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3 

 

ɺɺɽɼɽʅʀɽ 

 

ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʙʝʣʢʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʬʘʟ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʪʝʢʘʥʠʝ ʤʥʦʛʠʭ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʢʣʝʪʢʘʭ. ʀʤʝʥʥʦ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʬʘʟ ʣʦʢʘʣʠʟʦʚʘʥʳ ʠ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʤʥʦʛʠʝ ʙʠʦʤʦʣʝʢʫʣʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʧʨʦʮʝʩʩʳ ʪʨʘʥʩʧʦʨʪʘ, 

ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʩʠʛʥʘʣʴʥʦʡ ʪʨʘʥʩʜʫʢʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʝʣʢʦʚ ʠ 

ʬʝʨʤʝʥʪʦʚ ʚ ʤʦʜʝʣʴʥʳʭ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʯʝʚʠʜʥʳʡ 

ʠʥʪʝʨʝʩ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ, ʘ ʪʘʢʞʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʠʱʝʚʦʡ ʠ ʢʦʩʤʝʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʠ ʬʝʨʤʝʥʪʦʚ ʚ ʢʦʣʣʦʠʜʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʠ ʚ ʤʠʢʨʦʵʤʫʣʴʩʠʷʭ, ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ 

ʠʟʫʯʝʥʠʝʤ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ ʠ ʦʙʤʝʥʘ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ. ʅʘʨʷʜʫ ʩ 

ʥʝʦʩʧʦʨʠʤʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʟʥʘʯʠʤʦʩʪʴʶ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʚ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʝʯʴ 

ʠʜʝʪ ʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ, ʧʠʱʝʚʳʭ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ, ʘ ʪʘʢʞʝ, ʬʝʨʤʝʥʪ-ʩʦʜʝʨʞʘʱʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ. ɺ ʩʚʷʟʠ ʩ ʦʪʢʨʳʚʘʶʱʠʤʠʩʷ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʘ ʬʘʟ 

ʧʨʠʚʣʝʢʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ.  

ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʘʨʩʝʥʘʣʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʷʤʳʝ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʠʟʫʯʘʪʴ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʝʣʢʦʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ. ʀʥʬʦʨʤʘʮʠʷ, ʚʩʪʨʝʯʘʶʱʘʷʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʥʦʩʠʪ 

ʩʢʦʨʝʝ ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʦʚ ʠ 



4 

 

ʙʝʣʦʢ-ʩʦʜʝʨʞʘʱʠʭ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʘʥʩʘʤʙʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʘ ʬʘʟ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ 

ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʧʦʜʭʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʩʩʣʝʜʦʚʘʪʴ 

ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʙʝʣʢʦʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ ʥʘ 

ʦʩʥʦʚʝ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʤʠʢʨʦʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʙʝʣʢʦʚ ʚ ʛʦʤʦʛʝʥʥʳʭ 

ʩʠʩʪʝʤʘʭ. ʉʫʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʩʦʩʪʦʠʪ ʚ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʦʚ 

ʨʘʟʨʝʰʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ 

ʨʝʞʠʤʝ ʚʥʝʰʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ER-TRFA ʠ IRRAS) ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʠʤʫʣʷʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʦʡʩʪʚʘʭ ʙʝʣʢʦʚ (ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʢʦʥʬʦʨʤʘʮʠʠ, ʩʪʝʧʝʥʠ ʘʛʨʝʛʘʮʠʠ, ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ) 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʚʦʟʜʫʭ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʠʬʬʫʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ 

ʚʧʝʨʚʳʝ ʘʜʘʧʪʠʨʦʚʘʥ ʠ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (FCS). ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʘ 

ʜʝʪʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʨʫʢʪʫʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʙʝʣʢʦʚ ʠ 

ʬʝʨʤʝʥʪʦʚ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʤʦʥʦ-, ʪʘʢ ʠ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʭ ʢʦʣʣʦʠʜʥʳʭ 

ʩʠʩʪʝʤ: ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ï 

ʧʦʣʠʩʘʭʘʨʠʜʘʤʠ, ʣʠʧʠʜʘʤʠ, ʚ ʩʦʩʪʘʚʝ ʦʣʠʛʦʤʝʨʥʳʭ ʙʝʣʢʦʚ ʠ ʙʝʣʢʦʚʳʭ 

ʘʛʨʝʛʘʪʦʚ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʦʜʭʦʜʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʬʝʨʤʝʥʪʦʚ ʠ ʙʝʣʢʦʚ ʚ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤʘʭ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ 

ʬʘʟ ʠ ʚ ʤʠʢʨʦʵʤʫʣʴʩʠʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʢʥʠʛʝ, ʦʪʢʨʳʚʘʁʪ ʰʠʨʦʢʠʝ 

ʧʝʨʩʧʝʢʪʠʚʳ, ʢʘʢ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ. 
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ɻʣʘʚʘ 1.  

ʀʉʉʃɽɼʆɺɸʅʀɽ ʄʆʃɽʂʋʃʗʈʅʓʍ ʉɺʆʁʉʊɺ ɹɽʃʂʆɺ 

ɸɼʉʆʈɹʀʈʆɺɸʅʅʓʍ ʅɸ ʇʆɺɽʈʍʅʆʉʊʗʍ ʈɸɿɼɽʃɸ ʌɸɿ ɺʆɼɸ-

ɺʆɿɼʋʍ ʀ ɺʆɼɸ-ʄɸʉʃʆ 

ɹʝʣʢʠ ʢʘʢ ʘʤʬʠʬʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʘʤʠʥʦʢʠʩʣʦʪ, 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʧʦ ʩʚʦʝʡ ʧʦʣʷʨʥʦʩʪʠ, ʩʧʦʥʪʘʥʥʦ 

ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʘ ʛʠʜʨʦʬʦʙʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʚʦʜʘ-ʚʦʟʜʫʭ ʠ ʚʦʜʘ-ʤʘʩʣʦ. 

ɼʚʠʞʫʱʝʡ ʩʠʣʦʡ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʧʝʨʝʥʦʩ ʛʠʜʨʦʬʦʙʥʳʭ ʫʯʘʩʪʢʦʚ ʙʝʣʢʘ ʚ 

ʩʨʝʜʫ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʧʦʣʷʨʥʦʩʪʴʶ. ɻʠʜʨʦʬʠʣʴʥʳʝ ʧʦʣʷʨʥʳʝ ʠ ʟʘʨʷʞʝʥʥʳʝ 

ʛʨʫʧʧʳ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʚʦʜʥʫʶ ʬʘʟʫ. ʅʘ ʨʠʩ. 1.1. 

ʠʟʦʙʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʩʪʘʜʠʠ ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʦʚ (ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʚ ʫʢʘʟʘʥʥʦʤ 

ʧʦʨʷʜʢʝ).  
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ʈʠʩ. 1.1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʩʪʘʜʠʠ ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʙʝʣʢʘ: 1) ʪʨʘʥʩʧʦʨʪ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ (ʜʠʬʬʫʟʠʷ), 2) 

ʘʜʩʦʨʙʮʠʷ ʤʦʣʝʢʫʣ ʙʝʣʢʘ, 3) ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, 4) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʩʦʩʝʜʩʪʚʫʶʱʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʙʝʣʢʘ ʠ 5) ʦʪʢʣʠʢ ʥʘ ʧʨʠʣʦʞʝʥʥʦʝ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʧʣʝʥʢʫ (ʨʘʩʪʷʞʝʥʠʝ-ʩʞʘʪʠʝ). 

 

ʉʪʘʜʠʷ 1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʥʦʩ ʙʝʣʢʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʪʝʤ 

ʜʠʬʬʫʟʠʠ ʠʣʠ ʢʦʥʚʝʢʮʠʠ. ʉʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʨʘʜʠʫʩʫ ʙʝʣʢʦʚʦʡ ʛʣʦʙʫʣʳ. ʇʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ ʙʝʣʢʦʚ ʥʝ ʩʣʠʰʢʦʤ ʩʠʣʴʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʨʘʟʤʝʨʫ, ʦʛʨʦʤʥʳʝ ʨʘʟʣʠʯʠʷ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʘʜʩʦʨʙʮʠʦʥʥʦʡ 
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ʢʠʥʝʪʠʢʝ ʙʝʣʢʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʚʳʟʚʘʥʳ ʜʨʫʛʠʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʧʨʠʯʠʥʘʤʠ. 

ʉʪʘʜʠʷ 2 ʦʪʨʘʞʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʙʝʣʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʦʧʨʝʜʝʣʷʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʨʘʚʥʦʚʝʩʠʝʤ ʤʝʞʜʫ ʦʙʱʠʤ ʟʘʨʷʜʦʤ ʙʝʣʢʘ ʠ 

ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʣʢʘ (ɻʃɹ). ʇʝʨʚʳʡ ʬʘʢʪʦʨ ʫʚʝʣʠʯʠʚʘʝʪ 

ʢʠʥʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʘʜʩʦʨʙʮʠʠ, ʘ ʧʦʩʣʝʜʥʠʡ ʬʘʢʪʦʨ ï ʫʤʝʥʴʰʘʝʪ [1-2]. ɼʘʥʥʘʷ 

ʩʪʘʜʠʷ ʘʜʩʦʨʙʮʠʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʝʡ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʜʣʷ 

ʨʘʟʥʳʭ ʙʝʣʢʦʚ. ʉʪʘʜʠʷ 3 ʦʪʨʘʞʘʝʪ ʜʝʥʘʪʫʨʘʮʠʶ ʙʝʣʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʪʝʧʝʥʴ 

ʜʝʥʘʪʫʨʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʙʝʣʢʘ [3-4] ʠ 

ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʣʢʘ. ʅʝʫʧʦʨʷʜʦʯʝʥʥʦ ʩʚʝʨʥʫʪʳʝ ʧʦʣʠʤʝʨʥʳʝ 

ʤʦʣʝʢʫʣʳ ʦʙʳʯʥʦ ʣʝʛʢʦ ʨʘʟʚʦʨʘʯʠʚʘʶʪʩʷ ʥʘ ʛʠʜʨʦʬʦʙʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, 

ʨʘʩʧʦʣʘʛʘʷʩʴ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʨʘʟʫʷ çʧʝʪʣʠ ʠ ʭʚʦʩʪʳè. ɻʣʦʙʫʣʷʨʥʳʝ 

ʙʝʣʢʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʞʝʥʳ ʜʝʥʘʪʫʨʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ [5]. 

ɼʝʥʘʪʫʨʘʮʠʷ ʛʣʦʙʫʣʷʨʥʳʭ ʙʝʣʢʦʚ ʦʙʳʯʥʦ ʥʦʩʠʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʚ 

ʩʪʝʧʝʥʠ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ [3-7]. ʊʘʢ, ʣʠʟʦʮʠʤ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʭʨʘʥʷʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʌʘʡʥʝʨʤʝʥ ʩ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʧʨʝʜʣʦʞʠʣ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʫʶ ʘʜʩʦʨʙʮʠʶ ʙʝʣʢʦʚ ʚ ʢʦʪʦʨʦʡ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʘʤʠ ʙʝʣʢʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʤʝʞʜʫ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʜʘʚʣʝʥʠʷ [8]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʙʝʣʢʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ çʩʞʠʤʘʝʤʳʝè 

ʠʣʠ ʤʷʛʢʠʝ ʯʘʩʪʠʮʳ [9], ʧʨʠʯʝʤ ʪʝʨʤʠʥ çʩʞʠʤʘʝʤʳʝè ʦʪʥʦʩʠʪʩʷ ʢ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʥʠʤʘʝʤʦʡ ʤʦʣʝʢʫʣʦʡ ʙʝʣʢʘ, ʘ ʥʝ ʢ ʦʙʲʝʤʫ ʤʦʣʝʢʫʣʳ. ʕʪʘʧ 

ʘʜʩʦʨʙʮʠʠ 4 ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʙʝʣʢʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʛʜʝ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʙʘʣʘʥʩ ʤʝʞʜʫ ʛʠʜʨʦʬʦʙʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʦʪʪʘʣʢʠʚʘʥʠʝʤ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ (ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʦʙʱʝʛʦ ʟʘʨʷʜʘ ʥʘ ʙʝʣʢʝ). ʀ ʥʘʢʦʥʝʮ, 

ʦʪʢʣʠʢ ʥʘ ʧʨʠʣʦʞʝʥʥʦʝ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʣʝʥʢʫ (ʨʘʩʪʷʞʝʥʠʝ-ʩʞʘʪʠʝ) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʠʣʠ (ʥʝʩʧʦʩʦʙʥʦʩʪʴ) ʢ 

ʜʝʩʦʨʙʮʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʦʡʩʪʚ ʙʝʣʢʦʚ, 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʛʠʜʨʦʬʦʙʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
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ʟʘʨʷʜʘ ʥʘ ʙʝʣʢʝ, ʭʘʨʘʢʪʝʨ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʧʨʝʜʝʣʷʝʪ 

ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʙʝʣʢʦʚ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ 

ʩʣʦʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʣʠʷʝʪ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ, ʧʝʥ ʠ 

ʵʤʫʣʴʩʠʡ [10-12].   

 

1.1. ʄʝʪʦʜʳ ʩʣʝʞʝʥʠʷ ʟʘ ʘʜʩʦʨʙʮʠʝʡ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʚʦʜʘ-ʚʦʟʜʫʭ ʠ 

ʚʦʜʘ-ʤʘʩʣʦ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ  

ʄʝʪʦʜ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʣʦʝʚ 

ʇʨʠ ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʦʚ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʜʨʫʛʠʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʘ ʬʘʟ ʚʦʜʘ-ʚʦʟʜʫʭ ʠʣʠ ʚʦʜʘ-ʤʘʩʣʦ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠ.̫ ʆʜʥʠʤ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʣʝʞʝʥʠʷ ʟʘ 

ʘʜʩʦʨʙʮʠʝʡ ʇɸɺ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʚʦʟʜʫʭ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʣʦʝʚ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ (ʃɹ). ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʦʥʦʩʣʦʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʝʥʛʤʶʨʦʚʩʢʘ ̫ ʚʘʥʥʘ (ʨʠʩ. 1.2). ʈʘʙʦʯʘʷ ʧʣʦʱʘʜʴ ʚʘʥʥʳ 

ʦʛʨʘʥʠʯʝʥʘ ʧʦʜʚʠʞʥʳʤʠ ʙʘʨʴʝʨʘʤʠ - ʩ ʠʭ ʧʦʤʦʱʴʶ ʧʣʦʱʘʜʴ ʤʦʞʥʦ ʤʝʥʷʪʴ 

(ʨʠʩ. 1.2).  

 

 

ʈʠʩ. 1.2. ʃʝʥʛʤʶʨʦʚʩʢʘʷ ʚʘʥʥʘ, ʦʩʥʘʱʝʥʥʘʷ ʧʦʜʚʠʞʥʳʤʠ ʙʘʨʴʝʨʘʤʠ. 

 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʩʣʦʷ ʙʝʣʢʘ ʩʪʨʦʷʪ ʠʟʦʪʝʨʤʫ ʩʞʘʪʠʷ (ʨʠʩ. 

1.3) - ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʟʤʝʨʘ ʧʣʦʱʘʜʠ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ, ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʠʟʤʝʥʷʶʱʘʷʩʷ ʧʣʦʱʘʜʴ 

ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʥʥʳ ʠ ʩ ʧʦʤʦʱʴʶ ʣʝʥʛʤʶʨʦʚʩʢʠʭ ʚʝʩʦʚ ʠʟʤʝʨʷʝʪʩʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʜʘʚʣʝʥʠʝ. ʄʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʘʢʞʝ ʚʷʟʢʦʩʪʴ, 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʤʦʥʦʩʣʦʷ, ʠʟʤʝʥʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʦʥʦʩʣʦʷ 
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(ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʩʚʝʪʘ ʦʪ ʤʦʥʦʩʣʦʷ ʧʦʜ 

ʫʛʣʦʤ ɹʨʶʩʪʝʨʘ).  

ʄʝʪʦʜ ʤʦʥʦʩʣʦʝʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʠʢʠ ʃʝʥʛʤʶʨʘ ï ɹʣʦʜʞʝʪʪʘ (ʨʠʩ. 

1.2) ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʝʤʙʨʘʥʦʪʨʦʧʥʳʭ 

ʙʝʣʢʦʚ, ʥʘʧʨʠʤʝʨ, ʣʠʧʘʟ. ʉʤʝʰʘʥʥʳʝ ʤʦʥʦʩʣʦʠ ʣʠʧʠʜʘ ʠ ʬʝʨʤʝʥʪʘ ʧʦʣʫʯʘʶʪ 

ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ ʜʠʩʧʝʨʩʠʡ ʚʝʟʠʢʫʣ, ʣʠʙʦ ʧʨʠ ʘʜʩʦʨʙʮʠʠ 

ʙʝʣʢʘ ʥʘ ʟʘʨʘʥʝʝ ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʡ ʩʣʦʡ ʣʠʧʠʜʘ [13]. ɼʣʷ 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʥʦʩʣʦʝʚ ʠ ʧʦʣʠʩʣʦʝʚ ʭʘʨʘʢʪʝʨʥʦ 

ʩʦʭʨʘʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʤʝʤʙʨʘʥʥʳʭ ʬʝʨʤʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʩʫʙʩʪʨʘʪʦʚ ʚ ʚʦʜʥʫʶ ʧʦʜʣʦʞʢʫ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʣʦʝʚ ʠ ʠʟʤʝʨʝʥʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʠʢʠ ʃʝʥʛʤʶʨ-ɹʣʦʜʞʝʪʪ 

(ʃɹ) ʠʟʤʝʨʷʶʪ ʜʚʫʤʝʨʥʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʜʘʚʣʝʥʠʝ: p=s0-s, 

ʛʜʝ s0 ʠ s - ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʥʘʪʷʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʜʣʦʞʢʠ ʠ ʤʦʥʦʩʣʦʷ 

ʇɸɺ ʧʨʠ ʩʪʨʦʛʦ ʟʘʜʘʥʥʦʤ ʠ ʠʟʚʝʩʪʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʇɸɺ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʧʝʨʝʜʚʠʞʝʥʠʝʤ ʙʘʨʴʝʨʦʚ, 

ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ, ʨʝʛʫʣʠʨʫʶʱʠʤ ʪʝʯʝʥʠʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ, 

ʧʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʫʢʪʫʨʫ ʤʦʥʦʩʣʦʷ, ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʦʨʠʝʥʪʘʮʠʶ 

ʣʠʧʠʜʦʚ, ʭʘʨʘʢʪʝʨ ʠ ʩʠʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʝʨʤʝʥʪʘ ʩ ʣʠʧʠʜʥʳʤ ʤʦʥʦʩʣʦʝʤ.  

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ ʚʦʜʘ-ʚʦʟʜʫʭ ʚ ʃɹ-ʚʘʥʥʝ ʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʪʴ 

ʤʦʥʦʩʣʦʡ ʥʝ ʪʦʣʴʢʦ ʠʟ ʤʦʣʝʢʫʣ ʦʜʥʦʛʦ ʪʠʧʘ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʥʦ ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ ʩʤʝʰʘʥʥʳʝ ʤʦʥʦʩʣʦʠ ʠʟ ʤʦʣʝʢʫʣ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ. 

ʉʪʨʫʢʪʫʨʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʤʦʥʦʩʣʦʷ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ: ʚʟʘʠʤʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚ ʚ ʤʦʥʦʩʣʦʝ, ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʠʥ ʛʣʘʚʥʳʭ ʦʩʝʡ 

ʤʦʣʝʢʫʣ ʠ ʠʭ ʩʪʨʦʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʠʷ ʩʤʝʰʘʥʥʳʭ ʤʦʥʦʩʣʦʝʚ ʙʳʣʠ 

ʩʦʟʜʘʥʳ ʤʦʜʝʣʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʣʠʧʠʜʥʳʭ ʤʝʤʙʨʘʥ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʙʝʣʢʦʚʳʭ 

ʤʦʣʝʢʫʣ.  

ʀʩʧʦʣʴʟʫʷ ʩʫʙʬʘʟʫ, ʤʦʞʥʦ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʤʦʥʦʩʣʦʡ. 

ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʤʦʥʦʩʣʦʠ, ʧʨʠʩʦʝʜʠʥʷʷ ʢ ʥʠʤ ʠʟ ʩʫʙʬʘʟʳ 

ʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʙʝʣʢʦʚʳʝ ʤʦʣʝʢʫʣʳ, ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʠ ʪ.ʜ. ʇʨʠʯʝʤ ʜʣʷ 
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ʬʦʨʤʠʨʫʝʤʦʡ ʩʪʨʫʢʪʫʨʳ ʦʯʝʥʴ ʚʘʞʥʳ ʥʝ ʪʦʣʴʢʦ ʩʘʤʦ ʚʝʱʝʩʪʚʦ, ʠʟ ʢʦʪʦʨʦʛʦ 

ʩʪʨʦʠʪʩʷ ʤʦʥʦʩʣʦʡ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚʦʜʘ-ʚʦʟʜʫʭ, ʠ ñʨʝʘʛʝʥʪò ʠʟ ʩʫʙʬʘʟʳ, ʥʦ 

ʠ ʭʘʨʘʢʪʝʨ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʅʘʧʨʠʤʝʨ, ʧʦʤʝʩʪʠʚ ʚ ʩʫʙʬʘʟʫ ɼʅʂ, ʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʩʬʦʨʤʠʨʦʚʘʚ ʤʦʥʦʩʣʦʡ ʦʢʪʘʜʝʮʠʣʘʤʠʥʘ ʠʣʠ ʜʠʤʝʪʠʣʘʣʠʣʘʤʠʥʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʶʪ ʃɹ-ʧʣʝʥʢʫ ʩ ʚʢʣʶʯʝʥʠʝʤ ʤʝʞʜʫ ʣʠʧʠʜʥʳʤʠ ʩʣʦʷʤʠ 

ʨʘʩʧʣʝʪʝʥʥʦʡ (ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ) ʠʣʠ ʩʧʠʨʘʣʴʥʦʡ (ʚʦ ʚʪʦʨʦʤ) ɼʅʂ.  

 

 ʊʝʥʟʠʦʤʝʪʨʠʷ 

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʠʟʤʝʨʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ 

ʬʦʨʤr ʢʘʧʣʠ ʠʣʠ ʚʦʟʜʫʰʥʦʛʦ ʧʫʟʳʨʴʢʘ, ʩʦʟʜʘʥʥʦʛʦ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʙʝʣʢʘ, 

ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʧʝʣʴʥʳʡ ʪʝʥʟʠʦʤʝʪʝʨ, ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʬʦʨʤʘʪʝ, 

ʢʦʤʧʴʶʪʝʨʥʦ ʫʧʨʘʚʣʷʝʤʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʘʧʝʣʴʥʳʡ ʪʝʥʟʠʦʤʝʪʝʨ (ADT). 

ʀʟʤʝʥʝʥʠʝ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʥʘʪʷʞʝʥʠʠ ʚʳʟʚʘʥʥʦʤ ʘʜʩʦʨʙʮʠʝʡ ʙʝʣʢʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʚʦʟʜʫʭ ʠʣʠ ʚʦʜʘ-ʤʘʩʣʦ ʚʳʨʘʞʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ɔ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʇ=ɔ0-ɔ, ʛʜʝ ɔ0 - 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʙʝʣʢʘ ʠ ɔ ï ʠʟʤʝʨʷʝʤʦʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ. ɸʥʘʣʠʟ ʢʨʠʚʳʭ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ɔ (t) ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʙʝʣʢʦʚ.  

ʅʘ ʢʨʠʚʳʭ ʩʥʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʇɸɺ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 3 ʠʥʪʝʨʚʘʣʘ çʨʝʞʠʤʘè ʘʜʩʦʨʙʮʠʠ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʤ ʘʛʨʝʛʘʪʥʳʤ ʩʦʩʪʦʷʥʠʷʤ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʇɸɺ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʦʙʲʝʤʥʦʡ ʬʘʟʦʡ: 1- ʛʘʟʦʦʙʨʘʟʥʳʝ (G-

ʧʣʝʥʢʠ), ʢʦʪʦʨʳʝ ʧʨʠʙʣʠʞʝʥʥʦ ʧʦʜʯʠʥʷʶʪʩʷ ʫʨʘʚʥʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ 

ʜʚʫʭʤʝʨʥʦʛʦ ʛʘʟʘ: ʇ= RTɻ. 2 ï ʞʠʜʢʠʝ (L2 ʠ L1-ʧʣʝʥʢʠ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʞʠʜʢʦ-

ʨʘʩʪʷʥʫʪʳʝ ʠ ʞʠʜʢʠʝ ʧʣʝʥʢʠ. ɼʣʷ ʧʦʩʣʝʜʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʤʘʣʳʝ ʩʞʠʤʘʝʤʦʩʪʠ, 

ʨʝʟʢʠʡ ʧʦʜʲʝʤ ʥʘ ʢʨʠʚʳʭ ʨʘʟʚʠʪʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʩʞʘʪʠʠ 

ʧʣʝʥʢʠ (ʇ ʦʪ ɸ). ɾʠʜʢʦ-ʨʘʩʪʷʥʫʪʳʝ ʧʣʝʥʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʘʟʦʦʙʨʘʟʥʳʤʠ G-ʧʣʝʥʢʘʤʠ ʠ ʞʠʜʢʠʤʠ L1-
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ʧʣʝʥʢʘʤʠ; ʠ 3 ï ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʞʠʜʢʠʝ ʠʣʠ ʪʚʝʨʜʳʝ ʧʣʝʥʢʠ (S-ʧʣʝʥʢʠ), 

ʩʞʠʤʘʝʤʦʩʪʴ ʢʦʪʦʨʳʭ ʝʱʝ ʥʠʞʝ, ʯʝʤ ʫ ʞʠʜʢʠʭ L1-ʧʣʝʥʦʢ [2, 8, 10, 14].  

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ ʦʪʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʇɸɺ ʠ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʙʝʣʢʘʤʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʤʦʣʝʢʫʣʷʨʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʇɸɺ ʚʳʩʦʢʘʷ ʠ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʨʦʠʩʭʦʜʷʪ ʦʯʝʥʴ ʙʳʩʪʨʦ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʜʘʚʣʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ. 

ʆʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ ʙʝʣʢʦʚ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʚʦʟʜʫʭ ʠʣʠ ʚʦʜʘ-ʤʘʩʣʦ ʧʨʦʠʩʭʦʜʷʪ ʜʘʣʝʢʦ ʥʝ ʤʛʥʦʚʝʥʥʦ, ʜʣʷ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʇɸɺ ʭʘʨʘʢʪʝʨʥʘ ʤʘʣʘʷ ʩʢʦʨʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʘʜʩʦʨʙʮʠʦʥʥʳʤ ʩʣʦʝʤ ʠ ʦʙʲʝʤʦʤ ʨʘʩʪʚʦʨʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʤʦʛʫʪ ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʚ ʠʟʤʝʥʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʦʚ ʥʝʣʴʟʷ ʪʘʢʞʝ ʥʝ 

ʫʯʠʪʳʚʘʪʴ ʧʨʦʮʝʩʩ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʠʚʦʜʷʱʠʡ ʢ 

ʘʛʨʝʛʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʚʷʟʢʦʵʣʘʩʪʠʯʥʳʭ ʛʝʣʝ-ʧʦʜʦʙʥʳʭ ʬʘʟ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʥʝʦʙʨʘʪʠʤʦʩʪʴ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʘʜʩʦʨʙʮʠʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʡ ʧʨʦʮʝʩʩ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʫʣʴʪʠʩʣʦʝʚ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨʥʳʡ 

ʚʠʜ ʢʨʠʚʳʭ ʩʥʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʘʜʩʦʨʙʮʠʠ 

ʙʝʣʢʦʚ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʤʦʣʝʢʫʣ ʇɸɺ. ɺ ʩʠʣʫ ʪʝʭ ʞʝ ʬʘʢʪʦʨʦʚ 

ʢʨʠʚʳʝ ʩʥʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʦʚ ʚʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ ʥʝ ʩʦʚʧʘʜʘʪʁ ʩ ʢʨʠʚʳʤʠ ʫʚʝʣʠʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʙʝʣʢʘ. ʀʟʤʝʨʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʩʣʦʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʚʝʜʝʥʠʷ ʦ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ. 
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ʈʠʩ. 1.3. ʊʠʧʠʯʥʘʷ ʢʨʠʚʘʷ ʩʥʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʙʝʣʢʦʚ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʠʟ 

ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʚʦʟʜʫʭ ʠʣʠ ʚʦʜʘ-ʤʘʩʣʦ. 

 

ʀʥʪʝʨʚʘʣ I: ʠʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜ 

ɺ ʩʣʫʯʘʝ ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʦʚ ʠʥʪʝʨʚʘʣ I ʥʘ ʢʨʠʚʳʭ ʩʥʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʜʫʢʮʠʦʥʥʦʤʫ ʧʝʨʠʦʜʫ (ʣʘʛ-ʬʘʟʝ ʠʣʠ ʤʝʨʪʚʦʤʫ 

ʚʨʝʤʝʥʠ) ʘʜʩʦʨʙʮʠʠ, ʛʜʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʙʦʜʥʦʡ ʦʪ ʙʝʣʢʘ ʧʦʚʝʨʭʥʦʩʪʴʶ.  

 

ʈʠʩ. 1.4. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʘʜʩʦʨʙʮʠʠ ʛʣʦʙʫʣʷʨʥʳʭ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-

ʚʦʟʜʫʭ ʠʣʠ ʚʦʜʘ-ʤʘʩʣʦ ʚ ʠʥʪʝʨʚʘʣʝ I ʥʘ ʢʨʠʚʳʭ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. 

ʀʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜ (ʣʘʛ-ʬʘʟʘ) ʫʤʝʥʴʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʦʮʝʩʩʫ ʜʠʬʬʫʟʠʠ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʘʯʘʣʫ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣʘʭ ʙʝʣʢʦʚ. ʅʘʪʠʚʥʘʷ ʢʦʥʬʦʨʤʘʮʠʷ ʙʝʣʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʫʞʢʘʤʠ, 

ʵʣʣʠʧʩʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʣʝʢʫʣʘʤ ʙʝʣʢʘ ʩ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ [14]. 

 

ʇʦʜʦʙʥʦʝ ʷʚʣʝʥʠʝ ï ʥʘʣʠʯʠʝ ʣʘʛ-ʬʘʟʳ ʘʜʩʦʨʙʮʠʠ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʦʚ ʠʟ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ (ʤʝʥʝʝ 0.1 
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ʤʛ/ʤʣ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʚʦʟʜʫʭ [14]. ʄʝʭʘʥʠʟʤ ʘʜʩʦʨʙʮʠʠ ʚ ʠʥʪʝʨʚʘʣʝ I 

ʜʠʬʬʫʟʠʦʥʥʦ-ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ. 

 

ʀʥʪʝʨʚʘʣ II : ʥʘʩʳʱʝʥʠʝ ʤʦʥʦʩʣʦʷ  

ʀʥʪʝʨʚʘʣ II  ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ (ʠʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ) ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ: 

ʧʦʤʠʤʦ ʜʠʬʬʫʟʠʠ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʥʦʩʷʪ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʦʚ, ʘ ʪʘʢʞʝ ʠ ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ 

ʧʨʦʮʝʩʩʘ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ. ʊʦʣʴʢʦ ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʩʳʱʘʝʪʩʷ 

ʙʝʣʢʦʤ, ʜʘʣʴʥʝʡʰʘʷ ʘʜʩʦʨʙʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʥʘʪʷʞʝʥʠʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʦʩʣʝ 

ʜʦʩʪʠʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʙʝʣʢʘ (ʚʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ ʧʦʨʷʜʢʘ 1 ʤʛ/ʤ
2
), ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ.  

 

 

ʈʠʩ. 1.5. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʘʜʩʦʨʙʮʠʠ ʛʣʦʙʫʣʷʨʥʳʭ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-

ʚʦʟʜʫʭ ʠʣʠ ʚʦʜʘ-ʤʘʩʣʦ ʚ ʠʥʪʝʨʚʘʣʝ II ʥʘ ʢʨʠʚʳʭ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ [14]. 

 

ʀʥʪʝʨʚʘʣ III : ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ 

ʀ ʧʦʩʣʝʜʥʠʡ ʠʥʪʝʨʚʘʣ III  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʜʣʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ, ʵʪʦʪ ʫʯʘʩʪʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʙʝʣʢʝ 

ʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʤ ʩʣʦʝ, ʠ ʧʦʩʪʝʧʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʯʥʦʡ çʩʝʪʠè ʚʷʟʢʦ-

ʵʣʘʩʪʠʯʥʦʛʦ ʛʝʣʝ-ʧʦʜʦʙʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ʉʭʝʤʘʪʠʯʝʩʢʠ ʠʥʪʝʨʚʘʣ III  



13 

 

ʩʥʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1.6.  

 

 

ʈʠʩ. 1.6. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʘʜʩʦʨʙʮʠʠ ʛʣʦʙʫʣʷʨʥʳʭ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-

ʚʦʟʜʫʭ ʠʣʠ ʚʦʜʘ-ʤʘʩʣʦ ʚ ʠʥʪʝʨʚʘʣʝ III  ʥʘ ʢʨʠʚʳʭ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. 

ʂʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʘʛʨʝʛʘʮʠʷ ʚʳʟʳʚʘʝʪ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʙʝʟ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʘʛʨʝʛʘʪʦʚ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ ʠʥʜʫʮʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʘʤʦʨʬʥʦʡ ʛʝʣʝ-ʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ [14]. 

 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʦʪʣʠʯʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʝʥʦʢ ʙʝʣʢʦʚ ʦʪ ʧʣʝʥʦʢ 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʇɸɺ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ 

ʠʭ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

    

ʀʟʤʝʨʝʥʠʝ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʙʝʣʢʘ 

ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʠ 

ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʧʨʝʜʝʣʷʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʣʠ ʵʣʘʩʪʠʯʥʦʩʪʴ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʙʝʣʢʘ ʢ ʬʠʟʠʯʝʩʢʠʤ ʜʝʬʦʨʤʘʮʠʷʤ.  

ʀʟʦʪʝʨʤʳ ʩʞʘʪʠʷ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʙʝʣʢʦʚ ʚ ʘʜʩʦʨʙʮʠʦʥʥʦʤ ʩʣʦʝ 

ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʠʟʦʪʝʨʤ ʩʞʘʪʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʩʚʝʜʝʥʠʷ ʦ ʢʦʥʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, ʧʦʩʢʦʣʴʢʫ 

ʢʦʥʬʦʨʤʘʮʠʷ ʙʝʣʢʘ ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʥʠʤʘʝʤʫʶ 

ʠʤʠ ʚ ʜʚʫʤʝʨʥʦʡ ʧʣʝʥʢʝ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʣʝʥʦʢ, ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʛʣʦʙʫʣʷʨʥʳʤʠ ʙʝʣʢʘʤʠ, ʘʣʴʙʫʤʠʥʦʤ, ɔ-ʛʣʦʙʫʣʠʥʦʤ, ʛʝʤʦʛʣʦʙʠʥʦʤ, ʪʨʠʧʩʠʥʦʤ 
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ʠ ʜʨ., ʠʟʦʪʝʨʤʳ ʜʚʫʤʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʤʦʥʦʪʦʥʥʳ ʠ ʦʙʨʘʪʠʤʳ ʧʨʠ ʩʞʘʪʠʠ 

ʚʧʣʦʪʴ ʜʦ ʜʘʚʣʝʥʠʷ 15-20 ʤʅ/ʤ. ʇʨʠ ʙʦʣʴʰʝʤ ʩʞʘʪʠʠ ʧʣʝʥʦʢ, ʢʦʛʜʘ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʦʜʥʫ ʘʤʠʥʦʢʠʩʣʦʪʥʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 

0.17 ʥʤ
2
, ʜʚʫʭʤʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʚ ʧʣʝʥʢʘʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ: ʦʥʠ ʤʦʛʫʪ ʧʨʠʦʙʨʝʪʘʪʴ ʥʝʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ 

ʩʚʦʝʦʙʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʛʝʣʝ-ʦʙʨʘʟʥʳʝ), ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʬʦʨʤʘʮʠʠ ʙʝʣʢʦʚ ʠ ʫʩʠʣʝʥʠʝʤ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ï ʜʚʫʭʤʝʨʥʦʡ ʘʛʨʝʛʘʮʠʠ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ. ɹʦʣʝʝ ʩʠʣʴʥʦʝ ʩʞʘʪʠʝ ʧʣʝʥʦʢ (ʜʦ 

0.0.5-0.1 ʥʤ
2
) ʧʨʠʚʦʜʠʪ ʢ ʢʦʣʣʘʧʩʫ ï ʦʙʨʘʟʦʚʘʥʠʶ ʩʢʣʘʜʦʢ, ʧʦʣʠʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʣʦʝʚ, ʦʪʨʳʚʫ ʫʯʘʩʪʢʦʚ ʧʣʝʥʢʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʜʚʘ ʪʠʧʘ ʠʟʤʝʨʝʥʠʡ ʚʷʟʢʦ-ʵʣʘʩʪʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ. ɺ çʜʠʣʘʪʘʮʠʦʥʥʦʤè ʤʝʪʦʜʝ ʠʟʤʝʨʷʶʪ ʠʟʤʝʥʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʇ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ (ʩʞʘʪʠʠ ʠʣʠ ʨʘʩʰʠʨʝʥʠʠ ʧʣʝʥʢʠ ʚ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʤ ʨʝʞʠʤʝ) ʢʘʢ ʬʫʥʢʮʠʶ ʦʪ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ɸ (ʩʤ
2
). ʌʦʨʤʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʪʘʢʦʤ ʬʦʨʤʘʪʝ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ɼʘʥʥʳʤ ʤʝʪʦʜʦʤ 

ʠʟʤʝʨʷʝʪʩʷ ʧʘʨʘʤʝʪʨ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʜʠʣʘʪʘʮʠʦʥʥʳʡ ʤʦʜʫʣʴ, ɽ = -dʇ/dlnɸ 

(=dɔ/ dlnɸ).  

ɺ ʜʨʫʛʦʤ ʤʝʪʦʜʝ ʠʟʤʝʨʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʝʣʦʚʦʡ ʧʣʝʥʢʠ ʢ ʜʝʬʦʨʤʘʮʠʠ 

ʩʜʚʠʛʘ. ɺ ʪʘʢʦʤ ʬʦʨʤʘʪʝ ʠʟʤʝʥʷʝʪʩʷ ʬʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʜʘʚʣʝʥʠʝ ʩʦʭʨʘʥʷʝʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤ. ɼʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʠʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʙʝʣʢʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ.     

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʠʩʳʚʘʝʤʳʝ ʢʦʣʣʦʠʜʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ ʮʝʥʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʙʝʣʢʦʚ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ, ʦʥʠ ʦʪʢʨʳʚʘʶʪ ʧʫʪʴ ʢ ʠʟʫʯʝʥʠʶ 

ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʮʝʩʩʦʚ ʦʙʤʝʥʘ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʬʘʟ ʚ ʢʣʝʪʢʘʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ. 
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ʕʣʣʠʧʩʦʤʝʪʨʠʷ ð ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʠ ʪʦʯʥʳʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ 

(ʪʚʝʨʜʳʭ, ʞʠʜʢʠʭ, ʛʘʟʦʦʙʨʘʟʥʳʭ), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʟʫʯʝʥʠʠ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʝʛʦ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʘʥʠʮ 

ʨʘʟʜʝʣʘ ʵʪʠʭ ʩʨʝʜ (ʨʠʩ. 1.7). ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʵʣʣʠʧʩʦʤʝʪʨʠʠ ɼʨʫʜʝ ʜʣʷ 

ʦʪʨʘʞʸʥʥʦʛʦ ʩʚʝʪʘ ʥʘ ʧʝʨʚʦʡ ʛʨʘʥʠʮʝ ʠʤʝʝʪ ʚʠʜ: 

 

 

 

ʛʜʝ ʫʛʣʳ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ʉʥʝʣʣʠʫʩʘ ʚ ʬʦʨʤʝ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ: 

(nins ī ikins)sin(ɗins) = (ntr ī iktr)sin(ɗtr), ʛʜʝ: 

¶ nins ð ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ, ʠʟ ʢʦʪʦʨʦʡ ʩʚʝʪ ʧʘʜʘʝʪ ʥʘ ʛʨʘʥʠʮʫ 

ʨʘʟʜʝʣʘ;  

¶ ɗins ð ʫʛʦʣ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ð ʫʛʦʣ ʤʝʞʜʫ ʧʘʜʘʶʱʠʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʣʫʯʦʤ ʠ ʥʦʨʤʘʣʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ;  

¶ ntr ð ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʫʶ ʩʚʝʪ ʧʦʧʘʜʘʝʪ, ʧʨʦʡʜʷ 

ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ;  

¶ ɗtr ð ʫʛʦʣ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ ð ʫʛʦʣ ʤʝʞʜʫ ʧʨʦʰʝʜʰʠʤ ʯʝʨʝʟ 

ʧʦʚʝʨʭʥʦʩʪʴ ʣʫʯʦʤ ʠ ʥʦʨʤʘʣʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʥʘ ʵʣʣʠʧʩʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʙʦʨʘʭ ʩʦʩʪʦʷʥʠʷ 

ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ ʦʪʨʘʞʝʥʠʷ ʥʝʩʫʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʦʧʪʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪʘʭ ʩʨʝʜ ʥʘ ʵʪʦʡ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ. 

http://dic.academic.ru/dic.nsf/ruwiki/7030
http://dic.academic.ru/dic.nsf/ruwiki/7030
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ʈʠʩ. 1.7. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʵʣʣʠʧʩʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ. 

 

ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ 

ʧʣʦʩʢʦʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ, ʧʘʜʘʶʱʝʛʦ ʧʦʜ ʫʛʣʦʤ  ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ 

ʚʦʣʥʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʚʝʱʝʩʪʚʦʤ, ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʣʣʠʧʪʠʯʝʩʢʠ 

ʧʦʣʷʨʠʟʦʚʘʥʥʫʶ (ʨʠʩ. 1.7). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥrʝ 

ʢʦʣʝʙʘʥʠʷ, ʩʦʚʝʨʰʘʶʱʠʝʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ (ʨ-ʢʦʣʝʙʘʥʠʷ) ʩʚʝʪʦʚʦʛʦ ʣʫʯʘ 

ʠ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʥʝʡ ʧʣʦʩʢʦʩʪʠ (s-ʢʦʣʝʙʘʥʠʷ), ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʩʚʝʪʘ ʧʦ-

ʨʘʟʥʦʤʫ ʠʟʤʝʥʷʶʪ ʘʤʧʣʠʪʫʜʫ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ ʠ 

ʥʘʯʘʣʴʥʫʶ ʬʘʟʫ ʢʦʣʝʙʘʥʠʡ. ʆʪʥʦʰʝʥʠʷ ʘʤʧʣʠʪʫʜ ʠʣʠ 

ʢʦʤʧʣʝʢʩʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ, ʚʳʯʠʩʣʷʶʪ ʚ ʨʘʤʢʘʭ ʢʦʥʢʨʝʪʥʦʡ 

ʤʦʜʝʣʠ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʪʝʦʨʠʠ ʩʚʝʪʘ.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʙʝʣʢʦʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʚʦʟʜʫʭ ʤʝʪʦʜʦʤ ʵʣʣʠʧʩʦʤʝʪʨʠʠ ʠʟʤʝʨʷʝʪʩʷ ʨʘʟʣʠʯʠʝ ʚ 

ʧʦʣʷʨʠʟʘʮʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʣʫʯʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ ʚ ʦʪʩʫʪʩʪʚʠʠ ʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʙʝʣʢʘ [15-18]. ʇʘʨʘʤʝʪʨʳ, ʧʦʣʫʯʘʝʤʳʝ ʤʝʪʦʜʦʤ 

ʵʣʣʠʧʩʦʤʝʪʨʠʠ, ï ʪʦʣʱʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ (d) ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ 

(n) ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʙʝʣʢʘ. ʀʟʤʝʥʝʥʠʝ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʝʣʢʘ 

ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʨʷʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ d ʠ n. ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʣʠʧʩʦʤʝʪʨʘʭ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 10 ʩʝʢʫʥʜ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʝʪʦʜ ʵʣʣʠʧʩʦʤʝʪʨʠʠ ʧʦʟʚʦʣʷʝʪ ʩʣʝʜʠʪʴ ʟʘ ʩʢʦʨʦʩʪʴʶ ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʦʚ ʚʦ 
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ʚʨʝʤʝʥʠ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [4] ʤʝʪʦʜʦʤ ʵʣʣʠʧʩʦʤʝʪʨʠʠ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʥʘ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʙʝʣʢʦʚ ʥʘ ʧʨʠʤʝʨʝ 

ʦʚʘʣʴʙʫʤʠʥʘ. ʆʚʘʣʴʙʫʤʠʥ ʷʚʣʷʝʪʩʷ ʩʣʘʙʳʤ ʧʝʥʦʦʙʨʘʟʫʶʱʠʤ ʘʛʝʥʪʦʤ, ʯʪʦ 

ʩʚʷʟʳʚʘʶʪ ʩ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʨʘʟʚʠʪʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʘ. ʆʜʥʘʢʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʚʚʝʜʝʥʠʝ 3-4 ʦʩʪʘʪʢʦʚ ʢʘʧʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʚʘʣʴʙʫʤʠʥʘ 

ʧʫʪʝʤ ʢʦʚʘʣʝʥʪʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʦʙʨʘʟʦʤ ʫʚʝʣʠʯʠʚʘʝʪ 

ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʘ. ɹʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ [4], ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʛʠʜʨʦʬʦʙʥʦʩʪʴ ʙʝʣʢʘ ʦʜʠʥ ʠʟ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʠ 

ʧʝʥʦʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʙʝʣʢʦʚ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʵʣʣʠʧʩʦʤʝʪʨʠʠ ï ʤʝʪʦʜʠʯʝʩʢʘʷ ʧʨʦʩʪʦʪʘ ʠ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʠʭ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʚ ʚʘʢʫʫʤʝ, ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ; ʢʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʟʘʛʨʷʟʥʷʶʪʩʷ ʠ ʥʝ ʨʘʟʨʫʰʘʶʪʩʷ. ʅʝʜʦʩʪʘʪʦʢ ʤʝʪʦʜʘ: 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʷʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʙʝʣʢʦʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ; ʪʨʫʜʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʤʦʜʝʣʠ ʦʪʨʘʞʘʶʱʝʡ ʩʠʩʪʝʤʳ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦ ʩʦʯʝʪʘʥʠʝ ʵʣʣʠʧʩʦʤʝʪʨʠʠ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʋʌ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ, ʤʝʪʦʜʘʤʠ 

ʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʨʘʩʩʝʷʥʠʷ ʠʦʥʦʚ.  

 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʦʪʨʘʞʝʥʠʷ ʥʝʡʪʨʦʥʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʬʠʣʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ 

ʚʦʜʘ-ʚʦʟʜʫʭ ʠ ʚʦʜʘ-ʤʘʩʣʦ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʫ 

ʥʝʡʪʨʦʥʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʦʥʠ ʛʣʫʙʦʢʦ ʧʨʦʥʠʢʘʶʪ ʚʥʫʪʨʴ ʙʦʣʴʰʠʥʩʪʚʘ 

ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʟʨʘʯʥʳʝ ʩʨʝʜʳ 

ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʡʪʨʦʥʥʳʭ ʚʦʣʥ.  

