʷʭ ʨʽʟʥʦʾ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ [85]. ɼʣʷ ʦʜʝʨʞʘʥʥʷ 

ʚʦʣʦʢʦʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʘ ʝʣʝʢʪʨʦʥʘʩʘʜʢʘ, ʷʢʘ ʨʫʭʘʻʪʴʩʷ ʥʘʜ 

ʤʝʪʘʣʝʚʦʶ ʧʣʘʩʪʠʥʦʶ. ɯʩʥʫʻ ʚʘʨʽʘʮʽʷ ʤʝʪʦʜʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ ʥʘ ʧʦʚʝʨʭʥʽ 

ʛʣʦʙʫʣʠ [86]. ʆʙʤʝʞʝʥʥʷʤ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʰʘʨʫ ʚʦʣʦʢʥʠʩʪʦʛʦ ʥʝʪʢʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʷʢʠʡ ʦʜʝʨʞʫʻʪʴʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ. ɿʦʢʨʝʤʘ, ʪʘʢʽ ʰʘʨʠ ʙʽʣʴʰ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 

ʧʦʨʠʩʪʠʭ ʤʝʤʙʨʘʥ ʟ ʩʝʣʝʢʪʠʚʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ ʥʽʞ ʜʣʷ ʫʣʘʰʪʫʚʘʥʥʷ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʚʠʩʦʢʦʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ, 

ʚʨʘʭʦʚʫʶʯʠ ʥʝʩʪʽʡʢʽʩʪʴ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʥʘʩʪʽʣʴʢʠ ʪʦʥʢʦʤʫ ʰʘʨʽ, 

ʥʘʧʨʠʢʣʘʜ, ʜʦ ʜʽʾ ʫʣʴʪʨʘʬʽʦʣʝʪʫ, ʢʠʩʥʝʚʦʾ ʪʘ ʦʟʦʥʦʚʦʾ ʜʝʩʪʨʫʢʮʽʾ.  
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ʍʽʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ ʱʦ ʛʘʟʦʧʦʜʽʙʥʽ ʨʝʯʦʚʠʥʠ ʘʙʦ 

ʝʣʝʤʝʥʪʠ ʦʩʘʜʞʫʶʪʴ ʥʘ ʪʚʝʨʜʫ ʧʽʜʢʣʘʜʢʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʚʝʨʜʠʭ ʧʦʢʨʠʪʪʽʚ ʪʘ 

ʧʣʽʚʦʢ [87]. ʄʝʪʦʜ ʜʦʟʚʦʣʷʻ ʜʦʩʠʪʴ ʪʦʯʥʦ ʚʽʜʪʚʦʨʶʚʘʪʠ ʥʘʥʦʨʦʟʤʽʨʥʽ ʪʝʢʩʪʫʨʠ 

ʚʠʟʥʘʯʝʥʦʾ ʤʦʨʬʦʣʦʛʽʾ, ʘʣʝ ʻ ʧʦʛʘʥʦ ʤʘʩʰʪʘʙʦʚʘʥʠʤ ʪʘ ʥʘʜʟʚʠʯʘʡʥʦ ʝʥʝʨʛʦʻʤʥʠʤ. 

ʊʝʢʩʪʫʨʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʚʢʣʶʯʘʶʪʴ ʥʘʥʦʪʨʫʙʢʠ, ʥʘʥʦʢʨʠʩʪʘʣʠ, 

ʥʘʥʦʚʦʣʦʢʥʘ, ʥʘʥʦʛʨʝʙʽʥʮʽ, ʥʘʥʦʩʪʨʠʞʥʽ, ʥʘʥʦʢʫʣʴʢʠ ʪʦʱʦ [88]. 

ʄʝʪʦʜ ʨʦʟʜʽʣʝʥʥʷ ʬʘʟ ̒  ʧʨʦʤʠʩʣʦʚʦ ʚʧʨʦʚʘʜʞʝʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʤʝʟʦʧʦʨʠʩʪʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʝʤʙʨʘʥ, ʷʢʽ ʚ ʩʪʨʦʛʦʤʫ ʩʝʥʩʽ ʚʩʝ ʞ 

ʥʝ ʻ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ [89]. ʄʦʨʬʦʣʦʛʽʷ ʮʠʭ ʪʦʥʢʦʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨ 

ʤʦʞʝ ʙʫʪʠ ʛʥʫʯʢʦ ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʟʘ ʨʘʭʫʥʦʢ ʚʘʨʽʶʚʘʥʥʷ ʨʝʘʛʝʥʪʽʚ ʜʣʷ ʩʠʥʪʝʟʫ ʘ 

ʪʘʢʦʞ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʠʩʢʫ [90]. ʆʜʝʨʞʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʧʦʚʝʨʭʥʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʠʤʠ ʞ ʥʝʜʦʣʽʢʘʤʠ, ʱʦ ʽ ʧʨʦʜʫʢʪʠ ʝʣʝʢʪʨʦʧʨʷʜʽʥʥʷ, ʘ ʩʘʤʝ 

ʥʠʟʴʢʦʶ ʤʝʭʘʥʽʯʥʦʶ ʤʽʮʥʽʩʪʶ, ʩʣʘʙʢʦʶ ʘʜʛʝʟʽʻʶ ʜʦ ʩʫʙʩʪʨʘʪʽʚ ʪʘ ʥʝʚʠʩʦʢʦʶ 

ʩʪʽʡʢʽʩʪʶ ʜʦ ʜʽʾ ʘʪʤʦʩʬʝʨʥʠʭ ʬʘʢʪʦʨʽʚ. ʇʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ, ʚʪʽʤ, ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʦʜʝʨʞʫʚʘʪʠ ʧʦʨʠʩʪʽ ʩʪʨʫʢʪʫʨʠ ʦʜʨʘʟʫ ʞ ʟ ʥʠʟʴʢʦʧʦʣʷʨʥʠʭ ʧʦʣʽʤʝʨʽʚ ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʾʭ ʛʽʜʨʦʬʦʙʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ.  

ɺ ʪʝʤʧʣʘʪʥʦʤʫ ʤʝʪʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʘʙʣʦʥ-ʥʝʛʘʪʠʚ, ʷʢʠʡ ʧʨʠ ʚʟʘʻʤʦʜʽʾ 

ʟ ʧʦʚʝʨʭʥʝʶ ʟʘʣʠʰʘʻ ʥʘ ʥʽʡ ʚʽʜʙʠʪʦʢ, ʘʙʦ ʧʝʨʝʥʦʩʠʪʴ ʨʝʯʦʚʠʥʫ ʷʢ ʚ ʧʦʣʽʛʨʘʬʽʯʥʽʡ 

ʪʝʭʥʦʣʦʛʽʾ [91]. ɯʩʥʫʻ ʜʚʘ ʧʨʠʥʮʠʧʦʚʠʭ ʚʘʨʽʘʥʪʠ ʤʝʪʦʜʫ ï ʪʠʩʥʝʥʥʷ, ʧʨʠ ʯʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʜʘʪʥʽʩʪʴ ʜʝʷʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʝʬʦʨʤʫʚʘʪʠʩʷ ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʪʘ ʥʘʢʣʘʜʝʥʥʷ ʪʠʩʢʫ ʙʝʟ ʧʦʤʽʪʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʘʙʦ ʤʝʭʘʥʽʯʥʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. ɼʨʫʛʠʡ ʤʝʪʦʜ ʚʢʣʶʯʘʻ ʥʘʥʝʩʝʥʥʷ ʰʘʨʫ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ 

ʨʽʜʠʥʠ (ʛʝʣʶ) ʥʘ ʧʦʚʝʨʭʥʶ, ʷʢʘ ʟʙʝʨʽʛʘʻ ʟʘʜʘʥʫ ʬʦʨʤʫ ʽ ʟʛʦʜʦʤ ʦʪʚʝʨʜʞʫʻʪʴʩʷ, 

ʬʽʢʩʫʶʯʠ ʩʪʨʫʢʪʫʨʫ.  

ɼʣʷ ʧʝʨʰʦʛʦ ʧʽʜʭʦʜʫ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤʠ ʻ ʪʝʨʤʦʧʣʘʩʪʠʯʥʽ ʧʦʣʽʤʝʨʠ, ʷʢʽ 

ʧʨʠ ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʤʦʞʫʪʴ ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʚôʷʟʢʦ-ʪʝʢʫʯʦʛʦ ʩʪʘʥʫ ʽ ʬʦʨʤʫʚʘʪʠ 

ʩʪʨʫʢʪʫʨʠ ʥʝʦʙʭʽʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʪʝʤʧʣʘʪʘʤʠ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʦʪʨʠʤʘʥʽ ʧʦʚʝʨʭʥʽ ʤʘʶʪʴ ʧʝʨʝʚʘʞʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʥʠʟʴʢʦʶ ʚʣʘʩʥʦʶ ʝʥʝʨʛʽʻʶ ʧʦʚʝʨʭʥʽ, ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤʠ 
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ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʻ ʧʦʣʽʦʣʝʬʽʥʠ ʪʘ ʟʜʘʪʥʽ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʧʣʽʚʦʢ ʬʪʦʨʦʚʘʥʽ ʧʦʣʽʤʝʨʠ. ɼʨʫʛʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʦʣʽʛʦʤʝʨʽʚ, ʱʦ ʦʪʚʝʨʜʞʫʶʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʨʝʘʢʮʽʾ ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʾ.   ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʦʙʤʝʞʝʥʽʩʪʴ ʩʫʙʩʪʨʘʪʽʚ ï 

ʧʝʨʩʧʝʢʪʠʚʥʘ ʪʝʤʧʣʘʪʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʚ ʧʝʨʰʫ ʯʝʨʛʫ ï ʧʦʣʽʤʝʨʥʠʭ), ʧʦʢʨʠʪʪʽʚ 

ʢʦʽʣ-ʢʦʫʪʠʥʛʫ, ʪʦʱʦ.  

ɿʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ ʻ ʧʨʦʩʪʠʤ, ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʤ ʪʘ ʢʦʤʝʨʮʽʡʥʦ 

ʚʽʜʪʚʦʨʶʚʘʥʠʤ. ɺʽʥ ʻ ʰʚʠʜʢʠʤ, ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤ ʽ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʽʟ ʯʠʩʣʝʥʥʠʤʠ 

ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʚ ʦʙôʻʤʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ 

ʧʦʢʨʠʪʪʽʚ ʪʘ ʧʣʽʚʦʢ [92]. ɯʩʥʫʻ ʮʽʣʠʡ ʨʷʜ ʚʘʨʽʘʮʽʡ ʤʝʪʦʜʫ ï ʚʽʜ ʦʢʨʝʤʦʛʦ ʩʠʥʪʝʟʫ 

ʤʽʢʨʦ- ʪʘ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʟ ʾʭ ʧʦʜʘʣʴʰʠʤ ʥʘʥʝʩʝʥʥʷʤ ʥʘ ʧʦʚʝʨʭʥʶ, ʜʦ 

ʥʘʥʝʩʝʥʥʷ ʥʘ ʙʘʞʘʥʫ ʧʦʚʝʨʭʥʶ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʽ ʧʨʦʚʝʜʝʥʥʽ ʢʦʥʜʝʥʩʘʮʽʾ 

ʩʪʨʫʢʪʫʨ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʮʽʣʴʦʚʽʡ ʧʦʚʝʨʭʥʽ. ʇʨʠ ʮʴʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟʥʘʯʥʘ ʘʜʛʝʟʽʷ 

ʧʣʽʚʦʢ, ʩʬʦʨʤʦʚʘʥʠʭ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ.  

ɿʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʦʙʢʠ ʚʠʩʦʢʦʷʢʽʩʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʪʘ ʧʣʽʚʦʢ ʪʦʚʱʠʥʦʶ ʧʦʨʷʜʢʫ ʢʽʣʴʢʦʭ ʤʽʢʨʦʥ ʽ ʟ ʮʠʤ ʤʝʪʦʜʦʤ ʤʦʞʥʘ 

ʧʦʚʝʩʪʠ ʘʥʘʣʦʛʽʶ ʟ ʬʽʟʠʯʥʠʤ ʦʩʘʜʞʝʥʥʷʤ. ʄʝʪʦʜ ʤʘʻ ʜʝʷʢʽ ʥʝʜʦʣʽʢʠ, ʪʘʢʽ ʷʢ ʪʦʯʥʠʡ 

ʢʦʥʪʨʦʣʴ ʪʦʚʱʠʥʠ ʪʘ ʧʨʦʙʣʝʤʘ ʟ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷʤ ʥʘʥʝʩʝʥʠʭ ʧʣʽʚʦʢ, ʱʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʾ ʨʦʟʚʠʥʝʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʪʘ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝʟʜʘʪʥʦʩʪʽ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ ʬʘʟʠ ʜʦ ʝʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʩʧʨʠʯʠʥʝʥʘ ʟʥʠʞʝʥʥʷʤ 

ʦʙôʻʤʫ ʩʠʩʪʝʤʠ ʚʥʘʩʣʽʜʦʢ ʚʠʜʘʣʝʥʥʷ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɿʘʟʚʠʯʘʡ ʜʣʷ 

ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʰʣʷʭʠ: ʥʘʥʝʩʝʥʥʷ ʨʦʟʧʠʣʝʥʥʷʤ, 

ʥʘʥʝʩʝʥʥʷ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʽ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟʘʥʫʨʝʥʥʷʤ [93]. ʎʝʡ ʚʘʨʽʘʥʪ 

ʩʠʥʪʝʟʫ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʪʝʢʩʪʫʨʠ, ʟʦʢʨʝʤʘ 

ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʠʥʦʢ ʨʝʛʫʣʴʦʚʘʥʠʭ ʨʦʟʤʽʨʽʚ. 

ʊʝʨʤʽʯʥʝ ʥʘʧʠʣʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʧʣʘʚʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʷʢʦʩʪʽ ʧʦʢʨʠʪʪʷ ʪʘ ʡʦʛʦ ʧʝʨʝʚʝʜʝʥʥʷ ʚ ʬʦʨʤʫ ʘʝʨʦʟʦʣʶ ʟʘ ʨʘʭʫʥʦʢ 
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ʧʥʝʚʤʘʪʠʯʥʦʛʦ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʘʙʦ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʤʝʭʘʥʽʟʤʽʚ. ʆʜʝʨʞʘʥʠʡ 

ʘʝʨʦʟʦʣʴ ʦʩʘʜʞʫʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʪʝʢʩʪʫʨʫʻʪʴʩʷ. ʇʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʥʘʥʦʩʠʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʘʪʝʨʽʘʣʽʚ ï ʤʝʪʘʣʠ, ʧʦʣʽʤʝʨʠ ʽ ʥʘʚʽʪʴ 

ʦʢʩʠʜʠ [94]. ɼʦ ʥʝʜʦʣʽʢʽʚ ʤʝʪʦʜʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʧʨʦʙʣʝʤʠ ʟ ʘʜʛʝʟʽʻʶ ʨʦʟʧʣʘʚʫ ʜʦ 

ʩʫʙʩʪʨʘʪʽʚ, ʦʜʝʨʞʘʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʟʘ ʪʝʢʩʪʫʨʦʶ ʧʦʢʨʠʪʪʽʚ ʧʦ ʪʦʚʱʠʥʽ ʪʘ 

ʦʢʠʩʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚʥʘʩʣʽʜʦʢ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ ʡʦʛʦ ʛʽʜʨʦʬʽʣʴʥʦʩʪʽ.  

ʇʦʣʽʤʝʨʠʟʘʮʽʷ ʥʘ ʧʽʜʢʣʘʜʮʽ ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʚʝʜʝʥʥʷ ʚ ʪʦʥʢʦʤʫ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʨʝʘʢʮʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʥʦʤʝʨʽʚ ʥʘ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ 

ʩʧʦʣʫʢʠ ʟ ʥʘʩʪʫʧʥʠʤ ʥʘʜʤʦʣʝʢʫʣʷʨʥʠʤ ʫʧʦʨʷʜʢʫʚʘʥʥʷʤ ʾʭ ʣʘʥʮʶʛʽʚ ʽ, ʚ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ, ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʻʶ ʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʘʥʦ- ʪʘ 

ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʽʻʨʘʨʭʽʯʥʠʭ ʩʪʨʫʢʪʫʨ [95]. ɼʦ ʥʝʜʦʣʽʢʽʚ ʮʴʦʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ, ʥʘ ʷʢʽʡ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ 

ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʪʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʽʩʪʴ ʚʧʣʠʚʫ ʥʘ ʚʠʭʽʜ ʨʝʘʢʮʽʾ, ʱʦ ʟ ʦʜʥʦʛʦ ʙʦʢʫ 

ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ, ʘ ʟ ʽʥʰʦʛʦ ï ʧʽʜʚʠʱʫʻ ʚʘʨʪʽʩʪʴ ʪʘʢʦʛʦ 

ʤʝʪʦʜʫ.  

ʊʘʢʽ ʤʝʪʦʜʠ ʷʢ ʩʧʽʥʢʦʘʪʠʥʛ, ʟʘʥʫʨʝʥʥʷ ʪʘ ʧʥʝʚʤʘʪʠʯʥʝ ʥʘʥʝʩʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʦʟʯʠʥʠ ʘʙʦ ʜʠʩʧʝʨʩʽʾ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽʚ ʪʘ ʝʣʝʤʝʥʪʽʚ ʪʝʢʩʪʫʨʠ, 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʜʘʣʝʥʥʷ ʥʦʩʽʷ (ʨʦʟʯʠʥʥʠʢʘ). 

ʉʧʽʥʢʦʘʪʠʥʛ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ ʪʦʥʢʽ ʨʽʚʥʦʤʽʨʥʽ ʧʣʽʚʢʠ, ʘʣʝ ʧʦʪʨʝʙʫʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʣʘʜʢʠʭ ʧʦʚʝʨʭʦʥʴ ʥʝʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ [96]. ɼʚʘ ʦʩʪʘʥʥʽʭ ʤʝʪʦʜʘ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʨʦʤʠʩʣʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʣʘʢʦʬʘʨʙʦʚʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʘ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ [97] ʥʘ ʨʽʚʥʽ ʥʘʡʚʠʱʦʤʫ ʟ ʫʩʽʭ 

ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʅʝʜʦʣʽʢʦʤ ʮʠʭ ʤʝʪʦʜʽʚ ʻ ʥʠʟʴʢʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʚ ʨʘʟʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ ʚ ʷʢʦʩʪʽ ʥʦʩʽʷ, ʱʦ, ʪʠʤ ʥʝ ʤʝʥʰ, ʤʦʞʝ ʙʫʪʠ 

ʚʠʨʽʰʝʥʦ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʠʭ ʜʠʩʧʝʨʩʽʡ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʧʦʣʽʤʝʨʥʦʾ 

ʬʘʟʠ. ʈʠʩʦʶ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʢʦʤʧʦʟʠʪʫ ʚʩʝʨʝʜʠʥʽ ʩʘʤʦʛʦ ʤʝʪʦʜʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʜʘʣʝʥʥʷ ʨʦʟʯʠʥʥʠʢʘ ʟ 

ʢʨʘʧʝʣʴ ʘʝʨʦʟʦʣʶ ʚ ʧʨʦʮʝʩʽ ʥʘʧʠʣʝʥʥʷ.  
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ɺ ʮʽʣʦʤʫ, ʙʽʣʴʰʽʩʪʴ ʤʝʪʦʜʽʚ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʪʝʢʩʪʫʨ ʧʦʚʝʨʭʦʥʴ ʤʘʶʪʴ ʟʘʛʘʣʴʥʠʡ ʥʝʜʦʣʽʢ ʧʨʠʥʮʠʧʦʚʦ ʥʠʟʴʢʦʾ 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ, ʦʙʤʝʞʝʥʥʷ ʚ ʪʠʧʘʭ ʩʫʙʩʪʨʘʪʽʚ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʪʘ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ. ʇʝʚʥʦʶ ʤʽʨʦʶ ʮʽ ʥʝʜʦʣʽʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʜʦʣʘʥʽ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʞʝ ʽʩʥʫʶʯʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʜʝʨʞʘʥʥʷ ʮʠʭ 

ʧʦʢʨʠʪʪʽʚ, ʘ ʩʘʤʝ ï ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ, ʜʽʧ ʢʦʘʪʠʥʛʫ, ʪʦʱʦ. ʎʝʡ ʧʽʜʭʽʜ 

ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʬʽʣʶʚʘʥʥʷ ʘʜʠʪʠʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʧʽʜ ʪʝʭʥʦʣʦʛʽʶ ʧʦʣʽʤʝʨʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘʧʦʚʥʝʥʠʭ ʚʠʩʦʢʦʘʢʪʠʚʥʠʤʠ 

ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ.  

ɼʨʫʛʠʤ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʚʠʙʦʨʽ ʤʝʪʦʜʫ ʩʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ 

ʪʝʢʩʪʫʨ ʻ ʚʠʩʦʢʘ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʷʢʘ ʥʘ ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʠʭ 

ʧʣʦʱʘʭ ʤʦʞʣʠʚʘ ʣʠʰʝ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʘʟʝʨʥʦʛʦ ʪʝʢʩʪʫʨʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʫ ʚ ʩʢʘʥʫʶʯʦʤʫ ʨʝʞʠʤʽ [98], ʱʦ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ 

ʥʘʨʷʜʫ ʟ ʤʽʢʨʦʨʦʟʤʽʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʧʦʚʝʨʭʥʽ ʪʘʢʦʞ ʽ ʫʧʦʨʷʜʢʦʚʘʥʽ ʧʦʚʝʨʭʥʝʚʽ 

ʪʝʢʩʪʫʨʠ ʩʫʙʤʽʢʨʦʥʥʦʛʦ ʪʘ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʚʠʤʽʨʽʚ ʪʠʧʫ LIPSS.  

 

1.3.2. ʉʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ɺʨʘʭʦʚʫʶʯʠ ʜʫʞʝ ʚʝʣʠʢʠʡ ʧʝʨʝʣʽʢ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘʥʝʩʝʥʥʷ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʧʦʢʨʠʪʪʽʚ, ʾʭ ʩʠʣʴʥʽ ʪʘ ʩʣʘʙʢʽ ʩʪʦʨʦʥʠ, ʨʦʟʛʣʷʥʝʤʦ ʤʦʞʣʠʚʠʡ 

ʤʘʡʙʫʪʥʽʡ ʩʧʝʢʪʨ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʩʪʘʥʥʽʭ.  

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʱʦ ʧʨʠ ʬʦʨʤʫʣʶʚʘʥʥʽ ʧʝʨʝʣʽʢʫ ʤʦʞʣʠʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ (ʪʘʙʣ. 

2) ʙʨʘʣʠʩʷ ʜʦ ʫʚʘʛʠ ʣʠʰʝ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʜʘʪʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʘʭʠʩʥʠʭ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʧʦʚʝʨʭʥʷʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [99-101]. 
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ʊʘʙʣʠʮʷ 2 - ʆʩʥʦʚʥʽ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʢʩʪʫʨʦʚʘʥʠʭ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ  

ʊʠʧ ʧʦʚʝʨʭʥʽ ʆʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʧʦʚʝʨʭʦʥʴ 

1 2 

ʌʽʣʴʪʨʫʚʘʣʴʥʽ 

ʤʝʤʙʨʘʥʠ 

ɺʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ (ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʧʨʠ 

ʨʦʟʜʽʣʝʥʥʽ ʝʤʫʣʴʩʽʡ ʪʠʧʫ ʦʣʽʷ-ʚʦʜʘ), ʤʦʞʣʠʚʽʩʪʴ 

ʧʝʨʝʨʦʙʢʠ, ʛʥʫʯʢʽʩʪʴ 

ʇʨʦʪʠʦʞʝʣʝʜʥʘ ʅʠʟʴʢʘ ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ, ʤʝʭʘʥʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʇʨʦʪʠ ʦʙʨʦʩʪʘʥʥʷ ʅʝʪʦʢʩʠʯʥʽ ʤʝʪʘʣʝʚʽ ʥʘʥʦʯʘʩʪʠʥʢʠ, ʤʝʭʘʥʽʯʥʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ 

1 2 

ɸʨʭʽʪʝʢʪʫʨʥʽ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠ 

ʉʪʘʙʽʣʴʥʝ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʥʥʷ, ʚʠʩʦʢʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʚ 

ʘʪʤʦʩʬʝʨʥʠʭ ʫʤʦʚʘʭ 

ʉʘʤʦʦʯʠʩʥʽ ʬʘʨʙʠ ʉʪʘʙʽʣʴʥʝ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʥʥʷ, ʚʠʩʦʢʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʚ 

ʘʪʤʦʩʬʝʨʥʠʭ ʫʤʦʚʘʭ 

 

ʇʦʚʝʨʭʥʽ ʟ ʚʣʘʩʪʠʚʽʩʪʶ ʩʘʤʦʦʯʠʱʝʥʥʷ ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʨʘʢʪʠʯʥʫ ʪʘ ʪʝʭʥʽʯʥʫ 

ʮʽʥʥʽʩʪʴ. ʆʩʥʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʪʘʢʠʭ ʧʦʚʝʨʭʦʥʴ ʻ ʩʘʤʦʩʪʽʡʥʝ ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ 

ʟʽ ʩʚʦʻʾ ʧʦʚʝʨʭʥʽ. ʅʘʨʘʟʽ ʽʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʠʭ ʰʣʷʭʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʦʾ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʇʝʨʰʠʡ ʰʣʷʭ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʠʭ ʜʦʙʘʚʦʢ (ʷʢ ʧʨʘʚʠʣʦ, ʥʘ 

ʦʩʥʦʚʽ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ), ʷʢʽ ʩʧʨʠʷʶʪʴ ʨʦʟʢʣʘʜʫ ʦʨʛʘʥʽʯʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘʬʽʦʣʝʪʫ ʚʽʜ ʩʦʥʷʯʥʠʭ ʧʨʦʤʝʥʽʚ. ɼʨʫʛʠʡ ʰʣʷʭ ʚʢʣʶʯʘʻ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʪʷ ʟ ʚʠʨʘʞʝʥʠʤʠ ʛʽʜʨʦʬʦʙʥʠʤʠ ʪʘ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [102-104]. ɺʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʟ 

ʧʦʚʝʨʭʥʽ ʪʘʢʠʭ ʧʦʢʨʠʪʪʽʚ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ 
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ʢʦʣʠ ʯʘʩʪʠʥʢʠ ʧʠʣʫ ʟʤʠʚʘʶʪʴʩʷ ʩʪʨʫʤʝʥʝʤ ʚʦʜʠ. ɿʙʽʣʴʰʝʥʥʷ ʧʘʨʘʤʝʪʨʫ 

ʪʝʢʩʪʫʨʦʚʘʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʤʘʻ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʦʦʯʠʱʝʥʥʷ. 

ʆʙʠʜʚʘ ʧʽʜʭʦʜʠ ʤʦʞʫʪʴ ʢʦʤʙʽʥʫʚʘʪʠʩʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʶ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʦʢʨʠʪʪʽʚ ʜʨʫʛʦʛʦ ʪʠʧʫ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ 

ʟʘʣʠʰʘʻʪʴʩʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʝʢʩʪʫʨʠ ʧʽʜ ʜʽʻʶ ʨʫʭʣʠʚʦʛʦ 

ʧʦʪʦʢʫ ʨʽʜʢʦʾ ʚʦʜʠ ʪʘ ʘʙʨʘʟʠʚʫ, ʨʦʣʴ ʷʢʦʛʦ ʧʨʠʡʤʘʶʪʴ ʥʘ ʩʝʙʝ ʯʘʩʪʠʥʢʠ ʧʠʣʫ, 

ʟʦʢʨʝʤʘ ʤʽʥʝʨʘʣʴʥʽ, ʪʚʝʨʜʽʩʪʴ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ ʚʠʱʦʶ ʟʘ ʪʚʝʨʜʽʩʪʴ ʤʘʪʝʨʽʘʣʫ 

ʪʝʢʩʪʫʨʠ ʽ ʦʩʦʙʣʠʚʦ, ʥʘʥʦʨʽʚʥʷ ʾʾ ʦʨʛʘʥʽʟʘʮʽʾ. ʏʘʩʪʢʦʚʠʤ ʚʠʨʽʰʝʥʥʷʤ ʮʽʻʾ ʧʨʦʙʣʝʤʠ 

ʙʫʣʦ ʙ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʝʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʪʝʢʩʪʫʨ, 

ʘ ʪʘʢʦʞ ʧʦʣʽʤʝʨʽʚ ʟʽ ʟʜʘʪʥʽʩʪʶ ʜʦ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ. 

ʇʦʚʝʨʭʥʽ ʽʟ ʟʘʭʠʩʪʦʤ ʚʽʜ ʙʽʦ-ʦʙʨʘʩʪʘʥʥʷ ʚʠʨʽʰʫʶʪʴ ʧʨʦʙʣʝʤʫ ʥʘʢʦʧʠʯʝʥʥʷ 

ʤʦʨʩʴʢʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʧʨʠ ʟʘʥʫʨʝʥʥʽ ʩʫʙʩʪʨʘʪʫ ʫ ʚʽʜʢʨʠʪʝ ʚʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. 

ʆʩʥʦʚʥʠʤʠ ʙʽʦʘʢʪʠʚʥʠʤʠ ʘʛʝʥʪʘʤʠ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ ʮʝʡ ʝʬʝʢʪ ʻ  ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ 

(ʙʘʢʪʝʨʽʾ ʪʘ ʥʘʡʧʨʦʩʪʽʰʽ), ʦʨʛʘʥʽʟʤʠ ʙʝʥʪʦʩʫ (ʜʽʘʪʦʤʦʚʽ ʚʦʜʦʨʦʩʪʽ) ʽ ʥʘʥʦʯʘʩʪʠʥʢʠ, 

ʷʢʽ ʧʨʠʢʨʽʧʣʶʶʪʴʩʷ ʧʦʚʝʨʭʥʽ ʩʫʙʩʪʨʘʪʫ ʽ  ʫʪʚʦʨʶʶʪʴ ʙʽʦʧʣʽʚʢʫ. ɿʙʠʪʢʠ ʚʽʜ 

ʥʘʩʣʽʜʢʽʚ ʙʽʦ-ʦʙʨʘʩʪʘʥʥʷ ʚ ʤʦʨʩʴʢʠʭ ʫʤʦʚʘʭ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʩʷʛʘʶʪʴ ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ ʱʦʨʦʢʫ [105].  

ɯʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʠ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʚʽʜ ʮʴʦʛʦ ʬʘʢʪʦʨʫ: ʥʘ 

ʦʩʥʦʚʽ ʝʬʝʢʪʫ ʩʘʤʦʧʦʣʽʨʫʚʘʥʥʷ  ʪʘ ʚʢʣʶʯʝʥʥʷ ʬʪʦʨʫ ʜʦ ʩʢʣʘʜʫ ʧʦʢʨʠʪʪʽʚ. ʅʘʨʘʟʽ 

ʜʦ ʮʠʭ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʪʘʢʦʞ ʜʦʜʘʻʪʴʩʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ 

ʧʦʢʨʠʪʪʽʚ [106], ʦʩʢʽʣʴʢʠ ʽʩʥʫʶʯʽ ʧʽʜʭʦʜʠ ʚʩʝ ʞ ʪʘʢʠ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʠʤʠ. 

ʇʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʬʪʦʨʫ ʥʝ ʟʘʧʦʙʽʛʘʻ ʫʪʚʦʨʝʥʥʶ ʙʽʦʧʣʽʚʢʠ, ʘʣʝ ʧʝʨʝʰʢʦʜʞʘʻ 

ʟʘʢʨʽʧʣʝʥʥʶ ʾʾ ʚ ʤʘʡʞʝ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ [107].  ʇʝʨʩʧʝʢʪʠʚʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʦʙʨʦʩʪʘʥʥʷ 

ʙʽʦʧʣʽʚʢʘʤʠ ʫʩʢʣʘʜʥʷʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʥʠʟʴʢʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʝʬʝʢʪʫ ʂʘʩʽ ʚ 

ʘʛʨʝʩʠʚʥʠʭ ʚʦʜʥʠʭ ʫʤʦʚʘʭ, ʰʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʦʯʫʚʘʥʥʷ ʪʘ ʥʘʚʽʪʴ ʧʦʛʽʨʰʝʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘʢʠʭ ʧʦʚʝʨʭʦʥʴ. 

ɿʘʭʠʩʪ ʚʽʜ ʬʦʨʤʫʚʘʥʥʷ ʣʴʦʜʫ (ʘʙʦ ʧʨʦʪʠʦʞʝʣʝʜʥʘ ʟʜʘʪʥʽʩʪʴ) ʚʽʜʢʨʠʚʘʻ 

ʜʦʜʘʪʢʦʚʫ ʛʘʣʫʟʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʷʢʘ 
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ʥʝʩʝ ʧʦʪʝʥʮʽʘʣ ʜʦ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʧʨʘʢʪʠʯʥʠʭ ʧʨʦʙʣʝʤ ʷʢ ʦʙʤʝʨʟʘʥʥʷ ʣʽʥʽʡ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʽʥʰʠʭ ʦʙôʻʢʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʘ 

ʪʘʢʦʞ ʢʨʠʣ ʣʽʪʘʢʽʚ [108-109]. ɺʠʨʽʰʘʣʴʥʠʤ ʫ ʚʠʟʥʘʯʝʥʥʽ ʦʩʪʘʪʦʯʥʦʾ ʧʨʘʢʪʠʯʥʦʾ 

ʟʥʘʯʠʤʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚ ʷʢʦʩʪʽ ʧʨʦʪʠʦʞʝʣʝʜʥʠʭ ʻ ʪʘʢʽ 

ʬʘʢʪʦʨʠ ʷʢ: ʪʠʧ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʚʦʜʦʶ ʪʘ ʪʚʝʨʜʦʶ ʧʦʚʝʨʭʥʝʶ, ʤʝʭʘʥʽʟʤʠ ʟʘʨʦʜʞʝʥʥʷ 

ʣʴʦʜʫ ʪʘ ʧʘʨʘʤʝʪʨʠ ʘʜʛʝʟʽʾ ʣʴʦʜʫ ʜʦ ʪʚʝʨʜʦʾ ʧʦʚʝʨʭʥʽ [110]. ɺʦʜʦʚʽʜʰʪʦʚʭʫʶʯʽ 

ʧʦʢʨʠʪʪʷ ʤʘʶʪʴ ʥʠʟʴʢʫ ʤʽʞʬʘʟʥʫ ʝʥʝʨʛʽʶ ʪʘ ʟʥʠʞʫʶʪʴ ʘʜʛʝʟʽʶ ʣʴʦʜʫ. ʆʩʪʘʥʥʻ 

ʚʘʞʣʠʚʦ ʜʣʷ ʣʝʛʢʦʛʦ ʚʠʜʘʣʝʥʥʷ ʣʴʦʜʫ ʟ ʧʦʚʝʨʭʥʽ [111]. ɺʪʽʤ, ʥʘʨʘʟ ̔ʥʝ ʽʩʥʫʻ 

ʝʬʝʢʪʠʚʥʠʭ ʧʨʦʪʠʦʞʝʣʝʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘ ʦʩʥʦʚʽ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʪʝʢʩʪʫʨ.  

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʾ ʩʣʽʜ ʚʚʘʞʘʪʠ ʪʘʢ ʟʚʘʥʽ ʢʦʚʟʘʶʯʽ ʧʦʚʝʨʭʥʽ, 

ʧʨʠʥʮʠʧ ʜʽʾ ʷʢʠʭ ʧʦʣʷʛʘʻ ʫ ʬʦʨʤʫʚʘʥʥʽ ʧʨʠʥʮʠʧʦʚʦ ʧʦʜʽʙʥʠʭ ʪʝʢʩʪʫʨ ʜʦ 

ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʧʦʚʽʪʨʷʥʽ ʧʨʦʤʽʞʢʠ ʷʢʠʭ ʟʘʧʦʚʥʝʥʽ ʨʽʜʠʥʦʶ, 

ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʷʢʦʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʧʦʣʷʨʥʦʾ ʢʦʤʧʦʥʝʥʪʠ. 

ʇʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ʨʽʜʠʥ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥʦʚʽ ʦʣʠʚʠ ʟ ʨʽʟʥʦʶ 

ʚôʷʟʢʽʩʪʶ.  

ʊʝʭʥʦʣʦʛʽʷ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʝʤʙʨʘʥ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ 

ʪʝʢʩʪʠʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʜʝʨʞʘʥʥʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʇʨʠ ʮʴʦʤʫ, ʪʘʢʽ 

ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʰʣʷʭʦʤ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʪʢʘʮʪʚʘ [112-114], 

ʝʣʝʢʪʨʦʧʨʷʜʽʥʥʷ, ʬʘʟʦʚʦʛʦ ʨʦʟʜʽʣʝʥʥʷ, ʪʦʱʦ. ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʟʘʣʠʰʘʶʪʴʩʷ 

ʧʠʪʘʥʥʷ ʥʘʜʘʥʥʷ ʮʠʤ ʤʘʪʝʨʽʘʣʘʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ ʧʦʣʽʤʝʨʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʛʝʦʤʝʪʨʽʾ ʚʦʣʦʢʥʘ, ʜʽʘʤʝʪʨʫ, ʱʽʣʴʥʦʩʪʽ ʽ ʧʝʨʝʧʣʝʪʝʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʪʝʢʩʪʠʣʶ [115]. ʆʜʥʠʤ ʟ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʮʠʭ ʤʝʤʙʨʘʥ ʻ ʤʘʪʝʨʽʘʣʠ ʜʣʷ 

ʨʦʟʜʽʣʝʥʥʷ ʝʤʫʣʴʩʽʡ ʪʠʧʫ ʚʦʜʘ-ʦʣʽʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʷʜʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʥʘʬʪʦʚʦʾ, ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʪʦʱʦ.  

ɺʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʚ 

ʧʝʨʩʧʝʢʪʠʚʽ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʠ ʟʘʭʠʩʪʫ ʬʘʩʘʜʽʚ ʙʫʜʽʚʝʣʴ ʚʽʜ ʧʨʦʥʠʢʥʝʥʥʷ ʨʽʜʢʦʾ 

ʚʦʣʦʛʠ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʧʨʦʥʠʢʥʦʩʪʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʦʜʷʥʦʾ ʧʘʨʠ. ʎʝ ʦʙʫʤʦʚʣʶʻ 

ʧʦʜʦʚʞʝʥʥʷ ʩʪʨʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʘʭʠʩʪʫ ʚʽʜ 

ʬʦʨʤʫʚʘʥʥʷ ʪʦʯʢʠ ʨʦʩʠ ʚʩʝʨʝʜʠʥʽ ʢʦʥʩʪʨʫʢʮʽʾ [116]. ɼʨʫʛʦʶ ʙʘʞʘʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ 
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ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʩʘʤʦʦʯʠʱʝʥʥʷ ʷʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʥʠʞʝʥʥʷ ʫʪʨʠʤʘʥʥʷ ʙʨʫʜʫ, ʪʘʢ ʽ 

ʧʠʣʫ, ʷʢʠʡ ʬʦʨʤʫʻʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʽ ʤʽʩʪ. ʎʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʚʪʽʤ, ʧʦʪʨʝʙʫʻ ʚʠʩʦʢʦʾ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʚʘʥʥʷ 

ʪʝʢʩʪʫʨʠ. ʆʩʪʘʥʥʻ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʝʥʝ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʠʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʥʘʥʝʩʝʥʥʷ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ ï ʧʥʝʚʤʘʪʠʯʥʦʛʦ 

ʨʦʟʧʠʣʝʥʥʷ, ʙʝʟʧʦʚʽʪʨʷʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ, ʟʘʥʫʨʝʥʥʷ ʽ ʪ.ʧ., ʱʦ ʧʦʪʨʝʙʫʚʘʪʠʤʝ 

ʧʨʦʬʽʣʶʚʘʥʥʷ ʩʢʣʘʜʽʚ ʤʘʪʝʨʽʘʣʫ.  

ɺʨʘʭʦʚʫʶʯʠ ʧʝʨʝʣʽʢ ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʪʝʢʩʪʫʨʦʚʘʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʽ ʧʦʚôʷʟʘʥʠʭ ʟ ʥʠʤʠ ʭʘʨʘʢʪʝʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʤʠ ʜʦ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʩʪʚʦʨʝʥʥʷ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʤʝʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ. ɺ ʮʠʭ 

ʜʚʦʭ ʩʬʝʨʘʭ ʚʠʨʽʰʘʣʴʥʠʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʚʣʘʩʥʝ ʚʠʩʦʢʘ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʩʪʘʥʫ ʂʘʩʽ 

ʪʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʩʘʤʦʦʯʠʱʝʥʥʷ. 

 

1.3.3. ʆʩʥʦʚʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʨʦʙʣʝʤʠ ʪʝʭʥʦʣʦʛʽʾ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ 

ʧʦʢʨʠʪʪʽʚ  

ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʛʽʜʨʦʬʦʙʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʜʣʷ ʟʥʠʞʝʥʥʷ ʜʦʣʽ ʾʭ ʢʦʥʪʘʢʪʫ ʟ ʨʽʜʠʥʘʤʠ ʪʘ ʧʦʚôʷʟʘʥʠʭ ʚʠʢʦʨʠʩʪʘʥʴ ʚ 

ʷʢʦʩʪʽ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ, ʘʥʪʠʦʞʝʣʝʜʥʠʭ, ʟʜʘʪʥʠʭ ʜʦ ʩʘʤʦʦʯʠʱʝʥʥʷ ʧʦʢʨʠʪʪʽʚ, ʾʤ 

ʧʨʠʪʘʤʘʥʥʽ ʛʣʠʙʠʥʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʨʦʙʣʝʤʠ. ɿʦʢʨʝʤʘ, ʥʘʡʙʽʣʴʰ ʚʠʨʘʞʝʥʠʤʠ ʻ 

ʧʨʦʙʣʝʤʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟ ʨʽʚʥʦʤʽʨʥʠʤʠ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʥʠʟʴʢʘ ʩʪʽʡʢʽʩʪʴ ʪʘʢʠʭ ʪʝʢʩʪʫʨ ʜʦ ʤʝʭʘʥʽʯʥʦʾ ʜʽʾ ʚ ʭʦʜʽ ʩʪʠʨʘʥʥʷ, 

ʥʝʩʪʽʡʢʽʩʪʴ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘ ʫʤʦʚʠ ʢʦʥʪʘʤʽʥʘʮʽʾ 

ʟʘʙʨʫʜʥʶʚʘʯʘʤʠ (ʜʠʩʧʝʨʩʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʪʘ ʘʝʨʦʟʨʦʣʷʤʠ), ʚʪʨʘʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʩʪʘʥʫ ʂʘʩʽ ʧʨʠ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ.  
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ʇʨʦʙʣʝʤʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ɹʫʣʦ ʦʧʫʙʣʽʢʦʚʘʥʦ ʙʘʛʘʪʦ ʧʦʚʥʠʭ ʦʛʣʷʜʦʚʠʭ ʩʪʘʪʝʡ, ʱʦ ʦʧʠʩʫʶʪʴ ʩʠʥʪʝʟ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ [117-120] ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ, ʚʢʣʶʯʘʶʯʠ ʧʦʣʽʤʝʨʠʟʘʮʽʶ in situ, ʨʦʟʧʠʣʝʥʥʷ ʧʦʣʽʤʝʨʽʚ, 

ʬʘʟʦʚʝ ʨʦʟʜʽʣʝʥʥʷ, ʩʫʙʣʽʤʘʮʽʶ, ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʝʛʢʦʧʣʘʚʢʠʭ 

ʚʦʩʢʽʚ ʷʢ ʦʩʥʦʚʠ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ, ʛʽʜʨʦʬʦʙʽʟʘʮʽʶ ʧʘʨʘʬʽʥʦʤ ʛʦʪʦʚʠʭ ʩʪʨʫʢʪʫʨ, 

ʦʩʘʜʞʝʥʥʷ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ, ʦʩʘʜʞʝʥʥʷ ʬʣʫʦʨʝʩʮʝʥʪʥʠʤ ʦʧʨʦʤʽʥʝʥʥʷʤ, ʢʦʥʜʝʥʩʘʮʽʶ 

ʘʣʢʦʢʩʠʩʠʣʘʥʽʚ, ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʜʠʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʦʣʽʤʝʨ/ʯʘʩʪʠʥʢʠ (ʢʨʝʤʥʝʟʝʤ, 

ʥʝʦʨʛʘʥʽʯʥʽ ʪʘ ʦʨʛʘʥʽʯʥʽ ʯʘʩʪʠʥʢʠ), ʣʽʪʦʛʨʘʬʽʶ, ʤʝʪʦʜʠ ʽʤʧʨʠʥʪʠʥʛʫ ʪʘ ʚʦʣʦʢʥʘ, 

ʦʜʝʨʞʘʥʽ ʝʣʝʢʪʨʦʩʧʽʥʽʥʛʦʤ. ʆʧʠʩʘʥʽ ʪʘʢʦʞ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʥʘ ʤʝʪʘʣʝʚʠʭ 

ʧʽʜʢʣʘʜʢʘʭ, ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʩʠʥʪʝʟ, ʧʦʰʘʨʦʚʝ ʦʩʘʜʞʝʥʥʷ [121].  

ʅʘ ʞʘʣʴ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʨʦʙʣʝʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʘʤʝ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʤʝʪʦʜʽʚ, ʟʦʢʨʝʤʘ,  ʙʽʣʴʰʽʩʪʴ ʟ ʦʧʠʩʘʥʠʭ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ 

ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ ʧʝʨʝʜʙʘʯʘʶʪʴ ʪʨʠʚʘʣʽ ʝʥʝʨʛʦʟʘʪʨʘʪʥʽ ʙʘʛʘʪʦʝʪʘʧʥʽ 

ʧʨʦʮʝʩʠ ʘʙʦ ʚʠʤʘʛʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʭʽʤʽʯʥʠʭ 

ʨʝʘʛʝʥʪʽʚ. ɹʽʣʴʰʝ ʪʦʛʦ, ʟʥʘʯʥʘ ʜʦʣʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʤʦʞʝ ʧʨʘʢʪʠʯʥʦ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʘ ʣʠʰʝ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟʨʘʟʢʽʚ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʜʫʞʝ 

ʥʝʚʝʣʠʢʦʶ ʧʣʦʱʝʶ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʛʣʠʙʦʢʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ 

ʽʦʥʥʦʛʦ ʪʨʘʚʣʝʥʥʷ, ʩʬʦʨʤʦʚʘʥʘ ʰʦʨʩʪʢʽʩʪʴ ʫ ʬʦʨʤʽ ʨʝʧʣʽʢʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʧʦʚʝʨʭʥʽ ʤʦʞʝ ʙʫʪʠ ʦʜʝʨʞʘʥʘ ʣʠʰʝ ʚ ʨʘʤʢʘʭ ʚʘʢʫʫʤʥʦʾ ʢʘʤʝʨʠ [122]. ʊʝ ʞ ʩʘʤʝ 

ʩʪʦʩʫʻʪʴʩʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʪʘ ʭʽʤʽʯʥʦʛʦ ʪʨʘʚʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʜʦʮʽʣʴʥʽʩʪʴ ʷʢʠʭ 

ʣʽʤʽʪʫʻʪʴʩʷ ʨʦʟʤʽʨʘʤʠ ʧʦʚʝʨʭʥʽ ʚ ʜʝʩʷʪʢʠ ʢʚʘʜʨʘʪʥʠʭ ʩʘʥʪʠʤʝʪʨʽʚ ʽ ʤʦʞʝ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʧʨʠʜʘʪʥʠʡ ʤʝʪʦʜ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʧʦʢʨʠʪʪʷ ʧʦʚʝʨʭʦʥʴ ʤʝʜʠʯʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʘʙʦ ʩʪʚʦʨʝʥʥʷ ʰʘʙʣʦʥʽʚ ʜʣʷ ʪʝʤʧʣʘʪʽʚ, ʘʣʝ ʥʝ ʻ ʧʨʠʜʘʪʥʠʤ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʧʦʢʨʠʪʪʽʚ.  

ʅʠʟʴʢʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʦʙʤʝʞʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʜʝʨʞʘʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʥʘʩʘʤʧʝʨʝʜ ʜʣʷ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʟʦʢʨʝʤʘ ʚ ʩʢʣʘʜʽ 

ʟʘʭʠʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʢʦʨʧʫʩʽʚ ʪʝʭʥʽʢʠ, ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʙʫʣʦ ʙ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʪʨʘʜʠʮʽʡʥʠʭ ʜʣʷ ʣʘʢʦʬʘʨʙʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʤʝʪʦʜʽʚ ʥʘʥʝʩʝʥʥʷ ʘʜʠʪʠʚʥʠʭ 

ʧʦʢʨʠʪʪʽʚ, ʟʦʢʨʝʤʘ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ, ʙʝʟʧʦʚʽʪʨʷʥʦʛʦ ʥʘʥʝʩʝʥʥʷ ʪʦʱʦ, ʟ 

ʥʘʩʪʫʧʥʠʤ ʚʠʜʘʣʝʥʥʷʤ ʬʘʟʠ ʥʦʩʽʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʧʘʨʦʚʫʚʘʥʥʷ [123]. ʈʝʘʣʽʟʘʮʽʷ ʮʽʻʾ 

ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʣʠʚʘ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʨʦʟʯʠʥʽʚ, ʪʘʢ ʽ ʜʠʩʧʝʨʩʽʡ ʧʦʣʽʤʝʨʽʚ ʚ ʷʢʦʩʪʽ 

ʤʘʪʨʠʮʴ, ʘ ʤʽʥʝʨʘʣʴʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʟ ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ ï ʚ ʷʢʦʩʪʽ 

ʬʦʨʤʫʶʯʠʭ ʪʝʢʩʪʫʨʫ ʝʣʝʤʝʥʪʽʚ. 

 ɯʥʰʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʥʦʤʝʨʽʚ ʘʙʦ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʽʚ, 

ʱʦ ʤʘʶʪʴ ʫ ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ ʘʪʦʤʠ ʬʪʦʨʫ ʷʢ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ 

ʜʣʷ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʽʾ ʧʦʚʝʨʭʥʽ. ʊʠʤ ʥʝ ʤʝʥʰ, ʬʪʦʨʚʤʽʩʥʽ ʩʧʦʣʫʢʠ, ʦʢʨʽʤ ʩʚʦʻʾ 

ʧʽʜʚʠʱʝʥʦʾ ʚʘʨʪʦʩʪʽ ʻ ʰʢʽʜʣʠʚʠʤʠ ʜʣʷ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʆʯʝʚʠʜʥʦ, ʱʦ 

ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ (ʚʠʱʝ 160Á) ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʷʛʥʝʥʽ ʥʘ ʧʦʚʝʨʭʥʷʭ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʦʣʽʦʣʝʬʽʥʘʤʠ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʚ ʧʨʠʨʦʜʥʽʭ ʫʤʦʚʘʭ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘ 

ʣʠʩʪʽ ʣʦʪʦʩʘ, ʷʢʝ ʤʽʩʪʷʪʴ ʢʨʠʩʪʘʣʠ ʨʦʩʣʠʥʥʠʭ ʚʦʩʢʽʚ ʧʘʨʘʬʽʥʦʚʦʛʦ ʪʠʧʫ ʙʝʟ 

ʬʪʦʨʦʚʘʥʠʭ ʜʽʣʷʥʦʢ ʤʦʣʝʢʫʣ. ʆʢʨʽʤ ʚʣʘʩʥʝ ʧʘʨʘʬʽʥʽʚ ʥʘ ʨʦʣʴ ʟʘʤʽʩʥʠʢʽʚ 

ʬʪʦʨʦʚʘʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʛʣʷʥʫʪʽ ʪʘʢʦʞ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ 

ʤʦʥʦʤʝʨʠ, ʦʣʽʛʦʤʝʨʠ ʪʘ ʧʦʣʽʤʝʨʠ, ʷʢʽ ʟʘʚʜʷʯʫʶʯʠ ʩʚʦʾʡ ʨʦʟʚʠʥʝʥʽʡ ʥʦʤʝʥʢʣʘʪʫʨʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʣʷ ʧʝʨʝʚʘʞʥʦʾ ʜʦʣʽ ʧʦʚʝʨʭʦʥʴ ʧʨʠ ʫʤʦʚʽ ʥʘʷʚʥʦʩʪʽ ʥʘ 

ʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʟʘʤʽʱʝʥʥʷ 

ʬʪʦʨʚʤʽʩʥʠʭ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʽʚ ʥʘ ʙʽʣʴʰ ʜʝʰʝʚʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʘʣʴʪʝʨʥʘʪʠʚʠ 

ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʚ ʩʢʣʘʜʽ ʧʨʦʙʣʝʤʠ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ.  

ʅʠʟʴʢʘ ʤʝʭʘʥʽʯʥʘ ʩʪʽʡʢʽʩʪʴ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ɺʽʜʦʤʦ, ʱʦ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʽ ʤʝʭʘʥʽʯʥʽ ʥʘʧʨʫʛʠ ʻ ʨʫʡʥʽʚʥʠʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ ʪʦʥʢʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʚʝʨʭʦʥʴ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʪʝʢʩʪʫʨ ʟ ʤʽʢʨʦ- ʪʘ 

ʥʘʥʦʤʝʪʨʦʚʦʶ ʨʦʟʤʽʨʥʽʩʪʶ. ʎʷ ʤʝʭʘʥʽʯʥʘ ʥʝʩʪʽʡʢʽʩʪʴ ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ 

ʬʦʨʤʫʚʘʥʥʷ ʜʽʣʷʥʦʢ ʟ ʧʽʜʚʠʱʝʥʦʶ ʟʤʦʯʫʚʘʥʽʩʪʶ,  ʰʚʠʜʢʦʾ ʚʪʨʘʪʠ ʧʦʚʝʨʭʥʷʤʠ 

ʩʪʘʥʫ ʂʘʩʽ ʪʘ ʩʪʨʽʤʢʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʟʥʘʯʝʥʴ ʢʫʪʽʚ ʩʢʦʯʫʚʘʥʥʷ, ʱʦ ʦʙʫʤʦʚʣʶʻ 

ʧʨʠʣʠʧʘʥʥʷ ʢʨʘʧʝʣʴ ʜʦ ʧʦʰʢʦʜʞʝʥʠʭ ʜʽʣʷʥʦʢ ʩʪʨʫʢʪʫʨʠ. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʮʝ 

ʚʠʢʣʠʢʘʻ ʥʝʟʚʦʨʦʪʥʴʻ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʴ ʩʪʘʪʠʯʥʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ.  



72 
 

ʊʝʢʩʪʫʨʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʛʦʣʢʦʧʦʜʽʙʥʠʭ ʘʙʦ ʩʪʦʚʧʦʧʦʜʽʙʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʪʝʦʨʝʪʠʯʥʦ ʻ ʽʜʝʘʣʴʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘʣʝ ʚʦʥʠ ʤʘʶʪʴ ʜʫʞʝ ʧʦʛʘʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʪʠʨʘʥʥʷ ʚʥʘʩʣʽʜʦʢ 

ʥʝʚʝʣʠʢʦʾ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ ʝʣʝʤʝʥʪʽʚ. ɯ ʥʘʚʧʘʢʠ, ʢʨʘʪʝʨʦʧʦʜʽʙʥʽ ʝʣʝʤʝʥʪʠ ʪʝʢʩʪʫʨʠ 

ʘʙʦ ʥʘʧʽʚʩʬʝʨʠʯʥʽ ʚʠʩʪʫʧʠ ʙʘʞʘʥʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʦʜʥʘʢ 

ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʥʘ ʪʘʢʠʭ ʧʦʚʝʨʭʥʷʭ ʻ ʥʝʤʦʞʣʠʚʠʤ 

ʦʩʢʽʣʴʢʠ ʟʘʣʠʰʘʻʪʴʩʷ ʟʥʘʯʥʘ ʜʦʣʷ ʧʣʘʩʢʦʾ ʧʦʚʝʨʭʥʽ.  

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʻʨʘʨʭʽʯʥʠʭ ʪʝʢʩʪʫʨ, ʨʦʟʤʽʨʠ ʥʝʨʽʚʥʦʩʪʝʡ ʷʢʠʭ ʟʥʘʭʦʜʷʪʴʩʷ 

ʚ ʤʽʢʨʦ- ʪʘ ʥʘʥʦ-ʜʽʘʧʘʟʦʥʽ, ʥʘʚʽʪʴ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽ ʤʝʭʘʥʽʯʥʽ ʟʫʩʠʣʣʷ ʤʦʞʫʪʴ 

ʣʝʛʢʦ ʟʨʫʡʥʫʚʘʪʠ ʩʢʣʘʜʥʫ ʪʝʢʩʪʫʨʫ ʧʦʚʝʨʭʥʽ ʽ ʧʨʠʟʚʝʩʪʠ ʜʦ ʣʦʢʘʣʴʥʦʾ ʛʽʜʨʦʬʽʣʽʟʘʮʽʾ 

[124].  ʆʢʨʽʤ ʪʦʛʦ, ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ, ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʧʨʦʩʪʽʨ ʤʽʞ ʚʠʩʪʫʧʘʤʠ 

ʥʘʚʽʪʴ ʫʩʢʣʘʜʥʶʻʪʴʩʷ, ʱʦ ʩʪʘʚʠʪʴ ʧʽʜ ʧʠʪʘʥʥʷ ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʽʙʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʦ 

ʩʘʤʦʦʯʠʱʝʥʥʷ. ʎʝʡ ʘʩʧʝʢʪ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʚ ʦʛʣʷʜʦʚʠʭ ʩʪʘʪʪʷʭ [125-126], ʜʝ 

ʟʦʢʨʝʤʘ ʚʠʩʣʦʚʣʝʥʦ ʧʦʙʘʞʘʥʥʷ ʜʦ ʘʚʪʦʨʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʽ 

ʩʪʨʫʢʪʫʨʠ, ʟʜʘʪʥʽ ʜʦ ʩʘʤʦʦʯʠʱʝʥʥʷ ʪʘʢʦʞ ʟʘʟʥʘʯʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʾʭ ʤʝʭʘʥʽʯʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ.  

ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʻ ʤʽʮʥʽʩʪʴ ʾʭ ʢʦʥʪʘʢʪʫ ʟ ʩʫʙʩʪʨʘʪʦʤ, 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʽʾ ʪʘʥʛʝʥʮʽʘʣʴʥʦ ʩʧʨʷʤʦʚʘʥʠʭ ʘʙʨʘʟʠʚʥʠʭ ʩʠʣ ʪʘ ʟʘʛʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ.  ɸʜʛʝʟʽʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʢʨʠʪʪʽʚ ʜʦ ʩʫʙʩʪʨʘʪʫ ʤʦʞʝ 

ʙʫʪʠ ʧʝʨʝʚʽʨʝʥʘ ʨʷʜʦʤ ʤʝʪʦʜʽʚ: ʥʘ ʚʽʜʰʘʨʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʝʡʢʦʾ ʩʪʨʽʯʢʠ, 

ʤʝʪʦʜʦʤ ʛʘʨʪʦʚʠʭ ʪʘ ʣʽʥʽʡʥʠʭ ʥʘʜʨʽʟʽʚ, ʪʦʱʦ. ɯʥʪʝʛʨʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʪʠʨʘʥʥʷ ï 

ʤʝʪʦʜʘʤʠ ʊʘʙʝʨʘ [127] ʪʘ ʧʦʪʦʢʫ ʧʽʩʢʫ [128]. ɺʽʜʢʣʠʢʦʤ ʚ ʮʠʭ ʤʝʪʦʜʘʭ ʻ ʟʤʽʥʘ 

ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚʦʜʦʶ, ʢʫʪʽʚ ʩʢʦʯʫʚʘʥʥʷ (ʱʦ ʻ ʙʽʣʴʰ 

ʯʫʪʣʠʚʠʤ ʧʽʜʭʦʜʦʤ) ʪʘ ʛʽʩʪʝʨʝʟʠʩʫ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ.  

ɸʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʻ ʢʨʠʪʠʯʥʠʤ ʧʠʪʘʥʥʷʤ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʜʠʪʠʚʥʠʭ ʤʝʪʦʜʠʢ ʦʜʝʨʞʘʥʥʷ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʦʩʦʙʣʠʚʦ ʥʘ ʧʣʘʩʢʠʭ 

ʧʦʚʝʨʭʥʷʭ ʟ ʥʠʟʴʢʦʶ ʰʦʨʩʪʢʽʩʪʶ (ʩʢʣʦ, ʰʣʽʬʦʚʘʥʽ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʽʚ). ɰʾ ʚʠʩʦʢʽ 

ʟʥʘʯʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʽ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʦʤʠʭ ʧʽʜʭʦʜʽʚ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʡ 



73 
 

ʘʜʛʝʟʽʾ, ʘ ʩʘʤʝ: ʧʽʜʚʠʱʝʥʥʷ ʟʘʨʷʜʫ ʧʦʚʝʨʭʥʽ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ ʧʦʣʷʨʥʦʩʪʽ ʽ ʘʬʽʥʥʦʩʪʽ 

ʢʦʥʪʘʢʪʫʶʯʠʭ ʬʘʟ, ʨʦʟʚʠʥʝʥʥʷ ʧʣʦʱʽ ʾʭ ʢʦʥʪʘʢʪʫ ʟʘ ʨʘʭʫʥʦʢ ʪʝʢʩʪʫʨʫʚʘʥʥʷ 

ʩʫʙʩʪʨʘʪʫ ʪʦʱʦ.   

ɯʥʰʠʤ ʘʩʧʝʢʪʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʝʢʩʪʫʨʦʚʥʘʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʮʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʜʘʪʥʠʭ ʧʨʦʪʠʩʪʦʷʪʠ ʟʦʚʥʽʰʥʽʤ 

ʚʧʣʠʚʘʤ. ʅʘʧʨʠʢʣʘʜ, ʚʠʩʦʢʦʤʦʜʫʣʴʥʽ ʢʨʠʭʢʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ 

ʛʽʜʨʦʣʽʪʠʯʥʦʤʫ ʩʠʥʪʝʟʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʢʦʢʩʠʩʠʣʘʥʽʚ ʻ ʥʝʩʪʽʡʢʠʤʠ ʜʦ 

ʜʠʥʘʤʽʯʥʠʭ ʘʙʨʘʟʠʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʥʘʩʣʽʜʦʢ ʢʨʠʭʢʦʩʪʽ ʰʘʨʫ [129], ʱʦ ʦʩʦʙʣʠʚʦ 

ʚʽʜʯʫʚʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨʠ. ʎʷ ʥʝʩʪʽʡʢʽʩʪʴ ʻ ʦʯʝʚʠʜʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚʞʝ 

ʥʘ ʝʪʘʧʽ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ ʧʦʢʨʠʪʪʽʚ, ʢʦʣʠ ʦʙôʻʤ ʩʠʩʪʝʤʠ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʬʘʟʠ ʥʦʩʽʷ ʽ ʩʫʮʽʣʴʥʠʡ ʤʘʩʠʚ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʤʫʰʝʥʠʡ ʨʦʟʽʨʚʘʪʠʩʷ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʪʨʽʱʠʥ ʜʣʷ ʨʝʣʘʢʩʘʮʽʾ ʥʘʧʨʫʛ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʮʽʻʾ  ʧʨʦʙʣʝʤʠ 

ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʥʘʤʽʯʥʦ ʚʠʪʨʠʚʘʣʠʭ ʞʦʨʩʪʢʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʨʠʮʴ ʟ ʚʠʩʦʢʦʶ 

ʫʜʘʨʥʦʶ ʚôʷʟʢʽʩʪʶ ʟʜʘʪʥʠʭ ʨʦʟʩʽʶʚʘʪʠ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʾʭ 

ʧʦʚʝʨʭʥʽ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʤʘʪʨʠʮʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʨʠʩʫʪʥʴʦʶ ʚ ʢʦʤʧʦʟʠʮʽʾ ʥʘ 

ʤʽʥʽʤʘʣʴʥʦʤʫ ʝʬʝʢʪʠʚʥʦʤʫ ʨʽʚʥʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʤʘʻ ʧʦʥʠʞʫʚʘʣʴʥʽ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʠʤʠ ʤʽʥʝʨʘʣʴʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʪʝʢʩʪʫʨʠ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ ʱʦ ʙʘʟʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʨʫʢʪʫʨ, ʻ ʧʦʯʘʪʢʦʚʦ ʛʽʜʨʦʬʽʣʴʥʠʤʠ, ʘ ʛʽʜʨʦʬʦʙʥʝ ʧʦʚʝʨʭʥʝʚʝ 

ʧʦʢʨʠʪʪʷ (ʛʽʜʨʦʬʦʙʽʟʘʪʦʨ) ʥʘʥʦʩʠʪʴʩʷ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʭʝʤʦʩʦʨʙʮʽʡʥʦʾ 

ʤʦʜʠʬʽʢʘʮʽʾ ʚ ʪʦʥʢʦʤʫ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʰʘʨʽ. ʆʜʥʘʢ, ʷʢ ʙʫʣʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʚ 

ʜʦʩʣʽʜʞʝʥʥʷʭ [130], ʪʘʢʽ ʰʘʨʠ ʻ ʤʝʭʘʥʽʯʥʦ ʥʝʩʪʽʡʢʠʤʠ ʽ ʣʝʛʢʦ ʨʫʡʥʫʶʪʴʩʷ, 

ʦʛʦʣʶʶʯʠ ʛʽʜʨʦʬʽʣʴʥʽ ʜʽʣʷʥʢʠ ʧʦʚʝʨʭʥʽ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʢʫʪʽʚ 

ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʚʦʜʦʶ, ʘʣʝ ʜʦ ʧʝʚʥʦʾ ʤʽʨʠ ʩʪʘʥ ʂʘʩʽ ʚʩʝ ʱʝ ʟʘʣʠʰʘʻʪʴʩʷ 

ʩʪʘʙʽʣʴʥʠʤ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʯʘʪʢʦʚʦ ʛʽʜʨʦʬʦʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʠʢʣʘʜʦʤ ʷʢʠʭ ʻ ʧʦʣʽʦʣʝʬʽʥʠ, ʬʪʦʨʦʚʘʥʽ 

ʧʦʣʽʤʝʨʠ ʪʦʱʦ. ʅʘ ʾʭ ʧʦʚʝʨʭʥʷʭ ʤʦʞʣʠʚʦ ʦʜʝʨʞʫʚʘʪʠ ʧʨʠʜʘʪʥʽ ʪʝʢʩʪʫʨʠ, ʟʦʢʨʝʤʘ 

ʝʢʩʪʨʘʢʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ [131]. ɼʝʷʢʽ ʟ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʥʝʩʝʥʽ 
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ʘʜʠʪʠʚʥʦ [132]. ʆʜʥʘʢ, ʩʣʘʙʢʦʧʦʣʷʨʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʟʥʠʞʝʥʦʶ ʤʽʮʥʽʩʪʶ, ʱʦ ʻ ʟʥʘʯʥʠʤ ʥʝʜʦʣʽʢʦʤ ʜʣʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ.  ɯʥʰʠʤ ʧʽʜʭʦʜʦʤ 

ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʻ ʚʢʣʶʯʝʥʥʷ ʤʝʭʘʥʽʯʥʦ ʤʽʮʥʠʭ ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʪʝʢʩʪʫʨʠ ʨʘʟʦʤ ʜʦ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʧʝʨʝʥʝʩʝʥʥʷ 

ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜ ʯʘʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʚʽʜʢʨʠʪʦʤʫ 

ʧʦʚʽʪʨʽ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʡʙʽʣʴʰ ʧʨʘʢʪʠʯʥʠʤ ʚʠʨʽʰʝʥʥʷʤ ʧʨʦʙʣʝʤʠ ʘʙʨʘʟʠʚʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʢʦʤʧʦʟʠʪ, ʱʦ ʤʽʩʪʠʪʴ ʪʚʝʨʜʽ ʥʘʧʦʚʥʶʚʘʯʽ ʚʩʝʨʝʜʠʥʽ 

ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ, ʱʦ ʧʦʢʨʘʱʫʻ ʩʪʽʡʢʽʩʪʴ ʜʦ ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʦʩʫ. ʆʯʝʚʠʜʥʦ, ʱʦ 

ʛʽʜʨʦʬʦʙʥʽʩʪʴ ʮʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʯʘʩʪʠʥʦʢ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ  

ʢʦʚʘʣʝʥʪʥʦ ʧʨʠʢʨʽʧʣʝʥʦʛʦ ʰʘʨʫ ʤʦʜʠʬʽʢʘʪʦʨʘ. ʆʩʪʘʥʥʽʡ ʤʘʻ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʩʪʽʡʢʠʤ ʜʦ ʩʪʠʨʘʥʥʷ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʩʫʤʽʩʥʠʤ (ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʪʦʨʦʚʘʥʠʭ ʩʧʦʣʫʢ 

ʚʠʢʣʶʯʘʻʪʴʩʷ).  

ʅʝʩʪʘʙʽʣʴʥʽʩʪʴ ʟʜʘʪʥʦʩʪʽ ʜʦ ʩʘʤʦʦʯʠʱʝʥʥʷ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚ ʯʘʩʽ 

ɼʦʚʛʦʪʨʠʚʘʣʘ ʩʪʽʡʢʽʩʪʴ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʯʘʩʪʦ ʚʠʧʫʩʢʘʻʪʴʩʷ ʟ ʨʦʟʛʣʷʜʫ, ʭʦʯʘ ʮʝ ʜʫʞʝ ʚʘʞʣʠʚʝ ʧʠʪʘʥʥʷ ʜʣʷ 

ʧʨʦʮʝʩʫ ʩʘʤʦʦʯʠʱʝʥʥʷ [133]. ʊʝʢʩʪʫʨʦʚʘʥʘ ʧʦʚʝʨʭʥʷ, ʟʘ ʨʘʭʫʥʦʢ ʩʚʦʻʾ ʚʠʩʦʢʦʾ 

ʨʦʟʚʠʥʝʥʦʩʪʽ, ʤʦʞʝ ʬʽʢʩʫʚʘʪʠ ʚ ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ ʷʢ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʧʠʣʫ, ʪʘʢ ʽ ʣʝʪʢʽ 

ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ, ʟʚʘʞʝʥʽ ʫ ʧʦʚʽʪʨʽ ʯʘʩʪʠʥʢʠ ʧʨʦʜʫʢʪʽʚ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʪʘ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ. ʎʝ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʩʪʘʥʫ ʂʘʩʽ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ, ʟʤʽʥʠ ʛʝʦʤʝʪʨʽʾ 

ʥʝʨʽʚʥʦʩʪʝʡ [134].  

ɺʪʽʤ, ʷʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ [135] ʟʘʙʨʫʜʥʝʥʥʷ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ 

ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ ʰʣʷʭʦʤ ʧʨʦʤʠʚʘʥʥʷ ʨʽʜʢʦʶ ʚʦʜʦʶ. 

ʂʨʘʧʣʽ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʧʦʚʝʨʭʥʝʶ ʟʙʠʨʘʶʪʴ ʽ ʚʠʜʘʣʷʶʪʴ ʙʨʫʜ ʧʽʜ ʯʘʩ ʩʢʦʯʫʚʘʥʥʷ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʙʨʫʜʫ ʧʦʚ'ʷʟʘʥʘ ʟ ʢʫʪʦʤ ʥʘʭʠʣʫ ʧʦʚʝʨʭʥʽ, ʰʚʠʜʢʽʩʪʶ ʽ 

ʢʽʥʝʪʠʯʥʦʶ ʝʥʝʨʛʽʻʶ ʢʨʘʧʝʣʴ ʚʦʜʠ [136]. ʂʨʽʤ ʪʦʛʦ, ʧʦʚʽʜʦʤʣʷʣʦʩʷ, ʱʦ ʥʘʥʦ- ʪʘ 

ʽʻʨʘʨʭʽʯʥʽ ʪʝʢʩʪʫʨʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʩʘʤʦʦʯʠʱʝʥʥʷ, ʥʽʞ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʪʽʣʴʢʠ 
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ʤʽʢʨʦʩʪʨʫʢʪʫʨ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʦ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ 

ʯʘʩʪʠʥʦʢ ʟʘʙʨʫʜʥʝʥʴ ʪʘ ʝʣʝʤʝʥʪʽʚ ʪʝʢʩʪʫʨʠ.  

ʊʨʠʚʘʣʘ ʜʽʷ ʢʦʤʧʣʝʢʩʫ ʬʘʢʪʦʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʦʢʨʝʤʘ ʢʨʘʧʝʣʴʥʦʾ 

ʚʦʜʠ ʪʘ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʠʤ ʥʝ ʤʝʥʰ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ [137] ʅʘʧʨʠʢʣʘʜ, 

ʙʫʣʦ ʧʦʢʘʟʘʥʦ [138] ʱʦ ʧʦʢʨʠʪʪʷ ʟ ʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʚʦʛʦ ʝʣʘʩʪʦʤʝʨʫ ʫ ʬʦʨʤʽ 

ʥʘʥʦʥʠʪʦʢ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʝʢʩʧʦʥʫʚʘʥʥʷ ʚ ʘʪʤʦʩʬʝʨʥʠʭ ʫʤʦʚʘʭ ʧʦʩʪʫʧʦʚʦ ʟʥʠʞʫʻ 

ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ 6 ʤʽʩʷʮʽʚ, ʘ ʧʽʩʣʷ 1 ʨʦʢʫ ʛʽʜʨʦʬʽʣʽʟʫʻʪʴʩʷ 

ʥʘʩʪʽʣʴʢʠ ʱʦ ʜʦʱʦʚʽ ʢʨʘʧʣʽ ʥʝ ʤʦʞʫʪʴ ʚʠʥʦʩʠʪʠ ʟʘʙʨʫʜʥʝʥʥʷ.  

ʆʜʥʠʤ ʟ ʤʝʪʦʜʽʚ ʦʯʠʱʝʥʥʷ ʪʘʢʠʭ ʧʦʚʝʨʭʦʥʴ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʪʦʘʢʪʠʚʥʦʛʦ 

ʦʢʩʠʜʫ ʪʠʪʘʥʫ, ʷʢʠʡ ʧʨʠ ʜʽʾ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʦʷʚʣʷʻ 

ʢʘʪʘʣʽʪʠʯʥʫ ʜʽʶ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʢʠʩʣʶʚʘʣʴʥʦʛʦ ʨʦʟʢʣʘʜʫ ʦʨʛʘʥʽʯʥʠʭ 

ʟʘʙʨʫʜʥʝʥʴ [139]. ɺʪʽʤ, ʷʢ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʪʘʢʠʡ  TiO2 ʻ ʧʦʣʷʨʥʠʤ ʝʣʝʤʝʥʪʦʤ, ʱʦ 

ʟʫʤʦʚʣʶʻ ʛʽʜʨʦʬʽʣʴʥʽʩʪʴ ʧʝʚʥʦʾ ʜʦʣʽ ʧʦʚʝʨʭʥʽ ʪʘ ʫʪʚʦʨʝʥʥʷ ʧʣʷʤ ʟʤʦʯʫʚʘʥʥʷ, ʥʘ 

ʷʢʠʭ ʢʨʘʧʣʽ ʚʦʜʠ ʟʘʪʨʠʤʫʶʪʴʩʷ.  

ʅʘ ʜʘʥʠʡ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʩʘʤʦʦʯʠʱʝʥʥʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʥʝʜʦʩʪʘʪʥʴʦ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦ, ʟʦʢʨʝʤʘ ʚ ʯʘʩʪʠʥʽ ʜʠʩʧʝʨʩʥʦʩʪʽ 

ʟʘʙʨʫʜʥʶʚʘʯʽʚ, ʾʭ ʬʦʨʤʠ ʯʘʩʪʠʥʦʢ, ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ, ʪʦʱʦ.  

ʅʝʩʪʽʡʢʽʩʪʴ ʩʪʘʥʫ ʂʘʩʽ ʧʽʜ ʯʘʩ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ 

ʇʦʚʽʜʦʤʣʷʣʦʩʷ, ʱʦ ʤʘʪʝʨʽʘʣ ʧʦʚʝʨʭʥʽ ʣʠʩʪʷ ʣʦʪʦʩʘ ʤʦʞʝ ʙʫʪʠ ʟʤʦʯʝʥʠʡ 

ʨʽʜʢʦʶ ʚʦʜʦʶ ʧʽʜ ʯʘʩ ʢʦʥʜʝʥʩʘʮʽʾ ʥʘ ʦʭʦʣʦʜʞʝʥʽʡ ʧʦʚʝʨʭʥʽ ʣʠʩʪʢʘ ʧʘʨʽʚ ʚʦʜʠ, 

ʪʦʙʪʦ ʩʪʘʥ ʂʘʩʽ ʘʩʪʘʙʽʣʽʟʫʻʪʴʩʷ [140] ʂʦʥʜʝʥʩʘʮʽʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʥʘ ʩʠʥʪʝʪʠʯʥʠʭ 

ʧʦʚʝʨʭʥʷʭ ʟ ʤʽʢʨʦʨʝʣʴʻʬʦʤ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʯʘʩʪʢʦʚʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ 

ʨʽʜʢʦʾ ʚʦʜʠ ʚ ʾʾ ʩʪʨʫʢʪʫʨʫ, ʪʦʙʪʦ ʫʪʚʦʨʶʻʪʴʩʷ ʟʤʽʰʘʥʠʡ ʩʪʘʥ ʟʤʦʯʫʚʘʥʥʷ ɺʝʥʮʝʣʷ-

ʂʘʩʽ. ʅʘ ʤʽʢʨʦʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʥʷʭ ʤʦʞʣʠʚʽ ʧʨʦʮʝʩʠ ʧʝʨʝʭʦʜʫ ʚʽʜ ɺʝʥʮʝʣʷ ʚ 

ʂʘʩʽ ʽ ʥʘʚʧʘʢʠ ʟʘ ʨʘʭʫʥʦʢ ʢʦʘʣʝʩʮʝʥʮʽʾ ʢʨʘʧʝʣʴ [141]. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʝʢʩʪʫʨʠ ʚ ʩʫʢʫʧʥʦʩʪʽ ʟ ʦʩʦʙʣʠʚʦʶ ʛʝʦʤʝʪʨʽʻʶ (ʚʦʣʦʢʥʘ 

ʪʘ ʛʦʣʢʠ) ʧʽʜʚʠʱʫʻ ʦʧʽʨ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʥʘ ʧʦʚʝʨʭʥʷʭ [142]. ʇʨʠ 
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ʢʦʥʜʝʥʩʘʮʽʾ ʨʽʜʢʦʾ ʚʦʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʾ ʧʦʚʥʝ ʘʙʦ ʯʘʩʪʢʦʚʝ ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʤʽʢʨʦ- ʪʘ 

ʥʘʥʦʨʦʟʤʽʨʥʽ ʥʝʨʽʚʥʦʩʪʽ [143], ʪʦʙʪʦ ʢʘʧʽʣʷʨʥʝ ʟʤʦʯʫʚʘʥʥʷ. ʊʦʙʪʦ, ʤʦʞʥʘ 

ʚʽʜʤʽʪʠʪʠ ʱʦ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʽ ʧʦʢʨʠʪʪʷ ʚʥʘʩʣʽʜʦʢ ʩʚʦʻʾ ʧʨʠʥʮʠʧʦʚʦʾ ʧʦʨʠʩʪʦʩʪʽ ʥʝ 

ʜʠʚʣʷʯʠʩʴ ʥʘ ʥʝʟʤʦʯʫʚʘʥʽʩʪʴ ʨʽʜʢʦʶ ʚʦʜʦʶ ʻ ʧʨʦʥʠʢʥʠʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʚʦʜʷʥʦʾ ʧʘʨʠ. ʂʦʥʜʝʥʩʘʮʽʷ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʧʦ ʩʫʪʽ ʪʘʢʦʞ ʻ ʜʦʜʘʪʢʦʚʦʶ ʧʨʠʯʠʥʦʶ 

ʟʥʠʞʝʥʦʾ ʩʪʽʡʢʦʩʪʽ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʨʠʛʠ.  

