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ʌʘʣʩʘʬʘ ʜʦʢʪʦʨʠ (PhD) ʜʠʩʩʝʨʪʘʮʠʷʩʠ ʤʘʚʟʫʩʠ ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ 

ɺʘʟʠʨʣʘʨ ʄʘ״ʢʘʤʘʩʠ ״ʫʟʫʨʠʜʘʛʠ ʆʣʠʡ ʘʪʪʝʩʪʘʮʠʷ ʢʦʤʠʩʩʠʷʩʠʜʘ 

B2017.2.PhD/K28 ʨʘץʘʤ ʙʠʣʘʥ ʨ˄ʡʭʘʪʛʘ ʦʣʠʥʛʘʥ. 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʋʤʫʤʠʡ ʚʘ ʥʦʦʨʛʘʥʠʢ ʢʠʤʸ ʠʥʩʪʠʪʫʪʠʜʘ ʙʘʞʘʨʠʣʛʘʥ. 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʘʚʪʦʨʝʬʝʨʘʪʠ ʫʯʪʘ ʪʠʣʜʘ (˄ʟʙʝʢ, ʨʫʩ, ʠʥʛʣʠʟ (ʨʝʟʶʤʝ)) ʀʣʤʠʡ 

ʢʝʥʛʘʰ ʚʝʙ-ʩʘ״ʠʬʘʩʠ (ik-kimyo.nuu.uz) ʤʘʥʟʠʣʠʛʘ ״ʘʤʜʘ çZiyoNETè ʘʭʙʦʨʦʪ-ʪʘʲʣʠʤ 

ʧʦʨʪʘʣʠ www.ziyonet.uz ʤʘʥʟʠʣʠʛʘ ʞʦʡʣʘʰʪʠʨʠʣʛʘʥ. 

 

ʀʣʤʠʡ ʨʘ״ʙʘʨ:     ɿʘʢʠʨʦʚ ɹʘʭʪʠʸʨ ʉʘʙʠʨʞʘʥʦʚʠʯ 

                                ʢʠʤʸ ʬʘʥʣʘʨʠ ʜʦʢʪʦʨʠ  

ʈʘʩʤʠʡ     ʂʘʜʠʨʦʚʘ ʐʘʭʥʦʟʘ ɸʙʜʫʭʘʣʠʣʦʚʥʘ 

ʦʧʧʦʥʝʥʪʣʘʨ:                    ʢʠʤʸ ʬʘʥʣʘʨʠ ʜʦʢʪʦʨʠ, ʜʦʮʝʥʪ 

        ɼʘʤʠʥʦʚʘ ʐʘʭʣʦ ʐʘʨʠʧʦʚʥʘ 

           ʢʠʤʸ ʬʘʥʣʘʨʠ ʥʦʤʟʦʜʠ, ʜʦʮʝʥʪ 

       

ɽʪʘʢʯʠ ʪʘʰʢʠʣʦʪ:    ʊʦʢhʝʥʪ ʬʘʨʤʘʮʝʚʪʠʢʘ ʠʥʩʪʠʪʫʪʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ״ʠʤʦʷʩʠ ɶʟʙʝʢʠʩʪʦʥ ʄʠʣʣʠʡ ʫʥʠʚʝʨʩʠʪʝʪʠ ״ʫʟʫʨʠʜʘʛʠ 

DSc.27.06.2017.K.01.03 ʨʘץʘʤʣʠ ʀʣʤʠʡ ʢʝʥʛʘʰʥʠʥʛ 2017 ʡʠʣ 

ç_____è_________________ ʩʦʘʪ ______ ʜʘʛʠ ʤʘʞʣʠʩʠʜʘ ʙ˄ʣʠʙ ˄ʪʘʜʠ. (ʄʘʥʟʠʣ: 

100174, ʊʦʰʢʝʥʪ, ʋʥʠʚʝʨʩʠʪʝʪ ʢ˄ʯʘʩʠ, 4-ʫʡ. ʊʝʣ: (99871) 227-12-24, ʬʘʢʩ: (99824) 

246-53-21; 246-02-24. e-mail: chem0102@mail.ru). 
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ʤʘʨʢʘʟʠʜʘ ʪʘʥʠʰʠʰ ʤʫʤʢʠʥ (______ ʨʘץʘʤʠ ʙʠʣʘʥ ʨ˄ʡʭʘʪʛʘ ʦʣʠʥʛʘʥ). (ʄʘʥʟʠʣ 

100174, ʊʦʰʢʝʥʪ, ʋʥʠʚʝʨʩʠʪʝʪ ʢ˄ʯʘʩʠ, 4-ʫʡ. ʊʝʣ: (99871) 227-12-24, ʬʘʢʩ: (99824) 

246-53-21; 246-02-24. e-mail: nauka@nuu.uz).  

ɼʠʩʩʝʨʪʘʮʠʷ ʘʚʪʦʨʝʬʝʨʘʪʠ 2017 ʡʠʣ ç___è ________ ʪʘʨץʘʪʠʣʜʠ. 

(2017 ʡʠʣ ç_____è______________ʜʘʛʠ  ___  ʨʘץʘʤʣʠ  ʨʝʝʩʪʨ ʙʘʸʥʥʦʤʘʩʠ). 

 

 

ʍ. ʊ. ʐʘʨʠʧʦʚ 

 ʀʣʤʠʡ ʜʘʨʘʞʘʣʘʨ ʙʝʨʫʚʯʠ ʠʣʤʠʡ 

ʢʝʥʛʘʰ ʨʘʠʩʠ, ʢ.ʬ.ʜ., ʧʨʦʬʝʩʩʦʨ 

 

ɼ. ɸ. ɻʘʬʫʨʦʚʘ 

 ʀʣʤʠʡ ʜʘʨʘʞʘʣʘʨ ʙʝʨʫʚʯʠ  

ʠʣʤʠʡ ʢʝʥʛʘʰ ʢʦʪʠʙʠ, ʢ.ʬ.ʜ. 

 

ʅ. ɸ. ʇʘʨʧʠʝʚ  

 ʀʣʤʠʡ ʜʘʨʘʞʘʣʘʨ ʙʝʨʫʚʯʠ ʠʣʤʠʡ  

ʢʝʥʛʘʰ ץʦʰʠʜʘʛʠ ʠʣʤʠʡ ʩʝʤʠʥʘʨ  

ʨʘʠʩʠ, ʢ.ʬ.ʜ., ʧʨʦʬʝʩʩʦʨ, ʘʢʘʜʝʤʠʢ 
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ʂʠʨʠʰ (ʬʘʣʩʘʬʘ ʜʦʢʪʦʨʠ (PhD) ʜʠʩʩʝʨʪʘʮʠʷʩʠ ʘʥʥʦʪʘʮʠʷʩʠ) 
 

ɼʠʩʩʝʨʪʘʮʠʷ ʤʘʚʟʫʩʠʥʠʥʛ ʜʦʣʟʘʨʙʣʠʛʠ ʚʘ ʟʘʨʫʨʘʪʠ. ɼʫʥʸ ʘ״ʦʣʠʩʠʥʠʥʛ 

ʢʫʥ ʩʘʡʠʥ ʢʝʩʢʠʥ ʢ˄ʧʘʡʠʙ ʙʦʨʘʸʪʛʘʥʣʠʛʠ, ʪʘʙʠʠʡ ʨʘʚʠʰʜʘ, ʦʟʠץ-ʦʚץʘʪ 

ʪʘʥץʠʩʣʠʛʠʥʠ ʢʫʯʘʡʪʠʨʠʙ, ʫʰʙʫ ʭʘʚʬʥʠ ʞʘ״ʦʥ ״ʘʤʞʘʤʠʷʪʠʥʠʥʛ ʵʥʛ ʜʦʣʟʘʨʙ 

ʤʫʘʤʤʦʣʘʨʠʜʘʥ ʙʠʨʠʛʘ ʘʡʣʘʥʪʠʨʤʦץʜʘ. ʋʰʙʫ ״ʦʣʘʪʥʠ ʙʘʨʪʘʨʘʬ ץʠʣʠʰ, ʩʘʣʙʠʡ 

ʦץʠʙʘʪʣʘʨʠʥʠ ʠʤʢʦʥ ץʘʜʘʨ ʶʤʰʘʪʠʰ ʵʩʘ ץʠʰʣʦץ ʭ˄ʞʘʣʠʢ ʵʢʠʥʣʘʨʠ 

ʤʘ״ʩʫʣʜʦʨʣʠʛʠʥʠ ʷʥʘʜʘ ʦʰʠʨʠʰʥʠ ʪʘץʦʟʦ ʵʪʘʜʠ. ɹʫʥʠʥʛ ʫʯʫʥ ʪʫʨʣʠ ʟʘʤʦʥʘʚʠʡ 

ʠʣʤʠʡ ʸʥʜʘʰʫʚʣʘʨʥʠ ץ˄ʣʣʘʰʥʠʥʛ ʷʥʛʠ ʚʘ ʩʘʤʘʨʘʜʦʨ ʫʩʫʣʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ 

ʞʦʠʟ. ʍʫʩʫʩʘʥ, ʵʢʠʥʣʘʨ ˄ʩʠʰʠʥʠ ʪʝʟʣʘʰʪʠʨʠʰ ʚʘ ״ʦʩʠʣʜʦʨʣʠʛʠʥʠ ʦʰʠʨʠʰ 

ʫʯʫʥ ʷʥʛʠ ʩʘʤʘʨʘʜʦʨ ʩʪʠʤʫʣʷʪʦʨʣʘʨʥʠ ʪʘʜʙʠץ ʵʪʠʰ ״ʘʤʜʘ ʟʘʨʘʨʢʫʥʘʥʜʘʣʘʨʛʘ 

 ʠʣʠʰ ʘʥʘ ʰʫʥʜʘʡ ʸʥʜʘʰʫʚʣʘʨץ ʘʨʰʠ ʠʰʣʘʪʠʣʘʜʠʛʘʥ ʷʥʛʠ ʤʦʜʜʘʣʘʨʥʠ ʩʠʥʪʝʟץ

ʩʠʨʘʩʠʛʘ ʢʠʨʘʜʠ. 

-ʦʥʜʘ ʷʨʘʪʠʣʘʸʪʛʘʥ ʩʪʠʤʫʣʷʪʦʨʣʘʨ ʚʘ ʘʥʪʠʬʫʥ״ʪʜʘ ʞʘץʦʟʠʨʛʠ ʚʘ׳

ʛʠʮʠʜʣʘʨʥʠʥʛ ʘʢʩʘʨʠʷʪʠ ʪʘʥʥʘʨʭʠ ץʠʤʤʘʪ ʦʨʛʘʥʠʢ ʤʦʜʜʘʣʘʨ ʘʩʦʩʠʜʘ ʦʣʠʥʛʘʥ. 

ʄʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨ ʘʩʦʩʠʜʘʛʠ ʧʨʝʧʘʨʘʪʣʘʨ ʵʩʘ ʬʘץʘʪ ʤʦʥʦʣʠʛʘʥʜʣʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥ ʙʠʨʠʢʤʘʣʘʨ ʰʘʢʣʠʜʘ ʩʠʥʪʝʟ ץʠʣʠʥʛʘʥ. ɹʠʥʦʙʘʨʠʥ, ץʠʰʣʦץ 

ʭ˄ʞʘʣʠʢ ʵʢʠʥʣʘʨʠ ״ʦʩʠʣʜʦʨʣʠʛʠʥʠ ʦʰʠʨʘʜʠʛʘʥ ʚʘ ʫʣʘʨʥʠ ʟʘʨʘʨʢʫʥʘʥʜʘʣʘʨʜʘʥ 

 ʠʣʘʜʠʛʘʥ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨ ʘʩʦʩʠʜʘʛʠ ʷʥʛʠ ʘʚʣʦʜץ ʠʤʦʷ״

ʧʨʝʧʘʨʘʪʣʘʨʠʥʠ ʷʨʘʪʠʰ ʙʫʛʫʥʛʠ ʢʫʥʥʠʥʛ ʵʥʛ ʜʦʣʟʘʨʙ ʚʘʟʠʬʘʣʘʨʠʜʘʥʜʠʨ. 

ɹʫʥʜʘʡ ʪʘʣʘʙʣʘʨʛʘ ʞʘʚʦʙ ʙʝʨʘʜʠʛʘʥ ʧʨʝʧʘʨʘʪʣʘʨʥʠ ʷʨʘʪʠʰ ʫʯʫʥ ʙʠʨʣʘʤʯʠ 

ʤʦʜʜʘ ʩʠʬʘʪʠʜʘ ʩʦʜʜʘ ʪʫʟʠʣʠʰʣʠ, ʘʨʟʦʥ ʚʘ ʷʭʰʠ ʤʘʲʣʫʤ ʙ˄ʣʛʘʥ ״ʘʤʜʘ, ʘʡʥʠ 

ʚʘץʪʜʘ, ʘʥʪʠʤʠʢʨʦʙ ʚʘ ʩʪʠʤʫʣʷʪʦʨʣʠʢ ʭʫʩʫʩʠʷʪʠʥʠ ʥʘʤʦʸʥ ץʠʣʘʜʠʛʘʥ 

ʤʦʜʜʘʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʢʘʪʪʘ ʠʩʪʠץʙʦʣʛʘ ʵʛʘ. ʐʫʥʜʘʡ ʤʦʜʜʘʣʘʨ ʩʠʨʘʩʠʛʘ 

ʙʝʥʟʦʡ ʢʠʩʣʦʪʘʩʠʥʠʥʛ ʥʠʪʨʦ ״ʦʩʠʣʘʩʠ ï ʥʠʪʨʦʙʝʥʟʦʡ ʢʠʩʣʦʪʘʩʠ (ʘʩʦʩʠʡ ʣʠʛʘʥʜ) 

ʢʠʨʘʜʠ, ʸʨʜʘʤʯʠ ʣʠʛʘʥʜ ʩʠʬʘʪʠʜʘ ʵʩʘ ʙʠʦʬʘʦʣʣʠʛʠ ʙʠʨ ʭʠʣ ʙ˄ʣʛʘʥ 

ʵʪʘʥʦʣʘʤʠʥʣʘʨʥʠ ʦʣʠʰ ʤʘץʩʘʜʛʘ ʤʫʚʦʬʠץʜʠʨ. ʋʰʙʫ ʦʨʛʘʥʠʢ ʤʦʜʜʘʣʘʨ ʘʩʦʩʠʜʘ 

ʪʘʡʸʨʣʘʥʛʘʥ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨ ʢʫʯʘʡʪʠʨʠʣʛʘʥ ʙʠʦʣʦʛʠʢ 

ʪʘʲʩʠʨʛʘ ʵʛʘ ʙ˄ʣʠʙ, ץʠʰʣʦץ ʭ˄ʞʘʣʠʢ ʵʢʠʥʣʘʨʠʥʠ ʧʘʪʦʛʝʥʣʘʨʜʘʥ ״ʠʤʦʷ ץʠʣʠʰ 

 ʣʣʘʥʠʣʘʜʠʛʘʥ ʚʦʩʠʪʘ ʙ˄ʣʠʙ˄ץ ʦʩʠʣʜʦʨʣʠʛʠʥʠ ʦʰʠʨʠʰʜʘ״ ʘʤʜʘ ˄ʩʠʰʠ ʚʘ״

ʭʠʟʤʘʪ ץʠʣʠʰʠ ʤʫʤʢʠʥ. ɹʠʨʦץ, ʸʨʜʘʤʯʠ ʣʠʛʘʥʜ ʩʠʬʘʪʠʜʘ ʭʝʣʘʪʣʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥ ʙʦ״ סʦʩʠʣ ץʠʣʠʰʛʘ ˄ʪʘ ʤʦʡʠʣ ʙ˄ʣʛʘʥ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥʣʘʨʜʘʥ 

ʬʦʡʜʘʣʘʥʠʰ ʸʨʜʘʤʯʠ ʣʠʛʘʥʜ ʘʩʦʩʠʡ ʣʠʛʘʥʜʥʠ ʢʦʦʨʜʠʥʘʮʠʦʥ ʩʬʝʨʘʜʘʥ ʩʠץʠʙ 

ʯʠץʘʨʠʰʠ ɻ  ʪʠʤʦʣʠ ʢʘʪʪʘ ʙ˄ʣʛʘʥʣʠʛʠ ʩʘʙʘʙʣʠ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ״

ʢʦʤʧʣʝʢʩ ʦʣʠʰʛʘ ʡ˄ʣ ʙʝʨʤʘʩʣʠʛʠʥʠʥʛ ʵ״ʪʠʤʦʣʠ ʢʘʪʪʘ. ʐʫ ʩʘʙʘʙʣʠ ʘʨʘʣʘʰ-

ʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨ ״ʦʩʠʣ ʙ˄ʣʠʰ ʠʤʢʦʥʠʷʪʠʥʠ ʪʠʟʠʤʣʠ ʪʘʜץʠץ 

 ʘʤʜʘ״ ʠʣʠʰ, ʦʣʠʥʛʘʥ ʤʦʜʜʘʣʘʨʥʠʥʛ ʤʦʣʝʢʫʣʷʨ ʚʘ ʢʨʠʩʪʘʣʣ ʪʫʟʠʣʠʰʠץ

ʫʣʘʨʥʠʥʛ ʤʠʢʨʦʙʣʘʨʛʘ ץʘʨʰʠ ʚʘ ˄ʩʠʰʥʠ ʪʝʟʣʘʰʪʠʨʫʚʯʠ ʬʘʦʣʣʠʛʠʥʠ ʘʥʠץʣʘʰ 

ʣʦʟʠʤ. 

ʈʝʩʧʫʙʣʠʢʘʤʠʟ ʤʫʩʪʘץʠʣʣʠʢʢʘ ʵʨʠʰʛʘʥʠʜʘʥ ʩ˄ʥʛ ʷʥʛʠ ʪʫʨʜʘʛʠ ʩʪʠʤʫʣʷ-

ʪʦʨʣʘʨ ʚʘ ʘʥʪʠʬʫʥʛʠʮʠʜ ʧʨʝʧʘʨʘʪʣʘʨ ʷʨʘʪʠʰʛʘ ʢʘʪʪʘ ʵʲʪʠʙʦʨ ʙʝʨʠʣʠʰʠ 

ʩʘʙʘʙʣʠ ץʠʰʣʦץ ʭ˄ʞʘʣʠʢ ʵʢʠʥʣʘʨʠ ״ʦʩʠʣʜʦʨʣʠʛʠʥʠ ʦʰʠʨʠʰ ʚʘ ˄ʩʠʤʣʠʢʣʘʨʥʠ 

ʟʘʨʘʨʢʫʥʘʥʜʘ ʬʠʪʦʧʘʪʦʛʝʥ ʤʠʢʨʦʦʨʛʘʥʠʟʤʣʘʨʜʘʥ ״ʠʤʦʷ ץʠʣʠʰʜʘ ʤʫʘʡʷʥ 

ʥʘʪʠʞʘʣʘʨʛʘ ʵʨʠʰʠʣʜʠ. ʍʫʩʫʩʘʥ, ʶץʦʨʠ ʙʠʦʬʘʦʣʣʠʢʢʘ ʵʛʘ ʙ˄ʣʛʘʥ ç׳ʦʩʠʣè, 

çʄʘʜʘʜè, çʊɾ-85è ʢʘʙʠ ʩʪʠʤʫʣʷʪʦʨʣʘʨ ʷʨʘʪʠʣʜʠ. ɹʠʨʦץ ʛʣʦʙʘʣ ʠץʣʠʤ 
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˄ʟʛʘʨʠʰʠ, ʞʫʤʣʘʜʘʥ, ʆʨʦʣʙʡ˄ʠ ʵʢʦʣʦʛʠʢ ˄ʟʛʘʨʠʰʣʘʨʠ ץʠʰʣʦץ ʭ˄ʞʘʣʠʛʠ 

ʵʢʠʥʣʘʨʠ ״ʦʩʠʣʜʦʨʣʠʛʠʛʘ ʩʘʣʙʠʡ ʪʘʲʩʠʨ ץʠʣʤʦץʜʘ, ˄ʩʠʤʣʠʢ ʟʘʨʘʨʢʫʥʘʥʜʘʣʘʨʠ 

ʢ˄ʧʘʡʠʰʠʛʘ ʦʣʠʙ ʢʝʣʘʸʪʛʘʥʣʠʛʠ ʷʥʘʜʘ ʩʘʤʘʨʘʜʦʨ ʧʨʝʧʘʨʘʪʣʘʨʛʘ ʵ״ʪʠʸʞʥʠ 

ʢʫʯʘʡʪʠʨʤʦץʜʘ. ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠʥʠ ʷʥʘʜʘ ʨʠʚʦʞʣʘʥʪʠʨʠʰ ʙ˄ʡʠʯʘ 

 ʣʠʤ ˄ʟʛʘʨʠʰʣʘʨʠץʘʨʘʢʘʪʣʘʨ ʩʪʨʘʪʝʛʠʷʩʠʥʠʥʛ ʫʯʠʥʯʠ ʡ˄ʥʘʣʠʰʠʜʘ çɻʣʦʙʘʣ ʠ׳

ʚʘ ʆʨʦʣ ʜʝʥʛʠʟʠ ץʫʨʠʰʠʥʠʥʛ ץʠʰʣʦץ ʭ˄ʞʘʣʠʛʠ ʨʠʚʦʞʣʘʥʠʰʠ ״ʘʤʜʘ ʘ״ʦʣʠʥʠʥʛ 

 ʘʸʪ ʬʘʦʣʠʷʪʠʛʘ ʩʘʣʙʠʡ ʪʘʲʩʠʨʠʥʠ ʶʤʰʘʪʠʰ ʙ˄ʡʠʯʘ ʪʠʟʠʤʣʠ ʯʦʨʘ-ʪʘʜʙʠʨʣʘʨ״

ʢ˄ʨʠʰè
1
 ʚʘʟʠʬʘʣʘʨʠ ʙʝʣʛʠʣʘʙ ʙʝʨʠʣʛʘʥ. ɹʫ ʙʦʨʘʜʘ, ʞʫʤʣʘʜʘʥ, ˄ʩʠʤʣʠʢʣʘʨʥʠ 

 ץʠʰʣʦץ ʦʨʠ ʩʘʤʘʨʘʣʠ ʚʦʩʠʪʘʣʘʨʠʥʠ ʷʨʘʪʠʰ ʚʘץʠʣʠʰʥʠʥʛ ʷʥʘʜʘ ʶץ ʠʤʦʷ״

ʭ˄ʞʘʣʠʢ ʵʢʠʥʣʘʨʠ ״ʦʩʠʣʜʦʨʣʠʛʠʥʠ ʦʰʠʨʘʜʠʛʘʥ ʷʥʛʠ ʚʘ ʘʨʟʦʥ ʧʨʝʧʘʨʘʪʣʘʨ 

ʠʰʣʘʙ ʯʠץʠʰ ʤʫ״ʠʤ ʘ״ʘʤʠʷʪ ʢʘʩʙ ʵʪʘʜʠ.  

ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠʥʠʥʛ 2000 ʡʠʣ 31 ʘʚʛʫʩʪʜʘʛʠ ˉ116-II ñפʠʰʣʦץ 

ʭ˄ʞʘʣʠʢ ʵʢʠʥʣʘʨʠʥʠ ʟʘʨʘʨʢʫʥʘʥʜʘ, ʢʘʩʘʣʣʠʢ ʚʘ ʙʝʛʦʥʘ ˄ʪʣʘʨʜʘʥ ״ʠʤʦʷ ץʠʣʠʰ 

ʪ˄סʨʠʩʠʜʘèʛʠ פʦʥʫʥʠ ʚʘ ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ʇʨʝʟʠʜʝʥʪʠʥʠʥʛ 2008 ʡʠʣ 

15 ʠʶʣʜʘʛʠ ʇ916-פ-ʩʦʥ çʀʥʥʦʚʘʮʠʦʥ ʣʦʡʠ״ʘ ʚʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʥʠ ʠʰʣʘʙ 

ʯʠץʘʨʠʰʛʘ ʞʦʨʠʡ ץʠʣʠʰʥʠ ʨʘסʙʘʪʣʘʥʪʠʨʠʰʥʠʥʛ ץ˄ʰʠʤʯʘ ʯʦʨʘ-ʪʘʜʙʠʨʣʘʨʠ 

ʪ˄סʨʠʩʠʜʘèʛʠ פʘʨʦʨʠ, 2017 ʡʠʣ 2 ʬʝʚʨʘʣʜʘʛʠ ʇʌ-4947-ʩʦʥ ç2017-2021 

ʡʠʣʣʘʨʜʘ ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠʥʠ ʨʠʚʦʞʣʘʥʪʠʨʠʰʥʠʥʛ ʙʝʰʪʘ ʫʩʪʫʚʦʨ 

ʡ˄ʥʘʣʠʰʠ ʙ˄ʡʠʯʘ ׳ʘʨʘʢʘʪʣʘʨ ʩʪʨʘʪʝʛʠʷʩʠè ʌʘʨʤʦʥʠ ״ʘʤʜʘ ʤʘʟʢʫʨ ʬʘʦʣʠʷʪʛʘ 

ʪʝʛʠʰʣʠ ʙʦʰץʘ ʤʝʲʸʨʠʡ-״ʫץʫץʠʡ ״ʫʞʞʘʪʣʘʨʜʘ ʙʝʣʛʠʣʘʥʛʘʥ ʚʘʟʠʬʘʣʘʨʥʠ 

ʘʤʘʣʛʘ ʦʰʠʨʠʰʛʘ ʫʰʙʫ ʜʠʩʩʝʨʪʘʮʠʷ ʪʘʜץʠץʦʪʠ ʤʫʘʡʷʥ ʜʘʨʘʞʘʜʘ ʭʠʟʤʘʪ 

 .ʠʣʘʜʠץ

ʊʘʜץʠץʦʪʥʠʥʛ ʨʝʩʧʫʙʣʠʢʘ ʬʘʥ ʚʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʨʠʚʦʞʣʘʥʠʰʠʥʠʥʛ 

ʫʩʪʫʚʦʨ ʡ˄ʥʘʣʠʰʣʘʨʠʛʘ ʤʦʩʣʠʛʠ. ʄʘʟʢʫʨ ʪʘʜץʠץʦʪ ʨʝʩʧʫʙʣʠʢʘ ʬʘʥ ʚʘ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʨʠʚʦʞʣʘʥʠʰʠʥʠʥʛ V. פʠʰʣʦץ ʭ˄ʞʘʣʠʛʠ, ʙʠʦʪʝʭʥʦʣʦʛʠʷ, 

ʵʢʦʣʦʛʠʷ ʚʘ ʘʪʨʦʬ-ʤʫ״ʠʪ ʤʫ״ʦʬʘʟʘʩʠ ʚʘ VII. ʂʠʤʸ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʚʘ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʣʘʨ ʫʩʪʫʚʦʨ ʡ˄ʥʘʣʠʰʣʘʨʠʛʘ ʤʫʚʦʬʠץ ʙʘʞʘʨʠʣʛʘʥ. 