ʄʝʪʦʜ ʥʝʡʪʨʦʥʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʪʘʢʞʝ ʢʘʢ ʵʣʣʠʧʩʦʤʝʪʨʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʬʠʣʷ ʧʣʦʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ, ʪ.ʝ. ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʙʝʣʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʣʦʝ ʧʦʨʷʜʢʘ 10 ʥʤ [19-21]. ʊʘʢ, ʤʝʪʦʜ ʥʝʡʪʨʦʥʥʦʛʦ 

http://www.xumuk.ru/encyklopedia/685.html
http://www.xumuk.ru/encyklopedia/2/3878.html
http://www.xumuk.ru/encyklopedia/2/5311.html
http://www.xumuk.ru/encyklopedia/1752.html


18 

 

ʦʪʨʘʞʝʥʠʷ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʦʚ ɓ-

ʣʘʢʪʦʛʣʦʙʫʣʠʥʘ ʠ ɓ-ʢʘʟʝʠʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʚʦʜʘ-ʚʦʟʜʫʭ ʠ ʚʦʜʘ-ʤʘʩʣʦ [21-22]. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʵʪʠ ʜʚʘ ʙʝʣʢʘ ʦʙʨʘʟʫʶʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʫʶ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʪʜʝʣʝʥʥʫʶ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʫʶ ʙʝʣʢʦʚʫʶ ʧʣʝʥʢʫ ʧʨʠ 

ʘʜʩʦʨʙʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ. ɹʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ɓ-ʣʘʢʪʦʛʣʦʙʫʣʠʥʘ, 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʚʦʟʜʫʭ ʠʟ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, 

ʪʦʣʱʠʥʘ ʩʦʩʪʘʚʣʷʣʘ 4 ʥʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʣʱʠʥʝ ʤʦʥʦʩʣʦʷ. ʇʨʠ ʵʪʦʤ, 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ ʩʦʩʪʘʚʣʷʣʦ 3.2 ʤʛ/ʤ
2
.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʤʝʰʘʥʥʳʭ ʙʝʣʦʢ-ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʩʣʦʝʚ (ɓ-

ʣʘʢʪʦʛʣʦʙʫʣʠʥʘ ʩ ʧʝʢʪʠʥʦʤ) [23] ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʢʦʤʧʣʝʢʩʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ çʪʦʣʩʪʦʛʦè (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʚʦʙʦʜʥʳʤ ʙʝʣʢʦʤ (4.5 ʥʤ)) ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ï ʪʦʣʱʠʥʦʡ 55 ʥʤ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤʫ ʨʘʟʤʝʨʫ ʢʦʤʧʣʝʢʩʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ (ʧʦ 

ʜʘʥʥʳʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ). ʇʨʠʯʝʤ, ʚ ʠʟʙʳʪʢʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ 

(ʢʦʛʜʘ ʯʘʩʪʠʮʘ ʢʦʤʧʣʝʢʩʘ ʥʝʩʝʪ ʚʳʩʦʢʠʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ) ʦʙʨʘʟʫʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʝʝ ʥʘʩʳʱʝʥʥʳʡ ʧʦ ʙʝʣʢʫ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ (ʧʦʨʷʜʢʘ 2 

ʤʛ/ʤ
2
) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʡʪʨʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʢʦʛʜʘ ʟʘʨʷʜʳ ʥʘ ʧʦʣʠʘʥʠʦʥʝ 

ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʳ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʝʣʢʦʤ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ 

ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʚ ʩʣʦʝ ʩʦʩʪʘʚʣʷʝʪ 10-12 ʤʛ/ʤ
2
 (ʨʠʩ. 1.8) 

 

 

ʈʠʩʫʥʦʢ 1.8. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-

ʚʦʟʜʫʭ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʥʝʡʪʨʦʥʥʦʛʦ ʦʪʨʘʞʝʥʠʷ. A: ʤʦʥʦʩʣʦʡ 

ʙʝʣʢʘ, ɹ ï ʩʤʝʰʘʥʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʢʦʤʧʣʝʢʩʘ ʙʝʣʦʢ-

ʧʝʢʪʠʥ ʚ ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʢʘ ʧʝʢʪʠʥʘ (ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʢʦʤʧʣʝʢʩ); B ï ʩʤʝʰʘʥʥʳʡ 
ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʝʣʦʢ-ʧʝʢʪʠʥ [23]. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ʥʝʡʪʨʦʥʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʪʠʚʥʳʤ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʣʦʝʚ ʙʝʣʢʦʚ ʠ ʩʤʝʰʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʣʱʠʥʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʤʦʣʝʢʫʣ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʚʦʟʜʫʭ [24-

26]. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʳ ʪʘʢʦʛʦ ʨʦʜʘ ʪʨʫʜʦʝʤʢʠ ʠ 

ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʠ ʥʝ ʤʦʛʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʨʫʪʠʥʥʦ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʣʢʦʚ 

ʤʝʪʦʜʦʤ ʥʝʡʪʨʦʥʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʪʨʝʙʫʝʪʩʷ 

ʜʝʠʪʝʨʠʟʘʮʠʷ ʙʝʣʢʦʚ, ʯʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʙʝʣʢʦʚ. 

ʇʦʣʫʯʝʥʠʝ ʜʝʪʘʣʴʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʝʪʦʜʘʤ ʥʝʡʪʨʦʥʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʚ ʧʨʠʥʮʠʧʝ ʚʦʟʤʦʞʥʦ, ʦʜʥʘʢʦ ʜʣʷ ʵʪʦʛʦ 

ʪʨʝʙʫʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʳ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʜʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, 

ʷʚʣʷʶʪʩʷ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ.    

 

ʄʝʪʦʜʳ ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ɸʥʘʣʠʟʠʨʫʷ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʥʛʤʶʨʦʚʩʢʠʭ ʤʦʥʦʩʣʦʝʚ ʠ ʣʝʥʛʤʶʨʦʚʩʢʠʭ 

ʧʣʝʥʦʢ ʥʝʣʴʟʷ ʥʝ ʨʘʩʩʤʦʪʨʝʪʴ ʤʝʪʦʜʳ ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʢʘʥʠʨʫʶʱʘʷ ʟʦʥʜʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʩʪʘʣʘ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ʉʝʛʦʜʥʷ 

ʉɿʄ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʩʘʤʳʝ ʨʘʟʥʳʝ ʦʧʝʨʘʮʠʠ, ʥʘʯʠʥʘʷ ʩ ʘʥʘʣʠʟʘ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʢʘʥʯʠʚʘʷ ʧʦʣʫʯʝʥʠʝʤ ʪʨʝʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠʣʠ ʞʠʚʳʭ ʢʣʝʪʦʢ. 

ʆʙʱʠʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʉɿʄ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʉ ʧʦʤʦʱʴʶ 

ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʟʦʥʜ ʧʦʜʚʦʜʠʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʦʙʨʘʟʮʘ ʠ ʟʦʥʜʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʥʝʝ 

ʩʦʪʝʥ ʥʤ ʧʦʩʣʝʜʥʠʡ ʥʘʯʠʥʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʝʨʝʤʝʱʝʥʠʝ ʟʦʥʜʘ ʚʜʦʣʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʛʣʦʡ ʟʦʥʜʘ. ʆʩʥʦʚʥʦʡ 

ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʦʥʜʘ ʩ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʀʤʝʥʥʦ 
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ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʢʦʥʢʨʝʪʥʳʤ ʩʢʘʥʠʨʫʶʱʠʤ ʟʦʥʜʦʚʳʤ 

ʤʠʢʨʦʩʢʦʧʦʤ, ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʩʬʝʨʫ ʧʨʠʤʝʥʝʥʠʷ. ʊʘʢ ʚ ʦʩʥʦʚʝ 

ʨʘʙʦʪʳ ʘʪʦʤʥʦ-ʩʠʣʦʚʳʭ ʤʠʢʨʦʩʢʦʧʦʚ ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʩʠʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʦʥʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ.  

 

ɸʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ɸʉʄ)  

ɸʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ɸʉʄ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʩʥʷʪʠʷ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʝʸ ʨʝʣʴʝʬʘ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʥʘʥʦʤʝʪʨʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ɸʉʄ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʚ ʧʨʠʣʦʞʝʥʠʷʭ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ [27]. 

ʄʝʪʦʜ ɸʉʄ (ʠ ʨʘʟʣʠʯʥʳʝ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ, ʘ ʪʘʢʞʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʘ ʬʘʟ ʪʚʝʨʜʦʝ/ʚʦʟʜʫʭ ʠʣʠ ʪʚʝʨʜʦʝ/ʞʠʜʢʦʩʪʴ [28-30]. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʝʪʦʜʳ Aʉʄ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ, 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʠʭ ʥʘʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʀʤʝʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦʨʷʜʢʘ 1 ʥʤ, ɸʉʄ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ 

ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ. AʉM ʧʦʟʚʦʣʷʝʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʜʚʫʤʷ ʦʪʜʝʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ.  

 ʄʝʪʦʜ ɸʉʄ ʧʦʟʚʦʣʷʝʪ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʚ ʮʝʣʦʤ, ʧʨʠʯʝʤ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʦʡʩʪʚʘʭ ʙʠʦʤʦʣʝʢʫʣ (ʙʝʣʢʦʚ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʚ ʨʝʞʠʤʝ on-line. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʪ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʘ ɸʉʄ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʙʠʦʤʦʣʝʢʫʣ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʚʦʟʜʫʭ ʠ ʚʦʜʘ-ʤʘʩʣʦ ʥʘʧʨʷʤʫʶ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ. ʆʜʥʘʢʦ ʚ ʨʷʜʝ 

ʨʘʙʦʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʤʝʪʦʜʦʤ ɸʉʄ ʜʚʫʭʤʝʨʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʝʥʦʢ ʙʝʣʢʦʚ ʥʘ ʬʣʶʠʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʚʦʜʘ-
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ʚʦʟʜʫʭ ʠ ʚʦʜʘ-ʤʘʩʣʦ ʧʫʪʝʤ ʧʝʨʝʥʝʩʝʥʠʷ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ ʠ ʥʘ 

ʪʚʝʨʜʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [28] ʤʝʪʦʜʦʤ AʉM ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʠʟʦʙʨʘʞʝʥʠʡ ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ ʦʙʨʘʟʦʚʘʥʥʳʭ ɹʉɸ ʠ ɓ-ʢʘʟʝʠʥʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʜʘ-ʚʦʟʜʫʭ ʠ ʚʦʜʘ ʤʘʩʣʦ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʥʝʩʝʥʠʝʤ ʥʘ ʩʣʶʜʷʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʧʣʝʥʦʢ (ʨʠʩ.1.9). 

 

 

ʈʠʩ. 1.9. ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʢʠ ʙʳʯʴʝʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ (ɹʉɸ) ʦʙʨʘʟʦʚʘʥʥʦʡ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʝʢʩʘʜʝʢʘʥ-ʚʦʜʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʥʝʩʝʥʠʝʤ ʥʘ ʩʣʶʜʷʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. (a) 

ʇʘʨʘʤʝʪʨʳ ʩʢʘʥʠʨʦʚʘʥʠʷ: 500 ʍ 500 ʥʤ, ʰʢʘʣʘ ʷʨʢʦʩʪʠ 0ï7.6 ʥʤ. (b) ʇʘʨʘʤʝʪʨʳ 

ʩʢʘʥʠʨʦʚʘʥʠʷ: 200 ʭ 200 ʥʤ, ʰʢʘʣʘ ʷʨʢʦʩʪʠ 0ï7.0 ʥʤ [28].  

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʦʪʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ɸʉʄ ʧʨʠ ʠʟʫʯʝʥʠʠ ʙʝʣʢʦʚʳʭ 

ʧʣʝʥʦʢ ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʦʚ ʥʘ ʬʣʶʠʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʪʘʢʠʭ ʧʣʝʥʦʢ, ʯʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʙʝʣʢʦʚ ʠ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ 

ʧʦʣʫʯʘʝʤʳʭ ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʧʠʱʝʚʳʤ 

ʢʦʣʣʦʠʜʥʳʤ ʩʠʩʪʝʤʘʤ, ʩʪʨʫʢʪʫʨʘ ʙʝʣʢʦʚʳʭ ʧʣʝʥʦʢ ʦʧʨʝʜʝʣʷʝʪ ʪʝʢʩʪʫʨʫ ʠ 

ʚʢʫʩʦʚʳʝ ʢʘʯʝʩʪʚʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. 
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ɻʃɸɺɸ 2.  

ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ʉʊʈʋʂʊʋʈʅʓʍ ʉɺʆʁʉʊɺ ɹɽʃʂʆɺ ɺ 

ʂʆʃʃʆʀɼʅʓʍ ʉʀʉʊɽʄɸʍ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʷʤʳʝ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʠʟʫʯʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʙʝʣʢʦʚ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʨʘʟʜʝʣʘ ʬʘʟ ʚʦʜʘ-ʚʦʟʜʫʭ ʠ ʚʦʜʘ-ʤʘʩʣʦ. ʀʥʬʦʨʤʘʮʠʷ, ʦ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚʘʭ 

ʙʝʣʢʦʚ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʨʘʡʥʝ ʨʝʜʢʦ ʠ ʥʦʩʠʪ, ʩʢʦʨʝʝ ʢʘʯʝʩʪʚʝʥʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʇʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʜʭʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʣʝʜʠʪʴ ʟʘ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʘʛʨʝʛʘʮʠʦʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʝʣʢʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʘʜʩʦʨʙʮʠʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʚʦʡʩʪʚ ʙʝʣʢʦʚ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʚ ʨʝʞʠʤʝ ʚʥʝʰʥʝʛʦ ʦʪʨʘʞʝʥʠʷ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʙʝʣʢʦʚ: ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʤʝʪʦʜʳ 

(ʬʣʫʢʪʫʘʮʠʦʥʥʳʝ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ï ʨʘʟʨʝʰʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ), ʘ ʪʘʢʞʝ 

ʤʝʪʦʜʳ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʌʫʨʴʝ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʠ ʤʝʪʦʜʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ ʚ ʨʘʩʪʚʦʨʘʭ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʪʘʢʞʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʘ ʬʘʟ. ʂʨʘʪʢʦ ʨʘʩʩʤʦʪʨʠʤ 

ʦʩʥʦʚʳ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʠʟʫʯʝʠʷ 

ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʥʭʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ. 

 

2.1. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʥʬʨʘʢʨʘʩʥʦʡ (ʀʂ) ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʌʫʨʴʝ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ ʠ ʜʨʫʛʠʭ ʙʠʦʧʦʣʠʤʝʨʦʚ  

ʆʜʥʠʤ ʠʟ ʜʦʩʪʫʧʥʳʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʩ ʤʝʪʦʜʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʠ ʚ 

ʪʦ ʞʝ ʚʨʝʤʷ ʯʨʝʟʚʳʯʘʡʥʦ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ 

ʙʠʦʤʦʣʝʢʫʣ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʥʘʥʦʙʠʦʩʠʩʪʝʤʘʭ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʠʥʬʨʘʢʨʘʩʥʦʡ 
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ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʌʫʨʴʝ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ 

ʤʦʣʝʢʫʣ, ʯʪʦ ʜʘʝʪ ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʤʦʣʝʢʫʣ ʠʣʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ. ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ 

ʪʦʯʥʦ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʙʠʦʤʦʣʝʢʫʣ (ʙʝʣʢʦʚ, ʣʠʧʠʜʦʚ, 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠ ʜʨʫʛʠʭ ʙʠʦʧʦʣʠʤʝʨʥʳʭ ʤʦʣʝʢʫʣ) ʧʨʠ ʨʘʙʦʪʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʤʠʢʨʦʛʨʘʤʤʘʤʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʙʝʣʢʦʚ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. ʄʝʪʦʜ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʰʠʨʦʢʦ ʠ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʢʘʢ 

ʛʦʤʦʛʝʥʥʳʭ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʠ ʤʠʢʨʦʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤ. ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʥʝ ʪʨʝʙʫʝʪ ʦʧʪʠʯʝʩʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʨʘʩʪʚʦʨʘ, ʯʪʦ ʩʦʟʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʷʪʴ ʩʧʝʢʪʨʳ ʙʝʣʢʘ ʚ ʩʦʩʪʘʚʝ ʢʨʫʧʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʤʝʤʙʨʘʥ, ʚ 

ʩʫʩʧʝʥʟʠʷʭ, ʚ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʤ ʘʛʨʝʛʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ ʪʝʣʴʮʘʭ 

ʚʢʣʶʯʝʥʠʷ, ʠ ʜʨ. ʋʥʠʢʘʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʘ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ 

ʙʠʦʤʦʣʝʢʫʣ ʚ ʠʥʪʘʢʪʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ ʠʣʠ ʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʣʠʧʦʧʨʦʪʝʠʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ï ʙʝʣʦʢ-ʩʦʜʝʨʞʘʱʠʭ ʣʠʧʦʩʦʤʘʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʟʫʯʘʪʴ ʩʪʨʫʢʪʫʨʫ ʤʥʦʛʠʭ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʟʫʯʝʥʳ 

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʨʘʟʣʠʯʥʳʭ ʥʘʥʦʙʠʦʩʠʩʪʝʤ. ʊʘʢ ʤʝʪʦʜ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʝʥ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʙʝʣʢʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʝʧʪʠʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ; ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ 

ʚʢʣʶʯʝʥʥʳʭ ʚ ʣʠʧʦʩʦʤʳ ʠ ʦʙʨʘʱʝʥʥʳʝ ʤʠʮʝʣʣʳ ʇɸɺ; ʜʣʷ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ 

ʬʝʨʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʬʝʨʤʝʥʪ-ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʘʢ ʚ 

ʨʘʩʪʚʦʨʠʤʦʤ, ʪʘʢ ʠ ʚ ʩʦʩʪʦʷʥʠʠ ʛʝʣʷ. ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʘ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʣʝʜʠʪʴ ʟʘ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʚ ʙʝʣʢʘʭ ʠʣʠ ʘʛʨʝʛʘʮʠʝʡ. ɸʛʨʝʛʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠʥʘʢʪʠʚʘʮʠʠ ʬʝʨʤʝʥʪʦʚ; ʘʛʨʝʛʘʮʠʷ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ 
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ʨʦʣʴ ʚ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʮʝʩʩʘʭ ʩʘʤʦʩʙʦʨʢʠ ʙʝʣʢʦʚ ʚ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʥʘʥʦʩʪʨʫʢʪʫʨ, 

ʥʘʥʦʩʬʝʨ ʠ ʥʘʥʦʪʨʫʙʦʢ). ʇʦʵʪʦʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʩʣʝʜʠʪʴ ʟʘ 

ʘʛʨʝʛʘʮʠʝʡ ʙʝʣʢʘ ʢʨʘʡʥʝ ʚʘʞʥʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʚʦʡʩʪʚ ʬʝʨʤʝʥʪʦʚ ʠ ʙʝʣʦʢ-

ʩʦʜʝʨʞʘʱʠʭ ʩʠʩʪʝʤ.  

ʄʝʪʦʜ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ 

ʧʨʘʢʪʠʢʝ, ʚ ʤʝʜʠʮʠʥʩʢʦʤ ʘʥʘʣʠʟʝ, ʚ ʧʠʱʝʚʦʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʤʥʦʛʠʭ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ ʢʘʢ ʢʨʦʚʴ, ʚ 

ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ, ʘ ʪʘʢʞʝ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʩʣʦʞʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ, ʪʘʢʠʭ ʢʘʢ ʰʦʢʦʣʘʜ, ʩʳʨ, ʤʦʣʦʢʦ. ʊʘʢ, ʚ ʤʦʣʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʤʝʪʦʜ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʦʚʦʡ 

ʜʦʣʠ ʞʠʨʘ, ʙʝʣʢʘ, ʣʘʢʪʦʟʳ ʠ ʜʨ. ʚʝʱʝʩʪʚ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ ʤʝʪʦʜʦʤ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʌʫʨʴʝ.  

ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʨʝʞʠʤʦʚ 

ʠʟʤʝʨʝʥʠʷ ʀʂ ʩʧʝʢʪʨʦʚ. ʂʣʘʩʩʠʯʝʩʢʠʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ çʧʨʦʧʫʩʢʘʥʠʷè 

(ʪʨʘʥʩʤʠʩʩʠʠ), ʛʜʝ ʀʂ ʣʫʯ ʧʨʦʧʫʩʢʘʝʪʩʷ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʙʝʣʢʘ ʚ ʪʦʥʢʦʡ ʢʶʚʝʪʝ 

ʪʦʣʱʠʥʦʡ ʧʦʨʷʜʢʘ 10 ʤʢʤ (ʨʠʩ. 2.1). ʈʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʨʦʙʣʝʤʫ ʩ ʘʥʘʣʠʟʦʤ 

ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʭ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʨʝʜʩʪʘʚʣʷʣ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚʦʜʳ ʠ 

ʚʦʜʷʥʦʛʦ ʧʘʨʘ. ʊʘʢ, ʚʦʜʘ (ʚ ʞʠʜʢʤ ʩʦʩʪʦʷʥʠʠ) ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ 

çʤʘʞʦʨʥʳʝè ʧʠʢʠ ʚʙʣʠʟʠ ʯʘʩʪʦʪ 3300 ʠ 1600 ʩʤ
-1
, ʚ ʦʙʣʘʩʪʠ ʀʂ ʩʧʝʢʪʨʘ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʦʚ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʫʩʣʦʞʥʷʝʪ 

ʘʥʘʣʠʟ. ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʀʂ ʩʧʝʢʪʨʦʤʝʪʨʳ ʌʫʨʴʝ ʦʩʥʘʱʝʥʳ ʧʨʦʛʨʘʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʧʦʤʦʛʘʝʪ ʫʯʠʪʳʚʘʪʴ ʚʢʣʘʜ ʚʦʜʳ ʚ ʩʧʝʢʪʨ ʙʝʣʢʦʚ, ʯʪʦ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʝʰʘʝʪ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ.   

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʜʨʫʛʦʡ ʬʦʨʤʘʪ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʌʫʨʴʝ - ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ʅʇɺʆ 

ʠʣʠ FTIR-ATR). ɽʛʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ï ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʥʝʙʦʣʴʰʠʝ 
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ʢʦʣʠʯʝʩʪʚʘ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ (ʤʠʢʨʦ-ʢʦʣʠʯʝʩʪʚʘ), ʘ ʪʘʢʞʝ ʫʜʦʙʩʪʚʦ 

ʥʘʥʝʩʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʚ ʤʝʪʦʜʠʯʝʩʢʦʤ ʧʣʘʥʝ. ʇʦʩʢʦʣʴʢʫ ʤʝʪʦʜ FTIR-ATR ʥʝ 

ʪʨʝʙʫʝʪ ʦʧʪʠʯʝʩʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʯʪʦ ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʷʪʴ 

ʩʧʝʢʪʨ ʙʝʣʢʘ ʚ ʩʫʩʧʝʥʟʠʠ, ʚ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʤ, ʘʛʨʝʛʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ 

ʩʦʩʪʘʚʝ ʢʨʫʧʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʤʝʤʙʨʘʥ. ʇʨʠʤʝʥʠʤʦʩʪʴ ʤʝʪʦʜʘ ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ 

ʬʘʢʪʦʤ, ʯʪʦ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ (ʦʙʳʯʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚ 

ʩʣʫʯʘʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤ) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʩʧʝʢʪʨ: ʥʝ 

ʫʚʝʣʠʯʠʚʘʝʪ ʰʫʤʦʚʦʡ ʩʠʛʥʘʣ ʠ ʥʝ ʠʩʢʘʞʘʝʪ ʧʦʣʫʯʘʝʤʳʡ ʩʧʝʢʪʨ. 

 

 

ʈʠʩ. 2.1. ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ: ʨʝʞʠʤ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʣʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ (FTIR-ATR). 

 

ʄʝʪʦʜ ʧʨʦʧʫʩʢʘʥʠ ̫

ʄʝʪʦʜ ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠ ̫

ʀʂ ʩʧʝʢʪʨ (Abs=-log(I/I0)) 

ʈʘʩʪʚʦʨ ʙʝʣʢʘ ʠʣʠ ʧʣʝʥʢʘ 

ʇʣʝʥʢʘ ʙʝʣʢʘ 

ʀʂ ʩʧʝʢʪʨ (Abs=-log(R/R0)) 
Ge ʢʨʠʩʪʘʣʣ 

n2 

n1 
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ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ FTIR-ATR ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʙʝʣʢʦʚ (ʢʘʢ ʚ 

ʛʦʤʦʛʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʪʘʢ ʠ ʚ ʩʦʩʪʘʚʝ ʥʘʥʦʩʠʩʪʝʤ) ʦʩʥʦʚʘʥʦ ʥʘ ʩʣʝʜʫʶʱʝʤ: 

ʠʥʬʨʘʢʨʘʩʥʳʡ ʣʫʯ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʦʪʨʘʞʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ 

(ʥʘʧʨʠʤʝʨ, ʛʝʨʤʘʥʠʝʚʦʛʦ) ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʩʚʝʪ ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʞʝʥ - ʧʦʜ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʛʣʦʤ Ŭ=1/sin (n2/n1), ʤʥʦʛʦʢʨʘʪʥʦ ʦʪʨʘʞʘʝʪʩʷ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʘ 

ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʩʚʝʪ ʥʝ ʧʨʦʡʜʝʪ ʜʦ ʢʦʥʮʘ ʢʨʠʩʪʘʣʣʘ, ʟʘʪʝʤ ʧʦʧʘʜʘʝʪ ʥʘ 

ʜʝʪʝʢʪʦʨ, ʧʦʣʫʯʘʶʪ ʀʂ ʩʧʝʢʪʨ ʧʦʣʥʦʛʦ ʦʪʨʘʞʝʥʠʷ (ʬʦʥʘ), R0=f(l). ɿʘʪʝʤ 

ʥʘʥʦʩʷʪ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʙʝʣʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ, ʪʝʤ ʩʘʤʳʤ 

ʠʟʤʝʥʷʝʪʩ ̫ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ n2. ʇʦʣʫʯʘʶʪ ʀʂ ʩʧʝʢʪʨ 

ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʣʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʦʙʨʘʟʮʘ, R = f(l) [31-33]. ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ 

ʘʙʩʦʨʙʮʠʦʥʥʳʡ ʀʂ ʩʧʝʢʪʨ ʙʝʣʢʘ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: Abs=log 

R/R0 (ʨʠʩ. 2.1). 