ɺʪʽʤ, ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʚʦʜʠ ʟ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʧʝʨʝʙʫʚʘʻ ʚ ʩʪʘʥʽ ʟʤʦʯʫʚʘʥʥʷ 

ɺʝʥʮʝʣʷ ʥʘʡʯʘʩʪʽʰʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʾʾ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʤʦʞʣʠʚʦʩʪʽ ʫʪʚʦʨʶʚʘʪʠ ʩʪʘʥ 

ʟʤʦʯʫʚʘʥʥʷ ʂʘʩʽ. ʇʨʠ ʨʦʟʛʣʷʜʽ ʮʴʦʛʦ ʝʬʝʢʪʫ, ʦʜʥʘʢ, ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʱʦ ʤʘʪʝʨʽʘʣʠ, 

ʟ ʷʢʠʭ ʩʢʣʘʜʝʥʦ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʽ ʧʦʚʝʨʭʥʽ (ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʨʠʮʴ) ʤʦʞʫʪʴ ʙʫʪʠ ʘʜʩʦʨʙʮʽʡʥʦ ʟʜʘʪʥʠʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʦʜʠ 

ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʽʚʥʽ, ʪʦʙʪʦ ʟ ʯʘʩʦʤ ʧʦʛʣʠʥʘʪʠ ʾʾ ʪʘ ʛʽʜʨʦʬʽʣʽʟʫʚʘʪʠʩʷ. ʊʘʢʽ 

ʧʨʦʮʝʩʠ ʟʘʟʚʠʯʘʡ ʻ ʦʙʦʨʦʪʥʠʤʠ, ʘʣʝ ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʜʣʷ 

ʧʦʚʝʨʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʦ ʾʾ ʚʠʭʽʜʥʦʛʦ ʩʪʘʥʫ. 

ʅʝʜʦʩʪʘʪʥʷ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʝʨʝʭʦʜʫ ʟʤʦʯʫʚʘʥʥʷ ʧʨʠ ʧʦʪʨʘʧʣʷʥʥʽ ʥʘ ʧʦʚʝʨʭʥʶ 

ʨʽʜʠʥ ʟ ʥʠʟʴʢʠʤ ʧʦʚʝʨʭʥʝʚʠʤ ʥʘʪʷʛʦʤ 

ʆʜʥʽʻʶ ʟ ʜʚʦʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʟ ʧʽʜʚʠʱʝʥʠʤ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʥʥʷʤ ʻ ʥʠʟʴʢʘ ʚʣʘʩʥʘ ʝʥʝʨʛʽʷ ʧʦʚʝʨʭʥʽ ʪʝʢʩʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʟʫʧʠʥʷʻ ʣʽʥʽʶ ʪʨʴʦʭʬʘʟʥʦʛʦ ʢʦʥʪʘʢʪʫ ʚʽʜ ʧʨʦʩʫʚʘʥʥʷ ʽ, ʚʣʘʩʥʝ, ʨʦʟʪʽʢʘʥʥʷ ʢʨʘʧʣʽ 

ʟʤʦʯʫʶʯʦʾ ʨʽʜʠʥʠ, ʧʨʦʥʠʢʥʝʥʥʷ ʾʾ ʚʛʣʠʙ ʪʝʢʩʪʫʨʠ ʟ ʚʠʪʽʩʥʝʥʥʷʤ ʧʦʚʽʪʨʷ ʟ ʧʦʨ. ɺʦʜʘ 

ʻ ʨʽʜʠʥʦʶ ʟ ʚʠʩʦʢʠʤ ʧʦʚʝʨʭʥʝʚʠʤ ʥʘʪʷʛʦʤ (72,5 ʤʅ/ʤ), ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʟʜʘʪʥʽʩʪʶ 

ʾʾ ʤʦʣʝʢʫʣ ʜʦ ʜʠʩʧʝʨʩʽʡʥʦʾ, ʥʘʙʦʨʫ ʧʦʣʷʨʥʠʭ, ʘ ʛʦʣʦʚʥʝ ï ʚʦʜʥʝʚʦʾ ʚʟʘʻʤʦʜʽʾ. ʇʨʠ 

ʮʴʦʤʫ ʨʽʟʥʠʮʷ ʤʽʞ ʮʠʤ ʾʾ ʧʘʨʘʤʝʪʨʦʤ ʪʘ ʧʦʚʝʨʭʥʝʚʦʶ ʝʥʝʨʛʽʻʶ ʥʝʧʦʣʷʨʥʠʭ 

(ʤʦʣʝʢʫʣʠ ʷʢʠʭ ʟʜʘʪʥʽ ʚʩʪʫʧʘʪʠ ʣʠʰʝ ʫ ʜʠʩʧʝʨʩʽʡʥʫ ʚʟʘʻʤʦʜʽʶ, ʥʘʧʨʠʢʣʘʜ 

ʬʪʦʨʦʧʣʘʩʪʦʤ ʪʘ ʧʦʣʽʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʤ ï 18,5 ʪʘ 20,0 ʤɼʞ/ʤ2 ʚʽʜʧʦʚʽʜʥʦ) 

ʤʘʪʝʨʽʘʣʽʚ ʻ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʶ. ʇʨʠʨʦʜʥʽ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʽ ʧʦʚʝʨʭʥʽ, ʥʘ ʷʢʠʭ ʝʬʝʢʪ 

ʙʫʚ ʧʦʤʽʯʝʥʠʡ ʚʧʝʨʰʝ, ʧʨʦʷʚʣʷʶʪʴ ʘʥʦʤʘʣʴʥʝ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʩʘʤʝ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʦʜʠ.  
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ʇʨʠ ʟʥʠʞʝʥʥʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʨʽʜʠʥʠ ʱʦ ʢʦʥʪʘʢʪʫʻ ʟ ʧʦʚʝʨʭʥʝʶ,  

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʨʽʟʥʠʮʽ ʟ ʝʥʝʨʛʽʻʶ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʟʘ 

ʨʽʚʥʷʥʥʷʤ ʖʥʛʘ ʜʦ ʟʥʠʞʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ, ʪʘ, ʚʣʘʩʥʝ ʨʦʟʪʽʢʘʥʥʷ ʢʨʘʧʝʣʴ ʧʦ 

ʧʦʚʝʨʭʥʽ. ʎʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʝʨʝʭʦʜʦʤ ʟʤʦʯʫʚʘʥʥʷ ʚʽʜ ʩʪʘʥʫ ʂʘʩʽ-ɹʘʢʩʪʝʨʘ ʜʦ 

ʩʪʘʥʫ ɺʝʥʮʝʣʷ ʪʘ ʚʪʨʘʪʦʶ ʝʬʝʢʪʫ ʩʘʤʦʦʯʠʱʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʟʥʘʯʝʥʴ 

ʢʫʪʘ ʩʢʦʯʫʚʘʥʥʷ ʪʘ ʛʽʩʪʝʨʝʟʠʩʫ ʟʤʦʯʫʚʘʥʥʷ. ʇʨʘʢʪʠʯʥʦ ʪʘʢʝ ʟʥʠʞʝʥʥʷ ʨʽʟʥʠʮʽ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʚʠʧʘʜʢʘʭ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʨʦʟʯʠʥʥʠʢʘʤʠ ʟ ʧʦʥʠʞʝʥʠʤ 

ʧʦʚʝʨʭʥʝʚʠʤ ʥʘʪʷʛʦʤ, ʘʢʫʤʫʣʷʮʽʾ ʟʘʙʨʫʜʥʝʥʴ ʥʘ ʧʦʚʝʨʭʥʷʭ, ʘ ʪʘʢʦʞ ʟʤʦʯʫʚʘʥʥʷ 

ʚʦʜʥʠʤʠ ʨʦʟʯʠʥʘʤʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ. ɺ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʭʥʽʯʥʠʭ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ ʤʦʞʫʪʴ ʤʘʪʠ ʤʽʩʮʝ ʚʩʽ ʪʨʠ 

ʧʝʨʝʣʽʯʝʥʽ ʚʠʧʘʜʢʠ: ʢʦʥʪʘʢʪ ʟ ʨʦʟʯʠʥʥʠʢʘʤʠ, ʧʘʣʠʚʦʤ ʪʘ ʤʘʩʪʠʣʘʤʠ, ʨʦʟʯʠʥʘʤʠ 

ʤʠʶʯʠʭ ʟʘʩʦʙʽʚ.  

ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʦʢʨʽʤ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ ʽʩʥʫʶʪʴ ʪʘʢʦʞ ʽ 

ʩʫʧʝʨʦʣʝʦʬʽʣʴʥʽ [144], ʷʢʽ ʧʝʚʥʦʶ ʤʽʨʦʶ ʟʜʘʪʥʽ ʜʦ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʨʽʜʢʠʭ ʦʣʠʚ ʟʘ 

ʨʘʭʫʥʦʢ ʥʘʜʥʠʟʴʢʦʛʦ ʚʣʘʩʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ʘʣʝ ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʟʜʘʪʥʠʭ ʜʦ 

ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʨʽʜʢʠʭ ʥʝʧʦʣʷʨʥʠʭ ʨʽʜʠʥ (ʥʘʧʨʠʢʣʘʜ, ʛʝʢʩʘʥʫ ʪʘ ʜʠʽʦʜʦʤʝʪʘʥʫ), ʘ 

ʪʘʢʦʞ ʨʦʟʯʠʥʽʚ ʝʬʝʢʪʠʚʥʠʭ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ. ʊʘʢʽ ʧʦʚʝʨʭʥʽ ʟ ʯʘʩʦʤ 

ʢʦʥʪʘʤʽʥʫʶʪʴʩʷ ʧʠʣʦʚʠʤʠ ʟʘʙʨʫʜʥʝʥʥʷʤʠ, ʘ ʚ ʧʨʦʤʠʩʣʦʚʽʡ ʪʘ ʤʽʩʴʢʽʡ ʘʪʤʦʩʬʝʨʽ ï 

ʘʝʨʦʟʦʣʴʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʟʛʦʨʷʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʘʣʠʚ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʟʥʠʞʝʥʥʷ 

ʝʬʝʢʪʫ.  

ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʦʯʝʚʠʜʥʽʩʪʴ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʩʪʽʡʢʦʩʪʽ ʩʪʘʥʫ ʂʘʩʽ ʨʽʟʥʠʭ 

ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʪʘ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʰʘʨʫ, 

ʱʦ ʢʦʥʪʘʢʪʫʻ ʟ ʨʽʜʠʥʦʶ ʟʤʦʯʫʚʘʥʥʷ, ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʚʧʣʠʚʫ ʮʠʭ 

ʬʘʢʪʦʨʽʚ ʥʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʥʷ ʨʦʙʦʪʠ ʥʝ ʧʨʦʚʦʜʠʣʦʩʷ. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ, ʟ ʦʜʥʦʛʦ 

ʙʦʢʫ, ʚʽʜʩʫʪʥʽʩʪʴ ʤʝʪʦʜʦʣʦʛʽʾ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʪʝʢʩʪʫʨ, ʘ ʟ ʽʥʰʦʛʦ ï 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʙʽʣʴʰʦʩʪʽ ʨʦʙʽʪ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʦʜʝʨʞʘʥʥʷ ʪʘʢʠʭ 

ʧʦʚʝʨʭʦʥʴ.  ʉʪʚʦʨʝʥʥʷ ʧʽʜʭʦʜʫ ʜʦ ʧʦʨʽʚʥʷʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʜʦ ʟʛʘʜʘʥʦʛʦ 

ʬʘʢʪʦʨʫ ʜʦʧʦʤʦʛʣʦ ʙ ʙʽʣʴʰ ʯʽʪʢʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ʢʨʠʪʝʨʽʾ ʷʢʦʩʪʽ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʨʽʰʝʥʥʷ (ʛʝʦʤʝʪʨʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʢʩʪʫʨʠ, ʪʠʧ ʤʦʜʠʬʽʢʘʪʦʨʘ ʧʦʚʝʨʭʥʽ) ʟ 
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ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʽ, ʙʝʟʫʤʦʚʥʦ ʨʦʟʰʠʨʠʪʠ ʛʘʣʫʟʴ ʤʦʞʣʠʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʩʫʯʘʩʥʦʤʫ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʽ.  

ʅʝʜʦʩʪʘʪʥʷ ʚʠʚʯʝʥʽʩʪʴ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʩʪʨʫʢʪʫʨʦʶ, ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ 

ʧʦʚʝʨʭʥʽ, ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ  ʪʘ ʾʭ ʩʪʘʙʽʣʴʥʽʩʪʶ  

ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʢʣʘʩʠʯʥʽ ʨʽʚʥʷʥʥʷ ʂʘʩ-̔ɹʘʢʩʪʝʨʘ ʪʘ ɺʝʥʮʝʣʷ ʙʫʣʠ 

ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʤʘʡʞʝ ʩʪʦʨʽʯʯʷ ʪʦʤʫ, ʟʘ ʮʝʡ ʯʘʩ ʚʦʥʠ ʧʽʜʜʘʚʘʣʠʩʷ ʢʨʠʪʠʮʽ, ʟʥʘʯʥʠʤ 

ʧʨʘʚʢʘʤ ʪʘ ʫʪʦʯʥʝʥʥʷʤ ʧʽʩʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʥʘ ʨʽʟʥʠʭ ʤʦʜʝʣʴʥʠʭ 

ʧʦʚʝʨʭʥʷʭ ʽ ʤʘʪʝʨʽʘʣʘʭ. ɰʭ ʮʽʥʥʽʩʪʴ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʦʯʫʚʘʥʥʷ ʨʝʘʣʴʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʪʘʢʦʞ ʻ ʩʧʽʨʥʦʶ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʦʜʥʦʟʥʘʯʥʦ 

ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʪʝʢʩʪʫʨʠ ʪʘʢʠʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʤʦʞʣʠʚʦ ʜʣʷ ʨʝʛʫʣʷʨʥʠʭ, ʚ 

ʦʩʥʦʚʥʦʤʫ ʤʦʜʝʣʴʥʠʭ ʪʝʢʩʪʫʨ, ʪʘ ʥʝ ʻ ʤʦʞʣʠʚʠʤ ʜʣʷ ʙʘʛʘʪʴʦʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʥʝʫʧʦʨʷʜʢʦʚʘʥʠʭ ʪʝʢʩʪʫʨ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦʶ ʙʽʣʴʰʽʩʪʶ ʤʝʪʦʜʽʚ, 

ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ.  

ʏʣʝʥʠ ʢʣʘʩʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʂʘʩʽ-ɹʘʢʩʪʝʨʘ, ʘ ʩʘʤʝ ʬʘʟʦʚʽ ʜʦʣʽ ʛʝʪʝʨʦʛʝʥʥʦʾ 

ʧʦʚʝʨʭʥʽ ʪʘʢʦʞ ʤʦʞʫʪʴ ʪʨʘʢʪʫʚʘʪʠʩʷ ʧʦ-ʨʽʟʥʦʤʫ. ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʧʦʤʠʣʢʠ ʜʣʷ 

ʨʝʛʫʣʷʨʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʨʦʟʚʠʥʝʥʠʤ ʨʝʣʴʻʬʦʤ ʻ ʧʨʠʧʫʱʝʥʥʷ ʱʦ ʩʫʤʘ ʮʠʭ ʜʦʣʝʡ 

ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ ʦʜʠʥʠʮʽ. ʎʝ ʧʨʠʧʫʱʝʥʥʷ ʻ ʚʽʨʥʠʤ ʪʽʣʴʢʠ ʷʢʱʦ ʢʨʘʧʣʷ 

ʢʦʥʪʘʢʪʫʻ ʟ ʧʦʚʝʨʭʥʝʶ ʚʠʢʣʶʯʥʦ ʚ ʧʣʦʱʠʥʽ, ʙʝʟ ʧʨʦʚʠʩʘʥʴ, ʚʠʩʪʫʧʽʚ ʚʩʝʨʝʜʠʥʫ 

ʢʨʘʧʣʽ, ʱʦ ʜʫʞʝ ʜʘʣʝʢʦ ʚʽʜ ʨʝʘʣʴʥʦʾ ʩʠʪʫʘʮʽʾ ʧʨʠ ʟʤʦʯʫʚʘʥʥʽ ʨʽʜʠʥʘʤʠ ʧʦʚʝʨʭʦʥʴ 

ʟʽ ʩʢʣʘʜʥʦʶ ʤʦʨʬʦʣʦʛʽʻʶ.  

ʆʢʨʝʤʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ 

ʧʦʚʝʨʭʥʽ (ʥʘʧʨʠʢʣʘʜ, ʆʫʝʥʩʘ-ɺʝʥʜʪʘ ʘʙʦ ɿʽʩʤʘʥʘ) ʥʘ ʪʝʢʩʪʫʨʘʭ, ʦʩʢʽʣʴʢʠ 

ʥʘʡʯʘʩʪʽʰʝ ʘʚʪʦʨʠ ʥʝ ʙʝʨʫʪʴ ʜʦ ʫʚʘʛʠ ʬʘʢʪʦʨʠ, ʱʦ ʟʫʤʦʚʣʶʶʪʴ ʘʥʦʤʘʣʽʾ 

ʟʤʦʯʫʚʘʥʥʷ: ʛʝʪʝʨʦʛʝʥʥʽʩʪʴ ʬʘʟʦʚʦʛʦ ʢʦʥʪʘʢʪʫ ʫ ʚʠʧʘʜʢʫ ʩʪʘʥʫ ʟʤʦʯʫʚʘʥʥʷ ʂʘʩʽ 

ʘʙʦ ʥʝʧʣʘʩʢʦʛʦ ʢʦʥʪʘʢʪʫ ɺʝʥʮʝʣʷ. ʎʝ ʧʦ ʩʫʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ, ʷʢʽ ʙʝʨʫʪʴʩʷ ʟʘ ʦʩʥʦʚʫ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʧʦʤʽʯʝʥʠʤ ʚ ʨʘʟʽ ʢʦʣʠ ʟʛʽʜʥʦ ʜʦ ʟʘʛʘʣʴʥʦʛʦ 

ʧʨʦʪʦʢʦʣʫ ʤʝʪʦʜʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʽ ʨʽʜʠʥʠ: ʧʦʣʷʨʥʘ (ʚʦʜʘ) ʪʘ ʥʝʧʦʣʷʨʥʘ 
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(ʜʠʽʦʜʦʤʝʪʘʥ). ʎʷ ʧʨʦʙʣʝʤʘ ʥʝ ʻ ʚʠʨʽʰʝʥʦʶ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʪʝʢʩʪʫʨʦʚʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ: ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʪʘ ʩʫʧʝʨʦʤʥʽʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ.   

ɼʣʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʦʜʝʨʞʘʥʥʷ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʪʦʥʢʦʰʘʨʦʚʠʭ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʩʠʩʪʝʤ ʧʠʪʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʭ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ ʚʠʭʦʜʷʯʠ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʚʟʘʻʤʦʜʽʾ ʥʝʤʝʪʘʣʝʚʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʪʘ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ 

ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʠʤ ʥʘ ʥʝʜʦʩʪʘʪʥʴʦʤʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʨʽʚʥʽ.  

ɼʦʚʛʦʚʽʯʥʽʩʪʴ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʾʾ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʯʠʥʥʠʢʠ, ʷʢʽ ʟʜʘʪʥʽ 

ʾʾ ʧʽʜʚʠʱʫʚʘʪʠ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ. ʆʩʥʦʚʥʘ ʤʘʩʘ 

ʨʦʙʽʪ, ʧʦʚôʷʟʘʥʠʭ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʬʦʢʫʩʫʻʪʴʩʷ ʣʠʰʝ ʥʘ 

ʦʜʝʨʞʘʥʥʽ ʧʦʚʝʨʭʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ  ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʩʪʽʡʢʽʩʪʴ ʪʘʢʠʭ ʪʝʢʩʪʫʨ ʜʦ 

ʜʽʾ ʘʛʨʝʩʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʯʘʩʪʽʰʝ ʟʘ ʚʩʝ ʬʘʢʫʣʴʪʘʪʠʚʥʦ, ʷʢ ʜʦʧʦʚʥʝʥʥʷ 

ʜʦ ʦʩʥʦʚʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.  

ɼʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʚʦʜʦ- ʽ ʨʽʜʠʥʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʥʝ 

ʚʠʩʪʘʯʘʻ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʫʟʘʛʘʣʴʥʝʥʴ, ʷʢʽ ʙ ʧʦʨʽʚʥʶʚʘʣʠ ʥʘʩʢʽʣʴʢʠ 

ʚʽʜʦʤʽ ʢʣʘʩʠ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʩʚʦʻʶ ʩʪʽʡʢʽʩʪʶ ʜʦ ʜʽʾ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʬʘʢʪʦʨʘ, ʷʢʽ ʝʣʝʤʝʥʪʠ ʪʝʢʩʪʫʨʠ (ʨʽʚʥʽ ʾʾ ʦʨʛʘʥʽʟʘʮʽʾ) ʻ ʚʨʘʟʣʠʚʠʤʠ ʚ ʪʠʭ ʯʠ ʽʥʰʠʭ 

ʫʤʦʚʘʭ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʪʦʱʦ. ɿʦʢʨʝʤʘ, ʥʝʦʭʦʧʣʝʥʠʤ ʧʠʪʘʥʥʷʤ ʻ ʩʪʽʡʢʽʩʪʴ ʪʝʢʩʪʫʨ 

ʜʦ ʜʽʾ ʪʘʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʬʘʢʪʦʨʽʚ ʷʢ ʪʨʠʚʘʣʘ ʥʘʷʚʥʽʩʪʴ ʨʽʜʢʦʾ 

ʚʦʜʠ ʥʘ ʧʦʚʝʨʭʥʽ ʚ ʩʪʘʪʠʯʥʦʤʫ ʪʘ ʜʠʥʘʤʽʪʥʦʤʫ ʨʝʞʠʤʘʭ ʽ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʽʾ ʧʝʨʝʣʽʯʝʥʠʭ 

ʬʘʢʪʦʨʽʚ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ ʚ ʢʦʤʧʣʝʢʩʽ ʜʦʩʣʽʜʞʝʥʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʽ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ.  
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1.4. ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʪʘ ʟʘʜʘʯ ʨʦʙʦʪʠ 

ɺʠʭʦʜʷʯʠ ʟ ʦʢʨʝʩʣʝʥʠʭ ʚ ʦʛʣʷʜʽ ʧʨʦʙʣʝʤ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʢʨʠʪʪʽʚ ʪʘ ʦʙʨʘʥʠʭ ʰʣʷʭʽʚ ʜʦ ʾʭ 

ʚʠʨʽʰʝʥʥʷ, ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʤʝʪʘ ʜʘ ʚʽʜʧʦʚʽʜʥʽ ʟʘʜʘʯʽ ʨʦʙʦʪʠ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʚʠʪʦʢ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʦʜʝʨʞʘʥʥʷ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʦʨʛʘʥʦ-

ʤʽʥʝʨʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʽ ʩʪʘʣʠʤ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʥʥʷʤ ʘʜʠʪʠʚʥʠʤ ʪʘ 

ʝʢʩʪʨʘʢʪʠʚʥʠʤ ʤʝʪʦʜʘʤʠ. 

 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ:  

1. ʇʨʦʚʝʩʪʠ ʢʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʜʝʨʞʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʟʦʢʨʝʤʘ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ, 

ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʣʽʤʽʪʫʶʯʽ ʬʘʢʪʦʨʠ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ; 

2. ɿʜʽʡʩʥʠʪʠ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʘʜʠʪʠʚʥʦʾ ʽ ʝʢʩʪʨʘʢʪʠʚʥʦʾ ʪʝʭʥʦʣʦʛʽʡ 

ʬʦʨʤʫʚʘʥʥʷ ʪʝʢʩʪʫʨ ʧʦʚʝʨʭʥʽ, ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʤʝʪʦʜʠʢ, ʘ ʪʘʢʦʞ 

ʧʨʦʚʝʩʪʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʾʭ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʜʝʩʪʨʫʢʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ;  

3. ɺʩʪʘʥʦʚʠʪʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʦʜʝʨʞʘʥʥʷ ʪʘ ʤʦʜʠʬʽʢʘʮʽʾ 

ʧʦʚʝʨʭʥʽ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚ ʷʢʦʩʪʽ ʥʘʥʦ- ʽ 

ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʜʠʪʠʚʥʠʭ ʪʝʢʩʪʫʨ; 

4. ɼʦʩʣʽʜʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ  

ʘʜʠʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʦʢʩʠʜʥʠʭ, ʩʠʣʽʢʘʪʥʠʭ ʽ 

ʢʘʨʙʦʥʘʪʥʠʭ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʯʘʩʪʠʥʦʢ ʽ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ; 

5. ʆʮʽʥʠʪʠ ʚʧʣʠʚ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʦʥʴ, ʩʬʦʨʤʦʚʘʥʠʭ 

ʝʢʩʪʨʘʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʾ ʘʙʣʷʮʽʾ ʪʘ ʪʠʧʫ ʤʦʜʠʬʽʢʘʪʦʨʫ ʥʘ ʾʭ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ; 

6. ɺʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʜʚʦʭʨʽʚʥʝʚʦʶ ʤʽʢʨʦ-

ʥʘʥʦʩʪʨʫʢʪʫʨʦʶ ʧʽʜ ʜʽʻʶ ʬʘʢʪʦʨʽʚ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 
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ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦ- ʪʘ ʥʘʥʦ-ʪʝʢʩʪʫʨʦʚʘʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʟ ʚʠʩʦʢʠʤʠ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʜʠʪʠʚʥʠʤ ʪʘ 

ʩʫʙʪʨʘʢʪʠʚʥʠʤ ʤʝʪʦʜʘʤʠ; 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ  

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʽʻʝʨʘʨʭʽʯʥʦʶ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʩʪʨʫʢʪʫʨʦʶ, ʾʭ 

ʪʝʢʩʪʫʨʥʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʪʽʡʢʽʩʪʴ ʛʽʜʨʦʬʦʙʥʦʛʦ ʝʬʝʢʪʫ ʚ ʫʤʦʚʘʭ 

ʜʽʾ ʜʝʩʪʨʫʢʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʦʜʝʨʞʘʥʥʷ ʮʠʭ ʧʦʚʝʨʭʦʥʴ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʢʠʭ ʧʫʙʣʽʢʘʮʽʷʭ 

(ɼʦʜʘʪʦʢ ɸ): [1, 2, 6, 7, 9, 10, 15, 23] 
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ʈʆɿɼɯʃ 2. ʄɸʊɽʈɯɸʃʀ ɯ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʅʗ 

 

ʆʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ, ʷʢʘ ʚʠʨʽʰʫʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʻ ʚʠʙʽʨ 

ʢʦʥʢʨʝʪʥʦʾ ʘʜʠʪʠʚʥʦʾ ʪʘ ʝʢʩʪʨʘʢʪʠʚʥʦʾ ʪʝʭʥʦʣʦʛʽʡ ʬʦʨʤʫʚʘʥʥʷ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʝʨʝʣʽʢʫ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʙʽʨ ʤʝʪʦʜʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʣʶʯʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʭ ʦʙôʻʢʪʽʚ.  

 

2.1. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ  

2.1.1. ɸʜʠʪʠʚʥʘ ʪʝʭʥʦʣʦʛʽʷ ʦʜʝʨʞʘʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ ʈʦʟʜʽʣʽ 1, ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʻ 

ʘʜʠʪʠʚʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʦʟʚʠʥʝʥʫ ʧʨʦʤʠʩʣʦʚʦ ʪʝʭʥʦʣʦʛʽʶ ʥʘʥʝʩʝʥʥʷ 

ʣʘʢʦʬʘʨʙʦʚʠʭ ʧʦʢʨʠʪʪʽʚ. ʆʩʥʦʚʦʶ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʧʝʨʩʽʡ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʯʘʩʪʠʥʦʢ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʠʣʽʢʘʪʽʚ, ʢʘʨʙʦʥʘʪʽʚ ʽ ʪ.ʽʥ, [145] ʷʢʽ 

ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ ʬʦʨʤʫʶʯʠʭ ʥʘʥʦ-ʪʘ ʤʽʢʨʦʨʦʟʤʽʨʥʫ ʝʣʝʤʝʥʪʽʚ ʚ ʧʦʣʽʤʝʨʥʽʡ 

ʤʘʪʨʠʮʽ. ʆʙʦʚôʷʟʢʦʚʦʶ ʚʠʤʦʛʦʶ ʜʦ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʻ ʥʘʷʚʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ï 

ʣʝʪʢʦʛʦ ʨʦʟʯʠʥʥʠʢʘ, ʷʢʠʡ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʥʘ ʩʫʙʩʪʨʘʪ ʚʠʜʘʣʷʻʪʴʩʷ 

ʰʣʷʭʦʤ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ʈʦʣʴ ʪʘʢʦʛʦ ʨʦʟʯʠʥʥʠʢʘ ʤʦʞʫʪʴ ʚʽʜʽʛʨʘʚʘʪʠ ʷʢ ʣʝʪʢʽ 

ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʪʘʢ ʽ ʚʦʜʘ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʜʠʩʧʝʨʩʽʡ ʚ 

ʷʢʦʩʪʽ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ. ɺʪʽʤ, ʚʽʜʦʤʦ [146] ʱʦ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʽ ʧʦʢʨʠʪʪʷ ʥʘ 

ʦʩʥʦʚʽ ʦʩʪʘʥʥʽʭ ʤʘʶʪʴ ʧʦʥʠʞʝʥʽ ʟʥʘʯʝʥʥʷ ʚʦʜʦʩʪʽʡʢʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʫ 

ʩʢʣʘʜʽ ʪʘʢʠʭ ʜʠʩʧʝʨʩʽʡ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʪʘ ʽʥʰʠʭ ʜʦʙʘʚʦʢ. 

ʆʜʝʨʞʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʧʦʚʝʨʭʥʝʚʽ ʩʪʨʫʢʪʫʨʠ ʤʘʶʪʴ ʭʘʨʘʢʪʝʨ ʩʪʦʭʘʩʪʠʯʥʠʭ ʘʙʦ 

ʬʨʘʢʪʘʣʴʥʠʭ [147], ʘ ʾʭ ʧʘʨʘʤʝʪʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʛʥʫʯʢʦ ʨʝʛʫʣʴʦʚʘʥʽ ʟʘ ʨʘʭʫʥʦʢ 

ʚʘʨʽʶʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ (ʨʦʟʤʽʨ, ʬʦʨʤʘ), ʾʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʘ ʚʤʽʩʪʫ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ.  

ʇʦʚʝʨʭʥʝʚʽ ʩʪʨʫʢʪʫʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʝʨʞʘʥʽ ʥʘ ʦʩʥʦʚʽ ʯʠʩʪʠʭ ʧʦʣʽʤʝʨʽʚ ʟʘ 

ʨʘʭʫʥʦʢ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʾʭ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʆʜʝʨʞʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʧʦʚʝʨʭʥʝʚʽ 
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ʩʪʨʫʢʪʫʨʠ ʤʘʶʪʴ ʭʘʨʘʢʪʝʨ ʩʪʦʭʘʩʪʠʯʥʠʭ. ɰʭ ʩʪʚʦʨʝʥʥʶ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ [148-

149] ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʠʩʧʝʨʩʥʽ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʨʦʟʯʠʥʽʚ ʽ ʜʠʩʧʝʨʩʽʡ 

ʧʦʣʽʤʝʨʽʚ (ʽʟʦʪʘʢʪʠʯʥʦʛʦ ʧʦʣʽʧʨʦʧʽʣʝʥʫ, ʧʦʣʽʩʪʠʨʦʣʫ ʪʘ ʩʫʤʽʰʝʡ 

ʧʦʣʽʬʝʥʽʣʝʥʩʫʣʴʬʽʜʫ ʪʘ ʧʦʣʽʪʝʪʨʘʬʪʦʨʝʪʠʣʝʥʫ). ɿʥʘʯʥʠʤ ʥʝʜʦʣʽʢʦʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ 

ʾʭ ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʟʘʛʘʣʴʥʘ ʥʝʩʪʽʡʢʽʩʪʴ 

ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ ʜʦ ʬʘʢʪʦʨʽʚ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʦʙʫʤʦʚʠʣʦ 

ʥʘʜʘʥʥʷ ʧʝʨʝʚʘʛʠ ʩʘʤʝ ʟʤʽʰʘʥʠʤ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʤ ʩʠʩʪʝʤʘʤ ʚ ʨʦʙʦʪʽ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʠʥʦʢ SiO2 ʚ ʷʢʦʩʪʽ ʬʦʨʤʫʶʯʠʭ ʪʝʢʩʪʫʨʫ ʝʣʝʤʝʥʪʽʚ ʫ ʩʢʣʘʜʽ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʧʦʢʨʠʪʪʽʚ ʦʧʠʩʘʥʦ ʚ ʨʦʙʦʪʘʭ [150-151]. ɺʪʽʤ, ʯʘʩʪʽʰʝ ʟʘ ʚʩʝ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʜʠʥʦʯʥʽ ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚ ʩʝʥʩʽ ʟʥʘʯʝʥʴ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʙʝʟ ʧʨʠʜʽʣʝʥʥʷ ʫʚʘʛʠ ʧʠʪʘʥʥʷʤ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘʢʠʭ 

ʩʪʨʫʢʪʫʨ ʽ ʘʩʧʝʢʪʘʤ ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ ʱʦ ʧʦʚʝʨʭʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ ʻ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ 

ʛʽʜʨʦʬʽʣʴʥʦʶ, ʚʦʥʘ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʾ ʛʽʜʨʦʬʦʙʽʟʘʮʽʾ. ɺ ʨʦʙʦʪʽ [152] ʧʦʢʘʟʘʥʦ ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʭʣʦʨʩʠʣʘʥʠ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʝʚʦʾ 

ʝʥʝʨʛʽʾ ʧʽʨʦʛʝʥʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʚ ʤʝʞʘʭ 23 ʤɼʞ/ʤ2, ʱʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʪʠʭ ʞʝ 

ʟʥʘʯʝʥʴ ʫ ʥʠʟʴʢʦʧʦʣʷʨʥʠʭ ʧʦʣʽʤʝʨʽʚ.  

ɺʠʭʦʜʷʯʠ ʟ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʾ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʱʦ ʦʧʠʩʘʥʽ ʚ ʈʦʟʜʽʣʽ 1, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʚʦʭʨʽʚʥʝʚʠʭ ʤʽʢʨʦ-ʥʘʥʦʪʝʢʩʪʫʨ ʻ ʝʬʝʢʪʠʚʥʽʰʠʤ ʥʽʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʠʰʝ ʥʘʥʦ-

ʯʘʩʪʠʥʦʢ. ɺ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʤʽʢʨʦʨʽʚʝʥʴ ʩʪʨʫʢʪʫʨʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ (ʷʢ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʧʨʠʨʦʜʥʽʭ 

ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʥʘʧʨʠʢʣʘʜ, ʣʠʩʪʷ ʣʦʪʦʩʘ [153]). ɿʦʢʨʝʤʘ, ʫʪʚʦʨʝʥʥʷ 

ʪʘʢʠʭ ʢʣʘʩʪʝʨʽʚ ʦʧʠʩʘʥʦ ʚ ʨʷʜʽ ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʠʭ ʟʦʣʴ-ʛʝʣʴ ʧʦʢʨʠʪʪʷʤ ʘʜʠʪʠʚʥʦʛʦ 

ʪʠʧʫ. ʅʘʧʨʠʢʣʘʜ, ʫ ʜʦʩʣʽʜʞʝʥʥʽ [154] ʨʦʟʛʣʷʥʫʪʦ ʩʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʥʦʢ ʢʨʝʤʥʝʟʝʤʫ 

ʟ ʘʣʢʦʢʩʠʩʠʣʘʥʽʚ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʬʪʦʨʘʣʢʦʢʩʠʩʠʣʘʥʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʜʝʨʞʘʥʥʷ 

ʧʦʢʨʠʪʪʷ ʟ ʢʫʪʦʤ ʟʤʦʯʫʚʘʥʥʷ  152 Ñ 2Á ʽ ʜʦʚʦʣʽ ʥʠʟʴʢʠʤ ʢʫʪʦʤ ʩʢʦʯʫʚʘʥʥʷ - 10 Ñ 

0,5Á. ɺ ʨʦʙʦʪʽ [155] ʦʧʠʩʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ SiO2 ʚ 

ʷʢʦʩʪʽ ʬʦʨʤʫʶʯʠʭ ʪʝʢʩʪʫʨʫ ʝʣʝʤʝʥʪʽʚ ʚ ʧʦʢʨʠʪʪʽ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʩʪʠʨʦʣʫ. ʇʦʢʘʟʘʥʦ, 
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ʱʦ ʧʨʠ ʚʚʝʜʝʥʥʽ 1 ʤʘʩ. % ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ ʧʦʚʝʨʭʥʝʚʘ ʰʦʨʩʪʢʽʩʪʴ ʩʪʘʥʦʚʠʪʴ ʜʦ 5 

ʥʤ, ʘ ʧʨʠ ʚʚʝʜʝʥʥʽ 5 ʤʘʩ. % ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘʡʚʠʱʝ ʟʥʘʯʝʥʥʷ 

ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʪʘʢʠʭ ʧʦʚʝʨʭʦʥʴ ʚʦʜʦʶ ï 140Á. ɺ ʨʦʙʦʪʽ [156] ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʧʨʦ 

ʦʜʝʨʞʘʥʥʷ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʘʛʨʝʛʦʚʘʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʢʨʝʤʥʝʟʝʤʫ ʥʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ɔ-ʘʤʽʥʦʧʨʦʧʽʣʪʨʠʝʪʦʢʩʠʩʠʣʘʥʫ (APTES). 

ʇʦʢʨʠʪʪʷ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʦʩʷ ʧʨʦʟʦʨʽʩʪʶ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʝʥʰʝ 

ʟʥʘʯʝʥʥʷ ʧʝʨʽʦʜʫ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ ʥʽʞ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ, ʘ ʪʘʢʦʞ 

ʟʥʘʯʝʥʴ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ 155Á, ʟ ʢʫʪʦʤ ʩʢʦʯʫʚʘʥʥʷ < 2Á.  

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ  ʤʘʪʝʨʽʘʣʫ ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʯʘʩʪʠʥʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʤʽʨʽʚ. ʄʘʪʝʨʽʘʣʠ ʮʴʦʛʦ ʢʣʘʩʫ ʻ ʧʨʦʤʠʩʣʦʚʦ ʜʦʩʪʫʧʥʦʶ 

ʩʠʨʦʚʠʥʦʶ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʝʡ ʚʠʨʦʙʥʠʮʪʚʘ: ʧʣʘʩʪʠʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʛʫʤʦʚʠʭ 

ʚʠʨʦʙʽʚ, ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʢʨʠʪʪʽʚ, ʢʝʨʘʤʽʯʥʠʭ ʚʠʨʦʙʽʚ ʪʦʱʦ. 

ɺʨʘʭʦʚʫʶʯʠ ʦʩʥʦʚʥʫ ʤʝʪʫ ʨʦʙʦʪʠ ʪʘ ʟʘʛʘʣʴʥʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ, ʧʨʠʜʘʪʥʦʾ ʜʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʙʫʣʠ 

ʨʦʟʛʣʷʥʫʪʽ ʪʘʢʽ ʪʠʧʠ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʷʢʽ ʥʘʙʫʣʠ ʥʘʡʙʽʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɼʦʜʘʪʢʦʚʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʨʦʙʦʪʽ 

ʙʫʣʠ: ʨʦʟʤʽʨ ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʤʝʞʘʭ ʚʽʜ 1 ʜʦ 60 Õm ʪʘ ʜʦʩʪʘʪʥʷ ʘʢʪʠʚʥʽʩʪʴ 

ʧʦʚʝʨʭʥʽ ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʘʤʠ.  

ʈʦʣʴ ʤʘʪʨʠʮʽ ʚ ʘʜʠʪʠʚʥʠʭ ʧʦʢʨʠʪʪʷʭ ʧʦʣʷʛʘʻ ʫ ʩʢʨʽʧʣʝʥʥʽ ʬʦʨʤʫʶʯʠʭ 

ʪʝʢʩʪʫʨʫ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧʦʟʠʪʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʽ ʘʜʛʝʟʽʾ ʰʘʨʫ ʧʦʢʨʠʪʪʷ ʜʦ 

ʩʫʙʩʪʨʘʪʫ, ʥʘ ʷʢʠʡ ʚʦʥʦ ʥʘʥʝʩʝʥʝ. ʇʝʨʝʚʘʛʦʶ ʤʘʪʨʠʮʴ ʥʘ ʦʩʥʦʚʽ ʦʨʛʘʥʽʯʥʠʭ 

ʧʦʣʽʤʝʨʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʻ ʾʭ ʝʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʢʦʥʪʨʦʣʴʦʚʘʥʽʩʪʴ 

ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʽʾ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɺʨʘʭʦʚʫʶʯʠ ʦʙʤʝʞʝʥʥʷ ʧʦ ʪʠʧʫ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʝ ʥʘʢʣʘʜʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʨʠʩʪʦʩʪʽ ʪʝʢʩʪʫʨʠ ʧʦʢʨʠʪʪʷ, ʧʨʠʜʘʪʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʽʰʝʥʥʷʤ ʟʘʣʠʰʘʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʛʘʥʦ ʨʦʟʯʠʥʥʠʭ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʧʦʣʽʤʝʨʽʚ. ʅʘʡʙʽʣʴʰ 

ʧʨʠʜʘʪʥʠʤʠ ʧʨʠ ʮʴʦʤʫ ʻ ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʘʪʤʦʩʬʝʨʥʠʭ ʫʤʦʚʘʭ.  
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2.1.2 ʂʦʤʧʦʥʝʥʪʠ ʘʜʠʪʠʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

2.1.2.1. ʇʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽ 

ʈʦʣʴ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽʚ ʚ ʨʦʙʦʪʽ ʚʠʢʦʥʫʚʘʣʠ ʧʦʣʽʤʝʨʥʽ ʧʨʦʜʫʢʪʠ ʧʨʠʟʥʘʯʝʥʽ 

ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʘʪʤʦʩʬʝʨʦʩʪʽʡʢʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʪʠʨʦʣ-ʘʢʨʠʣʘʪʽʚ (Pliolite 

AC-80 (Omnova solutions, ʉʐɸ) ʪʘ NeoCryl B-880 (DSM NeoResins, ʅʽʜʝʨʣʘʥʜʠ). 

ɸʮʝʪʦʙʫʪʠʨʘʪ ʮʝʣʶʣʦʟʠ ʤʘʨʢʠ CAB-381-0.5 (Eastman, ʉʐɸ) ʙʫʚ ʦʙʨʘʥʠʡ ʷʢ 

ʧʦʣʽʤʝʨ ʧʦʨʽʚʥʷʥʥʷ. 

Pliolite AC-80 ʙʫʚ ʦʙʨʘʥʠʡ ʷʢ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʡ ʧʦʣʤ̔ʝʨ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʤʝʭʘʥʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ, ʚʦʜʦ- ʽ ʣʫʛʦʩʪʽʡʢʽʩʪʶ, ʩʪʽʡʢʽʩʪʶ 

ʜʦ ʜʽʾ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʩʚʽʪʣʘ. ʁʦʛʦ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʚʝʜʝʥʽ ʚ ʊʘʙʣ. 3, ʘ 

ʩʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʥʘ ʈʠʩ. 8. 

 

  

ʈʠʩʫʥʦʢ 8 ï ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʩʪʠʨʦʣʘʢʨʠʣʘʪʫ Pliolite AC-80 

 

ʎʝʡ ʧʦʣʽʤʝʨ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʤʘʪʨʠʮʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʨʷʜʫ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʜʦʚʛʦʚʽʯʥʽʩʪʶ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʤʘʻ 

ʧʝʨʝʚʘʞʥʦ ʣʽʥʽʡʥʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʣʠʰʝ ʧʦʤʽʨʥʦ ʧʽʜʚʠʱʫʚʘʪʠ ʚôʷʟʢʽʩʪʴ 

ʡʦʛʦ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʽʚ ʚ ʧʨʦʮʝʩʘʭ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʧʽʛʤʝʥʪʽʚ ʪʘ ʥʘʧʦʚʥʶʚʘʯʽʚ.  
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ʊʘʙʣʠʮʷ 3 ï  ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʠʩʧʝʨʩʽʾ Pliolite AC-80  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʥʷ 

ʂʦʣʽʨ ɹʽʣʠʡ 

ɸʛʨʝʛʘʪʥʠʡ ʩʪʘʥ ɻʨʘʥʫʣʠ 

ʇʠʪʦʤʘ ʚʘʛʘ, ʛ/ʩʤ3 1,03 

ɺôʷʟʢʽʩʪʴ ʟʘ ʯʘʰʢʦʶ ˉ4 (ʧʨʠ 25Áʉ, ʨʦʟʯʠʥʝʥʥʷ 33,3 

ʤʘʩ. % ʫ ʢʩʠʣʦʣʽ), ʩ 
45 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʢʣʫʚʘʥʥʷ, Áʉ 53 

ʂʘʫʨʽ-ʙʫʪʘʥʦʣʴʥʘ ʪʦʯʢʘ 40 

ʉʝʨʝʜʥʷ ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ 75 000 

 

NeoCryl B-880 ʧʨʦʜʫʢʪ ʻ ʪʚʝʨʜʠʤ ʩʧʽʚʧʦʣʽʤʝʨʦʤ ʙʫʪʠʣʤʝʪʘʢʨʠʣʦʚʦʾ  

ʢʠʩʣʦʪʠ ʽ ʩʪʠʨʦʣʫ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʢʣʘʜʽ ʟʘʭʠʩʥʠʭ ʽ 

ʦʟʜʦʙʣʶʚʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʷʢʽ ʧʨʘʮʶʚʘʪʠʤʫʪʴ ʚ ʘʛʨʝʩʠʚʥʠʭ ʘʪʤʦʩʬʝʨʥʠʭ ʫʤʦʚʘʭ. 

ʍʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʘʪʤʦʩʬʝʨʦʩʪʽʡʢʽʩʪʶ. ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ 

ʥʘʚʝʜʝʥʽ ʚ ʊʘʙʣ. 4, ʘ ʩʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ï ʥʘ ʈʠʩ. 9.  

 

ʈʠʩʫʥʦʢ 9 ï ʉʪʨʫʢʪʫʨʘ ʩʪʠʨʦʣ-ʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʫ NeoCryl B-880 
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ʊʘʙʣʠʮʷ 4 ï ɺʣʘʩʪʠʚʦʩʪʽ ʩʪʠʨʦʣ ʙʫʪʠʣ ʤʝʪʘʢʨʠʣʘʪʫ NeoCryl B-880  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʥʷ 

ʊʠʧ ʧʦʣʽʤʝʨʫ ɯʟʦʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪ/ʩʪʠʨʦʣ 

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ɼʨʽʙʥʽ ʙʽʣʽ ʛʨʘʥʫʣʠ 

ɺʤʽʩʪ ʩʫʭʠʭ ʨʝʯʦʚʠʥ, ʤʘʩ. % ʄʽʥ 98 

ʉʝʨʝʜʥʷ ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ, ʜʘʣ. 90 000 

ʂʠʩʣʦʪʥʝ ʯʠʩʣʦ (ʤʛ ʂʆʅ) 6 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʢʣʫʚʘʥʥʷ, Áʉ 52 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʟʤôʷʢʰʝʥʥʷ, Áʉ 135 

ɺôʷʟʢʽʩʪʴ ʧʦ ɹʨʫʢʬʽʣʴʜʫ (25 Áʉ), ʤʇʘ*ʩ 

(38,5% ʨʦʟʯʠʥ ʚ ʩʫʤʽʰʽ ʨʦʟʯʠʥʥʠʢʽʚ 

Solvesso 900/100 ʪʦʣʫʦʣ/ʫʘʡʪ-ʩʧʽʨʽʪ) 

900 

ɻʫʩʪʠʥʘ (20 Áʉ), ʛ/ʩʤ3 1,05 

 

ɸʮʝʪʦʙʫʪʠʨʘʪ ʮʝʣʣʶʣʦʟʠ CAB-381-0.5 (ʨʠʩ. 10) ʻ ʘʤʦʨʬʥʠʤ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤ ʧʦʣʽʤʝʨʦʤ ʟ ʧʽʜʚʠʱʝʥʦʶ ʘʪʤʦʩʬʝʨʦʩʪʽʡʢʽʩʪʶ ʪʘ ʟʥʠʞʝʥʠʤ 

ʚʦʣʦʛʦʧʦʛʣʠʥʘʥʥʷʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʜʦ ʘʮʝʪʘʪʽʚ ʮʝʣʶʣʦʟʠ (ʪʘʙʣ. 5).  

 

ʈʠʩʫʥʦʢ 10 ï ʉʪʨʫʢʪʫʨʘ ʘʮʝʪʦʙʫʪʠʨʘʪʫ ʮʝʣʶʣʦʟʠ 
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ʊʘʙʣʠʮʷ 5 ï ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʮʝʪʦʙʠʪʠʨʘʪʫ ʮʝʣʶʣʦʟʠ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʥʷ 

ʄʦʣʝʢʫʣʷʨʥʘ ʚʘʛʘ, ʛ/ʤʦʣʴ ~70,000 

ɸʛʨʝʛʘʪʥʠʡ ʩʪʘʥ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʡ 

ʂʦʣʽʨ  ʙʽʣʠʡ 

ɺʤʽʩʪ ʚʦʜʠ, % Ò 3 % 

ɺʤʽʩʪ ʚʽʣʴʥʠʭ ʢʠʩʣʦʪ, % Ò 0,03 

ɺʤʽʩʪ ʨʘʜʠʢʘʣʽʚ ʟʘʤʽʩʥʠʢʽʚ, % 

12% - 15% ʚʤʽʩʪ ʘʮʝʪʠʣʫ 

35%-39% ʚʤʽʩʪ ʙʫʪʠʨʠʣʫ 

1,2%-2,2% ʚʤʽʩʪ ʛʽʜʨʦʢʩʠʣʫ 

ʂʽʥʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ (ʉʪʦʢʩ) 

ʚʠʪʽʢʘʥʥʷ ʟʘ ʯʘʰʢʦʶ ˉ 4 (C=20%, 

ʘʮʝʪʦʥ:ʝʪʘʥʦʣ 9:1), ʩ 

17-28 

 

 ɺʩʽ ʥʘʚʝʜʝʥʽ ʧʣʽʢʦʫʪʚʦʨʶʚʘʯʽ ʻ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤʠ  ̔ʨʦʟʯʠʥʥ ̔ʚ ʦʨʛʘʥʽʯʥʠʭ 

ʨʦʟʯʠʥʥʠʢʘʭ (ʘʢʨʠʣʘʪʠ ï ʚ ʢʩʠʣʦʣʽ, ʘʮʝʪʦʙʫʪʠʨʘʪ ï ʚ ʩʧʠʨʪʘʭ) ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦ 25 

ʤʘʩ. % ʟ ʫʪʚʦʨʝʥʥʷʤ ʛʝʣʽʚ.  

 

2.1.2.2 ɽʣʝʤʝʥʪʠ ʪʝʢʩʪʫʨʠ 

ɺ ʷʢʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʝʢʩʪʫʨʠ ʘʜʠʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚ ʨʦʙʦʪʽ 

ʚʠʢʦʨʠʩʪʘʥʦ ʧʽʨʦʛʝʥʥʠʡ ʢʨʝʤʥʝʟʝʤ ʪʘ ʧʨʦʜʫʢʪʠ ʩʠʥʪʝʟʫ ʉʪʦʙʝʨʘ ï ʯʘʩʪʠʥʢʠ SiO2 ʚ 

ʜʽʘʧʘʟʦʥʽ ʨʦʟʤʽʨʽʚ ʚʽʜ 30 ʜʦ 1000 ʥʤ.  

 ʇʽʜ ʧʽʨʦʛʝʥʥʠʤ ʜʽʦʢʩʠʜʦʤ ʢʨʝʤʥʽʶ ʥʘʜʘʣʽ ʨʦʟʫʤʽʻʪʴʩʷ ʧʨʦʜʫʢʪ ʤʘʨʢʠ Aerosil 

R972 ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʘʥʽʾ Evonik ʟ ʨʦʟʚʠʥʝʥʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ (ʪʘʙʣ. 6), ʷʢʘ 
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ʤʦʜʠʬʽʢʦʚʘʥʘ ʜʠʤʝʪʠʣʜʠʭʣʦʨʩʠʣʘʥʦʤ ʜʣʷ ʥʘʜʘʥʥʷ ʛʽʜʨʦʬʦʙʥʦʩʪʽ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, 

ʱʦ ʮʝʡ ʚʠʜ ʧʽʨʦʛʝʥʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʤʘʻ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʥʝ ʘʛʣʦʤʝʨʦʚʘʥʽ ʯʘʩʪʠʥʢʠ, ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʘʢʠʤʠ ʤʘʨʢʘʤʠ ʷʢ Aerosil R 102 ʪʘ 106, ʱʦ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʧʦʚʥʦ 

ʨʦʟʧʦʜʽʣʷʪʠ ʯʘʩʪʠʥʢʠ ʟʘ ʧʦʚʝʨʭʥʝʶ ʧʦʢʨʠʪʪʷ.  

 

ʊʘʙʣʠʮʷ 6 ï ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɸʝʨʦʩʠʣʫ ʤʘʨʢʠ R 972 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʥʷ 

ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ, ʥʤ 16 

ʇʠʪʦʤʘ ʧʦʚʝʨʭʥʷ (BET), ʤ2/ʛ 110 Ñ 20 

ɺʪʨʘʪʠ ʧʨʠ ʧʨʦʢʘʣʶʚʘʥʥʽ ʧʨʦʪʷʛʦʤ 2 ʛʦʜʠʥ ʟʘ 1000 ÁC (ʥʘ 

ʦʩʥʦʚʽ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʩʫʰʘʪʴ 2 ʛʦʜʠʥʠ ʟʘ 105 ÁC), ʤʘʩ. % 
Ò 2.0 

ɺʤʽʩʪ ʜʦʤʽʰʦʢ ʢʘʨʙʦʥʫ, %  0,6 - 1,2 

ɺʤʽʩʪ SiO2 ʥʘ ʦʩʥʦʚʽ ʚʠʧʘʣʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, %  Ó 99,8 

 

ʆʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʪʘ ʜʦʙʨʝ ʜʦʩʣʽʜʞʝʥʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʢʨʝʤʥʝʟʝʤʫ ʻ ʩʠʥʪʝʟ ʉʪʦʙʝʨʘ. ɯʩʥʫʶʪʴ ʧʽʜʭʦʜʠ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ, 

ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʥʪʝʟʫ, ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

(ʪʝʪʨʘʝʪʦʢʩʠʩʠʣʘʥʫ (ʊɽʆʉ), ʚʦʜʠ ʽ ʘʤʽʘʢʫ) ʯʘʩʫ ʨʝʘʢʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ 

ʥʘʥʦʯʘʩʪʠʥʢʠ ʨʦʟʤʽʨʘʤʠ ʚʽʜ 30 ʜʦ 1000 ʥʤ. ʆʢʨʝʤʦ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʧʽʜʭʽʜ 

ʚʘʨʽʶʚʘʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʨʝʘʢʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʯʝʨʝʟ ʟʤʽʥʫ 

ʧʦʣʷʨʥʦʩʪʽ ʨʦʟʯʠʥʥʠʢʘ [157]. ʅʘʡʙʽʣʴʰ ʪʠʧʦʚʦʶ ʚʘʨʽʘʮʽʻʶ ʤʝʪʦʜʫ ʻ ʩʠʥʪʝʟ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʯʝʨʝʟ ʛʽʜʨʦʣʽʟ ʪʘ ʢʦʥʜʝʥʩʘʮʽʶ ʊɽʆʉ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʫ, 

ʟʘʟʚʠʯʘʡ ʘʤʽʘʢʫ [158].  

ʇʦʢʘʟʘʥʦ  [159-160] ʱʦ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʉʪʦʙʝʨʘ ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʥʪʝʟʫ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʻʶ ʧʨʦʮʝʩʫ ʥʫʢʣʝʘʮʽʾ [161]. 

ɺʤʽʩʪ ʪʝʪʨʘʝʪʦʢʩʠʩʠʣʘʥʫ ʻ ʜʦʜʘʪʢʦʚʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ. 
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ɿʘʛʘʣʦʤ, ʡʦʛʦ ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʚʠʢʣʠʢʘʻ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ, ʘʣʝ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʨʘʞʝʥʽʩʪʴ ʮʴʦʛʦ ʝʬʝʢʪʫ ʟʥʠʞʫʻʪʴʩʷ [162]. ɿʘʣʝʞʥʽʩʪʴ 

ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʉʪʦʙʝʨʘ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʊɽʆʉ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 

ʧʣʘʪʦ, ʧʽʩʣʷ ʷʢʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʮʴʦʛʦ ʨʝʘʛʝʥʪʫ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʜʘʣʴʰʦʛʦ 

ʫʢʨʫʧʥʝʥʥʷ ʯʘʩʪʠʥʦʢ ï 0,7 ʄ [163] 

ʋ ʩʠʥʪʝʟʽ ʉʪʦʙʝʨʘ ʘʤʽʘʢ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʷʢ ʨʝʛʫʣʷʪʦʨ ʨʅ ʩʝʨʝʜʦʚʠʱʘ. 

ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʯʘʩʪʦʢ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ NH3 ʚ ʩʠʩʪʝʤʽ 

[164].  

ʆʢʨʽʤ ʪʦʛʦ ʧʦʢʘʟʘʥʦ ʱʦ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʘʤʽʘʢʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ 

ʛʽʜʨʦʣʽʟʫ ʊɽʆʉ [165] ʽ ʢʦʥʜʝʥʩʘʮʽʾ ʛʽʜʨʦʣʽʟʦʚʘʥʠʭ ʤʦʥʦʤʝʨʽʚ [166], ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʢʨʝʤʥʝʟʝʤʫ. ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʮʝʡ ʧʘʨʘʤʝʪʨ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʤʽʩʪʦʤ ʚʦʜʠ: ʜʦ 4,5 ʄ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʨʦʟʤʽʨʫ, ʘ ʧʽʩʣʷ ʮʽʻʾ 

ʤʝʞʽ ʚʽʥ ʚʠʭʦʜʠʪʴ ʥʘ ʧʣʘʪʦ [167].  ɺ ʨʦʙʦʪʽ [168] ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʩʝʨʝʜʥʽʡ 

ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ ʟʨʦʩʪʘʻ ʧʨʠ ʟʤʝʥʰʝʥʥʽ 

ʢʽʣʴʢʦʩʪʽ ʩʧʠʨʪʦʚʦʛʦ ʨʦʟʯʠʥʥʠʢʘ.  

 ʋ ʣʽʪʝʨʘʪʫʨʽ ʥʘʚʦʜʠʪʴʩʷ ʙʘʛʘʪʦ ʚʘʨʽʘʮʽʡ ʩʠʥʪʝʟʫ Cʪʦʙʝʨʘ [169], [170], ʪʦʤʫ 

ʘʚʪʦʨʠ ʜʘʥʦʾ ʨʦʙʦʪʠ ʚʠʨʽʰʠʣʠ ʚʟʷʪʠ ʟʘ ʚʠʭʽʜʥʫ ʨʝʮʝʧʪʫʨʫ, ʦʧʠʩʘʥʫ ʚ ʨʦʙʦʪʽ [171]. 

ɺʽʜʧʦʚʽʜʥʦ, ʜʣʷ ʩʠʥʪʝʟʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ ʚ ʨʝʘʢʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʜʦʜʘʚʘʣʠ 1,5 ʤʣ ʊɽʆʉ, 1,7 ʤʣ ʘʤʽʘʢʫ, 1 ʤʣ ʜʝʽʦʥʽʟʦʚʘʥʦʾ ʚʦʜʠ ʪʘ 50 ʤʣ ʨʦʟʯʠʥʥʠʢʘ 

(ʩʫʤʽʰ ʩʧʠʨʪʫ ʪʘ ʨʦʟʯʠʥʥʠʢʘ). ʇʝʨʝʨʘʭʦʚʘʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʝʨʝʤʽʰʫʚʘʣʠ ʥʘ 

ʤʘʛʥʽʪʥʽʡ ʤʽʰʘʣʮʽ ʧʨʦʪʷʛʦʤ 3 ʛʦʜ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 40 Áʉ, ʧʽʩʣʷ ʯʦʛʦ ʜʦʜʘʚʘʣʠ 

ʜʦʜʘʪʢʦʚʦ 1 ʤʣ ʊɽʆʉ ʽ ʧʨʦʜʦʚʞʫʚʘʣʠ ʨʝʘʢʮʽʶ ʚ ʪʠʭ ʞʝ ʫʤʦʚʘʭ ʱʝ 2 ʛʦʜ. 

ɺʘʨʽʶʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ 

ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʯʠʥʥʠʢʘ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʪʝʦʨʽʾ ʍʘʥʩʝʥʘ [172]. ɺ ʾʾ ʨʘʤʢʘʭ ʨʦʟʯʠʥʥʠʢʠ ʦʧʠʩʫʶʪʴʩʷ 

ʩʫʢʫʧʥʽʩʪʶ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʜʦ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ 

ʚʘʥʜʝʨʚʘʘʣʴʩʽʚʩʴʢʦʾ ʚʟʘʻʤʦʜʽʾ, ʘ ʩʘʤʝ ï ʜʠʩʧʝʨʩʽʡʥʠʤ ŭd, ʧʦʣʷʨʥʠʤ ŭp (ʷʢʝ ʚʢʣʶʯʘʻ 
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ʧʦʣʷʨʠʟʘʮʽʡʥʫ, ʦʨʽʻʥʪʘʮʽʡʥʫ ʪʘ ʽʥʜʫʢʮʽʡʥʫ ʚʟʘʻʤʦʜʽʾ) ʪʘ ʚʦʜʥʝʚʠʤ ŭh, ʱʦ ʩʢʣʘʜʘʻ 

ʽʥʪʝʛʨʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʢʦʛʝʟʽʾ ʨʽʜʠʥʠ.  

ʂʦʦʨʜʠʥʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʨʽʜʠʥ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʨʦʙʦʪʽ ʙʨʘʣʠʩʷ ʟ 

ʜʦʚʽʜʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ [173], ʚ ʪʦʡ ʯʘʩ ʷʢ ʩʫʤʽʰʝʚʠʭ ʧʘʨ ʢʦʞʝʥ ʟ ʧʘʨʘʤʝʪʨʽʚ  ŭd, ŭp 

ʪʘ ŭh ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ (25):  
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.....

2211

222111

+Ö+Ö

+ÖÖ+ÖÖ
=

VkVk

VkVk
ʩʫʤʽʰ

cc

dcdc
d                                      (25) 

ʜʝ ɢʢ ï ʤʦʣʴʥʘ ʜʦʣʷ ʢʦʤʧʦʥʝʥʪʫ, V ï ʤʦʣʴʥʠʡ ʦʙôʻʤ ʢʦʤʧʦʥʝʥʪʫ; ŭ ï ʧʘʨʘʤʝʪʨ 

ʨʦʟʯʠʥʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʫ.  

 

ʄʽʢʨʦʨʦʟʤʽʨʥʽ ʥʘʧʦʚʥʶʚʘʯʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʨʦʙʦʪʽ ʦʙʠʨʘʣʠʩʷ 

ʚʠʭʦʜʷʯʠ ʷʢ ʟ ʤʽʨʢʫʚʘʥʴ ʾʭ ʧʨʦʤʠʩʣʦʚʦʾ ʜʦʩʪʫʧʥʦʩʪʽ, ʪʘʢ ʽ ʤʦʞʣʠʚʦʩʪʽ ʚʘʨʽʶʚʘʥʥʷ 

ʬʦʨʤʠ ʯʘʩʪʠʥʦʢ ʪʘ ʘʢʪʠʚʥʦʩʪʽ ʧʦʚʝʨʭʥʽ.  

ɿʦʢʨʝʤʘ, ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʽʶ ʫ ʬʦʨʤʽ ʢʘʣʴʮʠʪʫ: Omyacarb 5 ʪʘ  

Omyacarb 50, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʦʶ ʨʦʟʚʠʥʝʥʽʩʪʶ ʧʦʚʝʨʭʥʽ (Sɹɽʊ = 0,9 ʪʘ 

0,3 ʤ2/ʛ ʚʽʜʧʦʚʽʜʥʦ), ʘʣʝ ʤʘʶʪʴ ʧʨʘʚʠʣʴʥʫ ʧʩʝʚʜʦ ʢʫʙʽʯʥʫ ʬʦʨʤʫ ʯʘʩʪʠʥʦʢ, ʚʫʟʴʢʠʡ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʟ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʠʥʦʢ 6 ʪʘ 25 ʤʢʤ ʚʽʜʧʦʚʽʜʥʦ, ʘ ʾʭ 

ʧʦʚʝʨʭʥʷ ʤʦʞʝ ʙʫʪʠ ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʷʜʫ ʤʦʜʠʬʽʢʘʪʦʨʽʚ, 

ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʚʠʯʥʠʭ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʞʠʨʥʠʭ ʢʠʩʣʦʪ [174]. 

ɺʦʣʘʩʪʦʥʽʪ ʤʘʨʢʠ ʄɺ-3097, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʚʦʣʦʢʥʠʩʪʠʡ ʤʽʥʝʨʘʣ, ʩʢʣʘʜ 

ʷʢʦʛʦ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʽʜʝʘʣʽʟʦʚʘʥʦʶ ʬʦʨʤʫʣʦʶ Mg3Si4O10(OH)2 ʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʚ ʤʝʞʘʭ 8-10 ʪʘʢʦʞ ʤʘʻ ʩʣʘʙʢʦ ʨʦʟʚʠʥʝʥʫ 

ʧʦʚʝʨʭʥʶ (Sɹɽʊ = 1,2 ʤ
2/ʛ), ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ ʧʦʨʷʜʢʫ 12 Õʤ, ʘʣʝ ʟʜʘʪʝʥ ʜʦ 

ʤʦʜʠʬʽʢʘʮʽʾ ʪʠʤʠ ʞ ʨʝʘʛʝʥʪʘʤʠ, ʱʦ ʽ ʢʘʣʴʮʠʪ.  

ʊʘʣʴʢ ʄʊ 0598 ʤʘʻ ʯʘʩʪʠʥʢʠ ʣʫʩʢʫʥʯʘʩʪʦʾ ʬʦʨʤʠ, ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʫ ʧʦʯʘʪʢʦʚʫ 

ʛʽʜʨʦʬʦʙʥʽʩʪʴ (ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʩʢʣʘʜʘʻ 60 Á), ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ 

ʧʦʨʷʜʢʫ 9 Õʤ, ʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ï 18.  
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ɼʽʘʪʦʤʽʪ ʤʘʨʢʠ Cellite 281 ʥʘʪʦʤʽʩʪʴ, ʙʫʣʦ ʦʙʨʘʥʦ ʷʢ ʧʨʝʜʩʪʘʚʥʠʢʘ ʤʘʪʝʨʽʘʣʽʚ 

ʟ ʤʽʢʨʦʨʦʟʤʽʨʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʧʦʚʝʨʭʥʷ ʷʢʠʭ ʤʘʻ ʨʦʟʚʠʥʝʥʫ ʥʘʥʦʩʪʨʫʢʪʫʨʫ [175], 

ʪʦʙʪʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʽʻʨʘʨʭʽʯʥʽʩʪʶ.  

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʘʢʨʦʪʝʢʩʪʫʨʠ ʧʦʢʨʠʪʪʽʚ ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʘʪʝʨʽʘʣ 

ʥʘ ʦʩʥʦʚʽ ʧʝʨʣʽʪʦʚʦʛʦ ʚʽʜʩʽʚʫ, ʷʢʠʡ ʦʜʝʨʞʫʚʘʚʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʜʨʽʙʥʝʥʥʷ ʩʧʫʯʝʥʦʛʦ 

ʧʝʨʣʽʪʦʚʦʛʦ ʧʽʩʢʫ ɸʨʘʛʘʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʽ ʨʦʟʩʽʶʚʘʥʥʷ ʡʦʛʦ ʥʘ ʩʠʪʽ ˉ 0063.  

ɸʥʘʣʦʛʽʯʥʫ ʟʘʜʘʯʫ ʚʠʢʦʥʫʚʘʚ ʤʘʪʝʨʽʘʣ ʥʘ ʦʩʥʦʚʽ ʚʘʣʦʨʠʟʦʚʘʥʦʛʦ ʚʽʜʭʦʜʫ ï 

ʬʽʣʴʪʨ-ʧʝʨʣʽʪʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʯʠʱʝʥʥʷ ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ. 

ʈʝʛʝʥʝʨʘʮʽʷ ʤʘʪʝʨʽʘʣʫ ʚʢʣʶʯʘʣʘ ʚʠʧʘʣʶʚʘʥʥʷ ʡʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʨʦʟʢʣʘʜʫ 

ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʟʘʣʠʰʢʫ ï 450 Áʉ.  

ɯʥʰʠʤ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʚʘʣʦʨʠʟʦʚʘʥʠʭ ʚʽʜʭʦʜʽʚ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʨʦʙʦʪʽ ʻ ʯʝʨʚʦʥʠʡ ʰʣʘʤ, ʚʽʜʽʙʨʘʥʠʡ ʟ ʚʽʜʚʘʣʫ ɸɿʃʂ. ʎʝʡ ʤʘʪʝʨʽʘʣ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʤʽʢʨʦʯʘʩʪʠʥʦʢ ʽ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʦʶ ʧʦʚʝʨʭʥʝʚʦʶ ʘʢʪʠʚʥʽʩʪʶ. 

ʇʦʧʝʨʝʜʥʷ ʧʽʜʛʦʪʦʚʢʘ ʡʦʛʦ ʜʦ ʧʦʚʝʨʭʥʝʚʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʝ ʚʽʜʤʠʚʢʫ 

ʜʝʽʦʥʽʟʦʚʘʥʦʶ ʚʦʜʦʶ ʟ ʚʠʜʘʣʝʥʥʷʤ ʨʦʟʯʠʥʥʦʾ ʬʘʟʠ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʘ ʚ ʜʨʫʛʦʤʫ 

ʚʘʨʽʘʥʪʽ ï ʚʠʧʘʣʶʚʘʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 950 Áʉ ʟ ʥʘʩʪʫʧʥʠʤ ʧʦʜʨʽʙʥʝʥʥʷʤ ʚ 

ʢʫʣʴʦʚʦʤʫ ʤʣʠʥʽ ʧʨʦʪʷʛʦʤ 4 ʛʦʜʠʥ ʪʘ ʧʨʦʩʽʶʚʘʥʥʷʤ ʢʨʽʟʴ ʩʠʪʦ ˉ 0063. 

 

2.1.2.3 ɻʽʜʨʦʬʦʙʽʟʘʪʦʨʠ ʜʠʩʧʝʨʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʝʢʩʪʫʨʠ 

ʆʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʛʽʜʨʦʬʽʣʴʥʽʩʪʶ ʟʘ ʨʘʭʫʥʦʢ ʟʜʘʪʥʦʩʪʽ ʜʦ ʧʦʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ ʥʘ ʧʦʚʝʨʭʥʽ, 

ʚʢʣʶʯʘʶʯʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʫ ʢʦʤʧʦʥʝʥʪʫ, ʮʽ ʤʘʪʝʨʽʘʣʠ ʧʦʪʨʝʙʫʚʘʣʠ 

ʛʽʜʨʦʬʦʙʽʟʘʮʽʾ ʜʣʷ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʢʣʘʜʽ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ 

ʪʝʢʩʪʫʨ.    

ɻʽʜʨʦʬʦʙʽʟʘʪʦʨʘʤʠ ʯʘʩʪʠʥʦʢ ʢʘʣʴʮʠʪʫ ʪʘ ʚʦʣʘʩʪʦʥʽʪʫ, ʧʦʚʝʨʭʥʷ ʷʢʠʭ ʻ 

ʣʫʞʥʦʶ ʪʘ ʟʜʘʪʥʦʶ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʚʟʘʻʤʦʜʽʾ ʷʢ ʟ ʢʠʩʣʦʪʘʤʠ ʪʘʢ ʽ ʦʙʤʽʥʫ ʟ ʩʦʣʷʤʠ, 

ʙʫʣʦ ʦʙʨʘʥʦ ʘʣʽʬʘʪʠʯʥʽ ʜʦʚʛʦʣʘʥʮʶʛʦʚʽ ʢʘʨʙʦʥʦʚʽ ʢʠʩʣʦʪʠ: ʩʪʝʘʨʠʥʦʚʫ ʪʘ ʦʣʝʾʥʦʚʫ 
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 ̔ʾʭ ʩʦʣʽ, ʥʘʧʨʠʢʣʘʜ, ʩʪʝʘʨʘʪ ʥʘʪʨʽʶ. ʆʩʥʦʚʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʨʝʯʦʚʠʥ ʻ ʾʭ 

ʭʝʤʦʩʦʨʙʮʽʷ ʟʘ ʨʘʭʫʥʦʢ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʾ ʚʟʘʤʻʤʦʜʽʾ ʤʽʞ ʢʘʨʙʦʢʩʠʣʴʥʦʶ ʛʨʫʧʦʶ 

ʚ ʾʭ ʩʢʣʘʜʽ ʪʘ ʧʦʚʝʨʭʥʝʚʠʤʠ ʆʅ ʛʨʫʧʘʤʠ ʤʽʥʝʨʘʣʽʚ, ʷʢʽ ʻ ʣʴʶʽʩʽʚʩʴʢʠʤʠ ʦʩʥʦʚʘʤʠ. 

ɼʘʥʠʡ ʰʣʷʭ ʧʦʚʝʨʭʥʝʚʦʾ ʛʽʜʨʦʬʦʙʽʟʘʮʽʾ ʪʘ ʦʣʝʦʬʽʣʽʟʘʮʽʾ ʢʘʨʙʦʥʘʪʽʚ ʢʘʣʴʮʽʶ, ʷʢʽ 

ʷʚʣʷʶʪʴʩʷ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʣʷ 

ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ, ʟʦʢʨʝʤʘ ʽ ʥʠʟʴʢʦʧʦʣʷʨʥʠʭ ʧʦʣʽʦʣʝʬʽʥʽʚ, 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʷʢ ʥʘ ʩʪʘʜʽʾ ʦʢʨʝʤʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʧʦʚʥʶʚʘʯʽʚ [176], ʪʘʢ ʽ ʥʘ 

ʩʪʘʜʽʾ ʧʝʨʝʨʦʙʢʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʬʘʟʦʚʦʾ ʚʟʘʻʤʦʜʽʾ. ʇʨʦʮʝʩʠ ʩʫʤʽʱʝʥʥʷ, 

ʚʽʜʧʦʚʽʜʥʦ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʷʢ ʧʨʠ ʤʝʭʘʥʽʯʥʦʤʫ ʟʤʽʰʫʚʘʥʥʽ ʜʠʩʧʝʨʩʥʦʛʦ 

ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ [177], ʪʘʢ ʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʨʦʟʯʠʥʥʠʢʽʚ ʚ ʷʢʦʩʪʽ ʥʦʩʽʷ ʢʠʩʣʦʪ ʘʙʦ ʾʭ ʩʦʣʝʡ. ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ [178], ʨʦʟʯʠʥʥʠʡ 

ʩʧʦʩʽʙ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʛʽʜʨʦʬʦʙʥʝ ʧʦʢʨʠʪʪʷ ʯʘʩʪʠʥʦʢ ʧʨʠ ʤʝʥʰʦʤʫ ʚʤʽʩʪʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʫ ʽ ʚʠʢʦʨʠʩʪʘʪʠ ʝʬʝʢʪ ʦʨʽʻʥʪʘʮʽʾ ʚʫʛʣʝʚʦʜʥʝʚʠʭ 

ʥʝʧʦʣʷʨʥʠʭ ʯʘʩʪʠʥ ʤʦʣʝʢʫʣ ʢʠʩʣʦʪ.  

ʆʩʥʦʚʥʠʤ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʦʤ ʪʘʢʦʛʦ ʪʠʧʫ, ʚʠʢʦʨʠʩʪʘʥʠʤ ʚ ʨʦʙʦʪʽ ʙʫʣʘ 

ʩʪʝʘʨʠʥʦʚʘ ʢʠʩʣʦʪʘ ï ʘʣʽʬʘʪʠʯʥʘ ʢʘʨʙʦʥʦʚʘ ʜʦʚʛʦʣʘʥʮʶʛʦʚʘ ʩʧʦʣʫʢʘ (ʨʠʩ. 11).  

 

ʈʠʩʫʥʦʢ 11 ï ʉʪʨʫʢʪʫʨʘ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ 

 

ɼʣʷ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʦʥʴ ʬʦʨʤʫʶʯʠʭ ʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʩʠʣʽʢʘʪʽʚ, 

ʜʚʦʦʢʠʩʫ ʢʨʝʤʥʽʶ, ʢʘʨʙʦʥʘʪʽʚ, ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʪʘ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ, ʚʨʘʭʦʚʫʶʯʠ 

ʧʨʠʥʮʠʧʦʚʫ ʥʘʩʠʯʝʥʽʩʪʴ ʾʭ ʧʦʚʝʨʭʥʽ ʘʢʪʠʚʥʠʤʠ ʮʝʥʪʨʘʤʠ ʢʠʩʣʦʪʥʦʾ ʪʘ ʦʩʥʦʚʥʦʾ 

ʧʨʠʨʦʜʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʤʦʜʠʬʽʢʘʪʦʨʠ (ʪʘʙʣ. 7) ʟ ʨʽʟʥʦʶ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ ʟ ʤʝʪʦʶ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʚʽʜʥʦʩʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʙʨʘʥʥʷ ʪʘʢʦʛʦ, 

ʷʢʠʡ ʙʠ ʟʘʙʝʟʧʝʯʫʚʘʚ ʥʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʽ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ.  



