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ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʩʚʦʡʩʪʚʘʤʠ  ʧʦʣʫʯʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʦʪʚʝʯʘʶʱʠʤʠ ʟʘ ʝʝ ʢʘʯʝʩʪʚʦ. ɽʩʣʠ ʠʟʚʝʩʪʥʳ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʦʚʝʜʝʥʠʝ 

ʦʙʲʝʢʪʘ, ʪʦ ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʥʝʪ ʜʘʥʥʳʭ ʦ 

ʚʝʣʠʯʠʥʝ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ [3]. ʇʨʠʥʷʪʘʷ  

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʦʜʝʣʴ ʤʦʞʝʪ ʪʦʣʴʢʦ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʪʨʘʞʘʪʴ ʦʙʲʝʢʪ, ʠʟ-ʟʘ ʯʝʛʦ 

ʚʦʟʥʠʢʘʝʪ ʦʰʠʙʢʘ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʩ ʧʦʤʦʱʴʶ 

ʪʘʢʦʡ ʤʦʜʝʣʠ. ʄʦʜʝʣʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʘʥʦʚʷʪʩʷ 

ʦʯʝʥʴ ʛʨʦʤʦʟʜʢʠʤʠ ʠ ʠʭ ʧʨʠʭʦʜʠʪʩʷ ʫʧʨʦʱʘʪʴ, 

ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʦʞʝ ʚʣʠʷʝʪ ʥʘ ʨʝʰʝʥʠʝ  

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʥʝ ʚʩʝʛʜʘ ʧʨʠʚʦʜʷʪ ʢ ʝʝ 

ʨʝʰʝʥʠʶ.  ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʝ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʪʘʢ ʢʘʢ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ 

ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʥʘʢʦʧʣʝʥʠʶ ʠ 

ʧʦʩʣʝʜʫʶʱʝʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʟʥʘʥʠʷ [4]. 

ɺ ʨʘʙʦʪʘʭ [5-9] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʫʯʘʠ, 

ʢʦʛʜʘ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʠ ʦʙʫʯʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʇʨʦʙʣʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ 

ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʇ.ɸ. ɼʦʤʘʰʥʝʚʘ ʠ ɽ.ɺ. 

ʇʘʨʬʝʥʦʚʘ. ɺ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʮʝʩʩʝ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʘʥʘʣʠʟʘ ʠ ʫʧʨʘʚʣʝʥʠʷ.  

ʅʝʦʙʭʦʜʠʤʦ ʧʦʚʳʰʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʶʙʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʝʢʦʣʴʥʦʛʦ [10, 11].    
ʆʧʨʝʜʝʣʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʪʝʢʣʦʚʘʨʝʥʠʷ ʤʦʞʥʦ 

ʫʣʫʯʰʠʪʴ ʟʘ ʩʯʝʪ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʦʢʩʠʜʦʚ, 

ʢʦʪʦʨʳʝ ʚʚʦʜʷʪ ʚ ʧʨʦʮʝʩʩʝ ʚʘʨʢʠ ʩʪʝʢʦʣ [12].  

ʇʦʩʪʨʦʝʥʠʝ ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʘʨʢʠ ʩʪʝʢʣʘ, ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ 

ʦʩʫʱʝʩʪʚʣʝʥ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚʘʨʢʠ ʩʪʝʢʣʘ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʵʪʘʧʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩʪʝʢʣʦʪʘʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʋʧʨʘʚʣʝʥʠʝ ʚʘʨʢʦʡ ʩʪʝʢʣʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ 

ʟʘʜʘʯʝʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʝʢʣʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʚʘʨʢʠ, 

ʬʦʨʤʦʚʘʥʠʷ, ʦʪʞʠʛʘ ʠ  ʨʝʟʢʠ ʩʪʝʢʣʘ.  ʂʘʯʝʩʪʚʦ 

ʩʪʝʢʣʘ ʧʨʠ ʵʪʦʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴʶ 

ʧʦʜʜʝʨʞʘʥʠʷ ʥʘʙʦʨʘ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 
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ʝʛʦ ʚʘʨʢʠ. ɺʘʨʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ  

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʨʘ. ʊʘʢ, ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʦʢʩʠʜʘ  32OB   

ʫʩʢʦʨʷʝʪʩʷ ʚʘʨʢʘ ʠ ʫʣʫʯʰʘʶʪʩʷ ʚʳʨʘʙʦʪʦʯʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʧʨʠ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʤ ʬʦʨʤʦʚʘʥʠʠ. ʇʨʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʚʘʨʢʠ ʩʪʝʢʣʘ 

ʜʦʙʘʚʣʷʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʢʩʠʜ ʙʘʨʠʷ. 

ɻʣʠʥʦʟʝʤ 32OAl  ʧʦʚʳʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʧʨʦʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʪʝʨʤʠʯʝʩʢʫʶ ʠ ʭʠʤʠʯʝʩʢʫʶ 

ʩʪʦʡʢʦʩʪʴ ʩʪʝʢʦʣ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʬʦʨʤʫʣʠʨʫʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʝʦʙʭʦʜʠʤʦ ʩ ʧʦʤʦʱʴʶ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʦʩʪʨʦʠʪʴ 

ʤʦʜʝʣʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʤʠ 

ʪʨʝʙʫʝʤʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚ ʩʣʦʞʥʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʚʘʨʢʠ ʩʪʝʢʣʘ. 

ʄʦʜʝʣʴ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʩʣʦʡʥʦʛʦ 

ʧʝʨʩʝʧʪʨʦʥʘ. ʄʦʜʝʣʠʨʫʝʤʳʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʩʣʝʜʫʶʱʠʝ: ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ  ʦʢʩʠʜʦʚ 

32OAl  ʠ 32OB , ʚʣʠʷʶʱʠʝ ʥʘ ʩʢʦʨʦʩʪʴ 

ʧʨʦʪʝʢʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠʨʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ: ʪʚʝʨʜʦʩʪʴ ʩʪʝʢʣʘ H  ʠ ʝʛʦ ʪʦʣʱʠʥʘ 

h. Bʳʙʨʘʥʦ ʥʝʙʦʣʴʰoe ʢʦʣʠʯʝʩʪʚʦ 

ʤʦʜʝʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ, ʢʦʣʠʯʝʩʪʚʦ ʤʦʜʝʣʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʧʣʘʥʠʨʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʪʴ. 

ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚ 

ʥʝʡʨʦʥʦʚ (ʦʙʱʝʝ ʯʠʩʣʦ ʩʣʦʝʚ - K, ʧʨʠ ʵʪʦʤ 
ʚʭʦʜʥʦʡ ʩʣʦʡ ʩʯʠʪʘʝʪʩʷ ʥʫʣʝʚʳʤ), ʢʦʪʦʨʳʝ 

ʧʦʣʫʯʘʶʪ, ʦʙʨʘʙʘʪʳʚʘʶʪ ʠ ʧʝʨʝʜʘʶʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʷʟʝʡ ʚʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʪʢʣʠʢʦʚ. 

ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʠʤʝʝʪ ʦʜʠʥ ʚʭʦʜʥʦʡ ʩʣʦʡ, ʦʜʠʥ 

ʚʳʭʦʜʥʦʡ ʩʣʦʡ ʠ, ʢʘʢ ʤʠʥʠʤʫʤ, ʦʜʠʥ ʩʢʨʳʪʳʡ 

ʩʣʦʡ.  ʂʦʣʠʯʝʩʪʚʦ ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ ʩʝʪʠ 

ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʏʠʩʣʦ ʥʝʡʨʦʥʦʚ ʩʢʨʳʪʦʛʦ ʩʣʦʷ 

ʚʳʙʠʨʘʝʪʩʷ ʯʠʩʪʦ ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʝʤ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʜʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
ʚʳʭʚʭ nn , ʛʜʝ 

ʚʭn , 
ʚʳʭn  - 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ ʚʦ ʚʭʦʜʥʦʤ ʠ ʚ ʚʳʭʦʜʥʦʤ 

ʩʣʦʷʭ. 

ɺʦ ʚʭʦʜʥʦʤ ʩʣʦʝ ʠʤʝʝʤ N  ʦʙʨʘʟʦʚ x, ʚ 

ʚʳʭʦʜʥʦʤ ʩʣʦʝ - Q  ʦʙʨʘʟʦʚ y. ɺ ʩʝʪʴ ʚʭʦʜʠʪ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ ʥʝʡʨʦʥʦʚ. ʕʪʠ ʥʝʡʨʦʥʳ 

ʚʳʧʦʣʥʷʶʪ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠ ʚʳʜʝʣʝʥʠʝ 

ʧʨʠʟʥʘʢʦʚ ʧʦ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʝʤʦʡ 

ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʩʣʦʷʤʠ.  
)(

,

k

jiW  - ʚʝʩʦʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʠʥʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ, 

ʩʦʝʜʠʥʷʶʱʝʡ j -ʳʡ ʥʝʡʨʦʥ ʩʣʦʷ )1(k  ʩ i -ʳʤ 

ʥʝʡʨʦʥʦʤ ʩʣʦʷ k ; 
)(k

iS  - ʚʭʦʜ i -ʛʦ ʥʝʡʨʦʥʘ ʚ k -

ʦʤ ʩʣʦʝ; 
)(k

if  - ʚʳʯʠʩʣʝʥʥʳʡ ʚʳʭʦʜ i -ʛʦ 

ʥʝʡʨʦʥʘ ʚ k -ʦʤ ʩʣʦʝ; id  - ʪʨʝʙʫʝʤʳʡ ʚʳʭʦʜ i -

ʛʦ ʥʝʡʨʦʥʘ. 

ɺʝʣʠʯʠʥʘ 
)(k

iS  ʷʚʣʷʝʪʩʷ ʚʟʚʝʰʝʥʥʦʡ ʩʫʤʤʦʡ 

ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʥʝʡʨʦʥʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʬʦʨʤʫʣʦʡ (1): 
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ʛʜʝ L  - ʯʠʩʣʦ ʥʝʡʨʦʥʦʚ ʚ ʩʣʦʝ )1(k  ʩ ʫʯʝʪʦʤ 

ʥʝʡʨʦʥʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʚʳʭʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 

+1, ʟʘʜʘʶʱʝʛʦ ʩʤʝʱʝʥʠʝ.  

ɼʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʘʣʛʦʨʠʪʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ 

[13-15], ʚ ʢʦʪʦʨʦʤ, ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʩʝʪʠ, ʦʰʠʙʢʘ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʦʪ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʢ 

ʚʭʦʜʥʦʤʫ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ. 

ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚ ʥʝʡʨʦʥʦʚ, ʛʜʝ 

ʢʘʞʜʳʡ ʥʝʡʨʦʥ ʩʣʦʷ i ʩʚʷʟʘʥ ʩ ʢʘʞʜʳʤ 

ʥʝʡʨʦʥʦʤ ʩʣʦʷ  i+1, ʪ. ʝ.  ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʯʴ 

ʠʜʝʪ ʦ ʧʦʣʥʦʩʚʷʟʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 

ɺʳʙʨʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʘʣʛʦʨʠʪʤʦʤ ʜʣʷ  ʦʙʫʯʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʩ  ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ 

ʫʩʧʝʰʥʦ ʨʝʰʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʧʨʠʤʝʨʦʚ ʫʯʠʪʳʚʘʶʪʩʷ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ, 

ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʚʳʭʦʜʥʦʡ ʚʝʢʪʦʨ.  

ʅʘ ʚʭʦʜ ʩʝʪʠ ʧʦʦʯʝʨʝʜʥʦ ʧʦʜʘʶʪʩʷ ʚʩʝ 

ʦʙʫʯʘʶʱʠʝ ʧʨʠʤʝʨʳ, ʚʳʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʝʪʠ ʧʨʠ ʵʪʦʤ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʞʝʣʘʝʤʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ. 

ʅʘʯʘʣʫ ʦʙʫʯʝʥʠʷ  ʧʨʝʜʰʝʩʪʚʫʝʪ ʧʨʦʮʝʜʫʨʘ 

ʚʳʙʦʨʘ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ ʥʝʡʨʦʥʦʚ. 

ʌʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʳʭʦʜʦʤ 

ʥʝʡʨʦʥʘ. ɺr ʙʨʘʥʘ ʩʠʛʤʦʠʜʘʣʴʥʘʷ ʬʫʥʢʮʠʷ 

ʘʢʪʠʚʘʮʠʠ, ʢʦʪʦʨʘʷ ʥʘʜʝʣʷʝʪ ʥʝʡʨʦʥʥʫʶ 

ʩʝʪʴ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ:  



ʀɿɺɽʉʊʀʗ ʅɸʋʏʅʆ-ʊɽʍʅʀʏɽʉʂʆɻʆ ʆɹʑɽʉʊɺɸ çʂɸʍɸʂè,  2013, ˉ 4 (43). 
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ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʥʘ ʚʩʝʡ 

ʦʩʠ ʘʙʩʮʠʩʩ ʠ ʠʤʝʝʪ ʧʨʦʩʪʫʶ ʧʨʦʠʟʚʦʜʥʫʶ. 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʚʝʩʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʠʨʘʶʪʩʷ ʩʣʫʯʘʡʥʳʤ 

ʦʙʨʘʟʦʤ,  ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʘʣʴʥʦʝ ʚʳʭʦʜʥʦʝ 

ʟʥʘʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ Y, ʩʥʘʯʘʣʘ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ. ʆʙʫʯʘʶʱʝʝ 

ʤʥʦʞʝʩʪʚʦ { XD}  , ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʧʘʨ: ʚʭʦʜ ʩʝʪʠ ʠ ʞʝʣʘʝʤʳʡ ʚʳʭʦʜ.  

ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩʦʩʪʦʠʪ ʚ 

ʧʦʜʙʦʨʝ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ  ʮʝʣʝʚʫʶ 

ʬʫʥʢʮʠʶ. ɺ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ 

ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʦʰʠʙʦʢ ʩʝʪʠ 

ʥʘ ʧʨʠʤʝʨʘʭ ʠʟ ʦʙʫʯʘʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ: 
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pjy  ʨʝʘʣʴʥʳʡ ʚʳʭʦʜ N-ʛʦ ʚʳʭʦʜʥʦʛʦ 

ʩʣʦʷ ʩʝʪʠ ʜʣʷ p-ʛʦ ʥʝʡʨʦʥʘ ʥʘ j -ʤ 

ʦʙʫʯʘʶʱʝʤ ʧʨʠʤʝʨʝ, pjd ,  ʞʝʣʘʝʤʳʡ ʚʳʭʦʜ. 

ʄʠʥʠʤʠʟʠʨʦʚʘʚ ʜʘʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ, 

ʧʦʣʫʯʘʝʤ ʨʝʰʝʥʠʝ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ. 
ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʪʦʯʥʝʥʠʝ  ʠ ʢʦʨʨʝʢʮʠʶ 

ʟʥʘʯʝʥʠʡ ʚʝʩʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ  ʜʣʷ ʦʪʜʝʣʴʥʳʭ 

ʫʟʣʦʚ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʝʧʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʦʙʲʝʤʘ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ 

ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʚʝʩʘ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʪʘʢ, 

ʯʪʦʙʳ ʩʝʪʴ ʜʘʚʘʣʘ ʦʪʚʝʪʳ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʠ ʢ  ʧʨʘʚʠʣʴʥʳʤ. ʅʘ  ʚʭʦʜ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʧʦʜʘʶʪ ʚʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ, ʘ ʥʘ ʚʳʭʦʜʝ 

ʩʨʘʚʥʠʚʘʶʪ ʟʥʘʯʝʥʠʷ ʩʝʪʠ ʩ ʨʝʘʣʴʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ, ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʠʭ 

ʨʘʟʥʦʛʣʘʩʠʷ ʢʦʨʨʝʢʪʠʨʫʶʪ ʚʥʫʪʨʝʥʥʠʝ ʚʝʩʘ 

ʥʝʡʨʦʥʦʚ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʫʯʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ 

ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʦʜʙʠʨʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʝ ʟʥʘʯʝʥʠʷ ʚʝʩʦʚ ʠ ʩʪʨʦʠʪ ʤʦʜʝʣʴ, 

ʢʦʪʦʨʘʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʦʧʠʩʳʚʘʝʪ ʠʩʩʣʝʜʫʝʤʳʡ 

ʧʨʦʮʝʩʩ. ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʧʨʝʢʨʘʱʘʝʪʩʷ, ʢʦʛʜʘ ʩʝʪʴ ʨʘʙʦʪʘʝʪ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʠ ʦʰʠʙʢʘ  ʜʦʩʪʠʛʣʘ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʤʘʣʦʩʪʠ. 

ʇʦʩʪʨʦʝʥʠʝ  ʤʦʜʝʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʬʘʢʪʦʨʘʤʠ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʚ ʩʣʦʞʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʚʘʨʢʠ 

ʩʪʝʢʣʘ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʧʧʘʨʘʪʘ  

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ, 

ʩʦʩʪʦʷʱʝʤʫ ʠʟ ʩʝʤʠ ʰʘʛʦʚ.  

ɸʣʛʦʨʠʪʤ: 

ʐʘʛ 1. ɺʳʙʦʨ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. ɺʭʦʜʥʦʡ ʩʣʦʡ ʥʝʡʨʦʥʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʜʝʨʞʘʥʠʶ ʦʢʩʠʜʦʚ 32OAl
 
ʠ 

32OB , ʚʳʭʦʜʥʦʡ ʩʣʦʡ - ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʨʝʟʫʣʴʪʘʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʪʚʝʨʜʦʩʪʠ ʩʪʝʢʣʘ H  ʠ ʝʛʦ ʪʦʣʱʠʥʝ h .  

ʐʘʛ 2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʤʝʨʦʚ ʠ 

ʩʦʜʝʨʞʠʤʦʛʦ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ. 

ʏʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʳʙʠʨʘʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʜʣʷ ʦʢʩʠʜʘ 

32OAl   ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.65 % ʜʦ 20.6 %, ʜʣʷ 

ʦʢʩʠʜʘ 32OB  - ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 4 %  ʜʦ 12%.  

ʏʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʪʦʣʱʠʥʳ ʩʪʝʢʣʘ h  

ʚʳʙʠʨʘʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 3 ʜʦ 6,5 ʤʤ. 

ʊʚʝʨʜʦʩʪʴ ʩʪʝʢʣʘ ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʠ  ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʱʝʣʦʯʥʳʭ ʦʢʩʠʜʦʚ. ʉʪʝʢʣʘ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ 

ʪʚʝʨʜʦʩʪʴ ʚ ʧʨʝʜʝʣʘʭ 4000... 10000 ʄʇʘ ʠʣʠ ʧʦ 

ʰʢʘʣʝ ʄʦʦʩʘ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ  ʦʪ 6 ʜʦ 7. ɺ 

ʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ 

ʜʣʷ  ʪʚʝʨʜʦʩʪʠ ʩʪʝʢʣʘ .H   

ʐʘʛ 3. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ: 

ʚʳʙʦʨ ʩʪʨʫʢʪʫʨʳ, ʦʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʩʣʦʝʚ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʥʝʡʨʦʥʦʚ. 

ʇʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʬʘʢʪʦʨʘʤʠ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʩʣʦʝʚ: ʜʚʘ ʩʢʨʳʪʳʭ ʩʣʦʷ ʠ ʦʜʠʥ 

ʚʳʭʦʜʥʦʡ ʩʣʦʡ. ɺʭʦʜʥʦʡ ʩʣʦʡ ʥʘʟʳʚʘʝʪʩʷ 

ʥʫʣʝʚʳʤ ʩʣʦʝʤ ʠ ʥʝ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ 

ʧʨʠ ʧʦʜʩʯʝʪʝ ʩʣʦʝʚ. ʇʝʨʚʳʡ ʩʢʨʳʪʳʡ ʩʣʦʡ 

ʩʦʩʪʦʠʪ ʠʟ ʜʝʩʷʪʠ ʥʝʡʨʦʥʦʚ. ɺʪʦʨʦʡ ʩʢʨʳʪʳʡ 

ʩʣʦʡ ʩʦʜʝʨʞʠʪ ʧʷʪʴ ʥʝʡʨʦʥʦʚ. ɺʳʭʦʜʥʦʡ ʩʣʦʡ 

ʠʤʝʝʪ ʜʚʘ ʚʳʭʦʜʘ.  

ʐʘʛ 4.  ɺʳʙʦʨ ʘʣʛʦʨʠʪʤʘ ʦʙʫʯʝʥʠʷ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ.  

ɼʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʘʣʛʦʨʠʪʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ. 

ɸʣʛʦʨʠʪʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʷʤʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʥʘʟʳʚʘʝʤʳʭ ʪʘʢʞʝ 

ʤʥʦʛʦʩʣʦʡʥʳʤʠ ʧʝʨʩʝʧʪʨʦʥʘʤʠ.  

ɺʳʙʠʨʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ, 

ʪʘʢʠʝ ʢʘʢ ʤʝʪʦʜ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ, ʤʝʪʦʜ 

ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ ʩ ʘʜʘʧʪʠʚʥʳʤ ʦʙʫʯʝʥʠʝʤ, 

ʤʝʪʦʜ ʨʝʛʫʣʷʨʠʟʘʮʠʷ Bayesian ʠ ʤʝʪʦʜ 
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ʩʣʫʯʘʡʥʳʭ ʧʨʠʨʘʱʝʥʠʡ. ʉʨʘʚʥʠʚʘʣʠʩʴ ʤʝʞʜʫ 

ʩʦʙʦʡ ʩʝʪʠ, ʦʙʫʯʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ 

ʚʳʙʠʨʘʣʩʷ ʤʝʪʦʜ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ 

ʥʝʦʙʭʦʜʠʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʘ ʠʤʝʥʥʦ, ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ. 

ʐʘʛ 5.  ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ.  

ʆʙʫʯʝʥʠʝ ʩʝʪʠ ʩ ʧʦʤʦʱʴʶ ʚʳʙʨʘʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʚʘ ʧʨʦʭʦʜʘ ʧʦ  ʩʣʦʷʤ 

ʩʝʪʠ: ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ. ɺʦ ʚʨʝʤʷ ʧʨʷʤʦʛʦ 

ʧʨʦʭʦʜʘ ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜʥʦʡ 

ʩʣʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ 

ʩʝʪʠ ʦʪ ʩʣʦʷ ʢ ʩʣʝʜʫʶʱʝʤʫ. ʇʨʠ ʵʪʦʤ 

ʛʝʥʝʨʠʨʫʶʪʩʷ ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ  

ʷʚʣʷʶʪʩʷ ʨʝʘʢʮʠʝʡ ʩʝʪʠ ʥʘ ʚʭʦʜʥʦʡ ʦʙʨʘʟ. ɺʦ 

ʚʨʝʤʷ ʜʘʥʥʦʛʦ ʧʨʦʭʦʜʘ ʚʩʝ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʩʘ 

ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ. ʇʨʠ ʦʙʨʘʪʥʦʤ 

ʧʨʦʭʦʜʝ ʚʩʝ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʩʘ ʥʘʩʪʨʘʠʚʘʶʪʩʷ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ, 

ʪ.ʝ  ʥʘʭʦʜʠʪʩʷ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʞʝʣʘʝʤʳʤ ʠ 

ʬʘʢʪʠʯʝʩʢʠʤ ʚʳʭʦʜʦʤ ʩʝʪʠ. ʈʝʟʫʣʴʪʘʪ  

ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ ʦʰʠʙʢʠ. ɼʘʥʥʳʡ ʩʠʛʥʘʣ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʩʝʪʠ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ. ʉʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʩʘ 

ʥʘʩʪʨʘʠʚʘʶʪʩʷ  ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʟʠʪʴ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩʝʪʠ 

ʢ ʞʝʣʘʝʤʦʤʫ. ʇʝʨʚʦʥʘʯʘʣʴʥʳʝ ʯʠʩʣʦʚʳʝ 

ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʟʘʜʘʚʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0.1 ʜʦ 1. ɺ ʢʘʯʝʩʪʚʝ 

ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʠʛʤʦʠʜʥʘʷ 

ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ.  

ʐʘʛ 6.  ʇʨʦʚʝʨʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ  ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʚʦʟʤʦʞʥʳ ʤʥʦʛʦʢʨʘʪʥʳʝ 

ʦʙʨʘʱʝʥʠʷ ʢʦ ʚʩʝʤ ʧʨʝʜʳʜʫʱʠʤ ʰʘʛʘʤ ʜʘʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʦʰʠʙʢʠ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʨʨʝʢʮʠʷ ʚʝʩʦʚ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ.  

ʐʘʛ 7. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʧʨʦʮʝʩʩʝ ʚʘʨʢʠ ʩʪʝʢʣʘ.  

ʇʨʦʚʝʜʝʥʦ ʦʙʫʯʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʚ 

ʧʨʠʣʦʞʝʥʠʠ  Neural Network Toolbox ʩʠʩʪʝʤʳ 
MATLAB  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ.  