ɺ ʀʂ ʩʧʝʢʪʨʝ ʙʝʣʢʦʚ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʩʣʝʜʫʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ: ʦʙʣʘʩʪʴ ʘʤʠʜ ɸ (ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʘʪʦʤʦʚ N-

H ʩʚʷʟʝʡ), ʘʤʠʜ ɺ, ʘʤʠʜ 1 (ʚʢʣʘʜ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ C=O ʩʚʷʟʠ - 80%; ʠ C-N 

ï ʩʚʷʟʠ ï ʧʦʨʷʜʢʘ 15 %); ʘʤʠʜ 2 (ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

N-H ʩʚʷʟʝʡ (80%) ʠ ʤʠʥʦʨʥʳʡ ʚʢʣʘʜ ï ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ C-N ï ʩʚʷʟʠ ï 

ʧʦʨʷʜʢʘ 15 %) ʠ ʘʤʠʜ 3 (ʨʠʩ. 2.2). ʀʟ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ ʧʦʣʫʯʘʶʪ ʩʣʝʜʫʶʱʫʶ 

ʠʥʬʦʨʤʘʮʠʶ: ʢʦʥʮʝʥʪʨʘʮʠʶ (ʠʟ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʩʝʭ ʧʠʢʦʚ), ʢʦʥʬʦʨʤʘʮʠʶ (ʠʟ 

ʬʦʨʤʳ ʘʤʠʜ 1, ʘʤʠʜ 2 ʠ ʘʤʠʜ 3 ʧʠʢʦʚ) ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʙʝʣʢʘ, 

ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʫʝʪʩʷ, ʥʘʧʨʠʤʝʨ ʚ ʣʠʧʠʜʥʦʤ ʙʠʩʣʦʝ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʦʨʠʝʥʪʘʮʠʷ ʙʝʣʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʣʦʩ ʘʤʠʜ 1 

ʦʙʣʘʩʪʠ (ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ ʉ=ʆ 

ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʚʜʦʣʴ Ŭ-ʩʧʠʨʘʣʝʡ ʚ ʙʝʣʢʘʭ) ʠ ʘʤʠʜ 2 

ʦʙʣʘʩʪʠ (ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ N-H ʩʚʷʟʝʡ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ Ŭ-ʩʧʠʨʘʣʷʤ).  

ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʘʥʘʣʠʟʘ ʚʪʦʨʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ. ʆʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʘʤʠʜ 1, 1600-1700 ʩʤ
-1
, ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʣʷ 

ʵʪʦʡ ʮʝʣʠ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ, ʪ.ʢ. ʠʤʝʥʥʦ ʦʥʘ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ 

ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʘ. ɸʤʠʜ 2 ʠ 3 ʦʙʣʘʩʪʠ ʪʘʢʞʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 
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ʠʟʤʝʥʝʥʠʷʤ ʚʦ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʘʤʠʜ 3 ʦʙʣʘʩʪʠ ʀʂ 

ʩʧʝʢʪʨʘ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʦʙʦʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʩʧʝʢʪʨʘ ʠ ʫʩʣʦʞʥʷʶʪ ʘʥʘʣʠʟ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ.         

ʂʘʞʜʳʡ ʠʟ ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ Ŭ-ʩʧʠʨʘʣʠ, ɓ-ʩʪʨʫʢʪʫʨʳ, ɓ-

ʧʦʚʦʨʦʪʳ, ʠ  ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʠʤʠ ʦʜʥʦʡ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʤʠ (ʤʘʞʦʨʥʦʡ ʠ ʤʠʥʦʨʥʳʤʠ) ʧʦʣʦʩʘʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʵʢʩʪʠʥʢʮʠʠ ʚ ʦʙʣʘʩʪʠ ʘʤʠʜ 1 (ʨʠʩ. 2.3). 

 

ʈʠʩ. 2.2. ʀʂ ʩʧʝʢʪʨʳ ɓ-ʢʘʟʝʠʥʘ, ʠʟʤʝʨʝʥʥʳʝ ʤʝʪʦʜʦʤ ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ 

ʦʪʨʘʞʝʥʠʷ FTIR-ATR, ʜʣʷ ʚʳʩʫʰʝʥʥʦʡ ʧʣʝʥʢʠ ʧʦʣʫʯʝʥʥʦʡ ʠʟ 100 mʣ ʨʘʩʪʚʦʨʘ b-ʢʘʟʝʠʥʘ (20 

ʤʛ/ʤʣ ʚ 20 ʤM ʥʘʪʨʠʡ-ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ). ɸʤʠʜ 1 ʠ ɸʤʠʜ 2 ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ 

ʧʨʠʚʝʜʝʥʳ ʦʪʜʝʣʴʥʦ ʥʘ ʥʠʞʥʝʤ ʛʨʘʬʠʢʝ. ʀʟ ʨʘʙʦʪʳ [35].  

 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʀʂ ʩʧʝʢʪʨʳ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ɓ- ʩʪʨʫʢʪʫʨʝ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ Ŭ-ʩʧʠʨʘʣʠ ʠ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʜʣʠʥʳ ʚʦʣʥ ʚ ʘʤʠʜ 1 ʦʙʣʘʩʪʠ ʀʂ ʩʧʝʢʪʨʘ ï 1650 - 

1655 ʩʤ
-1
, ʠ 1645 ï 1652 ʩʤ

-1 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʵʪʦʤʫ ʠʭ ʙʳʚʘʝʪ ʪʨʫʜʥʦ 

ʜʠʩʢʨʠʤʠʥʠʨʦʚʘʪʴ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩ ɓ-ʩʪʨʫʢʪʫʨʦʡ ʪʘʢʦʡ ʧʨʦʙʣʝʤʳ ʥʝʪ - ʦʥʘ 

ʠʤʝʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʠʢʘ (ʠʥʪʝʨʚʘʣʳ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ 

1628-1635 ʩʤ
-1
 ʠ 1680-1690 ʩʤ

-1
. 
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ʈʠʩ. 2.3. ʉʦʦʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʙʝʣʢʦʚ ʩ ʵʣʝʤʝʥʪʘʤʠ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ 

ʨʘʙʦʪʳ [36]. 

 

ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʘ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʣʝʜʠʪʴ ʟʘ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʚ ʙʝʣʢʘʭ ʠʣʠ ʘʛʨʝʛʘʮʠʝʡ. 

ɸʛʨʝʛʘʮʠʷ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʮʝʩʩʘʭ 

ʩʘʤʦʩʙʦʨʢʠ ʙʝʣʢʦʚ ʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʥʘʥʦʩʬʝʨ ʠ ʥʘʥʦʪʨʫʙʦʢ). ʇʦʵʪʦʤʫ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʘʧʨʷʤʫʶ ʩʣʝʜʠʪʴ ʟʘ ʘʛʨʝʛʘʮʠʝʡ ʙʝʣʢʘ ʢʨʘʡʥʝ ʚʘʞʥʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʚʦʡʩʪʚ 

ʙʝʣʦʢ-ʩʦʜʝʨʞʘʱʠʭ ʩʠʩʪʝʤ.  

ɺ ʀʂ ʩʧʝʢʪʨʘʭ ʙʝʣʢʦʚ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʜʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʠʢʘ ʚ 

ʘʤʠʜ 1 ʦʙʣʘʩʪʠ 1620-1624 ʠ 1690-1696 ʩʤ
-1
, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʘʥʪʠʧʘʨʘʣʝʣʴʥʳʤ ɓ-ʩʣʦʷʤ ʠ ʢʦʪʦʨʳʝ ʜʦʩʪʘʪʦʯʥʦ ʫʜʘʣʝʥʳ ʦʪ ʧʠʢʦʚ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ɓ-ʩʣʦʝʚ ʠ ʦʪ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʨʠ 

ʘʛʨʝʛʘʮʠʠ ʙʝʣʢʦʚ ʯʘʱʝ ʚʩʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʵʢʩʪʝʥʩʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʥʪʠ-ʧʘʨʘʣʣʝʣʴʥʳʭ ɓ-ʩʣʦʝʚ.  

ʊʘʢ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʤʘʞʦʨʥʦʛʦ ʙʝʣʢʘ ʢʫʨʠʥʦʛʦ ʷʡʮʘ, 

ʦʚʘʣʴʙʫʤʠʥʘ, (ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ ʚ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ) ʩʣʝʜʠʣʠ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ. ɺ 

ʩʪʨʫʢʪʫʨʝ ʥʘʪʠʚʥʦʛʦ ʦʚʘʣʴʙʫʤʠʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʠʪʩʷ 

ʘʥʪʠʧʘʨʘʣʝʣʴʥʳʭ ɓ-ʩʣʦʝʚ ʠ ʚ ʩʧʝʢʪʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʠʢʠ (ʨʠʩ. 
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2.4). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʩʧʝʢʪʨʝ ʛʝʣʝʦʙʨʘʟʫʶʱʝʛʦ ʪʝʨʤʦʜʝʥʘʪʫʨʠʨʦʚʘʥʥʦʛʦ ʠ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʛʦ ʦʚʘʣʴʙʫʤʠʥʘ, ʩʨʘʟʫ ʞʝ ʚʠʜʥʦ ʧʦʷʚʣʝʥʠʝ ʧʠʢʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʤ ɓ-ʩʣʦʷʤ (ʨʠʩ. 2.4), ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 
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ʈʠʩ. 2.4. ɸʤʠʜ 1 ʦʙʣʘʩʪʴ ʀʂ ʩʧʝʢʪʨʦʚ  ʥʘʪʠʚʥʦʛʦ (1) ʠ ʘʛʨʝʛʠʨʦʚʘʥʥʦʛʦ ʦʚʘʣʴʙʫʤʠʥʘ (2). 

 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʘʛʨʝʛʘʮʠʠ ʙʝʣʢʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, 

ʘʥʘʣʠʟʠʨʫʷ ʀʂ ʩʧʝʢʪʨʳ ʤʝʪʦʜʦʤ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʦʪ ʧʨʠʝʤ 

ʥʘ ʧʨʠʤʝʨʝ ʦʚʘʣʴʙʫʤʠʥʘ ʠ ʛʦʤʦʣʦʛʠʯʥʦʛʦ ʝʤʫ ʙʝʣʢʘ, ʠʥʛʠʙʠʪʦʨʘ ʧʨʦʪʝʘʟ Ŭ1-Pi 

[37]. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʀʂ ʩʧʝʢʪʨʦʚ ʤʝʪʦʜʦʤ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʨʘʟʨʝʰʝʥʠʝ 

ʧʠʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʩʧʝʢʪʨʘʤʠ (ʨʠʩ. 2.5). 
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ʀʩʭʦʜʥʳʡʩʧʝʢʪʨʙʝʣʢʦʚ

 

ʈʠʩ. 2.5. ʀʩʭʦʜʥʳʝ (ʘ) ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ (ʙ) ʀʂ-ʩʧʝʢʪʨʳ ʦʚʘʣʴʙʫʤʠʥʘ ʠ ʙʝʣʢʘ Ŭ1-Pi ʚ 

ɸʤʠʜ I ʦʙʣʘʩʪʠ [37].  

 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʙʝʣʢʦʚ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʥʘʪʫʨʘʮʠʠ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʜʦ 65 ʠ 85ÁC) ʚ ʩʧʝʢʪʨʘʭ ʪʝʨʤʦʜʝʥʘʪʫʨʠʨʦʚʘʥʥʳʭ ʠ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ 

ʦʚʘʣʴʙʫʤʠʥʘ ʠ Ŭ1-Pi (ʘʛʨʝʛʘʮʠʷ ʧʦʢʘʟʘʥʘ ʚ ʥʝʟʘʚʠʩʠʤʦʤ ɻʢʩʧʝʨʠʤʝʥʪʝ ʤʝʪʦʜʦʤ 

ʛʝʣʴ-ʬʠʣʴʪʨʘʮʠʠ), ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʯʝʪʢʦ ʨʘʟʨʝʰʝʥʥʳʭ ʧʠʢʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʤ ɓ-ʩʣʦʷʤ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 1624 ʠ 1694 ʩʤ
-1
 

(ʨʠʩ. 2.6), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʘʛʨʝʛʘʪʦʚ [37]. 
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ɺʦʣʥʦʚʦʝ ʯʠʩʣʦ, ʩʤ
-1
     ɺʦʣʥʦʚʦʝ ʯʠʩʣʦ, ʩʤ

-1
 

 

ʈʠʩ. 2.6. ʉʧʝʢʪʨʳ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʚ ɸʤʠʜ I ʦʙʣʘʩʪʠ ʙʝʣʢʦʚ, ʦʚʘʣʴʙʫʤʠʥʘ (ʣʝʚʳʡ ʛʨʘʬʠʢ) 

ʠ Ŭ-Pi (ʧʨʘʚʳʡ ʛʨʘʬʠʢ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 25 ʜʦ 85ÁC ʠʣʠ ʜʦ 65ÁC, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʀʟ ʨʘʙʦʪʳ [37]. 

 

ʈʘʩʩʤʦʪʨʠʤ ʜʨʫʛʦʡ ʧʨʠʤʝʨ, ʛʜʝ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʪʝʨʤʦʜʝʥʘʪʫʨʘʮʠʠ ʜʣʷ ʜʚʫʭ ʧʨʝʧʘʨʘʪʦʚ ʧʝʨʦʢʩʠʜʘʟʳ: 

ʮʠʪʦʭʨʦʤ ʩ ʧʝʨʦʢʩʠʜʘʟʳ ʠ ʧʝʨʦʢʩʠʜʘʟʳ ʭʨʝʥʘ (HRP). ɺ ʧʝʨʦʢʩʠʜʘʟʝ ʭʨʝʥʘ ʘ-

ʩʧʠʨʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʠʤʝʶʪ 2 ʧʠʢʘ: ʧʨʠ 1659 ʠ 1649 ʩʤ
-1
, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʘʣʠʯʠʠ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ Ŭ-ʩʧʠʨʘʣʝʡ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʛʝʦʤʝʪʨʠʠ ʠʣʠ 

ʧʦ ʩʦʩʪʦʷʥʠʶ ʛʠʜʨʘʪʘʮʠʠ (ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ). ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʘ ʥʘ 1645ʩʤ
-1
 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʠʢʦʚ ʥʘ 1659 ʠ 1649ʩʤ
-1
, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʚʝʣʠʯʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʣʫʙʢʘ ʟʘ ʩʯʝʪ ʨʘʟʨʫʰʝʥʠʷ Ŭ-ʩʧʠʨʘʣʝʡ ï 

ʜʝʥʘʪʫʨʘʮʠʠ ʤʦʣʝʢʫʣʳ ʬʝʨʤʝʥʪʘ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 95ʉ ʚ 

ʧʨʝʧʘʨʘʪʝ ʧʝʨʦʢʩʠʜʘʟʳ ʥʝ ʧʦʠʩʭʦʜʠʪ ʘʛʨʝʛʘʮʠʠ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 
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ʦʪʩʫʪʩʪʚʠʝ ʧʠʢʦʚ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 1616 ʠ 1684 ʩʤ
-1
, ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʜʣʷ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʧʝʨʦʢʩʠʜʘʟʳ.   

 

 

 

ʈʠʩ. 2.7. ʀʟʫʯʝʥʠʝ ʪʝʨʤʦʜʝʥʘʪʫʨʘʮʠʠ ʬʝʨʤʝʥʪʦʚ ʧʝʨʦʢʩʠʜʘʟʳ ʭʨʝʥʘ (ʘ) ʠ ʮʠʪʦʭʨʦʤ ʩ 

ʧʝʨʦʢʩʠʜʘʟʳ (ʙ) [38]. 

 

ʀʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʣʫʯʘʝ ʮʠʪʦʭʨʦʤ ʩ ʧʝʨʦʢʩʠʜʘʟʳ (ʨʠʩ. 

2.7(ʙ)). ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʬʝʨʤʝʥʪʘ ʜʦ 50ʉ ʚʪʦʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʦʡ, ʯʪʦ ʩʣʝʜʫʝʪ ʠʟ ʥʝʠʟʤʝʥʥʦʩʪʠ ʀʂ ʩʧʝʢʪʨʘ ʙʝʣʢʘ. ʆʜʥʘʢʦ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 50-55ʉ ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʧʝʢʪʨʝ ʙʝʣʢʘ: 

ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʯʝʪʢʠʭ ʧʠʢʦʚ ʧʨʠ 1616 ʠ 1684ʩʤ-1, ʢʦʪʦʨʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʵʢʩʪʝʥʩʠʚʥʦʡ ʘʛʨʝʛʘʮʠʠ ʙʝʣʢʘ (ʨʠʩ.2.7(ʙ)).   

 

 

ɺ ʢʘʯʝʩʪʚʝ ʜʨʫʛʦʛʦ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦ-ʦʙʲʝʢʪʦʚ. ʄʝʪʦʜ ʤʦʞʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʣʝʞʝʥʠʷ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʝʛʫʣʷʨʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʝʧʪʠʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. ʊʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʦʩʥʦʚʝ ʙʠʦʪʠʥʠʣʠʨʦʚʘʥʥʳʭ ʧʝʧʪʠʜʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʘ ʙ 
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ʘʤʠʣʦʠʜʥʳʝ ʬʠʙʨʠʣʣʳ (ʩ ʚʥʝʰʥʠʤ ʜʠʘʤʝʪʨʦʤ ʥʘʥʦʪʨʫʙʦʢ 60 ʥʤ; ʚʥʫʪʨʝʥʥʠʤ 

ʜʠʘʤʝʪʨʦʤ 30 ʥʤ), ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ɓ-ʩʣʦʝʚ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʨʝʛʫʣʷʨʥʫʶ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ.  

 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʌʫʨʴʝ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ, ʢʘʢ ʚ ʨʘʩʪʚʦʨʘʭ, ʪʘʢ ʠ ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʊʘʢ, ʥʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ  ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʘʛʨʝʛʘʮʠʦʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʥʦʚʦʛʦ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʙʝʣʢʘ, ʛʘʣʘʢʪʦʟʦʦʢʩʠʜʘʟʳ ʠʟ Stigmatela, 

Sagalox, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʵʢʩʧʨʝʩʩʠʠ ʚ E. ʩoli ʚ ʬʦʨʤʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ 

ʘʛʨʝʛʘʪʦʚ (ʪʝʣʝʮ ʚʢʣʶʯʝʥʠʷ) [39]. ʇʦʵʪʦʤʫ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʬʦʨʤʦʡ 

ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩʫʩʧʝʥʟʠʷ ʙʝʣʢʘ. ɼʣʷ ʘʥʘʣʠʟʘ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ ʚ 

ʥʝʨʘʩʪʚʦʨʠʤʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜ ʀʂ-ʅʇɺʆ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʅʘ 

ʨʠʩʫʥʢʝ 2.8. ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʘʥʘʣʠʟʘ çʘʤʠʜ 1è ʦʙʣʘʩʪʠ ʀʂ-ʅʇɺʆ ʩʧʝʢʪʨʘ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʙʝʣʢʘ, Sagalox.  

 

 

ʈʠʩ. 2.8. ɸʥʘʣʠʟ çʘʤʠʜ 1è ʦʙʣʘʩʪʠ ʀʂ-ʅʇɺʆ ʩʧʝʢʪʨʘ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʙʝʣʢʘ, Sagalox, ʚ 

ʩʫʩʧʝʥʟʠʠ ʪʝʣʝʮ ʚʢʣʶʯʝʥʠʷ ʤʝʪʦʜʦʤ ʜʝʢʦʥʚʦʣʶʮʠʠ. ʉʧʣʦʰʥʳʝ ʢʨʠʚʳʝ ʧʦʢʘʟʳʚʘʶʪ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ; ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʣʫʯʝʥʥʳʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ çɻʘʫʩʩʠʘʥʘʤè, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ.  
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ʄʝʪʦʜʦʤ ʜʝʢʦʥʚʦʣʶʮʠʠ (ʨʘʟʜʝʣʝʥʠʷ ʩʧʝʢʪʨʘ ʥʘ ʦʪʜʝʣʴʥʳʝ ʧʠʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʣʠʯʥʳʤ ʵʣʝʤʝʥʪʘʤ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ) ʦʧʨʝʜʝʣʷʶʪ 

ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʠʟʫʯʘʝʤʦʤ ʙʝʣʢʝ (ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ, Sagalox). ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʠʟ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

Sagalox ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʱʝʥʥʳʭ ʤʠʮʝʣʣ (ʚ ʢʦʪʦʨʦʡ ʙʝʣʦʢ ʥʘʭʦʜʠʪʩʷ ʚ 

ʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʝ) ʤʝʪʦʜʦʤ ʂɼ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʧʝʢʪʨ ʂɼ Sagalox ʚ ʩʠʩʪʝʤʝ 

ʦʙʨʘʱʝʥʥʳʭ ʤʠʮʝʣʣ ɸʆʊ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.9.  
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ʈʠʩ. 2.9. ʉʧʝʢʪʨ ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ (ʂɼ) ʚ ʜʘʣʴʥʝʡ ʋʌ ʦʙʣʘʩʪʠ Sagalox, 

ʩʦʣʶʙʠʣʠʟʦʚʘʥʥʦʛʦ ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʱʝʥʥʳʭ ʤʠʮʝʣʣ ɸʆʊ.  

 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʂɼ-ʩʧʝʢʪʨʘ Sagalox ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʱʝʥʥʳʭ 

ʤʠʮʝʣʣ (ʨʠʩ. 2.9) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çCDNN softwareè 

ʧʦʢʘʟʘʣ, ʯʪʦ ʬʝʨʤʝʥʪ ʠʤʝʝʪ ʚʪʦʨʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ɓ-

ʩʣʦʝʚ (41,5 %) ʠ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Ŭïʩʧʠʨʘʣʝʡ (8,5%). ʇʦʜʦʙʥʘʷ ʚʪʦʨʠʯʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʙʝʣʢʦʚ, ʛʦʤʦʣʦʛʠʯʥʳʭ Sagalox, ʩʦʜʝʨʞʘʱʠʭ 

ʩʧʝʮʠʬʠʯʝʩʢʠʡ çʂʝʣʰè-ʜʦʤʝʥ [40]. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ 

ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʣʠʞʘʡʰʝʛʦ ʛʦʤʦʣʦʛʘ Sagalox ʩʦʜʝʨʞʘʱʝʛʦ çʂʝʣʰè-

ʜʦʤʝʥ, ʛʘʣʘʢʪʦʟʦʢʩʠʜʘʟʳ ʠʟ Fusarium (Fusgalox), ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʠʟʚʝʩʪʥʘ 

(ʊʘʙʣʠʮʘ 2.1).  

ʉʨʘʚʥʝʥʠʝ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ Sagalox ʚ ʩʫʩʧʝʥʟʠʠ ʠ ʚ ʤʠʮʝʣʣʷʨʥʦʡ 

ʩʠʩʪʝʤʝ (ʊʘʙʣʠʮʘ 2.1) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʩʦʣʶʙʠʣʠʟʘʮʠʠ ʩʫʩʧʝʥʟʠʠ ʪʝʣ 

ʚʢʣʶʯʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʱʝʥʥʳʭ ʤʠʮʝʣʣ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ɓ-ʩʪʨʫʢʪʫʨ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ Ŭ-ʩʧʠʨʘʣʝʡ. ʅʘʠʙʦʣʝʝ 
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ʚʝʨʦʷʪʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʪʨʘʞʘʶʪ ʜʠʩʩʦʮʠʘʮʠʶ ʘʛʨʝʛʘʪʦʚ ʙʝʣʢʘ ʧʨʠ 

ʠʭ ʩʦʣʶʙʠʣʠʟʘʮʠʠ ʚ ʤʠʮʝʣʣʘʭ, ʯʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʝʟʘʚʠʩʠʤʦ 

ʤʝʪʦʜʦʤ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ.   

