
ʄ. ᴄʫʝʟoʚ aʪʳʥʜaסʳ Oשʪװʩʪʽʢ פaʟaץʩʪaʥ ʫʥʠʚʝʨʩʠʪʝʪʽ 

 

 

 

 

ᴄOɾ 661.152.3                         פoʣʞaʟʙa ץײץʳסʳʥʜa 

 

 

 

 

 

 ʓɿʓפʆɾɸʍʄɽʊʆɺɸ ɸʁɼɸʅɸ ʄɸʈɸʊפ

 

 

 

ʐʘʨʪץʘ ʩᴅʡʢʝʩʩʽʟ ʬʦʩʬʘʪʪʳ-ʢʨʝʤʥʠʡʣʽ ʰʠʢʽʟʘʪʪʳש ʞᴅʥʝ ɾʕʆ 

 ʦʩʧʘʣʘʨץʥʝʛʽʟʽʥʜʝ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʽ ʙʘʨ ʙʘʷʫ ᴅʩʝʨʣʽ ʪʫʢʦ שʪʘʨʳʥʳץʘʣʜʳץ

ʘʣʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ᴅʟʽʨʣʝʫ 

 

 

6D072000 ï ɹʝʡʦʨʛaʥʠʢaʣʳץ ʟaʪʪaʨʜʳש ʭʠʤʠʷʣʳץ ʪʝʭʥoʣoʛʠʷʩʳ  

ʤʘʤʘʥʜʳסʳ ʙʦʡʳʥʰʘ 

 

ʌʠʣoʩoʬʠʷ ʜoʢʪoʨʳ (PhD)   

ʜᴅʨʝʞʝʩʽʥ ʘʣʫ װʰʽʥ ʜʘʡʳʥʜʘʣסʘʥ ʜʠʩʩʝʨʪaʮʠʷ 

 

 

 ʝʩʰʽשʳʣʳʤʠ ʢʝנ

ʪʝʭʥʠʢʘ סʳʣʳʤʜʘʨʳʥʳש ʜʦʢʪʦʨʳ,  

ʧʨʦʬʝʩʩʦʨ  

ɾʘʥʪʘʩʦʚ פ.ʊ.  
 

ʐʝʪʝʣʜʽʢ סʳʣʳʤʠ ʢʝשʝʩʰʽ 

ʪʝʭʥʠʢʘ סʳʣʳʤʜʘʨʳʥʳש ʜʦʢʪʦʨʳ,  

ʧʨʦʬʝʩʩʦʨ 

ɼʦʨʤʝʰʢʠʥ ʆ.ɹ. 
 

(ɹʝʣʘʨʫʩʴ ʤʝʤʣʝʢʝʪʪʽʢ                             

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ, 

ʄʠʥʩʢ)  

 

 

 ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳץʘʟʘפ

 

ʐʳʤʢʝʥʪ, 2025
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ʅʆʈʄɸʊʀɺʊɯʂ ʉɯʃʊɽʄɽʃɽʈ 

 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʘ ʢʝʣʝʩʽʜʝʡ ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨסʘ ʩʽʣʪʝʤʝʣʝʨ 

ʞʘʩʘʣʳʥʜʳ: 

   .ʰʘʨʪʪʘʨè ץʳʰʪʘʨ. ʊʝʭʥʠʢʘʣʳץʘʡʪשʈ ʉʊ 2.101-2003 çʊʳפ

 ʨʘʤʳʥײץ ʳʰʪʘʨ. ʌʦʩʬʦʨץʘʡʪשʈ ʉʊ ISO 6590-2002 çʄʠʥʝʨʘʣʜʳ ʪʳפ

ʘʥʳץʪʘʫ ᴅʜʽʩʪʝʨʽè.  

   .ʘʫʽʧʩʽʟʜʽʢ ʪʘʣʘʧʪʘʨʳèץ ץʳʰʪʘʨ. ʕʢʦʣʦʛʠʷʣʳץʘʡʪשʈ ʉʊ 2.104-2008 çʊʳפ

ʄɽʉʊ 12.1.007-76 çɿʠʷʥʜʳ ʟʘʪʪʘʨ. ɾʽʢʪʝʣʫʽ ʞᴅʥʝ ʞʘʣʧʳ ץʘʫʽʧʩʽʟʜʽʢ 

ʪʘʣʘʧʪʘʨʳè. 

ʄɽʉʊ 21560.0-82 çʄʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨ. ʉʳʥʘʤʘʣʘʨʜʳ ʽʨʽʢʪʝʫ 

ʞᴅʥʝ ʩʳʥʘʤʘʣʘʨʜʳ ʜʘʡʳʥʜʘʫ ᴅʜʽʩʪʝʨʽè. 

ʄɽʉʊ 21560.2-82 çʄʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨ. ʌʦʩʬʦʨʜʳ ʘʥʳץʪʘʫ ᴅʜʽʩʽè. 

 ʡʝʣʝʨʽ. ʊʘʣʘʧʪʘʨװʤʝʥʝʜʞʤʝʥʪ ʞ ץʈ ʉʊ ISO 14001-2016 çʕʢʦʣʦʛʠʷʣʳפ

ʞᴅʥʝ ץʦʣʜʘʥʫ ʞᴇʥʽʥʜʝʛʽ ʥײʩץʘʫʣʳץè.   

ʄɽʉʊ 17.4.1.02-83 çʊʘʙʠסʘʪʪʳ ץʦʨסʘʫ. ʊʦʧʳʨʘץʪʘʨ. ʃʘʩʪʘʥʫʜʳ 

ʙʘץʳʣʘʫסʘ ʘʨʥʘʣסʘʥ ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨʜʳש ʢʣʘʩʩʠʬʠʢʘʮʠʷʩʳè.   

 ʙʘʣʘʫ, ʪʘʩʳʤʘʣʜʘʫ ʞᴅʥʝשʘʧʪʘʫ, ʪʘפ .ʳʰʪʘʨץʘʡʪשʈ ʉʊ 2.102-2007 çʊʳפ

ʩʘץʪʘʫè.   

ʄɽʉʊ 30181.1-94 çʄʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨ. ɸʤʤʦʥʠʡ ʪװʨʽʥʜʝʛʽ ʘʟʦʪʪʳ 

ʘʥʳץʪʘʫ ᴅʜʽʩʽè.   

   .ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽè ץʘʣʘʫ. ʍʠʤʠʷʣʳסʩʘʧʘʩʳʥ ʙʘ ץʈ ʉʊ 3.13-2008 çʊʦʧʳʨʘפ
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AʅʓפʊAʄAʃAʈ, ɹɽʃɻɯʃɽʋʃɽʈ ʄɽʅ פʓʉפAʈʊʋʃAʈ 

 

ɹײʣ ʜʠʩʩʝʨʪaʮʠʷʣʳץ ʞײʤʳʩʪʘ ʢʝʣʝʩʽ ʪʝʨʤʠʥʜʝʨʛʝ ʩᴅʡʢʝʩ aʥʳץʪaʤaʣaʨ 

 :ʘʥסʦʣʜʘʥʳʣץ

ʊʫʢʦץʦʩʧʘ ï ʬʦʩʬʦʨ ᴇʥʜʽʨʽʩʽʥʽש ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʨʳ, ʪʘʙʠסʠ ʢʝʥ-

ʤʠʥʝʨʘʣʜʳץ ʨʝʩʫʨʩʪʘʨ ʞᴅʥʝ ץʦʩʳʤʰʘ ʢʦʤʧʦʥʝʥʪʪʝʨ ʥʝʛʽʟʽʥʜʝ ʘʣʳʥסʘʥ ʢװʨʜʝʣʽ 

ʤʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰ. 

ʌʦʩʬʦʨ ᴇʥʜʽʨʽʩʽʥʽש ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʨʳ ï ʬʦʩʬʦʨ ᴇʥʜʽʨʫ ʧʨʦʮʝʩʽ 

ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ץʘʡʪʘʣʘʤʘ ᴇʥʽʤʜʝʨ,  

 ʘʨʳסʞʦ שʘʪʪʳ ʬʘʟʘʣʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ï ʰʠʢʽʟʘʪ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽפ

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞᴅʥʝ ʙʝʣʛʽʣʽ ʫʘץʳʪ ʘʨʘʣʳסʳʥʜʘ ʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷסʘ ʪװʩʫ 

ʧʨʦʮʝʩʽ, ʥᴅʪʠʞʝʩʽʥʜʝ ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳש ʙʦʩʘʧ ʰʳסʫʳʥʘ ᴅʢʝʣʝʪʽʥ ʥʫʢʣʝʘʮʠʷ 

ʞᴅʥʝ ᴇʩʫ ʤʝʭʘʥʠʟʤʜʝʨʽ ʞװʨʝʜʽ. 

ʦʩʧʘʣʘʨʜʘʥ Pץʙʘʷʫ ᴅʩʝʨʽ ï ʪʫʢʦ שʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳפ O , CaO, MgO ʩʠʷץʪʳ 

ʵʣʝʤʝʥʪʪʝʨʜʽש ʪʦʧʳʨʘץʪʘ ʞᴅʥʝ ᴇʩʽʤʜʽʢʪʝʨ װʰʽʥ ʙʠʦʞʝʪʽʤʜʽ ʬʦʨʤʘʜʘ ʙᴇʣʽʥʫ 

ʧʨʦʮʝʩ.̔ 

ɸʛʨʦʭʠʤʠʷʣʳץ ʪʠʽʤʜʽʣʽʢ ï ʪʫʢʦץʦʩʧʘʣʘʨʜʳש ᴇʩʽʤʜʽʢʪʝʨʜʽש ᴇʩʫʽʥʝ (ʩʘʙʘץ 

ʙʠʽʢʪʽʛʽ, ʞʘʧʳʨʘײ ץʟʳʥʜʳסʳ) ʞᴅʥʝ ᴇʥʽʤʜʽʣʽʛʽʥʝ (ʢʛ/ʩʘʙʘץ) ʦש ᴅʩʝʨ ʝʪʫ ץʘʙʽʣʝʪʽ. 

ʊɼʄ ï ʪײʨʘץʪʳ ʜʘʤʫ ʤʘץʩʘʪʪʘʨʳ 

ɾʕʆ ʢװʣʽ ï ʞr ʣʫ ʵʣʝʢʪʨ ʦʨʪʘʣʳסʳʥʳש ʢװʣʽ 

ʐʈɽʂ ï ʝhʢʪʽ ʨʘʫʘʣʳ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ɾɾʌɿ ï ɾʘשʘ ɾʘʤʙʳʣ ʬʦʩʬʦʨ ʟʘʫʳʪʳ 

ɾʐʉ ï ʞʘʫʘʧʢʝʨʰʽʣʽʛʽ ʰʝʢʪʝʫʣʽ ʩʝʨʽʢʪʝʩʪʽʢ 

XRD ï X-ray Diffraction ï ʈʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷ 

FTIR ï Fourier Transform Infrared Spectroscopy ï ʌʫʨʴʝ 

ʪװʨʣʝʥʜʽʨʫ ʠʥʬʨʘץʳʟʳʣ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʳ 

ɽʆ ï ɽʫʨʦʧʘʣʳץ ʆʜʘץ 

ʊʄɼ ï ʊᴅʫʝʣʩʽʟ ʤʝʤʣʝʢʝʪʪʝʨ ʜʦʩʪʘʩʪʳסʳ 
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ʂɯʈɯʉʇɽ 

 

ʄᴅʩʝʣʝʥʽש ᴇʟʝʢʪʽʣʽʛʽ. פʘʟʽʨʛʽ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ᴅʣʝʤʜʽʢ ʘʫץʳʤʜʘסʳ 

ʙʽʨץʘʪʘʨ ʩʳʥ-ʪʝʛʝʫʨʽʥʜʝʨʛʝ ʪʘʧ ʙʦʣʳʧ ʦʪʳʨ. ʆʣʘʨʜʳץ שʘʪʘʨʳʥʜʘ ʭʘʣʳץ 

ʩʘʥʳʥʳש ᴇʩʫʽ, ʪʘʙʠסʠ ʨʝʩʫʨʩʪʘʨʜʳש ʩʘʨץʳʣʫʳ, ʢʣʠʤʘʪʪʳש ᴇʟʛʝʨʫʽ ʞᴅʥʝ ʘʟʳץ-

ʪװʣʽʢ ץʘʫʽʧʩʽʟʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤᴅʩʝʣʝʣʝʨʽ ʙʘʨ. ɹײʣ ʞʘסʜʘʡʣʘʨʜʘ ʘʫʳʣ 

ʰʘʨʫʘʰʳʣʳסʳ ʜʘץʳʣʜʘʨʳʥʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʘ ʬʦʩʬʦʨ ʪʳשʘʡʪץʳʰʪʘʨʳʥ 

ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ ʤʘשʳʟʜʳ ʤʽʥʜʝʪʪʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. ʌʦʩʬʦʨ ð 

ʬʦʪʦʩʠʥʪʝʟ, ʵʥʝʨʛʠʷ ʘʣʤʘʩʫ ʞᴅʥʝ ʪʘʤʳʨ ʞװʡʝʩʽʥʽש ʪװʟʽʣʫʽ ʩʠʷץʪʳ ᴇʩʽʤʜʽʢʪʝʨʜʽש 

ʥʝʛʽʟʛʽ ʬʠʟʠʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʽʥʝ ץʘʪʳʩʘʪʳʥ ʘʣʤʘʩʪʳʨʳʣʤʘʡʪʳʥ ʵʣʝʤʝʥʪ. 

ɸʣʘʡʜʘ ʪʦʧʳʨʘץʪʘסʳ ʬʦʩʬʦʨʜʳש ʙʠʦʞʝʪʽʤʜʽʣʽʛʽ ʢᴇʙʽʥʝ ʦʥʳש ʥʘʰʘʨ ʝʨʫʽʤʝʥ 

ʰʝʢʪʝʣʝʜʽ, ᴅʩʽʨʝʩʝ ץʳʰץʳʣ ʥʝʤʝʩʝ ʩʽʣʪʽʣʽʢ ʪʦʧʳʨʘץʪʘʨʜʘ ʙײʣ ʢᴇʨʩʝʪʢʽʰ ʪᴇʤʝʥ 

ʙʦʣʘʜʳ. ʉʦʥʳש ʩʘʣʜʘʨʳʥʘʥ ʤʠʥʝʨʘʣʜʳץ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ץʦʣʜʘʥʫ ץʘʞʝʪʪʽʣʽʛʽ 

ʪʫʳʥʜʘʡʜʳ. 

 ʘʥʜʘץʦʨʣʘʨʳ ʙʘʨ, ʘʪʘʧ ʘʡʪץ ʝʣʝʫʣʽ שʩʪʘʥʜʘ ʬʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪʪʳץʘʟʘפ

 ʈ ʀʥʜʫʩʪʨʠʷפ .ʳ ʬʦʩʬʦʨʠʪ ʢʝʥʜʝʨʽסʪʘʫ ʢʝʥ ʦʨʳʥʜʘʨʳʥʜʘץʘʨʘʪʘʫ ʞᴅʥʝ  ʐʦʣʘפ

ʞᴅʥʝ ʠʥʬʨʘײץʨʳʣʳʤʜʳץ ʜʘʤʫ ʤʠʥʠʩʪʨʣʽʛʽʥʽש ʜʝʨʝʢʪʝʨʽʥʝ ʩᴅʡʢʝʩ, ʝʣʽʤʽʟʜʝ 

ʬʦʩʬʦʨʠʪ ץʦʨʳ 2 ʤʠʣʣʠʘʨʜ ʪʦʥʥʘʜʘʥ ʘʩʘʜʳ, ʙײʣ פʘʟʘץʩʪʘʥʜʳ ʆʨʪʘʣʳץ 

ɸʟʠʷʜʘסʳ ʞʝʪʝʢʰʽ ᴇʥʜʽʨʫʰʽʣʝʨ ץʘʪʘʨʳʥʘ ץʦʩʘʜʳ. ɸʣʘʡʜʘ ʙײʣ ץʦʨʣʘʨʜʳש 

ʘʡʪʘʨʣʳץʪʘʡ ʙᴇʣʽʛʽ ײץʨʘʤʳʥʜʘ ʢᴇʤʽʨץʳʰץʳʣ ʪײʟʜʘʨʳ ʤʝʥ ʩʠʣʠʢʘʪʪʘʨ ʩʠʷץʪʳ 

 ʨʽʥʜʝװʘʨʳ, ʪᴇʤʝʥ ʩʦʨʪʪʳ ʞᴅʥʝ ʥʘʰʘʨ ʝʨʠʪʽʥ ʬʦʩʬʘʪ ʪסʦʩʧʘʣʘʨ ʤᴇʣʰʝʨʽ ʞʦץ

ʢʝʟʜʝʩʝʜʽ. ʄײʥʜʘʡ ʰʠʢʽʟʘʪʪʳ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ʪʽʢʝʣʝʡ ץʦʣʜʘʥʫ 

ʰʝʢʪʝʫʣʽ. ɼᴅʩʪװʨʣʽ ᴇשʜʝʫ ᴅʜʽʩʪʝʨʽ ð ʢװʢʽʨʪ ʥʝʤʝʩʝ ʘʟʦʪ ץʳʰץʳʣʳʤʝʥ ᴇשʜʝʫ 

ʘʨץʳʣʳ ʩʫʧʝʨʬʦʩʬʘʪ ʪᴅʨʽʟʜʽ ʝʨʠʪʽʥ ʬʦʨʤʘʣʘʨ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʘʣʘʡʜʘ 

ʙײʣ ᴅʜʽʩʪʝʨ ʞʦסʘʨʳ ʵʥʝʨʛʠʷ ʰʳסʳʥʜʳ ʞᴅʥʝ ʘʛʨʝʩʩʠʚʪʽ ʨʝʘʛʝʥʪʪʝʨʜʽ 

ʧʘʡʜʘʣʘʥʫʜʳ ץʘʞʝʪ ʝʪʝʜʽ, ʦʣ ᴇʥʽʤʥʽש ᴇʟʽʥʜʽʢ ײץʥʳʥ ʘʨʪʪʳʨʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʙײʣ ᴅʜʽʩʪʝʨ ʥᴅʪʠʞʝʩʽʥʜʝ ʬʦʩʬʦʛʠʧʩ ʪᴅʨʽʟʜʽ ץʘʣʜʳץʪʘʨʜʳש ʢᴇʧ ʤᴇʣʰʝʨʽ ʧʘʡʜʘ 

ʙʦʣʳʧ, ʦʣʘʨʜʳש ʞʠʥʘʣʫʳ ʪʦʧʳʨʘץ ʧʝʥ ʩʫ ʨʝʩʫʨʩʪʘʨʳʥʳש ʣʘʩʪʘʥʫʳʥʘ ʘʣʳʧ 

ʢʝʣʝʪʽʥ ʵʢʦʣʦʛʠʷʣʳץ ץʘʪʝʨʣʝʨ ʪʫסʳʟʘʜʳ. ɹײʜʘʥ ʙᴇʣʝʢ, ʜᴅʩʪװʨʣʽ ᴅʜʽʩʪʝʨ ʪᴇʤʝʥ 

ʩʦʨʪʪʳ ʰʠʢʽʟʘʪʪʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʡʜʽ. 

ʌʦʩʬʦʨ ʪʳשʘʡʪץʳʰʪʘʨʳʥ ᴇʥʜʽʨʫʜʽש ʵʢʦʣʦʛʠʷʣʳץ ʘʩʧʝʢʪʽʣʝʨʽ ɹױױ-ʥʳש 

2015 ʞʳʣʳ ץʘʙʳʣʜʘסʘʥ ʊײʨʘץʪʳ ʜʘʤʫ ʤʘץʩʘʪʪʘʨʳʤʝʥ (ʊɼʄ) ʪʳסʳʟ 

ʙʘʡʣʘʥʳʩʪʳ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʊɼʄ 12 ï ñɾʘʫʘʧʪʳ ʪײʪʳʥʫ ʞᴅʥʝ ᴇʥʜʽʨʽʩò ʞᴅʥʝ 

ʊɼʄ 2 ï ñɸʰʪʳץʪʳ ʞʦʶò ʤʘץʩʘʪʪʘʨʳʥʘ ʩʘʡ ʵʢʦʣʦʛʠʷʣʳץ ʞװʢʪʝʤʝʥʽ ʘʟʘʡʪʫ ʤʝʥ 

ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʤᴅʩʝʣʝʣʝʨʽ ʢᴇʪʝʨʽʣʛʝʥ. 

ʞʳʨʳʤʜʘʤʘʩʳ ʤʝʥ 2021ïײʩʘʪʪʘʨ ñɾʘʩʳʣ ʵʢʦʥʦʤʠʢʘò ʪץʣ ʤʘײʩʪʘʥʜʘ ʙץʘʟʘפ

2025 ʞʳʣʜʘʨסʘ ʘʨʥʘʣסʘʥ ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʝʰʝʥʜʽ ʜʘʤʳʪʫ ʤʝʤʣʝʢʝʪʪʽʢ 

ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ ʢᴇʨʽʥʽʩ ʪʘʧץʘʥ. ɹײʣ ʙʘסʜʘʨʣʘʤʘʣʘʨ ץʘʣʜʳץʪʘʨʜʳ ʘʟʘʡʪʫ, 

ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʝʥʛʽʟʫ ʞᴅʥʝ ʪʘʙʠסʠ ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ 

ʧʘʡʜʘʣʘʥʫ ʤᴅʩʝʣʝʣʝʨʽʥʝ ʙʘʩʳʤʜʳץ ʙʝʨʝʜʽ. ɸʣʘʡʜʘ ץʘʟʽʨʛʽ ʬʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪʪʳ 

ᴇשʜʝʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙײʣ ʪʘʣʘʧʪʘʨסʘ ʪʦʣʳץʪʘʡ ʩʘʡ ʢʝʣʤʝʡʜʽ. 

ʆʩʳʥʜʘʡ ʞʘסʜʘʡʜʘ ʪʫʢʦץʦʩʧʘʣʘʨʜʳ ᴇʥʜʽʨʫ ᴅʜʽʩʽ ʧʝʨʩʧʝʢʪʠʚʘʣʳץ ʙʘסʳʪ 

ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɹײʣ ᴅʜʽʩʪʝ ʬʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪץʘ ץʦשʳʨ ʢᴇʤʽʨ, ʞʳʥʳʩ 

 ʜʝʫ ʢʝʟʽʥʜʝשʦʩʳʣʘʜʳ. ɾʳʣʫʤʝʥ ᴇץ ʦʩʧʘʣʘʨץ ʪʳץʪʘʨʳ ʞᴅʥʝ ʜʦʣʦʤʠʪ ʩʠʷץʘʣʜʳץ

-ʘʙʽʣʝʪʽ ʬʠʟʠʢʘץ ʝʨʫ שʬʦʩʬʘʪʪʘʨʜʳ ץʦʣʜʘʥʙʘʡ-ʘץ ʳʣ ʨʝʘʛʝʥʪʪʝʨʜʽץʳʰץ
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ʭʠʤʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨ ʝʩʝʙʽʥʝʥ ʘʨʪʘʜʳ. ɹײʣ ʧʨʦʮʝʩʪʝ ץʦʩʳʣʘʪʳʥ ץʦʩʧʘʣʘʨ 

ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ: ץʦשʳʨ ʢᴇʤʽʨ ð ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫʰʽ ʨʝʪʽʥʜʝ ʘʧʘʪʠʪʪʽ 

ʳʜʳʨʘʪʳʧ, ʬʦʩʬʦʨʜʳץ שʦʣʞʝʪʽʤʜʽ ʪװʨʣʝʨʽʥ ʪװʟʝʜʽ; ʜʦʣʦʤʠʪ ð ʩʽʣʪʽʣʽʢ ʦʨʪʘ 

ʤʝʥ ʢʘʣʴʮʠʡ ʢᴇʟʽ ʨʝʪʽʥʜʝ ᴅʩʝʨ ʝʪʝʜʽ; ʘʣ ʽʰʢʽ ʞʳʥʳʩ ץʘʣʜʳץʪʘʨʳʥʜʘסʳ 

ʢʨʝʤʥʝʟʝʤ ʙʝʣʩʝʥʜʽ ʬʘʟʘʣʘʨʜʳש ʪװʟʽʣʫʽʥʝ ʳץʧʘʣ ʝʪʫʽ ʤװʤʢʽʥ. ʄײʥʜʘʡ ʪᴅʩʽʣ 

ʬʦʩʬʦʨʜʳש ᴇʩʽʤʜʽʢʪʝʨʛʝ ץʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʤʝʥ ץʘʪʘʨ, ʪʘʫ-ʢʝʥ ᴇʥʜʽʨʽʩʽʥʽש 

 ,ʰʽʥ ᴇʟʝʢʪʽװ ʩʪʘʥץʘʟʘפ ʣײʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹװʘ ʤסʪʘʨʳʥ ʢᴅʜʝʛʝ ʞʘʨʘʪʫץʘʣʜʳץ

ʩʝʙʝʙʽ ʞʳʣ ʩʘʡʳʥ ʤʠʣʣʠʦʥʜʘסʘʥ ʪʦʥʥʘ ʞʳʥʳʩ ץʘʣʜʳץʪʘʨʳ ʤʝʥ ʪᴇʤʝʥ ʩʦʨʪʪʳ 

 ʽʨʽʥʜʝʛʽשʘʨʘʪʘʫ ᴇפ ʘʟʛʝʦʣʦʛʠʷò ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘפʳʨ ʢᴇʤʽʨ ᴇʥʜʽʨʽʣʝʜʽ. ñשʦץ

ʞʳʥʳʩ ץʘʣʜʳץʪʘʨʳʥʳש ʢᴇʣʝʤʽ ʞʳʣʳʥʘ 50ï60 ʤʣʥ ʪʦʥʥʘסʘ ʜʝʡʽʥ ʞʝʪʝʜʽ. 

ʊʫʢʦץʦʩʧʘ ᴇʥʜʽʨʫ ᴅʜʽʩʽʥʽש ʵʢʦʥʦʤʠʢʘʣʳץ ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʜʘ ʙʘʨ. ʆʣ 

 ʘ ð ᴅʩʽʨʝʩʝ ʈʝʩʝʡ ʤʝʥ ᴆʟʙʝʢʩʪʘʥʥʘʥסʳʰʪʘʨץʘʡʪשʪʳ ץʠʤʧʦʨʪʪʳ שʩʪʘʥʥʳץʘʟʘפ

ʪʘʩʳʤʘʣʜʘʥʘʪʳʥ ʩʫʧʝʨʬʦʩʬʘʪ ʧʝʥ ʘʤʤʦʬʦʩץʘ ð ʪᴅʫʝʣʜʽʣʽʛʽʥ ʘʟʘʡʪʘ ʘʣʘʜʳ. 

ɾʝʨʛʽʣʽʢʪʽ ʰʠʢʽʟʘʪ ʥʝʛʽʟʽʥʜʝ ʪʳשʘʡʪץʳʰʪʘʨ ᴇʥʜʽʨʽʩʽʥ ʞʦʣסʘ ץʦʶ 

ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʝʰʝʥʥʽש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ. rפ ʰץʳʣʜʳץ 

ᴇשʜʝʫʜʽ ʘʣʳʧ ʪʘʩʪʘʫ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽʢ ץʘʣʜʳץʪʘʨʜʳ ץʦʩʧʘ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʬʦʩʬʦʨ ʪʳשʘʡʪץʳʰʪʘʨʳʥ ᴇʥʜʽʨʫ ʰʳסʳʥʳ 20ï30%-סʘ ʘʟʘʶʳ 

ʤװʤʢʽʥ. 

ʆʩʳ ʙʘסʳʪʪʘסʳ ʪʘסʳ ʙʽʨ ʤʘשʳʟʜʳ ʤᴅʩʝʣʝ ð ʪʫʢʦץʦʩʧʘ ʘʣʫ ʧʨʦʮʝʩʽʥʽש 

ʢʠʥʝʪʠʢʘʣʳץ ʟʘשʜʳʣʳץʪʘʨʳʥ ʟʝʨʪʪʝʫ. ɸʧʘʪʠʪʪʽש ʳʜʳʨʘʫʳ, ʞʘשʘ ʬʘʟʘʣʘʨʜʳש 

ʪװʟʽʣʫʽ ʞᴅʥʝ ץʦʩʧʘʣʘʨʜʳש ʨʝʘʢʮʠʷ ʞʳʣʜʘʤʜʳסʳʥʘ ᴅʩʝʨ ʝʪʫʽ ʩʠʷץʪʳ 

ʤʝʭʘʥʠʟʤʜʝʨʜʽ ʪʝʨʝש ʪװʩʽʥʫ ʪʝʤʧʝʨʘʪʫʨʘ, ʫʘץʳʪ ʞᴅʥʝ ץʦʩʧʘ ʤᴇʣʰʝʨʽ ʩʠʷץʪʳ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɼʝʛʝʥʤʝʥ, 

ʢװʨʜʝʣʽ ʪʫʢʦץʦʩʧʘʣʘʨʜʳ ץʦʣʜʘʥʫ ʞʘסʜʘʡʳʥʜʘ ʤײʥʜʘʡ ʧʨʦʮʝʩʪʝʨʜʽש ʢʠʥʝʪʠʢʘʩʳ 

ᴅʣʽ ʜʝ ʞʝʪʢʽʣʽʢʩʽʟ ʟʝʨʪʪʝʣʛʝʥ. ᴄʩʽʨʝʩʝ, ץʦשʳʨ ʢᴇʤʽʨ ʤʝʥ ʞʳʥʳʩ ץʘʣʜʳץʪʘʨʳʥʳש 

 ʤʝʭʘʥʠʟʤʜʝʨʽ ʤʝʥ P2O5 שʨʝʘʢʮʠʷʣʘʨʜʳ ץʘʪʪʳ ʬʘʟʘʣʳץ ʨʝʪʽʥװʘʪʳʩʫʳʤʝʥ ʞץ

ʝʨʽʛʽʰʪʽʛʽʥʝ ᴅʩʝʨʽ ʞᴇʥʽʥʜʝ ʞװʡʝʣʽ ʜʝʨʝʢʪʝʨ ʘʟ. 

 ʣ ʟʝʨʪʪʝʫʜʽ ᴇʟʝʢʪʽײʝʨʝʢʰʝʣʽʢʪʝʨʽ ʜʝ ʙ שʬʦʩʬʦʨʠʪʪʝʨʜʽ ץʩʪʘʥʜʳץʘʟʘפ

ʝʪʝʜʽ. ʂᴇʤʽʨץʳʰץʳʣʜʘʨ װʣʝʩʽ ʞʦסʘʨʳ (20ï30% CO  ʜʝʡʽʥ) ʰʠʢʽʟʘʪʪʘʨʜʳש ʝʨʫ 

 ʜʝʢʦʤʧʦʟʠʮʠʷʩʳʥ שʳʣʳ ʢʘʨʙʦʥʘʪʪʘʨʜʳץʦʩʫ ʘʨץ ʘʙʽʣʝʪʽ ʪᴇʤʝʥ, ʘʣ ʜʦʣʦʤʠʪʪʽץ

 ʣ ᴇʩʽʤʜʽʢʪʝʨײʟʫʛʝ ʙʦʣʘʜʳ. ɹװʦʩʳʣʳʩʪʘʨʜʳ ʪץ ʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʮʠʪʨʘʪʪʘ ʝʨʠʪʽʥץ

 ,ʘʪʘʨץ ʘ ʩʝʧʪʽʛʽʥ ʪʠʛʽʟʝʜʽ. ʉʦʥʳʤʝʥסʙʠʦʞʝʪʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ שʰʽʥ ʬʦʩʬʦʨʜʳװ

ʄʘʡʢװʙʝ ʞᴅʥʝ ʐײʙʘʨʢᴇʣ ʩʠʷץʪʳ ʢʝʥ ʦʨʳʥʜʘʨʳʥʜʘ ᴇʥʜʽʨʽʣʝʪʽʥ ץʦשʳʨ ʢᴇʤʽʨʜʽ 

ʧʘʡʜʘʣʘʥʫ ʰʠʢʽʟʘʪ ײץʥʳʥ ʪᴇʤʝʥʜʝʪʽʧ, ʪʝʭʥʦʣʦʛʠʷʥʳ ʞʝʨʛʽʣʽʢʪʽ ʞʘסʜʘʡʣʘʨסʘ 

ʙʝʡʽʤʜʝʫʛʝ ʞʦʣ ʘʰʘʜʳ. 

ɿʝʨʪʪʝʫʜʽש ᴇʟʝʢʪʽʣʽʛʽ ʞʘᴃʘʥʜʳץ ʜʝשʛʝʡʜʝʛʽ ʪײʡʳץ ʨʝʩʫʨʩʪʳץ ʮʠʢʣʜʝʨʛʝ 

ʢᴇʰʫ ʪʘʣʘʧʪʘʨʳʤʝʥ ʜʝ ʨʘʩʪʘʣʘʜʳ. ɯʰʢʽ ʞʳʥʳʩʪʘʨ ʤʝʥ ץʦשʳʨ ʢᴇʤʽʨʜʽ ʪʫʢʦץʦʩʧʘ 

ʘʣʫ װʜʝʨʽʩʽʥʜʝ ʧʘʡʜʘʣʘʥʫ ð ץʘʣʜʳץʩʳʟ ᴇʥʜʽʨʽʩ ʧʝʥ ʨʝʩʫʨʩʪʘʨʜʳ ץʘʡʪʘʣʘʤʘ 

 ʪʳ  ʙʦʣʳʧץʥʘ שʵʢʦʥʦʤʠʢʘʥʳ ץʩʪʘʥʳʤʜʘʨʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ʮʠʨʢʫʣʷʨʣʳײ ʦʣʜʘʥʫץ

ʪʘʙʳʣʘʜʳ. ʄײʥʜʘʡ ʪᴅʩʽʣ ʵʢʦʞװʡʝʛʝ ץʘʫʽʧ ʪᴇʥʜʽʨʝʪʽʥ ץʘʣʜʳץ ʢᴇʣʝʤʽʥ ʘʟʘʡʪʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʉʦשʳʥʜʘ, ʪʝʨʤʦʘʢʪʠʚʪʝʣʛʝʥ ʪʫʢʦץʦʩʧʘʣʘʨʜʳש ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʛʽ 

 ʝʛʽʥʰʽʣʽʢʪʝ ʝʨʝʢʰʝ ץʽʰʽʥʜʝ ʦʨʛʘʥʠʢʘʣʳ שʳʥʜʘ, ʩʦʥʳסʘʟʽʨʛʽ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳץ

ʤʘשʳʟסʘ ʠʝ. ɹײʣ ᴇʥʽʤʜʝʨʜʝ ץʳʰץʳʣ ץʘʣʜʳץʪʘʨ ʤʝʥ ʘʫʳʨ ʤʝʪʘʣʜʘʨ ʞʦץ, 
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ʩʦʥʜʳץʪʘʥ ʦʣʘʨ ʜᴅʩʪװʨʣʽ ʪʳשʘʡʪץʳʰʪʘʨסʘ ʙʘʣʘʤʘ ʙʦʣʘ ʘʣʘʜʳ ʞᴅʥʝ 

ʘʛʨʦʥʦʤʠʷʣʳץ ʪʠʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ. 

ɿʝʨʪʪʝʫʜʽש ᴇʟʝʢʪʽʣʽʛʽ ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟ, ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨסʳʜʘ ʪʠʽʤʜʽ 

ʞᴅʥʝ פʘʟʘץʩʪʘʥ ʞʘסʜʘʡʳʥʘ ʙʝʡʽʤʜʝʣʛʝʥ ʪʝʭʥʦʣʦʛʠʷʥʳ ð ץʦשʳʨ ʢᴇʤʽʨ, ʽʰʢʽ 

ʞʳʥʳʩ ץʘʣʜʳץʪʘʨʳ ʤʝʥ ʬʦʩʬʦʨʠʪ ʥʝʛʽʟʽʥʜʝʛʽ ʪʫʢʦץʦʩʧʘʣʘʨʜʳ ᴅʟʽʨʣʝʫ 

 ᴇʩʽʤʜʽʢʪʝʨʛʝ שʣ ʪᴅʩʽʣ ʬʦʩʬʦʨʜʳײʘʞʝʪʪʽʣʽʛʽʤʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ. ɹץ

ʙʠʦʞʝʪʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ ץʘʥʘ ץʦʡʤʘʡ, ᴇʥʜʽʨʽʩʪʽʢ ץʘʣʜʳץʪʘʨʜʳ ʢᴅʜʝʛʝ ʞʘʨʘʪʫ 

ʤʝʥ ʪײʨʘץʪʳ ʜʘʤʫסʘ װʣʝʩ ץʦʩʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɿʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ - ʰʘʨʪץʘ ʩᴅʡʢʝʩʩʽʟ ʬʦʩʬʘʪʪʳ-ʢʨʝʤʥʠʡʣʽ ʰʠʢʽʟʘʪʪʳש 

ʞᴅʥʝ ɾʕʆ ץʘʣʜʳץʪʘʨʳʥʳש ʥʝʛʽʟʽʥʜʝ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʽ ʙʘʨ ʙʘʷʫ ᴅʩʝʨʣʽ 

ʪʫʢʦץʦʩʧʘʣʘʨ ʘʣʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ᴅʟʽʨʣʝʫ. 

ɿʝʨʪʪʝʫʜʽש ʤʽʥʜʝʪʪʝʨʽ: 

- ʊʫʢʦץʦʩʧʘʣʘʨʜʳש ʙʘʩʪʘʧץʳ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʝ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ 

ʪʘʣʜʘʫ ʞװʨʛʽʟʽʧ, ʦʣʘʨʜʳײץ שʨʘʤʳ ʤʝʥ ץʘʩʠʝʪʪʝʨʽʥ ʘʥʳץʪʘʫ. 

- ʊʝʨʤʦᴇשʜʝʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש (100 ÁC, 250 ÁC, 400 ÁC, 500 ÁC) 

ʞᴅʥʝ ʫʘץʳʪʳʥʳש (3 ,2 ,1 ʩʘסʘʪ) P2O5 2%-ʜʳץ ʣʠʤʦʥ ץʳʰץʳʣʳʥʜʘסʳ 

ʝʨʽʛʽʰʪʽʛʽʥʝ ᴅʩʝʨʽʥ ʟʝʨʪʪʝʫ. 

- ʊʫʢʦץʦʩʧʘʣʘʨʜʳש ʳʜʳʨʘʫ ʧʨʦʮʝʩʪʝʨʽʥ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʪʝʨʤʠʷʣʳץ 

ʪʘʣʜʘʫ (ɼʊɸ), ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ (ʊɻ) ʞᴅʥʝ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ (ɼʊɻ) ᴅʜʽʩʪʝʨʽʤʝʥ ʟʝʨʪʪʝʫ. 

- ʊʝʨʤʦʘʢʪʠʚʘʮʠʷ ʧʨʦʮʝʩʽʥʽש ʢʠʥʝʪʠʢʘʣʳץ ʤʦʜʝʣʽʥ ɸʚʨʘʤʠïɽʨʦʬʝʝʚ 

ᴅʜʽʩʽʥʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ ײץʨʘʩʪʳʨʫ, ʨʝʘʢʮʠʷ ʞʳʣʜʘʤʜʳסʳʥʳש ʢʦʥʩʪʘʥʪʘʩʳ, 

ɸʚʨʘʤʠ ʢᴇʨʩʝʪʢʽʰʽ ʞᴅʥʝ ʙʝʣʩʝʥʜʽʨʫ ʵʥʝʨʛʠʷʩʳʥ ʘʥʳץʪʘʫ. 

- ʐʘʨʪץʘ ʩᴅʡʢʝʩʩʽʟ ʬʦʩʬʦʨʠʪ-ʢʨʝʤʥʠʡʣʽ ʰʠʢʽʟʘʪ, ɾʕʆ ʢװʣʽ, ץʦשʳʨ 

ʢᴇʤʽʨ, ʽʰʢʽ ץʘʟʙʘ ʞʳʥʳʩʪʘʨʳ ʞᴅʥʝ ʚʝʨʤʠʢʫʣʠʪ ʥʝʛʽʟʽʥʜʝʛʽ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʽ 

ʙʘʨ ʪʫʢʦץʦʩʧʘʣʘʨʜʳ ʘʣʫʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʳʟʙʘʩʳʥ ᴅʟʽʨʣʝʫ. 

 ʞᴅʥʝ ץʵʢʦʣʦʛʠʷʣʳ שʘʥ ʪʝʨʤʦʘʢʪʠʚʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳסʩʳʥʳʣױ -

ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ ʜᴅʩʪװʨʣʽ ʬʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪʪʳ ᴇשʜʝʫ ᴅʜʽʩʪʝʨʽʤʝʥ 

ʩʘʣʳʩʪʳʨʘ ʦʪʳʨʳʧ ʙʘסʘʣʘʫ. 

