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ʂʀʈʀʐ (ʬʘʣʩʘʬʘ ʜʦʢʪʦʨʠ (PhD) ʜʠʩʩʝʨʪʘʮʠʷʩʠ ʘʥʥʦʪʘʮʠʷʩʠ) 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʤʘʚʟʫʩʠʥʠʥʛ ʜʦʣʟʘʨʙʣʠʛʠ ʚʘ ʟʘʨʫʨʘʪʠ. ɾʘ״ʦʥʜʘ ʩ˄ʥʛʛʠ 

ʡʠʣʣʘʨʜʘ ʦʣʠʙ ʙʦʨʠʣʘʸʪʛʘʥ ʪʘʜץʠץʦʪʣʘʨ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʥʠʥʛ ʧʨʦʪʦʥʦʜʦʥʦʨ 

ʚʘ ʧʨʦʪʦʘʢʮʝʧʪʦʨ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ ʘʥʠץʣʘʰ ״ʘʤʜʘ ʫʣʘʨʜʘ ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ 

˄ʟʘʨʦ ʪʘʲʩʠʨʣʘʨ ʪʘʙʠʘʪʠʥʠ ʥʘʟʘʨʠʡ ʞʠ״ʘʪʜʘʥ ˄ʨʛʘʥʠʰ ʤʫ״ʠʤ ʘ״ʘʤʠʷʪʛʘ ʵʛʘ 

ʵʢʘʥʣʠʛʠʥʠ ʢ˄ʨʩʘʪʤʦץʜʘ. ʂʦʥʜʝʥʩʠʨʣʘʥʛʘʥ ʤʫ״ʠʪʜʘ ʘʨʦʤʘʪʠʢ 

ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʥʠʥʛ ˄ʟʘʨʦ ʪʘʲʩʠʨʣʘʨʛʘ ʤʦʡʠʣʣʠʢ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ 

ʸʨʫסʣʠʢʥʠʥʛ ʢʦʤʙʠʥʘʮʠʦʥ ʩʦʯʠʣʠʰ ʫʩʫʣʠ ʸʨʜʘʤʠʜʘ ʪʘʜץʠץ ץʠʣʠʰ, 

ʤʦʣʝʢʫʣʷʨ ʢʦʤʧʣʝʢʩʣʘʨʥʠʥʛ ״ʦʩʠʣ ʙ˄ʣʠʰʠ ʚʘ ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ ʚʦʜʦʨʦʜ 

ʙʦסʣʘʥʠʰʣʘʨ ʦʨץʘʣʠ ˄ʟʘʨʦ ʪʘʲʩʠʨʣʘʰʫʚʯʠ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʥʠʥʛ ʩʧʝʢʪʨʘʣ 

ʧʘʨʘʤʝʪʨʣʘʨʠʥʠ ˄ʟʛʘʨʠʰʠ, ʠʯʢʠ ʤʦʣʝʢʫʣʷʨ ʚʘ ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ ʞʘʨʘʸʥʣʘʨ 

ʪ˄סʨʠʩʠʜʘ ʝʪʘʨʣʠʯʘ ʤʘʲʣʫʤʦʪʣʘʨ ʦʣʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ.  

ɼʫʥʜyʘ ʘʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʥʠʥʛ ʧʨʦʪʦʥʦʜʦʥʦʨ ʚʘ ʧʨʦʪʦʘʢʮʝʧʪʦʨ 

ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ ʘʥʠץʣʘʰ ʙ˄ʡʠʯʘ ʪ˄ʧʣʘʥʛʘʥ ʢ˄ʧʣʘʙ ʪʘʞʨʠʙʘ ʥʘʪʠʞʘʣʘʨʠ 

ʫʣʘʨʜʘʛʠ ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ ˄ʟʘʨʦ ʪʘʲʩʠʨ (ʄɶʊ) ʞʘʨʘʸʥʣʘʨʠʥʠ ʪ˄ʣʠץ 

ʪʫʰʫʥʪʠʨʠʰ ʫʯʫʥ ʝʪʘʨʣʠ ʵʤʘʩ. ʋʛʣʝʚʦʜʦʨʦʜʣʘʨʜʘʛʠ ʚʦʜʦʨʦʜ ʘʪʦʤʣʘʨʠʥʠʥʛ 

ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ ˄ʟʘʨʦ ʪʘʲʩʠʨʜʘʛʠ ʨʦʣʠʥʠ ˄ʨʛʘʥʠʰ ʤʦʣʝʢʫʣʷʨ 

ʢʦʤʧʣʝʢʩʣʘʨʥʠʥʛ ״ʦʩʠʣ ʙ˄ʣʠʰʠʜʘ ʘʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʥʠʥʛ 

ʧʨʦʪʦʥʦʜʦʥʦʨ ʚʘ ʧʨʦʪʦʘʢʮʝʧʪʦʨ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ ʘʥʠץʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. 

ɹʠʨ ʚʘץʪʜʘ ״ʘʤ ʧʨʦʪʦʥʦʜʦʥʦʨ, ״ʘʤ ʧʨʦʪʦʥʦʘʢʮʝʧʪʦʨ ʭʫʩʫʩʠʷʪʠʛʘ ʵʛʘ ʙ˄ʣʛʘʥ 

ʤʦʜʜʘʣʘʨʜʘʛʠ ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ ˄ʟʘʨʦ ʪʘʲʩʠʨ ʞʘʨʘʸʥʣʘʨʠʥʠ ʢʦʤʙʠʥʘʮʠʦʥ 

ʩʦʯʠʣʠʰ (ʂʉ) ʩʧʝʢʪʨʣʘʨʠ ״ʘʤʜʘ ʢʚʘʥʪ-ʢʠʤʸʚʠʡ ״ʠʩʦʙʣʘʰ ʫʩʫʣʣʘʨʠ ʙʠʣʘʥ 

 .ʜʘץʦʣʤʦץ ʠʣʠʰ ʜʦʣʟʘʨʙ ʤʘʩʘʣʘ ʙ˄ʣʠʙץ ʠʸʩʠʡ ˄ʨʛʘʥʠʰ ʚʘ ʭʫʣʦʩʘʣʘʨץ

ʄʘʤʣʘʢʘʤʠʟʜʘ ʬʫʥʜʘʤʝʥʪʘʣ ʬʘʥʣʘʨʥʠʥʛ ʘʤʘʣʠʡ ʨʠʚʦʞʣʘʥʠʰʠʛʘ, 

ʞʫʤʣʘʜʘʥ, ʭʘʣץ ʭ˄ʞʘʣʠʛʠʜʘ ʢʝʥʛ ʬʦʡʜʘʣʘʥʠʣʘʜʠʛʘʥ, ʘʨʦʤʘʪʠʢ 

ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʥʠʥʛ ʧʨʦʪʦʥʦʜʦʥʦʨ ʚʘ ʧʨʦʪʦʘʢʮʝʧʪʦʨ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ ״ʘʤʜʘ 

ʫʣʘʨʜʘʛʠ ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ ˄ʟʘʨʦ ʪʘʲʩʠʨʣʘʨʥʠʥʛ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ ʪʘʜץʠץ 

 ʣʠʢʣʘʨʜʘ ʚʘץʜʘ. ʐʫʥʠʥʛ ʫʯʫʥ ʩʫʶץʘʨʘʪʠʣʤʦץ ʠʣʠʰʛʘ ʢʘʪʪʘ ʵʲʪʠʙʦʨץ

ʵʨʠʪʤʘʣʘʨʜʘ ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ ˄ʟʘʨʦ ʪʘʲʩʠʨ ʪʘʙʠʘʪʠʥʠ ʩʧʝʢʪʨʦʩʢʦʧʠʢ ʥʘʤʦʸʥ 

ʙ˄ʣʠʰʠʥʠ ˄ʨʛʘʥʠʰ ʜʦʣʟʘʨʙ ʚʘʟʠʬʘʣʘʨʜʘʥ ʙʠʨʠ ʙ˄ʣʠʙ ץʦʣʤʦץʜʘ. ɶʟʙʝʢʠʩʪʦʥ 

ʈʝʩʧʫʙʣʠʢʘʩʠ ʇʨʝʟʠʜʝʥʪʠʥʠʥʛ 2020 ʡʠʣ 29 ʜʝʢʘʙʨʜʘʛʠ ʆʣʠʡ ʄʘʞʣʠʩʛʘ 

ʄʫʨʦʞʘʘʪʥʦʤʘʩʠʜʘ
1
 ʬʠʟʠʢʘ ʬʘʥʠʥʠ ʨʠʚʦʞʣʘʥʪʠʨʠʰ ʙ˄ʡʠʯʘ ʙʝʣʛʠʣʘʥʛʘʥ 

ʚʘʟʠʬʘʣʘʨʛʘ ʤʦʩ ʬʫʥʜʘʤʝʥʪʘʣ ʚʘ ʘʤʘʣʠʡ ʤʘʩʘʣʘʣʘʨʥʠ ״ʘʣ ץʠʣʠʰʛʘ 

 .ʜʘץʘʤʠʷʪ ʢʘʩʙ ʵʪʤʦ״ʠʤ ʘ״ʡʠʰ ʤʫ˄ץ ʦʪʣʘʨʥʠ ʡ˄ʣʛʘץʠץʘʨʘʪʠʣʛʘʥ ʠʣʤʠʡ ʪʘʜץ
ʋʰʙʫ ʜʠʩʩʝʨʪʘʮʠʷ ʪʘʜץʠץʦʪʠ ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ 

ʇʨʝʟʠʜʝʥʪʠʥʠʥʛ 2019 ʡʠʣ 8 ʦʢʪʷʙʨʜʘʛʠ ʇʌ-5847-ʩʦʥ ñɶʟʙʝʢʠʩʪʦʥ 

ʈʝʩʧʫʙʣʠʢʘʩʠ ʦʣʠʡ ʪʘʲʣʠʤ ʪʠʟʠʤʠʥʠ 2030 ʡʠʣʛʘʯʘ ʨʠʚʦʞʣʘʥʪʠʨʠʰ 
ʢʦʥʮʝʧʮʠʷʩʠʥʠ ʪʘʩʜʠץʣʘʰ ʪ˄סʨʠʩʠʜʘò ʛʠ ʌʘʨʤʦʥʠ, 2021 ʡʠʣ 19 ʤʘʨʪʜʘʛʠ 

ʇ5032-פ-ʩʦʥ ñʌʠʟʠʢʘ ʩʦ״ʘʩʠʜʘʛʠ ʪʘʲʣʠʤ ʩʠʬʘʪʠʥʠ ʦʰʠʨʠʰ ʚʘ ʠʣʤʠʡ 
ʪʘʜץʠץʦʪʣʘʨʥʠ ʨʠʚʦʞʣʘʥʪʠʨʠʰ ʯʦʨʘ-ʪʘʜʙʠʨʣʘʨʠ ʪ˄סʨʠʩʠʜʘò, 2017 ʡʠʣ 17 

ʬʝʚʨʘʣʜʘʛʠ ʇ2789-פ-ʩʦʥ ñʌʘʥʣʘʨ ʘʢʘʜʝʤʠʷʩʠ ʬʘʦʣʠʷʪʠ, ʠʣʤʠʡ ʪʘʜץʠץʦʪ 

                                                 
1
 ʄʠʨʟʠʸʝʚ ʐ.ʄ. ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ʇʨʝʟʠʜʝʥʪʠʥʠʥʛ ʆʣʠʡ ʄʘʞʣʠʩʛʘ ʄʫʨʦʞʘʘʪʥʦʤʘʩʠ // ʍʘʣץ ʩ˄ʟʠ, 

2020 ʡʠʣ, 30 ʜʝʢʘʙʨʴ, ˉ275-276 (7746-7747), 1-ʙʝʪ. 



6 

 

ʠʰʣʘʨʠʥʠ ʪʘʰʢʠʣ ʵʪʠʰ, ʙʦʰץʘʨʠʰ ʚʘ ʤʦʣʠʷʣʘʰʪʠʨʠʰʥʠ ʷʥʘʜʘ 

ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ʯʦʨʘ-ʪʘʜʙʠʨʣʘʨʠ ʪ˄סʨʠʩʠʜʘòʛʠ ץʘʨʦʨʣʘʨʠ ״ʘʤʜʘ ʤʘʟʢʫʨ 
ʬʘʦʣʠʷʪʛʘ ʪʝʛʠʰʣʠ ʙʦʰץʘ ʤʝʲʸʨʠʡ-״ʫץʫץʠʡ ״ʫʞʞʘʪʣʘʨʜʘ ʙʝʣʛʠʣʘʥʛʘʥ 

ʚʘʟʠʬʘʣʘʨʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʰʛʘ ʤʫʘʡʷʥ ʜʘʨʘʞʘʜʘ ʭʠʟʤʘʪ ץʠʣʘʜʠ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʨʝʩʧʫʙʣʠʢʘ ʬʘʥ ʚʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ 

ʨʠʚʦʞʣʘʥʠʰʠʥʠʥʛ ʫʩʪʫʚʦʨ ʡ˄ʥʘʣʠʰʣʘʨʠʛʘ ʤʦʩʣʠʛʠ. ɼʠʩʩʝʨʪʘʮʠʷ 
ʈʝʩʧʫʙʣʠʢʘ ʬʘʥ ʚʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʨʠʚʦʞʣʘʥʠʰʠʥʠʥʛ II. çʌʠʟʠʢʘ, 

ʘʩʪʨʦʥʦʤʠʷ, ʵʥʝʨʛʝʪʠʢʘ ʚʘ ʤʘʰʠʥʘʩʦʟʣʠʢè ʫʩʪʫʚoʨ ʡ˄ʥaʣʠʰʠ ʜoʠʨaʩʠʜa 
aʤaʣʛa oʰʠʨʠʣʛaʥ. 

ʄʫʘʤʤʦʥʠʥʛ ˄ʨʛʘʥʠʣʛʘʥʣʠʢ ʜʘʨʘʞʘʩʠ. ʂʝʡʠʥʛʠ ʡʠʣʣʘʨʜʘ ʯʝʪ ʵʣʣʠʢ 

ʪʘʜץʠץʦʪʯʠʣʘʨ P.Hobza, V.Spirko (ʏʝʭʠʷ) ʚʘ Heinrich L.Selzle, Edward 

W.Schlag (ɻʝʨʤʘʥʠʷ) ˄ʟ ʪʘʜץʠץʦʪʣʘʨʠ ʦʨץʘʣʠ ʥʦʵʤʧʠʨʠʢ ״ʠʩʦʙʣʘʰʣʘʨ ʚʘ 

ʤʦʣʝʢʫʣʷʨ ʤʦʜʝʣʣʘʰʪʠʨʠʰ ʸʨʜʘʤʠʜʘ ʦʨʛʘʥʠʢ ʚʘ ʙʠʦʦʨʛʘʥʠʢ 

ʤʦʣʝʢʫʣʘʣʘʨʥʠʥʛ ʪʫʟʠʣʠʰʠʥʠ, ʨʝʘʢʪʠʚʣʠʛʠʥʠ ʚʘ ʬʠʟʠʢ-ʢʠʤʸʚʠʡ 

ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ ʙʘʰʦʨʘʪ ץʠʣʠʰʛʘʥ. ɻʝʨʤʘʥʠʷʣʠʢ ʦʣʠʤ W.Kiefer ʪʦʤʦʥʠʜʘʥ 

ʢʦʤʙʠʥʘʮʠʦʥ ʩʦʯʠʣʠʰ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʠ ʚʘ ʥʦʵʤʧʠʨʠʢ ״ʠʩʦʙʣʘʰʣʘʨʜʘʥ, 

ʭʫʩʫʩʘʥ ʟʠʯʣʠʢ ʬʫʥʢʮʠʦʥʘʣ ʥʘʟʘʨʠʷʩʠʜʘʥ ʬʦʡʜʘʣʘʥʠʙ, ʧʨʦʪʦʥʦʜʦʥʦʨʣʠʢ 

ʭʫʩʫʩʠʷʪʠʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʦʨʛʘʥʠʢ ʙʠʨʠʢʤʘʣʘʨ ˄ʨʛʘʥʠʣʛʘʥ. 

ʄʦʣʝʢʫʣʷʨ ʨʝʣʘʢʩʘʮʠʷ, ʩʫʶץ ʢʨʠʩʪʘʣʣʘʨ, ʧʦʣʠʤʝʨ ʧʣʸʥʢʘʣʘʨ ʚʘ 

ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ ʚʦʜʦʨʦʜ ʙʦסʣʘʥʠʰʜʘʛʠ ʬʘʟʘʣʘʨ ˄ʟʛʘʨʠʰʣʘʨʠ ʫʢʨʘʠʥʘʣʠʢ 

ʦʣʠʤʣʘʨ ɺ.ɽ.ʇʦʛʦʨʝʣʦʚ, ʀ.ʖ.ɼʦʨʦʰʝʥʢʦʣʘʨ (ʂʠʝʚ ʄʠʣʣʠʡ ʫʥʠʚʝʨʩʠʪʝʪʠ) 

ʪʦʤʦʥʠʜʘʥ ʩʧʝʢʪʨʦʩʢʦʧʠʢ ʫʩʫʣʜʘ ˄ʨʛʘʥʠʣʛʘʥ. 

ʐʫʥʠ ʘʣʦ״ʠʜʘ ʪʘʲʢʠʜʣʘʰ ʢʝʨʘʢʢʠ, ʙʫ ʩʦ״ʘʥʠʥʛ ʨʠʚʦʞʣʘʥʠʰʠʛʘ 

ɶʟʙʝʢʠʩʪʦʥʣʠʢ ʦʣʠʤʣʘʨʜʘʥ ʘʢʘʜʝʤʠʢʣʘʨ ɸ.פ.ʆʪʘʭ˄ʞʘʝʚ, ʇ.׳.פʘʙʠʙʫʣʣʘʝʚ, 

ʧʨʦʬʝʩʩʦʨʣʘʨ ʌ.ʍ.ʊʫʭʚʘʪʫʣʣʠʥ, ʄ.ɸ.פʦʩʠʤʞʦʥʦʚ, ʐ.ʆʪʘʞʦʥʦʚ ʚʘ 

ʙʦʰץʘʣʘʨ ״ʘʤ ʢʘʪʪʘ ״ʠʩʩʘ ץ˄ʰʛʘʥʣʘʨ. 

