
 

 

 

ʋʣʩʳʥ ʙװʨʪʛʵʣʠʡʥ  

ʜʫʛʘʘʨ: ....................  

ʅʫʫʮʳʥ ʟʵʨʵʛʣʵʣ : ɸ 

 

ɸʨʘʚʪʳʥ ʙװʨʵʥ 

ʘʥʛʠʣʘʣʳʥ ʢʦʜ éé 

ʊᴇʩᴇʣ ʭʵʨʵʛʞװװʣʵʭ ʛʵʨʵʵʥʠʡ 

ʜʫʛʘʘʨ: .................................. 

 

 

ʐʀʅɾʃʕʍ ʋʍɸɸʅʓ ɸʂɸɼɽʄʀ 

ʌʀɿʀʂ, ʊɽʍʅʆʃʆɻʀʁʅ ʍתʈʕʕʃʕʅ 

 

 

 

ñʊʆʄʆʆʍʆʅ ʍʆʊʋʋɼʓʅ ᴆʅɻᴆʅ ʍᴆʈʉʅʀʁ ʍתʅɼ 

ʕʃɽʄɽʅʊʀʁʅ ɹʆʍʀʈɼʃʓʅ ʄʆʅʀʊʆʈʀʅɻʀʁɻ  

ʉʇɽʂʊʈʆʉʂʆʇʀʁʅ ɸʈɻɸɸʈ ɻתʁʎʕʊɻʕʍò 

 

ʉʫʫʨʴ ʩʫʜʘʣʛʘʘʥʳ ʩʵʜʵʚʪ ʘʞʣʳʥ ʪʘʡʣʘʥ 

(2017-2019) 

 

 

ʊᴇʩʣʠʡʥ ʫʜʠʨʜʘʛʯ : ɹ.ʍװװʭʵʥʭװװ, ʜʦʢʪʦʨ( Ph.D ) 

ʕʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʪʵʨʛװװʣʵʭ ʘʞʠʣʪʘʥ   

 

ʉʘʥʭװװʞװװʣʵʛʯ ʙʘʡʛʫʫʣʣʘʛʘ : ʐʠʥʞʣɻʭ ʫʭʘʘʥ ʪʝʭʥʦʣʦʛʠʡʥ ʩʘʥ 

ɿʘʭʠʘʣʘʛʯ ʙʘʡʛʫʫʣʣʘʛʘ : ɹʦʣʦʚʩʨʦʣ, ʩʦʸʣ, ʰʠʥʞʣʵʭ ʫʭʘʘʥ, ʩʧʦʨʪʳʥ 

ʷʘʤ 

 

 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ 

2019 ʦʥ 
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ʐʀʅɾʃʕʍ ʋʍɸɸʅʓ ɸʂɸɼɽʄʀ 

ʌʀɿʀʂ, ʊɽʍʅʆʃʆɻʀʁʅ ʍתʈʕʕʃʕʅ 

 

 

 

 

 

ñʊʆʄʆʆʍʆʅ ʍʆʊʋʋɼʓʅ ᴆʅɻᴆʅ ʍᴆʈʉʅʀʁ 

ʍתʅɼ ʕʃɽʄɽʅʊʀʁʅ ɹʆʍʀʈɼʃʓʅ 

ʄʆʅʀʊʆʈʀʅɻʀʁɻ  ʉʇɽʂʊʈʆʉʂʆʇʀʁʅ ɸʈɻɸɸʈ 

ɻתʁʎʕʊɻʕʍò 

 

ʉʋʋʈʔ ʉʋɼɸʃɻɸɸʅʓ ʉʕɼʕɺʊ ɸɾʃʓʅ ʊɸʁʃɸʅ 

2017-2019 

 

 

ʊᴇʩʣʠʡʥ ʫʜʠʨʜʘʛʯ : ɹ.ʍװװʭʵʥʭװװ, ʜʦʢʪʦʨ( Ph.D ) 

ʉʘʥʭװװʞװװʣʵʛʯ ʙʘʡʛʫʫʣʣʘʛʘ : ʐʠʥʞʣʵʭ ʫʭʘʘʥ ʪʝʭʥʦʣʦʛʠʡʥ ʩʘʥ 

ɿʘʭʠʘʣʘʛʯ ʙʘʡʛʫʫʣʣʘʛʘ : ɹʦʣʦʚʩʨʦʣ, ʩʦʸʣ, ʰʠʥʞʣʵʭ ʫʭʘʘʥ, ʩʧʦʨʪʳʥ 

ʷʘʤ 

ʊʘʡʣʘʥ ᴇʤʯʣᴇʛʯ:                                          ʌʠʟʠʢ, ʪʝʭʥʦʣʦʛʠʡʥ ʭװʨʵʵʣʵʥ  

ʕʥʭʪʘʡʚʥʳ ᴇʨʛᴇʥ ʯᴇʣᴇᴇ 54ɹ  

ʋʣʘʘʥʙʘʘʪʘʨ 1330030  

ʋʪʘʩ: 99456165 

ʀ-ʤʘʡʣ ʭʘʷʛ: hunstech@yahoo.co.uk 

 

 

 

                                                                      

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ 

2019 ʦʥ 
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ʉʵʜʵʚʪ ʘʞʣʳʥ ʛװʡʮʵʪʛʵʛʯʠʜ: 

ɹ.ʍװװʭʵʥʭװװ  

ʐʋɸ-ʠʡʥ ʌʊʍ -ʠʡʥ ʄʘʪʝʨʠʘʣ ʩʫʜʣʘʣʳʥ 

ʩʘʣʙʘʨʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʪʵʨʛװװʣʵʭ 

ʘʞʠʣʪʘʥ, ʜʦʢʪʦʨ(PhD) 

ɼ.ʎʵʜʵʥʙʘʣʞʠʨ  

ʐʋɸ-ʠʡʥ ʌʊʍ-ʠʡʥ ʄʘʪʝʨʠʘʣ ʩʫʜʣʘʣʳʥ 

ʩʘʣʙʘʨʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʘʭʣʘʭ ʘʞʠʣʪʘʥ,  

ʤʘʛʠʩʪʨ 

ʎ.ɹʷʤʙʘʩװʨʵʥ  

ʐʋɸ-ʠʡʥ ʌʊʍ-ʠʡʥ ʄʘʪʝʨʠʘʣ ʩʫʜʣʘʣʳʥ 

ʩʘʣʙʘʨʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʜʵʜ ʘʞʠʣʪʘʥ, 

ʜʦʢʪʦʨʘʥʪ 

ɻ.ʆʯʠʨʙʘʪ  

ʐʋɸ-ʠʡʥ ʌʊʍ-ʠʡʥ ʄʘʪʝʨʠʘʣ ʩʫʜʣʘʣʳʥ 

ʩʘʣʙʘʨʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʜʵʜ ʘʞʠʣʪʘʥ, 

ʤʘʛʠʩʪʨ 
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ʈɽʌɽʈɸʊ 

ʉʫʫʨʴ ʩʫʜʘʣʛʘʘʥʳ ʪᴇʩᴇʣ ʭʵʨʵʛʞװװʣʵʭ װʥʜʵʩʣʵʣ 

ʍװʥʠʡ ʩᴇʨᴇʛ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ װʨ ʜװʥʜ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥ, ʪװװʥʠʡ 

ʦʙʲʝʢʪʫʫʜ (ʫʩ, ʫʨʛʘʤʘʣ, ʘʛʘʘʨ, ʭᴇʨʩ)-ʳʥ ʭʠʤʠʡʥ ʙװʨʵʣʜʵʭװװʥ ʤʘʰ ʠʭʵʵʨ 

ᴇᴇʨʯʣᴇʛʜʜᴇʛ. ʗʣʘʥʛʫʷʘ ʪᴇʚʣᴇʨʩᴇʥ ʩʫʫʨʠʥ ʛʘʟʘʨ, װʡʣʜʚʵʨʠʡʥ ʙװʩ ʥʫʪʘʛ  ʙʦʣʦʥ 

ʛʝʦʣʦʛʠ, ʫʫʣ ʫʫʨʭʘʡʥ װʡʣ ʘʞʠʣʣʘʛʘʘ ʷʚʫʫʣʞ ʙʫʡ ʥʫʪʘʛ ʜʵʚʩʛʵʨʪ ʭװʥʠʡ ʙʫʨʫʫʪʘʡ 

 ʥʵʵʩ ʫʣʙʘʘʣʘʥ ʪʫʭʘʡʥ ʛʘʟʘʨװת .ʡʣ ʘʞʠʣʣʘʛʘʘʥʳ  ʩᴇʨᴇʛ ʥᴇʣᴇᴇ ʘʩʘʨ ʠʭ ʙʘʡʜʘʛװ

ʥʫʪʛʠʡʥ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʥʳ  ʪᴇʣᴇʚ ʙʘʡʜʘʣʜ ʘʩʘʨ ʠʭ ᴇᴇʨʯʣᴇʣʪ ʦʨʞ ʫʣʤʘʘʨ ʦʨʰʠʥ 

ʩʫʫʛʯʜʳʥ ʵʨװװʣ ʤʵʥʜʵʜ  ʥᴇʣᴇᴇʣʜᴇʛ.  ʋʯʠʨ ʥʴ ʪᴇʚʣᴇʨʩᴇʥ ʩʫʫʨʠʥ ʛʘʟʘʨ ʥʴ ʙʘʛʘ 

ʪʘʣʙʘʡʜ ʘʛʘʘʨ ʦʨʯʠʥ ʙʦʭʠʨʜʫʫʣʘʭ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʵʭ װװʩʚʵʨ (ʪʵʵʚʨʠʡʥ ʭʵʨʵʛʩʵʣ, 

ʘʭʫʡʥ ʙʦʣʦʥ װʡʣʜʚʵʨʠʡʥ ʭʦʛ ʭʘʷʛʜʘʣ ʛʵʭ ʤʵʪ) ʙʘʡʭ ʙʘ ʭᴇʨʩᴇʥʜ ʷʚʘʛʜʘʭ ʬʠʟʠʢ 

ʭʠʤʠʡʥ ʙʦʣʦʥ ʙʠʦʣʦʛʠʡʥ ʧʨʦʮʝʩʩ ʥʴ ʛʘʟʘʨ ʙװʨ ʭʘʨʠʣʮʘʥ ʘʜʠʣʛװʡ ʙʘʡʜʘʛ.  

ʉװװʣʠʡʥ ʞʠʣװװʜʵʜ ʭװʥ ʘʤʳʥ ᴇʩᴇʣʪ, װʡʣʜʚʵʨ װʡʣʯʠʣʛʵʵʥʠʡ ʪᴇʚʣᴇʨᴇʣ, 

ʘʚʪʦʤʘʰʠʥ ʪʵʵʚʨʠʡʥ ʭʵʨʵʛʩʣʠʡʥ ʘʯʘʘʣʘʣ ʟʵʨʛʵʵʩ ʫʣʙʘʘʣʘʥ  ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ 

ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʥʳ ʪʵʥʮʚʵʨʪ ʙʘʡʜʘʣ ʘʣʜʘʛʜʘʭ, ʘʛʘʘʨ ʭᴇʨʩ , ʫʩ ʙʦʭʠʨʜʦʭ ʫʣʤʘʘʨ 

ʦʨʰʠʥ ʩʫʫʛʯʜʳʥ  ʵʨװװʣ ʘʶʫʣʛװʡ ʦʨʯʠʥʜ ʘʤʴʜʨʘʭ ʵʨʭ ʟᴇʨʯʠʛʜᴇʭ ʙʦʣʣʦʦ. ʀʡʤʵʵʩ  

ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʦʦʩ װװʜʵʣʪʵʡ ʵʨʩʜʣʵʵʩ ʩʵʨʛʠʡʣʵʭ, ʠʭʵʵʨ ʙʦʭʠʨʜʩʦʥ ʛʘʟʘʨ ʥʫʪʘʛʪ 

ʙʦʭʠʨʜʣʳʛ ʙʫʫʨʫʫʣʘʭ ʘʨʛʘ ʭʵʤʞʵʵʛ ʦʥʦʚʯʪʦʡ ʭʵʨʵʛʞװװʣʵʭʵʜ  ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ 

ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʛʘ, ʪʘʨʭʘʣʪʳʛ  ʙװʨʵʥ ʩʫʜʣʘʭ, ʵʭ װװʩʚʵʨʠʡʛ ʪʦʛʪʦʦʭ, 

ʠʭʵʵʨ ʙʦʭʠʨʜʩʦʥ ʛʘʟʘʨ ʥʫʪʛʠʡʛ ʠʣʨװװʣʵʭ, ʛʦʣ ʙʦʭʠʨʜʫʫʣʘʛʯʠʡʛ ʪʦʛʪʦʦʭ ʥʴ 

ʟʘʡʣʰʛװʡ ʰʘʘʨʜʣʘʛʘʪʘʡ ʶʤ. ʀʡʤʜ ʙʘʡʛʘʣʴ ʦʨʯʥʳ ʪᴇʣᴇʚ ʙʘʡʜʣʳʛ ʭʷʥʘʭ  ʥʵʥ 

ʷʣʘʥʛʫʷʘ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʭװʥʜ ʵʣʝʤʝʥʪʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪᴇʣᴇʚʠʡʛ ʩʫʜʣʘʭ, װʥʵʣʵʭ, 

ʭʷʥʘʣʪ ʪʘʚʠʭ ʟʘʡʣʰʛװʡ ʰʘʘʨʜʣʘʛʘʪʘʡ.  

ʍᴇʨʩᴇʥ ʜʵʭ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʥhʠʡ װʥʵʣʛʵʵʛ ʮʦʛʮ 

ʷʚʫʫʣʘʭ,    ʤʦʥʠʪʦʨʠʥʛʠʡʥ (ʩʫʜʘʣʛʘʘ, ʰʠʥʞʠʣʛʵʵ, װʥʵʣʛʵʵ, ʭʷʥʘʣʪ) ʩʠʩʪʝʤʠʡʛ ʙʠʡ 

ʙʦʣʛʦʭ ʥʴ ʟʘʡʣʰʛװʡ ʰʘʘʨʜʣʘʛʘʪʘʡ, ʯʫʭʘʣ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ ʶʤ.   

ʊᴇʩʣʠʡʥ ʟʦʨʠʣʛʦ: 

ᴆʥʛᴇʥ ʭᴇʨʩʥʠʡ ʭװʥʜ ʵʣʝʤʝʥʪʠʡʥ ʙʦʭʠʨʜʣʳʥ  װʥʵʣʛʵʵʛ ʮʦʛʮ ʷʚʫʫʣʘʭ,  ʦʣʦʥ ʫʣʩʘʜ  

ʦʨʯʠʥ װʝʜ ʪװʛʵʵʤʵʣ ʭʵʨʵʛʣʵʛʜʵʞ ʙʫʡ ʘʪʦʤʳʥ ʩʧʝʢʪʨʦʩʢʦʧʠ, ʦʣʦʥ ʭʵʤʞʵʵʩʪ ʙʘ 

ʛʝʦʩʪʘʪʠʩʪʠʢʠʡʥ, ʵʢʦʣʦʛʠ-ʛʝʦʭʠʤʠʡʥ ʘʨʛʘʟװʡ, ʘʨʛʘʯʣʘʣʳʛ ʥʵʚʪʨװװʣʵʭ, ʭᴇʨʩʥʠʡ 

ʭװʥʜ ʵʣʝʤʝʥʪʠʡʥ ʙʦʭʠʨʜʣʳʥ  ʤʦʥʠʪʦʨʠʥʛʠʡʥ  ʩʠʩʪʝʤ ʙʠʡ ʙʦʣʛʦʭ  
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ʊᴇʩʣʠʡʥ ʟʦʨʠʣʪ: 

1. ʍᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʤʘʢʨʦ, ʤʠʢʨʦʵʣʝʤʝʥʪװװʜ, ʭװʥʜ  ʤʝʪʘʣʣʫʫʜ, ʪʵʜʛʵʵʨʠʡʥ 

ʥʵʛʜʣװװʜʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ,  

2. ʄʘʢʨʦ, ʤʠʢʨʦʵʣʝʤʝʥʪװװʜ, ʭװʥʜ  ʤʝʪʘʣʣʫʫʜ, ʪʵʜʛʵʵʨʠʡʥ ʥʵʛʜʣװװʜʠʡʥ 

ʙʦʭʠʨʜʣʳʥ  ʪᴇʨᴇʣ  ʙʫʶʫ ʙʫʨʫʫʪʘʡ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʙʦʣʦʥ ʙʘʡʛʘʣʠʡʥ ʵʭ 

 ʩʚʵʨʠʡʛ ʪʦʛʪʦʦʭװװ

3. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʵʢʦʣʦʛʠ-ʛʝʦʭʠʤʠʡʥ ʮʦʛʮ ʩʫʜʘʣʛʘʘ 

ʷʚʫʫʣʘʭ  

4. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʥʫʪʘʛ ʜʵʚʩʛʵʨʠʡʥ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʭװʥʜ ʵʣʝʤʝʥʪʠʡʥ 

ʙʦʭʠʨʜʣʳʥ ʙװʩʯʠʣʩʵʥ װʥʵʣʛʵʵ ʭʠʡʞ, ʟʫʨʘʛʣʘʣ ʛʘʨʛʘʭ  

5. ʉʫʜʘʣʛʘʘ, ʰʠʥʞʠʣʛʵʵʥʠʡ ʩʪʘʥʜʘʨʪʫʫʜʳʛ ʙʘʪʣʫʫʣʘʭ  

  ʥ, ʘʯ ʭʦʣʙʦʛʜʦʣװʨ ʜת

 ʕʥʵ ʩʵʜʵʚʪ ʘʞʣʳʛ ʛװʡʮʵʪʛʵʭ ʪᴇʣᴇʚʣᴇʛᴇᴇʪ ʭʫʛʘʮʘʘʥʜ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵ, 

ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʭװʨʵʵʥʜ  ʭᴇʨʩʥʠʡ ʭװʥʜ ʵʣʝʤʝʥʪʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥʜ ʮʦʛʮ 

 ʥʵʣʛʵʵ ᴇʛᴇʭ, ʭᴇʨʩʥʠʡ ʛʝʦʭʠʤʠʡʥ ʩʫʜʘʣʛʘʘʛ ʮʦʛʮ ʷʚʫʫʣʘʭ ʩʧʝʢʪʨʦʩʢʦʧʠʡʥ ʙʦʣʦʥװ

ʤʘʪʝʤʘʪʠʢ, ʩʪʘʪʠʩʪʠʢ, ʛʝʦʩʪʘʪʠʩʪʠʢʠʡʥ ʘʨʛʫʫʜʳʛ ʙʘʛʪʘʘʩʘʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ 

ʤʦʥʠʪʦʨʠʥʛʠʡʥ ʪʦʦʥ ʙʦʣʦʥ ʯʘʥʘʨʳʥ װʥʵʣʛʵʵʥʠʡ ʘʨʛʘʟװʡʥ ʮʦʛʮ ʙװʜװװʚʯʠʡʛ 

ʛʘʨʛʘʩʘʥ (ɼʠʘʛʨʘʤʤ-1).  

 
ʍϺʨʩʥʠʡ ʭϮʥʜ ʵʣʝʤʝʥʪʠʡʥ ʙʦʭʠʨʜʣʳʥ ʩʫʜʘʣʛʘʘʥʳ 

ʤʦʥʠʪʦʨʠʥʛʠʡʥ ʮʦʛʮ ʙϮʜϮϮʚʯ 
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 ʍᴇʨʩʥʠʡ ʭװʥʜ ʵʣʝʤʝʥʪʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥʜ ʮʦʛʮ װʥʵʣʛʵʵ ᴇʛᴇʭ, 

ʭᴇʨʩʥʠʡ ʛʝʦʭʠʤʠʡʥ ʩʫʜʘʣʛʘʘʛ ʮʦʛʮ ʷʚʫʫʣʘʭʘʜ ʘʯ ʭʦʣʙʦʛʜʦʣ ʙװʭʠʡ ʦʣʦʥ ʫʣʩʳʥ 

ʪʘʥʜʘʨʪʳʛ ʦʨʯʫʫʣʞ  װʥʜʵʩʥʠʡ ʩʪʘʥʜʘʨʪʫʫʜʳʛ ʙʠʡ ʙʦʣʛʦʩʦʥ. װתʥʜ: 

1. ʍᴇʨʩʥʠʡ ʯʘʥʘʨ ð ʩʫʫʨʴ ʘʛʫʫʣʛʳʛ  ʪʦʜʦʨʭʦʡʣʦʭ MNS ISO 19258:2019 

2. ʍᴇʨʩʥʠʡ ʯʘʥʘʨ - ʤʦʥʠʪʦʨʠʥʛʠʡʥ ʭᴇʪᴇʣʙᴇʨʠʡʛ ʙʠʡ ʙʦʣʛʦʭ, ʟʘʩʚʘʨʣʘʭ ʟʘʘʚʘʨ 

MNS ISO 16133:2019 

3. ʍᴇʨʩʥʠʡ ʯʘʥʘʨ - ʌʠʟʠʢ-ʭʠʤʠʡʥ ʰʠʥʞʠʣʛʵʵʥʜ ʟʦʨʠʫʣʘʥ ʜʵʵʞʠʡʛ ʫʨʴʜʯʠʣʘʥ 

ʙʦʣʦʚʩʨʫʫʣʘʭ MNS ISO 11464:2019 

 

 ʍᴇʨʩᴇʥ ʜʵʭ ʤʘʢʨʦ, ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʭװʥʜ ʤʝʪʘʣʣʫʫʜ ʦʨʰʠʭ ʵʭ 

 ,ʩʚʵʨ, ʛʝʦʭʠʤʠʡʥ ʪᴇʣᴇʚ ʙʘʡʜʣʳʥ ʙʦʣʦʥ ʪᴇʚʣᴇʨʩᴇʥ ʛʘʟʨʳʥ Pb, Zn, Cu, Cr, Cd, Niװװ

Co, Mn ʟʵʨʵʛ ʟʦʥʭʠʣʦʭ ʭװʥʜ ʤʝʪʘʣʣʫʫʜʳʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʥʠʡ ʪʘʨʭʘʣʪʳʥ 

ʢʘʨʪʫʫʜʳʛ ʟʦʭʠʦʩʦʥ (ʂʘʨʪʫʫʜ ). 

 ʉʵʜʵʚʪ ʘʞʣʳʥ װʨ ʜװʥʛʵʵʨ 1 ʥʦʤ, 14 ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ᴇʛװװʣʵʣ, װװʥʵʵʩ 

ʤʵʨʛʵʞʣʠʡʥ ʥʵʨ ʭװʥʜ ʙװʭʠʡ ʩʵʪʛװװʣʜ 2 ᴇʛװװʣʵʣ, ʦʣʦʥ ʫʣʩʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ 

ʭʫʨʣʳʥ ʵʤʭʵʪʛʵʣʜ 1 ᴇʛװװʣʵʣ, ʠʣʪʛʵʣʠʡʥ ʭʫʨʘʘʥʛʫʡ -6 ʛ ʭʵʚʣװװʣʩʵʥ ʙʘʡʥʘ.  
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ʆʈʐʀʃ 

 

 ɼʵʣʭʠʡʥ ʭʵʤʞʵʵʥʜ ʭʦʪ ʩʫʫʨʠʥ ʛʘʟʨʳʥ ʵʢʦʩʠʩʪʝʤʳʥ ʪʵʥʮʚʵʨʪ ʙʘʡʜʣʳʛ 

ʭʘʜʛʘʣʘʭ, ʦʨʰʠʥ ʩʫʫʛʯʜʳʥ ʵʨװװʣ ʘʶʫʣʛװʡ ʘʤʴʜʨʘʭ ʥᴇʭʮʣʠʡʛ ʭʘʥʛʘʭ ʥʴ ʥʠʡʛʤʠʡʥ 

ʪʫʣʛʘʤʜʩʘʥ ʘʩʫʫʜʣʳʥ ʥʵʛ ʙʦʣʩʦʥ.  

 ʉװװʣʠʡʥ ʞʠʣװװʜʵʜ ʭװʥ ʘʤʳʥ ᴇʩᴇʣʪ, װʡʣʜʚʵʨ װʡʣʯʠʣʛʵʵʥʠʡ ʪᴇʚʣᴇʨᴇʣ, 

ʘʚʪʦʤʘʰʠʥ ʪʵʵʚʨʠʡʥ ʭʵʨʵʛʩʣʠʡʥ ʘʯʘʘʣʘʣ ʟʵʨʛʵʵʩ ʫʣʙʘʘʣʘʥ  ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ 

ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʥʳ ʪʵʥʮʚʵʨʪ ʙʘʡʜʘʣ ʘʣʜʘʛʜʘʭ, ʘʛʘʘʨ ʭᴇʨʩ, ʫʩ ʙʦʭʠʨʜʦʭ ʫʣʤʘʘʨ 

ʦʨʰʠʥ ʩʫʫʛʯʜʳʥ  ʵʨװװʣ ʘʶʫʣʛװʡ ʦʨʯʠʥʜ ʘʤʴʜʨʘʭ ʵʨʭ ʟᴇʨʯʠʛʜᴇʭ ʙʦʣʣʦʦ. ʀʡʤʵʵʩ  

ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʦʦʩ װװʜʵʣʪʵʡ ʵʨʩʜʣʵʵʩ ʩʵʨʛʠʡʣʵʭ, ʠʭʵʵʨ ʙʦʭʠʨʜʩʦʥ ʛʘʟʘʨ ʥʫʪʘʛʪ 

ʙʦʭʠʨʜʣʳʛ ʙʫʫʨʫʫʣʘʭ ʘʨʛʘ ʭʵʤʞʵʵʛ ʦʥʦʚʯʪʦʡ ʭʵʨʵʛʞװװʣʵʭʵʜ  ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ 

ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʛʘ, ʪʘʨʭʘʣʪʳʛ  ʙװʨʵʥ ʩʫʜʣʘʭ, , ʵʭ װװʩʚʵʨʠʡʛ ʪʦʛʪʦʦʭ, 

ʠʭʵʵʨ ʙʦʭʠʨʜʩʦʥ ʛʘʟʘʨ ʥʫʪʛʠʡʛ ʠʣʨװװʣʵʭ, ʛʦʣ ʙʦʭʠʨʜʫʫʣʘʛʯʠʡʛ ʪʦʛʪʦʦʭ ʥʴ 

ʟʘʡʣʰʛװʡ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʘ ʯʫʭʘʣ ʶʤ. ʀʡʤʜ ʙʘʡʛʘʣʴ ʦʨʯʥʳ ʪᴇʣᴇʚ ʙʘʡʜʣʳʛ ʭʷʥʘʭ  

ʥʵʥ ʷʣʘʥʛʫʷʘ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʭװʥʜ ʵʣʝʤʝʥʪʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪᴇʣʚʠʡʛ ʩʫʜʣʘʭ, װʥʵʣʵʭ, 

ʭʷʥʘʣʪ ʪʘʚʠʭ ʟʘʡʣʰʛװʡ ʰʘʘʨʜʣʘʛʘʪʘʡ.  

ʍᴇʨʩᴇʥ ʜʵʭ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥʠʡ װʥʵʣʛʵʵʛ ʮʦʛʮ 

ʷʚʫʫʣʘʭ,    ʤʦʥʠʪʦʨʠʥʛʠʡʥ (ʩʫʜʘʣʛʘʘ, ʰʠʥʞʠʣʛʵʵ, װʥʵʣʛʵʵ, ʭʷʥʘʣʪ) ʩʠʩʪʝʤʠʡʛ ʙʠʡ 

ʙʦʣʛʦʭ ʥʴ ʟʘʡʣʰʛװʡ ʰʘʘʨʜʣʘʛʘʪʘʡ, ʯʫʭʘʣ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ ʶʤ.  ʊᴇʚʣᴇʨʩᴇʥ ʩʫʫʨʠʥ 

ʛʘʟʨʳʥ ʭᴇʨʩ ʭװʥʜ ʤʝʪʘʣʣʘʘʨ ʙʦʭʠʨʜʦʭʦʜ ʭװʥʠʡ ʩᴇʨᴇʛ ʥᴇʣᴇᴇ ʙʦʣʦʥ ʙʘʡʛʘʣʠʡʥ ʛʵʩʵʥ 

2 ʛʦʣ ʵʭ װװʩʚʵʨʵʵʩ ʫʣʙʘʘʪʘʡ ʙʘʡʜʘʛ.  ʕʥʵ 2 װװʩʚʵʨʠʡʛ ʷʣʛʘʞ, ʛʦʣ ʙʦʭʠʨʜʫʫʣʘʛʯ 

ʭװʥʜ ʤʝʪʘʣʣ ʙʦʣʦʥ ʤʘʢʨʦ, ʵʣʝʤʝʥʪװװʜʠʡʥ ʪʘʨʭʘʣʪʳʥ ʪᴇʣʚʠʡʛ ʩʫʜʣʘʭ, ʙʦʭʠʨʜʣʳʛ 

ʪװʚʰʥʠʡ ʪʘʨʭʘʣʪʳʥ ʟʫʨʘʛʣʘʣ ʭʠʡʞ ʛװʡʮʵʪʛʵʣʵʵ.  
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ʅʕʈ ʊʆʄʒɪʆʅʓ ʊɸʁʃɹɸʈ 

ʉʠʜʝʨʦʬʠʣʴ ʵʣʝʤʝʥʪ- ʍʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʛ ʛʝʦʭʠʤʠʡʥ ʭʠʤʠʡʥ ʪᴇʣᴇʚᴇᴇʨ ʥʴ 4 

ʙװʣʵʛʪ ʭʫʚʘʘʜʘʛ ʙʘ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ ʵʥʵʭװװ ʘʥʛʠʣʣʳʛ ɻʦʣʴʜʰʤʠʜʪʠʡʥ 

ʘʥʛʠʣʘʣ ʛʵʞ ʥʵʨʣʵʜʵʛ. ʉʠʜʝʨʦʬʠʣʴ ʵʣʝʤʝʥʪ ʛʵʜʵʛ ʥʴ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ 

ɻʦʣʴʜʰʤʠʜʪʠʡʥ ʘʥʛʠʣʘʣʳʥ ʥʵʛ ʘʥʛʠʣʘʣ ʥʴ ʙʦʣʥʦ. ɻʨʝʢ ʭʵʣʥʵʵʩ. sideros ï ʪᴇʤᴇʨ; 

philéo ï ʭʘʡʨ ʭʵʤʵʵʥ ʦʨʯʫʫʣʘʛʜʩʘʥ ʙʘʡʥʘ. ʉʠʜʝʨʦʬʠʣʴ ʵʣʝʤʝʥʪ ʥʴ ʭʠʤʠʡʥ װʝʣʵʭ 

ʩʠʩʪʝʤʠʡʥ VIII (3 d - 5 d) ʙװʣʛʠʡʥ ʙʫʶʫ ʰʠʣʞʠʣʪʠʡʥʵʣʝʤʝʥʪװװʜ ʙʘ ʪᴇʤᴇʨʪʵʡ (Fe) 

ʭʘʤʪ ʛʘʨʘʛ ʝʨʪᴇʥʮʠʡʥ ʮᴇʤʠʡʛ ʙװʨʜװװʣʵʭʵʜ ʛʦʣ װװʨʵʛʪʵʡ ʦʨʦʣʮʜʦʛ ʵʣʝʤʝʥʪװװʜ 

ʇʝʜʦʛʝʥ (ʇʝʜʦʛʝʥʝʟ) - ɻʨʝʢ ʭʵʣʥʵʵʩ pedo- ʙʫʶʫ pedon - ʭᴇʨʩ, ʛʘʟʘʨ ʰʦʨʦʦ; 

genesis ï װװʩʵʭ, ʙʠʡ ʙʦʣʦʭ ʭʵʤʵʵʥ ʦʨʯʫʫʣʘʛʜʩʘʥ ʙʘʡʥʘ.  ʊʫʭʘʡʥ ʛʘʟʘʨ, ʭװʨʵʵʣʵʥ 

ʙʫʡ ʦʨʯʠʥ, ʪʦʜʦʨʭʦʡ ʪװװʭʠʡʥ (ʛʘʟʘʨ ʘʰʠʛʣʘʣʪ) ʥᴇʣᴇᴇʣʣᴇᴇʨ ʟʦʭʠʮʫʫʣʘʛʜʜʘʛ ʭᴇʨʩ 

   .ʡʣ ʷʚʮ ʶʤװ ʩʵʭװװ

ʇʝʜʦʛʝʥ ʵʣʝʤʝʥʪ ï ʊʫʭʘʡʥ ʛʘʟʘʨ, ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥ, ʪʦʜʦʨʭʦʡ ʪװװʭʠʡʥ (ʛʘʟʘʨ 

ʘʰʠʛʣʘʣʪ) ʥᴇʣᴇᴇʣʣᴇᴇʨ ʟʦʭʠʮʫʫʣʘʛʜʜʘʛ ʭᴇʨʩ װװʩʵʭ װʡʣ ʷʚʮʳʥ ʥᴇʣᴇᴇʥʜ ʙʫʡ ʵʣʝʤʝʥʪ 

ʃʠʪʦʛʝʥ ʵʣʝʤʝʥʪ -  ʭᴇʨʩ װװʩʛʵʛʯ ʯʫʣʫʫʣʛʘʘʩ ʭᴇʨʩᴇʥʜ ʭʫʨʠʤʪʣʘʛʜʘʞ ʪʘʨʭʩʘʥ 

ʣɻʝʤʝʥʪװװʜ 

ɸʥʪʨʦʧʦʛʝʥ (anthropogenic)  ʵʣʝʤʝʥʪ ï ʭװʥʠʡ װʡʣ ʘʞʠʣʣʘʛʘʘʥʘʘʩ װװʜʵʣʪʵʡ (ʛʦʣ 

ʪᴇʣᴇʚ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʥʳ ʙʦʭʠʨʜʦʣ ʙʘ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩʫʫʜ) ʵʣʝʤʝʥʪ. 

ʅʝʦʛʝʥʠʡ ʵʣʩʵʥʮʵʨ ʰʘʚʘʨ-ʂʘʡʥʦʡʟʦʥʳ (66 ʩʘʷ ʞʠʣʠʡʥ ᴇʤʥᴇᴇʩ ʦʜʦʦ װʝ ʭװʨʪʵʣ) 

ʵʨʠʥʠʡ 2 ʜʘʭʴ װʝ ʙʫʶʫ ʥʝʦʛʝʥʠʡ (23.03 ʩʘʷ ʞʠʣʠʡʥ ᴇʤʥᴇ ʵʭʵʣʞ 2.58 ʩʘʷ ʞʠʣʠʡʥ 

ᴇʤʥᴇ ʜʫʫʩʩʘʥ)  װʝʜ ʙʠʡ ʙʦʣʩʦʥ ʰʘʚʘʨʣʘʛ ʵʣʩʵʨʭʵʛ ʭʫʨʜʘʩ.   

ʃʘʥʜʰʘʬʪ- ʛʘʟʨʳʥ ʭʦʪʛʦʨ ʛװʜʛʵʨʠʡʥ ʙʘʡʜʘʣ, ʭᴇʨʩʥʠʡ ʭʵʚ ʰʠʥʞ, ʫʩ ʯʠʡʛʠʡʥ 

ʛʦʨʠʤ, ʫʨʛʘʤʣʳʥ ʙװʨʭװװʣ ʥʴ ʠʞʠʣ ʛʘʟʘʨ.    

ʂʣʘʨʢ ï ʍװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʥʳ ʦʙʲʝʢʪ ( ʘʛʘʘʨ, ʫʩ, ʫʨʛʘʤʘʣ, ʭᴇʨʩ, ʯʫʣʫʫʣʘʛ) ïʠʡʥ ʙʘ 

ʙʠʦʩʬʝʨʠʡʥ ʘʤʴʜ ʙʠʝʪ ʜʵʭ ʵʣʝʤʝʥʪʠʡʥ ʜʫʥʜʘʞ ʘʛʫʫʣʘʤʞʠʡʥ ʪʦʦʥ ʪʦʦʮʦʦʣʦʣ 

K-W ʰʘʣʛʫʫʨ - 2 ʙʫʶʫ ʪװװʥʵʵʩ ʜʵʵʰ, ᴇᴇʨ ʭʦʦʨʦʥʜʦʦ ʭʘʤʘʘʨʘʣ ʙʫʩ  ʭʫʚʴʩʘʛʯʠʡʥ 

(ʜʵʵʞ ʙʦʣʦʥ ʵʣʝʤʝʥʪ) ʜʫʥʜʞʠʡʥ ʷʣʛʘʘʥʳ ʵʨʵʤʙʵʣʩʵʥ ʰʘʣʛʫʫʨ. ʕʥʵ ʥʴ ʙװʭ 

ʭʫʚʩʘʛʯʠʡʥ ʫʪʛʳʥ ʵʨʵʤʙʠʡʥ ʝʨᴇʥʭʠʡ ʜʘʨʘʘʣʘʣʜ ʪʫʣʛʫʫʨʣʘʜʘʛ  

ʄʝʜʠʘʥ ʰʘʣʛʫʫʨ ï 2 ʙʫʶʫ ʪװװʥʵʵʩ ʜʵʵʰ, ᴇᴇʨ ʭʦʦʨʦʥʜʦʦ ʭʘʤʘʘʨʘʣ ʙʫʩ  

ʭʫʚʴʩʘʛʯʠʡʥ (ʜʵʵʞ ʙʦʣʦʥ ) ʜʫʥʜʞʠʡʥ ʷʣʛʘʘʥʳ ʰʘʣʛʫʫʨ. ɹװʭ ʙʠʝ ʜʘʘʩʘʥ 

ʭʫʚʴʩʘʛʯʠʡʥ  (ʜʵʵʞ )ʭʫʚʴʜ ʥʠʡʪ ʤʝʜʠʘʥʠʡʛ ʪʦʦʮʦʦʣʥʦ. ɼʘʨʘʘ ʥʴ ʭʵʤʞʩʵʥ 

ʫʪʛʫʫʜʘʘʩ  ʤʝʜʠʘʥ ʫʪʛʘʘʩ ʙʘʛʘ ʙʘ ʠʭ ʫʪʛʳʛ ʪʦʦʮʦʦʣʜʦʛ.  

ʂʣʘʩʪʝʨʳʥ ʰʠʥʞʠʣʛʵʵ - ʭᴇʨʩʥʠʡ ʵʢʦʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘʥʜ ʪװʛʵʵʤʵʣ ʭʵʨʵʛʣʵʛʜʜʵʛ 

ʦʣʦʥ ʭʵʤʞʵʵʩʪ ʩʪʘʪʠʩʪʠʢʠʡʥ ʰʠʥʞʠʣʛʵʵ ʶʤ. ʐʠʥʞʠʣʞ ʙʫʡ ʜʵʵʞ ʙʦʣʦʥ 

ʪʦʜʦʨʭʦʡʣʩʦʥ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʛ ᴇᴇʨ  ʭʦʦʨʦʥʜ ʥʴ ʠʞʠʣ ʪᴇʩʪʵʡ ʰʠʥʞ ʯʘʥʘʨ, 

ʪᴇʣʚᴇᴇʨ ʥʴ ʙװʣʵʛʣʵʭ ʛʦʣ ʭʵʤʞʠʛʜʵʭװװʥʠʡʛ ʪʦʦʮʦʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʦʣʜʦʛ. ʕʥʵʭװװ 

ʭʵʤʞʠʛʜʵʭװװʥʠʡʛ    ʜʵʵʞװװʜʠʡʥ ʭʫʚʴʜ ʦʨʦʥ ʟʘʡʥ (ʕʚʢʣʠʜʠʡʥ, ʄʘʭʘʣʘʥʦʙʠʩʳʥ, 

ʍʝʤʤʠʥʛʠʡʥ) ʛʝʦʤʝʪʨ ʭʵʤʞʠʛʜʵʭװװʥ ʙʘ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʚʴʜ 

ʢʦʨʨʝʣʷʮʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʵʵʨ ʠʣʵʨʭʠʡʣʜʵʛ 

ɼʝʥʜʨʦʛʨʘʤʤ- ʦʣʦʥ ʭʵʤʞʵʵʩʪ ʢʣʘʩʪʝʨʳʥ ʰʠʥʞʠʣʛʵʵʥʠʡ װʨ ʜװʥʛ ʭʘʨʫʫʣʘʭ ʪʫʩʛʘʡ 

ʪᴇʨʣʠʡʥ ʜʠʘʛʨʘʤʤ ʶʤ. ɼʝʥʜʨʦʛʨʘʤʤ ʥʴ ʥʵʛ ʦʙʴʝʢʪ ʥʴ ʙʫʩʘʜ ʦʙʴʝʢʪʫʫʜ ʵʩʚʵʣ 

ʦʙʲʝʢʪʫʫʜʳʥ ʙװʣʛװװʜʪʵʡ ʭʵʨʭʵʥ ʪᴇʩʪʵʡ ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʜʘʛ.  

https://ru.wikipedia.org/wiki/%D0%93%D0%BE%D0%BB%D1%8C%D0%B4%D1%88%D0%BC%D0%B8%D0%B4%D1%82,_%D0%92%D0%B8%D0%BA%D1%82%D0%BE%D1%80_%D0%9C%D0%BE%D1%80%D0%B8%D1%86
https://ru.wikipedia.org/wiki/%D0%93%D0%BE%D0%BB%D1%8C%D0%B4%D1%88%D0%BC%D0%B8%D0%B4%D1%82,_%D0%92%D0%B8%D0%BA%D1%82%D0%BE%D1%80_%D0%9C%D0%BE%D1%80%D0%B8%D1%86
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ʌʘʢʪʦʨʳʥ ʰʠʥʞʠʣʛʵʵ- ʭᴇʨʩʥʠʡ ʵʢʦʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘʥʜ ʪװʛʵʵʤʵʣ ʭʵʨʵʛʣʵʛʜʜʵʛ 

ʦʣʦʥ ʭʵʤʞʵʵʩʪ ʩʪʘʪʠʩʪʠʢʠʡʥ ʰʠʥʞʠʣʛʵʵ ʶʤ. ʍʫʚʴʩʘʛʯʠʡʥ ʪʦʦʛ ʙʘʛʘʩʛʘʭ, ʭʫʴʩʘʛʯ 

ʭʦʦʨʦʥʜʳʥ ʭʘʨʠʣʮʘʥ ʭʘʤʘʘʨʣʳʛ ʪʦʜʦʨʭʦʡʣʜʦʛ ʰʠʥʞʠʣʛʵʵ ʶʤ.  ɸʥʭʥʳ 

ᴇʛᴇʛʜʣװװʜʵʵʨ (ʭʠʤʠʡʥ ʵʣʵʝʤʝʥʪװװʜ ʙʘ ʙʫʩʘʜ װʟװװʣʵʥʣʪװװʜ) ʦʣʦʥ ʭʫʚʴʩʘʛʯ ʙװʭʠʡ  

ʤʘʪʨʠʢʩ װװʩʛʵʭ ʙʘ ʤʵʜʵʵʣʣʠʡʥ ʤᴇʥ ʯʘʥʘʨʳʥ ʘʣʜʘʛʜʘʣʛװʡʛʵʵʨ ʤʘʪʨʠʢʩʳʥ ʭʵʤʞʵʵʛ 

ʙʘʛʘʩʛʘʞ ʭʘʤʛʠʡʥ ʠʭ ʭʘʤʘʘʨʘʣʪʘʡ ʭʫʚʴʩʘʛʯʫʫʜʳʛ ʰʠʥʵ ʭʫʴʩʘʛʯ ʙʦʣʛʦʥ ʙװʣʵʛʣʵʜʵʛ. 