 ɿʝʨʪʪʝʫ ʦʙʲʝʢʪʽʣʝʨʽ ʤʝʥ ᴅʜʽʩʪʝʨʽ. ʌʦʩʬʦʨ ᴇʥʜʽʨʽʩʽʥʽש ʮʠʢʣʦʥʜʳץ 

ʰʘשʜʘʨʳ (ɾʘשʘ ɾʘʤʙʳʣ ʬʦʩʬʦʨ ʟʘʫʳʪʳ), ɸץʩʘʡ ʢʝʥ ʦʨʥʳʥʳש ʜʦʣʦʤʠʪʪʝʣʛʝʥ 

ʢʘʨʙʦʥʘʪʪʳ-ʢʨʝʤʥʠʡʣʽ ʬʦʩʬʘʪ ʰʠʢʽʟʘʪʳ, ɽʢʽʙʘʩʪײʟ ʢʝʥ ʦʨʳʥʳʥʳש ɾʕʆ ʢװʣʽ, 

ʙʘʡʳʪʳʣסʘʥ ʚʝʨʤʠʢʫʣʠʪ ʞᴅʥʝ ʃʝʥʛʝʨ ʢʝʥ ʦʨʥʳʥʳץ שʦשʳʨ ʢᴇʤʽʨʽ ʤʝʥ ʽʰʢʽ ץʘʟʙʘ 

ʞʳʥʳʩʪʘʨʳ ʟʝʨʪʪʝʫ ʦʙʲʝʢʪʽʣʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.                                                       

ɿʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ: ʙʘʩʪʘʧץʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʩʠʧʘʪʪʘʫ װʰʽʥ ʭʠʤʠʷʣʳץ ʪʘʣʜʘʫ 

ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʜʳ (P O  ʤʘʟʤײʥʳʥ ʘʥʳץʪʘʫ װʰʽʥ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ), 

ʤʠʥʝʨʘʣʦʛʠʷʣʳײץ ץʨʘʤʜʳ ʘʥʳץʪʘʫ װʰʽʥ ʨʝʥʪʛʝʥʜʽʢ ʬʘʟʘʣʳץ ʪʘʣʜʘʫ (ʈʌ), 

ʙᴇʣʰʝʢʪʝʨʜʽש ʤʦʨʬʦʣʦʛʠʷʩʳʥ ʟʝʨʪʪʝʫ װʰʽʥ ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ 

ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ). 

- ʊʝʨʤʠʷʣʳץ ʧʨʦʮʝʩʪʝʨ STA 449 F3 Jupiter (Netzsch, ɻʝʨʤʘʥʠʷ) 

ʘʩʧʘʙʳʥʜʘסʳ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʪʝʨʤʠʷʣʳץ ʪʘʣʜʘʫ (ɼʊɸ), ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ (ʊɻ) 

ʞᴅʥʝ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ (ɼʊɻ) ᴅʜʽʩʪʝʨʽʤʝʥ 10 ÁC/ʤʠʥ ץʳʟʜʳʨʫ 

ʞʳʣʜʘʤʜʳסʳʤʝʥ 25-1000 ÁC ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳʥʜʘ ʟʝʨʪʪʝʣʜʽ. 
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- ɽʨʽʛʽʰʪʽʛʽ P O  ʣʠʤʦʥ 2% ʣʠʤʦʥ ץʳʰץʳʣʳʥʳש ʝʨʽʪʽʥʜʽʩʽʤʝʥ ʵʢʩʪʨʘʢʮʠʷ 

ᴅʜʽʩʽʤʝʥ ʘʥʳץʪʘʣʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷʣʳץ ᴅʜʽʩʧʝʥ ʪʘʣʜʘʥʜʳ. 

- ʊʝʨʤʦʘʢʪʠʚʘʮʠʷ ʧʨʦʮʝʩʽʥʽש ʢʠʥʝʪʠʢʘʩʳʥ ʪʘʣʜʘʫ װʰʽʥ ʘʚʨʘʤʠïɽʨʦʬʝʝʚ 

ʤʦʜʝʣʽ ץʦʣʜʘʥʳʣʜʳ. ʆʥʳש ʧʘʨʘʤʝʪʨʣʝʨʽ (ʨʝʘʢʮʠʷ ʞʳʣʜʘʤʜʳסʳʥʳש ʪײʨʘץʪʳʩʳ k, 

ɸʚʨʘʤʠ ʢᴇʨʩʝʪʢʽʰʽ n, Ea ʘʢʪʠʚʪʝʥʜʽʨʫ ʵʥʝʨʛʠʷʩʳ) ʩʳʟʳץʪʳץ ʨʝʛʨʝʩʩʠʷ ᴅʜʽʩʽʤʝʥ 

ʝʩʝʧʪʝʣʜʽ. 

- ɼʝʨʝʢʪʝʨʜʽ ʩʪʘʪʠʩʪʠʢʘʣʳץ ᴇשʜʝʫ OriginPro 2021 ʙʘסʜʘʨʣʘʤʘʩʳʥ ץʦʣʜʘʥʘ 

ʦʪʳʨʳʧ ʞװʨʛʽʟʽʣʜʽ; ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽש ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ʩʝʥʽʤʜʽʣʽʢ ʘʨʘʣʳץʪʘʨʳ 

ʘʥʳץʪʘʣʜʳ. 

 :ʞʳʨʳʤʜʘʨײʩʳʥʳʣʘʪʳʥ ʥʝʛʽʟʛʽ ʪײ ʘסʘʫסʦʨפ

 שʦʩʧʘʣʘʨʳ ʙʘʨ ʪʫʢʦʩʤʝʩʪʝʨʜʽץ ʳʨ ʢᴇʤʽʨ, ʪʘʫ ʞʳʥʳʩʪʘʨʳ ʤʝʥ ʜʦʣʦʤʠʪשʦפ -

ʪʝʨʤʦʘʢʪʠʚʘʮʠʷʩʳʥʳש ᴅʨʪװʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨ ʤʝʥ ᴇשʜʝʫ ʫʘץʳʪʪʘʨʳʥʜʘסʳ P O  

ʝʨʽʛʽʰʪʽʛʽʥʝ ᴅʩʝʨʽ ʞװʡʝʣʽ ʪװʨʜʝ ʟʝʨʪʪʝʫ. 

- ɸʚʨʘʤʠ-ɽʨʦʬʝʝʚ ᴅʜʽʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʪʝʨʤʦʘʢʪʠʚʘʮʠʷ ʧʨʦʮʝʩʽʥʽש 

ʢʠʥʝʪʠʢʘʣʳץ ʤʦʜʝʣʽʥ ʞʘʩʘʫ, ʙײʣ ʬʦʩʬʘʪʪʘʨʜʳש ʪװʨʣʝʥʫ ʤʝʭʘʥʠʟʤʽʥ ʩʠʧʘʪʪʘʫסʘ 

ʞᴅʥʝ ʨʝʘʢʮʠʷʥʳש ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ (ʞʳʣʜʘʤʜʳץ 

ʢʦʥʩʪʘʥʪʘʩʳ, ɸʚʨʘʤʠ ʢᴇʨʩʝʪʢʽʰʽ, ʘʢʪʠʚʪʝʥʜʽʨʫ ʵʥʝʨʛʠʷʩʳ); 

 ʦʩʘʪʳʥץ ʣʝʩװ ʜʘʤʫʳʥʘ שʨʝʘʢʮʠʷʣʘʨ ʪʝʦʨʠʷʩʳʥʳ ץʘʪʪʳ ʬʘʟʘʣʳפ -

ʪʫʢʦץʦʩʧʘʣʘʨʜʳײץ  שʨʘʤʳʥʘ ʞᴅʥʝ ʪʝʨʤʦᴇשʜʝʫ ʞʘסʜʘʡʣʘʨʳʥʘ P O, ʝʨʽʛʽʰʪʽʛʽʥʽש 

ʪᴅʫʝʣʜʽʣʽʢ ʟʘשʜʳʣʳץʪʘʨʳ ʘʥʳץʪʘʫ. 

- ʊʘʫ ʞʳʥʳʩʪʘʨʳ ץʘʣʜʳץʪʘʨʳ ʤʝʥ ץʦשʳʨ ʢᴇʤʽʨʜʽ ʪʝʨʤʦʙʝʣʩʝʥʜʽʨʫ 

ʧʨʦʮʝʩʪʝʨʽʥʜʝ ʧʘʡʜʘʣʘʥʫʜʳש ʞʘשʘ ʪᴅʩʽʣʽʥ ײʩʳʥʫ, ʙײʣ ʦʣʘʨʜʳ ʘʛʨʦʭʠʤʠʷ 

ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ץʦʣʜʘʥʫ ʘʷʩʳʥ ʢʝשʝʡʪʝʜʽ. 

 ɿʝʨʪʪʝʫʜʽש ʥʝʛʽʟʛʽ ʥᴅʪʠʞʝʣʝʨʽ: 

 ʪʘʨʳ ʞᴅʥʝ ʜʦʣʦʤʠʪ ʥʝʛʽʟʽʥʜʝʛʽץʘʣʜʳץ שʳʨ ʢᴇʤʽʨ, ʪʘʫ ʞʳʥʳʩʪʘʨʳʥʳשʦפ -

 ʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘ (100-500 ÁC)  ʞᴅʥʝװᴅʨ ʪ שʪʝʨʤʦʘʢʪʠʚʘʮʠʷʩʳʥʳ שʦʩʧʘʣʘʨʜʳץ

ᴇשʜʝʫ ʫʘץʳʪʳʥʜʘ (1-3ʩʘסʘʪ) P O ʝʨʽʛʽʰʪʽʛʽʥʝ (ɸ װʣʛʽʩʽʥʜʝ 6% - ʜʘʥ 21% - סʘ ʜʝʡʽʥ 

ʞᴅʥʝ ɺ װʣʛʽʩʽʥʜʝ 23% - סʘ ʜʝʡʽʥ ʬʦʩʬʦʨʜʳש ʙʝʣʩʝʥʜʽ ʬʦʨʤʘʣʘʨסʘ ʘʡʥʘʣʫʳʤʝʥ 

ʪװʩʽʥʜʽʨʽʣʝʜʽ, ʘʣ ᴇשʜʝʫ ʫʘץʳʪʳ 1-ʜʝʥ 3 ʩʘסʘʪץʘ ʜʝʡʽʥ) ᴅʩʝʨʽ ʞװʡʝʣʽ ʪװʨʜʝ 

ʟʝʨʪʪʝʣʜʽ; 

- ʌʦʩʬʘʪʪʳ ʪװʨʣʝʥʜʽʨʫ ʤʝʭʘʥʠʟʤʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʞᴅʥʝ ʨʝʘʢʮʠʷʥʳש ʥʝʛʽʟʛʽ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ (ʞʳʣʜʘʤʜʳץ ʢʦʥʩʪʘʥʪʘʩʳ, ɸʚʨʘʤʠ ʢᴇʨʩʝʪʢʽʰʽ, ʘʢʪʠʚʪʝʥʜʽʨʫ 

ʵʥʝʨʛʠʷʩʳ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ɸ ï 7.33 ʢɼʞ/ʤʦʣʴ, ɹ ï 7.59 ʢɼʞ/ʤʦʣʴ, ɺ ï 9.01 

ʢɼʞ/ʤʦʣʴ, ɻ ï 6.72 ʢɼʞ/ʤʦʣʴ, ɼ ï 6.72 ʢɼʞ/ʤʦʣʴ) ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

ɸʚʨʘʤʠïɽʨʦʬʝʝʚ ᴅʜʽʩʽʤʝʥ ʪʝʨʤʦʘʢʪʠʚʘʮʠʷ ʧʨʦʮʝʩʽʥʽש ʢʠʥʝʪʠʢʘʣʳץ ʤʦʜʝʣʽ 

ᴅʟʽʨʣʝʥʜʽ; 

 ʦʩʘʪʳʥץ ʣʝʩװ ʜʘʤʫʳʥʘ שʨʝʘʢʮʠʷʣʘʨ ʪʝʦʨʠʷʩʳʥʳ ץʘʪʪʳ ʬʘʟʘʣʳפ -

ʪʫʢʦʩʤʝʩʪʝʨʜʽײץ שʨʘʤʳʥʘ ʞᴅʥʝ ʪʝʨʤʦᴇשʜʝʫ ʞʘסʜʘʡʣʘʨʳʥʘ P O  ʝʨʽʛʽʰʪʽʛʽʥʽש 

(400-500ÁC ʪʝʤʧʝʨʘʪʫʨʘ ʘʨʘʣʳסʳʥʜʘ ʦʨʛʘʥʠʢʘʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʧʠʨʦʣʠʟʽ, 

ʜʦʣʦʤʠʪʪʽש ʳʜʳʨʘʫʳ (Mgʉʆ3ŸMgO+CO ) ʞᴅʥʝ ץʘʪʪʳ ʬʘʟʘʣʳץ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ 

ʥᴅʪʠʞʝʩʽʥʜʝ P O ʝʨʽʛʽʰʪʽʛʽ ʘʡʪʘʨʣʳץʪʘʡ ᴇʩʪʽ) ʪᴅʫʝʣʜʽʣʽʢ ʟʘשʜʳʣʳץʪʘʨʳ 

ʘʥʳץʪʘʣʜʳ; 
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- ʊʘʫ ʞʳʥʳʩʪʘʨʳ ץʘʣʜʳץʪʘʨʳ ʤʝʥ ץʦשʳʨ ʢᴇʤʽʨʜʽ ʪʝʨʤʦʘʢʪʠʚʘʮʠʷ 

ʧʨʦʮʝʩʪʝʨʽʥʜʝ ʧʘʡʜʘʣʘʥʫʜʳש ʞʘשʘ ʪᴅʩʽʣʽ ײʩʳʥʳʣʜʳ, ʙײʣ ʦʣʘʨʜʳ ʘʛʨʦʭʠʤʠʷ 

ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ץʦʣʜʘʥʫ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳʥ ʘʰʘʜʳ; 

- ɸʣʳʥסʘʥ ץʦʩʧʘʣʘʨʜʳש ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʜʘץʳʣʜʘʨʳʥʳש ᴇʩʫʽ ʤʝʥ 

ᴇʥʽʤʜʽʣʽʛʽʥʝ ʦש ᴅʩʝʨʽʥ ʨʘʩʪʘʡʪʳʥ ʘʛʨʦʭʠʤʠʷʣʳץ ʩʳʥʘץʪʘʨ ʢʝʰʝʥʽ ʞװʨʛʽʟʽʣʜʽ; 

-  ᴆʥʜʽʨʽʩʪʽש ʨʝʥʪʘʙʝʣʴʜʽʣʽʛʽʥ 58,7% ʜʝשʛʝʡʽʥʜʝ ʞᴅʥʝ ᴇʪʝʣʫ ʤʝʨʟʽʤʽʥ 6,5 ʘʡ 
ʢᴇʨʩʝʪʢʝʥ ʪʝʭʥʠʢʘʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ ʥʝʛʽʟʜʝʤʝ ᴅʟʽʨʣʝʥʜʽ, ʙײʣ ʪʝʭʥʦʣʦʛʠʷʥʳש 

ʧʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʜʳʣʳסʳʥ ʨʘʩʪʘʡʜʳ. 

 ɸʣʳʥסʘʥ  ʥᴅʪʠʞʝʣʝʨʜʽש ʞʘשʘʰʳʣʜʳסʳ ʤʝʥ ʤʘשʳʟʜʳʣʳסʳʥ ʥʝʛʽʟʜʝʫ. 

- ʊʫʢʦץʦʩʧʘ ײץʨʘʤʳʥʜʘס rʮʠʢʣʦʥ ʰʘשʳ (65ï71%), ץʦשʳʨ ʢᴇʤʽʨ (6ï8%), 

ʽʰʢʽ ץʘʟʙʘ ʞʳʥʳʩʪʘʨʳ (5ï8%), ʬʦʩʬʘʪʪʳ-ʢʨʝʤʥʠʡʣʽ ʰʠʢʽʟʘʪ (5ï8%)  ɾʕʆ ʢװʣʽ 

(4ï8%) ʞᴅʥʝ  ʚʝʨʤʠʢʫʣʠʪ (7ï10%) ʰʠʢʽʟʘʪʪʳײץ ץʥʜʳʣʳסʳ ʤʝʥ ʦʣʘʨʜʳ 

ʳʥ ʨʘʩʪʘʡʪʳʥ Pסʳʟʜʳʣʳשʤʘ ץʵʢʦʣʦʛʠʷʣʳ שʦʣʜʘʥʫʜʳץ O  (18,5ï23%), CaO (24ï

24,8%), MgO (2,4ï2,6%)  ʞᴅʥʝ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש ʞʦסʘʨʳ ʤᴇʣʰʝʨʽ (Fe, Mn, Mg, 

S ï 0,72%) ʘʥʳץʪʘʣʜʳ. 

- ᴆשʜʝʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש ʞʦסʘʨʳʣʘʫʳ (100-500 ÁC) ʢʘʣʴʮʠʡ ʬʦʩʬʘʪʪʘʨʳ 

ʤʝʥ ʩʠʣʠʢʘʪʪʘʨʜʳש ʪװʟʽʣʫʽʥʝ ʳץʧʘʣ ʝʪʝʜʽ ʞᴅʥʝ P O , ʰʳסʘʨʳʣʫʳʥ 4-5 ʝʩʝ 

ʘʨʪʪʳʨʘʜʳ, ʙײʣ ץʦʩʧʘʣʘʨʜʳײ שʟʘץ ᴅʩʝʨ ʝʪʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

- ɸʚʨʘʤʠ-ɽʨʦʬʝʝʚ ʤʦʜʝʣʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʢʠʥʝʪʠʢʘʣʳץ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ; 

 ʙᴇʣʽʥʫ ʤʝʭʘʥʠʟʤʽ ʥʫʢʣʝʘʮʠʷ ʞᴅʥʝ ᴇʩʫ ʧʨʦʮʝʩʪʝʨʽʥʝ שʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳץ

ʥʝʛʽʟʜʝʣʛʝʥʽ ʘʥʳץʪʘʣʜʳ. ʊʳשʘʡʪץʳʰʪʘʨʜʳײץ שʨʘʤʳʥ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʪʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ʞʘʩʘʣʜʳ. 

- ɼʘʣʘʣʳץ ʩʳʥʘץʪʘʨ ץʳʟʘʥʘץ ᴇʥʽʤʜʽʣʽʛʽʥʽ6-10% ש ð סʘ, ʙʘʢʣʘʞʘʥ ð 94ï98% 

ʘʨʳ Pסʪʠʽʤʜʽʩʽ-ʞʦ שʘ ʜʝʡʽʥ ᴇʩʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ɽס - ʨʳʰ- 74-95%ײʘ, ʙס - O  (22-

 .ʣʛʽʣʝʨʽװ (23%

- ɸʫʳʨ ʤʝʪʘʣʜʘʨʜʳײץ שʨʘʤʳ ʐʈʂ-ʜʘʥ (CD < 0,1 ʤʛ/ʢʛ) ʪᴇʤʝʥ ʝʢʝʥʽʥ 

ʘʥʳץʪʘסʘʥ ʵʢʦʣʦʛʠʷʣʳץ ʙʘסʘʣʘʫ ʞװʨʛʽʟʽʣʜʽ, ʘʣ ץʦʩʧʘʣʘʨʜʳ ץʦʣʜʘʥʫ ʪʦʧʳʨʘץ 

 .ʘʫʧʽʥ ʘʟʘʡʪʘʜʳץ ʩʘʨʪʘʜʳ ʞᴅʥʝ ʵʚʪʨʦʬʠʢʘʮʠʷץʨʳʣʳʤʳʥ ʞʘײץ

ɿʝʨʪʪʝʫʜʽש  ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʜʳʣʳסʳ. ɾײʤʳʩ 

ʥᴅʪʠʞʝʣʝʨʽ ʘʫr ʣ ʰʘʨʫʘʰʳʣʳסʳ ʤʝʥ ᴇʥʝʨʢᴅʩʽʧ װʰʽʥ ʞʦסʘʨʳ ʧʨʘʢʪʠʢʘʣʳץ 

 ʨʳʧʪʳײʘʥ ʪʝʨʤʦʘʢʪʠʚʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʩʳ ʪᴇʤʝʥ ʩסʩʳʥʳʣױ .ʘ ʠʝץץʥʜʳʣʳײץ

ʬʦʩʬʘʪ ʢʝʥʜʝʨʽʥʜʝ ʬʦʩʬʦʨʜʳץ שʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ, ʙײʣ ʦʣʘʨʜʳ 

ʪʳשʘʡʪץʳʰ ʨʝʪʽʥʜʝ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʊʘʫ-ʢʝʥ ץʘʣʜʳץʪʘʨʳ 

ʤʝʥ ץʦשʳʨ ʢᴇʤʽʨʜʽ ץʦʩʧʘʣʘʨ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫ ᴇʥʜʽʨʽʩ ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʘʜʳ 

ʞᴅʥʝ ʦש ʵʢʦʣʦʛʠʷʣʳץ ᴅʩʝʨʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʦʪʳʨʳʧ, ᴇʥʝʨʢᴅʩʽʧʪʽʢ ץʘʣʜʳץʪʘʨʜʳ 

ʞʦʶסʘ ʳץʧʘʣ ʝʪʝʜʽ. ʊʝʨʤʦʘʢʪʠʚʘʮʠʷ ʧʨʦʮʝʩʽʥʽש ʢʠʥʝʪʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ 

ʙʦʡʳʥʰʘ ʘʣʳʥסʘʥ ʜʝʨʝʢʪʝʨ ᴇʥʜʽʨʽʩʪʽʢ ʨʝʞʠʤʜʝʨʜʽ ʦשʪʘʡʣʘʥʜʳʨʫʜʘ ץʦʣʜʘʥʳʣʫʳ 

ʤװʤʢʽʥ. ױʩʳʥʳʣסʘʥ ʪʝʭʥʦʣʦʛʠʷʥʳ ʙʘʩץʘ ʬʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪ ʪװʨʣʝʨʽʥ ᴇשʜʝʫ װʰʽʥ 

ʙʝʡʽʤʜʝʫʛʝ ʙʦʣʘʜʳ, ʙײʣ ʦʥʳפ שʘʟʘץʩʪʘʥʥʳש ᴅʨʪװʨʣʽ ʘʡʤʘץʪʘʨʳʥʜʘ ʞᴅʥʝ ʰʝʪʝʣʜʝ 

 ʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʧʘʡʜʘʣʳװʝʡʪʝʜʽ. ɾשʦʣʜʘʥʳʣʫ ʘʷʩʳʥ ʢʝץ

ʤʦʜʝʣʴʛʝ 2 ʧʘʪʝʥʪ ʘʣʳʥʜʳ (פʦʩʳʤʰʘ ɸ, פʦʩʳʤʰʘ ᴄ). 

 ʕʪʠʢʘʣʳץ ʤᴅʩʝʣʝʣʝʨ: ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ סʳʣʳʤʠ ʞײʤʳʩʪʳש ʵʪʠʢʘʣʳץ 

 ץʵʢʦʣʦʛʠʷʣʳ ץʘʨʘʣʳץʪᴅʞʽʨʠʙʝʣʝʨ ʭʘʣʳ ץʪʘʣʜʳ. ɹʘʨʣʳץʩʘ ץʠʜʘʪʪʘʨʳ ʪʦʣʳסʘץ

 ʘ ʫʣʳסʘʥ ʦʨʪʘסʦʨʰʘץ ,ʨʛʽʟʽʣʜʽװʘʫʽʧʩʽʟʜʽʢ ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʞץ

 ʳʣʳץʳʰץ ʕʢʩʪʨʘʛʝʥʪ ʨʝʪʽʥʜʝ ʣʠʤʦʥ .ץʪʘʨʘʣʫʳʥʘ ʞʦʣ ʙʝʨʽʣʛʝʥ ʞʦ שʪʘʨʜʳץʘʣʜʳץ
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 ʘʣʜʳʥ ʘʣʜʳ. ɿʝʨʪʪʝʫ שʪʘʥ, ʘʛʨʝʩʩʠʚʪʽ ʨʝʘʛʝʥʪʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫʜʳץʘʥʜʳסʦʣʜʘʥʳʣץ

ʥᴅʪʠʞʝʣʝʨʽ ʪװʧʥײʩץʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʙײʨʤʘʣʘʥʫʩʳʟ ʙʝʨʽʣʛʝʥ. 

 ʤʘʪʝʨʠʘʣʜʘʨ ץʘʥ ʙʘʨʣʳסʦʣʜʘʥʳʣץ ,ץʳʩʪʘʨʳ ʪʽʨʢʝʣʛʝʥ ʞʦסʪʳץʘץ ץʫʰʳʣʳסʳʟʳפ

ʤʝʥ ᴅʜʽʩʪʝʨ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʩʠʧʘʪʪʘʣסʘʥ, ʙײʣ ʟʝʨʪʪʝʫʜʽץ שʘʡʪʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽʥ 

 ʘʥ ʪʝʭʥʦʣʦʛʠʷ ᴇʥʜʽʨʽʩʪʽʢסʩʳʥʳʣײ ,ʘʪʘʨץ ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʉʦʥʳʤʝʥץ

 ʢʪʝʤʝʥʽ ʪᴇʤʝʥʜʝʪʫʛʝװʞ ץʳʣʳ ʵʢʦʣʦʛʠʷʣʳץʪʘʨʜʳ ʢᴅʜʝʛʝ ʞʘʨʘʪʫ ʘʨץʘʣʜʳץ

ʙʘסʳʪʪʘʣסʘʥ, ʙײʣ ʪײʨʘץʪʳ ʜʘʤʫ ʧʨʠʥʮʠʧʪʝʨʽ ʤʝʥ ʘʛʨʦʭʠʤʠʷ ʩʘʣʘʩʳʥʜʘסʳ 

ʵʪʠʢʘʣʳץ ʥʦʨʤʘʣʘʨסʘ ʩʘʡ ʢʝʣʝʜʽ. 

ʉʝʥʽʤʜʽʣʽʢ ʜᴅʨʝʞʝʩʽ ʞᴅʥʝ ʥᴅʪʠʞʝʣʝʨ ʘʧʨʦʙʘʮʠʷʩʳ. SEM-EDX, 

ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷ ʞᴅʥʝ ʀʂ-ʩʧʝʢʪʨʣʽʢ ʪʘʣʜʘʫʣʘʨ ʪʫʢʦץʦʩʧʘʣʘʨʜʳײץ שʨʘʤʳ 

ʤʝʥ ײץʨʳʣʳʤʳʥ ʜᴅʣ ʘʥʳץʪʘʜʳ, ץʘʪʝʣʽʢ ʰʝʛʽ Ñ2ï5%. ɸʛʨʦʭʠʤʠʷʣʳץ ʜʝʨʝʢʪʝʨ  

ʞᴅʥʝ ᴇʥʽʤʜʽʣʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʪᴅʞʽʨʠʙʝʣʽʢ ʥᴅʪʠʞʝʣʝʨʜʽש ʦʨʪʘʰʘ ʤᴅʥʜʝʨʽ 

ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʣʜʽ, ʩʝʥʽʤʜʽʣʽʢ ʠʥʪʝʨʚʘʣʳ 95% (p<0,05). ɿʝʨʪʭʘʥʘʣʳץ ʞᴅʥʝ 

ʜʘʣʘʣʳץ ʩʳʥʘץʪʘʨ 3 ʨʝʪ ץʘʡʪʘʣʘʥʜʳ, ʙײʣ ʢʝʟʜʝʡʩʦץ ץʘʪʝʣʽʢʪʝʨʜʽ ʞʦʶסʘ ʞᴅʥʝ 

ʥᴅʪʠʞʝʣʝʨʜʽץ שʘʡʪʘ ᴇʥʜʽʨʽʣʫʽʥʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ɸʚʨʘʤʠ-ɽʨʦʬʝʝʚ ʤʦʜʝʣʽʥʽש 

ʢʦʨʨʝʣʷʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʽ RĮ=0,98 ʙʦʣʜʳ, ʙײʣ ʤʦʜʝʣʴʜʽץ שʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳש 

ʙʦʩʘʧ ʰʳסʫ ʢʠʥʝʪʠʢʘʩʳʥ ʜᴅʣ ʩʠʧʘʪʪʘʡʪʳʥʳʥ ʨʘʩʪʘʡʜʳ. 

 .ʞʦʩʧʘʨʳʤʝʥ ʙʘʡʣʘʥʳʩ שʤʳʩʪʘʨʳʥʳײʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞנ
ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʟʝʨʪʪʝʫ ʄ. ᴄʫʝʟʦʚ ʘʪʳʥʜʘסʳ ʆשʪװʩʪʽʢ פʘʟʘץʩʪʘʥ 

ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש "ɹʝʡʦʨʛʘʥʠʢʘʣʳϨ ʟʘʪʪʘʨʜʳϬ ʭʠʤʠʷʣʳϨ ʪʝʭʥʦʣʦʛʠʷʩʳ" 

ʢʘʬʝʜʨʘʩʳʥʳס שʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞʦʩʧʘʨʳ ʘʷʩʳʥʜʘ ʦʨʳʥʜʘʣʜʳ. ɾײʤʳʩ 

ʞʦʙʘʣʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ: 2016-2020 ʞʳʣʜʘʨסʘ-ɹ-16-02-03 "ʊʘʙʠϤʠ ʤʠʥʝʨʘʣʜʳϨ-

ʰʠʢʽʟʘʪ ʨʝʩʫʨʩʪʘʨʳʥʘʥ ʞϸʥʝ ϺʥʝʨʢϸʩʽʧʪʽϬ ʪϮʨʣʽ ʩʘʣʘʣʘʨʳʥʜʘϤʳ ʪʝʭʥʦʛʝʥʜʽʢ 

ϨʘʣʜʳϨʪʘʨʜʘʥ ʙʝʡʦʨʛʘʥʠʢʘʣʳϨ Ϩʦʩʳʣʳʩʪʘʨ ʩʠʥʪʝʟʽʥʽϬ Ϻʥʽʤʜʝʨʽʥ ʘʣʫʜʳϬ 

ʙʘʣʘʤʘʣʳ ʠʥʥʦʚʘʮʠʷʣʳϨ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ Ϩϰʨʫ"; 2021-2025 ʞʳʣʜʘʨסʘ ʘʨʥʘʣסʘʥ 

ð נɿɾ-21-03-02 "ʄʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪ ʧʝʥ ʪʝʭʥʦʛʝʥʜʽʢ ϨʘʣʜʳϨʪʘʨ ʥʝʛʽʟʽʥʜʝ 

ɹʝʡʦʨʛʘʥʠʢʘʣʳϨ Ϻʥʽʤʜʝʨʜʽ, ʵʢʦʣʦʛʠʷʣʳϨ Ϩʘʫʽʧʩʽʟ ʪʳϬʘʡʪϨʳʰʪʘʨ ʤʝʥ 

ϺʩʽʤʜʽʢʪʝʨʜʽϬ Ϻʩʫ ʩʪʠʤʫʣʷʪʦʨʣʘʨʳʥ ʘʣʫʜʳϬ ʞʘϬʘ ʧʝʨʩʧʝʢʪʠʚʘʣʳϨ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ϸʟʽʨʣʝʫ ʞϸʥʝ ʞʝʪʽʣʜʽʨʫ". 

ɹʽʨʽʥʰʽ ʢʝʟʝשʜʝ (2016-2020 ʞʞ.) ʬʦʩʬʦʨ ᴇʥʜʽʨʽʩʽʥʽש ʪʝʭʥʦʛʝʥʜʽʢ 

 ʜʝʫ ᴅʜʽʩʪʝʨʽשʘʡʪʘ ᴇץ ʠ ʤʠʥʝʨʘʣʜʳ-ʰʠʢʽʟʘʪ ʨʝʩʫʨʩʪʘʨʳʥסʪʘʨʳʥ ʞᴅʥʝ ʪʘʙʠץʘʣʜʳץ

ʟʝʨʪʪʝʣʜʽ, ʰʠʢʽʟʘʪʪʳ ʪʘשʜʘʫסʘ ʞᴅʥʝ ʜʠʩʩʝʨʪʘʮʠʷ ʰʝשʙʝʨʽʥʜʝ ץʘʪʪʳ ʬʘʟʘʣʳץ 

ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʜʽ ʟʝʨʪʪʝʫʛʝ ʥʝʛʽʟ ʙʦʣʜʳ. ɽʢʽʥʰʽ ʢʝʟʝשʜʝ (2021-2025) 

ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʦʣʘʨʜʳש ᴇʩʽʤʜʽʢʪʝʨʜʽש ᴇʩʫʽ ʤʝʥ 

ᴇʥʽʤʜʽʣʽʛʽʥʝ ᴅʩʝʨʽʥ ʙʘסʘʣʘʫ ʙʦʡʳʥʰʘ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʜʽ. ɹײʣ ʥᴅʪʠʞʝʣʝʨ 

ʜʠʩʩʝʨʪʘʮʠʷʜʘ ʪʫʢʦץʦʩʧʘʣʘʨʜʳש ʞʘשʘ ʥʦʤʝʥʢʣʘʪʫʨʘʩʳʥ ᴅʟʽʨʣʝʫ, ʢʠʥʝʪʠʢʘʣʳץ 

ʟʘשʜʳʣʳץʪʘʨʜʳ ʟʝʨʪʪʝʫ, ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ײץʨʫ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʩʭʝʤʘʥʳ ᴅʟʽʨʣʝʫ ʙᴇʣʽʛʽʥʜʝ ʢᴇʨʽʥʽʩ ʪʘʧʪʳ. ʆʩʳʣʘʡʰʘ, ʜʠʩʩʝʨʪʘʮʠʷʣʳץ ʟʝʨʪʪʝʫ 

ʢʘʬʝʜʨʘʥʳס שʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞʦʩʧʘʨʳʥʳש ʩʪʨʘʪʝʛʠʷʣʳץ ʙʘסʳʪʪʘʨʳʥ ʪʦʣʳץʪʳʨʘ 

ʦʪʳʨʳʧ, ʦʥʳש ʥʘץʪʳ ʤʽʥʜʝʪʪʝʨʽʥ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʘʡʪʘʨʣʳץʪʘʡ װʣʝʩ ץʦʩʪʳ. 

ɾײʤʳʩ ʪʘץʳʨʳʙʳ ʙʦʡʳʥʰʘ ʞʘʨʠʷʣʘʥʳʤʜʘʨ ʞᴅʥʝ ʜʦʢʪʦʨʘʥʪʪʳש 
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CaO, MgO) ʪʘʣʜʘʫʜʳ ײʡʳʤʜʘʩʪʳʨʜʳ ʞᴅʥʝ ʦʣʘʨʜʳש ʘʛʨʦʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ 

ʟʝʨʪʪʝʫʛʝ ץʘʪʳʩʪʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʜʦʢʪʦʨʘʥʪ ɸʚʨʘʤʠ-ɽʨʦʬʝʝʚ ʤʦʜʝʣʽʥ 

 ʘʥסʳʪʪʘʣסʫ ʢʠʥʝʪʠʢʘʩʳʥ ʟʝʨʪʪʝʫʛʝ ʙʘסʙʦʩʘʧ ʰʳ שʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳץ ,ʦʣʜʘʥʳʧץ

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫʛʝ ʞʝʪʝʢʰʽʣʽʢ ʝʪʪʽ. ʆʣ ʞʳʣʳʞʘʡ ʞᴅʥʝ ʘʰʳץ 

ʜʘʣʘ ʞʘסʜʘʡʣʘʨʳʥʜʘ ᴇʩʽʤʜʽʢʪʝʨʜʽש ᴇʥʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫסʘ ʘʨʥʘʣסʘʥ ʜʘʣʘʣʳץ 

ʩʳʥʘץʪʘʨʜʳ ʞʦʩʧʘʨʣʘʫ ʤʝʥ ᴇʪʢʽʟʫʛʝ ʙʝʣʩʝʥʜʽ ץʘʪʳʩʪʳ. ɼʦʢʪʦʨʘʥʪ ʩʦʥʳʤʝʥ 

 שʦʩʳʧ, ᴇʥʜʽʨʽʩʪʽץ ʣʝʩװ ʘסʥʝʛʽʟʜʝʤʝʥʽ ʜʘʡʳʥʜʘʫ ץʵʢʦʥʦʤʠʢʘʣʳ-ץʘʪʘʨ ʪʝʭʥʠʢʘʣʳץ

ʨʝʥʪʘʙʝʣʴʜʽʣʽʛʽʥ ʞᴅʥʝ ᴇʪʝʣʫ ʤʝʨʟʽʤʽʥ ʝʩʝʧʪʝʫʛʝ ץʘʪʳʩʪʳ, ʙײʣ ʟʝʨʪʪʝʫʜʽש 

ʧʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʜʳʣʳסʳʥ ʘʨʪʪʳʨʜʳ.  

ɼʠʩʩʝʨʪʘʮʠʷ ײץʨʳʣʳʤʳ ʤʝʥ ʢᴇʣʝʤʽ.   

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ 140 ʙʝʪʪʝʥ, ʩʦʥʳש ʽʰʽʥʜʝ 4 ʙᴇʣʽʤʥʝʥ, 62 ʩʫʨʝʪ 

ʧʝʥ 26 ʢʝʩʪʝʜʝʥ, 133 ʧʘʡʜʘʣʘʥʳʣסʘʥ ᴅʜʝʙʠʝʪʪʝʨ ʪʽʟʽʤʽʥʝʥ, 5 ץʦʩʳʤʰʘʜʘʥ 

ʪײʨʘʜʳ.  
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1 ᴄɼɽɹʀ ʐʆʃʋ 

 

1.1 ʊʫʢʦץʦʩʧʘʣʘʨʳʥʳש ʞʘʣʧʳ ʩʠʧʘʪʪʘʤʘʩʳ ʞᴅʥʝ ʞʽʢʪʝʣʫʽ 

ʊʫʢʦץʦʩʧʘʣʘʨ ʥʝʤʝʩʝ ʘʨʘʣʘʩ (ʢʦʤʙʠʥʘʮʠʷʣʘʥסʘʥ) ʪʳשʘʡʪץʳʰʪʘʨ ð ʙײʣ 

ʙʽʨ ʪʘʫʘʨʣʳץ ʬʦʨʤʘʜʘ ʝʢʽ ʥʝʤʝʩʝ ʦʜʘʥ ʜʘ ʢᴇʧ ץʦʨʝʢʪʽʢ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ 

ʙʽʨʽʢʪʽʨʝʪʽʥ ʪʳשʘʡʪץʳʰʪʘʨ. ɹʘʩץʘʰʘ ʘʡʪץʘʥʜʘ, ʪʳשʘʡʪץʳʰ ץʦʩʧʘʩʳ ï ʙײʣ 

ʙʽʨʥʝʰʝ ʞʘʡ ʪʳשʘʡʪץʳʰʪʘʨʜʳש ʬʠʟʠʢʘʣʳץ ץʦʩʧʘʩʳ, ʦʣ ᴇʩʽʤʜʽʢʪʝʨʜʽש ʥʝʛʽʟʛʽ 

 ʥʜʘʡ ʢᴇʧײʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [1]. ʄװʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪʪʝʨʽʥ ʙʽʨ ʤʝʟʝʪʪʝ ʝʥʛʽʟʫʛʝ ʤץ

ʢʦʤʧʦʥʝʥʪʪʽ ʪʳשʘʡʪץʳʰʪʘʨ ʢᴇʙʽʥʝʩʝ ʪʦʣʳץ (ʥʝʤʝʩʝ ʢʝʰʝʥʜʽ) ʪʳשʘʡʪץʳʰʪʘʨ 

ʜʝʧ ʘʪʘʣʘʜʳ, ᴇʡʪʢʝʥʽ ʦʣʘʨʜʳײץ שʨʘʤʳʥʜʘ ʙʽʨʜʝʥ װʰ ʥʝʛʽʟʛʽ ʤʘʢʨʦʵʣʝʤʝʥʪ ï 

ʘʟʦʪ, ʬʦʩʬʦʨ ʞᴅʥʝ ʢʘʣʠʡ (NPK) ʙʦʣʫʳ ʤװʤʢʽʥ [2]. ʊʳשʘʡʪץʳʰ ץʦʩʧʘʣʘʨʳʥ 

 ʦʨʝʢʪʽʢץ ʘʞʝʪʪʽץ ʳʟʳ ʟʦʨ: ʦʣʘʨ ᴇʩʽʤʜʽʢʪʝʨʜʽשʤʘ ץʘʛʨʦʭʠʤʠʷʣʳ שʦʣʜʘʥʫʜʳץ

ʟʘʪʪʘʨʤʝʥ ʪʝשʛʝʨʽʤʜʽ ʪװʨʜʝ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʙʽʨʥʝʰʝ ʵʣʝʤʝʥʪ ʪʘʧʰʳʣʳסʳʥ 

ʙʽʨʜʝʥ ʞʦʶ ʘʨץʳʣʳ ᴇʥʽʤʜʽʣʽʢ ʧʝʥ ʩʘʧʘʥʳ ʘʨʪʪʳʨʘʜʳ [3]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʽʨ 

ʤʝʟʛʽʣʜʝ ʝʥʛʽʟʫ ʝשʙʝʢ ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʘʜʳ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʪʳשʘʡʪץʳʰʪʘʨʜʳ 

ʙᴇʣʝʢ ʝʥʛʽʟʫʛʝ ʢʝʪʝʪʽʥ ʰʳסʳʥʜʘʨʜʳ ʪᴇʤʝʥʜʝʪʝʜʽ, ʩʦʥʜʘʡ-ʘץ ץʦʨʝʢʪʽʢ 

ʵʣʝʤʝʥʪʪʝʨʜʽש ʝʛʽʩʪʽʢʢʝ ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ [4]. ʆʩʳʣʘʡʰʘ, 

ʪʳשʘʡʪץʳʰ ץʦʩʧʘʣʘʨʳ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʜʘץʳʣʜʘʨʳʥ ʪʳשʘʡʪʫ ʞװʡʝʩʽʥʜʝ 

ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʳʧ, ץʦʣʜʘʥʫסʘ ץʦʣʘʡʣʳʣʳץ ʧʝʥ ʪʦʧʳʨʘײץ ץʥʘʨʣʳʣʳסʳʥ 

ʩʘץʪʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ.  