 ʆʭʠʨʛʠ ʡʠʣʣʘʨʜʘ ʯʦʧ ʵʪʠʣʛʘʥ ʘʜʘʙʠʸʪʣʘʨ ʰʘʨ״ʠ ʰʫʥʠ ʢ˄ʨʩʘʪʘʜʠʢʠ, 

ʩʫʶץʣʠʢʣʘʨʥʠʥʛ ʪʫʟʠʣʠʰʠ ʚʘ ʭʦʩʩʘʣʘʨʠ ʙ˄ʡʠʯʘ ʷʛʦʥʘ ʥʘʟʘʨʠʷ ʷʨʘʪʠʣʤʘʛʘʥ, 

ʙʫʥʜʘʥ ʪʘʰץʘʨʠ ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ ˄ʟʘʨʦ ʪʘʲʩʠʨ ʪʘʙʠʘʪʠʥʠʥʛ ʩʧʝʢʪʨʦʩʢʦʧʠʢ 

ʥʘʤʦʸʥ ʙ˄ʣʠʰʠ ʝʪʘʨʣʠ ʜʘʨʘʞʘʜʘ ˄ʨʛʘʥʠʣʤʘʛʘʥ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʪʘʜץʠץʦʪʠʥʠʥʛ ʜʠʩʩʝʨʪʘʮʠʷ ʙʘʞʘʨʠʣʛʘʥ ʦʣʠʡ ʪʘʲʣʠʤ 

ʤʫʘʩʩʘʩʘʩʠʥʠʥʛ ʠʣʤʠʡïʪʘʜץʠץʦʪ ʠʰʣʘʨʠ ʨʝʞʘʣʘʨʠ ʙʠʣʘʥ ʙʦסʣʠץʣʠʛʠ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʉʘʤʘʨץʘʥʜ ʜʘʚʣʘʪ ʫʥʠʚʝʨʩʠʪʝʪʠ ʠʣʤʠʡ-ʪʘʜץʠץʦʪ ʠʰʣʘʨʠ 

ʨʝʞʘʩʠʛʘ ʤʫʚʦʬʠץ ʌ-2-20 ʨʘץʘʤʣʠ ñʄʦʣʝʢʫʣʷʨ ʘʛʨʝʛʘʪʣʘʨʥʠʥʛ ʙʦסʣʘʥʠʰ 

ʵʥʝʨʛʠʷʩʠ ʚʘ ʪʫʟʠʣʠʰʠ (ʥʘʥʦʢʣʘʩʪʝʨʣʘʨ), ʪʘʞʨʠʙʘ ʚʘ ״ʠʩʦʙʣʘʰʣʘʨò (2012-

2016 ʡʡ.); ʆʊ-ʌ2-40 ʨʘץʘʤʣʠ çʄʦʣʝʢʫʣʷʨ ʢʣʘʩʪʝʨʣʘʨʥʠʥʛ ״ʦʩʠʣ ʙ˄ʣʠʰ 

ʤʝʭʘʥʠʟʤʣʘʨʠ ʚʘ ʫʣʘʨʥʠʥʛ ʪʝʙʨʘʥʤʘ ʩʧʝʢʪʨʣʘʨʜʘ ʥʘʤʦʸʥ ʙ˄ʣʠʰʠè (2017-

2020 ʡʡ.) ʤʘʚʟʫʣʘʨʠʜʘʛʠ ʬʫʥʜʘʤʝʥʪʘʣ ʣʦʡʠ״ʘʣʘʨ ʜʦʠʨʘʩʠʜʘ ʙʘʞʘʨʠʣʛʘʥ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʤʘץʩʘʜʠ. ɸʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʜʘ ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ 

˄ʟʘʨʦ ʪʘʲʩʠʨ ʞʘʨʘʸʥʣʘʨʠʥʠ ʫʣʘʨʥʠʥʛ ʧʨʦʪʦʥʦʜʦʥʦʨ ʚʘ ʧʨʦʪʦʘʢʮʝʧʪʦʨ 

ʭʫʩʫʩʠʷʪʣʘʨʠʛʘ ʙʦסʣʠץʣʠʛʠʥʠ ʸʨʫסʣʠʢʥʠʥʛ ʢʦʤʙʠʥʘʮʠʦʥ ʩʦʯʠʣʠʰ 

ʩʧʝʢʪʨʣʘʨʠ ʚʘ ʥʦʵʤʧʠʨʠʢ (ab initio) ״ʠʩʦʙʣʘʰʣʘʨ ʸʨʜʘʤʠʜʘ ˄ʨʛʘʥʠʰʜʘʥ 

ʠʙʦʨʘʪ. 
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ʊʘʜץʠץʦʪʥʠʥʛ ʚʘʟʠʬʘʣʘʨʠ: 

ʘʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʜʘ ʤʦʣʝʢʫʣʷʨ ʘʛʨʝʛʘʪʣʘʨʥʠʥʛ ״ʦʩʠʣ ʙ˄ʣʠʰʠ, 

ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ ˄ʟʘʨʦ ʪʘʲʩʠʨ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ ״ʘʤʜʘ ʫʣʘʨʥʠʥʛ ʢʦʤʙʠʥʘʮʠʦʥ 

ʩʦʯʠʣʠʰ ʩʧʝʢʪʨʣʘʨʠʜʘ ʥʘʤʦʸʥ ʙ˄ʣʠʰʠʥʠ ˄ʨʛʘʥʠʰ; 

ʘʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʥʠʥʛ ʠʟʦʣʷʮʠʷʣʘʥʛʘʥ ʤʦʥʦʤʝʨ ʚʘ ʪʫʨʣʠ 

ʘʛʨʝʛʘʪʣʘʨʠ ʫʯʫʥ ʥʦʵʤʧʠʨʠʢ (ab initio) ״ʠʩʦʙʣʘʰʣʘʨʥʠ ˄ʪʢʘʟʠʰ ״ʘʤʜʘ 

ʪʘʞʨʠʙʘ ʥʘʪʠʞʘʣʘʨʠ ʙʠʣʘʥ ʪʘץץʦʩʣʘʰ; 

ʤʦʣʝʢʫʣʷʨ ʘʛʨʝʛʝʪʣʘʨʥʠʥʛ ʪʫʟʠʣʠʰʠ, ˄ʟʘʨʦ ʪʘʲʩʠʨ ʵʥʝʨʛʠʷʩʠ, 

ʤʦʣʝʢʫʣʘʣʘʨ ʛʝʦʤʝʪʨʠʷʩʠʥʠ ˄ʟʛʘʨʠʰʠ ״ʘʤʜʘ ʩʧʝʢʪʨʘʣ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠ 

ʘʥʠץʣʘʰ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʦʙʲʝʢʪʠ ʩʠʬʘʪʠʜʘ ʧʨʦʪʦʥʦʜʦʥʦʨ ʚʘ ʧʨʦʪʦʘʢʮʝʧʪʦʨ 

ʭʫʩʫʩʠʷʪʣʠ ʘʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨ ʪʘʥʣʘʙ ʦʣʠʥʛʘʥ.  

ʊʘʜץʠץʦʪʥʠʥʛ ʧʨʝʜʤʝʪʠ ʩʠʬʘʪʠʜʘ ʘʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʥʠʥʛ ʪʫʨʣʠ 

ʭʠʣ ʢʦʥʮʝʥʪʨʘʮʠʷʣʠ ʵʨʠʪʤʘʣʘʨʠʜʘʛʠ ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ ˄ʟʘʨʦ ʪʘʲʩʠʨ 

ʞʘʨʘʸʥʣʘʨʠ ˄ʨʛʘʥʠʣʘʜʠ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʫʩʫʣʣʘʨʠ. ɼʠʩʩʝʨʪʘʮʠʷʜʘ ʸʨʫסʣʠʢʥʠʥʛ ʢʦʤʙʠʥʘʮʠʦʥ 

ʩʦʯʠʣʠʰ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʠ ʚʘ ʥʦʵʤʧʠʨʠʢ ʢʚʘʥʪ-ʢʠʤʸʚʠʡ ״ʠʩʦʙʣʘʰ ʫʩʫʣʣʘʨʠ-

ʜʘʥ ʬʦʡʜʘʣʘʥʠʣʛʘʥ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʠʣʤʠʡ ʷʥʛʠʣʠʛʠ ץʫʡʠʜʘʛʠʣʘʨʜʘʥ ʠʙʦʨʘʪ: 

ʘʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜ (ʙʝʥʟʦʣ, ʧʠʨʨʦʣ, ʢʩʠʣʦʣ)ʣʘʨʜʘ ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ 

ʚʦʜʦʨʦʜ ʙʦסʣʘʥʠʰ -́ʵʣʝʢʪʨʦʥʣʘʨʥʠʥʛ ʠʰʪʠʨʦʢʠʜʘ ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʤʦʣʝʢʫʣʷʨ 

ʢʦʤʧʣʝʢʩʣʘʨʜʘ ʙʝʥʟʦʣ ʭʘʣץʘʣʘʨʠʥʠʥʛ ʙʠʨ-ʙʠʨʠʛʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʵʢʘʥʣʠʛʠ 

ʘʥʠץʣʘʥʛʘʥ; 

ʥʦʵʤʧʠʨʠʢ ״ʠʩʦʙʣʘʰʣʘʨ ʸʨʜʘʤʠʜʘ ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ ˄ʟʘʨʦ ʪʘʲʩʠʨ 

ʪʫʬʘʡʣʠ ʙʝʥʟʦʣ ʤʦʣʝʢʫʣʘʩʠʜʘ ʟʘʨʷʜʣʘʨʥʠʥʛ ץʘʡʪʘ ʪʘץʩʠʤʣʘʥʠʰʠ ʚʘ ʵʣʝʢʪʨʦʥ 

ʙʫʣʫʪʠʥʠʥʛ ʜʝʬʦʨʤʘʮʠʷʩʠ ʥʘʪʠʞʘʩʠʜʘ ץʫʪʙʣʘʥʠʰ ʜʘʨʘʞʘʩʠ ץʠʡʤʘʪʣʘʨʠʥʠʥʛ 

˄ʟʛʘʨʠʰʠ ʦʯʠʙ ʙʝʨʠʣʛʘʥ; 

ʘʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʜʘ ʢʫʯ ʜʦʠʤʠʡʣʠʛʠʥʠʥʛ ʦʨʪʠʰʠ ʚʘ ʵʣʝʢʪʨʦʥ 

ʙʫʣʫʪ ʪʘץʩʠʤʦʪʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʩʘʙʘʙʣʠ ʢʦʤʙʠʥʘʮʠʦʥ ʩʦʯʠʣʠʰ ʩʧʝʢʪʨʠʜʘ  

ʉ-ʅ ʛʫʨʫ״ʥʠʥʛ ʘʥʦʤʘʣ ʶץʦʨʠ ʯʘʩʪʦʪʘ ʩʦ״ʘʩʠʛʘ ʩʠʣʞʠʰʠ ʘʥʠץʣʘʥʛʘʥ;  

ʘʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʥʠʥʛ ʤʦʣʝʢʫʣʘʩʠ ʪʘʨʢʠʙʠʜʘ ʤʝʪʠʣ (ʉʅ3) 

ʛʫʨʫ״ʣʘʨʠ ʩʦʥʠʥʠʥʛ ʦʰʠʰʠ ʙʠʣʘʥ ʢʦʤʧʣʝʢʩ ״ʦʩʠʣ ʙ˄ʣʠʰ ʵʥʝʨʛʠʷʩʠʥʠʥʛ 

ʢʘʤʘʡʠʰʠ ʜʘʣʠʣʣʘʥʛʘʥ; 

ʘʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʜʘ ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ ˄ʟʘʨʦ ʪʘʲʩʠʨ ʵʥʝʨʛʠʷʩʠ ʚʘ 

ʢʦʤʧʣʝʢʩʣʘʨ ʪʫʟʠʣʠʰʠʥʠ ʘʥʠץʣʘʰʜʘ, ʪʘʞʨʠʙʘʜʘ ʦʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨʥʠ ʪ˄ʣʠץ 

ʪʘʩʜʠץʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠʛʘʥ ʥʦʵʤʧʠʨʠʢ (ab initio) ״ʠʩʦʙʣʘʰ ʫʩʫʣʠ ʪʘʚʩʠʷ 

 .ʠʣʠʥʛʘʥץ

ʊʘʜץʠץʦʪʥʠʥʛ ʘʤʘʣʠʡ ʥʘʪʠʞʘʩʠ ץʫʡʠʜʘʛʠʣʘʨʜʘʥ ʠʙʦʨʘʪ: 

ʦʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨʜʘ ʚʘ ˄ʨʥʘʪʠʣʛʘʥ ץʦʥʫʥʠʷʪʣʘʨʜʘ ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ 

˄ʟʘʨʦ ʪʘʲʩʠʨ ʪʫʬʘʡʣʠ ʪʝʙʨʘʥʠʰ ʧʦʣʦʩʘʩʠ ʬʦʨʤʘʩʠ ʪʘ״ʣʠʣ ץʠʣʠʥʛʘʥ ʚʘ 

ʤʦʜʜʘʣʘʨʥʠʥʛ ʥʘʟʘʨʠʡ ʩʧʝʢʪʨʦʩʢʦʧʠʢ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠʥʛ ʪʘʞʨʠʙʘ 

ʥʘʪʠʞʘʣʘʨʠʛʘ ʤʦʩ ʢʝʣʠʰʠ ʢ˄ʨʩʘʪʠʣʛʘʥ; 

ʘʥʠץʣʘʥʛʘʥ ʧʘʨʘʤʝʪʨʣʘʨ ʸʨʜʘʤʠʜʘ ʤʦʣʝʢʫʣʷʨ ʬʠʟʠʢʘʜʘ ʚʘ ʬʠʟʠʢʘʚʠʡ 

ʢʠʤʸʜʘ ʩʫʶץʣʠʢʣʘʨʥʠʥʛ ʜʠʥʘʤʠʢ ʪʫʟʠʣʠʰ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨʠʥʠ ʘʥʠץʣʘʰ 
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 ʦʩʠʣ ʙ˄ʣʠʰ ʞʘʨʘʸʥʣʘʨʠʥʠ״ ʘʤʜʘ ʪʫʨʣʠ ʭʠʣ ʵʨʠʪʤʘʣʘʨʜʘ ʢʦʤʧʣʝʢʩ״

˄ʨʛʘʥʠʰʜʘ, ʘʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʜʘʥ ʩʫʶץʣʠʢʣʘʨʥʠʥʛ ʬʠʟʠʢʘʚʠʡ ʚʘ 

ʢʠʤʸʚʠʡ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ ʘʥʠץʣʘʰʜʘ ʬʦʡʜʘʣʘʥʠʰ ʤʫʤʢʠʥʣʠʛʠ ʢ˄ʨʩʘʪʠʣʛʘʥ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʠʰʦʥʯʣʠʣʠʛʠ. ʊʘʜץʠץʦʪʜʘ ˄ʨʛʘʥʠʣʛʘʥ 

ʘʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʥʠʥʛ  ʧʨʦʪʦʥʦʜʦʥʦʨ ʚʘ ʧʨʦʪʦʘʢʮʝʧʪʦʨ ʭʦʩʩʘʣʘʨʠʥʠ 

ʪʘʜץʠץ ץʠʣʠʰʜʘ ʠʣʤʠʡ ʪʘʜץʠץʦʪʣʘʨʜʘ ʢʝʥʛ ץ˄ʣʣʘʥʠʣʘʜʠʛʘʥ ʠʰʦʥʯʣʠ 

ʪʘʞʨʠʙʘʚʠʡ ʪʝʢʰʠʨʫʚ ʫʩʫʣʣʘʨʠ ʚʘ ʜʫʥʸ ʦʣʠʤʣʘʨʠ ʪʦʤʦʥʠʜʘʥ ʪʘʥ ʦʣʠʥʛʘʥ 

ʪʘʞʨʠʙʘ ˄ʪʢʘʟʠʰ ʠʤʢʦʥʠʷʪʠ ʶץʦʨʠ ʙ˄ʣʛʘʥ ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʣʘʨʠ ʙʠʣʘʥ 

ʙʠʨʛʘʣʠʢʜʘ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʣʛʘʥ ɼʌʉ-52 ʩʧʝʢʪʨʦʤʝʪʨʠʥʠʥʛ 

 ʣʣʘʥʠʣʛʘʥʣʠʛʠ; ʜʠʩʩʝʨʪʘʮʠʷ ʠʰʠʜʘ ʦʣʠʥʛʘʥ ʥʘʟʘʨʠʡ ʚʘ ʪʘʞʨʠʙʘ˄ץ

ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ˄ʟʘʨʦ ʤʦʩ ʢʝʣʛʘʥʣʠʛʠ; ʦʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨʥʠʥʛ ʤʘʚʞʫʜ 

ʬʠʟʠʢ ʪʘʩʘʚʚʫʨʣʘʨ ʚʘ ʙʦʰץʘ ʩʧʝʢʪʨʦʩʢʦʧʠʢ ʫʩʫʣʣʘʨ ʙʠʣʘʥ ״ʘʤʜʘ ʠʣʤʠʡ 

ʘʜʘʙʠʸʪʣʘʨʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨʛʘ ʟʠʜ ʢʝʣʤʘʩʣʠʛʠ ʙʠʣʘʥ 

ʪʘʩʜʠץʣʘʥʛʘʥ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʠʣʤʠʡ ʚʘ ʘʤʘʣʠʡ ʘ״ʘʤʠʷʪʠ. ʊʘʜץʠץʦʪ 

ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʠʣʤʠʡ ʘ״ʘʤʠʷʪʠ ʰʫʥʜʘʥ ʠʙʦʨʘʪʢʠ, ʜʠʩʩʝʨʪʘʮʠʷ ʠʰʠʜʘ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷʥʠʥʛ ʟʘʤʦʥʘʚʠʡ ʥʘʟʘʨʠʷʣʘʨʠ ʙ˄ʡʠʯʘ ʪʘ״ʣʠʣ ץʠʣʠʥʛʘʥ 

ʥʘʪʠʞʘʣʘʨʠ ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ ˄ʟʘʨʦ ʪʘʲʩʠʨʣʘʨʥʠʥʛ ʩʧʝʢʪʨʦʩʢʦʧʠʢ ʪʘʙʠʘʪʠ 

 ʘʤʜʘ ʘʨʦʤʘʪʠʢ״ ʠʜʘʛʠ ʬʠʟʠʢ ʪʘʩʘʚʚʫʨʣʘʨʥʠ ʷʥʘʜʘ ʨʠʚʦʞʣʘʥʪʠʨʠʰץʘ״

ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʥʠʥʛ  ʧʨʦʪʦʥʦʜʦʥʦʨ ʚʘ ʧʨʦʪʦʘʢʮʝʧʪʦʨ ʭʦʩʩʘʣʘʨʠʥʠ ˄ʟʠʛʘ ʭʦʩ 

ʪʦʤʦʥʣʘʨʠʥʠ ʷʛʦʥʘ ʷץʠʥʣʘʰʠʰ ʘʩʦʩʠʜʘ ʪʫʰʫʥʪʠʨʠʰ ʠʤʢʦʥʠʷʪʠʥʠ ʙʝʨʘʜʠ.  

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʘʤʘʣʠʡ ʘ״ʘʤʠʷʪʠ ʰʫʥʜʘʢʠ, ʦʣʠʥʛʘʥ 

ʥʘʪʠʞʘʣʘʨ ʤʫʨʘʢʢʘʙ ʩʠʩʪʝʤʘʣʘʨʥʠʥʛ ʬʠʟʠʢ ʭʦʩʩʘʣʘʨʠʥʠ ʙʦʰץʘʨʠʰʜʘ, 

ʙʦʰץʘʨʠʣʘʜʠʛʘʥ ʭʦʩʩʘʣʘʨʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʤʘʪʝʨʠʘʣʣʘʨ ʷʨʘʪʠʰ ʤʫʘʤʤʦʩʠʥʠ 

ʠʞʦʙʠʡ ʝʯʠʤʠʥʠ ʪʦʧʠʰʜʘ, ʩʫʶץʣʠʢʣʘʨʥʠ ʪʘʰʢʠʣ ʵʪʛʘʥ ʤʦʣʝʢʫʣʘʣʘʨʥʠʥʛ 

ʵʣʝʢʪʨʦʦʧʪʠʢ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠ ʘʥʠץʣʘʰʜʘ, ʢʦʥʜʝʥʩʠʨʣʘʥʛʘʥ ʤʫ״ʠʪʣʘʨʥʠʥʛ 

ʪʝʨʤʦʜʠʥʘʤʠʢ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠ ˄ʟʛʘʨʠʰʠʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰʜʘ ʟʘʨʫʨʜʠʨ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʘʤʘʣʠʸʪʛʘ ʞʦʨʠʡ ץʠʣʠʥʠʰʠ. ɸʨʦʤʘʪʠʢ 

ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʥʠʥʛ ʧʨʦʪʦʥʦʜʦʥʦʨ ʚʘ ʧʨʦʪʦʘʢʮʝʧʪʦʨ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠʥʛ 

ʢʦʤʙʠʥʘʮʠʦʥ ʩʦʯʠʣʠʰ ʩʧʝʢʪʨʣʘʨʠʜʘ ʥʘʤʦʸʥ ʙ˄ʣʠʰʠ ʙ˄ʡʠʯʘ ʦʣʠʥʛʘʥ 

ʥʘʪʠʞʘʣʘʨ ʘʩʦʩʠʜʘ: 

ʘʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʜʘ ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ ʚʦʜʦʨʦʜ ʙʦסʣʘʥʠʰ 

ʞʘʨʘʸʥʣʘʨʠʥʠ ʘʥʠץʣʘʰ ʥʘʪʠʞʘʣʘʨʠ 18ɹʌ051-02ʄ-ʨʘץʘʤʣʠ ñɺʦʜʦʨʦʜʥʦ-

ʩʚʷʟʘʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʣʘʩʪʝʨʳ ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭò 

ʚʘ 19ɹʌ051-07-ʨʘץʘʤʣʠ ñɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʧʠʥ-ʟʘʚʠʩʠʤʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʚʥʳʭ ʛʨʫʧʧ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʠʤʤʝʪʨʠʠ ʜʣʷ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʠò ʤʘʚʟʫʣʘʨʠʜʘʛʠ 

ʬʫʥʜʘʤʝʥʪʘʣ ʪʘʜץʠץʦʪ ʣʦʡʠ״ʘʣʘʨʠʜʘ ʬʦʡʜʘʣʘʥʠʣʛʘʥ (ʂʠʝʚ ʄʠʣʣʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪʠʥʠʥʛ 2020 ʡʠʣ 14 ʠʶʣʜʘʛʠ ʤʘʲʣʫʤʦʪʥʦʤʘʩʠ). ʀʣʤʠʡ 