ʊʵʨʭװװ ʰʠʥʵ ʤʵʜʵʵʣʵʣ ʘʛʫʫʣʞ װװʩʩʵʥ ʰʠʥʵ ʭʫʚʴʩʘʛʯʪʘʡ ʙװʣʛװװʜʠʡʛ ʬʘʢʪʦʨ ʙʘ ʛʦʣ 

ʢʦʤʧʦʥʝʥʪ ʛʵʞ ʥʵʨʣʵʜʵʛ.  

 

 

ʊʆɺʏʀʃʉʆʅ תɻʀʁʅ ʊɸʁʃɹɸʈ ɹɸ ʆʈʏʋʋʃɻɸ  

ɻʂ- ʛʦʣ ʢʦʤʧʦʥʝʥʪ 

PI ï pollution index - ʙʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩ   

Kc- coefficient concentration -  ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ  

Igeo-  geoaccumulation index - ʛʝʦʭʫʨʠʤʪʣʘʣʳʥ ʠʥʜʝʢʩ   

EF-  enrichment factor - ʙʘʷʞʠʣʪʳʥ ʬʘʢʪʦʨ  

IPI- integrated pollution index - ʙʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩʠʡʥ ʥʠʡʣʙʵʨʠʡʥ ʜʫʥʜʞʘʘʨ 

Kti-  toxicity coefficient - ʪʫʭʘʡʥ ʵʣʝʤʝʥʪʳʥ ʭʦʨʪʦʡ ʯʘʥʘʨʳʥ ʬʘʢʪʦʨ 
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ʅʕɻɼתɻʕʕʈ ɹתʃʕɻ 

ʉʋɼɸʃɻɸɸʅʓ ʆɹʒɽʂʊ, ɸʈɻɸɿתʁ 

ñʊʆʄʆʆʍʆʅ ʍʆʊʋʋɼʓʅ ᴆʅɻᴆʅ ʍᴆʈʉʅʀʁ ʍתʅɼ ʕʃɽʄɽʅʊʀʁʅ 

ɹʆʍʀʈɼʃʓʅ ʄʆʅʀʊʆʈʀʅɻʀʁɻ  ʉʇɽʂʊʈʆʉʂʆʇʀʁʅ ɸʈɻɸɸʈ 

ɻתʁʎʕʊɻʕʍò ʩʵʜʵʚʪ ʩʫʫʨʴ ʩʫʜʘʣʛʘʘʥʳ ʪᴇʩʣʠʡʛ ʭʵʨʵʛʞװװʣʵʭʵʜ ʋʣʘʘʥʙʘʘʪʘʨ 

ʭʦʪʳʥ ʥʠʡʪ ʛʘʟʘʨ ʥʫʪʛʠʡʛ ʭʘʤʘʨʩʘʥ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʜʵʵʞ ʩʫʜʘʣʛʘʘʥʳ װʥʜʩʵʥ ʦʙʲʝʢʪ 

ʙʦʣʥʦ.  

ᴆʥʛᴇʥ ʭᴇʨʩʥʠʡ ʜʵʵʞ ʘʚʘʣʪ 

ʍᴇʨʩʥʠʡ ʜʵʵʞʠʡʛ ʜʵʵʞ ʘʚʘʭ ʩʪʘʥʜʘʨʪ (MNS 3298-91; MNS-ISO-11074-2:2001; 

ʌʝʜʦʨʝʮ ʠ ʄʝʜʚʝʜʝʚʘ, 2009; ʀʉʆ10381-5:2008) - ʳʥ ʜʘʛʫʫ ʘʚʩʘʥ.  ʍᴇʨʩʥʠʡ 

ʙʦʭʠʨʜʣʳʥ ʪᴇʣᴇʚʜ ʙʦʜʠʪ װʥʵʣʛʵʵ ᴇʛᴇʭᴇʜ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʜʵʵʞʠʡʥ ʙʘʡʨʰʣʳʛ ʞʠʛʜ 

ʪʘʨʭʘʣʪʪʘʡ ʙʘʡʭʘʘʨ ʦʡʨʦʣʮʦʦʛʦʦʨ 1ʢʤ
2 
ʪʘʣʙʘʡʛʘʘʩ 1 ʜʵʵʞ ʘʚʘʭ ʟʦʨʠʣʛʦ ʪʘʚʴʩʘʥ 

ʙʦʣʦʚʯ ʭװʥʠʡ װʡʣ ʘʞʠʣʣʘʛʘʘʥʜ ʠʭʵʵʨ ᴇʨʪʩᴇʥ ʙʦʭʠʨʜʦʣ ʠʭʪʵʡ ʙʘʡʭ ʤʘʛʘʜʣʘʣʪʘʡ 

ʛʘʟʨʘʘʩ ʘʨʘʡ ʙʘʛʘ ʪʘʣʙʘʡʛʘʘʩ, ʙʦʭʠʨʜʦʣ ʙʘʛʘʪʘʡ ʙʦʣʦʥ װʡʣʜʚʵʨʣʵʣ װʡʣʯʠʣʛʵʵʥʵʵʩ 

ʟʘʡʜʫʫ, ʵʜʵʣʙʵʨʪ ʙʘʛʘ ᴇʨʪʩᴇʥ ʛʘʟʨʘʘʩ ʘʨʘʡ ʠʭ ʪʘʣʙʘʡʛʘʘʩ ʜʵʵʞ ʘʚʩʘʥ. ɼʵʵʞʥװװʜʠʡʥ 

ʮʵʛʠʡʥ ʙʘʡʨʰʠʣ ʙʫʶʫ ʫʨʪʨʘʛ ʙʘ ᴇʨʛᴇʨᴇʛʠʡʛ GPS ʙʘʛʘʞʠʡʥ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ 

ʪʦʜʦʨʭʦʡʣʩʦʥ. 

1. 2017 ʦʥʳ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʜʵʵʞװװʜʠʡʛ ʪᴇʚ ʟʘʤ ʜʘʛʫʫ ʛʘʟʨʘʘʩ  

2. 2018-2019 ʦʥʳ ʜʵʵʞװװʜʠʡʛ ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʨʠʤʪʣʘʣ, ʙʦʭʠʨʜʣʳʥ 

ᴇᴇʨʯʣᴇʣʪʠʡʥ ʟװʡ ʪʦʛʪʣʳʛ ʩʫʜʣʘʭ ʟʦʨʠʣʛʦʦʨ ᴇʤʥᴇʭ ʦʥʫʫʜ (2010-2011, 2014)- 

ʳʥ ʟʘʨʠʤ ʮʵʛʠʡʥ ʜʵʵʞװװʜʠʡʛ ʜʘʚʭʮʫʫʣʞ ʘʚʩʘʥ. 

2017-2019 ʦʥʫʫʜʘʜ ʥʠʡʪ 300 ʦʨʯʠʤ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʜʵʵʞ ʮʫʛʣʫʫʣʩʘʥ. ɼʵʵʞ ʘʚʩʘʥ 

ʮʵʛʠʡʥ ʙʘʡʨʰʣʳʛ ïʨ ʟʫʨʘʛʪ ʭʘʨʫʫʣʣʘʘ.  

1.1. ɼʵʵʞʠʡʛ ʭʠʤʠʡʥ ʰʠʥʞʠʣʛʵʵʥʜ ʙʵʣʜʵʭ 

ʍᴇʨʩʥʠʡ ʜʵʵʞʠʡʛ ʰʠʥʞʠʣʛʵʵʥʜ ʙʵʣʜʵʭ ʩʪʘʥʜʘʨʪ (ISO 11464:2006) - ʳʥ ʜʘʛʫʫ  

ʙʵʣʜʩʵʥ.   

¶ ʭʫʫʨʘʡ ʩʵʨװװʥ ʥʘʨ ʪʫʩʘʭʘʘʨʛװʡ ʛʘʟʘʨ ʜʵʣʛʵʞ, ʘʛʘʘʨʳʥ ʭʫʫʨʘʡ ʜʵʵʞ ʙʦʣʪʦʣ 

ʭʘʪʘʘʩʘʥ  

¶ ʫʨʛʘʤʘʣʳʥ װʥʜʵʩ, ʯʫʣʫʫ ʙʦʣʦʥ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʭʦʛ ʭʘʷʛʜʘʣʘʘʩ ʩʘʡʪʘʨ 

ʮʵʚʵʨʣʵʩʵʥ  

¶ ʮʵʚʵʨʣʵʩʵʥ ʜʵʵʞʠʡʛ 2 ʤʤ -ʠʡʥ ʜʠʘʤʝʪʨʪʵʡ ʰʠʛʰװװʨʵʵʨ ʰʠʛʰʩʵʥ 
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¶ ʣʘʙʦʨʘʪʦʨʠʡʥ Fritsch-9 ʥʫʥʪʘʛʣʘʛʯ ʙʘʛʘʞʘʘʨ 0.007 ʤʤ (200 ʤʝʰ) ʙʦʣʪʦʣ 

ʦʡʨʦʣʮʦʦʛʦʦʨ 3 ʤʠʥʫʪ ʥʫʥʪʘʛʣʘʩʘʥ 

¶ ʪʫʩʛʘʡʣʘʥ ʙʵʣʪʛʵʩʵʥ ʮʘʘʩʘʥ ʫʫʪʘʥʜ ʩʘʚʣʘʥ ʣʘʙʦʨʘʪʦʨʠʡʥ ʜʫʛʘʘʨʳʛ 

ʪʵʤʜʵʛʣʵʩʵʥ 

¶ ʜʵʵʞ ʪʫʩ ʙװʨʠʡʥ ʞʠʥʛ ʭʠʤʠʡʥ ʟʘʜʘʨʛʘʘ ʪʫʩ ʙװʨʜ ʟʦʨʠʫʣʞ  ʙʵʣʜʩʵʥ  

 

ɿʫʨʘʛ1. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʛʘʘʩ ϺʥʛϺʥ ʭϺʨʩʥʠʡ ʜʵʵʞ ʘʚʩʘʥ ʮʵʛϮϮʜʠʡʥ 

ʙʘʡʨʰʠʣ 

 
 ʍᴇʨʩᴇʥʜ ʤʘʢʨʦ, ʤʠʢʨʦʵʣʝʤʝʥʪװװʜ ʭװʥʜ ʤʝʪʘʣʣʫʫʜ ʭᴇʨʩʠʡʛ װװʩʛʵʛʯ 

ʘʥʭʜʘʛʯ ʵʨʜʩװװʜʵʵʩ ʵʭ ʘʚʯ ʦʨʰʠʭ ʙʘ ʭᴇʨʩ װװʩʵʭ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʧʨʦʮʝʩʩʫʫʜ ʙʦʣʦʥ 

ʭװʥʠʡ ʩᴇʨᴇʛ װʡʣ ʘʞʠʣʣʘʛʘʘʥʘʘʩ ʭᴇʨʩᴇʥʜ ʰʠʥʛʵʩʵʥ ʙʫʶʫ ʘʥʪʨʦʧʦʛʝʥ ʘʛʫʫʣʛʘʘʩ 

ʪʦʛʪʜʦʛ. ʍװʥʜ ʵʣʝʤʝʥʪװװʜ ʥʴ ʙʦʭʠʨʜʦʦʛװʡ ʭᴇʨʩᴇʥʜ ʛʦʣʯʣʦʥ ʘʥʭʜʘʛʯ ʵʨʜʵʩʪ ʙʫʶʫ 

ʩʠʣʠʢʘʪ ʥʵʛʜʵʣʜ ʦʨʰʜʦʛ. ʍʘʨʠʥ ʙʦʭʠʨʜʦʣ ʠʭʪʵʡ ʭᴇʨʩᴇʥʜ ʘʥʪʨʦʧʦʛʝʥ ʵʭ װװʩʚʵʨʪʵʡ 

ʭװʥʜ ʵʣʝʤʝʥʪװװʜ ʥʴ ʠʭʵʚʯʣʵʥ ʭᴇʨʩʥʠʡ ʦʨʛʘʥʠʢ ʙװʨʵʣʜʵʭװװʥ ʭʵʩʵʛʪ ʙʦʣʦʥ ʦʨʛʘʥʠʢ 

ʙʠʰ ʵʨʜʩʠʡʥ ʛʘʜʘʨʛʫʫʜ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʭʠʤʠʡʥ ʥʵʛʜʵʣ װװʩʛʵʥ ʰʠʥʛʵʩʵʥ ʙʘʡʜʘʛ.  

ʊʠʡʤʵʵʩ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʪᴇʣᴇʚ ʙʘʡʜʘʣ, װʥʵʣʛʵʵ, ʭʷʥʘʣʪ ʰʠʥʞʠʣʛʵʵ 

(ʤʦʥʠʪʦʨʠʥʛ), ʙʦʭʠʨʜʣʳʛ ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ ʟʵʨʵʛ ʩʫʜʘʣʛʘʘ, ʰʠʥʞʠʣʛʵʵʥʠʡ ʘʞʣʫʫʜʘʜ 

ʤʠʢʨʦ ʙʘ ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ ʟᴇʚʭᴇʥ ʥʠʡʪ ʘʛʫʫʣʛʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʥʴ ʭʘʥʛʘʣʪʛװʡ 
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ʙʘʡʜʘʛ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʪʫʭʘʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʟʦʨʠʣʛʦʦʩ ʭʘʤʘʘʨʘʥ ʭᴇʨʩʥʠʡ 

ʭʠʤʠʡʥ ʥʵʛʜʵʣ ʜʵʭ ʙʫʶʫ ʪʦʜʦʨʭʦʡ ʥʵʛ ʬʨʘʢʮ ʜʘʭʴ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʘʛʫʫʣʛʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʘʡʜʘʛ. ʍװʥʜ ʵʣʝʤʝʥʪװװʜ ʥʴ ʘʛʘʘʨʘʘʩ ʪᴇʨᴇʣ 

ʙװʨʠʡʥ ʭʠʡ, ʙᴇᴇʛʥᴇʨʩᴇʥ ʜʠʩʧʝʨʩ, ʪʦʦʩ, ʪʦʦʩʦʥʮʦʨ ʙʘʡʜʣʘʘʨ ʛʘʟʘʨʪ ʙʫʫʞ 

ʪʫʥʘʜʘʩʞʠʭ ʵʩʚʵʣ ʭʫʨ ʪʫʥʘʜʘʩʪʘʡ ʭʘʤʪ ʫʫʩʜʘʛ ʙʘ ʫʫʩʜʘʛʛװʡ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʥʵʛʜʣװװʜ 

(ʠʩʵʣ, ʢʘʨʙʦʥʘʪ, ʩʫʣʴʬʠʜ, ʩʫʣʴʬʘʪ, ʩʠʣʠʢʘʪ ʟʵʨʵʛ)-ʠʡʥ ʙʘʡʜʣʘʘʨ ʭᴇʨʩʥʠʡ ʦʨʛʘʥʠʢ 

ʵʩʚʵʣ ʤʠʥʝʨʘʣ ʙװʨʵʣʜʵʭװװʥ ʭʵʩʛװװʜʵʜ ʥʵʚʯʠʥ ʭᴇʨʩʠʡʛ ʙʦʭʠʨʜʫʫʣʜʘʛ. ʋʣʤʘʘʨ 

ʪʫʭʘʡʥ ʛʘʟʨʳʥ ʙʘʡʛʘʣʴ ʮʘʛ ʫʫʨʳʥ ʦʨʯʠʥ ʥᴇʭʮᴇʣ ᴇᴇʨʯʣᴇʛʜᴇʭᴇʜ ʥʵʛ ʥʵʛʜʣʵʵʩ ʥᴇʛᴇᴇ 

ʥʵʛʜʵʣʜ ʰʠʣʞʠʭ, ʵʩʚʵʣ ʯᴇʣᴇᴇʪ ʠʦʥʳ ʭʵʣʙʵʨʪ ʦʨʦʭ ʙʘ ʪʦʜʦʨʭʦʡ ʭʷʟʛʘʘʨʘʘʩ ʭʵʪʵʨʚʵʣ 

ʘʤʴʜ ʦʨʛʘʥʠʟʤʜ ʙʦʣʦʥ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ ʩᴇʨᴇʛ ʥᴇʣᴇᴇ װʟװװʣʜʵʛ. 

 ʕʥʵʭװװ ʩʫʫʨʴ ʩʫʜʘʣʛʘʘʥʳ ʩʵʜʵʚʪ ʪᴇʩʣʠʡʥ ʘʞʠʣʜ ʭᴇʨʩᴇʥ ʜʵʭ ʭװʥʜ 

ʵʣʝʤʝʥʪװװʜʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʘ, ʭװʯʠʣʜ ʭʘʥʜʣʘʛʜʜʘʛ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʘ, ʤᴇʥ 

ʙʫʬʝʨʠʡʥ ʫʫʩʤʘʣʜ ʭʘʥʜʣʘʛʜʜʘʛ ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʳʛ ʪʫʩ ʪʫʩ 

ʪʦʜʦʨʭʦʡʣʩʦʥ. ᴆʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʛʳʛ ʪʦʜʦʨʭʦʡʣʦʭ 

ʙװʭ ʪʫʨʰʠʣʪʳʥ  ʘʞʣʳʛ ʐʋɸ-ʠʡʥ ʌʠʟʠʢ ʪʝʭʥʦʣʦʛʠʡʥ ʭװʨʵʵʣʵʥʛʠʡʥ ɸʪʦʤʳʥ 

ʩʧʝʢʪʨʦʩʢʦʧʠʡʥ ʣʘʙʦʨʘʪʦʨʠ ʙʦʣʦʥ ʆʍʋ-ʳʥ ʐʋɸ-ʠʡʥ ʉʠʙʠʨʠʡʛ ʩʘʣʙʘʨʳʥ  

ɸ.ʇ.ɺʠʥʦʛʨʘʜʦʚʳʥ ʥʵʨʵʤʞʠʪ ʕʨʭװװʛʠʡʥ ɻʝʦʭʠʤʠʡʥ ʭװʨʵʵʣʵʥʛʠʡʥ ʆʧʪʠʢ ʩʧʝʢʪʨ 

ʙʘ ʩʪʘʥʜʘʨʪ ʟʘʛʚʘʨʳʥ ʣʘʙʦʨʘʪʦʨʠʪ ʭʠʡʩʵʥ.  

 ʍᴇʨʩʥʠʡ ʭװʥʜ ʵʣʝʤʝʥʪʠʡʥ ʙʦʭʠʨʜʣʳʥ ʰʠʥʞʠʣʛʵʵʥʜ ʩʠʣʠʢʘʪ ʙʫʩ ʥʵʛʜʵʣ 

ʜʵʭ ʙʫʶʫ ʢʘʨʙʦʥʘʪ, Fe ʙʘ Mn -ʠʡʥ ʦʢʩʠʜ ʙʦʣʦʥ ʛʠʜʨʦʢʩʠʜʦʜ ʙʦʣʦʥ ʦʨʛʘʥʠʢ 

ʢʦʤʧʣʝʢʩ ʥʵʛʜʵʣʜ, ʩʫʣʴʬʘʪ ʥʵʛʜʵʣʜ ʙʫʡ  ʘʛʫʫʣʛʳʛ ʠʭʵʚʯʣʵʥ ʭʫʫʨʤʘʛ ʥʠʡʪ 

(pseudototal) ʘʛʫʫʣʛʘ ʛʵʞ ʥʵʨʣʵʜʵʛ. ʍʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʥʴ ʭװʥʜ ʙʘ 

ʭʦʨʪʦʡ ʤʝʪʘʣʣʫʫʜʳʥ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʥʳ ʙʫʩʘʜ ʦʙʲʝʢʪʫʫʜ ʫʯʨʫʫʣʘʭ ʫʨʪ 

ʭʫʛʘʮʘʘʥʳ ʙʦʣʟʦʰʛװʡ ʵʨʩʜʵʣʠʡʛ װʥʵʣʵʭʵʜ ʯʫʭʘʣ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ. ʉʠʣʠʢʘʪ ʙʫʩ 

ʥʵʛʜʵʣ ʜʵʭ ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ װʟװװʣʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇ ʥʴ 

ʪװװʥʠʡ ʭᴇʜᴇʣʛᴇᴇʥʪ ʙʘʡʜʣʘʘʩ ʰʫʫʜ ʭʘʤʘʘʨʜʘʛ ʙʘ ʪװװʥʠʡ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ 

ʥᴇʣᴇᴇʣᴇʭ ʵʨʩʜʵʣʵʵʨ ʥʴ ʭᴇʜᴇʣʛᴇᴇʥʪ ʙʘ ʭᴇʜᴇʣʛᴇᴇʥʜ ʦʨʦʭ ʙʦʣʦʤʞʪʦʡ ʛʵʞ 

ʘʥʛʠʣʜʘʛ.ʍᴇʜᴇʣʛᴇᴇʥʪ ʙʘ ʭᴇʜᴇʣʛᴇᴇʥʜ ʦʨʦʭ ʙʦʣʦʤʞʪʦʡ ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʘʛʫʫʣʛʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʥʴ ʪװװʥʠʡ ʭᴇʨʩᴇʥʜ ʙʦʣʦʥ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʥʳ ʙʫʩʘʜ 

ʦʙʲʝʢʪʫʫʜʘʜ (ʫʩ, ʛװʥʠʡ ʫʩ, ʫʨʛʘʤʘʣ) ʰʠʣʞʠʭ ʧʨʦʮʝʩʩ ʙʦʣʦʥ ʪװװʥʜ װʟװװʣʵʭ ʩᴇʨᴇʛ 

ʥᴇʣᴇᴇʛ װʥʵʣʵʭ, ʫʣʤʘʘʨ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʪᴇʣᴇʚ ʙʘʡʜʘʣʜ ʙʦʜʠʪ װʥʵʣʛʵʵ ᴇʛᴇʭᴇʜ 

ʯʫʭʘʣ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ.  

 ʍʘʨʠʥ ʭᴇʨʩʥʠʡ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʵʨʜʩʠʡʥ ʛʘʜʘʨʛʫʫʜ ʭʘʨʴʮʘʥʛʫʡ ʩʫʣ 

ʮʘʭʠʣʛʘʘʥ ʩʪʘʪʠʢ ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʵʵʨ ʭʦʣʙʦʛʜʩʦʥ ʙʫʶʫ ʠʦʥ ʩʦʣʠʣʮʦʦʥʳ 
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ʧʨʦʮʝʩʩʦʦʨ ʟʘʜʨʘʭ ʙʦʣʦʤʞʪʦʡ ʘʛʫʫʣʛʳʛ ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʘ 

ʛʵʥʵ. 

1.2. ʉʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ  װʥʜʩʵʥ ʘʨʛʘʟװʡ 

ñʊʆʄʆʆʍʆʅ ʍʆʊʋʋɼʓʅ ᴆʅɻᴆʅ ʍᴆʈʉʅʀʁ ʍתʅɼ ʕʃɽʄɽʅʊʀʁʅ 

ɹʆʍʀʈɼʃʓʅ ʄʆʅʀʊʆʈʀʅɻʀʁɻ  ʉʇɽʂʊʈʆʉʂʆʇʀʁʅ ɸʈɻɸɸʈ 

ɻתʁʎʕʊɻʕʍò ʩʵʜʵʚʪ ʩʫʫʨʴ ʩʫʜʘʣʛʘʘʥʳ ʪᴇʩʣʠʡʛ ʭʵʨʵʛʞװװʣʵʭʵʜ ʜʘʨʘʘʭ ʘʨʛʫʫʜʳʛ 

ʩʦʥʛʦʥ ʘʚʯ ʭʵʨʵʛʣʵʩʵʥ ʙʦʣʥʦ.  

ʊϺʩʣʠʡʛ ʭʵʨʵʛʞϮϮʣʵʭʵʜ ʭʠʡʛʜʩʵʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʫʫʜ ʙʘ ʩʦʥʛʦʥ 

ʘʚʯ ʭʵʨʵʛʣʵʩʵʥ Ϯʥʜʩʵʥ ʘʨʛʫʫʜ 

ʉʫʜʘʣʛʘʘʥʳ ʘʞʣʫʫʜ ʉʦʥʛʦʥ ʘʚʯ ʭʵʨʵʛʣʵʩʵʥ װʥʜʩʵʥ ʘʨʛʫʫʜ 

ɼʵʵʞʥʠʡ ʭʠʤʠʡʥ ʟʘʜʘʨʛʘʘ 

ʍʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ ʥʠʡʪ, 

ʭʫʫʨʤʘʛ ʥʠʡʪ, ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ 

ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʳʛ ʪʫʩ ʪʫʩ ʙװʨ 

ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʭᴇʨʩʥʠʡ ʜʵʵʞʠʡʛ 

ʭʠʤʠʡʥ ʟʘʜʘʨʛʘʘʥʳ ʥʵʛ ʫʜʘʘʛʠʡʥ 

ʘʨʛʘʘʨ ʟʘʜʘʣʩʘʥ. 

 

 

 

 

1. ʭᴇʨʩᴇʥ ʜʵʭ ʭʠʤʠʡʥ 

ʵʣʝʤʝʥʪװװʜʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʳʛ 

ʪʦʜʦʨʭʦʡʣʦʭʦʦʨ  ʭᴇʨʩʥʠʡ ʜʵʵʞʠʡʛ 

ʛʫʨʚʘʣʩʘʥ ʭװʯʣʠʡʥ ʭʦʣʠʤʦʛʦʦʨ (HNO3 + 

HF + HClO4) ʟʘʜʘʣʞ ʫʫʩʤʘʣʜ ʰʠʣʞװװʣʩʵʥ 

(ʇʨʦʡʜʘʢʦʚʘ, 2009).  

2. ʭᴇʨʩᴇʥ ʜʵʭ ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʛ ʪʦʜʦʨʭʦʡʣʦʭʦʦʨ  

ʭᴇʨʩʥʠʡ ʜʵʵʞʠʡʛ (HNO3 ʙʘ H2O2) 

ʭװʯʣװװʜʠʡʥ ʭʦʣʴʮʦʦʨ ʩʠʣʠʢʘʪ ʥʵʛʜʣʠʡʛ 

ʛװʡʮʵʜ ʫʫʩʛʘʣʛװʡʛʵʵʨ ʟʘʜʘʣʩʘʥ (ʍʘʚʝʟʦʚ ʠ 

ʎʘʣʝʚ, 1983; Nomeda  Sabienʝ and Dalia 

Marija Brazauskienʝ, 2004)   

3. ʘʮʝʪʘʪ ʘʤʤʦʥʠʡʥ (CH3COONH4) 

ʙʫʬʝʨʠʡʥ ʫʫʩʤʘʣʜ ʭʘʥʜʣʘʭ ʘʨʛʘʘʨ 

ʜʵʵʞʠʡʛ ʙʵʣʜʩʵʥ. ʍᴇʨʩ ʙʘ ʘʮʝʪʘʪ 

ʘʤʤʦʥʠʡʥ ʭʘʨʴʮʘʘ 1:5 ʙʘʡʭʘʘʨ ʪʦʦʮʥʦ 

(ɻʆʉʊ ISO 22036-2014). 

ʕʣʝʤʝʥʪʠʡʥ ʘʛʫʫʣʛʘ ʪʦʜʦʨʭʦʡʣʦʭ ʩʫʜʘʣʛʘʘ:  

 

 

 

ʄʘʢʨʦ ʙʘ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʥʠʡʪ ʙʦʣʦʥ 

ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʘ, 

ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ ʥʠʡʪ, ʭʫʫʨʤʘʛ ʥʠʡʪ ʙʘ 

ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʘ) 

ʘʛʫʫʣʛʫʫʜʳʛ ʪʦʜʦʨʭʦʡʣʩʦʥ. ʕʣʝʤʝʥʪװװʜʠʡʥ 

ʘʛʫʫʣʛʫʫʜʳʛ ʪʦʜʦʨʭʦʡʣʦʭʦʜ:  
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V ʠʣʨװװʣʵʭ ʭʷʟʛʘʘʨ 

V ʤʵʜʨʵʭ ʯʘʜʚʘʨ  

V װʥʵʤʰʠʣ, ʥʘʨʠʡʚʯʣʘʣ  

V ʭʵʤʞʠʣʪʠʡʥ ʙװʪʵʵʤʞ  

ʟʵʨʛʵʵʨʵʵ ᴇᴇʨ ʭʦʦʨʦʥʜʦʦ ʷʣʛʘʘ ʙװʭʠʡ 

ʘʪʦʤʳʥ ʩʧʝʢʪʨʦʩʢʦʧʠʡʥ ʘʨʛʫʫʜʘʘʨ 

ʪʦʜʦʨʭʦʡʣʩʦʥ (ɺʘʩʠʣʴʝʚʘ ʠ ʐʘʙʘʥʦʚʘ, 

2012; Gunicheva, 2012).. װתʥʜ: 

1. ʈʌɸ:-ʨʝʥʪʛʝʥ ʬʣʶʦʨʝʩʮʝʥʮʠʡʥ 

ʩʧʝʢʪʨʦʩʢʦʧʠ; 

2. ɼʈ-ɸʕʉ:-ʘʪʦʤʳʥ ʮʘʮʘʨʛʘʣʪʳʥ 

ʩʧʝʢʪʨʦʩʢʦʧʠʡʥ ʥʫʤʘʥ 

ʘʪʦʤʯʣʘʣʳʥ:(i)-ʥװװʨʩʵʥ ʵʣʝʢʪʨʦʜʳʥ 

ʩʫʚʘʛʪ ʘʪʦʤʯʣʘʭ ʙʘ (ii)-ʥʘʣʫʫ ʯʠʛʪ 

ʙʘʨʣʫʫʣʩʘʥ ʥװװʨʩʵʥ ʵʣʝʢʪʨʦʜʳʥ 

ʜʫʥʜʫʫʨ װʣʵʵʣʛʵʥ ʘʪʦʤʯʣʘʭ; 

3. ʇʌ-ɸʕʉ:-ʘʪʦʤʳʥ ʮʘʮʘʨʛʘʣʪʳʥ 

ʩʧʝʢʪʨʦʩʢʦʧʠʡʥ ʜᴇʣʠʡʥ 

ʬʦʪʦʤʝʨʠʡʥ ʘʨʛʘ; 

4. ʇʣ-ɸɸʉ:-ʘʪʦʤʳʥ ʰʠʥʛʵʵʣʪʠʡʥ 

ʩʧʝʢʪʨʦʩʢʦʧʠʡʥ ʜᴇʣᴇʥ ʘʪʦʤʯʣʘʣʳʥ 

ʘʨʛʘ; 

5. ʀʉʇ-ɸʕʉ:- ʠʥʜʫʢʮʠʡʥ ʭʦʣʙʦʦʩʪ 

ʧʣʘʟʤʳʥ ʘʪʦʤʳʥ ʮʘʮʘʨʛʘʣʪʳʥ 

ʩʧʝʢʪʨʦʩʢʦʧʠʡʥ ʘʨʛʘ 

ʍᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʪʘʨʭʘʣʪʳʥ ʪᴇʣᴇʚ, ʛʝʦʭʠʤʠʡʥ ʰʠʥʞ ʯʘʥʘʨʳʛ  

ʩʫʜʣʘʭ, ʙʦʭʠʨʜʣʳʥ ʵʭ װװʩʚʵʨʠʡʛ ʪʦʛʪʦʦʭ, 

ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ ʦʨʦʥ ʟʘʡʥ ʷʣʛʘʘ (ʛʘʟʘʨ 

ʘʰʠʛʣʘʣʪʘʘʩ ʭʘʤʘʘʨʫʫʣʩʘʥ) ʙʦʣʦʥ ʮʘʛ 

ʭʫʛʘʮʘʘʥʳ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʩʫʜʘʣʛʘʘ:  

¶ ʆʣʦʥ ʭʵʤʞʵʵʩʪ ʩʪʘʪʠʩʪʠʢʠʡʥ  

ʂʦʨʨʨʝʣʷʮʠ  

ɻʦʣ ʢʦʤʧʦʥʝʥʪʳʥ ʘʨʛʘ,  

ʌʘʢʪʦʨ ʘʥʘʣʠʟ, 

ʢʣʘʩʪʝʨ ʘʥʘʣʠʟʳʥ ʘʨʛʫʫʜ;  

ɼʠʩʢʨʠʤʠʥʘʥʪ ʬʫʥʢʮʠʡʥ ʰʠʥʞʠʣʛʵʵ 

K-W ʙʘ ANOVA ʪʝʩʪ  

 

ɸʶʫʣʛװʡ ʙʦʣʦʥ  ʘʶʫʣʪʘʡ ʙװʩʠʡʛ 

ʪʫʩʛʘʘʨʣʘʭ, ʪʫʭʘʡʥ ʙװʩ ʥʫʪʘʛʪ ʙʦʣʦʦʜ 

ʦʨʯʠʥʜ ʤʝʪʘʣʣʳʥ ᴇʥʜᴇʨ ʘʛʫʫʣʘʤʞ ʙװʭʠʡ 

¶ ʛʘʟʘʨʟװʡʥ ʤʵʜʵʵʣʵʣʠʡʥ ʩʠʩʪʝʤʠʡʥ 

ʙʦʣʦʥ ɻʝʦʩʪʘʪʠʩʪʠʢʠʡʥ 

ʠʥʪʝʨʧʦʣʷʮʠʡʥ ʢʨʠʢʠʥʛʠʡʥ ʘʨʛʘ  
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ʭʘʣʫʫʥ ʮʵʛװװʜʠʡʛ ʪʦʛʪʦʦʭ, ɻʦʣ 

ʙʦʭʠʨʜʫʫʣʘʛʯ ʵʣʝʤʝʥʪװװʜʠʡʥ ʦʨʦʥ ʟʘʡʥ 

ʪʘʨʭʘʣʪʳʥ ʟʫʨʘʛʣʘʣ װʡʣʜʵʭ:  

ʍᴇʨʩʥʠʡ ʵʢʦʣʦʛʠ-ʛʝʦʭʠʤʠʡʥ ʪᴇʣᴇʚʠʡʛ 

  ʥʵʣʵʭ ʩʫʜʘʣʛʘʘװ

¶ ɼʘʥ ʙʦʣʦʥ ʦʣʦʥ ʵʣʝʤʝʥʪʠʡʥ 

ʙʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩװװʜʠʡʛ ʪʦʦʮʦʞ  

ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥʛ װʥʵʣʵʭ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

17 

ʍʆɪʈɼʋɻɸɸʈ ɹתʃʕɻ 

ʍᴆʈʉʅʀʁ ʍʀʄʀʁʅ ʕʃɽʄɽʅʊתתɼʀʁʅ ɹʆʍʀʈɼʃʓʅ 

ʊתɺʐʅʀʁ ʕʂʆʃʆɻʀ-ɻɽʆʍʀʄʀʁʅ תʅʕʃɻʕʕʅʀʁ ʆʃʆʅ 

ʋʃʉʓʅ ɸʈɻɸɿתʁɻ ʋʃɸɸʅɹɸɸʊɸʈ ʍʆʊʓʅ ʅʋʊɸɻ 

ɼʕɺʉɻʕʈʀʁʅ ᴆʅɻᴆʅ ʍᴆʈʉʅʀʁ ʍתʅɼ ʕʃɽʄɽʅʊʀʁʅ 

ɹʆʍʀʈɼʃʓɻ תʅʕʃʕʍʕɼ ʅʕɺʊʈתתʃʕʍ 

 ʍᴇʨʩ ʙʦʣ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥ ʙʘ ʵʢʦʩʠʩʪʝʤʠʡʥ ʭʘʤʛʠʡʥ ʛʦʣ ʦʙʲʝʢʪ. ʋʯʠʨ 

ʥʴ ʭᴇʨʩ ʙʦʣ ʫʩ, ʘʛʘʘʨ, ʫʨʛʘʤʘʣ ʟʵʨʵʛ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʥʳ ʙʫʩʘʜ ʦʙʲʝʢʪʪʦʡ 

ʭʘʨʴʮʫʫʣʘʭʘʜ ʭᴇʜᴇʣʛᴇᴇʥ ʙʘʛʘʪʘʡ, ʪʦʛʪʚʦʨʪʦʡ ʪʫʣ ʘʛʘʘʨʳʥ ʙʦʭʠʨʜʣʳʥ ʪᴇʣᴇʚ 

ʙʘʡʜʣʳʛ װʥʵʣʵʭʵʜ ʭʘʤʛʠʡʥ ʪʦʭʠʨʩʦʥ ʦʙʲʝʢʪ ʶʤ.  

 ʊᴇʚʣᴇʨʩᴇʥ ʩʫʫʨʠʥ ʛʘʟʨʳʥ ʭᴇʨʩ ʥʴ ʙʦʭʠʨʜʦʭʦʜ ʘʛʘʘʨ, ʛʘʜʘʨʛʫʫʛʠʡʥ ʙʦʣʦʥ 

ʛװʥʠʡ ʫʩ, ʫʨʛʘʤʘʣ ʙʦʭʠʨʜʦʭ ʵʭ װװʩʚʵʨ ʙʦʣʜʦʛ. ʀʡʤʜ ʭʦʪ ʩʫʫʨʠʥ ʛʘʟʨʳʥ ʭᴇʨʩʥʠʡ 

ʵʢʦʣʦʛʠʡʥ ʪᴇʣᴇʚ ʙʘʡʜʘʣ ʙʦʣʦʥ  ʵʢʦʩʠʩʪʝʤʠʡʛ ʙװʭʵʣʜ ʥʴ ʭʵʚʠʡʥ ʭʵʤʞʵʵʥʜ 

ʙʘʡʣʛʘʭʳʥ ʪʫʣʜ ʙʦʭʠʨʜʣʳʛ ʩʫʜʣʘʭ, ʭʷʥʘʣʪʳʥ  ʩʠʩʪʝʤʪ ʙʠʡ ʙʦʣʛʦʭ ʙʘ ʮʦʛʮ װʥʵʣʛʵʵ 

ʭʠʡʭ ʭʵʨʵʛʪʵʡ. ʍᴇʨʩʥʠʡ ʵʢʦʣʦʛʠ-ʛʝʦʭʠʤʠʡʥ ʮʦʛʮ װʥʵʣʛʵʵʛ ʪװװʥʠʡ ʵʢʦʩʠʩʪʝʤʜ 

ʛװʡʮʵʪʛʵʭ װʥʜʩʵʥ װװʨʵʛʪʵʡ ʥʴ ʫʷʣʜʫʫʣʘʥ ʭʠʡʜʵʛ. ʕʥʵ ʥʴ ʪװװʥʠʡ ʦʨʯʥʳ ʙʫʩʘʜ 

ʦʙʲʝʢʪʦʦʩ (ʫʩ, ʭᴇʨʩ ʛʵʭ ʤʵʪ) ʷʣʛʘʨʘʭ ʥʵʛ ʦʥʮʣʦʛ ʙʦʣʜʦʛ. 

2.1 ʍᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ, ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʥ װʥʵʣʛʵʵʥʠʡ 

 ʥʜʩʵʥ ʰʘʣʛʫʫʨװ

 ʆʣʦʥ ʫʣʩʳʥ ʧʨʘʢʪʠʢʪ ʭᴇʨʩʥʠʡ ʵʢʦʣʦʛʠ-ʛʝʦʭʠʤʠʡʥ װʥʵʣʛʵʵʛ ʭᴇʨʩʥʠʡ 

ʛװʡʮʵʪʛʵʭ װװʨʵʛ, ʬʫʥʢʮʵʥʜ ʩʫʫʨʠʣʞ װʥʵʣʛʵʵʥʠʡ ʪʦʦʥ ʰʠʥʞʠʣʛʵʵʥʠʡ ʙʘ ʯʘʥʘʨʳʥ 

ʘʨʛʘʘʨ ʜʘʨʘʘʭ 3 װʥʜʩʵʥ ʯʠʛʣʵʣʵʵʨ װʥʵʣʜʵʛ.  

¶ ʍᴇʨʩʥʠʡ ʯʘʥʘʨ ʵʨװװʣ ʘʭʫʡ 

¶ ʍװʥʠʡ ʙʫʨʫʫʪʘʡ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʫʣʤʘʘʩ ʭᴇʨʩʥʠʡ ʛʝʦʭʠʤʠʡʥ ʪᴇʣᴇʚ 

ʙʘʡʜʣʳʥ ᴇᴇʨʯʣᴇʣʪ  

¶ ʍᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ װʟװװʣʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣᴇʣ    

  :ʥʜʩʵʥ ʰʘʣʛʫʫʨװ ʥʵʣʛʵʵʥʠʡת

¶ ʍᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʭʠʤʠʡʥ ʵʣʝʤʝʥʪʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵʥʠʡ 

ʩʪʘʥʜʘʨʪ 

¶ ɹʦʭʠʨʜʦʦʛװʡ ʙʫʶʫ ʙʘʡʛʘʣʳʥ ʮʵʚʵʨ ʭᴇʨʩᴇʥ ʜʵʭ ʵʣʝʤʝʥʪʠʡʥ ʩʫʫʨʴ ʘʛʫʫʣʛʘ 

2.1.1. ʍᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʭʠʤʠʡʥ ʵʣʝʤʝʥʪʠʡʥ 

ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵ 

ʍʠʤʠʡʥ ʵʣʝʤʝʥʪ, ʪʵʜʛʵʵʨʠʡʥ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʥʵʛʜʣʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ 

ʭʵʤʞʵʵ ʥʴ ʪʫʭʘʡʥ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪ, ʥʵʛʜʣʠʡʥ ʘʛʫʫʣʛʘ ʥʴ ʭװʥ ʙʦʣʦʥ ʘʤʴʜ ʦʨʛʘʥʠʟʤʜ 

ʩᴇʨᴇʛ ʥᴇʣᴇᴇ װʟװװʣʵʭʛװʡ ʙʘʡʭ ʭʵʤʞʵʵ ʶʤ. ʕʥʵ ʩʪʘʥʜʘʨʪʪʘʡ ʭʘʨʴʮʫʫʣʘʥ װʥʵʣʵʭ ʥʴ 

ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʦʣʜ ʯʘʥʘʨʳʥ װʥʵʣʛʵʵ ʭʠʡʞ ʙʫʡ ʭʘʤʛʠʡʥ ʘʥʭʘʥ ʰʘʪʥʳ ʵʥʛʠʡʥ ʘʨʛʘ 

ʶʤ.  

 ʍᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʭʠʤʠʡʥ ʵʣʝʤʝʥʪʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵʥʠʡ 

ʩʪʘʥʜʘʨʪ ʥʴ ʭʘʤʛʠʡʥ ʘʥʭ 1970-ʜ ʦʥʜ ʆʍʋ-ʜ ʙʘʪʣʘʛʜʩʘʥ ʙʘʡʥʘ. ʕʥʵ װʟװװʣʵʣʪ ʥʴ 

ʪʫʭʘʡʥ ʙװʩ ʥʫʪʛʠʡʥ ʭᴇʨʩʥʠʡ ʛʝʦʭʠʤʠʡʥ ʦʥʮʣʦʛʠʡʛ ʭʘʨʛʘʣʟʘʘʛװʡ ʟʵʨʵʛ ʫʯʠʨ 

ʜʫʪʘʛʜʘʣʪʘʡ ʙʘʡʩʘʥ ʫʯʠʨ 1992 ʦʥʜ ʭᴇʨʩʥʠʡ ʤʝʭʘʥʠʢ ʙװʪʵʮ ʙʦʣʦʥ pH-ʠʡʥ ʪᴇʣᴇʚʠʡʛ 



 
 

18 

ʜʘʚʭʘʨ ʪʦʦʮʦʦʣʩʦʥ ʵʣʝʤʝʥʪ, ʭʠʤʠʡʥ ʥʵʛʜʣʠʡʥ ʭᴇʨʩᴇʥ ʜʵʭ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ 

ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʰʘʣʛʫʫʨʳʛ ʙʘʪʣʘʥ ʤᴇʨʜʣᴇʛ ʙʦʣʛʦʭ ʙʦʣʞʵʵ (ɻʅ 

 ʥʵʵʩ ʭʦʡʰ ʛʘʜʥʳ ᴇᴇʨ ʙʫʩʘʜ ʫʣʩ ʦʨʥʫʫʜʘʜ ᴇᴇʨ ᴇᴇʨʩʜʠʡʥװת .(2006 ,2.1.7.2041

 ʥʵʣʛʵʵʥʠʡ ʤᴇʥ ʯʘʥʘʨ, ʰʘʣʛʫʫʨʘʘʨ  ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʭʠʤʠʡʥ ʵʣʝʤʝʥʪʠʡʥװ

ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵʥʠʡ ʩʪʘʥʜʘʨʪʳʛ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʥʠʡʪ ʘʛʫʫʣʛʘ, ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʫʫʜʘʜ ʙʦʣʦʥ ʭᴇʨʩʥʠʡ ʰʠʥʞ 

ʯʘʥʘʨʘʘʩ ʭʘʤʘʘʨʫʫʣʘʥ ʪװװʥʯʣʵʥ ʛʘʟʘʨ ʘʰʠʛʣʘʣʪʳʥ ʦʥʮʣʦʛ ʟʵʨʛʵʵʨ ʪʦʛʪʦʦʩʦʥ ʙʘʡʥʘ 

(ʉʝʤʝʥʢʦʚ ʠ ʂʦʨʦʣʝʚʘ, 2019; ɻʅ 2.1.7.2041,2006). ɾʠʰʵʵ ʥʴ: 

¶ ɻʝʨʤʘʥʜ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʦʦʩ װװʜʵʣʪʵʡ ʛװʥʠʡ ʫʩ ʙʦʭʠʨʜʦʭʦʦʩ ʩʵʨʛʠʡʣʵʥ 

ʩʪʘʥʜʘʨʪ ʭʵʤʞʵʵʛ ʪʦʛʪʦʦʩʦʥ ʙʘʡʜʘʛ ʙʘ ʵʥʵ ʰʘʣʛʫʫʨ ʥʴ ʪʫʭʘʡʥ ʫʣʩʳʥ ʛʘʟʘʨ 

ʥʫʪʛʠʡʥ ʙװʩʯʣʵʣʵʵʩ ʭʘʤʘʘʨʘʥ ᴇᴇʨ ᴇᴇʨ ʭʵʤʞʵʵʪʵʡ ʙʘʡʜʘʛ. ʄᴇʥ ʵʥʜ ʭᴇʨʩʥʠʡ 

ʥʵʚʯʠʣʪʠʡʥ ʰʠʥʞ ʯʘʥʘʨʳʛ ʜʘʚʭʘʨ ʪʦʦʮʩʦʥ ʙʘʡʜʘʛ. ʊװװʥʯʣʵʥ ʭװװʭʜʠʡʥ 

ʪʦʛʪʦʦʣʳʥ ʪʘʣʙʘʡ, ʩʫʫʨʴʰʣʳʥ ʙװʩ, ʘʤʨʘʣʪ ʟʫʛʘʘʣʛʳʥ ʛʘʟʘʨ, װʡʣʜʚʵʨʠʡʥ ʙװʩ 

ʛʘʟʘʨʪ As, Cd, Cr, Hg Ni, Pb ʟʵʨʵʛ ʭʦʨʪʦʡ ʵʣʝʤʝʥʪװװʜʠʡʥ ʝʨᴇʥʭʠʡ 

ʪʨʠʛʛʝʨʠʡʥ ʪװʚʰʠʥ (Generic trigger levels) ʙʘ ʭᴇʨʩ ʜʵʭ ʤʝʪʘʣʣʳʥ 

ʘʛʫʫʣʘʤʞʠʡʛ ʘʥʭʘʘʨʫʫʣʘʭ ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵʛ (Warning levels for metal 

content in soils) ʭᴇʨʩʥʠʡ ʤʝʭʘʥʠʢ ʙװʨʵʣʜʵʭװװʥʵʵʩ ʭʘʤʘʘʨʫʫʣʘʥ ʤᴇʥ ʞʠʣʠʡʥ 

ʘʯʘʘʣʣʳʥ ʭʵʤʞʵʵʛ ʪʦʛʪʦʦʩʦʥ ʙʘʡʥʘ (BbodSchV, 1999).  

¶ ʅʠʜʝʨʣʘʥʜʘʜ 2000 ʦʥʜ ʙʘʪʣʘʛʜʩʘʥ ʩʪʘʥʜʘʨʪʳʛ ʤᴇʨʜʣᴇʛ ʙʦʣʛʦʜʦʛ ʙʘ ʵʥʵ 

ʩʪʘʥʜʘʨʪ ʥʴ ʩʫʫʨʴ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʭʵʤʞʵʵ,  ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩʳʥ 

ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵ ʙʦʣʦʥ ʠʥʪʝʛʨʘʣ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵʛ ʪʦʛʪʦʦʩʦʥ  

ʙʘʡʥʘ (Crommentuijn T., Sijim D., de Bruijin J. et al, 2000; Lijzen et al, 2001). 

¶ ɸʅʋ-ʳʥ ʩʪʘʥʜʘʨʪ ʥʴ ʍװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʥʳʛ ʭʘʤʛʘʘʣʘʭ ʥʠʡʛʵʤʣʵʛʠʡʥ 

ʙʘʨʠʤʪ ʙʠʯʠʛ ʙʘ ʭᴇʨʩ ʙʦʣʦʥ ʛװʥʠʡ ʫʩʘʥʜ ʙʘʡʭ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜ, ʥʝʬʪʠʡʥ 

ʙװʪʵʵʛʜʵʭװװʥʠʡʛ ʥʦʨʤʯʠʣʞ ᴇʛʩᴇʥ ʙʘʡʥʘ. ʕʥʵ ʥʴ ʭװʥʠʡ ʵʨװװʣ ʤʵʥʜ, 

ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥ, ʥʠʡʛʵʤʜ ʫʯʨʫʫʣʘʭ ʘʶʫʣʘʘʩ ʫʨʴʜʯʠʣʘʥ ʩʵʨʛʠʡʣʵʭ, ʩᴇʨᴇʛ 

  .ʥʵʣʵʭʵʜ ʯʠʛʣʵʛʜʩʵʥ ʙʘʡʥʘ (Eco-SSLs, 1999)װ ʨ ʜʘʛʘʚʨʳʛװ

 

 ʕʥʵ װʟװװʣʵʣʪʵʵʨ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʛ װʥʵʣʵʭʵʜ ʭᴇʨʩʠʡʛ ʪʫʭʘʡʥ 

ʩʪʘʥʜʘʨʪʳʥ ʰʘʘʨʜʣʘʛʘʜ ʥʠʡʮʵʞ ʙʫʡ ʵʩʚʵʣ ʥʠʡʮʵʭʛװʡ ʙʘʡʥʘ ʛʵʩʵʥ ʭʦʸʨ ʢʘʪʝʛʦʨʠʪ 

ʭʫʚʘʘʜʘʛ. ʕʥʵʭװװ ʘʨʛʘ ʥʴ ʪᴇʚʣᴇʨʩᴇʥ ʩʫʫʨʠʥ ʛʘʟʘʨ ʙʦʣʦʥ װʡʣʜʚʵʨʠʡʥ ʙװʩ ʥʫʪʘʛ ʜʘʭʴ 

ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʦʣʜ װʥʵʣʛʵʵ ʭʠʡʭʵʜ ʭװʥʠʡ ʩᴇʨᴇʛ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʦʨʦʣʮʦʦʛ 

ʪʦʦʮʦʞ ʠʣʨװװʣʜʵʛʛװʡ. ʊװװʥʯʣʵʥ ʪʫʭʘʡʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ʛʝʦʣʦʛʠʡʥ ʪʦʛʪʦʮ, ʙʘʡʛʘʣʴ 

ʮʘʛ ʫʫʨ ʙʦʣʦʥ ʭᴇʨʩ װװʩʵʭ ʧʨʦʮʝʩʩʠʡʥ ʦʥʮʣʦʛ ʟʵʨʛʵʵʩ ʭʘʤʘʘʨʘʥ ʠʞʠʣ ʪᴇʩʪʵʡ ʭᴇʨʩ 

ʙʘʡʚʯ ʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʛʘ ʥʴ ʭʘʨʠʣʮʘʥ ʘʜʠʣʛװʡ ʙʘʡʜʘʛ ʫʯʠʨ ʙʦʜʠʪ װʥʵʣʛʵʵʥʵʵʩ 

ʟᴇʨװװʪʵʡ ʙʘʡʜʘʛ.  

 ʄʘʥʘʡ ʫʣʩʳʥ ʪʫʭʘʡʜ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʭʠʤʠʡʥ ʵʣʝʤʝʥʪʠʡʥ 

ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵʥʠʡ ʩʪʘʥʜʘʨʪ MNS8550-2008 ʠʭʵʥʭ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʚʴʜ 

ʭᴇʨʩʥʠʡ ʰʠʥʞ ʯʘʥʘʨʘʘʩ ʭʘʤʘʘʨʫʫʣʘʥ ʙʘʪʣʘʛʜʩʘʥ ʙʘʡʜʘʛ. ᴆᴇʨʠʡʥ ʦʨʥʳ ʵʥʵʭװװ 

ʩʪʘʥʜʘʨʪʳʛ ɻʝʨʤʘʥ (BbodSchV, 1999), ʅʠʜʝʨʣʘʥʜ  (Crommentuijn T., Sijim D., de 

Bruijin J. et al, 2000; Lijzen et al, 2001) ʙʘ ʆʨʦʩ ʋʣʩʳʥ (ɻʅ 2.1.7.2041,2006) 

ʩʪʘʥʜʘʨʪʫʫʜʪʘʡ ʭʘʨʴʮʫʫʣʘʥ ïʨ ʭװʩʥʵʛʪʵʜ ʭʘʨʫʫʣʣʘʘ  
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ʍϮʩʥʵʛʪ . ʍϺʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʭʠʤʠʡʥ ʵʣʝʤʝʥʪʠʡʥ ʟϺʚʰϺϺʨϺʛʜϺʭ 

ʭʵʤʞʵʵʥʠʡ ʩʪʘʥʜʘʨʪ MNS8550-2008-ʳʛ ɻʝʨʤʘʥ (BbodSchV, 1999), ʅʠʜʝʨʣʘʥʜ  

(Crommentuijn T., Sijim D., de Bruijin J. et al, 2000; Lijzen et al, 2001) ʙʘ ʆʨʦʩ 

ʋʣʩʳʥ (ɻʅ 2.1.7.2041,2006) ʩʪʘʥʜʘʨʪʫʫʜʪʘʡ ʭʘʨʴʮʫʫʣʩʘʥ ʙʘʡʜʘʣ 
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ʅʠʜʝʨʣʘʥʜ  ɻʝʨʤʘʥ (BbodSchV, 1999)  

(C
ro

m
m

e
n

tu
ijn

 T
.,
 

S
iji

m
 D

.,
 d

e
 B

ru
iji

n
 J

. 

e
t 

a
l,
 2

0
0
0) 

(L
ij

z
e

n
 e

t 
a

l,
 2

0
0

1) 
 

ʍ
װ
װ
ʭ
ʜ
ʠ
ʡ
ʥ
 

ʪ
ʦ
ʛ
ʣ
ʦ
ʦ
ʤ
ʳ
ʥ
 
ʪ
ʘ
ʣ
ʙ
ʘ
ʡ

 

ʩ
ʫ
ʫ
ʨ
ʴ
ʰ
ʣ
ʳ
ʥ
 
ʙ
װ
ʩ

 

ʇ
ʘ
ʨ
ʢ
/
 
ʘ
ʤ
ʨ
ʘ
ʣ
ʪ
ʳ
ʥ
 
ʙ
װ
ʩ

 

װ
ʡ
ʣ
ʜ
ʚ
ʵ
ʨ
ʠ
ʡ
ʥ
 
ʙ
װ
ʩ

 

Mn - 1,500             

Ba - 150 165 890         

Sr - 5             

F 200 -             

Cr 150 (VI) 0.05 100 - 200 400 1000 1000 

V 150 - 43 -         

Zn 300 - 160 350         

Rb - -             

Ni 150 - 38 100 70 140 350 900 

Mo 5 - 254.00 190         

Li  - -             

Cu 100 - 40 96         

Sb - - 3.50 -         

Pb 100 32 40 580 200 400 1000 2000 

Sn 50 - 53 -         

Co 50 - 33 43         

B - 2             

As 6 - 34 85 25 50 125 140 

Cd 3 - 1.60 13 10 20 50 60 

Bi - -             

Hg 2   2.2 36 10 20 50 80 

 

 

2.1.2. ɹʦʭʠʨʜʦʦʛװʡ ʙʫʶʫ ʙʘʡʛʘʣʠʡʥ ʮʵʚʵʨ ʭᴇʨʩᴇʥ ʜʵʭ ʵʣʝʤʝʥʪʠʡʥ ʩʫʫʨʴ 

ʘʛʫʫʣʛʘ 

 ʍᴇʨʩᴇʥ ʜʵʭ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵʥʠʡ ʩʪʘʥʜʘʨʪʳʛ 

ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ (ʭװʥʜ ʤʝʪʘʣʣʳʥ) ʙʦʭʠʨʜʣʳʥ װʥʵʣʛʵʵʥʜ ʭʘʤʛʠʡʥ ᴇʨʛᴇʥ 

ʜʵʣʛʵʨ ʭʵʨʵʛʣʵʜʵʛ. ʕʥʵʭװװ ʰʘʣʛʫʫʨ װʟװװʣʵʣʪ ʥʴ ʪᴇʚʣᴇʨʩᴇʥ ʩʫʫʨʠʥ ʛʘʟʘʨ ʙʦʣʦʥ 

 ʥʠʡ ʙʫʨʫʫʪʘʡװʥʵʣʛʵʵ ʭʠʡʭʵʜ ʭװ ʩ ʥʫʪʘʛ ʜʘʭʴ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʦʣʜװʡʣʜʚʵʨʠʡʥ ʙװ



 
 

20 

 ʡ.  ʄᴇʥ ʪʫʭʘʡʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥװʣʜʵʛʛװװʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʦʨʦʣʮʦʦʛ ʪʦʦʮʦʞ ʠʣʨװ

ʛʝʦʣʦʛʠʡʥ ʪʦʛʪʦʮ, ʙʘʡʛʘʣʴ ʮʘʛ ʫʫʨ ʙʦʣʦʥ ʭᴇʨʩ װװʩʵʭ ʧʨʦʮʝʩʩʠʡʥ ʦʥʮʣʦʛ ʟʵʨʛʵʵʩ 

ʭʘʤʘʘʨʘʥ ʠʞʠʣ ʪᴇʩʪʵʡ ʭᴇʨʩ ʙʘʡʚʯ ʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʛʘ ʥʴ ʭʘʨʠʣʮʘʥ ʘʜʠʣʛװʡ 

ʙʘʡʜʘʛ. ʀʡʤʜ ʪᴇʚʣᴇʨʩᴇʥ ʩʫʫʨʠʥ ʙʦʣʦʥ װʡʣʜʚʵʨʠʡʥ ʙװʩ ʥʫʪʛʠʡʥ ʭᴇʨʩʥʠʡ ʭװʥʜ 

ʤʝʪʘʣʣʳʥ ʙʦʭʠʨʜʣʳʛ ʙʦʜʠʪʦʡ װʥʵʣʵʭʵʜ ʙʘʡʛʘʣʠʡʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʘʣʜʘʞ 

ʙʦʭʠʨʜʦʦʛװʡ ʮʵʚʵʨ ʙʫʶʫ ʩʫʫʨʴ ʭᴇʨʩᴇʥ ʜʵʭ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ ʛʝʦʭʠʤʠʡʥ 

ʩʫʜʘʣʛʘʘ ʭʠʡʞ ʘʛʫʫʣʛʳʛ ʪʦʛʪʦʦʥ ʩʫʜʘʣʛʘʘʥʳ ʭʘʨʴʮʫʫʣʘʭ ʤʘʪʝʨʠʘʣ ʙʦʣʛʦʥ ʭʵʨʵʛʣʵʭ 

ʥʴ ʟʘʡʣʰʛװʡ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʫʶʫ ʯʫʭʘʣ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ.  

2.1 ʍᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ, ʙʦʭʠʨʜʣʳʥ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʛ 

 ʡװʥʵʣʵʭ ʘʨʛʘʟװ

ʍᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ 

ʊᴇʚʣᴇʨʩᴇʥ ʩʫʫʨʠʥ ʙʦʣʦʥ װʡʣʜʚʵʨʠʡʥ ʙװʩ ʥʫʪʛʠʡʥ ʭᴇʨʩʥʠʡ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪʠʡʥ 

ʙʦʭʠʨʜʣʳʛ ʙʦʜʠʪʦʡ װʥʵʣʵʭʵʜ, ʙʘʡʛʘʣʠʡʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʘʣʜʘʞ ᴇᴇʨʯʣᴇʣʪᴇʜ 

ʦʨʦʦʛװʡ, ʙʦʭʠʨʜʦʦʛװʡ ʮʵʚʵʨ ʙʫʶʫ ʩʫʫʨʴ ʭᴇʨʩᴇʥʜ ʛʝʦʭʠʤʠʡʥ ʩʫʜʘʣʛʘʘ ʭʠʡʞ ʜʵʭ 

ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʛʳʛ ʪʦʛʪʦʦʥ ʩʫʜʘʣʛʘʘʥʳ ʭʘʨʴʮʫʫʣʘʭ ʤʘʪʝʨʠʘʣ ʙʦʣʛʦʭ 

ʙʘ ʵʥʵ  ʰʘʣʛʫʫʨʪ װʥʜʵʩʣʵʥ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʠʥʜʝʢʩ, ʢʦʵʬʬʠʮʠʝʥʪʠʡʛ ʪʦʦʮʦʞ, ʭװʥʠʡ 

ʩᴇʨᴇʛ װʡʣ ʘʞʠʣʣʘʛʘʘʥʘʘʩ װװʜʵʣʪʵʡ ʭᴇʨʩʥʠʡ ʛʝʦʭʠʤʠʡʥ ʪᴇʣᴇʚ ʙʘʡʜʣʳʥ ᴇᴇʨʯʣᴇʣʪ, 

ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥʛ װʥʵʣʜʵʛ ʘʨʛʫʫʜʳʛ ʩװװʣʠʡʥ ʞʠʣװװʜʵʜ ʛʘʜʥʳ ʫʣʩ 

ʦʨʦʥʜ ᴇʨʛᴇʥ ʜʵʣʛʵʨ ʭʵʨʵʛʣʵʞ ʙʘʡʥʘ. װתʥʜ: ʙʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩ (PI), ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (Kc), ʛʝʦʭʫʨʠʤʪʣʘʣʳʥ ʠʥʜʝʢʩ (Igeo), ʙʘʷʞʠʣʪʳʥ ʬʘʢʪʦʨ (EF) ʟʵʨʵʛ 

ʙʦʣʥʦ (Kowalska et al, 2018; Caeiro et al, 2005; Wong  et al, 2006; ɺʦʜʷʥʠʮʢʠʡ, 2010; 

Dung et al, 2013). ʕʜʛʵʵʨ ʘʞʣʫʫʜʘʜ ᴇᴇʛᴇʛʜʩᴇʥ ʙʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩ (PI), 

ʛʝʦʭʫʨʠʤʪʣʘʣʳʥ ʠʥʜʝʢʩ (Igeo), ʙʘʷʞʠʣʪʳʥ ʬʘʢʪʦʨ EF) -ʠʡʥ ʤʘʪʝʤʘʪʠʢ ʪʦʤʲʸʦʣʦʣ 

ʙʦʣʦʥ ʪװʚʰʠʥʠʡ ʘʥʛʠʣʘʣʳʛ 2-ʨ ʭװʩʥʵʛʪʵʜ ʥʵʛʪʛʵʥ ʭʘʨʫʫʣʣʘʘ.   

ʍϮʩʥʵʛʪ 2. ɹʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩ (PI), ʛʝʦʭʫʨʠʤʪʣʘʣʳʥ ʠʥʜʝʢʩ (Igeo), 

ʙʘʷʞʠʣʪʳʥ ʬʘʢʪʦʨ EF) -ʠʡʥ ʤʘʪʝʤʘʪʠʢ ʪʦʤʲʸʦʣʦʣ ʙʦʣʦʥ ʪϮʚʰʠʥʠʡ 

ʘʥʛʠʣʘʣ 
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 ʕʥʜ, Ci- ʭᴇʨʩᴇʥ ʜʵʭ ʵʣʝʤʝʥʪʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʘ (ʤʛ/ʢʛ), CBG ï ʩʫʫʨʴ ʭᴇʨʩᴇʥ 

ʜʵʭ ʵʣʝʤʝʥʪʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʘ (ʤʛ/ʢʛ), 1.5 - ʙʘʡʛʘʣʴ ʜʘʭʴ ʘʛʫʫʣʛʳʥ ʭʵʣʙʵʣʟʵʣ ʙʦʣʦʥ 

ʤʘʰ ʙʘʛʘ ʘʥʪʨʦʧʦʛʝʥ ʘʛʫʫʣʛʳʛ ʪʦʦʮʦʭ ʠʥʜʝʢʩ, R- ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʭʘʤʛʠʡʥ 

ʪʦʛʪʚʦʨʪʦʡ ʵʣʝʤʝʥʪ (Al, Si, Fe, Mn, Sc, Zr). 
 ɹʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩ (PI) ʙʫʶʫ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ (Kc), 

ʛʝʦʭʫʨʠʤʪʣʘʣʳʥ ʠʥʜʝʢʩ (Igeo), ʙʘʷʞʠʣʪʳʥ ʬʘʢʪʦʨ (EF)-ʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʥhʠʡ 

ʘʥʛʠʣʘʣʳʛ ʦʣʦʥ ʩʫʜʣʘʘʯʠʜ ʩʫʜʘʣʛʘʘʥʳ ʟʦʨʠʣʛʦ, ʟʦʨʠʣʪʦʦʩ ʭʘʤʘʘʨʘʥ ʭʦʦʨʦʥʜʦʦ 

ʷʣʛʘʘʪʘʡ ʘʚʯ װʟʩʵʥ ʙʘʡʜʘʛ. ʕʥʵ ʥʵʛ ʩʵʜʵʚʪ ʘʞʣʳʥ ʟʦʨʠʣʛʳʥ ʭװʨʵʵʥʜ ʭʘʨʴʮʫʫʣʘʭ 

ʟʘʤʘʘʨ  5 ʘʥʛʠʣʘʣʳʛ ʩʦʥʛʦʞ ʘʚʩʘʥ. ɹʘʷʞʠʣʪʳʥ ʬʘʢʪʦʨ ʥʴ 0.5 < EF < 2 ʙʘʡʚʘʣ 

ʭᴇʨʩᴇʥ ʜʵʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʙʘʷʞʠʣʪ ʙʦʣʦʦʛװʡ ʙʫʶʫ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ 

ʘʛʫʫʣʛʘ ʥʴ ʣʠʪʦʛʝʥ װװʩʵʣʪʵʡ, ʭʘʨʠʥ 2 < EF ʙʘʡʚʘʣ ʭᴇʨʩᴇʥ ʜʵʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ 

ʙʘʷʞʠʣʪ ʭװʥʠʡ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʫʣʤʘʘʩ ʷʤʘʨ ʥʵʛ ʵʭ װװʩʚʵʨʵʵʩ װװʜʵʥ ʭᴇʨʩᴇʥʜ 

ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʙʘʡʥʘ  ʛʵʞ װʟʜʵʛ (Sutherland et al, 2000). ʊᴇʚʣᴇʨʩᴇʥ ʩʫʫʨʠʥ ʛʘʟʨʳʥ 

ʭᴇʨʩ ʥʴ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʵʭ װװʩʚʵʨװװʜʵʵʩ װװʜʵʣʪʵʡ ʦʣʦʥ ʪʦʦʥʳ ʙʦʭʠʨʜʫʫʣʘʛʯ 

ʙʦʜʠʩʦʦʨ ʙʦʭʠʨʜʜʦʛ. ʀʡʤʜ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʛ ʦʣʦʥ ʵʣʝʤʝʥʪװװʜʠʡʥ ʙʦʭʠʨʜʣʳʥ 

ʠʥʜʝʢʩʠʡʥ ʥʠʡʣʙʵʨʠʡʥ ʜʫʥʜʞʘʘʨ װʥʵʣʜʵʛ ʙʘ ʜʘʨʘʘʭ ʪʦʤʲʸʦ ʸʩʦʦʨ ʪʦʦʮʜʦʛ 

(Kowalska et al, 2018; Wong  et al, 2006; ɺʦʜʷʥʠʮʢʠʡ, 2010).  
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 ʕʥʜ: n- ʜʵʵʞʥʠʡ ʪʦʦ, Ci- ʭᴇʨʩᴇʥ ʜʵʭ ʵʣʝʤʝʥʪʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʘ (ʤʛ/ʢʛ), CBG 

ï ʩʫʫʨʴ ʭᴇʨʩᴇʥ ʜʵʭ ʵʣʝʤʝʥʪʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʘ (ʤʛ/ʢʛ). ɹʦʭʠʨʜʣʳʛ ʜʘʨʘʘʭ 4 ʪװʚʰʠʥʜ 

ʘʥʛʠʣʥʘ. װתʥʜ: IPI < 1, ʙʦʭʠʨʜʦʣʛװʡ ʙʘ ʙʘʛʘ ʙʦʭʠʨʜʩʦʥ; 1 < IPI < 2, ʜʫʥʜ ʟʵʨʵʛ 

ʙʦʭʠʨʜʦʣʪʦʡ; 2 < IPI < 5, ʠʭ ʙʦʭʠʨʜʩʦʥ;  5 < IPI, ʤʘʰ ʠʭ ʙʦʭʠʨʜʩʦʥ (Wong  et al, 

2006).  

ʍᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣᴇʣ 

 ʍᴇʨʩᴇʥ ʜʵʭ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ װʟװװʣʵʭ ʩᴇʨᴇʛ 

ʥᴇʣᴇᴇ ʥʴ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʦʨʪʦʡ ʙʘ ʘʶʫʣʪʘʡ ʘʛʫʫʣʛʘʘʨ ʠʣʵʨʭʠʡʣʵʛʜʜʵʛ. 

ʍᴇʨʩᴇʥ ʜʵʭ ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ ʙʦʭʠʨʜʣʳʥ ʘʤʴʜ ʦʨʛʘʥʠʟʤ ʙʦʣʦʥ ʭװʨʵʵʣʵʥ ʙʫʡ 

ʦʨʯʥʳ ʙʫʩʘʜ ʦʙʲʝʢʪʦʜ װʟװװʣʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʥ װʥʵʣʛʵʵʛ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥʜ 

ʭװʥʜ ʵʣʝʤʝʥʪʠʡʥ ʭʦʨʪʦʡ ʯʘʥʘʨʳʥ ʬʘʢʪʦʨʳʛ ʜʘʚʭʘʨ ʪʦʦʮʦʞ װʥʵʣʵʭ ʘʨʛʳʛ ʦʣʦʥ 

ʫʣʩʳʥ ʧʨʘʢʪʠʢʪ ʭʵʨʵʛʣʵʜʵʛ (ɺʦʜʷʥʠʮʢʠʡ, 2010; Al-Anbari et al, 2015; Baran et al, 

2018).  

ʍᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ װʟװװʣʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʥ װʥʵʣʛʵʵʥʠʡ 

ʘʨʛʫʫʜʳʥ ʤʘʪʝʤʘʪʠʢ ʪʦʤʲʸʦʣʦʣ ʙʦʣʦʥ ʪװʚʰʠʥʠʡ ʘʥʛʠʣʘʣ, ᴇᴇʨ ʭʦʦʨʦʥʜʳʥ ʷʣʛʘʘʛ 

ʥʵʛʪʛʵʥ  ʭװʩʥʵʛʪ  3-ʪ ʭʘʨʫʫʣʣʘʘ. 

 ʍװʥʜ ʵʣʝʤʝʥʪʠʡʥ ʭʦʨʪʦʡ ʯʘʥʘʨʳʥ ʬʘʢʪʦʨʳʛ װʥʵʣʵʭ ʘʨʛʘ ʥʴ ʫʣʩ ʦʨʥʫʫʜʳʥ 

ʭʫʚʴʜ ᴇᴇʨ ᴇᴇʨ ʙʘʡʥʘ. ʍʘʤʛʠʡʥ ᴇʨʛᴇʥ ʭʵʨʵʛʣʵʛʜʜʵʛ ʘʨʛʫʫʜ ʥʴ ʍʝʢʘʥʩʦʥʳ ʘʨʛʘ ʙʘ 

ɺʦʜʷʥʠʮʢʠʡʥ ʘʨʛʘ ʶʤ (HaÁkanson, 1980; ɺʦʜʷʥʠʮʢʠʡ, 2010). ʕʜʛʵʵʨ ʘʨʛʫʫʜʘʜ 

ʵʣʝʤʝʥʪʠʡʥ ʭʦʨʪʦʡ ʯʘʥʘʨʳʥ ʬʘʢʪʦʨʳʥ ʫʪʛʘ ʥʴ ᴇᴇʨ ᴇᴇʨ ʙʘʡʥʘ. ʍʝʢʘʥʩʦʥʳ ʘʨʛʘʜ 

ʵʣʝʤʝʥʪʠʡʥ ʭʦʨʪʦʡ ʯʘʥʘʨʳʥ ʬʘʢʪʦʨʳʛ Hg (40) < Cd (30) < As (10)< Cu (5) < Pb (5) 

< Cr (2) < Zn (1) ʙʦʣ ɺʦʜʷʥʠʮʢʠʡʥ ʘʨʛʘʜ ʵʣʝʤʝʥʪʠʡʥ ʭʦʨʪʦʡ ʯʘʥʘʨʳʥ ʬʘʢʪʦʨ ʥʴ 

ʵʣʝʤʝʥʪװװʜʠʡʥ ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʡʥ ʟʵʨʛʵʵʩ ʭʘʤʘʘʨʯ (As, Cd, Hg, Se, Pb, Zn) -
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ʭʘʤʛʠʡʥ ʭʦʨʪʦʡ ʵʣʝʤʝʥʪװװʜ ʙʘ ʭʦʨʪʦʡ ʯʘʥʘʨʳʥ ʬʘʢʪʦʨ ʥʴ-1.5; Co, Ni, Mo, Cu, Cr 

Sb)-ʜʫʥʜ ʟʵʨʛʠʡʥ ʵʣʝʤʝʥʪװװʜ ʙʘ ʭʦʨʪʦʡ ʯʘʥʘʨʳʥ ʬʘʢʪʦʨ ʥʴ-1.0; Ba, V, W, Mn, Sr)-

ʭʘʤʛʠʡʥ ʭʦʨ ʙʘʛʘʪʘʡ ʵʣʝʤʝʥʪװװʜ ʙʘ ʭʦʨʪʦʡ ʯʘʥʘʨʳʥ ʬʘʢʪʦʨ ʥʴ-0.5 ʙʘʡʥʘ.  

 ʊװװʥʯʣʵʥ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ װʥʵʣʛʵʵʥʠʡ ᴇᴇʨ ʥʵʛ ʯʫʭʘʣ װʟװװʣʵʣʪ 

ʙʦʣ ʪʫʭʘʡʥ ʵʣʝʤʝʥʪʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʳʛ ʪʦʜʦʨʭʦʡʣʞ, ʭᴇʜʣᴇʣʟװʡʥ ʭװʯʠʥ 

ʟװʡʣʠʡʛ ʪʦʦʮʦʞ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʥʳ ʙʫʩʘʜ ʦʙʲʝʢʪ (ʫʩ, ʫʨʛʘʤʘʣ, ʘʤʴʜ ʦʨʛʘʥʠʟʤ)-ʜ 

 .ʥʵʣʵʭ ʶʤװ ʣʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʛװװʟװ

 

ʍϮʩʥʵʛʪ 3.  ʍϮʥʜ ʵʣʝʤʝʥʪϮϮʜʠʡʥ ʙʦʭʠʨʜʣʳʥ ʩϺʨϺʛ ʥϺʣϺϺʣϺʣ 

 
ʕʥʜ: Tri ʙʘ Kti-ʪʫʭʘʡʥ ʵʣʝʤʝʥʪʳʥ ʭʦʨʪʦʡ ʯʘʥʘʨʳʥ 

ʬʘʢʪʦʨ, PIi - i ʵʣʝʤʝʥʪʠʡʥ ʙʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩ. 
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ɻʋʈɸɺɼʋɻɸɸʈ ɹתʃʕɻ 

ʋʃɸɸʅɹɸɸʊɸʈ ʍʆʊ ʆʈʏʄʓʅ ɹɸʁɻɸʃʀʁʅ ʎʕɺʕʈ ʍᴆʈʉʅʀʁ 

ʄʀʂʈʆʕʃɽʄɽʅʊתתɼʀʁʅ ʉʋʋʈʔ ɸɻʋʋʃɻʓʅ ʉʋɼɸʃɻɸɸ 

 ʊᴇʚʣᴇʨʩᴇʥ ʩʫʫʨʠʥ ʛʘʟʨʳʥ ʵʢʦʩʠʩʪʝʤʠʡʛ ʭʵʚʠʡʥ ʭʵʤʞʵʵʥʜ ʙʘʡʣʛʘʭʳʥ ʪʫʣʜ 

ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʥʳ ʛʦʣ ʦʙʲʝʢʪʫʫʜʳʥ ʭʷʥʘʣʪʳʛ ʩʠʩʪʝʤʪʵʡʛʵʵʨ ʷʚʫʫʣʘʭ, ʙʦʭʠʨʜʣʳʛ 

ʩʫʜʣʘʭ ʙʘ װʥʵʣʛʵʵʛ ʮʦʛʮ ʭʠʡʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʘʡʜʘʛ.  

 ʊᴇʚʣᴇʨʩᴇʥ ʩʫʫʨʠʥ ʛʘʟʨʳʥ ʭᴇʨʩ ʙʦʭʠʨʜʦʭʦʜ ʘʛʘʘʨ, ʛʘʜʘʨʛʫʫʛʠʡʥ ʙʦʣʦʥ 

ʛװʥʠʡ ʫʩ, ʫʨʛʘʤʘʣ ʙʦʭʠʨʜʦʭ ʵʭ װװʩʚʵʨ ʙʦʣʜʦʛ. ʍᴇʨʩ ʥʴ ʫʩ, ʘʛʘʘʨ, ʫʨʛʘʤʘʣ ʟʵʨʵʛ 

ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʥʳ ʙʫʩʘʜ ʦʙʲʝʢʪʪʦʡ ʭʘʨʴʮʫʫʣʘʭʘʜ ʭᴇʜᴇʣʛᴇᴇʥ ʙʘʛʘʪʘʡ, ʪʦʛʪʚʦʨʪʦʡ 

ʪʫʣ ʘʛʘʘʨʳʥ ʙʦʭʠʨʜʣʳʥ ʪᴇʣᴇʚ ʙʘʡʜʣʳʛ װʥʵʣʵʭʵʜ ʭʘʤʛʠʡʥ ʪʦʭʠʨʩʦʥ ʦʙʲʝʢʪ ʶʤ. 

ʆʣʦʥ ʫʣʩʳʥ ʧʨʘʢʪʠʢʪ ʭᴇʨʩʥʠʡ ʵʢʦʣʦʛʠʡʥ ʙʦʣʦʥ ʙʠʦʛʝʦʭʠʤʠʡʥ װʥʵʣʛʵʵʛ ʪװװʥʠʡ 

ʵʢʦʩʠʩʪʝʤʜ ʛװʡʮʵʪʛʵʭ װװʨʵʛʪ ʩʫʫʨʠʣʞ ʭʠʡʜʵʛ ʙʘ װʥʵʣʛʵʵʥʠʡ ʛʦʣ ʰʘʣʛʫʫʨ 

 ʜʠʡʛ (ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʵʣʝʤʝʥʪʫʫʜʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜװװʣʵʣʪװװʟװ

ʭʵʤʞʵʵ, ʩʫʫʨʴ ʘʛʫʫʣʛʘ) ʥʦʨʤʯʠʣʞ ʪʦʛʪʦʦʩʦʥ ʙʘʡʜʘʛ.   

 ʄʘʥʘʡ ʫʣʩʘʜ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʵʣʝʤʝʥʪװװʜʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ 

ʜʵʵʜ ʭʵʤʞʵʵʥʠʡ ʩʪʘʥʜʘʨʪʳʛ 2008 ʦʥʜ ʪʦʛʪʦʦʞ, ʭᴇʨʩʥʠʡ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʙʦʭʠʨʜʣʳʥ 

 ,ʥʵʣʛʵʵ ʭʠʡʭʵʜ ʛʦʣ ʰʘʣʛʫʫʨ ʙʦʣʛʦʞ ʙʘʡʛʘʘ ʙʠʣʵʵ. ʍᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩװ

ʵʣʝʤʝʥʪʫʫʜʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ ʭʵʤʞʵʵ ʛʵʜʵʛ ʥʴ ʪʫʭʘʡʥ ʵʣʝʤʝʥʪʠʡʥ ʘʛʫʫʣʛʘ ʥʴ 

ʭװʥ ʙʦʣʦʥ ʘʤʴʜ ʦʨʛʘʥʠʟʤʜ ʩᴇʨᴇʛ ʥᴇʣᴇᴇ װʟװװʣʵʭʛװʡ ʙʘʡʭ ʜʵʵʜ ʭʵʤʞʵʵ ʶʤ. ʕʥʵ 

ʩʪʘʥʜʘʨʪ ʭʵʤʞʵʵʪʵʡ ʭʘʨʴʮʫʫʣʘʥ װʥʵʣʵʭ ʥʴ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, 

ʵʣʝʤʝʥʪװװʜʠʡʥ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ װʟװװʣʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʛ ʥʴ װʥʵʣʵʭ ʭᴇʨʩʥʠʡ 

ʙʦʭʠʨʜʣʳʥ ʵʢʦʣʦʛʠʡʥ װʥʵʣʛʵʵʥʠʡ ʭʘʤʛʠʡʥ ʘʥʭʘʥ ʰʘʪʥ rʵʥʛʠʡʥ ʘʨʛʘ ʶʤ.  

 ʍʘʨʠʥ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʵʣʝʤʝʥʪװװʜʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ 

ʭʵʤʞʵʵ ʥʴ ʪᴇʚʣᴇʨʩᴇʥ ʩʫʫʨʠʥʛ, װʡʣʜʚʵʨʠʡʥ ʙװʩ ʥʫʪʛʠʡʥ ʭᴇʨʩʥʠʡ ʛʝʦʭʠʤʠʡʥ ʙʦʣʦʥ 

ʙʠʦʛʝʦʭʠʤʠʡʥ ʩʫʜʘʣʛʘʘ, ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥʠʡ װʥʵʣʛʵʵ ʭʠʡʭʵʜ ʭװʥʠʡ ʙʫʨʫʫʪʘʡ װʡʣ 

ʘʞʠʣʣʘʛʘʘʥʳ ʦʨʦʣʮʦʦʛ ʪʦʦʮʜʦʛʛװʡ ʛʵʞ ʦʣʦʥ ʫʣʩʳʥ ʩʫʜʣʘʘʯʠʜ װʟʜʵʛ. ʋʯʠʨ ʥʴ 

ʪʫʭʘʡʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ʛʝʦʣʦʛʠʡʥ ʪʦʛʪʦʮ, ʙʘʡʛʘʣʴ ʮʘʛ ʫʫʨ ʙʦʣʦʥ ʭᴇʨʩ װװʩʵʭ 

ʧʨʦʮʝʩʩʠʡʥ ʦʥʮʣʦʛ ʟʵʨʛʵʵʩ ʭʘʤʘʘʨʘʥ ʠʞʠʣ ʪᴇʩʪʵʡ ʭᴇʨʩ ʙʘʡʚʯ, ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʘʛʫʫʣʛʘ ʥʴ ʭʘʨʠʣʮʘʥ ʘʜʠʣʛװʡ ʙʘʡʜʘʛ. ʀʡʤʜ ʪʫʭʘʡʥ ʙװʩ ʥʫʪʛʠʡʥ ʙʘʡʛʘʣʠʡʥ ʮʵʚʵʨ 

ʙʫʶʫ ʩʫʫʨʴ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵʛ ʩʫʜʣʘʭ, ʪʦʛʪʦʦʭ 

ʥʴ  ʪᴇʚʣᴇʨʩᴇʥ ʩʫʫʨʠʥ ʛʘʟʨʳʥ ʙʦʭʠʨʜʣʳʛ ʙʦʜʠʪʦʡ װʥʵʣʵʭ, ʙʦʭʠʨʜʣʳʥ ʵʭ װװʩʚʵʨʠʡʛ 

ʪʦʛʪʦʦʭ ʫʣʤʘʘʨ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ ʙʦʭʠʨʜʣʳʛ ʙʫʫʨʫʫʣʘʭ ʘʨʛʘ ʭʵʤʞʵʵ ʘʚʘʭʘʜ 

ʥʵʥ ʯʫʭʘʣ  ʰʘʣʛʫʫʨ װʟװװʣʵʣʪ ʶʤ.   

 ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʩʫʫʨʴ ʙʫʶʫ ʙʘʡʛʘʣʠʡʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʘʣʜʘʞ 

ʙʦʭʠʨʜʦʦʛװʡ ʮʵʚʵʨ ʭᴇʨʩᴇʥ ʜʵʭ ʵʣʝʤʝʥʪװװʜʠʡʥ ʩʫʫʨʴ ʘʛʫʫʣʛʳʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʫʫʜ 

ʪᴇʜʠʡʣᴇʥ ʩʘʡʥ ʭʠʡʛʜʵʵʛװʡ ʙʘ ʄʦʩʢʚʘʛʠʡʥ ʠʭ ʩʫʨʛʫʫʣʴ ʙʦʣʦʥ ʐʋɸ-ʳʥ ɻʘʟʘʨʟװʡʥ 

ʭװʨʵʵʣʵʥ ʭʦʦʨʦʥʜʳʥ ʭʘʤʪʳʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʭװʨʵʵʥʜ ʙʦʣʦʥ ʟʘʨʠʤ ʩʫʜʣʘʘʯʠʜ 

ʟᴇʚʭᴇʥ ᴇᴇʨʩʜʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʭװʨʵʵʥʜ ʮᴇᴇʥ ʪʦʦʥʳ ʜʵʵʞʠʥʜ ʪʦʜʦʨʭʦʡ ʭʵʜʵʥ 

ʵʣʝʤʝʥʪʠʡʥ ʘʛʫʫʣʛʳʛ ʪʦʜʦʨʭʦʡʣʩʦʥ ʙʘʡʥʘ. 