XIX סʘʩʳʨʜʳש ʩʦשʳʥʜʘ ʘʛʨʦʭʠʤʠʢʪʝʨ (ɻʦʨʘʮʠʡ ʉʪʦʢʙʨʠʜʞ) ʘʟʦʪ, ʬʦʩʬʦʨ 

ʞᴅʥʝ ʢʘʣʠʡʜʽ ץʘʤʪʠʪʳʥ "ʪʦʣʳץ" ʘʨʘʣʘʩ ʪʳשʘʡʪץʳʰʪʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽʥ 

ʜᴅʣʝʣʜʝʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʜʽ [5]. XX סʘʩʳʨʜʳש ʙʘʩʳʥʜʘ ʜʘʡʳʥ 

ʢʦʤʤʝʨʮʠʷʣʳץ "ʪʳשʘʡʪץʳʰ ץʦʩʧʘʣʘʨʳ" ʢʝש ʪʘʨʘʣʜʳ: 1924 ʞʳʣסʘ ץʘʨʘʡ ʘʨʘʣʘʩ 

ʪʳשʘʡʪץʳʰʪʘʨ ɸפʐ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʜʳ [6]. 

XX סʘʩʳʨʜʳש ʝʢʽʥʰʽ ʞʘʨʪʳʩʳʥʜʘ ʪʳשʘʡʪץʳʰ ᴇʥʜʽʨʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ 

ʘʡʪʘʨʣʳץʪʘʡ ʞʝʪʽʣʜʽ. 1940ï50-ʞʳʣʜʘʨʳ ʪװʡʽʨʰʽʢʪʝʣʛʝʥ ʘʨʘʣʘʩ ʪʳשʘʡʪץʳʰʪʘʨ 

(ʥʠʪʨʦʬʦʩʬʘʪʪʳ, ʘʤʤʦʬʦʩʬʘʪʪʳ) ʘʣʳʥʜʳ. 1947 ʞʳʣʳ ʅʦʨʚʝʛʠʷʜʘ ʆʜʜ ʧʨʦʮʝʩʽ 

ʝʥʛʽʟʽʣʽʧ, ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ʞʘץʩʘʨʪʳʣסʘʥ ʪװʡʽʨʰʽʢʪʝʣʛʝʥ ץʦʩʧʘʣʘʨ 

ᴇʥʜʽʨʽʣʜʽ. 1970-ʞʳʣʜʘʨʳ ײץʨסʘץ ץʳʩʳʤʤʝʥ ʧʨʝʩʪʝʫ ʘʨץʳʣʳ ʛʨʘʥʫʣʘ ʘʣʫ ʩʠʷץʪʳ 

ʞʘשʘ ᴅʜʽʩʪʝʨ ʧʘʡʜʘ ʙʦʣʳʧ, NPK ʪʳשʘʡʪץʳʰʪʘʨʳʥ ʢʦʤʧʘʢʪʘʮʠʷ ᴅʜʽʩʽʤʝʥ 

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ᴇʥʜʽʨʫ ʞװʟʝʛʝ ʘʩʪʳ. ʆʩʳʣʘʡʰʘ, ʪʳשʘʡʪץʳʰʪʘʨ ʵʚʦʣʶʮʠʷʩʳ XIX 

 ʘʨʳ ʢʦʥʮʝʥʪʨʘʮʠʷʣʳ ʛʨʘʥʫʣʜʳסʘʟʽʨʛʽ ʞʦץ ʘʨʘʧʘʡʳʤ ʘʨʘʣʘʩʪʳʨʫʜʘʥץ ʳסʘʩʳʨʜʘס

NPK ᴇʥʽʤʜʝʨʽʥʝ ʜʝʡʽʥ ʜʘʤʳʜʳ [7-8]. 

 ʨʣʽ. ʆʣʘʨװʨʣʝʨʽ ʘʣʫʘʥ ʪװʪ שʦʩʧʘʣʘʨʳʥʳץ ʳʰץʘʡʪשʜʘ ʪʳשʘʟʽʨʛʽ ʪʘפ

ᴅʨʪװʨʣʽ ʙʝʣʛʽʣʝʨ ʙʦʡʳʥʰʘ ʞʽʢʪʝʣʝʜʽ ï ʬʠʟʠʢʘʣʳץ ʬʦʨʤʘʩʳ, ʘʛʨʦʭʠʤʠʷʣʳץ ᴅʩʝʨʽ 

 ʦʣʜʘʥʫץ ʩʘʪʪʳץʨʘʤʳ ʤʝʥ ʤʘײץ ,(ʳסʙᴇʣʽʥʫ ʞʳʣʜʘʤʜʳ שʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳץ)

ʩʘʣʘʩʳ ʙʦʡʳʥʰʘ. ʊᴇʤʝʥʜʝ ʥʝʛʽʟʛʽ ʞʽʢʪʝʫ ʪᴅʩʽʣʜʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ. 

ʂᴇʧʪʝʛʝʥ ʘʨʘʣʘʩ ʪʳשʘʡʪץʳʰʪʘʨ ץʘʪʪʳ ʢװʡʜʝ ʰʳסʘʨʳʣʘʜʳ. ʆʣʘʨʜʳש 

ʽʰʽʥʜʝ ʛʨʘʥʫʣʜʳ (ʥʝʤʝʩʝ ʢʝʰʝʥʜʽ ʛʨʘʥʫʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨ) ʪװʨʽ ʞʠʽ ʢʝʟʜʝʩʝʜʽ ï 

ʙײʣ ᴅʨʙʽʨ ʪװʡʽʨʰʽʢʪʝ ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳץ שʦʩʧʘʩʳ ʙʘʨ ʙʝʣʛʽʣʽ ʙʽʨ ᴇʣʰʝʤʜʝʛʽ 

ʛʨʘʥʫʣʜʘʨ [5]. ɻʨʘʥʫʣʜʘʨʜʘʥ ʙᴇʣʝʢ, ץʘʪʪʳ ʪʳשʘʡʪץʳʰʪʘʨ ʙʘʩץʘ ʬʦʨʤʘʣʘʨʜʘ ʜʘ 

ʙʦʣʘʜʳ: ʧʨʠʣʠʨʦʚʘʥסʘʥ (ʰʘʨ ʪᴅʨʽʟʜʽ) ïʧʨʠʣʠʨʦʚʘʥסʘʥ ʢʘʨʙʘʤʠʜ, ʢʨʠʩʪʘʣʣ 

(ʢʘʣʠʡ ʥʠʪʨʘʪʳ), ʥʝʤʝʩʝ ײʥʪʘץ (ץʘʨʘʧʘʡʳʤ ʩʫʧʝʨʬʦʩʬʘʪʪʘʨ) [6]. ʉʦʥʳʤʝʥ 
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-ʘʥ ʪʦʨʬסʳʟʜʘʣסʦʩʧʘʣʘʨʳ ʜʘ ʙʘʨ ï ʪʳץ ʳʰץʘʡʪשʘʪʘʨ, ʙʨʠʢʝʪʪʝʣʛʝʥ ʪʳץ

ʤʠʥʝʨʘʣʜʳ ʢʦʤʧʦʩʪ, ʦʣʘʨ ʩʠʨʝʢ ץʦʣʜʘʥʳʣʘʜʳ. 

ɾʳʣʜʘʤ ᴅʩʝʨ ʝʪʝʪʽʥ ʪʳשʘʡʪץʳʰʪʘʨ ð ʙײʣ ʪʳשʘʡʪץʳʰʪʘʨ ʪʦʧʳʨʘץץʘ 

ʝʥʛʽʟʽʣʛʝʥʥʝʥ ʢʝʡʽʥ ʪʝʟ ʝʨʠʪʽʥ ʪײʟʜʘʨ ʪװʨʽʥʜʝʛʽ ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʤʝʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ. ʂʝʤʰʽʣʽʛʽ ð ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳש ʞʦסʘʣʫʳ (, ʥʠʪʨʘʪʪʘʨʜʳש ʰʘʡʳʣʳʧ ʢʝʪʫʽ 

ʥʝʤʝʩʝ ʬʦʩʬʘʪʪʘʨʜʳש ʪʦʧʳʨʘץʧʝʥ ʙʘʡʣʘʥʳʩʳʧ, ʬʠʢʩʘʮʠʷʣʘʥʫʳ). ʉʦʣ ʩʝʙʝʧʪʽ, 

ʙײʣ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʘʛʨʦʪʝʭʥʠʢʘʣʳץ ץʦʣʜʘʥʫ ʙʽʨʥʝʰʝ ʢʝʟʝשʤʝʥ (ʥʝʛʽʟʛʽ ʝʥʛʽʟʫ 

ʞᴅʥʝ װʩʪʝʤʝ ץʦʨʝʢʪʝʥʜʽʨʫ) ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ [9]. 

ɹʘʷʫ ᴅʩʝʨ ʝʪʝʪʽʥ ʪʳשʘʡʪץʳʰ ץʦʩʧʘʣʘʨʳ (ʧʨʦʣʦʥʛʠʨʣʝʥʛʝʥ) ð ʙײʣ 

 ʘʪʳʥסʳʪ ʙʦʡʳ ʙʦʩʘʧ ʰʳץʫʘ ץʟʘײ ʘ ʙʽʨʪʽʥʜʝʧ ʞᴅʥʝץץʦʨʝʢʪʽʢ ʟʘʪʪʘʨ ʪʦʧʳʨʘץ

ʪʳשʘʡʪץʳʰʪʘʨ. ʊr  ʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪʪʝʨ ʥʘʰʘʨ ʝʨʠʪʽʥ ʤʘʪʨʠʮʘʜʘץ ʳʰʪʘʨʜʘץʘʡʪש

ʥʝʤʝʩʝ ʘʨʥʘʡʳ ץʘʙrץʰʘʤʝʥ ץʘʧʪʘʣסʘʥ ʞᴅʥʝ ᴇʩʽʤʜʽʢʪʝʨʛʝ ײʟʘץ ʫʘץʳʪ ʙʦʡʳ 

 ʪʠʽʤʜʽʣʽʛʽʥ שʘʣʫʳʥ ʘʟʘʡʪʘʜʳ ʞᴅʥʝ ʦʣʘʨʜʳסʞʦ שʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳץ ,ʦʨʝʢ ʙʝʨʽʧץ

ʘʨʪʪʳʨʘʜʳ [9].  

 ʙʘʣʘʥʫʳʥʜʘשʪʘ שʳʰʪʘʨʜʳץʘʡʪשʘʪʳʥʘʩʳ. ʊʳץ שʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽפ

ᴅʜʝʪʪʝ N, P O  ʞᴅʥʝ K O ʧʘʡʳʟʙʝʥ ʙʝʨʽʣʝʜʽ (10-26-26). פʘʪʳʥʘʩʪʳ ʩʠʧʘʪʪʘʫ 

 ʘʪʳʥʘʩʪʘʨפ .ʣ ʤᴅʥʜʝʨ ʢʽʰʽʨʝʡʪʽʣʽʧ ʙʝʨʽʣʝʜʽ: , 12-6-6 = 2:1:1ײʰʽʥ ʙװ

ʪʳשʘʡʪץʳʰʪʳש ʬʦʢʫʩʳʥ ʢᴇʨʩʝʪʝʜʽ: 1:1:1 ï ʪʝ1:0:1 ,ש ï ʘʟʦʪ-ʢʘʣʠʡʣʽ ʞᴅʥʝ ʪ.ʙ. 

ʂʦʥʮʝʥʪʨʘʮʠʷʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʦʣʘʨ ʪᴇʤʝʥ ʢʦʥʮʝʥʪʨʘʮʠʷʣʳ (ʞʘʣʧʳ NPK < 

30%) ʞᴅʥʝ ʞʦסʘʨʳ ʢʦʥʮʝʥʪʨʘʮʠʷʣʳ (ʞʦסʘʨʳʘʥʘʣʠʟʜʽ) (ʞʘʣʧʳ NPK > 40ï50%) 

ʙʦʣʳʧ ʙᴇʣʽʥʝʜʽ. 1950 ʞʳʣʜʘʨʳ ɸפʐ-ʪʘסʳ ʦʨʪʘʰʘ NPK 27% ʙʦʣʩʘ, XXI 

  .ʘʥ [4]סʪʘʨʘʣ שʘʩʳʨʜʘ 50%+ ᴇʥʽʤʜʝʨ ʢʝס

NPK-ʜʘʥ ʙʘʩץʘ, ʪʫʢʦץʦʩʧʘʣʘʨʜʘ ʤʝʟʦ- ʞᴅʥʝ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨ ʙʦʣʫʳ 

ʤװʤʢʽʥ.  

ɹʘʩץʘ ᴅʜʽʩʪʝʨ. ʌʦʩʬʦʨ ʤʝʥ ʢʨʝʤʥʠʡʜʽװ שʡʣʝʩʽʤʽ ʝʨʝʢʰʝ ץʳʟʳסʫʰʳʣʳץ 

ʪʫʜʳʨʘʜʳ. ʌʦʩʬʦʨ ʪʳשʘʡʪץʳʰʪʘʨʳ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ, ʙʽʨʘץ ʬʦʩʬʦʨʜʳש 

ᴇʩʽʤʜʽʢʪʝʨʤʝʥ ʩʽשʽʨʽʣʫ ʪʠʽʤʜʽʣʽʛʽ ᴇʪʝ ʪᴇʤʝʥ: ʝʥʛʽʟʽʣʛʝʥ P O  ʪʝʢ 10ï30%-ʳ סʘʥʘ 

ᴇʥʽʤʛʝ ᴇʪʝʜʽ, ץʘʣסʘʥʳ ʪʦʧʳʨʘץʪʘ ʝʨʽʤʝʡʪʽʥ ץʦʩʳʣʳʩʪʘʨסʘ ʘʡʥʘʣʳʧ ץʘʣʘʜʳ [14]. 

ʉʦʥʳʤʝʥ ʙʽʨʛʝ, ʘʨʪʳץ ʬʦʩʬʦʨ ʵʢʦʣʦʛʠʷʣʳץ ʧʨʦʙʣʝʤʘ ʪʫסʳʟʘʜʳ ï ʪʦʧʳʨʘץʪʳש 

ʬʦʩʬʘʪʧʝʥ ץʘʥʳסʫʳ ʞᴅʥʝ ʩʫ ʢᴇʟʜʝʨʽʥʽש ʣʘʩʪʘʥʫʳ [15]. 

ɿʝʨʪʪʝʫʰʽʣʝʨ ʙײʣ ʤᴅʩʝʣʝʥʽ ʰʝʰʫʜʽש ʙʽʨ ʞʦʣʳ ʨʝʪʽʥʜʝ ʬʦʩʬʦʨʜʳ ʙʘʷʫ 

ʙʦʩʘʧ ʰʳסʘʪʳʥ ʬʦʨʤʘʣʘʨסʘ ʘʡʥʘʣʜʳʨʫʜʳ ײʩʳʥʜʳ. ʂʨʝʤʥʠʡ ץʦʩʳʣʳʩʪʘʨʳ 

ʬʦʩʬʦʨʜʳ ʞʳʣʜʘʤ ʬʠʢʩʘʮʠʷʜʘʥ ץʦʨסʘʡ ʘʣʘʜʳ ʞᴅʥʝ ᴇʟʜʝʨʽ ʜʝ ᴇʩʽʤʜʽʢʪʝʨ װʰʽʥ 

ʧʘʡʜʘʣʳ (ᴅʩʽʨʝʩʝ ʢװʨʽʰ ʧʝʥ ʜᴅʥʜʽ ʜʘץʳʣʜʘʨ װʰʽʥ) [16]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢʨʝʤʥʠʡ 

ʪʳשʘʡʪץʳʰʪʳש ʞᴅʥʝ ʪʦʧʳʨʘץʪʳש ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʘʜʳ. 

ɿʝʨʪʪʝʫʣʝʨ ʢʨʝʤʥʠʡ ʝʥʛʽʟʫ ʬʦʩʬʦʨ, ʘʟʦʪ ʞᴅʥʝ ʢʘʣʠʡ ᴅʩʝʨʽʥ ʢװʰʝʡʪʽʧ, 

ᴇʩʽʤʜʽʢʪʝʨʜʽש ʢװʡʟʝʣʽʩʢʝ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ [16]. ɾʘʧʦʥʠʷ 

ʩʠʷץʪʳ ʢʝʡʙʽʨ ʝʣʜʝʨʜʝ ʢʨʝʤʥʠʡ ʪʳשʘʡʪץʳʰʪʘʨʳʥ ʢװʨʽʰ ᴇʩʽʨʽʣʝʪʽʥ ʘʣץʘʧʪʘʨʜʘ 

 .ʘʥ [17]סʩʳʥʳʣײ ʛʝʡʜʝשʦʣʜʘʥʫ ʤʝʤʣʝʢʝʪʪʽʢ ʜʝץ

ʌʦʩʬʦʨ ʤʝʥ ʢʨʝʤʥʠʡ ʥʝʛʽʟʽʥʜʝʛʽ ʪʳשʘʡʪץʳʰ ץʦʩʧʘʣʘʨʳʥ ʭʠʤʠʷʣʳץ-

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞʦʣʤʝʥ ʘʣʫʜʳש ᴅʨʪװʨʣʽ ʪᴅʩʽʣʜʝʨʽ ʙʘʨ. ʆʣʘʨʜʳש ʙʽʨʽ ð 

ʪʝʨʤʦʬʦʩʬʘʪʪʳ ʪʳשʘʡʪץʳʰʪʘʨ: ʙײʣ ʬʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪʪʳ ʢʨʝʤʥʝʟʝʤʤʝʥ ʞᴅʥʝ 

ʩʦʜʘʤʝʥ (ʥʝʤʝʩʝ ᴅʢʧʝʥ) ʰʘʤʘʤʝʥ 900ï1000 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʙʘʣץʳʪʫ ʘʨץʳʣʳ 

ʘʣʳʥʘʪʳʥ ᴇʥʽʤʜʝʨ [18]. ʄײʥʜʘʡ ʢװʡʜʽʨʫ ʢʝʟʽʥʜʝ ʢʘʣʴʮʠʡ ʩʠʣʠʢʘʪʳ ʤʝʥ 

ʬʦʩʬʘʪʳ ʪװʟʽʣʝʜʽ, ʦʣʘʨ ʪʦʧʳʨʘץʪʘ ʙʽʨʪʽʥʜʝʧ ʝʨʠ ʦʪʳʨʳʧ, ʬʦʩʬʦʨʜʳ ʙʦʩʘʪʘʜʳ. 
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ʊʝʨʤʦʬʦʩʬʘʪʪʘʨ ʂʉʈʆ-ʜʘ ʝʨʽʪʽʥʜʽʣʽʛʽ ʨʝʪʪʝʣʝʪʽʥ ʪʳשʘʡʪץʳʰʪʘʨ ʨʝʪʽʥʜʝ 

ʞʘʩʘʣסʘʥ (ʢʘʣʠʡ ʪʝʨʤʦʬʦʩʬʘʪʳʥ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʨʝʪʪʝʣʝʪʽʥ ʬʦʩʬʘʪʪʳ 

ʪʳשʘʡʪץʳʰʪʘʨʜʳ ᴇʥʜʽʨʫ ʙʦʡʳʥʰʘ 1987ï1989 ʞʞ. ʧʘʪʝʥʪʪʝʨ ʙʘʨ) [19]. ɸʣʘʡʜʘ 

ʙײʣ ᴅʜʽʩʪʽש ʵʥʝʨʛʝʪʠʢʘʣʳץ ʰʳסʳʥʳ ʞʦסʘʨʳ. 

ɸʣʴʪʝʨʥʘʪʠʚʪʽ ʪᴅʩʽʣ ï ʬʦʩʬʦʨʜʳ ʢʨʝʤʥʠʡ ץʦʩʳʣʳʩʪʘʨʳʤʝʥ ʭʠʤʠʷʣʳץ 

ʪײʥʜʳʨʫ. 1960 ʞʳʣʜʘʨʳ ɸפʐ-ʪʘ ʜʘʡʳʥ ʬʦʩʬʦʨ ʪʳשʘʡʪץʳʰʳʥ ʩʠʥʪʝʪʠʢʘʣʳץ 

ʩʠʣʠʢʘʪʧʝʥ ʘʨʘʣʘʩʪʳʨʳʧ, ʬʦʩʬʦʨ-ʢʨʝʤʥʠʡ ʘʛʣʦʤʝʨʘʪʪʘʨʳʥ ʘʣʫ ʪᴅʩʽʣʽ 

ʧʘʪʝʥʪʪʝʣʛʝʥ ʙʦʣʘʪʳʥ [20]. ɹʽʨʘץ ʩʠʥʪʝʪʠʢʘʣʳץ ʩʠʣʠʢʘʪʪʘʨʜʳש 

 .[21] ץʘʥ ʞʦסʽʥʝʥ ʪʘʨʘʣשʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ᴅʜʽʩ ʢʝסʳʤʙʘʪʪʳʣʳץ

 ʠסʨʘʤʳʥʜʘ ʢʨʝʤʥʠʡʽ ʙʘʨ ʪʘʙʠײץ ᴅʜʽʩ ï ץʧʨʘʢʪʠʢʘʣʳ שʜʘ ʝשʘʟʽʨʛʽ ʪʘפ

ʤʠʥʝʨʘʣʜʘʨ ʤʝʥ ץʘʣʜʳץʪʘʨʜʳ ʪʳשʘʡʪץʳʰ ץʦʩʧʘʩʳʥʘ ץʦʩʫ. ʈʝʩʝʡ ʟʝʨʪʪʝʫʰʽʣʝʨʽ 

(ɺ.ɺ. ʄʘʪʳʯʝʥʢʦʚ ʞᴅʥʝ ʪ.ʙ.) ʬʦʩʬʦʨʣʳ ʪʳשʘʡʪץʳʰʪʘʨסʘ ʙʠʦʛʝʦʭʠʤʠʷʣʳץ 

ʙʝʣʩʝʥʜʽ, ײʩʘץʜʠʩʧʝʨʩʪʽ ʢʨʝʤʥʠʡʣʽ ץʘʣʜʳץʪʘʨ (ʢװʣ, ʤʝʪʘʣʣʫʨʛʠʷʣʳץ ʰʣʘʢʪʘʨ, 

ʢʨʝʤʥʝʟʝʤ) ץʦʩʫ ʘʨץʳʣʳ ʪʠʽʤʜʽ ʬʦʩʬʦʨ-ʢʨʝʤʥʠʡ ʪʳשʘʡʪץʳʰʪʘʨʳʥ ʘʣʫסʘ 

ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ [22]. ʄʘשʳʟʜʳ ʰʘʨʪ ï ʢʨʝʤʥʠʡ ʘʤʦʨʬʪʳ (ʢʨʠʩʪʘʣʩʳʟ) 

ʬʦʨʤʘʜʘ ʞᴅʥʝ ʞʦסʘʨʳ ʤʝʥʰʽʢʪʽ ʙʝʪʽʤʝʥ ʙʦʣʫʳ ʢʝʨʝʢ. ʆʥʜʘʡ ʞʘסʜʘʡʜʘ ʦʣ 

ʬʦʩʬʘʪ ʘʥʠʦʥʜʘʨʳʥ ʩʦʨʙʮʠʷʣʘʧ, ʦʣʘʨʜʳ ʙʽʨʪʽʥʜʝʧ ᴇʩʽʤʜʽʢʪʝʨʛʝ ʙʝʨʝʜʽ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʩʫʧʝʨʬʦʩʬʘʪʪʳ ʢװʨʽʰ ʢװʣʽʤʝʥ 

ʥʝʤʝʩʝ ʢʨʝʤʥʝʟʝʤ ʰʘשʳʤʝʥ 1:1 ץʘʪʳʥʘʩʳʥʜʘ ʘʨʘʣʘʩʪʳʨסʘʥ ʞʘסʜʘʡʜʘ ʬʦʩʬʦʨ 

ʜʦʟʘʩʳʥ ʘʟʘʡʪʳʧ, ᴇʥʽʤʜʽʣʽʢ ʪᴇʤʝʥʜʝʤʝʡʜʽ: ʙײʣ ץʦʩʧʘʣʘʨ ʬʦʩʬʦʨʜʳש ʩʽשʽʨʽʣʫʽ 

ʞʘסʳʥʘʥ ʪʠʽʤʜʽʨʝʢ ʙʦʣʘʜʳ [23]. ʂʨʝʤʥʠʡ ʬʦʩʬʦʨ װʰʽʥ ʙʫʬʝʨ ʨᴇʣʽʥ ʘʪץʘʨʘʜʳ: 

ʙʘʩʪʘʧץʳʜʘ ʦʣ ʬʦʩʬʦʨʜʳש ʘʣʶʤʠʥʠʡ ʞᴅʥʝ ʪʝʤʽʨʤʝʥ ʝʨʽʤʝʡʪʽʥ ץʦʩʳʣʳʩʪʘʨ 

ʪװʟʫʽʥʝ ʞʦʣ ʙʝʨʤʝʡʜʽ, ʢʝʡʽʥʥʝʥ ʦʥʳ ᴇʩʽʤʜʽʢʢʝ ʙʽʨʪʽʥʜʝʧ ʙʝʨʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʝʨʠʪʽʥ ʢʨʝʤʥʠʡ ץʦʩʳʣʳʩʪʘʨʳ (ʤʦʥʦʩʠʣʠʢʘʪʪʘʨ, ʢʨʝʤʥʠʡ ץʳʰץʳʣʳ) ᴇʟʜʝʨʽ ʜʝ 

ʪʘʤʳʨ ʞװʡʝʩʽʥʽש ʜʘʤʫʳʥ ʞʘץʩʘʨʪʘʜʳ ʞᴅʥʝ ᴇʩʽʤʜʽʢʪʽש ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ 

[17]. 

ʊʝʭʥʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ, ʤײʥʜʘʡ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ײץʨסʘץ ʘʨʘʣʘʩʪʳʨʫ 

ʘʨץʳʣʳ (RU2130445C1 ʧʘʪʝʥʪʽʥʜʝ ʩʠʧʘʪʪʘʣסʘʥʜʘʡ: ʬʦʩʬʦʨʣʳ ʪʳשʘʡʪץʳʰʪʳ 

ʢʨʝʤʥʝʟʝʤ ʥʝʤʝʩʝ ʤʝʪʘʣʣʫʨʛʠʷʣʳץ ʰʣʘʢ ײʥʪʘסʳʤʝʥ (Ò1 ʤʤ) ʘʨʘʣʘʩʪʳʨʫ 

ʘʨץʳʣʳ) [24], ʥʝʤʝʩʝ ʳʣסʘʣʜʳ ᴅʜʽʩʧʝʥ ï ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʩʫʤʝʥ ʥʝʤʝʩʝ ᴅʣʩʽʟ 

 ʘʥʳʤʝʥ, ʙʽʨʪʝʢʪʽסʘʨʘʧʘʡʳʤ ʙʦʣץ ᴅʜʽʩ ץʘסʨײפ .ʳʣʳ ʘʣʘʜʳץʜʝʫ ʘʨשʳʣʤʝʥ ᴇץʳʰץ

ʘʨʘʣʘʩʪʳʨʫ ʤʝʥ ʤץײʠʷʪ ײʥʪʘץʪʘʫ ץʘʞʝʪ.  

 ʦʣʜʘʥʫץ ʦʩʧʘʣʘʨʳʥ ᴇʥʜʽʨʫ ʤʝʥץ ʳʰץʘʡʪשʘʟʽʨʛʽ ʟʘʤʘʥʜʘ ʪʳפ

ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʪʨʝʥʜʪʝʨʛʝ ʩᴅʡʢʝʩ װʥʝʤʽ ᴇʩʽʧ, ʞʝʪʽʣʫʜʝ. 2020-

ʞʳʣʜʘʨʜʳש ʙʘʩʳʥʜʘ ʢʝʰʝʥʜʽ ʪʳשʘʡʪץʳʰʪʘʨʜʳש ʞʘᴃʘʥʜʳץ ʥʘʨʳסʳ ʰʘʤʘʤʝʥ 

ʞʳʣʳʥʘ 100 ʤʣʥ ʪʦʥʥʘ ʜʝʧ ʙʘסʘʣʘʥʜʳ [25]. 2007ï2021 ʞʳʣʜʘʨʳ ʘʨʘʣʳסʳʥʜʘ 

ʢװʨʜʝʣʽ NPK ʪʳשʘʡʪץʳʰʪʘʨʳʥʳש ᴅʣʝʤʜʽʢ ʪײʪʳʥʫ ʢᴇʣʝʤʽ ʞʳʣ ʩʘʡʳʥ ʦʨʪʘ 

ʝʩʝʧʧʝʥ 1.4%-סʘ ʘʨʪץʘʥ, ᴅʩʽʨʝʩʝ ɸʟʠʷʜʘסʳ ʜʘʤʫʰʳ ʝʣʜʝʨʜʝ ᴇʩʫ ʞʦסʘʨʳ. ɽש ʽʨʽ 

ʪײʪʳʥʫʰʳʣʘʨ ï פʳʪʘʡ, תʥʜʽʩʪʘʥ, ɸפʐ ʞᴅʥʝ ʈʝʩʝʡ, ʦʣʘʨʜʳװ שʣʝʩʽʥʝ ᴅʣʝʤʜʽʢ 

ʪײʪʳʥʫʜʳש ʰʘʤʘʤʝʥ 45%-ʳ ʪʠʝʩʽʣʽ. , תʥʜʽʩʪʘʥ ʩʦסשʳ ʞʳʣʜʘʨʳ ʢװʨʜʝʣʽ 

ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʪײʪʳʥʫʜʳ ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʪʳʨʜʳ (ʞʳʣʳʥʘ >10%), ʙʽʨ 

ʵʣʝʤʝʥʪʪʽ ʪʳשʘʡʪץʳʰʪʘʨʜʘʥ ʙʘʣʘʥʩʪʘʣסʘʥ NPK-סʘ ʢᴇʰʫʜʝ. 

ᴆʥʜʽʨʫʰʽʣʝʨ ʜᴅʣ ʝʛʽʥʰʽʣʽʢʢʝ ʘʨʥʘʣסʘʥ "ʘץʳʣʜʳ" ʪʳשʘʡʪץʳʰʪʘʨ ײʩʳʥʫʜʘ: 

ʠʥʛʠʙʠʪʦʨʣʘʨ, ʙʠʦʩʪʠʤʫʣʷʪʦʨʣʘʨ, ʙʘʷʫ ʥʝʤʝʩʝ ʙʘץʳʣʘʥʘʪʳʥ ʙʦʩʘʧ ʰʳסʘʪʳʥ 

 ʪʘץᴇʥʽʤ ʙʦʣʩʘ, ʝʥʜʽ ʥʘʨʳ ץʨʳʥ ʥʠʰʘʣʳײʳʰʪʘʨ ʙץʘʡʪשʦʩʧʘʣʘʨ. ɹʘʷʫ ᴅʩʝʨʣʽ ʪʳץ
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ʝʣʝʫʣʽ װʣʝʩʢʝ ʠʝ. ɹʘסʘʣʘʫסʘ ʩᴅʡʢʝʩ, 2020-ʞʳʣʜʘʨʳ ʙʘץʳʣʘʫʤʝʥ ʙʦʩʘʧ ʰʳסʘʪʳʥ 

ʪʳשʘʡʪץʳʰʪʘʨ ʥʘʨʳסʳ ʞʳʣʳʥʘ 5ï6% ᴇʩʫʜʝ [26] ï ʙײʣ ץʘʨʘʧʘʡʳʤ 

ʪʳשʘʡʪץʳʰʪʘʨʜʘʥ ᴅʣʜʝץʘʡʜʘ ʞʦסʘʨʳ. ʕʢʦʣʦʛʠʷʣʳץ ʩʘʷʩʘʪ ʦʩʳ װʨʜʽʩʪʽ 

ʢװʰʝʡʪʫʜʝ: ʢᴇʧʪʝʛʝʥ ʝʣʜʝʨ ʘʟʦʪ ʰʳסʳʥʳʥ ʘʟʘʡʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʰʘʨʘʣʘʨʜʳ 

 ʣ ʤᴅʩʝʣʝʥʽײʘʪʳʥ NPK ʙסʘʣʘʫ ʙʘʨʳʩʳʥʜʘ ʙʦʩʘʧ ʰʳסʘʜʘץ ʘ ʘʣʫʜʘ, ʘʣסʦʣץ

ʰʝʰʫʜʽש ʪʠʽʤʜʽ ײץʨʘʣʳ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʫʜʘ. 

ʉʦʣ ʩʠʷץʪʳ, ʪײʨʘץʪʘʣʳʥסʘʥ ʪʳשʘʡʪץʳʰʪʘʨ (ʫʨʝʘʟʘ ʥʝʤʝʩʝ ʥʠʪʨʠʬʠʢʘʮʠʷ 

ʠʥʛʠʙʠʪʦʨʣʘʨʳʤʝʥ ʙʘʡʳʪʳʣסʘʥ) ʜʘ 4R ʢʦʥʮʝʧʮʠʷʩʳʥʳש (right product, right rate, 

right time, right place ï ʜײʨʳʩ ᴇʥʽʤ, ʜʦʟʘ, ʫʘץʳʪ ʞᴅʥʝ ʝʥʛʽʟʫ ʦʨʥʳ) ײץʨʘʤʜʘʩ 

ʙᴇʣʽʛʽ ʨʝʪʽʥʜʝ ʢʝש ʪʘʥʳʣʫʜʘ. 

ʊʳשʘʡʪץʳʰʪʘʨʜʳש ʩʘʧʘʩʳ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʘʨʪʪʳʨʫ ï ʤʘשʳʟʜʳ 

ʙʘסʳʪʪʘʨʜʳש ʙʽʨʽ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ᴅʣʝʤʜʝ ʬʦʩʬʦʨʣʳ ʪʳשʘʡʪץʳʰʪʘʨʜʘסʳ ʟʠʷʥʜʳ 

 .ʰʝʡʪʽʣʫʜʝװʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨ ʢץ (ʘʩʳʥ, ʤʳʰʴʷʢסʦʨץ ,ʢʘʜʤʠʡ) ʘסʦʩʧʘʣʘʨץ

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʪʳשʘʡʪץʳʰ ᴇʥʜʽʨʫʰʽʣʝʨʽ ʥʝ ʪʘʟʘʨʪʳʣסʘʥ ʰʠʢʽʟʘʪץʘ 

ʢᴇʰʫʛʝ, ʥʝ ʬʦʩʬʘʪʪʘʨʜʳ ʪʘʟʘʨʪʫסʘ ʤᴅʞʙװʨ ʙʦʣʳʧ ʦʪʳʨ. , ɽʫʨʦʧʘʣʳץ ʆʜʘץ (ɽʆ) 

2019/1009 (EU) ʞʘשʘ ʨʝʛʣʘʤʝʥʪʽʥʝ ʩᴅʡʢʝʩ ʬʦʩʬʦʨ ʪʳשʘʡʪץʳʰʪʘʨʳʥʜʘסʳ 

ʢʘʜʤʠʡ ʤᴇʣʰʝʨʽʥʝ ʰʝʢʪʽ ʥʦʨʤʘ ʝʥʛʽʟʜʽ, ʙײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ NPK ײץʨʘʤʳʥʘ ʜʘ ᴅʩʝʨ 

ʝʪʝʜʽ (Cd ʤᴇʣʰʝʨʽ ʞʦסʘʨʳ ʬʦʩʬʘʪʪʘʨʜʳ ʘʟʘʡʪʫ ץʘʞʝʪ) [26]. 

ᴆשʽʨʣʽʢ ʪʨʝʥʜʪʝʨ ʘʡʳʨʤʘʰʳʣʳסʳ ʜʘ ʘʡץʳʥ ʙʘʡץʘʣʘʜʳ. ʈʝʩʝʡ ʤʝʥ ʊʄɼ 

ʝʣʜʝʨʽʥʜʝ 2010ï2020 ʞʳʣʜʘʨʳ ʢװʨʜʝʣʽ ʪʳשʘʡʪץʳʰʪʘʨ ᴇʥʜʽʨʽʩʽ ʘʡʪʘʨʣʳץʪʘʡ 

ᴇʩʪʽ: ʌʦʩɸʛʨʦ, ɽʚʨʦʍʠʤ, ɸʢʨʦʥ ʩʠʷץʪʳ ʽʨʽ ʢʦʤʧʘʥʠʷʣʘʨ ᴇʥʜʽʨʽʩ ץʫʘʪʪʘʨʳʥ 

ʞʘשʘʨʪʳʧ, ʽʰʢʽ ʞᴅʥʝ ʩʳʨʪץʳ ʥʘʨʳץץʘ ʘʨʥʘʣסʘʥ NPK ᴇʥʽʤʜʝʨʽʥ ʢᴇʙʝʡʪʪʽ [26]. 

ʈʝʩʝʡʣʽʢ ᴇʥʜʽʨʫʰʽʣʝʨ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʤʝʥ ʙʘʡʳʪʳʣסʘʥ ʞʘשʘ ʤʘʨʢʘʣʘʨʜʳ, 

ʢװʢʽʨʪʽ ʙʘʨ ʢʦʤʧʣʝʢʩʪʝʨʜʽ (NPS 14:34:10) ʰʳסʘʨʘ ʙʘʩʪʘʜʳ ʞᴅʥʝ ʞʳʣʳʞʘʡ 

ʰʘʨʫʘʰʳʣʳסʳʥʘ ʘʨʥʘʣסʘʥ ʩʫʜʘ ʝʨʠʪʽʥ NPK ʞʝʣʽʩʽʥ ʢʝשʝʡʪʽʧ ʞʘʪʳʨ. 

               ʳʰʪʘʨץʘʡʪשʘʥ ʞʳʣ ʙʦʡʳ ʞʝʢʝ ʪʳסʩʪʘʥ ʤʝʥ ᴆʟʙʝʢʩʪʘʥʜʘ, ʦʥʜʘץʘʟʘפ

(ʩʫʧʝʨʬʦʩʬʘʪ, ʥʠʪʨʘʪʪʘʨ) ץʦʣʜʘʥʳʣסʘʥ ʙʦʣʩʘ, ʩʦסשʳ ʞʳʣʜʘʨʳ ʢʦʤʧʣʝʢʩʪʽʢ 

ʪʳשʘʡʪץʳʰʪʘʨ ᴇʥʜʽʨʽʩʽ ץʦʣסʘ ʘʣʳʥʜʳ ïפʘʟʘץʩʪʘʥʜʘ ʘʤʤʦʬʦʩ ᴇʥʜʽʨʝʪʽʥ ʟʘʫʳʪ 

ʽʩʢʝ ץʦʩʳʣʜʳ, ʘʣ NPK ʪװʡʽʨʰʽʢʪʝʨʽʥ ʰʳסʘʨʫ ʙʦʡʳʥʰʘ ʞʘשʘ ʞʝʣʽʣʝʨ ʘʰʫ 

ʞʦʩʧʘʨʣʘʥʫʜʘ. 

ᴄʣʝʤʜʽʢ ʪʳשʘʡʪץʳʰ ʥʘʨʳסʳʥʜʘסʳ ʪʨʝʥʜʪʝʨ ʪr  ʠʢʝʤʜʽʣʽʛʽ שʳʰʪʘʨʜʳץʘʡʪש

ʤʝʥ ʙʘסʳʪʪʳʣʳסʳʥʳש ʘʨʪʫʳ (ʙʝʣʛʽʣʽ ʙʽʨ ʪʦʧʳʨʘץ ʧʝʥ ʜʘץʳʣסʘ ʙʝʡʽʤʜʝʣʛʝʥ 

ʬʦʨʤʫʣʘʣʘʨ), ʵʬʬʝʢʪʠʚʪʽʣʽʢ ʧʝʥ ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢʪʽ ʘʨʪʪʳʨʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ ʠʥʥʦʚʘʮʠʷʣʘʨ (ʙʘʷʫ ʙʦʩʘʧ ʰʳסʫ, ʙʠʦץʦʩʧʘʣʘʨ), ʩʘʧʘʥʳ 

ʭʘʣʳץʘʨʘʣʳץ ʜʝשʛʝʡʜʝ ʩʪʘʥʜʘʨʪʪʘʫ ʞᴅʥʝ ʙʘץʳʣʘʫ ʙʦʡʳʥʰʘ ʩʠʧʘʪʪʘʣʘʜʳ. 

ɸʛʨʦʥʦʤʠʷʣʳץ ʪʠʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫʤʝʥ ץʘʪʘʨ, ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʟʠʷʥʜʳ ᴅʩʝʨʜʽ 

ʘʟʘʡʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ. 

ʊʳשʘʡʪץʳʰʪʘʨʜʳ ᴇʥʜʽʨʫ ʤʝʥ ץʦʣʜʘʥʫ (ʦʥʳש ʽʰʽʥʜʝ ʪʫʢʦץʦʩʧʘʣʘʨ ʜʘ) 

 ʡʝװʣ ʞײʡʝʩʽʤʝʥ ʨʝʪʪʝʣʝʜʽ. ɹװʩʪʘʥʜʘʨʪʪʘʨ ʞ ץʘʨʘʣʳץʞᴅʥʝ ʭʘʣʳ ץʣʪʪʳײ

ʪʝʨʤʠʥʦʣʦʛʠʷʥʳ, ʢʣʘʩʩʠʬʠʢʘʮʠʷʥʳ, ᴇʥʽʤʛʝ ץʦʡʳʣʘʪʳʥ ʪʝʭʥʠʢʘʣʳץ 

ʪʘʣʘʧʪʘʨʜʳ, ʩʘʧʘ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʢ ʩʳʥʘץʪʘʨʳʥʳש ᴅʜʽʩʪʝʨʽʥ ץʘʤʪʠʜʳ. 