94 
 

ɯʥʝʨʪʥʽ ʧʦʣʽʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥ ʪʘ ʜʝʢʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʩʠʣʦʢʩʘʥ, ʟʜʘʪʥʽ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʟʚôʷʟʘʥʦʾ ʣʠʰʝ ʩʣʘʙʢʠʤʠ ʚʘʥʜʝʨʚʘʘʣʴʩʽʚʩʴʢʠʤʠ ʩʠʣʘʤʠ ʧʣʽʚʢʠ ʥʘ 

ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʽʚ, ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʝʪʘʣʦʥ ʬʽʟʠʯʥʦ ʩʦʨʙʦʚʘʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ, 

ʷʢʘ ʚ ʫʤʦʚʘʭ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʪʽʤ ʚʠʷʚʠʣʘʩʷ ʜʦʩʪʘʪʥʴʦ ʩʪʘʙʽʣʴʥʦʶ, ʚʽʨʦʛʽʜʥʦ 

ʚʥʘʩʣʽʜʦʢ ʟʥʘʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʤʦʜʠʬʽʢʫʚʘʣʘʩ.̫ ɸʣʢʦʢʩʠʩʠʣʘʥʠ  ʟ 

ʨʽʟʥʠʤʠ ʨʘʜʠʢʘʣʘʤʠ  - ʜʣʷ ʟʥʘʡʜʝʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʘ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʧʦʚʝʨʭʥʽ ʤʽʥʝʨʘʣʴʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ. ʍʣʦʨʩʠʣʘʥʠ 

ʚʠʢʦʨʠʩʪʘʥʦ ʷʢ ʥʘʡʙʽʣʴʰ ʧʨʦʤʠʩʣʦʚʦ ʝʬʝʢʪʠʚʥʽ ʤʦʜʠʬʽʢʘʪʦʨʠ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ 

ʜʠʦʢʩʠʜʫ ʢʨʝʤʥʽʶ. 

 

ʊʘʙʣʠʮʷ 7 ï ʂʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʤʦʜʠʬʽʢʘʪʦʨʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʨʦʙʦʪʽ 

ʈʝʘʛʝʥʪ 

(ɺʠʨʦʙʥʠʢ) 
ɼʽʶʯʘ ʨʝʯʦʚʠʥʘ ʍʽʤʽʯʥʘ ʩʪʨʫʢʪʫʨʘ 

ʉʫʙʩʪʨʘʪʠ, ʥʘ 

ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʘʥʦ 

1 2 3 4 

Protectosil 

100NK 

(Evonik) 

ɯʟʦʙʫʪʽʣ-

ʪʨʠʝʪʦʢʩʠ-

ʩʠʣʘʥ  

 

ʌʽʣʴʪʨ-ʧʝʨʣʽʪ, 

ʨʝʛʝʥʝʨʦʚʘʥʠʡ 

ʘʜʩʦʨʙʝʥʪ 

DOWSIL HV 

495 (Dow 

Chemicals) 

ɼʝʢʘʤʝʪʠʣ 

ʮʠʢʣʦʧʝʥʪʘ- 

ʩʠʣʦʢʩʘʥ  
 

ʌʽʣʴʪʨ-ʧʝʨʣʽʪ, 

ʨʝʛʝʥʝʨʦʚʘʥʠʡ 

ʘʜʩʦʨʙʝʥʪ 

DOWSIL 87 

(Dow 

Chemicals) 

ʊʨʠʝʪʦʢʩʠ- 

ʦʢʪʠʣʩʠʣʘʥ  
 

ʌʽʣʴʪʨ-ʧʝʨʣʽʪ, 

ʨʝʛʝʥʝʨʦʚʘʥʠʡ 

ʘʜʩʦʨʙʝʥʪ, 

ʦʢʩʠʜ ʘʣʶʤʽʥʽʶ, 

ʦʢʩʠʜ ʢʨʝʤʥʽʶ, 

ʯʝʨʚʦʥʠʡ ʰʣʘʤ 
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ʇʨʦʮʝʜʫʨʘ ʬʽʢʩʘʮʽʾ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʟʘʣʝʞʘʣʘ ʚʽʜ ʪʠʧʫ 

ʚʟʘʻʤʦʜʽʾ, ʷʢʠʡ ʦʯʽʢʫʚʘʚʩʷ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʦʙʨʦʙʮʽ ʘʣʢʦʢʩʠʩʠʣʘʥʘʤʠ ʧʦʚʝʨʭʥʽ 

ʤʘʪʝʨʽʘʣʽʚ ʟʽ ʚʤʽʩʪʦʤ ʘʢʪʠʚʥʠʭ ʢʠʩʣʦʪʥʠʭ ïʆʅ ʛʨʫʧ, ʦʯʽʢʫʚʘʣʦʩʷ ʧʝʨʝʙʽʛʘʥʥʷ 

ʭʽʤʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʥʽ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʱʝʧʣʝʥʥʷ ʟʘʣʠʰʢʫ ʛʽʜʨʦʣʽʟʘʪʫ 

ʘʣʢʦʢʩʠʩʠʣʘʥʫ ʟʘ ʤʝʭʘʥʽʟʤʦʤ (ʨʠʩ. 12):  

ʆʙʨʦʙʢʘ ʘʣʢʦʢʩʠʩʠʣʘʥʘʤʠ ʚʢʣʶʯʘʣʘ ʧʨʦʩʫʰʫʚʘʥʥʷ ʡʦʛʦ ʜʦ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 105 Áʉ ʥʘ ʧʦʚʽʪʨʽ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʦʾ ʚʦʣʦʛʠ, ʜʦʟʫʚʘʥʥʷ 5 

ʛ ʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 0,01 ʛ ʪʘ ʟʤʽʰʫʚʘʥʥʷ ʥʘ ʤʘʛʥʽʪʥʽʡ ʤʽʰʘʣʮʽ ʟ 

95 ʛ ʦ-ʢʩʠʣʦʣʫ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʨʽʚʥʦʤʽʨʥʦʾ ʩʫʩʧʝʥʟʽʾ. ɼʦ ʩʫʩʧʝʥʟʽʾ ʜʦʜʘʚʘʣʦʩʷ 3 ʛ 

ʤʦʜʠʬʽʢʘʪʦʨʫ. ɺ ʷʢʦʩʪʽ ʷʢʦʛʦ ʚʠʩʪʫʧʘʚ ʦʙʨʘʥʠʡ ʘʣʢʦʢʩʠʩʠʣʘʥ. ʉʫʩʧʝʥʟʽʷ 

1 2 3 4 

PMX-0156 

(Dow 

Chemicals) 

ʇʦʣʽʜʠʤʝʪʠʣ- 

ʩʠʣʦʢʩʘʥ ʟ 

ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ 

ʢʽʥʮʝʚʠʤʠ 

ʛʨʫʧʘʤʠ  

 

ʌʽʣʴʪʨ-ʧʝʨʣʽʪ, 

ʨʝʛʝʥʝʨʦʚʘʥʠʡ 

ʘʜʩʦʨʙʝʥʪ 

MHX-1107 

(Dow 

Chemicals) 

ʧʦʣʽʤʝʪʠʣ 

ʛʽʜʨʦʛʝʥ-

ʩʠʣʦʢʩʘʥ   

ʌʽʣʴʪʨ-ʧʝʨʣʽʪ, 

ʨʝʛʝʥʝʨʦʚʘʥʠʡ 

ʘʜʩʦʨʙʝʥʪ 

MTES ( 

Dynasilan) 

ʊʨʠʝʪʦʢʩʠ-

ʤʝʪʠʣʩʠʣʘʥ 

 

ʏʝʨʚʦʥʠʡ ʰʣʘʤ, 

ʢʘʨʙʦʥʘʪ 

ʢʘʣʴʮʽʶ 

Dimehyl-

dichlorosilane 

(Gelest) 

ɼʠʤʝʪʠʣ- 

ʜʠʭʣʦʨʩʠʣʘʥ 

 

ʇʽʨʦʛʝʥʥʠʡ 

ʢʨʝʤʥʝʟʝʤ ʪʘ 

ʯʘʩʪʠʥʢʠ 

ʉʪʦʙʝʨʘ 



96 
 

ʧʝʨʝʤʽʰʫʚʘʣʘʩʷ ʧʨʦʪʷʛʦʤ 3 ʛʦʜʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 60 Áʉ, ʘ ʧʦʪʽʤ ʟʘʣʠʰʘʣʘʩʷ ʥʘ 8-

12 ʛʦʜʠʥ ʜʦ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

 

ʈʠʩʫʥʦʢ 12 ï  ʉʧʨʦʱʝʥʠʡ ʤʝʭʘʥʽʟʤ ʭʽʤʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʦʥʴ ʟ 

ʘʢʪʠʚʥʠʤʠ ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʘʣʢʦʢʩʠʩʠʣʘʥʘʤʠ 

 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʣʘ ʜʝʢʘʥʪʘʮʽʷ ʨʦʟʯʠʥʫ ʪʘ ʬʽʣʴʪʨʘʮʽʷ ʯʘʩʪʠʥʦʢ ʥʘ ʚʦʨʦʥʮʽ 

ɹʶʭʥʝʨʘ. ɼʘʣʽ ʤʘʪʝʨʽʘʣ ʚʠʚʘʥʪʘʞʫʚʘʚʩʷ ʟ ʬʽʣʴʪʨʫ ʜʦ ʢʝʨʘʤʽʯʥʠʭ ʚʠʧʘʨʶʚʘʣʴʥʠʭ 

ʯʘʰ ʽ ʚʠʩʫʰʫʚʘʚʩʷ ʚ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʟ ʧʨʠʤʫʩʦʚʦʶ ʚʝʥʪʠʣʷʮʽʻʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

80 Áʉ ʚʽʜ ʟʘʣʠʰʢʽʚ ʢʩʠʣʦʣʫ. ɿʘʢʨʽʧʣʝʥʥʷ ʘʣʢʦʢʩʠʩʠʣʘʥʫ ʚʽʜʙʫʚʘʣʦʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʧʽʜʽʛʨʽʚʫ ʯʘʩʪʠʥʦʢ ʜʦ 135 Áʉ ʧʨʦʪʷʛʦʤ 30 ʭʚʠʣʠʥ. ʆʭʦʣʦʜʞʝʥʠʡ ʜʠʩʧʝʨʩʥʠʡ 

ʤʘʪʝʨʽʘʣ ʧʨʦʤʠʚʘʚʩʷ  3 ʨʘʟʠ ʧʽʜʽʛʨʽʪʠʤ ʜʦ 50 Áʉ ʢʩʠʣʦʣʦʤ ʥʘ ʚʦʨʦʥʮʽ ɹʶʭʥʝʨʘ ʪʘ 

ʧʦʚʪʦʨʥʦ ʩʫʰʠʚʩʷ ʚʽʜ ʟʘʣʠʰʢʽʚ ʨʦʟʯʠʥʥʠʢʘ.  

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʙʫʣʘ ʦʙʨʦʙʣʝʥʘ ʧʦʚʝʨʭʥʷ ʩʠʣʽʢʘʪʽʚ ʪʘ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʰʠʭ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ ʩʠʣʘʥʽʚ (ʥʘʧʨ. ʜʠʤʝʪʠʣʜʠʭʣʦʨʩʠʣʘʥʫ), 

ʧʦʣʽʤʝʪʠʣʛʽʜʨʦʛʝʥʩʠʣʦʢʩʘʥʫ ʪʘ ʆʅ-ʪʝʨʤʽʥʦʚʘʥʦʛʦ ʧʦʣʽʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʫ. 

ʄʦʜʠʬʽʢʘʮʽʷ ʧʦʚʝʨʭʥʽ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʩʪʝʘʨʠʥʦʚʦʶ ʢʠʩʣʦʪʦʶ ʚʽʜʙʫʚʘʣʘʩʷ 

ʟ ʪʘʢʠʤ ʞʝ ʘʣʛʦʨʠʪʤʦʤ ʧʨʦʩʫʰʫʚʘʥʥʷ ʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʦʧʠʩʘʥʦ ʚʠʱʝ. 

ʅʘ 5 ʛ ʜʠʩʧʝʨʩʥʦʛʦ ʢʘʣʴʮʠʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ 95 ʛ 3 ʤʘʩ. % ʨʦʟʯʠʥʫ ʩʪʝʘʨʠʥʦʚʦʾ 

ʢʠʩʣʦʪʠ ʚ ʽʟʦʧʨʦʧʘʥʦʣʽ. ʂʘʣʴʮʠʪ ʟʘʥʫʨʶʚʘʚʩʷ ʚ ʨʦʟʯʠʥ ʽ ʧʝʨʝʤʽʰʫʚʘʚʩʷ ʤʘʛʥʽʪʥʦʶ 

ʤʽʰʘʣʢʦʶ ʧʨʦʪʷʛʦʤ 60 ʭʚʠʣʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 40 Áʉ, ʧʽʩʣʷ ʯʦʛʦ ʨʦʟʯʠʥ 
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ʬʽʣʴʪʨʫʚʘʚʩʷ ʽ ʧʨʦʤʠʚʘʚʩʷ ʽʟʦʧʨʦʧʘʥʦʣʦʤ ʥʘ ʚʦʨʦʥʮʽ ɹʶʭʥʝʨʘ. ɿʘʣʠʰʢʠ 

ʨʦʟʯʠʥʥʠʢʘ ʚʠʜʘʣʷʣʠʩʷ ʚ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 80 Áʉ, ʘ ʛʦʪʦʚʠʡ 

ʜʠʩʧʝʨʩʥʠʡ ʤʘʪʝʨʽʘʣ ʧʝʨʝʜ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʢʦʤʧʦʟʠʮʽʷʭ ʜʦʜʘʪʢʦʚʦ ʧʨʦʩʽʶʚʘʚʩʷ 

ʢʨʽʟʴ ʩʠʪʦ ʟ ʦʪʚʦʨʦʤ 0063.   

ʆʙʨʦʙʢʘ ʥʝʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʤʠ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ (ʥʘʧʨʠʢʣʘʜ, 

ʯʠʩʪʠʤ ʧʦʣʽʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʤ ʪʘ ʜʝʢʘʤʝʪʠʣ ʮʠʢʣʦʧʝʥʪʘʩʠʣʦʢʩʘʥʦʤ) 

ʧʨʦʚʦʜʠʣʘʩʷ ʪʘʢʦʞ ʧʽʩʣʷ ʧʨʦʩʫʰʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ, ʚ 3 % ʥʦʤʫ 

ʨʦʟʯʠʥʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʘ ʚ ʢʩʠʣʦʣʽ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʟʽ ʚʤʽʩʪʦʤ 

ʪʚʝʨʜʦʾ ʬʘʟʠ 5 ʤʘʩ. %, ʘʣʝ ʚʽʜʤʠʚʢʘ ʤʘʪʝʨʽʘʣʫ ʥʝ ʧʨʦʚʦʜʠʣʘʩʷ ï ʚʽʜʙʫʚʘʣʘʩʷ ʣʠʰʝ 

ʡʦʛʦ ʚʽʜʞʠʣʢʘ ʥʘ ʬʽʣʴʪʨʫʚʘʣʴʥʦʤʫ ʧʘʧʝʨʽ ʟʘ ʨʘʭʫʥʦʢ ʚʘʢʫʫʤʫʚʘʥʥʷ ʫ ʚʦʨʦʥʮʽ 

ɹʶʭʥʝʨʘ. ʇʨʦʩʫʰʫʚʘʥʥʷ ʪʘ ʚʠʜʘʣʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʦʟʯʠʥʥʠʢʘ ʚʠʢʦʥʫʚʘʣʦʩʷ ʧʨʠ 

ʪʨʠʚʘʣʦʤʫ ʩʫʰʽʥʥʽ (ʜʦ 4 ʛʦʜʠʥ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 60 Áʉ. 

 

2.1.2.4 ʆʜʝʨʞʘʥʥʷ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʨʽʜʢʠʭ ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʤʠʩʣʦʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʫ ʪʝʭʥʦʣʦʛʽʶ ʦʜʝʨʞʘʥʥʷ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʘ ʚʢʣʶʯʘʻ 

ʜʦʟʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧʦʟʠʪʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʝʮʝʧʪʫʨʠ, ʦʜʝʨʞʘʥʥʷ 

ʨʦʟʯʠʥʫ ʧʦʣʽʤʝʨʽʚ ʚ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ (ʜʣʷ ʘʢʨʠʣʘʪʽʚ ʪʘ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ 

ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʢʩʠʣʦʣ, ʜʣʷ ʘʮʝʪʦʙʫʪʠʨʘʪʫ ʮʝʣʶʣʦʟʠ ï 

ʽʟʦʧʨʦʧʘʥʦʣ) ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽʚ ʜʦ ʨʦʟʯʠʥʥʠʢʫ 

ʧʨʠ ʘʢʪʠʚʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʦʣʴʚʝʨʘ. ʇʝʨʝʤʽʰʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʷ ʜʦ ʫʪʚʦʨʝʥʥʷ ʦʜʥʦʨʽʜʥʠʭ ʧʨʦʟʦʨʠʭ ʨʦʟʯʠʥʽʚ. ɼʠʩʧʝʨʩʥʽ ʯʘʩʪʠʥʢʠ 

ʝʣʝʤʝʥʪʽʚ ʪʝʢʩʪʫʨʠ (ʷʢ ʤʽʢʨʦ- ʪʘʢ ʽ ʥʘʥʦʨʦʟʤʽʨʥʽ) ʚʚʦʜʠʣʠʩʷ ʚ ʮʽ ʨʦʟʯʠʥʠ ʧʨʠ 

ʘʢʪʠʚʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʪʘ ʜʘʣʽ ʜʠʩʧʝʨʛʫʚʘʣʠʩʷ ʧʨʠ ʧʦʤʽʨʥʽʡ ʝʥʝʨʛʽʾ ʚʟʘʻʤʦʜʽʾ 

ʤʝʣʶʯʠʭ ʪʽʣ ʫʩʪʘʥʦʚʢʠ UltraTurax TUBE (IKA) ʱʦʙ, ʟ ʦʜʥʦʾ ʩʪʦʨʦʥʠ, ʟʘʧʦʙʽʛʪʠ 

ʨʫʡʥʫʚʘʥʥʶ ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʧʨʠʟʚʝʣʦ ʙ ʜʦ ʚʽʜʢʨʠʪʪʷ ʥʝʦʙʨʦʙʣʝʥʦʾ 

ʧʦʣʷʨʥʦʾ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ, ʘ ʟ ʽʥʰʦʾ ï ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ 
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ʯʘʩʪʠʥʦʢ ʚ ʤʘʪʨʠʮʽ. ʗʢʽʩʪʴ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʚʠʟʥʘʯʘʣʘʩʷ ʟʘ ʧʨʠʣʘʜʦʤ çʂʣʠʥè, ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʘʛʨʝʛʘʪʽʚ 15 ʤʢʤ. 

ʅʘʥʝʩʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡ ʧʥʝʚʤʘʪʠʯʥʠʤ ʰʣʷʭʦʤ ʧʝʨʝʜʙʘʯʘʣʦ ʨʦʟʙʘʚʣʝʥʥʷ ʾʭ ʜʦ 

ʨʦʙʦʯʦʾ ʚôʷʟʢʦʩʪʽ ʥʠʞʯʝ 30 ʩ ʟʘ ʧʨʠʣʘʜʦʤ ɺɿ-4 ʚʽʜʧʦʚʽʜʥʠʤ ʨʦʟʯʠʥʥʠʢʦʤ. ɼʘʣʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʘʨʙʦʧʫʣʴʪʫ Miol 80-864 (ʨʦʙʦʯʠʡ ʪʠʩʢ 4-6 ʙʘʨ, ʩʦʧʣʦ 1,5 ʤʤ) 

ʢʦʤʧʦʟʠʮʽʾ ʥʘʥʦʩʠʣʠʩʷ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʩʫʙʩʪʨʘʪʠ ʪʦʚʱʠʥʦʶ 4-8 ʰʘʨʽʚ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʝʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʢʦʥʪʘʢʪ ʤʘʪʝʨʽʘʣʫ ʚ ʭʦʜʽ 

ʥʘʥʝʩʝʥʥʷ ʟ ʚʝʣʠʢʠʤʠ ʦʙôʻʤʘʤʠ ʧʦʚʽʪʨʷ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʚʠʩʠʭʘʥʥʷ ʢʨʘʧʝʣʴ 

ʤʘʪʝʨʽʘʣʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʪʨʘʪʠ ʣʝʪʢʦʛʦ ʨʦʟʯʠʥʥʠʢʘ. ʎʝ ʧʨʠ ʧʝʚʥʠʭ ʨʝʞʠʤʘʭ 

ʥʘʥʝʩʝʥʥʷ ʦʙʫʤʦʚʣʶʻ ʧʦʨʠʩʪʽʩʪʴ ʰʘʨʫ, ʟʫʤʦʚʣʝʥʫ ʩʘʤʝ ʨʝʞʠʤʦʤ ʦʜʝʨʞʘʥʥʷ 

ʧʦʢʨʠʪʪʷ, ʘ ʥʝ ʡʦʛʦ ʩʢʣʘʜʦʤ. ʇʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ ʻ ʚʽʜʥʦʩʥʦ ʨʽʚʥʦʤʽʨʥʘ ʩʪʨʫʢʪʫʨʘ 

ʤʘʪʝʨʽʘʣʫ.  

ʄʝʪʦʜ ʟʘʥʫʨʝʥʥʷ ʧʝʨʝʜʙʘʯʘʚ ʚʤʽʱʝʥʥʷ ʩʫʙʩʪʨʘʪʫ ʚ ʻʤʥʽʩʪʴ ʟ ʤʘʪʝʨʽʘʣʦʤ ʪʘ 

ʚʠʡʤʘʥʥʷ ʩʫʙʩʪʨʘʪʽʚ ʟ ʥʘʩʪʫʧʥʠʤ ʚʠʩʠʭʘʥʥʷʤ ʽ ʧʣʽʚʢʦʫʪʚʦʨʝʥʥʷʤ. ʅʝʜʦʣʽʢʦʤ 

ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʧʦʚôʷʟʘʥʽʩʪʴ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʟʽ ʟʜʘʪʥʽʩʪʶ ʯʘʩʪʠʥʦʢ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʫʪʨʠʤʫʚʘʪʠ ʨʽʜʢʫ ʬʘʟʫ ʢʦʤʧʦʟʠʪʫ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʭ 

ʯʘʩʪʠʥʦʢ ʢʘʣʴʮʠʪʫ ʨʦʟʤʽʨʘʤʠ 10 ʤʢʤ ʽ ʚʠʱʝ ʧʦʤʽʯʝʥʦ ʱʦ ʨʦʟʯʠʥ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ 

ʬʽʣʴʪʨʫʻʪʴʩʷ ʢʨʽʟʴ ʩʬʦʨʤʦʚʘʥʫ ʥʘ ʧʦʚʝʨʭʥʽ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʟʫʤʦʚʣʶʻ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʧʦʢʨʠʪʪʷ.  

ʆʜʝʨʞʘʥʽ ʪʦʥʢʦʰʘʨʦʚʽ ʧʣʽʚʢʠ ʚʠʩʫʰʫʚʘʣʠʩʷ ʚʽʜ ʨʦʟʯʠʥʥʠʢʫ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ, ʘ ʧʦʪʽʤ ï ʚ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʧʨʠ 80-90 Áʉ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʢʦʥʪʨʘʢʪʘʮʽʡʥʦʤʫ ʬʦʨʤʫʚʘʥʥʶ ʪʨʽʱʠʥ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʣʝʤʝʥʪʽʚ 

ʪʝʢʩʪʫʨʠ ʟ ʨʦʟʚʠʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ.  

 

2.1.2 ɽʢʩʪʨʘʢʪʠʚʥʘ ʪʝʭʥʦʣʦʛʽʷ ʦʜʝʨʞʘʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ 

ʧʦʚʝʨʭʦʥʴ 

ɺʠʤʦʟʽ ʟʜʘʪʥʦʩʪʽ ʜʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʘʢʽ 

ʪʝʭʥʦʣʦʛʽʾ ʝʢʩʪʨʘʢʪʠʚʥʦʛʦ ʪʝʢʩʪʫʨʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʷʢ ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʪʨʘʚʣʝʥʥʷ 
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ʪʘ ʣʘʟʝʨʥʝ ʪʝʢʩʪʫʨʫʚʘʥʥʷ. ʆʩʪʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʦʶ ʧʝʨʝʚʘʛʦʶ ʧʝʨʝʜ 

ʧʝʨʰʦʶ ʚ ʩʝʥʩʽ ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʭʥʦʛʝʥʥʠʭ ʚʽʜʭʦʜʽʚ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʫʪʠʣʽʟʘʮʽʾ ʪʘ 

ʙʽʣʴʰʦʶ ʢʝʨʦʚʘʥʽʩʪʶ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʪʝʢʩʪʫʨ.  

ʊʝʢʩʪʫʨʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʥʫʚʘʣʦʩʷ ʥʘ ʩʫʙʩʪʨʘʪʘʭ ʟ 

ʘʣʶʤʽʥʽʶ ʥʘ ʤʽʢʨʦ- (mAl) ʪʘ ʥʘʥʦʨʽʚʥʽ (nAl). ɿʨʘʟʢʠ ʟ ʧʦʣʽʨʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ 

20Ĭ20 ʤʤ2 ʽ ʪʦʚʱʠʥʦʶ 2 ʤʤ ʚʠʛʦʪʦʚʣʷʣʠʩʷ ʟ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ʩʝʨʽʾ 7500. ɺ 

ʷʢʦʩʪʽ ʙʘʟʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʣʘʩʪʠʥʠ ʟʥʝʞʠʨʝʥʦʛʦ ʘʣʶʤʽʥʽʶ ʪʘ 

ʘʣʶʤʽʥʽʶ ʧʽʩʣʷ ʘʥʦʜʫʚʘʥʥʷ (fAl) ʧʨʦʪʷʛʦʤ 20 ʭʚ ʧʨʠ ʛʫʩʪʠʥʽ ʩʪʨʫʤʫ 2 ɸ/ʜʤ2 ʚ 2,4 

ʄ ʨʦʟʯʠʥʽ H2SO4 ʧʨʠ 10Áʉ.  

ʗʢ ʤʽʢʨʦ-, ʪʘʢ ʽ ʥʘʥʦʪʝʢʩʪʫʨʫʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʘʟʝʨʘ 

"Carbide" (Light Conversion) ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʩʝʨʝʜʥʴʦʶ ʧʦʪʫʞʥʽʩʪʶ 6 ɺʪ ʥʘ 

ʜʦʚʞʠʥʽ ʭʚʠʣʽ 1030 ʥʤ, ʪʨʠʚʘʣʽʩʪʶ ʽʤʧʫʣʴʩʫ ~360 ʬʩ, ʜʽʘʤʝʪʨʦʤ ʧʨʦʤʝʥʷ 1,7 ʤʤ 

(ʥʘ ʨʽʚʥʽ 1/e2) ʽ ʯʘʩʪʦʪʦʶ ʧʦʚʪʦʨʝʥʥʷ 60 ʢɻʮ.  

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʬʨʘʢʪʘʣʦʧʦʜʽʙʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʮʽ ʟʨʘʟʢʠ ʧʝʨʝʤʽʱʫʚʘʣʠʩʷ ʟʽ 

ʰʚʠʜʢʽʩʪʶ 60 ʤʤ/ʩ ʚʽʜʥʦʩʥʦ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʝʮʠʟʽʡʥʠʭ 

ʣʽʥʽʡʥʠʭ ʢʘʩʢʘʜʽʚ (Aerotech). ʇʨʠ ʮʴʦʤʫ ʝʥʝʨʛʽʷ ʣʘʟʝʨʥʦʛʦ ʽʤʧʫʣʴʩʫ ʥʘ ʟʨʘʟʢʫ 

ʜʦʩʷʛʘʣʘ ~46 ʤʢɼʞ, ʘ ʜʽʘʤʝʪʨ ʧʣʷʤʠ ʩʬʦʢʫʩʦʚʘʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʩʪʘʥʦʚʠʚ ~80 

ʤʢʤ (ʥʘ ʨʽʚʥʽ 1/ʝ2), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʛʫʩʪʠʥʽ ʝʥʝʨʛʽʾ ~0,9 ɼʞ/ʩʤ2 ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ. 

ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʩʬʝʨʠʯʥʘ ʣʽʥʟʘ ʟ ʬʦʢʫʩʥʦʶ ʚʽʜʩʪʘʥʥʶ 100 ʤʤ. ʇʣʷʤʠ 

ʣʘʟʝʨʥʦʾ ʘʙʣʷʮʽʾ ʧʝʨʝʢʨʠʚʘʣʠʩʷ ʥʘ ʟʨʘʟʢʫ ʥʘ ~60% ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʩʢʘʥʫʚʘʥʥʽ ʽ 

ʢʨʦʮʽ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʣʽʥʽʷʤʠ 30 ʤʢʤ.  

ʇʨʠ ʛʨʘʚʽʨʫʚʘʥʥʽ ʤʽʢʨʦʪʝʢʩʪʫʨʠ ʣʘʟʝʨʥʠʡ ʧʨʦʤʽʥʴ ʨʦʟʰʠʨʶʚʘʚʩʷ ʚ 4 ʨʘʟʠ ʜʦ 

ʜʽʘʤʝʪʨʘ ~6,8 ʤʤ (ʥʘ ʨʽʚʥʽ 1/ʝ2) ʧʝʨʝʜ ʦʙ'ʻʢʪʠʚʦʤ ʟ ʬʦʢʫʩʥʦʶ ʚʽʜʩʪʘʥʥʶ 1 ʜʶʡʤ ʜʣʷ 

ʙʽʣʴʰ ʛʦʩʪʨʦʛʦ ʬʦʢʫʩʫʚʘʥʥʷ ~5 ʤʢʤ (ʥʘ ʨʽʚʥʽ 1/ʝ2). ʇʨʠ ʮʴʦʤʫ ʝʥʝʨʛʽʷ ʣʘʟʝʨʥʦʛʦ 

ʽʤʧʫʣʴʩʫ ʥʘ ʟʨʘʟʢʫ ʟʤʽʥʶʚʘʣʘʩʷ ʚʽʜ ~21 ʤʢɼʞ ʜʦ ~35 ʤʢɼʞ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʛʫʩʪʠʥʽ 

ʝʥʝʨʛʽʾ ʚʽʜ ~107 ɼʞ/ʩʤ2 ʜʦ ~178 ɼʞ/ʩʤ2 ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ ʮʴʦʤʫ ʟʨʘʟʢʠ ʪʘʢʦʞ 

ʨʫʭʘʣʠʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 60 ʤʤ/ʩ ʚʽʜʥʦʩʥʦ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ ʧʨʠ ʯʘʩʪʦʪʽ ʧʦʚʪʦʨʝʥʥʷ 

ʣʘʟʝʨʥʠʭ ʽʤʧʫʣʴʩʽʚ 60 ʢɻʮ. 
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ʆʩʢʽʣʴʢʠ ʧʦʚʝʨʭʥʽ, ʱʦ ʫʪʚʦʨʶʚʘʣʠʩʷ ʚ ʭʦʜʽ ʣʘʟʝʨʥʦʛʦ ʪʝʢʩʪʫʨʫʚʘʥʥʷ, ʥʘ 

ʤʝʪʘʣʽʯʥʦʤʫ ʩʫʙʩʪʨʘʪʽ ʷʚʣʷʣʠ ʩʦʙʦʶ ʟʜʝʙʽʣʴʰʦʛʦ ʦʢʩʠʜ ʘʣʶʤʽʥʽʶ, ʷʢʠʡ ʻ ʜʦʚʦʣʽ 

ʽʥʝʨʪʥʠʤ, ʘʣʝ ʧʦʣʷʨʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ɺʘʥ ʆʩʩʘ [179], ʜʣʷ ʟʥʠʞʝʥʥʷ ʮʽʻʾ ʝʥʝʨʛʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʨʽʜ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʚʢʣʶʯʘʣʠ 

ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʤʦʜʠʬʽʢʘʪʦʨʠ, ʟʘʟʥʘʯʝʥʽ ʚ ʊʘʙʣ. 8, ʟʦʢʨʝʤʘ ʪʨʠʝʪʦʢʩʠʦʢʪʠʣʩʠʣʘʥ 

(OCTEO), ʡʦʛʦ ʬʪʦʨʦʚʘʥʫ ʬʦʨʤʫ - 1H,1H,2H,2H-ʇʝʨʬʪʦʨʦʦʢʪʠʣʪʨʠʝʪʦʢʩʠʩʠʣʘʥ 

(POTS), ʦʣʝʾʥʦʚʫ ʢʠʩʣʦʪʫ ʪʘ ʧʦʣʽʝʪʠʣʝʥʦʚʠʡ ʚʽʩʢ (PɽW).  

ɺʠʙʽʨ ʙʫʚ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʪʠʤ, ʱʦ ʜʨʫʛʠʡ ʟ ʥʠʭ ʻ ʦʜʥʠʤ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʯʽʚ (ʦʪʞʝ, ʩʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ) [180], ʧʝʨʰʠʡ 

ʩʣʫʛʫʻ ʧʦʪʝʥʮʽʡʥʦʶ ʟʘʤʽʥʦʶ ʧʦʧʝʨʝʜʥʴʦʤʫ, ʦʩʦʙʣʠʚʦ ʟ ʦʛʣʷʜʫ ʥʘ ʙʝʟʬʪʦʨʦʚʠʡ 

ʩʢʣʘʜ, ʱʦ ʩʚʽʜʯʠʪʴ ʥʘ ʢʦʨʠʩʪʴ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʜʣʷ ʤʦʞʣʠʚʠʭ ʤʘʡʙʫʪʥʽʭ ʧʨʘʢʪʠʯʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ [181]. ʆʩʪʘʥʥʽʡ ʧʨʦʤʠʩʣʦʚʠʡ ʤʦʜʠʬʽʢʘʪʦʨ ʧʦʚʝʨʭʥʽ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʯʘʩʪʠʥʦʢ ʙʫʚ ʦʙʨʘʥʠʡ ʚ ʷʢʦʩʪʽ ʨʝʬʝʨʝʥʪʥʦʛʦ [182].  

ɼʣʷ ʦʯʠʱʝʥʥʷ ʟʨʘʟʢʠ ʙʘʛʘʪʦʨʘʟʦʚʦ ʧʨʦʤʠʚʘʣʠ ʽʟʦʧʨʦʧʽʣʦʚʠʤ ʩʧʠʨʪʦʤ ʽ 

ʚʠʩʫʰʫʚʘʣʠ ʚ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʧʨʠ 80Áʉ ʧʨʦʪʷʛʦʤ 10 ʭʚ.  

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʛʽʜʨʦʬʦʙʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʣʘʩʪʠʥ 

ʟʨʘʟʢʠ ʟʘʥʫʨʶʚʘʣʠ ʚ 1 ʤʘʩ. % ʨʦʟʯʠʥ ʘʣʢʦʢʩʠʩʠʣʘʥʽʚ POTS/OCTEO ʥʘ 30 ʭʚ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʅʘʜʘʣʽ, ʧʽʩʣʷ ʚʠʡʤʘʥʥʷ ʟ ʨʦʟʯʠʥʫ ʢʘʧʽʣʷʨʥʦ ʟʚôʷʟʘʥʠʡ 

ʟʘʣʠʰʦʢ ʨʦʟʯʠʥʫ ʚʠʜʘʣʷʣʠ ʩʦʨʙʮʽʡʥʠʤ ʧʘʧʝʨʦʤ ʪʘ ʟʘ ʨʘʭʫʥʦʢ 30 ʭʚ ʧʨʦʩʫʰʫʚʘʥʥʷ 

ʥʘ ʧʦʚʽʪʨʽ ʧʨʠ 80Áʉ, ʧʽʩʣʷ ʮʴʦʛʦ ʚʠʢʦʥʫʚʘʣʠ ʭʽʤʽʯʥʝ ʧʨʠʱʝʧʣʝʥʥʷ   ʽ ʩʫʰʠʣʠ ʚ 

ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʧʨʠ 120Áʉ ʧʨʦʪʷʛʦʤ 30 ʭʚ.  

ɼʣʷ ʦʙʨʦʙʢʠ ʦʣʝʾʥʦʚʦʶ ʢʠʩʣʦʪʦʶ ʪʘ ʧʦʣʽʝʪʠʣʝʥʦʚʠʤ ʚʦʩʢʦʤ ʟʨʘʟʦʢ 

ʪʝʢʩʪʫʨʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʶ ʟʘʥʫʨʶʚʘʣʠ ʚ 1 % ʤʘʩ. ʽʟʦʧʨʦʧʽʣʦʚʠʡ ʨʦʟʯʠʥ ʦʣʝʾʥʦʚʦʾ 

ʢʠʩʣʦʪʠ ʥʘ 30 ʭʚ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʧʣʘʩʪʠʥʠ ʚʠʢʣʘʜʘʣʠ ʥʘ 

ʩʦʨʙʫʶʯʠʡ ʧʘʧʽʨ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʟʘʣʠʰʢʽʚ ʨʦʟʯʠʥʫ ʪʘ ʚʠʩʫʰʫʚʘʣʠ ʚ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ 

ʧʨʠ 80Áʉ ʧʨʦʪʷʛʦʤ 30 ʭʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʜʘʣʠʪʠ ʨʦʟʯʠʥʥʠʢ ʟ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥ.  
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2.2. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʽʚ 

ʤʦʜʠʬʽʢʘʮʽʾ ʾʭ ʧʦʚʝʨʭʥʽ, ʚʠʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚ ʫʤʦʚʘʭ ʜʽʾ ʘʛʨʝʩʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ, ʷʢʽ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʫʤʦʚʥʦ 

ʥʘ ʟʘʛʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ, ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʤʦʯʫʚʘʥʥʷ 

ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ (ʷʢʽ ʥʘʙʫʣʠ ʨʦʟʚʠʪʢʫ ʚ ʨʦʙʦʪʽ), 

ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ, ʷʢʽ 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʤʦʜʠʬʽʢʦʚʘʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ 

ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

 

2.2.1. ɿʘʛʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ 

ɺʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʯʘʩʪʠʥʦʢ ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʘʜʠʪʠʚʥʠʭ ʪʝʢʩʪʫʨ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʚ 

ʨʝʞʠʤʽ ʧʨʦʩʚʽʯʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʽ Konus Academy ʟ 

ʦʙôʻʢʪʠʚʘʤʠ ʭ10 (ʧʦʰʫʢʦʚʠʡ), ʭ40 ʪʘ ʭ100 ʪʘ ʢʘʤʝʨʦʶ Delta Optical HDCE 5, ʣʽʥʟʠ 

ʷʢʦʾ ʤʘʶʪʴ ʚʙʫʜʦʚʘʥʝ ʟʙʽʣʴʰʝʥʥʷ ʭ12. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʤʦʞʣʠʚʦ ʙʫʣʦ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʝʣʝʤʝʥʪʠ ʪʝʢʩʪʫʨʠ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʧʦʨʷʜʢʫ 0,6-0,3 ʤʢʤ. ɺʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʽʭ ʨʦʟʤʽʨʽʚ 

ʯʘʩʪʠʥʦʢ ʚ ʦʜʥʦʤʫ ʟ ʚʘʨʽʘʥʪʽʚ ʜʦʩʣʽʜʞʫʚʘʣʦʩʷ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʘʥʘʣʽʟʫ 

ʟʦʙʨʘʞʝʥʴ ʚ ʧʨʦʛʨʘʤʽ Scope Tek.  

ʇʨʠʛʦʪʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʜʣʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʣʦ ʚ ʚʠʩʫʰʫʚʘʥʥʽ ʜʠʩʧʝʨʩʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʥʘʥʝʩʝʥʥʽ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ (ʜʦ 0,05 ʛ) ʧʦʨʦʰʢʫ ʥʘ ʧʨʝʜʤʝʪʥʝ ʩʢʣʦ ʪʘ 

ʜʦʜʘʚʘʥʥʷ 0,2 ʤʣ ʩʠʣʽʢʦʥʦʚʦʾ ʦʣʽʾ. ʇʽʩʣʷ ʧʦʚʥʦʛʦ ʟʤʦʯʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʚʦʥʠ 

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʣʠʩʷ ʚ ʨʽʜʠʥʽ ʪʘʢ ʱʦʙ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʾʭ ʩʢʫʧʯʝʥʥʷ, ʧʽʩʣʷ 

ʮʴʦʛʦ ʜʠʩʧʝʨʩʽʷ ʟʘʢʨʠʚʘʣʘʩʷ ʧʦʢʨʠʚʥʠʤ ʩʢʣʦʤ. ɼʣʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʤʽʨʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʷʢ ʤʽʥʽʤʫʤ 5 ʨʽʟʥʠʭ ʬʦʪʦʛʨʘʬʽʡ ʯʘʩʪʠʥʦʢ, ʥʘ ʷʢʠʭ ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʠʟʥʘʯʘʣʠʩʷ ʾʭ ʝʢʚʽʚʘʣʝʥʪʥʽ ʜʽʘʤʝʪʨʠ (ʜʽʘʤʝʪʨʠ ʌʝʨʝ).  
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ɼʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʽʭ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʽ ʧʦʙʫʜʦʚʠ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʭ ʢʨʠʚʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ ʣʘʟʝʨʥʦʾ ʜʠʬʨʘʢʮʽʡʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ (Mastersizer ï 2000, ʚʠʨ. Malvern Inc.) ʟ ʜʽʘʧʘʟʦʥʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜ 

0,1 ʜʦ 3000 ʤʢʤ. ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʘʥʘʣʽʟʽ ʜʠʬʨʘʢʮʽʡʥʠʭ ʧʘʪʝʨʥʽʚ 

ʣʘʟʝʨʥʦʛʦ ʩʚʽʪʣʘ, ʷʢʝ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʦʥʢʠʡ ʰʘʨ ʚʦʜʥʠʭ (ʘʙʦ ʛʣʽʮʝʨʠʥʦʚʠʭ) 

ʩʫʩʧʝʥʟʽʡ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ. ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʧʘʪʝʨʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʄʽʻ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʨʦʟʨʽʟʥʠʪʠ ʥʘʷʚʥʽʩʪʴ ʷʢ ʯʘʩʪʠʥʦʢ ʧʝʨʚʠʥʥʠʭ 

ʨʦʟʤʽʨʽʚ, ʪʘʢ ʽ ʾʭ ʚʤʽʩʪ ʟʘ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʩʧʝʢʪʨʽʚ.  

ʈʦʟʤʽʨʠ, ʧʨʘʚʠʣʴʥʽʩʪʴ ʬʦʨʤʠ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʧʨʦʜʫʢʪʽʚ ʩʠʥʪʝʟʫ ʉʪʦʙʝʨʘ ï 

ʯʘʩʪʠʥʦʢ SiO2 ʚʠʚʯʘʣʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ  ʥʘ ʤʽʢʨʦʩʢʦʧʽ ʈɽʄ Selmi R-106 ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʽʪʦʢ-ʥʦʩʽʾʚ ʥʘ ʦʩʥʦʚʽ 

ʚʦʣʦʢʦʥ ʟʦʣʦʪʘ. ɿʨʘʟʢʠ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʥʷ ʙʫʣʠ ʧʨʠʛʦʪʦʚʘʥʽ ʽʟ ʨʦʟʚʝʜʝʥʠʭ 

ʩʫʩʧʝʥʟʽʡ ʯʘʩʪʠʥʦʢ ʚ ʩʧʠʨʪʘʭ (ʝʪʘʥʦʣ, ʽʟʦʧʨʦʧʘʥʦʣ), ʥʘʥʝʩʝʥʽ ʥʘ ʧʦʚʝʨʭʥʶ ʩʽʪʦʢ ʪʘ 

ʚʠʩʫʰʝʥʽ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʣʝʪʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɸʥʘʣʽʟ ʟʦʙʨʘʞʝʥʴ ʯʘʩʪʠʥʦʢ 

ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ ʘʥʘʣʽʟʫ ʮʠʬʨʦʚʠʭ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʴ (ISO 13322-1.2014) ï ɸʥʘʣʽʟ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ. ɺ ʜʚʦʭ ʯʘʩʪʠʥʘʭ: 1 - 

ʄʝʪʦʜʠ ʘʥʘʣʽʟʫ ʩʪʘʪʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ 2 ï ʄʝʪʦʜʠ ʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʟʦʙʨʘʞʝʥʴ. 

ʄʝʪʦʜ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ  ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʪʦʧʦʛʨʘʬʽʾ ʧʦʚʝʨʭʦʥʴ ʚ ʨʝʞʠʤʽ ʚʽʜʙʠʪʪʷ. ʈʦʙʦʪʘ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʥʘ ʤʽʢʨʦʩʢʦʧʘʭ 

ʤʘʨʦʢ R-106 (Selmi) ʪʘ MIRA3 LMU (Tescan). ʆʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʥʝ ʙʫʣʠ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʤʠ, ʱʦ ʤʦʛʣʦ ʚʠʢʣʠʢʘʪʠ ʜʝʬʝʢʪʠ ʟʦʙʨʘʞʝʥʥʷ 

ʪʠʧʫ ʟʘʩʚʽʪʽʚ ʚʥʘʩʣʽʜʦʢ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʨʷʜʫ, ʧʝʨʝʜ ʦʜʝʨʞʘʥʥʷʤ ʟʦʙʨʘʞʝʥʴ ʥʘ 

ʧʦʚʝʨʭʥʶ ʟʨʘʟʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤ ʚʘʢʫʫʤʥʦʛʦ ʥʘʥʝʩʝʥʥʷ ʪʦʥʢʠʭ ʤʝʪʘʣʝʚʠʭ 

ʪʘ ʢʘʨʙʦʥʦʚʠʭ ʧʦʢʨʠʪʪʽʚ (ʧʨʠʣʘʜ ɺʋʇ-5) ʙʫʣʠ ʥʘʥʝʩʝʥʽ 10-15 ʥʤ ʰʘʨʠ 

ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʧʦʢʨʠʪʪʽʚ. ʆʩʦʙʣʠʚʦ ʮʝ ʙʫʣʦ ʥʝʦʙʭʽʜʥʝ ʫ ʚʠʧʘʜʢʫ 

ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʚʥʘʩʣʽʜʦʢ ʥʠʟʴʢʦʾ ʧʦʣʷʨʥʦʩʪʽ ʤʘʶʪʴ ʩʫʪʪʻʚʦ 

ʟʥʠʞʝʥʫ ʧʨʦʚʽʜʥʽʩʪʴ. ʇʽʜʛʦʪʦʚʢʘ ʟʨʘʟʢʽʚ ʜʣʷ ʉɽʄ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʰʣʷʭʦʤ 

ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʥʘ ʘʣʶʤʽʥʽʻʚʽ (ʧʨʦʚʽʜʥʽ) ʩʫʙʩʪʨʘʪʠ ʤʝʪʦʜʘʤʠ ʧʥʝʚʤʘʪʠʯʥʦʛʦ 
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ʥʘʧʠʣʝʥʥʷ ʪʘ ʨʘʢʝʣʴʥʦʾ ʘʧʣʽʢʘʮʽʾ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʦʧʦʛʨʘʬʽʾ ʧʦʚʝʨʭʥʽ ʟʜʽʡʩʥʶʚʘʣʦʩʷ 

ʚ ʨʝʞʠʤʽ ʘʥʘʣʽʟʫ ʧʦʪʦʢʫ ʚʪʦʨʠʥʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʘ ʧʝʨʚʠʥʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʟʨʘʟʢʫ ï ʚ ʨʝʞʠʤʽ ʚʽʜʙʠʪʠʭ ʝʣʝʢʪʨʦʥʽʚ. ɼʣʷ 

ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʝʣʝʤʝʥʪʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʝʪʝʢʪʦʨ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʨʦʙʦʪʘ ʷʢʦʛʦ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʘʥʘʣʽʟʽ ʩʧʝʢʪʨʽʚ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʬʣʫʦʨʝʩʮʝʥʮʽʾ, ʷʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ ʧʨʦʤʝʥʷ ʝʣʝʢʪʨʦʥʽʚ ʤʽʢʨʦʩʢʦʧʫ ʟ ʝʣʝʢʪʨʦʥʘʤʠ ʚʥʫʪʨʽʰʥʽʭ 

ʦʨʙʽʪʘʣʝʡ ʘʪʦʤʽʚ ʝʣʝʤʝʥʪʽʚ ʟʨʘʟʢʫ. ɺʘʞʣʠʚʦʶ ʘʥʘʣʽʪʠʯʥʦʶ ʨʠʩʦʶ ʤʝʪʦʜʫ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʪʦʯʥʦʛʦ ʬʦʢʫʩʫʚʘʥʥʷ ʧʨʦʤʝʥʶ ʥʘ ʜʽʣʷʥʢʘʭ ʧʦʚʝʨʭʥʽ ʧʣʦʱʝʶ 1 ʤʢʤ2.  

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʨʦʜʫʢʪʠ ʨʝʘʢʮʽʾ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ 

ʤʝʪʦʜʦʤ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʥʘ ʧʨʠʣʘʜʘʭ Specord IR-75 (Analytik Jena) ʚ 

ʨʝʞʠʤʽ ʧʨʦʧʫʩʢʘʥʥʷ ʪʘ Nexus 4700 (Thermo Nicolet) ʚ ʨʝʞʠʤʽ ʥʝʧʦʚʥʦʛʦ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʽʜʙʠʪʪʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ATR ʧʨʠʩʪʘʚʢʠ. ɿʥʷʪʪʷ ʩʧʝʢʪʨʽʚ 

ʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʪʘʙʣʝʪʢʦʚʠʤ 

ʤʝʪʦʜʦʤ ʟ ʩʫʭʠʤ ʙʨʦʤʽʜʦʤ ʢʘʣʽʶ ʚ ʷʢʦʩʪʽ ʥʦʩʽʷ. ʊʠʩʢ ʧʨʝʩʫʚʘʥʥʷ ʪʘʙʣʝʪʦʢ ʩʢʣʘʜʘʚ 

0,6-0,8 ʄʇʘ, ʟʤʽʰʫʚʘʥʥʷ KBr ʟʽ ʟʨʘʟʢʦʤ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ 

ʢʫʣʴʢʦʚʦʤʫ ʤʣʠʥʽ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʟʨʘʟʦʢ: ʥʦʩʽʡ 160:4. ʆʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʽ 

ʢʦʤʧʦʟʠʮʽʾ ʪʘ ʧʦʣʽʤʝʨʥʽ ʤʘʪʨʠʮʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʚ ʩʪʘʥʽ ʪʦʥʢʠʭ ʧʣʽʚʦʢ, ʦʜʝʨʞʘʥʠʭ 

ʨʘʢʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʟ ʨʦʟʯʠʥʫ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʨʦʟʯʠʥʠ 

ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽʚ, ʚ ʷʢʽ ʙʫʣʠ ʚʚʝʜʝʥʽ ʜʠʩʧʝʨʩʥʽ ʥʘʧʦʚʥʶʚʘʯʽ 

ʪʘ ʽʥʰʽ ʥʝʦʙʭʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ ʟ ʥʘʩʪʫʧʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʫ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʤʫ 

ʙʽʩʝʨʥʦʤʫ ʤʣʠʥʽ IKA UltraTurax. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʦʢʨʝʤʠʭ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʟ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʥʘ ʧʦʚʝʨʭʥʽ 

ʩʧʝʢʪʨʘʣʴʥʦ ʧʨʦʟʦʨʠʭ ʚʽʢʦʥ ʟ ʙʨʦʤʽʜʫ ʢʘʣʽʶ ʪʘ KRS-5.  

ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʤʘʪʝʨʽʘʣʽʚ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ 

ʘʥʘʣʽʟʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ɼʈʆʅ-3. ɿʨʘʟʢʠ ʤʽʥʝʨʘʣʽʚ ʛʦʪʫʚʘʣʠʩʷ 

ʰʣʷʭʦʤ ʧʦʜʨʽʙʥʝʥʥʷ, ʧʨʦʩʫʰʫʚʘʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 105 Áʉ ʪʘ ʧʨʦʩʽʶʚʘʥʥʷ ʢʨʽʟʴ 

ʩʠʪʦ 0063.  
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ʆʨʽʻʥʪʦʚʥʠʡ ʝʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʥʝʦʨʛʘʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʟʥʘʯʘʚʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʥʪʛʝʥʦʬʣʶʦʨʠʩʮʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘ ʧʨʠʣʘʜʽ Expert 3L, INAM. ɸ ʜʣʷ 

ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʝʣʝʤʝʥʪʽʚ ʫ ʟʨʘʟʢʘʭ ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʚ ʽʥʜʫʢʪʠʚʥʦ-ʟʚôʷʟʘʥʽʡ ʧʣʘʟʤʽ ICP-MS. 

 

2.2.2. ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʤʦʯʫʚʘʥʥʷ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʆʩʥʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʟʤʦʯʫʚʘʥʥʷ, ʷʢʠʡ ʚʠʟʥʘʯʘʚʩʷ ʚ ʨʦʙʦʪʽ ʽ ʥʘ ʟʥʘʯʝʥʥʽ 

ʷʢʦʛʦ ʙʘʟʫʚʘʣʠʩʷ ʥʘʩʪʫʧʥʽ ʨʦʟʨʘʭʫʥʢʠ ʙʫʚ ʩʪʘʪʠʯʥʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʧʨʦʙʥʠʤʠ 

ʨʽʜʠʥʘʤʠ. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʪʘʢʝ ʦʙʣʘʜʥʘʥʥʷ: ʦʧʪʠʯʥʠʡ ʤʽʢʨʦʩʢʦʧ ɼʀʇ-10 (ʃʦʤʦ) ʟ 

ʛʦʥʽʦʤʝʪʨʠʯʥʦʶ ʧʨʠʩʪʘʚʢʦʶ, ʤʽʢʨʦʩʢʦʧ Konus Academy ʟ ʢʘʤʝʨʦʶ Delta Optical 

HDCE 5, ʧʨʠʩʪʨʽʡ DSA 30 (Krus). ɺ ʫʩʽʭ ʚʠʤʽʨʶʚʘʥʥʷʭ ʚʠʪʨʠʤʫʚʘʣʠʩʷ ʫʤʦʚʠ ʩʪʘʣʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ (20 Áʉ), ʟʨʘʟʢʠ ʧʝʨʝʜ ʚʠʟʥʘʯʝʥʥʷʤ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʧʨʦʩʫʰʫʚʘʣʠʩʷ 

ʜʦ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʘʜʩʦʨʙʦʚʘʥʦʾ ʚʦʜʠ, ʦʙôʻʤ ʢʨʘʧʣʽ ʟʙʝʨʽʛʘʚʩʷ ʚ 

ʤʝʞʘʭ 20-40 Õʣ, ʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʙʫʚʘʣʦʩʷ ʚ ʧʝʨʰʽ 20 ʩʝʢʫʥʜ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ 

ʢʨʘʧʣʽ (ʷʢʱʦ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʥʝ ʚʢʘʟʘʥʦ ʽʥʰʝ). ɿʥʘʯʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ 

ʦʜʝʨʞʫʚʘʣʦʩʷ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ ʧʨʦʬʽʣʽʚ ʢʨʘʧʝʣʴ ʥʘ ʧʦʚʝʨʭʥʷʭ 

ʩʫʙʩʪʨʘʪʽʚ. ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦ ʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫʚʘʣʦʩʷ ʥʝ 

ʤʝʥʰʝ 6 ʟʦʙʨʘʞʝʥʴ ʟ ʦʙʦʭ ʪʦʯʦʢ ʪʨʴʦʭʬʘʟʥʦʛʦ ʢʦʥʪʘʢʪʫ (ʨʠʩ. 13).  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʛʽʜʨʦʬʽʣʴʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ  

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ ʪʦʥʢʦʩʪʽʥʥʦʛʦ ʢʘʧʽʣʷʨʥʦʛʦ ʧʨʦʩʦʯʫʚʘʥʥʷ ʋʦʰʙʫʨʥʘ [183]. 

ɿʨʘʟʢʠ ʛʦʪʫʚʘʣʠ ʫ ʚʠʛʣʷʜʽ 5 %-ʥʦʾ ʩʫʩʧʝʥʟʽʾ ʯʘʩʪʠʥʦʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ 

ʽʟʦʧʨʦʧʽʣʦʚʦʤʫ ʩʧʠʨʪʽ ʪʘ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʫʚʘʣʠ ʥʘ ʰʚʠʜʢʦʩʪʽ 600 ʦʙ/ʭʚ. ɼʘʣʽ 0,5-

1,0 ʤʣ ʩʫʩʧʝʥʟʽʾ ʰʚʠʜʢʦ ʥʘʥʦʩʠʣʠ ʥʘ ʩʢʣʷʥʫ ʧʦʚʝʨʭʥʶ ʤʽʢʨʦʩʢʦʧʥʦʛʦ ʩʢʣʘ. ɺ ʪʦʤʫ 

ʚʠʧʘʜʢʫ ʢʦʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʧʦʨʽʚʥʷʥʦ ʢʨʫʧʥʽ ʯʘʩʪʠʥʢʠ ï ʚʽʜ 5 ʤʢʤ ʽ ʚʠʱʝ ï 

ʯʝʨʝʟ 20-30 ʩʝʢʫʥʜ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʰʘʨ ʽʟʦʧʨʦʧʽʣʦʚʦʛʦ ʩʧʠʨʪʫ ʤʦʞʥʘ ʙʫʣʦ 

ʜʝʢʘʥʪʫʚʘʪʠ. 
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ʈʠʩʫʥʦʢ 13 ï ɸʚʪʦʤʘʪʠʯʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ScopePhoto 

 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʪʝʨʽʘʣʽʚ ʟ ʜʨʽʙʥʽʰʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ï ʤʘʪʝʨʽʘʣ ʧʨʦʩʪʦ 

ʧʨʦʩʫʰʫʚʘʚʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 60 Áʉ ʧʨʦʪʷʛʦʤ 30 ʭʚʠʣʠ. ʇʽʩʣʷ ʯʦʛʦ ʥʘ ʧʦʚʝʨʭʥʶ 

ʰʘʨʽʚ ʥʘʥʦʩʠʣʦʩʷ ʤʘʨʢʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʤʽʪʦʢ ʥʘ ʚʽʜʩʪʘʥʽ 3 ʤʤ 

ʤʽʞ ʥʠʤʠ. ʇʽʜʛʦʪʦʚʣʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʧʣʘʩʪʠʥʠ ʚʠʪʨʠʤʫʚʘʣʠ ʚ ʧʘʨʘʭ ʨʽʜʠʥʠ, 

ʟʤʦʯʫʚʘʥʥʷ ʷʢʦʶ ʜʦʩʣʽʜʞʫʚʘʣʦʩʷ. ʏʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʬʨʦʥʪʫ ʟʤʦʯʫʚʘʥʥʷ ʧʽʩʣʷ 

ʟʘʥʫʨʝʥʥʷ ʧʣʘʩʪʠʥʠ ʜʦ ʤʽʪʢʠ ʬʽʢʩʫʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʝʦʟʡʦʤʢʠ ʟ ʯʘʩʪʦʪʦʶ 60 

ʢʘʜʨʽʚ/ʩʝʢ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʜʦʩʷʛʪʠ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ ʜʦ 0,1 ʩ. ʂʽʣʴʢʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʴ ʯʘʩʫ ʜʣʷ ʢʦʞʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ ʩʪʘʥʦʚʠʣʘ 5 ʨʘʟʽʚ, ʘ ʩʝʨʝʜʥʷ ʧʦʭʠʙʢʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʫ ʚʩʴʦʤʫ ʤʘʩʠʚʽ ʨʦʟʯʠʥʥʠʢʽʚ ʩʪʘʥʦʚʠʣʘ 6,9 %. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʢʣʘʩʠʯʥʝ ʨʽʚʥʷʥʥʷ ʋʦʰʙʫʨʥʘ ʙʫʣʦ ʤʦʜʠʬʽʢʦʚʘʥʝ (26) ʰʣʷʭʦʤ 

ʨʷʜʫ ʧʨʠʧʫʱʝʥʴ: 1. ɺʚʘʞʘʣʦʩʷ ʱʦ ʰʣʷʭ ʟʤʦʯʫʚʘʥʥʷ ʨʽʟʥʠʤʠ ʧʨʦʙʥʠʤʠ ʨʽʜʠʥʘʤʠ ʻ 

ʦʜʥʘʢʦʚʠʤ ʦʩʢʽʣʴʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʦʜʥʽ ʽ ʪʽ ʞ 

ʟʨʘʟʢʠ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʛʽʜʨʦʬʽʣʴʥʠʭ ʯʘʩʪʠʥʦʢ ʦʢʩʠʜʽʚ ʽ ʢʘʨʙʦʥʘʪʽʚ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʨʽʜʠʥ ʙʫʣʘ ʦʙʨʘʥʘ ʚʽʜ ʥʝʧʦʣʷʨʥʠʭ (ʢʩʠʣʦʣ, ʛʝʢʩʘʥ) ʜʦ ʧʦʣʷʨʥʠʭ (ʩʧʠʨʪʠ ʪʘ ʚʦʜʘ), 
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ʦʩʢʽʣʴʢʠ ʦʩʪʘʥʥʽ ʟʘʟʚʠʯʘʡ ʨʫʡʥʫʶʪʴ ʰʘʨ ʯʘʩʪʠʥʦʢ ʧʽʩʣʷ ʟʤʦʯʫʚʘʥʥʷ; 2. 

ʇʨʠʡʤʘʣʦʩʷ, ʱʦ ʥʝʧʦʣʷʨʥʘ ʨʽʜʠʥʘ ʧʦʨʽʚʥʷʥʥʷ (ʛʝʢʩʘʥ) ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʟʤʦʯʫʻ 

ʧʦʚʝʨʭʥʶ ʜʦʩʣʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʦʙʪʦ ʟʥʘʯʝʥʥʷ ʢʦʩʠʥʫʩʫ ʡʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʢʫʪʘ 

ʟʤʦʯʫʚʘʥʥʷ ʟ ʮʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʥʘʙʣʠʞʝʥʦ ʜʦʨʽʚʥʶʻ 1.  

ὧέί—̃
̄

̄

̃

̄

̃
                                                 (26) 

ʜʝ Õʛ ʪʘ Õʚ ï ʢʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ ʛʝʢʩʘʥʫ ʪʘ ʚʦʜʠ ʤʇʘĬʩ, ůʛ ʪʘ ůʚ ï 

ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʛʝʢʩʘʥʫ ʪʘ ʚʦʜʠ ʚ ʤɼʞ/ʤ2 ʚʽʜʧʦʚʽʜʥʦ, tʛ ʪʘ tʚ ï ʯʘʩ ʨʫʭʫ ʬʨʦʥʪʫ 

ʟʤʦʯʫʚʘʥʥʷ, ʩ. 

 

ʇʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ʪʚʝʨʜʠʭ ʪʽʣ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʬʫʥʢʮʽʷ, ʷʢʘ 

ʚʠʨʘʞʘʻ ʝʥʝʨʛʽʶ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʮʽʻʾ ʧʦʚʝʨʭʥʽ ʟ ʢʦʥʪʘʢʪʫʶʯʠʤʠ ʬʘʟʘʤʠ 

(ʨʽʜʢʦʶ ʪʘ ʛʘʟʦʧʦʜʽʙʥʦʶ). ʉʪʫʧʽʥʴ ʚʟʘʻʤʦʜʽʾ ʥʘ ʤʝʞʽ ʪʚʝʨʜʦʾ ʪʘ ʨʽʜʢʦʾ ʬʘʟ 

(ʟʤʦʯʫʚʘʥʥʷ) ʟʘʟʚʠʯʘʡ ʦʮʽʥʶʶʪʴ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʢʦʩʠʥʫʩʘ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʪʚʝʨʜʦʾ 

ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʦʶ (cosɗ). ʇʨʠ ʮʴʦʤʫ, ʧʦʚʥʦʤʫ ʟʤʦʯʫʚʘʥʥʶ ʧʦʚʝʨʭʥʽ ʚʽʜʧʦʚʽʜʘʻ 

ʟʥʘʯʝʥʥʷ cosɗ=1, ʛʽʜʨʦʬʽʣʴʥʦʶ ʚʚʘʞʘʻʪʴʩʷ ʧʦʚʝʨʭʥʷ ʧʨʠ ʟʥʘʯʝʥʥʷʭ cosɗ, ʷʢʽ ʣʝʞʘʪʴ 

ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 1, ʛʽʜʨʦʬʦʙʥʦʶ ï ʚʽʜ (-1) ʜʦ 0. ʎʽ ʟʥʘʯʝʥʥʷ ʢʦʩʠʥʫʩʘ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʽʥʪʝʨʧʨʝʪʘʮʽʻʶ ʨʽʚʥʷʥʥʷ ʖʥʛʘ-ɼʶʧʨʝ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʚ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ 

(27): 

ὅέί—
̓̃ ̓̃̑

̑
                                               (27) 

ʜʝ ůʪʚ ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʬʘʟ ʪʚʝʨʜʝ ʪʽʣʦ-ʛʘʟ; ůʪʚ-ʨ ï 

ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʥʘ ʤʝʞʽ ʪʚʝʨʜʝ ʪʽʣʦ-ʨʽʜʠʥʘ; ůʨ ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʨʽʜʠʥʠ. 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʟʥʘʢ ʢʦʩʠʥʫʩʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ůʪʚ  ̔

ů ʪʚ-ʨ. ʉʘʤʽ ʞ ʮʽ ʧʘʨʘʤʝʪʨʠ ʻ ʤʽʨʦʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ ʤʽʞʬʘʟʥʦʾ ʧʦʚʝʨʭʥʽ. 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʟʤʦʯʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ů ʪʚ-ʨ < ůʪʚ 

(ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ), ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ 
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- ʧʦʚʝʨʭʥʷ ʥʝ ʟʤʦʯʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʩʪʚʦʨʝʥʥʷ ʤʽʞʬʘʟʥʦʛʦ ʢʦʥʪʘʢʪʫ ʚʠʤʘʛʘʻ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʽʾ ʟʤʦʯʝʥʦʾ ʧʦʚʝʨʭʥʽ (ȹG ʤʘʻ ʜʦʜʘʪʥʴʻ ʟʥʘʯʝʥʥʷ). ʈʽʚʥʷʥʥʷ (2) ʤʘʻ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʜʘʻ ʟʤʦʛʫ ʨʦʙʠʪʠ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʽ ʚʠʩʥʦʚʢʠ, ʥʝ 

ʚʜʘʶʯʠʩʴ ʫ ʧʦʜʨʦʙʠʮʽ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʤʽʞʬʘʟʥʦʛʦ ʢʦʥʪʘʢʪʫ 

[6]. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʮʝ ʟʥʠʞʫʻ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʟʘʻʤʦʜʽʡ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʮʽʻʾ ʤʦʜʝʣʽ.  

ʇʽʜʭʽʜ ɿʽʩʤʘʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʽʚʥʷʥʥʷ (27) ʷʢ ʙʘʟʦʚʝ. ɸʣʝ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ 

ʱʦ ʚʽʜʧʦʚʽʜʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʻ 

ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʠʤ ʪʽʣʴʢʠ ʜʣʷ ʧʦʚʝʨʭʦʥʴ ʽʟ ʥʠʟʴʢʦʶ ʧʦʣʷʨʥʽʩʪʶ [184]. ɿʦʢʨʝʤʘ, ʚʽʥ 

ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʦʙôʻʢʪʽʚ ʮʴʦʛʦ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ï 

ʥʠʟʴʢʦʧʦʣʷʨʥʠʭ (ʟʘ ʨʘʭʫʥʦʢ ʤʦʜʠʬʽʢʘʮʽʾ) ʧʦʚʝʨʭʦʥʴ.  

ʆʩʥʦʚʦʶ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʧʫʱʝʥʥʷ ʱʦ ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ 

ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʝʢʚʽʚʘʣʝʥʪʥʘ ʢʨʠʪʠʯʥʦʤʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʥʘʪʷʛʫ ůʢ ï ʧʦʚʝʨʭʥʝʚʦʤʫ 

ʥʘʪʷʛʫ ʪʘʢʦʾ ʨʽʜʠʥʠ, ʷʢʘ ʧʦʚʥʽʩʪʶ ʟʤʦʯʫʻ ʧʦʚʝʨʭʥʶ, ʪʦʙʪʦ ɗ = 0Á, ʘ Cosɗ = 1.  ɺ 

ʨʦʙʦʪʽ ůʢ ʟʥʘʭʦʜʠʣʠ ʤʝʪʦʜʦʤ ʛʨʘʬʽʯʥʦʾ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʟʘʣʝʞʥʦʩʪʽ (1- Cosɗ)=f(ů) ʜʦ 

ʟʥʘʯʝʥʥʷ  (1- Cosɗ) = 0. 

ɺʽʜʦʤʘ ʤʦʜʝʣʴ ʆʫʝʥʩʘ-ɺʝʥʜʪʘ [185], ʥʘʣʝʞʠʪʴ ʜʦ ʪʘʢ ʟʚʘʥʠʭ 

ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ, ʫ ʥʽʡ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʻ 

ʛʝʦʤʝʪʨʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʡʥʦʾ (ůD) ʽ ʧʦʣʷʨʥʦʾ (ůP) ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ (28). ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʩʠʪʠ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ, ʘ ʯʝʨʝʟ ʮʝ ʽ 

ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʢʦʥʪʘʢʪʽʚ. 

 

,                                    (28) 

ʜʝ cos Ūïʨʽʚʥʦʚʘʞʥʠʡ ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ; ů ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ; P ï 

ʚʽʜʧʦʚʽʜʘʻ ʧʦʣʷʨʥʽʡ ʩʢʣʘʜʦʚʽʡ; D ï ʜʠʩʧʝʨʩʽʡʥʽʡ ʩʢʣʘʜʦʚʽʡ; S ï ʪʚʝʨʜʘ ʧʦʚʝʨʭʥʷ; L ï 

ʨʽʜʠʥʘ. 



108 
 

ʃʽʥʝʘʨʠʟʦʚʘʥʘ ʬʦʨʤʘ ʨʽʚʥʷʥʥʷ ʆʫʝʥʩʘ-ɺʝʥʜʪʘ ʟʘʙʝʟʧʝʯʫʻ ʪʝ, ʱʦ ʢʦʤʧʦʥʝʥʪʠ 

ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʡʜʝʥʽ ʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ ʚʨʘʭʦʚʫʶʯʠ ʱʦ 

ʥʘʚʝʜʝʥʝ ʚʠʱʝ ʨʽʚʥʷʥʥʷ ʤʘʻ ʬʦʨʤʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʨʷʤʦʾ ʣʽʥʽʾ (29) ώ

άὼ ὦ , ʜʝ: 

                                        (29) 

ʇʨʠ ʮʴʦʤʫ ʢʦʞʥʽʡ ʨʽʜʠʥʽ ʚʽʜʧʦʚʽʜʘʻ ʩʚʦʷ ʪʦʯʢʘ ʥʘ ʛʨʘʬʽʢʫ, ʘ ʾʾ ʧʦʣʦʞʝʥʥʷ ʧʦ 

ʚʽʩʽ ʘʙʩʮʠʩʩ ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʠʰʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʢʦʨʝʥʽʚ ʧʦʣʷʨʥʦʾ ʪʘ ʜʠʩʧʝʨʩʽʡʥʦʾ 

ʢʦʤʧʦʥʝʥʪ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʨʽʜʠʥʠ, ʪʦʙʪʦ ʻ ʚʣʘʩʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʩʠʩʪʝʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʩʠʚ ʪʦʯʦʢ, ʷʢʠʡ ʦʜʝʨʞʫʻʪʴʩʷ ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ 

ʚʠʤʽʨʶʚʘʥʥʽ ʟʥʘʯʝʥʴ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʧʦ ʩʫʪʽ ʻ ʧʘʨʘʤʝʪʨʘʤʠ ʘʧʨʦʢʩʠʤʘʮʽʡʥʦʾ 

ʢʨʠʚʦʾ ʽ ʧʽʜʚʠʱʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ ʟʘ ʫʤʦʚʠ ʪʦʯʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʨʽʜʠʥ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʤʝʪʦʜʫ ʚ ʮʽʣʦʤʫ. ʅʘ ʧʣʘʩʢʠʭ 

ʛʦʤʦʛʝʥʥʠʭ ʧʦʚʝʨʭʥʷʭ, ʚʪʽʤ, ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʧʨʦʙʥʠʭ ʨʽʜʠʥ ʣʠʰʝ 

ʜʚʽ: ʚʦʜʘ, ʷʢ ʨʽʜʠʥʘ ʟ ʚʠʩʦʢʦʶ ʧʦʣʷʨʥʦʶ ʩʢʣʘʜʦʚʦʶ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʪʘ 

ʜʠʽʦʜʦʤʝʪʘʥ ʷʢ ʨʽʜʠʥʘ, ʫ ʷʢʦʾ ʧʦʣʷʨʥʘ ʩʢʣʘʜʦʚʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʚʽʜʩʫʪʥʷ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ 

ʧʨʠʜʽʣʷʣʘʩʷ ʚʠʙʦʨʫ ʧʨʦʙʥʠʭ ʨʽʜʠʥ, ʧʨʠʢʣʘʜ ʥʘʙʦʨʫ ʷʢʠʭ, ʚʨʘʭʦʚʫʶʯʠ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʦʯʦʢ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʡʥʦʾ ʢʨʠʚʦʾ ʥʘʚʝʜʝʥʦ ʚ ʊʘʙʣ. 8. 

ʈʦʟʧʦʜʽʣ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʚ ʨʘʤʢʘʭ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʪʝʦʨʽʡ 

ʚʠʢʦʨʠʩʪʘʥʦ ʟʘ ʜʘʥʠʤʠ ʜʞʝʨʝʣ [186],[187]. 
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ʊʘʙʣʠʮʷ 8 ï ʇʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʧʨʦʙʥʠʭ ʨʽʜʠʥ 

ʈʽʜʠʥʘ (CAS) 
ʇʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ, ʤɼʞ/ʤ2 

(25ÁC) 

ɺʦʜʘ (7732-18-5) 72.1 

ɻʣʽʮʝʨʠʥ (56-81-5) 64.0 

ɽʪʠʣʝʥʛʣʽʢʦʣʴ (107-21-1) 48.0 

ɼʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ (67-68-5) 44.0 

ʌʦʨʤʘʤʽʜ (75-12-7) 58.0 

ʎʠʢʣʦʛʝʢʩʘʥ (110-82-7) 25.2 

 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʤʦʛʠ ʜʦ ʧʨʦʙʥʠʭ ʨʽʜʠʥ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʨʦʙʦʪʽ, 

ʟʦʢʨʝʤʘ ʾʭ ʭʽʤʽʯʥʫ ʽʥʝʨʪʥʽʩʪʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʦʚʝʨʭʥʽ, ʝʥʝʨʛʽʷ ʷʢʦʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ, ʥʘʷʚʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦʾ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʟʥʘʯʝʥʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, 

ʥʠʟʴʢʫ ʣʝʪʢʽʩʪʴ, ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʦʜʥʦ-ʝʪʘʥʦʣʴʥʽ ʩʫʤʽʰʽ 

ʟʘʤʽʩʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʨʽʜʠʥ. ɼʦʜʘʪʢʦʚʦʶ ʧʝʨʝʚʘʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʞ ʤʦʞʣʠʚʽʩʪʴ ʷʢ ʟʘʚʛʦʜʥʦ ʚʠʩʦʢʦʾ ʜʝʪʘʣʽʟʘʮʽʾ ʢʨʠʚʦʾ. ʆʢʨʽʤ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʮʝ ʜʦʜʘʪʢʦʚʦ ʜʘʻ ʟʤʦʛʫ ʚʨʘʭʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʟʤʦʯʫʚʘʥʥʷ 

ʛʝʪʝʨʦʬʘʟʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ. ɯ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʚʽʜʯʫʪʥʦ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʦʯʦʢ.  

ɺ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ, ʦʜʥʘʢ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʱʦ ʽʩʥʫʶʯʽ ʚ ʣʽʪʝʨʘʪʫʨʽ 

ʘʧʨʦʢʩʠʤʘʮʽʡʥʽ ʤʦʜʝʣʽ  ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʫ ʟʚôʷʟʢʫ ʟ ʮʠʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫʜʦʩʢʦʥʘʣʝʥʝ ʨʽʚʥʷʥʥʷ (30) ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʚʦʜʥʦ-ʝʪʘʥʦʣʴʥʽ ʩʫʤʽʰʝʡ:  

 

„̒ ̔̍ „̃ ρ ̃

̃
ὢ „̃ „ ρπȟχ              (30) 

ʜʝ „̃ ʪʘ „  ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʚʦʜʠ ʪʘ ʝʪʘʥʦʣʫ ʚʽʜʧʦʚʽʜʥʦ; ὢ̃ ʪʘ ὢ  ï 

ʤʦʣʴʥʘ ʜʦʣʷ ʚʦʜʠ ʪʘ ʝʪʘʥʦʣʫ ʚʽʜʧʦʚʽʜʥʦ; a ʪʘ b ïʝʤʧʽʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ (0,963 ʪʘ 

0,897 ʚʽʜʧʦʚʽʜʥʦ). 
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ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʝʪʘʥʦʣʴʥʠʭ 

ʩʫʤʽʰʝʡ ʙʫʣʘ ʦʮʽʥʝʥʘ ʟʘ ʩʧʽʚʧʘʜʽʥʥʷʤ ʟʥʘʯʝʥʴ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʪʦʛʦ ʞ ʩʘʤʦʛʦ 

ʩʫʙʩʪʨʘʪʫ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʧʨʦʙʥʠʤʠ ʨʽʜʠʥʘʤʠ (ʨʠʩ. 14). ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘ ʧʣʘʩʢʽʡ 

ʧʦʚʝʨʭʥʽ ʘʥʦʜʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʶ ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʦʛʦ 1H,1H,2H,2H-

ʧʝʨʬʪʦʨʦʦʢʪʠʣʪʨʠʝʪʦʢʩʠʩʠʣʘʥʦʤ ʚʽʜʭʠʣʝʥʥʷ ʮʠʭ ʜʚʦʭ ʚʠʙʦʨʦʢ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʤʝʞʘʭ Ñ3,5 %. 