ʥʘʪʠʞʘʣʘʨʥʠʥʛ ץ˄ʣʣʘʥʠʣʠʰʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʣʠ ʤʘʪʝʨʠʘʣʣʘʨʜʘ ʚʦʜʦʨʦʜ 

ʙʦסʣʘʥʠʰʣʠ ʤʦʣʝʢʫʣʷʨ ʢʣʘʩʪʝʨʣʘʨʥʠʥʛ ʪʫʟʠʣʠʰʠʥʠ  ʘʥʠץʣʘʰ ʠʤʢʦʥʠʥʠ 

ʙʝʨʛʘʥ; 

ʘʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʜʘ ʤʝʪʠʣ (ʉʅ3) ʛʫʨʫ״ ʩʦʥʠʥʠʥʛ ʦʰʠʰʠ ʙʠʣʘʥ 

ʢʦʤʧʣʝʢʩ ״ʦʩʠʣ ʙ˄ʣʠʰ ʵʥʝʨʛʠʷʩʠʥʠʥʛ ʢʘʤʘʡʠʰʠʥʠ ʘʥʠץʣʘʰ ʥʘʪʠʞʘʣʘʨʠ 
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0110ʈʂ153-ʨʘץʘʤʣʠ ñʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʤʥʦʛʦʘʪʦʤʥʳʭ 

ʩʠʩʪʝʤ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʦʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠò ʤʘʚʟʫʩʠʜʘʛʠ 

ʬʫʥʜʘʤʝʥʪʘʣ ʣʦʡʠ״ʘʜʘ ʬʦʡʜʘʣʘʥʠʣʛʘʥ (ʊʦʞʠʢʠʩʪʦʥ ʄʠʣʣʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪʠʥʠʥʛ 2020 ʡʠʣ 30 ʦʢʪʷʙʨʜʘʛʠ ʤʘʲʣʫʤʦʪʥʦʤʘʩʠ). ʀʣʤʠʡ 

ʥʘʪʠʞʘʣʘʨʥʠʥʛ ץ˄ʣʣʘʥʠʣʠʰʠ, ʧʠʨʨʦʣ, ʙʝʥʟʦʣ ʚʘ ʢʩʠʣʦʣ ʤʦʣʝʢʫʣʘʣʘʨʠʥʠʥʛ 

ʵʣʝʢʪʨʦʦʧʪʠʢ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠ ʘʥʠץʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʛʘʥ; 

ʘʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʜʘ ʧʨʦʪʦʥʦʜʦʥʦʨʣʠʢ ʚʘ ʧʨʦʪʦʥʦʘʢʮʝʧʪʦʨʣʠʢ 

ʭʫʩʫʩʠʷʪʣʘʨʠ ʤʦʣʝʢʫʣʘ ʪʘʨʢʠʙʠʜʘ -́ʵʣʝʢʪʨʦʥʣʘʨ ʤʘʚʞʫʜʣʠʛʠ, ʥʦʵʤʧʠʨʠʢ 

 ʘʣʠ ʘʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜ (ʧʠʨʨʦʣ, ʙʝʥʟʦʣ, ʢʩʠʣʦʣ)ʣʘʨʥʠʥʛץʠʩʦʙʣʘʰʣʘʨ ʦʨ״

ʵʣʝʢʪʨʦʦʧʪʠʢ ʧʘʨʘʤʝʪʨʣʘʨʠ ʘʥʠץʣʘʥʛʘʥʣʠʛʠ ״ʘʤʜʘ ʪʫʨʣʠ ʭʠʣ ʫʩʫʣʣʘʨ (RHF 

ʚʘ B3LYP) ʸʨʜʘʤʠʜʘ ʦʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨʥʠ ʪʘʞʨʠʙʘ ʥʘʪʠʞʘʣʘʨʠ ʙʠʣʘʥ 

ʩʦʣʠʰʪʠʨʠʰ ʦʨץʘʣʠ ʤʦʣʝʢʫʣʘʥʠʥʛ ʤʫʘʡʷʥ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨʠʥʠ ˄ʨʛʘʥʠʰ 

ʫʯʫʥ ʪʘʢʣʠʬ ʵʪʠʣʛʘʥ ʘʥʠ״ ץʠʩʦʙʣʘʰ ʫʩʫʣʠʜʘʥ 2015-2017 ʡʠʣʣʘʨʛʘ 

ʤ˄ʣʞʘʣʣʘʥʛʘʥ ɸ-13-39 ʨʘץʘʤʣʠ ñʋʛʣʝʚʦʜʦʨʦʜʣʘʨ (ʤʝʪʘʥ, ʵʪʘʥ, ʧʨʦʧʘʥ, ʙʫʪʘʥ 

ʚ.ʙ.) ʪʘʨʢʠʙʠʜʘʛʠ ʛʘʟ ʚʘ ʩʫʶץʣʠʢʣʘʨ (H2S, CO2, H2O ʚ.ʙ.) ʤʠץʜʦʨʠʥʠ ʘʥʠץʣʘʰ 

ʤʝʪʦʜʠʥʠ ʷʨʘʪʠʰò ʤʘʚʟʫʩʠʜʘʛʠ ʘʤʘʣʠʡ ʣʦʡʠ״ʘʜʘ ʬʦʡʜʘʣʘʥʠʣʛʘʥ (ʆʣʠʡ ʚʘ 

˄ʨʪʘ ʤʘʭʩʫʩ ʪʘʲʣʠʤ ʚʘʟʠʨʣʠʛʠʥʠʥʛ 2020 ʡʠʣ 26 ʦʢʪʷʙʨʜʘʛʠ 89-03-4198-ʩʦʥ 

ʤʘʲʣʫʤʦʪʥʦʤʘʩʠ). ʀʣʤʠʡ ʥʘʪʠʞʘʣʘʨʥʠʥʛ ץ˄ʣʣʘʥʠʣʠʰʠ, ʛʘʟ ʚʘ ʩʫʶץ 

 ʦʣʘʪʜʘʛʠ ˄ʨʛʘʥʠʣʛʘʥ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʜʘ ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ ˄ʟʘʨʦ ʪʘʲʩʠʨ״

ʢʫʯʣʘʨʠʥʠ ʙʘ״ʦʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʛʘʥ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʘʧʨʦʙʘʮʠʷʩʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʰʠʥʠʥʛ 

ʥʘʪʠʞʘʣʘʨʠ 3 ʪʘ ʭʘʣץʘʨʦ ʢʦʥʬʝʨʝʥʮʠʷ ʚʘ 4 ʪʘ ʨʝʩʧʫʙʣʠʢʘ ʠʣʤʠʡ-ʘʤʘʣʠʡ 

ʘʥʞʫʤʘʥʣʘʨʠʜʘ ʤʘʲʨʫʟʘ ץʠʣʠʥʛʘʥ ʚʘ ʤʫ״ʦʢʘʤʘʜʘʥ ˄ʪʢʘʟʠʣʛʘʥ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʵʲʣʦʥ ץʠʣʠʥʛʘʥʣʠʛʠ. ʊʘʜץʠץʦʪ ʤʘʚʟʫʩʠ 

ʙ˄ʡʠʯʘ ʞʘʤʠ 12 ʪʘ ʠʣʤʠʡ ʠʰ, ʰʫ ʞʫʤʣʘʜʘʥ ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ʆʣʠʡ 

ɸʪʪʝʩʪʘʮʠʷ ʢʦʤʠʩʩʠʷʩʠʥʠʥʛ ʜʠʩʩʝʨʪʘʮʠʷʣʘʨ ʘʩʦʩʠʡ ʠʣʤʠʡ ʥʘʪʠʞʘʣʘʨʠʥʠ 

ʯʦʧ ʵʪʠʰ ʪʘʚʩʠʷ ʵʪʠʣʛʘʥ ʠʣʤʠʡ ʥʘʰʨʣʘʨ ʨ˄ʡʭʘʪʠʜʘ 5 ʪʘ ʠʣʤʠʡ ʤʘץʦʣʘ (3 ʪʘ 

ʨʝʩʧʫʙʣʠʢʘ ʚʘ 2 ʪʘ ʭʦʨʠʞʠʡ ʞʫʨʥʘʣʣʘʨʜʘ) ʯʦʧ ʵʪʠʣʛʘʥ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ʪʫʟʠʣʠʰʠ ʚʘ ״ʘʞʤʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʪʘʨʢʠʙʠ ʢʠʨʠʰ, 

ʪ˄ʨʪʪʘ ʙʦʙ, ʭʫʣʦʩʘ, ʬʦʡʜʘʣʘʥʠʣʛʘʥ ʘʜʘʙʠʸʪʣʘʨ ʨ˄ʡʭʘʪʠʜʘʥ ʠʙʦʨʘʪ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ״ʘʞʤʠ 25 ʪʘ ʨʘʩʤ ʚʘ 3 ʪʘ ʞʘʜʚʘʣʥʠ ˄ʟ ʠʯʠʛʘ ʦʣʛʘʥ ״ʦʣʜʘ 

117 ʙʝʪʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. 

 

ɼʀʉʉɽʈʊɸʎʀʗʅʀʅɻ ɸʉʆʉʀʁ ʄɸɿʄʋʅʀ 

 

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ñʂʠʨʠʰò ץʠʩʤʠʜʘ ʜʠʩʩʝʨʪʘʮʠʷ ʤʘʚʟʫʩʠʥʠʥʛ 

ʜʦʣʟʘʨʙʣʠʛʠ ʚʘ ʟʘʨʫʨʘʪʠ ʘʩʦʩʣʘʥʛʘʥ, ʪʘʜץʠץʦʪʣʘʨʥʠʥʛ ʨʝʩʧʫʙʣʠʢʘ ʬʘʥ ʚʘ 

ʪʝʭʥʠʢʘ ʪʘʨʘץץʠʸʪʠʥʠʥʛ ʘʩʦʩʠʡ ʫʩʪʫʚʦʨ ʡ˄ʥʘʣʠʰʣʘʨʠ ʙʠʣʘʥ ʙʦסʣʠץʣʠʛʠ 

ʘʥʠץʣʘʥʛʘʥ, ʤʫʘʤʤʦʥʠʥʛ ˄ʨʛʘʥʠʣʛʘʥʣʠʢ ʜʘʨʘʞʘʩʠ, ʚʘʟʠʬʘ ʚʘ ʤʘץʩʘʜʥʠʥʛ 

ʰʘʢʣʣʘʥʪʠʨʠʣʛʘʥʣʠʛʠ, ʘʥʠץʣʘʥʛʘʥ ʦʙʲʝʢʪʣʘʨ, ʪʘʜץʠץʦʪ ʫʩʫʣʠ ʚʘ ʧʨʝʜʤʝʪʠ, 

ʪʘʜץʠץʦʪʥʠʥʛ ʠʣʤʠʡ ʷʥʛʠʣʠʛʠ ʪʫʰʫʥʪʠʨʠʣʛʘʥ, ʦʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ 

ʠʰʦʥʯʣʠʣʠʛʠʥʠʥʛ ʘʩʦʩʣʘʥʛʘʥʣʠʛʠ, ʫʣʘʨʥʠʥʛ ʥʘʟʘʨʠʡ ʚʘ ʘʤʘʣʠʡ ʘ״ʘʤʠʷʪʠ 

ʦʯʠʣʛʘʥʣʠʛʠ, ʠʰʥʠʥʛ ʘʧʨʦʙʘʮʠʷʩʠ ʚʘ ʥʘʪʠʞʘʣʘʨʥʠʥʛ ʞʦʨʠʡ ץʠʣʠʥʠʰʠ 
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 ʘʞʤʠ״ ʘʤʜʘ ʜʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ʪʫʟʠʣʠʰʠ ʚʘ״ ʘʯʘ ʤʘʲʣʫʤʦʪʣʘʨץʠʩץ ʠʜʘץʘ״

ʢʝʣʪʠʨʠʣʛʘʥ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ñʄʦʣʝʢʫʣʘʣʘʨʘʨʦ ˄ʟʘʨʦ ʪʘʲʩʠʨʣʘʨ ʚʘ ʫʣʘʨʥʠʥʛ 

ʪʝʙʨʘʥʠʰ ʩʧʝʢʪʨʣʘʨʠʜʘ ʥʘʤʦʸʥ ʙ˄ʣʠʰʠò ʜʝʙ ʘʪʘʣʛʘʥ ʙʠʨʠʥʯʠ ʙʦʙʠʜʘ 

ʘʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʜʘ ʸʨʫסʣʠʢʥʠʥʛ ʂʉ ʩʧʝʢʪʨʣʘʨʠʥʠ ʪʘʞʨʠʙʘ ʚʘ 

ʥʘʟʘʨʠʡ ˄ʨʛʘʥʠʰʛʘ ʙʘסʠʰʣʘʥʛʘʥ ʘʜʘʙʠʸʪʣʘʨ ʰʘʨ״ʠ ʢʝʣʪʠʨʠʣʛʘʥ. ʄɶʊʥʠ 

˄ʨʛʘʥʠʰ ʙ˄ʡʠʯʘ ʠʰʣʘʨʥʠ ʪʘ״ʣʠʣ ץʠʣʠʰ, ʭʫʩʫʩʘʥ ʸʨʫסʣʠʢʥʠʥʛ ʂʉ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʠ ʸʨʜʘʤʠʜʘ ʪʘʨʢʠʙʠʜʘ ʫʛʣʝʨʦʜ ʙ˄ʣʛʘʥ ʤʦʣʝʢʫʣʘʣʘʨ 

ʘʛʨʝʛʘʮʠʷʣʘʨʠʥʠ ʙʠʨʣʘʰʪʠʨʠʰʜʘʥ ʠʙʦʨʘʪ. ɹʠʨʠʥʯʠ ʙʦʙ ʦʭʠʨʠʜʘ 

ʜʠʩʩʝʨʪʘʮʠʷ ʠʰʠʥʠʥʛ ʤʘץʩʘʜʠ ʚʘ ʚʘʟʠʬʘʣʘʨʠ ʢʝʣʪʠʨʠʣʛʘʥ.  

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ñʊʘʞʨʠʙʘ ʪʘʜץʠץʦʪʣʘʨʠʥʠʥʛ ʪʝʭʥʠʢʘʩʠ ʚʘ 

ʫʩʫʣʣʘʨʠò ʜʝʙ ʥʦʤʣʘʥʛʘʥ ʠʢʢʠʥʯʠ ʙʦʙʠʜʘ ʪʫʨʣʠ ʭʠʣ ʢʦʥʮʝʥʪʨʘʮʠʷʣʠ 

ʵʨʠʪʤʘʣʘʨʜʘ ʸʨʫסʣʠʢʥʠʥʛ ʂʉ ʩʧʝʢʪʨʣʘʨʠʥʠ ˄ʨʛʘʥʠʰ ʪʝʭʥʠʢʘʩʠ ʚʘ ʫʩʫʣʣʘʨʠ 

ʢʝʣʪʠʨʠʣʛʘʥ. ʂʉ ʩʧʝʢʪʨʣʘʨʠ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʣʛʘʥ ɼʌʉ-52 ʚʘ Thermo Nicolet 

6700 FTIR/FT-Raman ʩʧʝʢʪʨʦʤʝʪʨʣʘʨʠʜʘ ʦʣʠʥʛʘʥ. ʊʘʥʣʘʥʛʘʥ ʦʙʲʝʢʪʣʘʨ 

ʘʩʦʩʣʘʥʛʘʥ, ʥʦʵʤʧʠʨʠʢ ״ʠʩʦʙʣʘʰʣʘʨ ˄ʪʢʘʟʠʰ ʫʩʫʣʣʘʨʠ ʢʝʣʪʠʨʠʣʛʘʥ. 

ɶʨʛʘʥʠʣʘʸʪʛʘʥ ʤʦʣʝʢʫʣʘʣʘʨʥʠʥʛ ʩʧʝʢʪʨʘʣ ʧʘʨʘʤʝʪʨʣʘʨʠ, ʫʣʘʨʥʠʥʛ 

ʵʥʝʨʛʠʷʣʘʨʠ, ʰʫʥʠʥʛʜʝʢ ʘʛʨʝʛʘʪʣʘʨ ʪʫʟʠʣʠʰʠʥʠ ״ʠʩʦʙʣʘʰ RHF va B3LYP 6-

31G++(d,p) ʬʫʥʢʮʠʷʣʘʨ ʪ˄ʧʣʘʤʠ ʥʝʛʠʟʠʜʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʛʘʥ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ʫʯʠʥʯʠ ʙʦʙʠ ñɸʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʥʠʥʛ 

ʧʨʦʪʦʥʦʜʦʥʦʨ ʚʘ ʧʨʦʪʦʥʦʘʢʮʝʧʪʦʨ ʭʦʩʩʘʣʘʨʠò ʛʘ ʙʘסʠʰʣʘʥʛʘʥ ʙ˄ʣʠʙ, 

ʙʝʥʟʦʣ ʭʘʣץʘʩʠʥʠʥʛ ˊ-ʵʣʝʢʪʨʦʥʣʘʨʠ ʸʨʜʘʤʠʜʘ ʤʦʣʝʢʫʣʷʨ ʘʛʨʝʛʘʮʠʷʣʘʨʥʠ 

˄ʨʛʘʥʠʰ ʥʘʪʠʞʘʣʘʨʠ ʢʝʣʪʠʨʠʣʛʘʥ. ʍʫʩʫʩʘʥ, ʤʦʣʝʢʫʣʘʣʘʨ ʦʨʘʩʠʜʘʛʠ ʤʘʩʦʬʘ 

(ʚʦʜʦʨʦʜ ʙʦסʣʘʥʠʰ ʫʟʫʥʣʠʛʠ) ʦʜʘʪʜʘʛʠ ʚʦʜʦʨʦʜ ʙʦסʣʘʥʠʰ ʫʟʫʥʣʠʛʠʜʘʥ ʢʘʪʪʘ, 

ʙʘʲʟʠ ״ʦʣʣʘʨʜʘ ʧʨʦʪʦʥʦʜʦʥʦʨ ʤʦʣʝʢʫʣʘʣʘʨʥʠʥʛ A-H ʪʝʙʨʘʥʠʰ ʧʦʣʦʩʘʩʠʥʠʥʛ 

ʶץʦʨʠ ʯʘʩʪʦʪʘ ʩʦ״ʘʩʠʛʘ ʩʠʣʞʠʰʠ ʢʫʟʘʪʠʣʘʜʠ. ɹʝʥʟʦʣ ʜʠʤʝʨʠʜʘʛʠ 

ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ ʚʦʜʦʨʦʜ ʙʦסʣʘʥʠʰ ʢʫʯʩʠʟʜʠʨ. ɹʫ ʙʠʣʘʥ ʙʦסʣʠ״ ץʠʩʦʙʣʘʰʣʘʨ 

ʢ˄ʨʩʘʪʜʠʢʠ, ʪʝʙʨʘʥʠʰ ʩʧʝʢʪʨʠʜʘʛʠ ˄ʟʛʘʨʠʰʣʘʨ ʢʘʪʪʘ ʵʤʘʩ. ɪʨʫסʣʠʢʥʠʥʛ ʂʉ 

ʩʧʝʢʪʨʣʘʨʠ ʸʨʜʘʤʠʜʘ ʙʝʥʟʦʣʥʠʥʛ 992 ʩʤ
-1
 ʧʦʣʦʩʘʩʠ ʠʥʝʨʪ ʵʨʠʪʫʚʯʠʣʘʨ: 

ʛʝʧʪʘʥ ʚʘ ʛʝʢʩʘʥ ʙʠʣʘʥ ʵʨʠʪʤʘʣʘʨʠ ʪʘʞʨʠʙʘʜʘ ˄ʨʛʘʥʠʣʛʘʥ (1-ʨʘʩʤ). 

ʊʦʟʘ ʩʫʶץʣʠʢʜʘ ʙʫ ʧʦʣʦʩʘ ʢʫʯʣʠ ץʫʪʙʣʘʥʛʘʥ (ʜʝʧʦʣʷʨʠʟʘʮʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʠ ɟº0.1) ʚʘ ʫʥʠʥʛ ʢʝʥʛʣʠʛʠ 2,3 ʩʤ
-1
 ʛʘ ʪʝʥʛ. ʀʥʝʨʪ 

ʵʨʠʪʫʚʯʠʣʘʨʜʘ ʙʫ ʧʦʣʦʩʘ ʢʝʥʛʣʠʛʠ ʜʝʷʨʣʠ ʠʢʢʠ ʤʘʨʪʘʛʘʯʘ ʪʦʨʘʷʜʠ (1-

ʞʘʜʚʘʣ).  