ʊʝʨʤʠʥʦʣʦʛʠʷ ʞᴅʥʝ ʞʽʢʪʝʫ. ɹʽʨʳסשʘʡ סײʳʤʜʳץ ʙʘʟʘ װʰʽʥ ʍʘʣʳץʘʨʘʣʳץ 

ʩʪʘʥʜʘʨʪʪʘʫ ײʡʳʤʳ (ISO) ʪʳשʘʡʪץʳʰʪʘʨ ʤʝʥ ʪʦʧʳʨʘץ ʞʘץʩʘʨʪץʳʰʪʘʨסʘ 

ʘʨʥʘʣסʘʥ ʥʝʛʽʟʛʽ ʪʝʨʤʠʥʜʝʨʜʽ ץʘʤʪʠʪʳʥ ISO 8157:2022 çFertilizers, soil 

conditioners and beneficial substances ð Vocabularyè ʩʪʘʥʜʘʨʪʳʥ ᴅʟʽʨʣʝʜʽ. ɹײʣ 
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 mixed fertilizer (ʘʨʘʣʘʩ ,(ʳʰץʘʡʪשʢʝʰʝʥʜʽ ʪʳ) ʞʘʪʪʘ compound fertilizerײץ

ʪʳשʘʡʪץʳʰ) ʞᴅʥʝ ʙʘʩץʘ ʜʘ סײʳʤʜʘʨ ʘʥʳץʪʘʤʘ ʘʣסʘʥ. ɹײʨʳʥ ISO 7851:1983 

ʩʪʘʥʜʘʨʪʳ ᴅʨʝʢʝʪ ʝʪʢʝʥ, ʦʥʜʘ ʪʳשʘʡʪץʳʰʪʘʨ ײץʨʘʤʳ ʙʦʡʳʥʰʘ (ʘʟʦʪʪʳ, 

ʬʦʩʬʦʨʣʳ, ʢʝʰʝʥʜʽ ʞᴅʥʝ ʪ.ʙ.) ʞʽʢʪʝʣʛʝʥ. 

ʂʝשʝʩʪʽʢ ʢʝʟʝשʥʝʥ ʙʘʩʪʘʧ ʈʝʩʝʡ ʤʝʥ ʊʄɼ ʝʣʜʝʨʽʥʜʝ ʜʝ ʦʩʳʥʜʘʡ 

ʥʦʨʤʘʪʠʚʪʽʢ ʙʘʟʘ ץʘʣʳʧʪʘʩץʘʥ: ʄɽʉʊ 21560.2-82 ʞᴅʥʝ ʄɽʉʊ 21560.1-82 

ʤʠʥʝʨʘʣʜʳץ ʪʳשʘʡʪץʳʰʪʘʨסʘ ץʘʪʳʩʪʳ ʪʝʨʤʠʥʜʝʨ ʤʝʥ ʘʥʳץʪʘʤʘʣʘʨʜʳ ʙʝʢʽʪʪʽ, 

ʦʥʳש ʽʰʽʥʜʝ ñʩʤʝʩʦʚʳʝ ʫʜʦʙʨʝʥʠʷò, ñʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʫʜʦʙʨʝʥʠʷò ʩʠʷץʪʳ 

 ʞʦʣʤʝʥ ʘʣʳʥʘʪʳʥ ʢʝʰʝʥʜʽ ץʣ ʩʪʘʥʜʘʨʪʪʘʨ ʭʠʤʠʷʣʳײʘʥ. ɹסʪʘʣץʳʤʜʘʨ ʘʥʳסײ

ʪʳשʘʡʪץʳʰʪʘʨ (, ʥʠʪʨʦʬʦʩʢʘ) ʤʝʥ ʤʝʭʘʥʠʢʘʣʳץ ʘʨʘʣʘʩʪʳʨʫ ʘʨץʳʣʳ ʘʣʳʥסʘʥ 

ʪʳשʘʡʪץʳʰ ץʦʩʧʘʣʘʨʳʥ (ʪʫʢʦץʦʩʧʘʣʘʨ) ʘʞʳʨʘʪʘʜʳ. 

 ʦʨʥʳʥʘ ʄɽʉʊ 30332-95 שʣ ʩʪʘʥʜʘʨʪʪʘʨʜʳײʘʟʽʨʛʽ ʈʝʩʝʡʜʝ ʙפ

 ʪʘʡ ʦʪʳʨʳʧ, ʪʝʨʤʠʥʜʝʨʜʽץʳʤʜʘʨʜʳ ʩʘסײ ʘʥסʘʨʳʜʘ ʘʡʪʳʣסʦʣʜʘʥʳʣʘʜʳ, ʦʣ ʞʦץ

ʞװʡʝʣʝʥʜʽʨʝʜʽ. ʆʩʳʣʘʡʰʘ, ʪʫʢʦץʦʩʧʘʣʘʨסʘ ץʘʪʳʩʪʳ ʪʝʨʤʠʥʦʣʦʛʠʷ ʭʘʣʳץʘʨʘʣʳץ 

ʜʝשʛʝʡʜʝ ʙʽʨʽʟʜʝʥʜʽʨʽʣʛʝʥ, ʙײʣ ʪʝʭʥʠʢʘʣʳײץ ץʞʘʪʪʘʤʘʣʘʨ ʤʝʥ ᴇʥʽʤ ʪʘשʙʘʣʘʥʫʳʥ 

ʜײʨʳʩ ʪװʩʽʥʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ᴄʨ ʪʳשʘʡʪץʳʰץʘ ʩʘʧʘ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʙʝʢʽʪʽʣʝʜʽ ï : ץʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽש 

ʧʘʡʳʟʜʳץ ʤᴇʣʰʝʨʽ, ʨץײʩʘʪ ʝʪʽʣʛʝʥ ץʦʩʧʘʣʘʨ, ʪװʡʽʨʰʽʢ ʤᴇʣʰʝʨʽ, ʪʳסʳʟʜʳסʳ, 

ʘסʳʥʜʳʣʳסʳ, ʝʨʽʛʽʰʪʽʛʽ ʞᴅʥʝ ʪ.ʙ. ɹײʣ ʪʘʣʘʧʪʘʨ ʩʪʘʥʜʘʨʪʪʘʨʜʘ ʥʝʤʝʩʝ 

ᴇʥʜʽʨʫʰʽʥʽש ʪʝʭʥʠʢʘʣʳץ ʰʘʨʪʪʘʨʳʥʜʘ (ʊʋ) ʢᴇʨʩʝʪʽʣʝʜʽ. 

ʆʨʛʘʥʠʢʘʣʳץ-ʤʠʥʝʨʘʣʜʳ ʘʨʘʣʘʩ ʪʳשʘʡʪץʳʰʪʘʨ װʰʽʥ ʘʨʥʘʡʳ ʩʪʘʥʜʘʨʪ 

ʙʘʨ ï ʄɽʉʊ ʈ 53117-2008 çɾʘʥʫʘʨʣʘʨ ץʘʣʜʳץʪʘʨʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ʦʨʛʘʥʠʢʘʣʳץ 

ʪʳשʘʡʪץʳʰʪʘʨ. ʊʝʭʥʠʢʘʣʳץ ʰʘʨʪʪʘʨè. ɹײʣ ʩʪʘʥʜʘʨʪʪʘ ʢʦʤʧʦʩʪʪʘʨ ʤʝʥ ʢᴇש 

ʥʝʛʽʟʽʥʜʝʛʽ ʘʨʘʣʘʩ ʪʫʢʦץʦʩʧʘʣʘʨסʘ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨ ʢᴇʨʩʝʪʽʣʛʝʥ. ɾʘʣʧʳ 

ʘʟʦʪ, ʬʦʩʬʦʨ ʞᴅʥʝ ʢʘʣʠʡ ʤᴇʣʰʝʨʽʥʽש ʤʠʥʠʤʫʤʳ, ʧʘʪʦʛʝʥʜʽ ʤʠʢʨʦʬʣʦʨʘʥʳש 

ʙʦʣʤʘʫʳ, ʞᴅʥʝ ʩʘץʪʘʫ ʥʦʨʤʘʣʘʨʳ ʩʘץʪʘʣסʘʥʜʘ ʩʘץʪʘʫ ʤʝʨʟʽʤʽ ʰʝʢʪʝʣʤʝʡʜʽ ʜʝʧ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʊ rשʘʡʪץʳʰ ץʦʩʧʘʣʘʨʳʥʳײץ שʨʘʤʳʥ ʪʘʣʜʘʫ װʰʽʥ ʩʪʘʥʜʘʨʪʪʘʣסʘʥ 

ᴅʜʽʩʪʝʤʝʣʝʨ ʢʝʰʝʥʽ ץʦʣʜʘʥʳʣʘʜʳ. ʂʝשʝʩʪʽʢ ʩʪʘʥʜʘʨʪʪʘʫ ʞװʡʝʩʽʥʜʝ ʢʝʰʝʥʜʽ 

ʪʳשʘʡʪץʳʰʪʘʨסʘ ʘʨʥʘʣסʘʥ ʄɽʉʊ 20851.* ʩʝʨʠʷʩʳ ᴅʟʽʨʣʝʥʛʝʥ. , ʄɽʉʊ 20851.2-

75 ʪʳשʘʡʪץʳʰ װʣʛʽʩʽʥ 1000ï1050 Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ץʳʟʜʳʨʫ ʘʨץʳʣʳ 

ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ץʦʩʧʘʣʘʨʜʳ ʘʥʳץʪʘʫ ᴅʜʽʩʪʝʤʝʩʽʥ ʙʝʣʛʽʣʝʡʜʽ; ʄɽʉʊ 26712-85 

ð ʛʠʛʨʦʩʢʦʧʠʷʣʳץ ʳʣסʘʣʜʳʣʳץʪʳ ʘʥʳץʪʘʫ ᴅʜʽʩʽ (ʪײʨʘץʪʳ ʤʘʩʩʘסʘ ʜʝʡʽʥ 

ʢʝʧʪʽʨʫ ʘʨץʳʣʳ); ʄɽʉʊ 26714-85 ð ʢװʣʜʽʣʽʢʪʽ ʘʥʳץʪʘʫ ᴅʜʽʩʽ (ʦʨʛʘʥʠʢʘʣʳץ 

ʟʘʪʪʘʨʜʳ ʞʘʥʜʳʨʫ); ʄɽʉʊ 27980-88 ð ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש ʞᴅʥʝ ʛʫʤʫʩ 

 .ʘʥסʘ ʘʨʥʘʣסʪʘʫץʨʘʤʳʥ ʘʥʳײץ שʦʩʳʣʳʩʪʘʨʳʥʳץ

 ʄɽʉʊ 26712-85 ʙʦʡʳʥʰʘ ʪʳשʘʡʪץʳʰʪʘסʳ ʳʣסʘʣʜʳʣʳץ ʙʝʣʛʽʣʽ ʙʽʨ 

ʰʝʢʪʝʥ ʘʩʧʘʫʳ ʪʠʽʩ ð ʙײʣ ʢᴇʨʩʝʪʢʽʰ ᴅʩʽʨʝʩʝ ʪʫʢʦץʦʩʧʘʣʘʨ װʰʽʥ ʤʘשʳʟʜʳ, 

ᴇʡʪʢʝʥʽ ʳʣסʘʣʜʳʣʳץʪʳש ʞʦסʘʨʳ ʙʦʣʫʳ ʰʦסʳʨʣʘʥʫʳʥʘ ᴅʢʝʣʝʜʽ (ץʘʪץʘץʪʘʥʳʧ 

 שʪʘʫʜʳץʳ ʙʽʨ ʤʳʩʘʣ: ʄɽʉʊ 20851.4-77 ð ʬʦʩʬʘʪʪʘʨʜʳ ʘʥʳסʘʣʫ). ʊʘץ

ʢʦʣʦʨʠʤʝʪʨʠʷʣʳץ ᴅʜʽʩʽʥ, ʘʣ ʄɽʉʊ 20851.3-76 ð ʘʟʦʪʪʳ ʘʥʳץʪʘʫ װʰʽʥ 

ʘʤʤʠʘʢʪʳ ʘʡʜʘʫ ᴅʜʽʩʽʥ ʩʠʧʘʪʪʘʡʜʳ. ʆʩʳʥʜʘʡ ʩʪʘʥʜʘʨʪʪʘʣסʘʥ ᴅʜʽʩʪʝʤʝʣʝʨʜʽ 

ʩʘץʪʘʫ ʪʳשʘʡʪץʳʰ ʩʘʧʘʩʳʥ ᴅʨʪװʨʣʽ ʟʘʫʳʪʪʘʨʜʘ ʦʙʲʝʢʪʠʚʪʽ ʙʘץʳʣʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. 
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ʍʘʣʳץʘʨʘʣʳץ ʜʝשʛʝʡʜʝ, ISO ʪʝʨʤʠʥʦʣʦʛʠʷʣʳץ ʩʪʘʥʜʘʨʪʪʘʨʳʥʘʥ ʙᴇʣʝʢ, 

OECD ʞᴅʥʝ FAO ʩʪʘʥʜʘʨʪʪʘʨʳ ʙʘʨ. OECD Guidance for Industry on the 

Categorisation of Fertilizers ײץʞʘʪʳ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʩʘʫʜʘ ʞᴅʥʝ ʩʪʘʪʠʩʪʠʢʘ 

ʤʘץʩʘʪʳʥʜʘ ʙʽʨʽʟʜʽʣʝʥʜʽʨʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ. ɹױױ-ʥʳש ɸʟʳץ-ʪװʣʽʢ ʞᴅʥʝ ʘʫʳʣ 

ʰʘʨʫʘʰʳʣʳסʳ ײʡʳʤʳ (FAO) ʪʳשʘʡʪץʳʰʪʘʨסʘ ʘʨʥʘʣסʘʥ ʢʦʜʝʢʩʪʝʨ ʤʝʥ 

ʝʨʝʞʝʣʝʨʜʽ ʞʘʨʠʷʣʘʡʜʳ (, International Code of Conduct for the Sustainable Use of 

Fertilizers, 2019), ʦʥʜʘ ʪʳשʘʡʪץʳʰʪʘʨʜʳש ʩʘʧʘʩʳ ʤʝʥ ץʦʣʜʘʥʳʣʫʳʥʘ ץʦʡʳʣʘʪʳʥ 

ʪʘʣʘʧʪʘʨ ץʘʤʪʳʣʘʜʳ. 

ɽʫʨʦʧʘʣʳץ ʆʜʘץʪʘ 2022 ʞʳʣʜʘʥ ʙʘʩʪʘʧ EU 2019/1009 ʨʝʛʣʘʤʝʥʪʽ ʢװʰʽʥʝ 

ʝʥʜʽ, ʦʣ ʪʳשʘʡʪץʳʰ ᴇʥʽʤʜʝʨʽʥʝ, ᴅʢʪʝʣʛʝʥ ʤʘʪʝʨʠʘʣʜʘʨסʘ, ʪʦʧʳʨʘץ 

ʞʘץʩʘʨʪץʳʰʪʘʨסʘ, ʙʠʦʩʪʠʤʫʣʷʪʦʨʣʘʨסʘ ʘʨʥʘʣסʘʥ ʙʽʨʝʛʝʡ ʪʘʣʘʧʪʘʨʜʳ ʙʝʣʛʽʣʝʡʜʽ. 

ʆʩʳ ʨʝʛʣʘʤʝʥʪʢʝ ʩᴅʡʢʝʩ, EU Fertilising Product ʨʝʪʽʥʜʝ ʩʘʪʳʣʘʪʳʥ ʢʝʟ ʢʝʣʛʝʥ 

ᴇʥʽʤʜʝ CE ʪʘשʙʘʩʳ ʙʦʣʫʳ ʪʠʽʩ ʞᴅʥʝ ʢʝʣʝʩʽ ʪʘʣʘʧʪʘʨסʘ ʩʘʡ ʢʝʣʫʽ ץʘʞʝʪ: ʙʝʣʩʝʥʜʽ 

ʟʘʪʪʘʨʜʳש ʤᴇʣʰʝʨʽ, ʘʫʳʨ ʤʝʪʘʣʣʜʘʨʜʳש (Cd, Pb, As) ʰʝʢʪʽ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ, 

ʛʨʘʥʫʣʘ ʞʘʙʳʥʳʥʳש ʙʠʦʳʜʳʨʘסʳʰʪʳסʳ, ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢ ʥʦʨʤʘʣʘʨʳ 

ʞᴅʥʝ ʪ.ʙ. [27ï30]. 

ɹײʣ ʨʝʛʣʘʤʝʥʪʪʽש ʤʘץʩʘʪʳ ï ɽʉ ʘʫʤʘסʳʥʜʘ ʪʳשʘʡʪץʳʰʪʘʨʜʳש ʝʨʢʽʥ 

ʘʡʥʘʣʳʤʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ײʣʪʪʳץ ʩʪʘʥʜʘʨʪʪʘʨ ʜʘ ʩʘץʪʘʣʘʜʳ: 

ʈʝʩʝʡʜʝ ʄɽʉʊ-ʪʘʨʤʝʥ ץʘʪʘʨ ʥʘץʪʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש ʪʝʭʥʠʢʘʣʳץ ʰʘʨʪʪʘʨʳ 

(ʊʋ) ץʦʣʜʘʥʳʣʘʜʳ, ʙʽʨʘץ ʦʣʘʨʜʳש ᴅʨʝʢʝʪʽ ʪʝʢ ʈʌ ʘʫʤʘסʳʤʝʥ ʰʝʢʪʝʣʝʜʽ. 

ɸץʳʨʳʥʜʘ, ʪʳשʘʡʪץʳʰʪʘʨ ʪʽʢʝʣʝʡ ץʘʤʪʳʣʤʘʩʘ ʜʘ, ʄɽʉʊ 22648-77 

ʩʪʘʥʜʘʨʪʳʥ ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ. ɹײʣ ʧʣʘʩʪʤʘʩʩʘʣʘʨʜʳש ʩʘʥʠʪʘʨʣʳץ-ʛʠʛʠʝʥʘʣʳץ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʘʥʳץʪʘʫ ᴅʜʽʩʪʝʨʽʥʝ ʘʨʥʘʣסʘʥ, ʙʽʨʘץ ʪʳשʘʡʪץʳʰ ʦʨʘʤʘʩʳ ʤʝʥ 

ʵʢʦʣʦʛʠʷʣʳץ ʙʘסʘʣʘʫʜʘ ʜʘ ʞʘʥʘʤʘ ʪװʨʜʝ ץʦʣʜʘʥʳʣʘʜʳ. ʊr  ʩʫ שʳʰʪʳץʘʡʪש

ʵʢʩʪʨʘʢʪʽʩʽʥʜʝʛʽ ʟʠʷʥʜʳ ʟʘʪʪʘʨʜʳ ʟʝʨʪʪʝʫ ʦʩʳ ʄɽʉʊ ᴅʜʽʩʪʝʤʝʣʝʨʽʥʝ ʩʽʣʪʝʤʝ 

ʞʘʩʘʡ ʘʣʘʜʳ [31ï32]. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʪʫʢʦץʦʩʧʘʣʘʨסʘ ץʘʪʳʩʪʳ ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨ ʞװʡʝʩʽ 

ʢʝש ʘʫץʳʤʜʳ ï ʭʘʣʳץʘʨʘʣʳץ ʪʝʨʤʠʥʜʝʨ ʤʝʥ ʢʣʘʩʩʠʬʠʢʘʮʠʷʣʘʨʜʘʥ ʙʘʩʪʘʧ, 

ʩʘʧʘʥʳ ʙʘץʳʣʘʫסʘ ʘʨʥʘʣסʘʥ ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ᴅʜʽʩʪʝʤʝʣʝʨʛʝ ʜʝʡʽʥ. ɹײʣ 

ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʩʘץʪʘʫ ʪʳשʘʡʪץʳʰʪʘʨʜʳץ שʘʫʽʧʩʽʟʜʽʛʽʥ, ᴇʩʽʤʜʽʢʪʝʨʜʽץ שʦʨʝʢʪʽʢ 

 ʘ ʩᴅʡʢʝʩʪʽʛʽʥסʳ ʩʠʧʘʪʪʘʤʘʣʘʨסʪʘץʘʞʝʪʪʽʣʽʢʪʝʨʽʥ ʪʠʽʤʜʽ ᴇʪʝʫʽʥ, ʞᴅʥʝ ʥʘʨʳץ

 .ʳʟʜʳשʰʽʥ ᴇʪʝ ʤʘװ ʘʤʪʘʤʘʩʳʟ ʝʪʫץ

 

1.2 ʐʘʨʪץʘ ʩᴅʡʢʝʩʩʽʟ ʬʦʩʬʘʪ-ʢʨʝʤʥʠʡʣʽ ʰʠʢʽʟʘʪʪʳ ʢᴅʜʝʛʝ ʞʘʨʘʪʫ 

ʤᴅʩʝʣʝʣʝʨʽ 

ʊʘʙʠסʠ ʬʦʩʬʘʪ-ʢʨʝʤʥʠʡʣʽ ʪʘץʪʘʪʘʩ ð ʪײʥʙʘʣʳ ʪʝʢʪʝʛʽ ʪᴇʤʝʥʩʦʨʪʪʳ 

ʬʦʩʬʘʪʪʳ ʢʝʥʜʝʨ. ʆʣʘʨ, ᴅʜʝʪʪʝ, ץʘʨʘ ʪװʩʪʽ ץʘʙʘʪʪʘʣסʘʥ ʞʳʥʳʩʪʘʨ ʨʝʪʽʥʜʝ 

ʢʝʟʜʝʩʝʜʽ (ץʘʨʘ ʬʦʩʬʘʪʪʳ ʩʣʘʥʝʮʪʝʨ) ʞᴅʥʝ ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪʪʦʙʳʥʳש 

ʬʦʩʬʘʪʪʳ ʤʠʥʝʨʘʣʜʘʨʳʥʘ ʙʘʡ, ʢʨʝʤʥʠʡʣʽ (ʢʚʘʨʮ, ʦʧʘʣ, ʭʘʣʮʝʜʦʥ) ʥʝʤʝʩʝ 

ʢʘʨʙʦʥʘʪʪʳ (ʢʘʣʴʮʠʪ, ʜʦʣʦʤʠʪ) ʤʘʪʨʠʮʘ ʘʷʩʳʥʜʘ ʦʨʥʘʣʘʩʘʜʳ [33]. 

ʄײʥʜʘʡ ʢʝʥʜʝʨʜʽש ʤʠʥʝʨʘʣʜʳײץ ץʨʘʤʳ ʢʨʠʧʪʦʢʨʠʩʪʘʣʜʳץ ʬʪʦʨʘʧʘʪʠʪʪʝʥ 

(ʢʦʣʣʦʬʘʥʥʘʥ) ʪײʨʘʜʳ, ʢᴇʙʽʥʝʩʝ ײץʨʘʤʳʥʜʘ ʢʘʨʙʦʥʘʪʪʳש ʠʟʦʤʦʨʬʪʳ ץʦʩʧʘʩʳ 

ʙʦʣʘʜʳ (ʬʨʘʥʢʦʣʠʪ ʪװʨʽʥʜʝ), ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢᴇʧ ʤᴇʣʰʝʨʜʝ ʢʨʝʤʥʠʡʣʽ ʟʘʪʪʘʨ 

(ʢʚʘʨʮ, ʦʧʘʣ), ʛʣʠʥʘ ʤʠʥʝʨʘʣʜʘʨʳ (ʠʣʣʠʪ, ʩʤʝʢʪʠʪ), ʢʘʣʴʮʠʡ ʤʝʥ ʤʘʛʥʠʡ 
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ʢʘʨʙʦʥʘʪʪʘʨʳ (ʢʘʣʴʮʠʪ, ʜʦʣʦʤʠʪ), ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨ (ʩʘʧʨʦʧʝʣʴ ʪʝʢʪʝʩ) 

ʢʝʟʜʝʩʝʜʽ [34]. 

ʌʦʩʬʘʪ ʜᴅʥʜʝʨʽ ʤʠʢʨʦʩʢʦʧʠʷʣʳץ, ʞʳʥʳʩʪʘ ʞʽשʽʰʢʝ ʜʠʩʧʝʨʩʪʽ ʪװʨʜʝ 

ʪʘʨʘʣסʘʥ, ʞʠʽ ʦʦʣʠʪʪʝʨ ʥʝʤʝʩʝ ʙʘʣʳץ ʩװʡʝʛʽ ʤʝʥ ץʘʙʳʨʰʘץʪʘʨʳʥʳש 

ʬʨʘʛʤʝʥʪʪʝʨʽ ʪװʨʽʥʜʝ ʢʝʟʜʝʩʝʜʽ, ʢʨʝʤʥʝʟʝʤʤʝʥ ʥʝʤʝʩʝ ʢʘʣʴʮʠʪʧʝʥ 

ʮʝʤʝʥʪʪʝʣʛʝʥ. ײפʨʘʤʳʥʜʘ ʙʽʨʥʝʰʝ ʧʘʡʳʟסʘ ʜʝʡʽʥ ʦʨʛʘʥʠʢʘʣʳץ ʢᴇʤʽʨʪʝʢ ʙʦʣʫʳ 

ʞʳʥʳʩʪʘʨסʘ ץʘʨʘ ʪװʩ ʙʝʨʽʧ, ʪʦʪʳסʫʩʳʟ ʪײʥʙʘʣʳ ʦʨʪʘʜʘ ʪװʟʽʣʛʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʌʦʩʬʘʪ-ʢʨʝʤʥʠʡʣʽ ʩʣʘʥʝʮʪʝʨ ʙʘʩץʘ ʪᴇʤʝʥʩʦʨʪʪʳ ʬʦʩʬʦʨʠʪʪʝʨʤʝʥ ʙʽʨʛʝ 

ʪʝשʽʟʜʽʢ ʛʝʥʝʟʠʩʢʝ ʠʝ ʪײʥʙʘʣʳ ʬʦʩʬʦʨʠʪʪʝʨʛʝ ʞʘʪʘʜʳ ʞᴅʥʝ ʦʣʘʨ ᴅʣʝʤʜʽʢ 

ʬʦʩʬʘʪ ʨʝʩʫʨʩʪʘʨʳʥʳ75%~ ש-ʳʥ ײץʨʘʡʜʳ [35]. 

 ,ʳʤʜʳץʦʨʣʘʨʳ ʘʫץ ʬʦʩʬʦʨʠʪ (ʩʪʘʥץʘʟʘפ) ʘʨʘʪʘʫ ʬʦʩʬʦʨʠʪ ʙʘʩʩʝʡʥʽʥʜʝפ

ʙʽʨʘ90%~ ץ-ʳ ð ʬʦʩʬʘʪʪʳש ʪᴇʤʝʥ ʤᴇʣʰʝʨʽʤʝʥ ʩʠʧʘʪʪʘʣʘʪʳʥ ʢʨʝʤʥʠʡʣʽ, 

ʢʨʝʤʥʠʡ-ʢʘʨʙʦʥʘʪʪʳ ʞᴅʥʝ ʢʘʨʙʦʥʘʪʪʳ ʥʝʢʦʥʜʠʮʠʷʣʳץ ʢʝʥʜʝʨ, ʦʣʘʨ ʪʳשʘʡʪץʳʰ 

ᴇʥʜʽʨʫʛʝ ʪʽʢʝʣʝʡ ʞʘʨʘʤʩʳʟ [36]. 

ʊᴇʤʝʥʩʦʨʪʪʳ ʬʦʩʬʘʪ-ʢʨʝʤʥʠʡʣʽ ʢʝʥʜʝʨʜʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ: P O  

ʤᴇʣʰʝʨʽ ʪᴇʤʝʥ, SiO , CaCO  ʩʝʢʽʣʜʽ ʙʘʣʣʘʩʪʪʳ ʢʦʤʧʦʥʝʥʪʪʝʨ ʞʦסʘʨʳ. 

ɾʘʣʧʳ ʬʦʩʬʦʨʠʪʪʝʨʜʝʛʽ P O  ʨʘʤʳ 5ï10%-ʜʘʥ (ᴇʪʝ ʥʘʰʘʨ ʢʝʥʜʝʨʜʝ)ײץ 

15ï20%-סʘ ʜʝʡʽʥ ᴇʟʛʝʨʝʜʽ. ɸʣ ʩʘʫʜʘסʘ ʞʘʨʘʤʜʳ ʢʦʥʮʝʥʪʨʘʪʪʘ ʢʝʤʽʥʜʝ 28ï30% 

P O  ʙʦʣʫʳ ʢʝʨʝʢ. 

ʌʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪʪʳש ʢʦʥʜʠʮʠʷʣʳץ ʝʤʝʩ (ʥʝʢʦʥʜʠʮʠʷʣʳץ) ʜʝʧ ʪʘʥʳʣʫʳ 

ï ʦʥʳש ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʩʪʘʥʜʘʨʪʪʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʤʝʫʽʥ ʙʽʣʜʽʨʝʜʽ. 

ʌʦʩʬʘʪʪʳ ʢʝʥʜʝʨ ʞʘסʜʘʡʳʥʜʘ ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰ ï P O  (ʬʦʩʬʦʨ ʘʥʛʠʜʨʠʜʽ) 

ʤʘʩʩʘʣʳװ ץʣʝʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂᴇʧʪʝʛʝʥ ʬʦʩʬʘʪʪʳ ʪʳשʘʡʪץʳʰʪʘʨ ᴇʥʜʽʨʝʪʽʥ 

ʟʘʫʳʪʪʘʨʜʘ ʵʢʩʪʨʘʢʮʠʷʣʳץ ʬʦʩʬʦʨ ץʳʰץʳʣʳʥ ʥʝʤʝʩʝ ʢʦʥʮʝʥʪʨʣʝʥʛʝʥ 

ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʪʠʽʤʜʽ ᴇʥʜʽʨʫ װʰʽʥ P O  Ó 24ï25% ʙʦʣʫʳ ץʘʞʝʪ. 

P O  ʤᴇʣʰʝʨʽ ʪᴇʤʝʥ ʙʦʣʩʘ, ʨʫʜʘ ʙʘʡʳʪʫʜʳ ץʘʞʝʪ ʝʪʝʜʽ ʥʝʤʝʩʝ ʙʘʣʘʥʩʪʘʥ 

ʪʳʩ ץʦʨ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɾʘʣʧʳ ʙʘʡ ʢʝʥʜʝʨ >30% P O ʦʨʪʘʰʘ 20ï30%, 

ʪᴇʤʝʥʩʦʨʪʪʳ: <18ï20% P O 

ʌʦʩʬʦʨ ײץʨʘʤʳʥʳש ʪᴇʤʝʥ ʙʦʣʫʳ ʜʘʡʳʥ ᴇʥʽʤʥʽש ʰʳסʳʤʳʥ ʘʟʘʡʪʳʧ, 

ʨʝʘʛʝʥʪʪʝʨʜʽװ שʣʝʩʪʽʢ ʰʳסʳʥʳʥ ʘʨʪʪʳʨʘʜʳ, ʩʦʥʜʳץʪʘʥ ʤײʥʜʘʡ ʰʠʢʽʟʘʪʪʳ 

ʪʢ̔ʝʣʝʡ ʧʘʡʜʘʣʘʥʫ ʪʠʽʤʩʽʟ [41]. 

ʐʘʨʪץʘ ʩᴅʡʢʝʩʩʽʟ ʢʝʥʜʝʨʜʽש ʙʘʩץʘ ʩʠʧʘʪʪʘʤʘʣʘʨʳ: 

1. ʂʨʝʤʥʠʡʣʽ ʬʘʟʘ (SiO ) ï ץʳʰץʳʣʜʘʨʤʝʥ ʨʝʘʢʮʠʷסʘ ʪװʩʧʝʡʜʽ, ʘʣ ᴇשʜʝʫ 

ʢʝʟʽʥʜʝ ʛʝʣʴ ʪᴅʨʽʟʜʽ ץʘʣʜʳץ (ʢʨʝʤʥʝʟʝʤ) ʪװʟʝʜʽ Ÿ ʬʦʩʬʦʛʠʧʩ ʢᴇʣʝʤʽ 

ʘʨʪʘʜʳ [37]. 

2. ʂʘʨʙʦʥʘʪʪʳ ʬʘʟʘ (CaCO , MgCO ) ï ץʳʰץʳʣʤʝʥ ʪʳʤ ʙʝʣʩʝʥʜʽ ʨʝʘʢʮʠʷסʘ 

ʪװʩʝʜʽ, ʙʽʨʘץ ʬʦʩʬʦʨ ץʳʰץʳʣʳ ʪװʟʽʣʤʝʡʜʽ. 1 ʪ ʜʦʣʦʤʠʪʢʝ å1,5 ʪ H SO  

 .ʤʩʘʣʘʜʳ [40]ײʞ ץʟʽʣʝʜʽ Ÿ ʨʝʘʛʝʥʪ ʘʨʪʳװʘʞʝʪ Ÿ ʩʫʣʴʬʘʪʪʘʨ ʪץ

3. ʆʨʛʘʥʠʢʘʣʳץ ץʦʩʧʘʣʘʨ ï ץʳʰץʳʣʤʝʥ ᴅʨʝʢʝʪʪʝʩʢʝʥʜʝ ʛʘʟ (H S, ײʰʧʘ 

ʦʨʛʘʥʠʢʘ) ʙᴇʣʝʜʽ, ᴇʥʽʤʜʽ ʙʦʷʡʜʳ, ʞʘסʳʤʩʳʟ ʠʽʩ ʪʫʜʳʨʘʜʳ. 

4. MgO, Fe O , Al O  ï Mg ʵʢʩʪʨʘʢʮʠʷʣʳץ ץʳʰץʳʣʜʳש ʬʠʣʴʪʨʘʮʠʷʩʳʥ 

ʥʘʰʘʨʣʘʪʘʜʳ, Fe, Al ץʳʰץʳʣ ʩʘʧʘʩʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ, ʰᴇʛʽʥʜʽʛʝ ʘʡʥʘʣʘʜʳ. 

ʉʦʥʜʳץʪʘʥ ʢʦʥʮʝʥʪʨʘʪץʘ ץʦʡʳʣʘʪʳʥ ʥʝʛʽʟʛʽ ʪʘʣʘʧʪʘʨ: CaO/P O  Ò 1.6, 

MgO < 1%, Fe O  + Al O  Ò 5% [38,39]. 
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ʂʝʥ ʦʩʳ ʪʘʣʘʧʪʘʨʜʳש ʢʝʤʽʥʜʝ ʙʽʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʤʝʩʝ, ʥʝʢʦʥʜʠʮʠʷʣʳץ ʜʝʧ 

ʪʘʥʳʣʘʜʳ. 

ʅʝʛʽʟʛʽ ʩʝʙʝʧʪʝʨ. ʌʦʩʬʦʨ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʪᴇʤʝʥ Ÿ ץʳʰץʳʣ ʥʝʤʝʩʝ 

ʪʳשʘʡʪץʳʰ ʘʣʫ ʪʠʽʤʩʽʟ. ɹʘʣʣʘʩʪ ʢᴇʧ (SiO , ʜʦʣʦʤʠʪ, ʛʣʠʥʘ) Ÿ ʬʦʩʬʦʨʜʳש 

ʘʣʳʥʫʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ. ɹʘʡʳʪʫ ץʠʳʥ ï ʬʦʩʬʘʪ ᴇʪʝ ײʩʘץ ʙᴇʣʰʝʢʪʝʨʜʝ ʪʘʨʘʣסʘʥ Ÿ 

ʢʚʘʨʮ, ʦʨʛʘʥʠʢʘʜʘʥ ʘʞʳʨʘʪʫ ץʠʳʥ. ʌʦʩʬʘʪʪʳש ʝʨʽʛʽʰʪʽʛʽ ʪᴇʤʝʥ Ÿ ʪʽʧʪʽ 

 .ʪʠʽʤʜʽʣʽʛʽ ʘʟ ץʳʣʜʘ ʥʘʰʘʨ ʝʨʠʜʽ Ÿ ʘʛʨʦʥʦʤʠʷʣʳץʳʰץ

ʉʘʣʜʘʨʳʥʘʥ ʤʠʣʣʠʦʥʜʘסʘʥ ʪʦʥʥʘ ʪᴇʤʝʥʩʦʨʪʪʳ ʰʠʢʽʟʘʪ װʡʽʥʜʽʣʝʨʜʝ 

ʞʠʥʘʣʳʧ, ʧʘʡʜʘʣʘʥʫʩʳʟ ץʘʣʳʧ ʦʪʳʨ, ʙײʣ ʰʠʢʽʟʘʪʪʳץ ᴅʨʽ ʵʢʦʣʦʛʠʷʣʳץ ʤᴅʩʝʣʝ. 

ʍʘʣʳץʘʨʘʣʳץ ʪʳשʘʡʪץʳʰʪʘʨ ץʘʫʳʤʜʘʩʪʳסʳ (IFA) ʤʝʥ ɸפʐ 

ɻʝʦʣʦʛʠʷʣʳץ ץʳʟʤʝʪʽʥʽש (USGS) ʜʝʨʝʛʽ ʙʦʡʳʥʰʘ ʬʦʩʬʦʨʠʪ ץʦʨʳ å65ï70 ʤʣʨʜ 

ʪ., ʉʦʣʪװʩʪʽʢ ɸʬʨʠʢʘ װʣʝʩʽ: >70%, ʄʘʨʦʢʢʦ: å50 ʤʣʨʜ ʪ ץʦʨʳ ʙʘʨ [42]. ɹʽʨʘץ 

ʦʥʳש ʢᴇʧ ʙᴇʣʽʛʽ ð ʪᴇʤʝʥʩʦʨʪʪʳ. ɾʦסʘʨʳ ʩʘʧʘʣʳ ʬʦʩʬʦʨʠʪʪʝʨ ʪʝʢ 10ï15% 

ʰʘʤʘʩʳʥʜʘ. 

ɾʝʢʝʣʝʛʝʥ ʝʣʜʝʨ ʥʜʘ, ʄʘʨʦʢʢʦ ʞʦסʘʨʳ ʩʘʧʘʣʳ ץʘʙʘʪʪʘʨʤʝʥ ץʘʪʘʨ, P O  

 ,ʘʞʝʪ ʝʪʝʜʽ. ʊʫʥʠʩץ ʡʽʥʜʽʛʝ ʞʽʙʝʨʫʜʽװ ʘʙʘʪʪʘʨ ʢᴇʧ Ÿ ʙʘʡʳʪʫʜʳ ʥʝʤʝʩʝץ 20%>

ɸʣʞʠʨ: 10ï20% P O ; ʦʨʛʘʥʠʢʘ ʤʝʥ ʫʨʘʥ ʢᴇʧ. ʉʨʘ ʋʵʨʪʘʥ ʢʝʥ ʦʨʥʳ (ʊʫʥʠʩ) 

 ʽʰʽʥʜʝ ~13ï14 ʤʣʨʜ ʪ ï שʘʨʘʪʘʫ ʙʘʩʩʝʡʥʽ ï å15 ʤʣʨʜ ʪ. ʆʥʳפ :ʩʪʘʥץʘʟʘפ .[43]

ʩʫʙʩʪʘʥʜʘʨʪʪʳ ʢʘʨʙʦʥʘʪ-ʢʨʝʤʥʠʡʣʽ ʢʝʥʜʝʨ (P O  10ï22%) [43]. ʂʝשʝʩ 

ʟʘʤʘʥʳʥʜʘסʳ ʙʘʡ ʢʝʥʜʝʨ ʪʘʫʩʳʣסʘʥ Ÿ ʝʥʜʽ ץʘʣʜʳץ ʞᴅʥʝ ʪᴇʤʝʥʩʦʨʪʪʳ ʢʝʥʜʝʨʜʽ 

ʠʛʝʨʫ ᴇʟʝʢʪʽ. ץױʩʘʩ ʞʘסʜʘʡ ï ᴆʟʙʝʢʩʪʘʥ, ʈʝʩʝʡ (ʂʠʥʛʠʩʩʝʧʪ, ʇʝʨʝʚʘʣ). 

 ʦʨʣʘʨ: å3 ʤʣʨʜ ʪ, ʥʝʛʽʟʽʥʝʥ ï ʢʦʣʣʦʬʘʥʜʳ ʩʣʘʥʝʮʪʝʨ. ʆʨʪʘʰʘפ :ʳʪʘʡפ

P O  ~17% [45], 80% ï ʪᴇʤʝʥʩʦʨʪʪʳ, ʙʘʨʣʳץ ʨʫʜʘʣʘʨ ʙʘʡʳʪʫʜʳ ץʘʞʝʪ ʝʪʝʜʽ. 

ʖʥʴʥʘʥʴ, ʍʫʙʵʡ ʧʨʦʚʠʥʮʠʷʣʘʨʳʥʜʘ ʬʣʦʪʘʮʠʷʣʳץ ʬʘʙʨʠʢʘʣʘʨ ʙʘʨ. ɼʦʣʦʤʠʪʪʽ 

ʨʫʜʘʣʘʨ (MgO ʞʦסʘʨʳ) ï ʨʝʟʝʨʚʪʝ ʪײʨ. ɾʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ʠʥʚʝʩʪʠʮʠʷ ʘʨʪʳʧ 

ʢʝʣʝʜʽ. 

ɸפʐ: ɹʘʡ ʨʫʜʘʣʘʨ (25ï33% P O ) ï ʌʣʦʨʠʜʘ, ʉʦʣʪװʩʪʽʢ ʂʘʨʦʣʠʥʘ. ɹʘʪʳʩ 

ʘʡʤʘץʪʘʨ (Phosphoria): ʨʝʩʫʨʩʪʘʨ: 1ï2 ʪʨʣʥ ʪ, P O  = 20ï26%, ʢᴇʧ ʦʨʛʘʥʠʢʘ, 

ʫʨʘʥ. ɹײʨʳʥ ץʦʣʜʘʥʳʣʤʘסʘʥ ʌʣʦʨʠʜʘ ץʦʨʣʘʨʳ ʘʟʘʡסʘʥ ʩʘʡʳʥ ץʳʟʳסʫʰʳʣʳץ 

ʘʨʪʫʜʘ, ʞʫʳʧ ᴇʥʜʽʨʫ, ʢװʡʜʽʨʫ ᴅʜʽʩʪʝʨʽ ץʘʨʘʩʪʳʨʳʣʫʜʘ [46]. 