 

ʈʠʩʫʥʦʢ 14 ï ɻʨʘʬʽʢʠ ɿʽʩʤʘʥʘ ʜʣʷ ʨʷʜʫ ʨʝʬʝʨʝʥʪʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ ʪʘ ʚʦʜʥʦ-

ʝʪʘʥʦʣʴʥʠʭ ʩʫʤʽʰʝʡ. 

 

 ʇʽʜʭʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʟʨʘʟʢʽʚ ɿʽʩʤʘʥʘ ʪʘ ʆʫʝʥʩʘ-ɺʝʥʜʪʘ 

ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʨʽʚʥʠʭ ʧʦʚʝʨʭʥʷʭ ʚʢʣʶʯʘʶʯʠ ʥʝʧʦʣʷʨʥʽ ʧʦʣʽʤʝʨʠ 

(ʧʦʣʽʦʣʝʬʽʥʠ, ʬʪʦʨʦʚʘʥʽ ʧʦʣʽʤʝʨʠ), ʧʦʨʽʚʥʷʥʦ ʧʦʣʷʨʥʽ ʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ 

(ʧʦʣʽʝʩʪʝʨʠ, ʧʦʣʽʘʤʽʜʠ, ʪʦʱʦ) ʪʘ ʜʝʷʢʽ ʚʠʜʠ ʤʽʥʝʨʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʥʝʚʠʩʦʢʦʶ 

ʧʦʚʝʨʭʥʝʚʦʶ ʝʥʝʨʛʽʻʶ (ʥʘʧʨʠʢʣʘʜ, ʛʨʘʬʽʪ).   

ʇʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʚʪʽʤ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʘ 

ʧʦʭʠʙʢʘ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʧʦʚʝʨʭʥʝʚʦʾ ʪʝʢʩʪʫʨʠ. ʎʝ ʟʫʤʦʚʣʶʻ ʘʥʦʤʘʣʴʥʽ 
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ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʩʪʘʥʫ ʟʤʦʯʫʚʘʥʥʷ ɺʝʥʮʝʣʷ 

(ʧʽʜʚʠʱʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʫ ʚʠʧʘʜʢʫ ʷʢʱʦ ʝʢʚʽʚʘʣʝʥʪʥʘ 

ʧʦʚʝʨʭʥʷ ʻ ʛʽʜʨʦʬʦʙʥʦʶ ʘʙʦ ʛʽʜʨʦʬʽʣʴʥʦʶ ʚʽʜʧʦʚʽʜʥʦ) ʘʙʦ ʂʘʩʽ-ɹʘʢʩʪʝʨʘ. ɺ 

ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʚʝʣʠʯʠʥʦʶ, ʷʢʘ ʬʘʢʪʠʯʥʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʻ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ 

ʛʝʪʝʨʦʛʝʥʥʦʾ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʯʘʩʪʢʦʚʦ ʟ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘ 

ʟʘʣʠʰʢʦʚʘ ʧʣʦʱʘ ʟʘʡʤʘʻʪʴʩʷ ʢʦʥʪʘʢʪʦʤ ʨʽʜʠʥʘ-ʧʦʚʽʪʨʷ. ɺʣʘʩʥʝ, ʜʦʩʷʛʥʝʥʥʷ ʪʘʢʦʛʦ 

ʩʪʘʥʫ ʟʤʦʯʫʚʘʥʥʷ ʻ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʚʝʨʭʥʽ, ʘ ʩʘʤʝ ʜʦʩʷʛʥʝʥʥʷ ʥʘʜʚʠʩʦʢʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʚʠʱʝ 150Á. ɿʥʠʞʝʥʥʷ 

ʢʫʪʽʚ ʩʢʦʯʫʚʘʥʥʷ ʥʠʞʯʝ 10Á ʜʦʩʷʛʘʻʪʴʩʷ ʟ ʪʦʾ ʞ ʧʨʠʯʠʥʠ ï ʙʽʣʴʰʘ ʧʣʦʱʘ ʢʨʘʧʣʽ 

ʢʦʥʪʘʢʪʫʻ ʩʘʤʝ ʟ ʧʦʚʽʪʨʷʤ, ʷʢʝ ʚʦʥʘ ʥʝ ʚ ʟʤʦʟʽ ʟʤʦʯʠʪʠ.   

ɺ ʨʦʙʦʪʽ ʚʧʝʨʰʝ ʦʧʠʩʘʥʦ ʭʘʨʘʢʪʝʨʥʫ ʬʦʨʤʫ (ʨʠʩ. 15) ʢʨʠʚʠʭ ʟʘʣʝʞʥʦʩʪʽ ʢʫʪʘ 

ʟʤʦʯʫʚʘʥʥʷ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚʽʜ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʧʨʦʙʥʠʭ ʨʽʜʠʥ. ʎʷ 

ʢʨʠʚʘ ʻ ʘʥʦʤʘʣʴʥʦʶ ʜʣʷ ʤʦʜʝʣʽ ɿʽʩʤʘʥʘ ʽ, ʧʦ ʩʫʪʽ, ʚʽʜʦʙʨʘʞʘʻ ʢʽʣʴʢʘ ʩʪʘʥʽʚ 

ʟʤʦʯʫʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʬʘʟ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ. 

  

 

ʈʠʩʫʥʦʢ 15 ï ʍʘʨʘʢʪʝʨʥʠʡ ʚʠʛʣʷʜ ʢʨʠʚʦʾ ʟʤʦʯʫʚʘʥʥʷ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ 
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ʅʘ ʢʨʠʚʠʭ ʮʴʦʛʦ ʪʠʧʫ ʪʦʯʢʘ ɸ ʚʽʜʧʦʚʽʜʘʻ ʟʤʦʯʫʚʘʥʥʶ ʧʦʚʝʨʭʦʥʴ ʚʦʜʦʶ, 

ʚʽʜʧʦʚʽʜʥʦ, ʩʝʛʤʝʥʪ ɸ-ɺ ï ʩʪʽʡʢʦʤʫ ʩʪʘʥʫ ʂʘʩʽ-ɹʘʢʩʪʝʨʘ, ʚ ʷʢʦʤʫ ʯʘʩʪʠʥʘ ʧʦʚʝʨʭʥʽ 

ʩʫʙʩʪʨʘʪʫ ʟʘʡʥʷʪʘ ʧʦʚʽʪʨʷʤ. ʊʦʯʢʘ ɺ ʚʽʜʧʦʚʽʜʘʻ ʧʦʯʘʪʢʫ ʧʝʨʝʭʦʜʫ ʜʦ ʩʪʘʥʫ 

ɺʝʥʮʝʣʷ, ʷʢʠʡ ʟʘʚʝʨʰʫʻʪʴʩʷ ʚ ʪʦʯʮʽ ʉ. ʊʦʙʪʦ, ʚ ʩʝʛʤʝʥʪʽ ɺ-ʉ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʤʽʰʘʥʠʡ ʩʪʘʥ. ʊʦʯʢʘ D ʚʽʜʧʦʚʽʜʘʻ ʢʨʠʪʠʯʥʦʤʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʥʘʪʷʛʫ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʤʦʜʝʣʽ ɿʽʩʤʘʥʘ  ʜʣʷ ʘʥʘʣʦʛʽʯʥʦ ʨʽʚʥʠʭ ʧʦʚʝʨʭʦʥʴ.    

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʚʽʜʤʽʥʥʽʩʪʴ ʪʦʯʢʠ C ʪʘ ʪʦʯʢʠ D, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʩʪʫʣʘʪ ɿʽʩʤʘʥʘ ʧʨʦ ʪʝ, ʱʦ ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ʪʚʝʨʜʦʛʦ ʪʽʣʘ 

ʜʦʨʽʚʥʶʻ ʧʦʚʝʨʭʥʝʚʽʡ ʝʥʝʨʛʽʾ ʨʽʜʠʥʠ, ʷʢʘ ʡʦʛʦ ʧʦʚʥʽʩʪʶ ʟʤʦʯʫʻ. ɺʽʨʦʛʽʜʥʦ, 

ʚʽʜʤʽʥʥʽʩʪʴ ʦʙʫʤʦʚʣʝʥʘ ʢʘʧʽʣʷʨʥʠʤʠ ʝʬʝʢʪʘʤʠ ʚ ʧʦʚʝʨʭʥʝʚʽʡ ʪʝʢʩʪʫʨʽ, ʘ ʩʘʤʝ ʪʠʤ 

ʬʘʢʪʦʤ ʱʦ ʧʨʠ ʜʦʩʪʘʪʥʽʡ ʜʦʣʽ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʧʦʚʥʝ ʟʤʦʯʫʚʘʥʥʷ  ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ 

ʚʠʱʠʭ ʟʥʘʯʝʥʥʷʭ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʨʽʜʠʥʠ ʥʽʞ ʮʝ ʙ ʤʘʣʦ ʤʽʩʮʝ ʥʘ ʧʣʘʩʢʠʭ 

ʧʦʚʝʨʭʥʷʭ.  

ʅʘʷʚʥʽʩʪʴ ʪʘʢʦʾ ʘʥʦʤʘʣʽʾ ʥʘ ʛʨʘʬʽʢʫ ɿʽʩʤʘʥʘ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʜʞʝʨʝʣʦʤ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʽʡʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʜʦ ʜʽʾ ʨʽʜʠʥ ʟʽ ʟʥʠʞʝʥʠʤ ʧʦʚʝʨʭʥʝʚʠʤ ʥʘʪʷʛʦʤ, 

ʦʮʽʥʢʦʶ ʤʽʨʠ çʧʦʣʷʨʥʦʩʪʽè ʚʠʩʪʫʧʽʚ ʧʦʚʝʨʭʥʽ ʟ ʷʢʠʤʠ ʢʦʥʪʘʢʪʫʻ ʢʨʘʧʣʷ. ʄʝʪʦʜ ʻ 

ʜʫʞʝ ʯʫʪʣʠʚʠʤ ʜʦ ʥʝʚʝʣʠʢʠʭ ʟʤʽʥ ʚ ʩʢʣʘʜʽ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʠʟʴʢʦʶ 

ʝʥʝʨʛʽʻʶ.  

 

2.2.3. ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʧʦʢʨʠʪʪʽʚ 

ɺʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʦ ʜʽʾ ʬʘʢʪʦʨʽʚ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʪʘʢʽ ʬʘʢʪʦʨʠ ʷʢ 

ʜʦʚʛʦʪʨʠʚʘʣʘ ʜʽʷ ʩʪʘʪʠʯʥʦʾ ʚʦʜʠ, ʫʣʴʪʨʘʬʽʦʣʝʪʫ, ʜʠʥʘʤʽʯʥʘ ʜʽʷ ʚʦʜʠ ʢʦʤʙʽʥʦʚʘʥʘ ʟ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʪʘ ʜʽʷ ʘʙʨʘʟʠʚʥʠʭ ʯʘʩʪʠʥʦʢ ï ʪʠʧʦʚʽ ʚ ʫʤʦʚʘʭ 

ʥʝʧʨʦʤʠʩʣʦʚʠʭ ʘʪʤʦʩʬʝʨ ʟʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ISO 9223.  



113 
 

ʉʪʽʡʢʽʩʪʴ ʧʦʚʝʨʭʦʥʴ ʜʦ ʩʪʘʪʠʯʥʦʾ ʜʽʾ ʚʦʜʠ ʚʠʟʥʘʯʘʣʘʩʷ ʟʘʥʫʨʝʥʥʷʤ ʟʨʘʟʢʽʚ ʚ 

ʻʤʥʽʩʪʴ ʟ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʥʘ ʛʣʠʙʠʥʫ 4 ʩʤ ʪʘ ʚʠʪʨʠʤʢʦʶ ʚ ʥʽʡ ʧʨʦʪʷʛʦʤ 

ʚʠʟʥʘʯʝʥʦʛʦ ʯʘʩʫ. ʂʦʞʥʽ 30 ʭʚ. ʚʠʪʨʠʤʢʠ ʟʨʘʟʢʠ ʚʠʡʤʘʣʠ, ʚʦʜʫ, ʷʢʘ ʟʘʣʠʰʠʣʘʩʷ 

ʟʚôʷʟʘʥʦʶ ʟʘ ʨʘʭʫʥʦʢ ʢʘʧʽʣʷʨʥʠʭ ʩʠʣ ʥʘ ʧʦʚʝʨʭʥʽ ʟʣʠʚʘʣʠ, ʘ ʟʘʣʠʰʢʠ ʧʨʦʩʫʰʫʚʘʣʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 60 Áʉ ʜʦ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ. ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʦ 

ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʣʠ ʾʭ ʧʘʨʘʤʝʪʨʠ ʟʤʦʯʫʚʘʥʥʷ.  

ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ 

ʟʘ ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʨʦʮʝʜʫʨʘʤʠ, ʚʠʟʥʘʯʝʥʠʤʠ ʩʪʘʥʜʘʨʪʦʤ ASTM D 4329 ʪʘ 

ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʨʘʢʪʠʢʘʤʠ ASTM G 154 ʽ ASTM G 151. ɼʣʷ ʽʤʽʪʘʮʽʾ ʩʦʥʷʯʥʦʛʦ 

ʩʚʽʪʣʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʪʘ ʢʦʨʦʪʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʋʌ-ʭʚʠʣʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ 

ʬʣʫʦʨʝʩʮʝʥʪʥʘ ʣʘʤʧʘ 340 UVA ʧʦʪʫʞʥʽʩʪʶ 400 ɺʪ. 12-ʛʦʜʠʥʥʠʡ ʮʠʢʣ ʚʠʧʨʦʙʫʚʘʥʴ 

ʚʽʜʧʦʚʽʜʘʚ ʩʪʘʥʜʘʨʪʫ ASTM 4329 ʎʠʢʣ ɸ: 8 ʛʦʜʠʥ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ 

ʥʝʽʟʦʣʴʦʚʘʥʦʾ ʯʦʨʥʦʾ ʧʘʥʝʣʽ ʧʨʠ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 60 Ñ 3 ÁC ʟ ʥʘʩʪʫʧʥʠʤ 

4-ʛʦʜʠʥʥʠʤ ʧʝʨʽʦʜʦʤ ʢʦʥʜʝʥʩʘʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 50 Ñ 3 ÁC.  

ɼʣʷ ʚʠʧʘʜʢʫ ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʦʢʨʠʪʪʷ ʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʧʣʠʚʫ 

ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʩʪʘʥʜʘʨʪʥʘ ʤʝʪʦʜʠʢʘ ʙʫʣʘ ʩʢʦʨʠʛʦʚʘʥʘ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɿʨʘʟʦʢ ʚʩʪʘʥʦʚʣʶʚʘʚʩʷ ʥʘ ʦʙʝʨʪʦʚʠʡ (1 ʩ-1) ʮʠʣʽʥʜʨ, ʟʘʥʫʨʝʥʠʡ 

ʚ ʮʠʨʢʫʣʶʶʯʫ ʜʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ ʥʘ 1/3 ʡʦʛʦ ʜʽʘʤʝʪʨʘ (ʟ ʧʦʩʪʽʡʥʦ ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ 

ʧʨʦʚʽʜʥʽʩʪʶ ʥʝ ʙʽʣʴʰʝ 5 ʤʢʉʤ/ʩʤ). ʏʘʩ ʮʠʢʣʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʩʚʽʪʣʘ/ʪʝʤʨʷʚʠ ʟʘʣʠʰʘʣʠʩʷ ʥʝʟʤʽʥʥʠʤʠ. ʎʝʡ ʮʠʢʣ ʟ ʦʙʝʨʪʘʥʥʷʤ ʟʨʘʟʢʘ ʥʘʜʘʣʽ ʙʫʜʝ 

ʧʦʟʥʘʯʘʪʠʩʷ ʷʢ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʮʠʢʣ. 

ʇʽʩʣʷ ʝʢʩʧʦʥʫʚʘʥʥʷ ʚ ʜʠʥʘʤʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʨʘʟʢʠ ʚʠʩʫʰʫʚʘʣʠʩʷ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚ ʩʫʭʦʤʫ ʝʢʩʠʢʘʪʦʨʽ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʣʠʩʷ ʥʝ ʤʝʥʰʝ 3 ʜʽʙ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʟ 30 % ʚʦʣʦʛʽʩʪʶ ʧʽʩʣʷ ʯʦʛʦ ʧʨʦʚʦʜʠʣʦʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʾʭ 

ʤʦʨʬʦʣʦʛʽʾ, ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʧʘʨʘʤʝʪʨʽʚ ʟʤʦʯʫʚʘʥʥʷ, ʪʦʱʦ.  

ʉʪʽʡʢʽʩʪʴ ʧʦʚʝʨʭʦʥʴ ʜʦ ʜʽʾ ʧʦʪʦʢʫ ʘʙʨʘʟʠʚʫ ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʤʝʪʦʜʠʢʦʶ ASTM 

D968-22, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʟʤʽʥʠ ʮʽʣʴʦʚʦʛʦ ʧʘʨʘʤʝʪʨʫ (ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʪʘ 

ʢʫʪ ʩʢʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʟʤʽʥʘ ʾʭ ʤʘʩʠ) ʧʨʠ ʜʽʾ ʥʘ ʮʶ ʧʦʚʝʨʭʥʶ ʘʙʨʘʟʠʚʥʠʭ 
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ʯʘʩʪʠʥʦʢ (ʢʚʘʨʮʦʚʦʛʦ ʧʽʩʢʫ ʬʨʘʢʮʽʻʶ 100-250 Õʤ) ʬʽʢʩʦʚʘʥʦʾ ʤʘʩʠ. ʂʽʣʴʢʽʩʪʴ 

ʘʙʨʘʟʠʚʫ ʢʦʥʪʨʦʣʶʚʘʣʘʩʷ ʧʦʨʮʽʷʤʠ ʧʦ 25 ʛ, ʚʠʩʦʪʘ ʧʘʜʽʥʥʷ ʯʘʩʪʠʥʦʢ ʧʽʩʢʫ ʩʢʣʘʜʘʣʘ 

150 ʩʤ, ʢʫʪ ʧʽʜ ʷʢʠʤ ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʚʝʨʭʥʷ ʟʨʘʟʢʫ ʜʦ ʜʽʾ ʧʦʪʦʢʫ - 45Á. ʇʽʩʣʷ 

ʧʨʦʭʦʜʞʝʥʥʷ ʢʦʞʥʦʾ ʧʦʨʮʽʾ ʘʙʨʘʟʠʚʫ ʟʨʘʟʢʠ ʦʙʜʫʚʘʣʠʩʷ ʩʪʠʩʥʝʥʠʤ ʧʦʚʽʪʨʷʤ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʟʘʣʠʰʢʽʚ ʘʙʨʘʟʠʚʫ ʪʘ ʬʨʘʛʤʝʥʪʽʚ ʚʠʥʝʩʝʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʢʨʠʪʪʷ, ʧʽʩʣʷ 

ʯʦʛʦ ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ ʮʽʣʴʦʚʽ ʧʘʨʘʤʝʪʨʠ ʧʦʚʝʨʭʥʽ.   

ɺʠʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʜʦ ʜʽʾ ʨʽʜʠʥ ʟ ʧʦʥʠʞʝʥʠʤ ʧʦʚʝʨʭʥʝʚʠʤ 

ʥʘʪʷʛʦʤ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʦʜʠ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʡʦʛʦ ʟʥʘʯʝʥʥʷ, ʧʨʠ 

ʷʢʦʤʫ ʟʙʝʨʽʛʘʚʩʷ ʩʪʘʥ ʂʘʩʽ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʚʠʩʦʢʽ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʘ 

ʤʝʪʦʜʦʤ ʚʠʢʦʥʘʥʥʷ ʻ ʘʥʘʣʦʛʽʯʥʠʤ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʧʠʩʘʥʦʛʦ ʚ ʨʦʟʜʽʣʽ 2.2.2 

ʤʝʪʦʜʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʦʙʫʜʦʚʠ ʢʨʠʚʦʾ ɿʽʩʤʘʥʘ ʘʙʦ ʆʫʝʥʩʘ-ɺʝʥʜʪʘ. 

ʌʽʢʩʫʚʘʣʦʩʷ ʟʥʘʯʝʥʥʷ ʥʘʡʤʝʥʰʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʨʽʜʠʥʠ, ʧʨʠ ʷʢʦʤʫ ʩʪʘʥ 

ʟʤʦʯʫʚʘʥʥʷ ʂʘʩʽ-ɹʘʢʩʪʝʨʘ  ʟʘʣʠʰʘʚʩʷ ʩʪʘʙʽʣʴʥʠʤ. ʇʦʨʽʚʥʶʶʯʠ ʮʽ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʤʦʞʥʘ ʙʫʣʦ ʟʘʢʣʶʯʠʪʠ ʷʢʘ ʟ ʥʠʭ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʱʦʶ ʧʦʣʷʨʥʽʩʪʶ, 

ʘʙʦ ʙʽʣʴʰʝ ʧʦʣʷʨʠʟʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʝʨʝʙʽʛʘʥʥʷ ʜʝʩʪʨʫʢʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ.  

 

2.3. ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʇʝʨʚʠʥʥʘ ʦʙʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʟʥʘʭʦʜʞʝʥʥʷ ʜʦʚʽʨʯʠʭ 

ʽʥʪʝʨʚʘʣʽʚ ʽ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʨʦʙʦʪʽ ʚʠʢʦʥʫʚʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ t-ʢʨʠʪʝʨʽʷ 

ʉʪʴʶʜʝʥʪʘ ʧʨʠ ʫʤʦʚʽ ʨʽʚʥʷ ʜʦʚʽʨʯʦʾ ʚʽʨʦʛʽʜʥʦʩʪʽ Pʜ= 95%. ʆʮʽʥʢʘ ʤʝʞ ʜʦʚʽʨʯʦʛʦ 

ʽʥʪʝʨʚʘʣʫ ʧʨʦʚʦʜʠʣʘʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (31):  

 

ὢ
Ѝ

                                                              (31) 

ʜʝ ů ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʜʦʩʣʽʜʞʝʥʥʷ, ts ï ʪʘʙʣʠʯʥʝ ʟʥʘʯʝʥʥʷ t-

ʢʨʠʪʝʨʽʷ ʉʪʴʶʜʝʥʪʘ, n ï ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʽʚ ʫ ʚʠʙʽʨʮʽ; 
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ɺ ʪʦʤʫ ʚʠʧʘʜʢʫ ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʩʪʘʥʜʘʨʪʥʽ ʤʝʪʦʜʠʢʠ ʽʟ ʟʘʟʥʘʯʝʥʠʤ 

ʘʣʛʦʨʠʪʤʦʤ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ï ʚʦʥʠ ʧʨʠʡʤʘʣʠʩʷ ʷʢ ʨʦʙʦʯʽ ʧʨʠ 

ʦʙʨʦʙʮʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʫʚʘʣʦʩʷ 

ʟʘ ʬʦʨʤʫʣʦʶ (32):  

„
В ȿ Ӷȿ

                                                    (32) 

ʜʝ ὼ ï ʨʝʟʫʣʴʪʘʪ ʝʢʩʧʝʨʠʤʝʥʪʫ, ὼӶ - ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʪʘʢʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ; n - ʢʽʣʴʢʽʩʪʴ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚ ʨʘʤʢʘʭ ʚʠʙʦʨʢʠ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʨʦʟʨʘʭʫʥʦʢ 

ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʣʝʣʴʥʠʭ ʜʦʩʣʽʜʽʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʠʪʝʨʽʶ ʂʦʭʨʝʥʘ, ʘ ʩʘʤʝ: 

1) ʜʣʷ ʢʦʞʥʦʾ ʩʝʨʽʾ ʧʘʨʘʣʝʣʴʥʠʭ ʜʦʩʣʽʜʽʚ ʨʦʟʨʘʭʦʚʘʥʦ ʩʝʨʜʝʥʴʢ ʘʨʠʬʤʝʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʚʽʜʢʣʠʢʫ (33): 

ώ В ώ                                            (33) 

2) ʧʝʨʝʚʽʨʢʠ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʢʨʠʪʝʨʽʡ 

ʂʦʭʨʝʥʘ (34): 

Ὃ
В

                                                 (34) 

 

ʜʝ ï άὥὼὛ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʜʠʩʧʝʨʩʽʾ, ʘ ï 

В Ὓ ʩʫʤʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʜʠʩʧʝʨʩʽʾ; 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʟ ʪʘʙʣʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʨʠʪʝʨʽʷ 

ʂʦʭʨʝʥʘ ʜʣʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 0,95.  

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʛʽʧʦʪʝʟ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ f-

ʢʨʠʪʝʨʽʡ ʌʽʰʝʨʘ.  
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ɹʽʣʴʰʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ, ʘʧʨʦʢʩʠʤʘʮʽʡ, ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʙʫʜʦʚʘʥʠʭ ʤʦʜʫʣʝʡ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ Microcal Origin 7,0; 

MathCAD, ʘ ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʢʽʚ, ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʭ ʚ ʩʝʨʝʜʦʚʠʱʽ MS Excel.  

 

 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2  

ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʘʜʠʪʠʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ 

ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʚʘʥʥʷ ʪʦʥʢʦʰʘʨʦʚʠʭ ʦʨʛʘʥʦ-

ʤʽʥʝʨʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʚ ʷʢʠʭ ʨʦʣʴ ʬʦʨʤʫʶʯʠʭ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʝʣʝʤʝʥʪʽʚ 

ʧʦʚʝʨʭʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʚʠʢʦʥʫʚʘʣʠ ʤʽʥʝʨʘʣʴʥʽ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʽ ʯʘʩʪʠʥʢʠ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʦʣʝʡ ʪʘ ʦʢʩʠʜʽʚ, ʘ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ ï ʦʨʛʘʥʦʨʦʟʯʠʥʥʽ ʧʦʣʽʤʝʨʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʤʠʩʣʦʚʦ ʨʦʟʚʠʥʝʥʫ ʪʝʭʥʦʣʦʛʽʶ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʥʘʥʝʩʝʥʥʷ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʽʜʧʦʚʽʜʥʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʨʽʰʫʻ ʧʠʪʘʥʥʷ 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʽ ʟʘʚʠʱʝʥʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʪʘʢʠʭ ʧʦʚʝʨʭʦʥʴ; 

1. ʇʦʢʘʟʘʥʦ ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʨʦʛʝʥʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʪʘ ʮʴʦʛʦ ʞ ʤʘʪʝʨʽʘʣʫ, 

ʯʘʩʪʠʥʢʠ ʷʢʦʛʦ ʩʠʥʪʝʟʦʚʘʥʽ ʟʘ ʤʝʪʦʜʦʤ ʉʪʦʙʝʨʘ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʥʘʥʦʨʽʚʝʥʴ 

ʪʝʢʩʪʫʨʠ ʟ ʛʥʫʯʢʠʤ ʚʘʨʽʶʚʘʥʥʷʤ ʨʦʟʤʽʨʽʚ ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʠʥʦʢ ʚʽʜ 30 ʜʦ 300 ʥʤ ʽ 

ʚʠʱʝ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʽʢʨʦʨʽʚʥʷ ʪʝʢʩʪʫʨʠ ʦʙʨʘʥʦ ʨʷʜ ʧʨʦʤʠʩʣʦʚʦ ʜʦʩʪʫʧʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʪʘ 

ʚʘʨʽʶʚʘʥʥʷʤ ʾʭ ʬʦʨʤʠ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʣʦʨʠʟʦʚʘʥʠʭ 

ʚʽʜʭʦʜʽʚ (ʯʝʨʚʦʥʠʡ ʰʣʘʤ, ʬʽʣʴʪʨ-ʧʝʨʣʽʪ) ʚ ʷʢʦʩʪʽ ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʪʝʢʩʪʫʨ;  

2. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʝʢʩʪʨʘʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʪʝʢʩʪʫʨʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ 

ʤʝʪʘʣʽʚ ï ʘʙʣʷʮʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʫ, ʧʨʠʜʘʪʥʠʡ ʜʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʫʪʚʦʨʝʥʥʷ ʷʢ ʤʽʢʨʦʨʽʚʥʷ ʪʝʢʩʪʫʨʠ, ʪʘʢ ʽ ʥʘʥʦʨʽʚʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʫ LIPSS;  

3. ɺʨʘʭʦʚʫʶʯʠ ʧʦʣʷʨʥʠʡ ʭʘʨʘʢʪʝʨ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʽʚ ʪʝʢʩʪʫʨ, ʷʢʽ ʦʜʝʨʞʫʶʪʴʩʷ 

ʷʢ ʚ ʘʜʠʪʠʚʥʦʤʫ, ʪʘʢ ʽ ʚ ʝʢʩʪʨʘʢʪʠʚʥʦʤʫ ʤʝʪʦʜʘʭ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʷʜ 
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ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʪʘ ʘʣʽʬʘʪʠʯʥʠʭ ʢʘʨʙʦʥʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʦʩʪʘʥʥʽʭ. 

4. ʆʙʨʘʥʦ ʟʘʛʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ 

ʩʪʨʫʢʪʫʨʠ ʦʜʝʨʞʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʦʧʠʩʘʥʦ ʨʦʟʨʦʙʣʝʥʽ ʘʚʪʦʨʦʤ ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ 

ʟʤʦʯʫʚʘʥʦʩʪʽ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʾʭ ʩʪʽʡʢʦʩʪʽ ʚ ʫʤʦʚʘʭ ʜʽʾ ʬʘʢʪʦʨʽʚ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

5. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʪʝʢʩʪʫʨʦʚʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʷʢ ʛʝʪʝʨʦʬʘʟʥʠʭ ʩʠʩʪʝʤ, ʚ ʷʢʠʭ ʨʦʣʴ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʚʠʢʦʥʫʶʪʴ 

ʚʠʩʪʫʧʠ ʪʝʢʩʪʫʨʠ, ʘ ʜʨʫʛʦʶ ʬʘʟʦʶ ʻ ʦʢʣʶʜʦʚʘʥʝ ʤʽʞ ʥʠʤʠ ʧʦʚʽʪʨʷ, ʱʦ ʟʫʤʦʚʣʶʻ 

ʚʠʥʠʢʥʝʥʥʷ ʘʥʦʤʘʣʽʾ ʟʤʦʯʫʚʘʥʥʷ ʂʘʩʽ-ɹʘʢʩʪʝʨʘ. ɺʧʝʨʰʝ ʦʧʠʩʘʥʦ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʘʥʦʤʘʣʽʾ ʛʨʘʬʽʢʽʚ ɿʽʩʤʘʥʘ.    

 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ 

ʥʘʚʝʜʝʥʦ ʫ ʪʘʢʠʭ ʧʫʙʣʽʢʘʮʽʷʭ (ɼʦʜʘʪʦʢ ɸ): [1, 2, 4, 6, 7, 8, 14, 15, 17, 18, 21, 22]. 
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ʈʆɿɼɯʃ 3 ʌɯɿʀʂʆ-ʍɯʄɯʏʅɯ ɿɸʉɸɼʀ ʉʊɺʆʈɽʅʅʗ ɽʃɽʄɽʅʊɯɺ 

ʊʆʇʆɻʈɸʌɯɰ ɸɼʀʊʀɺʅʀʍ ʊɽʂʉʊʋʈ ʊɸ ʈɽɻʋʃʖɺɸʅʅʗ ɰʍ 

ʇʆɺɽʈʍʅɽɺʆɰ ɽʅɽʈɻɯɰ 

ʊʝʢʩʪʫʨʘ ʧʦʚʝʨʭʥʽ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʢʨʠʪʪʽʚ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʘ ʚ 

ʪʦʥʢʦʤʫ ʰʘʨʽ ʧʨʠʥʮʠʧʦʚʦ ʜʚʦʤʘ ʰʣʷʭʘʤʠ: ʘʜʠʪʠʚʥʠʤ ï ʯʝʨʝʟ ʥʘʥʝʩʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʰʘʨʽʚ ʘʙʦ ʝʢʩʪʨʘʢʪʠʚʥʠʤ ï ʯʝʨʝʟ ʚʠʜʘʣʝʥʥʷ ʯʘʩʪʠʥʠ ʚʠʭʽʜʥʦʾ ʧʦʚʝʨʭʥʽ. 

ɸʜʠʪʠʚʥʠʡ ʩʧʦʩʽʙ ʬʦʨʤʫʚʘʥʥʷ ʪʝʢʩʪʫʨʠ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʪʘʢʠʤʠ ʰʣʷʭʘʤʠ 

ʷʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʢʦʬʘʨʙʦʚʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʣʝʪʢʠʭ ʨʽʜʠʥ, ʷʢʽ ʚʠʜʘʣʷʶʪʴʩʷ ʚ 

ʭʦʜʽ ʦʪʚʝʨʜʞʝʥʥʷ ʧʦʢʨʠʪʪʷ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ  ʥʘʧʦʚʥʶʚʘʯ: 

ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯ ʟʥʘʯʥʦ ʚʠʱʝ ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ; ʧʨʦʚʝʜʝʥʥʽ ʟʦʣʴ-ʛʝʣʴ 

ʩʠʥʪʝʟʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʩʫʙʩʪʨʘʪʽ ʟ ʫʪʚʦʨʝʥʥʷʤ ʛʽʙʨʠʜʥʦʛʦ ʤʽʢʨʦ-

ʥʘʥʦʪʝʢʩʪʫʨʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ; ʢʦʥʜʝʥʩʘʮʽʾ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ; ʧʨʦʚʝʜʝʥʥʽ ʧʦʚʽʪʨʷʥʦʛʦ 

ʥʘʧʠʣʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ, ʨʦʟʧʣʘʚʫ ʚʦʩʢʽʚ ʪʘ ʧʦʣʽʤʝʨʽʚ. ʪʦʱʦ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʙʽʜʥʝʥʠʭ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʝʤ ʩʠʩʪʝʤ ʧʨʠ ʮʴʦʤʫ ʟʜʘʻʪʴʩʷ 

ʥʘʡʙʽʣʴʰ ʧʨʘʢʪʠʯʥʠʤ, ʦʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʦʙʨʝ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʨʦʟʚʠʥʝʥʽ ʧʨʠʡʦʤʠ ʜʦ ʥʘʥʝʩʝʥʥʷ ʨʽʜʢʠʭ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ʟʘʥʫʨʝʥʥʷ, ʧʥʝʚʤʘʪʠʯʥʝ ʥʘʧʠʣʝʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʢʪʦʨ ʙʣʝʡʜʫ ʘʙʦ  ʨʘʢʝʣʴʥʠʡ 

ʤʝʪʦʜ), ʘ ʪʘʢʦʞ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʠʨʦʢʠʡ ʘʨʩʝʥʘʣ ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʧʣʽʚʢʦʫʪʚʦʨʶʶʯʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʨʠʮʴ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ, 

ʩʪʽʡʢʽʩʪʶ ʜʦ ʜʽʾ ʘʛʨʝʩʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ, ʪʦʱʦ. 

ʅʘʧʦʚʥʶʚʘʯʽ ʪʘ ʧʽʛʤʝʥʪʠ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʠ ʮʴʦʤʫ ʚ ʨʦʣʽ ʬʦʨʤʫʶʯʠʭ ʪʝʢʩʪʫʨʫ 

ʝʣʝʤʝʥʪʽʚ ʪʘʢʦʞ ʤʦʞʫʪʴ ʦʙʠʨʘʪʠʩʷ ʟ ʰʠʨʦʢʦʛʦ ʧʝʨʝʣʽʢʫ ʢʣʘʩʽʚ ʤʘʪʝʨʽʘʣʽʚ: 

ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʧʦʨʽʚʥʷʥʦ ʽʥʝʨʪʥʠʭ ʜʨʦʙʣʝʥʦʛʦ ʤʘʨʤʫʨʫ ʪʘ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʟ 

ʢʫʙʽʯʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʜʦ ʜʽʘʪʦʤʽʪʫ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʦʟʚʠʥʝʥʠʤ ʨʝʣʴʻʬʦʤ 

ʪʘ ʚʘʨʽʘʮʽʻʶ ʬʦʨʤ ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʤʽʢʨʦʨʦʟʤʽʨʥʠʡ ʪʘ 

ʩʫʙʤʽʢʨʦʥʥʠʡ ʨʽʚʝʥʴ ʛʝʦʤʝʪʨʽʾ.  

ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʘʜʠʪʠʚʥʦʛʦ ʩʧʦʩʦʙʫ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʟʙʽʜʥʝʥʠʭ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʝʤ ʣʘʢʦʬʘʨʙʦʚʠʭ ʩʠʩʪʝʤ ʟ ʧʽʜʚʠʱʝʥʦʶ ʧʦʨʠʩʪʽʩʪʶ 

ʧʦʚʝʨʭʥʽ, ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʽʜʽʛʨʘʶʪʴ 

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. ʇʨʠ 
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ʦʜʥʦʯʘʩʥʦʤʫ ʚʚʝʜʝʥʥʽ ʜʦ ʩʢʣʘʜʫ ʧʦʢʨʠʪʪʷ ʯʘʩʪʠʥʦʢ ʨʽʟʥʠʭ ʬʨʘʢʮʽʡ ʤʦʞʣʠʚʠʤ ʻ 

ʦʜʝʨʞʘʥʥʷ ʽʻʨʘʨʭʽʯʥʠʭ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʪʝʢʩʪʫʨ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʠʭ 

ʯʘʩʪʠʥʦʢ (ʥʘʧʨʠʢʣʘʜ, ʚʠʢʨʠʚʣʝʥʠʭ ʧʣʘʩʢʠʭ ʫʣʘʤʢʽʚ, ʷʢ ʫ ʚʠʧʘʜʢʫ ʬʽʣʴʪʨ-ʧʝʨʣʽʪʫ) 

ʜʘʻ ʟʤʦʛʫ ʦʜʝʨʞʫʚʘʪʠ ʚʠʩʦʢʦʧʦʨʠʩʪʽ ʩʪʨʫʢʪʫʨʠ ʟ ʚʽʜʢʨʠʪʠʤʠ ʧʦʨʦʞʥʠʥʘʤʠ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʨʠʢʣʘʜʽʚ ʦʜʝʨʞʘʥʥʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ, ʩʠʩʪʝʤʥʠʡ 

ʥʘʫʢʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚʽʜʩʫʪʥʽʡ, ʟʦʢʨʝʤʘ 

ʥʝʟʨʦʟʫʤʽʣʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʚʧʣʠʚ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʤʽʢʨʦʨʦʟʤʽʨʥʦʾ ʬʨʘʢʮʽʾ ʥʘ 

ʭʘʨʘʢʪʝʨʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʧʘʪʝʨʥʠ ʦʨʛʘʥʽʟʘʮʽʾ ʩʫʤʽʰʽ 

ʤʽʢʨʦ- ʪʘ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ, ʚʧʣʠʚ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʥʘ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʧʝʨʝʭʦʜʫ ʟʽ ʩʪʘʥʫ ʂʘʩʽ ʜʦ ʩʪʘʥʫ ɺʝʥʮʝʣʷ.  

ʊʘʢʦʞ ʚ ʨʷʜʽ ʨʦʙʽʪ [188] ʢʦʥʩʪʘʪʫʻʪʴʩʷ ʚʠʨʽʰʘʣʴʥʠʡ ʚʧʣʠʚ ʚʚʝʜʝʥʥʷ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʠʭ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘʣʝ ʯʠʩʝʣʴʥʝ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʨʽʚʥʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʢʩʪʫʨʠ ʥʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʥʷ ʨʦʙʦʪʠ ʥʝ ʟʜʽʡʩʥʝʥʦ. ʊʘʢʦʞ ʚʽʜʢʨʠʪʠʤ 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʧʦ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʪʘʥʽʚ ʟʤʦʯʫʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʚʥʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʢʩʪʫʨʠ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʮʠʭ ʨʽʚʥʽʚ.  

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʰʣʷʭʦʤ ʘʜʠʪʠʚʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʪʦʧʦʛʨʘʬʽʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟʫ, ʟʦʢʨʝʤʘ ʧʨʦʮʝʩʫ ʉʪʦʙʝʨʘ. ɺ ʢʣʘʩʠʯʥʦʤʫ ʚʘʨʽʘʥʪʽ ʚʽʥ ʤʦʞʝ ʙʫʪʠ 

ʜʞʝʨʝʣʦʤ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʯʘʩʪʠʥʦʢ ï ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʣʷ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺ 

ʪʦʡ ʞʝ ʯʘʩ ʚʽʜʦʤʦ, ʱʦ ʟʤʽʥʘ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʢʣʘʩʠʯʥʦʛʦ ʩʪʦʙʝʨʽʚʩʴʢʦʛʦ ʩʠʥʪʝʟʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʜʝʨʞʘʥʥʷ ʘʛʣʦʤʝʨʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ ʟ ʧʝʚʥʦʶ ʘʜʛʝʟʽʻʶ ʜʦ 

ʩʫʙʩʪʨʘʪʽʚ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʩʠʥʪʝʟʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʢʨʠʪʪʽʚ. ʅʘ 

ʜʘʥʠʡ ʯʘʩ ʫʤʦʚʠ ʦʜʝʨʞʘʥʥʷ ʪʘʢʠʭ ʧʦʢʨʠʪʪʽʚ ʜʦʩʣʽʜʞʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ, ʷʢ ʽ ʘʩʧʝʢʪʠ 

ʪʦʥʢʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ ʧʨʦʜʫʢʪʫ ʩʠʥʪʝʟʫ. 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʻ ʬʦʨʤʫʣʶʚʘʥʥʷ ʥʘʫʢʦʚʠʭ ʟʘʩʘʜ 

ʦʜʝʨʞʘʥʥʷ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʜʠʪʠʚʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʨʫʢʪʫʨ. ʎʽ ʰʣʷʭʠ 

ʧʨʦʽʣʶʩʪʨʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʰʠʨʦʢʦ ʚʞʠʚʘʥʠʭ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢ ʽ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʢʨʝʤʥʝʟʝʤʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʨʦʜʫʢʪʽʚ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟʫ. 
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ʆʢʨʝʤʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʘʣʦʨʠʟʦʚʘʥʠʤ ʚʽʜʭʦʜʘʤ: ʬʽʣʴʪʨ-ʧʝʨʣʽʪʫ ʪʘ 

ʯʝʨʚʦʥʦʤʫ ʰʣʘʤʫ, ʥʘ ʧʨʠʢʣʘʜʽ ʷʢʠʭ ʧʨʦʽʣʶʩʪʨʦʚʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʥʠʞʝʥʥʷ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʪʘ ʚʽʜʧʦʚʽʜʥʦ, ʧʽʜʚʠʱʝʥʥʷ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʘʜʠʪʠʚʥʠʤ ʤʝʪʦʜʦʤ. ɸ ʪʘʢʦʞ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʩʧʦʩʽʙ ʫʪʠʣʽʟʘʮʽʾ ʮʠʭ ʪʝʭʥʦʛʝʥʥʠʭ ʚʽʜʭʦʜʽʚ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʢʽʥʮʝʚʦʶ ʤʝʪʦʶ ʪʝʢʩʪʫʨʫʚʘʥʥʷ ʻ ʦʜʝʨʞʘʥʥʷ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʧʦʢʨʠʪʪʽʚ ï ʚ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʘʢʦʞ 

ʭʽʤʽʯʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʧʦʚʝʨʭʥʽ ʪʘʢʠʭ ʯʘʩʪʠʥʦʢ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʾʾ ʧʦʚʝʨʭʥʝʚʦʾ 

ʝʥʝʨʛʽʾ. ʈʦʟʛʣʷʥʫʪʦ ʷʢ ʪʨʘʜʠʮʽʡʥʽ ʜʣʷ ʥʘʧʦʚʥʶʚʘʯʽʚ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʠ ï ʩʪʝʘʨʠʥʦʚʫ 

ʢʠʩʣʦʪʫ ʽ ʾʾ ʩʦʣʽ, ʪʘʢ ʽ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʤʦʜʠʬʽʢʘʪʦʨʠ ʚʢʣʶʯʘʶʯʠ ʘʣʢʦʢʩʠʣʘʥʠ.  

 

3.1. ʅʘʥʦʨʦʟʤʽʨʥʽ ʝʣʝʤʝʥʪʠ ʪʝʢʩʪʫʨʠ 

ɺ ʨʦʙʦʪʽ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʘʛʝʥʪʘ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʽʚʥʷ ʪʝʢʩʪʫʨʠ 

ʨʦʟʛʣʷʜʘʚʩʷ ʜʚʦʦʢʠʩ ʢʨʝʤʥʽʶ ʟ ʯʘʩʪʠʥʢʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʤʽʨʽʚ. ʊʘʢʠʤ ʚʠʙʽʨ 

ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʥʘʨʘʟʽ ʽʩʥʫʻ ʰʠʨʦʢʠʡ ʧʝʨʝʣʽʢ ʢʦʤʝʨʮʽʡʥʦ ʜʦʩʪʫʧʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʜʘʥʦʛʦ ʪʠʧʫ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʧʦʨʽʚʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ 

ʪʝʢʩʪʫʨ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ ʷʢ ʘʛʨʝʛʘʮʽʷ, ʨʦʟʤʽʨ ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʠʥʦʢ, 

ʪʠʧʫ ʧʦʚʝʨʭʥʝʚʦʾ ʦʙʨʦʙʢʠ, ʪʦʱʦ. ʅʘʥʦʯʘʩʪʠʥʢʠ ʜʠʦʢʩʠʜʫ ʢʨʝʤʥʽʶ, ʘʙʦ ʾʭ ʘʥʩʘʤʙʣʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʝʨʞʘʥʽ ʪʘʢʠʤʠ ʤʝʪʦʜʘʤʠ ʷʢ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟ, ʟʦʢʨʝʤʘ, ʤʝʪʦʜ 

ʉʪʦʙʝʨʘ ʪʘ ʧʽʨʦʛʝʥʥʠʤ ʰʣʷʭʦʤ [189].  

 

3.1.1. ɿʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟ ʉʪʦʙʝʨʘ 

ʆʜʝʨʞʘʥʥʷ ʯʘʩʪʠʥʦʢ ʤʝʪʦʜʦʤ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟʫ ʉʪʦʙʝʨʘ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʤʝʪʦʜʠʢʠ, ʥʘʚʝʜʝʥʦʾ ʚ ʨʦʟʜʽʣʽ 2.1.2.2. ʮʽʻʾ ʨʦʙʦʪʠ. ʇʽʩʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʾ ʦʜʝʨʞʘʥʽ ʯʘʩʪʠʥʢʠ ʙʫʣʦ ʧʨʦʤʠʪʦ ʜʝʽʦʥʽʟʦʚʘʥʦʶ ʚʦʜʦʶ ʢʽʣʴʢʘ 

(ʜʦ 10) ʨʘʟʽʚ, ʧʽʩʣʷ ʯʦʛʦ ʙʫʣʦ ʚʠʜʘʣʝʥʦ ʟʘʣʠʰʢʠ ʨʦʟʯʠʥʥʠʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʪʘʮʽʡʥʦʛʦ ʚʠʧʘʨʶʚʘʯʘ. 
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 4 ʧʘʨʠ 

ʨʦʟʯʠʥʥʠʢʽʚ, ʧʨʠ ʯʦʤʫ, ʦʜʥʠʤ ʟ ʨʦʟʯʠʥʥʠʢʽʚ ʚ ʢʦʞʥʽʡ ʧʘʨʽ ʙʫʚ ʩʧʠʨʪ. ɺʘʨʽʶʚʘʥʥʷ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʠʩʪʝʤʠ ʚʽʜʙʫʚʘʣʦʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʩʧʽʚ-

ʨʦʟʯʠʥʥʠʢʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʘʨʠ ʨʦʟʯʠʥʥʠʢʽʚ ʙʫʣʠ ʪʘʢʠʤʠ: ʽʟʦʙʫʪʘʥʦʣ + 

ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥ, ʽʟʦʙʫʪʘʥʦʣ + ʝʪʠʣʘʮʝʪʘʪ, ʽʟʦʙʫʪʘʥʦʣ + ʢʩʠʣʦʣ, ʽʟʦʧʨʦʧʘʥʦʣ + 

ʙʫʪʠʣʘʮʝʪʘʪ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʟʦʧʨʦʧʘʥʦʣʫ ʚ 4-ʽʡ ʧʘʨʽ ʜʘʣʦ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʚʧʣʠʚ 

ʟʤʽʥʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʥʦʚʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ (ʩʧʠʨʪʫ) ʥʘ 

ʛʝʦʤʝʪʨʽʶ ʦʪʨʠʤʘʥʠʭ ʯʘʩʪʠʥʦʢ. ɼʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʧʠʪʘʥʥʷ 

ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʧʠʨʪʫ ʽ ʩʧʽʚ-ʨʦʟʯʠʥʥʠʢʘ, ʘ 

ʩʘʤʝ ï 3:1, 2:1, 1:2, 1:3, 0:4, ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʧʽʚ-ʨʦʟʯʠʥʥʠʢʘ 

ʩʪʘʥʦʚʠʣʘ 25, 33, 66, 75, 100 ʤʘʩ. %. 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʠʩʧʝʨʩʽʡʥʠʭ (ŭD), ʧʦʣʷʨʥʠʭ (ŭP) ʪʘ ʚʦʜʥʝʚʠʭ (ŭH) 

ʚʟʘʻʤʦʜʽʡ ʨʦʟʯʠʥʥʠʢʽʚ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʚ ʜʦʩʣʽʜʞʝʥʽ, ʥʘʚʝʜʝʥʽ ʫ ʊʘʙʣ. 9. 

 

ʊʘʙʣʠʮʷ 9 ï ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʟʯʠʥʥʠʢʽʚ 

ʈʦʟʯʠʥʥʠʢ ŭD ŭP ŭH 

ɯʟʦʙʫʪʘʥʦʣ 15,1 5,7 15,9 

ɯʟʦʧʨʦʧʘʥʦʣ 15,8 6,1 16,4 

ʊʝʪʨʘʛʽʜʨʦʬʫʨʘʥ 16,8 5,7 8,0 

ɽʪʠʣʘʮʝʪʘʪ 15,8 5,3 7,2 

ɹʫʪʠʣʘʮʝʪʘʪ 15,8 3,7 6,3 

ʂʩʠʣʦʣ 17,8 1,0 3,1 

 

ʗʢ ʚʠʜʥʦ ʟ ʊʘʙʣ. 9, ʩʝʨʝʜ ʚʠʢʦʨʠʩʪʘʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ ʻ ʷʢ ʩʠʣʴʥʦ ʧʦʣʷʨʥʽ 

ʨʽʜʠʥʠ (ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥ ʪʘ ʝʪʠʣʘʮʝʪʘʪ) ʪʘʢ ʽ ʚʽʜʥʦʩʥʦ ʥʝʧʦʣʷʨʥʽ (ʢʩʠʣʦʣ). ɿʘ 

ʚʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʍʘʥʩʝʥʘ ʟ ʊʘʙʣ. 9 ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʧʘʨ ʨʦʟʯʠʥʥʠʢʽʚ ʟʘ ʬʦʨʤʫʣʦʶ (35) ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ: 
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ŭi =                                                     (35), 

ʜʝ i = D, P, H; 1 ï ʩʧʠʨʪ, 2 ï ʩʧʽʚ-ʨʦʟʯʠʥʥʠʢ, a i b ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʧʠʨʪʫ ʽ ʩʧʽʚ-

ʨʦʟʯʠʥʥʠʢʘ ʚʽʜʧʦʚʽʜʥʦ ʫ ʤʘʩ. %. 

 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʩʠʥʪʝʟʦʤ ʉʪʦʙʝʨʘ ʥʘʥʦʯʘʩʪʠʥʦʢ SiO2 ʙʫʣʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʾʭ ʨʦʟʤʽʨʽʚ ʥʘ ʬʦʪʦʛʨʘʬʽʷʭ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ. ʇʨʠʢʣʘʜʠ ʮʠʭ 

ʬʦʪʦʛʨʘʬʽʡ ʜʣʷ ʫʩʽʭ ʩʠʩʪʝʤ ʽʟ ʚʤʽʩʪʦʤ 66 ʤʘʩ. % ʩʧʽʚ-ʨʦʟʯʠʥʥʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʈʠʩ. 16.  

 

 

͊                                                          ͍ 

 

͋                                                          ͎ 

ʈʠʩʫʥʦʢ 16 ï ʉʪʨʫʢʪʫʨʘ ʯʘʩʪʠʥʦʢ ʢʨʝʤʥʝʟʝʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʠʩʪʝʤ:  

ʘ ï ʽʟʦʙʫʪʘʥʦʣ ʪʘ ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥ; ʙ ï ʽʟʦʙʫʪʘʥʦʣ ʪʘ ʝʪʠʣʘʮʝʪʘʪ;  

ʚ ï ʽʟʦʙʫʪʘʥʦʣ ʪʘ ʢʩʠʣʦʣ; ʛ ï ʽʟʦʧʨʦʧʘʥʦʣ ʪʘ ʙʫʪʠʣʘʮʝʪʘʪ. 
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ɿ ʥʘʚʝʜʝʥʠʭ ʥʘ ʈʠʩ. 16 ʬʦʪʦʛʨʘʬʽʡ ʚʠʜʥʦ, ʱʦ ʥʘʥʦʯʘʩʪʠʥʢʠ, ʦʪʨʠʤʘʥʽ ʚ 

ʩʠʩʪʝʤʘʭ ʘ ʽ ʙ ʚʠʛʣʷʜʘʶʪʴ ʜʦʩʠʪʴ ʨʽʚʥʦʤʽʨʥʠʤʠ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʠʤʠ, ʱʦ 

ʫʪʚʦʨʠʣʠʩʷ ʚ ʽʥʰʠʭ ʜʚʦʭ. ʊʘʢʦʞ ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʯʘʩʪʠʥʢʠ ʮʠʭ ʩʠʩʪʝʤ 

ʧʨʦʷʚʣʷʶʪʴ ʧʦʨʽʚʥʷʥʦ ʙʽʣʴʰʫ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʘʛʨʝʛʘʮʽʾ. 

ʅʘ ʦʩʥʦʚʽ ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʴ ʨʦʟʤʽʨʽʚ ʥʘʥʦʯʘʩʪʠʥʦʢ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ 

ʽʥʪʝʛʨʘʣʴʥʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʽ ʢʨʠʚʽ ʜʣʷ ʢʦʞʥʦʾ ʟ ʩʠʩʪʝʤ. ɿʘ ʽʥʪʝʛʨʘʣʴʥʠʤʠ ʢʨʠʚʠʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʥʘ ʈʠʩ. 17, ʤʦʞʥʘ ʩʫʜʠʪʠ ʧʨʦ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ 

ʢʨʝʤʥʝʟʝʤʫ ʟʘ ʨʦʟʤʽʨʦʤ ʪʘ ʾʭ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ. ʊʘʢ, 

ʟʘ ʜʘʥʠʤʠ ʢʨʠʚʠʤʠ ʚʠʜʥʦ, ʱʦ ʯʘʩʪʠʥʢʠ ʩʠʩʪʝʤ ʘ ʽ ʙ ʜʝʤʦʥʩʪʨʫʶʪʴ ʙʽʣʴʰʫ 

ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʠʩʪʝʤʘʤʠ ʚ ʽ ʛ, ʧʨʠ ʯʦʤʫ ʥʘʡʙʽʣʴʰʦʶ ʨʽʚʥʦʤʽʨʥʽʩʪʶ 

ʚʦʣʦʜʽʶʪʴ ʯʘʩʪʠʥʢʠ, ʦʪʨʠʤʘʥʽ ʚ ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥʽ.  

 

͊                                                          ͍ 

 

͋                                                          ͎ 

ʈʠʩʫʥʦʢ 17 ï ɯʥʪʝʛʨʘʣʴʥʽ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʢʨʝʤʥʝʟʝʤʫ ʟʘ ʨʦʟʤʽʨʦʤ ʫ 

ʩʠʩʪʝʤʘʭ: 

ʘ ï ʽʟʦʙʫʪʘʥʦʣ ʪʘ ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥ; ʙ ï ʽʟʦʙʫʪʘʥʦʣ ʪʘ ʝʪʠʣʘʮʝʪʘʪ;  

ʚ ï ʽʟʦʙʫʪʘʥʦʣ ʪʘ ʢʩʠʣʦʣ; ʛ ï ʽʟʦʧʨʦʧʘʥʦʣ ʪʘ ʙʫʪʠʣʘʮʝʪʘʪ. 
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ɸʥʘʣʽʟ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʘʻ ʩʭʦʞ ̔ʨʝʟʫʣʴʪʘʪʠ: ʥʘʡʙʽʣʴʰʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʘʨʠ ʘ (500-875 ʥʤ) ʽ ʙ (500-650 ʥʤ), ʜʝʱʦ ʤʝʥʰʠʤʠ 

ʨʦʟʤʽʨʠ ʤʘʶʪʴ ʯʘʩʪʠʥʢʠ ʩʠʩʪʝʤʠ ʛ (250-600 ʥʤ). ʅʘʡʤʝʥʰʽ ʯʘʩʪʠʥʢʠ ʨʦʟʤʽʨʦʤ 200-

250 ʥʤ ʩʢʣʘʜʘʶʪʴ ʦʩʥʦʚʥʫ ʤʘʩʫ ʢʨʝʤʥʝʟʝʤʫ, ʦʪʨʠʤʘʥʦʛʦ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʩʠʣʦʣʫ 

(ʨʠʩ. 17, ʚ). 

ʊʘʢʦʞ, ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʡ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʜʘʥʽ ʧʨʦ 

ʤʽʥʽʤʘʣʴʥʠʡ, ʩʝʨʝʜʥʽʡ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ ʜʣʷ ʢʦʞʥʦʾ ʟ ʨʝʮʝʧʪʫʨ. 

ʋʩʽ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣ. 10. 

 

ʊʘʙʣʠʮʷ 10 ï ʄʽʥʽʤʘʣʴʥʠʡ, ʩʝʨʝʜʥʽʡ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ SiO2 

ɺʤʽʩʪ 

ʨʦʟʯʠʥʥʠ

ʢʘ, ʤʘʩ. 

% 

ʈʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʢʨʝʤʥʝʟʝʤʫ, ʥʤ 

ɯʟʦʙʫʪʘʥʦʣ ʪʘ 

ʪʝʪʨʘʛʽʜʨʦʬʫʨʘ

ʥ 

ɯʟʦʙʫʪʘʥʦʣ ʪʘ 

ɽʪʠʣʘʮʝʪʘʪ 

ɯʟʦʙʫʪʘʥʦʣ ʪʘ 

ʂʩʠʣʦʣ 

ɯʟʦʧʨʦʧʘʥʦʣ ʪʘ 

ɹʫʪʠʣʘʮʝʪʘʪ 

ʤ
ʽ
ʥ

 

ʩ
ʝ
ʨ

 

ʤ
ʘ
ʢ
ʩ

 

ʤ
ʽ
ʥ

 

ʩ
ʝ
ʨ

 

ʤ
ʘ
ʢ
ʩ

 

ʤ
ʽ
ʥ

 

ʩ
ʝ
ʨ

 

ʤ
ʘ
ʢ
ʩ

 

ʤ
ʽ
ʥ

 

ʩ
ʝ
ʨ

 

ʤ
ʘ
ʢ
ʩ

 

25 451 697 1231 368 650 1355 107 271 426 62 249 337 

33 323 470 699 354 629 1178 38 226 494 86 370 634 

66 545 887 1306 311 547 758 485 1083 1658 49 373 821 

75 367 736 1259 339 536 695 - - - 334 649 1218 

100 965 1455 1898 583 1413 2108 - - - 
129

3 

142

8 
1513 

 

ɿʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʧʽʚ-ʨʦʟʯʠʥʥʠʢʘ (ʪʘʙʣ. 10) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʚ ʾʭ ʩʝʨʝʜʦʚʠʱʽ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ. ʅʘʡʙʽʣʴʰʠʤ ʨʦʟʤʽʨʦʤ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʯʘʩʪʠʥʢʠ, ʷʢʽ ʫʪʚʦʨʠʣʠʩʷ ʚ ʩʠʩʪʝʤʽ ʽʟʦʙʫʪʘʥʦʣ + 

ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥ, ʧʨʠ ʯʦʤʫ ʪʘʢʝ ʩʫʜʞʝʥʥʷ ʩʧʨʘʚʝʜʣʠʚʝ ʜʣʷ ʨʝʮʝʧʪʫʨ ʟ ʙʫʜʴ-ʷʢʠʤ 

ʚʤʽʩʪʦʤ ʩʧʽʚ-ʨʦʟʯʠʥʥʠʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʠʩʪʝʤ ʽʟ ʢʩʠʣʦʣʦʤ ʪʘ ʙʫʪʠʣʘʮʝʪʘʪʦʤ. ʇʘʨʘ 
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ʽʟʦʙʫʪʘʥʦʣ + ʝʪʠʣʘʮʝʪʘʪ ʚ ʮʽʣʦʤʫ ʜʝʤʦʥʩʪʨʫʻ ʩʭʦʞʽ ʨʝʟʫʣʴʪʘʪʠ, ʘʣʝ ʟ ʤʝʥʰʠʤʠ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʪʘ ʩʝʨʝʜʥʽʤʠ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʠʥʦʢ. ɺʘʨʪʦ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʮʷ 

ʧʘʨʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰʠʤʠ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʠʥʦʢ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʧʽʚ-

ʨʦʟʯʠʥʥʠʢʘ  ʫ 25, 33 ʪʘ 100 ʤʘʩ. %. ʇʨʦʚʝʜʝʥʥʷ ʩʠʥʪʝʟʫ ʉʪʦʙʝʨʘ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʢʩʠʣʦʣʫ ʚ ʦʙʣʘʩʪʽ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʯʘʩʪʠʥʢʠ ʽʟ 

ʥʘʡʤʝʥʰʠʤ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ.  

ʎʽʢʘʚʠʤ ʻ ʪʝ, ʱʦ ʥʘʜʣʠʰʦʢ ʩʧʽʚ-ʨʦʟʯʠʥʥʠʢʘ ʚ ʩʠʩʪʝʤʽ (ʢʦʥʮʝʥʪʨʘʮʽʷ > 50 ʤʘʩ. 

%) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʨʽʤʢʦʛʦ ʨʦʩʪʫ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʩʠʣʽʮʽʶ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ 

ʧʦʢʘʟʥʠʢʠ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʧʨʠ ʚʤʽʩʪʽ 66 ʤʘʩ. % ʢʩʠʣʦʣʫ. ʉʭʦʞʘ ʟʤʽʥʘ ʪʝʥʜʝʥʮʽʾ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʥʘʥʦʯʘʩʪʠʥʦʢ SiO2 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʡ ʫ ʚʠʧʘʜʢʫ 

ʽʟʦʧʨʦʧʘʥʦʣʫ ʽʟ ʙʫʪʠʣʘʮʝʪʘʪʦʤ, ʱʦʧʨʘʚʜʘ ʮʷ ʟʤʽʥʘ ʤʘʻ ʤʽʩʮʝ ʟʘ ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʩʧʠʨʪʫ. ʂʨʽʤ ʪʦʛʦ, ʥʘʷʚʥʽʩʪʴ ʦʜʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ, ʘ ʩʘʤʝ ʙʫʪʠʣʘʮʝʪʘʪʫ ʤʦʞʝ ʙʫʪʠ 

ʧʝʨʝʜʫʤʦʚʦʶ ʜʣʷ ʩʠʥʪʝʟʫ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ > 1 ʤʢʤ. ʇʨʦ ʮʝ ʩʚʽʜʯʘʪʴ ʜʘʥʽ ʪʘʙʣ. 

10, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʯʝʪʚʝʨʪʦʾ ʩʠʩʪʝʤʠ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 100 ʤʘʩ. % 

ʩʧʽʚ-ʨʦʟʯʠʥʥʠʢʘ. 

ɹʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʦʶ ʽʣʶʩʪʨʘʮʽʻʶ ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ 

ʢʨʝʤʥʽʶ ʚʽʜ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʯʠʥʥʠʢʽʚ ʻ ʧʦʙʫʜʦʚʘ ʪʨʠʢʫʪʥʠʢʽʚ 

ɻʽʙʙʩʘ. ʆʩʦʙʣʠʚʽʩʪʶ ʮʠʭ ʪʨʠʢʫʪʥʠʢʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʞʥʦʾ ʩʪʦʨʦʥʠ 

ʪʨʠʢʫʪʥʠʢʘ ʚ ʷʢʦʩʪʽ ʚʽʩʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʦʤʫ ʟ ʪʨʴʦʭ ʧʘʨʘʤʝʪʨʽʚ ʍʘʥʩʝʥʘ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʮʝ ʜʘʻ ʟʤʦʛʫ ʟʦʙʨʘʟʠʪʠ ʥʘ ʪʘʢʦʤʫ ʛʨʘʬʽʢʫ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʨʦʟʤʽʨʫ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ ʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʫʩʽʭ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ. ɼʣʷ ʙʽʣʴʰ ʽʣʶʩʪʨʘʪʠʚʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʪʨʠʢʫʪʥʠʢ ɻʽʙʙʩʘ ʜʣʷ ʩʝʨʝʜʥʽʭ ʨʦʟʤʽʨʽʚ ʥʘʥʦʯʘʩʪʠʥʦʢ (ʨʠʩ.18). 

ɿʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ 18. ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ ʚʽʜ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʯʠʥʥʠʢʽʚ, ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʠʭ 

ʊʘʙʣ. 9. ʊʘʢ, ʟʤʽʥʘ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ, ʫʪʚʦʨʝʥʠʭ ʩʠʩʪʝʤʘʤʠ ʟ ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥʦʤ ʽ 

ʝʪʠʣʘʮʝʪʘʪʦʤ ʧʨʦʽʣʶʩʪʨʦʚʘʥʘ ʚʽʜʨʽʟʢʦʤ BC ʥʘ ʨʠʩ. 18. ʇʨʠʯʠʥʦʶ ʪʘʢʦʾ ʧʨʘʢʪʠʯʥʦ 

ʽʜʝʥʪʠʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʤʦʞʝ ʙʫʪʠ ʚʝʣʠʢʘ ʩʭʦʞʽʩʪʴ ʢʦʞʥʦʛʦ ʟ ʪʨʴʦʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʮʠʭ ʨʦʟʯʠʥʥʠʢʽʚ.  
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ʈʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʘʨʽ ʽʟʦʙʫʪʘʥʦʣ ʪʘ ʢʩʠʣʦʣ ʚʽʜʤʽʯʝʥʽ ʥʘ 

ʚʽʜʨʽʟʢʫ FE, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʨʠʩ. 18, ʦʩʢʽʣʴʢʠ ʤʦʣʝʢʫʣʠ ʢʩʠʣʦʣʫ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʤʝʥʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʣʷʨʥʦʾ ʪʘ ʚʦʜʥʝʚʦʾ ʚʟʘʻʤʦʜʽʡ. ɯ, 

ʥʘʨʝʰʪʽ, ʨʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʦʟʯʠʥʽ ʙʫʪʠʣʘʮʝʪʘʪʫ ʽʟ ʩʝʨʝʜʥʽʤʠ ʥʘ ʬʦʥʽ 

ʽʥʰʠʭ ʨʦʟʯʠʥʥʠʢʽʚ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʽʜʨʽʟʢʦʤ AD 

ʧʦʩʝʨʝʜʠʥʽ ʚʠʜʽʣʝʥʦʾ ʦʙʣʘʩʪʽ ʪʨʠʢʫʪʥʠʢʘ. 

 

ʈʠʩʫʥʦʢ 18 ï ɿʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʥʘʥʦʯʘʩʪʠʥʦʢ SiO2 ʚʽʜ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʨʦʟʯʠʥʥʠʢʽʚ. 

 

ʈʦʟʛʣʷʥʝʤʦ ʚʧʣʠʚ ʢʦʞʥʦʛʦ ʟ ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʦ. ɿʨʦʩʪʘʥʥʷ ʜʠʩʧʝʨʩʽʡʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ 

ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ. ʎʶ ʪʝʥʜʝʥʮʽʶ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʥʘ ʪʨʠʢʫʪʥʠʢʫ, ʜʝ 

ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʨʦʩʪʫ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ. ʇʨʦ ʮʝ ʪʘʢʦʞ 

ʩʚʽʜʯʘʪʴ ʧʦʢʘʟʥʠʢʠ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ, ʫʪʚʦʨʝʥʠʭ ʚ ʩʠʩʪʝʤʽ ʽʟʦʙʫʪʘʥʦʣ + 

ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥ, ʷʢʠʤ ʚʽʜʧʦʚʽʜʘʻ ʣʽʥʽʷ BC ʥʘ ʪʨʠʢʫʪʥʠʢʫ.  
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ɼʠʩʧʝʨʩʽʡʥʽ ʩʢʣʘʜʦʚʽ ʮʠʭ ʨʦʟʯʠʥʥʠʢʽʚ ʩʢʣʘʜʘʶʪʴ 15,8 ʽ 16,8 ʚʽʜʧʦʚʽʜʥʦ, ʱʦ 

ʚʢʘʟʫʻ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʩʫʤʽʰʝʚʦʛʦ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʮʽʻʾ ʩʠʩʪʝʤʠ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥʫ, ʷʢʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ 

ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ SiO2. ʆʩʢʽʣʴʢʠ ʫ ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥʫ ʜʠʩʧʝʨʩʽʡʥʘ ʩʢʣʘʜʦʚʘ ʤʘʣʦ ʥʝ 

ʥʘʡʙʽʣʴʰʘ ʩʝʨʝʜ ʫʩʽʭ ʚʠʢʦʨʠʩʪʘʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ, ʪʦ ʽ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ, 

ʫʪʚʦʨʝʥʠʭ ʚ ʮʽʡ ʩʠʩʪʝʤʽ, ʻ ʥʘʡʙʽʣʴʰʠʤ ʜʣʷ ʢʦʞʥʦʾ ʨʝʮʝʧʪʫʨʠ. ɺʠʥʷʪʦʢ ʩʪʘʥʦʚʠʪʴ 

ʪʽʣʴʢʠ ʧʘʨʘ ʽʟʦʙʫʪʘʥʦʣ + ʢʩʠʣʦʣ, ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʷʢʦʾ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʩʧʽʚ-ʨʦʟʯʠʥʥʠʢʘ 66 ʤʘʩ. % ʙʽʣʴʰʠʡ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʯʘʩʪʠʥʢʘʤʠ ʨʝʮʝʧʪʫʨʠ ʟ 

ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥʫ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʫ ʢʩʠʣʦʣʫ ʜʠʩʧʝʨʩʽʡʥʠʡ ʩʢʣʘʜʥʠʢ 

ʧʘʨʘʤʝʪʨʫ ʍʘʥʩʝʥʘ ʱʝ ʙʽʣʴʰʠʡ, ʥʽʞ ʫ ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥʫ ʽ ʩʪʘʥʦʚʠʪʴ 17,8.  

ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʫʩʽʭ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ 

ʢʨʝʤʥʽʶ, ʦʪʨʠʤʘʥʠʭ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 66 ʤʘʩ. % ʢʩʠʣʦʣʫ ʪʘʢʦʞ ʧʦʚôʷʟʘʥʝ ʟ 

ʧʝʨʝʚʘʞʘʥʥʷʤ ʮʽʻʾ ʨʝʯʦʚʠʥʠ ʚ ʨʦʟʯʠʥʽ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʜʠʩʧʝʨʩʽʡʥʘ ʚʟʘʻʤʦʜʽʷ ʚ 

ʥʴʦʤʫ ʩʪʘʻ ʟʥʘʯʥʦ ʩʠʣʴʥʽʰʦʶ. 

ʇʘʨʘʤʝʪʨ ʧʦʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʩʧʽʚ-ʨʦʟʯʠʥʥʠʢʘ ʟʘʛʘʣʦʤ ʤʘʻ 

ʩʭʦʞʠʡ ʚʧʣʠʚ ʥʘ ʨʦʟʤʽʨʠ ʥʘʥʦʯʘʩʪʠʥʦʢ, ʦʪʨʠʤʘʥʠʭ ʚ ʭʦʜʽ ʩʠʥʪʝʟʫ ʉʪʦʙʝʨʘ. ʅʘ ʮʝ 

ʚʢʘʟʫʻ ʟʦʩʝʨʝʜʞʝʥʽʩʪʴ ʯʘʩʪʠʥʦʢ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʚʠʜʽʣʝʥʦʾ 

ʦʙʣʘʩʪʽ ʪʨʠʢʫʪʥʠʢʘ ʥʘ ʈʠʩ. 18. ʏʠʩʝʣʴʥʦ ʮʷ ʪʝʥʜʝʥʮʽʷ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤʠ 

ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʫ ʪʘʙʣ. 10, ʷʢʽ ʻ ʥʘʡʤʝʥʰʠʤʠ ʜʣʷ ʧʘʨʠ ʽʟʦʙʫʪʘʥʦʣ + ʢʩʠʣʦʣ 

(ʚʽʜʨʽʟʦʢ FE).  

ɿ ʫʩʽʭ ʚʠʢʦʨʠʩʪʘʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ, ʢʩʠʣʦʣ ʜʝʤʦʥʩʪʨʫʻ ʥʘʡʤʝʥʰʫ ʧʦʣʷʨʥʫ 

ʩʢʣʘʜʦʚʫ ʫ 1,0, ʱʦ ʽ ʟʫʤʦʚʣʶʻ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʚʽʜʨʽʟʢʫ FE ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ 

ʪʨʠʢʫʪʥʠʢʘ, ʷʢʘ ʽʣʶʩʪʨʫʻ ʩʠʩʪʝʤʠ ʟ ʥʘʡʤʝʥʰʦʶ ʧʦʣʷʨʥʦʶ ʚʟʘʻʤʦʜʽʻʶ. ʆʩʢʽʣʴʢʠ 

ʧʦʩʪʫʧʦʚʝ ʟʥʠʞʝʥʥʷ ʧʦʣʷʨʥʦʩʪʽ ʨʦʟʯʠʥʫ ʚʩʝ ʦʜʥʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ 

ʫʪʚʦʨʝʥʠʭ ʚ ʥʴʦʤʫ ʯʘʩʪʠʥʦʢ SiO2, ʪʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʧʦʨʽʚʥʷʥʦ 

ʩʠʣʴʥʽʰʠʡ ʚʧʣʠʚ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ. 

ʇʘʨʘʤʝʪʨ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ. ɿʘʛʘʣʴʥʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ 

ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʚʤʽʩʪʫ ʩʧʠʨʪʫ ʚ ʨʝʘʢʮʽʡʥʽʡ ʩʠʩʪʝʤʽ 

ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʫ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʟʤʽʥʽ 

ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ. ʊʘʢʠʡ ʚʠʩʥʦʚʦʢ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʫ 
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ʽʟʦʙʫʪʘʥʦʣʫ ʡ ʽʟʦʧʨʦʧʘʥʦʣʫ ʥʘʡʙʽʣʴʰʽ ʚʦʜʥʝʚʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʟʘʜʽʷʥʠʤʠ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʯʠʥʥʠʢʘʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʦʙʝʨʽʚʩʴʢʠʡ ʩʠʥʪʝʟ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʜʦʩʪʘʪʥʴʦ ʛʥʫʯʢʦ 

ʨʝʛʫʣʴʦʚʘʥʠʡ ʩʧʦʩʽʙ ʦʜʝʨʞʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ ʘʜʠʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ, 

ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʷʢʠʭ ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʷ ʚ ʤʝʞʘʭ ʚʽʜ ʤʽʢʨʦʥʽʚ ʜʦ ʜʝʩʷʪʢʽʚ 

ʥʘʥʦʤʝʪʨʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʯʠʥʥʠʢʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʩʠʥʪʝʟʫ. 

ɺʽʜʦʤʦ, ʱʦ ʧʦʚʝʨʭʥʷ ʪʘʢʠʭ ʯʘʩʪʠʥʦʢ ʦʜʥʘʢ ʻ ʜʦʩʪʘʪʥʴʦ ʧʦʣʷʨʥʦʶ, ʘ ʾʾ ʢʫʪ 

ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ï ʥʝʚʝʣʠʢʠʤ ʚʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʾ ʱʽʣʴʥʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʝʚʠʭ ſ Si ï OH ʛʨʫʧ [190]. ʇʠʪʘʥʥʷ ʟʥʠʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʮʠʭ 

ʯʘʩʪʠʥʦʢ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʜʚʠʩʦʢʠʭ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʭʘʨʘʢʪʝʨʥʽ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʤ ʧʦʚʝʨʭʥʷʤ. 

 

3.1.2. ʇʽʨʦʣʽʪʠʯʥʠʡ ʜʚʦʦʢʠʩ ʢʨʝʤʥʽʶ 

ʇʽʨʦʣʽʪʠʯʥʠʡ ʰʣʷʭ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʻ ʙʽʣʴʰ ʧʨʦʤʠʩʣʦʚʦ ʤʘʩʰʪʘʙʦʚʘʥʠʤ ʽ ʻ 

ʦʩʥʦʚʥʠʤ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʩʝʨʽʾ ʧʨʦʜʫʢʪʽʚ Aerosil ʢʦʤʧʘʥʽʾ Evonik. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ 

ʱʦ ʤʝʪʦʜ ʮʴʦʛʦ ʢʣʘʩʫ ʙʫʚ ʨʦʟʚʠʥʫʪʠʡ ʧʨʦʬʝʩʽʦʥʘʣʘʤʠ ʟ ɯʥʩʪʠʪʫʪʫ ʍʽʤʽʾ ʧʦʚʝʨʭʥʽ 

ʽʤ. ʆ. ʏʫʡʢʘ ʅɸʅ ʋʢʨʘʾʥʠ [192], [193] ʽ ʚʧʨʦʚʘʜʞʝʥʠʡ ʥʘ ʊʆɺ ñʂʘʨʧʘʪʠʥʘʬʪʦʭʽʤè 

(ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, ʋʢʨʘʾʥʘ). ʆʩʥʦʚʦʶ ʧʽʨʦʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʻ ʨʝʘʢʮʽʷ 

ʪʝʪʨʘʭʣʦʨʠʜʫ ʩʠʣʽʮʽʶ ʟ ʢʠʩʥʝʤ. ʌʘʢʪʦʨʘʤʠ, ʷʢʽ ʨʝʛʫʣʶʶʪʴ ʨʦʟʤʽʨ ʪʘ ʘʛʨʝʛʦʚʘʥʽʩʪʴ 

ʯʘʩʪʠʥʦʢ ʻ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʤʽʩʪ ʪʘ ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʨʝʘʛʝʥʪʽʚ ʜʦ ʟʦʥʠ 

ʚʟʘʻʤʦʜʽʾ.  

 ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʽʨʦʣʽʪʠʯʥʠʡ ʢʨʝʤʥʝʟʝʤ ʤʘʨʢʠ Aerosil R 972 ʷʢ ʤʘʪʝʨʽʘʣ 

ʟ ʥʠʟʴʢʦʘʛʨʝʛʦʚʘʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʷʢʽ ʥʝ ʟʤʝʥʰʫʶʯʠ ʩʫʪʪʻʚʦ ʤʽʢʨʦʨʽʚʝʥʴ 

ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʧʦʪʝʥʮʽʡʥʦ ʟʜʘʪʥʽ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦ- ʨʽʚʥʷ. ɼʠʩʧʝʨʩʥʠʡ 

ʢʨʝʤʥʝʟʝʤ ʮʽʻʾ ʤʘʨʢʠ ʻ ʧʦʚʝʨʭʥʝʚʦ ʦʙʨʦʙʣʝʥʠʤ ʜʠʤʝʪʠʣʜʠʭʣʦʨʩʠʣʘʥʦʤ, ʱʦ 

ʧʦʤʽʪʥʦ ʥʘ ɯʏ-ʩʧʝʢʪʨʘʭ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʈʠʩ 19). 



129 
 

 

ʈʠʩʫʥʦʢ 19 ï ɯʏ ʩʧʝʢʪʨ: a) Aerosil R 972; ʙ) ʥʘʥʦʯʘʩʪʠʥʦʢ ʢʨʝʤʥʝʟʝʤʫ; 

ʉʧʝʢʪʨ ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʦʛʦ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ (ʨʠʩ. 19 ʙ) ʤʽʩʪʠʪʴ 

ʩʤʫʛʫ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ ʟʚôʷʟʢʫ C-H ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 2921 cm-1 ʪʘ 2853 cm-1, ʱʦ 

ʚʢʘʟʫʻ ʥʘ ʦʯʽʢʫʚʘʥʫ [193] ʥʘʷʚʥʽʩʪʴ ʘʣʢʽʣʴʥʠʭ ʛʨʫʧ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʚ ʩʢʣʘʜʽ 

ʟʘʣʠʰʢʫ ʤʦʜʠʬʽʢʘʪʦʨʘ. ɼʝʬʦʨʤʘʮʽʡʥʘ ʯʘʩʪʠʥʘ ʩʧʝʢʪʨʫ ʢʦʣʠʚʘʥʴ ʘʣʢʽʣʴʥʠʭ ʛʨʫʧ, 

ʚʪʽʤ, ʝʢʨʘʥʫʻʪʴʩʷ ʰʠʨʦʢʦʶ ʩʤʫʛʦʶ ʧʦʛʣʠʥʘʥʥʷ ʟʚôʷʟʢʫ Si-O ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 1100 

cm-1. ɿʚʝʨʪʘʻ ʥʘ ʩʝʙʝ ʫʚʘʛʫ ʚʽʜʩʫʪʥʽʩʪʴ ʚ ʮʴʦʤʫ ʩʧʝʢʪʨʽ ʰʠʨʦʢʦʾ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʘʣʝʥʪʥʠʤ ʢʦʣʠʚʘʥʥʷʤ ʟʚôʷʟʢʫ =ʆ-ʅ ʚ ʩʢʣʘʜʽ ʘʜʩʦʨʙʦʚʘʥʦʾ ʚʦʜʠ ʟ 

ʢʦʦʨʜʠʥʘʪʘʤʠ 3400 cm-1, ʷʢʘ ʻ ʩʠʣʴʥʦ ʚʠʨʘʞʝʥʦʶ ʫ ʚʠʧʘʜʢʫ ʥʝʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʢʨʝʤʥʝʟʝʤʫ ʥʘʚʽʪʴ ʧʽʩʣʷ ʧʨʦʩʫʰʫʚʘʥʥʷ ʥʘ ʧʦʚʽʪʨʽ ʧʨʦʪʷʛʦʤ 48 ʛʦʜʠʥ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 105Áʉ (ʨʠʩ. 19 a).  

ʇʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʙʫʣʦ ʦʮʽʥʝʥʦ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ 

ɿʽʩʤʘʥʘ ʤʝʪʦʜʦʤ ʩʠʜʷʯʦʾ ʢʨʘʧʣʽ. ɼʣʷ ʮʴʦʛʦ 1 ʛ ʧʨʦʜʫʢʪʫ Aerosil 972 ʜʠʩʧʝʨʛʦʚʘʥʦʛʦ 

ʥʘ ʤʘʛʥʽʪʥʽʡ ʤʽʰʘʣʮʽ ʪʘ  ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʧʦʜʨʽʙʥʶʚʘʯʽ ʧʦʪʫʞʥʽʩʪʶ 50 ɺʪ ʚ 

ʩʝʨʝʜʦʚʠʱʽ 50 ʛ ʽʟʦʧʨʦʧʘʥʦʣʫ ʙʫʣʦ ʥʘʥʝʩʝʥʦ ʧʥʝʚʤʦʥʘʧʠʣʝʥʥʷʤ ʥʘ ʧʦʚʝʨʭʥʶ 

ʦʯʠʱʝʥʦʛʦ ʤʽʢʨʦʩʢʦʧʥʦʛʦ ʩʢʣʘ. ʊʦʚʱʠʥʘ ʰʘʨʫ ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ 

ʟʥʘʭʦʜʠʣʘʩʷ ʚ ʤʝʞʘʭ 60-90 ʤʢʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ ʢʦʥʪʘʢʪʫ 

ʧʨʦʙʥʠʭ ʨʽʜʠʥ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʧʦʚʝʨʭʥʝʶ ʥʦʩʽʷ ʙʝʟ ʟʤʦʯʫʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ. 
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ɺʠʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʠʨʪʦ-

ʚʦʜʥʠʭ ʩʫʤʽʰʝʡ ʟ ʚʽʜʦʤʦʶ ʧʦʚʝʨʭʥʝʚʦʶ ʝʥʝʨʛʽʻʶ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 25 ʜʦ 72 ʤɼʞ/ʤ2.   

ʗʢ ʚʠʜʥʦ ʟ ʈʠʩ. 20, ʛʨʘʬʽʢ ɿʽʩʤʘʥʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʚʦʻʾ ʟʚʠʯʘʡʥʦʾ ʣʽʥʽʡʥʦʾ 

ʬʦʨʤʠ ʽ ʧʨʠʡʤʘʻ ʾʾ ʣʠʰʝ ʚ ʢʽʥʮʝʚʦʤʫ ʩʝʛʤʝʥʪʽ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʩʪʨʽʤʢʦʤʫ 

ʟʥʠʞʝʥʥʶ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʩʪʨʽʤʢʦʛʦ ʧʝʨʝʭʦʜʫ ʟʽ ʩʪʘʥʫ ʂʘʩʽ ʜʦ ʩʪʘʥʫ 

ɺʝʥʮʝʣʷ ʪʘ ʥʘʩʪʫʧʥʦʛʦ ʢʘʧʽʣʷʨʥʦʛʦ ʚʩʤʦʢʪʫʚʘʥʥʷ ʨʽʜʠʥʠ ʰʘʨʦʤ ʜʠʩʧʝʨʩʥʠʭ 

ʯʘʩʪʠʥʦʢ.  

ʅʘ ʧʝʨʰʦʤʫ ʩʝʛʤʝʥʪʽ ʛʨʘʬʽʢʫ ʚ ʤʝʞʘʭ ʚʽʜ 50 ʜʦ 72 ʤɼʞ/ʤ2 ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 145Á, ʟ 37,5 ʜʦ 50 ʤɼʞ/ʤ2  ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʭʽʜʥʠʡ 

ʧʝʨʽʦʜ ʤʽʞ ʩʪʘʥʘʤʠ ʢʨʘʧʣʽ ʥʘ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ ʽ ʥʠʞʯʝ 37,5 ʤɼʞ/ʤ2 ï ʦʙʣʘʩʪʴ 

ʧʦʚʥʦʛʦ ʟʤʦʯʫʚʘʥʥʷ. ɿʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʨʽʜʠʥʠ, ʧʨʠ ʷʢʦʤʫ ʢʫʪ 

ʟʤʦʯʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 90Á ʩʢʣʘʜʘʻ 32  ʤɼʞ/ʤ2, ʘ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ 

ʝʥʝʨʛʽʾ ï 24,5 ʤɼʞ/ʤ2, ʱʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʴ ʚʠʤʽʨʷʥʠʭ ʚ ʨʘʤʢʘʭ ʨʦʙʦʪʠ [194] 

ï 23,5 ʤɼʞ/ʤ2 .  

  

 

ʈʠʩʫʥʦʢ 20 ï ɻʨʘʬʽʢ ɿʽʩʤʘʥʘ ʜʣʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʫ Aerosil R 972 
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ɺ ʨʦʙʦʪʽ [195] ʧʦʢʘʟʘʥʦ ʱʦ ʜʣʷ ʧʣʘʩʢʠʭ ʧʦʚʝʨʭʦʥʴ, ʦʙʨʦʙʣʝʥʠʭ ʩʠʣʘʥʘʤʠ 

ʭʘʨʘʢʪʝʨʥʽ ʜʫʞʝ ʙʣʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʪʘ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʝʟʶʤʫʚʘʪʠ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ: ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʥʘʪʷʛʫ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ ʙʣʠʟʴʢʝ ʜʦ ʮʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʧʣʘʩʢʠʭ 

ʧʦʚʝʨʭʦʥʴ. ɺʝʣʠʢʝ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʤʘʻ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʧʝʨʝʭʦʜʫ 

ʚʽʜ ʣʽʥʽʡʥʦʛʦ ʧʝʨʰʦʛʦ ʩʝʛʤʝʥʪʫ ʢʨʠʚʦʾ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʽʡʢʽʩʪʴ 

ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʛʦ ʧʦʢʨʠʪʪʷ ʜʦ ʨʽʜʠʥ ʟʽ ʟʥʠʞʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʚʝʨʭʥʝʚʦʾ 

ʝʥʝʨʛʽʾ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʢʘʟʘʥʦ ʱʦ ʥʘʥʦʯʘʩʪʠʥʢʠ ʜʚʦʦʢʠʩʫ ʢʨʝʤʥʽʶ ʧʽʩʣʷ 

ʛʽʜʨʦʬʦʙʽʟʘʮʽʾ ʪʘ ʥʘʥʝʩʝʥʥʷ ʥʘ ʩʫʙʩʪʨʘʪ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ 

ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ï ʜʦ 145 Á, ʱʦ ʦʜʥʘʢ ʥʝ ʤʦʞʝ ʚʚʘʞʘʪʠʩʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʤ 

ʩʪʘʥʦʤ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʦ ʜʽʾ ʨʽʜʠʥ ʟ ʥʠʟʴʢʠʤ ʧʦʚʝʨʭʥʝʚʠʤ 

ʥʘʪʷʛʦʤ (ʚʪʨʘʪʘ ʩʪʘʥʫ ʂʘʩʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʠʞʯʝ 46 ʤɼʞ/ʤ2). ʅʝʜʦʩʷʞʥʽʩʪʴ 

ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʛʦ ʩʪʘʥʫ ʥʘ ʮʠʭ ʩʠʩʪʝʤʘʭ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʘ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʛʝʦʤʝʪʨʽʻʶ ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʘ ʻ ʙʣʠʟʴʢʦʶ ʜʦ ʩʬʝʨʠʯʥʦʾ. ʎʝ ʥʝ ʜʦʟʚʦʣʷʻ 

ʨʝʘʣʽʟʫʚʘʪʠ ʧʦʪʝʥʮʽʘʣ ʢʘʧʽʣʷʨʥʦʛʦ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ (ʷʢ ʮʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ 

ʚʠʧʘʜʢʫ ʢʦʣʠ ʬʦʨʤʫʶʯʽ ʝʣʝʤʝʥʪʠ ʩʪʨʫʢʪʫʨʠ ʫʪʚʦʨʶʶʪʴ ʢʘʧʽʣʷʨʠ ʟʥʘʯʥʦʾ ʛʣʠʙʠʥʠ) 

ʪʘ ʧʨʠʥʮʠʧ ʦʙʝʨʥʝʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʚʨʝʰʪʽ ʨʝʰʪ ʧʨʦʩʪʦʨʦʚʦ ʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ 

ʚʠʥʠʢʥʝʥʥʷ ʩʪʘʥʫ ɺʝʥʮʝʣʷ.  

ɺʪʽʤ, ʧʦʚʥʘ ʢʦʥʚʝʨʩʽʷ ʧʦʯʘʪʢʦʚʦ ʛʽʜʨʦʬʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ SiO2 ʫ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʡ ʩʪʘʥ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʽʜʨʦʬʦʙʽʟʘʮʽʾ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʯʘʩʪʠʥʦʢ ʚ ʷʢʦʩʪʽ ʥʘʥʦʨʽʚʥʷ ʽʻʨʘʨʭʽʯʥʠʭ 

ʪʝʢʩʪʫʨ, ʷʢʽ ʟʘ ʨʘʭʫʥʦʢ ʩʚʦʻʾ ʛʝʦʤʝʪʨʽʾ ʙʫʜʫʪʴ ʟʜʘʪʥʽ ʨʝʘʣʽʟʫʚʘʪʠ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʡ 

ʩʪʘʥ ʟʤʦʯʫʚʘʥʥʷ ʂʘʩʽ. ʎʝʡ ʧʦʪʝʥʮʽʘʣ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ 

ʘʜʠʪʠʚʥʠʭ ʧʦʢʨʠʪʪʷʭ ʨʘʟʦʤ ʟ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʨʽʚʥʷ ʪʝʢʩʪʫʨʠ 

ʤʽʥʝʨʘʣʴʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʚ ʩʚʦʶ ʯʝʨʛʫ ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʠʤʠ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʨʽʚʥʽ.  
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3.2. ʄʽʢʨʦʨʦʟʤʽʨʥʽ ʝʣʝʤʝʥʪʠ ʪʝʢʩʪʫʨʠ  

ʉʪʚʦʨʝʥʥʷ ʘʜʠʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʽʻʨʘʨʭʽʯʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʧʦʚʝʨʭʥʽ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʨʦʟʤʽʨʠ ʷʢʠʭ 

ʚʘʨʽʶʚʘʪʠʤʫʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ ʜʦʣʝʡ ʜʦ ʜʝʩʷʪʢʽʚ ʤʽʢʨʦʤʝʪʨʽʚ. ɺʝʨʭʥʷ ʤʝʞʘ ʧʨʠ 

ʮʴʦʤʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʦʙʤʝʞʝʥʥʷʤʠ ʪʝʭʥʦʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ ʪʘʢʠʭ ʧʦʢʨʠʪʪʽʚ, ʘ ʚ 

ʙʽʣʴʰ ʰʠʨʦʢʦʤʫ ʩʝʥʩʽ ï ʧʨʠʜʘʪʥʽʩʪʶ ʧʽʜʭʦʜʫ ʜʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘ 

ʨʦʣʴ ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʝʢʩʪʫʨʠ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʷʢ ʢʘʥʜʠʜʘʪʫʨʠ 

ʢʣʘʩʠʯʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʣʷ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʩʢʽʣʴʢʠ ʥʘʨʘʟʽ ʮʝ ʧʨʦʜʫʢʪʠ 

ʟ ʥʠʟʴʢʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ ʪʘ ʚʠʩʦʢʦʶ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʶ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʊʘʢʦʞ, ʚʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʘʥʫ ʟʤʦʯʫʚʘʥʥʷ ʂʘʩʽ-ɹʘʢʩʪʝʨʘ 

ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʪʠʧʦʚʽ ʜʣʷ ʣʘʢʦʬʘʨʙʦʚʠʭ ʧʦʢʨʠʪʪʽʚ 

ʤʘʪʝʨʽʘʣʠ ʟ ʣʫʩʢʫʥʯʘʩʪʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ, ʘ ʩʘʤʝ ʧʝʨʣʽʪʦʚʠʡ 

ʚʽʜʩʽʚ. ʏʘʩʪʠʥʢʠ ʧʦʜʽʙʥʠʭ ʣʫʩʢʫʥʯʘʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ ʧʨʠ 

ʥʘʥʝʩʝʥʥʽ ʟ ʩʫʩʧʝʥʟʽʡ ʥʝʟʜʘʪʥʽ ʫʪʚʦʨʶʚʘʪʠ ʱʽʣʴʥʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʟʫʤʦʚʣʶʻ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʠʩʪʠʭ ʰʘʨʽʚ ʟ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʰʦʨʩʪʢʦʩʪʽ, ʱʦ ʻ ʙʘʞʘʥʠʤ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʽʚ ʟʤʦʯʫʚʘʥʥʷ ʂʘʩʽ ʽ ɺʝʥʮʝʣʷ ʧʨʠ ʫʤʦʚʽ ʚʣʘʩʥʦʾ ʛʽʜʨʦʬʦʙʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ. ɺ ʨʦʟʜʽʣʽ ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʣʦʨʠʟʦʚʘʥʠʭ 

ʚʽʜʭʦʜʽʚ, ʟʦʢʨʝʤʘ ʨʝʛʝʥʝʨʦʚʘʥʦʛʦ ʬʽʣʴʪʨ-ʧʝʨʣʽʪʫ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʭʘʨʯʦʚʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ ʧʨʦʮʝʩʽ ʨʘʬʽʥʘʮʽʾ ʦʣʽʾ  ʚ ʷʢʦʩʪʽ ʜʦʧʦʤʽʞʥʦʾ ʤʝʤʙʨʘʥʠ. ɸ ʪʘʢʦʞ 

ʪʘʢʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʽʜʭʦʜʫ ʷʢ ʯʝʨʚʦʥʠʡ ʰʣʘʤ, ʷʢʠʡ ʤʘʻ ʤʽʢʨʦʨʦʟʤʽʨʥʽ ʯʘʩʪʠʥʢʠ.  

 

3.2.1. ʇʦʚʝʨʭʥʽ ʥʘ ʦʩʥʦʚʽ ʯʘʩʪʠʥʦʢ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ 

ʂʘʨʙʦʥʘʪ ʢʘʣʴʮʽʶ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʣʘʢʦʬʘʨʙʦʚʠʭ ʧʦʢʨʠʪʪʽʚ, ʧʣʘʩʪʠʯʥʠʭ ʤʘʩ ʪʘ ʝʣʘʩʪʦʤʝʨʽʚ ʟʘʚʜʷʢʠ 

ʥʠʟʴʢʽʡ ʩʦʙʽʚʘʨʪʦʩʪʽ ʪʘ ʚʽʜʥʦʩʥʽʡ ʽʥʝʨʪʥʦʩʪʽ ʧʦʚʝʨʭʥʽ. ʐʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʫʤʦʚʠʣʦ ʬʦʨʤʫʚʘʥʥʷ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʥʘʧʦʚʥʶʚʘʯʽʚ ʮʴʦʛʦ ʢʣʘʩʫ: ʪʨʘʜʠʮʽʡʥʦʾ 

ʦʩʘʜʦʚʦʾ ʢʨʝʡʜʠ ʪʘ ʬʨʘʢʮʽʡʥʦʛʦ ʜʨʦʙʣʝʥʦʛʦ ʤʘʨʤʫʨʫ. ɼʨʫʛʠʡ ʤʘʪʝʨʽʘʣ ʚ ʦʩʪʘʥʥʽʡ 

ʯʘʩ ʥʘʙʫʚʘʻ ʚʩʝ ʙʽʣʴʰʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʦ ʧʝʨʰʝ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʾ 
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ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʷʢʦʩʪʽ ʚ ʥʝʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʨʦʜʦʚʠʱʘ, ʘ ʧʦ-ʜʨʫʛʝ ï ʚʠʩʦʢʘ 

ʢʨʠʩʪʘʣʽʯʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʟʫʤʦʚʣʶʻ ʥʠʟʴʢʫ ʨʦʟʚʠʥʝʥʽʩʪʴ ʪʘ ʘʢʪʠʚʥʽʩʪʴ ʡʦʛʦ 

ʧʦʚʝʨʭʥʽ [196], ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʫʚʘʪʠ ʡʦʛʦ ʚʤʽʩʪ ʚ ʢʦʤʧʦʟʠʪʘʭ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ 

ʜʦʢʨʠʪʠʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʪʦʙʪʦ ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʝʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʄʽʢʨʦʢʘʣʴʮʠʪ, ʪʘʢʠʤ ʯʠʥʦʤ ʻ ʧʨʠʢʣʘʜʦʤ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʦʙʦʪʽ ʚ ʷʢʦʩʪʽ 

ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʨʦʟʤʽʨʦʤ ʤʽʢʨʦʨʦʟʤʽʨʥʦʛʦ 

ʪʦʧʦʛʨʘʬʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʪʘ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʚʝʨʭʥʽ ʥʘ ʡʦʛʦ 

ʦʩʥʦʚʽ.  

ʍʽʤʽʯʥʦ-ʦʩʘʜʞʝʥʘ ʢʨʝʡʜʘ, ʟʦʢʨʝʤʘ ʫ ʬʦʨʤʽ ʘʨʘʛʦʥʽʪʫ, ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ 

ʚ ʨʦʙʦʪʽ, ʦʩʢʽʣʴʢʠ ʤʘʻ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʫ ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ, ʱʦ ʦʙʫʤʦʚʣʶʻ 

ʧʽʜʚʠʱʝʥʫ ʾʾ ʧʦʪʨʝʙʫ ʚ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʜʨʽʙʥʝʥʠʡ ʢʘʣʴʮʠʪ 

(CaCO3). ʄʘʪʝʨʽʘʣ ʙʫʣʦ ʧʽʜʛʦʪʦʚʣʝʥʦ ʚʠʩʫʰʫʚʘʥʥʷʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 105 Áʉ. ɼʣʷ 

ʤʦʜʠʬʽʢʘʮʽʾ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʝʘʨʠʥʦʚʫ ʢʠʩʣʦʪʫ.  

ʇʨʦʮʝʩ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚ 1 ʤʘʩ. % ʝʪʘʥʦʣʴʥʦʤʫ ʨʦʟʯʠʥʽ. 

ʇʽʩʣʷ ʚʠʪʨʠʤʢʠ 5 ʛ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʚ 30 ʤʣ ʨʦʟʯʠʥʫ ʧʨʦʪʷʛʦʤ 24 ʛʦʜʠʥ, ʨʽʜʠʥʘ 

ʥʘʜ ʦʩʘʜʦʤ ʙʫʣʘ ʜʝʢʘʥʪʦʚʘʥʘ, ʘ ʯʘʩʪʠʥʢʠ ʧʨʦʤʠʪʦ ʝʪʘʥʦʣʦʤ ʫ ʬʽʣʴʪʨʫʚʘʣʴʥʽʡ 

ʚʦʨʦʥʮʽ ɹʶʭʥʝʨʘ ʜʦ ʦʜʝʨʞʘʥʥʷ ɯʏ-ʩʧʝʢʪʨʘʣʴʥʦ ʯʠʩʪʦʛʦ ʬʽʣʴʪʨʘʪʫ.  

ʉʧʝʢʪʨ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ, ʦʙʨʦʙʣʝʥʦʛʦ ʩʪʝʘʨʠʥʦʚʦʶ ʢʠʩʣʦʪʦʶ (ʜʘʣʽ CaCO3-

tSt) (ʨʠʩ. 21. c) ʤʽʩʪʠʪʴ ʜʚʽ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ 2930 ʪʘ 2832 cʤ-1, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ ʟʚôʷʟʢʫ C-H ʚ ʩʢʣʘʜʽ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʛʨʫʧ ʘʣʽʬʘʪʠʯʥʦʛʦ ʪʠʧʫ 

ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʬʽʢʩʘʮʽʶ ʤʦʜʠʬʽʢʘʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʢʘʣʴʮʠʪʫ 

ʟ ʤʦʞʣʠʚʠʤ ʫʪʚʦʨʝʥʥʷʤ ʩʦʣʽ ï ʩʪʝʘʨʘʪʫ ʢʘʣʴʮʽʶ, ʛʽʜʨʦʬʦʙʥʘ ʯʘʩʪʠʥʘ ʤʦʣʝʢʫʣ ʷʢʦʾ 

ʦʨʽʻʥʪʦʚʘʥʘ ʥʘʟʦʚʥʽ ʚʽʜ ʧʦʚʝʨʭʥʽ. 

ɯʥʰʘ ʭʘʨʘʢʪʝʨʥʘ ʯʘʩʪʠʥʘ ʩʧʝʢʪʨʫ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ï ʚʘʣʝʥʪʥʽ ʢʦʣʠʚʘʥʥʷ 

ʟʚôʷʟʢʫ ï C=O ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 1698 cʤ-1, ʩʤʫʛʘ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ C-H ʟ 

ʢʦʦʨʜʠʥʘʪʘʤʠ1462 ʩʤ-1 ʽ ʪ. ʽʥ. ʻ ʝʢʨʘʥʦʚʘʥʠʤʠ ʩʤʫʛʘʤʠ ʧʦʛʣʠʥʘʥʥʷ ʢʘʣʴʮʠʪʫ (ʧʦʨ. 
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ʟ ʈʠʩ. 21 a): ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʩʤʫʛ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 1425 cʤ-1, 

ʘʩʠʤʝʪʨʠʯʥʠʭ ʢʦʣʠʚʘʥʴ 875 cʤ-1 ʪʘ 712 cʤ-1. 

 

ʈʠʩʫʥʦʢ 21 ï ɯʏ ʩʧʝʢʪʨ: a - CaCO3; b ï ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ; c - CaCO3 

ʦʙʨʦʙʣʝʥʠʡ ʩʪʝʘʨʠʥʦʚʦʶ ʢʠʩʣʦʪʦʶ (CaCO3-tSt) 

 

ɿ ʈʠʩ. 22 ʚʠʜʥʦ, ʱʦ ʟʘ ʛʝʦʤʝʪʨʠʯʥʦʶ ʬʦʨʤʦʶ ʯʘʩʪʠʥʢʠ ʙʣʠʟʴʢʽ ʜʦ ʩʢʦʣʽʚ 

ʢʫʙʽʯʥʦʾ, ʯʘʩʪʠʥʢʠ ʩʫʮʽʣʴʥʽ, ʘ ʾʭ ʧʦʚʝʨʭʥʷ ʥʝ ʨʦʟʚʠʥʝʥʘ, ʷʢ ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʧʘʜʢʫ 

ʦʩʘʜʞʝʥʦʛʦ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ [197]. ʈʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʜʨʽʙʥʦʾ 

ʢʨʝʡʜʠ ʻ ʟʥʘʯʥʦ ʰʠʨʰʠʤ ʥʽʞ ʫ ʢʨʫʧʥʦʾ. ɿʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʜʨʽʙʥʦʾ 

ʬʨʘʢʮʽʾ ʩʢʣʘʜʘʻ 4,2 ʤʢʤ, ʘ ʢʨʫʧʥʦʾ ï 45 ʤʢʤ.  

ʆʙʨʦʙʣʝʥʠʡ ʚʽʜʤʠʪʠʡ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʽʶ ʙʫʣʦ ʩʫʩʧʝʥʜʦʚʘʥʦ ʚ ʝʪʘʥʦʣʽ ʧʨʠ 

ʚʠʪʨʠʤʮʽ ʚʤʽʩʪʫ ʤʽʥʝʨʘʣʴʥʦʾ ʬʨʘʢʮʽʾ 5 ʤʘʩ. %. ʆʜʝʨʞʘʥʘ ʩʫʩʧʝʥʟʽʷ ʙʫʣʘ ʥʘʥʝʩʝʥʘ 

ʥʘ ʧʦʚʝʨʭʥʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʝʜʤʝʪʥʦʛʦ ʩʢʣʘ ʜʣʷ ʤʽʢʨʦʩʢʦʧʽʾ ʪʘ ʨʽʚʥʦʤʽʨʥʦ 

ʚʠʩʫʰʝʥʘ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʩʫʮʽʣʴʥʦʛʦ ʰʘʨʫ. ʋ ʚʠʧʘʜʢʫ ʬʦʨʤʫʚʘʥʥʷ ʧʦʜʽʙʥʦʛʦ ʰʘʨʫ 

ʟ ʥʝʦʙʨʦʙʣʝʥʠʭ, ʛʽʜʨʦʬʽʣʴʥʠʭ ʯʘʩʪʠʥʦʢ, ʧʨʠ ʧʦʪʨʘʧʣʷʥʥʽ ʙʫʜʴ-ʷʢʦʾ ʪʝʩʪʦʚʦʾ ʨʽʜʠʥʠ 

ʥʘ ʧʦʚʝʨʭʥʶ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʘʧʽʣʷʨʥʝ ʚʩʤʦʢʪʫʚʘʥʥʷ ʢʨʘʧʣʽ, ʦʩʢʽʣʴʢʠ ʚʠʭʽʜʥʘ 

ʧʦʚʝʨʭʥʷ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʟʜʘʪʥʘ ʜʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʚʟʘʻʤʦʜʽʡ ʟ ʙʘʛʘʪʴʤʘ 

ʨʽʜʠʥʘʤʠ. 
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ɸ ʙ 

ʈʠʩʫʥʦʢ 22. ʏʘʩʪʠʥʢʠ ʜʠʩʧʝʨʩʥʦʛʦ ʢʘʣʴʮʠʪʫ (ʟʙʽʣʴʰʝʥʥʷ ʚ 400 ʨʘʟʽʚ):  ʘ ï 

ʜʨʽʙʥʘ ʬʨʘʢʮʽʷ; ʙ ï ʢʨʫʧʥʘ ʬʨʘʢʮʽʷ 

 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʽ  ʟʨʘʟʢʠ ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʱʽʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʧʦʚʝʨʭʥʽ (ʨʠʩ. 23) ʪʦʚʱʠʥʦʶ 0,3-0,5 ʤʤ ʟʜʘʪʥʽ ʩʪʘʙʽʣʴʥʦ ʫʪʨʠʤʫʚʘʪʠ ʢʨʘʧʣʽ 

ʜʝʽʦʥʽʟʦʚʘʥʦʾ ʚʦʜʠ ʚ ʩʪʘʥʽ ʂʘʩʽ ʪʘ ʤʘʶʪʴ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ 

ʩʢʦʯʫʚʘʥʥʷ ï ʜʦ 10 ʛʨʘʜʫʩʽʚ.  

ɿʚʝʨʪʘʻ ʥʘ ʩʝʙʝ ʫʚʘʛʫ ʪʝ, ʱʦ ʪʘʢʽ ʩʪʦʭʘʩʪʠʯʥʽ ʧʦʚʝʨʭʥʽ ʥʝ ʻ ʨʽʚʥʦʤʽʨʥʠʤʠ, 

ʪʦʙʪʦ, ʩʢʘʟʘʪʠ ʱʦ ʚʦʥʠ ʻ ʫʧʦʨʷʜʢʦʚʘʥʠʤʠ ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʨʽʦʜʦʤ ʩʪʨʫʢʪʫʨʠ, 

ʱʦ ʻ ʩʪʘʣʠʤ ʽ ʚʠʚʦʜʠʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ï ʥʝ ʤʦʞʥʘ. ʆʜʥʘʢ, 

ʧʝʚʥʽ ʧʘʪʝʨʥʠ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʩʪʫʧʽʚ ʩʪʨʫʢʪʫʨʠ ʚʩʝ ʞ ʪʘʢʠ ʧʦʚʪʦʨʶʶʪʴʩʷ. ɼʣʷ 

ʢʨʫʧʥʦʾ ʬʨʘʢʮʽʾ ʩʝʨʝʜʥʷ ʤʘʢʩʠʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʠʩʪʫʧʘʤʠ ʚ ʢʣʘʩʪʝʨʽ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 300 ʤʢʤ, ʜʣʷ ʜʨʽʙʥʦʾ ï 65 ʤʢʤ. ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʪʝʨʽʘʣ 

ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʢʨʫʧʥʦʾ ʬʨʘʢʮʽʾ, ʱʦ ʟʫʤʦʚʣʶʻ ʚʢʣʶʯʝʥʥʷ ʚ 

ʥʘʟʚʘʥʫ ʩʪʨʫʢʪʫʨʫ.  

ʎʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʨʦʟʤʽʨʠ ʩʪʨʫʢʪʫʨʠ ʙʨʘʣʠʩʷ ʜʦ ʫʚʘʛʠ ʧʨʠ 

ʛʦʥʽʦʤʝʪʨʠʯʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʠ ʚʠʙʦʨʽ ʨʦʟʤʽʨʫ ʢʨʘʧʝʣʴ ʪʝʩʪʦʚʠʭ ʨʽʜʠʥ. ɰʭ ʦʙôʻʤ 

ʩʪʘʥʦʚʠʚ 18 ʤʢʤ, ʘ ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ï 1,8 ʤʤ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʘʢʠʡ ʚʝʣʠʢʠʡ ʧʝʨʽʦʜ ʩʪʨʫʢʪʫʨʫʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ 

ʩʪʘʥʜʘʨʪʥʠʤ ʨʦʟʤʽʨʦʤ ʢʨʘʧʣʽ ʪʝʩʪʦʚʦʾ ʨʽʜʠʥʠ ʟʫʤʦʚʣʶʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʾʾ ʚʠʩʪʫʧʠ ʥʝ 
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ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʣʶʯʥʠʤʠ ʚʝʨʰʠʥʘʤʠ ʢʦʥʪʘʢʪʫ ʨʽʜʠʥʠ ʟ ʧʦʚʝʨʭʥʝʶ ʽ ʮʷ ʨʦʣʴ 

ʥʘʣʝʞʠʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʯʘʩʪʠʥʢʘʤ ʤʽʥʝʨʘʣʫ. ɼʣʷ ʢʨʫʧʥʦʾ ʬʨʘʢʮʽʾ (ʨʠʩ. 23) 

ʦʯʽʢʫʚʘʥʠʤ ʻ ʥʝ ʣʠʰʝ ʥʘʷʚʥʽʩʪʴ ʢʨʘʧʝʣʴ ʟ ʥʘʜʥʠʟʴʢʠʤʠ ʨʦʟʤʽʨʘʤʠ, ʷʢʽ, ʥʘʧʨʠʢʣʘʜ, 

ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʧʽʜ ʯʘʩ ʢʦʥʜʝʥʩʘʮʽʾ ʪʫʤʘʥʽʚ ʽ ʚʠʢʣʠʢʘʪʠ ʩʘʤʦʜʦʚʽʣʴʥʠʡ 

ʧʝʨʝʭʽʜ ʩʪʘʥʽʚ ʟʤʦʯʫʚʘʥʥʷ ʂʘʩʽ-ɹʘʢʩʪʝʨʘ ʫ ɺʝʥʮʝʣʷ, ʘʣʝ ʽ ʟʥʘʯʥʝ ʚʠʢʨʠʚʣʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫʶʯʦʾ ʨʽʜʠʥʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʘʪʝʨʽʘʣʦʤ, ʯʘʩʪʠʥʢʠ ʷʢʦʛʦ ʤʘʶʪʴ 

ʤʝʥʰʫ ʬʨʘʢʮʽʶ.  

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 23 ï ʇʦʚʝʨʭʥʷ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʦʙʨʦʙʣʝʥʦʛʦ ʩʪʝʘʨʠʥʦʚʦʶ 

ʢʠʩʣʦʪʦʶ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʥʘ ʦʩʥʦʚʽ ʬʨʘʢʮʽʦʥʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʟʙʽʣʴʰʝʥʥʷ ʚ 

50 ʨʘʟʽʚ): ʘ ï ʜʨʽʙʥʘ ʬʨʘʢʮʽʷ; ʙ ï ʢʨʫʧʥʘ ʬʨʘʢʮʽʷ 

 

ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʟʚôʷʟʫʶʯʦʛʦ, ʦʜʝʨʞʘʥʽ ʧʣʽʚʢʠ ʤʘʶʪʴ ʜʦʩʪʘʪʥʶ 

ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ ʜʣʷ ʩʪʘʙʽʣʴʥʦʛʦ ʫʪʨʠʤʘʥʥʷ ʢʨʘʧʝʣʴ ʜʝʽʦʥʽʟʦʚʘʥʦʾ ʚʦʜʠ (ʨʠʩ. 24). 

ʂʨʘʧʣʽ ʟʘʣʠʰʘʶʪʴʩʷ ʩʪʘʙʽʣʴʥʠʤʠ ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʤʽʛʨʘʮʽʾ ʯʘʩʪʠʥʦʢ 

ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʟʤʦʯʫʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʶ ʢʨʘʧʣʽ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ʇʨʠ ʚʠʩʠʭʘʥʥʽ, 

ʪʠʤ ʥʝ ʤʝʥʰ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʧʨʦʙʥʦʾ ʨʽʜʠʥʠ, ʬʽʢʩʫʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʢʫʪʘ 

ʟʤʦʯʫʚʘʥʥʷ.  
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ʘ ʙ 

ʈʠʩʫʥʦʢ 24 ï ʂʨʘʧʣʽ ʚʦʜʠ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ: 

ʘ ï ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ; ʙ ïʢʨʫʧʥʦʾ ʬʨʘʢʮʽʾ 

 

ɺʘʨʽʶʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʧʨʦʙʥʠʭ ʨʽʜʠʥ ʜʣʷ ʪʝʢʩʪʫʨʦʚʘʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʥʘ ʦʩʥʦʚʽ ʟʤʽʥʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʚʦʜʥʦ-

ʝʪʘʥʦʣʴʥʽʡ ʩʫʤʽʰʽ. ʇʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʩʫʤʽʰʝʡ ʚʠʤʽʨʶʚʘʚʩʷ ʤʝʪʦʜʦʤ 

ʩʪʘʣʘʛʤʦʤʝʪʨʽʾ. ʆʩʢʽʣʴʢʠ ʧʨʠ ʧʽʜʚʠʱʝʥʽ ʚʤʽʩʪʫ ʝʪʘʥʦʣʫ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʥʘʪʷʛʫ ʩʫʤʽʰʽ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʧʦʣʷʨʥʦʾ ʢʦʤʧʦʥʝʥʪʠ, 

ʟʘʢʦʥʦʤʽʨʥʦ ʟʥʠʞʫʶʪʴʩʷ ʽ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʩʠʩʪʝʤ (ʨʠʩ. 25). 

ʉʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʽ ʢʨʫʧʥʦʾ ʬʨʘʢʮʽʾ (ʢʨʠʚʘ 1 ʥʘ ʈʠʩ. 25) ʭʦʯʘ ʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ, ʘʣʝ ʰʚʠʜʢʦ 

ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʪʘʥ ʟʤʦʯʫʚʘʥʥʷ ʽ ʚʞʝ ʧʨʠ ʚʤʽʩʪʽ ʩʧʠʨʪʫ 32 ʦʙ. % ʤʘʻ ʢʫʪ ʧʦʨʽʚʥʷʥʠʡ 

ʟ ʢʫʪʦʤ ʤʦʜʠʬʽʢʘʪʦʨʘ. ɼʨʽʙʥʽʰʘ ʬʨʘʢʮʽʷ (ʢʨʠʚʘ 2 ʥʘ ʈʠʩ. 25) ʤʘʻ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ 

ʚʦʜʦʶ ʥʘ 12 ʛʨʘʜʫʩʽʚ ʥʠʞʯʘ ʥʽʞ ʢʨʫʧʥʘ, ʘʣʝ ʚʠʷʚʣʷʻ ʙʽʣʴʰʫ ʩʪʘʙʽʣʴʥʽʩʪʴ: ʩʪʘʥ ʂʘʩʽ 

ʦʩʪʘʪʦʯʥʦ ʟʥʠʢʘʻ ʧʨʠ ʚʤʽʩʪʽ ʩʧʠʨʪʫ ʚ ʩʫʤʽʰʽ ʥʘ ʨʽʚʥʽ 47 ʦʙ. %. ʎʝ ʤʦʞʝ ʙʫʪʠ 

ʧʦʷʩʥʝʥʦ ʟʥʠʞʝʥʥʷʤ ʢʨʠʚʠʟʥʠ ʤʝʥʽʩʢʫ ʧʨʠ ʟʥʠʞʝʥʥʽ ʨʦʟʤʽʨʫ ʤʽʞʯʘʩʪʠʥʢʦʚʦʛʦ 

ʢʘʧʽʣʷʨʫ ʚʽʜʧʦʚʽʜʥʦ ʽ ʻ ʟʘʛʘʣʴʥʦʶ ʪʝʥʜʝʥʮʽʻʶ: ʝʬʝʢʪʦʤ ʚʽʜ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ 

ʬʦʨʤʫʶʯʠʭ ʪʝʢʩʪʫʨʫ ʝʣʝʤʝʥʪʽʚ.  
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ʈʠʩʫʥʦʢ 25 ï ɿʘʣʝʞʥʽʩʪʴ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʚʽʜ ʚʤʽʩʪʫ ʝʪʘʥʦʣʫ ʚ ʧʨʦʙʥʽʡ ʨʽʜʠʥʽ ʜʣʷ 

ʩʠʩʪʝʤ: 

1 ï ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʢʨʫʧʥʦʾ ʬʨʘʢʮʽʾ; 2 ï ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ; 3 ï 

ʧʣʘʩʢʘ ʧʦʚʝʨʭʥʷ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ 

 

ɺ ʨʦʙʦʪʽ ʧʨʠʡʤʘʣʦʩʷ ʱʦ ʘʢʪʠʚʦʚʘʥʘ ʧʦʚʝʨʭʥʷ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʠʞʝʥʦʶ ʧʦʣʷʨʥʽʩʪʶ ʥʘ ʨʽʚʥʽ ʟʽ ʩʪʝʘʨʠʥʦʚʦʶ ʢʠʩʣʦʪʦʶ ʚ 

ʪʦʥʢʦʤʫ ʰʘʨʽ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʾʾ ʢʨʠʪʠʯʥʘ ʝʥʝʨʛʽʷ ʟʤʦʯʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʘ 

ʤʝʪʦʜʦʤ ɿʽʩʤʘʥʘ. ʎʠʤ ʞʝ ʤʝʪʦʜʦʤ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʽ ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ʩʪʝʘʨʠʥʦʚʦʾ 

ʢʠʩʣʦʪʠ (ʨʠʩ. 26).  

ʗʢ ʚʠʜʥʦ ʟ ʟʘʣʝʞʥʦʩʪʽ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ (ʧʨʷʤʘ 3 ʥʘ ʨʠʩ. 26), ʧʦʚʝʨʭʥʝʚʘ 

ʝʥʝʨʛʽʷ ʮʽʻʾ ʨʝʯʦʚʠʥʠ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 27 ʤɼʞ/ʤ2, ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʜʘʥʠʤʠ ʨʦʙʦʪʠ 

[198] ʪʘ ʟʘ ʧʦʨʷʜʢʦʤ ʩʧʽʚʧʘʜʘʻ ʟ ʧʦʚʝʨʭʥʝʚʦʶ ʝʥʝʨʛʽʻʶ ʞʠʨʥʠʭ ʢʠʩʣʦʪ [199].  

ʂʨʠʚʽ, ʱʦ ʥʘʣʝʞʘʪʴ ʩʪʨʫʢʪʫʨʦʚʘʥʠʤ ʧʦʚʝʨʭʥʷʤ (1 ʪʘ 2 ʥʘ ʈʠʩ. 26) 

ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʢʨʠʚʦʾ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʥʘʷʚʥʽʩʪʶ ʛʽʩʪʝʨʝʟʠʩʫ, 

ʱʦ ʧʦ̫ʩʥʶʻʪʴʩʷ ʘʥʦʤʘʣʽʷʤʠ ʟʤʦʯʫʚʘʥʥʷ ʂʘʩʽ. ɿʚʝʨʪʘʻ ʥʘ ʩʝʙʝ ʫʚʘʛʫ ʧʦʣʦʞʝʥʥʷ 

ʪʦʯʢʠ ʧʝʨʝʛʠʥʫ ʢʨʠʚʠʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʭʦʜʫ ʟ ʮʴʦʛʦ ʩʪʘʥʫ ʜʦ ʩʪʘʥʫ ɺʝʥʮʝʣʷ.  



139 
 

 

 

ʈʠʩʫʥʦʢ 26 ï ɻʨʘʬʽʢ ɿʽʩʤʘʥʘ ʜʣʷ ʩʠʩʪʝʤ:  

1 ï ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʢʨʫʧʥʦʾ ʬʨʘʢʮʽʾ; 2 ï ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʜʨʽʙʥʦʾ 

ʬʨʘʢʮʽʾ; 3 ï ʧʣʘʩʢʘ ʧʦʚʝʨʭʥʷ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ 

 

ɼʣʷ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ ʘʙʩʮʠʩʘ ʮʽʻʾ ʪʦʯʢʠ ʩʪʘʥʦʚʠʪʴ 47 ʤɼʞ/ʤ2, ʘ ʜʣʷ ʢʨʫʧʥʦʾ ï 

60 ʤɼʞ/ʤ2, ʪʦʙʪʦ ʧʦʢʨʠʪʪʷ ʟ ʤʝʥʰʦʶ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʩʪʨʫʢʪʫʨʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʩʪʽʡʢʽʩʪʶ ʜʦ ʨʽʜʠʥ ʟ ʥʠʟʴʢʠʤ ʟʥʘʯʝʥʥʷʤ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ. 

ʎʝ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʦ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʫʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʤʝʥʽʩʢʫ ʨʽʜʠʥʠ ʚ 

ʤʽʞʯʘʩʪʠʥʢʦʚʠʭ ʢʘʧʽʣʷʨʘʭ ʥʘ ʧʦʚʝʨʭʥʽ: ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʫ ʢʘʧʽʣʷʨʫ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʨʘʜʽʫʩʫ ʤʝʥʽʩʢʫ. ɺʽʜʧʦʚʽʜʥʦ, ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʟʽ ʩʪʘʥʫ ʂʘʩʽ ʜʦ 

ʩʪʘʥʫ ɺʝʥʮʝʣʷ ʟʨʦʩʪʘʪʠʤʝ.   

ɿʚʝʨʪʘʻ ʥʘ ʩʝʙʝ ʫʚʘʛʫ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʚʪʨʘʪʠ ʩʪʘʙʽʣʴʥʦʩʪʽ ʜʣʷ 

ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʦʚʝʨʭʥʝʚʦʶ ʝʥʝʨʛʽʻʶ ʮʽʻʾ ʞ ʪʦʯʢʠ ʜʣʷ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ 
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SiO2, ʱʦ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʧʝʚʥʦʾ ʤʝʞʽ  ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʨʽʜʠʥ, ʧʽʩʣʷ 

ʷʢʦʾ ʧʦʜʽʙʥʽ ʩʪʨʫʢʪʫʨʠ ʟ ʜʠʩʧʝʨʩʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʚʪʨʘʯʘʶʪʴ ʩʪʘʥ ʂʘʩʽ.  

ɺʪʽʤ, ʨʝʘʣʴʥʘ ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ, ʷʢ 

ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʫ, ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʤʦʜʠʬʽʢʘʪʦʨʫ ï ʩʪʝʘʨʠʥʦʚʦʾ 

ʢʠʩʣʦʪʠ. ʅʝʚʝʣʠʢʘ ʚʽʜʤʽʥʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʫ ʜʨʽʙʥʦʾ ʪʘ ʢʨʫʧʥʦʾ ʬʨʘʢʮʽʡ (26,5 

ʪʘ 28,6 ʤɼʞ/ʤ2 ʚʽʜʧʦʚʽʜʥʦ) ʥʘʡʚʽʨʦʛʽʜʥʽʰʝ ʟʫʤʦʚʣʝʥʘ ʧʦʭʠʙʢʦʶ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʯʘʩʪʠʥʦʢ ʚʠʜʥʦ ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʧʦʯʘʪʢʦʚʦʛʦ ʣʽʥʽʡʥʦʛʦ ʩʝʛʤʝʥʪʫ ʢʨʠʚʦʾ ɿʽʩʤʘʥʘ, ʪʦʙʪʦ ʩʪʽʡʢʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʜʦ ʜʽʾ 

ʨʽʜʠʥ ʟʽ ʟʥʠʞʝʥʦʶ ʧʦʚʝʨʭʥʝʚʦʶ ʝʥʝʨʛʽʻʶ.  

ʆʢʨʽʤ ʢʣʘʩʠʯʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʜʘʥʥʷ 

ʧʦʚʝʨʭʥʷʤ ʯʘʩʪʠʥʦʢ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʛʽʜʨʦʬʦʙʥʦʩʪʽ ï ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʪʘ ʾʭ 

ʩʦʣʝʡ ï ʚ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ. ʍʦʯʘ 

ʾʭ ʛʽʜʨʦʬʦʙʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʘʣʽʬʘʪʠʯʥʠʭ ʟʘʤʽʩʥʠʢʽʚ ʦʩʥʦʚʥʦʛʦ 

ʣʘʥʮʶʛʘ, ʦʩʪʘʥʥʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʨʽʻʥʪʦʚʘʥʦʤʫ ʩʪʘʥʽ. ʈʽʟʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ 

ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʭ ʛʨʫʧ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʧʽʜʙʠʨʘʪʠ 

ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʽ ʤʦʜʠʬʽʢʘʪʦʨʠ ʜʣʷ ʮʽʣʴʦʚʠʭ ʧʦʚʝʨʭʦʥʴ.  

ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʧʦʚʝʨʭʥʽ. ɺ ʷʢʦʩʪʽ ʩʫʙʩʪʨʘʪʫ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ 

ʚʽʪʯʠʟʥʷʥʘ ʦʩʘʜʦʚʘ ʢʨʝʡʜʘ ʜʚʦʭ ʨʽʟʥʠʭ ʤʘʨʦʢ ï ʄʊɼ ʪʘ ʄʄʉ-2 ʚʠʨʦʙʥʠʮʪʚʘ ʇʨɸʊ 

çʉʫʤʠʘʛʨʦʧʨʦʤʙʫʜè.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʫʧʽʥʴ ʛʽʜʨʦʬʽʣʴʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ: ʤʘʪʝʨʽʘʣ ʄʊɼ (ʨʠʩ. 27, ʘ) ʤʘʻ ʙʽʣʴʰ ʛʽʜʨʦʬʽʣʴʥʫ ʧʦʚʝʨʭʥʶ 

ʧʦʨʽʚʥʷʥʦ ʟ ʄʄʉ-2 (ʨʠʩ. 26, ʙ). ʎʝ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʫ 

ʣʽʧʦʬʽʣʴʥʦʩʪʽ ɓn 0,32 ʪʘ 0,56 ʚʽʜʧʦʚʽʜʥʦ.  

ʇʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʤʦʜʠʬʽʢʘʪʦʨʘ ʧʨʠʨʦʜʥʴʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʣʽʧʦʬʽʣʴʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ ʛʽʜʨʦʬʽʣʴʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ. ʎʝʡ ʝʬʝʢʪ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ 

ʥʘʡʙʽʣʴʰʽʡ ʤʽʨʽ ʧʨʠ ʚʤʽʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʘ ʚʠʱʝ 0,3 ʤʘʩ. % ʫ ʚʠʧʘʜʢʫ ʢʨʝʡʜʠ ʄʊɼ ʽ 
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ʚʠʱʝ 0,2 ʤʘʩ. % ʫ ʚʠʧʘʜʢʫ ʢʨʝʡʜʠ ʄʄʉ-2. ɿʚʝʨʪʘʻ ʥʘ ʩʝʙʝ ʫʚʘʛʫ ʥʝʪʠʧʦʚʘ 

ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʦʩʪʘʥʥʴʦʾ ʤʘʨʢʠ ʢʨʝʡʜʠ ʪʘ ʤʝʪʠʣʩʠʣʽʢʦʥʘʪʫ ʥʘʪʨʽʶ.  

 

ʘ 

 

ʙ 

 

ʈʠʩʫʥʦʢ 27 ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ ʣʽʧʦʬʽʣʴʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʪʘ ʪʠʧʫ 

ʤʦʜʠʬʽʢʘʪʦʨʘ ʦʩʘʜʦʚʦʾ ʢʨʝʡʜʠ: ʘ ï ʄʊɼ; ʙ ï ʄʄʉ-2. 1 ï ʤʝʪʠʣʩʠʣʽʢʦʥʘʪ ʥʘʪʨʽʶ; 2 

ï ʤʝʪʠʣʩʠʣʽʢʦʥʘʪ ʢʘʣʽʶ; 3 ï ʧʦʣʽʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥ.  
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ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʩʪʘʥʦʚʠʪʴ 3 %. ʍʘʨʘʢʪʝʨ 

ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ɓn ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʜʠʬʽʢʘʪʦʨʘ, ʦʜʥʘʢ, ʻ ʧʦʜʽʙʥʠʤ ʚ ʦʙʦʭ 

ʤʘʪʝʨʽʘʣʘʭ: ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʧʦʣʽʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥ, ʘ ʥʘʡʤʝʥʰ 

ʝʬʝʢʪʠʚʥʠʤ - ʤʝʪʠʣʩʠʣʽʢʦʥʘʪ ʥʘʪʨʽʶ. ʅʘʡʥʠʞʯʽ ʟʥʘʯʝʥʥʷ ɓn ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʜʦʩʷʛʥʫʪʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʣʽʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥʦʚʛʦ ʤʦʜʠʬʽʢʘʪʦʨʘ 

ʩʪʘʥʦʚʣʷʪʴ 0,04 ʪʘ 0,11 ʚʽʜʧʦʚʽʜʥʦ. ʇʦʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʚʦʭ ʤʘʨʦʢ 

ʦʩʘʜʦʚʦʛʦ ʢʘʣʴʮʠʪʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʙʽʣʴʰ ʘʢʪʠʚʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʤʘʪʝʨʽʘʣʽ 

ʄʄʉ-2 ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʄʊɼ. ɺʨʘʭʦʚʫʶʯʠ ʙʣʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ 

ʯʘʩʪʠʥʦʢ (2,5 ʽ 3 ʤʢʤ, ʚʽʜʧʦʚʽʜʥʦ), ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ ʥʘʷʚʥʽʩʪʴ ʧʽʜʚʠʱʝʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʩʫʙʤʽʢʨʦʥʥʠʭ ʜʦʤʽʰʦʢ ʚ ʤʘʪʝʨʽʘʣʽ ʄʄʉ-2. 

ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ ʻ ʥʝʛʘʪʠʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʦʛʦ ʩʣʽʜ ʫʥʠʢʘʪʠ ʧʨʠ ʚʠʙʦʨʽ 

ʥʘʧʦʚʥʶʚʘʯʘ ʜʣʷ ʣʘʢʦʬʘʨʙʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʎʝ ʚʠʟʥʘʯʘʻ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʄʊɼ 

ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʧʦʣʽʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʤʦʜʠʬʽʢʘʪʦʨʦʤ 

ʧʦʚʝʨʭʥʽ ʢʘʣʴʮʠʪʫ. ʎʝʡ ʬʘʢʪ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʽ ʜʘʥʠʤʠ ʽʥʬʨʘʯʝʨʚʦʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʘ ʩʘʤʝ ʪʠʤ ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ 

ʟʚ'ʷʟʢʫ ʆ-ʅ ʘʜʩʦʨʙʦʚʘʥʦʾ ʥʘ ʧʦʚʝʨʭʥʽ ʤʽʥʝʨʘʣʫ ʚʦʣʦʛʠ (3420 ʩʤ-1). ʋ ʚʠʧʘʜʢʫ 

ʧʦʣʽʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥʫ ʚʦʥʘ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 10 % ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʮʽʻʾ ʩʤʫʛʠ ʚ ʥʝʤʦʜʠʬʽʢʦʚʘʥʦʤʫ ʤʘʪʝʨʽʘʣʽ, ʘ ʫ ʚʠʧʘʜʢʫ ʤʝʪʠʣʩʠʣʽʢʦʥʘʪʽʚ ʥʘʪʨʽʶ ʪʘ 

ʢʘʣʽʶ - ʜʦ 27 ʪʘ 22 % ʚʽʜʧʦʚʽʜʥʦ. ʎʝʡ ʬʘʢʪ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʛʽʜʨʦʣʽʟʦʤ ʥʝʟʚ'ʷʟʘʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʤʽʥʝʨʘʣʫ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʬʦʨʤʫʚʘʥʥʷ ʜʨʫʛʦʛʦ ʪʘ ʥʘʩʪʫʧʥʠʭ ʘʜʩʦʨʙʮʽʡʥʠʭ ʰʘʨʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʢʘʟʘʥʦ ʱʦ ʧʦʣʽʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥ ̒  ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ 

ʤʦʜʠʬʽʢʘʪʦʨʦʤ ʦʩʘʜʦʚʦʛʦ ʢʘʣʴʮʠʪʫ.  

ʇʽʜ ʯʘʩ ʧʦʤʝʣʫ ʥʘʧʦʚʥʶʚʘʯʽʚ ʤʦʜʠʬʽʢʘʪʦʨʠ ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ ʧʦʚʝʨʭʥʝʚʦ-

ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʦʷʚʦʶ ʝʬʝʢʪʫ ʈʝʙʽʥʜʝʨʘ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ, 

ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʠʩʧʝʨʛʫʚʘʥʥʷ. ʎʝ 
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ʯʽʪʢʦ ʚʠʜʥʦ ʧʨʠ ʘʥʘʣʽʟʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʯʦʪʠʨʴʦʭ ʭʘʨʘʢʪʝʨʥʠʭ ʨʝʬʣʝʢʩʽʚ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʢʘʣʴʮʠʪʫ (0,3346, 0,3035, 0,2281 ʪʘ 0,1874 ʥʤ) (ʨʠʩ. 28). 

 

ʈʠʩʫʥʦʢ 28 ï ɺʽʜʥʦʩʥʘ ʟʤʽʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʭʘʨʘʢʪʝʨʥʠʭ ʨʝʬʣʝʢʩʽʚ ʢʘʣʴʮʠʪʫ 

ʧʨʠ ʧʦʤʝʣʽ: 1 ï ʙʝʟ ʤʦʜʠʬʽʢʘʪʦʨʘ; 2 ï ʤʝʪʠʣʩʠʣʽʢʦʥʘʪ ʥʘʪʨʽʶ; 3 ï ʤʝʪʠʣʩʠʣʽʢʦʥʘʪ 

ʢʘʣʽʶ; 4 ï ʧʦʣʽʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥ. 

 

ʅʘʡʙʽʣʴʰʠʡ ʩʪʫʧʽʥʴ ʘʤʦʨʬʽʟʘʮʽʾ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʠʡ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʣʽʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥʫ ʪʘ ʤʝʪʠʣʩʠʣʽʢʦʥʘʪʫ ʥʘʪʨʽʶ. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʠʣʩʠʣʽʢʦʥʘʪʫ ʢʘʣʽʶ ʝʬʝʢʪ ʈʝʙʽʥʜʝʨʘ ʚʠʨʘʞʝʥʠʡ ʩʣʘʙʰʝ. 
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3.2.2. ʇʦʚʝʨʭʥʽ ʥʘ ʦʩʥʦʚʽ ʯʘʩʪʠʥʦʢ ʜʠʩʧʝʨʩʥʦʛʦ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʚ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʟ ʦʛʣʷʜʫ ʥʘ ʥʠʟʴʢʫ 

ʭʽʤʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʚʠʩʦʢʫ ʪʝʨʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ 

ʥʘ ʨʠʥʢʫ ʮʽʣʦʾ ʥʠʟʢʠ ʤʘʨʦʢ ʜʠʩʧʝʨʩʥʦʛʦ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʘʙʨʘʟʠʚʥʠʭ, ʬʨʠʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʘ ʪʘʢʦʞ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʢʝʨʘʤʽʢʠ.  

ɿʘ ʬʦʨʤʦʶ ʯʘʩʪʠʥʦʢ ʮʝʡ ʤʘʪʝʨʽʘʣ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʱʝ 

ʤʦʜʝʣʴʥʦʛʦ ʜʨʦʙʣʝʥʦʛʦ ʤʘʨʤʫʨʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʘʤʽʱʫʚʘʪʠ ʡʦʛʦ ʜʣʷ ʪʠʭ ʧʦʚʝʨʭʦʥʴ 

ʜʝ ʧʦʪʨʽʙʥʘ ʧʽʜʚʠʱʝʥʘ ʭʽʤʽʯʥʘ ʽʥʝʨʪʥʽʩʪʴ, ʘʙʨʘʟʠʚʥʘ ʩʪʽʡʢʽʩʪʴ ʪʘ ʞʦʨʩʪʢʽʩʪʴ.  

ʇʨʦʤʠʩʣʦʚʽ ʤʘʨʢʠ ʛʣʠʥʦʟʝʤʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʚʝʣʠʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ, ʧʦʨʽʚʥʷʥʦ ʩʣʘʙʢʦ ʨʦʟʚʠʥʝʥʦʶ ʾʾ ʩʪʨʫʢʪʫʨʦʶ ʽ ʚʠʩʦʢʦʶ 

ʢʨʠʩʪʘʣʽʯʥʽʩʪʶ, ʯʠʤ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʱʝ ʤʝʣʝʥʦʛʦ ʢʘʨʙʦʥʘʪʫ 

ʢʘʣʴʮʽʶ.  

ɺʠʢʦʨʠʩʪʘʥʠʡ ʚ ʨʦʙʦʪʽ ʤʘʪʝʨʽʘʣ ʤʘʨʢʠ 25A/M2, ʷʢʠʡ ʷʚʣʷʚ ʩʦʙʦʶ 

ʜʠʩʧʝʨʩʥʠʡ ʦʢʩʠʜ ʘʣʶʤʽʥʽʶ ʛʫʩʪʠʥʦʶ  3.9ï4.1 ʛ/ʩʤ3 ʪʘ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 

2 Õʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʘʩʪʠʥʢʠ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʤʘʶʪʴ ʥʝʧʨʘʚʠʣʴʥʫ, 

ʬʨʘʛʤʝʥʪʘʨʥʫ ʬʦʨʤʫ (ʨʠʩ. 29 ʘ). ʅʘʡʙʽʣʴʰ ʙʣʠʟʴʢʦʶ ʛʝʦʤʝʪʨʠʯʥʦʶ ʬʽʛʫʨʦʶ ʻ 

ʧʨʠʟʤʘ.  

ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʩʪʘʥʦʚʠʪʴ 3,3 ʤʢʤ, ʧʨʠ ʮʴʦʤʫ ʨʦʟʧʦʜʽʣ ʾʭ ʨʦʟʤʽʨʽʚ 

(ʨʠʩ. 29, ʙ, ʚ) ʻ ʤʦʥʦʤʦʜʘʣʴʥʠʤ ʽ ʜʦʩʠʪʴ ʚʫʟʴʢʠʤ - ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 

ʨʦʟʤʽʨʦʤ 1,6 ʤʢʤ ʽ ʤʘʢʩʠʤʘʣʴʥʠʤ - 6,3 ʤʢʤ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ 

ʤʘʪʝʨʽʘʣʫ ʟʘ ʫʤʦʚʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʢʘʧʽʣʷʨʥʦʾ 

ʧʦʨʠʩʪʦʩʪʽ  ʯʘʩʪʠʥʦʢ, ʩʪʘʥʦʚʠʪʴ 2800 ʩʤ2/ʛ. 

ʇʦʚʝʨʭʥʷ ʜʘʥʠʭ ʯʘʩʪʠʥʦʢ ʙʫʣʘ ʤʦʜʠʬʽʢʦʚʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʣʦʢʩʘʥʦʚʠʭ 

ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʽʚ ʪʘ ʙʝʟ ʜʦʜʘʪʢʦʚʦʾ ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ. ɿʘ ʮʠʭ ʫʤʦʚ ʪʽʣʴʢʠ Xiameter 

MHX 1107 (ʧʦʣʽʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥ) ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʩʪʘʙʽʣʴʥʠʡ ʩʪʘʥ ʂʘʩʽ,  

ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʢʦʯʫʚʘʥʥʷʤ ʢʨʘʧʝʣʴ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ ʟ ʧʦʚʝʨʭʥʽ ʟ 
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ʧʦʚʝʨʭʥʽ ʧʦʨʦʰʢʦʚʦʛʦ ʟʨʘʟʢʘ ʧʽʩʣʷ ʦʙʨʦʙʢʠ. ʊʘʢʠʡ ʩʪʘʥ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʤʦʜʠʬʽʢʘʪʦʨʘ, ʱʦ ʜʦʨʽʚʥʶʶʪʴ ʘʙʦ ʧʝʨʝʚʠʱʫʶʪʴ 0,1 ʤʘʩ.% ʟʘ ʤʘʩʦʶ 

ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ. ʅʘʷʚʥʽʩʪʴ ʰʘʨʫ ʤʦʜʠʬʽʢʘʪʦʨʫ ʦʙʫʤʦʚʣʶʻ ʟʥʠʞʝʥʥʷ ʧʦʣʷʨʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ. 

ʎʝ ʧʨʠʧʫʱʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʦʜʝʨʞʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ 

ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ  ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʨʽʜʠʥʘʤʠ ʟʘ ʤʝʪʦʜʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ 

ʋʦʰʙʫʨʥʦʤ. ɺ ʷʢʦʩʪʽ ʪʝʩʪʦʚʠʭ ʨʽʜʠʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ, ʛʝʢʩʘʥ, 

ʘ ʪʘʢʦʞ ʝʪʘʥʦʣ ʽ ʡʦʛʦ ʚʦʜʥʽ ʩʫʤʽʰʽ. 

 

ʘ 

  

ʙ ʚ 

ʈʠʩʫʥʦʢ 29 ï ʏʘʩʪʠʥʢʠ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ: ʘ ï ʦʧʪʠʯʥʘ ʤʽʢʨʦʩʢʦʧʽʷ 

(ʟʙʽʣʴʰʝʥʥʷ 400 ʨʘʟʽʚ); ʙ ï ʜʠʬʝʨʝʥʮʽʡʥʘ ʪʘ ʚ ï ʽʥʪʝʛʨʘʣʴʥʘ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʫ 

ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ. 
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ɿʘʣʝʞʥʽʩʪʴ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʦʢʩʠʜʫ 

ʘʣʶʤʽʥʽʶ ʚʽʜ ʚʤʽʩʪʫ ʧʦʣʽʤʝʪʠʣʛʽʜʨʦʛʝʥʩʠʣʦʢʩʘʥʫ (ʨʠʩ. 30) ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʤʙʽʥʘʮʽʶ 

ʜʘʥʠʭ ʦʜʝʨʞʘʥʠʭ ʤʝʪʦʜʦʤ ʋʦʰʙʫʨʥʘ ʪʘ ʤʝʪʦʜʠʢʦʶ ʩʠʜʷʯʦʾ ʢʨʘʧʣʽ. ʊʘʢʘ ʩʠʩʪʝʤʘ 

ʤʝʪʦʜʽʚ ʟʫʤʦʚʣʝʥʘ ʧʝʨʝʭʦʜʦʤ ʚʽʜ ʩʪʘʥʫ ɺʝʥʮʝʣʷ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʧʦʨʦʰʢʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʩʫʧʫʪʥʴʦʛʦ ʢʘʧʽʣʷʨʥʦʛʦ ʚʩʤʦʢʪʫʚʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʤʦʜʠʬʽʢʘʪʦʨʘ ʚʽʜ 0 ʜʦ 0,1 ʤʘʩ. % ʜʦ ʩʪʘʥʫ ʂʘʩʽ, ʚ ʷʢʦʤʫ ʢʨʘʧʣʷ ʧʨʦʙʥʦʾ ʨʽʜʠʥʠ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʢʦʥʪʘʢʪʽ ʟ ʛʝʪʝʨʦʬʘʟʥʦʶ ʧʦʚʝʨʭʥʝʶ ʧʨʠ ʚʤʽʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʘ ʚʠʱʝ 

0,1 ʤʘʩ. %. 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ, ʜʦʩʷʞʥʝ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʤʽʢʨʦʯʘʩʪʠʥʦʢ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʩʢʣʘʜʘʻ 142Á ʽ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʤʦʜʠʬʽʢʘʪʦʨʘ ʙʽʣʷ 0,25 ʤʘʩ. %. ʎʝ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ 

ʩʠʩʪʝʤʘʤʠ ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ, ʘʣʝ ʪʘʢʽ ʧʦʚʝʨʭʥʽ ʚʩʝ ʞ ʪʘʢʠ ʟʥʘʭʦʜʷʪʴʩʷ 

ʥʘ ʨʽʚʥʽ ʥʠʞʯʝ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ.  

 

ʈʠʩʫʥʦʢ 30 ï ʂʫʪ ʟʤʦʯʫʚʘʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʚʦʜʦʶ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʜʠʬʽʢʘʪʦʨʘ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ 

ʪʘʢʠʤ ʯʠʥʦʤ ʻ ʙʣʠʟʴʢʠʤʠ ʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʧʦʚʝʨʭʦʥʴ ʥʘ ʦʩʥʦʚʽ 
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ʯʘʩʪʠʥʦʢ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʩʭʦʞʦʛʦ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ (d50%=2,5 ʤʢʤ). ʎʝ 

ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʫʟʘʛʘʣʴʥʝʥʥʷ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʨʦʟʯʠʥʥʠʭ ʫ ʚʦʜʽ ʟʜʘʪʥʠʭ ʜʦ 

ʧʦʚʝʨʭʥʝʚʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʯʘʩʪʠʥʢʠ ʷʢʠʭ ʤʘʶʪʴ 

ʧʩʝʚʜʦʢʫʙʽʯʥʫ ʘʙʦ ʧʨʠʟʤʘʪʠʯʥʫ ʬʦʨʤʫ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʪʘ 

ʤʦʜʠʬʽʢʘʪʦʨʘ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʷʛʥʝʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ 

ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʜʦ 150 ʛʨʘʜʫʩʽʚ, ʪʦʙʪʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʩʪʽ 

ʧʦʪʨʽʙʥʘ ʧʦʜʘʣʴʰʘ ʤʦʜʠʬʽʢʘʮʽʷ ʧʦʚʝʨʭʥʝʚʦʾ ʪʝʢʩʪʫʨʠ. ɺʪʽʤ, ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ 

ʩʣʫʛʫʚʘʪʠ ʙʘʟʠʩʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʝʨʰʦʛʦ (ʢʨʫʧʥʦʛʦ) ʨʽʚʥʷ ʽʻʨʘʨʭʽʯʥʠʭ ʪʝʢʩʪʫʨ. 

 

3.2.3. ʄʽʢʨʦʨʦʟʤʽʨʥʽ ʝʣʝʤʝʥʪʠ ʪʝʢʩʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʚʠʭʽʜʥʦʛʦ ʪʘ ʚʘʣʦʨʠʟʦʚʘʥʦʛʦ 

ʬʽʣʴʪʨ-ʧʝʨʣʽʪʫ. 

ɺʽʜʦʤʦ [200], ʱʦ ʯʘʩʪʠʥʢʠ ʩʧʫʯʝʥʦʛʦ ʧʝʨʣʽʪʫ ʻ ʧʦʨʦʞʥʠʩʪʠʤʠ ʩʬʝʨʘʤʠ ʟ 

ʣʽʥʽʷʤʠ ʩʧʘʡʥʦʩʪʽ, ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʦʶ ʨʠʩʦʶ ʪʚʝʨʜʠʭ ʧʽʥ. ʉʪʽʥʢʠ ʪʘʢʠʭ ʩʬʝʨ ʤʘʶʪʴ 

ʧʦʨʽʚʥʷʥʦ ʥʝʚʠʩʦʢʫ ʪʦʚʱʠʥʫ, ʱʦ ʟʫʤʦʚʣʶʻ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ ʤʘʪʝʨʽʘʣʫ. 

ɿʘʣʠʰʢʠ ʚʽʜ ʜʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʫʣʘʰʪʫʚʘʥʥʷ ʬʽʣʴʪʨʽʚ, 

ʥʘʧʨʠʢʣʘʜ, ʬʽʣʴʪʨʫ ʜʦʤʽʰʦʢ ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʚʠʩʦʢʦʶ 

ʧʦʨʠʩʪʽʩʪʶ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʦʜʝʨʞʫʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʦʯʝʚʠʜʥʦ ʱʦ 

ʧʦʨʠʩʪʽ ʧʦʚʝʨʭʥʽ ʪʘʢʦʛʦ ʪʠʧʫ, ʧʨʦʥʠʟʘʥʽ ʧʣʘʩʢʠʤʠ ʢʘʧʽʣʷʨʘʤʠ ʻ ʦʜʥʽʻʶ ʟ ʤʦʞʣʠʚʠʭ 

ʨʝʘʣʽʟʘʮʽʡ ʩʪʘʥʫ ʂʘʩʽ. ʉʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘ ʦʩʥʦʚʽ ʷʢ ʚʠʭʽʜʥʦʛʦ ʩʧʫʯʝʥʦʛʦ 

ʧʝʨʣʽʪʫ, ʪʘʢ ʽ ʨʝʛʝʥʝʨʦʚʘʥʦʛʦ ʘʜʩʦʨʙʝʥʪʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʨʘʬʽʥʦʚʘʥʦʾ ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ ʻ ʦʙôʻʢʪʦʤ ʨʦʟʛʣʷʜʫ ʚ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ. 

ɺʽʜʧʨʘʮʴʦʚʘʥʠʡ ʧʝʨʣʽʪʥʠʡ ʘʜʩʦʨʙʝʥʪ ʻ ʚʽʜʭʦʜʦʤ ʦʯʠʱʝʥʥʷ ʩʦʥʷʰʥʠʢʦʚʦʾ 

ʦʣʽʾ, ʘ ʩʘʤʝ ï ʦʯʠʱʝʥʥʷ ʨʽʜʠʥʠ ʚʽʜ ʚʦʩʢʽʚ ʪʘ ʩʤʦʣ. ʐʘʨ ʧʝʨʣʽʪʫ ʚʠʢʦʥʫʻ ʨʦʣʴ 

ʤʝʤʙʨʘʥʠ, ʜʝ ʟʙʠʨʘʶʪʴʩʷ ʚôʷʟʢʽ ʢʦʥʪʘʤʽʥʽʥʪʠ, ʚʽʥ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʜʦʧʦʤʽʞʥʠʡ 

ʤʘʪʝʨʽʘʣ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʟʘʩʦʨʷʥʥʷ ʦʩʥʦʚʥʠʭ ʤʝʤʙʨʘʥ ʽ ʧʦ ʤʽʨʽ ʥʘʢʦʧʠʯʝʥʥʷ ʚʦʩʢʽʚ 

ʫʪʠʣʽʟʫʻʪʴʩʷ. ɺʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʛʦ ʚʤʽʩʪʫ ʦʨʛʘʥʽʯʥʠʭ ʟʘʙʨʫʜʥʝʥʴ, ʚʽʜʧʨʘʮʴʦʚʘʥʠʡ 

ʬʽʣʴʪʨ-ʧʝʨʣʽʪ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ ʤʦʞʝ ʚʚʦʜʠʪʠʩʷ ʜʦ ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʪʽʚ, ʟʦʢʨʝʤʘ ʽ 

ʦʨʛʘʥʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʡʦʛʦ ʨʝʛʝʥʝʨʘʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʧʘʣʫ ʘʙʦ ʩʦʣʴʚʝʥʪʥʦʾ ʝʢʩʪʨʘʢʮʽʾ.   
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 ɺ ʨʦʙʦʪʽ ʘʙʩʦʨʙʘʪ ʙʫʚ ʝʢʩʪʨʘʛʦʚʘʥʠʡ ʟ ʤʘʪʝʨʽʘʣʫ ʚ ʦ-ʢʩʠʣʦʣʽ ʽ, ʷʢ ʚʠʜʥʦ ʥʘ 

ʈʠʩ. 31 ʙ, ʤʽʩʪʠʪʴ ʩʤʫʛʠ, ʟʚʠʯʘʡʥʽ ʜʣʷ ʩʫʤʽʰʽ ʝʬʽʨʽʚ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʽ ʚʽʜʧʦʚʽʜʥʠʭ 

ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ [201, 202]: 2905 ʽ 2845 ʩʤ-1 C-H ʽ 1715 ʩʤ-1 ï ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ 

ʟʚ'ʷʟʢʫ C=O, ʰʠʨʦʢʘ ʩʧʦʣʫʯʝʥʘ ʩʤʫʛʘ ʝʪʝʨʽʚ C-O-C ʽ ʟʚ'ʷʟʢʫ C-H ʚ ʜʽʘʧʘʟʦʥʽ 1350-

1000 ʩʤ-1.  

ʉʧʝʢʪʨ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʧʝʨʣʽʪʦʚʦʛʦ ʘʙʩʦʨʙʝʥʪʫ (ʨʠʩ. 31.ʘ) ʤʽʩʪʠʪʴ ʪʘʢʽ ʞ 

ʩʤʫʛʠ, ʱʦ ʚʢʘʟʫʶʪʴ ʥʘ ʥʘʷʚʥʽʩʪʴ ʪʘʤ ʟʘʣʠʰʢʽʚ ʦʣʽʾ. ɺʽʜʧʘʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 400 ÁC 

ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʝ ʚʠʜʘʣʝʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʟ ʘʙʩʦʨʙʝʥʪʫ. 

ʆʯʠʱʝʥʠʡ ʤʘʪʝʨʽʘʣ ʤʘʻ ʭʘʨʘʢʪʝʨʥʽ ʧʝʨʣʽʪʦʚʽ ʩʤʫʛʠ [203]: 3340 ʩʤ-1, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʚʘʣʝʥʪʥʠʤ ʢʦʣʠʚʘʥʥʷʤ O-H-ʟʚ'ʷʟʢʫ ʧʦʛʣʠʥʝʥʦʾ ʚʦʜʠ, 1645 ʩʤ-1 ʚʽʜʧʦʚʽʜʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ, ʰʠʨʦʢʽ ʟʣʠʪʽ ʚʘʣʝʥʪʥʽ ʩʤʫʛʠ Al-O ʪʘ Si-O ʧʨʠ 1200-1000 

ʩʤ-1 ʽ ʩʠʤʝʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ Si-O-Si ʧʨʠ 790 ʩʤ-1. 

 

ʈʠʩʫʥʦʢ 31 ï ɯʏ ʩʧʝʢʪʨ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʬʽʣʴʪʨ-ʧʝʨʣʽʪʫ: ʘ. - ʚʠʭʽʜʥʠʡ ʬʽʣʴʪʨ-

ʧʝʨʣʽʪ; b. - ʝʢʩʪʨʘʢʪ ʢʩʠʣʦʣʫ ʟ ʥʴʦʛʦ; c. - ʚʽʜʧʘʣʝʥʠʡ ʧʝʨʣʽʪ.  
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ʉʭʦʞʠʤ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʻ ʩʧʫʯʝʥʠʡ ʧʝʨʣʽʪ ʘʨʘʛʘʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ. ɺʽʥ 

ʷʚʣʷʻ ʩʦʙʦʶ ʪʚʝʨʜʫ ʩʢʣʦʧʦʜʽʙʥʫ ʧʽʥʘ ʟ ʢʨʠʭʢʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʚʽʜ ʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ 

ʜʦ ʩʦʪʝʥʴ ʤʽʢʨʦʥ, ʨʦʟʜʽʣʝʥʘ ʥʘ ʦʢʨʝʤʽ ʢʦʤʽʨʢʠ. ʑʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʚʘʨʽʶʻʪʴʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙôʻʤʥʦʛʦ ʚʤʽʩʪʫ ʧʦʚʽʪʨʷ, ʱʦ ʟʘʢʣʶʯʝʥʦ ʚʩʝʨʝʜʠʥʽ ʢʦʤʽʨʦʢ ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʭʘʨʘʢʪʝʨʦʤ ʩʠʨʦʚʠʥʠ (ʧʝʨʣʽʪʦʚʦʛʦ ʧʽʩʢʫ), ʪʘʢ ʽ ʨʝʞʠʤʘʤʠ 

ʩʧʫʯʫʚʘʥʥʷ, ʘ ʩʘʤʝ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʪʨʠʚʘʣʽʩʪʶ ʟʥʘʭʦʜʞʝʥʥʷ ʯʘʩʪʠʥʢʠ ʚ ʢʘʤʝʨʽ 

ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʫ, ʪʦʱʦ.  