1-ɾʘʜʚʘʣ. ʕʨʠʪʤʘʣʘʨʜʘ ʙʝʥʟʦʣʥʠʥʛ 992 ʩʤ
-1 
ʧʦʣʦʩʘʩʠ ʢʝʥʛʣʠʛʠ 

 

ʉ, 

ʤ.ʫ. 

ɹʝʥʟʦʣ-ʛʝʢʩʘʥ 

Dɜ, ʩʤ
-1
 

ɹʝʥʟʦʣ-ʛʝʧʪʘʥ 

Dɜ, ʩʤ
-1
 

1.0 2.3 2.3 

0.8 1.9 1.9 

0.6 1.8 1.7 

0.4 1.6 1.6 

0.2 1.2 1.2 
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ʅʦʵʤʧʠʨʠʢ ״ʠʩʦʙʣʘʰʣʘʨ ʢ˄ʨʩʘʪʜʠʢʠ, ʙʝʥʟʦʣ ״ʘʣץʘ ʪʝʢʠʩʣʠʢʣʘʨʠ ˄ʟʘʨʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʙ˄ʣʛʘʥʜʘ, ʠʟʦʣʷʮʠʷʣʘʥʛʘʥ ʠʢʢʠʪʘ ʙʝʥʟʦʣ ʤʦʣʝʢʫʣʘʩʠʥʠʥʛ 

˄ʟʘʨʦ ʡ˄ʥʘʣʠʰʠ ʜʠʤʝʨʣʠ ʘʛʨʝʛʘʮʠʷ ʫʯʫʥ ʵʥʝʨʛʝʪʠʢ ʞʠ״ʘʪʜʘʥ ʵʥʛ ץʫʣʘʡ 

ʙ˄ʣʘʜʠ (2 (ʙ)-ʨʘʩʤ). ɹʫʥʜʘ ʙʠʪʪʘ ʤʦʣʝʢʫʣʘʥʠʥʛ ʚʦʜʦʨʦʜ ʘʪʦʤʣʘʨʠʜʘʥ ʙʠʨʠ 

 ʘʩʠ ʤʘʨʢʘʟʠʛʘץʘʣ״ ʣʘʨʠʥʠʥʛץ˄ ʰʥʠ ʙʝʥʟʦʣ ʤʦʣʝʢʫʣʘʩʠʥʠʥʛ ʵʣʝʢʪʨʦʥʣʘʨʠ˄ץ

(ʙʝʥʟʦʣ ״ʘʣץʘʩʠʥʠʥʛ ʤʘʨʢʘʟʠʛʘ) ʡ˄ʥʘʣʛʘʥ. ʋʰʙʫ ʚʦʜʦʨʦʜ ʘʪʦʤʠʜʘʥ ʙʝʥʟʦʣ 

 ʣʘʥʠʰסʘʩʠ ʪʝʢʠʩʣʠʛʠʛʘʯʘ ʙ˄ʣʛʘʥ ʤʘʩʦʬʘ ~3.343 ¡ (ʦʜʘʪʠʡ ʚʦʜʦʨʦʜ ʙʦץʘʣ״

ʫʯʫʥ ʙʫ ʫʟʫʥʣʠʢ ~2 ¡). ɹʦסʣʘʥʠʰ ʢʫʯʩʠʟ, ʵʥʝʨʛʠʷ ʶʪʫסʠ 0,5 ʢʢʘʣ/ʤʦʣʛʘ ʪʝʥʛ. 

ʐʫʥʜʘʡ ץʠʣʠʙ, ʙʠʨʠʥʯʠ ʤʦʣʝʢʫʣʘʥʠʥʛ ʚʦʜʦʨʦʜ ʘʪʦʤʠ ʠʢʢʠʥʯʠ 

ʤʦʣʝʢʫʣʘʥʠʥʛ ʙʠʨʦʨ ʙʠʨ ʘʪʦʤʠ ʙʠʣʘʥ ʵʤʘʩ, ʙʘʣʢʠ ʫʤʫʤʣʘʰʛʘʥ ˊ-ʵʣʝʢʪʨʦʥʣʘʨ 

ʙʠʣʘʥ ʪʘʲʩʠʨʣʘʰʘʜʠ (ʙʝʥʟʦʣ ʤʦʣʝʢʫʣʘʣʘʨʠʥʠʥʛ ʙʦʰץʘ ʘʛʨʝʛʘʮʠʷ 

ʪʫʟʠʣʠʰʣʘʨʠ ʙʫ ʝʨʜʘ ʢ˄ʨʠʙ ʯʠץʠʣʤʘʡʜʠ). ʇʨʦʪʦʥ ʜʦʥʦʨ ʙʝʥʟʦʣ ״ʘʣץʘʩʠʥʠʥʛ 

ʡ˄ʥʘʣʠʰʠ ʰʫʥʯʘʢʠ ʵʤʘʩ, ʙʘʣʢʠ ʧʨʦʪʦʥ ʘʢʮʝʧʪʦʨ ʤʦʣʝʢʫʣʘʩʠ-ʥʠʥʛ ʠʢʢʠʪʘ 

ʫʛʣʝʨʦʜ ʘʪʦʤʠ ʚʘ ʧʨʦʪʦʥ ʜʦʥʦʨʠʥʠʥʛ ʪ˄ʨʪʪʘ ʫʛʣʝʨʦʜ ʘʪʦʤʣʘʨʠ ʠʢʢʠʪʘ ʯʠʟʠץ 

ʙ˄ʡʣʘʙ ʫʯʪʘ ʘʪʦʤʛʘ ʞʦʡʣʘʰʛʘʥʣʠʛʠ ʜʠץץʘʪʛʘ ʩʘʟʦʚʦʨʜʠʨ (2-ʨʘʩʤ). ʇʨʦʪʦʥ 

ʜʦʥʦʨ ʙʝʥʟʦʣ ״ʘʣץʘʩʠʥʠʥʛ ʪʝʢʠʩʣʠʛʠ ʜʠʘʛʦʥʘʣ ʨʘʚʠʰʜʘ C
13

 ʚʘ C
16 
ʫʛʣʝʨʦʜ 

ʘʪʦʤʣʘʨʠʛʘ ʪ˄סʨʠ ʢʝʣʘʜʠ (2-ʨʘʩʤ, ʘʪʦʤʣʘʨʥʠʥʛ ʨʘץʘʤʣʘʨʠ ʨʘʩʤʜʘʛʠ ʙʠʣʘʥ 

ʙʠʨ ʭʠʣ) ʚʘ C
13

 C
4
 C

5
 ʚʘ C

16
 C

1
 C

2
 ʘʪʦʤʣʘʨʠ C

1 
C

2
 ʚʘ C

4
 C

5 
ʙʦסʣʘʥʠʰʣʘʨ ʦʨץʘʣʠ 

˄ʪʫʚʯʠ ʠʢʢʠʪʘ ʪ˄סʨʠ ʯʠʟʠץ ʙ˄ʡʣʘʙ ʞʦʡʣʘʰʛʘʥ. 2-ʨʘʩʤ (ʘ, ʙ ʚʘ ʚ) ʜʘ  ʙʝʥʟʦʣ 

ʤʦʣʝʢʫʣʘʩʠ ʤʦʥʦʤʝʨ ʚʘ ʜʠʤʝʨʣʘʨʠʥʠʥʛ ״ʠʩʦʙʣʘʥʛʘʥ ʧʘʨʘʤʝʪʨʣʘʨʠ 

ʢʝʣʪʠʨʠʣʛʘʥ. ʈʘʩʤʜʘʥ ʢ˄ʨʠʥʠʙ ʪʫʨʠʙʜʠʢʠ, ʘʛʨʝʛʘʪʣʘʨ ״ʦʩʠʣ ʙ˄ʣʠʰʠ, 

ʙʦסʣʘʥʠʰ ʫʟʫʥʣʠʢʣʘʨʠʥʠʥʛ ʩʝʟʠʣʘʨʣʠ ˄ʟʛʘʨʠʰʠʛʘ ʦʣʠʙ ʢʝʣʤʘʡʜʠ, ʣʝʢʠʥ 

ʟʘʨʷʜ ʪʘץʩʠʤʦʪʠʥʠʥʛ ʩʝʟʠʣʘʨʣʠ ˄ʟʛʘʨʠʰʠʛʘ ʦʣʠʙ ʢʝʣʘʜʠ. C
5
 ʚʘ C

1
 ʫʛʣʝʨʦʜ 

ʘʪʦʤʣʘʨʠʥʠʥʛ ʟʘʨʷʜʣʘʨʠ ʤʫʩʙʘʪ ʙ˄ʣʠʙ ץʦʣʤʦץʜʘ. ʈʘʩʤʜʘʥ, ʤʘʥʬʠʡ ʟʘʨʷʜʣʘʨ 

C
2
 ʚʘ C

4 
ʘʪʦʤʣʘʨʠʛʘ ʪʦʨʪʠʣʛʘʥʣʠʛʠ ʪʘʩʚʠʨʣʘʥʛʘʥ. ɹʦסʣʘʥʠʰʜʘ ʠʰʪʠʨʦʢ 

ʵʪʘyʪʛʘʥ ʅ
9
 ʘʪʦʤʥʠʥʛ ʟʘʨʷʜʠ +0.028 ʛʘʯʘ (ʤʦʥʦʤʝʨʜʘ +0.141) (ʟʘʨʷʜ ʵʣʝʢʪʨʦʥ 

ʟʘʨʷʜ ʙʠʨʣʠʛʠʜʘ) ʢʘʤʘʡʛʘʥ. ɹʦסʣʘʥʠʰʜʘ ʠʰʪʠʨʦʢ ʵʪʘʸʪʛʘʥ ʚʦʜʦʨʦʜ ʘʪʦʤʠʛʘ 

                    ʘ)                                                        ʙ) 
1-ʨʘʩʤ. ɹʝʥʟʦʣʥʠʥʛ (992 ʩʤ

-1
) ʂʉ ʩʧʝʢʪʨʣʘʨʠ ʚʘ ʫʥʠʥʛ ʛʝʢʩʘʥ 

(ʘ) ʚʘ ʛʝʧʪʘʥ (ʙ) ʙʠʣʘʥ ʵʨʠʪʤʘʣʘʨʠ ʤʦʩ ״ʦʣʜʘ: 1) ʪʦʟʘ ʙʝʥʟʦʣ; 

2) 0.5-0.5 ʤ.ʫ.; 3) 0.15-0.85 ʤ.ʫ. 
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ʵʥʛ ʷץʠʥ ʙ˄ʣʛʘʥ ʙʦʰץʘ ʚʦʜʦʨʦʜ ʘʪʦʤʣʘʨʠʥʠʥʛ ʤʫʩʙʘʪ ʟʘʨʷʜʣʘʨʠ +0.152 ʛʘ 

ʦ ʛhʘʥ (ʤʦʥʦʤʝʨʜʘ +0.141), ʧʨʦʪʦʥ ʜʦʥʦʨ ʤʦʣʝʢʫʣʘʥʠʥʛ ʙʦʰץʘ ʚʦʜʦʨʦʜ 

ʘʪʦʤʣʘʨʠʥʠʥʛ ʟʘʨʷʜʣʘʨʠ ʜʝʷʨʣʠ ˄ʟʛʘʨʤʘʛʘʥ. ʇʨʦʪʦʥ ʘʢʮʝʧʪʦʨ ʙʝʥʟʦʣ 

ʤʦʣʝʢʫʣʘʩʠʥʠʥʛ ʟʘʨʷʜ ʪʘץʩʠʤʦʪʠ ʙʦʰץʘʯʘ ʪʘʨʟʜʘ ˄ʟʛʘʨʛʘʥ. ɹʘʨʯʘ ʚʦʜʦʨʦʜ 

ʘʪʦʤʣʘʨʠʥʠʥʛ ʤʫʩʙʘʪ ʟʘʨʷʜʠ ʦʰʛʘʥ ʚʘ ʘʡʥʠץʩʘ ʅ
21

 ʚʘ ʅ
24

 ʚʦʜʦʨʦʜ 

ʘʪʦʤʣʘʨʠʥʠʥʛ ʟʘʨʷʜʠ +0.159 ʛʘʯʘ (ʤʦʥʦʤʝʨʜʘ +0.141) ʦʨʪʛʘʥ. C
15

 ʚʘ C
18

 

ʫʛʣʝʨʦʜ ʘʪʦʤʣʘʨʠʥʠʥʛ ʤʘʥʬʠʡ ʟʘʨʷʜʣʘʨʠ ~-0.120 ʛʘʯʘ ʢʘʤʘʡʛʘʥ, C
13

 ʚʘ C
16

 

ʫʛʣʝʨʦʜ ʘʪʦʤʣʘʨʠʥʠʥʛ ʟʘʨʷʜʠ ~ -0.695 ʛʘ ʦ ʛhʘʥ, C
14

 ʚʘ C
17

 ʫʛʣʝʨʦʜ 

ʘʪʦʤʣʘʨʠʥʠʥʛ ʟʘʨʷʜʠ ʵʩʘ ʜʝʷʨʣʠ ˄ʟʛʘʨʤʘʛʘʥ. ʐʫʥʜʘʡ ץʠʣʠʙ, ʙʝʥʟʦʣ 

ʤʦʣʝʢʫʣʘʣʘʨʠ ʦʨʘʩʠʜʘʛʠ ʙʦסʣʘʥʠʰʥʠʥʛ ״ʦʩʠʣ ʙ˄ʣʠʰʠ ʤʦʣʝʢʫʣʘʣʘʨ ʘʪʦʤʣʘʨʠ 

ʠʰʪʠʨʦʢʠʜʘʛʠ ʤʦʣʝʢʫʣʘʣʘʨ ʦʨʘʩʠʜʘʛʠ ʙʦסʣʘʥʠʰ ״ʦʩʠʣ ʙ˄ʣʠʰʠʜʘʥ ʩʝʟʠʣʘʨʣʠ 

ʜʘʨʘʞʘʜʘ ʬʘʨץ ץʠʣʘʜʠ. ʄʦʣʝʢʫʣʘʣʘʨ ˄ʨʪʘʩʠʜʘ ʟʘʨʷʜ ʪʘץʩʠʤʦʪʠ ʩʦʜʠʨ ʙ˄ʣʘʜʠ: 

ʧʨʦʪʦʥ ʜʦʥʦʨ ʤʦʣʝʢʫʣʘʩʠ ʦʨʪʠץʯʘ ʤʘʥʬʠʡ ʟʘʨʷʜʛʘ ʵʛʘ ʙ˄ʣʘʜʠ, ʧʨʦʪʦʥ 

ʘʢʮʝʧʪʦʨ ʤʦʣʝʢʫʣʘʩʠ 0,026 ʵʣʝʢʪʨʦʥ ʙʠʨʣʠʛʠʜʘʛʠ ʦʨʪʠץʯʘ ʤʫʩʙʘʪ ʟʘʨʷʜʛʘ ʵʛʘ 

ʙ˄ʣʘʜʠ. ʀʢʢʘʣʘ ״ʦʣʘʪʜʘ ״ʘʤ ״ʘʣץʘʥʠʥʛ ˊ- ʣɻʝʢʪʨʦʥʣʘʨʠ ʙʫʣʫʪʠ C6 ˄ץ 

ʩʠʤʤʝʪʨʠʷʩʠʥʠ ʙʫʟʘʜʠ.  

ɹʝʥʟʦʣ ʭʘʣץʘʩʠ ˊ-ʵʣʝʢʪʨʦʥʣʘʨʠʥʠʥʛ ʧʨʦʪʦʥʦʘʢʮʝʧʪʦʨ ʭʦʩʩʘʣʘʨʠ ʙʦʰץʘ 

 ʠʩʦʙʣʘʰʣʘʨ ʢ˄ʨʩʘʪʜʠʢʠ, ʙʝʥʟʦʣ׳ .ʘʤ ʥʘʤʦʸʥ ʙ˄ʣʘʜʠ״ ʦʣʘʪʣʘʨʜʘ״

ʤʦʣʝʢʫʣʘʣʘʨʠʥʠʥʛ ʭʣʦʨʦʬʦʨʤ ʤʦʣʝʢʫʣʘʣʘʨʠ ʙʠʣʘʥ ˄ʟʘʨʦ ʪʘʲʩʠʨʠ 

ʶץʦʨʠʜʘʛʠʛʘ ˄ʭʰʘʰ ʩʭʝʤʘ ʙ˄ʡʠʯʘ ʩʦʜʠʨ ʙ˄ʣʘʨ ʵʢʘʥ. 2-ʨʘʩʤʜʘ ʭʣʦʨʦʬʦʨʤ 

ʤʦʥʦʤʝʨ (ʛ) ʚʘ ʙʝʥʟʦʣ+ʭʣʦʨʦʬʦʨʤ ʜʠʤʝʨʣʘʨʠʥʠʥʛ (ʜ, ʝ) ״ʠʩʦʙʣʘʰʣʘʨʜʘ 

ʦʣʠʥʛʘʥ ʪʫʟʠʣʠʰʣʘʨʠ ʢʝʣʪʠʨʠʣʛʘʥ. ʍʣʦʨʦʬʦʨʤ ʤʦʥʦʤʝʨʠʜʘ ʚʦʜʦʨʦʜ ʘʪʦʤʠ 

ʤʫʩʙʘʪ (+0.275), ʭʣʦʨ ʘʪʦʤʠ ʵʩʘ ʤʘʥʬʠʡ (-0.020) ʟʘʨʷʜʣʘʥʛʘʥ. ɹʘʨʯʘ ʤʘʥʬʠʡ 

ʟʘʨʷʜʣʘʨ ʫʛʣʝʨʦʜ ʘʪʦʤʠʜʘ ʪ˄ʧʣʘʥʛʘʥ. ɹʝʥʟʦʣ+ʭʣʦʨʦʬʦʨʤ ʩʠʩʪʝʤʘʩʠʜʘ 

ʭʣʦʨʦʬʦʨʤ ʉ-ʅ ʛʫʨʫ״ʠʜʘʛʠ ʚʦʜʦʨʦʜ ʘʪʦʤʠ ʙʝʥʟʦʣ ʭʘʣץʘ ʤʘʨʢʘʟʠʛʘ ʡ˄ʥʘʣʛʘʥ 

ʚʘ ʟʘʨʷʜʠ +0.045 ʛʘʯʘ ʢʘʤʘʡʛʘʥ. ɹʫʥʜʘʥ ʢ˄ʨʠʥʘʜʠʢʠ, ʙʝʥʟʦʣ ʭʘʣץʘʩʠʥʠʥʛ -́

ʵʣʝʢʪʨʦʥʣʘʨʠ ʚʦʜʦʨʦʜ ʘʪʦʤʠʥʠʥʛ ʤʫʩʙʘʪ ʟʘʨʷʜʠʥʠ ʥʝʡʪʨʘʣʣʘʡʜʠ. 

