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ʇʨʝʜʠʩʣʦʚʠʝ 
 

ʂʘʪʘʣʠʟʫ ʠ ʥʝʬʪʝʭʠʤʠʠ ʧʨʠʥʘʜʣʝʞʠʪ ʦʜʥʘ ʠʟ ʢʣʶʯʝʚʳʭ ʨʦʣʝʡ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʦʙʱʝʩʪʚʘ ʦʛʨʦʤʥʳʤ ʘʩʩʦʨʪʠʤʝʥʪʦʤ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʩʳʨʴʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʦʣʴʰʠʥʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʅʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ ʦʩʥʦʚʘʥʳ ʪʘʢʠʝ ʚʘʞʥʳʝ ʦʪʨʘʩʣʠ ʢʘʢ ʧʝʨʝʨʘʙʦʪʢʘ ʥʝʬʪʠ ʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, 

ʩʠʥʪʝʟ ʢʘʫʯʫʢʘ, ʧʦʣʫʯʝʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʤʦʣ, ʚʦʣʦʢʦʥ, ʧʣʘʩʪʤʘʩʩ, ʩʠʥʪʝʟ 

ʤʝʪʘʥʦʣʘ ʠ ʜʨʫʛʠʭ ʩʧʠʨʪʦʚ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʦʥʦʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʤʥʦʛʦʪʦʥʥʘʞʥʳʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʂʘʪʘʣʠʟ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ 

ʠ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʛʦʤʦʛʝʥʥʳʝ ʠ ʛʝʪʝʨʦʛʝʥʥʳʝ 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʛʨʝʩʩ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʧʝʮʠʘʣʠʩʪʘʤ ʚ ʦʙʣʘʩʪʠ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʧʨʠʥʘʜʣʝʞʠʪ ʙʦʣʴʰʘʷ 

ʨʦʣʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʟʜʘʥʠʠ 

ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʩʝʣʝʢʪʠʚʥʳʭ ʛʦʤʦʛʝʥʥʳʭ ʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʩʫʱʝʩʪʚʣʷʪʴ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʩ 

ʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ ʠ ʨʝʘʛʝʥʪʦʚ, ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʥʝʬʪʠ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʚ ʮʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʤʘʪʝʨʠʘʣʳ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚʘʞʥʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ 

ʧʦʥʠʤʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʧʳʪʘ ʞʠʚʦʡ 

ʧʨʠʨʦʜʳ. ʇʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʢʘʪʘʣʠʟʘ ʠ ʥʝʬʪʝʭʠʤʠʠ, ʦʙʣʘʜʘʶʱʠʭ 

ʛʣʫʙʦʢʠʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʟʥʘʥʠʷʤʠ ʠ ʫʩʪʦʡʯʠʚʳʤʠ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʥʘʚʳʢʘʤʠ, ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʥʝʬʪʝʛʘʟʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ʈʦʩʩʠʠ.  

ʂʘʬʝʜʨʘ ʭʠʤʠʠ ʥʝʬʪʠ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʚ ʨʘʤʢʘʭ ʩʧʝʮʠʘʣʠʪʝʪʘ ʠ ʤʘʛʠʩʪʨʘʪʫʨʳ ʧʦʜʛʦʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ 

ʩʧʝʮʠʘʣʠʟʘʮʠʠ çʥʝʬʪʝʭʠʤʠʷè, ʫʯʝʙʥʳʝ ʧʣʘʥʳ ʢʦʪʦʨʦʡ ʚʢʣʶʯʘʶʪ ʨʘʟʣʠʯʥʳʝ 

ʜʠʩʮʠʧʣʠʥʳ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʘʩʧʝʢʪʳ ʧʦʣʫʯʝʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʨʦʮʝʩʩʦʚ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ 

ʩʠʥʪʝʟʘ. ʋʩʧʝʰʥʦʤʫ ʫʩʚʦʝʥʠʶ ʵʪʠʭ ʜʠʩʮʠʧʣʠʥ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʭʦʞʜʝʥʠʝ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ ʧʦ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʝ  ʠ ʥʝʬʪʝʭʠʤʠʠ, ʟʘʢʨʝʧʣʷʶʱʝʛʦ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ ʚ ʨʘʤʢʘʭ ʫʯʝʙʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʠʩʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʦʣʠʤʝʨʦʚ ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ 
ɸʚʪʦʨʳ: ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠ ʥʘʫʢ ʃ.ɸ. ʂʫʣʠʢʦʚ, ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

ɼ.ɸ. ʄʘʢʝʝʚʘ 

ɿʘʜʘʯʘ ʩʦʜʝʨʞʠʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʝʪʦʜʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ-

ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʠʩʪʳʭ 
ʤʘʪʝʨʠʘʣʦʚ, ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʪʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʡ 

ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʝʤʘ ʧʦʨ ʪʚʝʨʜʳʭ ʥʦʩʠʪʝʣʝʡ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ 
ʧʨʠʦʙʨʝʪʝʥʠʝ ʩʪʫʜʝʥʪʘʤʠ ʥʘʚʳʢʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. 
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5. ʃʠʪʝʨʘʪʫʨʘ 
 

1. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʄʝʪʦʜ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠïʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ ï ʦʜʥʦʛʦ ʠʟ ʤʦʱʥʝʡʰʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʚʝʨʜʳʭ ʧʦʨʠʩʪʳʭ 
ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʦʩʠʪʝʣʝʡ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʝ 

ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘ ʧʨʠʚʣʝʢʘʶʪ 
ʧʦʨʠʩʪʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ. ɺʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʟʚʠʪʘʷ 

ʧʦʨʠʩʪʦʩʪʴ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʢʨʳʚʘʶʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 
ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ ʠʣʠ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʘʜʩʦʨʙʮʠʷ-ʜʝʩʦʨʙʮʠʷ ʘʟʦʪʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʨʘʟʣʠʯʥʳʝ 
ʪʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʠʩʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʜʝʣʴʥʫʶ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʱʠʡ ʦʙʲʝʤ ʧʦʨ, ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʬʦʨʤʘʤ ʠ ʪ.ʜ. 
ʇʨʦʮʝʜʫʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʨʘʚʥʦʚʝʩʥʦʡ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ 

ʘʟʦʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ (77 ʂ) ʠ 
ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ. 
ɸʜʩʦʨʙʮʠʷ ʢʘʢ ʷʚʣʝʥʠʝ ï ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʩʣʦʝ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʦʙʲʝʤʝ. ʇʦʛʣʦʱʘʝʤʦʝ 
ʚʝʱʝʩʪʚʦ (ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ï ʘʟʦʪ) ʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘʟʳʚʘʝʪʩʷ 

ʘʜʩʦʨʙʘʪʦʤ, ʘ ʚ ʦʙʲʝʤʝ ï ʘʜʩʦʨʙʪʠʚʦʤ. ʌʘʟʘ, ʦʙʨʘʟʫʶʱʘʷ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ (ʧʦʨʠʩʪʳʡ 
ʧʦʣʠʤʝʨ), ï ʵʪʦ ʘʜʩʦʨʙʝʥʪ.  

ɼʣʷ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʘ ʥʘ ʚʥʝʰʥʶʶ ʠ 

ʚʥʫʪʨʝʥʥʶʶ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚʥʝʰʥʷʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ, ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʴ ʚʥʝ 
ʧʦʨ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʥʫʪʨʝʥʥʷʷ ï ʵʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʚʩʝʭ ʩʪʝʥʦʢ ʧʦʨ. ɺ ʩʣʫʯʘʝ 

ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʯʠʪʘʶʪ ʪʫ, ʯʪʦ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ 
ʤʠʢʨʦʧʦʨʘʤ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ, ʢʘʢʦʝ ʙʳ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝ ʙʳʣʦ ʚʳʙʨʘʥʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʬʦʨʤʘʤ, ʘ ʪʘʢʞʝ 
ʤʝʪʦʜ ʦʮʝʥʢʠ ʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦʩʢʦʣʴʢʫ ʜʦʩʪʫʧʥʦʩʪʴ ʧʦʨʳ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʠ 

ʬʦʨʤʳ ʤʦʣʝʢʫʣ ʘʜʩʦʨʙʘʪʘ, ʟʥʘʯʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʝʤʘ ʧʦʨ 
ʤʦʛʫʪ ʟʘʚʠʩʝʪʴ ʦʪ ʠʭ ʫʧʘʢʦʚʢʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʩʠʪʦʚʳʭ ʵʬʬʝʢʪʦʚ. ʇʦʨʠʩʪʦʩʪʴ 
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʦʨ ʢ ʦʙʲʝʤʫ ʚʩʝʡ ʯʘʩʪʠʮʳ ʠʣʠ ʘʛʣʦʤʝʨʘʪʘ, 
ʘ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ï ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʢ ʝʛʦ ʤʘʩʩʝ. 

ʆʩʥʦʚʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʫʜʝʣʴʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʝʤʢʦʩʪʴ ʤʦʥʦʩʣʦʷ (ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʜʩʦʨʙʮʠʷ). ɺ ʯʘʩʪʥʦʩʪʠ, 

ʧʦʣʥʫʶ ʘʜʩʦʨʙʮʠʶ ʚʝʱʝʩʪʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʘʜʩʦʨʙʝʥʪʘ ʩ ʜʘʚʣʝʥʠʝʤ ʧʘʨʘ ʪʦʛʦ 
ʞʝ ʚʝʱʝʩʪʚʘ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʚʷʟʳʚʘʝʪ ʫʨʘʚʥʝʥʠʝ ʃʝʥʛʤʶʨʘ. ʈʝʯʴ ʚ ʥʝʤ ʠʜʝʪ ʦ 

ʤʦʥʦʩʣʦʡʥʦʡ ʘʜʩʦʨʙʮʠʠ, ʪʦ ʝʩʪʴ ʚʝʱʝʩʪʚʦ ʤʦʞʝʪ ʧʦʢʨʳʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʪʦʣʴʢʦ ʦʜʥʠʤ 
ʩʣʦʝʤ: 

 
ὥ  ὥ —  ὥ  

ὑ ὴ

ρ ὑ ὴ
 ȟ (1) 

ʛʜʝ ʘ ï ʘʜʩʦʨʙʮʠʷ, am ï ʘʜʩʦʨʙʮʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʦʣʥʦʤʫ ʟʘʧʦʣʥʝʥʠʶ 
ʤʦʥʦʩʣʦʷ ʘʜʩʦʨʙʝʥʪʦʤ (ʝʤʢʦʩʪʴ ʤʦʥʦʩʣʦʷ), Kp ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʢʦʥʩʪʘʥʪʘ 

ʘʜʩʦʨʙʮʠʠ, Ū ï ʜʦʣʷ ʟʘʥʷʪʳʭ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ. 
 ʅʘ ʧʨʘʢʪʠʢʝ, ʦʜʥʘʢʦ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ ʠʣʠ ʜʨʫʛʠʭ ʬʠʟʠʯʝʩʢʠ 

ʘʜʩʦʨʙʠʨʫʶʱʠʭʩʷ ʛʘʟʦʚ (Ar, Kr) ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʘʷ ʘʜʩʦʨʙʮʠʷ, ʦʧʠʩʳʚʘʝʤʘʷ ʪʝʦʨʠʝʡ 
ʃʝʥʛʤʶʨʘ, ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ ʠ ʟʘʧʦʣʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʤʦʥʦʩʣʦʝʤ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʨʘʩʯʝʪʘ ʝʤʢʦʩʪʠ ʤʦʥʦʩʣʦʷ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 
ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ɹʨʫʥʘʫʵʨʦʤ, ʕʤʤʝʪʦʤ ʠ ʊʝʣʣʝʨʦʤ (ɹʕʊ). ʋʨʘʚʥʝʥʠʝ 

ɹʕʊ ʩʚʷʟʳʚʘʝʪ ʘʜʩʦʨʙʮʠʶ ʚʝʱʝʩʪʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʜʘʚʣʝʥʠʝʤ ʧʘʨʘ ʪʦʛʦ ʞʝ ʚʝʱʝʩʪʚʘ 
ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʦʧʠʩʳʚʘʝʪ ʧʦʣʠʤʦʣʝʢʫʣʷʨʥʫʶ ʘʜʩʦʨʙʮʠʶ. ʄʦʜʝʣʴ ɹʕʊ ʷʚʣʷʝʪʩʷ 

ʨʘʟʚʠʪʠʝʤ ʤʦʜʝʣʠ ʃʝʥʛʤʶʨʘ ʠ ʧʨʠʩʧʦʩʘʙʣʠʚʘʝʪ ʝʝ ʧʦʩʪʫʣʘʪʳ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʣʦʝʚ ʘʜʩʦʨʙʘʪʘ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ɹʕʊ ʣʝʞʘʪ 

ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ: 

¶ ʚʩʝ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʮʝʥʪʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʠʜʝʥʪʠʯʥʳ; 

¶ ʥʘ ʦʜʥʦʤ ʘʜʩʦʨʙʮʠʦʥʥʦʤ ʮʝʥʪʨʝ ʤʦʞʝʪ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʦʜʥʘ ʤʦʣʝʢʫʣʘ 

ʘʜʩʦʨʙʘʪʘ; 

¶ ʤʦʣʝʢʫʣʳ ʛʘʟʘ ʤʦʛʫʪ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ ʚʠʜʝ ʩʣʦʝʚ, 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʥʝ ʦʛʨʘʥʠʯʝʥʦ ʠ ʟʘʧʦʣʥʝʥʠʝ ʩʣʦʝʚ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ  

¶ ʦʪʩʫʪʩʪʚʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʣʶʙʳʤʠ ʩʦʩʝʜʥʠʤʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ 
ʤʦʣʝʢʫʣʘʤʠ;  

¶ ʜʣʷ ʧʝʨʚʦʛʦ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʩʣʦʷ ʩʧʨʘʚʝʜʣʠʚʘ ʪʝʦʨʠʷ ʤʦʥʦʤʦʣʝʢʫʨʥʦʡ 
ʘʜʩʦʨʙʮʠʠ ʃʵʥʛʤʶʨʘ; 

¶  ʚʪʦʨʦʡ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʩʣʦʠ ʦʙʨʘʟʫʶʪʩʷ ʟʘ ʩʯʝʪ ʢʦʥʜʝʥʩʘʮʠʠ ʛʘʟʘ; 

¶ ʘʜʩʦʨʙʮʠʷ ʛʘʟʘ ʧʨʦʪʝʢʘʝʪ ʨʘʚʥʦʚʝʩʥʦ. 
 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ɹʕʊ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʚʝʣʠʯʠʥʫ ʝʤʢʦʩʪʠ ʤʦʥʦʩʣʦʷ ʚ 
ʩʣʫʯʘʝ ʧʦʣʠʤʦʣʝʢʫʣʷʨʥʦʡ ʘʜʩʦʨʙʮʠʠ: 

 ρ

ὥ ρ ὴὴϳ

ρ

ὥ ὅ ὴὴϳ

ὅ ρ

ὥὅ
 ȟ (2) 

ʛʜʝ a ï ʘʜʩʦʨʙʮʠʷ, am ï ʝʤʢʦʩʪʴ ʤʦʥʦʩʣʦʷ, p ï ʨʘʚʥʦʚʝʩʥʦʝ ʜʘʚʣʝʥʠʝ, p0 ï ʜʘʚʣʝʥʠʝ 

ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʘʜʩʦʨʙʘʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʘʜʩʦʨʙʮʠʠ, C ï ʢʦʥʩʪʘʥʪʘ ɹʕʊ, 
ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʵʥʝʨʛʠʶ ʘʜʩʦʨʙʮʠʠ ʧʝʨʚʦʛʦ ʘʜʩʦʨʙʠʨʫʝʤʦʛʦ ʩʣʦʷ, ʪ.ʝ. ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʘʜʩʦʨʙʘʪʘ ʠ ʘʜʩʦʨʙʝʥʪʘ. ɺ ʜʘʥʥʦʤ ʫʨʘʚʥʝʥʠʠ ʠʟʤʝʨʠʤʳʝ ʚʝʣʠʯʠʥʳ ï ʵʪʦ ʘʜʩʦʨʙʮʠʷ (ʘ) 
ʠ ʦʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʡ (p/p0). ʋʨʘʚʥʝʥʠʝ ɹʕʊ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʣʠʥʝʡʥʦʡ 

ʬʦʨʤʝ: 

 
ώ

ρ

ὥὅ
ὼ
ὅ ρ

ὥ ὅ
 ȟ (3) 
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ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪ C ʠ am. ʉ 
ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʟʦʪʘ ʚ ʢʘʯʝʩʪʚʝ ʘʜʩʦʨʙʘʪʘ 

ʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʡ 
p/p0 ʦʪ 0.05 ʜʦ 0.35. ɼʣʷ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʵʪʦʪ ʫʯʘʩʪʦʢ ʩʜʚʠʛʘʝʪʩʷ ʢ ʙʦʣʝʝ 

ʥʠʟʢʠʤ ʜʘʚʣʝʥʠʷʤ. ʂʦʥʩʪʘʥʪʘ am ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ɋ: 

 
ɱ
ί ὥ ὔ

ὓ
 ȟ (4) 

ʛʜʝ s ï ʵʬʬʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ, ʟʘʥʠʤʘʝʤʘʷ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ʘʜʩʦʨʙʘʪʘ (s(N2) = 16.2Ĭ10ï

20 ʤ2), M ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʘʜʩʦʨʙʘʪʘ. ʋʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʪʘʢʦʤ 
ʩʣʫʯʘʝ: 

 
Ὓ̔ ̅

ɱ

ά
 (5) 

ɺʠʜ ʧʦʣʫʯʘʝʤʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʠʩʪʦʩʪʠ ʦʙʨʘʟʮʘ 

ʠ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʜʩʦʨʙʘʪ-ʘʜʩʦʨʙʝʥʪ. ʇʦ ʨʘʟʤʝʨʫ ʧʦʨ ʤʘʪʝʨʠʘʣʳ ʜʝʣʷʪʩʷ ʥʘ: 

¶ ʤʠʢʨʦʧʦʨʠʩʪʳʝ (ʩ ʧʦʨʘʤʠ ʰʠʨʠʥʦʡ ʤʝʥʝʝ 2 ʥʤ); 

¶ ʤʝʟʦʧʦʨʠʩʪʳʝ (ʦʪ 2 ʜʦ 50 ʥʤ); 

¶ ʤʘʢʨʦʧʦʨʠʩʪʳʝ (ʙʦʣʝʝ 50 ʥʤ). 
ʊʝʨʤʠʥ ʥʘʥʦʧʦʨʳ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʢʘʪʝʛʦʨʠʠ, ʥʦ ʩ ʚʝʨʭʥʠʤ 

ʧʨʝʜʝʣʦʤ ʚ 100 ʥʤ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠï
ʜʝʩʦʨʙʮʠʠ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʀʖʇɸʂ. 

 

ʈʠʩ. 1. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠïʜʝʩʦʨʙʮʠʠ. 

 ʆʙʨʘʪʠʤʳʝ ʠʟʦʪʝʨʤʳ I ʪʠʧʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤʠ ʚʥʝʰʥʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ (ʥʘʧʨʠʤʝʨ, 
ʥʝʢʦʪʦʨʳʭ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʡ, ʧʦʨʠʩʪʳʭ ʦʢʩʠʜʦʚ ʠ ʮʝʦʣʠʪʦʚ ʪʠʧʘ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʠʪ). ɼʘʥʥʳʝ ʠʟʦʪʝʨʤʳ ʚʳʛʥʫʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ p/p0, ʚʝʣʠʯʠʥʘ ʘʜʩʦʨʙʮʠʠ ʩʪʨʝʤʠʪʩʷ 
ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʩʢʦʨʝʝ ʦʪ ʜʦʩʪʫʧʥʦʛʦ ʦʙʲʝʤʘ ʤʠʢʨʦʧʦʨ, 

ʥʝʞʝʣʠ ʦʪ ʚʥʫʪʨʝʥʥʝʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʝʟʢʦʝ ʧʦʜʥʷʪʠʝ ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʠʭ p/p0 

ʚʦʟʥʠʢʘʝʪ ʙʣʘʛʦʜʘʨʷ ʫʩʠʣʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʘʜʩʦʨʙʘʪ-ʘʜʩʦʨʙʝʥʪ ʚ ʫʟʢʠʭ ʤʠʢʨʦʧʦʨʘʭ 

(ʨʘʟʤʝʨʦʚ ʤʦʣʝʢʫʣʳ), ʧʨʠʚʦʜʷʱʠʭ ʢ ʟʘʧʦʣʥʝʥʠʶ ʤʠʢʨʦʧʦʨ ʫʞʝ ʧʨʠ ʢʨʘʡʥʝ ʥʠʟʢʠʭ p/p0. 
ʀʟʦʪʝʨʤʳ ʊʠʧʘ I(a) ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʨʘʡʥʝ ʫʟʢʠʤʠ ʧʦʨʘʤʠ 
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(ʰʠʨʠʥʦʡ ʤʝʥʝʝ ~ 1 ʥʤ); ʊʠʧ I(b) ʚʩʪʨʝʯʘʝʪʩʷ ʫ ʤʘʪʝʨʠʘʣʦʚ ʩ ʙʦʣʝʝ ʰʠʨʦʢʠʤ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ, ʚʢʣʶʯʘʶʱʠʤ ʚ ʩʝʙʷ ʰʠʨʦʢʠʝ ʤʠʢʨʦʧʦʨʳ ʠ ʠʥʦʛʜʘ 

ʜʘʞʝ ʫʟʢʠʝ ʤʝʟʦʧʦʨʳ (< ~ 2.5 ʥʤ).  
ʆʙʨʘʪʠʤʳʝ ʠʟʦʪʝʨʤʳ II ʪʠʧʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʥʝʧʦʨʠʩʪʳʭ ʠʣʠ ʤʘʢʨʦʧʦʨʠʩʪʳʭ 

ʘʜʩʦʨʙʝʥʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʤʦʥʦ- ʠ ʤʥʦʛʦʩʣʦʡʥʘʷ ʘʜʩʦʨʙʮʠʷ ʧʨʦʪʝʢʘʶʪ ʥʝʦʛʨʘʥʠʯʝʥʥʦ 
ʚʧʣʦʪʴ ʜʦ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ p/p0. ʊʦʯʢʘ B ï ʥʘʯʘʣʦ ʩʨʝʜʥʝʡ, ʧʦʯʪʠ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ 

ʛʨʘʬʠʢʘ ï ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʟʘʧʦʣʥʝʥʠʝ ʤʦʥʦʩʣʦʷ. ʇʨʠ p/p0 = 1 ʪʦʣʱʠʥʘ 
ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʨʘʩʪʝʪ ʙʝʟʛʨʘʥʠʯʥʦ. ɺ ʩʣʫʯʘʝ ʠʟʦʪʝʨʤʳ III  ʪʠʧʘ ʪʦʯʢʠ B ʥʝʪ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʣʴʟʷ ʦʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʤʦʥʦʩʣʦʷ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʘʜʩʦʨʙʘʪ-ʘʜʩʦʨʙʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʩʦʙʠʨʘʶʪʩʷ ʚ 

ʢʣʘʩʪʝʨʳ ʚʦʢʨʫʛ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʦʚ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʟʦʪʝʨʤʳ II ʪʠʧʘ, 
ʚʝʣʠʯʠʥʘ ʘʜʩʦʨʙʮʠʠ ʦʩʪʘʝʪʩʷ ʢʦʥʝʯʥʦʡ ʧʨʠ  ʜʘʚʣʝʥʠʠ ʥʘʩʳʱʝʥʠʷ (p/p0 = 1). 

 ʀʟʦʪʝʨʤʳ IV ʪʠʧʘ ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ ʤʝʟʦʧʦʨʠʩʪʳʭ ʘʜʩʦʨʙʝʥʪʦʚ (ʦʢʩʠʜʥʳʭ ʛʝʣʝʡ, 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʜʩʦʨʙʝʥʪʦʚ ʠ ʤʝʟʦʧʦʨʠʩʪʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʪ). ʍʘʨʘʢʪʝʨ ʘʜʩʦʨʙʮʠʠ ʚ 

ʤʝʟʦʧʦʨʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʘʜʩʦʨʙʘʪ-ʘʜʩʦʨʙʝʥʪ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ 
ʤʦʣʝʢʫʣ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʟʘ ʠʟʥʘʯʘʣʴʥʦʡ ʤʦʥʦ- ʠ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʘʜʩʦʨʙʮʠʝʡ ʥʘ ʩʪʝʥʢʘʭ ʤʝʟʦʧʦʨ, ʢʦʪʦʨʘʷ ʘʥʘʣʦʛʠʯʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 
ʯʘʩʪʠ ʢʨʠʚʦʡ ʠʟʦʪʝʨʤʳ II ʪʠʧʘ, ʩʣʝʜʫʝʪ ʢʦʥʜʝʥʩʘʮʠʷ ʛʘʟʘ ʚ ʧʦʨʘʭ ʧʨʠ ʜʘʚʣʝʥʠʷʭ p 

ʤʝʥʴʰʠʭ, ʯʝʤ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʠʷ p0. ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʠʟʦʪʝʨʤ IV ʪʠʧʘ ï 
ʧʣʘʪʦ ʥʘʩʳʱʝʥʠʷ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ, ʢʦʪʦʨʦʝ ʠʥʦʛʜʘ ʩʚʦʜʠʪʩʷ ʢ ʧʨʦʩʪʦʡ ʪʦʯʢʝ ʧʝʨʝʛʠʙʘ. 

ɼʣʷ ʠʟʦʪʝʨʤ ʪʠʧʘ IVʘ ʢʘʧʠʣʣʷʨʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʛʠʩʪʝʨʝʟʠʩʦʤ ʥʘ 
ʢʨʠʚʦʡ. ɼʣʷ ʵʪʦʛʦ ʰʠʨʠʥʘ ʧʦʨ ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʰʠʨʠʥʳ, 

ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʜʣʷ ʘʟʦʪʘ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 
ʧʦʨʘʭ ʧʨʠ 77 ʂ ʛʠʩʪʝʨʝʟʠʩ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʧʦʨ ʰʠʨʝ ~ 4 ʥʤ). ɼʣʷ ʘʜʩʦʨʙʝʥʪʦʚ ʩ 

ʤʝʟʦʧʦʨʘʤʠ ʤʝʥʴʰʝʡ ʰʠʨʠʥʳ ʭʘʨʘʢʪʝʨʥʳ ʦʙʨʘʪʠʤʳʝ ʠʟʦʪʝʨʤʳ ʪʠʧʘ IVb. 
 ʌʦʨʤʘ ʠʟʦʪʝʨʤ V ʪʠʧʘ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ p/p0 ʦʯʝʥʴ ʧʦʭʦʞʘ ʥʘ ʪʠʧ III, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʘʜʩʦʨʙʘʪ-ʘʜʩʦʨʙʝʥʪ. ʇʨʠ ʚʳʩʦʢʠʭ 
p/p0 ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʥʜʝʥʩʘʮʠʷ. ʀʟʦʪʝʨʤʳ ʜʘʥʥʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʘʜʩʦʨʙʮʠʠ ʚʦʜʳ 

ʥʘ ʛʠʜʨʦʬʦʙʥʳʭ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʠ ʤʝʟʦʧʦʨʠʩʪʳʭ ʩʦʨʙʝʥʪʘʭ. ʆʙʨʘʪʠʤʳʝ ʩʪʫʧʝʥʯʘʪʳʝ 
ʠʟʦʪʝʨʤʳ VI ʪʠʧʘ ʦʪʨʘʞʘʶʪ ʧʦʩʣʦʡʥʫʶ ʘʜʩʦʨʙʮʠʶ ʥʘ ʚʳʩʦʢʦ ʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʥʝʧʦʨʠʩʪʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. ɺʳʩʦʪʘ ʩʪʫʧʝʥʠ ʧʦʢʘʟʳʚʘʝʪ ʝʤʢʦʩʪʴ ʢʘʞʜʦʛʦ 
ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ, ʘ ʝʝ ʥʘʢʣʦʥ ʟʘʚʠʩʠʪ ʦʪ ʩʠʩʪʝʤʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

 ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ ʧʦʨ ʚ ʤʘʪʝʨʠʘʣʝ ʘʜʩʦʨʙʘʪ 
ʚ ʧʨʦʮʝʩʩʝ ʘʜʩʦʨʙʮʠʠ ʧʨʝʪʝʨʧʝʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ. ɺʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʧʝʪʣʠ 

ʛʠʩʪʝʨʝʟʠʩʘ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʙʣʘʩʪʷʭ ʤʥʦʛʦʩʣʦʡʥʦʡ ʘʜʩʦʨʙʮʠʠ ʥʘ ʢʨʠʚʳʭ 
ʠʟʦʪʝʨʤ, ʩʚʷʟʳʚʘʶʪ ʩ ʧʨʦʮʝʩʩʘʤʠ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ. ʌʦʨʤʘ ʛʠʩʪʝʨʝʟʠʩʘ ʩʚʷʟʘʥʘ 

ʩ ʤʝʪʘʩʪʘʙʠʣʴʥʦʩʪʴʶ ʘʜʩʦʨʙʮʠʠ ʠʣʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʬʬʝʢʪʘʤʠ. ɺ ʦʪʢʨʳʪʳʭ ʧʦʨʘʭ 
(ʥʘʧʨʠʤʝʨ, ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ), ʦʪʣʦʞʝʥʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ ï ʨʝʟʫʣʴʪʘʪ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʩʪʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʪʘʢʠʭ ʧʦʨ 
ʘʜʩʦʨʙʮʠʦʥʥʘʷ ʚʝʪʚʴ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʥʝ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ. 

ɺʦ ʚʨʝʤʷ ʠʩʧʘʨʝʥʠʷ ʥʫʢʣʝʘʮʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʧʦʵʪʦʤʫ ʩʪʘʜʠʷ ʜʝʩʦʨʙʮʠʠ ʵʢʚʠʚʘʣʝʥʪʥʘ 
ʦʙʨʘʪʠʤʦʤʫ ʧʝʨʝʭʦʜʫ ʞʠʜʢʦʩʪʴ-ʧʘʨ. ɽʩʣʠ ʧʦʨʳ ʥʘʧʦʣʥʝʥʳ ʞʠʜʢʦʦʙʨʘʟʥʳʤ 

ʢʦʥʜʝʥʩʘʪʦʤ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʜʝʩʦʨʙʮʠʦʥʥʦʡ ʚʝʪʚʠ. 
ʉʪʨʫʢʪʫʨʥʳʝ ʬʘʢʪʦʨʳ ʠʛʨʘʶʪ ʨʦʣʴ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʙʫʪʳʣʢʦʦʙʨʘʟʥʳʤʠ 
ʧʦʨʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʪʝʯʝʥʠʝ ʘʜʩʦʨʙʮʠʠ, ʙʫʜʫʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʰʠʨʠʥʳ çʛʦʨʣʳʰʢʘè ʧʦʨʳ. 
 ʊʠʧʳ ʧʝʪʝʣʴ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʰʝʩʪʠ ʪʠʧʦʚ 

ʜʦʚʦʣʴʥʦ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʪʨʫʢʪʫʨʳ ʧʦʨ ʠ ʟʘʚʠʩʷʱʠʤ 
ʦʪ ʥʠʭ ʤʝʭʘʥʠʟʤʦʤ ʘʜʩʦʨʙʮʠʠ. 
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ʈʠʩ. 2. ʊʠʧʳ ʧʝʪʝʣʴ ʛʠʩʪʝʨʝʟʠʩʘ ʜʣʷ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʤʝʟʦʧʦʨʠʩʪʳʭ 
ʤʘʪʝʨʠʘʣʦʚ. 

 ʇʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ ʪʠʧʘ ʅ1 ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʟʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 
ʤʝʟʦʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʪʝʤʧʣʘʪʥʳʭ ʩʠʣʠʢʘʪʦʚ (MCM-41, MCM-48, SBA-

15) ʠ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʝʟʦʧʦʨʠʩʪʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʪʨʫʢʪʫʨʥʳʝ ʵʬʬʝʢʪʳ 
ʦʙʳʯʥʦ ʤʠʥʠʤʘʣʴʥʳ, ʠ ʢʨʫʪʘʷ, ʫʟʢʘʷ ʧʝʪʣʷ ʯʝʪʢʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʘʜʝʨʞʢʫ ʢʦʥʜʝʥʩʘʮʠʠ 

ʜʣʷ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʚʝʪʚʠ. ʆʜʥʘʢʦ, ʛʠʩʪʝʨʝʟʠʩ ʪʠʧʘ ʅ1 ʪʘʢʞʝ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʜʣʷ 
ʩʪʨʫʢʪʫʨ ʩ ʙʫʪʳʣʢʦʦʙʨʘʟʥʳʤʠ ʧʦʨʘʤʠ, ʫ ʢʦʪʦʨʳʭ ʰʠʨʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ 

çʛʦʨʣʳʰʢʘè ʘʥʘʣʦʛʠʯʥʘ ʰʠʨʠʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨ/ʧʦʣʦʩʪʝʡ. 
 ʇʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʪʠʧʘ ʅ2 ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʚ ʢʦʪʦʨʳʭ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʩʪʨʫʢʪʫʨʥʳʝ ʵʬʬʝʢʪʳ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 
ʢʨʠʚʳʭ ʪʠʧʘ ʅ2(ʘ) ʷʚʣʷʝʪʩʷ ʢʨʫʪʦʡ ʭʦʜ ʜʝʩʦʨʙʮʠʦʥʥʦʡ ʚʝʪʚʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ 

ʦʪʥʝʩʝʥ ʢ ʙʣʦʢʠʨʦʚʘʥʠʶ ʧʦʨ ʣʠʙʦ ʧʨʦʩʘʯʠʚʘʥʠʶ ʘʜʩʦʨʙʘʪʘ ʚ ʫʟʢʠʭ ʦʙʣʘʩʪʷʭ 
çʛʦʨʣʳʰʝʢè ʧʦʨ, ʘ ʪʘʢʞʝ ʢ ʠʩʧʘʨʝʥʠʶ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʤʩʷ ʩʧʦʥʪʘʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠ ʨʦʩʪʦʤ ʧʫʟʳʨʴʢʦʚ ʛʘʟʘ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʢʦʥʜʝʥʩʘʪʝ (ʢʘʚʠʪʘʮʠʠ). ʇʝʪʣʠ ʅ2(ʘ) 
ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʤʥʦʛʠʭ ʩʠʣʠʢʘʛʝʣʝʡ, ʥʝʢʦʪʦʨʳʭ ʧʦʨʠʩʪʳʭ ʩʪʝʢʦʣ ʠ ʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ (SBA-16). ʇʝʪʣʠ ʪʠʧʘ ʅ2(b) ʪʘʢʞʝ ʩʚʷʟʘʥʳ ʩ ʙʣʦʢʠʨʦʚʘʥʠʝʤ ʧʦʨ, 
ʥʦ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʨ. 

ʋ ʧʝʪʝʣʴ ʪʠʧʘ ʅ3 ʝʩʪʴ ʜʚʝ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

¶ ʘʜʩʦʨʙʮʠʦʥʥʘʷ ʚʝʪʚʴ ʥʘʧʦʤʠʥʘʝʪ ʠʟʦʪʝʨʤʫ II ʪʠʧʘ; 

¶ ʥʠʟʰʠʡ ʧʨʝʜʝʣ ʜʝʩʦʨʙʮʠʦʥʥʦʡ ʚʝʪʚʠ ʦʙʳʯʥʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʜʘʚʣʝʥʠʷʭ p/p0, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʢʘʚʠʪʘʮʠʶ. 
 ʇʝʪʣʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʦʜʚʠʞʥʳʭ 

ʘʛʨʝʛʘʪʦʚ ʧʣʦʩʢʠʭ ʯʘʩʪʠʮ (ʥʘʧʨʠʤʝʨ, ʥʝʢʦʪʦʨʳʭ ʛʣʠʥ), ʥʦ ʪʘʢʞʝ ʝʩʣʠ ʩʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ 
ʠʟ ʤʘʢʨʦʧʦʨ, ʥʝ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʳʭ ʢʦʥʜʝʥʩʘʪʦʤ. ʇʝʪʣʠ ʪʠʧʘ ʅ4 ʧʦʭʦʞʠ, ʥʦ 

ʘʜʩʦʨʙʮʠʦʥʥʘʷ ʚʝʪʚʴ ʙʦʣʴʰʝ ʥʘʧʦʤʠʥʘʝʪ ʩʦʯʝʪʘʥʠʝ ʢʨʠʚʳʭ ʪʠʧʘ I ʠ II, ʙʦʣʝʝ 
ʚʳʨʘʞʝʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʧʨʠ ʥʠʟʢʠʭ p/p0 ʚ ʥʠʭ ʩʚʷʟʘʥʦ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʤʠʢʨʦʧʦʨ. ʇʝʪʣʠ 

ʜʘʥʥʦʛʦ ʪʠʧʘ ʯʘʩʪʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʫ ʘʛʣʦʤʝʨʘʪʦʚ ʢʨʠʩʪʘʣʣʠʪʦʚ ʮʝʦʣʠʪʦʚ, ʥʝʢʦʪʦʨʳʭ 
ʤʝʟʦʧʦʨʠʩʪʳʭ ʮʝʦʣʠʪʦʚ ʠ ʤʠʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 ʍʦʪʷ ʧʝʪʣʠ ʪʠʧʘ ʅ5 ʜʦʚʦʣʴʥʦ ʨʝʜʢʠ, ʠʭ ʬʦʨʤʘ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʦʯʠʭ ʠ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦʨʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʠ ʦʪʢʨʳʪʳʝ, ʠ ʯʘʩʪʠʯʥʦ 

ʟʘʙʣʦʢʠʨʦʚʘʥʥʳʝ ʤʝʟʦʧʦʨʳ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʝʪʝʣʴ ʅ3, ʅ4 ʠ ʅ5 ʷʚʣʷʝʪʩʷ 
ʨʝʟʢʠʡ ʦʙʨʳʚ ʜʝʩʦʨʙʮʠʦʥʥʦʡ ʚʝʪʚʠ. ɼʣʷ ʘʟʦʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 77ʂ ʦʥ ʦʙʳʯʥʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ p/p0 ~ 0.4 ï 0.5) 
 ɺʘʞʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʶʙʦʛʦ ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨ ʧʦ 

ʨʘʟʤʝʨʘʤ. ʄʦʜʝʣʴ, ʧʦ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʜʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʟʘʚʠʩʠʪ ʦʪ 
ʪʦʛʦ, ʧʦʨʳ ʢʘʢʦʛʦ ʨʘʟʤʝʨʘ ʚ ʥʝʤ ʧʨʝʦʙʣʘʜʘʶʪ. ʀʥʬʦʨʤʘʮʠʶ ʦ ʪʦʤ, ʤʠʢʨʦʧʦʨʠʩʪʳʤ 

ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣ ʠʣʠ ʤʝʟʦʧʦʨʠʩʪʳʤ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ-
ʜʝʩʦʨʙʮʠʠ. 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʧʦʨʠʩʪʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʵʤʧʠʨʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʩʫʪʴ 
ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʲʝʤʢʝ ʠʟʦʪʝʨʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʜʩʦʨʙʘʪʦʚ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʨʘʟʤʝʨʦʤ ʤʦʣʝʢʫʣ. ʀʟʤʝʨʷʶʪʩʷ ʠ ʩʢʦʨʦʩʪʠ ʘʜʩʦʨʙʮʠʠ, ʠ ʝʤʢʦʩʪʠ. ʈʝʟʢʠʡ 
ʚʳʭʦʜ ʘʜʩʦʨʙʮʠʠ ʥʘ ʧʣʘʪʦ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʨʘʟʤʝʨʫ ʤʠʢʨʦʧʦʨ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʫʯʠʪʳʚʘʝʪ ʦʯʝʥʴ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ 
ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʘʟʣʠʯʥʳʝ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʥʘʧʨʠʤʝʨ, ʍʦʨʚʘʪʘ-

ʂʘʚʘʟʦʝ ʜʣʷ ʱʝʣʝʚʳʭ ʧʦʨ) ʩʢʣʦʥʥʳ ʧʨʝʫʤʝʥʴʰʘʪʴ ʨʘʟʤʝʨ ʧʦʨ, ʥʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 
ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʚʩʝʡ ʦʙʣʘʩʪʠ ʥʘʥʦʧʦʨ ʜʘʶʪ 
ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT ï density functional theory) ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʩʠʤʫʣʷʮʠʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʢʦʥʬʠʛʫʨʘʮʠʶ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ 
ʫʨʦʚʥʝ. 

DFT ʠ ʤʝʪʦʜ ʄʦʥʪʝ ʂʘʨʣʦ ʩʪʘʣʠ ʤʦʱʥʳʤʠ ʦʨʫʜʠʷʤʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʘʜʩʦʨʙʮʠʠ ʠ 
ʬʘʟʦʚʦʛʦ ʧʦʚʝʜʝʥʠʷ ʛʘʟʦʚ ʚ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʦʨʠʩʪʳʭ ʩʪʨʫʢʪʫʨʘʭ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ 

ʦʩʥʦʚʘʥʳ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʠʥʮʠʧʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʧʨʠʤʝʥʷʝʤʳʭ ʢ 
ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʞʠʜʢʦʩʪʝʡ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʥʠ ʦʧʠʩʳʚʘʶʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚ ʧʦʨʘʭ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʠ ʪʘʢʠʤ 
ʦʙʨʘʟʦʤ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʣʦʢʘʣʴʥʦʤ ʩʪʨʦʝʥʠʠ ʛʘʟʘ ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʜʩʦʨʙʝʥʪʘ. ʇʦʪʝʥʮʠʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʛʘʟ-ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ ʟʘʚʠʩʠʪ ʦʪ 
ʤʦʜʝʣʠ ʧʦʨ. ɼʣʷ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ ʤʘʪʝʨʠʘʣʦʚ (ʫʛʣʝʨʦʜʥʳʝ, ʮʝʦʣʠʪʳ ʠ ʜʨ.) ʨʘʟʨʘʙʦʪʘʥʳ 

ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʧʦʨ (ʱʝʣʝʚʳʝ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ, ʩʬʝʨʠʯʝʩʢʠʝ ʠ 
ʩʤʝʰʘʥʥʳʝ). 

ʄʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʝʦʨʠʠ ʥʝʣʦʢʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (NLDFT ï 
non-local density functional theory), ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʩʝʨʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʟʦʪʝʨʤ 

N(p/p0,W) ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʘʨʳ ʘʜʩʦʨʙʘʪ-ʘʜʩʦʨʙʝʥʪ ʩ ʧʦʨʘʤʠ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʳ, ʥʦ 
ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ. ʊʘʢʘʷ ʩʝʨʠʷ ʠʟʦʪʝʨʤ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ 

ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʠʩʪʝʤ ʘʜʩʦʨʙʝʥʪ-ʘʜʩʦʨʙʘʪ. ɺʳʯʠʩʣʝʥʠʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ f(W) ʦʩʥʦʚʘʥʦ ʥʘ ʨʝʰʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʘʜʩʦʨʙʮʠʦʥʥʦʡ 

ʠʟʦʪʝʨʤʳ, ʩʚʷʟʳʚʘʶʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʠʟʦʪʝʨʤʫ ʘʜʩʦʨʙʮʠʠ N(p/p0) ʩ ʩʝʨʠʝʡ 
ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ N(p/p0,W). ʆʙʳʯʥʦ ʪʘʢʦʝ ʫʨʘʚʥʝʥʠʝ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʬʦʨʤʝ: 
 

ὔὴὴϳ ὔὴὴϳ ȟὡ Ὢὡ Ὠὡ  (6) 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʜʦʚʦʣʴʥʦ ʪʦʯʥʦ 

ʦʮʝʥʠʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ 
ʧʨʦʠʩʭʦʜʠʪ ʩʲʝʤʢʘ ʠʟʦʪʝʨʤʳ, ʠ ʪʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʫʩʣʦʚʠʷʤ, ʩ ʫʯʝʪʦʤ ʢʦʪʦʨʳʭ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʩʝʨʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʟʦʪʝʨʤ. ɺ ʧʨʦʪʠʚʥʦʤ 
ʩʣʫʯʘʝ, ʧʦʣʫʯʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʚ ʢʦʨʥʝ ʥʝʚʝʨʥʳʤ.  ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʙʲyʤʘ ʤʝʟʦʧʦʨ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʝʨʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ɹʘʨʨʝʪʘïɼʞʦʡʥʝʨʘï
ʍʘʣʝʥʜʳ (BJH). ʀʟʦʪʝʨʤʘ ʜʝʩʦʨʙʮʠʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʠʟʦʪʝʨʤʳ 

ʘʜʩʦʨʙʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʜʣʷ ʥʝʝ ʧʨʦʮʝʩʩ ʙʣʠʞʝ ʢ ʠʩʪʠʥʥʦʤʫ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ 
ʨʘʚʥʦʚʝʩʠʶ. ʄʝʭʘʥʠʟʤ ʘʜʩʦʨʙʮʠʠ ʚ ʤʝʟʦʧʦʨʘʭ ʦʧʠʩʳʚʘʝʪʩʷ ʪʝʦʨʠʝʡ ʢʘʧʠʣʣʷʨʥʦʡ 

ʢʦʥʜʝʥʩʘʮʠʠ. ʈʘʩʯʝʪ ʨʘʟʤʝʨʦʚ ʤʝʟʦʧʦʨ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʂʝʣʴʚʠʥʘ 
ʜʣʷ ʧʦʨ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʚʠʜʘ: 

 
ὶ

ς‎ὠ

ὙὝὰὲὴὴϳ
 ȟ (7) 

 ʛʜʝ ‎ ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʘʟʦʪʘ ʚ ʪʦʯʢʝ ʢʠʧʝʥʠʷ (8.85Ĭ107 ɼʞ/ʩʤ3 ʧʨʠ 77 ʂ), VL 

ï ʤʦʣʷʨʥʳʡ ʦʙʲʝʤ ʞʠʜʢʦʛʦ ʘʟʦʪʘ (34.7 ʩʤ3/ʤʦʣʴ), ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʘʟʦʪʘ (77 ʂ), 
p/p0 ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʘʟʦʪʘ, rm ï ʨʘʜʠʫʩ ʧʦʨ ʧʦ ʂʝʣʴʚʠʥʫ (¡).  ʋʯʪʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʩʪʦʷʥʥʳʝ ʜʣʷ ʘʟʦʪʘ: 
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ὶ

τȢρυ

ÌÏÇ ὴὴϳ
 (7ʘ) 

ʈʘʜʠʫʩ ʧʦʨ ʧʦ ʂʝʣʴʚʠʥʫ (rm) ï ʵʪʦ ʨʘʜʠʫʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʧʦʨʘʭ ʧʨʦʠʩʭʦʜʠʪ 

ʢʦʥʜʝʥʩʘʮʠʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʘʚʣʝʥʠʠ p/p0. ʇʦʩʢʦʣʴʢʫ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʢʦʥʜʝʥʩʘʮʠʠ 
ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʢʦʪʦʨʘʷ ʘʜʩʦʨʙʮʠʷ ʥʘ ʩʪʝʥʢʘʭ ʧʦʨ, rm ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʪʠʥʥʳʤ ʨʘʜʠʫʩʦʤ, ʪʝʤ 

ʙʦʣʝʝ ʯʪʦ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʡ ʩʣʦʡ ʦʩʪʘʝʪʩʷ ʥʘ ʩʪʝʥʢʘʭ. ʀʩʪʠʥʥʳʡ ʨʘʜʠʫʩ 
ʧʦʨ: 

 ὶ ὶ ὸ ȟ (8) 

ʛʜʝ t ï ʪʦʣʱʠʥʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ (¡). ʕʪʫ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ ʤʦʞʥʦ 
ʩʯʠʪʘʪʴ ʨʘʚʥʦʡ 3.54Ĭ(Vads/Vm), ʛʜʝ 3.54 ¡ ï ʪʦʣʱʠʥʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʣʦʷ ʘʟʦʪʘ, ʘ Vads/Vm 

ï ʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʧʨʠ ʜʘʥʥʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʢ 
ʦʙʲʝʤʫ, ʥʝʦʙʭʦʜʠʤʦʤʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʧʣʦʰʥʦʛʦ ʤʦʥʦʩʣʦʷ ʥʘ ʥʝʧʦʨʠʩʪʦʤ ʦʙʨʘʟʮʝ ʪʘʢʦʛʦ 

ʞʝ ʩʦʩʪʘʚʘ. ʆʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ t ʦʩʥʦʚʘʥ ʥʘ ʫʨʘʚʥʝʥʠʠ ʜʝ-ɹʫʨʘ: 

 
ὸ

ρσȢωω

πȢπστÌÏÇ ὴὴϳ

Ⱦ

 (9) 

ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʂʝʣʴʚʠʥʘ ʩ ʫʯʝʪʦʤ ʪʦʣʱʠʥʳ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦ ʫʨʘʚʥʝʥʠʶ ʜʝ-ɹʫʨʘ, ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨ ʧʦ 
ʨʘʟʤʝʨʘʤ. ɺ ʤʝʪʦʜʝ ɹʘʨʨʝʪʘ-ɼʞʦʡʥʝʨʘ-ʍʘʣʝʥʜʳ (BJH) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʟʦʪʝʨʤʘ 

ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʫʤʝʥʴʰʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 
ʜʘʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʩʧʘʨʝʥʠʝ ʘʟʦʪʘ ʠʟ ʧʦʨ, ʨʘʟʤʝʨ ʧʦʨʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʤʫ 

ʨʘʜʠʫʩʫ ʂʝʣʴʚʠʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʫʯʠʪʳʚʘʝʪʩʷ, ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 
ʜʘʚʣʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʪʦʣʱʠʥʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʥʘ ʫʯʘʩʪʢʘʭ, ʢʦʪʦʨʳʝ 

ʜʦʩʪʫʧʥʳ ʜʣʷ ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ, ʪ.ʝ. ʚʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʘʜʩʦʨʙʝʥʪʘ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 
ʫʯʘʩʪʢʦʚ, çʙʣʦʢʠʨʦʚʘʥʥʳʭè ʢʦʥʜʝʥʩʘʪʦʤ. ʊʘʢʞʝ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʠ 

ʠʩʧʘʨʝʥʠʠ ʘʟʦʪʘ ʠʟ ʧʦʨ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʦʩʪʫʧʥʦʡ ʜʣʷ 
ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ ʧʨʠ ʢʘʞʜʦʤ ʰʘʛʝ ʫʤʝʥʴʰʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʚʳʚʦʜʷʪʩʷ ʨʝʢʫʨʩʠʚʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʦ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʪʦʯʢʘʤ ʠʟʦʪʝʨʤʳ ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ ʧʨʦʚʦʜʷʪ ʨʘʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ.  ɺʳʯʠʩʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʤʝʪʦʜʦʤ BJH, ʠ 
ʤʝʪʦʜʦʤ NLDFT ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʪʨʫʜʦʝʤʢʠʤʠ, ʧʦʪʦʤʫ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

2.1 ɸʧʧʘʨʘʪʫʨʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ʧʦʚʝʨʭʥʦʩʪʠ Micromeritics Gemini 
VII 2390, ʢʦʪʦʨʳʡ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʨʝʛʠʩʪʨʘʮʠʶ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠïʜʝʩʦʨʙʮʠʠ. ʂ ʦʩʥʦʚʥʳʤ ʯʘʩʪʷʤ ʘʥʘʣʠʟʘʪʦʨʘ ʦʪʥʦʩʷʪʩʷ: 
(1) ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʪʘʥʮʠʷ ʩ ʷʯʝʡʢʘʤʠ ʜʣʷ ʧʨʦʙʠʨʢʠ ʩ ʦʙʨʘʟʮʦʤ (ʘ) ʠ ʜʣʷ ʧʨʦʙʠʨʢʠ 

ʩʨʘʚʥʝʥʠʷ (ʙ), ʜʴʶʘʨ ʩ ʞʠʜʢʠʤ ʘʟʦʪʦʤ (ʚ); (2) ʩʪʘʥʮʠʷ ʜʣʷ ʜʝʛʘʟʘʮʠʠ ʦʙʨʘʟʮʦʚ (ʨʠʩ. 3). 
ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʜʴʶʘʨ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʥʠʤʘʝʪʩʷ 

ʚʚʝʨʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʙʠʨʢʠ ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ. ɺʥʫʪʨʠ ʢʦʨʧʫʩʘ 
ʘʥʘʣʠʟʘʪʦʨʘ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘʩʦʩʳ, ʢʣʘʧʘʥʳ, ʠʟʤʝʨʠʪʝʣʠ ʜʘʚʣʝʥʠʷ ʠ ʫʧʨʘʚʣʷʶʱʠʝ ʙʣʦʢʠ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʦʪʢʘʯʢʫ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʥʘʧʫʩʢ ʛʘʟʦʚ ʚ ʧʨʦʙʠʨʢʠ. ɼʣʷ 
ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʝʩʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ 

ʦʙʨʘʟʮʘ. 
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ʈʠʩ. 3. ɺʠʜ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʧʦʚʝʨʭʥʦʩʪʠ Micromeritics Gemini VII 

2390. 

2.2 ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 ʇʨʝʜʣʦʞʝʥʦ ʜʚʘ ʦʙʨʘʟʮʘ ʧʦʨʠʩʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ, ʥʘʧʨʠʤʝʨ, 
ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʘʢʠʤʠ-ʣʠʙʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

2.2.1 ɼʝʛʘʟʘʮʠʷ ʦʙʨʘʟʮʦʚ 

 ʇʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠïʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʜʝʛʘʟʘʮʠʶ ʦʙʨʘʟʮʦʚ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ.  
ɼʣʷ ʵʪʦʛʦ ʚʟʚʝʰʠʚʘʶʪ (ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʟʥʘʢʘ ʧʦʩʣʝ ʟʘʧʷʪʦʡ) ʧʫʩʪʫʶ ʧʨʦʙʠʨʢʫ (m1), ʧʦʩʣʝ 

ʯʝʛʦ ʟʘʩʳʧʘʶʪ ʚ ʥʝʝ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʘ, ʤʘʩʩʘ ʦʙʨʘʟʮʘ ʜʦʣʞʥʘ ʩʦʩʪʘʚʠʪʴ 
~100 ʤʛ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ, ʚʝʩʴ ʣʠ ʦʙʲʝʤ ʦʙʨʘʟʮʘ ʙʫʜʝʪ ʧʦʤʝʱʘʪʴʩʷ ʚ ʧʝʯʠ ʧʨʠ 

ʫʩʪʘʥʦʚʢʝ ʧʨʦʙʠʨʢʠ ʚ ʷʯʝʡʢʫ ʩʪʘʥʮʠʠ ʜʝʛʘʟʘʮʠʠ. ʇʦʩʢʦʣʴʢʫ ʥʝʢʦʪʦʨʳʝ ʤʘʪʝʨʠʘʣʳ 
ʦʙʣʘʜʘʶʪ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʤʝʥʴʰʝʝ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ, ʠʥʘʯʝ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʦʙʨʘʟʮʘ ʥʝ ʙʫʜʝʪ ʨʘʚʥʦʤʝʨʥʦ ʧʨʦʛʨʝʪ. ʇʦʩʣʝ 
ʚʟʚʝʰʠʚʘʥʠʷ ʧʨʦʙʠʨʢʠ ʩ ʦʙʨʘʟʮʦʤ (m2) ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʝʩʪʠʪʴ ʚ ʥʝʝ ʥʝʙʦʣʴʰʦʡ ʢʦʤʦʢ 

ʩʪʝʢʣʦʚʘʪʳ (ʥʝ ʦʙʳʯʥʦʡ!) ʠ ʚʟʚʝʩʠʪʴ ʚʥʦʚʴ (m3). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʝʢʣʦʚʘʪʳ ʥʝʦʙʭʦʜʠʤʦ 
ʜʣʷ ʟʘʱʠʪʳ ʢʣʘʧʘʥʦʚ ʧʨʠʙʦʨʘ. ʅʘʢʦʥʝʮ, ʧʨʦʙʠʨʢʫ ʧʦʤʝʱʘʶʪ ʚ ʦʜʠʥ ʠʟ ʢʘʥʘʣʦʚ ʩʪʘʥʮʠʠ 

ʜʝʛʘʟʘʮʠʠ (3) ʠ ʟʘʢʨʝʧʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʛʘʡʢʠ ʩ ʧʨʦʢʣʘʜʢʦʡ. ʊʝ ʞʝ ʩʘʤʳʝ 
ʜʝʡʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʪʦʨʠʪʴ ʜʣʷ ʚʪʦʨʦʛʦ ʦʙʨʘʟʮʘ.  ʆʙʝ ʟʘʧʦʣʥʝʥʥʳʝ ʧʨʦʙʠʨʢʠ 

ʧʦʤʝʩʪʠʪʴ ʚ ʭʦʣʦʜʥʫʶ (!) ʧʝʯʴ. ʇʨʦʚʝʨʠʪʴ, ʯʪʦʙʳ ʙʳʣʠ ʟʘʢʨʳʪʳ ʤʘʣʳʝ ʢʨʘʥʠʢʠ ʥʘ 
ʰʣʘʥʛʘʭ ʤʝʞʜʫ ʧʨʦʙʠʨʢʘʤʠ ʠ ʩʪʘʥʮʠʝʡ. ʇʝʨʝʢʣʶʯʠʪʴ ʥʘ ʚʘʢʫʫʤ (çVacè) ʪʫʤʙʣʝʨʳ 

ʩʪʘʥʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʙʨʘʥʥʳʤ ʢʘʥʘʣʘʤ. ɸʢʢʫʨʘʪʥʦ ʨʘʩʢʨʫʪʠʪʴ ʤʘʣʳʝ ʢʨʘʥʠʢʠ 
ʥʘ 3-4 ʧʦʣʥʳʭ ʦʙʦʨʦʪʘ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʜʘʚʣʝʥʠʝ ʩʧʘʜʝʪ ʜʦ 200ï300 ʤʤ.ʨʪ.ʩʪ., ʫʩʪʘʥʦʚʠʪʴ 

60  ʩ ʧʦʤʦʱʴʶ ʩʪʨʝʣʦʢ ᾿ ʠ ῀ ʥʘ ʧʘʥʝʣʠ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʨʘʚʘ. ʂʦʛʜʘ ʜʘʚʣʝʥʠʝ 
ʩʥʠʟʠʪʩʷ ʚʥʦʚʴ, ʧʦʜʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 20ï30 . ʇʦʚʪʦʨʷʪʴ ʦʧʝʨʘʮʠʶ, ʧʦʢʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʜʦʩʪʠʛʥʝʪ 120 . ɼʝʛʘʟʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʤʠʥʠʤʫʤ 6 ʯʘʩʦʚ. 
 

2.2.2 ʉʦʟʜʘʥʠʝ ʬʘʡʣʘ ʜʣʷ ʦʙʨʘʟʮʘ 

 ʅʘ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʚʳʙʨʘʪʴ File Ÿ Open Ÿ Sample Information (ʨʠʩ. 4). ɺ 

ʦʪʢʨʳʚʰʝʤʩʷ ʦʢʥʝ ʚ ʨʘʟʜʝʣʝ çFile nameè ʚʚʝʩʪʠ ʥʘʟʚʘʥʠʝ ʦʙʨʘʟʮʘ ʠ ʥʘʞʘʪʴ çOKè. ʇʦʩʣʝ 
ʵʪʦʛʦ ʧʦʜʪʚʝʨʜʠʪʴ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʬʘʡʣʘ ʥʘʞʘʪʠʝʤ ʢʥʦʧʢʠ çYesè.  
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ʈʠʩ. 4. ʉʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʬʘʡʣʘ ʚ ʦʢʥʝ ʧʨʦʛʨʘʤʤʳ. 

 ɺ ʦʪʢʨʳʚʰʝʤʩʷ ʦʢʥʝ ʩʦ ʩʚʝʜʝʥʠʷʤʠ ʦʙ ʦʙʨʘʟʮʝ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʥʘ ʚʢʣʘʜʢʫ 
çAnalysis Conditionsè. ɺ ʦʢʥʝ çInsert Predefined Pressuresè ʫʩʪʘʥʦʚʠʪʴ ʧʘʨʘʤʝʪʨʳ, 

ʫʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 5. ɺ ʢʦʣʦʥʢʝ çRelative Pressureè ʦʩʪʘʚʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝ 
0.975, ʜʣʷ ʯʝʛʦ ʫʜʘʣʠʪʴ ʚʩʝ ʟʥʘʯʝʥʠʷ ʚʳʰʝ, ʧʫʪʝʤ ʠʭ ʚʳʙʦʨʘ ʠ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çDeleteè. 

ɺ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ çInsertè ʜʦʙʘʚʠʪʴ 
ʟʥʘʯʝʥʠʷ 0.00125, 0.0025, 0.005, 0.0075 ʠ 0.01, ʘ ʚ ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ ï ʪʘʢ, ʯʪʦʙʳ ʨʘʟʥʠʮʘ 

ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʩʦʩʪʘʚʣʷʣʘ 0.1, ʘ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 0.1 ʠ 0.05. ʀʪʦʛʦʚʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʛʨʘʬʠʢʘ ʜʦʣʞʥʦ ʩʦʩʪʘʚʠʪʴ 40. 

 

ʈʠʩ. 5. ʅʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʩʲʝʤʢʠ ʦʙʨʘʟʮʘ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʢʥʦʧʢʠ çSaveè ʠ çCloseè. ʇʘʨʘʤʝʪʨʳ ʧʨʦʙʠʨʦʢ ʠ 
ʘʜʩʦʨʙʘʪʘ ʟʘʜʘʥʳ ʚ ʧʨʦʛʨʘʤʤʝ ʠʟʥʘʯʘʣʴʥʦ. 
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2.2.3 ʇʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʷ 

 ʇʦʩʣʝ ʠʩʪʝʯʝʥʠʷ ʚʨʝʤʝʥʠ ʜʝʛʘʟʘʮʠʠ ʧʨʦʙʠʨʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʩʪʘʚʠʪʴ ʠʟ ʧʝʯʠ ʚ 

ʩʝʢʮʠʶ çCoolingè ʠ ʧʦʜʦʞʜʘʪʴ 5 ʤʠʥʫʪ ʜʦ ʧʦʣʥʦʛʦ ʦʩʪʳʚʘʥʠʷ. ʋ ʦʜʥʦʡ ʠʟ ʧʨʦʙʠʨʦʢ 
ʟʘʢʨʳʪʴ ʤʘʣʝʥʴʢʠʡ ʢʨʘʥʠʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʡ ʪʫʤʙʣʝʨ ʩʪʘʥʮʠʠ ʜʝʛʘʟʘʮʠʠ ʧʝʨʝʚʝʩʪʠ 

ʚ ʨʝʞʠʤ çGasè, ʩʥʦʚʘ ʧʨʠʦʪʢʨʳʪʴ ʢʨʘʥʠʢ. ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʦʣʥʝʥʠʝ 
ʧʨʦʙʠʨʢʠ ʘʟʦʪʦʤ ʜʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʦʜʦʞʜʘʪʴ ʧʨʠʤʝʨʥʦ ʤʠʥʫʪʫ, ʧʝʨʝʚʝʩʪʠ 

ʪʫʤʙʣʝʨ ʚ ʨʝʞʠʤ çOffè, ʦʪʩʦʝʜʠʥʠʪʴ ʧʨʦʙʠʨʢʫ ʦʪ ʩʪʘʥʮʠʠ, ʘʢʢʫʨʘʪʥʦ ʨʘʩʢʨʫʪʠʚ ʛʘʡʢʫ, 
ʟʘʢʨʳʪʴ ʤʘʣʳʡ ʢʨʘʥʠʢ. ɺʟʚʝʩʠʪʴ ʧʨʦʙʠʨʢʫ ʩ ʦʙʨʘʟʮʦʤ (m4). ʇʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʤʘʩʩʳ 

ʦʙʨʘʟʮʘ ʧʦ ʬʦʨʤʫʣʝ: 

ά ά ά ά ά  

 ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʷ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠïʜʝʩʦʨʙʮʠʠ ʷʯʝʡʢʫ ʩ ʦʙʨʘʟʮʦʤ 

ʧʦʤʝʱʘʶʪ ʚ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʩʪʘʥʮʠʶ ʠ ʟʘʢʨʝʧʣʷʶʪ ʛʘʡʢʦʡ ʩ ʧʨʦʢʣʘʜʢʦʡ ʘʥʘʣʦʛʠʯʥʳʤ 
ʦʙʨʘʟʦʤ, ʢʘʢ ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʝʛʘʟʘʮʠʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʟʘʧʦʣʥʷʶʪ ʩʦʩʫʜ ʜʴʶʘʨʘ ʞʠʜʢʠʤ 

ʘʟʦʪʦʤ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʩʦʙʣʶʜʘʪʴ ʦʩʪʦʨʦʞʥʦʩʪʴ ʠ ʦʙʷʟʘʪʝʣʴʥʦ (!) ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʟʘʱʠʪʥʳʝ ʦʯʢʠ. 

 ɼʣʷ ʟʘʧʫʩʢʘ ʠʟʤʝʨʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʚʳʙʨʘʪʴ ʢʦʤʘʥʜʫ Unit 
1 Ÿ Start Analysis, ʚ ʦʪʢʨʳʚʰʝʤʩʷ ʦʢʥʝ ʥʘʡʪʠ ʩʦʟʜʘʥʥʳʡ ʨʘʥʝʝ ʬʘʡʣ. ɺ ʦʢʦʰʢʝ çSample 

Massè ʚʚʝʩʪʠ ʧʦʣʫʯʝʥʥʫʶ ʤʘʩʩʫ ʦʙʨʘʟʮʘ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʞʘʪʴ ʢʥʦʧʢʫ çStartè ʚʥʠʟʫ ʵʢʨʘʥʘ. 
ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʜʝʡʩʪʚʠʡ ʧʨʠʙʦʨ ʧʝʨʝʭʦʜʠʪ ʢ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠïʜʝʩʦʨʙʮʠʠ, ʯʪʦ ʟʘʥʠʤʘʝʪ ʦʙʳʯʥʦ ʦʪ ʜʚʫʭ ʜʦ ʜʝʩʷʪʠ ʯʘʩʦʚ (ʨʠʩ. 6). 

 

ʈʠʩ. 6. ʇʨʠʤʝʨ ʚʠʜʘ ʦʢʥʘ ʧʨʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ ʘʥʘʣʠʟʘʪʦʨʦʤ ʚ ʨʝʞʠʤʝ ʩʲʝʤʢʠ 

ʦʙʨʘʟʮʘ. 

3. ʉʦʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʘ 

ʈʝʟʫʣʴʪʘʪ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʛʨʘʤʤʘ ʫʧʨʘʚʣʝʥʠʷ ʘʥʘʣʠʟʘʪʦʨʦʤ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʧʦʛʣʦʱʝʥʥʦʛʦ ʘʟʦʪʘ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ. ʏʪʦʙʳ ʟʘʜʘʪʴ, ʢʘʢʠʝ ʪʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʚ ʦʪʯʝʪʝ, 
ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ File Ÿ Open Ÿ Sample Information. ɺ ʦʪʢʨʳʚʰʝʤʩʷ ʦʢʥʝ ʚʦ ʚʢʣʘʜʢʝ 

çReport Optionsè ʚ ʨʘʟʜʝʣʝ çSelected Reportsè ʛʘʣʦʯʢʘʤʠ ʦʪʤʝʪʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 
ʢʦʤʧʦʥʝʥʪʳ ʦʪʯʝʪʘ: çSummaryè, çIsothermè, çBET Surface Areaè, çBJH Desorptionè, 
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çDFT Pore Sizeè.   ɺʳʙʦʨ ʱʝʣʯʢʦʤ ʢʦʤʧʦʥʝʥʪʘ ʦʪʯʝʪʘ ʠ ʥʘʞʘʪʠʝ ʢʥʦʧʢʠ çEditè ʩʣʝʚʘ 
ʦʪʢʨʳʚʘʝʪ ʦʢʥʦ ʝʛʦ ʥʘʩʪʨʦʡʢʠ (ʨʠʩ. 7). ʅʘʧʨʠʤʝʨ, ʜʣʷ ʤʦʜʝʣʠ BJH ʤʦʞʥʦ ʚʳʙʨʘʪʴ 

ʫʨʘʚʥʝʥʠʝ, ʧʦ ʢʦʪʦʨʦʤʫ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʨʘʩʯʝʪ ʪʦʣʱʠʥʳ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ 
(ʜʝ ɹʫʨ, ʍʵʣʩʠ ʠ ʧʨ.). ɼʣʷ ʤʦʜʝʣʠ NLDFT ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʩʭʝʤʫ ʨʘʩʯʝʪʦʚ çN2, 77 

K, carbon slit poresè ʠ ʟʘʚʠʩʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʳʚʝʜʝʥʳ ʚ ʦʪʯʝʪʝ.  

 

ʈʠʩ. 7. ʇʨʠʤʝʨ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʦʪʯʝʪʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʦ ʤʦʜʝʣʷʤ ɹʕʊ ʠ BJH ʧʨʦʛʨʘʤʤʘ ʚʳʙʠʨʘʝʪ 

ʪʦʯʢʠ ʥʘ ʢʨʠʚʦʡ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʦʜʥʘʢʦ ʜʣʷ ʨʷʜʘ ʦʧʮʠʡ, ʚ 
ʯʘʩʪʥʦʩʪʠ, ʤʦʜʝʣʠ NLDFT ʠ ʨʘʩʯʝʪʘ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʦʨ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʙʨʘʪʴ ʪʨʝʙʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʚʨʫʯʥʫʶ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚ ʦʢʥʝ Sample Information 
ʧʝʨʝʡʪʠ ʥʘ ʚʢʣʘʜʢʫ çCollected Dataè. ɼʣʷ ʨʘʩʯʝʪʘ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʦʨ ʥʝʦʙʭʦʜʠʤʦ ʚʦ 

ʚʢʣʘʜʢʝ çTotal Pore Vol.è ʦʪʤʝʪʠʪʴ ʷʯʝʡʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 
ʜʘʚʣʝʥʠʷ, ʨʘʚʥʳʤ 0.94. ɼʣʷ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨ ʧʦ ʤʦʜʝʣʠ NLDFT ʚ ʩʪʦʣʙʮʝ 

çDFT Pore Sizeè ʩʣʝʜʫʝʪ ʚʨʫʯʥʫʶ ʦʪʤʝʪʠʪʴ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʡ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʚʝʪʚʠ ʠʟʦʪʝʨʤʳ. ɼʘʥʥʫʶ ʧʨʦʮʝʜʫʨʫ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʩ ʢʘʞʜʳʤ ʥʦʚʳʤ ʦʙʨʘʟʮʦʤ. 

 

ʈʠʩ. 8. ʇʨʠʤʝʨ ʚʳʙʦʨʘ ʥʝʦʙʭʦʜʠʤʳʭ ʟʥʘʯʝʥʠʡ ʚʦ ʚʢʣʘʜʢʝ çCollected Dataè. 
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ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʦʪʯʝʪʘ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ Reports Start 
Report, ʥʘʡʪʠ ʚ ʩʠʩʪʝʤʝ ʬʘʡʣ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʦʙʨʘʟʮʦʤ. ɺ ʦʪʢʨʳʚʰʝʤʩʷ ʦʢʥʝ ʚʳʙʨʘʪʴ, 

ʢʘʢʠʝ ʜʘʥʥʳʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʦʩʪʘʚʝ ʦʪʯʝʪʘ, ʥʘʞʘʪʴ çOKè. ʆʪʯʝʪ ʚʳʚʦʜʠʪʩʷ ʚ 
ʦʪʜʝʣʴʥʦʝ ʦʢʥʦ, ʢʘʞʜʳʡ ʝʛʦ ʢʦʤʧʦʥʝʥʪ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʩʚʦʝʡ ʚʢʣʘʜʢʝ, ʠʭ ʩʧʠʩʦʢ 

ʥʘʭʦʜʠʪʩʷ ʩʧʨʘʚʘ (ʨʠʩ. 9).  

 

ʈʠʩ. 9. ʇʨʠʤʝʨ ʦʪʯʝʪʘ, ʦʪʢʨʳʪʦʛʦ ʚ ʧʨʦʛʨʘʤʤʝ ʫʧʨʘʚʣʝʥʠʷ ʘʥʘʣʠʟʘʪʦʨʦʤ. 

ʇʨʠ ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ çSaveè ʦʪʯʝʪ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʬʦʨʤʘʪʝ .smp, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʙʳʪʴ ʦʪʢʨʳʪ ʪʦʣʴʢʦ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʨʠʙʦʨʘ. ʂʥʦʧʢʘ çSave Asè ʧʦʟʚʦʣʷʝʪ 
ʚʳʙʨʘʪʴ ʜʨʫʛʠʝ ʬʦʨʤʘʪʳ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʦʪʯʝʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ, .xls, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʤʦʞʥʦ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʚ ʧʨʦʛʨʘʤʤʝ Microsoft Excel (ʨʠʩ. 10). 

 

ʈʠʩ. 10. ʇʨʠʤʝʨ ʦʪʯʝʪʘ ʚ ʧʨʦʛʨʘʤʤʝ Microsoft Excel. 

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʦʪʯʝʪʘ ʦ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʝʨʚʦʤ ʩʪʦʣʙʮʝ 
ʚʳʙʨʘʪʴ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʤʦʜʝʣʠ ɹʕʊ ʠ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʦʨ; 

ʧʦ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʨʘʟʜʝʣʝ çIsotherm Linear Plotè, ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʠʟʦʪʝʨʤ 
ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʧʦ ʟʥʘʯʝʥʠʷʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʨʘʟʜʝʣʘʭ ʦʪʯʝʪʘ çBJH 
Desorption dV/dD Pore Volumeè ʜʣʷ ʤʦʜʝʣʠ BJH ʠ çDifferential Pore Volume vs. Pore 

Widthè ʚ ʩʣʫʯʘʝ ʤʦʜʝʣʠ NLDFT. 
ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʦʪʯʝʪʦʚ ʜʣʷ ʜʚʫʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʛʨʘʬʠʢʠ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ, ʟʥʘʯʝʥʠʷ 
ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ɹʕʊ ʠ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʦʨ, ʘ ʪʘʢʞʝ ʛʨʘʬʠʢʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʜʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʝʢʩʪʫʨʥʳʭ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦʨʠʩʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ, ʩʨʘʚʥʠʪʴ ʤʘʪʝʨʠʘʣʳ ʤʝʞʜʫ ʩʦʙʦʡ 
ʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʚʣʠʷʥʠʠ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘ ʩʪʨʫʢʪʫʨʫ. 

 
4. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ɼʘʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʷʤ: ʘʜʩʦʨʙʘʪ, ʘʜʩʦʨʙʝʥʪ, ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 
ʤʘʪʝʨʠʘʣʘ. 

2. ʏʝʤ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨ ʥʘ ʤʠʢʨʦ-, ʤʝʟʦ- ʠ ʤʘʢʨʦʧʦʨʠʩʪʳʝ? ʂʘʢ 
ʙʫʜʫʪ ʚʳʛʣʷʜʝʪʴ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʜʣʷ ʵʪʠʭ ʚʝʱʝʩʪʚ? 

3. ʂʘʢʠʝ ʧʨʦʮʝʩʩʳ ʦʧʠʩʳʚʘʝʪ ʫʨʘʚʥʝʥʠʝ BET? ɺ ʢʘʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ ʣʝʞʠʪ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫʯʘʩʪʦʢ ʣʠʥʝʡʥʦʩʪʠ ʫʨʘʚʥʝʥʠʷ BET ʠ ʧʦʯʝʤʫ? 

4. ʂʘʢʠʝ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʤʠʢʨʦʧʦʨʠʩʪʦʩʪʠ? 
5. ʂʘʢʠʤ ʧʨʦʮʝʩʩʘʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʣʴ ɹʘʨʨʝʪʘ-ɼʞʦʡʥʝʨʘ-ʍʘʣʝʥʜʳ? ʇʦʯʝʤʫ 

ʤʦʜʝʣʴ BJH ʥʝ ʧʨʠʤʝʥʠʤʘ ʢ ʤʠʢʨʦʧʦʨʘʤ?  
 

4.1 ʊʝʩʪ-ʜʦʧʫʩʢ ʢ ʩʜʘʯʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 
1. ɸʜʩʦʨʙʮʠʷ ï ʵʪʦé 

¶ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʦʙʲʝʤʝ 

¶ ʦʙʲʝʤʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʦʡ 

¶ ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʚ ʦʙʲʝʤʝ ʜʨʫʛʦʛʦ 
ʚʝʱʝʩʪʚʘ, ʧʨʦʠʩʭʦʜʷʱʠʡ ʟʘ ʩʯʸʪ ʜʝʡʩʪʚʠʷ ʩʠʣ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ 

¶ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ ʚ ʦʙʲʸʤ ʬʘʟʳ 

 
2. ʇʦʛʣʦʱʘʝʤʦʝ ʚʝʱʝʩʪʚʦ ʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʵʪʦ: 

¶ ʘʜʩʦʨʙʝʥʪ 

¶ ʘʜʩʦʨʙʪʠʚ 

¶ ʘʜʩʦʨʙʘʪ 

¶ ʩʦʨʙʝʥʪ 

 
3. ɺ ʢʘʢʦʡ ʦʙʣʘʩʪʠ ʜʘʚʣʝʥʠʡ ʥʘʭʦʜʠʪʩʷ ʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ ʫʨʘʚʥʝʥʠʷ ɹʕʊ? 

¶ 0.05ï0.35 

¶ 0.05ï0.95 

¶ 0.35ï0.75 

¶ 0.05ï0.15 

 

4. ʂʘʢʠʝ ʪʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ ʥʝʣʴʟʷ ʦʧʨʝʜʝʣʠʪʴ ʤʝʪʦʜʦʤ 
ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ? 

¶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

¶ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

¶ ʨʘʟʤʝʨ ʧʦʨ 

¶ ʦʙʲʝʤ ʧʦʨ 

¶ ʧʦʣʦʞʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ 

 
5. ʊʦʯʢʘ ɺ ʥʘ ʠʟʦʪʝʨʤʝ II ʪʠʧʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ: 

¶ ʟʘʧʦʣʥʝʥʠʝ ʤʦʥʦʩʣʦʷ 

¶ ʥʘʯʘʣʦ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ 

¶ ʟʘʧʦʣʥʝʥʠʝ ʤʠʢʨʦʧʦʨ 

¶ ʥʘʣʠʯʠʝ ʤʝʟʦʧʦʨ 
 

6. ʂʘʢʠʝ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʤʝʟʦʧʦʨ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʧʦ ʨʘʟʤʝʨʫ: 

¶ ɹʘʨʨʝʪʘïɼʞʦʡʥʝʨʘïʍʘʣʝʥʜʳ 

¶ ʍʦʚʘʨʪʘïʂʘʚʘʟʦʝ 
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¶ ʵʤʧʠʨʠʯʠʩʢʠʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʲʝʤʢʝ ʠʟʦʪʝʨʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 
ʘʜʩʦʨʙʘʪʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʨʘʟʤʝʨʦʤ ʤʦʣʝʢʫʣ 

¶ NLDFT 
 

7. ʄʝʪʦʜ NLDFT ʦʩʥʦʚʘʥ ʥʘ: 

¶ ʩʝʨʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʟʦʪʝʨʤ N(p/p0,W) ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʘʨʳ 

ʘʜʩʦʨʙʘʪ-ʘʜʩʦʨʙʝʥʪ ʩ ʧʦʨʘʤʠ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʳ, ʥʦ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ 

¶ ʨʝʢʫʨʩʠʚʥʳʭ ʫʨʘʚʥʝʥʠʷʭ, ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʤʦʜʝʣʴ ʂʝʣʴʚʠʥʘ ʠ ʫʯʠʪʳʚʘʶʱʠʭ 
ʪʦʣʱʠʥʫ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ 

¶ ʩʝʨʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʟʦʪʝʨʤ N(p/p0,W) ʜʣʷ ʣʶʙʳʭ ʧʘʨ ʘʜʩʦʨʙʘʪ-ʘʜʩʦʨʙʝʥʪ ʩ 
ʧʦʨʘʤʠ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʳ, ʥʦ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ 

¶ ʩʝʨʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʟʦʪʝʨʤ N(p/p0,W) ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʘʨʳ 

ʘʜʩʦʨʙʘʪ-ʘʜʩʦʨʙʝʥʪ ʩ ʧʦʨʘʤʠ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʳ ʠ ʬʦʨʤʳ 
 

8. ʄʝʪʦʜ NLDFT ʧʨʠʤʝʥʠʤ: 

¶ ʚ ʩʣʫʯʘʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʫʩʣʦʚʠʡ ʩʲʝʤʢʠ ʠʟʦʪʝʨʤ ʠ ʪʝʢʩʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʤʘʪʝʨʠʘʣʘʤ ʧʘʨʘʤʝʪʨʘʤ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʟʦʪʝʨʤ 

¶ ʚ ʩʣʫʯʘʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʫʩʣʦʚʠʡ ʩʲʝʤʢʠ ʠʟʦʪʝʨʤ ʠ ʫʩʣʦʚʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʘ 
ʩʝʨʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʟʦʪʝʨʤ 

¶ ʚ ʩʣʫʯʘʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʬʦʨʤʳ ʧʦʨ, ʟʘʜʘʥʥʦʡ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʝʨʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 
ʢʨʠʚʳʭ, ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʠʟʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ  

¶ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ  

 

5. ʃʠʪʝʨʘʪʫʨʘ 
1. ʂʦʨʦʙʦʚ, ʄ.ɺ. ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ. ʏʘʩʪʴ 1 - ɸʜʩʦʨʙʮʠʷ ʥʘ ʛʨʘʥʠʮʝ ʛʘʟ-ʪʚʝʨʜʦʝ. 
ʄʦʜʝʣʴ ʃʝʥʛʤʶʨʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʄ.ɺ. ʂʦʨʦʙʦʚ. ð ʕʣʝʢʪʨʦʥ. ʞʫʨʥ. ð teach-

in, 2019.  
2. ʊʦʣʤʘʯʝʚ ɸ. ʄ. ɸʜʩʦʨʙʮʠʷ ʛʘʟʦʚ, ʧʘʨʦʚ ʠ ʨʘʩʪʚʦʨʦʚ: ʄʦʥʦʛʨʘʬʠʷ. ï ʄ. 

çʀʟʜʘʪʝʣʴʩʢʘʷ ʛʨʫʧʧʘ çɻʨʘʥʠʮʘè, 2012. ï 241 ʩ. 
3. Adsorption by Powders and Porous Solids / [Rouquerol J. et al.] ï 2nd edition. ï London: 

Academic Press, 2013. ï 646 p. 
4. Thommes M., Kaneko K., Rouquerol J., Sing K. Physisorption of gases, with special 

reference to the evaluation of surface area and pore size distribution (IUPAC Technical Report). 
// Pure Appl. Chem. ï 2015. ï ˉ 87. ï P. 1051-1069. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩʣʦʞʥʦʡ ʩʤʝʩʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʝʢʩʦʚ ʫʜʝʨʞʠʚʘʥʠʷ (ʠʥʜʝʢʩʦʚ ʂʦʚʘʯʘ) 
ɸʚʪʦʨ: ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ʉ.ɺ. ʂʘʨʜʘʰʝʚ. 

 ɿʘʜʘʯʘ ʩʦʜʝʨʞʠʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʝʪʦʜʘ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 
ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʘʥʘʣʠʟʫ ʩʤʝʩʝʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʪʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩʣʦʞʥʦʡ ʩʤʝʩʠ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʝʢʩʦʚ ʫʜʝʨʞʠʚʘʥʠʷ. 
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1. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

 ʀʩʪʦʨʠʯʝʩʢʠ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʜʠʩʢʫʩʩʠʦʥʥʳʭ ʧʨʦʙʣʝʤ ʚ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 
ʷʚʣʷʣʩʷ ʚʳʙʦʨ ʥʘʠʣʫʯʰʝʛʦ ʩʧʦʩʦʙʘ ʚʳʨʘʞʝʥʠʷ ʜʘʥʥʳʭ ʧʦ ʫʜʝʨʞʠʚʘʥʠʶ ʦʪʜʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʤʝʩʠ ʚʝʱʝʩʪʚ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʦʤʠʪʝʪʳ (ʥʘʧʨʠʤʝʨ, 
IUPAC) ʠ ʦʪʜʝʣʴʥʳʝ ʘʚʪʦʨʳ ʟʘʥʠʤʘʣʠʩʴ ʧʦʠʩʢʘʤʠ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ 

ʦʙ ʫʜʝʨʞʠʚʘʥʠʠ, ʢʦʪʦʨʳʡ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʧʦʟʚʦʣʠʣ ʙʳ ʩʜʝʣʘʪʴ ʧʫʙʣʠʢʫʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʚʩʝʦʙʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʵʪʦʤʫ 

ʚʦʧʨʦʩʫ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ. ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ 
ʧʨʝʜʣʦʞʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʫʜʝʨʞʠʚʘʥʠʷ. ʇʦʥʷʪʠʝ 

ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʫʜʝʨʞʠʚʘʥʠʷ ʙʳʣʦ ʚʚʝʜʝʥʦ ʃʠʪʪʣʚʫʜʦʤ ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʜʣʷ ʪʦʛʦ, 
ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʜʘʥʥʳʝ ʧʦ ʫʜʝʨʞʠʚʘʥʠʶ ʥʝʟʘʚʠʩʠʤʳʤʠ ʦʪ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʚʝʣʠʯʠʥ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʘʥʘʣʠʟʘ, ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʡ ʬʘʟʳ ʚ ʢʦʣʦʥʢʝ, ʩʢʦʨʦʩʪʴ ʛʘʟʘ-
ʥʦʩʠʪʝʣʷ, ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ ʚ ʢʦʣʦʥʢʝ. ʆʜʥʘʢʦ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʥʝ ʥʘʰʝʣ ʧʨʠʤʝʥʝʥʠʷ ʥʘ 

ʧʨʘʢʪʠʢʝ ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: ʘ) ʜʣʷ ʨʘʩʯʝʪʘ ʫʜʝʣʴʥʳʭ ʦʙʲʝʤʦʚ 
ʫʜʝʨʞʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʚʝʣʠʯʠʥʳ, ʢʦʪʦʨʳʝ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʪʦʯʥʦ ʥʝʠʟʚʝʩʪʥʳ ʠ 

ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ʚ ʭʦʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʣʦʥʢʠ (ʥʘʧʨʠʤʝʨ, ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʡ ʬʘʟʳ); ʙ) 
ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʫʜʝʨʞʠʚʘʥʠʷ ʥʝ ʠʤʝʝʪ ʥʘʛʣʷʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʪʘʢ ʢʘʢ ʦʥ ʚʩʝʛʜʘ 

ʦʪʥʦʩʠʪʩʷ ʢ 0Á, ʧʦʵʪʦʤʫ ʥʝʣʴʟʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʨʘʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ 
ʫʜʝʨʞʠʚʘʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ 50-60 ʭʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʙʳʣʠ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʫʜʝʨʞʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 
ʩʨʘʚʥʠʪʴ ʧʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʧʦʚʝʜʝʥʠʝʤ ʚʝʱʝʩʪʚʘ-ʩʪʘʥʜʘʨʪʘ ʚ 

ʠʜʝʥʪʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʜʥʘʢʦ ʧʦʣʝʟʥʦʩʪʴ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʩʠʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠʟ-ʟʘ 
ʤʥʦʞʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʬʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ ʢʦʨʨʝʣʷʮʠʶ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʫʙʣʠʢʘʮʠʷʤʠ. ʈʷʜ ʩʪʘʥʜʘʨʪʦʚ ʜʘʞʝ ʙʳʣ ʨʝʢʦʤʝʥʜʦʚʘʥ IUPAC , ʥʦ 
ʦʥʠ, ʚ ʦʙʱʝʤ, ʙʳʩʪʨʦ ʧʝʨʝʩʪʘʣʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʦʪʨʝʙʥʦʩʪʷʤ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ  

ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 
 ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʥʘʟʚʘʥʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʂʦʚʘʯ ʚ 1958 ʛ. ʧʨʝʜʣʦʞʠʣ ʩʠʩʪʝʤʫ 
ʠʥʜʝʢʩʦʚ ʫʜʝʨʞʠʚʘʥʠʷ. ʕʪʘ ʩʠʩʪʝʤʘ ʥʘʠʙʦʣʝʝ ʣʦʛʠʯʥʘ ʠ ʫʜʦʙʥʘ ʜʣʷ ʦʙʦʙʱʝʥʠʷ ʜʘʥʥʳʭ 

ʧʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʘʟʜʝʣʷʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ.  ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ ʠʥʜʝʢʩʦʚ 
ʂʦʚʘʯʘ ʥʝ ʧʦʪʝʨʷʣʘ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʚ ʥʘʰʝ ʚʨʝʤʷ, ʪʘʢ ʢʘʢ ʦʥʘ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ 

ʤʥʦʛʠʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʣʦʞʥʳʭ ʩʤʝʩʝʡ ʧʦ ʠʭ 
ʚʨʝʤʝʥʘʤ ʫʜʝʨʞʠʚʘʥʠʷ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʪʨʘʩʣʝʚʳʝ ʩʪʘʥʜʘʨʪʳ ʪʘʢʞʝ ʦʩʥʦʚʘʥʳ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʜʝʢʩʦʚ ʂʦʚʘʯʘ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩʫʱʝʩʪʚʫʝʪ 
ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʣʦʞʥʳʭ ʩʤʝʩʝʡ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʜʝʨʞʠʚʘʥʠʷ. 
 ʅʘ ʧʨʘʢʪʠʢʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʤʝʨʷʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʫʶʪ ʚʨʝʤʝʥʘ ʫʜʝʨʞʠʚʘʥʠʷ, ʧʦ ʢʦʪʦʨʳʤ ʟʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʶʪ 
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ʠʩʧʨʘʚʣʝʥʥʳʡ ʫʜʝʨʞʠʚʘʝʤʳʡ ʦʙʲʝʤ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ, ʠʥʜʝʢʩʳ 
ʫʜʝʨʞʠʚʘʥʠʷ ʠʣʠ ʜʨʫʛʠʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʭʨʦʤʘʪʦʛʨʘʬʠʨʫʝʤʦʡ ʧʨʦʙʳ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʜʝʣʝʥʠʷ. 
 ɺʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ (tR) ï ɻ ʪʦ ʚʨʝʤʷ, ʧʨʦʰʝʜʰʝʝ ʦʪ ʤʦʤʝʥʪʘ ʚʚʦʜʘ ʧʨʦʙʳ ʜʦ ʚʳʭʦʜʘ 

ʤʘʢʩʠʤʫʤʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʈʘʥʝʝ ʚʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʩʝʢʫʥʜʦʤʝʨʫ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʨʬʝʡʩʘ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ 
ʜʘʥʥʳʭ. ʈʘʟʤʝʨʥʦʩʪʴ ï ʤʠʥʫʪʳ ʠʣʠ ʩʝʢʫʥʜʳ. ʀʩʧʨʘʚʣʝʥʥʦʝ ʚʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ (tRô) ï 

ʚʨʝʤʷ, ʧʨʦʰʝʜʰʝʝ ʩ ʤʦʤʝʥʪʘ ʚʳʭʦʜʘ ʧʠʢʘ ʥʝʩʦʨʙʠʨʫʶʱʝʛʦʩʷ ʢʦʤʧʦʥʝʥʪʘ (t0, ʪʘʢ 
ʥʘʟʳʚʘʝʤʦʝ ʤʝʨʪʚʦʝ ʚʨʝʤʷ ʢʦʣʦʥʢʠ) ʜʦ ʚʳʭʦʜʘ ʧʠʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ: trô = 

trï t0. ʅʘ ʧʨʘʢʪʠʢʝ ʠʥʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪ ʬʘʢʪʦʨ ʫʜʝʨʞʠʚʘʥʠʷ (ʂ), ʥʝ ʟʘʚʠʩʷʱʠʡ ʦʪ 
ʨʘʟʤʝʨʦʚ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʠ: ʂ = (trï t0)/t0. ʅʘ ʭʨʦʤʘʪʦʛʨʘʬʘʭ ʩ ʧʣʘʤʝʥʥʦ-

ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ (ʇʀɼ) t0 ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʤʝʪʘʥʫ, ʘ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʘʭ ʩ 
ʢʘʪʘʨʦʤʝʪʨʦʤ ï ʧʦ ʚʦʟʜʫʭʫ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ t0 ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʨʝʤʝʥʝʤ 

ʫʜʝʨʞʠʚʘʥʠʷ ʪʨʝʭ ʥ-ʘʣʢʘʥʦʚ ʠ ʩʜʝʣʘʪʴ ʨʘʩʯʝʪ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 

◄
◄╒▪  ◄╒▪ ◄╒▪
◄╒▪ ◄╒▪ ◄╒▪

 

 
ʛʜʝ tCn-1, tCn ʠ tCn+1 ï ʚʨʝʤʝʥʘ ʫʜʝʨʞʠʚʘʥʠʷ ʪʨʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʯʣʝʥʦʚ 

ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ ʥ-ʘʣʢʘʥʦʚ. 