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ ʚʳʙʨʘʥ ʦʜʠʥ ʠʟ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ - ʤʝʪʦʜ ʛʨʘʜʠʝʥʪʥʦʛʦ 

ʩʧʫʩʢʘ ʚ ʢʘʯʝʩʪʚʝ ʩʘʤʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠ 

ʦʙʫʯʝʥʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ.  

ʈʘʟʨʘʙʦʪʘʥʥʫʶ ʠ ʦʙʫʯʝʥʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ 

ʟʘʜʘʯʠ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʪʦ ʩʣʝʜʫʶʱʠʤ ʧʫʪʝʤ: 

ʟʘʜʘʚʘʷ ʞʝʣʘʝʤʳʝ ʟʥʘʯʝʥʠʷ H ʠ h  ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʪʨʝʙʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʚʚʦʜʠʤʳʭ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʦʢʩʠʜʦʚ. 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʡ  ʤʦʜʝʣʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʘʨʢʠ ʩʪʝʢʣʘ ʥʘ 

ʨʝʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ ʠʟ ʫʢʘʟʘʥʥʳʭ ʜʠʘʧʘʟʦʥʦʚ. 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʨʦʚʝʨʢʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ [16]. ʃʫʯʰʠʤ ʤʝʪʦʜʦʤ 

ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʦʢʘʟʘʣʩʷ ʤʝʪʦʜ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ, ʪʘʢ ʢʘʢ ʜʣʷ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʪʨʝʙʫʝʪʩʷ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʪʝʨʘʮʠʡ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʪ.ʝ.  ʜʘʥʥʳʡ  ʤʝʪʦʜ 

ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ ʩʝʪʠ.   

ʇʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʧʦʟʚʦʣʠʣʦ ʙʦʣʝʝ ʧʦʣʥʦ ʦʪʨʘʟʠʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʚ ʩʣʦʞʥʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʚʘʨʢʠ ʩʪʝʢʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʦʩʪʨʦʝʥʘ 

ʤʦʜʝʣʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʚ ʩʣʦʞʥʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʚʘʨʢʠ ʩʪʝʢʣʘ. 

ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʪʴ ʝʝ ʚ ʨʝʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ, 

ʩʧʦʩʦʙʩʪʚʫʷ  ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʟʘ 

ʩʯʝʪ ʩʦʙʣʶʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʘ. 
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ʉʀʅʊɽɿ ʅʆɺʓʍ ʇʈʆʀɿɺʆɼʅʓʍ  

ɻʀɼʈɸɿʀɼɸ ʇʀʇɽʈʀɼʀʃʋʂʉʋʉʅʆʁ ʂʀʉʃʆʊʓ 
 

                                             ɼʶʩʝʙʘʝʚʘ ʄ.ɸ., 

 

ʂʘʟʘʭʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʣʴ-ʌʘʨʘʙʠ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

e-mail: moldyr.dyusebaeva@kaznu.kz 

_______________________________________________________________________________ 
 

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚʧʨʦʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ʧʦ NH2-ʛʨʫʧʧʝ ʚ ʛʠʜʨʘʟʠʜʝ ʧʠʧʝʨʠʜʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. 

________________________________________________________________________________________________ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʠʩʢ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʧʨʦʚʦʜʷʪ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʫʯʥʳʭ ʧʨʠʥʮʠʧʦʚ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚʝʩʪʠ, 

ʧʦ ʩʫʱʝʩʪʚʫ, ʠʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ. ɺ 

ʨʘʟʚʠʪʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʝʥʜʝʥʮʠʡ, ʦʜʥʦʡ ʠʟ 

ʥʠʭ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʚ ʤʦʣʝʢʫʣʫ 

ʬʘʨʤʘʢʦʬʦʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. ʂ ʪʘʢʠʤ 

ʬʨʘʛʤʝʥʪʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʛʠʜʨʘʟʠʜʥʫʶ 

ʛʨʫʧʧʫ [1]. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʠʥʪʝʟ, ʠʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʛʠʜʨʘʟʠʜʘʧʠʧʝʨʠʜʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (I). 

 

(I)

CH2CNHNH2

ON

CH2CNHNHCNH2

O SN
N

O

O

N

CH2 C

O

NH

N

CH2CONHN CH CH NNHCOCH2

N

(IV)

(III)(II)

 
 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʝʨʫʩʦʜʝʨʞʘʱʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʘʟʠʜʘ 

ʧʠʧʝʨʠʜʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (I) ʙʳʣ 

ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ 

ʧʠʧʝʨʠʜʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (II) ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʠʜʨʘʟʠʜʘ ʧʠʧʝʨʠʜʠʣʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ (I) ʩ ʨʦʜʘʥʠʜʦʤ ʢʘʣʠʷ. 

ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʛʠʜʨʘʟʠʜʦʚ ʢ 

ʠʟʦʪʠʦʮʠʘʥʘʪʦʤ, ʦʪʥʦʩʷʱʠʤʩʷ ʢ 

ʛʝʪʝʨʦʢʫʤʫʣʝʥʘʤ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʨʦʪʝʢʘʝʪ 

ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʤʝʭʘʥʠʟʤʫ:  
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ɸʭʤʝʜʦʚʘ ʐ.ʉ. 
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ʅʫʢʣʝʦʬʠʣ (ʛʠʜʨʘʟʠʜ) ʩ ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʦʡ 

ʵʣʝʢʪʨʦʥʦʚ, ʘʪʘʢʫʝʪ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʡ 

ʮʝʥʪʨ ʚ ʠʟʦʪʠʦʮʠʘʥʘʪʝ ï ʘʪʦʤ ʫʛʣʝʨʦʜʘ N=C=S-

ʛʨʫʧʧʳ, ʦʙʨʘʟʫʷ ʙʠʧʦʣʷʨʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ (ɸ). 

ʇʝʨʝʥʦʩ ʧʨʦʪʦʥʘ ʦʪ ʘʪʦʤʘ ʘʟʦʪʘ ʢ ʩʝʨʝ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʨʘʛʤʝʥʪʘ ʠʟʦʪʠʦʤʦʯʝʚʠʥʳ (ɹ), 

ʢʦʪʦʨʘʷ ʣʝʛʢʦ ʠʟʦʤʝʨʠʟʫʝʪʩʷ ʚ ʙʦʣʝʝ 

ʩʪʘʙʠʣʴʥʫʶ ʬʦʨʤʫ ï ʪʠʦʤʦʯʝʚʠʥʫ (ɺ). 

ɺ ʀʂ-ʩʧʝʢʪʨʝ ʩʦʝʜʠʥʝʥʠʷ ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ 

ʧʠʧʝʨʠʜʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (II) ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ NH2 

ʛʨʫʧʧʳ ʚ ʦʙʣʘʩʪʠ 3305-3240 ʩʤ
-1
 ʠ ʧʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 3210 cʤ
-1
, ʭʘʨʘʢʪʝʨʥʘʷ 

ʜʣʷ  NH ʛʨʫʧʧʳ. ɺ ʦʙʣʘʩʪʠ 1660 ʩʤ
-1
, 1270 ʩʤ

-1 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʢʘʨʙʦʥʠʣʴʥʦʡ (C=O) ʠ ʪʠʦʢʘʨʙʦʥʠʣʴʥʦʡ (ʉ=S) 

ʛʨʫʧʧ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.   

ɺ ʇʄʈ-ʩʧʝʢʪʨʝ  ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ 

ʧʠʧʝʨʠʜʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (II) ʚ ʘʮʝʪʦʥʝ 

ʫʩʪʘʥʦʚʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʩʠʛʥʘʣʳ 

ʧʠʧʝʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ. ʉʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ 

ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʧʠʧʝʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ 

ʨʝʟʦʥʠʨʫʶʪ ʚ ʦʙʣʘʩʪʠ 1.3-2.1 ʤ.ʜ. ʉʠʛʥʘʣ 

ʤʝʪʠʣʝʥʦʚʦʡ ʛʨʫʧʧʳ (-N-CH2-) ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʦʙʣʘʩʪʠ 3.1 ʤ.ʜ. ʚ ʚʠʜʝ ʩʠʥʛʣʝʪʘ. ɺ ʩʘʤʦʤ 

ʩʣʘʙʦʤ ʧʦʣʝ ʥʘʭʦʜʠʪʩʷ ʩʠʛʥʘʣ NH ʛʨʫʧʧʳ - 

ʩʠʥʛʣʝʪ ʩ ʭʠʤʠʯʝʩʢʠʤ ʩʜʚʠʛʦʤ 9.1 ʤ.ʜ.   

ɼʣʷ ʧʦʣʫʯʝʥʠʷ N-(1,3-ʜʠʦʢʩʦ-1,3-ʜʠʛʠʜʨʦ-

ʠʟʦʠʥʜʦʣ-2-ʠʣ)-ʧʠʧʝʨʠʜʠʣʘʮʝʪʘʤʠʜʘ(III)  ʥʘʤʠ 

ʧʨʦʚʝʜʝʥʘ ʢʦʥʜʝʥʩʘʮʠʷ ʛʠʜʨʘʟʠʜʘ 

ʧʠʧʝʨʠʜʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (I) ʩ ʘʥʛʠʜʨʠʜʦʤ 

ʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʚ ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ.  

ɺ ʀʂ-ʩʧʝʢʪʨʝ N-(1,3-ʜʠʦʢʩʦ-1,3-ʜʠʛʠʜʨʦ-

ʠʟʦʠʥʜʦʣ-2-ʠʣ)-ʧʠʧʝʨʠʜʠʣʘʮʝʪʘʤʠʜʘ(III )  

ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ  NH2 ʛʨʫʧʧʳ. 

ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ N-H 

ʛʨʫʧʧʳ ʧʨʠ 3240 ʩʤ
-1
. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 

1740 ʩʤ
-1 
ʠ 1800 ʩʤ

-1
 ʚʳʟʚʘʥʳ ʚʘʣʝʥʪʥʳʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʚ 

ʮʠʢʣʠʯʝʩʢʦʤ ʘʤʠʜʝ. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʉ=ʆ 

ʛʠʜʨʘʟʦʥʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʠ 1700 ʩʤ
-1
. ɻʨʫʧʧʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʦʣʦʩ 1540-1600 ʩʤ
-1
 

ʦʪʥʦʩʠʪʩʷ ʢ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ. 

ɺ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʛʠʜʨʘʟʦʥʳ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ, ʧʨʦʩʪʦʛʦ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʠʭ, ʘ ʪʘʢʞʝ 

ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

(ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʨʝʛʫʣʷʪʦʨʳ ʨʦʩʪʘ 

ʨʘʩʪʝʥʠʡ, ʛʝʨʙʠʮʠʜʳ, ʬʫʥʛʠʮʠʜʳ) [2; 3] ʥʘʤʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʛʠʜʨʘʟʦʥ(IV). 

ʅʘʠʙʦʣʝʝ ʦʙʱʠʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ 

ʛʠʜʨʘʟʦʥʦʚ ʷʚʣʷʝʪʩʷ ʢʦʥʜʝʥʩʘʮʠʷ ʛʠʜʨʘʟʠʥʦʚ ʩ 

ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʅʘʤʠ ʧʨʠ 

ʢʦʥʜʝʥʩʘʮʠʠ ʛʠʜʨʘʟʠʜʘʧʠʧʝʨʠʜʠʣʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ (I) ʩ ʪʝʨʝʬʪʘʣʝʚʳʤ ʘʣʴʜʝʛʠʜʦʤ 

ʩʠʥʪʝʟʠʨʦʚʘʥN,N`-ʙʠʩ-1,4-ʢʩʠʣʠʣʜʠʛʠʜʨʘʟʦʥ 

ʜʠʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (IV). 

ɺ ʀʂ-ʩʧʝʢʪʨʝN,N`-ʙʠʩ-1,4-ʢʩʠʣʠʣʜʠʛʠʜʨʘʟʦʥ 

ʜʠʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (IV) ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ  NH2 ʛʨʫʧʧʳ. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ N-H ʛʨʫʧʧʳ ʧʨʠ 3190-

3240 ʩʤ
-1
, ʉ=ʆ ʛʨʫʧʧʳ ʛʠʜʨʘʟʦʥʦʚ ʧʨʠ 1655-

1700 ʩʤ
-1
. ɻʨʫʧʧʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʦʣʦʩ 

1600-1440 ʩʤ
-1
 ʦʪʥʦʩʠʪʩʷ ʢ ʚʘʣʝʥʪʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ. 

 
ʊʘʙʣʠʮʘ 1 - ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 

 

 ̄

ʩʦʝʜ 

ɹʨʫʪʪʦ- 

ʬʦʨʤʫʣʘ 

ʊʧʣ 
0
ʉ 

 

Rf ʅʘʡʜʝʥʦ, % ɺʳʯʠʩʣʝʥʦ, % ɺʳʭʦʜ, 

% ʉ H N C H N 

II  C8H16N4OS 226-228 0.52 44.42 7.46 25.90 44.25 7.29 25.63 64.0 

III  C16H20N3O3 168-170 0.73 63.56 6.67 13.90 63.29 6.34 13.56 70.2 

IV  C23H35N6O2 253-255 0.41 64.61 8.25 19.66 64.26 8.12 19.79 73.6 

ʇʨʠʤʝʯʘʥʠʝ ï ʵʣʶʝʥʪ: ʙʝʥʟʦʣ / ʵʪʘʥʦʣ ï 1:2 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʉʠʥʪʝʟ ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘʧʠʧʝʨʠʜʠʣ-

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (II ). ʉʤʝʩʴ 1.57 ʛ (0.01 ʤ) 

ʛʠʜʨʘʟʠʜʘʧʠʧʝʨʠʜʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (I), 

1.1 ʛ (0.015 ʤ) ʨʦʜʘʥʠʜʘ ʢʘʣʠʷ, 1.5 ʤʣ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʚ 20 ʤʣ ʚʦʜʳ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘʛʨʝʚʘʶʪ ʚ ʪʝʯʝʥʠʠ 4 

ʯʘʩʦʚ ʧʨʠ 95 Áʉ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʦʩʪʘʚʣʷʶʪ ʥʘ ʩʫʪʢʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʈʘʩʪʚʦʨ ʧʦʜʱʝʣʘʯʠʚʘʶʪ ʜʦ ʨʅ 

= 6-7, ʚʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʢʨʠʩʪʘʣʣʠʟʫʶʪ ʠʟ 

ʵʪʘʥʦʣʘ. ʇʦʣʫʯʘʶʪ 1.38 ʛ (64%) 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘʧʠʧʝʨʠʜʠʣʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ (II) ʩ ʪ. ʧʣ. 226-228
 
Áʉ.  

ʉʠʥʪʝʟ N-(1,3-ʜʠʦʢʩʦ-1,3-ʜʠʛʠʜʨʦʠʟʦʠʥʜʦʣʠʣ-

2)-ʧʠʧʝʨʠʜʠʣʘʮʝʪʘʤʠʜʘ (III ). ʉʤʝʩʴ 1.57 ʛ (0.01 

ʤ) ʛʠʜʨʘʟʠʜʘ ʧʠʧʝʨʠʜʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (I) ʠ 

1.48 ʛ (0.01 ʤ) ʘʥʛʠʜʨʠʜʘ ʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʚ 50 

ʤʣ ʵʪʘʥʦʣʘ ʥʘʛʨʝʚʘʶʪ ʚ ʪʝʯʝʥʠʠ 6 ʯʘ-ʩʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 70-75
 
Áʉ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʝʘʢʮʠʠ 

ʠʟʙʳʪʦʢ ʵʪʘʥʦʣʘ ʦʪʛʦʥʷʶʪ. ɺʳʧʘʚʰʠʡ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʧʨʦʜʫʢʪ ʢʨʠʩʪʘʣʣʠʟʫʶʪ ʠʟ 

ʙʝʥʟʦʣʘ. ʇʦʣʫʯʘʶʪ 2.18 ʛ (70.2%) N-(1,3-ʜʠʦʢʩʦ-

1,3-ʜʠʛʠʜʨʦ-ʠʟʦʠʥʜʦʣʠʣ-2)-ʧʠʧʝʨʠʜʠʣʘʮʝʪ-

ʘʤʠʜʘ (III) ʩ ʪ. ʧʣ. 168-170
 
Áʉ. 

N,N`-ʙʠʩ-1,4-ʢʩʠʣʠʣʜʠʛʠʜʨʘʟʦʥ 

ʧʠʧʝʨʠʜʠʣʜʠʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (IV). 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠʟ 1.57 ʛ (0.01 ʤ) 

ʛʠʜʨʘʟʠʜʘʧʠʧʝʨʠʜʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (I), 

0.67 ʛ (0.01 ʤ) ʪʝʨʝʬʪʘʣʝʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʚ 20 

ʤʣ ʵʪʘʥʦʣʘ ʧʝʨʝʤʝʰʠʚʘʶʪ 6 ʯʘʩʦʚ ʧʨʠ 70-

75
0
ʉ.ʇʦʣʫʯʘʶʪ 3.02 ʛ (73.6%) N,N`-ʙʠʩ-1,4-

ʢʩʠʣʠʣʜʠʛʠʜʨʘʟʦʥ ʧʠʧʝʨʠʜʠʣʜʠʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ (IV) ʩ ʪ. ʧʣ. 253-255
 
Áʉ.  
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ʇʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʨʫʜʳ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʠʥʮʘ ʠ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʣʫʯʝʥʠʷ ʤʝʜʠ ʠ ʮʠʥʢʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʨʫʜʳ ʚʩʝʛʜʘ ʩʦʜʝʨʞʘʪ 

ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ 

ʥʘ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʵʪʦʛʦ ʩʳʨʴʷ. 

ʄʝʪʦʜ ʩʝʣʝʢʮʠʠ ʤʠʥʝʨʘʣʦʚ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʮʠʘʥʠʜʦʚ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ ʠ ʩʫʣʴʬʘʪʘ ʮʠʥʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʬʘʙʨʠʢ, 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʨʫʜʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʮʠʘʥʠʜʦʚ ʥʝ ʪʦʣʴʢʦ 

ʩʦʟʜʘʝʪ ʫʛʨʦʟʫ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʥʦ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʢʘʟʳʚʘʝʪ ʜʝʧʨʝʩʩʠʨʫʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ʥʘ ʬʣʦʪʘʮʠʶ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʷ ʠʭ ʠʟʚʣʝʯʝʥʠʝ [1]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʳʩʢʘʥʠʝ ʨʝʘʛʝʥʪʦʚ - 

ʚʦʟʤʦʞʥʳʭ ʟʘʤʝʥʠʪʝʣʝʡ ʮʠʘʥʠʜʦʚ, ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʥʘʰʣʠ ʚʝʱʝʩʪʚ ʦʛʨʘʥʠʯʝʥʥʳʤ 

ʧʨʠʤʝʥʝʥʠʝʤ. ʆʜʥʘʢʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ 

ʧʦʧʳʪʢʠ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʪʴ ʮʠʘʥʠʜʳ ʧʨʠ 

ʬʣʦʪʘʮʠʦʥʥʦʡ ʩʝʣʝʢʮʠʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʨʫʜ ʥʝ ʜʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚ 

ʦʩʥʦʚʥʦʤ, ʧʦ ʧʨʠʯʠʥʝ ʥʘʣʠʯʠʷ ʚ ʨʫʜʘʭ ʤʝʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ. ɺ ʵʪʦʤ ʧʣʘʥʝ ʧʦʠʩʢ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʟʘʤʝʥ ʮʠʘʥʠʩʪʦʛʦ ʥʘʪʨʠʷ  

ʠʤʝʝʪ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ [1,2]. 

ɺ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢʘʭ ʂʘʟʘʭʩʪʘʥʘ, 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʠʤʧʦʨʪʠʨʫʝʤʳʝ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʨʝʘʛʝʥʪʳ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʥʠʟʢʦʡ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʵʪʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʠ ʩʝʣʝʢʪʠʚʥʳʭ 

ʩʦʙʠʨʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʨʦʠʟʚʦʜʠʤʳʭ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ. ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʢʘʟʘʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʩʦʯʝʪʘʥʠʷ ʥʠʟʢʦ-

ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʜʠʪʠʦʢʘʨʙʘʤʘʪ r ʠ ʢʩʘʥʪʦʛʝʥʘʪʳ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʙʠʨʘʪʝʣʷʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʚ ʤʦʣʝʢʫʣʘʭ ʧʦʣʷʨʥʳʝ ʠ 

ʥʝʧʦʣʷʨʥʳʝ ʛʨʫʧʧʳ. ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʠ 

ʤʦʜʠʬʠʢʘʮʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʬʣʦʪʦʨʝʘʛʝʥʪʦʚ, 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʭ ʩ 

ʩʫʣʴʬʠʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ 

ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʨʫʜ ʮʚʝʪʥʳʭ, 

ʙʣʘʛʦʨʦʜʥʳʭ ʠ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ, ʦʙʝʩʧʝʯʠʪʴ 

ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ [3,4]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʙʣʝʤʘ ʨʘʟʨʘʙʦʪʢʠ 

ʵʬʬʝʢʪʠʚʥʦʡ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʨʫʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʚʣʝʯʝʥʠʝ 

ʤʝʪʘʣʣʦʚ, ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʛʦʨʥʦʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʘʥʳ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʟʚʦʜʥʳʝ 

ʵʪʘʥʦʣʘʤʠʥʘ ʪʠʧʘ 1 ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʣʠʤʝʨʥʳʤ 

ʘʤʠʥʦʵʪʠʣʝʥʦʢʩʠʜʘʤ ʠ ʚ ʚʠʜʝ ʵʤʫʣʴʩʠʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʬʣʦʪʘʮʠʠ ʦʢʠʩʣʝʥʥʳʭ ʮʠʥʢʦʚʳʭ 

ʨʫʜ, ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʵʤʫʣʴʩʠʠ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ 

ʩʫʣʴʬʠʜʥʳʭ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ [5]. 
R

N
Hn(OH2CH2C) (CH2CH2O)nH 1  

 

ɺ ʧʨʘʢʪʠʢʝ ʬʣʦʪʘʮʠʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ 

ʪʘʢ ʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʦʞʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʝ 

ʧʦʣʠʵʬʠʨʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʜʠʘʤʠʥʦʚ [5]. 

ʅʘʧʨʠʤʝʨ, ʬʣʦʪʦʨʝʘʛʝʥʪ ʧʨʦʢʩʠʘʤʠʥ ʇʈ-385 

ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʤ ʩʦʙʠʨʘʪʝʣʝʤ ʩʫʣʴʬʠʜʥʳʭ 
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ʨʫʜ ʩʦ ʩʣʦʞʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ.  

 

N CH2

H(C2H4O)n(C3H6O)m

H(C2H4O)n(C3H6O)m

CH2 N

(C3H6O)m(CH2CH4O)nH

(C3H6O)m(C2H4O)nH2
 

 

 

ʅʘʤʠ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʥʦʚʳʭ ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ 

ʬʣʦʪʦʨʝʘʛʝʥʪʦʚ ʠ ʟʘʤʝʥʠʪʝʣʝʡ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʉ4-ʉ21  ʘʣʢʠʣʠʨʦʚʘʥʥʳʝ 

ʜʠʵʪʘʥʦʣʘʤʠʥʳ ʠ ʠʭ ʤʦʥʦ- ʠ 

ʜʠʪʠʦʢʩʘʥʪʦʛʝʥʘʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ  [6-8]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʠʭ ʥʘ ʬʣʦʪʘʮʠʦʥʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʨʫʜ ʧʦʢʘʟʘʣʠ, ʯʪʦʩʨʝʜʠ ʥʠʭ N-

ʥʦʥʠʣʜʠʵʪʘʥʦʣʘʤʠʥ ɸʅʀ-12 ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ ʩʦʙʠʨʘʪʝʣʝʤ. ʈʘʟʨʘʙʦʪʘʥ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʝʛʦ ʩʠʥʪʝʟʘ ʧʫʪʝʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʦʥʠʣʙʨʦʤʠʜʘ ʩ 

ʜʠʵʪʘʥʦʣʘʤʠʥʦʤ ʧʨʠ 55-60 
ʦ
ʉ [9].  