ʊʦʚʱʠʥʘ ʩʪʽʥʦʢ ʤʽʞ ʢʦʤʽʨʢʘʤʠ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ 0,5-2,0 ʤʢʤ ʟʘʣʝʞʥʦ ʚʽʜ 

ʾʭ ʧʦʣʦʞʝʥʥʷ, ʟ ʧʦʪʦʚʱʝʥʥʷʤ ʚ ʦʙʣʘʩʪʽ ʧʝʨʝʪʠʥʫ ʢʦʤʽʨʦʢ. ʄʦʞʣʠʚʘ ʬʦʨʤʘ ʩʪʽʥʦʢ ʽ 

ʦʯʽʢʫʚʘʥʠʭ ʦʩʢʦʣʢʽʚ ʪʘʢʦʞ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʥʘʧʽʚʩʬʝʨʠʯʥʦʾ ʫ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥʢʘʭ ʜʦ 

ʤʘʡʞʝ ʨʽʚʥʦʾ ʫ ʚʥʫʪʨʽʰʥʽʭ. ʈʦʟʤʽʨ ʢʦʤʽʨʢʠ ʥʝʨʝʛʫʣʷʨʥʠʡ ʯʝʨʝʟ ʨʽʟʥʠʮʶ ʚ 

ʩʧʫʯʫʚʘʥʥʽ ʯʘʩʪʠʥʦʢ ʧʨʠʨʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʆʜʝʨʞʘʥʥʷ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʘ ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʤʝʭʘʥʽʯʥʠʤ ʧʦʜʨʽʙʥʝʥʥʷʤ ʫ ʬʘʨʬʦʨʦʚʽʡ ʩʪʫʧʮʽ ʟ ʧʦʜʘʣʴʰʠʤ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷʤ ʥʘ 

ʩʠʪʽ 230 ʤʝʰ (ʦʪʚʦʨʠ 63 ʤʢʤ). ʗʢ ʚʠʜʥʦ ʟ ʢʨʠʚʠʭ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ 

(ʨʠʩ. 31 ʘ), ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʦʪʨʠʤʘʥʠʭ ʯʘʩʪʠʥʦʢ ʩʪʘʥʦʚʠʚ 40 ʤʢʤ, ʟʨʘʟʦʢ ʤʽʩʪʠʪʴ 

ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 10 ʤʢʤ ʽ ʩʫʙʤʽʢʨʦʥʥʠʭ ʯʘʩʪʠʥʦʢ. ʌʦʨʤʘ 

ʮʠʭ ʯʘʩʪʠʥʦʢ ʥʝʧʨʘʚʠʣʴʥʘ ï ʻ ʷʢ ʤʘʡʞʝ ʧʣʘʩʢʽ ʧʨʦʟʦʨʽ ʧʣʘʩʪʠʥʢʠ, ʪʘʢ ʽ 

ʤʽʞʢʦʤʽʨʢʦʚʽ ʟʘʣʠʰʢʠ, ʷʢʽ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ ʱʽʣʴʥʽʩʪʴ ʽ ʚ ʥʝʫʧʦʨʷʜʢʦʚʘʥʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʻ ʩʢʦʨʽʰ ʥʝʙʘʞʘʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ.  

ʏʘʩʪʠʥʢʠ ʚʽʜʧʘʣʝʥʦʛʦ ʬʽʣʴʪʨ-ʧʝʨʣʽʪʫ ʻ ʬʨʘʛʤʝʥʪʘʤʠ ʟ ʧʦʜʽʙʥʦʶ ʛʝʦʤʝʪʨʽʻʶ, 

ʟ ʪʽʻʶ ʨʽʟʥʠʮʝʶ, ʱʦ ʯʘʩʪʢʘ ʧʣʘʩʢʠʭ ʯʘʩʪʠʥʦʢ ʪʫʪ ʙʽʣʴʰʘ, ʻ ʙʘʛʘʪʦ ʬʨʘʛʤʝʥʪʽʚ 

ʚʠʪʷʛʥʫʪʦʾ ʬʦʨʤʠ. ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʮʠʭ ʯʘʩʪʠʥʦʢ (ʨʠʩ. 32. ʙ) ʩʪʘʥʦʚʠʪʴ 50 ʤʢʤ. 

ʆʜʥʘʢ, ʦʩʢʽʣʴʢʠ ʮʝʡ ʤʘʪʝʨʽʘʣ ʥʝ ʧʨʦʩʽʶʚʘʚʩʷ, ʚʽʥ ʤʽʩʪʠʪʴ ʚʝʣʠʢʽ ʯʘʩʪʠʥʢʠ - ʜʦ 500 

ʤʢʤ, ʘ ʩʫʙʤʽʢʨʦʥʥʘ ʬʨʘʢʮʽʷ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ. 
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ʈʠʩʫʥʦʢ 32 ï ɼʽʘʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ: ʘ ï ʜʨʦʙʣʝʥʠʡ 

ʧʝʨʣʽʪ; ʙ ï ʬʽʣʴʪʨ-ʧʝʨʣʽʪ. 

 

ʇʽʜʛʦʪʦʚʣʝʥʽ ʪʘ ʬʨʘʢʮʽʦʥʦʚʘʥʽ ʯʘʩʪʠʥʢʠ ʧʦʜʨʽʙʥʝʥʦʛʦ ʧʝʨʣʽʪʫ ʪʘ ʬʽʣʴʪʨ-

ʧʝʨʣʽʪʫ, ʙʫʣʠ ʧʦʚʝʨʭʥʝʚʦ ʦʙʨʦʙʣʝʥʽ 1 ʤʘʩ. % ʦ-ʢʩʠʣʦʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʩʠʣʘʥʽʚ ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʧʦʣʷʨʥʦʩʪʽ ʧʦʚʝʨʭʥʽ. ʉʪʫʧʽʥʴ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʥʽ ʦʮʽʥʶʚʘʣʠ ʰʣʷʭʦʤ 

ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʪʘ ʢʫʪʽʚ ʩʢʦʯʫʚʘʥʥʷ ʥʘ ʦʪʨʠʤʘʥʦʤʫ ʰʘʨʽ 

ʧʦʨʦʰʢʫ (ʪʘʙʣ. 11).  

ʈʦʟʯʠʥʠ ʪʘʢʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʷʢ ʧʦʣʽʜʠʤʝʪʠʣʩʠʣʘʥʦʣ (Xiameter 0156) ʪʘ 

ʧʦʣʽʜʠʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥ (Xiameter 1107) ʫ ʢʩʠʣʦʣʽ ʧʦʢʘʟʘʣʠ ʥʘʡʢʨʘʱʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʱʦ ʧʝʨʰʠʡ ʤʦʜʠʬʽʢʘʪʦʨ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʪʘʢʠʤ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʬʦʨʤʘʣʴʥʠʭ ʚʠʤʦʛ ʜʦ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʱʦ 

ʦʜʝʨʞʫʶʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʜʦʩʷʛʥʫʪʽ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʧʝʨʝʚʠʱʫʶʪʴ 150Á. 
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ʊʘʙʣʠʮʷ 11 ï ɽʬʝʢʪʠʚʥʽʩʪʴ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʜʣʷ 

ʛʽʜʨʦʬʦʙʽʟʘʮʽʾ ʤʝʣʝʥʦʛʦ ʧʝʨʣʽʪʫ 

ɿʘʩʽʙ ʦʙʨʦʙʢʠ - ʅʘʟʚʘ ʧʨʦʜʫʢʪʫ ʂʫʪ 

ʟʤʦʯʫʚʘʥʥʷ, 

ʛʨʘʜ. 

ʂʫʪ 

ʩʢʦʯʫʚʘʥʥʷ, 

ʛʨʘʜ. 

ɯʟʦʙʫʪʽʣʪʨʠʝʪʦʢʩʠʩʠʣʘʥ - Protectosil 100NK 142 22 

ʜʝʢʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʩʠʣʦʢʩʘʥ ʪʘ 

ʦʢʪʘʤʝʪʠʣʮʠʢʣʦʪʝʪʨʘʩʠʣʦʢʩʘʥ - DOWSIL 

HV 495 

145 17 

ʊʨʠʝʪʦʢʩʠʦʢʪʠʣʩʠʣʘʥ - DOWSIL 87 143 19 

ɽʪʦʢʩʠʣʘʪ ʚʪʦʨʠʥʥʦʛʦ ʩʧʠʨʪʫ - Xiameter 

MEM-0347G 

146 29 

 

ɻʽʜʨʦʢʩʠʪʝʨʤʽʥʦʚʘʥʠʡ 

ʧʦʣʽʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥ Xiameter PMX-0156 

150 9 

 

ʧʦʣʽʤʝʪʠʣʛʽʜʨʦʛʝʥʩʠʣʦʢʩʘʥ - Xiameter 

MHX-1107 

146 4 

 

       

ɿʦʛʣʷʜʫ ʥʘ ʙʽʣʴʰ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʰʘʨʽʚ ʪʘʢʠʭ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʽʚ, ʷʢʽ ʟʚôʷʟʘʥʽ 

ʟ ʧʦʚʝʨʭʥʝʶ ʩʫʙʩʪʨʘʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʢʦʚʘʣʝʥʪʥʠʭ ʚʟʘʻʤʦʜʽʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʠʤʠ, ʷʢʽ 

ʟʚôʷʟʫʶʪʴʩʷ ʣʠʰʝ ʩʣʘʙʢʠʤʠ ʘʜʩʦʨʙʮʽʡʥʠʤʠ ʚʘʥʜʝʨʚʘʘʣʴʩʽʚʩʴʢʠʤʠ ʩʠʣʘʤʠ, ʪʠʧ 

ʚʟʘʻʤʦʜʽʾ ʚʠʟʥʘʯʘʚʩʷ ʤʝʪʦʜʦʤ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ.  

ʉʧʝʢʪʨ ʧʦʣʽʤʝʪʠʣʛʽʜʨʦʛʝʥʩʠʣʦʢʩʘʥʫ (ʨʠʩ. 33. ʚ) ʤʽʩʪʠʪʴ ʧʦʤʽʪʥʫ ʩʤʫʛʫ 

ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ ʟʚ'ʷʟʢʫ Si-H [204] ʧʨʠ 2260 ʩʤ-1, ʩʤʫʛʫ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ C-

H ʟʚôʷʟʢʫ ʙʽʯʥʠʭ ʟʘʤʽʩʥʠʢʽʚ ʧʨʠ 2943 ʩʤ-1, Si-CH3 ʧʨʠ 1247 ʩʤ
-1, Si-O-Si ʧʨʠ 1100 

ʩʤ-1 ʪʘ ʽʥʰʽ. ɺʨʘʭʦʚʫʶʯʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʡ ʚʤʽʩʪ ʩʠʣʦʢʩʘʥʫ ʥʘ ʧʦʚʝʨʭʥʽ ʧʝʨʣʽʪʫ 

ʧʽʩʣʷ ʦʙʨʦʙʢʠ, ʡʦʛʦ ʩʤʫʛʠ ʚ ʩʧʝʢʪʨʽ ʧʨʦʜʫʢʪʫ (ʨʠʩ. 33, ʙ) ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʧʦʨʦʟʽ 

ʽʥʜʠʢʘʮʽʾ. ʇʨʦʪʝ ʚʠʜʥʦ, ʱʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ I2943/I2260 ʫ ʯʠʩʪʦʤʫ 

ʩʠʣʦʢʩʘʥʽ ʤʝʥʰʝ, ʥʽʞ ʫ ʧʨʦʜʫʢʪʽ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʫʯʘʩʪʴ ʡʦʛʦ ʛʽʜʨʠʜʥʠʭ ʛʨʫʧ 

ʫ ʚʟʘʻʤʦʜʽʾ ʟ ʘʢʪʠʚʥʠʤʠ ʮʝʥʪʨʘʤʠ ʧʦʚʝʨʭʥʽ ʧʝʨʣʽʪʫ. 
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ʈʠʩʫʥʦʢ 33 ï ɯʏ-ʩʧʝʢʪʨʠ ʩʠʩʪʝʤ: ʘ - ʜʨʦʙʣʝʥʠʡ ʧʝʨʣʽʪ; ʙ ï ʤʦʜʠʬʽʢʦʚʘʥʠʡ 

ʜʨʦʙʣʝʥʠʡ ʧʝʨʣʽʪ; ʚ ï ʧʦʣʽʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥ (Xiameter MHX-1107) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ ʱʦ ʤʽʢʨʦʯʘʩʪʠʥʢʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ 

ʧʦʜʨʽʙʥʝʥʥʽ ʩʧʫʯʝʥʦʛʦ ʧʝʨʣʽʪʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʨʝʛʝʥʝʨʦʚʘʥʽ ʟ ʚʽʜʭʦʜʫ ï ʬʽʣʴʪʨ-

ʧʝʨʣʽʪʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚ ʧʨʦʮʝʩʽ ʨʘʬʽʥʘʮʽʾ ʦʣʽʾ, ʜʘʶʪʴ ʟʤʦʛʫ ʦʜʝʨʞʘʪʠ 

ʧʦʚʝʨʭʥʶ ʟ ʚʠʩʦʢʦʶ ʢʘʧʽʣʷʨʥʦʶ ʧʦʨʠʩʪʽʩʪʶ. ʅʝʨʝʛʫʣʷʨʥʽʩʪʴ ʩʘʤʠʭ ʯʘʩʪʠʥʦʢ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʪʘʢʠʡ ʧʨʦʬʽʣʴ ʧʦʚʝʨʭʥʽ, ʚ ʷʢʦʤʫ ʟʥʘʯʥʘ ʜʦʣʷ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ 

ʧʨʠʧʘʜʘʻ ʩʘʤʝ ʥʘ ʬʘʟʫ ʧʦʚʽʪʨʷ, ʪʦʙʪʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʪʘʥ ʂʘʩʽ. ʅʘʡʙʽʣʴʰʝ 

ʟʥʠʞʝʥʥʷ ʚʣʘʩʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʧʝʨʣʽʪʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʤʝʪʠʣʩʠʣʦʢʩʘʥʦʚʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʘ, ʷʢʠʡ ʭʽʤʽʯʥʦ ʟʚôʷʟʫʻʪʴʩʷ ʟ 

ʧʦʚʝʨʭʥʝʶ ʩʫʙʩʪʨʘʪʫ. ɺ ʮʽʣʦʤʫ, ʤʦʞʥʘ ʟʘʢʣʶʯʠʪʠ ʱʦ ʧʝʨʣʽʪʦʚʽ ʯʘʩʪʠʥʢʠ ʻ ʚʜʘʣʠʤ 

ʨʽʰʝʥʥʷʤ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʽʢʨʦʨʽʚʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʩʪʨʫʢʪʫʨ.  
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3.2.4. ʇʦʚʝʨʭʥʽ ʥʘ ʦʩʥʦʚʽ ʚʘʣʦʨʠʟʦʚʘʥʦʛʦ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ 

ɺʽʜʦʤʘ ʧʨʦʙʣʝʤʘ ʥʝʧʨʠʜʘʪʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʢʨʠʪʪʽʚ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʚʝʣʠʢʠʭ ʧʣʦʱʘʭ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʫʣʘʰʪʫʚʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ 

ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʢʦʤʧʦʥʝʥʪʽʚ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʪʘʢʦʛʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʽʜʭʦʜʫ ʷʢ ʯʝʨʚʦʥʠʡ ʰʣʘʤ.  

ʇʝʨʝʰʢʦʜʦʶ ʮʴʦʤʫ ʨʽʰʝʥʥʶ ʻ ʜʦʚʦʣʽ ʚʠʩʦʢʘ ʭʽʤʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ 

ʚʽʜʭʦʜʫ ʪʘ ʥʘʷʚʥʽʩʪʴ ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ, ʦʜʥʘʢ, ʤʦʞʝ ʙʫʪʠ ʧʦʜʦʣʘʥʦ 

ʥʠʟʢʦʶ ʩʧʦʩʦʙʽʚ - ʽʥʘʢʪʠʚʘʮʽʻʶ ʢʠʩʣʠʤʠ ʛʘʟʘʤʠ ʘʙʦ ʪʘʢʠʤʠ ʞ ʚʽʜʭʦʜʘʤʠ, 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʤ ʤʝʪʦʜʦʤ [205], ʘ ʪʘʢʦʞ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤ ʚʽʜʧʘʣʦʤ. ʆʩʪʘʥʥʽʡ 

ʤʝʪʦʜ, ʷʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʦʙʦʪʽ [206], ʜʘʻ ʟʤʦʛʫ ʚʢʣʶʯʠʪʠ ʧʝʨʝʨʦʙʣʝʥʠʡ ʚʽʜʭʽʜ ʜʦ 

ʩʢʣʘʜʫ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʩʢʽʣʴʢʠ ʦʪʨʠʤʘʥʽ ʯʘʩʪʠʥʢʠ ʚʠʷʚʣʷʶʪʴʩʷ ʜʦʚʦʣʽ 

ʭʽʤʽʯʥʦ ʽʥʝʨʪʥʠʤʠ.   

ʋ ʨʦʙʦʪʽ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʯʝʨʚʦʥʠʡ ʰʣʘʤ, ʷʢʠʡ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʚʽʜ ʇʨɸʊ 

"ɿʘʧʦʨʽʟʴʢʠʡ ʘʣʶʤʽʥʽʻʚʠʡ ʢʦʤʙʽʥʘʪ" (47.860921, 35.129808). ʇʨʦʮʝʩ ʩʧʽʢʘʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʚ ʤʫʬʝʣʴʥʽʡ ʧʝʯʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 950 Áʉ. ɼʠʩʧʝʨʛʫʚʘʥʥʷ ʩʧʝʯʝʥʠʭ 

ʯʘʩʪʠʥʦʢ ʧʨʦʚʦʜʠʣʠ ʚ ʢʫʣʴʦʚʦʤʫ ʤʣʠʥʽ ʧʨʦʪʷʛʦʤ 6 ʛʦʜʠʥ. ʌʨʘʢʮʽʦʥʫʚʘʥʥʷ 

ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʚʠʢʦʥʫʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʪʘ ʟ ʜʽʘʤʝʪʨʦʤ ʦʪʚʦʨʽʚ 63 ʤʢʤ. 

ɼʣʷ ʛʽʜʨʦʬʦʙʽʟʘʮʽʾ ʯʘʩʪʠʥʦʢ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʘʢʽ ʤʦʜʠʬʽʢʘʪʦʨʠ: 

ʩʪʝʘʨʠʥʦʚʘ ʢʠʩʣʦʪʘ, ʄʝʪʠʣʪʨʠʝʪʦʢʩʠʩʠʣʘʥ (MTES) ʪʘ ʦʢʩʪʠʣʪʨʠʝʪʦʢʩʠʩʠʣʘʥ 

(OCTEO). ʇʨʠ ʮʴʦʤʫ, ʩʪʝʘʨʠʥʦʚʘ ʢʠʩʣʦʪʘ ʙʫʣʘ ʦʙʨʘʥʘ ʟ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʪʝ ʱʦ ʚʦʥʘ 

ʻ ʜʦʚʦʣʽ ʙʶʜʞʝʪʥʠʤ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʦʤ, ʘ ʦʢʨʽʤ ʪʦʛʦ ʤʦʞʝ ʙʫʪʠ ʙʽʦʦʩʥʦʚʥʦʶ. MTES 

ʽ OCTEO ʻ ʤʦʞʣʠʚʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʜʣʷ ʟʘʤʽʥʠ ʬʪʦʨʚʤʽʩʥʠʭ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʽʚ ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʚʧʣʠʚʫ ʧʨʦʜʫʢʪʫ ʥʘ ʜʦʚʢʽʣʣʷ [207]. ʇʨʦʮʝʩ ʤʦʜʠʬʽʢʘʮʽʾ ʟʨʘʟʢʽʚ 

ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʧʦʣʷʛʘʚ ʫ ʚʤʽʱʝʥʥʽ ʚʠʩʫʰʝʥʦʛʦ ʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʨʦʟʯʠʥ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ MTES/OCTEO ʚ ʽʟʦʧʨʦʧʽʣʦʚʦʤʫ ʩʧʠʨʪʽ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʘ 1 ʤʘʩ. % ʥʘ 30 ʭʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 20-25 Áʉ.  
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ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʣʘ ʚʠʪʨʠʤʢʘ ʚ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʧʨʠ 60Áʉ ʜʣʷ ʚʠʜʘʣʝʥʥʷ 

ʟʘʣʠʰʢʽʚ ʽʟʦʧʨʦʧʘʥʦʣʫ ʽ ʧʨʠ 130 Áʉ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ ʟ ʤʝʪʦʶ ʨʝʘʢʮʽʡʥʦʛʦ 

ʟʘʢʨʽʧʣʝʥʥʷ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʰʣʘʤʫ [208]. ʄʦʜʠʬʽʢʘʮʽʶ 

ʩʪʝʘʨʠʥʦʚʦʶ ʢʠʩʣʦʪʦʶ ʧʨʦʚʦʜʠʣʠ ʚ 3 ʤʘʩ. % ʨʦʟʯʠʥʽ ʚ ʽʟʦʧʨʦʧʽʣʦʚʦʤʫ ʩʧʠʨʪʽ, 

ʧʽʩʣʷ 60 ʭʚʠʣʠʥ ʚʠʪʨʠʤʢʠ ʯʝʨʚʦʥʠʡ ʰʣʘʤ ʧʨʦʤʠʚʘʣʠ ʽ ʚʠʩʫʰʠʣʠ ʚ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 60 Áʉ [209]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ pH ʚʦʜʥʦʾ ʚʠʪʷʞʢʠ ʚʠʭʽʜʥʦʛʦ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʩʪʘʥʦʚʠʪʴ 

11-12, ʘ ʫ ʚʽʜʧʘʣʝʥʦʛʦ - ʟʥʠʞʫʻʪʴʩʷ ʜʦ 7, ʱʦ ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠʩʷ ʟʚ'ʷʟʫʚʘʥʥʷʤ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʪʨʽʻʚʠʭ ʣʫʞʥʠʭ ʩʦʣʝʡ ʫ ʚʽʜʧʦʚʽʜʥʠʡ ʥʝʨʦʟʯʠʥʥʠʡ ʦʢʩʠʜ 

(ʪʘʙʣ. 12) ʫ ʩʢʣʘʜʽ ʘʤʦʨʬʥʦʾ ʩʢʣʦʧʦʜʽʙʥʦʾ ʢʝʨʘʤʽʢʠ. ʅʘʷʚʥʽʩʪʴ ʥʘʙʦʨʫ ʦʢʩʠʜʽʚ 

ʣʫʞʥʠʭ ʽ ʣʫʞʥʦʟʝʤʝʣʴʥʠʭ ʤʝʪʘʣʽʚ ʧʨʦʪʝ ʦʙʫʤʦʚʣʶʻ ʦʯʽʢʫʚʘʥʫ ʚʠʩʦʢʫ ʧʦʣʷʨʥʽʩʪʴ 

ʧʦʚʝʨʭʥʽ ʚʽʜʧʘʣʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

 

ʊʘʙʣʠʮʷ 12 ï ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ 

ɺʤʽʩʪ, ʤʘʩ. % 

SiO2 Al 2O3 Fe2O3 TiO2 CaO MgO Na2O ʟʘʣʠʰʦʢ 

7,2 16,7 50,6 5,6 6,1 0,3 2,2 11,3 

 

ɸʥʘʣʽʟ ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʯʝʨʚʦʥʦʛʦ ʚʠʢʦʥʘʥʦ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽ ɼʈʆʅ-

3ʄ XRD (ʨʠʩ. 34). ʇʦʢʘʟʘʥʦ, ʱʦ ʜʘʥʠʡ ʟʨʘʟʦʢ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʤʽʩʪʠʪʴ ʚ ʷʢʦʩʪʽ 

ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʽʥʝʨʘʣʠ ʛʝʪʠʪ Fe2O3 Ā H2O, ʛʝʤʘʪʠʪ Fe2O3, ʛʽʜʨʘʨʛʽʣʽʪ 

Al 2O3 Ā 3H2O, ʨʫʪʠʣ TiO2 ʪʘ ʽʣʴʤʝʥʽʪ FeTiO3 ̔  ʻ ʤʽʥʝʨʘʣʦʛʽʯʥʦ ʙʣʠʟʴʢʠʤ ʜʦ ʩʧʝʯʝʥʦʛʦ 

ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʟ ʜʦʩʣʽʜʞʝʥʥʷ [210]. 
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ʈʠʩʫʥʦʢ 34 ï ʈʝʥʪʛʝʥʦʛʨʘʤʘ ʟʨʘʟʢʘ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ. 

ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ: ʭ - ʛʝʪʠʪ, + ʛʝʤʘʪʠʪ, ʪ - ʨʫʪʠʣ, ʦ - ʛʽʜʨʘʨʛʽʣʽʪ. 

 

ɺʨʘʭʦʚʫʶʯʠ ʱʦ ʨʦʟʤʽʨ ʽ ʬʦʨʤʘ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʻ ʚʘʞʣʠʚʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʛʝʦʤʝʪʨʠʯʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʧʦʚʝʨʭʥʝʚʦʾ ʪʝʢʩʪʫʨʠ, 

ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʚʠʭʽʜʥʦʛʦ ʪʘ ʦʜʝʨʞʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʏʘʩʪʠʥʢʠ ʚʠʭʽʜʥʦʛʦ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʤʘʶʪʴ ʜʦʚʦʣʽ ʰʠʨʦʢʠʡ ʨʦʟʧʦʜʽʣ ʟʘ 

ʨʦʟʤʽʨʘʤʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 20 ʜʦ 300 ʤʢʤ ʽʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʬʨʘʢʮʽʾ 100-160 ʤʢʤ (ʨʠʩ. 

35 ʘ). ɺʽʜʧʘʣʝʥʠʡ ʤʘʪʝʨʽʘʣ ʤʘʻ ʥʝ-ʛʘʫʩʩʽʚʩʴʢʠʡ ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,2 ʜʦ 20 ʤʢʤ ʽʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʬʨʘʢʮʽʾ 5-10 ʤʢʤ (ʨʠʩ. 35 ʙ).  

ʅʘʷʚʥʽʩʪʴ ʩʫʙʤʽʢʨʦʥʥʦʾ ʬʨʘʢʮʽʾ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ - ʧʝʨʝʚʘʛʘ, ʦʩʢʽʣʴʢʠ ʚ 

ʧʝʨʩʧʝʢʪʠʚʽ ʻ ʨʝʩʫʨʩʦʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʅʘʷʚʥʽʩʪʴ ʜʚʦʭ ʨʽʟʥʠʭ ʬʨʘʢʮʽʡ ʫ ʚʽʜʧʘʣʝʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʜʦʙʨʝ ʧʨʦʩʪʝʞʫʻʪʴʩʷ 

ʟʘ ʜʘʥʠʤʠ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ (ʨʠʩ. 36). ʆʯʝʚʠʜʥʦ, ʱʦ ʫ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʩʪʫʧʽʥʴ ʘʛʨʝʛʦʚʘʥʦʩʪʽ ʯʘʩʪʠʥʦʢ ʙʽʣʴʰʠʡ ʽ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʜʨʽʙʥʘ ʬʨʘʢʮʽʷ, 

ʷʢʘ ʧʝʨʝʙʫʚʘʻ ʚ ʡʦʛʦ ʩʢʣʘʜʽ, ʚʠʷʚʣʷʻʪʴʩʷ ʟʚ'ʷʟʘʥʦʶ ʟʘ ʨʘʭʫʥʦʢ ʛʽʛʨʦʩʢʦʧʽʯʥʦʾ 

ʚʦʣʦʛʠ.  
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ʘ 

 

ʙ 

 

ʈʠʩʫʥʦʢ 35 ï ɻʽʩʪʦʛʨʘʤʘ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ 

ʥʝʦʙʨʦʙʣʝʥʦʛʦ (ʘ) ʪʘ ʧʽʩʣʷ ʚʽʜʧʘʣʫ ʧʨʠ 950 Áʉ (ʙ) ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ. 

 

ɿʘʛʘʣʦʤ, ʦʙʠʜʚʘ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʩʭʦʞʫ ʩʪʨʫʢʪʫʨʫ ʯʘʩʪʠʥʦʢ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʦʾ 

ʬʨʘʢʮʽʾ - ʘʛʨʝʛʘʪʽʚ ʨʦʟʤʽʨʘʤʠ ʜʝʩʷʪʢʽʚ ʤʽʢʨʦʥʽʚ, ʩʢʣʘʜʝʥʠʭ ʟʽ ʩʢʦʣʽʚ. ʎʝ ʜʘʻ ʟʤʦʛʫ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʽʜ ʯʘʩ ʚʽʜʧʘʣʫ ʟʘ 950 Áʉ ʩʪʨʫʢʪʫʨʘ ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʠʥʦʢ 

ʟʤʽʥʶʻʪʴʩʷ ʥʝʩʫʪʪʻʚʦ, ʘ ʧʦʜʘʣʴʰʠʡ ʧʦʤʝʣ ʽ ʧʨʦʩʽʶʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʚʽʜʦʢʨʝʤʠʪʠ 

ʜʨʽʙʥʫ ʩʫʙʤʽʢʨʦʥʥʫ ʬʨʘʢʮʽʶ. 
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a       b 

ʈʠʩʫʥʦʢ 36 ï ʆʧʪʠʯʥʘ ʤʽʢʨʦʩʢʦʧʽʷ ʥʝʦʙʨʦʙʣʝʥʦʛʦ (ʘ) ʪʘ ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ 

ʧʨʠ 950 Áʉ (ʙ) ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ. 

 

ʂʫʪ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʚʠʭʽʜʥʦʛʦ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʚʦʜʦʶ 

ʩʪʘʥʦʚʠʪʴ 53Ñ3Á, ʘ ʧʽʩʣʷ ʚʽʜʧʘʣʫ ʟʘ 950 Áʉ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 55Ñ3Á.  ʈʽʟʥʠʮʷ ʚʝʣʠʯʠʥ 

ʧʝʨʝʙʫʚʘʻ ʚ ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʙʣʠʟʴʢʽʩʪʴ ʧʦʣʷʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪ ʾʭʥʴʦʾ ʧʦʚʝʨʭʥʽ. ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʻ ʥʝʩʧʦʜʽʚʘʥʢʦʶ, ʪʦʤʫ ʱʦ ʢʝʨʘʤʽʯʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʝʪʘʣʝʚʠʭ ʦʢʩʠʜʽʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 

ʚʠʨʘʞʝʥʦʾ ʢʠʩʣʦʪʥʦʾ ʪʘ ʦʩʥʦʚʥʦʾ ʩʢʣʘʜʦʚʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʚʟʘʻʤʦʜʽʡ [211].  

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ ʱʦ ʮʽ ʨʝʟʫʣʴʪʘʪʠ ʦʜʝʨʞʘʥʽ ʤʝʪʦʜʦʤ ʋʦʰʙʫʨʥʘ, ʟʘ ʷʢʠʤ 

ʪʨʠʚʘʣʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʩʢʣʘʜʘʻ ʢʽʣʴʢʘ ʩʝʢʫʥʜ, ʪʦʙʪʦ ʤʦʞʥʘ 

ʦʯʽʢʫʚʘʪʠ ʱʦ ʟʘ ʮʝʡ ʯʘʩ ʨʦʟʯʠʥʥʘ ʯʘʩʪʠʥʘ ʚʠʭʽʜʥʦʛʦ ʰʣʘʤʫ ʤʦʛʣʘ ʥʝ ʚʩʪʠʛʥʫʪʠ 

ʧʝʨʝʡʪʠ ʚʣʘʩʥʝ ʫ ʨʦʟʯʠʥ ʽ ʦʜʝʨʞʘʥʽ ʜʘʥʽ ʜʣʷ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʻ ʜʝʱʦ ʟʘʚʠʱʝʥʽ.  

ʅʘ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʩʧʝʢʪʨʽ (ʨʠʩ. 37. a) ʥʝʦʙʨʦʙʣʝʥʦʛʦ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ 

ʧʨʠʩʫʪʥʽʡ ʧʽʢ ʥʘ 3470 ʩʤ-1, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʛʨʫʧʘʤ -OH, ʷʢʠʡ ʚʽʜʩʫʪʥʽʡ ʫ ʤʘʪʝʨʽʘʣʽʚ 

ʧʽʩʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʨʦʙʢʠ, ʱʦ ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠʩʷ ʟʥʠʞʝʥʥʷʤ ʯʘʩʪʢʠ 

ʛʽʛʨʦʩʢʦʧʽʯʥʦ ʟʚ'ʷʟʘʥʦʾ ʚʦʜʠ ʟʘ ʨʘʭʫʥʦʢ ʟʚ'ʷʟʫʚʘʥʥʷ ʨʦʟʯʠʥʥʠʭ ʩʦʣʝʡ ʧʽʜ ʯʘʩ 

ʚʽʜʧʘʣʫ. ɿʚʝʨʪʘʻ ʫʚʘʛʫ ʥʘ ʩʝʙʝ ʩʧʝʢʪʨ ʥʘ ʈʠʩ. 37. c ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʧʘʣʝʥʦʤʫ 

ʯʝʨʚʦʥʦʤʫ ʰʣʘʤʫ ʦʙʨʦʙʣʝʥʦʤʫ ʩʪʝʘʨʠʥʦʚʦʶ ʢʠʩʣʦʪʦʶ.  

ʉʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 2903 ʩʤ-1 ʪʘ 2836 ʩʤ-1 ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʥʘʷʚʥʽʩʪʴ ʩʠʤʝʪʨʠʯʥʠʭ ʪʘ ʘʩʠʤʝʪʨʠʯʥʠʭ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ ʟʚôʷʟʢʫ C-H ʷʢʽ, ʚ 



158 
 

ʩʚʦʶ ʯʝʨʛʫ ʚʢʘʟʫʶʪʴ ʥʘ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʘʜʩʦʨʙʦʚʘʥʦʾ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʥʘ 

ʧʦʚʝʨʭʥʽ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʥʘʯʥʦ ʙʽʣʴʰʦʶ ʘʜʩʦʨʙʮʽʡʥʦʶ 

ʻʤʥʽʩʪʶ ʮʠʭ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʮʴʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʫ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʠʤ ʰʘʨʦʤ.  

ʅʘ ʚʩʽʭ ɯʏ ʩʧʝʢʪʨʘʭ ʚʠʭʽʜʥʦʛʦ, ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʯʝʨʚʦʥʦʛʦ 

ʰʣʘʤʫ ʥʘ 530-570 ʩʤ-1 ʧʨʠʩʫʪʥʽ ʧʽʢʠ ʚʠʩʦʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʚ'ʷʟʢʫ 

Si-O-Si [212]. ɯʥʬʨʘʯʝʨʚʦʥʽ ʩʧʝʢʪʨʠ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ, ʦʙʨʦʙʣʝʥʦʛʦ OCTEO ʽ 

MTES, ʥʝ ʤʘʶʪʴ ʩʫʪʪʻʚʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʚʽʜ ʥʝ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ 

ʧʽʩʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʨʦʙʢʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʠʟʴʢʫ ʢʽʣʴʢʽʩʪʴ ʩʦʨʙʦʚʘʥʠʭ 

ʩʠʣʘʥʦʚʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʧʨʠʩʫʪʥʽʩʪʴ ʷʢʠʭ ʮʠʤ ʤʝʪʦʜʦʤ ʥʝ ʽʜʝʥʪʠʬʽʢʫʻʪʴʩʷ, ʘ 

ʟʥʘʯʠʪʴ ʾʭ ʚʤʽʩʪ ʩʪʘʥʦʚʠʪʴ ʥʠʞʯʝ 1 ʤʘʩ.% ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʩʫʭʫ ʨʝʯʦʚʠʥʫ.  

 

ʈʠʩʫʥʦʢ 37 ï ɯʥʬʨʘʯʝʨʚʦʥʽ ʩʧʝʢʪʨʠ ʚʠʭʽʜʥʦʛʦ (ʘ), ʚʽʜʧʘʣʝʥʦʛʦ ʧʨʠ 950 Áʉ (ʙ), 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʩʪʝʘʨʠʥʦʚʦʶ ʢʠʩʣʦʪʦʶ (ʚ), ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʄʊɽS (ʛ) ʪʘ OCTEO 

(ʜ) ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ 



159 
 

 ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʩʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʠ ʻ ʝʬʝʢʪʠʚʥʠʤʠ ʽ ʜʘʶʪʴ 

ʟʤʦʛʫ ʜʦʩʷʛʪʠ ʟʥʘʯʝʥʴ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʚʽʜ ʧʦʯʘʪʢʫ ʛʽʜʨʦʬʽʣʴʥʠʭ ʯʘʩʪʠʥʦʢ ʰʣʘʤʫ 

ʚʠʱʝ 90Á (ʨʠʩ. 38). ʎʽʢʘʚʦ, ʱʦ ʥʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ - ʜʦ 136Á - 

ʜʦʩʷʛʘʶʪʴʩʷ ʟʘ ʤʦʜʠʬʽʢʘʮʽʾ h ʣʘʤʫ ʩʪʝʘʨʠʥʦʚʦʶ ʢʠʩʣʦʪʦʶ, ʱʦ ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠʩʷ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʰʘʨʫ ʮʴʦʛʦ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʘ ʧʦʨʽʚʥʷʥʦ ʽʟ ʩʠʣʘʥʦʚʠʤʠ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʘʣʢʦʢʩʠʩʠʣʘʥʦʚʠʭ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʽʚ ʧʨʠ ʮʴʦʤʫ ʻ ʥʠʞʯʦʶ ʟʘ 

ʩʪʝʘʨʠʥʦʚʫ ʢʠʩʣʦʪʫ. ʆʜʥʘʢ ʥʘ ʚʠʧʘʣʝʥʦʤʫ ʯʝʨʚʦʥʦʤʫ ʰʣʘʤʽ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨ 

OCTEO ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʝʾ ʟʘ ʩʚʦʻʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʟ ʜʦʩʷʛʥʝʥʥʷʤ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ 

132 Á. ɺʟʘʛʘʣʽ, ʨʽʟʥʠʮʷ ʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʚʠʭʽʜʥʦʛʦ ʪʘ ʚʠʧʘʣʝʥʦʛʦ ʰʣʘʤʫ ʻ 

ʥʘʡʙʽʣʴʰ ʦʯʝʚʠʜʥʦʶ ʩʘʤʝ ʫ ʚʠʧʘʜʢʫ ʩʠʣʘʥʦʚʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ: ʫ ʚʠʧʘʜʢʫ 

ʥʘʷʚʥʦʩʪʽ ʨʦʟʯʠʥʥʦʾ ʯʘʩʪʠʥʠ ʤʘʪʝʨʽʘʣʫ ʢʫʪʠ ʟʤʦʯʫʚʘʥʥʷ ʟʥʠʞʝʥʽ (ʥʘ 4Á ʫ ʄʊɽS ʪʘ 

ʥʘ 9Á ʫ OCTEO).  

 

 

ʈʠʩʫʥʦʢ 38 ï ɿʘʣʝʞʥʽʩʪʴ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʚʽʜ ʦʙʨʦʙʢʠ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʯʝʨʚʦʥʠʡ ʰʣʘʤ ʧʽʩʣʷ ʽʥʘʢʪʠʚʘʮʽʾ ʧʦʚʝʨʭʥʽ ʪʘ ʨʘʭʫʥʦʢ 

ʚʽʜʧʘʣʶʚʘʥʥʷ ʧʨʠ 950 Áʉ ʪʘ ʦʙʨʦʙʢʠ ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ ʧʦʚʝʨʭʥʽ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ 

ʷʢ ʢʣʘʩʠʯʥʠʡ ʥʘʧʦʚʥʶʚʘʯ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʨʦʟʤʽʨʥʦʛʦ ʨʽʚʥʷ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʪʝʢʩʪʫʨ ʥʘʨʷʜʫ ʟ ʧʨʦʤʠʩʣʦʚʠʤʠ ʜʠʩʧʝʨʩʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ: 

ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʽʶ ʪʘ ʦʢʩʠʜʦʤ ʘʣʶʤʽʥʽʶ. ʇʨʠ ʮʴʦʤʫ, ʧʦʢʘʟʘʥʦ ʱʦ ʥʘʡʙʽʣʴʰ 

ʧʨʠʜʘʪʥʠʤ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʦʤ ʜʣʷ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʻ ʩʪʝʘʨʠʥʦʚʘ ʢʠʩʣʦʪʘ, ʱʦ 

ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʦ ʨʦʟʨʦʙʣʝʥʥʷ ʨʷʜʫ ʪʦʥʢʦʰʘʨʦʚʠʭ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʣʘʢʦʬʘʨʙʦʚʦʛʦ ʪʠʧʫ, ʧʨʠʜʘʪʥʠʭ ʜʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʥʠʟʴʢʦʾ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʪʘ ʟ ʚʠʩʦʢʦʶ ʝʢʦʣʦʛʽʯʥʦʶ ʩʫʤʽʩʥʽʩʪʶ ʟʘ ʨʘʭʫʥʦʢ ʧʦʷʚʠ ʜʦʜʘʪʢʦʚʦʛʦ 

ʰʣʷʭʫ ʫʪʠʣʽʟʘʮʽʾ ʮʴʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʽʜʭʦʜʫ.  

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

ɺ ʨʦʟʜʽʣʽ ʧʦʢʘʟʘʥʦ ʱʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 

ʜʝʩʷʪʢʽʚ ʥʘʥʦʤʝʪʨʽʚ ʜʦ ʜʝʩʷʪʢʽʚ ʤʽʢʨʦʥ ʟʜʘʪʥʠʡ ʜʦ ʫʪʚʦʨʝʥʥʷ ʩʪʘʥʫ ʟʤʦʯʫʚʘʥʥʷ 

ʂʘʩʩʽ ʟʘ ʫʤʦʚʠ ʛʽʜʨʦʬʦʙʽʟʘʮʽʾ ʧʦʚʝʨʭʥʽ, ʘ ʦʪʞʝ ʤʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʜʦ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʢʣʘʜʽ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʧʦʢʨʠʪʪʽʚ.  

ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜ ʉʪʦʙʝʨʘ ʪʘ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʶ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʚʘʨʽʶʚʘʥʥʽ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʷʢʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʩʠʥʪʝʟʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ ʩʬʝʨʠʯʥʽ 

ʯʘʩʪʠʥʢʠ ʜʠʦʢʩʠʜʫ ʢʨʝʤʥʽʶ ʚ ʜʽʘʧʘʟʦʥʽ ʨʦʟʤʽʨʽʚ ʚʽʜ 30 ʜʦ 1500 ʥʤ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚ 

ʷʢʦʩʪʽ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʽʚ ʯʘʩʪʠʥʦʢ SiO2 ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʩʠʣʘʥʠ, ʟʦʢʨʝʤʘ 

ʜʠʤʝʪʠʣʜʠʭʣʦʨʩʠʣʘʥ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ ʯʘʩʪʠʥʦʢ ʜʦ 24,5 

ʤɼʞ/ʤ2 ʪʠʤ ʩʘʤʠʤ ʥʘʙʣʠʟʠʚʰʠ ʾʾ ʜʦ ʟʥʘʯʝʥʴ, ʭʘʨʘʢʪʝʨʥʠʭ ʥʝʧʦʣʷʨʥʠʤ 

ʚʫʛʣʝʚʦʜʥʝʚʠʤ ʧʦʣʽʤʝʨʘʤ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ, ʭʘʨʘʢʪʝʨʥʽ 

ʜʣʷ ʩʠʩʪʝʤ ʥʘʥʦʯʘʩʪʠʥʦʢ SiO2 ʟ d50% = 35 ʥʤ ʩʪʘʥʦʚʣʷʪʴ 136 Á, ʚ ʪʦʡ ʞʝ ʯʘʩ ʥʘ 

ʤʽʢʨʦʯʘʩʪʠʥʢʘʭ CaCO3 ʟ d50% = 25 ʤʢʤ ʤʦʞʣʠʚʦ ʜʦʩʷʛʥʝʥʥʷ ʟʥʘʯʝʥʴ ʢʫʪʘ 

ʟʤʦʯʫʚʘʥʥʷ 152Á. ʎʷ ʞ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʤʘʢʠʩʤʘʣʴʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ Al2O3 ʟ d50% = 3,3 ʤʢʤ ï 142 Á.  ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʠʥʢʠ 

ʥʘʥʦʬʨʘʢʮʽʡ  ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʘʯʥʦ ʚʠʱʫ ʩʪʽʡʢʽʩʪʴ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʦʛʦ ʰʘʨʫ ʜʦ ʜʽʾ 

ʨʽʜʠʥ ʟʽ ʟʥʠʞʝʥʠʤ ʧʦʚʝʨʭʥʝʚʠʤ ʥʘʪʷʛʦʤ.   
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ʇʦʢʘʟʘʥʦ, ʱʦ ʯʘʩʪʠʥʢʠ ʧʝʨʣʽʪʦʚʦʛʦ ʚʽʜʩʽʚʫ ʟ ʩʝʨʝʜʥʽʤ ʜʽʘʤʝʪʨʦʤ ʢʽʣʴʢʘ 

ʜʝʩʷʪʢʽʚ ʤʽʢʨʦʥʽʚ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ 

ʧʦʢʨʠʪʪʽʚ ʟ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʠʤʠ ʢʫʪʘʤʠ ʟʤʦʯʫʚʘʥʥʷ ï ʜʦ 150 Á ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ 

ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʘ ʧʦʣʽʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥʫ.  

ʈʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ ï ʟʘʣʠʰʢʫ ʚʽʜ ʨʘʬʽʥʘʮʽʾ 

ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ - ʬʽʣʴʪʨ-ʧʝʨʣʽʪʫ, ʷʢʠʡ ʨʝʛʝʥʝʨʦʚʘʥʦ ʰʣʷʭʦʤ ʝʢʩʪʨʘʢʮʽʾ 

ʨʦʟʯʠʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʦʣʽʾ (ʚʦʩʢʽʚ) ʪʘ ʚʠʧʘʣʝʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 450 Áʉ ʪʘ 

ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ, ʨʦʟʯʠʥʥʽ ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʛʦ ʟʚôʷʟʘʥʽ ʰʣʷʭʦʤ ʚʠʧʘʣʶʚʘʥʥʷ ʧʨʠ 

950 Áʉ, ʚ ʩʢʣʘʜʽ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ. ʇʦʢʘʟʘʥʦ, ʱʦ ʨʝʛʝʥʝʨʦʚʘʥʠʡ 

ʬʽʣʴʪʨ-ʧʝʨʣʽʪ ʟʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʧʝʨʣʽʪʦʚʦʤʫ ʚʽʜʩʽʚʫ, ʘ ʯʝʨʚʦʥʠʡ 

ʰʣʘʤ ï ʧʦʜʽʙʥʠʡ ʜʦ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʽʚ (ʢʘʣʴʮʠʪʫ, ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ) ʟ ʧʦʨʽʚʥʷʥʠʤ 

ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ.  

 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʢʠʭ 

ʧʫʙʣʽʢʘʮʽʷʭ (ɼʦʜʘʪʦʢ ɸ): [3, 4, 5, 7, 13, 14, 15, 18, 19, 24, 25] 
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ʈʆɿɼɯʃ 4 ʌʆʈʄʋɺɸʅʅʗ ʊɽʂʉʊʋʈʀ ɸɼʀʊʀɺʅʀʍ ʇʆʂʈʀʊʊɯɺ 

ɺ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʪʝʢʩʪʫʨʠ ʪʘ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʜʠʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʜʠʩʧʝʨʩʥʠʭ ʥʘʥʦ- ʪʘ ʤʽʢʨʦʯʘʩʪʠʥʦʢ ʽ 

ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʬʽʢʩʘʮʽʶ ʥʘ ʩʫʙʩʪʨʘʪʘʭ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʦʶ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʶ, 

ʦʩʢʽʣʴʢʠ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʚʠʯʥʦʛʦ ʜʣʷ ʣʘʢʦʬʘʨʙʦʚʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʥʘʥʝʩʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʥʢʦʰʘʨʦʚʠʭ 

ʢʦʤʧʦʟʠʮʽʡ. ʌʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʧʦʨʠʩʪʦʩʪʽ ʧʦʢʨʠʪʪʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʜʘʣʝʥʥʷ ʥʦʩʽʷ (ʨʦʟʯʠʥʥʠʢʘ) ʟ ʧʣʽʚʢʠ ʧʽʜ ʯʘʩ ʾʾ ʦʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʛʥʫʯʢʦ ʚʘʨʽʶʚʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʪʘ ʤʽʥʝʨʘʣʴʥʦʾ ʯʘʩʪʠʥ ʢʦʤʧʦʟʠʮʽʾ.  

 ʆʩʥʦʚʥʠʤ ʧʠʪʘʥʥʷʤ, ʷʢʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʨʦʟʜʽʣʽ ʻ ʬʦʨʤʫʚʘʥʥʷ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʦʨʤʫʶʯʠʭ ʩʪʨʫʢʪʫʨʫ ʝʣʝʤʝʥʪʽʚ ʪʘ ʾʭ ʩʢʣʘʜʫ. ɿʦʢʨʝʤʘ, ʫʚʘʛʘ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʶ ʢʨʠʪʠʯʥʠʭ ʩʪʘʥʽʚ ʟʤʦʯʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ʪʦʥʢʦʰʘʨʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʧʦʣʽʤʝʨʥʠʤ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʝʤ.  

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʨʴʦʭʬʘʟʥʽ ʩʠʩʪʝʤʠ ʧʦʣʽʤʝʨ-

ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʡ ʥʘʧʦʚʥʶʚʘʯ-ʧʦʚʽʪʨʷ, ʷʢʽ ʻ ʦʩʥʦʚʥʦʶ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʨʠʩʪʠʭ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ. ɺ ʦʩʪʘʥʥʽʭ ʢʽʣʴʢʽʩʪʴ 

ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ ʻ ʥʝʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʟʘʚʝʨʰʝʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʤʽʞʯʘʩʪʠʥʢʦʚʠʭ 

ʧʨʦʤʽʞʢʽʚ, ʦʜʥʘʢ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʝʧʝʨʝʨʚʥʦʛʦ ʰʘʨʫ ʤʘʪʨʠʮʽ, ʪʦʤʫ 

ʪʘʢʽ ʢʦʤʧʦʟʠʪʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʟʙʽʜʥʝʥʠʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʦʣʽʤʝʨʽʚ, ʘʙʦ 

ʪʘʢʠʤʠ ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʥʘʜʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʽ. ʇʣʽʚʢʦʫʪʚʦʨʶʚʘʯ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʜʚʦʭ ʩʪʘʥʘʭ: ʘʜʩʦʨʙʦʚʘʥʠʡ ʥʘ ʧʦʚʝʨʭʥʽ ʬʦʨʤʫʶʯʠʭ ʪʝʢʩʪʫʨʫ 

ʝʣʝʤʝʥʪʽʚ ʪʘ ʫ ʤʽʞʯʘʩʪʠʥʢʦʚʠʭ ʧʨʦʤʽʞʢʘʭ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʢʦʤʧʦʟʠʮʽʡ, 

ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ ʥʘ ʟʥʠʞʝʥʫ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʰʘʨʽ 

ʇʦʢʘʟʘʥʦ, ʱʦ . ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ ʥʘʥʝʩʝʥʥʷ ʦʨʛʘʥʦ-

ʤʽʥʝʨʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘʣʠʚʦʤ, ʧʥʝʚʤʘʪʠʯʥʠʤ ʥʘʧʠʣʝʥʥʷʤ ʪʘ ʨʘʢʝʣʝʤ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʟʜʘʪʥʠʭ ʜʦ 
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ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʫ ʂʘʩʽ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʫʤʦʚʠ ʥʘʥʝʩʝʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʟ 

ʥʘʜʢʨʠʪʠʯʥʠʤ ʚʤʽʩʪʦʤ ʬʦʨʤʫʶʯʠʭ ʪʝʢʩʪʫʨʫ ʜʠʩʧʝʨʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʝ ʬʫʥʢʮʽʷ 

ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʬʽʢʩʘʮʽʾ ʦʜʝʨʞʘʥʦʾ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ. ɺ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʤʽʥʝʨʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ, ʩʪʨʫʢʪʫʨʠ ʽ ʩʢʣʘʜʫ 

ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ ʫ ʟʙʽʜʥʝʥʠʭ ʩʠʩʪʝʤʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʘʙʦ 

ʫʪʚʦʨʝʥʥʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʧʦʣʽʤʝʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ ʘʙʦ ʾʭ 

ʨʦʟʢʨʠʪʪʷ. 

 

4.1. ʋʪʚʦʨʝʥʥʷ ʪʝʢʩʪʫʨ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʠʦʢʩʠʜʫ ʢʨʝʤʥʽʶ ʧʨʦʚʦʜʠʣʦʩʷ ʚ ʩʠʩʪʝʤʽ ʧʽʨʦʛʝʥʥʠʡ ʢʨʝʤʥʝʟʝʤ ʟ 

ʧʦʚʝʨʭʥʝʚʦʶ ʦʙʨʦʙʢʦʶ ʜʠʤʝʪʠʣʜʠʭʣʦʨʩʠʣʘʥʦʤ (Aerosil R972) ï ʩʪʠʨʦʣ ʘʢʨʠʣʦʚʠʡ 

ʧʦʣʽʤʝʨ (Neocryl B-880). ʂʦʤʧʦʟʠʮʽʾ ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʰʣʷʭʦʤ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ SiO2 ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘʟʚʫʢʫ ʚ 1 ʤʘʩ. % ʨʦʟʯʠʥʽ 

ʧʦʣʽʤʝʨʘ ʚ ʢʩʠʣʦʣʽ. ɿʘʣʠʰʦʢ ʧʦʣʽʤʝʨʫ, ʦʙʫʤʦʚʣʝʥʠʡ ʨʝʮʝʧʪʫʨʦʶ ʜʦʜʘʚʘʚʩʷ ʚ 

ʩʢʣʘʜʽ ʙʽʣʴʰ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ʜʦ ʦʜʝʨʞʘʥʦʾ ʜʠʩʧʝʨʩʽʾ ʪʘ ʧʝʨʝʤʽʰʫʚʘʚʩʷ 

ʤʝʭʘʥʽʯʥʦ ʥʘ ʧʨʠʣʘʜʽ IKA Ultra TURAX.  

ʇʣʽʚʢʠ ʦʜʝʨʞʘʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʥʘʥʦʩʠʣʠʩʷ ʥʘ ʩʢʣʷʥʽ ʩʫʙʩʪʨʘʪʠ ʰʣʷʭʦʤ 

ʟʘʥʫʨʝʥʥʷ ʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʦʟʯʠʥʥʠʢʘ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ 3 

ʛʦʜʠʥ, ʘ ʧʽʩʣʷ ʮʴʦʛʦ ï ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 60Áʉ ʧʨʦʪʷʛʦʤ 30 ʭʚʠʣʠʥ ʜʣʷ ʚʠʜʘʣʝʥʥʷ 

ʟʘʣʠʰʢʽʚ ʨʦʟʯʠʥʥʠʢʘ. ʊʦʚʱʠʥʘ ʰʘʨʫ ʧʦʢʨʠʪʪʽʚ ʟʘʣʝʞʘʣʘ ʚʽʜ ʚôʷʟʢʦʩʪʽ ʨʦʟʯʠʥʫ (ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʚʤʽʩʪʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʩʪʨʫʢʪʫʨʥʘ ʚôʷʟʢʽʩʪʴ ʨʦʟʯʠʥʫ ʧʽʜʚʠʱʫʚʘʣʘʩʷ, 

ʚʽʜʧʦʚʽʜʥʦ ʽ ʪʦʚʱʠʥʘ ʰʘʨʫ) ʽ ʟʥʘʭʦʜʠʣʘʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 30 ʜʦ 80 ʤʢʤ. ʇʨʠ 

ʧʝʨʝʚʠʱʝʥʥʽ ʮʽʻʾ ʪʦʚʱʠʥʠ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ. ʇʦʯʘʪʢʦʚʝ 

ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʥʝʥʘʧʦʚʥʝʥʦʛʦ ʧʦʣʽʤʝʨʫ ʩʢʣʘʜʘʻ 79Á. ʎʷ ʚʝʣʠʯʠʥʘ ʚʞʝ 

ʧʨʠ ʫʤʦʚʽ ʚʤʽʩʪʫ ʥʘʥʦʯʘʩʪʠʯʥʦʢ 2 ʤʘʩ. % ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʘ ʤʝʞʽ ʧʦʭʠʙʢʠ 

ʚʠʤʽʨʶʚʘʥʥʷ, ʘ ʧʨʠ ʾʭ ʚʤʽʩʪʽ 6 ʤʘʩ. % ʩʷʛʘʻ ʩʚʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ï 134Á 

(ʨʠʩ. 39).  



164 
 

 

ʈʠʩʫʥʦʢ 39 ï ɿʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʩʪʠʨʦʣ-ʘʢʨʠʣʦʚʦʛʦ 

ʧʦʣʽʤʝʨʫ ʥʘʧʦʚʥʝʥʦʛʦ ʜʽʦʢʩʠʜʦʤ ʢʨʝʤʥʽʶ  

 

ʆʩʥʦʚʥʠʤʠ ʤʦʞʣʠʚʠʤʠ ʧʨʠʯʠʥʘʤʠ ʧʽʜʚʠʱʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʮʠʭ 

ʧʦʚʝʨʭʦʥʴ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʚʤʽʩʪʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʻ, ʧʦ ʧʝʨʰʝ, ʫʪʚʦʨʝʥʥʷ ʧʝʚʥʦʾ 

ʧʦʚʝʨʭʥʝʚʦʾ ʪʝʢʩʪʫʨʠ, ʱʦ ʩʧʦʯʘʪʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʩʪʘʥʫ ʟʤʦʯʫʚʘʥʥʷ 

ɺʝʥʮʝʣʷ, ʘ ʧʦʪʽʤ ï ʂʘʩʽ. ʇʣʘʚʥʘ ʬʦʨʤʘ ʢʨʠʚʦʾ ʟʤʦʯʫʚʘʥʥʷ ʥʘ  ʨʠʩ. 39, ʚʽʨʦʛʽʜʥʦ, 

ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠʩʷ ʥʘʷʚʥʽʩʪʶ ʟʤʽʰʘʥʦʛʦ ʩʪʘʥʫ ʟʤʦʯʫʚʘʥʥʷ, ʪʦʙʪʦ ʜʝʷʢʽ ʜʽʣʷʥʢʠ 

ʧʦʢʨʠʪʪʷ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʪʘʥʽ ʛʝʪʝʨʦʛʝʥʥʦʛʦ, ʘ ʜʝʷʢʽ ï ʛʦʤʦʛʝʥʥʦʛʦ ʤʽʞʬʘʟʥʦʛʦ 

ʢʦʥʪʘʢʪʫ.  

ɼʨʫʛʦʶ ʤʦʞʣʠʚʦʶ ʧʨʠʯʠʥʦʶ ʧʽʜʚʠʱʝʥʥʷ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʚʤʽʩʪʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚ ʢʦʤʧʦʟʠʮʽʾ ʻ ʚʪʨʘʪʘ ʮʽʣʽʩʥʦʩʪʽ ʰʘʨʫ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ ʥʘ 

ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ SiO2 ʪʘ ʚʽʜʧʦʚʽʜʥʝ ʨʦʟʢʨʠʪʪʷ ʰʘʨʫ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʘ. ɺʪʽʤ, ʜʨʫʛʝ 

ʻ ʤʘʣʦʡʤʦʚʽʨʥʠʤ, ʦʩʢʽʣʴʢʠ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʚ ʈʦʟʜʽʣʽ 3.1 ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ 

ʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʦʜʦʶ ʩʢʣʘʜʘʻ 145 Á. 
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ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʚʤʽʩʪʫ ʜʠʦʢʩʠʜʫ ʢʨʝʤʥʽʶ ʧʦʚʝʨʭʥʷ ʧʦʢʨʠʪʪʷ ʚʦʯʝʚʠʜʴ 

ʟʘʣʠʰʘʻʪʴʩʷ ʫ ʩʪʘʥʽ ʟʙʽʜʥʝʥʦʩʪʽ ʧʦʣʽʤʝʨʦʤ (ʨʠʩ. 40). ʂʦʣʠʚʘʥʥʷ ʟʥʘʯʝʥʴ ʢʫʪʘ 

ʟʤʦʯʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʞʘʭ 125-142Á.   

 

ʈʠʩʫʥʦʢ 40 ï ɿʤʦʯʫʚʘʥʽʩʪʴ ʚʠʩʦʢʦʥʘʧʦʚʥʝʥʠʭ SiO2 ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʩʪʠʨʦʣ-ʘʢʨʠʣʘʪʫ  

 

ʅʝʚʝʣʠʢʝ ʟʥʠʞʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʧʨʠ ʧʽʜʚʠʱʝʥʽ ʚʤʽʩʪʫ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʦ ʟʤʽʥʦʶ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʥʘʥʦʯʘʩʪʠʥʦʢ, ʪʦʙʪʦ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ ʢʨʝʤʥʝʟʝʤʫ ʚ ʩʫʙʤʽʢʨʦʥʥʽ ʪʘ ʤʽʢʨʦʥʥʽ 

ʢʣʘʩʪʝʨʠ. 

ɿʚʝʨʪʘʻ ʥʘ ʩʝʙʝ ʫʚʘʛʫ ʪʘʢʦʞ ʽ ʟʥʠʞʝʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʥʘ 

ʦʩʥʦʚʽ ʯʠʩʪʦʛʦ ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʦʛʦ ʜʠʤʝʪʠʣʜʠʭʣʦʨʩʠʣʘʥʦʤ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ 

ʜʠʦʢʩʠʜʫ ʢʨʝʤʥʽʶ ï 129Á, ʱʦ ʥʘʙʘʛʘʪʦ ʥʠʞʯʝ ʥʽʞ ʦʜʝʨʞʘʥʽ ʚ ʈʦʟʜʽʣʽ 3.1. ʟʥʘʯʝʥʥʷ. 

ʊʘʢʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʘ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘʥʝʩʝʥʥʷ. ɺʠʱʝ ʟʥʘʯʝʥʥʷ 

ʦʜʝʨʞʫʻʪʴʩʷ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʰʘʨʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʧʥʝʚʤʘʪʠʯʥʠʤ ʤʝʪʦʜʦʤ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʫʪʚʦʨʝʥʥʶ ʙʽʣʴʰ ʧʦʨʠʩʪʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ   ʩʪʨʫʢʪʫʨʠ, ʚ ʷʢʽʡ ʧʦʨʦʞʥʠʥʠ 

ʫʪʚʦʨʶʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʫ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʥʘʜʭʦʜʞʝʥʥʽ 

ʧʦʪʦʢʫ ʯʘʩʪʠʥʦʢ ʥʘ ʧʦʚʝʨʭʥʶ ʩʫʙʩʪʨʘʪʫ. ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʦʢʨʠʪʪʽʚ ʚʥʘʩʣʽʜʦʢ 
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ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʦʟʯʠʥʥʠʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʙʽʣʴʰ ʱʽʣʴʥʘ ʫʧʘʢʦʚʢʘ, ʷʢʘ ʜʦʜʘʪʢʦʚʦ 

ʢʦʤʧʘʢʪʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʽʾ ʢʘʧʽʣʷʨʥʠʭ ʩʠʣ.  

ʇʽʜʚʠʱʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʟʥʠʞʝʥʥʷ 

ʝʥʝʨʛʽʾ ʧʦʚʝʨʭʥʽ, ʘ ʩʘʤʝ ʾʾ ʧʦʣʷʨʥʦʾ ʢʦʤʧʦʥʝʥʪʠ. ʇʣʘʩʢʘ ʧʦʚʝʨʭʥʷ ʩʪʠʨʦʣ-ʘʢʨʠʣʘʪʫ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ 42,8 ʤɼʞ/ʤ2, (ʨʠʩ. 41) ʱʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʦʢʨʽʤ ʘʣʽʬʘʪʠʯʥʠʭ ʪʘ ʘʨʦʤʘʪʠʯʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʧʦʣʽʤʝʨʥʠʭ 

ʣʘʥʮʶʛʽʚ ʥʘʷʚʥʽʩʪʶ ʙʽʯʥʠʭ ʝʩʪʝʨʥʠʭ ʛʨʫʧ, ʷʢʽ ʚʥʦʩʷʪʴ ʚʢʣʘʜ ʫ ʧʦʣʷʨʥʫ ʢʦʤʧʦʥʝʥʪʫ 

ʚʘʥʜʝʨʚʘʘʣʴʩʽʚʩʴʢʠʭ ʩʠʣ.  

 

ʈʠʩʫʥʦʢ 41 ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʪʠʨʦʣ-

ʘʢʨʠʣʘʪʫ ʥʘʧʦʚʥʝʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʤ SiO2 

 

ɺʪʽʤ, ʧʨʠ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʮʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʱʦ ʢʨʠʚʘ ʟ ʈʠʩ. 41 

ʦʜʝʨʞʘʥʘ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʽʜʭʦʜʫ  ʆʫʝʥʩʘ-ɺʝʥʜʪʘ ʟʘʩʥʦʚʫʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʦʜʝʨʞʘʥʠʭ ʤʝʪʦʜʦʤ ʩʠʜʷʯʦʾ ʢʨʘʧʣʽ ʨʷʜʫ ʧʨʦʙʥʠʭ 

ʨʽʜʠʥ (ʚʦʜʘ, ʛʣʽʮʝʨʠʥ ʪʘ ʽʦʜʦʤʝʪʘʥ). ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʾʭ ʩʫʤʽʰʽ, ʪʦʙʪʦ ʢʦʞʥʽʡ ʢʦʤʧʦʟʠʮʽʾ ʚʽʜʧʦʚʽʜʘʣʠ ʣʠʰʝ ʪʨʠ ʪʦʯʢʠ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʆʫʝʥʩʘ-ɺʝʥʜʪʘ. ʆʯʝʚʠʜʥʦ, ʱʦ ʚ ʪʦʯʮʽ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʣʘ 

ʚʦʜʽ ʚ ʷʢʦʩʪʽ ʧʨʦʙʥʽʡ ʨʽʜʠʥʠ, ʢʨʘʧʣʷ ʚʦʜʠ ʟʥʘʭʦʜʠʣʘʩʷ ʧʦ ʤʝʥʰʽʡ ʤʽʨʽ ʚ ʟʤʽʰʘʥʦʤʫ 

ʩʪʘʥʽ ʂʘʩʽ-ɺʝʥʮʝʣʷ, ʪʦʙʪʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʣʘʩʥʦʾ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʽʾ 
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ʧʦʚʝʨʭʥʽ ʪʘ ʾʾ ʧʦʣʷʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʝʥʝʨʛʽʾ  ʻ ʟʘʥʠʞʝʥʠʤʠ. ʊʠʤ ʥʝ ʤʝʥʰ, ʚʨʘʭʦʚʫʶʯʠ 

ʪʦʡ ʬʘʢʪ, ʱʦ ʟʤʽʰʘʥʠʡ ʩʪʘʥ ʂʘʩʽ-ɺʝʥʮʝʣʷ ʥʘʩʪʘʻ ʧʽʩʣʷ ʥʘʧʦʚʥʝʥʥʷ ʚʠʱʝ 6 ʤʘʩ. %, 

ʦʜʝʨʞʘʥʽ ʚʘʨʽʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʤʽʥʘʤʠ ʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ 

ʪʝʢʩʪʫʨʠ ʥʘʥʦʯʘʩʪʠʥʦʢ. ʊʝ, ʱʦ ʪʘʢʽ ʟʤʽʥʠ ʤʘʶʪʴ ʤʽʩʮʝ, ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʨʠ 

ʨʦʟʛʣʷʜʽ ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʢʨʠʪʪʽʚ (ʨʠʩ. 42).  

  

 ͊  ͋

 

 ͍

ʈʠʩʫʥʦʢ 42 ï ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʪʠʨʦʣ-ʘʢʨʠʣʦʚʦʛʦ 

ʩʧʽʚʧʦʣʽʤʝʨʫ ʥʘʧʦʚʥʝʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʤ SiO2: ʘ ï ʯʠʩʪʠʡ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯ; ʙ ï 

ʥʘʧʦʚʥʝʥʥʷ 6 ʤʘʩ. % SiO2; ʚ ï ʥʘʧʦʚʥʝʥʥʷ 80 ʤʘʩ. % SiO2. 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʧʦʚʝʨʭʥʷ ʚʠʭʽʜʥʦʛʦ ʧʦʣʽʤʝʨʫ ʻ ʧʨʘʢʪʠʯʥʦ ʧʣʘʩʢʦʶ, ʘ ʚʞʝ ʧʨʠ 

ʥʘʧʦʚʥʝʥʥʽ 6 ʤʘʩ. % ʥʘʥʦʯʘʩʪʠʥʦʢ ʬʦʨʤʫʻʪʴʩʷ ʧʦʤʽʪʥʠʡ ʥʘʥʦʨʦʟʤʽʨʥʠʡ ʨʝʣʴôʻʬ. 

ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʚʤʽʩʪʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʨʽʚʝʥʴ ʧʦʚʝʨʭʥʝʚʦʾ ʘʛʨʝʛʦʚʘʥʦʩʪʽ 

ʧʽʜʚʠʱʫʻʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʽʜʥʦʩʥʦ ʧʣʘʩʢʠʭ ʜʽʣʷʥʦʢ ʢʦʤʧʦʟʠʪʫ ʟʽ 
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ʟʥʠʞʝʥʦʶ ʰʦʨʩʪʢʽʩʪʶ, ʱʦ ʜʦʙʨʝ ʚʠʜʥʦ ʟʘ ʟʥʠʞʝʥʥʷʤ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ, 

ʧʨʦʽʣʶʩʪʨʦʚʘʥʠʤ ʢʨʠʚʦʶ ʥʘ ʨʠʩ. 40. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʷʢʦʩʪʽ ʧʣʽʚʢʦʫʪʚʦʨʶʶʯʦʛʦ ʧʦʣʽʤʝʨʫ ʘʮʝʪʦʙʫʪʠʨʘʪʫ 

ʮʝʣʶʣʦʟʠ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦ ʚʠʱʦʶ ʢʨʠʩʪʘʣʽʯʥʽʩʪʶ ʥʽʞ ʧʦʨʽʚʥʷʥʦ 

ʘʤʦʨʬʥʠʡ ʩʪʠʨʦʣʘʢʨʠʣʘʪ [213], ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʤʽʥʠ ʚ ʧʦʣʦʞʝʥʥʽ ʪʦʯʢʠ 

ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ (ʨʠʩ. 43). ɺʣʘʩʥʝ ʟʥʘʯʝʥʥʷ 

ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʥʝʥʘʧʦʚʥʝʥʦʾ ʧʣʽʚʢʠ ʮʴʦʛʦ ʧʦʣʽʤʝʨʫ ʩʢʣʘʜʘʻ 72Á, ʱʦ ʚʢʘʟʫʻ ʥʘ 

ʙʽʣʴʰʫ ʡʦʛʦ ʧʦʣʷʨʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʠʨʦʣ-ʘʢʨʠʣʦʚʠʤ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʝʤ. ʇʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ SiO2 ʚʠʱʝ 8 ʤʘʩ. % ʬʽʢʩʫʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʦ 

ʜʦʩʪʦʚʽʨʥʝ ʧʽʜʚʠʱʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʚʠʱʝ 90Á, ʘ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʥʘʧʦʚʥʝʥʥʷ 30 

ʤʘʩ. % - ʟʘʣʝʞʥʽʩʪʴ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ ʟʽ ʟʥʘʯʝʥʥʷʤ 128 Á. ʊʘʢʘ ʟʥʘʯʥʘ ʚʽʜʤʽʥʥʽʩʪʴ 

ʧʦʣʦʞʝʥʥʷ ʪʦʯʦʢ ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʭ ʜʚʦʭ ʧʦʣʽʤʝʨʽʚ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʘ 

ʪʠʤ ʱʦ ʫ ʚʠʧʘʜʢʫ ʙʽʣʴʰ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʝʩʪʝʨʫ ʮʝʣʶʣʦʟʠ ʧʣʽʚʢʦʫʪʚʦʨʝʥʥʷ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷʤ ʥʘʜʤʦʣʝʢʫʣʷʨʥʠʭ ʘʥʩʘʤʙʣʽʚ, ʨʦʟʤʽʨʠ ʷʢʠʭ ʤʦʞʫʪʴ 

ʜʦʩʷʛʘʪʠ 0,3-2,0 ʤʢʤ, ʪʦʙʪʦ ʚʠʩʪʫʧʘʪʠ ʷʢ ʩʘʤʦʩʪʽʡʥʽ ʝʣʝʤʝʥʪʠ ʩʪʨʫʢʪʫʨʠ, ʜʦʩʪʘʪʥʴʦ 

ʚʝʣʠʢʽ ʱʦʙ ʤʘʪʠ ʢʦʥʪʘʢʪ ʟ ʧʦʚʝʨʭʥʝʶ ʧʦʢʨʠʪʪʷ. ʆʯʝʚʠʜʥʦ ʱʦ ʮʽ ʫʪʚʦʨʝʥʥʷ ʙʫʜʫʪʴ 

ʟʥʠʞʫʚʘʪʠ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ, ʱʦ ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʠʪʠ ʟʘ ʦʙôʻʜʥʘʥʠʤ 

ʨʽʚʥʷʥʥʷʤ ʂʘʩʽ ʽ ɺʝʥʮʝʣʷ (36):  

 

ὧέί—ᶻ Ὢ ὶ ὧέί— Ὢ ὶ ὧέί—   (36) 

ʜʝ  f1 ʪʘ f2 ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʚʝʨʭʥʝʚʠʤ ʬʨʘʢʮʽʷʤ ʧʦʣʽʤʝʨʫ ʪʘ ʯʘʩʪʠʥʦʢ 

ʢʨʝʤʥʝʟʝʤʫ, r1 ʪʘ r2 ï ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʦʥʴ ʬʨʘʢʮʽʡ, ʱʦ ʧʨʠ ʫʤʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʧʽʚʩʬʝʨ ʷʢ ʘʧʨʦʢʩʠʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʜʦʨʽʚʥʶʻ  ρȟυχ; ɗ1 ʪʘ ɗ2 ï ʚʽʜʧʦʚʽʜʥʦ 

ʚʣʘʩʥʽ ʢʫʪʠ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʧʦʣʽʤʝʨʫ ʪʘ ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ. 
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ʈʠʩʫʥʦʢ 43 ï ɿʤʦʯʫʚʘʥʽʩʪʴ ʚʦʜʦʶ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʘʮʝʪʦʙʫʪʠʨʘʪʫ 

ʮʝʣʶʣʦʟʠ ʪʘ SiO2 

 

ʋʤʦʚʘ ʧʝʨʝʭʦʜʫ ʧʦʚʝʨʭʥʽ ʟ ʛʽʜʨʦʬʽʣʴʥʦʛʦ ʚ ʛʽʜʨʦʬʦʙʥʠʡ ʩʪʘʥ ʙʫʜʝ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʧʨʠ Cosɗ*=0, ʪʦʙʪʦ ʨʽʚʥʷʥʥʷ ʧʨʠʡʤʝ ʚʠʛʣʷʜ (37): 

 

π Ὢ ὶ ὧέί— Ὢ ὶ ὧέί—                              (37) 

ʪʘʢ ʷʢ r1=r2=r 

π ὶὪ ὧέί— Ὢ ὧέί—  

ʧʨʠʡʤʘʶʯʠ ʱʦ f1=1-f2 

π Ὢ ὧέί— ρ Ὢ ὧέί— 

ʚʨʘʭʦʚʫʶʯʠ ʱʦ ɗ1 = 72Á, ʘ ɗ2=145Á 

π Ὢ πȟσπωπȟψςπὪ πȟψςπ 

π Ὢ ρȟρςωπȟψςπ 

ρ ὪȠ Ὢ πȟχσ 
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ʊʦʙʪʦ ʧʦʨʷʜʦʢ ʚʤʽʩʪʫ ʛʽʜʨʦʬʦʙʥʠʭ ʯʘʩʪʠʥʦʢ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʝʨʝʭʦʜʫ ʟ 

ʛʽʜʨʦʬʦʙʥʦʛʦ ʚ ʛʽʜʨʦʬʽʣʴʥʠʡ ʩʪʘʥ ʥʘʚʽʪʴ ʧʨʠ ʪʘʢʽʡ ʛʨʫʙʽʡ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʷʛʘʻ 

ʜʝʩʷʪʢʽʚ ʚʽʜʩʦʪʢʽʚ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʨʝʘʣʴʥʠʤ ʧʦʨʷʜʢʦʤ ʚʤʽʩʪʫ ʯʘʩʪʠʥʦʢ 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʫ ʚ ʮʽʡ ʩʠʩʪʝʤʽ.   

ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʚʤʽʩʪʫ ʪʝʢʩʪʫʨʫʶʯʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʚʠʱʝ 30 

ʤʘʩ.% ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʢʨʠʪʪʽʚ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʘ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 122-138Á (ʨʠʩ. 

44). ʆʯʝʚʠʜʥʦ, ʱʦ ʦʜʝʨʞʘʥʽ ʟʥʘʯʝʥʥʷ ʙʣʠʟʴʢʽ ʜʦ ʭʘʨʘʢʪʝʨʥʠʭ ʩʠʩʪʝʤʘʤ ʥʘ ʦʩʥʦʚʽ 

ʩʪʠʨʦʣʘʢʨʠʣʘʪʽʚ.   