 ʋʜʝʨʞʠʚʘʝʤʳʡ ʦʙʲʝʤ (Vr) ï ʵʪʦ ʦʙʲʝʤ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ (ʚ ʩʤ3), ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ   

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʫʶ ʢʦʣʦʥʢʫ ʦʪ ʤʦʤʝʥʪʘ ʚʚʦʜʘ ʧʨʦʙʳ ʜʦ ʤʦʤʝʥʪʘ ʚʳʭʦʜʘ ʤʘʢʩʠʤʫʤʘ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʠʟʤʝʨʝʥʥʳʡ ʧʨʠ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʢʦʣʦʥʢʠ: Vr = tr Ā Fʦʙ., ʛʜʝ Fʦʙ ï ʦʙʲʝʤʥʘʷ ʩʢʦʨʦʩʪʴ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ( ʚ ʩʤ3/ʤʠʥ). 
ɸʥʘʣʦʛʠʯʥʦ -  V0 = t0 Ā Fʦʙ., ʘ Vrô = Vr ï V0. 

 ʂʘʯʝʩʪʚʝʥʥʳʡ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʩʥʦʚʘʥ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʵʪʠʭ 
ʚʝʣʠʯʠʥ ʩ ʠʭ ʵʪʘʣʦʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʨʠ ʚʚʦʜʝ ʚ 

ʭʨʦʤʘʪʦʛʨʘʬ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ (ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʙʳ) ʠʣʠ ʩ 
ʠʟʚʝʩʪʥʳʤʠ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʪʘʙʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʭ ʞʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʧʨʠʝʤʳ: ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦ 
ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʫʜʝʨʞʠʚʘʝʤʦʤʫ ʦʙʲʝʤʫ (Vrʦʪʥ.); ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ ʣʦʛʘʨʠʬʤʘ 

ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʦʙʲʝʤʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ; ʧʦ ʠʥʜʝʢʩʘʤ ʫʜʝʨʞʠʚʘʥʠʷ. ɺʚʝʜʝʥʥʳʡ 
ʂʦʚʘʯʝʤ ʠʥʜʝʢʩ ʫʜʝʨʞʠʚʘʥʠʷ I ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʜʝʨʞʠʚʘʥʠʝ ʚʝʱʝʩʪʚʘ X ʚ ʢʦʣʦʥʢʝ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʝ (ʅʌ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ TÁC ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʚʫʭ ʥ-
ʘʣʢʘʥʦʚ ʩ ʯʠʩʣʦʤ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ n ʠ n+1. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʫʪʝʤ ʣʠʥʝʡʥʦʡ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʣʦʛʘʨʠʬʤʦʚ ʠʩʧʨʘʚʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʜʝʨʞʠʚʘʥʠʷ. ʀʥʜʝʢʩʳ ʤʦʞʥʦ 
ʦʧʨʝʜʝʣʷʪʴ ʛʨʘʬʠʯʝʩʢʠ ʠʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

ἓὀ Ͻ
ἴἯ ◄ȭ╡● ἴἯ ◄ȭ╡▪

ἴἯ ◄ȭ╡▪  ἴἯ ◄ȭ╡▪
 ▪  Ͻ

ἴἯ ὑ  ἴἯ ὑ

ἴἯ ὑ ἴἯ ὑ 
ὲ 

 
ʛʜʝ tôR(n) ʠ tôR(n+1) ï ʠʩʧʨʘʚʣʝʥʥʳʝ ʚʨʝʤʝʥʘ ʫʜʝʨʞʠʚʘʥʠʷ ʥ-ʘʣʢʘʥʦʚ ʩ ʯʠʩʣʦʤ ʫʛʣʝʨʦʜʥʳʭ 

ʘʪʦʤʦʚ n ʠ n+1, tǋR(x) ʠ ʠʩʧʨʘʚʣʝʥʥʦʝ ʚʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʘ ʍ. ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʦ 
ʩʦʙʣʶʜʘʪʴʩʷ ʫʩʣʦʚʠʝ tôR(n) Ò tôR(x) Ò tôR(n+1). ɻʣʘʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʩʠʩʪʝʤʳ ʠʥʜʝʢʩʦʚ 

ʫʜʝʨʞʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʝʝ ʥʘʛʣʷʜʥʦʩʪʴ. ɻʨʘʬʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʜʝʢʩʦʚ ʫʜʝʨʞʠʚʘʥʠʷ 
ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʠʥʜʝʢʩʳ 

ʥʘʭʦʜʷʪ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ.  
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ʈʠʩ. 1. ɻʨʘʬʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʜʝʢʩʦʚ ʫʜʝʨʞʠʚʘʥʠʷ. 1,2,4,5 ï ʩʪʘʥʜʘʨʪʳ, 3 ï 
ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʦʤʧʦʥʝʥʪ. 

ʀʥʜʝʢʩʳ ʫʜʝʨʞʠʚʘʥʠʷ ʥ-ʘʣʢʘʥʦʚ ʨʘʚʥʳ ʯʠʩʣʫ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ, ʫʤʥʦʞʝʥʥʦʤʫ 
ʥʘ 100. ʅʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʚʦʜʦʨʦʜʫ ï ʛʠʧʦʪʝʪʠʯʝʩʢʦʤʫ 

ʫʛʣʝʚʦʜʦʨʦʜʫ ʩ ʥʫʣʝʚʳʤ ʯʠʩʣʦʤ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʤʝʪʘʥʘ 
ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʫʜʝʨʞʠʚʘʥʠʷ ʨʘʚʝʥ 100, ʜʣʷ ʵʪʘʥʘ ï 200, ʜʣʷ ʧʨʦʧʘʥʘ ï 300, ʜʣʷ 

ʥ-ʙʫʪʘʥʘ ï 400 ʠ ʪ.ʜ. ɽʩʣʠ ʚʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʙʫʜʝʪ 
ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʤʝʞʜʫ ʚʨʝʤʝʥʝʤ ʫʜʝʨʞʠʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʥ-ʙʫʪʘʥʘ ʠ ʥ-ʧʝʥʪʘʥʘ, ʪʦ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʫʜʝʨʞʠʚʘʥʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʤʝʞʜʫ 400 
ʠ 500. ʀʥʜʝʢʩʳ ʫʜʝʨʞʠʚʘʥʠʷ ʂʦʚʘʯʘ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʠʩʧʨʘʚʣʝʥʥʦʤʫ ʚʨʝʤʝʥʠ 

ʫʜʝʨʞʠʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʦʤʫ ʚ ʩʪʨʦʛʦ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʣʠ ʧʨʠ ʥʘʯʘʣʴʥʦʡ 
ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʯʘʩʪʠ ʘʥʘʣʠʟʘ ʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. 

ʅʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʯʘʩʪʠ ʧʨʦʛʨʘʤʤʳ ʘʥʘʣʠʟʘ, ʝʩʣʠ ʧʝʨʝʜ 
ʥʝʡ ʧʨʦʠʩʭʦʜʠʣʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʥʜʝʢʩʳ ʫʜʝʨʞʠʚʘʥʠʷ ʂʦʚʘʯʘ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʜʨʫʛʠʭ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʀʥʜʝʢʩʳ ʫʜʝʨʞʠʚʘʥʠʷ ʂʦʚʘʯʘ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ 
ʠʩʧʨʘʚʣʝʥʥʦʤʫ ʚʨʝʤʝʥʠ ʫʜʝʨʞʠʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʣʶʙʦʡ ʧʨʠʛʦʜʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʤʦʞʥʦ ʩʨʘʚʥʠʚʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʠʥʜʝʢʩʘʤʠ, 
ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʣʶʙʦʡ ʜʨʫʛʦʡ ʩʠʩʪʝʤʝ, ʝʩʣʠ ʞʠʜʢʘʷ ʬʘʟʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜʥʠ ʠ ʪʝ ʞʝ. 

ʃʠʥʝʡʥʳʝ ʠʥʜʝʢʩʳ ʫʜʝʨʞʠʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʨʘʩʰʠʨʝʥʠʝʤ ʤʝʪʦʜʘ ʂʦʚʘʯʘ 
ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʃʠʥʝʡʥʳʡ 

ʠʥʜʝʢʩ ʫʜʝʨʞʠʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʞʠʜʢʦʡ ʬʘʟʳ, ʥʦ ʠ ʦʪ ʜʨʫʛʠʭ ʨʘʙʦʯʠʭ 
ʧʘʨʘʤʝʪʨʦʚ. ʆʥ ʷʚʣʷʝʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʝʨʞʠʚʘʥʠʷ 

ʚʝʱʝʩʪʚ ʚ ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʠʜʝʥʪʠʯʥʳʭ ʠʣʠ ʙʣʠʟʢʠʭ ʢ 
ʠʜʝʥʪʠʯʥʳʤ ʫʩʣʦʚʠʷʭ. ɸʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ, ʯʪʦ ʚ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ ʯʣʝʥʦʚ ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʣʠʥʝʡʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʣʠʥʝʡʥʳʡ ʠʥʜʝʢʩ 

ʫʜʝʨʞʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʯʠʩʣʦʤ, ʧʦʢʘʟʳʚʘʶʱʠʤ (ʥʘ ʣʠʥʝʡʥʦʡ ʰʢʘʣʝ) ʫʜʝʨʞʠʚʘʥʠʝ 
ʩʦʝʜʠʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʷʜʘ ʥ-ʧʘʨʘʬʠʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ.   

ʃʠʥʝʡʥʳʡ ʠʥʜʝʢʩ ʫʜʝʨʞʠʚʘʥʠʷ  ╙ὀ ʩʦʝʜʠʥʝʥʠʷ x ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

╙ὀ ᶻ 
◄╡●  ◄╡▪

◄╡▪   ◄╡▪
 ▪, 

ʛʜʝ tR(n) ʠ tR(n+1) ï ʬʘʢʪʠʯʝʩʢʠʝ ʚʨʝʤʝʥʘ ʫʜʝʨʞʠʚʘʥʠʷ ʥ-ʘʣʢʘʥʦʚ ʩ ʯʠʩʣʦʤ 

ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ n ʠ n+1, tR(x) - ʚʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʘ ʍ.    

ʊʘʙʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʦʚ ʜʣʷ ʤʥʦʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʅʌ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʚʢʣʶʯʝʥʳ ʚ ʩʧʨʘʚʦʯʥʠʢʠ ʠ ʙʘʟʳ 
ʜʘʥʥʳʭ.  

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

2.1 ʎʝʣʴ ʠ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ 

ʇʦʥʷʪʴ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʠʥʜʝʢʩʦʚ ʂʦʚʘʯʘ; 
ʇʨʦʚʝʩʪʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʣʦʞʥʦʡ ʩʤʝʩʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʙʝʥʟʠʥʘ); 
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ɺʳʯʠʩʣʠʪʴ ʠʥʜʝʢʩʳ ʫʜʝʨʞʠʚʘʥʠʷ ʚʳʙʨʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ; 

ʇʨʦʠʟʚʝʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʧʦ ʠʭ ʠʥʜʝʢʩʘʤ ʫʜʝʨʞʠʚʘʥʠʷ 

(ʪʘʙʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ). 

2.2 ɺʳʧʦʣʥʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʩʯʝʪʦʚ  

1. ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ çʍʨʦʤʦʩ ɻʍ-100è ʠʣʠ ʘʥʘʣʦʛʠʯʥʦʤ. 
ʄʠʥʠʤʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʭʨʦʤʘʪʦʛʨʘʬʫ ï ʥʘʣʠʯʠʝ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʣʦʥʢʠ ʜʣʠʥʦʡ 30-

50 ʤ ʠ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʇʦʨʷʜʦʢ ʨʘʙʦʪʳ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ ʦʙʲʷʩʥʷʝʪʩʷ 
ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ. ʊʝʤʧʝʨʘʪʫʨʫ ʢʦʣʦʥʢʠ ʠ ʠʩʧʘʨʠʪʝʣʷ ʨʘʩʩʯʠʪʳʚʘʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʩʪʘʚʘ ʩʤʝʩʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʟʘʜʘʯʝ, ʧʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʫ ʠʩʧʘʨʠʪʝʣʷ ʠ ʜʝʪʝʢʪʦʨʘ 
ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ 50Áʉ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʩʘʤʦʛʦ ʚʳʩʦʢʦʢʠʧʷʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʩʤʝʩʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʢʠ (ʪʝʨʤʦʩʪʘʪʘ) ʠʟʤʝʥʷʝʪʩʷ ʦʪ 80Áʉ ʜʦ 200Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 
25Áʉ/ʤʠʥ. ɼʦʟʠʨʦʚʘʥʠʝ ʠ ʚʚʦʜ ʧʨʦʙʳ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʤʠʢʨʦʰʧʨʠʮʝʤ ʪʠʧʘ ʄʐ-10 ʠʣʠ 

ʘʥʘʣʦʛʠʯʥʳʤ, ʦʙʲʝʤ ʧʨʦʙʳ 1-2 ʤʢʣ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʨʝʤʝʥ 
ʫʜʝʨʞʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʦʧʝʨʘʮʠʠ ʚʚʦʜʘ ʧʨʦʙʳ ʚ ʭʨʦʤʘʪʦʛʨʘʬ 

ʠ ʟʘʧʫʩʢ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʉʆɼ). ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʚʦʜʘ ʧʨʦʙʳ (ʘʚʪʦʩʘʤʧʣʣʝʨʦʚ) ʦʰʠʙʢʠ ʩʚʦʜʠʪʩʷ ʢ ʤʠʥʠʤʫʤʫ.. 

ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚʚʠʜʫ, ʯʪʦ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʧʨʦʙʳ (>5 ʤʢʣ) ʪʘʢʞʝ ʤʦʞʝʪ 
ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʢʝ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʫʜʝʨʞʠʚʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʛʨʫʟʢʠ 

ʢʦʣʦʥʢʠ. 
2. ʇʦʩʣʝ ʚʳʭʦʜʘ ʭʨʦʤʘʪʦʛʨʘʬʘ çʥʘ ʨʝʞʠʤè ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʥʫʣʝʚʦʡ 

ʣʠʥʠʠ ʧʨʠʩʪʫʧʘʶʪ ʢ ʚʳʧʦʣʥʝʥʠʶ ʟʘʜʘʯʠ. ʇʝʨʚʳʤ ʜʝʣʦʤ ʦʧʨʝʜʝʣʷʶʪ t0 ʢʦʣʦʥʢʠ. ɼʣʷ 
ʵʪʦʛʦ ʚ ʭʨʦʤʘʪʦʛʨʘʬ ʰʧʨʠʮʦʤ ʚʚʦʜʷʪ å10 ʤʢʣ ʤʝʪʘʥʘ (ʤʝʪʘʥ ʙʝʨʝʪʩʷ ʠʟ ʛʘʟʦʚʦʡ 

ʤʘʛʠʩʪʨʘʣʠ, ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʧʨʝʧʦʜʘʚʘʪʝʣʷ!) ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʢʣʶʯʘʶʪ 
ʉʆɼ. ʌʠʢʩʠʨʫʶʪ t0.    

3. ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʷʪ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʩʤʝʩʠ ʥ-ʘʣʢʘʥʦʚ ʉ5 ï ʉ11. 
ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʜʘʥʥʳʝ ʟʘʥʦʩʷʪ ʚ ʪʘʙʣʠʮʫ.  

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʩʯʝʪʦʚ. 

ʘʣʢʘʥ tn tôn lg tôn In 

C5 

C6 
C7 

C8 

C9 
C10 

    

ʂʦʤʧʦʥʝʥʪ tR tôR lg tôR IR 

 
4. ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʷʪ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʥʝʠʟʚʝʩʪʥʦʡ ʤʦʜʝʣʴʥʦʡ 

ʩʤʝʩʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʣʠ ʦʙʨʘʟʮʘ ʨʝʘʣʴʥʦʛʦ ʙʝʥʟʠʥʘ, ʦʧʨʝʜʝʣʷʶʪ tR ʠ ʨʘʩʩʯʠʪʳʚʘʶʪ 

ʠʥʜʝʢʩʳ ʫʜʝʨʞʠʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʜʘʥʥʳʝ ʟʘʥʦʩʷʪ ʚ ʪʘʙʣʠʮʫ. 

5. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʨʘʚʥʠʚʘʶʪ ʩ ʪʘʙʣʠʯʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦ ʠʟʤʝʨʝʥʥʳʤ 
ʟʥʘʯʝʥʠʷʤ ʠʥʜʝʢʩʦʚ ʂʦʚʘʯʘ ʧʨʦʠʟʚʦʜʷʪ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʡ 

ʩʤʝʩʠ.   
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ʊʘʙʣʠʮʘ 2. ʀʥʜʝʢʩʳ ʫʜʝʨʞʠʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʥʟʠʥʦʚ.  

 

ʉʦʝʜʠʥʝʥʠʝ 

ʀʥʜʝʢʩ 

ʫʜʝʨʞʠʚʘʥʠʷ 
ʂʦʚʘʯʘ 

ʃʠʥʝʡʥʳʡ 

ʠʥʜʝʢʩ 
ʫʜʝʨʞʠʚʘʥʠʷ 

ʄʝʪʘʥ 100,0  

ʕʪʘʥ 200,0  
ʇʨʦʧʘʥ 300,0  

ʀʟʦʙʫʪʘʥ 367,3  

ʥ-ɹʫʪʘʥ 400,0  
2,2-ɼʠʤʝʪʠʣʧʨʦʧʘʥ 415,5  

ʀʟʦʧʝʥʪʘʥ 475,0  

ʥ-ʇʝʥʪʘʥ 500,0  
ʇʝʥʪʝʥ-2 508,3 505,8 

2ʤʝʪʠʣʙʫʪʝʥ-2 523,2 516,1 
2,2-ɼʠʤʝʪʠʣʙʫʪʘʥ 538,8 529,3 

ʎʠʢʣʦʧʝʥʪʘʥ 569,4 559,2 

2,3-ɼʠʤʝʪʠʣʙʫʪʘʥ 572,2 563,2 
2-ʄʝʪʠʣʧʝʥ ʪʘʥ 586,1 579,7 

3-ʄʝʪʠʣʧʝʥʪʘʥ 591,6 586,1 

ʥ-ɻʝʢʩʘʥ 600,0 600,0 
2,2-ɼʠʤʝʪʠʣʧʝʥʪʘʥ 607,7 606,7 

ʄʝʪʠʣʮʠʢʣʦʧʝʥʪʘʥ 623,1 619,2 
2,4-ɼʠʤʝʪʠʣʧʝʥʪʘʥ 630,8 626,3 

2,2,3-ʊʨʠʤʝʪʠʣʙʫʪʘʥ 635,4  

3,3-ɼʠʤʝʪʠʣʧʝʥʪʘʥ 653,8 648,8 
ʎʠʢʣʦʛʝʢʩʘʥ 657,7 652,0 

2-ʄʝʪʠʣʛʝʢʩʘʥ 669,2 665,4 

2,3-ɼʠʤʝʪʠʣʧʝʥʪʘʥ 673,1 668,2 
1,1 -ɼʠʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʥ 678,8 674,7 

ʥ-ɻʝʧʪʘʥ 700,0 700 
2,4-ɼʠʤʝʪʠʣʛʝʢʩʘʥ + ʕʪʠʣʮʠʢʣʦʧʝʥʪʘʥ 725,0 723,9 

ʪʦʣʫʦʣ + 2,5-ɼʠʤʝʪʠʣʛʝʢʩʘʥ 762,5 760,5 

ʄʝʪʠʣʛʝʧʪʘʥʳ + ʠʟʦʦʢʪʘʥ 770,0 766,7 
ɼʠʤʝʪʠʣʛʝʢʩʘʥʳ 775,0 774,7 

ʕʪʠʣʛʝʧʪʘʥʳ + 1,3,5 - ʪʨʠʤʝʪʠʣʮʠʢʣʦʛʝʢʩʘʥ 870,0 863,8 

ʄʝʪʠʣʦʢʪʘʥʳ + ʢʩʠʣʦʣʳ 880-885 870-880 
ʀʟʦʤʝʨʥʳʝ ʜʝʢʘʥʳ 970-980 960-970 

 

3. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. 

1. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʠʥʜʝʢʩʦʚ ʫʜʝʨʞʠʚʘʥʠʷ (ʂʦʚʘʯʘ)? 

2. ʄʦʞʥʦ ʣʠ ʧʦ ʠʥʜʝʢʩʘʤ ʫʜʝʨʞʠʚʘʥʠʷ ʦʧʨʝʜʝʣʠʪʴ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ ʙʝʥʟʠʥʘ? 
3. ʇʦʯʝʤʫ ʥʝʣʴʟʷ ʚʳʧʦʣʥʷʪʴ ʘʥʘʣʠʟ ʙʝʥʟʠʥʘ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ 
ʪʝʨʤʦʩʪʘʪʘ ʢʦʣʦʥʦʢ ʭʨʦʤʘʪʦʛʨʘʬʘ? 

4. ʆʙʲʷʩʥʠʪʴ ʧʦʯʝʤʫ ʤʝʪʦʜ ʠʥʜʝʢʩʦʚ ʫʜʝʨʞʠʚʘʥʠʷ ʥʝ ʧʦʪʝʨʷʣ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ ʚ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ?  

4. ʃʠʪʝʨʘʪʫʨʘ 

1. Kovats E.Sz. // Helv. Chim. Acta. 1958. Vol.41. P.1015 
2. ʇʨʫʜʢʦʚʩʢʠʡ ɸ.ɻ., ɼʦʣʛʦʥʦʩʦʚ ɸ.ʄ. ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʕɺʄ INKOVERTI. ʈʦʩʧʘʪʝʥʪ, 

ʉʚʠʜ. ˉ 2007613636 (ʈʌ), 24.08.2007.  
3. ʆʧʨʝʜʝʣʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠ ʛʨʫʧʧʦʚʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʦʜʦʤ 
ʢʘʧʠʣʣʷʨʥʦʡ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɻʆʉʊ 52714- 2000. 

4. ʅ.ʀ. ʎʘʨʝʚ, ɺ.ʀ. ʎʘʨʝʚ, ʀ.ɹ. ʂʘʪʨʘʢʦʚ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ. 
ɹʘʨʥʘʫʣ 2000. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʳʭ ʪʝʣ ʤʝʪʦʜʦʤ 

ʀʂ - ʩʧʝʢʪʨʦʩʢʦʧʠʠ 
ɸʚʪʦʨ: ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ɸ.ɺ. ʉʘʬʨʦʥʠʭʠʥ 

ɿʘʜʘʯʘ ʩʦʜʝʨʞʠʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʝʪʦʜʘ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʝʛʦ 
ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʠʤʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʳʭ ʪʝʣ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʠʟʫʯʝʥʠʷ 
ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʳʭ ʪʝʣ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ.   
ʎʝʣʴ: ʦʩʚʦʠʪʴ ʤʝʪʦʜʠʢʫ ʨʘʙʦʪʳ ʥʘ ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʝ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 
 

ʉʦʜʝʨʞʘʥʠʝ 

1. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

        1.1 ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 
        1.2 ɺʦʟʤʦʞʥʦʩʪʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʠʤʠʠ   
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1. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

1.1 ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 
ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ï h ʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʩʦʚʨʝʤʝʥʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ 

ʚʝʱʝʩʪʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʪʦʤ, ʯʪʦ ʦʙʨʘʟʝʮ ʧʦʛʣʦʱʘʝʪ ʯʘʩʪʴ ʧʨʦʭʦʜʷʱʝʛʦ 

ʩʢʚʦʟʴ ʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʯʘʩʪʴ ï ʧʨʦʧʫʩʢʘʝʪ. ʄʦʞʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 
ʧʨʦʰʝʜʰʝʝ ʩʢʚʦʟʴ ʦʙʨʘʟʝʮ ʠʟʣʫʯʝʥʠʝ ʠ ʧʦʣʫʯʠʪʴ ʩʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ ʠʣʠ ʩʧʝʢʪʨ 

ʧʦʛʣʦʱʝʥʠʷ1. ʉʧʝʢʪʨ ʩʦʜʝʨʞʠʪ ʥʝʢʦʪʦʨʳʡ ʥʘʙʦʨ ʧʦʣʦʩ ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʡ 
ʦʙʫʩʣʦʚʣʝʥ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʦʙʨʘʟʮʘ. ʂʘʞʜʦʝ ʚʝʱʝʩʪʚʦ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤ 

ʥʝʧʦʚʪʦʨʠʤʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʦʝʥʠʝʤ ʦʙʨʘʟʫʶʱʠʭ ʝʛʦ ʤʦʣʝʢʫʣ ʠ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʧʝʢʪʨʦʤ ʧʦʛʣʦʱʝʥʠʷ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʤ çʤʦʣʝʢʫʣʷʨʥʳʤ ʦʪʧʝʯʘʪʢʦʤè ʜʣʷ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. 
ʄʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʝʱʝʩʪʚʘ ʩ ʀʂ-ʠʟʣʫʯʝʥʠʝʤ, ʦʪʥʦʩʷʪ ʢ 

ʘʙʩʦʨʙʮʠʦʥʥʳʤ, ʪ.ʝ. ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʷʚʣʝʥʠʠ ʧʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ. ʆʥʠ ʘʥʘʣʦʛʠʯʥʳ 
ʤʝʪʦʜʘʤ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʋʌ- ʠ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ ʩ ʪʦʡ 

ʨʘʟʥʠʮʝʡ, ʯʪʦ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʋʌ- ʠʣʠ ʚʠʜʠʤʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʧʝʨʝʭʦʜʳ 
ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ ʤʦʣʝʢʫʣ, ʘ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʀʂ-
ʠʟʣʫʯʝʥʠʷ ï ʤʝʞʜʫ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʠ ʚʨʘʱʘʪʝʣʴʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ. 

ʍʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʚ ʤʦʣʝʢʫʣʘʭ ʠʩʧʳʪʳʚʘʶʪ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ. ʂʦʣʝʙʘʪʝʣʴʥʘʷ 
ʵʥʝʨʛʠʷ ʤʦʣʝʢʫʣ ʢʚʘʥʪʦʚʘʥʘ, ʪ.ʝ. ʫ ʤʦʣʝʢʫʣʳ ʝʩʪʴ ʥʘʙʦʨ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʩʦ 

ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʵʥʝʨʛʠʷʤʠ, ʠ ʧʦʛʣʦʱʘʝʤʘʷ ʵʥʝʨʛʠʷ ʠʟʤʝʥʷʝʪʩʷ 
ʥʝ ʥʝʧʨʝʨʳʚʥʦ, ʘ ʩʢʘʯʢʦʦʙʨʘʟʥʦ. ʏʪʦʙʳ ʧʝʨʝʚʝʩʪʠ ʤʦʣʝʢʫʣʫ ʠʟ ʥʠʟʰʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ (ɽ1) ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ (ɽ2), 
ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʙʱʠʪʴ ʤʦʣʝʢʫʣʝ ʢʚʘʥʪ ʩʚʝʪʘ ʩ ʵʥʝʨʛʠʝʡ ȹɽ, ʨʘʚʥʦʡ ɽ2īɽ1. ɺ ʨʝʟʫʣʴʪʘʪʝ 

                                                             
1  ʉʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ, ʧʦ ʩʫʪʠ, ʷʚʣʷʶʪʩʷ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʇʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ ʦ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ. 
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ʵʪʦʛʦ ʘʪʦʤʳ, ʩʚʷʟʘʥʥʳʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʤʦʣʝʢʫʣʝ, ʥʘʯʠʥʘʶʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ 
ʢʦʣʝʙʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʢʦʪʦʨʳʭ ʠʩʭʦʜʥʳʭ ʧʦʣʦʞʝʥʠʡ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʤʦʣʝʢʫʣʫ ʢʘʢ ʩʠʩʪʝʤʫ ʠʟ ʘʪʦʤʦʚ-ʰʘʨʠʢʦʚ, ʩʮʝʧʣʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʫʞʠʥʢʘʤʠ, ʪʦ ʧʨʠ 
ʢʦʣʝʙʘʥʠʷʭ ʘʪʦʤʦʚ-ʰʘʨʠʢʦʚ ʧʨʫʞʠʥʢʠ ʩʞʠʤʘʶʪʩʷ ʠ ʨʘʩʪʷʛʠʚʘʶʪʩʷ, ʘ ʪʘʢʞʝ ʠʟʛʠʙʘʶʪʩʷ. 

ʇʦʛʣʦʱʝʥʠʝ ʀʂ-ʠʟʣʫʯʝʥʠʷ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʢʦʣʝʙʘʪʝʣʴʥʳʭ, ʥʦ ʠ 
ʚʨʘʱʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʳ. ʊʘʢ, ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʤʦʣʝʢʫʣʦʡ ʀʂ-

ʠʟʣʫʯʝʥʠʷ ʩ ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ  < 100 ʩʤī1 ʦʥʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʥʝʨʛʠʶ ʚʨʘʱʝʥʠʷ. ʕʪʦ 

ʧʦʛʣʦʱʝʥʠʝ ʢʚʘʥʪʦʚʘʥʦ, ʠ ʚʨʘʱʘʪʝʣʴʥʳʡ ʩʧʝʢʪʨ ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʣʠʥʠʡ. ʀʂ-ʠʟʣʫʯʝʥʠʝ 

ʚ ʠʥʪʝʨʚʘʣʝ 10000ï100 ʩʤī1 ʧʦʛʣʦʱʘʝʪʩʷ ʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʤʦʣʝʢʫʣʦʡ ʚ ʵʥʝʨʛʠʶ 
ʢʦʣʝʙʘʥʠʷ. ʆʜʥʘʢʦ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʩʧʝʢʪʨ ʩʦʩʪʦʠʪ ʥʝ ʠʟ ʣʠʥʠʡ, ʘ ʠʟ ʧʦʣʦʩ, ʧʦʩʢʦʣʴʢʫ 

ʢʘʞʜʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʷʤʠ 
ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʵʥʝʨʛʠʠ ʚʨʘʱʝʥʠʷ. ʃʠʥʠʠ ʚʨʘʱʘʪʝʣʴʥʳʭ 
ʩʧʝʢʪʨʦʚ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʛʘʟʦʚ, ʚ ʩʣʫʯʘʝ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʧʦʣʦʩʳ. 
ʄʦʣʝʢʫʣʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ N ʘʪʦʤʦʚ, ʠʤʝʝʪ 3N ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ï ʵʪʦ ʯʠʩʣʦ 

ʥʝʟʘʚʠʩʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʚʩʝʭ ʘʪʦʤʦʚ ʤʦʣʝʢʫʣʳ ʚ ʜʝʢʘʨʪʦʚʳʭ 
ʢʦʦʨʜʠʥʘʪʘʭ (x, y, z). ɺ ʥʝʣʠʥʝʡʥʦʡ ʤʦʣʝʢʫʣʝ ʠʟ ʚʩʝʭ 3N ʥʝʟʘʚʠʩʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʠ 

ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʤʦʣʝʢʫʣʳ ʢʘʢ ʮʝʣʦʛʦ ʠ ʪʨʠ ï 
ʥʘ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʤʦʣʝʢʫʣʳ ʚʦʢʨʫʛ ʝʝ ʛʣʘʚʥʳʭ ʦʩʝʡ. ʆʩʪʘʚʰʠʝʩʷ (3N ï 6) 

ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʥʦʨʤʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ï 
ʥʝʟʘʚʠʩʠʤʳʝ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʩʘʤʠ ʧʦ ʩʝʙʝ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣʳ. 

ɼʣʷ ʣʠʥʝʡʥʦʡ ʤʦʣʝʢʫʣʳ ʭʘʨʘʢʪʝʨʥʦ (3N ï 5) ʥʦʨʤʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʪʘʢ ʢʘʢ 
ʣʠʥʝʡʥʳʝ ʤʦʣʝʢʫʣʳ ʠʤʝʶʪ ʪʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʠ ʜʚʝ ʚʨʘʱʘʪʝʣʴʥʳʭ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ 

ʤʦʣʝʢʫʣʳ ʢʘʢ ʮʝʣʦʛʦ. ʇʦʣʥʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʤʦʣʝʢʫʣʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 
ʚʠʜʝ ʢʦʤʙʠʥʘʮʠʠ ʥʦʨʤʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣʳ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʤʦʛʫʪ ʧʨʦʷʚʠʪʴ ʩʝʙʷ ʚʩʝ 
ʥʦʨʤʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʣʠʙʦ ʯʘʩʪʴ ʠʟ ʥʠʭ. ɸʢʪʠʚʥʳʤʠ (ʧʨʦʷʚʣʷʶʱʠʤʠʩʷ) ʚ ʀʂ-ʩʧʝʢʪʨʘʭ 

ʤʦʛʫʪ ʙʳʪʴ ʪʦʣʴʢʦ ʪʝ ʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 
ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʩʚʷʟʠ. ʇʦʵʪʦʤʫ ʦʙʳʯʥʦ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʨʦʷʚʣʷʶʪʩʷ ʩ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʢʦʣʝʙʘʥʠʷ ʧʦʣʷʨʥʳʭ ʩʚʷʟʝʡ: ʉïʆ, ʉ=ʆ, ʉïN, N=O, S=O. ɺʩʝ 
ʢʦʣʝʙʘʥʠʷ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʳʭ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʥʝ 

ʧʨʦʷʚʣʷʶʪʩʷ. ʄʝʭʘʥʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ ʦʧʨʝʜʝʣʷʝʪ ʯʘʩʪʦʪʫ ʦʪʜʝʣʴʥʳʭ 
ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʩ ʢʦʣʝʙʣʶʱʠʭʩʷ ʘʪʦʤʦʚ (m1 ʠ m2) ʠ ʩʠʣʦʚʦʡ 

ʧʦʩʪʦʷʥʥʦʡ ʩʚʷʟʠ (k), ʪʦ ʝʩʪʴ ʤʝʨʳ ʞʝʩʪʢʦʩʪʠ çʧʨʫʞʠʥʢʠè, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʢʘʞʜʦʡ 

ʢʦʥʢʨʝʪʥʦʡ ʩʚʷʟʠ, ʝʩʣʠ ʧʨʠʥʠʤʘʪʴ ʢʣʘʩʩʠʯʝʩʢʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʤʦʣʝʢʫʣʳ. 
ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʠ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʩʚʷʟʠ 

(m). 
ʆʯʝʥʴ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʥʷʪʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʩʪʠ ʥʦʨʤʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ, 

ʪ.ʝ. ʩʦʦʪʚʝʪʩʪʚʠʷ ʠʭ ʦʧʨʝʜʝʣʝʥʥʳʤ ʛʨʫʧʧʘʤ ʘʪʦʤʦʚ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤ ʧʦ ʯʘʩʪʦʪʝ 
ʙʫʜʝʪ ʥʦʨʤʘʣʴʥʦʝ ʢʦʣʝʙʘʥʠʝ ʘʪʦʤʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʛʦ ʩʦʭʨʘʥʷʝʪʩʷ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʦʡ ʜʣʷ ʨʷʜʘ ʩʪʨʫʢʪʫʨʥʦ ʨʦʜʩʪʚʝʥʥʳʭ ʤʦʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ 
ʜʘʥʥʫʶ ʛʨʫʧʧʠʨʦʚʢʫ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʦʩʪʴ ʧʦ ʯʘʩʪʦʪʝ ʧʨʦʷʚʣʷʶʪ ʢʦʣʝʙʘʥʠʷ ʤʥʦʛʠʭ 

ʛʨʫʧʧ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʥʘʧʨʠʤʝʨ, ʉ=ʆ, ʉ=ʉ, ʆïʅ, ʉïʅ ʠ ʜʨ. ʀʤʝʥʥʦ 
ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʩʪʴ ʢʦʣʝʙʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʀʂïʩʧʝʢʪʨʦʩʢʦʧʠʶ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. 

ʅʦʨʤʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʚʘʣʝʥʪʥʳʝ (n) ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ (ŭ) 

(ʨʠʩ. 1). ɺ ʩʣʫʯʘʝ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ, ʠʤʝʝʪ ʤʝʩʪʦ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʩʚʷʟʠ ʚʜʦʣʴ ʝʝ ʦʩʠ. ʇʨʠ ʵʪʦʤ ʨʘʟʣʠʯʘʶʪ ʚʘʣʝʥʪʥʳʝ 
ʩʠʤʤʝʪʨʠʯʥʳʝ a) ʠ ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʙ) ʢʦʣʝʙʘʥʠʷ. ʏʘʩʪʦʪʘ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʦʣʝʙʘʥʠʷ 

ʚʩʝʛʜʘ ʚʳʰʝ, ʯʝʤ ʩʠʤʤʝʪʨʠʯʥʦʛʦ. ɺ ʩʣʫʯʘʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠʟʤʝʥʷʶʪʩʷ 
ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ, ʘ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʚ). ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʨʝʙʫʝʪʩʷ ʤʝʥʴʰʘʷ ʵʥʝʨʛʠʷ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʚʘʣʝʥʪʥʳʭ 
ʢʦʣʝʙʘʥʠʡ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʠ ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʯʘʩʪʦʪʫ. 
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ʈʠʩ. 1. ʊʠʧʳ ʚʘʣʝʥʪʥʳʭ (ʘ ʠ ʙ) ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ (ʚ-ʝ) ʢʦʣʝʙʘʥʠʡ ʚ ʤʦʣʝʢʫʣʘʭ: ʘ ï 
ʩʠʤʤʝʪʨʠʯʥʳʝ; ʙ ïʘʩʠʤʤʝʪʨʠʯʥʳʝ; ʚ ï ʥʦʞʥʠʯʥʳʝ; ʛ ï ʤʘʷʪʥʠʢʦʚʳʝ; ʜ ï ʚʝʝʨʥʳʝ; ʝ ï 

ʢʨʫʪʠʣʴʥʳʝ. 
ʅʘʣʠʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪ ʘʥʘʣʠʟ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ 

ʤʦʞʝʪ ʙʳʪʴ: 
ï ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ; 
ï ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʚʝʱʝʩʪʚʘ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ; 
ï ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʘ (ʩʦʝʜʠʥʝʥʠʷ ʠʣʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ) ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʦʙʨʘʟʮʝ. 
ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʢʦʣʝʙʘʥʠʡ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʘʭ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ 

ʩʨʝʜʥʝʤ ʀʂ-ʜʠʘʧʘʟʦʥʝ (4000ī400 ʩʤī1). ʀʤʝʥʥʦ ʥʘ ʵʪʦʪ ʜʠʘʧʘʟʦʥ ʨʘʩʩʯʠʪʘʥʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʦʚ. 
ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʝ 

ʦʙʣʘʩʪʠ: 

1. 4000ī2500 ʩʤī1 ï ʦʙʣʘʩʪʴ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʦʩʪʳʭ ʩʚʷʟʝʡ XïH: OïH, NïH, 

Cï H, SïH; 

2. 2500ī1500 ʩʤī1 ï ʦʙʣʘʩʪʴ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʨʘʪʥʳʭ ʩʚʷʟʝʡ X=Y, XſY, C=C, 

C=O, C=N, CſC, CſN; 

3. 1650ī500 ʩʤī1 ïʦʙʣʘʩʪʴ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʦʩʪʳʭ ʩʚʷʟʝʡ: XïY, CïC, CïN, CïO 

ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʦʩʪʳʭ ʩʚʷʟʝʡ XïH, ʉïH, OïH, NïH. 

ʇʦʩʣʝʜʥʶʶ ʦʙʣʘʩʪʴ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ çʦʙʣʘʩʪʴʶ ʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚè, ʪʘʢ ʢʘʢ 
ʧʦʣʦʞʝʥʠʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʩʫʛʫʙʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳ 

ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʊʦʣʴʢʦ ʧʦ ʧʦʣʥʦʤʫ ʩʦʚʧʘʜʝʥʠʶ 
ʯʘʩʪʦʪ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʠʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʀʂ-ʩʧʝʢʪʨʘ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ 

ʠʜʝʥʪʠʯʥʦʩʪʠ ʩʨʘʚʥʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ. 

ʂ ʩʨʝʜʥʝʤʫ ʜʠʘʧʘʟʦʥʫ ʧʨʠʤʳʢʘʶʪ ʙʣʠʞʥʠʡ (12500ï4000 ʩʤī1) ʠ ʜʘʣʴʥʠʡ (400ï

50 ʩʤī1) ʜʠʘʧʘʟʦʥʳ. ʉʣʦʚʘ çʙʣʠʞʥʠʡè ʠ çʜʘʣʴʥʠʡè ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʙʣʠʟʦʩʪʴ ʢ ʦʙʣʘʩʪʠ 

ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. ɺ ʜʘʣʴʥʝʤ ʀʂ-ʜʠʘʧʘʟʦʥʝ ʧʨʦʷʚʣʷʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʝʡ ʄïʍ, ʛʜʝ ʄ ï 

ʘʪʦʤ ʤʝʪʘʣʣʘ. 
 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʀʂ-ʩʧʝʢʪʨʦʚ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʦʝʥʠʠ, ʩʦʩʪʘʚʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ 
(ʬʨʘʛʤʝʥʪʦʚ), ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʱʝʩʪʚʦ ʢʘʢ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ (ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʠʣʠ 

ʘʤʦʨʬʥʦʤ), ʪʘʢ ʠ ʚ ʨʘʩʪʚʦʨʝ. ʉ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʩʪʨʦ ʠ ʥʘʜʝʞʥʦ ʤʦʛʫʪ 
ʙʳʪʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ (ʢʘʨʙʦʥʠʣʴʥʘʷ, 

ʛʠʜʨʦʢʩʠʣʴʥʘʷ, ʢʘʨʙʦʢʩʠʣʴʥʘʷ, ʘʤʠʜʥʘʷ, ʘʤʠʥʥʘʷ, ʮʠʘʥʠʜʥʘʷ ʠ ʜʨ.) ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ 
ʥʝʧʨʝʜʝʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ (ʜʚʦʡʥʳʝ ʠ ʪʨʦʡʥʳʝ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʝ ʩʚʷʟʠ, 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠʣʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ). ʄʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 
ʠʟʫʯʘʶʪ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʘʧʨʠʤʝʨ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʉ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʚ ʪʘʢʞʝ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʩʚʝʜʝʥʠʷ ʦ 
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ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʧʦʢʨʦʚʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʩʦʩʪʦʷʥʠʠ ʤʦʣʝʢʫʣ, ʭʠʤʠʯʝʩʢʠ 
ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʠʣʠ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʥʘʭʦʜʷʱʠʭʩʷ 

ʚʥʫʪʨʠ ʝʛʦ ʦʙʲʝʤʘ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʢʘʥʘʣʦʚ, ʧʦʨ, ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʩʣʦʷʤʠ ʠ 
ʤʝʞʟʝʨʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʩʪʘʥʦʚʠʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʢʨʳʚʘʥʠʷ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʥʦʩʠʪʝʣʷ (ʪʚʝʨʜʦʛʦ ʪʝʣʘ) ʠ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠʣʠ ʤʦʣʝʢʫʣ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʜʝʘʣʴʥʘʷ ʩʠʪʫʘʮʠʷ 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʀʂïʩʧʝʢʪʨʦʚ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ, ʦʢʩʠʜʦʚ ʄmOn, 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʪʘʢ ʢʘʢ ʢʦʣʝʙʘʥʠʷ 

ʩʚʷʟʝʡ ʄïʍ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ  < 400 ʩʤī1, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʣʝʙʘʥʠʷ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʦʣʝʢʫʣʘʭ ï ʧʨʠ 4000 <  < 400 ʩʤī1. ʍʦʪʷ ʩʪʦʠʪʴ ʧʦʤʥʠʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʩʣʦʞʥʳʝ 

ʘʥʠʦʥʳ (SO4
2ï, NO3

ï ʠ ʜʨ.) ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʪʠʦʥʳ (NH4
+ ʠ ʜʨ.) ʧʨʦʷʚʣʷʶʪʩʷ ʚ 

ʩʨʝʜʥʝʤ ʀʂ-ʜʠʘʧʘʟʦʥʝ, ʠ ʚʩʣʝʜʩʪʚʠʝ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʧʦʜʦʙʥʳʭ ʠʦʥʦʚ ʠʭ ʧʦʣʦʩʳ 
ʧʦʛʣʦʱʝʥʠʷ ʦʯʝʥʴ ʫʟʢʠʝ ʠ ʠʥʪʝʥʩʠʚʥʳʝ. 

 
1.2 ɺʦʟʤʦʞʥʦʩʪʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʠʤʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʳʭ ʪʝʣ 

ʠ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 
ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʭʠʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʳʭ ʪʝʣ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʘʜʩʦʨʙʝʥʪʦʚ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ 
ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʉʨʘʟʫ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 
ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʝʱʝʩʪʚ ʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʭ: 
ï ʚʦ-ʧʝʨʚʳʭ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩʠʣʦʚʳʝ (ʘʜʩʦʨʙʮʠʦʥʥʳʝ) ʮʝʥʪʨʳ 

ʬʠʢʩʠʨʦʚʘʥʳ; 
ï ʚʦ-ʚʪʦʨʳʭ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʲʝʤʘ, ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʥʝʚʦʟʤʫʱʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. 
ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʀʂ-ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʛʣʦʱʝʥʠʝ 

ʠʟʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʵʥʝʨʛʠʠ ʠ ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʫʨʦʚʥʷʤʠ 
ʤʦʣʝʢʫʣʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʦʩʥʦʚʥʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʊʘʢʞʝ ʠʤʝʶʪ ʤʝʩʪʦ 

ʧʝʨʝʭʦʜʳ ʠ ʤʝʞʜʫ ʚʨʘʱʘʪʝʣʴʥʳʤʠ ʫʨʦʚʥʷʤʠ. ʂʦʣʝʙʘʪʝʣʴʥʳʝ ʠ ʚʨʘʱʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ 
ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ ʟʘʚʠʩʷʪ ʦʪ ʝʝ ʛʝʦʤʝʪʨʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʆʥʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢʦ ʚʩʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʵʪʠʭ ʩʚʦʡʩʪʚ 
ʤʦʣʝʢʫʣʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ. 

ʂ ʪʦʤʫ ʞʝ, ʩʧʝʢʪʨʳ ʤʦʣʝʢʫʣ ʚ ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʝ ʙʦʣʝʝ ʩʣʦʞʥʳʝ, ʯʝʤ ʚ ʪʚʝʨʜʦʡ 
ʬʘʟʝ ʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʨʘʞʝʥʠʝʤ ʚ ʥʠʭ ʧʝʨʝʭʦʜʦʚ 

ʥʝ ʪʦʣʴʢʦ ʤʝʞʜʫ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ, ʥʦ ʠ ʤʝʞʜʫ ʚʨʘʱʘʪʝʣʴʥʳʤʠ ʫʨʦʚʥʷʤʠ. ɼʘʞʝ ʩʣʘʙʳʝ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʧʨʠʚʦʜʷʪ ʢ ʧʦʪʝʨʝ ʯʘʩʪʠ ʚʨʘʱʘʪʝʣʴʥʳʭ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ 

ʜʚʠʞʝʥʠʡ. ɸ ʚ ʩʧʝʢʪʨʘʭ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʪʦʣʴʢʦ 
ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʘʪʦʤʦʚ. 

ʏʘʩʪʦ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʦʪʚʝʯʘʶʱʝʡ ʵʪʠʤ 
ʢʦʣʝʙʘʥʠʷʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʭʝʤʦʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ. ʇʦʜʦʙʥʫʶ ʢʘʨʪʠʥʫ ʭʦʨʦʰʦ 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 2. ʅʘ ʥʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʉʆ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ 
ʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (Ir /SiO2). ɺ ʩʧʝʢʪʨʝ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʉʆ ʧʨʦʷʚʣʷʝʪʩʷ ʚʨʘʱʘʪʝʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʳ, ʪʦʛʜʘ ʢʘʢ ʚ ʩʧʝʢʪʨʝ 
ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʉʆ ʦʥʘ ʠʩʯʝʟʘʝʪ, ʘ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʟʘʤʝʪʥʦ ʩʤʝʱʘʝʪʩʷ. ʇʦʩʣʝʜʥʝʝ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ 
ʦʪʣʠʯʥʘ ʦʪ ʩʪʨʫʢʪʫʨʳ ʩʚʦʙʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʉʆ. 
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ʈʠʩ.2. ʌʨʘʛʤʝʥʪʳ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ: 1 ï ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʉʆ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ; 2 ï 

ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʉʆ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ Ir/SiO 2; 3 ï 
ʩʠʣʠʢʘʛʝʣʷ SiO2. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʘʜʩʦʨʙʮʠʠ ʠ ʢʘʪʘʣʠʟʫ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ 
ʩʘʤʳʝ ʨʘʟʥʳʝ ʚʦʧʨʦʩʳ. ʆʙʷʟʘʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʦʧʪʠʯʝʩʢʘʷ 

ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʨʘʟʚʠʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʫʯʘʝʤʦʛʦ ʦʙʨʘʟʮʘ. 
ʀʟʫʯʝʥʠʝ ʭʠʤʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʉ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʘʜʩʦʨʙʝʥʪʦʚ. 
ʊʘʢ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɔ-Al2O3 ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʣʦʢʘʣʠʟʫʶʪ 

ʩʚʦʙʦʜʥʳʝ ʚʘʣʝʥʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʪʦʤʦʚ ʘʣʶʤʠʥʠʷ. ʅʦ ʪʘʢʞʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ 
ʛʨʫʧʧʳ ʤʦʛʫʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, ʢʦʪʦʨʘʷ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɔ-Al2O3. ʇʦʵʪʦʤʫ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʠʨʦʜʳ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ɔ-Al2O3 
ʩʤʦʪʨʷʪ ʥʘʣʠʯʠʝ ʩʣʝʜʫʶʱʠʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ: 

ï h ʠʨʦʢʦʡ ʧʦʣʦʩʳ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 3300 ʩʤī1 (ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʩʚʷʟʘʥʥʳʝ 
ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ); 

ï ʫʟʢʦʡ ʧʦʣʦʩʳ 1640 ʩʤī1 (ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ 
ʅ2ʆ); 

ï ʫʟʢʦʡ ʧʦʣʦʩʳ 3700 ʩʤī1 (ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʆīʅ ʛʨʫʧʧʳ). 
ɽʩʣʠ ʦʙʨʘʟʝʮ ɔ-Al2O3 ʥʝ ʚʳʩʫʰʝʥ, ʪʦ ʚ ʀʂ-ʩʧʝʢʪʨʝ ʝʩʪʴ ʚʩʝ ʪʨʠ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ. ʇʦʩʣʝ ʧʨʦʢʘʣʠʚʘʥʠʷ ʧʨʠ 600 ʦʉ ʚʩʣʝʜʩʪʚʠʝ ʫʜʘʣʝʥʠʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ 
ʚʦʜʳ ʚ ʩʧʝʢʪʨʝ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦʣʦʩʘ ʧʨʠ 3700 ʩʤī1, ʦʪʚʝʯʘʶʱʘʷ ʢʦʣʝʙʘʥʠʷʤ 

ʩʦʙʩʪʚʝʥʥʳʭ ʆïʅ ʛʨʫʧʧ ʦʢʩʠʜʘ. ɽʩʣʠ ʧʨʦʚʝʩʪʠ ʜʝʡʪʝʨʦʦʙʤʝʥ ʚ ʵʪʠʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 
ʛʨʫʧʧʘʭ, ʪʦ ʚ ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʫʞʝ ʪʨʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ (3698, 3737 ʠ 3797 ʩʤī1). 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʣʝ ʧʨʦʢʘʣʠʚʘʥʠʷ ʦʢʩʠʜʘ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ 
ʚ ʦʙʣʘʩʪʠ 3700ī3850 ʩʤī1ʧʨʦʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʠʟ 5 ʧʦʣʦʩ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʥʳʭ 

ʪʠʧʘʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ɔ-Al2O3 (ʨʠʩ. 3). 

  

ʈʠʩ.3. ʌʨʘʛʤʝʥʪ r ʀʂ-ʩʧʝʢʪʨʦʚ (ʦʙʣʘʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ) ɔ-Al 2O3, ʧʨʦʢʘʣʝʥʥʦʛʦ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʘ), ʠ ʪʠʧʳ 
ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ (ʙ). 
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ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʘʜʩʦʨʙʮʠʠ ʚʝʱʝʩʪʚʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʘʜʩʦʨʙʮʠʠ ʚ 
ʩʪʨʫʢʪʫʨʝ ʤʦʣʝʢʫʣʳ ʧʨʦʠʩʭʦʜʷʪ ʪʝ ʠʣʠ ʠʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʌʠʟʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣ, ʠ ʧʦʵʪʦʤʫ ʦʥʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʣʠʰʴ ʢ 
ʩʣʘʙʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ. ɺ ʩʣʫʯʘʝ ʞʝ ʭʝʤʦʩʦʨʙʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʤʦʣʝʢʫʣ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʨʫʧʧ ʠʟʤʝʥʝʥʠʷ 
ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ: ʧʦʣʦʩʳ ʤʦʛʫʪ ʩʤʝʱʘʪʴʩʷ, ʦʜʥʠ ʧʦʣʦʩʳ ʤʦʛʫʪ ʠʩʯʝʟʘʪʴ, ʜʨʫʛʠʝ ï 

ʧʦʷʚʣʷʪʴʩʷ (ʩʤ., ʥʘʧʨʠʤʝʨ, ʨʠʩ. 3). 
ʇʦ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʧʦʣʦʩ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʫ 

ʭʝʤʦʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ. ʊʘʢ, ʚ ʩʧʝʢʪʨʝ ʵʪʠʣʝʥʘ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ 
Ni/SiO2, ʧʨʠʩʫʪʩʪʚʫʶʪ: 

ï ʩʣʘʙʘʷ ʧʦʣʦʩʘ ʧʨʠ 3020 ʩʤī1, ʩʚʷʟʘʥʥʘʷ ʩ ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʉïʅ ʩʚʷʟʝʡ ʚ 
ʦʣʝʬʠʥʘʭ; 

ï ʩʠʣʴʥʘʷ ʧʦʣʦʩʘ ʧʨʠ 2860 ʩʤī1, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʉïʅ ʩʚʷʟʝʡ ʚ 
ʘʣʢʘʥʘʭ; 

ï ʧʦʣʦʩʘ ʧʨʠ 1450 ʩʤī1, ʦʪʚʝʯʘʶʱʘʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ (ʥʦʞʥʠʯʥʳʤ) ʢʦʣʝʙʘʥʠʷʤ 
ʤʝʪʠʣʝʥʦʚʦʡ ʉʅ2 ʛʨʫʧʧʳ ʚ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʘʭ. 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʚʳʚʦʜ, ʯʪʦ ʠʤʝʶʪ ʤʝʩʪʦ ʜʚʝ ʬʦʨʤʳ ʭʝʤʦʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʵʪʠʣʝʥʘ: 
ʘʩʩʦʮʠʘʪʠʚʥʘʷ (ʩ cʦʭʨʘʥʝʥʠʝʤ ʜʚʦʡʥʦʡ ʩʚʷʟʠ, ʪ.ʝ. Niïʉʅ=ʉʅ2) ʠ, ʚ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ, 

ʜʠʩʩʦʮʠʘʪʠʚʥʘʷ (ʩ ʨʘʟʨʳʚʦʤ ʜʚʦʡʥʦʡ ʩʚʷʟʠ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ Niïʉʅ2ïʉʅ2ïNi) 
(ʨʠʩ. 4) 

 

ʈʠʩ.4. ɸʩʩʦʮʠʘʪʠʚʥʘʷ (ʘ) ʠ ʜʠʩʩʦʮʠʘʪʠʚʥʘʷ (ʙ) ʬʦʨʤʳ ʭʝʤʦʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʵʪʠʣʝʥʘ ʥʘ 
ʢʘʪʘʣʠʟʘʪʦʨʝ Ni/SiO2. 

ɺ ʩʣʫʯʘʝ ʘʜʩʦʨʙʮʠʠ, ʥʘʧʨʠʤʝʨ, ʉʆ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ Pd/SiO2 ʥʘʙʣʶʜʘʶʪ ʜʚʝ ʬʦʨʤʳ 
ʭʝʤʦʩʦʨʙʮʠʠ, ʢʘʢ ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ ʀʂ-ʩʧʝʢʪʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩ. 5. 

 

ʈʠʩ.5. ʀʂ-ʩʧʝʢʪʨ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʉʆ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ Pd/SiO2. 

ʄʝʪʦʜ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʧʦʚʝʜʝʥʠʝ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ 
ʠ ʚ ʧʨʦʮʝʩʩʝ ʢʘʪʘʣʠʟʘ. ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥ ʀʂ-ʩʧʝʢʪʨ, ʟʘʧʠʩʘʥʥʳʡ in situ ʚ ʭʦʜʝ 

ʦʢʠʩʣʝʥʠʷ ʉʆ ʥʘ Ni-ʢʘʪʘʣʠʟʘʪʦʨʝ. 
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ʈʠʩ.6. ʀʂ-ʩʧʝʢʪʨ, ʟʘʧʠʩʘʥʥʳʡ ʚ ʭʦʜʝ ʦʢʠʩʣʝʥʠʷ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʉʆ ʥʘ Ni-ʢʘʪʘʣʠʟʘʪʦʨʝ 

(in situ). 

ʀʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ɹʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʪʚʝʨʜʳʭ 

ʪʝʣ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠʚʠʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʇʦ 
ʥʘʣʠʯʠʶ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʨʠʚʠʪʳʭ ʤʦʣʝʢʫʣ, ʩʫʜʷʪ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ. ʅʘ ʨʠʩ. 7 ʧʨʠʚʝʜʝʥ ʀʂ-ʩʧʝʢʪʨ ʜʠʬʬʫʟʥʦʛʦ 
ʦʪʨʘʞʝʥʠʷ ʥʘʥʦʘʣʤʘʟʘ ʩ ʢʦʚʘʣʝʥʪʥʦ ʧʨʠʚʠʪʳʤ ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʛʣʠʮʠʥʘ ʚ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʀʂ-ʩʧʝʢʪʨʘʤʠ ʠʩʭʦʜʥʦʛʦ ʠ ʟʘʪʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ (ʅ2, 800 ʦʉ) 
ʥʘʥʦʘʣʤʘʟʘ. 

 

ʈʠʩ. 7. ʀʂ-ʩʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ ʥʘʥʦʘʣʤʘʟʘ: 1 ï ʠʩʭʦʜʥʦʛʦ; 
2 ï ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚʦʜʦʨʦʜʦʤ, 3 ï ʩ ʧʨʠʚʠʪʳʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ 

ʛʣʠʮʠʥʘ. 

ɺʣʠʷʥʠʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʳʨʘʟʠʣʦʩʴ (ʩʧʝʢʪʨ 2, ʨʠʩ. 7) ʚ: 

ī ʫʤʝʥʴʰʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʩʚʷʟʘʥʥʳʭ 
ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ (ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 3300 ʩʤī1); 

ī ʠʩʯʝʟʥʦʚʝʥʠʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ (ʧʦʣʦʩʘ ʩ ʤʘʢʩʠʤʫʤʦʤ 
1740 ʩʤī1); 

ī ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 
(ʫʟʢʘʷ ʧʦʣʦʩʘ 3700 ʩʤī1) ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʉïʅ ʩʚʷʟʝʡ (ʜʚʝ ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ 2800ī3000 

ʩʤī1). 
ʉʧʝʢʪʨ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʥʘʥʦʘʣʤʘʟʘ (ʩʧʝʢʪʨ 3, ʨʠʩ. 7) ʨʘʟʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʩʧʝʢʪʨʦʚ ʠʩʭʦʜʥʦʛʦ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘʥʦʘʣʤʘʟʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʩʧʝʰʥʦ 
ʧʨʦʚʝʜʝʥʥʦʡ ʧʨʠʚʠʚʢʝ. 
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ʀʟʫʯʝʥʠʝ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʩʦʨʙʝʥʪʦʚ. ɺʘʞʥʦʝ ʩʚʦʡʩʪʚʦ 
ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʥʦʩʠʪʝʣʝʡ ʠ ʩʦʨʙʝʥʪʦʚ ï ʥʘʣʠʯʠʝ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ʥʘ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʀʩʧʦʣʴʟʫʷ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʥʠʭ ʦʩʥʦʚʘʥʠʡ (ʦʢʩʠʜʘ 
ʫʛʣʝʨʦʜʘ, ʧʠʨʠʜʠʥʘ, ʘʤʤʠʘʢʘ, ʭʠʥʦʣʠʥʘ ʠ ʜʨ.), ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʢʠʩʣʦʪʥʳʭ 

ʮʝʥʪʨʦʚ, ʠʭ ʪʠʧ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʧʦʪʦʤʫ, ʯʪʦ ʦʩʥʦʚʘʥʠʷ ʦʙʨʘʟʫʶʪ ʨʘʟʥʳʝ 
ʢʦʤʧʣʝʢʩʳ ʩ ʢʠʩʣʦʪʥʳʤʠ ʮʝʥʪʨʘʤʠ ʨʘʟʥʦʛʦ ʪʠʧʘ. ʕʪʠ ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ ʨʘʟʥʳʡ ʥʘʙʦʨ 

ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ. ʊʘʢ, ʧʠʨʠʜʠʥ ʩ ʙʨʝʥʩʪʝʜʦʚʩʢʠʤʠ ʢʠʩʣʦʪʥʳʤʠ ʮʝʥʪʨʘʤʠ (ɹ.ʢ.ʮ.) 
ʦʙʨʘʟʫʝʪ ʠʦʥ ʧʠʨʠʜʠʥʠʷ PyH+ (ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ ï 1490 ʠ 1540 ʩʤī1), ʘ ʩ ʣʴʶʠʩʦʚʩʢʠʤʠ 

ʢʠʩʣʦʪʥʳʤʠ ʮʝʥʪʨʘʤʠ (ʃ.ʢ.ʮ.) ī ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ PyŸʃ.ʢ.ʮ. (ʦʩʥʦʚʥʳʝ 
ʧʦʣʦʩʳ ï 1450, 1490 ʠ 1580 ʩʤī1). ʉʦʧʦʩʪʘʚʣʷʷ ʀʂ-ʩʧʝʢʪʨʳ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʧʠʨʠʜʠʥʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʧʦʩʣʝ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʦʙʨʘʙʦʪʦʢ, ʤʦʞʥʦ ʩʫʜʠʪʴ ʥʝ ʪʦʣʴʢʦ 
ʦ ʥʘʣʠʯʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ, ʥʦ ʠ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʢʠʩʣʦʪʥʦʩʪʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʦʙʨʘʙʦʪʦʢ. 
ʊʘʢ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʠʨʠʜʠʥʘ (ʨʠʩ. 8), ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢʨʝʢʠʥʛʘ, ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ 
ʦʙʨʘʙʦʪʢʘʤ, ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ʵʪʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

 

ʈʠʩ. 8. ʀʂ-ʩʧʝʢʪʨʳ ʧʠʨʠʜʠʥʘ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ 
ʢʘʪʘʣʠʟʘʪʦʨʘ ʢʨʝʢʠʥʛʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʝʩʪʴ ʠ ʃ.ʢ.ʮ., ʠ ɹ.ʢ.ʮ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ 1450 ʩʤī1, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʘʣʠʯʠʝʤ ʃ.ʢ.ʮ., ʥʘʠʙʦʣʴʰʘʷ, ʘ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʚʦʜʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʢʘʣʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ 
ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʃ.ʢ.ʮ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʞʝ ʧʦʣʦʩʳ 1540 ʩʤī1, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʦʥʘ ʧʠʨʠʜʠʥʠʷ ʥʘ ɹ.ʢ.ʮ., ʧʦʩʣʝ 
ʦʙʨʘʙʦʪʢʠ ʚʦʜʦʡ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʩʧʝʢʪʨʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʚʟʘʠʤʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ. 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ̫ʯʘʩʪʴ  

ʆʙʦʨʫʜʦʚʘʥʠʝ: ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ Thermo Scientific Nicolet 

IR200, ʧʨʝʩʩ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʘʙʣʝʪʦʢ, ʘʛʘʪʦʚʳʝ ʩʪʫʧʢʘ ʠ ʧʝʩʪʠʢ. 
ʈʝʘʢʪʠʚʳ: KBr, ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ, ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ. 
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2.1 ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨ çNicolet IR200è 

ɹʣʘʛʦʜʘʨʷ ʫʩʧʝʭʘʤ ʚ ʨʘʟʚʠʪʠʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʩʫʱʝʩʪʚʫʶʪ ʧʨʠʙʦʨʳ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʝ ʦʭʚʘʪʳʚʘʶʪ ʚʝʩʴ ʜʠʘʧʘʟʦʥ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʧʝʢʪʨʦʤʝʪʨʳ ʧʦʟʚʦʣʷʶʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʀʂ-
ʩʧʝʢʪʨʳ ʛʘʟʦʦʙʨʘʟʥʳʭ, ʞʠʜʢʠʭ ʠ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ. ʈʝʛʠʩʪʨʘʮʠʶ ʀʂ-ʩʧʝʢʪʨʦʚ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʚ ʢʶʚʝʪʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ KBr  ʠʣʠ NaCl ï ʤʘʪʝʨʠʘʣʦʚ, ʦʧʪʠʯʝʩʢʠ 
ʧʨʦʟʨʘʯʥʳʭ ʚ ʀʂïʜʠʘʧʘʟʦʥʝ. ɼʣʷ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʠʥʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʩʲʝʤʢʠ 

ʀʂ-ʩʧʝʢʪʨʦʚ ʚ ʚʠʜʝ ʤʝʣʢʦ ʨʘʩʪʝʨʪʦʡ ʩʫʩʧʝʥʟʠʠ ʚʝʱʝʩʪʚʘ ʚ ʚʘʟʝʣʠʥʦʚʦʤ ʠʣʠ 
ʤʠʥʝʨʘʣʴʥʦʤ ʤʘʩʣʝ. ɼʣʷ ʩʲʝʤʢʠ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʦʨʦʰʢʦʚ ʠʭ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʝʩʩʦʚʘʪʴ 

ʚʤʝʩʪʝ ʩ KBr  ʚ ʪʘʙʣʝʪʢʠ ʪʦʣʱʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʤʝʪʨʦʚ. 
ɺʳʧʦʣʥʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʦʚʦʜʷʪ ʥʘ ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʩ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ 

Nicolet IR200 (Thermo Scientific) ʩ ʨʘʙʦʯʠʤ ʜʠʘʧʘʟʦʥʦʤ 4000ī400 ʩʤī1, ʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʧʨʠʙʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.9.  

 

ʈʠʩ. 9. ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʀʂ ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʘ: 1 ï ʥʝʧʦʜʚʠʞʥʦʝ ʟʝʨʢʘʣʦ 
ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ; 2 ï ʧʦʜʚʠʞʥʦʝ ʟʝʨʢʘʣʦ; 3 ï ʩʚʝʪʦʜʝʣʠʪʝʣʴʥʘʷ ʧʣʘʩʪʠʥʘ; 4 ï ʠʩʪʦʯʥʠʢ 

ʠʟʣʫʯʝʥʠʷ; 5 ï ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ; 6 ï ʜʝʪʝʢʪʦʨ ʠʟʣʫʯʝʥʠʷ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʩ ʧʨʠʙʦʨʦʤ, ʦʩʦʙʝʥʥʦ ʚ ʤʦʤʝʥʪʳ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʝʛʦ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʠʩʢʣʶʯʘʶʱʝʝ ʣʶʙʳʝ ʢʦʣʝʙʘʥʠʷ. ʊʘʢʞʝ ʚʘʞʥʦ 
ʩʣʝʜʠʪʴ ʟʘ ʦʪʩʫʪʩʪʚʠʝʤ ʚʙʣʠʟʠ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʠʩʪʦʯʥʠʢʦʚ ʚʣʘʛʠ ʠ ʜʨʫʛʠʭ 

ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʦʩʦʙʝʥʥʦ ʣʝʛʢʦʣʝʪʫʯʠʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ ʬʦʥʦʚʦʝ 
ʧʦʛʣʦʱʝʥʠʝ ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʣʫʯʝʥʠʶ ʠʩʢʘʞʝʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

2.2 ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʨʘʙʦʪʳ: 

1. ʧʦʜʛʦʪʦʚʢʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ; 
2. ʨʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʘ; 

3. ʠʥʪʝʨʧʨʝʪʘʮʠʷ (ʘʥʘʣʠʟ ʩʧʝʢʪʨʘ, ʦʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʛʨʫʧʧʘʤ, ʩʚʷʟʷʤ, ʬʨʘʛʤʝʥʪʘʤ ʩʪʨʫʢʪʫʨ); 

4. ʨʝʰʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. 

2.2.1 ʊʘʙʣʝʪʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʩ KBr 

ʇʝʨʝʪʠʨʘʥʠʝ ʧʦʨʦʰʢʘ. ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʚ ʦʙʨʘʟʮʝ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ 

ʧʦʣʫʯʘʝʤʳʭ ʩʧʝʢʪʨʦʚ ʠʟ-ʟʘ ʧʨʦʮʝʩʩʦʚ ʨʘʩʩʝʷʥʠʷ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 
ʠʟʤʝʥʝʥʠʶ ʫʛʣʘ ʥʘʢʣʦʥʘ ʙʘʟʦʚʦʡ ʣʠʥʠʠ ʠ ʧʦʷʚʣʝʥʠʶ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʳʭ ʰʫʤʦʚ ʚ ʀʂ-

ʩʧʝʢʪʨʘʭ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʵʬʬʝʢʪʘ ʨʘʩʩʝʷʥʠʷ, ʯʘʩʪʠʮʳ ʚ ʧʦʨʦʰʢʝ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 
ʦʙʨʘʟʮʘ ʜʦʣʞʥʳ ʠʤʝʪʴ ʨʘʟʤʝʨ ʥʝ ʙʦʣʝʝ 1 ʤʢʤ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʘʢʠʭ ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʝʮ 

ʜʦʣʞʝʥ ʙʳʪʴ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʦʣʦʪ ʚ ʘʛʘʪʦʚʦʡ ʠʣʠ ʷʰʤʦʚʦʡ ʩʪʫʧʢʝ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ 
ʪɻʦʡ ʧʨʦʮʝʜʫʨʳ, ʢʘʢ ʠ ʧʨʠ ʣʶʙʦʡ ʧʦʩʣʝʜʫʶʱʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʯʠʩʪʦʪʝ ʠ ʩʫʭʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʤʝʣʴʯʘʡʰʝʝ ʟʘʛʨʷʟʥʝʥʠʝ ʤʦʞʝʪ 
ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʩʢʘʞʝʥʠʷʤ ʚ ʀʂ-ʩʧʝʢʪʨʝ. 
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ʇʨʝʩʩʦʚʘʥʠʝ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʦʨʦʰʦʢ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʦʣʦʪ, ʚʟʷʪʴ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 
ʚʝʩʘʭ ʝʛʦ ʥʘʚʝʩʢʫ ʠ ʪʱʘʪʝʣʴʥʦ ʩʤʝʰʘʪʴ ʝʝ ʩ ʥʘʚʝʩʢʦʡ KBr. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʀʂ-ʩʧʝʢʪʨʘ ʥʝʦʙʭʦʜʠʤʦ ʚʩʝʛʦ 1ī10 ʤʛ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. 
ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩ ʚʝʱʝʩʪʚʘ ʠ KBr ʥʘʭʦʜʷʪ ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʧʦ ʧʦʣʫʯʘʝʤʳʤ 

ʀʂ-ʩʧʝʢʪʨʘʤ. ʆʙʳʯʥʦ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʙʣʠʟʢʦ ʢ 1:100. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʙʣʝʪʦʢ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʡ ʧʨʝʩʩ ʠ ʵʣʝʤʝʥʪʳ ʜʣʷ ʧʨʝʩʩʦʚʘʥʠʷ (ʨʠʩ. 10): ʦʩʥʦʚʘ ʩʦ 

ʰʪʳʨʴʢʦʤ, ʰʘʡʙʦʯʢʘ ʠ ʢʨʳʰʝʯʢʘ. 

 
ʈʠʩ. 10. ʇʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ: ʘ ï ʦʩʥʦʚʘ, ʰʘʡʙʦʯʢʘ ʠ ʢʨʳʰʝʯʢʘ; ʙ 
ï ʧʨʝʩʩʬʦʨʤʘ; ʚ ï ʧʨʝʩʩʬʦʨʤʘ ʩ ʧʦʤʝʱʝʥʥʳʤ ʦʙʨʘʟʮʦʤ; ʛ ï ʜʝʨʞʘʪʝʣʴ ʩ ʰʘʡʙʦʯʢʦʡ, 

ʩʦʜʝʨʞʘʱʝʡ ʪʘʙʣʝʪʢʫ KBr  ʩ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʚʝʱʝʩʪʚʦʤ. 

ʉʥʘʯʘʣʘ ʥʘ ʦʩʥʦʚʫ ʥʘʜʝʪʴ ʰʘʡʙʦʯʢʫ, ʚ ʦʪʚʝʨʩʪʠʝ ʰʘʡʙʦʯʢʠ ʧʦʤʝʩʪʠʪʴ ʧʦʨʦʰʦʢ ʠ 

ʨʘʟʨʦʚʥʷʪʴ ʝʛʦ ʩ ʧʦʤʦʱʴʶ ʰʧʘʪʝʣʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʚʝʱʝʩʪʚʘ ʚʦ ʚʨʝʤʷ ʧʨʝʩʩʦʚʘʥʠʷ. ɿʘʪʝʤ ʥʘ ʰʘʡʙʦʯʢʫ ʥʘʜʝʪʴ ʢʨʳʰʝʯʢʫ ʠ ʚ ʪʘʢʦʤ 

ʩʦʩʪʦʷʥʠʠ (ʦʩʥʦʚʘ-ʰʘʡʙʦʯʢʘ-ʢʨʳʰʝʯʢʘ) ʧʦʤʝʩʪʠʪʴ ʚ ʧʨʝʩʩ. ɼʣʷ ʧʨʝʩʩʦʚʘʥʠʷ, ʩʞʠʤʘʷ, 
ʩʚʝʩʪʠ ʨʫʢʦʷʪʢʠ ʧʨʝʩʩʘ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʦ. ɿʘʪʝʤ ʨʘʟʞʘʪʴ ʧʨʝʩʩ ʠ ʠʟʚʣʝʯʴ ʰʘʡʙʦʯʢʫ 

ʩʦ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʪʘʙʣʝʪʢʦʡ. ʍʦʨʦʰʦ ʩʧʨʝʩʩʦʚʘʥʥʘʷ ʪʘʙʣʝʪʢʘ ʧʨʦʟʨʘʯʥʘ. ɺ ʩʣʫʯʘʝ, 
ʝʩʣʠ ʪʘʙʣʝʪʢʘ ʥʝʧʨʦʟʨʘʯʥʘʷ, ʝʝ ʩʣʝʜʫʝʪ ʧʨʠʛʦʪʦʚʠʪʴ ʟʘʥʦʚʦ. 

ɺʥʠʤʘʥʠʝ! ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʜʦʩʪʦʚʝʨʥʳʭ ʀʂ-ʩʧʝʢʪʨʦʚ ʥʝʤʘʣʦʚʘʞʥʫʶ 
ʨʦʣʴ ʠʛʨʘʝʪ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʨʝʩʩʦʚʘʥʠʷ ï ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʘʙʩʦʣʶʪʥʦ 

ʯʠʩʪʳʤʠ ʠ ʭʦʨʦʰʦ ʦʪʧʦʣʠʨʦʚʘʥʥʳʤʠ. ʇʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 
ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʢʘʞʜʳʡ ʨʘʟ ʪʱʘʪʝʣʴʥʦ ʧʨʦʤʳʚʘʪʴ ʵʣʝʤʝʥʪʳ ʜʣʷ ʧʨʝʩʩʦʚʘʥʠʷ, 

ʯʪʦʙʳ ʫʜʘʣʠʪʴ ʦʩʪʘʪʢʠ ʚʝʱʝʩʪʚ ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʵʪʦʛʦ 
ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʘʪʳ ʠ ʜʨʫʛʠʭ ʚʦʨʩʠʩʪʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʝʞʝʣʘʪʝʣʴʥʦ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʙʝʟʚʦʨʩʦʚʳʝ 
ʩʘʣʬʝʪʢʠ. ʇʦʷʚʣʝʥʠʝ ʮʘʨʘʧʠʥ ʥʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʨʘʡʥʝ ʥʝʞʝʣʘʪʝʣʴʥʦ, ʧʦʵʪʦʤʫ 

ʦʙʨʘʱʘʪʴʩʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʜʣʷ ʧʨʝʩʩʦʚʘʥʠʷ ʥʫʞʥʦ ʙʝʨʝʞʥʦ ʠ ʘʢʢʫʨʘʪʥʦ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʪʘʙʣʝʪʦʢ ʣʘʙʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ 
ʤʦʛʫʪ ʨʘʟʣʘʛʘʪʴʩʷ ʟʘ ʩʯʝʪ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʧʨʠ ʧʝʨʝʪʠʨʘʥʠʠ ʠ ʧʨʝʩʩʦʚʘʥʠʠ ʪʝʧʣʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚʦʟʤʦʞʝʥ ʠʦʥʥʳʡ ʦʙʤʝʥ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ KBr, ʘ ʩʠʣʴʥʳʝ ʦʢʠʩʣʠʪʝʣʠ 
ʤʦʛʫʪ ʦʢʠʩʣʷʪʴ ʙʨʦʤʠʜ-ʠʦʥ ʜʦ ʙʨʦʤʘ. 

2.2.2 ʈʝʛʠʩʪʨʘʮʠʷ ʀʂ-ʩʧʝʢʪʨʦʚ 

1. ɺʢʣʶʯʠʪʴ ʩʧʝʢʪʨʦʤʝʪʨ ʠ ʩʦʝʜʠʥʝʥʥʳʡ ʩ ʥʠʤ ʢʦʤʧʴʶʪʝʨ, ʚʳʜʝʨʞʘʪʴ 30ï40 ʤʠʥ ʜʦ 
ʥʘʯʘʣʘ ʩʲʝʤʢʠ ʦʙʨʘʟʮʦʚ, ʯʪʦʙʳ ʧʨʦʛʨʝʪʴ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ. 

2. ʆʪʢʨʳʪʴ ʧʨʦʛʨʘʤʤʫ Omnic (ʠʢʦʥʢʘ ʥʘ ʨʘʙʦʯʝʤ ʩʪʦʣʝ), ʚʳʙʨʘʪʴ ʠ ʧʨʦʚʝʨʠʪʴ 
ʥʘʩʪʨʦʡʢʠ: 
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ï ʢʦʣʠʯʝʩʪʚʦ ʩʢʘʥʦʚ2 ï 64, 

ï ʨʘʟʨʝʰʝʥʠʝ ï 2 ʩʤī1, 

ï ʨʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ï ʧʦ ʧʦʛʣʦʱʝʥʠʶ (ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ), ʨʝʛʠʩʪʨʘʮʠʷ ʬʦʥʘ ï 

ʧʝʨʝʜ ʢʘʞʜʳʤ ʠʟʤʝʨʝʥʠʝʤ. 
3. ʅʘʞʘʚ ʢʥʦʧʢʠ çʠʟʤʝʨʠʪʴ ʬʦʥè ʠ ʜʘʣʝʝ çʠʟʤʝʨʠʪʴè, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʬʦʥʦʚʳʡ 

ʩʧʝʢʪʨ, ʠʣʠ ʩʧʝʢʪʨ ʩʨʘʚʥʝʥʠʷ (ʨʠʩ. 11), ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʦʛʣʦʱʝʥʠʝʤ ʧʘʨʘʤʠ ʚʦʜʳ 

(1600ī1400 ʩʤī1), ʉʆ2 (2400ī2300 ʩʤī1) ʠ, ʚʦʟʤʦʞʥʦ, ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʦʟʜʫʭʘ 

ʚ ʢʘʤʝʨʝ ʩʧʝʢʪʨʦʤʝʪʨʘ. ʕʪʦʪ ʩʧʝʢʪʨ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʯʪʝʥ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʩʧʝʢʪʨʘ ʦʙʨʘʟʮʘ. 
4. ʐʘʡʙʦʯʢʫ ʩ ʛʦʪʦʚʦʡ ʪʘʙʣʝʪʢʦʡ ʟʘʢʨʝʧʠʪʴ ʚ ʜʝʨʞʘʪʝʣʝ ʜʣʷ ʦʙʨʘʟʮʘ, ʧʦʤʝʩʪʠʪʴ ʚ 

ʩʧʝʢʪʨʦʤʝʪʨ ʠ ʥʘʞʘʪʴ ʢʥʦʧʢʫ çʠʟʤʝʨʠʪʴ ʦʙʨʘʟʝʮè. ʇʝʨʝʜ ʨʝʛʠʩʪʨʘʮʠʝʡ ʩʧʝʢʪʨʘ ʚ ʦʢʥʝ 
ʧʨʦʛʨʘʤʤʳ ʧʨʦʠʩʭʦʜʠʪ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʩʢʘʥʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ 

ʩʫʜʠʪʴ ʦ ʢʘʯʝʩʪʚʝ ʩʧʝʢʪʨʘ, ʢʦʪʦʨʦʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʨʘʟʤʦʣʘ 
ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʪ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʪʘʙʣʝʪʢʝ KBr  ʠ ʢʘʯʝʩʪʚʘ ʧʨʝʩʩʦʚʘʥʠʷ 

ʪʘʙʣʝʪʢʠ. ɽʩʣʠ ʢʘʯʝʩʪʚʦ ʩʧʝʢʪʨʘ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ, ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʜʝʣʘʪʴ 
ʪʘʙʣʝʪʢʫ, ʫʜʝʣʠʚ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʪʱʘʪʝʣʴʥʦʤʫ ʧʝʨʝʪʠʨʘʥʠʶ ʠ ʧʨʝʩʩʦʚʘʥʠʶ ʩʤʝʩʠ. 

ɽʩʣʠ ʢʘʯʝʩʪʚʦ ʩʧʝʢʪʨʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ, ʩʣʝʜʫʝʪ ʥʘʞʘʪʴ ʢʥʦʧʢʫ çʠʟʤʝʨʠʪʴè. ʂʦʛʜʘ 
ʧʨʦʠʟʦʡʜʝʪ ʥʘʢʦʧʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʢʘʥʦʚ, ʚ ʦʢʥʝ ʧʨʦʛʨʘʤʤʳ ʧʦʷʚʠʪʩʷ 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʀʂ-ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ. 

 
ʈʠʩ. 11. ʉʪʘʥʜʘʨʪʥʳʡ ʬʦʥʦʚʳʡ ʀʂ-ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʚʦʟʜʫʭʘ. 

5. ʉʦʭʨʘʥʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʀʂ-ʩʧʝʢʪʨ ʚ ʦʜʥʦʤ ʠʟ ʬʦʨʤʘʪʦʚ (asp, txt, tif). ʌʘʡʣʳ ʚ ʧʝʨʚʦʤ 

ʬʦʨʤʘʪʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʢʨʳʪʳ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʨʘʙʦʪʳ ʩʦ 
ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ (ACDLabs ʠ ʜʨ.). ʌʘʡʣʳ ʚ ʬʦʨʤʘʪʝ tif  ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʘʨʪʠʥʢʠ ʩ ʥʝʨʝʜʘʢʪʠʨʫʝʤʳʤʠ ʩʧʝʢʪʨʘʤʠ. ɼʘʥʥʳʝ txt-ʬʘʡʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ 
ʠʤʧʦʨʪʠʨʦʚʘʥʳ ʚ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ (Excel, Origin, SigmaPlot ʠ ʜʨ.), 

ʢʦʪʦʨʳʝ ʜʘʶʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

                                                             
2 ʉʢʘʥ ï ʝʜʠʥʠʯʥʳʡ ʀʂ-ʩʧʝʢʪʨ. ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʀʂ-ʩʧʝʢʪʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʨʝʜʥʝʥʥʳʡ ʠʟ 

ʚʳʙʨʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʢʘʥʦʚ. 
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2.2.3 ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʀʂ-ʩʧʝʢʪʨʦʚ 

ʅʘʯʠʥʘʪʴ ʘʥʘʣʠʟ ʩʣʝʜʫʝʪ ʩʦ ʩʧʝʢʪʨʘ ʥʦʩʠʪʝʣʷ ʙʝʟ ʧʦʩʪʦʨʦʥʥʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ, ʝʩʣʠ ʵʪʦ ʚʦʟʤʦʞʥʦ. ʀ ʝʩʣʠ ʚ ʩʧʝʢʪʨʝ ʧʨʦʷʚʣʷʶʪʩʷ ʢʘʢʠʝ-ʣʠʙʦ ʧʦʣʦʩʳ, ʠʭ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚ ʩʧʝʢʪʨʝ ʥʦʩʠʪʝʣʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʆʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʣʫʯʰʝ ʚʩʝʛʦ ʧʨʦʚʦʜʠʪʴ ʧʦ ʙʘʟʘʤ ʜʘʥʥʳʭ ʯʘʩʪʦʪ 

ʧʦʛʣʦʱʝʥʠʷ (ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ) ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʛʨʫʧʧ ʠ ʩʚʷʟʝʡ. ʅʘʯʠʥʘʪʴ ʧʨʦʱʝ ʩ ʧʦʣʦʩ 

ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 4000ī1500 ʩʤī1, ʘ ʟʘʪʝʤ ʠʩʢʘʪʴ ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʧʦʣʦʩʳ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 1650ī500 ʩʤī1. 

3. ʆʬʦʨʤʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 

ʈʝʟʫʣʴʪʘʪ ʩʣʝʜʫʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʧʝʢʪʨʦʚ ʩ ʦʙʦʟʥʘʯʝʥʥʳʤʠ ʩʦʦʪʥʝʩʝʥʠʷʤʠ 
ʥʘʙʣʶʜʘʶʱʠʭʩʷ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʥʫʞʥʦ ʩʜʝʣʘʪʴ 

ʟʘʢʣʶʯʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠʣʠ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ 
ʪʝʣʘ. ɽʩʣʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʜʦ ʠ ʧʦʩʣʝ ʥʝʢʦʪʦʨʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʦ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʨʦʪʝʢʘʚʰʠʭ ʭʠʤʠʯʝʩʢʠʭ 
ʨʝʘʢʮʠʷʭ. 

4. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʏʪʦ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ? 
2. ʂʘʢʠʝ ʢʦʣʝʙʘʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ? 

3. ʂʘʢʠʝ ʢʦʣʝʙʘʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤ? 
4. ʂʘʢʠʝ ʪʠʧʳ ʥʦʨʤʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚʳʜʝʣʷʶʪ? ʏʝʤ ʦʥʠ ʨʘʟʣʠʯʘʶʪʩʷ? 

 

5. ʃʠʪʝʨʘʪʫʨʘ 

1. ʃ.ɸ. ʂʘʟʠʮʳʥʘ, ʅ.ɹ. ʂʫʧʣʝʪʩʢʘʷ. ʇʨʠʤʝʥʝʥʠʝ ʋʌ-, ʀʂ-, ʗʄʈ- ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 
ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʄ., ʀʟʜ-ʚʦ ʄʦʩʢ. ʫʥ-ʪʘ, 1979. 