ʄʫʘʤʤʦʥʠʥʛ ˄ʨʛʘʥʠʣʛʘʥʣʠʢ ʜʘʨʘʞʘʩʠ. ʄʘʚʞʫʜ ʘʜʘʙʠʸʪʥʠ ʪʘ״ʣʠʣ 

 ʦʩʠʣʘʣʘʨʠ ʚʘ ʵʪʘʥʦʣʘʤʠʥʣʘʨ ʘʩʦʩʠʜʘ״ʠʣʠʰ ʙʝʥʟʦʡ ʢʠʩʣʦʪʘʩʠʥʠʥʛ ʩʦʜʜʘ ʤʦʥʦץ

ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨ ʦʣʠʰ ʙ˄ʡʠʯʘ ʪʘʜץʠץʦʪʣʘʨ 

˄ʪʢʘʟʠʣʤʘʛʘʥʠʥʠ ʢ˄ʨʩʘʪʜʠ. ɸʤʤʦ, ʬʘץʘʪ ʙʝʥʟʦʡ ʢʠʩʣʦʪʘʩʠʥʠʥʛ ״ʦʩʠʣʘʣʘʨʠ ʸʢʠ 

ʵʪʘʥʦʣʘʤʠʥʣʘʨ ʙʠʣʘʥ ʤʦʥʦʣʠʛʘʥʜʣʠ ʢʦʦʨʜʠʥʘʮʠʦʥ ʙʠʨʠʢʤʘʣʘʨ ״ʘʤʜʘ ʙʦʰץʘ 

ʣʠʛʘʥʜʣʘʨ ʸʨʜʘʤʠʜʘ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨ ʩʠʥʪʝʟ ץʠʣʠʰʛʘ 

ʙʘסʠʰʣʘʥʛʘʥ ʙʠʨ ץʘʪʦʨ ʠʰʣʘʨ ʙʘʞʘʨʠʣʛʘʥ. ɾʘ״ʦʥʜʘ ʢʦʦʨʜʠʥʘʮʠʦʥ ʙʠʨʠʢʤʘʣʘʨ 

ʙ˄ʡʠʯʘ ʛʝʨʤʘʥʠʷʣʠʢ ʧʨʦʬʝʩʩʦʨ ʋ.ʕʥʛʣʝʨʪ ʙʦʰʯʠʣʠʛʠʜʘʛʠ ɸʘʭʝʥ ʫʥʠʚʝʨʩʠʪʝʪʠ 

ʦʣʠʤʣʘʨʠ, ׳ʠʥʜʠʩʪʦʥʜʘʛʠ ʇʘʥʞʦʙ ʫʥʠʚʝʨʩʠʪʝʪʠ ʧʨʦʬʝʩʩʦʨʠ C.ʂʫʤʘʨ ʛʫʨʫ״ʠ, 

ʍʠʪʦʡ ʩʘʥʲʘʪ ʚʘ ʠʣʤ-ʬʘʥ ʫʥʠʚʝʨʩʠʪʝʪʠʜʘ ʤʝʪʘʣʣʢʦʤʧʣʝʢʩʣʘʨ ʙ˄ʡʠʯʘ ɻ.ʂ.ʃʠ 

ʨʘ״ʙʘʨʣʠʛʠʜʘʛʠ ʦʣʠʤʣʘʨ, ɸʬʨʠʢʘ ʜʘʚʣʘʪ ʬʘʥ ʚʘ ʪʝʭʥʦʣʦʛʠʷ ʫʥʠʚʝʨʩʠʪʝʪʠʜʘ 

ʧʨʦʬʝʩʩʦʨ ʉ.ʆ.ɼʘʤʠʘʥ ʙʦʰʯʠʣʠʛʠʜʘʛʠ ʛʫʨʫ״ ʚʘ ʙʦʰץʘʣʘʨ ʠʣʤʠʡ ʪʘʜץʠץʦʪʣʘʨ 

ʦʣʠʙ ʙʦʨʠʰʤʦץʜʘ. 

ʈʝʩʧʫʙʣʠʢʘʤʠʟʜʘ ʢʦʦʨʜʠʥʘʮʠʦʥ ʙʠʨʠʢʤʘʣʘʨʥʠʥʛ ʩʠʥʪʝʟʠ, ʪʫʟʠʣʠʰʠ ʚʘ 

ʭʦʩʩʘʣʘʨʠʥʠ ʘʢʘʜʝʤʠʢ ʅ.ɸ.ʇʘʨʧʠʝʚ ʙʦʰʯʠʣʠʛʠʜʘʛʠ ʠʣʤʠʡ ʤʘʢʪʘʙ, ʧʨʦʬʝʩʩʦʨ 

                                           
1
 ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ʇʨʝʟʠʜʝʥʪʠʥʠʥʛ 2017 ʡʠʣ 7 ʬʝʚʨʘʣʜʘʛʠ ʇʌ-4947-ʩʦʥ çɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠʥʠ 

ʷʥʘʜʘ ʨʠʚʦʞʣʘʥʪʠʨʠʰ ʙ˄ʡʠʯʘ ʍʘʨʘʢʘʪʣʘʨ ʩʪʨʘʪʝʛʠʷʩʠ ʪ˄סʨʠʩʠʜʘèʛʠ ʌʘʨʤʦʥʠ. 
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ʍ.ʊ.ʐʘʨʠʧʦʚ ʛʫʨʫ״ʠ, ʧʨʦʬʝʩʩʦʨ ɸ.ɸ.ʐʘʙʠʣʦʣʦʚ ʚʘ ʢ.ʬ.ʜ. ʊ.ɸ.ɸʟʠʟʦʚ 

ʨʘ״ʙʘʨʣʠʛʠʜʘʛʠ ʛʫʨʫ״ ʦʣʠʤʣʘʨʠ ˄ʨʛʘʥʤʦץʜʘʣʘʨ. 

 ʘʤʜ˄ʩʪʣʠʢ ʤʘʤʣʘʢʘʪʣʘʨʠʜʘ ʈʦʩʩʠʷ ʜʘʚʣʘʪ ʘʛʨʘʨ ʫʥʠʚʝʨʩʠʪʝʪʠʜʘ ʘʨʘʣʘʰ׳

ʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨʠʥʠʥʛ ʩʠʥʪʝʟʠ ʚʘ ʙʠʦʬʘʦʣʣʠʛʠʥʠ ʘʥʠץʣʘʰ ʫʩʪʠʜʘ 

ʧʨʦʬʝʩʩʦʨ ʅ.ʄ.ʂʝʙʝʮ ʨʘ״ʙʘʨʣʠʛʠʜʘʛʠ ʛʫʨʫ״ ʬʘʦʣʠʷʪ ʦʣʠʙ ʙʦʨʤʦץʜʘ, ʙʝʥʟʦʡ 

ʢʠʩʣʦʪʘʩʠ ״ʦʩʠʣʘʣʘʨʠʥʠʥʛ ʢʦʦʨʜʠʥʘʮʠʦʥ ʙʠʨʠʢʤʘʣʘʨʠ ʙʠʣʘʥ ʆʟʘʨʙʘʡʞʦʥ 

ʄʠʣʣʠʡ ʌʘʥʣʘʨ ʘʢʘʜʝʤʠʷʩʠʥʠʥʛ ʌʠʟʠʢʘ ʠʥʩʪʠʪʫʪʠʜʘ ʤʘʨ״ʫʤ ʘʢʘʜʝʤʠʢ 

ʍ.ʄʘʤʝʜʦʚ ʙʦʰʯʠʣʠʛʠʜʘʛʠ ʦʣʠʤʣʘʨ ʰʫסʫʣʣʘʥʠʰʛʘʥ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʜʠʩʩʝʨʪʘʮʠʷ ʙʘʞʘʨʠʣʛʘʥ ʠʣʤʠʡ-ʪʘʜץʠץʦʪ 

ʤʫʘʩʩʘʩʘʩʠʥʠʥʛ ʠʣʤʠʡ ʠʰʣʘʨʠ ʨʝʞʘʣʘʨʠ ʙʠʣʘʥ ʙʦסʣʠץʣʠʛʠ. ɼʠʩʩʝʨʪʘʮʠʷ 

ʪʘʜץʠץʦʪʠ ʋʤʫʤʠʡ ʚʘ ʥʦʦʨʛʘʥʠʢ ʢʠʤʸ ʠʥʩʪʠʪʫʪʠʥʠʥʛ ʠʣʤʠʡ-ʪʘʜץʠץʦʪ ʠʰʣʘʨʠ 

ʨʝʞʘʩʠ ʜʦʠʨʘʩʠʜʘ ʌɸ-ɸ12-142 çʈʝʩʫʨʩʪʝʞʘʤʢʦʨ ʩʘʤʘʨʘʣʠ ʩʪʠʤʫʣʷʪʦʨʣʘʨ 

ʦʣʠʰ, ʭʘʚʬʩʠʟ ˄ʩʠʤʣʠʢʣʘʨʥʠ ״ʠʤʦʷ ץʠʣʠʰ ʚʦʩʠʪʘʣʘʨʠʥʠʥʛ ʪʝʭʥʦʣʦʛʠʷʩʠʥʠ 

ʠʰʣʘʙ ʯʠץʠʰ ʚʘ ʫʣʘʨʥʠ ʪʘʜʙʠץ ʵʪʠʰè ʤʘʚʟʫʠʜʘʛʠ (2015-2017 ʡʡ.) ʘʤʘʣʠʡ 

ʣʦʡʠ״ʘʩʠ ʙ˄ʡʠʯʘ ʙʘʞʘʨʠʣʛʘʥ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʤʘץʩʘʜʠ ʧ-ʥʠʪʨʦʙʝʥʟʦʡ ʢʠʩʣʦʪʘʩʠ (ʇʅɹʂ) ʚʘ 

ʵʪʘʥʦʣʘʤʠʥʣʘʨ ʘʩʦʩʠʜʘʛʠ ʤʝʪʘʣʣ ʚʘ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨ ʢʦʤʧʣʝʢʩʣʘʨʥʠ ʩʠʥʪʝʟ 

 .ʣʘʰʜʘʥ ʠʙʦʨʘʪץʠʣʠʰ, ʫʣʘʨʥʠʥʛ ʪʫʟʠʣʠʰʠ ʚʘ ʙʠʦʣʦʛʠʢ ʬʘʦʣʣʠʢʣʘʨʠʥʠ ʘʥʠץ

ʊʘʜץʠץʦʪʥʠʥʛ ʚʘʟʠʬʘʣʘʨʠ: 

ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨʥʠ ʙʠʨ ʭʠʣ ʨʝʘʢʮʠʷ ʰʘʨʦʠʪʣʘʨʠʜʘ ʩʠʥʪʝʟ ץʠʣʠʰ; 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨ ʢʦʤʧʣʝʢʩʣʘʨʥʠ ʦʣʠʰ ʚʘ ʟʘʤʦʥʘʚʠʡ ʬʠʟʠʢ ʫʩʫʣʣʘʨ 

ʸʨʜʘʤʠʜʘ ʦʣʠʥʛʘʥ ʤʦʜʜʘʣʘʨ ʪʫʟʠʣʠʰʠʥʠʥʛ ʘʩʦʩʠʡ ʞʠ״ʘʪʣʘʨʠʥʠ ʘʥʠץʣʘʙ 

ʙʝʨʠʰ; 

ʨʝʥʪʛʝʥ ʩʪʨʫʢʪʫʨʘ ʪʘ״ʣʠʣʠ ʦʨץʘʣʠ ʤʦʣʝʢʫʣʷʨ ʚʘ ʢʨʠʩʪʘʣ ʪʫʟʠʣʠʰʥʠ 

ʘʥʠץʣʘʰ; 

ʤʠʢʨʦʙʣʘʨʛʘ ץʘʨʰʠ ʚʘ ʵʢʠʥʣʘʨʥʠʥʛ ˄ʩʠʰʠʥʠ ʪʝʟʣʘʰʪʠʨʫʚʯʠ 

ʬʘʦʣʣʠʢʣʘʨʠʥʠ ʘʥʠץʣʘʰ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʦʙʲʝʢʪʠ ʙ˄ʣʠʙ ʇʅɹʂ, ʤʦʥʦʵʪʘʥʦʣʘʤʠʥ (ʄʕɸ) ʚʘ 

ʪʨʠʵʪʘʥʦʣʘʤʠʥ (ʊʕɸ), ʪʫʨʣʠ ʤʝʪʘʣʣ ʪʫʟʣʘʨʠ ״ʘʤʜʘ ʫʣʘʨ ʘʩʦʩʠʜʘ ʦʣʠʥʛʘʥ ʩʠʥʪʝʟ 

ʤʘ״ʩʫʣʦʪʣʘʨʠ ʭʠʟʤʘʪ ץʠʣʘʜʠ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʧʨʝʜʤʝʪʠ ʵʪʠʙ ʦʣʠʥʛʘʥ ʤʦʜʜʘʣʘʨʥʠʥʛ ʤʦʣʝʢʫʣʷʨ ʚʘ 

ʢʨʠʩʪʘʣʣ ʩʪʨʫʢʪʫʨʘʩʠ ״ʘʤʜʘ ʫʣʘʨʥʠʥʛ ʙʠʦʣʦʛʠʢ ʬʘʦʣʣʠʛʠ ʪʘʥʣʘʥʛʘʥ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʫʩʫʣʣʘʨʠ ʩʠʬʘʪʠʜʘ ʵʣʝʤʝʥʪʣʘʨ ʪʘ״ʣʠʣʠ, ʤʘʩʩ- ʚʘ ʀפ-

ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ ʚʘ ʢʘʣʦʨʠʤʝʪʨʠʷ, ʢʫʢʫʥʣʠ ʚʘ 

ʤʦʥʦʢʨʠʩʪʘʣ ʨʝʥʪʛʝʥ ʩʪʨʫʢʪʫʨʘ ʪʘ״ʣʠʣʠ ״ʘʤʜʘ ʦʣʠʥʛʘʥ ʤʦʜʜʘʣʘʨʥʠʥʛ ʙʠʦʣʦʛʠʢ 

ʬʘʦʣʣʠʛʠʥʠ ʘʥʠץʣʘʰ ʫʩʫʣʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʛʘʥ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʠʣʤʠʡ ʷʥʛʠʣʠʛʠ ץʫʡʠʜʘʛʠʣʘʨʜʘʥ ʠʙʦʨʘʪ: 

ʠʣʢ ʙʦʨ 12 ʪʘ ʤʝʪʘʣʣ ʚʘ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨ ʢʦʤʧʣʝʢʩ ʩʠʥʪʝʟ ץʠʣʠʥʛʘʥ, 

ʞʫʤʣʘʜʘʥ 6 ʪʘ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʢʦʤʧʣʝʢʩ ï ʤʠʩʥʠʥʛ ʇʅɹʂ ʚʘ ʄʕɸ ʙʠʣʘʥ 

 ʘʤʜʘ ʪʫʨʣʠ ʤʝʪʘʣʣʘʨʥʠʥʛ״ ʠʣʛʘʥ 2 ʪʘ ʤʦʥʦ- ʚʘ ʙʠʷʜʨʦʣʠ ʢʦʤʧʣʝʢʩʠץ ʦʩʠʣ״

ʇʅɹʂ ʚʘ ʊʕɸ ʙʠʣʘʥ ״ʦʩʠʣ ץʠʣʛʘʥ 4 ʪʘ ʢʦʤʧʣʝʢʩʠ ʦʣʠʥʛʘʥ, ʫʣʘʨʥʠʥʛ ʤʦʣʝʢʫʣʷʨ 

ʚʘ ʢʨʠʩʪʘʣ ʪʫʟʠʣʠʰʠ ʘʥʠץʣʘʥʛʘʥ; 

ʇʅɹʂ ʚʘ ʊʕɸ ʘʩʦʩʠʜʘʛʠ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʢʦʤʧʣʝʢʩʣʘʨʥʠʥʛ ʪʫʟʠʣʠʰʠ 

ʙʠʣʘʥ ʢʦʤʧʣʝʢʩ ״ʦʩʠʣ ץʠʣʘʸʪʛʘʥ ʤʝʪʘʣʣ ʪʫʨʠ ˄ʨʪʘʩʠʜʘ ʢʫʯʣʠ ʙʦסʣʘʥʠʰ 

ʤʘʚʞʫʜʣʠʛʠ ʠʩʙʦʪʣʘʥʛʘʥ; 
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ʠʣʢ ʙʦʨ ʠʰץʦʨʠʡ ʝʨ ʤʝʪʘʣʣʘʨ ʙʠʣʘʥ ʇʅɹʂ ʘʩʦʩʠʜʘ ʢʦʦʨʜʠʥʘʮʠʦʥ 

ʧʦʣʠʤʝʨʣʘʨ ʦʣʠʥʛʘʥ; 

ʙʠʪʪʘ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʛʘ ʧʦʣʠʤʦʨʬʠʟʤ ʚʘ ʙʘʲʟʠ ʢʦʦʨʜʠʥʘʮʠʦʥ ʙʠʨʠʢʤʘʣʘʨ 

ʫʯʫʥ ʠʟʦʤʦʨʬʠʟʤ ״ʦʜʠʩʘʩʠ ʭʦʩʣʠʛʠ ʠʩʙʦʪʣʘʥʛʘʥ; 

ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨ ʪʘʡʸʨʣʘʰ ʦʨץʘʣʠ ʙʠʦʬʘʦʣʣʠʢʥʠ 

ʩʝʟʠʣʘʨʣʠ ʦʰʠʨʠʰ ʤʫʤʢʠʥʣʠʛʠ ʘʥʠץʣʘʥʛʘʥ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʘʤʘʣʠʡ ʥʘʪʠʞʘʣʘʨʠ ץʫʡʠʜʘʛʠʣʘʨʜʘʥ ʠʙʦʨʘʪ: 

ʙʠʨ ʭʠʣ ʨʝʘʢʮʠʷ ʰʘʨʦʠʪʣʘʨʠʜʘ ʇʅɹʂ, ʄʕɸ ʸʢʠ ʊʕɸ ʚʘ ʤʫʘʡʷʥ ʙʠʨ 

ʤʝʪʘʣʣ ʪʫʟʠ ʙ˄ʣʛʘʥ ʩʫʚʣʠ ʩʧʠʨʪʜʘʛʠ ʵʨʠʪʤʘʜʘʥ ʢʦʦʨʜʠʥʘʮʠʦʥ ʚʘ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨ ʙʠʨʠʢʤʘʣʘʨ ״ʦʩʠʣ ʙ˄ʣʠʰʠ ʚʘ ʪʫʟʠʣʠʰʠʜʘʛʠ ʭʫʩʫʩʠʷʪʣʘʨ 

ʢ˄ʨʩʘʪʠʙ ʙʝʨʠʣʛʘʥ; 

ʘʛʘʨ ʘʩʦʩʠʡ ʚʘ ʸʨʜʘʤʯʠ ʣʠʛʘʥʜ ʢʠʩʣʦʪʘ ʚʘ ʘʩʦʩ ʛʫʨʫ״ʠʛʘ ʤʘʥʩʫʙ ʙ˄ʣʩʘ, 

ʫʣʘʨʥʠʥʛ ʙʠʦʬʘʦʣʣʠʛʠʥʠ ʦʰʠʨʠʰ (ʞʫʤʣʘʜʘʥ, ʩʫʚʜʘ ʵʨʫʚʯʘʥ ץʠʣʠʰ) ʫʯʫʥ 

ʣʠʛʘʥʜʣʘʨ ʘʩʦʩʠʜʘ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨ ʙʠʨʠʢʤʘ (ʪʫʟ) ʪʘʡʸʨʣʘʰ ʫʩʫʣʠ ʪʘʚʩʠʷ 

ʵʪʠʣʛʘʥ; 

ʙʠʨ ʚʘץʪʥʠʥʛ ˄ʟʠʜʘ ʪʫʨʣʠ ʙʠʦʬʘʦʣʣʠʢʥʠ ʥʘʤʦʸʥ ץʠʣʘʜʠʛʘʥ, ʤʘʩʘʣʘʥ 

˄ʩʠʤʣʠʢʣʘʨʥʠ ʧʘʪʦʛʝʥ ʤʠʢʨʦʦʨʛʘʥʠʟʤʣʘʨʜʘʥ ״ʠʤʦʷ ץʠʣʘʜʠʛʘʥ ʚʘ ʫʣʘʨʥʠʥʛ 

˄ʩʠʰʠʥʠ ʪʝʟʣʘʰʪʠʨʘʜʠʛʘʥ ʤʝʪʘʣʣ ʚʘ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨ ʢʦʤʧʣʝʢʩʣʘʨ 

ʪʘʡʸʨʣʘʰʥʠʥʛ ʠʤʢʦʥʠʷʪʠ ʤʘʚʞʫʜʣʠʛʠ ʠʩʙʦʪʣʘʥʛʘʥ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʠʰʦʥʯʣʠʣʠʛʠ ʦʣʠʥʛʘʥ ʤʦʜʜʘʣʘʨʥʠʥʛ 

ʪʫʟʠʣʠʰʠ ʢʠʤʸʚʠʡ ʤʦʜʜʘʣʘʨʥʠʥʛ ʩʪʨʫʢʪʫʨʘʩʠʥʠ ʘʥʠץʣʘʰʥʠʥʛ ʘʙʩʦʣʶʪ ʤʝʪʦʜʠ 

 ʣʘʥʛʘʥʣʠʛʠץʣʠʣʠ (ʈʉʊ) ʫʩʫʣʠ ʸʨʜʘʤʠʜʘ ʘʥʠ״ʠʩʦʙʣʘʥʛʘʥ ʨʝʥʪʛʝʥ ʩʪʨʫʢʪʫʨʘ ʪʘ״

ʙʠʣʘʥ ʠʟʦ״ʣʘʥʘʜʠ. ʄʦʜʜʘʣʘʨ ʪʫʟʠʣʠʰʠʥʠ ʘʥʠץʣʘʰʥʠʥʛ ״ʘץץʦʥʠʡʣʠʛʠ ʤʫʘʡʷʥ 

ʩʪʨʫʢʪʫʨʘʥʠʥʛ R-ʬʘʢʪʦʨʠ ʥʦʣ ʙʠʣʘʥ 10% ˄ʨʪʘʩʠʜʘ ʵʢʘʥʣʠʛʠ ʙʠʣʘʥ ʙʝʣʛʠʣʘʥʘʜʠ 

(ʢʨʠʩʪʘʣʣʘʨʠʥʠʥʛ ʩʠʬʘʪʠ ʸʤʦʥ ʙ˄ʣʛʘʥ ʙʠʪʪʘ ʩʪʨʫʢʪʫʨʘʥʠ ״ʠʩʦʙʛʘ ʦʣʤʘʛʘʥʜʘ 

ʦʣʠʥʛʘʥ ʙʘʨʯʘ ʤʦʜʜʘʣʘʨʥʠʥʛ R-ʬʘʢʪʦʨʠ ʢ˄ʨʩʘʪʠʣʛʘʥ ʦʨʘʣʠץʜʘʥ ˄ʨʠʥ ʦʣʛʘʥ). 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʠʣʤʠʡ ʚʘ ʘʤʘʣʠʡ ʘ״ʘʤʠʷʪʠ. ʊʘʜץʠץʦʪ 

ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʠʣʤʠʡ ʘ״ʘʤʠʷʪʠ ʩʠʥʪʝʟ ץʠʣʠʥʛʘʥ ʤʦʜʜʘʣʘʨʥʠʥʛ ʪʫʨʠ (ʪʘʨʢʠʙʠ 

ʚʘ ʪʫʟʠʣʠʰʠ) ʢʦʦʨʜʠʥʘʮʠʦʥ ʩʬʝʨʘʜʘʛʠ ʞʦʡʣʘʨʥʠ ʵʛʘʣʣʘʰ ʫʯʫʥ ʣʠʛʘʥʜʣʘʨ 

˄ʨʪʘʩʠʜʘʛʠ ʨʘץʦʙʘʪ ʚʘ ʤʝʪʘʣʣ ʠʦʥʠʥʠʥʛ ʪʫʨʠ ʙʠʣʘʥ ʙʝʣʛʠʣʘʥʠʰʠʥʠ ʢ˄ʨʩʘʪʠʙ 

ʙʝʨʠʣʛʘʥʠ ״ʘʤʜʘ ʙʠʨʠʢʤʘʣʘʨʥʠʥʛ ʩʪʨʫʢʪʫʨʘʩʠʜʘʛʠ ˄ʟʠʛʘ ʭʦʩ ʭʫʩʫʩʠʷʪʣʘʨʥʠʥʛ 

ʘʥʠץʣʘʥʛʘʥʣʠʛʠ ʙʠʣʘʥ ʠʟʦ״ʣʘʥʘʜʠ.  