 ʠʩʦʙʣʘʰʣʘʨʛʘ ʢ˄ʨʘ, ʙʝʥʟʦʣ ʤʦʣʝʢʫʣʘʩʠ ʤʫʩʙʘʪ ʟʘʨʷʜʛʘ ʵʛʘ ʙ˄ʣʘʜʠ ʚʘ ï0.042׳

ʵʣʝʢʪʨʦʥ ʙʠʨʣʠʛʠʜʘʛʠ ʤʘʥʬʠʡ ʟʘʨʷʜ ʭʣʦʨʦʬʦʨʤʛʘ ˄ʪʘʜʠ. ɼʠʤʝʨ ״ʦʣʘʪʠʜʘ 

ʭʣʦʨ ʘʪʦʤʣʘʨʠʥʠʥʛ ʡ˄ʥʘʣʛʘʥʣʠʛʠ ץʠʟʠץ: Cl ʘʪʦʤʣʘʨʠ ʙʝʥʟʦʣ ʭʘʣץʘʩʠʥʠʥʛ 

ʫʯʪʘ ʫʛʣʝʨʦʜ ʘʪʦʤʠ ʙʠʣʘʥ ʫʩʪʤʘ-ʫʩʪ ʞʦʡʣʘʰʛʘʥ (2-ʨʘʩʤ, ʝ) ʚʘ ʙʫ ʫʛʣʝʨʦʜ 

ʘʪʦʤʣʘʨʠʥʠʥʛ ʤʘʥʬʠʡ ʟʘʨʷʜʣʘʨʠ -0.141 ʜʘʥ -0.471 ʛʘʯʘ ʦʨʪʛʘʥ, ץʦʣʛʘʥ 

ʫʛʣʝʨʦʜ ʘʪʦʤʣʘʨʠ ʤʫʩʙʘʪ ʟʘʨʷʜʣʘʥʛʘʥ (+0.156). ɼʝʤʘʢ, ʤʘʥʬʠʡ ʟʘʨʷʜʣʘʨ (-́

ʵʣʝʢʪʨʦʥʣʘʨ) ʭʣʦʨ ʘʪʦʤʣʘʨʠʛʘ ʷץʠʥ ʫʯʪʘ ʫʛʣʝʨʦʜ ʘʪʦʤʠʛʘ ʪʦʨʪʠʣʘʜʠ. ɹʝʥʟʦʣ 

ʤʦʥʦʤʝʨʠʛʘ ʥʠʩʙʘʪʘʥ ʪʘץץʦʩʣʘʛʘʥʜʘ ʚʦʜʦʨʦʜ ʘʪʦʤʣʘʨʠʥʠʥʛ ʟʘʨʷʜʣʘʨʠ ʦʰʛʘʥ 

ʚʘ ʭʣʦʨ ʘʪʦʤʣʘʨʠʛʘ ʷץʠʥ ʙ˄ʣʛʘʥ ʫʯʪʘ ʚʦʜʦʨʦʜ ʘʪʦʤʣʘʨʠ ʫʯʫʥ ʅ
12
ʅ

14
ʅ

16
 ʫʯʫʥ 

+0.156 ʛʘʯʘ, ץʦʣʛʘʥ ʚʦʜʦʨʦʜ ʘʪʦʤʣʘʨʠ ʫʯʫʥ +0.173 ʛʘʯʘ ˄ʟʛʘʨʛʘʥ. ɹʝʥʟʦʣ 

ʤʦʣʝʢʫʣʘʩʠʜʘʛʠ ʙʦס ʫʟʫʥʣʠʢʣʘʨʠ ˄ʟʛʘʨʤʘʛʘʥ, ʭʣʦʨʦʬʦʨʤ ʤʦʣʝʢʫʣʘʩʠʜʘʛʠ C-

Cl ʙʦס ʫʟʫʥʣʠʛʠ ʵʩʘ ʙʠʨʦʟ ʦʰʛʘʥ. ׳ʠʩʦʙʣʘʰʣʘʨ ʤʦʥʦʤʝʨ ʤʦʣʝʢʫʣʘ ʫʯʫʥ 

3377.5 ʩʤ
-1
 ʪ˄ʣץʠʥʣʠ ʧʦʣʦʩʘʥʠ, ʙʝʥʟʦʣ+ʭʣʦʨʦʬʦʨʤ ʜʠʤʝʨʣʠ ʘʛʨʝʛʘʪʠ ʫʯʫʥ 

3390.0 ʩʤ
-1
 ʧʦʣʦʩʘʥʠ ʙʝʨʘʜʠ ʚʘ ʶץʦʨʠ ʯʘʩʪʦʪʘ ʪʦʤʦʥʛʘ 12.5 ʩʤ

-1
 ʛʘ ʩʠʣʞʠʡʜʠ. 

3-ʨʘʩʤʜʘ ʤʝʪʠʣ ʩʧʠʨʪʠ ʤʦʥʦʤʝʨ (ʙ) ʚʘ ʙʝʥʟʦʣ+ʤʝʪʠʣ ʩʧʠʨʪʠ ʘʛʨʝʛʘʪʣʘʨʠʥʠʥʛ 

(ʜ, e) ״ʠʩʦʙʣʘʰʣʘʨʜʘʥ ʦʣʠʥʛʘʥ ʢ˄ʨʠʥʠʰʣʘʨʠ ʢʝʣʪʠʨʠʣʛʘʥ.  
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2-ʨʘʩʤ. ʀʟʦʣʷʮʠʷʣʘʥʛʘʥ ʙʝʥʟʦʣ ʚʘ ʭʣʦʨʦʬʦʨʤ ʤʦʣʝʢʫʣʘʣʘʨʠ ʤʦʥʦʤʝʨ ʚʘ 

ʘʛʨʝʛʘʪʣʘʨʠ: (ʘ ʚʘ ʛ ïʙʝʥʟʦʣ ʚʘ ʭʣʦʨʦʬʦʨʤ ʤʦʥʦʤʝʨʣʘʨʠ; ʙ ʚʘ ʚ ïʙʝʥʟʦʣ 

ʜʠʤʝʨʠ,  ʙ ï ʸʥ ʪʦʤʦʥʜʘʥ ʢ˄ʨʠʥʠʰʠ, ʚ ï ʶץʦʨʠʜʘʥ ʢ˄ʨʠʥʠʰʠ; ʜ ʚʘ ʝ ï

ʙʝʥʟʦʣ+ʭʣʦʨʦʬʦʨʤ ʜʠʤʝʨʣʘʨʠ, ʜ ï ʸʥ ʪʦʤʦʥʜʘʥ ʢ˄ʨʠʥʠʰʠ, ʝ ï ʶץʦʨʠʜʘʥ 

ʢ˄ʨʠʥʠʰʠ, ʤʘʩʦʬʘʣʘʨ Ȕ ʜʘ, ʟʘʨʷʜʣʘʨ ʵʣʝʢʪʨʦʥ ʟʘʨʷʜ ʙʠʨʣʠʛʠʜʘ). 

 

 
3-ʨʘʩʤ. ׳ʠʩʦʙʣʘʰ ʥʘʪʠʞʘʣʘʨʠ: ʙʝʥʟʦʣ ʤʦʥʦʤʝʨ (ʘ), ʤʝʪʠʣ ʩʧʠʨʪ ʤʦʥʦʤʝʨ 

(ʙ), ʯʫʤʦʣʠ ʢʠʩʣʦʪʘʩʠ ʤʦʥʦʤʝʨ (ʚ) ʚʘ ʤʝʪʠʣ ʩʧʠʨʪʠ+ʙʝʥʟʦʣ ʜʠʤʝʨʣʠ 

ʘʛʨʝʛʘʪʣʘʨʠ (ʛ ï ʸʥ ʪʦʤʦʥʜʘʥ ʢ˄ʨʠʥʠʰʠ, ʜ ï ʶץʦʨʠʜʘʥ ʢ˄ʨʠʥʠʰʠ) ʚʘ ʯʫʤʦʣʠ 

ʢʠʩʣʦʪʘ+ʙʝʥʟʦʣ ʜʠʤʝʨʣʠ ʘʛʨʝʛʘʪʣʘʨʠ (ʝ ï ʶץʦʨʠʜʘʥ ʢ˄ʨʠʥʠʰʠ). 
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ʄʝʪʠʣ ʩʧʠʨʪʠ ʅ
18

 ʘʪʦʤʠ ʭʫʜʜʠ ʙʝʥʟʦʣ ʜʠʤʝʨʣʘʨʠ ʚʘ ʙʝʥʟʦʣ+ʭʣʦʨʦʬʦʨʤ 

ʜʠʤʝʨʣʘʨʠʜʘ ʙ˄ʣʛʘʥʠ ʢʘʙʠ ʙʝʥʟʦʣ ʭʘʣץʘ ʤʘʨʢʘʟʠʛʘ ʡ˄ʥʘʣʛʘʥ (3ʛ-ʨʘʩʤ) ״ʘʤʜʘ 

ʉ
1 
ʉ

2 
ʉ

6
 ʫʛʣʝʨʦʜ ʘʪʦʤʣʘʨʠʜʘʥ ʅ

18
 ʚʦʜʦʨʦʜ ʘʪʦʤʠʛʘʯʘ ʙ˄ʣʛʘʥ ʤʘʩʦʬʘʣʘʨ 

ʫʡʠʜʘʛʠʯʘ: ʅץ
18
ʉ

1
, ʅ

18
ʉ

2
 ʚʘ ʅ

18
ʉ

6
 ʤʦʩ ʨʘʚʠʰʜʘ 2.889, 3.171 ʚʘ 3.029 Ȕ, ʅ

18
ʉ

3
, 

ʅ
18
ʉ

4
 ʚʘ ʅ

18
ʉ

5
 ï 3.549, 3.664 ʚʘ 3.428 Ȕ, (ʘʪʦʤ ʥʦʤʝʨʣʘʨʠ ʨʘʩʤʜʘʛʠʜʝʢ). ɹʫ 

ʩʧʠʨʪʥʠʥʛ ʅ
16

 ʚʘ ʅ
17

 ʘʪʦʤʣʘʨʠ ʟʘʨʷʜʣʘʨʠ (+0.082 ʚʘ +0.083) ʤʦʥʦʤʝʨ 

ʤʦʣʝʢʫʣʘʜʘʛʠ ʰʫ ʘʪʦʤʣʘʨʥʠʥʛ ʟʘʨʷʜʣʘʨʠʜʘʥ ʢʘʤ, ʙʝʥʟʦʣ ʤʦʣʝʢʫʣʘʩʠ ʉ
3
 ʚʘ ʉ

5
 

ʘʪʦʤʣʘʨʠʥʠʥʛ ʤʘʥʬʠʡ ʟʘʨʷʜʣʘʨʠ ʤʦʥʦʤʝʨʜʘʛʠʛʘ ʥʠʩʙʘʪʘʥ ʦʰʛʘʥ. ʉʅ3 ʤʝʪʠʣ 

ʛʫʨʫ״ʠʥʠʥʛ ʫʯʠʥʯʠ ʚʦʜʦʨʦʜ (ʅ
15

) ʘʪʦʤʠ -́ʵʣʝʢʪʨʦʥʣʘʨ ʙʠʣʘʥ ʙʦסʣʘʥʠʰʜʘ 

ʠʰʪʠʨʦʢ ʵʪʤʘʛʘʥ, ʙʘʣʢʠ ʠʯʢʠ ʚʦʜʦʨʦʜ ʙʦסʣʘʥʠʰʜʘ ʠʰʪʠʨʦʢ ʵʪʛʘʥ: ʙʫ ʙʦס 

ʫʟʫʥʣʠʛʠ ʅ
15
ʆ

14
 ï 2.067 Ȕ ʛʘ ʪʝʥʛ. ʐʫʥʜʘʡ ץʠʣʠʙ, ʤʝʪʠʣ ʩʧʠʨʪʠʥʠʥʛ ʫʯʪʘ 

ʅ
16
, ʅ

17
 ʚʘ ʅ

18 
ʘʪʦʤʣʘʨʠ ʙʝʥʟʦʣ ʭʘʣץʘʩʠ ʙʠʣʘʥ ˄ʟʘʨʦ ʪʘʲʩʠʨʜʘ ʠʰʪʠʨʦʢ ʵʪʠʰʠ 

ʘʤʜʘ ʅ״
18

 ʘʪʦʤʠ ʙʝʥʟʦʣ ʭʘʣץʘʩʠ -́ʵʣʝʢʪʨʦʥʣʘʨʠʛʘ ʡ˄ʥʘʣʛʘʥʣʠʛʠ ʩʘʙʘʙʣʠ 

ʙʝʥʟʦʣ ʭʘʣץʘʩʠʥʠʥʛ ʯʝʪʠʛʘ ʩʠʣʞʠʛʘʥ ʙ˄ʣʘʜʠ. ɹʝʥʟʦʣ ʚʘ ʤʝʪʠʣ ʩʧʠʨʪʠ 

ʤʦʣʝʢʫʣʘʣʘʨʠʥʠʥʛ ʙʫʥʜʘʡ ˄ʟʘʨʦ ʦʨʠʝʥʪʘʮʠʷʩʠ ʵʥʝʨʛʝʪʠʢ ʞʠ״ʘʪʜʘʥ ץʫʣʘʡ 

ʵʢʘʥ. ʅ
18

 ʚʦʜʦʨʦʜ ʘʪʦʤʠʜʘʥ ʙʝʥʟʦʣ ʭʘʣץʘ ʪʝʢʠʩʣʠʛʠʛʘʯʘ ʙ˄ʣʛʘʥ ʤʘʩʦʬʘ 2.850 

Ȕ ʛʘ ʪʝʥʛ. ʄʘʩʦʬʘ ʅ
16

-ʉ
3
 ï 4.143 Ȕ ʚʘ ʅ

17
-ʉ

5
 ï 4.142 Ȕ ʛʘ ʪʝʥʛ. ʂʉ 

ʩʧʝʢʪʨʣʘʨʠʜʘ ʪʦʟʘ ʙʝʥʟʦʣ ʫʯʫʥ 992 ʩʤ
-1
 ʧʦʣʦʩʘʥʠʥʛ ʷʨʠʤ ʢʝʥʛʣʠʛʠ 2.3 ʩʤ

-1
 ʛʘ 

ʪʝʥʛ. ʉʫʶץ ʙʝʥʟʦʣʜʘ ʤʦʥʦʤʝʨ ʚʘ ʜʠʤʝʨʣʠ ʘʛʨʝʛʘʪʣʘʨ ʤʘʚʞʫʜʣʠʛʠ ʩʘʙʘʙʣʠ, ʙʫ 

ʧʦʣʦʩʘ ʢʝʥʛʘʡʠʰʠ ʢʝʨʘʢ. ׳ʠʩʦʙʣʘʰʣʘʨʛʘ ʢ˄ʨʘ, ʙʝʥʟʦʣ ʤʦʣʝʢʫʣʘʩʠ 

ʤʦʥʦʤʝʨʣʘʨʠʛʘ ʪʝʛʠʰʣʠ ʪʝʙʨʘʥʠʰ ʯʘʩʪʦʪʘʩʠ ʜʠʤʝʨʣʘʨʥʠʥʛ ʭʫʜʜʠ ʰʫ 

ʪʝʙʨʘʥʠʰ ʯʘʩʪʦʪʘʩʠʛʘ ʥʠʩʙʘʪʘʥ ~0.7 ʩʤ
-1
 ʛʘ ʬʘʨץ ץʠʣʘʜʠ, ʙʫ ʯʠʟʠץʣʘʨʥʠ 

ʘʩʙʦʙ ʘʞʨʘʪʘ ʦʣʤʘʡʜʠ. ʕʬʬʝʢʪ ʬʘץʘʪ ʯʠʟʠץ ʢʝʥʛʣʠʛʠʥʠʥʛ ʦʰʠʰʠʜʘ ʥʘʤʦʸʥ 

ʙ˄ʣʘʜʠ. ɹʝʥʟʦʣʥʠʥʛ ʠʥʝʨʪ ʵʨʠʪʫʚʯʠʣʘʨ ʙʠʣʘʥ ʘʨʘʣʘʰʤʘʩʠʜʘ ʙʫ ʯʠʟʠץ ʜʝʷʨʣʠ 

ʠʢʢʠ ʤʘʨʪʘʛʘʯʘ (1.1 ʩʤ
-1
) ʪʦʨʘʷʜʠ, ʙʫ ץʠʩʤʘʥ ʜʠʤʝʨʣʠ ʘʛʨʝʛʘʪʣʘʨʥʠʥʛ 

ʙʫʟʠʣʠʰʠ ʙʠʣʘʥ ʙʦסʣʠץ. ɹʝʥʟʦʣʥʠʥʛ ʤʝʪʠʣ ʩʧʠʨʪʠ ʙʠʣʘʥ ʘʨʘʣʘʰʤʘʩʠʜʘ ʙʫ 

ʯʠʟʠץʥʠʥʛ ʢʝʥʛʣʠʛʠʥʠ ʢʫʯʣʠ ˄ʟʛʘʨʠʰʠʛʘ ʦʣʠʙ ʢʝʣʤʘʡʜʠ. ɹʝʥʟʦʣ+ʤʝʪʠʣ 

ʩʧʠʨʪʠ ʘʛʨʝʛʘʮʠʷʣʘʨʠʜʘ ʙʝʥʟʦʣ ʜʠʤʝʨʣʘʨʠ ˄ʨʥʠʥʠ ʙʝʥʟʦʣ ʜʠʤʝʨʠʜʘʛʠ 

ʩʠʥʛʘʨʠ ʰʫʥʜʘʡ ʪ˄ʣץʠʥ ʩʦʥʣʠ ʤʦʥʦʤʝʨʣʘʨ ʚʘ ʤʝʪʠʣ ʩʧʠʨʪʠ+ʙʝʥʟʦʣ 

ʜʠʤʝʨʣʘʨʠʥʠʥʛ ʬʘʨץʣʘʨʠ ʜʝʷʨʣʠ ʙʠʨ ʭʠʣ ʙ˄ʣʛʘʥ ʙʝʥʟʦʣ+ʤʝʪʠʣ ʩʧʠʨʪʠ 

ʜʠʤʝʨʣʘʨʠ ʵʛʘʣʣʘʡʜʠ. ɹʝʥʟʦʣ+ʤʝʪʠʣ ʩʧʠʨʪ ʘʨʘʣʘʰʤʘʩʠʥʠʥʛ ʛʝʧʪʘʥ ʙʠʣʘʥ 

ʵʨʠʪʤʘʩʠʜʘ, ʙʝʥʟʦʣ ʙʠʣʘʥ ʙ˄ʣʛʘʥʠ ʢʘʙʠ 992 ʩʤ
-1
 ʧʦʣʦʩʘʥʠʥʛ ʜʝʷʨʣʠ ʠʢʢʠ 

ʤʘʨʪʘ ʪʦʨʘʡʠʰʠ ʢʫʟʘʪʠʣʜʠ. ɹʠʨ ʚʘץʪʜʘ ʙʫ ʧʦʣʦʩʘ ʶץʦʨʠ ʯʘʩʪʦʪʘ ʪʦʤʦʥʛʘ 1 

ʩʤ
-1
 ʛʘ ʩʠʣʞʠʡʜʠ. ɹʫ ʢʫʟʘʪʠʣʛʘʥ ״ʦʜʠʩʘʣʘʨ ʶץʦʨʠʜʘʛʠ ״ʦʣʘʪʜʘ ʙ˄ʣʛʘʥʠ ʢʘʙʠ 

ʜʠʤʝʨʣʘʨʥʠʥʛ ʙʫʟʠʣʠʰʠ ʙʠʣʘʥ ʙʦסʣʠ׳ .ץʠʩʦʙʣʘʰʣʘʨ ʢ˄ʨʩʘʪʜʠʢʠ, 

ʙʝʥʟʦʣ+ʤʝʪʠʣ ʩʧʠʨʪʠ ʘʛʨʝʛʘʮʠʷʣʘʨʠʥʠʥʛ ʵʥʝʨʛʠʷʩʠ 1.45 ʢʢʘʣ/ʤʦʣʴ ʛʘ ʪʝʥʛ. 