2. ɸ. ʉʤʠʪ. ʇʨʠʢʣʘʜʥʘʷ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʄ., ʄʀʈ, 1982. 
3. ʃ. ɹʝʣʣʘʤʠ. ʀʥʬʨʘʢʨʘʩʥʳʝ ʩʧʝʢʪʨʳ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣ. ʄ., ʀʟʜʘʪʝʣʴʩʪʚʦ 

ʠʥʦʩʪʨʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, 1963. 
4. ʃ. ɹʝʣʣʘʤʠ. ʅʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʀʂ ʩʧʝʢʪʨʘʤ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣ. ʄ., ʄʀʈ, 1971. 

5. ʅ. ʅʘʢʘʤʦʪʦ. ʀʂ ʩʧʝʢʪʨʳ ʠ ʩʧʝʢʪʨʳ ʂʈ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 
ʩʦʝʜʠʥʝʥʠʡ. ʄ., ʄʀʈ, 1991. 
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ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʫʧʧʦʚʦʛʦ ʠ ʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ 

ʧʝʨʝʨʘʙʦʪʢʠ 
ɸʚʪʦʨ: ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ʉ.ɺ. ɽʛʘʟʘʨʴʷʥʮ 

ɿʘʜʘʯʠ ʩʦʜʝʨʞʘʪ ʦʩʥʦʚʳ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 
ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʪʨʘʙʦʪʢʠ 

ʧʨʦʚʝʜʝʥʠʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʝʥʟʠʥʦʚ ʩʪʫʜʝʥʪʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ 
ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ.    

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʘʚʳʢʦʚ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 
ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ ʩʦʯʝʪʘʥʠʝʤ ʤʝʪʦʜʦʚ ʢʘʧʠʣʣʷʨʥʦʡ 

ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʂɻʍ) ʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 
(ɺʕɾʍ). 

 
ʉʦʜʝʨʞʘʥʠʝ 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʙʝʥʟʠʥʘʭ 
     1.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

        1.1.1 ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʳ 
        1.1.2 ʅʘʥʝʩʝʥʠʝ ʤʝʪʘʣʣʦʚ (Fe3+, Ca2+, Al3+):  

        1.1.3 ɺʳʜʝʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʫʟʢʠʭ ʬʨʘʢʮʠʡ ɸʋ 
2. ʆʧʨʝʜʝʣʝʥʠʝ ʘʣʢʝʥʦʚ ʚ ʙʝʥʟʠʥʘʭ 

     2.1 ɺʚʝʜʝʥʠʝ 
     2.2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

        2.2.1 ɸʥʘʣʠʟ ʘʣʢʝʥʦʚ ʚ ʙʝʥʟʠʥʘʭ ʤʝʪʦʜʦʤ ʂɻʍ 
        2.2.2 ʆʧʨʝʜʝʣʝʥʠʝ ʦʣʝʬʠʥʦʚ ʚ ʧʨʷʤʦʛʦʥʥʦʤ ʙʝʥʟʠʥʝ ʤʝʪʦʜʦʤ ɺʕɾʍ 

3.  ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʫʧʧʦʚʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ 
     3.1 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʤʘʩʣʷʥʳʭ ʜʠʩʪʠʣʣʷʪʘʭ ʥʝʬʪʠ ʤʝʪʦʜʦʤ 
ɺʕɾʍ ʥʘ ʢʘʪʠʦʥʠʨʦʚʘʥʥʳʭ ʩʠʣʠʢʘʛʝʣʷʭ 

     4.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ̫ʯʘʩʪʴ 
4. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

5. ʃʠʪʝʨʘʪʫʨʘ 
 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʙʝʥʟʠʥʘʭ 

 ʀʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʙʝʥʟʠʥʦʚ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʧʦ ʛʨʫʧʧʦʚʦʤʫ ʩʦʩʪʘʚʫ. ʉʣʦʞʥʳʡ 
ʩʦʩʪʘʚ ʙʝʥʟʠʥʦʚʳʭ ʬʨʘʢʮʠʡ (ʧʦ ʜʘʥʥʳʤ ʂɻʍ ʧʦʨʷʜʢʘ 150-250 ʢʦʤʧʦʥʝʥʪʦʚ) ʩʠʣʴʥʦ 

ʟʘʪʨʫʜʥʷʝʪ ʵʢʩʧʨʝʩʩʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʚʭʦʜʷʱʠʭ ʚ ʥʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ɸʋ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʞʝʩʪʢʦ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʯʘʩʪʴ 

ʙʝʥʟʠʥʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʧʦʣʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ 
ʧʠʢʦʚ ʜʘʞʝ ʥʘ ʢʘʧʠʣʣʷʨʥʳʭ ʢʦʣʦʥʢʘʭ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ (200 000 

ï 300 000 ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʪʘʨʝʣʦʢ). ʇʣʦʭʘʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʩʚʦʡʩʪʚ ʢʘʧʠʣʣʷʨʥʳʭ 
ʢʦʣʦʥʦʢ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʮʦʚ ʩʨʘʚʥʝʥʠʷ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʨʘʟʜʝʣʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʋʧʨʦʩʪʠʪʴ ʤʝʪʦʜʠʢʫ, ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ 
ʵʢʩʧʨʝʩʩʥʦʩʪʴ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʝʪ ʩʦʯʝʪʘʥʠʝ ʤʝʪʦʜʦʚ ɺʕɾʍ ʠ ʂɻʍ.   

ʆʙʳʯʥʦ ʛʨʫʧʧʦʚʦʝ ʨʘʟʜʝʣʝʥʠʝ ʤʝʪʦʜʦʤ ɺʕɾʍ ʧʨʦʚʦʜʷʪ ʥʘ ʘʣʶʤʦʛʝʣʝ ʠ 
ʩʠʣʠʢʘʛʝʣʝ. ʆʜʥʘʢʦ, ʥʘ ʘʣʶʤʦʛʝʣʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʚʩʣʝʜʩʪʚʠʝ ʩʠʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʚʣʘʛʠ ʥʘ ʧʨʦʮʝʩʩ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ. ʅʘ 
ʩʠʣʠʢʘʛʝʣʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʙʦʪʝ ʢʦʣʦʥʦʢ, ʥʝ 

ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʧʦʣʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʠʢʦʚ ʨʝʘʣʴʥʳʭ ʩʤʝʩʝʡ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʦʩʦʙʝʥʥʦ ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʭ ɸʋ ʦʪ ʙʠʮʠʢʣʠʯʝʩʢʠʭ) ʠʟ-ʟʘ ʧʝʨʝʢʨʳʚʘʥʠʷ 

ʟʦʥ ʘʣʢʠʣ- ʠ ʧʦʣʠʤʝʪʠʣʟʘʤʝʱʝʥʥʳʭ ɸʋ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʘʣʢʠʣʥʘʬʪʘʣʠʥʳ 
ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʩ ʧʦʣʠʤʝʪʠʣʙʝʥʟʦʣʘʤʠ, ʘ ʘʣʢʠʣʬʝʥʘʥʪʨʝʥʳ - ʩ ʧʦʣʠʤʝʪʠʣʥʘʬʪʘʣʠʥʘʤʠ 

ʠ ʪ.ʜ. (ʨʠʩ. 1). ʇʦʵʪʦʤʫ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʛʨʫʧʧʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʵʪʠʭ 
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ʬʨʘʢʮʠʡ ʤʝʪʦʜʦʤ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʨʦʚʦʜʠʪʩʷ ʭʠʤʠʯʝʩʢʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ 
ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʩʠʣʠʢʘʛʝʣʷ ʂʉʂ ʢʘʪʠʦʥʘʤʠ ʘʣʶʤʠʥʠʷ, ʢʘʣʴʮʠʷ, ʞʝʣʝʟʘ.  

 
1.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

1.1.1 ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʳ 

ɾʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬ ʬʠʨʤʳ çɼʞʠʣʩʦʥè ʩ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʜʝʪʝʢʪʦʨʦʤ 

(ʋʌ), ʩ ʜʠʘʧʘʟʦʥʦʤ ʜʣʠʥ ʚʦʣʥ ɚ= 200-600 ʥʤ, ʩʥʘʙʞʝʥʥʳʡ ʩʪʘʣʴʥʳʤʠ ʢʦʣʦʥʢʘʤʠ ʩ 
çʟʝʨʢʘʣʴʥʦʡè ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʣʠʥʦʡ 150, 250 ʤʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 

4,6 ʤʤ. ʂʦʣʦʥʢʠ ʟʘʧʦʣʥʷʣʠ 5-ʤʠʢʨʦʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʘʜʩʦʨʙʝʥʪʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 
ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʣʦʥʦʢ ʩʦʩʪʘʚʣʷʝʪ 50 000 ï 60 000 ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʪʘʨʝʣʦʢ ʥʘ 1 ʤʝʪʨ 

ʢʦʣʦʥʢʠ ʧʦ ʙʝʥʟʦʣʫ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪ ʘʙʩʦʣʶʪʥʳʡ ʛʝʢʩʘʥ. ʅʘ ʨʠʩ.2 
ʧʨʠʚʝʜʝʥʳ ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʨʘʟʜʝʣʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʤʝʩʠ ɸʋ ʠ ʛʨʫʧʧʦʚʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʙʝʥʟʠʥʦʚ ɹʌ-1 ʠ ɹʌ-2. ʂʘʢ ʚʠʜʥʦ, ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 
ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʠ ʧʨʦʠʟʦʰʣʦ ʭʦʨʦʰʝʝ ʨʘʟʜʝʣʝʥʠʝ ʧʠʢʦʚ ʅʋ, 

ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʭ (ʄɸʋ) ʠ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ɸʋ (ɹɸʋ). ɺ ʢʘʯʝʩʪʚʝ ʩʚʠʜʝʪʝʣʷ ʬʨʘʢʮʠʠ ʅʋ 
ʠʩʧʦʣʴʟʦʚʘʣʠ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜ.  

ʉʠʣʠʢʘʛʝʣʴ ʂʉʂ-2 (S = 350 ʤ2/ʛ, dʧʦʨ = 100Ȕ), ʩʠʣʦʭʨʦʤ ʉ-80 (S = 65 ʤ2/ʛ, dʧʦʨ = 
700Ȕ) ʠ ʩʠʣʦʭʨʦʤ ʉ-80 (S = 80 ʤ2/ʛ, dʧʦʨ = 500Ȕ). ʕʪʠ ʘʜʩʦʨʙʝʥʪʳ ʚʳʧʫʩʢʘʶʪʩʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ, ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʳ, ʣʝʛʢʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʭʠʤʠʯʝʩʢʦʤʫ 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʶ; ʩʚʦʡʩʪʚʘ ʢʦʣʦʥʢʠ, ʟʘʧʦʣʥʝʥʥʦʡ ʪʘʢʠʤʠ ʩʦʨʙʝʥʪʘʤʠ, ʜʦʚʦʣʴʥʦ ʣʝʛʢʦ 

ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ.  
ɹʝʥʟʠʥʳ - ʧʨʷʤʦʛʦʥʥʘʷ ʙʝʥʟʠʥʦʚʘʷ ʬʨʘʢʮʠʷ 80-180Áʉ (ɹʌ-1), ʧʣʘʪʬʦʨʤʘʪ - 

ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʡ ʢʦʤʧʦʥʝʥʪ ʘʚʪʦʙʝʥʟʠʥʦʚ, ʬʨʘʢʮʠʷ 80-180Áʉ (ɹʌ-2), ʙʝʥʟʠʥ 
ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ, ʬʨʘʢʮʠʷ 80-200Áʉ (ɹʌ-3). ɺ ʵʪʠʭ ʬʨʘʢʮʠʷʭ ʚʘʞʝʥ 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ɸʋ ʠ ʘʣʢʝʥʦʚ 
 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʬʘʢʪʦʨʘ ʫʜʝʨʞʠʚʘʥʠʷ ʦʪ ʯʠʩʣʘ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ 

ʫʛʣʝʚʦʜʦʨʦʜʘ 
 

ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʭʦʨʦʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʣʦʥʢʠ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʩʦʨʙʝʥʪʘʭ 
ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ ʙʦʣʴʰʝ 60Ȕ. ʍʠʤʠʯʝʩʢʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʘʜʩʦʨʙʝʥʪʦʚ ʧʨʦʚʦʜʠʪʩʷ 

ʥʘʥʝʩʝʥʠʝʤ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʧʦʣʠʤʝʨʦʚ, ʩʦʣʝʡ ʠ ʱʝʣʦʯʝʡ ʩ ʮʝʣʴʶ 
ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʧʦʣʷʨʥʳʝ 

ʘʜʩʦʨʙʝʥʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʢʨʝʤʥʝʟʝʤʘʤʠ. 
 

1.1.2 ʅʘʥʝʩʝʥʠʝ ʤʝʪʘʣʣʦʚ (Fe3+, Ca2+, Al3+):  

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʝʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʡ ʠ ʚʳʩʫʰʝʥʥʳʡ ʧʨʠ 200ʦʉ ʩʠʣʠʢʘʛʝʣʴ 

ʦʙʨʘʙʘʪʳʚʘʶʪ ʩʦʣʴʶ ʤʝʪʘʣʣʘ (ʜʣʷ Fe3+ - ʭʣʦʨʥʳʤ ʞʝʣʝʟʦʤ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ, ʜʣʷ Ca2+ - 
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ʛʠʜʨʦʢʩʠʜʦʤ ʢʘʣʴʮʠʷ ʚ ʚʦʜʝ, ʜʣʷ Al3+ - ʥʠʪʨʘʪʦʤ ʘʣʶʤʠʥʠʷ ʚ ʚʦʜʝ). ɿʘʪʝʤ ʩʤʝʩʴ 
ʧʝʨʝʤʝʰʠʚʘʶʪ ʚ ʪʝʯʝʥʠʠ 2-3 ʯʘʩʦʚ, ʠ ʨʘʩʪʚʦʨʠʪʝʣʴ ʦʪʛʦʥʷʶʪ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʥʘʛʨʝʚʘʥʠʠ 

ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʨʦʜʫʢʪ ʩʫʰʘʪ ʧʨʠ 150 Áʉ ʚ ʪʝʯʝʥʠʠ 2 ʯʘʩʦʚ, ʘ ʟʘʪʝʤ ʧʨʦʢʘʣʠʚʘʶʪ 
ʧʨʠ 550 Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ. ʈʘʩʯʝʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʦʜʠʬʠʢʘʪʦʨʘ ʧʨʦʚʦʜʷʪ 

ʠʩʭʦʜʷ ʠʟ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʣʠʢʘʛʝʣʷ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʠʦʥʦʚ ʥʘ 
ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʘʜʩʦʨʙʝʥʪʦʚ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤʠ ʬʘʢʪʦʨʘʤʠ ʫʜʝʨʞʠʚʘʥʠʷ ʂô 
ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʘʜʩʦʨʙʮʠʠ ʙʝʥʟʦʣʘ, Ŭ-ʤʝʪʠʣʥʘʬʪʘʣʠʥʘ ʠ ʬʝʥʘʥʪʨʝʥʘ ʠʟ ʛʝʢʩʘʥʘ, ʯʝʤ 

ʠʩʭʦʜʥʳʡ ʩʠʣʠʢʘʛʝʣʴ ʂʉʂ ʩ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʪʘʙʣʠʮʘ 1). 
 

ʊʘʙʣʠʮʘ 1. ʋʜʝʨʞʠʚʘʥʠʝ ʙʝʥʟʦʣʘ, a-ʤʝʪʠʣʥʘʬʪʘʣʠʥʘ ʠ ʬʝʥʘʥʪʨʝʥʘ ʥʘ ʠʩʭʦʜʥʳʭ ʠ 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʜʩʦʨʙʝʥʪʘʭ (Ŭʙʝʥʟʦʣ=1) 

ɸʜʩʦʨʙʝʥʪ 

Kô = (t-t0)/t0 Ŭʩ= K i/Kʩʪ(ʙ) 

ɹʝʥʟʦʣ 
a-ʄʝʪʠʣ-

ʥʘʬʪʘʣʠʥ 
ʌʝʥʘʥʪʨʝʥ 

a-ʄʝʪʠʣ-

ʥʘʬʪʘʣʠʥ 
ʌʝʥʘʥʪʨʝʥ 

ʉʠʣʠʢʘʛʝʣʴ 

ʂʉʂ 
0.30 0.50 0.80 1.70 2.70 

ʉʠʣʠʢʘʛʝʣʴ 

ʤʦʜ. Ca2+ 
0.35 0.70 1.85 2.00 5.30 

ʉʠʣʠʢʘʛʝʣʴ 
ʤʦʜ. Al 3+ 

0.48 1.00 2.70 2.10 5.70 

ʉʠʣʠʢʘʛʝʣʴ 
ʤʦʜ. Fe3+ 

0.37 0.62 1.31 1.70 3.50 

ʉʠʣʦʭʨʦʤ  ʉ-

80 
0.17 0.47 0.72 1.70 5.20 

Kô ï ʬʘʢʪʦʨ ʫʜʝʨʞʠʚʘʥʠʷ, ʂʩʪ ï ʬʘʢʪʦʨ ʫʜʝʨʞʠʚʘʥʠʷ ʩʪʘʥʜʘʨʪʘ, t ï ʚʨʝʤʷ ʚʳʭʦʜʘ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʘ, t0 ï ʚʨʝʤʷ ʚʳʭʦʜʘ ʥʝʩʦʨʙʠʨʫʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, Ŭʉ 
ʢʦʵʬʬʠʮʠʝʥʪ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ɸʋ.  

 

 

ʈʠʩ.2. ʍʨʦʤʘʪʦʛʨʘʤʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʤʝʩʠ (ʘ) ʠ ʙʝʥʟʠʥʦʚʳʭ ʬʨʘʢʮʠʡ ɹʌ-2 (ʙ) ʠ ɹʌ-1 (ʚ); 
ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʘ: 1 ï CCl4; 2 ï ʙʝʥʟʦʣ; 3 ï ʥʘʬʪʘʣʠʥ; 4 ï ʬʝʥʘʥʪʨʝʥ; 

ʍʨʦʤʘʪʦʛʨʘʤʤʳ ʙ, ʚ): 1 ï ʥʘʩʳʱʝʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ; 2 ï ʙʝʥʟʦʣʴʥʘʷ ʬʨʘʢʮʠʷ, 3 ï 
ʥʘʬʪʘʣʠʥʦʚʘʷ ʬʨʘʢʮʠʷ 
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ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʘ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʧʦ ʩʦʩʪʘʚʫ ʙʝʥʟʠʥʘ 
ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ 223 ʧʠʢʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ, ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ, 223 ʢʦʤʧʦʥʝʥʪʘ. ʈʘʟʜʝʣʝʥʠʝ ʧʨʦʚʦʜʷʪ ʥʘ ʢʘʧʠʣʣʷʨʥʦʡ ʩʪʝʢʣʷʥʥʦʡ ʢʦʣʦʥʢʝ 
(ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʢʦʣʦ 250 ʪʳʩ. ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʪʘʨʝʣʦʢ ʧʦ ʥ-ʛʝʧʪʘʥʫ), ʦʧʪʠʤʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʨʘʟʜʝʣʝʥʠʷ ʙʝʥʟʠʥʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
ɼʣʷ ʨʘʩʯʝʪʘ ʠʥʜʝʢʩʦʚ ʫʜʝʨʞʠʚʘʥʠʷ ʙʝʥʟʠʥ ʘʥʘʣʠʟʠʨʫʶʪ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 30, 80 ʠ 100 Áʉ. ʇʨʠ 30 Áʉ ʘʥʘʣʠʟʠʨʫʶʪ ʬʨʘʢʮʠʠ ʜʦ ʥ-ʛʝʧʪʘʥʘ 
ʚʢʣʶʯʠʪʝʣʴʥʦ, ʧʨʠ 80 Áʉ ï ʦʪ ʥ-ʛʝʧʪʘʥʘ ʜʦ ʥ-ʥʦʥʘʥʘ ʠ ʧʨʠ 100 Áʉ ʦʪ ʥ-ʦʢʪʘʥʘ ʠ ʚʳʰʝ. 

ɺʨʝʤʷ ʚʳʭʦʜʘ ʥʝʩʦʨʙʠʨʫʶʱʝʛʦʩʷ ʢʦʤʧʦʥʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʠʢʫ ʤʝʪʘʥʘ, 
ʨʘʩʩʯʠʪʘʥʥʳʝ ʠʥʜʝʢʩʳ ʫʜʝʨʞʠʚʘʥʠʷ ʩʨʘʚʥʠʚʘʶʪ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. 

 

ʈʠʩ. 3. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʙʝʥʟʠʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ 

ʊʘʙʣʠʮʘ 2. ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʟʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʥʟʠʥʘ ʥʘ ʢʘʧʠʣʣʷʨʥʦʡ 
ʢʦʣʦʥʢʝ 

ɼʣʠʥʘ ʢʦʣʦʥʢʠ 100 ʤ 

ɼʠʘʤʝʪʨ ʢʦʣʦʥʢʠ 0,25 ʤʤ 

ʅʝʧʦʜʚʠʞʥʘʷ ʞʠʜʢʘʷ ʬʘʟʘ ʉʢʚʘʣʘʥ 

ʈʘʩʭʦʜ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ (ʛʝʣʠʷ) 1 ʤʣ/ʤʠʥ 

ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 30ʦʉ 

ʂʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 100ʦʉ 

ʉʢʦʨʦʩʪʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 1 ʛʨʘʜ/ʤʠʥ 

ʆʙʲʝʤ ʧʨʦʙʳ 0,3 ʤʣ 

ɼʝʪʝʢʪʦʨ ʇʀɼ 
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ʊʘʙʣʠʮʘ 3. ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʟʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʥʟʠʥʘ ʥʘ ʢʘʧʠʣʣʷʨʥʦʡ 
ʢʦʣʦʥʢʝ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʘʭ ʎʚʝʪ-100 ʠ ʇʝʨʢʠʥʕʣʤʝʨ 910 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʜʝʣʝʥʥʳʭ ʫʟʢʠʭ 

ʬʨʘʢʮʠʡ ɸʋ ʧʨʦʚʦʜʷʪ ʤʝʪʦʜʦʤ ʂɻʍ, ʜʘʥʥʳʝ ʧʦ ʵʪʠʤ ʨʘʟʜʝʣʝʥʠʷʤ ʧʨʠʚʝʜʝʥʳ ʚ 
ʪʘʙʣʠʮʝ 3. 

1.1.3 ɺʳʜʝʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʫʟʢʠʭ ʬʨʘʢʮʠʡ ɸʋ 

ʋʟʢʠʝ ʬʨʘʢʮʠʠ ʄɸʋ ʠ ɹɸʋ ʚʳʜʝʣʷʶʪ ʤʝʪʦʜʦʤ ɺʕɾʍ ʠʟ ɹʌ-2 ʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʢʦʣʦʥʢʝ ʨʘʟʤʝʨʦʤ l x d = 300 x 15 ʤʤ, ʟʘʧʦʣʥʝʥʥʦʡ ʩʠʣʠʢʘʛʝʣʝʤ ʂʉʂ. ɸʥʘʣʦʛʠʯʥʳʝ 
ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ ɹʌ-1. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʚʳʜʝʣʝʥʥʳʭ ʫʟʢʠʭ ʬʨʘʢʮʠʡ ɸʋ ʧʨʦʚʦʜʷʪ 
ʤʝʪʦʜʦʤ ʂɻʍ, ʜʘʥʥʳʝ ʧʦ ʵʪʠʤ ʨʘʟʜʝʣʝʥʠʷʤ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. ɸʋ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ 

ʧʦ ʣʠʥʝʡʥʳʤ ʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤ ʠʥʜʝʢʩʘʤ ʫʜʝʨʞʠʚʘʥʠʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʛʨʘʬʠʯʝʩʢʠʤ 
ʤʝʪʦʜʦʤ ʧʦ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʣʦʛʘʨʠʬʤʦʤ ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʦʙʲʝʤʘ (lgVa) ʠʣʠ 

ʚʨʝʤʝʥʠ ʫʜʝʨʞʠʚʘʥʠʷ ʯʣʝʥʦʚ ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ ʠ ʢʘʢʠʤ-ʣʠʙʦ ʩʚʦʡʩʪʚʦʤ, 
ʟʘʢʦʥʦʤʝʨʥʦ ʠʟʤʝʥʷʶʱʠʤʩʷ ʚ ʧʨʝʜʝʣʘʭ ʵʪʦʛʦ ʨʷʜʘ, ʥʘʧʨʠʤʝʨ, ʯʠʩʣʦʤ ʫʛʣʝʨʦʜʥʳʭ 

ʘʪʦʤʦʚ (nc), ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ ʠ ʪ.ʜ. 
 ʅʘ ʨʠʩ. 4 ʠ 5 ʧʨʠʚʝʜʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʣʦʥʢʝ ʩ ʂʘʨʙʦʚʘʢʩ 20 ʄ 

ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʫʟʢʠʭ ʬʨʘʢʮʠʡ  ʄɸʋ ʠ ɹɸʋ, ʚʳʜʝʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ɺʕɾʍ ʠʟ ɹʌ-2 ʥʘ 
ʧʨʝʧʘʨʘʪʠʚʥʦʡ ʢʦʣʦʥʢʝ ʨʘʟʤʝʨʦʤ l x d = 300 x 15 ʤʤ, ʟʘʧʦʣʥʝʥʥʦʡ ʩʠʣʠʢʘʛʝʣʝʤ ʂʉʂ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ ɹʌ-1. ʌʘʟʘ ʂʘʨʙʦʚʘʢʩ 20 ʄ ʦʢʘʟʘʣʘʩʴ 
ʩʝʣʝʢʪʠʚʥʦʡ ʢ ʤʦʥʦʘʨʦʤʘʪʠʯʝʩʢʠʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʮʝʥʥʦ, ʧʦʩʢʦʣʴʢʫ 

ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʘʩʴ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʤʦʥʦʘʨʦʤʘʪʠʯʝʩʢʦʡ ʬʨʘʢʮʠʠ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʦʩʪʘʚʣʷʶʱʝʡ 90-95 % ʚʩʝʭ ɸʋ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʍʨʦʤʘʪʦʛʨʘʬ ʎʚʝʪ-100 ʇʝʨʢʠʥʕʣʤʝʨ 910 

ɼʣʠʥʘ ʢʦʣʦʥʢʠ 100 ʤ 15 ʤ 

ɼʠʘʤʝʪʨ ʢʦʣʦʥʢʠ 0,25 ʤʤ 0,5 ʤʤ 

ʅʝʧʦʜʚʠʞʥʘʷ ʞʠʜʢʘʷ ʬʘʟʘ OV-17 ʂʘʨʙʦʚʘʢʩ 20ʄ 

ʈʘʩʭʦʜ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ (ʛʝʣʠʷ) 2 ʤʣ/ʤʠʥ 1 ʤʣ/ʤʠʥ 

ʊʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʠʪʝʣʷ 250Áʉ 250Áʉ 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʢʠ 
100Áʉ (ʜʣʷ ʅʋ) 

150Áʉ (ʜʣʷ ɸʋ) 

100Áʉ (ʜʣʷ ʅʋ); 150Áʉ 

(ʜʣʷ ɸʋ) 

ʉʢʦʨʦʩʪʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ 
1 ʛʨʘʜ/ʤʠʥ 1 ʛʨʘʜ/ʤʠʥ 

ɼʝʪʝʢʪʦʨ ʇʀɼ ʇʀɼ 
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ʊʘʙʣʠʮʘ 4. ɺʨʝʤʝʥʘ ʫʜʝʨʞʠʚʘʥʠʷ (t), ʦʪʥʦʩʠʪʝʣʴʥʳʝ (ʙʝʥʟʦʣ) ʫʜʝʨʞʠʚʘʝʤʳʝ ʦʙʲʝʤʳ 
(VR

ʦʪʥ) ʠ ʣʠʥʝʡʥʳʝ ʠʥʜʝʢʩʳ ʫʜʝʨʞʠʚʘʥʠʷ (Iʣ) ɸʋ ʙʝʥʟʠʥʦʚʳʭ ʬʨʘʢʮʠʡ ɹʌ-1 ʠ ɹʌ-2 

 

 
ʅʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʤʦʥʦʘʨʦʤʘʪʠʯʝʩʢʦʡ ʬʨʘʢʮʠʠ (ʨʠʩ.4) ʥʘʙʣʶʜʘʝʪʩʷ 22 ʧʠʢʘ, ʘ ʜʣʷ 

ʙʠʘʨʦʤʘʪʠʯʝʩʢʦʡ (ʨʠʩ.5) ï ʜʚʘ ʧʠʢʘ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 
ʧʨʝʜʝʣʘʤʠ ʢʠʧʝʥʠʷ ʵʪʠʭ ʬʨʘʢʮʠʡ. ɺ ʪʘʙʣʠʮʘʭ 4 ʠ 5 ʧʨʠʚʝʜʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʠʟ 
ʭʨʦʤʘʪʦʛʨʘʤʤ ʧʘʨʘʤʝʪʨʳ  ʫʜʝʨʞʠʚʘʥʠʷ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʬʨʘʢʮʠʷʭ. ʉʨʘʚʥʠʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʦʚ ʫʜʝʨʞʠʚʘʥʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 
ʫʜʝʨʞʠʚʘʝʤʳʭ ʦʙʲʝʤʦʚ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʬʘʟʳ, ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ 

ʢʦʤʧʦʥʝʥʪʳ ʤʦʥʦʘʨʦʤʘʪʠʯʝʩʢʦʡ ʬʨʘʢʮʠʠ ʚ ɹʌ-1 ʠ ɹʌ-2 (ʪʘʙʣʠʮʘ 5). ɼʣʷ 
ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʪʨʦʷʪ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʣʦʛʘʨʠʬʤʘ 

ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʦʙʲʝʤʘ lgVa ʦʪ ʯʠʩʣʘ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ nc ʚ ʤʦʣʝʢʫʣʝ ʫʛʣʝʚʦʜʦʨʦʜʘ ʜʣʷ 
ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʨʷʜʦʚ (ʨʠʩ. 6). ʃʦʛʘʨʠʬʤʳ ʫʜʝʨʞʠʚʘʝʤʳʭ ʦʙʲʝʤʦʚ ɸʋ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʢ ʦʜʥʦʤʫ ʛʦʤʦʣʦʛʠʯʝʩʢʦʤʫ ʨʷʜʫ, ʣʦʞʘʪʩʷ ʥʘ ʧʨʷʤʫʶ ʣʠʥʠʶ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 
ʧʨʘʚʠʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. 

 

ɹʌ-2 ɹʌ-1 

t, c VR
ʦʪʥ Iʣ t, c VR

ʦʪʥ Iʣ lg VR
ʦʪʥ 

330 1.72 10.20 261 1.00 9.35 0 

428 2.75 11.00 335 1.77 10.26 0.248 

446 2.95 11.08 446 3.14 11.08 0.497 

468 3.17 11.18 465 3.14 11.18 0.497 

   526 3.78 11.44 0.578 

580 3.36 11.67 558 4.12 11.59 0.616 

624 4.82 11.87 610 4.67 11.82 0.669 

660 5.20 12.01 652 5.11 12.00 0.708 

726 5.89 12.15 709 5.71 12.12 0.756 

785 6.51 12.27 770 6.35 12.24 0.803 

850 7.20 12.41 780 6.46 12.26 0.810 

942 8.16 12.60 840 7.09 12.39 0.851 

1062 9.43 12.85 929 8.03 12.57 0.904 

1104 9.87 12.94 974 8.50 12.67 0.929 

1286 11.78 13.23 1025 9.04 12.77 0.956 

1758 16.75 13.93 1078 9.60 12.88 0.982 

   1157 10.43 13.03  

   1205 10.93 13.11  

   1254 11.45 13.18  

   1321 12.15 13.28  

   1469 13.71 13.50 1.136 

   1548 14.54 13.62 1.163 

   1638 15.49 13.75 1.191 

   1742 16.58 13.91 1.220 
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ʈʠʩ. 4. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʙʝʥʟʦʣʴʥʦʡ ʬʨʘʢʮʠʠ 

ʙʝʥʟʠʥʦʚʦʛʦ ʪʦʧʣʠʚʘ ɹʌ-2 ʥʘ ʢʘʧʠʣʣʷʨʥʦʡ 

ʢʦʣʦʥʢʝ ʩ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʦʡ ʂʘʨʙʦʚʘʢʩ 

20ʄ 

ʈʠʩ. 5. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʥʘʬʪʘʣʠʥʦʚʦʡ 

ʬʨʘʢʮʠʠ ʙʝʥʟʠʥʦʚʦʛʦ ʪʦʧʣʠʚʘ ɹʌ-2 ʥʘ 

ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʣʦʥʢʝ ʩ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʦʡ 

ʂʘʨʙʦʚʘʢʩ 20ʄ (1-ʨʘʩʪʚʦʨʠʪʝʣʴ, 2-ʥʘʬʪʘʣʠʥ, 

3 - ʤʝʪʠʣʥʘʬʪʘʣʠʥ 

ʊʘʙʣʠʮʘ 5. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʥʟʦʣʴʥʳʭ ʬʨʘʢʮʠʡ ɹʌ-1 ʠ ɹʌ-2 ʧʦ 

ʨʘʩʩʯʠʪʘʥʥʳʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤ ʠʥʜʝʢʩʘʤ ʫʜʝʨʞʠʚʘʥʠʷ I ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ 
ʂʘʨʙʦʚʘʢʩ20ʄ 

ʀʥʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʢʦʤʧʦʥʝʥʪ 

ɹʌ-1 ɹʌ-2 

t, c I  t, c I  

ɹʝʥʟʦʣ 261 971 262 971 

ʊʦʣʫʦʣ 335 1035 330 1026 

ʕʪʠʣʙʝʥʟʦʣ 446 1111 428 1101 

ʤ- + ʧ-ʂʩʠʣʦʣʳ 465 1122 468 1123 

ʀʟʦʧʨʦʧʠʣʙʝʥʟʦʣ 526 1151   

ʦ-ʂʩʠʣʦʣ 558 1169 580 1174 

ʥ-ʧʨʦʧʠʣʙʝʥʟʦʣ 610 1186 624 1180 

1-ʄʝʪʠʣ-3-ʵʪʠʣʙʝʥʟʦʣ+ 1-ʄʝʪʠʣ-

4-ʵʪʠʣʙʝʥʟʦʣ 
652 1200 660 1202 

1,3,5-ʊʨʠʤʝʪʠʣʙʝʥʟʦʣ+ 

ʠʟʦʙʫʪʠʣʙʝʥʟʦʣ 
709 1216 726 1220 

1-ʄʝʪʠʣ-2-ʵʪʠʣʙʝʥʟʦʣ 770 1231   

1-ʄʝʪʠʣ-ʠʟʦʧʨʦʧʠʣʙʝʥʟʦʣ 780 1234 785 1235 

1,2,4-ʊʨʠʤʝʪʠʣʙʝʥʟʦʣ 840 1248 850 1249 

1-ʄʝʪʠʣ-4ʧʨʦʧʠʣʙʝʥʟʦʣ+ 1-

ʤʝʪʠʣ-3-ʧʨʦʧʠʣʙʝʥʟʦʣ 
929 1265 942 1262 

ʥ-ɹʫʪʠʣʙʝʥʟʦʣ 974 1274   

1,2-ɼʠʵʪʠʣʙʝʥʟʦʣ 1025 1283 1062 1289 

1,2,3 ï ʊʨʠʤʝʪʠʣʙʝʥʟʦʣ 1078 1291 1104 1295 

1,4-ɼʠʤʝʪʠʣ-2-ʵʪʠʣʙʝʥʟʦʣ 1157 1304   

1,3-ɼʠʤʝʪʠʣ-4-ʵʪʠʣʙʝʥʟʦʣ 1205 1314   
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1,3-ɼʠʤʝʪʠʣ-2-ʵʪʠʣʙʝʥʟʦʣ 1469 1357   

1,2-ɼʠʤʝʪʠʣ-3-ʵʪʠʣʙʝʥʟʦʣ 1548 1368   

1,2,4,5-ʊʝʪʨʘʤʝʪʠʣʙʝʥʟʦʣ 1638 1380   

1,2,3,5-ʊʝʪʨʘʤʝʪʠʣʙʝʥʟʦʣ 1742 1393 1758 1395 

ʄʝʪʢʠ ʘʣʢʘʥʦʚ 

ʄʝʪʘʥ 149  149  

ʅʦʥʘʥ 237  237  

ɼʝʢʘʥ 305  305  

ʋʥʜʝʢʘʥ 427  427  

ɼʦʜʝʢʘʥ 651  651  

ʊʨʠʜʝʢʘʥ 1133  1131  

ʊʝʪʨʘʜʝʢʘʥ 1801  1801  

 

 

ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʣʦʛʘʨʠʬʤʘ ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʦʙʲʝʤʘ (lgVR) ʦʪ ʯʠʩʣʘ ʫʛʣʝʨʦʜʥʳʭ 

ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ: ɹ ï ʙʝʥʟʦʣ; ɼʄɹ ï ʜʠʤʝʪʠʣʙʝʥʟʦʣ; 
ʄʇɹ ï ʤʝʪʠʣʧʨʦʧʠʣʙʝʥʟʦʣ; ɹɹ ï ʙʫʪʠʣʙʝʥʟʦʣ; ʊ ï ʪʦʣʫʦʣ; ʕɹ ï ʵʪʠʣʙʝʥʟʦʣ; ʇɹ ï 

ʧʨʦʧʠʣʙʝʥʟʦʣ; ʊʄɹ ï ʪʨʠʤʝʪʠʣʙʝʥʟʦʣ. 
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         (1) 

ʛʜʝ 0
gV - ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʫʜʝʨʞʠʚʘʥʠʷ, ʭ, n ʠ (n+1) ï ʠʥʜʝʢʩʳ ʥʝʠʟʚʝʩʪʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʠ ʜʚʫʭ ʘʣʢʘʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʚ ʦʜʥʦʤ 
ʛʦʤʦʣʦʛʠʯʝʩʢʦʤ ʨʷʜʫ.  

 
2. ʆʧʨʝʜʝʣʝʥʠʝ ʘʣʢʝʥʦʚ ʚ ʙʝʥʟʠʥʘʭ 

2.1 ɺʚʝʜʝʥʠʝ 

ʋʞʝʩʪʦʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʥʝʬʪʷʥʳʭ ʪʦʧʣʠʚ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʙʝʥʟʠʥʘʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʠ 
ʘʣʢʝʥʦʚ. ʇʦʩʣʝʜʥʠʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʥʝʬʪʷʭ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʠʭ ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʨʦʜʫʢʪʘʭ ʜʝʩʪʨʫʢʪʠʚʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ. 
ʅʝʧʨʝʜʝʣʴʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ 

ʧʦʵʪʦʤʫ ʣʝʛʢʦ ʧʦʣʠʤʝʨʠʟʫʶʪʩʷ ʠ ʦʩʤʦʣʷʶʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ 
ʜʚʠʛʘʪʝʣʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʙʝʥʟʠʥʘʭ ɽʚʨʦ-4 ʠ ɽʚʨʦ-5 ʨʘʟʨʝʰʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ 

ʪʦʣʴʢʦ 14 ʤʘʩʩ. % ʥʝʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʙʝʥʟʠʥʘʭ ɽʚʨʦ-6 
ʧʨʠʩʫʪʩʪʚʠʝ ʥʝʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʦʛʨʘʥʠʯʝʥʦ 11% ʤʘʩʩ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 
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ʩʦʩʪʘʚ ʪʦʚʘʨʥʳʭ ʙʝʥʟʠʥʦʚ ʚʩʝ ʙʦʣʴʰʝ ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʥʟʠʥʳ 
ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ, ʩʦʜʝʨʞʘʱʠʝ ʘʣʢʝʥʳ ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʜʦ 30-40%. ɺʦʚʣʝʯʝʥʠʝ 

ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝ ʪʦʣʴʢʦ ʨʘʩʰʠʨʷʝʪ ʩʳʨʴʝʚʫʶ ʙʘʟʫ ʙʝʥʟʠʥʦʚ, ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ 
ʫʚʝʣʠʯʠʚʘʪʴ ʠʭ ʦʢʪʘʥʦʚʳʝ ʯʠʩʣʘ, ʧʦʵʪʦʤʫ ʚ ʙʝʥʟʠʥʘʭ ʤʘʨʢʠ ɽʚʨʦ-3 ʠ ɽʚʨʦ-4 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʘʣʢʝʥʦʚ (ʪʘʙʣʠʮʘ 6). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʣʢʝʥʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʤʝʪʦʜ ASTM 

D1315, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʤʝʪʦʜ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ (ʌʀɸ). ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ 
ʩʝʣʝʢʪʠʚʥʦʤ ʨʘʟʜʝʣʝʥʠʠ ʅʋ, ʘʣʢʝʥʦʚ ʠ ɸʋ ʥʘ ʢʦʣʦʥʢʝ ʩ ʩʠʣʠʢʘʛʝʣʝʤ. ʌʣʶʦʨʝʩʮʝʥʪʥʳʡ 

ʠʥʜʠʢʘʪʦʨ, ʜʦʙʘʚʣʝʥʥʳʡ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʧʨʦʙʫ, ʪʘʢʞʝ ʩʝʣʝʢʪʠʚʥʦ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 
ʩʠʣʠʢʘʛʝʣʝ, ʦʙʦʟʥʘʯʘʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʛʨʫʧʧ. ʄʝʪʦʜ ʌʀɸ ʠʤʝʝʪ 

ʧʣʦʭʫʶ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ, ʦʰʠʙʢʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʘʣʢʝʥʦʚ ʚ ʨʘʟʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ 
ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 30-40% ʦʪʥ. 

ʊʘʙʣʠʮʘ 6. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʦʚ ɽʚʨʦ-2, ɽʚʨʦ-3, ɽʚʨʦ-4, ɽʚʨʦ-
5 ʠ ɽʚʨʦ-6 ʜʣʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʙʝʥʟʠʥʦʚ 

ʇʦʢʘʟʘʪʝʣʠ 
ʊʨʝʙʦʚʘʥʠʷ 

ɽʚʨʦ-2 ɽʚʨʦ-3 ɽʚʨʦ-4 ɽʚʨʦ-5 ɽʚʨʦ-6 

ɹʝʥʟʦʣ, % ʤʘʩʩ., ʥʝ ʙʦʣʝʝ 5,0 1,0 1,0 1,0 0,8 

ʉʝʨʘ, ʥʝ ʙʦʣʝʝ 0,05 % 150 ppm 30 ppm 10 ppm 10 ppm 

ɸʨʦʤʘʪʠʯʝʩʢʠʝ 

ʢʦʤʧʦʥʝʥʪʳ,  

% ʤʘʩʩ., ʥʝ ʙʦʣʝʝ 

- 42 35 35 24 

ʆʣʝʬʠʥʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ, 

% ʤʘʩʩ., 

ʥʝ ʙʦʣʝʝ 

- 18 18 18 11 

ʂʠʩʣʦʨʦʜ, ʥʝ ʙʦʣʝʝ% - 2,7 2,7 2,7 2,7 

ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ, % 

ʤʘʩʩ 
     

ʜʦ 100ʦʉ ʧʝʨʝʛʦʥʷʝʪʩʷ, ʥʝ 

ʤʝʥʝʝ 
- 46 46 46 46 

ʜʦ 150ʦʉ ʧʝʨʝʛʦʥʷʝʪʩʷ, ʥʝ 

ʤʝʥʝʝ 
- 75 75 75 75 

ɼʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ 

ʧʘʨʦʚ, ʢʇʘ, ʥʝ ʤʝʥʝʝ 
- 60 60 35-80 35-80 

ʅʘʣʠʯʠʝ ʤʦʶʱʠʭ ʧʨʠʩʘʜʦʢ - ʆʙʷʟ. ʆʙʷʟ. ʆʙʷʟ. ʆʙʷʟ. 

 

2.2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

2.2.1 ɸʥʘʣʠʟ ʘʣʢʝʥʦʚ ʚ ʙʝʥʟʠʥʘʭ ʤʝʪʦʜʦʤ ʢʘʧʠʣʣʷʨʥʦʡ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

(ʂɻʍ) 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʘʣʢʝʥʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥ ʤʝʪʦʜʦʤ ʂɻʍ ʥʘ 

ʭʨʦʤʘʪʦʛʨʘʬʝ ʬʠʨʤʳ çɺʘʨʠʘʥè ʩ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ. ɺ ʢʘʯʝʩʪʚʝ 
ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʠʩʧʦʣʴʟʫʶʪ ʛʝʣʠʡ ʩ ʨʘʩʭʦʜʦʤ 80 ʤʣ/ʤʠʥ ʩ ʜʝʣʠʪʝʣʝʤ ʧʦʪʦʢʘ 1/100, ʢʦʣʦʥʢʘ 

ʜʣʠʥʦʡ 100 ʤ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 0.25 ʤʤ, ʟʘʧʦʣʥʝʥʥʘʷ ʩʠʣʦʢʩʘʥʦʚʦʡ ʬʘʟʦʡ. ʇʨʠ 
ʨʘʟʜʝʣʝʥʠʠ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 20Áʉ  ʜʦ 270 Áʉ. ɼʦ 50 Áʉ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʦ ʩʢʦʨʦʩʪʴʶ 1 ʛʨʘʜ/ʤʠʥ, ʩ 50Áʉ ʜʦ 130Áʉ ï 2 ʛʨʘʜ/ʤʠʥ, 
ʧʦʩʣʝ 130Áʉ ï 4 ʛʨʘʜ/ʤʠʥ. ʇʦʣʫʯʝʥʥʳʝ  ʚʩʝ ʜʘʥʥʳʝ ʩʫʤʤʠʨʫʶʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʘʣʢʝʥʦʚ. ʄʝʪʦʜʠʢʘ ʦʯʝʥʴ ʩʣʦʞʥʘʷ, ʜʣʠʪʝʣʴʥʘʷ ʠ ʪʨʫʜʦʝʤʢʘʷ.  
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʣʢʝʥʦʚ ʚ ʙʝʥʟʠʥʘʭ ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ 
ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɺʕɾʍ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʜʝʪʝʢʪʦʨʘ. ʅʘ ʨʠʩ. 7 ʧʨʠʚʝʜʝʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʘ ʨʘʟʜʝʣʝʥʠʷ ʪʦʚʘʨʥʦʛʦ ʙʝʥʟʠʥʘ ʩʪʘʥʜʘʨʪʘ 
ɽʚʨʦ-4 ʥʘ ʢʦʣʦʥʢʝ, ʟʘʧʦʣʥʝʥʥʦʡ ʘʣʶʤʠʥʠʨʦʚʘʥʥʳʤ ʩʠʣʠʢʘʛʝʣʝʤ ʂʉʂ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ. ɿʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 
ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʅʋ, ʘʣʢʝʥʳ ʠ ɸʋ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

çʘʙʩʦʣʶʪʥʦʡè ʢʘʣʠʙʨʦʚʢʠ ʧʨʦʚʦʜʷʪ  ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ 
ʩʦʜʝʨʞʘʥʠʷ ʘʣʢʝʥʦʚ ʚ ʙʝʥʟʠʥʘʭ  ʩʪʘʥʜʘʨʪʘ ɽʚʨʦ 4. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʘʚʠʣʴʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʷʪ ʩʨʘʚʥʝʥʠʝ ʩ ʜʘʥʥʳʤʠ ʂɻʍ (ʪʘʙʣʠʮʘ 7). 
ʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʚʫʭ ʤʝʪʦʜʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʝʪʦʜʠʢʠ.  
ʊʘʙʣʠʮʘ 7. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʘʣʢʝʥʦʚ ʚ ʙʝʥʟʠʥʘʭ ʤʝʪʦʜʘʤʠ ʂɻʍ 

ʠ ɺʕɾʍ    

ʧ/ʧ ʋʛʣʝʚʦʜʦʨʦʜʳ 

ʂɻʍ ɺʕɾʍ 

ʦʙʲʝʤ., 

% 

ʤʘʩʩ., 

% 
 ʦʙʲʝʤ., % ʤʘʩʩ., % 

1 ɸʨʦʤʘʪʠʢʘ 37,807 38,611  40,012 41,214 

2 ʀʟʦ-ʧʘʨʘʬʠʥʳ 30,868 29,119 ʉʫʤʤʘʨ

ʥʳʝ 

ʥʘʩʳʱʝ

ʥʥʳʝ 

ʫʛʣʝʚʦʜ

ʦʨʦʜʳ 

44,121 43,754 

3 ʅʘʬʪʝʥʳ 4,866 4,895 

4 ʥ-ʇʘʨʘʬʠʥʳ 15,089 15,852 

5 ɸʣʢʝʥʳ 9,705 10,450  10,262 11,041 

6 
ʅʝʠʟʚʝʩʪʥʳʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ 
1,665 1,075  5,595 4,991 

 ɺʩʝʛʦ: 100,00 100,00  100,00 100,00 

 
 

ʈʠʩ. 7. ɻʨʫʧʧʦʚʦʝ ʨʘʟʜʝʣʝʥʠʝ ʙʝʥʟʠʥʘ ʩʪʘʥʜʘʨʪʘ ɽʚʨʦ 4 ʥʘ ʩʠʣʠʢʘʛʝʣʝ ʂʉʂ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʢʘʪʠʦʥʦʤ ʘʣʶʤʠʥʠʷ ʠʟ ʛʝʢʩʘʥʘ. ɼʝʪʝʢʪʦʨ ï ʨʝʬʨʘʢʪʦʤʝʪʨ. 
1. ʅʘʩʳʱʝʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ; 2. ɸʣʢʝʥʳ; 3. ʄʦʥʦʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ; 4. ɹʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ 

2 4 6 

1 

2 

3 

4 

ʤʠʥ 



46 

2.2.2 ʆʧʨʝʜʝʣʝʥʠʝ ʦʣʝʬʠʥʦʚ ʚ ʧʨʷʤʦʛʦʥʥʦʤ ʙʝʥʟʠʥʝ ʤʝʪʦʜʦʤ ɺʕɾʍ 

ɺʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʵʢʩʧʨʝʩʩʥʦʩʪʠ ʚ ʩʫʤʤʘʨʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʥʝʧʨʝʜʝʣʴʥʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʙʝʥʟʠʥʘʭ ʤʦʞʥʦ ʜʦʩʪʠʯʴ, ʧʨʠʤʝʥʷʷ ʜʣʷ ʛʨʫʧʧʦʚʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜ 
ɺʕɾʍ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʭ ʢʘʪʠʦʥʠʨʦʚʘʥʥʳʭ ʩʠʣʠʢʘʛʝʣʝʡ. 

ɻʨʫʧʧʦʚʦʝ ʨʘʟʜʝʣʝʥʠʝ ʙʝʥʟʠʥʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪ ʥʘ ʞʠʜʢʦʩʪʥʦʤ ʭʨʦʤʘʪʦʛʨʘʬʝ ʬʠʨʤʳ 
çɼʞʠʣʩʦʥè ʩ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʦʨʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʩʪʘʣʴʥʳʭ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʣʦʥʦʢ ʩ çʟʝʨʢʘʣʴʥʦʡè ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 
ʜʣʠʥʥʦʡ 150 ʤʤ ʤ ʜʠʘʤʝʪʨʦʤ 4.6 ʤʤ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʁ ʢʦʣʦʥʦʢ 50000ï60000 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʪʘʨʝʣʦʢ ʥʘ 1 ʤ ʢʦʣʦʥʢʠ ʧʦ ʙʝʥʟʦʣʫ. ʂʦʣʦʥʢʠ ʟʘʧʦʣʥʷʶʪ 5 ʤʢʤ 
ʩʠʣʠʢʘʛʝʣʝʤ ʂʉʂ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʢʘʪʠʦʥʘʤʠ ʘʣʶʤʠʥʠʷ ʠ ʢʘʣʴʮʠʷ, ʫʜʝʣʴʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʘʜʩʦʨʙʝʥʪʘ 350 ʤ2/ʛ, ʘ ʜʠʘʤʝʪʨ ʧʦʨ 1000 ¡. ʕʣʶʝʥʪ - ʘʙʩʦʣʶʪʥʳʡ ʛʝʢʩʘʥ ʩʦ 
ʩʢʦʨʦʩʪʴʶ ʠʩʪʝʯʝʥʠʷ  1ʤʣ/ʤʠʥ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʶʪ ʥʦʚrʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʩʝʣʝʢʪʠʚʥʳʝ ʘʜʩʦʨʙʝʥʪʳ ʥʘ ʦʩʥʦʚʝ 
ʢʨʝʤʝʥʝʟʝʤʘ ʜʣʷ ʛʨʫʧʧʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʙʝʥʟʠʥʦʚ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʚʣʠʷʥʠʝ ʢʘʪʠʦʥʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʣʠʢʘʛʝʣʷ ʂʉʂ ʥʘ ʘʜʩʦʨʙʮʠʶ ʙʝʥʟʦʣʘ, Ŭ-
ʤʝʪʠʣʥʘʬʪʘʣʠʥʘ, ʬʝʥʘʥʪʨʝʥʘ ʠʟ ʛʝʢʩʘʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʘʜʩʦʨʙʝʥʪʦʚ ʦʙʣʘʜʘʶʪ 

ʙʦʣʴʰʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ Ŭ ʠ Kô, ʯʝʤ ʠʩʭʦʜʥʳʡ ʩʠʣʠʢʘʛʝʣʴ ʂʉʂ. ɼʣʷ 
ʨʷʜʘ ʥʘʬʪʘʣʠʥʘ ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʤʝʨʥʦ ʚ 2.5 ʨʘʟʘ ʙʦʣʴʰʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʝʥʟʦʣʫ 

(ʪʘʙʣʠʮʘ 8). 
ʅʘ ʨʠʩ. 8ʧʨʠʚʝʜʝʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʘ ʨʘʟʜʝʣʝʥʠʷ ʪʦʚʘʨʥʦʛʦ ʙʝʥʟʠʥʘ ʩʪʘʥʜʘʨʪʘ ɽʚʨʦ-4 

ʥʘ ʢʦʣʦʥʢʝ, ʟʘʧʦʣʥʝʥʥʦʡ ʩʠʣʠʢʘʛʝʣʝʤ ʂʉʂ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʢʘʪʠʦʥʦʤ ʘʣʶʤʠʥʠʷ ʠʟ 
ʛʝʢʩʘʥʘ. ɿʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʠ 

ʚʦʟʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘʩʳʱʝʥʥʳʝ, ʥʝʧʨʝʜʝʣʴʥʳʝ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ. ʄʝʪʦʜ 
ʘʙʩʦʣʶʪʥʦʡ ʛʨʘʜʫʠʨʦʚʢʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʥʝʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʙʝʥʟʠʥʝ ɽʚʨʦ-4. 
 

ʊʘʙʣʠʮʘ 8. ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʘʜʩʦʨʙʝʥʪʦʚ ʜʣʷ ɺʕɾʍ 
ɸʜʩʦʨʙʝʥʪ Kô = (tït0)/t0 ŬC = Ki/KCT(ʙ) 

ʉʠʣʠʢʘʛʝʣʴ ʂʉʂ-2 0.3 0.5 0.8 1.7 2.7 

ʉʠʣʠʢʘʛʝʣʴ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʢʘʪʠʦʥʦʤ ʉʘ2+ 

0.35 0.7 1.85 2 5.3 

ʉʠʣʠʢʘʛʝʣʴ, 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʘʪʠʦʥʦʤ Al 3+ 

0.48 1 2.7 2.1 5.7 

 

Kô ï ʢʦʵʬʬʠʮʠʝʥʪ ʝʤʢʦʩʪʠ, KCT ï ʢʦʵʬʬʠʮʠʝʥʪ ʝʤʢʦʩʪʠ ʩʪʘʥʜʘʨʪʘ, t ï ʚʨʝʤʷ ʚʳʭʦʜʘ 
ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʘ, t0 ï ʚʨʝʤʷ ʚʳʭʦʜʘ ʥʝʩʦʨʙʠʨʫʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ŬC ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ɸʋ. 
 

 
ʈʠʩ. 8. ɻʨʫʧʧʦʚʦʝ ʨʘʟʜʝʣʝʥʠʝ ʙʝʥʟʠʥʘ ʩʪʘʥʜʘʨʪʘ ɽʚʨʦ-4 ʥʘ ʩʠʣʠʢʘʛʝʣʝ ʂʉʂ, 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʢʘʪʠʦʥʦʤ ʘʣʶʤʠʥʠʷ ʠʟ ʛʝʢʩʘʥʘ: 1 ï ʥʘʩʳʱʝʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ; 2 ï 

ʥʝʧʨʝʜʝʣʴʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ; 3 ï ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ; 4 ï 
ʙʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ 
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3. ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʫʧʧʦʚʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ ʫʪʷʞʝʣʝʥʥʦʛʦ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʝʜʲʷʚʣʷʝʪ 

ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʭ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʨʝʙʫʝʤʳʝ 
ʧʦʢʘʟʘʪʝʣʠ ʠʭ ʢʘʯʝʩʪʚʘ. ʇʦ ʜʘʥʥʳʤ ʩʪʘʥʜʘʨʪʦʚ ɽʚʨʦ-3 ʠ ɽʚʨʦ-4 ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʪʘʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ (ɼʊ), ʢʘʢ ʮʝʪʘʥʦʚʦʝ ʯʠʩʣʦ, ʚʷʟʢʦʩʪʴ , 
ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ, ɸʋ ʠ ʜʨ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ɸʋ ʚ ɼʊ ʚʘʞʝʥ ʛʨʫʧʧʦʚʦʡ ʩʦʩʪʘʚ ʵʪʠʭ 

ʬʨʘʢʮʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʷʪʴ ʩʦʜʝʨʞʘʥʠʝ ʄɸʋ, ɹɸʋ, ʊɸʋ ʠ ʩʫʤʤʫ ʥʘʩʳʱʝʥʥʳʭ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʥ-ʘʣʢʘʥʳ, ʠʟʦ-ʘʣʢʘʥʳ ʠ ʥʘʬʪʝʥʦʚʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʛʨʫʧʧʦʚʦʛʦ ʩʦʩʪʘʚʘ ɼʊ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʠʢʫ ʨʘʟʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʢʦʣʦʥʢʘʭ, ʟʘʧʦʣʥʝʥʥʳʭ ʢʘʪʠʦʥʠʨʦʚʘʥʥʳʤʠ ʩʠʣʠʢʘʛʝʣʷʤʠ ʤʝʪʦʜʦʤ 

ɺʕɾʍ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ. 
 

3.1 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ɼʣʷ ʨʘʙʦʪʳ  ʠʩʧʦʣʴʟʫʶʪ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʣʦʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 50 000 ï 

60 000 ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʪʘʨʝʣʦʢ ʥʘ 1 ʤʝʪʨ ʢʦʣʦʥʢʠ ʧʦ ʙʝʥʟʦʣʫ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ 
ʠʩʧʦʣʴʟʫʶʪ ʘʙʩʦʣʶʪʥʳʡ ʛʝʢʩʘʥ ʩ ʨʘʩʭʦʜʦʤ 1,0 ʤʣ/ʤʠʥ.   

ʋʯʠʪʳʚʘʷ ʙʦʣʴʰʦʝ ʨʘʟʣʠʯʠʝ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʋʌ-ʜʝʪʝʢʪʦʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
ɸʋ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʘʢʠʝ ʜʣʠʥʳ ʚʦʣʥ ʩʥʷʪʠʷ ʋʌ-ʩʧʝʢʪʨʦʚ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷ ʤʦʣʷʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʢʩʪʠʥʢʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 
ʩʪʨʫʢʪʫʨʳ ʠʤʝʶʪ ʤʠʥʠʤʘʣʴʥʳʝ ʦʪʣʠʯʠʷ ʠ ʧʨʠ ʘʥʘʣʠʟʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʤʝʩʠ ʜʦʩʪʠʛʘʝʪʩʷ 

ʭʦʨʦʰʝʝ ʨʘʟʜʝʣʝʥʠʝ (ʨʠʩ.9). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪ ʧʦ ʋʌ-ʩʧʝʢʪʨʘʤ ʢʘʢ 
ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ɸʋ, ʪʘʢ ʠ ʧʦ ʬʨʘʢʮʠʷʤ, ʧʨʝʧʘʨʘʪʠʚʥʦ ʚʳʜʝʣʝʥʥʳʤ ʠʟ ʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ. 
ʌʨʘʢʮʠʠ ʄɸʋ, ɹɸʋ ʠ ʊɸʋ ʚʳʜʝʣʷʶʪ ʤʝʪʦʜʦʤ ʧʨʝʧʘʨʘʪʠʚʥʦʡ ɺʕɾʍ ʠʟ ʦʙʨʘʟʮʦʚ 

ɼʊ ʥʘ ʢʦʣʦʥʢʝ ʜʣʠʥʦʡ 500 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ 15 ʤʤ, ʟʘʧʦʣʥʝʥʥʦʡ ʩʠʣʠʢʘʛʝʣʝʤ ʂʉʂ, 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʢʘʪʠʦʥʦʤ ʢʘʣʴʮʠʷ. ʀʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʠʝ ʜʣʠʥʳ ʚʦʣʥ: ʜʣʷ ʄɸʋ ï 

218 ʥʤ, ʜʣʷ ɹɸʋ ï 230 ʥʤ, ʜʣʷ ʊɸʋ ï 255 ʥʤ. 
 

 

 

ʈʠʩ. 9. ʍʨʦʤʘʪʦʛʨʘʤʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʩʤʝʩʠ (1 ï CCl4; 2 ï ʙʝʥʟʦʣ; 3 ï ʥʘʬʪʘʣʠʥ;  
4 ï ʬʝʥʘʥʪʨʝʥ) 
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ʈʠʩ. 10. ʍʨʦʤʘʪʦʛʨʘʤʤʳ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ ʋʌ-ʜʝʪʝʢʪʦʨʘ: 
ʘ) 218 ʥʤ, ʙ) 230 ʥʤ, ʚ)255 ʥʤ (1-ʥʘʩʳʱʝʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, 2 ï ʄɸʋ, 3 ï ɹɸʋ, 4 ï ʊɸʋ) 

ɺ ʢʘʯʝʩʪʚʝ ʩʚʠʜʝʪʝʣʷ ʅʋ ʚʳʩʪʫʧʘʣ ʉʉl4 
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ʈʠʩ. 11. ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʱʘʜʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʠʢʘ ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʛʨʫʧʧ ɸʋ 

ʅʘ ʨʠʩ. 10 ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʛʨʫʧʧʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ɼʊ ʧʨʠ   

ʨʘʟʣʠʯʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʧʦʣʥʦʤ ʛʨʫʧʧʦʚʦʤ ʨʘʟʜʝʣʝʥʠʠ ʵʪʦʡ 
ʬʨʘʢʮʠʠ. ʇʨʠ ʚʳʙʨʘʥʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ ʦʧʨʝʜʝʣʷʶʪ ʤʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʢʩʪʠʥʢʮʠʠ 

ʧʨʝʧʘʨʘʪʠʚʥʦ ʚʳʜʝʣʝʥʥʳʭ ʬʨʘʢʮʠʡ ɸʋ. ʕʪʠ ʚʝʣʠʯʠʥʳ ʦʪʣʠʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦ ʤʝʪʦʜʫ çʘʙʩʦʣʶʪʥʦʡè ʢʘʣʠʙʨʦʚʢʠ. ʅʘ 

ʨʠʩ. 11 ʧʨʠʚʝʜʝʥʳ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʱʘʜʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 
ʧʠʢʘ ɸʋ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ɸʋ (ʄɸʋ, ɹɸʋ, 

ʊɸʋ). ʉ ʠʭ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʷʶʪ ʩʦʜʝʨʞʘʥʠʝ  ʄɸʋ, ɹɸʋ ʠ ʊɸʋ ʚ ɼʊ ʥʝʬʪʠ. ɼʣʷ 
ʦʮʝʥʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ɸʋ ʚ ʵʪʠʭ ʬʨʘʢʮʠʷʭ 

ʧʨʦʚʝʜʷʪ ʘʥʘʣʠʟ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʤʝʩʝʡ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʨʝʘʣʴʥʦʝ ɼʊ: ʙʝʥʟʦʣʘ, Ŭ-
ʤʝʪʠʣʥʘʬʪʘʣʠʥʘ ʠ ʬʝʥʘʥʪʨʝʥʘ ʚ ʛʝʢʩʘʥʝ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ, 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʚʧʘʜʘʶʪ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʤʘʩʣʷʥʳʭ ʜʠʩʪʠʣʣʷʪʘʭ ʥʝʬʪʠ 

ʤʝʪʦʜʦʤ ɺɾʕʍ ʥʘ ʢʘʪʠʦʥʠʨʦʚʘʥʥʳʭ ʩʠʣʠʢʘʛʝʣʷʭ 

ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʡ ʥʝʬʪʠ ʠ ʤʘʟʫʪʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʘʩʣʷʥʳʡ ʢʦʤʧʣʝʢʩ (ʂʄ-2), ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ  ʥʘ ʟʘʚʦʜʘʭ ʪʦʯʥʳʭ ʠ 
ʵʢʩʧʨʝʩʩʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʜʠʩʪʠʣʣʷʪʥʳʭ ʠ 

ʦʩʪʘʪʦʯʥʳʭ ʤʘʩʝʣ ʚ ʥʝʬʪʠ ʠ ʤʘʟʫʪʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʘʚʠʣʴʥʦ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʘ ʂʄ-2. ʇʦʩʢʦʣʴʢʫ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʙʳ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʛʜʝ ʥʘʣʦʞʝʥʠʝ ʩʧʝʢʪʨʦʚ 
ʩʠʣʴʥʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʪʦʯʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ɸʋ ʠ ʜʨ., ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʙʦʣʝʝ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ɺʕɾʍ, ʵʢʩʪʨʘʢʮʠʷ, ʜʠʘʣʠʟ. 
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ʉʫʱʝʩʪʚʫʝʪ çʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʜʠʩʪʠʣʣʷʪʥʳʭ ʠ 
ʦʩʪʘʪʦʯʥʳʭ ʤʘʩʝʣè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 11244-76, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ 

ʩʦʩʪʘʚ ʤʘʩʣʷʥʳʭ ʜʠʩʪʠʣʣʷʪʦʚ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ ʨʝʢʪʠʬʠʢʘʮʠʷ ʥʝʬʪʠ ʥʘ ʬʨʘʢʮʠʠ, 
ʦʪʜʝʣʝʥʠʝ ʬʨʘʢʮʠʡ, ʚʳʢʠʧʘʶʱʠʭ ʜʦ 350Áʉ, ʜʝʧʘʨʘʬʠʥʠʟʘʮʠʷ ʬʨʘʢʮʠʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʢʠʧʝʥʠʷ ʚʳʰʝ 350Áʉ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʚʝʨʜʳʭ ʧʘʨʘʬʠʥʦʚ, 
ʜʝʘʩʬʘʣʴʪʠʟʘʮʠʷ ʦʩʪʘʪʢʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ ʚʳʰʝ 490Áʉ, ʨʘʟʜʝʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʬʨʘʢʮʠʡ ʘʜʩʦʨʙʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʛʨʫʧʧʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʆʜʥʘʢʦ, ʵʪʦʪ ʤʝʪʦʜ 
ʜʣʠʪʝʣʝʥ (35-40 ʯʘʩʦʚ) ʠ ʪʨʝʙʫʝʪ ʜʣʷ ʘʥʘʣʠʟʘ ʥʝ ʤʝʥʝʝ 50-100 ʛ ʠʩʩʣʝʜʫʝʤʦʛʦ ʥʝʬʪʷʥʦʛʦ 

ʦʩʪʘʪʢʘ. 
ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʘʜʩʦʨʙʮʠʦʥʥʫʶ ʦʯʠʩʪʢʫ, ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʘ 

ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, ʪʦ ʝʩʪʴ ʝʛʦ ʩʪʨʫʢʪʫʨʥʦ-ʛʨʫʧʧʦʚʦʡ ʩʦʩʪʘʚ, ʚʠʜ ʨʘʩʪʚʦʨʠʪʝʣʷ, 
ʧʨʠʤʝʥʷʶʱʝʛʦʩʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʷʟʢʦʩʪʠ ʤʘʩʣʘ, ʭʠʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʘʜʩʦʨʙʘʪʘ ʠ ʝʛʦ 

ʘʢʪʠʚʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ, ʩʢʦʨʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʠ 
ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ ʜʝʩʦʨʙʮʠʠ ʦʪʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʯʝʨʝʟ ʢʦʣʦʥʢʫ. 

ɼʣʷ ʯʝʪʢʦʛʦ ʛʨʫʧʧʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʥʘ ʛʨʫʧʧʳ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʘʥʘʣʠʟʫ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʚʝʨʛʘʪʴ ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʫʟʢʦʛʦ ʬʨʘʢʮʠʦʥʥʦʛʦ 

ʩʦʩʪʘʚʘ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ 
ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʧʘʨʘʬʠʥʦ-ʥʘʬʪʝʥʦʚʳʝ ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ɸʋ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʘʜʩʦʨʙʝʥʪʘʤʠ ʜʣʷ ʯʝʪʢʦʛʦ ʛʨʫʧʧʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 
ʤʘʩʣʷʥʦʡ ʬʨʘʢʮʠʠ ʥʘ ʛʨʫʧʧʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʷʚʣʷʶʪʩʷ ʩʠʣʠʢʘʛʝʣʠ ɸʉʂ ʠ ʂʉʂ. 

ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ɸʋ ʥʘ ʵʪʠʭ ʘʜʩʦʨʙʝʥʪʘʭ ʥʝʜʦʩʪʘʪʦʯʥʘ ʧʨʠ ʘʥʘʣʠʟʝ ʩʣʦʞʥʳʭ 
ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ ʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʙʦʪʝ 

ʢʦʣʦʥʦʢ, ʥʝ ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʧʦʣʥʦʛʦ ʛʨʫʧʧʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʠʢʦʚ 
ʨʝʘʣʴʥʳʭ ʩʤʝʩʝʡ ɸʋ ʥʘ ʵʪʠʭ ʘʜʩʦʨʙʝʥʪʘʭ. 

 
4.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʴ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ɸʋ ʚ ʤʘʩʣʷʥʳʭ ʜʠʩʪʠʣʣʷʪʘʭ ʤʝʪʦʜʦʤ ɺʕɾʍ ʥʘ ʢʘʪʠʦʥʠʨʦʚʘʥʥʳʭ 
ʩʠʣʠʢʘʛʝʣʷʭ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ, ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ ʧʨʠ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʦʯʠʩʪʢʝ 

ʧʦʣʷʨʥʳʤ ʘʜʩʦʨʙʝʥʪʦʤ ʜʣʷ ʧʦʥʠʞʝʥʠʷ ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ ʠ ʫʣʫʯh ʝʥʠʷ ʜʠʬʬʫʟʠʠ 
ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʦʨʳ ʘʜʩʦʨʙʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʦʩʢʦʣʴʢʫ 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʚ ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
ʘʜʩʦʨʙʝʥʪʘ, ʫʤʝʥʴʰʘʷ ʪʝʤ ʩʘʤʳʤ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʠʩʧʦʣʴʟʫʶʪ ʥʝʧʦʣʷʨʥʳʝ ʚʝʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʠʟʦ-ʦʢʪʘʥ, ʥ-ʧʝʥʪʘʥ, ʥ-ʛʝʢʩʘʥ. 
ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʨʦʙʝ ɸʋ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʥʟʦʣ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʚʨʝʜʥʳʤ ʠ ʪʦʢʩʠʯʥʳʤ ʚʝʱʝʩʪʚʦʤ. ʉ 
ʮʝʣʴʶ ʟʘʤʝʥʳ ʙʝʥʟʦʣʘ ʥʘ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳʡ  ʨʘʩʪʚʦʨʠʪʝʣʴ ʥʘʤʠ ʙʳʣ ʚʳʙʨʘʥ ʪʦʣʫʦʣ 

(ʪʘʙʣʠʮʘ 9). ɿʘʤʝʥʘ ʙʝʥʟʦʣʘ ʥʘ ʪʦʣʫʦʣ ʥʝ ʧʦʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ ʘʥʘʣʠʟʘ. ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ 
ʧʨʦʮʝʩʩʘ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʤʘʩʣʷʥʦʛʦ ʜʠʩʪʠʣʣʷʪʘ ʧʦʜʦʙʨʘʥʳ ʥʘʠʣʫʯʰʠʝ 

ʫʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ: ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʦʪʥʦʰʝʥʠʝ ʘʙʩʦʨʙʝʥʪ-ʜʠʩʪʠʣʣʷʪ, ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ 
ʧʨʦʧʫʩʢʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʯʝʨʝʟ ʢʦʣʦʥʢʫ. ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʜʠʩʪʠʣʣʷʪʘ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʬʨʘʢʮʠʠ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʷʚʣʷʝʪʩʷ 25Áʉ, ʘ ʩʦʦʪʥʦʰʝʥʠʝ 
ʘʜʩʦʨʙʝʥʪ: ʜʠʩʪʠʣʣʷʪ  = 10:1, ʩʢʦʨʦʩʪʴ ʧʨʦʧʫʩʢʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 

3,5 ʤʣ /ʤʠʥ. ɺʳʰʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʧʨʦʮʝʩʩ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʨʝʟʢʦ 
ʫʭʫʜʰʘʝʪʩʷ. 

 

ʊʘʙʣʠʮʘ 9. ɺʣʠʷʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʚʳʭʦʜ ʦʪʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʛʨʫʧʧ (%ʤʘʩʩ) 
ʚ ʨʘʩʯʝʪʝ ʥʘ ʜʠʩʪʠʣʣʷʪ. 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʚʳʜʝʣʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ 

ʛʨʫʧʧ 

ʈʘʩʪʚʦʨʠʪʝʣʴ 

ɹʝʥʟʦʣ ʊʦʣʫʦʣ 

1 ʇʘʨʘʬʠʥʦ-ʥʘʬʪʝʥʦʚʳʝ 43.60 45.80 

2 ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ 1 23.50 23.46 
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3 
ʉʫʤʤʘ ʧʘʨʘʬʠʥʦ-ʥʘʬʪʝʥʦʚʳʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʦʡ 
ʛʨʫʧʧʳ 1 

67.10 69.26 

4 ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ 2 3.73 4.34 

5 ʉʫʤʤʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ 3 ʠ 4 19.29 15.94 

6 ʉʤʦʣʳ 1.11 1.65 

7 ʇʦʪʝʨʠ 8.78 8.80 

 

ʅʘ ʨʠʩ.12 ʧʨʠʚʝʜʝʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʘ ʛʨʫʧʧʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʦʯʠʱʝʥʥʦʡ ʧʨʦʙʳ 

ʤʘʩʣʷʥʦʛʦ ʜʠʩʪʠʣʣʷʪʘ ʥʘ ʘʣʶʤʠʥʠʨʦʚʘʥʥʦʤ ʩʠʣʠʢʘʛʝʣʝ ʠʟ ʛʝʢʩʘʥʘ. ʈʠʩ. 15 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʭʦʨʦʰʝʤ ʛʨʫʧʧʦʚʦʤ ʨʘʟʜʝʣʝʥʠʠ ʩʣʦʞʥʦʡ ʬʨʘʢʮʠʠ ʤʘʩʣʷʥʦʛʦ 

ʜʠʩʪʠʣʣʷʪʘ. ʚʨʝʤʷ ʦʙʱʝʛʦ ʘʥʘʣʠʟʘ ʩʦʢʨʘʪʠʣʦʩʴ ʩ 40 ʜʦ 8 ʯʘʩʦʚ. ʈʘʟʙʨʦʩ ʧʦʣʫʯʝʥʥʳʭ 
ʨʝʟʫʣʴʪʘʪʦʚ ʥʝ ʧʨʝʚʳʰʘʣ ʚʝʣʠʯʠʥʳ 0,5% ʤʘʩʩ 

 
ʈʠʩ.12. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʛʨʫʧʧʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʦʯʠʱʝʥʥʦʡ ʧʨʦʙʳ ʤʘʩʣʷʥʦʛʦ ʜʠʩʪʠʣʣʷʪʘ 
ʥʘ ʘʣʶʤʠʥʠʨʦʚʘʥʥʦʤ ʩʠʣʠʢʘʛʝʣʝ ʠʟ ʛʝʢʩʘʥʘ. 
 

4. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ɼʣʷ ʯʝʛʦ ʥʫʞʥʘ ʢʦʤʙʠʥʘʮʠʷ ʤʝʪʦʜʦʚ ʂɻʍ ʠ ɺʕɾʍ ʧʨʠ ʘʥʘʣʠʟʝ ʙʝʥʟʠʥʦʚ? 

2. ɼʣʷ ʯʝʛʦ ʧʨʦʚʦʜʠʪʩʷ ʢʘʪʠʦʥʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʣʠʢʘʛʝʣʷ? 
3. ʇʦʯʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʘʣʢʝʥʳ ʚ ʥʝʬʪʷʭ ʠ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʬʨʘʢʮʠʷʭ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ? 
4. ʂʘʢ ʧʨʦʚʦʜʠʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ɸʋ ʚ ʙʝʥʟʠʥʘʭ? 

5. ʂʘʢʠʝ ʢʦʣʦʥʢʠ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʘʥʘʣʠʟʝ ʙʝʥʟʠʥʦʚ ʤʝʪʦʜʘʤʠ ʂɻʍ ʠ ɺʕɾʍ? 
 6. ʏʝʤ ʚʘʞʝʥ ʘʥʘʣʠʟ ʥʘʬʪʘʣʠʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚʘʭ? ʂʘʢ ʝʛʦ 

ʧʨʦʚʦʜʷʪ? ʉʭʝʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ɸʋ ʚ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚʘʭ. 
7. ʇʦʯʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ɸʋ ʚ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚʘʭ ʧʨʠ ʨʘʟʥʳʭ ʜʣʠʥʘʭ 

ʚʦʣʥ? 
8. ʂʘʢ ʧʨʘʚʠʣʴʥʦ ʧʨʦʚʝʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ɸʋ ʚ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʤʚʘʭ? 

9. ɼʣʷ ʯʝʛʦ ʥʫʞʥʘ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ ʧʨʠ ʘʥʘʣʠʟʝ ʤʘʩʣʷʥʳʭ ʜʠʩʪʠʣʣʷʪʘʭ ʥʝʬʪʠ? 
10. ɼʣʷ ʯʝʛʦ ʥʫʞʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ? 
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ʆʧʨʝʜʝʣʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ 
ɸʚʪʦʨ: ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ɸ.ɺ. ʍʦʨʦʰʫʪʠʥ 

 
ɿʘʜʘʯʘ ʩʦʜʝʨʞʠʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʘʢ ʦʜʥʦʛʦ ʠʟ 

ʥʝʜʝʩʪʨʫʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚ, ʜʘʶʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʮʝʩʩʘʭ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ, ʘ ʪʘʢʞʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ 
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ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʧʨʠʤʝʨʝ ʥʘʬʪʘʣʠʤʠʜʘ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ   
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1. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʜʥʠ ʠʟ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ 

ʥʝʜʝʩʪʨʫʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚ, ʜʘʶʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʮʝʩʩʘʭ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. ʉʧʝʢʪʨʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʝʱʝʩʪʚ ʠ ʧʨʦʮʝʩʩʦʚ. ʕʪʠ ʤʝʪʦʜʳ ʩʚʷʟʘʥʳ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʩ 
ʧʨʦʮʝʩʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʠʣʠ ʠʩʧʫʩʢʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʢʚʘʥʪʦʚʘʥʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʠ 
ʤʝʪʦʜʳ ʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʮʝʩʩʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ.   

ʗʚʣʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ h ʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʭʠʤʠʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, 
ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ, ʢʘʢ ʩʘʤʦʛʦ, ʪʘʢ ʠ ʝʛʦ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʦʣʝʢʫʣ ʠʣʠ ʠʦʥʦʚ. ɺ ʦʩʥʦʚʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʝʞʠʪ ʷʚʣʝʥʠʝ ʠʩʧʫʩʢʘʥʠʷ 
ʩʚʝʪʘ ʯʘʩʪʠʮʝʡ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʏʘʩʪʠʮʳ ʠʣʠ 

ʚʝʱʝʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʢ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʥʘʟʳʚʘʶʪ ʣʶʤʠʥʦʬʦʨʘʤʠ. ʀʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʦʚ 
ʚʦʟʙʫʞʜʝʥʠʷ ʠʣʠ ʠʩʧʫʩʢʘʥʠʷ (ʦʧʨʝʜʝʣʝʥʠʝ ʩʤ. ʥʠʞʝ) ʥʝʩʝʪ ʚ ʩʝʙʝ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤʳ, ʢʠʥʝʪʠʢʝ ʧʨʦʮʝʩʩʦʚ, ʬʦʨʤʘʭ ʥʘʭʦʞʜʝʥʠʷ ʣʶʤʠʥʦʬʦʨʘ ʚ 
ʛʦʤʦʛʝʥʥʳʭ ʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʨʝʜʘʭ. 

ɺʦʟʙʫʞʜʘʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʤʦʞʥʦ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʥʘʧʨʠʤʝʨ, ʩʚʝʪʦʤ 
(ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ), ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ (ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʷ), ʭʠʤʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ (ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʶ) ʠ ʜʨ. ʇʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʠ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʠ 
ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʡ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ 

ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ. ʌʣʫʦʨʝʩʮʝʥʮʠʷ ï ʙʳʩʪʨʦ ʟʘʪʫʭʘʶʱʝʝ ʠʟʣʫʯʝʥʠʝ, 
ʩʚʷʟʘʥʥʦʝ ʩ ʧʝʨʝʭʦʜʦʤ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʠ ʩʠʩʪʝʤʳ, 

ʥʘʧʨʠʤʝʨ, ʠʟ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʠʥʛʣʝʪʥʦʛʦ ʚ ʦʩʥʦʚʥʦʝ ʩʠʥʛʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. 
ʌʦʩʬʦʨʝʩʮʝʥʮʠʷ ï ʤʝʜʣʝʥʥʦ ʟʘʪʫʭʘʶʱʝʝ ʠʟʣʫʯʝʥʠʝ, ʦʪʚʝʯʘʶʱʝʝ ʧʝʨʝʭʦʜʫ ʤʝʞʜʫ 
ʩʦʩʪʦʷʥʠʷʤʠ ʩ ʨʘʟʥʦʡ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʴʶ, ʥʘʧʨʠʤʝʨ, ʠʟ ʪʨʠʧʣʝʪʥʦʛʦ ʚ ʩʠʥʛʣʝʪʥʦʝ. 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʣʶʤʠʥʦʬʦʨʘ ʩʣʫʞʘʪ ʜʣʠʥʘ ʚʦʣʥʳ 
ʠʩʧʫʩʢʘʥʠʷ ʠ ʚʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʩʠʩʪʝʤʝ ʥʝʩʢʦʣʴʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ-ʣʶʤʠʥʦʬʦʨʦʚ ʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ 
ʩʧʝʢʪʨʘʣɹʥrʭ ʠ/ʠʣʠ ʚʨʝʤʝʥʥrӢʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.   

ɼʣʷ ʩʭʝʤʘʪʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ, 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʠ ʠʩʧʫʩʢʘʥʠʠ ʵʥʝʨʛʠʠ ʚ ʧʨʦʮʝʩʩʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ 

ʜʠʘʛʨʘʤʤʳ ʗʙʣʦʥʩʢʦʛʦ (ʨʠʩ. 1) 
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ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʗʙʣʦʥʩʢʦʛʦ. ʈʘʟʣʠʯʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩ ʥʘʙʦʨʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ: S0, S1, S2 ï ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩ ʦʜʠʥʘʢʦʚʦʡ 
ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʴʶ (ʩʠʥʛʣʝʪʳ); ʊ1 ï ʪʨʠʧʣʝʪʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ.   

ɺ ʩʣʫʯʘʝ ʩʘʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʪʠʧʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ï ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ï 
ʚʦʟʙʫʞʜʝʥʠʝ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʙʣʫʯʝʥʠʝʤ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ. 

ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴ 
ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʧʫʩʢʘʥʠʷ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ 

ʚʦʟʙʫʞʜʝʥʠʷ. ʉʧʝʢʪʨʳ, ʦʪʚʝʯʘʶʱʠʝ ʠʟʣʫʯʝʥʠʶ ʵʥʝʨʛʠʠ, ʥʘʟʳʚʘʶʪ ʩʧʝʢʪʨʘʤʠ 

ʠʩʧʫʩʢʘʥʠʷ, ʠʣʠ ʩʧʝʢʪʨʘʤʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ; ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʧʫʩʢʘʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʝʛʦ ʜʣʠʥʳ ʚʦʣʥʳ. ɽʩʣʠ ʠʩʧʫʩʢʘʥʠʝ 
ʚʦʟʙʫʞʜʝʥʥʦʡ ʤʦʣʝʢʫʣʳ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʪʦ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ 

ʩʦʚʧʘʜʘʝʪ ʧʦ ʬʦʨʤʝ ʩʦ ʩʧʝʢʪʨʦʤ ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʅʘ ʧʨʘʢʪʠʢʝ 
ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʧʠʩʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʧʝʢʪʨʘ ʨʝʘʣʠʟʫʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʊʘʢ, 

ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʫʯʘʶʪ, ʨʝʛʠʩʪʨʠʨʫʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʰʝʜʰʝʛʦ 
ʩʢʚʦʟʴ ʦʙʨʘʟʝʮ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʜʣʠʥʳ ʚʦʣʥʳ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʚʳʜʝʣʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʤʦʥʦʭʨʦʤʘʪʦʨʘ (ʨʠʩ. 2) 

ʄʦʥʦʭʨʦʤʘʪʦʨ ʆʙʨʘʟʝʮʀʩʪʦʯʥʠʢ ʌʦʪʦʧʨʠ-
ʤyʥʠʢ  

ʈʠʩ. 2. ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʦʜʥʦʣʫʯʝʚʳʤ 

ʧʨʠʙʦʨʦʤ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʘ ʪʘʢʞʝ ʩʧʝʢʪʨʦʚ 

ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʘʧʧʘʨʘʪʫʨʥʦ ʨʝʘʣʠʟʫʶʪ ʜʨʫʛʫʶ ʦʧʪʠʯʝʩʢʫʶ ʩʭʝʤʫ 
(ʨʠʩ. 3). ɺ ʥʝʡ ʨʝʛʠʩʪʨʘʮʠʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʩʧʫʩʢʘʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
ʥʘʧʨʘʚʣʝʥʠʶ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ (ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʧʘʜʘʥʠʷ ʚʦʟʙʫʞʜʘʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʬʦʪʦʧʨʠʝʤʥʠʢ). 
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ʌʦʪʦʧʨʠ-
ʤyʥʠʢ

ʄʦʥʦʭʨʦ-
ʤʘʪʦʨ 1

ʆʙʨʘʟʝʮ

ʀʩʪʦʯʥʠʢ

ʄʦʥʦʭʨʦ-
ʤʘʪʦʨ 2

lʚʦʟʙ

lʠʩʧ

lʚʦʟʙ lʠʩʧ  

ʈʠʩ. 3. ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ 
ʨʘʙʦʪʳ ʤʦʥʦʭʨʦʤʘʪʦʨʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʯʘʩʪʦ ʚ ʧʨʠʙʦʨʘʭ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʚ ʩʧʝʢʪʨ ʢʘʢ 
ʚʦʟʙʫʞʜʘʶʱʝʛʦ, ʪʘʢ ʠ ʠʩʧʫʩʢʘʝʤʦʛʦ ʦʙʨʘʟʮʦʤ ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʚ ʥʝʛʦ ʚʚʦʜʷʪ ʜʚʘ 

ʤʦʥʦʭʨʦʤʘʪʦʨʘ. ɺʳʜʝʣʷʷ ʩ ʧʦʤʦʱʴʶ ʤʦʥʦʭʨʦʤʘʪʦʨʘ 1 ʜʣʠʥʫ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ (lʚʦʟʙ) ʠ 
ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʟʘʧʠʩʠ ʠʩʧʫʩʢʘʥʠʷ ʤʦʥʦʭʨʦʤʘʪʦʨ 2, ʧʦʣʫʯʘʶʪ ʩʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʦʙʨʘʟʮʘ. ɽʩʣʠ ʞʝ ʧʨʠ ʧʦʤʦʱʠ ʤʦʥʦʭʨʦʤʘʪʦʨʘ 2 ʬʠʢʩʠʨʫʶʪ ʜʣʠʥʫ ʚʦʣʥʳ ʠʩʧʫʩʢʘʥʠʷ 

(lʠʩʧ), ʪʦ, ʠʟʤʝʥʷʷ ʜʣʠʥʫ ʚʦʣʥʳ ʥʘ ʤʦʥʦʭʨʦʤʘʪʦʨʝ 1, ʧʦʣʫʯʘʶʪ ʩʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʘ. 

ɺ ʩʣʫʯʘʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʧʫʩʢʘʶʱʝʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʧʝʢʪʨ 
ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ. ʀʟʙʳʪʦʢ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ 

(ʨʠʩ. 4) ʥʘʜ ʥʠʟʰʠʤ ʵʣʝʢʪʨʦʥʥʦ-ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʚʦʟʙʫʞʜʝʥʥʳʤ ʫʨʦʚʥʝʤ (S1) ʨʘʩʭʦʜʫʝʪʩʷ 
ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʢʦʥʚʝʨʩʠʶ ʣʶʤʠʥʦʬʦʨʘ. ʕʪʦʪ ʬʘʢʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʧʨʠ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ ʣʶʤʠʥʦʬʦʨʘ. ɼʣʷ ʣʶʤʠʥʦʬʦʨʦʚ ʚʳʧʦʣʥʷʝʪʩʷ 
ʧʨʘʚʠʣʦ ʟʝʨʢʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʃʸʚʰʠʥʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʚ ʦʜʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʚʳʛʣʷʜʷʪ ʢʘʢ ʟʝʨʢʘʣʴʥʳʝ ʦʪʨʘʞʝʥʠʷ 
ʜʨʫʛ ʜʨʫʛʘ. ɽʩʣʠ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʧʦʣʦʩ, ʪʦ ʟʝʨʢʘʣʴʥʦʡ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʩʧʝʢʪʨʫ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʫʜʝʪ ʪʘ ʧʦʣʦʩʘ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʚʦʟʙʫʞʜʝʥʥʦʤʫ 
ʩʦʩʪʦʷʥʠʶ, ʠʟ ʢʦʪʦʨʦʛʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʦʠʩʭʦʜʠʪ ʠʩʧʫʩʢʘʥʠʝ. ʉ ʧʦʤʦʱʴʶ ʧʨʘʚʠʣʘ 

ʃʸʚʰʠʥʘ ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʪʘʢʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ. 

 
ʈʠʩ. 4. ʉʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʩʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʦʜʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. 