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʘʤʘʣʠʡ ʘ״ʘʤʠʷʪʠ ʤʦʜʝʣ ʤʦʜʜʘʣʘʨ ʤʠʩʦʣʠʜʘ 

ʙʠʦʬʘʦʣʣʠʛʠ ʢʘʤ ʙ˄ʣʛʘʥ ʙʠʨʠʢʤʘʣʘʨʥʠʥʛ ʙʠʦʣʦʛʠʢ ʪʘʲʩʠʨʠʥʠ ʷʭʰʠʣʘʰ ʫʩʫʣʠ 

ʠʰʣʘʙ ʯʠץʠʣʛʘʥʠ ״ʘʤʜʘ ʙʠʨ ʚʘץʪʥʠʥʛ ˄ʟʠʜʘ ʘʥʪʠʬʫʥʛʠʮʠʜ ʚʘ ʵʢʠʥʣʘʨʥʠ 

˄ʩʪʠʨʠʰ ʪʘʲʩʠʨʠʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʤʦʜʜʘʣʘʨ ʪʘʢʣʠʬ ʵʪʠʣʛʘʥʠ ʙʠʣʘʥ ʙʝʣʛʠʣʘʥʘʜʠ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʞʦʨʠʡ ʢʠʣʠʥʠʰʠ. ʇʅɹʂ, ʄʕɸ ʚʘ ʊʕɸ 

ʠʰʪʠʨʦʢʠʜʘ ʩʠʥʪʝʟ ץʠʣʠʥʛʘʥ ʷʥʛʠ ʢʦʦʨʜʠʥʘʮʠʦʥ ʙʠʨʠʢʤʘʣʘʨʥʠʥʛ ʪʫʟʠʣʠʰʠ 

 ʣʘʰ ʙ˄ʡʠʯʘ ʦʣʠʥʛʘʥ ʠʣʤʠʡץʘʤʜʘ ʫʣʘʨʥʠʥʛ ʙʠʦʣʦʛʠʢ ʬʘʦʣʣʠʛʠʥʠ ʘʥʠ״

ʥʘʪʠʞʘʣʘʨ ʘʩʦʩʠʜʘ: 

ʊʕɸ ʚʘ ʇʅɹʂ ʘʩʦʩʠʜʘʛʠ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨʠʥʠʥʛ 

ʪʘʨʢʠʙʠ ʚʘ ʪʫʟʠʣʠʰʠ ʙ˄ʡʠʯʘ ʦʣʠʥʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨʜʘʥ ʭʦʨʠʞʜʘʛʠ 3 ʪʘ ʠʤʧʘʢʪ-

ʬʘʢʪʦʨʠ ʶץʦʨʠ ʠʣʤʠʡ ʞʫʨʥʘʣʣʘʨʜʘ ʩʠʥʪʝʟ ץʠʣʠʥʛʘʥ ʢʦʤʧʣʝʢʩ ʙʠʨʠʢʤʘʣʘʨʥʠʥʛ 

ʬʠʟʠʢ-ʢʠʤʸʚʠʡ ʪʘ״ʣʠʣʠ ʫʯʫʥ ʬʦʡʜʘʣʘʥʠʣʛʘʥ (RSC Advances, 2016, V.6, ˉ2, 

Journal Impact Factor, IF 3,108; Inorganic Chimica Acta, 2016, V.444, Journal 
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Impact Factor, IF 2,002; Zeitschrift f¿r Kristallographie 2016, V.231, Journal Impact 

Factor, IF 1,31). ʅʘʪʠʞʘʜʘ ʷʥʛʠ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʢʦʤʧʣʝʢʩʣʘʨʥʠ ʩʠʥʪʝʟ ץʠʣʠʰ 

ʚʘ ʫʣʘʨʥʠʥʛ ʵʣʝʢʪʨʦʥ ʩʧʝʢʪʨʠ ʚʘ ʤʘʛʥʠʪ ʭʦʩʩʘʣʘʨʠʥʠ ʪʘʚʩʠʬʣʘʰ ʠʤʢʦʥʠʥʠ 

ʙʝʨʛʘʥ; 

ʇʅɹʂ ʚʘ ʵʪʘʥʦʣʘʤʠʥʣʘʨ ʘʩʦʩʠʜʘ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʤʝʪʘʣ ʢʦʤʧʣʝʢʩʣʘʨʥʠ 

ʦʣʠʰ ʫʩʫʣʠ ʌ7-ʊ048 ʨʘץʘʤʣʠ çʗʥʛʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨ ʤʘʪʝʨʠʘʣʣʘʨ ʦʣʠʰ 

ʤʘץʩʘʜʠʜʘ ʙʘʲʟʠ ʙʠʦʣʦʛʠʢ ʬʘʦʣ ץʫʡʠ ʤʦʣʝʢʫʣʷʨ ʦʨʛʘʥʠʢ ʤʦʜʜʘʣʘʨʥʠʥʛ 

ʫʥʠʚʝʨʩʘʣ ʢʣʘʪʨʘʪʦʛʝʥʣʘʨ ʚʘ ʤʠʢʨʦʵʣʝʤʝʥʪʣʘʨ ʙʠʣʘʥ ʢʦʤʧʣʝʢʩ ״ʦʩʠʣ 

 ʠʣʠʰèץ ץʠץʘʤʜʘ ʫʣʘʨʥʠʥʛ ʤʝʤʙʨʘʥʘʛʘ ʥʠʩʙʘʪʘʥ ʬʘʦʣʣʠʛʠʥʠ ʪʘʜ״ ,ʠʣʠʰʠʥʠץ

ʤʘʚʟʫʩʠʜʘʛʠ ʣʦʡʠ״ʘʜʘ ʵʢʠʥʣʘʨʥʠʥʛ ˄ʩʠʰʠʥʠ ʪʝʟʣʘʰʪʠʨʘʜʠʛʘʥ ʙʠʨ ץʘʪʦʨ ʷʥʛʠ 

ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʢʦʨʜʠʥʘʮʠʦʥ ʙʠʨʠʢʤʘʣʘʨ ʩʠʥʪʝʟ ץʠʣʠʰʜʘ ץ˄ʣʣʘʥʠʣʛʘʥ 

(ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ʌʘʥ ʚʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʘʛʝʥʪʣʠʛʠʥʠʥʛ 2017 ʡʠʣ 13 

ʦʢʪʷʙʨʜʘʛʠ ʌʊɸ-02-11/870-ʩʦʥ ʤʘʲʣʫʤʦʪʥʦʤʘʩʠ). ʅʘʪʠʞʘʜʘ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ 

ʫʩʫʣ ˄ʩʠʤʣʠʢʣʘʨʥʠʥʛ ˄ʩʠʰʠʥʠ ʪʝʟʣʘʰʪʠʨʫʚʯʠ ʧʨʝʧʘʨʘʪʣʘʨ ʷʨʘʪʠʰʛʘ ʘʩʦʩ 

ʙ˄ʣʠʙ ʭʠʟʤʘʪ ץʠʣʛʘʥ; 

ʩʠʥʪʝʟ ץʠʣʠʥʛʘʥ 12 ʪʘ ʷʥʛʠ ʤʦʜʜʘʥʠʥʛ ʪʫʟʠʣʠʰʠ ɸʥʛʣʠʷʜʘʛʠ ״ʘʣץʘʨʦ 

ʤʘʲʣʫʤʦʪʣʘʨ ʙʘʟʘʩʠʛʘ ʢʠʨʠʪʠʣʛʘʥ (The Cambridge Structural Database, 

https://www.ccdc.cam. ac.uk/solutions/csd-system/components/csd/). ʅʘʪʠʞʘʜʘ 

ʙʘʟʘʛʘ ʢʠʨʠʪʠʣʛʘʥ ʷʥʛʠ ʤʦʜʜʘʣʘʨ ˄ʭʰʘʰ ʤʦʜʜʘʣʘʨʥʠ ʩʠʥʪʝʟ ץʠʣʠʰʜʘ ʪʘץʜʠʤ 

ʵʪʠʣʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʛʘʥ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʘʧʨʦʙʘʮʠʷʩʠ. ʄʘʟʢʫʨ ʪʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠ 

10 ʪʘ, ʞʫʤʣʘʜʘʥ 5 ʪʘ ʭʘʣץʘʨʦ ʚʘ 5 ʪʘ ʨʝʩʧʫʙʣʠʢʘ ʠʣʤʠʡ-ʘʤʘʣʠʡ ʘʥʞʫʤʘʥʣʘʨʠʜʘ 

ʤʘʲʨʫʟʘ ץʠʣʠʥʛʘʥ ʚʘ ʤʫ״ʦʢʘʤʘʜʘʥ ˄ʪʢʘʟʠʣʛʘʥ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʵʲʣʦʥ ץʠʣʠʥʠʰʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʤʘʚʟʫʩʠ 

ʙ˄ʡʠʯʘ ʞʘʤʠ 13 ʪʘ ʠʣʤʠʡ ʠʰ ʯʦʧ ʵʪʠʣʛʘʥ, ʰʫʣʘʨʜʘʥ ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ 

ʆʣʠʡ ʘʪʪʝʩʪʘʮʠʷ ʢʦʤʠʩʩʠʷʩʠʥʠʥʛ ʬʘʣʩʘʬʘ ʜʦʢʪʦʨʠ (PhD) ʜʠʩʩʝʨʪʘʮʠʷʣʘʨʠ 

ʘʩʦʩʠʡ ʠʣʤʠʡ ʥʘʪʠʞʘʣʘʨʠʥʠ ʯʦʧ ʵʪʠʰ ʪʘʚʩʠʷ ʵʪʠʣʛʘʥ ʠʣʤʠʡ ʥʘʰʨʣʘʨʜʘ 1 ʪʘ 

ʤʘץʦʣʘ ʨʝʩʧʫʙʣʠʢʘ ʚʘ 2 ʪʘ ʤʘץʦʣʘ ʭʦʨʠʞʠʡ ʞʫʨʥʘʣʣʘʨʜʘ ʥʘʰʨ ʵʪʠʣʛʘʥ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ״ʘʞʤʠ ʚʘ ʪʫʟʠʣʠʰʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʪʘʨʢʠʙʠ ʢʠʨʠʰ, 4 ʪʘ 

ʙʦʙ, ʭʫʣʦʩʘ, ʬʦʡʜʘʣʘʥʠʣʛʘʥ ʘʜʘʙʠʸʪʣʘʨ ʨ˄ʡʭʘʪʠ ʚʘ ʠʣʦʚʘʜʘʥ ʠʙʦʨʘʪ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ״ʘʞʤʠ 117 ʙʝʪʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ.  

 

ɼʀʉʉɽʈʊɸʎʀʗʅʀʅɻ ɸʉʆʉʀʁ ʄɸɿʄʋʅʀ 

ʂʠʨʠʰ ץʠʩʤʠʜʘ ʜʠʩʩʝʨʪʘʮʠʷ ʤʘʚʟʫʩʠʥʠʥʛ ʜʦʣʟʘʨʙʣʠʛʠ ʚʘ ʟʘʨʫʨʠʡʣʠʛʠ 

ʘʩʦʩʣʘʥʛʘʥ, ʤʘץʩʘʜ ʚʘ ʚʘʟʠʬʘʣʘʨ, ʪʘʜץʠץʦʪ ʦʙʲʝʢʪʣʘʨʠ ʚʘ ʧʨʝʜʤʝʪʣʘʨʠ 

ʙʝʨʠʣʛʘʥ, ʪʘʜץʠץʦʪʥʠʥʛ ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠʜʘ ʬʘʥ ʚʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʥʠ 

ʨʠʚʦʞʣʘʥʪʠʨʠʰʥʠʥʛ ʫʩʪʫʚʦʨ ʡ˄ʥʘʣʠʰʣʘʨʠʛʘ ʤʦʩʣʠʛʠ ʢ˄ʨʩʘʪʠʣʛʘʥ, ʫʥʠʥʛ 

ʠʣʤʠʡ ʷʥʛʠʣʠʛʠ ʚʘ ʘʤʘʣʠʡ ʥʘʪʠʞʘʣʘʨʠ ʙʘʸʥ ץʠʣʠʥʛʘʥ, ʦʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨʥʠʥʛ 

ʠʰʦʥʯʣʠʣʠʛʠ ʘʩʦʩʣʘʥʛʘʥ, ʥʘʟʘʨʠʡ ʚʘ ʘʤʘʣʠʡ ʘ״ʘʤʠʷʪʠ ʦʯʠʙ ʙʝʨʠʣʛʘʥ, ʪʘʜץʠץʦʪ 

ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʘʤʘʣʠʸʪʛʘ ʞʦʨʠʡ ʵʪʠʰ ʠʩʪʠץʙʦʣʣʘʨʠ ʙ˄ʡʠʯʘ ʭʫʣʦʩʘ ץʠʣʠʥʛʘʥ 

 ʘʤʜʘ ʯʦʧ ʵʪʠʣʛʘʥ ʠʰʣʘʨ ʚʘ ʜʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ʪʫʟʠʣʠʰʠ ʙ˄ʡʠʯʘ ʤʘʲʣʫʤʦʪʣʘʨ״

ʢʝʣʪʠʨʠʣʛʘʥ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ñʄʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨʠʥʠʥʛ ʪʫʟʠʣʠʰʠ, 

ʧʦʣʠʤʦʨʬʠʟʤʠ, ʠʟʦʤʦʨʬʠʟʤʠ ʚʘ ʙʠʦʣʦʛʠʢ ʬʘʦʣʣʠʛʠ. ʅʠʪʨʦʙʝʥʟʦʡ 

ʢʠʩʣʦʪʘʣʘʨʠ ʚʘ ʵʪʘʥʦʣʘʤʠʥʣʘʨʥʠʥʛ ʭʦʩʩʘʣʘʨʠò ʜʝʙ ʥʦʤʣʘʥʛʘʥ ʙʠʨʠʥʯʠ 
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ʙʦʙʠʜʘ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨʠʥʠʥʛ ʪʫʟʠʣʠʰʠ ʚʘ ʙʠʦʣʦʛʠʢ ʬʘʦʣʣʠʛʠ ʙ˄ʡʠʯʘ 

ʙʘʞʘʨʠʣʛʘʥ ʠʰʣʘʨʥʠʥʛ ʘʜʘʙʠʸʪʣʘʨʠ ʰʘʨ״ʠ ʙʝʨʠʣʛʘʥ, ʫʥʜʘ ʢʦʦʨʜʠʥʘʮʠʦʥ 

ʙʠʨʠʢʤʘʣʘʨ ʩʦ״ʘʩʠʜʘʛʠ ʙʘʲʟʠ ʙʠʨ ʪʫʰʫʥʯʘʣʘʨ, ʫʣʘʨʥʠʥʛ ʢʣʘʩʩʠʬʠʢʘʮʠʷʩʠ, 

ʧʦʣʠʤʦʨʬʠʟʤʠ ʚʘ ʠʟʦʤʦʨʬʠʟʤʠ, ʙʠʦʣʦʛʠʢ ʬʘʦʣʣʠʛʠ ʪʫʨʣʘʨʠ ״ʘʤʜʘ ʪʘʜץʠץʦʪ 

ʦʙʲʝʢʪʣʘʨʠʥʠʥʛ ʭʦʩʩʘʣʘʨʠ ʤʫ״ʦʢʘʤʘ ץʠʣʠʥʛʘʥ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ʠʢʢʠʥʯʠ ʙʦʙʠ ʪʘʜץʠץʦʪ ʦʙʲʝʢʪʣʘʨʠ ʚʘ ʫʩʫʣʣʘʨʠʛʘ 

ʙʘסʠʰʣʘʥʛʘʥ ʙ˄ʣʠʙ, ʫʥʜʘ ʤʝʪʘʣʣ ʚʘ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨ ʢʦʤʧʣʝʢʩʣʘʨ ץʘʥʜʘʡ ʩʠʥʪʝʟ 

-ʌʫʨʴʝ- ʚʘ ʤʘʩʩ-פʣʠʣʠ, ʀ״ʠʣʠʥʛʘʥʠ ʢ˄ʨʩʘʪʠʣʛʘʥ, ʵʣʝʤʝʥʪʣʘʨ ʪʘץ

ʩʧʝʢʪʨʦʤʝʪʨʠʷʩʠ, ʊɻ-ɼʉʂ, ʈʉʊ ʢʘʙʠ ʤʦʜʜʘʣʘʨʥʠʥʛ ʪʫʟʠʣʠʰʠʥʠ ʘʥʠץʣʘʡʜʠʛʘʥ 

ʫʩʫʣʣʘʨ ʪʘʚʩʠʬʣʘʥʛʘʥ ״ʘʤʜʘ ʦʣʠʥʛʘʥ ʤʦʜʜʘʣʘʨʥʠʥʛ ʤʠʢʨʦʙʣʘʨʛʘ ץʘʨʰʠ ʚʘ 

˄ʩʠʤʣʠʢʣʘʨʥʠʥʛ ˄ʩʠʰʠʥʠ ʪʝʟʣʘʰʪʠʨʠʰʜʘʛʠ ʬʘʦʣʣʠʛʠʥʠ ʘʥʠץʣʘʰ ʫʩʫʣʣʘʨʠ 

ʰʘʨ״ʣʘʥʛʘʥ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ñʧ-ʅʠʪʨʦʙʝʥʟʦʡ ʢʠʩʣʦʪʘʩʠ ʚʘ ʵʪʘʥʦʣʘʤʠʥʣʘʨ 

ʘʩʦʩʠʜʘʛʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨʥʠʥʛ ʪʫʟʠʣʠʰʠò ʜʝʙ ʥʦʤʣʘʥʛʘʥ ʫʯʠʥʯʠ 

ʙʦʙʠʜʘ ʇʅɹʂ ʚʘ ʵʪʘʥʦʣʘʤʠʥʣʘʨ ʘʩʦʩʠʜʘ ʩʠʥʪʝʟ ץʠʣʠʥʛʘʥ ʤʝʪʘʣʣ ʚʘ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨ ʢʦʤʧʣʝʢʩʣʘʨʥʠʥʛ ʪʫʟʠʣʠʰʠ ʤʫ״ʦʢʘʤʘ ץʠʣʠʥʛʘʥ. 

ʄʘץʩʘʜʜʘʛʠ ʘʨʘʣʘʰ ʣʠʛʘʥʜʣʠ ʢʦʤʧʣʝʢʩʣʘʨʥʠ ʩʠʥʪʝʟ ץʠʣʠʰ ʫʯʫʥ ʘʩʦʩʠʡ 

ʣʠʛʘʥʜ ʇʅɹʂ (L1), ʸʨʜʘʤʯʠ ʣʠʛʘʥʜ ʄʕɸ yʢʠ ʊʕɸ (L2) ״ʘʤʜʘ ʤʫʘʡʷʥ ʙʠʨ 

ʤʝʪʘʣʣ (ʄ) ʪʫʟʠ ʩʧʠʨʪʣʠ ʩʫʚʜʘ ʵʨʠʪʠʣʛʘʥ. ʈʝʘʛʝʥʪʣʘʨʥʠʥʛ ʥʠʩʙʘʪʠ, ʪʦʟʘʣʠʛʠ, 

ʵʨʠʪʤʘʥʠʥʛ ״ʘʨʦʨʘʪʠ ʢʘʙʠ ʙʘʨʯʘ ʨʝʘʢʮʠʷ ʰʘʨʦʠʪʣʘʨʠ ʠʣʦʞʠ ʙʦʨʠʯʘ ʙʠʨ ״ʠʣ 

 ʘʪ ʤʝʪʘʣʣ ʪʫʟʠʥʠʥʛ ʪʫʨʠ ˄ʟʛʘʨʪʠʨʠʙץʠʣʠʙ ʫʰʣʘʥʛʘʥ ʚʘ ʪʘʞʨʠʙʘʣʘʨʜʘ ʬʘץ

ʙʦʨʠʣʛʘʥ. 

ʅʘʟʘʨʠʡ ʞʠ״ʘʪʜʘʥ ʦʣʛʘʥʜʘ ʠʰʣʘʪʠʣʛʘʥ ʵʨʠʪʤʘʣʘʨʜʘʥ ʤʦʥʦʣʠʛʘʥʜʣʠ 

ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨ M(L1) ʸʢʠ M(L2), ʤʘץʩʘʜʜʘʛʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩ M(L1+L2), 

ʪʘʰץʠ ʢʦʦʨʜʠʥʘʮʠʦʥ ʩʬʝʨʘʜʘ ʇʅɹʂ ʪʫʪʛʘʥ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨ ʢʦʤʧʣʝʢʩ (ʪʫʟ) 

M(L2)+L1, ʘʨʘʣʘʰ ʣʠʛʘʥʜʣʠ ʢʦʤʧʣʝʢʩ ʤʦʣʝʢʫʣʘʣʘʨʥʠʥʛ ʣʠʛʘʥʜʣʘʨʜʘʥ ʙʠʨʠ 

ʙʠʣʘʥ ״ʦʩʠʣ ʢʠʣʛʘʥ ʢʣʘʪʨʘʪʣʘʨʠ M(L1+L2)+L1 ʸʢʠ M(L1+L2)+L2, ʬʘץʘʪ 

ʣʠʛʘʥʜʣʘʨ ʘʩʦʩʠʜʘʛʠ ʪʫʟ L1+L2 ״ʘʤʜʘ ʠʰʣʘʪʠʣʛʘʥ ʤʝʪʘʣʣ ʪʫʟʠ ״ʦʩʠʣ ʙ˄ʣʠʰʠ 

ʤʫʤʢʠʥ. ɼʠʩʩʝʨʪʘʮʠʷʜʘ ʢʣʘʪʨʘʪʣʘʨʜʘʥ ʪʘʰץʘʨʠ ʙʘʨʯʘ ץʘʡʜ ʵʪʠʣʛʘʥ 

ʙʠʨʠʢʤʘʣʘʨʥʠ ʦʣʠʰʛʘ ʤʫʚʘʬʬʘץ ʙ˄ʣʠʥʛʘʥ. 

ʄʦʥʦʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨ ʜʠʩʢʨʝʪ ʚʘ ʧʦʣʠʤʝʨ ʢʦʦʨʜʠʥʘʮʠʦʥ 

ʙʠʨʠʢʤʘʣʘʨ ʢ˄ʨʠʥʠʰʠʜʘ ʦʣʠʥʜʠ. ʌʦʨʤʫʣʘʩʠ [Zn(ʇʅɹʂ)2+(H2O)2] ʰʘʢʣʠʜʘ 

ʠʬʦʜʘʣʘʥʛʘʥ ʜʠʩʢʨʝʪ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩ ʪʘʨʢʠʙʠʜʘ ʇʅɹʂ, ʄʕɸ ʚʘ 

Zn(CH3OO)2 ʙ˄ʣʛʘʥ ʵʨʠʪʤʘʜʘʥ ״ʦʩʠʣ ʙ˄ʣʜʠ. ʄʘʟʢʫʨ ʢʦʤʧʣʝʢʩʜʘ Zn(II)-ʠʦʥʠ 

ʠʢʢʠʥʯʠ ʜʘʨʘʞʘʣʠ ˄ץʜʘʥ ˄ʨʠʥ ʦʣʛʘʥʠ ʩʘʙʘʙʣʠ, ʫʥʛʘ ʠʢʢʠʪʘ ʩʠʤʤʝʪʨʠʷ ʦʨץʘʣʠ 

ʙʦסʣʘʥʛʘʥ ʇʅɹʂ ʤʦʣʝʢʫʣʘʩʠ ʆ1 ʚʘ ʆ2 ʢʠʩʣʦʨʦʜ ʘʪʦʤʣʘʨʠ ʸʨʜʘʤʠʜʘ ʙʠʜʝʥʪʘʪ 

ʫʩʫʣʜʘ ʢʦʦʨʜʠʥʘʮʠʷ ץʠʣʠʥʛʘʥ (1-ʨʘʩʤ). ʄʘʨʢʘʟʠʡ ʘʪʦʤʥʠʥʛ ʢʦʦʨʜʠʥʘʮʠʷ ʩʦʥʠ 

ʠʯʢʠ ʩʬʝʨʘʜʘʛʠ ʠʢʢʠ ʧʦʟʠʮʠʷʥʠʥʛ ʩʫʚ ʤʦʣʝʢʫʣʘʣʘʨʠ ʙʠʣʘʥ ʪ˄ʣʜʠʨʠʣʛʘʥʠ ʫʯʫʥ 

ʦʣʪʠʛʘʯʘ ʦʰʛʘʥ. ʈʫʭ ʠʦʥʠʥʠʥʛ ʤʫʩʙʘʪ ʟʘʨʷʜʠ ʢʘʨʙʦʢʩʠʣʘʪ ʢ˄ʨʠʥʠʰʠʛʘ ˄ʪʛʘʥ 

ʠʢʢʠʪʘ ʣʠʛʘʥʜ ʤʦʣʝʢʫʣʘʩʠʥʠʥʛ ʤʘʥʬʠʡ ʟʘʨʷʜʣʘʨʠ ״ʠʩʦʙʠʛʘ ʤʫʚʦʟʘʥʘʪʣʘʰʘʜʠ. 