ɹʝʥʟʦʣʥʠʥʛ ״ʠʩʦʙʣʘʰʣʘʨʜʘʛʠ ʂʉ ʩʧʝʢʪʨʣʘʨʠʜʘ ʧʦʣʦʩʘ ʪ˄ʣץʠʥ ʩʦʥʠ 1075.4 

ʩʤ
-1
 (ʪʘʞʨʠʙʘʜʘ 992 ʩʤ

-1
) ʚʘ ʩʧʠʨʪ ʙʠʣʘʥ ʘʨʘʣʘʰʤʘʩʠʜʘ 1074.3 ʩʤ

-1
 ʧʦʣʦʩʘ 

ʢʫʟʘʪʠʣʠʙ, ʧʘʩʪ ʯʘʩʪʦʪʘ ʪʦʤʦʥʛʘ ʩʠʣʞʠʡʜʠ (4-ʨʘʩʤ). ʌʘʨץ ʘʪʠʛʠ 1.1 ʩʤ
-1
 ʛʘ 

ʪʝʥʛ, ʘʩʙʦʙ ʤʦʥʦʤʝʨ ʚʘ ʘʛʨʝʛʘʪʣʘʨʛʘ ʪʝʛʠʰʣʠ ʙʫ ʯʠʟʠץʥʠ ʘʞʨʘʪʘ ʦʣʤʘʡʜʠ ʚʘ 

ʪʘ״ʣʠʣ ץʠʣʠʥʘʸʪʛʘʥ ʧʦʣʦʩʘ ʢʝʥʛʘʷʜʠ. 3 (ʝ) ʨʘʩʤʜʘ ʙʝʥʟʦʣ+ʯʫʤʦʣʠ ʢʠʩʣʦʪʘʩʠ 

ʘʛʨʝʛʘʪʣʘʨʠ ʢʝʣʪʠʨʠʣʛʘʥ. ʖץʦʨʠʜʘʛʠ ״ʦʣʘʪʣʘʨʜʘ ʢʫʟʘʪʠʣʛʘʥʠʜʝʢ, 

ʤʦʣʝʢʫʣʘʣʘʨʥʠʥʛ ˄ʟʘʨʦ ʪʘʲʩʠʨʠ ʙʝʥʟʦʣ ʭʘʣץʘʩʠʥʠʥʛ ˊ-ʵʣʝʢʪʨʦʥʣʘʨʠ 

ʸʨʜʘʤʠʜʘ ʩʦʜʠʨ ʙ˄ʣʠʙ, ʙʫ ʝʨʜʘ ʤʝʪʠʣ ʩʧʠʨʪʠʜʘ ʙ˄ʣʛʘʥʠ ʢʘʙʠ ʙʘʲʟʠ ˄ʟʠʛʘ ʭʦʩ  
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4-ʨʘʩʤ. ɹʝʥʟʦʣ ʤʦʥʦʤʝʨ (1) ʚʘ ʙʝʥʟʦʣ+ʤʝʪʠʣ 

ʩʧʠʨʪʠ ʘʛʨʝʛʘʪʣʘʨʠ (2) ʫʯʫʥ  ״ʠʩʦʙʣʘʰʣʘʨʜʘʛʠ 

ʸʨʫסʣʠʢʥʠʥʛ ʂʉ ʩʧʝʢʪʨʣʘʨʠ 
 

5-ʨʘʩʤ. ɹʝʥʟʦʣ ʤʦʥʦʤʝʨ (1) ʚʘ ʙʝʥʟʦʣ+ʯʫʤʦʣʠ 

ʢʠʩʣʦʪʘʩʠ ʘʛʨʝʛʘʪʣʘʨʠ (2) ʫʯʫʥ ״ʠʩʦʙʣʘʰʣʘʨʜʘʛʠ 

ʸʨʫסʣʠʢʥʠʥʛ ʂʉ ʩʧʝʢʪʨʣʘʨʠ 
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ʭʫʩʫʩʠʷʪʣʘʨ ʤʘʚʞʫʜ. ʂʠʩʣʦʪʘʥʠʥʛ O-H ʛʫʨʫ״ʠʜʘʛʠ ʚʦʜʦʨʦʜ ʘʪʦʤʠ ʙʝʥʟʦʣ 

ʭʘʣץʘʩʠʛʘ ʡ˄ʥʘʣʛʘʥ. ɹʫʥʠ H
23

 ʘʪʦʤʠʜʘʥ ʙʝʥʟʦʣʥʠʥʛ ʫʛʣʝʨʦʜ ʘʪʦʤʣʘʨʠʛʘʯʘ 

ʙ˄ʣʛʘʥ ʤʘʩʦʬʘʛʘ ץʘʨʘʙ ʙʘ״ʦʣʘʰ ʤʫʤʢʠʥ: ʅ
23

-ʉ
1
 ï 3.281 Ȕ, ʅ

23
-ʉ

2
 ï 3.728 Ȕ, 

ʅ
23

-ʉ
3
 ï 3.729 Ȕ, ʅ

23
-ʉ

4
 ï 3.282 Ȕ, ʅ

23
-ʉ

5
 ï 2.762 Ȕ, ʅ

23
-ʉ

6
 ï 2.762 Ȕ. ɹʫ ʝʨʜʘ 

H
23

 ʚʦʜʦʨʦʜ ʘʪʦʤʠ ʙʝʥʟʦʣ ʤʦʣʝʢʫʣʘʩʠʜʘʛʠ C
5
 ʚa C

6
 ʘʪʦʤʣʘʨʠʜʘʥ ʪʝʥʛ 

ʤʘʩʦʬʘʣʘʨʜʘ ʞʦʡʣʘʰʛʘʥ. H
23

 ʚʦʜʦʨʦʜ ʘʪʦʤʠʥʠʥʛ ʙʫʥʜʘʡ ʡ˄ʥʘʣʛʘʥʣʠʛʠʥʠʥʛ 

ʩʘʙʘʙʠ ץʫʡʠʜʘʛʠʯʘ: ʢʠʩʣʦʪʘʥʠʥʛ ʫʛʣʝʨʦʜ ʘʪʦʤʠ ʤʫʩʙʘʪ ʟʘʨʷʜʣʘʥʛʘʥ 

(ʤʦʥʦʤʝʨʜʘ +0.555) ʚʘ ʫ ״ʘʤ ʭʘʣץʘʥʠʥʛ ˊ-ʵʣʝʢʪʨʦʥʣʘʨʠ ʙʠʣʘʥ ˄ʟʘʨʦ 

ʪʘʲʩʠʨʣʘʰʘʜʠ (ʤʘʥʬʠʡ ʟʘʨʷʜ).  ɹʝʥʟʦʣʥʠʥʛ C
5
-C

6
 ʙʦסʣʘʥʠʰʠ ʢʠʩʣʦʪʘ 

ʉ
ʆ

ʆ ʅ ʛʫʨʫ״ʠʥʠʥʛ ʢʠʩʣʦʨʦʜ ʘʪʦʤʣʘʨʠ ˄ʨʪʘʩʠʜʘʥ ˄ʪʘʜʠ. ʂ˄ʨʠʥʠʰʠʜʘʥ, 

ʤʦʣʝʢʫʣʘʣʘʨʥʠʥʛ ʙʫʥʜʘʡ ʞʦʡʣʘʰʠʰʠ ʵʥʝʨʛʝʪʠʢ ʞʠ״ʘʪʜʘʡ ץʫʣʘʡ. ʐʫʥʜʘʡ 

 ʘץʘʪ ʚʦʜʦʨʦʜ ʘʪʦʤʠ ʠʰʪʠʨʦʢ ʵʪʤʘʩʜʘʥ, ʙʦʰץʠʣʠʙ, ˄ʟʘʨʦ ʪʘʲʩʠʨʜʘ ʬʘץ

ʘʪʦʤʣʘʨ ״ʘʤ ˄ʟʘʨʦ ʪʘʲʩʠʨʣʘʰʠʰʜʘ ʠʰʪʠʨʦʢ ʵʪʠʰʠ ʤʫʤʢʠʥ. ɹʝʥʟʦʣʜʘʛʠ C
5
-

C
6
 ʙʦסʣʘʥʠʰʥʠʥʛ ʫʟʫʥʣʠʛʠ ʙʦʰץʘ ʫʛʣʝʨʦʜ ʘʪʦʤʣʘʨʠ (1.388 Ȕ) ʦʨʘʩʠʜʘʛʠ 

ʤʘʩʦʬʘʜʘʥ ʙʠʨʦʟ ʢʘʪʪʘ (1.389 Ȕ). C
5
 ʚʘ C

6
 ʘʪʦʤʣʘʨʠʥʠʥʛ (ʤʘʥʬʠʡ) ʟʘʨʷʜʣʘʨʠ 

ʭʘʣץʘʥʠʥʛ ʙʦʰץʘ ʫʛʣʝʨʦʜ ʘʪʦʤʣʘʨʠʥʠʥʛ ʟʘʨʷʜʣʘʨʠʛʘ ץʘʨʘʛʘʥʜʘ (-0.150) ʙʠʨ 

ʦʟ ʦʰʛʘʥ (-0.183) ʙ˄ʣʠʙ, ʙʝʥʟʦʣ ʤʦʥʦʤʝʨ ʟʘʨʷʜʣʘʨʠʜʘʥ ʶץʦʨʠ. ʏʫʤʦʣʠ 

ʢʠʩʣʦʪʘʩʠ ʘʪʦʤʣʘʨʠʥʠʥʛ ״ʘʤ ʟʘʨʷʜʠ ˄ʟʛʘʨʛʘʥ. ɶʟʘʨʦ ʪʘʲʩʠʨ ʥʘʪʠʞʘʩʠʜʘ 

ʢʠʩʣʦʪʘ ʫʛʣʝʨʦʜ ʘʪʦʤʠʥʠʥʛ ʟʘʨʷʜʠ +0.561 ʛʘʯʘ, (ʤʦʥʦʤʝʨʜʘ +0.555) ʚʘ O-H 

ʛʫʨʫ״ʠʜʘʛʠ ʚʦʜʦʨʦʜ ʘʪʦʤʠʥʠʥʛ ʟʘʨʷʜʠ ʜʠʤʝʨʜʘ +0.411 ʛʘʯʘ, (ʤʦʥʦʤʝʨʜʘ 

+0.395, ʦʜʘʪʜʘʛʠ ʚʦʜʦʨʦʜ ʙʦסʣʘʥʠʰ ʙʠʣʘʥ ʙʫʥʜʘʡ ʘʪʦʤʥʠʥʛ ʟʘʨʷʜʠ ʩʝʟʠʣʘʨʣʠ 

ʜʘʨʘʞʘʜʘ ʦʰʘʜʠ) ʦʰʛʘʥ. ʂʠʩʣʦʨʦʜ ʘʪʦʤʣʘʨʠʥʠʥʛ ʤʘʥʬʠʡ ʟʘʨʷʜʣʘʨʠ ץʘʡʪʘ 

ʪʘץʩʠʤʣʘʥʘʜʠ (ʆ
21 
ï 0.501, ʆ

20 
ï 0.535, ʤʦʩ ״ʦʣʜʘ ʤʦʥʦʤʝʨʜʘ 0.541 ʠ 0.501), 

ʅ
22

 ʚʦʜʦʨʦʜ ʘʪʦʤʠʥʠʥʛ ʤʫʩʙʘʪ ʟʘʨʷʜʠ ʢʘʤʘʷʜʠ (+0.084, ʤʦʥʦʤʝʨʜʘ +0.101). 

ɹʝʥʟʦʣ ʫʯʫʥ ʭʘʨʘʢʪʝʨʣʠ ʪ˄ʣʠץ ʩʠʤʤʝʪʨʠʢ 992 ʩʤ
-1
 ʧʦʣʦʩʘ (״ʠʩʦʙʣʘʰʜʘ 1075.4 

ʩʤ
-1
) ʧʘʩʪ ʯʘʩʪʦʪʘ ʪʦʤʦʥʛʘ 1,5 ʩʤ

-1
 ʛʘ ʩʠʣʞʠʡʜʠ (5-ʨʘʩʤ). ɹʝʥʟʦʣ+ʯʫʤʦʣʠ 

ʢʠʩʣʦʪʘʩʠ ʘʛʨʝʛʘʪʣʘʨʠʥʠ ״ʦʩʠʣ ʙ˄ʣʠʰ ʵʥʝʨʛʠʷʩʠ 2.19 ʢʢʘʣ/ʤʦʣʴ ʛʘ ʪʝʥʛ.  

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ʪ˄ʨʪʠʥʯʠ ʙʦʙʠ ñʉʠʩʪʝʤʘʣʘʨʥʠ ˊ-ʵʣʝʢʪʨʦʥʣʘʨ 

ʙʠʣʘʥ ʩʧʝʢʪʨʦʩʢʦʧʠʢ ʘʥʠץʣʘʰò ʜʝʙ ʥʦʤʣʘʥʠʙ, ʧʠʨʨʦʣ ʜʠʤʝʨ, 

ʧʠʨʨʦʣ+ʘʮʝʪʦʥʠʪʨʠʣ ʚʘ ʧʠʨʨʦʣ+ʭʣʦʨʦʬʦʨʤ ʩʠʩʪʝʤʘʣʘʨʠʥʠ ˄ʨʛʘʥʠʰ 

ʥʘʪʠʞʘʣʘʨʠ ʢʝʣʪʠʨʠʣʛʘʥ. ׳ʠʩʦʙʣʘʰʣʘʨ ʰʫʥʠ ʢ˄ʨʩʘʪʜʠʢʠ, ʪʦʟʘ ʧʠʨʨʦʣʜʘ 

ʜʠʤʝʨʣʠ ʘʛʨʝʛʘʪʣʘʨ ״ʦʩʠʣ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ, ʙʫʥʜʘ ʙʠʨ ʤʦʣʝʢʫʣʘʥʠʥʛ N-H 

ʛʫʨʫ״ʠ ʚʦʜʦʨʦʜ ʘʪʦʤʠ ʙʦʰץʘ ʤʦʣʝʢʫʣʘʥʠʥʛ ʘʟʦʪ ʘʪʦʤʠ ʙʠʣʘʥ ˄ʟʘʨʦ ʪʘʲʩʠʨ 

ʥʘʪʠʞʘʩʠʜʘ ʵʤʘʩ, ʙʘʣʢʠ ʙʠʨ ʤʦʣʝʢʫʣʘʥʠʥʛ N-H ʛʫʨʫ״ʠ ʚʦʜʦʨʦʜ ʘʪʦʤʠ ץ˄ʰʥʠ 

ʤʦʣʝʢʫʣʘ ʭʘʣץʘʩʠʥʠʥʛ ʵʣʝʢʪʨʦʥʣʘʨʠ ʙʠʣʘʥ ˄ʟʘʨʦ ʪʘʲʩʠʨ ʥʘʪʠʞʘʩʠʜʘ ״ʦʩʠʣ 

ʙ˄ʣʘʜʠ. 6 (ʚ) ʨʘʩʤʜʘ ʧʠʨʨʦʣʥʠʥʛ ʜʠʤʝʨʣʠ ʘʛʨʝʛʘʪʠ ʪʫʟʠʣʠʰʠ ʢ˄ʨʩʘʪʠʣʛʘʥ. 

ʂ˄ʨʠʙ ʪʫʨʛʘʥʠʤʠʟʜʝʢ, N-H ʛʫʨʫ״ʠʜʘʛʠ ʚʦʜʦʨʦʜ ʘʪʦʤʠ ץ˄ʰʥʠ ʤʦʣʝʢʫʣʘʥʠʥʛ 

ʧʠʨʨʦʣ ʭʘʣץʘʩʠʛʘ ʡ˄ʥʘʣʛʘʥ. ʋʰʙʫ ʚʦʜʦʨʦʜ ʘʪʦʤʠʜʘʥ ץ˄ʰʥʠ ʤʦʣʝʢʫʣʘʥʠʥʛ 

ʫʡʠʜʘʛʠʯʘ: ʅץ ʘ ʘʪʦʤʣʘʨʠʛʘʯʘ ʙ˄ʣʛʘʥ ʤʘʩʦʬʘʣʘʨץʘʣ״
19

-ʉ
1 
ï 2.842 Ȕ, ʅ

19
-ʉ

2 
ï 

2.842 Ȕ, ʅ
19

-ʉ
3 
ï 2.951 Ȕ, ʅ

19
-N

4 
ï 3.009 Ȕ, ʅ

19
-ʉ

5 
ï 2.950 Ȕ. ʐʫʥʜʘʡ ץʠʣʠʙ, 

ʅ
19

 ʚʦʜʦʨʦʜ ʘʪʦʤʠ C
1
 ʚʘ C

2
 ʫʛʣʝʨʦʜ ʘʪʦʤʣʘʨʠʛʘ ʷץʠʥʨʦץ ʞʦʡʣʘʰʛʘʥ. 

ʄʦʣʝʢʫʣʘʣʘʨʥʠʥʛ ʙʫʥʜʘʡ ʡ˄ʥʘʣʠʰʠ ʩʪʝʨʠʢ ʦʤʠʣ ʪʘʲʩʠʨʠʛʘ ʙʦסʣʠץ. N-H 

ʛʫʨʫ״ʜʘʛʠ ʚʦʜʦʨʦʜ ʘʪʦʤʠ ץ˄ʰʥʠ ʤʦʣʝʢʫʣʘ ״ʘʣץʘʩʠʥʠʥʛ ʵʣʝʢʪʨʦʥʣʘʨʠ ʙʠʣʘʥ 



17 

 

˄ʟʘʨʦ ʪʘʲʩʠʨʣʘʰʘʜʠ. ɹʫ ״ʦʣʜʘ, ʙʫʥʜʘʡ ʜʠʤʝʨʣʠ ʘʛʨʝʛʘʪʜʘ ʙʠʪʪʘ 

ʤʦʣʝʢʫʣʘʥʠʥʛ N-H ʛʫʨʫ״ʠ -́ʵʣʝʢʪʨʦʥʣʘʨ ʙʠʣʘʥ ˄ʟʘʨʦ ʪʘʲʩʠʨʜʘ ʙ˄ʣʘʜʠ, 

 ʦʣʘʜʠ. ɼʝʤʘʢ, ʂʉץ ʠ ʵʩʘ ʵʨʢʠʥ״ʰʥʠ ʤʦʣʝʢʫʣʘʥʠʥʛ N-H ʛʫʨʫ˄ץ

ʩʧʝʢʪʨʣʘʨʠʜʘʛʠ ʧʠʨʨʦʣ ʜʠʤʝʨʣʠ ʘʛʨʝʛʘʪʣʘʨʠʜʘ ʠʢʢʠʪʘ N-H ʪʝʙʨʘʥʠʰ 

ʧʦʣʦʩʘʩʠ ʢʫʟʘʪʠʣʠʰʠ ʢʝʨʘʢ. ɹʠʪʪʘ ʧʦʣʦʩʘ ʧʨʦʪʦʥ ʜʦʥʦʨ ʙ˄ʣʛʘʥ N-H 

ʛʫʨʫ״ʠʛʘ, ʙʦʰץʘ ʧʦʣʦʩʘ ץ˄ʰʥʠ ʤʦʣʝʢʫʣʘʥʠʥʛ ʵʨʢʠʥ ʚʦʜʦʨʦʜ ʘʪʦʤʠʛʘ ʪ˄סʨʠ 

ʢʝʣʠʰʠ ʢʝʨʘʢ. ׳ʠʩʦʙʣʘʰʣʘʨ ʰʫʥʠ ʢ˄ʨʩʘʪʜʠʢʠ, ʙʠʨʠʥʯʠ ״ʦʣʜʘ N-H 

ʪʝʙʨʘʥʠʰʠ ʤʦʥʦʤʝʨ ʤʦʣʝʢʫʣʘ ʙʠʣʘʥ ʪʘץץʦʩʣʘʛʘʥʜʘ ʧʘʩʪ ʯʘʩʪʦʪʘ ʪʦʤʦʥʛʘ 

(ʜʠʤʝʨʜʘ 3896 ʩʤ
-1
, ʤʦʥʦʤʝʨʜʘ 3933 ʩʤ

-1
) ʥʠʩʙʘʪʘʥ 37 ʩʤ

-1
 ʛʘ ʩʠʣʞʠʛʘʥ 

ʧʦʣʦʩʘʛʘ, 3927 ʩʤ
-1
 ʧʦʣʦʩʘ ʵʩʘ ʵʨʢʠʥ ʚʦʜʦʨʦʜ ʘʪʦʤʠʛʘ ʪ˄סʨʠ ʢʝʣʘʜʠ. ʄʦʥʦʤʝʨ 

ʤʦʣʝʢʫʣʘʣʘʨ ʪʦʟʘ ʩʫʶץʣʠʢʜʘ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥʣʠʛʠ ʘʥʠץ, ʰʫʥʠʥʛ ʫʯʫʥ ʙʫ 

 ʦʣʜʘ ʙʠʟʜʘ ʤʦʥʦʤʝʨ ʤʦʣʝʢʫʣʘ ʚʘ ʜʠʤʝʨʣʠ ʘʛʨʝʛʘʪʣʘʨʥʠʥʛ ʠʢʢʠʪʘ״

ʧʦʣʦʩʘʩʠʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʛʘʥ N-H ʪʝʙʨʘʥʠʰʣʘʨʠʥʠʥʛ ʤʫʨʘʢʢʘʙ ʧʦʣʦʩʘʩʠ 

ʙʣ˄ʠʰʠ ʢʝʨʘʢ (ʤʦʥʦʤʝʨ ʤʦʣʝʢʫʣʘ ʧʦʣʦʩʘʩʠʥʠʥʛ ״ʠʩʦʙʣʘʥʛʘʥ ץʠʡʤʘʪʠ 3933 

ʩʤ
-1
). ɸʢʮʝʧʪʦʨ ʤʦʣʝʢʫʣʘ ʫʯʫʥ ״ʘʤ, ʧʨʦʪʦʥ ʜʦʥʦʨ ʤʦʣʝʢʫʣʘ ʫʯʫʥ ״ʘʤ ʧʠʨʨʦʣ 

ʜʠʤʝʨʣʠ ʘʛʨʝʛʘʪʠʜʘ ʟʘʨʷʜ ʪʘץʩʠʤʦʪʠ ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ ˄ʟʛʘʨʘʜʠ ʚʘ 

ʙʦסʣʘʥʠʰ ʫʟʫʥʣʠʛʠ ˄ʟʛʘʨʤʘʡʜʠ. ɼʦʥʦʨ ʤʦʣʝʢʫʣʘʩʠʜʘ ʤʦʣʝʢʫʣʘʥʠʥʛ 

ʧʨʦʪʦʥʣʘʨʠ ʚʘ ʵʣʝʢʪʨʦʥʣʘʨʠ ʘʟʦʪ ʘʪʦʤʠ ʪʦʤʦʥʛʘ ʪʦʨʪʠʣʘʜʠ, ʘʟʦʪ ʘʪʦʤʠʥʠʥʛ 

ʟʘʨʷʜʠ -0.275 ʛʘ ʢʘʤʘʷʜʠ (ʤʦʥʦʤʝʨʜʘ -0.369), ʘʟʦʪ ʘʪʦʤʠʛʘ ʵʥʛ ʷץʠʥ ʫʛʣʝʨʦʜ 

ʘʪʦʤʣʘʨʠʥʠʥʛ ʤʘʥʬʠʡ ʟʘʨʷʜʣʘʨʠ -0.205 ʛʘ ʦʰʘʜʠ (ʤʦʥʦʤʝʨʜʘ -0.096), ʫʰʙʫ 

ʤʦʣʝʢʫʣʘ ʬʘʦʣ ʚʦʜʦʨʦʜ ʘʪʦʤʠʥʠʥʛ ʤʫʩʙʘʪ ʟʘʨʷʜʠ +0.422 ʛʘ (ʤʦʥʦʤʝʨʜʘ 

+0.347) ʦʨʪʘʜʠ. ʇʨʦʪʦʥ ʘʢʮʝʧʪʦʨ ʤʦʣʝʢʫʣʘʜʘ ʜʠʤʝʨʜʘʛʠ ʘʟʦʪ ʘʪʦʤʠʥʠʥʛ 

ʟʘʨʷʜʠ ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ ˄ʟʛʘʨʘʜʠ (ʤʦʥʦʤʝʨʜʘ -0,369, ʜʠʤʝʨʜʘ -0,360). 