 

ʈʠʩʫʥʦʢ 44 ï ʂʨʠʚʘ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʘʮʝʪʦʙʫʪʠʨʘʪʫ 

ʮʝʣʶʣʦʟʠ ʪʘ ʥʘʥʦʯʘʩʪʠʥʦʢ SiO2 

 

ʎʝ ʷʚʠʱʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʘʥʦʯʘʩʪʠʥʢʠ ʚʠʭʦʜʷʪʴ ʥʘ ʧʦʚʝʨʭʥʶ ʽ ʫʪʚʦʨʶʶʪʴ ʪʘʤ ʩʪʦʭʘʩʪʠʯʥʽ ʘʥʩʘʤʙʣʽ, ʘ 

ʧʦʣʽʤʝʨʥʠʡ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʦʙôʻʤʽ ʧʦʢʨʠʪʪʷ, ʘʣʝ ʚ ʧʠʪʘʥʥʷʭ 

ʟʤʦʯʫʚʘʥʥʷ ʥʝ ʚʽʜʽʛʨʘʻ ʧʦʤʽʪʥʦʾ ʨʦʣʽ.  
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ɿʤʽʥʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʮʠʭ ʩʠʩʪʝʤ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʩʪʫʧʝʥʷ 

ʥʘʧʦʚʥʝʥʥʷ (ʨʠʩ. 45) ʻ ʙʽʣʴʰ ʦʯʝʚʠʜʥʦʶ ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʩʪʠʨʦʣʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʥʦʾ 

ʩʠʩʪʝʤʠ (ʨʠʩ. 41) ʑʝ ʜʦ ʥʘʩʪʘʥʥʷ ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʦʚʥʶʚʘʯʘ ʧʦʣʷʨʥʘ 

ʩʢʣʘʜʦʚʘ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʚʝʣʠʯʠʥ ʧʦʨʷʜʢʫ 26 ʤɼʞ/ʤ2. 

 

ʈʠʩʫʥʦʢ 45 ï ʇʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʘʮʝʪʦʙʫʪʠʨʘʪʫ 

ʮʝʣʶʣʦʟʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʷ ʥʘʧʦʚʥʝʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʤ SiO2 

 

ɿʨʦʙʣʝʥʽ ʚʠʱʝ ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʢʨʠʪʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʘʮʝʪʦʙʫʪʠʨʘʪʫ ʮʝʣʶʣʦʟʠ ʪʘ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ 

ʜʠʦʢʩʠʜʫ ʢʨʝʤʥʽʶ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʤʝʪʦʜʦʤ 

ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ (ʨʠʩ. 46). ʈʦʟʤʽʨ ʥʘʜʤʦʣʝʢʫʣʷʨʥʠʭ ʫʪʚʦʨʝʥʴ 

ʘʮʝʪʦʙʫʪʠʨʘʪʫ ʮʝʣʶʣʦʟʠ ʩʢʣʘʜʘʻ ʚʽʜ 1,5 ʜʦ 3 ʤʢʤ (ʨʠʩ. 46. ʘ), ʘ ʟʘ ʬʦʨʤʦʶ ʚʦʥʠ 

ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʩʬʝʨ. ʎʽʢʘʚʦ, ʱʦ ʮʽ ʩʬʝʨʦʣʽʪʠ ʥʝʱʽʣʴʥʦ ʫʧʘʢʦʚʘʥʽ ʽ ʤʽʞ ʥʠʤʠ 

ʧʦʤʽʪʥʽ ʧʨʦʤʽʞʢʠ, ʷʢʽ ʧʨʠ ʥʝʚʝʣʠʢʠʭ ʩʪʫʧʝʥʷʭ ʥʘʧʦʚʥʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʥʠʤʠ 

ʟʘʡʤʘʶʪʴʩʷ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʩʪʫʧʝʥʷ ʥʘʧʦʚʥʝʥʥʷ ʮʷ ʥʘʜʤʦʣʝʢʫʣʷʨʥʘ ʩʪʨʫʢʪʫʨʘ 

ʧʦʨʫʰʫʻʪʴʩʷ ʽ ʟʘ ʤʦʨʬʦʣʦʛʽʻʶ ʧʦʢʨʠʪʪʷ ʩʪʘʻ ʩʭʦʞʠʤ ʥʘ ʘʥʘʣʦʛʽʯʥʽ ʧʦʚʝʨʭʥʽ ʥʘ 

ʦʩʥʦʚʽ ʩʪʠʨʦʣʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʥʦʛʦ ʧʦʣʽʤʝʨʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʭʦʜʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʥʘ 

ʧʦʚʝʨʭʥʶ.  
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 ͊  ͋

 

 ͍

 

ʈʠʩʫʥʦʢ 46 ï ʉʪʨʫʢʪʫʨʘ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʘʮʝʪʦʙʫʪʠʨʘʪʫ ʮʝʣʶʣʦʟʠ: ʘ ï ʯʠʩʪʠʡ 

ʧʦʣʽʤʝʨ; ʙ ï ʥʘʧʦʚʥʝʥʥʷ 30 ʤʘʩ. % SiO2; ʚ ï ʥʘʧʦʚʥʝʥʥʷ 80 ʤʘʩ. % SiO2. 

  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʢʘʟʘʥʦ ʱʦ ʧʨʠ ʥʘʧʦʚʥʝʥʥʽ ʧʦʣʽʤʝʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʧʝʚʥʠʭ ʢʨʠʪʠʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ 

ʪʝʢʩʪʫʨʠ ʜʦʩʷʛʘʻʪʴʩʷ ʛʝʪʝʨʦʛʝʥʥʠʡ ʩʪʘʥ ʟʤʦʯʫʚʘʥʥʷ ʂʘʩʽ, ʜʣʷ ʷʢʦʛʦ ʭʘʨʘʢʪʝʨʥʽ 

ʢʫʪʠ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʜʦ 138Á. ɿʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʴʦʛʦ ʚʤʽʩʪʫ 

ʥʘʧʦʚʥʶʚʘʯʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʣʽʤʝʨʫ ʽ ʜʣʷ ʘʤʦʨʬʥʦʛʦ 

ʩʪʠʨʦʣʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʫ ʩʢʣʘʜʘʻ ʜʦ 8 ʤʘʩ. %, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʢʨʠʩʪʘʣʽʯʥʦʛʦ 

ʘʮʝʪʦʙʫʪʠʨʘʪʫ ʮʝʣʶʣʦʟʠ ï ʚʠʱʝ 30 ʤʘʩ. % ʟʘ ʨʘʭʫʥʦʢ ʚʥʝʩʢʫ ʩʬʝʨʦʣʽʪʽʚ ʚ 

ʬʦʨʤʫʚʘʥʥʷ ʪʝʢʩʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ.  
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ɺ ʨʦʟʛʣʷʥʫʪʠʭ ʢʦʤʧʦʟʠʮʽʷʭ ʬʫʥʢʮʽʶ ʪʝʢʩʪʫʨʫʶʯʦʛʦ ʘʛʝʥʪʘ ʚʠʢʦʥʫʻ Aerosil 

R972 ʟʽ ʩʬʝʨʠʯʥʦʶ ʬʦʨʤʦʶ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʥʝ ʻ ʘʛʣʦʤʝʨʦʚʘʥʠʤʠ, ʪʦʙʪʦ 

ʫʤʦʚʥʦ ʚʚʘʞʘʪʠʤʝʤʦ ʱʦ ʘʛʣʦʤʝʨʘʮʽʷ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʽʾ ʢʘʧʽʣʷʨʥʠʭ ʩʠʣ ʧʽʜ 

ʯʘʩ ʧʣʽʚʢʦʫʪʚʦʨʝʥʥʷ. ɯʥʰʠʤ ʚʠʧʘʜʢʦʤ ʻ ʥʘʥʦʨʦʟʤʽʨʥʽ ʯʘʩʪʠʥʢʠ ʢʨʝʤʥʝʟʝʤʫ ʽʥʰʠʭ 

ʤʘʨʦʢ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʬʦʨʤ ʚʪʦʨʠʥʥʠʭ ʘʛʣʦʤʝʨʘʪʽʚ. ʊʘʢ, 

ʯʘʩʪʠʥʢʠ ʤʘʪʝʨʽʘʣʽʚ Aerosil R 106 ʽ Aerosil R 202 ï ʩʣʘʙʢʦ ʟʚôʷʟʘʥʽ 

ʚʘʥʜʝʨʚʘʘʣʴʩʽʚʩʴʢʠʤʠ ʩʠʣʘʤʠ ʘʛʣʦʤʝʨʘʪʠ ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʠʥʦʢ, Aerosil R 7200 ʪʘ 

9200- ʩʪʨʫʢʪʫʨʥʦ-ʤʦʜʠʬʽʢʦʚʘʥʽ (ʥʘʧʨʘʚʣʝʥʦ ʘʛʨʝʛʦʚʘʥʽ) ʧʝʨʚʠʥʥʽ ʯʘʩʪʠʥʢʠ ʩ 

ʨʦʟʤʽʨʦʤ ʘʛʨʝʛʘʪʽʚ ʚʽʜ 150 ʜʦ 300 ʥʤ. Sipernat D 17 ï ʤʽʢʨʦʨʦʟʤʽʨʥʽ (ʜʦ 15 ʤʢʤ ʚ 

ʜʽʘʤʝʪʨʽ) ʯʘʩʪʠʥʢʠ ʩʠʣʽʢʘʛʝʣʶ, ʦʪʨʠʤʘʥʽ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ. ʇʨʠ ʮʴʦʤʫ 

ʨʦʟʚʠʥʝʥʽʩʪʴ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʷʛʘʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ ʟʘ 

ʨʘʭʫʥʦʢ ʚʥʫʪʨʽʰʥʴʦʾ ʤʽʢʨʦʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʢʘʥʘʣʽʚ ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʠʥʦʢ. ɺʪʽʤ, 

ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʤʘʪʝʨʽʘʣʽʚ ʧʝʨʝʣʽʯʝʥʠʭ ʢʣʘʩʽʚ ʜʦʩʪʘʪʥʴʦ ʙʣʠʟʴʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʢʦʥʬʽʛʫʨʘʮʽʾ ʯʘʩʪʠʥʦʢ ʥʘ ʧʦʚʝʨʭʥʝʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʾʭ 

ʦʩʥʦʚʽ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʦʩʢʽʣʴʢʠ ʧʦʚʝʨʭʥʷ ʤʘʪʝʨʽʘʣʽʚ ʜʦʜʘʪʢʦʚʦ ʥʝ 

ʛʽʜʨʦʬʦʙʽʟʫʻʪʴʩʷ, ʧʦʚʝʨʭʥʷ ʯʘʩʪʠʥʦʢ ʚʢʨʠʪʘ ʣʠʰʝ ʰʘʨʦʤ ʧʦʣʽʤʝʨʫ Neocryl B 880, 

ʷʢʠʡ ʻ ʩʪʠʨʦʣʘʢʨʠʣʘʪʥʠʤ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʝʤ ʟ ʘʤʦʨʬʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ 

ʥʝʚʝʣʠʢʠʤ ʢʨʠʪʠʯʥʠʤ ʚʤʽʩʪʦʤ ʬʦʨʤʫʶʯʦʛʦ ʩʪʨʫʢʪʫʨʫ ʥʘʧʦʚʥʶʚʘʯʘ.  

ɿʤʦʯʫʚʘʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʚʦʜʦʶ ʟʘʢʦʥʦʤʽʨʥʦ ʟʥʠʞʫʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʚʤʽʩʪʫ ʚʩʽʭ ʪʠʧʽʚ ʜʠʦʢʩʠʜʫ ʢʨʝʤʥʽʶ (ʨʠʩ. 47). ʇʨʠ ʮʴʦʤʫ, ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʩʷʛʘʶʪʴʩʷ ʟʘ 

ʚʤʽʩʪʫ ʥʘʧʦʚʥʶʚʘʯʘ ʥʘ ʨʽʚʥʽ 70-80 ʤʘʩ. %, ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʰʘʨʫ ʧʦʢʨʠʪʪʷ ʪʘ ʚʠʭʽʜ ʛʽʜʨʦʬʽʣʴʥʠʭ ʯʘʩʪʠʥʦʢ ʢʨʝʤʥʝʟʝʤʫ 

ʥʘ ʧʦʚʝʨʭʥʶ.  
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ʈʠʩʫʥʦʢ 47 ï ɿʘʣʝʞʥʽʩʪʴ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʢʦʤʧʦʟʠʮʽʡ ʚʽʜ ʾʭ 

ʩʢʣʘʜʫ: ʘ ï ʤʘʪʝʨʽʘʣʠ ʟ ʘʛʣʦʤʝʨʘʪʘʤʠ ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʠʥʦʢ; ʙ ï ʤʘʪʝʨʽʘʣʠ ʟ 

ʘʛʨʝʛʘʪʘʤʠ ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʠʥʦʢ; ʚ ï ʩʠʣʽʢʘʛʝʣʴ; 1 ï ʥʘʧʦʚʥʶʚʘʯ Aerosil R 202, 2 ï 

R 106, 3 ï R 7200, 4 ï R 9200, 5 ï Sipernat D 17 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 47, ʫʩʽ ʢʨʠʚʽ ʤʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʪʠʧʦʚʠʡ 

ʭʘʨʘʢʪʝʨ: ʧʝʨʰʘ ʜʽʣʷʥʢʘ ʢʨʠʚʦʾ ʟ ʧʣʘʪʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʤ ʩʪʘʥʦʤ 

ʤʘʪʝʨʽʘʣʫ, ʜʨʫʛʘ ï ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʻ ʧʝʨʝʭʽʜʥʦʶ ʽ ʪʨʝʪʷ 

ʜʽʣʷʥʢʘ ï ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ, ʙʣʠʟʴʢʠʡ ʜʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ 

ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʽʤʝʨʫ. ʅʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʪʨʝʪʴʦʾ ʜʽʣʷʥʢʠ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 

ʰʦʨʩʪʢʦʩʪʽ, ʚʠʩʪʫʧʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʤʧʦʟʠʪʫ, ʦʙʫʤʦʚʣʝʥʠʭ ʥʘʷʚʥʽʩʪʶ ʯʘʩʪʠʥʦʢ ʧʽʜ 

ʜʦʩʪʘʪʥʴʦ ʪʦʚʩʪʠʤ ʰʘʨʦʤ ʤʘʪʨʠʮʽ. ʏʘʩʪʠʥʢʠ ʧʨʠ ʮʴʦʤʫ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʦʚʥʽʩʪʶ 

ʟʤʦʯʝʥʦʤʫ ʧʦʣʽʤʝʨʦʤ ʩʪʘʥʽ, ʪʦʤʫ ʚʦʜʘ, ʱʦ ʢʦʥʪʘʢʪʫʻ ʟ ʪʘʢʦʶ ʧʦʚʝʨʭʥʝʶ ʧʦ ʩʫʪʽ 

ʚʟʘʻʤʦʜʽʻ ʟ ʧʦʣʦʛʠʤʠ ʥʝʨʽʚʥʦʩʪʷʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʩʪʠʨʦʣʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʫ. 

ʉʝʨʝʜ ʪʨʴʦʭ ʜʦʩʣʽʜʞʝʥʠʭ ʛʨʫʧ ʥʘʡʙʽʣʴʰʦʶ ʧʨʦʪʷʞʥʽʩʪʶ ʧʝʨʰʦʾ ʜʽʣʷʥʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʛʨʫʧʘ ʘʛʣʦʤʝʨʦʚʘʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ (R 202, R 106 (ʨʠʩ. 47, ʘ) ï ʜʦ 

60%, ʤʝʥʰ ʧʨʦʪʷʞʥʦʶ (ʜʦ 40 ʤʘʩ. %) ʻ ʧʝʨʰʘ ʜʽʣʷʥʢʘ ʩʠʣʽʢʘʛʝʣʶ Sipernat D 17 

(ʨʠʩ. 47, ʚ), ʤʝʥʰ ʟʘ ʚʩʝ ʚʠʨʘʞʝʥʘ ʮʷ ʯʘʩʪʠʥʘ ʫ ʤʘʪʝʨʽʘʣʫ ʟ ʘʛʨʝʛʦʚʘʥʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ Aerosil R 9200 (ʨʠʩ. 47, ʙ). 

ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʘʛʣʦʤʝʨʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ ʧʽʜ ʯʘʩ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʽʟ ʨʦʟʯʠʥʫ ʯʘʩʪʠʥʢʠ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʨʽʚʥʦʤʽʨʥʦ 

ʷʢ ʚ ʦʙôʻʤʽ, ʪʘʢ ʽ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʘʛʨʝʛʘʪʠ, ʱʦ ʤʘʶʪʴ ʚʠʪʷʛʥʫʪʫ 

ʨʦʟʚʠʥʝʥʫ ʩʪʨʫʢʪʫʨʫ, ʟʘ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚ ʦʙôʻʤʽ ʙʫʜʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʚʠʭʽʜ ʥʘ ʧʦʚʝʨʭʥʶ ʟʥʘʯʥʦ ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʠʥʦʢ. ʇʦʚʝʨʭʥʷ ʯʘʩʪʠʥʦʢ 

ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʦʛʦ ʩʠʣʽʢʘʛʝʣʶ ʟʘ ʨʘʭʫʥʦʢ ʚʣʘʩʥʦʾ ʩʢʣʘʜʥʦʾ ʰʦʨʩʪʢʦʾ ʩʪʨʫʢʪʫʨʠ 

ʩʘʤʘ ʧʦ ʩʦʙʽ (ʩʘʤʦʩʪʽʡʥʦ) ʟʘʙʝʟʧʝʯʫʻ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʾ, ʷʢʘ ʚ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ ʚʦʣʦʜʽʻ ʜʚʦʨʽʚʥʝʚʦʶ ʽʻʨʘʨʭʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ: ʥʘʥʦʨʦʟʤʽʨʥʘ ʥʝʨʽʚʥʽʩʪʴ 

ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʨʝʣʴʻʬʦʤ ʯʘʩʪʠʥʦʢ, ʘ ʤʽʢʨʦʨʦʟʤʨʽʥʘ ï ʚʠʭʦʜʦʤ ʚʣʘʩʥʝ ʯʘʩʪʠʥʦʢ ʥʘ 

ʧʦʚʝʨʭʥʶ ʤʘʪʝʨʽʘʣʫ. 

ɿʥʘʯʝʥʥʷ ʢʫʪʽʚ ʩʢʦʯʫʚʘʥʥʷ ʜʣʷ ʢʦʤʧʦʟʠʮʽʡ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʢʨʠʪʝʨʽʻʤ 

ʥʘʷʚʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʨʝʣʴʻʬʫ, ʚʽʜʧʦʚʽʜʥʦ ʄʘʢʂʘʨʪʽ [214]. ʅʠʟʴʢʽ ʟʥʘʯʝʥʥʷ 

ʢʫʪʘ ʩʢʦʯʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʘʢʦʤʫ ʩʪʘʥʫ, ʟʘ ʷʢʦʛʦ ʚʩʷ ʢʨʘʧʣʷ ʧʦ ʧʦʚʝʨʭʥʽ 

ʢʦʥʪʘʢʪʫ ʧʝʨʝʙʫʚʘʻ ʫ ʩʪʘʥʽ ʂʘʩʩʽ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʜʝʬʝʢʪʽʚ ʩʪʨʫʢʪʫʨʠ, ʩʠʩʪʝʤʘ 

ʧʝʨʝʭʦʜʠʪʴ ʫ ʩʪʘʥ ɺʝʥʟʝʣʷ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʢʫʪʘ 

ʩʢʦʯʫʚʘʥʥʷ. 
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ɺʠʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʩʢʦʯʫʚʘʥʥʷ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʦʶ ʤʦʨʬʦʣʦʛʽʻʶ 

ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʪʽʚ ʥʘ ʤʘʢʨʦʨʦʟʤʽʨʥʦʤʫ ʨʽʚʥʽ, ʘ ʩʘʤʝ, ʥʘʷʚʥʽʩʪʶ ʫʩʘʜʦʯʥʠʭ ʪʨʽʱʠʥ 

(ʨʠʩ. 48), ʥʘʷʚʥʽʩʪʴ ʷʢʠʭ ʦʙʫʤʦʚʣʝʥʘ ʩʪʘʥʦʤ ʨʽʚʥʦʚʘʛʠ ʤʽʞ ʧʨʦʮʝʩʘʤʠ ʟʤʝʥʰʝʥʥʷʤ 

ʦʙôʻʤʫ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʯʘʩ ʚʠʜʘʣʝʥʥʷ ʨʽʜʢʦʛʦ ʥʦʩʽʷ ʪʘ ʨʝʣʘʢʩʘʮʽʻʶ ʜʝʬʦʨʤʘʮʽʡʥʠʭ 

ʥʘʧʨʫʛ [215]. 

 

  

ʘ ʙ 

  

ʚ ʛ 

 

ʈʠʩʫʥʦʢ 48 ï ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ ʢʦʤʧʦʟʠʮʽʡ ʫ ʩʚʽʪʣʽ (ʟʙʽʣʴʰʝʥʥʷ ʚ 400 

ʨʘʟʽʚ): ʘ ï ʩʠʩʪʝʤʘ Aerosil R 106 ï 30% Neocryl; ʙ ï ʩʠʩʪʝʤʘ Aerosil R 202 ï 30% 

Neocryl; ʚ ï ʩʠʩʪʝʤʘ Aerosil R 7200 ï 30% Neocryl; ʛ ï ʩʠʩʪʝʤʘ Sipernat D 17 ï 30% 

Neocryl 
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ʉʪʨʫʢʪʫʨʘ ʪʨʽʱʠʥ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʪʽʚ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ: ʥʝ ʜʠʚʣʷʯʠʩʴ 

ʥʘ ʚʠʩʦʢʽ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʛʠ ʽ ʚʽʜʰʘʨʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʫ ʚʠʛʣʷʜʽ ʩʪʨʽʯʦʢ ʚʽʜ 

ʩʢʣʷʥʦʛʦ ʩʫʙʩʪʨʘʪʫ ʧʽʜ ʯʘʩ ʚʠʩʠʭʘʥʥʷ, ʰʠʨʠʥʘ ʪʨʽʱʠʥ ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʦʩʥʦʚʽ 

ʩʠʣʽʢʘʛʝʣʶ (ʨʠʩ. 48. ʛ) ʤʽʥʽʤʘʣʴʥʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʽʱʠʥʘʤʠ ʩʠʩʪʝʤʠ ʟ ʘʛʨʝʛʘʮʽʡʥʠʤ 

ʥʘʧʦʚʥʶʚʘʯʝʤ  (ʨʠʩ. 48. ʚ), ʘ ʪʘʢʦʞ ʘʛʣʦʤʝʨʘʮʽʡʥʠʤʠ ʘʝʨʦʩʠʣʘʤʠ  - Aerosil R 106 

(ʨʠʩ. 48. ʘ) ʽ Aerosil R 202 (ʨʠʩ. 48. ʙ). 

ɸʛʣʦʤʝʨʘʮʽʡʥʽ ʢʦʤʧʦʟʠʪʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʤʘʶʪʴ ʟʥʘʯʥʦ ʟʥʠʞʝʥʫ ʤʽʮʥʽʩʪʴ 

(ʢʦʛʝʟʽʶ) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʜʛʝʟʽʻʶ ʜʦ ʩʫʙʩʪʨʘʪʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʟʥʘʯʥʠʭ ʜʝʬʝʢʪʽʚ ʩʪʨʫʢʪʫʨʠ ʽ, ʡʤʦʚʽʨʥʦ, ʙʫʜʝ ʦʙʫʤʦʚʣʶʚʘʪʠ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ 

ʪʘʢʠʭ ʧʦʢʨʠʪʪʽʚ. 

ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʩʢʦʯʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡ (ʨʠʩ. 49) ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʩʪʽʡʢʠʡ ʩʪʘʥ ʂʘʩʩʽ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʠʤ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʷʢ 

Aerosil R 202 (ʨʠʩ. 49. ʘ) ʽ Aerosil R 9200 (ʨʠʩ. 49. ʙ) ʽʟ ʚʤʽʩʪʦʤ ʧʦʣʽʤʝʨʫ ʚ ʩʠʩʪʝʤʽ 

ʥʝ ʙʽʣʴʰʝ 40 ʤʘʩ. %. 

ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʧʦʣʽʤʝʨ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʘ ʽ ʟʜʘʪʝʥ ʫʪʚʦʨʶʚʘʪʠ 

ʜʦʚʦʣʽ ʪʦʥʢʽ ʧʣʽʚʢʠ, ʷʢʽ ʧʦʚʪʦʨʶʶʪʴ ʨʝʣʴôʻʬ ʩʪʚʦʨʝʥʠʡ ʪʝʢʩʪʫʨʫʶʯʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ, ʥʘʧʨʠʢʣʘʜ ʘʝʨʦʩʠʣʫ 

ʤʘʨʢʠ R972 ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 300 ʤ2/ʛ, ʚ ʪʦʥʢʦʰʘʨʦʚʦʤʫ ʩʪʘʥʽ ʤʦʞʝ 

ʟʥʘʭʦʜʠʪʠʩʷ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ ʜʦʣʷ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ.  

ʉʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ Sipernat D 17 ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʠʤ ʢʫʪʦʤ ʩʢʦʯʫʚʘʥʥʷ 

ʥʘʚʽʪʴ ʟʘ ʚʠʩʦʢʠʭ ʨʽʚʥʽʚ ʥʘʧʦʚʥʝʥʥʷ (ʨʠʩ. 49. ʚ), ʱʦ ʟʫʤʦʚʣʶʻʪʴʩʷ ʤʽʢʨʦ-ʨʦʟʤʽʨʘʤʠ 

ʡʦʛʦ ʯʘʩʪʠʥʦʢ. ʎʝ ʢʦʨʝʣʶʻ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʈʦʟʜʽʣʫ 3, ʚ ʷʢʦʤʫ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʱʦ 

ʨʦʟʤʽʨʠ ʬʦʨʤʫʶʯʠʭ ʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʦʥʴ ʯʘʩʪʠʥʦʢ ʚʠʟʥʘʯʘʶʪʴ ʩʪʫʧʽʥʴ 

çʧʨʦʚʠʩʘʥʥʷè ʢʨʘʧʝʣʴ ʢʦʥʪʘʢʪʫʶʯʠʭ ʟ ʥʝʶ ʨʽʜʠʥ, ʪʦʙʪʦ ʥʘʥʦʪʝʢʩʪʫʨʦʚʘʥʽ ʧʦʚʝʨʭʥʽ 

ʤʘʶʪʴ ʙʽʣʴʰʫ ʩʪʽʡʢʽʩʪʴ ʷʢ ʜʦ ʟʤʦʯʫʚʘʥʥʷ ʨʽʜʠʥʘʤʠ ʟ ʥʠʟʴʢʠʤ ʧʦʚʝʨʭʥʝʚʠʤ 

ʥʘʪʷʛʦʤ, ʜʠʥʘʤʽʯʥʦʛʦ ʟʤʦʯʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ 

ʩʢʦʯʫʚʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 49 ï ɿʘʣʝʞʥʽʩʪʴ ʢʫʪʘ ʩʢʦʯʫʚʘʥʥʷ ʢʨʘʧʝʣʴ ʚʦʜʠ ʟ ʧʦʚʝʨʭʥʽ 

ʢʦʤʧʦʟʠʮʽʡ ʚʽʜ ʾʭ ʩʢʣʘʜʫ: ʘ ï ʤʘʪʝʨʽʘʣʠ ʟ ʘʛʣʦʤʝʨʘʪʘʤʠ ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʠʥʦʢ; ʙ ï 

ʤʘʪʝʨʽʘʣʠ ʟ ʘʛʨʝʛʘʪʘʤʠ ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʠʥʦʢ; ʚ ï ʩʠʣʽʢʘʛʝʣʴ; 1 ï ʥʘʧʦʚʥʶʚʘʯ 

Aerosil R 106, 2 ï R 202, 3 ï R 7200, 4 ï R 9200, 5 ï Sipernat D 17 
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ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʚôʷʟʫʶʯʦʛʦ ʮʝʡ ʧʘʨʘʤʝʪʨ ʣʠʰʘʻʪʴʩʷ 

ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʨʽʚʥʽ. ʁʤʦʚʽʨʥʦ, ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʟʥʘʯʥʫ ʘʜʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ 

ʯʘʩʪʠʥʦʢ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ: ʨʦʟʚʠʥʫʪʘ ʚʥʫʪʨʽʰʥʷ ʧʦʚʝʨʭʥʷ ʘʜʩʦʨʙʫʻ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʧʦʣʽʤʝʨʫ ʽʟ ʨʦʟʯʠʥʫ, ʯʝʨʝʟ ʱʦ ʦʩʪʘʥʥʽʡ ʜʦ ʟʘʧʦʚʥʝʥʥʷ ʢʘʥʘʣʽʚ ʧʨʘʢʪʠʯʥʦ 

ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʩʢʦʯʫʚʘʥʥʷ. 

ʇʨʠ ʮʴʦʤʫ ʧʝʨʰʠʡ ʥʘʧʦʚʥʶʚʘʯ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʫ ʩʪʨʫʢʪʫʨʫ 

ʧʦʚʝʨʭʥʽ ʟʘ ʨʘʭʫʥʦʢ ʨʽʚʥʦʤʽʨʥʦʛʦ ʚʠʭʦʜʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ. ɯʥʰʽ ʩʠʩʪʝʤʠ ʟʘ 

ʨʘʭʫʥʦʢ ʥʝʜʦʩʪʘʪʥʴʦʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʝʨʽʚʥʦʩʪʝʡ ʥʘ ʧʦʚʝʨʭʥʽ ʥʝ ʚʦʣʦʜʽʶʪʴ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʪʽʡʢʦʾ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʥʘʥʦʨʦʟʤʽʨʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʩʪʨʫʢʪʫʨ ʻ ʚʠʜʠ ʧʽʨʦʛʝʥʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ ʟʽ 

ʩʬʝʨʠʯʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʟ ʧʦʢʘʟʥʠʢʦʤ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ 220-280 ʤ2/ʛ, ʧʝʨʚʠʥʥʽ 

ʯʘʩʪʠʥʢʠ ʷʢʠʭ ʻ ʦʜʠʥʘʨʥʠʤʠ ʩʬʝʨʘʤʠ ʚ ʬʦʨʤʽ ʩʣʘʙʢʦ ʟʚôʷʟʘʥʠʭ ʘʛʣʦʤʝʨʘʪʽʚ. 

ʅʘʪʦʤʽʩʪʴ, ʪʽ ʚʠʜʠ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʢʨʝʤʥʝʟʝʤʫ, ʫ ʷʢʠʭ ʧʝʨʚʠʥʥʽ ʯʘʩʪʠʥʢʠ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʘʛʨʝʛʦʚʘʥʽ ʩʬʝʨʠ ʚʠʷʚʠʣʠʩʷ ʤʝʥʰ ʝʬʝʢʪʠʚʥʠʤʠ ʷʢ ʟʘ ʧʘʨʘʤʝʪʨʦʤ ʩʪʘʪʠʯʥʠʭ 

ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ, ʪʘʢ ʽ ʢʫʪʽʚ ʩʢʦʯʫʚʘʥʥʷ ʢʨʘʧʣʽ ʟ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʦʾ ʧʦʚʝʨʭʥʽ.  

 

4.2. ʄʽʢʨʦʨʦʟʤʽʨʥʽ ʪʘ ʽʻʨʘʨʭʽʯʥʽ ʩʪʨʫʢʪʫʨʠ 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʻ ʟʥʠʞʝʥʝ ʟʥʘʯʝʥʥʷ 

ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʾʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʟʘʢʦʥʦʤʽʨʥʦ ʧʦʚʠʥʥʝ ʟʥʠʞʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ ʜʣʷ 

ʟʤʦʯʫʚʘʥʥʷ ʢʽʣʴʢʽʩʪʴ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʘʻ ʟʤʝʥʰʫʚʘʪʠ ʟʘʛʘʣʴʥʫ 

ʢʽʣʴʢʽʩʪʴ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ, ʟʘ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ 

ʟʤʦʯʫʚʘʥʥʷ ʟ ʥʘʡʚʠʱʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʩʪʘʪʠʯʥʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʪʘ ʥʘʡʥʠʞʯʠʤʠ 

ï ʢʫʪʽʚ ʩʢʦʯʫʚʘʥʥʷ. ʊʘʢʦʞ, ʚʨʘʭʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ, ʩʬʦʨʤʦʚʘʥʠʭ ʟ ʤʽʢʨʦʯʘʩʪʠʥʦʢ ʚ 

ʈʦʟʜʽʣʽ 3, ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʱʦ ʥʘʧʦʚʥʶʚʘʯʽ ʣʠʰʝ ʟ ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ ʥʝ ʙʫʜʫʪʴ 

ʜʘʚʘʪʠ ʟʤʦʛʠ ʜʦʩʷʛʪʠ ʩʪʽʡʢʦʛʦ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʛʦ ʩʪʘʥʫ ʩʘʤʝ ʟʘ ʨʘʭʫʥʦʢ 

ʧʽʜʚʠʱʝʥʠʭ ʟʥʘʯʝʥʴ ʢʫʪʽʚ ʩʢʦʯʫʚʘʥʥʷ, ʭʦʯʘ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʚʠʱʝ 150 Á 

ʻ ʜʦʩʷʞʥʠʤʠ. 
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ɯʻʨʘʨʭʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ 

ʮʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ, ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʷʢ ʥʘ ʦʩʥʦʚʽ ʢʦʤʙʽʥʘʮʽʾ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʯʘʩʪʠʥʦʢ ʪʘʢ 

ʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʭʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʟ ʫʧʦʨʷʜʢʫʚʘʥʥʷʤ ʥʘ ʤʽʢʨʦ- 

ʪʘ ʥʘʥʦʨʽʚʥʽ (ʥʘʧʨʠʢʣʘʜ, ʜʽʘʪʦʤʽʪ). 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʣʽʩʪʠʨʦʣ-

ʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʥʠʡ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯ NeoCryl B-880 ʫ ʚʠʛʣʷʜʽ ʨʦʟʯʠʥʫ ʚ ʦ-

ʢʩʠʣʦʣʽ. ʈʦʣʴ ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʪʝʢʩʪʫʨʫʶʯʠʭ ʘʛʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʣʝʥʠʡ 

ʤʘʨʤʫʨ Omyacarb-20, ʪʘʣʴʢ Mital 15ï90, ʚʦʣʘʩʪʦʥʽʪ Mivoll 30ï97, ʪʘ ʜʽʘʪʦʤʽʪ Celite 

545. ʋ ʷʢʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʽʦʢʩʠʜ ʢʨʝʤʥʽʶ, 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʜʠʤʝʪʠʣʜʠʭʣʦʨʩʠʣʘʥʦʤ Aerosil R 972. ʋʩʽ ʧʦʢʨʠʪʪʷ ʚʠʛʦʪʦʚʣʷʣʠʩʷ 

ʨʘʢʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʩʫʰʫʚʘʥʥʷʤ ʧʨʠ 50 Áʉ ʧʨʦʪʷʛʦʤ 3 ʛʦʜʠʥ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʨʦʟʯʠʥʥʠʢʘ.  

ʇʦʚʝʨʭʥʷ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʙʫʣʘ ʤʦʜʠʬʽʢʦʚʘʥʘ ʩʪʝʘʨʠʥʦʚʦʶ ʢʠʩʣʦʪʦʶ. ɼʣʷ 

ʮʴʦʛʦ ʤʝʣʝʥʠʡ ʤʘʨʤʫʨ ʚ ʢʽʣʴʢʦʩʪʽ 100 ʛ ʙʫʣʦ ʦʙʨʦʙʣʝʥʦ 114 ʤʣ 0,6 ʤʘʩ. % ʨʦʟʯʠʥʦʤ 

ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʚ ʦ-ʢʩʠʣʦʣʽ. ʉʫʤʽʰ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʽ ʤʝʣʝʥʦʛʦ ʤʘʨʤʫʨʫ ʚ 

ʦ-ʢʩʠʣʦʣʽ ʙʫʣʦ ʟʘʣʠʰʝʥʦ ʥʘ 2 ʛʦʜ ʟ ʧʦʜʘʣʴʰʠʤ ʧʦʚʥʠʤ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ 

ʨʦʟʯʠʥʥʠʢʘ ʧʨʠ 80 Áʉ.  

ɯʻʨʘʨʭʽʯʥʠʡ ʥʘʧʦʚʥʶʚʘʯ ʜʽʘʪʦʤʽʪ ʚ ʢʽʣʴʢʦʩʪʽ 100 ʛ ʙʫʣʦ ʦʙʨʦʙʣʝʥʦ 100 ʤʣ 40 

ʤʘʩ. % ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʦʧʽʣʩʠʣʽʢʦʥʘʪʫ ʥʘʪʨʽʶ. ʇʦʜʘʣʴʰʘ ʤʝʭʘʥʦʘʢʪʠʚʘʮʽʷ 

ʜʽʘʪʦʤʽʪʫ ʚʠʢʦʥʫʚʘʣʦʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʙʽʩʝʨʥʦʤʫ ʤʣʠʥʽ ʧʨʦʪʷʛʦʤ 10 ʭʚ ʥʘ 

ʦʙʝʨʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ 1200 ʭʚ-1. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ ʦʙʨʘʥʠʭ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʽʚ, ʟʚʠʯʥʠʭ ʜʣʷ 

ʣʘʢʦʬʘʨʙʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1 ʜʦ 25 ʤʢʤ. ʎʽ ʨʦʟʤʽʨʠ 

ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʨʷʜʫ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʽʢʨʦʰʦʨʩʪʦʢʦʩʪʽ, ʷʢʽ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʛʦ ʝʬʝʢʪʫ [216, 217]. 

ʅʘ ʈʠʩ. 50 ʧʦʢʘʟʘʥʦ ʩʪʨʫʢʪʫʨʫ ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ. ʇʘʨʘʤʝʪʨʠ 

ʨʦʟʧʦʜʽʣʫ ʟʘ ʨʦʟʤʽʨʘʤʠ ʤʘʪʝʨʽʘʣʽʚ ʽ ʛʝʦʤʝʪʨʽʾ ʥʘʚʝʜʝʥʽ ʚ ʊʘʙʣʠʮʽ 12. ʉʝʨʝʜʥʽʡ 

ʨʦʟʤʽʨ ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 4,5 ï 100,0 ʤʢʤ. 
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ʎʠʣʽʥʜʨʠʯʥʽ ʯʘʩʪʠʥʢʠ ʥʘʧʦʚʥʶʚʘʯʽʚ (ʚʦʣʘʩʪʦʥʽʪʫ ʪʘ ʜʽʘʪʦʤʽʪʫ) ʟʥʘʯʥʦ ʙʽʣʴʰʽ, ʥʽʞ 

ʫ ʤʘʨʤʫʨʫ ʪʘ ʪʘʣʴʢʫ. ʅʘʧʦʚʥʶʚʘʯʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʠʪʦʤʦʾ 

ʧʦʚʝʨʭʥʽ: ʜʨʦʙʣʝʥʠʡ ʤʘʨʤʫʨ 1,4 ʤ2/ʛ; ʪʘʣʴʢ 3,4 ʤ2/ʛ; ʚʦʣʘʩʪʦʥʽʪ 1,3 ʤ2/ʛ; ʜʽʘʪʦʤʽʪ 65 

ʤ2/ʛ. ʎʝʡ ʬʘʢʪ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠ ʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʢʦʤʧʦʟʠʮʽʡ 

ʥʘʧʦʚʥʶʚʘʯ-ʟʚôʷʟʫʶʯʝ. 

 

 

 ͊  ͋

  

 ͍  ͎

ʈʠʩʫʥʦʢ 50 ï  ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʉɽʄ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʣʘʢʦʬʘʨʙʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟ ʨʽʟʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ: ʘ ï ʤʝʣʝʥʠʡ ʤʘʨʤʫʨ; ʙ ï 

ʚʦʣʘʩʪʦʥʽʪ; ʚ ï ʪʘʣʴʢ; ʛ ï ʜʽʘʪʦʤʽʪ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ ʱʦ ʯʘʩʪʠʥʢʠ ʪʘʣʴʢʫ, ʭʦʯʘ ʽ ʻ ʛʽʜʨʦʬʽʣʴʥʠʤʠ, ʪʠʤ ʥʝ ʤʝʥʰ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʡʚʠʱʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʟ ʫʩʽʭ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ 70 Á, ʘ ʜʨʦʙʣʝʥʠʡ ʤʘʨʤʫʨ ï ʥʘʡʤʝʥʰʠʤ ï 29 Á, ʱʦ ʡ ʟʫʤʦʚʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʡʦʛʦ ʜʦʜʘʪʢʦʚʦʾ ʛʽʜʨʦʬʦʙʽʟʘʮʽʾ ʩʪʝʘʨʠʥʦʚʦʶ ʢʠʩʣʦʪʦʶ.  
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ɺʽʜʤʽʥʥʦʩʪʽ ʫ ʬʦʨʤʽ ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʠʥʦʢ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʽʚ ʜʝʱʦ 

ʥʽʚʝʣʶʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʜʦʚʦʣʽ ʚʝʣʠʢʦʾ ʜʦʣʽ ʩʢʦʣʦʪʠʭ ʯʘʩʪʠʥʦʢ ʽ, 

ʚʽʜʧʦʚʽʜʥʦʾ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ ʫʣʘʤʢʽʚ, ʱʦ ʩʧʨʘʚʝʜʣʠʚʝ ʜʣʷ ʜʨʦʙʣʝʥʦʛʦ ʤʘʨʤʫʨʫ, 

ʚʦʣʘʩʪʦʥʽʪʫ ʽ ʚ ʧʝʚʥʦʤʫ ʩʝʥʩʽ ʪʘʣʴʢʫ (ʪʘʙʣ. 13). 

 

ʊʘʙʣʠʮʷ 13 ï ɺʣʘʩʪʠʚʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ʅʘʧʦʚʥʶʚʘʯ ʉʝʨʝʜʥʽʡ 

ʨʦʟʤʽʨ 

ʧʝʨʚʠʥʥʠʭ 

ʯʘʩʪʠʥʦʢ, 

ʤʢʤ 

ʌʦʨʤ-ʬʘʢʪʦʨ 

ʽʥʪʝʛʨʘʣʴʥʦʾ 

ʢʨʠʚʦʾ 

ʨʦʟʧʦʜʽʣʫ 

ɻʫʩʪʠʥʘ 

ʯʘʩʪʠʥʦʢ, ʛ/ʩʤ3 

ʂʫʪ 

ʟʤʦʯʫʚʘʥʥʷ 

ʚʦʜʦʶ, ʛʨʘʜ. 

ɼʨʦʙʣʝʥʠʡ 

ʤʘʨʤʫʨ 

4,5 1,3 2,67 29 

ɺʦʣʘʩʪʦʥʽʪ 100,0 1,4 2,70 40 

ʊʘʣʴʢ 6,5 1,5 2,75 70 

ɼʽʘʪʦʤʽʪ 18,0 1,5 2,55 47 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʢʫʪʦʤ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʩʠʩʪʝʤʘʭ ʜʣʷ ʚʩʽʭ ʤʘʪʝʨʽʘʣʽʚ ʤʘʻ ʩʭʦʞʠʡ ʭʘʨʘʢʪʝʨ ʟ ʯʽʪʢʦ 

ʚʠʨʘʞʝʥʠʤ ʤʘʢʩʠʤʫʤʦʤ ʚ ʦʙʣʘʩʪʽ ʙʣʠʟʴʢʠʭ ʜʦ 100 ʤʘʩ. % ʩʪʫʧʝʥʽʚ ʥʘʧʦʚʥʝʥʥʷ 

(ʨʠʩ. 51). 

ʐʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʤʦʥʦʪʦʥʥʦ ʟʨʦʩʪʘʻ ʧʨʠ ʚʤʽʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ ʜʦ 70 ʤʘʩ. 

%; ʫ ʪʦʡ ʞʝ ʯʘʩ ʚʠʩʪʫʧʠ ʻ ʚʽʜʥʦʩʥʦ ʛʣʘʜʢʠʤʠ, ʘ ʤʽʞ ʯʘʩʪʢʦʚʽ ʦʙôʻʤʠ ʙʣʦʢʫʶʪʴʩʷ 

ʧʦʣʽʤʝʨʦʤ. ʇʦʨʠ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʧʦʯʠʥʘʶʪʴ ʟʘʧʦʚʥʶʚʘʪʠʩʷ ʧʦʚʽʪʨʷʤ ʯʝʨʝʟ 

ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʧʦʣʽʤʝʨʫ ʚ ʩʪʨʫʢʪʫʨʽ ʧʨʠ ʚʤʽʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ ʧʦʥʘʜ 80 ʤʘʩ. %. ɺʤʽʩʪ 

ʥʘʧʦʚʥʶʚʘʯʘ 87-95 ʤʘʩ. % ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ 
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ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʦʾ ʩʪʨʫʢʪʫʨʠ ï ʦʧʪʠʤʫʤʫ ʟʤʦʯʫʚʘʥʥʷ ʟʘ ʩʪʘʥʦʤ ʂʘʩʩʽ. 

ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʫ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʜʦʩʷʛʘʶʪʴ 124Á, 111Á ʽ 115Á ʜʣʷ 

ʩʠʩʪʝʤ, ʥʘʧʦʚʥʝʥʠʭ ʚʦʣʘʩʪʦʥʽʪʦʤ, ʪʘʣʴʢʦʤ ʽ ʤʝʣʝʥʠʤ ʤʘʨʤʫʨʦʤ, ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ 

ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʢʫʪʫ ʩʢʦʯʫʚʘʥʥʷ ʚʦʜʠ ʜʣʷ ʧʦʚʝʨʭʦʥʴ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 90Á. 

 

ʈʠʩʫʥʦʢ 51 ï ʂʫʪ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʧʦʣʽʤʝʨ-ʥʘʧʦʚʥʶʚʘʯ ʢʦʤʧʦʟʠʮʽʡ. ɿʚôʷʟʦʢ 

ʤʽʞ ʢʫʪʦʤ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʠ ʪʘ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʢʦʤʧʦʟʠʮʽʷʭ ʟ 

ʧʦʣʽʤʝʨʦʤ: 1 ï ʤʝʣʝʥʠʡ ʤʘʨʤʫʨ; 2 ï ʚʦʣʘʩʪʦʥʽʪ; 3 ï ʪʘʣʴʢ. 

 

ɿʚʝʨʪʘʻ ʥʘ ʩʝʙʝ ʫʚʘʛʫ ʥʝʚʝʣʠʢʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʦʞʝʥʥʷ ʤʘʢʩʠʤʫʤʽʚ ʢʫʪʽʚ 

ʟʤʦʯʫʚʘʥʥʷ ʜʨʦʙʣʝʥʦʛʦ ʤʘʨʤʫʨʫ, ʚʦʣʘʩʪʦʥʽʪʫ ʽ ʪʘʣʴʢʫ ʥʘ ʈʠʩ. 51, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ 

ʚʽʜʥʦʰʝʥʥʶ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʮʠʭ ʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʩʪʫʧʝʥʶ ʨʦʟʚʠʥʝʥʦʩʪʽ 

ʾʭ ʧʦʚʝʨʭʥʽ. ʊʘʣʴʢ, ʷʢʠʡ ʤʘʻ ʥʘʡʙʽʣʴʰ ʨʦʟʚʠʥʝʥʫ ʧʦʚʝʨʭʥʶ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʤʝʥʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʮʽʻʾ ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʧʘʨʘʣʝʣʴ ʜʦ ʯʦʛʦ ʤʦʞʝ ʙʫʪʠ 

ʟʥʘʡʜʝʥʘ ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʧʦʚʝʨʭʥʷ ʷʢʠʭ ʚ ʩʦʪʥʶ ʨʘʟ 
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ʚʠʱʘ, ʘ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʢʣʘʜʘʻ 8 ʤʘʩ. % ʜʣʷ ʩʪʠʨʦʣʘʢʨʠʣʦʚʦʛʦ 

ʧʦʣʽʤʝʨʘ.  

ʇʦʚʝʨʭʥʽ ʥʘ ʦʩʥʦʚʽ ʜʽʘʪʦʤʽʪʫ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʽʻʨʘʨʭʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʥʝʪʠʧʦʚʫ ʬʦʨʤʫ ʢʨʠʚʦʾ ʟʤʦʯʫʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʤʽʩʪʫ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʜʦʩʷʛʘʻ 

157Á, ʢʦʣʠ ʚʤʽʩʪ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʤʘʪʨʠʮʽ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 60 ʤʘʩ. % (ʨʠʩ. 52. ʘ). 

ʆʜʥʘʢ ʟʥʘʯʝʥʥʷ ʛʽʩʪʝʨʝʟʠʩʫ ʢʫʪʫ ʟʤʦʯʫʚʘʥʥʷ ʜʣʷ ʮʠʭ ʩʠʩʪʝʤ ʪʘʢʦʞ ʻ ʚʠʩʦʢʠʤ ʽ 

ʜʦʩʷʛʘʻ 70Á. ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʟʥʘʯʝʥʴ ʛʽʩʪʝʨʝʟʠʩʫ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ 20 ʜʦ 40 ʤʘʩ. % ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ 

ʥʘʧʦʚʥʶʚʘʯʘ, ʱʦ ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʢʫʪʘ ʚʽʜʩʪʫʧʫ, ʧʨʠ ʮʴʦʤʫ 

ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʩʢʦʯʫʚʘʥʥʷ ʽ ʢʫʪʫ ʟʤʦʯʫʚʘʥʥʷ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ. ʅʘ 

ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʢʫʪ ʚʽʜʪʽʢʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʤʘʡʞʝ ʧʦʩʪʽʡʥʠʤ. ɿʥʘʯʝʥʥʷ ʢʫʪʫ 

ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʟʨʦʩʪʘʻ, ʘ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʛʽʩʪʝʨʝʟʠʩʫ ʢʫʪʫ 

ʟʤʦʯʫʚʘʥʥʷ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʛʽʩʪʝʨʝʟʠʩ ʤʦʞʥʘ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʟʘ ʨʘʭʫʥʦʢ 

ʛʽʜʨʦʬʦʙʥʦʾ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʜʽʘʪʦʤʽʪʫ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʛʽʩʪʝʨʝʟʠʩʫ ʢʫʪʫ 

ʟʤʦʯʫʚʘʥʥʷ ʜʦʩʷʛʘʻ 95Á ʧʨʠ ʚʤʽʩʪʽ ʜʽʘʪʦʤʽʪʫ 25 ʤʘʩ. % ʽ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 7Á ʧʨʠ ʚʤʽʩʪʽ 

ʥʘʧʦʚʥʶʚʘʯʘ 60 ʤʘʩ. % (ʨʠʩ. 52. ʙ). ʄʝʭʘʥʽʯʥʝ ʧʦʨʫʰʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʯʘʩʪʠʥʦʢ 

ʜʽʘʪʦʤʽʪʫ ʚ ʙʽʩʝʨʥʦʤʫ ʤʣʠʥʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʛʦʩʪʨʠʭ ʰʤʘʪʦʯʢʽʚ 

ʧʝʨʚʠʥʥʠʭ ʦʩʝʨʝʜʢʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʟʥʘʯʝʥʥʷ ʛʽʩʪʝʨʝʟʠʩʫ ʢʫʪʫ ʟʤʦʯʫʚʘʥʥʷ ʤʘʡʞʝ 

6Á ʥʘʚʽʪʴ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʦʚʥʶʚʘʯʘ 50 ʤʘʩ. % (ʨʠʩ. 52. ʚ). ɿʥʘʯʝʥʥʷ ʢʫʪʫ 

ʟʤʦʯʫʚʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 164Á. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʘʢʣʶʯʠʪʠ ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʽʚ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʧʝʨʚʠʥʥʠʡ ʨʽʚʝʥʴ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʧʦʢʨʠʪʪʷ. ʊʘʢʽ ʩʪʨʫʢʪʫʨʠ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʻ ʙʣʠʟʴʢʠʤʠ ʜʦ ʧʦʚʝʨʭʦʥʴ ʩʢʣʘʜʝʥʠʭ ʟ 

ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ, ʨʦʟʛʣʷʥʫʪʠʭ ʚ ʈʦʟʜʽʣʽ 3. ʇʨʠ ʚʠʥʠʢʥʝʥʥʽ ʜʦʜʘʪʢʦʚʦʛʦ ʨʽʚʥʷ 

ʩʪʨʫʢʪʫʨʠ, ʷʢ ʫ ʚʠʧʘʜʢʫ ʜʽʘʪʦʤʽʪʫ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʘ ʟʜʘʪʥʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʟʥʘʯʥʦ 

ʟʨʦʩʪʘʻ.  
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ʈʠʩʫʥʦʢ 52 ï ɿʘʣʝʞʥʦʩʪʽ ʢʫʪʫ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ) ʽ ʛʽʩʪʝʨʝʟʠʩ 

ʢʫʪʫ ʟʤʦʯʫʚʘʥʥʷ (ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ) ʚʽʜ ʚʤʽʩʪʫ ʜʽʘʪʦʤʽʪʫ ʚ ʧʦʢʨʠʪʪʷʭ ʧʦʣʽʩʪʠʨʦʣ-

ʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʫ ʚ ʩʠʩʪʝʤʘʭ, ʥʘʧʦʚʥʝʥʠʭ: ʘ ï ʥʝʦʙʨʦʙʣʝʥʠʤ ʜʽʘʪʦʤʽʪʦʤ; ʙ ï 

ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʠʤ ʜʽʘʪʦʤʽʪʦʤ; ʚ ï  ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʠʤ ʽ ʤʝʣʝʥʠʤ ʜʽʘʪʦʤʽʪʦʤ. 

 

ɹʫʣʦ ʧʦʤʽʯʝʥʦ, ʱʦ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʤʦʯʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʧʦʢʨʠʪʪʽʚ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʪʘʢʠʤʠ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ:  

1. ʏʠʤ ʙʽʣʴʰʠʡ ʩʪʫʧʽʥʴ ʘʥʽʟʦʪʨʦʧʽʾ ʪʘ ʧʨʦʩʪʦʨʦʚʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʤʘʶʪʴ 

ʯʘʩʪʠʥʢʠ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʘ, ʪʠʤ ʚʠʱʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʷʛʥʫʪʽ ʟʥʘʯʝʥʥʷ  ʢʫʪʘ 

ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ. ʅʘʧʨʠʢʣʘʜ, ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʫ ʟʤʦʯʫʚʘʥʥʷ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʽ ʤʝʣʝʥʦʛʦ ʤʘʨʤʫʨʫ ʪʘ ʚʦʣʘʩʪʦʥʽʪʫ ʜʦʩʷʛʘʶʪʴ ʜʦ 115Á ʽ 124Á, ʚʽʜʧʦʚʽʜʥʦ. 

ʄʝʭʘʥʽʯʥʘ ʘʢʪʠʚʘʮʽʷ ʟʤʽʥʶʻ ʛʝʦʤʝʪʨʽʶ ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʠʥʦʢ ʽ ʚʠʢʣʠʢʘʻ ʫʪʚʦʨʝʥʥʷ 

çʛʦʩʪʨʠʭè ʢʨʘʾʚ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʚ [218], ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ;  



187 
 

2. ʂʫʪ ʟʤʦʯʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡ ʤʦʞʝ ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʯʘʩʪʠʥʦʢ ʟ ʪʝʢʩʪʫʨʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ (ʷʢ ʫ ʧʨʠʢʣʘʜʽ ʜʽʘʪʦʤʽʪʫ). 

ʊʦʡ ʩʘʤʠʡ ʬʘʢʪ ʙʫʚ ʟʘʟʥʘʯʝʥʠʡ ʫ [219] ʪʘ [220], ʜʝ ʪʝʢʩʪʫʨʫʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʧʽʩʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ; 

3. ɻʽʩʪʝʨʝʟʠʩ ʢʫʪʫ ʟʤʦʯʫʚʘʥʥʷ ʤʦʞʥʘ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʰʣʷʭʦʤ ʛʽʜʨʦʬʦʙʥʦʾ 

ʦʙʨʦʙʢʠ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚ ʩʠʩʪʝʤʘʭ ʟ ʚʠʩʦʢʠʤ 

ʩʪʫʧʝʥʝʤ ʚʤʽʩʪʫ ʥʘʧʦʚʥʶʚʘʯʘ ʧʣʽʚʢʦʫʪʚʦʨʶʶʯʠʡ ʧʦʣʽʤʝʨ ʥʝ ʧʦʚʥʽʩʪʶ ʧʦʢʨʠʚʘʻ 

ʧʦʚʝʨʭʥʽ ʛʽʜʨʦʬʽʣʴʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ, ʪʘʢʽ ʩʠʩʪʝʤʠ, ʦʜʥʘʢ, ʥʝ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʤʽʮʥʠʭ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʚʝʨʭʦʥʴ ʯʝʨʝʟ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ 

ʛʽʩʪʝʨʝʟʠʩʫ ʟʤʦʯʫʚʘʥʥʷ ʪʘ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʢʫʪʫ ʩʢʦʯʫʚʘʥʥʷ. ʎʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʘ 

ʚʠʨʽʰʠʪʠ ʰʣʷʭʦʤ ʜʦʜʘʪʢʦʚʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʽ ʩʪʨʫʢʪʫʨʠ. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʽʻʨʘʨʭʽʯʥʠʭ ʪʝʢʩʪʫʨ, ʷʢʽ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʝ ʤʽʢʨʦ- ʪʘ 

ʥʘʥʦʨʦʟʤʽʨʥʠʡ ʨʽʚʝʥʴ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʦʙʨʦʙʣʝʥʠʡ 

ʜʠʤʝʪʠʣʜʠʭʣʦʨʩʠʣʘʥʦʤ ʢʨʝʤʥʝʟʝʤ. ʇʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʤʘʪʝʨʽʘʣʫ ʩʪʘʥʦʚʠʪʴ 192 ʤ2/ʛ, 

ʘ ʨʦʟʤʽʨ ʧʝʨʚʠʥʥʠʭ ʯʘʩʪʠʥʦʢ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 12 ʥʤ. ʇʦʚʝʜʽʥʢʘ ʩʠʩʪʝʤʠ ʟ ʯʠʩʪʠʤ 

ʥʘʥʦʨʦʟʤʽʨʥʠʤ ʥʘʧʦʚʥʶʚʘʯʝʤ ʨʦʟʛʣʷʥʫʪʘ ʥʘ ʈʠʩ. 40 ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʱʦ ʚ ʮʠʭ 

ʩʠʩʪʝʤʘʭ ʢʫʪʠ ʩʢʦʯʫʚʘʥʥʷ ʤʝʥʰʝ 5Á ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʚʤʽʩʪʽ ʢʨʝʤʥʝʟʝʤʫ ʚʠʱʝ 

50 ʤʘʩ. %. 

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʽʻʨʘʨʭʽʯʥʦʾ ʜʚʦʨʽʚʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʷʢʦʩʪʽ ʤʽʢʨʦʨʦʟʤʽʨʥʦʛʦ 

ʝʣʝʤʝʥʪʫ ʪʝʢʩʪʫʨʠ ʙʫʣʦ ʦʙʨʘʥʦ ʜʨʦʙʣʝʥʠʡ ʤʘʨʤʫʨ ʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 

4,7 ʤʢʤ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 53 ʘ, ʝʬʝʢʪ ʚʽʜ ʚʚʝʜʝʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʨʠ ʡʦʛʦ ʚʤʽʩʪʽ ʚ ʩʠʩʪʝʤʽ ʜʦ ʦʜʥʦʛʦ ʚʽʜʩʦʪʢʘ.  

ʆʯʝʚʠʜʥʦ, ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʫʪʚʦʨʝʥʥʷʤ ʪʦʥʢʦʛʦ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʰʘʨʫ ʯʘʩʪʠʥʦʢ 

ʥʘ ʚʞʝ ʽʩʥʫʶʯʽʡ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʜʦʩʷʛʘʻ 

164Á ʧʨʠ ʚʤʽʩʪʽ ʢʨʝʤʥʝʟʝʤʫ 3 ʤʘʩ. % ʚʽʜ ʤʘʩʠ ʤʝʣʝʥʦʛʦ ʤʘʨʤʫʨʫ, ʘ ʛʽʩʪʝʨʝʟʠʩ ʢʫʪʘ 

ʟʤʦʯʫʚʘʥʥʷ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʩʫʮʽʣʴʥʦʛʦ ʰʘʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʘʜʘʻ ʜʦ 

3Á ʧʨʠ ʚʤʽʩʪʽ ʢʨʝʤʥʝʟʝʤʫ 3,5 ʤʘʩ. % ʢʫʪ ʩʢʦʯʫʚʘʥʥʷ ʜʣʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʜʦʨʽʚʥʶʻ 2Á. 
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ʈʠʩʫʥʦʢ 53 ï ʂʫʪʠ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʪʘ ʛʽʩʪʝʨʝʟʠʩ ʟʤʦʯʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʤʘʨʤʫʨʦʚʦʛʦ ʢʨʝʤʥʽʶ. ɿʚôʷʟʦʢ ʤʽʞ ʚʤʽʩʪʦʤ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ, 

ʢʫʪʫ ʟʤʦʯʫʚʘʥʥʷ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ) ʽ ʛʽʩʪʝʨʝʟʠʩʫ ʢʫʪʫ ʟʤʦʯʫʚʘʥʥʷ (ʧʫʥʢʪʠʨ) ʚ 

ʩʠʩʪʝʤʘʭ, ʤʽʢʨʦʨʦʟʤʽʨʥʠʤ ʥʘʧʦʚʥʶʚʘʯʝʤ ʷʢʠʭ ʻ: ʘ ï ʥʝʦʙʨʦʙʣʝʥʠʡ ʜʨʦʙʣʝʥʠʡ 

ʤʘʨʤʫʨ, ʙ ï ʦʙʨʦʙʣʝʥʠʡ ʩʪʝʘʨʠʥʦʚʦʶ ʢʠʩʣʦʪʦʶ ʜʨʦʙʣʝʥʠʡ ʤʘʨʤʫʨ. 
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ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʦʛʦ ʜʨʦʙʣʝʥʦʛʦ ʤʘʨʤʫʨʫ ʟʥʠʞʝʥʥʷ 

ʛʽʩʪʝʨʝʟʠʩʫ ʢʫʪʫ ʟʤʦʯʫʚʘʥʥʷ ʟ 75 Á ʜʦ 3 Á ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʤʽʩʪʽ ʢʨʝʤʥʝʟʝʤʫ 3 ʤʘʩ. 

% (ʨʠʩ. 53. ʙ); ʂʫʪ ʩʢʦʯʫʚʘʥʥʷ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʦʞ ʜʦʨʽʚʥʶʻ 2Á. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʚʽʜ ʯʠʩʪʦʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʜʦ ʜʚʦʨʽʚʥʝʚʦʾ 

ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʷ ʧʝʨʝʭʦʜʠʪʴ ʫ ʩʪʽʡʢʠʡ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʡ ʩʪʘʥ, ʧʨʦ 

ʱʦ ʩʚʽʜʯʠʪʴ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʛʽʩʪʝʨʝʟʠʩʫ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ (3Á) ʽ ʢʫʪʘ ʩʢʦʯʫʚʘʥʥʷ 

ʚʦʜʠ (2Á). 

ʊʘʢʠʡ ʧʝʨʝʭʽʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʫʤʦʚʽ ʦʜʝʨʞʘʥʥʷ ʟʘʚʝʨʰʝʥʦʛʦ ʰʘʨʫ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʽʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨ. ɺʘʨʪʠʤ ʫʚʘʛʠ ʻ ʪʝ, ʱʦ ʧʝʨʝʭʽʜ 

ʫ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʡ ʩʪʘʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʚʦʣʽ ʨʽʟʢʦ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ 

ʥʘʧʦʚʥʶʚʘʯʘ 3ï3,5 ʤʘʩ. %. ʎʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʦ ʨʽʟʥʠʮʝʶ ʤʽʞ ʚʥʝʩʢʘʤʠ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʥʠʞʥʽʡ ʽ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʘʭ ʝʣʝʤʝʥʪʽʚ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʚ ʟʘʛʘʣʴʥʫ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʫ ʟʜʘʪʥʽʩʪʴ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʚʦʥʠ 

ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʜʘʪʥʽʩʪʴ ʢʨʘʧʣʽ ʨʽʜʠʥʠ ʬʽʢʩʫʚʘʪʠʩʷ ʥʘ ʧʦʚʝʨʭʥʽ, ʘ ʚ ʜʨʫʛʦʤʫ 

ʩʧʨʘʚʣʷʶʪʴ ʚʽʜʯʫʪʥʝ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʢʨʘʧʝʣʴ ʨʽʜʠʥʠ. ɻʽʧʦʪʝʟʫ ʧʨʦ ʦʩʥʦʚʥʠʡ 

ʚʥʝʩʦʢ ʚʝʨʭʥʽʭ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ ʫ ʟʥʘʯʝʥʥʷ ʢʫʪʫ ʟʤʦʯʫʚʘʥʥʷ ʪʘ ʛʽʩʪʝʨʝʟʠʩʫ ʢʫʪʫ 

ʟʤʦʯʫʚʘʥʥʷ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʜʦʜʘʪʢʦʚʘ ʛʽʜʨʦʬʦʙʽʟʘʮʽʷ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʧʝʨʝʜ ʚʚʝʜʝʥʥʷʤ ʜʦ ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʮʽʾ ʤʦʞʝ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ 

ʛʽʩʪʝʨʝʟʠʩ ʟʤʦʯʫʚʘʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʧʦʢʨʠʪʪʷ ʟ ʽʻʨʘʨʭʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʫʪʚʦʨʝʥʽ ʩʪʘʪʠʩʪʠʯʥʦ 

ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʰʦʨʩʪʢʦʩʪʽ, ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʽ ʢʫʪʠ ʟʤʦʯʫʚʘʥʥʷ ʪʘ 

ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʩʢʦʯʫʚʘʥʥʷ ʪʘ ʛʽʩʪʝʨʝʟʠʩʫ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ, ʥʘʚʽʪʴ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʚʠʯʘʡʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʆʜʥʘʢ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʘʢʽ ʢʦʤʧʦʟʠʮʽʾ ʤʘʶʪʴ ʜʦʩʠʪʴ ʚʠʩʦʢʫ ʘʜʛʝʟʽʶ ʜʦ 

ʩʫʙʩʪʨʘʪʫ ʽ ʥʝ ʩʭʠʣʴʥʽ ʜʦ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʥʘʚʽʪʴ ʫ ʚʽʜʥʦʩʥʦ ʪʦʚʩʪʠʭ ʰʘʨʘʭ ï ʜʦ 150 

ʤʢʤ. ɺʦʥʠ ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʪʠʨʘʥʥʷ (ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʠʤʠ 

ʧʨʦʤʠʩʣʦʚʠʤʠ ʧʦʢʨʠʪʪʷʤʠ). ʆʜʥʘʢ, ʫ ʨʘʟʽ ʩʪʠʨʘʥʥʷ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʧʦʢʨʠʪʪʷ 

ʟʙʝʨʽʛʘʻ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʎʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʚʦʨʽʚʥʝʚʠʭ 



190 
 

ʩʪʨʫʢʪʫʨʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʝʨʝʚʠʱʫʶʪʴ ʣʠʰʝ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʧʦʚʝʨʭʦʥʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʦ ʩʝʨʽʶ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʩʫʤʽʰʝʡ ʥʘʧʦʚʥʶʚʘʯʽʚ ʽʟ ʧʝʨʚʠʥʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʠʥʦʢ ʤʽʢʨʦ- ʽ ʥʘʥʦʨʦʟʤʽʨʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʚʠʯʘʡʥʦʾ ʦʜʥʦ ʩʪʘʜʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʦʪʚʝʨʜʞʝʥʥʷ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʪʘʢʽ ʧʦʢʨʠʪʪʷ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʾʭ ʧʦʚʝʨʭʥʽ 

ʚʧʦʨʷʜʢʦʚʘʥʽ ʣʠʰʝ ʩʪʘʪʠʩʪʠʯʥʦ, ʤʦʞʫʪʴ ʤʘʪʠ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ 160Á, 

ʛʽʩʪʝʨʝʟʠʩʫ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ 3Á ʽ ʢʫʪʫ ʩʢʦʯʫʚʘʥʥʷ 2Á. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʽʢʨʦʨʦʟʤʽʨʥʠʡ 

ʥʘʧʦʚʥʶʚʘʯ ʚʠʢʦʥʫʻ ʚ ʧʦʢʨʠʪʪʽ ʟʤʽʮʥʶʚʘʣʴʥʫ ʬʫʥʢʮʽʶ, ʧʽʜʚʠʱʫʶʯʠ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʩʪʠʨʘʥʥʷ ʽ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ, ʘ ʥʘʥʦʨʦʟʤʽʨʥʠʡ ʥʘʧʦʚʥʶʚʘʯ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʾ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. ʇʦʣʽʧʰʝʥʥʷ ʛʽʜʨʦʬʦʙʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʽʚ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʽʚ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ (ʬʨʘʛʤʝʥʪʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʧʽʩʣʷ 

ʤʝʭʘʥʽʯʥʦʾ ʘʢʪʠʚʘʮʽʾ, ʚʦʣʦʢʥʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʚʦʣʘʩʪʦʥʽʪ), ʘ ʪʘʢʦʞ ʧʨʠ ʾʭ 

ʛʽʜʨʦʬʦʙʥʽʡ ʧʦʧʝʨʝʜʥʽʡ ʦʙʨʦʙʮʽ. ɿʘʚʜʷʢʠ ʫʪʚʦʨʝʥʽʡ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ ʝʬʝʢʪʠʚʥʠʡ 

ʚʤʽʩʪ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʽʮʥʦʛʦ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʛʦ 

ʩʪʘʥʫ ʻ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʤ ð ʜʦ 4 ʤʘʩ. %.  

 

4.3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʘʣʦʨʠʟʦʚʘʥʠʭ ʚʽʜʭʦʜʽʚ ʚ ʷʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ 

ʇʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʚʘʣʦʨʠʟʦʚʘʥʠʭ ʚʽʜʭʦʜʽʚ ʚ ʷʢʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ ʪʝʢʩʪʫʨʠ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ ʥʝʚʝʣʠʢʦʶ 

ʩʦʙʽʚʘʨʪʽʩʪʶ, ʱʦ ʟʫʤʦʚʣʶʻ ʚʠʩʦʢʫ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ. ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ ʈʦʟʜʽʣʽ 3, 

ʬʽʣʴʪʨ-ʧʝʨʣʽʪ ʪʘ ʯʝʨʚʦʥʠʡ ʰʣʘʤ ʤʘʶʪʴ ʯʘʩʪʠʥʢʠ ʚ ʤʽʢʨʦʨʦʟʤʽʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ɿʘʜʘʯʝʶ ʜʘʥʦʛʦ ʧʽʜʨʦʟʜʽʣʫ ʻ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʢʦʥʚʝʥʮʽʡʥʠʤʠ ʤʽʢʨʦ ʥʘʧʦʚʥʶʚʘʯʘʤʠ 

ʣʘʢʦʬʘʨʙʦʚʠʭ ʩʠʩʪʝʤ, ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ.   
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4.3.1. ɺʦʜʦʚʽʜʰʪʦʚʭʫʶʯʽ ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʧʝʨʣʽʪʫ 

ʌʽʣʴʪʨ ʧʝʨʣʽʪ ʪʝ ʧʝʨʣʽʪʦʚʠʡ ʚʽʜʩʽʚ ʙʫʣʠ ʧʽʜʛʦʪʦʚʣʝʥʽ ʜʦ ʦʜʝʨʞʘʥʥʷ ʧʦʢʨʠʪʪʽʚ 

ʷʢ ʧʦʢʘʟʘʥʦ ʚ ʨʦʟʜʽʣʽ 3.2.3 ʟ ʥʘʩʪʫʧʥʦʶ ʛʽʜʨʦʬʦʙʽʟʘʮʽʻʶ ʾʭ ʧʦʚʝʨʭʥʽ 

ʧʦʣʽʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥʦʤ. ɺ ʷʢʦʩʪʽ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʧʦʢʨʠʪʪʽʚ 

ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʠʨʦʣ-ʘʢʨʠʣʦʚʠʡ ʧʦʣʽʤʝʨ Neocryl 880 B.  

ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʤʽʢʨʦʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʣʷ ʣʘʢʦʬʘʨʙʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

(ʢʨʝʡʜʠ, ʪʘʣʴʢʫ ʪʘ ʚʦʣʘʩʪʦʥʽʪʫ), ʥʘʷʚʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʾ ʦʙʨʦʙʢʠ ʯʘʩʪʠʥʦʢ ʦʙʦʭ 

ʪʠʧʽʚ ʧʝʨʣʽʪʫ ʥʝ ʻ ʦʙʦʚôʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʥʫ ʂʘʩʽ, ʦʩʢʽʣʴʢʠ ʘʤʦʨʬʥʽ 

ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽ ʫʪʚʦʨʶʶʪʴ ʜʦʩʪʘʪʥʴʦ ʪʦʥʢʽ ʧʦʨʽʚʥʷʥʦ ʛʽʜʨʦʬʦʙʥʽ ʧʦʚʝʨʭʥʝʚʽ 

ʰʘʨʠ ʥʘ ʪʘʢʠʭ ʯʘʩʪʠʥʢʘʭ.  ʇʨʠ ʚʤʽʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ ʚʠʱʝ 50 ʤʘʩ. % ʜʦʩʷʛʘʻʪʴʩʷ 

ʧʝʨʝʭʽʜ ʧʦʢʨʠʪʪʷ ʚʽʜ ʫʤʦʚʥʦ ʛʽʜʨʦʬʽʣʴʥʦʛʦ ʜʦ ʛʽʜʨʦʬʦʙʥʦʛʦ ʩʪʘʥʫ (ʨʠʩ. 54, ʘ), ʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ï 128 Á ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʚʤʽʩʪʫ ʥʘʧʦʚʥʶʚʘʯʘ 

ʚ ʩʠʩʪʝʤʽ 90 ʤʘʩ. % ʽ ʚʠʱʝ. ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʚʩʪʘʥʦʚʣʝʥʽʡ ʨʘʥʽʰʝ ʦʙʝʨʥʝʥʽʡ ʟʘʣʝʞʥʦʩʪʽ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʜ ʨʦʟʚʠʥʝʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʬʦʨʤʫʶʯʦʛʦ ʪʝʢʩʪʫʨʫ 

ʝʣʝʤʝʥʪʫ.  

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʾ ʦʙʨʦʙʢʠ (ʨʠʩ. 54 ʙ) 

ʧʦʣʽʜʠʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥʦʤ ʧʝʨʝʭʽʜ ʚʽʜ ʛʽʜʨʦʬʽʣʴʥʦʛʦ ʫ ʛʽʜʨʦʬʦʙʥʠʡ ʩʪʘʥ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ ʚʤʽʩʪʽ ʧʝʨʣʽʪʫ ʥʘ ʨʽʚʥʽ 30 ʤʘʩ.%. ʇʨʠ ʚʤʽʩʪʽ ʞ ʫ 40 ʤʘʩ. % 

ʜʦʩʷʛʘʻʪʴʩʷ ʩʪʘʥ ʂʘʩʽ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ 146 Á. ʉʣʽʜ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʚʝʨʭʥʷ ʯʘʩʪʠʥʦʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦ 

ʟʥʠʞʝʥʦʶ ʧʦʚʝʨʭʥʝʚʦʶ ʝʥʝʨʛʽʻʶ, ʱʦ ʚʽʜʯʫʪʥʦ ʟʤʽʥʶʻ ʢʘʨʪʠʥʫ ʤʽʞʬʘʟʥʦʛʦ 

ʢʦʥʪʘʢʪʫ. ʇʦ-ʧʝʨʰʝ, ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʦʾ ʧʦʪʨʝʙʠ ʧʦʚʝʨʭʥʽ 

ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʟʥʠʞʝʥʥʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʘ 10-12 %. ʇʦ ʜʨʫʛʝ ï ʧʨʠ ʤʦʞʣʠʚʽʡ ʚʪʨʘʪʽ ʮʽʣʽʩʥʦʩʪʽ ʰʘʨʫ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ 

ʢʨʘʧʣʷ ʧʨʦʙʥʦʾ ʨʽʜʠʥʠ ʢʦʥʪʘʢʪʫʚʘʪʠʤʝ ʟ ʧʦʚʝʨʭʥʝʶ ʤʦʜʠʬʽʢʘʪʦʨʘ, ʝʥʝʨʛʽʷ ʷʢʦʾ ʱʝ 

ʥʠʞʯʝ ʥʽʞ ʫ ʩʪʠʨʦʣ-ʘʢʨʠʣʦʚʦʛʦ ʧʦʣʽʤʝʨʫ.  

 ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʽʰʝ, ʨʝʛʝʥʝʨʦʚʘʥʠʡ ʬʽʣʴʪʨ-ʧʝʨʣʽʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʢʨʫʧʥʽʰʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʨʦʟʚʠʥʝʥʽʰʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʥʽʞ 

ʧʝʨʣʽʪʦʚʠʡ ʚʽʜʩʽʚ.  
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ʙ ʚ 

 

 

ʈʠʩʫʥʦʢ 54 ï ɿʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʥʘ ʦʩʥʦʚʽ ʯʘʩʪʠʥʦʢ ʧʝʨʣʽʪʫ ʟʽ ʩʪʠʨʦʣ-

ʘʢʨʠʣʦʚʠʤ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʝʤ: ʘ ï ʧʝʨʣʽʪʦʚʠʡ ʚʽʜʩʽʚ; ʙ ï ʧʝʨʣʽʪʦʚʠʡ ʚʽʜʩʽʚ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʧʦʣʽʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥʦʤ; ʚ ï ʨʝʛʝʥʝʨʦʚʘʥʠʡ ʬʽʣʴʪʨ-ʧʝʨʣʽʪ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʧʦʣʽʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥʦʤ.  

 

ʎʝ ʟʫʤʦʚʣʶʻ ʟʥʠʞʝʥʥʷ ʧʦʪʨʝʙʠ ʡʦʛʦ ʯʘʩʪʠʥʦʢ ʚ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʟʥʠʞʝʥʥʷ ʟʥʘʯʝʥʴ ʚʤʽʩʪʫ ʮʴʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ, ʧʨʠ ʷʢʦʤʫ 



193 
 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʧʦʚʝʨʭʥʽ ʫ ʛʽʜʨʦʬʦʙʥʠʡ ʩʪʘʥ ï 18 ʤʘʩ. %, ʘ ʪʘʢʦʞ 

ʜʦʩʷʛʥʝʥʥʷ ʧʣʘʪʦ ʩʪʘʥʫ ʂʘʩʽ ï 33 ʤʘʩ. % (ʨʠʩ. 54 ʚ). ɺʪʽʤ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʥʠʞʝʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ï 132 Á, ʱʦ, ʚʽʨʦʛʽʜʥʦ, ʤʦʞʝ 

ʙʫʪʠ ʧʦʷʩʥʝʥʦ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʚ ʦʨʽʻʥʪʘʮʽʾ ʢʨʫʧʥʠʭ ʯʘʩʪʠʥʦʢ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ 

ʧʦʢʨʠʪʪʷʭ. 