 ɹʠʜ ʵʥʵ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʭװʨʵʵʥʜ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʠʡʥ 

ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʘʣʜʘʘʛװʡ ʮʵʚʵʨ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʥʠʡʪ 
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ʙʦʣʦʥ ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʳʛ ʪʦʛʪʦʦʞ, װʨ ʜװʥʛ ʙʫʩʘʜ 

ʩʫʜʣʘʘʯʜʳʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ װʨ ʜװʥ, ʩʪʘʥʜʘʨʪ ʭʵʤʞʵʵʪʵʡ ʭʘʨʴʮʫʫʣʘʥ ʩʫʫʨʴ 

ʭᴇʨʩʥʠʡ ʵʢʦʣʦʛʠʡʥ ʙʦʣʦʥ ʙʠʦʛʝʦʭʠʤʠʡʥ ʪᴇʣᴇʚ ʙʘʡʜʘʣʜ װʥʵʣʛʵʵ ʭʠʡʭ ʫʣʤʘʘʨ 

ʩʪʘʥʜʘʨʪ ʙʦʣʛʦʥ ʙʘʪʘʣʛʘʘʞʫʫʣʘʭ ʟʦʨʠʣʛʦ ʪʘʚʴʩʘʥ.  

 ʉװװʣʠʡʥ 20 ʛʘʨʫʡ ʞʠʣ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʠʭʵʥʭ ʛʘʟʘʨ ʥʫʪʘʛ ʭװʥʠʡ װʡʣ 

ʘʞʠʣʛʘʘʥʳ ʭװʯʪʵʡ ʥᴇʣᴇᴇʥʜ ʦʨʞ ʙʘʡʛʘʣʠʡʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇʜ ʥʴ ᴇᴇʨʯʣᴇʣʪ ʦʨʩʦʥ ʙʫʶʫ 

ᴇᴇʨᴇᴇʨ ʭʵʣʙʵʣ ʙʦʭʠʨʜʦʣʜ ᴇʨʪʩᴇʥ ʪʫʣ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʙʘʡʛʘʣʠʡʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ 

ʘʣʜʘʘʛװʡ ʩʫʫʨʴ ʭᴇʨʩʥʠʡ ʜʵʵʞװװʜʠʡʛ 2014 ʦʥʜ ʛʘʨʛʘʩʘʥ ʩʫʫʨʴʰʣʳʥ ʙװʩʠʡʥ ʭװʨʵʵʥʜ 

ʭʦʪʳʥ ʪᴇʚᴇᴇʩ 20-40 ʛʘʨʫʡ ʢʤïʠʡʥ ʟʘʡʥʜ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʤʥᴇ ʟװʛʪ ᴆʚᴇʨ 

ʟʘʡʩʘʥ, ʭʦʡʜ ʟװʛʪ ɸʨ ʛװʥʪ, ʟװװʥ ʟװʛʪ ʎʦʥʞʠʥʙʦʣʜʦʛ ʦʨʯʠʤ, ʙʘʨʫʫʥ ʟװʛʪ ʕʤʵʵʣʪ 

ʦʨʯʤʳʥ ʛʘʟʘʨ ʥʫʪʛʠʡʛ ʪʫʩ ʪʫʩ ʩʦʥʛʦʩʦʥ. ʉʫʜʘʣʛʘʘʥʳ ʜʵʵʞʠʡʛ ʥʵʛ ʛʘʟʨʘʘʩ 4 ʮʵʛʠʡʥ 

ʜʫʥʜʞʘʘʨ ʪʦʦʮʦʞ ʭᴇʨʩʥʠʡ ʜʵʵʞ ʘʚʘʭ ʩʪʘʥʜʘʨʪʫʫʜʳʥ ʜʘʛʫʫ ʘʚʯ ʰʠʥʞʠʣʛʵʵʥʜ 

ʙʵʣʜʩʵʥ. ɼʵʵʞ ʘʚʩʘʥ ʮʵʛװװʜʠʡʥ ʙʘʡʨʰʣʳʛ 1 -ʨ ʟʫʨʘʛʪ ʭʘʨʫʫʣʣʘʘ.  

 

 
ɿʫʨʘʛ 1. ʉʫʫʨʴ ʭϺʨʩʥʠʡ ʩʫʜʘʣʛʘʘʥʳ ʜʵʵʞ ʘʚʩʘʥ ʛʘʟʨʳʥ ʙʘʡʨʰʠʣ 

3.1. ʄʘʢʨʦ, ʤʠʢʨʦ-ʵʣʝʤʝʥʪװװʜʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʘ 

 ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʠʡʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʭʘʨʴʮʘʥʛʫʡ ʘʣʜʘʞ 

ʙʦʭʠʨʜʦʦʛװʡ ʮʵʚʵʨ ʙʫʶʫ ʩʫʫʨʴ ʭᴇʨʩʥʠʡ ʛʝʦʭʠʤʠʡʥ ʝʨᴇʥʭʠʡ ʪᴇʣᴇʚ ʙʘʡʜʘʣʜ װʥʵʣʛʵʵ 

ʭʠʡʭ ʟʦʨʠʣʛʦʦʨ ʩʫʫʨʴ ʭᴇʨʩᴇʥ ʜʵʭ  Si, Al, Fe, Ca, K, Na, Mg, Ti, P, S -ʠʡʥ ʥʠʡʪ 

ʘʛʫʫʣʛʳʛ ʜʵʣʭʠʡʥ ʢʣʘʨʢʪʘʡ ʭʘʨʴʮʫʫʣʘʥ 4 -ʨ ʭװʩʥʵʛʪʵʜ ʥʵʛʪʛʵʣʵʵ. 

¶ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʠʡʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʘʣʜʘʘʛװʡ ʩʫʫʨʴ 

ʭᴇʨʩᴇʥʜ, ʭᴇʨʩ װװʩʛʵʛʯ ʯʫʣʫʫʣʛʠʡʥ װʥʜʩʵʥ ʵʣʝʤʝʥʪװװʜ ʙʦʣʦʭ Si, Fe, Al, Ti - 

ʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʘ ʥʴ ʜʵʣʭʠʡʥ ʢʣʘʨʢʘʘʩ ʷʣʠʤʛװʡ ʙʘʛʘ ʙʫʶʫ ʦʡʨʦʣʮʦʦ ʫʪʛʘʪʘʡ 

ʙʘʡʥʘ. 

¶ ʍᴇʨʩʥʠʡ ʰʠʤ ʪʵʞʵʵʣʠʡʥ װʥʜʩʵʥ ʤʘʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʘ ʥʴ 

ʜʵʣʭʠʡʥ ʢʣʘʨʢʘʘʩ ʭʘʨʴʮʘʥʛʫʡ ʠʭ ʙʫʶʫ 1.17 (Ca) < 1.31 (P) < 1.48 (Mg) < 

1.62 (K) 1.84 (S) < 2.38 (Na) ʜʘʭʠʥ ʠʭ ʙʘʡʥʘ. 
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 ʍᴇʨʩᴇʥ ʜʵʭ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʛʘ, ʪʵʜʛʵʵʨʠʡʥ ʭʦʦʨʦʥʜʳʥ 

ʭʘʤʘʘʨʘʣ ʥʴ ʪʫʭʘʡʥ ʭᴇʨʩʥʠʡ ʵʨʜʩʠʡʥ ʥʘʡʨʣʘʛʘ ʙʦʣʦʥ ʙװʪʮʠʡʛ ʪʦʨʭʦʡʣʜʦʛ ʙʘ ʭᴇʨʩ 

ʙװʨʪ ʭʘʨʠʣʮʘʥ ʘʜʠʣʛװʡ ʙʘʡʜʘʛ.  Si -ʮʘʭʠʫʨ ʥʴ ʜʵʣʭʠʡʥ ʮʘʨʮʜʘʩʪ ʭʘʤʛʠʡʥ ʠʭ 

ʭʵʤʞʵʵʛʵʵʨ, Al ʙʘ Fe  ʥʴ ʭᴇʨʩʥʠʡ ʵʨʜʩװװʜʵʜ ʭʘʨʴʮʘʥʛʫʡ ʠʭ ʭʵʤʞʵʵʛʵʵʨ ʘʛʫʫʣʘʛʜʜʘʛ 

ʙʘʡʥʘ. Ca, P, Mg, K, S, Na-ʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʘ ʭʦʪ ʦʨʯʤʳʥ ʩʫʫʨʴ ʭᴇʨʩᴇʥʜ ʜʵʣʭʠʡʥ 

ʢʣʘʨʢʘʘʩ ʠʭ ʙʘʡʛʘʘ ʥʴ ʭʦʪ ʦʨʯʤʳʥ ʭᴇʨʩʥʠʡ ʛʝʦʭʠʤʠʡʥ ʦʥʮʣʦʛʪʦʡ ʭʦʣʙʦʦʪʦʡ ʙʘʡʞ 

ʙʦʣʦʭ ʶʤ.  

ʍϮʩʥʵʛʪ 4. ʄʘʢʨʦʵʣʝʤʝʥʪϮϮʜʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʘ,ʤʛ/ʢʛ 

ʕʣʝʤʝʥʪ ɼʵʣʭʠʡʥ 

ʢʣʘʨʢ 

CBG ʄʦʥʛʦʣ ʫʣʩʳʥ 

ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵ  

ʆʍʋ-ʳʥ ʇɼʂ 

Si 333000 295000 - - 

Al  71200 67000 - - 

Fe 38000 29000 - - 

Ca 13700 16000 - - 

K 13600 22000 - - 

Na 6300 15000 - - 

Mg 6000 8900 - - 

Ti 4600 3870 - - 

P 800 1050 - - 

S 500 920 - 160 

 

 ʄʘʥʘʡ ʫʣʩʘʜ ʤʘʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ 

ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵʥʠʡ ʩʪʘʥʜʘʨʪ ʝʨ ʙʘʪʣʘʛʘʘʛװʡ,  ʟᴇʚʭᴇʥ S-ʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʳʥ 

ʭʫʚʴʜ ʆʍʋ-ʳʥ ʩʪʘʥʜʘʨʪ ʙʘʪʣʘʛʜʩʘʥ ʙʘʡʥʘ (ɻʅ 2.1.7.2041,2006). ʕʥʵ ʩʪʘʥʜʘʨʪʪʘʡ 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʮʵʚʵʨ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ S-ʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʳʥ 

ʭʘʨɹʮʫʫʣʘʭʘʜ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʩʫʫʨʴ ʭᴇʨʩᴇʥʜ S-ʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʳʥ 

ʭʵʤʞʵʵ ʙʘʨʘʛ 6 ʜʘʭʠʥ ʠʭ ʭʵʤʞʵʵʛʵʵʨ ʠʣʵʨʩʵʥ ʙʘʡʥʘ.  

 ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʠʡʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʭʘʨʴʮʘʥʛʫʡ ʘʣʜʘʘʛװʡ 

ʮʵʚʵʨ ʭᴇʨʩᴇʥ ʜʵʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʩʫʫʨʴ ʭʵʤʞʵʵʛ  5-ʨ 

ʭװʩʥʵʛʪʵʜ ʥʵʛʪʛʵʥ װʟװװʣʵʚ. ɹʘʡʛʘʣʠʡʥ ʮʵʚʵʨ ʙʫʶʫ ʩʫʫʨʴ ʭᴇʨʩʥʠʡ 

ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʙʠʦʛʝʦʭʠʤʠʡʥ ʙʘ ʵʢʦʣʦʛʠʡʥ ʝʨᴇʥʭʠʡ ʪᴇʣᴇʚ ʙʘʡʜʘʣʜ װʥʵʣʛʵʵ 

ʭʠʡʭ ʟʦʨʠʣʛʦʦʨ ʜʵʣʭʠʡʥ ʢʣʘʨʢ,  ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʠʡʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ 

ʘʣʜʘʘʛװʡ ʩʫʫʨʴ ʭᴇʨʩᴇʥʜ ʵʣʝʤʝʥʪʠʡʥ ʘʛʫʫʣʛʘ ʪʦʛʪʦʦʩʦʥ ʙʫʩʘʜ ʩʫʜʣʘʘʯʠʡʥ 

ʩʫʜʣʘʛʘʘʥʳ ʘʞʣʳʥ װʨ ʜװʥ (ʂʦʰʝʣʝʚʘ ʠ ʜʨ, 2010), ʄʦʥʛʦʣ ʫʣʩʳʥ MNS:5850-2008 

ʩʪʘʥʜʘʨʪ ʙʫʶʫ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʵʣʝʤʝʥʪʫʫʜʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ 

ʭʵʤʞʵʵʥʠʡ ʩʪʘʥʜʘʨʪ, ɹʘʡʛʘʣʴ ʥʫʫʨ ʦʨʯʤʳʥ ʙʦʣʦʥ ɹʘʡʛʘʣʴ ʥʫʫʨ ʦʨʯʤʳʥ ʪװʣʰ 

ʵʨʯʠʤ ʭװʯʥʠʡ ʮʦʛʮʦʣʙʦʨ ʛʘʟʨʫʫʜʳʥ  ʭᴇʨʩᴇʥ ʜʵʭ  ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, 

ʵʣʝʤʝʥʪʫʫʜʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ ʭʵʤʞʵʵʥʠʡ ʩʪʘʥʜʘʨʪʫʫʜ (ɻʨʝʙʝʥʱʠʢʦʚʘ ʠ ʜʨ, 

2008) - ʪʘʡ  ʭʘʨʴʮʫʫʣʩʘʥ.  

 ʕʣʝʤʝʥʪװװʜʠʡʥ  ʩʫʫʨʴ ʘʛʫʫʣʛʘ ʛʵʞ ʭװʥʠʡ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣᴇʣʜ ᴇʨʪᴇᴇʛװʡ 

ʙʦʣʦʥ ʭʘʤʛʠʡʥ ʙʘʛʘ ʭʵʤʞʵʵʛʵʵʨ ᴇʨʪʩᴇʥ ʛʘʟʨʳʥ ʭᴇʨʩᴇʥʜ, ʭᴇʨʩʥʠʡ ʙʘʡʛʘʣʠʡʥ 

ʙװʪʵʮʪʵʡ ʭʦʣʙʦʦʪʦʡ ʘʛʫʫʣʘʛʜʘʭ ʘʛʫʫʣʛʘ ʶʤ. ʍᴇʨʩᴇʥ ʜʵʭ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʥʠʡʪ ʘʛʫʫʣʛʘ (total) ʛʵʜʵʛ ʥʴ ʭᴇʨʩ װװʩʵʭ ʧʨʦʮʝʩʪ ʙʠʡ ʙʦʣʩʦʥ ʙʘ ʭװʥʠʡ װʡʣ 
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ʘʞʠʣʛʘʘʥʘʘʩ װװʜʵʣʪʵʡʛʵʵʨ ʭᴇʨʩᴇʥʜ ʭʫʨʠʤʪʣʘʛʜʩʘʥ (pseudototal) ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʘʛʫʫʣʛʳʥ ʥʠʡʣʙʵʨʠʡʛ ʭʵʣʥʵ. ʍᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʝʨᴇʥʭʠʡ ʪᴇʣᴇʚʠʡʛ װʥʵʣʵʭʵʜ 

ʭᴇʨʩʥʠʡ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʳʛ ʪʦʜʦʨʭʦʡʣʜʦʛ.  

ʍϮʩʥʵʛʪ 5. ʄʠʢʨʦʵʣʝʤʝʥʪϮϮʜʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʘ, ʤʛ/ʢʛ 
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ʉʫʫʨʴ ʭᴇʨʩ (CBG) 
ʍᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʵʣʝʤʝʥʪʫʫʜʠʡʥ 

ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ ʭʵʤʞʵʵʥʠʡ ʩʪʘʥʜʘʨʪ 

ɹʠʜʥʠʡ 

ʘʞʠʣ  

(ʂʦʰʝʣʝʚʘ ʠ 

ʜʨ, 2010 

MNS:5850-

2008 

ʉʘʥʠʥʘ ʠ 

ʜʨ, 2002 

ɻʨʝʙʝʥʱʠʢʦʚʘ 

ʠ ʜʨ, 2008 

Mn 545 710 660 - 1.500 1.500 

Ba 400 700 - - 150 - 

Sr 300 290 - - 5 - 

F 200 450 - - - - 

Cr 190 45 66 60-100 (VI) 0.05 100 

V 100 83 84 100-130 - 150 

Zn 50 60 52 100-50 - 110 

Rb 50 93 - - - - 

Ni 40 33 29 60-100 - 80 

Mo 30 1.90 1.20 2.0-3.0 - 4.00 

Li  30 32 - - - - 

Cu 20 25 42 60-80 - 60 

Sb 15 1.20 - - - - 

Pb 10 20 27 70-50 32 - 

Sn 10 2.80 2.80 30-40 - - 

Co 10 18 8 30-40 - 30 

B 5 35 - - 2 - 

As 4 12 - - - 30 

Cd 0.05 1.00 - 1-3 - - 

Bi 0.0002 0.50 - - - - 

   

 ɹʘʡʛʘʣʠʡʥ ʮʵʚʵʨ ʭᴇʨʩᴇʥ ʜʵʭ ʤʠʢʨʦʵʣʝʤʝʥʪ ʪʫʭʘʡʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ʭᴇʨʩ 

 ʨװ ʩʛʵʛʯ ʵʭ ʯʫʣʫʫʣʛʠʡʥ ᴇʛᴇʨʰʣʠʡʥ ʛʝʦʭʠʤʠʡʥ ʙʦʣʦʥ ʙʠʦʛʝʦʭʠʤʠʡʥ ʧʨʦʮʝʩʩʳʥװװ

ʜװʥʜ ʫʣʘʤʞʣʘʛʜʘʥ ʭᴇʨʩᴇʥʜ ʦʨʰʜʦʛ ʙʘ  ʪʫʭʘʡʥ  ʭᴇʨʩᴇʥʜ ʭʵʨ ʭʵʤʞʵʵʛʵʵʨ ʘʛʫʫʣʘʛʜʘʭ 

ʥʴ ʭᴇʨʩ װװʩʛʵʛʯ ʵʭ ʯʫʣʫʫʣʛʠʡʥ ʦʥʮʣʦʛ, ʪʫʭʘʡʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ʙʘʡʛʘʣʴ ʮʘʛ ʫʫʨʳʥ 

ʥᴇʭʮᴇʣ ʙʦʣʦʦʜ ʭᴇʨʩʥʠʡ ʰʠʥʞ ʯʘʥʘʨʘʘʩ  ʠʭʵʵʭʵʥ ʭʘʤʘʘʨʜʘʛ.    

 ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʠʡʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʘʣʜʘʘʛװʡ ʙʫʶʫ ʩʫʫʨʴ 

ʭᴇʨʩʥʠʡ ʜʵʵʞʠʥʜ ʭʠʡʩʵʥ ʩʫʜʘʣʛʘʘʛʘʘʨ Mn, Ba, F, Sr-ʠʡʥ ʘʛʫʫʣʛʘ 290-710 ʤʛ/ʢʛ;  

Rb, V, Zn, Cr, Ni, Li, Cu, Pb, B, Co, As-ʥr  ʘʛʫʫʣʛʘ 12-93 ʤʛ/ʢʛ; Bi, Cd, Sn, Sb, Mo-

ʠʡʥ ʘʛʫʫʣʛʘ 10-ʘʘʩ ʙʘʛʘ ʤʛ/ʢʛ ʭʵʤʞʵʵʛʵʵʨ ʠʣʵʨʩʵʥ ʙʘ ʙʫʩʘʜ ʩʫʜʣʘʘʯʠʡʥ װʨ ʜװʥʪʵʡ 

ʭʘʨʴʮʫʫʣʘʭʘʜ V-ʠʡʥ ʘʛʫʫʣʛʘ ʦʡʨʦʣʮʦʦ, Sn-ʠʡʥ ʘʛʫʫʣʛʘ ʠʞʠʣ ʠʣʵʨʩʵʥ ʙʘʡʥʘ. ʍʘʨʠʥ 

ʙʫʩʘʜ ʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʛʘ ʟᴇʨװװʪʵʡ ʙʘʡʥʘ.  ʕʥʵ ʥʴ  ʜʵʵʞ ʘʚʩʘʥ ʛʘʟʘʨ ʙʦʣʦʥ 

ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʛʳʛ ʪʦʜʦʨʭʦʡʣʩʦʥ ʘʨʛʘ ʥʴ ᴇᴇʨ ᴇᴇʨ ʙʘʡʩʘʥ ʟʵʨʛʵʵʩ 

ʭʘʤʘʘʨʘʭ ʤʘʛʘʜʣʘʣ ᴇʥʜᴇʨ ʶʤ. 

 ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʠʡʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʘʣʜʘʘʛװʡ ʮʵʚʵʨ ʭᴇʨʩᴇʥ 

ʜʵʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʳʛ ʜʵʣʭʠʡʥ ʢʣʘʨʢʪʘʡ ʭʘʨʴʮʫʫʣʘʭʘʜ Li, Sr, V, 

Ni-ʠʡʥ ʘʛʫʫʣʛʘ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʭᴇʨʩᴇʥʜ ʜʵʣʭʠʡʥ ʢʣʘʨʢʳʥ ʭʵʤʞʵʵʥʜ;  Mn, 

Cu, Zn, Rb, Co, Ba, B, As, F,  Pb, Bi, Cd-ʳʥ ʘʛʫʫʣʛʘ ʜʵʣʭʠʡʥ ʢʣʘʨʢʘʘʩ ʠʭ ʭʘʨʠʥ Sn, 
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Cr, Sb, Mo-ʠʡʥ ʘʛʫʫʣʛʘ ʜʵʣʭʠʡʥ ʢʣʘʨʢʘʘʩ ʙʘʛʘ ʭʵʤʞʵʵʪʵʡ ʠʣʵʨʣʵʵ. ʕʥʵ ʥʴ 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ʛʝʦʣʦʛʠʡʥ ʪʦʛʪʦʮ, ʛʝʦʭʠʤʠʡʥ ʪᴇʣᴇʚ ʙʘʡʜʣʳʥ 

ʦʥʮʣʦʛʠʡʛ ʠʣʵʨʭʠʡʣʞ ʙʘʡʥʘ.  

 ʄʘʥʘʡ ʫʣʩ ʙʦʣʦʥ ʆʍʋ-ʳʥ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʵʣʝʤʝʥʪʫʫʜʠʡʥ 

ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ ʭʵʤʞʵʵʥʠʡ ʩʪʘʥʜʘʨʪʳʥ ʫʪʛʘ ʙʘʨʘʛ ʙװʭ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʚʴʜ 

ʠʞʠʣ ʪװʚʰʠʥʜ ʪʦʛʪʦʦʛʜʞʵʵ. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʠʡʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ 

ʘʣʜʘʘʛװʡ ʮʵʚʵʨ ʭᴇʨʩᴇʥ ʜʵʭ ʩʫʜʣʘʛʜʩʘʥ ʙװʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʳʥ 

ʩʫʫʨʴ ʭʵʤʞʵʵ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʵʣʝʤʝʥʪװװʜʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ 

ʭʵʤʞʵʵʥʠʡ ʩʪʘʥʜʘʨʪʫʫʜʘʘʩ ʙʘʛʘ ʠʣʵʨʩʵʥ ʙʘʡʥʘ.  

3.2.  ʄʠʢʨʦɻʣʝʤʝʥʪװװʜʠʡʥ ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʘ 

 ʄʠʢʨʦʵʣʝʤʝʥʪװװʜ ʭᴇʨʩᴇʥʜ ʯᴇʣᴇᴇʪ ʠʦʥʳ (ʭᴇʜᴇʣʛᴇᴇʥʪ) ʙʦʣʦʥ ʭᴇʨʩʥʠʡ 

ʙװʨʵʣʜʵʭװװʥ ʭʵʩʛװװʜʵʜ ʰʠʥʛʵʞ ʭʫʨʠʤʪʣʘʛʜʩʘʥ (ʭᴇʜᴇʣʛᴇᴇʥʛװʡ) ʭʵʣʙʵʨʪ ʙʘʡʜʘʛ ʙʘ 

ʭᴇʨʩᴇʥ ʜʵʭ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʘ ʥʴ ʭᴇʨʩʥʠʡ ʵʢʦʣʦʛʠ 

ʛʝʦʭʠʤʠʡʥ ʩʫʜʘʣʛʘʘ, ʰʠʥʞʠʣʛʵʵ, ʭʷʥʘʣʪ װʥʵʣʛʵʵʥʠʡ ʭʘʤʛʠʡʥ ʘʯ ʭʦʣʙʦʛʜʦʣ ʙװʭʠʡ 

ʭʵʤʞʵʵ  ʁ ʤ (ɻʅ 2.1.7.2041,2006).  

 ʍᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ  ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʘ ʛʵʜʵʛ ʥʴ 

ʭᴇʨʩʥʠʡ ʦʨʯʠʥ ᴇᴇʨʯʣᴇʛʜᴇʭᴇʜ ʭᴇʨʩʥʠʡ װʥʜʩʵʥ  ʙװʨʵʣʜʵʭװװʥװװʜʵʵʩ (ʵʨʜʵʩ, ʦʨʛʘʥʠʢ-

ʵʨʜʵʩ ʙʦʣʦʥ ʦʨʛʘʥʠʢ ʙװʨʵʣʜʵʭװװʥ ʛʵʭ ʤʵʪ)  ʩʘʣʞ ʯᴇʣᴇᴇʪ ʠʦʥʳ ʙʘʡʜʘʣʜ ʰʠʣʞʠʭ ʙʘ 

ʫʣʤʘʘʨ ʫʨʛʘʤʘʣ ʙʦʣʦʥ ʛװʥʠʡ ʫʩʘʥʜ ʰʠʥʛʵʞ  ʪʦʜʦʨʭʦʡ ʭʷʟʛʘʘʨʘʘʩ ʭʵʪʵʨʩʵʥ 

ʪʦʭʠʦʣʜʦʣʜ (ʭᴇʨʩ ʠʭʵʵʨ ʙʦʭʠʨʜʦʭʦʜ) ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ ʩᴇʨᴇʛ ʥᴇʣᴇᴇ װʟװװʣʜʵʛ.  

 ʍᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʤʠʢʨʦ-ʵʣʝʤʝʥʪװװʜʠʡʥ ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ 

ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵʛ ʪʦʛʪʦʦʭ ʥʴ ʥʵʥ ʷʣʘʥʛʫʷʘ ʭװʥʜ ʤʝʪʘʣʣ, ʭʦʨʪʦʡ 

ʵʣʝʤʝʥʪװװʜʠʡʥ ʫʩ, ʫʨʛʘʤʣʘʘʨ ʜʘʤʞʠʥ ʘʤʴʜ ʦʨʛʘʥʠʟʤʜ װʟװװʣʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʛ 

 ʥʵʣʵʭ ʭʘʤʛʠʡʥ ʙʦʣʦʤʞʠʪ ʘʛʫʫʣʛʘ ʶʤ. ʍᴇʨʩᴇʥʜ ʯᴇʣᴇᴇʪ ʠʦʥʳ ʪᴇʣᴇʚʪ ʦʨʰʜʦʛװ

ʘʛʫʫʣʛʘ. ʍᴇʨʩ ʭװʥʜ ʤʝʪʘʣʣ, ʭʦʨʪʦʡ ʵʣʝʤʝʥʪװװʜʵʵʨ ʠʭʵʵʨ ʙʦʭʠʨʜʦʭʦʜ ʵʥʵ ʘʛʫʫʣʛʳʥ 

ʭʵʤʞʵʵ ʤʘʰ ʠʭ ʙʦʣʜʦʛ.   

 ʄʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʳʛ  ɻʆʉʊ 

ISO 22036-2014 ʩʪʘʥʜʘʨʪʳʥ ʜʘʛʫʫ ʪʦʜʦʨʭʦʡʣʩʦʥ. װתʥʜ: ʮʫʫʭװʯʣʠʡʥ ʘʤʤʦʥʠʡʥ 

ʙʫʬʝʨʠʡʥ ʫʫʩʤʘʣʜ (pH=4.8)  ʭᴇʨʩʠʡʛ ʭʘʥʜʘʣʞ, ʠʥʜʫʢʮʠʡʥ ʭʦʣʙʦʦʩʪ ʧʣʘʟʤʳʥ 

ʘʪʦʤʳʥ ʮʘʮʘʨʛʘʣʪʳʥ ʩʧʝʢʪʨʦʩʢʦʧʠʡʥ ʘʨʛʘʘʨ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʙʠʦʣʦʛʠʡʥ 

ʠʜʵʚʭʠʪ ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʳʥ ʢʦʥʮʝʥʪʨʘʮʠʡʛ ʪʦʜʦʨʭʦʡʣʩʦʥ.  

 ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʠʡʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʘʣʜʘʘʛװʡ ʮʵʚʵʨ 

ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ ʭᴇʜᴇʣʛᴇᴇʥʪ 

ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵʛ ʜʵʣʭʠʡʥ ʜʫʥʜʘʞ ʙʦʣʦʥ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, 

ʵʣʝʤʝʥʪװװʜʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ ʭʵʤʞʵʵʥʠʡ ʩʪʘʥʜʘʨʪʪʘʡ ʭʘʨʴʮʫʫʣʘʥ 6 -ʨ 

ʭװʩʥʵʛʪʵʜ װʟװװʣʣʵʵ.  

 ʄʦʥʛʦʣ ʫʣʩʳʥ ʭʫʚʴʜ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ 

ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʳʥ ʵʨװװʣ ʘʭʫʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵʥʠʡ 

ʩʪʘʥʜʘʨʪ ʭʘʨʘʘʭʘʥ ʙʘʪʣʘʛʜʘʘʛװʡ ʙʦʣʥʦ. ʀʡʤʜ ʵʥʵ ʘʞʠʣʜ ʆʍʋ-ʳʥ ʩʪʘʥʜʘʨʪʳʛ 

ʩʫʜʘʣʛʘʘʥʳ ʘʞʠʣʜʘʘ ʭʘʨʴʮʫʫʣʘʭʘʘʨ ʩʦʥʛʦʞ ʘʚʩʘʥ ʙʦʣʥʦ. ʕʥʵ ʩʪʘʥʜʘʨʪʘʜ ʟᴇʚʭᴇʥ 

Pb, Mn, Cr(VI), Zn-ʠʡʥ ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʳʥ ʩʪʘʥʜʘʨʪ 

ʙʘʪʣʘʛʜʩʘʥ ʙʘʡʥʘ (ɻʅ 2.1.7.2041,2006). 
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ʍϮʩʥʵʛʪ 6. ʄʠʢʨʦʵʣʝʤʝʥʪϮϮʜʠʡʥ ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ 

ʭϺʜϺʣʛϺϺʥʪ ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵ, ʤʛ/ʢʛ 

ʕʣʝʤʝʥʪ 

  ɼʵʣʭʠʡʥ 

ʜʫʥʜʘʞ 

(ɺʠʥʦʛʨʘʜʦʚ, 

1962) 

ɹʠʜʥʠʡ 

ʘʞʣʘʘʨ 

(CBG) 

ʍᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, 

ʵʣʝʤʝʥʪװװʜʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ 

ʭʵʤʞʵʵʥʠʡ ʩʪʘʥʜʘʨʪ (ʆʍʋ) 

(ɻʅ 2.1.7.2041,2006) 

Ba   138 21 - 

Sr   - 17 - 

Zn   9.6 1.1 23 

Rb   - 1.1 - 

Li    - 0.39 - 

Bi   - 0.29 - 

Co   1.1 0.20 5 

F   - - 2.8 

As   2.7 < 0.2 - 

B   1.9 < 0.2 - 

Cd   0.06 < 0.2 - 

Cr   0.3 < 0.2 (III) 6 

Cu   2.9 < 0.2 3 

Mn   110 < 0.2 140 

Mo   0.9 < 0.2 - 

Ni   18 < 0.2 4 

Pb   4.4 < 0.2 6 

Sb   - < 0.2 - 

Sn   1.4 < 0.2 - 

V   - < 0.2 - 

 ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʠʡʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʘʣʜʘʘʛװʡ ʮʵʚʵʨ 

ʭᴇʨʩᴇʥʜ As, B, Cd, Cr, Cu, Mn, Mo, Ni, Pb, Sb, Sn ʙʘ V ïʠʡʥ ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ 

ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵ <0.2 ʤʛ/ʢʛ ïʘʘʩ ʙʘʛʘ, Li, Bi ʙʘ Co-ʳʥ ʘʛʫʫʣʛʘ 0.39-

0.20 ʤʛ/ʢʛ, Rb ʙʘ Zn-ʳʥ ʘʛʫʫʣʛʘ 1.1 ʤʛ/ʢʛ ʭʘʨʠʥ Ba ʙʘ Sr-ʳʥ ʘʛʫʫʣʛʘ  ʭʘʨʠʦʮʘʥ 21 

ʙʘ 17 ʤʛ/ʢʛ ʠʣʵʨʩʵʥ ʙʘʡʥʘ. Ba, Mn, Zn, Co, As, Cd, Cr, Cu, Mo, Ni, Pb ʙʘ Sn-ʥʳ 

ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʣʘʭ ʜʵʣʭʠʡʥ 

ʜʫʥʜʘʞ ʪʦʛʪʦʦʛʜʩʦʥ ʙʦʣ ʟᴇʚʭᴇʥ  Zn, Co, F, Cr(III), Cu, Mn, Ni ʙʘ Pb-ʥʳ ʙʠʦʣʦʛʠʡʥ 

ʠʜʵʚʭʠʪ ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʳʥ ʍᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ ʭʵʤʞʵʵʥʠʡ ʩʪʘʥʜʘʨʪ ʙʘʪʣʘʛʜʩʘʥ ʙʘʡʥʘ.  

 ɹʠʜʥʠʡ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʨ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʩʫʫʨʴ ʭᴇʨʩᴇʥ ʜʵʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵ ʥʴ 

ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʳʥ ʜʵʣʭʠʡʥ ʜʫʥʜʘʞ 

ʙʦʣʦʥ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʵʣʝʤʝʥʪװװʜʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ ʭʵʤʞʵʵʥʠʡ 
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ʩʪʘʥʜʘʨʪ (ʆʍʋ)-ʘʘʩ ʙʘʛʘʘʨ ʠʣʵʨʣʵʵ. ʕʥʵ ʥʴ ʄʦʥʛʦʣ ʫʣʩʳʥ ʭᴇʨʩʥʠʡ ʭʵʚ ʰʠʥʞʠʡʥ 

ʦʥʮʣʦʛ ʙʫʶʫ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʭᴇʨʩ ʤʠʢʨʦʵʣʝʤʝʥʪʠʡʥ ʘʛʫʫʣʛʘʘʨ ʜʫʪʤʘʛ 

ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ.  

 ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʠʡʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʘʣʜʘʘʛװʡ ʮʵʚʵʨ ʭᴇʨʩᴇʥ 

ʜʵʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ  ʩʫʫʨʴ ʘʛʫʫʣʛʳʥ ʤʫʞʠʡʛ, ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ  ʥʠʡʪ ʛʘʟʘʨ 

ʥʫʪʛʠʡʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʛʳʥ (2010-2017 ʦʥʫʫʜʘʜ 

ʐʋɸ-ʠʡʥ ʌʊʍïʥʜ ʭʠʡʛʜʩʵʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ װʨ ʜװʥ)  ʤʫʞʪʘʡ ʭʘʨʴʮʫʫʣʘʥ  7 -ʨ 

ʭװʩʥʵʛʪʵʜ ʥʵʛʪʛʵʥ װʟװװʣʣʵʵ.  

ʍϮʩʥʵʛʪ 7. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʮʵʚʵʨ ʭϺʨʩʥʠʡ ʙʦʣʦʥ ʭʦʪʳʥ ϺʥʛϺʥ 

ʭϺʨʩϺʥ ʜʵʭ ʤʠʢʨʦʵʣʝʤʝʥʪϮϮʜʠʡʥ ʥʠʡʪ  ʙʦʣʦʥ ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ 

ʭϺʜϺʣʛϺϺʥʪ ʘʛʫʫʣʛʳʥ ʤʫʞ 

ʕʣʝʤʝʥʪ 

ɸʛʫʫʣʛʘ, ʤʛ/ʢʛ 

ʅʠʡʪ ʘʛʫʫʣʛʘ ɹʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʘ 

CBG ʉʜʵʵʞ CBG ʉʜʵʵʞ 

Sr 310-340 210 -1590 9.6-21 12-510 

B 24-45 13-350 < 0.2 < 0.2-76 

Mn 490-790 99-6900 30-74 8.0-300 

V 59-96 10-180 < 0.2 < 0.2-0.4 

Cr 27-57 21-960 < 0.2 0.22-15 

Mo 1.0-2.0 1.0-28 < 0.2 < 0.2-3.6 

Sn 2.0-4.0 < 0.2-78 < 0.2 2.3-14 

Pb 13-22 3.0-1400 <0.2-0.25 < 0.2-6640 

Cu 13-28 7.0-2700 < 0.2 < 0.2-150 

Zn 41-93 26-1280 0.55-1.7 0.66-250 

Cd 0.96-2.1 0.4-3.1 < 0.2 < 0.2-2.0 

 ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʮʵʚʵʨ ʭᴇʨʩʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʥʠʡʪ 

ʘʛʫʫʣʛʳʥ ʜʦʦʜ ʭʵʤʞʵʵ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ 

ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʜʦʦʜ ʭʵʤʞʵʵʥʵʵʩ  Moïʦʦʩ ʙʫʩʘʜ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʚʴʜ ʠʭ 

ʭʘʨʠʥ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʜʵʵʜ ʭʵʤʞʵʵ ʥʴ ʙװʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʚʴʜ ʙʘʛʘ ʠʣʵʨʩʵʥ ʙʘʡʥʘ.  

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʮʵʚʵʨ ʭᴇʨʩʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ 

ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʳʥ ʩʫʫʨʴ ʭʵʤʞʵʵʥʠʡ ʜʦʦʜ ʤʫʞ Mnïʘʘʩ ʙʫʩʘʜ 

ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʚʴʜ ʙʘʛʘ ʭʘʨʠʥ ʜʵʵʜ ʭʷʟʛʘʘʨ ʥʴ ʙװʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ 

ʭʫʚʴʜ ʤʘʰ ᴇʥʜᴇʨ ʠʣʵʨʩʵʥ ʙʘʡʥʘ. ʕʥʵ ʥʴ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʮʵʚʵʨ ʭᴇʨʩ ʥʴ 

ʙʘʡʛʘʣʠʡʥ ʙʦʣʦʥ ʭװʥʠʡ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣᴇʣʜ ᴇʨʪᴇᴇʛװʡ, ʵʢʦʣʦʛʠʡʥ ʪʵʥʮʚʵʨʪ ʙʘʡʜʣʘʘ 

ʭʘʜʛʘʣʞ ʙʘʡʛʘʘʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. ʀʡʤʜ  ʙʘʡʛʘʣʠʡʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʘʣʜʘʘʛװʡ ʮʵʚʵʨ 

ʭᴇʨʩᴇʥ ʜʵʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʥʠʡʪ  ʙʦʣʦʥ ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʠʪ ʭᴇʜᴇʣʛᴇᴇʥʪ 

ʘʛʫʫʣʛʳʥ ʵʥʵʭװ װװʨ ʜװʥʛ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʭװʥʜ ʵʣʝʤʝʥʪʠʡʥ 

ʙʦʭʠʨʜʣʳʥ װʥʵʣʛʵʵʥʠʡ ʭʘʨʴʮʫʫʣʘʭ ʛʦʣ ʰʘʣʛʫʫʨ װʟװװʣʵʣʪ ʙʦʣʛʦʥ ʭʵʨʵʛʣʵʞ 

ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ.   

 ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʮʵʚʵʨ, ʫʥʘʛʘʥ ʭᴇʨʩʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ 

ʥʠʡʪ ʙʦʣʦʥ ʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʪ ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʫʫʜʳʛ ʘʪʦʤʳʥ ʩʧʝʢʪʨʦʩʢʦʧʠʡʥ 
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ʘʨʛʫʫʜʘʘʨ ʭʘʨʴʮʫʫʣʘʥ ʪʦʜʦʨʭʦʡʣʩʦʥ. תʨ ʜװʥʛ ʙʫʩʘʜ ʩʫʜʘʣʛʘʘʥʳ ʘʞʠʣ ʙʦʣʦʥ 

ʩʪʘʥʜʘʨʪ ʭʵʤʞʵʵʪʵʡ ʭʘʨʴʮʫʫʣʘʥ ʙʦʭʠʨʜʦʞ ʫʥʘʛʘʥ ʪʘʨʭʘʘ ʘʣʜʘʘʛװʡ ʮʵʚʵʨ ʭᴇʨʩᴇʥ 

ʜʵʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʪʘʨʭʘʣʪʳʥ ʛʝʦʭʠʤʠʡʥ ʪᴇʣᴇʚ ʙʘʡʜʘʣʜ װʥʵʣʛʵʵ ʭʠʡʣʵʵ. 

 ɼʵʣʭʠʡʥ ʢʣʘʨʢ ʭʵʤʞʵʵʪʵʡ ʭʘʨʴʮʫʫʣʘʭʘʜ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ 

ʙʘʡʛʘʣʠʡʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʘʣʜʘʘʛװʡ ʮʵʚʵʨ ʭᴇʨʩᴇʥʜ Bi, Cd, B, As, F,  Pb, Rb, Co, Ba - 

ʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʘ  ʠʭ; Sn, Cr, Sb, Mo- ʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʘ  ʠʭ ʙʘʛʘ ʙʘ  ʭʵʣʙʵʣʟʵʣ ʠʭʪʵʡ 

ʙʘʡʛʘʘ ʥʴ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʭᴇʨʩ ʙʦʣʦʦʜ ʭᴇʨʩ װװʩʛʵʛʯ ʯʫʣʫʫʣʛʠʡʥ 

ʛʝʦʭʠʤʠʡʥ ʦʥʮʣʦʛʠʡʛ ʠʣʵʨʭʠʡʣʞ ʙʘʡʥʘ.  

 ʉʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʛʵʵʨ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʮʵʚʵʨ ʭᴇʨʩ ʥʴ ʙʘʡʛʘʣʠʡʥ 

ʙʦʣʦʥ ʭװʥʠʡ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣᴇʣʜ ᴇʨʪᴇᴇʛװʡ, ʵʢʦʣʦʛʠʡʥ ʪʵʥʮʚʵʨʪ ʙʘʡʜʣʘʘ ʭʘʜʛʘʣʞ 

ʙʘʡʛʘʘʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. ʀʡʤʜ ʩʫʜʘʣʛʘʘʛʘʘʨ ʪʦʛʪʦʦʩʦʥ ʵʥʵʭװ װװʨ ʜװʥʛ ʋʣʘʘʥʙʘʘʪʘʨ 

ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ ʙʦʣʦʥ ʙʦʭʠʨʜʣʳʥ 

ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʛ װʥʵʣʵʭʵʜ ʭʘʨʴʮʫʫʣʘʭ ʛʦʣ ʰʘʣʛʫʫʨ ʙʦʣʥʦ.ʋʯʠʨ ʥʴ: 

1. ʍʦʪ ʦʨʯʤʳʥ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʭʠʤʠʡʥ ʵʣʵʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʛʘ ʜʵʣʭʠʡʥ 

ʜʫʥʜʘʞ ʭʵʤʞʵʵʥʜ ʙʘʡʛʘʘ ʫʯʠʨ ʵʢʦʣʦʛʠʡʥ ʪʵʥʮʚʵʨʪ ʙʘʡʜʣʘʘ ʭʘʜʛʘʣʞ ʙʘʡʥʘ 

ʛʵʞ װʟʜʵʛ 

2. ʍʦʪ ʦʨʯʤʳʥ ʮʵʚʵʨ ʙʫʶʫ ʥᴇʣᴇᴇʣᴇʣʜ ᴇʨʪᴇᴇʛװʡ ʭᴇʨʩ ʭᴇʨʩ ʥʴ ʪʫʭʘʡʥ ʙװʩ 

ʥʫʪʛʠʡʥ ʭᴇʨʩʥʠʡ ʦʥʮʣʦʛʠʡʥ ʙװʨʵʥ ʠʣʵʨʭʠʡʣʜʵʛ.  

3. ʕʣʝʤʝʥʪʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥʪ ʘʛʫʫʣʛʘ ʫʯʠʨ ʍʦʪ ʩʫʫʨʠʥ ʛʘʟʨʳʥ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ 

ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ ʙʦʣʦʥ ʙʦʭʠʨʜʣʳʥ ʩᴇʨᴇʛ 

ʥᴇʣᴇᴇʣʣʠʡʛ װʥʵʣʵʭ ʰʘʣʛʫʫʨ ʙʦʣʜʦʛ. 
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ɼᴆʈᴆɺɼתɻʕʕʈ ɹתʃʕɻ 

ʋʃɸɸʅɹɸɸʊɸʈ ʍʆʊʓʅ ᴆʅɻᴆʅ ʍᴆʈʉʅʀʁ 

ɹʆʍʀʈɼʃʓʅ ʊתɺʐʅʀʁ ʊɸʈʍɸʃʊ 

ʊᴇʩʣʠʡʥ ʪʘʡʣʘʥʪ ʭʫʛʘʮʘʘʥʜ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʛʘʘʩ ʮʫʛʣʫʫʣʩʘʥ 

300 ʦʨʯʠʤ ʭᴇʨʩʥʠʡ ʜʵʵʞʠʥʜ  ʪʦʜʦʨʭʦʡʣʩʦʥ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʳʥ 

ʛʝʦʤʝʪʨ ʜʫʥʜʘʞ ʫʪʛʳʛ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʳʥ ʮʵʚʵʨ ʭᴇʨʩᴇʥ ʜʵʭ 

ʵʣʝʤʝʥʪʠʡʥ ʘʛʫʫʣʛʘ (3-ʨ ʙװʣʵʛ, ʍװʩʥʵʛʪ 5), ʜʵʣʭʠʡʥ ʢʣʘʨʢ (ɺʠʥʦʛʨʘʜʦʚ, 1962) 

ʙʦʣʦʥ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩʳʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵʥʠʡ (ʭᴇʨʩʥʠʡ ʤʝʭʘʥʠʢ 

ʙװʪʮʵʵʩ ʭʘʤʘʘʨʩʘʥ ʫʪʛʘ) ʩʪʘʥʜʘʨʪ (MNS 5850:2008)- ʪʘʡ ʭʘʨʴʮʫʫʣʘʥ ïʨ ʭװʥʵʛʪʵʜ 

ʭʘʨʫʫʣʣʘʘ.  

ʍϮʩʥʵʛʪ 8 ʋʣʘʘʥʙʘʘʪʘʨ ʭϺʨʩʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪϮϮʜʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʳʥ 

ʛʝʦʤʝʪʨ ʜʫʥʜʘʞ CGM,  ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʳʥ ʮʵʚʵʨ ʭϺʨʩϺʥ ʜʵʭ 

ʵʣʝʤʝʥʪʠʡʥ ʜʫʥʜʘʞ ʘʛʫʫʣʛʘ CBG, ʜʵʣʭʠʡʥ ʢʣʘʨʢ ʙʦʣʦʥ ʭϺʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩʳʥ 

ʟϺʚʰϺϺʨϺʛʜϺʭ ʭʵʤʞʵʵʥʠʡ (ʭϺʨʩʥʠʡ ʤʝʭʘʥʠʢ ʙϮʪʮʵʵʩ ʭʘʤʘʘʨʩʘʥ ʫʪʛʘ) ʩʪʘʥʜʘʨʪ  

ʕʣʝʤʝʥʪ 

ʉʦʜʝʨʞʘʥʠʝ (ʤʛ/ʢʛ) 

CGM  CBG ʢʣʘʨʢ 

MNS 5850:2008 

(ʭᴇʨʩʥʠʡ ʤʝʭʘʥʠʢ 

ʙװʪʮʵʵʩ ʭʘʤʘʘʩʘʥ) 

Ag 0.20 - - - 

As 10 12 4 2.0-6.0  

B 53 35 5 15-25 

Ba 656 700 400 - 

Bi 0.70 0.50 0.0002 - 

Cd 0.75 1 0.05 1.0-3.0 

Co 11 18 10 30-40 

Cr 53 45 190 60-100 

Cu 41 25 20 60-80 

F 459 450 200 100-200 

Ge 1.8 - - - 

Li  23 32 30 - 

Mn 594 710 545 - 

Mo 25 1.9 30 2.0-3.0 

Ni 34 33 40 60-100 

Pb 51 20 10 70-50 

Rb 85 93 50 - 

Sb 3.1 1.2 15 - 

Sn 5.0 2.8 10 30-50 

Sr 424 290 300 600-800 

Tl  0.73 - - - 

V 65 83 100 100-130 

Zn 135 60 50 100-50 
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ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʳʥ 

ʜʫʥʜʞʠʡʛ ʜʵʣʭʠʡʥ ʢʣʘʨʢʪʘʡ ʭʘʨʴʮʫʫʣʘʭʘʜ: 

¶ ɼʵʣʭʠʡʥ ʢʣʘʨʢʘʘʩ ʙʘʛʘ: Cr, V, Li, Sb, Sn, Mo  

¶ ɼʵʣʭʠʡʥ ʢʣʘʨʢʪʘʡ ʦʡʨʦʣʮʦʦ:  Ni, Co, Mn, Sr  

¶ ɼʵʣʭʠʡʥ ʢʣʘʨʢʘʘʩ ʠʭ: Cu, Pb, Zn, Cd, Ba, F, Rb, As, B, Bi ʙʘʡʥʘ.  

 ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʥʠʡʪ 

ʘʛʫʫʣʛʳʥ ʜʫʥʜʞʠʡʛ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʩʫʫʨʴ ʭᴇʨʩʪʵʡ ʭʘʨʴʮʫʫʣʘʭʘʜ: 

¶ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʩʫʫʨʴ ʭᴇʨʩᴇʥ ʜʵʭ ʘʛʫʫʣʛʘʘʩ ʙʘʛʘ: Cd, Co, Mn, V, 

F  

¶ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʩʫʫʨʴ ʭᴇʨʩᴇʥ ʜʵʭ ʘʛʫʫʣʛʘʪʘʡ ʦʡʨʦʣʮʦʦ: Ni, Cr, 

Ba, F, Rb  

¶ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʩʫʫʨʴ ʭᴇʨʩᴇʥ ʜʵʭ ʘʛʫʫʣʛʘʘʩ ʠʭ: Cu, Cr, Pb, Zn, 

Sr, B, Sn, Sb, Mo, Bi ʙʘʡʥʘ. 

 ʍʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ  ʘʛʫʫʣʛʳʛ ʭᴇʨʩ 

ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʵʣʝʤʝʥʪװװʜʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ ʭʵʤʞʵʵʥʠʡ ʩʪʘʥʜʘʨʪʪʘʡ 

ʭʘʨʴʮʫʫʣʘʭʘʜ F, Zn, B, As-ʠʡʥ ʜʫʥʜʘʞ ʘʛʫʫʣʛʘ ʩʪʘʥʜʘʨʪʳʥ ʭװʣʮʵʭ ʘʛʫʫʣʛʘʘʩ ʠʭ 

ʭʘʨʠʥ ʙʫʩʘʜ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʜʫʥʜʘʞ ʘʛʫʫʣʛʘ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, 

ʵʣʝʤʝʥʪװװʜʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ ʭʵʤʞʵʵʥʠʡ ʩʪʘʥʜʘʨʪʳʥ ʭװʣʮʵʭ ʘʛʫʫʣʛʳʥ 

ʭʵʤʞʵʵʥʜ ʙʘʡʥʘ. 

ʆʣʦʥ ʫʣʩʘʜ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜ, ʭװʥʜ ʤʝʪʘʣʣʳʥ ʙʦʭʠʨʜʣʳʥ 

ʪװʚʰʠʥ ʙʦʣʦʥ ʙʦʭʠʨʜʣʳʥ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʛ ʪʫʭʘʡʥ ʵʣʝʤʝʥʪʠʡʥ ʭᴇʨʩᴇʥʜ 

ʘʛʫʫʣʘʛʜʘʭ ʜʫʥʜʘʞ ʭʵʤʞʵʵʛ ʬʦʥʳʥ ʙʫʶʫ ʙʘʡʛʘʣʳʥ ʮʵʚʵʨ ʭᴇʨʩᴇʥ ʜʵʭ ʩʫʫʨʴ 

ʘʛʫʫʣʛʘʪ ʥʴ ʭʘʨʴʮʫʫʣʘʥ ʙʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩ (PI), ʙʘʷʞʠʣʪʳʥ ʬʘʢʪʦʨ (EF), 

ʛʝʦʭʫʨʠʤʪʣʘʣʳʥ ʠʥʜʝʢʩ (Igeo) ʙʘ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʥ ʬʘʢʪʦʨ (Er) ʛʵʩʵʥ  ʥʵʛ 

ʵʣʝʤʝʥʪʠʡʥ ʠʥʜʝʢʩװװʜʵʵʨ װʥʵʣʜʵʛ. ʊװװʥʯʣʵʥ ʪᴇʚʣᴇʨʩᴇʥ ʩʫʫʨʠʥ ʛʘʟʨʳʥ ʭװʨʵʵʣʵʥ 

ʙʫʡ ʦʨʯʥʳ ʙʦʭʠʨʜʦʣ ʤʘʰ ʦʣʦʥ ʵʭ װװʩʚʵʨʵʵʩ ʫʣʙʘʘʣʘʥ ʦʣʦʥ ʪᴇʨʣʠʡʥ ʭʠʤʠʡʥ 

ʵʣʝʤʝʥʪ ʪʵʜʛʵʵʨʠʡʥ ʥʵʛʜʣʵʵʨ ʙʦʭʠʨʜʜʦʛ ʫʯʠʨ ʙʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩ (PI) ʙʘ ʵʨʩʜʣʠʡʥ 

ʬʘʢʪʦʨ (Er)-ʳʛ ʦʣʦʥ ʵʣʝʤʝʥʪװװʜʵʜ ʪʦʦʮʦʞ ʙʦʭʠʨʜʣʳʥ ʥʠʡʪ ʠʜʝʢʩ Zc, ʙʦʭʠʨʜʣʳʥ 

ʜʫʥʜʘʞ ʥʠʡʪ ʠʥʜʝʢʩ (IPI) ʙʘ ʥʠʡʪ ʵʨʩʜʣʠʡʥ ʬʘʢʪʦʨ (RI) ʛʵʩʵʥ  ʦʣʦʥ ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʥʠʡʣʙʵʨʠʡʥ ʜʫʥʜʘʞ װʟװװʣʵʣʪװװʜʵʵʨ װʥʵʣʜʵʛ. 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ 

ʙʦʣʦʥ ʙʦʭʠʨʜʣʳʥ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʥ ʩʫʜʘʣʛʘʘʛ ʭװʥʜ ʵʣʝʤʝʥʪ ʪʫʩ ʙװʨʠʡʥ ʘʛʫʫʣʛʳʥ 

ʜʫʥʜʞʠʡʛ  ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʠʡʥ  ʮʵʚʵʨ ʭᴇʨʩᴇʥ ʜʵʭ ʭʠʤʠʡʥ 

ʵʣʝʤʝʥʪװװʜʠʡʥ ʩʫʫʨʴ ʘʛʫʫʣʛʘʪʘʡ ʭʘʨʴʮʫʫʣʘʥ ʙʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩ (PI), ʙʘʷʞʠʣʪʳʥ 

ʬʘʢʪʦʨ (EF), ʛʝʦʭʫʨʠʤʪʣʘʣʳʥ ʠʥʜʝʢʩ (Igeo) ʙʘ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʥ ʬʘʢʪʦʨ (Er) ʛʵʩʵʥ  

ʥʵʛ ʵʣʝʤʝʥʪʠʡʥ ʠʥʜʝʢʩװװʜʵʵʨ װʥʵʣʩʵʥ ʘʞʣʫʫʜ 2000-2018 ʦʥʫʫʜʳʥ ʩʫʜʘʣʛʘʘʥʳ 

ʜʵʵʞװװʜʵʜ ʭʠʡʛʜʵʞ ʙʘʡʩʘʥ.  

ʕʢʦʣʦʛʠʡʥ ʤʦʥʠʪʦʨʠʥʛʠʡʥ ʦʣʦʥ ʫʣʩʳʥ ʞʠʰʠʛʪ ʥʠʡʮʩʵʥ ʪʦʛʪʦʣʮʦʦʛ 

ʩʫʜʘʣʞ, ʥʠʡʩʣʵʣ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʦʣʪʦʜ ʤʵʨʛʵʞʣʠʡʥ ʭʷʥʘʣʪ ʪʘʚʠʭ 

ʘʨʛʘʯʣʘʣ ʙʦʣʦʚʩʨʫʫʣʘʭ ʟʦʨʠʣʪʳʥ ʭװʨʵʵʥʜ ʍᴇʨʩᴇʥ ʜʵʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜ, ʭװʥʜ 
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ʤʝʪʘʣʣʫʫʜʳʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ, ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ װʟװװʣʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʛ 

 ʥʵʣʵʭ ʜʵʵʨʭ ʘʨʛʫʫʜʳʛ ʭʘʨʴʮʫʫʣʘʥ ʩʫʜʘʣʞ ʖ.ʅ.ɺʦʜʷʥʠʮʢʠʡʥ ʘʨʛʳʛ ʩʦʥʛʦʩʦʥװ

(ɺʦʜʷʥʠʮʢʠʡ, 2010). ʍᴇʨʩᴇʥ ʜʵʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜ, ʭװʥʜ ʤʝʪʘʣʣʫʫʜʳʥ ʙʦʭʠʨʜʣʳʥ 

ʪװʚʰʠʥ, ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ װʟװװʣʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʛ ʜʘʨʘʘʭ ʪʦʤʲʸʦ ʸʩʦʦʨ 

ʪʦʦʮʜʦʛ.  

ʬ

i
c C

C
K =     ( )( )Ö--*=ä 1nKKZ

iit tkc          (2) 

Zc- ʥʠʡʪ ʙʦʭʠʨʜʦʣ; ʂʢ(PI) ï ʵʣʝʤʝʥʪ ʪʫʩ ʙװʨʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ; n- ʭᴇʨʩʠʡʛ 

ʙʦʭʠʨʜʫʫʣʞ ʙʫʡ ʵʣʝʤʝʥʪʠʡʥ ʪʦʦ; Ciʬ ʠ Ci ï ʩʫʫʨʴ ʘʛʫʫʣʛʘ ʙʘ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ 

ʪʫʭʘʡʥ ʵʣʝʤʝʥʪʠʡʥ ʘʛʫʫʣʛʘ ʤʛ/ʢʛ;  ʂʪi- ʪʫʭʘʡʥ ʵʣʝʤʝʥʪʠʡʥ ʭʦʨʪʦʡ ʯʘʥʘʨʳʥ 

ʬʘʢʪʦʨ. 

ʕʥʵ ʘʨʛʘ ʥʴ ʭᴇʨʩʥʠʡ ʭװʥʜ ʵʣʝʤʝʥʪʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ, ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ 

  ʜʠʡʥװװʣʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʛ ʜʘʚʭʘʨ ʪʦʦʮʜʦʛ ʜʘʚʫʫ ʪʘʣʪʘʡ. ʄʠʢʨʦʵʣʝʤʝʥʪװװʟװ

ʭʦʨʪʦʡ ʯʘʥʘʨʳʥ ʘʥʛʠʣʘʣ ʙʘ ʭʘʨʛʘʣʟʘʭ ʬʘʢʪʦʨʳʥ ʫʪʛʳʛ ʭװʩʥʵʛʪ 8-ʜ װʟװװʣʩʵʥ. 

ʍϮʩʥʵʛʪ 9. ʍϺʨʩϺʥ ʜʵʭ ʵʣʝʤʝʥʪϮϮʜʠʡʥ ʭʦʨʪʦʡ ʯʘʥʘʨʳʥ 

ʌʘʢʪʦʨʳʥ ʘʥʛʠʣʘʣ ʙʘ ʭʘʨʛʘʣʟʘʭ ʬʘʢʪʦʨʳʥ ʫʪʛʘ  

(ɹʦʣʴʰʘʢʦʚ ʠ ʜʨ, 1999) 

ʭʦʨʪʦʡ ʯʘʥʘʨʳʥ ʘʥʛʠʣʘʣ ʂʪ ʍʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜ  

1 1.5 As, Cd, Hg, Se, Pb, Zn, Ni, Cr 

2 1.0 B, Co, Mo, Cu, Sb 

3 0.5 Ba, V, W, Mn, Sr 

ɹʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ, ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ װʟװװʣʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣᴇʣñ-ʠʡʛ  

ʜʘʨʘʘʭ 5 ʪװʚʰʥʵʵʨ װʥʵʣʥʵ (ɺʦʜʷʥʠʮʢʠʡ, 2010). װתʥʜ:  Zcʪ < 16 -ʘʶʫʣʛװʡ; 16 < Zcʪ 

< 32 ï ʙʘʛʘ ʟʵʨʛʠʡʥ ʘʶʫʣʪʘʡ; 32 < Zcʪ < 64-ʘʶʫʣʪʘʡ; 64 < Zcʪ < 128 ï ʠʭ ʘʶʫʣʪʘʡ; 

Zcʪ >> 128 ï ʤʘʰ ʠʭ ʘʶʫʣʪʘʡ  

 ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ 

ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ, ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ װʟװװʣʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʥ ʠʥʜʝʢʩʠʡʛ 

(Zcʪ) ɺʦʜʷʥʠʮʢʠʡʥ ʘʨʛʘʘʨ ʛʘʟʘʨ ʘʰʠʛʣʘʣʪʘʘʩ ʥʴ ʭʘʤʘʘʨʫʫʣʘʥ ʪʦʦʮʩʦʥ. ʀʥʜʝʢʩʠʡʥ 

(Zcʪ) ʩʪʘʪʠʩʪʠʢ װʨ ʜװʥʛ 10 -ʨ ʭװʩʥʵʛʪʵʜ,  ʛʦʣ ʙʦʭʠʨʜʫʫʣʘʛʯ ʵʣʝʤʝʥʪװװʜʠʡʥ ʛʘʟʘʨ 

ʘʰʠʛʣʘʣʪʳʥ ʙʘʡʜʣʳʥ ʭʘʤʘʘʨʣʳʛ  11 -ʨ ʭװʩʥʵʛʪʵʜ ʪʫʩ ʪʫʩ ʥʵʛʪʛʵʣʵʵ. ʋʣʘʘʥʙʘʘʪʘʨ 

ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ, 

ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ װʟװװʣʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ ʙʘ ʪװװʥʠʡ 

ʪװʚʰʠʥʛ 2-ʨ ʟʫʨʘʛʪ װʟװװʣʩʵʥ. 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ 

ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ, ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ װʟװװʣʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣᴇʣ (Zcʪ) ʥʠʡʪ ʛʘʟʘʨ 

ʥʫʪʛʠʡʥ ʭʫʚʴʜ ʜʫʥʜʞʘʘʨ 7.29-15.16 ʙʫʶʫ ʘʶʫʣʛװʡ (Zcʪ  < 16) ʪװʚʰʠʥʜ ʙʘʡʥʘ. 

ʍʘʨʠʥ ʛʵʨ ʭʦʨʦʦʣʣʳʥ ʙʦʣʦʥ ʭʫʜʘʣʜʘʘ װʡʣʯʠʣʛʵʵʥʠʡ ʛʘʟʘʨ ʥʫʪʛʘʘʩ ʘʚʩʘʥ ʟʘʨʠʤ 

ʛʘʟʨʳʥ ʜʵʵʞʠʥʜ Zcʪ-ʠʡʥ ʫʪʛʘ ʤʘʰ ᴇʥʜᴇʨ (259.75) ʙʫʶʫ ʘʶʫʣʪʘʡ (Zcʪ >> 128) 

ʪװʚʰʠʥʜ ʙʘ Zcʪ-ʠʡʥ ʫʪʛʘ ʤʘʰ ʠʭ ʭʵʣʙʵʣʟʵʣʪʵʡ (C.V, % 164) ʙʘʡʛʘʘ ʥʴ ʵʜʛʵʵʨ 
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ʛʘʟʨʳʥ ʭᴇʨʩ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜ ʙʦʣʦʥ ʭװʥʜ ʤʝʪʘʣʣʘʘʨ ʠʭʵʵʨ ʙʦʭʠʨʜʩʦʥ ʙʦʣʦʭʳʛ 

ʭʘʨʫʫʣʞ ʙʘʡʥʘ.  

ʍϮʩʥʵʛʪ 10. ʄʠʢʨʦʵʣʝʤʝʥʪϮϮʜʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪϮʚʰʠʥ, ʭϮʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ ϮʟϮϮʣʵʭ 

ʩϺʨϺʛ ʥϺʣϺϺʣʣʠʡʥ ʠʥʜʝʢʩʠʡʥ (Zcʪ) ʩʪʘʪʠʩʪʠʢ Ϯʨ ʜϮʥ 

(ɻʘʟʘʨ ʘʰʠʛʣʘʣʪʳʥ ʘʥʛʠʣʣʘʘʨ) 

ʉʪʘʪʠʩʪʠʢ ʧʘʨʘʤʝʪʨ 
ɻʘʟʘʨ ʘʰʠʛʣʘʣʪ ʙʘ ʙװʩ 

0 1 2 3 4 5 6 

N 324 124 104 26 26 22 21 

ɼʫʥʜʘʞ 13.05 9.49 14.14 18.83 14.28 8.05 22.65 

GM 9.29 8.33 9.35 15.16 8.5 7.29 11.56 

ʄʝʜʠʘʥ ʫʪʛʘ 8.98 8.28 9.32 15.46 8.47 7.91 11.1 

ɹʘʛʘ ʫʪʛʘ 1 2.08 2 4.5 1 2.48 3.87 

ʀʭ ʫʪʛʘ 259.75 60.96 224.53 48.23 88.1 18.22 259.75 

10 % 4.28 4.6 4.28 4.63 3.28 4.46 5.95 

90 % 20.81 15.32 20.96 34.42 27.3 11.12 18.88 

SD 21 6 25 12 19 4 54 

C.V 164 66 180 63 133 44 241 

Winsorized ʜʫʥʜʘʞ 10.76 9.08 11 18.53 13.17 7.85 11.25 

Grubbs ʪʝʩʪ 11.52 8.24 8.26 2.49 3.88 2.86 4.35 

p-ʫʪʛʘ 0 0 0 0.21 0 0.03 0 

ɻʘʟʘʨ ʘʰʠʛʣʘʣʪ ʙʘ ʙϮʩ: 0-ʅʠʡʪ ʛʘʟʘʨ ʥʫʪʘʛ; 1-ɸʚʪʦʤʘʰʠʥ, ʟʘʤ ʜʘʛʫʫʭ ʛʘʟʘʨ; 2-

ɻʵʨ ʭʦʨʦʦʣʦʣ; 3-ʎʘʭʠʣʛʘʘʥ ʩʪʘʥʮ, Ϯʡʣʜʚʵʨ ʦʨʯʠʤ; 4-ʍʦʛʠʡʥ ʮʵʛ;  5-ʅʦʛʦʦʥ ʙϮʩ; 6-

ɿʘʭ, ʭʫʜʘʣʜʘʘʥʳ ʪϺʚ 

 
ɿʫʨʘʛ 2. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ϺʥʛϺʥ ʭϺʨʩϺʥʜ ʘʛʫʫʣʘʛʜʘʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪϮϮʜʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪϮʚʰʠʥ, ʭϮʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ ϮʟϮϮʣʵʭ 

ʩϺʨϺʛ ʥϺʣϺϺʣϺʣ 



 
 

35 

 ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ 

ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ, ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ װʟװװʣʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʥ ʦʨʦʥ ʟʘʡʥ 

ʪʘʨʭʘʣʪʳʥ ʟʫʨʛʘʘʩ ʭʘʨʘʭʘʜ ʛʵʨ ʭʦʨʦʦʣʣʳʥ ʛʘʟʨʳʥ ʪװʣʵʵ ʥװװʨʩ ʙʦʨʣʫʫʣʘʭ ʮʵʛ, 

ʭʫʫʯʠʥ ʪװװʭʠʡ ʵʜ ʮʫʛʣʫʫʣʞ ʙʘʡʩʘʥ ʛʘʟʘʨ ʙʦʣʦʥ, ʘʚʪʦʟʘʤʳʥ ʪʦʡʨʛʠʡʥ ʦʨʯʠʤʜ Zcʪ-

ʠʡʥ ʫʪʛʘ ʠʭʵʵʨ ʠʣʵʨʩʵʥ ʙʘʡʥʘ. ʉʫʜʘʣʛʘʘʥʜ ʭʘʤʨʘʛʜʩʘʥ ʥʠʡʪ ʜʵʵʞʥʠʡ ʭʫʚʴʜ 

ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ, ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ װʟװװʣʵʭ ʩᴇʨᴇʛ 

ʥᴇʣᴇᴇʣᴇʣ (Zcʪ) ʙʘʛʘ ʟʵʨʛʠʡʥ ʘʶʫʣʪʘʡ (16 < Zcʪ < 32) ʙʦʣʦʥ ʘʶʫʣʪʘʡ (32 < Zcʪ < 

64) ʪװʚʰʥʠʡ ʵʟʣʵʭ ʭʫʚʴ ʛʵʨ ʭʦʨʦʦʣʦʣ, ʭʦʛʠʡʥ ʮʵʛ, ʮʘʭʠʣʛʘʘʥ ʩʪʘʥʮ ʙʦʣʦʥ 

 ʩ ʥʫʪʛʠʡʥ ʙʦʣʦʥ ʭʦʛʠʡʥ ʮʵʛ ʦʨʯʤʳʥ ʜʵʵʞʠʥʜ ʠʭʵʩʯ ʙʘʡʥʘ. ʍʘʨʠʥ ʠʭװʡʣʜʚʵʨʠʡʥ ʙװ

ʘʶʫʣʪʘʡ (64 < Zcʪ < 128) ʙʦʣʦʥ ʤʘʰ ʠʭ ʘʶʫʣʪʘʡ (Zcʪ >> 128) ʫʪʛʘ ɻʵʨ ʭʦʨʦʦʣʦʣ 

ʙʦʣʦʥ ʭʫʜʘʣʜʘʘ װʡʣʯʠʣʛʵʵʥʠʡ ʛʘʟʨʳʥ ʜʵʵʞʠʥʜ ʠʣʵʨʩʵʥ ʙʘʡʥʘ. 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜ ʪʫʩ ʙװʨʠʡʥ ʙʦʭʠʨʜʣʳʥ 

ʪװʚʰʠʥ, ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ װʟװװʣʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʥ ʠʥʜʝʢʩʠʡʥ (Zcʪ) ʜʫʥʜʘʞ ʫʪʛʳʛ 

ʛʘʟʘʨ ʘʰʠʛʣʘʣʪ ʙʫʶʫ ʛʦʣ ʙʦʭʠʨʜʫʫʣʘʛʯ ʵʭ װװʩʚʵʨʵʵʩ ʥʴ ʭʘʤʘʘʨʫʫʣʘʥ ʭװʩʥʵʛʪ 11-ʪ 

  .ʣʣʵʵװװʟװ

ʍϮʩʥʵʛʪ 11. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ϺʥʛϺʥ ʭϺʨʩϺʥʜ ʘʛʫʫʣʘʛʜʘʭ ʛʦʣ ʙʦʭʠʨʜʫʫʣʘʛʯ 

ʤʠʢʨʦʵʣʝʤʝʥʪϮϮʜ ʪʫʩ ʙϮʨʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪϮʚʰʠʥ, ʭϮʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ ϮʟϮϮʣʵʭ 

ʩϺʨϺʛ ʥϺʣϺϺʣʣʠʡʥ ʠʥʜʝʢʩʠʡʥ (Zcʪ) ʫʪʛʘ 

(ɻʘʟʘʨ ʘʰʠʛʣʘʣʪʳʥ ʘʥʛʠʣʣʘʘʨ) 

ʕʣʝʤʝʥʪ ɻʘʟʘʨ ʘʰʠʛʣʘʣʪ 

1 2 3 4 5 6 

Sb 31.4 2.8 2.69 2.09 1.61 2.88 

Pb 9.49 2.52 2.81 2.33 1.91 2.51 

Cu 8.21 1.55 1.5 1.64 2.43 1.58 

Sn 6.49 1.64 1.86 1.78 2.18 1.7 

Zn 5.7 2.17 2.22 2.22 2.47 2.46 

Mo 3.21 1.25 1.2 0.94 2.99 1.14 

B 3.21 1.44 1.62 1.42 1.36 1.71 

Mn 2.47 0.79 0.82 0.98 0.98 0.85 

Bi 2.44 1.34 1.34 1.27 2 1.37 

Cr 2.19 1.19 1.08 1.11 1.94 1.11 

Cd 2.01 0.66 0.81 0.7 1.14 0.75 

Ni 1.25 0.98 1.08 1.15 1.07 1.07 

F 1.22 0.92 1.05 1.14 1.48 1.02 

As 0.88 0.74 0.9 0.74 1.13 0.9 

V 0.75 0.74 0.82 0.81 0.76 0.83 

Li  0.66 0.67 0.76 0.73 0.65 0.77 

Co 0.59 0.56 0.7 0.73 0.67 0.66 

ɻʘʟʘʨ ʘʰʠʛʣʘʣʪ ʙʘ ʙϮʩ: 1-ɿʘʭ, ʭʫʜʘʣʜʘʘʥʳ ʪϺʚ; 2-ɸʚʪʦʤʘʰʠʥ, ʟʘʤ ʜʘʛʫʫʭ ʛʘʟʘʨ; 

3- ɻʵʨ ʭʦʨʦʦʣʦʣ; 4- ʅʦʛʦʦʥ ʙϮʩ; 5-ʎʘʭʠʣʛʘʘʥ ʩʪʘʥʮ, Ϯʡʣʜʚʵʨ ʦʨʯʠʤ; 6-ʍʦʛʠʡʥ ʮʵʛ 

 

11-ʨ ʭװʩʥʵʛʪʠʡʥ װʨ ʜװʥʛʵʵʨ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʥʠʡʪ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ʭᴇʨʩʠʡʛ ʛʦʣ 

ʪᴇʣᴇʚ   Sb, Pb, Cu, Sn, Zn, Mo. B, Mn, Bi,  Cr,  Cd ʟʵʨʵʛ ʵʣʝʤʝʥʪװװʜ ʙʦʭʠʨʜʫʫʣʞ 

ʙʘʡʛʘʘ ʙʘ ʦʙʲʝʢʪ ʪʫʩ ʙװʨʵʵʨ ʘʥʛʠʣʞ ʭʘʨʚʘʣ  
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V ɿʘʭ, ʭʫʜʘʣʜʘʘʥʳ ʪᴇʚʠʡʥ ʜʵʵʞʠʥʜ ï Sb, Pb, Cu, Sn, Zn, Mo. B, Mn, Bi,  Cr,  

Cd  

V ɸʚʪʦʤʘʰʠʥ, ʟʘʤ ʜʘʛʫʫʭ ʛʘʟʨʳʥ ʜʵʵʞʠʥʜ - Sb, Pb, Zn,  Cu, Sn 

V ɻʵʨ ʭʦʨʦʦʣʦʣʳʥ ʭᴇʨʩᴇʥʜ - Sb, Pb, Zn, Cu, Sn 

V ʅʦʛʦʦʥ ʙװʩ ʙװʭʠʡ ʛʘʟʨʳʥ ʭᴇʨʩᴇʥʜ -  Sb, Pb, Zn, Cu, Sn 

V ʎʘʭʠʣʛʘʘʥ ʩʪʘʥʮ, װʡʣʜʚʵʨ ʦʨʯʤr ʥ ʜʵʵʞʠʥʜ - Cu, Sn, Zn, Mo,  Bi,  Cr, Pb, Sb   

V ʍʦʛʠʡʥ ʮʵʛ ʦʨʯʤʳʥ ʜʵʵʞʠʥʜ -  Sb, Pb, Zn, Sn,Cu, B, Bi, Mo ʛʵʩʵʥ װʨ ʜװʥʛ 

ʭʘʨʫʫʣʣʘʘ.  

ʍʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩʠʡʛ ʠʭʵʵʨ ʙʦʭʠʨʜʫʫʣʞ ʙʫʡ ʛʦʣ ʵʣʝʤʝʥʪװװʜ ʥʴ Pb, Sb, Zn ʙʘ 

ʮʘʭʠʣʛʘʘʥ ʩʪʘʥʮ ʙʦʣʦʥ װʡʣʜʚʵʨʠʡʥ ʦʨʯʠʤʜ Sn,  ʭʫʜʘʣʜʘʘ װʡʣʯʠʣʛʵʵʥʠʡ ʪᴇʚ ʙװʭʠʡ 

ʛʘʟʨʳʥ ʜʵʵʞʠʥʜ Mo, Bi, Cd, Cr, B, Sn-ʠʡʥ װʟװװʣʵʣʪ ᴇʥʜᴇʨ ʙʘʡʥʘ. Pb ʙʘ Zn ʥʴ 

ʪᴇʚʣᴇʨʩᴇʥ ʩʫʫʨʠʥ ʛʘʟʨʳʥ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʥʳ ʛʦʣ ʙʦʭʠʨʜʫʫʣʘʛʯ ʵʣʝʤʝʥʪ ʙʘ ʵʜʛʵʵʨ 

ʵʣʝʤʝʥʪװװʜ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʛʦʣ ʪᴇʣᴇʚ ʭװʥʠʡ ʙʫʨʫʫʪʘʡ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ 

ʫʣʤʘʘʩ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʙʦʭʠʨʜʫʫʣʘʭ ʵʭ װװʩʚʵʨʵʵʩ װװʜʵʣʪʵʡ ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʙʘʡʥʘ. 

 ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ  Pb ʙʘ Zn -ʳʥ ʭʫʨʠʤʪʣʘʣ 

 ,ʥʩ ʥʫʨʘʤװ  ʩʚʵʨ ʥʴ ʛʵʨ ʭʦʨʦʦʣʣʳʥ ʷʥʜʘʥʛʠʡʥ ʫʪʘʘ, ʟʫʫʭʥʳװװ ʩʛʵʞ ʙʫʡ ʛʦʣ ʵʭװװ

ʭʦʛ ʭʘʷʛʜʘʣ > ʮʘʭʠʣʛʘʘʥ ʩʪʘʥʮ ʙʘ װʡʣʜʚʵʨ ʦʨʯʠʤ ʙʫʶʫ װʡʣʜʚʵʨʠʡʥ ʭʦʛ ʭʘʷʛʜʘʣ, 

ʩʪʘʥʮʘʘʩ ʷʣʛʘʨʘʭ ʫʪʘʘ ʙʘ װʥʩ ʥʫʨʘʤʥʳ ʭʘʷʛʜʘʣ > ʟʘʭ ʭʫʜʘʣʜʘʘʥʳ ʪᴇʚʠʡʥ װʡʣ 

ʘʞʠʣʣʘʛʘʘʥʘʘʩ װװʜʵʣʪʵʡ ʙʘʡʥʘ.  ʕʥʵ ʜװʛʥʵʣʪ ʥʴ ʙʫʩʘʜ ʩʫʜʣʘʘʯʜʳʥ ʘʞʠʣ ʙʦʣʦʥ 

ᴇʤʥᴇ ʭʵʨʵʛʞװװʣʩʵʥ ʩʫʫʨʴ ʩʫʜʘʣʛʘʘʥʳ ʩʵʜʵʚʪ ʘʞʣʫʫʜʳʥ ʜװʛʥʵʣʪʪʵʡ ʠʞʠʣ ʙʘʡʥʘ. 

ʍװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ ʩᴇʨᴇʛ ʥᴇʣᴇᴇ װʟװװʣʞ ʙʦʣʦʭʫʡʮ ʙʦʭʠʨʜʦʣʪʦʡ ʛʘʟʘʨ ʥʫʪʘʛ ʥʴ 

ʮʘʭʠʣʛʘʘʥ ʩʪʘʥʮ ʙʘ װʡʣʜʚʵʨ ʦʨʯʠʤ > ʛʵʨ ʭʦʨʦʦʣʦʣ > ʭʦʛʠʡʥ ʮʵʛ ʦʨʯʤʳʥ ʛʘʟʘʨ ʥʫʪʘʛ 

ʙʘʡʥʘ. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭʫʚʴʜ ʜʫʣʘʘʥʳ ʵʭ װװʩʚʵʨʪʵʵ ʛʦʣ ʪᴇʣᴇʚ ʪװװʭʠʡ ʥװװʨʩ 

ʭʵʨʵʛʣʵʜʵʛ ʙʘ ʩװװʣʠʡʥ ʞʠʣװװʜʵʜ ʘʚʪʦ ʪʵʵʚʨʠʡʥ ʭʵʨʵʛʩʣʠʡʥ ʪʦʦ ʫʣʘʤ ʥʵʤʵʛʜʵʭ 

ʙʦʣʩʦʥ ʤᴇʥ ʭװʥ ʘʤʳʥ ʪᴇʚʣᴇʨᴇʣʠʡʥ ʫʣʤʘʘʩ ʘʭʫʡʥ ʭʦʛ ʭʘʷʛʜʘʣ ʠʭʵʩʯ ʠʣ ʟʘʜʛʘʡ 

ʭʘʷʛʜʘʭ ʙʦʣʩʦʥ ʟʵʨʵʛ ʥʴ ʭᴇʨʩʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ, 

ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ װʟװװʣʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʛ ʥʵʤʵʛʜװװʣʞ ʙʘʡʥʘ.
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ʊɸɺɼʋɻɸɸʈ ɹתʃʕɻ 

ʅʀʁʉʃʕʃ ʍʆʊʓʅ ᴆʅɻᴆʅ ʍᴆʈʉʅʀʁ ʍתʅɼ 

ʕʃɽʄɽʅʊתתɼʀʁʅ ʍʋʋʈʄɸɻ ʅʀʁʊ ɸɻʋʋʃɻʓʅ ʊɸʈʍɸʃʊ, 

ɹʆʍʀʈɼʃʓʅ ʊתɺʐʀʅ 

2018-2019 ʦʥʫʫʜʘʜ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʛʘʘʩ ʮʫʛʣʫʫʣʩʘʥ ᴇʥʛᴇʥ 

ʭᴇʨʩʥʠʡ 215 ʰ ʜʵʵʞʠʥʜ Co, Mn, Cd, Cu, Zn, Ni, Cr ʙʘ Pb-ʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ 

ʘʛʫʫʣʛʳʛ  ɸʐʉ-ʠʡʥ ʜᴇʣᴇʥ ʘʪʦʤʯʣʘʣʳʥ ʘʨʛʘʘʨ ʪʦʜʦʨʭʦʡʣʞ ʅʠʡʩʣʵʣ ʭʦʪʳʥ ᴇʥʛᴇʥ 

ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʙװʩʯʠʣʩʵʥ װʥʵʣʛʵʵʛ ʭʠʡʩʵʥ. 

ʍװʥʜ ʵʣʝʤʝʥʪʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ (pseudo-total) ʘʛʫʫʣʛʘ ʛʵʜʵʛ ʥʴ ʭʘʘʥʳ ʜʘʨʩ 

(HCl:HNO3 (3:1v/v) ʙʦʣʦʥ ʘʟʦʪʳʥ ʭװʯʠʣ ʙʘ ʫʩʪᴇʨᴇʛʯʠʡʥ ʭʵʪ ʠʩʣʠʡʥ ʭʦʣʴʮʦʥʜ 

ʫʫʩʜʘʛ, ʭᴇʨʩʥʠʡ ʩʠʣʠʢʘʪʳʥ ʥʵʛʜʣʵʵʩ ʙװʨʵʥ ʟʘʜʨʘʘʛװʡ, ʤʝʪʘʣʣʳʥ ʘʛʫʫʣʛʘ ʶʤ. 

ʊᴇʨᴇʣ ʙװʨʠʡʥ ʵʭ װװʩʚʵʨʵʵʩ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ ʪʘʨʭʘʞ ʭᴇʨʩᴇʥʜ ʫʣʤʘʘʨ 

ʠʩʵʣ, ʢʘʨʙʦʥʘʪ, ʩʫʣʴʬʠʜ, ʩʫʣʴʬʘʪ ʟʵʨʵʛ  ʥʵʛʜʵʣ ʙʘʡʜʣʘʘʨ ʭᴇʨʩᴇʥʜ ʭʫʨʠʤʪʣʘʛʜʜʘʛ 

ʙʘ ʭᴇʨʩʥʠʡ ʦʨʯʠʥ ᴇᴇʨʯʣᴇʛʜᴇʭᴇʜ ʥʵʛ ʥʵʛʜʣʵʵʩ ʥᴇʛᴇᴇ ʥʵʛʜʵʣʜ ʭʷʣʙʘʨ ʰʠʣʞʜʵʛ ʙʘ  

ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ װʥʵʣʛʵʵʥʠʡ ʯʫʭʘʣ ʭʵʤʞʠʛʜʵʭװװʥ ʶʤ.  

Co, Mn, Cd, Cu, Zn, Ni, Cr ʙʘ Pb-ʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʪʘʨʭʘʣʪʳʥ  

ʩʪʘʪʠʩʪʠʢ װʨ ʜװʥʛ 12 ïʨ ʭװʩʥʛʵʪʵʜ ʥʵʛʪʛʵʩʵʥ.  