ɸʟʦʪ ʘʪʦʤʠʛʘ ʵʥʛ ʷץʠʥ ʫʛʣʝʨʦʜ ʘʪʦʤʣʘʨʠʥʠʥʛ ʟʘʨʷʜʣʘʨʠ -0.137 ʛʘ (ʤʦʥʦʤʝʨʜʘ 

 ʦʣʛʘʥ ʫʛʣʝʨʦʜ ʘʪʦʤʣʘʨʥʠʥʛ ʟʘʨʷʜʣʘʨʠ -0.190 ʛʘ (ʤʦʥʦʤʝʨʜʘ -0.174)ץ ,(0.096-

ʦʰʘʜʠ ʚʘ ʥʠ״ʦʷʪ, ʘʟʦʪ ʘʪʦʤʠʛʘ ʙʦסʣʘʥʛʘʥ ʚʦʜʦʨʦʜ ʘʪʦʤʠʥʠʥʛ ʟʘʨʷʜʠ +0.361 

ʛʘ ʦʰʘʜʠ (ʤʦʥʦʤʝʨʜʘ +0.347).  ɹʦʰץʘ ״ʦʣʘʪʣʘʨʜʘ ʙ˄ʣʛʘʥʠ ʢʘʙʠ, ʙʦסʣʘʥʛʘʥ 

ʪʝʙʨʘʥʠʰʣʘʨ ״ʘʤ ʙʦʰץʘ ʧʦʣʦʩʘʣʘʨʥʠ ʠʢʢʠʪʘ ʧʦʣʦʩʘʛʘ ʘʞʨʘʣʠʰʠ ʙʠʣʘʥ 

ʪʘʚʩʠʬʣʘʥʘʜʠ, ʫʣʘʨʥʠʥʛ ʯʘʩʪʦʪʘʣʘʨ ʬʘʨץʠ 10-12 ʩʤ
-1
 ʥʠ ʪʘʰʢʠʣ ץʠʣʘʜʠ. 

ɼʠʤʝʨ ״ʦʩʠʣ ʙ˄ʣʠʰ ʵʥʝʨʛʠʷʩʠ 2,61 ʢʢʘʣ/ʤʦʣʛʘ ʪʝʥʛ. 6-(ʛ) ʨʘʩʤʜʘ 

ʘʮʝʪʦʥʠʪʨʠʣ+ʧʠʨʨʦʣ ʘʛʨʝʛʘʪʣʘʨʠʥʠʥʛ ״ʠʩʦʙʣʘʰʣʘʨʜʘʥ ʦʣʠʥʛʘʥ ʪʫʟʠʣʠʰʠ 

ʢ˄ʨʩʘʪʠʣʛʘʥ. ʈʘʩʤʜʘʥ ʢ˄ʨʠʥʠʙ ʪʫʨʠʙʜʠʢʠ, ʧʠʨʨʦʣʥʠʥʛ ʅ
9 
ʚʦʜʦʨʦʜ ʘʪʦʤʠ 

ʘʮʝʪʦʥʠʪʨʠʣ ʤʦʣʝʢʫʣʘʩʠ ʘʟʦʪ ʘʪʦʤʠʥʠʥʛ ʵʣʝʢʪʨʦʥʣʘʨʠ ʙʠʣʘʥ ˄ʟʘʨʦ ʪʘʲʩʠʨ 

 ʠʣʘʜʠ. ʉ¹Nץ ʠʣʘʜʠ, ʙʫ ʘʪʦʤʣʘʨ ʦʨʘʩʠʜʘʛʠ ʤʘʩʦʬʘ 2,884 ¡ ʥʠ ʪʘʰʢʠʣץ

ʙʦסʣʘʥʠʰ ״ʘʤ C
12

 ʫʛʣʝʨʦʜ ʘʪʦʤʠʜʠʨ, ʅ
9
 ʜʘʥ C

12
 ʛʘʯʘ ʙ˄ʣʛʘʥ ʤʘʩʦʬʘ 3.065 ¡ 

ʛʘ ʪʝʥʛ. N
13

 ʘʟʦʪ ʘʪʦʤʠ, ʘʮʝʪʦʥʠʪʨʠʣʥʠʥʛ C
12

 ʫʛʣʝʨʦʜ ʘʪʦʤʠ, ʧʠʨʨʦʣʥʠʥʛ N-

ʅ
9
 ʙʦסʣʘʥʠʰʠʥʠʥʛ ʚʦʜʦʨʦʜ ʘʪʦʤʠ ʟʘʨʷʜʣʘʨʠ ʤʦʥʦʤʝʨ ʤʦʣʝʢʫʣʘʩʠʛʘ ʥʠʩʙʘʪʘʥ 

ʦʰʛʘʥ: ʘʮʝʪʦʥʠʪʨʠʣ ʘʟʦʪ ʘʪʦʤʠʥʠʥʛ ʤʘʥʬʠʡ ʟʘʨʷʜʠ -0.490 ʛʘ (ʤʦʥʦʤʝʨʜʘ -

0.463), ʅ
9
 ʥʠʥʛ ʤʫʩʙʘʪ ʟʘʨʷʜʠ +0.376 (ʤʦʥʦʤʝʨʜʘ +0.347), N-ʅ

9
 ʙʦסʣʘʥʠʰ 

ʫʟʫʥʣʠʛʠ ʵʩʘ 0.994 ¡ ʛʘ (ʤʦʥʦʤʝʨʜʘ 0.992 Ȕ) ʦʰʛʘʥ. C
12

 ʫʛʣʝʨʦʜ ʘʪʦʤʠʥʠʥʛ 

ʤʫʩʙʘʪ ʟʘʨʷʜʠ ״ʘʤ +0.283 ʛʘʯʘ ʦʨʪʘʜʠ (ʤʦʥʦʤʝʨʜʘ +0.255). ɹʫʥʜʘʥ ʪʘʰץʘʨʠ, 

ʘʮʝʪʦʥʠʪʨʠʣʥʠʥʛ ʅ
16

 ʘʪʦʤʠʥʠʥʛ ʧʠʨʨʦʣ ʘʟʦʪ ʘʪʦʤʠ ʙʠʣʘʥ ˄ʟʘʨʦ ʪʘʲʩʠʨʠ 

ʩʦʜʠʨ ʙ˄ʣʘʜʠ, ʙʫ ʘʪʦʤʣʘʨ ʦʨʘʩʠʜʘʛʠ ʤʘʩʦʬʘ 3,090 ¡ ʛʘ ʪʝʥʛ. ʅ
16

 ʚʦʜʦʨʦʜ 

ʘʪʦʤʠʥʠʥʛ ʟʘʨʷʜʠʥʠ ʅ
14

 ʚʘ ʅ
15

 ʘʪʦʤʣʘʨ ʙʠʣʘʥ ʩʦʣʠʰʪʠʨʛʘʥʜʘ, ʙʫ  
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7-ʨʘʩʤ. ׳ʠʩʦʙʣʘʥʛʘʥ ʪʫʟʠʣʠʰʠ: ʘ) ʭʣʦʨʦʬʦʨʤ ʤʦʥʦʤʝʨ,  

ʙ) ʧʠʨʨʦʣ+ʭʣʦʨʦʬʦʨʤ ʜʠʤʝʨʣʠ ʘʛʨʝʛʘʪʠ  
 

6-ʨʘʩʤ. ׳ʠʩʦʙʣʘʥʛʘʥ ʪʫʟʠʣʠʰʠ: ʘ) ʘʮʝʪʦʥʠʪʨʠʣ ʤʦʥʦʤʝʨ,  

ʙ) ʧʠʨʨʦʣ ʤʦʥʦʤʝʨ, ʚ) ʧʠʨʨʦʣ ʜʠʤʝʨʣʠ ʘʛʨʝʛʘʪʠ,  

ʛ) ʧʠʨʨʦʣ+ʘʮʝʪʦʥʠʪʨʠʣ ʜʠʤʝʨʣʠ ʘʛʨʝʛʘʪʠ 
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ʘʪʦʤʣʘʨʥʠʢʠʜʘʥ ʢʘʪʪʘ +0.164 (ʤʦʥʦʤʝʨʜʘ +0.155), ʡʠסʠʥʜʠʩʠʜʘ ʵʩʘ ʅ
14

 ʚʘ ʅ
15

 

ʘʪʦʤʣʘʨʠʥʠʥʛ ʟʘʨʷʜʣʘʨʠ +0.155 ʛʘ ʢʘʤʘʷʜʠ (ʤʦʥʦʤʝʨʜʘ +0.164). ʐʫʥʜʘʡ 

 ʣʘʥʠʰ ʤʘʚʞʫʜ ʙ˄ʣʠʙ, ʫʣʘʨʜʘʥ ʙʠʨʠסʠʣʠʙ, ʘʛʨʝʛʘʪʜʘ ʠʢʢʠʪʘ ʚʦʜʦʨʦʜ ʙʦץ

ʅ
9
ʚʦʜʦʨʦʜ ʚʘ ʘʟʦʪʥʠʥʛ ʵʣʝʢʪʨʦʥʣʘʨʠ ˄ʨʪʘʩʠʜʘ, ʠʢʢʠʥʯʠʩʠ ʘʮʝʪʦʥʠʪʨʠʣʥʠʥʛ 

ʅ
16

 ʘʪʦʤʠ ʚʘ ʧʠʨʨʦʣ ʤʦʣʝʢʫʣʘʩʠʥʠʥʛ ʉ-N ʙʦסʣʘʥʠʰ ʵʣʝʢʪʨʦʥʣʘʨʠ ˄ʨʪʘʩʠʜʘ 

ʢʫʟʘʪʠʣʘʜʠ. ʊʘʞʨʠʙʘʜʘ ʩʫʶץ ʘʮʝʪʦʥʠʪʨʠʣ ʫʯʫʥ 2254 ʩʤ
-1
 ʪʝʙʨʘʥʠʰʥʠ, 

ʤʦʥʦʤʝʨ ʤʦʣʝʢʫʣʘʩʠ ʫʯʫʥ ʙʫ ʪʝʙʨʘʥʠʰʥʠʥʛ ״ʠʩʦʙʣʘʥʛʘʥ 2605,5 ʩʤ
-1
 

ʠʡʤʘʪʣʘʨʠʥʠ, ʘʮʝʪʦʥʠʪʨʠʣ+ʧʠʨʨʦʣ ʘʛʨʝʛʘʪʠ ʫʯʫʥ 2598,5 ʩʤץ
-1
 ʪʝʙʨʘʥʠʰʥʠ 

ʙʝʨʘʜʠ, ʷʲʥʠ ʘʮʝʪʦʥʠʪʨʠʣ ʜʠʤʝʨʠʜʘʛʠ ʧʘʩʪ ʯʘʩʪʦʪʘʣʠ ʩʠʣʞʠʰʛʘ ʞʫʜʘ ˄ʭʰʘʰ 

ʧʘʩʪ ʯʘʩʪʦʪʘʣʠ ʩʠʣʞʠʰ ʤʘʚʞʫʜ ʙ˄ʣʘʜʠ. ʄʦʣʝʢʫʣʘʣʘʨʥʠʥʛ ˄ʟʘʨʦ ʡ˄ʥʘʣʠʰʠʥʠ 

ʦʣʜʘ ʅ״ ʠʩʦʙʛʘ ʦʣʛʘʥ״
9
 ʚʦʜʦʨʦʜ ʘʪʦʤʠʥʠʥʛ ʘʮʝʪʦʥʠʪʨʠʣ ʵʣʝʢʪʨʦʥʣʘʨʠ ʙʠʣʘʥ 

˄ʟʘʨʦ ʪʘʲʩʠʨʠ ʩʦʜʠʨ ʙ˄ʣʘʜʠ ʜʝʙ ʘʡʪʠʰʠʤʠʟ ʤʫʤʢʠʥ. ʇʠʨʨʦʣ+ʘʮʝʪʦʥʠʪʨʠʣ 

ʜʠʤʝʨ ״ʦʣʘʪʠʜʘ 21,4 ʩʤ
-1
 ʧʘʩʪ ʯʘʩʪʦʪʘʣʠ ʩʠʣʞʠʰ ʩʦʜʠʨ ʙ˄ʣʘʜʠ. ׳ʠʩʦʙʣʘʣhʘʨ 

ʰʫʥʠ ʢ˄ʨʩʘʪʘʜʠʢʠ, ʂʉ ʚʘ ʀפ ʶʪʠʣʠʰ ʩʧʝʢʪʨʣʘʨʠʜʘ ʙʫ ״ʦʣʜʘ N-ʅ
 

ʪʝʙʨʘʥʠʰʣʘʨʥʠʥʛ ʠʢʢʠʪʘ ʧʦʣʦʩʘʩʠ ʢʫʟʘʪʠʣʠʰʠ ʢʝʨʘʢ, ʠʢʢʘʣʘ ʧʦʣʦʩʘ ״ʘʤ 

ʤʦʥʦʤʝʨ ʤʦʣʝʢʫʣʘ ʙʠʣʘʥ ʪʘץץʦʩʣʘʛʘʥʜʘ ʧʘʩʪ ʯʘʩʪʦʪʘ ʪʦʤʦʥʛʘ ʩʠʣʞʠʡʜʠ. ʕʥʛ 

ʢʘʪʪʘ ʬʘʦʣ ʩʠʣʞʠʰ N-ʅ
 
ʙʦסʣʘʥʠʰʛʘ, ʢʠʯʠʢ ʩʠʣʞʠʰ ʧʨʦʪʦʥ ʘʢʮʝʧʪʦʨʥʠʥʛ 

ʵʨʢʠʥ N-ʅ
 
ʙʦסʣʘʥʠʰʠʛʘ ʪ˄סʨʠ ʢʝʣʘʜʠ. ʇʠʨʨʦʣ+ʘʮʝʪʦʥʠʪʨʠʣ ʘʛʨʝʛʘʪʠʥʠʥʛ 

 .ʠʩʦʙʣʘʰʣʘʨʛʘ ʢ˄ʨʘ 2,82 ʢʢʘʣ/ʤʦʣʛʘ ʪʝʥʛ״ ʦʩʠʣ ʙ˄ʣʠʰ ʵʥʝʨʛʠʷʩʠ״

7-ʨʘʩʤʜʘ ʭʣʦʨʦʬʦʨʤ ʤʦʥʦʤʝʨ (ʘ) ʚʘ ʧʠʨʨʦʣ+ʭʣʦʨʦʬʦʨʤ ʘʛʨʝʛʘʪʣʘʨʠ (ʙ) 

ʥʠʥʛ ʪʫʟʠʣʠʰʠ ʢʝʣʪʠʨʠʣʛʘʥ. ɹʫ ʝʨʜʘ ״ʘʤ, ʭʣʦʨʦʬʦʨʤ C-ʅ ʛʫʨʫ״ʠʥʠʥʛ 

ʚʦʜʦʨʦʜ ʘʪʦʤʠ ʧʠʨʨʦʣ ʤʦʣʝʢʫʣʘʩʠ ״ʘʣץʘʩʠʥʠʥʛ ˄ʨʪʘʩʠʛʘ ʡ˄ʥʘʣʛʘʥʣʠʛʠ 

ʢʫʟʘʪʠʣʜʠ. ʋʰʙʫ ʚʦʜʦʨʦʜ ʘʪʦʤʠʜʘʥ ץ˄ʰʥʠ ʤʦʣʝʢʫʣʘʥʠʥʛ ״ʘʣץʘ ʘʪʦʤʣʘʨʠʛʘʯʘ 

ʙ˄ʣʛʘʥ ʤʘʩʦʬʘʣʘʨ ץʫʡʠʜʘʛʠ ץʠʡʤʘʪʣʘʨʛʘ ʵʛʘ: ʅ
5
-ʉ

6 
- 2,921 Ȕ, ʅ

5
-ʉ

7 
- 2,922 Ȕ, 

ʅ
5
-ʉ

8 
- 2,969 Ȕ, ʅ

5
-N

9 
- 2,988 Ȕ, ʅ

5
-ʉ

10 
- 2,969 Ȕ. ɼʝʤʘʢ, ʚʦʜʦʨʦʜ ʘʪʦʤʠ C

7
 ʚʘ 

C
6
 ʘʪʦʤʣʘʨʠʛʘ ʷץʠʥʨʦץ ʞʦʡʣʘʰʛʘʥ ʙ˄ʣʠʙ, ʤʦʣʝʢʫʣʘʣʘʨʥʠʥʛ ʙʫʥʜʘʡ 

ʡ˄ʥʘʣʠʰʠ C-ʅ ʛʫʨʫ״ʠʜʘʛʠ ʚʦʜʦʨʦʜ ʘʪʦʤʠ ץ˄ʰʥʠ ʤʦʣʝʢʫʣʘ ״ʘʣץʘʩʠʥʠʥʛ ˊ-

ʣɻʝʢʪʨʦʥʣʘʨʠ ʙʠʣʘʥ ˄ʟʘʨʦ ʪʘʲʩʠʨʜʘ ʙ˄ʣʠʰʠʛʘ ʚʘ ʙʫʥʜʘʥ ʪʘʰץʘʨʠ ʩʪʝʨʠʢ 

ʦʤʠʣʛʘ ʙʦסʣʠץ.  