ʆʩʳʣʘʡʰʘ, ʪᴇʤʝʥʩʦʨʪʪʳ ʬʦʩʬʘʪ-ʢʨʝʤʥʠʡʣʽ ʢʝʥʜʝʨ ᴅʣʝʤʜʝʛʽ ʙʘʨʣʳץ 

ʜʝʨʣʽʢ ʬʦʩʬʦʨʠʪʪʽ ʧʨʦʚʠʥʮʠʷʣʘʨʜʘ ʢʝשʽʥʝʥ ʪʘʨʘʣסʘʥ. ʉʘʨʘʧʰʳʣʘʨʜʳש 

ʙʘסʘʣʘʫʳʥʰʘ, ʦʣʘʨ ɾʝʨ ʰʘʨʳʥʜʘסʳ ʞʘʣʧʳ ʬʦʩʬʦʨ ʨʝʩʫʨʩʪʘʨʳʥʳש ʢᴇʧ ʙᴇʣʽʛʽʥ 

 (FAO) שʡʳʤʳʥʳײ ʳסʣʽʢ ʞᴅʥʝ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳװʪ-ץɸʟʳ ױױʨʘʡʜʳ [47]. ɹײץ

ʙʦʣʞʘʤʳ ʙʦʡʳʥʰʘ, ʬʦʩʬʦʨ ʪʳשʘʡʪץʳʰʪʘʨʳʥʘ ᴅʣʝʤʜʽʢ ʩײʨʘʥʳʩ 2020 ʞʳʣʳ 47 

ʤʣʥ ʪʦʥʥʘ P O  ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ, 2025 ʞʳʣסʘ ץʘʨʘʡ ʰʘʤʘʤʝʥ 50 ʤʣʥ ʪʦʥʥʘסʘ 

ʜʝʡʽʥ ᴇʩʝʜʽ. ʆʩʳ װʨʜʽʩ ʘʷʩʳʥʜʘ ʘʜʘʤʟʘʪ ʘʣʜʳʥʜʘ ᴇשʜʝʫʛʝ ץʠʳʥ, ʩʘʧʘʩʳ ʪᴇʤʝʥ 

 ,ʣ ʽʩʢʝ ʘʩʧʘʩʘײʨ. ɽʛʝʨ ʙײʘʡʥʘʣʳʤʳʥʘ ʪʘʨʪʫ ʤʽʥʜʝʪʽ ʪ ץʦʨʣʘʨʜʳ ʰʘʨʫʘʰʳʣʳץ

ʞʘᴃʘʥʜʳץ ʘʫץʳʤʜʘ "ʬʦʩʬʦʨ ʰʳשʳ" ʜʝʧ ʘʪʘʣʘʪʳʥ ײץʙʳʣʳʩ ʪʫʳʥʜʘʫʳ ʤװʤʢʽʥ ï 

ʷסʥʠ, ץʦʣʞʝʪʽʤʜʽ, ʙʘʡ ʬʦʩʬʦʨʠʪʪʝʨʜʽש ʩʘʨץʳʣʫʳ ʩʘʣʜʘʨʳʥʘʥ ʪʳשʘʡʪץʳʰ ᴇʥʜʽʨʫ 

  .ʠʳʥʜʘʡʜʳ [48]ץ ʜʝʨʽʩʽװ

 ʪᴇʤʝʥʜʝʫʽ שʦʨʪʘʰʘ ʩʘʧʘʩʳʥʳ שʜʘ ᴇʥʜʽʨʽʣʝʪʽʥ ʰʠʢʽʟʘʪʪʳשʘʟʽʨʛʽ ʪʘפ

ʙʘʡץʘʣʳʧ ʦʪʳʨ, ʘʣ ᴇʥʜʽʨʫ ʽʩʽ ʙʘʨסʘʥ ʩʘʡʳʥ ʢʝʜʝʡ ʛʦʨʠʟʦʥʪʪʘʨʜʳ ʠʛʝʨʫʛʝ 

ʤᴅʞʙװʨ ʙʦʣʫʜʘ. ʊᴇʤʝʥʩʦʨʪʪʳ ʢʝʥʜʝʨʜʝ ʬʦʩʬʘʪʪʳ ʢʦʤʧʦʥʝʥʪ (ʘʧʘʪʠʪ) ʢʚʘʨʮʧʝʥ, 

ʢʨʝʤʥʠʡʣʽ ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩץʘʥ ʢװʡʜʝ ʢʝʟʜʝʩʝʜʽ. 
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ɸʧʘʪʠʪʪʽש ʙᴇʣʰʝʢʪʝʨʽ ʤʠʢʨʦʥʜʳץ ᴇʣʰʝʤʜʝ ʞᴅʥʝ ʢᴇʙʽʥʝʩʝ ʢʨʝʤʥʝʟʝʤ 

ʪװʡʽʨʣʝʨʽʥʽש ʽʰʽʥʝ "ʝʥʽʧ ʢʝʪʢʝʥ" ʥʝʤʝʩʝ ʦʨʛʘʥʠʢʘʣʳץ ץʘʙʳץʧʝʥ ץʘʧʪʘʣסʘʥ. ɹײʣ 

ʦʣʘʨʜʳ ץʳʰץʳʣʤʝʥ ʝʨʽʪʫʜʽ ʥʝʤʝʩʝ ʪʝʨʤʠʷʣʳץ ᴅʜʽʩʪʝʨʤʝʥ ᴇשʜʝʫʜʽ ʝʜᴅʫʽʨ 

 .ʠʳʥʜʘʪʘʜʳ [49]ץ

ɹʝʣʴʛʠʷ ʤʝʥ ʌʨʘʥʮʠʷʜʘ Ecophos/Prayon ʢʦʤʧʘʥʠʷʩʳ ʪײʟ ץʳʰץʳʣʜʳ 

ʪʝʭʥʦʣʦʛʠʷ ʙʦʡʳʥʰʘ ʪᴇʤʝʥʩʦʨʪʪʳ ʬʦʩʬʦʨʠʪʪʝʥ ʢʘʣʴʮʠʡ ʜʠʛʠʜʨʦʬʦʩʬʘʪʳʥ 

(DCP) ᴇʥʜʽʨʫ ʟʘʫʳʪʳʥ ʽʩʢʝ ץʦʩʪʳ [50]. ʐʠʢʽʟʘʪ (P O  ʰʘʤʘʤʝʥ 15ï20%) ʪײʟ 

 ʦʩʳʤʰʘ ᴇʥʽʤץ ʩʽʨʽʣʜʽ, ʘʣװʘ ʪסʥʙʘײʝʨʽʪʽʣʽʧ, ʪʘʟʘ DCP ʪ ץʳʣʳʤʝʥ ʪʦʣʳץʳʰץ

ʨʝʪʽʥʜʝ ʢʘʣʴʮʠʡ ʭʣʦʨʠʜʽʥʽש ʝʨʽʪʽʥʜʽʩʽ ʘʣʳʥʜʳ. ɼʶʥʢʝʨʢ ץʘʣʘʩʳʥʜʘסʳ 

 ,ʪʠʽʤʜʽʣʽʛʽʥ ʜᴅʣʝʣʜʝʜʽ שʪʦʥʥʘ/ʞʳʣ ʙʦʣʘʪʳʥ ʟʘʫʳʪ ʩʭʝʤʘʥʳ שʳ 70 ʤʳסʫʘʪʪʳʣʳץ

ʜʝʛʝʥʤʝʥ ʵʢʦʥʦʤʠʢʘʣʳץ ץʠʳʥʜʳץʪʘʨʜʘʥ ʢʝʡʽʥ Ecophos 2019 ʞʳʣʳ ʙʘʥʢʨʦʪץʘ 

 .ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ Prayon ʢʦʤʧʘʥʠʷʩʳ ʩʘʪʳʧ ʘʣʜʳ שʰʳʨʘʧ, 2020 ʞʳʣʳ ʦʥʳײ

ɾʦʙʘ ʢʦʥʜʠʮʠʷʣʳץ ʝʤʝʩ  ʰʠʢʽʟʘʪʪʳ ץʘʣʜʳץʩʳʟ ᴇשʜʝʫ ʞᴅʥʝ 95%-ʜʘʥ ʘʩʪʘʤ P O  

ʘʣʫ ʤװʤʢʽʥʜʽʛʽʥ ʢᴇʨʩʝʪʪʽ. ɸפʐ-ʪʘ Novaphos ʢʦʤʧʘʥʠʷʩʳ ʞʝʪʽʣʜʽʨʽʣʛʝʥ 

ʪʝʨʤʠʷʣʳץ ʧʨʦʮʝʩʩ (IHP) ʙʦʡʳʥʰʘ ʌʣʦʨʠʜʘʜʘ ʪᴅʞʽʨʠʙʝʣʽʢ ץʦʥʜʳʨסʳʜʘ 

ʩʳʥʘץʪʘʨ ʞװʨʛʽʟʜʽ [51]. ʌʣʦʪʘʮʠʷʣʳץ ץʘʣʜʳץʪʘʨ, ʢʦʢʩ ʞᴅʥʝ ʢʨʝʤʥʝʟʝʤ 

ʳʣʳ ʛʘʟ ʪᴅʨʽʟʜʽ Pץʜʝʫ ʘʨשʦʩʧʘʩʳʥ 1200 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ᴇץ O  ʪװʟʽʣʽʧ, ʦʜʘʥ 

ʬʦʩʬʦʨ ץʳʰץʳʣʳ ʘʣʳʥʜʳ, ʙײʣ ᴅʜʽʩ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʧ, ʬʦʩʬʦʨ ʰʳסʳʤʳʥ 

ʘʨʪʪʳʨʜʳ. Novaphos ʪʝʭʥʦʣʦʛʠʷʩʳ OCP ʞᴅʥʝ Maôaden ʢʦʤʧʘʥʠʷʣʘʨʳʥʳש 

 ʜʝʫʛʝשʪʘʨʳ ʤʝʥ ʢʘʨʙʦʥʘʪʪʳ ʬʦʩʬʦʨʠʪʪʝʨʜʽ ᴇץʘʣʜʳץ ʦʣʜʘʫʳʤʝʥ ʬʦʩʬʘʪץ

ʙʝʡʽʤʜʝʣʽʧ ʞʘʪʳʨ[52]. 2021 ʞʳʣʳ ʢʦʤʧʘʥʠʷ ʛʠʧʩ-ʘʤʤʦʥʠʡ ʥʠʪʨʘʪʪʳ ʧʨʦʮʝʩʩ 

ʙʦʡʳʥʰʘ ʪᴅʞʽʨʠʙʝʣʽʢ ץʦʥʜʳʨסʳʥʳ ʽʩʢʝ ץʦʩʪʳ: ʬʦʩʬʘʪ ʰʣʘʤʜʘʨʳ ʘʟʦʪ 

 ʳʰʳץʘʡʪשʳʣʳʥʜʘ ʝʨʽʪʽʣʽʧ, ʘʤʤʠʘʢʧʝʥ ʙʝʡʪʘʨʘʧʪʘʣʳʧ, ʥᴅʪʠʞʝʩʽʥʜʝ NP ʪʳץʳʰץ

ʤʝʥ ʛʠʧʩ ʘʣʳʥʜʳ. ɹײʣ ʧʨʦʮʝʩʩ ʬʣʦʪʘʮʠʷסʘ ʢʝʣʤʝʡʪʽʥ ײʩʘץ ʜʠʩʧʝʨʩʪʽ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫץʘʣʜʳץ

 ʘʞʘʤʙʳʣ ʬʦʩʬʦʨ ʟʘʫʳʪʳʥʜʘשʳ ɾʘסʘʣʘʩʳʥʜʘץ ʳ ʊʘʨʘʟסʩʪʘʥʜʘץʘʟʘפ 

ʬʦʩʬʘʪʪʳ ײʥʪʘץʪʘʨʜʳ ʘʛʣʦʤʝʨʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳ ʝʥʛʽʟʽʣʜʽ, ʤײʥʜʘ ʬʦʩʬʘʪ-

ʢʨʝʤʥʠʡʣʽ ʩʣʘʥʝʮ ʧʝʥ ʤײʥʘʡ ʰʣʘʤʳ ʦʪʳʥ-ʬʣʶʩ ץʦʩʧʘʩʳ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ 

[53]. ʆʩʳ ʘʨץʳʣʳ ʂʘʨʘʪʘʫ ʢʝʥ ʦʨʳʥʜʘʨʳʥʳץ שʘʣʜʳץ ʩʣʘʥʝʮʪʝʨʽ ᴇשʜʝʣʽʧ, 

ʵʣʝʢʪʨʦʪʝʨʤʠʷʣʳץ ʧʝʰʪʝʨʛʝ ʘʨʥʘʣסʘʥ ʘʛʣʦʤʝʨʘʪ ʘʣʳʥʘʜʳ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷ 

ʦʥʜʘסʘʥ ʞʳʣʜʘʨ ʙʦʡʳ ʞʠʥʘʣסʘʥ ʥʝʢʦʥʜʠʮʠʷʣʳץ ʨʫʜʘʣʘʨʜʳ ʞᴅʥʝ ʙʘʡʳʪʫ 

 שʥʝʤʜʝʫʛʝ ʞᴅʥʝ ʰʠʭʪʘʥʳװ ʘ, ʢʦʢʩʪʳסʪʘʨʳʥ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫץʘʣʜʳץ

ʙʘʣץʳʤʘʣʳʣʳסʳʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɾʦʙʘ 2010-ʞʳʣʜʘʨʜʳש 

ʦʨʪʘʩʳʥʘʥ ʙʝʨʽ ʪʘʙʳʩʪʳ ʞײʤʳʩ ʽʩʪʝʧ ʢʝʣʝʜʽ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʝʛʽ ץʘʣʜʳץʪʘʨʜʳ 

ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ  ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊʫʥʠʩ ʤʝʤʣʝʢʝʪʽʥʽש Groupe Chimique 

Tunisien ʢʦʤʧʘʥʠʷʩʳ ʝʫʨʦʧʘʣʳץ ʩʝʨʽʢʪʝʩʪʝʨʽʤʝʥ ʙʽʨʛʝ (ECOFER ʞʦʙʘʩʳ) ʉʨʘ 

ʋʵʨʪʘʥ ʢʝʥ ʦʨʥʳʥʳש ʪᴇʤʝʥʩʦʨʪʪʳ ʬʦʩʬʦʨʠʪʪʝʨʽʥ ʢװʥ ʵʥʝʨʛʠʷʩʳ ʘʨץʳʣʳ 

ʢʘʣʴʮʠʥʘʮʠʷʣʘʫ ʩʭʝʤʘʩʳʥ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʫʜʝ [55].  

ʂʦʥʜʠʮʠʷʣʳץ ʝʤʝʩ ʬʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪʪʳ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʘʣʳʥʘʪʳʥ 

ʢʨʝʤʥʠʡʣʽ ץʘʣʜʳץʪʘʨ ʞʦסʘʨʳ ʪʘʟʘʣʳץʪʘסʳ SiO  ʪװʨʽʥʜʝ ʙʦʣʳʧ, ʩʠʣʠʢʘʪ 

ᴇʥʝʨʢᴅʩʽʙʽ ʤʝʥ ʩʦʨʙʝʥʪʪʝʨ ᴇʥʜʽʨʽʩʽʥʜʝ ץʦʣʜʘʥʳʣʫʳ ʤװʤʢʽʥ [57]. ʊᴇʤʝʥʩʦʨʪʪʳ 

ʰʠʢʽʟʘʪʪʘʥ ʘʣʳʥסʘʥ ʪʝʨʤʦʬʦʩʬʘʪʪʘʨ ʤʝʥ ʬʦʩʬʘʪʪʳ ʰʳʥʳʣʘʨ (ʚʠʪʨʦʬʦʩʬʘʪʪʘʨ) 

ʪʦʧʳʨʘץʪʘ ʙʘʷʫ ʝʨʠʪʽʥ, ʬʦʩʬʦʨ ʤʝʥ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽ ײʟʘץ ʤʝʨʟʽʤʜʝ ʙʽʨʢʝʣʢʽ 

ʙʦʩʘʪʘʪʳʥ çʘץʳʣʜʳè ʪʳשʘʡʪץʳʰʪʘʨ ʨʝʪʽʥʜʝ ʪʠʽʤʜʽ [58, 59]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʬʦʩʬʘʪ ʨʫʜʘʣʘʨʳʥʜʘסʳ ʩʠʨʝʢʞʝʨ ʵʣʝʤʝʥʪʪʝʨʽʥ ʪײʟ 
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 ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʳʣʳ 70ï80% ʜʝʡʽʥ ʝʨʽʪʽʥʜʽʛʝ ʢᴇʰʽʨʫʛʝ ʤץʜʝʫ ʘʨשʳʣʜʳ ᴇץʳʰץ

[60]. 

ʊᴇʤʝʥʩʦʨʪʪʳ ʬʦʩʬʦʨʠʪʪʝʨʜʽ ʢʝʰʝʥʜʽ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʩʠʨʝʢʞʝʨ 

ʵʣʝʤʝʥʪʪʝʨʽ ʤʝʥ ʫʨʘʥʜʳ ʘʣʫ, ʩʦʥʜʘʡ-ʘץ ʬʪʦʨײץʨʘʤʜʳ ʛʘʟʜʘʨʜʘʥ ʬʪʦʨʩʫʪʝʢ 

 ץʵʢʦʥʦʤʠʢʘʣʳ שʣ ᴇʥʜʽʨʽʩʪʽײʤʢʽʥʜʽʛʽ ʙʘʨ, ʙװʳʣʳ ʥʝʤʝʩʝ ʢʨʠʦʣʠʪ ʘʣʫ ʤץʳʰץ

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ [61]. ʊʝʨʤʠʢʘʣʳץ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʪװʟʽʣʝʪʽʥ ʢʘʣʴʮʠʡ 

ʩʠʣʠʢʘʪʪʳ ʰʣʘʢʪʘʨ ʮʝʤʝʥʪʪʽʢ ʢʣʠʥʢʝʨ ʥʝʤʝʩʝ ʛʠʜʨʘʚʣʠʢʘʣʳץ ץʦʩʧʘ ʨʝʪʽʥʜʝ, ʘʣ 

ʬʦʩʬʦʨײץʨʘʤʜʳ ʰʳʥʳʣʘʨ ʘʛʨʦʥʦʤʠʷʜʘ ʞᴅʥʝ ʤʝʜʠʮʠʥʘʜʘ (ʙʠʦʘʢʪʠʚʪʽ 

ʰʳʥʳʣʘʨ) ץʦʣʜʘʥʳʣʫʳ ʤװʤʢʽʥ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ץʘʣʜʳץʪʘʨʜʳ ץʘʡʪʘ ʧʘʡʜʘʣʘʥʫ 

ʘʡʥʘʣʳʤʜʳ ʵʢʦʥʦʤʠʢʘʥʳ ץʦʣʜʘʡʜʳ [62ï64]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʘסʳʥʜʳ ʩʫʣʘʨ ʤʝʥ 

ʪʘʟʘʨʪʳʣסʘʥ ʩʫʣʘʨʜʘʥ ʬʦʩʬʦʨʜʳ ʙᴇʣʽʧ ʘʣʫ ץʘʣʜʳץʪʘʨʜʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʽʧ, ʢʝʥʜʽʢ ʞᴅʥʝ ץʘʡʪʘʨʳʣסʘʥ ʬʦʩʬʦʨ ʨʝʩʫʨʩʪʘʨʳʥ ʠʥʪʝʛʨʘʮʠʷʣʘʫ 

ʘʨץʳʣʳ ʙʦʣʘʰʘץʪʘסʳ ʬʦʩʬʦʨʤʝʥ ʪײʨʘץʪʳ ʙʘʩץʘʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [65, 66]. 

 ɹʽʨʽʥʰʽʜʝʥ, ʪᴇʤʝʥʩʦʨʪʪʳ ʬʦʩʬʦʨʠʪʪʝʨʜʽ ץʘʡʪʘ ᴇשʜʝʫ ʰʠʢʽʟʘʪ ʙʘʟʘʩʳʥ 

ʢʝשʝʡʪʽʧ, ʤʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʬʦʩʬʘʪ ץʦʩʧʘʣʘʨʳ ʤʝʥ ʪʝʨʤʦʬʦʩʬʘʪʪʘʨ 

ʘʨץʳʣʳ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʘ ʬʦʩʬʦʨʜʳש ʪײʨʘץʪʳ ʢᴇʟʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʽʣʝʩʧʝ ᴇʥʜʽʨʽʩʪʝʨʜʽ ʜʘʤʳʪʘʜʳ, ʙײʣ ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʝʰʝʥʥʽש 

ʠʥʥʦʚʘʮʠʷʣʳץ ᴅʣʝʫʝʪʽʥ ʘʨʪʪʳʨʘʜʳ [67ï69]. 

 ɽʢʽʥʰʽʜʝʥ, ץʘʣʜʳץʪʘʨʜʳ ʢᴅʜʝʛʝ ʞʘʨʘʪʫ ʵʢʦʣʦʛʠʷʣʳץ ʪᴅʫʝʢʝʣʜʝʨʜʽ 

ʘʟʘʡʪʳʧ, ʙʦʩ ʘʫʤʘץʪʘʨʜʳ ʨʝʢʫʣʴʪʠʚʘʮʠʷʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ çZero 

Waste Miningè ʧʘʨʘʜʠʛʤʘʩʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʽʧ, ʞʝʨ ץʦʡʥʘʫʳʥ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫʜʳ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [70]ץ

 ץʘʨʘʣʳץʜʝʣʛʝʥ ᴇʥʽʤʜʝʨ ʭʘʣʳשʘʡʪʘ ᴇץ ʘʥסʰʽʥʰʽʜʝʥ, ʩʪʘʥʜʘʨʪʪʘʣת 

ʩʘʫʜʘסʘ ʰʳסʘʨʳʣʫסʘ ʞᴅʥʝ ɽʆ ץʘʫʽʧʩʽʟʜʽʢ ʨʝʛʣʘʤʝʥʪʪʝʨʽʥʝ ʩʘʡ ʙʦʣʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ, ʙײʣ ʘʡʥʘʣʳʤʜʳ ʵʢʦʥʦʤʠʢʘ ʤʝʥ ʪײʨʘץʪʳ ʜʘʤʫסʘ װʣʝʩ ץʦʩʳʧ, ʘʟʳץ-ʪװʣʽʢ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʩʝʧʪʽʛʽʥ ʪʠʛʽʟʝʜʽ [71ï74]ץ ʘʫʽʧʩʽʟʜʽʛʽʥץ

 

1.3 ɾʕʆ ץʘʣʜʳץʪʘʨʳʥ (ʢװʣ, ʰʣʘʢ) ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ 

ʧʘʡʜʘʣʘʥʫ 

ɾʳʣʫ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʣʘʨʳʥʜʘ ʦʪʳʥʜʳ ʞʘסʫ ʙʘʨʳʩʳʥʜʘ װʣʢʝʥ ʢᴇʣʝʤʜʝ 

ʢװʣ ʤʝʥ ʰʣʘʢ ʪװʨʽʥʜʝʛʽ ץʘʣʜʳץʪʘʨ ʪװʟʽʣʝʜʽ. ʄײʥʜʘʡ ץʘʣʜʳץʪʘʨʜʳש ʥʝʛʽʟʛʽ 

ʪװʨʣʝʨʽ ʤʳʥʘʣʘʨʜʳ ץʘʤʪʠʜʳ. ױʰʧʘ ʢװʣ (fly ash) ï ʪװʪʽʥ ʛʘʟʜʘʨʳʤʝʥ ʙʽʨʛʝ 

ᴅʢʝʪʽʣʝʪʽʥ ʞᴅʥʝ ʵʣʝʢʪʨʦʬʠʣʴʪʨʣʝʨʤʝʥ ʥʝʤʝʩʝ ʤʘʪʘʣʳ ʩװʟʛʽʣʝʨʤʝʥ ײʩʪʘʣʳʧ 

 ʘʥסʘʣץ ʞʘʥʫʳʥʘʥ שʣ ʢᴇʤʽʨʜʽװʰʧʘ ʢױ .ʘʣʘʪʳʥ ʤʘʡʜʘ ʜʠʩʧʝʨʩʪʽ ʙᴇʣʰʝʢʪʝʨץ

 שʣ ʙᴇʣʰʝʢʪʝʨʽʥʽװʰʧʘ ʢױ .ʨʘʡʜʳ [75]ײץ ʥʘ ʜʝʡʽʥʽʥ-70%~ שʪʘʨʜʳץʘʣʜʳץ ʘʪʪʳץ

ᴇʣʰʝʤʽ 1 ʤʠʢʨʦʥʥʘʥ ʘʟ ʤᴇʣʰʝʨʜʝʥ ʞװʟʜʝʛʝʥ ʤʠʢʨʦʥסʘ ʜʝʡʽʥ ʞʝʪʝʜʽ ʞᴅʥʝ 

ʢᴇʙʽʥʝʩʝ ʩʬʝʨʘʣʳץ ʧʽʰʽʥʜʽ ʙʦʣʘʜʳ. ʍʠʤʠʷʣʳץ ʞʘסʳʥʘʥ ʢᴇʤʽʨ ʢװʣʜʝʨʽ ʥʝʛʽʟʽʥʝʥ 

ʢʨʝʤʥʝʟʝʤ SiO  ʤʝʥ ʛʣʠʥʦʟʝʤ Al O-ʜʝʥ ʪײʨʘʜʳ, ʩʦʥʜʘʡ-ʘץ ʪʝʤʽʨ, ʢʘʣʴʮʠʡ, 

ʤʘʛʥʠʡ, ʢʘʣʠʡ, ʪʠʪʘʥ, ʢװʢʽʨʪ ʞᴅʥʝ ʪ.ʙ. ʦʢʩʠʜʪʝʨʽʥ ץʘʤʪʠʜʳ. ʂᴇʤʽʨ ʢװʣʜʝʨʽʥʜʝ 

ᴅʜʝʪʪʝ SiO  ï 40ï60%, Al O  ï 15ï30%, Fe O  ï 5ï25%, CaO ï <1% (ʪʘʩ ʢᴇʤʽʨ 

ʢװʣʽ) ʙʘʩʪʘʧ >20%-סʘ ʜʝʡʽʥ (ץʦשʳʨ ʢᴇʤʽʨ ʢװʣʽʥʜʝ) ʙʦʣʘʜʳ. ʂװʣʜʝ ʩʦʥʜʘʡ-ʘץ 

ʪʦʣrץ ʞʘʥʙʘסʘʥ ץʘʣʜʳץ ʢᴇʤʽʨʪʝʢ (1ï8%) ʞᴅʥʝ ץʦʨʝʢʪʽʢ (Fe, Mn, Zn, Cu, Co, B, 

Mo) ʵʣʝʤʝʥʪʪʝʨʜʝʥ ʙʘʩʪʘʧ ᴅʣʝʫʝʪʪʽ ʫʳʪʪʳ (As, Cd, Pb, Hg, Cr, V ʞᴅʥʝ ʪ.ʙ.) 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨ ʢʝש ʘʫץʳʤʜʘ ʢʝʟʜʝʩʝʜʽ. ɹʘʩʪʘʧץʳ ʦʪʳʥ ײץʨʘʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

 ʳʣ ʨʝʘʢʮʠʷʣʳ (ʘʥʪʨʘʮʠʪʪʝʥ) ʥʝʤʝʩʝ ʩʽʣʪʽʣʽ (ʢʘʣʴʮʠʡ ʤᴇʣʰʝʨʽץʳʰץ ʣװʰʧʘ ʢײ
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ʞʦסʘʨʳ ץʦשʳʨ ʢᴇʤʽʨʜʝʥ) ʙʦʣʫʳ ʤװʤʢʽʥ; ᴅʜʝʪʪʝ ʨʅ ʜʝשʛʝʡʽ 4,5ï12 ʘʨʘʣʳסʳʥʜʘ 

[76]. 

ʂװʣʜʽײץ שʨʘʤʳ ʞʘסʳʣʘʪʳʥ ʦʪʳʥ ʪװʨʽʥʝ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ. ʂᴇʤʽʨ 

ʢװʣʽʥʽײץ שʨʘʤʳ ʞʦסʘʨʳʜʘ ʩʠʧʘʪʪʘʣסʘʥ (Si, Al, Fe ʢᴇʧ; ץʦשʳʨ ʢᴇʤʽʨʜʝ Ca ʢᴇʧ). 

ʄʘʟʫʪ (ʘʫʳʨ ʤײʥʘʡ ʦʪʳʥʳ) ʞʘʥסʘʥ ʢʝʟʜʝ ʪװʟʽʣʝʪʽʥ ʢװʣ ʤᴇʣʰʝʨʽ ʘʟ (ʤʘʟʫʪʪʳש 

ʢװʣ ʤᴇʣʰʝʨʽ ʘʟ), ʙʽʨʘץ ʦʣ ʤײʥʘʡʜʘ ʙʦʣʘʪʳʥ ʚʘʥʘʜʠʡ ʤʝʥ ʥʠʢʝʣʴʜʽש ʞʦסʘʨʳ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ ץʘʤʪʠʜʳ. ʄʘʟʫʪ ʢװʣʽ V O  ï 5ï10%-סʘ ʜʝʡʽʥ ʞᴅʥʝ NiO ï 

ʰʘʤʘʤʝʥ 1% ʜʝʡʽʥ ʙʦʣʫʳ ʤװʤʢʽʥ [77]. ɹײʣ ʤʘʟʫʪ ʢװʣʽʥ ʘʛʨʦʩʘʣʘʜʘ ʪʽʢʝʣʝʡ 

 ʳʰ ʝʤʝʩ, ʚʘʥʘʜʠʡ ʘʣʫ ʢᴇʟʽ ʨʝʪʽʥʜʝץʘʡʪשʠʳʥʜʘʪʘʜʳ ï ʦʥʳ ʪʳץ ʦʣʜʘʥʫʜʳץ

 ʘʥʜʘסʘʨʘץ ʣʽʥʝװʣʽʥʜʝ ʢʨʝʤʥʝʟʝʤ ʤʝʥ ʢʘʣʴʮʠʡ ʢᴇʤʽʨ ʢװʘʨʘʩʪʳʨʘʜʳ. ʊʦʨʬ ʢץ

ʢᴇʙʽʨʝʢ ʙʦʣʘʜʳ: ʥʝʛʽʟʛʽ ʤʠʥʝʨʘʣ ï ʢʚʘʨʮ, ʩʦʥʜʘʡ-ʘץ ʢʘʣʴʮʠʪ (CaCO ), ʘʥʛʠʜʨʠʪ 

(CaSO ), ʢʘʣʴʮʠʡ ʤʝʥ ʘʣʶʤʠʥʠʡʜʽש ʢʝʰʝʥʜʽ ʩʠʣʠʢʘʪʪʳץ ʬʘʟʘʣʘʨʳ (ʛʝʣʝʥʠʪ, 

ʙʨʘʫʥʤʠʣʣʝʨʠʪ ʞᴅʥʝ ʪ.ʙ.) ʢʝʟʜʝʩʝʜʽ [78]. ʊʦʨʬ ʢװʣʽʥʽװ שʣʛʽʣʝʨʽʥʜʝ ʰʘʤʘʤʝʥ 

30% SiO , 10ï20% CaO (ʢʘʨʙʦʥʘʪʪʘʨ ʤʝʥ ʩʫʣʴʬʘʪʪʘʨ ʪװʨʽʥʜʝ), 20% ʰʘʤʘʩʳʥʜʘ 

ʢʘʣʴʮʠʡ-ʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨ ʢʝʟʜʝʩʝʜʽ. ɹʠʦʤʘʩʩʘ ʢװʣʽʥʜʝ (ʘסʘʰ, ʩʘʙʘʥ ʞᴅʥʝ ʪ.ʙ.) 

ʥʝʛʽʟʛʽ ץʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪʪʝʨ ï ʢʘʣʴʮʠʡ, ʢʘʣʠʡ, ʤʘʛʥʠʡ, ʬʦʩʬʦʨ ʢᴇʧ ʤᴇʣʰʝʨʜʝ 

ʙʦʣʘʜʳ. ɸסʘʰ ʢװʣʽʥʜʝ ʰʘʤʘʤʝʥ 25ï50% CaO, 5ï10% K O, ʞᴅʥʝ 2%-סʘ ʜʝʡʽʥ 

P O  ʙʦʣʘʜʳ [79]. ɸʡץʳʥ ʩʽʣʪʽʣʽ (ʨʅ ~11ï13) ʞᴅʥʝ ʝʞʝʣʜʝʥ ʙʝʨʽ ʢʘʣʠʡ ʤʝʥ ᴅʢ 

ʢᴇʟʽ ʨʝʪʽʥʜʝ ʪʳשʘʡʪץʳʰ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʳʧ ʢʝʣʝʜʽ. ʉʘʙʘʥ ʤʝʥ 

ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ץʘʣʜʳץʪʘʨʳʥʳש ʢװʣʽʥʜʝ ʢʘʣʠʡ ʤʝʥ ʢʨʝʤʥʠʡ ʤʦʣ ʙʦʣʘʜʳ, 

ʨʝʘʢʮʠʷʩʳ ʙʝʡʪʘʨʘʧ-ʩʽʣʪʽʣʽ. ɸʣʘʡʜʘ ʙʠʦʤʘʩʩʘ ʢװʣʽ ײץʨʘʤʳʥʜʘ ʭʣʦʨʠʜʪʝʨ ʤʝʥ 

ʩʫʣʴʬʘʪʪʘʨ ʙʦʣʫʳ ʤװʤʢʽʥ, ʙײʣ ᴇשʜʝʣʤʝʡ ץʦʣʜʘʥסʘʥ ʞʘסʜʘʡʜʘ ʪײʟʜʘʥʫסʘ ᴅʢʝʣʫʽ 

ʳץʪʠʤʘʣ. 

ʂʘʣʴʮʠʡ ʤʝʥ ʤʘʛʥʠʡʜʽש ʙʦʩ ʦʢʩʠʜʪʝʨʽʥʽש ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ɾʕʉ 

ʢװʣʜʝʨʽʥʽש ʢᴇʧʰʽʣʽʛʽ ʩʽʣʪʽʣʽʢ ץʘʩʠʝʪʢʝ ʠʝ (ᴅʩʽʨʝʩʝ ץʦשʳʨ ʢᴇʤʽʨ ʤʝʥ ʘסʘʰ 

ʢװʣʜʝʨʽ). ʂװʣʜʝʛʽ ʢʘʨʙʦʥʘʪʪʘʨ ʤʝʥ ʛʠʜʨʦʢʩʠʜʪʝʨ ʦʥʳש ᴅʢʪʽʢ ᴅʩʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ ï ʪʦʧʳʨʘץ ץʳʰץʳʣʜʳסʳʥ ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʫ ץʘʙʽʣʝʪʽ. ɼʝʛʝʥʤʝʥ, ʢװʣ 

ʤᴇʣʰʝʨʽ ʤʝʥ ʢװʢʽʨʪʪʽʣʽʛʽ ʞʦסʘʨʳ ʢᴇʤʽʨʣʝʨ ʞʘʥסʘʥʜʘ çץʳʰץʳʣè ʢװʣ ʪװʟʽʣʝʜʽ, 

ʦʥʜʘ ʥʝʛʽʟʜʝʨ ʘʟ ʙʦʣʘʜʳ (ʤʳʩʘʣ ʨʝʪʽʥʜʝ ʘʥʪʨʘʮʠʪ ʢװʣʽ, ʨʅ ~4ï5). ʂװʣ ʤʝʥ ʰʣʘʢ 

ʤʘʪʝʨʠʘʣʜʘʨʳ ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʙʦʡʳʥʰʘ ʩʪʘʥʜʘʨʪʪʘʨסʘ ʩᴅʡʢʝʩ ʞʽʢʪʝʣʝʜʽ. 

ɸפʐ-ʪʘ ASTM C618 ʩʪʘʥʜʘʨʪʳ ʢᴇʤʽʨ ʢװʣʽʥ ʝʢʽ ʪװʨʛʝ ʙᴇʣʝʜʽ: Class F ï ʪᴇʤʝʥ 

ʢʘʣʴʮʠʡʣʽ (ʢװʣʜʝʥʛʝʥ) ʢװʣ (ʪʘʩ ʢᴇʤʽʨ ʤʝʥ ʘʥʪʨʘʮʠʪʪʝʥ), ʥʝʛʽʟʛʽ ʦʢʩʠʜʪʝʨ 

ʞʠʳʥʪʳסʳ (SiO  + Al O  + Fe O ) Ó 70% ʞᴅʥʝ ᴅʜʝʪʪʝ CaO <10%; Class C ï 

ʞʦסʘʨʳ ʢʘʣʴʮʠʡʣʽ ʢװʣ (ץʦשʳʨ ʞᴅʥʝ ʩʫʙʙʠʪʫʤʠʥʦʟʜʳ ʢᴇʤʽʨʜʝʥ), ʥʝʛʽʟʛʽ ʦʢʩʠʜʪʝʨ 

ʞʠʳʥʪʳסʳ Ó 50%, ʢᴇʧ ʤᴇʣʰʝʨʜʝ CaO (Ó15ï20%) ץʘʤʪʠʜʳ [80].  

ɾʳʣ ʩʘʡʳʥ ᴅʣʝʤʜʝ ʰʘʤʘʤʝʥ 1 ʤʣʨʜ ʪʦʥʥʘ ʢװʣ ʤʝʥ ʰʣʘʢ ʪװʟʽʣʝʜʽ, ʦʥʳש 

ʪʝʢ 60ï65% ץʦʣʜʘʥʳʣʳʧ, ץʘʣסʘʥʳ ץʦʡʤʘʣʘʨʜʘ ʞʠʥʘʣʘʜʳ. תʣʢʝʥ ʢװʣ װʡʽʥʜʽʣʝʨʽ 

ʞʝʨʜʽ ʘʣʳʧ, ʘʪʤʦʩʬʝʨʘסʘ ʰʘש-ʪʦʟʘש ʪʘʨʘʪʳʧ, ʪʦʧʳʨʘץ ʘʩʪʳ ʩʫʣʘʨʜʳ ʘʫʳʨ 

ʤʝʪʘʣʜʘʨ ʤʝʥ ʪײʟʜʘʨʤʝʥ ʣʘʩʪʘʡʜʳ, ʘʣ ײʩʘץ ʙᴇʣʰʝʢʪʝʨ ʪʳʥʳʩ ʞʦʣʳʥʘ ʝʥʽʧ, ʢᴇʟ, 

ʪʝʨʽ, ᴇʢʧʝ ʪʽʪʽʨʢʝʥʫʽʥ ʞᴅʥʝ ʫʣʘʥʫʜʳ ʪʫʜʳʨʫʳ ʤװʤʢʽʥ. ʂװʣ ʳʣסʘʣʜʘʥסʘʥʜʘ 

ʥʝʤʝʩʝ ʰʘʡʳʣסʘʥʜʘ ײץʨʘʤʳʥʜʘסʳ As, Se, Mo, Cr, Cd ʩʠʷץʪʳ ʵʣʝʤʝʥʪʪʝʨ 

 ʪʘʨʜʳ ʫʣʳץʳ ʘʫʤʘסʳʥʜʘשʘ ʤʠʛʨʘʮʠʷ ʞʘʩʘʧ, ᴅʩʽʨʝʩʝ ɾʕʉ ʤʘסʘʥ ʦʨʪʘסʦʨʰʘץ

ʟʘʪʪʘʨʤʝʥ ʣʘʩʪʘʡʜʳ. 