ʄʝʪʘʣʣ ʠʦʥʠʥʠʥʛ ʢʦʦʨʜʠʥʘʮʠʦʥ ʧʦʣʠʵʜʨʠ ʘʩʦʩʠʜʘ ʆ1, ʆ2 ʠ ʆ1w ʘʪʦʤʣʘʨʠ 

ʸʪʛʘʥ ʙʫʟʠʣʛʘʥ ʪʨʠʛʦʥʘʣ ʧʨʠʟʤʘ ʰʘʢʣʠʥʠ ʦʣʛʘʥ. ʈʫʭ ʠʦʥʠ ʚʘʣʝʥʪ ʙʦסʣʘʨʠʥʠʥʛ 

ʫʟʫʥʣʠʛʠ ʥʠ״ʦʷʪʜʘ ʢʘʪʪʘ ʦʨʘʣʠץʜʘʥ (1.9918(12)-2.5108(10)¡) ˄ʨʠʥ ʦʣʛʘʥ. ʇʅɹʂ 

ʤʦʣʝʢʫʣʘʩʠʜʘ ʢʘʨʙʦʢʩʠʣʘʪ ʚʘ ʥʠʪʨʦʛʨʫʧʧʘʣʘʨ ʘʨʦʤʘʪʠʢ ʷʜʨʦʥʠʥʛ ʪʝʢʠʩʣʠʛʠ 

ʙʠʣʘʥ ʤʦʩ ʨʘʚʠʰʜʘ 17.20 ʚʘ 6.98Á ʙʫʨʯʘʢ ״ʦʩʠʣ ץʠʣʘʜʠ.  
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1-ʨʘʩʤ. [Zn(ʇʅɹʂ)2+(H2O)2] ʙʠʨʠʢʤʘʩʠʜʘʛʠ ʢʦʤʧʣʝʢʩ ʤʦʣʝʢʫʣʘʥʠʥʛ 

ʪʫʟʠʣʠʰʠ. ʌʘץʘʪ ʵʣʝʤʝʥʪʘʨ ʷʯʝʡʢʘʥʠʥʛ ʤʫʩʪʘץʠʣ ץʠʩʤʠʜʘ ʞʦʡʣʘʰʛʘʥ 

ʘʪʦʤʣʘʨʥʠʥʛ ʨʘץʘʤʣʘʥʠʰʠ ʢ˄ʨʩʘʪʠʣʛʘʥ. 

 

 ʦʟʠʨʛʘʯʘ ʤʘʲʣʫʤ ʙ˄ʣʛʘʥ ʇʅɹʂʥʠʥʛ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨʠʜʘ׳

ʢʦʦʨʜʠʥʘʮʠʦʥ ʙʦסʣʘʨ ʢʘʨʙʦʢʩʠʣ ʛʫʨʫ״ʠʥʠʥʛ ʢʠʩʣʦʨʦʜ ʘʪʦʤʣʘʨʠ ״ʠʩʦʙʠʛʘ ״ʦʩʠʣ 

ʙ˄ʣʘʜʠ, ʙʠʨʦץ ʥʠʪʨʦʛʫʨʫ״ʥʠʥʛ ʢʠʩʣʦʨʦʜ ʘʪʦʤʣʘʨʠ ʤʝʪʘʣʣ ʠʦʥʣʘʨʠ ʙʠʣʘʥ ʙʦס 

 ʣʘʨʠʥʠʥʛ ʢʠʩʣʦʨʦʜ ʘʪʦʤʣʘʨʠ״ʠʣʤʘʡʜʠ. ʅʠʪʨʦ- ʚʘ ʢʘʨʙʦʢʩʠʣʘʪ ʛʫʨʫץ ʦʩʠʣ״

 ʦʩʠʣ ʙ˄ʣʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ʢ˄ʧʨʠʢʣʠ ʢʦʦʨʜʠʥʘʮʠʦʥ״ סʠʩʦʙʠʛʘ ʢʦʦʨʜʠʥʘʮʠʦʥ ʙʦ״

ʧʦʣʠʤʝʨ ʙʠʨʠʥʯʠ ʤʘʨʪʘ 2013 ʡʠʣʠ G.Smith ʪʦʤʦʥʠʜʘʥ ʠʰץʦʨʠʡ ʤʝʪʘʣʣ ʮʝʟʠʡ 

ʤʠʩʦʣʠʜʘ ʦʣʠʥʜʠ. ʀʰץʦʨʠʡ ʝʨ ʤʝʪʘʣʣʘʨ ʘʩʦʩʠʜʘʛʠ ʙʠʨʠʥʯʠ ʤʦʥʦʣʠʛʘʥʜʣʠ 

ʧʦʣʠʤʝʨ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʠʥʠ ʙʠʟ Sr ʚʘ Ba ʥʠʥʛ ʢʦʦʨʜʠʥʘʮʠʦʥ ʙʠʨʠʢʤʘʣʘʨʠ 

ʤʠʩʦʣʠʜʘ ʦʣʠʰʛʘ ʤʫʚʘʬʬʘץ ʙ˄ʣʜʠʢ.  

ʂʘʨʙʦʢʩʠʣʘʪ ʚʘ ʥʠʪʨʦʛʫʨʫ״ʥʠʥʛ ʢʠʩʣʦʨʦʜ ʘʪʦʤʣʘʨʠ ʦʨץʘʣʠ ʙʘʨʠʡ 

ʠʦʥʣʘʨʠʛʘ 3 ʪʘ, ʩʠʤʤʝʪʨʠʷ ʥʫץʪʘʠ ʥʘʟʘʨʠʜʘʥ ʤʫʩʪʘץʠʣ ʇʅɹʂ ʤʦʣʝʢʫʣʘʩʠ ʤʦʩ 

ʨʘʚʠʰʜʘ ʤʦʥʦ-ʚʘ ʙʠʜʝʥʪʘʪ ʨʘʚʠʰʜʘ ʙʦסʣʘʥʛʘʥ (2-ʨʘʩʤ). ʀʢʢʠ ץʘʣʧʦץʣʠ 

ʪʨʠʛʦʥʘʣ ʙʠʧʨʠʟʤʘ ʢ˄ʨʠʥʠʰʠʜʘʛʠ ʧʦʣʠʵʜʨʥʠ ʢʦʦʨʜʠʥʘʮʠʦʥ ʩʬʝʨʘʜʘ 

ʞʦʡʣʘʰʛʘʥ 10 ʪʘ ʢʠʩʣʦʨʦʜ ʘʪʦʤʠ ״ʦʩʠʣ ץʠʣʘʜʠ. 
 

 
 

2-ʨʘʩʤ. ɹʘʨʠʡʥʠʥʛ ʇʅɹʂ ʙʠʣʘʥ ״ʦʩʠʣ ץʠʣʛʘʥ ʧʦʣʠʤʝʨʠ ʢʨʠʩʪʘʣʠʥʠʥʛ ʤʫʩʪʘץʠʣ 

 .ʩʘʜʠʜʘ ʅ ʘʪʦʤʣʘʨʠ ʢ˄ʨʩʘʪʠʣʤʘʛʘʥץʠʩʤʠʥʠʥʛ ʪʫʟʠʣʠʰʠ. ʉʦʜʜʘʣʘʰʪʠʨʠʰ ʤʘץ
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ʉʪʨʦʥʮʠʡ ʘʩʦʩʠʜʘʛʠ ʢʦʦʨʜʠʥʘʮʠʦʥ ʧʦʣʠʤʝʨʥʠʥʛ ʪʫʟʠʣʠʰʠ ʙʘʨʠʡ 

ʥʝʛʠʟʠʜʘʛʠ ʧʦʣʠʤʝʨ ʙʠʣʘʥ ʙʠʨ ʭʠʣ (ʠʟʦʩʪʨʫʢʪʫʨʘʣʠ) ʙ˄ʣʠʰʠʛʘ ץʘʨʘʤʘʡ, 

ʫʣʘʨʥʠʥʛ ʪʫʟʠʣʠʰʠʜʘ ʤʫ״ʠʤ ʙʠʨ ʬʘʨץ ʙʦʨ ï ʙʘʨʠʡʥʠʥʛ ʧʦʣʠʤʝʨʠʜʘ ʢʦʣʦʥʢʘʣʘʨ 

ʣʠʛʘʥʜ ʤʦʣʝʢʫʣʘʣʘʨʠʥʠʥʛ 4 ʪʘ ʙʦסʠ ʙʠʣʘʥ 2-D ʩʪʨʫʢʪʫʨʘʛʘ ʙʠʨʠʢʢʘʥ ʙ˄ʣʩʘ, 

ʩʪʨʦʥʮʠʡʥʠʥʛ ʧʦʣʠʤʝʨʠʜʘ ʙʫʥʜʘʡ ʙʦסʣʘʨʥʠʥʛ ʩʦʥʠ 2 ʪʘʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. 

ʀʢʢʘʣʘ ʧʦʣʠʤʝʨʜʘ ʥʠ״ʦʷʪʜʘ ʫʟʫʥ סʘʡʨʠʦʜʜʠʡ ʢʦʦʨʜʠʥʘʮʠʦʥ ʙʦסʣʘʨ ʢʫʟʘʪʠʣʘʜʠ. 

Zn(CH3OO)2 ʪʫʟʠ CoCl2 ʛʘ ʘʣʤʘʰʪʠʨʠʣʛʘʥʜʘ ʇʅɹʂʥʠʥʛ ʤʦʥʦʣʠʛʘʥʜʣʠ 

ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʠ ˄ʨʥʠʛʘ ʵʣʝʤʝʥʪʘʨ ʷʯʝʡʢʘʩʠʥʠʥʛ ʤʫʩʪʘץʠʣ ץʠʩʤʠ 2 ʪʘ 

ʢʦʤʧʣʝʢʩ ʤʦʣʝʢʫʣʘʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ ʢʦʙʘʣʴʪʥʠʥʛ ʄʕɸ ʙʠʣʘʥ ״ʦʩʠʣ 

ʤʦʥʦʣʠʛʘʥʜʣʠ ʢʦʤʧʣʝʢʩʠ ״ʦʩʠʣ ʙ˄ʣʘʜʠ. 

 ʘʨ ʙʠʨ ʢʦʤʧʣʝʢʩ ʤʦʣʝʢʫʣʘʜʘ +2 ʟʘʨʷʜʣʠ ʤʘʨʢʘʟʠʡ ʠʦʥʛʘ 3 ʪʘ ʄʕɸ׳

ʤʦʣʝʢʫʣʘʩʠ ʢʠʩʣʦʨʦʜ ʚʘ ʘʟʦʪ ʘʪʦʤʣʘʨʠ ʸʨʜʘʤʠʜʘ ʭʝʣʘʪʣʠ ʨʘʚʠʰʜʘ ʢʦʦʨʜʠʥʘʮʠʷ 

 ʦʣʘʪʜʘ״ ʠʣʠʥʛʘʥ (3-ʨʘʩʤ). ʉʦ1 ʠʦʥʠʛʘ ʫʯʘʣʘ ʄʕɸ ʤʦʣʝʢʫʣʘʩʠ ʥʝʡʪʨʘʣץ

ʙʦסʣʘʥʛʘʥ, ʙʠʨʦץ ʉʦ2 ʠʦʥʠʛʘ ʢʦʦʨʜʠʥʘʮʠʷ ץʠʣʠʥʛʘʥ ʤʦʣʝʢʫʣʘʣʘʨʜʘʥ ʙʠʨʠʥʠʥʛ 

ʆ4-ʅ ʛʠʜʨʦʢʩʠʣ ʛʫʨʫ״ʠ ʚʦʜʦʨʦʜ ʘʪʦʤʠʥʠ ʡ˄ץʦʪʛʘʥ (ʜʝʧʨʦʪʦʥʣʘʰʛʘʥ). 

 

 
 

3-ʨʘʩʤ. [Co2(ʄʕɸ)5+(ʄʕɸ)
-
]+3Cl

-
+(H2O)2 ʙʠʨʠʢʤʘʩʠʥʠʥʛ ʪʫʟʠʣʠʰʠ. 

ʈʘʩʤʥʠ ʩʦʜʜʘʣʘʰʪʠʨʠʰ ʤʘץʩʘʜʠʜʘ ʚʦʜʦʨʦʜ ʘʪʦʤʣʘʨʠ ʢ˄ʨʩʘʪʠʣʤʘʛʘʥ. 

 

ʐʫ ʩʘʙʘʙʣʠ ʠʢʢʠ ʤʝʪʘʣʣ ʘʪʦʤʠʥʠʥʛ ʤʫʩʙʘʪ ʟʘʨʷʜʠʥʠ ʢʦʤʧʝʥʩʘʮʠʷ ץʠʣʠʰ 

ʫʯʫʥ ʫʤʫʤʠʡ ʟʘʨʷʜʠ -3 ʙ˄ʣʛʘʥ ʢʦʤʧʦʥʝʥʪʘ ʪʘʣʘʙ ʵʪʠʣʘʜʠ. ʐʫʥʜʘʡ ʢʦʤʧʦʥʝʥʪʘ 

ʸʢʠ ʘʢʩʠʣʠʦʥ ʩʠʬʘʪʠʜʘ ʙʝʥʟʦʘʪ ʢ˄ʨʠʥʠʰʠʜʘʛʠ ʇʅɹʂ ʤʦʣʝʢʫʣʘʣʘʨʠ ʵʤʘʩ, ʙʘʣʢʠ 

CoCl2 ʪʫʟʠʥʠʥʛ 3 ʪʘ ʭʣʦʨ ʠʦʥʣʘʨʠ ʠʰʪʠʨʦʢ ʵʪʘʜʠ. ɹʠʨʠʢʤʘ ʜʠʛʠʜʨʘʪ ʙ˄ʣʠʙ, 

ʫʥʠʥʛ ʪʘʨʢʠʙʠʛʘ 2 ʤʦʣʝʢʫʣʘ ʩʫʚ ״ʘʤ ʢʠʨʘʜʠ. 

ʄʠʩʥʠʥʛ ʇʅɹʂ ʚʘ ʄʕɸ ʘʩʦʩʠʜʘʛʠ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʢʦʤʧʣʝʢʩʠ ʠʢʢʠ 

ʢ˄ʨʠʥʠʰʜʘ ï ʤʦʥʦ- ʚʘ ʙʠʷʜʨʦʣʠ ʢʦʤʧʣʝʢʩ ʰʘʢʣʠʜʘ ʩʠʥʪʝʟ ץʠʣʠʥʜʠ. ʊʘʨʢʠʙʠʜʘ 

CuCl2Ŀ2H2O ʪʫʟʠ, ʇʅɹʂ ʚʘ ʄʕɸ ʙ˄ʣʛʘʥ ʵʨʠʪʤʘʜʘʥ ʤʦʥʦʷʜʨʦʣʠ ʢʦʤʧʣʝʢʩ, 
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ʤʝʪʘʣʣ ʪʫʟʠ Cu(CH3OO)2 ʛʘ ʘʣʤʘʰʪʠʨʠʣʛʘʥʜʘ ʵʩʘ ʙʠʷʜʨʦʣʠ ʤʠʩ ʢʦʤʧʣʝʢʩʠ 

ʦʣʠʥʜʠ.  

ʉʠʥʪʝʟ ץʠʣʠʥʛʘʥ ʜʝʷʨʣʠ ʙʘʨʯʘ ʤʦʜʜʘʣʘʨ ʈʉʊʜʘʥ ʪʘʰץʘʨʠ ʀפ-ʌʫʨʴʝ-, 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ״ʘʤʜʘ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ ʚʘ ʜʠʬʬʝʨʝʥʮʠʘʣ-ʩʢʘʥʠʨʣʦʚʯʠ 

ʢʘʣʦʨʠʤʝʪʨʠʷ ʫʩʫʣʣʘʨʠ ʸʨʜʘʤʠʜʘ ˄ʨʛʘʥʠʣʜʠ. ʄʠʩʥʠʥʛ ʤʦʥʦʷʜʨʦʣʠ ʘʨʘʣʘʰ-

ʣʠʛʘʥʜʣʠ ʢʦʤʧʣʝʢʩʠ ʤʠʩʦʣʠʜʘ ʫʰʙʫ ʫʩʫʣʣʘʨ ʤʦʜʜʘʣʘʨʥʠʥʛ ʪʫʟʠʣʠʰʠʥʠ 

˄ʨʛʘʥʠʰʛʘ ץʘʥʜʘʡ ʪʘʜʙʠץ ץʠʣʠʥʛʘʥʠʥʠ ץʫʡʠʜʘ ʥʘʤʦʡʠʰ ʵʪʠʣʘʜʠ. 

ʄʠʩʥʠʥʛ ʤʦʥʦʷʜʨʦʣʠ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʢʦʤʧʣʝʢʩʠʥʠʥʛ ʀפ-ʌʫʨʴʝ-ʩʧʝʢʪʨʠ 

ʠʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ (cʤץץ˄ʫʡʠʜʘʛʠ ʯʘʩʪʦʪʘʣʠ ʯץ
ī1

): (3600-2400) ʢʝʥʛ, 2947 

ʢʫʯʩʠʟ (ɜ
as
-CH2), 1558 ʢʫʯʣʠ (ɜ

as
(NO2)+ŭ-NH), 1509 ˄ʨʪʘʯʘ (ɜ

as
(COO

-
)), 1432 

ʢʫʯʩʠʟ, 1402 ˄ʨʪʘʯʘ, 1381 ˄ʨʪʘʯʘ, 1340 ʞʫʜʘ ʢʫʯʣʠ (ɜ
s
(NO2)), 1320 ʞʫʜʘ ʢʫʯʣʠ 

(ɜ
s
(COO

-
)+ŭ-OH), 1161 ʢʫʯʩʠʟ (ů -NH), 1102 ˄ʨʪʘʯʘ (ɜ-(C-OH)), 1064 ˄ʨʪʘʯʘ, 

1023 ˄ʨʪʘʯʘ, 1009 ˄ʨʪʘʯʘ, 877 ʢʫʯʩʠʟ, 833 ʢʫʯʩʠʟ, 796 ʢʫʯʣʠ, 720 ʞʫʜʘ ʢʫʯʣʠ, 

651 ʢʫʯʣʠ, 512 ʢʫʯʣʠ (Cu-N). ʄʝʪʘʣʣ ʢʦʤʧʣʝʢʩʠ ʚʘ ʣʠʛʘʥʜʣʘʨʥʠʥʛ ʩʧʝʢʪʨʠ 

ʪʘץץʦʩʣʘʙ ʢ˄ʨʠʣʛʘʥʜʘ, ʇʅɹʂʥʠʥʛ ʢʘʨʙʦʢʩʠʣʘʪ ʚʘ ʥʠʪʨʦʛʫʨʫ״ʣʘʨʠʥʠʥʛ ״ʘʤʜʘ 

ʄʕɸʥʠʥʛ ʛʠʜʨʦʢʩʠʣ ʚʘ ʘʤʠʥʦʛʫʨʫ״ʣʘʨʠʥʠʥʛ ʚʘʣʝʥʪ ʚʘ ʜʝʬʦʨʤʘʮʠʦʥ 

ʪʝʙʨʘʥʠʰʣʘʨʠʛʘ ʤʦʩ ʢʝʣʛʘʥ ʯʘʩʪʦʪʘʣʘʨ ʢʦʤʧʣʝʢʩʣʘʨʜʘ ʢʠʯʠʢ ʪ˄ʣץʠʥ ʩʦʥʣʘʨʠ 

ʪʦʤʦʥʠʛʘ ʩʠʣʞʠʰʠ ʘʥʠץʣʘʥʜʠ. ʄʘʟʢʫʨ ״ʦʣʘʪ ʤʝʪʘʣʣ ʠʦʥʣʘʨʠ ʚʘ ʠʢʢʘʣʘ ʣʠʛʘʥʜ 

ʤʦʣʝʢʫʣʘʣʘʨʠ ˄ʨʪʘʩʠʜʘ ʢʦʦʨʜʠʥʘʮʠʦʥ ʙʦ״ סʦʩʠʣ ʙ˄ʣʛʘʥʠʜʘʥ ʜʘʣʦʣʘʪ ʙʝʨʘʜʠ, 

ʙʠʨʦץ ʢʦʦʨʜʠʥʘʮʠʦʥ ʩʬʝʨʘʥʠʥʛ ʪʘʨʢʠʙʠ ʙ˄ʡʠʯʘ ʤʘʲʣʫʤʦʪ ʙʝʨʤʘʡʜʠ. ʉʠʥʪʝʟ 

 ʣʠʣʠ ʚʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ״ʠʣʠʥʛʘʥ ʙʠʨʠʢʤʘʥʠʥʛ ʪʘʨʢʠʙʠ ʵʣʝʤʝʥʪʣʘʨ ʪʘץ

ʫʩʫʣʣʘʨʠ ʦʨץʘʣʠ ʘʥʠץʣʘʥʠʙ, ʪʫʟʠʣʠʰʠ ˄ʨʛʘʥʠʣʘʸʪʛʘʥ ʤʦʜʜʘ ʫʯʫʥ 

[Cu((ʇʅɹʂ)2+(ʄʕɸ)2)] ʬʦʨʤʫʣʘʩʠ ʪʘʢʣʠʬ ʵʪʠʣʜʠ ʚʘ ʢʝʡʠʥʯʘʣʠʢ ʈʉʊ ʸʨʜʘʤʠʜʘ 

ʪʘʩʜʠץʣʘʥʜʠ. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ ʚʘ ʜʠʬʬʝʨʝʥʮʠʘʣ ʩʢʘʥʠʨʣʦʚʯʠ ʢʘʣʦʨʠʤʝʪʨʠʷ 

ʫʩʫʣʠ ʵʩʘ ʪʘʰץʠ ʩʬʝʨʘʜʘ ʩʫʚ ʸʢʠ ʙʦʰץʘ ʵʨʠʪʫʚʯʠ ʤʦʣʝʢʫʣʘʣʘʨʠʥʠʥʛ ʤʘʚʞʫʜ 

ʵʤʘʩʣʠʛʠʥʠ ʢ˄ʨʩʘʪʜʠ. 

 

 
 

4-ʨʘʩʤ. [Cu((ʇʅɹʂ)2+(ʄʕɸ)2)] ʙʠʨʠʢʤʘʩʠʜʘʛʠ ʢʦʤʧʣʝʢʩ ʤʦʣʝʢʫʣʘʥʠʥʛ 

ʪʫʟʠʣʠʰʠ. ʉʠʤʤʝʪʨʠʷ ʦʨץʘʣʠ ʙʦסʣʘʥʤʘʛʘʥ ʘʪʦʤʣʘʨʥʠʥʛ ʨʘץʘʤʣʘʨʠ 

ʢ˄ʨʩʘʪʠʣʛʘʥ. 
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ʈʉʊ ʥʘʪʠʞʘʣʘʨʠʛʘ ʢ˄ʨʘ ʤʦʥʦʷʜʨʦʣʠ ʢʦʤʧʣʝʢʩʥʠʥʛ ʢʨʠʩʪʘʣʣʘʨʠʜʘ Cu(II)-

ʠʦʥʣʘʨʠ ʠʥʚʝʨʩʠʷ ʤʘʨʢʘʟʣʘʨʠʜʘ ʞʦʡʣʘʰʛʘʥ. ʋʣʘʨ ʄʕɸ ʤʦʣʝʢʫʣʘʣʘʨʠʥʠʥʛ 

ʢʠʩʣʦʨʦʜ ʚʘ ʘʟʦʪ ʘʪʦʤʣʘʨʠ ʦʨץʘʣʠ ʭʝʣʘʪʣʠ ʫʩʣʫʙʜʘ ʢʦʦʨʜʠʥʘʮʠʷ ץʠʣʛʘʥ (4-

ʨʘʩʤ). ʄʝʪʘʣʣ ʠʦʥʣʘʨʠʛʘ ʷʥʘ 2 ʪʘ ʇʅɹʂ ʤʦʣʝʢʫʣʘʣʘʨʠ ʫʣʘʨʥʠʥʛ ʤʫʩʙʘʪ 

ʟʘʨʷʜʣʘʨʠʥʠ ʢʦʤʧʝʥʩʘʮʠʷ ץʠʣʠʰ ʫʯʫʥ ʢʘʨʙʦʢʩʠʣʘʪ ʢ˄ʨʠʥʠʰʠʛʘ ˄ʪʛʘʥ 

ʢʘʨʙʦʢʩʠʣ ʛʫʨʫ״ʣʘʨʠʥʠʥʛ 1 ʪʘ ʢʠʩʣʦʨʦʜ ʘʪʦʤʠ ʦʨץʘʣʠ ʙʦסʣʘʥʛʘʥ. ʂʘʨʙʦʢʩʠʣʘʪ 

ʛʫʨʫ״ʣʘʨʠ ʙʝʥʟʦʣ ״ʘʣץʘʩʠ ʙʠʣʘʥ ʙʠʨ ʪʝʢʠʩʣʠʢʜʘ ʸʪʤʘʡʜʠ ʚʘ ʪʝʛʠʰʣʠ ʠʢʢʠ 

 ʘʨʦʤʘʪʠʢ ʷʜʨʦʛʘ ʥʠʩʙʘʪʘʥ ״ʠʨʨʘʣʠ ʙʫʨʯʘʢ 25.28Ü ʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. ʅʠʪʨʦʛʫʨʫץ

11.51Ü ʛʘ ʦסʠʰʛʘʥ.  