ʇʨʘʚʠʣʦ ʃʸʚʰʠʥʘ ʚʳʧʦʣʥʷʝʪʩʷ, ʝʩʣʠ ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣ ʚ ʦʩʥʦʚʥʦʤ ʠ 

ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ ʙʣʠʟʢʠ, ʘ ʪʘʢʞʝ ʙʣʠʟʢʠ ʵʥʝʨʛʠʠ ʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʚ 
ʵʪʠʭ ʩʦʩʪʦʷʥʠʷʭ. ɺʦʟʙʫʞʜʝʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʠʩʭʦʜʠʪ ʩ ʥʠʟʰʝʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʩʣʫʯʘʡʥʳʡ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʥʢʨʝʪʥʦʡ ʵʥʝʨʛʠʠ 
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ʧʦʛʣʦʱʘʝʤʦʛʦ ʢʚʘʥʪʘ) ʫʨʦʚʝʥʴ. ʇʦʵʪʦʤʫ ʬʦʨʤʘ ʧʠʢʘ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʦʪʚʝʯʘʝʪ 
ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʀʩʧʫʩʢʘʥʠʝ ʞʝ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʦʪʝʢʘʝʪ ʧʦʩʣʝ ʚʥʫʪʨʝʥʥʝʡ ʢʦʥʚʝʨʩʠʠ (ʠʣʠ ʨʝʣʘʢʩʘʮʠʠ) ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 
ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʥʠʟʰʠʡ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʚʘʥʪʦʚ ʠʩʧʫʩʢʘʥʠʷ ʧʦ ʵʥʝʨʛʠʷʤ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʫʨʦʚʥʷʤ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʵʪʦʛʦ ʧʨʘʚʠʣʘ. ʆʙʳʯʥʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʠʝʤ ʚ ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣ ʚ 
ʦʩʥʦʚʥʦʤ ʠ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ ʠʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʯʘʩʪʠʮ, ʪʘʢʠʭ ʢʘʢ ʵʢʩʠʤʝʨʳ ʠʣʠ ɻʢʩʠʧʣʝʢʩʳ.3 ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 
ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛ ʣʠʥʠʡ ʩʧʝʢʪʨʘ ʠʩʧʫʩʢʘʥʠʷ 

ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ, ʥʘʟʳʚʘʝʤʳʡ ʩʜʚʠʛʦʤ ʉʪʦʢʩʘ. 
ɺʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʷʚʣʷʝʪʩʷ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚ ʠʩʧʫʱʝʥʥʳʭ ʠ ʧʦʛʣʦʱʝʥʥʳʭ ʬʦʪʦʥʦʚ. ɽʛʦ 
ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ ʝʜʠʥʠʮʝ, ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ, ʝʩʣʠ ʚʩʝ 

ʚʦʟʙʫʞʜʝʥʥʳʝ ʤʦʣʝʢʫʣʳ ʧʝʨʝʭʦʜʷʪ ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʨʝʣʘʢʩʠʨʫʶʪ) ʯʝʨʝʟ 
ʠʟʣʫʯʘʪʝʣʴʥʳʡ ʧʫʪʴ. ʆʪʥʦʰʝʥʠʝ ʤʦʣʝʢʫʣ, ʨʝʣʘʢʩʠʨʫʶʱʠʭ ʧʦ ʠʟʣʫʯʘʪʝʣʴʥʦʤʫ ʠ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʤʫ ʧʫʪʷʤ, ʤʦʞʥʦ ʪʘʢʞʝ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʩʢʦʨʦʩʪʠ ʠʩʧʫʩʢʘʥʠʷ ʬʦʪʦʥʘ ʠ 
ʩʢʦʨʦʩʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʢʦʥʚʝʨʩʠʠ. ʊʦʛʜʘ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ, ʙʣʠʟʢʠʡ ʢ ʝʜʠʥʠʮʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʚʥʫʪʨʝʥʥʝʡ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʢʦʥʚʝʨʩʠʠ 
ʤʥʦʛʦ ʤʝʥʴʰʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʠʩʧʫʩʢʘʥʠʷ ʬʦʪʦʥʘ. 

ʈʘʟʣʠʯʘʶʪ ʪʘʢʞʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʘ ʠʤʝʥʥʦ ï ʦʪʥʦʰʝʥʠʝ 
ʠʩʧʫʩʢʘʝʤʦʡ ʵʥʝʨʛʠʠ ʢ ʧʦʛʣʦʱʝʥʥʦʡ. ʈʘʩʩʯʠʪʘʪʴ ʝʛʦ ʤʦʞʥʦ, ʜʦʤʥʦʞʠʚ ʢʚʘʥʪʦʚʳʡ 

ʚʳʭʦʜ ʥʘ ʦʪʥʦʰʝʥʠʝ ʵʥʝʨʛʠʡ ʠʟʣʫʯʝʥʥʳʭ ʠ ʧʦʛʣʦʱʝʥʥʳʭ ʢʚʘʥʪʦʚ. ʇʦʩʢʦʣʴʢʫ 
ʠʩʧʫʩʢʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʙʦʣʝʝ ʜʣʠʥʥʳʭ ʚʦʣʥʘʭ, ʵʥʝʨʛʠʠ ʢʚʘʥʪʦʚ ʠʩʧʫʩʢʘʥʠʷ ʤʝʥʴʰʝ. 

ʕʪʦ ʞʝ ʧʦʢʘʟʘʥʦ ʠ ʥʘ ʜʠʘʛʨʘʤʤʝ ʗʙʣʦʥʩʢʦʛʦ, ʛʜʝ ʚʠʜʥʦ, ʯʪʦ ʚʥʫʪʨʝʥʥʷʷ ʢʦʥʚʝʨʩʠʷ 
ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʥʝʨʛʠʠ ʠʩʧʫʩʢʘʝʤʳʭ ʢʚʘʥʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʛʣʦʱʝʥʥʳʤ. 

ʊʘʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʩʪʦʢʩʦʚʳʤʠ ʧʦʪʝʨʷʤʠ. ʀʟ-ʟʘ ʪʘʢʠʭ ʧʦʪʝʨʴ 
ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ, ʜʘʞʝ ʝʩʣʠ ʢʚʘʥʪʦʚʳʡ 

ʚʳʭʦʜ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ. 
ʅʘ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚʣʠʷʝʪ ʠ ʩʨʝʜʘ, ʦʢʨʫʞʘʶʱʘʷ ʣʶʤʠʥʦʬʦʨ. ʇʦʩʢʦʣʴʢʫ 

ʧʨʦʮʝʩʩʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʧʫʩʢʘʥʠʷ ʩʚʝʪʦʚʳʭ ʢʚʘʥʪʦʚ ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ, ʪʦ 
ʩʦʩʪʘʚ ʩʨʝʜʳ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ʊʘʢ, ʨʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ 

ʦʙʣʘʜʘʝʪ ʵʬʬʝʢʪʦʤ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʚʳʟʚʘʥʥʳʤ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ 
ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʶʤʠʥʦʬʦʨʘ ʥʘ ʤʦʣʝʢʫʣʳ ʢʠʩʣʦʨʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ 
ʚʥʠʤʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʫʯʘʩʪʠʝʤ ʤʦʣʝʢʫʣ 

ʣʶʤʠʥʦʬʦʨʘ, ʥʦ ʠ ʧʨʦʮʝʩʩʳ ʩ ʫʯʘʩʪʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʝʛʦ ʩʨʝʜʳ. 
ʇʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʟʤʝʨʝʥʠʠ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʩʯʠʪʘʶʪ, ʯʪʦ ʤʝʨʦʡ ʯʠʩʣʘ 

ʠʟʣʫʯʝʥʥʳʭ ʢʚʘʥʪʦʚ ʩʣʫʞʠʪ ʧʣʦʱʘʜʴ ʧʦʜ ʩʧʝʢʪʨʦʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʪʦ ʝʩʪʴ ʵʪʠ 
ʚʝʣʠʯʠʥʳ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʜʨʫʛ ʜʨʫʛʫ. ʊʘʢʞʝ ʩʯʠʪʘʶʪ, ʯʪʦ ʠ ʯʠʩʣʦ 

ʧʦʛʣʦʱʝʥʥʳʭ ʢʚʘʥʪʦʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ. 

ʏʘʱʝ ʚʩʝʛʦ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ (F) ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠʣʠ 

ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ) ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʦʤʫ 
ʚʝʱʝʩʪʚʫ, ʥʘʟʳʚʘʝʤʦʤʫ ʩʪʘʥʜʘʨʪʦʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʥ ʠʟʚʝʩʪʝʥ. ʕʪʦʪ ʩʧʦʩʦʙ ʥʘʠʙʦʣʝʝ 

ʧʨʦʩʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʘ ʠʟʤʝʨʝʥʥʳʡ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʥʘʟʳʚʘʶʪ 
ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ. ɼʣʷ ʝʛʦ ʨʘʩʯʝʪʘ ʥʫʞʥʦ ʠʟʤʝʨʠʪʴ ʚ ʦʜʠʥʘʢʦʚʳʭ 

ʫʩʣʦʚʠʷʭ ʧʣʦʱʘʜʠ ʧʦʜ ʩʧʝʢʪʨʘʤʠ ʠʩʧʫʩʢʘʥʠʷ ʢʘʢ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ (Sʠʩʩʣ), ʪʘʢ ʠ 
ʩʪʘʥʜʘʨʪʘ (Sʩʪ), ʦʧʪʠʯʝʩʢʠʝ ʧʣʦʪʥʦʩʪʠ ʵʪʠʭ ʚʝʱʝʩʪʚ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ (Dʠʩʩʣ 

ʠ Dʩʪ), ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (nʠʩʩʣ ʠ nʩʪ), ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʷʪ 
ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʩʯʝʪ ʧʨʦʚʦʜʷʪ ʧʦ ʬʦʨʤʫʣʝ: 

                                                             
3 ʕʢʩʠʤʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʟʙʫʞʜʝʥʥʳʡ ʜʠʤʝʨ, ʚ ʢʦʪʦʨʦʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʷ ʟʘʨʷʜʘ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʵʢʩʠʧʣʝʢʩʘʤʠ ʥʘʟʳʚʘʶʪ ʢʦʤʧʣʝʢʩʳ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ. 
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(1 - 10-Dʩʪ)*Sʠʩʩʣ*nʠʩʩʣ

(1 - 10-Dʠʩʩʣ)*Sʩʪ*nʩʪ

2

2
jʩʪjʠʩʩʣ=

 

(1.1) 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 
2.1 ʆʙʦʨʫʜʦʚʘʥʠʝ  

 Oʜʥʦʣʫʯʝʚʦʡ ʠʟʤʝʨʠʪʝʣʴ ʞʠʜʢʦʩʪʝʡ çʌʣʫʦʨʘʪ-02-ʇʘʥʦʨʘʤʘè; 

 ʂʚʘʨʮʝʚʳʝ ʢʶʚʝʪʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 10ʭ10ʭ40 ʤʤ ʩ ʧʨʦʙʢʘʤʠ; 
 ʇʠʧʝʪ-ʜʦʟʘʪʦʨʳ ʦʙʲʸʤʦʤ 20 ʤʢʣ, 200 ʤʢʣ, 1000 ʤʢʣ ʩ ʥʘʢʦʥʝʯʥʠʢʘʤʠ; 

 ʉʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨ (ʦʜʥʦʣʫʯʝʚʦʡ ʠʟʤʝʨʠʪʝʣʴ ʞʠʜʢʦʩʪʝʡ) 
çʌʣʫʦʨʘʪ-02-ʇʘʥʦʨʘʤʘè ï ʧʨʠʙʦʨ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʚ 

ʋʌï ʠ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ.  ɺʥʝʰʥʠʡ 
ʚʠʜ ʧʨʠʙʦʨʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 5. ɺ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʧʨʠʙʦʨʘ ʨʘʩʧʦʣʦʞʝʥʳ ʢʥʦʧʢʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ï ʢʶʚʝʪʥʦʝ ʦʪʜʝʣʝʥʠʝ ʜʣʷ  ʩʪʘʥʜʘʨʪʥʳʭ ʢʶʚʝʪ ʩ ʜʣʠʥʦʡ 
ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ 1 ʩʤ. 

 

ʈʠʩ. 5. ɺʥʝʰʥʠʡ ʚʠʜ ʧʨʠʙʦʨʘ çʌʣʫʦʨʘʪ-02-ʇʘʥʦʨʘʤʘè ʠ ʚʠʜ ʢʶʚʝʪʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʩ 

ʢʨʳhʢʦʡ. 

ʇʨʠʙʦʨ ʧʦʩʪʨʦʝʥ ʧʦ ʦʜʥʦʣʫʯʝʚʦʡ ʩʭʝʤʝ, ʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʠʙʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 6. 

ʆʩʚʝʱʘʶʱʠʡ ʣʫʯ, ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʢʩʝʥʦʥʦʚʘʷ ʣʘʤʧʘ (1), ʩʥʘʯʘʣʘ 

ʧʨʦʭʦʜʠʪ ʤʦʥʦʭʨʦʤʘʪʦʨ ʢʘʥʘʣʘ ʚʦʟʙʫʞʜʝʥʠʷ (3), ʢʦʪʦʨʳʡ ʧʨʦʧʫʩʢʘʝʪ ʠʟʣʫʯʝʥʠʝ ʣʠʰʴ 
ʦʧʨʝʜʝʣʸʥʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ. ʇʦʩʣʝ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʣʫʯ ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʝʪʦʜʝʣʠʪʝʣʴʥʦʡ 

ʧʣʘʩʪʠʥʳ (5) ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ ʣʫʯʘ; ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʯʝʨʝʟ ʦʙʨʘʟʝʮ (6). ʆʙʘ ʣʫʯʘ 
ʧʦʧʘʜʘʶʪ ʚʧʦʩʣʝʜʩʪʚʠʠ ʥʘ ʜʝʪʝʢʪʦʨʳ (11, 12), ʠ ʩʪʝʧʝʥʴ ʧʦʛʘʰʝʥʠʷ  ʠʟʣʫʯʝʥʠʷ 

ʨʘʩʪʚʦʨʦʤ (ʧʨʦʧʫʩʢʘʥʠʝ, I/ I0 ſ T, %) ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʵʪʠʭ 

ʣʫʯʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ D, ʷʚʣʷʶʱʫʶʩʷ ʬʫʥʢʮʠʝʡ 
ʧʨʦʧʫʩʢʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʧʝʢʪʨ (ʟʘʚʠʩʠʤʦʩʪʴ D ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʨʘʩʪʚʦʨʠʪʝʣʶ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʟʘʧʠʩʘʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʚʘ ʩʧʝʢʪʨʘ ï ʨʘʩʪʚʦʨʘ 
ʩʨʘʚʥʝʥʠʷ ʠ ʠʩʧʳʪʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʧʘʜʘʥʠʷ ʚ ʜʝʪʝʢʪʦʨ 

ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʜ ʫʛʣʦʤ ʚ 90ʦ ʢ ʦʩʚʝʱʘʶʱʝʤʫ ʣʫʯʫ (ʝʩʣʠ ʩʤʦʪʨʝʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʶʚʝʪʥʦʛʦ ʦʪʜʝʣʝʥʠʷ), ʨʘʩʧʦʣʦʞʝʥ ʤʦʥʦʭʨʦʤʘʪʦʨ ʢʘʥʘʣʘ ʠʩʧʫʩʢʘʥʠʷ 
(ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ) (8), ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʠʟ ʦʙʱʝʛʦ ʩʧʝʢʪʨʘ (ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʣʠʙʦ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ) ʚʳʜʝʣʷʝʪ ʠʟʣʫʯʝʥʠʝ ʩ ʥʝʢʦʝʡ ʜʣʠʥʦʡ ʚʦʣʥʳ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʥʦ 
ʧʦʧʘʜʘʝʪ ʚ ʧʨʠʝʤʥʠʢ (9), ʢʦʪʦʨʳʡ ʨʝʛʠʩʪʨʠʨʫʝʪ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ.   
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ʈʠʩ. 6. ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʘ ñʌʣʫʦʨʘʪ-02-ʇʘʥʦʨʘʤʘò. 

1 - ʂʩʝʥʦʥʦʚʘʷ ʣʘʤʧʘ; 2 - ʫʩʪʨʦʡʩʪʚʦ ʦʪʩʝʯʢʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʜʠʬʨʘʢʮʠʠ; 
3ï ʤʦʥʦʭʨʦʤʘʪʦʨ ʚʦʟʙʫʞʜʝʥʠʷ; 4,7ï ʩʚʝʪʦʬʠʣʴʪʨʳ ʢʘʥʘʣʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ; 5, ï ʩʚʝʪʦʜʝʣʠʪʝʣʴʥʘʷ ʧʣʘʩʪʠʥʘ; 6 ï ʢʶʚʝʪʘ ʩ ʘʥʘ-
ʣʠʟʠʨʫʝʤʦʡ ʧʨʦʙʦʡ; 8 ï ʤʦʥʦʭʨʦʤʘʪʦʨ ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ; 

9 - ʬʦʪʦʧʨʠʸʤʥʠʢ ʬʣʫʦʨʠʤʝʪʨʠʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ; 11 ï ʬʦʪʦʧʨʠʸʤʥʠʢ ʦʧʦʨʥʦʛʦ ʢʘʥʘʣʘ; 
12 ï  ʬʦʪʦʧʨʠʸʤʥʠʢ ʢʘʥʘʣʘ ʧʨʦʧʫʩʢʘʥʠʷ (ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ). 

ʀʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʤʧʫʣʴʩʥʘʷ ʢʩʝʥʦʥʦʚʘʷ ʣʘʤʧʘ (1), ʢʦʪʦʨʘʷ 
ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʢʦʨʦʪʢʠʝ ʩʚʝʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʢʦʣʦ 1 ʤʢʩ, c 

ʯʘʩʪʦʪʦʡ ʧʦʚʪʦʨʝʥʠʷ ʜʦ 25 ɻʮ. ʕʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʚʨʝʤʝʥʥʝr 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʝʜʸʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ï ʠʩʩʣʝʜʦʚʘʪʴ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ, ʢʦʪʦʨʘʷ ʜʣʠʪʩʷ 

ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʦʩʚʝʱʝʥʠʷ ʨʘʩʪʚʦʨʘ. ʄʦʞʥʦ ʪʘʢʞʝ ʟʘ 
ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʦ ʥʝʟʘʚʠʩʠʤʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʦʧʫʩʢʘʥʠʷ ʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ ʤʥʦʞʝʩʪʚʘ (10, 25, 250) ʚʩʧʳʰʝʢ. 
ʈʝʛʠʩʪʨʘʮʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʤ (9). ɼʠʘʧʘʟʦʥ 

ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʠʙʦʨʘ ï 180 õ 860 ʥʤ, ʩʧʝʢʪʨʦʚ ʠʩʧʫʩʢʘʥʠʷ 
ï 180 õ 720 ʥʤ. ɺ ʩʦʩʪʘʚʝ ʧʨʠʙʦʨʘ ʝʩʪʴ ʜʚʘ ʥʝʟʘʚʠʩʠʤʦ ʨʘʙʦʪʘʶʱʠʭ ʤʦʥʦʭʨʦʤʘʪʦʨʘ (3, 8), 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʦʧʨʝʜʝʣʸʥʥʫʶ ʜʣʠʥʫ ʚʦʣʥʳ, ʣʠʙʦ ʟʘʜʘʪʴ ʝʤʫ 
ʩʢʘʥʠʨʦʚʘʪʴ ʠʟʣʫʯʝʥʠʝ ʧʦ ʜʣʠʥʘʤ ʚʦʣʥ ʩ ʟʘʧʠʩʴʶ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʩʧʝʢʪʨʘ. ʋʧʨʘʚʣʷʪʴ 

ʨʘʙʦʪʦʡ ʧʨʠʙʦʨʘ ʤʦʞʥʦ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ (ʨʠʩ. ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ 
ʘʡʜʝʥ.), ʛʜʝ ʝʩʪʴ ʢʥʦʧʢʠ ʠ ʮʠʬʨʦʚʳʝ ʠʥʜʠʢʘʪʦʨʳ, ʜʦʩʪʘʪʦʯʥʳʝ ʜʣʷ ʵʪʦʡ ʟʘʜʘʯʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠ ʫʧʨʘʚʣʝʥʠʝ, ʠ ʩʙʦʨ ʜʘʥʥʳʭ ʩ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, 
ʠʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ Panorama Light, ʷʨʣʳʢ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʙʦʯʝʤ ʩʪʦʣʝ 

ʢʦʤʧʴʶʪʝʨʘ. 

2.2 ʈʝʘʢʪʠʚʳ:  

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ; 

1ʥ ʨʘʩʪʚʦʨ H2SO4; 
ʘʮʝʪʦʥʠʪʨʠʣ CH3CN; 

ʈʘʩʪʚʦʨʳ ʠʟʤʝʨʷʝʤʳʭ ʚʝʱʝʩʪʚ ï ʩʫʣʴʬʘʪʘ ʭʠʥʠʥʘ ʚ 1ʥ H2SO4 (ʩʪʘʥʜʘʨʪʘ); 
ʥʘʬʪʘʣʠʤʠʜʘ ʚ CH3CN (ʚ ʢʘʯʝʩʪʚʝ ʠʩʧʳʪʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ). 

ʈʘʩʪʚʦʨʳ ʛʦʪʦʚʷʪ ʟʘʨʘʥʝʝ ʚ ʪʘʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʨʘʚʠʣʴʥʦʝ 
ʠʟʤʝʨʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ: ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʨʘʩʪʚʦʨʘ ʚ ʢʶʚʝʪʝ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ 0.04 < D < 0.1 ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ. 

2.3 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

1. ʀʟʤʝʨʠʪʴ ʩʧʝʢʪʨ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʬʦʥʦʚʦʛʦ ʨʘʩʪʚʦʨʘ 1ʥ H2SO4 ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʝʝ: 
ʘ. ʉ ʧʦʤʦʱʴʶ ʧʠʧʝʪ-ʜʦʟʘʪʦʨʘ ʥʘʣʠʪʴ ʚ ʦʧʪʠʯʝʩʢʫʶ ʢʶʚʝʪʫ ʫʢʘʟʘʥʥʳʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ. ʆʪ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢ ʵʢʩʧʝʨʠʤʝʥʪʫ ʦʙʲʸʤʳ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ 
ʨʘʩʪʚʦʨʦʚ ʠʟʤʝʨʷʝʤʳʭ ʚʝʱʝʩʪʚ (ʩʪʘʥʜʘʨʪʘ ʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ) ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ, 

ʜʣ̫ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʧʨʘʚʠʣʴʥʦʡ. 
ʂʦʥʢʨʝʪʥʳʝ ʦʙʲʸʤʳ ʫʢʘʞʝʪ ʚʝʜʫʱʠʡ ʧʨʘʢʪʠʢʫʤʘ. ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʦʙʲʸʤ 
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ʢʶʚʝʪʳ ï 3.3 ʤʣ, ʦʙʲʸʤ ʜʦʙʘʚʣʷʝʤʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ï 3 ʤʣ, ʨʘʩʪʚʦʨʘ ʠʟʤʝʨʷʝʤʦʛʦ 
ʩʦʝʜʠʥʝʥʠʷ ï 10 ï 200 ʤʢʣ. ʇʨʠ ʩʜʘʯʝ ʟʘʜʘʯʠ, ʦʜʥʘʢʦ, ʩʪʫʜʝʥʪʳ ʜʦʣʞʥʳ ʧʨʦʷʚʠʪʴ 

ʧʦʥʠʤʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʚʳʙʦʨʘ ʧʨʘʚʠʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ, ʩʤ. ʦʜʠʥ ʠʟ ʚʦʧʨʦʩʦʚ. 

ɺʥʠʤʘʥʠʝ!! ʅʫʞʥʦ ʩʣʝʜʠʪʴ, ʯʪʦʙʳ ʚ ʧʦʨʰʝʥʴ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ, ʙʣʠʟʢʦ ʢ 

ʪʦʯʢʝ ʢʨʝʧʣʝʥʠʷ ʥʘʢʦʥʝʯʥʠʢʘ, ʥʝ ʧʦʧʘʜʘʣʠ ʨʘʩʪʚʦʨʳ. ɼʣʷ ʵʪʦʛʦ ʟʘʙʦʨ ʨʘʩʪʚʦʨʘ ʚ 
ʥʘʢʦʥʝʯʥʠʢ ʥʫʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʝʜʣʝʥʥʦ, ʧʦʩʪʝʧʝʥʥʦ ʦʩʣʘʙʣʷʷ ʥʘʞʘʪʠʝ ʧʘʣʴʮʘ ʥʘ 

ʢʥʦʧʦʯʢʫ. ʇʨʠ ʙʳʩʪʨʦʤ ʟʘʙʦʨʝ ʨʘʩʪʚʦʨʘ, ʪʦ ʝʩʪʴ ʧʨʠ ʦʪʧʫʩʢʘʥʠʠ ʢʥʦʧʦʯʢʠ ʜʦʟʘʪʦʨʘ 
ʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦʨʰʥʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʫʞʠʥʳ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʧʣʸʩʢʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʠʟ ʥʘʢʦʥʝʯʥʠʢʘ ʚʥʫʪʨʴ ʥʘ ʧʦʨʰʝʥʴ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʲʝʜʘʥʠʶ ʧʨʦʢʣʘʜʦʢ ʠ ʧʦʨʯʝ ʧʠʧʝʪ-ʜʦʟʘʪʦʨʘ. 

b. ʇʦʤʝʩʪʠʪʴ ʢʶʚʝʪʫ ʩ ʨʘʩʪʚʦʨʦʤ 1ʥ H2SO4 ʚ ʢʶʚʝʪʥʦʝ ʦʪʜʝʣʝʥʠʝ (ʩʠʥʝʡ ʤʝʪʢʦʡ ʥʘ 
ʩʝʙʷ). 

c. ʋʩʪʘʥʦʚʠʪʴ ʧʘʨʘʤʝʪʨʳ ʩʲʝʤʢʠ ʩʧʝʢʪʨʦʚ: 
çʨʘʟʚʸʨʪʢʘ ʧʦ ʨʝʛʠʩʪʨʘʮʠʠè;  

ʚʦʟʙʫʞʜʝʥʠʝ ï 340 ʥʤ;  
ʨʝʛʠʩʪʨʘʮʠʷ ï 350-600 ʥʤ;  

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʌʕʋ ï ʥʠʟʢʘʷ;  
ʯʠʩʣʦ ʚʩʧʳʰʝʢ ï 25;  

ʢʘʥʘʣʳ ï ʦʪʤʝʪʠʪʴ ʬʣʘʞʢʦʤ ʠʟʤʝʨʝʥʠʝ ʢʘʢ ʬʣʫʦʤʝʪʨʠʠ, ʪʘʢ ʠ ʬʦʪʦʤʝʪʨʠʠ;  ʢʦʨʨʝʢʮʠʷ 
ï ʬʣʫʦʨʠʤʝʪʨʠʷ ï çʧʦ ʦʧʦʨʥʦʤʫè; ʬʦʪʦʤʝʪʨʠʷ ï çʧʦ ʦʧʦʨʥʦʤʫè). 

d. ʅʘʞʘʪʴ ʢʥʦʧʢʫ çʇʫʩʢè ʚ ʧʨʦʛʨʘʤʤʝ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʧʝʢʪʨ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʵʪʦʛʦ 
ʨʘʩʪʚʦʨʘ.  

e.  ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚ Excel. (çʌʘʡʣ ï ʵʢʩʧʦʨʪʠʨʦʚʘʪʴè, Excel).  

ʊʘʢ ʞʝ, ʢʘʢ ʚ ʧʧ.1(a-d), ʟʘʧʠʩʘʪʴ ʬʦʥʦʚʳʡ ʩʧʝʢʪʨ ʘʮʝʪʦʥʠʪʨʠʣʘ.  

2. ɺ ʢʶʚʝʪʫ ʥʘʣʠʪʴ ʫʢʘʟʘʥʥʳʝ ʢʦʣʠʯʝʩʪʚʘ 1ʥ H2SO4 ʠ ʨʘʩʪʚʦʨʘ ʩʪʘʥʜʘʨʪʘ ï ʩʫʣʴʬʘʪʘ 
ʭʠʥʠʥʘ. ʉʥʷʪʴ ʩʧʝʢʪʨ, ʧʝʨʝʥʝʩʪʠ ʚ ʵʣʝʢʪʨʦʥʥʫʶ ʪʘʙʣʠʮʫ. 

3. ɺ ʢʶʚʝʪʫ ʥʘʣʠʪʴ ʫʢʘʟʘʥʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʨʘʩʪʚʦʨʘ N-ʬʝʥʠʣ-5-
ʘʮʝʪʠʣʘʤʠʥʦ-1,8-ʥʘʬʪʘʣʠʤʠʜʘ. ɿʘʧʠʩʘʪʴ ʩʧʝʢʪʨ ʠ ʪʘʢʞʝ ʧʝʨʝʥʝʩʪʠ ʚ ʵʣʝʢʪʨʦʥʥʫʶ 

ʪʘʙʣʠʮʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʜʥʦʤ ʬʘʡʣʝ, ʥʘ ʦʜʥʦʡ ʧʨʦʩʪʳʥʢʝ ʜʦʣʞʥʳ ʧʦʣʫʯʠʪʴʩʷ 4 
ʦʙʣʘʩʪʠ, ʜʚʝ ï ʩ ʬʦʥʦʚʳʤʠ ʩʧʝʢʪʨʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʠ ʜʚʝ ï ʩʦ ʩʧʝʢʪʨʘʤʠ ʚʝʱʝʩʪʚ. ʕʪʠ 

ʦʙʣʘʩʪʠ ʣʫʯʰʝ ʩʨʘʟʫ ʨʘʟʜʝʣʠʪʴ ʜʚʫʤʷ ʧʫʩʪʳʤʠ ʩʪʦʣʙʮʘʤʠ ʷʯʝʝʢ. 
4. ʇʦʤʳʪʴ ʢʶʚʝʪʳ ʪʨʠʞʜʳ ï ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʠ ʪʨʠʞʜʳ ï ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ  

ʚʳʩʫʰʠʪʴ ʠʭ.  
ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʦʜʨʷʜ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʘʥʜ ʵʢʩʧʦʨʪʘ ʚ Excel ʢʘʞʜʳʡ ʨʘʟ ʦʪʢʨʳʚʘʝʪʩʷ 

ʥʦʚʳʡ ʬʘʡʣ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʙʨʘʪʴ ʜʘʥʥʳʝ ʠʟ ʥʦʚʦʛʦ ʬʘʡʣʘ ʠ ʧʝʨʝʤʝʱʘʪʴ ʠʭ ʦʜʠʥ, 
ʢʦʪʦʨʳʡ ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʩʦʭʨʘʥʷʪʴ. 

3. ʆʙʨʘʙʦʪʢʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

1. ʈʘʩʩʯʠʪʘʪʴ ʦʧʪʠʯʝʩʢʠʝ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʩʪʘʥʜʘʨʪʘ ʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ 

ʢʘʞʜʦʡ ʪʘʙʣʠʯʢʝ ʜʘʥʥʳʭ, ʧʝʨʝʥʝʩʸʥʥʳʭ ʩ ʧʨʠʙʦʨʘ, ʝʩʪʴ ʢʦʣʦʥʢʘ Photo Y. ʅʘ ʢʘʞʜʦʡ 
ʩʪʨʦʯʢʝ ʚ ʥʝʡ ï ʥʝʟʘʚʠʩʠʤʦʝ ʠʟʤʝʨʝʥʠʝ ʧʨʦʧʫʩʢʘʥʠʷ (T, ʜʦʣʷ ʝʜʠʥʠʮʳ) ʨʘʩʪʚʦʨʘ ʧʨʠ 

ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ. ʇʦʵʪʦʤʫ ʜʣʷ ʢʘʞʜʦʡ ʪʘʙʣʠʯʢʠ ʥʫʞʥʦ ʵʪʠ ʯʠʩʣʘ ʫʩʨʝʜʥʠʪʴ 
ʩʨʝʜʩʪʚʘʤʠ Excel. ʇʦʩʣʝ ʵʪʦʛʦ ʚʳʯʠʩʣʠʪʴ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ (D) ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

ʚʦʟʙʫʞʜʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ  

D = lg (Tʬʦʥ/Tʠʩʩʣ) 

2. ʇʦʣʫʯʠʪʴ ʠʩʧʨʘʚʣʝʥʥʳʝ (ʥʘ ʬʦʥ) ʩʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʘʢ ʩʫʣʴʬʘʪʘ ʭʠʥʠʥʘ, ʪʘʢ 
ʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. ɼʣʷ ʵʪʦʛʦ ʜʣʷ ʢʘʞʜʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚʝʱʝʩʪʚʘ ʚʳʯʝʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʬʦʥʦʚʦʛʦ ʩʧʝʢʪʨʘ. 
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3.ʈʘʩʩʯʠʪʘʪʴ ʧʣʦʱʘʜʠ ʧʦʜ ʩʧʝʢʪʨʘʤʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʠʩʧʨʘʚʣʝʥʥʳʤʠ ʥʘ ʬʦʥ. 
ʉʨʝʜʩʪʚʘʤʠ Excel ʵʪʦ ʧʨʦʱʝ ʚʩʝʛʦ ʩʜʝʣʘʪʴ ʯʠʩʣʝʥʥʳʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʤʝʪʦʜʦʤ 

ʪʨʘʧʝʮʠʡ. ɼʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʠʩʧʫʩʢʘʥʠʷ I i ʥʫʞʥʦ ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ ʚʳʨʘʞʝʥʠʷ Si 

(ʧʣʦʱʘʜʴ ʵʣʝʤʝʥʪʘʨʥʦʡ ʪʨʘʧʝʮʠʠ ʧʦʜ ʢʨʠʚʦʡ ʠʩʧʫʩʢʘʥʠʷ) ʧʦ ʬʦʨʤʫʣʝ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ 

Dl = 1) 

Si = ( I i+ I i+1) Ā Dl / 2 

ʠ ʟʘʧʠʩʘʪʴ ʟʥʘʯʝʥʠʷ ʚ ʩʦʩʝʜʥʶʶ ʢʦʣʦʥʢʫ ʥʘ ʧʨʦʩʪʳʥʢʝ Excel (ʧ. 1). ʆʙʨʘʪʠʪʝ 

ʚʥʠʤʘʥʠʝ, ʯʪʦ ʯʠʩʣʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʧʝʮʠʡ ʥʘ ʦʜʥʫ ʤʝʥʴʰʝ ʯʠʩʣʘ ʠʟʤʝʨʝʥʠʡ 
ʠʩʧʫʩʢʘʥʠʷ. 

3. ʉʫʤʤʘ ʟʥʘʯʝʥʠʡ ʧʣʦʱʘʜʝʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʧʝʮʠʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘ 
ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ (Sʠʩʩʣ, Sʩʪ). 

4. ʈʘʩʩʯʠʪʘʪʴ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (F) ʧʦ ʬʦʨʤʫʣʝ. ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 

ʩʪʘʥʜʘʨʪʘ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ 0.55. ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ 1ʥ ʨʘʩʪʚʦʨʘ H2SO4 ʧʨʠʥʷʪʴ 
ʨʘʚʥʳʤ ʧʦʢʘʟʘʪʝʣʶ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʜʳ (1.33), ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʘʮʝʪʦʥʠʪʨʠʣʘ ï 

(1.34) 

(1 - 10-Dʩʪ)*Sʠʩʩʣ*nʠʩʩʣ

(1 - 10-Dʠʩʩʣ)*Sʩʪ*nʩʪ

2

2
jʩʪjʠʩʩʣ=

 

 

5.  ʈʘʩʧʝʯʘʪʘʪʴ ʩʧʝʢʪʨʳ, ʚʳʯʠʩʣʠʪʴ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ D ʠ ʧʣʦʱʘʜʠ ʧʦʜ ʩʧʝʢʪʨʘʤʠ, 
ʟʘʧʠʩʘʪʴ ʚ ʪʝʪʨʘʜʠ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ. 

 
4. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

ʇʨʠʙʦʨ ʌʣʫʦʨʘʪ ʇʘʥʦʨʘʤʘ. 
1. ʏʪʦ ʷʚʣʷʝʪʩʷ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ ʚ ʢʘʥʘʣʝ ʠʩʧʫʩʢʘʥʠʷ, ʚ ʢʘʥʘʣʝ ʧʦʛʣʦʱʝʥʠʷ? 

2. ʏʝʤ ʠʟʤʝʨʷʶʪ ʬʣʫʦʨʝʩʮʝʥʮʠʶ (ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ), ʧʨʦʧʫʩʢʘʥʠʝ? 
3. ʂʘʢʦʚʘ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʱʝʣʠ? 

4. ʏʪʦ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ? ʀʤʝʝʪ ʣʠ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʡ 
ʩʧʝʢʪʨ? ɽʩʣʠ ʜʘ, ʪʦ ʢʘʢ ʧʨʠʙʦʨ ʫʯʠʪʳʚʘʝʪ ʵʪʦʪ ʩʦʙʩʪʚʝʥʥʳʡ ʩʧʝʢʪʨ? 

5. ʏʪʦ ʥʘʭʦʜʠʪʩʷ ʧʦ ʦʩʷʤ ʚ ʩʧʝʢʪʨʘʭ ʘ. ʧʦʛʣʦʱʝʥʠʷ ʙ. ʬʣʫʦʨʝʩʮʝʥʮʠʠ? 
6. ʂʘʢ ʧʨʦʛʨʝʚʘʶʪ ʣʘʤʧʫ ʚ ʧʨʠʙʦʨʝ ʌʣʫʦʨʘʪ ʇʘʥʦʨʘʤʘ? 

 
ʀʟʤʝʨʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

1. ʂʘʢʦʚʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʨʘʟʮʫ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ? (ʦʧʪʠʯʝʩʢʘʷ 
ʧʣʦʪʥʦʩʪʴ, ʦʜʥʦʨʦʜʥʦʩʪʴ)? 

2. ʉ ʯʝʤ ʩʚʷʟʘʥʦ ʪʦ, ʯʪʦ ʤʳ ʚʳʙʠʨʘʝʤ ʪʫ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ, ʧʨʠ ʢʦʪʦʨʦʡ ʤʝʨʷʝʤ 
ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ? ʂʘʢʠʭ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʤʳ ʧʳʪʘʝʤʩʷ ʠʟʙʝʞʘʪʴ? 

3. ɼʣʷ ʯʝʛʦ ʚʘʞʥʘ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʧʝʢʪʨʦʚ? 
4. ʂʘʢ ʚʳʙʠʨʘʶʪ ʜʣʠʥʫ ʚʦʣʥʳ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ? 

5. ʂʘʢ ʚʳʙʠʨʘʶʪ ʩʪʘʥʜʘʨʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ? 
6. ʉ ʯʝʤ ʩʚʷʟʘʥʦ ʪʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʣʷ ʩʪʘʥʜʘʨʪʘ ʠ ʜʣʷ 
ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʥʫʞʥʘ ʧʦʧʨʘʚʢʘ? 
7. ʄʦʞʥʦ ʣʠ ʠʟʤʝʨʷʪʴ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʘ 
ʬʣʫʦʨʝʩʮʝʥʮʠʠ? 
8. ʏʪʦ ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʯʠʩʣʘ ʧʦʛʣʦʱʸʥʥʳʭ ʬʦʪʦʥʦʚ? ʏʠʩʣʘ ʠʩʧʫʱʝʥʥʳʭ ʬʦʪʦʥʦʚ? 

9. ʂʘʯʝʩʪʚʝʥʥʦ ʦʙʦʩʥʫʡʪʝ ʧʨʘʚʠʣʦ ʃʸʚʰʠʥʘ 
10. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ, ʝʩʣʠ ʚʟʷʪʴ ʩʣʠʰʢʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨ 
ʩʪʘʥʜʘʨʪʘ? 
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11. ɽʩʣʠ ʦʧʪ. ʧʣʦʪʥʦʩʪʴ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ ï 0,05, ʘ ʚ ʤʘʢʩ. ʧʦʛʣʦʱʝʥʠʷ ï 0,4, 
ʢʘʢ ʵʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ, ʠ ʧʦʯʝʤʫ? ʈʘʩʩʤʦʪʨʠʪʝ ʨʘʟʣʠʯʥʳʝ ʩʣʫʯʘʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ. 
12. ʕʢʩʧʝʨʠʤʝʥʪʘʪʦʨ ʧʦʜʦʙʨʘʣ ʧʨʘʚʠʣʴʥʳʝ ʜʣʠʥʳ ʚʦʣʥ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʠʭ ʠʥʪʝʨʚʘʣ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʠʩʧʫʩʢʘʥʠʷ. ʅʘʨʠʩʫʡʪʝ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʱʘʜʠ ʧʦʜ ʩʧʝʢʪʨʦʤ 
ʠʩʧʫʩʢʘʥʠʷ ʦʪ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ, ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ 

ʜʦʙʘʚʣʝʥʠʠ ʢʨʘʩʠʪʝʣʷ ʚ ʢʶʚʝʪʫ, ʠ ʥʝʠʟʤʝʥʥʦʩʪʠ ʦʩʪʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. 
13. ʈʘʩʩʤʦʪʨʠʪʝ ʚʣʠʷʥʠʝ ʧʦʣʷʨʥʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʩʚʦʡʩʪʚʘ ʩʪʘʥʜʘʨʪʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 
ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ. ʏʪʦ ʙʫʜʝʪ, ʝʩʣʠ ʩʪʘʥʜʘʨʪ ʠʩʧʫʩʢʘʝʪ ʩʠʣʴʥʝʝ ʦʞʠʜʘʝʤʦʛʦ? ʉʣʘʙʝʝ 
ʦʞʠʜʘʝʤʦʛʦ? 

 
5. ʃʠʪʝʨʘʪʫʨʘ 

1. Lakowitz J. R. Principles of Fluorescence Spectroscopy. 3 ed. 2006, Singapore: Springer 
Science + Business Media. 

2. ʃʘʢʦʚʠʯ ɼ. ʆʩʥʦʚʳ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 1986, ʄ.: ʄʠʨ. 
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ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʬʝʥʦʣʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʝʟʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ɸʚʪʦʨ: ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ʄ.ʖ. ʊʘʣʘʥʦʚʘ  

ɿʘʜʘʯʘ ʩʦʜʝʨʞʠʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 
ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʪʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ 

ʧʨʦʚʝʜʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʪʫʜʝʥʪʘʤʠ ʍʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ. 
ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ: 

- ʠʟʫʯʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʦʮʝʩʩʦʚ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʬʝʥʦʣʦʚ, ʦʣʝʬʠʥʘʤʠ; 

- ʧʦʣʫʯʠʪʴ ʦʢʪʠʣʬʝʥʦʣʳ ʘʣʢʠʣʠʨʦʚʘʥʠʝʤ ʬʝʥʦʣʘ ʦʢʪʝʥʦʤ-1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 
ʢʠʩʣʦʪʥʦʛʦ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ; ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

PAF-SO3H; 
- ʨʘʩʩʤʦʪʨʝʪʴ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʘʣʢʠʣʠʨʦʚʘʥʠʷ; 

- ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ ʧʦʤʦʱʴʶ ɻɾʍ.  
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1.ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

1.1 ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʬʝʥʦʣʦʚ. 

ɸʣʢʠʣʠʨʦʚʘʥʠʝʤ ʥʘʟʳʚʘʶʪ ʧʨʦʮʝʩʩʳ ʚʚʝʜʝʥʠʷ ʘʣʢʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʤʦʣʝʢʫʣʳ 
ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʢʦʪʦʨʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʕʪʠ ʨʝʘʢʮʠʠ ʠʤʝʶʪ ʦʯʝʥʴ ʙʦʣʴʰʦʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʠʥʪʝʟʘ ʘʣʢʠʣʠʨʦʚʘʥʥʳʭ ʚ ʷʜʨʦ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 
ʠʟʦʧʘʨʘʬʠʥʦʚ, ʤʝʨʢʘʧʪʘʥʦʚ ʠ ʩʫʣʴʬʠʜʦʚ, ʘʤʠʥʦʚ, ʘʮʝʪʠʣʝʥʘ. ʇʨʦʮʝʩʩʳ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 

ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʩʪʘʜʠʷʤʠ ʚ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ.  
ʉʠʥʪʝʟ ʚʳʩʰʠʭ ʘʣʢʠʣʬʝʥʦʣʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʦʜʥʦʛʦ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʣʢʠʣʬʝʥʦʣʦʚ 
ʟʘʢʣʘʜʳʚʘʣʠʩʴ ʚ 20-30 ʛʦʜʳ XX ʚʝʢʘ. ʇʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʰʠʭ ʘʣʢʠʣʬʝʥʦʣʦʚ 

(ʉ6-ʉ18) ʩ ʦʢʩʠʜʘʤʠ ʵʪʠʣʝʥʘ ʠʣʠ ʧʨʦʧʠʣʝʥʘ, ʜʠʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ, ʪʨʠʦʢʩʠʜʦʤ ʠ 
ʭʣʦʨʠʜʘʤʠ ʩʝʨʳ, ʘʣʴʜʝʛʠʜʘʤʠ ʠ ʜʨ. ʚʝʱʝʩʪʚʘʤʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ: ʵʤʫʣʴʛʘʪʦʨʳ ʠ ʜʝʵʤʫʣʴʛʘʪʦʨʳ, ʤʦʶʱʠʝ 
ʚʝʱʝʩʪʚʘ, ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʠʩʘʜʢʠ ʢ ʩʤʘʟʦʯʥʳʤ ʤʘʩʣʘʤ, ʤʦʜʠʬʠʢʘʪʦʨʳ 

ʧʦʣʠʤʝʨʦʚ ʠ ʪ.ʜ. ɺʳʩʰʠʝ ʘʣʢʠʣʬʝʥʦʣʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚ ʢʘʯʝʩʪʚʝ 
ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʧʦʣʠʘʤʠʜʦʚ, ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

ʆʩʥʦʚʥʳʤ ʧʫʪʝʤ ʩʠʥʪʝʟʘ ʘʣʢʠʣʬʝʥʦʣʦʚ ʷʚʣʷʝʪʩʷ ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 
ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʧʦ ʨʝʘʢʮʠʠ ʌʨʠʜʝʣʷ-ʂʨʘʬʪʩʘ. ɼʣʷ 
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ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʘʣʢʠʣʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʤʦʛʫʪ 
ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʳ, ʩʧʠʨʪʳ, ʦʣʝʬʠʥʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ - 

ʩʦʝʜʠʥʝʥʠʡ ʢʠʩʣʦʛʦ ʭʘʨʘʢʪʝʨʘ.  
ʆʣʝʬʠʥʳ (ʵʪʠʣʝʥ, ʧʨʦʧʠʣʝʥ, ʙʫʪʝʥʳ ʠ ʚʳʩʰʠʝ) ʠʤʝʶʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʘʣʢʠʣʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ. ɺʚʠʜʫ ʜʝʰʝʚʠʟʥʳ ʠʤʠ ʩʪʘʨʘʶʪʩʷ ʧʦʣʴʟʦʚʘʪʴʩʷ ʚʦ ʚʩʝʭ 
ʩʣʫʯʘʷʭ, ʛʜʝ ʵʪʦ ʚʦʟʤʦʞʥʦ. ɻʣʘʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʥʠ ʥʘʰʣʠ ʜʣʷ ʉ-ʘʣʢʠʣʠʨʦʚʘʥʠʷ 

ʧʘʨʘʬʠʥʦʚ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

1.2 ʂʘʪʘʣʠʟʘʪʦʨʳ ʘʣʢʠʣʠʨʦʚʘʥʠʷ. 

ʇʨʠ ʘʣʢʠʣʠʨʦʚʘʥʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʙʝʥʟʦʣ, ʪʦʣʫʦʣ ʠ ʜʨ.) 

ʭʣʦʨʧʨʦʠʟʚʦʜʥʳʤʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʫʶʪ ʭʣʦʨʠʩʪʳʡ 
ʘʣʶʤʠʥʠʡ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʥʘʠʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠʟ ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʘʧʨʦʪʦʥʥʳʭ 

ʢʠʩʣʦʪ. ʆʥ ʞʝ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʘʣʢʠʣʠʨʦʚʘʥʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʦʣʝʬʠʥʘʤʠ. ʇʨʠ 
ʘʣʢʠʣʠʨʦʚʘʥʠʠ ʞʝ ʬʝʥʦʣʦʚ ʠʩʧʦʣʴʟʫʶʪ ʜʨʫʛʠʝ ʛʦʤʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʢʠʩʣʦʪʥʦʛʦ 

ʪʠʧʘ - ʩʝʨʥʘʷ, ʬʦʩʬʦʨʥʘʷ, ʙʦʨʥʘʷ ʠ ʛʘʣʦʠʜʦʚʦʜʦʨʦʜʥʳʝ ʢʠʩʣʦʪʳ, ʭʣʦʨʥʘʷ ʢʠʩʣʦʪʘ, 
ʬʪʦʨʠʩʪʳʡ ʙʦʨ ʠ ʝʛʦ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʬʝʥʦʣʷʪʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʩʫʣʴʬʦʢʠʩʣʦʪʳ, ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʧʨʦʮʝʩʩʳ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʩ ʩʝʨʥʦʡ ʠ 
ʬʪʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʘʤʠ ʧʨʦʚʦʜʷʪ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʧʨʠ 10-40Áʉ ʠ ʜʘʚʣʝʥʠʠ 0,1-1 

ʄʇʘ, ʩ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ
 
ï ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʧʨʠ 225-275Áʉ ʠ ʜʘʚʣʝʥʠʠ 2-6 ʄʇʘ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʛʦʤʦʛʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʟ-ʟʘ ʪʦʢʩʠʯʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚʳʩʦʢʦʛʦ 

ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʪʨʫʜʥʦʩʪʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʛʦ 
ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʕʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʣʠʰʝʥʳ ʛʝʪʝʨʦʛʝʥʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʘʣʶʤʦʩʠʣʠʢʘʪʳ, ʮʝʦʣʠʪʳ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ, 
ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪʳ, ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ, ʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ ʥʘ ʥʦʩʠʪʝʣʷʭ, ʧʦʣʠʤʝʨʥʳʝ 

ʩʫʣʴʬʦʢʘʪʠʦʥʠʪʳ, ʤʝʟʦʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ. ʂ ʪʦʤʫ ʞʝ ʫʢʘʟʘʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 
ʷʚʣʷʶʪʩʷ ʤʝʥʝʝ ʩʠʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ʋʩʣʦʚʠʷ ʘʣʢʠʣʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʢʘʯʝʩʪʚʝ 
ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʠ ʮʝʦʣʠʪʦʚ: ʚ ʞʠʜʢʦʡ ʠʣʠ ʛʘʟʦʚʦʡ ʬʘʟʝ ʧʨʠ 200-400Áʉ ʠ 

ʜʘʚʣʝʥʠʠ 2-6 ʄʇʘ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʘʣʢʠʣʬʝʥʦʣʳ ʧʦʣʫʯʘʶʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʣʴʬʦʢʘʪʠʦʥʠʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʂʋ-2, ʂʋ-23, ʂʋ-2-8, 
ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʩʦʙʦʡ ʩʫʣʴʬʠʨʦʚʘʥʥʳʝ ʩʦʧʦʣʠʤʝʨʳ ʩʪʠʨʦʣʘ ʠ ʜʠʚʠʥʠʣʙʝʥʟʦʣʘ. 

ʆʜʥʘʢʦ ʂʋ-2 ʧʦʜʚʝʨʛʘʝʪ ʦʣʝʬʠʥʳ ʩʢʝʣʝʪʥʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ, ʚʳʟʳʚʘʝʪ ʤʠʛʨʘʮʠʶ 
ʜʚʦʡʥʦʡ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʚʪʦʨʠʯʥʳʤ ʨʝʘʢʮʠʷʤ, ʪʘʢʠʤ ʢʘʢ ʧʦʣʠʤʝʨʠʟʘʮʠʷ 

ʦʣʝʬʠʥʦʚ, ʧʝʨʝʘʣʢʠʣʠʨʦʚʘʥʠʝ ʠ ʪ.ʜ. ʅʘʣʠʯʠʝ ʧʨʠʤʝʩʝʡ ʚ ʘʣʢʠʣʬʝʥʦʣʘʭ ʟʥʘʯʠʪʝʣʴʥʦ 
ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ. ɺʦʟʥʠʢʘʶʪ ʪʘʢʞʝ ʧʨʦʙʣʝʤʳ ʩ 

ʨʝʛʝʥʝʨʘʮʠʝʡ ʢʘʪʘʣʠʟʘʪʦʨʘ.  
ʉʨʝʜʠ ʤʥʦʛʠʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʤʝʟʦʧʦʨʠʩʪʦʡ  ʩʪʨʫʢʪʫʨʦʡ  ʚʩʝ 

ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʶ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʧʦʣʥʦʩʪʴʶ 
ʩʦʩʪʦʷʱʠʭ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʥʘʧʨʠʤʝʨ ʙʝʥʟʦʣʴʥʳʭ ʠʣʠ ʬʝʥʦʣʴʥʳʭ 

ʢʦʣʝʮ; ʵʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʤʝʟʦʧʦʨʠʩʪʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ ʠʣʠ Porous aromatic 
frameworks (PAF). ʕʪʦ ʥʦʚʳʡ ʢʣʘʩʩ ʤʘʪʝʨʠʘʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ 
ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʝʛʫʣʷʨʥʳʤ ʩʪʨʦʝʥʠʝʤ, ʭʠʤʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʦʜʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. 
ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʠʩʣʦʪʥʳʤʠ ʛʨʫʧʧʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 



62 

  
PF-Im-SO3H        PF-SO3H 

  
PAF-SO3H 
ʈʠʩ 1. ʇʨʠʤʝʨʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʝʟʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

1.3 ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ   

ʂʘʪʘʣʠʟʠʨʫʝʤʦʝ ʢʠʩʣʦʪʘʤʠ ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʬʝʥʦʣʦʚ ʘʣʢʝʥʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʨʝʘʢʮʠʶ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʢʘʪʠʦʥʦʚ. 

ʅʘ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ (ʨʠʩ.2) ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʬʝʥʦʣʦʤ ʠ ʦʢʪʝʥʦʤ-1 ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʆʣʝʬʠʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʦʙʨʘʟʫʷ ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ, 
ʢʨʘʡʥʠʤ ʩʣʫʯʘʝʤ ʧʦʣʷʨʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ çʢʘʪʘʣʠʟʘʪʦʨ-ʦʣʝʬʠʥè ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʘʨʙʦʢʘʪʠʦʥʘ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʠʟʦʤʝʨʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʚʥʘʯʘʣʝ 
ʢʘʨʙʦʢʘʪʠʦʥʘ (ʧʨʠ ʉ-2) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʨʫʛʠʭ ʚʪʦʨʠʯʥʳʭ ʢʘʨʙʦʢʘʪʠʦʥʦʚ ʧʨʠ ʉ-3 ʠ ʉ-4. 

ʂʘʨʙʦʢʘʪʠʦʥ ʘʪʘʢʫʝʪ ʤʦʣʝʢʫʣʫ ʬʝʥʦʣʘ, ʦʙʨʘʟʫʷ ʩ ʥʝʡ ʩʥʘʯʘʣʘ ˊ-ʢʦʤʧʣʝʢʩ, ʟʘʪʝʤ ů-
ʢʦʤʧʣʝʢʩ. ʕʣʝʢʪʨʦʥʥʦʝ ʚʣʠʷʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ 

ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ů-ʩʚʷʟʠ ʩ ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ ʚ ʧʘʨʘ- ʠʣʠ ʦʨʪʦ- ʧʦʣʦʞʝʥʠʷʭ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʬʝʥʦʣʘ ʦʙʨʘʟʫʶʪʩʷ ʠʟʦʤʝʨʠʟʦʚʘʥʥʳʝ 

ʦʢʪʠʣʬʝʥʦʣʳ (6 ʠʟʦʤʝʨʦʚ). ʅʘʨʷʜʫ ʩ ʥʠʤʠ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʧʨʦʩʪʳʝ 
ʦʢʪʠʣʦʚʳʝ ʵʬʠʨʳ ʬʝʥʦʣʘ (3 ʠʟʦʤʝʨʘ).  

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʬʝʥʦʣʘ ʦʢʪʝʥʦʤ-1. 
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ʇʨʠ ʧʝʨʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʬʝʥʦʣʘ ʦʣʝʬʠʥʘʤʠ ʧʨʝʜʧʦʣʘʛʘʣʠ, ʯʪʦ ʚ 
ʵʪʦʡ ʨʝʘʢʮʠʠ ʩʥʘʯʘʣʘ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʩʪʦʡ ʵʬʠʨ ʬʝʥʦʣʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʳʚʘʝʪʩʷ ʚ ʘʣʢʠʣʬʝʥʦʣ. ʇʦʟʜʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʣʢʠʣʴʥʘʷ ʛʨʫʧʧʘ 
ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʢʦʣʴʮʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʘʣʢʠʣʬʝʥʠʣʦʚʳʭ ʵʬʠʨʦʚ (ʉ-ʘʣʢʠʣʘʪʦʚ) ʠ ʘʣʢʠʣʬʝʥʦʣʦʚ (ʆ-ʘʣʢʠʣʘʪʦʚ) ʧʨʦʪʝʢʘʝʪ 
ʧʘʨʘʣʣʝʣʴʥʦ. ɺ ʫʩʣʦʚʠʷʭ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘ ʆ-ʘʣʢʠʣʘʪʳ ʤʦʛʫʪ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʉ-

ʘʣʢʠʣʘʪʳ. ʆʩʦʙʝʥʥʦ ʣʝʛʢʦ ʵʪʠ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʦʪʝʢʘʶʪ, ʥʘʧʨʠʤʝʨ, ʫ ʪʨʝʪʠʯʥʳʭ 
ʘʣʢʠʣʦʚʳʭ ʵʬʠʨʦʚ ʬʝʥʦʣʘ.  ʂʨʦʤʝ ʧʨʦʜʫʢʪʦʚ ʤʦʥʦʟʘʤʝʱʝʥʠʷ ʚ ʢʦʣʴʮʝ ʬʝʥʦʣʦʚ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʦʜʫʢʪʳ ʜʠʘʣʢʠʣʠʨʦʚʘʥʠʷ; ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʣʝʜʥʠʭ ʟʘʚʠʩʠʪ ʦʪ 
ʩʦʦʪʥʦʰʝʥʠʷ ʬʝʥʦʣʘ ʠ ʦʣʝʬʠʥʘ: ʩ ʧʦʚʳʰʝʥʠʝʤ ʜʦʣʠ ʬʝʥʦʣʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʜʠʘʣʢʠʣʧʨʦʠʟʚʦʜʥʳʭ ʩʥʠʞʘʝʪʩʷ. 

1.4 ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ. 

ɸʥʘʣʠʟ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ 

ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʚ ʢʦʨʦʪʢʠʡ 
ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʠ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ. ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʠʩʭʦʜʥʦʛʦ ʦʢʪʝʥʘ-1, ʬʝʥʦʣʘ, ʩʪʘʥʜʘʨʪʘ (ʫʥʜʝʢʘʥʘ) - ʧʨʦʠʟʚʦʜʷʪ 
ʧʦʩʨʝʜʩʪʚʦʤ ʩʨʘʚʥʝʥʠʷ ʠʭ ʚʨʝʤʝʥ ʫʜʝʨʞʠʚʘʥʠʷ ʩ ʠʟʚʝʩʪʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʫʜʝʨʞʠʚʘʥʠʷ, 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʠ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʠ ʵʪʘʣʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʪʘʙʣ.1). 
ʂʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ (ʠʟʦʤʝʨʥʳʝ ʦʢʪʝʥʳ-2,3,4, ʘ ʪʘʢʞʝ ʉ- ʠ ʆ- 

ʘʣʢʠʣʘʪʳ) ʧʦʜʪʚʝʨʞʜʘʶʪ ʤʝʪʦʜʦʤ ʭʨʦʤʘʪʦ-ʤʘʩʩ ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ʇʨʠʤʝʨ 
ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ ʦʧʠʩʘʥʠʝʤ ʧʠʢʦʚ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ.3. 

ʊʘʙʣʠʮʘ 1. ɺʨʝʤʝʥʘ ʫʜʝʨʞʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʂʦʤʧʦʥʝʥʪ 
ɺʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ, 

ʤʠʥ 
ʊʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ, Áʉ 

ʆʢʪʝʥ-1 5,89 121 

 ʠʟʦʤʝʨʳ 6,09-6,44 123-125 

ʬʝʥʦʣ 10,4 180 

ʫʥʜʝʢʘʥ 12,28 196 

ʬʝʥʠʣ-4-ʦʢʪʠʣʦʚʳʡ ʵʬʠʨ 18,5 220 

ʬʝʥʠʣ-3-ʦʢʪʠʣʦʚʳʡ ʵʬʠʨ 18,7 223 

ʬʝʥʠʣ-2-ʦʢʪʠʣʦʚʳʡ ɻ ʬʠʨ 19,1 225 

4-ʦʢʪʠʣ ʬʝʥʦʣ 20,4 230 

3-ʦʢʪʠʣ ʬʝʥʦʣ 
2-ʦʢʪʠʣ ʬʝʥʦʣ 

21,1 235 

ʩʤʝʩʴ ʤʦʥʦʦʢʪʠʣʟʘʤʝʱʝʥʥʳʭ 

ʬʝʥʦʣʦʚ 
21,6-22,4 230-250 
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ʈʠʩ. 3. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʬʝʥʦʣʘ ʦʢʪʝʥʦʤ-1. 
 

ʂʦʥʚʝʨʩʠʶ ʩʫʙʩʪʨʘʪʘ ï ʧʨʦʮʝʥʪ ʚʩʪʫʧʠʚʰʠʭ ʚ ʨʝʘʢʮʠʶ ʦʢʪʝʥʘ -1 ʠ ʚʩʝʭ 
ʠʟʦʤʝʨʠʟʦʚʘʥʥʳʭ ʦʢʪʝʥʦʚ ï ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʩʝʭ 

ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʦʢʪʝʥʦʚ ʢ ʢʦʣʠʯʝʩʪʚʫ ʠʩʭʦʜʥʦʛʦ ʦʢʪʝʥʘ. ɺʳʯʠʩʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ: 
Conv = Vʠʩʭ - Vʦʩʪ /Vʠʩʭ * 100%   

ʛʜʝ Vʠʩʭ ï ʦʙʲʝʤ (ʚ ʤʣ) ʚʟʷʪʦʛʦ ʚ ʨʝʘʢʮʠʶ ʦʢʪʝʥʘ-1, ʘ Vʦʩʪ ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ (ʚ ʤʣ) 
ʚʩʝʭ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʦʢʪʝʥʦʚ, ʦʩʪʘʚʰʠʭʩʷ ʚ ʩʤʝʩʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʩʪʘʚʰʠʭʩʷ ʦʢʪʝʥʦʚ ʚ ʨʝʘʢʮʠʦʥʥʦʡ 
ʩʤʝʩʠ Vʦʩʪ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ. 

ɺʥʫʪʨʝʥʥʠʡ ʩʪʘʥʜʘʨʪ ï ʵʪʦ ʧʦʩʪʦʨʦʥʥʝʝ ʩʦʝʜʠʥʝʥʠʝ, ʦʪʩʫʪʩʪʚʫʶʱʝʝ ʚ 
ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʤʝʩʠ, ʥʦ ʩʪʨʫʢʪʫʨʥʦ ʧʦʭʦʞʝʝ ʥʘ ʦʧʨʝʜʝʣʷʝʤʦʝ ʩʦʝʜʠʥʝʥʠʝ. ʇʠʢ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʦʪʜʝʣʝʥ ʦʪ ʧʠʢʦʚ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʦ 
ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʦʥ ʜʦʣʞʝʥ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʦʪ ʧʠʢʘ ʦʧʨʝʜʝʣʷʝʤʦʛʦ 

ʚʝʱʝʩʪʚʘ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ  ʧʨʦʚʦʜʷʪ ʥʘ ʦʩʥʦʚʝ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 
ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʩʝʨʠʠ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʂʘʣʠʙʨʦʚʢʘ ʧʦ ʚʥʫʪʨʝʥʥʝʤʫ 

ʩʪʘʥʜʘʨʪʫ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʪʘʥʜʘʨʪʘ ʢ 
ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʦʙʲʝʤʫ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʝʡ ʧʝʨʝʤʝʥʥʳʝ, ʥʦ ʠʟʚʝʩʪʥʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ (ʩʤ. ʇʨʘʢʪʠʯʝʩʢʫʶ ʯʘʩʪʴ). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʞʜʫ 
ʧʨʦʜʫʢʪʘʤʠ ʆ- ʠ ʉ- ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʥʘʭʦʜʷʪ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʧʣʦʱʘʜʝʡ ʧʠʢʦʚ ʆ- 

ʘʣʢʠʣʘʪʦʚ ʠ ʉ-ʘʣʢʠʣʘʪʦʚ. 
 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

2.1. ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʳ. 

ɻʘʟʦʚʳʡ ʭʨʦʤʘʪʦʛʨʘʬ çHewlett-Packardè ʩ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ, 
ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʣʦʥʢʦʡ 30 ʤ, ʜʠʘʤʝʪʨʦʤ  0,2 ʤʤ, ʟʘʧʦʣʥʝʥʥʦʡ ʬʘʟʦʡ SE-30.  ɼʣʷ ʨʘʙʦʪʳ 

ʧʦʪʨʝʙʫʶʪʩʷ:  
 - ʰʧʨʠʮʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʤʝʩʪʠʤʦʩʪʴʶ 1 ʤʢʣ ʠʣʠ 10 ʤʢʣ ʬʠʨʤʳ ñHamiltonò ʠʣʠ 

ʘʥʘʣʦʛʠʯʥʳʝ; 
 -  ʧʠʧʝʪʢʠ ʛʨʘʜʫʠʨʦʚʘʥʥʳʝ 1-2-2-1 ʦʙʲʝʤʦʤ 1 ʤʣ, 1-2-2-5 ʦʙʲʝʤʦʤ 5 ʤʣ ʧʦ ɻʆʉʊ 

29227-91 ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ Ñ 0,01 ʤʣ ʠ Ñ 0,05   ʤʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 
 - ʩʢʣʷʥʢʠ ʦʙʲʝʤʦʤ 1.5 ʤʣ, 5 ʤʣ ʩ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʶʱʠʤʠʩʷ ʧʨʦʙʢʘʤʠ. 

ʈʝʘʢʮʠʷ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʬʝʥʦʣʘ ʦʢʪʝʥʦʤ-1 ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʪʘʣʴʥʳʭ 
ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʳʭ ʨʝʘʢʪʦʨʘʭ, ʩʥʘʙʞʝʥʥʳʭ ʤʘʛʥʠʪʥʳʤʠ ʤʝʰʘʣʢʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʘʢʠʭ ʨʝʘʢʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʠ ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʜʦ 
2500ʉ). ʄʝʨʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʣʫʞʠʪ ʢʦʥʚʝʨʩʠʷ ï ʧʨʦʮʝʥʪ ʚʩʪʫʧʠʚʰʠʭ ʚ 

ʨʝʘʢʮʠʶ ʠʩʭʦʜʥʦʛʦ ʠ ʠʟʦʤʝʨʠʟʦʚʘʥʥʳʭ ʦʢʪʝʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʦ ʠ ʚʝʣʠʯʠʥʘ ʚʳʭʦʜʘ 
ʧʨʦʜʫʢʪʦʚ ʘʣʢʠʣʠʨʦʚʘʥʠʷ. ɽʱʝ ʦʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ - ʩʦʦʪʥʦʰʝʥʠʝ ʉ- ʠ ʆ- ʘʣʢʠʣʘʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ ʦʮʝʥʠʪʴ ʘʢʪʠʚʥʦʩʪʴ ʨʘʟʥʳʭ 
ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʨʦʮʝʩʩ 
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ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʬʝʥʦʣʘ (ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ). 
ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʳʭʦʜʳ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʫʩʪʘʥʦʚʢʝ.   
ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʘʣʢʠʣʠʨʦʚʘʥʥʳʡ ʬʝʥʦʣ, ʚ ʢʘʯʝʩʪʚʝ 

ʘʣʢʠʣʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʢʪʝʥ-1. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʫʙʩʪʨʘʪʘʤʠ ʤʦʛʫʪ ʙʳʪʴ 
ʢʘʢ ʟʘʤʝʱʝʥʥʳʝ ʬʝʥʦʣʳ: ʦ-, ʤ-, ʧ- ʢʨʝʟʦʣʳ, ʧ- ʘʤʠʥʦʬʝʥʦʣ, ʪʘʢ ʠ ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʣʘ: 

ʪʦʣʫʦʣ, ʘʥʠʟʦʣ ʠ ʜʨ. ɼʣʷ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʝ 
ʪʝʨʤʠʥʘʣʴʥʳʝ ʦʣʝʬʠʥʳ ʦʪ ʛʝʢʩʝʥʘ-1 ʜʦ ʛʝʢʩʘʜʝʮʝʥʘ-1 (ʉ6-ʉ16).  

ɺ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ʧʨʠ ʘʥʘʣʠʟʝ ʤʝʪʦʜʦʤ ɻɾʍ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 
ʧʨʠʤʝʥʷʶʪ ʥ-ʫʥʜʝʢʘʥ.   

 
2.1.2 ʂʘʪʘʣʠʟʘʪʦʨ.  

ɺ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʠʤʝʨʥʳʡ ʤʝʟʦʧʦʨʠʩʪʳʡ 
ʦʨʛʘʥʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʩʦʜʝʨʞʘʱʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʬʨʘʛʤʝʥʪ ʪʝʪʨʘʬʝʥʠʣʤʝʪʘʥʘ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʫʣʴʬʦ-ʛʨʫʧʧʦʡ PAF-SO3H, ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
ʪʘʙʣʠʮʝ 2:   

ʊʘʙʣʠʮʘ 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ PAF-SO3H 

 

2.3. ʄʝʪʦʜʠʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ɺ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʳʡ ʩʪʘʣʴʥʦʡ ʨʝʘʢʪʦʨ, ʩʥʘʙʞʝʥʥʳʡ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʦʡ, 

ʧʦʤʝʱʘʶʪ 360 ʤʛ (38,2 ʤʤʦʣʴ) ʬʝʥʦʣʘ, 100 ʤʢʣ (6,4ʤʤʦʣʴ) ʦʢʪʝʥʘ-1, ʟʘʪʝʤ ʜʦʙʘʚʣʷʶʪ 25 
ʤʛ ʢʘʪʘʣʠʟʘʪʦʨʘ PAF-SO3H ʠ 30 ʤʢʣ ʥ-ʫʥʜʝʢʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ, 

ʨʝʘʢʪʦʨ ʪʱʘʪʝʣʴʥʦ ʛʝʨʤʝʪʠʟʠʨʫʶʪ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
(1200- 1400ʉ) ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ (0,5 - 2 ʯʘʩʘ). ɿʘʪʝʤ ʨʝʘʢʪʦʨ ʦʭʣʘʞʜʘʶʪ, 

ʦʪʢʨʳʚʘʶʪ ʝʛʦ, ʜʦʙʘʚʣʷʶʪ 1 ʤʣ ʵʬʠʨʘ, ʢʘʪʘʣʠʟʘʪʦʨ ʦʪʜʝʣʷʶʪ ʬʠʣʴʪʨʦʚʘʥʠʝʤ, ʘʥʘʣʠʟ 
ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʦʚʦʜʷʪ ʤʝʪʦʜʦʤ ɻɾʍ.  

 
2.3.1 ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʤʝʪʦʜʦʤ ɻɾʍ. 

ɼʣʷ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʭʨʦʤʘʪʦʛʨʘʬ ʛʘʟʦʚʳʡ çHewlett-Packardè ʩ 
ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ (ʇʀɼ), ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʣʦʥʢʦʡ 30 ʤ, ʜʠʘʤʝʪʨʦʤ  

0,2 ʤʤ, ʟʘʧʦʣʥʝʥʥʦʡ ʬʘʟʦʡ SE-30, ʧʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 60 ʜʦ 230Áʉ; 
ʊʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʠʪʝʣʷ 280ÁC, ʪʝʤʧʝʨʘʪʫʨʘ ʇʀɼ 3000ʉ, ʨʘʩʭʦʜ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ 1,5 

ʩʤ3/ʤʠʥ, ʛʘʟ-ʥʦʩʠʪʝʣʴ ï ʛʝʣʠʡ. ʈʝʞʠʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʦʩʪʘʪʘ 
ʢʦʣʦʥʢʠ: 600ʉ ʚ ʪʝʯʝʥʠʝ 4 ʤʠʥ, ʟʘʪʝʤ ʥʘʛʨʝʚ ʜʦ 2300ʉ ʩ ʛʨʘʜʠʝʥʪʦʤ 100/ʤʠʥ, ʚʳʜʝʨʞʢʘ 

ʧʨʠ 2300ʉ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ (ʪʘʙʣ.3). 

ʊʘʙʣʠʮʘ 3.ʇʨʦʛʨʘʤʤʘ ʥʘʛʨʝʚʘ ʢʦʣʦʥʢʠ: 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʢʠ, ʦʉ ɺʨʝʤʷ, ʤʠʥ. ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ, ʦʉ/ʤʠʥ 

60 4 10 

230 15 0 

2.3.2 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʵʪʘʣʦʥʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ɺ ʢʦʣʙʳ ʧʦʤʝʱʘʶʪ ʧʦ 1 ʤʣ ʪʦʣʫʦʣʘ ʠ ʚʥʦʩʷʪ ʧʦ 0,1 ʤʣ ʪʨʝʙʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ: 
ʦʢʪʝʥʘ-1, ʬʝʥʦʣʘ, ʥ-ʫʥʜʝʢʘʥʘ. ʇʦʣʫʯʘʶʪ ʨʘʩʪʚʦʨʳ ʜʣʷ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥ ʫʜʝʨʞʠʚʘʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʭʨʦʤʘʪʦʛʨʘʬ 

ʆʙʨʘʟʝʮ Sʫʜ., ʤ
2/ʛ 

 ʆʙʲʝʤ 

ʧʦʨ, 
ʩʤ3/ʛ 

ʈʘʟʤʝʨ 

ʧʦʨ, ʥʤ 
ʉʦʜʝʨʞʘʥʠʝ 

S,% 

ʂʠʩʣʦʪʥʦʩʪʴ 
[ʅ+], 

ʤʤʦʣʴ/ʛ 

PAF-SO3H 198 
 

0.14 3.7 2.9 0.91 
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ʚʚʦʜʷʪ ʧʦ 0,2 ʤʢʣ ʢʘʞʜʦʡ ʵʪʘʣʦʥʥʦʡ ʩʤʝʩʠ, ʨʝʛʠʩʪʨʠʨʫʶʪ ʭʨʦʤʘʪʦʛʨʘʤʤʳ, ʦʧʨʝʜʝʣʷʶʪ 
ʚʨʝʤʝʥʘ ʫʜʝʨʞʠʚʘʥʠʷ ʦʢʪʝʥʘ-1, ʬʝʥʦʣʘ, ʫʥʜʝʢʘʥʘ. ʅʘ ʨʠʩ 3. ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ 

ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ.  
 

2.3.3 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ɼʣʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ (ʦʢʪʝʥʘ-1) ʛʦʪʦʚʷʪ ʩʝʨʠʶ ʠʟ 6 ʨʘʩʪʚʦʨʦʚ. ɺ 6 ʢʦʣʙ 

ʦʙʲʝʤʦʤ 5 ʤʣ ʧʦʤʝʱʘʶʪ ʧʦ 0,2 ʤʣ ʩʪʘʥʜʘʨʪʘ (ʫʥʜʝʢʘʥʘ) ʠ ʧʦ 2 ʤʣ ʪʦʣʫʦʣʘ. ɺ ʢʘʞʜʫʶ 
ʢʦʣʙʫ ʜʦʙʘʚʣʷʶʪ ʢʦʣʠʯʝʩʪʚʦ ʤʠʣʣʠʣʠʪʨʦʚ ʚʝʱʝʩʪʚʘ, ʫʢʘʟʘʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 4. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʶʪ ʨʘʩʪʚʦʨʳ ʩ ʠʟʚʝʩʪʥʳʤ ʚʝʩʦʚʳʤ (ʦʙʲʝʤʥʳʤ) ʩʦʦʪʥʦʰʝʥʠʝʤ ʦʢʪʝʥʘ-1 
ʠ ʫʥʜʝʢʘʥʘ. 

 
ʊʘʙʣʠʮʘ 4. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ 

2.3.4 ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʨʦʚʦʜʷʪ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʢʘʞʜʦʛʦ ʛʨʘʜʫʠʨʦʚʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. 
ʀʜʝʥʪʠʬʠʮʠʨʫʶʪ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʘʥʜʘʨʪʫ (ʫʥʜʝʢʘʥʫ) ʠ ʘʥʘʣʠʟʠʨʫʝʤʦʤʫ 

ʚʝʱʝʩʪʚʫ (ʦʢʪʝʥʫ-1) ʧʦ ʚʨʝʤʝʥʘʤ ʫʜʝʨʞʠʚʘʥʠʷ. ʆʪʢʣʦʥʝʥʠʝ  ʚʨʝʤʝʥʠ ʫʜʝʨʞʠʚʘʥʠʷ ʥʝ 
ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 3 ʩʝʢ.  

ʀʩʧʦʣʴʟʫʷ ʩʠʩʪʝʤʫ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʦʧʨʝʜʝʣʷʶʪ  ʧʣʦʱʘʜʠ S,ʤɺĿʩ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʠʢʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʡ 

ʥʘʭʦʜʷʪ ʦʪʥʦʰʝʥʠʷ ʧʣʦʱʘʜʝʡ ʧʠʢʦʚ ʦʢʪʝʥʘ-1 (Sʦʢʪ) ʠ ʩʪʘʥʜʘʨʪʘ: Sʦʢʪ/Sʫʥ.  
ʂʘʞʜʳʡ ʨʘʩʪʚʦʨ ʭʨʦʤʘʪʦʛʨʘʬʠʨʫʶʪ ʪʨʠʞʜʳ, ʚʳʯʠʩʣʷʶʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

Sʦʢʪ /Sʫʥ.  
ʉʪʨʦʷʪ ʛʨʘʜʫʠʨʦʚʦʯʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʦʙʲʝʤʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʦʢʪʝʥʘ-1 

ʠ ʫʥʜʝʢʘʥʘ ʦʪ ʚʝʣʠʯʠʥʳ ʦʪʥʦʰʝʥʠʷ ʧʣʦʱʘʜʝʡ ʠʭ ʧʠʢʦʚ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ:  
Vʦʢʪ/Vʫʥ =k Sʦʢʪ/Sʫʥ  +b, (1) 

ʛʜʝ k ʠ b -ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ, ʠʩʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪʥʦʝ 
ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʣʠʥʝʡʥʫʶ ʨʝʛʨʝʩʩʠʶ ʠ ʨʝʘʣʠʟʘʮʠʶ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ.    

2.4 ɺʳʧʦʣʥʝʥʠʝ ʠʟʤʝʨʝʥʠʡ 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʚʝʜʝʥʘ ʛʨʘʜʫʠʨʦʚʢʘ. 

ʍʨʦʤʘʪʦʛʨʘʬʠʨʫʶʪ 0,2 ʤʢʣ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʆʧʨʝʜʝʣʷʶʪ ʚʨʝʤʝʥʘ 
ʫʜʝʨʞʠʚʘʥʠʷ, ʦʪʚʝʯʘʶʱʠʝ ʧʠʢʫ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ, ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʚʙʣʠʟʠ 

ʨʝʧʝʨʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʫʜʝʨʞʠʚʘʥʠʷ. ʆʧʨʝʜʝʣʷʝʤʦʝ ʚʝʱʝʩʪʚʦ ʩʯʠʪʘʶʪ 
ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʧʝʨʥʦʛʦ ʟʥʘʯʝʥʠʷ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 3 ʩʝʢ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʦʢʪʝʥ-1, ʬʝʥʦʣ, ʫʥʜʝʢʘʥ. ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ: 

ʠʟʦʤʝʨʥʳʝ ʦʢʪʝʥʳ - 2,3,4, ʦʢʪʠʣʦʚʳʝ ʵʬʠʨʳ ʬʝʥʦʣʘ ʠ ʘʣʢʠʣʠʨʦʚʘʥʥʳʝ ʦʢʪʠʣʬʝʥʦʣʳ ï 
ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 

ʈʘʩʪʚʦʨ ʭʨʦʤʘʪʦʛʨʘʬʠʨʫʶʪ, ʠʟʤʝʨʷʶʪ ʧʣʦʱʘʜʠ ʚʩʝʭ ʧʠʢʦʚ (ʢʨʦʤʝ ʧʠʢʘ 
ʨʘʩʪʚʦʨʠʪʝʣʷ) ʥʘ ʪʨʝʭ ʭʨʦʤʘʪʦʛʨʘʤʤʘʭ, ʧʦ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (1) ʦʧʨʝʜʝʣʷʶʪ 

ʢʦʣʠʯʝʩʪʚʦ Vʦʢʪ: 
Vʦʢʪ = Vʫʥ (k Sʦʢʪ/Sʫʥ +b) (2), 

ˉ ʂʦʣʠʯʝʩʪʚʦ 
ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ-

ʦʢʪʝʥʘ-1, ʤʣ 

ʆʙʲʤy ʩʪʘʥʜʘʨʪʘ- 
ʫʥʜʝʢʘʥʘ, ʤʣ 

Vʚ-ʚʘ/Vʩʪ 

1 0.1 0,2 0,5 

2 0.2 0,2 1 

3 0,3 0,2 1,5 

4 0,4 0,2 2 

5 0,5 0,2 2,5 

6 0,6 0,2 3 
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ʛʜʝ k ʠ b ï ʧʘʨʘʤʝʪʨʳ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 
ʇʦ ʵʪʦʡ ʞʝ ʬʦʨʤʫʣʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʠ ʢʦʣʠʯʝʩʪʚʘ ʠʟʦʤʝʨʠʟʦʚʘʥʥʳʭ ʦʢʪʝʥʦʚ-

2,3,4, ʪʘʢ ʢʘʢ ʠʟʦʤʝʨʥʳʝ ʦʢʪʝʥʳ ʠʜʝʥʪʠʯʥʳ ʦʢʪʝʥʫ-1 ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʝ. 
ɿʥʘʷ ʪʝʧʝʨʴ ʢʦʣʠʯʝʩʪʚʦ ʚʟʷʪʦʛʦ ʚ ʨʝʘʢʮʠʶ ʦʢʪʝʥʘ-1 ʠ ʢʦʣʠʯʝʩʪʚʘ ʦʩʪʘʚʰʠʭʩʷ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʦʢʪʝʥʦʚ (ʚʩʝʭ ʠʟʦʤʝʨʦʚ), ʚʳʯʠʩʣʷʝʤ ʢʦʥʚʝʨʩʠʶ ʩʫʙʩʪʨʘʪʘ  
Conv = Vʠʩʭ - Vʦʩʪ /Vʠʩʭ * 100% , 

ʛʜʝ Vʠʩʭ ï ʦʙʲʝʤ (ʚ ʤʣ) ʚʟʷʪʦʛʦ ʚ ʨʝʘʢʮʠʶ ʦʢʪʝʥʘ-1, ʘ Vʦʩʪ ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ (ʚ ʤʣ) 
ʚʩʝʭ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʦʢʪʝʥʦʚ, ʦʩʪʘʚʰʠʭʩʷ ʚ ʩʤʝʩʠ. 

ɿʥʘʷ ʧʣʦʱʘʜʠ ʧʠʢʦʚ ʚʩʝʭ ʆ-ʘʣʢʠʣʠʨʦʚʘʥʥʳʭ ʠ ʚʩʝʭ ʉ-ʘʣʢʠʣʠʨʦʚʘʥʥʳʭ ʬʝʥʦʣʦʚ, 
ʥʘʭʦʜʷʪ ʠʭ ʦʪʥʦʰʝʥʠʝ C-/O-.  ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʭ ʭʨʦʤʘʪʦʛʨʘʤʤ ʩʪʨʦʷʪ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʚʝʨʩʠʠ ʦʢʪʝʥʦʚ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʰʝʥʠʷ ʉ-/ʆ- ʦʪ ʘ) ʪʝʤʧʝʨʘʪʫʨʳ 
ʨʝʘʢʮʠʠ, ʙ) ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʚ) ʢʦʣʠʯʝʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

3. ʆʬʦʨʤʣʝʥʠʝ ʟʘʜʘʯʠ 

 ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʭ ʭʨʦʤʘʪʦʛʨʘʤʤ ʧʦʩʪʨʦʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʚʝʨʩʠʠ 

ʦʢʪʝʥʦʚ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʰʝʥʠʷ ʉ-/ʆ- ʦʪ  
ʘ) ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ, 

 ʙ) ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ,  
ʚ) ʢʦʣʠʯʝʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

4. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ɿʥʘʯʝʥʠʝ ʨʝʘʢʮʠʡ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʙʝʥʟʦʣʘ, ʬʝʥʦʣʘ) ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʂʘʢʘʷ ʧʨʦʜʫʢʮʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʬʝʥʦʣʦʚ?   
2.  ʂʘʢʠʝ ʘʣʢʠʣʠʨʫʶʱʠʝ ʘʛʝʥʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʘʣʢʠʣʠʨʦʚʘʥʠʠ? 

3. ɻʦʤʦʛʝʥʥʳʝ ʠ ʛʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʬʝʥʦʣʦʚ. ɺ ʯʝʤ ʠʭ 
ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ? 

4. ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʬʝʥʦʣʘ, ʚʦʟʤʦʞʥʳʝ ʧʨʦʜʫʢʪʳ 
ʨʝʘʢʮʠʠ. 

5. ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ, ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʢʦʨʦʩʪʴ ʠ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ 
ʘʣʢʠʣʠʨʦʚʘʥʠʷ. 

6. ʆʙʲʷʩʥʠʪʝ ʚʣʠʷʥʠʝ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 
ʬʝʥʦʣʘ (ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʦʦʪʥʦʰʝʥʥʝ 

ʬʝʥʦʣ/ʦʢʪʝʥ). 
7. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʢʦʥʚʝʨʩʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʘʣʢʝʥʦʚ ʜʨʫʛʠʭ ʪʝʨʤʠʥʘʣʴʥʳʭ 

ʦʣʝʬʠʥʦʚ? 
8. ʅʘʧʠʰʠʪʝ ʦʩʥʦʚʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʦ-, ʤ- ʠ ʧ-ʢʨʝʟʦʣʦʚ ʦʢʪ-1 

ʝʥʦʤ.   
9. ɺ ʯʝʤ ʧʨʝʠʤʫʱʝʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʨʠʩʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ ʧʝʨʝʜ 

ʩʫʣʴʬʦʢʘʪʠʦʥʠʪʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ? 
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ɸʵʨʦʙʥʦʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ, 

ʩʦʜʝʨʞʘʱʝʡ ʜʠʙʝʥʟʦʪʠʦʬʝʥ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ ʪʠʧʘ ɸʥʜʝʨʩʦʥʘ 
ɸʚʪʦʨʳ: ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ɸ.ɺ.ɸʢʦʧʷʥ, ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ɽ.ɸ. ɽʩʝʚʘ 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʟʥʘʢʦʤʠʪʴ ʩʪʫʜʝʥʪʦʚ ʩ ʤʝʪʦʜʠʢʦʡ ʧʨʦʚʝʜʝʥʠʷ ʘʵʨʦʙʥʦʛʦ 
ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʤʦʜʝʣʴʥʳʭ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʤʝʩʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʘ ʪʠʧʘ ɸʥʜʝʨʩʦʥʘ, ʘ ʪʘʢʞʝ ʩ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ 
ʤʦʜʝʣʴʥʳʭ ʩʤʝʩʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʩʝʨʥʠʩʪʳʝ ʩʫʙʩʪʨʘʪʳ, ʜʦ ʠ ʧʦʩʣʝ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ.         

ɿʘʜʘʯʘ ʩʦʜʝʨʞʠʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ 
ʬʨʘʢʮʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ ʧʨʦʚʝʜʝʥʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʢʠʩʣʝʥʠʶ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʬʪʷʥʦʛʦ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ  ʩʪʫʜʝʥʪʘʤʠ 4-5 ʢʫʨʩʦʚ ʧʦ ʩʧʝʮʠʘʣʠʟʘʮʠʠ çʥʝʬʪʝʭʠʤʠʷè 

ʉʦʜʝʨʞʘʥʠʝ 

1.ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 
     2.1 ʆʙʦʨʫʜʦʚʘʥʠʝ  ʠ ʤʘʪʝʨʠʘʣʳ 

       2.2 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 
     2.3 ɸʥʘʣʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠ ʧʨʦʜʫʢʪʦʚ 

3. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 
4. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

5.ʃʠʪʝʨʘʪʫʨʘ 
 

1. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʇʨʦʙʣʝʤʘ ʫʜʘʣʝʥʠʷ ʩʝʨʳ ʠʟ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʦ ʩʝʡ ʜʝʥʴ. 

ɽʞʝʛʦʜʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ ʜʦʙʳʚʘʝʤʦʡ ʥʝʬʪʠ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ 
ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. ʉʝʨʦʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚ 

ʩʳʨʦʡ ʥʝʬʪʠ ʷʚʣʷʶʪʩʷ ʪʦʢʩʠʯʥʳʤʠ ʠ ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʤʠ, ʘ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ 
ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʷʜʘʤʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʮʝʩʩʦʚ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ. ɺ 

ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ ʪʦʚʘʨʥʦʤ 
ʪʦʧʣʠʚʝ ʩʪʨʦʛʦ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʳ, ʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʞʝʩʪʦʯʝʥʠʶ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʦʨʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ɽʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ ʜʝʡʩʪʚʫʶʪ 
ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʪʘʥʜʘʨʪʳ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʜʦ ʫʨʦʚʥʷ ʤʝʥʝʝ 10 ppm ʚ 

ʙʝʥʟʠʥʦʚʦʤ ʠ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʨʦʦʯʠʩʪʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 
ʚʘʞʥʝʡʰʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ. ʊʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ 

ʛʠʜʨʦʦʯʠʩʪʢʠ ʚʢʣʶʯʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʤʝʩʝʡ, 
ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʄʝʨʢʘʧʪʘʥʳ, ʩʫʣʴʬʠʜʳ ʠ ʜʠʩʫʣʴʬʠʜʳ 

ʣʝʛʢʦ ʫʜʘʣʷʶʪʩʷ ʧʨʠ ʛʠʜʨʦʦʯʠʩʪʢʝ, ʦʜʥʘʢʦ ʛʠʜʨʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʦʛʦ ʢʣʘʩʩʘ 
ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ï ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʦʬʝʥʘ ï ʟʘʪʨʫʜʥʝʥʦ 

ʠʟ-ʟʘ ʠʭ ʥʠʟʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɼʣʷ ʠʭ ʫʜʘʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʞʝʩʪʢʠʝ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʠ 

ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ, ʜʝʣʘʷ ʪʝʭʥʦʣʦʛʠʶ ʥʝʨʝʥʪʘʙʝʣʴʥʦʡ. ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ 
ʧʨʝʜʣʦʞʝʥʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʫʜʘʣʝʥʠʷ ʩʝʨʳ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʯʠʩʪʢʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʜʩʦʨʙʝʥʪʦʚ, ʵʢʩʪʨʘʛʝʥʪʦʚ, ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʨʘʟʣʠʯʥʳʭ 
ʙʠʦʣʦʛʠʯʝʩʢʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʫʜʘʣʝʥʠʷ ʩʝʨʳ ʠʟ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ, 
ʚʢʣʶʯʘʶʱʝʝ ʦʢʠʩʣʝʥʠʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʚʣʝʯʝʥʠʝʤ 

ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʤʝʪʦʜʘʤʠ ʵʢʩʪʨʘʢʮʠʠ ʠ ʘʜʩʦʨʙʮʠʠ (ʨʠʩ. 1). ʀʟ ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʦ 
ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ (ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʦʢʠʩʣʠʪʝʣʠ, ʦʟʦʥ, ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ, ʚʦʟʜʫʭ) ʥʦ ʥʘʠʙʦʣʝʝ 
ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜ ʚʦʟʜʫʭʘ. ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʜʦʩʪʫʧʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʜʝʰʝʚʠʟʥʘ. 
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ʈʠʩ. 1. ʆʢʠʩʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʝʨʥʠʩʪʳʭ ʩʫʙʩʪʨʘʪʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 
ʧʨʦʜʫʢʪʦʚ 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢʠʩʣʦʨʦʜ ʤʦʞʝʪ ʙʳʪʴ ʘʢʪʠʚʠʨʦʚʘʥ 
ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʧʫʪʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠʤʝʥʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 
ʩʠʩʪʝʤ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʫʯʘʩʪʠʝʤ ʢʠʩʣʦʨʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʫʩʢʦʨʷʪʴ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ, ʥʦ ʠ ʧʦʚʳʰʘʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ 
ʧʨʦʜʫʢʪʘʤ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʘʵʨʦʙʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ 
ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ, ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ, ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʳ, ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʙʝʟʤʝʪʘʣʴʥʳʝ ʩʠʩʪʝʤʳ.   
ʇʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʳ (ʇʆʄ) ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʦʢʠʩʣʝʥʠʷ, 

ʧʦʣʫʯʠʚʰʠʤʠ ʰʠʨʦʢʠʡ ʠʥʪʝʨʝʩ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 
ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʚʦʟʜʫʭʘ. ʇʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʳ ï ʵʪʦ ʧʦʣʠʷʜʝʨʥʳʝ ʤʝʪʘʣʣ-

ʢʠʩʣʦʨʦʜʥʳʝ ʢʣʘʩʪʝʨʳ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʠʦʥʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʂ 
ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʷʭ ʦʪʥʦʩʷʪ ʠʭ ʚʳʩʦʢʫʶ ɹʨʝʥʩʪʝʜʦʚʩʢʫʶ ʢʠʩʣʦʪʥʦʩʪʴ, ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 
ʠ ʚʳʩʦʢʠʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʉʧʦʩʦʙʥʦʩʪʴ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ 

ʣʝʛʢʦ ʘʢʪʠʚʠʨʦʚʘʪʴ ʢʠʩʣʦʨʦʜ ʩʚʷʟʘʥʘ ʩ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʩ 
ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʤʦʩʪʠʢʦʚʳʤʠ ʠ ʢʦʥʮʝʚʳʤʠ ʛʨʫʧʧʘʤʠ, ʘ ʪʘʢʞʝ ʩ ʥʘʣʠʯʠʝʤ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʧʨʦʪʦʥʳ, ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʠ 
ʤʝʪʘʣʣʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʦʢʠʩʣʝʥʠʷ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ. 
ʀʟʫʯʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ ʪʠʧʘ ʂʝʛʛʠʥʘ, ɼʦʫʩʦʥ, ɸʥʜʝʨʩʦʥʘ, ʩʪʨʫʢʪʫʨʳ 

ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

ʈʠʩ 2 ʉʪʨʫʢʪʫʨʳ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʦʚ 
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2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ  ʯʘʩʪʴ 

2.1 ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʳ   

- ʛʘʟʦʚʳʡ ʭʨʦʤʘʪʦʛʨʘʬ ʂʨʠʩʪʘʣʣ-2000ʄ (ɼʝʪʝʢʪʦʨ - ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʡ, ʢʦʣʦʥʢʘ 
ï ʩʪʝʢʣʷʥʥʳʡ ʢʘʧʠʣʣʷʨ, l = 30 ʤ, d = 0,32 ʤʤ, ʞʠʜʢʘʷ ʬʘʟʘ ZB1, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 150 ʜʦ 300Áʉ, ʛʘʟ-ʥʦʩʠʪʝʣʴ ï ʘʟʦʪ). 
- ʚʝʩʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ; 

- ʤʘʛʥʠʪʥʘʷ ʤʝʰʘʣʢʘ ʩ ʪʝʨʤʦʧʘʨʦʡ IKA ; 
- ʚʦʟʜʫʰʥʳʡ ʢʦʤʧʨʝʩʩʦʨ ʩ ʨʝʛʫʣʷʪʦʨʦʤ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ; 

-  ʜʚʫʛʦʨʣʘʷ ʢʦʣʙʘ ʦʙʲʝʤʦʤ 50 ʤʣ; 
- ʭʦʣʦʜʠʣʴʥʠʢ ʩʧʠʨʘʣʝʚʠʜʥʳʡ; 

- ʮʠʣʠʥʜʨ; 
- ʩʪʝʢʣʷʥʥʘʷ ʪʨʫʙʢʘ ʜʣʷ ʙʘʨʙʦʪʘʞʘ; 

- ʤʘʩʣʷʥʘʷ ʙʘʥʷ. 
- ʜʠʙʝʥʟʦʪʠʦʬʝʥ (ɼɹʊ, 98%, Sigma Aldrich); 

- ʜʝʢʘʣʠʥ (98%, Evonik); 
- ʢʘʪʘʣʠʟʘʪʦʨ: (ʉ19H42N)3CoMo6H6O24; 

 

 
ʈʠʩ. 3. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʘʵʨʦʙʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʚ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ 

(1 ï ʭʦʣʦʜʠʣʴʥʠʢ, 2 ï ʪʨʝʭʛʦʨʣʘʷ ʢʨʫʛʣʦʜʦʥʥʘʷ ʢʦʣʙʘ, 3 ï ʙʘʥʷ ʩ ʩʠʣʠʢʦʥʦʚʳʤ ʤʘʩʣʦʤ, 4 
ï ʩʪʝʢʣʷʥʥʘʷ ʧʦʨʠʩʪʘʷ ʪʨʫʙʢʘ, 5 ï ʨʝʘʢʮʠʦʥʥʘʷ ʤʘʩʩʘ, 6 ï ʚʦʟʜʫʰʥʳʡ ʢʦʤʧʨʝʩʩʦʨ, 7 ï 

ʤʘʛʥʠʪʥʘʷ ʤʝʰʘʣʢʘ ʩ ʧʦʜʦʛʨʝʚʦʤ) 

2.2 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɻʦʪʦʚʷʪ ʤʦʜʝʣʴʥʫʶ ʩʤʝʩʴ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʚ ʜʝʢʘʣʠʥʝ ʦʙʲʝʤʦʤ 30 ʤʣ ʩ ʦʙʱʠʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 500 ppm ʠ ʧʝʨʝʣʠʚʘʶʪ ʛʦʪʦʚʫʶ ʩʤʝʩʴ ʚ ʜʚʫʛʦʨʣʫʶ ʢʦʣʙʫ, 

ʩʥʘʙʞʝʥʥʫʶ ʤʘʛʥʠʪʥʳʤ ʷʢʦʨʝʤ. ʈʘʩʩʯʠʪʳʚʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʤʦʣʴʥʦʝ 
ʩʦʦʪʥʦʰʝʥʠʝ 1:30=ʢʘʪʘʣʠʟʘʪʦʨ:ʩʝʨʘ) ʠ ʚʥʦʩʷʪ ʚ 30 ʤʣ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ. ʂʦʣʙʫ ʩ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʴʶ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘʜ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʠ ʫʧʫʩʢʘʶʪ ʚ ʤʘʩʣʷʥʫʶ ʙʘʥʶ, 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʦʛʨʝʪʫʶ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 120Áʉ. ɺʦʟʜʫʭ ʙʘʨʙʦʪʠʨʫʶʪ ʯʝʨʝʟ ʥʘʛʨʝʪʫʶ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʩ ʧʦʤʦʱʴʶ ʧʦʨʠʩʪʦʡ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʢʠ ʩ ʨʘʟʤʝʨʦʤ ʧʦʨ 100ï160 
ʤʢʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 6 ʣ/ʯ.  ɺʢʣʶʯʘʶʪ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 500 ʦʙ/ʤʠʥ ʠ 

ʟʘʧʫʩʢʘʶʪ ʨʝʘʢʮʠʶ ʦʢʠʩʣʝʥʠʷ ʥʘ 1 ʯ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 
ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʘʵʨʦʙʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʚ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ. ʇʦ 

ʦʢʦʥʯʘʥʠʶ ʨʝʘʢʮʠʠ ʦʪʙʠʨʘʶʪ ʧʨʦʙʫ ʦʙʲʝʤʦʤ 150 ʤʢʣ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ ʠ ʦʭʣʘʞʜʘʶʪ ʜʦ 
ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ.  

2.3 ɸʥʘʣʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠ ʧʨʦʜʫʢʪʦʚ 

 ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʚ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ ʜʦ ʠ 

ʧʦʩʣʝ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪ ʥʘ ʛʘʟʦʚʦʤ ʭʨʦʤʘʪʦʛʨʘʬʝ ʩ ʧʣʘʤʝʥʥʦ-
ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʪ 250 ʜʦ 300Áʉ, ʦʙʲʝʤ 

ʧʨʦʙʳ ï 1 ʤʢʣ, ʚʨʝʤʷ ʘʥʘʣʠʟʘ 7 ʤʠʥ. ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ 
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ʵʢʩʧʝʨʠʤʝʥʪʘ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʚʝʨʩʠʠ ʩʫʙʩʪʨʘʪʘ ʧʦ ʩʣʝʜʫʶʱʝʤʫ 
ʫʨʘʚʥʝʥʠʶ:  

ɖ = [(C0 ī Ct)ùC0] Ĭ 100%, 

ʛʜʝ C0 ʠ Ct - ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ɼɹʊ ʚ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ɼɹʊ, 

ʧʦʣʫʯʝʥʥʘʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

3. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʆʪʯʝʪ ʧʦ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʝ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʩʭʝʤʫ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ 
ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ, ʨʘʩʯʝʪ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʝʨʳ ʚ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ ʠ ʢʦʣʠʯʝʩʪʚʫ 

ʨʝʘʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʨʝʟʫʣʴʪʘʪʳ 
ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ 

ʧʦʩʣʝ ʦʢʠʩʣʝʥʠʷ (ʪʘʙʣ.1). 

ʊʘʙʣʠʮʘ 1. ʌʦʨʤʘ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ. 

ʈʘʩʯʝʪ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʝʨʳ 
ʚ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ 

500 ppm m(ɼɹʊ) 

ʂʦʣʠʯʝʩʪʚʦ ʨʝʘʛʠʨʫʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ 

ʆʙʲʝʤ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ 

ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 
ʢʘʪʘʣʠʟʘʪʦʨ:ʩʝʨʘ= 1:30  

V(MC) 

m((ʉ19H42N)3H6CoMo6O24) 

ʈʝʟʫʣʴʪʘʪʳ 
ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ 

w(ɼɹʊ) ʚ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ w(ɼɹʊ) ʧʦʩʣʝ ʨʝʘʢʮʠʠ 
ʦʢʠʩʣʝʥʠʷ 

4. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʄʝʪʦʜ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ (ʘʢʪʫʘʣʴʥʦʩʪʴ, ʦʩʥʦʚʳ, ʪʠʧʳ ʦʢʠʩʣʠʪʝʣʝʡ, ʪʠʧʳ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ); 
2. ʂʣʘʩʩ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʪʠʧʳ ʩʪʨʫʢʪʫʨ, ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ); 

3. ʈʦʣʴ ʯʝʪʚʝʨʪʠʯʥʳʭ ʢʘʪʠʦʥʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʢʘʪʘʣʠʟʘʪʦʨʘ; 
4. ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʚ ʜʝʢʘʣʠʥʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ 

ʚʦʟʜʫʭʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ; 
5. ʊʝʭʥʦʣʦʛʠʠ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʨʝʘʣʴʥʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʧʣʶʩʳ ʠ ʥʝʜʦʩʪʘʪʢʠ 

ʪʝʭʥʦʣʦʛʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ 
 

5. ʃʠʪʝʨʘʪʫʨʘ 

1. V.C. Srivastava, An evaluation of desulfurization technologies for sulfur removal from liquid 

fuels, RSC Adv. 2 (2012) 759ï783. 
2. S. Houda, C. Lancelot, P. Blanchard, L. Poinel, C. Lamonier, Oxidative desulfurization of 

heavy oils with high sulfur content: a review, Catalysts 8 (2018) 344ï370.  
3. R. Javadli, A. de Klerk, Desulfurization of heavy oil, Appl. Petrochem. Res. 1 (2012) 3ï9. 

4. I.V. Babich, J.A. Moulijn, Science and technology of novel processes for deep 
desulfurization of oil refinery streams: a review, Fuel 82 (2003) 607ï631. 

5. A.V. Anisimov, A.V. Tarakanova, Oxidative desulfurization of hydrocarbon raw materials, 
Russ. J. Gen. Chem. 79 (2009) 1264ï1273.  

6. E. Eseva, A. Akopyan, A. Schepina, A. Anisimov, A. Maximov. Deep aerobic oxidative 
desulfurization of model fuel by Anderson-type polyoxometalate catalysts. Catalysis 

Communications 149 (2021) 106256.  
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ɻʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʝ ʦʣʝʬʠʥʦʚ 
ɸʚʪʦʨ: ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ɼ.ʈ. ɻʦʨʙʫʥʦʚ. 
 

 ʎʝʣʴ: ʦʟʥʘʢʦʤʣʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʩ ʤʝʪʦʜʠʢʦʡ ʧʨʦʚʝʜʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 
ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʚ ʨʝʘʢʪʦʨʘʭ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʪʠʧʘ 

(ʘʚʪʦʢʣʘʚʘʭ) ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ ʥʘ ʧʨʠʤʝʨʝ ʛʝʢʩʝʥʘ-1 
ʠ ʧʨʠʤʝʥʝʥʠʷ ʛʘʟʦ-ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ.  
 ʇʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʟʘ ʩʯʝʪ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ:  

- ʠʟʫʯʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʦʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʨʝʘʢʮʠʠ 
ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʢʩʦ-ʩʠʥʪʝʟʘ; 

- ʧʨʦʚʝʜʝʥʠʝ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ;  

- ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʩʤʝʩʝʡ ʤʝʪʦʜʦʤ ʛʘʟʦ-ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ 
ʚʥʫʪʨʝʥʥʠʤ ʩʪʘʥʜʘʨʪʦʤ; 

- ʧʦʜʛʦʪʦʚʢʠ ʢ ʦʪʯʝʪʫ ʦ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪʳ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʦʬʦʨʤʣʝʥʠʝ ʟʘʜʘʯʠ, 
ʧʨʦʚʝʜʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʩʯʝʪʦʚ, ʠʟʫʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʦʪʚʝʪʳ ʥʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʧʨʦʩʳ. 
 

ʉʦʜʝʨʞʘʥʠʝ 

1.ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

     1.1 ɻʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʝ: ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 
     1.2 ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʥʜʳ ʚ ʨʘʟʨʘʙʦʪʢʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʧʨʦʮʝʩʩʦʚ 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 
     2.1 ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

     2.2 ʈʘʙʦʪʘ ʩ ʭʨʦʤʘʪʦʛʨʘʬʦʤ. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ çʍʨʦʤʦʩè. 
     2.3 ʈʘʩʯʝʪʥʘʷ ʯʘʩʪʴ 

3. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
4.ʃʠʪʝʨʘʪʫʨʘ 

1. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

1.1 ɻʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʝ: ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʈʝʘʢʮʠʷ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝʧʨʝʜʝʣʴʥʳʭ 
ʩʦʝʜʠʥʝʥʠʡ ʩ ʩʠʥʪʝʟ-ʛʘʟʦʤ: 

 

ʆʪʢʨʳʪʘʷ ʚ 1938 ʛʦʜʫ ʆ. ʈʦʝʣʝʥʦʤ ʚ ɻʝʨʤʘʥʠʠ, ʨʝʘʢʮʠʷ ʥʘʰʣʘ ʰʠʨʦʢʦʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʫʤʤʘʨʥʳʝ ʤʦʱʥʦʩʪʠ ʫʩʪʘʥʦʚʦʢ ʦʢʩʦ-
ʩʠʥʪʝʟʘ ʩʦʩʪʘʚʣʷʶʪ, ʧʦ ʨʘʟʣʠʯʥʳʤ ʦʮʝʥʢʘʤ, ʦʪ 7 ʜʦ 11 ʤʣʥ. ʪʦʥʥ ʚ ʛʦʜ, ʘ ʘʩʩʦʨʪʠʤʝʥʪ 

ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʝʚʳʰʘʝʪ 50 ʥʘʠʤʝʥʦʚʘʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʦʜʘʚʣʷʶʱʘʷ ʜʦʣʷ 
ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʙʫʪʠʣʦʚʳʝ ʩʧʠʨʪʳ, 2-ʵʪʠʣʛʝʢʩʘʥʦʣ ʠ ʚʳʩʰʠʝ ʩʧʠʨʪʳ. BASF, UCC, Shell, 

Mitsubishi, OXEA GmbH, Johnson Matthey and Dow ï ʢʨʫʧʥʝʡʰʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠ 
ʣʠʮʝʥʟʠʘʨʳ ʪʝʭʥʦʣʦʛʠʡ ʦʢʩʦ-ʩʠʥʪʝʟʘ. ɺ ʈʦʩʩʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʫʥʢʮʠʦʥʠʨʫʝʪ 3 

ʫʩʪʘʥʦʚʢʠ ʦʢʩʦ-ʩʠʥʪʝʟʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʥ- ʠ ʠʟʦ-ʙʫʪʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʠ 2-ʵʪʠʣʛʝʢʩʘʥʦʣʘ 
ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 400 ʪʳʩ. ʪʦʥʥ/ʛʦʜ (ʛ. ʇʝʨʤʴ çʉʠʙʫʨ-ʍʠʤʧʨʦʤè, ʛ. ɸʥʛʘʨʩʢ 

çʈʦʩʥʝʬʪʴè, ʛ. ʉʘʣʘʚʘʪ çɻʘʟʧʨʦʤʥʝʬʪʴè), ʘ ʧʨʦʮʝʩʩʳ ʧʨʦʚʦʜʷʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʦʙʘʣʴʪʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (Co2(CO)8 ï ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ 

ʧʨʝʢʫʨʩʦʨ, HCoCO4 ï ʘʢʪʠʚʥʘʷ ʬʦʨʤʘ). 
ʇʨʦʮʝʩʩʳ ʩ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʢʦʙʘʣʴʪʦʚʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʦʪʥʦʩʷʪʩʷ ʢ 

ʧʨʦʮʝʩʩʘʤ 1 ʧʦʢʦʣʝʥʠʷ ʠ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʚ ʦʩʥʦʚʥʦʤ, ʩʪʘʜʠʝʡ ʦʪʜʝʣʝʥʠʷ 
ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ. ʉʘʤʘ ʨʝʘʢʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʣʷʝʪ 150ï180Áʉ, ʘ ʜʘʚʣʝʥʠʝ ʩʠʥʪʝʟ-ʛʘʟʘ ï ʜʦ 30.0 ʄʇʘ. ʉʳʨʴʝʤ 
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ʷʚʣʷʝʪʩʷ ʧʨʦʧʠʣʝʥ ʠ ʚʳʩʰʠʝ ʦʣʝʬʠʥʳ, ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ 
ʦʙʨʘʟʦʚʘʥʠʶ ʘʣʴʜʝʛʠʜʦʚ. ɺ ʩʣʫʯʘʝ ʧʨʦʧʠʣʝʥʘ (ʢʘʢ ʠ ʜʨʫʛʠʭ ʥʠʟʰʠʭ ʦʣʝʬʠʥʦʚ), ʯʘʩʪʴ 

ʧʦʣʫʯʘʝʤʳʭ ʘʣʴʜʝʛʠʜʦʚ ʛʠʜʨʠʨʫʶʪ ʜʦ ʙʫʪʠʣʦʚʳʭ ʩʧʠʨʪʦʚ, ʘ ʜʨʫʛʫʶ ʯʘʩʪʴ ʧʦʜʚʝʨʛʘʶʪ 
ʘʣʴʜʦʣʴʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ, ʘ ʟʘʪʝʤ ʛʠʜʨʠʨʫʶʪ, ʧʦʣʫʯʘʷ 2-ʵʪʠʣʛʝʢʩʘʥʦʣ. ɼʣʷ ʧʝʨʝʨʘʙʦʪʢʠ 

ʚʳʩʰʠʭ ʦʣʝʬʠʥʦʚ (ʉ7ïʉ14) ʢʦʤʧʘʥʠʝʡ Shell ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʮʝʩʩ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʦʩʬʠʥʦʚʳʤ ʣʠʛʘʥʜʦʤ ʢʦʙʘʣʴʪʦʚʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʨʠ ʵʪʦʤ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʩʤʷʛʯʝʥʠʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ (ʜʦ P = 4.0ï8.0 ʄʇʘ) 
ʠ ʧʦʚʳʰʝʥʠʷ ʝʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʣʠʥʝʡʥʦʤʫ ʧʨʦʜʫʢʪʫ, ʘ ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʘʢʪʦʨʝ 

ʘʣʴʜʝʛʠʜʳ ʧʨʝʪʝʨʧʝʚʘʶʪ ʜʘʣʴʥʝʡʰʝʝ ʛʠʜʨʠʨʦʚʘʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʶʪ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʧʠʨʪʳ ʉ8ïʉ16. ɿʘ ʨʫʙʝʞʦʤ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ ʥʠʟʰʠʭ ʦʣʝʬʠʥʦʚ ʧʝʨʝʚʝʜʝʥʦ ʥʘ ʩʭʝʤʳ ʩ ʨʦʜʠʝʚʳʤʠ 
ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʦʜʠʪʴ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʣʠʥʝʡʥʳʤ ʧʨʦʜʫʢʪʘʤ. ɺ ʪʘʙʣʠʮʝ 1 
ʧʨʠʚʝʜʝʥʳ ʚʘʞʥʝʡʰʠʝ ʧʘʨʘʤʝʪʨʳ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ:  

ʊʘʙʣʠʮʘ 1. ɺʘʞʥʝʡʰʠʝ ʧʘʨʘʤʝʪʨʳ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ 
 RhH(CO)(PR3)3 RhH(CO)4 CoH(CO)3PR3 CoH(CO)4 

ɼʘʚʣʝʥʠʝ, ʘʪʤ 15ï20 200ï300 50ï100 200ï350 

ʊʝʤʧʝʨʘʪʫʨʘ, ęʉ 80ï120 100ï140 160ï200 110ï180 

ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ 
ʘʣʴʜʝʛʠʜʘʤ 

ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ 

ʅʠʟʢʘʷ 

(ʦʩʥʦʚʥʦʡ 
ʧʨʦʜʫʢʪ ï 

ʩʧʠʨʪʳ) 

ʉʨʝʜʥʷʷ 

ʍʘʨʘʢʪʝʨʥʳʝ 
ʟʥʘʯʝʥʠʷ ʥ:ʠʟʦ 

92:8 50:50 88:12 80:20 

 

ɼʣʷ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ ʧʨʦʧʠʣʝʥʘ ʚ 1984 ʛ. ʙʳʣ ʟʘʧʫʱʝʥ ʧʝʨʚʳʡ 
ʧʨʦʤʳʰʣʝʥʥʳʡ ʩʠʥʪʝʟ ʚ ʫʩʣʦʚʠʷʭ ʜʚʫʭʬʘʟʥʦʛʦ ʢʘʪʘʣʠʟʘ. ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʨʦʣʴ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʳʧʦʣʥʷʝʪ ʢʦʤʧʣʝʢʩ ʨʦʜʠʷ ʩ ʣʠʛʘʥʜʦʤ TPPTS, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʥʘʪʨʠʝʚʫʶ ʩʦʣʴ ʪʨʠʩʫʣʴʬʠʨʦʚʘʥʥʦʛʦ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ. ʇʦʩʣʝ ʨʝʘʢʮʠʠ ʧʦʣʫʯʘʝʤʳʝ 

ʙʫʪʠʣʦʚʳʝ ʘʣʴʜʝʛʠʜʳ ʦʙʨʘʟʫʶʪ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ, ʘ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʷʨʥʦʤ 
ʚʦʜʥʦʤ ʩʣʦʝ (ʈʠʩ.1) 

 

 
ʈʠʩ. 1. ʂʦʤʧʣʝʢʩ ʨʦʜʠʷ ʩ ʣʠʛʘʥʜʦʤ TPPTS 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʦʪ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ 

ʩʯʝʪ ʧʨʦʩʪʦʛʦ ʬʘʟʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʩʭʝʤʫ ʫʩʪʘʥʦʚʢʠ ʠ 
ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʨʝʩʫʨʩʦʚ ʠ ʵʥʝʨʛʠʠ. ʋʢʘʟʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʷʨʢʠʤ 

ʧʨʠʤʝʨʦʤ ʧʨʠʤʝʥʝʥʠʷ ʜʚʫʭʬʘʟʥʦʛʦ ʢʘʪʘʣʠʟʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. 
ʆʛʨʘʥʠʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʨʦʜʠʷ, ʩʣʦʞʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʯʠʩʪʦʪʝ ʩʳʨʴʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʠ 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʤʝʩʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʚʳʩʰʠʝ ʘʣʢʝʥʳ (ʛʘʟʳ ʉ4 ʢʨʝʢʠʥʛʘ ʥʘʬʪʳ ñRaffinate-

2ò, ʪʨʠʤʝʨʳ ʧʨʦʧʠʣʝʥʘ, ʜʠʤʝʨʳ ʙʫʪʠʣʝʥʘ, ʧʨʦʜʫʢʪʳ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʥʠʟʰʠʭ ʦʣʝʬʠʥʦʚ 



74 

ʠ ʩʠʥʪʝʟʘ ʌʠʰʝʨʘ-ʊʨʦʧʰʘ ʠ ʜʨ. ï ʜʣʷ ʧʦʣʫʯʝʥʠʷ çʠʟʦʥʦʥʠʣʦʚʳʭ ʩʧʠʨʪʦʚè ï ʚʪʦʨʦʛʦ ʧʦ 
ʚʘʞʥʦʩʪʠ ʧʦʩʣʝ 2-ʵʪʠʣʛʝʢʩʘʥʦʣʘ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʧʦʣʠʤʝʨʦʚ) 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʙʘʣʴʪʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʙʦʣʴʰʝʡ ʨʘʮʠʦʥʘʣʴʥʦʩʪʴʶ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʧʦʩʦʙʦʚ ʚʳʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʜʠʩʪʠʣʣʷʮʠʦʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪ ʚ ʦʢʩʦ-ʩʠʥʪʝʟʝ ʥʘ ʨʦʜʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ.  
ʉʭʝʤʘ ʥʘ ʨʠʩ.2 ʠʣʣʶʩʪʨʠʨʫʝʪ ʦʙʦʙʱʝʥʠʝ ʙʘʟʦʚʳʭ ʦʢʩʦ-ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʜʫʢʪʦʚ: 

 

ʈʠʩ.2. ɹʘʟʦʚʳʝ ʦʢʩʦ-ʧʨʦʮʝʩʩʳ ʠ ʧʨʦʜʫʢʪʳ 

ʈʝʟʶʤʠʨʫʷ, ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʩʪʘʜʠʝʡ 

ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ï ʯʘʱʝ ʚʩʝʛʦ ʘʣʴʜʝʛʠʜʦʚ ï ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʚʨʘʱʘʶʪ 
ʚ ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ: ʩʧʠʨʪʳ, ʘʤʠʥʳ, ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʧʦʣʠʦʣʳ ʠ 

ʵʬʠʨʳ. ʕʪʠ ʧʨʦʜʫʢʪʳ ʚʦʩʪʨʝʙʦʚʘʥʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʘʢʦʚ ʠ ʢʨʘʩʦʢ, ʣʫʙʨʠʢʘʥʪʦʚ, 
ʧʝʯʘʪʥʳʭ ʯʝʨʥʠʣ, ʨʝʟʠʥ, ʇɸɺ, ʘʛʨʦʭʠʤʠʢʘʪʦʚ, ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʠ ʜʦʙʘʚʦʢ ʜʣʷ ʧʦʣʠʤʝʨʦʚ, 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʦʩʤʝʪʠʢʠ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʚ ʜʨʫʛʠʭ 
ʦʪʨʘʩʣʷʭ. 

ɻʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʝ ʥʝʨʝʜʢʦ ʚʭʦʜʠʪ ʚ ʤʥʦʛʦʩʪʘʜʠʡʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 
ʧʨʦʮʝʩʩʳ. ʅʘʧʨʠʤʝʨ, ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʝ ʘʣʣʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ 1,4-ʙʫʪʘʥʜʠʦʣʘ (Kuraray process) ʥʘ ʦʩʥʦʚʝ ʧʨʦʧʠʣʝʥʘ: 

 

ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 1,6-ʛʝʢʩʘʥʜʠʦʣʘ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʝʤ  

1,3-ʙʫʪʘʜʠʝʥʘ: 



75 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʧʦʤʠʤʦ ʚʳʰʝʫʢʘʟʘʥʥʳʭ, ʦʧʠʩʘʥʦ ʤʥʦʞʝʩʪʚʦ 

ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʣʴʜʝʛʠʜʦʚ ʩʧʦʩʦʙʦʤ 
ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ. ɺʩʝ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʩʦʝʜʠʥʝʥʠʷʤ ʩʣʦʞʥʦʛʦ ʩʪʨʦʝʥʠʷ 

(ʠʥʪʝʨʤʝʜʠʘʪʳ ʩ ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ, ʜʠʝʥʳ, ʮʠʢʣʦʘʣʢʝʥʳ), ʣʠʙʦ ʢ ʚʝʱʝʩʪʚʘʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʚʳʩʰʠʝ ʥʝʧʨʝʜʝʣʴʥʳʝ ʢʠʩʣʦʪʳ, ʠʭ ʵʬʠʨʳ, ʞʠʨʳ, ʪʝʨʧʝʥʳ, ʜʫʰʠʩʪʳʝ 

ʚʝʱʝʩʪʚʘ). ʀʭ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʮʝʥʥʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ ʜʣʷ 
ʩʠʥʪʝʟʘ ʣʝʢʘʨʩʪʚ, ʩʧʝʮʠʡ, ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʤʦʥʦʤʝʨʦʚ ʠ ʧʨʦʯʠʝ ʧʨʦʜʫʢʪʳ. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʝʘʢʮʠʠ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 
ʩʦʟʜʘʥʠʷ ʥʘ ʝʝ ʦʩʥʦʚʝ ʪʘʥʜʝʤʥʳʭ (ʢʘʩʢʘʜʥʳʭ, ñone-potò) ʧʨʦʮʝʩʩʦʚ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʠ ʘʣʴʜʝʛʠʜ ʚʩʪʫʧʘʝʪ ʚ 
ʜʘʣʴʥʝʡʰʝʝ ʧʨʝʚʨʘʱʝʥʠʝ. ʋʩʣʦʞʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣʳ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʦʜʥʦʩʪʘʜʠʡʥʦʤ ʧʨʦʮʝʩʩʝ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʠʥʪʝʨʤʝʜʠʘʪʘ. 
ɿʥʘʯʠʪʝʣʴʥʳʤ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʘʥʜʝʤʥʳʝ ʨʝʘʢʮʠʠ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ-

ʘʮʝʪʘʣʠʟʘʮʠʠ (1), ʛʠʜʨʦʘʤʠʥʦʤʝʪʠʣʠʨʦʚʘʥʠʷ (2), ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ-ʘʣʴʜʦʣʴʥʦʡ 
ʢʦʥʜʝʥʩʘʮʠʠ (3) ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ (4). ʉʭʝʤʳ ʧʨʦʮʝʩʩʦʚ ʠ 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʦʜʫʢʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ: 

 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʘʥʜʝʤʥʳʭ ʨʝʘʢʮʠʡ ʯʘʩʪʦ ʪʨʝʙʫʶʪʩʷ ʩʦʢʘʪʘʣʠʟʘʪʦʨʳ ʠʣʠ 
ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 

 
1.2 ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʥʜʳ ʚ ʨʘʟʨʘʙʦʪʢʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʧʨʦʮʝʩʩʦʚ 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʚ ʦʙʣʘʩʪʠ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦ: (1) 
ʨʘʟʨʘʙʦʪʢʘ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʠ ʩʝʣʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʪʜʝʣʷʪʴ ʠʭ ʦʪ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʩ ʥʠʟʢʠʤʠ 
ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ ʥʝ ʧʨʠʚʦʜʷʱʠʭ ʢ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ; (2) ʚʦʚʣʝʯʝʥʠʝ ʚ 

ʧʨʦʮʝʩʩʳ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʳʨʴʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ; (3) ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ in 
situ ʠ operando ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʨʦʮʝʩʩʘʭ ʝʛʦ ʘʢʪʠʚʘʮʠʠ ʠ ʜʝʟʘʢʪʠʚʘʮʠʠ ʥʘ ʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʜʠʷʭ ʠ ʩʠʩʪʝʤ 
ʵʢʩʧʨʝʩʩ-ʩʢʨʠʥʠʥʛʘ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʢʮʠʠ ʥʘ ʛʣʫʙʠʥʫ ʝʝ ʧʨʦʪʝʢʘʥʠʷ. 

ʊʘʢ, ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚʳʟʚʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
ʪʨʘʜʠʮʠʦʥʥʳʝ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʦʙʘʣʴʪʦʚʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ï ʧʨʠ 



76 

ʜʘʚʣʝʥʠʷʭ ʩʠʥʪʝʟ-ʛʘʟʘ 3.0ï5.0 ʄʇʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʷʪ 
ʧʨʠ 20ï30 ʄʇʘ. 

ʇʝʨʝʭʦʜ ʢ ʧʝʨʚʦʤʫ ʧʨʦʤʳʰʣʝʥʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 
ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪ ʠʩʩʣʝʜʦʚʘʣʠ ʠʟ ʂʠʪʘʷ. ɺ ʢʘʯʝʩʪʚʝ ʥʝʨʘʩʪʚʦʨʠʤʦʡ 

ʧʦʜʣʦʞʢʠ ʠ ʣʠʛʘʥʜʘ, ʩʪʘʙʠʣʠʟʫʶʱʝʛʦ ʘʢʪʠʚʥʳʡ ʨʦʜʠʝʚʳʡ ʢʦʤʧʣʝʢʩ, ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ 
ʧʦʨʠʩʪʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ. 

ʉʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ 
ʤʦʱʥʦʩʪʴʶ 50000 ʪʦʥʥ/ʛʦʜ, ʛʣʫʙʠʥʘ ʧʨʝʚʨʘʱʝʥʠʷ ʵʪʠʣʝʥʘ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 99%. 

ʇʨʦʮʝʩʩ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʦʣʫʯʝʥʠʝ ʧʨʦʧʘʥʦʣʘ-1. 

 
ʌʦʪʦʛʨʘʬʠʷ ʫʩʪʘʥʦʚʢʠ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ Ningbo Juhua Chemical Technology 
(ʂʠʪʘʡ) ʩ ʛʝʪʝʨʦʛʝʥʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ Rh1/POPs 

 
ʌʦʪʦʛʨʘʬʠʷ ʧʘʨʪʠʠ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ Rh1/POPs 
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ʂʠʪʘʡʩʢʠʝ ʫʯʝʥʳʝ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʧʨʦʮʝʩʩʳ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ 
ʩʫʙʩʪʨʘʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʘʣʴʜʝʛʠʜ. ɻʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʝ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʠʥʪʝʨʤʝʜʠʘʪ, ʜʘʣʴʥʝʡʰʝʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ 
ʵʪʠʣʝʥʛʣʠʢʦʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʚʦʩʪʨʝʙʦʚʘʥʥʳʡ ʧʨʦʜʫʢʪ ʥʘ ʦʩʥʦʚʝ 

ʉ1-ʨʝʘʛʝʥʪʦʚ. ʆʧʠʩʘʥ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʛʝʥʘʪʦʚ ʧʨʝʚʨʘʱʝʥʠʝʤ ʩʤʝʩʝʡ, 
ʧʦʣʫʯʘʝʤʳʭ ʧʠʨʦʣʠʟʦʤ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ. ʇʦ ʦʮʝʥʢʘʤ ʘʚʪʦʨʦʚ, ʪʘʢʦʡ ʧʫʪʴ 

ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʛʝʥʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʥʘ 60% ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʅʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟ-ʛʘʟʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʩʠʥʪʝʟʘ ʌʠʰʝʨʘ-ʊʨʦʧʰʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʚʳʩʰʠʝ 

ʩʧʠʨʪʳ ʩ ʜʣʠʥʦʡ ʮʝʧʠ ʉ3+. ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠʤʝʥʷʶʪ ʥʘʥʝʩʝʥʥʳʡ 
ʢʦʙʘʣʴʪʦʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ (ʌʊ) ʠ ʛʦʤʦʛʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʅRh(CO)3(P(Cy)3) (ɻʌ). 

ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʚʨʘʱʘʪʴ ʦʣʝʬʠʥʳ ʚ 
ʩʧʠʨʪʳ ʟʘ ʦʜʠʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʝʤ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʥʘʭʦʜʠʪʩʷ ʚ ʬʦʢʫʩʝ ʥʘʰʝʡ 

ʛʨʫʧʧʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʵʪʦʛʦ ʘʚʪʦʪʘʥʜʝʤʥʦʛʦ 
ʧʨʝʚʨʘʱʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʪʠʧʘ Rh/N(alk)3. ʀʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ ʵʪʠʣʝʥʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʧʘʥʦʣʘ-1. 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʪʜʝʣʝʥ ʦʪ ʢʦʤʧʦʥʝʥʪʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʤʝʪʦʜʦʤ ʜʠʩʪʠʣʣʷʮʠʠ, ʧʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ ʩʦʭʨʘʥʷʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 
ʧʨʠ ʧʦʚʪʦʨʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷʭ.  

ɺʘʞʥʦ ʪʘʢʞʝ ʫʯʝʩʪʴ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʉ1-ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 
ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʠ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ. 

ɺʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʷʤʦʝ ʚʦʚʣʝʯʝʥʠʝ ʉʆ2 ʚ ʨʝʘʢʮʠʶ ʥʘ 
ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʪʨʫʜʥʦ ʦʩʫʱʝʩʪʚʠʤʦ. ɼʣʷ ʘʢʪʠʚʘʮʠʠ ʉʆ2 ʪʨʝʙʫʶʪʩʷ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʠ ʧʨʠ ʵʪʦʤ ʧʦʢʘʟʘʪʝʣʠ ʚʳʭʦʜʦʚ ʮʝʣʝʚʳʭ 
ʧʨʦʜʫʢʪʦʚ (ʘʣʴʜʝʛʠʜʦʚ ʠʣʠ ʩʧʠʨʪʦʚ) ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʝ. ʆʜʥʘʢʦ ʚʦʚʣʝʯʝʥʠʝ ʜʠʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ ʚ ʨʝʘʢʮʠʠ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʠ ʩʫʭʦʛʦ ʨʠʬʦʨʤʠʥʛʘ ʩ ʥʠʟʰʠʤʠ ʘʣʢʘʥʘʤʠ (ʵʪʠʣʝʥ, 
ʧʨʦʧʠʣʝʥ), ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʵʪʠʣʝʥ, ʉʆ ʠ ʚʦʜʦʨʦʜ. 

ɺʦʚʣʝʯʝʥʠʝ ʵʪʠʭ ʩʤʝʩʝʡ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 
ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʞʝʣʘʝʤʳʭ ʩʧʠʨʪʦʚ ʠ ʘʣʴʜʝʛʠʜʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʚ ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʨʘʙʦʪʘʥʳ ʠ ʛʘʟʦʚʳʝ 
ʩʤʝʩʠ, ʧʦʣʫʯʘʝʤʳʝ ʧʘʨʮʠʘʣʴʥʳʤ ʦʢʠʩʣʝʥʠʝʤ ʤʝʪʘʥʘ, ʘ ʪʘʢʞʝ ʵʪʠʣʝʥʩʦʜʝʨʞʘʱʠʝ 

ʥʝʬʪʝʟʘʚʦʜʩʢʠʝ ʛʘʟʳ, ʥʘʧʨʠʤʝʨ, ʩʫʭʦʡ ʛʘʟ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ. ʅʝʧʨʝʨʳʚʥʳʡ 
ʘʥʘʣʠʟ ʪʨʝʥʜʦʚ ʨʘʟʚʠʪʠʷ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ ʩ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʦʧʳʪʦʤ ʩʦʙʩʪʚʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝʬʪʝ- ʠ 
ʛʘʟʦʭʠʤʠʠ ʚ ʩʬʝʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʥʥʳʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 

 
2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʆʙʦʨʫʜʦʚʘʥʠʝ: 
- ʘʚʪʦʢʣʘʚ ʦʙʲʝʤʦʤ 50 ʤʣ (1 ʰʪ) 

- ʪʠʩʢʠ 
- ʣʝʥʪʘ ʌʋʄ 

- ʬʦʣʴʛʘ 
- ʢʚʘʨʮʝʚʘʷ ʧʨʦʙʠʨʢʘ-ʚʢʣʘʜʳʰ (1 ʰʪ) 
- ʤʘʛʥʠʪʥʘʷ ʤʝʰʘʣʢʘ (1 ʰʪ) 

- ʧʝʯʴ (1 ʰʪ)  
- ʰʧʘʪʝʣʴ 

- ʜʦʟʘʪʦʨ (1000 ʤʢʣ) ʠ ʥʝʩʢʦʣʴʢʦ ʩʤʝʥʥʳʭ ʥʘʢʦʥʝʯʥʠʢʦʚ 
- ʚʝʩʳ 

- ʛʘʟʦ-ʞʠʜʢʦʩʪʥʳʡ ʭʨʦʤʘʪʦʛʨʘʬ ʩ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʢʦʣʦʥʢʦʡ DB-
1 ʠʣʠ DB-5 ʩ ʟʘʨʘʥʝʝ ʧʦʜʦʙʨʘʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʨʘʟʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

 
ʈʝʘʢʪʠʚʳ: 

- ʪʦʣʫʦʣ 
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- ʛʝʢʩʝʥ-1 
- ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ (PPh3) 

- ʘʮʝʪʠʣʘʮʝʪʦʥʘʪ ʜʠʢʘʨʙʦʥʠʣ ʨʦʜʠʷ Rh(acac)(CO)2 

- ʥ-ʜʦʜʝʢʘʥ 

 
2.1 ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 1. ɺ ʢʚʘʨʮʝʚʫʶ ʧʨʦʙʠʨʢʫ ʧʦʤʝʩʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʘ 
ʪʘʢʞʝ ʷʢʦʨʴ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ: 

Rh(acac)(CO)2 2 ʤʛ 

ʊʦʣʫʦʣ 3 ʤʣ 

ʃʠʛʘʥʜ PPh3, 15 ʤʛ 

ɻʝʢʩʝʥ-1 0,5 ʤʣ 

 

 2. ɻʝʨʤʝʪʠʟʠʨʦʚʘʪʴ ʘʚʪʦʢʣʘʚ. ʇʦʜʩʦʝʜʠʥʠʪʴ ʘʚʪʦʢʣʘʚ ʢ ʙʘʣʣʦʥʫ ʩ ʩʠʥʪʝʟ-ʛʘʟʦʤ 
ʯʝʨʝʟ ʣʠʥʠʶ ʠ ʫʩʪʨʦʡʩʪʚʦ ʚʚʦʜʘ ʛʘʟʘ. ʇʨʦʜʫʪʴ ʘʚʪʦʢʣʘʚ ʜʚʘʞʜʳ ʩʠʥʪʝʟ-ʛʘʟʦʤ. ʅʘʙʨʘʪʴ 

ʜʘʚʣʝʥʠʝ 3.0 ʄʇʘ. ʆʪʩʦʝʜʠʥʠʪʴ ʣʠʥʠʶ ʦʪ ʘʚʪʦʢʣʘʚʘ. ʇʦʤʝʩʪʠʪʴ ʘʚʪʦʢʣʘʚ ʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʥʫʶ ʜʦ 90ᴈ ʧʝʯʴ. ɿʘʧʫʩʪʠʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠ ʥʘʯʘʪʴ 
ʦʪʩʯʝʪ ʚʨʝʤʝʥʠ.  

 3. ʇʦʩʣʝ 1 ʯ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʘʚʪʦʢʣʘʚ ʧʦʤʝʩʪʠʪʴ ʚ ʩʦʩʫʜ ʩ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ ʜʦ 
ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʘʣʝʝ ʘʢʢʫʨʘʪʥʦ ʩʙʨʦʩʠʪʴ ʜʘʚʣʝʥʠʝ ʠ ʦʪʢʨʳʪʴ 

ʘʚʪʦʢʣʘʚ. ɺ ʧʨʦʙʠʨʢʫ ʜʦʙʘʚʠʪʴ 0,5 ʤʣ ʥ-ʛʝʧʪʘʥʘ ʠ 0,5 ʤʣ ʥ-ʜʦʜʝʢʘʥʘ, ʟʘʧʠʩʘʚ ʠʭ ʤʘʩʩʳ. 
ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʝʪʦʜʦʤ ɻʍ, ʠʩʧʦʣʴʟʫʷ ʛʘʟʦ-ʞʠʜʢʦʩʪʥʳʡ 

ʭʨʦʤʘʪʦʛʨʘʬ ʩ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʢʦʣʦʥʢʦʡ DB-1 ʠʣʠ DB-5 ʩ ʟʘʨʘʥʝʝ 
ʧʦʜʦʙʨʘʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʨʘʟʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʦʠʟʚʝʩʪʠ ʦʙʨʘʙʦʪʢʫ 

ʭʨʦʤʘʪʦʛʨʘʤʤʳ. 
 

2.2 ʈʘʙʦʪʘ ʩ ʭʨʦʤʘʪʦʛʨʘʬʦʤ. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ çʍʨʦʤʦʩè. 

1. ɿʘʧʫʩʢ ʥʝʦʙʭʦʜʠʤʦʛʦ ʤʝʪʦʜʘ.  

ʅʘʞʤʠʪʝ ʢʥʦʧʢʫ ʩ ʢʨʘʩʥʳʤ ʪʨʝʫʛʦʣʴʥʠʢʦʤ ʠ ʥʦʤʝʨʦʤ ʢʘʥʘʣʘ (1 ʠʣʠ 2, ʧʦ ʫʢʘʟʘʥʠʶ 
ʧʨʝʧʦʜʘʚʘʪʝʣʷ) ʥʘ ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ.  
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ʇʦʷʚʠʪʩʷ ʦʢʥʦ ʩ ʚʳʙʦʨʦʤ ʤʝʪʦʜʦʚ. ɺʳʙʝʨʠʪʝ ʥʝʦʙʭʦʜʠʤʳʡ ʤʝʪʦʜ ʧʦ ʫʢʘʟʘʥʠʶ 
ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ɺ ʧʦʷʚʠʚʰʝʝʩʷ ʧʦʩʣʝ ʵʪʦʛʦ ʦʢʥʦ ʚʥʝʩʠʪʝ ʥʘʟʚʘʥʠʝ ʧʨʦʙʳ.  

2. ɼʦʞʜʠʪʝʩʴ ʟʝʣʝʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʥʘ ʧʨʠʙʦʨʝ ʨʷʜʦʤ ʩ ʥʘʜʧʠʩʴʶ çɻʦʪʦʚè ʠ 
ʩʦʦʙʱʝʥʠʷ çʇʨʠʙʦʨ ʛʦʪʦʚ ʢ ʟʘʧʠʩʠè ʥʘ ʤʦʥʠʪʦʨʝ ʢʦʤʧʴʶʪʝʨʘ. ʇʨʦʤʦʡʪʝ ʰʧʨʠʮ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʴʶ. ʅʘʙʝʨʠʪʝ 1 ʤʢʣ ʧʨʦʙʳ, ʟʘʢʦʣʠʪʝ ʚ ʭʨʦʤʘʪʦʛʨʘʬ ʠ ʩʨʘʟʫ ʧʦʩʣʝ 
ʟʘʢʦʣʘ ʥʘʞʤʠʪʝ ʢʥʦʧʢʫ ç1è ʠʣʠ ç2è ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ 

ʢʘʥʘʣʘ).  
3. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʤʝʪʦʜʘ, ʭʨʦʤʘʪʦʛʨʘʤʤʫ ʩʣʝʜʫʝʪ ʦʙʨʘʙʦʪʘʪʴ. ʉʨʘʟʫ ʧʦʩʣʝ 

ʘʥʘʣʠʟʘ ʭʨʦʤʘʪʦʛʨʘʤʤʘ ʧʦʷʚʣʷʝʪʩʷ ʥʘ ʵʢʨʘʥʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʦʪʢʨʳʪʴ ʜʨʫʛʫʶ (ʥʘʧʨʠʤʝʨ, ʧʦʣʫʯʝʥʥʫʶ ʨʘʥʝʝ) ʭʨʦʤʘʪʦʛʨʘʤʤʫ ʥʫʞʥʦ ʥʘʞʘʪʴ ʢʥʦʧʢʫ  
ʠ ʥʘʡʪʠ ʥʝʦʙʭʦʜʠʤʫʶ ʭʨʦʤʘʪʦʛʨʘʤʤʫ. ʆʥʠ ʦʪʩʦʨʪʠʨʦʚʘʥʳ ʧʦ ʤʝʪʦʜʘʤ ʠ ʚʨʝʤʝʥʠ ʟʘʢʦʣʘ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʛʨʘʤʤʘ ʩʘʤʘ ʦʪʤʝʯʘʝʪ ʧʠʢʠ, ʦʜʥʘʢʦ ʚʳʜʝʣʷʝʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʝ ʠʭ 
ʢʦʣʠʯʝʩʪʚʦ, ʧʦʵʪʦʤʫ ʥʫʞʥʦ ʫʜʘʣʠʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʨʘʟʤʝʪʢʫ ʠ ʧʨʦʠʟʚʝʩʪʠ ʨʫʯʥʫʶ 

ʦʙʨʘʙʦʪʢʫ. ɼʣʷ ʵʪʦʛʦ ʥʘʞʤʠʪʝ  ʥʘ ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ, ʘ ʟʘʪʝʤ  (ʜʦʙʘʚʠʪʴ ʧʠʢ). ʂʣʠʢʥʝʪʝ 
ʦʜʠʥ ʨʘʟ ʩʣʝʚʘ ʠ ʦʜʠʥ ʨʘʟ ʩʧʨʘʚʘ ʦʪ ʥʫʞʥʦʛʦ ʧʠʢʘ, ʧʦʚʪʦʨʠʪʝ ʜʣʷ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ 

ʧʠʢʦʚ (ʧʠʢʠ ʛʝʢʩʝʥʘ ʠ ʝʛʦ ʠʟʦʤʝʨʦʚ, ʧʠʢʠ ʘʣʴʜʝʛʠʜʦʚ ʠ ʩʧʠʨʪʦʚ ʉ7, ʧʠʢ ʚʥʫʪʨʝʥʥʝʛʦ 
ʩʪʘʥʜʘʨʪʘ). ʀʥʪʝʛʨʠʨʦʚʘʪʴ ʧʠʢʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʣʠʛʘʥʜʘ ʥʝ ʥʫʞʥʦ. ɽʩʣʠ ʧʠʢʠ ʚʳʭʦʜʷʪ 

ʙʣʠʟʢʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʯʘʩʪʠʯʥʦ ʩʣʠʚʘʶʪʩʷ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʥʦʧʢʠ çʜʦʙʘʚʠʪʴ 

ʥʝʨʘʟʜʝʣʝʥʥʳʡ ʩʣʝʚʘè  ʠ çʜʦʙʘʚʠʪʴ ʥʝʨʘʟʜʝʣʝʥʥʳʡ ʩʧʨʘʚʘè . ʇʝʨʝʜ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʢʥʦʧʦʢ ʥʫʞʥʦ ʜʚʘʞʜʳ ʢʣʠʢʥʫʪʴ ʥʘ ʫʞʝ ʩʦʟʜʘʥʥʳʡ ʧʠʢ (ʙʘʟʦʚʘʷ 
ʣʠʥʠʷ ʧʦʜ ʥʠʤ ʧʦʜʩʚʝʪʠʪʩʷ ʢʨʘʩʥʳʤ), ʥʘʞʘʪʴ ʥʫʞʥʫʶ ʢʥʦʧʢʫ, ʠ ʜʘʣʝʝ ʥʘʞʘʪʴ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʧʨʘʚʘ ʠʣʠ ʩʣʝʚʘ ʦʪ ʥʦʚʦʛʦ ʥʝʨʘʟʜʝʣʝʥʥʦʛʦ ʧʠʢʘ. ʆʰʠʙʦʯʥʦ 
ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʠʢ ʤʦʞʥʦ ʫʜʘʣʠʪʴ, ʚʳʜʝʣʠʚ ʝʛʦ ʠ ʥʘʞʘʚ ʢʥʦʧʢʫ  (ʫʜʘʣʠʪʴ ʧʠʢ).  

4. ʇʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʧʠʢʦʚ, ʧʦʜ ʭʨʦʤʘʪʦʛʨʘʤʤʦʡ ʧʦʷʚʠʪʩʷ ʪʘʙʣʠʮʘ ʩ ʫʢʘʟʘʥʠʝʤ 
ʚʨʝʤʝʥʠ ʫʜʝʨʞʠʚʘʥʠʷ, ʚʳʩʦʪʳ ʠ ʧʣʦʱʘʜʠ ʚʳʜʝʣʝʥʥʳʭ ʧʠʢʦʚ.  

 
ʀʟ ʵʪʦʡ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ ʚʳʧʠʩʘʪʴ ʧʣʦʱʘʜʠ ʜʣʷ ʢʘʞʜʦʛʦ ʥʫʞʥʦʛʦ ʜʣʷ ʨʘʩʯʝʪʦʚ 

ʢʦʤʧʦʥʝʥʪʘ.  
 

ʊʘʙʣʠʮʘ ʚʨʝʤʝʥ ʫʜʝʨʞʠʚʘʥʠʷ ʜʣʷ ʤʝʪʦʜʘ çʘʤʠʥʳ 4è 
ʂʦʤʧʦʥʝʥʪ ɺʨʝʤʷ, ʤʠʥ 

ɻʝʢʩʝʥ-1 10,0 

ɻʝʢʩʝʥ-2 10,3 

ɻʝʢʩʝʥ-3 10,5 

ɻʝʧʪʘʥ 12,9 

2-ʵʪʠʣʧʝʥʪʘʥʘʣʴ 18,9 

1-ʤʝʪʠʣʛʝʢʩʘʥʘʣʴ 19,2 

ɻʝʧʪʘʥʘʣʴ 20,7 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ, ʚʨʝʤʝʥʘ ʫʜʝʨʞʠʚʘʥʠʷ ʩʣʝʜʫʝʪ ʫʟʥʘʪʴ ʫ 
ʧʨʝʧʦʜʘʚʘʪʝʣʷ.  

 
2.3 ʈʘʩʯʝʪʥʘʷ ʯʘʩʪʴ  

ʄʦʜʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ï ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʝ ʛʝʢʩʝʥʘ-1: 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚ ʚʝʱʝʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ 
ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʛʦʪʦʚʠʪʩʷ ʩʝʨʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩ ʠʟʚʝʩʪʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ʠ 
ʩʪʨʦʠʪʩʷ ʛʨʘʜʫʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʜʫʠʨʦʚʦʯʥʳʝ ʛʨʘʬʠʢʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʧʨʠʙʦʨʝ çʍʨʦʤʦʩè ʜʣʷ ʛʝʧʪʘʥʘʣʷ ʠ ʛʝʧʪʘʥʦʣʘ-1. ɻʨʘʬʠʢʠ ʤʦʞʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚ ʩʧʠʨʪʦʚ ʠ ʘʣʴʜʝʛʠʜʦʚ ʨʘʟʚʝʪʚʣʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʥʠʭ ʦʪʢʣʠʢ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʢʣʠʢʫ 
ʜʣʷ ʠʭ ʣʠʥʝʡʥʳʭ ʠʟʦʤʝʨʦʚ.  

ʇʨʠʤʝʨ ʧʦʣʫʯʝʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʤʤʳ: 

 

ɻʨʘʜʫʠʨʦʚʢʫ ʧʦ ʥ-ʛʝʧʪʘʥʫ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠʟʦ-ʛʝʢʩʝʥʦʚ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʘ ʧʦ ʥ-ʜʦʜʝʢʘʥʫ ï ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʘʣʴʜʝʛʠʜʦʚ. 
ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʘ ʤʦʣʴ ʠʟʦ-ʛʝʢʩʝʥʦʚ ʠ ʘʣʴʜʝʛʠʜʦʚ, 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʝ ʫʨʘʚʥʝʥʠʷ, 



81 

ʢʦʪʦʨʳʝ ʦʪʦʙʨʘʞʘʶʪ ʚʟʘʠʤʦʩʚʷʟʴ ʢʦʣʠʯʝʩʪʚʘ ʜʦʙʘʚʣʝʥʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʠ ʢʦʣʠʯʝʩʪʚʘ 
ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʚʝʣʠʯʠʥʘʤʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʣʦʱʘʜʝʡ ʧʠʢʦʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

  

S(ʛʝʢʩʝʥ)/S(ʩʪ) = 0.8058* (n ʛʝʢʩʝʥ/n ʩʪ) - 0.0015 

 

S(ʘʣʴʜʝʛ)/S(ʩʪ) = 0.4849* (n ʘʣʴʜʝʛ/n ʩʪ) + 0.046 

3. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʈʘʩʩʯʠʪʘʪʴ ʚʳʭʦʜʳ ʠʟʦ-ʛʝʢʩʝʥʦʚ ʠ ʘʣʴʜʝʛʠʜʦʚ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʣʠʯʝʩʪʚʘ 
ʟʘʛʨʫʞʝʥʥʦʛʦ ʛʝʢʩʝʥʘ-1; 

2. ʈʘʩʩʯʠʪʘʪʴ TOF ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʴʜʝʛʠʜʦʚ ʚ ʯ ï1; 
3. ʈʘʩʩʯʠʪʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʥ/ʠʟʦ ʜʣʷ ʘʣʴʜʝʛʠʜʦʚ; 

4. ʈʘʩʩʯʠʪʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ P/Rh ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ; 
5. ʆʮʝʥʠʪʴ ʤʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ ʨʝʘʢʮʠʠ ʠ ʚʝʣʠʯʠʥʫ ʧʦʪʝʨʴ. 

6. ʂʦʤʧʣʝʢʩʳ ʢʘʢʠʭ ʤʝʪʘʣʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʠ ʚ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ?  

7. ʂʘʢʠʝ ʝʱʝ ʧʨʠʤʝʨʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʛʦʤʦʛʝʥʥʦʛʦ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʘʣʠʟʘ ʚʘʤ 
ʠʟʚʝʩʪʥʳ? ʏʪʦ ʫ ʥʠʭ ʦʙʱʝʛʦ ʩ ʧʨʦʮʝʩʩʦʤ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ?  

8. ɼʣʷ ʢʘʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ 
ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ ʠ ʧʦʯʝʤʫ?  

9. ɺ ʯʸʤ ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʘʥʜʝʤʥʳʭ ʧʨʦʮʝʩʩʦʚ? ʂʘʢʠʝ ʝʱʝ ʪʘʥʜʝʤʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘ ʦʩʥʦʚʝ 
ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚʘʤ ʦʩʫʱʝʩʪʚʠʤʳʤʠ?  

10. ʇʦʯʝʤʫ ʨʘʟʣʠʯʘʝʪʩʷ ʯʠʩʣʦ ʘʣʴʜʝʛʠʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʚʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ?  
11. ʀʟʦʙʨʘʟʠʪʝ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʷ ʚ ʨʦʜʠʝʚʦʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʣʠʛʘʥʜʦʚ, ʝʩʣʠ ʠʩʭʦʜʥʳʤ ʩʫʙʩʪʨʘʪʦʤ ʙʳʣ ʘ) 3-
ʬʝʥʠʣʧʨʦʧʝʥ-1 ʙ) ʛʝʧʪʝʥ-2. 

 
4. ʃʠʪʝʨʘʪʫʨʘ 

1. Hydroformylation: Fundamentals, Processes, and Applications // in Organic Synthesis, 
First Ed. Bºrner A., Franke R. Wiley-VCH Verlag GmbH & Co. 2016. P. 1. 
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2. ʈʳʙʘʢʦʚ ɺ.ɸ., ɽʣʴʢʠʥ ɸ.ʃ., ʊʶʢʘʚʠʥ ɻ.ʅ., ʃʫʨʠʷ ɺ.ɹ., ʈʷʙʦʚ ɺ.ɻ. // ʊʝʭʥʦʣʦʛʠʷ 
ʦʢʩʦʩʠʥʪʝʟʘ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ ʦʢʠʩʠ ʫʛʣʝʨʦʜʘ. ʇʝʨʤʴ: ʉʠʙʫʨ-

ʍʠʤʧʨʦʤ, 2004. 229 C. 
3. Feng S., Jiang M., Song X. et al. Angew. Chemie. 2023. Vol. 135, ˉ 30. ʈ. e202304 

4. Nenasheva M., Gorbunov D., Karasaeva M. et al. Mol. Catal. 2021.Vol. 516. P. 112010. 
5. Gorbunov D., Nenasheva M., Naranov E. et al. Appl. Catal. A Gen. 2021. Vol. 623. P. 

118266. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ  

ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ 
ɸʚʪʦʨʳ: ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ʃ.ɸ.ʂʫʣʠʢʦʚ, ɺ.ɸ. ʗʨʯʘʢ 

 ɿʘʜʘʯʘ ʩʦʜʝʨʞʠʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 
ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʢ ʜʠʟʝʣʴʥʦʤʫ ʪʦʧʣʠʚʫ , ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ 
ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ. 

 ʎʝʣʴ: ʦʟʥʘʢʦʤʠʪʴ ʩʪʫʜʝʥʪʦʚ ʩ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʠʣʦʚʳʭ 
ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚʘʭ ʧʦ ɻʆʉʊ EN 14078-2016, ʧʨʦʚʦʜʠʤʦʛʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʉʦʜʝʨʞʘʥʠʝ 

1.ɺʚʝʜʝʥʠʝ 
2. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ    

      2.1 ɼʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ. ʉʚʦʡʩʪʚʘ, ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ     
      2.2 ɹʠʦ-ʜʠʟʝʣʴ. ʕʬʠʨʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ   

      2.3 ʆʧʨʝʜʝʣʝʥʠʝ FAME ʚ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ   
      2.4 ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ: ʦʩʥʦʚʳ ʠ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ   

3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 
    3.1 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ 

     3.2 ʉʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʝ ʠʟʤʝʨʝʥʠʝ 
    3.3 ʂʘʣʠʙʨʦʚʦʯʥʘʷ ʬʫʥʢʮʠʷ ʠ ʘʥʘʣʠʟ ʧʨʦʙ 

4. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
5. ʃʠʪʝʨʘʪʫʨʘ 

 
1. ɺʚʝʜʝʥʠʝ 

ɼʘʥʥʘʷ ʤʝʪʦʜʠʯʝʩʢʘʷ ʨʘʟʨʘʙʦʪʢʘ ʢ ʟʘʜʘʯʝ ʩʧʝʮʧʨʘʢʪʠʢʫʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 
ʩʪʫʜʝʥʪʦʚ 5 ʢʫʨʩʘ ʍʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ (IX ï X ʩʝʤʝʩʪʨ) ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ ʢʘʬʝʜʨʝ ʭʠʤʠʠ ʥʝʬʪʠ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘ. ʎʝʣʴ ʟʘʜʘʯʠ ï 
ʦʟʥʘʢʦʤʠʪʴ ʩʪʫʜʝʥʪʦʚ ʩ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ ʚ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚʘʭ ʧʦ ɻʆʉʊ EN 14078-2016, ʧʨʦʚʦʜʠʤʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɺ ʭʦʜʝ ʟʘʜʘʯʠ ʩʪʫʜʝʥʪʫ ʥʝʦʙʭʦʜʠʤʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʣʠʪʝʨʘʪʫʨʦʡ ʧʦ 

ʪʝʤʝ ʨʘʙʦʪʳ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʠʪʴ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʨʘʩʪʚʦʨʳ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 
ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʧʨʦʚʝʩʪʠ ʨʝʛʠʩʪʨʘʮʠʶ ʀʂ-ʩʧʝʢʪʨʦʚ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ, ʧʨʦʚʝʩʪʠ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
ʜʘʥʥʳʭ ʠ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʚʳʜʘʥʥʳʭ 

ʦʙʨʘʟʮʘʭ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ. ɺʳʧʦʣʥʝʥʠʝ ʦʜʥʦʡ ʟʘʜʘʯʠ ʧʦʨʫʯʘʝʪʩʷ ʜʚʫʤ ʩʪʫʜʝʥʪʘʤ. ʅʘ 
ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯʠ ʦʪʚʦʜʠʪʩʷ 2 ʯʘʩʘ. ɿʘʚʝʨʰʝʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʩʯʠʪʘʝʪʩʷ 

ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʢʦʨʨʝʢʪʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʬʠʨʦʚ 
ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʚʳʜʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʪʦʧʣʠʚ, ʥʘʧʠʩʘʥʠʝ ʦʪʯʝʪʘ ʠ ʜʦʢʣʘʜ ʧʨʝʧʦʜʘʚʘʪʝʣʶ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ. ɺ ʧʦʩʦʙʠʠ ʧʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʩʦʩʪʘʚʝ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʠ 
ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʠʭ ʢʘʯʝʩʪʚʘ, ʩʚʦʡʩʪʚʘ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʩʧʦʩʦʙʘʭ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʪʦʧʣʠʚʘʭ, ʘ ʪʘʢʞʝ ʩʚʝʜʝʥʠʷ ʦ ʩʫʱʥʦʩʪʠ ʤʝʪʦʜʘ ʀʂ-
ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʀʟʣʘʛʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 
ʨʠʩʫʥʢʘʤʠ, ʩʭʝʤʘʤʠ ʠ ʧʨʠʤʝʨʘʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ ʩʪʫʜʝʥʪʳ ʧʨʠʦʙʨʝʪʘʶʪ ʨʷʜ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʝʪʝʥʮʠʡ ʧʦ ʩʧʝʮʠʘʣʠʟʘʮʠʠ çʅʝʬʪʝʭʠʤʠʷè, ʚ ʯʘʩʪʥʦʩʪʠ:  

¶ ʚʣʘʜʝʥʠʝ ʦʩʥʦʚʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʧʦʜʭʦʜʘʤʠ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʚ ʦʙʣʘʩʪʠ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ, ʥʝʬʪʝ- ʠ ʛʘʟʦʭʠʤʠʠ, 
ʢʘʪʘʣʠʟʘ, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʉ-ʉʇʂ-2); 

¶ ʚʣʘʜʝʥʠʝ ʤʝʪʦʜʠʢʦʡ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦ-
ʪʝʭʥʠʯʝʩʢʠʭ, ʧʘʪʝʥʪʥʳʭ ʠ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʦʙʣʘʩʪʠ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ, ʥʝʬʪʝ- ʠ 

ʛʘʟʦʭʠʤʠʠ, ʢʘʪʘʣʠʟʘ (ʉ-ʉʇʂ-3); 



84 

 
ʀʥʜʠʢʘʪʦʨʳ ʜʦʩʪʠʞʝʥʠʷ ʢʦʤʧʝʪʝʥʮʠʡ. ʆʙʫʯʘʶʱʠʝʩʷ ʜʦʣʞʥʳ  

¶ ʟʥʘʪʴ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʘ, ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʤʝʪʦʜʘ ʀʂ-
ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʘʥʘʣʠʟʘ ʞʠʜʢʠʭ ʠ ʪʚʸʨʜʳʭ ʦʙʨʘʟʮʦʚ; ʩʦʩʪʘʚ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ, 

ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʭ ʢʘʯʝʩʪʚʘ ʠ ʤʝʪʦʜʳ ʠʭ ʦʮʝʥʢʠ; 

¶ ʫʤʝʪʴ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʛʨʘʤʦʪʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ; 

¶ ʠʤʝʪʴ ʥʘʚʳʢʠ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

 
ɿʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʧʨʦʠʟʦʰʝʣ ʨʝʟʢʠʡ ʨʦʩʪ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ: ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩ ʪʦʚʘʨʦʦʙʦʨʦʪ ʤʝʞʜʫ ʩʪʨʘʥʘʤʠ ɽʚʨʦʧʳ, ɸʤʝʨʠʢʠ ʠ 
ɸʟʠʠ, ʫʚʝʣʠʯʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʢʘʢ ʛʨʫʟʦʚʦʛʦ, ʪʘʢ ʠ ʣʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʩʪʘʣʘ 

ʧʦʧʫʣʷʨʥʦʡ ʢʫʨʴʝʨʩʢʘʷ ʜʦʩʪʘʚʢʘ ʪʦʚʘʨʦʚ ʥʘ ʜʦʤ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʨʦʩʪʦʤ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ. ɺ 2020 ʛʦʜʫ ʚ ʈʦʩʩʠʠ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʚʳʩʦʢʦʦʢʪʘʥʦʚʦʛʦ ʙʝʥʟʠʥʘ ʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩʪʘʥʜʘʨʪʘ ʂ5 ʩʦʩʪʘʚʠʣʦ 38,5 ʠ 78,4 ʤʣʥ 
ʪʦʥʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 2000 ʛʦʜʫ ï 27.2 ʠ 49.2 ʤʣʥ ʪʦʥʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʷʶʪʩʷ ʠ ʩʪʘʥʜʘʨʪʳ ʢʘʯʝʩʪʚʘ ʪʦʧʣʠʚ: ʫʤʝʥʴʰʘʶʪʩʷ ʜʦʧʫʩʪʠʤʳʝ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʥʠʩʪʳʭ ʠ ʘʟʦʪʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʚʦʜʷʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʧʦ 

ʦʙʷʟʘʪʝʣʴʥʦʤʫ ʥʘʣʠʯʠʶ ʧʨʠʩʘʜʦʢ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʥʦʚʳʝ ʧʦ ʩʦʩʪʘʚʫ 
ʪʦʧʣʠʚʘ, ʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʥʝ ʥʝʬʪʷʥʦʛʦ, ʘ ʞʠʚʦʪʥʦʛʦ ʠʣʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï ʙʠʦʪʦʧʣʠʚʘ. ʇʨʠʤʝʨ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ï ʤʝʪʠʣʦʚʳʝ ʵʬʠʨʳ ʞʠʨʥʳʭ 
ʢʠʩʣʦʪ (Fat Acid Methyl Esters, ʩʦʢʨ. FAME), ʧʦʣʫʯʘʝʤʳʝ ʧʝʨʝʵʪʝʨʝʬʠʢʘʮʠʝʡ 

ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʩ ʤʝʪʘʥʦʣʦʤ. ʕʪʠ ʵʬʠʨʳ ʭʦʨʦʰʦ ʩʤʝʰʠʚʘʶʪʩʷ ʩ 
ʥʝʬʪʷʥʳʤʠ ʜʠʩʪʠʣʣʷʪʘʤʠ, ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʴʶ ʠ ʩʤʘʟʳʚʘʶʱʠʤʠ 

ʩʧʦʩʦʙʥʦʩʪʷʤʠ, ʚʳʩʦʢʠʤ ʮʝʪʘʥʦʚʳʤ ʯʠʩʣʦʤ, ʥʠʟʢʠʤʠ ʫʨʦʚʥʷʤʠ ʵʤʠʩʩʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝʤ 
ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ, ʘ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʜʠʟʝʣʷʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 20 %. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ FAME ʚ ʪʦʧʣʠʚʘʭ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʠ ʩ ʧʦʤʦʱʴʶ 
ʤʝʪʦʜʘ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ, ʫʜʦʙʥʝʝ, 
ʙʳʩʪʨʝʝ ʠ ʪʦʯʥʝʝ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʪʦʜ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʂʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ, 

ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʩʪʨʫʢʪʫʨʝ FAME, ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʡ ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʚ ʀʂ-
ʩʧʝʢʪʨʘʭ ʚ ʦʙʣʘʩʪʠ 1730-1760 ʩʤ-1, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʝʸ ʜʘʞʝ ʥʘ ʬʦʥʝ ʤʥʦʛʠʭ 

ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ C=O ʩʚʷʟʴʶ ï ʢʝʪʦʥʦʚ, ʘʤʠʜʦʚ ʠ ʥʝʢʦʪʦʨʳʭ ʘʣʴʜʝʛʠʜʦʚ. ʅʘ ʦʩʥʦʚʝ 
ʤʝʪʦʜʘ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʪʘʥʜʘʨʪʳ ʢʘʯʝʩʪʚʘ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, 

ʪʘʢʠʝ ʢʘʢ ʝʚʨʦʧʝʡʩʢʠʡ ʩʪʘʥʜʘʨʪ EN 14078:2014* "ʅʝʬʪʝʧʨʦʜʫʢʪʳ ʞʠʜʢʠʝ. ʆʧʨʝʜʝʣʝʥʠʝ 
ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (FAME) ʚ ʩʨʝʜʥʠʭ ʜʠʩʪʠʣʣʷʪʘʭ. ʄʝʪʦʜ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʩʧʝʢʪʨʦʤʝʪʨʠʠ" ["Liquid petroleum products - Determination of fatty acid methyl esters 
(FAME) in middle distillates - Infrared spectrometry method"] ʠ ʝʛʦ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʦʛ 

ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ ɻʆʉʊ EN 14078-2016 "ʅʝʬʪʝʧʨʦʜʫʢʪʳ ʞʠʜʢʠʝ. 
ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (FAME) ʚ ʩʨʝʜʥʠʭ 

ʜʠʩʪʠʣʣʷʪʘʭ ʤʝʪʦʜʦʤ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠè ["Liquid petroleum products. 
Determination of fatty acid methyl esters (FAME) in middle distillates by infrared spectrometry 

method"].  
ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʝʪʦʜʘ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (FAME) ʚ ʜʠʟʝʣʴʥʳʭ 
ʪʦʧʣʠʚʘʭ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ ʟʘʜʘʯʠ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ 

ʢʘʯʝʩʪʚʘ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ, ʩʚʦʡʩʪʚʘʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʩʧʦʩʦʙʘʭ ʦʧʨʝʜʝʣʝʥʠʷ 
ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʪʦʧʣʠʚʘʭ, ʘ ʪʘʢʞʝ ʩʚʝʜʝʥʠʷ ʦ ʩʫʱʥʦʩʪʠ ʤʝʪʦʜʘ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʠ ʦʛʨʘʥʠʯʝʥʠʷʭ.    
 

2. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

2.1 ɼʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ. ʉʚʦʡʩʪʚʘ, ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ 

ɼʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ï ʞʠʜʢʠʡ ʧʨʦʜʫʢʪ, ʠʩʧʦʣʴʟʫʶʱʠʡʩʷ ʢʘʢ ʪʦʧʣʠʚʦ ʚ ʜʠʟʝʣʴʥʦʤ 
ʜʚʠʛʘʪʝʣʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. ʆʙʳʯʥʦ ʧʦʜ ʵʪʠʤ ʪʝʨʤʠʥʦʤ ʧʦʥʠʤʘʶʪ ʪʦʧʣʠʚʦ, 
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ʧʦʣʫʯʘʶʱʝʝʩʷ ʠʟ ʢʝʨʦʩʠʥʦʚʦ-ʛʘʟʦʡʣʝʚʳʭ ʬʨʘʢʮʠʡ ʧʨʷʤʦʡ ʧʝʨʝʛʦʥʢʠ ʥʝʬʪʠ; ʜʘʥʥʳʡ 
ʥʝʬʪʝʧʨʦʜʫʢʪ ʩʦʩʪʦʠʪ ʠʟ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʚʳʢʠʧʘʶʱʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180-360ÁC. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʚ ʩʦʩʪʘʚ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚʭʦʜʷʪ ʧʘʨʘʬʠʥʦʚʳʝ (ʦʪ 10 ʜʦ 40%), ʥʘʬʪʝʥʦʚʳʝ 
(ʦʪ 20 ʜʦ 60 %) ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ (ʦʪ 15 ʜʦ 30 %) ʫʛʣʝʚʦʜʦʨʦʜʳ ʩ 18-35 ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʜʘʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʠʭ ʩʪʨʫʢʪʫʨʘ, ʥʘʣʠʯʠʝ ʧʨʠʩʘʜʦʢ ʠ ʧʨʦʯʠʭ 
ʩʦʝʜʠʥʝʥʠʡ ʚʣʠʷʶʪ ʥʘ ʩʚʦʡʩʪʚʘ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ: ʝʛʦ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ, 

ʢʦʢʩʫʝʤʦʩʪʴ, ʚʷʟʢʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʤʫʪʥʝʥʠʷ ʠ ʧʨʝʜʝʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 
ʬʠʣʴʪʨʫʝʤʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ʛʦʜʘ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʘʷ, ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʙʦʣʝʝ ʚʷʟʢʦʝ ʪʦʧʣʠʚʦ ʩ ʧʨʝʜʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 
ʬʠʣʴʪʨʫʝʤʦʩʪʠ ʜʦ -5Áʉ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʠʤʦʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʫʞʝ ʤʝʥʝʝ ʚʷʟʢʦʝ 

ʪʦʧʣʠʚʦ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʬʠʣʴʪʨʫʝʤʦʩʪʠ (ʜʦ -35Áʉ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʝʥʠʷ, ʦʙʳʯʥʦʝ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʩʣʝʜʫʶʱʠʝ ʤʘʨʢʠ:  

¶ ʃ ï ʣʝʪʥʝʝ, ʨʝʢʦʤʝʥʜʫʝʤʦʝ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʛʦ 
ʚʦʟʜʫʭʘ ʤʠʥʫʩ 5Áʉ ʠ ʚʳʰʝ; 

¶ ɽ ï ʤʝʞʩʝʟʦʥʥʦʝ, ʨʝʢʦʤʝʥʜʫʝʤʦʝ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʤʠʥʫʩ 15Áʉ ʠ ʚʳʰʝ; 

¶ ɿ ï ʟʠʤʥʝʝ, ʨʝʢʦʤʝʥʜʫʝʤʦʝ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʛʦ 

ʚʦʟʜʫʭʘ ʜʦ ʤʠʥʫʩ 25Áʉ (ʧʨʝʜʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʬʠʣʴʪʨʫʝʤʦʩʪʠ - ʥʝ ʚʳʰʝ ʤʠʥʫʩ 25Áʉ) 
ʠ ʜʦ ʤʠʥʫʩ 35Áʉ (ʧʨʝʜʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʬʠʣʴʪʨʫʝʤʦʩʪʠ - ʥʝ ʚʳʰʝ ʤʠʥʫʩ 35Áʉ); 

¶ ɸ ï ʘʨʢʪʠʯʝʩʢʦʝ, ʨʝʢʦʤʝʥʜʫʝʤʦʝ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʤʠʥʫʩ 45Áʉ ʠ ʚʳʰʝ 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʢʘʯʝʩʪʚʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ: ʦʙʳʯʥʦʝ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ï ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʘ ɻʆʉʊ 

305-2013 çʊʦʧʣʠʚʦ ʜʠʟʝʣʴʥʦʝ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè, ʘ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ɽɺʈʆ ï ʩ 
ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʘ ɻʆʉʊ 32511-2013 (EN 590:2009) çʊʦʧʣʠʚʦ ʜʠʟʝʣʴʥʦʝ ɽɺʈʆ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè. ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʧʦ ʜʘʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ 
ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1 ï 3. ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʩʪʘʥʜʘʨʪ ɻʆʉʊ 32511-2013 (EN 

590:2009) ʨʝʛʫʣʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ, ʯʝʤ ɻʆʉʊ 305-2013. 
ʊʘʢʞʝ ʜʘʥʥʳʡ ʩʪʘʥʜʘʨʪ ʧʨʝʜʣʘʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʨʘʟʜʝʣʝʥʠʝ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ 

ʧʦ ʢʘʯʝʩʪʚʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʥʥʦ ʚ ʥʸʤ ʧʦʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ 
ʩʦʜʝʨʞʘʥʠʷ  

 
ʊʘʙʣʠʮʘ 1. ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʧʦ ɻʆʉʊ 305-2013 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 
ɿʥʘʯʝʥʠʝ ʜʣʷ ʤʘʨʢʠ 

ʃ ɽ ɿ ɸ 

1 ʎʝʪʘʥʦʚʦʝ ʯʠʩʣʦ, ʥʝ ʤʝʥʝʝ 45 

2 

ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ:     

50% ʧʝʨʝʛʦʥʷʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ÁC, 
ʥʝ ʚʳʰʝ 

280 280 280 255 

95% (ʧʦ ʦʙʲʝʤʫ) ʧʝʨʝʛʦʥʷʝʪʩʷ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ, Áʉ, ʥʝ ʚʳʰʝ 

360 360 360 360 

3 
ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠ 20Áʉ,  

ʤʤ2/ʩ (ʩʉʪ) 
3,0-6,0 3,0-6,0 1,8-5,0 1,5-4,0 

4 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʚ 

ʟʘʢʨʳʪʦʤ ʪʠʛʣʝ, Áʉ, ʥʝ ʥʠʞʝ: 
    

ʜʣʷ ʪʝʧʣʦʚʦʟʥʳʭ ʠ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ ʠ 

ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ 
62 62 40 35 

ʜʣʷ ʜʠʟʝʣʝʡ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ 40 40 30 30 
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5 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʩʝʨʳ, ʤʛ/ʢʛ, ʥʝ ʙʦʣʝʝ 
2000 ʠʣʠ 500 (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ) 

6 
ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʤʝʨʢʘʧʪʘʥʦʚʦʡ ʩʝʨʳ, %, 
ʥʝ ʙʦʣʝʝ 

0,01 

7 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʩʝʨʦʚʦʜʦʨʦʜʘ ʆʪʩʫʪʩʪʚʠʝ 

8 ʀʩʧʳʪʘʥʠʝ ʥʘ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʢʝ ɺʳʜʝʨʞʠʚʘʝʪ. ʂʣʘʩʩ 1 

9 
ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʠʩʣʦʪ ʠ 
ʱʝʣʦʯʝʡ 

ʆʪʩʫʪʩʪʚʠʝ 

10 
ʂʠʩʣʦʪʥʦʩʪʴ, ʤʛ Kʆʅ ʥʘ 100 ʩʤ3 ʪʦʧʣʠʚʘ, 
ʥʝ ʙʦʣʝʝ 

5 

11 
ʁʦʜʥʦʝ ʯʠʩʣʦ, ʛ ʡʦʜʘ ʥʘ 100 ʛ ʪʦʧʣʠʚʘ, ʥʝ 

ʙʦʣʝʝ 
6 

12 ɿʦʣʴʥʦʩʪʴ, %, ʥʝ ʙʦʣʝʝ 0,01 

13 
ʂʦʢʩʫʝʤʦʩʪʴ, 10%-ʥʦʛʦ ʦʩʪʘʪʢʘ, %, ʥʝ 
ʙʦʣʝʝ 

0,20 

14 ʆʙʱʝʝ ʟʘʛʨʷʟʥʝʥʠʝ, ʤʛ/ʢʛ, ʥʝ ʙʦʣʝʝ 24 

15 ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ, ʤʛ/ʢʛ, ʥʝ ʙʦʣʝʝ 200 

16 ʇʣʦʪʥʦʩʪʴ ʧʨʠ 15Áʉ, ʢʛ/ʤ3, ʥʝ ʙʦʣʝʝ 863,4 863,4 843,4 833,5 

17 
ʇʨʝʜʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʬʠʣʴʪʨʫʝʤʦʩʪʠ, 

Áʉ, ʥʝ ʚʳʰʝ 
ï 5 ï 15 

 ʆʪ ï 25 

ʜʦ ï 35 
ï 45 

 
ʊʘʙʣʠʮʘ 2. ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʣʝʪʥʝʛʦ ʠ ʤʝʞʩʝʟʦʥʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ɽɺʈʆ ʧʦ 

ɻʆʉʊ 32511-2013 (EN 590:2009) 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 
ɿʥʘʯʝʥʠʝ ʜʣʷ ʩʦʨʪʘ 

A B C D E F 

1 ʎʝʪʘʥʦʚʦʝ ʯʠʩʣʦ, ʥʝ ʤʝʥʝʝ 51,0 

2 ʎʝʪʘʥʦʚʳʡ ʠʥʜʝʢʩ, ʥʝ ʤʝʥʝʝ 46,0 

3 ʇʣʦʪʥʦʩʪʴ ʧʨʠ 15Áʉ, ʢʛ/ʤ3 820,0-845,0 

4 
ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ, %, ʥʝ ʙʦʣʝʝ 

8,0 

5 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʩʝʨʳ, ʤʛ/ʢʛ, ʥʝ ʙʦʣʝʝ, ʜʣʷ ʪʦʧʣʠʚʘ:  

ʂ3 350,0 

ʂ4 50,0 

ʂ5 10,0 

6 
ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʚ ʟʘʢʨʳʪʦʤ 

ʪʠʛʣʝ, Áʉ, ʚʳʰʝ 
55 

7 
ʂʦʢʩʫʝʤʦʩʪʴ10%-ʥʦʛʦ ʦʩʪʘʪʢʘ ʨʘʟʛʦʥʢʠ, % ʤʘʩʩ., 

ʥʝ ʙʦʣʝʝ 
0,3 

8 ɿʦʣʴʥʦʩʪʴ, % ʤʘʩʩ., ʥʝ ʙʦʣʝʝ 0,01 

9 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʚʦʜʳ, ʤʛ/ʢʛ, ʥʝ ʙʦʣʝʝ 200 

10 ʆʙʱʝʝ ʟʘʛʨʷʟʥʝʥʠʝ, ʤʛ/ʢʛ, ʥʝ ʙʦʣʝʝ 24 

11 ʂʦʨʨʦʟʠʷ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʢʠ (3 ʯ ʧʨʠ 50Áʉ) ʂʣʘʩʩ 1 

12 

ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ:  

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʘ, ʛ/ʤ3, ʥʝ ʙʦʣʝʝ 25 

ʯʘʩʦʚ, ʥʝ ʤʝʥʝʝ (ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ FAME ʙʦʣʝʝ 2% 
ʦʙ.) 

20 
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13 

ʉʤʘʟʳʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ: ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ 

ʜʠʘʤʝʪʨ ʧʷʪʥʘ ʠʟʥʦʩʘ (wsd 1,4) ʧʨʠ 60Áʉ, ʤʢʤ, ʥʝ 

ʙʦʣʝʝ 

460 

14 ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠ 40Áʉ, ʤʤ2/ʩ 2,0 ï 4,5 

15 

ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ:  

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250Áʉ ʧʝʨʝʛʦʥʷʝʪʩʷ, % ʦʙ., 

ʤʝʥʝʝ 
65 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350Áʉ ʧʝʨʝʛʦʥʷʝʪʩʷ, % ʦʙ., ʥʝ 
ʤʝʥʝʝ 

85 

95% ʦʙ. ʧʝʨʝʛʦʥʷʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, Áʉ, ʥʝ 
ʚʳʰʝ 

360 

16 
ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, % 

ʦʙ., ʥʝ ʙʦʣʝʝ 
7,0 

17 
ʇʨʝʜʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʬʠʣʴʪʨʫʝʤʦʩʪʠ, Áʉ, ʥʝ 

ʚʳʰʝ 
5 0 -5 -10 -15 -20 

 

ʊʘʙʣʠʮʘ 3. ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʟʠʤʥʝʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ɽɺʈʆ ʧʦ ɻʆʉʊ 32511-2013 
(EN 590:2009) 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 
ɿʥʘʯʝʥʠʝ ʜʣʷ ʢʣʘʩʩʘ 

0 1 2 3 4 

1 ʎʝʪʘʥʦʚʦʝ ʯʠʩʣʦ, ʥʝ ʤʝʥʝʝ 49 49 48 47 47 

2 ʎʝʪʘʥʦʚʳʡ ʠʥʜʝʢʩ, ʥʝ ʤʝʥʝʝ 46 46 46 43 43 

3 ʇʣʦʪʥʦʩʪʴ ʧʨʠ 15Áʉ, ʢʛ/ʤ3 
800 ï 
845 

800 ï 
845 

800 ï 
840 

800 ï 
840 

800 ï 
840 

4 
ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ, %, ʥʝ ʙʦʣʝʝ 

8,0 

5 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʩʝʨʳ, ʤʛ/ʢʛ, ʥʝ ʙʦʣʝʝ, ʜʣʷ ʪʦʧʣʠʚʘ:  

ʂ3 350,0 

ʂ4 50,0 

ʂ5 10,0 

6 
ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʚ ʟʘʢʨʳʪʦʤ 

ʪʠʛʣʝ, Áʉ, ʚʳʰʝ 
55 55 40 30 30 

7 
ʂʦʢʩʫʝʤʦʩʪʴ10%-ʥʦʛʦ ʦʩʪʘʪʢʘ ʨʘʟʛʦʥʢʠ, % ʤʘʩʩ., 

ʥʝ ʙʦʣʝʝ 
0,3 

8 ɿʦʣʴʥʦʩʪʴ, % ʤʘʩʩ., ʥʝ ʙʦʣʝʝ 0,01 

9 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʚʦʜʳ, ʤʛ/ʢʛ, ʥʝ ʙʦʣʝʝ 200 

10 ʆʙʱʝʝ ʟʘʛʨʷʟʥʝʥʠʝ, ʤʛ/ʢʛ, ʥʝ ʙʦʣʝʝ 24 

11 ʂʦʨʨʦʟʠʷ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʢʠ (3 ʯ ʧʨʠ 50Áʉ) ʂʣʘʩʩ 1 

12 

ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ:  

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʘ, ʛ/ʤ3, ʥʝ ʙʦʣʝʝ 25 

ʯʘʩʦʚ, ʥʝ ʤʝʥʝʝ (ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ FAME ʙʦʣʝʝ 2% 
ʦʙ.) 