 

ʊʘʙʣʠʮʘ 2.1. ʇʘʨʘʤʝʪʨʳ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʘʣʘʢʪʦʟʦʦʢʩʠʜʘʟʳ Sagalox 

ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʳ ʚ ʩʫʩʧʝʥʟʠʠ (ʚ ʪʝʣʴʮʘʭ ʚʢʣʶʯʝʥʠʷ), ʧʦʣʫʯʝʥʥʳʝ ʠʟ  

ʘʥʘʣʠʟʘ çʘʤʠʜ 1è ʦʙʣʘʩʪʠ ʀʂ-ʩʧʝʢʪʨʘ ʠ Sagalox ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʱʝʥʥʳʭ ʤʠʮʝʣʣ 

ɸʆʊ (ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʂɼ ʩʧʝʢʪʨʘ) ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʙʣʠʞʘʡʰʝʛʦ ʛʦʤʦʣʦʛʘ Sagalox, ʛʘʣʘʢʪʦʟʦʦʢʩʠʜʘʟʳ Fusgalox ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

 

ʕʣʝʤʝʥʪʳ 

ʚʪʦʨʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ 

FTIR-ATR 

(Sagalox ʚ 

ʩʫʩʧʝʥʟʠʠ) 

FTIR-ATR 

(Sagalox ʚ 

ʤʠʮʝʣʣʘʭ) 

ɼʘʥʥʳʝ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥ

ʦʛʦ ʘʥʘʣʠʟʘ 

Fusgalox 

a-ʩʧʠʨʘʣʠ 9,0% 8,5% 0,5% 

ʅʝʫʧʦʨʷʜ. 

ʩʪʨʫʢʪʫʨʳ 

21,5% 31% 29,0% 

b-ʩʣʦʠ 47,5% 41,5 % 58,0% 

b-

ʧʦʚʦʨʦʪʳ 

22,0% 19,0% 12,5% 

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʦʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʚ ʀʂ ʩʧʝʢʪʨʘʭ ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ʵʣʝʤʝʥʪʘʤ ʚʪʦʨʠʯʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʥʝ ʷʚʣʷʶʪʩʷ ʧʦʣʥʦʩʪʴʶ ʫʥʠʚʝʨʩʘʣʴʥʳʤ, ʘ 

ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʩʧʝʮʠʬʠʢʠ ʙʝʣʢʘ, ʯʪʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʫʩʣʦʞʥʷʝʪ 

ʘʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʚ ʩʣʫʯʘʝ ʥʦʚʳʭ ʥʝʠʟʫʯʝʥʥʳʭ ʙʝʣʢʦʚ. ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ 

ʫʧʨʦʱʘʝʪʩʷ, ʢʦʛʜʘ ʧʦʣʦʞʝʥʠʝ ʧʠʢʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʢʩʪʠʥʢʮʠʠ ʢʘʞʜʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʞʝ ʠʟʚʝʩʪʥʳ, ʪʦʛʜʘ ʤʳ ʩʣʝʜʠʤ ʟʘ ʠʭ 

ʠʟʤʝʥʝʥʠʷʤʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʝʥʘʪʫʨʘʮʠʠ ʙʝʣʢʘ ʠʣʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 
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ʙʝʣʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ. ʊ.ʝ. ʫʜʦʙʥʦ ʩʣʝʜʠʪʴ ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʪʨʫʢʪʫʨʝ ʫʞʝ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʛʦ ʙʝʣʢʘ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʧʦʩʪʘʚʣʷʪʴ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʣʫʯʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʝʪʦʜʦʤ ʂɼ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʀʂ ʩʧʝʢʪʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ ʀʂ ʩʧʝʢʪʨʦʚ ʙʝʣʢʦʚ 

ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʝʝ 200 ʙʝʣʢʦʚ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʠ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʥʳʭ 

ʪʠʧʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʜʦʚʦʣʴʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʙʝʣʢʝ.  

 

ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʘ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʄʝʪʦʜ ʨʘʟʨʝʰʝʥʥʦʚʨʝʤʝʥʥʦʡ ʜʚʫʤʝʨʥʦʡ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ  

ʄʝʪʦʜ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦ 

ʨʘʟʚʠʚʘʪʴʩʷ. ʊʘʢ, ʥʝʜʘʚʥʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ 

ʧʝʧʪʠʜʥʳʭ ʤʦʣʝʢʫʣ ʠ ʙʝʣʢʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʢʘʢ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʇ. ʍʵʤʤ ʩ ʩʦʘʚʪʦʨʘʤʠ. ʅʘʙʣʶʜʘʪʴ ʵʪʦʪ ʩʚʝʨʭʙʳʩʪʨʳʡ 

ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʚ ʪʝʯʝʥʠʝ ʧʠʢʦʩʝʢʫʥʜ, (10
ï12
c) ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʩ 

ʧʦʤʦʱʴʶ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ï ʨʘʟʨʝʰʝʥʥʦʚʨʝʤʝʥʥʦʡ ʜʚʫʤʝʨʥʦʡ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʯʝʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʤʝʪʦʜʳ 

ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ. ʊʘʢ, ʤʝʪʦʜ 2D-ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʬʦʨʤʘʮʠʠ ʥʝʙʦʣʴʰʦʛʦ 

ʧʝʧʪʠʜʘ. 2D-ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʠʤʫʣʷʮʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʢʦʥʬʦʨʤʘʮʠʠ ʧʝʧʪʠʜʦʚ. ʅʘʙʣʶʜʘʝʤʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʚʢʣʶʯʘʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʮʝʩʩ ʨʘʟʨʳʚʘ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ.  

ʅʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʴʥʳʭ ʙʝʣʢʦʚ ʠ ʧʝʧʪʠʜʦʚ ʧʦʣʠ-l-ʣʠʟʠʥʘ, ʢʦʥʢʘʥʘʚʘʣʠʥʘ 

A, ʨʠʙʦʥʫʢʣʝʘʟʳ A, ʠ ʣʠʟʦʮʠʤʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜ 2D ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʤʫʣʷʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʝʪ 
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ʧʦʣʫʯʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʜʠʥʘʤʠʢʝ ʜʝʥʘʪʫʨʘʮʠʠ ʙʝʣʢʦʚ, 

ʜʦʩʪʫʧʥʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʙʝʣʢʦʚ.  

ʅʦʚrʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣ ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ 

ʧʦʥʠʤʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ ʙʝʣʢʦʚ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ ʠ 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʠʢʦʩʝʢʫʥʜʥʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ.  

 

ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʠʷ (IRRAS) 

ʄʝʪʦʜ IRRAS ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʤ ʤʝʪʦʜʦʤ ʠ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʦ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʙʝʣʢʦʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʬʣʶʠʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʚʦʜʘ-ʚʦʭʜʫʭ ʠ ʚʦʜʘ-ʤʘʩʣʦ. ʄʝʪʦʜ IRRAS ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʚʣʷʝʪʩʷ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʣʘʥʝ ʙʣʠʟʢʠʤ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʠʩʧʦʣʥʝʥʠʶ ʢ ʤʝʪʦʜʫ 

ʵʣʣʠʧʩʦʤʝʪʨʠʠ. ʊʘʢʞʝ ʢʘʢ ʠ ʚ ʵʣʣʠʧʩʦʤʝʪʨʠʠ, ʚ ʤʝʪʦʜ IRRAS ʠʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʷʪʩʷ ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʩʚʦʡʩʪʚʘʭ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʙʝʣʢʘ ʦʧʨʝʜʝʣʷʶʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʯʝʨʝʟ 

ʚʣʠʷʥʠʝ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʙʝʣʢʘ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʵʣʣʠʧʩʦʤʝʪʨʠʠ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ IRRAS ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʪʝʦʨʠʠ 

ʩʚʝʪʘ. ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʣʣʠʧʩʦʤʝʪʨʠʠ, ʤʝʪʦʜ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʨʝʞʠʤʝ 

ʚʥʝʰʥʝʛʦ ʦʪʨʘʞʝʥʠʷ, IRRAS, ʧʦʤʠʤʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʦʟʚʦʣʷʝʪ ʩʣʝʜʠʪʴ ʟʘ ʩʪʨʫʢʪʫʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ [35, 

41-44].  

IRRAS ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʦʤ ʦʪʨʘʞʝʥʠʷ, ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʠʷ (-logR/R0), ʛʜʝ R ʠ R0, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʦʪʨʘʞʝʥʠʷ ʙʫʬʝʨʘ ʠ ʨʘʩʪʚʦʨʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ (ʙʝʣʢʘ) ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ. 

IRRAS ʩʧʝʢʪʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʙʝʣʢʘ, ʥʦ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʦʙʳʯʥʳʭ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ, ʠ 

ʩʪʨʫʢʪʫʨʫ ʙʝʣʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ IRRAS ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʛʣʫʙʠʥʘ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʀʂ ʩʚʝʪʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 1 ʤʢʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ (ʨʘʟʤʝʨʦʤ ʧʦʨʷʜʢʘ 2-5 ʥʤ) ʚʙʣʠʟʠ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʚʦʟʜʫʭ ʚ ʩʣʦʝ ʦʪ 1 ʜʦ 100-200 ʥʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ IRRAS [3, 35, 

45] ʜʦʩʪʘʪʦʯʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʙʝʣʢʦʚ ʚ 

ʤʦʥʦʩʣʦʷʭ ʠ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ.  

 

 

 

ʈʠʩ. 2.10. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ IRRAS ʩʧʝʢʪʨʦʚ ʙʝʣʢʦʚ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʚʦʟʜʫʭ ʠʣʠ ʚʦʜʘ-ʤʘʩʣʦ, ʚ ʣʝʥʛʤʶʨʦʚʩʢʦʡ ʚʘʥʥʝ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʣʫʯʰʝʥʥʦʡ ʠ ʜʦʧʦʣʥʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʘ IRRAS, 

ʧʦʣʷʨʠʟʦʚʘʥʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ IRRAS (PM-IRRAS), ʛʜʝ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ 

ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʧʦʜ ʨʘʟʥʳʤʠ 

ʫʛʣʘʤʠ ʧʘʜʝʥʠʷ ʀʂ ʩʚʝʪʘ (ʈʠʩ. 2.10), ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʧʦʚʳʰʘʝʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ [44, 46-

47]. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ PM-IRRAS, ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʚʦʡʩʪʚ ʙʝʣʢʦʚ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʚʦʟʜʫʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.11.  
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ʈʠʩ. 2.11. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʫʩʪʘʥʦʚʢʠ IRRAS, ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʩʚʦʡʩʪʚ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʚʦʟʜʫʭ.  

 

ʋʩʪʘʥʦʚʢʘ PM-IRRAS ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʩʪʦʯʥʠʢ ʀʂ ʩʚʝʪʘ (s- ʠʣʠ 

p-ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ); ʦʪʨʘʞʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʘ-ʚʦʟʜʫʭ, ʩʦʟʜʘʚʘʝʤʫʶ ʩ 

ʧʦʤʦʱʴʶ ʃʝʥʛʤʶʨʦʚʩʢʦʡ ʚʘʥʥʳ, ʟʘʧʦʣʥʝʥʥʦʡ ʨʘʩʪʚʦʨʦʤ ʙʝʣʢʘ. 

ʃʝʥʛʤʶʨʦʚʩʢʘʷ ʚʘʥʥʘ ʦʩʥʘʱʝʥʘ ʧʦʜʚʠʞʥʳʤ ʙʘʨʴʝʨʦʤ. ʏʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ 

ʧʣʦʱʘʜʴ ʜʦʩʪʫʧʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ, ʪʝʤ ʩʘʤʳʤ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʜʘʚʣʝʥʠʝ. 

ʄʝʪʦʜ IRRAS ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʩʚʦʡʩʪʚ ʙʝʣʢʦʚ ʧʨʠ ʘʜʩʦʨʙʮʠʠ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʢʘʢ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʧʝʢʪʨʦʚ 

ʦʪʨʘʞʝʥʠʷ, ʢʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ʩʧʝʢʪʨʳ IRRAS, ʪʘʢ ʠ ʚʳʩʦʢʠʤ ʚʢʣʘʜʦʤ ʚʦʜʳ 

(ʘʪʤʦʩʬʝʨʥʦʡ, ʘ ʪʘʢʞʝ ʠʟ ʞʠʜʢʦʡ ʬʘʟʳ) ʚ ʀʂ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ. ʇʨʠʤʝʨʳ 

IRRAS ʩʧʝʢʪʨʦʚ ɓïʢʘʟʝʠʥʘ ʚ ʘʤʠʜ 1 ʠ ʘʤʠʜ 2 ʦʙʣʘʩʪʷʭ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ 

ʠʟʤʝʥʝʥʠʶ ʚʦ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.51. ʀʟ 

ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʚ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʦʚ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʟʠʮʠʷʭ ʧʦʣʦʩ ʀʂ-

ʩʧʝʢʪʨʘ ʦʪʨʘʞʝʥʠʷ. ɼʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʥʝ ʪʦʣʴʢʦ ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ ʩʚʦʡʩʪʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʙʝʣʢʘ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʥʦ ʠ ʩ ʚʣʠʷʥʠʝʤ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʦʡʩʪʚʘʭ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʘʜʝʢʚʘʪʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ. ɺ 2001 ʛʦʜʫ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ [35], ʚ ʢʦʪʦʨʦʡ ʙʳʣʘ ʥʘ 

ʧʨʠʤʝʨʝ ʤʦʣʦʯʥʦʛʦ ʙʝʣʢʘ ɓïʢʘʟʝʠʥʘ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ IRRAS ï 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʦʡʩʪʚʘʭ 
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(ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʢʦʥʬʦʨʤʘʮʠʠ) ʙʠʦʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʚʦʟʜʫʭ. 

ʆʜʥʘʢʦ ʦʧʪʠʤʠʟʘʮʠʷ ʩʘʤʦʛʦ ʤʝʪʦʜʘ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ IRRAS ʩʧʝʢʪʨʦʚ, ʙʝʟʫʩʣʦʚʥʦ, 

ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

 

ʈʠʩ. 2.12. IRRAS ʩʧʝʢʪʨʳ ɓïʢʘʟʝʠʥʘ ʚ ʘʤʠʜ 1 ʠ ʘʤʠʜ 2 ʦʙʣʘʩʪʷʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ (ʠʟ ʨʘʙʦʪʳ [35]). 

 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ. 

ʎʝʥʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʡ, ʘ ʪʘʢʞʝ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʙʝʣʢʦʚ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʂɼ.  ʂɼ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʩʣʝʞʝʥʠʷ ʟʘ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʙʝʣʢʦʚ ʚ 

ʨʘʩʪʚʦʨʘʭ. ʄʝʪʦʜ ʥʝ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʦʙʱʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ. 

ʅʘʧʨʦʪʠʚ, ʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʝʣʢʘ ʦʙʳʯʥʦ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʣʫʯʝʥʠʷ 

ʩʧʝʢʪʨʦʚ ʂɼ.  

ʄʝʪʦʜ ʂɼ ʦʩʥʦʚʘʥ ʥʘ ʨʘʟʣʠʯʠʠ ʚ ʧʦʛʣʦʱʝʥʠʠ ʧʨʘʚʦ- ʠ 

ʣʝʚʦʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ 

(ʥʘʧʨʠʤʝʨ, ʚ ʩʧʠʨʘʣʷʭ ʨʘʟʣʠʯʥʦʡ ʟʘʢʨʫʯʝʥʥʦʩʪʠ). ʀʟ-ʟʘ ʨʘʟʣʠʯʠʷ ʚ ʧʦʛʣʦʱʝʥʠʠ 

ʧʣʦʩʢʦʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʩʚʝʪ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʵʣʣʠʧʪʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ.  

ʇʝʧʪʠʜʥʳʝ ʛʨʫʧʧʳ ʧʦʛʣʦʱʘʶʪ ʚ "ʜʘʣʴʥʝʤ ʋʌ", ʪ.ʝ. ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 

ʧʦʨʷʜʢʘ 180-220 ʥʤ. ʕʪʦ ʧʨʠʤʝʨʥʦ ʚʜʚʦʝ ʙʦʣʴʰʘʷ ʜʣʠʥʘ ʚʦʣʥʳ, ʯʝʤ ʪʘ, ʥʘ 

ʢʦʪʦʨʦʡ ʚʦʟʙʫʞʜʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʘʪʦʤʳ. ʇʨʠʯʠʥʘ ʪʦʛʦ, ʯʪʦ ʧʝʧʪʠʜʥʘʷ ʛʨʫʧʧʘ 

ʚʦʟʙʫʞʜʘʝʪʩʷ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʳʤ (ʪ.ʝ. ʤʝʥʝʝ "ʞʝʩʪʢʠʤ") ʩʚʝʪʦʤ,  ð  ʚ 
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ʜʝʣʦʢʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʧʝʧʪʠʜʥʦʡ ʛʨʫʧʧʳ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʘʪʦʤʘʤ. ɽʱʝ 

ʙʦʣʴʰʝ ʜʝʣʦʢʘʣʠʟʦʚʘʥʳ ʵʣʝʢʪʨʦʥʳ ʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧʘʭ  ð  ʪʘʤ ʦʥʠ 

"ʨʘʟʤʘʟʘʥʳ" ʥʝ ʧʦ ʪʨʝʤ, ʢʘʢ ʚ ʧʝʧʪʠʜʥʦʡ ʛʨʫʧʧʝ, ʘ ʧʦ ʰʝʩʪʠ ʘʪʦʤʘʤ. ʉʧʝʢʪʨʳ 

ʂɼ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ ~260-295 ʥʤ. ɺ ʵʪʦʤ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ,  (ʚ "ʙʣʠʞʥʝʤ" ʫʣʴʪʨʘʬʠʦʣʝʪʝ) ʠʟʫʯʘʶʪ ʘʩʠʤʤʝʪʨʠʶ 

ʦʢʨʫʞʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʙʦʢʦʚʳʭ ʛʨʫʧʧ, ʪ.ʝ. ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʞʝ ʥʝ ʚʪʦʨʠʯʥʦʡ, ʘ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ.  

       ɺ ʂɼ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʟʘ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʙʝʣʢʦʚ ʩʣʝʜʷʪ ʚ ʜʘʣʴʥʝʡ ʋʌ 

ʦʙʣʘʩʪʠ 180-240 ʥʤ. ʍʘʨʘʢʪʝʨʥʳʝ ʩʧʝʢʪʨʳ ʵʣʣʠʧʪʠʯʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ "ʜʘʣʴʥʝʛʦ" 

ʫʣʴʪʨʘʬʠʦʣʝʪʘ (180-260 ʥʤ) ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 2.13.  

 

 

 ʈʠʩ. 2.13.  ʍʘʨʘʢʪʝʨʥʳʝ ʬʦʨʤʳ ʩʧʝʢʪʨʦʚ ʂɼ ʜʣʷ ʧʦʣʠʣʠʟʠʥʘ ʚ ʬʦʨʤʝ a-ʩʧʠʨʘʣʠ (a), b-

ʩʪʨʫʢʪʫʨʳ (b) ʠ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʢʣʫʙʢʘ (r).  

 

ʉʧʝʢʪʨʳ ʂɼ ʟʘʚʠʩʷʪ ʦʪ ʘʩʠʤʤʝʪʨʠʠ ʦʢʨʫʞʝʥʠʷ ʧʝʧʪʠʜʥʳʭ ʛʨʫʧʧ ʠ 

ʧʦʪʦʤʫ ʦʪʨʘʞʘʶʪ ʩʦʩʪʦʷʥʠʝ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʚ ʙʝʣʢʝ. ʂʘʢ ʠ ʚ ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʘʞʜʳʡ ʠʟ ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ ʚ ʩʧʝʢʪʨʝ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʵʢʩʪʠʥʢʮʠʠ. 

ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ çʵʣʣʠʧʣʠʯʥʦʩʪʠè ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ (ʩʧʝʢʪʨ ʢʨʫʛʦʚʦʛʦ 

ʜʠʭʨʦʠʟʤʘ) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʜʝʨʞʘʥʠʠ 

ʚʪʦʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʙʝʣʢʘʭ. ʅʘ ʨʠʩʫʥʢʝ 2.14. ʧʨʝʜʩʪʘʚʣʝʥʳ ʂɼ ʩʧʝʢʪʨʳ 
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ʙʝʣʢʦʚ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʪʠʧʘʤʠ ʚʪʦʨʠʯʥʳʭ ʩʪʫʢʪʫʨ (ʩ ʦʩʥʦʚʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ŭ- 

ʩʧʠʨʘʣʝʡ, ʩ ʦʩʥʦʚʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ɓ-ʩʪʨʫʢʪʫʨʳ, ʠ ʙʝʣʦʢ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʧʨʦʣʠʥ-ʙʦʛʘʪʳʡ ʙʝʣʦʢ). 

 

 

ʈʠʩ. 2.14. ʉʧʝʢʪʨʳ ʂɼ ʤʠʦʛʣʦʙʠʥʘ, ʙʝʣʢʘ, ʩ ʦʩʥʦʚʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ŭ- ʩʧʠʨʘʣʝʡ (ʢʨʠʚʘʷ 1), 

ʜʚʘ ʙʝʣʢʘ ʩ ʦʩʥʦʚʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ɓ-ʩʪʨʫʢʪʫʨʳ, ʢʦʥʢʘʥʘʚʘʣʠʥ A (ʢʨʠʚʘʷ 2), ʠ ɓ-

ʣʘʢʪʦʛʣʦʙʫʣʠʥ (ʢʨʠʚʘʷ 3), ʠ ʧʨʦʣʠʥ-ʙʦʛʘʪʳʡ ʙʝʣʦʢ, ʢʦʣʣʘʛʝʥ (ʢʨʠʚʘʷ 4). 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ɓ-ʧʦʚʦʨʦʪʦʚ, 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʠ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʭ ɓ-ʩʪʨʫʢʪʫʨ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 5%.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʀʂ ʩʧʝʢʪʨʳ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʠʟʤʝʥʝʥʠʶ ʚ ʩʦʜʝʨʞʘʥʠʠ ɓ-ʩʪʨʫʢʪʫʨʳ, ʚ ʩʧʝʢʪʨʝ ʂɼ ɓ-ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʵʢʩʪʠʥʢʮʠʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Ŭ-

ʩʧʠʨʘʣʷʤʠ. 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʝʪʦʜʦʤ ʂɼ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʫʜʘʝʪʩʷ 

ʩʣʝʜʠʪʴ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ ʚ ʙʝʣʢʘʭ (ʘʛʨʝʛʘʮʠʝʡ). 

ʄʥʦʛʠʝ ʙʝʣʢʠ ʧʨʠ ʘʛʨʝʛʘʮʠʠ ʦʙʨʘʟʫʝʪ ʘʥʪʠ-ʧʘʨʘʣʣʝʣʴʥʳʝ ɓ-ʩʣʦʠ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʥʘʛʣʷʜʥʦ ʥʘʙʣʶʜʘʪʴ ʧʦ ʜʨʘʤʘʪʠʯʝʩʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʠʢʘ ʥʘ 217-218 ʥʤ ʚ ʩʧʝʢʪʨʝ ʂɼ. ʅʘʧʨʠʤʝʨ, Ŭ-ʭʠʤʦʪʨʠʧʩʠʥ ʧʨʠ ʘʛʨʝʛʘʮʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʨʘʤʘʪʠʯʝʩʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʘ ʥʘ 218 ʥʤ ʚ 

ʩʧʝʢʪʨʝ ʂɼ (ʨʠʩ. 2.15). 

1 

2 

3 

4 
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ʈʠʩ. 2.15. ʉʣʝʞʝʥʠʝ ʟʘ ʘʛʨʝʛʘʮʠʝʡ ʙʝʣʢʦʚ ʤʝʪʦʜʦʤ ʂɼ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʭ ɓ-ʩʪʨʫʢʪʫʨ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 218 ʥʤ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʍʊ ʚ ʩʤʝʩʠ ʚʦʜʘ-ʵʪʘʥʦʣ. 1 ï ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ. ʂʨʠʚʳʝ 1-2 ʦʪʨʘʞʘʶʪ ï ʜʝʥʘʪʫʨʘʮʠʶ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʩʠʩʪʝʤʫ, ʩʦʜʝʨʞʘʱʫʶ 30 ʦʙ. % ʵʪʘʥʦʣʘ. ʂʨʠʚʳʝ 3-6 ï 

ʘʛʨʝʛʘʮʠʷ ʬʝʨʤʝʥʪʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʘʥʦʣʘ 40-60 ʦʙ. % (ʂʫʜʨʷʰʦʚʘ ɽ.ɺ. 1994 [48]). 