 

 

CH2CH2OH

CH2CH2OH
C9H19N+ C9H19Br

CH3COOKCH2CH2OH

CH2CH2OH
NH

alcohol ɸʅʀ-12
 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʥʦʙʨʘʟʥʳʝ ʧʦ 

ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʩʪʨʦʝʥʠʶ 

ʢʩʘʥʪʦʛʝʥʘʪʳ ʠ ʜʠʪʠʦʢʘʨʙʘʤʘʪʳ ʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ ʬʣʦʪʦʨʝʘʛʝʥʪʘʤʠ ʜʣʷ 

ʦʙʦʛʘʱʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦʣʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʨʫʜ [5,7]. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ 

ʜʠʪʠʦʫʛʦʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ ʩʦʙʠʨʘʪʝʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ɸʅʀ-12 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʥʘʪʨʠʡʢʩʘʥʪʦʛʝʥʘʪ N-ʥʦʥʠʣʜʠʵʪʘʥʦʣʘʤʠʥʘ 

ɸʅʀ-14 ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɸʅʀ-12 ʩ 

ʩʝʨʦʫʛʣʝʨʦʜʦʤ ʚ ʩʨʝʜʝ ʵʪʘʥʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ [8,10].  
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ʉʪʨʦʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘ ʦʩʥʦʚʝ ʨʘʩʰʠʬʨʦʚʢʠ ʀʂ, 

ʗʄʈ 
1
ʅ ʠ 

13
ʉ ʩʧʝʢʪʨʦʚ, ʩʦʩʪʘʚ ï ʵʣʝʤʝʥʪʥʳʤ 

ʤʠʢʨʦʘʥʘʣʠʟʦʤ. 

ɺ ʩʧʝʢʪʨʝ ʇʄʈ ʩʦʝʜʠʥʝʥʠʷ ɸʅʀ-12 (3) 

ʩʠʥʛʣʝʪ ʧʨʦʪʦʥʦʚ CH3- ʠ -(CH2)7- ʛʨʫʧʧ ʜʘʁʪ 

ʩʠʛʥʘʣʳ ʚ ʦʙʣʘʩʪʠ ŭ 0,89 ʠ 1,28 ʤ.ʜ. ʚ ʚʠʜʝ 

ʤʫʣʴʪʠʧʣʝʪʦʚ, ʧʨʦʪʦʥʳ NCH2  ʛʨʫʧʧ 

ʨʝʟʦʥʠʨʫʶʪ ʧʨʠ 2,60 ʠ 2,73 ʤ.ʜ. (ʤ), ʚʦʜʦʨʦʜ 

ʆʅ ʛʨʫʧʧʳ ʧʨʠ 3,66 ʤ.ʜ. ʚ ʚʠʜʝ  ʫʰʠʨʝʥʥʦʛʦ 

ʩʠʥʛʣʝʪʘ.  

ɺ ʗʄʈ 
13
ʉ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 14,06 ʠ 22,63-27,30 ʤ.ʜ. 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ CH3- ʠ -(CH2)7- ʛʨʫʧʧʘʤ, 

59,27 ʤ.ʜ. -Cʅ2ʆʅ ʛʨʫʧʧʝ ʠ ʩʠʛʥʘʣʳ ʚ ʦʙʣʘʩʪʠ 

29,54 ʠ 31,83 ʤ.ʜ. ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʘʤ 

ʉ8ʅ7ʉʅ2N ʠ ïN(CH2), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [10]. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ  ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ 

ʠʩʧʳʪʘʥʳ ʥʘ  ʩʦʙʠʨʘʪʝʣʴʥʫ  ʁʘʢʪʠʚʥʦʩʪ ɹʧʨʠ 

ʬʣʦʪʘʮʠʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ .  

ʋʩʪʘʥʦʚʣʝʥʠʝ ʬʣʦʪʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ɸʅʀ-12 ʠ ɸʅʀ-

14 ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʩʚʠʥʝʮ-, ʮʠʥʢ- ʠ ʩʝʨʝʙʨʦ 

ʩʦʜʝʨʞʘʮʠʭ ʨʫʜ ʧʨʦʚʝʜʝʥʦ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʩʦʙʠʨʘʪʝʣʷ ʩʨʘʚʥʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʠʟʚʝʩʪʥʳʝ ʬʣʦʪʦʨʝʘʛʝʥʪʳ 1 ʠ 

ʇʈ-385. 

ʅʘʚʝʩʢʘ ʨʫʜʳ, ʤʘʩʩʦʡ 1 ʢʛ ʠʟʤʝʣʴʯʝʥʘ ʚ 

ʦʜʥʫ ʩʪʘʜʠʶ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʧʨʠ ʊ:ɾ 

ʨʘʚʥʳʤ 1:0,5 ʜʦ ʢʨʫʧʥʦʩʪʠ 80 % ʢʣʘʩʩʘ 74 

ʤʢʤ. ɺ 3-ʭ ʣʠʪʨʦʚʦʡ ʬʣʦʪʦʤʘʰʠʥʝ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ ʧʨʦʚʦʜʠʣʠ ʦʩʥʦʚʥʫʶ ʠ 

ʢʦʥʪʨʦʣʴʥʫʶ ʢʦʣʣʝʢʪʠʚʥʳʝ ʬʣʦʪʘʮʠʠ 

ʩʫʣʴʬʠʜʦʚ ʩʚʠʥʮʘ, ʮʠʥʢʘ ʠ ʩʝʨʝʙʨʘ. 

ʂʦʥʮʝʥʪʨʘʪ ʦʩʥʦʚʥʦʡ ʢʦʣʣʝʢʪʠʚʥʦʡ ʬʣʦʪʘʮʠʠ 

ʧʦʜʚʝʨʞʝʥʦ ʜʚʫʤ ʧʝʨʝʯʠʩʪʢʘʤ ʚʦ 

ʬʣʦʪʦʤʘʰʠʥʝ 0,75 ʣ. ɺ ʦʩʥʦʚʥʫʶ 

ʢʦʣʣʝʢʪʠʚʥʫʶ ʬʣʦʪʘʮʠʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʚʥʝʩʝʥʦ ʤʝʜʥʳʡ ʢʫʧʦʨʦʩ ï 50 (ʘʛʠʪʘʮʠʷ 2 

ʤʠʥ), ʢʩʘʥʪʦʛʝʥʘʪ ʙʫʪʠʣʦʚʳʡ ï 75 (1 ʤʠʥ), 

ʚʩʧʝʥʠʚʘʪʝʣʴ ʊ-66 ï 15 (1 ʤʠʥ). ɺ 

ʢʦʥʪʨʦʣʴʥʫʶ ʢʦʣʣʝʢʪʠʚʥʫʶ ʬʣʦʪʘʮʠʶ: 

ʩʝʨʥʠʩʪʳʡ ʥʘʪʨʠʡ ï 50 (2 ʤʠʥ), ʢʩʘʥʪʦʛʝʥʘʪ 

ʙʫʪʠʣʦʚʳʡ ï 15 (1 ʤʠʥ), ʚʩʧʝʥʠʚʘʪʝʣʴ ʊ-66 ï 

15 (1 ʤʠʥ). ʇʝʨʝʯʠʩʪʥʳʝ ʦʧʝʨʘʮʠʠ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʧʨʦʚʦʜʝʥʳ ʙʝʟ 
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ʜʦʙʘʚʣʝʥʠʷ ʨʝʘʛʝʥʪʦʚ. ʆʧʳʪʳ ʧʨʦʚʦʜʝʥʳ ʧʦ 

ʩʭʝʤʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʚʦʟʚʨʘʪʦʤ ʚ 

ʧʨʝʜʳʜʫʱʠʝ ʦʧʝʨʘʮʠʠ ʠ ʚ ʢʘʞʜʦʤ ʦʧʳʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʝʤʴ ʥʘʚʝʩʦʢ ʨʫʜʳ ʧʦ 1 ʢʛ 

ʢʘʞʜʘʷ. ɺʨʝʤʷ ʦʩʥʦʚʥʦʡ ʢʦʣʣʝʢʪʠʚʥʦʡ 

ʬʣʦʪʘʮʠʠ 7 ʤʠʥ, ʢʦʥʪʨʦʣʴʥʦʡ 6 ʤʠʥ, 1-ʡ 

ʧʝʨʝʯʠʩʪʢʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ 4 ʤʠʥ., 

2-ʡ ʧʝʨʝʯʠʩʪʢʠ 3 ʤʠʥ. ʉʤʝʩʴ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ɸʅʀ-12 ʠ ɸʅʀ-14 ʠ ʬʘʙʨʠʯʥʦʛʦ 

ʙʫʪʠʣʢʩʘʥʪʦʛʝʥʘʪʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʠ ʧʦʜʘʥʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʜʦʟʠʨʦʚʘʥʠʝʤ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʭ ʚʳʜʝʨʞʠʚʘʥʠʷ.  ʕʪʠ 

ʧʨʦʮʝʩʩʳ ʦʙʦʛʘʱʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʙʝʟ 

ʜʦʙʘʚʣʝʥʠʷ ʜʝʧʨʝʩʩʦʨʘ ʮʠʘʥʠʜʘ ʥʘʪʨʠʷ. 

ɺ ʪʘʙʣʠʮʝ  ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʦʙʦʛʘʱʝʥʠʷ ʨʫʜʳ ʧʦ ʬʘʙʨʠʯʥʦʤʫ ʨʝʞʠʤʫ, ʘ 

ʪʘʢʞʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʝʘʛʝʥʪʘ N,N-ɼʄ ʠ ʥʦʚʳʭ 

ʨʝʘʛʝʥʪʦʚ  ɸʅʀ-12 ʠ ɸʅʀ-14 [11,12]. 

 

ʊʘʙʣʠʮʘ - ʈʝʟʫʣʴʪʘʪʳ ʬʣʦʪʘʮʠʦʥʥʳʭ ʦʧʳʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʨʝʘʛʝʥʪʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʦʙʠʨʘʪʝʣʷ 

 

ˉ 

ʩʦʝʜ. 

ʈʝʘʛʝʥʪʳ ɼʦʟʠ-

ʨʦʚʢʘ, 

ʛ/ʪ 

ʇʨʦʜʫʢʪʳ ɺʳʭʦʜ, 

% 

ʉʦʜʝʨʞʘʥʠʝ, % ʀʟʚʣʝʯʝʥʠʝ, % 

ʈb Zn Ag, ʛ/ʪ Pb Zn Ag 

 ʌʘʙʨʠʯ-

ʥʳʡ 

ʨʝʞʠʤ.  

 

 ʂʦʥʮʝʥ-ʪ 6,17 22,08 20,48 260,7 87,9 82,6 82,5 

ʍʚʦʩʪʳ 93,83 0,20 0,28 3,64 12,1 17,4 17,5 

ʇʠʪʘʥʠʝ 100,0 1,55 1,53 19,5 100,0 100,0 100,0 

1 N,N-ɼʄ  20 ʂʦʥʮʝʥ-ʪ 5,97 23,60 21,51 286,0 90,9 85,6 87,55 

ʍʚʦʩʪʳ 94,05 0,15 0,23 2,58 9,1 14,4 12,45 

ʇʠʪʘʥʠʝ 100,0 1,55 1,53 19,5 100,0 100,0 100,0 

2 ɸʅʀ-12 

 

40 ʂʦʥʮʝʥ-ʪ 6,16 22,91 22,82 288,3 94,1 90,1 90,6 

ʍʚʦʩʪʳ 93,84 0,09 0,16 1,73 5,9 9,9 9,4 

ʇʠʪʘʥʠʝ 100,0 1,50 1,56 19,6 100,0 100,0 100,0 

3 ɸʅʀ-12 

 

50 ʂʦʥʮʝʥ-ʪ 6,24 22,80 22,31 283,9 94,2 90,4 91,5 

ʍʚʦʩʪʳ 93,76 0,09 0,16 1,69 5,8 9,6 8,5 

ʇʠʪʘʥʠʝ 100,0 1,51 1,54 19,3 100,0 100,0 100,0 

4 ɸʅʀ-14 

 

40 ʂʦʥʮʝʥ-ʪ 4,15 15,31 18,80 289,2 83,7 81,9 71,2 

ʍʚʦʩʪʳ 95,85 4,10 2,17 1,61 16,3 18,1 28,8 

ʇʠʪʘʥʠʝ 100,0 1,53 1,56 19,5 100,0 100,0 100,0 

5 ɸʅʀ-14 50 ʂʦʥʮʝʥ-ʪ 4,20 16,42 17,53 287,2 84,3 81,3 81,8 

ʍʚʦʩʪʳ 95,80 2,09 2,14 1,49 15,7 18,7 18,2 

ʇʠʪʘʥʠʝ 100,0 1,54 1,53 19,4 100,0 100,0 100,0 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ,  ʧʨʠʤʝʥʝʥʠʝ ʨʝʘʛʝʥʪʘ 

ɸʅʀ-12 ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʦʙʠʨʘʪʝʣʷ  

ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 40 ʠ 50 ʛ/ʪ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ 

ʬʣʦʪʘʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʢʦʣʣʝʢʪʠʚʥʦʤ 

ʬʣʦʪʘʮʠʠ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦ-ʩʝʨʝʙʨʦ-

ʩʦʜʝʨʞʘʱʝʡ ʨʫʜʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʘʙʨʠʯʥʳʤ 

ʨʝʞʠʤʦʤ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʠʟʚʝʩʪʥʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʦʙʠʨʘʪʝʣʷ N,Nï

ɼʄ. 

ʈʝʘʛʝʥʪ ɸʅʀ-12 ʧʨʠ ʜʦʟʠʨʦʚʢʝ 40 ʛ/ʪ ʧʦ 

ʩʨʘʚʥʝʥʠʠ ʩ ʬʘʙʨʠʯʥʳʤ ʨʝʞʠʤʦʤ ʧʦʚʳʰʘʝʪ 

ʠʟʚʣʝʯʝʥʠʝ  Pb ʥʘ 6.2 %,  Zn ʥʘ 7.5 % ʠ Ag ʥʘ 8.1 

%. ʇʨʠ ʵʪʦʡ ʜʦʟʠʨʦʚʢʝ ɸʅʀ-12 ʧʦ ʩʨʘʚʥʝʥʠʠ ʩ 

ʩʦʙʠʨʘʪʝʣʝʤ N,Nïɼʄ  ʧʦʚʳʰʘʝʪʩʷ ʠʟʚʣʝʯʝʥʠʝ 

Pb ʥʘ 3.2 %, Zn 4.5 % ʠ Ag 2.05 %. 

ʈʝʘʛʝʥʪ ɸʅʀ-12 ʧʨʠ ʜʦʟʠʨʦʚʢʝ 50 ʛ/ʪ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʬʘʙʨʠʯʥʳʤ ʨʝʞʠʤʦʤ ʧʦʚʳʰʘʝʪ 

ʠʟʚʣʝʯʝʥʠʝ Pb ʥʘ 6.3 %, Zn 7.8 % ʠ Ag 9.0 %. 

ɸʅʀ-12 ʧʨʠ ʜʦʟʠʨʦʚʢʝ 50 ʛ/ʪ ʧʦ ʩʨʘʚʥʝʥʠʠ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʦʙʠʨʘʪʝʣʝʤ N,Nïɼʄ 

ʧʦʚʳʰʘʝʪ ʠʟʚʣʝʯʝʥʠʝ Pb ʥʘ 3.3 %, Zn 4.8 % ʠ 

Ag  3.95 %. 

ɺʚʝʜʝʥʠʝ ʚ ʤʦʣʝʢʫʣʫ ɸʅʀ-12 

ʢʩʘʥʪʦʛʝʥʘʪʥʫʶ ʛʨʫʧʧʫ NaS-C=S (ɸʅʀ-14) 

ʩʥʠʞʘʝʪ ʩʦʙʠʨʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʀʩʧʳʪʘʥʠʝ 

ɸʅʀ-12 ʠ ɸʅʀ-14 ʧʨʦʚʦʜʠʣʠʩʴ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʮʠʘʥʠʩʪʦʛʦ ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʝʧʨʝʩʩʦʨʘ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʵʪʘʥʦʣʘʤʠʥʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʢʘʢ ʫ ɸʅʀ-12 ʠ 

ɸʅʀ-14, ʧʨʦʮʝʩʩʘ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ʤʦʞʥʦ 

ʧʨʦʚʦʜʠʪʴ ʙʝʟ ʵʢʦʣʦʛʠʯʝʩʢʠ  ʦʧʘʩʥʦʛʦ ʮʠʘʥʠʜʘ 

ʥʘʪʨʠʷ.  
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ɸʣʤʘʪʳ ᴇ̔שʨʽʥʜʝʛʽ Chenopodiaceae ʪײrץʤʜʘʩʳʥʘ ʞʘʪʘʪʳʥ Salicornia europaea ᴇʩʽʤʜʽʛʽʥʽש ʩʘʧʘʣʳʣʳrס  

(ʳʣסʘʣʜʳʣʳץ, ʞʘʣʧʳ ʢװʣʜʽʣʽʢ, ʵʢʩʪʨʘʢʪʠʚʪʽ ʟʘʪʪʘʨ) ʘʥʳץʪʘʣʜʳ. Salicornia europaea ᴇʩʽʤʜʽʛʽʥʽש ʞʝʨ װʩʪʽ ʙᴇʣʽʛʽʥʽש 

ʤʠʢʨʦ- ʞᴅʥʝ ʤʘʢʨʦʵʣʝʤʝʥʪʪʝʨ ײץʨʘʤʳ ʟʝʨʪʪʝʣʜʽ. ʆʨʛʘʥʠʢʘʣʳץ rץ rhץ ʣʜʘʨʜʳ  ʘʣʫʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʳʟʙʘ-

ʥײʩץʘʩʳ ʞʘʩʘʣʜʳ. ɻɾʍ ᴅʜʽʩʽʤʝʥ 8 ʤʘʡ rץ rhץ ʣʳ ʤʝʥ 20 ʘʤʠʥ rץ rhץ ʣʳ ʘʣʳʥʜʳ,  rץ rhץ ʣʜrץ ʛʠʜʨʦʣʠʟ 

ᴅʜʽʩʽʤʝʥ ʢᴇʤʽʨʩʫ ï ʘʨʘʙʠʥʦʟʘ ʞᴅʥʝ ʨʘʤʥʦʟʘ, ץʘסʘʟʜʳ ʭʨʦʤʦʪʦʛʨʘʬʠʷ ʘʨrץ ʣʳ 2 ʬʝʥʦʣ rץ rhץ ʣʳ - ʬʝʨʫʣ ʞᴅʥʝ 

ʠʟʦʚʘʥʠʣʠʥ, 1 ʬʣʘʚʦʥʦʠʜ ʘʥʳץʪʘʣʜʳ. 

________________________________________________________________________________________________ 

 
ץʘʟʽʨʛʽ ʫʘrפ ʪʪʘ פʘʟʘץʩʪʘʥʜʘ ʢʝש ʪʘʨʘʣסʘʥ, 

ʢʝʡʙʽʨ ʪװʨʣʝʨʽ ʵʥʜʝʤʠʢʘʣʳץ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ 

Chenopodiaceae (ʄʘʨʝʚʳʝ) ʪײrץʤʜʘʩʳʥʘ 

ʞʘʪʘʪʳʥ ᴇʩʽʤʜʽʢʪʝʨ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ 

ʧʨʘʢʪʠʢʘʣʳץ ʪײʨrס ʜʘʥ װʣʢʝʥ rץ ʟrסʫʰʳʣʳץ 

ʪʫʜʳʨʘʜʳ. ɹײʣ ʪײrץʤʜʘʩץʘ ʞʘʪʘʪʳʥ 

ᴇʩʽʤʜʽʢʪʝʨʜʽש ʟʝʨʪʪʝʣʛʝʥ ʪװʨʣʝʨʽ ʙʠʦʣʦʛʠʷʣʳץ 

ʙʝʣʩʝʥʜʽʣʽʢʢʝ ʠʝ ʞᴅʥʝ ᴅʨ ʪװʨʣʽ ץʘʙʳʥʫסʘ ץʘʨʩʳ 

ʞᴅʥʝ ʞװʨʝʢ ʘʫʨʫʣʘʨʳʥ ʝʤʜʝʫʜʝ ץʦʣʜʘʥʳʣʘʜʳ. 

ʆʣʘʨʜʳש ʢᴇʧʰʽʣʽʛʽʥʽײץ שʨʘʤʳʥʜʘ ʵʬʠʨ 

ʤʘʡʣʘʨʳ, ʘʣʢʘʣʦʠʜʪʘʨ, ʬʣʘʚʦʥʦʠʜʪʘʨ, 

ʩʪʝʨʦʣʜʘʨ, ʪʝʨʧʝʥʦʠʜʪʘʨ ʞᴅʥʝ ʙʘʩץʘ ʜʘ 

ʬʠʟʠʦʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽ ץʦʩʳʣʳʩʪʘʨ ʙʦʣʘʜʳ. 

Chenopodiaceae (ʄʘʨʝʚʳʝ) ʪײrץʤʜʘʩʳʥʘ 

ʞʘʪʘʪʳʥ ᴇʩʽʤʜʽʢʪʝʨ ʭʘʣʳץ ʝʤʽʥʜʝ ʛʠʧʦʪʝʥʟʠʚʪʽ, 

ʘʥʪʠʛʝʣʴʤʠʪʪʽ ʞᴅʥʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʜʳ ʜᴅʨʽʣʽʢ 

ʟʘʪ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣסʘʥʳ ʙʝʣʛʽʣʽ. ɹײʣ 

ʪײrץʤʜʘʩץʘ ʞʘʪʘʪʳʥ ᴇʩʽʤʜʽʢʪʝʨʜʽ  ᴅʣ-ʌʘʨʘʙʠ 

ʘʪʳʥʜʘrס  ʠסʟʘʪʪʘʨ, ʪʘʙʠ ץʋ-ʜʝ ʦʨʛʘʥʠʢʘʣʳױʘʟפ 

 ʦʩʳʣʳʩʪʘʨ ʤʝʥ ʧʦʣʠʤʝʨʣʝʨ ʭʠʤʠʷʩʳ ʞᴅʥʝץ

ʭʠʤʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷ ʢʘʬʝʜʨʘʩʳʥʜʘ ï ʧʨʦʬʝʩʩʨ 

ɹʫʨʘʰʝʚʘ ɻ.ʐ., ʄʠʬʪʘʭʦʚʘ ɸ.ʌ ʟʝʨʪʪʝʜʽ.  

ᴆʩʽʤʜʽʢ ʰʠʢʽʟʘʪʳ ᴇʥʜʽʨʽʩʪʝ 

ʬʘʨʤʘʢʦʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨʜʳ ʞʝʢʝʰʝ 

ʪװʨʽʥʜʝ ʘʣʫʜʘ, ᴅʩʽʨʝʩʝ ʦʣʘʨʜʳש ʽʰʽʥʜʝ ᴅʣʽ 

ʩʠʥʪʝʟʜʝʣʤʝʛʝʥ ʥʝʤʝʩʝ ʩʠʥʪʝʟʽ ʵʢʦʥʦʤʠʢʘʣʳץ 

ʪײʨrס ʜʘʥ ʪʠʽʤʩʽʟ ʟʘʪʪʘʨʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʪʝʨʘʧʝʚʪʠʢʘʣʳץ ᴅʩʝʨʽ ʙʘʨ ʧʨʝʧʘʨʘʪʪʘʨʜʳ 

ʜʘʡʳʥʜʘʫʜʘ  ʩʫʙʩʪʘʥʮʠʷ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. 

ɿʝʨʪʪʝʫʜʽש ʤʘrש ʟʜʳʣʳrס  ץʢʣʠʤʘʪʪʳ שʘʪʘץ 

ʞʘסʜʘʡʜʘ ᴇʩʝʪʽʥ ʪײʟסʘ ʪᴇʟʽʤʜʽ ᴇʩʽʤʜʽʢʪʝʨʜʽש 

ʙʦʡʳʥʜʘ ʦʣʘʨʜʳש ᴇʤʽʨ ʩװʨʫʛʝ ʙʝʡʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʘʪʳʥ ᴅʨ ʪװʨʣʽ ʙʠʦʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽ 

ʟʘʪʪʘʨ ʪװʟʽʣʫʽʥʝ ʞᴅʥʝ ʦʣʘʨʜʳפ שʘʟʘץʩʪʘʥ 

ʬʣʦʨʘʩʳʥʜʘ ʢʝש ʪʘʨʘʣʫʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ. ʆʩʳ 

ʪײʨrס ʜʘ Chenopodiaceae (ʤʘʨʝʚʴʝ) ʪײrץʤʜʘʩʳ 

ץʣʢʝʥ rװ ʟrסʫʰʳʣʳץ ʪʫʜʳʨʘʜʳ [1]. 

ɾײʤʳʩʪrש ʤʘץʩʘʪʳ. ʊײʟסʘ ʪᴇʟʽʤʜʽ 

Chenopodiaceae ʪײrץʤʜʘʩʳʥʘ ʞʘʪʘʪʳʥ 

Salicornia europaea ᴇʩʽʤʜʽʛʽʥʽש ʞʝʨ װʩʪʽ 

ʙᴇʣʽʛʽʥʝʥ rץ rhץ ʣʜrץ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʙᴇʣʫʜʽש 

ʪʠʽʤʜʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ  ʩʳʟʙʘʥײʩץʘʩʳʥ ʞʘʩʘʫ 

ʞᴅʥʝ ʦʣʘʨʜʳש ʠʜʝʥʪʠʬʠʢʘʮʠʷʩʳ. 

ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ. Chenopodiaceae 

ʪײrץʤʜʘʩʳʥʘ ʞʘʪʘʪʳʥ Salicornia Europaea 

ᴇʩʽʤʜʽʛʽʥʽש ʞʝʨ ʙʝʪʽ ʙᴇʣʽʛʽ. 

 ʂᴇʟʜʝʛʝʥ ʤʘץʩʘʪץʘ ʞʝʪʫ hװ ʽʥ ʤʳʥʘʜʘʡ 

ʤʽʥʜʝʪʪʝʨ ʘʣסʘ ץʦʡʳʣʜʳ : 

1. Salicornia europaea ᴇʩʽʤʜʽʛʽʥʽש ʞʝʨ ʙʝʪʽ 

ʙᴇʣʽʛʽʥʽש ʩʘʧʘʣʳʣʳrס ʥ ʘʥʳץʪʘʫ (ʳʣסʘʣʜʳʣʳץ, 

ʢװʣʜʽʣʽʢ, ʵʢʩʪʨʘʢʪʠʚʪʽ ʟʘʪʪʘʨ); 

2. Salicornia europaea ᴇʩʽʤʜʽʛʽʥʽש ʞʝʨ ʙʝʪʽ 

ʙᴇʣʽʛʽʥʽש  ʩʘʧʘʣʳץ, ʩʘʥʜʳץ ʞᴅʥʝ ʵʣʝʤʝʥʪʪʽʢ 

 ;ʪʘʫץʨʘʤʳʥ ʘʥʳײץ

3. ɹʠʦʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨ ʢʦʤʧʣʝʢʩʽʥ 

ʞᴅʥʝ ʬʠʪʦʧʨʝʧʘʨʘʪʪʘʨʜʳ ʘʣʫʜʳש ʦשʪʘʡʣʳ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʳʟʙʘ-ʥײʩץʘʩʳʥ ʞʘʩʘʫ; 

4. ʌʠʟʠʢʦ-ʭʠʤʠʷʣʳץ ᴅʜʽʩʪʝʨʤʝʥ 

ʙʠʦʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨʜʳש ʥʝʛʽʟʛʽ 

ʪʦʧʪʘʨʳʥ ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʫ. 

 ɼװʥʠʝ ʞװʟʽ ʙʦʡʳʥʰʘ Chenopodiaceae 

ʪײrץʤʜʘʩʳʥʘ 100 ʪʝʢ ʞᴅʥʝ 1400 ʪװʨ ʞʘʪʘʜʳ. 

ʆʨʪʘ ɸʟʠʷ ʪʝʨʨʠʪʦʨʠʷʩʳʥʜʘ Chenopodiaceae 

ʪײrץʤʜʘʩʳ ᴇʢʽʣʜʝʨʽʥʽ178 ש ʪװʨʽ ʞᴅʥʝ 42 ʪʝʛʽ 

ʢʝʟʜʝʩʝʜʽ, ʘʣ ᴇʟʽʤʽʟʜʽש ʝʣʜʝ 44 ʪʝʢ ʧʝʥ 223 ʪװʨʽ 

ʙʘʨ. Salicornia Europaea (S.europaea) ᴇʩʽʤʜʽʛʽ 

Chenopodiaceae ʪײrץʤʜʘʩʳʥʘ ʞʘʪʘʪʳʥ 

ʛʠʧʝʨʛʘʣʦʬʠʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. CCCʈ 

ʬʣʦʨʘʩʳʥʜʘ 35 ʪװʨʽ, ʘʣ פʘʟʘץʩʪʘʥ ʬʣʦʨʘʩʳʥʜʘ 

ʙʽʨʞʳʣʜʳץ ᴇhʧʪʝʩʽʥ, ʙʦʡʳ ʘʣʘʩʘ S.europaea 

ᴇʩʽʤʜʽʛʽ ʢʝʟʜʝʩʝʜʽ. S.europae, ץʘʟʘhץ ʘ ʘʪʘʫʳ ç 

rץ ʟʳʣ ʩʦʨʘש, ʙײʟʘʫʙʘʩ ʩʦʨʘשè. S.ʝuropaea - ʪײʟסʘ 
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ʪᴇʟʽʤʜʽ, ʪײʟʜrץ שʘʣrץ שʘʙʘʪʳʤʝʥ ʞʘʙʳʣסʘʥ 

ʢhװ ʪʽ ʩʦʨʪʘשʜʘ ʦʣ ʤʦʣ ʜʘʤʠʜʳ; ʝʰץʘʥʜʘʡ 

ᴇʩʽʤʜʽʢ ʪײʟʜrש ʤײʥʜʘʡ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʘ ʪᴇʟʝ 

ʘʣʤʘʡʜʳ. ʆʣ ʳʣסʘʣ ʩʦʨʪʘשʜʘ, ʩʦʨ ʞʝʨʣʝʨʜʝ, 

ʪײʟʜʳ ᴇʟʝʥʜʝʨ ʤʝʥ ʪʝ̔ש ʟ ʞʘסʘʣʘʫʣʘʨʳʥʜʘ, 

ʛʠʧʩʪʽ, ʪײʟʜʳ ץʘʙrץʪʘ, ʩʦʨʪʘשʜʳ ʙʘʪʧʘץʪʘʨ ʤʝʥ 

ʰʘʣrס ʥʜʘ ᴇʩʝʜʽ, ʘʣ ʪʝ̔ש ʟ ʜʝשʛʝʡʽʥʝʥ 3900 ʤ 

ʙʠʽʢʪʽʢʪʝ ʪײʟʜʘʣסʘʥ ʪʳשʘʡסʘʥ ʞʝʨʣʝʨʜʝ ʩʠʨʝʢ 

ᴇʩʝʜʽ.  

סʪʘʫʣʳ ʘʫʤʘr שʩʪʘʥʥʳץʘʟʘפ ʥʘʥ ʙʘʩץʘ 

ʙʘʨʣʳץ ʞʝʨʽʥʜʝ ᴇʩʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʙʝʨʽʣʛʝʥ 

ʘʨʘʣ ɽʫʨʘʟʠʷʜʘ, ʥʘץʪʳʨʘץ ʘʡʪʩʘץ ʙʘʪʳʩʪʘ 

סʣʳʙʨʠʪʘʥʠʷʜʘʥ ʰʳrױ ʩʪʘ rפ ʪʘʡ ʞᴅʥʝ 

ɾʘʧʦʥʠʷ ʘʨʘʣrrס ʥʜʘ ʢʝ̔ש ʥʝʥ ʪʘʨʘסʘʥ, ʞᴅʥʝ ʜʝ 

ʈʝʩʝʡʜʽש ɽʫʨʦʧʘʣʳץ ʙᴇʣʽʛʽʥʜʝ ʪʝ̔ש ʟ 

ʞʘסʘʣʘʫʣʘʨʳʥʜʘ ʞᴅʥʝ ɽʛʠʧʝʪ ʧʝʥ ʄʘʨʦʢʢʦʜʘ ʜʘ 

ʢʝʟʜʝʩʝʜʽ [2]. 

ʉʦʣʝʨʦʩ ʪײrץʤʜʘʩʳʥʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥ 

ʪʝʨʝ̔ש ʨʝʢ ʰʝʪʝʣ ʞᴅʥʝ ʦʪʘʥʜʳס ץʘʣʳʤʜʘʨ ʜʘ 

ʙסײʘʥ ʜʝʡʽʥ ʟʝʨʪʪʝʤʝʛʝʥ. ɹʦʪʘʥʠʢʪʝʨ ʦʥʳש 

ʩʘʧʘʣʳץ ʞᴅʥʝ ʩʘʥʜʳײץ ץʨʘʤʳʥ ʘʥʳץʪʘʜʳ: 

ʊʘʤʳʨ. ɸʣʢʘʣʦʠʜʪʘʨ 0,09%, ʬʣʘʚʦʥʦʠʜʪʘʨ. ɾʝʨ 

 ʨʘʤʳʥʜʘײץ ,ʩʪʽ ʤʘʩʩʘʩʳ. ɸʣʢʘʣʦʠʜʪʘʨ  0,04%װ

ʘʟʦʪʳ ʙʘʨ ץʦʩʳʣʳʩʪʘʨ,ʩʘʣʠʢʦʨʥʠʥ, ʩʘʣʠʛʝʨʙʠʥ, 

ʙʝʪʘʠʥ, ʭʦʣʠʥ. ʊʝʨʽ ʠʣʝʛʽʰ ʟʘʪʪʘʨ. 

ɸʥʪʦʮʠʘʥʜʘʨ: ɓ-ʮʠʘʥʠʥʜʠʥ, ʦʢʩʘʣʘʪʪʘʨ 

(ʐʨʝʪʝʨ, 1975), ʬʣʦʙʘʬʝʥʜʝʨ, ʰʘʡʳʨ ʞᴅʥʝ ʤʘʡ 

rץ rhץ ʣʜʘʨʳ. ɸʣ ʞʘשʘʜʘʥ ʪʝʨʽʣʛʝʥ ᴇʩʽʤʜʽʢʪʝ 

ʘʩʢʦʨʙʠʥ rץ rhץ ʣʳ ʢʝʟʜʝʩʝʜʽ. ɸʙʩʦʣʶʪʪʽ ײץʨסʘץ 

ʩʘʣʤʘץץʘ ʝʩʝʧʪʝʛʝʥʜʝ ᴇʩʽʤʜʽʢʪʝ 5,02% ʢװʣ ʙʘʨ, 

ʦʥr43-74% ש ʥʘʪʨʠʡ ʭʣʦʨʠʜʽ, 4,52% ʥʘʪʨʠʡ 

ʢʘʨʙʦʥʘʪʳ, ʢװʢʽʨʪ rץ rhץ ʣʜʳ ʥʘʪʨʠʡ, ʙʨʦʤʜʳ 

ʤʘʛʥʠʡ ʞᴅʥʝ ʡʦʜʪʳ ʤʘʛʥʠʡ, ʘʟ סʘʥʘ ʤᴇʣʰʝʨʜʝ 

ʢᴇʤʽʨʩʫ ײץʨʘʡʜʳ, ʞᴅʥʝ ʰᴇʧʪ̔ײץ שʨʘʤʳʥʜʘ 

22,97%-Na, 9,53%-Ka, 4,85%-Mg, 2,99% - Ca , 

27% CI, 15,5%- SO4 , 2,1%-PO4 ,12%- CO3  ʙʘʨ 

ʝʢʝʥʜʽʛʽ ʟʝʨʪʪʝʣʛʝʥ[3].  

 

ʊᴅʞʽʨʠʙʝʣʽʢ ʙᴇʣʽʤ 

 ʄʝʤʣʝʢʝʪʪʽʢ שʩʪʘʥʥʳץʘʟʘפ 

ʬʘʨʤʘʢʦʧʝʷʩʳʥʜʘ ץʘʙʳʣʜʘʥסʘʥ ᴅʜʽʩʪʝʤʝʣʝʨʛʝ 

ʩᴅʡʢʝʩ ᴇʩʽʤʜʽʢ ʰʠʢʽʟʘʪʳʥʘ ʩʘʧʘʣʳץ ʘʥʘʣʠʟ 

ʞװʨʛʽʟʽʣʜʽ. ɸʣʤʘʪʳ ᴇ̔שʨʽʥʜʝ ᴇʩʝʪʽʥ Salicornia 

Europaea (S.europaea) ᴇʩʽʤʜʽʛʽʥ ʢʝʧʪʽʨʫ ʢʝʟʽʥʜʝ 

סʘʣʜʳʣʳrסʳʣ שʣʛʽʥʽװ , ʞʘʣʧʳ ʢװʣʜʽʣʽʛʽ ʤʝʥ 

ʵʢʩʪʨʘʢʪʠʚʪʽ ʟʘʪʪʘʨ ʘʥʳץʪʘʣʜʳ.  

 
1- ʢʝʩʪʝ - S.europaea ʰʠʢʽʟʘʪʳʥʳש ʞʝʨ ʙʝʪʽ ʙᴇʣʽʛʽʥʽש  r ʣסʘʣʜʳʣʳrס ʥ  ʘʥrץʪʘʫ 

ʂʝʧʪʽʨʛʝʥʛʝ 

ʜʝʡʽʥʛʽ ʙʶʢʩ 

ʤʘʩʩʘʩʳ, ʛ. 

ʂʝʧʪʽʨʛʝʥ-

ʥʝʥ ʢʝʡʽʥʛʽ 

ʙʶʢʩ 

ʤʘʩʩʘʩʳ, ʛ. 

ʂʝʧʪʽʨʛʝʥʛʝ 

ʜʝʡʽʥʛʽ 

ʙʶʢʩ+ 

ʰʠʢʽʟʘʪ 

ʤʘʩʩʘʩʳ, ʛ. 

ʂʝʧʪʽʨʛʝʥʥʝʥ 

ʢʝʡʽʥʛʽ ʙʶʢʩ+ 

ʰʠʢʽʟʘʪ 

ʤʘʩʩʘʩʳ, ʛ. 

ʄʄ,ʛ ʄʄ1,ʛ ʓʣסʘʣʜʳʣʳץ, 

% 

18,7212 18,7211  

19,7197 

19,6482 11 00,928  

7,2 18,7211 19,6477 

18,7211 19,6477 

 

ʂʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʟʝʨʪʪʝʣʝʪʽʥ 

ᴇʩʽʤʜʽʛʽʤʽʟʜʽש ʞʝʨ װʩʪʽ ʙᴇʣʽʛʽʥʽש ʳʣסʘʣʜʳʣʳrס  

ʄʝʤʣʝʢʝʪʪʽʢ ʌʘʨʤʘʢʦʧʝʷ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝʥ 

ʞʦסʘʨʳ ʝʤʝʩ.  

 

2-ʢʝʩʪʝ - S.europaea ʰʠʢʽʟʘʪʳʥʳש ʢװʣʜʽʣʽʛʽʥ ʘʥʳץʪʘʫ 

ʊʠʛʝʣʴ ʤʘʩʩʘʩʳ, 

ʛ. 

ʊʠʛʝʣʴ+ 

ʰʠʢʽʟʘʪ 

ʤʘʩʩʘʩʳ, ʛ. 

ʄ (ʰʠʢʽʟʘʪ 

ʤʘʩʩʘʩʳ), ʛ. 

ɾʘץץʘʥʥʘʥ 

ʢʝʡʽʥʛʽ ʪʠʛʝʣʴ 

ʤʘʩʩʘʩʳ, ʛ. 

ʄ1 (ʢװʣ 

ʤʘʩʩʘʩʳ), ʛ. 
 

ʂװʣʜʽʣʽʢ, 

37,4217 38,4327 1 37,4211 0,14 15,17% 

 

ʂʝʩʪʝʜʝʥ ʙʘʡץʘסʘʥʳʤʳʟʜʘʡ S.europaea 

ᴇʩʽʤʜʽʛʽʥʜʝ ʢװʣʜ̔ש ʤᴇʣʰʝʨʽ 15,17%. ᴆʩʽʤʜʽʢ 

ʰʠʢʽʟʘʪʥʜʘrס  ʢװʣʜ̔ש ʤᴇʣʰʝʨʽ ᴇʟʛʝʨʽʧ ʦʪʳʨʘʜʳ, 

ʦʥrש ʩʝʙʝʙʽ ʰʠʢʽʟʘʪʪʳש ʤʠʥʝʨʘʣʜʳ 

 ʦʩʳʣʳʩʪʘʨʤʝʥ ʘʨʘʣʘʩʳʧ ʢʝʪʫʽ ʤʝʥ ʰʠʢʽʟʘʪʪʳץ

ʞʠʥʘʫʜʘ ʣʘʩʪʘʥʫʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɾʘʣʧʳ ʢװʣʜʝ ʘʪʦʤʜʳ-ʘʙʩʦʨʙʮʠʦʥʜʳ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳץ ᴅʜʽʩʽʤʝʥ ʤʘʢʨʦ- ʞᴅʥʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש ʤᴇʣʰʝʨʽ ʘʥʳץʪʘʣʜʳ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʥʳץʪʘʣסʘʥ S.europaea 

ᴇʩʽʤʜʽʛʽʥʽש ʞʝʨ ʙʝʪʽ ʙᴇʣʽʛʽʥʜʝʛʽ ʤʘʢʨʦ- ʞᴅʥʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜiש ʤᴇʣʰʝʨi 3-ʢʝʩʪʝʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

3-ʢʝʩʪʝ - S.europaea ʰʠʢʽʟʘʪʳʥʳש 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʽʢ ײץʨʘʤʳ 
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ʄʘʢʨʦ- 

ʞᴅʥʝ 

ʤʠʢʨʦʵʣʝʤ

ʝʥʪʪʝʨ 

 

ᴆʣʰʝʤ ʙʽʨʣʽʛʽ 

 

ʂװʣʜʝʛʽ 

ʤᴇʣʰʝʨʽ 

1 2 3 

Na ʄʢʛ/ʤʣ 1464,0 

K ʄʢʛ/ʤʣ 168,7 

Mg ʄʢʛ/ʤʣ 279,9 

Fe ʄʢʛ/ʤʣ 7,982 

Ni ʄʢʛ/ʤʣ 0,263 

Co ʄʢʛ/ʤʣ 70,6 

Cu ʄʢʛ/ʤʣ 0,273 

Cd ʄʢʛ/ʤʣ 0,020 

Zn ʄʢʛ/ʤʣ 1,282 

Mn ʄʢʛ/ʤʣ 2,206 

Pb ʄʢʛ/ʤʣ 4,0 

 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʝש ʢᴇʧ ʩʘʥʜʳװ ץʣʝʩ 

 :ʨʘʡʪʳʥ ʵʣʝʤʝʥʪʪʝʨʛʝ ʢʝʣʝʩʽʣʝʨ ʞʘʪʘʜʳײץ

ʥʘʪʨʠʡ, ʢʘʣʠʡ, ʤʘʛʥʠʡ, ʪʝʤʽʨ, ʤʘʨʛʘʥʝʮ, ʘʣ ʝש ʘʟ 

ʤᴇʣʰʝʨʜʝ ʢʘʜʤʠʡ, ʢʦʙʘʣʴʪ, ץʦʨסʘʩʳʥ ʙʘʨ. 

ᴆʩʽʤʜʽʢ ʰʠʢʽʟʘʪʳʥʜʘ ʵʢʩʪʨʘʢʪʠʚʪʽ ʟʘʪʪʘʨʜʳש 

ʙʦʣʫʳ ʦʥʳש ʩʘʧʘʣʳʣʳrס ʥ ʘʥʳץʪʘʫʜʳש ʥʝʛʽʟʛʽ 

ʩʘʥʜʳץ ʢᴇʨʩʝʪʢʽʰʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ᴆʩʽʤʜʽʢ ʰʠʢʽʟʘʪʳ ʤʝʥ ץʦʣʜʘʥʳʣסʘʥ 

ʝʨʽʪʢʽʰʪʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʦʥʜʘrס  ᴅʩʝʨ ʝʪʫʰʽ ʞᴅʥʝ ץʦʩʳʤʰʘ ʟʘʪʪʘʨ 

ʝʨʽʪʢʽʰʢʝ ᴇʪʫʽ ʤװʤʢʽʥ. ʕʢʩʪʨʘʢʪʠʚʪʽ ʟʘʪʪʘʨʜʳ  

ʘʥrץʪʘʫ ʥᴅʪʠʞʝʣʝʨʽ  4- ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

4-ʢʝʩʪʝ - S.europaea ʰʠʢʽʟʘʪʳʥʳש ʵʩʪʨʘʢʪʠʚʪʽ 

ʟʘʪʪʘʨʳʥ ʩʘʥʜʳץ ʘʥrץʪʘʫ 

 

 ̄ ʕʢʩʪʨʘʛʝʥʪ ʍ, ʵʢʩʪʨʘʢʪʠʚʪʽ 

ʟʘʪʪʘʨʜʳש ʤᴇʣʰʝʨʽ,% 

1 ʕʪʠʣ ʩʧʠʨʪʽ 

(70%) 
20,36 

2 ʕʪʠʣ ʩʧʠʨʪʽ 

(50%) 

29,42 

3 ʉʫ 25,52 

 

ʂʝʩʪʝʜʝʛʽ ʤᴅʣʽʤʝʪʪʝʨʛʝ ץʘʨʘʡʪʳʥ ʙʦʣʩʘץ 

ʙʠʦʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨʜʳש ʤʘʢʩʠʤʘʣʜʳ 

ʵʢʩʪʨʘʢʮʠʷʩʳ ʩʫ ʤʝʥ 50% ʵʪʠʣ ʩʧʠʨʪʽʥʜʝ ʞװʟʝʛʝ 

ʘʩʘʜʳ.   

S.europaea ϺʩʽʤʜʽʛʽʥʽϬ ʞʝʨ ʙʝʪʽ ʙϺʣʽʛ̔ʥʝ 

ʬʠʪʦʭʠʤʠʷʣʳϨ ʘʥʘʣʠʟ ʞϮʨʛʽʟʫ 

S.europaea ᴇʩʽʤʜʽʛʽʥʽש ʬʠʪʦʭʠʤʠʷʣʳץ 

ʘʥʘʣʠʟʽʥʜʝ ʧʦʣʠʬʝʥʦʣʜʳ ץʦʩʳʣʳʩʪʘʨʜʳש 

ʙʘʨʣʳץ ʢʣʘʩʪʘʨʳʥʘ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʪʘʙʠסʠ 

 ʨʝʘʢʮʠʷʣʘʨ ʤʝʥ ץʘ (ʩʘʧʘʣʳסʦʩʳʣʳʩʪʘʨץ

ʭʨʦʤʘʪʦʛʨʘʬʠʷʣʳץ ᴅʜʽʩʪʝʨ) ʘʡrץ ʥʜʘrס ʰʪʘʨ ʤʝʥ 

 ʘʟʜʳ ʭʨʦʤʘʪʦʛʨʘʬʠʷʜʘ ʩʘʣʳʩʪʳʨʤʘʣʳסʘץ

ץʦʣʜʘʥʫ ʘʨrץ ʣʛʽʣʝʨʜʽװ ʣʳ ʞװʨʛʽʟʽʣʜʽ.  