20 

13 
ʉʤʘʟʳʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ: ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ 
ʜʠʘʤʝʪʨ ʧʷʪʥʘ ʠʟʥʦʩʘ (wsd 1,4) ʧʨʠ 60Áʉ, ʤʢʤ, ʥʝ 

ʙʦʣʝʝ 

460 

14 ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠ 40Áʉ, ʤʤ2/ʩ 1,5 ï 4 1,5 ï 4 1,5 ï 4 1,4 ï 4 1,2 ï 4 

15 ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ:  
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ʜʦ 180Áʉ ʧʝʨʝʛʦʥʷʝʪʩʷ, % ʦʙ., ʥʝ ʙʦʣʝʝ 10 

ʜʦ 360Áʉ ʧʝʨʝʛʦʥʷʝʪʩʷ, % ʦʙ., ʥʝ ʤʝʥʝʝ 95 

16 
ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, % 
ʦʙ., ʥʝ ʙʦʣʝʝ 

7,0 

17 
ʇʨʝʜʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʬʠʣʴʪʨʫʝʤʦʩʪʠ, Áʉ,  
ʥʝ ʚʳʰʝ 

-20 -26 -32 -38 -44 

 
ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ, ʢʘʢ ʚʣʠʷʶʪ ʨʘʟʣʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ 

ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʎʝʪʘʥʦʚʦʝ ʯʠʩʣʦ. ɽʩʣʠ ʜʣʷ ʙʝʥʟʠʥʘ ʦʩʥʦʚʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ, ʪʦ ʜʣʷ 

ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ï ʮʝʪʘʥʦʚʦʝ. ɺ ʙʝʥʟʠʥʦʚʦʤ ʜʚʠʛʘʪʝʣʝ ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪ 
ʠʩʢʨʳ, ʘ ʚ ʜʠʟʝʣʝ ï ʦʪ ʩʠʣʳ ʩʞʘʪʠʷ. ʆʙʘ ʯʠʩʣʘ ʦʪʨʘʞʘʶʪ, ʥʘʩʢʦʣʴʢʦ ʙʳʩʪʨʦ 

ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʘʷ ʩʤʝʩʴ ʚʦʩʧʣʘʤʝʥʷʝʪʩʷ ʚ ʮʠʣʠʥʜʨʘʭ ʜʚʠʛʘʪʝʣʷ. ʇʦ-ʧʨʦʩʪʦʤʫ ï ʵʪʦ 
ʟʘʜʝʨʞʢʘ ʧʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʦʩʪʫʧʣʝʥʠʝʤ ʩʤʝʩʠ ʚ ʮʠʣʠʥʜʨʳ ʠ ʝʝ ʟʘʞʠʛʘʥʠʝʤ ʦʪ ʩʞʘʪʠʷ. 

ʎʝʪʘʥʦʚʦʝ ʯʠʩʣʦ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 40-55, ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 48-
51, ʘ ʤʠʥʠʤʘʣʴʥʦʝ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 305-2013 ʜʣʷ ʚʩʝʭ ʤʘʨʦʢ ʨʘʚʥʦ 

45. ʇʨʠ ʟʥʘʯʝʥʠʠ ʤʝʥʝʝ 40 ʛʦʨʶʯʝʝ ʩʯʠʪʘʝʪʩʷ ʥʝʢʘʯʝʩʪʚʝʥʥʳʤ. ɼʚʠʛʘʪʝʣʴ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ 
ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʥʝʩʪʘʙʠʣʴʥʦ, ʯʪʦ ʧʨʦʷʚʠʪʩʷ ʚ ʧʘʜʝʥʠʠ ʤʦʱʥʦʩʪʠ ʠ ʜʝʪʦʥʘʮʠʠ. ʇʦʚʳʰʝʥʥʦʝ 

ʮʝʪʘʥʦʚʦʝ ʯʠʩʣʦ ï ʪʦʞʝ ʥʝ ʥʦʨʤʘ. ʇʨʠ ʫʨʦʚʥʝ ʙʦʣʝʝ 60 ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʘʷ ʩʤʝʩʴ ʧʨʦʩʪʦ ʥʝ 
ʫʩʧʝʚʘʝʪ ʩʛʦʨʘʪʴ ʚ ʮʠʣʠʥʜʨʘʭ, ʯʪʦ ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʨʘʩʭʦʜʫ ʠ ʫʚʝʣʠʯʝʥʠʶ ʜʳʤʥʦʩʪʠ 

ʚʳʭʣʦʧʦʚ. 
ɺ ɽʚʨʦʧʝ ʮʝʪʘʥʦʚʦʝ ʯʠʩʣʦ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 54-56, ʘ ʚ ʈʦʩʩʠʠ ʩʪʘʥʜʘʨʪʳ ʤʝʥʝʝ 

ʩʪʨʦʛʠʝ, ʜʦʧʫʩʢʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʧʣʠʚʘ ʩ ʯʠʩʣʦʤ 45 (ʜʣʷ ʟʠʤʥʝʛʦ ɼʊ). ʄʝʪʦʜ 
ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 32508-2013. 

 

 
 
ʇʣʦʪʥʦʩʪʴ. ʇʦʢʘʟʘʪʝʣʴ ʧʣʦʪʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʦʙʲʝʤ ʪʦʧʣʠʚʘ ʚ ʛʝʥʝʨʘʪʦʨʝ. ʇʨʠ 

ʜʦʩʪʘʪʦʯʥʦʡ ʧʣʦʪʥʦʩʪʠ ʛʦʨʶʯʝʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʴʰʝʤʫ ʚʳʜʝʣʝʥʠʶ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. 
ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ. ʇʦʜ ʚʷʟʢʦʩʪʴʶ ʧʦʥʠʤʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʪʦʧʣʠʚʘ 

ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʧʝʨʝʤʝʱʝʥʠʶ ʦʜʥʦʛʦ ʩʣʦʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ. ɺ ʪʝʭʥʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙʳʯʥʦ ʫʢʘʟʳʚʘʝʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ. ʆʪ ʥʝʝ ʟʘʚʠʩʠʪ ʪʦ, 

ʥʘʩʢʦʣʴʢʦ ʨʝʟʫʣʴʪʘʪʠʚʥʳʤ ʙʫʜʝʪ ʨʘʩʧʳʣʝʥʠʝ ʪʦʧʣʠʚʘ. ɽʩʣʠ ʚʷʟʢʦʩʪʴ ʧʨʝʚʳʩʠʪ 
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ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʥʦʨʤʫ, ʪʦ ʛʦʨʶʯʝʝ ʙʫʜʝʪ ʨʘʩʧʳʣʷʪʴʩʷ ʥʝʢʘʯʝʩʪʚʝʥʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʧʦʚʳʰʘʝʪʩʷ ʨʠʩʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʠʟʥʦʩʘ ʠ ʫʚʝʣʠʯʝʥʥʦʛʦ ʠʩʪʠʨʘʥʠʷ ʜʝʪʘʣʝʡ. 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʩʝʨʳ. ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʨʘʟʥʳʭ ʚʠʜʘʭ ʥʝʬʪʝʧʨʦʜʫʢʪʘʭ ʩʝʛʦʜʥʷ ʩʪʨʦʛʦ 
ʥʦʨʤʠʨʫʝʪʩʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʫʩʠʣʝʥʥʦʡ ʙʦʨʴʙʦʡ ʟʘ ʵʢʦʣʦʛʠʶ. ʉʝʨʘ ʦʧʘʩʥʘ ʜʣʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʨʨʦʟʠʠ, ʧʦʚʳʰʝʥʥʦʤʫ ʥʘʛʘʨʫ ʠ 
ʠʟʥʦʩʫ ʚʥʫʪʨʝʥʥʠʭ ʵʣʝʤʝʥʪʦʚ ʜʚʠʛʘʪʝʣʷ ʠ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʳ. 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 2000 ʤʛ/ʢʛ. ʅʦ ʧʨʠ 
ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʠʟʪʦʧʣʠʚʘ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠ ʩʣʠʰʢʦʤ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʩʝʨʳ 

ʛʦʨʶʯʝʝ ʪʝʨʷʝʪ ʩʚʦʠ ʩʤʘʟʦʯʥʳʝ ʩʚʦʡʩʪʚʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚ ʩʦʩʪʘʚ ʪʦʧʣʠʚʘ ʦʙʷʟʘʪʝʣʴʥʦ 
ʜʦʙʘʚʣʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʩʤʘʟʳʚʘʶʱʠʝ ʧʨʠʩʘʜʢʠ. 

ɿʦʣʴʥʦʩʪʴ. ʇʨʠ ʩʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ ʦʙʨʘʟʫʝʪʩʷ ʟʦʣʘ, ʩʦʜʝʨʞʘʱʘʷ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ. 
ʇʦʧʘʜʘʷ ʚ ʤʝʩʪʘ ʤʝʞʜʫ ʪʨʫʱʠʤʠʩʷ ʜʝʪʘʣʷʤʠ, ʦʥʘ ʚʳʟʳʚʘʝʪ ʫʩʠʣʝʥʥʳʡ ʠʟʥʦʩ. ʆʩʦʙʫʶ 

ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʚʘʨʮ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ ʧʨʝʮʠʟʠʦʥʥʳʭ 
ʵʣʝʤʝʥʪʦʚ ʪʦʧʣʠʚʥʦʛʦ ʥʘʩʦʩʘ ʠ ʬʦʨʩʫʥʦʢ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʫʨʦʚʝʥʴ ʟʦʣʴʥʦʩʪʠ ʪʦʞʝ 

ʦʛʨʘʥʠʯʠʚʘʶʪ. ɼʣʷ ʜʠʟʪʦʧʣʠʚʘ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 0,01%. 

ʂʠʩʣʦʪʥʦʩʪʴ. ʇʦ ɻʆʉʊ 305-2013 ʢʠʩʣʦʪʥʦʩʪʴ KOH ʥʘ 100 ʩʤ3 ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 5 ʤʛ. 

ʕʪʦ ʚʘʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʷʪ ʢ ʢʦʨʨʦʟʠʠ ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʷ ʠ ʪʦʧʣʠʚʥʦʡ 
ʩʠʩʪʝʤʳ. ʇʦʜʦʙʥʳʡ ʧʨʦʮʝʩʩ ʚʳʟʳʚʘʶʪ ʤʠʥʝʨʘʣʴʥʳʝ ʢʠʩʣʦʪʳ ʠ ʱʝʣʦʯʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʠʟʪʦʧʣʠʚʘ. ʀʭ ʥʝʣʴʟʷ ʫʜʘʣʠʪʴ ʧʦʣʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʢʦʣʠʯʝʩʪʚʦ 
ʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ ʦʛʨʘʥʠʯʠʚʘʶʪ. 

ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ. ɺʦʜʘ ʚ ʩʦʩʪʘʚʝ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩʦʜʝʨʞʠʪʩʷ ʚʦ ʚʟʚʝʰʝʥʥʦʤ 
ʩʦʩʪʦʷʥʠʠ ʠ ʚ ʚʠʜʝ ʵʤʫʣʴʩʠʠ. ʂʘʧʝʣʴʢʠ ʟʘʧʦʣʥʷʶʪ ʧʦʨʳ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʳʭ ʬʠʣʴʪʨʦʚ, 

ʧʨʝʢʨʘʱʘʷ ʜʦʩʪʫʧ ʪʦʧʣʠʚʘ ʢ ʥʘʩʦʩʫ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʫʨʦʚʥʷ ʥʠʞʝ 0 ÁC 
ʚʦʜʘ ʟʘʤʝʨʟʘʝʪ, ʠ ʤʝʣʢʠʝ ʢʫʩʦʯʢʠ ʣʴʜʘ ʪʦʞʝ ʟʘʙʠʚʘʶʪ ʬʠʣʴʪʨʳ ʠ ʪʦʧʣʠʚʦʧʨʦʚʦʜʳ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʧʦ ɻʆʉʊ 305-2013 ʩʦʩʪʘʚʣʷʝʪ 
200 ʤʛ/ʢʛ. ʇʨʝʚʳʰʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʦʜʘ ʦʪʩʣʘʠʚʘʝʪʩʷ ʠ 

ʩʦʙʠʨʘʝʪʩʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ. ʀʟ-ʟʘ 
ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʷʥʦʡ ʧʨʦʙʢʠ ʚ ʤʘʛʠʩʪʨʘʣʠ ʙʣʦʢʠʨʫʝʪʩʷ ʨʘʙʦʪʘ ʜʚʠʛʘʪʝʣʷ. 

2.2 ɹʠʦ-ʜʠʟʝʣʴ. ʕʬʠʨʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

ʀʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʩ ʢʦʤʧʨʝʩʩʠʦʥʥʳʤ ʟʘʞʠʛʘʥʠʝʤ 

ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ ʧʨʝʜʣʘʛʘʣ ʝʱʝ ʠʟʦʙʨʝʪʘʪʝʣʴ ʜʚʠʛʘʪʝʣʷ ʈʫʜʦʣʴʬ ɼʠʟʝʣʴ ʚ 1895 ʛʦʜʫ. 
ʅʦ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʥʝʬʪʷʥʳʝ ʜʠʩʪʠʣʣʷʪʳ ʛʦʨʘʟʜʦ ʣʫʯʰʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʵʪʦʡ ʮʝʣʠ, ʠ ʧʨʦ 

ʤʘʩʣʦ ʥʘʜʦʣʛʦ ʟʘʙʳʣʠ. ʈʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ 
ʵʬʠʨʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʛʣʠʮʝʨʠʥʘ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʝʣʴʟʷ ʥʘʧʨʷʤʫʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʣʦʭʦ ʩʛʦʨʘʶʪ ʠ ʩʠʣʴʥʦ ʧʦʜʚʝʨʞʝʥʳ ʦʢʠʩʣʝʥʠʶ. ʅʦ ʠʟ 
ʥʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʭʦʨʦʰʦ ʩʛʦʨʘʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ï ʤʝʪʠʣʦʚʳʝ 

ʵʬʠʨʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʧʦ-ʘʥʛʣʠʡʩʢʠ Fatty Acid Methyl Esters ʠʣʠ ʩʦʢʨʘʱʝʥʥʦ FAME. 
ʕʪʦ ʘʥʛʣʠʡʩʢʦʝ ʩʦʢʨʘʱʝʥʠʝ ʪʘʢ ʠ ʧʨʠʞʠʣʦʩʴ ʚ ʨʦʩʩʠʡʩʢʠʭ ɻʆʉʊ, ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʝʛʦ 

ʥʝ ʧʝʨʝʚʝʣʠ. 
ʇʦʣʫʯʝʥʠʝ FAME ʧʨʦʚʦʜʷʪ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʵʪʝʨʝʬʠʢʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʠ 

ʞʠʨʦʚ ʤʝʪʘʥʦʣʦʤ: 
 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ FAME 
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ʈʝʘʢʮʠʷ ʠʜʝʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʳ ʠʣʠ ʱʝʣʦʯʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. 
ʇʦʣʫʯʘʶʱʫʶʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʥʦʡ ʵʪʝʨʠʬʠʢʘʮʠʠ ʩʤʝʩʴ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ ʥʘʟʳʚʘʶʪ ʯʠʩʪʳʤ ʙʠʦʜʠʟʝʣʝʤ ʠ ʦʙʦʟʥʘʯʘʶʪ B100. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 
ʯʠʩʪʳʡ ʙʠʦʜʠʟʝʣʴ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ, ʥʦ ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ ʚ 

ʥʝʬʪʷʥʦʝ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 20% ʦʙ. FAME ʭʦʨʦʰʦ ʩʤʝʰʠʚʘʶʪʩʷ ʩ 
ʥʝʬʪʷʥʳʤʠ ʜʠʩʪʠʣʣʷʪʘʤʠ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʤʝʩʝʚʳʝ ʪʦʧʣʠʚʘ ʦʙʦʟʥʘʯʘʶʪ B20, B5 ʠ 

B2, ʛʜʝ ʮʠʬʨʘ ʦʙʦʟʥʘʯʘʝʪ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʯʠʩʪʦʛʦ ʙʠʦʜʠʟʝʣʷ ʚ ʩʤʝʩʠ 20, 5 ʠ 2%, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʉʐɸ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʩʤʝʩʝʚʦʝ ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ B20.  

ʆʩʥʦʚʥʘʷ ʤʦʪʠʚʘʮʠʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ï ʭʦʨʦʰʘʷ 
ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʴ, ʚʳʩʦʢʦʝ ʮʝʪʘʥʦʚʦʝ ʯʠʩʣʦ, ʭʦʨʦʰʘʷ ʩʤʘʟʳʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, 

ʥʠʟʢʠʝ ʫʨʦʚʥʠ ʵʤʠʩʩʠʠ, ʦʪʩʫʪʩʪʚʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʦʟʦʙʥʦʚʣʷʝʤʘʷ ʧʨʠʨʦʜʘ 
(ʧʦʣʫʯʝʥʠʝ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ), ʭʦʨʦʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʥʘ ʙʫʜʫʱʝʝ ʚ ʩʚʷʟʠ ʩ 

ʠʩʪʦʱʝʥʠʝʤ ʥʝʬʪʷʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʨʦʩʪʦʤ ʮʝʥ ʥʘ ʥʝʬʪʷʥʦʝ ʪʦʧʣʠʚʦ 
ɺ ʉʐɸ, ɽʚʨʦʧʝ, ʖʞʥʦʡ ɸʬʨʠʢʝ ʠ ɹʨʘʟʠʣʠʠ ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ, ʥʘ ʥʝʛʦ ʚʚʝʜʝʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʩʧʝʮʠʬʠʢʘʮʠʠ ʠ ʧʨʠʥʷʪʳ ʩʪʘʥʜʘʨʪʥʳʝ 
ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ. ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʯʠʩʪʦʤʫ ʙʠʦʜʠʟʝʣʶ ʚ ʉʐɸ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ASTM D6751, ʘ ʚ ɽʚʨʦʧʝ ï EN14214. ʕʢʚʠʚʘʣʝʥʪ 
ʧʦʩʣʝʜʥʝʛʦ ʚ ʚʝʨʩʠʠ ʦʪ 2003 ʛʦʜʘ ʩ ʥʝʙʦʣʴʰʠʤʠ ʨʝʜʘʢʮʠʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ï ʥʘʰ 

ɻʆʉʊ ʈ 53605-2009.  
ɺ ʪʘʙʣʠʮʝ 4 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʤʝʪʠʣʦʚʳʤ ʵʬʠʨʘʤ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʢʘʢ ʢʦʤʧʦʥʝʥʪʦʚ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ. ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ ʙʠʦʜʠʟʝʣʷ 
ʚʢʣʶʯʘʶʪ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʷ "ʢʣʘʩʩʠʯʝʩʢʠʭ" ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ 

(ʦʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ, ʧʨʝʜʝʣʴʥʦʡ ʬʠʣʴʪʨʫʝʤʦʩʪʠ, ʚʷʟʢʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ, 
ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ, ʢʦʢʩʦʚʦʛʦ ʦʩʪʘʪʢʘ), ʪʘʢ ʠ ʤʝʪʦʜʳ, ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʩʦʙʩʪʚʝʥʥʦ 

ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (FAME). ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʵʪʠʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʢʘʢ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ FAME, ʪʘʢ ʠ ʬʘʢʪʦʨʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ FAME. 
 

ʊʘʙʣʠʮʘ 4. ʊʨʝʙʦʚʘʥʠʷ ʢ ʤʝʪʠʣʦʚʳʤ ʵʬʠʨʘʤ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (FAME) ʧʦ ɻʆʉʊ ʈ 53605-
2009 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 
ɿʥʘʯʝʥʠʝ 

ʄʠʥ ʄʘʢʩ 

1 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʵʬʠʨʦʚ, % 96,5 - 

2 ʇʣʦʪʥʦʩʪʴ ʧʨʠ 15 Áʉ, ʢʛ/ʤ3 860 900 

3 ɺʷʟʢʦʩʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʧʨʠ 40 Áʉ, ʤʤ2/ʩ 3,5 5,0 

4 ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ ʚ ʟʘʢʨʳʪʦʤ ʪʠʛʣʝ, Áʉ 120 - 

5 ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ, ʤʛ/ʢʛ - 10 

6 ʂʦʢʩʫʝʤʦʩʪʴ (10% ʦʩʪʘʪʢʘ ʧʦʩʣʝ ʨʘʟʛʦʥʢʠ), % ʤʘʩʩ. - 0,30 

7 ʎʝʪʘʥʦʚʦʝ ʯʠʩʣʦ 51,0 - 

8 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʩʫʣʴʬʘʪʥʦʡ ʟʦʣʳ, % - 0,02 

9 ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ, ʤʛ/ʢʛ - 500 

10 ʉʦʜʝʨʞʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʤʛ/ʢʛ - 24 

11 ʂʦʨʨʦʟʠʷ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʢʠ (3 ʯ ʧʨʠ 50 Áʉ) ʂʣʘʩʩ 1 

12 ʉʪʦʡʢʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ, 100 Áʉ, ʯ 6,0 - 

13 ʂʠʩʣʦʪʥʦʝ ʯʠʩʣʦ, ʤʛ Kʆʅ/ʩʤ3 - 0,50 

14 ʁʦʜʥʦʝ ʯʠʩʣʦ, ʛ ʡʦʜʘ/100 ʛ - 120 

15 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʣʠʥʦʣʝʥʦʚʦʡ ʢʠʩʣʦʪʳ, % - 12,0 

16 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʤʝʪʘʥʦʣʘ, % - 0,20 

17 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʤʦʥʦʛʣʠʮʝʨʠʜʦʚ, % - 0,80 
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18 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʜʠʛʣʠʮʝʨʠʜʦʚ, % - 0,20 

19 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʪʨʠʛʣʠʮʝʨʠʜʦʚ, % - 0,20 

20 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʩʚʦʙʦʜʥʦʛʦ ʛʣʠʮʝʨʠʥʘ, % - 0,02 

21 ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʮʝʨʠʥʘ, % ʤʘʩʩ. - 0,25 

22 ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ, ʤʛ/ʢʛ   

 ʤʝʪʘʣʣʦʚ I ʛʨʫʧʧʳ (Na+K) - 5,0 

 ʤʝʪʘʣʣʦʚ II ʛʨʫʧʧʳ (Ca+Mg) - 5,0 

23 ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ, ʤʛ/ʢʛ - 10,0 

 
ʉʦʜʝʨʞʘʥʠʝ ʛʣʠʮʝʨʠʥʘ, ʢʘʢ ʩʚʦʙʦʜʥʦʛʦ (ʥʝʫʜʘʣʝʥʥʦʛʦ), ʪʘʢ ʠ ʦʙʱʝʛʦ (ʚ ʩʦʩʪʘʚʝ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʛʣʠʮʝʨʠʜʦʚ) ï ʚʘʞʥʝʡʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ FAME. ɽʛʦ 
ʢʦʥʪʨʦʣʠʨʫʶʪ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʧʦ ASTM D6584 ʚ ʘʤʝʨʠʢʘʥʩʢʦʡ 

ʩʧʝʮʠʬʠʢʘʮʠʠ ʠ ʧʦ EN 14105, ʵʢʚʠʚʘʣʝʥʪ ʢʦʪʦʨʦʛʦ ï ɻʆʉʊ ʈ ɽʅ 14105. ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ 
ʦʙʱʝʛʦ ʛʣʠʮʝʨʠʥʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʛʣʫʙʠʥʝ ʧʨʝʚʨʘʱʝʥʠʷ ʤʘʩʝʣ ʠʣʠ ʞʠʨʦʚ ʚ 

ʠʭ ʤʦʥʦʘʣʢʠʣʦʚʳʝ ʵʬʠʨʳ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʛʣʠʮʝʨʠʥʘ ʛʦʚʦʨʠʪ ʦ ʥʝʧʦʣʥʦʤ 
ʧʨʝʚʨʘʱʝʥʠʠ ʞʠʨʦʚ ʚ ʵʬʠʨʳ. ʇʨʠʩʫʪʩʪʚʠʝ ʩʚʦʙʦʜʥʦʛʦ ʛʣʠʮʝʨʠʥʘ ʚʳʟʳʚʘʝʪ 

ʟʘʢʫʧʦʨʠʚʘʥʠʝ ʬʠʣʴʪʨʦʚ. ʉʚʦʙʦʜʥʳʡ ʛʣʠʮʝʨʠʥ ʪʘʢʞʝ ʤʦʞʝʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʥʘ ʜʥʝ 
ʪʦʧʣʠʚʦʭʨʘʥʠʣʠʱ ʠ ʪʦʧʣʠʚʥʳʭ ʩʠʩʪʝʤ.  

ʉʦʜʝʨʞʘʥʠʝ ʤʦʥʦ-, ʜʠ- ʠ ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʩʫʤʤʘʨʥʦ, 
ʧʦ ʙʨʫʪʪʦ-ʩʦʜʝʨʞʘʥʠʶ ʦʙʱʝʛʦ ʛʣʠʮʝʨʠʜʘ, ʪʘʢ ʠ ʨʘʟʜʝʣʴʥʦ. ʀʭ ʦʧʨʝʜʝʣʷʶʪ ʤʝʪʦʜʦʤ 

ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʠ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʣʦʥʢʦʡ 
ʩ ʬʝʥʠʣʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʤ ʚ ʢʘʯʝʩʪʚʝ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʳ (ASTM D6584, EN 14105, 

ɻʆʉʊ ɽʅ 14105). ʆʩʪʘʪʢʠ ʧʣʦʭʦ ʩʛʦʨʘʶʱʠʭ ʞʠʨʦʚ ʚ ʪʦʧʣʠʚʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ 
ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤ ʜʣʷ ʜʚʠʛʘʪʝʣʷ. ɺʳʩʦʢʠʝ ʫʨʦʚʥʠ ʤʦʥʦʛʣʠʮʝʨʠʜʦʚ, ʜʠʛʣʠʮʝʨʠʜʦʚ ʠ 

ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʚʳʟʳʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʚ ʬʦʨʩʫʥʢʘʭ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ 
ʨʘʙʦʪʫ ʜʚʠʛʘʪʝʣʷ ʚ ʭʦʣʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʟʘʢʫʧʦʨʠʚʘʶʪ ʬʠʣʴʪʨʳ. ɺ ʩʧʝʮʠʬʠʢʘʮʠʠ ASTM 

D6751 ʦʧʨʝʜʝʣʷʶʪ ʩʫʤʤʫ ʤʦʥʦ-, ʜʠ- ʠ ʪʨʠʛʣʠʮʝʨʠʜʦʚ, ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ EN 
14214 ʵʪʠ ʪʨʠ ʢʦʤʧʦʥʝʥʪʘ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʜʝʣʴʥʦ. ɺ EN 14214 ʦʧʨʝʜʝʣʷʶʪ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ (ʯʠʩʣʦ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ ʙʦʣʝʝ 
4) ʵʬʠʨʦʚ, ʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦ ʩʢʣʦʥʥʳ ʢ ʦʢʠʩʣʝʥʠʶ ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʀʭ ʩʦʜʝʨʞʘʥʠʝ 

ʦʛʨʘʥʠʯʠʚʘʶʪ 1% ʤʘʩ.  
ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʠ ʥʘʪʨʠʷ ʩʣʫʞʠʪ ʜʣʷ ʦʮʝʥʢʠ ʧʦʣʥʦʪʳ ʫʜʘʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʚ 

ʩʣʫʯʘʝ ʱʝʣʦʯʥʦʛʦ ʢʘʪʘʣʠʟʘ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʝʬʠʢʘʮʠʠ). ɼʣʷ ʵʪʦʛʦ ʢʘʢ ʚ ʉʐɸ, ʪʘʢ ʠ ʚ 
ɽʚʨʦʧʝ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ EN 14538 ï ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʫʶ ʩʧʝʢʪʨʦʤʝʪʨʠʶ ʩ ʠʥʜʫʢʪʠʚʥʦ-

ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ. ʈʦʩʩʠʡʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ ʵʪʦʛʦ ʤʝʪʦʜʘ ï ɻʆʉʊ ʈ ɽʅ 14538. ʕʪʠʤ ʞʝ 
ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʷʶʪ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ 

ʠʩʭʦʜʥʳʭ ʞʠʨʘʭ. 
ʉʫʣʴʬʘʪʥʘʷ ʟʦʣʘ ï ʝʱʸ ʦʜʠʥ ʧʦʢʘʟʘʪʝʣʴ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʢʘʣʠʷ, ʥʘʪʨʠʷ, ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ. ɽʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ASTM D 874 ʚ ʘʤʝʨʠʢʘʥʩʢʦʡ 
ʩʧʝʮʠʬʠʢʘʮʠʠ ʠ ʧʦ ISO 3987 ï ʚ ʝʚʨʦʧʝʡʩʢʦʡ (ʩʤ. ɻʆʉʊ 12417-94 (ʀʉʆ 3987-80)). 

ʆʙʨʘʟʝʮ ʩʞʠʛʘʶʪ, ʫʜʘʣʷʶʪ ʦʩʪʘʚʰʠʡʩʷ ʫʛʣʝʨʦʜ, ʦʙʨʘʙʘʪʳʚʘʶʪ ʟʦʣʫ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʠ 
ʧʨʦʢʘʣʠʚʘʶʪ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʩʘ. ʀʟʥʘʯʘʣʴʥʦ ʵʪʠ ʤʝʪʦʜʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʧʨʠʩʘʜʦʢ ʚ ʩʤʘʟʦʯʥʳʭ ʤʘʩʣʘʭ, ʦʜʥʘʢʦ ʚ ʧʨʠʤʝʥʝʥʠʠ 
ʢ ʙʠʦʜʠʟʝʣʶ ʦʥʠ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʦʮʝʥʢʠ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʦʪʣʦʞʝʥʠʷ ʥʘ ʠʥʞʝʢʪʦʨʘʭ ʠ ʜʝʪʘʣʷʭ ʜʚʠʛʘʪʝʣʷ.  
ʇʦʣʥʦʪʫ ʫʜʘʣʝʥʠʷ ʤʝʪʘʥʦʣʘ ʢʦʥʪʨʦʣʠʨʫʶʪ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ ʧʦ EN 14110 ʚ 

ʦʙʝʠʭ ʩʧʝʮʠʬʠʢʘʮʠʷʭ, ʦʜʥʘʢʦ ʚ ʘʤʝʨʠʢʘʥʩʢʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠʩʧʦʣʴʟʫʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚʩʧʳʰʢʠ ʚ ʟʘʢʨʳʪʦʤ ʪʠʛʣʝ 

(ASTM D93), ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʥʠʞʝ 130ϊC. 
ʉʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʦʮʝʥʠʚʘʶʪ ʧʦ ʟʥʘʯʝʥʠʶ ʢʠʩʣʦʪʥʦʛʦ 

ʯʠʩʣʘ. ɽʛʦ ʦʧʨʝʜʝʣʷʶʪ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʪʠʪʨʦʚʘʥʠʝʤ ʧʦ ASTM D664 ʠʣʠ 

ʪʠʪʨʦʚʘʥʠʝʤ ʩ ʮʚʝʪʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʧʦ EN 14104. ʂʠʩʣʦʪʥʦʝ ʯʠʩʣʦ ʧʦʢʘʟʳʚʘʝʪ ʫʨʦʚʝʥʴ 



92 

ʩʦʜʝʨʞʘʥʠʷ ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ, 
ʢʦʪʦʨʳʝ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʥʝʬʪʷʥʦʤ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ. 

ʂʦʨʨʦʟʠʷ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʳ ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʦʜʝʨʞʘʥʠʷ 
ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʥ ʩʣʫʞʠʪ ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʝʜʥʳʝ 

ʠ ʣʘʪʫʥʥʳʝ ʜʝʪʘʣʠ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʳ. 
ɺ ɽʚʨʦʧʝ ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʙʠʦʜʠʟʝʣʷ ï ʨʘʧʩʦʚʦʝ ʤʘʩʣʦ, ʩʦʜʝʨʞʘʱʝʝ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʘʥʥʦʡ ʣʠʥʦʣʝʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʘʣʢʝʥʦʚʳʝ ʛʨʫʧʧʳ ʠ ʣʝʛʢʦ 
ʧʦʜʚʝʨʞʝʥʘ ʦʢʠʩʣʝʥʠʶ. ʇʦʵʪʦʤʫ ʩʧʝʮʠʬʠʢʘʮʠʷ EN 14214 ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ 

ʧʨʦʠʟʚʦʜʥʳʭ ʣʠʥʦʣʝʚʦʡ ʢʠʩʣʦʪʳ ʚ ʙʠʦʜʠʟʝʣʝ. ʄʝʪʠʣʣʠʥʦʣʝʘʪ ʦʧʨʝʜʝʣʷʶʪ ʤʝʪʦʜʦʤ 
ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩʦʛʣʘʩʥʦ EN 14103 

ʉʝʨʘ ï ʠʩʪʦʯʥʠʢ ʧʨʦʙʣʝʤ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʨʘʩʪʠʪʝʣʴʥʳʭ 
ʤʘʩʣʘʭ ʝʝ ʦʙʳʯʥʦ ʤʘʣʦ, ʤʝʥʝʝ 15 ʤʛ/ʢʛ (ʭʦʪʷ ʠʥʦʛʜʘ ʦʥʘ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʙ·ʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʞʠʚʦʪʥʳʭ ʞʠʨʘʭ). ɺ ʩʧʝʮʠʬʠʢʘʮʠʷʭ ASTM D 6751 ʠ EN 14214 ʩʝʨʫ 
ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ ʤʝʪʦʜʦʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦ ASTM D 5453 ʠʣʠ EN 

ISO 20846 (ʩʤ. ɻʆʉʊ ʈ ɽʅ ʀʉʆ 20846). ɺ ʩʧʝʮʠʬʠʢʘʮʠʠ EN 14214:2009 (ʠ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ɻʆʉʊ ʈ 53605-2009) ʜʦʧʫʩʢʘʝʪʩʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʜʠʩʧʝʨʩʠʝʡ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ EN 20884. 
ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʙʠʦʜʠʟʝʣʝ ʥʫʞʥʦ ʦʙʷʟʘʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ. ɺʦʜʘ ʤʦʞʝʪ 

ʙʳʪʴ ʢʘʢ ʠʩʪʦʯʥʠʢʦʤ ʢʦʨʨʦʟʠʠ, ʪʘʢ ʠ ʩʨʝʜʦʡ ʜʣʷ ʨʘʟʤʥʦʞʝʥʠʷ ʙʘʢʪʝʨʠʡ. ʇʦ 
ʩʧʝʮʠʬʠʢʘʮʠʠ EN 14214 ʚʦʜʫ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ ʢʫʣʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʪʠʪʨʦʚʘʥʠʝʤ ʧʦ 

ʂʘʨʣʫ ʌʠʰʝʨʫ EN ISO 12937, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʤʝʨʠʢʘʥʩʢʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ ASTM D6751 
ʧʨʝʜʧʠʩʳʚʘʝʪ ʧʨʠʤʝʥʷʪʴ ʙʦʣʝʝ ʛʨʫʙʳʡ ʤʝʪʦʜ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ASTM D2709, ʚ 

ʢʦʪʦʨʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʨʝʜʝʣʷʶʪ ʠ ʩʦʜʝʨʞʘʥʠʝ ʦʩʘʜʢʘ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʨʝʟʫʣʴʪʘʪ 
ʘʥʘʣʠʟʘ ï ʩʫʤʤʘʨʥʦʝ ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʠ ʦʩʘʜʢʘ.  

ɺ EN 14214 ʤʘʩʩʦʚʫʶ ʜʦʣʶ ʦʩʘʜʢʘ (ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ) ʦʧʨʝʜʝʣʷʶʪ 
ʦʪʜʝʣʴʥʦ ʚʘʢʫʫʤʥʳʤ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʯʝʨʝʟ ʬʠʣʴʪʨ 0,7 ʤʢʤ ʧʦ ʤʝʪʦʜʫ EN 12662, ʢʦʪʦʨʳʡ 

ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʘʥʘʣʠʟʘ ʩʨʝʜʥʠʭ ʥʝʬʪʷʥʳʭ ʜʠʩʪʠʣʣʷʪʦʚ. 
ʌʦʩʬʦʨ ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʨʠʨʦʜʝ ʚʦ ʚʩʝʭ ʨʘʩʪʝʥʠʷʭ. ʇʨʠʩʫʪʩʪʚʫʷ ʚ ʪʦʧʣʠʚʝ, ʦʥ ʤʦʞʝʪ 

ʦʪʨʘʚʣʷʪʴ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ, ʧʦʵʪʦʤʫ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ 
ʜʦʣʞʥʦ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʦ. ʌʦʩʬʦʨ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ASTM D4951 ʣʠʙʦ ʧʦ EN 14107 

ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ. 
ʇʦʩʢʦʣʴʢʫ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʩ ʣʠʥʝʡʥʳʤʠ ʮʝʧʷʤʠ 16-

18 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʠʟ ʢʦʪʦʨʳʭ ʚ ʦʩʥʦʚʥʦʤ ʠ ʩʦʩʪʦʠʪ ʙʠʦʜʠʟʝʣʴ, ʙʣʠʟʢʠ, ʪʦ ʝʛʦ 
ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝ ʢʨʠʚʦʡ ʜʠʩʪʠʣʣʷʮʠʠ, ʢʘʢ ʫ ʥʝʬʪʷʥʳʭ ʪʦʧʣʠʚ, ʘ 

ʫʟʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ ʦʪ 330 ʜʦ 357ÁC ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʵʢʚʠʚʘʣʝʥʪʝ. ɺ 
ʩʧʝʮʠʬʠʢʘʮʠʠ ASTM D6751 ʢʦʥʪʨʦʣʠʨʫʶʪ ʪʝʤʧʝʨʘʪʫʨʫ 90% ʦʪʛʦʥʘ ʤʝʪʦʜʦʤ 

ʜʠʩʪʠʣʣʷʮʠʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧʦ ASTM D1160. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʢʣʶʯʝʥ, 
ʯʪʦʙʳ ʠʤʝʪʴ ʛʘʨʘʥʪʠʶ ʦʪ ʪʦʛʦ, ʯʪʦ ʪʦʧʣʠʚʦ ʥʝ ʟʘʛʨʷʟʥʝʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʢʠʧʷʱʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ. ɺ ʝʚʨʦʧʝʡʩʢʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ EN 14214 ʢʦʥʪʨʦʣʴ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ 
ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥ. 

ʆʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʙʠʦʜʠʟʝʣʷ ï ʝʛʦ ʦʢʠʩʣʠʪʝʣʴʥʘʷ 
ʩʪʘʙʠʣʴʥʦʩʪʴ. ʇʨʦʜʫʢʪʘʤʠ ʧʨʝʚʨʘʱʝʥʠʷ ʙʠʦʜʠʟʝʣʷ ʤʦʛʫʪ ʙʳʪʴ ʢʠʩʣʦʪʳ ʠʣʠ ʧʦʣʠʤʝʨʳ, 

ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʚ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʝ ʠ ʟʘʢʫʧʦʨʠʚʘʶʪ 
ʬʠʣʴʪʨʳ. ɼʣʷ ʟʘʤʝʜʣʝʥʠʷ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʚ ʙʠʦʜʠʟʝʣʴ ʜʦʙʘʚʣʷʶʪ ʧʨʠʩʘʜʢʠ, 
ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʦʙʨʘʟʦʚʘʥʠʶ ʧʝʨʝʢʠʩʝʡ. ʆʢʠʩʣʠʪʝʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʙʠʦʜʠʟʝʣʷ 

ʦʧʨʝʜʝʣʷʶʪ ʤʝʪʦʜʦʤ, ʚʝʜʫʱʠʤ ʥʘʯʘʣʦ ʦʪ ʤʝʪʦʜʘ ɸʤʝʨʠʢʘʥʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʭʠʤʠʢʦʚ 
ʤʘʩʣʦʞʠʨʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ AOCS Cd12b-92. ʅʘ ʝʛʦ ʦʩʥʦʚʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʥʘʯʘʣʘ 

ʤʝʪʦʜ EN 14112, ʘ ʟʘʪʝʤ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʜ ʦʙʦʟʥʘʯʝʥʠʝʤ EN 15751. ʏʝʨʝʟ ʥʘʛʨʝʪʫʶ 
ʧʨʦʙʫ ʙʘʨʙʦʪʠʨʫʶʪ ʚʦʟʜʫʭ, ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʫʣʘʚʣʠʚʘʶʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. 

ʀʟʤʝʨʷʶʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʠʥʠʤʘʶʱʝʡ ʚʦʜʳ. ʈʝʟʢʦʝ ʚʦʟʨʘʩʪʘʥʠʝ 
ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʯʘʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʢʠʩʣʦʪ. 

ɺʨʝʤʷ ʥʘʯʘʣʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʠʩʣʦʪ ʥʘʟʳʚʘʝʪʩʷ ʠʥʜʫʢʮʠʦʥʥʳʤ ʧʝʨʠʦʜʦʤ: ʯʝʤ ʦʥ ʙʦʣʴʰʝ, 
ʪʝʤ ʩʪʘʙʠʣʴʥʝʝ ʧʨʦʜʫʢʪ. 
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ʂʦʢʩʦʚʳʡ ʦʩʪʘʪʦʢ ï ʧʦʢʘʟʘʪʝʣʴ ʩʢʣʦʥʥʦʩʪʠ ʪʦʧʣʠʚʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʫʛʣʝʨʦʜʠʩʪʳʭ 
ʦʪʣʦʞʝʥʠʡ. ɽʛʦ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʤʠʢʨʦʤʝʪʦʜʫ ʩʦʛʣʘʩʥʦ ASTM D4530 ʚ ʘʤʝʨʠʢʘʥʩʢʦʡ 

ʩʧʝʮʠʬʠʢʘʮʠʠ ʠ EN ISO 10370 ï ʚ ʝʚʨʦʧʝʡʩʢʦʡ. ʇʦ ʩʫʱʝʩʪʚʫ, ʵʪʦ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʝʪʦʜ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʨʦʢʘʣʠʚʘʥʠʠ ʥʘʚʝʩʢʠ ʪʦʧʣʠʚʘ ʧʨʠ 500ϊC ʚ ʪʦʢʝ ʘʟʦʪʘ ʠ ʦʧʨʝʜʝʣʝʥʠʠ 
ʤʘʩʩʳ ʦʩʪʘʪʢʘ. ɼʣʷ ʥʝʬʪʷʥʳʭ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʢʦʢʩʦʚʳʡ ʦʩʪʘʪʦʢ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʶʪ 

ʥʘ 10%-ʥʦʤ ʦʩʪʘʪʢʝ ʦʪ ʧʝʨʝʛʦʥʢʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʘ. ʇʦʩʢʦʣʴʢʫ ʠʥʪʝʨʚʘʣ ʢʠʧʝʥʠʷ 
ʙʠʦʜʠʟʝʣʷ ʫʟʦʢ, ʜʦʙʠʪʴʩʷ ʧʦʣʫʯʝʥʠʷ 10%-ʥʦʛʦ ʦʩʪʘʪʢʘ ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ. ʇʦ ʪʨʝʙʦʚʘʥʠʷʤ 

ʘʤʝʨʠʢʘʥʩʢʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ ASTM D 6751 ʢʦʢʩʦʚʳʡ ʦʩʪʘʪʦʢ ʦʧʨʝʜʝʣʷʶʪ ʥʘ 100%-ʥʦʤ 
ʦʙʨʘʟʮʝ. ɺ ʝʚʨʦʧʝʡʩʢʦʤ ʚʘʨʠʘʥʪʝ ʠʩʧʦʣʴʟʫʶʪ 10%-ʥʳʡ ʦʩʪʘʪʦʢ ʦʪ ʧʝʨʝʛʦʥʢʠ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ (ASTM D1160).  
ʇʣʦʪʥʦʩʪʴ ʙʠʦʜʠʟʝʣʷ. ɽʝ ʟʥʘʯʝʥʠʷ ʚʩʝʛʜʘ ʣʝʞʘʪ ʤʝʞʜʫ 0,86 ʠ 0,90 ʛ/ʜʤ3. ʊʠʧʠʯʥʳ 

ʚʝʣʠʯʠʥʳ 0,88ï 0,90 ʛ/ʜʤ3, ʧʦʵʪʦʤʫ ʧʣʦʪʥʦʩʪʴ ʢʘʢ ʩʨʝʜʩʪʚʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʙʠʦʜʠʟʝʣʷ 
ʥʝ ʩʪʦʣʴ ʧʦʣʝʟʥʘ, ʢʘʢ ʜʣʷ ʥʝʬʪʷʥʦʛʦ ʪʦʧʣʠʚʘ. ɺ ʘʤʝʨʠʢʘʥʩʢʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ ASTM D 

6751 ʝʝ ʥʝ ʦʮʝʥʠʚʘʶʪ. ɺ EN 14214 ʧʣʦʪʥʦʩʪʴ ʧʨʝʜʧʠʩʘʥʦ ʠʟʤʝʨʷʪʴ ʘʨʝʦʤʝʪʨʦʤ ʩʦʛʣʘʩʥʦ 
EN ISO 3675 ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʝʥʩʠʤʝʪʨʘ ʩʦʛʣʘʩʥʦ EN ISO 12185.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʤʘʟʳʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʙʠʦʜʠʟʝʣʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ 
ʥʝʬʪʷʥʦʛʦ ʪʦʧʣʠʚʘ, ʥʝ ʦʮʝʥʠʚʘʶʪ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʚʩʝʛʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ 

ʥʝʬʪʷʥʦʛʦ ʪʦʧʣʠʚʘ. ɼʦʙʘʚʣʝʥʠʝ ʙʠʦʜʠʟʝʣʷ ʚ ʥʝʬʪʷʥʦʝ ʪʦʧʣʠʚʦ ʫʣʫʯʰʘʝʪ ʝʛʦ 
ʩʤʘʟʳʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʙʠʦʜʠʟʝʣʝ ʪʘʢʞʝ ʥʝ 

ʦʧʨʝʜʝʣʷʶʪ ʚʚʠʜʫ ʠʭ ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ.  
ʁʦʜʥʦʝ ʯʠʩʣʦ ʦʧʨʝʜʝʣʷʶʪ ʪʦʣʴʢʦ ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ ʧʦ EN 14111 ʢʘʢ 

ʤʝʨʫ ʙʨʫʪʪʦ-ʩʦʜʝʨʞʘʥʠʷ ʥʝʥʘʩʳʱʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ ʙʠʦʜʠʟʝʣʷ 
ʥʘʧʨʷʤʫʶ ʥʝ ʩʚʷʟʘʥʘ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʠ ʩʣʫʞʠʪ ʤʝʨʦʡ ʝʛʦ 

ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʠ. ɺ ASTM D6751 ʝʝ ʦʧʨʝʜʝʣʷʶʪ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ ʟʘʢʨʳʪʦʛʦ ʪʠʛʣʷ 
ʇʝʥʩʢʠ-ʄʘʨʪʝʥʩʘ ASTM D93, ʚ EN 14214 ï ʫʩʢʦʨʝʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʦʙʨʘʟʮʝ 2 ʤʣ. 

ʅʘʢʦʥʝʮ, ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʦʧʣʠʚʘ ʜʣʷ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ï 
ʮʝʪʘʥʦʚʦʝ ʯʠʩʣʦ ï ʫ ʯʠʩʪʦʛʦ ʙʠʦʜʠʟʝʣʷ ʦʙʳʯʥʦ ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ, ʙʦʣʴʰʝ, ʯʝʤ 

ʪʨʝʙʫʶʪ ʩʧʝʮʠʬʠʢʘʮʠʠ. ɽʛʦ ʦʧʨʝʜʝʣʷʶʪ ʤʦʪʦʨʥʳʤ ʤʝʪʦʜʦʤ (ASTM D613, EN ISO 5165). 
ʈʘʩʯʝʪʥʳʡ ʤʝʪʦʜ ʮʝʪʘʥʦʚʦʛʦ ʠʥʜʝʢʩʘ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʥʝʬʪʷʥʳʭ ʪʦʧʣʠʚ, ʜʣʷ 

ʙʠʦʜʠʟʝʣʷ ʥʝʧʨʠʤʝʥʠʤ. 

2.3 ʆʧʨʝʜʝʣʝʥʠʝ FAME  ʚ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ 
ʥʝʬʪʷʥʳʭ ʜʠʟʝʣʴʥʳʭ (ʩʨʝʜʥʠʭ ʜʠʩʪʠʣʣʷʪʥʳʭ) ʪʦʧʣʠʚʘʭ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʦʜʦʚ. ʇʝʨʝʯʠʩʣʠʤ ʠʭ, ʘ ʪʘʢʞʝ ʦʙʩʫʜʠʤ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ 
ʤʝʪʦʜʘ. 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ ʚʳʜʝʣʝʥʠʠ ʬʨʘʢʮʠʠ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 
ʠʟ ʩʨʝʜʥʝʛʦ ʜʠʩʪʠʣʣʷʪʥʦʛʦ ʪʦʧʣʠʚʘ ʤʝʪʦʜʦʤ ʞʠʜʢʦʩʪʥʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʥʘ ʤʠʢʨʦʢʦʣʦʥʢʝ ʩ ʜʠʦʢʩʠʜʦʤ ʢʨʝʤʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 
ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʚʳʜʝʣʝʥʥʳʭ ʬʨʘʢʮʠʡ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʤʝʪʦʜʦʤ 

ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʤʝʪʦʜʘ ʩʪʦʠʪ ʦʪʥʝʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ 
ʪʦʯʥʦʩʪʴ: ʩ ʧʦʤʦʱʴʶ ʥʝʛʦ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ FAME ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,1 

ʤʘʩ.%., ʘ ʧʦʚʪʦʨʷʝʤʦʩʪʴ (ʩʭʦʜʠʤʦʩʪʴ) ʤʝʪʦʜʘ ï 0,6 ʤʘʩ.%. ɼʘʥʥʳʡ ʤʝʪʦʜ ʣʸʛ ʚ ʦʩʥʦʚʫ 
ʩʪʘʥʜʘʨʪʘ ʢʘʯʝʩʪʚʘ ɻʆʉʊ ʈ ɽʅ 14331-2010 çʅʝʬʪʝʧʨʦʜʫʢʪʳ ʞʠʜʢʠʝ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ 

ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (FAME) ʚ ʩʨʝʜʥʠʭ ʜʠʩʪʠʣʣʷʪʥʳʭ ʪʦʧʣʠʚʘʭ ʤʝʪʦʜʦʤ 
ʞʠʜʢʦʩʪʥʦʡ ʠ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠè. ʅʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, 
ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʦʞʥʦʛʦ ʠ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ 

ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʤʝʪʠʣʦʚʳʝ ʵʬʠʨʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʩʨʝʜʥʠʭ ʜʠʩʪʠʣʣʷʪʥʳʭ 
ʪʦʧʣʠʚʘʭ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 5 ʦʙ.%, ʯʪʦ ʩʥʠʞʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠ ʜʦʧʫʩʪʠʤʦʤ 

ʟʥʘʯʝʥʠʝ ʜʦ 7 ʦʙ.% ʠ ʚʳʰʝ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʩʨʝʜʥʠʭ ʜʠʩʪʠʣʣʷʪʥʳʭ 
ʪʦʧʣʠʚʘʭ, ʘ ʦʮʝʥʢʘ ʦʪʩʫʪʩʪʚʠʷ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʥʝʚʦʟʤʦʞʥʘ. 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʦʙʳ ʧʨʠ 
ʥʦʨʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. FAME ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ, ʧʦʵʪʦʤʫ ʠʭ ʜʦʙʘʚʣʝʥʠʝ ʚ 
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ʜʠʟʝʣʴʥʳʝ ʪʦʧʣʠʚʘ ʫʚʝʣʠʯʠʚʘʝʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʩʣʝʜʥʠʭ. ʆʮʝʥʠʚʘʷ ʧʨʠ 
ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ, ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ FAME ʚ ʥʠʭ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʤʝʪʦʜʘ ʩʪʦʠʪ ʦʪʥʝʩʪʠ ʝʛʦ ʵʢʩʧʨʝʩʩʥʦʩʪʴ, 
ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʨʦʩʪʦʪʫ ʧʨʦʚʝʜʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʪʦʯʥʦʛʦ ʠ online ʘʥʘʣʠʟʘ ʪʦʧʣʠʚ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 
ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪ ʥʘʣʠʯʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʜʠʟʝʣʝ ï ʚʦʜʳ, ʩʦʝʜʠʥʝʥʠʡ 

ʤʝʪʘʣʣʦʚ, ʧʨʠʩʘʜʦʢ ʠ ʪ.ʧ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ FAME ʚ 
ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʶ. ʆʩʥʦʚʳ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚ ʧʘʪʝʥʪʝ RU 2618960. 
ʅʘʢʦʥʝʮ, ʪʨʝʪʠʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ FAME ʚ ʪʦʧʣʠʚʘʭ ʦʩʥʦʚʘʥ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ 

ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʨʝʜʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 
ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 1745Ñ5 ʩʤ-1, ʭʘʨʘʢʪʝʨʥʦʡ 

ʜʣʷ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʪʘʢʞʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 
ʵʢʩʧʨʝʩʩʥʳʤ, ʭʦʪʷ ʠ ʪʨʝʙʫʶʱʠʤ ʧʦʜʛʦʪʦʚʢʠ ʢ ʠʟʤʝʨʝʥʠʷʤ. ʂ ʧʨʦʯʠʤ ʜʦʩʪʦʠʥʩʪʚʘʤ 

ʤʝʪʦʜʘ ʩʪʦʠʪ ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ FAME 
ʩʨʝʜʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʨʠʤʝʩʥʳʤ 

ʩʦʝʜʠʥʝʥʠʷʤ. ɺ ʪʝʢʫʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ FAME ʚ ʜʠʟʝʣʴʥʳʭ 
ʪʦʧʣʠʚʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤʝʥʥʦ ʜʘʥʥʳʡ ʤʝʪʦʜ. ʅʠʞʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʩʫʱʥʦʩʪʴ ʤʝʪʦʜʘ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ FAME ʚ ʜʠʟʝʣʷʭ.  

2.4 ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ: ʦʩʥʦʚʳ ʠ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ - ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʛʣʦʱʝʥʠʠ 
ʠʥʬʨʘʢʨʘʩʥʦʛʦ (ʀʂ) ʠʟʣʫʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʤ ʚʝʱʝʩʪʚʦʤ. ʂʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʤʦʣʝʢʫʣʘʭ ʚ ʧʨʝʜʝʣʘʭ ʦʩʥʦʚʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʨʦʚʥʷ, ʧʨʦʷʚʣʷʶʪʩʷ ʚ 
ʀʂ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʧʦʵʪʦʤʫ ʵʪʠ ʩʧʝʢʪʨʳ ʥʘʟʳʚʘʶʪ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ. 

ʇʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʯʝʨʝʟ ʚʝʱʝʩʪʚʦ ʧʨʦʠʩʭʦʜʠʪ 
ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʤʦʣʝʢʫʣ ʠʣʠ ʠʭ ʦʪʜʝʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʩʣʘʙʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʦʙʨʘʟʝʮ. ʆʜʥʘʢʦ 
ʧʦʛʣʦʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʚʦ ʚʩʸʤ ʩʧʝʢʪʨʝ ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʣʠʰʴ ʧʨʠ ʪʝʭ ʜʣʠʥʘʭ 

ʚʦʣʥ, ʵʥʝʨʛʠʷ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʠʷʤ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʚ ʠʟʫʯʘʝʤʳʭ 
ʤʦʣʝʢʫʣʘʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʠʥʳ ʚʦʣʥ (ʠʣʠ ʯʘʩʪʦʪʳ), ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʀʂ-ʠʟʣʫʯʝʥʠʷ, ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠʯʠʠ ʚ 
ʤʦʣʝʢʫʣʘʭ ʦʙʨʘʟʮʘ ʪʝʭ ʠʣʠ ʠʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠ ʜʨʫʛʠʭ ʬʨʘʛʤʝʥʪʦʚ, ʯʪʦ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʭʠʤʠʠ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 
ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ ʷʚʣʝʥʠʠ ʧʦʛʣʦʱʝʥʠʷ ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ 
ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʢʦʣʝʙʘʥʠʡ ʤʦʣʝʢʫʣ. 

ʀʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʚʦʣʥʫ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ, ʯʘʩʪʦʪʦʡ ɜ ʠ ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ ʉ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ 
ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

ʉ
ʉ

 ̒Ⱦ ὲ

ρ

‗
 

 
ʛʜʝ ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʘ n ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ.  

ʇʨʠ ʧʦʛʣʦʱʝʥʠʠ ʬʦʪʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʙʫʞʜʝʥʠʝ ð ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʳ: ʦʥʘ 
ʧʝʨʝʭʦʜʠʪ ʠʟ ʦʩʥʦʚʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ E1 ʚ ʥʝʢʦʪʦʨʦʝ ʚʦʟʙʫʞʜʸʥʥʦʝ 

ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ E2 ʪʘʢ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʵʪʠʤʠ ʫʨʦʚʥʷʤʠ 
ʨʘʚʥʘ ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ: 

 

Ὁ  Ὁ  ЎὉ  Ὤʉ  Èὧʉ 
 

ʕʥʝʨʛʠʷ ʧʦʛʣʦʱʸʥʥʦʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʚʦʟʙʫʞʜʝʥʠʝ 
ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʜʣʷ ʚʝʱʝʩʪʚ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 
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ʄʥʦʛʦʘʪʦʤʥʳʝ ʤʦʣʝʢʫʣʳ ʠʤʝʶʪ 3n ï 6 (5) ʥʦʨʤʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʠ ʚ ʢʘʞʜʦʤ 
ʪʘʢʦʤ ʢʦʣʝʙʘʥʠʠ ʫʯʘʩʪʚʫʶʪ ʥʝ ʧʘʨʳ ʘʪʦʤʦʚ ʧʨʠ ʦʜʥʦʡ ʩʚʷʟʠ, ʘ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ 

ʚʩʝ n ʘʪʦʤʦʚ ʤʦʣʝʢʫʣʳ. ʆʜʥʘʢʦ ʙʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʢʦʣʝʙʘʥʠʡ 
ʥʝʢʦʪʦʨʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚʢʣʘʜ çʧʦʩʪʦʨʦʥʥʠʭè ʘʪʦʤʦʚ ʠ ʩʚʷʟʝʡ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣ, ʧʦʵʪʦʤʫ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʢʨʫʞʝʥʠʷ ʵʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʧʦʛʣʦʱʘʶʪ ʚ 
ʦʛʨʘʥʠʯʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʯʘʩʪʦʪ. ʕʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʠʣ ʧʫʪʸʤ ʩʨʘʚʥʝʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʩʧʝʢʪʨʦʚ ʩʦʦʪʥʝʩʪʠ ʥʘʣʠʯʠʝ ʚ ʤʦʣʝʢʫʣʝ ʭʘʨʘʢʪʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩ ʥʘʙʣʶʜʘʝʤʳʤʠ 
ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ. ʊʘʢʠʝ ʧʦʣʦʩʳ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʛʨʫʧʧʦʚʳʭ, ʠʣʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ. ʇʦ ʥʠʤ ʤʦʞʥʦ ʙʳʩʪʨʦ ʠ ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʠʣʠ 
ʦʪʩʫʪʩʪʚʠʝ ʚ ʤʦʣʝʢʫʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʨʘʛʤʝʥʪʦʚ. ʍʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʦʣʦʩʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ (ʨʠʩ. 2).  

 
ʈʠʩ. 2. ʉʧʠʩʦʢ ʥʝʩʢʦʣʴʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʦʣʦʩ ʚ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

 

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʫʶ ʪʘʙʣʠʮʫ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʚʳʚʦʜ ʦ ʩʪʨʫʢʪʫʨʝ 
ʠʟʫʯʘʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʥʘʣʠʯʠʝ ʚ ʀʂ-ʩʧʝʢʪʨʝ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ (ʨʠʩ. 3) ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 2800-3000 ʩʤ-1 ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʚ ʩʦʝʜʠʥʝʥʠʠ C-H ʩʚʷʟʝʡ sp3-
ʛʠʙʨʠʜʠʟʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʘ ʧʨʠʩʫʪʩʪʚʠʝ ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1716 

ʩʤ-1 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʢ ʢʝʪʦʥʘʤ. 
ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʸʥ ʀʂ-ʩʧʝʢʪʨ ʙʝʥʟʦʣʘ. ʄʘʢʩʠʤʫʤʳ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 

ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʝʡ ʉ-ʅ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʣʘʩʪʠ 3000 ï 3200 ʩʤ-1, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʣʠʯʘʪʴ 
ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʩʧʝʢʪʨ ʩʦʜʝʨʞʠʪ ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʣʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʢʦʣʝʙʘʥʠʡ ʉ=ʉ ʩʚʷʟʝʡ ʠ 
ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚʩʝʛʦ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ. ɸ ʩʧʝʢʪʨ ʛʦʤʦʣʦʛʘ ʙʝʥʟʦʣʘ, 

ʵʪʠʣʙʝʥʟʦʣʘ, ʩʦʜʝʨʞʠʪ ʭʘʨʘʢʪʝʨʥʳʝ ʢʘʢ ʜʣʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʜʣʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ 
ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ. ʇʨʦʚʦʜʷ ʘʢʢʫʨʘʪʥʫʶ ʦʙʨʘʙʦʪʢʫ ʀʂ-ʩʧʝʢʪʨʦʚ 

ʥʝʠʟʚʝʩʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʸʤ 
ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʝʛʦ ʩʪʨʦʝʥʠʠ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 
ʛʨʫʧʧ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʠʭ ʧʨʠʨʦʜʳ, ʪʘʢ ʠ ʦʪ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʜʣʷ ʦʮʝʥʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʘʥʥʳʝ ʛʨʫʧʧʳ, 
ʣʠʙʦ, ʚ ʩʣʫʯʘʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʮʝʥʠʚʘʪʴ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚ 

ʧʦʣʠʤʝʨʝ. ʅʘ ʈʠʩ. 6 ʧʨʠʚʝʜʸʥ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʠʟʫʯʝʥʠʷ 
ʢʠʥʝʪʠʢʫ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʠʜʘ ʠʟ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʜʠʵʪʘʥʦʣʘʤʠʥʘ: ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 1621 ʩʤ-1, 
ʦʪʚʝʯʘʶʱʘʷ ʘʤʠʜʥʦʡ ïC(=O)ïNï ʩʚʷʟʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʦ ʪʝʭ ʧʦʨ ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʣʘ 

ʤʘʢʩʠʤʫʤʘ ʧʨʠ 115 ʤʠʥ. 
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ʈʠʩ. 3. ʀʂ-ʩʧʝʢʪʨ ʛʝʢʩʘʥʦʥʘ-2 

 

 
ʈʠʩ. 4. ʀʂ-ʩʧʝʢʪʨ ʙʝʥʟʦʣʘ 

 

 
ʈʠʩ. 5. ʀʂ-ʩʧʝʢʪʨ ʵʪʠʣʙʝʥʟʦʣʘ 
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PIBSA LUB 2 EQ 130-140C 10 MIN.SPA

3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600

Wavenumber (cm-1)

PIBSA LUB 2 EQ 130-140C 10 MIN.SPA

1760 1680 1600 1520

Wavenumber (cm-1)

10 ʤʠʥ

30 ʤʠʥ

70 ʤʠʥ
115 ʤʠʥ

 
ʈʠʩ. 6. ʀʂ-ʩʧʝʢʪʨʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʘʤʠʜʘ ʠʟ ʜʠʵʪʘʥʦʣʘʤʠʥʘ ʠ 
ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 
ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʩʦʜʝʨʞʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʠʟʫʯʘʝʤʳʭ ʦʙʨʘʟʮʘʭ. ʅʘ ʨʠʩ. 7 ʧʨʠʚʝʜʝʥʳ ʀʂ-ʩʧʝʢʪʨʳ ʧʘʨʘʮʝʪʦʤʦʣʘ ʚ ʩʨʝʜʩʪʚʘʭ 
ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʅʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʥʘʙʣʶʜʘʣʘʩʴ 

ʜʣʷ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʩ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʘʨʘʮʝʪʦʤʦʣʘ, ʘ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʢʨʠʚʳʭ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʪʴ 

ʩʦʜʝʨʞʘʥʠʝ ʧʘʨʘʮʝʪʦʤʦʣʘ ʚ ʜʘʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ. 
 

 
ʈʠʩ. 7. ʀʂ-ʩʧʝʢʪʨʳ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʘʨʘʮʝʪʦʤʦʣ ʚ ʨʘʟʣʠʯʥʳʭ 
ʢʦʥʮʝʥʪʨʘʮʠʷʭ   

 
3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ FAME ʚ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚʘʭ ʧʨʠ 
ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʧʨʠʙʦʨʝ Nicolet IR-200 

(Thermo Scientific) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʧʦʣʥʦʛʦ 
ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʩʪʘʚʢʠ Multi-reflection HATR, ʩʦʜʝʨʞʘʱʝʡ 

ʢʨʠʩʪʘʣʣ ZnSe 45Á ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʜʣʠʥ ʚʦʣʥ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 4 ʥʤ. ʌʦʪʦ 
ʧʨʠʙʦʨʘ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 8. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ FAME ʚ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚʘʭ 

ʚʢʣʶʯʘʝʪ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʯʥʦ ʠʟʚʝʩʪʥʳʝ 
ʢʦʣʠʯʝʩʪʚʘ FAME, ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʜʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʠʟʫʯʘʝʤʳʭ 

ʪʦʧʣʠʚ, ʧʦʩʪʨʦʝʥʠʝ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʬʫʥʢʮʠʠ ʠ ʨʘʩʯʸʪ ʧʨʠ ʧʦʤʦʱʠ ʧʦʩʣʝʜʥʝʡ 
ʢʦʥʮʝʥʪʨʘʮʠʡ FAME ʚ ʠʟʫʯʘʝʤʳʭ ʪʦʧʣʠʚʘʭ. 
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ʈʠʩ. 8. ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨ Thermo Scientific Nicolet IR-200 

 
3.1 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ɺʥʘʯʘʣʝ ʧʨʦʚʦʜʷʪ ʘʥʘʣʠʟ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʥʘʭʦʜʷʪ 
ʧʦʣʦʩʫ ʧʦʛʣʦʱʝʥʠʷ, ʦʪʚʝʯʘʶʱʫʶ ʩʦʝʜʠʥʝʥʠʷʤ FAME. ɼʘʣʝʝ ʛʦʪʦʚʠʪʩʷ ʩʝʨʠʷ 

ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʠʣʦʣʝʘʪ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ FAME ʠ ʜʠʟʝʣʴʥʦʝ 
ʪʦʧʣʠʚʦ, ʥʝ ʩʦʜʝʨʞʘʱʝʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʵʬʠʨʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ɼʦʣʞʥʘ ʙʳʪʴ 

ʧʦʜʛʦʪʦʚʣʝʥʘ ʩʝʨʠʷ ʠʟ ʥʝ ʤʝʥʝʝ ʯʝʤ ʧʷʪʠ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʙʲʸʤʦʤ 5-10 ʤʣ ʩ 
ʪʦʯʥʦ ʠʟʚʝʩʪʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʤʝʪʠʣʦʣʝʘʪʘ. ʅʦʤʠʥʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʝʪʠʣʦʣʝʘʪʘ ʜʣʷ ʩʝʨʠʠ ʠʟ ʦʟʥʘʯʝʥʥʳʭ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʦʣʞʥʳ ʚʳʙʠʨʘʪʴʩʷ 
ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ 2 ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ ʦʥʘ ʙʳʣʘ ʚʳʰʝ, ʠ ʥʝ 

ʤʝʥʝʝ ʯʝʤ ʚ 2 ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ ï ʥʠʞʝ, ʯʝʤ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ.  
3.2 ʉʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʝ ʠʟʤʝʨʝʥʠʝ 

ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʷʚʣʷʝʪʩʷ ʦʜʠʥʘʢʦʚʦʡ ʠ ʜʣʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʠ ʜʣʷ 
ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʨʦʙ. ɺ ʧʨʠʙʦʨ ʧʦʤʝʱʘʶʪ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ (100 ï 150 ʤʢʣ) ʦʜʥʦʛʦ 

ʠʟ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʠʣʠ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. ɼʘʣʝʝ ʨʝʛʠʩʪʨʠʨʫʶʪ ʀʂ-
ʩʧʝʢʪʨ ʨʘʩʪʚʦʨʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʠʙʦʨ ʤʦʶʪ ʛʝʢʩʘʥʦʤ, ʩʫʰʘʪ ʠ ʛʦʪʦʚʷʪ ʢ ʘʥʘʣʠʟʫ 

ʩʣʝʜʫʶʱʝʡ ʧʨʦʙʳ. ɺ ʢʘʞʜʦʤ ʠʟ ʩʧʝʢʪʨʦʚ ʟʘʧʠʩʳʚʘʶʪ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʤʘʢʩʠʤʫʤʘ 
ʧʨʠ 1745Ñ5 ʩʤ-1, ʠʩʧʦʣʴʟʫʷ ʙʘʟʦʚʫʶ ʣʠʥʠʶ ʦʪ 1670 ʜʦ 1828 ʩʤ-1. ʇʨʠʤʝʨ ʀʂ-ʩʧʝʢʪʨʘ 

ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ FAME, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 9. 
3.3 ʂʘʣʠʙʨʦʚʦʯʥʘʷ ʬʫʥʢʮʠʷ ʠ ʘʥʘʣʠʟ ʧʨʦʙ 

ʇʦ ʠʟʤʝʨʝʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩʝʨʠʠ ʢʘʣʠʙʨʦʚʦʯʥʳʭ 
ʨʘʩʪʚʦʨʦʚ ʤʝʪʠʣʦʣʝʘʪʘ ʚʳʯʠʩʣʷʶʪ ʢʘʣʠʙʨʦʚʦʯʥʫʶ ʬʫʥʢʮʠʶ ʤʝʪʦʜʦʤ ʣʠʥʝʡʥʦʡ 

ʨʝʛʨʝʩʩʠʠ ʠʣʠ ʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʧʨʠʤʝʥʷʷ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ A ʚ ʢʘʯʝʩʪʚʝ 
ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʝʪʠʣʦʣʝʘʪʘ ʉ - ʚ ʢʘʯʝʩʪʚʝ ʥʝʟʘʚʠʩʠʤʦʡ: 

 

 ̱  ˞ Ὧz Ὧ 
 

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʫʶ ʢʘʣʠʙʨʦʚʦʯʥʫʶ ʬʫʥʢʮʠʶ, ʧʨʦʚʦʜʷʪ ʚʳʯʠʩʣʝʥʠʝ 
ʢʦʥʮʝʥʪʨʘʮʠʠ FAME ʚ ʦʙʨʘʟʮʘʭ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ɿʘʧʠʩʳʚʘʶʪ ʩʦʜʝʨʞʘʥʠʝ Fɸʄɽ ʚ 

ʦʙʨʘʟʮʝ ʚ ʧʨʦʮʝʥʪʘʭ ʧʦ ʦʙʲʝʤʫ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,1. 
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ʈʠʩ. 9. ʇʨʠʤʝʨ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ FAME 

 

4. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʏʪʦ ʪʘʢʦʝ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ? ʂʘʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʚʭʦʜʷʪ ʚ ʝʛʦ ʩʦʩʪʘʚ? 

2. ʂʘʢ ʧʦʣʫʯʘʶʪ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ? ʅʘʟʦʚʠʪʝ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 
ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ.  

3. ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ. 
4. ʄʦʞʥʦ ʣʠ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʠʩʧʦʣʴʟʦʚʘʪʴ: ʇʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ; ʄʝʪʘʥʦʣ; ʕʪʘʥʦʣ; 
ʉʪʝʘʨʠʥʦʚʫʶ ʢʠʩʣʦʪʫ; ʆʣʝʠʥʦʚʫʶ ʢʠʩʣʦʪʫ; ɻʣʠʮʝʨʠʥ? 
5. ʂʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʧʣʠʚ? ʂʘʢʠʝ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ ʠ ʥʝʜʦʩʪʘʪʢʠ ʫ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ? 
6. ɼʘʡʪʝ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʳʡ ʧʨʦʛʥʦʟ, ʢʘʢʦʝ ʠʟ ʧʨʠʚʝʜʸʥʥʳʭ ʤʘʩʝʣ ʣʫʯʰʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ FAME: ʦʣʠʚʢʦʚʦʝ, ʩʦʝʚʦʝ, ʧʦʜʩʦʣʥʝʯʥʦʝ, ʧʘʣʴʤʦʚʦʝ, 
ʢʦʢʦʩʦʚʦʝ. 

7. ʂʘʢʠʝ ʩʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʜʠʟʝʣʴʥʦʤ 
ʪʦʧʣʠʚʝ? ʇʨʝʜʣʦʞʠʪʝ ʝʱʸ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ FAME ʚ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚʘʭ. 

8. ʇʦ ʢʘʢʦʡ-ʪʦ ʧʨʠʯʠʥʝ (ʥʘʧʨʠʤʝʨ, ʠʟ-ʟʘ ʤʦʨʘʣʴʥʳʭ ʧʨʠʥʮʠʧʦʚ ɺʳ ʧʨʦʪʠʚ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʩʝʣ ʧʠʱʝʚʳʭ ʢʫʣʴʪʫʨ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʧʣʠʚ) ɺʳ ʭʦʪʠʪʝ ʫʩʪʨʦʠʪʴ 

ʜʠʚʝʨʩʠʶ ʠ ʜʦʙʘʚʠʪʴ ʚ ʜʠʟʝʣʴ ʚʤʝʩʪʦ FAME ʜʨʫʛʦʝ ʚʝʱʝʩʪʚʦ. ʏʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, 
ʯʪʦʙʳ ʦʙʤʘʥʫʪʴ ʣʘʙʦʨʘʥʪʘ, ʧʨʦʚʦʜʷʱʝʛʦ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ FAME ʤʝʪʦʜʦʤ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ? ʂʘʢ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʜʜʝʣʢʫ? 
 

5. ʃʠʪʝʨʘʪʫʨʘ 

1. ɻʆʉʊ 305-2013 çʊʦʧʣʠʚʦ ʜʠʟʝʣʴʥʦʝ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè 

2. ɻʆʉʊ 32511-2013 çʊʦʧʣʠʚʦ ʜʠʟʝʣʴʥʦʝ ɽɺʈʆ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè 
3. ɻʆʉʊ ʈ 53605-2009 çʊʦʧʣʠʚʦ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. ʄʝʪʠʣʦʚʳʝ 

ʵʬʠʨʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (FAME) ʜʣʷ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ 
ʪʨʝʙʦʚʘʥʠʷè 

4. ɻʆʉʊ ʈ ɽʅ 14331-2010 çʅʝʬʪʝʧʨʦʜʫʢʪʳ ʞʠʜʢʠʝ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 
ʞʠʨʥʳʭ ʢʠʩʣʦʪ (FAME) ʚ ʩʨʝʜʥʠʭ ʜʠʩʪʠʣʣʷʪʥʳʭ ʪʦʧʣʠʚʘʭ ʤʝʪʦʜʦʤ ʞʠʜʢʦʩʪʥʦʡ ʠ 

ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠè 
5. ɻʆʉʊ ʈ ɽʅ 14078-2010 çʅʝʬʪʝʧʨʦʜʫʢʪʳ ʞʠʜʢʠʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ (FAME) ʚ ʩʨʝʜʥʠʭ ʜʠʩʪʠʣʣʷʪʘʭ ʤʝʪʦʜʦʤ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠè 
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ɻʠʜʨʦʢʨʝʢʠʥʛ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ʧʨʦʪʦʯʥʦʛʦ ʪʠʧʘ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ 
ɸʚʪʦʨʳ: ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ɸ.ɺ. ɺʫʪʦʣʢʠʥʘ, ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

ʉ.ɺ. ʂʘʨʜʘʰʝʚ, ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ɸ.ʇ. ɻʣʦʪʦʚ  
 

ʉʦʜʝʨʞʘʥʠʝ 

1. ɺʚʝʜʝʥʠʝ  
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1. ɺʚʝʜʝʥʠʝ 

ɿʘʜʘʯʘ ʧʦʩʚʷʱʝʥʘ ʦʮʝʥʢʝ ʩʚʦʡʩʪʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʥʘ ʫʩʪʘʥʦʚʢʝ 
ʧʨʦʪʦʯʥʦʛʦ ʪʠʧʘ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɼʣʷ ʵʪʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 360-

400 Áʉ ʠ ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ 5-6 ʄʇʘ ʯʝʨʝʟ ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʦʡ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦ 
ʩʢʦʨʦʩʪʴʶ 0,1-0,3 ʤʣ/ʤʠʥ. ʧʨʦʧʫʩʢʘʝʪʩʷ ʩʪʘʥʜʘʨʪʥʦʝ ʩʳʨʴʝ (ʚʘʢʫʫʤʥʳʡ ʛʘʟʦʡʣʴ ʩ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʳʢʠʧʘʥʠʷ 198-570 Üʉ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 1,8% ʤʘʩʩ.). ʄʝʨʦʡ 
ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʣʫʞʠʪ ʢʦʥʚʝʨʩʠʷ ʩʳʨʴʷ (ʚʳʭʦʜ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʩ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʳʢʠʧʘʥʠʷ ʜʦ 180-200 Üʉ (ʙʝʥʟʠʥʦʚʘʷ ʬʨʘʢʮʠʷ) ʠ ʜʦ 300-350 Üʉ 
(ʜʠʟʝʣʴʥʘʷ ʬʨʘʢʮʠʷ)), ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʘʭ. 

ʋʢʘʟʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʦʜʥʦʟʥʘʯʥʦ ʧʨʦʚʦʜʠʪʴ ʩʨʘʚʥʝʥʠʝ 
ʛʠʜʨʠʨʫʶʱʝʡ ʠ ʦʙʝʩʩʝʨʠʚʘʶʱʝʡ  ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʄʝʪʦʜʠʯʝʩʢʘʷ ʨʘʟʨʘʙʦʪʢʘ ʩʦʜʝʨʞʠʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʝʪʦʜʘ ʠʤʠʪʠʨʦʚʘʥʥʦʡ 
ʜʠʩʪʠʣʣʷʮʠʠ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʘʥʘʣʠʟʘ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩʳʨʴʷ ʠ ʧʨʦʜʫʢʪʦʚ, ʠ 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  ʩʦʜʝʨʞʘʥʠʷ 
ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʧʦʩʦʙʠʠ ʜʘʥʳ ʧʦʜʨʦʙʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʢ ʟʘʜʘʯʝ ʩʧʝʮʧʨʘʢʪʠʢʫʤʘ, 
ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʥʘ ʫʩʪʘʥʦʚʢʝ 

ʧʨʦʪʦʯʥʦʛʦ ʪʠʧʘ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʮʝʥʢʠ ʝʛʦ 
ʘʢʪʠʚʥʦʩʪʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʩʚʦʝʥʠʝ ʤʝʪʦʜʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʳʨʴʷ ʠ 

ʧʨʦʜʫʢʪʦʚ (ʛʘʟʦ-ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʨʝʥʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ). 
ɼʣʷ ʢʦʥʪʨʦʣʷ ʩʪʝʧʝʥʠ ʧʦʥʠʤʘʥʠʷ ʠ ʫʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʢʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ ʠ ʟʘʜʘʥʠʷ.  
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2. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

2.1 ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʧʨʦʮʝʩʩʝ 

ʋʚʝʣʠʯʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʤ ʪʦʧʣʠʚʝ ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʜʦʣʠ 

ʪʷʞʝʣʳʭ ʚʳʩʦʢʦʩʝʨʥʠʩʪʳʭ ʥʝʬʪʝʡ ʚ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʜʦʙʳʚʘʝʤʦʛʦ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ 
ʥʝʬʪʷʥʦʛʦ ʩʳʨʴʷ ʩʪʘʚʠʪ ʩʝʨʴʝʟʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʧʝʨʝʜ 

ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʧʦʩʣʝʜʥʝʝ 
ʚʨʝʤʷ ʨʦʣʴ ʛʠʜʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩʣʘ. 

ʉʨʝʜʠ ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʘʨʷʜʫ ʩ ʫʛʣʫʙʣʝʥʠʝʤ 
ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʫʯʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʪʦʧʣʠʚ, ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ 

ʧʨʦʮʝʩʩ ʛʠʜʨʦʢʨʝʢʠʥʛʘ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ 
(ʚʘʢʫʫʤʥʳʡ ʛʘʟʦʡʣʴ, ʜʠʟʝʣʴʥʘʷ ʬʨʘʢʮʠʷ) ʚ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʙʝʥʟʠʥʳ ʠ 

ʥʠʟʢʦʟʘʩʪʳʚʘʶʱʠʝ ʜʠʟʝʣʴʥʳʝ ʪʦʧʣʠʚʘ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ. 
ɻʠʜʨʦʢʨʝʢʠʥʛ ï ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʙʦʪʢʠ ʪʷʞʝʣʦʛʦ ʥʝʬʪʷʥʦʛʦ ʩʳʨʴʷ 

(ʥʝʬʪʷʥʳʭ ʜʠʩʪʠʣʣʷʪʦʚ ʠ ʦʩʪʘʪʢʦʚ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʳʩʦʢʦʤ ʧʘʨʮʠʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ 
ʚʦʜʦʨʦʜʘ ʥʘ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ, ʦʙʣʘʜʘʶʱʠʭ ʛʠʜʨʠʨʫʶʱʠʤʠ ʠ 

ʢʠʩʣʦʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʩʚʝʪʣʳʝ ʥʝʬʪʝʧʨʦʜʫʢʪʳ.  
ʆʩʥʦʚʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʣʝʛʢʠʭ 

ʬʨʘʢʮʠʡ (ʩʥʠʞʝʥʠʝ ʢʦʢʩʫʝʤʦʩʪʠ ʧʦ ʂʦʥʨʘʜʩʦʥʫ), ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʝʪʝʨʦʘʪʦʤʥʳʭ 
ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʚʳʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ.  
ɻʠʜʨʦʢʨʝʢʠʥʛ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʛʠʙʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʠ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʛʘʟʦʚ, 

ʛʠʜʨʦʦʯʠʱʝʥʥʳʭ ʙʝʥʟʠʥʦʚʳʭ ʬʨʘʢʮʠʡ, ʪʦʚʘʨʥʳʭ ʢʝʨʦʩʠʥʦʚ, ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʠ ʤʘʩʝʣ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ: AXENS hydrocracking techn (ʌʨʘʥʮʠʷ), Isocracking, MPHC (Shevron 
Lummus Global LLC ʉʐɸ), Topsoeôs hydrocracking process (ɼʘʥʠʷ), Shell Hydrocracking 

process (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ-ɻʦʣʣʘʥʜʠʷ), Hy Cycle Unicracking - UOP LLC (ʉʐɸ).  
ɺ ʈʦʩʩʠʠ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ. ɻʠʜʨʦʢʨʝʢʠʥʛ ʜʠʩʪʠʣʣʷʪʦʚ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʠʤʧʦʨʪʥʦʡ ʫʩʪʘʥʦʚʢʦʡ 
ʤʦʱʥʦʩʪʴʶ 1 ʤʣʥ ʪ ʚ ʛʦʜ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ çʋʬʘʥʝʬʪʝʭʠʤʝè. ʉ 1987 ʛ. ʵʪʘ ʫʩʪʘʥʦʚʢʘ 

ʧʝʨʝʚʝʜʝʥʘ ʥʘ ʨʘʙʦʪʫ ʧʦ ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚʦ ɺʅʀʀʅʇ, ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʅʄɻ-90 ʠ ɻʂ-8. ɺ 2000-ʭ ʛʦʜʘʭ ʚʚʝʜʝʥʳ 

ʤʦʱʥʦʩʪʠ ʥʘ ʟʘʚʦʜʘʭ ʚ ʇʝʨʤʠ (2004), ʈʷʟʘʥʠ (2005), ʗʨʦʩʣʘʚʣʝ (2005) ʠ ʋʬʝ (2005), ʥʘ 
ʨʷʜʝ ʟʘʚʦʜʦʚ ʫʩʪʘʥʦʚʢʠ ʛʠʜʨʦʦʯʠʩʪʢʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʧʦʜ ʧʨʦʮʝʩʩ ʣʸʛʢʦʛʦ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ. ɺʝʜʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʫʩʪʘʥʦʚʢʠ ʚ ʆɸʆ çʂʠʨʠʰʠʥʝʬʪʝʦʨʛʩʠʥʪʝʟè. ʋʞʝ 
ʥʘʯʘʣʦʩʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʫʩʪʘʥʦʚʢʠ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʚ ʆɸʆ çʉʘʨʘʪʦʚʩʢʠʡ ʅʇɿè. 

ʇʣʘʥʠʨʫʝʪʩʷ ī ʥʘ ʟʘʚʦʜʘʭ ʆɸʆ çʈʦʩʥʝʬʪʴè (çʂʦʤʩʦʤʦʣʴʩʢʠʡ ʅʇɿè, ɸʅʍʂ, 
çʊʫʘʧʩʠʥʩʢʠʡ ʅʇɿè). ɺʩʝʛʦ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ 9 ʫʩʪʘʥʦʚʦʢ.  

2.2 ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʧʨʦʮʝʩʩʘ  

ʉr ʨʴʝ ï ʚʘʢʫʫʤʥʳʝ ʛʘʟʦʡʣʠ, ʤʘʟʫʪʳ, ʛʫʜʨʦʥ.  

ɻʠʜʨʦʢʨʝʢʠʥʛ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʪʠʧʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ: 
1) ʇʦ ʪʠʧʫ ʩʳʨʴʷ: 

a. ɼʠʩʪʠʣʣʘʪʥʳʡ 

b. ʆʩʪʘʪʦʯʥʳʡ 
2) ʇʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ: 

a. ʇʨʦʮʝʩʩʳ ʩʦ ʩʪʘʮʠʦʥʘʨʥʳʤ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ 

¶ ʆʜʥʦʩʪʫʧʝʥʯʘʪʳʡ (ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʨʝʢʪʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʪʦʚ). ʄʦʞʝʪ ʙʳʪʴ 
ʦʜʥʦʩʪʘʜʠʡʥʳʡ ʠ ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ. 

¶ ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʡ (ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʨʝʢʪʠʬʠʢʘʮʠʝʡ ʧʨʦʜʫʢʪʦʚ) 
b. ʇʨʦʮʝʩʩʳ ʩ çʢʠʧʷʱʠʤè ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ 

c. ʇʨʦʮʝʩʩʳ ʩ ʧʩʝʚʜʦʦʞʠʞʝʥʥʳʤ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ. 
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3) ʇʦ ʜʘʚʣʝʥʠʶ: 
a. ʃʝʛʢʠʡ (5-10 ʄʇʘ) 

b. ʆʙʳʯʥʳʡ (ʜʦ 30 ʄʇʘ) 
4) ʇʦ ʩʳʨʴʶ ʠ ʮʝʣʝʚʳʤ ʧʨʦʜʫʢʪʘʤ: 

a. ɻʠʜʨʦʢʨʝʢʠʥʛ ʙʝʥʟʠʥʦʚʳʭ ʬʨʘʢʮʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʝʛʢʠʭ ʧʘʨʘʬʠʥʦʚ 
b. ʉʝʣʝʢʪʠʚʥʳʡ ʛʠʜʨʦʢʨʝʢʠʥʛ ʙʝʥʟʠʥʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ 

c. ʉʝʣʝʢʪʠʚʥʳʡ ʛʠʜʨʦʢʨʝʢʠʥʛ ʨʝʘʢʪʠʚʥʳʭ ʠ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʜʣʷ ʧʦʥʠʞʝʥʠʷ 
ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʩʪʳʚʘʥʠʷ 

d. ɻʠʜʨʦʢʨʝʢʠʥʛ ʧʨʷʤʦʛʦʥʥʳʭ ʢʝʨʦʩʠʥʦʚʳʭ ʬʨʘʢʮʠʡ ʠ ʛʘʟʦʡʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 
ʢʨʝʢʠʥʛʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʨʦʤʘʪʠʢʠ 

e. ʃʝʛʢʠʡ ʛʠʜʨʦʢʨʝʢʠʥʛ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ ʩ ʮʝʣʴʶ ʧʦʜʛʦʪʦʚʢʠ ʩʳʨʴʷ 
ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ 

f. ɻʠʜʨʦʢʨʝʢʠʥʛ ʚʘʢʫʫʤʥʳʭ ʜʠʩʪʠʣʣʘʪʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ ʠ 
ʙʘʟʦʚʳʭ ʤʘʩʝʣ 

g. ɻʠʜʨʦʢʨʝʢʠʥʛ ʥʝʬʪʷʥʳʭ ʦʩʪʘʪʢʦʚ, ʧʦʣʫʯʝʥʠʝ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ, ʤʘʩʝʣ, 
ʤʘʣʦʩʝʨʥʠʩʪʳʭ ʢʦʪʝʣʴʥʳʭ ʪʦʧʣʠʚ ʠ ʩʳʨʴʷ ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʧʨʦʮʝʩʩʘ 
ʛʠʜʨʦʢʨʝʢʠʥʛʘ.  