ʄʠʩ ʠʦʥʠʥʠʥʛ ʢʦʦʨʜʠʥʘʮʠʦʥ ʧʦʣʠʵʜʨʠ ʗʥ-ʊʝʣʣʝʨ ʵʬʬʝʢʪʠ ʪʘʲʩʠʨʠʜʘ 

ʢʫʯʣʠ ʨʘʚʠʰʜʘ ʙʫʟʠʣʛʘʥ ʦʢʪʘʵʜʨʜʘʥ ʠʙʦʨʘʪ. ʋʥʠʥʛ ʵʢʚʘʪʦʨʠʘʣ ʪʝʢʠʩʣʠʛʠʜʘ 

ʙʦסʣʘʨʠʥʠʥʛ ʫʟʫʥʣʠʛʠ 2.000Ñ0.03¡ ʘʪʨʦʬʠʜʘ ʙ˄ʣʛʘʥ ʇʅɹʂʥʠʥʛ ʢʠʩʣʦʨʦʜ ʚʘ 

ʄʕɸʥʠʥʛ ʘʟʦʪ ʘʪʦʤʣʘʨʠ ʞʦʡʣʘʰʛʘʥ. ɸʧʠʢʘʣ ʧʦʟʠʮʠʷʣʘʨʜʘʥ ʄʕɸ 

ʤʦʣʝʢʫʣʘʣʘʨʠʥʠʥʛ ʢʠʩʣʦʨʦʜ ʘʪʦʤʣʘʨʠ 2.552(4) ¡ ʤʘʩʦʬʘʜʘ ˄ʨʠʥ ʦʣʛʘʥ. 

ʀʜʝʘʣ 90Ü ʣʠ ʙʫʨʯʘʢʜʘʥ ʵʥʛ ʢʘʪʪʘ ʦסʠʰ ʆ5-Cu-N2 (76.20(13)) ʚʘ ʆ5-Cu-

N2(1-x, 1-y, -z) (103.80(13)Ü ʙʫʨʯʘʢʣʘʨʠ ״ʠʩʩʘʩʠʛʘ ʪ˄סʨʠ ʢʝʣʘʜʠ. ɺʘʣʝʥʪ 

ʙʦסʣʘʨʠʥʠʥʛ ʫʟʫʥʣʠʛʠ ʚʘ ʙʫʨʯʘʢʣʘʨʠʥʠ MERCURY ʢʦʤʧʣʝʢʩʠʛʘ ʠʥʪʝʛʨʘʮʠʷ 

 ʠʣʠʥʛʘʥʜʘ, ʫʣʘʨʥʠʥʛ ʦʨʘʩʠʜʘץ ʣʠʣ״ʠʣʠʥʛʘʥ MOGUL ʜʘʩʪʫʨʠ ʸʨʜʘʤʠʜʘ ʪʘץ

 .ʣʠʛʠ ʤʘʲʣʫʤ ʙ˄ʣʜʠץ˄ʣʘʨ ʡסʘʡʨʠʦʜʜʠʡ ʫʟʫʥʣʠʢʣʠ ʸʢʠ ʙʫʨʯʘʢʣʠ ʙʦס

ʄʕɸʥʠʥʛ ʛʠʜʨʦʢʩʠʣ ʛʫʨʫ״ʠ ʇʅɹʂ ʢʘʨʙʦʢʩʠʣʘʪ ʛʫʨʫ״ʠʥʠʥʛ ʢʦʦʨʜʠʥʘʮʠʷ 

 ʠסʠʣʠʥʤʘʛʘʥ ʢʠʩʣʦʨʦʜ ʘʪʦʤʠ ʙʠʣʘʥ ʞʫʜʘ ʢʫʯʣʠ ʠʯʢʠ ʤʦʣʝʢʫʣʷʨ ʚʦʜʦʨʦʜ ʙʦץ

S סʠʣʘʜʠ ʚʘ ʫʰʙʫ ʙʦץ ʦʩʠʣ״
1
1(6) ʛʨʘʬ-ʩʝʪʠ ʙʠʣʘʥ ʠʬʦʜʘʣʘʥʛʘʥ 6-ʘʲʟʦʣʠ ʮʠʢʣʥʠ 

ʸʧʘʜʠ (5-ʨʘʩʤ).  

 
 

5-ʨʘʩʤ. [Cu((ʇʅɹʂ)2+(ʄʕɸ)2)] ʙʠʨʠʢʤʘʩʠʥʠʥʛ ʢʨʠʩʪʘʣ ʩʪʨʫʢʪʫʨʘʩʠʜʘ ʭ-

 .ʦʩʠʣ ʙ˄ʣʠʰʠ (x0y-ʪʝʢʠʩʣʠʛʠʜʘʛʠ ʧʨʦʝʢʮʠʷ)״ ʠ ʡ˄ʥʘʣʠʰʠʜʘ ʢʦʣʦʥʢʘʣʘʨʥʠʥʛץ˄
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ʂʦʤʧʣʝʢʩ ʤʦʣʝʢʫʣʘʜʘ ʚʦʜʦʨʦʜ ʙʦסʣʘʨʠʜʘ ʜʦʥʦʨ ʩʠʬʘʪʠʜʘ ʠʰʪʠʨʦʢ ʵʪʘ 

ʦʣʘʜʠʛʘʥ O5-H- ʚʘ N2-H2-ʛʫʨʫ״ʣʘʨʠ ʤʘʚʞʫʜ. ɻʠʜʨʦʢʩʠʣ ʛʫʨʫ״ ʬʘץʘʪ ʠʯʢʠ 

ʚʦʜʦʨʦʜ ʙʦסʠʜʘ ʜʦʥʦʨ ʩʠʬʘʪʠʜʘ ʠʰʪʠʨʦʢ ʵʪʩʘ, ʄʕɸʜʘʛʠ ʘʟʦʪʥʠʥʛ ʠʢʢʘʣʘ 

ʚʦʜʦʨʦʜ ʘʪʦʤʠ ʆ1 ʚʘ ʆ5 ʘʪʦʤʣʘʨʠ ʙʠʣʘʥ ʤʦʣʝʢʫʣʘʣʘʨʘʨʦ ʚʦʜʦʨʦʜ ʙʦסʣʘʨʠ 

 ʦʩʠʣ״ ʣʘʨʠסʥʠʥʛ ʢʠʩʣʦʨʦʜ ʘʪʦʤʣʘʨʠ ʚʦʜʦʨʦʜ ʙʦ״ʠʣʘʜʠ. ʅʠʪʨʦʛʫʨʫץ ʦʩʠʣ״

 ʠʣʠʰʜʘ ʠʰʪʠʨʦʢ ʵʪʤʘʡʜʠ. ʇʘʨʘʣʣʝʣ ʞʦʡʣʘʰʛʘʥ ʘʨʦʤʘʪʠʢ ʷʜʨʦʣʘʨʥʠʥʛץ

ʮʝʥʪʨʦʠʜʣʘʨʠ ʦʨʘʩʠʜʘʛʠ ʥʠʩʙʘʪʘʥ ʢʘʪʪʘ ʙ˄ʣʛʘʥ ʤʘʩʦʬʘ 4.781 ¡ ʩʝʟʠʣʘʨʣʠ 

ʩʪʝʢʠʥʛ-ʪʘʲʩʠʨʣʘʰʫʚʥʠʥʛ ʤʘʚʞʫʜ ʵʤʘʩʣʠʛʠʜʘʥ ʜʘʣʦʣʘʪ ʙʝʨʘʜʠ. ʅʘʪʠʞʘʜʘ 

ʢʨʠʩʪʘʣ ʩʪʨʫʢʪʫʨʘʥʠ ״ʦʩʠʣ ץʠʣʠʰʜʘ ʬʘץʘʪ ʄʕɸ ʘʤʠʥʦʛʫʨʫ״ʠʥʠʥʛ ʙʠʨ ʞʫʬʪ 

ʚʦʜʦʨʦʜ ʙʦסʣʘʨʠ ʠʰʪʠʨʦʢ ʵʪʘʜʠ ʚʘ ʭ-˄ץʠ ʙ˄ʡʠʯʘ ʡ˄ʥʘʣʛʘʥ ʢʦʣʦʥʢʘʣʘʨ ״ʦʩʠʣ 

  .ʠʣʘʜʠ (5-ʨʘʩʤ)ץ

[Cu2((ʇʅɹʂ)4+(ʄʕɸ)2+(H2O)2)] ʬʦʨʤʫʣʘʩʠʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʙʠʷʜʨʦʣʠ ʘʨʘʣʘʰ-

ʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩ ʙʠʣʘʥ ʤʦʥʦʷʜʨʦʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩ ˄ʨʪʘʩʠʜʘ ʞʫʜʘ 

ʢ˄ʧ ˄ʭʰʘʰʣʠʢʣʘʨ ʤʘʚʞʫʜ (6-ʨʘʩʤ). ɹʠʷʜʨʦʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʜʘ ʤʦʥʦʷʜʨʦʣʠ 

ʢʦʤʧʣʝʢʩʜʘʛʠ ʠʢʢʠʪʘ ʭʝʣʘʪʣʠ ʄʕɸ ʤʦʣʝʢʫʣʘʣʘʨʠʜʘʥ ʙʠʨʠʥʠʥʛ ˄ʨʥʠʥʠ ʠʢʢʠ 

ʤʦʣʝʢʫʣʘ ʩʫʚ ʵʛʘʣʣʘʙ, ʤʠʩ ʘʩʦʩʠʜʘʛʠ ʠʢʢʠʪʘ ʢʦʦʨʜʠʥʘʮʠʦʥ ʤʘʨʢʘʟʥʠ 

ʙʠʨʣʘʰʪʠʨʘʜʠ. ʉʠʤʤʝʪʨʠʷ ʤʘʨʢʘʟʠ ʰʫ ʠʢʢʠ ʩʫʚ ʤʦʣʝʢʫʣʘʩʠ ʚʘ ʤʠʩ ʠʦʥʣʘʨʠ 

˄ʨʪʘʩʠʜʘ ʞʦʡʣʘʰʘʜʠ. ʅʘʪʠʞʘʜʘ ״ʘʨ ʙʠʨ ʤʠʩ ʠʦʥʠ ʙʠʪʪʘ ʄʕɸ ʤʦʣʝʢʫʣʘʩʠʥʠ 

ʙʠʜʝʥʪʘʪ ʚʘ ʠʢʢʠʪʘ ʇʅɹʂ ʤʦʣʝʢʫʣʘʩʠʥʠ ʤʦʥʦʜʝʥʪʘʪ ʫʩʫʣʜʘ ʙʦסʣʘʡʜʠ.  

 

 
 

6-ʨʘʩʤ. [Cu2((ʇʅɹʂ)4+(ʄʕɸ)2+(H2O)2)] ʙʠʨʠʢʤʘʩʠʜʘʛʠ ʢʦʤʧʣʝʢʩ 

ʤʦʣʝʢʫʣʘʥʠʥʛ ʪʫʟʠʣʠʰʠ. ʉʠʤʤʝʪʨʠʷ ʥʫץʪʘʠ ʥʘʟʘʨʠʜʘʥ ʤʫʩʪʘץʠʣ ʙ˄ʣʛʘʥ 

ʘʪʦʤʣʘʨʛʠʥʘ ʨʘץʘʤʣʘʥʛʘʥ. 

 

ʇʅɹʂ ʚʘ ʊʕɸ ʘʩʦʩʠʜʘʛʠ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨ Cu, 

Zn, Cd (7-ʨʘʩʤ) ʚʘ Ni (8-ʨʘʩʤ) ʠʦʥʣʘʨʠ ʤʠʩʦʣʠʜʘ ʩʠʥʪʝʟ ץʠʣʠʥʛʘʥ. ʆʣʠʥʛʘʥ 

ʢʦʤʧʣʝʢʩʣʘʨʥʠʥʛ ʪʫʟʠʣʠʰʠ ʙʠʨ ʙʠʨʠʜʘʥ ʪʫʙʜʘʥ ʬʘʨץ ץʠʣʘʜʠ. ɹʘʨʯʘ 

ʙʠʨʠʢʤʘʣʘʨʜʘ ʊʕɸ ˄ʟʠʥʠʥʛ ʢʦʦʨʜʠʥʘʮʠʷʛʘ ʢʠʨʠʰʠʰ ץʦʙʠʣʠʷʪʠʥʠ ʪ˄ʣʠץ 
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ʥʘʤʦʸʥ ץʠʣʘʜʠ ï ״ʘʤʤʘ ʜʦʥʦʨ ʘʪʦʤʣʘʨʠ ʠʰʪʠʨʦʢʠʜʘ ʪʝʪʨʘʜʝʥʪʘʪ ʢʦʦʨʜʠʥʘʮʠʷ 

ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ. 

Cu, Zn ʚʘ Cd ʥʠʥʛ ʢʦʤʧʣʝʢʩʣʘʨʠʜʘ ʤʫʩʙʘʪ ʠʢʢʠ ʟʘʨʷʜʣʠ ʤʘʨʢʘʟʠʡ ʠʦʥʛʘ 1 

ʤʦʣʝʢʫʣʘ ʊʕɸ ʚʘ 2 ʤʦʣʝʢʫʣʘ ʇʅɹʂ ʙʦסʣʘʥʛʘʥ ʙ˄ʣʠʙ, ʬʘץʘʪ ʤʠʩʥʠʥʛ 

ʢʦʤʧʣʝʢʩʠʜʘ ʷʥʘ ʙʠʨ ʤʦʣʝʢʫʣʘ ʇʅɹʂ ʪʘʰץʠ ʩʬʝʨʘʜʘ ʸʪʘʜʠ. 
 

 
7-ʨʘʩʤ. Cu, Zn, Cd ʥʠʥʛ ʊʕɸ ʚʘ ʇʅɹʂ ʙʠʣʘʥ ״ʦʩʠʣ ץʠʣʛʘʥ ʢʦʤʧʣʝʢʩʣʘʨʠʥʠʥʛ 

ʪʫʟʠʣʠʰʠ. 

 

ʄʠʩʜʘʥ ʙʦʰץʘ ʤʝʪʘʣʣʘʨʥʠʥʛ ʢʦʤʧʣʝʢʩʣʘʨʠ ʤʦʥʦʷʜʝʨʣʠ ʢʦʤʧʣʝʢʩʣʘʨ 

ʙ˄ʣʠʙ, ʬʘץʘʪ Cu ʙʠʷʜʨʦʣʠ ʙʠʨʠʢʤʘ ״ʦʩʠʣ ץʠʣʘʜʠ. ʂʦʦʨʜʠʥʘʮʠʷ ʩʦʥʣʘʨʠ 

˄ʟʛʘʨʫʚʯʘʥ ʙ˄ʣʠʙ, 5, 6 ʚʘ 7 ʛʘ ʪʝʥʛ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ. ʅʠʪʨʦʛʫʨʫ״ʥʠʥʛ ʢʠʩʣʦʨʦʜ 

ʘʪʦʤʣʘʨʠ ʙʠʨʦʥʪʘ ״ʘʤ ʤʦʜʜʘʜʘ ʤʝʪʘʣʣ ʘʪʦʤʣʘʨʠ ʙʠʣʘʥ ʙʦ״ סʦʩʠʣ ץʠʣʤʘʡʜʠ. 

ʂʵʤʙʨʠʜʞ ʩʪʨʫʢʪʫʨʘʣʘʨ ʙʘʥʢʠʥʠʥʛ ʪʘ״ʣʠʣʠ ʰʫʥʠ ʢ˄ʨʩʘʪʜʠʢʠ, ʊʕɸ ʪʝʪʨʘʜʝʥʪʘʪ 

ʢʦʦʨʜʠʥʘʮʠʷʛʘ ʢʠʨʠʰʠʰʠ ʫʯʫʥ ʥʠʢʝʣ ʘʪʦʤʠ ʥʝʡʪʨʘʣ ʸʢʠ ʙʠʨ ʟʘʨʷʜʣʠ ״ʦʣʘʪʜʘ 

ʙ˄ʣʠʰʠ ʢʝʨʘʢ. ʐʫ ʩʘʙʘʙʣʠ ʙʠʟ ʩʠʥʪʝʟ ץʠʣʛʘʥ ʥʠʢʝʣ ʢʦʤʧʣʝʢʩ ʤʫʩʙʘʪ ʠʢʢʠ 

ʟʘʨʷʜʣʠ Ni ʘʩʦʩʠʜʘʛʠ ʪʝʪʨʘʜʝʥʪʘʪ ʊʕɸ ʢʦʤʧʣʝʢʩʣʘʨʠʥʠʥʛ ʙʠʨʠʥʯʠ 

ʤʠʩʦʣʠʜʠʨ. 
 

 
8-ʨʘʩʤ. ʅʠʢʝʣʥʠʥʛ ʊʕɸ ʚʘ ʇʅɹʂ ʙʠʣʘʥ ״ʦʩʠʣ ץʠʣʛʘʥ ʢʦʤʧʣʝʢʩʠʥʠʥʛ 

ʪʫʟʠʣʠʰʠ. 
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ʉʫʧʨʘʤʦʣʝʢʫʣʷʨ ʢʦʤʧʣʝʢʩʣʘʨ ʪʘʰץʠ ʩʬʝʨʘʜʘ ʠʢʢʠʪʘ ʇʅɹʂ ʪʫʪʛʘʥ 

ʥʠʢʝʣ ʢʦʤʧʣʝʢʩʣʘʨʠ ʤʠʩʦʣʠʜʘ ʪʘʡʸʨʣʘʥʛʘʥ ʙ˄ʣʠʙ, ʫʣʘʨʥʠʥʛ ʙʠʨʠʜʘ ʤʘʨʢʘʟʠʡ 

ʠʦʥʛʘ 3 ʪʘ ʄʕɸ ʤʦʣʝʢʫʣʘʩʠ ʙʦסʣʘʥʛʘʥ ʙ˄ʣʩʘ (9-ʨʘʩʤ), ʠʢʢʠʥʯʠʩʠʜʘ 6 ʤʦʣʝʢʫʣʘ 

ʩʫʚ ʢʦʦʨʜʠʥʘʮʠʷ ץʠʣʠʥʛʘʥ (10-ʨʘʩʤ). ʊʘʨʢʠʙʠ [Ni(ʄʕɸ)3]+2(ʇʅɹʂ)+3(H2O) ʚʘ 

[Ni(H 2O)6]+2(ʇʅɹʂ)+2H2O ʬʦʨʤʫʣʘʣʘʨʠ ʙʠʣʘʥ ʠʬʦʜʘʣʘʥʛʘʥ ʫʰʙʫ ʪʫʟʣʘʨʥʠʥʛ 

ʪʫʟʠʣʠʰʠ ʢʝʣʪʠʨʠʣʛʘʥ ʨʘʩʤʣʘʨʜʘ ʷץץʦʣ ʢ˄ʨʠʥʠʙ ʪʫʨʠʙʜʠ.  

ʄʘʟʢʫʨ ʠʰʜʘ ʦʣʠʥʛʘʥ ʙʘʲʟʠ ʙʠʨ ʤʦʜʜʘʣʘʨʛʘ ʧʦʣʠʤʦʨʬʠʟʤ ʚʘ 

ʠʟʦʤʦʨʬʠʟʤ ״ʦʜʠʩʘʣʘʨʠ ʭʦʩʜʠʨ. ʄʘʩʘʣʘʥ, ʙʠʟʥʠʥʛ 6 ʪʘ ʩʫʚ ʤʦʣʝʢʫʣʘʩʠʣʠʢ 

ʪʨʠʢʣʠʥʠʢ ʩʠʥʛʦʥʠʷʜʘʛʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨ ʢʦʤʧʣʝʢʩʠʤʠʟ (10-ʨʘʩʤ) ʠʣʛʘʨʠ 

ʙʦʰץʘ ʘʚʪʦʨʣʘʨ ʪʦʤʦʥʠʜʘʥ ʦʣʠʥʛʘʥ ʤʦʥʦʢʣʠʥʠʢ ʢʦʤʧʣʝʢʩʥʠʥʛ ʧʦʣʠʤʦʨʬ 

ʤʦʜʠʬʠʢʘʮʠʷʩʠ ʙ˄ʣʠʙ ʯʠץʜʠ. ɹʘʨʠʡ ʚʘ ʩʪʨʦʥʮʠʡʥʠʥʛ ʢʦʦʨʜʠʥʘʮʠʦʥ 

ʧʦʣʠʤʝʨʣʘʨʠ ʠʟʦʩʪʨʫʢʪʫʨʘʣʠ ʵʢʘʥʣʠʛʠ ʶץʦʨʠʜʘ ץʘʡʜ ʵʪʠʣʜʠ. 

 

 
9-ʨʘʩʤ. ʂʘʪʠʦʥʠ ʥʠʢʝʣʥʠʥʛ 3 ʤʦʣʝʢʫʣʘ ʄʕɸ ʙʠʣʘʥ ״ʦʩʠʣ ץʠʣʛʘʥ ʢʦʤʧʣʝʢʩʠʜʘʥ 

ʠʙʦʨʘʪ ʙ˄ʣʛʘʥ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨ ʢʦʤʧʣʝʢʩ (ʪʫʟ) ʥʠʥʛ ʪʫʟʠʣʠʰʠ. 

 

 
 

10-ʨʘʩʤ. ʂʘʪʠʦʥʠ ʥʠʢʝʣʥʠʥʛ 6 ʪʘ ʩʫʚ ʤʦʣʝʢʫʣʘʩʠ ʙʠʣʘʥ ״ʦʩʠʣ ץʠʣʛʘʥ 

ʢʦʤʧʣʝʢʩʠʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʛʘʥ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨ ʢʦʤʧʣʝʢʩ (ʪʫʟ) ʥʠʥʛ ʪʫʟʠʣʠʰʠ. 
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ʊ˄ʨʪʠʥʯʠ ʙʦʙ ñɹʠʦʣʦʛʠʢ ʬʘʦʣʣʠʢò ʜʝʙ ʥʦʤʣʘʥʛʘʥ ʚʘ ʫʥʜʘ 

ʤʦʜʜʘʣʘʨʥʠʥʛ ʙʠʦʣʦʛʠʢ ʬʘʦʣʣʠʛʠʥʠ ˄ʨʛʘʥʠʰ ʥʘʪʠʞʘʣʘʨʠ ʢʝʣʪʠʨʠʣʛʘʥ. 

ʇʅɹʂ, ʄʕɸ ʚʘ ʫʣʘʨ ʘʩʦʩʠʜʘ ʩʠʥʪʝʟ ץʠʣʠʥʛʘʥ ʙʠʨʠʢʤʘʣʘʨʥʠʥʛ ʤʠʢʨʦʙʣʘʨʛʘ 

 ʣʘʨʠʜʘ 0.25סʘʨʰʠ ʬʘʦʣʣʠʛʠ Fusarium oxysporum ʚʘ Aspergillus niger ʟʘʤʙʫʨʫץ

ʚʘ 0.50 ʤʛ/ʤʣ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʜʘ ˄ʨʛʘʥʠʣʜʠ.  
 

       
 

a                                                             b 

Fusarium oxysporum 
 

 
 

Aspergillus niger 

 

11-ʈʘʩʤ. ʇʅɹʂ ʚʘ ʄʕɸ ʘʩʦʩʠʜʘʛʠ ʤʦʜʜʘʣʘʨʥʠʥʛ Fusarium oxysporum [(a, 0.25 

ʤʛ/ʤʣ): ʄʕɸ (-), ʇʅɹʂ (12 ʤʤ), 2 (28 ʤʤ); (b, 0.50 ʤʛ/ʤʣ): ʇʅɹʂ (16 ʤʤ), 

ʇʅɹʂĿʄʕɸ (24 ʤʤ), 1 (28 ʤʤ), 2 (35 ʤʤ)]  ʚʘ  Aspergillus niger [0.50 ʤʛ/ʤʣ):  

ʇʅɹʂ (20 ʤʤ), ʇʅɹʂ+ʄʕɸ (25 ʤʤ), 1 (30 ʤʤ), 2 (35 ʤʤ)]  ʟʘʤʙʫʨʫסʣʘʨʠʥʠʥʛ 

˄ʩʠʰʠʛʘ ץʘʨʰʠ ʪʘʲʩʠʨʠ. 
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ʇʅɹʂ ʤʦʜʜʘʩʠ ʄʕɸʛʘ ʥʠʩʙʘʪʘʥ ʩʘʣ ʢ˄ʧʨʦץ ʙʠʦʣʦʛʠʢ ʬʘʦʣʣʠʢʥʠ ʥʘʤʦʸʥ 

 ʠʣʘʜʠ (1-ʞʘʜʚʘʣ, 11-ʨʘʩʤ). ʄʦʥʦʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨʠʜʘץ

ʙʠʨʠʢʤʘʣʘʨʥʠʥʛ ʬʫʥʛʠʮʠʜʣʠʢ ʪʘʲʩʠʨʠ ʷʥʘʜʘ ʦʰʘʜʠ ʚʘ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ 

ʢʦʤʧʣʝʢʩʣʘʨʜʘ ʵʥʛ ʶץʦʨʠ ʬʘʦʣʣʠʢʢʘ ʵʨʠʰʠʣʘʜʠ.  

 

1-ʞʘʜʚʘʣ. ʇʅɹʂ ʚʘ ʄʕɸ ʘʩʦʩʠʜʘʛʠ ʤʦʜʜʘʣʘʨ ʪʦʤʦʥʠʜʘʥ ʟʘʤʙʫʨʫסʣʘʨ ˄ʩʠʰ 

ʟʦʥʘʩʠʥʠʥʛ ʯʝʢʣʘʥʠʰʠ (ʤʤ) 

 

 ̄

 

ɹʠʨʠʢʤʘ 

Fusarium oxysporum Aspergillus niger 

0.25 

ʤʛ/ʤʣ 

0.50 ʤʛ/ʤʣ 0.25 ʤʛ/ʤʣ 0.50 ʤʛ/ʤʣ 

1 ʇʅɹʂ 12 16 13 20 

2 ʄʕɸ - 6 - 7 

3 [ʇʅɹʂ+ʄʕɸ] 15 24 15 25 

4 [Zn(ʇʅɹʂ)] 10 14 11 13 

5 [Co(ʄʕɸ)] 8 10 9 12 

6 [Cu((ʇʅɹʂ)2(ʄʕɸ)2)](1) 24 28 28 30 

7 [Cu2((ʇʅɹʂ)4 

(ʄʕɸ)2(H2O)2)](2) 

28 35 30 35 

 

 ʘʡʜ ʵʪʠʰ ʣʦʟʠʤʢʠ, ʙʠʷʜʨʦʣʠ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʢʦʤʧʣʝʢʩ ʤʦʥʦʷʜʨʦʣʠפ

ʙʠʨʠʢʤʘʛʘ ץʘʨʘʛʘʥʜʘ ʶץʦʨʠʨʦץ ʬʘʦʣʣʠʢʢʘ ʵʛʘ. ʆʨʛʘʥʠʢ ʪʫʟ ʘʣʦ״ʠʜʘ ʦʣʠʥʛʘʥ 

ʣʠʛʘʥʜʣʘʨʥʠʥʛ ʚʘ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨʥʠʥʛ ʙʠʦʬʘʦʣʣʠʛʠʛʘ 

ʥʠʩʙʘʪʘʥ ʦʨʘʣʠץ ץʠʡʤʘʪʣʘʨʛʘ ʵʛʘ. ɶʨʛʘʥʠʣʛʘʥ ʤʦʜʜʘʣʘʨʥʠʥʛ ʘʥʪʠʬʫʥʛʠʮʠʜ 

ʪʘʲʩʠʨʠ Aspergillus niger ʛʘ ʥʠʩʙʘʪʘʥ ʢ˄ʧʨʦץ ʵʢʘʥʣʠʛʠ ʤʘʲʣʫʤ ʙ˄ʣʜʠ.  