S.europaea ᴇʩʽʤʜʽʛʽʥʽ50% ש ʜʳ ʩʫʣʳ ʵʪʘʥʦʣ 

ʪײʥʜʳʨʳʥʜʳʩʳʥʘ  ʭʣʦʨʦʬʦʨʤʤʝʥ ʵʢʩʪʨʘʢʮʠʷ 

ʞʘʩʘʣʜʳ. ʍʣʦʨʦʬʦʨʤʜʳ ʵʢʩʪʨʘʢʪʳסʘ ʝʢʽ ʞװʡʝʣʽ 

ʭʨʦʤʘʪʦʛʨʘʤʤʘʜʘ ʩʘʨʘʧʪʘʤʘ ʞʘʩʘʣʜʳ. ɸʥʳץʪʘʫ 

ʥᴅʪʠʞʝʣʝʨʽʥʝʥ  ʙʫʪʘʥʦʣ: ʩʽʨʢʝ rץ rhץ ʣʳ: ʩʫ - 

(40:12,5:29) ʞᴅʥʝ 6% ʩʽʨʢʝ rץ rhץ ʣʳ 

ʞװʡʝʣʝʨʽʥʜʝ ʩʳrס ʥʜʳʣʘʨ  ײץʨʘʤʳʥʘʥ ʤʘʡ 

rץ rhץ ʣʜʘʨʳ ʘʥʳץʪʘʣʜʳ. ɸʨʳ ץʘʨʘʡ ʤʘʡ 

rץ rhץ ʣʜʘʨʳʥʘ ɻʉʍ ᴅʜʽʩʽʤʝʥ ʩʘʥʜʳץ ʤᴇʣʰʝʨʽ 

ʘʥrץʪʘʣʜʳ. ɸʥʳץʪʘʫ ʥᴅʪʠʞʝʣʝʨʽ 5-ʢʝʩʪʝʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 

5-ʢʝʩʪʝ - S.europaea ᴇʩʽʤʜʽʛʽʥʽײץ שʨʘʤʳʥʜʘrס  

ʤʘʡ rץ rhץ ʣʜʘʨʜʳש  ʤᴇʣʰʝʨʽ 

ʄʘʡ rץ rhץ ʣʜʘʨʳ ʄᴇʣʰʝʨʽ (ʤʛ) 

ʄʠʨʠʩʪʠʥ 

rץ rhץ ʣ r(C14:0) 

0,2 

ʇʘʣʴʤʠʪʠʥ 

rץ rhץ ʣ r(C16:0) 

6,0 

ʉʪʝʘʨʠʥ 

rץ rhץ ʣ r(C18:0) 

5,2 

ʇʘʣʴʤʠʪʦʦʣʝʠʥ 

rץ rhץ ʣʳ (C16:1) 

1,0 

ʆʣʝʠʥ rץ rhץ ʣʳ 

(C18:1) 

50,8 

ʃʠʥʦʣʝʥ 

rץ rhץ ʣʳ (C18:3) 

4,5 

ʃʠʥʦʣ rץ rhץ ʣʳ 

(C18:2) 

32,0 

ɺʘʢʮʝʥ rץ rhץ ʣ r

(C15:0) 

0,9 

 

ʂʝʩʪʝʜʝ ʙʝʨʽʣʛʝʥ ʤᴅʥʜʝʨʜʝʥ ʟʝʨʪʪʝʣʛʝʥ 

ʰʠʢʽʟʘʪ ײץʨʘʤʳʥʜʘ 8 ʤʘʡ rץ rhץ ʣʳʥʳש ʩʘʥʜʳץ 

ʤᴇʣʰʝʨʽʥ ʢᴇʨʝʤʽʟ. ʆʣʘʨʜʳש ʘʡʳʨʤʘʰʳʣʳrס  

ץʘʥ ʤʘʡ rץץʘʥrץ rhץ ʣʜʘʨʳ ʤʝʥ ץʘʥrץʧʘסʘʥ 

ʤʘʡ rץ rhץ ʣʜʘʨʳʥʳש ʞʝʢʝ ᴇʢʽʣʜʝʨʽʥʽש 

ʧʘʡʳʟʜʳץ ʤᴇʣʰʝʨʽʥʜʝ. S.europaea ᴇʩʽʤʜʽʛʽʥʽש 

 ʨʘʤʳʥʜʘ ʦʣʝʠʥ (ʉ18:1) ʞᴅʥʝ ʣʠʥʦʣ (C18:2)ײץ

rץ rhץ ʣʳʥʳש ʧʘʡʳʟʜʳץ ʤᴇʣʰʝʨʽ ʙʘʩץʘ 

rץ rhץ ʣʜʘʨʜʘʥ ᴅʣʜʝץʘʡʜʘ ʘʨʪʳץ, ʘʣ ʤʠʨʠʩʪʠʥ 

rץ rhץ ʣʳ (C14:0) rץ rhץ ʣʳʥʳש ʤᴇʣʰʝʨʽ ʝש 

ʪᴇʤʝʥ ʙʦʣʳʧ ʰʳץʪʳ [4].  
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ʉʫʣʳ ץʘʣʜʳײץ ץʨʘʤʳʥʘʥ ʙʠʦʣʦʛʠʷʣʳץ 

ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨʜʳ ʘʥʳץʪʘʫ hװ ʽʥ ʙʽʨ ʞװʡʝʣʽ 

  ʘʟʜʳ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ᴅʜʽʩʽʤʝʥ ʩʘʨʘʧʪʘʤʘסʘץ

ʞװʨʛʽʟʽʣʜʽ. ʉʘʨʘʧʪʘʤʘ ʥᴅʪʠʞʝʩʽʥʜʝ  

ʙʫʪʘʥʦʣ:ʩʽʨʢʝ rץ rhץ ʣʳ:ʩʫ (40:12,5:29) ʞᴅʥʝ 

6%-ʪʽʢ ʩʽʨʢʝ rץ rhץ ʣʳ ʞװʡʝʣʝʨʽʥʜʝ ʩʫʣʳ 

 ʨʘʤʳʥʘʥ ʢᴇʤʽʨʩʫʣʘʨ, ʘʤʠʥײץ  ץʘʣʜʳץ

rץ rhץ ʣʜʘʨʳ ʪʘʙʳʣʜʳ. ɸʨʳ ץʘʨʘʡ ʘʤʠʥ 

rץ rhץ ʣʜʘʨʳʥ ɻʉʍ ᴅʜʽʩʽ ʘʨrץ ʣʳ ʘʥʳץʪʘʣʜʳ. 

 

6-ʢʝʩʪʝ - S.europaea ᴇʩʽʤʜʽʛʽʥʽײץ שʨʘʤʳʥʜʘrס  

ʘʤʠʥ rץ rhץ ʣʜʘʨʜʳש ʤᴇʣʰʝʨʽ 

 

 ̄ ɸʤʠʥ rץ rhץ ʣʜʘʨ r ʄᴇʣʰʝʨʽ (%) 

1 2 

1 ɸʣʘʥʠʥ 0,788 

2 ɻʣʠʮʠʥ 0,214 

3 ɺʘʣʠʥ 0,196 

4 ʃʝʡʮʠʥ 0,488 

5 ʀʟʦʣʝʡʮʠʥ 0,250 

6 ʊʨʝʦʥʠʥ 0,215 

7 ʉʝʨʠʥ 0,496 

8 ʇʨʦʣʠʥ 0,652 

9 ʄʝʪʠʦʥʠʥ 0,082 

10 ɸʩʧʘʨʘʪʘʪ 1,948 

11 ʎʠʩʪʠʥ 0,050 

12 ʆʢʩʠʧʨʦʣʠʥ 0,002 

13 ʌʝʥʠʣʘʣʘʥʠʥ 0,282 

14 ɻʣʶʪʘʤʘʪ 2,105 

15 ʆʨʥʠʪʠʥ 0,002 

16 ʊʠʨʦʟʠʥ 0,081 

17 ɻʠʮʪʠʜʠʥ 0,315 

18 ɸʨʛʠʥʠʥ 0,287 

19 ʃʠʟʠʥ 0,174 

20 ʊʨʠʧʪʦʬʘʥ 0,130 

6-ʢʝʩʪʝʜʝʥ ɾʕʉʍ ʘʨrץ ʣʳ S.europaea 

ᴇʩʽʤʜʽʛʽʥʽש ʞʝʨ װʩʪʽ ʙᴇʣʽʛʽʥʽײץ שʨʘʤʳʥʘʥ 

ʙʽʨץʘʪʘʨ ʘʤʠʥ rץ rhץ ʣʜʘʨʳ ʘʥʳץʪʘʣʜʳ. ɹʘʨʣʳץ  

ʘʥrץʪʘʣסʘʥ ʘʤʠʥ rץ rhץ ʣʜʘʨʳʥʳש ʩʘʥʳ 20. 

ʆʣʘʨʜʳש ʙʽʨ-ʙʽʨʽʥʝʥ ʘʡʳʨʤʘʰʳʣʳrס  S.europaea 

ᴇʩʽʤʜʽʛʽʥʽײץ שʨʘʤʳʥʜʘrס   ʤᴇʣʰʝʨʽʥʜʝ. ʆʥʳש 

ʽʰʽʥʜʝ ʙʘʩʳʤʜʳʣʳrס  ʘʨʪץʘʥ ʛʣʶʪʘʤʠʥ, 

ʘʩʧʘʨʘʪʘʪ rץ rhץ ʣʜʘʨʳ ʙʦʣʳʧ ʰʳץʪʳ. ɸʣ 

ʤᴇʣʰʝʨʽ ʞʘrס ʥʘʥ ʝש ʘʟʳ ʦʢʩʠʧʨʦʣʠʥ ʤʝʥ 

ʦʨʥʠʪʠʥ rץ rhץ ʣʜʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

Salicornia ᴇʩʽʤʜʽʛʽʥʽש ʰʠʢʽʟʘʪʳʥʜʘrס  

 ʨʘʤʳʥ ʟʝʨʪʪʝʫʜʝ ʢᴇʤʽʨʩʫʣʘʨʜʘʥײץ שʘʥʪʪʘʨʜʳץ

ʘʨʘʙʠʥʦʟʘ Rf=0.31 ʞᴅʥʝ  ʨʘʤʥʦʟʘ  Rf=0.19, ʦ-

ʪʦʣʫʣʜʠʥ ʘʡrץ ʥʜʘrס ʰʳʤʝʥ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʥʜʳ [5]. 

S.europaea ᴇʩʽʤʜʽʛʽʥʝʥ ʙʠʦʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽ 

ʟʘʪʪʘʨʜʳ ʙᴇʣʫ hװ ʽʥ ᴇʩʽʤʜʽʢ ʰʠʢʽʟʘʪʳʥ 50% ʵʪʠʣ 

ʩʧʠʨʪʽʤʝʥ ʵʢʩʪʨʘʢʮʠʷʣʘʥʜʳ. ɸʣʳʥסʘʥ 

ʵʢʩʪʨʘʢʪʪʘʨʜʳ ʢʦʥʮʝʥʪʨʣʝʧ, ʙʽʨ ʞװʡʝʣʽ ץʘסʘʟʜʳ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷ ᴅʜʽʩʽʤʝʥ ɹʉʉ ʞװʡʝʩʽʥʜʝ 

ʩʧʝʮʠʬʠʢʘʣʳץ ʘʡrץ ʥʜʘrס ʰʪʘʨʜʳ ץʦʣʜʘʥʘ 

ʦʪʳʨʳʧ, ʩʫʣʳ ʩʧʠʨʪʪʽ ʵʢʩʪʨʘʢʪʽʜʝʥ ʦʢʩʠʢʦʨʠʯ 

rץ rhץ ʣ ʪʦʙʳʥʘ ʞʘʪʘʪʳʥ ʬʝʨʫʣ ʞᴅʥʝ 

ʠʟʦʚʘʥʠʣʠʥ rץ rhץ ʣʜʘʨʳ ʘʥʳץʪʘʣʜʳ. ɸʣ ʩʫʣʳ 

ʵʢʩʪʨʘʢʪʽʥʽ ʢʦʥʩʝʥʪʨʣʝʧ, ʙʽʨ ʞװʡʝʣʽ ץʘסʘʟʜʳ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷ ᴅʜʽʩʽʤʝʥ ɹʉʉ ʞװʡʝʩʽʥʜʝ 

ʩʧʝʮʠʬʠʢʘʣʳץ ʘʡrץ ʥʜʘrס ʰʪʘʨʜʳ ץʦʣʜʘʥʘ 

ʦʪʳʨʳʧ, ʬʣʘʚʦʥʦʠʜ ï ʤʝʪʦʢʩʠʬʣʘʚʦʥʦʠʜ ʙʘʨ 

ʝʢʝʥʽ ʘʥʳץʪʘʣʜʳ [6]. 
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rפ ʟʳʣ ʞʳשrסʣ ᴇʩʽʤʜʽʛʽʥʽש ʞʝʨ ʙʝʪʽ ʙᴇʣʽʛʽ hװ ʽʥ ʰʠʢʽʟʘʪʪʳש ʳʣסʘʣʜʳʣrס , ʞʘʣʧʳ ʢװʣʜʽʣʽʛʽ, ʵʢʩʪʨʘʢʪʠʚʪʽ 

ʟʘʪʪʘʨ ʘʥrץʪʘʣʜʳ. ʉʘʥʜʳץ ʘʥʘʣʠʟ ʥᴅʪʠʞʝʩʽ ʙʦʡʳʥʰʘ rפ ʟʳʣ ʞʳשrסʣ ᴇʩʽʤʜʽʛʽʥʜʝʛʽ ʥʝʛʽʟʛʽ ʙʠʦʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽ 

ʟʘʪʪʘʨ cʪʝʨʦʠʜʪʘʨ (8,9%) ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʪʝʨʽ ʠʣʝʛʽʰ ʟʘʪʪʘʨ (2,18%), ʬʣʘʚʦʥʦʠʜʪʘʨ (0,54%), 

ʢᴇʤʽʨʩʫʣʘʨ (1,09%), ʦʨʛʘʥʠʢʘʣʳץ rץ rhץ ʣʜʘʨ (0,091%) ʘʥʳץʪʘʣʜʳ. rפ ʟʳʣ ʞʳשrסʣ ᴇʩʽʤʜʽʛʽʥʝʥ ʙʠʦʣʦʛʠʷʣʳץ 

ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨʜʳ ʙᴇʣʫ ʩʳʟʙʘʥײʩץʘʩʳʥ ײʩʳʥʳʣʜʳ ɻɾʍ ᴅʜʽʩʽʤʝʥ 8 ʤʘʡ rץ rhץ ʣʳ, 20 ʘʤʠʥ rץ rhץ ʣʳ 

ʘʥrץʪʘʣʜʳ. פʍ ᴅʜʽʩʽ ʘʨrץ ʣʳ ʢᴇʤʽʨʩʫʣʘʨʜʘʥ ʣʘʢʪʦʟʘ ʞᴅʥʝ ʩʘʭʘʨʦʟʘ, ʘʤʠʥ rץ rhץ ʣʜʘʨʳʥʘʥ ʛʣʠʮʠʥ ʞᴅʥʝ ʦʨʛʠʥʠʥ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʥʜʳ. 

________________________________________________________________________________________________

 

ʄʘשrסʩʪʘʫ ʦʙʣʳʩʳ ʘʩʘ ʽʨʽ, ʪײʡrץʪʘʣסʘʥ 

ʂʘʩʧʠʡ ʪʝ̔ש ʟʽʥʽש ʦʡʧʘʪʳʥʘ ʦʨʥʘʣʘʩץʘʥ, 

ʩʦʣʪװʩʪʽʛʽʥʜʝ - ʂʘʩʧʠʡ ʤʘrש  ʦʡʧʘʪʳ ʞᴅʥʝ 

ɹײʟʘʰʳ ʪװʙʝʛʽ ʢᴇʣʙʝʫ ʙʝʪʢʝʡʣʝʨʽ ʙʘʨ, ʩʦʥʳʤʝʥ 

 ʞᴅʥʝ שʪrץʰʣʘסrשʩʪʽʛʽʥʜʝ ʄʘװʪשʘʪʘʨ, ʦץ

ʆשʪװʩʪʽʢ תʩʪʽʨʪʪʽש ʪʽʢʙʝʪʢʝʡʣʝʨʽʤʝʥ ʰʝʢʪʝʣʝʜʽ.  

ʄʘשrסʩʪʘʫ ʦʙʣʳʩʳʥʳש ᴇʩʽʤʜʽʢʪʝʨ 

ʞʘʤʳʣrס ʩʳ ʰᴇʣʜ̔ש ʪʘʙʠסʘʪʳʥ ʟʝʨʪʪʝʫ 

ʙʘʨʳʩʳʥʜʘ ʞʝʨ ʙʝʜʝʨʽʥʽש, ᴇʩʽʤʜʽʢʪʝʨ 

ʞʘʤʳʣrס ʩʳʥʳש ʞᴅʥʝ ʪʦʧʳʨʘץʪrש ʩʳʨʪrץ  

ʢᴇʨʽʥʽʩʽʥʜʝʛʽ ʪʠʧʪʽʢ ʩᴅʡʢʝʩʪʽʛʽ ץʘʡʪʘʣʘʥʘʜʳ, 

ʩᴇʡʪʽʧ ʵʢʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʷʣʳץ ʙʽʨʪײʪʘʩʪʳץ 

ʥʘץʪʳ ʙʘʡץʘʣʘʜʳ. ʄʘשrסʩʪʘʫ ᴇ̔שʨʽ ʬʣʦʨʘʩʳʥʳש 

ᴅʨ ʘʣʫʘʥ ʪװʨʣʽ ʙʦʣʫʳ ʣʘʥʜʰʘʬʪʪʳץ ʙᴇʣʽʥʫʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ: ʞʘʨʪʳʣʘʡ ʘʨʘʣ ʄʘשrסʰʣʘץ (ʪʘʫʣʳ 

ʞᴅʥʝ ʞʘʟʳץ), ʞʘʨʪʳʣʘʡ ʘʨʘʣ ʊʶʙ-ʂʘʨʘʛʘʥ, 

ʞʘʨʪʳʣʘʡ ʘʨʘʣ ɹʫʟʘʯʠ, תʩʪʽʨʪ ʞᴅʥʝ ʂʘʩʧʠʡ 

ʪʝ̔ש ʟ ʞʘסʘʣʘʫʳ. ʊʝʨʨʠʪʦʨʠʷʥʳש ᴅʨ ʙᴇʣʽʛʽ ʪʝ̔ש ʟ 

ʞʘסʘʣʘʫʳ, ʜʘʣʘʣʳ ʘʡʤʘץ ʞᴅʥʝ ײץʤʜʳ ʘʣץʘʧ 

ᴇʟʜʝʨʽʥʽש ᴇʩʽʤʜʽʢ ʙʽʨʣʝʩʪʽʢʪʝʨʽʤʝʥ 

ʝʨʝʢʰʝʣʝʥʝʜʽ. 

ɾʦסʘʨʳ ᴇʩʽʤʜʽʢʪʝʨʜʽ945 ש-ʪʝʥ ʘʩʘ ʪװʨʽ 

ʘʥrץʪʘʣʜʳ, ʦʥʳש ʽʰ̔ʥʜʝ ʩʠʨʝʢ ʢʝʟʜʝʩʝʪʽʥ, 

ʞʦʡʳʣʳʧ ʙʘʨʘ ʞʘʪץʘʥ, ʜᴅʨʽʣʽʢ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳץ 

ᴇʩʽʤʜʽʢʪʝʨ ʞᴅʥʝ ʢᴇʧ ʪʘʨʘסʘʥ ײץʨסʘץ, ʩʦʨʪʘש, 

ʪײʟʜʳ ᴇʩʽʤʜʽʢʪʝʨ ʙʘʨ. 

ʄʘשrסʩʪʘʫ ʦʙʣʳʩʳʥʜʘ ᴇʩʽʤʜʽʢʪʝʨ ʰᴇʣʜ̔ש ʝʢʽ 

ʙʦʪʘʥʠʢʘ-ʛʝʦʛʨʘʬʠʷʣʳץ ʪʠʧʽʥʝ ʙᴇʣʽʥʛʝʥ ï 

ʩʦʣʪװʩʪʽʢ ʪײʨʘʥʜʳץ ʘʡʤʘץ ʪʘʨʤʘrס  ʞᴅʥʝ ʰᴇʣʜ̔ש 

ʩʫrץ-ץʦrש ʨʞʘʡ ʢʣʠʤʘʪʳ (ʦʙʣʳʩ 

ʪʝʨʨʠʪʦʨʠʷʩʳʥʳש ʢᴇʧ ʙᴇʣʽʛʽ) ʞᴅʥʝ ʦשʪװʩʪʽʢ 

ʪײʨʘʥʜʳץ ʘʡʤʘץ, ʘʩʪʘ ʦשʪװʩʪʽʢ ʰᴇʣʜ̔ש ʞʳʣʳ-

שʦrץ ʨʞʘʡ ʢʣʠʤʘʪʳ (ʦʙʣʳʩʪʳש ʦשʪװʩʪʽʢ 

ʰʝʪʽʥʜʝ). ɽʢʽ ʘʡʤʘץ ʪʘʨʤʘrס ʥrש ʘʨʘʩʳʥʜʘrס  

ʰʝʢʘʨʘ 43Á Mʘשrסʰʣʘץ ʞᴅʥʝ תʩʪʽʨʪʪʝ 43Á ʞᴅʥʝ 

41Áʩʦʣʪװʩʪʽʢ ʝʥʜʽʢʪʝʨʜʽש ʘʨʘʩʳʥʘʥ ᴇʪʝʜʽ. 

ʉʦʣʪװʩʪʽʢ ʰᴇʣʛʝ ʞʫʩʘʥʜʳ ʞᴅʥʝ ʢᴇʧ ʞʳʣʜʳץ-

ʩʦʨʘשʜʳ ʙʽʨʣʝʩʪʽʢ, ʩʦʥʜʘʡ-ʘץ ʦʣʘʨʜʳש ʢʝʰʝʥʽ 

ʪᴅʥ. 

ʊᴇʙʝʰʽʢʪʝʥʛʝʥ ʞʘʟʳץʪʘʨ ʞʘrס ʥʘʥ ʙʠʽʢ, ʪʽʢ 

ʙʝʪʢʝʡʣʝʨʛʝ ʞʘrץ ʥʜʘסʘʥʜʘ ʢᴇʢʞʠʝʢʪʝ ʙײʪʘʣʘʨ 

ʧʘʡʜʘ ʙʦʣʘʜʳ; ʉʠʪʥʝʩ ץʘʨʘʞʝʤʽʩʽ ʞᴅʥʝ 

ʪװʡʝʩʽ̔ש ʨ, ʘʣ ʊװʧץʘʨʘסʘʥ ʪװʙʝʛʽʥʜʝ ʘסʘʰʪʘʨʜʳש 

ʙʘʨʳʥʰʘ װʣʢʝʥ ʙʘʩʪʘʨʳ, ʘץ ʪײʪ (Morus alba) - 

ʘסʘʰʳ, ʪʘʙʠסʠʣʘʥסʘʥ ʤᴅʜʝʥʠ ᴇʩʽʤʜʽʢ. ɹʠʽʢ,ʪʽʢ 

ʙʝʪʢʝʡʣʝʨʜʽש ʞʠʝʛʽʥʜʝ ʢᴇʧ ʞʳʣʜʳץ 

ʩʦʨʘשʜʘʨʜʳש, ʪʘʩʙײʡʳʨrס ʥ ʞᴅʥʝ 

rץ ʨrץʙʫʳʥʥʳש ᴇhʣʜʽʢ ʙʽʨʣʝʩʪʽʢʪʝʨʽ ʪʘʨʘʣסʘʥ. 

ʓʣסʘʣʜʳ ײץʤʜʳ ʞᴅʥʝ ײץʤʜʳ ץʘʪʧʘʨʣʘʨʜrש 

ʞʘʥʳʥʜʘ ʞᴅʥʝ ʙʝʪʢʝʡʣʝʨʜʽש ʪᴇʤʝʥʛʽ ʞʘrס ʥʜʘrס  

ʩʘʟʜʘʨʜʘ, ᴅʜʝʪʪʝ ʳʣסʘʣ ʩװʡʛʽʰ ʞᴅʥʝ ʪʦסʘʡ 

ᴇʩʽʤʜʽʢʪʝʨʽʥʽש ʞʦʣʘrס  ʞʝʪʽʣʛʝʥ. ʐʘʣrס ʥʜrץ 

ᴇʩʽʤʜʽʢʪʝʨʜʽש ʘʨʘʩʳʥʜʘ ʩʦʨʪʘש ʘʞʳʨʳץ 

(Aeluropus littoralis), ʦשʪװʩʪʽʢ ץʘʤʳʩʪʳש 

ʰʽʣʽʢʪʝʨʽ, ʢʝʡʜʝ ʢᴅʜʽʤʛʽ ʞʘʥʪʘץ (Alhagi 

pseudalhagi)ʙʽʨʣʝʩʪʽʢʪʝʨʽ ʞʝʪʽʣʛʝʥ. ʊʦסʘʡ 

ᴇʩʽʤʜʽʢʪʝʨʽʥʽש ʵʣʝʤʝʥʪʪʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ 

ʘסʘʰʪʘʨ ʞᴅʥʝ ʙײʪʘʣʘʨ ʪװʨʣʝʨʽ: ʞʳשrסʣʜrש 

ʪװʨʣʝʨʽ (Tamarix ramosissima, ʊ. longifolia, ʊ. 

laxa ʞᴅʥʝ ʙʘʩץʘʣʘʨʳ), ʰʦʙʝʨ ʘץʪʽʢʝʥʽ (Nitraria 

shoeberi), hװ ʢʽʨ ʞʝʤʽʩ ʞʠʜʝ (Elaeagnus 

ʦʭʫʩʘʛʨʘ),ʪװʨʣʽ ʞʘʧʳʨʘץ ʪʦʨʘשrס (Populus 

diversifolia - ʦʙʣʳʩʪʘrס  ᴇʪʝ ʩʠʨʝʢ ʪװʨ), ץʦʞʘץʘʪ 

ʪʘץשʫʨʘʡ(Rubus caesius). ʆʣʘʨסʘ ʩʝʨʽʢʪʝʩʝʪʽʥ 

ʪװʨʣʝʨ: ʩʽʙʽʨ ʮʠʥʘʥʭʫʤʳ (Cynanchum 

sibiricum),ʰʳrס ʩ ʞʽʙʽʣʛʝʥʽ (Clematis orientalis), 

rץ ʟʳʣ ʢʝʥʜʽʨ (Trachomitum lancifolium). 

ɸʨʥʘʣʘʨʜʳ ʙʦʡʣʘʫסʘ ʙʝʡʽʤ ᴇʩʽʤʜʽʢʪʝʨ, ʰʳrס ʩ 

ʪʝʢʝʩʘץʘʣʳ (Dodartiaorientalis), ʘץ ʰʠʡ 

(Achanatherum splendens) ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʳʣסʘʣ 

ʩװʡʛʽʰ ᴇʩʽʤʜʽʢʪʝʨ ᴇʩʝʜʽ [1]. 

ʄʘשrסʰʣʘץ ʬʣʦʨʘʩʳ hװ ʽʥ, ʘʫʜʘʥʥʳש 
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ʢʘʩʧʠʡʣʽʢ ʙᴇʣʽʛʽ ץʘʨʘסʘʥ 19-ʘʫʜʘʥʜʘ ʙײʣ ʪװʨ 

ʙʝʣʛʽʣʝʥʙʝʛʝʥ. ʂʝʣʪʽʨʽʣʛʝʥ ʤʳʩʘʣʜʘʥ ʰʳסʘʪʳʥ 

שʦʨʳʪʳʥʜʳ, ʂʘʩʧʠʡ ʪʝ̔ץ ʟʽʥʽש ʞʘסʘʩʳʥʜʘrס  

ʞʘʟrץʪʘʨʜʳש ᴇʩʽʤʜʽʢʪʝʨ ʞʘʤʳʣrס ʩʳʥ ʟʝʨʪʪʝʫ, 

ᴇʟʝʢʪʽ ʤᴅʩʝʣʝ ʢװʡʽʥʜʝ ץʘʣʘʜʳ [1]. 