 

 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʂɼ ʚ ʙʣʠʞʥʝʤ ʋʌ, ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʣʝʜʷʪ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ ʚ 

ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ. ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʩʧʝʢʪʨ ʟʜʝʩʴ ʚʥʦʩʷʪ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʦʩʪʘʪʢʠ: ʪʨʠʧʪʦʬʘʥ,  ʪʠʨʦʟʠʥ ʠ ʬʝʥʠʣʘʣʘʥʠʥ. ʇʨʠ ʠʟʤʝʥʠʥʠʠ ʠʭ 

ʵʢʩʧʦʥʠʨʦʚʘʥʥʦʩʪʠ ʠ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪ 

ʠʟʤʝʥʝʥʠʷ ʚ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʘ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʂɼ-

ʩʧʝʢʪʨʦʚ ʚ ʙʣʠʞʥʝʡ ʋʌ ʦʙʣʘʩʪʠ (ʨʠʩ. 2.15). ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ Ŭ-

ʭʠʤʦʪʨʠʧʩʠʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʣʠʮʝʨʘʣʴʜʝʛʠʜʦʤ ʚ ʩʠʩʪʝʤʝ ʚʦʜʘ-ʵʪʘʥʦʣ 

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʘʥʦʣʘ 30% ʠ ʚʳʰʝ ʥʘʙʣʶʜʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʚ ʂɼ ʩʧʝʢʪʨʝ ʬʝʨʤʝʥʪʘ, ʩʦʧʨʦʚʦʜʞʘʶʱʠʝʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦʙ ʠʟʤʝʥʝʥʠʠʠ ʚ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʘ.  
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ʈʠʩ. 2.16. ʉʧʝʢʪʨʳ ʂɼ ʙʝʣʢʘ (ʭʠʤʦʪʨʠʧʩʠʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʣʠʮʝʨʘʣʴʜʝʛʠʜʦʤ) ʚ 

ʩʤʝʩʠ ʚʦʜʘ-ʵʪʘʥʦʣ ʚ ʙʣʠʞʥʝʡ ʋʌ ʦʙʣʘʩʪʠ. ʊʨʝʪʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ: ʢʨʠʚʳʝ 1-2 (0 ʠ 20 ʦʙ. % 

ʵʪʘʥʦʣʘ) ï ʩʦʭʨʘʥʝʥʠʝ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ; ʢʨʠʚʳʝ 2-5 (30-60 ʦʙ. % ʵʪʘʥʦʣʘ) ï 

ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʙʝʣʢʝ (ʂʫʜʨʷʰʦʚʘ ɽ.ɺ. 1994 [48]). 

 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ʂɼ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠʤʝʥʠʤ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʚ ʠʟʤʝʥʝʥʠʠ ʪʨʝʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʝʪʦʜ ʂɼ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠʤʝʥʠʤ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʘʥʘʣʠʟʘ 

ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜ ʂɼ 

ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ 

ʫʣʴʪʨʘʤʘʣʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ, ʥʘʧʨʠʤʝʨ, ʥʘ ʧʦʣʠʩʪʠʨʝʥʦʚʳʭ ʯʘʩʪʠʮʘʭ ʨʘʜʠʫʩʦʤ 

ʜʦ 20-30 ʥʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʘʷ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ. ɼʘʥʥʳʝ ʦ ʧʨʠʤʝʥʝʥʠʠ ʂɼ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʙʝʣʢʦʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮʘʭ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʷʭ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʢʨʘʡʥʝ ʤʘʣʦʯʠʩʣʝʥʥʳ, ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʢ ʙʝʣʢʘʤ, 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ ʥʘ ʪʚʝʨʜʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʥʘʧʨʠʤʝʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ; ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʪʚʝʨʜʳʡ ʥʦʩʠʪʝʣʴ-ʚʦʟʜʫʭ; ʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʧʠʜ-ʚʦʜʘ. ɺ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ 

ʠʟʤʝʨʝʥʠʝ ʩʧʝʢʪʨʦʚ ʂɼ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʫʪʝʤ ʧʝʨʝʥʝʩʝʥʠʷ ʙʝʣʢʦʚʦʡ ʧʣʝʥʢʠ 

(ʥʘʧʨʠʤʝʨ, ʤʦʥʦʩʣʦʷ ʙʝʣʢʘ) ʦʙʨʘʟʦʚʘʥʥʦʡ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʥʘ 

ʢʚʘʨʮʝʚʫʶ ʧʦʜʣʦʞʢʫ. ʆʜʥʘʢʦ, ʜʘʥʥʳʝ ʦ ʩʚʦʡʩʪʚʘʭ ʩʠʩʪʝʤʳ ʠ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ ʚ 
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ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʧʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʙʳʣʠ ʢʦʩʚʝʥʥʳʤʠ ʠ ʠʤʝʣʠ 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʜʝʣʘ ʬʘʟ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʂɼ ʚ ʨʝʞʠʤʝ ʚʥʝʰʥʝʛʦ ʦʪʨʘʞʝʥʠʷ. 

 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʠʷ (ERCD) 

ɼʘʥʥʳʝ ʦ ʧʨʠʤʝʥʝʥʠʠ ʂɼ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʙʝʣʢʦʚ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʨʘʡʥʝ ʤʘʣʦʯʠʩʣʝʥʥʳ ʠ 

ʦʪʥʦʩʷʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʢ ʙʝʣʢʘʤ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ ʥʘ ʪʚʝʨʜʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, 

ʥʘʧʨʠʤʝʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ 

[49-50]; ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʪʚʝʨʜʳʡ ʥʦʩʠʪʝʣʴ-ʚʦʟʜʫʭ [51-52]; ʠʣʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʧʠʜ-ʚʦʜʘ [53]. ɺ ʪʘʢʠʭ ʨʘʙʦʪʘʭ ʠʟʤʝʨʝʥʠʝ ʩʧʝʢʪʨʦʚ ʂɼ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʫʪʝʤ ʧʝʨʝʥʝʩʝʥʠʷ ʙʝʣʢʦʚʦʡ ʧʣʝʥʢʠ (ʥʘʧʨʠʤʝʨ, ʤʦʥʦʩʣʦʷ 

ʙʝʣʢʘ) ʦʙʨʘʟʦʚʘʥʥʦʡ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʫʩʣʦʚʠʷʭ (ʥʘʧʨʠʤʝʨ, ʚ ʃʝʥʛʤʶʨʦʚʩʢʦʡ 

ʚʘʥʥʝ) ʥʘ ʢʚʘʨʮʝʚʫʶ ʧʦʜʣʦʞʢʫ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʦ ʩʚʦʡʩʪʚʘʭ ʩʠʩʪʝʤʳ ʠ 

ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʠ ʧʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʙʳʣʠ 

ʢʦʩʚʝʥʥʳʤʠ ʠ ʠʤʝʣʠ ʦʛʨʘʥʠʯʝʥʥʫʶ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʥʝ ʧʦʟʚʦʣʷʣʠ 

ʩʣʝʜʠʪʴ ʟʘ ʩʚʦʡʩʪʚʘʤʠ ʩʠʩʪʝʤʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʘʜʩʦʨʙʮʠʠ.  

ɺ 2002 ʛʦʜʫ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [54] ʚʧʝʨʚʳʝ ʧʨʝʜʧʨʠʥʷʣʠ ʧʦʧʳʪʢʫ ʧʨʦʚʝʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʂɼ ʙʝʣʢʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʚʦʟʜʫʭ ʚ 

ʃʝʥʛʤʶʨʦʚʩʢʦʡ ʚʘʥʥʝ. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ 

ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.17. 
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ʈʠʩ. 2.17. ʂɼ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚ ʨʝʞʠʤʝ ʚʥʝʰʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ER-CD). ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʷ ʂɼ ʩʧʝʢʪʨʦʚ ʙʝʣʢʦʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʚʦʟʜʫʭ (ʠʟ 

ʨʘʙʦʪʳ de Jongh [54]).   

 

ʇʨʠʤʝʨʳ ʂɼ ʩʧʝʢʪʨʦʚ ʤʦʜʝʣʴʥʦʛʦ ʙʝʣʢʘ, b-ʣʘʢʪʦʛʣʦʙʫʣʠʥʘ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʚʦʟʜʫʭ ʠʟʤʝʨʝʥʥʳʭ ʚ ʃʝʥʛʤʶʨʦʚʩʢʦʡ 

ʚʘʥʥʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʧʝʢʪʨʦʤ ʂɼ ʚ ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʘ  ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.18. 

ɼʣʷ ɓ-ʣʘʢʪʦʣʛʦʙʫʣʠʥʘ, ʤʝʪʦʜʦʤ ʂɼ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʠʷ 

(ERCD) ʙʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʝʣʢʦʤ ʚ ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʘ ʧʨʠ 

ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ-ʚʦʟʜʫʭ ʥʘʙʣʶʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʚʦ 

ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʘ ʠʤʝʥʥʦ, ʩʦʜʝʨʞʘʥʠʝ ɓ-ʩʪʨʫʢʪʫʨʳ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 10-15 

%.  

 

ʈʠʩ. 2.18. ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʂɼ ʙʝʣʢʘ ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʠʷ ʠʟʤʝʨʝʥʥʳʡ ʚ ʣʝʥʛʤ.ʨʦʚʩʢʦʡ 

ʚʘʥʥʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʢʘʢ (ʂɼ ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ ï ʂɼ ʩʧʝʢʪʨ ʚʦʜʳ), (ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ 20 

ʤʛ/ʤʣ) ʠ ʩʧʝʢʪʨʘ ʂɼ ʚ ʨʝʞʠʤʝ ʧʨʦʧʫʩʢʘʥʠʷ b-ʣʘʢʪʦʛʣʦʙʫʣʠʥʘ ʚ 10ʤʄ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ 
(pH 6.8). ʂɼ ʩʧʝʢʪʨʳ b-ʣʘʢʪʦʛʣʦʙʫʣʠʥʘ ʚ ʨʝʞʠʤʝ ʧʨʦʧʫʩʢʘʥʠʷ ʠʟʤʝʨʷʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʪʦʡ ʞʝ ʩʘʤʦʡ ʫʩʪʘʥʦʚʢʠ, ʥʦ ʚ ʢʚʘʨʮʝʚʦʡ ʢʶʚʝʪʝ [54]. 

 

ɺ ʮʝʣʦʤ, ʚ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʤʝʪʦʜ ʂɼ 

ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ 
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ʢʦʥʬʦʨʤʘʮʠʠ ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʘ ʚʦʟʜʫʭ. ʆʜʥʘʢʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʜʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʰʠʨʦʢʦ ʧʨʠʤʝʥʠʤ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʦʡʩʪʚ ʙʝʣʢʦʚ ʠ ʜʨʫʛʠʭ ʙʠʦʧʦʣʠʤʝʨʦʚ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ.  

 

ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʤʝʪʦʜʳ  ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ, ʢʘʢ ʚ ʨʘʩʪʚʦʨʘʭ, ʪʘʢ ʠ ʚ 

ʤʠʢʨʦʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʤʝʪʦʜʳ 

(ʨʠʩ. 2.19).  

 

 

 

 

 

 

 

 

 

 

 

ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ 

ʇʦʣʷʨʠʟʘʮʠʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

(ʘʥʠʟʦʪʨʦʧʠʷ) 

ʊʫʰʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʉʪʘʮʠʦʥʘʨʥʘʷ ɼʠʥʘʤʠʯʝʩʢʦʝ ʀʥʪʝʛʨʘʣʴʥʘʷ 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʈʘʟʨʝʰʝʥʥʦ-

ʚʨʝʤʝʥʥʘʷ 

ʉʪʘʪʠʯʝʩʢʦʝ 

ʈʘʟʨʝʰʝʥʥʦ-

ʚʨʝʤʝʥʥʘʷ 

ʌʣʫʢʪʫʘʮʠʦʥʥʘʷ 

ʌʌʉ 
 

ʈʠʩ. 2.19. ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ 
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ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʵʪʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ. ʐʠʨʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʜʦʙʨʘʪʴ ʤʝʪʦʜ ʠʣʠ ʢʦʤʙʠʥʘʮʠʶ ʤʝʪʦʜʦʚ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ 

ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ. 

 

ʄʝʪʦʜ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʩʣʝʜʠʪʴ ʟʘ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʤʠʢʨʦʦʢʨʫʞʝʥʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʬʣʫʦʨʦʬʦʨʦʚ ʙʝʣʢʘ ʠʣʠ 

ʚʚʝʜʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʝʪʢʠ. ɹʝʣʢʠ ʩʦʜʝʨʞʘʪ ʪʨʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʦʩʪʘʪʢʘ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʩʦʙʩʪʚʝʥʥʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʙʝʣʢʘ 

(ʪʠʨʦʟʠʥ, ʬʝʥʠʣʘʣʘʥʠʥ ʠ ʪʨʠʧʪʦʬʘʥ). ʉʦʙʩʪʚʝʥʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʙʝʣʢʦʚ ʦʙʫʩʣʦʚʣʝʥʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʪʨʠʧʪʦʬʘʥʦʚʳʤʠ 

ʦʩʪʘʪʢʘʤʠ. ɼʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʦʩʪʘʪʢʦʚ ʪʨʠʧʪʦʬʘʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ 295-300 ʥʤ, ʧʨʠ ʵʪʠʭ ʜʣʠʥʘʭ ʚʦʣʥ ʧʦʛʣʦʱʝʥʠʝ ʪʠʨʦʟʠʥʘ ʠ 

ʬʝʥʠʣʘʣʘʥʠʥʘ ʤʠʥʠʤʘʣʴʥʦ. ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʨʠʧʪʦʬʘʥʘ ʢʨʘʡʥʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʠʟʤʝʥʝʥʠʶ ʝʛʦ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ, ʠ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʷʨʥʦʩʪʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʵʪʠʤ, ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ, ʜʝʥʘʪʫʨʘʮʠʷ, ʘʛʨʝʛʘʮʠʷ ʠ 

ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʶʪ ʥʘ ʩʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʙʝʣʢʦʚ.  

 

ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ 

ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʬʣʫʦʨʝʩʮʠʨʫʶʱʝʛʦ ʦʙʨʘʟʮʘ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ ʩʚʝʪʦʤ ʝʛʦ 

ʠʩʧʫʩʢʘʥʠʝ ʪʦʞʝ ʧʦʣʷʨʠʟʦʚʘʥʦ. ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʷʚʣʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʪʝʧʝʥʠ ʧʦʣʷʨʠʟʘʮʠʠ ʦʙʨʘʟʮʘ ʠ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ ʨʘʟʥʠʮʘ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʧʝʨʝʩʯʝʪʝ 

ʥʘ ʦʙʱʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ:  

 

r = (IƐ-Iƍ)/(IƐ+2Iƍ); ʠʣʠ 
IVV - G Ivh 

Ivv + 2G Ivh 
 r = 



49 

 

ʛʜʝ r ï ʘʥʠʟʦʪʨʦʧʠʷ, IVV ʠ IVH - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʤʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʬʣʫʦʨʝʩʮʝʥʮʠʠ,  G= IHV /IHH, 

(IƐ+2Iƍ) ï ʦʙʱʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ.  

 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʠʯʠʥ ʜʝʧʦʣʷʨʠʟʘʮʠʠ (ʫʤʝʥʴʰʝʥʠʷ 

ʘʥʠʟʦʪʨʦʧʠʠ), ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʦʡ ʷʚʣʷʝʪʩʷ ʚʨʘʱʘʪʝʣʴʥʘʷ ʜʠʬʬʫʟʠʷ 

ʬʣʫʦʨʦʬʦʨʦʚ. ɺʝʣʠʯʠʥʫ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʘʪʝʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʬʣʫʦʨʦʬʦʨʘ ʚʦ ʚʨʝʤʷ ʞʠʟʥʠ ʝʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʷʟʢʦʩʪʴʶ, ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʨʘʩʪʚʦʨʘ ʠ ʦʙʲʝʤʦʤ ʚʨʘʱʘʶʱʝʡʩʷ ʦʙʣʘʩʪʠ.  ɺʟʘʠʤʦʩʚʷʟʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ 

ʠ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʘʪʝʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʬʣʫʦʨʦʬʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

ʇʝʨʨeʥʘ:  

 

r/ro = 1 + t/f, 

 

ʛʜʝ f - ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ ʚʨʝʤʷ ʚʨʘʱʝʥʠʝ, ʦʪʨʘʞʘʶʱʝʝ ʩʢʦʨʦʩʪʴ ʚʨʘʱʘʪʝʣʴʥʦʡ 

ʜʠʬʬʫʟʠʠ ʬʣʫʦʨʦʬʦʨʘ, t - ʬʣʫʦʨʝʩʮʝʥʪʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ, r - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ, ro - ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ (ʠʣʠ 

ʧʨʝʜʝʣʴʥʘʷ) ʘʥʠʟʦʪʨʦʧʠʷ [55]. ɼʘʥʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ 

ʜʦʧʫʱʝʥʠʠ, ʯʪʦ ʜʝʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʚʨʘʱʝʥʠʷ ʬʣʫʦʨʦʬʦʨʘ ʩʠʤʤʝʪʨʠʯʥʳ ʠʣʠ 

ʠʟʦʪʨʦʧʥʳ. ʆʜʥʘʢʦ ʯʘʩʪʦ ʤʦʣʝʢʫʣʳ ʥʝ ʩʠʤʤʝʪʨʠʯʥʳ, ʠ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ 

ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʩʠ. ʊʘʢ 

ʥʘʧʨʠʤʝʨ, ʜʠʩʢʦʦʙʨʘʟʥʘʷ ʤʦʣʝʢʫʣʘ ʧʝʨʠʣʝʥʘ ʤʦʞʝʪ ʚʨʘʱʘʪʴʩʷ ʣʠʙʦ ʚʦʢʨʫʛ ʦʩʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʝʝ ʧʣʦʩʢʦʩʪʠ (ʙʝʟ ʩʠʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʤʦʣʝʢʫʣʳ 

ʨʘʩʪʚʦʨʠʪʝʣʷ), ʣʠʙʦ ʪʘʢ, ʯʪʦ ʧʣʦʩʢʦʩʪʴ ʤʦʣʝʢʫʣʳ ʩʤʝʩʪʠʪʩʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʙʫʜʝʪ ʚʳʰʝ. 

ʃʶʙʝr ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʘʟʤʝʨ, ʬʦʨʤʫ ʠ ʛʠʙʢʦʩʪʴ 

ʤʦʣʝʢʫʣʳ ʬʣʫʦʨʦʬʦʨʘ (ʨʅ, ʊ, h, ʜʝʥʘʪʫʨʘʮʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʛʝʥʪʦʚ 

ʠ ʜʨ.) ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʜʝʧʦʣʷʨʠʟʘʮʠʶ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʇʦ ʵʪʦʡ 
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ʧʨʠʯʠʥʝ ʤʝʪʦʜ ʧʦʣʷʨʠʟʘʮʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʠʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ) ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʀʟʤʝʨʝʥʠʝ ʘʥʠʟʦʪʨʦʧʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʜʝʥʘʪʫʨʘʮʠʠ ʠ ʨʝʘʢʮʠʡ ʘʩʩʦʮʠʘʮʠʠ ʙʝʣʢʦʚ ʩ ʣʠʛʘʥʜʘʤʠ 

[56], ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ: ʩʚʷʟʳʚʘʥʠʝ 

ʘʥʪʠʛʝʥʘ ʩ ʘʥʪʠʪʝʣʦʤ, ʘʩʩʦʮʠʘʮʠʷ ʙʝʣʢʦʚ [55]. ʇʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʨʘʟʤʝʨ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʦʜʚʠʞʥʦʩʪʴ 

ʩʝʛʤʝʥʪʦʚ ʤʘʢʨʦʤʦʣʝʢʫʣʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʙʣʶʜʘʝʤʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ.  

 

ʇʨʠʤʝʥʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʙʝʣʢʦʚ. 

ʄʝʪʦʜʳ ʨʘʟʨʝʰʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ (TRFA) ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (FCS) - ʜʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʭ 

ʤʠʢʨʦʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʶʱʠʝ ʠʩʩʣʝʜʦʚʘʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʤʦʣʝʢʫʣʷʨʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʙʝʣʢʘʭ. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ ʚ ʨʘʩʪʚʦʨʘʭ.  

 

ʄʝʪʦʜ ʨʘʟʨʝʰʝʥʥʦ-ʚʨʝʤʝʥʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ (TRFA) 

ʎʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʦʚ ʠ ʙʝʣʦʢ-ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ TRFA. ɹʣʘʛʦʜʘʨʷ 

ʜʦʩʪʠʛʥʫʪʦʤʫ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʫʨʦʚʥʶ ʨʘʟʚʠʪʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʳ ʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ ʵʪʦʪ ʤʝʪʦʜ ʩʪʘʣ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʣʢʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʆʥ ʧʦʟʚʦʣʷʝʪ 

ʩʣʝʜʠʪʴ ʟʘ ʚʨʘʱʘʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʦʡ, ʢʘʢ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ, ʪʘʢ ʠ ʢʘʞʜʦʛʦ ʠʟ 

ʬʨʘʛʤʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʝʟʘʚʠʩʠʤʳʤ ʚʨʘʱʝʥʠʝʤ, ʠ ʚ ʠʪʦʛʝ, ʧʦʣʫʯʘʪʴ 

ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ 

ʘʥʩʘʤʙʣʝʡ [55].  
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ɺ TRFA ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ ʢʘʢ ʬʫʥʢʮʠʷ ʦʪ ʚʨʝʤʝʥʠ: 

 

r(t) = (Iớ (t)-I (̂t))/(I(t)+2I(t)), 

 

ʛʜʝ Iớ (t) ʠ I(̂t) - ʥʘʙʣʶʜʘʝʤʳʝ ʧʘʨʘʣʣʝʣʴʥʘʷ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ʢʦʤʧʦʥʝʥʪʳ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʣʫʯʘ. 

ɸʥʠʟʦʪʨʦʧʠʷ ʩʬʝʨʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʚʨʘʱʝʥʠʝ ʢʦʪʦʨʳʭ ʩʠʤʤʝʪʨʠʯʥʦ 

(ʠʟʦʪʨʦʧʥʦ), ʟʘʪʫʭʘʝʪ ʩʦʛʣʘʩʥʦ ʤʦʥʦʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ çʟʘʪʫʭʘʥʠʝè ʘʥʠʟʦʪʨʦʧʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʤʫʣʴʪʠʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ:  

 

r(t) = Sbjexp(-t/fj),  

ʛʜʝ fj - ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʚʨʝʤʝʥʘ ʚʨʘʱʝʥʠʷ, ʦʪʨʘʞʘʶʱʠʝ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʬʣʫʦʨʦʬʦʨʘ, ʘ bj - ʚʢʣʘʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʟʘʪʫʭʘʥʠʝ ʘʥʠʟʦʪʨʦʧʠʠ.  

 

ʊʘʢ ʢʘʢ ʘʥʠʟʦʪʨʦʧʠʷ r(t) ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʥʘʙʣʶʜʘʝʤʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʵʤʠʩʩʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ IƐ(t) ʠ I(̂t), ʥʘʜʝʞʥʳʝ ʟʥʘʯʝʥʠʷ 

ʘʥʠʟʦʪʨʦʧʠʠ r(t) ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʚʨʝʤʝʥ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʩʧʫʩʢʘʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʦʙʳʯʥʦ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʢʠ ʚʳʙʠʨʘʶʪ ʬʣʫʦʨʦʬʦʨʳ ʩʦ ʚʨʝʤʝʥʝʤ ʟʘʪʫʭʘʥʠʷ, 

ʩʨʘʚʥʠʤʳʤ ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʚʨʝʤʝʥʝʤ ʚʨʘʱʝʥʠʷ. ɽʩʣʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ t ʤʥʦʛʦ ʤʝʥʴʰʝ f, ʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʟʘʪʫʭʘʝʪ ʨʘʥʴʰʝ, ʯʝʤ ʧʨʦʠʟʦʡʜʝʪ ʟʘʤʝʪʥʘʷ ʧʦʪʝʨʷ ʘʥʠʟʦʪʨʦʧʠʠ.  

ɺ ʙʝʣʢʘʭ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʠʯʠʥ ʧʦʪʝʨʠ ʘʥʠʟʦʪʨʦʧʠʠ (ʠʣʠ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ): ʙʳʩʪʨʦʝ ʜʚʠʞʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʝʪʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʩʪʘ 

ʝʝ ʧʨʠʢʨʝʧʣʝʥʠʷ, ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʜʚʠʞʝʥʠʝ ʩʝʛʤʝʥʪʦʚ ʙʝʣʢʘ, 

ʤʝʜʣʝʥʥʦʝ ʚʨʘʱʝʥʠʝ ʚʩʝʡ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ, ʦʯʝʥʴ ʤʝʜʣʝʥʥʦʝ ʚʨʘʱʝʥʠʝ 
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ʙʝʣʢʦʚʳʭ ʘʛʨʝʛʘʪʦʚ (ʨʠʩ. 2.20), ʘ ʪʘʢʞʝ, ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʭʨʦʤʦʬʦʨʘʤʠ 

[57].  