ʂװʣʜʽ ץʘʡʪʘ ʧʘʡʜʘʣʘʥʫ ʜʝשʛʝʡʽ ʝʣʜʝʨ ʙʦʡʳʥʰʘ ᴅʨʪװʨʣʽ. ɼʘʤʳסʘʥ ʝʣʜʝʨ 

ʦʥʜʘסʘʥ ʞʳʣʜʘʨ ʙʦʡʳ ʢװʣ ʤʝʥ ʰʣʘʢʪʳ ײץʨʳʣʳʩ, ʞʦʣ ʩʘʣʫ ʞᴅʥʝ ʙʘʩץʘ ʜʘ 
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ʩʘʣʘʣʘʨʜʘ ץʦʣʜʘʥʫʜʳ ʞʦʣסʘ ץʦʡסʘʥ. ɽʆ ʝʣʜʝʨʽʥʜʝ ץʘʡʪʘ ץʦʣʜʘʥʫ ʢʦʵʬʬʠʮʠʝʥʪʽ 

100%-ʜʘʥ ʘʩʳʧ ʪװʩʝʜʽ ï ʙײʨʳʥסʳ ץʘʣʜʳץʪʘʨʜʳ ʜʘ ץʘʡʪʘ ᴇשʜʝʫ ʝʩʝʙʽʥʝʥ. ɼʘʥʠʷ 

ʤʝʥ ɽʫʨʦʧʘʥʳש ʙʽʨʥʝʰʝ ʝʣʽʥʜʝ ʪװʟʽʣʝʪʽʥ ʢװʣʜʽש ʙᴅʨʽ ץʘʡʪʘʣʘʤʘ ץʦʣʜʘʥʳʩץʘ 

ʝʥʝʜʽ. ɸʣ ʢʝʡʙʽʨ ʜʘʤʫʰʳ ʝʣʜʝʨ ʤʝʥ ʊʄɼ ʝʣʜʝʨʽʥʜʝ ʢװʣʜʽש ʢᴇʧ ʙᴇʣʽʛʽ ᴅʣʽ ʢװʥʛʝ 

ʜʝʡʽʥ ץʦʡʤʘʣʘʨסʘ ʞʽʙʝʨʽʣʝʜʽ. ɹʘסʘʣʘʫʣʘʨ ʙʦʡʳʥʰʘ, תʥʜʽʩʪʘʥʜʘ 2023 ʞʳʣʳ 

ʢװʣʜʽש ʰʘʤʘʤʝʥ 50ï60%-ʳ ʧʘʡʜʘʣʘʥʳʣʤʘʡ ʦʪʳʨ, ʜʝʛʝʥʤʝʥ ʤʝʤʣʝʢʝʪʪʽʢ 

ʙʘסʜʘʨʣʘʤʘʣʘʨ ʙײʣ ʢᴇʨʩʝʪʢʽʰʪʽ ʞʘץʩʘʨʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ. ʈʝʩʝʡ ʌʝʜʝʨʘʮʠʷʩʳʥʜʘ 

ʞᴅʥʝ ʊʄɼ ʝʣʜʝʨʽʥʜʝ ץʘʡʪʘ ʧʘʡʜʘʣʘʥʫ װʣʝʩʽ ʪʘʨʠʭʠ ʪײʨסʳʜʘ ʪᴇʤʝʥ: ʈʌ-ʜʘ 2019 

ʞʳʣʳ ~30 ʤʣʥ ʪʦʥʥʘ ʢװʣ ʤʝʥ ʰʣʘʢʪʘʥ ʥʝʙᴅʨʽ 3%-סʘ ʞʫʳסʳ סʘʥʘ ʧʘʡʜʘʣʘʥʳʣסʘʥ 

 ʘʥ ʤʠʣʣʠʦʥ ʪʦʥʥʘסʣ ʞʳʣ ʩʘʡʳʥ ʦʥʜʘײʘ ʞʽʙʝʨʽʣʛʝʥ. ɹסʦʡʤʘʣʘʨץ ʘʥʳסʘʣץ ,[75]

 .ʞʠʥʘʣʫʳʥʘ ᴅʢʝʣʝʜʽ שʪʳץʘʣʜʳץ

ʂװʣ ï ץʘʣʜʳץ ʤᴅʨʪʝʙʝʩʽʥʝ ʠʝ ʙʦʣסʘʥʳʤʝʥ, ʘʛʨʦʥʦʤʠʷ װʰʽʥ ײץʥʜʳ 

 שʪʳץʨʘʜʳ, ʪʦʧʳʨʘײʘʩʠʝʪʪʝʨʛʝ ʠʝ: ʦʣ ʤʘʢʨʦ- ʞᴅʥʝ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʝʥ ʪץ

ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʳʧ, ץʳʰץʳʣʜʳʣʳץʪʳ ʙʝʡʪʘʨʘʧʪʘʡ 

ʘʣʘʜʳ. ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ʢװʣʜʽ ʧʘʡʜʘʣʘʥʫʜʳש ʙʽʨʥʝʰʝ ʥʝʛʽʟʛʽ ʙʘסʳʪʳ 

ʙʘʨ. 

ʂװʣ ײץʨʘʤʳʥʜʘסʳ CaO, MgO ʞᴅʥʝ ʢʘʨʙʦʥʘʪʪʘʨ ʦʥʳ ץʳʰץʳʣ ʪʦʧʳʨʘץʪʳ 

ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʫסʘ ʘʨʥʘʣסʘʥ ᴅʢ ʤʝʣʠʦʨʘʥʪʳ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ; 5ï20% ʢװʣ ץʦʩʫ ʨʅ-ʪʳ 1ï2 ʙʽʨʣʽʢʢʝ ʢᴇʪʝʨʽʧ, ᴇʩʽʤʜʽʢʪʝʨ װʰʽʥ ץʦʣʘʡʣʳ 

ʞʘסʜʘʡ ʞʘʩʘʡʜʳ [81]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢװʣ ʢʘʣʠʡ, ʢʘʣʴʮʠʡ, ʢʨʝʤʥʠʡ, ʤʘʛʥʠʡ, 

ʢװʢʽʨʪ ʞᴅʥʝ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש (B, Zn, Mn, Cu) ʢᴇʟʽ ʙʦʣʳʧ, ʦʣʘʨʜʳ ʙʽʨʪʽʥʜʝʧ 

ʙʦʩʘʪʳʧ, ʪʦʧʳʨʘײץ ץʥʘʨʣʳʣʳסʳʥ ʘʨʪʪʳʨʘʜʳ; ʢʨʝʤʥʠʡ ʩװʡʛʽʰ ʜʘץʳʣʜʘʨʜʘ 

(ʢװʨʽʰ, ץʘʥʪ ץʘʤʳʩʳ) ʩʽשʽʨʽʣʽʧ, ʢװʡʟʝʣʽʩʪʝʨʛʝ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʢװʰʝʡʪʝʜʽ [82]. 

ɸʣʘʡʜʘ ʢװʣʜʝ ʘʟʦʪ ʞʦץ, ʩʦʥʜʳץʪʘʥ ʦʥʳ ʘʟʦʪʪʳ ʪʳשʘʡʪץʳʰʪʘʨʤʝʥ ʥʝʤʝʩʝ ʘʟʦʪ 

ʢᴇʟʜʝʨʽʤʝʥ ʙʽʨʛʝ ץʦʣʜʘʥʫ ץʘʞʝʪ. 

ᴆʥʝʨʢᴅʩʽʧʪʝ ʢװʣʜʽ ʬʦʩʬʦʨʠʪ ײʥʪʘסʳ, ʘʤʤʦʥʠʡ ʪײʟʜʘʨʳ ʞᴅʥʝ ʙʘʩץʘ 

ʢʦʤʧʦʥʝʥʪʪʝʨʤʝʥ ʘʨʘʣʘʩʪʳʨʳʧ, ʢʘʣʠʡ, ʢʘʣʴʮʠʡ ʞᴅʥʝ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʛʝ 

ʙʘʡʳʪʳʣסʘʥ ʪʝשʜʝʩʪʽʨʽʣʛʝʥ ʪʳשʘʡʪץʳʰʪʘʨ ʞʘʩʘʫ ʤװʤʢʽʥ, ʘʣ ʣʘʙʦʨʘʪʦʨʠʷʣʳץ 

ʪᴅʞʽʨʠʙʝʣʝʨ ʢװʣʜʽש ʘʟʦʪʪʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫʜʳ ʞʘץʩʘʨʪʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ [83]. 

ʂװʣʜʽ ʦʨʛʘʥʠʢʘʣʳץ ץʘʣʜʳץʪʘʨʤʝʥ ʢʦʤʧʦʩʪʪʘʫ çץʘץשʘè ʨᴇʣʽʥ ʘʪץʘʨʳʧ, ʨʅ-ʪʳ 

ʢᴇʪʝʨʽʧ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ, ʬʦʩʬʦʨ ʤʝʥ 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש ʞʠʥʘץʪʘʣʫʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ ʞᴅʥʝ ʘʤʤʦʥʠʡʜʽ ײʩʪʘʧ ʪײʨʘʜʳ; 

ʙʽʨʘץ ʘʫʳʨ ʤʝʪʘʣʜʘʨʜʳש ʤᴇʣʰʝʨʽʥ ʙʘץʳʣʘʫ װʰʽʥ ʢװʣ ײץʨʘʤʳʥ ʰʘʤʘʤʝʥ 15%-

ʜʘʥ ʘʩʧʘʫ ײʩʳʥʳʣʘʜʳ [84]. ɾʘשʘ ʙʘסʳʪʪʳש ʙʽʨʽ ʙʠʦʢᴇʤʽʨʤʝʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʢװʣ 

(biochar) ʩʫʙʩʪʨʘʪʳ ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳ ʙʘʷʫ ʙʦʩʘʪʳʧ, ʪʦʧʳʨʘײץ ץʨʳʣʳʤʳʥ 

ʞʘץʩʘʨʪʘʜʳ, ʤʝʪʘʣʜʘʨʜʳש ʫʳʪʪʳʣʳסʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ ʞᴅʥʝ ײʟʘץ ʤʝʨʟʽʤʜʽ 

ʢᴇʤʽʨʪʝʢ ʩʘץʪʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙײʣ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʜʳ ʪʦʧʳʨʘץ 

ʞʘץʩʘʨʪץʳʰʪʘʨʳʥ ʘʣʫʜʳש ʪʠʽʤʜʽ ʞʦʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [85]. 

ʂװʣʜʽ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ʪʽʢʝʣʝʡ ץʦʣʜʘʥʫ ʦʥʳש ʭʠʤʠʷʣʳץ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʤʝʥ ᴅʣʝʫʝʪʪʽ ץʘʫʽʧʪʝʨʽʥ ʝʩʢʝʨʫʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. ʂᴇʙʽʥʝ ʘʣʜʳʥ ʘʣʘ 

ᴇשʜʝʫ (ʤʦʜʠʬʠʢʘʮʠʷ) ʞװʨʛʽʟʫ ʦʨʳʥʜʳ ï ʙײʣ ʢװʣ-ʰʣʘʢ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש 

ʘʛʨʦʭʠʤʠʷʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʤʝʥ ʟʠʷʥʜʳ ᴅʩʝʨʽʥ ʘʟʘʡʪʫסʘ ʙʘסʳʪʪʘʣʘʜʳ. 

ʂװʣʜʽ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫʜʳש ʥʝʛʽʟʛʽ ʪᴅʩʽʣʜʝʨʽ ʙʘʨ. 

ʂװʣʜʽ ץʳʰץʳʣʜʘʨʤʝʥ ʥʝʤʝʩʝ ʩʽʣʪʽʣʝʨʤʝʥ ᴇשʜʝʫ ʢᴇʙʽʥʝ ʘסʳʥʜʳ ʩʫʣʘʨʜʳ 

ʪʘʟʘʨʪʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʘʜʳ, ʙʽʨʘץ ʢװʣ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʞʝʪʽʣʜʽʨʫ װʰʽʥ ʜʝ 



 24 

 ʘסʘʥ ʤʘʩʩʘסʘʣץ ,ʙʽʨ ʙᴇʣʽʛʽʥʝʥ ʮʝʦʣʠʪ ʩʠʥʪʝʟʜʝʣʽʧ שʣʜʽװʦʣʜʘʥʳʣʘ ʘʣʘʜʳ: ʢץ

 ʪʘץʽʨʽʧ, ʪʦʧʳʨʘשʳʰ ʟʠʷʥʜʳ ʵʣʝʤʝʥʪʪʝʨʜʽ ʩʽץʘʡʪשʦʩʳʣʘʜʳ ï ʥᴅʪʠʞʝʩʽʥʜʝ ʪʳץ

  .ʘʩʠʝʪʽʥʝ ʠʝ ʙʦʣʘʜʳ [86]ץ ʩʪʘʫײ

ʂᴇʧʪʝʛʝʥ ʜʘʣʘʣʳץ ʞᴅʥʝ ʚʝʛʝʪʘʮʠʷʣʳץ ʪᴅʞʽʨʠʙʝʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʜײʨʳʩ 

 ץʣ-ʰʣʘʢ ʤʘʪʝʨʠʘʣʜʘʨʳ ʘʫʳʣʰʘʨʫʘʰʳʣʳװʜʘʡʜʘ ʢסʘʥ ʞʘסʦʣʜʘʥʳʣץ

ʜʘץʳʣʜʘʨʳʥʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘ ʘʣʘʜʳ. ʂװʣʜʽ ʝʥʛʽʟʫ ᴇʩʽʤʜʽʢʪʝʨʜʽ ʢʘʣʠʡʤʝʥ, 

ʢʘʣʴʮʠʡʤʝʥ, ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʪʦʧʳʨʘץʪʳץ שʳʰץʳʣ 

ʩʪʨʝʩʩʽʥ ʞʦʷʜʳ ï ʙײʣ ᴇʥʽʤʜʽʣʽʢʪʽש ʘʨʪʫʳʥʘ ᴅʢʝʣʝʜʽ. , װʥʜʽ ʟʝʨʪʪʝʫʰʽʣʝʨʽ 

ʢװʨʽʰʪʽש ᴇʥʽʤʜʽʣʽʛʽ 15ï20%-סʘ, ʞװʛʝʨʽ 20ï30%-סʘ, ʢʘʨʪʦʧ 30%-סʘ ʘʨʪץʘʥʳʥ 

ʙʘʡץʘסʘʥ ï ʢװʣʜʽ ʦʨʛʘʥʠʢʘʣʳץ ʪʳשʘʡʪץʳʰʪʘʨʤʝʥ ʙʽʨʛʝ ץʦʣʜʘʥסʘʥʜʘ. ʂᴇʢᴇʥʽʩ 

ʜʘץʳʣʜʘʨʳʥʘ ʞװʨʛʽʟʽʣʛʝʥ ʪᴅʞʽʨʠʙʝʣʝʨʜʝ ʢװʣʜʽש ʦשʪʘʡʣʳ ʤᴇʣʰʝʨʽ (å30ï50 ʪ/ʛʘ) 

 ʣ ʢᴇʧʵʣʝʤʝʥʪʪʽװʘʥ [87]. ʂסʘ ʘʨʪʪʳʨסʘʥ ʧʘʡʳʟסᴇʥʽʤʽʥ ʦʥʜʘ שʪʳץʳʟʘʥʘץ

ʪʳשʘʡʪץʳʰ ʨʝʪʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʡʜʽ: , ʢʘʣʠʡ ʞᴅʥʝ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʤʝʥ 

 ,ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ שʳʣʜʘʨʜʳץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʜᴅʥʜʽ ʞᴅʥʝ ʪʘʤʳʨʞʝʤʽʩʪʽ ʜʘץ

ʘʣ ʢװʣʜʝʛʽ ʢʨʝʤʥʠʡ ᴇʩʽʤʜʽʢʪʝʨʜʽש ʘʫʨʫʣʘʨסʘ ʞᴅʥʝ ʞʘʪʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ 

ʞʘץʩʘʨʪʘʜʳ ï ʙײʣ ʜʘ ᴇʥʽʤʛʝ ʦש ᴅʩʝʨ ʝʪʝʜʽ. ʂװʣʜʽ ʘʟʦʪ-ʬʦʩʬʦʨ 

ʪʳשʘʡʪץʳʰʪʘʨʳʤʝʥ ʙʽʨʛʝ ץʦʣʜʘʥסʘʥʜʘ, ʪʝʢ ʤʠʥʝʨʘʣʜʳץ ʪʳשʘʡʪץʳʰʪʘʨסʘ 

 ʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽץ שʣ ᴇʩʽʤʜʽʢʪʝʨʜʽװʘʥ ï ʢסᴇʥʽʤ ʘʣʳʥ ץʘʥʜʘ 5ï15% ʘʨʪʳסʘʨʘץ

ʩʽשʽʨʫʽʥ ʞʘץʩʘʨʪʘʜʳ. ɸʣʘʡʜʘ ʥᴅʪʠʞʝ ʜʦʟʘסʘ ץʘʪʪʳ ʙʘʡʣʘʥʳʩʪʳ: ʢװʣʜʽש ʘʟ 

ʤᴇʣʰʝʨʽ (~5 ʪ/ʛʘ) ᴅʩʝʨ ʙʝʨʤʝʫʽ ʤװʤʢʽʥ, ʘʣ ʘʨʪʳץ ʤᴇʣʰʝʨʽ (>>50 ʪ/ʛʘ) ʩʽʣʪʽʣʽʣʽʢ 

ʧʝʥ ʪײʟʜʘʥʫʜʳש ʢʝʩʽʨʽʥʝʥ ᴇʩʽʤʜʽʢʪʝʨʜʽ ʢװʡʟʝʣʪʫʽ ʤװʤʢʽʥ. ʆשʪʘʡʣʳ ʩʪʨʘʪʝʛʠʷ ï 

ʢװʣʜʽ ʦʨʪʘʰʘ ʤᴇʣʰʝʨʜʝ ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ ʪʳשʘʡʪץʳʰʪʘʨʤʝʥ ʥʝʤʝʩʝ 

ʪʳשʘʡʪץʳʰʪʘʨʤʝʥ ʙʽʨʛʝ ʝʥʛʽʟʫ ï ץʦʨʝʢʪʝʥʫʜʽ ʪʝשʛʝʨʫ װʰʽʥ. 

ʂװʣ ᴇʥʽʤ ʢᴇʣʝʤʽʤʝʥ ץʘʪʘʨ ʦʥʳש ʩʘʧʘʩʳʥʘ ʜʘ ᴅʩʝʨ ʝʪʝʜʽ. ʂʘʨʪʦʧ 

ʪװʡʥʝʢʪʝʨʽʥʽש ʩʘʧʘʩʳ (ʢʨʘʭʤʘʣ ʢᴇʧ, ʥʠʪʨʘʪ ʘʟ), ʪʘʤʳʨʞʝʤʽʩʪʝʨʜʝʛʽ ץʘʥʪ 

ʤᴇʣʰʝʨʽ, ʢᴇʢᴇʥʽʩʪʝʨʜʝʛʽ ʢʘʣʴʮʠʡ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʘʨʪץʘʥʳ ʙʘʡץʘʣʜʳ. ʂװʣʜʝʛʽ 

ʢʨʝʤʥʝʟʝʤ ʢװʨʽʰʪʽש ʩʘשʳʨʘʫײץʣʘץ ʘʫʨʫʣʘʨʳʥʘ ʰʘʣʜʳסʫʳʥ ʘʟʘʡʪʳʧ, ʜᴅʥ 

ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʘʜʳ. ʂʘʣʴʮʠʡʛʝ ʙʘʡ ʘסʘʰ ʢװʣʽʥ ʞʝʤʽʩ ʜʘץʳʣʜʘʨʳʥʘ ץʦʣʜʘʥʫ 

ʞʝʤʽʩʪʽש ʪʽʥʽʥ ʥʳסʘʡʪʘʜʳ (, ץʳʟʘʥʘץʪʳש ʞʘʨʳʣʫʳʥ, ʘʣʤʘʥʳש ʘʱʳ ʜʘץʪʳסʳʥ 

ʘʟʘʡʪʘʜʳ). ʆʩʳʣʘʡʰʘ, ʢװʣ ʪʝʢ ᴇʥʽʤʜʽʣʽʢʪʽ סʘʥʘ ʝʤʝʩ, ʩʘʧʘʥʳ ʜʘ ʘʨʪʪʳʨʘ ʘʣʘʜʳ ï 

ʙʽʨʘץ ʙײʣ ʘʩʧʝʢʪʽʣʝʨʜʽ ʩʘʫʘʪʪʳ ʙʘץʳʣʘʫ ʢʝʨʝʢ (, ʢװʣʜʝʛʽ ʙʦʨʜʳש ʘʨʪʳץʪʳסʳ 

ʙʦʨסʘ ʩʝʟʽʤʪʘʣ ʜʘץʳʣʜʘʨ װʰʽʥ ʫʳʪʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ ï ʩʦʥʜʳץʪʘʥ ʢװʣ ײץʨʘʤʳʥ 

ʙʽʣʫ ץʘʞʝʪ). 

ʂװʣ-ץʦʰ ʤʘʪʝʨʠʘʣʜʘʨʳ ʪʦʧʳʨʘץʪʳש ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʭʠʤʠʷʣʳץ 

 ʘʣ ʨʝʞʠʤʽסʨʳʣʳʤʳ ʤʝʥ ʳʣײץ ץʨʜʝ ᴇʟʛʝʨʪʝʜʽ. ʊʦʧʳʨʘװʘʩʠʝʪʪʝʨʽʥ ʢʝʰʝʥʜʽ ʪץ

ʞʘץʩʘʨʘʜʳ: ײʩʘץ ʢװʣ ʙᴇʣʰʝʢʪʝʨʽ (ʠʣ ʬʨʘʢʮʠʷʩʳ) ʘʫʳʨ ʩʘʟʜʳ ʪʦʧʳʨʘץʪʘʨסʘ 

ʪװʩʽʧ, ʦʣʘʨʜʳ çץʦʧʩʳʪʘʜʳè, ʢᴇʣʝʤʜʽʢ ʤʘʩʩʘʥʳ ʞᴅʥʝ ʪʳסʳʟʜʳץʪʳ ʪᴇʤʝʥʜʝʪʝʜʽ 

[88]. ɹײʣ ʪʦʧʳʨʘץʪʳש ʢʝʫʝʢʪʽʣʽʛʽʥ, ʘʵʨʘʮʠʷʩʳʥ ʞᴅʥʝ ʪʘʤʳʨʣʘʨ װʰʽʥ 

ᴇʪʢʽʟʛʽʰʪʽʛʽʥ ʘʨʪʪʳʨʘʜʳ. ɸʣ ʞʝשʽʣ ײץʤʜʘץ ʪʦʧʳʨʘץʪʘʨʜʘ ʢװʣ ʞץײʘ ʜʠʩʧʝʨʩʪʽ 

ʪʦʣʪʳʨסʳʰ ʨᴇʣʽʥ ʘʪץʘʨʳʧ, ʳʣסʘʣ ʩʳʡʳʤʜʳʣʳסʳʥ ʘʨʪʪʳʨʘ ʘʣʘʜʳ ï 10ï30% ʢװʣ 

ʝʥʛʽʟʛʝʥʜʝ ʩʫ ײʩʪʘʫ ץʘʙʽʣʝʪʽʥʽס-20% שʘ ʜʝʡʽʥ ʘʨʪץʘʥʳ ʙʘʡץʘʣʜʳ. ʄʝʪʘ-ʘʥʘʣʠʟ 

ʜʝʨʝʢʪʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʦʨʪʘ ʝʩʝʧʧʝʥ ʢװʣ ʝʥʛʽʟʫ ʪʦʧʳʨʘץʪʳש ʩʫ ײʩʪʘʫ ץʘʙʽʣʝʪʽʥ 

 ץʳʨʘסʦʧʩʳץ ץʥʠ ʪʦʧʳʨʘסʘ ʘʟʘʡʪʘʜʳ ï ʷס-ʘ ʘʨʪʪʳʨʳʧ, bulk density ~13%ס-22%~

ʞᴅʥʝ ʩʫʜʳ ʞʘץʩʳ ײʩʪʘʡʪʳʥ ʙʦʣʘʜʳ. ɹײʣ ᴅʩʽʨʝʩʝ ײץʨסʘץ ʘʡʤʘץʪʘʨ ʤʝʥ ײץʤʜʘץ 

ʪʦʧʳʨʘץʪʘʨ װʰʽʥ ʤʘשʳʟʜʳ. ʂװʣ ʘʛʨʝʛʘʪ ʪװʟʫʛʝ ץʘʞʝʪ ʢʨʝʤʥʝʟʝʤ ʢᴇʟʽ ʨʝʪʽʥʜʝ ʜʝ 
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 ʘ ʪᴇʟʽʤʜʽסʙᴇʣʰʝʢʪʝʨʽʥ ʙʽʨʽʢʪʽʨʽʧ, ʩʫ ץʳʟʤʝʪ ʝʪʝʜʽ ï ʢʨʝʤʥʝʟʝʤ ʪʦʧʳʨʘץ

 שʪʘʨʜʳץʟʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ. ʉʫʧʝʩ ʪʦʧʳʨʘװʘʛʨʝʛʘʪʪʘʨʜʳ ʪ ץʨʳʣʳʤʜʳײץ

 ʳʣץʳʰץ) שʘʣʤʘʣʳ ʘʣʶʤʠʥʠʡ ʬʦʨʤʘʣʘʨʳʥʳסʦʟץ ʘʥʳ ʞᴅʥʝסʩʘʨץʨʳʣʳʤʳ ʞʘײץ

ʪʦʧʳʨʘץʪʘʨʜʘ) ʬʠʢʩʘʮʠʷʩʳ ʙʘʡץʘʣʜʳ ï ʙײʣ ʪʘʤʳʨʣʘʨ װʰʽʥ ץʦʣʘʡʣʳ ʞʘסʜʘʡ 

ʞʘʩʘʡʜʳ. 

ʅʝʛʽʟʛʽ ᴅʩʝʨ ï ʪʦʧʳʨʘץʪʳש ʨʅ ʤᴅʥʽʥ ʘʨʪʪʳʨʫ (ץʳʰץʳʣʜʳʣʳץʪʳ 

ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʫ), ʙײʣ ʢװʣʜʽש ʩʽʣʪʽʣʽ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʝʩʝʙʽʥʝʥ ʞװʨʝʜʽ [88]. ɹײʣ 

rץ ʰץʳʣ ʪʦʧʳʨʘץʪʘʨʜʘ ᴇʥʽʤʜʽʣʽʢʪʽ ʰʝʢʪʝʡʪʽʥ ʬʘʢʪʦʨʜʳ ï Al ʞᴅʥʝ Mn 

ʠʦʥʜʘʨʳʥʳש ʫʳʪʪʳʣʳסʳʥ, Ca ʤʝʥ Mo ʪʘʧʰʳʣʳסʳʥ ʞᴅʥʝ ʪ.ʙ. ʞʦʷʜʳ. ʉʦʥʳʤʝʥ 

 ʙʽʨ ʙᴇʣʽʛʽʥ שʳ ʬʦʩʬʦʨʜʳסʪʘץʘʨʳʣʘʫʳ ʪʦʧʳʨʘסʞʦ שʛʝʡʽʥʽשʘʪʘʨ, ʨʅ ʜʝץ

ᴇʩʽʤʜʽʢʢʝ ץʦʣʞʝʪʽʤʜʽ ʬʦʨʤʘסʘ ʘʫʳʩʪʳʨʳʧ, ʘʟʦʪʬʠʢʩʘʮʠʷʣʘʫʰʳ 

ʙʘʢʪʝʨʠʷʣʘʨʜʳש ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ. ʄʝʪʘʘʥʘʣʠʟ ʤᴅʣʽʤʝʪʪʝʨʽʥʝ ʩᴅʡʢʝʩ, 

ʢװʣ ʝʥʛʽʟʫ ʪʦʧʳʨʘץʪʳש ʨʅ-ʳʥ ʦʨʪʘ ʝʩʝʧʧʝʥ ~15%-סʘ ʘʨʪʪʳʨʘʜʳ. ʂװʣ ʝʥʛʽʟʽʣʛʝʥ 

ʢʝʟʜʝ ʪʦʧʳʨʘץʪʳש ʵʣʝʢʪʨʦʧʨʦʚʦʜʪʳסʳ (ʪײʟʜʳʣʳסʳ) ʝʨʠʪʽʥ ʪײʟʜʘʨʜʳש ʙʦʣʫʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʫʘץʳʪʰʘ ʘʨʪʫʳ ʤװʤʢʽʥ, ʙʽʨʘץ ʙײʣ ʢᴇʙʽʥʝ ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʰʝʢʪʝʨʜʝ 

ʙʦʣʘʜʳ. ɼʦʟʘʥʳ ʙʘץʳʣʘʫ ʤʘשʳʟʜʳ: ʢװʣʜʽש ʢᴇʧ ʤᴇʣʰʝʨʽ ʩʫʣʴʬʘʪʪʘʨ ʤʝʥ 

ʢʘʨʙʦʥʘʪʪʘʨʜʳש ʰʘʤʘʜʘʥ ʪʳʩ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ, ᴅʩʽʨʝʩʝ 

ʜʨʝʥʘʞʳ ʥʘʰʘʨ ʞʝʨʣʝʨʜʝ. 

ʂᴇʧʪʝʛʝʥ ʝʣʜʝʨ ʪᴅʞʽʨʠʙʝʩʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʝʨʝʞʝʣʝʨ ʤʝʥ ʝʥʛʽʟʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʩʘץʪʘʡ ʦʪʳʨʳʧ, ɾʕʆ ʢװʣʽ ʵʢʦʞװʡʝʛʝ ʟʠʷʥ ʢʝʣʪʽʨʤʝʡ, ײץʥʜʳ 

ʘʛʨʦʭʠʤʠʷʣʳץ ʰʠʢʽʟʘʪץʘ ʘʡʥʘʣʫʳ ʤװʤʢʽʥ. ʂʝʰʝʥʜʽ ʙʘסʘʣʘʫ ץʘʞʝʪ: 

ʘʛʨʦʭʠʤʠʷʣʳץ ʪʠʽʤʜʽʣʽʢ (ᴇʥʽʤʥʽש ʘʨʪʫʳ, ʪʦʧʳʨʘץ ץʘʩʠʝʪʪʝʨʽ) ʵʢʦʣʦʛʠʷʣʳץ 

ʤʦʥʠʪʦʨʠʥʛʧʝʥ (ʤʝʪʘʣʜʘʨ, ʨʘʜʠʦʥʫʢʣʠʜʪʝʨ, ʜʠʦʢʩʠʥʜʝʨ) ʪʝשʛʝʨʽʣʫʽ ʪʠʽʩ [91]. 

 ʘʨʳʣʘʜʳ. 1999סʣ ʰʳװʥʜʽʩʪʘʥʜʘ ʞʳʣ ʩʘʡʳʥ 200 ʤʣʥ ʪʦʥʥʘʜʘʥ ʘʩʪʘʤ ʢת

ʞʳʣʜʘʥ ʙʝʨʽ ɾʕʆ ʢװʣʽʥʽש ʙʽʨ ʙᴇʣʽʛʽʥ ʤʽʥʜʝʪʪʽ ʪװʨʜʝ ʧʘʡʜʘʣʘʥʫ ʜʠʨʝʢʪʠʚʘʣʘʨʳ 

ʙʘʨ; ʢװʣ ʬʝʨʤʝʨʣʝʨ ʤʝʥ ʞʦʣ ײץʨʳʣʳʩʳʥʘ ʪʝʛʽʥ ʪʘʨʘʪʳʣʘʜʳ. ɼʘʣʘʣʳץ 

ʪᴅʞʽʨʠʙʝʣʝʨ ʢװʨʽʰ, ʰʘʡ, ʙʠʜʘʡ ʘʣץʘʧʪʘʨʳʥʜʘ ʞװʨʛʽʟʽʣʽʧ, ᴇʥʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫ 

ʞᴅʥʝ ʤʠʥʝʨʘʣʜʳץ ʪʳשʘʡʪץʳʰʪʳ ʘʟʘʡʪʫ ʥᴅʪʠʞʝʣʝʨʽ ʘʣʳʥסʘʥ. ʂװʣʛʝ ʘʫʳʨ 

ʤʝʪʘʣʜʘʨʜʳש ʰʝʢʪʝʫʣʝʨʽ ʭʘʣʳץʘʨʘʣʳץ ʩʪʘʥʜʘʨʪʪʘʨסʘ ʩᴅʡʢʝʩ ʙʝʣʛʽʣʝʥʝʜʽ [89]. 

 ʳ ʞʳʣʜʘʨʳסשʣʽ ᴇʥʜʽʨʽʣʝʜʽ. ʉʦװʳʪʘʡʜʘ ʞʳʣʳʥʘ 500 ʤʣʥ ʪʦʥʥʘ ʢᴇʤʽʨ ʢפ

ʦʥʳ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʘ ʝʥʛʽʟʫ, ᴅʩʽʨʝʩʝ ʪᴇʤʝʥ ᴇʥʽʤʜʽ ʪʦʧʳʨʘץʪʘʨʜʘ, 

ʳʥʪʘʣʘʥʜʳʨʳʣʫʜʘ. ɸʟʦʪ ʧʝʥ ʬʦʩʬʦʨʤʝʥ ʙʘʡʳʪʳʣסʘʥ ʪװʡʽʨʰʽʢʪʝʣʛʝʥ ʢװʣ ʙʠʜʘʡ 

ᴇʥʽʤʜʽʣʽʛʽʥ 10ï15%-סʘ ʘʨʪʪʳʨʘʜʳ. ɹʠʦʨʝʤʝʜʠʘʮʠʷʜʘ ʪײʟסʘ ʪᴇʟʽʤʜʽ ᴇʩʽʤʜʽʢʪʝʨ 

ʘʨץʳʣʳ çʪʘʟʘʨʪʳʣסʘʥè ʢװʣ ץʘʡʪʘ ץʦʣʜʘʥʳʣʘʜʳ. ױʣʪʪʳץ ʩʪʘʥʜʘʨʪʪʘʨ As, Pb, Cd 

ʞᴅʥʝ ʙʘʩץʘ ʵʣʝʤʝʥʪʪʝʨʜʽש ʰʝʢʪʽ ʜʝשʛʝʡʣʝʨʽʥ ʙʝʣʛʽʣʝʡʜʽ [75]. 

ɸפʐ-ʪʘ ʢװʣʜʽש ʥʝʛʽʟʛʽ ʙᴇʣʽʛʽ ʮʝʤʝʥʪʢʝ ʞʽʙʝʨʽʣʝʜʽ; ʘʛʨʘʨʣʳץ ʩʝʢʪʦʨסʘ ʪʝʢ 

1ï2% ʙʝʨʽʣʝʜʽ. פʳʰץʳʣ ʪʦʧʳʨʘץʪʘʨʜʳ ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʫ װʰʽʥ ץʦʣʜʘʥʫ 

ʪᴅʞʽʨʠʙʝʩʽ ʙʘʨ (Illinoi, ɾʘשʘ ɸʥʛʣʠʷ). ʆʨʤʘʥ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ʘסʘʰ ʢװʣʽ ʞʘʩ 

ᴇʩʽʤʜʽʢʪʝʨʜʽ ץʦʨʝʢʪʝʥʜʽʨʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. EPA ʢװʣʜʽ ʪʳשʘʡʪץʳʰ ʨʝʪʽʥʜʝ 

ʞʝʢʝ ʨץײʩʘʪ ʝʪʧʝʡʜʽ; ʟʝʨʪʪʝʫʣʝʨ ʞʘʣסʘʩʫʜʘ [90]. 

ɽʆ ʝʣʜʝʨʽʥʜʝ ʢװʣ ʤʝʥ ʰʣʘʢʪʘʨ ʜʠʨʝʢʪʠʚʘʣʘʨ ʤʝʥ Regulation (EU) 

2019/1009 ʘʨץʳʣʳ ʨʝʪʪʝʣʝʜʽ. ɹʠʦʤʘʩʩʘ ʢװʣʽʥ ʦʨʤʘʥ ʪʦʧʳʨʘסʳʥ ʞʘץʩʘʨʪʫ, 

ʙʘʪʧʘץʪʳ ʞʝʨʣʝʨʜʽ ʤʝʣʠʦʨʘʮʠʷʣʘʫ װʰʽʥ ʧʘʡʜʘʣʘʥʘʜʳ (ʐʚʝʮʠʷ, ʌʠʥʣʷʥʜʠʷ). 

ʉʘʙʘʥ ʤʝʥ ʞʝʤ ץʘʣʜʳץʪʘʨʳʥʳש ʢװʣʽʥ ʜʘʣʘʣʘʨסʘ ʢʘʣʠʡʜʽ ʪʦʣʳץʪʳʨʫ װʰʽʥ ʝʥʛʽʟʫ 

ʪᴅʞʽʨʠʙʝʩʽ ʙʘʨ. ɽʆ ʩʪʘʥʜʘʨʪʪʘʨʳ ʘʫʳʨ ʤʝʪʘʣʜʘʨʜʳש ʰʝʢʪʽ ʤᴇʣʰʝʨʽʥ ʙʝʣʛʽʣʝʡʜʽ; 
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Regulation 2019/1009 ʢװʣʜʽ ʩʝʨʪʠʬʠʢʘʪʪʘʣסʘʥ ʪʳשʘʡʪץʳʰʪʘʨסʘ ʝʥʛʽʟʫʛʝ ʨץײʩʘʪ 

ʙʝʨʝʜʽ [91]. 

ʃʘʪʳʥ ɸʤʝʨʠʢʘʩʳ ɹʨʘʟʠʣʠʷʜʘ ʙʠʦʤʘʩʩʘ ʢװʣʽ ץʘʥʪ ץʘʤʳʩʳ ʤʝʥ ʵʚʢʘʣʠʧʪ 

ʬʝʨʤʘʣʘʨʳʥʜʘ ץʦʣʜʘʥʳʣʘʜʳ; 1ï2 ʪ/ʛʘ ʤᴇʣʰʝʨʽʥʜʝ ᴅʢ ʧʝʥ ʢʘʣʠʡ 

ʪʳשʘʡʪץʳʰʪʘʨʳʥ ʽʰʽʥʘʨʘ ʘʣʤʘʩʪʳʨʘʜʳ. ʏʠʣʠ ʤʝʥ ʄʝʢʩʠʢʘʜʘ 

ʜʝʛʨʘʜʘʮʠʷʣʘʥסʘʥ ʞʘʡʳʣʳʤʜʘʨ ʤʝʥ ץʳʰץʳʣ ʪʦʧʳʨʘץʪʘʨʜʘ ץʦʣʜʘʥʫ ʌɸʆ 

ʝʨʝʞʝʣʝʨʽʥʝ ʩᴅʡʢʝʩ ʨʝʪʪʝʣʝʜʽ. 

ʈʝʩʝʡ ʞᴅʥʝ ʊʄɼ ʝʣʜʝʨʽʥʜʝ ʢװʣ ʤʝʥ ʰʣʘʢ ʥʝʛʽʟʽʥʝʥ ײץʨʳʣʳʩץʘ ʘʨʥʘʣסʘʥ; 

ʪʳשʘʡʪץʳʰ ʨʝʪʽʥʜʝ ʘʨʥʘʡʳ ʄɽʉʊ ʞʦץ. ʊʦʧʳʨʘץʪʘסʳ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳש 

ʰʝʢʪʽ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʳ ʩʘʥʠʪʘʨʣʳץ ʥʦʨʤʘʣʘʨʜʘ ʙʝʣʛʽʣʝʥʛʝʥ (Cd ï 2 ʤʛ/ʢʛ, Pb 

ï 32 ʤʛ/ʢʛ). ISO 17318:2015 ʩʪʘʥʜʘʨʪʳ ʢװʣʜʝʛʽ As, Cd, Cr, Pb, Hg ʘʥʳץʪʘʫʜʳ 

 ʣʜʽװʩʳʥʳʣʘʜʳ. ʂײ ʡʝʥʫװʘʫʣʘʨʳʥʘ ʩץʩײʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. FAO ʞᴅʥʝ IAEA ʥץ

ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʘ ʝʥʛʽʟʫ װʰʽʥ ʩʝʨʪʠʬʠʢʘʪʪʘʫ ʞᴅʥʝ ʩʪʘʥʜʘʨʪʪʘʫ ʞװʡʝʩʽ 

 ʳ ʦʪʳʥ, ʞʘʥʫ ʰʘʨʪʪʘʨʳ, ʤʝʪʘʣʣʜʘʨץʘʞʝʪ, ʘʣ ɽʆ ñashesò ʢʨʠʪʝʨʠʡʣʝʨʽ ʙʘʩʪʘʧץ

ʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳש ʰʝʢʪʝʨʽ ʝʩʢʝʨʽʣʝʜʽ. 

ɾʘʣʧʳ, ʜײʨʳʩ ᴇשʜʝʣʛʝʥ ʞᴅʥʝ ʩʪʘʥʜʘʨʪʪʘʣסʘʥ ʢװʣ ʪʦʧʳʨʘײץ ץʥʘʨʣʳʣʳסʳʥ 

ʘʨʪʪʳʨʫʜʘ, ʘʛʨʦʩʝʢʪʦʨ ʤʝʥ ʵʥʝʨʛʝʪʠʢʘʜʘסʳ ʪײʡʳץ ʮʠʢʣʜʽש ʵʣʝʤʝʥʪʽ ʙʦʣʫʜʘ 

ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ [91]. ɾʕʆ ʢװʣʜʝʨʽ ʤʝʥ ʰʣʘʢʪʘʨʳ 

ʵʥʝʨʛʝʪʠʢʘʥʳש ʞʘʥʘʤʘ ᴇʥʽʤʜʝʨʽ ʙʦʣʘ ʦʪʳʨʳʧ, ʜײʨʳʩ ʪᴅʩʽʣʤʝʥ ʘʫʳʣ 

ʰʘʨʫʘʰʳʣʳסʳ ʢʝʰʝʥʽ װʰʽʥ ײץʥʜʳ ʝʢʽʥʰʽ ʰʠʢʽʟʘʪץʘ ʘʡʥʘʣʘʜʳ. ʆʣʘʨʜʳ 

ʧʘʡʜʘʣʘʥʫ ʝʢʽ ʤᴅʩʝʣʝʥʽ ʰʝʰʫʛʝ ʳץʧʘʣ ʝʪʝʜʽ: ץʘʣʜʳץʪʘʨʜʳ ʢᴅʜʝʛʝ ʞʘʨʘʪʫ ʞᴅʥʝ 

ʪʦʧʳʨʘײץ ץʥʘʨʣʳʣʳסʳʥ ʘʨʪʪʳʨʫ [92]. ɿʘʤʘʥʘʫʠ ʟʝʨʪʪʝʫʣʝʨ ʤʝʥ ᴅʣʝʤʜʽʢ 

ʪᴅʞʽʨʠʙʝ ʢװʣʜʽץ שʳʰץʳʣ ʞᴅʥʝ ʢʝʜʝʡ ʪʦʧʳʨʘץʪʘʨʜʳ ʞʘץʩʘʨʪʫסʘ, ʢװʨʜʝʣʽ 

ʪʳשʘʡʪץʳʰʪʘʨ ʤʝʥ ʢʦʤʧʦʩʪ ײץʨʘʤʳʥʘ, ʞʝʨʣʝʨʜʽ ʨʝʢʫʣʴʪʠʚʘʮʠʷʣʘʫסʘ ʩᴅʪʪʽ 

 ʳʣʘʫʜʳ ʞᴅʥʝ ʘʣʜʳʥץʩʘʧʘʩʳʥ ʙʘ שʣʜʽװʤʢʽʥ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʂװʦʣʜʘʥʳʣʫʳ ʤץ

ʘʣʘ ʜʘʡʳʥʜʳץʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ᴇʪʝ ʤʘשʳʟʜʳ ï ʙײʣ ʵʢʦʣʦʛʠʷʣʳץ ʪᴅʫʝʢʝʣʜʝʨʜʽ 

ʘʟʘʡʪʘʜʳ [93]. ױʣʪʪʳץ ʞᴅʥʝ ʭʘʣʳץʘʨʘʣʳץ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʩʘץʪʘʫ ʞʘסʜʘʡʳʥʜʘ 

ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ʢװʣ ʤʝʥ ʰʣʘʢ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʧʘʡʜʘʣʘʥʫ סʳʣʳʤʠ 

ʪײʨסʳʜʘʥ ʥʝʛʽʟʜʝʣʛʝʥ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʞʘסʳʥʘʥ ʪʠʽʤʜʽ ʙʘסʳʪ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ, ᴅʩʽʨʝʩʝ ʪײʡʳץ ʮʠʢʣ (circular economy) ʞᴅʥʝ ʘʛʨʦʩʝʢʪʦʨʜʳש ʪײʨʘץʪʳ 

ʜʘʤʫʳ ʪײʞʳʨʳʤʜʘʤʘʩʳ ʪײʨסʳʩʳʥʘʥ [94]. 