ɺ ʢʽʥʮʝʚʽʡ ʯʘʩʪʠʥʽ ʢʨʠʚʦʾ ʟʤʦʯʫʚʘʥʥʷ ʧʨʠ ʟʙʽʜʥʝʥʦʩʪʽ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʝʤ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʱʝ ʙʽʣʴʰ ʚʠʨʘʟʥʝ ʧʽʜʚʠʱʝʥʥʷ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʜʦ ʪʠʭ 

ʟʥʘʯʝʥʴ, ʷʢʽ ʭʘʨʘʢʪʝʨʥʽ ʰʘʨʫ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʨʝʛʝʥʝʨʦʚʘʥʦʛʦ ʬʽʣʴʪʨ-ʧʝʨʣʽʪʫ 

ʧʽʩʣʷ ʛʽʜʨʦʬʦʙʽʟʘʮʽʾ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʝ ʥʝʜʦʩʪʘʪʥʽʩʪʶ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʩʫʮʽʣʴʥʦʛʦ ʰʘʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʜʦʚʦʣʽ ʤʘʩʰʪʘʙʥʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʡʦʛʦ ʮʽʣʽʩʥʦʩʪʽ.  

ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʧʝʨʣʽʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʬʦʨʤʫʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʪʠʧʦʚʦʾ ʬʦʨʤʠ ʪʘ ʦʨʽʻʥʪʘʮʽʾ ʦʢʨʝʤʠʭ ʾʭ ʯʘʩʪʠʥʦʢ.  ʇʝʨʣʽʪʦʚʠʡ ʚʽʜʩʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʙʽʣʴʰʠʤ ʚʤʽʩʪʦʤ ʯʘʩʪʠʥʦʢ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ ʥʽʞ 

ʨʝʛʝʥʝʨʦʚʘʥʠʡ ʬʽʣʴʪʨ-ʧʝʨʣʽʪ (ʨʠʩ. 55).  

 

a       ʙ 

ʈʠʩʫʥʦʢ 55 ï  ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ ʪʦʥʢʦʰʘʨʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟʽ ʩʢʣʘʜʦʤ: ʘ ï 

75% ʤʝʣʝʥʦʛʦ ʧʝʨʣʽʪʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʦʣʽʜʠʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥʦʤ + 25% 

ʩʪʠʨʦʣ-ʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʥʦʛʦ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ; b ï 75% ʨʝʛʝʥʝʨʦʚʘʥʦʛʦ ʬʽʣʴʪʨ-

ʧʝʨʣʽʪʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʦʣʽʜʠʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥʦʤ + 25% ʩʪʠʨʦʣ-

ʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʥʦʛʦ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ 
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ɺʽʜʧʦʚʽʜʥʦ, ʡʦʛʦ ʧʦʚʝʨʭʥʷ ʻ ʙʽʣʴʰ ʰʦʨʩʪʢʦʶ ʚʥʘʩʣʽʜʦʢ ʦʨʽʻʥʪʘʮʽʾ 

ʤʽʢʨʦʯʘʩʪʠʥʦʢ ʚ ʥʘʧʨʷʤʽ ʙʣʠʟʴʢʦʤʫ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʫʙʩʪʨʘʪʫ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʨʝʛʝʥʝʨʦʚʘʥʠʡ ʬʽʣʴʪʨ-ʧʝʨʣʽʪ ʟʘ ʨʘʭʫʥʦʢ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ, ʷʢʝ, ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʦ, ʤʘʣʦ ʤʽʩʮʝ ʧʨʠ ʦʜʝʨʞʘʥʥʽ ʮʴʦʛʦ 

ʘʜʩʦʨʙʮʽʡʥʦ-ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʧʝʨʝʚʘʞʥʦ 

ʚʝʣʠʢʠʭ ʧʣʘʩʢʠʭ ʯʘʩʪʠʥʦʢ, ʙʝʟ ʰʚʽʚ ʩʧʘʡʥʦʩʪʽ, ʷʢʽ ʻ ʟʚʠʯʘʡʥʠʤ ʧʦʙʽʯʥʠʤ 

ʧʨʦʜʫʢʪʦʤ ʨʦʟʤʝʣʶʚʘʥʥʷ ʢʦʤʽʨʯʘʩʪʠʭ ʧʽʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʢʘʟʘʥʦ ʱʦ ʚʽʜʭʦʜʠ ʪʠʧʫ ʬʽʣʴʪʨ-ʧʝʨʣʽʪʫ ʪʘ ʧʝʨʣʽʪʦʚʦʛʦ 

ʚʽʜʩʽʚʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʘʣʦʨʠʟʦʚʘʥʠʤʠ ʚ ʷʢʦʩʪʽ ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʪʝʢʩʪʫʨʫʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʘʜʠʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ. ʇʨʠ ʮʴʦʤʫ, ʦʩʦʙʣʠʚʽʩʪʶ ʮʠʭ ʧʦʢʨʠʪʪʽʚ ʻ ʾʭ ʚʠʩʦʢʘ 

ʧʦʨʠʩʪʽʩʪʴ, ʷʢʘ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʢʣʘʜʥʦʩʪʽ ʱʽʣʴʥʦʾ ʫʧʘʢʦʚʢʠ ʥʝʨʽʚʥʦʤʽʨʥʠʭ 

ʯʘʩʪʠʥʦʢ.  

ʊʘʢʽ ʧʦʢʨʠʪʪʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʟʥʘʯʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʙôʻʤʫ, 

ʷʢʠʡ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʝ ʚʽʜʽʛʨʘʚʘʪʠ ʨʦʣʴ ʧʦʚʽʪʨʷʥʦʛʦ ʢʦʥʪʝʡʥʝʨʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʩʪʘʥʫ ʂʘʩʽ. ʈʽʟʥʠʮʷ ʚ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ 

ʚʦʜʦʶ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ  ʧʝʨʣʽʪʦʚʦʛʦ ʚʽʜʩʽʚʫ ʪʘ ʬʽʣʴʪʨ-ʧʝʨʣʽʪʫ ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ 8 

ʛʨʘʜʫʩʽʚ, ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʦʜʽʙʥʽʩʪʶ ʩʪʨʫʢʪʫʨʠ, ʭʦʯʘ ʥʝʚʝʣʠʢʽ ʯʘʩʪʢʠ ʚʽʜʩʽʚʫ 

ʪʘ ʥʘʷʚʥʽʩʪʴ ʯʘʩʪʠʥ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʰʚʘʤ ʢʦʤʽʨʦʢ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʟʚʘʥʠʤʠ 

ʧʨʠʯʠʥʘʤʠ ʪʘʢʦʾ ʚʽʜʤʽʥʥʦʩʪʽ.  

ɺ ʮʽʣʦʤʫ, ʤʦʞʥʘ ʟʘʢʣʶʯʠʪʠ ʱʦ ʨʝʛʝʥʝʨʘʮʽʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʟ 

ʚʽʜʭʦʜʽʚ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʧʝʨʣʽʪʦʚʽ ʤʽʢʨʦʯʘʩʪʠʥʢʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʩʠʩʪʝʤ ʧʨʠ ʫʤʦʚʽ ʜʦʜʘʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʪʝʢʩʪʫʨʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʙʫʣʠ 

ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʽ ʧʝʨʝʜ ʚʚʝʜʝʥʥʷʤ ʜʦ ʩʢʣʘʜʫ ʧʦʢʨʠʪʪʽʚ. 
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4.3.2. ɺʦʜʦʚʽʜʰʪʦʚʭʫʶʯʽ ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ 

ʄʽʢʨʦʯʘʩʪʠʥʢʠ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʷʢ ʧʽʩʣʷ ʧʦʚʝʨʭʥʝʚʦʾ ʽʥʘʢʪʠʚʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ 

ʩʧʽʢʘʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 950Áʉ, ʪʘʢ ʽ ʙʝʟ ʥʝʾ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʷʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ 

ʧʦʚʝʨʭʥʝʚʦʾ ʪʝʢʩʪʫʨʠ ʜʣʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʧʦʢʨʠʪʪʽʚ ʚ ʢʦʤʧʣʝʢʩʽ ʟʽ ʩʪʠʨʦʣ-

ʘʢʨʠʣʦʚʠʤ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʝʤ.  

ʇʦʚʝʨʭʥʷ ʦʪʨʠʤʘʥʠʭ ʨʘʢʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʥʘ ʦʩʥʦʚʽ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʪʘ 

ʧʦʣʽʤʝʨʫ ʧʦʢʨʠʪʪʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʛʝʪʝʨʦʛʝʥʥʽʩʪʶ - ʨʽʟʥʠʤ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʟʤʦʯʫʚʘʥʥʷ ʜʽʣʷʥʦʢ, ʦʜʥʽ ʟ ʷʢʠʭ ʟʙʽʜʥʝʥʽ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʝʤ, ʽʥʰʽ ʥʘʚʧʘʢʠ 

ʟʙʘʛʘʯʝʥʽ (ʨʠʩ. 56). ʊʘʢʦʞ, ʥʘ ʮʴʦʤʫ ʤʘʣʶʥʢʫ ʥʘʜʘʥʦ ʬʦʪʦ ʧʦʚʝʨʭʦʥʴ ʧʦʢʨʠʪʪʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʥʘʥʝʩʝʥʥʷʤ ʽʟ ʜʠʩʧʝʨʩʽʡ ʚʽʜʧʘʣʝʥʦʛʦ (ʨʠʩ. 56 ʘ) ʪʘ ʚʽʜʧʘʣʝʥʦʛʦ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ (ʨʠʩ. 56 ʙ).  

ʋʤʦʚʥʦ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟʤʦʯʫʚʘʥʥʷ ʜʽʣʷʥʢʠ ʢʦʤʧʦʟʠʮʽʡ ʟ ʧʦʣʽʤʝʨʦʤ 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ ʚ ʨʘʤʢʘʭ ʪʨʴʦʭ ʪʠʧʽʚ. ʊʠʧ "ʉ" (ʨʠʩ. 56 c) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʣʽʤʝʨʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʣʠʰʝ ʩʢʨʽʧʠʪʠ ʯʘʩʪʠʥʢʠ 

ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʤʽʞ ʩʦʙʦʶ. ʎʝʡ ʪʠʧ ʚʽʜʧʦʚʽʜʘʻ ʚʠʩʦʢʽʡ ʧʦʨʠʩʪʦʩʪʽ ʪʘ 

ʨʦʟʚʠʥʝʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʦʥʴ. ʊʠʧ "D" (ʨʠʩ. 56 d) ʤʽʩʪʠʪʴ ʙʽʣʴʰʝ ʧʦʣʽʤʝʨʫ ʫ 

ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʙʽʣʴʰʝ ʟʘʧʦʚʥʠʪʠ ʧʦʨʦʞʥʝʯʽ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ, ʧʨʦʪʝ 

ʧʦʚʝʨʭʥʷ ʚʩʝ ʱʝ ʜʦʩʠʪʴ ʰʦʨʩʪʢʘ ʪʘ ʤʘʪʦʚʘ. ʊʠʧ "E" (ʨʠʩ. 56 e) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʜʦʩʪʘʪʥʴʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʣʽʤʝʨʫ ʜʣʷ ʧʦʚʥʦʛʦ ʧʦʢʨʠʪʪʷ ʯʘʩʪʠʥʦʢ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ.  

ʅʝʚʽʜʧʘʣʝʥʽ ʯʘʩʪʠʥʢʠ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʙʝʟ ʧʦʣʽʤʝʨʫ ʜʘʶʪʴ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ 

ʚʦʜʦʶ, ʱʦ ʜʦʨʽʚʥʶʻ 53Á, ʚʦʜʥʦʯʘʩ ʫʞʝ ʟ ʧʦʣʽʤʝʨʦʤ ʢʫʪ ʩʪʘʥʦʚʠʪʴ 131Á, ʟʘ ʚʤʽʩʪʫ 

ʥʘʧʦʚʥʶʚʘʯʘ 95% (ʨʠʩ. 56 a). ʉʭʦʞʘ ʢʘʨʪʠʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʟ ʚʽʜʧʘʣʝʥʠʤ 

ʯʝʨʚʦʥʠʤ ʰʣʘʤʦʤ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 55Á ʽ 131Á (ʧʨʠ 90% ʥʘʧʦʚʥʶʚʘʯʘ) ʚʽʜʧʦʚʽʜʥʦ 

(ʨʠʩ. 56 b). 

ʋ ʢʦʤʧʦʟʠʮʽʷʭ ʟ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʝʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʛʨʘʜʽʻʥʪʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ 

ʧʦʚʥʽʩʪʶ ʥʝ ʟʤʦʯʝʥʠʭ ʧʦʣʽʤʝʨʦʤ ʯʘʩʪʠʥʦʢ ʜʦ ʧʦʚʥʽʩʪʶ ʟʤʦʯʝʥʠʭ.  ʉʪʘʥ "C" 

ʧʦʟʥʘʯʘʻ ʟʤʦʯʝʥʽʩʪʴ ʧʦʣʽʤʝʨʦʤ ʣʠʰʝ ʥʠʞʥʽʭ ʰʘʨʽʚ ʯʘʩʪʠʥʦʢ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʩʪʘʥʦʚʠʪʴ 133Á ʽ 138Á, ʜʣʷ ʚʠʭʽʜʥʦʛʦ ʽ 

ʩʧʝʯʝʥʦʛʦ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʚʽʜʧʦʚʽʜʥʦ. ʉʪʘʥ "E" ʧʦʟʥʘʯʘʻ ʧʦʚʥʫ ʟʤʦʯʝʥʽʩʪʴ 
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ʧʦʣʽʤʝʨʦʤ ʯʘʩʪʠʥʦʢ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ 

ʩʪʘʥʦʚʠʪʴ 86Á ʽ 101Á, ʜʣʷ ʥʝʚʽʜʧʘʣʝʥʦʛʦ ʽ ʚʽʜʧʘʣʝʥʦʛʦ ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʦʞ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʝʨʝʜʥʽʡ ʩʪʘʥ "D" ʟʘ ʷʢʦʛʦ ʧʨʠʩʫʪʥʷ ʧʝʨʝʭʽʜʥʘ ʟʤʦʯʝʥʽʩʪʴ 

ʧʦʣʽʤʝʨʦʤ ʯʘʩʪʠʥʦʢ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ. 

 

 

 

ʈʠʩʫʥʦʢ 56 ï ʇʦʚʝʨʭʥʷ ʪʦʥʢʦʰʘʨʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʪʘ 

ʘʢʨʠʣʦʚʦʛʦ ʧʦʣʽʤʝʨʫ: a ï ʩʪʘʥ, ʚ ʷʢʦʤʫ ʯʘʩʪʠʥʢʠ ʰʣʘʤʫ ʥʝ ʚʢʨʠʪʽ 

ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʝʤ; b ï ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ ʚʠʩʪʘʯʘʻ ʣʠʰʝ ʜʣʷ ʪʦʛʦ ʱʦʙ ʩʬʦʨʤʫʚʘʪʠ 

ʤʽʥʽʤʘʣʴʥʠʡ ʘʜʩʦʨʙʦʚʘʥʠʡ ʰʘʨ ʥʝ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ; c,d ï ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯ ʟʘʡʤʝ 

ʧʝʚʥʫ ʜʦʣʶ ʤʽʞʯʘʩʪʠʥʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʘʣʝ ʡʦʛʦ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʥʫ 

e ï ʧʦʚʥʽʩʪʶ ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ ʙʝʟ ʚʢʣʶʯʝʥʴ ʧʦʚʽʪʨʷ. 
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ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʢʦʞʥʦʛʦ ʩʪʘʥʫ ʭʘʨʘʢʪʝʨʥʽ ʧʝʚʥʽ ʧʦʨʷʜʢʠ ʟʥʘʯʝʥʴ ʢʫʪʽʚ 

ʟʤʦʯʫʚʘʥʥʷ (ʪʘʙʣ. 14). ɿʦʢʨʝʤʘ, ʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʢʫʪʠ ʟʤʦʯʫʚʘʥʥʷ 

ʚʦʜʦʶ ʜʣʷ ʩʪʘʥʽʚ C, D, E ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʯʠʩʝʣʴʥʦ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʫʪʽʚ 

ʟʤʦʯʫʚʘʥʥʷ ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʘʥʘʤ ʉ > D > E. 

 

ʊʘʙʣʠʮʷ 14 ï ʂʫʪʠ ʟʤʦʯʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʦʩʥʦʚʽ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ 

ʊʠʧ 

ʯʝʨʚʦʥʦʛʦ 

ʰʣʘʤʫ 

ʄʦʜʠʬʽʢʘʪʦʨ ʂʫʪ ʟʤʦʯʫʚʘʥʥʷ ʜʽʣʷʥʢʠ, Á 

C D E 

ʉʧʝʯʝʥʠʡ - 131 104 86 

ʉʧʝʯʝʥʠʡ ʉʪʝʘʨʠʥʦʚʘ 

ʢʠʩʣʦʪʘ 

143 130 104 

ʉʧʝʯʝʥʠʡ MTES 134 127 97 

ʉʧʝʯʝʥʠʡ OCTEO 136 128 97 

 

  

 ʊʘʢʫ ʨʽʟʥʠʮʶ ʚʠʟʥʘʯʘʶʪʴ 2 ʬʘʢʪʦʨʠ. ʇʝʨʰʠʡ ʬʘʢʪʦʨ ʮʝ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ ʩʘʤʠʭ ʯʘʩʪʠʥʦʢ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ. ʐʘʨ 

ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʘ ʢʨʘʱʝ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʥʥʷ, ʥʽʞ ʩʪʠʨʦʣ-

ʘʢʨʠʣʦʚʠʡ ʧʦʣʽʤʝʨ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʥʝʧʦʣʷʨʥʠʭ ʚʫʛʣʝʚʦʜʥʝʚʠʭ 

ʣʘʥʮʶʛʽʚ ʫ ʤʦʣʝʢʫʣʘʭ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʘ ʷʢ ʫ ʚʠʧʘʜʢʫ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʪʘʢ ʽ ʫ 

ʚʠʧʘʜʢʫ OCTEO ʪʘ MTES. ɺʢʘʟʘʥʝ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ, ʥʽʞ 

ʧʨʠʪʘʤʘʥʥʠʡ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʫ, ʷʢʠʡ ʤʘʻ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʧʦʣʷʨʥʽ ʛʨʫʧʠ -OH ʽ 

C=O, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʜʘʪʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʜʦ ʧʦʣʷʨʥʠʭ ʚʘʥʜʝʨʚʘʘʣʴʩʽʚʩʴʢʠʭ 

ʚʟʘʻʤʦʜʽʡ ʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʟʥʠʞʫʶʪʴ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ. 

 ɼʨʫʛʠʡ ʬʘʢʪʦʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʢʩʪʫʨʦʶ ʧʦʚʝʨʭʥʽ. ʋ ʥʠʟʮʽ ʩʪʘʥʽʚ C, D, E 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʝ ʟʥʠʞʝʥʥʷ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ 
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ʧʦʣʽʤʝʨʫ. ʇʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʣʽʤʝʨʫ ʟʤʝʥʰʫʻ ʰʦʨʩʪʢʽʩʪʴ 

ʦʪʨʠʤʘʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʇʨʠʤʽʪʥʦ ʪʝ, ʱʦ ʥʘʚʽʪʴ ʢʦʤʧʦʟʠʮʽʷ ʟ ʥʝʦʙʨʦʙʣʝʥʠʤ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʦʤ 

ʯʝʨʚʦʥʠʤ ʰʣʘʤʦʤ ʧʦʢʘʟʫʻ ʚʠʩʦʢʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʩʪʠʨʦʣ-ʘʢʨʠʣʦʚʠʡ ʧʦʣʽʤʝʨ ʤʘʻ ʭʦʨʦʰʽ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʜʘʻ 

ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʩʪʘʙʽʣʴʥʝ ʧʦʢʨʠʪʪʷ, ʷʢʝ ʜʦʙʨʝ ʟʘʭʠʱʘʻ ʚʽʜ ʢʦʥʪʘʢʪʫ ʟ ʚʦʜʦʶ. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʦʤ ʜʣʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʻ ʩʪʝʘʨʠʥʦʚʘ 

ʢʠʩʣʦʪʘ, ʟʘʚʜʷʢʠ ʷʢʽʡ ʚʜʘʣʦʩʷ ʜʦʩʷʛʪʠ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ 143Á ʫ ʩʪʘʥʽ ʉ. 

ɸʣʢʦʢʩʠʩʠʣʘʥʦʚʽ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʠ MTES ʪʘ OCTEO ʤʘʶʪʴ ʩʭʦʞʽ ʨʝʟʫʣʴʪʘʪʠ. 

ʇʦʢʨʠʪʪʷ ʥʘ ʾʭʥʽʡ ʦʩʥʦʚʽ ʤʘʶʪʴ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʫ ʩʪʘʥʽ ʉ 134Á ʪʘ 136Á ʚʽʜʧʦʚʽʜʥʦ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚ ʷʢʦʩʪʽ ʬʦʨʤʫʶʯʠʭ 

ʧʦʚʝʨʭʥʝʚʫ ʪʝʢʩʪʫʨʫ ʝʣʝʤʝʥʪʽʚ ʘʜʠʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚʜʘʻʪʴʩʷ ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʾ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤʠ ʩʪʘʪʠʯʥʦʛʦ ʢʫʪʘ 

ʟʤʦʯʫʚʘʥʥʷ ʚ ʤʝʞʘʭ 136-152 Á. ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘʡʚʠʱʽ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ 

ʜʦʩʷʛʘʶʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʷʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʽʚ ʢʦʤʧʦʟʠʮʽʡ SiO2 ʟʽ 

ʩʬʝʨʠʯʥʠʤʠ ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʨʦʟʤʽʨʦʤ 10-30 ʥʤ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ 

ʫʤʦʚʠ ʟʙʽʜʥʝʥʦʩʪʽ ʪʦʥʢʦʰʘʨʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʚʤʽʩʪʫ ʦʨʛʘʥʽʯʥʦʾ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ, ʷʢʝ 

ʚʠʟʥʘʯʘʻ ʩʪʘʥ ʟʙʽʜʥʝʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ, ʟʦʢʨʝʤʘ ʚʽʜ ʡʦʛʦ 

ʟʜʘʪʥʦʩʪʽ ʜʦ ʢʨʠʩʪʘʣʽʟʘʮʽʾ: ʧʦʣʽʤʝʨ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ 

(ʘʮʝʪʦʙʫʪʠʨʘʪ ʮʝʣʶʣʦʟʠ) ʟʘʙʝʟʧʝʯʫʻ ʮʝ ʟʥʘʯʝʥʥʷ ʥʘ ʨʽʚʥʽ 30 ʤʘʩ. %, ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʘʤʦʨʬʥʠʡ ʩʪʠʨʦʣʘʢʨʠʣʘʪ ï 8 ʤʘʩ. %.  

ɺʩʪʘʥʦʚʣʝʥʦ ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʭʘʨʘʢʪʝʨʥʠʭ 

ʜʣʷ ʽʥʜʫʩʪʨʽʾ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ 

ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ ʜʦ 126 Á, ʧʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʛʽʩʪʝʨʝʟʠʩʫ ʟʤʦʯʫʚʘʥʥʷ ʽ ʢʫʪʽʚ 

ʩʢʦʯʫʚʘʥʥʷ ʩʢʣʘʜʘʻ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʛʨʘʜʫʩʽʚ. ɿʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠ 

ʮʴʦʤʫ ʦʙʝʨʥʝʥʦ ʢʦʨʝʣʶʻ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʽʚ ʽ ʫ ʚʠʧʘʜʢʫ 

ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 85-95 ʤʘʩ. %. 
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ʇʦʢʘʟʘʥʦ ʱʦ ʚʠʩʦʢʽ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʦʢʨʝʤʘ, 

ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʽ (ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ 160-165 Á, ʢʫʪ ʩʢʦʯʫʚʘʥʥʷ ï 2 Á, ʛʽʩʪʝʨʝʟʠʩ 

ʟʤʦʯʫʚʘʥʥʷ ï ʥʝ ʙʽʣʴʰʝ 3 Á), ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʷʛʥʫʪʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʨʛʘʥʦ-

ʤʽʥʝʨʘʣʴʥʠʭ  ʧʦʢʨʠʪʪʽʚ, ʬʫʥʢʮʽʶ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽʚ ʷʢʠʭ ʚʠʢʦʥʫʶʪʴ ʧʦʨʽʚʥʷʥʦ 

ʥʝʧʦʣʷʨʥʽ ʘʤʦʨʬʥʽ ʧʦʣʽʤʝʨʠ, ʘ ʚ ʷʢʦʩʪʽ ʬʦʨʤʫʶʯʠʭ ʪʝʢʩʪʫʨʫ ʝʣʝʤʝʥʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʻʨʘʨʭʽʯʥʽ ʢʦʤʧʣʝʢʩʠ ʤʽʥʝʨʘʣʴʥʠʭ ʯʘʩʪʠʥʦʢ ʘʙʦ ʯʘʩʪʠʥʢʠ ʟ 

ʽʻʨʘʨʭʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʧʦʚʝʨʭʥʷ ʷʢʠʭ ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʘ.  

ʅʘ ʧʨʠʢʣʘʜʽ ʚʽʜʭʦʜʽʚ ʧʝʨʣʽʪʦʚʦʛʦ ʪʠʧʫ (ʬʽʣʴʪʨ-ʧʝʨʣʽʪ ʪʘ ʧʝʨʣʽʪʦʚʠʡ ʚʽʜʩʽʚ) 

ʧʦʢʘʟʘʥʦ ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʝʬʝʢʪʠʚʥʘ ʤʽʢʨʦʨʦʟʤʨʽʥʘ ʦʩʥʦʚʘ 

ʧʦʨʠʩʪʠʭ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʚʠʩʦʢʠʤ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʠʤʠ 

ʤʽʢʨʦʨʦʟʤʽʨʥʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʦʢʘʟʥʠʢʘʤʠ 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʥʥʷ (ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ï ʜʦ 140 Á).   

ɺʩʪʘʥʦʚʣʝʥʦ ʱʦ ʯʝʨʚʦʥʠʡ ʰʣʘʤ ʧʽʩʣʷ ʟʚôʷʟʫʚʘʥʥʷ ʨʦʟʯʠʥʥʦʾ ʯʘʩʪʠʥʠ ʚʽʜʭʦʜʫ 

ʟʘ ʨʘʭʫʥʦʢ ʚʠʧʘʣʶʚʘʥʥʷ ʧʨʠ 950Áʉ ʪʘ ʛʽʜʨʦʬʦʙʽʟʘʮʽʾ ʩʪʝʘʨʠʥʦʚʦʶ ʢʠʩʣʦʪʦʶ ʘʙʦ 

ʘʣʢʦʢʩʠʩʠʣʘʥʘʤʠ, ʷʚʣʷʻ ʜʦʚʦʣʽ ʝʬʝʢʪʠʚʥʠʡ ʤʽʢʨʦʨʦʟʤʽʨʥʠʡ ʪʝʢʩʪʫʨʫʶʯʠʡ ʝʣʝʤʝʥʪ 

ʘʜʠʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʽ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʢʦʤʧʦʥʝʥʪ  ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ 

ʧʦʢʨʠʪʪʽʚ ʟ ʢʫʪʦʤ ʟʤʦʯʫʚʘʥʥʷ ʚʠʱʝ 140 Á. 

 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʢʠʭ 

ʧʫʙʣʽʢʘʮʽʷʭ (ɼʦʜʘʪʦʢ ɸ): [4, 5, 16, 19,20, 24, 27, 29, 30, 31]   
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ʈʆɿɼɯʃ 5 ʌʆʈʄʋɺɸʅʅʗ ʉʊʈʋʂʊʋʈʀ ɽʂʉʊʈɸʂʊʀɺʅʀʍ 

ʇʆɺɽʈʍʆʅʔ 

 

ɽʢʩʪʨʘʢʪʠʚʥʽ ʤʝʪʦʜʠ ʟʘʟʚʠʯʘʡ ʜʦʟʚʦʣʷʶʪʴ ʦʜʝʨʞʘʪʠ ʙʽʣʴʰ ʚʧʦʨʷʜʢʦʚʘʥʽ 

ʩʪʨʫʢʪʫʨʠ ʥʽʞ ʪʽ ʩʪʦʭʘʩʪʠʯʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʦʜʝʨʞʫʶʪʴʩʷ ʘʜʠʪʠʚʥʠʤ ʰʣʷʭʦʤ. 

ɿʦʢʨʝʤʘ, ʣʘʟʝʨʥʘ ʘʙʣʷʮʽʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʝʤʪʦʩʝʢʫʥʜʥʠʭ ʣʘʟʝʨʽʚ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʥʘʥʦʩʝʢʫʥʜʥʠʭ, ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ ʤʽʢʨʦʨʦʟʤʽʨʥʽ ʝʣʝʤʝʥʪʠ ʪʦʧʦʛʨʘʬʽʾ ʟ ʨʽʚʥʠʤʠ 

ʢʨʘʷʤʠ ʪʘ ʙʝʟ ʫʣʘʤʢʽʚ [221].  ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʩʪʨʫʢʪʫʨ ʦʜʝʨʞʘʥʽ 

ʧʦʚʝʨʭʥʽ ʻ ʽʜʝʘʣʴʥʠʤ ʟʨʘʟʢʘʤʠ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʚʧʣʠʚʫ ʨʦʟʤʽʨʽʚ ʪʘ ʬʦʨʤʠ 

ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʚʝʨʭʦʥʴ. 

ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ, ʥʘ ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʩʧʨʷʤʦʚʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʜʘʥʦʤʫ 

ʨʦʟʜʽʣʽ ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ 

ʩʪʨʫʢʪʫʨ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʾ ʘʙʣʷʮʽʾ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʾ ʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʽ ʩʪʦʭʘʩʪʠʯʥʠʤʠ 

ʘʜʠʪʠʚʥʠʤʠ ʪʝʢʩʪʫʨʘʤʠ. ʈʦʟʛʣʷʥʫʪʦ ʩʪʚʦʨʝʥʥʷ ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ, 

ʤʽʥʽʤʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʨʦʟʤʽʨʠ ʷʢʠʭ ʣʽʤʽʪʫʶʪʴʩʷ ʜʽʘʤʝʪʨʦʤ ʬʦʢʫʩʫʚʘʥʥʷ 

ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ (10-15 ʤʢʤ) ʘ ʪʘʢʦʞ ʩʫʙʤʽʢʨʦ- ʪʘ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʪʝʢʩʪʫʨ ʷʢ 

LIPSS-ʪʠʧʫ (ʚʽʜ laser induced periodic surface structure [222-224]) ʪʘʢ ʽ ʚʪʦʨʠʥʥʠʭ 

ʪʝʢʩʪʫʨ, ʦʙʫʤʦʚʣʝʥʠʭ ʷʚʠʱʝʤ ʦʢʠʩʣʝʥʥʷ ʘʣʶʤʽʥʽʶ ʚ ʧʦʚʽʪʨʷʥʽʡ ʘʪʤʦʩʬʝʨʽ.  

ʆʩʥʦʚʥʠʤ ʩʫʙʩʪʨʘʪʦʤ, ʥʘ ʷʢʦʤʫ ʧʨʦʚʦʜʷʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʻ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʡ ʘʣʶʤʽʥʽʡ ʨʽʟʥʠʭ ʤʘʨʦʢ (ʚ ʦʩʥʦʚʥʦʤʫ, ʩʝʨʽʾ 7500), ʦʩʢʽʣʴʢʠ ʮʝʡ 

ʩʧʣʘʚ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ, ʻ ʜʦʩʪʘʪʥʴʦ ʤʽʮʥʠʤ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʚʽʘʮʽʡʥʽʡ ʛʘʣʫʟʽ ʜʝ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʽ ʷʢ ʤʘʪʝʨʽʘʣ ʦʙʰʠʚʢʠ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʦʪʨʝʙʫ ʚ ʤʘʩʰʪʘʙʫʚʘʥʥʽ, ʷʢʝ ʤʦʞʝ ʥʘʜʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʠʭ 

ʣʘʟʝʨʽʚ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʪʝʢʩʪʫʨ.  

ʆʢʨʽʤ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʢʩʪʫʨ ʚ ʨʦʟʜʽʣʽ ʚʠʨʽʰʫʶʪʴʩʷ ʟʘʚʜʘʥʥʷ 

ʟʥʠʞʝʥʥʷ ʾʭ ʧʦʚʝʨʭʥʝʚʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʽʚ ʷʢ ʬʪʦʨʩʠʣʘʥʦʚʦʛʦ ʪʠʧʫ, ʷʢʠʡ ʻ ʢʦʥʚʝʥʮʽʡʥʠʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚ 

ʛʘʣʫʟʽ, ʪʘʢ ʽ ʘʣʢʦʢʩʠʩʠʣʘʥʦʚʠʭ ʘʥʘʣʦʛʽʚ. ʗʢ ʧʦʢʘʟʘʥʦ, ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ, 

ʦʩʥʦʚʥʠʤ ʩʫʙʩʪʨʘʪʦʤ ʱʦ ʧʽʜʜʘʻʪʴʩʷ ʤʦʜʠʬʽʢʘʮʽʾ ʻ ʦʢʩʠʜ ʘʣʶʤʽʥʽʶ, ʷʢʠʡ 
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ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʩʧʣʘʚʫ ʧʽʜ ʯʘʩ ʘʪʤʦʩʬʝʨʥʦʛʦ ʦʢʠʩʣʝʥʥʷ. ɿʥʠʞʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʡʦʛʦ ʬʦʨʤʽ ʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʨʦʟʛʣʷʥʫʪʦ ʚ ʈʦʟʜʽʣʽ 3.  

ɺ ʨʦʟʜʽʣʽ ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʝʨʞʘʥʠʭ 

ʧʦʚʝʨʭʥʝʚʠʭ ʪʝʢʩʪʫʨ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʡ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ, ʟʦʢʨʝʤʘ ʤʝʪʦʜʦʤ ɿʽʩʤʘʥʘ 

ʘ ʪʘʢʦʞ ʆʫʝʥʩʘ-ɺʝʥʜʪʘ, ʷʢʠʡ ʟʥʘʡʰʦʚ ʨʦʟʚʠʪʦʢ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ 

ʧʦʚʝʨʭʦʥʴ ʟʽ ʩʢʣʘʜʥʦʶ ʤʦʨʬʦʣʦʛʽʻʶ. ɺʧʝʨʰʝ ʦʧʠʩʘʥʦ ʭʘʨʘʢʪʝʨʥʽ ʬʦʨʤʠ ʢʨʠʚʠʭ 

ʟʤʦʯʫʚʘʥʥʷ ʮʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʪʝʩʪʦʚʠʭ ʨʽʜʠʥ, 

ʚʠʟʥʘʯʝʥʽ ʤʝʞʽ ʩʪʽʡʢʦʩʪʽ ʩʪʘʥʫ ʂʘʩʽ ʜʣʷ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʪʘ ʩʪʨʫʢʪʫʨ ʨʽʟʥʠʭ 

ʨʦʟʤʽʨʥʦʩʪʝʡ.  

 

5.1. ʌʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʪʝʢʩʪʫʨ 

ɺʠʛʦʪʦʚʣʝʥʥʷ ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʪʝʢʩʪʫʨ ʚ ʨʦʙʦʪʽ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʥʘ  ʧʦʚʝʨʭʥʷʭ 

ʘʥʦʜʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʶ ʩʝʨʽʾ 7500. ɺʠʭʽʜʥʽ ʩʫʙʩʪʨʘʪʠ ʟʽ ʰʣʽʬʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ 

ʤʘʣʠ ʨʦʟʤʽʨʠ 20Ĭ20 ʤʤ2 ʽ ʪʦʚʱʠʥʫ 2 ʤʤ. ʇʝʨʝʜ ʪʝʢʩʪʫʨʫʚʘʥʥʷʤ ʩʫʙʩʪʨʘʪʠ 

ʧʽʜʜʘʚʘʣʠʩʷ ʦʯʠʩʪʮʽ ʚ ʫʤʦʚʘʭ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʽʟʦʧʨʦʧʘʥʦʣʫ.  

 ʗʢ ʚʠʜʥʦ ʟ ʈʠʩ. 57, ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʘʣʶʤʽʥʽʶ, ʦʪʨʠʤʘʥʘ ʚ ʭʦʜʽ 

ʣʘʟʝʨʥʦʾ ʘʙʣʷʮʽʾ, ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʘʥʘʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʫʪʚʦʨʝʥʠʭ 

ʚʥʘʩʣʽʜʦʢ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʘʥʦʜʫʚʘʥʥʷ, ʷʢ ʽ ʟʘʟʥʘʯʝʥʦ ʚ 

ʣʽʪʝʨʘʪʫʨʽ [225-226]. ɿʘʛʣʠʙʣʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʨʽʚʥʽ ʢʨʘʾ, ʘ 

ʩʪʨʫʢʪʫʨʘ ʧʣʘʪʦ ʤʽʞ ʫʪʚʦʨʝʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ ʪʘ ʜʦʚʦʣʽ 

ʧʣʘʩʢʦʶ ʙʝʟ ʧʦʤʽʪʥʦʛʦ ʨʝʣʴʻʬʫ. 

ʉʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʟʨʘʟʢʘ 1 (ʨʠʩ. 57. ʘ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʩʪʦʚʧʮʽʚ 

ʢʚʘʜʨʘʪʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟ ʜʦʚʞʠʥʦʶ ʩʪʽʥʦʢ 28 ʤʢʤ ʪʘ ʩʝʨʝʜʥʴʦʶ ʚʠʩʦʪʦʶ 14 ʤʢʤ. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʩʪʦʚʧʮʷʤʠ, ʫʪʚʦʨʝʥʠʤʠ ʚʥʘʩʣʽʜʦʢ ʧʦʪʨʽʡʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʣʘʟʝʨʦʤ 

ʩʪʘʥʦʚʠʪʴ 16 ʤʢʤ.  ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʰʘʨ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʠʞʯʝ ʩʪʦʚʧʮʽʚ: 

ʬʦʨʤʘ ʞʦʣʦʙʽʚ ʪʨʦʭʠ ʥʝʨʽʚʥʘ, ʤʘʙʫʪʴ ʯʝʨʝʟ ʧʣʘʚʣʝʥʥʷ ʰʘʨʫ ʘʣʶʤʽʥʽʶ, ʱʦ ʣʝʞʠʪʴ 

ʧʽʜ ʰʘʨʦʤ ʦʢʩʠʜʫ, ʘʣʝ ʾʭ ʢʨʘʾ ʥʝ ʤʘʶʪʴ ʪʠʧʦʚʠʭ ʧʨʦʛʠʥʽʚ ʽ ʣʠʰʘʶʪʴʩʷ ʨʽʚʥʠʤʠ. 

ʐʠʨʠʥʘ ʢʨʘʶ ʞʦʣʦʙʘ ʩʪʘʥʦʚʠʪʴ 3 ʤʢʤ. ɺʝʨʭʥʷ ʯʘʩʪʠʥʘ ʩʪʦʚʧʮʽʚ ʽʟ ʦʢʩʠʜʫ 
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ʘʣʶʤʽʥʽʶ ʚ ʩʚʦʾʡ ʙʽʣʴʰʦʩʪʽ ʤʘʻ ʬʦʨʤʫ ʫʩʽʯʝʥʦʾ ʧʽʨʘʤʽʜʠ ʟ ʧʣʦʩʢʦʶ ʜʽʣʷʥʢʦʶ ʫ 

ʮʝʥʪʨʽ ʜʽʘʤʝʪʨʦʤ 16-20 ʤʢʤ, ʷʢʘ ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʦʟʢʦʣ.  

 

ʘ 

 

ʙ 

 

ʚ 

 

ʈʠʩʫʥʦʢ 57 ï ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ: ʘ) ʟʨʘʟʦʢ  1: ʬʦʪʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘ 

ʦʧʪʠʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʫ; ʙ) ʪʝ  ʩʘʤʝ ʜʣʷ ʟʨʘʟʢʘ 2.2; ʚ) ʪʝ  ʩʘʤʝ ʜʣʷ ʟʨʘʟʢʘ 2.3 
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ʇʦʚʝʨʭʥʷ ʧʣʦʩʢʦʾ ʜʽʣʷʥʢʠ ʤʽʩʪʠʪʴ ʜʝʬʝʢʪʠ ʫ ʚʠʛʣʷʜʽ ʪʨʽʱʠʥ, ʫʪʚʦʨʝʥʠʭ ʥʘ 

ʩʪʘʜʽʾ ʬʦʨʤʫʚʘʥʥʷ ʩʪʦʚʧʮʽʚ. ʋʣʘʤʢʠ ʪʨʽʱʠʥ ʤʘʶʪʴ ʧʝʨʝʚʘʞʥʦ ʟʝʨʥʦʚʠʜʥʫ 

ʩʪʨʫʢʪʫʨʫ, ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʷʢʠʭ ʩʷʛʘʻ 0,8 ʤʢʤ. 

ʇʦʚʝʨʭʥʷ ʟʨʘʟʢʽʚ 2.2 ʽ 2.3 ʤʘʻ ʩʭʦʞʫ ʩʪʨʫʢʪʫʨʫ ʟʘ ʚʠʥʷʪʢʦʤ ʦʪʚʦʨʽʚ ʜʽʘʤʝʪʨʦʤ 

12 ʪʘ 10 ʤʢʤ ʚʽʜʧʦʚʽʜʥʦ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʢʽʣʴʮʝʚʠʤʠ ʞʦʣʦʙʘʤʠ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ 

ʩʪʘʥʦʚʠʪʴ 46 ʤʢʤ, ʘ ʾʭ ʜʽʘʤʝʪʨ ʩʢʣʘʜʘʻ 22 ʤʢʤ. ʇʨʦʤʽʞʦʢ ʤʽʞ ʞʦʣʦʙʘʤʠ ʟʘʡʥʷʪʠʡ 

ʰʘʨʦʤ ʥʝʦʙʨʦʙʣʝʥʦʛʦ ʧʽʜ ʯʘʩ ʪʝʢʩʪʫʨʫʚʘʥʥʷ ʘʣʶʤʽʥʽʶ. ʗʢ ʚʠʜʥʦ, ʜʝʬʝʢʪʠ ʮʴʦʛʦ 

ʰʘʨʫ ʟʥʘʯʥʦ ʚʠʱʽ ʫ ʟʨʘʟʢʘ 3, ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʤ ʚʧʣʠʚʦʤ 

ʫʣʘʤʢʽʚ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ. ʎʠʤ ʟʨʘʟʢʘʤ ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʨʠʪʘʤʘʥʥʠʡ ʝʬʝʢʪ 

ʟʤʽʥʠ ʛʝʦʤʝʪʨʽʾ ʩʫʙʩʪʨʘʪʽʚ ʚʥʘʩʣʽʜʦʢ ʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʫ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʩʠʯʥʦʛʦ ʚʠʛʣʷʜʫ ʨʽʚʥʷʥʥʷ ʂʘʩʽ ʤʦʞʥʘ ʛʨʫʙʦ ʦʮʽʥʠʪʠ 

ʦʯʽʢʫʚʘʥʽ ʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʜʣʷ ʮʠʭ ʩʪʨʫʢʪʫʨ. ʏʘʩʪʢʘ ʧʦʚʝʨʭʥʽ, 

ʷʢʘ ʧʝʨʝʙʫʚʘʻ ʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʢʦʥʪʘʢʪʽ ʟ ʨʽʜʠʥʦʶ ʧʽʜ ʯʘʩ ʟʤʦʯʫʚʘʥʥʷ  ʜʣʷ 

ʧʝʨʰʦʛʦ ʟʨʘʟʢʘ ʩʪʘʥʦʚʠʪʴ ʥʝ ʤʝʥʰʝ 0,21, ʘ ʜʣʷ ʜʨʫʛʦʛʦ ʽ ʪʨʝʪʴʦʛʦ ʥʝ ʤʝʥʰʝ 0,8. 

ɺʽʜʦʤʦ [227, 228], ʱʦ ʟʥʘʯʝʥʥʷ ʨʽʚʥʦʚʘʞʥʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʜʣʷ ʧʦʚʝʨʭʦʥʴ 

ʥʝʫʧʦʨʷʜʢʦʚʘʥʠʭ ʘʜʩʦʨʙʮʽʡʥʠʭ ʰʘʨʽʚ ʘʣʢʽʣʩʠʣʘʥʦʚʠʭ ʪʘ ʬʪʦʨʩʠʣʘʥʦʚʠʭ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʜʦʨʽʚʥʶʶʪʴ 94Á ʪʘ 106Á ʚʽʜʧʦʚʽʜʥʦ.  

ɺ ʪʦʡ ʞʝ ʯʘʩ ʧʦʚʽʪʨʷ ʻ ʘʙʩʦʣʶʪʥʦ ʛʽʜʨʦʬʦʙʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʟ ʢʫʪʦʤ 

ʟʤʦʯʫʚʘʥʥʷ 180Á. ʆʯʽʢʫʚʘʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʟʨʘʟʢʘ 1 ʩʪʘʥʦʚʠʪʠʤʫʪʴ ʷʢ 

ʤʽʥʽʤʫʤ 144Á ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʣʢʦʢʩʽʩʠʣʘʥʦʚʠʭ ʪʘ 148Á ʜʣʷ ʬʪʦʨʦʚʘʥʠʭ 

ʩʠʣʘʥʦʚʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʘ ʜʣʷ ʟʨʘʟʢʽʚ 2 ʽ 3 ʮʽ ʟʥʘʯʝʥʥʷ ʙʫʜʫʪʴ 104Á ʪʘ 114Á 

ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʘ ʦʮʽʥʢʘ ʻ ʜʫʞʝ ʥʘʙʣʠʞʝʥʦʶ, ʪʘ ʥʝ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʪʘʢʦʛʦ ʬʘʢʪʦʨʫ 

ʷʢ ʥʘʷʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʨʽʚʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ, ʘʣʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʠʧʫʩʪʠʪʠ ʡʦʛʦ ʽʩʥʫʚʘʥʥʷ ʫ ʚʠʧʘʜʢʫ ʦʪʨʠʤʘʥʥʷ ʟʥʘʯʥʠʭ ʚʽʜʭʠʣʝʥʴ ʚʽʜ 

ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʟʥʘʯʝʥʴ. 

ʆʩʢʽʣʴʢʠ ʚʠʭʽʜʥʘ ʧʦʚʝʨʭʥʷ ʰʘʨʫ ʘʥʦʜʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʶ ʛʽʜʨʦʬʽʣʴʥʘ, ʧʨʦ ʱʦ 

ʩʚʽʜʯʠʪʴ ʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʙʽʣʴʰʝ 45Á, ʢʨʘʧʣʷ ʚʦʜʠ ʧʦʚʥʽʩʪʶ 

ʟʥʠʢʘʻ ʚ ʧʦʨʘʭ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʢʘʧʽʣʷʨʥʦʛʦ ʝʬʝʢʪʫ. 

ɻʽʜʨʦʬʽʣʴʥʽʩʪʴ ʪʘʢʦʛʦ ʰʘʨʫ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʚʝʨʭʥʽ ʯʠʩʪʦʛʦ 
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ʘʣʶʤʽʥʽʶ ʧʽʩʣʷ ʪʝʢʩʪʫʨʫʚʘʥʥʷ [229]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʽʜʨʠʜ ʩʠʣʦʢʩʘʥʽʚ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʚʣʘʩʥʦʾ ʛʽʜʨʦʬʦʙʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʟʘ 

ʨʘʭʫʥʦʢ ʚʟʘʻʤʦʜʽʾ ʟ ʧʦʚʝʨʭʥʝʚʠʤʠ ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ [230 - 231]. ʊʘʢʽ ʨʝʘʢʮʽʾ 

ʤʦʞʫʪʴ ʧʨʦʪʽʢʘʪʠ ʽ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʜʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʨʽʚʥʷ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʚʦʜʠ ʥʘ ʧʦʚʝʨʭʥʶ 

ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʧʦʩʪʫʧʦʚʦ ʥʘʥʦʩʠʚʩʷ 0,05% ʨʦʟʯʠʥ 

ʧʦʣʽʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥʫ ʚ ʢʩʠʣʦʣʽ. ʂʦʞʥʘ ʩʪʘʜʽʷ ʩʢʣʘʜʘʣʘʩʷ ʟ ʥʘʥʝʩʝʥʥʷ ʨʦʟʯʠʥʫ 

ʥʘ ʧʦʚʝʨʭʥʶ ʧʣʘʩʪʠʥʦʢ ʚ ʥʝʦʙʭʽʜʥʽʡ ʜʣʷ ʧʦʚʥʦʛʦ ʟʤʦʯʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ, 

ʚʠʩʫʰʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʠʜʘʣʝʥʥʷ ʟʘʣʠʰʢʽʚ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 80Áʉ ʧʨʦʪʷʛʦʤ 10 ʭʚʠʣʠʥ. ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ 

ʟʨʘʟʢʽʚ ʙʫʚ ʚʠʤʽʨʷʥʠʡ ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ (ʨʠʩ. 58). 

  

 

ʈʠʩʫʥʦʢ 58 ï ɺʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʘ ʜʣʷ 

ʟʨʘʟʢʽʚ 
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ʗʢ ʚʠʜʥʦ, ʧʽʜʚʠʱʝʥʥʷ ʛʽʜʨʦʬʦʙʥʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ 

ʚʠʥʠʢʘʻ ʥʘʚʽʪʴ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʤʦʜʠʬʽʢʘʪʦʨʘ, ʙʽʣʷ 2,5 ʤʛĬʩʤ2, 

ʘʣʝ ʩʪʘʥ ʪʘʢʦʛʦ ʧʦʢʨʠʪʪʷ ʤʝʪʘʩʪʘʙʽʣʴʥʠʡ. ʉʪʘʙʽʣʴʥʦʛʦ ʝʬʝʢʪʫ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʘ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʫ 7,5 ʤʛĬʩʤ2 ʜʣʷ ʩʪʨʫʢʪʫʨ ʽʟ ʢʚʘʜʨʘʪʥʠʭ ʩʪʦʚʧʮʽʚ ʽ 12 ʤʛĬʩʤ2 ʜʣʷ 

ʩʪʨʫʢʪʫʨ ʽʟ ʢʽʣʴʮʝʚʠʤʠ ʞʦʣʦʙʘʤʠ.  

ʅʘʡʚʠʱʽ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʫ 130Á ʽ ʚʠʱʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʘ. ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʜʦʚʦʣʽ 

ʙʣʠʟʴʢʽ ʜʦ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʜʣʷ ʟʨʘʟʢʽʚ ʟ ʢʚʘʜʨʘʪʥʠʤʠ ʩʪʦʚʧʮʷʤʠ, ʦʜʥʘʢ 

ʧʝʨʝʚʠʱʫʶʪʴ ʪʽ, ʱʦ ʦʯʽʢʫʚʘʣʠʩʷ ʜʣʷ ʟʨʘʟʢʽʚ ʟ ʢʽʣʴʮʝʚʠʤʠ ʞʦʣʦʙʘʤʠ. ʇʨʠʯʠʥʦʶ 

ʦʩʪʘʥʥʴʦʛʦ ʤʦʞʝ ʙʫʪʠ ʥʘʷʚʥʽʩʪʴ ʷʢ ʜʦʜʘʪʢʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʮʠʭ ʟʨʘʟʢʽʚ, ʪʘʢ ʡ 

ʽʥʪʝʛʨʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ ʰʘʨʫ ʦʢʩʠʜʫ, ʪʘ ʧʝʚʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʥʝʦʙʨʦʙʣʝʥʦʾ ʧʽʜ ʯʘʩ 

ʪʝʢʩʪʫʨʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʘʣʶʤʽʥʽʶ [232]. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʽ ʢʽʣʴʢʦʩʪʽ ʧʦʣʽʤʝʪʠʣʛʽʜʨʦʛʝʥʩʠʣʦʢʩʘʥʫ ʟʥʘʯʥʦ 

ʧʝʨʝʚʠʱʫʶʪʴ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʰʘʨʫ. ʎʝ ʤʦʞʥʘ 

ʧʦʷʩʥʠʪʠ ʩʢʣʘʜʥʽʩʪʶ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʫ ʥʘ ʪʝʢʩʪʫʨʦʚʘʥʽʡ ʧʦʚʝʨʭʥʽ. ɿʘ ʯʘʩ 

ʚʠʩʫʰʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʘ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʤʽʥʶʻʪʴʩʷ, ʪʘʢʦʞ 

ʧʨʦʩʫʚʘʻʪʴʩʷ ʬʨʦʥʪ ʟʤʦʯʫʚʘʥʥʷ, ʱʦ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʘʢʪʠʚʥʦʾ 

ʨʝʯʦʚʠʥʠ ʥʘ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʘʭ.  

ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ ʩʪʦʚʧʮʽʚ, ʷʢ ʽ ʥʝʟʘʜʽʷʥʽ ʧʽʜ ʯʘʩ 

ʪʝʢʩʪʫʨʫʚʘʥʥʷ ʜʽʣʷʥʢʠ, ʚʪʨʘʯʘʶʪʴ ʨʦʟʯʠʥʥʠʢ ʧʽʜ ʯʘʩ ʚʠʩʫʰʫʚʘʥʥʷ ʧʝʨʰʠʤʠ, ʽ 

ʧʦʚʥʝ ʾʭ ʟʤʦʯʫʚʘʥʥʷ ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʦʤ ʤʦʞʣʠʚʝ ʪʽʣʴʢʠ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʾ 

ʢʨʠʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ. ʇʦʚʝʨʭʥʷ ʧʣʘʩʪʠʥʦʢ ʜʦ ʪʘ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʙʫʣʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ʨʠʩ. 59). 

 



206 
 

 

ʈʠʩʫʥʦʢ 59 ï ɯʏ-ʩʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ ʯʠʩʪʦʾ, ʥʝʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʦʥʴ 

ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʪʘ ʧʦʣʽʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥʫ 

 

ʉʧʝʢʪʨ ʨʽʜʢʦʛʦ ʧʦʣʽʤʝʪʠʣʛʽʜʨʦʛʝʥʩʠʣʦʢʩʘʥʫ ʤʽʩʪʠʪʴ ʘʙʩʦʨʙʮʽʡʥʽ ʩʤʫʛʠ ʟ 

ʢʦʦʨʜʠʥʘʪʘʤʠ 2966 ʪʘ 2902 ʩʤ-1, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ɜas CH3 ʪʘ ɜs CH3 ʚʽʜʧʦʚʽʜʥʦ, 

ʩʤʫʛʫ ʥʘ 2166 ʩʤ-1, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ɜs Si-H, ʘʩʠʤʝʪʨʠʯʥʽ ʪʘ ʩʠʤʝʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ 

ʛʨʫʧ ïSi ʟʚôʷʟʢʽʚ ïO-Si- ʥʘ 1093 ʪʘ 1047 ʩʤ-1 ʪʘ ʩʠʤʝʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ ʟʚôʷʟʢʽʚ ïSi-

C- ʥʘ 1261 ʩʤ-1, ŭas CH3 ʥʘ 1407 ʩʤ
-1 ʪʦʱʦ. ʉʧʝʢʪʨ ʪʝʢʩʪʫʨʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʛʣʷʜʘʻ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʘʥʦʜʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʶ [233-234], ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʚʽʜʩʫʪʥʦʩʪʽ 

ʰʠʨʦʢʦʛʦ ʧʽʢʫ ʥʘ 3250 ʩʤ-1, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʘʜʩʦʨʙʦʚʘʥʦʾ ʚʦʜʠ, ʱʦ ʤʦʞʥʘ 

ʧʦʷʩʥʠʪʠ ʜʦʚʦʣʽ ʥʠʟʴʢʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʤʘʪʝʨʽʘʣʫ. 

ʉʧʝʢʪʨ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʥʘʷʚʥʦʩʪʽ ʥʘ ʥʽʡ 

ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʟʚôʷʟʘʥʦʛʦ ʧʦʣʽʤʝʨʫ, ʩʪʘʥ ʷʢʦʛʦ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʧʦʣʦʞʝʥʥʷʤʠ 

ɜas CH3 ʪʘ ɜs CH3, ʷʢʽ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʾʭ ʧʦʣʦʞʝʥʥʷ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ, ʤʘʶʯʠ ʥʘ 

ʫʚʘʟʽ, ʱʦ ʤʘʢʨʦʤʦʣʝʢʫʣʠ ʥʝ ʫʧʦʨʷʜʢʦʚʘʥʽ. ʉʤʫʛʘ ɜs Si-H ʟʩʫʚʘʻʪʴʩʷ ʥʘ 5 ʩʤ-1 
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ʧʨʘʚʦʨʫʯ ʜʦ 2161 ʩʤ1, ʽ ʟʘʛʦʩʪʨʶʻʪʴʩʷ ʚ ʪʦʡ ʯʘʩ ʷʢ ʾʾ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʥʦʩʥʦ ɜas CH3 

ʟʨʦʩʪʘʻ ʫ 2,7 ʨʘʟʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʠʤ ʞʝ ʚʽʜʥʦʰʝʥʥʷʤ ʭʚʠʣʴʦʚʠʭ ʯʠʩʝʣ ʫ ʨʽʜʢʦʤʫ 

ʩʪʘʥʽ. ʄʦʞʣʠʚʠʤ ʧʦʷʩʥʝʥʥʷʤ ʪʘʢʦʛʦ ʷʚʠʱʘ ʚ ʜʘʥʦʤʫ ʨʘʟʽ ʤʦʞʝ ʙʫʪʠ ʫʪʚʦʨʝʥʥʷ 

ʚʘʥʜʝʨʚʘʘʣʴʩʽʚʩʴʢʠʭ ʘʙʦ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʽ ʩʠʣʦʢʩʘʥʦʤ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʦʙʨʦʙʢʘ ʪʝʢʩʪʫʨʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥʦʤ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʾʾ ʛʽʜʨʦʬʦʙʥʽʩʪʴ ʜʦ ʧʝʨʝʜʙʘʯʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʂʘʩʽ ʟʥʘʯʝʥʴ, ʧʨʦʪʝ ʦʪʨʠʤʘʥʽ ʧʦʚʝʨʭʥʽ ʥʝ ʻ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʤʠ.  

ʗʢ ʚʠʜʥʦ ʟ ʊʘʙʣ. 15, ʟʥʘʯʝʥʥʷ ʩʪʘʪʠʯʥʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʙʽʣʴʰʝ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʰʘʨʫʚʘʪʦʾ ʩʪʨʫʢʪʫʨʠ, ʘʥʽʞ ʚʽʜ ʪʠʧʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʤʝʪʦʜ ɿʽʩʤʘʥʘ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ 

ʨʽʜʠʥʠ ʧʽʜ ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ʧʦʚʥʦʛʦ ʟʤʦʯʫʚʘʥʥʷ ʟʨʘʟʢʫ. ʗʢ ʚʽʜʦʤʦ, ʨʝʟʫʣʴʪʘʪʠ 

ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʪʽʣʴʢʠ ʜʣʷ ʪʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʦʚʝʨʭʥʝʚʘ 

ʝʥʝʨʛʽʷ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤʫ ʜʠʩʧʝʨʩʽʡʥʦʶ ʩʢʣʘʜʦʚʦʶ, ʘ ʧʦʣʷʨʥʘ ʪʘ 

ʽʦʥʥʘ ʢʦʤʧʦʥʝʥʪʠ ʚʽʜʩʫʪʥʽ [235]. 

 

ʊʘʙʣʠʮʷ 15 ï ɿʥʘʯʝʥʥʷ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ 

ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ 

ʅʦʤʝʨ ʟʨʘʟʢʘ ʂʫʪ ʟʤʦʯʫʚʘʥʥʷ, Á 

1 132 Ñ 1 

2.1 125 Ñ 1 

2.2 132 Ñ 1 

2.3 134 Ñ 1 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʥʘʚʝʜʝʥʽ ʥʘ ʈʠʩ. 60 ʫ ʚʠʛʣʷʜʽ 

ʧʦʜʚʽʡʥʠʭ ʛʨʘʬʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ: ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʪʘ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʯʠʥʫ.  

ʍʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʮʠʭ ʛʨʘʬʽʢʽʚ ʻ ʪʝ, ʱʦ ʟʥʠʞʝʥʥʷ ʟʥʘʯʝʥʴ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨ ʟ ʽʻʨʘʨʭʽʯʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʟʽ ʟʥʠʞʝʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʨʦʟʯʠʥʫ 

ʧʦʚʝʨʭʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʢʽʣʴʢʘ ʩʪʘʜʽʡ. ʇʝʨʰʘ ʟ ʥʠʭ, ʘ ʩʘʤʝ ʟʥʠʞʝʥʥʷ ʢʫʪʽʚ 
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ʟʤʦʯʫʚʘʥʥʷ ʟʽ 140Á ʜʦ ʧʣʘʪʦ ʥʘ ʨʽʚʥʽ 120-125Á ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʚʽʪʴ ʟʘ ʥʠʟʴʢʦʛʦ 

ʚʤʽʩʪʫ ʝʪʘʥʦʣʫ ʟ ʧʦʚʝʨʭʥʝʚʠʤ ʥʘʪʷʛʦʤ ʨʦʟʯʠʥʫ ʥʠʞʯʝ 44 ʤʅĬʤ-1. ɼʨʫʛʘ ʩʪʘʜʽʷ, 

ʧʦʚôʷʟʘʥʘ ʟ ʧʦʜʦʣʘʥʥʷʤ (ʧʦʛʣʠʥʘʥʥʷʤ) ʤʽʢʨʦʰʘʨʫ ʽ ʧʝʨʝʭʦʜʦʤ ʟʽ ʩʪʘʥʫ ʂʘʩʽ ʫ ʩʪʘʥ 

ɺʝʥʮʝʣʷ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʨʦʟʯʠʥʫ 42 ʽ 38 ʤʅĬʤ-

1. ʊʠʧ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ, ʪʘʢ, ʦʯʽʢʫʻʪʴʩʷ, ʱʦ 

ʩʪʨʫʢʪʫʨʘ ʟ ʢʚʘʜʨʘʪʥʠʤʠ ʩʪʦʚʧʮʷʤʠ ʙʫʜʝ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʦʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʢʽʣʴʮʝʚʠʤʠ ʞʦʣʦʙʘʤʠ. 

 

 

 

ʘ ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 60 ï ɿʥʘʯʝʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʚʽʜ 

ʚʤʽʩʪʫ ʝʪʘʥʦʣʫ: ʘ ï ʟʨʘʟʦʢ 1 ʙ ï ʟʨʘʟʦʢ 2.1; ʚ ï ʟʨʘʟʦʢ 2.3 
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ɿʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʫʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʦʪʨʠʤʘʥʽ ʝʢʩʪʨʘʧʦʣʷʮʽʻʶ ʛʨʘʬʽʢʫ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 33-35 ʤʅĬʤ-1. ʎʽ ʟʥʘʯʝʥʥʷ ʻ 

ʧʝʨʝʦʮʽʥʝʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʦʯʽʢʫʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʪʦʥʢʦʾ ʧʣʽʚʢʠ 

ʧʦʚʥʽʩʪʶ ʧʨʦʨʝʘʛʦʚʘʥʦʛʦ ʧʦʣʽʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥʫ ʣʝʞʘʪʴ ʚ ʦʙʣʘʩʪʽ 20 ʤʅĬʤ-1 

[236]. ʇʨʠʯʠʥʘʤʠ ʪʘʢʦʾ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʧʦʭʠʙʢʠ 

ʚʠʤʽʨʶʚʘʥʴ: ʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʝʢʩʪʨʘʧʦʣʷʮʽʻʶ, 

ʢʨʽʤ ʪʦʛʦ, ʚʠʟʥʘʯʝʥʥʷ ʜʽʡʩʥʠʭ ʟʥʘʯʝʥʴ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʰʦʨʩʪʢʠʭ ʧʦʛʣʠʥʘʶʯʠʭ 

ʧʦʚʝʨʭʦʥʴ ʻ ʩʢʣʘʜʥʦʶ ʟ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʟʘʜʘʯʝʶ. ʊʘʢʦʞ, ʥʘʷʚʥʽʩʪʴ ʥʘ 

ʧʦʚʝʨʭʥʽ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʧʨʦʨʝʘʛʦʚʘʥʠʭ Si-H ʛʨʫʧ, ʟʜʘʪʥʠʭ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ ʤʦʞʝ ʧʽʜʚʠʱʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʟʘʛʘʣʦʤ. 

ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʪʠʧʫ ʛʽʜʨʦʬʦʙʽʟʫʶʯʦʛʦ ʘʛʝʥʪʘ ʥʘ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʤʽʢʨʦʪʝʢʩʪʫʨʫ 

ʟʘ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʣʠʟʴʢʫ ʜʦ ʥʘʡʝʬʝʢʪʠʚʥʽʰʦʾ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʚ 

ʧʽʜʨʦʟʜʽʣʽ ʚʠʱʝ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʷʤʦʢʫʪʥʠʭ ʩʪʦʚʧʮʽʚ ʟʽ ʩʪʦʨʦʥʦʶ 15 ʤʢʤ ʟ 

ʚʽʜʩʪʘʥʥʶ 20 ʤʢʤ ʤʽʞ ʥʠʤʠ (ʨʠʩ. 61), ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʦʨʽʚʥʶʚʘʪʠ ʝʬʝʢʪ ʚʽʜ ʦʙʨʘʥʠʭ 

ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʽʚ ʟ ʧʦʣʽʤʝʪʠʣʛʽʜʨʠʜʩʠʣʦʢʩʘʥʦʤ. 

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 61 ï ʄʽʢʨʦʪʝʢʩʪʫʨʘ ʟʨʘʟʢʽʚ ʘ ï ʟʙʽʣʴʰʝʥʥʷ ʚ 120 ʨʘʟʽʚ; ʙ ï 

ʟʙʽʣʴʰʝʥʥʷ ʚ 1000 ʨʘʟʽʚ 
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ɿʤʝʥʰʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʣʘʟʝʨʥʦ-ʦʙʨʦʙʣʝʥʠʭ ʪʝʢʩʪʫʨ ʟʜʽʡʩʥʶʚʘʣʦʩʷ 

ʪʘʢʠʤʠ ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ: 1H,1H,2H,2H-ʇʝʨʬʣʫʦʨʦʦʢʪʠʣʪʨʠʝʪʦʢʩʠʩʠʣʘʥʦʤ, ʥ-

ʦʢʪʠʣʪʨʠʝʪʦʢʩʠʩʠʣʘʥʦʤ, ʦʣʝʾʥʦʚʦʶ ʢʠʩʣʦʪʦʶ ʪʘ ʧʦʣʽʝʪʠʣʝʥʦʚʠʤ ʚʦʩʢʦʤ (PEW).  

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʪʠʯʥʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʠʭ 

ʤʽʢʨʦʪʝʢʩʪʫʨ (ʪʘʙʣ. 16) ʚʢʘʟʫʶʪʴ ʥʘ ʧʽʜʚʠʱʝʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʣʢʦʢʩʠʩʠʣʘʥʦʚʠʭ 

ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʘʨʙʦʣʘʥʮʶʛʦʚʠʤʠ. ʅʘʷʚʥʽʩʪʴ ʬʪʦʨʦʚʘʥʦʛʦ 

ʟʘʤʽʩʥʠʢʘ ʫ ʦʢʪʠʣʪʨʠʝʪʦʢʩʠʩʠʣʘʥʘ (POTS) ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʷʛʥʝʥʥʷ ʫʤʦʚʥʦʛʦ ʩʪʘʥʫ 

ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʦʩʪʽ ʚʞʝ ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ 

ʥʘ 10 ʛʨʘʜʫʩʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʬʪʦʨʦʚʘʥʠʤ ʤʦʜʠʬʽʢʘʪʦʨʦʤ (OCTEO).  

 

ʊʘʙʣʠʮʷ 16 ï ʂʫʪʠ ʟʤʦʯʫʚʘʥʥʷ ʤʽʢʨʦʪʝʢʩʪʫʨ ʚʦʜʦʶ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ 

ʛʽʜʨʦʬʦʙʽʟʘʪʦʨʘ 

ɻʽʜʨʦʬʦʙʽʟʘʪʦʨ ʂʫʪ ʟʤʦʯʫʚʘʥʥʷ, Á 

ʄʽʢʨʦʪʝʢʩʪʫʨʘ ʅʝʪʝʢʩʪʫʨʦʚʘʥʘ ʧʦʚʝʨʭʥʷ 

POTS 152 98 

OCTEO 142 93 

ʆʣʝʾʥʦʚʘ ʢʠʩʣʦʪʘ 132 42 

PEW 123 106 

 

ɸʥʦʤʘʣʴʥʦ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ, ʦʜʝʨʞʘʥʽ ʥʘ ʧʣʘʩʢʠʭ 

ʧʦʚʝʨʭʥʷʭ ʧʨʠ ʦʙʨʦʙʮʽ ʦʣʝʾʥʦʚʦʶ ʢʠʩʣʦʪʦʶ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʷʩʥʝʥʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʪʠʤ ʱʦ ʾʾ ʤʦʣʝʢʫʣʠ ʻ ʜʠʬʽʣʴʥʠʤʠ ʽ ʤʽʩʪʷʪʴ ʢʘʨʙʦʢʩʠʣʴʥʽ ʛʨʫʧʠ, ʷʢʽ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʦʨʽʻʥʪʘʮʽʾ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʷ ʥʘ ʧʦʚʝʨʭʥʽ, ʟʫʤʦʚʣʶʶʯʠ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʧʦʣʷʨʥʽ 

ʚʟʘʻʤʦʜʽʾ. ɹʝʟʫʤʦʚʥʦ, ʮʝ ʤʦʞʣʠʚʦ ʧʨʠ ʫʤʦʚʽ ʚʽʜʩʫʪʥʦʩʪʽ ʦʨʽʻʥʪʘʮʽʡʥʦʛʦ 

ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʰʘʨʫ ʮʽʻʾ ʨʝʯʦʚʠʥʠ, ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʧʦʚʝʨʭʥʝʶ.  

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʥʝʦʯʽʢʫʚʘʥʦ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ 

ʘʣʶʤʽʥʽʶ ʦʙʨʦʙʣʝʥʠʭ ʨʦʟʯʠʥʦʤ ʧʦʣʽʝʪʠʣʝʥʦʚʦʛʦ ʚʦʩʢʫ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʷʩʥʝʥʽ 

ʫʪʚʦʨʝʥʥʷʤ ʚʣʘʩʥʦʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʭʦʜʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʡʦʛʦ ʧʨʠ 
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ʚʠʩʠʭʘʥʥʽ ʨʦʟʯʠʥʫ. ɺʪʽʤ, ʧʨʠ ʢʦʤʙʽʥʘʮʽʾ ʮʽʻʾ ʪʝʢʩʪʫʨʠ ʟ ʦʜʝʨʞʘʥʦʶ ʰʣʷʭʦʤ 

ʣʘʟʝʨʥʦʛʦ ʤʽʢʨʦʪʝʢʩʪʫʨʫʚʘʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʘ ʟʜʘʪʥʽʩʪʴ ʧʦʤʽʪʥʦ ʧʘʜʘʻ.  

 

5.2. ʆʜʝʨʞʘʥʥʷ ʽʻʨʘʨʭʽʯʥʠʭ ʪʝʢʩʪʫʨ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʦʛʦ ʘʜʠʪʠʚʥʦʛʦ 

ʧʦʢʨʠʪʪʷ 

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʨʽʚʥʷ ʰʦʨʩʪʢʦʩʪʽ  ʤʝʪʦʜʦʤ 

ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʨʦʟʧʠʣʶʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʟʨʘʟʢʽʚ ʟʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘʤʠ 

ʧʨʦʽʣʶʩʪʨʦʚʘʥʠʤʠ ʥʘ ʈʠʩ. 56 ʙʫʣʦ ʥʘʥʝʩʝʥʦ ʰʘʨ ʢʦʤʧʦʟʠʮʽʾ ʩʢʣʘʜʦʤ 66 % 

ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʦʛʦ ʘʝʨʦʩʠʣʫ Aerosil R 972 ʪʘ 33 ʤʘʩ. % Neocryl B 880 ʚ ʨʦʟʯʠʥʽ 

ʢʩʠʣʦʣʫ. ʅʘʷʚʥʽʩʪʴ ʮʴʦʛʦ ʧʦʢʨʠʪʪʷ ʜʽʡʩʥʦ ʧʽʜʚʠʱʫʻ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʫ ʟʜʘʪʥʽʩʪʴ 

ʧʦʧʝʨʝʜʥʴʦ ʦʜʝʨʞʘʥʦʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʥʘ 7-12Á (ʪʘʙʣ. 17)  ʽ ʻ ʚʠʱʦʶ ʟʘ ʦʪʨʠʤʘʥʫ 

ʜʣʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʥʘ ʩʢʣʷʥʦʤʫ ʩʫʙʩʪʨʘʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʢʣʶʯʠʪʠ ʧʨʦ 

ʩʠʥʝʨʛʝʪʠʯʥʫ ʜʽʶ ʝʣʝʤʝʥʪʽʚ ʽʻʨʘʨʭʽʯʥʦʾ ʩʠʩʪʝʤʠ.  

 

ʊʘʙʣʠʮʷ 17 ï ɿʘʣʝʞʥʽʩʪʴ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟ ʜʚʦʭʨʽʚʥʝʚʦʶ ʪʝʢʩʪʫʨʦʶ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ 

ʅʦʤʝʨ ʟʨʘʟʢʘ ʂʫʪ ʟʤʦʯʫʚʘʥʥʷ ʚʦʜʦʶ, Á 

1 141 Ñ 1 

2.1 136 Ñ 1 

2.2 139 Ñ 1 

2.3 145 Ñ 1 

ɸʜʠʪʠʚʥʝ ʧʦʢʨʠʪʪʷ ʥʘ 

ʩʢʣʷʥʦʤʫ ʩʫʙʩʪʨʘʪʽ 
126 Ñ 1 

 

ɺʪʽʤ, ʮʝ ʧʽʜʚʠʱʝʥʥʷ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʻ ʥʝʜʦʩʪʘʪʥʽʤ ʜʣʷ ʪʦʛʦ ʱʦʙ 

ʧʦʢʨʠʪʪʷ ʤʦʛʣʦ ʚʚʘʞʘʪʠʩʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʤ. ʉʪʨʫʢʪʫʨʠ ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ 

ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʘʝʨʦʩʠʣʫ ʚ ʮʴʦʤʫ ʨʘʟʽ ʻ ʩʪʦʭʘʩʪʠʯʥʠʤʠ ʽ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 
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ʚʣʘʩʥʠʭ ʽʻʨʘʨʭʽʯʥʠʭ ʫʪʚʦʨʝʥʴ ʥʘ ʧʦʚʝʨʭʥʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ (ʨʠʩ. 62). ʆʯʝʚʠʜʥʦ, ʪʘʢʽ 

ʫʪʚʦʨʝʥʥʷ ʟʘ ʚʠʤʽʨʘʤʠ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʤʽʢʨʦʦʨʟʤʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʝʢʩʪʫʨʠ.  

ɿ ʪʦʯʢʠ ʟʦʨʫ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʧʦʢʨʠʪʪʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʩʪʘʥʽ 

ʤʽʞ ʡʦʛʦ ʪʦʧʦʛʨʘʬʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ, ʷʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ ʈʦʟʜʽʣʽ 3, ʧʦʚʠʥʥʝ 

ʟʤʝʥʰʫʚʘʪʠ ʩʪʽʡʢʽʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʦ ʜʽʾ ʨʽʜʠʥ ʟʽ ʟʥʠʞʝʥʠʤ ʧʦʚʝʨʭʥʝʚʠʤ ʥʘʪʷʛʦʤ. 

 

  

ʘ ʙ 

  

ʚ ʛ 

ʈʠʩʫʥʦʢ 62 ï ʄʽʢʨʦʪʝʢʩʪʫʨʠ ʟ ʘʜʠʪʠʚʥʠʤ ʧʦʢʨʠʪʪʷʤ ʥʘ ʦʩʥʦʚʽ 

ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ Aerosil R972. ʘ) ʟʨʘʟʦʢ 1; ʙ) ʟʨʘʟʦʢ 2.1; ʚ) ʟʨʘʟʦʢ 2.2; ʛ) ʟʨʘʟʦʢ 2.3 

ʎʝ ʧʨʠʧʫʱʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʢʨʠʚʠʤʠ ʟʤʦʯʫʚʘʥʥʷ (ʨʠʩ. 63) ʮʠʭ 

ʧʦʚʝʨʭʦʥʴ. ɺʪʨʘʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʪʘʥʫ ʂʘʩʽ ʜʣʷ ʟʨʘʟʢʫ 1 ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʚʤʽʩʪʽ 

ʝʪʘʥʦʣʫ ʚ ʧʨʦʙʥʽʡ ʨʽʜʠʥʽ ʥʘ 10 % ʥʠʞʯʝ ʫ ʚʠʧʘʜʢʫ ʜʚʦʨʽʚʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ, ʜʣʷ 
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ʟʨʘʟʢʽʚ 2.1 ʪʘ 2.3 ï 8 ʪʘ 4 % ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ ʮʴʦʤʫ ʧʦʤʽʪʥʦ ʱʦ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʜʚʦʨʽʚʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ 1 ʧʦʨʽʚʥʷʥʘ ʟʽ ʩʪʘʙʽʣʴʥʽʩʪʶ ʦʜʠʥʘʨʥʦʾ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʥʘ 

ʧʦʚʝʨʭʥʽ ʩʢʣʘ.  

 

 

ʘ ʙ 

 

 

ʚ ʛ 

ʈʠʩʫʥʦʢ 63 ï ɿʘʣʝʞʥʽʩʪʴ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ 

ʤʽʢʨʦʪʝʢʩʪʫʨʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʘʜʠʪʠʚʥʠʤ ʧʦʢʨʠʪʪʷʤ ʚʽʜ ʚʤʽʩʪʫ ʝʪʘʥʦʣʫ: ʘ ï 

ʟʨʘʟʦʢ 1, ʙ - ʟʨʘʟʦʢ 2.1, ʚ ï ʟʨʘʟʦʢ 2.3 ʛ ï ʘʜʠʪʠʚʥʝ ʧʦʢʨʠʪʪʷ ʥʘ ʩʢʣʷʥʦʤʫ ʩʫʙʩʪʨʘʪʽ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʘʢʣʶʯʠʪʠ ʱʦ ʰʣʷʭ ʦʜʝʨʞʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʨʽʚʥʷ ʟʘ ʨʘʭʫʥʦʢ ʥʘʥʝʩʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʽʩʥʫʶʯʦʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ 

ʘʜʠʪʠʚʥʦʛʦ ʧʦʢʨʠʪʪʷ ʧʥʝʚʤʘʪʠʯʥʠʤ ʥʘʧʠʣʝʥʥʷʤ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʩʫʧʝʨʛʽʜʨʦʬʦʙʥʠʭ ʚʦʜʦʚʽʜʰʪʦʚʭʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ. ʇʨʠʯʠʥʦʶ ʮʽʻʾ 