 

2-ʞʘʜʚʘʣ. ʇʅɹʂ ʚʘ ʄʕɸ ʘʩʦʩʠʜʘʛʠ ˄ʩʠʰ ʩʪʠʤʫʣʷʪʦʨʣʘʨʠʥʠʥʛ ʧʘʭʪʘʥʠʥʛ 

ʨʠʚʦʞʣʘʥʠʰʠ ʚʘ ״ʦʩʠʣʜʦʨʣʠʛʠʛʘ ʪʘʲʩʠʨʠ (5 ʪʘʞʨʠʙʘ ʙ˄ʡʠʯʘ ˄ʨʪʘʯʘ ץʠʡʤʘʪ) 
 

 ̄ ɹʠʨʠʢʤʘ ׳ʦʩʠʣ 

(ʛʨʘʤʤ/1 

ʪʘ ʠʜʠʰ) 

 

ʏʘʥʦץʣʘʨ 

ʩʦʥʠ 

(ʩʦʥʠ/1 

ʪʘ ʠʜʠʰ)  

ɹʠʪʪʘ 

ʯʘʥʦץʥʠʥʛ 

ʦסʠʨʣʠʛʠ 

(ʛ) 

ʂ˄ʨʘʢʥʠʥʛ 

ʦסʠʨʣʠʛʠ 

(ʛ) 

 -ʦʩʠʣ׳

ʜʦʨʣʠʢ-

ʥʠʥʛ 

ʦʰʠʰ 

ʬʦʠʟʠ 

1 N200P140K60 -

ʬʦʥ 

114,6 26,00 4,40 19,30 100 

2 ʄʦʥʦʷʜʨʦʣʠ 

Cu-ʢʦʤʧʣʝʢʩʠ 

147,0 33,75 4,35 11,30 128,3 

3 ʆʨʛʘʥʠʢ ʪʫʟ 126,8 30,00 4,23 19,00 110,6 

4 ɹʠʷʜʨʦʣʠ 

Cu-ʢʦʤʧʣʝʢʩʠ 

146,9 29,00 5,06 18,70 128,2 

5 ʇʅɹʂ 117,9 24,75 4,76 38,70 102,9 
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ʇʅɹʂ, ʤʦʥʦʷʜʨʦʣʠ ʚʘ ʙʠʷʜʨʦʣʠ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʢʦʤʧʣʝʢʩʣʘʨ ״ʘʤʜʘ 

ʦʨʛʘʥʠʢ ʪʫʟ ʇʅɹʂ+ʄʕɸʥʠʥʛ ʧʘʭʪʘʥʠʥʛ ñʆץʜʘʨʸ-6è ʥʘʚʠʥʠʥʛ ˄ʩʠʰʠ, 

ʨʠʚʦʞʣʘʥʠʰʠ ʚʘ ״ʦʩʠʣʜʦʨʣʠʛʠʛʘ ʪʘʲʩʠʨʠʥʠ ˄ʨʛʘʥʠʰ ʥʘʪʠʞʘʣʘʨʠ 2-ʞʘʜʚʘʣʜʘ 

ʢʝʣʪʠʨʠʣʛʘʥ. ʅʘʪʠʞʘʣʘʨʥʠʥʛ ʢ˄ʨʩʘʪʠʰʠʛʘ ץʘʨʘʛʘʥʜʘ, ʇʅɹʂ ʧʘʭʪʘʥʠʥʛ 

˄ʩʠʰʠʛʘ ʜʝʷʨʣʠ ʪʘʲʩʠʨ ץʠʣʤʘʡʜʠ. ʆʨʛʘʥʠʢ ʪʫʟ ʠʰʣʘʪʠʣʛʘʥʜʘ ʫʥʠʥʛ ʪʘʲʩʠʨʠ 

ʢʦʥʪʨʦʣʛʘ ʥʠʩʙʘʪʘʥ 10 ʬʦʠʟʛʘ ʢ˄ʧʘʷʜʠ. ɸʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨ 

ʪʘʲʩʠʨʠʜʘ ʧʘʭʪʘʥʠʥʛ ˄ʩʠʰʠ ʚʘ ״ʦʩʠʣʜʦʨʣʠʛʠ ʢʝʩʢʠʥ ʦʨʪʘʜʠ. ʄʦʥʦ- ʚʘ 

ʙʠʷʜʨʦʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨ ʙʠʨ ʭʠʣ ʪʘʲʩʠʨ ץʠʣʘʜʠ ʚʘ ״ʦʩʠʣʜʦʨʣʠʢʥʠ ʜʝʷʨʣʠ 

30 ʬʦʠʟʛʘ ʦʰʠʨʘʜʠ.  

ʐʫʥʜʘʡ ץʠʣʠʙ, ʜʘʩʪʣʘʙʢʠ ʦʨʛʘʥʠʢ ʤʦʜʜʘʥʠʥʛ ʬʫʥʛʠʮʠʜʣʘʨʛʘ ץʘʨʰʠ 

ʬʘʦʣʣʠʛʠ ״ʘʤʜʘ ʧʘʭʪʘʥʠʥʛ ˄ʩʠʰʠ ʚʘ ״ʦʩʠʣʜʦʨʣʠʛʠʛʘ ʪʘʲʩʠʨʠ ץʫʡʠʜʘʛʠ 

ʪʘʨʪʠʙʜʘ ʦʨʪʠʙ ʙʦʨʘʜʠ: L1, L2 Ÿ M(L1)åM(L2) Ÿ L1+L2Ÿ M(L1+L2). ʄʘʟʢʫʨ 

 ʘʤʠʷʪʛʘ ʵʛʘ, ʯʫʥʢʠ ʫ ʪʫʟ ʚʘ ʤʝʪʘʣʣ״ʠʤ ʘ״ʦʥʫʥʠʷʪʥʠ ʦʯʠʙ ʙʝʨʠʣʠʰʠ ʤʫץ

ʢʦʤʧʣʝʢʩʣʘʨʠ ״ʦʩʠʣ ץʠʣʠʰʠ ʤʫʤʢʠʥ ʙ˄ʣʛʘʥ ʙʦʰץʘ ʤʦʜʜʘʣʘʨʥʠʥʛ ʬʘʦʣʣʠʛʠʥʠ 

ʦʰʠʨʠʰʛʘ ʚʘ ʫʣʘʨ ʘʩʦʩʠʜʘ ʪʘʢʦʤʠʣʣʘʰʛʘʥ ʧʨʝʧʘʨʘʪʣʘʨʥʠ ʝʪʢʘʟʠʙ ʙʝʨʠʰʛʘ 

ʭʠʟʤʘʪ ץʠʣʘʜʠ. 

 

 

ʍʫʣʦʩʘ 

 

1. ɹʠʨ ʭʠʣ ʨʝʘʢʮʠʷ ʰʘʨʦʠʪʣʘʨʠʜʘ ʪʘʨʢʠʙʠʜʘ ʤʫʘʡʷʥ ʙʠʨ ʤʝʪʘʣʣʥʠʥʛ ʪʫʟʠ, 

ʇʅɹʂ, ʄʕɸ ʸʢʠ ʊʕɸ ʙ˄ʣʛʘʥ ʵʨʠʪʤʘʜʘʥ 12 ʪʘ ʷʥʛʠ ʙʠʨʠʢʤʘ ʦʣʠʥʜʠ. 

ʋʣʘʨʥʠʥʛ ʪʫʟʠʣʠʰʠʥʠ ʘʥʠץʣʘʰʛʘ ʀפ-ʌʫʨʴʝ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʚʘ ʊɻ-

ɼʉʂ ʫʩʫʣʣʘʨʠ ʪʘʜʙʠץ ץʠʣʠʥʜʠ, ʙʠʨʦץ ʙʘʨʯʘ ʤʦʜʜʘʣʘʨʥʠʥʛ ʘʥʠץ ʪʫʟʠʣʠʰʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʨʥʠʥʛ ʨʝʥʪʛʝʥ ʩʪʨʫʢʪʫʨʘ ʪʘ״ʣʠʣʠ ʸʨʜʘʤʠʜʘ ʘʥʠץʣʘʥʛʘʥ. 

ʋʣʘʨʥʠʥʛ 10 ʪʘʩʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨʛʘ ʚʘ 2 ʪʘʩʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨ 

ʢʦʤʧʣʝʢʩʣʘʨʛʘ ʤʘʥʩʫʙ ʙ˄ʣʠʙ, ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨʜʘʥ 6 ʪʘʩʠ ʤʘץʩʘʜʜʘʛʠ 

ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʢʦʤʧʣʝʢʩʣʘʨʜʠʨ. 

2. ʄʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨʜʘ ʇʅɹʂ ʢʘʨʙʦʢʩʠʣ ʛʫʨʫ״ʠʥʠʥʛ ʢʠʩʣʦʨʦʜ ʘʪʦʤʣʘʨʠ 

ʦʨץʘʣʠ ʤʦʥʦ- ʸʢʠ ʙʠʜʝʥʪʘʪ ʫʩʫʣʜʘ ʢʦʦʨʜʠʥʘʮʠʷ ץʠʣʠʥʘʜʠ. ɼʠʩʢʨʝʪ ʤʝʪʘʣʣ 

ʢʦʤʧʣʝʢʩʣʘʨʜʘ ʥʠʪʨʦʛʫʨʫ״ʥʠʥʛ ʢʠʩʣʦʨʦʜ ʘʪʦʤʣʘʨʠ ʢʦʦʨʜʠʥʘʮʠʦʥ 

ʙʦסʣʘʨʥʠ ״ʦʩʠʣ ץʠʣʠʰʜʘ ʠʰʪʠʨʦʢ ʵʪʤʘʡʜʠ. ʐʫʥʛʘ ץʘʨʘʤʘʡ, ʥʠʪʨʦʛʫʨʫ״ 

ʢ˄ʧʨʠʢʩʠʤʦʥ ʢʦʦʨʜʠʥʘʮʠʦʥ ʙʦסʣʘʨʜʘ ץʘʪʥʘʰʘʜʠʛʘʥ ʠʰץʦʨʠʡ ʝʨ 

ʤʝʪʘʣʣʘʨʥʠʥʛ ʙʠʨʠʥʯʠ ʢʦʦʨʜʠʥʘʮʠʦʥ ʧʦʣʠʤʝʨʣʘʨʠ Ba ʚʘ Sr ʢʦʤʧʣʝʢʩʣʘʨʠ 

ʤʠʩʦʣʠʜʘ ʢ˄ʨʩʘʪʠʙ ʙʝʨʠʣʛʘʥ. 

3. ɸʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʚʘ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨ ʢʦʤʧʣʝʢʩʣʘʨʜʘ ʸʨʜʘʤʯʠ ʣʠʛʘʥʜ 

(ʄʕɸ ʚʘ ʊʕɸ) ˄ʟʠʥʠʥʛ ʜʦʥʦʨʣʠʢ ץʦʙʠʣʠʷʪʠʥʠ ʤʘʢʩʠʤʘʣ ʨʘʚʠʰʜʘ ʥʘʤʦʸʥ 

 ʠʣʘʜʠ ʚʘ ʤʝʪʘʣʣ ʠʦʥʣʘʨʠ ʪʦʤʦʥʠʜʘʥ ʙʠ- ʚʘ ʪʝʪʨʘʜʝʥʪʘʪ ʫʩʫʣʜʘץ

ʢʦʦʨʜʠʥʘʮʠʷ ץʠʣʠʥʘʜʠ. ɸʩʦʩʠʡ ʣʠʛʘʥʜ ʇʅɹʂʥʠʥʛ ʤʦʣʝʢʫʣʘʣʘʨʠ ʠʯʢʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥ ʩʬʝʨʘʜʘʛʠ ץʦʣʛʘʥ ʞʦʡʣʘʨʥʠ ʵʛʘʣʣʘʡʜʠ ʸʢʠ ʪʘʰץʠ ʩʬʝʨʘʜʘʥ 

˄ʨʠʥ ʦʣʘʜʠ. ʌʘץʘʪ [Zn(ʄʕɸ)2+(H2O)2] ʚʘ ʠʢʢʠʪʘ Sr ʚʘ Ba ʢʦʦʨʜʠʥʘʮʠʦʥ 

ʧʦʣʠʤʝʨʣʘʨʠ ʤʠʩʦʣʠʜʘ ʵʪʘʥʦʣʘʤʠʥ ʤʦʣʝʢʫʣʘʣʘʨʠ ʣʠʛʘʥʜʣʘʨ ˄ʨʪʘʩʠʜʘʛʠ 

ʢʦʥʢʫʨʝʥʮʠʷʜʘ ʤʘסʣʫʙ ʙ˄ʣʠʰʠ ʠʩʙʦʪʣʘʥʜʠ.  

4. ʊʕɸʥʠʥʛ ʄʕɸʛʘ ʥʠʩʙʘʪʘʥ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨ ״ʦʩʠʣ 

 ʘʤʜʘ ʪʫʟʠʣʠʰʠ ʚʘ ʪʘʨʢʠʙʠ ʪʫʙʜʘʥ״ ʤʦʡʠʣʣʠʛʠ ʠʩʙʦʪʣʘʥʜʠ ץʠʣʠʰʛʘ ʢ˄ʧʨʦץ



 21 

ʬʘʨץ ץʠʣʘʜʠʛʘʥ 4 ʪʘ ʤʝʪʘʣʣ (Cu, Zn, Ni ʚʘ Cd) ʙʠʣʘʥ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ 

ʢʦʤʧʣʝʢʩ ״ʦʩʠʣ ץʠʣʠʰʠ ʘʥʠץʣʘʥʜʠ. 

5. ʂʘʪʠʦʥʠ ʥʠʢʝʣʥʠʥʛ 6 ʤʦʣʝʢʫʣʘ ʩʫʚ ʙʠʣʘʥ ״ʦʩʠʣ ץʠʣʛʘʥ ʢʦʤʧʣʝʢʩʠʜʘʥ ʚʘ 

ʘʥʠʦʥʠ ʇʅɹʂʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʛʘʥ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨ ʢʦʤʧʣʝʢʩʥʠʥʛ 

ʧʦʣʠʤʦʨʬʠʟʤ, ʠʰץʦʨʠʡ ʝʨ ʤʝʪʘʣʣʘʨ Sr ʚʘ Ba ʘʩʦʩʠʜʘ ʦʣʠʥʛʘʥ 

ʢʦʦʨʜʠʥʘʮʠʦʥ ʧʦʣʠʤʝʨʣʘʨ ʭʘʤʜʘ [Zn+(ʄʕɸ)2+(H2O)2] ʢʦʤʧʣʝʢʩʠ ʵʩʘ 

ʠʟʦʤʦʨʬʠʟʤ ʭʫʩʫʩʠʷʪʠʥʠ ʥʘʤʦʸʥ ץʠʣʠʰʠ ʢ˄ʨʩʘʪʠʙ ʙʝʨʠʣʜʠ. 

6. ɸʩʦʩʠʡ ʚʘ ʸʨʜʘʤʯʠ ʣʠʛʘʥʜ ʙʠʣʘʥ ʤʦʥʦʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩ, 

ʣʠʛʘʥʜʣʘʨ ʘʩʦʩʠʜʘ ʦʨʛʘʥʠʢ ʪʫʟ ʚʘ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ 

ʢʦʤʧʣʝʢʩʣʘʨʠʥʠʥʛ ״ʦʩʠʣ ʙ˄ʣʠʰʠ ʙʠʣʘʥ ʙʠʨʠʢʤʘʣʘʨʥʠʥʛ ʤʠʢʨʦʙʣʘʨʛʘ 

 ʫʡʜʘʛʠ ʩʭʝʤʘ ʙ˄ʡʠʯʘ ʦʨʪʠʙ ʙʦʨʘʜʠ: L1, L2 Ÿץ ʘʨʰʠ ʙʠʦʬʘʦʣʣʠʛʠץ

M(L1)åM(L2) Ÿ L1+L2Ÿ M(L1+L2). ʆʣʠʥʛʘʥ ʤʦʜʜʘʣʘʨʥʠʥʛ ס˄ʟʘʥʠʥʛ 

˄ʩʠʰʠ ʚʘ ״ʦʩʠʣʜʦʨʣʠʛʠʛʘ ʪʘʲʩʠʨʠ ״ʘʤ ʰʫʥʜʘʡ ʪʘʨʪʠʙʜʘ ʦʰʘʜʠ ʚʘ 

ʤʘʢʩʠʤʘʣ ʙʠʦʬʘʦʣʣʠʢ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨʜʘ ʢʫʟʘʪʠʣʘʜʠ. 

ʐʫ ʩʘʙʘʙʣʠ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨ ʢʫʯʘʡʪʠʨʠʣʛʘʥ ʚʘ ʠʢʢʠ 

ʸץʣʘʤʘ ʪʘʲʩʠʨʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʤʦʜʜʘʣʘʨ ʙ˄ʣʠʙ, ץʠʰʣʦץ ʭ˄ʞʘʣʠʛʠ ʫʯʫʥ ʙʠʨ 

ʚʘץʪʥʠʥʛ ˄ʟʠʜʘ ˄ʩʠʤʣʠʢʣʘʨʥʠ ״ʠʤʦʷ ץʠʣʘʜʠʛʘʥ ʚʘ ״ʦʩʠʣʜʦʨʣʠʛʠʥʠ 

ʦʰʠʨʘʜʠʛʘʥ ʧʨʝʧʘʨʘʪʣʘʨ ʩʠʬʘʪʠʜʘ ʪʘʚʩʠʷ ʵʪʠʣʘʜʠ.  

7.  ʆʨʛʘʥʠʢ ʤʦʜʜʘʣʘʨ ʘʩʦʩʠʜʘ ʘʨʘʣʘʰ-ʣʠʛʘʥʜʣʠ ʤʝʪʘʣʣ ʢʦʤʧʣʝʢʩʣʘʨʥʠʥʛ ʸʢʠ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨ ʢʦʤʧʣʝʢʩʣʘʨʥʠʥʛ ״ʦʩʠʣ ʙ˄ʣʠʰʠ ʥʘʪʠʞʘʩʠʜʘ 

ʙʠʦʬʘʦʣʣʠʢʥʠʥʛ ʦʨʪʠʰʠ ʙʠʦʣʦʛʠʢ ʪʘʲʩʠʨʥʠ ʦʰʠʨʠʰʥʠʥʛ ʷʥʛʠ ʫʩʫʣʠ 

ʩʠʬʘʪʠʜʘ ʪʘʚʩʠʷ ʵʪʠʣʠʰʠ ʚʘ ʙʦʰץʘ ʙʠʦʬʘʦʣʣʠʛʠ ʢʘʤ ʙ˄ʣʛʘʥ ʤʦʜʜʘʣʘʨ 

ʫʯʫʥ ״ʘʤ ץ˄ʣʣʘʥʠʣʠʰʠ ʤʫʤʢʠʥʣʠʛʠ ʢ˄ʨʩʘʪʠʣʜʠ. 
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ʅɸʋʏʅʓʁ ʉʆɺɽʊ DSc27.06.2017.K.01.03 

ʇʆ ʇʈʀʉʋɾɼɽʅʀʖ ʋʏɽʅʓʍ ʉʊɽʇɽʅɽʁ ʇʈʀ 

ʅɸʎʀʆʅɸʃʔʅʆʄ ʋʅʀɺɽʈʉʀʊɽʊɽ 
______________________________________________________________________________________________________________________________________ 

ʀʅʉʊʀʊʋʊ ʆɹʑɽʁ ʀ ʅɽʆʈɻɸʅʀʏɽʉʂʆʁ ʍʀʄʀʀ 

 

 

ʀɹʈɸɻʀʄʆɺ ɸɿʀɿ ɹɸʍʊʀʗʈʆɺʀʏ 

 

ʉʀʅʊɽɿ, ʉʊʈʆɽʅʀɽ ʀ ɹʀʆʃʆɻʀʏɽʉʂɸʗ ɸʂʊʀɺʅʆʉʊʔ ʄɽʊɸʃʃʆ- 

ʀ ʉʋʇʈɸʄʆʃɽʂʋʃʗʈʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ʅɸ ʆʉʅʆɺɽ ʧ-

ʅʀʊʈʆɹɽʅɿʆʁʅʆʁ ʂʀʉʃʆʊʓ ʀ ʕʊɸʅʆʃɸʄʀʅʆɺ  

 

 

02.00.01 - ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

 

 
ɸɺʊʆʈɽʌɽʈɸʊ ɼʀʉʉɽʈʊɸʎʀʀ ɼʆʂʊʆʈɸ ʌʀʃʆʉʆʌʀʀ (PhD)  

ʇʆ ʍʀʄʀʏɽʉʂʀʄ ʅɸʋʂɸʄ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʊʘʰʢʝʥʪ - 2017  
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ʊʝʤʘ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʪʦʨʘ ʬʠʣʦʩʦʬʠʠ (PhD) ʧʦ ʭʠʤʠʯʝʩʢʠʤ ʥʘʫʢʘʤ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚ ɺʳʩʰʝʡ ʘʪʪʝʩʪʘʮʠʦʥʥʦʡ ʢʦʤʠʩʩʠʠ ʧʨʠ ʂʘʙʠʥʝʪʝ ʄʠʥʠʩʪʨʦʚ 

ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʟʘ ˉ B2017.2PhD/K28. 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʚ ʀʥʩʪʠʪʫʪʝ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

 

ɸʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʪʨʝʭ ʷʟʳʢʘʭ (ʫʟʙʝʢʩʢʠʡ, ʨʫʩʩʢʠʡ, ʘʥʛʣʠʡʩʢʠʡ 

(ʨʝʟʶʤʝ)) ʨʘʟʤʝʱʝʥ ʥʘ ʚʝʙ-ʩʪʨʘʥʠʮʝ ʅʘʫʯʥʦʛʦ ʩʦʚʝʪʘ www.ik-kimyo.nuuz.uz ʠ ʥʘ 

ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʦʨʪʘʣʝ çZiyoNetè ʧʦ ʘʜʨʝʩʫ www.ziyonet.uz.  

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ:   ɿʘʢʠʨʦʚ ɹʘʭʪʠʸʨ ʉʘʙʠʨʞʘʥʦʚʠʯ 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ:  ʂʘʜʠʨʦʚʘ ʐʘʭʥʦʟʘ ɸʙʜʫʭʘʣʠʣʦʚʥʘ 

       ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

      

       ɼʘʤʠʥʦʚʘ ʐʘʭʣʦ ʐʘʨʠʧʦʚʥʘ 

       ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

       

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ:    ʊʘʰʢʝʥʪʩʢʠʡ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ɿʘʱʠʪʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪʩʷ ç______è _________________2017 ʛ. 

ʚ ______ʯʘʩʦʚ ʥʘ ʟʘʩʝʜʘʥʠʠ ʅʘʫʯʥʦʛʦ ʩʦʚʝʪʘ DSc.27.06.2017.K.01.03 ʧʨʠ 

ʅʘʮʠʦʥʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʋʟʙʝʢʠʩʪʘʥʘ. (ɸʜʨʝʩ: 100174, ʊʘʰʢʝʥʪ, 

ʫʣ. ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ 4, ʊʝʣ.: (99871) 227-12-24; ʬʘʢʩ: (99824) 246-53-21; 246-02-24.  

ʝ-mail: chem0102@mail.ru). 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʨʝʩʫʨʩʥʦʤ ʮʝʥʪʨʝ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʋʟʙʝʢʠʩʪʘʥʘ (ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʟʘ ˉ_______). (ɸʜʨʝʩ: 

100174, ʊʘʰʢʝʥʪ, ɺʋɿ ʛʦʨʦʜʦʢ, ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʅʋʋʟ. ʊʝʣ.: (99871) 

246-67-71). 

ɸʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʟʦʩʣʘʥ ç______è _________________ 2017 ʛʦʜʘ. 

(ʧʨʦʪʦʢʦʣ ʨʘʩʩʳʣʢʠ ˉ ç___è ʦʪ ____________ 2017). 

 

ʍ. ʊ. ʐʘʨʠʧʦʚ 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʥʘʫʯʥʦʛʦ ʩʦʚʝʪʘ  

ʧʦ ʧʨʠʩʫʞʜʝʥʠʶ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ,  

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ 

 

ɼ. ɸ. ɻʘʬʫʨʦʚʘ 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ ʥʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʧʦ  

ʧʨʠʩʫʞʜʝʥʠʶ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ, ʜ.ʭ.ʥ. 