 

1.4 ɹʘʷʫ ᴅʩʝʨʣʽ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ᴇʥʜʽʨʫʜʽץ שʘʟʽʨʛʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ 

ɹײʣ ʪʦʧץʘ ʬʦʩʬʦʨʜʳײ שʟʘץ ʫʘץʳʪ ʙʦʡʳ ᴇʩʽʤʜʽʢʢʝ ʪװʩʫʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʪʽʥ ʪʳשʘʡʪץʳʰʪʘʨ ʢʽʨʝʜʽ. ʄʳʩʘʣ ʨʝʪʽʥʜʝ ʪʘʙʠסʠ ʬʦʩʬʘʪ (ʘʧʘʪʠʪ, ʬʦʩʬʦʨʠʪ 

 ʪʘʨʜʘ ʬʦʩʬʦʨʜʳ ʙʽʨʪʽʥʜʝʧ ʙᴇʣʝʪʽʥ, ʝʨʽʛʽʰʪʽʛʽ ʪᴇʤʝʥץʳʣ ʪʦʧʳʨʘץʳʰץ ʥʳ) ïײ

ʰʠʢʽʟʘʪ. ʉʦʥʜʘʡ-ʘץ, ʭʠʤʠʷʣʳץ ʞʦʣʤʝʥ ʘʣʳʥסʘʥ ʥʘʰʘʨ ʝʨʠʪʽʥ ʬʦʩʬʘʪʪʘʨ 

 ʪʘ ʙʘʷʫ ʝʨʠʪʽʥץʦʣʜʘʥʳʣʘʜʳ:  ʤʘʛʥʠʡ-ʘʤʤʦʥʠʡ-ʬʦʩʬʘʪʳ (ʩʪʨʫʚʠʪ) ï ʪʦʧʳʨʘץ

 ʳʰʪʘʨʳʥʘץʘʡʪשʨʣʽ ʬʦʩʬʦʨ ʪʳװʩʳ ʝʨʠʪʽʥ ʜᴅʩʪץʟ [95]. ʉʫʜʘ ʞʘײʦʩ ʪץ

(ʩʫʧʝʨʬʦʩʬʘʪ, ʘʤʤʦʬʦʩ) ᴅʩʝʨʽʥ ײʟʘʨʪʘʪʳʥ ᴅʜʽʩʪʝʨ ï ץʘʙʳץʰʘ ʥʝʤʝʩʝ 

ʬʦʩʬʦʨʜʳש ʝʨʫ ʞʳʣʜʘʤʜʳסʳʥ ʪᴇʤʝʥʜʝʪʝʪʽʥ ʤʘʪʨʠʮʘʣʘʨʤʝʥ ʘʨʘʣʘʩʪʳʨʫ 

 ʨʜʝʣʽװʘʥ ʢסʘʧʪʘʣץ ʧʝʥץʘʙʳץ ʘʪʘʨ, ʬʦʩʬʦʨ ʧʦʣʠʤʝʨʣʽץ ʦʣʜʘʥʳʣʘʜʳ. ʉʦʥʳʤʝʥץ

ʪװʡʽʨʰʽʢʪʝʨ ײץʨʘʤʳʥʘ ʞʠʽ ʝʥʝʜʽ, ʤײʥʜʘ ʙײʣ ʵʣʝʤʝʥʪʪʽש ʙʦʩʘʪʳʣʫʳ ʘʟʦʪ ʧʝʥ 

ʢʘʣʠʡʤʝʥ ʙʽʨʛʝ ץʘʙʳץʰʘ ʘʨץʳʣʳ ʜʠʬʬʫʟʠʷ ʞʳʣʜʘʤʜʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʙʘץʳʣʘʥʘʜʳ. 
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ʂʘʣʠʡ (KCl ʥʝʤʝʩʝ K SO  ʪװʨʽʥʜʝ) ᴅʜʝʪʪʝ ʞʦסʘʨʳ ʝʨʠʪʽʥ ʞᴅʥʝ ᴇʩʽʤʜʽʢʢʝ 

ʞʳʣʜʘʤ ץʦʣʞʝʪʽʤʜʽ. ɼʝʛʝʥʤʝʥ, ʪʦʧʳʨʘץʪʘסʳ ʞʫʳʣʫ ʞʘסʜʘʡʳʥʜʘ ʞʦסʘʣʫʜʳ 

ʘʟʘʡʪʫ װʰʽʥ ʢʘʣʠʡ ʪʳשʘʡʪץʳʰʪʘʨʳʥʳײ שʟʘʨʪʳʣסʘʥ ʪװʨʣʝʨʽ ᴅʟʽʨʣʝʥʛʝʥ. ᴄʜʝʪʪʝ 

ʢʘʣʠʡ ʙʘʷʫ ʙʦʩʘʪʳʣʘʪʳʥ ʢᴇʧ ʢʦʤʧʦʥʝʥʪʪʽ ʪװʡʽʨʰʽʢʪʝʣʛʝʥ ʪʳשʘʡʪץʳʰʪʘʨ 

 ʙʝʪʽʥʝ שʡʽʨʰʽʢʪʝʨʽʥʽװʨʘʤʳʥʜʘ ʙʦʣʘʜʳ. ʂʘʣʠʡ ʭʣʦʨʠʜʽ ʥʝʤʝʩʝ ʩʫʣʴʬʘʪʳ ʪײץ

ʞʘסʳʣסʘʥ ʧʦʣʠʤʝʨʣʽ ץʘʙʳץʪʘʨ ʦʣʘʨʜʳש ʝʨʫʽʥ ʘʟʦʪ ʪʳשʘʡʪץʳʰʪʘʨʳʥʘ ץײʩʘʩ 

ʙʘʷʫʣʘʪʘʜʳ. ʂʝʡʙʽʨ ʞʘסʜʘʡʣʘʨʜʘ ʢʘʣʠʡ ʮʝʦʣʠʪ ʩʠʷץʪʳ ʤʘʪʨʠʮʘʣʘʨʜʘ ʙʝʢʽʪʽʣʝʜʽ, 

ʙײʣ ʦʥʳש ʪʘʤʳʨ ʘʡʤʘסʳʥʘʥ ʙʽʨʜʝʥ ʰʘʡʳʣʳʧ ʢʝʪʫʽʥ ʘʟʘʡʪʘʜʳ [96]. 

ɹײʣ ï ʥʝʛʽʟʛʽ ץʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽ (ʘʟʦʪ, ʬʦʩʬʦʨ, ʢʘʣʠʡ) ʞᴅʥʝ ʢʝʡʜʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽ ʜʝ ץʘʤʪʠʪʳʥ ʪװʡʽʨʰʽʢʪʝʣʛʝʥ ʪʳשʘʡʪץʳʰʪʘʨ, ᴅʨʙʽʨ ʪװʡʽʨʰʽʢ 

ʙʘʷʫ ʙʦʩʘʪʘʪʳʥ ץʘʙʳץʧʝʥ ץʘʧʪʘʣסʘʥ. Osmocote, Multicote, Polyon ʞᴅʥʝ ʪ.ʙ. 

ʩʝʢʽʣʜʽ ʢʦʤʤʝʨʮʠʷʣʳץ ᴇʥʽʤʜʝʨ ʦʩʳʥʜʘʡ ʢʘʧʩʫʣʘʣʘʥסʘʥ NPK ʪװʡʽʨʰʽʢʪʝʨʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [97]. ɹʘץʳʣʘʥʘʪʳʥ ʙʦʩʘʪʫʜʳש ʘʨץʘʩʳʥʜʘ ʙʘʨʣʳץ ʥʝʛʽʟʛʽ 

 ʜʝʩʪʽʨʽʣʛʝʥ ʤᴇʣʰʝʨʜʝשʳʪ ʙʦʡʳ ʞᴅʥʝ ʪʝץʫʘ ץʟʘײ ʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪʪʝʨ ᴇʩʽʤʜʽʢʢʝץ

 ʳʰʪʘʨ ᴅʩʽʨʝʩʝץʘʡʪשʘʥ ʪʳסʟʘʨʪʳʣײ ʨʜʝʣʽװʥʜʘʡ ʢײʦʣʞʝʪʽʤʜʽ ʙʦʣʘʜʳ. ʄץ

ʧʠʪʦʤʥʠʢʪʝʨʜʝ, ʢᴇʢᴇʥʽʩ ᴇʩʽʨʫʜʝ ʞᴅʥʝ ʩᴅʥʜʽʢ-ʛװʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ʢʝשʽʥʝʥ 

ʪʘʨʘʣסʘʥ, ʤײʥʜʘ ʞʠʽ ץʦʨʝʢʪʝʥʜʽʨʫʩʽʟ ײʟʘץ ʤʝʨʟʽʤʜʽ ץʦʨʝʢ ץʘʞʝʪ. 

ʄʠʢʨʦʵʣʝʤʝʥʪʪʽ ʪʳשʘʡʪץʳʰʪʘʨ (Fe, Zn, Cu, Mn ʞᴅʥʝ ʪ.ʙ.) ʜʘ ײʟʘʨʪʳʣסʘʥ 

ʬʦʨʤʘʜʘ ʜʘʡʳʥʜʘʣʫʳ ʤװʤʢʽʥ. ʍʝʣʘʪʪʘʫ ᴅʜʽʩʪʝʨʽ (EDTA, DTPA ʞᴅʥʝ ʪ.ʙ.) 

 ʪʘ ʪʝʟ ʬʠʢʩʘʮʠʷʣʘʥʫʳʥʘʥץʪʦʧʳʨʘ שʣ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽײʦʣʜʘʥʳʣʘʜʳ, ʙץ

 שʟʝʜʽ. ʍʝʣʘʪʪʘʨ, ʥʝʛʽʟʽʥʝʥ, ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽװʪʳ ʢʝʰʝʥʜʝʨ ʪץʨʘײʘʡʪʳʥ ʪסʦʨץ

ʪʦʧʳʨʘץʪʘ ʙʝʢʽʪʽʣʫʽʥʽש ʘʣʜʳʥ ʘʣʫ װʰʽʥ ʞʘʩʘʣסʘʥʳʤʝʥ, ʦʣʘʨʜʳ ᴇʩʽʤʜʽʢʢʝ 

ʙʽʨʪʽʥʜʝʧ ʞʝʪʢʽʟʝʪʽʥ ʙʘץʳʣʘʥʘʪʳʥ ץʦʨʝʢ ʢᴇʟʽ ʨʝʪʽʥʜʝ ʜʝ ᴅʨʝʢʝʪ ʝʪʝʜʽ. ɹʘʩץʘ ʪᴅʩʽʣ 

ï ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש ʥʘʰʘʨ ʝʨʠʪʽʥ ץʦʩʳʣʳʩʪʘʨʳ (ʦʢʩʠʜʪʝʨ, ʥʝʛʽʟʛʽ ʪײʟʜʘʨ), 

ʦʣʘʨ ʙʘʷʫ ʩʽשʽʤʜʽ ʬʦʨʤʘסʘ ᴇʪʝʜʽ. ʇʨʦʣʦʥʛʘʮʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨ ʧʦʣʠʤʝʨʣʽ 

 ʘʣʘʜʳ: ʤʠʢʨʦʜʦʧʠʥʛʪʝʨץʘʥ NPK ʛʨʘʥʫʣʘʨʳʥʘ ʝʥʛʽʟʽʣʛʝʥʜʝ ʜʝ ʙʘʡסʘʧʪʘʣץ

ʤʘʢʨʦʵʣʝʤʝʥʪʪʝʨʤʝʥ ʙʽʨʛʝ ʩʠʥʭʨʦʥʜʳ ʪװʨʜʝ ʙʦʩʘʪʳʣʘʜʳ [98].  

ʊʳשʘʡʪץʳʰʪʘʨʜʳ ʢʝʫʝʢʪʽ ʥʝʤʝʩʝ ץʘʙʘʪʪʳ ʤʘʪʝʨʠʘʣʜʘʨ ײץʨʘʤʳʥʘ ʝʥʛʽʟʫ ï 

ʙʦʩʘʪʫʜʳ ʙʘʷʫʣʘʪʫʜʳש ʪʘסʳ ʙʽʨ ᴅʜʽʩʽ. ʎʝʦʣʠʪʪʝʨ (ʪʘʙʠסʠ ʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨ) 

ʘʤʤʦʥʠʡ ʤʝʥ ʢʘʣʠʡʜʽ ʘʜʩʦʨʙʮʠʷʣʳץ ʦʨʳʥʜʘʨʜʘ ײʩʪʘʧ, ʪʦʧʳʨʘץʪʘסʳ ʘʣʤʘʩʫ 

ʨʝʘʢʮʠʷʣʘʨʳ ʘʨץʳʣʳ ʙʽʨʪʽʥʜʝʧ ᴇʩʽʤʜʽʢʪʝʨʛʝ ʙʝʨʝʜʽ. ɹʝʥʪʦʥʠʪ ʢװʢʽʨʪʪʽ 

ʪʳשʘʡʪץʳʰʪʘʨ (SCU) ʛʨʘʥʫʣʘʨʳʥʘ ʙʽʨʢʝʣʢʽ ʙᴇʣʫ װʰʽʥ ʜʝ ץʦʣʜʘʥʳʣʘʜʳ. ɾʘʣʧʳ 

ʘʣסʘʥʜʘ, ʤʘʪʨʠʮʘʣʳץ ʪʘʩʳʤʘʣʜʘʫʰʳʣʘʨ çײʩʪʘʫ ʞᴅʥʝ ʙʦʩʘʪʫè ʧʨʠʥʮʠʧʽ 

ʙʦʡʳʥʰʘ ʞײʤʳʩ ʽʩʪʝʡʜʽ: ʘʣʜʳʤʝʥ ʦʣʘʨ ʝʨʽʛʽʰ ץʦʩʳʣʳʩʪʘʨʜʳ ʘʜʩʦʨʙʮʠʷʣʘʡʜʳ, 

ʘʣ ʪʦʧʳʨʘץץʘ ʝʥʛʽʟʽʣʛʝʥʥʝʥ ʢʝʡʽʥ ʳʣסʘʣ, ʪʘʤʳʨʜʘʥ ʙᴇʣʽʥʝʪʽʥ ץʦʩʳʣʳʩʪʘʨ 

ʥʝʤʝʩʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ᴅʩʝʨʽʥʝʥ ʦʣʘʨʜʳ ʙʽʨʪʽʥʜʝʧ ʙʦʩʘʪʘʜʳ. פʦʨʝʢʪʽʢ 

ʵʣʝʤʝʥʪʪʝʨʜʽש ʙʘʷʫ ʙʦʩʘʪʳʣʫʳ װʰʽʥ ʦʣʘʨʜʳ ʘʟ ʝʨʠʪʽʥ ʥʝʤʝʩʝ ʛʠʜʨʦʣʠʟʛʝ 

ʪᴅʫʝʣʜʽ ʬʦʨʤʘסʘ (ʤʳʩʘʣʳ, ʤʦʯʝʚʠʥʘʬʦʨʤ, IBDU, ʥʘʰʘʨ ʝʨʠʪʽʥ ʬʦʩʬʘʪʪʘʨ 

ʥʝʤʝʩʝ ʛʠʜʨʦʬʦʙʪʳ ץʘʧʪʘʣסʘʥ ʪװʡʽʨʰʽʢʪʝʨ) ʪװʨʣʝʥʜʽʨʝʜʽ[99]. ɾʘʣʧʳ, 

ʪʳשʘʡʪץʳʰʪʘʨʜʳײץ שʨʘʤʳʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ï ʤʘשʳʟʜʳ ʙʘסʳʪ:  ʪʳשʘʡʪץʳʰ 

 ,ʟʽʣʽʧװʟʜʘʨ ʪײʦʩ ʪץ ʳʣʳ ʘʟ ʝʨʠʪʽʥץʨʘʤʳʥʘ ʤʘʛʥʠʡ ʥʝʤʝʩʝ ʢʘʣʴʮʠʡ ʝʥʛʽʟʫ ʘʨײץ

ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʽש ʙʝʨʽʣʫʽʥ ʙʘʷʫʣʘʪʘʜʳ. 

 ʽʨʽʣʛʝʥשʪʠʽʤʜʽʣʽʛʽ ï ʩʽ ץʘʛʨʦʭʠʤʠʷʣʳ שᴅʩʝʨ ʝʪʝʪʽʥ ʬʦʨʤʘʣʘʨʜʳ ץʟʘױ

ʵʣʝʤʝʥʪʪʝʨʜʽװ שʣʝʩʽʥ ʘʨʪʪʳʨʫʜʘ ʞᴅʥʝ ʚʝʛʝʪʘʮʠʷ ʢʝʟʝשʽ ʙʦʡʳ ᴇʩʽʤʜʽʢʪʽ ʙʽʨʢʝʣʢʽ 

 ʳʰʳ ʙʽʨ ʨʝʪ ʩʝʙʽʣʛʝʥʜʝ ʙʽʨʪʽʥʜʝʧץʘʡʪשʦʨʝʢʪʝʥʜʽʨʫʜʝ ʢᴇʨʽʥʝʜʽ. , ʝʛʝʨ ʘʟʦʪ ʪʳץ
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ʙʦʩʘʧ ʦʪʳʨʘʪʳʥ ʙʦʣʩʘ, ᴇʩʽʤʜʽʢʪʽץ שʘʞʝʪʪʽʣʽʛʽʥ ʙʽʨʥʝʰʝ ʘʡ ʙʦʡʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ 

ʘʣʘʜʳ, ʘʣ ʢᴅʜʽʤʛʽ ʤʦʯʝʚʠʥʘʥʳ 2ï3 ʨʝʪ ʝʥʛʽʟʫ ץʘʞʝʪ [100]. ɹײʣ ʪʝʢ 

ʘʛʨʦʪʝʭʥʠʢʘʥʳ ʞʝשʽʣʜʝʪʽʧ ץʦʡʤʘʡʜʳ (ʘʟ ץʦʨʝʢʪʽʢ ʝʥʛʽʟʫ ʞײʤʳʩʪʘʨʳ), ʩʦʥʳʤʝʥ 

ʙʽʨʛʝ ʪʘʤʳʨʣʘʨʜʳ ʢװʡʜʽʨʽʧ ʞʽʙʝʨʫʽ ʤװʤʢʽʥ ʪײʟ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש 

çʰʳשʜʘʨʳʥè ʙʦʣʜʳʨʤʘʡʜʳ. 

ɸפʐ-ʪʘ ײʟʘץ ᴅʩʝʨ ʝʪʝʪʽʥ ʞᴅʥʝ ʙʘץʳʣʘʥʘʪʳʥ ʪʳשʘʡʪץʳʰʪʘʨ ᴅʩʽʨʝʩʝ 

ʢᴇʛʘʣʜʘʨ, ʩʧʦʨʪ ʘʣʘשʜʘʨʳ, ʧʠʪʦʤʥʠʢʪʝʨ ʤʝʥ ʞʳʣʳʞʘʡʣʘʨʜʘ ץʦʣʜʘʥʳʣʘʜʳ; 

AAPFCO ʨʝʩʤʠ ʘʥʳץʪʘʤʘʣʘʨ ʙʝʨʽʧ, ʞʘʧʩʳʨʤʘʣʘʨʜʘ ʙʘʷʫ ʙʦʩʘʡʪʳʥ ʘʟʦʪ װʣʝʩʽʥ 

ʢᴇʨʩʝʪʫ ʪʘʣʘʧ ʝʪʽʣʝʜʽ, ʘʣ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ץʦʣʜʘʥʫ ʰʝʢʪʝʫʣʽ, ʙʽʨʘץ EEF 

ʪʳשʘʡʪץʳʰʪʘʨʳʥʘ ץʳʟʳסʫʰʳʣʳץ ʘʨʪʪʳ [101ï102]. פʳʪʘʡ ײʟʘץ ᴅʩʝʨ ʝʪʝʪʽʥ 

ʪʳשʘʡʪץʳʰʪʘʨʜʳש ʽʨʽ ᴇʥʜʽʨʫʰʽʩʽ ʙʦʣʳʧ, ʢװʨʽʰ, ʞװʛʝʨʽ, ʙʠʜʘʡ ʘʣץʘʧʪʘʨʳʥʜʘ 

ʧʦʣʠʤʝʨʤʝʥ ץʘʧʪʘʣסʘʥ ʤʦʯʝʚʠʥʘ ץʦʣʜʘʥʫʜʳ ʜʘʤʳʪʪʳ; װʢʽʤʝʪ ʩʫʙʩʠʜʠʷʣʘʫ 

ʘʨץʳʣʳ ʬʝʨʤʝʨʣʝʨʜʽ ʳʥʪʘʣʘʥʜʳʨʘʜʳ, ʟʝʨʪʪʝʫʣʝʨ ʞʘʙʳʥ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ 

ʙʦʩʘʪʫ ʢʠʥʝʪʠʢʘʩʳʥʘ ʙʘסʳʪʪʘʣסʘʥ [103ï104]. תʥʜʽʩʪʘʥʜʘ ʩʪʘʙʠʣʠʟʘʮʠʷʣʘʥסʘʥ 

ʘʟʦʪ ʪʳשʘʡʪץʳʰʪʘʨʳ (ʥʽʤ-ʢʦʪʪʘʣסʘʥ ʤʦʯʝʚʠʥʘ, UREA ʙʨʠʢʝʪʪʝʨʽ) ʢʝשʽʥʝʥ 

ʝʥʛʽʟʽʣʛʝʥ, ʙײʣ ʘʟʦʪ ʞʦסʘʣʫʳʥ 10ï15% ʘʟʘʡʪʘʜʳ, ʧʦʣʠʤʝʨʤʝʥ ץʘʧʪʘʣסʘʥ ᴇʥʽʤʜʝʨ 

ʢʝʡʙʽʨ ʙʘסʘʣʳ ʜʘץʳʣʜʘʨʜʘ ץʦʣʜʘʥʳʣʘʜʳ [105]. ɹʨʘʟʠʣʠʷʜʘ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʝʥ ʞʘʫʳʥ-ʰʘʰʳʥסʘ ʙʘʡʣʘʥʳʩʪʳ ʘʟʦʪ ʞʦסʘʣʫʳ ʢᴇʧ ʙʦʣסʘʥʜʳץʪʘʥ EEF 

ʪʳשʘʡʪץʳʰʪʘʨʳʥʘ ץʳʟʳסʫʰʳʣʳץ ʘʨʪʳʧ, ʧʦʣʠʤʝʨʣʽʢ ʞʘʙʳʥʜʳ ʤʦʯʝʚʠʥʘ ʢʝʡʙʽʨ 

ʜʘץʳʣʜʘʨʜʘ ᴇʥʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʘʜʳ; ʙײʣ ʥᴇʣʜʽʢ ʪʦʧʳʨʘץ ᴇשʜʝʫ ʞװʡʝʩʽ ʤʝʥ 

ʧʘʨʥʠʢʪʽʢ ʛʘʟ ʰʳסʘʨʳʥʜʳʣʘʨʳʥ ʘʟʘʡʪʫʜʘ ʪʠʽʤʜʽ [106]. 

ɹʘʷʫ ᴅʩʝʨ ʝʪʝʪʽʥ ʪʳשʘʡʪץʳʰʪʘʨ ʪײʨʘץʪʳ ʠʥʪʝʥʩʠʚʪʽ ʝʛʽʥʰʽʣʽʢʪʝ 

ᴇʥʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʳʧ, ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʢʝʨʽ ᴅʩʝʨʜʽ ʪᴇʤʝʥʜʝʪʝʜʽ; ʦʣʘʨ ʘʟʦʪʪʳש 

ʙʽʨʢʝʣʢʽ ʪװʩʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʜʘץʳʣʜʘʨʜʳש ᴇʩʫʽʥ ʞᴅʥʝ ʪװʡʽʨʜʽש 

 ץʟʘײ ʩʘʨʪʘʜʳ, NUE ʢᴇʨʩʝʪʢʽʰʽʥ 15ï30% ʘʨʪʪʳʨʘʜʳ, ᴅʩʽʨʝʩʝץʘʣʳʧʪʘʩʫʳʥ ʞʘץ

ʚʝʛʝʪʘʮʠʷʣʳ ʜʘץʳʣʜʘʨ ʤʝʥ ʞʝשʽʣ ʪʦʧʳʨʘץʪʘʨʜʘ, ʘʣ ʙʽʨʥʝʰʝ ʨʝʪ 

 ʧʝʥ ץʪʳʣʳץʨʘײʪʘʨʳ ʪץʰʳʣʳץʜʘʡʣʘʨʜʘ ʘʨʪʳסʦʨʝʢʪʝʥʜʽʨʽʣʝʪʽʥ ʞʘץ

ʙʦʣʞʘʤʜʳʣʳץʪʘ ʢᴇʨʽʥʝʜʽ [107]. 

ʕʢʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʘʣסʘʥʜʘ, ʙʘʷʫ ᴅʩʝʨ ʝʪʝʪʽʥ ʪʳשʘʡʪץʳʰʪʘʨ 

ʘʡʪʘʨʣʳץʪʘʡ ʧʘʡʜʘ ʢᴇʨʩʝʪʫʜʝ. ʅʠʪʨʘʪʪʘʨʜʳש ʰʘʡʳʣʫʳʥ ʘʟʘʡʪʫ: ʛʨʘʥʫʣʘʣʘʨʜʘʥ 

ʘʟʦʪʪʳש ʙʘʷʫ ʙᴇʣʽʥʫʽ ʥᴅʪʠʞʝʩʽʥʜʝ ʪʦʧʳʨʘץ ʝʨʽʪʽʥʜʽʩʽʥʜʝʛʽ ʥʠʪʨʘʪ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ᴅʜʝʪʪʝʛʽ ʪʳשʘʡʪץʳʰʪʘʨסʘ ץʘʨʘסʘʥʜʘ ʪᴇʤʝʥ ʙʦʣʘʜʳ, ᴅʩʽʨʝʩʝ 

ʝʥʛʽʟʫʜʝʥ ʢʝʡʽʥ ʙʽʨʜʝʥ [108]. ɹײʣ ʥʠʪʨʘʪʪʘʨʜʳש ʜʨʝʥʘʞ ʩʫʣʘʨʳʤʝʥ ᴇʩʽʤʜʽʢ 

ʪʘʤʳʨʳ ʞʝʪʝʪʽʥ ץʘʙʘʪʪʘʥ ʪʳʩ ʢʝʪʫʽʥ ʘʟʘʡʪʘʜʳ. ɾʠʥʘץʪʘʣסʘʥ ʟʝʨʪʪʝʫ ʜʝʨʝʢʪʝʨʽ 

ʙʦʡʳʥʰʘ, CRF ץʦʣʜʘʥʫ ʪʦʧʳʨʘץ ʘסʳʥʜʘʨʳʤʝʥ ʥʠʪʨʘʪ ʰʳסʳʥʳʥ ʰʘʤʘʤʝʥ 20ï

40% ʪᴇʤʝʥʜʝʪʝʜʽ. ɸʟʦʪʪʳש ʛʘʟ ʪᴅʨʽʟʜʽ ʰʳסʳʥʳʥ ʘʟʘʡʪʫ: ʪʦʧʳʨʘץʪʘʥ ʘʤʤʠʘʢʪʳש 

ʙʫʣʘʥʫʳ (NH ) ʞʘʙʳʣסʘʥ ʤʦʯʝʚʠʥʘ ץʦʣʜʘʥʳʣסʘʥʜʘ ʘʡʪʘʨʣʳץʪʘʡ ʘʟʘʷʜʳ, ʩʝʙʝʙʽ 

ʘʤʤʦʥʠʡ ʙʽʨʪʽʥʜʝʧ ʙᴇʣʽʥʽʧ, ʪʦʧʳʨʘץ ʙʝʪʽʥʜʝʛʽ ץʘʙʘʪ ʘʤʤʦʥʠʡʤʝʥ ץʘʥʳץʧʘʡʜʳ 

[109]. NO ʪװʨʽʥʜʝʛʽ ʙʫʣʘʥʫʣʘʨ ʜʘ ʪᴇʤʝʥʜʝʡʜʽ. ɸʟʦʪ ʪʳשʘʡʪץʳʰʪʘʨʳʥʘʥ 

ʙᴇʣʽʥʝʪʽʥ ʥʝʛʽʟʛʽ ʧʘʨʥʠʢʪʽʢ ʛʘʟ ï N O ï ʥʝʛʽʟʽʥʝʥ ʥʠʪʨʠʬʠʢʘʮʠʷ ʞᴅʥʝ 

ʜʝʥʠʪʨʠʬʠʢʘʮʠʷ ʢʝʟʽʥʜʝ ʘʨʪʳץ ʘʟʦʪʪʘʥ ʪװʟʽʣʝʜʽ. ɹʘʷʫ ᴅʩʝʨ ʝʪʝʪʽʥ ʪʫʢʦץʦʩʧʘʣʘʨ 

ʥʘץʪʳ ʩᴅʪʪʝʨʜʝ ʪʦʧʳʨʘץʪʘ ʤʠʥʝʨʘʣʜʳ ʘʟʦʪʪʳש ʘʨʪʳץ ʙʦʣʫʳʥʘ ʞʦʣ 

ʙʝʨʤʝʛʝʥʜʽʢʪʝʥ, ʦʣʘʨʜʳש ʬʦʥʳʥʜʘ N O ʵʤʠʩʩʠʷʩʳ ᴅʜʝʪʪʝ ʪᴇʤʝʥ ʙʦʣʘʜʳ. 

ʄʝʪʘʘʥʘʣʠʟʜʝʨ ʤʝʥ ʜʘʣʘʣʳץ ʪᴅʞʽʨʠʙʝʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, N O ʰʳסʘʨʳʥʜʳʣʘʨʳ 

ʪʳשʘʡʪץʳʰ ʪװʨʽʥʝ ʞᴅʥʝ ʞʘסʜʘʡʣʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ 10ï50% ʜʝʡʽʥ ʪᴇʤʝʥʜʝʫʽ 
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ʤװʤʢʽʥ [110]. , ʙʽʨ ʟʝʨʪʪʝʫʜʝ ʢʘʧʩʫʣʘʣʘʥסʘʥ ʤʦʯʝʚʠʥʘ ʞװʛʝʨʽ ᴇʩʽʨʫ ʤʘʫʩʳʤʳʥʜʘ 

ʢʫʤʫʣʷʪʠʚʪʽ N O ʵʤʠʩʩʠʷʩʳʥ ʢᴅʜʽʤʛʽ ʪʳשʘʡʪץʳʰʧʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʰʘʤʘʤʝʥ 

35% ʪᴇʤʝʥʜʝʪʪʽ. ʀʥʛʠʙʠʪʦʨʣʘʨʜʳ ץʦʩʫ ʦʜʘʥ ʜʘ װʣʢʝʥ ᴅʩʝʨ ʙʝʨʝʜʽ: DMPP N O 

ʪװʟʽʣʫʽʥ 40ï60% ʪᴇʤʝʥʜʝʪʫʛʝ ץʘʙʽʣʝʪʪʽ, ʘʣ ʢʘʧʩʫʣʘʣʘʫʤʝʥ ʙʽʨʽʢʪʽʨʛʝʥʜʝ ~70%-סʘ 

ʜʝʡʽʥ ʘʟʘʷʜʳ. ɹײʣ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʳש ʢᴇʤʽʨʪʝʛʽ ʽʟʽʥ ʘʟʘʡʪʫʜʘ ʤʘשʳʟʜʳ ʨᴇʣ 

ʘʪץʘʨʘʜʳ: ʪʳשʘʡʪץʳʰʪʘʨ ʧʘʨʥʠʢʪʽʢ ʛʘʟʜʘʨʜʳש ʞʘʥʘʤʘ ʢᴇʟʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʘʣ 

ʦʣʘʨʜʳש ʞʝʪʽʣʜʽʨʽʣʫʽ ʘʛʨʦʩʝʢʪʦʨʜʳש ʢʣʠʤʘʪ ᴇʟʛʝʨʽʩʽʥʝ ץʦʩʘʪʳʥ װʣʝʩʽʥ 

ʪᴇʤʝʥʜʝʪʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ. 

 

1.5 ʐʠʭʪʘʣʳץ ʢʦʤʧʦʥʝʪʪʝʨʜʽ ʪʘשʜʘʫʜʳס שʳʣʳʤʠ ʧʨʠʥʮʠʧʪʝʨʽ 

ɼʦʣʦʤʠʪʪʝʣʛʝʥ ʢʘʨʙʦʥʘʪʪʳ-ʢʨʝʤʥʠʡʣʽ ʬʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪ ð ʙײʣ 

ʘʧʘʪʠʪʧʝʥ ʙʽʨʛʝ ʢʘʣʴʮʠʡ ʤʝʥ ʤʘʛʥʠʡʜʽש ʢʘʨʙʦʥʘʪʪʘʨʳʥ (ʜʦʣʦʤʠʪ 

CaCO ĿMgCO ) ʞᴅʥʝ ʢʨʝʤʥʝʟʝʤʜʽ ץʘʤʪʠʪʳʥ ʬʦʩʬʦʨʠʪʪʽʢ ʢʝʥ. ʄײʥʜʘסʳ ʥʝʛʽʟʛʽ 

 ʥʜʘʡײʨʽʥʜʝʛʽ ʬʦʩʬʦʨ. ʄװʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪ ʢᴇʟʽ ð ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪʪץ

ʰʠʢʽʟʘʪʪʘסʳ P O  ʤʢʽʥ [115]. ʂʘʨʙʦʥʘʪʪʳ ʙᴇʣʽʛʽװʨʘʤʳ ~30% ʜʝʡʽʥ ʞʝʪʫʽ ʤײץ 

ʪʦʧʳʨʘײץ ץʨʳʣʳʤʳʥʘ ʦש ᴅʩʝʨʽʥ ʪʠʛʽʟʝʜʽ (ץʘʡʪʘ ץʦʣʜʘʥסʘʥʜʘ ʪʦʧʳʨʘץ 

 ʙʘʷʫ שʳʥ ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʫʰʳ ʨʝʪʽʥʜʝ ᴅʨʝʢʝʪ ʝʪʝʜʽ) ʞᴅʥʝ ʬʦʩʬʦʨʜʳסʳʣʜʳץʳʰץ

ʙʦʩʘʪʳʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ױʩʘץʪʘʣסʘʥ ʪװʨʜʝ ʜʘʡʳʥʜʘʣסʘʥ ʰʠʢʽʟʘʪ 

ʩʫʧʝʨʬʦʩʬʘʪʪʘʨ ʥʝʤʝʩʝ ʦʨʛʘʥʦʤʠʥʝʨʘʣʜʳץ ʘʨʘʣʘʩ ʪʳשʘʡʪץʳʰʪʘʨ ᴇʥʜʽʨʫ װʰʽʥ 

 ʜʝʫשʳʣʤʝʥ ᴇץʳʰץ ʞᴅʥʝ (ʪʘʫץʥʪʘײ) ʦʣʜʘʥʳʣʘʜʳ. ɼʦʣʦʤʠʪʪʽ ʙʝʣʩʝʥʜʽʨʫץ

ʥᴅʪʠʞʝʩʽʥʜʝ ʩʫʜʘ ʝʨʽʛʽʰ ʬʦʩʬʦʨ ץʦʩʳʣʳʩʪʘʨʳ ð ᴅʩʽʨʝʩʝ ʤʦʥʦʢʘʣʴʮʠʡʬʦʩʬʘʪ 

ʪװʟʽʣʝʜʽ. ʄײʥʜʘʡ ʬʘʟʘʣʘʨסʘ ʤʦʥʦʢʘʣʴʮʠʡʬʦʩʬʘʪ, ʩʠʣʠʢʦ- ʞᴅʥʝ ʬʪʦʨʦʬʦʩʬʘʪʪʘʨ 

ʞʘʪʘʜʳ, ʘʣ ʧʘʡʜʘ ʙʦʣסʘʥ ʘʤʦʨʬʪʳ ʬʘʟʘ ʬʦʩʬʦʨʜʳש ʙʽʨʪʽʥʜʝʧ ʙʦʩʘʪʳʣʫʳʥ 

 ʳʟʤʝʪ ʝʪʝʜʽ. ɹʝʣʩʝʥʜʽʨʽʣʛʝʥ ʜʦʣʦʤʠʪʪʝʣʛʝʥץ ʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʤʘʪʨʠʮʘ ʨʝʪʽʥʜʝץ

ʬʦʩʬʦʨʠʪ (ײʥʪʘץʪʘʣʳʧ, ʦʨʛʘʥʠʢʘʣʳץ ʤʦʣʝʢʫʣʘʣʘʨʤʝʥ ᴇשʜʝʣʛʝʥ) ʙʘʩʪʘʧץʳ 

ʬʦʩʬʦʨʠʪʧʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʙʽʨʥʝʰʝ ʝʩʝ ʘʨʪʳץ ʩʫʜʘ ʝʨʠʪʽʥ ʬʦʩʬʦʨ ʙʝʨʝʜʽ 

[116]. ʊʳשʘʡʪץʳʰʪʘʨ ײץʨʘʤʳʥʜʘ ᴅʨʪװʨʣʽ ʝʨʽʛʽʰʪʽʢʢʝ ʠʝ ʬʦʩʬʦʨʠʪʪʽ 

ʰʠʢʽʟʘʪʞᴅʥʝ ʤʦʥʦʢʘʣʴʮʠʡʬʦʩʬʘʪ ʬʘʟʘʣʘʨʳ ʪװʟʽʣʝʜʽ; ʪʦʧʳʨʘץʪʘסʳ pH ʜʝשʛʝʡʽ 

ʤʝʥ ʬʘʟʘʣʳײץ ץʨʘʤסʘ ʙʘʡʣʘʥʳʩʪʳ ʬʦʩʬʦʨʜʳש ʙʦʩʘʪʳʣʫʳ ʞװʨʝʜʽ. 

ɾʕʆ (ʞʳʣʫ ʵʣʝʢʪʨ ʦʨʪʘʣʳסʳ) ײʰʧʘ ʢװʣʽ ð ʙײʣ ʢᴇʤʽʨʜʽ ʞʘסʫ ʥᴅʪʠʞʝʩʽʥʜʝ 

ʧʘʡʜʘ ʙʦʣסʘʥ ײʩʘץ ʜʠʩʧʝʨʩʪʽ ᴇʥʽʤ. ʆʣ ʢʨʝʤʥʠʡ, ʘʣʶʤʠʥʠʡ, ʢʘʣʴʮʠʡ ʦʢʩʠʜʪʝʨʽʥʝ 

ʙʘʡ (ʢʝʡʜʝ ʤʠʢʨʦʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨ, ʤʫʣʣʠʪ ʙʦʣʘʜʳ), ʞᴅʥʝ ʞʦסʘʨʳ ʩʽʣʪʽʣʽʢʢʝ ʠʝ. 