ʍϮʩʥʵʛʪ 12. Co, Mn, Cd, Cu, Zn, Ni, Cr ʙʘ Pb-ʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ 

ʪʘʨʭʘʣʪʳʥ ʩʪʘʪʠʩʪʠʢ Ϯʨ ʜϮʥ 

ʉʪʘʪʠʩʪʠʢ 

 ʣʵʣʪװװʟװ
ʍװʥʜ ʤʝʪʘʣʣ 

Co Mn Cd Cu Zn Ni Cr Pb 

ʍʘʤʛʠʡʥ 

ʠʭ ʫʪʛʘ 
16.54 230.47 2.73 460.35 97.07 46.87 442.42 797.93 

ɼʫʥʜʘʞ 

(µ) 
7.43 163.76 1.03 24.14 56.59 16.69 31.85 33.40 

Meʜʠʘʥ 

ʫʪʛʘ 
7.36 163.02 0.99 15.83 56.47 15.75 27.57 18.23 

ʍʘʤʛʠʡʥ 

ʙʘʛʘ ʫʪʛʘ 
2.96 66.61 0.53 6.56 18.66 7.13 11.86 5.58 

STD 1.91 25.35 0.27 45.15 13.61 4.77 30.34 87.01 

C.V 3.65 643 0.08 2038 185 23 920 7570 

K 2.24 0.45 7.16 78.79 0.27 9.04 158.40 53.51 

S 0.77 0.03 1.72 8.57 0.03 2.13 11.78 7.03 

ʉBG 9.43 168 0.84 13.8 50.1 19.93 25.95 11.2 

*ʉʪʘʥʜʘʨʪ 12 600 1 50 60 36 15 60 

ʉBG - ʭʦʪ ʦʨʯʤʳʥ ʫʥʘʛʘʥ ʪϺʨʭϺϺ ʘʣʜʘʘʛϮʡ ʙʘʡʛʘʣʳʥ ʮʵʚʵʨ ʙʫʶʫ ʩʫʫʨʴ ʭϺʨʩϺʥʜ 

ʘʛʫʫʣʘʛʜʘʭ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʩʫʫʨʴ ʘʛʫʫʣʛʘ 

*ʉʪʘʥʜʘʨʪ (ʆʍʋ)- ʭϺʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ ʵʣʝʤʝʥʪϮϮʜʠʡʥ ʟϺʚʰϺϺʨϺʛʜϺʭ 

ʩʪʘʥʜʘʨʪ - (ʭϮʥʜ ʵʣʝʤʝʥʪϮϮʜʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ) (ʏʫʣʜʞʠʷʥ, 1988) 

 ʍʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ ʭװʥʜ ʤʝʪʘʣʣʫʫʜʳʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʛ ʭʦʪ 

ʦʨʯʤʳʥ ʩʫʫʨʴ ʙʫʶʫ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʘʣʜʘʘʛװʡ ʙʘʡʛʘʣʳʥ ʮʵʚʵʨ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ 

ʩʫʫʨʴ ʘʛʫʫʣʛʘ ʙʦʣʦʥ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ ʵʣʝʤʝʥʪװװʜʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ 

ʩʪʘʥʜʘʨʪʪʘʡ ʭʘʨʴʮʫʫʣʞ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʭװʥʜ ʵʣʝʤʝʥʪʠʡʥ 

ʙʦʭʠʨʜʣʳʥ ʵʢʦʣʦʛʠʡʥ ʙʦʣʦʥ ʛʝʦʭʠʤʠʡʥ װʥʵʣʛʵʵ ʭʠʡʣʵʵ. 
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ʄʘʥʘʡ ʫʣʩʳʥ ʭʫʚʴʜ 2008 ʦʥʜ  ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ ʭʵʤʞʵʵ ʩʪʘʥʜʘʨʪ ʙʘʪʣʘʛʜʩʘʥ ʙʘ ʵʥʵ ʩʪʘʥʜʘʨʪʳʛ ʭᴇʨʩʥʠʡ ʭװʥʜ 

ʵʣʝʤʝʥʪʠʡʥ ʙʦʭʠʨʜʦʣʜ װʥʵʣʛʵʵ ʭʠʡʭʵʜ ʛʦʣ ʩʪʘʥʜʘʨʪ ʙʦʣʛʦʥ ʭʘʨʴʮʫʫʣʜʘʛ. ʕʥʵ 

ʩʪʘʥʜʘʨʪ ʥʴ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʵʣʵʝʤʝʥʪװװʜʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʘʘʨ ʪʦʛʪʦʦʛʜʩʦʥ ʙʘ 

ʭʘʨʠʥ   ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ 

ʵʣʝʤʝʥʪװװʜʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʩʪʘʥʜʘʨʪ ʭʘʨʘʘʭʘʥ ʙʘʪʣʘʛʜʘʘʛװʡ ʙʦʣʥʦ.  ʊʠʡʤʜ ʵʥʵ 

ʘʞʠʣʜ ʆʍʋ-ʳʥ ʩʪʘʥʜʘʨʪʳʛ ʘʚʯ ʭʘʨʴʮʫʫʣʩʘʥ (ʏʫʣʜʞʠʷʥ, 1988).   

ʍᴇʨʩᴇʥ ʜʵʭ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʘ (ʤʛ/ʢʛ)-ʳʥ ʪʘʨʭʘʣʪʳʥ 

ʩʪʘʪʠʩʪʠʢ װʟװװʣʵʣʪʵʵʩ ʭʘʨʘʭʘʜ ʵʣʝʤʝʥʪװװʜʠʡʥ ʪʘʨʭʘʣʪ ʞʠʛʜ ʙʫʩ ʙʘʡʥʘ. ʗʣʘʥʛʫʷʘ 

Pb, Cu, Zn, Mn -ʳʥ ʚʘʨʠʘʮ ʠʭ, ʞʠʛʜ ʪʘʨʭʘʣʪʳʥ ʪʦʦʥ װʟװװʣʵʣʪװװʜ ᴇʥʜᴇʨ ʙʘʡʥʘ. ʍʦʪ 

ʦʨʯʤʳʥ ʙʘʡʛʘʣʠʡʥ ʮʵʚʵʨ ʭᴇʨʩᴇʥ ʜʵʭ ʭװʥʜ ʤʝʪʘʣʣʫʫʜʳʥ ʩʫʫʨʴ ʘʛʫʫʣʛʘʪʘʡ 

ʭʘʨʴʮʫʫʣʘʭʘʜ Cd, Cu, Zn, Cr, Pb -ʥʳ  ʜʫʥʜʘʞ ʘʛʫʫʣʛʘ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʠʭʵʵʨ 

ʠʣʵʨʩʵʥ ʙʘʡʥʘ. 

ʍװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ 

ʵʣʝʤʝʥʪװװʜʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʩʪʘʥʜʘʨʪʪʘʡ ʭʘʨʴʮʫʫʣʘʭʘʜ Cr-ʦʦʩ ʙʫʩʘʜ ʭװʥʜ 

ʵʣʝʤʝʥʪװװʜʠʡʥ ʜʫʥʜʘʞ ʘʛʫʫʣʛʘ ʩʪʘʥʜʘʨʪʘʘʩ ʙʘʛʘ, ʭʘʨʠʥ ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʭʘʤʛʠʡʥ ʠʭ ʘʛʫʫʣʛʘ Mn-ʘʘʩ ʙʫʩʘʜ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʚʴʜ ʠʭʵʵʨ ʠʣʵʨʩʵʥ ʙʘʡʥʘ.  

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥ ʭװʥʜ ʤʝʪʘʣʣʫʫʜʳʥ ʭʫʫʨʤʘʛ 

ʥʠʡʪ (pseudo-total) ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵʛ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʠʡʥ ʮʵʚʵʨ ʙʫʶʫ 

ʙʦʭʠʨʜʦʦʛװʡ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʭװʥʜ ʤʝʪʘʣʣʫʫʜʳʥ ʭʫʫʨʤʘʛ ʥʠʡʪ (pseudo-total) 

ʘʛʫʫʣʛʳʥ ʩʫʫʨʴ ʘʛʫʫʣʛʘʜ ʭʘʨʴʮʫʫʣʘʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥʛ ʪʦʦʮʩʦʥ.   

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʪװʚʥhʠʡ ʙװʩʯʠʣʩʵʥ װʥʵʣʛʵʵʛ 

ʪᴇʚʠʡʥ 6 ʜװװʨʵʛ ʪʫʩ ʙװʨʵʵʨ ʭʠʡʞ, Cd, Co, Mn, Ni, Cr, Cu, Pb, Zn ʟʵʨʵʛ ʵʣʝʤʝʥʪ ʪʫʩ 

ʙװʨʵʵʨ ʛʘʨʛʘʞ (ʟʫʨʘʛ 3 ï 10 ʙʦʣʦʥ ʛʠʩʪʦʛʨʘʤʤ 1 - 8) ʭʘʨʫʫʣʣʘʘ. 

ʍʘʨ ʪʫʛʘʣʛʘ (Pb) ïʥ  rʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʪʘʨʭʘʣʪ, 

ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ. 

 ʍʘʨʪʫʛʘʣʛʘ (Pb) ʥʴ ʦʥʮʛʦʡ ʭʦʨʪʦʡ ʭװʥʜ ʤʝʪʘʣʣ ʶʤ. ʍᴇʨʩᴇʥʜ ʜʫʥʜʞʘʘʨ 10 

ʤʛ/ʢʛ ïʠʡʥ ʭʵʤʞʵʵʪʵʡ ʙʘʡʜʘʛ (ɺʠʥʦʛʨʘʜʦʚ, 1962).  

 ʆʍʋ-ʳʥ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ ʵʣʝʤʝʥʪװװʜʠʡʥ (ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ) ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʩʪʘʥʜʘʨʪ (ʏʫʣʜʞʠʷʥ, 1988) - ʘʘʨ 60 ʤʛ/ʢʛ ï

ʘʘʩ ʭʵʪʵʨʚʵʣ  ʭʦʨʪʦʡ ʛʵʞ װʟʜʵʛ.  

ɹʠʜʥʠʡ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʨ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʠʡʥ ʮʵʚʵʨ ʙʫʶʫ 

ʙʦʭʠʨʜʦʦʛװʡ ʭᴇʨʩᴇʥʜ ʭʘʨʪʫʛʘʣʛʘ (Pb) ïʥʳ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʩʫʫʨʴ ʭʵʤʞʵʵ 20 ʤʛ/ʢʛ, 

ʭʫʫʨʤʘʛ ʥʠʡʪ (pseudo-total) ʘʛʫʫʣʛʳʥ ʩʫʫʨʴ ʘʛʫʫʣʛʘ 11.2 ʤʛ/ʢʛ ʛʵʞ (ɹʷʤʙʘʩװʨʵʥ ʙʘ 

ʙʫʩʘʜ, 2018) ʪʦʛʪʦʦʛʜʩʦʥ ʙʦʣ ᴇᴇʨ ʩʫʜʣʘʘʯʜʳʥ ʘʞʠʣʜ 27 ʤʛ/ʢʛ ʙʘʡʥʘ. ɹʠʜʥʠʡ ᴇʤʥᴇʭ 

ʞʠʣװװʜʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʨ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ 

67.8 ʤʛ/ʢʛ (2003),  64.8 ʤʛ/ʢʛ (2010) ʙʘ  39.1 ʤʛ/ʢʛ (2014),  ʪʫʩ ʪʫʩ ʪʦʜʦʨʭʦʡʣʦʛʜʩʦʥ 

ʙʘʡʥʘ.  ʕʥʵ ʫʜʘʘʛʠʡʥ ʩʫʜʘʣʛʘʘʛʘʘʨ 5.58-797.93 ʤʛ/ʢʛ ʙʫʶʫ ʭʵʣʙʵʣʟʵʣ ʠʭʪʵʡ ʞʠʛʜ 

ʙʫʩ ʪʘʨʭʘʣʪʪʘʡ, ʜʫʥʜʞʘʘʨ  (ʤʝʜʠʘʥ ʫʪʛʘ) 18.23 ʤʛ/ʢʛ (ʜʫʥʜʘʞ -33.40 ʤʛ/ʢʛ) ʠʣʵʨʩʵʥ 

ʙʘʡʥʘ.  ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ ʭʘʨʪʫʛʘʣʛʘ (Pb) ïʥʳ 

ʭʫʫʨʤʘʛ ʥʠʡʪ (pseudo-total) ʘʛʫʫʣʛʳʥ ʜʫʥʜʘʞ ʭʦʪ ʦʨʯʤʳʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʘʣʜʘʘʛװʡ 

ʙʘʡʛʘʣʠʡʥ ʮʵʚʵʨ ʙʫʶʫ ʩʫʫʨʴ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʩʫʫʨʴ 
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ʘʛʫʫʣʛʘʘʩ ʠʭ, ʭʘʨʠʥ  ʆʍʋ ï ʳʥ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʩʪʘʥʜʘʨʪ - (ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ)-ʘʘʩ ʙʘʛʘʘʨ 

ʠʣʵʨʩʵʥ ʙʘʡʥʘ. ɻʵʚʯ ɹʘʷʥʟװʨʭ ʜװװʨʛʵʵʩ ʘʚʩʘʥ 7 (1-ᴇʨʛᴇʨᴇʛ 47.9233, ʫʨʪʨʘʛ 

106.9587; 2-ᴇʨʛᴇʨᴇʛ 47.9258 ʫʨʪʨʘʛ 106.9548;  3-ᴇʨʛᴇʨᴇʛ 47.9264, ʫʨʪʨʘʛ 106.9582; 

4-ᴇʨʛᴇʨᴇʛ 47.9265, ʫʨʪʨʘʛ 106.9567;  5-ᴇʨʛᴇʨᴇʛ 47.9176, ʫʨʪʨʘʛ 106.9733;, 6- 

ᴇʨʛᴇʨᴇʛ 47.9198, ʫʨʪʨʘʛ 106.9706; 7- ᴇʨʛᴇʨᴇʛ 47.9216. ʫʨʪʨʘʛ 106.97120),   

ʏʠʥʛʵʣʪʵʡ ʜװװʨʛʵʵʩ ʘʚʩʘʥ 4 (1- ᴇʨʛᴇʨᴇʛ 47.95858, ʫʨʪʨʘʛ 106.8926; 2-ᴇʨʛᴇʨᴇʛ 

47.93891 ʫʨʪʨʘʛ 106.9078; 3-. ᴇʨʛᴇʨᴇʛ 47.9390, ʫʨʪʨʘʛ 106.9085; 4-ᴇʨʛᴇʨᴇʛ 47.9247, 

ʫʨʪʨʘʛ 106.9028) ʙʘ ɹʘʷʥʛʦʣ ʜװװʨʛʵʵʩ ʘʚʩʘʥ 1 ( ᴇʨʛᴇʨᴇʛ 47.9212, ʫʨʪʨʘʛ 106.8899) 

ʜʵʵʞʠʥʜ ʭʘʨʪʫʛʘʣʛʘ (Pb) ïʥʳ ʭʫʫʨʤʘʛ ʥʠʡʪ (pseudo-total) ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵ ʤʘʰ ʠʭ 

100-794.93 ʤʛ/ʢʛ ʠʣʵʨʩʵʥ ʥʴ ʙʘʡʛʘʣʳʥ ʮʵʚʵʨ ʭᴇʨʩᴇʥ ʜʵʭ ʩʫʫʨʴ ʘʛʫʫʣʛʘʘʩ 5-40 ʜʘʭʠʥ 

ʠʭ ʙʘʡʥʘ.  

 

 
ɻʠʩʪʦʛʨʘʤʤ 1. ʍʘʨʪʫʛʘʣʛʳʥ ʪʘʨʭʘʣʪ, ʙʦʭʠʨʜʣʳʥ ʪϮʚʰʠʥ  ʜϮϮʨʵʛ ʪʫʩ ʙϮʨʵʵʨ. 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ ʭʘʨʪʫʛʘʣʛʘ (Pb) ïʥʳ 

ʭʫʫʨʤʘʛ ʥʠʡʪ (pseudo-total) ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵʛ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʠʡʥ ʮʵʚʵʨ ʙʫʶʫ 

ʙʦʭʠʨʜʦʦʛװʡ ʭᴇʨʩᴇʥʜ ʭʘʨʪʫʛʘʣʛʘ (Pb) ïʥʳ ʭʫʫʨʤʘʛ ʥʠʡʪ (pseudo-total) ʘʛʫʫʣʛʳʥ 

ʩʫʫʨʴ ʘʛʫʫʣʛʘʜ ʭʘʨʴʮʫʫʣʘʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥʛ ʪʦʦʮʩʦʥ װʨ ʜװʥʛʵʵʨ ʋʣʘʘʥʙʘʘʪʘʨ 

ʭʦʪʳʥ ʥʠʡʪ ʛʘʟʘʨ ʥʫʪʘʛ ʙʘʛʘ ʙʘ ʜʫʥʜ ʟʵʨʛʠʡʥ (ʩʫʫʨʴ ʘʛʫʫʣʛʘʘʩ 1-2.6 ʜʘʭʠʥ) 

ʙʦʭʠʨʜʦʣʪʦʡ ʙʘʡʥʘ. ʍᴇʨʩʥʠʡ ʭʘʨʪʫʛʘʣʛʘ (Pb) ïʥʳ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥʛ ʜװװʨʵʛ ʪʫʩ 

ʙװʨʵʵʨ ʘʚʯ װʟʚʵʣ ʍʘʥ-ʋʫʣ (ʍʋɼ, n=27) ʙʘ ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ (ʉʍɼ, n=43) ʜװװʨʛʠʡʥ 

ʥʫʪʘʛ ʜʵʚʩʛʵʨʠʡʥ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʭʘʨʪʫʛʘʣʛʘ (Pb) ïʥʳ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ ʙʘʛʘ, 

ɹʘʷʥʛʦʣ (ɹɻɼ, n=34)  ʙʘ ʉװʭʙʘʘʪʘʨ (ʉɹɼ, n=23) ʜװװʨʛʠʡʥ ʥʫʪʘʛ ʜʵʚʩʛʵʨʠʡʥ ᴇʥʛᴇʥ 

ʭᴇʨʩʥʠʡ ʭʘʨʪʫʛʘʣʛʘ (Pb) ïʥʳ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ ʜʫʥʜ ʟʵʨʛʠʡʥ ʭʘʨʠʥ ɹʘʷʥʟװʨʭ 

(ɹɿɼ, n=51)   ʙʘ ʏʠʥʛʵʣʪʵʡ (ʏɼ, n=28) ʜװװʨʛװװʜʠʡʥ ʥʫʪʘʛʪ ʠʭ ʙʘ ʤʘʰ ʠʭ ʙʦʭʠʨʜʦʣ 

ʙװʨʪʛʵʛʜʵʞ ʙʘʡʥʘ.  
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ɿʫʨʘʛ 3. ʍʘʨʪʫʛʘʣʛʳʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ ʜϮϮʨʵʛ ʪʫʩ ʙϮʨʵʵʨ. 

ʎʘʡʨ (Zn) - ʳʥ  ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʪʘʨʭʘʣʪ, ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ. 

 

ʎʘʡʨ (Zn) ʥ ɹʙʠʦʣʦʛʠʡʥ ʠʜʵʚʭʪ ʭװʥʜ ʤʝʪʘʣʣ ʶʤ. ʍᴇʨʩᴇʥʜ ʜʫʥʜʞʘʘʨ 50 

ʤʛ/ʢʛ ʙʘʡʜʘʛ (ɺʠʥʦʛʨʘʜʦʚ, 1962). ɻʘʟʘʨ ʥʫʪʛʠʡʥ ʙʘʡʛʘʣʴ ʮʘʛ ʫʫʨʳʥ ʦʥʮʣʦʛ, 

ʭᴇʨʩʥʠʡ ʛʦʣʣʦʭ ʭʵʚ ʰʠʥʞʵʵʩ ʭʘʤʘʘʨʘʥ ʤʘʥʘʡ ʦʨʥʳ ʭᴇʨʩᴇʥʜ ʮʘʡʨʳʥ ʥʠʡʪ ʭʵʤʞʵʵ 

9.95-140 ʤʛ/ʢʛ ïʠʡʥ ʭʵʤʞʵʵʪʵʡ ʪʦʛʪʦʦʛʜʩʦʥ ʙʘʡʥʘ (ʃʦʩʦʣʤʘʘ ʙʘ ʙʫʩʘʜ, 1971).  
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ʆʍʋ-ʳʥ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ ʵʣʝʤʝʥʪװװʜʠʡʥ (ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ) ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʩʪʘʥʜʘʨʪʘʘʨ 60 ʤʛ/ʢʛ ïʘʘʩ ʭʵʪʵʨʚʵʣ  ʭʦʨʪʦʡ 

ʛʵʞ װʟʜʵʛ (ʏʫʣʜʞʠʷʥ, 1988). 

ɹʠʜʥʠʡ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʨ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʠʡʥ ʮʵʚʵʨ ʙʫʶʫ 

ʙʦʭʠʨʜʦʦʛװʡ ʭᴇʨʩᴇʥʜ ʮʘʡʨ (Zn) -ʳʥ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʩʫʫʨʴ ʭʵʤʞʵʵ 60 ʤʛ/ʢʛ, ʭʫʫʨʤʘʛ 

ʥʠʡʪ (pseudo-total) ʘʛʫʫʣʛʳʥ ʩʫʫʨʴ ʘʛʫʫʣʛʘ 50.1 ʤʛ/ʢʛ ʛʵʞ ʪʦʛʪʦʦʛʜʩʦʥ ʙʦʣ ᴇᴇʨ 

ʩʫʜʣʘʘʯʜʳʥ ʘʞʠʣʜ ʮʘʡʨ (Zn) -ʳʥ ʥʠʡʪ ʘʛʫʫʣʛʘ 52 ʤʛ/ʢʛ ʙʘʡʥʘ. 

ɹʠʜʥʠʡ ᴇʤʥᴇʭ ʞʠʣװװʜʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʨ ʮʘʡʨ (Zn)-ʳʥ ʘʛʫʫʣʛʘ 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ 70.7 ʤʛ/ʢʛ (2010) ʙʘ  93.7 (2014),  

ʤʛ/ʢʛ ïʨ ʪʫʩ ʪʫʩ ʪʦʜʦʨʭʦʡʣʦʛʜʩʦʥ ʙʘʡʥʘ.  ʕʥʵ ʫʜʘʘʛʠʡʥ ʩʫʜʘʣʛʘʘʛʘʘʨ 18.66-97.07 

ʤʛ/ʢʛ ʞʠʛʜʜװװ ʪʘʨʭʘʣʪʪʘʡ, ʜʫʥʜʞʘʘʨ  (ʤʝʜʠʘʥ ʫʪʛʘ) 56.47 ʤʛ/ʢʛ (ʜʫʥʜʘʞ -56.59 

ʤʛ/ʢʛ) ʠʣʵʨʩʵʥ ʙʘʡʥʘ. 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ ʮʘʡʨ (Zn)-ʳʥ ʭʫʫʨʤʘʛ 

ʥʠʡʪ (pseudo-total) ʘʛʫʫʣʛʳʥ ʜʫʥʜʘʞ ʭʦʪ ʦʨʯʤʳʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʘʣʜʘʘʛװʡ 

ʙʘʡʛʘʣʠʡʥ ʮʵʚʵʨ ʙʫʶʫ ʩʫʫʨʴ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʩʫʫʨʴ 

ʘʛʫʫʣʛʘʘʩ ʠʭ, ʭʘʨʠʥ  ʆʍʋ ï ʳʥ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʩʪʘʥʜʘʨʪ - (ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ)-ʳʥ 

ʭʵʤʞʵʵʥʜ ʙʘʡʥʘ.  

ɹɻɼɹɿɼ ʏɼ ʍʋɼʉʍɼʉɹɼ
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Zn-ʳʥ ʪʘʨʭʘʣʪ, ʙʦʭʠʨʜʣʳʥ ʪᴇʚʰʠʥ

 

ɻʠʩʪʦʛʨʘʤʤ 2. ʎʘʡʨʳʥ ʪʘʨʭʘʣʪ, 

ʙʦʭʠʨʜʣʳʥ ʪϮʚʰʠʥ ʜϮϮʨʵʛ ʪʫʩ ʙϮʨʵʵʨ 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ ʮʘʡʨ (Zn)-ʳʥ ʭʫʫʨʤʘʛ 

ʥʠʡʪ (pseudo-total) ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵʛ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʠʡʥ ʮʵʚʵʨ ʙʫʶʫ 

ʙʦʭʠʨʜʦʦʛװʡ ʭᴇʨʩᴇʥʜ ʮʘʡʨ (Zn)-ʳʥ ʭʫʫʨʤʘʛ ʥʠʡʪ (pseudo-total) ʘʛʫʫʣʛʳʥ ʩʫʫʨʴ 

ʘʛʫʫʣʛʘʜ ʭʘʨʴʮʫʫʣʘʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥʛ ʪʦʦʮʩʦʥ װʨ ʜװʥʛʵʵʨ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ 

ʥʠʡʪ ʛʘʟʘʨ ʥʫʪʘʛ ʙʦʭʠʨʜʦʣʛװʡ ʙʘ ʙʘʛʘ ʟʵʨʛʠʡʥ  ʙʦʭʠʨʜʦʣʪʦʡ ʙʘʡʥʘ.  
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ɿʫʨʘʛ 4. ʎʘʡʨʳʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ ʜϮϮʨʵʛ ʪʫʩ ʙϮʨʵʵʨ 

 

ɿʵʩʠʡʥ (Cu)  ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʪʘʨʭʘʣʪ, ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ. 

ʍᴇʨʩᴇʥʜ ʟʵʩʠʡʥ (Cu)  ʥʠʡʪ ʭʵʤʞʵʵ ʜʫʥʜʞʘʘʨ 20ʤʛ/ʢʛ (ɺʠʥʦʛʨʘʜʦʚ, 1962) 

ʙʘʡʭʘʘʩ ʤʘʥʘʡ ʦʨʥʳ ʭᴇʨʩᴇʥʜ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ʦʥʮʣʦʛ, ʭᴇʨʩʥʠʡ ʭʵʚ ʰʠʥʞʵʵʩ ʭʘʤʘʘʨʯ 

ʜʫʥʜʞʘʘʨ 1.7-60.7 ʤʛ/ʢʛ ʪʦʛʪʦʦʛʜʞʵʵ (ʃʦʩʦʣʤʘʘ ʙʘ ʙʫʩʘʜ, 1971).  ʋʣʘʘʥʙʘʘʪʘʨ 

ʦʨʯʤʳʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʘʣʜʘʘʛװʡ ʙʘʡʛʘʣʠʡʥ ʮʵʚʵʨ ʙʫʶʫ ʩʫʫʨʴ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ 

ʟʵʩʠʡʥ (Cu) ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵ 25 ʤʛ/ʢʛ ïʘʘʨ ʪʦʛʪʦʦʛʜʩʦʛ ʙʘʡʥʘ. ɿʵʩ (Cu)  ʥʴ 
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ʭᴇʨʩʥʠʡ ʦʨʛʘʥʠʢ ʙʦʜʠʩ, ʷʣʟʤʘʛʠʡʥ ʭʵʤʞʵʵʪʵʡ ʫʷʣʜʘʘʪʘʡ ʭʷʣʙʘʨ ʫʫʩʜʘʛ ʥʵʛʜʣʠʡʥ 

ʙʘʡʜʘʣʪʘʡ ʭᴇʨʩʥʠʡ ʜʵʵʜ ʜʘʚʭʘʨʛʘʘʨ ʪʘʨʭʜʘʛ. 

ʆʍʋ-ʳʥ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ ʵʣʝʤʝʥʪװװʜʠʡʥ (ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ) ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʩʪʘʥʜʘʨʪʘʘʨ 50 ʤʛ/ʢʛ ïʘʘʩ ʭʵʪʵʨʚʵʣ  ʭʦʨʪʦʡ 

ʛʵʞ װʟʜʵʛ (ʏʫʣʜʞʠʷʥ, 1988). 

ɹʠʜʥʠʡ ᴇʤʥᴇʭ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʨ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʟʵʩ 

(Cu) ïʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʘ 22.5 ʤʛ/ʢʛ (2014) - 40.5 ʤʛ/ʢʛ (2003) ʪʫʩ ʪʫʩ 

ʠʣʵʨʩʵʥ ʙʘʡʥʘ. ʕʥʵ ʫʜʘʘʛʠʡʥ ʩʫʜʘʣʛʘʘʛʘʘʨ 6.65-460.35 ʤʛ/ʢʛ ʙʫʶʫ ʭʵʣʙʵʣʟʵʣ ʠʭʪʵʡ 

ʜʫʥʜʞʘʘʨ 15.83 ʤʛ/ʢʛ ʠʣʵʨʩʵʥ ʙʘʡʥʘ. ɼʫʥʜʘʞ ʫʪʛʘʘʨ ʥʴ ʘʚʯ װʟʚʵʣ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ 

ʦʨʯʤʳʥ ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʘʣʜʘʘʛװʡ ʙʘʡʛʘʣʠʡʥ ʮʵʚʵʨ ʙʫʶʫ ʩʫʫʨʴ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ 

ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʩʫʫʨʴ ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵʥʵʵʩ ʠʭ, ʭʘʨʠʥ ʆʍʋ-ʳʥ  ʭᴇʨʩ 

ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ ʵʣʝʤʝʥʪװװʜʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʩʪʘʥʜʘʨʪ - (ʭװʥʜ 

ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ) ʩʪʘʥʜʘʨʪʘʘʩ ʙʘʛʘ ʙʘʡʥʘ.  

 

 
ɻʠʩʪʦʛʨʘʤʤ 3. ɿʵʩʠʡʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ, 

ʙʦʭʠʨʜʣʳʥ ʪϮʚʰʠʥ ʜϮϮʨʵʛ ʪʫʩ ʙϮʨʵʵʨ 

 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ  ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʜʵʵʞʠʥ ʜʵʭ ʟʵʩ (Cu) ïʠʡʥ 

ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ ʠʭʵʥʭ ʜʵʵʞʠʥʜ  ʙʘʛʘ ʙʦʭʠʨʜʦʣʪʦʡ ʙʘ 

ʙʦʭʠʨʜʦʣʛװʡ ʙʘʡʥʘ. 

ɼװװʨʵʛ ʪʫʩ ʙװʨʵʵʨ ʘʚx װʟʚʵʣ ʟʵʩ (Cu) ïʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʙʦʭʠʨʜʣʳʥ 

ʪװʚʰʠʥ ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ (ʉʍɼ, n=43) ʙʘ ʉװʭʙʘʘʪʘʨ (ʉɹɼ, n=23) ʜװװʨʛװװʜʠʡʥ 

ʜʵʵʞʠʥʜ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʜʵʵʞʠʥ ʜʵʭ ʟʵʩ (Cu) ïʠʡʥ ʭʫʫʨʤʘʛ 

ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥʠʡ ʭʵʤʞʵʵʥʜ ʙʫʶʫ ʛʦʣ ʪᴇʣᴇʚ ʙʘʛʘ ʙʘ 

ʙʦʭʠʨʜʦʣʛװʡ ʙʘʡʥʘ. 
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ɿʫʨʘʛ 5. ɿʵʩʠʡʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ ʜϮϮʨʵʛ ʪʫʩ ʙϮʨʵʵʨ 

ʍʘʨʠʥ ɹʘʷʥʛʦʣ ʜװװʨʛʠʡʥ 1 (ᴇʨʛᴇʨᴇʛ 47.8902, ʫʨʪʨʘʛ), ɹʘʷʥʟװʨʭ ʜװװʨʛʠʡʥ 2 (1- 

ᴇʨʛᴇʨᴇʛ 47.9176, ʫʨʪʨʘʛ 106.9733;  2- ᴇʨʛᴇʨᴇʛ 47.9176, ʫʨʪʨʘʛ 106.9711) ʙʘʡʨʰʣʳʥ 

ʙʫʶʫ  ʎʘʡʟ ʟʘʭʳʥ ʭʘʞʫʫʛʠʡʥ ʰʘʪʘʭʫʫʥ ʪװʛʵʵʭ ʮʵʛ ʙʘ ʮʘʡʥʳ ʛʘʟʨʳʥ װװʜ, ʏʠʥʛʵʣʪʵʡ  

ʜװװʨʛʠʡʥ 3 ʙʘʡʨʰʠʣ (1- ᴇʨʛᴇʨᴇʛ 47.95858, ʫʨʪʨʘʛ 106.8926; 2-ᴇʨʛᴇʨᴇʛ 47.93891 

ʫʨʪʨʘʛ 106.9078; 3-ᴇʨʛᴇʨᴇʛ 47.9247, ʫʨʪʨʘʛ 106.9028) ʣʳʥ ʜʵʵʞʠʥʜ ʤʘʰ ʠʭ 

ʙʦʭʠʨʜʦʣʪʦʡ ʙʘʡʛʘʘ ʥʴ ʙʘʡʛʘʣʳʥ ʮʵʚʵʨ ʭᴇʨʩᴇʥ ʜʵʭ ʩʫʫʨʴ ʘʛʫʫʣʛʘʘʩ 2-10 ʜʘʭʠʥ ʠʭ 

ʙʘʡʥʘ. ʄᴇʥ ʟʵʩ (Cu) ïʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʘ ʤʘʰ ʠʭʵʵʨ ʠʣʵʨʩʵʥ ʙʘʡʨʰʠʣ 
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ʭʘʨʪʫʛʘʣʛʘ (Pb)-ʥʳ  ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ ʤʘʰ ʠʭ ʙʘʡʩʘʥ 

ʙʘʡʨʰʣʫʫʜʪʘʡ ɹʘʷʥʟװʨʭ, ʏʠʥʛʵʣʪʵʡ ʜװװʨʵʛʪ  ʜʘʚʭʮʘʞ ʙʘʡʛʘʘ ʥʴ ʘʞʠʛʣʘʛʜʘʞ ʙʘʡʥʘ. 

 ʚʰʠʥ 3 ʙʦʣʦʥ 4װʥʵʵʩ ʛʘʜʥʘ ʟʵʩ (Cu) ïʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʙʦʭʠʨʜʣʳʥ ʪװת

ʜװʛʵʵʨ ʜʫʣʘʘʥʳ ʮʘʭʠʣʛʘʘʥ ʩʪʘʥʮ ʦʨʯʤʳʥ ʛʘʟʨʫʫʜʘʜ ʤʘʰ ʠʭ ʙʘʡʥʘ. 

 

Cr -ʳʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʪʘʨʭʘʣʪ, ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ. 

ʍʨʦʤ (Cr) ʥʴ ʭᴇʨʩᴇʥʜ 190 ʤʛ/ʢʛ ʭʵʤʞʵʵʪʵʡ ʙʘʡʜʘʛ (ɺʠʥʦʛʨʘʜʦʚ, 1962). 

ʍʨʦʤʳʥ ʘʛʫʫʣʛʘ ʤʘʥʘʡ ʦʨʥʳ ʭᴇʨʩᴇʥʜ ʪʫʭʘʡʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ʦʥʮʣʦʛ, ʭᴇʨʩʥʠʡ ʭʵʚ 

ʰʠʥʞʵʵʩ ʭʘʤʘʘʨʘʥ ʜʫʥʜʞʘʘʨ 10.2-398.0 ʤʛ/ʢʛ ʭʵʤʵʵʥ ʩʫʜʣʘʛʜʞʵʵ (ʃʦʩʦʣʤʘʘ ʙʘ 

ʙʫʩʘʜ, 1971).  

ʆʍʋ-ʳʥ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ ʵʣʝʤʝʥʪװװʜʠʡʥ (ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ) ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʩʪʘʥʜʘʨʪʘʘʨ 15 ʤʛ/ʢʛ ïʘʘʩ ʭʵʪʵʨʚʵʣ  ʭʦʨʪʦʡ 

ʛʵʞ װʟʜʵʛ (ʏʫʣʜʞʠʷʥ, 1988). 

 

 

ɻʠʩʪʦʛʨʘʤʤ 4. ʍʨʦʤʳʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ ʜϮϮʨʵʛ ʪʫʩ ʙϮʨʵʵʨ 

ɹʠʜʥʠʡ ʵʥʵ ʫʜʘʘʛʠʡʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʩʫʫʨʴ ʙʫʶʫ 

ʙʦʭʠʨʜʦʦʛװʡ, ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʘʣʜʘʘʛװʡ ʮʵʚʵʨ ʭᴇʨʩᴇʥʜ  ʭʨʦʤ (Cr) ï ʳʥ ʥʠʡʪ ʘʛʫʫʣʛʘ 

45 ʤʛ/ʢʛ, ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʘ 25.95 ʤʛ/ʢʛ ʠʣʵʨʩʵʥ ʙʘʡʥʘ.  

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʭʨʦʤ (Cr) ï ʳʥ ʭʫʫʨʤʘʛ ʥʠʡʪ 

ʘʛʫʫʣʛʳʥ ʪʘʨʭʘʣʪ ʭʵʣʙʵʣʟʵʣ ʠʭʪʵʡ ʞʠʛʜ ʙʫʩ ʙʘʡʥʘ.  ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨ 

ʥʫʪʛʠʡʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʭʨʦʤ (Cr) ï ʳʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵ 11.86-

442.42 ʤʛ/ʢʛ ʙʫʶʫ ʜʫʥʜʞʘʘʨ 27.57 ʤʛ/ʢʛ ïr ʥ ʭʵʤʞʵʵʪʵʡ ʠʣʵʨʩʵʥ ʥʴ ʭʫʫʨʤʘʛ ʥʠʡʪ 

ʘʛʫʫʣʛʳʥ ʩʫʫʨʴ ʘʛʫʫʣʛʘ ʙʦʣʦʥ ʆʍʋ-ʳʥ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ ʵʣʝʤʝʥʪװװʜʠʡʥ 

(ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ) ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʩʪʘʥʜʘʨʪʘʘʩ ʠʭ 

ʙʘʡʥʘ. 
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ɿʫʨʘʛ 6. ʍʨʦʤʳʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ ʜϮϮʨʵʛ ʪʫʩ ʙϮʨʵʵʨ 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ  ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʜʵʵʞʠʥ ʜʵʭ ʭʨʦʤ (Cr) ï 

ʳʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʪʘʨʭʘʣʪʳʛ ʜװװʨʵʛ ʪʫʩ ʙװʨʵʵʨ ʘʚx װʟʚʵʣ ɹʘʷʥʛʦʣ (ɹɻɼ, 

n=34)  ʙʘ ɹʘʷʥʟװʨʭ (ɹɿɼ, n=51)  ʜװװʨʛװװʜʠʡʥ ʠʭʵʥʭ ʜʵʵʞʠʥʜ ʙʦʭʠʨʜʦʣʛװʡ ʙʘ ʙʘʛʘ 

ʙʦʭʠʨʜʦʣʪʦʡ ʙʘʡʥʘ.  ʏʠʥʛʵʣʪʵʡ (ʏɼ, n=28), ʍʘʥ-ʋʫʣ (ʍʋɼ, n=27), ʉװʭʙʘʘʪʘʨ 

(ʉɹɼ, n=23) ʜװװʨʛװװʜʠʡʥ ʜʵʵʞʠʥʜ ʪʫʩ ʙװʨ 3 (10, 11, 13 % ʥʠʡʪ ʜʵʵʞʥʠʡ ) ʜʵʵʞ 

ʜʫʥʜ ʟʵʨʛʠʡʥ ʙʦʭʠʨʜʦʣʪʦʡ, ʠʭʵʥʭ ʜʵʵʞʠʥʜ ʙʘʛʘ ʙʦʭʠʨʜʦʣʪʦʡ ʥʠʡʪ ʜʵʵʞʥʠʡ 65 %-ʜ 

ʭʨʦʤ (Cr) ï ʳʥ ʙʦʭʠʨʜʦʣʛװʡ ʮʵʚʵʨ ʙʘʡʣʘʘ. ʍʘʨʠʥ ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ ʜװװʨʛʠʡʥ 
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ʥʫʪʘʛʪ 4 ʜװʛʵʵʨ ʜʫʣʘʘʥʳ ʮʘʭʠʣʛʘʘʥ ʩʪʘʥʮ ʦʨʯʤʳʥ 1 ʜʵʵʞʠʥʜ (ᴇʨʛᴇʨᴇʛ 47.8973, 

ʫʨʪʨʘʛ 106.7623)  ʭʨʦʤ (Cr) ï ʳʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʭʘʤʛʠʡʥ ʠʭ ʘʛʫʫʣʛʘ 

ʙʘʡʛʘʣʳʥ ʮʵʚʵʨ ʭᴇʨʩᴇʥ ʜʵʭ ʩʫʫʨʴ ʘʛʫʫʣʛʘʘʩ 4 ʜʘʭʠʥ ʠʭ ʙʘʡʥʘ. ʄᴇʥ  ʵʥʵ ʙʘʡʨʰʠʣʜ  

ʟʵʩ (Cu) ïʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ  ʤʘʰ ʠʭ ʙʘʡʩʘʥ ʪᴇʜʠʡʛװʡ 

3 ʙʦʣʦʥ 4 ʜװʛʵʵʨ ʜʫʣʘʘʥʳ ʮʘʭʠʣʛʘʘʥ ʩʪʘʥʮ ʦʨʯʤʳʥ ʜʵʵʞװװʜʠʡʛ ʙʫʩʘʜ ʙʘʡʨʰʠʣʪʘʡ 

ʭʘʨʴʮʫʫʣʘʭʘʜ ʭʨʦʤ (Cr) ï ʳʥ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ ᴇʥʜᴇʨ ʙʘʡʛʘʘ ʥʴ 

ʘʞʠʛʣʘʛʜʩʘʥ. 

ʂʘʜʤʠʡʥ (Cd)  ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʪʘʨʭʘʣʪ, ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ. 

ʂʘʜʤʠʡ ʥʴ ʭᴇʨʩᴇʥʜ 0.05 ʤʛ/ʢʛ ʭʵʤʞʵʵʪʵʡ ʙʘʡʜʘʛ (ɺʠʥʦʛʨʘʜʦʚ, 1962).  

ʆʍʋ - ʳʥ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ ʵʣʝʤʝʥʪװװʜʠʡʥ (ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʫʨʤʘʛ 

ʥʠʡʪ ʘʛʫʫʣʛʳʥ) ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʩʪʘʥʜʘʨʪʘʘʨ 1 ʤʛ/ʢʛ ïʘʘʩ ʭʵʪʵʨʚʵʣ  ʭʦʨʪʦʡ ʛʵʞ װʟʜʵʛ 

(ʏʫʣʜʞʠʷʥ, 1988).   

ɹʠʜʥʠʡ ᴇʤʥᴇʭ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʨ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ 

ʢʘʜʤʠʡʥ ʘʛʫʫʣʛʘ ʜʫʥʜʞʘʘʨ 0.3 (2010) -1.13 (2003) ʤʛ/ʢʛ ʭʵʤʵʵʥ ʩʫʜʣʘʛʜʞʵʵ. 