 

ʅ. ɸ. ʇʘʨʧʠʝʚ 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʥʘʫʯʥʦʛʦ ʩʝʤʠʥʘʨʘ 

ʧʨʠ ʥʘʫʯʥʦʤ ʩʦʚʝʪʝ ʧʦ ʧʨʠʩʫʞʜʝʥʠʶ 

ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ, ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʘʢʘʜʝʤʠʢ 

http://www.ziyonet.uz/
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ɺɺɽɼɽʅʀɽ (ʘʥʥʦʪʘʮʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʪʦʨʘ ʬʠʣʦʩʦʬʠʠ (PhD)) 
 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ. ʇʦʩʪʝʧʝʥʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʤʠʨʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʥʝʭʚʘʪʢʠ 

ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ, ʠ ʵʪʘ ʦʧʘʩʥʦʩʪʴ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʜʥʫ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ 

ʤʠʨʦʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʪʦʡ ʦʧʘʩʥʦʩʪʠ ʠ ʩʤʷʛʯʝʥʠʷ 

ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʥʷʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ 

ʨʘʩʪʝʥʠʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʸʤʢʠʭ ʧʦʜʭʦʜʦʚ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʪʘʢʠʤʠ ʧʦʜʭʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʪʠʤʫʣʷʪʦʨʦʚ ʜʣʷ ʫʩʠʣʝʥʠʷ ʨʦʩʪʘ ʠ ʫʣʫʯʰʝʥʠʷ 

ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴʭʦʟʫʣʴʪʫʨ, ʘ ʪʘʢʞʝ ʩʠʥʪʝʟ ʘʥʪʠʬʫʥʛʠʮʠʜʦʚ ʩ ʩʠʣʴʥʳʤ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʜʣʷ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʦʪ ʚʨʝʜʠʪʝʣʝʡ.  

ʉʦʟʜʘʥʥʳʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʩʪʠʤʫʣʷʪʦʨʳ ʠ ʘʥʪʠʬʫʥʛʠʮʠʜʳ ʚ 

ʦʩʥʦʚʥʦʤ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ 

ʧʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʪʦʣʴʢʦ ʚ ʬʦʨʤʝ 

ʤʦʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʨʘʟʨʘʙʦʪʢʘ ʧʨʝʧʘʨʘʪʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʭ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʢʘʢ ʨʦʩʪ 

ʩʪʠʤʫʣʠʨʫʶʱʠʝ, ʪʘʢ ʠ ʘʥʪʠʬʫʥʛʠʮʠʜʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʚʝʩʴʤʘ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʦʩʪʳʝ ʧʦ ʩʪʨʦʝʥʠʶ, ʜʝʰʸʚʳʝ ʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʷʚʣʷʶʱʠʝ ʢʘʢ ʘʥʪʠʤʠʢʨʦʙʥʦʝ, ʪʘʢ ʠ ʨʦʩʪ 

ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ. ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʚʝʱʝʩʪʚ ʦʪʥʦʩʠʪʩʷ ʧʨʦʩʪʝʡʰʝʝ 

ʤʦʥʦʧʨʦʠʟʚʦʜʥʦʝ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ï ʥʠʪʨʦʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʙʨʘʪ ɹʵʪʘʥʦʣʘʤʠʥʳ, ʧʨʦʷʚʣʷʶʱʠʝ 

ʠʜʝʥʪʠʯʥʦʝ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʤʝʰʘʥʥʦ-

ʣʠʛʘʥʜʥʳʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʫʣʫʯʰʝʥʥʫʶ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʙʦʨʴʙʳ ʩ ʧʘʪʦʛʝʥʘʤʠ ʠ ʩʪʠʤʫʣʷʮʠʠ ʨʦʩʪʘ ʟʥʘʯʠʤʳʭ ʩʝʣʴʭʦʟʢʫʣʴʪʫʨ. ʆʜʥʘʢʦ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥʦʚ ʩ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʦʡ ʭʝʣʘʪʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʦʞʝʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ 

ʮʝʣʝʚʳʭ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʤʦʛʫʪ ʚʳʪʝʩʥʷʪʴ ʠʟ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʤʝʪʘʣʣʘ ʦʩʥʦʚʥʦʡ ʣʠʛʘʥʜ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʜʠʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʤʝʰʘʥʥʦ-

ʣʠʛʘʥʜʥʳʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ, ʫʩʪʘʥʦʚʠʪʴ ʤʦʣʝʢʫʣʷʨʥʫʶ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʨʦʩʪ ʩʪʠʤʫʣʠʨʫʶʱʫʶ ʠ 

ʘʥʪʠʬʫʥʛʠʮʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʠ.  

ɿʘ ʛʦʜʳ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʚ ʥʘʰʝʡ ʈʝʩʧʫʙʣʠʢʝ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ 

ʩʦʟʜʘʥʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʠʤʫʣʷʪʦʨʦʚ ʠ ʘʥʪʠʬʫʥʛʠʮʠʜʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ 

ʜʦʩʪʠʛʥʫʪʳ ʦʧʨʝʜʝʣʸʥʥʳʝ ʫʩʧʝʭʠ ʚ ʫʚʝʣʠʯʝʥʠʠ ʫʨʦʞʘʡʥʦʩʪʠ ʦʩʥʦʚʥʳʭ 

ʩʝʣʴʭʦʟʢʫʣʴʪʫʨ ʠ ʟʘʱʠʪʝ ʨʘʩʪʝʥʠʡ ʦʪ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʅʘʧʨʠʤʝʨ, ʩʦʟʜʘʥʳ ʩʪʠʤʫʣʷʪʦʨʳ ʨʦʩʪʘ çʍʦʩʠʣè, çʄʘʜʘʜè, çʊɾ-85è ʠ ʜʨ., 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʆʜʥʘʢʦ, ʛʣʦʙʘʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ ɸʨʘʣʴʩʢʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʢʘʪʘʩʪʨʦʬʘ, 
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ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʩʝʣʴʭʦʟʢʫʣʴʪʫʨ, ʫʚʝʣʠʯʠʚʘʶʪ 

ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʯʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʫ 

ʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʧʨʦʙʣʝʤ ʚ ʪʨʝʪʴʝʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʉʪʨʘʪʝʛʠʠ ʜʝʡʩʪʚʠʡ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʈʝʩʧʫʙʣʠʢʠ 

ʋʟʙʝʢʠʩʪʘʥ ʦʪʤʝʯʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ çʧʨʠʥʷʪʠʷ ʩʠʩʪʝʤʥʳʭ ʤʝʨ ʧʦ ʩʤʷʛʯʝʥʠʶ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʚʳʩʳʭʘʥʠʷ 

ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ ʥʘ ʨʘʟʚʠʪʠʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷè
1
. ʉʨʝʜʠ ʵʪʠʭ ʤʝʨ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʩʦʟʜʘʥʠʝ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʠ ʜʝʰʸʚʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴʭʦʟʢʫʣʴʪʫʨ.  

ɼʘʥʥʦʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʩʪʝʧʝʥʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʧʦʣʥʝʥʠʶ ʟʘʜʘʯ, ʚʳʜʚʠʥʫʪʳʭ ʚ ɿʘʢʦʥʝ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ 

ˉ 116-II çʆ ʟʘʱʠʪʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʦʪ ʚʨʝʜʠʪʝʣʝʡ, ʙʦʣʝʟʥʝʡ ʠ 

ʩʦʨʥʷʢʦʚè ʦʪ 31 ʘʚʛʫʩʪʘ 2000 ʛʦʜʘ, ʇʦʩʪʘʥʦʚʣʝʥʠʠ ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ 

ʋʟʙʝʢʠʩʪʘʥ ʇʇ-916 ʦʪ 15 ʠʶʣʷ 2008 ʛʦʜʘ çʆ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨʘʭ ʧʦ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦè, ʋʢʘʟʝ ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ˉʋʇ-4947 ʦʪ 7 

ʬʝʚʨʘʣʷ 2017 ʛʦʜʘ çʆ ʉʪʨʘʪʝʛʠʠ ʜʝʡʩʪʚʠʡ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ 

ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥè, ʘ ʪʘʢʞʝ ʚ ʜʨʫʛʠʭ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʜʦʢʫʤʝʥʪʘʭ, 

ʧʨʠʥʷʪʳʭ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ 

ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʝʩʧʫʙʣʠʢʝ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʈʝʩʧʫʙʣʠʢʠ V.ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʙʠʦʪʝʭʥʦʣʦʛʠʷ, ʵʢʦʣʦʛʠʷ ʠ ʟʘʱʠʪʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ VII .ʍʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷ. 

ʉʪʝʧʝʥʴ ʠʟʫʯʝʥʥʦʩʪʠ ʧʨʦʙʣʝʤʳ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʦʣʫʯʝʥʠʶ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʭ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʝʡʰʠʭ ʤʦʥʦʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ ʠ ʵʪʘʥʦʣʘʤʠʥʦʚ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʨʘʙʦʪ, 

ʢʦʪʦʨʳʝ ʧʦʩʚʷʱʝʥʳ ʩʠʥʪʝʟʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʦʣʴʢʦ ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʠʣʠ ʵʪʘʥʦʣʘʤʠʥʘʤʠ, ʘ ʪʘʢʞʝ 

ʨʘʟʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʫʯʘʩʪʠʝʤ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʤʠʨʝ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʟʫʯʝʥʠʝʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘʥʠʤʘʶʪʩʷ ʫʯʸʥʳʝ ʠʟ 

ɸʘʭʝʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɻʝʨʤʘʥʠʠ ʚʦ ʛʣʘʚʝ ʩ ʧʨʦʬʝʩʩʦʨʦʤ ʋ.ʕʥʛʣʝʨʪʦʤ, 

ʯʣʝʥʳ ʛʨʫʧʧʳ ʧʨʦʬʝʩʩʦʨʘ ʉ.ʂʫʤʘʨʘ ʠʟ ʇʘʥʜʞʘʙʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʀʥʜʠʠ, 

ʫʯʸʥʳʝ ʚ ʂʠʪʘʡʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʥʘʫʢʠ-ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʩʢʫʩʩʪʚʘ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ɻ.ʂ.ʃʠ, ʘ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʙʠʦʘʢʪʠʚʥʦʩʪʠ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʚ ɸʬʨʠʢʘʥʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʥʘʫʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʛʨʫʧʧʘ ʫʯʸʥʳʭ ʚʦ ʛʣʘʚʝ ʩ ʧʨʦʬʝʩʩʦʨʦʤ ʉ.ʆ.ɼʘʤʠʘʥʦʤ ʠ ʜʨʫʛʠʝ.  

ɺ ʥʘʰʝʡ ʨʝʩʧʫʙʣʠʢʝ ʩʠʥʪʝʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʪʨʦʝʥʠʷ ʠ ʠʟʫʯʝʥʠʝʤ 

ʩʚʦʡʩʪʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘʥʠʤʘʶʪʩʷ ʫʯʸʥʳʝ ʰʢʦʣʳ ʘʢʘʜʝʤʠʢʘ 

                                           
1
 ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʋʇ-4947 ʦʪ 7 ʬʝʚʨʘʣʷ  2017 ʛʦʜʘ  çʆ ʉʪʨʘʪʝʛʠʠ ʜʝʡʩʪʚʠʡ ʧʦ 

ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥè 
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ʇʘʨʧʠʝʚʘ ʅ.ɸ., ʛʨʫʧʧʳ ʧʨʦʬʝʩʩʦʨʦʚ ʐʘʨʠʧʦʚʘ ʍ.ʊ., ʐʘʙʠʣʘʣʦʚʘ ɸ.ɸ. ʠ ʜ.ʭ.ʥ. 

ɸʟʠʟʦʚʘ ʊ.ɸ.  

ɺ ʩʪʨʘʥʘʭ ʉʅɻ ʩʠʥʪʝʟʦʤ ʠ ʠʟʫʯʝʥʠʝʤ ʙʠʦʘʢʪʠʚʥʦʩʪʠ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʟʘʥʠʤʘʝʪʩʷ ʛʨʫʧʧʘ ʧʨʦʬʝʩʩʦʨʘ ʂʝʙʝʮ ʅ.ʄ., ʘ ʩʠʥʪʝʟʦʤ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʧʨʦʩʪʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʟʘʥʠʤʘʣʠʩʴ 

ʫʯʸʥʳʝ ʚʦ ʛʣʘʚʝ ʩ ʧʦʢʦʡʥʳʤ ʘʢʘʜʝʤʠʢʦʤ ʄʘʤʝʜʦʚʳʤ ʍ. ʠʟ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ 

ʅʘʮʠʦʥʘʣʴʥʦʡ ɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ.  

ʉʚʷʟʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʣʘʥʘʤʠ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʯʨʝʞʜʝʥʠʷ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʣʘʥʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ 

ʀʥʩʪʠʪʫʪʘ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʧʦ ʧʨʠʢʣʘʜʥʦʤʫ ʧʨʦʝʢʪʫ (2015-2017 

ʛ.) ʌɸ-ɸ12-142 çʇʦʣʫʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʩʪʠʤʫʣʷʪʦʨʦʚ, 

ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʙʝʟʦʧʘʩʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝè.  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʧ-

ʥʠʪʨʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (ʇʅɹʂ) ʠ ʵʪʘʥʦʣʘʤʠʥʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʩʪʨʦʝʥʠʷ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ.  

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

ʩʠʥʪʝʟ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ; 

ʧʦʣʫʯʝʥʠʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ 

ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʦʚʨʝʤʝʥʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ; 

ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ; 

ʦʧʨʝʜʝʣʝʥʠʝ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʠ ʨʦʩʪ ʩʪʠʤʫʣʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʇʅɹʂ, ʤʦʥʦʵʪʘʥʦʣʘʤʠʥ (ʄʕɸ) ʠ 

ʪʨʠʵʪʘʥʦʣʘʤʠʥ (ʊʕɸ), ʩʦʣʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʳ ʩʠʥʪʝʟʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʤʘʩʩ-, ʀʂ-ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʠ,̫ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ ʠ 

ʢʘʣʦʨʠʤʝʪʨʠʷ, ʧʦʨʦʰʢʦʚʳʡ ʠ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʡ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠ ̫ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʠ ʨʦʩʪ ʩʪʠʤʫʣʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʦ 12 ʤʝʪʘʣʣʦ- ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ 6 ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ï 2 ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ ʩ ʇʅɹʂ ʠ 

ʄʕɸ ʚ ʤʦʥʦ- ʠ ʙʠʷʜʝʨʥʦʡ ʬʦʨʤʝ ʠ 4 ʢʦʤʧʣʝʢʩʘ ʯʝʪʳʨʸʭ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 

ʇʅɹʂ ʠ ʊʕɸ, ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ; 

ʜʦʢʘʟʘʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʠʣʴʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʦʝʥʠʷ 

ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʇʅɹʂ ʠ ʊʕɸ ʦʪ ʪʠʧʘ 

ʤʝʪʘʣʣʘ-ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ; 

ʚ ʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʧʦʣʠʤʝʨʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʇʅɹʂ; 
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ʜʦʢʘʟʘʥʦ ʩʚʦʡʩʪʚʝʥʥʦʩʪʴ ʷʚʣʝʥʠʷ ʧʦʣʠʤʦʨʬʠʟʤʘ ʜʣʷ ʦʜʥʦʛʦ ʠʟ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ ʠ ʠʟʦʤʦʨʬʠʟʤʘ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ; 

ʦʧʨʝʜʝʣʝʥʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʝɦʩʪʚʝʥʥʦʛʦ ʫʩʠʣʝʥʠʷ ʙʠʦʘʢʪʠʚʥʦʩʪʠ ʧʫʪʝʤ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

ʫʩʪʘʥʦʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ 

ʨʝʘʢʮʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʚʦʜʥʦ-

ʩʧʠʨʪʦʚʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʇʅɹʂ, ʄʕɸ ʠʣʠ ʊʕɸ ʠ ʩʦʣʠ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʚʳʷʚʣʝʥʘ ʩʧʝʮʠʬʠʢʘ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

ʜʣʷ ʫʩʠʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʧʨʠʜʘʥʠʷ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʠ) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʞʜʫ ʣʠʛʘʥʜʘʤʠ (ʩʦʣʝʡ), ʝʩʣʠ ʦʥʠ ʦʪʥʦʩʷʪʩʷ 

ʢ ʢʠʩʣʦʪʘʤ ʠ ʦʩʥʦʚʘʥʠʷʤ; 

ʜʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʤʝʪʘʣʣʦ- ʠʣʠ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ 

ʪʠʧʳ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ, ʥʘʧʨʠʤʝʨ, ʟʘʱʠʱʘʶʱʠʝ ʨʘʩʪʝʥʠʷ ʦʪ 

ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʠʭ ʨʦʩʪ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ (ʈʉɸ), ʢʦʪʦʨʳʡ ʩʯʠʪʘʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʦʙʲʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʂʨʠʪʝʨʠʝʤ ʧʨʘʚʠʣʴʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨ ʩʣʫʞʠʪ ʙʣʠʟʦʩʪʴ ʢ ʥʫʣʶ ʟʥʘʯʝʥʠʡ R-ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʳʯʥʦ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʥʠʞʝ 10% (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ 

ʢʨʠʩʪʘʣʣʘʤʠ ʧʣʦʭʦʛʦ ʢʘʯʝʩʪʚʘ, R-ʬʘʢʪʦʨʳ ʨʘʩʰʠʬʨʦʚʘʥʥʳʭ ʚ ʜʘʥʥʦʡ 

ʜʠʩʩʝʨʪʘʮʠʠ ʩʪʨʫʢʪʫʨ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ).  

ʅʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʅʘʫʯʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʫʩʪʘʥʦʚʣʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʪʠʧʘ (ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ) ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʪ ʩʪʝʧʝʥʠ ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ ʣʠʛʘʥʜʘʤʠ ʜʣʷ ʦʢʢʫʧʘʮʠʠ ʤʝʩʪ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʠ ʪʠʧʘ ʩʦʣʠ ʤʝʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʚ ʚʳʷʩʥʝʥʠʠ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʩʪʨʦʝʥʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʫʣʫʯʰʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʤʘʣʦʘʢʪʠʚʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʥʘ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʚ ʧʨʝʜʣʦʞʝʥʠʠ 

ʥʦʚʳʭ ʚʝʱʝʩʪʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤʠ ʨʦʩʪ ʩʪʠʤʫʣʠʨʫʶʱʠʤʠ ʠ 

ʘʥʪʠʬʫʥʛʠʮʠʜʥʳʤʠ ʜʝʡʩʪʚʠʷʤʠ. 

ɺʥʝʜʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʩʠʥʪʝʟʝ, ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʪʨʦʝʥʠʷ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʇʅɹʂ, ʄʕɸ ʠʣʠ ʊʕɸ: 

ʩʚʝʜʝʥʠʷ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʪʨʦʝʥʠʶ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ 

ʥʘ ʦʩʥʦʚʝ ʇʅɹʂ ʠ ʊʕɸ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʪʘʪʴʷʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʪʨʸʭ 

ʟʘʨʫʙʝʞʥʳʭ ʞʫʨʥʘʣʘʭ ʩ ʚʳʩʦʢʠʤʠ ʠʤʧʘʢʪ-ʬʘʢʪʦʨʘʤʠ (RSC Advances, 2016, 

V.6, ˉ2, Journal Impact Factor, IF 3,108; Inorganic Chimica Acta, 2016, V.444, 
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Journal Impact Factor, IF 2,002; Zeitschrift f¿r Kristallographie 2016, V.231, Journal 

Impact Factor, IF 1,31). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʥʦʚʳʝ 

ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʠʭ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨ r

ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ; 

ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʥʘ 

ʦʩʥʦʚʝ ʇʅɹʂ ʠ ʵʪʘʥʦʣʘʤʠʥʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʧʨʦʝʢʪʝ ʌ7-ʊ048 

çʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʩ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʢʣʘʪʨʘʪʦʛʝʥʘʤʠ ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ 

ʪʘʢʞʝ ʠʭ ʙʠʦʘʢʪʠʚʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʤʙʨʘʥè ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʦʩʪ ʩʪʠʤʫʣʠʨʫʱʝʡ 

ʘʢʪʠʚʥʦʩʪʴʶ (ʩʧʨʘʚʢʘ ˉʌʊɸ-02-11/870 ɸʛʝʥʪʩʪʚʘ ʧʦ ʥʘʫʢʝ ʠ ʪʝʭʥʦʣʦʛʠʷʤ 

ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʦʪ 13 ʦʢʪʷʙʨʷ 2017 ʛʦʜʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʩʣʫʞʠʣ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʪʠʤʫʣʷʪʦʨʦʚ 

ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ; 

ʩʪʨʫʢʪʫʨʳ 12 ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʳ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ 

ʙʘʟʫ ʜʘʥʥʳʭ ʚ ɸʥʛʣʠʠ (The Cambridge Structural Database, https://www.ccdc.cam. 

ac.uk/solutions/csd-system/components/csd/). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʥʝʩʸʥʥʳʝ ʚ ʙʘʟʫ 

ʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʩʠʥʪʝʟʝ ʘʥʘʣʦʛʠʯʥʳʭ ʚʝʱʝʩʪʚ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʚ 10 ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 5 ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚ 5 ʨʝʩʧʫʙʣʠʢʘʥʩʢʠʭ. 

ʆʧʫʙʣʠʢʦʚʘʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 13 ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 2 ʩʪʘʪʴʠ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ ʠ 1 ʚ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʤ ʞʫʨʥʘʣʝ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ 

ɺʳʩʰʝʡ ʘʪʪʝʩʪʘʮʠʦʥʥʦʡ ʢʦʤʠʩʩʠʝʡ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ 

ʦʩʥʦʚʥʳʭ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦʢʪʦʨʩʢʠʭ (PhD) ʜʠʩʩʝʨʪʘʮʠʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʯʝʪʳʨʸʭ ʛʣʘʚ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʷ. 

ʆʙʲʸʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 117 ʩʪʨʘʥʠʮ. 

 

ʆʉʅʆɺʅʆɽ ʉʆɼɽʈɾɸʅʀɽ ɼʀʉʉɽʈʊɸʎʀʀ 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʳ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʪʝʤʳ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ, ʘ ʪʘʢʞʝ ʦʙʲʝʢʪʳ ʠ ʧʨʝʜʤʝʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʦʨʠʪʝʪʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ, ʠʟʣʦʞʝʥʳ 

ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʦʩʥʦʚʘʥʳ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʨʘʩʢʨʳʪʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʠ 

ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʜʘʥʳ ʩʚʝʜʝʥʠʷ ʧʦ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʨʘʙʦʪʘʤ ʠ ʩʪʨʫʢʪʫʨʝ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʉʪʨʦʝʥʠʝ, ʧʦʣʠʤʦʨʬʠʟʤ, 

ʠʟʦʤʦʨʬʠʟʤ ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ. ʉʚʦʡʩʪʚʘ 

ʥʠʪʨʦʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʠ ʵʪʘʥʦʣʘʤʠʥʦʚè ʧʨʦʚʦʜʠʪʩʷ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

ʨʘʙʦʪ ʧʦ ʩʪʨʦʝʥʠʶ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ, 
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ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʧʦʣʠʤʦʨʬʠʟʤ ʠ ʠʟʦʤʦʨʬʠʟʤ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʠʧʳ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʚʦʡʩʪʚʘ 

ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɺʪʦʨʘʷ ʛʣʘʚʘ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʩʚʷʱʝʥʘ ʦʙʲʝʢʪʘʤ ʠ ʤʝʪʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ 

ʥʝʡ ʫʢʘʟʘʥ ʩʠʥʪʝʟ ʤʝʪʘʣʣʦ- ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʪʘʢʠʝ ʢʘʢ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʀʂ- ʌʫʨʴʝ-

ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʊɻ-ɼʉʂ, ʈʉɸ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʪʠʬʫʥʛʠʮʠʜʥʦʡ ʠ ʨʦʩʪ ʩʪʠʤʫʣʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʉʪʨʦʝʥʠʝ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʇʅɹʂ ʠ 

ʵʪʘʥʦʣʘʤʠʥʦʚè ʦʙʩʫʞʜʘʝʪʩʷ ʩʪʨʦʝʥʠʝ ʤʝʪʘʣʣʦ- ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʇʅɹʂ ʠ ʵʪʘʥʦʣʘʤʠʥʦʚ.  

ɼʣʷ ʩʠʥʪʝʟʘ ʮʝʣʝʚʳʭ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʳʝ ʨʘʩʪʚʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʩʥʦʚʥʦʡ ʣʠʛʘʥʜ ʇʅɹʂ 

(L1), ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʣʠʛʘʥʜ (ʄʕɸ) ʠʣʠ ʊʕɸ (L2), ʩʦʣʴ ʦʧʨʝʜʝʣʸʥʥʦʛʦ 

ʤʝʪʘʣʣʘ (ʄ), ʢʦʪʦʨʘʷ ʤʝʥʷʣʘʩʴ ʦʪ ʦʧʳʪʘ ʢ ʦʧʳʪʫ. ʇʨʠ ʵʪʦʤ ʩʪʘʨʘʣʠʩʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʜʝʨʞʘʪʴ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ï ʩʦʦʪʥʦʰʝʥʠʝ ʠ ʯʠʩʪʦʪʫ ʨʝʘʛʝʥʪʦʚ, 

ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʩʪʚʦʨʘ ʠ ʪ.ʜ.  