ɾײʤʳʩʪrש ʤʘץʩʘʪʳ ï Mʘשrסʩʪʘʫ 

ʦʙʣʳʩʳʥʜʘ ᴇʩʝʪʽʥ rץ ʟʳʣ ʞʳשrסʣ (T. 

ramosʽssʽma) ᴇʩʽʤʜʽʛʽʥʽײץ שʨʘʤʳʥʜʘrס  

ʙʠʦʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨʜʳ ʘʥʳץʪʘʫ, 

ʩʘʧʘʣʳץ ʞᴅʥʝ ʩʘʥʜʳץ ʩʘʨʘʧʪʘʤʘ ʞװʨʛʽʟʫ, 

ʙʠʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽ ʢʝʰʝʥ ʘʣʫסʘ ʪʠʽʤʜʽ ᴅʜʽʩʪʽש 

ʞװʡʝʩʽʥ ײʩʳʥʫ. 

ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ - ʄʘשrסʩʪʘʫ ᴇ̔שʨʽʥʝʥ 

ʞʠʥʘʣסʘʥ Tamaricaceae ʪײrץʤʜʘʩʳʥʘ ʞʘʪʘʪʳʥ 

ʜʘʣʘʣʳ ʘʡʤʘץʪʘ ʩʘʟʜʳ, ʩʦʨʪʘש ʞʝʨʜʝ ᴇʩʝʪʽʥ 

rץ ʟʳʣ ʞʳשrסʣ (T. ramosʽssʽma). 

ɾײʤʳʩʪrש ʤʽʥʜʝʪʽ - ʂᴇʟʜʝʛʝʥ ʤʘץʩʘʪץʘ 

ʞʝʪʫ hװ ʽʥ ʤʳʥʘʜʘʡ ʤʽʥʜʝʪʪʝʨ ʘʣסʘ ץʦʡʳʣʜʳ: 

rפ ʟʳʣ ʞʳשrסʣ (T. ramosʽssʽma) ᴇʩʽʤʜʽʛʽʥʽש 

ʞʝʨ ʙʝʪʽ ʙᴇʣʽʛʽʥʽש ʩʘʧʘʣʳʣʳrס ʥ (ʳʣסʘʣʜʳʣʳץ, 

ʞʘʣʧʳ ʢװʣʜʽʣʽʢ, ʵʢʩʪʨʘʢʪʠʚʪʽ ʟʘʪʪʘʨ) ʘʥʳץʪʘʫ. 

- ɹʠʦʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨʜʳש ʥʝʛʽʟʛʽ 

ʪʦʧʪʘʨʳʥʘ ʩʘʧʘʣʳץ ʞᴅʥʝ cʘʥʜrץ ʩʘʨʘʧʪʘʫ 

ʞװʨʛʽʟ 

- ɹʠʦʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨ ʢʝʰʝʥʽʥ ʙᴇʣʽʧ 

ʘʣʫʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʳʟʙʘʥײʩץʘʩʳʥ ײʩʳʥʫ. 

ϧr ʟʳʣ ʞʳϬϤrʣ - ʢᴇʧʙײʪʘʣʳ, 6 ʤ ײʟʳʥʜʳץץʘ 

ʜʝʡʽʥ.- ɽʫʨʦʧʘ: פʘʨʘ ʪʝ̔ש ʟ, ɼʦʥʝʥʩʢ ʂʘʚʢʘʟ: 

ʙʘʨʣʳץ ʘʡʤʘץʪʘʨ; ʆʨʪʘ ɸʟʠʷ: ʞʘʟʳץ ʞᴅʥʝ ʪʘʫʣʳ 

ʙʘʨʣʳץ ʘʡʤʘץʪʘʨʳ. ʊʝ̔ש ʟ ʞʘסʘʣʘʫʳʥʜʘ, 

ʢᴇʣʜʝʨʜʝ, ʞʘʡʳʣʤʘʣʘʨ ʞᴅʥʝ ʝʢʽʥʰʽʣʽʢ 

ʪʝʨʨʘʩʘʣʳ ᴇʟʝʥʜʽʢ ʘʣץʘʧʪʘʨʜʘ, ʩʦʨ ʘʡʤʘץʪʘʨʜʘ, 

ʩʦʨ ʤʝʥ ʪײʟʜʳ ʪʦʧʳʨʘץʪʘʨʜʘ, ײץʤʜʘʨʜʘ, 

ʪʦסʘʡʣʘʨʜʘ ʪʝ̔ש ʟ ʜʝשʛʝʡʽʥʝʥ ʞʦסʘʨʳ 2700 ʤ 

ʙʠʽʢʪʽʢʪʝ ʙʦʣʘʜʳ.  

ʍʠʤʠʷʣʳϨ Ϩϰʨʘʤ.r ɸʣʢʘʣʦʠʜʪʘʨ. ʊʘʤʳʨʳ: 

ʊʝʨʽ ʠʣʝʛʽʰ ʟʘʪʪʘʨ 4,5%. ʉʘʙʘrס  ʤʝʥ ʞʘʧʳʨʘrס . 

ʉʪʝʨʦʠʜʪʘʨ 27,3%: 24-ʤʝʪʠʣʭʦʣʝʩʪʘʥʦʣ, 24-

ʵʪʠʣʭʦʣʝʩʪʘʥʦʣ, ʭʦʣʝʩʪʝʨʠʥ, 24-

ʤʝʪʠʣʭʦʣʝʩʪʝʨʦʣ, 24-ʵʪʠʣ-22-

ʜʝʛʠʜʨʦʭʦʣʝʩʪʘʥʦʣ, 24-ʵʪʠʣʭʦʣʝʩʪʝʨʦʣ, 24-

ʵʪʠʣʘʥʦʩʪʝʨʦʣ, 24-ʵʪʠʣ-22-ʜʝʛʠʜʨʦʭʦʣʝʩʪʝʨʦʣ, 

ʘʚʝʥʘʩʪʝʨʦʣ. ʉʘʙʘrס . ʊʝʨʽ ʠʣʝʛʽʰ ʟʘʪʪʘʨ 3%. 

סʘʙrrפ . ʂʫʤʘʨʠʥʜʝʨ 0,16%. ʊʝʨʽ ʠʣʝʛʽʰ ʟʘʪʪʘʨ 

4,1-9%. ʌʣʘʚʦʥʦʠʜʪʘʨ 1,6%. ɸʥʪʦʮʠʘʥʜʘʨ. 

ɾʘʩʳʣ ʙײʪʘʣʘʨʳ. ʂʫʤʘʨʠʥʜʝʨ 0,18%. ʊʝʨʽ 

ʠʣʝʛʽʰ ʟʘʪʪʘʨ 1,64-6,75%. ʌʣʘʚʦʥʦʠʜʪʘʨ 1,66%: 

ʢʚʝʨʮʝʪʠʥ, ʠʟʦʢʚʝʨʮʝʪʠʥ, ʪʘʤʘʨʠʢʩʝʪʠʥ, 

ʪʘʤʘʨʠʢʩʠʥ, ʢʝʤʧʬʝʨʦʣ. ɾʘʧʳʨʘrס . 

ʌʝʥʦʣʢʘʨʙʦʥʜʳ  rץ rhץ ʣʜʘʨ : ʧ-ʢʫʤʘʨʦʚʘʷ. 

ʂʫʤʘʨʠʥʜʝʨ: ʵʩʢʫʣʝʪʠʥ, ʵʣʣʘʛ rץ rhץ ʣʳ. ʊʝʨʽ 

ʠʣʝʛʽʰ ʟʘʪʪʘʨ 8-9%. ʌʣʘʚʦʥʦʠʜʪʘʨ: ʢʚʝʨʮʝʪʠʥ, 

ʢʝʤʧʬʝʨʦʣ. ɸʥʪʦʮʠʘʥʜʘʨ: ʮʠʘʥʠʜʠʥ ʽʟʜʝʨʽ. 

ɾʘʧʳʨʘץʪʘ ʛʘʣʣ rץ rhץ ʣʳ. ʊʝʨʽ ʠʣʝʛʽʰ ʟʘʪʪʘʨ 

50% ʜʝʡʽʥ . ɻװʣʜʝʨʽ. ʂʫʤʘʨʠʥʜʝʨ 0,1%. ʊʝʨʽ 

ʠʣʝʛʽʰ ʟʘʪʪʘʨ 12,67%. ʌʣʘʚʦʥʦʠʜʪʘʨ 2,4%: 

ʢʚʝʨʮʝʪʠʥ, ʢʝʤʧʬʝʨʦʣ, ʠʟʦʢʚʝʨʮʝʪʠʥ, 

ʪʘʤʘʨʠʢʩʝʪʠʥ, ʪʘʤʘʨʠʢʩʠʥ. ɸʥʪʦʮʠʘʥʜʘʨ 2,6%. 

ɾʝʤʽʩʪʝʨʽ. ʂʫʤʘʨʠʥʜʝʨ 0,15%. ʊʝʨʽ ʠʣʝʛʽʰ 

ʟʘʪʪʘʨ 14,42 %. ʌʣʘʚʦʥʦʠʜʪʘʨ 1,64%. 

ɸʥʪʦʮʠʘʥʜʘʨ 2,3% [2,3]. 

 

ʊᴅʞʽʨʠʙʝʣʽʢ ʙᴇʣʽʤ 

ʄʝʤʣʝʢʝʪʪiʢ ʬʘʨʤʘʢʦʧʝʷʥʳ11 ש-ʰi 

ʙʘʩʳʣʳʤʳʥʜʘ ץʘʙʳʣʜʘʥסʘʥ ᴅʜiʩʪʝʤʝʣʝʨ 

ʙʦʡʳʥʰʘ ʟʝʨʪʪʝʣʛʝʥ Tamarix Ramos̔ss̔ma (T. 

ramos̔ss̔ma) ᴇʩiʤʜiʛiʥ ʢʝʧʪiʨʫ ʢʝʟiʥʜʝ ʤʘʩʩʘʥʳש 

ʰ rrס ʤʳ (ʳʣסʘʣʜʳʣʳץ), ʞʘʣʧʳ ʢװʣi ʞᴅʥʝ 

ʵʢʩʪʨʘʢʪʠʚʪi ʟʘʪʪʘʨʳ ʘʥʳץʪʘʣʜʳ. ɸʣʳʥסʘʥ 

ʥᴅʪʠʞʝʣʝʨ ʢʝʣʝʩʽ ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

1-ʢʝʩʪʝ - ʐʠʢʽʟʘʪʪʳש ʩʘʧʘʣʳʣʳrס ʥ ʘʥʳץʪʘʫ 

ʥᴅʪʠʞʝʣʝʨʽ 

 

ᴆʩiʤʜiʢ 

ʘʪʘʫʳ 

ɸʙʩʦʣʶʪʪi ײץʨסʘץ ʰʠʢiʟʘʪץʘ 

ʩʘʥʘסʘʥʜʘrס  %-ʪiʢ װʣʝʩi 

 

 

(T.ramos̔ss

m̔a) 

 

ʓʣסʘʣʜʳʣʳץ ɾʘʣʧʳ 

ʢװʣʜʽʣʽʢ 

8.54 10,49 

 

ʂʝʩʪʝʜʝʥ ʢᴇʨʽʥʛʝʥʜʝʡ ᴇʩʽʤʜʽʢʪʽש 

ʳʣסʘʣʜʳʣʳr8,54% ס ʙʦʣסʘʥ ʢʝʟʜʝ ʞʘʣʧʳ 

ʢװʣʜʽʣʽʛʽ 10,49%-ʜʳ ײץʨʘʜʳ.  

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʥʳץʪʘʣסʘʥ rץ ʟʳʣ 

ʞ rשrסʣ (T. ramos̔ss̔ma) ᴇʩʽʤʜʽʛʽʥʽש ʞʝʨ ʙʝʪʽ 

ʙᴇʣʽʛʽʥʜʝʛʽ ʤʘʢʨʦ- ʞᴅʥʝ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜiש 

ʤᴇʣʰʝʨi 2-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʝש ʢᴇʧ ʩʘʥʜʳװ ץʣʝʩ 

 :ʨʘʡʪʳʥ ʵʣʝʤʝʥʪʪʝʨʛʝ ʢʝʣʝʩʽʣʝʨ ʞʘʪʘʜʳײץ

ʥʘʪʨʠʡ, ʢʘʣʠʡ, ʤʘʛʥʠʡ, ʢʘʣʴʮʠʡ, ʪʝʤʽʨ, ʘʣ ʝש ʘʟ 

ʤᴇʣʰʝʨʜʝ ʥʠʢʝʣʴ, ץʦʨסʘʩʳʥ, ʢʘʜʤʠʡ ʙʘʨ. 

ᴆʩʽʤʜʽʢ ʰʠʢʽʟʘʪʳ ʤʝʥ ץʦʣʜʘʥʳʣסʘʥ 

ʝʨʽʪʢʽʰʪʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʦʥʜʘrס  ᴅʩʝʨ ʝʪʫʰʽ ʞᴅʥʝ ץʦʩʳʤʰʘ ʟʘʪʪʘʨ 

ʝʨʽʪʢʽʰʢʝ ᴇʪʫʽ ʤװʤʢʽʥ. ʕʢʩʪʨʘʢʪʠʚʪʽ ʟʘʪʪʘʨʜʳ 

ʘʥrץʪʘʫ ʥᴅʪʠʞʝʣʝʨʽ 3 - ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʂʝʩʪʝʜʝʛʽ ʤᴅʣʽʤʝʪʪʝʨʛʝ ץʘʨʘʩʘץ ʙʠʦʣʦʛʠʷʣʳץ 

ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨʜʳש ʝש ʢᴇʧ ʵʢʩʪʨʘʢʮʠʷʩʳ ʩʫ ʤʝʥ 

70% ʵʪʠʣ ʩʧʠʨʪʽʥʜʝ ʞװʟʝʛʝ ʘʩʘʜʳ. 

rפ ʟʳʣ ʞʳשrסʣ (T. ramos̔ss̔ma) ᴇʩʽʤʜʽʛʽʥʽש 

ʬʠʪʦʭʠʤʠʷʣʳץ ʘʥʘʣʠʟʽ ʙʠʦʣʦʛʠʷʣrץ ʙʝʣʩʝʥʜʽ 

ʟʘʪʪʘʨʜʳש ʥʝʛʽʟʛʽ ʪʦʧʪʘʨʳʥʘ (ʩʘʧʘʣʳץ 

ʨʝʘʢʮʠʷʣʘʨ ʤʝʥ ʭʨʦʤʘʪʦʛʨʘʬʠʷʣʳץ ᴅʜʽʩʪʝʨ) 

ʘʡrץ ʥʜʘrס ʰʪʘʨ ʤʝʥ ץʘסʘʟʜʳ ʭʨʦʤʘʪʦʛʨʘʬʠʷʜʘ 

ʩʘʣʳʩʪʳʨʤʘʣʳ װʣʛʽʣʝʨʜʽ ץʦʣʜʘʥʫ ʘʨrץ ʣʳ 

ʞװʨʛʽʟʽʣʜʽ. ɸʥʘʣʠʟ ʥᴅʪʠʞʝʩʽʥʜʝ rץ ʟʳʣ ʞʳשrסʣ 

(T. ramos̔ss̔ma) ᴇʩʽʤʜʽʛʽʥʽש ʞʝʨ ʙʝʪʽ ʙᴇʣʽʛʽʥʝʥ 

ʢʝʣʝʩʽ ץʦʩʳʣʳʩʪʘʨ ʘʥʳץʪʘʣʜʳ: ʩʪʝʨʦʠʜʪʘʨ, 

ʢᴇʤʽʨʩʫʣʘʨ, ʬʣʘʚʦʥʦʠʜʪʘʨ, ʤʘʡ rץ rhץ ʣʜʘʨʳ, 

ʘʤʠʥ rץ rhץ ʣʜʘʨʳ, ʦʨʛʘʥʠʢʘʣʳץ rץ rhץ ʣʜʘʨ 

ʪʝʨʽ ʠʣʝʛʽʰ ʟʘʪʪʘʨ . 
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2-ʢʝʩʪʝ - rפ ʟʳʣ ʞʳשrסʣ (T. ramos̔ss̔ma) 

ᴇʩʽʤʜʽʛʽʥʽש ʞʝʨ ʙʝʪʽ ʙᴇʣʽʛʽʥʜʝʛʽ ʤʘʢʨʦ- ʞᴅʥʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜiש ʤᴇʣʰʝʨi 

 

ʄʠʢʨʦʵʣʝ-

ʤʝʥʪʪʝʨ 

Mᴇʣʰʝʨʽ ᴆʣʰʝʤ ʙʽʨʣʽʛʽ 

Na 0,97 % 

K 0,87 % 

Mg 0,59 % 

Ca 0,47 % 

Fe 0,025 % 

Mn 0,0031 % 

Zn 0,0026 % 

Cu 0,0018 % 

Ni  0,0003 % 

Pb 0,0002 % 

Cd 0,0001 % 

 

 

3-ʂʝʩʪʝ - rפ ʟʳʣ ʞʳשrסʣ (T. ramos̔ss̔ma) 

ᴇʩʽʤʜʽʛʽʥʽש ʞʝʨ ʙʝʪʽ ʙᴇʣʽʛʽʥʽש ʵʩʪʨʘʢʪʠʚʪʽ 

ʟʘʪʪʘʨʳʥ ʩʘʥʜʳץ ʘʥrץʪʘʫ ʥᴅʪʠʞʝʣʝʨʽ 

 

 

 ̄

 

ʕʢʩʪʨʘʛʝʥʪ 

ʍ, ʵʢʩʪʨʘʢʪʠʚʪʽ 

ʟʘʪʪʘʨʜʳש ʤᴇʣʰʝʨʽ,% 

1 ʕʪʠʣ 

ʩʧʠʨʪʽ(70%) 
10,496 

2 ʕʪʠʣ 

ʩʧʠʨʪʽ(50%) 

10.235 

3 ʕʪʠʣ ʩʧʠʨʪʽ 

(30%) 

10.124 

4 ʉʫ 4.120 

 

rפ ʟʳʣ ʞʳשrסʣ (T. ramos̔ss̔ma) ᴇʩʽʤʜʽʛʽʥʝ 

ʩʘʧʘʣʳץ ʘʥʘʣʠʟ ᴅʨ ʪװʨʣʽ ʘʡrץ ʥʜʘrס ʰʪʘʨ 

ץʦʣʜʘʥʫ ʘʨrץ ʣʳ ʞװʨʛʽʟʽʣʜʽ. 

rפ ʟʳʣ ʞʳשrסʣ ᴇʩʽʤʜʽʛʽʥʽש ʞʝʨ ʙʝʪʽ ʙᴇʣʽʛʽʥʝ 

ʞʘʣʧʳ ᴅʜʽʩʪʝʤʝʣʝʨ ʙʦʡʳʥʰʘ ʩʘʥʜʳץ ʘʥʘʣʠʟ 

ʞװʨʛʽʟʽʣʜʽ. ʅᴅʪʠʞʝʣʝʨʽ ʢʝʣʝʩʽ ʢʝʩʪʝʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 

5- ʢʝʩʪʝʜʝʥ ʙʝʣʛʽʣʽ ʙʦʣסʘʥʜʘʡ, ʟʝʨʪʪʝʣʽʥʽʧ 

ʦʪʳʨסʘʥ ᴇʩʽʤʜʽʢʪʝ ʩʪʝʨʦʠʜʪʘʨ(8,90%), ʪʝʨʽ 

ʠʣʝʛʽʰ ʟʘʪʪʘʨ (2,18%) ʤᴇʣʰʝʨʽ ʢᴇʧ, ʘʣ 

ʢᴇʤʽʨʩʫʣʘʨ (1,09%), ʬʣʘʚʦʥʦʠʜʪʘʨ (0.54%), ʙʦʩ 

ʦʨʛʘʥʠʢʘʣʳץ rץ rhץ ʣʜʘʨ (0,091%) ײץʨʘʡʜʳ. ɹʽʨ, 

ʝʢʽ ʞײʡʝʣʽ ʞᴅʥʝ ʞץײʘ ץʘʙʘʪʪʳ ʭʨʦʤʦʪʦʛʨʘʬʠʷ 

ᴅʜʽʩʽʥ ʞװʨʛʽʟʽʧ, ʘʨʥʘʡʳ ʘʡrץ ʥʜʘrס ʰʪʘʨ ץʦʣʜʘʥʫ 

ʘʨrץ ʣr  ʩʫʣʳ-ʵʪʦʥʦʣ ʵʢʩʪʨʘʢʪʽʩʽʥʝʥ 

ʙʠʦʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨʜʳ ʘʥʳץʪʘʣʜʳ [4]. 

 

4-ʢʝʩʪʝ - rפ ʟʳʣ ʞʳשrסʣ (T. ramos̔ss̔ma) 

ᴇʩʽʤʜʽʛʽʥʽש ʙʠʦʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨʳʥʘ 

(ɹɹɿ) ʩʘʧʘʣʳץ ʘʥʘʣʠʟ 

 

ɹɹɿ ɸʡrץ ʥʜʘ-

rס ʰʪʘʨ 

ʐʠʢʽʟʘʪ ʪװʩʽ 

ʂᴇʤʽʨʩʫʣʘʨ ʆ-ʪʦʣʫʠʜʠʥ rפ ʟʳʣ ʢװʣʛʽʥ 

ʊʝʨʽ ʠʣʝʛʽʰ 

ʟʘʪʪʘʨ 

ɾɸʂ פʘʨʘ ʢᴇʢ 

ʌʣʘʚʦʥʦʠʜ-

ʪʘʨ 
NH3 ɸʰrץ ʩʘʨʳ 

AlCl  ʩʘʨʳ ץʘʥrפ 3

 

 

ϧr ʟʳʣ ʞʳϬϤrʣ ᴇʩʽʤʜʽʛʽʥʽ70% ש -ʜʳ ʩʫʣʳ 

ʵʪʘʥʦʣ ʪײʥʜʳʨʳʥʜʳʩʳʥʘ ʙʝʥʟʦʣʤʝʥ  ʵʢʩʪʨʘʢʮʠʷ 

ʞʘʩʘʣʜʳ. ɹʝʥʟʦʣʜʳ ʵʢʩʪʨʘʢʪʳסʘ ʝʢʽ ʞװʡʝʣʽ 

ʭʨʦʤʘʪʦʛʨʘʤʤʘʜʘ ʩʘʨʘʧʪʘʤʘ ʞװʨʛʽʟʽʣʜʽ. 

ʂᴇʨʩʝʪʽʣʛʝʥ ʘʥʳץʪʘʫ ʥᴅʪʠʞʝʣʝʨʽʥʝʥ ʙʫʪʘʥʦʣ: 

ʩʽʨʢʝ rץ rhץ ʣʳ: ʩʫ - (40:12,5:29) ʞᴅʥʝ 6% ʩʽʨʢʝ 

rץ rhץ ʣʳ ʞװʡʝʣʝʨʽʥʜʝ ʩʳrס ʥʜʳʣʘʨ ײץʨʘʤʳʥʘʥ, 

ʪʝʨʧʝʥʜʝʨ, ʤʘʡ rץ rhץ ʣʜʘʨʳ ʘʥʳץʪʘʣʜʳ. 