 

ʈʠʩ. 1. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʛʠʜʨʦʢʨʝʢʠʥʛʘ 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʩʳʨʴʝ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʚʦʜʦʨʦʜʦʤ, ʥʘʛʨʝʪʳʤ ʜʦ 290-400 
Áʉ (ʜʘʚʣʝʥʠʝ 8-14 ʄʇʘ), ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʨʝʘʢʪʦʨ. ʇʦ ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʩʣʦʡ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠʤʝʨʥʦ 40-50% ʩʳʨʴʷ ʧʦʜʚʝʨʛʘʝʪʩʷ ʢʨʝʢʠʥʛʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ 
ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʢʠʧʝʥʠʷ 40-200 Áʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʝʥʟʠʥʦʚʦʡ ʬʨʘʢʮʠʠ. ʅʘ ʚʳʭʦʜʝ 

ʠʟ ʨʝʘʢʪʦʨʘ ʫʛʣʝʚʦʜʦʨʦʜʥʘʷ ʩʤʝʩʴ ʦʭʣʘʞʜʘʝʪʩʷ, ʩʞʠʞʘʝʪʩʷ ʠ ʧʨʦʧʫʩʢʘʝʪʩʷ ʯʝʨʝʟ 
ʩʝʧʘʨʘʪʦʨ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ. ɺʦʜʦʨʦʜʩʦʜʝʨʞʘʱʠʡ ʛʘʟ ʚʥʦʚʴ ʩʤʝʰʠʚʘʝʪʩʷ ʩ 

ʩʳʨʴʝʤ ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʨʝʮʠʢʣ, ʘ ʞʠʜʢʦʩʪʴ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʝʨʝʛʦʥʢʝ. ʇʨʦʜʫʢʪʳ, 
ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʝʨʚʦʤ ʨʝʘʢʪʦʨʝ, ʧʦʧʘʜʘʶʪ ʚ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʫʶ ʢʦʣʦʥʥʫ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʠʭ ʨʘʟʜʝʣʝʥʠʝ, ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʧʨʦʮʝʩʩʘ (ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 
ʙʝʥʟʠʥʘ, ʢʝʨʦʩʠʥʘ ʠʣʠ ʜʠʟʝʣʷ), ʦʪʜʝʣʷʝʪʩʷ ʠʭ ʯʘʩʪʴ. ʆʩʪʘʪʦʢ ʦʪ ʧʝʨʝʛʦʥʢʠ ʩʥʦʚʘ 

ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʠʤ ʛʘʟʦʤ ʚʦ ʚʪʦʨʦʤ ʨʝʘʢʪʦʨʝ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʩʳʨʴʝ ʫʞʝ 
ʧʦʜʚʝʨʛʘʣʦʩʴ ʛʠʜʨʠʨʦʚʘʥʠʶ, ʢʨʝʢʠʥʛʫ ʠ ʨʠʬʦʨʤʠʥʛʫ ʚ ʧʝʨʚʦʤ ʨʝʘʢʪʦʨʝ, ʧʨʦʮʝʩʩ ʚʦ 

ʚʪʦʨʦʤ ʨʝʘʢʪʦʨʝ ʠʜʝʪ ʚ ʙʦʣʝʝ ʞʝʩʪʢʦʤ ʨʝʞʠʤʝ (ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ). 
ʂʘʢ ʠ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ, ʧʨʦʜʫʢʪʳ, ʚʳʭʦʜʷʱʠʝ ʠʟ ʚʪʦʨʦʛʦ ʨʝʘʢʪʦʨʘ, ʦʪʜʝʣʷʶʪʩʷ 

ʦʪ ʚʦʜʦʨʦʜʘ ʠ ʥʘʧʨʘʚʣʷʶʪʩʷ ʥʘ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ.  
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ɺ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʧʨʦʮʝʩʩʘ 
ʛʠʜʨʦʢʨʝʢʠʥʛʘ:  

¶ ʛʠʜʨʦʢʨʝʢʠʥʛ ʙʝʥʟʠʥʦʚʳʭ ʬʨʘʢʮʠʡ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʣʝʛʢʦʢʠʧʷʱʝʛʦ 
ʚʳʩʦʢʦʦʢʪʘʥʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʪʦʚʘʨʥʳʭ ʙʝʥʟʠʥʦʚ (ʠʟʦʢʦʤʧʦʥʝʥʪʘ), ʠʟʦʙʫʪʘʥʘ ʠ 

ʠʟʦʧʝʥʪʘʥʘ -ʩʳʨʴʷ ʜʣʷ ʥʝʬʪʝʭʠʤʠʠ;  

¶ ʛʠʜʨʦʢʨʝʢʠʥʛ ʩʨʝʜʥʠʭ ʜʠʩʪʠʣʣʷʪʦʚ (ʧʨʷʤʦʛʦʥʥʳʭ ʠ ʚʪʦʨʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ), 
ʢʠʧʷʱʠʭ ʚ ʧʨʝʜʝʣʘʭ 200 - 350 Áʉ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʙʝʥʟʠʥʦʚ ʠ ʨʝʘʢʪʠʚʥʳʭ ʪʦʧʣʠʚ;  

¶ ʛʠʜʨʦʢʨʝʢʠʥʛ ʚʘʢʫʫʤʥʳʭ rʘʟʦʡʣʝʡ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ 

(ʙʝʥʟʠʥʦʚ, ʨʝʘʢʪʠʚʥʳʭ ʠ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ); 

¶ ʣʝʛʢʠʡ rʠʜʨʦʢʨʝʢʠʥr ʚʘʢʫʫʤʥʳʭ rʘʟʦʡʣʝʡ ʩ ʮʝʣʴʶ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʩʳʨʴʷ 
ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ;  

¶ ʛʠʜʨʦʢʨʝʢʠʥʛ ʥʝʬʪʷʥʳʭ ʦʩʪʘʪʢʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ, 
ʩʤʘʟʦʯʥʳʭ ʤʘʩʝʣ ʠ ʤʘʣʦʩʝʨʥʠʩʪʳʭ ʢʦʪʝʣʴʥʳʭ ʪʦʧʣʠʚ;  

¶ ʩʝʣʝʢʪʠʚʥʳʡ ʛʠʜʨʦʢʨʝʢʠʥʛ ʙʝʥʟʠʥʦʚ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ, 

ʨʝʘʢʪʠʚʥʳʭ ʪʦʧʣʠʚ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ 
ʠ ʤʘʩʝʣ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʩʪʳʚʘʥʠʷ. 

ʇʝʨʚʘʷ ʫʩʪʘʥʦʚʢʘ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʙʳʣʘ ʚʚʝʜʝʥʘ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 1959 ʛ. ʢʦʤʧʘʥʠʝʡ Standart Oil Company of Califomia. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 
ʧʨʦʮʝʩʩ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʚʘʢʫʫʤʥʳʭ 

ʛʘʟʦʡʣʝʡ ʠ ʥʝʬʪʷʥʳʭ ʦʩʪʘʪʢʦʚ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʛʣʫʙʠʥʳ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ, ʘ ʪʘʢʞʝ 
ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʩʳʨʴʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʳ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʧʦʣʫʯʠʣʠ ʚ ʉʐɸ, ʛʜʝ ero ʤʦʱʥʦʩʪʠ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 01.01.2002 
ʩʦʩʪʘʚʣʷʣʠ 74,8 ʤʣʥ ʪ/rʦʜ (9,3 % ʦʪ ʦʙʲʝʤʘ ʧʝʨ-ʚʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ). ɺ ʈʦʩʩʠʠ 

ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʫʩʪʘʥʦʚʦʢ rʠʜʨʦʢʨʝʢʠʥrʘ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 0,4 % ʦʪ ʦʙʲʝʤʘ 
ʧʝʨʚʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ. 

2.3 ʆʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ 

ʂʘʯʝʩʪʚʦ ʩʳʨʴʷ. ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʪʤʦʩʬʝʨʥʳʝ ʠ 

ʚʘʢʫʫʤʥʳʝ ʛʘʟʦʡʣʠ, ʫʪʷʞʝʣʝʥʥʳʝ ʚʘʢʫʫʤʥʳʝ ʛʘʟʦʡʣʠ ʩ ʢʦʥʮʦʤ ʢʠʧʝʥʠʷ ʜʦ 600 Áʉ ʠ ʨʝʞʝ 
ʥʝʬʪʷʥʳʝ ʦʩʪʘʪʢʠ. ʋʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ ʧʨʝʜʝʣʦʚ ʚʳʢʠʧʘʥʠʷ ʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʳʨʴʷ, ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʤ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 
ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ ʠ ʘʟʦʪʘ, ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʤʦʣ ʠ ʘʩʬʘʣʴʪʝʥʦʚ. 

ʉʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʳʨʴʝ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʪʘʢʞʝ ʠ ʩʭʝʤʫ 
ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ. ʏʝʤ ʚʳʰʝ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʩʳʨʴʷ ʠ ʚʳʰʝ ʝʛʦ ʧʣʦʪʥʦʩʪʴ, 

ʪʝʤ ʙʦʣʴʰʝ ʚ ʥʝʤ ʩʦʜʝʨʞʠʪʩʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʜʝʟʘʢʪʠʚʠʨʫʶʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨ ʠ 
ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩ. ɼʣʷ ʪʷʞʝʣʦʛʦ ʩʳʨʴʷ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʦʩʦʙʝʥʥʦ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ 
ʧʨʠʤʝʥʷʪʴ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʛʠʜʨʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʜʘʚʣʝʥʠʝ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʫʶ ʩʭʝʤʫ ʛʠʜʨʦʢʨʝʢʠʥʛʘ. ɻʠʜʨʦʢʨʝʢʠʥʛ ʩʳʨʴʷ ʩ ʚʳʩʦʢʠʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ ʪʘʢʞʝ ʞʝʣʘʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ (10 - 15 ʄʇʘ), ʚ 

ʜʚʝ ʩʪʫʧʝʥʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʛʠʜʨʠʨʫʶʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ ʥʘ ʚʪʦʨʦʡ 
- ʮʝʦʣʠʪʩʦʜʝʨʞʘʱʝʛʦ, ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʢ ʦʪʨʘʚʣʝʥʠʶ ʘʟʦʪʠʩʪʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ.  

ʉʳʨʴʝ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʤʦʣʠʩʪʦ-ʘʩʬʘʣʴʪʝʥʦʚʳʭ ʚʝʱʝʩʪʚ, 
ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʟʘʢʦʢʩʦʚʳʚʘʥʠʶ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʠ ʤʝʪʘʣʣʦʚ, ʜʝʟʘʢʪʠʚʠʨʫʶʱʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦʜʚʝʨʛʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ rʠʜʨʦrʝʥʠʟʘʮʠʦʥʥʦʤʫ 
ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʶ. 

ʊʝʤʧʝʨʘʪʫʨʘ. ɺʳʙʦʨ ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʥʘʟʥʘʯʝʥʠʝʤ 
ʧʨʦʮʝʩʩʘ (ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ), ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ (ʚʷʟʢʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʛʝʪʝʨʦʘʪʦʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ), ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ.  
ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʫʩʢʦʨʷʝʪ ʨʝʘʢʮʠʠ ʨʘʩʧʘʜʘ, ʠʜʫʱʠʝ ʩ 

ʥʘʠʙʦʣʴʰʝʡ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʧʨʦʜʫʢʪʘʭ ʛʠʜʨʦʢʨʝʢʠʥʛʘ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʢʦʢʠʧʷʱʠʭ ʬʨʘʢʮʠʡ, ʠʟʤʝʥʷʝʪʩʷ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʧʨʦʜʫʢʪʦʚ - ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʧʘʨʘʬʠʥʦʚ ʠ ʩʥʠʞʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ 
ʮʠʢʣʦʧʘʨʘʬʠʥʦʚ, ʫʤʝʥʴʰʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʠʟʦʧʘʨʘʬʠ-ʥʳ:ʥ-ʧʘʨʘʬʠʥʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 
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ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʚʦʡʩʪʚ ʩʳʨʴʷ ʠ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ 
ʪʝʤʧʝʨʘʪʫʨʘ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ (330-450 Áʉ). 

ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ 
ʧʦʚʳʰʘʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ ʨʝʘʢʮʠʠ 

ʧʨʠ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʢʠ. ʇʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (360-380 Áʉ) ʨʝʘʢʮʠʠ ʢʨʝʢʠʥʛʘ 
ʧʨʦʪʝʢʘʶʪ ʩ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦ 

ʩʨʝʜʥʝʜʠʩʪʠʣʣʷʪʥʳʤ ʬʨʘʢʮʠʷʤ ʠ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɼʣʷ 
ʜʠʩʪʠʣʣʷʪʥʦʛʦ ʩʳʨʴʷ ʨʝʢʦʤʝʥʜʫʝʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 420 Áʉ. ɻʠʜʨʦʢʨʝʢʠʥʛ 

ʦʩʪʘʪʦʯʥʦʛʦ ʩʳʨʴʷ ʧʨʦʚʦʜʷʪ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (400 - 450 Áʉ). ʉʯʠʪʘʝʪʩʷ, 
ʯʪʦ ʦʩʪʘʪʦʯʥʦʝ ʩʳʨʴʝ ʩʥʘʯʘʣʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʤʫ ʢʨʝʢʠʥʛʫ, ʘ ʟʘʪʝʤ 

ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʦʩʢʦʣʢʠ ʛʠʜʨʠʨʫʶʪʩʷ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʩ ʧʦʥʠʞʝʥʥʦʡ ʢʠʩʣʦʪʥʦʡ 
ʘʢʪʠʚʥʦʩʪʴʶ. 

ʉʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʠ ʚʳʩʦʢʠʭ 
ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʪʷʞʝʣʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʯʨʝʟʤʝʨʥʦʤʫ ʢʦʢʩʦʚʘʥʠʶ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʝʛʦ ʜʝʟʘʢʪʠʚʘʮʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 
ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʛʠʜʨʦʢʨʝʢʠʥʛ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʧʘʨʮʠʘʣʴʥʦʤ  ʜʘʚʣʝʥʠʠ 

ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʛʘʟʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʨʝʛʝʥʝʨʘʮʠʶ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 
ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʝʛʦ ʩʣʫʞʙʳ.  

ɼʘʚʣʝʥʠʝ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʩʠʩʪʝʤʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʢʘʯʝʪʩʚʦʤ ʩʳʨʴʷ ʠ ʘʢʪʠʚʥʦʩʪʴʶ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʨʘʙʦʪʘʶʪ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 15-17 ʄʇʘ. ɻʠʜʨʦʢʨʝʢʠʥʛ ʧʨʷʤʦʛʦʥʥʳʭ ʣʝʛʢʠʭ 
ʛʘʟʦʡʣʝʡ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ ï ʦʢʦʣʦ 7 ʄʇʘ (ʣʝʛʢʠʡ 

ʛʠʜʨʦʢʨʝʢʠʥʛ). ɼʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʦʩʪʘʪʢʦʚ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠʤʝʥʷʶʪ ʜʘʚʣʝʥʠʝ ʧʦʨʷʜʢʘ 30 ʄʇʘ (ʪʷʞʝʣʳʡ 

ʛʠʜʨʦʢʨʝʢʠʥʛ).  
Oʪ ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘʚʠʩʠʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʦʥʥʦʛʦ ʮʠʢʣʘ 

ʫʩʪʘʥʦʚʢʠ. ʇʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʢʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʪʨʘʚʣʝʥʠʶ ʢʠʩʣʦʪʥʳʭ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʘʟʦʪʠʩʪʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʇʨʠ ʜʘʚʣʝʥʠʷʭ 5 - 15 ʄʇʘ ʢʦʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʠ 
ʧʘʜʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʦʠʩʭʦʜʷʪ ʜʦʚʦʣʴʥʦ ʤʝʜʣʝʥʥʦ, ʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 30 

ʄʇʘ ʠ ʚʳʰʝ ʢʦʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʝʥʠʝ 
ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʛʣʫʙʠʥʫ ʛʠʜʨʦʦʯʠʩʪʢʠ, ʫʤʝʥʴʰʠʪʴ 

ʢʦʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʢʘʪʘʣʠʟʘʪʦʨʘ.  
ɼʠʩʪʠʣʣʷʪʥʦʝ ʩʳʨʴʝ ʧʦʜʚʝʨʛʘʶʪ ʛʠʜʨʦʢʨʝʢʠʥʛʫ ʧʨʠ ʜʘʚʣʝʥʠʠ 3 - 15 ʄʇʘ, 

ʦʩʪʘʪʦʯʥʦʝ - ʧʨʠ 15 - 20 ʄʇʘ. ɹʦʣʝʝ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʧʨʠ ʛʠʜʨʦʢʨʝʢʠʥʛʝ ʦʩʪʘʪʦʯʥʦʛʦ 
ʩʳʨʴʷ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʛʣʫʙʠʥʳ ʛʠʜʨʠʨʦʚʘʥʠʷ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʧʦʩʢʦʣʴʢʫ ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʠʭ ʛʠʜʨʠʨʦʚʘʥʠʷ 
ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ. ʃʝʛʢʠʡ ʛʠʜʨʦʢʨʝʢʠʥʛ ʚʘʢʫʫʤʥʦʛʦ 

ʛʘʟʦʡʣʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʤʘʣʦʩʝʨʥʠʩʪʦrʦ ʩʳʨʴʷ ʜʣʷ 
ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ ʧʨʦʚʦʜʷʪ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 5 - 7 ʄʇʘ. 

ʉ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ ʧʦʚʳʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ  
ʛʠʜʨʦʢʨʝʢʠʥʛʝ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ, ʩʥʠʞʘʝʪʩʷ ʚ ʥʠʭ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʠ ʘʟʦʪʘ, 

ʧʦʚʳʰʘʝʪʩʷ ʚʳʩʦʪʘ ʥʝʢʦʧʪʷʱʝʛʦ ʧʣʘʤʝʥʠ ʨʝʘʢʪʠʚʥʦʛʦ ʪʦʧʣʠʚʘ, ʫʤʝʥʴʰʘʝʪʩʷ 
ʢʦʢʩʫʝʤʦʩʪʴ ʦʩʪʘʪʢʘ, ʢʠʧʷʱʝʛʦ ʚʳʰʝ 350 Áʉ. 

ʆʙʲʝʤʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʩʳʨʴʷ. ʆʙʲʝʤʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʩʳʨʴʷ ï  

ʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʘ ʩʳʨʴʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʨʝʘʢʪʦʨ, ʢ ʦʙʲʝʤʫ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʝʜʠʥʠʮʫ 
ʚʨʝʤʝʥʠ. 

ʆʙʲʝʤʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʧʨʦʮʝʩʩʘʭ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,3-1 ʯ-1. 
ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʦʧʨʝʜʝʣʷʝʪ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʩʳʨʴʷ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ 

ʩʳʨʴʷ, ʘʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ. ʊʘʢ, 
ʧʨʠ ʛʠʜʨʦʢʨʝʢʠʥʛʝ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 360-400 Áʉ ʦʙʲʝʤʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʩʳʨʴʷ 

ʦʙʳʯʥʦ ʥʝʚʳʩʦʢʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 0,2-0,5 ʯ-1. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ ʚ ʨʝʞʠʤʝ ʣʝʛʢʦʛʦ 
ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʦʥʘ ʜʦʩʪʠʛʘʝʪ 1,0 ʯ-1. ʉ ʨʦʩʪʦʤ ʦʙʲʝʤʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ 
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ʫʩʣʦʚʠʷʭ ʩʥʠʞʘʝʪʩʷ ʛʣʫʙʠʥʘ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, ʫʤʝʥʴʰʘʝʪʩʷ ʩʪʝʧʝʥʴ 
ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʩʤʦʣ. 

ʂʨʘʪʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʛʘʟʘ (ɺʉɻ) ï ʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʦʚ 
ɺʉɻ ʠ ʩʳʨʴʷ, ʧʦʜʘʚʘʝʤʳʭ ʚ ʨʝʘʢʪʦʨ (ʥʤ3/ʤ3 ʩʳʨʴʷ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʢʨʘʪʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ɺʉɻ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 500-2000 ʤ3/ʤ3. 

˙ τȟτφzρπ ᶻ̠ ᶻ̔ ᶻ̇ ̒Ⱦ̑”̒ 

ʛʜʝ ʄ ï ʤʦʣʷʨʥʦʝ ʦʪʥʦʰʝʥʠʝ ʚʦʜʦʨʦʜ:ʩʳʨʴʝ; ʂ ï ʢʨʘʪʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ɺʉɻ ʥʤ3/ʤ3 

ʩʳʨʴʷ; yʅ2 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʘ ʚ ɺʉɻ, %ʦʙ.; Mʩʨ ï ʩʨʝʜʥʷʷ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʩʳʨʴʷ; 
ʨʩ ï ʧʣʦʪʥʦʩʪʴ ʩʳʨʴʷ, ʢʛ/ʤ3. 

ʂʨʘʪʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ɺʉɻ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ, ʪʘʢ ʢʘʢ 
ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʦʧʨʝʜʝʣʷʝʪ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʩʠʩʪʝʤʝ. ʇʦʚʳʰʝʥʠʝ 

ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʨʘʪʥʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ɺʉɻ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʧʨʦʪʝʢʘʥʠʶ ʨʝʘʢʮʠʡ ʛʠʜʨʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ, 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʛʝʪʝʨʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ, ʘʟʦʪʘ ʠ 
ʢʠʩʣʦʨʦʜʘ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʩʳʨʴʝ. ʇʨʠ ʵʪʦʤ ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʪʩʷ ʨʝʘʢʮʠʠ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʠ ʧʦʜʘʚʣʷʶʪʩʷ ʨʝʘʢʮʠʠ ʢʦʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. 
ʏʝʤ ʪʷʞʝʣʝʝ ʩʳʨʴʝ ʠ ʚʳʰʝ ʛʣʫʙʠʥʘ ʧʨʦʮʝʩʩʘ, ʪʝʤ ʚʳʰʝ ʜʦʣʞʥʘ ʙʳʪʴ ʢʨʘʪʥʦʩʪʴ 

ʮʠʨʢʫʣʷʮʠʠ ɺʉɻ ʧʨʠ ʛʠʜʨʦʢʨʝʢʠʥʛʝ. ʃʝʛʢʠʡ ʛʠʜʨʦʢʨʝʢʠʥʛ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ ʧʨʦʚʦʜʷʪ 
ʩ ʢʨʘʪʥʦʩʪʴʶ ʮʠʨʢʫʣʷʮʠʠ ɺʉɻ 500 - 1200 ʥʤ3/ʤ3, ʛʣʫʙʦʢʠʡ ʛʠʜʨʦʢʨʝʢʠʥʛ - 1000 - 2000 

ʥʤ3/ʤ3. ʏʝʤ ʚʳʰʝ ʢʨʘʪʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʛʘʟʘ, ʪʝʤ ʚʳʰʝ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ. 

2.4 ʂʘʪʘʣʠʟʘʪʦʨʳ ʛʠʜʨʦʢʨʝʢʠʥʛʘ 

ɹʦʣʴʰʠʥʩʚʦ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʠʩʢ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʦʜʙʦʨ ʥʦʩʠʪʝʣʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʧʦʨ ʠ ʢʘʥʘʣʦʚ. 
ʐʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ, ʦʙʣʘʜʘʶʱʠʭ ʧʨʠʤʝʨʥʦ ʦʜʥʠʢʦʚʳʤ 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʦʙʫʩʣʦʚʣʝʥ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʥʘʟʥʘʯʝʥʠʡ 
ʧʨʦʮʝʩʩʘ.  

 
ʂʘʪʘʣʠʟʘʪʦʨʳ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʦʪʝʢʘʥʠʝ ʢʘʢ ʛʦʤʦʣʠʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 
ʊʨʘʜʠʮʠʦʥʥʦ ʚ ʩʦʩʪʘʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʚʭʦʜʠʪ ʥʦʩʠʪʝʣʴ, ʦʙʣʘʜʘʶʱʠʡ 

ʢʠʩʣʦʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ, ʘʣʶʤʦʩʠʣʠʢʘʪʳ, ʮʝʦʣʠʪʳ), ʠ ʛʠʜʨʦ-
ʜʝʛʠʜʨʠʨʫʶʱʠʡ ʢʦʤʧʦʥʝʥʪ (ʩʫʣʴʬʠʜʳ ʤʝʪʘʣʣʦʚ VIII ʛʨʫʧʧʳ: Ni, Co, Mo, W), ʘ 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʠ ʩʠʣʦʡ ʘʢʪʠʚʥʳʭ 
ʮʝʥʪʨʦʚ ʵʪʠʭ ʜʚʫʭ ʪʠʧʦʚ.  

ʂʦʤʧʦʥʝʥʪ ʅʘʟʘʯʝʥʠʝ 

ʂʠʩʣʦʪʥʳʡ ʥʦʩʠʪʝʣʴ (ʦʢʩʠʜʳ 

ʘʣʶʤʠʥʠʷ, ʢʨʝʤʥʠʷ, ʮʠʨʢʦʥʠʷ, ʪʠʪʘʥʘ, 
ʮʝʦʣʠʪʳ, ʘʣʶʤʦʩʠʣʠʢʘʪʳ, 

ʮʠʨʢʦʥʠʡʩʠʣʠʢʘʪʳ) 

ʇʨʠʜʘʝʪ ʢʘʪʘʣʠʟʘʪʦʨʘʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʨʘʩʱʝʧʣʷʶʱʠʝ (ʢʨʝʢʠʨʫʶʱʠʝ) ʠ ʠʟʦʤʝʨʠʟʫʶʱʠʝ 
ʩʚʦʡʩʪʚʘ, ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ, ʫʚʝʣʠʯʠʪʴ ʩʪʦʡʢʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦ 
ʦʪʥʦʰʝʥʠʶ ʢ ʦʪʨʘʚʣʷʶʱʝʤʫ ʜʝʡʩʪʚʠʶ ʩʝʨʥʠʩʪʳʭ 

ʠ ʘʟʦʪʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʝʢʩʪʫʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʩʠʪʝʣʷ ʦʧʨʝʜʝʣʷʶʪ ʧʦʨʠʩʪʦʩʪʴ, 
ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʩʚʷʟʫʶʱʝʛʦ. 
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ɼʝʛʠʜʨʦ-ʛʠʜʨʠʨʫʶʱʠʡ ʢʦʤʧʦʥʝʥʪ 
(ʤʝʪʘʣʣʳ VI ʠ VII  ʛʨʫʧʧ (ʚ ʚʠʜʝ 

ʦʢʩʠʜʦʚ ʠ ʩʫʣʴʬʠʜʦʚ): ʤʦʣʠʙʜʝʥ, 

ʥʠʢʝʣʴ, ʢʦʙʘʣʴʪ, ʚʘʥʘʜʠʡ, ʧʣʘʪʠʥʘ, 
ʧʘʣʣʘʜʠʡ, ʨʝʥʠʡ) 

ʆʪʚʝʯʘʝʪ ʟʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʡ ʛʠʜʨʠʨʦʚʘʥʠʷ ʠ 

ʛʠʜʨʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʷʚʣʷʝʪʩʷ ʠʭ 

ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʷʜʦʚ, ʧʦʵʪʦʤʫ ʦʥʠ 
ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʧʨʦʮʝʩʩʘ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʳʨʴʷ. 

ɺ ʩʦʩʪʘʚʝ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʩʤʳʰʣʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ  ʚ ʢʘʯʝʪʩʚʝ 
ʥʦʩʠʪʝʣʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʮʝʦʣʠʪʳ: DHC-8, ʅʉ-39, DHC-32, ʅʉ-26, DHC-20 (Hy Cycle 

Unicracking - UOP LLC), S-753, S-703 (Shell Hydrocracking process), ICR-126, ICR-136, 
ICR-139, ICR-142, ICR-147, ICR-150, ICR-210, ICR-220 (Shevron Lummus Global LLC), 

ɻʂʆ-1, ɸʅʄʎ-1 (ɺʅʀʀ ʅʇ). ʇʨʠʤʝʨʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ  ʠʭ ʥʘʟʥʘʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
ʊʘʙʣʠʮʝ 1. 

ʉʦʜʝʨʞʘʥʠʝ ʮʝʦʣʠʪʘ ʚ ʥʦʩʠʪʝʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʟʥʘʯʝʥʠʝʤ ʧʨʦʮʝʩʩʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 
30 -60 % ʧʨʠ ʛʠʜʨʦʢʨʝʢʠʥʛʝ ʪʷʞʝʣʳʭ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʝʥʟʠʥʘ ʠ 5 -20 % ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʨʝʜʥʝʜʠʩʪʠʣʣʷʪʥʳʭ ʬʨʘʢʮʠʡ.  
ʉʦʜʝʨʞʘʥʠʝ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʮʝʦʣʠʪʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠ-ʟʘʪʦʨʘʭ 

ʩʦʩʪʘʚʣʷʝʪ 20 -25 % ʜʣʷ ʥʠʢʝʣʴʤʦʣʠʙʜʝʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠ 20 - 40 % ʜʣʷ 
ʥʠʢʝʣʴʚʦʣʴʬʨʘʤʦʚʴrʭ ʢʦʤʧʦʟʠʮʠʡ. 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʴʰʫʶ 
ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʚʳʭʦʜʫ ʩʨʝʜʥʝʜʠʩʪʠʣʣʷʪʥʳʭ ʬʨʘʢʮʠʡ ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʦ ʚʳʭʦʜʫ ʠ ʢʘʯʝʩʪʚʫ ʧʨʦʜʫʢʪʦʚ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʮʠʢʣʘ ʨʘʙʦʪʳ, ʯʝʤ ʮʝʦʣʠʪʩʦʜʝʨʞʘʱʠʝ. 
ʆʜʥʘʢʦ, ʥʘ ʮʝʦʣʠʪʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤʠ ʥʘ ʘʤʦʨʬʥʳʭ 

ʥʦʩʠʪʝʣʷʭ ʪʘ ʞʝ ʛʣʫʙʠʥʘ ʧʨʝʚʨʘʱʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʥʘ 
20 - 30 Áʉ) ʠʣʠ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝʤ ʦʙʲʝʤʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʊʘʙʣʠʮʘ 1. ʂʘʪʘʣʠʟʘʪʦʨʳ ʛʠʜʨʦʢʨʝʢʠʥʛʘ. 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʠʥʩʪʠʪʫʪ 
ʨʘʟʨʘʙʦʪʯʠʢ 

ʆʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ 
ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʨʠʤʝʯʘʥʠʷ 

ʉɻʂ-1 
ɺʅʀʀʅʇ 

ʉʝʣʝʢʪʠʚʥʳʡ 

ʛʠʜʨʦʢʨʝʢʠʥʛ ʥ-
ʧʘʨʘʬʠʥʦʚʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ʄʦʣʠʙʜʝʥʦʩʦʜʝʨʞʘʱʠʡ ʥʘ 

ʮʝʦʣʠʪʝ ʩʦ ʩʚʷʟʫʶʱʠʤ, 
ʧʨʦʤʦʪʠʨʦʚʘʥ ʙʦʨʦʤ. 

ʕʢʩʪʨʫʜʘʪʳ ʜʠʘʤʝʪʨʦʤ 3-4 

ʤʤ. 

 

ɻʂɼ-5ʅ 
ɺʅʀʀʅʇ 

ʉʝʣʝʢʪʠʚʥʳʡ 
ʛʠʜʨʦʢʨʝʢʠʥʛ 

ʧʨʷʤʦʛʦʥʥʳʭ 
ʙʝʥʟʠʥʦʚʳʭ ʠ 

ʜʠʟʝʣʴʥʳʭ 

ʬʨʘʢʮʠʡ. 

ʉʦʜʝʨʞʠʪ ʩʦʝʜʠʥʝʥʠʷ 

ʥʠʢʝʣʷ ʠ ʤʦʣʠʙʜʝʥʘ ʥʘ 

ʘʣʶʤʦʙʦʨʮʝʦʣʠʪʝ. 
ʕʢʩʪʨʫʜʘʪʳ ʜʠʘʤʝʪʨʦʤ 2-3 

ʤʤ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʳʨʴʷ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 
ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʝ 

ʙʝʥʟʠʥʳ ʣʠʙʦ ʟʠʤʥʝʝ 

ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ. 

ɻʂʄ-21ʄ 
ɺʅʀʀʅʇ 

ɻʠʜʨʦʢʨʝʢʠʥʛ 
ʪʷʞʝʣʦʛʦ ʩʳʨʴʷ ʩ 

ʧʦʣʫʯʝʥʠʝʤ 
ʦʩʥʦʚʳ 

ʠʟʦʣʷʮʠʦʥʥʳʭ 

ʤʘʩʝʣ. 

ʅʠʢʝʣʴʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱ

ʠʡ ʥʘ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʤ 
ʥʦʩʠʪʝʣʝ. ʕʢʩʪʨʫʜʘʪʳ 

ʜʠʘʤʝʪʨʦʤ 2,0-4,0 ʤʤ. 

ʋʩʪʦʡʯʠʚʦ ʨʘʙʦʪʘʝʪ ʚ 

ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʢʨʝʢʠʥʛʘ 

ʪʷʞʝʣʦʛʦ ʩʝʨʥʠʩʪʦʛʦ ʠ 
ʘʟʦʪʦʩʦʜʝʨʞʘʱʝʛʦ 

ʩʳʨʴʷ. 

ʂɼʄ-10 
çʅʝʬʪʝʢʘʪʘʣʠʟ

è 

ɻʠʜʨʦʦʙʣʘʛʦʨʘʞʠʚ

ʘʥʠʝ ʥʝʬʪʷʥʳʭ 
ʬʨʘʢʮʠʡ. 

ʄʦʣʠʙʜʝʥʦʩʦʜʝʨʞʘʱʠʡ ʥʘ 

ʮʝʦʣʠʪʝ ʩʦ ʩʚʷʟʫʶʱʠʤ, 

ʧʨʦʤʦʪʠʨʦʚʘʥ 
ʬʦʩʬʦʨʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ. ʕʢʩʪʨʫʜʘʪʳ 

ʜʠʘʤʝʪʨʦʤ 3-4 ʤʤ. 

ʆʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʫʩʢ 

ʤʘʩʝʣ ʠ ʪʦʧʣʠʚ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ 
ʟʘʩʪʳʚʘʥʠʷ ʥʝ ʚʳʰʝ 

ʤʠʥʫʩ 480 Áʉ. 
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ʂʘʪʘʣʠʟʘʪʦʨʳ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʚʳʧʫʩʢʘʶʪ ʚ ʚʠʜʝ ʵʢʩʪʨʫʜʘʪʦʚ ʠʣʠ ʤʠʢʨʦʩʬʝʨ. 
ʆʙʳʯʥʦ ʥʠʢʝʣʴʤʦʣʠʙʜʝʥʦʚʳʝ, ʢʦʙʘʣʲʪʤʦʣʠʙʜʝʥʦʚʳʝ ʠ ʥʠʢʝʣʴʚʦʣʴʬʨʘʤʦʚʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʧʦʩʪʘʚʣʷʶʪʩʷ ʚ ʥʝʩʪʘʙʠʣʴʥʦʡ ʦʢʩʠʜʥʦʡ ʬʦʨʤʝ, ʚ ʢʦʪʦʨʦʡ 
ʢʘʪʘʣʠʟʘʪʦʨ ʪʝʨʷʝʪ ʘʢʪʠʚʥʦʩʪʴ ʫʞʝ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʥʝʜʝʣʴ. ʇʦʵʪʦʤʫ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ 

ʧʨʦʮʝʩʩʘ ʦʢʩʠʜʥʘʷ ʬʦʨʤʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʩʝʨʥʝʥʠʶ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʝʛʦ 
ʮʝʥʪʨʦʚ. ʉʫʣʴʬʠʜʠʨʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʚʦʜʷʪ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 150ï350 Áʉ ʠ 

ʜʘʚʣʝʥʠʠ 2ï5 ʄʇʘ ʚ ʪʦʢʝ ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʛʘʟʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʦʪ 
0,5 ʜʦ 5,0 ʦʙ. % cʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʩʝʨʦʚʦʜʦʨʦʜ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʩʝʨʥʷʶʱʝʛʦ ʘʛʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʨʢʘʧʪʘʥʳ, ʜʠʩʫʣʴʬʠʜʳ, ʣʝʛʢʠʝ S-ʩʦʜʝʨʞʘʱʠʝ 
ʥʝʬʪʝʧʨʦʜʫʢʪʳ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʚʦʡʩʪʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 
ʝʛʦ ʨʝʛʝʥʝʨʘʮʠʠ. ʇʝʨʠʦʜ ʨʘʙʦʪʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʝʞʜʫ ʨʝʛʝʥʝʨʘʮʠʷʤʠ ʩʦʩʪʘʚʣʷʝʪ 2-3 ʛʦʜʘ. 

ʈʝʛʝʥʝʨʘʮʠʶ ʧʨʦʚʦʜʷʪ ʩ ʮʝʣʴʶ ʦʪʞʠʛʘ ʦʪʣʦʞʠʚʰʝʛʦʩʷ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ ʢʦʢʩʘ. ɼʣʷ ʵʪʦʛʦ 
ʢʘʪʘʣʠʟʘʪʦʨ ʧʝʨʝʚʦʜʷʪ ʚ ʦʢʩʠʜʥʫʶ ʬʦʨʤʫ ʧʫʪʝʤ ʧʨʦʢʘʣʠʚʘʥʠʷ ʚ ʪʦʢʝ ʢʠʩʣʦʨʦʜʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 550-600 Áʉ, ʘ ʟʘʪʝʤ ʚʥʦʚʴ ʧʨʦʚʦʜʷʪ ʧʨʦʮʝʜʫʨʫ ʩʫʣʴʬʠʜʠʨʦʚʘʥʠʷ.  

2.5 ʆʩʥʦʚʥʳʝ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʭʦʜʝ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ.  

ɺ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʧʨʦʪʝʢʘʶʪ ʨʝʘʢʮʠʠ ʨʘʟʨʳʚʘ ʉ-ʉ ʩʚʷʟʝʡ ʩ ʥʘʩʳʱʝʥʠʝʤ 
ʚʦʜʦʨʦʜʦʤ, ʛʠʜʨʦʛʝʥʦʣʠʟ ʩʚʷʟʝʡ C-S, C-N, C-O, ʛʠʜʨʠʨʦʚʘʥʠʝ ʥʝʥʘʩʳʱʝʥʥʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʊʘʙʣʠʮʘ 2).  
ʊʘʙʣʠʮʘ 2. ʈʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʛʠʜʨʦʢʨʝʢʠʥʛʝ 

ʀʩʭʦʜʥʳʝ ʋɺ ʈʝʘʢʮʠʠ ʆʙʨʘʟʫʶʱʠʝʩʷ ʋɺ 

ʇʘʨʘʬʠʥʦʚʳʝ ʀʟʦʤʝʨʠʟʘʮʠʷ, ʨʘʟʨʳʚ ʮʝʧʠ 
ʅʠʟʢʦʢʠʧʷʱʠʝ 

ʧʘʨʘʬʠʥʦʚʳʝ ʋɺ 
ʠʟʦʩʪʨʦʝʥʠʷ 

ʅʘʬʪʝʥʦʚʳʝ 
ʙʠʮʠʢʣʠʯʝʩʢʠʝ 

ʈʘʩʢʨʳʪʠʝ ʢʦʣʴʮʘ, 
ʠʟʦʤʝʨʠʟʘʮʠʷ, 

ʛʠʜʨʦʜʝʘʣʢʠʣʠʨʦʚʘʥʠʝ 

ʎʠʢʣʦʧʝʥʪʘʥʳ, 

ʥʠʟʢʦʢʠʧʷʱʠʝ 
ʧʘʨʘʬʠʥʦʚʳʝ ʋɺ 

ʠʟʦʩʪʨʦʝʥʠʷ 

ʅʘʬʪʝʥʦʚʳʝ 

ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʝ 

ʀʟʦʤʝʨʠʟʘʮʠʷ, 

ʛʠʜʨʦʜʝʘʣʢʠʣʠʨʦʚʘʥʠʝ 

ʎʠʢʣʦʧʝʥʪʘʥʳ, 
ʥʠʟʢʦʢʠʧʷʱʠʝ 

ʧʘʨʘʬʠʥʦʚʳʝ ʋɺ 
ʠʟʦʩʪʨʦʝʥʠʷ 

ɸʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʀʟʦʤʝʨʠʟʘʮʠʷ, 
ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ, 

ʛʠʜʨʦʜʝʘʣʢʠʣʠʨʦʚʘʥʠʝ, 
ʛʠʜʨʠʨʦʚʘʥʠʝ 

ɸʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʝ ʋɺ 

ɻʠʜʨʠʨʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʥʘʩʳʱʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʢʨʝʢʠʥʛʦʤ 
ʥʘʬʪʝʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʜʝʘʣʢʠʣʠʨʦʚʘʥʠʝʤ. ʈʝʘʢʮʠʠ ʘʨʦʤʘʪʠʟʘʮʠʠ ʠ 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʜʦ ʢʦʢʩʘ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʢʨʝʢʠʥʛʝ, ʚ ʧʨʦʮʝʩʩʘʭ 
ʛʠʜʨʦʢʨʝʢʠʥʛʘ, ʧʨʦʚʦʜʠʤʳʭ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ ʠ ʧʦʥʠʞʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʩʠʣʴʥʦ ʟʘʪʦʨʤʦʞʝʥʳ ʚʚʠʜʫ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ 
ʛʠʜʨʠʨʦʚʘʥʠʷ ʢʦʢʩʦʛʝʥʦʚ. 

ʇʨʝʚʨʘʱʝʥʠʷ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʢʨʝʢʠʥʛʘ 

ɻʠʜʨʦʛʝʥʦʣʠʟ ʩʝʨʘʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʉʝʨʘʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʘʪʩʷ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʥʝʬʪʷʭ. ʀʭ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʨʘʩʯʝʪʝ ʥʘ ʦʙʱʫʶ ʩʝʨʫ ʢʦʣʝʙʣʝʪʩʷ ʦʪ ʩʦʪʳʭ ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ ʜʦ 5-7 %. ʉʝʨʥʠʩʪʳʝ 
ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʦʣʘʤʠ (ʤʝʨʢʘʧʪʘʥʘʤʠ), ʨʘʟʣʠʯʥʳʤʠ ʩʫʣʴʬʠʜʘʤʠ ʠ ʨʷʜʦʤ 

ʪʠʦʬʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (ʊʘʙʣʠʮʘ 3). 
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ʊʘʙʣʠʮʘ 3. ʉʝʨʥʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝʬʪʠ ʠ ʩʨʝʜʥʠʭ ʧʨʷʤʦʛʦʥʥʳʭ ʬʨʘʢʮʠʡ 

ɻʨʫʧʧʘ ʉʪʨʦʝʥʠʝ 

ʊʠʦʣʳ (ʤʝʨʢʘʧʪʘʥʳ) R-SH 

ʉʫʣʴʬʠʜʳ R-S-Rô 

ɼʠʩʫʣʴʬʠʜʳ R-S-S-Rô 

ʊʠʦʬʝʥʳ 

ʠ ʪ.ʜ. 

ɹʝʥʟʦʪʠʦʬʝʥʳ 

ʠ ʪ.ʜ. 

ɼʠʙʝʥʟʦʪʠʦʬʝʥʳ 

ʠ ʪ.ʜ. 

ɹʝʥʟʦʥʘʬʪʦʪʠʦʬʝʥʳ 

ʠ ʪ.ʜ. 

ɹʝʥʟʦ-[def]- ʠ ʙʝʥʟʦʪʠʦʬʝʥʳ 

ʠ ʪ.ʜ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʨʘʟʣʠʯʥʳʤ ʬʨʘʢʮʠʷʤ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʥʝʬʪʠ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʧʨʠʨʦʜʳ ʠ ʫʩʣʦʚʠʡ ʧʝʨʝʛʦʥʢʠ. ʆʙʳʯʥʦ ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʡ 
ʩʝʨʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʥʠʟʰʠʭ ʬʨʘʢʮʠʡ ʢ ʚʳʩʰʠʤ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʩʝʨʘʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʢʘʧʣʠʚʘʝʪʩʷ ʚ ʪʷʞʝʣʳʭ ʬʨʘʢʮʠʷʭ ʠ ʦʩʪʘʪʢʘʭ (60 ï 70 % ʦʪ ʦʙʱʝʛʦ 
ʩʦʜʝʨʞʘʥʠʷ ʚ ʠʩʭʦʜʥʦʡ ʥʝʬʪʠ).  

ʇʨʠ ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʠ ʥʘʠʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʝʨʢʘʧʪʘʥʳ, 
ʩʫʣʴʬʠʜʳ, ʜʠʩʫʣʴʬʠʜʳ. ʅʘʠʙʦʣʝʝ ʪʨʫʜʥʦ ʫʜʘʣʷʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʦʯʠʩʪʢʠ 

ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʦʩʪʘʪʦʯʥʘʷè ʩʝʨʘ), ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʝʬʪʷʥʳʭ 
ʬʨʘʢʮʠʷʭ ʚʪʦʨʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ - ʣʝʛʢʠʭ ʛʘʟʦʡʣʷʭ ʟʘʤʝʜʣʝʥʥʦʛʦ ʢʦʢʩʦʚʘʥʠʷ (ʃɻʂ) 

ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ (ʃɻʂʂ), ʧʨʝʜʩʪʘʚʣʝʥʳ, ʚ ʦʩʥʦʚʥʦʤ, ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ 
ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʠ ʥʘʬʪʝʥʦʚʳʤʠ ʢʦʣʴʮʘʤʠ ʪʠʧʘ ʙʝʥʟʦʪʠʦʬʝʥʘ, 

ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʤʦʥʦ- ʠ ʜʠʘʣʢʠʣʧʨʦʠʟʚʦʜʥʳʝ ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ 4,6-
ʧʦʣʦʞʝʥʠʷʭ, ʥʘʬʪʦʪʠʦʬʝʥʘ. ʆʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʣʠʰʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʬʨʘʢʮʠʷʤ (ʨʠʩ. 2).  
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ʈʠʩ. 2. ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʬʪʷʥʳʭ 
ʬʨʘʢʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ 

ʇʨʠ ʛʠʜʨʦʛʝʥʦʣʠʟʝ ʩʦʝʜʠʥʝʥʠʡ ʨʷʜʘ ʪʠʦʬʝʥʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ 
ʚʝʱʝʩʪʚʘ (ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʙʝʥʟʦʣʴʥʳʭ ʢʦʣʝʮ ʚ ʤʦʣʝʢʫʣʝ, ʯʠʩʣʘ ʘʣʢʠʣʴʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ), ʫʤʝʥʴʰʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʛʠʜʨʠʨʦʚʘʥʠʶ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 
ʅʘʧʨʠʤʝʨ, ʛʠʜʨʠʨʦʚʘʥʠʝ ʪʠʦʬʝʥʘ ʧʨʦʪʝʢʘʝʪ ʩ ʵʥʝʨʛʠʝʡ ɻʠʙʙʩʘ ï52,47 ʢɼʞ/ʤʦʣʴ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʝʥʟʦʪʠʦʬʝʥʘ ï17,96 ʢɼʞ/ʤʦʣʴ, ʪ. ʝ. ʚ 2,5 
ʨʘʟʘ ʤʝʥʴʰʝ (ʊʘʙʣʠʮʘ 4).  

ʊʘʙʣʠʮʘ 4. ɿʥʘʯʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʢʮʠʡ ʛʠʜʨʠʨʦʚʘʥʠʷ ʩʝʨʥʠʩʪʳʭ 
ʩʦʝʜʠʥʝʥʠʡ (ʧʨʠ 327 Áʉ ʠ 3 ʄʇʘ) 

ɻʨʫʧʧʘ 

ʩʝʨʥʠʩʪʳʭ 
ʩʦʝʜʠʥʝʥʠʡ 

ʈʝʘʢʮʠʷ 
ЎὌЈ, 
ʢɼʞ/ʤʦʣ

 ɹ

ЎὋЈ, 
ʢɼʞ/ʤʦʣʴ 

ʄʝʨʢʘʧʪʘʥ 

ɻʠʜʨʠʨʫʝʪʩʷ ʜʦ ʩʝʨʦʚʦʜʦʨʦʜʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʋɺ 
C2H5SH+H2ŸC2H6+H2S 

ï
67,29 

ï
78,35 

ʉʫʣʴʬʠʜ 

ɻʠʜʨʠʨʫʝʪʩʷ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʨʢʘʧʪʘʥʘ 
C4H9SC4H9+H2ŸC4H9SH+C4H10 

C4H9SH+H2ŸC4H10+H2S 

C4H9SC4H9+H2Ÿ2C4H10+H2S 

ï
65,77 

ï
67,74 

ï
133,51 

ï
81,04 

ï
77,06 

ï
158,10 

ɼʠʩʫʣʴʬʠʜ 

ɻʠʜʨʠʨʫʝʪʩʷ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʨʢʘʧʪʘʥʘ 
C3H7SSC3H7+H2Ÿ2C3H7SH 

C3H7SH+H2ŸC3H8+H2S 

C3H7SSC3H7+3H2Ÿ2C3H8+2H2S 

ï
36,78 

ï
67,65 

ï
172,09 

 

ï
53,30 

ï
77,57 

ï
208,38 
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ʊʠʦʬʝʥ 

C4H4S+2H2ŸC4H6+H2S 

(ʪʠʦʬʝʥ) (ʙʫʪʘʜʠʝʥ-1,3) 

C4H6+H2ŸC4H8 (ʙʫʪʝʥ-2) 

C4H8+H2ŸC4H10 

C4H4S+4H2ŸC4H10+H2S 

(ʪʠʦʬʝʥ) (ʙʫʪʘʥ) 

ï
78,56 

 

ï
121,06 

ï
111,04 

ï
310,66 

ï
52,47 

 

ï
62,89 

ï
46,92 

ï
162,29 

ɹʝʥʟʦʪʠʦʬʝʥ 
C8H6S+H2ŸC8H8S 

C8H8S+H2ŸC8H10S 

C8H10S+H2ŸC8H10+H2S 

C8H6S+3H2ŸC8H10+H2S 

(ʙʝʥʟʦʪʠʦʬʝʥ) (ʵʪʠʣʙʝʥʟʦʣ) 

ï
78,97 

ï
50,61 

ï
72,00 

ï
201,58 

 

ï
17,96 

ï
13,21 

ï
84,16 

ï
115,33 

ɼʠʙʝʥʟʦʪʠʦʬʝ
ʥ 

C12H8S+H2ŸC12H8+H2S 

                 (ʜʠʬʝʥʠʣ) 

ï
94,79 

ï
64,99 

ɻʠʜʨʦʛʝʥʦʣʠʟ ʘʟʦʪʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ɻʠʜʨʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʨʦʣʘ ʠ ʧʠʨʨʦʣʠʜʠʥʘ ʧʨʦʪʝʢʘʝʪ ʘʥʘʣʦʛʠʯʥʦ 

ʛʠʜʨʠʨʦʚʘʥʠʶ ʩʫʣʴʬʠʜʦʚ: 

 
ɻʠʜʨʦʛʝʥʦʣʠʟ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 

 

2.6 ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ 

2.6.1 ʄʝʪʦʜ ʠʤʠʪʠʨʦʚʘʥʥʦʡ ʜʠʩʪʠʣʣʷʮʠʠ 

ɸʥʘʣʠʟ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʤʝʪʦʜʦʤ ʠʤʠʪʠʨʦʚʘʥʥʦʡ ʜʠʩʪʠʣʣʷʮʠʠ. ʀʤʠʪʠʨʦʚʘʥʥʘʷ ʜʠʩʪʠʣʣʷʮʠʷ ï ʵʪʦ ʪʝʭʥʠʢʘ 

ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʩʠʤʫʣʷʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʛʦʥʢʠ 
ʥʝʬʪʠ ʠ ʜʨʫʛʠʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʤʝʩʝʡ ʚ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʦʡ 

ʢʦʣʦʥʥʝ. ʂ ʛʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʪʦʠʪ ʦʪʥʝʩʪʠ ʝʛʦ ʚʳʩʦʢʫʶ 
ʪʦʯʥʦʩʪʴ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ (ʘʥʘʣʠʟ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

(ʙʝʥʟʠʥ, ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʘʚʠʘʮʠʦʥʥʳʡ ʢʝʨʦʩʠʥ, ʤʘʟʫʪ) ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 
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ʪʝʤʧʝʨʘʪʫʨ), ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʯʝʥʴ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʟʣʠʯʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʥʝʬʪʝʧʨʦʜʫʢʪʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʭ ʢʘʯʝʩʪʚʦ ʥʘ ʚʩʝʭ 

ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʷʪʴ ʚʦʟʤʦʞʥʳʝ ʥʘʨʫʰʝʥʠʷ 
ʪʝʭʥʦʣʦʛʠʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʜʠʩʪʠʣʣʷʮʠʠ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʪʠʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦ 
ʪʝʤʧʝʨʘʪʫʨʘʤ ʢʠʧʝʥʠʷ. ʀʤʠʪʠʨʦʚʘʥʥʘʷ ʜʠʩʪʠʣʣʷʮʠʷ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʪʦʯʥʳʤ ʵʢʩʧʨʝʩʩ-

ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʥʝʬʪʷʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚʝʱʝʩʪʚ.  

ʇʨʠ ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʤʝʪʦʜʦʤ ʠʤʠʪʠʨʦʚʘʥʥʦʡ ʜʠʩʪʠʣʣʷʮʠʠ 
ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ:  

ʂʦʣʦʥʢʘ 
ʇʦʪʦʢ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ    10 ʤʣ/ʤʠʥ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʢʠ 
ʀʟʦʪʝʨʤʘ 1     35  15 /ʤʠʥ. 

ʀʟʦʪʝʨʤʘ 2     320  10 ʤʠʥ. 
 ʀʩʧʘʨʠʪʝʣʴ 

  ʊʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʠʪʝʣʷ   320  
ʀʟʦʪʝʨʤʘ 1     40  15 /ʤʠʥ. 

ʀʟʦʪʝʨʤʘ 2     320  
 ɼʝʪʝʢʪʦʨ ʇʀɼ 

  ʈʘʩʭʦʜ ʚʦʜʦʨʦʜʘ     25 ʤʣ/ʤʠʥ. 
  ʈʘʩʭʦʜ ʚʦʟʜʫʭʘ      250 ʤʣ/ʤʠʥ. 

  ʊʝʤʧʝʨʘʪʫʨʘ ʜʝʪʝʢʪʦʨʘ    350 

ʇʦʩʣʝ ʚʚʦʜʘ ʧʨʦʙʳ ʚ ʠʥʞʝʢʪʦʨ, ʛʨʫʧʧʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚʳʚʦʜʷʪʩʷ ʥʘ 

ʭʨʦʤʘʪʦʛʨʘʤʤʫ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʠʭ ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ (ʈʠʩ. 3). ʆʧʨʝʜʝʣʝʥʠʝ 
ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʤ 

ʢʠʧʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ (ʈʠʩ. 5). ʂʘʣʠʙʨʦʚʦʯʥʘʷ ʢʨʠʚʘʷ 
ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʩʪʨʦʠʪʩʷ ʧʦ 

ʵʪʘʣʦʥʥʦʡ ʩʤʝʩʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʩʤʝʩʴ ʥʦʨʤʘʣʴʥʳʭ ʧʘʨʘʬʠʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʜʦ ʉ44) 
ʩ ʠʟʚʝʩʪʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʢʠʧʝʥʠʷ (ʈʠʩ. 4).  

 
ʈʠʩ. 3. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʪʷʞʝʣʦʛʦ ʥʝʬʪʷʥʦʛʦ ʩʳʨʴʷ. 
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ʈʠʩ. 4. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʩʤʝʩʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʉ5-ʉ40. 

 

ʈʠʩ. 5. ʂʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ (ʥʘʯʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʢʠ 35Áʉ)  

ʇʦ ʜʘʥʥʳʤ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʪʨʦʷʪ ʢʨʠʚʳʝ ʚʳʢʠʧʘʥʠʷ ʞʠʜʢʠʭ 

ʧʨʦʜʫʢʪʦʚ (ʈʠʩ. 6), ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ. 

 

ʈʠʩ. 6. ʂʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ ʬʨʘʢʮʠʠ ʚ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʘʭ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʢʨʠʚʘʷ ʚʳʢʠʧʘʥʠʷ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ) 
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ʂʨʠʚʳʝ ʠʤʠʪʠʨʦʚʘʥʥʦʡ ʜʠʩʪʠʣʣʷʮʠʠ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 
ʦʧʨʝʜʝʣʝʥʠʷ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʦʜʦʤ ʧʝʨʝʛʦʥʢʠ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʠ ʧʦʥʠʞʝʥʥʦʤ 

ʜʘʚʣʝʥʠʠ. 
ʄʝʪʦʜ ʠʤʠʪʠʨʦʚʘʥʥʦʡ ʜʠʩʪʠʣʣʷʮʠʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ASTM 

D2887 ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʥʝʬʪʷʥʳʝ ʬʨʘʢʮʠʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ ʜʦ 538Áʉ ʠ 
ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʦʡ ʨʘʟʛʦʥʢʠ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 
 

2.6.2 ʈʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ (ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʥʠʩʪʳʭ 

ʩʦʝʜʠʥʝʥʠʡ) 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʳ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ  
ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ çʉʧʝʢʪʨʦʩʢʘʥ Sè [ASTM 

International, West Conshohocken, PA, ASTM D4294-10, Standard Test Method for Sulfur in 
Petroleum and Petroleum Products by Energy Dispersive X-ray Fluorescence Spectrometry.].  

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʘʥʘʣʠʟʘʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʘʥʘʣʠʟʠʨʫʝʤʘʷ ʧʨʦʙʘ 
ʦʙʣʫʯʘʝʪʩʷ ʤʘʣʦʤʦʱʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʦʡ. ʇʨʠ ʵʪʦʤ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʙʳ ʠʩʭʦʜʠʪ 

ʚʪʦʨʠʯʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʝʪ ʵʣʝʤʝʥʪʥʳʡ 
ʩʦʩʪʘʚ ʦʙʨʘʟʮʘ. ʉ ʧʦʤʦʱʴʶ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʩʯʝʪʯʠʢʘ ʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʬʠʣʴʪʨʘ 

ʘʥʘʣʠʟʘʪʦʨ ʚʳʜʝʣʷʝʪ ʠʟ ʚʪʦʨʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʣʠʥʠʶ ʩʝʨʳ ʠ 
ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʩʯʠʪʳʚʘʝʪ ʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʤʘʩʩʦʚʫʶ ʜʦʣʶ ʩʝʨʳ ʚ ʧʨʦʙʝ. 

3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

3.1 ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʳ 

ʆʮʝʥʢʘ ʩʚʦʡʩʪʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʧʨʦʚʦʜʠʪʩʷ ʚ ʨʝʘʢʪʦʨʝ ʧʨʦʪʦʯʥʦʛʦ 
ʪʠʧʘ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɼʣʷ ʵʪʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 360-400 0ʉ  ʠ 

ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ 5-6 ʄʇʘ ʯʝʨʝʟ ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʦʡ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʧʫʩʢʘʝʪʩʷ ʩʦ 
ʩʢʦʨʦʩʪʴʶ 0,1-0,3 ʤʣ/ʤʠʥ. (0,5-1,5 ʯ-1) ʩʪʘʥʜʘʨʪʥʦʝ ʩʳʨʴʝ (ʚʘʢʫʫʤʥʳʡ ʛʘʟʦʡʣʴ ʩ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʳʢʠʧʘʥʠʷ 350-570 Üʉ). ʄʝʨʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʣʫʞʠʪ 
ʢʦʥʚʝʨʩʠʷ ï ʚʳʭʦʜ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʢʠʧʝʥʠʷ ʜʦ 180-200 Üʉ 

(ʙʝʥʟʠʥʦʚʘʷ ʬʨʘʢʮʠʷ) ʠ ʜʦ 300-350 Üʉ (ʜʠʟʝʣʴʥʘʷ ʬʨʘʢʮʠʷ). ʋʢʘʟʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 
ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʦʜʠʪʴ ʩʨʘʚʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

3.1.1 ʉʳʨʴʝ 

ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʘʢʫʫʤʥʳʡ ʛʘʟʦʡʣʴ 

(ʛʠʜʨʦʦʯʠʱʝʥʥʳʡ/ʥʝʛʠʜʨʦʦʯʠʱʝʥʥʳʡ), ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
ʊʘʙʣʠʮʝ 5. 

ʊʘʙʣʠʮʘ 5. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʳʨʴʷ 

ʅʘʠʤʝʥʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʷ 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʧr ʪʘʥʠʡ 

ɺɻ ʥʛ/ʦ ɺɻ 

ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ (% ʤʘʩʩ.) 0.18 1,86 

ʇʣʦʪʥʦʩʪʴ ʧʨʠ 20 0ʉ (ʛ/ʩʤ3) 0.889 0,910 

ʂʦʢʩʫʝʤʦʩʪʴ ʧʦ ʂʦʥʨʘʜʩʦʥʫ (% ʤʘʩʩ.) 0.05 0,16 

ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ, ʧʝʨʝʛʦʥʷʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, Áʉ:   

ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ (ʅʂ) 299 333 

10% 353 380 

50% 427 437 

ʂʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ (ʂʂ) 531 535 

ɼʦ 200 ÁC (% ʤʘʩʩ.) 0 0 

ɼʦ 350 ÁC (% ʤʘʩʩ.) 10 6 
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3.1.2 ʂʘʪʘʣʠʟʘʪʦʨ 

ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʉɻʂ-5, ʢʦʪʦʨʳʡ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʦʮʝʩʩʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʥ-ʧʘʨʘʬʠʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 
ʚ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʷʭ ʠ ʛʠʜʨʦʜʝʧʘʨʘʬʠʥʠʟʘʮʠʠ ʤʘʩʣʷʥʳʭ ʬʨʘʢʮʠʡ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʥʠʟʢʦʟʘʩʪʳʚʘʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ, ʤʠʥʝʨʘʣʴʥʳʭ ʤʘʩʝʣ ʠ ʜʨʫʛʠʭ 
ʥʠʟʢʦʟʘʩʪʳʚʘʶʱʠʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʂʘʪʘʣʠʟʘʪʦʨʳ ʉɻʂ ʠʤʝʶʪ ʪʨʫʙʯʘʪʫʶ ʧʦʨʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ ʩ ʨʘʟʤʝʨʘʤʠ ʚʭʦʜʥʳʭ ʦʢʦʥ 0,5-0,55 ʥʤ. ʂʘʪʘʣʠʟʘʪʦʨ ʉɻʂ-5 ʦʙʣʘʜʘʝʪ 
ʧʦʚʳʰʝʥʥʳʤʠ ʛʠʜʨʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʛʠʜʨʦʜʝʧʘʨʘʬʠʥʠʟʘʮʠʠ ʠ ʛʠʜʨʦʦʯʠʩʪʢʠ ʚʪʦʨʠʯʥʳʭ ʤʘʩʣʷʥʳʭ ʜʠʩʪʠʣʣʷʪʦʚ ʩ ʮʝʣʴʶ 
ʧʦʣʫʯʝʥʠʷ ʥʠʟʢʦʟʘʩʪʳʚʘʶʱʠʭ ʤʘʩʝʣ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʉɻʂ-5 ʧʨʠʚʝʜʝʥʳ ʚ 

ʊʘʙʣʠʮʝ 6. 

ʊʘʙʣʠʮʘ 6. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʉɻʂ-5 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ɿʥʘʯʝʥʠʝ 
ʧʦʢʘʟʘʪʝʣʷ 

1. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʢʦʤʧʦʥʝʥʪʦʚ (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʧʨʦʢʘʣʝʥʥʳʡ ʧʨʠ 550 Üʉ), %: 

ī ʪʨʠʦʢʩʠʜʘ ʤʦʣʠʙʜʝʥʘ, ʚ ʧʨʝʜʝʣʘʭ 
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ī ʦʢʩʠʜʘ ʥʠʢʝʣʷ, ʚ ʧʨʝʜʝʣʘʭ 5-6 

ī ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʥʝ ʙʦʣʝʝ ī 

ī ʦʢʩʠʜʘ ʥʘʪʨʠʷ, ʥʝ ʙʦʣʝʝ 0,2 

2. ʅʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʛ/ʩʤį, ʥʝ ʙʦʣʝʝ 0,8-0,9 

3. ɼʠʘʤʝʪʨ ʛʨʘʥʫʣ, ʤʤ, ʚ ʧʨʝʜʝʣʘʭ 2,5-3,5 

ʂʘʪʘʣʠʟʘʪʦʨ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʩʝʨʥʝʥʠʶ (ʛʘʟʦʬʘʟʥʦʝ ʠʣʠ 

ʞʠʜʢʦʬʘʟʥʦʝ) ʩ ʮʝʣʴʶ ʘʢʪʠʚʘʮʠʠ ʝʛʦ ʮʝʥʪʨʦʚ. ɻʘʟʦʬʘʟʥʦʝ ʩʫʣʴʬʠʜʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʷʪ ʚ 
ʪʦʢʝ H2S/H2. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʝʨʦʚʦʜʦʨʦʜʘ ʧʨʠ ʞʠʜʢʦʬʘʟʥʦʤ ʩʫʣʴʬʠʜʠʨʦʚʘʥʠʠ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʝʨʥʷʶʱʠʝ ʘʛʝʥʪʳ:  

 
ɺʳʙʦʨ ʦʩʝʨʥʷʶʱʝʛʦ ʘʛʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʝʤ ʩʝʨʦʚʦʜʦʨʦʜʘ, 

ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʚ ʭʦʜʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ:  
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʢʪʠʚʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʞʠʜʢʦʬʘʟʥʦʛʦ 

ʩʫʣʴʬʠʜʠʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʦʤ ʜʠʤʝʪʠʣʜʠʩʫʣʴʬʠʜʘ (ɼʄɼʉ) ʚ ʜʦʜʝʢʘʥʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʨʘʩʪʚʦʨʝ 
ʩʫʣʴʬʠʜʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʩʦʩʪʘʚʣʷʣʦ 1,5ʤʘʩʩ.% .  

ʇʨʦʮʝʜʫʨʘ ʩʫʣʴʬʠʜʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʫʰʢʫ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʘ 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 140 Áʉ (ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 30 Áʉ/ʯ) ʚ ʪʝʯʝʥʠʝ 4 ʯ, ʩʤʘʯʠʚʘʥʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʘʩʪʚʦʨʦʤ ʩʫʣʴʬʠʜʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ (ʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ 3 ʄʇʘ) ʚ ʪʝʯʝʥʠʝ 
2 ʯ. ɿʘʪʝʤ ʨʝʘʢʪʦʨ ʥʘʛʨʝʚʘʣʠ ʜʦ 240 Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 25 Áʉ/ʯʘʩ ʠ ʧʨʦʚʦʜʠʣʠ ʦʩʝʨʥʝʥʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʫʚʝʣʠʯʠʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 340Áʉ ʩʦ 
ʩʢʦʨʦʩʪʴʶ 20-25 Áʉ/ʯʘʩ ʠ ʧʨʦʜʦʣʞʘʣʠ ʩʫʣʴʬʠʜʠʨʦʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ ʝʱʝ 6 ʯʘʩʦʚ. 

3.1.3 ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ 

ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 7. ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʧʦʨʰʥʝʚʦʛʦ ʥʘʩʦʩʘ 

ʩ ʧʦʜʦʛʨʝʚʘʝʤʦʡ ʛʦʣʦʚʢʦʡ, ʩʪʘʣʴʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʜʚʫʟʦʥʥʫʶ ʪʨʫʙʯʘʪʫʶ 
ʵʣʝʢʪʨʦʧʝʯʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʥʘʛʨʝʚʦʤ. ʈʝʘʢʪʦʨ ʩʦʝʜʠʥʝʥ ʩ ʧʨʠʝʤʥʠʢʦʤ 

ʜʣʷ ʩʙʦʨʘ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʩ ʦʪʚʦʜʦʤ ʦʙʨʘʟʫʶʱʠʭʩʷ ʛʘʟʦʚ, ʘ ʪʘʢʞʝ ʣʠʥʠʝʡ ʧʦʜʘʯʠ 
ʚʦʜʦʨʦʜʘ ʠ ʩʳʨʴʷ ʚ ʨʝʘʢʪʦʨ. ʂʦʥʪʨʦʣʴ ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʤʘʥʦʤʝʪʨʦʚ.  
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ʈʠʩ. 7. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 
ʛʠʜʨʦʢʨʝʢʠʥʛʘ 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʥʘʛʨʝʚʘ ʟʦʥʳ ʨʝʘʢʪʦʨʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʩ 
ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʉʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʩʳʨʴʷ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʠ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʥʦʧʦʢ ʥʘ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʰʥʝʚʦʛʦ 
ʥʘʩʦʩʘ. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦʜʦʨʦʜʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʛʫʣʷʪʦʨʘ ʨʘʩʭʦʜʘ ʛʘʟʘ. 
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3.1.4 ɸʥʘʣʠʟ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ʆʙʦʨʫʜʦʚʘʥʠʝ: ʭʨʦʤʘʪʦʛʨʘʬ ʂʨʠʩʪʘʃʶʢʩ 4000ʄ ʩ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʣʦʥʢʦʡ 

SUPELCO Petrocol 2887, 5ʤ*0,53 ʤʤ, 0,5 ʤʢʤ Film. ʋʩʣʦʚʠʷ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʷ: 
ʠʩʧʘʨʠʪʝʣʴ ï 330 ʦʉ, ʜʝʪʝʢʪʦʨ (ʇʀɼ) ï 350 ʦʉ, ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ 250 ʩʤ3/ʤʠʥ, ʨʘʩʭʦʜ 

ʚʦʜʦʨʦʜʘ 25 ʩʤ3/ʤʠʥ, ʧʦʪʦʢ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ (He) ï 10 ʤʣ/ʤʠʥ). ʇʨʦʛʨʘʤʤʘ ʥʘʛʨʝʚʘ 
ʢʦʣʦʥʢʠ: 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʢʠ, ʦʉ ɺʨʝʤʷ, ʤʠʥ. ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ, ʦʉ/ʤʠʥ 

35 2 15 

310 10 0 

 

3.1.5 ɸʥʘʣʠʟ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʳ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ çʉʧʝʢʪʨʦʩʢʘʥ Sè [ASTM 
International, West Conshohocken, PA, ASTM D4294-10, Standard Test Method for Sulfur in 

Petroleum and Petroleum Products by Energy Dispersive X-ray Fluorescence Spectrometry.].  

3.2 ʄʝʪʦʜʠʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

1. ʈʝʘʢʪʦʨ ʪʱʘʪʝʣʴʥʦ ʦʯʠʩʪʠʪʴ, ʚ ʥʝʛʦ ʟʘʛʨʫʟʠʪʴ ʦʪʤʝʨʝʥʥʫʶ ʧʦʨʮʠʶ ʢʘʪʘʣʠʟʘʪʦʨʘ 
(5,0 ʛ). ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʜʘʚʘʝʤʦʛʦ ʩʳʨʴʷ ʧʦ ʦʙʲʸʤʫ ʨʝʘʢʪʦʨʘ ʝʛʦ ʥʠʞʥʶʶ ʠ ʚʝʨʭʥʶʶ ʯʘʩʪʠ 
ʟʘʧʦʣʥʠʪʴ ʪʦʣʯʝʥʳʤ ʢʚʘʨʮʝʤ (å2-3 ʛ).  

2. ɺ ʨʝʘʢʪʦʨ ʚʩʪʘʚʠʪʴ ʠ ʛʝʨʤʝʪʠʯʥʦ ʧʨʠʩʦʝʜʠʥʠʪʴ ʩʳʨʴʝʚʫʶ ʪʨʫʙʢʫ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʯʪʦʙʳ ʥʠʞʥʠʡ ʢʦʥʝʮ ʪʨʫʙʢʠ ʥʘʭʦʜʠʣʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʤʝʥʝʝ 10 ʤʤ ʥʘʜ ʫʨʦʚʥʝʤ 

ʢʚʘʨʮʘ. ʂ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʝʘʢʪʦʨʘ ʧʦʜʩʦʝʜʠʥʠʪʴ ʢʘʧʠʣʣʷʨ ʜʣʷ ʩʙʦʨʘ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ. 
3. ʈʝʘʢʪʦʨ ʧʦʤʝʩʪʠʪʴ ʚ ʧʝʯʴ, ʩʥʘʙʞʝʥʥʫʶ ʪʝʨʤʦʧʘʨʦʡ. ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʨʝʘʢʪʦʨʘ 
ʩʠʩʪʝʤʫ ʛʝʨʤʝʪʠʟʠʨʦʚʘʪʴ, ʟʘʧʦʣʥʠʪʴ ʚʦʜʦʨʦʜʦʤ, ʦʧʨʝʩʩʦʚʘʪʴ.  
4. ɺʟʚʝʩʠʪʴ ʧʨʠʸʤʥʠʢ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʜʩʦʝʜʠʥʠʪʴ ʝʛʦ ʢ 

ʢʘʧʠʣʣʷʨʫ  ʯʝʨʝʟ ʨʝʟʠʥʦʚʫʶ ʧʨʦʙʢʫ, ʘ ʟʘʪʝʤ ʩʦʝʜʠʥʠʪʴ ʩ ʩʠʩʪʝʤʦʡ ʩʙʦʨʘ ʛʘʟʘ.  
5. ɺʢʣʶʯʠʪʴ ʧʦʜʦʛʨʝʚ ʛʦʣʦʚʢʠ ʧʦʨʰʥʝʚʦʛʦ ʥʘʩʦʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʜʦʛʨʝʚ 

ʪʷʞʝʣʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʜʦ 60-70 ʦʉ ʧʝʨʝʜ ʧʦʜʘʯʝʡ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʝʛʦ 
ʚʷʟʢʦʩʪʠ ʠ ʵʣʝʢʪʨʦʦʙʦʛʨʝʚ ʣʠʥʠʠ ʧʦʜʘʯʠ ʪʷʞʝʣʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. ʇʦ 

ʠʩʪʝʯʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʛʦʣʦʚʢʘ ʥʘʩʦʩʘ ʠ ʩʳʨʴʝʚʘʷ ʣʠʥʠʷ ʧʨʦʛʨʝʶʪʩʷ, 
ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʝ ʟʘʜʘʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʢʣʶʯʠʪʴ ʥʘʛʨʝʚ ʧʝʯʠ.  

6. ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʚʥʫʪʨʠ ʨʝʘʢʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʨʷʜʢʘ 100-150 0ʉ ʫʩʪʘʥʦʚʠʪʴ 
ʟʘʜʘʥʥʳʡ ʨʘʩʭʦʜ ʚʦʜʦʨʦʜ-ʩʦʜʝʨʞʘʱʝʛʦ ʛʘʟʘ. ɼʣʷ ʵʪʦʛʦ ʦʪʢʨʳʪʴ ʚʝʥʪʠʣʴ ʙʘʣʣʦʥʘ ʩ 

ʚʦʜʦʨʦʜʦʤ (ʨʝʜʫʢʪʦʨ ʥʘ ʙʘʣʣʦʥʝ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʢʨʫʯʝʥ), ʫʩʪʘʥʦʚʠʪʴ ʨʝʜʫʢʪʦʨʦʤ 
ʟʘʜʘʥʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʦʪʢʨʳʪʴ ʢʨʘʥ ʧʦʜʘʯʠ ʚʦʜʦʨʦʜʘ. ʂʦʥʪʨʦʣʴ ʥʘʜ ʜʘʚʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ 

ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʥʦʤʝʪʨʦʚ.   
7. ʋʩʪʘʥʦʚʠʪʴ ʟʘʜʘʥʥʫʶ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʩʳʨʴʷ ʚ ʨʝʘʢʪʦʨ.  

ɻʠʜʨʦʢʨʝʢʠʥʛ ʩʳʨʴʷ ʧʨʦʚʦʜʷʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 360-420 ʦʉ ʠ ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜ-
ʩʦʜʝʨʞʘʱʝʛʦ ʛʘʟʘ 5-6 ʄʇʘ. ʂʨʘʪʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜʦʨʦʜ-ʩʦʜʝʨʞʘʱʝʛʦ ʛʘʟʘ 100-2500 

ʤ3/ʤ3 ʩʳʨʴʷ. ʄʘʩʩʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʩʳʨʴʷ - 0,1-1,5 ʯ-1. ɾʠʜʢʠʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ 
ʩʦʙʠʨʘʶʪʩʷ ʚ ʧʨʠʝʤʥʠʢ. 

ʉʳʨʴʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʛʠʜʨʦʢʨʝʢʠʥʛ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʝʪʣʳʭ ʛʠʜʨʦʦʯʠʱʝʥʥʳʭ ʬʨʘʢʮʠʡ  ʠ 
ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʛʘʟʦʚ. ʇʘʨʦʚʘʷ ʬʘʟʘ ʩʚʝʪʣʳʭ ʛʠʜʨʦʦʯʠʱʝʥʥʳʭ ʬʨʘʢʮʠʡ ʩʦʙʠʨʘʝʪʩʷ ʚ 
ʧʨʠʝʤʥʠʢʝ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʫʩʤʦʪʨʝʥ ʦʪʚʦʜ ʛʘʟʦʚ.  

8. ʇʦ ʦʢʦʥʯʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʪʢʣʶʯʠʪʴ ʥʘʛʨʝʚ ʟʦʥʳ ʨʝʘʢʪʦʨʘ. ʂʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ 
ʚʥʫʪʨʠ ʨʝʘʢʪʦʨʘ ʩʥʠʟʠʪʩʷ ʜʦ 150-200 0ʉ, ʦʪʢʣʶʯʠʪʴ ʧʦʜʘʯʫ ʚʦʜʦʨʦʜ-ʩʦʜʝʨʞʘʱʝʛʦ ʛʘʟʘ ʚ 

ʨʝʘʢʪʦʨ. ɼʦʞʜʘʪʴʩʷ, ʧʦʢʘ ʨʝʘʢʪʦʨ ʦʭʣʘʜʠʪʩʷ ʜʦ 80-100 0ʉ ʠ ʦʪʢʣʶʯʠʪʴ ʧʦʜʘʯʫ ʩʳʨʴʷ ʠ 
ʦʙʦʛʨʝʚ ʛʦʣʦʚʢʠ ʥʘʩʦʩʘ, ʧʦʩʣʝ ʯʝʛʦ ʩʪʨʘʚʠʪʴ ʦʩʪʘʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜ-ʩʦʜʝʨʞʘʱʝʛʦ 

ʛʘʟʘ ʠ ʨʘʟʛʝʨʤʝʪʠʟʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ. 
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9. ʇʨʠʝʤʥʠʢ ʩ ʞʠʜʢʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʦʪʩʦʝʜʠʥʠʪʴ ʠ ʚʟʚʝʩʠʪʴ.  

3.3 ʌʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʪʯʝʪʘ 

1. ʆʬʦʨʤʣʝʥʥʘʷ ʟʘʜʘʯʘ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʞʫʨʥʘʣʝ: ʦʧʠʩʘʪʴ ʮʝʣʠ ʠ ʟʘʜʘʯʠ, ʦʩʥʦʚʥʳʝ 
ʪʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ, ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ. 

2. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʧʦʩʪʨʦʝʥʥʳʝ ʢʨʠʚʳʝ 
ʚʳʢʠʧʘʥʠʷ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ (ʧʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ ʠʤʠʪʠʨʦʚʘʥʥʦʡ 

ʜʠʩʪʠʣʣʷʮʠʠ), ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʦʜʝʨʞʘʥʠʷ ʙʝʥʟʠʥʦʚʦʡ ʠ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ ʚ 
ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʘʭ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʩʝʨʦʦʨʛʘʥʠʯʝʩʢʠʭ 
ʩʦʝʜʠʥʝʥʠʡ (ʧʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ), 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʘʭ. 
4. ɺʳʚʦʜʳ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʮʝʥʢʝ ʠ ʘʥʘʣʠʟʝ ʬʨʘʢʮʠʦʥʥʦʛʦ 
ʩʦʩʪʘʚʘ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʠ ʩʪʝʧʝʥʠ ʠʭ ʦʙʝʩʩʝʨʠʚʘʥʠʷ (ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʣʷ 
ʩʳʨʴʷ). 

4. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ: 

1. ʂʘʢʦʚʦ ʦʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʢʨʝʢʠʥʛʘ? 

2. ʆʧʠʰʠʪʝ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʧʨʦʮʝʩʩʘ. ʇʨʠʚʝʜʠʪʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʫʩʪʘʥʦʚʦʢ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ  ʠ ʩ ʥʝʧʨʝʨʳʚʥʦʡ 

ʨʝʛʝʥʝʨʘʮʠʝʡ ʢʘʪʘʣʠʟʘʪʦʨʘ. 
3. ɺ ʢʘʢʠʭ ʩʣʫʯʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʚʘʨʠʘʥʪ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ? ʂʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʨʝʘʢʪʦʨʘʤ? 
ʂʘʪʘʣʠʟʘʪʦʨ ʢʘʢʦʛʦ ʨʝʘʢʪʦʨʘ ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʟʘʢʦʢʩʦʚʳʚʘʝʪʩʷ? 

4. ʅʘʟʦʚʠʪʝ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ. ʆʙʲʷʩʥʠʪʝ ʚʣʠʷʥʠʝ 
ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ. 

5. ʂʘʢʦʚ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ? ʂʘʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʠʤ 
ʧʨʝʜʲʷʚʣʷʶʪʩʷ? ʂʘʢʦʡ ʢʦʤʧʦʥʝʥʪ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ? 
6. ʆʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʩ ʟʘʢʨʝʧʣʸʥʥʳʤ ʩʣʦʝʤ 
ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʚʦʜʷʪ  ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ? 
7. ʂʘʢʦʚʘ ʨʦʣʴ ʚʦʜʦʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʢʨʝʢʠʥʛʘ? 

8. ʅʘʧʠʰʠʪʝ ʦʩʥʦʚʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʛʠʜʨʦʛʝʥʦʣʠʟʘ ʩʝʨʘ-, ʘʟʦʪ- ʠ ʢʠʩʣʦʨʦʜ-
ʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʬʪʷʥʦʛʦ ʩʳʨʴʷ. ʂʘʢ ʚʣʠʷʶʪ ʪʝʤʧʝʨʘʪʫʨʘ 

ʠ ʜʘʚʣʝʥʠʝ ʥʘ ʨʘʚʥʦʚʝʩʠʝ ʵʪʠʭ ʨʝʘʢʮʠʡ? 
9. ʂʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʝʪʝʨʦʧʨʠʤʝʩʝʡ ʚ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʷʭ? 

10. ʂʘʢʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ ʪʦʨʤʦʟʷʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 
ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʦʩʪʘʪʦʯʥʦʛʦ ʩʳʨʴʷ? 

11. ʇʨʦʘʥʘʣʠʟʠʨʫʡʪʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʠʜʨʦʢʨʝʢʠʥʛʦʤ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʠ ʪʝʨʤʠʯʝʩʢʠʤ 
ʢʨʝʢʠʥʛʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʳʨʴʷ ʠ ʛʨʫʧʧʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ. 

12. ʂʘʢ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ ʛʠʜʨʦʢʨʝʢʠʥʛ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʢʨʝʢʠʥʛ? 
ʈʠʬʦʨʤʠʥʛ ʠ ʛʠʜʨʦʢʨʝʢʠʥʛ? 

13. ʀʟʦʙʨʘʟʠʪʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ ʅʇɿ, ʚʢʣʶʯʠʚ ʪʫʜʘ ʫʩʪʘʥʦʚʢʫ ʛʠʜʨʦʢʨʝʢʠʥʛʘ. 
14. ʆʙʲʷʩʥʠʪʝ ʩʫʪʴ ʤʝʪʦʜʘ ʠʤʠʪʠʨʦʚʘʥʥʦʡ ʜʠʩʪʠʣʣʷʮʠʠ. ʅʘʟʦʚʠʪʝ ʝʛʦ ʦʩʥʦʚʥʳʝ 
ʧʨʝʠʤʫʱʝʩʪʚʘ.  
15. ʏʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʠʚʳʝ ʚʳʢʠʧʘʥʠʷ? ʂʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʜʫʢʪʘʭ 
ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ? 

5. ʃʠʪʝʨʘʪʫʨʘ 
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ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʬʨʘʢʮʠʡ ʧʝʨʦʢʩʠʜʦʤ 

ʚʦʜʦʨʦʜʘ 
ɸʚʪʦʨʳ: ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ɸ.ɺ. ɸʢʦʧʷʥ ɸ.ɺ., ʅ.ɺ. ɸʨʟʷʝʚʘ 

ɿʘʜʘʯʘ ʩʦʜʝʨʞʠʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʦʢʠʩʣʝʥʠʠ ʩʝʨʦʦʨʛʘʥʠʯʝʩʢʠʭ 
ʩʦʝʜʠʥʝʥʠʡ. ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ, 

ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 
ʧʝʨʦʢʩʠʜʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ. ʎʝʣʴ ʨʘʙʦʪʳ - 

ʦʟʥʘʢʦʤʠʪʴ ʩʪʫʜʝʥʪʦʚ ʩ ʤʝʪʦʜʠʢʦʡ ʧʨʦʚʝʜʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ 
ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʬʨʘʢʮʠʡ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʛʝʥʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʝʡ ʩʝʨʳ ʚ 
ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʷʭ. 

 
ʉʦʜʝʨʞʘʥʠʝ 

1. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 
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   1.3 ɹʠʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʷ 

  1.4 ʆʢʠʩʣʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ 
2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

     2.1 ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʳ 
     2.2 ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

     2.3 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 
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3. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 
4. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ  

5. ʃʠʪʝʨʘʪʫʨʘ  
 

1. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ɺʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ 

ʩʦʙʦʡ ʚʩʝ ʙʦʣʴʰʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʩʪʝʪ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ʫʩʪʦʡʯʠʚʳʭ ʤʦʜʝʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʙʫʜʫʱʝʤ. 
ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʩʫʱʝʩʪʚʫʝʪ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ, 

ʢʦʪʦʨʦʝ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʦʪ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 
ʜʚʠʛʘʪʝʣʝʡ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ. 

ʋʜʘʣʝʥʠʝ ʩʝʨʳ ï ʚʘʞʥʝʡʰʠʡ ʘʩʧʝʢʪ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʯʠʩʪʳʭ 
ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ ʠ ʧʨʦʜʫʢʪʦʚ ʥʝʬʪʝʭʠʤʠʠ. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʥʠʩʪʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʪʦʧʣʠʚʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʝʛʦ ʢʘʯʝʩʪʚʘ. ʇʨʠ ʩʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ 
ʦʙʨʘʟʫʝʪʩʷ ʦʢʩʠʜ ʩʝʨʳ (IV), ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʠʩʣʦʪʥʳʭ ʜʦʞʜʝʡ ʚ 

ʘʪʤʦʩʬʝʨʝ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. 
ʅʝʛʘʪʠʚʥʳʝ ʘʩʧʝʢʪʳ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʥʝʬʪʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʨʦʮʝʩʩʳ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ, ʚ ʦʪʨʘʚʣʝʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʫʤʝʥʴʰʝʥʠʠ 
ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʝʨʥʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʫʭʫʜʰʘʶʪ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ ʥʝʬʪʠ, ʥʘʧʨʠʤʝʨ, ʙʝʥʟʠʥʦʚʦʡ ʠ ʜʠʟʝʣʴʥʦʡ 
ʬʨʘʢʮʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʫ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʫ ʦʪʭʦʜʦʚ ʧʨʠ 
ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ 

ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚʘʭ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 10 ppm. ɺ ʈʦʩʩʠʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʦʪʦʨʥʳʤ 
ʪʦʧʣʠʚʘʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʊʝʭʥʠʯʝʩʢʠʤ ʨʝʛʣʘʤʝʥʪʦʤ ʊʘʤʦʞʝʥʥʦʛʦ ʩʦʶʟʘ ʠ ʩ 2016 ʛʦʜʘ 

ʫʩʪʘʥʦʚʣʝʥʦ ʪʨʝʙʦʚʘʥʠʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʝʨʳ ʥʝ ʙʦʣʝʝ 10 ppm. (ʪʘʙʣʠʮʘ 1).  
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ʊʘʙʣʠʮʘ 1. ʊʨʝʙʦʚʘʥʠʷ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʙʝʥʟʠʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
ʊʝʭʥʠʯʝʩʢʠʤ ʨʝʛʣʘʤʝʥʪʦʤ 

ʇʘʨʘʤʝʪʨʳ ɽʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ 

ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʢʣʘʩʩ 3 

 

ʢʣʘʩʩ 4 ʢʣʘʩʩ 5 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʩʝʨʳ, ʥʝ ʙʦʣʝʝ ʤʛ/ʢʛ 150 50 10 

ʆʙʲʝʤʥʘʷ ʜʦʣʷ ʙʝʥʟʦʣʘ, ʥʝ 

ʙʦʣʝʝ 

% 1 1 1 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʞʝʣʝʟʘ, ʥʝ ʙʦʣʝʝ ʤʛ/ʜʤ3 ʦʪʩʫʪʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʝ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʘʨʛʘʥʮʘ, ʥʝ 
ʙʦʣʝʝ 

ʤʛ/ʜʤ3 ʦʪʩʫʪʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʝ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʚʠʥʮʘ, ʥʝ ʙʦʣʝʝ ʤʛ/ʜʤ3 ʦʪʩʫʪʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʝ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʢʠʩʣʦʨʦʜʘ, ʥʝ 

ʙʦʣʝʝ 

% 2,7 2,7 2,7 

ʆʙʲʝʤʥʘʷ ʜʦʣʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 
ʥʝ ʙʦʣʝʝ: 

    

    ʘʨʦʤʘʪʠʯʝʩʢʠʭ % 42 35 35 
    ʦʣʝʬʠʥʦʚʳʭ % 18 18 18 

ʆʢʪʘʥʦʚʦʝ ʯʠʩʣʦ:     

    ʧʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤʫ 

ʤʝʪʦʜʫ, ʥʝ ʤʝʥʝʝ 

 95 95 95 

    ʧʦ ʤʦʪʦʨʥʦʤʫ ʤʝʪʦʜʫ, ʥʝ 

ʤʝʥʝʝ 

 85 85 85 

ʅʝʤʘʣʦʚʘʞʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʚʥʝʜʨʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʨʦʩʩʠʡʩʢʠʭ ʥʝʬʪʝʡ ʦʪʥʦʩʷʪʩʷ ʢ ʚʳʩʦʢʦʩʝʨʥʠʩʪʳʤ, ʯʪʦ 
ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʭ ʩʪʦʠʤʦʩʪʠ ʠ ʢʘʯʝʩʪʚʝ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʚʣʠʷʝʪ ʥʘ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʢʘʯʝʩʪʚʝʥʥʳʝ ʪʦʧʣʠʚʘ. 
ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚ ʤʠʨʝ ʩʧʦʩʦʙ ʦʯʠʩʪʢʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʪʦʧʣʠʚ ʦʪ 

ʩʝʨʳ ï ʛʠʜʨʦʦʯʠʩʪʢʘ ï ʪʨʝʙʫʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʵʥʝʨʛʦ- ʠ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ 
ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʦʚ (ʅʇɿ), 

ʧʦʵʪʦʤʫ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʙʝʟʚʦʜʦʨʦʜʥʳʝ ʩʧʦʩʦʙʳ 
ʩʝʨʦʦʯʠʩʪʢʠ ʪʘʢʠʝ, ʢʘʢ ʘʜʩʦʨʙʮʠʷ, ʵʢʩʪʨʘʢʮʠʷ, ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ ʠ 

ʙʠʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʷ.  