 

ʈʠʩ. 2.20. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʚʨʝʤʝʥ ʞʠʟʥʠ ʦʩʪʘʪʢʦʚ 

ʪʨʠʧʪʦʬʘʥʦʚ ʚ ʙʝʣʢʝ (ʘ) ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʚʨʝʤʝʥ ʚʨʘʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʚʠʞʝʥʠʶ 

ʥʝʟʘʚʠʩʠʤʦ ʚʨʘʱʘʶʱʠʭʩʷ ʬʨʘʛʤʝʥʪʦʚ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ (ʙ), ʥʘ ʢʨʠʚʳʭ ʦʙʱʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʘ) ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ (ʙ), ʨʘʟʨʝʰʝʥʥʳʭ ʚ 

ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʰʢʘʣʝ (ʠʟ ʨʘʙʦʪʳ E. ʂʫʜʨʷʰʦʚʦʡ [58]). 

 

 

ɼʣʷ ʤʥʦʛʠʭ ʙʝʣʢʦʚ ʧʨʝʦʙʣʘʜʘʝʪ ʦʜʠʥ ʚʠʜ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʩʚʷʟʘʥʥʳʡ ʩ 

ʚʨʘʝɦʥʠʝʤ ʚʩʝʡ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ [57, 59-61]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʪʝʨʷ ʘʥʠʟʦʪʨʦʧʠʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʤʦʥʦʵʢʩʧʦʥʠʥʮʠʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ: 

r(t) = b*exp(-t/f ). 

 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʛʣʦʙʫʣʷʨʥʳʭ ʙʝʣʢʦʚ ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ ʚʨʝʤʷ ʚʨʘʱʝʥʠʷ 

(fʙʝʣʢʘ) ʩʚʷʟʘʥʦ ʩ ʦʙʱʠʤ ʦʙʲʝʤʦʤ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ (V) (ʠʣʠ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʦʡ ʙʝʣʢʘ ʄ) ʩʦʦʪʥʦʰʝʥʠʝʤ ʉʪʦʢʩʘ-ʕʡʥʰʪʝʡʥʘ:  

 

fʙʝʣʢʘ = hV/RT = hM(v+h) /RT, 
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ʛʜʝ v - ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʙʝʣʢʘ; h - ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʠʪʝʣʷ; h - ʚʝʣʠʯʠʥʘ 

ʛʠʜʨʘʪʘʮʠʠ, R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, T ï ʘʙʩʦʣʶʪʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ.  

ʅʘʧʨʠʤʝʨ, ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ ʯʝʣʦʚʝʢʘ (MM 69ʢɼʘ), ʩʦʜʝʨʞʘʱʠʡ 

ʦʜʠʥ ʪʨʠʧʪʦʬʘʥʦʚʳʡ ʦʩʪʘʪʦʢ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʜʥʠʤ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ 

ʚʨʝʤʝʥʝʤ ʚʨʘʱʝʥʠʷ ű1 (26,0 ʥʩ). ʊʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʠʟ 

ʫʨʘʚʥʝʥʠʷ ʉʪʦʢʩʘ-ʕʡʥʰʪʝʡʥʘ ʜʣʷ ʙʝʣʢʘ ʩ ʪʘʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 

ʩʦʩʪʘʚʣʷʝʪ 26,5 ʥʩ ʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʤ 

ʚʨʝʤʝʥʝʤ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʪʨʠʧʪʦʬʘʥʦʚʳʡ ʦʩʪʘʪʦʢ ʘʣʴʙʫʤʠʥʘ 

ʚʨʘʱʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʙʝʣʢʦʤ ʠ ʥʝ ʠʤʝʝʪ ʚʥʫʪʨʝʥʥʝʡ ʧʦʜʚʠʞʥʦʩʪʠ [61]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʚʨʝʤʝʥʠ 

ʚʨʘʱʝʥʠʷ ʤʦʛʫʪ ʥʝʤʥʦʛʦ ʧʨʝʚʳʰʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘ 

ʩʯʝʪ ʛʠʜʨʘʪʘʮʠʠ ʙʝʣʢʘ. ʆʙʳʯʥʦ ʛʠʜʨʘʪʥʳʡ ʩʣʦʡ ʩʦʩʪʘʚʣʷʝʪ 0,2 ʛ ʚʦʜʳ ʥʘ 1 ʛ 

ʙʝʣʢʘ. ʅʘʧʨʠʤʝʨ, ʍʊ, ʤʝʯʝʥʥʳʡ ʧʦ ʘʢʪʠʚʥʦʤʫ ʮʝʥʪʨʫ ʘʥʪʨʘʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʜʥʠʤ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʚʨʝʤʝʥʝʤ ʚʨʘʱʝʥʠʷ (12 ʥʩ), ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʘʱʝʥʠʶ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʡ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ ʩ ʤʘʩʩʦʡ 25 ʢɼʘ 

[59-60]. ʆʪʩʫʪʩʪʚʠʝ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʚʨʝʤʝʥ ʚʨʘʱʝʥʠʷ, 

ʦʪʨʘʞʘʶʱʠʭ ʩʝʛʤʝʥʪʘʨʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʙʝʣʢʘ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʘʥʪʨʘʥʠʣʴʥʘʷ ʤʝʪʢʘ ʥʝ ʠʤʝʝʪ ʚʨʘʱʘʪʝʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ, ʥʝʟʘʚʠʩʠʤʦʡ ʦʪ 

ʜʚʠʞʝʥʠʷ ʚʩʝʡ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ [62].  

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʘʙʣʶʜʘʝʤʳʝ ʟʥʘʯʝʥʠʷ f ʚ 1,3-2 ʨʘʟʘ ʧʨʝʚʳʰʘʶʪ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʝ. ɼʘʥʥʳʡ ʬʘʢʪ ʯʘʱʝ ʚʩʝʛʦ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ 

ʤʥʦʛʠʝ ʙʝʣʢʠ ʠʤʝʶʪ ʥʝʩʬʝʨʠʯʝʩʢʫʶ (ʵʣʣʠʧʩʦʠʜʥʫʶ) ʬʦʨʤʫ ʠ ʚʨʘʱʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʜʣʠʥʥʦʡ ʦʩʠ ʦʧʨʝʜʝʣʷʝʪ ʦʙʱʫʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ. ʅʘʧʨʠʤʝʨ, ʦʚʘʣʴʙʫʤʠʥ ʢʫʨʠʥʦʛʦ ʷʡʮʘ ʠʤʝʝʪ ʵʣʣʠʧʩʦʠʜʥʫʶ 

ʬʦʨʤʫ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʜʥʠʤ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʚʨʝʤʝʥʝʤ ʚʨʘʱʝʥʠʷ - 24 ʥʩ 

(ʊʘʙʣʠʮʘ 2.1). ʊʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ f ʜʣʷ ʙʝʣʢʘ ʩ ʄʄ 45 ʢɼʘ 

ʩʦʩʪʘʚʣʷʝʪ 20 ʥʩ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ 

ʩʥʠʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʢʨʠʚʳʝ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʣʷ 
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ʦʚʘʣʴʙʫʤʠʥʘ ʨʘʟʨʝʰʝʥʥʳʝ ʚ ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ  2.20. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʢʨʠʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.2.  

 

 

ʈʠʩ. 2.21. ʂʨʠʚʳʝ ʩʥʠʞʝʥʠʷ ʦʙʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (A) ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ (ɹ), ʨʘʟʨʝʰʝʥʥʳʝ ʚ ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʰʢʘʣʝ ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʚʘʣʴʙʫʤʠʥʘ ʠʟ 

ʢʫʨʠʥʦʛʦ ʷʡʮʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ (ʠʟ ʨʘʙʦʪʳ E. ʂʫʜʨʷʰʦʚʦʡ [58]). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ 

ʩʥʠʞʝʥʠʷ ʦʙʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ɸ) ʠ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʝʨʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʯʝʨʥʦʤ. ʋʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ 0.05 ʤʛ/ʤʣ; 10 ʤM ʥʘʪʨʠʡ-ʬʦʩʬʘʪʥʳʡ 

ʙʫʬʝʨ, ʨʅ 7.0, 22
ʦ
ʉ.  

 

 

ʊʘʙʣʠʮʘ 2.2. ʇʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʟ ʘʥʘʣʠʟʘ ʢʨʠʚʳʭ ʩʥʠʞʝʥʠʷ ʦʙʱʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (A) ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ (ɹ) 

ʦʚʘʣʴʙʫʤʠʥʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ: ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ (Űi) ʠ ʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʚʢʣʘʜʳ (Ŭi), ʘ ʪʘʢʞʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ ʚʨʝʤʷ ʚʨʘʱʝʥʠʷ ʙʝʣʢʘ (f1) 

ʠ ʝʛʦ ʚʢʣʘʜ ʚ ʜʝʧʦʣʷʨʠʟʘʮʠʶ (b1) . ɼʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

300 ʥʤ, ʜʣʠʥʘ ʚʦʣʥʳ ʜʝʪʝʢʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ - 343 ʥʤ. 

 

 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʙʝʣʢʦʚ ʥʝʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʥʘʙʣʶʜʘʶʪʩʷ 

ʨʘʟʣʠʯʠʷ ʚ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʚʨʝʤʝʥʘʭ ʚʨʘʱʝʥʠʷ ʙʝʣʢʘ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ 

ʜʣʠʥʘʭ ʚʦʣʥ ʚʦʟʙʫʞʜʝʥʠʷ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ 

ʦʪʢʣʦʥʝʥʠʷ ʟʥʘʯʝʥʠʷ f ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ. ʅʘʧʨʠʤʝʨ, ɸɼɻ ʠʟ ʧʝʯʝʥʠ ʣʦʰʘʜʠ ï 

ʜʠʤʝʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʠʜʝʥʪʠʯʥʳʭ ʩʫʙʲʝʜʠʥʠʮ (ʄʄ 40 ʢɼʘ ʢʘʞʜʘʷ) ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʵʣʣʠʧʩʦʠʜʥʦʡ ʬʦʨʤʦʡ ʩ ʜʣʠʥʘʤʠ ʧʦʣʫʦʩʝʡ 6 ʠ 11 ʥʤ, 

ɹ 
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ʠʤʝʝʪ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʚʨʝʤʝʥʘ ʚʨʘʱʝʥʠʷ ʧʨʠ ʜʣʠʥʘʭ ʚʦʣʥ ʚʦʟʙʫʞʜʝʥʠʷ 300 ʠ 

295 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 36 ʠ 33 ʥʩ [61]. ʄʥʦʛʠʝ ʙʝʣʢʠ ʧʨʦʷʚʣʷʶʪ ʜʚʘ ʪʠʧʘ 

ʨʝʦʨʠʝʥʪʘʮʠʠ ʬʣʫʦʨʦʬʦʨʦʚ: ʙʳʩʪʨʦʝ ʚʨʘʱʝʥʠʝ ʩʝʛʤʝʥʪʘ ʙʝʣʢʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʬʣʫʦʨʦʬʦʨ, ʠ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʝ ʚʨʘʱʝʥʠʝ ʚʩʝʡ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʦʪʝʨʷ ʘʥʠʟʦʪʨʦʧʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

  

r(t) = (b1exp(-t/fʚʥʫʪʨ+ b1)*exp(-t/fʙʝʣʢʘ))   

 

ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʚʨʘʱʝʥʠʷ: fʚʥʫʪʨ ʠ fʙʝʣʢʘ.  

ʅʘʧʨʠʤʝʨ, ʛʣʫʪʘʪʠʦʥʨʝʜʫʢʪʘʟʘ ʠʟ ʵʨʠʪʨʦʮʠʪʦʚ ʢʨʦʚʠ ï ʬʣʘʚʦʧʨʦʪʝʠʥ ʩ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 100 ʢɼʘ - ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ 

ʚʨʝʤʝʥʘʤʠ ʚʨʘʱʝʥʠʷ: 3.6 ʥʩ ʠ 38 ʥʩ. ɼʦʣʛʦʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ ʚʨʝʤʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʘʱʝʥʠʶ ʬʣʫʦʨʦʬʦʨʘ (ʌɸɼ) ʚʤʝʩʪʝ ʩʦ ʚʩʝʡ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʡ 

ʤʦʣʝʢʫʣʦʡ ʙʝʣʢʘ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ 

ʙʝʣʢʘ ʩ ʪʘʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ. ʂʦʨʦʪʢʦʝ ʚʨʝʤʷ ʚʨʘʱʝʥʠʷ ʦʪʨʘʞʘʝʪ 

ʧʦʜʚʠʞʥʦʩʪʴ ʩʝʛʤʝʥʪʘ ʙʝʣʢʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʌɸɼ [55]. 

ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʚ ʢʦʤʧʣʝʢʩ ʠʣʠ ʘʛʨʝʛʘʮʠʠ ʙʝʣʢʘ, ʩʧʘʜ ʘʥʠʟʦʪʨʦʧʠʠ 

ʧʨʠʥʠʤʘʝʪ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʚʠʜ: ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʜʝʧʦʣʷʨʠʟʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʨʘʱʝʥʠʝʤ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʠ/ʠʣʠ ʝʛʦ ʦʪʜʝʣʴʥʳʭ 

ʩʝʛʤʝʥʪʦʚ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʚʨʝʤʝʥ ʚʨʘʱʝʥʠʷ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟʤʝʥʷʝʪʩʷ ʜʠʥʘʤʠʢʘ ʩʘʤʦʛʦ ʙʝʣʢʘ: 

ʧʦʜʚʠʞʥʦʩʪʴ ʝʛʦ ʩʝʛʤʝʥʪʦʚ ʠ/ʠʣʠ ʚʩʝʡ ʤʦʣʝʢʫʣʳ. 

ʄʝʪʦʜ TRFA ʧʨʠʤʝʥʠʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʢ ʛʦʤʦʛʝʥʥʳʭ, ʪʘʢ ʠ 

ʤʠʢʨʦʛʝʪʝʨʦʛʝʥʥʳʭ ʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʣʦʢ-ʩʦʜʝʨʞʘʱʠʭ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʤʝʪʦʜʦʤ TRFA, 

ʠʣʣʶʩʪʨʠʨʫʶʱʠʭ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ, ʘ ʪʘʢʞʝ, 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ ʦʥ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ.  
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ ʩ ʤʠʮʝʣʣʘʤʠ [61]  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ TRFA ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʦʥ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʡ 

ʨʝʦʨʠʝʥʪʘʮʠʠ ʙʝʣʢʦʚ ʧʨʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʦʜʝʣʴʥʳʤʠ ʤʝʤʙʨʘʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʄʝʪʦʜʦʤ TRFA ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʙʝʣʢʘ ʠʟ ʙʘʢʪʝʨʠʦʬʘʛʘ ʄ13 ʩ ʤʠʮʝʣʣʘʤʠ SDS. 

ɿʘ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʩʣʝʜʠʣʠ ʧʦ ʪʨʠʧʪʦʬʘʥʦʚʦʤʫ ʦʩʪʘʪʢʫ ʙʝʣʢʘ.  

 

ɺ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʘ ʩ ʤʠʮʝʣʣʘʤʠ ʩʧʘʜ ʘʥʠʟʦʪʨʦʧʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʜʚʫʤʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʚʨʘʱʝʥʠʷ. ʂʦʨʦʪʢʦʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ 

ʚʨʝʤʷ f1 (0,5 ʥʩ) ʦʪʨʘʞʘʝʪ ʙʳʩʪʨʳʡ ʜʝʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʚʥʫʪʨʠ ʙʝʣʢʘ, 

ʜʦʣʛʦʝ - f2 (9,8 ʥʩ) - ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʘʱʝʥʠʶ ʚʩʝʡ ʤʠʮʝʣʣʳ, ʩʦʜʝʨʞʘʱʝʡ ʙʝʣʦʢ 

(fʙʝʣʦʢ+ʤʠʮʝʣʣʘ). ʕʪʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ ʚʨʝʤʷ ʩʚʷʟʘʥʦ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʦʙʲʝʤʦʤ 

ʙʝʣʦʢ-ʩʦʜʝʨʞʘʱʝʡ ʤʠʮʝʣʣʳ ʫʨʘʚʥʝʥʠʝʤ ʉʪʦʢʩʘ-ʕʡʥʰʪʝʡʥʘ:  

Vʦʙʱʠʡ = RTfʙʝʣʦʢ+ʤʠʮʝʣʣʘ/h , 

 

ʛʜʝ V - ʜʠʥʘʤʠʯʝʩʢʠʡ ʦʙʲʝʤ ʚʨʘʱʘʶʱʝʡʩʷ ʯʘʩʪʠʮʳ, h - ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʠʪʝʣʷ.   

ʀʩʭʦʜʷ ʠʟ ʚʝʣʠʯʠʥʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ (V), ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʯʠʩʣʦ 

ʤʦʣʝʢʫʣ ʇɸɺ (n) ʚ ʢʘʞʜʦʡ ʙʝʣʦʢ-ʩʦʜʝʨʞʘʱʝʡ ʤʠʮʝʣʣʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʨʘʚʥʝʥʠʝʤ:  

Vʦʙʱʠʡ = 2Mprot(vprot+h)+nMSDS(vSDS+h), 

ʛʜʝ v ï ʧʘʨʮʠʘʣʴʥʳʝ ʩʬʝʨʠʯʝʩʢʠʝ ʦʙʲʝʤʳ (vprot=0.74 ʩʤ
3
/ʛ, vSDS0.87 ʩʤ

3
/ʛ), h- 

ʚʝʣʠʯʠʥʘ ʛʠʜʨʘʪʘʮʠʠ.  

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʮʝʣʣʫ, ʩʦʜʝʨʞʘʱʫʶ ʜʚʝ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ, 

ʦʙʨʘʟʫʶʪ 57 ʤʦʣʝʢʫʣ SDS.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʦʨʤʝ ʚʨʘʱʘʶʱʝʡʩʷ ʯʘʩʪʠʮʳ ʠʟʫʯʘʶʪ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʱʝʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʚʨʝʤʝʥʠ ʚʨʘʱʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ fʙʝʣʦʢ+ʤʠʮʝʣʣʘ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠʯʝʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʠʡ ʦʙʲʝʤ ʢʦʤʧʣʝʢʩʘ 
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(Vʦʙʱʠʡ = RTfʙʝʣʦʢ+ʤʠʮʝʣʣʘ/h) ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʙʝʣʦʢ-ʩʦʜʝʨʞʘʱʠʝ ʤʠʮʝʣʣʳ ʚʨʘʱʘʶʪʩʷ ʚ ʚʠʜʝ ʢʦʤʧʘʢʪʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ 

[63]. 

 

ɹʝʣʢʠ, ʚʢʣʶʯʝʥʥʳʝ ʚ ʩʠʩʪʝʤʳ ʦʙʨʘʱʝʥʥʳʭ ʤʠʮʝʣʣ ʇɸɺ  

ʄʝʪʦʜ TRFA ʦʢʘʟʘʣʩʷ ʵʬʬʝʢʪʠʚʝʥ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ, 

ʚʢʣʶʯʝʥʥʳʭ ʚ ʩʠʩʪʝʤʫ ʦʙʨʘʱʝʥʥʳʭ ʤʠʮʝʣʣ ʇɸɺ [57, 59, 61]. ɹʣʘʛʦʜʘʨʷ 

ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ TRFA ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʜʘʞʝ ʧʨʠ ʢʨʘʡʥʝ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʤʠʮʝʣʣ ʙʝʣʢʦʤ (ʤʥʦʛʦ 

ʤʝʥʴʰʝ 1%). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʩʪʨʫʢʪʫʨʫ ʯʘʩʪʠʮ ʚ ʫʩʣʦʚʠʷʭ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ. ʅʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ 

TRFA ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʚʢʣʶʯʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʦʙʨʘʱʝʥʥʳʭ ʤʠʮʝʣʣ ʇɸɺ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʍʊ [59]. ɺ 

ʢʘʯʝʩʪʚʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʝʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʥʪʨʘʥʠʣʴʥʫʶ ʛʨʫʧʧʫ, ʢʦʪʦʨʘʷ 

ʙʳʣʘ ʚʚʝʜʝʥʘ ʚ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʬʝʨʤʝʥʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʘʮʠʣʠʨʦʚʘʥʠʷ 

ʍʊ ʘʥʪʨʘʥʠʣ-ʧʘʨʘ-ʥʠʪʨʦʘʥʠʣʠʜʦʤ. ɸʥʪʨʘʥʠʣʴʥʘʷ ʛʨʫʧʧʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʠʤ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʚʨʘʱʘʪʝʣʴʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʢʘʢ ʩʚʦʙʦʜʥʦʛʦ ʙʝʣʢʘ, ʪʘʢ ʠ ʙʝʣʦʢ- 

ʩʦʜʝʨʞʘʱʠʭ ʦʙʨʘʱʝʥʥʳʭ ʤʠʮʝʣʣ ʇɸɺ. ɹʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʩʚʦʙʦʜʥʳʡ 

ʭʠʤʦʪʨʠʧʩʠʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʚʨʝʤʝʥʝʤ 

ʚʨʘʱʝʥʠʷ (12 ʥʩ), ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʘʱʝʥʠʶ ʚʩʝʡ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ. 

ɺʢʣʶʯʝʥʠʝ ʬʝʨʤʝʥʪʘ ʚ ʩʠʩʪʝʤʫ ʦʙʨʘʱʝʥʥʳʭ ʤʠʮʝʣʣ ʇɸɺ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʢʦʨʦʪʢʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʚʨʝʤʝʥʠ ʚʨʘʱʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʠʞʝʥʠʶ ʤʝʪʢʠ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 

ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʍʊ, ʚʢʣʶʯʝʥʥʦʛʦ ʚ ʩʠʩʪʝʤʫ ʦʙʨʘʱʝʥʥʳʭ ʤʠʮʝʣʣ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʡ ʞʝʩʪʢʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʚʦʙʦʜʥʳʤ ʙʝʣʢʦʤ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʚʨʘʱʝʥʠʷ (f2) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʘʱʝʥʠʶ 

ʙʝʣʦʢ-ʩʦʜʝʨʞʘʱʝʡ ʤʠʮʝʣʣʳ. ʇʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʩʪʝʧʝʥʠ ʛʠʜʨʘʪʘʮʠʠ ʤʠʮʝʣʣ, w0 

= [H2O]/[AOT] ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʜʦ 25 ʜʦʣʛʦʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ ʚʨʝʤʷ ʚʨʘʱʝʥʠʷ 

ʥʝ ʠʟʤʝʥʷʣʦʩʴ ʠ ʙʳʣʦ ʨʘʚʥʦ 45 ʥʩ. ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
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ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʦʙʲʝʤʫ ʙʝʣʦʢ-ʩʦʜʝʨʞʘʱʝʡ ʤʠʮʝʣʣʳ, ʨʘʚʥʦʤʫ 3,6*10
2
 ʥʤ

3
 (ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ Vʦʙʱ = Vʙʝʣʢʘ+Vʦʙʦʣʦʯʢʠ = fʜʦʣʛʦʝRT/h). ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʚ ʪʘʢʠʭ ʤʠʮʝʣʣʘʭ ʤʦʣʝʢʫʣʘ ʙʝʣʢʘ ʦʢʨʫʞʝʥʘ 350 ʤʦʣʝʢʫʣʘʤʠ ʇɸɺ. ʈʘʟʤʝʨ 

ʙʝʣʦʢ-ʩʦʜʝʨʞʘʱʠʭ ʤʠʮʝʣʣ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ 

ʛʠʜʨʘʪʘʮʠʠ ʚ ʦʪʣʠʯʠʝ ʦʪ çʧʫʩʪʳʭè ʤʠʮʝʣʣ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʤʦʥʦʪʦʥʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʨʘʟʤʝʨʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʛʠʜʨʘʪʘʮʠʠ [61]. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʍʊ ʠʤʝʝʪ ʦʧʪʠʤʫʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʠ ʩʪʝʧʝʥʠ ʛʠʜʨʘʪʘʮʠʠ 10, ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʬʝʨʤʝʥʪ ʩʦʟʜʘʝʪ çʩʚʦʶ 

ʤʠʮʝʣʣʫè, ʢʦʪʦʨʘʷ ʥʘʠʙʦʣʴʰʠʤ ʦʙʨʘʟʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʛʦ ʨʘʟʤʝʨʫ [59].  