ɹʝʥʟʦʣʜʳ ʵʢʩʪʨʘʢʪ ײץʨʘʤʳʥ ʘʥʳץʪʘʫ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʪʘʙʳʣסʘʥ ʤʘʡ rץ rhץ ʣʜʘʨʳʥʘ ɻʉʍ 

ᴅʜʽʩʽʤʝʥ ʩʘʥʜʳץ ʤᴇʣʰʝʨʽ ʘʥʳץʪʘʣʜʳ. ɸʥʳץʪʘʫ 

ʥᴅʪʠʞʝʣʝʨʽ 6-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

  

5-ʢʝʩʪʝ - rפ ʟʳʣ ʞʳשrסʣ (T. ramos̔ss̔ma) ᴇʩiʤʜiʛiʥiש ʞʝʨ ʙʝʪi ʙᴇʣiʛiʥʽש ʩʘʥʜʳץ ʘʥʘʣʠʟ ʥᴅʪʠʞʝʣʝʨʽ 

 

ᴆʩʽʤʜʽʢ ʘʪʳ ɸʙʩʦʣʶʪʪʽ ײץʨסʘץ ʰʠʢʽʟʘʪץʘ ʝʩʝʧʪʝʣʛʝʥ ʤᴇʣʰʝʨʽ.% 

A B C D ɽ 

ʌʣʘʚʦʥʠʦʜʪʘʨ ʆʨʛʘʥʠʢʘʣʳץ 

rץ rhץ ʣʜʘʨ 

ʊʝʨʽ ʠʣʝʛʽʰ 

ʟʘʪʪʘʨ 

ʂᴇʤʽʨʩʫʣʘʨ ʉʪʝʨʦʠʜʪʘʨ 

(T. 

ramos̔ss̔ma) 

0,54 0,091 2,18 1,09 8,90 
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ʂʝʩʪʝʜʝʥ ʢᴇʨʽʥʛʝʥʜʝʡ ϧr ʟʳʣ ʞʳϬϤrʣ 

ᴇʩʽʤʜʽʛʽʥʽש ʞʝʨ ʙʝʪʽ ʙᴇʣʽʛʽʥʜʝ 8 ʤʘʡ 

rץ rhץ ʣʜʘʨʳʥʳש ʩʘʥʜʳץ ʩʘʨʘʧʪʘʤʘ 

ʥʘʪʠʞʝʩʽʥʜʝ ʝש ʞʦסʘʨʳ ʤᴇʣʰʝʨʜʽ ʦʣʝʠʥ 

rץ rhץ ʣʳ (20,5%), ʣʠʥʦʣ rץ rhץ ʣʳ (11,28%),ʘʣ 

ʝש ʘʟ ʤᴇʣʰʝʨʜʽ ʣʠʥʦʣʝʥ rץ rhץ ʣʳ (0,1%), 

ʤʠʨʠʩʪʠʥ rץ rhץ ʣ r (0,8%) ʢᴇʨʩʝʪʝʜʽ. 

ʕʪʠʣʘʮʝʪʘʪʪʳ ʵʢʩʪʨʘʢʪʳסʘ ʝʢʽ ʞװʡʝʣʽ 

ʭʨʦʤʘʪʦʛʨʘʤʤʘʜʘ ʩʘʨʘʧʪʘʤʘ ʞʘʩʘʣʜʳ. 

ʉʘʨʘʧʪʘʤʘ ʥᴅʪʠʞʝʣʝʨʽʥʝ ɹʫʪʘʥʦʣ:ʩʽʨʢʝ 

rץ rhץ ʣʳ:ʩʫ - (40:12,5:29) ʞᴅʥʝ 6% ʩʽʨʢʝ 

rץ rhץ ʣʳ ʞװʡʝʣʝʨʽʥʜʝ ʩʳrס ʥʜʳʣʘʨ ײץʨʘʤʳʥʘʥ 

ʬʣʘʚʦʥʦʠʜʪʘʨ, ʪʝʨʽ ʠʣʝʛʽʰ ʟʘʪʪʘʨ ʘʥʳץʪʘʣʜʳ. 

ʉʫʣʳ ץʘʣʜʳײץ ץʨʘʤʳʥʘʥ ʙʠʦʣʦʛʠʷʣʳץ 

ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨʜʳ ʘʥʳץʪʘʫ hװ ʽʥ ʙʽʨ ʞᴅʥʝ ʝʢʽ 

ʞװʡʝʣʽ ץʘסʘʟʜʳ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ᴅʜʽʩʽʤʝʥ 

ʩʘʨʘʧʪʘʤʘ ʞװʨʛʽʟʽʣʜʽ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ 

ʙʫʪʘʥʦʣ:ʩʽʨʢʝ rץ rhץ ʣʳ:ʩʫ (40:12,5:29) ʞᴅʥʝ 

6%-ʪʽʢ ʩʽʨʢʝ rץ rhץ ʣʳ ʞװʡʝʣʝʨʽʥʜʝ ʩʫʣʳ 

 ʨʘʤʳʥʘʥ ʢᴇʤʽʨʩʫʣʘʨ, ʘʤʠʥײץ ץʘʣʜʳץ

rץ rhץ ʣʜʘʨʳ ʪʘʙʳʣʜʳ. 

GC/MS ײץʨʳʣrס ʩʳ ʘʨrץ ʣʳ ʩʘʥʜʳץ 

ʩʘʨʘʧʪʘʤʘ ʞװʨʛʽʟʫ ʥᴅʪʠʞʝʩʽʥʜʝ 20 ʘʤʠʥ 

rץ rhץ ʣʳ ʙʘʨ ʝʢʝʥʽ ʘʥʳץʪʘʣʜʳ. ɿʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ 7-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

6- ʂʝʩʪʝ - rפ ʟʳʣ ʞʳשrסʣ (T. ramos̔ss̔ma) 

ᴇʩʽʤʜʽʛʽʥʽײץ שʨʘʤʳʥʜʘrס  ʤʘʡ rץ rhץ ʣʜʘʨʜʳש 

ʩʘʥʜʳץ ʤᴇʣʰʝʨʽ 

 

 

ʄʘʡ rץ rhץ ʣʜʘʨʳ ʄᴇʣʰʝʨʽ (%) 

ʤʠʨʠʩʪʠʥ rץ rhץ ʣʳ 

(C14:0) 
0,8 

ʧʘʣʴʤʠʪʠʥ rץ rhץ ʣʳ 

(C16:0) 

4,1 

ʩʪʝʘʨʠʥ rץ rhץ ʣʳ 

(C18:0) 

1,9 

ʧʘʣʴʤʠʪʦʦʣʝʠʥ (C16:1) 1,1 

ʦʣʝʠʥ rץ rhץ ʣʳ (C18:1) 20,5 

ʣʠʥʦʣʝʥ rץ rhץ ʣʳ 

(C18:3) 

0,1 

ʣʠʥʦʣ rץ rhץ ʣʳ (C18:2) 11,6 

ʧʝʥʪʘʛʝʢʩʘʥ (C15:0) 0,6 

 

 

7-ʢʝʩʪʝ - ϧr ʟʳʣ ʞʳϬϤrʣ ᴇʩʽʤʜʽʛʽʥʽײץ שʨʘʤʳʥʜʘrס  ʘʤʠʥ rץ rhץ ʣʜʘʨʜʳש ʩʘʥʜrץ ʤᴇʣʰʝʨʽ 

 ̄ ɸʤʠʥ rץ rhץ ʣʜʘʨʳ ʄᴇʣʰʝʨʽ (%)  ̄ ɸʤʠʥ rץ rhץ ʣʜʘʨʳ ʄᴇʣʰʝʨʽ (%) 

1 ɸʣʘʥʠʥ 9,54 11 ʎʠʩʪʠʥ 5,4 

2 ɻʣʠʮʠʥ 3,06 12 ʆʢʩʠʧʨʦʣʠʥ 0,02 

3 ɺʘʣʠʥ 3,54 13 ʌʝʥʠʣʘʣʘʥʠʥ 3,85 

4 ʃʝʡʮʠʥ 6,27 14 ɻʣʶʪʘʤʘʪ 22,43 

5 ʀʟʦʣʝʡʮʠʥ 4,02 15 ʆʨʥʠʪʠʥ 0,01 

6 ʊʨʝʦʥʠʥ 3,58 16 ʊʠʨʦʟʠʥ 4,46 

7 ʉʝʨʠʥ 5,24 17 ɻʠʮʪʠʜʠʥ 1,88 

8 ʇʨʦʣʠʥ 8,55 18 ɸʨʛʠʥʠʥ 4,23 

9 ʄʝʪʠʦʥʠʥ 2,16 19 ʃʠʟʠʥ 2,56 

10 ɸʩʧʘʨʘʪʘʪ 11,28 20 ʊʨʠʧʪʦʬʘʥ 1,75 

 

ʂʝʩʪʝʜʝʥ ʢᴇʨʽʥʛʝʥʜʝʡ ϧr ʟʳʣ ʞʳϬϤrʣ 

ᴇʩʽʤʜʽʛʽʥʽש ʞʝʨ ʙʝʪʽ ʙᴇʣʽʛʽʥʜʝ 20 ʘʤʠʥ 

rץ rhץ ʣʜʘʨʳʥʳש ʩʘʥʜrץ ʩʘʨʘʧʪʘʤʘ 

ʥʘʪʠʞʝʩʽʥʜʝ ʝש ʞʦסʘʨʳ ʤᴇʣʰʝʨʜʽ ɻʣʶʪʘʤʘʪ 

(22,43%), ɸʩʧʘʨʘʪʘʪ (11,28%), ɸʣʘʥʠʥ (9,54%), 

ʘʣ ʝש ʘʟ ʤᴇʣʰʝʨʜʽ ʆʢʩʠʧʨʦʣʠʥ(0,02%), 

ʆʨʥʠʪʠʥ(0,01%) ʢᴇʨʩʝʪʝʜʽ [5]. 

ɸʤʠʥ rץ rhץ ʣʜʘʨ ץʘסʘʟʜʳ ʭʨʦʤʘʪʦʛʨʘʤʤʘʜʘ 

ʘʨʥʘʡʳ ʘʡrץ ʥʜʘrס ʰʪʘʨʤʝʥ (ʋʂ- ʞʘʨrץ, 

ʥʠʥʛʠʜʨʠʥ) ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʥʜʳ.  

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ Ϩr ʟʳʣ ʞʳϬϤrʣ ʞʝʨ ʙʝʪʽ 

ʙᴇʣʽʛʽʥʜʝʛʽ ʘʤʠʥ rץ rhץ ʣʜʘʨʳʥʘʥ ʛʣʠʮʠʥ 

Rf=0.24, ʦʨʛʠʥʠʥ Rf=0,25 ʥʠʥʛʠʜʨʠʥ 

ʘʡrץ ʥʜʘrס ʰʳʤʝʥ ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʥʜʳ. 

ʉʫʣʳ ץʘʣʜʳץʪʘ ʘʥʳץʪʘʣסʘʥ ʰʠʢʽʟʘʪ 

סʨʚʤʳʥʜʘrײץ  ʢᴇʤʽʨʩʫʣʘʨʜʳ ץʘסʘʟʜʳ 

ʭʨʦʤʘʪʦʛʨʘʤʤʘʜʘ ʘʨʥʘʡʳ ʘʡrץ ʥʜʘrס ʰʪʘʨʤʝʥ 

(ʋʂ- ʞʘʨrץ, ʦ-ʪʦʣʫʠʜʠʥ) ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʥʜʳ. 

ɾʝʨ ʙʝʪʽ ʙᴇʣʽʛʽʥʜʝʛʽ ʢᴇʤʽʨʩʫʣʘʨʜʘʥ ʣʘʢʪʦʟʘ Rf 

=0.30, ʩʘʭʘʨʦʟʘ Rf =0.31 ʦ-ʪʦʣʫʠʜʠʥ 
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ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʳʭ ʬʦʥʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʆʧʨʝʜʝʣʝʥʳ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʙʣʦʢʘʭ ʠ ʚʟʘʠʤʥʘʷ ʧʦʜʚʠʞʢʘ 

ʙʦʨʪʦʚ ʨʘʟʣʦʤʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʞʝʩʪʢʦʩʪʠ ʙʣʦʢʦʚ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʚʷʟʢʦʩʪʠ ʟʘʧʦʣʥʷʶʱʝʛʦ ʨʘʟʣʦʤ ʤʘʪʝʨʠʘʣʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦʟʤʫʱʝʥʠʷ, ʚʦʟʥʠʢʰʠʝ ʥʘ ʩʤʝʞʥʦʡ ʛʨʘʥʠʮʝ, ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʜʦʩʪʠʛʘʶʪ ʚʥʝʰʥʠʭ 

ʛʨʘʥʠʮ ʙʣʦʢʦʚ, ʯʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʤʠʛʨʘʮʠʶ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʩʦʩʝʜʥʠʡ ʙʣʦʢ.   

_______________________________________________________________________________ 

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʜʚʠʞʝʥʠʡ 

ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʨʘʟʣʦʤʥʳʭ ʟʦʥʘʭ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʤʝʭʘʥʠʢʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ  ʚ 

ʣʠʪʦʩʬʝʨʥʦʡ ʦʙʦʣʦʯʢʝ ɿʝʤʣʠ ʠ 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʤʝʜʣʝʥʥʳʝ  ʜʚʠʞʝʥʠʷ 

ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [1, 2]. ʉʦʛʣʘʩʥʦ 

ʦʩʥʦʚʥʳʤ ʧʦʣʦʞʝʥʠʷʤ ʛʝʦʤʝʭʘʥʠʢʠ ʟʝʤʥʘʷ 

ʢʦʨʘ - ʦʪʢʨʳʪʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʚ 

ʢʦʪʦʨʦʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʦʮʝʩʩʳ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ [3]. ɺʘʞʥʘʷ ʨʦʣʴ ʚ ʙʣʦʯʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʟʝʤʥʦʡ ʢʦʨʳ ʧʨʠʥʘʜʣʝʞʠʪ 

ʤʝʞʙʣʦʢʦʚʳʤ ʧʨʦʤʝʞʫʪʢʘʤ  ï ʨʘʟʣʦʤʘʤ ʠ 

ʪʨʝʱʠʥʘʤ, ʟʘʧʦʣʥʝʥʥʳʤ ʦʙʣʦʤʦʯʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʠ ʤʷʛʢʠʤ ʛʨʫʥʪʦʤ [4].  

ʄʝʜʣʝʥʥʳʝ ʜʚʠʞʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʘʭ ʟʝʤʥʦʡ 

ʢʦʨʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʜʝʟʠʥʪʝʛʨʘʮʠʝʡ ʩʨʝʜʳ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʩʪʦʡʯʠʚʳʤʠ ʨʝʞʠʤʘʤʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. ʇʨʠʨʦʜʥʳʝ ʪʚʝʨʜʳʝ ʪʝʣʘ ʚ 

ʟʦʥʘʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ ʧʨʠ ʦʯʝʥʴ 

ʤʝʜʣʝʥʥʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ, ʭʦʪʷ ʠ ʩʦʭʨʘʥʷʶʪ 

ʣʦʢʘʣʴʥʦ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ, ʚ ʮʝʣʦʤ ʚʝʜʫʪ ʩʝʙʷ 

ʢʘʢ ʚʷʟʢʠʝ ʞʠʜʢʦʩʪʠ. ɿʦʥʳ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ 

ʠ ʧʨʦʥʠʮʘʝʤʳʭ ʤʝʞʙʣʦʢʦʚʳʭ ʧʨʦʤʝʞʫʪʢʦʚ 

ʷʚʣʷʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʚʦʣʥʦʚʦʜʘʤʠ ʜʣʷ 

ʚʳʭʦʜʘ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʛʣʫʙʠʥʥʳʭ 

ʬʣʶʠʜʦʚ ʠ ʛʘʟʦʚ. ʈʝʣʘʢʩʘʮʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʝʡʩʤʠʯʝʩʢʠʤ 

ʨʝʞʠʤʦʤ ʚʧʣʦʪʴ ʜʦ ʢʨʫʧʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʉʝʡʩʤʠʯʝʩʢʠʝ ʠ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʝ  

ʧʨʦʮʝʩʩʳ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʘʥʦʤʘʣʴʥʳʭ ʷʚʣʝʥʠʡ ʥʘ ʬʦʥʝ ʛʣʦʙʘʣʴʥʳʭ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʝʡ ɿʝʤʣʠ [5-8]. 

ɼʝʟʠʥʪʝʛʨʘʮʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʨʠ ʤʝʜʣʝʥʥʦʤ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʝʤʠʪʩʷ ʣʦʢʘʣʠʟʦʚʘʪʴʩʷ ʚ 

ʫʟʢʦʡ ʟʦʥʝ. ɼʝʟʠʥʪʝʛʨʘʮʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʙʫʜʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʪʘʤ, ʩʢʦʨʦʩʪʴ ʧʦʜʚʠʞʢʠ 

ʛʨʘʥʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʝʣʘ ʜʦʩʪʠʛʘʝʪ 

ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ ʚ ʛʦʜ. ʇʨʠ ʤʝʥʴʰʠʭ 

ʩʢʦʨʦʩʪʷʭ ʧʦʜʚʠʞʢʠ ʜʝʬʦʨʤʘʮʠʷ ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʨʝʞʠʤʝ ʢʨʠʧʘ ï ʥʝʦʙʨʘʪʠʤʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʪʝʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʧʨʷʞʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʤʝʞʙʣʦʢʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʷʶʪʩʷ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʩʩʠʚʘ 

ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʤʝʞʙʣʦʢʦʚʳʭ ʛʨʘʥʠʮ, ʦʧʨʝʜʝʣʷʷ ʪʝʤ ʩʘʤʳʤ 

ʧʫʪʠ ʤʠʛʨʘʮʠʠ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ. ʀʤʝʶʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦʩʪʘʪʦʯʥʳʭ 

ʩʤʝʱʝʥʠʡ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʚʦʟʥʠʢʰʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʩʤʝʱʝʥʠʡ ʙʝʨʝʛʦʚ ʨʘʟʣʦʤʦʚ.       

ɿʦʥʳ ʨʘʟʣʦʤʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤ, ʯʪʦ ʚ 

ʥʠʭ ʚʦʟʤʦʞʥʳ ʨʘʟʚʠʪʳʝ ʩʜʚʠʛʦʚʳʝ ʜʝʬʦʨʤʘʮʠʠ. 

ɺ ʦʢʨʝʩʪʥʦʩʪʠ ʨʘʟʣʦʤʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʦʙʣʘʩʪʠ 

ʧʦʚʳʰʝʥʥʳʭ ʠ ʧʦʥʠʞʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʬʠʣʴʪʨʘʮʠʶ ʬʣʶʠʜʦʚ, 

ʩʝʡʩʤʠʯʥʦʩʪʴ ʠ ʨʘʟʨʫʰʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ʉʣʘʙʘʷ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ʠʟʤʝʥʝʥʠʶ ʬʦʨʤʳ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ 

ʜʝʬʦʨʤʘʮʠʠ ʩʙʣʠʞʘʝʪ ʵʪʦ ʪʝʣʦ ʩ ʚʷʟʢʦʡ 

ʞʠʜʢʦʩʪʴʶ.  

ʈʘʟʨʫʰʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʟʘʧʘʩʘ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʝ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʪʦʡ 

ʯʘʩʪʠ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʝʝ ʬʦʨʤʳ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-
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ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʨʦʜʥʳʭ 

ʤʘʩʩʠʚʦʚ ʚ ʟʦʥʘʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩʜʚʠʛʘ.  

 

1 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʦʩʪʘʥʦʚʢʘ ʠ 

ʨʝʰʝʥʠʝ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʦʙ ʵʚʦʣʶʮʠʠ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʥʘ 

ʛʨʘʥʠʮʝ ʧʨʦʪʷʞʝʥʥʳʭ ʙʣʦʢʦʚ ʥʘ ʚʷʟʢʦʤ  

ʦʩʥʦʚʘʥʠʠ ʚ ʠʟʦʙʨʘʞʝʥʠʷʭ 

ɿʦʥʫ ʨʘʟʣʦʤʘ ʜʣʷ  ʤʝʜʣʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʚ 

ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʥʝʢʦʪʦʨʫʶ ʞʠʜʢʦʩʪʴ ʙʦʣʴʰʦʡ ʚʷʟʢʦʩʪʠ.   ɼʣʷ 

ʙʳʩʪʨʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʪʚʝʨʜʦʝ ʪʝʣʦ ʩ ʧʦʥʠʞʝʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ  ʭʘʨʘʢʪʝʨ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ 

ʥʝʛʦ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʝʡʰʝʡ 

ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʠ ʚʷʟʢʠʝ, ʠ ʫʧʨʫʛʠʝ 

ʩʚʦʡʩʪʚʘ ʟʘʧʦʣʥʷʶʱʝʡ ʨʘʟʣʦʤ ʧʦʨʦʜʳ ʚʳʙʨʘʥʘ 

ʤʦʜʝʣʴ ʚʷʟʢʦʫʧʨʫʛʦʛʦ ʪʝʣʘ ʄʘʢʩʚʝʣʣʘ. ɼʣʷ 

ʤʝʜʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʬʦʥʦʚʳʭ 

ʥʘʧʨʷʞʝʥʠʷʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʟʘʧʦʣʥʷʶʱʠʡ 

ʤʘʪʝʨʠʘʣ ʥʴʶʪʦʥʦʚʩʢʦʡ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ, ʘ 

ʜʣʷ ʙʳʩʪʨʳʭ ʜʚʠʞʝʥʠʡ ʫʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ 

ʩʚʦʡʩʪʚʘ ʫʧʨʫʛʦʩʪʠ. 

 

1.1 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʙʣʦʢʦʚ ʟʝʤʥʦʡ ʢʦʨʳ ʥʘ 

ʚʷʟʢʦʤ  ʦʩʥʦʚʘʥʠʠ 

ʀʩʩʣʝʜʫʝʤ  ʟʘʜʘʯʫ ʛʝʦʤʝʭʘʥʠʢʠ ʦ ʜʚʠʞʝʥʠʠ 

ʧʨʦʪʷʞʝʥʥʳʭ ʙʣʦʢʦʚ, ʠʤʝʶʱʠʭ ʨʘʟʥʳʝ ʫʧʨʫʛʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʨʘʟʤʝʨʳ, ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʣʟʫʯʝʩʪʠ ʥʘ ʩʤʝʞʥʦʡ ʚʷʟʢʦʫʧʨʫʛʦʡ ʛʨʘʥʠʮʝ ʠ 

ʚ ʚʷʟʢʦʤ ʧʦʜʩʪʠʣʘʶʱʝʤ ʩʣʦʝ. ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ 

ʩʤʝʞʥʳʭ ʫʧʨʫʛʠʭ ʧʨʦʪʷʞʝʥʥʳʭ ʙʣʦʢʘ 

ʪʦʣʱʠʥʦʡ Lh  ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 1D  ʠ

2D , ʜʚʠʞʫʱʠʝʩʷ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʥʘ 

ʥʴʶʪʦʥʦʚʩʢʦʤ ʚʷʟʢʦʤ ʧʦʜʩʪʠʣʘʶʱʝʤ ʩʣʦʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʜʚʠʛʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ   qxz  

ʥʘ ʪʦʨʮʘʭ ʙʣʦʢʦʚ. 

ʀʩʧʦʣʴʟʫʷ ʚʷʟʢʦʫʧʨʫʛʫʶ ʤʦʜʝʣʴ ʨʘʟʣʦʤʥʦʡ 

ʟʦʥʳ, ʧʦʩʪʘʚʠʤ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ ʠ 

ʤʝʪʦʜʘʤʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʧʦʣʫʯʠʤ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ  ʟʘʜʘʯʠ ʚ 

ʠʟʦʙʨʘʞʝʥʠʷʭ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʜʚʠʞʝʥʠʷ ʧʨʦʪʷʞʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ  

ʙʣʦʢʦʚ ʥʘ ʚʷʟʢʦʤ ʦʩʥʦʚʘʥʠʠ 

  

1.2 ʅʘʯʘʣʴʥʦ-ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʦʙ ʵʚʦʣʶʮʠʠ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʥʘ 

ʛʨʘʥʠʮʝ ʙʣʦʢʦʚ ʟʝʤʥʦʡ ʢʦʨʳ ʥʘ ʚʷʟʢʦʤ  

ʦʩʥʦʚʘʥʠʠ 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʦʩʥʦʚʘʥʠʠ 

ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʩʣʦʷ ʩʢʦʨʦʩʪʴ ʨʘʚʥʘ ʥʫʣʶ, ʘ 

ʩʜʚʠʛʦʚʦʝ ʪʝʯʝʥʠʝ ʚ ʘʩʪʝʥʦʩʬʝʨʝ ʤʦʞʥʦ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʣʠʥʝʡʥʳʤ ʪʝʯʝʥʠʝʤ ʂʫʵʪʪʘ.  