1.1 ɸʜʩʦʨʙʮʠʦʥʥʘʷ ʦʯʠʩʪʢʘ 

ɸʜʩʦʨʙʮʠʦʥʥʘʷ ʦʯʠʩʪʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʩʝʣʝʢʪʠʚʥʦʤ ʠʟʚʣʝʯʝʥʠʠ ʩʝʨʥʠʩʪʳʭ 
ʩʦʝʜʠʥʝʥʠʡ ʪʚʝʨʜʳʤʠ ʧʦʛʣʦʪʠʪʝʣʷʤʠ ï ʘʜʩʦʨʙʝʥʪʘʤʠ ï ʟʘ ʩʯʝʪ ʨʘʟʥʠʮʳ ʩʚʦʡʩʪʚ 

ʛʝʪʝʨʦʘʪʦʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʧʣʠʚ. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ 
ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʝʨʦʦʯʠʩʪʢʠ ʷʚʣʷʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʠ ʘʛʨʝʩʩʠʚʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ. ʆʙʝʩʩʝʨʠʚʘʥʠʝ ʧʫʪʝʤ ʘʜʩʦʨʙʮʠʠ 
ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʘʜʩʦʨʙʮʠʦʥʥʫʶ ʩʝʨʦʦʯʠʩʪʢʫ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 
ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʦʙʝʩʩʝʨʠʚʘʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʪʨʘʙʦʪʘʥʥʳʡ ʘʜʩʦʨʙʝʥʪ 

ʨʝʛʝʥʝʨʠʨʫʶʪ ʧʫʪʝʤ ʧʨʦʤʳʚʢʠ ʧʦʣʷʨʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʠʣʠ 
ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 
ʩʚʦʡʩʪʚʘʤʠ ʩʦʨʙʝʥʪʘ: ʝʛʦ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʴʶ, ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʦʝʜʠʥʝʥʠʷʤ ʩʝʨʳ, ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʘʜʩʦʨʙʝʥʪʳ ï ʦʢʩʠʜʳ 
ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʥʦʩʠʪʝʣʠ (ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ, ʮʝʦʣʠʪʳ, 

ʦʢʩʠʜʳ ʪʠʪʘʥʘ, ʘʣʶʤʠʥʠʷ ʠ ʢʨʝʤʥʠʷ). ɻʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ 
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ʘʜʩʦʨʙʮʠʠ ʜʣʷ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʨʝʘʣʴʥʳʭ ʪʦʧʣʠʚ ï ʥʘʣʠʯʠʝ ʚ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʷʭ 
ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʇɸʋ), ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʷʶʪ ʧʦʨʳ ʘʜʩʦʨʙʝʥʪʘ, 

ʫʤʝʥʴʰʘʷ ʝʛʦ ʝʤʢʦʩʪʴ ʠ ʩʥʠʞʘʷ ʩʪʝʧʝʥʴ ʦʙʝʩʩʝʨʠʚʘʥʠʷ.  
 

1.2 ʕʢʩʪʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʕʢʩʪʨʘʢʮʠʦʥʥʘʷ ʩʝʨʦʦʯʠʩʪʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʪʦʤ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ ʦʙʣʘʜʘʶʪ 

ʙʦʣʴʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʯʝʤ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʷʨʥʳʭ 
ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ɺ 

ʩʤʝʩʠʪʝʣʴʥʦʤ ʨʝʟʝʨʚʫʘʨʝ ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ ʧʝʨʝʭʦʜʷʪ ʠʟ ʥʝʬʪʠ ʚ ʨʘʩʪʚʦʨʠʪʝʣʴ ʠʟ-ʟʘ ʠʭ 
ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʬʪʴʶ. ɿʘʪʝʤ ʩʤʝʩʴ ï 

ʨʘʩʪʚʦʨʠʪʝʣʴ/ʪʦʧʣʠʚʦ ï ʧʦʜʘʝʪʩʷ ʚ ʩʝʧʘʨʘʪʦʨ, ʚ ʢʦʪʦʨʦʤ ʫʛʣʝʚʦʜʦʨʦʜʳ ʦʪʜʝʣʷʶʪ ʦʪ 
ʨʘʩʪʚʦʨʠʪʝʣʷ. ʆʙʝʩʩʝʨʝʥʥʳʡ ʧʦʪʦʢ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʙʦ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʩʤʝʰʠʚʘʥʠʷ, ʣʠʙʦ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ. 
ʈʘʩʪʚʦʨʠʪʝʣʴ ʦʯʠʱʘʶʪ ʦʪ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚʦʟʚʨʘʱʘʶʪ ʚ ʩʠʩʪʝʤʫ. 

 

ʈʠʩ.1. ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʢʮʠʠ ʪʦʧʣʠʚ 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʩʝʨʦʦʯʠʩʪʢʠ ʷʚʣʷʶʪʩʷ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʜʘʚʣʝʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ, ʘ ʩʘʤ ʤʝʪʦʜ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʦʯʠʩʪʢʠ ʥʝ 
ʠʟʤʝʥʷʝʪ ʭʠʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʬʪʝʡ. ʏʪʦʙʳ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʢʮʠʠ, ʵʢʩʪʨʘʛʝʥʪ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʨʷʜʫ ʪʨʝʙʦʚʘʥʠʡ: ʧʣʦʭʦ 
ʩʤʝʰʠʚʘʪʴʩʷ ʩ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ, ʙʦʣʴʰʠʥʩʪʚʦ 

ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʜʘʥʥʦʤ ʵʢʩʪʨʘʛʝʥʪʝ; ʵʢʩʪʨʘʛʝʥʪ 
ʜʦʣʞʝʥ ʠʤʝʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʝʥʠʷ ʦʪʣʠʯʥʫʶ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ; ʚʷʟʢʦʩʪʠ ʪʦʧʣʠʚʘ ʠ ʵʢʩʪʨʘʛʝʥʪʘ ʜʦʣʞʥʳ ʙʳʪʴ ʥʠʟʢʠʤʠ, ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ 
ʩʤʝʰʠʚʘʥʠʝ ʠ ʵʢʩʪʨʘʢʮʠʶ; ʨʘʩʪʚʦʨʠʪʝʣʴ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝʜʦʨʦʛʠʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʦʚ ʦʙʳʯʥʦ 
ʠʩʧʦʣʴʟʫʶʪ: N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ (ɼʄʌɸ), ʘʮʝʪʦʥʠʪʨʠʣ, ʘʮʝʪʦʥ, ʵʪʘʥʦʣ, 

ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʠ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ.  
ʄʝʪʦʜʦʤ ʵʢʩʪʨʘʢʮʠʠ ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʥʘ 50 ï 90% ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʮʠʢʣʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ 
ʚ ʦʩʥʦʚʥʦʤ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ ʚ 

ʨʘʩʪʚʦʨʠʪʝʣʝ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʟʘ ʩʯʝʪ ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 
ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ ʫʯʝʪʦʤ ʧʨʠʨʦʜʳ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʫʜʘʣʠʪʴ. ʂʣʶʯʝʚʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʥʠʟʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ 
ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʚʝʜʝʪ ʢ ʙʦʣʴʰʠʤ ʧʦʪʝʨʷʤ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. 

1.3 ɹʠʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʷ 

ʄʝʪʦʜ ʙʠʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 
ʦʙʝʩʩʝʨʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ 

ʩʝʨʦʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʜʣʷ ʙʠʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ 
ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʦʛʨʘʥʠʯʝʥʦ ʢʦʣʠʯʝʩʪʚʦʤ ʚʠʜʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ 

ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠʣʠ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ. 
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1.4 ʆʢʠʩʣʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʩʨʝʜʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʧʦʣʫʯʠʣ ʧʨʦʮʝʩʩ 

ʙʝʟʚʦʜʦʨʦʜʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʚʫʭʵʪʘʧʥʫʶ 
ʦʯʠʩʪʢʫ: ʩʥʘʯʘʣʘ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʢʠʩʣʷʶʪ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʫʣʴʬʦʢʩʠʜʦʚ ʠ ʩʫʣʴʬʦʥʦʚ, ʘ ʟʘʪʝʤ ʩʣʝʜʫʝʪ ʵʢʩʪʨʘʢʮʠʷ ʠʣʠ ʘʜʩʦʨʙʮʠʷ ʧʨʦʜʫʢʪʦʚ 
ʨʝʘʢʮʠʠ. ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʦʪʩʫʪʩʪʚʠʠ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʧʨʠ 
ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʄʝʪʦʜ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʦʢʠʩʣʝʥʠʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʚ ʤʦʣʝʢʫʣʘʭ 
ʩʝʨʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʫʜʘʣʝʥʠʝʤ ʠʟ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ.  

ɼʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʚʣʝʯʝʥʠʷ 
ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʩʝʨʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʫʣʴʬʦʢʩʠʜʦʚ ʠ ʩʫʣʴʬʦʥʦʚ 

ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʤʝʥʝʥʠʠ. ʊʘʢ ʢʘʢ ʩʝʨʦʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ 
ʚ ʥʝʬʪʷʭ, ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ, ʯʝʤ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʟʚʣʝʯʝʥʠʷ ʚ ʚʠʜʝ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ. 
ʆʢʠʩʣʝʥʠʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʧʣʠʚ ʧʨʦʚʦʜʷʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ 

ʦʢʠʩʣʠʪʝʣʝʡ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʝʨʦʢʩʠʜʳ, ʥʘʜʢʠʩʣʦʪʳ, ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ, ʦʢʩʠʜʳ 
ʘʟʦʪʘ, ʦʟʦʥ, ʢʠʩʣʦʨʦʜ ʠ ʪ.ʜ., ʦʜʥʘʢʦ ʧʨʠ ʚʳʙʦʨʝ ʦʢʠʩʣʠʪʝʣʷ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʦʮʝʩʩʘ (ʪʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2. ɼʦʩʪʫʧʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʢʠʩʣʠʪʝʣʠ 

ʆʢʠʩʣʠʪʝʣʴ 
ɼʦʣʷ ʘʢʪʠʚʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ (% w/w) 
ʇʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ 

H2O2 47.1 H2O 

t-BuOOH 17.8 t-BuOH 

HNO3 25.0 NOx, N2O, N2 

N2O 36.4 N2 

NaClO 21.6 NaCl 

NaClO2 35.6 NaCl 

NaBrO 13.4 NaBr 

ñKHSO5ò* 10.5 KHSO4 

NaIO4 29.9** NaI 

PhIO 7.3 PhI 

*ʉʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʧʨʦʜʘʝʪʩʷ ʢʘʢ çʪʨʦʡʥʘʷ ʩʦʣʴè: 2 KHSO5ẗ*KSO4 *K2SO4 

**ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʫʯʘʩʪʚʫʶʪ ʚʩʝ ʯʝʪʳʨʝ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ 

ʆʙʱʘʷ ʨʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʧʨʠʤʝʨʝ 
ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ: 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʦʢʠʩʣʝʥʠʷ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʧʣʠʚ. 

ʇʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʟʚʣʝʯʝʥʳ ʠʟ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ ʤʝʪʦʜʘʤʠ 
ʘʜʩʦʨʙʮʠʠ ʠʣʠ ʵʢʩʪʨʘʢʮʠʠ ʟʘ ʩʯʝʪ ʠʭ ʙʦʣʴʰʝʡ ʧʦʣʷʨʥʦʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʩʝʨʠʚʘʥʠʷ 
ʦʙʨʘʟʮʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʬʨʘʢʮʠʠ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʚʣʝʯʝʥʠʝʤ 

ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʤʝʪʦʜʦʤ ʵʢʩʪʨʘʢʮʠʠ ʠ ʘʥʘʣʠʟʦʤ ʩʦʜʝʨʞʘʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʩʝʨʳ ʚ 
ʦʯʠʱʝʥʥʦʤ ʩʳʨʴʝ. ɺ ʢʘʯʝʩʪʚʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʬʨʘʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʷʤʦʛʦʥʥʘʷ 
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ʙʝʥʟʠʥʦʚʘʷ, ʢʝʨʦʩʠʥʦʚʘʷ ʣʠʙʦ ʜʠʟʝʣʴʥʘʷ ʬʨʘʢʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʧʦʣʷʨʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ. 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

2.1 ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣ r

 ʪʝʨʤʦʩʪʘʪ ʩ ʪʦʯʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ Ñ0.5Áʉ; 
 ʤʘʛʥʠʪʥʘʷ ʤʝʰʘʣʢʘ; 

 ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʢʣʷʥʥʳʡ ʨʝʘʢʪʦʨ ʦʙʲʝʤʦʤ 10 ʤʣ; 
 ʦʙʨʘʪʥʳʡ ʭʦʣʦʜʠʣʴʥʠʢ; 

 ʰʧʨʠʮ-ʜʦʟʘʪʦʨ 1-10 ʤʣ, ʰʧʨʠʮ-ʜʦʟʘʪʦʨ 100-1000 ʤʢʣ, ʰʧʨʠʮ-ʜʦʟʘʪʦʨ 10-100 ʤʢʣ; 
 ʘʥʘʣʠʟʘʪʦʨ ʩʝʨʳ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʚ ʥʝʬʪʝʧʨʦʜʫʢʪʘʭ ɸʉʕ-2 

ʈʝʘʢʪʠʚʳ  
 ʦʙʨʘʟʝʮ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 10000 ppm; 

 ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ 50%-ʥʳʡ ʠ 37%-ʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ; 
 ʚʦʜʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ; 

 ʘʮʝʪʦʥ; 
 ʘʮʝʪʦʥʠʪʨʠʣ; 

 ʤʝʪʘʥʦʣ; 
 ʛʝʪʝʨʦʛʝʥʥʳʡ ʤʝʟʦʧʦʨʠʩʪʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʩ ʥʘʥʝʩʝʥʥʳʤ ʤʝʪʘʣʣʦʤ. 

 
2.2 ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

 

 

 

2.3 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

1. ʈʘʩʩʯʠʪʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʚ ʤʛ) ʥʘ 5 ʤʣ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ 

ʩʤʝʩʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 10 000 ppm ʧʦ ʬʦʨʤʫʣʝ: ά ̋́ ὠ̓ ˑ ˡ ”z ˑ ˡ  z̋ ‫ ́,̓ 
ʛʜʝ ɼʌ ï ʜʠʟʝʣʴʥʘʷ ʬʨʘʢʮʠʷ, ɤ (ʢʘʪ) ï ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʩʤʝʩʠ. 
2. ʈʘʩʩʯʠʪʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʢʠʩʣʠʪʝʣʷ (ʚ ʤʢʣ) ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʠʩʭʦʜʷ ʠʟ 

ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ H2O2:S=2:1-10:1. 
3. ɺʢʣʶʯʠʪʴ ʪʝʨʤʦʩʪʘʪ ʜʣʷ ʥʘʛʨʝʚʘʥʠʷ ʜʚʫʛʦʨʣʳʭ ʨʝʘʢʪʦʨʦʚ, ʚʳʩʪʘʚʠʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ 25-80ᴈ. ɺʢʣʶʯʠʪʴ ʚʦʜʫ ʚ 
ʭʦʣʦʜʠʣʴʥʠʢʘʭ ʥʘʜ ʨʝʘʢʪʦʨʘʤʠ. 
4. ɺʟʚʝʩʠʪʴ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʩ ʧʦʤʦʱʴʶ ʰʧʘʪʝʣʷ ʥʘ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʝ 

ʢʘʪʘʣʠʟʘʪʦʨ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ. 
5. ɺ ʨʝʘʢʪʦʨ ʩ ʧʦʤʦʱʴʶ ʰʧʨʠʮʘ-ʜʦʟʘʪʦʨʘ ʠ ʯʠʩʪʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʥʘ 1-10 ʤʣ ʥʘʣʠʪʴ 

ʜʠʟʝʣʴʥʫʶ ʬʨʘʢʮʠʶ 5 ʤʣ, ʘʮʝʪʦʥʠʪʨʠʣ 1 ʤʣ. 
6. ɼʦʙʘʚʠʪʴ ʚ ʨʝʘʢʪʦʨ ʤʘʛʥʠʪʥʫʶ ʤʝʰʘʣʢʫ. ʂ ʩʤʝʩʠ ʚ ʨʝʘʢʪʦʨʝ ʜʦʙʘʚʠʪʴ 

ʨʘʩʩʯʠʪʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʯʝʨʝʟ ʚʦʨʦʥʢʫ. ɺʢʣʶʯʠʪʴ 
ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʥʘ ʧʦʜʩʪʘʚʢʝ, ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʢʘʪʘʣʠʟʘʪʦʨ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʚʦ 

ʚʩʸʤ ʦʙʲʝʤʝ ʨʝʘʢʪʦʨʘ. 
7. ɺʳʢʣʶʯʠʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʜʦʙʘʚʠʪʴ ʩ ʧʦʤʦʱʴʶ ʰʧʨʠʮʘ-ʜʦʟʘʪʦʨʘ ʠ ʯʠʩʪʦʛʦ 

ʥʘʢʦʥʝʯʥʠʢʘ ʨʘʩʩʯʠʪʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʢʠʩʣʠʪʝʣʷ (50% ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʦʢʩʠʜ 
ʚʦʜʦʨʦʜʘ). ʋʩʪʘʥʦʚʠʪʴ ʭʦʣʦʜʠʣʴʥʠʢ ʚ ʨʝʘʢʪʦʨ, ʚʢʣʶʯʠʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʥʘ 1000 

ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ. 

8. ʆʢʠʩʣʝʥʠʝ ʧʨʦʚʦʜʠʪʴ ʦʪ 10 ʤʠʥ ʜʦ 90 ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25-80ᴈ.  

9. ʆʩʫʱʝʩʪʚʠʪʴ ʦʪʙʦʨ ʧʨʦʙʳ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʝʘʢʮʠʠ. ɺʳʢʣʶʯʠʪʴ 
ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʜʦʞʜʘʪʴʩʷ ʨʘʩʩʣʦʝʥʠʷ ʬʘʟ. ʉ ʧʦʤʦʱʴʶ ʯʠʩʪʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʠ ʰʧʨʠʮʘ-

ʜʦʟʘʪʦʨʘ ʦʪʦʙʨʘʪʴ ʜʠʟʝʣʴʥʫʶ ʬʨʘʢʮʠʶ 4 ʤʣ ʚ ʩʪʝʢʣʷʥʥʳʡ ʬʣʘʢʦʥ (ʧʝʥʠʮʠʣʣʠʥʢʘ).  

60-фл ͙ͣͤͯͭΣ 

͔͔͔ͨͪͣ΄͙͍͙͔͊ͤ 

͔ͪ ͊ͭͦͪ͟ ͫ  

͎͔͍ͤ͊ͪͦͣ 
Ή͎͔ͫͭͪ͊ͤͭ͟ 

-͍ͯΦͺͪ͊͟ͼ͙Ύ 

Ҍ ͙͊ͭ͊͊ͭͦͪ͘͟͡ 

͙͊ͤ͊͘͡ 
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10. ʂ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ ʜʦʙʘʚʠʪʴ ʵʢʩʪʨʘʛʝʥʪ (ʤʝʪʘʥʦʣ, ɼʄʌɸ, ʩʤʝʩʴ ʘʮʝʪʦʥ+ʚʦʜʘ) 
ʚ ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. ɿʘʢʨʳʪʴ ʩʪʝʢʣʷʥʥʳʡ ʬʣʘʢʦʥ ʢʨʳʰʢʦʡ, ʚʟʙʦʣʪʘʪʴ ʩʤʝʩʴ ʜʣʷ 

ʠʟʚʣʝʯʝʥʠʷ ʩʫʣʴʬʦʥʘ. ʆʪʢʨʳʪʴ ʢʨʳʰʢʫ ʬʣʘʢʦʥʘ, ʦʩʪʘʚʠʪʴ ʩʤʝʩʴ ʨʘʩʩʣʘʠʚʘʪʴʩʷ. 
 

2.4 ɸʥʘʣʠʟ ʠʩʭʦʜʥʦʡ ʬʨʘʢʮʠʠ, ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. 

11. ɺʢʣʶʯʠʪʴ ɸʥʘʣʠʟʘʪʦʨ ʩʝʨʳ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ɸʉʕ-2 ʜʣʷ ʧʨʦʛʨʝʚʘ ʧʨʠʙʦʨʘ. 

ʇʦʩʣʝ 30 ʤʠʥʫʪ, ʧʨʠʙʦʨ ʦʪʢʘʣʠʙʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʟʮʦʚ ɻʉʆ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʩʝʨʳ ʚ 
ʤʠʥʝʨʘʣʴʥʦʤ ʤʘʩʣʝ (1% ʩʝʨʳ) ʥʘ ʨʝʞʠʤʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʙʱʝʡ ʤʘʩʩʳ (ʨʝʞʠʤ 0,1%-2% 

ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ).  
12. ʇʦʜʛʦʪʦʚʠʪʴ ʤʥʦʛʦʨʘʟʦʚʳʝ ʚʝʥʪʠʣʠʨʫʝʤʳʝ ʢʶʚʝʪʳ ʩ ʚʥʝʰʥʠʤ ʜʠʘʤʝʪʨʦʤ 34 ʤʤ, 

ʫʩʪʦʡʯʠʚʳʝ ʢ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤ. ʂʶʚʝʪʳ ʜʣʷ ʦʙʨʘʟʮʘ ʩʦʙʠʨʘʶʪʩʷ ʩ ʨʝʥʪʛʝʥʦʧʨʦʟʨʘʯʥʦʡ 
ʇʕʊ ʧʣʝʥʢʦʡ ʪʦʣʱʠʥʦʡ 3 ʤʢʤ. 

13. ʆʪʦʙʨʘʪʴ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟ ʧʝʥʠʮʠʣʣʠʥʢʠ 2 ʤʣ ʧʨʦʙʳ ʠ ʧʝʨʝʥʝʩʪʠ ʚ ʢʶʚʝʪʫ ʩ 
ʧʦʤʦʱʴʶ ʰʧʨʠʮʘ-ʜʦʟʘʪʦʨʘ. ʂʶʚʝʪʘ ʥʘʢʨʳʚʘʝʪʩʷ ʥʝʧʨʦʟʨʘʯʥʦʡ ʢʨʳʰʢʦʡ ʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʧʨʠʙʦʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ. 
14. ʇʨʦʚʝʩʪʠ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʠʟʤʝʨʝʥʠʡ, ʟʘʧʠʩʘʪʴ ʟʥʘʯʝʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʩʝʨʳ ʚ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ ʥʘ ʧʨʠʙʦʨʝ. 
15. ʋʙʨʘʪʴ ʨʘʙʦʯʝʝ ʤʝʩʪʦ, ʧʦʤʳʪʴ ʨʘʩʭʦʜʥʠʢʠ ʠ ʧʨʠʚʝʩʪʠ ʚ ʧʦʨʷʜʦʢ ʨʝʘʢʪʦʨʳ, 

ʢʶʚʝʪʳ. 
ʉʧʠʩʦʢ ʜʣʷ ʘʥʘʣʠʟʘ ʬʨʘʢʮʠʡ, ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠ ʧʨʦʜʫʢʪʦʚ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʩʭʦʜʥʦʡ ʩʝʨʳ 
2. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʭʦʣʦʩʪʦʡ ʵʢʩʪʨʘʢʮʠʠ 1:1 ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʵʢʩʪʨʘʛʝʥʪʘʤʠ. 

3. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʦʢʠʩʣʝʥʥʦʡ ʬʨʘʢʮʠʠ 1:1 ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʵʢʩʪʨʘʛʝʥʪʘʤʠ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

 
3. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʆʪʯʝʪ ʧʦ ʚʳʧʦʣʥʝʥʥʦʡ ʟʘʜʘʯʝ ʧʨʘʢʪʠʢʫʤʘ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ: 
1. ʎʝʣʴ ʨʘʙʦʪʳ. 

2. ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʨʝʘʢʪʠʚʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ. 
3. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ. 

4. ʈʘʩʯʝʪ ʤʘʩʩʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʦʢʠʩʣʠʪʝʣʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ. 
5. ʊʘʙʣʠʮʘ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʝʡ ʩʝʨʳ ʚ ʩʤʝʩʷʭ: 

 
ˉ ʦʧʳʪʘ ʉʤʝʩʴ ʕʢʩʪʨʘʛʝʥʪ, 

ʩʦʦʪʥʦʰʝʥʠʝ 

ʉʦʜʝʨʞʘʥʠʝ ʦʙʱʝʡ ʩʝʨʳ, ppm 

1    
2    
Χ    

 

6. ʈʘʩʯʝʪ ʚʳʭʦʜʘ ʚʩʝʭ ʨʝʘʢʮʠʡ ʧʦ ʬʦʨʤʫʣʝ: (1 - ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ/ʦʙʱʝʝ 
ʢʦʣʠʯʝʩʪʚʦ ʩʝʨʳ ʚ ʠʩʭʦʜʥʦʤ ʜʠʟʝʣʝ)*100%. 

7. ɺʳʚʦʜʳ. 
 

4. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ  

1. ʇʦʯʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʷʪʴ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʥʝʬʪʠ ʠ ʥʝʬʪʷʥʳʭ 

ʬʨʘʢʮʠʡ? 
2. ʂʘʢʦʝ ʩʳʨʴʝ ʧʦʜʚʝʨʛʘʶʪ ʛʠʜʨʦʦʯʠʩʪʢʝ? 

3. ʇʦʯʝʤʫ ʥʝʣʴʟʷ ʧʦʜʚʝʨʛʘʪʴ ʛʠʜʨʦʦʯʠʩʪʢʝ ʩʳʨʫʶ ʥʝʬʪʴ? 
4. ʂʘʢʠʝ ʙʝʟʚʦʜʦʨʦʜʥʳʝ ʤʝʪʦʜʳ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʪ? ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ.  
5. ʆʩʥʦʚʥʳʝ ʘʜʩʦʨʙʝʥʪʳ ʠ ʵʢʩʪʨʘʛʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʦʢʠʩʣʝʥʥʳʭ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. 
6. ʏʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʜʝʣʘʪʴ ʩ ʵʢʩʪʨʘʛʝʥʪʦʤ/ʘʜʩʦʨʙʝʥʪʦʤ, ʥʘʩʳʱʝʥʥʳʤ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ? 
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7. ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʦʢʠʩʣʠʪʝʣʝʡ. ʇʦʯʝʤʫ ʦʧʪʠʤʘʣʴʥʳʝ ʢʠʩʣʦʨʦʜ ʠ ʧʝʨʦʢʩʠʜ 
ʚʦʜʦʨʦʜʘ? ɺ ʯʝʤ ʥʝʜʦʩʪʘʪʦʢ ʦʟʦʥʘ? 

8. ʏʪʦ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʢ ʩʦʣʷʤ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 
ʠ ʢʠʩʣʦʪʘʤ? 

9. ʂʘʢʠʝ ʤʝʪʘʣʣʳ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʧʦʯʝʤʫ? 
10. ʂʘʢ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʩʫʙʩʪʨʘʪʦʤ ʠ ʦʢʠʩʣʠʪʝʣʝʤ? 

11. ʅʦʩʠʪʝʣʠ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ.  
12. ʂʘʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʨʝʘʣʴʥʳʭ ʪʦʧʣʠʚ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʧʦʤʠʤʦ 
ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ.  
13. ʂʘʢ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʤʦʜʝʣʴʥʦʤ/ʨʝʘʣʴʥʦʤ ʩʳʨʴʝ. ʇʨʠʥʮʠʧ 

ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ.  
14. ʂʘʢ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦʥʚʝʨʩʠʷ ʩʫʙʩʪʨʘʪʘ ʧʦʩʣʝ ʨʝʘʢʮʠʠ? 

15. ɺʣʠʷʝʪ ʣʠ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʧʣʠʚʘ? (ʥʘʧʨ. ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ). 
16. ʏʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʨʦʜʫʢʪʘʤʠ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ ʧʦʩʣʝ ʦʢʠʩʣʝʥʠʷ? 

 
5. ʃʠʪʝʨʘʪʫʨʘ  

1. ɸʥʠʩʠʤʦʚ ɸ.ɺ., ʊʘʨʘʢʘʥʦʚʘ ɸ.ɺ. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ 
ʩʳʨʴʷ. // ʈʦʩ. ʍʠʤ. ɾʫʨʥʘʣ. - 2008. - ʊ.LII . - ʉ. 32-40. 

2. ɸʢʦʧʷʥ ɸ.ɺ., ʌʝʜʦʨʦʚ ʈ.ɸ., ɸʥʜʨʝʝʚ ɹ.ɺ., ʊʘʨʘʢʘʥʦʚʘ ɸ.ɺ., ɸʥʠʩʠʤʦʚ ɸ.ɺ., 
ʂʘʨʘʭʘʥʦʚ ʕ.ɸ. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ (ʦʙʟʦʨ). // ɾʫʨʥʘʣ 

ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ. ï 2018. ï ʊ.91. ï ʉ. 457-471. 
3. Houda S., Lancelot C., Blanchard P., Poinel L., Lamonier C. Oxidative desulfurization of 

heavy oils with high sulfur content: A review // Catalysts, 2018, V. 8, ˉ 9, P. 344. 
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ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʥʝʬʪʠ ʚ 

ʨʝʘʢʪʦʨʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ 
ɸʚʪʦʨ: ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ɽ.ɸ. ʈʦʣʜʫʛʠʥʘ  

ɿʘʜʘʯʘ ʩʦʜʝʨʞʠʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ ʙʠʦʥʝʬʪʠ , ʘ ʪʘʢʞʝ 
ʤʘʪʝʨʠʘʣʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʪʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʪʫʜʝʥʪʘʤʠ ʭʠʤʠʯʝʩʢʦʡ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ. 

ʉʦʜʝʨʞʘʥʠʝ 

ɺʚʝʜʝʥʠʝ  
1. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ  

1.1 ʉʦʩʪʘʚ ʠ ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ  
1.2 ʉʦʩʪʘʚ ʠ ʤʝʪʦʜʳ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʙʠʦʥʝʬʪʠ  

1.3 ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʷ ʙʠʦʥʝʬʪʠ  
2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ  

2.1 ʇʨʠʙʦʨʳ ʠ ʨʝʘʢʪʠʚʳ  
2.2 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ   
2.3 ʋʩʣʦʚʠʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ   

3. ʆʬʦʨʤʣʝʥʠʝ ʟʘʜʘʯʠ ʜʣʷ ʦʪʯʝʪʘ 
4. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ  

5. ʃʠʪʝʨʘʪʫʨʘ  
 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʠ ʥʝʬʪʝʭʠʤʠʠ 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʠʯʥʘʷ ʟʘʤʝʥʘ ʥʝʬʪʠ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ, ʚʦʟʦʙʥʦʚʣʷʝʤʦʝ ʩʳʨʴʝ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʮʝʥʥʳʭ ʭʠʤʠʢʘʪʦʚ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʙʠʦʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʣʠʛʥʠʥʦʮʝʣʣʶʣʦʟʥʘʷ ʙʠʦʤʘʩʩʘ ï 
ʦʪʭʦʜʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ʆʜʥʦʡ ʠʟ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʳʡ ʧʠʨʦʣʠʟ 
(ʪʝʨʤʠʯʝʩʢʘʷ ʜʝʩʪʨʫʢʮʠʷ ʩʳʨʴʷ ʙʝʟ ʜʦʩʪʫʧʘ ʢʠʩʣʦʨʦʜʘ), ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʝʪʩʷ 

ʞʠʜʢʠʡ ʧʨʦʜʫʢʪ ï ʙʠʦʥʝʬʪʴ ï ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʝ ʩʳʨʴʝ, ʧʨʠʛʦʜʥʦʝ ʜʣʷ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʪʦʧʣʠʚ ʠ ʮʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʤʦʥʦʤʝʨʦʚ. ɹʠʦʥʝʬʪʴ ï 

ʩʣʦʞʥʘʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ ʩʤʝʩʴ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʢʠʩʣʦʪ, ʩʧʠʨʪʦʚ, 
ʢʝʪʦʥʦʚ, ʬʝʥʦʣʦʚ ʠ ʜʨ.), ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ 

ʧʦʣʠʤʝʨʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʙʠʦʤʘʩʩʘ ï ʣʠʛʥʠʥʘ, ʮʝʣʣʶʣʦʟʳ ʠ ʛʝʤʠʮʝʣʣʶʣʦʟ.  
ʀʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʠʟ ʩʪʝʥʦʢ ʨʘʩʪʠʪʝʣʴʥʳʭ 
ʢʣʝʪʦʢ ʚ ʭʦʜʝ ʧʠʨʦʣʠʟʘ ʠ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʦʚ ʙʠʦʤʘʩʩʳ, 

ʙʠʦʥʝʬʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ ʟʘʪʨʫʜʥʷʶʪ ʝʝ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢʠʤʠ 

ʢʘʢ ʭʠʤʠʯʝʩʢʘʷ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ, ʢʦʨʨʦʟʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʥʠʟʢʘʷ 
ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʩ ʥʝʬʪʷʥʳʤʠ ʬʨʘʢʮʠʷʤʠ, ʥʠʟʢʘʷ ʪʝʧʣʦʪʚʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ 

ʚʷʟʢʦʩʪʴ.  
ɼʣʷ ʫʜʘʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠʟ ʩʦʩʪʘʚʘ ʙʠʦʥʝʬʪʠ, ʘ ʪʘʢʞʝ ʝʝ ʩʦʚʤʝʩʪʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʩ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʤʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʥʘ ʪʨʘʜʠʮʠʦʥʥʦʤ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ, ʥʝʦʙʭʦʜʠʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʪʘʜʠʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʙʠʦʥʝʬʪʠ. 
ʆʜʥʠʤ ʠʟ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʙʠʦʩʳʨʴʷ, ʷʚʣʷʝʪʩʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʛʠʜʨʦʦʙʣʘʛʦʨʘʞʠʚʘʥʠʝ (ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʷ, ɻɼʆ). 
 

1. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

1.1 ʉʦʩʪʘʚ ʠ ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ 

ɹʠʦʤʘʩʩʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʙʠʦʧʦʣʠʤʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʩʪʝʥʢʘʭ 
ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʣʝʪʦʢ: ʮʝʣʣʶʣʦʟʳ, ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ɹʠʦʧʦʣʠʤʝʨʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʩʪʝʥʢʘʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʣʝʪʦʢ. 

 
ʉʦʜʝʨʞʘʥʠʝ ʧʦʣʠʤʝʨʦʚ ʚ ʙʠʦʤʘʩʩʝ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʩʳʨʴʷ (ʪʘʙʣ. 1). 

 
ʊʘʙʣʠʮʘ 1. ʉʦʜʝʨʞʘʥʠʝ ʧʦʣʠʤʝʨʦʚ ʚ ʨʘʟʣʠʯʥʦʤ ʩʳʨʴʝ ʥʘ ʦʩʥʦʚʝ ʙʠʦʤʘʩʩʳ 

ʉʳʨʴʝ 
ʎʝʣʣʶʣʦʟʘ, 

ʤʘʩʩ. % 

ɻʝʤʠʮʝʣʣʶʣʦʟʘ, 

ʤʘʩʩ. % 

ʃʠʛʥʠʥ, 

ʤʘʩʩ. % 

ʃʠʩʪʚʝʥʥʳʝ ʜʝʨʝʚʴʷ 40-55 24-40 18-25 

ʍʚʦʡʥʳʝ ʜʝʨʝʚʴʷ 45-55 25-35 25-35 

ʉʢʦʨʣʫʧʘ ʦʨʝʭʦʚ 25-30 25-30 30-40 

ʂʫʢʫʨʫʟʥʳʝ ʧʦʯʘʪʢʠ 38 26 17 

ʊʨʘʚʘ 25-40 35-50 10-30 

ʈʠʩʦʚʘʷ ʩʦʣʦʤʘ 31 22 13 

ʉʦʣʦʤʘ ʠʟ ʧʰʝʥʠʮʳ 37-41 27-32 13-15 

ʉʦʣʦʤʘ ʠʟ ʷʯʤʝʥʷ 34-37 22-25 14-16 

ʃʠʩʪʴʷ 15-20 80-85 0 

ʍʣʦʧʢʦʚʳʝ ʚʦʣʦʢʥʘ 80-95 5-20 0 

ɾʤʳʭ ʩʘʭʘʨʥʦʛʦ ʪʨʦʩʪʥʠʢʘ 40-43 27-38 10-20 

 

ʆʪʣʠʯʠʝ ʙʠʦʤʘʩʩʳ ʦʪ ʜʨʫʛʠʭ ʚʠʜʦʚ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʢʠʩʣʦʨʦʜʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʛʣʝʨʦʜʫ. ʇʦʜʭʦʜʳ ʢ ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʪʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʙʠʦʤʘʩʩʳ ʚ ʢʦʤʧʦʥʝʥʪʳ ʪʦʧʣʠʚ ʠ ʮʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ 
ʩʦʝʜʠʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʧʨʦʜʫʢʪʘʭ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʆ/ʉ (ʨʠʩ. 2). 
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ʈʠʩ. 2. ɺʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʧʝʨʝʨʘʙʦʪʢʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʛʦ ʙʠʦʩʳʨʴʷ. 

ɻʘʟʠʬʠʢʘʮʠʷ ʙʠʦʤʘʩʩʳ ï ɻ ʪʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʮʝʩʩ ʯʘʩʪʠʯʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 
ʩʳʨʴʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʛʘʟʠʬʠʮʠʨʫʶʱʠʤ ʘʛʝʥʪʦʤ (ʚʦʜʘ, ʢʠʩʣʦʨʦʜ), 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʢʦʥʚʝʨʩʠʶ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʛʦʨʶʯʠʝ ʛʘʟʳ, ʩʦʩʪʦʷʱʠʝ 
ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ 

ʠʟ ʙʠʦʤʘʩʩʳ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʪʝʨʤʠʯʝʩʢʫ ʁ ʦʙʨʘʙʦʪʢʫ, ʪʘʢ ʠ ʝʝ 
ʩʦʯʝʪʘʥʠʝ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ (ʧʠʨʦʣʠʟ, ʦʞʠʞʝʥʠʝ). 

ʆʞʠʞʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʥʠʟʰʠʝ ʩʧʠʨʪʳ, ʚʦʜʘ ʠ ʜʨ.) ʜʘʝʪ ʚʷʟʢʠʝ, 
ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʧʨʦʜʫʢʪʳ ʠ ʪʨʝʙʫʝʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʨʝʜʳ (ʥʘʧʨʠʤʝʨ, ʉʆ ʠʣʠ 

ʅ2). ɹʳʩʪʨʳʡ ʧʠʨʦʣʠʟ ï ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ ʩʳʨʴʝ ʥʘ ʦʩʥʦʚʝ 
ʙʠʦʤʘʩʩʳ ʙʳʩʪʨʦ (<0.5 c) ʥʘʛʨʝʚʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʜʫʭʘ, ʠʩʧʘʨʷʝʪʩʷ ʠ 

ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʡ ʞʠʜʢʦʩʪʠ ï ʙʠʦʥʝʬʪʠ. ʅʘ ʚʳʭʦʜ ʠ ʩʦʩʪʘʚ 
ʙʠʦʥʝʬʪʠ ʚʣʠʷʶʪ ʪʠʧ ʠʩʭʦʜʥʦʡ ʙʠʦʤʘʩʩʳ (ʪʠʧ ʜʨʝʚʝʩʠʥʳ/ʪʠʧ ʪʨʘʚʷʥʠʩʪʦʛʦ ʩʳʨʴʷ), 

ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ (ʟʦʣʳ, ʩʦʝʜʠʥʝʥʠʡ ʱʝʣʦʯʥʳʭ/ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ) ʠ 
ʫʩʣʦʚʠʷ ʧʠʨʦʣʠʟʘ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʨʝʤʝʥʘ ʧʨʝʙʳʚʘʥʠʷ ʚ ʨʝʘʢʪʦʨʝ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ, 

ʥʘʣʠʯʠʝ/ʩʦʩʪʘʚ ʢʘʪʘʣʠʟʘʪʦʨʘ). 

1.2 ʉʦʩʪʘʚ ʠ ʤʝʪʦʜʳ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʙʠʦʥʝʬʪʠ 

ɹʠʦʥʝʬʪʴ ï ʩʣʦʞʥʘʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ ʩʤʝʩʴ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ: 

ʢʠʩʣʦʪ, ʩʧʠʨʪʦʚ, ʢʝʪʦʥʦʚ, ʬʝʥʦʣʦʚ ʠ ʜʨ. (ʨʠʩ.3, ʪʘʙʣ. 2), ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʦʚ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʛʦ ʩʳʨʴʷ, ʩʦʜʝʨʞʘʱʘʷ ʜʦ 50 

ʤʘʩ% ʚʦʜʳ. 



131 

 

ʈʠʩ. 3. ʊʠʧʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʧʠʨʦʣʠʟʘ ʙʠʦʧʦʣʠʤʝʨʦʚ ʙʠʦʤʘʩʩʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ 

ʙʠʦʥʝʬʪʠ. 

ʊʘʙʣʠʮʘ 2. ʊʠʧʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʙʠʦʥʝʬʪʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ɻʍïʄʉ. 

ʉʦʝʜʠʥʝʥʠʝ Mʄ 

ɸʮʝʪʦʥ 58 

ʄʝʪʠʣʘʮʝʪʘʪ 74 

ʕʪʠʣʘʮʝʪʘʪ 88 

ʄʫʨʘʚʴʠʥʘ ̫ʢʠʩʣʦʪʘ 46 

ʄʝʪʠʣʚʠʥʠʣʢʝʪʦʥ 70 

2-ʤʝʪʦʢʩʠʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 102 

ɸʣʣʠʣʦʚʳʡ ʩʧʠʨʪ 58 

ʎʠʢʣʦʧʝʥʪʘʥʦʥ 84 

ʇʠʨʠʜʠʥ 79 

ɻʠʜʨʦʢʩʠʧʨʦʧʘʥʦʥ 74 

2-ʤʝʪʠʣʮʠʢʣʦʧʝʥʪʝʥ-2-ʦʥ 96 

1-ʛʠʜʨʦʢʩʠ-2-ʙʫʪʘʥʦʥ 88 

ʄʘʣʝʠʥʦʚʳʡ ʘʥʛʠʜʨʠʜ 98 

ʋʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 60 

ʌʫʨʬʫʨʦʣ 96 

1-ʘʮʝʪʠʣʦʢʩʠ-2-ʧʨʦʧʘʥʦʥ 116 

1-(2-ʬʫʨʘʥʠʣ)-ʵʪʘʥʦʥ 110 

ʇʨʦʧʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 94 

5-ʤʝʪʠʣ-2-ʬʫʨʘʣʴʜʝʛʠʜ 110 

ɹʫʪʠʨʦʣʘʢʪʦʥ 86 

ʄʘʩʣʷʥʘʷ ʢʠʩʣʦʪʘ 86 

3-ʤʝʪʠʣ-2(5ʅ)-ʬʫʨʘʥʦʥ 98 

ʎʠʢʣʦʧʝʥʪʘʥʦʣ 86 

2-ʛʠʜʨʦʢʩʠ-3-ʵʪʠʣ-2-ʮʠʢʣʦʧʝʥʪʘʥʦʥ 126 

ɻʚʘʷʢʦʣ 124 

4-ʤʝʪʠʣʛʚʘʷʢʦʣ 138 

͙͙ͨͪͦ͘͡ 

͙͙ͨͪͦ͘͡ 
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ʀʟ-ʟʘ ʚr ʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠ ʚʦʜʳ ʙʠʦʥʝʬʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʘʢʠʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ ʟʘʪʨʫʜʥʷʶʪ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ 
ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʭʠʤʠʯʝʩʢʘʷ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ, 

ʢʦʨʨʦʟʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʥʠʟʢʘʷ ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʩ ʥʝʬʪʷʥʳʤʠ ʬʨʘʢʮʠʷʤʠ,  ʥʠʟʢʘʷ 
ʪʝʧʣʦʪʚʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʚʷʟʢʦʩʪʴ. ʄʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʙʠʦʥʝʬʪʝʡ 

ʜʝʣʷʪʩʷ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ. ʌʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ (ʬʠʣʴʪʨʘʮʠʷ, 
ʧʝʨʝʛʦʥʢʘ, ʵʤʫʣʴʩʠʬʠʢʘʮʠʷ, ʵʢʩʪʨʘʢʮʠʷ) ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ 

ʩʳʨʴʷ ʟʘ ʩʯʝʪ ʨʘʟʜʝʣʝʥʠʷ ʠ/ʠʣʠ ʫʜʘʣʝʥʠʷ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʟ ʫʯʘʩʪʠʷ ʭʠʤʠʯʝʩʢʠʭ 
ʧʨʝʚʨʘʱʝʥʠʡ. ʂ ʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪ ʵʪʝʨʠʬʠʢʘʮʠʶ, ʛʠʜʨʦʦʯʠʩʪʢʫ 

(ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʶ, ʛʠʜʨʦʢʨʝʢʠʥʛ), ʢʨʝʢʠʥʛ ʠ ʧʘʨʦʚʦʡ ʨʠʬʦʨʤʠʥʛ. ʇʦʩʣʝʜʥʠʡ 
ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʚʨʘʱʝʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʬʨʘʢʮʠʠ ʙʠʦʥʝʬʪʠ ʚ ʚʦʜʦʨʦʜ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ  ʧʨʠʤʝʥʝʥʠʷ ʚ ʛʠʜʨʦʧʨʦʮʝʩʩʘʭ 
(ʛʠʜʨʠʨʦʚʘʥʠʝ, ʛʠʜʨʦʢʨʝʢʠʥʛ, ʛʠʜʨʦʦʯʠʩʪʢʘ) ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟ ʙʠʦʥʝʬʪʠ ʩʪʘʙʠʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʤʘʣʦʡ 
ʢʠʩʣʦʪʥʦʩʪʴʶ ʠ ʧʦʣʷʨʥʦʩʪʴʶ, ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʮʝʩʩ ɻ ʪʝʨʠʬʠʢʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʟʰʠʭ 

ʩʧʠʨʪʦʚ. ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʢʨʝʢʠʥʛ ʙʠʦʥʝʬʪʠ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 300-600ʦʉ ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʮʝʦʣʠʪʦʚ. ʇʨʦʮʝʩʩ 

ʜʝʦʢʩʠʛʝʥʘʮʠʠ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 500-550ʦʉ, ʯʪʦ 
ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʳʭʦʜʘ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ ʛʘʟʦʚ ʠ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʢʩʘ. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʷ ʠ ʛʠʜʨʦʢʨʝʢʠʥʛ ʷʚʣʷʶʪʩʷ 
ʤʝʪʦʜʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʩʦʭʨʘʥʝʥʠʝ ʚʳʭʦʜʘ ʧʦ ʫʛʣʝʨʦʜʫ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʫʜʘʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ. ʊʘʢʞʝ ʜʣʷ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ ʚ ʙʠʦʥʝʬʪʠ ʧʝʨʝʜ 
ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʠʩʧʦʣʴʟʫʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʚʦʜʦʡ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʣʝʝ 250ʦʉ ʠ ʜʘʚʣʝʥʠʠ ʙʦʣʝʝ 10 ʄʇʘ (ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ, high 
pressure thermal treatment ï HPTT). 

1.3 ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʷ ʙʠʦʥʝʬʪʠ 

ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʢʘʪʘʣʠʟʘʪʦʨ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ ʜʦʣʞʝʥ 
ʙʳʪʴ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤ, ʘ ʠʤʝʥʥʦ ʩʦʜʝʨʞʘʪʴ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ, ʚʳʧʦʣʥʷʶʱʠʝ 

ʛʠʜʨʠʨʫʶʱʫʶ ʬʫʥʢʮʠʶ (ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʚ), ʠ ʢʠʩʣʦʪʥʳʝ ʮʝʥʪʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ 
ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʜʝʦʢʩʠʛʝʥʘʮʠʠ ʤʦʣʝʢʫʣ ʙʠʦʩʳʨʴʷ (ʨʠʩ. 4). 

 

ʈʠʩ. 4. ʄʝʭʘʥʠʟʤ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ ʬʝʥʦʣʘ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ ʩʦʩʪʘʚʘ Ni/ZrO2, 
ʩʦʜʝʨʞʘʱʝʤ ʥʘʥʦʯʘʩʪʠʮʳ ʥʠʢʝʣʷ (ʟʝʣʝʥʳʝ ʩʬʝʨʳ) ʚ ʢʘʯʝʩʪʚʝ ʛʠʜʨʠʨʠʨʫʶʱʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʠ ʦʢʩʠʜ ʮʠʨʢʦʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʪʥʦʛʦ ʥʦʩʠʪʝʣʷ. 
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ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʝʡ ʙʠʦʥʝʬʪʠ, 
ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʛʠʜʨʦʧʨʝʚʨʘʱʝʥʠʷ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 

ʙʠʦʥʝʬʪʠ ʤʘʣʦʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʬʝʥʦʣʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʦʚ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ 
ʣʠʛʥʠʥʘ. ʃʠʛʥʠʥ ï ʪʨʝʭʤʝʨʥʳʡ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʧʦʣʠʤʝʨ ʚ ʩʦʩʪʘʚʝ ʙʠʦʤʘʩʩʳ, ʩʦʩʪʦʷʱʠʡ 

ʠʟ ʬʝʥʠʣʧʨʦʧʘʥʦʚʳʭ ʟʚʝʥʴʝʚ, ʩʚʷʟʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 
ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʛʨʫʧʧʘʤʠ, ʷʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʧʨʠʨʦʜʥʳʤ 

ʧʦʣʠʤʝʨʦʤ ʧʦʩʣʝ ʮʝʣʣʶʣʦʟʳ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʠʟʫʯʝʥʠʷ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʭʦʜʝ ʛʠʜʨʦʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʩʳʨʴʷ, ʙʦʛʘʪʦʛʦ 

ʧʨʦʜʫʢʪʘʤʠ ʜʝʢʩʪʨʫʢʮʠʠ ʣʠʛʥʠʥʘ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʘʤʝʱʝʥʥʳʝ ʤʝʪʦʢʩʠʬʝʥʦʣʳ 
(ʛʚʘʷʢʦʣ, ʚʘʥʠʣʠʥ, ʵʚʛʝʥʦʣ, ʩʠʨʠʥʛʦʣ ʠ ʜʨ.). ɺ ʭʦʜʝ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ 

ʤʝʪʦʢʩʠʬʝʥʦʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʙʠʦʥʝʬʪʠ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ 
ʮʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʙʠʦʪʦʧʣʠʚ ï ʮʠʢʣʦʘʣʢʘʥʳ, ʘʣʢʠʣʮʠʢʣʦʘʣʢʘʥʳ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʚ ʭʦʜʝ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʮʠʠ ʮʠʢʣʠʯʝʩʢʠʝ ʩʧʠʨʪʳ, ʪʘʢʠʝ 
ʢʘʢ ʮʠʢʣʦʛʝʢʩʘʥʦʣ, ʧʨʠʤʝʥʷʶʪ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʘʧʨʦʣʘʢʪʘʤʘ. 

ɺ ʨʝʘʢʮʠʷʭ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ ʬʝʥʦʣʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʦʚ ʙʠʦʥʝʬʪʠ 
ʠʩʩʣʝʜʫʶʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʫʣʴʬʠʜʠʨʦʚʘʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ (NiMo/Al2O3, CoMo/Al2O3), 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (Rh, Ru, Pt, Pd), ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ 
ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (Ni, Mo, W, Co, Fe ʠ ʜʨ.), ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ 

ʬʦʩʬʠʜʦʚ/ʙʦʨʠʜʦʚ/ʢʘʨʙʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ. 
ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʩʣʝʜʫʶʪ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ Al2O3, SiO2, ZrO2, CeO2, TiO2, MgO, ʠʭ ʩʤʝʩʝʡ (Al2O3-SiO2, ZrO2-SiO2, 
CeO2-ZrO2) ʠ ʠʭ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʘʥʘʣʦʛʦʚ ï ʮʝʦʣʠʪʦʚ ʠ ʤʝʟʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʯʨʝʟʤʝʨʥʦ ʚʳʩʦʢʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʥʦʩʠʪʝʣʷ (ʥʘʧʨʠʤʝʨ, 
ʥʘ ʦʩʥʦʚʝ ʮʝʦʣʠʪʦʚ) ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʘʢʪʠʚʥʦʤʫ ʢʦʢʩʦʦʙʨʘʟʦʚʘʥʠʶ, ʧʨʦʪʝʢʘʥʠʶ 

ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ 
ʧʨʦʪʝʢʘʥʠʝ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʥʝʬʪʠ. ʋʛʣʝʨʦʜʥʳʝ ʥʦʩʠʪʝʣʠ 

ʷʚʣʷʶʪʩʷ ʥʝʡʪʨʘʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ï ʫʨʦʚʝʥʴ ʢʦʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʠʭ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ. ʆʜʥʘʢʦ ʤʝʪʦʜʳ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ. 
ɹʠʦʥʝʬʪʴ ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʚʣʘʛʠ ʚ ʠʩʭʦʜʥʦʤ ʩʳʨʴʝ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʮʝʩʩʦʚ ʜʝʛʠʜʨʘʪʘʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʝʛʦ 
ʧʝʨʝʨʘʙʦʪʢʝ. ʊʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠʟ-ʟʘ ʚʪʦʨʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʭʨʘʥʝʥʠʠ ʙʠʦʥʝʬʪʠ. ɺ ʭʦʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 
ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʛʨʫʧʧʳ ʫʜʘʣʷʶʪʩʷ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʥʝʬʪʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʠʜʝ ʚʦʜʳ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʥʝʬʪʠ ʢʘʪʘʣʠʟʘʪʦʨ 
ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ ʜʦʣʞʝʥ ʙʳʪʴ ʘʢʪʠʚʝʥ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ, ʚr ʩʦʢʫʶ ʛʠʜʨʠʨʫʶʱʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʳ          ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʫʪʝʥʠʝʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʚʩʣʝʜʩʪʚʠʝ 
ʚʳʩʦʢʦʡ ʦʢʩʦʬʠʣʴʥʦʩʪʠ ʨʫʪʝʥʠʷ. 

ʇʦʤʠʤʦ ʤʦʥʦʤʝʨʥʳʭ ʬʝʥʦʣʴʥʳʭ ʟʚʝʥʴʝʚ ʧʨʦʜʫʢʪʳ ʙʳʩʪʨʦʛʦ ʧʠʨʦʣʠʟʘ ʙʠʦʤʘʩʩʳ 
ʩʦʜʝʨʞʘʪ ʬʨʘʛʤʝʥʪʳ ʥʝʧʦʣʥʦʡ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʣʠʛʥʠʥʘ (ʜʦ 30 ʤʘʩ%). ʅʘʣʠʯʠʝ ʚ 

ʩʦʩʪʘʚʝ ʩʳʨʴʷ ʩʦʝʜʠʥʝʥʠʡ ʦʣʠʛʦʤʝʨʥʦʡ ʧʨʠʨʦʜʳ ʦʙʦʩʥʦʚʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʧʨʠʤʝʥʝʥʠʷ  ʤʝʟʦʧʦʨʠʩʪʳʭ ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ, ʩʪʨʫʢʪʫʨʘ 

ʠ ʨʝʛʫʣʠʨʫʝʤʳʡ ʨʘʟʤʝʨ ʧʦʨ (2ï50 ʥʤ) ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʝʦʜʦʣʝʥʠʶ 
ʜʠʬʬʫʟʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʨʝʚʨʘʱʝʥʠʶ ʦʙʲʝʤʥʳʭ ʤʦʣʝʢʫʣ ʚʥʫʪʨʠ ʧʦʨ ʢʘʪʘʣʠʟʘʪʦʨʘ 
ʠ ʫʚʝʣʠʯʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ  ʘʢʪʠʚʥʦʩʪʠ. 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ɻʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʷ ʬʝʥʦʣʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʥʝʬʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ (ʪʝʤʧʝʨʘʪʫʨʳ, 
ʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʩʦʩʪʘʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ). ɺ ʨʘʤʢʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʥʝʬʪʠ, ʩʦʜʝʨʞʘʱʠʭ 
ʤʝʪʦʢʩʠʬʝʥʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ, ʠʟʫʯʘʝʪʩʷ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʥʘ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʢʦʥʚʝʨʩʠʶ ʧʨʦʮʝʩʩʘ. 
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2.1 ʇʨʠʙʦʨʳ ʠ ʨʝʘʢʪʠʚʳ 

1. ʩʪʘʣʴʥʦʡ ʘʚʪʦʢʣʘʚ ʦʙʲʝʤʦʤ 7 ʤʣ, ʩʥʘʙʞʝʥʥʳʡ ʷʢʦʨʝʤ ʠ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʦʡ 

2. ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʝʩʳ, ʩʪʝʢʣʷʥʥʘʷ ʧʠʧʝʪʢʘ ʠʣʠ ʰʧʨʠʮ ʜʣʷ ʦʪʙʦʨʘ ʢʦʤʧʦʥʝʥʪʦʚ 
ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʰʧʘʪʝʣʴ 

3. ʧʝʯʴ, ʩʥʘʙʞʝʥʥʘʷ ʨʝʛʫʣʷʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 
4. ʛʘʟʦʚʳʡ ʭʨʦʤʘʪʦʛʨʘʬ ʂʨʠʩʪʘʣʣʶʢʩ 4000 ʄ, ʩʥʘʙʞʝʥʥʳʡ ʇʀɼ ʠ ʢʘʧʠʣʣʷʨʥʦʡ 

ʢʦʣʦʥʢʦʡ PetrocolÈ DH 50.2 ʩ ʥʝʧʦʜʚʠʞʥʦʡ ʞʠʜʢʦʡ ʬʘʟʦʡ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥ 
(ʨʘʟʤʝʨʳ: 50 ʤ Ĭ 0.25 ʤʤ). 

5. 2-ʤʝʪʦʢʩʠʬʝʥʦʣ (Ó98% Sigma-Aldrich), ʚʦʜʦʨʦʜ ʤʘʨʢʠ ɸ (99,99%), ʚʦʜʘ 
ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ 

6. ʨʫʪʝʥʠʡ-ʩʦʜʝʨʞʘʱʠʡ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʘʣʶʤʦʩʠʣʠʢʘʪʘ 
ʉʭʝʤʘ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ 2-ʤʝʪʦʢʩʠʬʝʥʦʣʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʨʫʪʝʥʠʡʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʘʣʶʤʦʩʠʣʠʢʘʪʘ 

 

2.2 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ʇʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 
ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

1. ɺ ʘʚʪʦʢʣʘʚ ʧʦʤʝʱʘʶʪ ʤʘʛʥʠʪʥʳʡ ʷʢʦʨʴ, ʟʘʜʘʥʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ, 
ʬʝʥʦʣʴʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʠ ʚʦʜʳ. 

2. ɸʚʪʦʢʣʘʚ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʫʯʠʚʘʶʪ, ʧʨʦʜʫʚʘʶʪ ʚʦʜʦʨʦʜʦʤ 2 ʨʘʟʘ ʜʣʷ ʚʳʪʝʩʥʝʥʠʷ 
ʚʦʟʜʫʭʘ, ʟʘʧʦʣʥʷʶʪ ʚʦʜʦʨʦʜʦʤ ʜʦ ʟʘʜʘʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʨʦʚʝʨʷʶʪ ʩʠʩʪʝʤʫ ʥʘ 

ʛʝʨʤʝʪʠʯʥʦʩʪʴ. 
3. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʯʴ ʚʢʣʶʯʘʶʪ ʠ ʥʘʛʨʝʚʘʶʪ ʜʦ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ. ɼʣʷ 

ʵʪʦʛʦ ʧʫʪʝʤ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ ʧʠʪʘʥʠʷ ʚʢʣʶʯʘʶʪ ʨʝʛʫʣʷʪʦʨ ʪʝʤʧʝʨʘʪʫʨʳ, ʟʘʪʝʤ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʩʪʨʫʢʮʠʝʡ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʨʝʛʫʣʷʪʦʨʝ ʚʳʩʪʘʚʣʷʶʪ ʟʘʜʘʥʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʜʘʣʝʝ ʚʢʣʶʯʘʶʪ ʩʘʤʫ ʧʝʯʴ, ʧʨʦʚʝʨʷʷ ʥʘʣʠʯʠʝ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʦʪʚʝʨʩʪʠʠ 
ʧʝʯʠ ʪʝʨʤʦʧʘʨʳ.  

4. ɸʚʪʦʢʣʘʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚ ʥʘʛʨʝʪʫʶ ʧʝʯʴ, ʮʝʥʪʨʠʨʫʶʪ ʥʘ ʤʝʰʘʣʢʝ, ʚʢʣʶʯʘʶʪ 
ʧʝʨʝʤʝʰʠʚʘʥʠʝ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʷʪ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ. 

5. ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʝʘʢʮʠʠ ʧʫʪʝʤ ʚʳʢʣʶʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʥʦʧʦʢ ʧʠʪʘʥʠʷ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪʢʣʶʯʘʶʪ ʤʝʰʘʣʢʫ, ʨʝʛʫʣʷʪʦʨ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʝʯʴ. ʈʘʟʦʛʨʝʪʳʡ 

ʘʚʪʦʢʣʘʚ ʘʢʢʫʨʘʪʥʦ ʚʳʥʠʤʘʶʪ ʠʟ ʧʝʯʠ ʠ ʦʭʣʘʞʜʘʶʪ, ʙʳʩʪʨʦ ʧʦʤʝʱʘʷ ʝʛʦ ʚ ʝʤʢʦʩʪʴ ʩ 



135 

ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʩʙʨʘʩʳʚʘʶʪ ʜʘʚʣʝʥʠʝ, ʤʝʜʣʝʥʥʦ ʨʘʩʢʨʫʯʠʚʘʷ 
ʚʝʥʪʠʣʴ ʥʘ ʘʚʪʦʢʣʘʚʝ, ʟʘʪʝʤ ʘʚʪʦʢʣʘʚ ʨʘʟʛʝʨʤʝʪʠʟʠʨʫʶʪ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠʟʚʣʝʢʘʶʪ 

ʠʟ ʘʚʪʦʢʣʘʚʘ, ʛʦʤʦʛʝʥʠʟʠʨʫʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʢʘʪʘʣʠʟʘʪʦʨ 
ʦʪʜʝʣʷʶʪ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. 

6. ɼʘʣʝʝ 1 ʤʢʣ ʧʨʦʙʳ ʟʘʢʘʣʳʚʘʶʪ ʚ ʛʘʟʦ-ʞʠʜʢʦʩʪʥʳʡ ʭʨʦʤʘʪʦʛʨʘʬ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 
ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʘʥʘʣʠʟʘ. 

2.3 ʋʩʣʦʚʠʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 

ɼʣʷ ʘʥʘʣʠʟʘ ʩʫʙʩʪʨʘʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʘʟʦʚʳʡ ʭʨʦʤʘʪʦʛʨʘʬ 

ʂʨʠʩʪʘʣʣʶʢʩ 4000 ʄ, ʩ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ; ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʣʦʥʢʦʡ 
PetrocolÈ DH 50.2 ʩ ʥʝʧʦʜʚʠʞʥʦʡ ʞʠʜʢʦʡ ʬʘʟʦʡ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥ (ʨʘʟʤʝʨʳ: 50 ʤ Ĭ 

0.25 ʤʤ, ʛʘʟ-ʥʦʩʠʪʝʣʴ ʛʝʣʠʡ, ʜʝʣʝʥʠʝ ʧʦʪʦʢʘ 1:90). ʍʨʦʤʘʪʦʛʨʘʤʤʳ ʟʘʧʠʩʳʚʘʶʪʩʷ ʠ 
ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ  r NetChrom. ʂʦʥʚʝʨʩʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʠʢʦʚ ʩʫʙʩʪʨʘʪʘ ʠ ʧʨʦʜʫʢʪʦʚ 
ʨʝʘʢʮʠʠ (ʚ %). ʋʩʣʦʚʠʷ ʘʥʘʣʠʟʘ ʛʘʟʦ-ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɻɾʍ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʊʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3. ʋʩʣʦʚʠʷ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ɻɾʍ. 

 

 

 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʭʨʦʤʘʪʦʛʨʘʤʤʘʤ ʨʘʩʩʯʠʪʳʚʘʶʪ ʢʦʥʚʝʨʩʠʶ ʩʫʙʩʪʨʘʪʘ ʠ 
ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. 

ʌʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʢʦʥʚʝʨʩʠʠ: Conv = ɆSʧʨʦʜʫʢʪʘ*100%/ɆSʧʨʦʜʫʢʪʦʚ ʠ ʩʫʙʩʪʨʘʪʘ 
ʌʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ: Sel = Sʧʨʦʜʫʢʪʘ*100%/ɆSʧʨʦʜʫʢʪʦʚ 

3. ʆʬʦʨʤʣʝʥʠʝ ʟʘʜʘʯʠ ʜʣʷ ʦʪʯʝʪʘ 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʛʠʩʪʦʛʨʘʤʤʳ (ʨʠʩ. 5) 

 

ʈʠʩ. 5. ɺʣʠʷʥʠʝ <ʧʘʨʘʤʝʪʨʘ ʧʨʦʮʝʩʩʘ> ʥʘ ʢʦʥʚʝʨʩʠʶ 2-ʤʝʪʦʢʩʠʬʝʥʦʣʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ.*ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: 25 ʤʛ ʢʘʪʘʣʠʟʘʪʦʨʘ, 2 ʤʤʦʣʴ 2-
ʤʝʪʦʢʩʠʬʝʥʦʣʘ (ʛʚʘʷʢʦʣʘ), 250 ʤʛ ʚʦʜʳ, 250Áʉ, 1 ʯ. 

ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʣʦʥʢʠ 

ˉ ʊʝʤʧʝʨʘʪʫʨʘ, ʦʉ ɺʨʝʤʷ, ʤʠʥ 
ʉʢʦʨʦʩʪʴ, 
ʦʉ/ʤʠʥ 

1 60 10 10 

2 100 5 10 

3 150 5 10 

4 220 25 0 

5 0   

ʋʩʣʦʚʠʷ ʘʥʘʣʠʟʘ 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʢʠ, Áʉ 235 

ʊʝʤʧʝʨʘʪʫʨʘ ʜʝʪʝʢʪʦʨʘ, Áʉ 300 

ʊʝʤʧʝʨʘʪʫʨʘ ʠʥʞʝʢʪʦʨʘ, Áʉ 250 
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4. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʂʘʢʦʝ ʩʳʨʴʝ ʥʘʟʳʚʘʶʪ ʙʠʦʤʘʩʩʦʡ ʠ ʠʟ ʯʝʛʦ ʦʥʘ ʩʦʩʪʦʠʪ? 

2. ʅʘʟʦʚʠʪʝ ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ. 
3. ʏʪʦ ʪʘʢʦʝ ʙʠʦʥʝʬʪʴ? ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʢʣʘʩʩʳ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 
ʙʠʦʥʝʬʪʠ. 
4. ʂʘʢʦʚʳ ʧʨʠʯʠʥʳ, ʪʨʝʙʫʶʱʠʝ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʙʠʦʥʝʬʪʠ?  

5. ʂʘʢʠʝ ʩʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʳ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʙʠʦʥʝʬʪʠ? 
6. ɺ ʯʝʤ ʧʨʝʠʤʫʱʝʩʪʚʦ ʛʠʜʨʦʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ? 

7. ʂʘʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ ʙʠʦʥʝʬʪʠ? ʂʘʢʦʚʘ ʨʦʣʴ 
ʢʦʤʧʦʥʝʥʪʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ? 

8. ʂʘʢʠʝ ʤʦʜʝʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʩʩʣʝʜʫʶʪ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ 
ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ? 

9. ʆʧʠʰʠʪʝ ʤʝʭʘʥʠʟʤ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 
10. ʂʘʢ ʚʣʠʷʝʪ ʠʟʤʝʥʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʢʦʥʚʝʨʩʠʶ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ? 
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ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʢʨʝʢʠʥʛ ʥʝʬʪʷʥʦʛʦ ʩʳʨʴ ̫
ɸʚʪʦʨ: ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʀ.ʀ. ʐʘʢʠʨʦʚ 
 

ɿʘʜʘʯʘ ʩʦʜʝʨʞʠʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʦ ʧʨʦʮʝʩʩʝ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ï 
ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʦʪʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ ʧʨʦʚʝʜʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʫʩʪʘʥʦʚʢʝ ʧʨʦʪʦʯʥʦʛʦ 
ʪʠʧʘ ʩʪʫʜʝʥʪʘʤʠ ʍʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ: 

- ʟʘʢʨʝʧʣʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʢʨʝʢʠʥʛʝ 

- ʧʨʦʚʝʜʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ ʛʠʜʨʦʦʯʠʱʝʥʥʦʛʦ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ ʥʘ 
ʫʩʪʘʥʦʚʢʝ ʧʨʦʪʦʯʥʦʛʦ ʪʠʧʘ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʪʘʥʜʘʨʪʦʤ ASTM D5154-10 
- ʦʧʨʝʜʝʣʝʥʠʝ ʚʳʭʦʜʦʚ ʧʨʦʜʫʢʪʦʚ ʢʨʝʢʠʥʛʘ ʤʝʪʦʜʘʤʠ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, 

ʛʨʘʚʠʤʝʪʨʠʠ 
 

ʉʦʜʝʨʞʘʥʠʝ 

1. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ  

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ  
3. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ  

4. ʃʠʪʝʨʘʪʫʨʘ  

1. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʚ ʤʠʨʝ ʧʦ ʪʦʥʥʘʞʥʦʩʪʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʳʨʴʷ ʧʨʦʮʝʩʩʦʚ 
ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʷʚʣʷʝʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʢʨʝʢʠʥʛ (ʂʂ). ʂʂ ʥʘʧʨʘʚʣʝʥ ʥʘ 

ʢʦʥʚʝʨʩʠʶ ʪʷʞʝʣʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʚʘʢʫʫʤʥʳʝ ʛʘʟʦʡʣʠ, ʦʩʪʘʪʢʠ ʚʘʢʫʫʤʥʦʡ ʧʝʨʝʛʦʥʢʠ 
ʠ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʠ ʜʨ.) ʚ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʦʥʝʥʪʳ ʤʦʪʦʨʥʳʭ 

ʪʦʧʣʠʚ ʠ ʩʳʨʴʝ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʩʦʚʨʝʤʝʥʥʳʝ ʫʩʪʘʥʦʚʢʘʭ ʂʂ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʢʨʝʢʠʥʛ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʪʘʢʦʛʦ ʩʣʦʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʠʩʪʠʥʥʳʭ 
ʞʠʜʢʦʩʪʝʡ. ʉʳʨʴʝ ʧʦʜʘʝʪʩʷ ʩ ʥʘʛʨʝʪʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʚ ʣʠʬʪ-ʨʝʘʢʪʦʨ, ʛʜʝ ʢʨʝʢʠʨʫʝʪʩʷ 

ʚ ʚʦʩʭʦʜʷʱʝʤ ʧʦʪʦʢʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ 500-540Áʉ. ʇʦʩʣʝ ʢʨʝʢʠʥʛʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ 
ʢʘʪʘʣʠʟʘʪʦʨ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʪʧʘʨʥʫʶ ʩʝʢʮʠʶ, ʛʜʝ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ 

ʫʜʘʣʷʶʪʩʷ ʩ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʷʥʳʤ ʧʘʨʦʤ. ɿʘʪʝʤ ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʩʪʫʧʘʝʪ ʚ ʨʝʛʝʥʝʨʘʪʦʨ 
ʜʣʷ ʦʪʞʠʛʘ ʢʦʢʩʘ ʧʨʠ 600-700Áʉ. ʇʦʩʣʝ ʨʝʛʝʥʝʨʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨ ʩʥʦʚʘ ʩʤʝʰʠʚʘʝʪʩʷ ʩ 

ʠʩʭʦʜʥʳʤ ʩʳʨʴʝʤ. 

 
ʈʠʩ.1. ʉʭʝʤʘ ʨʝʘʢʪʦʨʥʦʛʦ ʙʣʦʢʘ ʫʩʪʘʥʦʚʢʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ. 
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ɼʣʷ ʢʨʝʢʠʥʛʘ ʚ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʠʢʨʦʩʬʝʨʠʯʝʩʢʠʝ 
ʮʝʦʣʠʪʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ. ʊʘʢʦʡ ʢʘʪʘʣʠʟʘʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ 

ʢʦʤʧʦʟʠʪ, ʩʦʜʝʨʞʘʱʠʡ ʘʢʪʠʚʥʳʡ ʮʝʦʣʠʪʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʤʘʪʨʠʮʫ, ʩʚʷʟʫʶʱʠʡ 
ʢʦʤʧʦʥʝʥʪ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʜʦʙʘʚʢʠ (ʨʠʩ. 2). ɺ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʫʶʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʮʝʦʣʠʪ Y ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʬʦʨʤʝ. ɺ ʧʨʦʮʝʩʩʝ 
ʩʠʥʪʝʟʘ ʮʝʦʣʠʪ Y ʧʦʣʫʯʘʶʪ ʚ Na-ʬʦʨʤʝ, ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ 

ʫʩʣʦʚʠʷʭ ʢʨʝʢʠʥʛʘ ʠ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʣʫʯʘʶʪ H- ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʫʶ ʬʦʨʤʫ ʮʝʦʣʠʪʘ Y ʩ 
ʧʦʤʦʱʴʶ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. ʊʘʢʞʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʧʨʦʚʦʜʷʪ ʜʝʘʣʶʤʠʥʠʨʦʚʘʥʠʝ ʮʝʦʣʠʪʘ Y, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʶʪ ʫʣʴʪʨʘʩʪʘʙʠʣʴʥʳʡ 
ʮʝʦʣʠʪ Y (USY) ʩ ʦʪʥʦʰʝʥʠʝʤ SiO2/Al2O3 > 5. ʇʦʤʠʤʦ ʬʦʞʘʟʠʪʘ ʚ ʢʘʪʘʣʠʟʘʪʦʨ ʢʨʝʢʠʥʛʘ 

ʜʦʙʘʚʣʷʶʪ ʮʝʦʣʠʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ MFI (ZSM-5). ɼʦʙʘʚʣʝʥʠʝ ZSM- 5 ʚ ʢʘʪʘʣʠʟʘʪʦʨ 
ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʭʦʜʳ ʉ3 ʠ ʉ4 ʦʣʝʬʠʥʦʚ, ʮʝʥʥʦʛʦ ʩʳʨʴʷ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʧʨʦʜʫʢʪʘʭ ʢʨʝʢʠʥʛʘ. 

 
ʈʠʩ. 2. ʉʦʩʪʘʚ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢʨʝʢʠʥʛʘ 

 
ʄʝʟʦʧʦʨʠʩʪʳʝ ʘʣʶʤʦʩʠʣʠʢʘʪʳ, ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʨʠʮʳ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʚʠʯʥʳʡ ʢʨʝʢʠʥʛ ʩʳʨʴʷ. 
ʈʘʟʤʝʨ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʤʦʣʝʢʫʣ ʪʷʞʝʣʦʛʦ ʩʳʨʴʷ ʂʂ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʨʘʟʤʝʨ ʧʦʨ 

ʮʝʦʣʠʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʦʵʪʦʤʫ ʥʘ ʤʝʟʦʧʦʨʠʩʪʦʡ ʤʘʪʨʠʮʝ ʧʨʦʠʩʭʦʜʠʪ 
ʧʝʨʚʠʯʥʳʡ ʢʨʝʢʠʥʛ ʤʦʣʝʢʫʣ ʥʘ ʫʛʣʝʚʦʜʦʨʦʜʳ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ 

ʢʨʝʢʠʨʫʶʪʩʷ ʥʘ ʮʝʦʣʠʪʘʭ. 
ʅʘʧʦʣʥʠʪʝʣʴ ʠ ʩʚʷʟʫʶʱʝʝ ï ʢʦʤʧʦʥʝʥʪʳ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʬʠʟʠʯʝʩʢʫʶ 

ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʝʨʥʘ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʩʪʦʡʢʦʩʪʴ ʥʘ ʠʩʪʠʨʘʥʠʝ, ʧʣʦʪʥʦʩʪʴ, 
ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʪ.ʜ). ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠ ʩʚʷʟʫʶʱʠʡ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʝʥʪʦʥʠʪʦʚʘʷ, ʢʘʦʣʠʥʦʚʘʷ ʛʣʠʥʳ, ʘʣʶʤʦʩʠʣʠʢʘʪʳ, ʘʤʦʨʬʥʳʡ ʦʢʩʠʜ 
ʢʨʝʤʥʠʷ ʠ ʜʨ. 

ʇʨʝʚʨʘʱʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʢʨʝʢʠʥʛʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʩʣʦʞʥʳʡ ʢʦʤʧʣʝʢʩ ʨʝʘʢʮʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʦ ʮʝʧʥʦʤʫ ʢʘʨʙʢʘʪʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ɺ 

ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʥʝʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʫʩʣʦʚʠʷʭ 
ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ. ʈʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚʦ ʚʨʝʤʷ ʢʨʝʢʠʥʛʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ 

ʩʳʨʴʷ, ʚʣʠʷʶʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʢʘʯʝʩʪʚʦ ʠ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʂʂ. ʅʘʧʨʠʤʝʨ, ʙʝʥʟʠʥ ʂʂ 
ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʪʦʚʘʨʥʳʭ ʙʝʥʟʠʥʦʚ, ʧʦʩʢʦʣʴʢʫ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʘʣʢʘʥʦʚ 
ʠʟʦʩʪʨʦʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʠʥʪʝʥʩʠʚʥʦʤʫ ʧʨʦʪʝʢʘʥʠʶ ʨʝʘʢʮʠʡ ʠʟʦʤʝʨʠʟʘʮʠʡ ʠ 

ʘʨʦʤʘʪʠʟʘʮʠʡ. 
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ʈʝʘʢʮʠʠ-ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 
ʫʩʣʦʚʠʷʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ 

ʇʨʠʤʝʨʳ 

ʂʨʝʢʠʥʛ: 

ɸʣʢʘʥʳ ʢʨʝʢʠʨʫʶʪʩʷ ʜʦ ʘʣʢʝʥʦʚ ʠ ʘʣʢʘʥʦʚ 

ʤʝʥʴʰʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ 
ɸʣʢʝʥʳ ʢʨʝʢʠʨʫʶʪʩʷ ʜʦ ʦʣʝʬʠʥʦʚ ʤʝʥʴʰʝʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ 
ʂʨʝʢʠʥʛ ʘʣʢʠʣʟʘʤʝʩʪʠʪʝʣʝʡ ʘʨʝʥʦʚ 

ʂʨʝʢʠʥʛ ʥʘʬʪʝʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

 

C10H22 Ÿ C4H10 + C6H12 

 

C9H18 Ÿ C4H8 + C5H10 

 
ArC8H17 Ÿ C4H8 + ArC4H9 

ʮʠʢʣ-C10H20 Ÿ C4H10 + C6H12 

ʀʟʦʤʝʨʠʟʘʮʠʷ: 

ʀʟʦʤʝʨʠʟʘʮʠʷ ʜʚʦʡʥʦʡ ʩʚʷʟʠ 
ʇʨʝʚʨʘʱʝʥʠʝ ʥ-ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʠʟʦ- 

ʇʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʮʠʢʣʠʯʝʩʢʠʭ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

 

1-C4H8 Ÿ ʪʨʘʥʩ ï 2-C4H8 

n-C4H10 Ÿ ʠʟʦ- C4H10 

C6H12 Ÿ C5H9CH3 

ʈʝʘʢʮʠʠ ʧʝʨʝʥʦʩʘ ʚʦʜʦʨʦʜʘ 

 

ʥʘʬʪʝʥ + ʦʣʝʬʠʥ Ÿ ʘʨʦʤʘʪ. ʋɺ + ʘʣʢʘʥ 

C6H12 + 3C5H10 Ÿ C6H6 + 3C5H12 

ʊʨʘʥʩʘʣʢʠʣʠʨʦʚʘʥʠʝ C6H4(CH3)2 + C6H6 Ÿ 2C6H5CH3 

ʎʠʢʣʠʟʘʮʠʷ C7H14 Ÿ CH3-ʮʠʢʣ-C6H11 

ɼʝʛʠʜʨʠʨʦʚʘʥʠʝ C9H20 Ÿ C9H18 + H2 

ʂʦʥʜʝʥʩʘʮʠʷ ʮʠʢʣ-C10H7
+ + CH3-ʮʠʢʣ-C10H8 Ÿ ʮʠʢʣ-C10H7ï 

CH2 ï ʮʠʢʣ-C10H7 

ɼʝʘʣʢʠʣʠʨʦʚʘʥʠʝ ʠʟʦ-C3H7-C6H5 Ÿ C6H6 + ʠʟʦ-C3H6 

 
ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʂʂ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʝ, ʧʨʦʮʝʩʩ ʂʂ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ: 
ʤʦʜʝʨʥʠʟʠʨʫʶʪʩʷ ʫʩʪʘʥʦʚʢʠ ʂʂ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʢʨʝʢʠʥʛʘ, ʚ 

ʧʨʦʮʝʩʩ ʂʂ ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʚʩʝ ʙʦʣʝʝ ʪʷʞʝʣʳʝ ʥʝʬʪʷʥʳʝ ʦʩʪʘʪʢʠ (ʤʘʟʫʪʳ, 
ʫʛʣʫʙʣʝʥʥʳʝ ʚʘʢʫʫʤʥʳʝ ʛʘʟʦʡʣʠ, ʛʫʜʨʦʥʳ). ʂʨʦʤʝ ʪʦʛʦ, ʥʝʧʨʝʨʳʚʥʦ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ 

ʩʥʠʞʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʫʩʪʘʥʦʚʦʢ ʂʂ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ: ʨʘʟʨʘʙʦʪʢʘ 
ʥʦʚʳʭ ʜʦʙʘʚʦʢ ʢ ʢʘʪʘʣʠʟʘʪʦʨʘʤ, ʩʥʠʞʘʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʠ ʩʝʨʳ ʚ 

ʨʝʛʝʥʝʨʘʪʦʨʝ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʦʯʠʩʪʢʠ ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ, ʩʥʠʞʝʥʠʝ 
ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ, ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʂʂ ʠ ʪ.ʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʂʂ ʠ 
ʢʦʤʤʝʨʯʝʩʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʢʨʝʢʠʥʛʘ ʧʦʩʪʦʷʥʥʦ ʫʣʫʯʰʘʶʪʩʷ, ʯʪʦ ʩʦʟʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʣʘʙʦʨʘʪʦʨʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ, ʧʦʟʚʦʣʷʶʱʝʤ ʢʘʢ 
ʤʦʞʥʦ ʪʦʯʥʝʝ ʦʮʝʥʠʪʴ ʠ ʧʨʝʜʩʢʘʟʘʪʴ ʪʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʂʂ ʧʨʠ ʤʘʣʝʡʰʝʤ ʥʦʚʦʚʚʝʜʝʥʠʠ 

ʚ ʫʩʪʘʥʦʚʢʫ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʧʦʤʦʛʘʶʪ ʜʝʪʘʣʴʥʦ ʠʟʫʯʘʪʴ 
ʤʝʭʘʥʠʟʤʳ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ ʠ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʭʦʜ ʨʝʘʢʮʠʠ, 

ʣʫʯʰʝ ʧʦʥʠʤʘʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʨʝʘʢʪʦʨʝ, 
ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʟʘʪʨʘʪʘʭ. 
ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢʨʝʢʠʥʛʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʢʨʝʢʠʥʛʘ (ASTM D5154 ï 10; ASTM D3907/D3907M ī 13) 
ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʩʣʦʝʤ. ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʵʪʘʧʦʚ 

ʨʘʟʨʘʙʦʪʢʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢʨʝʢʠʥʛʘ ʷʚʣʷʝʪʩʷ ʠʩʧʳʪʘʥʠʝ ʦʙʨʘʟʮʦʚ ʥʘ ʨʝʘʢʪʦʨʘʭ ʪʠʧʘ 
MicroActivity Test (MAT) ʜʣʷ ʦʮʝʥʢʠ ʠʭ ʘʢʪʠʚʥʦʩʪʠ ʚ ʢʨʝʢʠʥʛʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʄɸʊ-ʠʩʧʳʪʘʥʠʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ 
ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʝʣʝʢʪʠʚʥʦʩʪʷʤʠ ʢ ʧʨʦʜʫʢʪʘʤ ʢʨʝʢʠʥʛʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʤʝʪʴ 

ʢʦʤʤʝʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. ʅʘʧʨʠʤʝʨ, ʧʦʚʳʰʝʥʥʦʝ ʠʣʠ ʧʦʥʠʞʝʥʥʦʝ ʢʦʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʚ 
ʧʨʦʮʝʩʩʝ ʢʨʝʢʠʥʛʘ ʧʨʠʚʝʜʝʪ ʢ ʠʟʙʳʪʦʯʥʦʡ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʛʝʥʝʨʘʮʠʠ ʪʝʧʣʘ ʧʨʠ ʝʛʦ 

ʦʪʞʠʛʝ ʚ ʧʨʦʮʝʩʩʝ ʨʝʛʝʥʝʨʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ ʥʘʨʫʰʠʪ ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ ʫʩʪʘʥʦʚʢʠ 
ʂʂ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢʮʠʠ ʄɸʊ-ʫʩʪʘʥʦʚʦʢ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʧʠʣʦʪʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 
ʩʦʦʪʥʦʰʝʥʠʡ ʢʘʪʘʣʠʟʘʪʦʨ/ʩʳʨʴʝ, ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʢʨʝʢʠʥʛʘ, 

ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʝʪʘʣʣʘʤʠ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ 
ʩʳʨʴʷ ʚ ʧʨʦʮʝʩʩʝ ʄɸʊ-ʠʩʧʳʪʘʥʠʡ ʩʦʭʨʘʥʷʶʪʩʷ.    
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2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʢʨʝʢʠʥʛʘ ʛʠʜʨʦʦʯʠʱʝʥʥʦʛʦ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ ʧʨʦʚʦʜʠʪʩʷ ʥʘ 

ʫʩʪʘʥʦʚʢʝ ʧʨʦʪʦʯʥʦʛʦ ʪʠʧʘ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 
ʩʪʘʥʜʘʨʪʦʤ ASTM D5154-10. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. ɺ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʮʝʦʣʠʪʩʦʜʝʨʞʘʱʠʡ 
ʢʘʪʘʣʠʟʘʪʦʨ ʢʨʝʢʠʥʛʘ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʫʢʘʟʘʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 1. ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʠʜʨʦʦʯʠʱʝʥʥʳʡ ʚʘʢʫʫʤʥʳʡ ʛʘʟʦʡʣʴ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 
Tʥ.ʢ.=300Áʉ, Tʢ.ʢ.=530Áʉ, ɤs=0.18%, ɟ=0.887 ʛ/ʩʤ3. ʋʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ: 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʝʢʠʥʛʘ 515Áʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʛʝʥʝʨʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 620Áʉ, 
ʩʦʦʪʥʦʰʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨ/ʩʳʨʴʝ 4 ʛ/ʛ.  

 
ʊʘʙʣʠʮʘ 1. ʉʚʦʡʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢʨʝʢʠʥʛʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʦʢʘʟʘʪʝʣʴ 

ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʤ2/ʛ 255 

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʤʢʤ 90 

ʋʧʣʦʪʥʝʥʥʘʷ ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3 0.83 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʦʢʩʠʜʦʚ ʈɿʕ, % 1.5 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ Na2O, % 0.4 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ Fe2O3, % 1.0 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ Al2O3, % 35.0 

 
ɺʳʭʦʜʳ ʙʝʥʟʠʥʘ ʠ ʣʝʛʢʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʘʟʦʡʣʷ ʚ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʘʭ ʢʨʝʢʠʥʛʘ 

ʦʧʨʝʜʝʣʷʶʪ ʤʝʪʦʜʦʤ çʠʤʠʪʠʨʦʚʘʥʥʦʡ ʜʠʩʪʠʣʣʷʮʠʠè ʧʦ ASTM D2887-16 ʥʘ 
ʭʨʦʤʘʪʦʛʨʘʬʝ çʍʨʦʤʦʩ ɻʍ1000è ʩ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʠ ʢʘʧʠʣʣʷʨʥʦʡ 

ʢʦʣʦʥʢʦʡ Petrocol-2887 (5ʤ ʭ 0.53ʤʤ, ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʳ 2.65 ʤʢʤ), ʛʘʟ-
ʥʦʩʠʪʝʣʴ ʛʝʣʠʡ, ʦʙʲʝʤʥʘʷ ʩʢʦʨʦʩʪʴ 30 ʤʣ/ʤʠʥ. ʋʩʣʦʚʠʷ ʘʥʘʣʠʟʘ: ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʠʪʝʣʷ 

ʠ ʜʝʪʝʢʪʦʨʘ 370Áʉ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʷʪ ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʣʦʥʢʠ 
ʦʪ 30Áʉ ʜʦ 370Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 20Áʉ/ʤʠʥ. ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ 

ʢʨʝʢʠʥʛʘ ʦʧʨʝʜʝʣʷʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʍʨʦʤʦʩ ʉʊʆ 
ɻʘʟʧʨʦʤ 5.5 2007 ʚʝʨʩʠʷ 0.9.18.0 ʜʣʷ Windows. 

 
ʈʠʩ.3. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ. 

ʍʦʜ ʨʘʙʦʪʳ: 

1. ʂʘʪʘʣʠʟʘʪʦʨ ʢʨʝʢʠʥʛʘ ʧʨʦʩʫʰʠʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ.  

2. ʉʥʘʨʷʜʠʪʴ ʨʝʘʢʪʦʨ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʝʨʚʳʤ ʩʣʦʝʤ ʟʘʩʳʧʘʪʴ 4 ʤʣ ʢʚʘʨʮʘ 
ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 0.5-0.7 ʤʤ, ʧʦʚʝʨʭ ʢʚʘʨʮʘ ʟʘʩʳʧʘʪʴ 4.00 ʛ ʚʳʩʫʰʝʥʥʦʛʦ 