 

ʌʝʨʤʝʥʪʳ ʚ ʩʨʝʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ TRFA ʧʦʟʚʦʣʠʣʦ ʠʟʫʯʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʳ ʬʝʨʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʠ ʜʚʫʭ ʪʠʧʦʚ (ʛʝʪʝʨʦʛʝʥʥʳʭ ʠ ʛʦʤʦʛʝʥʥʳʭ): ʬʝʨʤʝʥʪʳ, 

ʩʫʩʧʝʥʟʠʨʦʚʘʥʥʳʝ ʚ ʥʝʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʨʘʩʪʚʦʨʝʥʥʳʝ ʚ 

ʚʦʜʥʦ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʤʝʩʷʭ. ʅʘ ʧʨʠʤʝʨʝ ʍʊ ʠ ʩʫʙʪʠʣʠʟʠʥʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚ ʩʣʫʯʘʝ ʩʫʩʧʝʥʟʠʡ ʬʝʨʤʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʘʛʨʝʛʘʪʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʜʚʠʞʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ʙʝʣʢʘ, ʥʦ ʩʦʭʨʘʥʷʝʪʩʷ 

ʧʦʜʚʠʞʥʦʩʪʴ ʙʝʣʢʦʚʳʭ ʩʝʛʤʝʥʪʦʚ. ʇʨʠʯʝʤ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʤʝʥʥʦ 

ʧʦʜʚʠʞʥʦʩʪʴ ʩʝʛʤʝʥʪʦʚ ʙʝʣʢʘ ʦʧʨʝʜʝʣʷʝʪ ʫʨʦʚʝʥʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʚ ʩʫʩʧʝʥʟʠʷʭ [64]. ɺ ʩʣʫʯʘʝ ʬʝʨʤʝʥʪʦʚ, 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʚʦʜʥʦ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʤʝʩʷʭ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʤʦʥʦʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʪʚʦʨʠʤʳʭ ʙʝʣʢʦʚʳʭ ʘʩʩʦʮʠʘʪʦʚ - ʪʨʠʤʝʨʦʚ ʠ ʪʝʪʨʘʤʝʨʦʚ 

[60]. 

 

ɹʝʣʦʢ-ʩʦʜʝʨʞʘʱʠʝ ʢʘʧʣʠ ʙʝʟʜʝʪʝʨʛʝʥʪʥʳʭ ʤʠʢʨʦʵʤʫʣʴʩʠʡ 

ʄʝʪʦʜ TRFA ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʦʢ-ʩʦʜʝʨʞʘʱʠʭ ʢʘʧʝʣʴ 

ʙʝʟʜʝʪʝʨʛʝʥʪʥʳʭ ʤʠʢʨʦʵʤʫʣʴʩʠʡ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ ʛʝʢʩʘʥ-

ʠʟʦʧʨʦʧʘʥʦʣ-ʚʦʜʘ. ʊʘʢʠʝ ʤʠʢʨʦʛʝʪʝʨʦʛʝʥʥʳʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ [65]. 
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ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʩʦʩʪʦʠʪ ʚ ʣʝʛʢʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ 

ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʝʥʝʨʘʮʠʠ ʬʝʨʤʝʥʪʘ. ʄʝʪʦʜʦʤ TRFA ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ 

ʨʘʟʤʝʨ ʪʨʠʧʩʠʥ-ʩʦʜʝʨʞʘʱʠʭ ʢʘʧʝʣʴ ʙʝʟʜʝʪʝʨʛʝʥʪʥʳʭ ʤʠʢʨʦʵʤʫʣʴʩʠʡ, ʢʦʪʦʨʳʡ 

ʩʦʩʪʘʚʣʷʝʪ 27-37 ¡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʦʣʝʢʫʣʘ ʬʝʨʤʝʥʪʘ ʦʢʨʫʞʝʥʘ ʚ ʤʠʢʨʦʵʤʫʣʴʩʠʷʭ ʚʦʜʥʳʤ ʩʣʦʝʤ ʪʦʣʱʠʥʦʡ 7-10 

¡, ʢʦʪʦʨʳʡ ʵʢʨʘʥʠʨʫʝʪ ʬʝʨʤʝʥʪ ʦʪ ʢʦʥʪʘʢʪʘ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ, 

ʯʪʦ, ʦʯʝʚʠʜʥʦ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ 

ʙʝʣʢʘ ʚ ʩʠʩʪʝʤʘʭ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ [66]. 

 

ʌʝʨʤʝʥʪʳ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʩʫʙʩʪʨʘʪʘʤʠ ʠ ʵʬʬʝʢʪʦʨʘʤʠ 

ɸɼɻ ʠʟ ʧʝʯʝʥʠ ʣʦʰʘʜʠ - ʅɸɼ-ʟʘʚʠʩʠʤʳʡ ʬʝʨʤʝʥʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ 

ʠʜʝʥʪʠʯʥʳʭ ʩʫʙʲʝʜʠʥʠʮ (ʩ ʦʙʱʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 80 ʢɼɸ). ɸɼɻ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʜʥʠʤ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʚʨʝʤʝʥʝʤ ʚʨʘʱʝʥʠʷ (36,2 ʥʩ), 

ʦʪʨʘʞʘʶʱʠʤ ʚʨʘʱʝʥʠʝ ʚʩʝʡ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʪʨʦʡʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʙʝʣʦʢ-ʅɸɼʅ-ʩʫʙʩʪʨʘʪʦʧʦʜʦʙʥʳʡ ʠʥʛʠʙʠʪʦʨ (ʠʟʦʙʫʪʠʨʘʤʠʜ), ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʘʱʘʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʝ ʙʝʣʢʘ. 

ʇʦʷʚʣʷʝʪʩʷ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʚʨʘʱʝʥʠʷ ű1 (2,6 ʥʩ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʜʚʠʞʝʥʠʶ 

ʩʝʛʤʝʥʪʦʚ ʙʝʣʢʘ, ʘ ʚʨʝʤʷ ʚʨʘʱʝʥʠʷ ʚʩʝʛʦ ʪʨʦʡʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ű2 ʩʦʩʪʘʚʣʷʝʪ 33 

ʥʩ, ʪ.ʝ. ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 10% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʙʦʜʥʳʤ ʬʝʨʤʝʥʪʦʤ. ʕʪʠ 

ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ɸɼɻ ʧʨʦʠʩʭʦʜʠʪ 

çʩʞʘʪʠʝè ʙʝʣʢʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʩʚʦʙʦʜʥʳʤ ʬʝʨʤʝʥʪʦʤ ʠ ʬʝʨʤʝʥʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʜʝʡʩʪʚʠʷ [67]. 

 

ɼʠʩʩʦʮʠʘʮʠʷ ʬʣʘʚʠʥʦʚʳʭ ʢʦʬʘʢʪʦʨʦʚ 

ɺʨʘʱʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʬʣʫʦʨʦʬʦʨʦʚ ʙʝʣʢʘ, ʘ ʪʘʢʞʝ ʠʩʢʫʩʩʪʚʝʥʥʦ ʚʚʝʜʝʥʥʳʭ 

ʤʝʪʦʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʫʙʥʘʥʦʩʝʢʫʥʜʥʳʤ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʚʨʝʤʝʥʝʤ 

ʚʨʘʱʝʥʠʷ (0,1-1 ʥʩ), ʯʪʦ ʦʙʳʯʥʦ ʦʪʨʘʞʘʝʪ ʙʳʩʪʨʦʝ ʚʨʘʱʝʥʠʝ ʥʝʙʦʣʴʰʦʛʦ 

ʩʝʛʤʝʥʪʘ ʙʝʣʢʘ, ʥʝʩʫʱʝʛʦ ʤʝʪʢʫ, ʠʣʠ ʚʨʘʱʝʥʠʝ ʬʣʫʦʨʦʬʦʨʘ ʚʦʢʨʫʛ ʤʝʩʪʘ 
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ʧʨʠʢʨʝʧʣʝʥʠʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʢʦʨʦʪʢʦʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ ʚʨʝʤʷ ʚʨʘʱʝʥʠʷ (50-100 

ʧʩ) ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ ʪʘʢʞʝ ʜʚʠʞʝʥʠʝ ʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 

ʤʦʣʝʢʫʣ, ʥʘʧʨʠʤʝʨ ʌɸɼ ʠ ʌʄʅ. ʄʝʪʦʜʦʤ TRFA ʤʦʞʥʦ ʩʣʝʜʠʪʴ ʟʘ 

ʜʠʩʩʦʮʠʘʮʠʝʡ ʵʪʠʭ ʤʦʣʝʢʫʣ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʞʝʣʪʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʙʝʣʢʘ (YFP), 

ʩʦʜʝʨʞʘʱʝʛʦ ʌʄʅ, ʥʘ ʝʛʦ ʚʨʘʱʘʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ. ʇʨʠ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ YFP ʤʘʞʦʨʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʘʥʠʟʦʪʨʦʧʠʡʥʦʛʦ ʦʪʚʝʪʘ ʷʚʣʷʝʪʩʷ 

ʜʦʣʛʦʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ ʚʨʝʤʷ ʚʨʘʱʝʥʠʷ űʦʙʱʝʝ (14,8 ʥʩ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʚʨʘʱʝʥʠʶ ʢʦʤʧʣʝʢʩʘ YFP-ʌʄʅ. ʄʠʥʦʨʥʳʡ ʢʦʤʧʦʥʝʥʪ (0,15 ʥʩ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʨʘʱʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʌʄʅ (űʌʄʅ). ʇʨʠ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʚ 

ʨʘʩʪʚʦʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʘʷ ʜʠʩʩʦʮʠʘʮʠʷ ʌʄʅ ʠ ʚʢʣʘʜ ʙʳʩʪʨʦʛʦ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʚʨʝʤʝʥʠ (űʌʄʅ) ʚ ʘʥʠʟʦʪʨʦʧʠʶ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

[55].  

ʀʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦʜʦʤ ʊʈʌɸ 

ʜʠʥʘʤʠʢʠ ʌɸɼ-ʩʦʜʝʨʞʘʱʝʛʦ ʙʝʣʢʘ Tyr-159 ʤʫʪʘʥʪʥʦʡ ʬʦʨʤʳ ʅɸɼʅ 

ʧʝʨʦʢʩʠʜʘʟʳ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 293 ʜʦ 313
 
ʂ ʘʥʠʟʦʪʨʦʧʠʡʥʳʡ 

ʦʪʚʝʪ ʵʪʦʛʦ ʬʝʨʤʝʥʪʘ (ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 576 ʥʤ) ʠʤʝʝʪ 

ʥʝʦʙʳʯʥʳʡ ʭʘʨʘʢʪʝʨ: ʨʝʟʢʠʡ ʩʧʘʜ ʚʦ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʜʦ 1 ʥʩ, ʟʘ ʢʦʪʦʨʳʤ 

ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʘʥʠʟʦʪʨʦʧʠʠ. ʊʘʢʦʡ ʚʠʜ ʘʥʠʟʦʪʨʦʧʠʠ ʦʙʫʩʣʦʚʣʝʥ 

ʜʠʩʩʦʮʠʘʮʠʝʡ ʌɸɼ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʈʝʟʢʠʡ ʩʧʘʜ ʘʥʠʟʦʪʨʦʧʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʩʚʦʙʦʜʥʦʛʦ ʌɸɼ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʢʦʪʦʨʦʛʦ ʥʘʤʥʦʛʦ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʌɸɼ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʙʝʣʢʦʤ. ʇʨʠ ʙʦʣʝʝ 

ʜʦʣʛʠʭ ʚʨʝʤʝʥʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝ ʚʢʣʘʜʘ ʩʚʷʟʘʥʥʦʛʦ ʩ ʙʝʣʢʦʤ ʌɸɼ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʦʩʪ ʘʥʠʟʦʪʨʦʧʠʠ (ʨʠʩ. 2.22) [56, 68].  
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ʈʠʩ. 2.22. ʈʘʟʨʝʰʝʥʥʘʷ ʚʦ ʚʨʝʤʝʥʠ ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʌɸɼ-ʩʦʜʝʨʞʘʱʝʛʦ Tyr-

159ɸ ʤʫʪʘʥʪʥʦʡ ʬʦʨʤʳ ʅɸɼʅ-ʧʝʨʦʢʩʠʜʘʟʳ, ʨʝʛʠʩʪʨʠʨʫʝʤʘʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 567 ʥʤ. 

ɹʳʩʪʨʳʡ ʩʧʘʜ ʘʥʠʟʦʪʨʦʧʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʳʩʪʨʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʭ 

ʤʦʣʝʢʫʣ ʌɸɼ. ʈʦʩʪ ʘʥʠʟʦʪʨʦʧʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʘʱʘʪʝʣʴʥʦʤʫ ʜʚʠʞʝʥʠʶ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ, 

ʩʦʜʝʨʞʘʱʝʡ ʌɸɼ. ʋʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʊ 313ʂ [56]. 

 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʦʤʝʥʦʚ ʚ ʤʦʣʝʢʫʣʝ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʘ ɽ (IgE)   

ʄʝʪʦʜʦʤ ʊRFA ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ IgE ʩ ʤʝʤʙʨʘʥʥʳʤ 

ʨʝʮʝʧʪʦʨʦʤ [63]. ʂʘʢ ʠʟʚʝʩʪʥʦ, IgE ʠʤʝʶʪ Y ï ʦʙʨʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ. ɼʚʝ 

ʚʝʨʭʥʠʭ ʚʝʪʚʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʥʪʠʛʝʥ-ʩʚʷʟʳʚʘʶʱʠʡ ʬʨʘʛʤʝʥʪ (Fab). ɺ 

ʦʩʥʦʚʘʥʠʠ ʚʠʣʢʠ ʨʘʩʧʦʣʦʞʝʥ Fʩ ʬʨʘʛʤʝʥʪ, ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʦʡ. ʌʣʫʦʨʝʩʮʝʥʪʥʫʶ ʤʝʪʢʫ ʚʚʦʜʠʣʠ ʧʫʪʝʤ ʩʚʷʟʳʚʘʥʠʷ 

ʜʘʥʩʠʣ-ʣʠʟʠʥʘ ʩ ʘʥʪʠʛʝʥ ʩʚʷʟʳʚʘʶʱʠʤ ʬʨʘʛʤʝʥʪʦʤ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʘ, Fab. 

ɹʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʥʝ ʩʚʷʟʘʥʥʳʡ ʩ ʤʝʤʙʨʘʥʦʡ ʜʘʥʩʠʣ-ʣʠʟʠʥ-IgE 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʚʨʘʱʝʥʠʷ: 48 ʠ 125 ʥʩ. 

ɼʦʣʛʦʝ ʚʨʝʤʷ ʚʨʘʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʘʱʝʥʠʶ ʢʦʤʧʣʝʢʩʘ ʜʘʥʩʠʣ-ʣʠʟʠʥ-IgE. 

ʂʦʨʦʪʢʦʝ ʚʨʝʤʷ ʚʨʘʱʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʝʟʘʚʠʩʠʤʦʝ ʚʨʘʱʝʥʠʝ Fab  ʬʨʘʛʤʝʥʪʘ. 

ʇʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʤʝʤʙʨʘʥʥʳʤ ʨʝʮʝʧʪʦʨʦʤ ʘʥʠʟʦʪʨʦʧʠʡʥʳʡ ʦʪʚʝʪ ʤʝʥʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ. ɼʦʣʛʦʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ ʚʨʝʤʷ ʚʨʘʱʝʥʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 438 ʥʩ ʠ ʦʪʨʘʞʘʝʪ ʜʚʠʞʝʥʠʝ ʩʚʷʟʘʥʥʦʛʦ ʩ ʤʝʤʙʨʘʥʦʡ ʜʘʥʩʠʣ-

ʣʠʟʠʥ-IgE. ʂʦʨʦʪʢʦʝ ʚʨʝʤʷ ʚʨʘʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʜʚʠʞʝʥʠʶ Fab 

ʬʨʘʛʤʝʥʪʘ ʙʝʣʢʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʤʝʤʙʨʘʥʥʳʤ 
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ʨʝʮʝʧʪʦʨʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ IgE ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʨʝʮʝʧʪʦʨʦʤ ʯʝʨʝʟ Fʩ ʬʨʘʛʤʝʥʪ ʠ ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝ ʚʣʠʷʝʪ ʥʘ ʥʝʟʘʚʠʩʠʤʦʝ 

ʚʨʘʱʝʥʠʝ Fab ʬʨʘʛʤʝʥʪʘ ʙʝʣʢʘ (ʨʠʩ. 2.23). 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2.23. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʊRFA ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ IgE ʩ ʤʝʤʙʨʘʥʥʳʤ ʨʝʮʝʧʪʦʨʦʤ. 

ʉʨʘʚʥʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʚʨʝʤʝʥ ʚʨʘʱʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦ ʚʨʘʱʘʶʱʠʭʩʷ ʬʨʘʛʤʝʥʪʦʚ ʚ 

ʤʦʣʝʢʫʣʝ IgE ʚ ʩʣʫʯʘʝ ʩʚʦʙʦʜʥʦʛʦ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʘ ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʤʝʤʙʨʘʥʦʡ 

ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʘ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʧʦʣʠʤʝʨʘʭ 

ɺ ʨʘʙʦʪʝ [70] ʤʝʪʦʜ TRFA ʙʳʣ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʧʦʣʠʤʝʨʘʭ. ɼʣʷ 

ʧʦʣʠʤʝʪʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ (ʇʄɸ) ʠ ʧʦʣʠ-ʠʟʦʧʨʦʧʠʣʘʢʨʠʣʘʤʠʜʘ (ʇʀɸʄ) 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʳʟʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʝʤ ʫʩʣʦʚʠʡ (ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʅ 

ʨʘʩʪʚʦʨʘ) ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʜʨʘʤʘʪʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʜʠʥʘʤʠʢʠ ʧʦʣʠʤʝʨʦʚ, ʦʪ ʚʳʩʦʢʦʧʦʜʚʠʞʥʦʛʦ ʜʦ 

çʛʠʧʝʨʢʦʣʠʨʦʚʘʥʥʦʛʦè ʩʦʩʪʦʷʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ.  

ʊʘʢ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 28-31
o
ʉ ʥʠʞʝ ʇʀɸʄ ʥʘʭʦʜʠʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʜʚʠʞʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʚʨʝʤʝʥʝʤ ʚʨʘʱʝʥʠʷ 3.6-3.7 ʥʩ. ʇʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 45
0
ʉ ʩʝʛʤʝʥʪʘʣʴʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʚʨʝʤʝʥʝʤ ʚʨʘʱʝʥʠʷ 160 ʥʩ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʥʠʞʝʥʠʝ 

ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʧʦʣʠʤʝʨʝ ʙʦʣʝʝ ʯʝʤ ʚ 40 ʨʘʟ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʤʝʪʦʜ TRFA ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʝʥ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ɺɿɸʀʄʆɼɽʁʉʊɺʀɽIgE ʉʄɽʄɹʈɸʅʆʁ

Y
ʉɺʆɹʆɼʅʓʁIgE:

ÁɺʨʘʱʝʥʠʝAg-ʩʚʷʟʳʚʘʶʱʝʛʦ

ʬʨʘʛʤʝʥʪʘ(48 ʥʩ)

ÁɺʨʘʱʝʥʠʝʚʩʝʡʤʦʣʝʢʫʣʳIgE (125 ʥʩ)

IgE ʉɺʗɿɸʅʅʓʁʉʄɽʄɹʈɸʅʆʁ:

ÁɺʨʘʱʝʥʠʝAg-ʩʚʷʟʳʚʘʶʱʝʛʦ

ʬʨʘʛʤʝʥʪʘ(48 ʥʩ)

ÁɺʨʘʱʝʥʠʝʚʩʝʡʤʦʣʝʢʫʣʳIgE (438ʥʩ)
Y

ʤʝʤʙʨʘʥʘ
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʧʦʣʠʤʝʨʘʭ. ʕʪʦʪ ʬʘʢʪ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʦʢ-ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʙʝʣʦʢ-ʇʕ ʢʦʤʧʣʝʢʩʦʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʦʙʨʘʟʦʤ. ʂʦʥʬʦʨʤʘʮʠʷ ʙʝʣʢʘ ʪʘʢʞʝ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ. ʄʝʪʦʜ TRFA ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʦʡ ʢʘʞʜʦʛʦ ʠʟ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʣʝʢʩʘ ʠ ʟʘ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʦʡ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ.  

 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʬʝʨʤʝʥʪ-ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʊʈʌɸ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʜʝʪʘʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʘʭ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʚʣʠʷʥʠʷ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʇʕ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʝʨʤʝʥʪʦʚ [60]. ʊʘʢ, 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʭʠʤʦʪʨʠʧʩʠʥʘ (ʍʊ) ʩ 

ʧʦʣʠʤʝʪʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ (ʇʄɸ) ʤʝʪʦʜʦʤ TRFA ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʍʊ ʩ ʇʄɸ (ʄʄ 300ʢɼʘ) ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʘʢʪʥʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ. ʇʨʠʯʝʤ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʠ ʝʛʦ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ. 

ʊʘʢ, ʚ ʠʟʙʳʪʢʝ ʇʕ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʭʠʤʦʪʨʠʧʩʠʥʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʶ ʤʦʣʝʢʫʣʳ ʇʄɸ ʚʦʢʨʫʛ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ (ʨʠʩ. 2.24). 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʚʨʘʱʘʶʱʝʛʦʩʷ ʬʨʘʛʤʝʥʪʘ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʣʷʝʪ 150 

ʢɼʘ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʘʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ 

ʚʦʚʣʝʯʝʥʘ ʪʦʣʴʢʦ ʯʘʩʪʴ ʤʦʣʝʢʫʣʳ ʇʄɸ (ʧʨʠʤʝʨʥʦ 50%). ʆʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ 

ʤʦʣʝʢʫʣʳ ʇʄɸ ʥʝ ʩʚʷʟʘʥʘ ʩ ʬʝʨʤʝʥʪʦʚ ʠ ʧʨʦʷʚʣʷʝʪ ʩʚʦʙʦʜʥʦʝ ʚʨʘʱʝʥʠʝ. 

ʌʝʨʤʝʥʪ ʩʦʭʨʘʥʷʝʪ ʪʘʢʞʝ ʥʝʟʘʚʠʩʠʤʫʶ ʚʨʘʱʘʪʝʣʴʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʩʦʩʪʘʚʝ 

ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʘʷ ʦʛʨʘʥʠʯʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʝʨʤʝʥʪʦʤ, ʥʝ ʚʢʣʶʯʝʥʥʳʤ ʚ 

ʢʦʤʧʣʝʢʩ (ʚʝʣʠʯʠʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʚʨʝʤʝʥʠ ʚʨʘʱʝʥʠʷ, ű ʙʝʣʢʘ, ʨʘʚʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 16 ʠ 12 ʥʩ).  
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ʈʠʩ. 2.24. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʍʊ-ʇʄɸ ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ʍʊ/ʇʄɸ=1/1. ʋʢʘʟʘʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʚʨʝʤʝʥʘ ʚʨʘʱʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦ 

ʚʨʘʱʘʶʱʠʭʩʷ ʬʨʘʛʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʘ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ TRFA (ʠʟ ʨʘʙʦʪʳ Kudryashova et 

al. 2001 [60]). 

 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʬʝʨʤʝʥʪ-ʇʕ ʚ ʩʠʩʪʝʤʝ (ʍʊ/ʇʄɸ=4/1) 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʜʦʤʝʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʠʜʝʥʪʠʯʥʳʭ ʩʝʛʤʝʥʪʦʚ ʩ ʥʝʟʘʚʠʩʠʤʳʤ ʚʨʘʱʝʥʠʝʤ, ʚ 

ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʙʝʣʦʢ ʦʢʨʫʞʝʥ ʫʯʘʩʪʢʦʤ ʇʕ. ʂʦʨʨʝʣʷʮʠʦʥʥʦʝ ʚʨʝʤʷ 

ʚʨʘʱʝʥʠʷ ʩʝʛʤʝʥʪʦʚ űsegm =59 ʥʩ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʄʄ =100 ʢɼʘ. 

ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 

ʍʊ/ʇʄɸ=4/1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.25. 

 

ʈʠʩ. 2.25. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʍʊ-ʇʄɸ ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ʍʊ/ʇʄɸ=4/1 (ʠʟ ʨʘʙʦʪʳ Kudryashova et al., 2001 [60]). 

 