ɹʠʜʥʠʡ ʵʥʵ ʫʜʘʘʛʠʡʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʩʫʫʨʴ ʙʫʶʫ 

ʙʦʭʠʨʜʦʦʛװʡ, ʫʥʘʛʘʥ ʪᴇʨʭᴇᴇ ʘʣʜʘʘʛװʡ ʮʵʚʵʨ ʭᴇʨʩᴇʥʜ  ʢʘʜʤʠʡ (Cd)-ʥ ʥʠʡʪ ʘʛʫʫʣʛʘ 1 

ʤʛ/ʢʛ, ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʘ 0.84 ʤʛ/ʢʛ ʠʣʵʨʩʵʥ ʙʘʡʥʘ.  
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Cd-ʠʡʥ ʪʘʨʭʘʣʪ, ʙʦʭʠʨʜʣʳʥ ʪᴇʚʰʠʥ

 
ɻʠʩʪʦʛʨʘʤʤ 5. ʂʘʜʤʠʡʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ, ʙʦʭʠʨʜʣʳʥ ʪϮʚʰʠʥ  ʜϮϮʨʵʛ ʪʫʩ 

ʙϮʨʵʵʨ 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʢʘʜʤʠʡ (Cd)-ʥ ʭʫʫʨʤʘʛ ʥʠʡʪ 

ʘʛʫʫʣʛʳʥ ʪʘʨʭʘʣʪ ʭʘʨʴʮʘʥʛʫʡ ʞʠʛʜ (ʜʫʥʜʘʞ ʫʪʛʘ (1.03) ʙʘ ʤʝʜʠʘʥ ʫʪʛʘ (0.99) 

ʦʡʨʦʣʮʦʦ) ʙʘʡʥʘ.  ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʢʘʜʤʠʡ (Cd)-ʥ 

ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵ 0.53-2.73 ʤʛ/ʢʛ ʙʫʶʫ ʜʫʥʜʞʘʘʨ 1.03 ʤʛ/ʢʛ 

ʭʵʤʞʵʵʪʵʡ ʠʣʵʨʩʵʥ ʥʴ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʩʫʫʨʴ ʘʛʫʫʣʛʘ ʙʦʣʦʥ ʆʍʋ-ʳʥ ʭᴇʨʩ 

ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ ʵʣʝʤʝʥʪװװʜʠʡʥ (ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ) 

ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʩʪʘʥʜʘʨʪʘʘʩ ʠʭ ʙʘʡʥʘ. 
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ɿʫʨʘʛ 7. ʂʘʜʤʠʡʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ ʜϮϮʨʵʛ ʪʫʩ ʙϮʨʵʵʨ 

 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ  ᴇʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ ʢʘʜʤʠʡ (Cd)ïʥ ʙʦʭʠʨʜʣʳʥ 

ʪװʚʰʠʥ ʜʫʥʜ ʟʵʨʵʛ ʙʘʡʥʘ. ᴆʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ ʢʘʜʤʠʡ (Cd)ïʥ ʙʦʭʠʨʜʦʣʪʳʥ ʪװʚʰʠʥʛ 

ʜװװʨʵʛ ʪʫʩ ʙװʨʵʵʨ ʘʚʯ װʟʚʵʣ ɹʘʷʥʛʦʣ ʜװװʨʛʠʡʥ ʠʭʵʥʭ ʜʵʵʞʠʥʜ ʙʦʭʠʨʜʦʣʛװʡ ʙʘ ʙʘʛʘ 

ʙʦʭʠʨʜʦʣʪʦʡ, ɹʘʷʥʟװʨʭ, ʍʘʥ-ʋʫʣ, ʉװʭʙʘʘʪʘʨ,  ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ  ʜװװʨʛװװʜʠʡʥ 

ʠʭʵʥʭ ʜʵʵʞʠʥʜ ʙʘʛʘ ʙʦʭʠʨʜʦʣʪʦʡ,  ɹʘʷʥʟװʨʭ  ʙʘ ʍʘʥ-ʋʫʣ ʜװװʨʛװװʜʠʡʥ ʪʫʩ ʙװʨ 2 

ʜʵʵʞʠʥʜ,  ʏʠʥʛʵʣʪʵʡ, ʉװʭʙʘʘʪʘʨ,  ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ  ʜװװʨʛװװʜʠʡʥ ʪʫʩ ʙװʨ 1 
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ʜʵʵʞʠʥʜ ʜʫʥʜ ʟʵʨʛʠʡʥ ʙʦʭʠʨʜʦʣʪʦʡ ʙʘʡʥʘ. ʂʘʜʤʠʡ (Cd) ï ʥ ʙʦʭʠʨʜʦʣʪʳʥ ʪװʚʰʠʥ 

ʜʫʥʜ ʟʵʨʛʠʡʥ ʙʦʭʠʨʜʦʣʪʦʡ ʙʫʶʫ ʙʫʩʘʜ ʙʘʡʨʰʣʘʘʩ ʭʘʨʴʮʘʥʛʫʡ ᴇʥʜᴇʨ ʘʛʫʫʣʛʘʪʘʡ 

ʛʘʨʩʘʥ ʜʵʵʞװװʜ ʥʴ ʭʘʨʪʫʛʘʣʛʘ (Pb), ʟʵʩ (Cu)- ʠʡʥ ʙʦʭʠʨʜʦʣʪʳʥ ʪװʚʰʠʥ ʤʘʰ ʠʭ 

ʛʘʨʩʘʥ ʙʘʡʨʰʠʣʪʘʡ ʜʘʚʭʮʘʞ ʙʘʡʥʘ. 

 ʄᴇʥ ʵʜʛʵʵʨ ʙʘʡʨʰʠʣʜ ʭʦʸʨʜʦʛʯ ʪװװʭʠʡ ʵʜ ʘʚʘʭ ʙʦʣʦʚʩʨʫʫʣʘʭ ʮʵʛ, ʘʚʪʦ 

ʤʘʰʠʥʳ ʪʦʩ ʟʘʜʛʘʡʛʘʘʨ ʙʦʨʣʫʫʣʘʭ ʮʵʛװװʜ ʙʦʣʦʥ ʙʘʨʠʣʛʳʥ ʤʘʪʝʨʠʘʣ ʙʦʨʣʫʫʣʘʭ 

ʮʵʛװװʜ ʦʣʦʥʦʦʨ ʙʘʡʨʣʘʜʘʛ ʥʴ ʜʵʵʞ ʮʫʛʣʫʫʣʘʭ ʷʚʮʘʜ ʘʞʠʛʣʘʛʜʩʘʥ. ʕʥʵ ʥʴ 

 ʡʣʜʚʵʨʠʡʥ ʭʦʛ ʭʘʷʛʜʘʣ, ʤʘʰʠʥʳ ʜʫʛʫʡʥ ʵʣʵʛʜʵʣ, ʪʦʩʦʣʛʦʦʥʳ ʵʜ ʤʘʪʝʨʠʘʣ ʟʵʨʵʛ ʥʴװ

ʭᴇʨʩᴇʥ ʜʵʭ ʢʘʜʤʠʡʥ ʙʦʭʠʨʜʣʳʥ ʵʭ װװʩʚʵʨ, ʰʘʣʪʛʘʘʥ ʙʦʣʜʦʛ ʛʵʩʵʥ ʩʫʜʣʘʘʯʜʳʥ 

ʩʫʜʘʣʛʘʘʥʳ ʤʘʪʝʨʠʘʣ, װʨ ʜװʥ, ʜװʛʥʵʣʪװװʜʪʵʡ ʪʦʭʠʨʯ ʙʘʡʛʘʘʛ ʜʫʨʜʘʭ ʥʴ ʟװʡʪʵʡ.  

 

ʅʠʢʝʣʴ (Ni) -ïʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʪʘʨʭʘʣʪ, ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ. 

ʍᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʥʠʢʝʣʴ (Ni) ïʠʡʥ ʜʫʥʜʘʞ ʙʫʶʫ ʢʣʘʨʢ 40 ʤʛ/ʢʛ 

(ɺʠʥʦʛʨʘʜʦʚ, 1962),  ʤʘʥʘʡ ʦʨʥʳ ʛʦʣʣʦʭ ʭʵʚ ʰʠʥʞʠʡʥ ʙʘʡʛʘʣʠʡʥ ʮʵʚʵʨ ʭᴇʨʩᴇʥʜ 

ʛʘʟʘʨ ʥʫʪʛʠʡʥ ʦʥʮʣʦʛ, ʭᴇʨʩʥʠʡ ʭʵʚ ʰʠʥʞʵʵʩ ʭʘʤʘʘʨʘʥ ʜʫʥʜʞʘʘʨ 9.1-134.9 ʤʛ/ʢʛ 

ʙʘʡʜʘʛ (ʃʦʩʦʣʤʘʘ ʙʘ ʙʫʩʘʜ, 1971). ʅʠʢʝʣʴ (Ni)  ʥʴ ʛʦʣ ʪᴇʣᴇʚ ʭᴇʨʩʥʠʡ ʷʣʟʤʘʛʠʡʥ 

ʘʛʫʫʣʛʘ, ʤʝʭʘʥʠʢ ʙװʪʵʮ ʙʦʣʦʥ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʪᴇʤʨʠʡʥ ʭʵʤʞʵʵʪʵʡ ʫʷʣʜʘʥ 

ᴇᴇʨʯʣᴇʛʜʜᴇʛ ʙʘʡʥʘ.  

ʅʠʢʝʣʴ (Ni) ïʠʡʥ ʥʠʡʪ ʘʛʫʫʣʛʘ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʩʫʫʨʴ ʙʫʶʫ ʫʥʘʛʘʥ 

ʪᴇʨʭᴇᴇ ʘʣʜʘʘʛװʡ ʙʘʡʛʘʣʠʡʥ ʮʵʚʵʨ ʭᴇʨʩᴇʥʜ  33 ʤʛ/ʢʛ, ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʘ 19.93 

ʤʛ/ʢʛ ʙʘʡʥʘ (ɹʷʤʙʘʩװʨʵʥ ʙʘ ʙʫʩʘʜ, 2018). ʆʍʋ-ʳʥ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ 

ʵʣʝʤʝʥʪװװʜʠʡʥ (ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ) ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ 

ʩʪʘʥʜʘʨʪʘʘʨ (Ni) ïʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ (pseudo-total) ʘʛʫʫʣʛʳʥ ʜʫʥʜʘʞ 36 ʤʛ/ʢʛ ïʘʘʩ 

ʭʵʪʵʨʚʵʣ  ʭʦʨʪʦʡ ʛʵʞ װʟʜʵʛ (ʏʫʣʜʞʠʷʥ, 1988).   

 
ɻʠʩʪʦʛʨʘʤʤ 6. ʅʠʢʝʣʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪϮʚʰʠʥʠʡ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ 

ʜϮϮʨʵʛ ʪʫʩ ʙϮʨʵʵʨ 
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ɿʫʨʘʛ 8. ʅʠʢʝʣʠʡʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ ʜϮϮʨʵʛ ʪʫʩ ʙϮʨʵʵʨ 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ ʥʠʢʝʣʴ (Ni) ïʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ 

(pseudo-total) ʘʛʫʫʣʛʳʥ ʜʫʥʜʘʞ  ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʩʫʫʨʴ ʙʫʶʫ ʫʥʘʛʘʥ 

ʪᴇʨʭᴇᴇ ʘʣʜʘʘʛװʡ ʙʘʡʛʘʣʠʡʥ ʮʵʚʵʨ ʭᴇʨʩᴇʥ ʜʵʭ  Ni ïʠʡʥ ʘʛʫʫʣʛʘ ʙʦʣʦʥ ʆʍʋ-ʳʥ ʭᴇʨʩ 

ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ ʵʣʝʤʝʥʪװװʜʠʡʥ (ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ) 

ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʩʪʘʥʜʘʨʪʘʘʩ ʙʘʛʘʘʨ ʠʣʵʨʩʵʥ ʙʘʡʥʘ.  ʅʠʢʝʣʴ (Ni) ïʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ 

(pseudo-total) ʘʛʫʫʣʛʳʥ ʪʘʨʭʘʣʪ, ʙʦʭʠʨʜʣʳʥ ʪװʚʰʥʠʡʛ ʜװװʨʵʛ ʪʫʩ ʙװʨʵʵʨ ʛʘʨʛʘʩʘʥ 



 
 

51 

-ʥʛʵʵʨ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʠʭʵʥʭ ʜʵʵʞʠʥʜ ʥʠʢʝʣʴ (Ni) ïʠʡʥ ʭʫʫʨʤʘʛ ʥʠʡʪ (pseudoװʨ ʜװ

total) ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵ ʩʫʫʨʴ ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵʥʵʵʩ ʙʘʛʘʘʨ ʠʣʵʨʩʵʥ ʙʘ ʥʠʡʪ 

ʜʵʵʞʥʠʡ 3.7-47.36 ʭʫʚʴʜ 1.87 ʜʘʭʠʥ ʠʭ ʙʫʶʫ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ ʙʘʛʘ ʙʘʡʥʘ. 

ɾʠʰʵʵ ʥʴ: ɹɻɼ (29 ʜʵʵʞʥʵʵʩ 8 ʜʵʵʞʠʥʜ ʙʫʶʫ 27.6 ʭʫʚʴʜ);  ɹɿɼ (53 ʜʵʵʞʥʵʵʩ 2 

ʜʵʵʞʠʥʜ ʙʫʶʫ 3.7 ʭʫʚʴʜ);  ʏɼ (27 ʜʵʵʞʥʵʵʩ 4 ʜʵʵʞʠʥʜ ʙʫʶʫ 14.8 ʭʫʚʴʜ); ʍʋɼ (19 

ʜʵʵʞʥʵʵʩ 9 ʜʵʵʞʠʥʜ ʙʫʶʫ 47.36 ʭʫʚʴʜ);  ʉʍɼ (30 ʜʵʵʞʥʵʵʩ 5 ʜʵʵʞʠʥʜ ʙʫʶʫ 16.7 

ʭʫʚʴʜ);  ʉɹɼ (23 ʜʵʵʞʥʵʵʩ 2 ʜʵʵʞʠʥʜ ʙʫʶʫ 8 ʭʫʚʴʜ) 

 

 

ʂʦʙʘʣʴʪ (Cʦ)-ʳʥ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʪʘʨʭʘʣʪ, ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ. 

ʂʦʙʘʣʴʪʳʛ ʭʵʪ ʩʫʫʨʠʣʘʛ ʣʘʚʳʥ װʥʜʩʵʥ ʵʣʝʤʝʥʪ ʛʵʜʵʛ. ʂʦʙʘʣʴʪʳʥ ʭʵʤʞʵʵ 

ʭᴇʨʩᴇʥʜ ʜʫʥʜʞʘʘʨ 10 ʤʛ/ʢʛ ʙʘʡʜʘʛ (ɺʠʥʦʛʨʘʜʦʚ, 1962). ʂʦʙʘʣʴʪ ʥʴ ʭʦʸʨ ʚʘʣʝʥʪʪʘʡ 

ʥʵʛʜʣʠʡʥ ʙʘʡʜʘʣʪʘʡʛʘʘʨ ʭᴇʨʩᴇʥʜ ʙʘʡʥʘ.  

ɻʘʟʘʨ ʥʫʪʛʠʡʥ ʮʘʛ ʫʫʨʳʥ ʙʘʡʜʘʣ, ʭᴇʨʩʥʠʡ ʭʵʚ ʰʠʥʞʵʵʩ ʭʘʤʘʘʨʘʘʜ ʤʘʥʘʡ 

ʦʨʥʳ ʛʦʣʣʦʭ ʭʵʚ ʰʠʥʞʠʡʥ ʭᴇʨʩᴇʥʜ ʜʫʥʜʞʘʘʨ 6.40-10.30 ʤʛ/ʢʛ ʙʫʶʫ ʜʵʣʭʠʡʥ 

ʜʫʥʜʘʞ ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵʥʜ ʙʘʡʜʘʛ (ʃʦʩʦʣʤʘʘ ʙʘ ʙʫʩʘʜ, 1971).  

ʆʍʋ-ʳʥ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ ʵʣʝʤʝʥʪװװʜʠʡʥ (ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ) ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʩʪʘʥʜʘʨʪʘʘʨ 12 ʤʛ/ʢʛ ïʘʘʩ ʭʵʪʵʨʚʵʣ  ʭʦʨʪʦʡ 

ʛʵʞ װʟʜʵʛ (ʏʫʣʜʞʠʷʥ, 1988).   

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʠʡʥ ʮʵʚʵʨ, ʙʦʭʠʨʜʦʦʛװʡ ʭᴇʨʩᴇʥʜ ʢʦʙʘʣʴʪ 

(Cʦ)-ʳʥ ʥʠʡʪ ʘʛʫʫʣʛʘ 18 ʤʛ/ʢʛ, ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʘ 9.43 ʤʛ/ʢʛ, ʋʣʘʘʥʙʘʘʪʘʨ 

ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʘ ʜʫʥʜʞʘʘʨ 7.25-8.83 

ʤʛ/ʢʛ ʪʫʩ ʪʫʩ ʠʣʵʨʩʵʥ ʥʴ ʜʵʣʭʠʡʥ ʜʫʥʜʘʞ ʙʦʣʦʥ ʄʦʥʛʦʣ ʫʣʩʳʥ ʜʫʥʜʘʞ ʭʵʤʞʵʵʥʜ 

ʙʘʡʥʘ.  

 

 
 

ɻʠʩʪʦʛʨʘʤʤ 7. ʂʦʙʘʣʴʪʳʥ ʙʦʭʠʨʜʣʳʥ ʪϮʚʰʠʥʠʡ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ ʜϮϮʨʵʛ ʪʫʩ ʙϮʨʵʵʨ 
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ɿʫʨʘʛ 9. ʂʦʙʘʣʴʪʳʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ ʜϮϮʨʵʛ ʪʫʩ ʙϮʨʵʵʨ 

ʂʦʙʘʣʴʪ (Cʦ)-ʳʥ ʭʫʫʨʤʘʛ ʥʠʡʪ (pseudo-total) ʘʛʫʫʣʛʳʥ ʪʘʨʭʘʣʪ, ʙʦʭʠʨʜʣʳʥ 

ʪᴇʚʰʥʠʡʛ ʜװװʨʵʛ ʪʫʩ ʙװʨʵʵʨ ʛʘʨʛʘʩʘʥ װʨ ʜװʥʛʵʵʨ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʠʭʵʥʭ ʜʵʵʞʠʥʜ 

ʢʦʙʘʣʴʪ (Cʦ)-ʳʥ ʭʫʫʨʤʘʛ ʥʠʡʪ (pseudo-total) ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵ ʩʫʫʨʴ ʘʛʫʫʣʛʳʥ 

ʭʵʤʞʵʵʥʵʵʩ ʙʘʛʘʘʨ ʠʣʵʨʩʵʥ ʙʘ ʥʠʡʪ ʜʵʵʞʥʠʡ ʟᴇʚʭᴇʥ 5.7-26 ʭʫʚʴʜ 1.8 ʜʘʭʠʥ ʠʭ 

ʙʫʶʫ ʙʘʛʘ ʙʦʭʠʨʜʦʣʪʦʡ ʙʘʡʥʘ. ɾʠʰʵʵ ʥʴ: ɹɻɼ (29 ʜʵʵʞʥʵʵʩ 7 ʜʵʵʞʠʥʜ ʙʫʶʫ 24 

ʭʫʚʴʜ);  ɹɿɼ (53 ʜʵʵʞʥʵʵʩ 3 ʜʵʵʞʠʥʜ ʙʫʶʫ 5,7 ʭʫʚʴʜ);  ʏɼ (27 ʜʵʵʞʥʵʵʩ 6 ʜʵʵʞʠʥʜ 

ʙʫʶʫ 22 ʭʫʚʴʜ); ʍʋɼ (19 ʜʵʵʞʥʵʵʩ 5 ʜʵʵʞʠʥʜ ʙʫʶʫ 26 ʭʫʚʴʜ);  ʉʍɼ (30 ʜʵʵʞʥʵʵʩ 

8 ʜʵʵʞʠʥʜ ʙʫʶʫ 27 ʭʫʚʴʜ);  ʉɹɼ (23 ʜʵʵʞʥʵʵʩ 2 ʜʵʵʞʠʥʜ ʙʫʶʫ 8 ʭʫʚʴʜ) 
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ʄʘʥʛʘʥ (Mn) - ʥʳ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ ʪʘʨʭʘʣʪ, ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ. 

ʄʘʥʛʘʥ (Mn) - ʥ  rʭʵʤʞʵʵ ʭᴇʨʩᴇʥʜ ʜʫʥʜʞʘʘʨ 545 ʤʛ/ʢʛ ʙʘʡʜʘʛ (ɺʠʥʦʛʨʘʜʦʚ, 

1962). ɻʘʟʘʨ ʥʫʪʛʠʡʥ ʮʘʛ ʫʫʨʳʥ ʙʘʡʜʘʣ, ʭᴇʨʩʥʠʡ ʭʵʚ ʰʠʥʞʵʵʩ ʭʘʤʘʘʨʘʘʜ ʤʘʥʘʡ 

ʦʨʥʳ ʛʦʣʣʦʭ ʭʵʚ ʰʠʥʞʠʡʥ ʭᴇʨʩᴇʥʜ ʜʫʥʜʞʘʘʨ 100-934.6 ʤʛ/ʢʛ ʙʘʡʜʘʛ (ʃʦʩʦʣʤʘʘ ʙʘ 

ʙʫʩʘʜ, 1971).  

ʆʍʋ-ʳʥ ʭᴇʨʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ ʵʣʝʤʝʥʪװװʜʠʡʥ (ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʳʥ) ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʩʪʘʥʜʘʨʪʘʘʨ 600 ʤʛ/ʢʛ ïʘʘʩ ʭʵʪʵʨʚʵʣ  

ʭʦʨʪʦʡ ʛʵʞ װʟʜʵʛ (ʏʫʣʜʞʠʷʥ, 1988).   

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʙʘʡʛʘʣʠʡʥ ʮʵʚʵʨ, ʙʦʭʠʨʜʦʦʛװʡ ʭᴇʨʩᴇʥʜ ʄʘʥʛʘʥ 

(Mn) - ʥ  rʥʠʡʪ ʘʛʫʫʣʛʘ 710 ʤʛ/ʢʛ, ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʘ 168 ʤʛ/ʢʛ, ʋʣʘʘʥʙʘʘʪʘʨ 

ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʭʫʫʨʤʘʛ ʥʠʡʪ ʘʛʫʫʣʛʘ ʜʫʥʜʞʘʘʨ 101-230 ʤʛ/ʢʛ 

ʪʫʩ ʪʫʩ ʠʣʵʨʩʵʥ ʥʴ ʜʵʣʭʠʡʥ ʜʫʥʜʘʞ, ʄʦʥʛʦʣ ʫʣʩʳʥ ʜʫʥʜʘʞ ʭʵʤʞʵʵʥʵʵʩ ʙʘʛʘʘʨ 

ʠʣʵʨʩʵʥ ʙʘʡʥʘ.  

ʄʘʥʛʘʥ (Mn) - ʥ  rʭʫʫʨʤʘʛ ʥʠʡʪ (pseudo-total) ʘʛʫʫʣʛʳʥ ʪʘʨʭʘʣʪ, ʙʦʭʠʨʜʣʳʥ 

ʪᴇʚʰʥʠʡʛ ʜװװʨʵʛ ʪʫʩ ʙװʨʵʵʨ ʛʘʨʛʘʞ 16-ʠʡʥ ʘ, ʙ ʟʫʨʛʫʫʜʘʜ ʭʘʨʫʫʣʣʘʘ.   

ɿʫʨʛʘʘʩ ʭʘʨʘʭʜ ʜװװʨʵʛ ʪʫʩ ʙװʨʵʵʩ ʮʫʛʣʫʫʣʞ ʰʠʥʞʠʣʩʵʥ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ 

ʠʭʵʥʭ ʜʵʵʞʠʥʜ ʄʘʥʛʘʥ (Mn) - ʥ  rʭʫʫʨʤʘʛ ʥʠʡʪ (pseudo-total) ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵ 

ʩʫʫʨʴ ʘʛʫʫʣʛʳʥ ʭʵʤʞʵʵʥʵʵʩ ʙʘʛʘʘʨ ʠʣʵʨʩʵʥ ʙʘʡʥʘ. 

 
ɻʠʩʪʦʛʨʘʤʤ 8. ʂʦʙʘʣʴʪʳʥ ʙʦʭʠʨʜʣʳʥ ʪϮʚʰʠʥʠʡ ʪʘʨʭʘʣʪ ʜϮϮʨʵʛ ʪʫʩ ʙϮʨʵʵʨ 
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ɿʫʨʘʛ 10. ʄʘʨʛʘʥʝʮʠʡʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ ʜϮϮʨʵʛ ʪʫʩ ʙϮʨʵʵʨ 
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ɿʋʈɻɸɸɼʋɻɸɸʈ ɹתʃʕɻ 
ʄɸʂʈʆ, ʄʀʂʈʆʕʃɽʄɽʅʊתתɼ, ʍתʅɼ  ʄɽʊɸʃʃʋʋɼ, ʊʕɼɻʕʕʈʀʁʅ 

ʍʆʆʈʆʅɼʓʅ ʍɸʈʀʃʎɸʅ ʍɸʄɸɸʈʃʓɻ ʉʋɼʃɸʍ, ᴆʅɻᴆʅ 

ʍᴆʈʉᴆʅɼ ʆʈʐʀʍ ʕʍ תתʉɺʕʈʀʁʅ ʉʋɼɸʃɻɸɸ 

 ʍᴇʨʩᴇʥ ʜʵʭ ʭװʥʜ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʘʣ, ʙʦʭʠʨʜʣʳʥ ʵʭ 

 ʣʵʣʪʠʡʥ ʩʪʘʪʠʩʪʠʢ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʛ ʩʘʡʞʨʫʫʣʘʭ ʪᴇʣᴇʚʣᴇʛᴇᴇʥʠʡװװʟװ ʩʚʵʨʠʡʥװװ

ʭװʨʵʵʥʜ ʄʘʢʨʦ, ʤʠʢʨʦʵʣʝʤʝʥʪװװʜ, ʭװʥʜ  ʤʝʪʘʣʣʫʫʜ, ʪʵʜʛʵʵʨʠʡʥ ʭʦʦʨʦʥʜʳʥ 

ʭʘʨʠʣʮʘʥ ʭʘʤʘʘʨʣʳʛ ʩʫʜʣʘʭ, ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʦʨʰʠʭ ʵʭ װװʩʚʵʨʠʡʛ (ʭװʥʠʡ  ʭװʯʠʥ 

ʟװʡʣʠʡʥ ʙʦʣʦʥ ʙʘʡʛʘʣʠʡʥ ʵʭ װװʩʚʵʨ) ʪʦʛʪʦʦʭ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʛ ʭʠʡʩʵʥ. ʕʥʵ ʥʴ 

ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʰʘʣʪʛʘʘʥʳʛ ʦʥʦʚʯʪʦʡ ʪʦʛʪʦʦʭ, ʛʦʣ ʙʦʭʠʨʜʫʫʣʘʛʯ 

ʙʦʜʠʩʳʛ ʠʣʨװװʣʵʭ, ʠʭʵʵʨ ʙʦʭʠʨʜʩʦʥ ʛʘʟʨʳʛ ʮʵʚʵʨʰװװʣʵʭ ʪʝʭʥʦʣʦʛʠʡʛ ʟᴇʚ ʩʦʥʦʭʦʜ 

ʯʫʭʘʣ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ.    

 ʕʣʝʤʝʥʪװװʜʠʡʥ ʭʦʦʨʦʥʜʳʥ ʭʘʨʠʣʮʘʥ ʭʘʤʘʘʨʘʣ ʥʴ ʪʵʜʛʵʵʨʠʡʥ ʝʨᴇʥʭʠʡ 

ʥʵʛ ʰʠʥʞ ʯʘʥʘʨ ʙʦʣʦʥ ʠʞʠʣ ʪᴇʩʪʵʡ ʵʭ װװʩʚʵʨʠʡʛ ʠʣʵʨʭʠʡʣʜʵʛ.   

 ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ ʤʘʢʨʦ, ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ 

ʭᴇʨʩᴇʥʜ ʦʨʰʠʭ ʵʭ װװʩʚʵʨ, ʛʝʦʭʠʤʠʡʥ ʪᴇʣᴇʚ ʙʘʡʜʣʳʥ ʩʫʜʘʣʛʘʘʛ ʭʝʤʦʤʝʪʨʠʡʥ ʦʣʦʥ 

ʭʫʚʴʩʘʛʯʠʪ ʩʪʘʪʠʩʪʠʢʠʡʥ ʢʦʨʨʝʣʷʮʠʡʥ ʰʠʥʞʠʣʛʵʵ, ʢʣʘʩʪʝʨ ʙʘ ʬʘʢʪʦʨ ʘʥʘʣʠʟʳʥ 

ʘʨʛʫʫʜʘʘʨ ʩʫʜʘʣʣʘʘ. ʂʦʨʨʝʣʷʮʠʡʥ ʰʠʥʞʠʣʛʵʵ, ʬʘʢʪʦʨ ʙʘ ʢʣʘʩʪʝʨ ʘʥʘʣʠʟʳʛ ʤʘʢʨʦ 

ʙʘ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜ ʪʫʩ ʙװʨʜ ʙʦʣʦʥ ʤʘʢʨʦ ʙʘ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜ ʭʦʦʨʦʥʜ ʩʫʜʘʣʞ, 

   .ʜʵʜ ʪʫʩ ʪʫʩ ʥʵʛʪʛʵʩʵʥװװʩʥʵʛʪװʥʛ  11-21 ʜʫʛʘʘʨ ʟʫʨʛʫʫʜ, ʙʘ 12 -15 ʜʫʛʘʘʨ ʭװʨ ʜװ

 
ɿʫʨʘʛ 11. ʄʘʢʨʦʵʣʝʤʝʥʪϮϮʜʠʡʥ ʢʣʘʩʪʝʨ 

ʘʥʘʣʠʟʳʥ ʜʝʥʜʨʦʛʨʘʤʤ 

 ᴆʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ ʤʘʢʨʦʵʣʝʤʝʥʪװװʜ ʥʴ ʭᴇʨʩʥʠʡ ʤʝʭʘʥʠʢ ʙװʨʵʣʜʵʭװװʥʠʡ 

ʪᴇʣᴇʚ, ʭᴇʨʩʠʡʛ ʙװʨʜװװʣʞ ʙʫʡ ʵʨʜʩʠʡʥ ʙװʪʮʠʡʛ ʠʣʵʨʭʠʡʣʜʵʛ. װתʥʜ: Si, K, Na ʥʴ O2 

-ʪʦʡ ʥʵʛʜʵʞ ʭᴇʨʩʠʡʛ װװʩʛʵʛʯ ʵʨʜʵʩ ʯʫʣʫʫʣʛʠʡʛ ʙװʨʜװװʣʞ ʭᴇʨʩʥʠʡ ʵʣʩʵʨʭʵʛ 

ʬʨʘʢʮʳʛ ʙʠʡ ʙʦʣʛʦʜʦʛ. ʍʘʨʠʥ Mg, Ti, Fe, Al ʥʴ O2 -ʪʦʡ ʥʵʛʜʵʞ ʭᴇʨʩʠʡʛ װװʩʛʵʛʯ 

ʯʫʣʫʫʣʛʠʡʥ װʥʜʩʵʥ ʰʘʚʘʨʣʘʛ ʵʨʜʩʠʡʛ ʙװʨʜװװʣʜʵʛ ʵʣʝʤʝʥʪװװʜ ʶʤ. P ʥʴ ʭᴇʨʩʥʠʡ 
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ʦʨʛʘʥʠʢ ʙװʨʵʣʜʵʭװװʥʜ ʟʦʥʭʠʣʞ ʘʛʫʫʣʘʛʜʜʘʛ ʛʦʣ ʵʣʝʤʝʥʪ, Ca, S ʭᴇʨʩᴇʥʜ ʢʘʨʙʦʥʘʪ 

ʙʦʣʦʥ ʩʫʣʴʬʘʪ ʙʘʡʜʣʘʘʨ ʘʛʫʫʣʘʛʜʜʘʛ. 

ʍϮʩʥʵʛʪ 12. ʄʘʢʨʦʵʣʝʤʝʥʪϮϮʜʠʡʥ ʬʘʢʪʦʨ ʘʥʘʣʠʟʳʥ Ϯʨ ʜϮʥ 

ʉʪʘʪʠʩʪʠʢ װʟװװʣʵʣʪ ɻʂ-1 ɻʂ-2 ɻʂ-3 

ʍʫʚʠʡʥ ʫʪʛʘ 3.42 2.57 1.04 

ʅʠʡʪ ʜʠʩʧʝʨʩ, % 34.23 59.92 70.35 

 ʕʣʝʤʝʥʪ ʌʘʢʪʦʨʳʥ ʢʦʵʬʬʠʮʠʝʥʪ  

Ca 0.726 0.181 0.085 

S 0.618 -0.413 -0.333 

Si -0.829 0.155 0.021 

K -0.809 -0.085 0.417 

Na -0.506 0.021 0.628 

P 0.052 0.122 0.821 

Mg 0.129 0.917 0.098 

Ti -0.115 0.802 0.062 

Fe 0.306 0.701 -0.420 

Al  -0.300 0.649 0.337 

 ʍϮʩʥʵʛʪ 13. ʄʘʢʨʦʵʣʝʤʝʥʪϮϮʜʠʡʥ ʭʦʦʨʦʥʜʳʥ ʢʦʨʨʝʣʷʮʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪ 

ʕʣʝʤʝʥʪ Si Na K P Al  Mg Fe Ti S Ca 

Si 1.00          

Na 0.47
* 

1.00         

K 0.61
*
 0.65

*
 1.00        

P -0.07 0.18 0.20 1.00       

Al  0.27
*
 0.33

*
 0.39

*
 0.28

*
 1.00      

Mg 0.07 0.06 0.08 0.30
*
 0.53

*
 1.00     

Fe -0.23 -0.39
*
 -0.18 0.05 0.24 0.55

*
 1.00    

Ti 0.34
*
 0.10 0.25

*
 0.33

*
 0.37

*
 0.58

*
 0.20 1.00   

S -0.46
*
 -0.45

*
 -0.55

*
 -0.16 -0.46

*
 -0.33

*
 -0.08 -0.40

*
 1.00  

Ca -0.35
*
 0.00 -0.51

*
 -0.02 -0.14 0.16 -0.06 -0.08 0.28

*
 1.00 

 

 ʍװʩʥʵʛʪ 13-ʜ ʭʘʨʫʫʣʩʥʘʘʨ ʤʘʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʭʦʦʨʦʥʜʳʥ ʢʦʨʨʝʣʷʮʠʡʥ 

ʢʦʵʬʬʠʮʠʝʥʪ ʥʴ ʵʜʛʵʵʨ ʵʣʝʤʝʥʪװװʜʠʡʥ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʦʨʰʠʭ 

ʵʭ װװʩʚʵʨʠʡʛ ʪʦʛʪʦʦʥʦ. 

 ʂʣʘʩʪʝʨ ʙʘ ʬʘʢʪʦʨ ʘʥʘʣʠʟʳʥ װʨ ʜװʥʛʵʵʨ (ʟʫʨʘʛ-11, ʭװʩʥʵʛʪ 12) Si, Al, Fe, 

Ca, Mg, Ti, Na, K, P, S ʥʴ [P- (K-Na-Si)] - [(S-Ca) - (Mg-TiFe-Al)] ʛʵʩʵʥ 3 ʛʨʫʧʧ 

ʙʫʶʫ 3 ʛʦʣ ʢʦʤʧʦʥʝʥʪʠʡʛ ʙװʨʜװװʣʞ ʙʘʡʛʘʘ ʙʘ ʵʜʛʵʵʨ ʛʦʣ ʢʦʤʧʦʥʝʥʪװװʜ ʥʴ 

ʭᴇʨʩʥʠʡ ʪʦʜʦʨʭʦʡ ʬʨʘʢʮʠʡʛ ʠʣʵʨʭʠʡʣʥʵ. װתʥʜ: P-(K-Na-Si) ïʠʡʥ ʙװʣʵʛ ʙʫʶʫ ʛʦʣ 

ʢʦʤʧʦʥʝʥʪ ɻʂ-1 ʥʴ ʭᴇʨʩʥʠʡ ʵʣʩʵʨʭʵʛ ʬʨʘʢʮʠʡʛ ʪᴇʣᴇᴇʣʥᴇ. ʍᴇʨʩʠʡʛ ʙװʨʜװװʣʵʭ ʵʣʩ 

ʥʴ ʄʦʥʛʦʣ ʦʨʥʳ ʭʫʫʨʘʡ ʫʫʨ ʘʤʴʩʛʘʣʳʥ ʥᴇʭʮᴇʣʜ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ʛʝʦʣʦʛʠʡʥ ʪʦʛʪʮʳʛ 

ʙװʨʜװװʣʵʭ ʛʦʣʣʦʭ ʵʨʜʩװװʜʠʡʥ ʙʫʶʫ ʢʚʘʨʮ, ʭʵʵʨʠʡʥ ʞʦʥʰ, ʰʘʚʘʨ, ʛʠʧʩ ʟʵʨʛʠʡʥ 

ʤʝʘʥʠʢ ᴇʛᴇʨʰʣʠʡʥ װʨ ʜװʥʜ ʙʠʡ ʙʦʣʜʦʛ (ɻʝʨʘʩʠʤʦʚ ʠ ʜʨ 1984; Norra et al. 2006). 

ɻʘʟʘʨ ʥʫʪʘʛʪ ʪװװʥʯʣʵʥ ʥʘʪʨʠ ʙʘ ʢʘʣʠʡʥ ᴇʥʜᴇʨ ʘʛʫʫʣʘʤʞ ʙװʭʠʡ ʪʝʨʨʠʛʝʥʠʡʥ (ʵʭ 

ʛʘʟʨʳʥ) ʭʫʚʠʨʤʘʣ ʯʫʣʫʫʣʘʛ ʠʭʵʵʭʵʥ ʪʘʨʭʜʘʛ. ʕʥʵʭװװ ʛʨʫʧʧ ʙʫʶʫ ʛʦʣ ʢʦʤʧʦʥʝʥʪ 
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ʜʵʭ ʮʘʭʠʫʨ ʥʴ ʢʚʘʨʮ ʭʵʣʙʵʨʵʵʨ ʭᴇʨʩʥʠʡ ʵʣʩʵʨʭʵʛ ʬʨʘʢʮʠʡʛ ʪʦʜʦʨʭʦʡʣʜʦʛ. ɻʦʣ 

ʢʦʤʧʦʥʝʥʪ ɻʂ-1-ʜ ʬʦʩʬʦʨ ʥʵʛʜʵʞ ʙʘʡʛʘʘ ʥʴ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩ 

ʥʘʪʨʠʛʘʘʨ ʙʘʷʣʘʛ ʙʘ ʭᴇʨʩʥʠʡ pH ïʠʡʥ ʭʵʤʞʵʵ 6,5 ïʘʘʩ ʠʭ  ʟʵʨʵʛ ʥʴ ʬʦʩʬʘʪʳʥ 

ʰʠʥʛʵʵʣʪ ʭᴇʨʩᴇʥʜ ʠʭ ʷʚʘʛʜʘʞ ʙʘʡʛʘʘʛ ʥʦʪʦʣʞ ʙʘʡʥʘ (Maurice 2009).  ʋʣʘʘʥʙʘʘʪʘʨ 

ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩʥʠʡ ʰʘʚʘʨʣʘʛ (Mg-TiFe-Al) -(S-Ca)  ʬʨʘʢʮʫʫʜʳʛ ʭʦʦʨʦʥʜ ʷʣʛʘʭʘʜ 

ʙʘʛʘ ʟʵʨʵʛ ʪᴇʚᴇʛʪʵʡ ʙʘʡʩʘʥ ʙʘ  ʙʠʜ ʵʥʵ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʨ ɻʂ-3 ʙʫʶʫ (Mg-Ti-Fe-

Al) ïʠʡʥ ʛʨʫʧʧʳʛ  ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪrʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʰʘʚʘʨʣʘʛ ʬʨʘʢʮʠʡʛ  

ʙװʨʜװװʣʞ ʙʘʡʥʘ ʛʵʞ װʟʣʵʵ. ʋʯʠʨ ʥʴ ʛʨʫʧʧ (S-Ca) ʵʣʝʤʝʥʪװװʜ ʙʫʶʫ ɻʂ-2-ʠʡʥ S ʥʴ 

ʥװװʨʩʥʠʡ ʫʪʘʘʥʘʘʩ װװʜʵʣʪʵʡ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʘʛʘʘʨʳʛ ʙʦʭʠʨʜʫʫʣʘʛʯ ʛʦʣ ʭʠʤʠʡʥ 

ʵʣʝʤʝʥʪװװʜʠʡʥ ʥʵʛʵʵʨ ʥʵʨʣʵʛʜʩʵʥ ʙʘʡʥʘ (Amgalan et al. 2016). ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʦʜ 

ʭʘʣʘʘʣʪʳʥ װʝʜ ʮʘʭʠʣʛʘʘʥ ʵʨʯʠʤ ʭװʯʥʠʡ 90 %-ʛ ʜʫʣʘʘʥʳ ʮʘʭʠʣʛʘʘʥ ʩʪʘʥʮʫʫʜʘʜ 

ʙʦʣʦʥ ʛʘʣʣʘʛʘʘʥʳ ʙʫʩʘʜ ʟʫʫʭʘʥʜ 0,2 -3,2  % ʭװʨʪʵʣ ʭװʭʨʠʡʥ ʘʛʫʫʣʛʘʪʘʡ ʥװװʨʩ 

ʰʘʪʘʘʞ ʛʘʨʛʘʜʘʛ (Erdenetsogt et al. 2009). 

 

 ᴆʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ ʜʘʨʘʘʭ ʤʠʢʨʦʵʣʝʤʝʥʪʫʫʜ, ʤʝʪʘʣʣʫʫʜ Mn, Li, Ba, Ge, Sn, 

Cu, Zn, Ag, Sb, Pb, Mo, Bi, Cr, Tl, Cd, V, Co, F, As, Ni ʥʴ ʭʠʤʠ ʬʠʟʠʢʠʡʥ ʰʠʥʞ 

ʯʘʥʘʨ, ʛʝʦʭʠʤʠʡʥ ʪᴇʣᴇʚ ʙʘʡʜʘʣ ʙʦʣʦʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʪʘʨʭʩʘʥ ʪᴇʣᴇʚ ʟʵʨʛʵʵʩ 

ʭʘʤʘʘʨʘʥ (Mn-Li -Ba-Sr-B-Ge), (Pb-Sb-Ag-Cu-Zn-Sn) ʙʘ (Ni-Co-V-As-F)-(Mo-Bi-Cd-

Cr-Tl) ʛʵʩʵʥ 3 ʛʨʫʧʧ ʙװʨʜװװʣʩʵʥ ʙʫʶʫ 4 ʵʭ װװʩʚʵʨʪʵʡ ʙʘʡʥʘ. (ɿʫʨʘʛ 12). 

 

 
ɿʫʨʘʛ 12. ʄʠʢʨʦʵʣʝʤʝʥʪϮϮʜʠʡʥ ʢʣʘʩʪʝʨ ʘʥʘʣʠʟʳʥ ʜʝʥʜʨʦʛʨʘʤʤ 

 ʍװʩʥʵʛʪ 13- ʘʘʩ ʭʘʨʘʭʘʜ Mn, Ba, Li, B, Ge ʙʦʣʦʥ ʭᴇʨʩʥʠʡ ʵʣʩʵʨʭʵʛ ʙʦʣʦʥ 

ʰʘʚʘʨʣʘʛ ʬʨʘʢʮʠʡʛ ʙװʨʜװװʣʞ ʙʫʡ ʛʦʣʣʦʭ ʤʘʢʨʦʵʣʝʤʝʥʪװװʜ ʭʦʦʨʦʥʜʳʥ ʵʝʨʵʛ 

ʭʘʤʘʘʨʘʣ ʥʴ Mn, Ba, Li, B, Ge-ʠʡʥ ʙʘʡʛʘʣʠʡʥ ʵʨ װװʩʚʵʨʠʡʛ ʛʵʨʯʠʣʞ ʙʘʡʥʘ. 

ʍᴇʨʩʥʠʡ ʰʘʚʘʨʣʘʛ ʬʨʘʢʮʠʡʥ ʵʣʝʤʝʥʪװװʜʪʵʡ Mn ʙʘ Li ʭװʯʪʵʡ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʥʘ. 