 ʠʩʦʙʣʘʰʣʘʨʛʘ ʢ˄ʨʘ, C-ʅ ʪʝʙʨʘʥʠʰʛʘ ʭʣʦʨʦʬʦʨʤ ʤʦʥʦʤʝʨ׳

ʤʦʣʝʢʫʣʘʩʠʜʘ 3377,5 ʩʤ
-1
 (ʪʘʞʨʠʙʘʜʘ 3019 ʩʤ

-1
) ʧʦʣʦʩʘ, ʜʠʤʝʨ ʘʛʨʝʛʘʪʠʜʘ ʵʩʘ 

3388,9 ʩʤ
-1
 ʧʦʣʦʩʘ ʪ˄סʨʠ ʢʝʣʘʜʠ ʚʘ ʶץʦʨʠ ʯʘʩʪʦʪʘ ʪʦʤʦʥʛʘ ʩʠʣʞʠʰ 8,4 ʩʤ

-1
 ʛʘ 

ʪʝʥʛ ʙ˄ʣʘʜʠ. ʍʣʦʨʦʬʦʨʤ+ʧʠʨʨʦʣ ʜʠʤʝʨʠʥʠʥʛ ״ʦʩʠʣ ʙ˄ʣʠʰ ʵʥʝʨʛʠʷʩʠ 2,5 

ʢʢʘʣ/ʤʦʣʴ. ׳ʠʩʦʙʣʘʰʣʘʨ ʢ˄ʨʩʘʪʜʠʢʠ, ʛʘʨʯʠ ʧʠʨʨʦʣʥʠʥʛ N-ʅ
 
ʛʫʨʫ״ʠ ʚʦʜʦʨʦʜ 

ʙʦסʣʘʥʠʰʜʘ ʠʰʪʠʨʦʢ ʵʪʤʘʩʘ ״ʘʤ, ʜʠʤʝʨ ״ʦʩʠʣ ʙ˄ʣʛʘʥʠʜʘʥ ʢʝʡʠʥ N-ʅ
 

ʪʝʙʨʘʥʠʰ ʯʘʩʪʦʪʘʩʠ 3927 ʩʤ
-1
 ʛʘ ˄ʟʛʘʨʘʜʠ (ʤʦʥʦʤʝʨʜʘ 3933 ʩʤ

-1
) - ʰʫʥʜʘʡ 

  .ʠʣʠʙ, ʧʘʩʪ ʯʘʩʪʦʪʘ ʪʦʤʦʥʛʘ ʩʠʣʞʠʰ ʤʘʚʞʫʜץ

ʉʫʶץ ʢʩʠʣʦʣ ʪʘʨʢʠʙʠʜʘʛʠ ʤʦʣʝʢʫʣʘʣʘʨʥʠʥʛ ʘʞʨʘʪʠʣʠʰʠ ʂʉ 

ʩʧʝʢʪʨʠʜʘʛʠ ʯʘʩʪʦʪʘʩʠ 995,2 ʩʤ
-1
 ʙ˄ʣʛʘʥ ʄɶʊʥʠʥʛ ʪʝʢʰʠʨʠʣʘʸʪʛʘʥ ʜʠʘʧʘʟʦʥ 

ʢʦʥʪʫʨʠʛʘ ʪʘʲʩʠʨʠʥʠ ʚʘ ʪʝʙʨʘʥʠʰʥʠʥʛ ״ʘʨ ʭʠʣ ʪʫʨʣʘʨʠʥʠ ʩʠʬʘʪʣʠ 

˄ʨʛʘʥʠʰʛʘ ʠʤʢʦʥ ʙʝʨʘʜʠ. ʂʉ ʩʧʝʢʪʨʣʘʨʠʜʘʛʠ ʄɶʊ ʪʝʙʨʘʥʠʰ 

ʜʠʘʧʘʟʦʥʣʘʨʠʥʠʥʛ ʯʘʩʪʦʪʘ ʩʠʣʞʠʰʠ ʚʘ ʢʝʥʛʘʡʠʰʠʜʘ ʥʘʤʦʸʥ ʙ˄ʣʘʜʠ. ɹʫʥʜʘʡ 

 ʠʩʤʣʘʨʠ ʄɶʊץ ʦʣʜʘ, ʂʉ ʧʦʣʦʩʘʣʘʨʠʥʠʥʛ ʠʟʦʪʨʦʧ ʚʘ ʘʥʠʟʦʪʨʦʧ ʪʘʨʢʠʙʠʡ״

ʞʘʨʘʸʥʣʘʨʠʛʘ ״ʘʨ ʭʠʣ ʩʝʟʛʠʨʣʠʢʢʘ ʵʛʘ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ. ɶʪʢʘʟʠʣʛʘʥ 
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ʪʘʜץʠץʦʪʣʘʨ ʢ˄ʨʩʘʪʜʠʢʠ, ʪʦʟʘ ʢʩʠʣʦʣʜʘ 995,2 ʩʤ
-1
 ʧʦʣʦʩʘʥʠʥʛ ʧʘʨʘʣʣʝʣ ʚʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʪʘʰʢʠʣ ʵʪʫʚʯʠʣʘʨʠ ʙʠʨ-ʙʠʨʠʛʘ ʥʠʩʙʘʪʘʥ 0,9 ʩʤ
-1
 ʛʘ ʩʠʣʞʠʛʘʥ 

(8-ʨʘʩʤ). 1) ״ʦʣʜʘ ʪʦʟʘ ʢʩʠʣʦʣʥʠʥʛ 995,2 ʩʤ
-1
 ʂʉ ʩʧʝʢʪʨʣʘʨʠ ʢʝʣʪʠʨʠʣʛʘʥ 

ʙ˄ʣʠʙ, ʯʠʟʠץ ʘʩʠʤʤʝʪʨʠʢ, ʶץʦʨʠ ʯʘʩʪʦʪʘ ʪʦʤʦʥʛʘ ʩʠʣʞʠʛʘʥ ״ʘʤʜʘ ʯʠʟʠץʥʠʥʛ 

ʷʨʠʤ ʢʝʥʛʣʠʛʠ 1,8 ʩʤ
-1
 ʛʘ ʪʝʥʛ. 8-ʨʘʩʤʜʘʥ ʢ˄ʨʠʥʘʜʠʢʠ, ʢʩʠʣʦʣʥʠʥʛ 

ʥʠʪʨʦʤʝʪʘʥ ʙʠʣʘʥ ʵʨʠʪʤʘʩʠʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ 0,5 ʤ.ʫ. ʙ˄ʣʛʘʥʜʘ ʪʦʟʘ ʢʩʠʣʦʣʛʘ 

ʥʠʩʙʘʪʘʥ ʩʧʝʢʪʨʥʠʥʛ ʤʘʢʩʠʤʫʤʠ ʶץʦʨʠ ʯʘʩʪʦʪʘ ʪʦʤʦʥʛʘ 1,4 ʩʤ
-1
 ʛʘ ʩʠʣʞʠʡʜʠ 

ʚʘ ʯʠʟʠץʥʠʥʛ ʷʨʠʤ ʢʝʥʛʣʠʛʠ 2,5 ʩʤ
-1
 ʛʘ ʪʝʥʛ ʙ˄ʣʠʙ, ʦʰʘʜʠ.  

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9-ʨʘʩʤʜʘ ʢʩʠʣʦʣʥʠʥʛ ʪ˄ʨʪ ʭʣʦʨʣʠ ʫʛʣʝʨʦʜ (CCl4) ʙʠʣʘʥ ʵʨʠʪʤʘʩʠʜʘʛʠ 

ʂʉ ʩʧʝʢʪʨʣʘʨʠ ʢʝʣʪʠʨʠʣʛʘʥ. ʕʨʠʪʤʘʜʘ ʢʠʯʠʢ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʜʘ ʢʩʠʣʦʣʥʠʥʛ 

995.2 ʩʤ
-1
 ʧʦʣʦʩʘʩʠʥʠʥʛ ʢʫʯʣʠ ʢʘʤʘʡʠʰʠ ʢʫʟʘʪʠʣʜʠ. ʇʨʦʪʦʥ ʵʨʠʪʫʚʯʠʣʘʨʜʘ 

ʢʩʠʣʦʣ ʵʨʠʪʤʘʣʘʨʠʥʠ ˄ʨʛʘʥʠʰ ʰʫʥʠ ʢ˄ʨʩʘʪʜʠʢʠ, ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʢʦʤʧʣʝʢʩʣʘʨ 

ʢʩʠʣʦʣʥʠʥʛ ʘʩʩʦʮʠʘʪʠʚ ״ʦʣʘʪʠʥʠ ʚʘ ʫʥʠʥʛ ʧʨʦʪʦʥʦʘʢʮʝʧʪʦʨ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ 

˄ʟʛʘʨʪʠʨʘʜʠ. 

 

 

 

 

 

 

 

 

8-ʨʘʩʤ. ʂʩʠʣʦʣʥʠʥʛ 995,2 ʩʤ
-1
 ʂʉ ʩʧʝʢʪʨʣʘʨʠ:  

1) ʧʘʨʘʣʣʝʣ ʚʘ 2) ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʪʘʰʢʠʣ ʵʪʫʚʯʠʣʘʨʠ; 3) 

ʢʩʠʣʦʣ+ʥʠʪʨʦʤʝʪʘʥ (0,5-0,5 ʤ.ʫ.); (ʠʥʪʝʥʩʠʚʣʠʢ ʙʠʪʪʘ 

ʤʘʩʰʪʘʙʛʘ ʢʝʣʪʠʨʠʣʤʘʛʘʥ) 
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ʍʋʃʆʉɸ 

  

ɸʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʥʠʥʛ ʧʨʦʪʦʥʦʜʦʥʦʨ ʚʘ ʧʨʦʪʦʥʦʘʢʮʝʧʪʦʨ 

ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ ʢʦʤʙʠʥʘʮʠʦʥ ʩʦʯʠʣʠʰ ʩʧʝʢʪʨʣʘʨʠʜʘ ʥʘʤʦʸʥ ʙ˄ʣʠʰʠʥʠ 

ʪʘʜץʠץ ץʠʣʠʰ ʥʘʪʠʞʘʣʘʨʠ ʘʩʦʩʠʜʘ ץʫʡʠʜʘʛʠ ʭʫʣʦʩʘʣʘʨ ץʠʣʠʥʜʠ: 

1. ɹʠʨʠʥʯʠ ʤʘʨʪʘ ʪʘʞʨʠʙʘ ʚʘ ʥʘʟʘʨʠʡ ״ʠʩʦʙʣʘʰʣʘʨʜʘ, ʙʝʥʟʦʣ 

ʤʦʣʝʢʫʣʘʣʘʨʠʜʘ ˄ʟʘʨʦ ʚʘ ʙʝʥʟʦʣ-ʭʣʦʨʦʬʦʨʤ ʤʦʣʝʢʫʣʘʣʘʨʠ ʦʨʘʩʠʜʘ 

ʜʠʤʝʨʣʠ ʘʛʨʝʛʘʮʠʷʣʘʨ ʙ˄ʣʠʰʠ ʙʫ ״ʦʣʜʘ ʙʝʥʟʦʣʜʘʛʠ ״ʘʤʜʘ ʭʣʦʨʦʬʦʨʤʜʘʛʠ 

ʚʦʜʦʨʦʜ ʘʪʦʤʠ ʙʝʥʟʦʣ ʭʘʣץʘʩʠʥʠʥʛ ʤʘʨʢʘʟʠʛʘ ʡ˄ʥʘʣʛʘʥʣʠʛʠ ʘʥʠץʣʘʥʜʠ.  

2. ɹʝʥʟʦʣʥʠʥʛ 1075.4 ʩʤ-1
 (ʪʘʞʨʠʙʘʜʘ 992 ʩʤ

-1
) ʯʠʟʠסʠ ʜʠʤʝʨ ״ʦʩʠʣ ʙ˄ʣʠʰ 

ʥʘʪʠʞʘʩʠʜʘ ʠʢʢʠʪʘ ʯʠʟʠץץʘ ʘʞʨʘʣʠʰʠ ʚʘ ʧʦʣʦʩʘ ʧʘʩʪ ʯʘʩʪʦʪʘ ʩʦ״ʘʩʠʛʘ 

ʩʠʣʞʠʰʠ ״ʘʤʜʘ ʙʝʥʟʦʣ ʤʦʣʝʢʫʣʘʩʠʜʘʛʠ ʜʠʤʝʨʣʘʨʥʠʥʛ ʙʫʟʠʣʠʰʠ ʪʫʬʘʡʣʠ 

ʙʝʥʟʦʣʥʠʥʛ 992 ʩʤ
-1
 ʯʠʟʠסʠʥʠ ʢʝʥʛʣʠʛʠ ʠʥʝʨʪ ʵʨʠʪʫʚʯʠʣʘʨʥʠʥʛ ʤʠץʜʦʨʠ 

ʦʰʠʰʠ ʙʠʣʘʥ ץʘʨʠʡʠʙ ʠʢʢʠ ʤʘʨʪʘʛʘ ʢʘʤʘʡʠʰʠ ʢʫʟʘʪʠʣʜʠ. 

3. ʊʘʞʨʠʙʘ ʚʘ ʥʘʟʘʨʠʡ ״ʠʩʦʙʣʘʰʣʘʨ ʢ˄ʨʩʘʪʜʠʢʠ, ʙʝʥʟʦʣʥʠʥʛ ʤʝʪʠʣ ʩʧʠʨʪʠ 

ʚʘ ʯʫʤʦʣʠ ʢʠʩʣʦʪʘʩʠ ʙʠʣʘʥ ״ʦʩʠʣ ץʠʣʛʘʥ ʢʦʤʧʣʝʢʩʣʘʨʠ ״ʘʤ ʭʘʣץʘʜʘʛʠ -́

ʵʣʝʢʪʨʦʥʣʘʨ ʦʨץʘʣʠ ʩʦʜʠʨ ʙ˄ʣʘʜʠ ״ʘʤʜʘ ʩʧʠʨʪ ʚʘ ʢʠʩʣʦʪʘʜʘʛʠ ʆ-ʅ ʛʫʨʫ״ 

ʙʝʥʟʦʣ ʭʘʣץʘʩʠʛʘ ʡ˄ʥʘʣʘʜʠ, ʩʧʠʨʪ ʚʘ ʢʠʩʣʦʪʘ ʅʉʆ ʘʪʦʤʣʘʨʠ ʦʨʘʩʠʜʘʛʠ 

ʙʫʨʯʘʢʥʠ ״ʘʤʜʘ ʆ ʚʘ
 
ʅ ʘʪʦʤʣʘʨʠ ʦʨʘʩʠʜʘʛʠ ʤʘʩʦʬʘʥʠ ˄ʟʛʘʨʠʰʠʛʘ ʦʣʠʙ 

ʢʝʣʘʜʠ. ɹʫʥʜʘʥ ʩʧʠʨʪ ʚʘ ʢʠʩʣʦʪʘʜʘ ʠʯʢʠ ʚʦʜʦʨʦʜ ʙʦסʣʘʥʠʰ ʤʘʚʞʫʜʣʠʛʠ 

ʤʘʲʣʫʤ ʙ˄ʣʘʜʠ. 

4. ɹʠʨʠʥʯʠ ʤʘʨʪʘ ״ʠʩʦʙʣʘʰʣʘʨʜʘ ʧʠʨʨʦʣ ʤʦʣʝʢʫʣʘʣʘʨʠ ˄ʟʘʨʦ ʜʠʤʝʨʣʠ 
ʘʛʨʝʛʘʪʣʘʨ ״ʦʩʠʣ ץʠʣʠʰʠ ʢ˄ʨʩʘʪʠʣʜʠ. ɹʫʥʜʘʡ ʘʛʨʝʛʘʪʣʘʨʥʠʥʛ ״ʦʩʠʣ 

ʙ˄ʣʠʰʠʜʘ ʙʠʨ ʤʦʣʝʢʫʣʘʥʠʥʛ N-H ʛʫʨʫ״ʠʜʘʛʠ ʚʦʜʦʨʦʜ ʘʪʦʤʠ ʠʢʢʠʥʯʠ 

9-ʨʘʩʤ. ʂʩʠʣʦʣʥʠʥʛ ʉʉl4 ʙʠʣʘʥ ʵʨʠʪʤʘʩʠʜʘʛʠ ʂʉ ʩʧʝʢʪʨʣʘʨʠ:  

1) ʪʦʟʘ ʤ-ʢʩʠʣʦʣ, 2) 0.5-0.5 ʤ.ʫ., 3) 0.1-0.9 ʤ.ʫ. 
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ʤʦʣʝʢʫʣʘʥʠʥʛ ʭʘʣץʘ ʤʘʨʢʘʟʠʛʘ ʡ˄ʥʘʣʠʙ, p-ʵʣʝʢʪʨʦʥʣʘʨ ʦʨץʘʣʠ ʘʤʘʣʛʘ 

ʦʰʠʰʠ ʢ˄ʨʩʘʪʠʣʜʠ.  

 ʠʩʦʙʣʘʰʣʘʨ ʢ˄ʨʩʘʪʜʠʢʠ, ʧʠʨʨʦʣ ʤʦʣʝʢʫʣʘʣʘʨʠ ʜʠʤʝʨʣʠ׳ .5

ʘʛʨʝʛʘʪʣʘʨʠʥʠʥʛ ʂʉ ʚʘ ʀפ ʶʪʠʣʠʰ ʩʧʝʢʪʨʣʘʨʠʜʘ N-H ʪʝʙʨʘʥʠʰʛʘ 

ʪʝʛʠʰʣʠ ʠʢʢʠʪʘ ʧʦʣʦʩʘ ʢʫʟʘʪʠʣʜʠ, ʙʫ ʠʢʢʘʣʘ ʧʦʣʦʩʘ ״ʘʤ ʤʦʥʦʤʝʨ 

ʤʦʣʝʢʫʣʘʩʠʛʘ ʪʝʛʠʰʣʠ ʧʦʣʦʩʘʛʘ ʥʠʩʙʘʪʘʥ ʧʘʩʪ ʯʘʩʪʦʪʘ ʪʦʤʦʥʛʘ ʩʠʣʞʠʰʠ 

ʢʫʟʘʪʠʣʜʠ. 

6. ʇʠʨʨʦʣ+ʘʮʝʪʦʥʠʪʨʠʣ ʤʦʣʝʢʫʣʘʣʘʨʠʥʠʥʛ ˄ʟʘʨʦ ʜʠʤʝʨʣʠ ʘʛʨʝʛʘʪʣʘʨʠ p-

ʵʣʝʢʪʨʦʥʣʘʨ ʦʨץʘʣʠ ʘʤʘʣʛʘ ʦʰʠʰʠ ʢ˄ʨʩʘʪʠʣʜʠ. ɸʛʨʝʛʘʪʥʠʥʛ ״ʦʩʠʣ 

ʙ˄ʣʠʰʠʜʘ ʘʮʝʪʦʥʠʪʨʠʣʥʠʥʛ ʉ¹N ʛʫʨʫ״ʠʜʘʛʠ N-ʘʪʦʤʠ ʧʠʨʨʦʣ 

ʤʦʣʝʢʫʣʘʩʠʥʠʥʛ N-H ʛʫʨʫ״ʠʜʘʛʠ ʚʦʜʦʨʦʜ ʘʪʦʤʠ ʙʠʣʘʥ ״ʘʤʜʘ 

ʘʮʝʪʦʥʠʪʨʠʣʥʠʥʛ ʉʅ3 ʛʫʨʫ״ʠʜʘʛʠ ʙʠʪʪʘ ʅ-ʘʪʦʤʠ ʧʠʨʨʦʣ ʤʦʣʝʢʫʣʘʩʠʥʠʥʛ 

N-ʘʪʦʤʠ ʙʠʣʘʥ ʸʧʠץ ʩʪʨʫʢʪʫʨʘʣʠ ʘʛʨʝʛʘʪʣʘʨ ״ʦʩʠʣ ץʠʣʘʜʠ.  

7. ɹʠʨʠʥʯʠ ʤʘʨʪʘ ʘʨʦʤʘʪʠʢ ʫʛʣʝʚʦʜʦʨʦʜʣʘʨʜʘ ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ ˄ʟʘʨʦ ʪʘʲʩʠʨ 

ʪʫʬʘʡʣʠ ʵʣʝʢʪʨʦʥ ʙʫʣʫʪ ʟʠʯʣʠʛʠʥʠʥʛ ʩʠʤʫʣʠʷʮʠʷʩʠ ʥʦʵʤʧʠʨʠʢ 

    .ʣʘʥʜʠץʠʩʦʙʣʘʰʣʘʨ ʸʨʜʘʤʠʜʘ ʘʥʠ״
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ʅɸʋʏʅʓʁ ʉʆɺɽʊ PhD.03/30.12.2019.FM.02.04 ʇʆ 

ʇʈʀʉʋɾɼɽʅʀʖ ʋʏɽʅʆʁ ʉʊɽʇɽʅʀ ʇʈʀ  

ʉɸʄɸʈʂɸʅɼʉʂʆʄ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆʄ ʋʅʀɺɽʈʉʀʊɽʊɽ 

ʉɸʄɸʈʂɸʅʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ ʋʅʀɺɽʈʉʀʊɽʊ 

ʐɸʈʀʌʆɺ ɻɸʁʈɸʊ ʅɸɹʀɽɺʀʏ 

ʇʈʆʊʆʅʆɼʆʅʆʈʅʓɽ ʀ ʇʈʆʊʆʅʆɸʂʎɽʇʊʆʈʅʓɽ ʉɺʆʁʉʊɺɸ 

ɸʈʆʄɸʊʀʏɽʉʂʀʍ ʋɻʃɽɺʆɼʆʈʆɼʆɺ ʀ ʀʍ ʇʈʆʗɺʃɽʅʀɽ ɺ 

ʉʇɽʂʊʈɸʍ ʂʆʄɹʀʅɸʎʀʆʅʅʆɻʆ ʈɸʉʉɽʗʅʀʗ 

01.04.05 ï ʆʧʪʠʢʘ 

 

 

 

 

 

 

 

ɸɺʊʆʈɽʌɽʈɸʊ  

ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʪʦʨʘ ʬʠʣʦʩʦʬʠʠ (PhD) ʧʦ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʥʘʫʢʘʤ 

ʉʘʤʘʨʢʘʥʜï2021 
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