ʊʝʦʨʝʪʠʯʝʩʢʠ ʠʟ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʩʪʚʦʨʦʚ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 

ʤʦʥʦʣʠʛʘʥʜʥʳʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ M(L1) ʠʣʠ M(L2), ʪʨʝʙʫʝʤʳʝ ʩʤʝʰʘʥʥʦ-

ʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ M(L1+L2), ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʩʦʣʠ) ʩ 

ʇʅɹʂ ʚʦ ʚʥʝʰʥʝʡ ʩʬʝʨʝ M(L2)+L1, ʢʣʘʪʨʘʪʳ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʦʡ 

ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʣʝʢʫʣʳ ʩ ʦʜʥʠʤ ʠʟ ʣʠʛʘʥʜʦʚ- M(L1+L2)+L1 ʠʣʠ M(L1+L2)+L2, 

ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʯʝʩʢʘʷ ʩʦʣʴ ʥʘ ʦʩʥʦʚʝ ʣʠʛʘʥʜʦʚ L1+L2, ʢʨʠʩʪʘʣʣ L1 ʠ ʩʦʣʴ ʄ. 

ʅʘʤʠ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʚʩʝʭ ʵʪʠʭ ʪʠʧʦʚ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʢʣʘʪʨʘʪʦʚ.  

ʄʦʥʦʣʠʛʘʥʜʥʳʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʩ ʇʅɹʂ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ 

ʜʠʩʢʨʝʪʥʳʭ ʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʠʩʢʨʝʪʥʳʡ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʩʦʩʪʘʚ [Zn(ʇʅɹʂ)2+(H2O)2] ʠ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ ʠʟ ʩʨʝʜʳ, ʩʦʜʝʨʞʘʱʝʡ ʇʅɹʂ, ʄʕɸ ʠ Zn(CH3OO)2. 

ɺ ʜʘʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʠʦʥ Zn(II) ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʦʩʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʧʦʵʪʦʤʫ 

ʜʚʝ ʩʠʤʤʝʪʨʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʇʅɹʂ ʙʠʜʝʥʪʘʪʥʦ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʳ 

ʯʝʨʝʟ ʘʪʦʤ rʢʠʩʣʦʨʦʜʘ ʆ1 ʠ ʆ2 (ʈʠʩ.1). ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʘʪʦʤʘ ʜʦʚʝʜʝʥʦ ʜʦ ʰʝʩʪʠ ʟʘ ʩʯʸʪ ʟʘʧʦʣʥʝʥʠʷ ʜʚʫʭ ʧʦʟʠʮʠʡ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʳ 

ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʠʦʥʘ ʮʠʥʢʘ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʘʨʷʜʘʤʠ ʜʚʫʭ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʬʦʨʤʝ. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʤʥʦʛʦʛʨʘʥʥʠʢ ʠʦʥʘ ʤʝʪʘʣʣʘ-ʠʩʢʘʞʝʥʥʘʷ ʪʨʠʛʦʥʘʣʴʥʘʷ 

ʧʨʠʟʤʘ, ʚ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʘʪʦʤʳ ʆ1, ʆ2 ʠ ʆ1w. ɼʣʠʥʳ ʩʚʷʟʝʡ 

ʠʦʥʦʚ ʮʠʥʢʘ ʥʘʭʦʜʷʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ 1.9918(12)-2.5108(10) 

¡. ɺ ʤʦʣʝʢʫʣʝ ʇʅɹʂ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʠ ʥʠʪʨʦʛʨʫʧʧʳ ʥʘʢʣʦʥʝʥʳ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ 17.20 ʠ 6.98Á ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ. 
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ʈʠʩ. 1. ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ ʚ ʩʦʝʜʠʥʝʥʠʠ [Zn(ʇʅɹʂ)2+(H2O)2]. 

ʇʨʦʥʫʤʝʨʦʚʘʥʳ ʘʪʦʤʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ. 

 

ɺ ʠʟʚʝʩʪʥʳʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘʭ ʇʅɹʂ ʢʦʦʨʜʠʥʘʮʠʷ ʠʜʸʪ ʯʝʨʝʟ ʘʪʦʤʳ 

ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʥʠʪʨʦʛʨʫʧʧʫ. ʊʦʣʴʢʦ ʚ 2013 

ʛʦʜʫ G.Smith ʧʦʣʫʯʠʣ ʧʝʨʚʦʝ ʤʦʩʪʠʢʦʚʦʝ ʧʦʣʠʤʝʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ (ʮʝʟʠʷ), ʚ ʢʦʪʦʨʦʤ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʥʠʪʨʦʛʨʫʧʧʳ ʫʯʘʩʪʚʫʶʪ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʥʘʨʷʜʫ ʩ ʢʠʩʣʦʨʦʜʘʤʠ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ 

ʛʨʫʧʧ.r ʅʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʤʦʥʦʣʠʛʘʥʜʥʳʝ ʧʦʣʠʤʝʨʥʳʝ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʧʨʠʤʝʨʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Sr ʠ Ba.  

ɺ ʧʦʣʠʤʝʨʝ Ba ʢ ʠʦʥʘʤ ʤʝʪʘʣʣʘ ʩʚʷʟʘʥʳ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʝ ʤʦʣʝʢʫʣʳ ʇʅɹʂ 

ʯʝʨʝʟ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ (ʤʦʥʦʜʝʥʪʘʪʥʦ) ʠ ʥʠʪʨʦʛʨʫʧʧʳ 

(ʙʠʜʝʥʪʘʪʥʦ) (ʈʠʩ. 2). ɺ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʨʘʩʧʦʣʦʞʝʥʳ ʜʝʩʷʪʴ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ, ʬʦʨʤʠʨʫʷ ʧʦʣʠʵʜʨ ʚ ʬʦʨʤʝ ʜʚʫʭʰʘʧʦʯʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʙʠʧʨʠʟʤʳ. 

 
 

ʈʠʩ. 2. ɸʩʠʤʤʝʪʨʠʯʝʩʢʘʷ ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʘ ʧʦʣʠʤʝʨʘ ʙʘʨʠʷ ʩ ʇʅɹʂ.  

ɼʣʷ ʷʩʥʦʩʪʠ ʘʪʦʤʳ ʅ ʥʝ ʧʦʢʘʟʘʥʳ. 
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ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ ʩʪʨʦʥʮʠʷ ʦʢʘʟʘʣʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤ ʩ 

ʧʦʣʠʤʝʨʦʤ ʙʘʨʠʷ, ʥʦ ʠʤʝʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʠʭ ʩʪʨʦʝʥʠʠ ï ʚ 

ʧʦʣʠʤʝʨʝ Ba ʢʦʣʦʥʢʠ ʩʰʠʚʘʶʪʩʷ ʯʝʪʳʨʴʤʷ ʩʚʷʟʷʤʠ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ ʚ 2-D 

ʩʪʨʫʢʪʫʨʫ, ʘ ʚ ʧʦʣʠʤʝʨʝ Sr ï ʜʚʫʤʷ ʩʚʷʟʷʤʠ. ɺ ʦʙʦʠʭ ʧʦʣʠʤʝʨʘʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʥʝʦʙʳʯʥʦ ʜʣʠʥʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʚʷʟʠ. 

ɺ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʟʘʤʝʥʝ Zn(CH3OO)2 ʥʘ CoCl2 ʚʤʝʩʪʦ 

ʤʦʥʦʣʠʛʘʥʜʥʦʛʦ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘ ʩ ʇʅɹʂ ʦʙʨʘʟʫʝʪʩʷ ʤʦʥʦʣʠʛʘʥʜʥʳʡ Co-

ʢʦʤʧʣʝʢʩ ʩ ʄʕɸ, ʚ ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʢʦʪʦʨʦʛʦ 

ʥʘʭʦʜʷʪʩʷ ʜʚʝ ʢʦʤʧʣʝʢʩʥʳʝ ʤʦʣʝʢʫʣʳ. 

ʀʟ ʨʠʩ.3 ʚʠʜʥʦ, ʯʪʦ ʚ ʢʘʞʜʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʣʝʢʫʣʝ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʠʦʥʫ 

ʩ ʟʘʨʷʜʦʤ +2 ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʪʨʠ ʤʦʣʝʢʫʣʳ ʄʕɸ ʭʝʣʘʪʥʦ ʯʝʨʝʟ ʘʪʦʤʳ ʘʟʦʪʘ 

ʠ ʢʠʩʣʦʨʦʜʘ. ɺʩʝ ʪʨʠ ʤʦʣʝʢʫʣʳ ʄʕɸ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʦʥʦʤ Co1, ʥʘʭʦʜʷʪʩʷ ʚ 

ʥʝʡʪʨʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ O4-H ʤʦʣʝʢʫʣʳ 

ʣʠʛʘʥʜʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʦʥʦʤ Co2, ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʜʚʫʭ ʠʦʥʦʚ ʤʝʪʘʣʣʘ ʪʨʝʙʫʝʪʩʷ ʩʪʨʫʢʪʫʨʥʘʷ ʢʦʤʧʦʥʝʥʪʘ 

ʩ ʩʫʤʤʘʨʥʳʤ ʟʘʨʷʜʦʤ -3. ɺ ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʠʦʥʦʚ 

ʚʳʩʪʫʧʘʶʪ ʥʝ ʇʅɹʂ ʚ ʙʝʥʟʦʘʪʥʦʡ ʬʦʨʤʝ, ʘ ʪʨʠ ʠʦʥʘ ʭʣʦʨʘ ʩʦʣʠ CoCl2. ɺ 

ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʥʘʭʦʜʷʪʩʷ ʪʘʢʞʝ 2 ʤʦʣʝʢʫʣʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ. 
 

 
 

ʈʠʩ. 3. ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ [Co2(ʄʕɸ)5+(ʄʕɸ)
-
]+3Cl

-
+(H2O)2. ɼʣʷ 

ʥʘʛʣʷʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʘʪʦʤʳ ʅ ʥʝ ʧʦʢʘʟʘʥʳ. 

 

ʉʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩ r Cu ʥʘ ʦʩʥʦʚʝ ʇʅɹʂ ʠ ʄʕɸ 
ʩʠʥʪʝʟʠʨʦʚʘʥ rʥʘʤʠ ʚ ʜʚʫʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ï ʚ ʬʦʨʤʝ ʤʦʥʦ- ʠ ʙʠʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʀʟ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʦʣʴ CuCl2Ŀ2H2O, ʇʅɹʂ ʠ ʄʕɸ ʙʳʣ 

ʧʦʣʫʯʝʥ ʤʦʥʦʷʜʝʨʥʳʡ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʡ ʢʦʤʧʣʝʢʩ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʟ ʨʘʩʪ-

ʚʦʨʘ Cu(CH3OO)2 ʠ ʪʝʭ ʞʝ ʣʠʛʘʥʜʦʚ ï ʙʠʷʜʝʨʥʳʡ ʨʘʟʥʦʣʠʛʘʥʜʥʳʡ ʢʦʤʧʣʝʢʩ. 

ʂʨʦʤʝ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʈʉɸ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʥʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʀʂ-ʌʫʨʴʝ-, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʘ 

ʪʘʢʞʝ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʢʘʥʠʨʫʶʱʝʡ 
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ʢʘʣʦʨʠʤʝʪʨʠʠ. ʅʘ ʧʨʠʤʝʨʝ ʮʝʣʝʚʳʭ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ 

ʧʦʢʘʟʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʦʝʥʠʷ 

ʜʣʷ ʥʘʰʠʭ ʚʝʱʝʩʪʚ. ʀʂ-ʌʫʨʴʝ-ʩʧʝʢʪʨʳ ʤʦʥʦʷʜʝʨʥʦʛʦ ʤʝʜʥʦʛʦ ʨʘʟʥʦʣʠʛʘʥʜ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʧʠʢʠ (cʤ
ī1

): (3600-2400) h ʠʨ., 2947 ʩʣʘʙ. 

(ɜ
as
-CH2), 1558 ʩʠʣʴʥ. (ɜ

as
(NO2)+ŭ-NH), 1509 ʩʨʝʜʥ. (ɜ

as
(COO

-
)), 1432 ʩʣʘʙ., 1402 

ʩʨʝʜʥ., 1381 ʩʨʝʜʥ., 1340 ʦʯ.ʩʠʣʴʥ. (ɜ
s
(NO2)), 1320 ʦʯ.ʩʠʣʴʥ. (ɜ

s
(COO

-
)+ŭ-OH), 

1161 ʩʣʘʙ. (ů -NH), 1102 ʩʨʝʜʥ. (ɜ-(C-OH)), 1064 ʩʨʝʜʥ., 1023 ʩʨʝʜʥ., 1009 

ʩʨʝʜʥ., 877 ʩʣʘʙ., 833 ʩʣʘʙ., 796 ʩʠʣʴʥ., 720 ʦʯ.ʩʠʣʴʥ., 651 ʩʠʣʴʥ., 512 ʩʠʣʴʥ. 

(Cu-N).  

ʇʨʦʚʝʜʝʥʥʳʡ ʥʘʤʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʣʠʛʘʥʜʦʚ ʠ ʤʝʪʘʣʦ-

ʢʦʤʧʣʝʢʩʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʯʘʩʪʦʪʳ ʚʘʣʝʥʪʥʳʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʠ ʥʠʪʨʦʛʨʫʧʧʳ ʇʅɹʂ, ʘ ʪʘʢʞʝ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʠ ʘʤʠʥʦʛʨʫʧʧʳ 

ʄʕɸ, ʩʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʠʦʥʦʤ ʤʝʜʠ ʠ ʦʙʦʠʤʠ ʣʠʛʘʥʜʘʤʠ, 

ʥʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʩʦʩʪʘʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ. ʇʦʩʣʝʜʥʠʡ ʙʳʣ 

ʦʧʨʝʜʝʣʸʥ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 

ɸʥʘʣʠʟ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʧʠʢʦʚ ʧʦʟʚʦʣʠʣ ʧʨʝʜʣʦʞʠʪʴ ʜʣʷ ʜʘʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʬʦʨʤʫʣʫ [Cu((ʇʅɹʂ)2+(ʄʕɸ)2)], ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʈʉɸ. ʊɻ-ɼʉʂ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦʙ 

ʦʪʩʫʪʩʪʚʠʠ ʛʠʜʨʘʪʥʳʭ ʠʣʠ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦ ʚʥʝʰʥʝʡ ʩʬʝʨʝ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʉɸ ʚ ʢʨʠʩʪʘʣʣʘʭ ʤʦʥʦʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Cu(II ) 

ʠʦʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʮʝʥʪʨʘʭ ʠʥʚʝʨʩʠʠ. ʆʥʠ ʢʦʦʨʜʠʥʠʨʫʶʪ ʜʚʝ ʤʦʣʝʢʫʣʳ ʄʕɸ 

ʭʝʣʘʪʥʦ ʯʝʨʝʟ ʘʪʦʤʳ ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ (ʈʠʩ. 4). ʂ ʥʠʤ ʧʨʠʩʦʝʜʠʥʝʥʳ ʝʱʸ ʜʚʝ 

ʤʦʣʝʢʫʣʳ ʇʅɹʂ ʤʦʥʦʜʝʥʪʘʪʥʦ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʳ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʬʦʨʤʝ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʠʦʥʦʚ ʤʝʜʠ. ʂʘʨʙʦʢʩʠʣʘʪʥʘʷ ʛʨʫʧʧʘ ʥʝ ʢʦʧʣʘʥʘʨʥʘ ʩ 

ʙʝʥʟʦʣʴʥʳʤ ʮʠʢʣʦʤ ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʠʵʜʨʘʣʴʥʳʡ ʫʛʦʣ ʩʦʩʪʘʚʣʷʝʪ 25.28Ü. 

ʅʠʪʨʦʛʨʫʧʧʘ ʥʘʢʣʦʥʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʷʜʨʘ ʥʘ 11.51Ü.  

 
 

ʈʠʩ. 4. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʣʝʢʫʣʳ ʚ ʩʦʝʜʠʥʝʥʠʠ 

[Cu((ʇʅɹʂ)2+(ʄʕɸ)2)]. ʇʨʦʥʫʤʝʨʦʚʘʥʳ ʘʪʦʤʳ ʩʠʤʤʝʪʨʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʦʡ 

ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ. ʕʣʣʠʧʩʦʠʜʳ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ 

ʧʦʢʘʟʘʥʳ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 30%. 



 34 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʠʦʥʘ ʤʝʜʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʣʴʥʦ 

ʠʩʢʘʞʸʥʥʳʡ ʦʢʪʘʵʜʨ ʠʟ-ʟʘ ʵʬʬʝʢʪʘ ʗʥʘ-ʊʝʣʣʝʨʘ. ɺ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʥʘʭʦʜʷʪʩʷ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʇʅɹʂ ʠ ʘʪʦʤ ʘʟʦʪʘ ʄʕɸ ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʠ ʦʢʦʣʦ 

2.000Ñ0.03¡, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʧʠʢʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʟʘʥʠʤʘʶʪ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ 

ʄʕɸ ʩ ʜʣʠʥʦʡ ʩʚʷʟʠ 2.552(4) ¡. ʉʘʤʦʝ ʙʦʣʴʰʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 90Ü ʠʤʝʶʪ 

ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʆ5-Cu-N2 (76.20(13)) ʠ ʆ5-Cu-N2(1-x, 1-y, -z) (103.80(13) ¡). 

ɸʥʘʣʠʟ ʜʣʠʥ ʩʚʷʟʝʡ ʠ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ MOGUL, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʚ ʢʦʤʧʣʝʢʩ MERCURY, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʥʝʦʙʳʯʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɺ ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʣʝʢʫʣʝ ʩʫʱʝʩʪʚʫʝʪ ʩʠʣʴʥʘʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʅ-ʩʚʷʟʴ 

ʤʝʞʜʫ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʄʕɸ ʠ ʥʝʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʘʪʦʤʦʤ 

ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ ʇʅɹʂ, ʟʘʤʳʢʘʶʱʘʷ ʰʝʩʪʠʯʣʝʥʥʳʡ ʮʠʢʣ ʩ 

ʛʨʘʬ-ʩʝʪʦʤ S
1
1(6) (ʈʠʩ. 5).  

 

 
 

ʈʠʩ. 5. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʣʦʥʦʢ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ x ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ [Cu((ʇʅɹʂ)2+(ʄʕɸ)2)] (ʧʨʦʝʢʮʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ x0y) 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʣʝʢʫʣʝ ʠʤʝʶʪʩʷ ʜʚʝ ʜʦʥʦʨʥʳʝ 

ʛʨʫʧʧʳ ʜʣʷ ʅ-ʩʚʷʟʝʡ ï ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ O5-H ʠ ʘʤʠʥʦʛʨʫʧʧʘ N2-H2. 

ɻʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ ʪʦʣʴʢʦ ʚʦ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ H-ʩʚʟ̫ʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʘ ʚʦʜʦʨʦʜʘ ʘʪʦʤʘ ʘʟʦʪʘ ʄʕɸ 

ʚʦʚʣʝʯʝʥʳ ʚ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ H-ʩʚʷʟʠ ʩ ʘʪʦʤʘʤʠ O1 ʠ O5 ʢʦʤʧʣʝʢʩʥʦʡ 

ʤʦʣʝʢʫʣʳ, ʧʦʣʫʯʝʥʥʦʡ ʦʪ ʠʩʭʦʜʥʦʡ ʧʫʪʝʤ ʪʨʘʥʩʣʷʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ x. 

ɸʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʥʠʪʨʦʛʨʫʧʧʳ, ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʷʭ. ɼʦʚʦʣʴʥʦ 



 35 

ʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ 4.781 ¡ ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʟʘʤʝʪʥʦʛʦ ʩʪʝʢʠʥʛ-

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦʵʪʦʤʫ ʫʧʘʢʦʚʢʫ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʦʧʨʝʜʝʣʷʝʪ 

ʧʘʨʘ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʭ H-ʩʚʷʟʝʡ ʘʤʠʥʦʛʨʫʧʧʳ ʄʕɸ, ʛʝʥʝʨʠʨʫʶʱʠʭ 

ʢʦʣʦʥʢʠ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ x (ʈʠʩ.5).  

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʠʷʜʝʨʥʳʡ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʡ ʢʦʤʧʣʝʢʩ 

Cu(II ) ʩ ʬʦʨʤʫʣʦʡ [Cu2((ʇʅɹʂ)4+(ʄʕɸ)2+(H2O)2)] ʠʤʝʝʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ 

ʤʦʥʦʷʜʝʨʥʳʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ (ʈʠʩ.6). ʄʝʩʪʦ ʦʜʥʦʡ ʠʟ ʜʚʫʭ 

ʭʝʣʘʪʥʳʭ ʤʦʣʝʢʫʣ ʄʕɸ ʚ ʤʦʥʦʷʜʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ ʟʘʥʠʤʘʶʪ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʜʚʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʩʚʦʠʤʠ ʩʚʷʟʷʤʠ ʦʙʲʝʜʠʥʷʶʪ ʜʚʘ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʮʝʥʪʨʘ ʠʦʥʦʚ ʤʝʜʠ. ʎʝʥʪʨ ʠʥʚʝʨʩʠʠ ʨʘʩʧʦʣʦʞʝʥ ʤʝʞʜʫ 

ʵʪʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ ʜʚʫʤʷ ʠʦʥʘʤʠ ʤʝʜʠ. ʇʦʵʪʦʤʫ ʢʘʞʜʳʡ ʠʦʥ ʤʝʜʠ 

ʢʦʦʨʜʠʥʠʨʫʝʪ ʭʝʣʘʪʥʦ ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʄʕɸ ʠ ʤʦʥʦʜʝʥʪʘʪʥʦ ï ʜʚʝ ʤʦʣʝʢʫʣʳ 

ʇʅɹʂ.  

 

 
 

ʈʠʩ. 6. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʣʝʢʫʣʳ ʚ ʩʦʝʜʠʥʝʥʠʠ 

[Cu2((ʇʅɹʂ)4+(ʄʕɸ)2+(H2O)2)]. ʇʨʦʥʫʤʝʨʦʚʘʥʳ ʘʪʦʤʳ ʩʠʤʤʝʪʨʠʯʝʩʢʠ 

ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ. ʕʣʣʠʧʩʦʠʜʳ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝʚʦʜʦʨʦʜʥʳʭ 

ʘʪʦʤʦʚ ʧʦʢʘʟʘʥʳ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 30%. 

 

ʅʘ ʦʩʥʦʚʝ ʇʅɹʂ ʠ ʊʕɸ ʥʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʦ 4 ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʭ 

ʢʦʤʧʣʝʢʩʘ ʯʝʪʳʨʸʭ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ - Cu, Zn, Cd (ʨʠʩ.7) ʠ Ni (ʨʠʩ.8). 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʦʝ ʩʪʨʦʝʥʠʝ. ɺʦ 

ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ ʊʕɸ ʠʩʧʦʣʴʟʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʩʚʦʶ ʢʦʦʨʜʠʥʠʨʫʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʪʝʪʨʘʜʝʥʪʘʪʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʯʝʨʝʟ ʘʪʦʤ ʘʟʦʪʘ ʠ ʚʩʝ 

ʪʨʠ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʳʡ ʠʦʥ ʚ 

ʜʚʫʭʟʘʨʷʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʦʦʨʜʠʥʠʨʫʝʪ ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʊʕɸ ʠ ʜʚʝ ʤʦʣʝʢʫʣʳ 
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ʇʅɹʂ ʤʦʥʦ- ʠʣʠ ʙʠʜʝʥʪʘʪʥʦ ʯʝʨʝʟ ʢʘʨʙʦʢʩʠʣʘʪʥʫʶ ʛʨʫʧʧʫ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ, ʚ ʢʦʪʦʨʦʤ ʚʥʫʪʨʝʥʥʷʷ ʩʬʝʨʘ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʦʜʥʫ ʤʦʣʝʢʫʣʫ 

ʇʅɹʂ. ɺ ʢʦʤʧʣʝʢʩʘʭ ʤʝʜʠ ʠ ʥʠʢʝʣʷ ʚʦ ʚʥʝʰʥʝʡ ʩʬʝʨʝ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʧʦ 

ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʇʅɹʂ. ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʤʦʥʦʷʜʝʨʥʳʤʠ ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʙʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ, ʧʨʠʯʝʤ ʧʨʦʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ ï 5, 6 ʠ 7. ʅʠ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ 

ʥʠʪʨʦʛʨʫʧʧʳ ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ.  

 

 
ʈʠʩ. 7. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ Cu, Zn, Cd ʩ ʊʕɸ ʠ ʇʅɹʂ. 

 

ɸʥʘʣʠʟ ʂɹʉɼ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʪʝʪʨʘʜʝʥʪʘʪʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʊʕɸ 

ʘʪʦʤʦʤ ʥʠʢʝʣʷ ʨʝʘʣʠʟʫʝʪʩʷ, ʝʩʣʠ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʡʪʨʘʣʴʥʦʤ ʠʣʠ 

ʦʜʥʦʟʘʨʷʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʦʵʪʦʤʫ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʥʘʤʠ ʩʤʝʰʘʥʥʦ-

ʣʠʛʘʥʜʥʳʡ ʢʦʤʧʣʝʢʩ Ni ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʪʝʪʨʘʢʦʦʨʜʠʥʘʮʠʠ ʥʠʢʝʣʷ 

ʚ ʜʚʫʭʟʘʨʷʜʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

 

 
ʈʠʩ. 8. ʉʪʨʦʝʥʠʝ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ ʩ ʊʕɸ ʠ ʇʅɹʂ. 

 

 