Mn ʙʘ Li-ʠʡʥ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪrʥ ʭᴇʨʩᴇʥʜ ʦʨʰʠʭ ʵʭ װװʩʚʵʨ ʥʴ ʢʘʨʙʦʥʳ ʭʫʚʠʨʤʘʣ 

ʩʫʜʣʫʫʜ ʙʘ ʥʝʦʛʝʥʠʡ ʵʣʩʵʥʮʵʨ ʰʘʚʘʨʫʫʜ ʶʤ. ʍᴇʨʩʥʠʡ ʰʘʚʘʨʣʘʛ ʙʘ ʵʣʩʵʨʭʵʛ 

ʬʨʘʢʮʠʡʥ ʛʦʣʣʦʭ ʵʣʝʤʝʥʪװװʜ (Mg-Ti-Fe-Al) ʠ (K-Na-Si)-ʪʵʡ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ 

ʭᴇʨʩʥʠʡ ʛʦʣ ʙʦʭʠʨʜʫʫʣʘʛʯ ʤʠʢʨʦʵʣʝʤʝʥʪ, ʭװʥʜ ʤʝʪʘʣʣʫʫʜ ((Pb-Sb-Ag-Cu-Zn-Sn) 
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ʙʘ (Ni-Co-V- As-F) - (Mo-Bi-Cd-Cr-Tl)) ʩᴇʨᴇʛ ʭʘʤʘʘʨʣʳʛ ʭʘʨʫʫʣʩʘʥ ʙʦʣ (Cu-Sb)-

(Mo-Bi-Cd-Cr-Tl) ʥʴ ʭװʭʵʨʪʵʡ ʵʝʨʵʛ ʭʘʤʘʘʨʣʳʛ װʟװװʣʞ ʙʘʡʥʘ. ʕʜʛʵʵʨ 

ʵʣʝʤʝʥʪװװʜʠʡʥ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ ʘʛʫʫʣʛʘ ʩʫʜʘʣʛʘʘʥʳ ʥʠʡʪ 

ʜʵʵʞʥʠʡ 50-90% -ʜ ʙװʩ ʥʫʪʛʠʡʥ ʙʘʡʛʘʣʠʡʥ ʮʵʚʵʨ ʙʫʶʫ ʩʫʫʨʴ ʭᴇʨʩᴇʥ ʜʵʭ ʘʛʫʫʣʛʘʘʩ 

ʠʭʵʵʨ ʠʣʵʨʩʵʥ ʙʘ ʭװʭʨʠʡʥ ʘʛʫʫʣʛʘʪʘʡ ʵʝʨʵʛ ʭʘʤʘʘʨʣʳʛ װʟװװʣʞ ʙʘʡʩʘʥ. ʀʡʤʜ 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩ (Pb-Sb-Ag-Cu-Zn-Sn) ʠ (Ni-Co-V- As-F) - (Mo-Bi-

Cd-Cr-Tl) ʟʵʨʵʛ ʛʨʫʧʧ ʵʣʝʤʝʥʪװװʜʵʵʨ ʛʦʣ ʪᴇʣᴇʚ ʥװװʨʩ ʰʘʪʘʣʪʳʥ ʙʦʣʦʥ 

ʘʚʪʦʪʵʵʚʨʠʡʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʙʦʭʠʨʜʦʞ ʙʘʡʥʘ (Chou 2012; Chai et al. 2015). 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ P ʙʘ Ca - ʠʡʥ Ni, Co, V, As, F, Ag ʟʵʨʵʛ 

ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʪʵʡ ʵʝʨʵʛ ʭʘʤʘʘʨʣʳʛ ʭʘʨʫʫʣʞ ʙʘʡʛʘʘ ʥʴ  ʪʵʜʛʵʵʨʠʡʛ ʦʨʛʘʥʠʢ 

ʙʦʜʠʩʳʥ ʪʫʥʘʜʘʩʞʠʭ ʷʚʮʘʜ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ װװʩʵʭʵʜ ʦʨʦʣʮʜʦʛ ʧʝʜʦʛʝʥ ʵʣʝʤʝʥʪװװʜ 

ʙʦʣʦʭʳʛ ʪʦʜʦʨʭʦʡʣʞ ʙʘʡʥʘ. 

ʍϮʩʥʵʛʪ 13. ʄʘʢʨʦ ʙʘ ʤʠʢʨʦʵʣʝʤʝʥʪϮϮʜʠʡʥ ʭʦʦʨʦʥʜʳʥ ʢʦʨʨʝʣʷʮʠ 

ʕʣʝʤʝʥʪ 
Si Na K P Al  Mg Fe Ti Ca S 

Mn -0.08 -0.26
*
 -0.02 0.31

*
 0.40

*
 0.75

*
 0.72

*
 0.48

*
 0.03 -0.19 

Li  0.28
*
 0.09 0.35

*
 0.33

*
 0.62

*
 0.73

*
 0.51

*
 0.43

*
 -0.33

*
 -0.37

*
 

Ba -0.12 0.06 0.09 0.31
*
 0.03 0.05 0.03 0.00 -0.08 0.12 

Sr -0.11 0.10 -0.17 0.17 0.10 -0.15 -0.14 0.05 0.37
*
 0.11 

B 0.07 0.16 0.25
*
 0.04 0.33

*
 0.22 0.36

*
 0.11 -0.05 -0.38

*
 

Ge 0.03 -0.05 0.00 0.19 0.30
*
 0.24 0.33

*
 -0.06 0.14 -0.15 

F -0.76
*
 -0.33

*
 -0.36

*
 0.14 -0.20 -0.18 0.30

*
 -0.31

*
 0.10 0.24 

Ni -0.39
*
 -0.05 -0.17 0.26

*
 0.03 0.01 0.08 0.06 0.22 0.16 

Co -0.67
*
 -0.29

*
 -0.29

*
 0.41

*
 -0.07 0.12 0.25

*
 -0.05 0.14 0.07 

V -0.40
*
 -0.12 -0.12 0.44

*
 0.25

*
 0.42

*
 0.45

*
 0.27

*
 -0.10 -0.38

*
 

As -0.63
*
 -0.44

*
 -0.41

*
 -0.06 -0.20 -0.14 0.30 -0.23 0.09 0.24 

Pb 0.25
*
 -0.17 -0.09 0.15 0.06 0.06 -0.08 0.12 0.05 0.23 

Cu -0.42
*
 -0.41

*
 -0.47

*
 -0.11 -0.29

*
 -0.26

*
 0.06 -0.29

*
 0.34

*
 0.49

*
 

Zn -0.20 -0.29
*
 -0.34

*
 0.01 -0.09 0.02 0.18 -0.13 0.25

*
 0.20 

Sn -0.08 -0.27
*
 -0.24 0.02 -0.12 -0.15 0.04 -0.25

*
 0.20 0.18 

Ag -0.09 -0.22 -0.05 0.61
*
 0.08 0.09 0.08 0.05 0.07 0.19 

Sb 0.00 -0.23 -0.25
*
 -0.22 -0.18 -0.11 0.05 0.00 -0.01 0.28

*
 

Mo -0.34
*
 -0.46

*
 -0.60

*
 -0.34

*
 -0.48

*
 -0.32

*
 0.12 -0.57

*
 0.34

*
 0.73

*
 

Cr -0.02 -0.41
*
 -0.39

*
 -0.19 -0.44

*
 -0.39

*
 0.02 -0.30

*
 -0.06 0.50

*
 

Tl -0.37
*
 -0.31

*
 -0.40

*
 0.01 -0.37

*
 -0.22 0.01 -0.45

*
 0.32

*
 0.45

*
 

Bi -0.32
*
 -0.38

*
 -0.32

*
 -0.11 -0.29

*
 -0.26

*
 0.21 -0.24 0.09 0.46

*
 

Cd -0.65
*
 -0.39

*
 -0.51

*
 0.12 -0.36

*
 -0.19 0.17 -0.41

*
 0.35

*
 0.58

*
 

 

 ʌʘʢʪʦʨ ʘʥʘʣʠʟʳʥ ʛʦʣ ʢʦʤʧʥʝʥʪʳʥ ʰʠʥʞʠʣʛʵʵʥʠʡ װʨ ʜװʥʛʵʵʨ 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ ʤʘʢʨʦ, ʤʠʢʨʦʵʣʝʤʝʥʪװװʜ (32 ʵʣʝʤʝʥʪ) ʥʴ 9 

ʛʦʣ ʢʦʤʧʦʥʝʥʪʳʛ (ɻʂ) ʙװʨʜװװʣʞ ʙʘʡʥʘ. תʨ ʜװʥʛ  ʭװʩʥʵʛʪ 13 ïʜ ʥʵʛʪʛʵʥ ʭʘʨʫʫʣʣʘʘ.  

 ʕʜʛʵʵʨ 9 ʛʦʣ ʢʦʤʧʦʥʝʥʪ ʥʠʡʪ ʜʠʩʧʝʨʩʠʡʥ ʭʵʤʞʵʵ 82.49 % ʙʘʡʥʘ. ɻʦʣ 

ʢʦʤʧʦʥʝʥʪ (ɻʂ) ʪʫʩ ʙװʨʠʡʥ ʜʠʩʧʝʨʩ 7.79 -ʦʦʩ  1.01 ʙʘ ʥʠʡʪ ʜʠʩʧʝʨʩ ʥʴ 24.3 -ʘʘʩ  

3.16  % ʙʘʡʥʘ.  ʌʘʢʪʦʨ ʘʥʘʣʠʟʳʥ ʛʦʣ ʢʦʤʧʥʝʥʪʳʥ ʰʠʥʞʠʣʛʵʵʥʠʡ Communality 

ʢʦʵʬʬʠʮʠʝʥʪ ʥʴ Al, Ba, Bi, Ca, Cr, Fe, Ni, P, Sb, Sr ʠ Zn ʟʵʨʵʛ ʵʣʝʤʝʥʪװװʜʵʵʩ ʙʫʩʘʜ 

ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʚʴʜ ᴇʥʜᴇʨ ʫʪʛʳʛ װʟװװʣʞ ʙʘʡʛʘʘ  ʠʭʵʥʭ ʵʣʝʤʝʥʪװװʜ ʛʦʣ 
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ʢʦʤʧʦʥʝʥʪ ʪʫʩ ʙװʨʠʡʛ ʩʘʡʥ ʷʣʛʘʞ ʙʫʡʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. ʍʘʨʠʥ  ʙʘʛʘ  ʫʪʛʘʪʘʡ 

Communality ʢʦʵʬʬʠʮʠʝʥʪ ʥʴ װʟװװʣʞ ʙʘʡʛʘʘ ʥʴ ʪʫʭʘʡʥ ʵʣʝʤʝʥʪʠʡʥ ʛʦʣ 

ʢʦʤʧʦʥʝʥʪʠʡʛ ʷʣʛʘʭ ʯʘʜʚʘʨ ʤʫʫ  ʙʘʡʛʘʘ ʙʘ ʭᴇʨʩᴇʥʜ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪ ʙʘ ʪʵʜʛʵʵʨʠʡʥ 

ʥʵʛʜʣװװʜ, ʦʨʛʘʥʠʢ ʙʦʜʠʩʳʥ ʘʛʫʫʣʘʤʞ, ʙʫʩʘʜ ʰʠʥʞ ʯʘʥʘʨʫʫʜʳʥ ʩʫʜʘʣʛʘʘʛ 

ʥʘʨʠʡʚʯʣʘʥ ʭʠʡʭ ʭʵʨʵʛʪʵʡʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ.   

ʍϮʩʥʵʛʪ 14. ʄʘʢʨʦ, ʤʠʢʨʦʵʣʝʤʝʥʪϮϮʜʠʡʥ ʬʘʢʪʦʨ ʘʥʘʣʠʟʳʥ Ϯʨ ʜϮʥ 

ʉʪʘʪʠʩʪʠʢ װʟװװʣʵʣʪ ɻʂ-1 ɻʂ-2 ɻʂ-3 ɻʂ-4 ɻʂ-5 ɻʂ-6 ɻʂ-7 ɻʂ-8 ɻʂ-9 

ʍʫʚʠʡʥ ʫʪʛʘ 7.79 5.08 3.25 2.37 2.13 1.90 1.57 1.30 1.01 

ʅʠʡʪ ʜʠʩʧʝʨʩ, % 24.33 40.22 50.38 57.78 64.43 70.37 75.28 79.33 82.49 

ʕʣʝʤʝʥʪ ʌʘʢʪʦʨʳʥ ʫʪʛʘ 

Si -0.829 0.021 -0.033 0.035 0.123 -0.328 -0.201 -0.074 -0.013 

K -0.408 -0.082 -0.232 0.304 0.340 -0.462 -0.316 -0.167 -0.190 

Na -0.349 -0.275 -0.258 0.194 0.295 -0.428 0.202 -0.331 -0.168 

P 0.185 0.227 -0.023 0.822 0.031 -0.137 0.076 -0.133 -0.035 

F 0.846 -0.087 0.146 0.070 0.254 0.216 -0.029 0.130 -0.060 

Co 0.819 0.138 0.021 0.348 -0.061 0.095 0.079 -0.091 -0.143 

As 0.778 -0.054 0.110 -0.186 0.190 0.137 -0.056 0.164 0.263 

V 0.712 0.384 -0.117 0.140 0.012 -0.275 -0.161 -0.260 0.011 

Ni 0.465 -0.015 0.118 0.323 -0.130 -0.302 0.349 0.490 -0.131 

Mg -0.009 0.869 -0.013 0.046 -0.013 -0.187 0.103 -0.282 0.028 

Fe 0.307 0.784 0.048 -0.167 0.199 0.112 -0.160 0.209 0.017 

Ti -0.143 0.547 -0.105 0.143 -0.182 -0.527 0.118 -0.092 0.114 

Al  -0.180 0.487 -0.039 0.197 0.309 -0.403 0.093 -0.184 -0.099 

Mn 0.175 0.873 0.048 0.149 0.136 -0.019 0.032 0.038 -0.028 

Li  -0.226 0.782 -0.150 0.257 0.128 -0.104 -0.244 -0.082 -0.125 

Ba 0.230 -0.058 0.031 0.443 0.406 0.033 -0.059 -0.119 0.605 

Sr -0.053 -0.076 -0.101 0.225 0.192 0.101 0.772 0.124 0.024 

B 0.169 0.229 -0.033 -0.201 0.820 -0.259 0.025 0.011 -0.057 

Ge -0.004 0.302 0.445 0.141 0.709 0.135 0.089 -0.104 0.068 

Sn -0.027 -0.074 0.847 0.102 0.197 0.317 -0.012 0.029 -0.063 

Cu 0.281 -0.167 0.751 0.023 -0.120 0.232 0.170 0.268 0.085 

Zn 0.209 0.023 0.699 -0.049 0.145 -0.008 0.037 0.108 0.466 

Pb -0.384 0.100 0.576 0.370 -0.123 0.124 0.056 0.095 0.460 

Ag 0.022 0.184 0.469 0.715 -0.152 0.105 -0.001 0.205 -0.055 

S 0.110 -0.200 0.046 0.027 -0.247 0.655 0.193 0.373 0.290 

Ca 0.142 0.020 0.279 -0.179 -0.116 0.183 0.805 -0.148 -0.038 

Mo 0.078 -0.148 0.290 -0.259 0.095 0.773 0.133 0.264 0.197 

Tl 0.122 -0.094 0.272 0.140 -0.090 0.783 0.128 0.006 -0.411 

Cd 0.487 -0.056 0.178 0.192 -0.081 0.680 0.211 0.147 -0.089 

Bi 0.158 -0.042 0.266 -0.057 0.155 0.204 0.056 0.786 0.101 

Cr -0.109 -0.148 0.014 -0.014 -0.215 0.307 -0.086 0.761 0.119 

Sb -0.074 -0.052 0.187 -0.179 -0.151 -0.023 0.008 0.199 0.800 

 

  ɻʦʣ ʢʦʤʧʦʥʝʥʪʳʥ ʰʠʥʞʠʣʛʵʵʥʠʡ װʨ ʜװʥʛʵʵʨ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ 

ʭᴇʨʩᴇʥ ʜʵʭ ʤʘʢʨʦ, ʤʠʢʨʦʵʣʝʤʝʥʪװװʜ 9 ʛʦʣ ʢʦʤʧʦʥʝʥʪʳʛ (ɻʂ) ʙװʨʜװװʣʞ ʙʘʡʛʘʘ ʙʘ 

ʙװʭ ʵʣʝʤʝʥʪװװʜ ʥʵʤʵʭ ʙʦʣʦʥ ʭʘʩʘʭ  ʫʪʛʘʪʘʡ ʛʦʣ ʢʦʤʧʦʥʝʥʪ (ɻʂ) ïʠʡʛ ʙװʨʜװװʣʞ 

ʙʘʡʥʘ.     
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¶ F>Co>As>V>>Cd>Ni ï ɻʂ-1; Mn>Mg>Fe>Li>Ti>>Al ï ɻʂ-2; 

Sn>Cu>Zn>Pb>>Ag>Ge ï ɻʂ-3; P>Ag>>Ba ï ɻʂ-4; B>Ge>>Ba ï ɻʂ-5; 

Tl>Mo>Cd>S ï ɻʂ-6; Ca>Sr ï ɻʂ-7; Bi>Cr>Ni ï ɻʂ-8; Sb>Ba>>Zn>Pb ï ɻʂ-

9. 

¶ Si>K in ɻʂ-1; Ti>>K>Na>Al ï ɻʂ-6; Sb>Ba>ZnåPb ï ɻʂ-9  

 ɿʘʨʠʤ ʵʣʝʤʝʥʪװװʜ ʭʵʜ ʭʵʜʵʥ ʛʦʣ ʢʦʤʧʦʥʝʥʪ (ɻʂ) -ʜ ʛʦʣʣʦʭ װװʨʵʛʪʵʡ ʦʨʞ 

ʙʘʡʛʘʘ ʥʴ ʪʫʭʘʡʥ ʵʣʝʤʝʥʪʠʡʥ ʛʝʦʭʠʤʠʡʥ ʪᴇʣᴇʚ ʙʦʣʦʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʦʨʰʠʭ ʵʭ 

   :ʩʚʵʨ ʥʴ ᴇᴇʨ ᴇᴇʨ ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. ɾʠʰʵʵ ʥʴװװ

¶ K ʙʘ Cd (ʬʘʢʪʦʨʳʥ ʥʵʤʵʭ ʫʪʛʘʪʘʡʛʘʘʨ ɻʂ-1 ʙʘ ɻʂ-6);  

¶ Ni (ʬʘʢʪʦʨʳʥ ʥʵʤʵʭ ʫʪʛʘʪʘʡʛʘʘʨ  ɻʂ-1 ʙʘ ɻʂ-8);  

¶ Al and Ti (ʬʘʢʪʦʨʳʥ ʥʵʤʵʭ ʫʪʛʘʪʘʡʛʘʘʨ ɻʂ-2 ʙʦʣʦʥ ʬʘʢʪʦʨʳʥ ʥʵʤʵʭ 

ʫʪʛʘʪʘʡʛʘʘʨ ɻʂ-6);  

¶ Ag (ʬʘʢʪʦʨʳʥ ʥʵʤʵʭ ʫʪʛʘʪʘʡʛʘʘʨ ɻʂ-3 ʙʘ ɻʂ-4);  

¶ Ge (ʬʘʢʪʦʨʳʥ ʥʵʤʵʭ ʫʪʛʘʪʘʡʛʘʘʨ ɻʂ-3 ʙʘ ɻʂ-5);  

¶ Pb and Zn (ʬʘʢʪʦʨʳʥ ʥʵʤʵʭ ʫʪʛʘʪʘʡʛʘʘʨ ɻʂ-3 ʙʘ ɻʂ-9);  

¶ Ba (ʬʘʢʪʦʨʳʥ ʥʵʤʵʭ ʫʪʛʘʪʘʡʛʘʘʨ ɻʂ-4, PC-5 ʙʘ ɻʂ-9);  

¶ Tl (ʬʘʢʪʦʨʳʥ ʥʵʤʵʭ ʫʪʛʘʪʘʡʛʘʘʨ ɻʂ-6 ʙʘ ʬʘʢʪʦʨʳʥ ʥʵʤʵʭ ʫʪʛʘʪʘʡʛʘʘʨ ɻʂ-

9).  

 ʉʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʛʵʵʩ ʭʘʨʘʭʘʜ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ 

ʪʦʜʦʨʭʦʡʣʩʦʥ ʥʠʡʪ ʤʘʢʨʦ, ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʵʵʩ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ 

ʛʝʦʭʠʤʠʡʥ ʘʥʛʠʣʣʘʘʨ ʜʵʣʭʠʡʥ ʮʘʨʮʜʘʩʳʥ ʭʘʤʛʠʡʥ ᴇʨʛᴇʥ ʪʘʨʭʩʘʥ ʵʣʝʤʝʥʪװװʜ ʥʴ 

ɻʂ-1(Si, K), ɻʂ-2 (Al, Mg, Fe, Mn, Ti); ɻʂ -4 (P), ɻʂ -6 (Na, K, Ti, S) ʙʘ ɻʂ -7 (Ca) 

ʛʵʩʵʥ 5 ʛʦʣ ʢʦʤʧʦʥʝʥʪʦʜ, ʭʘʨʠʥ ʪʫʥʘʤʘʣ ʯʫʣʫʫʣʘʛ ʙʘ ʭᴇʨʩʥʠʡ ʙװʪʵʮ, 

ʙװʨʵʣʜʵʭװװʥʠʡʛ ʪʦʜʦʨʭʦʡʣʜʦʛ ʣʠʪʦʛʝʥ ʵʣʝʤʝʥʪװװʜ ʥʴ ɻʂ-1 ʙʘ ɻʂ-2-ʠʡʛ ʙװʨʜװװʣʞ 

ʙʘʡʥʘ. ʕʜʛʵʵʨ ʛʦʣ ʢʦʤʧʦʥʝʥʪʫʫʜ ʥʴ Si, K, F, Co, As, V, Cd, Ni ʙʘ Mn, Mg, Fe, Li, Ti, 

Al  ʟʵʨʵʛ ʭᴇʨʩʥʠʡ ʛʦʣʣʦʭ ʤʘʢʨʦ ʙʦʣʦʥ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʵʵʩ ʙװʨʜʵʞ ʙʘʡʛʘʘ ʙʘ 

ʵʜʛʵʵʨ ʵʣʝʤʝʥʪװװʜʠʡʥ  ʛʦʣ ʢʦʤʧʦʥʝʥʪʠʡʛ ʷʣʛʘʭ ʯʘʜʚʘʨʳʥ װʟװװʣʵʣʪ ʥʴ ʩʘʡʥ ʙʘʡʣʘʘ.   

 ʕʭʥʠʡ ʛʦʣ ʢʦʤʧʦʥʝʥʪ ʥʴ ʩʠʜʝʨʦʬʠʣʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʛ ʷʣʛʘʞ ʙʘʡʛʘʘ ʙʦʣ 

ʭʦʸʨ ʜʘʭʴ ʛʦʣ ʢʦʤʧʦʥʝʥʪ ʥʴ ʭᴇʨʩʥʠʡ ʰʘʚʘʨʣʘʛ ʬʨʘʢʮʳʥ װʥʜʩʵʥ ʵʣʝʤʝʥʪװװʜʠʡʛ 

ʪʦʜʦʨʭʦʡʣʞ ʙʘʡʥʘ. ɻʂ-1-ʠʡʛ ʙװʨʜװװʣʞ ʙʫʡ ʤʠʢʨʦʵʣʝʤʝʥʪװװʜ ʥʴ ɻʂ-2-ʠʡʛ 

ʙװʨʜװװʣʞ ʙʫʡ ʤʘʥʛʘʥʳ ʬʘʟʪʘʡ  ʭʦʣʙʦʦʪʦʡ ʙʘʡʜʘʛ (ɺʦʜʷʥʠʮʢʠʡ 2008). ʀʡʤʜ 

ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʤʝʪʨ, NIR-ʩʧʝʢʪʨʦʤʝʪʨʠʡʥ ʘʨʛʘʘʨ ʙʦʣʦʥ ʭʠʤʠʡʥ ʘʨʛʘʘʨ ʭᴇʨʩᴇʥʜ 

ʘʛʫʫʣʘʛʜʘʭ ʭʠʤʠʡʥ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʣʳʛ ʥʘʨʠʡʥ ʪʦʛʪʦʦʭ ʥʴ 

ʭʠʤʠʡʥ ʵʣʝʤʝʥʪʵʵʨ ʠʭʵʵʨ ʙʦʭʠʨʜʩʦʥ ʭᴇʨʩʠʡʛ ʮʵʚʵʨʰװװʣʵʭ, ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ 

ʟʦʭʠʩʪʦʡ ʘʨʛʳʛ ʩʦʥʛʦʭʦʜ ʯʫʭʘʣ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ. ʊװװʥʯʣʵʥ, Al, Fe, Ni-ʠʡʥ ʛʦʣ 

ʢʦʤʧʦʥʝʥʪʠʡʥ Communality ʢʦʵʬʬʠʮʠʝʥʪ  ʙʫʶʫ ʛʦʣ ʢʦʤʧʦʥʝʥʪʠʡʛ ʷʣʛʘʭ ʯʘʜʚʘʨ 

ʙʘʛʘ ʙʘʡʛʘʘ ʵʥʵ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʨ ʥʘʨʠʡʚʯʣʘʥ ʩʫʜʣʘʘʛװʡ ʭᴇʨʩʥʠʡ ʟʘʨʠʤ ʦʨʛʘʥʠʢ-

ʙʠʦʣʦʛʠʡʥ ʧʨʦʮʝʩʩ ʥʴ ʭᴇʨʩʥʠʡ ʙװʨʵʣʜʵʭװװʥʜ ʥᴇʣᴇᴇʣʜᴇʛ ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ.  

 ɹװʣʵʛ ʙʫʶʫ ʛʦʣ ʢʦʤʧʦʥʝʥʪ (ɻʂ) װװʩʛʵʞ ʙʫʡ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʫʚʠʡʥ 

ʜʠʩʧʝʨʩʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪ ʥʴ ʙװʣʵʛ ʙװʨʜװװʣʞ ʙʫʡ ʙװʭ ʵʣʝʤʝʥʪװװʜʠʡʥ ʭʘʤʘʘʨʣʳʥ 

ʪʦʭʠʦʣʜʣʳʛ ʠʣʵʨʭʠʡʣʜʵʛ ʙʘ ʮʵʛ ʪʫʩ ʙװʨʜ ʙʦʜʦʛʜʜʦʛ ʪʦʜʦʨʭʦʡ ʭʵʤʞʵʵʩʛװʡ ᴇʛᴇʛʜᴇʣ 
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ʶʤ. ɻʦʣ ʢʦʤʧʦʥʝʥʪʳʥ ʭʫʚʠʡʥ ʜʠʩʧʝʨʩʠʡʛ ʘʰʠʛʣʘʥ ʪʫʭʘʡʥ  ɻʂ ïʠʡʛ ʙװʨʜװװʣʞ ʙʫʡ 

ʵʣʝʤʝʥʪװװʜʠʡʥ ʪʘʨʭʘʣʪʳʥ ʟʫʨʘʛʣʘʣʳʛ װʡʣʜʵʞ ʙʦʣʦʭ ʙʘ ʵʥʵ ʥʴ ʪʫʭʘʡʥ ʛʘʟʘʨ 

ʥʫʪʛʠʡʥ (ᴇʥʛᴇʥ) ʭᴇʨʩᴇʥʜ ʷʚʘʛʜʘʞ ʙʫʡ ʙװʭ ʧʨʦʮʝʩʩ (ʙʠʦʛʝʦʭʠʤʠʡʥ ʙʦʣʦʥ 

ʙʦʭʠʨʜʣʳʥ ʛʵʭ ʤʵʪ)- ʠʡʛ ʥʵʛʵʥ ʟʵʨʵʛ ʠʣʵʨʭʠʡʣʵʭ ʜʘʚʫʫ ʪʘʣʪʘʡ.   

 ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥ ʜʵʭ ʤʘʢʨʦ, ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ 

ʛʝʦʭʠʤʠʡʥ ʪᴇʣᴇʚ ʙʘʡʜʣʳʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪʳʛ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʦʨʰʠʭ ʵʭ װװʩʚʵʨʵʵʨ 

ʥʴ ʙʫʶʫ ʤʘʢʨʦ,ʤʠʢʨʦʵʣʝʤʝʥʪװװʜʠʡʥ ʙװʣʵʛ װװʩʛʵʩʵʥ ʙʘʡʜʣʘʘʨ ʥʴ ʪʫʭʘʡʥ ʙװʣʛʠʡʥ 

 ʜʠʡʥ ʛʦʣ ʢʦʤʧʦʥʝʥʪ (ɻʂ) -ʠʡʥ ʭʫʚʠʡʥ ʜʠʩʧʝʨʩ (factor score)װװʩʛʵʞ ʙʫʡ ʵʣʝʤʝʥʪװװ

ïʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʳʛ ʘʰʠʛʣʘʥ ʠʥʪʝʨʧʦʣʷʮʠʡʥ ʘʨʛʘʘʨ ʪʘʨʭʘʣʪʳʥ ʟʫʨʘʛʣʘʣʳʛ  

 .ʣʣʵʵװװʟװ ʡʣʜʵʞ ʜʘʨʘʘʭ ʟʫʨʛʫʫʜʘʜװ

   

 

 
ɿʫʨʘʛ 13. ɻʂ-1-ʠʡʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ 

   

 
ɿʫʨʘʛ  14. ɻʂ-2-ʠʡʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ 
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 ɻʂ-1 ʙʘ ɻʂ-2 -ʠʡʛ ʙװʨʜװװʣʞ ʙʫʡ ʛʦʣʣʦʭ ʵʣʝʤʝʥʪװװʜʠʡʥ ʋʣʘʘʥʙʘʘʪʘʨ 

ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʪʘʨʭʩʘʥ ʪᴇʣᴇʚ ʙʘʡʜʘʣ ʥʴ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨʟװʡʥ 

ʙʘʡʨʣʘʣ ʙʫʶʫ ʣʘʥʜʰʘʬʪʠʡʥ (ʛʘʟʨʳʥ ʭʦʪʛʦʨ ʛװʜʛʵʨ, ʫʨʛʘʤʣʳʥ ʘʡʤʛʠʡʥ ʪᴇʨᴇʣ ʟװʡʣ, 

ʫʩ ʯʠʡʛʠʡʥ ʛʦʨʠʤ) ʥᴇʭʮᴇʣʪʵʡ ʭʘʨʠʣʮʘʥ ʫʷʣʜʘʘʪʘʡ ʙʘʡʥʘ (Christensen et al. 2018: 

Steinnes and Lierhagen 2018). F, As, V, Co, Ni-ʠʡʥ ʢʦʤʧʦʥʝʥʪ װװʩʛʵʞ ʙʫʡ 

ʢʦʵʬʬʠʮʠʝʥʪʠʡʥ ʫʪʛʘ ʙʘ   ɻʂ-1 ʙʘ ɻʂ-2-ʠʡʥ Mn ʙʘ Li-ʠʡʥ ʪᴇʣᴇʚ ʙʘʡʜʘʣ ʭᴇʨʩ װװʩʵʭ 

ʧʨʦʮʝʩʩʠʡʥ (ʧʝʜʦʛʝʥ) ʙʦʣʦʥ ʭᴇʨʩ װװʩʛʵʛʯ ʛʦʣ ʯʫʣʫʫʣʛʠʡʥ (ʣʠʪʦʛʝʥ) ʰʠʥʞ ʯʘʥʘʨʳʛ 

ʭʘʨʫʫʣʞ ʙʘʡʥʘ.  

 
ɿʫʨʘʛ  15. ɻʂ-3-ʠʡʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ 

  

 
ɿʫʨʘʛ 16. ɻʂ-4-ʠʡʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ 

 ɻʂ-3 -ʠʡʛ ʙװʨʜװװʣʞ ʙʫʡ Sn-Cu-Zn-Pb-Ag-Ge ʟʵʨʵʛ ʵʣʝʤʝʥʪװװʜ ʥʴ ʜʵʣʭʠʡʥ 

ʢʣʘʨʢ ʙʦʣʦʥ ʭʦʪ ʦʨʯʤʳʥ ʮʵʚʵʨ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʵʜʛʵʵʨ ʵʣʝʤʝʥʪʠʡʥ ʩʫʫʨʴ 

ʘʛʫʫʣʛʘʪʘʡ ʭʘʨʴʮʫʫʣʘʭʘʜ ʠʭʵʥʭ ʜʵʵʞʠʥʜ ᴇʥʜᴇʨ ʭʵʤʞʵʵʛʵʵʨ ʠʣʵʨʩʵʥ ʙʘ  



 
 

63 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʠʭʵʵʨ ʭʫʨʠʤʪʣʘʛʜʘʞ ʙʦʭʠʨʜʦʣ װװʩʛʵʞ ʙʘʡʥʘ. 

ʗʣʘʥʛʫʷʘ Cu, Pb, Sn ʙʘ Zn-ʳʥ  ʭʫʨʠʤʪʣʘʣ ʙʦʣʦʥ ʪʘʨʭʘʣʪ ʛʦʣ ʪᴇʣᴇʚ ʪᴇʚ ʟʘʤ ʜʘʛʫʫ 

ʙʦʣʦʥ ʪʵʵʚʨʠʡʥ ʭʵʨʵʛʩʵʣʠʡʥ ʟʦʛʩʦʦʣ ʭʘʚʠʡʥ ʛʘʟʨʘʘʨ ʙʫʡʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ (ʟʫʨʘʛ 

14). ɻʵʭʜʵʵ Sn-Cu-Zn-Pb-Ag-Ge-ʠʡʥ ʪʘʨʭʘʣʪʳʛ ʟᴇʚʭᴇʥ ʘʚʪʦʤʘʰʠʥ ʪʵʵʚʨʠʡʥ 

ʭʵʨʵʛʩʣʵʵʩ ʫʣʙʘʘʣʩʘʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʦʣ ʛʵʞ ʜװʛʥʵʭʵʜ ʫʯʠʨ ʜʫʪʘʛʜʘʣʪʘʡ ʙʘʡʥʘ. 

ʋʯʠʨ ʥʴ Zn ʙʘ Pb ʥʴ ɻʂ-9-ʜ ʙʘʩ ʛʦʣʣʦʭ ʵʣʝʤʝʥʪ ʙʦʣʞ ʙʘʡʛʘʘ ʙʘ Ag ʙʘ Ge ʥʴ ɻʂ-4 

and ɻʂ-5 -ʠʡʥ ʙװʨʵʣʜʵʭװװʥʜ ʦʨʞ ʙʘʡʥʘ. ɻʂ-4-ʠʡʛ ʙװʨʜװװʣʞ ʙʫʡ P-Ag-Ba ʟʵʨʵʛ 

ʵʣʝʤʝʥʪװװʜ (ʟʫʨʘʛ 15) ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʘʟʘʨ ʥʫʪʘʛʪ  ʉʵʣʙʵ ʛʦʣ ʜʘʛʫʫ, ʍʘʡʣʘʘʩʪ 

ʙʦʣʦʥ ʏʠʥʛʵʣʪʵʡʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ʛʵʨ ʭʦʨʦʦʣʣʳʥ 3 ʛʦʣ ʮʵʛʪ ʠʭʵʵʨ ʘʛʫʫʣʘʛʜʘʞ 

ʙʘʡʥʘ. ʕʥʵ ʥʴ ɻʂ-4 -ʠʡʥ ʛʦʣ ʵʭ װװʩʚʵʨ ʥʴ ʠʣ ʟʘʜʛʘʡ ʭʦʛʠʡʥ ʮʵʛʵʵʩ ʵʭ װװʩʚʵʨʪʵʡ 

ʙʦʣʦʭrʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. ʌʦʩʬʦʨ ʙʘ ʙʘʨʠʛʠʡʥ ʢʫʤʫʣʷʪʠʚ ʢʦʵʬʬʠʮʠʝʥʪ ʙʘʛʘ ʙʘ 

ʵʜʛʵʵʨ ʵʣʝʤʝʥʪװװʜ ʥʴ ʛʦʣ ʪᴇʣᴇʚ ʭᴇʨʩʥʠʡ ʦʨʛʘʥʠʢ ʥʵʛʜʵʣʪʵʡ ʭʦʣʙʦʦʪʦʡ ʙʘʡʜʘʛ. ʕʥʵ 

ʘʞʠʣʜ ʭᴇʨʩʥʠʡ ʦʨʛʘʥʠʢ ʥʵʛʜʣʠʡʥ װʨ ʜװʥʛ ʦʨʫʫʣʘʘʛװʡ ʙʦʣʥʦ. 

 

 
ɿʫʨʘʛ 17. ɻʂ-5-ʠʡʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣ 

 

  

 
ɿʫʨʘʛ  18. ɻʂ-6-ʠʡʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ 
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 (B-Ge-Ba) ʙʘ (Tl-Mo-Cd-S-Na-K-Ti) ʙװʣʵʛ ʵʣʝʤʝʥʪװװʜ ɻʂ-5 ʙʘ ɻʂ-6 

ʙװʨʜװװʣʞ ʙʘʡʛʘʘ ʙʘ ʵʥʵ 2 ʬʘʢʪʦʨʳʥ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʪʘʨʭʘʭ 

ʪᴇʣᴇʚ ʠʞʠʣ ʙʫʶʫ ʛʦʣ ʪᴇʣᴇʚ ʛʵʨ ʭʦʨʦʦʣʳʥ ʛʘʟʘʨ ʥʫʪʛʘʘʨ ʪʘʨʭʩʘʥ ʙʘʡʥʘ. ʕʥʵ ʥʴ 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʛʵʨ ʭʦʨʦʦʣʣʳʥ ᴇʥʛᴇʥ ʭᴇʨʩᴇʥʜ ʥװװʨʩʥʠʡ ʰʘʪʘʣʪʘʘʩ װװʩʩʵʥ 

ʵʨʜʵʩ ʙʦʜʠʩ ʠʭʵʵʨ ʭʫʨʠʤʪʣʘʛʜʘʞ ʙʫʡʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. ɹʦʨʦʦ ʦʨʦʭ װʝʜ ᴇʥʜᴇʨʣᴇʛ 

ʛʘʟʘʨ ʙʘʡʨʣʘʭ ʛʵʨ ʭʦʨʦʦʣʣʳʥ ʥʫʪʛʘʘʩ ʙʦʭʠʨʜʫʫʣʘʛʯ ʵʜʛʵʵʨ ʵʣʝʤʝʥʪװװʜʵʵʨ ʙʘʷʞʩʘʥ 

ʭʦʛ, װʥʩ ʥʘʤ ʜʦʨ ʛʘʟʘʨʣʫʫ ʥװװʜʵʣʣʵʞ ʭʫʨʠʤʪʣʘʛʜʘʭ ʤʘʛʘʜʣʘʣ ʠʭ ʶʤ. ɻʂ-6 

ʙװʨʜװװʣʞ ʙʫʡ ʭװʭʵʨ ʥʴ ʭᴇʨʩᴇʥʜ ʭʦʨʪʦʡ ʵʣʝʤʝʥʪ ʙװʭʠʡ ʢʦʤʧʣʝʢʩ װװʩʛʵʭ 

ʙʦʣʦʤʞʪʦʡ ʙᴇʛᴇᴇʜ ʵʜʛʵʵʨ ʥʴ ʙʠʦʣʦʛʠʡʥ ʰʠʥʛʵʵʣʪ ᴇʥʜᴇʨʪʵʡ (70 % -ʠʘʩ ʜʵʵʰ) ʙʘ 

ʦʨʛʘʥʠʢ ʙʦʜʠʩʦʦʨ ʭʘʥʛʘʣʪʛװʡ ʭᴇʨʩᴇʥʜ ʘʤʴʜʘʨʜʘʛ ʦʨʛʘʥʠʟʤʜ ʤʘʰ ʭʦʨʪʦʡ (ʏʦʫ 

2012). ʍʘʨʠʥ ʭᴇʨʩᴇʥʜ ʢʘʣʠ, ʥʘʪʨʠ, ʭᴇʥʛᴇʥ ʮʘʛʘʘʥ, ʪʠʪʘʥʳ ʘʛʫʫʣʘʤʞ ʥʵʤʵʛʜʚʵʣ 

ʵʜʛʵʵʨ ʰʠʥʞ ʯʘʥʘʨʫʫʜ ʩʫʣʨʘʭ ʙʦʣʦʤʞʪʦʡ ʙʘʡʜʘʛ.  

 

 
ɿʫʨʘʛ  19. ɻʂ-7-ʠʡʥ ʦʨʦʥ ʟʘʡʥ ʪʘʨʭʘʣʪ 

 (Ca-Sr) ʙʘ (Bi-Cr-Ni) ʙװʣʵʛ ʵʣʝʤʝʥʪװװʜ ɻʂ-7 ʙʘ ɻʂ-8 -ʠʡʛ ʙװʨʜװװʣʞ 

ʙʘʡʥʘ. ʕʜʛʵʵʨ ʵʣʝʤʝʥʪװװʜ  ʭᴇʨʩʥʠʡ ʦʨʛʘʥʠʢ ʙʦʜʠʩʫʫʜʪʘʡ ʥʵʛʜʵʣ װװʩʵʭ 

ʤʘʛʘʜʣʘʣʪʘʡ ʙʘʡʜʘʛ. ɻʂ-7 ʙʘ ɻʂ-8-ʠʡʥ 5 ʛʦʣ ʵʣʝʤʝʥʪʠʡʥ ʜʦʪʨʦʦʩ ʟᴇʚʭᴇʥ ʥʠʢʝʣʴ ʥʴ 

ᴇᴇʨ (ɻʂ-1) ʬʘʢʪʦʨʪ ʜʘʚʭʘʨ ʦʨʞ ʙʘʡʛʘʘ. ʂʘʣʴʮʠ, ʩʪʨʦʥʮʠʡ, ʚʠʩʤʫʪ ʥʴ ʭᴇʨʩᴇʥ 

ʙװʨʭʵʚʯʠʜ  ʭʫʨʠʤʪʣʘʛʜʘʭ ʭʘʥʜʣʘʛʘʪʘʡ ʙʘʡʥʘ. 

  ɻʂ-7 -ʛ ʙװʨʜװװʣʞ ʙʫʡ ʵʣʝʤʝʥʪװװʜʠʡʥ ʪʘʨʭʘʣʪ ʥʴ ʛʵʨ ʭʦʨʦʦʣʣʳʥ ʥʫʪʘʛ 

ʜʵʚʩʛʵʨ ʙʫʶʫ ɹʘʷʥʭʦʰʫʫ (ʙʘʨʫʫʥ ʭʦʡʜ ʜװװʨʵʛ) ʙʦʣʦʥ ʐʘʨ-ʍʘʜ (ʟװװʥ ʭʦʡʜ ʜװװʨʵʛ) 

-ʥʳ ʛʘʟʘʨ ʥʫʪʘʛ, ʛʦʣ ʪᴇʣᴇʚ ʥװװʨʩ, ʤʦʜ, ʥװװʨʩ ʟʘʨʘʭ ʮʵʛװװʜʠʡʥ ʦʡʨʦʣʮʦʦ ʛʘʟʨʘʘʨ 

ʪʵʤʜʵʛʣʵʛʜʩʵʥ ʙʘʡʥʘ. ʕʥʵ ʥʴ ʛʵʨ ʭʦʨʦʦʣʦʣʜ ʜʫʣʘʘʥʳ ʵʭ װװʩʚʵʨʪʵʡ ʅʘʣʘʡʭ, ɹʘʛʘ-

ʥʫʫʨ, ʐʠʚʵʵ-ʆʚʦʦ ʛʵʭ ʤʵʪ ʦʣʦʥ ʦʨʜʫʫʜʳʥ ʥװװʨʩʠʡʛ ʭʵʨʵʛʣʵʜʵʛʪʵʡ ʭʦʣʙʦʦʪʦʡ.   

  








