ʊʦʛʜʘ ʧʝʨʝʤʝʱʝʥʠʷ  1w   ʠ  2w   ʚ 

ʧʨʦʪʷʞʝʥʥʳʭ ʙʣʦʢʘʭ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʨʘʚʥʝʥʠʶ 

ʜʠʬʬʫʟʠʠ  

a

Lahh
x

x

w

t

w 1
12

1

2
2

1
1 ,0,         (1)   

       

a

Lahh
x

x

w

t

w 2
22

2

2
2

2
2 ,0,   (2) 

                                      

ʛʜʝ  a  ï ʚʷʟʢʦʩʪʴ ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʩʣʦʷ, ah ï 

ʪʦʣʱʠʥʘ ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʩʣʦʷ, 1 ʠ 2  ï

ʤʦʜʫʣʠ ʩʜʚʠʛʘ ʧʨʦʪʷʞʝʥʥʳʭ ʙʣʦʢʦʚ, rï 
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ʚʷʟʢʦʩʪʴ ʥʘ ʨʘʟʣʦʤʝ, rï ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʥʘ 

ʨʘʟʣʦʤʝ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʣʷ ʤʝʜʣʝʥʥʳʭ ʜʚʠʞʝʥʠʡ 

ʚ ʟʦʥʝ ʩʤʝʞʥʦʡ ʛʨʘʥʠʮʳ ʤʘʪʝʨʠʘʣ ʥʘʭʦʜʠʪʩʷ ʚ 

ʫʩʣʦʚʠʷʭ ʜʠʬʬʫʟʠʦʥʥʦʡ ʠʣʠ ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ 

ʧʦʣʟʫʯʝʩʪʠ, ʘ ʨʝʘʢʮʠʷ ʤʘʪʝʨʠʘʣʘ ʥʘ ʙʳʩʪʨʳʝ 

ʥʘʛʨʫʟʢʠ ʷʚʣʷʝʪʩʷ ʫʧʨʫʛʦʡ. ʊʦʛʜʘ ʩʤʝʞʥʫʶ 

ʛʨʘʥʠʮʫ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚʷʟʢʦʫʧʨʫʛʠʤ 

ʩʣʦʝʤ ʪʦʣʱʠʥʦʡ rh , ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ 

ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ: 

11

3 dt

d

dt

da
,                                   (3) 

                                                          

ʛʜʝ  ï ʵʬʬʝʢʪʠʚʥʘʷ ʚʷʟʢʦʩʪʴ,   ï 

ʵʬʬʝʢʪʠʚʥʳʡ ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʥʘ ʩʤʝʞʥʦʡ 

ʨʘʟʣʦʤʥʦʡ ʛʨʘʥʠʮʝ, ʦʪʥʝʩʝʥʥʳʡ ʢ ʰʠʨʠʥʝ 

ʨʘʟʣʦʤʘ; aï ʚʟʘʠʤʥʦʝ ʩʤʝʱʝʥʠʝ ʙʝʨʝʛʦʚ 

ʨʘʟʣʦʤʘ: 

wwa ,                                          (4)                                  

);2/(1 thww r , );2/(2 thww r   (5)                                          

   

ʅʘʧʨʷʞʝʥʠʷ  
1

xz ʠ  
2

xz  ʩʚʷʟʘʥʳ ʩ 

ʧʝʨʝʤʝʱʝʥʠʷʤʠ  1w  ʠ 2w      ʬʦʨʤʫʣʘʤʠ 

xwxz /11

1
,    12/ Dxhr  

        (6) 

                                                

xwxz /22

2
,  2/2 rhxD

  
(7)                                           

 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʘ ʢʦʥʮʘʭ ʧʣʠʪ ʧʨʠ 

1Dx  ʠ 2Dx  ʧʨʠʣʦʞʝʥʳ ʢʘʩʘʪʝʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ 

 

1

1 , Dxqxz                                       (8)                                                          

 

2

2 , Dxqxz                                     (9)                                    

 

ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʧʣʠʪʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʦʜʥʦʨʦʜʥʦʤ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ  

 qxz

1
, qxz

2
                                   (10)                                                      

ʩ ʧʝʨʝʤʝʱʝʥʠʷʤʠ 

11 /qxw  ,   ʧʨʠ  0t ,   2/rhx ;   (11) 

                                         

22 /qxw ,   ʧʨʠ  0t ,    2/rhx  (12)                                        

ɺ ʜʘʣʴʥʝʡʰʝʤ ʪʦʣʱʠʥʦʡ ʨʘʟʣʦʤʘ 

ʧʨʝʥʝʙʨʝʞʝʤ, ʪ.ʝ. 0rh , ʘ ʟʘʜʘʯʫ ʨʝʰʘʝʤ ʚ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʦʜʫʣʷʭ. 

ʉʫʧʝʨʧʦʟʠʮʠʝʡ ʚʠʜʘ  

0,/Ĕ 111 xqxww ;                   (13)                                                       

0,/Ĕ 222 xqxww                  (14) 

                                       

 

ʧʝʨʝʡʜʝʤ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʜʣʷ  1w   ʠ 

2w   ʢ  ʧʨʠʚʝʜʝʥʥʦʡ ʜʣʷ  1Ĕw   ʠ  2Ĕw .  

ʅʠʞʝ ʠʩʩʣʝʜʫʝʤ ʧʨʠʚʝʜʝʥʥʫʶ ʟʘʜʘʯʫ, 

ʢʨʳʰʝʯʢʫ ʥʘʜ ʩʠʤʚʦʣʘʤʠ ʦʧʫʩʪʠʤ. ɿʘʤʝʪʠʤ, 

ʯʪʦ ʜʣʷ ʧʨʠʚʝʜʝʥʥʦʡ ʠ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʧʣʠʪʝ ʠ ʩʢʘʯʢʠ ʩʤʝʱʝʥʠʡ ʥʘ 

ʨʘʟʨʳʚʝ ʩʦʚʧʘʜʘʶʪ. 

1.3 ʈʝʰʝʥʠʝ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʦʙ 

ʵʚʦʣʶʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʟʝʤʥʦʡ 

ʢʦʨʳ ʥʘ ʛʨʘʥʠʮʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʧʨʦʪʷʞʝʥʥʳʭ ʙʣʦʢʦʚ ʥʘ ʚʷʟʢʦʤ  ʦʩʥʦʚʘʥʠʠ ʚ 

ʠʟʦʙʨʘʞʝʥʠʷʭ 

ʇʨʠʤʝʥʠʚ ʢ ʫʨʘʚʥʝʥʠʷʤ (1)-(2) 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʘʧʣʘʩʘ, ʫʯʠʪʳʚʘʷ ʥʘʯʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ, ʧʦʣʫʯʠʤ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʚ 

ʠʟʦʙʨʘʞʝʥʠʷʭ  

11

1

21122211

1222

1 exp
)2(

exp),(
pxpxD
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p

q
pxw ,     0x           (15) 

 

2

2

221122211
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2
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1

1

21

2
exp1

pD
pa                                                        (19)  

2

2

2

2

2

222

2
exp11

pD
pp

p
pp

p
a            (20)  

 

ʌʦʨʤʫʣʳ (15) ʠ (16) ʩ ʧʘʨʘʤʝʪʨʘʤʠ (17)-(20) 

ʜʘʶʪ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʠʟʦʙʨʘʞʝʥʠʷʭ  ʜʣʷ ʙʣʦʢʦʚ 

ʨʘʟʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʤʦʜʫʣʝʡ ʩʜʚʠʛʘ 

ʩʦ ʩʤʝʞʥʦʡ ʚʷʟʢʦʫʧʨʫʛʦʡ ʨʘʟʣʦʤʥʦʡ ʟʦʥʦʡ ʥʘ 

ʚʷʟʢʦʤ ʦʩʥʦʚʘʥʠʠ.  

 

2 ʇʨʝʜʝʣʴʥʳʝ ʩʣʫʯʘʠ ʨʝʰʝʥʠʷ ʚ 

ʠʟʦʙʨʘʞʝʥʠʷʭ ʟʘʜʘʯʠ ʦʙ ʵʚʦʣʶʮʠʠ ʥʘʧʨʷʞʝʥʠʡ 

ʠ                       ʧʝʨʝʤʝʱʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʥʘ 

ʛʨʘʥʠʮʝ ʧʨʦʪʷʞʝʥʥʳʭ ʙʣʦʢʦʚ ʥʘ ʚʷʟʢʦʤ  

ʦʩʥʦʚʘʥʠʠ 

2.1 ɼʚʘ ʦʜʠʥʘʢʦʚʳʭ ʙʣʦʢʘ ʩ ʚʷʟʢʦʡ 

ʨʘʟʣʦʤʥʦʡ ʟʦʥʦʡ ʥʘ ʚʷʟʢʦʤ ʦʩʥʦʚʘʥʠʠ  

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʟʦʥʝ 

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʟʣʦʤʘ ʥʘ ʛʨʘʥʠʮʝ ʙʣʦʢʦʚ 

ʟʝʤʥʦʡ ʢʦʨʳ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʛʜʘ   

DDD 21 , 11 , 21 . 

ʏʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠʚʝʜʝʥʥʦʡ ʟʘʜʘʯʠ ʚ 

ʠʟʦʙʨʘʞʝʥʠʷʭ ʜʣʷ ʩʣʫʯʘʷ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ ʩ 

ʦʜʠʥʘʢʦʚʳʤʠ ʫʧʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʧʨʠʤʝʪ ʚʠʜ 

)(2)(

)]([

),(
pD

pch
pD

sh
p

xD
p

ch

p

q
pxw                                      (21)  

 

ʌʦʨʤʫʣʘ (21) ʜʘʝʪ ʨʝʰʝʥʠʝ ʚ ʠʟʦʙʨʘʞʝʥʠʷʭ  

ʜʣʷ ʧʨʠʚʝʜʝʥʥʦʡ ʟʘʜʘʯʠ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʣʠʪʦʩʬʝʨʥʳʝ ʧʣʠʪʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ 

ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ  ʠ ʫʧʨʫʛʠʡ ʤʦʜʫʣʴ.   

ʀʩʩʣʝʜʫʝʤ ʨʝʰʝʥʠʝ ʚ ʠʟʦʙʨʘʞʝʥʠʷʭ (21). 

 

2.1.1  ɼʚʠʞʝʥʠʝ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʙʣʦʢʦʚ  ʥʘ ʚʷʟʢʦʤ ʦʩʥʦʚʘʥʠʠ  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʜʝʣʴʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ 

0   ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ ʦʪʩʫʪʩʪʚʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʩʤʝʞʥʳʭ ʙʦʨʪʘʭ ʧʣʠʪ.  ʀʟ 

(21) , ʠʩʧʦʣʴʟʫʷ ʩʚʦʡʩʪʚʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʃʘʧʣʘʩʘ, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʤʝʱʝʥʠʡ ʧʣʠʪʳ ʥʘ ʚʷʟʢʦʤ ʦʩʥʦʚʘʥʠʠ. 

ʌʦʨʤʫʣʘ (22) ʦʧʠʩʳʚʘʝʪ ʨʝʰʝʥʠʝ  ʟʘʜʘʯʠ  ʦ 

ʜʚʠʞʝʥʠʠ ʫʧʨʫʛʦʡ ʧʣʠʪʳ ʥʘ ʚʷʟʢʦʤ ʦʩʥʦʚʘʥʠʠ ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘ ʦʜʥʦʤ ʠʟ ʪʦʨʮʦʚ ʜʝʡʩʪʚʫʶʪ 

ʢʘʩʘʪʝʣʴʥʳʝ ʫʩʠʣʠʷ. 
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ɼʣʷ ʜʚʠʞʝʥʠʷ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʙʣʦʢʦʚ  

ʥʘ ʚʷʟʢʦʤ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʯʘʩʪʥʳʝ ʬʦʨʤʫʣʳ: 

ʘ) ʀʟ (22) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʜʚʠʛʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ  qxz  ʧʨʠ 0x  

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʣʠʪʳ ʜʣʷ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ 

ʧʨʦʮʝʩʩʘ ʨʘʚʥʘ 

0,)( x
D

hqh
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La
t                      (23)                                            

ʀʟ (22) ʩ ʫʯʝʪʦʤ (23) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ 

ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʘʭ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʧʨʦʮʝʩʩ 

ʜʚʠʞʝʥʠʷ ʩʪʨʝʤʠʪʩʷ ʢ ʫʩʪʘʥʦʚʠʚʰʝʤʫʩʷ 

ʜʚʠʞʝʥʠʶ 
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ʙ) ʀʟ (24) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʷ 

ʨʝʣʘʢʩʘʮʠʠ ʧʨʦʮʝʩʩʘ ʢ ʩʚʦʝʤʫ ʫʩʪʘʥʦʚʠʚʰʝʤʫʩʷ 

ʜʚʠʞʝʥʠʶ 
  

La

a

r
hh

DD
t

2

2

22

2

                      (25)                                                              

ʆʮʝʥʠʤ ʚʝʣʠʯʠʥʫ rt  ʧʨʠ ʩʣʝʜʫʶʱʠʭ 

ʧʘʨʘʤʝʪʨʘʭ: 

ʩʇʘʩʇʘʤhʤh aLa

191045 104,103,103,10
 

 

   

ʀʟ (25) ʧʦʣʫʯʠʤ 

 

)(105,1 29 ʣʝʪDtr                             (26)                                    

        

ɼʣʷ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʙʣʦʢʘ ʤD 510  

ʧʦʣʫʯʠʤ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ )(15 ʣʝʪtr , ʧʨʠ 

ʚʝʣʠʯʠʥʝʤD 610  ʟʥʘʯʝʥʠʝ )(1500ʣʝʪtr . 

ʀʪʘʢ, ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʧʨʦʮʝʩʩʘ ʢ ʩʚʦʝʤʫ 

ʫʩʪʘʥʦʚʠʚʰʝʤʫʩʷ ʜʚʠʞʝʥʠʶ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʢʚʘʜʨʘʪʫ ʨʘʟʤʝʨʘ ʧʣʠʪ ʚʢʨʝʩʪ ʢ ʧʨʦʩʪʠʨʘʥʠʶ 

ʩʤʝʞʥʦʡ ʛʨʘʥʠʮʳ. 

 

2.1.2 ʋʩʪʘʥʦʚʠʚʰʝʝʩʷ ʜʚʠʞʝʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʙʣʦʢʦʚ ʥʘ ʚʷʟʢʦʤ 

ʦʩʥʦʚʘʥʠʠ 

ɼʣʷ ʜʚʠʞʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʙʣʦʢʦʚ ʥʘ 

ʚʷʟʢʦʤ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʯʘʩʪʥʳʝ 

ʬʦʨʤʫʣʳ: 

1) ɼʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʚʷʟʢʦʩʪʴ 

ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʩʣʦʷ ʨʘʚʥʘ ʥʫʣʶ, ʧʦʣʫʯʠʤ  

 

0,
2

x
qh

t

w

r

r                                  (27)                                                      

ʛʜʝ r ï ʚʷʟʢʦʩʪʴ ʩʨʝʜʳ ʚ ʟʦʥʝ ʪʨʘʥʩʬʦʨʤʥʦʡ 

ʛʨʘʥʠʮʳ, rh ï  h ʠʨʠʥʘ ʵʪʦʡ ʟʦʥʳ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʚʠʞʝʥʠʝ ʦʜʠʥʘʢʦʚʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʙʣʦʢʦʚ, ʝʩʣʠ ʧʨʝʥʝʙʨʝʯʴ 

ʚʷʟʢʦʩʪʴʶ ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʩʣʦʷ, ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʟʘʜʘʚʘʝʤʦʡ 

ʩʦʦʪʥʦʰʝʥʠʝʤ (27).  

2) ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʜʝʣʴʥʳʡ ʩʣʫʯʘʡ ʧʦ 

ʚʨʝʤʝʥʠ ʧʨʠ t , ʢʦʛʜʘ ʧʨʦʮʝʩʩ ʜʚʠʞʝʥʠʷ 

ʧʣʠʪ ʫʩʪʘʥʦʚʠʪʩʷ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʠʟ (21) ʩʣʝʜʫʝʪ 

 

rrLaa
t hhhD
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lim ,  0x                                    (28)    

            

ʠ ʩʨʘʚʥʠʚʘʷ (27) ʠ (28) ʧʦʣʫʯʠʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʧʦʣʟʫʯʝʩʪʠ ʚ ʘʩʪʝʥʦʩʬʝʨʝ ʠ ʥʘ 

ʩʜʚʠʛʦʚʦʡ ʛʨʘʥʠʮʝ ʚʣʠʷʥʠʝʤ ʧʦʜʩʪʠʣʘʶʱʝʛʦ 

ʩʣʦʷ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʝʩʣʠ 
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r

hh

D

h

2
                                           (29)                                                       

            

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ )/(/2 Laarr hhDh , 

ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʫʩʣʦʚʠʷʭ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ 

ʧʦʣʟʫʯʝʩʪʠ ʜʘʝʪ ʚʷʟʢʘʷ ʨʝʘʢʮʠʷ ʘʩʪʝʥʦʩʬʝʨʳ. 

ɺʟʷʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʳ ʠʟ 

ʧʨʝʜʳʜʫʱʝʛʦ ʧʨʠʤʝʨʘ, ʧʦʣʫʯʠʤ 

161510 103.1103.1103.1
2

D
hr

r
(30)                                                        

ɽʩʣʠ ʰʠʨʠʥʘ ʟʦʥʳ ʧʦʣʟʫʯʝʩʪʠ ʥʘ 

ʪʨʘʥʩʬʦʨʤʥʦʡ ʛʨʘʥʠʮʝ ʤhr 10 , ʪʦ ʚʷʟʢʦʩʪʴ 

ʩʨʝʜʳ ʚ ʥʝʡ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ  

)(107107 1615 ʩʇʘr                (31)                                      

     

ʉʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʙʦʨʪʦʚ ʨʘʟʨʳʚʘ ʧʨʠ 

ʇʘq 6102 , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʬʦʨʤʘʮʠʷʤ 

5103 , ʨʘʚʥʳ 

                                              
ʛʦʜ

ʤʤ
ʩʤ

qh

t

w

r

r 77,0/102102
2

1110

                                (32) 

ʇʨʠ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʧʣʠʪ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʨʘʟʤʝʨʦʚ)

ʛʦʜʤʤ/70070  ʠ ʙʦʣʝʝ ʚʷʟʢʦʩʪʴʶ ʚ ʟʦʥʝ 

ʪʨʘʥʩʬʦʨʤʥʦʡ ʛʨʘʥʠʮʳ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

2.1.3 ɼʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʧʦʣʫʙʝʩʢʦʥʝʯʥʳʭ ʙʣʦʢʘ ʥʘ ʚʷʟʢʦʤ ʦʩʥʦʚʘʥʠʠ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʜʝʣʴʥʳʡ ʩʣʫʯʘʡ ʜʚʫʭ 

ʩʤʝʞʥʳʭ ʧʦʣʫʙʝʩʢʦʥʝʯʥʳʭ ʧʣʠʪ. ʀʟ (21) ʧʨʠ 

D  ʧʦʣʫʯʠʤ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʡ ʧʣʘʩʪʠʥʳ ʚ ʫʩʣʦʚʠʷʭ 
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ʛʜʝ )(xerfc - ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʥʪʝʛʨʘʣ 

ʚʝʨʦʷʪʥʦʩʪʠ. 

ɼʣʷ ʜʚʫʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʧʦʣʫʙʝʩʢʦʥʝʯʥʳʭ ʙʣʦʢʦʚ ʥʘ ʚʷʟʢʦʤ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʯʘʩʪʥʳʝ ʬʦʨʤʫʣʳ:  

1) ʂʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʚ ʧʨʝʜʝʣʝ ʧʨʠ 0r  

ʠʟ (33) ʧʦʣʫʯʠʤ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʡ ʧʣʠʪʳ, ʢʦʛʜʘ ʢ ʪʦʨʮʫ ʝʝ 

ʧʨʠʣʦʞʝʥʳ ʩʜʚʠʛʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ qxz   
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2) ɺ ʜʨʫʛʦʤ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 0a ʠʟ (33) ʧʦʣʫʯʠʤ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʡ ʙʝʟʳʥʝʨʮʠʦʥʥʦʡ ʧʣʠʪʳ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʟʫʯʝʩʪʠ ʥʘ ʩʜʚʠʛʦʚʦʡ ʛʨʘʥʠʮʝ 
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2.2 ɼʚʘ ʨʘʟʥʳʭ ʙʣʦʢʘ ʩ ʚʷʟʢʦʫʧʨʫʛʦʡ ʨʘʟʣʦʤʥʦʡ ʟʦʥʦʡ ʙʝʟ ʨʝʘʢʮʠʠ ʦʩʥʦʚʘʥʠʷ  

ʀʟ ʦʙʱʝʛʦ  ʨʝʰʝʥʠʷ (15)-(16) ʚ ʧʨʝʜʝʣʝ ʧʨʠ  0a   ʧʦʣʫʯʠʤ  
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ɼʣʷ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʙʣʦʢʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ: 
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                                                                                                                                               (40) 

 

 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʙʣʦʢʘʭ ʠʤʝʝʪ ʚʠʜ: 

 

 

                                                  (41) 

 

 

 

                                                     (42) 

 

 

ɼʣʷ ʩʤʝʱʝʥʠʡ ʙʦʨʪʦʚ ʨʘʟʣʦʤʘ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ: 

 

                                                                                                                                                 (43) 

 

                                                         

ɺʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʧʨʦʮʝʩʩʘ ʢ ʫʩʪʘʥʦʚʠʚʰʝʤʫʩʷ ʜʚʠʞʝʥʠʶ ʦʧʨʝʜʝʣʝʥʦ ʬʦʨʤʫʣʦʡ: 

 

 

                                                                                                                                       (44) 

 

          

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʜʚʠʞʝʥʠʷ 

ʙʣʦʢʦʚ ʢ ʩʚʦʝʤʫ ʫʩʪʘʥʦʚʠʚʰʝʤʫʩʷ ʜʚʠʞʝʥʠʶ 

ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ 

ʚʷʟʢʦʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʄʘʢʩʚʝʣʣʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ 

ʠʟʦʙʨʘʞʝʥʠʷʭ ʧʦʣʫʯʝʥʦ ʯʠʩʣʝʥʥʳʤ 

ʦʙʨʘʱʝʥʠʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ.  

ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʩʣʝʜʫʶʱʠʭ 

ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ:  

1 240000D ʤ, 2 150000D ʤ, , 
10 2

1 3 10 /ʅ ʤ, 
10 2

2 3.5 10 /ʅ ʤ,      

100000ah ʤ, 
194 10a ʇʘ ʩ, 

62 10q ʇʘ, 100rh ʤ, 
10 22 10 /r ʅ ʤ 

 

3 ʕʚʦʣʶʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʥʘ 

ʛʨʘʥʠʮʝ ʧʨʦʪʷʞʝʥʥʳʭ ʙʣʦʢʦʚ ʟʝʤʥʦʡ ʢʦʨʳ ʥʘ 

ʚʷʟʢʦʤ ʦʩʥʦʚʘʥʠʠ  

3.1 ʕʚʦʣʶʮʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʙʣʦʢʘʭ ʨʘʟʥʦʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʥʘ ʚʷʟʢʦʤ ʦʩʥʦʚʘʥʠʠ  

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʵʚʦʣʶʮʠʠ 

ʧʝʨʝʤʝʱʝʥʠʡ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʙʣʦʢʘʭ 

ʨʘʟʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʥʘ ʚʷʟʢʦʤ ʦʩʥʦʚʘʥʠʠ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2, ʛʜʝ ʘ) ʧʝʨʝʤʝʱʝʥʠʷ ʚ 

ʙʣʦʢʘʭ ʯʝʨʝʟ 5 ʣʝʪ, ʙ)   ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʙʣʦʢʘʭ 

ʯʝʨʝʟ 20 ʣʝʪ, ʚ) ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʙʣʦʢʘʭ ʯʝʨʝʟ 50 

ʣʝʪ, ʙ)   ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʙʣʦʢʘʭ ʯʝʨʝʟ 100 ʣʝʪ.        
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ʘ) ʇʝʨʝʤʝʱʝʥʠʷ ʚ ʙʣʦʢʘʭ ʯʝʨʝʟ 5 ʣʝʪ; ʙ)   ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʙʣʦʢʘʭ ʯʝʨʝʟ 20 ʣʝʪ; 

ʚ) ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʙʣʦʢʘʭ ʯʝʨʝʟ 50 ʣʝʪ; ʙ)   ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʙʣʦʢʘʭ ʯʝʨʝʟ 100 ʣʝʪ. 

                

ʈʠʩʫʥʦʢ 2 ï ʇʝʨʝʤʝʱʝʥʠʷ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʨʘʟʥʳʭ ʙʣʦʢʘʭ ʥʘ ʚʷʟʢʦʤ 

ʦʩʥʦʚʘʥʠʠ 

 

3.2 ʉʤʝʱʝʥʠʷ ʙʦʨʪʦʚ ʨʘʟʣʦʤʘ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʚʥʝʰʥʠʝ 

ʛʨʘʥʠʮ rʙʣʦʢʦʚ 

 ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʟʤʫʱʝʥʠʡ ʚ ʙʣʦʢʘʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ (ʢʤ) ʜʦ ʩʤʝʞʥʦʡ 

ʛʨʘʥʠʮʳ ʠ ʚʨʝʤʝʥʠ (ʛʦʜʳ) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 

3 ʜʣʷ ʩʣʫʯʘʝʚ: ʘ) ʧʨʠ ʚʷʟʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʨʘʟʣʦʤʥʦʡ ʟʦʥʳ r=10
16

 ʇʘʩ ʠ   ʙ) ʧʨʠ ʚʷʟʢʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʨʘʟʣʦʤʥʦʡ ʟʦʥʳ r=10
17

 ʇʘʩ. 

 

ʘ ʙ 

ʘ) ʧʨʠ r=10
16

 ʇʘʩ;   ʙ) ʧʨʠ r=10
17

 ʇʘʩ. 

 

ʈʠʩʫʥʦʢ 3 ï ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʟʤʫʱʝʥʠʡ ʚ ʙʣʦʢʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

 