ʂװʣ ʦʨʛʘʥʠʢʘʣʳץ ʢᴇʤʽʨʪʝʛʽ ʤʝʥ ʘʟʦʪʪʳ ʜʝʨʣʽʢ ײץʨʘʤʘʡʜʳ, ʙʽʨʘץ ʢʘʣʠʡ, ʬʦʩʬʦʨ, 

ʢʘʣʴʮʠʡ, ʤʘʛʥʠʡ, ʪʝʤʽʨ, ʤʘʨʛʘʥʝʮ, ʤʳʨʳʰ, ʤʳʩ ʩʠʷץʪʳ ʢᴇʧʪʝʛʝʥ ʤʘʢʨʦ- ʞᴅʥʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽ ץʘʤʪʠʜʳ. ʄʳʩʘʣʳ, 10 ʪ/ʛʘ ʤᴇʣʰʝʨʽʥʜʝ ʝʥʛʽʟʽʣʛʝʥʜʝ: P å32 

ʢʛ, K å25 ʢʛ, Ca å33 ʢʛ, Mg å17 ʢʛ, Fe å127 ʢʛ, Mn å2.8 ʢʛ, Zn å0.238 ʢʛ, Cu 

å0.178 ʢʛ [117]. ʄʠʥʝʨʘʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʢװʣ "ʪʦʧʳʨʘץץʘ ץײʩʘʩ" ð 

 ץʨʘʤʳʥʜʘ ʘʤʦʨʬʪʳ ʬʘʟʘ ʞᴅʥʝ ʤʠʢʨʦʢʨʠʩʪʘʣʜʳ ʮʠʨʢʦʥʠʡʣʽ ʚʫʣʢʘʥʜʳײץ

ʪװʟʽʣʽʤʜʝʨ ʙʘʨ. ʆʣ ʪʦʧʳʨʘץʪʳש ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʘʜʳ (ʢʝʫʝʢʪʽʣʽʢ, 

ʩʫ ʞᴅʥʝ ʘʫʘ ᴇʪʢʽʟʛʽʰʪʽʢ) ʞᴅʥʝ pH ʙʫʬʝʨʣʝʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɸʛʨʦʞװʡʝʜʝ ʢװʣ 

"ʙʘʷʫ ᴅʨʝʢʝʪ ʝʪʝʪʽʥ ʟʝʨʪʭʘʥʘ" ʨʝʪʽʥʜʝ ץʳʟʤʝʪ ʝʪʝʜʽ: ʦʥʳש ʢʨʝʤʥʠʡ- ʞᴅʥʝ 

ʘʣʶʤʦʩʠʣʠʢʘʪʪʳ ײץʨʘʤʳ ץʦʨʝʢʪʽʢ ʠʦʥʜʘʨʜʳ ʙʘʡʣʘʥʳʩʪʳʨʘʜʳ, ʤʝʪʘʩʪʘʙʠʣʴʜʽ 

ʬʘʟʘʣʘʨ ʪװʟʝ ʦʪʳʨʳʧ. ʂװʣʜʝʥ ʘʣʳʥסʘʥ ʙʘʷʫ ʙʦʩʘʪʳʣʘʪʳʥ ʪʳשʘʡʪץʳʰʪʘʨ ʩʠʥʪʝʟʽ 

ʢʝʟʽʥʜʝ (ʤʳʩʘʣʳ, K CO-ʧʝʥ ʢװʡʜʽʨʫ) ʢʘʣʠʡ-ʘʣʶʤʦʩʠʣʠʢʘʪ (KAlSiO ) ʪװʟʽʣʝʜʽ, 

ʦʣ ʪʦʧʳʨʘץʪʘ K  ʠʦʥʳʥ ᴇʪʝ ʙʘʷʫ ʙʦʩʘʪʘʜʳ. ʄײʥʜʘʡ ʬʘʟʘʜʘʥ ʰʘʡʳʣʫ ʤʝʭʘʥʠʟʤʽ 
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ð ʠʦʥ ʘʣʤʘʩʫ: ʪʦʧʳʨʘץ ʝʨʽʪʽʥʜʽʩʽʥʜʝʛʽ H  ʠʦʥʳ KAlSiO  ʪʦʨʳʥʜʘסʳ K-ʪʳ 

ʘʣʤʘʩʪʳʨʘʜʳ, ײץʨʳʣʳʤʜʳ ʙײʟʳʧ, K  ʙʦʩʘʪʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢװʣ ʘʫʳʨ 

ʤʝʪʘʣʜʘʨ ʤʝʥ ץʦʨʝʢʪʽʢ ʠʦʥʜʘʨʜʳ ʩʦʨʙʮʠʷʣʘʫסʘ ץʘʙʽʣʝʪʪʽ, ʙײʣ 

ʪʳשʘʡʪץʳʰʪʘʨʜʳש ʰʘʡʳʣʫʳʥ ʪʝʞʝʡʜʽ. ʆʩʳʣʘʡʰʘ, ɾʕʆ ʢװʣʽ Ca, Mg, Si ʞᴅʥʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש ʢᴇʟʽ ʙʦʣʘ ʦʪʳʨʳʧ, ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳש ʙʦʩʘʪʳʣʫʳʥ 

 .ʨʘʡʜʳײץ ʟʘʨʪʘʪʳʥ ʤʘʪʨʠʮʘ ʥʝʛʽʟʽʥײ

ʌʦʩʬʦʨʠʪʪʝʨʜʽ ʢװʡʜʽʨʫ ʢʝʟʽʥʜʝʛʽ ʮʠʢʣʦʥ ʰʘשʳ (Kazphosphate ᴇʥʜʽʨʽʩʽʥʽש 

 ʜʠʩʧʝʨʩʪʽ ʞʘʥʘʤʘ ץʩʘײ ʟʽʣʝʪʽʥװʣ ʬʦʩʬʦʨʠʪ ᴇʥʜʽʨʽʩʽ ʢʝʟʽʥʜʝ ʪײʳ) ð ʙסʘʣʜʳץ

ᴇʥʽʤ, ײץʨʘʤʳʥʜʘ ʬʦʩʬʦʨסʘ ʙʘʡ ʤʠʥʝʨʘʣʜʘʨ ʢᴇʧ. ɹײʣ ʰʣʘʤʜʳ 

(ʂᴇʢʰʝʪʘʫ/ɾʘʤʙʳʣ ᴇשʽʨʽ ʤʳʩʘʣʳʥʜʘ) ʪʘʣʜʘʫ ʢʝʟʽʥʜʝ P O  ~30.7% (P å13.4%) 

ʤᴇʣʰʝʨʽʥʜʝ, ʩʦʥʜʘʡ-ʘץ SiO  (~15.6%), CaO (~8.9%), K O (~7.1%), MgO, Al O  

ʞᴅʥʝ ʘʟ ʤᴇʣʰʝʨʜʝ Zn, Fe ʞᴅʥʝ ʪ.ʙ. ʵʣʝʤʝʥʪʪʝʨ ʘʥʳץʪʘʣסʘʥ [115]. ʌʘʟʘʣʘʨ 

ʥʝʛʽʟʽʥʝʥ ʩʠʣʠʢʦʬʦʩʬʘʪʪʘʨ ʤʝʥ ʩʠʣʠʢʦʬʪʦʨʦʬʦʩʬʘʪʪʘʨ, ײץʨʘʤʳʥʜʘ ʢʘʣʠʡ ʤʝʥ 

ʢʘʣʴʮʠʡ ʬʦʩʬʘʪʪʘʨʳʥʳץ שʦʩʳʣʳʩʪʘʨʳ ʢʝʟʜʝʩʝʜʽ. ɾʦסʘʨʳ ʬʦʩʬʦʨ ײץʨʘʤʳʥʳש 

ʘʨץʘʩʳʥʜʘ (ʬʠʢʩʘʮʠʷʣʘʥסʘʥ ʞᴅʥʝ ʽʰʽʥʘʨʘ ʘʣʳʥʘʪʳʥ) ʮʠʢʣʦʥ ʰʘשʳ ʬʦʩʬʦʨʣʳ 

ʪʳשʘʡʪץʳʰʪʘʨ װʰʽʥ ʙʦʣʘʰʘסʳ ʟʦʨ ʰʠʢʽʟʘʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʜʘʥ 

ʩʫʧʝʨʬʦʩʬʘʪʪʘʨʜʳ (ʤʦʥʦ- ʥʝʤʝʩʝ ʘʤʤʦʬʦʩʬʘʪʪʘʨ) ץʳʰץʳʣʜʳץ ᴇשʜʝʫ ʘʨץʳʣʳ 

ʘʣʫסʘ ʙʦʣʘʜʳ: H SO-ʧʝʥ ʳʜʳʨʘʪץʘʥʜʘ ʬʦʩʬʦʨʠʪʪʽʢ ʬʘʟʘ ʩʫʜʘ ʝʨʠʪʽʥ 

Ca(H PO )  ʪװʨʽʥʝ ᴇʪʝʜʽ, ʦʣ ᴇʩʽʤʜʽʢʪʝʨ װʰʽʥ ץʦʣʞʝʪʽʤʜʽ ʙʦʣʘʜʳ. ɸʣʳʥסʘʥ 

ʪʳשʘʡʪץʳʰʪʘʨ ʬʦʩʬʦʨʜʳש ʩʫʜʘ ʝʨʫ ץʘʙʽʣʝʪʽ ʤʝʥ ᴇʩʽʤʜʽʢʪʝʨʛʝ ʩʽשʽʤʜʽʣʽʛʽ 

ʞʦסʘʨʳ ʩʠʧʘʪʪʘʣʘʜʳ. ʐʘש ᴇʪʝ ײʩʘײץ ץʨʳʣʳʤʜʳ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʥʳ 

ʘʛʣʦʤʝʨʘʮʠʷʜʘʥ ʢʝʡʽʥ ʪʳשʘʡʪץʳʰ ʪװʡʽʨʰʽʢʪʝʨʽʥʝ ʥʝʤʝʩʝ ʙʘʡʣʘʥʳʩʪʳʨʫʰʳ 

ʤʘʪʨʠʮʘסʘ ʝʥʛʽʟʫʛʝ ʙʦʣʘʜʳ. 

 שʟʘʪʪʘʨʜʳ ץʳ ï ʦʨʛʘʥʠʢʘʣʳסʥʜʳʣʳײץ שʳʨ ʢᴇʤʽʨʜʽשʦפ .ʳʨ ʢᴇʤʽʨשʦפ

(ʛʫʤʫʩ ץʳʰץʳʣʜʘʨʳʥʳש) ʞʦסʘʨʳ ײץʨʘʤʳʥʜʘ. ɹײʣ ʟʘʪʪʘʨ ʪʦʧʳʨʘץʪʳש 

ʩʘʟʜʳʣʳסʳʥ, ײץʨʳʣʳʤʳʥ ʞᴅʥʝ ʙʠʦʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʞʘץʩʘʨʪʘʜʳ. 

 ,ʘ ʪᴅʥ [118]ץץʞʦ (ʘץʘʟ ʤᴇʣʰʝʨʜʝʛʽ N, K, P-ʜʘʥ ʙʘʩ) ʨʘʤʳʥʜʘ ʤʘʢʨʦʵʣʝʤʝʥʪʪʝʨײפ

ʘʣʘʡʜʘ ʛʫʤʠʥ ץʳʰץʳʣʜʘʨʳʥʳש ʤᴇʣʰʝʨʽ 55ï80%-סʘ ʜʝʡʽʥ ʞʝʪʝʜʽ, ʩʦʥʜʘʡ-ʘץ 

ʢʘʨʙʦʥʘʪʪʘʨ ʤʝʥ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨ (Fe, Mn, B ʞᴅʥʝ ʪ.ʙ.) ʢʝʟʜʝʩʝʜʽ. ʊʳשʘʡʪץʳʰ 

 ʘʨʘʜʳ: ʦʣץçʤʘʪʨʠʮʘè ʨᴇʣʽʥ ʘʪ ץʳʨ ʢᴇʤʽʨ ʦʨʛʘʥʠʢʘʣʳשʦץ ʨʘʤʳʥʜʘײץ

ʤʠʥʝʨʘʣʜʳץ ʙᴇʣʰʝʢʪʝʨ ʤʝʥ ץʦʨʝʢʪʽʢ ʠʦʥʜʘʨʜʳ ʙʘʡʣʘʥʳʩʪʳʨʳʧ, ʪʦʧʳʨʘץʪʳש 

ʘʡʳʨʙʘʩʪʘʫ ʩʳʡʳʤʜʳʣʳסʳʥ ʘʨʪʪʳʨʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʘʟʦʪʪʳ ץʦʩʳʣʳʩʪʘʨʤʝʥ 

ʙʽʨʛʝ ץʦʣʜʘʥסʘʥʜʘ ʘʟʦʪʪʳש ʙʦʩʘʧ ʰʳסʫʳʥ ʙʘʷʫʣʘʪʘʜʳ ʞᴅʥʝ ʦʥʳש ʪʠʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʘʜʳ [119]. ɿʝʨʪʪʝʫʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ץʦשʳʨ ʢᴇʤʽʨ ʤʝʥ ʤʦʯʝʚʠʥʘʜʘʥ 

ʪײʨʘʪʳʥ ʪװʡʽʨʰʽʢʪʝʣʛʝʥ ץʦʩʧʘʣʘʨ (BCU) ʘʟʦʪʪʳ ʪʠʽʤʜʽʨʝʢ ʧʘʡʜʘʣʘʥʳʧ, 

ʘ ʘʨʪʪʳʨʘʜʳ ʞᴅʥʝ Nס-ʳʟʳʣʰʘ ᴇʥʽʤʜʽʣʽʛʽʥ ʰʘʤʘʤʝʥ 25%ץ O ʤʝʥ NH  ʞʦסʘʣʪʫʳʥ 

29ï36%-סʘ ʪᴇʤʝʥʜʝʪʝʜʽ. ʉʦʥʜʳץʪʘʥ ץʦשʳʨ ʢᴇʤʽʨ ʪʫʢץʦʩʧʘʣʘʨʳʥʜʘ 

ʪʳשʘʡʪץʳʰʪʳײ שʟʘץ ᴅʩʝʨ ʝʪʫʽʥ ʞᴅʥʝ ʪʦʧʳʨʘײץ ץʥʘʨʣʳʣʳסʳʥ ʘʨʪʪʳʨʘʪʳʥ ץʘץשʘ 

ʢʦʤʧʦʥʝʥʪʽ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. 

 ʣײʘʥ ʞʳʥʳʩʪʘʨ. ɹסʳʨ ʢᴇʤʽʨʜʽ ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝ ʘʣʳʥʘʪʳʥ ʽʰʢʽ ʘʨʰʳʣשʦפ

ʢᴇʙʽʥʝʩʝ ʢᴇʤʽʨ ץʘʙʘʪʪʘʨʳʤʝʥ ʙʽʨʛʝ ʞװʨʝʪʽʥ ʩʘʟʜʳ ʞᴅʥʝ ײץʤʜʳ ʰᴇʛʽʥʜʽʣʝʨ 

(ʰʳʤʪʝʟʝʢ, ʩʘʟʜʘײץ ,ץʤ). ʆʣʘʨʜʳײץ שʨʘʤʳʥʜʘ ץʦʨʝʢʪʽʢ ʤʘʢʨʦʵʣʝʤʝʥʪʪʝʨ (P, K) 

ᴇʪʝ ʘʟ ʥʝʤʝʩʝ ʤװʣʜʝʤ ʞʦץ, ʪʳשʘʡʪץʳʰʪʳײץ ץʥʜʳʣʳסʳ ʪᴇʤʝʥ. ɼʝʛʝʥʤʝʥ ʦʣʘʨ 

ʬʠʟʠʢʘʣʳץ ʢʘʨʢʘʩ ʨʝʪʽʥʜʝ ʞʘץʩʳ ᴅʩʝʨ ʝʪʝʜʽ: ʙʝʪʢʽ ʘʫʜʘʥʳ װʣʢʝʥ ʞᴅʥʝ ʳʣסʘʣʜʳ 

ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ʞʦסʘʨʳ. ɹײʣ ʞʳʥʳʩʪʘʨʜʘ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨ (ʤʳʩʘʣʳ, 
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ʰʳʤʪʝʟʝʢ ʪװʨʽʥʜʝ) ʤʝʥ ʤʠʥʝʨʘʣʜʘʨ ʙʘʨ ʙʦʣסʘʥʜʳץʪʘʥ, ʳʣסʘʣ ʤʝʥ ʪײʟʜʘʨʜʳש 

ʩʽשʫʽʥ ʘʨʪʪʳʨʘʜʳ [118]. ʊʘʣʜʘʫʣʘʨ ʙײʣ ʤʘʪʝʨʠʘʣʜʘʨʜʘ ʢᴇʤʽʨʪʝʢ (ʞװʟʜʝʛʝʥ ʛ/ʢʛ-

 ,ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨ ï ʪʝʤʽʨ ץʢʽʨʪ, ʩʦʥʜʘʡ-ʘװʘ ʜʝʡʽʥ), ʢʘʣʴʮʠʡ, ʤʘʛʥʠʡ ʞᴅʥʝ ʢס

ʤʘʨʛʘʥʝʮ, ʙʦʨ ʙʘʨ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ʄײʥʜʘʡ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʪʳשʘʡʪץʳʰ 

 ʘ ʞᴅʥʝ Ca/Mg ʵʣʝʤʝʥʪʪʝʨʽʥ ʙʽʨʪʽʥʜʝʧסʨʫײʩʪʘʧ ʪײ ʘʣʜʳסʦʩʫ ʳʣץ ʨʘʤʳʥʘײץ

ʙʦʩʘʪʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ץʦשʳʨ ʢᴇʤʽʨʜʽש ʞʳʥʳʩ װʩʪʽ ץʦʩʧʘʣʘʨʳ 

 ʰʘʡʳʣʳʧ ʢʝʪʫʽʥ שʳʰʪʘʨ NPK-ʥʽץʘʡʪשʘʥ ʦʨʛʘʥʦʤʠʥʝʨʘʣʜʳ ʪʳסʦʩʳʣץ

ʪᴇʤʝʥʜʝʪʝʜʽ, ʩʝʙʝʙʽ ʦʣʘʨ ʠʦʥʜʘʨʜʳ ʩʽשʽʨʽʧ, ᴇʪʢʽʟʛʽʰʪʽʢʪʽ ʘʟʘʡʪʘʜʳ. ʆʩʳʣʘʡʰʘ, 

ʞʳʥʳʩ װʩʪʽ ʞʳʥʳʩʪʘʨʳ ʪʫʢץʦʩʧʘʣʘʨʜʘ ʘʫʳʨ ʬʨʘʢʮʠʷ ʨʝʪʽʥʜʝ ᴅʨʝʢʝʪ ʝʪʽʧ, 

ʪʳשʘʡʪץʳʰʪʘʨʜʳש ᴅʩʝʨʽʥ ײʟʘʨʪʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. 

ɺʝʨʤʠʢʫʣʠʪ. ɹײʣ ï ʤʘʛʥʠʡ ʤʝʥ ʪʝʤʽʨʜʽץ שʘʙʘʪʪʳ ʘʣʶʤʦʩʠʣʠʢʘʪʳ, ᴅʣʩʽʟ 

ᴅʢʪʘʩ ײץʨʘʤʜʳ (Mg-Fe-ʢʨʝʤʥʝʟʝʤ). ɹʘʩץʘ ʢʦʤʧʦʥʝʥʪʪʝʨʜʝʥ ʘʡʳʨʤʘʰʳʣʳסʳ, 

ʚʝʨʤʠʢʫʣʠʪ ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳ (Mg, K-ʜʘʥ ʙʘʩץʘ) ᴇʪʝ ʘʟ ʙʝʨʝʜʽ, ʘʣʘʡʜʘ ץʦʩʧʘʥʳש 

ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʘʜʳ: ץʳʟʜʳʨʫ ʢʝʟʽʥʜʝ (~600ï900 ÁC) ʽʰʢʽ 

ʙʘʡʣʘʥʳʩץʘʥ ʩʫ ʙʫʣʘʥʳʧ, ʧʣʘʩʪʠʥʘʣʘʨ ʢʝשʝʡʽʧ, ʤʘʪʝʨʠʘʣ ʢʝʫʝʢʢʝ ʘʡʥʘʣʘʜʳ 

[120]. ɹײʣ ʞʝשʽʣ, ʢʝʜʽʨ-ʙײʜʳʨʣʳ ʤʘʪʝʨʠʘʣ ʳʣסʘʣʜʳ ʞᴅʥʝ ץʦʨʝʢʪʽʢ ʠʦʥʜʘʨʜʳ 

ʞʘץʩʳ ʩʽשʽʨʝʜʽ, ʩʝʙʝʙʽ ʦʥʳש ʢʘʪʠʦʥʜʳץ ʘʣʤʘʩʫ ʩʳʡʳʤʜʳʣʳסʳ ʞʦסʘʨʳ. 

ʅʝʡʪʨʘʣʜʳ pH ʤᴅʥʽʤʝʥ ʚʝʨʤʠʢʫʣʠʪ ʤʘʛʥʠʡ ʤʝʥ ʢʘʣʠʡ ʠʦʥʜʘʨʳʥʳץ שʦʨʳʥ 

 ʢʦʤʧʦʥʝʥʪʪʝʨʤʝʥ ᴅʨʝʢʝʪʪʝʩʢʝʥʜʝ ץʳʣʜʳץʳʰץ ʘʣʳʧʪʘʩʪʳʨʘʜʳ, ʘʣ ʦʣʘʨץ

ʙʽʨʪʽʥʜʝʧ ʪʦʧʳʨʘץץʘ ᴇʪʝʜʽ. ʆʩʳʣʘʡʰʘ, ʚʝʨʤʠʢʫʣʠʪ ʪʫʢץʦʩʧʘʣʘʨʜʘ çʳʣסʘʣ ʤʝʥ 

ʠʦʥʜʳ ײʩʪʘʡʪʳʥ ʛʫʙʢʘè ʨʝʪʽʥʜʝ ᴅʨʝʢʝʪ ʝʪʽʧ, ʪװʡʽʨʰʽʢʪʝʨʜʽש ʳʣסʘʣʜʳʣʳסʳʥ 

ʩʘץʪʘʡʜʳ ʞᴅʥʝ ʞʠʥʘץʪʘʣסʘʥ ʵʣʝʤʝʥʪʪʝʨʜʽ ʙʽʨʪʽʥʜʝʧ ᴇʩʽʤʜʽʢʪʝʨʛʝ ʙʝʨʝʜʽ. 

ɸʪʘʣסʘʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʙʽʨʽʢʪʽʨʫ ᴇʟʘʨʘ ʢװʰʝʡʪʝʪʽʥ ᴅʩʝʨ ʪʫʜʳʨʫʳ ʤװʤʢʽʥ. 

ʄʳʩʘʣʳ, ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨ (ʢᴇʤʽʨ, ʰʳʤʪʝʟʝʢ, ʛʫʤʘʪʪʘʨ) ʤʝʥ ʤʠʥʝʨʘʣʜʘʨ (ʢװʣ, 

ʬʦʩʬʦʨʠʪ) ʙʽʨʽʥ-ʙʽʨʽ ʪʦʣʳץʪʳʨʘʜʳ: ʦʨʛʘʥʠʢʘ ʘʜʩʦʨʙʮʠʷʣʳץ ץʘʩʠʝʪʪʝʨ ʤʝʥ 

ʙʠʦʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽʣʽʢʪʽ ʞʘץʩʘʨʪʘʜʳ, ʘʣ ʤʠʥʝʨʘʣʜʘʨ ʤʘʢʨʦ- ʞᴅʥʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש ʢᴇʟʽ ʙʦʣʘʜʳ. ɹʝʣʛʽʣʽ ʙʦʣסʘʥʜʘʡ, ɾʕʆ ʢװʣʽʥʝ  ʛʫʤʠʥ 

ʟʘʪʪʘʨʳʥ ץʦʩʫ ʦʥʳש ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥ ʘʨʪʪʳʨʘʜʳ ʞᴅʥʝ ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳש 

ᴇʩʽʤʜʽʢʪʝʨʛʝ ץʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ [121]. ʉʦʣ ʩʠʷץʪʳ, Ca ʞᴅʥʝ Mg ʙʘʨ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ (ʜʦʣʦʤʠʪ, ʢװʣ, ʽʰʢʽ ʘʨʰʳʣסʘʥ ʞʳʥʳʩʪʘʨʳ) ʬʦʩʬʦʨʣʳ ʰʘשʤʝʥ 

ʙʽʨʽʢʪʽʨʫ ʢʝʟʽʥʜʝ ʝʨʽʤʝʡʪʽʥ ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪʪᴅʨʽʟʜʽ ʬʦʩʬʘʪ ʬʘʟʘʣʘʨʳ 

ʪװʟʽʣʝʜʽ, ʙײʣ ʈ ʵʣʝʤʝʥʪʽʥʽש ʙʦʩʘʫʳʥ ʙʘʷʫʣʘʪʘʜʳ. ɺʝʨʤʠʢʫʣʠʪ ʢʝʟ ʢʝʣʛʝʥ 

ʢʦʤʧʦʥʝʥʪʧʝʥ װʡʣʝʩʽʤʜʽ, ʩʝʙʝʙʽ ʦʣ ʙʝʡʪʘʨʘʧ ʪʦʣʪʳʨסʳʰ ʞᴅʥʝ ʳʣסʘʣʜʳ 

 .ʳʟʜʘʣʳʧ ʢʝʪʫʽʥ ʙʦʣʜʳʨʤʘʡʜʳסʪʳ שʡʽʨʰʽʢʪʝʨʜʽװʩʪʘʡʪʳʥ ʘʛʝʥʪ ʨʝʪʽʥʜʝ ʪײ

ʂװʣʜʝʛʽ CaO/SiO  ʤʝʥ ʢᴇʤʽʨ/ʰʳʤʪʝʟʝʢ ʦʨʛʘʥʠʢʘʩʳʥʳש ᴅʨʝʢʝʪʪʝʩʫʽ ʥᴅʪʠʞʝʩʽʥʜʝ 

ʤʘʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽ ʙʝʢʽʪʝʪʽʥ ʩʠʣʠʢʦʦʨʛʘʥʠʢʘʣʳץ ʧʦʣʠʤʝʨʣʽʢ ʪʦʨʣʘʨ ʪװʟʽʣʫʽ 

ʤװʤʢʽʥ. ʄʘשʳʟʜʳ ᴅʩʝʨʣʝʨʜʽש ʙʽʨʽ ï ʜʦʣʦʤʠʪ ץʳʰץʳʣʜʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʤʝʥ 

(ʤʳʩʘʣʳ, ʩʫʧʝʨʬʦʩʬʘʪ ᴇʥʜʽʨʽʩʽʥʜʝ) ʘʨʘʣʘʩץʘʥʜʘ ץʳʰץʳʣʜʳץʪʳ ʙʝʡʪʘʨʘʧʪʘʡʜʳ, 

ʘʣ ʢװʣ ʤʝʥ ʚʝʨʤʠʢʫʣʠʪ ץʦʩʧʘʥʳש ʩʦסשʳ pH ʤᴅʥʽʥ ʙʫʬʝʨʣʝʡʜʽ, ʦʥʳ ᴇʩʽʤʜʽʢʪʝʨ 

 :ʪʳʨʘʜʳץè ʝʪʝʜʽ. ɾʘʣʧʳ, ʢʦʤʧʦʥʝʥʪʪʝʨ ʙʽʨ-ʙʽʨʽʥ ʪʦʣʳץʤʩʘײʨʣʳʤ çʞײסʰʽʥ ʥʝװ

ʤʠʥʝʨʘʣʜʘʨ (P, K, Ca, Mg) ץʦʨʝʢʪʽʢ ײץʥʜʳʣʳץʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʘʣ 

ʦʨʛʘʥʠʢʘʣʳץ ʤʘʪʨʠʮʘ ʤʝʥ ץʘʙʘʪʪʳ ʩʠʣʠʢʘʪʪʘʨ ʙײʣ ʵʣʝʤʝʥʪʪʝʨʜʽש ʙʦʩʘʫ 

ʞʳʣʜʘʤʜʳסʳʥ ʨʝʪʪʝʡʜʽ. 
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1-ʪʘʨʘʫ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

ɹʘʷʫ ᴅʩʝʨʛʝ ʠʝ ʪʫʢʦץʦʩʧʘʣʘʨʳ  ð ʙײʣ ᴇʩʽʤʜʽʢʪʝʨʜʽ ײʟʘץ ʫʘץʳʪ ʙʦʡʳ 

 ʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥװʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤץ ʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪʪʝʨʤʝʥ ʙʽʨʪʽʥʜʝʧץ

ʙʦʣʘʰʘסʳ ʟʦʨ ʪʳשʘʡʪץʳʰʪʘʨ ʢʣʘʩʳ. ʆʣʘʨʜʳש ʢʣʘʩʩʠʬʠʢʘʮʠʷʩʳ ײץʨʘʤʳʥʘ 

 ,ʘʨʘʡ (ʘʟʦʪʪʳ, ʬʦʩʬʦʨʣʳ, ʢʘʣʠʡʣʽ, ʢʝʰʝʥʜʽ, ʤʠʢʨʦʵʣʝʤʝʥʪʪʽ, ʦʨʛʘʥʦʤʠʥʝʨʘʣʜʳץ

ʙʠʦʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽ) ʞᴅʥʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʘʪʨʠʮʘ ʥʝʤʝʩʝ ץʘʧʪʘʤʘ ʪװʨʽʥʝ 

 .ʨʛʽʟʽʣʝʜʽװʞ (ʳʜʳʨʘʡʪʳʥ ץʢʽʨʪʪʽ, ʤʠʥʝʨʘʣʜʳ, ʙʠʦʣʦʛʠʷʣʳװʧʦʣʠʤʝʨʣʽ, ʢ) ʘʨʘʡץ

ʊʫʢʦץʦʩʧʘʣʘʨʜʳץ שʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽש ʩʽשʽʨʽʣʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥ (NUE, PUE) 

ʝʜᴅʫʽʨ ʘʨʪʪʳʨʳʧ, ʞʦסʘʣʪʫʜʳ ʘʟʘʡʪʘʜʳ, ʙײʣ ʪʦʧʳʨʘץ ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʳʧ, 

 .ʢʪʝʤʝʥʽ ʪᴇʤʝʥʜʝʪʝʜʽװʩʝʪʽʥ ʞװʘ ʪסʘʥ ʦʨʪʘסʦʨʰʘץ

ʐʘʨʪץʘ ʩᴅʡʢʝʩʩʽʟ ʬʦʩʬʘʪ-ʢʨʝʤʥʠʡʣʽ ʰʠʢʽʟʘʪ (ʬʦʩʬʘʪ-ʢʨʝʤʥʠʡʣʽ 

ʩʣʘʥʝʮʪʝʨ) ʪᴇʤʝʥ ʝʨʽʛʽʰʪʽʛʽ ʤʝʥ ץʦʩʧʘʣʘʨʜʳש ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʢʣʘʩʩʠʢʘʣʳץ ʪʳשʘʡʪץʳʰ ᴇʥʜʽʨʽʩʽʥʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʤʘʡʜʳ. ɸʣʘʡʜʘ, 

ʭʘʣʳץʘʨʘʣʳץ ʪᴅʞʽʨʠʙʝ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʙʝʣʩʝʥʜʽʨʫ ᴅʜʽʩʪʝʨʽʥ (ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ, 

 ʦʣʜʘʥʫץ (ʳʣʜʳ ʩʽʣʪʽʣʝʫ, ʙʘʡʣʘʥʳʩʪʳʨʫʰʳ ʟʘʪʪʘʨʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷץʳʰץ

ʘʨץʳʣʳ ʤײʥʜʘʡ ʰʠʢʽʟʘʪʪʘʨʜʘʥ ʘʛʨʦʪʝʭʥʠʢʘʣʳײץ ץʥʜʳʣʳסʳ ʞʦסʘʨʳ 

ʢʦʤʧʦʥʝʥʪʪʝʨ ʘʣʫסʘ ʙʦʣʘʜʳ. ɹײʣ ʞʝʨʛʽʣʽʢʪʽ ᴇשʜʝʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʜʘʤʳʪʫʜʳש 

ʞᴅʥʝ ʪʳשʘʡʪץʳʰ ᴇʥʜʽʨʽʩʽʥ ʰʠʢʽʟʘʪʧʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש ʪʠʽʤʜʽ ʙʘסʳʪʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

ɾʕʆ ץʘʣʜʳץʪʘʨʳ (ʢװʣ, ʰʣʘʢ, ʢװʣ-ץʦʞ ʘʨʘʣʘʩ ץʦʩʧʘʣʘʨʳ) ײץʨʘʤʳʥʜʘ 

ʞʦסʘʨʳ ʤᴇʣʰʝʨʜʝ ʢʨʝʤʥʝʟʝʤ, ʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨ, ʩʦʥʜʘʡ-ʘץ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨ 

ʙʘʨ, ʩʦʥʜʳץʪʘʥ ʦʣʘʨʜʳ ʦʨʛʘʥʦʤʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰ ʥʝʛʽʟʽ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫסʘ 

ʙʦʣʘʜʳ. ᴄʣʝʤʜʽʢ ʪᴅʞʽʨʠʙʝʜʝ ɾʕʆ ץʘʣʜʳץʪʘʨʳʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ (ץʳʰץʳʣʤʝʥ, 

ʩʽʣʪʽʤʝʥ ʙʝʣʩʝʥʜʽʨʫ), ʛʫʤʘʪʪʘʨʤʝʥ, ʮʝʦʣʠʪʪʝʨʤʝʥ ʙʽʨʛʝ ʛʨʘʥʫʣʜʘʫ ʞᴅʥʝ 

ʬʦʩʬʘʪʪʳ ʤʘʪʝʨʠʘʣʜʘʨʤʝʥ ʙʽʨʽʢʪʽʨʽʧ ᴇשʜʝʫ ʩʠʷץʪʳ ʙʘסʳʪʪʘʨ ʢʝשʽʥʝʥ 

 ʪʘʨ ISOץʘʣʜʳץ ʤᴇʣʰʝʨʽ ʰʝʢʪʝʥ ʘʩʧʘʡʪʳʥ שʦʣʜʘʥʳʣʘʜʳ. ɸʫʳʨ ʤʝʪʘʣʜʘʨʜʳץ

ʞᴅʥʝ EN ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ ʞᴅʥʝ ʦʣʘʨ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ 

 .ʤʢʽʥװʦʣʜʘʥʳʣʫʳ ʤץ ʨʜʝװʘʫʽʧʩʽʟ ʪץ

ʊʫʢʦץʦʩʧʘʣʘʨ ᴇʥʜʽʨʽʩʽʥʽש ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʬʠʟʠʢʘʣʳץ, 

ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʙʠʦʣʦʛʠʷʣʳץ ᴅʜʽʩʪʝʨʜʽ ץʘʤʪʠʜʳ: ʧʦʣʠʤʝʨʣʽʢ ʢʘʧʩʫʣʘʣʘʫ, 

ʮʝʦʣʠʪ ʥʝʤʝʩʝ ʙʠʦ-ʢᴇʤʽʨ ʥʝʛʽʟʽʥʜʝ ʤʘʪʨʠʮʘʣʘʨ ʞʘʩʘʫ, ʥʘʰʘʨ ʝʨʠʪʽʥ ץʦʩʳʣʳʩʪʘʨ 

ʘʨץʳʣʳ ʵʣʝʤʝʥʪʪʝʨʜʽש ʝʨʽʛʽʰʪʽʛʽʥ ʰʝʢʪʝʫ, ʪʦʧʳʨʘץ ʬʝʨʤʝʥʪʪʝʨʽʥ ʪʝʞʝʫʰʽ 

ʠʥʛʠʙʠʪʦʨʣʘʨʜʳ (ʫʨʝʘʟʘ, ʥʠʪʨʠʬʠʢʘʮʠʷ ʠʥʛʠʙʠʪʦʨʣʘʨʳ) ץʦʣʜʘʥʫ, ʩʦʥʜʘʡ-ʘץ 

ʤʠʢʨʦʘסʟʘʣʘʨʤʝʥ ʙʠʦʘʢʪʠʚʘʮʠʷʣʘʫ. ɹײʣ ʪᴅʩʽʣʜʝʨ ץʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽש 

ʪʦʧʳʨʘץץʘ ʙʽʨʪʽʥʜʝʧ ᴇʪʫ ʞʳʣʜʘʤʜʳסʳʥ ʙʘץʳʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, 

ʥᴅʪʠʞʝʩʽʥʜʝ ʦʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽ 20ï40%-סʘ ʜʝʡʽʥ ʘʨʪʳʧ, ʵʢʦʞװʡʝʛʝ ʪװʩʝʪʽʥ 

ʞװʢʪʝʤʝ ʪᴇʤʝʥʜʝʡʜʽ. ɹʠʦʳʜʳʨʘʡʪʳʥ ʢʘʧʩʫʣʘʣʘʨ ʤʝʥ ʦʨʛʘʥʦʤʠʥʝʨʘʣʜʳ 

ʪװʡʽʨʰʽʢʪʝʨʜʽץ שʦʣʜʘʥʳʣʫʳ ð ʵʢʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʘʛʨʦʪʝʭʥʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢʪʽ 

 .ʙʽʨʽ שʳʪʪʘʨʜʳסʡʣʝʩʪʽʨʝʪʽʥ ʟʘʤʘʥʘʫʠ ʙʘװ

 

 

 

 

 

 



 33 

2 ɿɽʈʊʊɽʋ ʅʓʉɸʅʓ ʄɽʅ ᴄɼɯʉʊɽʈɯ 

 

2.1 ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ᴅʜʽʩʪʝʨ, ʟʘʤʘʥʘʫʠ ʘʩʧʘʧʪʘʨ 

ʤʝʥ ʰʠʢʽʟʘʪ 

ʄʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰ ï ʪʫʢʦץʦʩʧʘʣʘʨʜʳ ʘʣʫʜʳש ʠʥʥʦʚʘʮʠʷʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ײץʨʫ ʙʦʡʳʥʰʘ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨʜʝ ʢʝʣʝʩʽ 

ʰʠʢʽʟʘʪ ʤʘʪʝʨʠʘʣʜʘʨʳ ץʦʣʜʘʥʳʣʜʳ: "פʘʟʬʦʩʬʘʪ" ɾʐʉ ʬʦʩʬʦʨ ᴇʥʜʽʨʽʩʽʥ 
ʘʛʣʦʤʝʨʘʮʠʷʣʘʫ ʧʨʦʮʝʩʽʥʽץ  שʘʡʪʘʨʤʘʣʳ ײʩʘץ-ץʘʣʜʳץʪʘʨʳʥ, ץʦשʳʨ ʢᴇʤʽʨ, 

ʚʝʨʤʠʢʫʣʠʪ, ץʦשʳʨ ʢᴇʤʽʨʜʽ ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝ ʪװʟʽʣʝʪʽʥ ʽʰʢʽ ʘʨʰʫ ʞʳʥʳʩʪʘʨʳ ʞᴅʥʝ 

 ʙʘʣʘʥʩʪʘʥ ʪʳʩ ʜʦʣʦʤʠʪʪʝʣʛʝʥ שʩʘʡ ʢʝʥ ʦʨʥʳʥʳץɸ שʘʨʘʪʘʫ ʙʘʩʩʝʡʥʽʥʽפ

ʬʦʩʬʦʨʠʪ ʢʝʥʜʝʨʽ, ɽʢʽʙʘʩʪײʟ ʢʝʥ ʦʨʥʳʥʳש ɾʕʆ-ʪʘ  ʢᴇʤʽʨʜʽ ʞʘסʫ ʢʝʟʽʥʜʝ 

ʪװʟʽʣʝʪʽʥ ץʘʣʜʳץʪʘʨ. 
ɹʘʩʪʘʧץʳ ʰʠʢʽʟʘʪ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ʪװʧʢʽʣʽʢʪʽ ᴇʥʽʤʥʽש ʬʠʟʠʢʦ-ʭʠʤʠʷʣʳץ 

ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʢʦʤʧʴʶʪʝʨʣʽʢ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢʝʰʝʥʽ ʙʘʨ 

ʟʘʤʘʥʘʫʠ ʘʩʧʘʧʪʘʨ ʤʝʥ ʞʘʙʜʳץʪʘʨʜʘ, ʩʦʥʜʘʡ-ʘץ ʩʦסשʳ ʞʳʣʜʘʨʜʘסʳ 

ʥʦʨʤʘʪʠʚʪʽʢ-ʪʝʭʥʠʢʘʣʳײץ ץʞʘʪʪʘʤʘʣʘʨʜʳ ץʦʣʜʘʥʫʤʝʥ ʞװʨʛʽʟʽʣʜʽ. 

ʄʠʥʝʨʘʣʜʳ ײץʨʘʤʜʳ ʟʝʨʪʪʝʫ ʙʘʣʘʥʩʪʳץ ʩʫʪʝʢʪʝʥʜʽʨʽʣʛʝʥ ʢʘʨʙʦʥʘʪʪʳ-

ʢʨʝʤʥʠʡʣʽ ʬʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪ ʄʠʥ-8 ʞᴅʥʝ ʄʠʥ-9 (ɺʝʥʛʨʠʷ) ʤʠʢʨʦʩʢʦʧʳʥʜʘ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. 

ʈʝʥʪʛʝʥʜʽʢ ʬʘʟʘʣʳץ ʪʘʣʜʘʫʜʳ D8 Advance (Bruker), CU-Ka 

ʘʧʧʘʨʘʪʳʥʜʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʜʘ ʘʣʳʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽʥ ᴇשʜʝʫʤʝʥ 

ʞᴅʥʝ EVA ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʩʳʥʳש ʢᴇʤʝʛʽʤʝʥ ʞʘʟʳץʪʳץʘʨʘʣʳץ 

 ʩʽʨʜʽ. ʌʘʟʘʣʘʨʜʳ ʽʟʜʝʫʤʝʥ ʩʳʥʘʤʘʣʘʨʜʳװʪʘʨʜʳ ʝʩʝʧʪʝʫʤʝʥ ʪץʪʳץʘʰʳץ

ʜʝʢʦʜʪʘʫ PDF-2 (ICDD) ײʥʪʘץʪʳ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷʣʳץ ʤᴅʣʽʤʝʪʪʝʨ ʙʘʟʘʩʳʥ 

ʽʟʜʝʫ/ʩᴅʡʢʝʩʪʝʥʜʽʨʫ ʙʘסʜʘʨʣʘʤʘʩʳ ʙʦʡʳʥʰʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. ɾʘʨʪʳʣʘʡ 

ʩʘʥʜʳץ ʪʘʣʜʘʫ ץʘʪʝʣʽʛʽ ʰʘʤʘʤʝʥ 20% ײץʨʘʜʳ. 

-ʪʘʣʜʘʫʳ  Xpertpro ץʨʝʥʪʛʝʥʜʽʢ ʬʘʟʘʣʳ שʦʩʧʘ ʩʳʥʘʤʘʣʘʨʳʥʳפ

Panalitical ʜʠʬʨʘʢʪʦʤʝʪʨʽ, װʣʛʽʛʝ ʨʝʥʪʛʝʥ ʩᴅʫʣʝʣʝʨʽʥʽש ʪᴇʤʝʥ ʪװʩʫ 

ʙײʨʳʰʪʘʨʳʥʜʘסʳ ʨʝʬʣʝʢʪʦʤʝʪʨʠʷʣʳץ ץʠʩʳץʪʘʨʜʳ ʞʘʟʫ ʦʨʳʥʜʘʣʜʳ. 

ʂʨʠʩʪʘʣʜʘʨʜʘסʳ ʨʝʥʪʛʝʥ ʩᴅʫʣʝʣʝʨʽʥʽש ʩʳʥʫ ʢʦʵʬʬʠʮʠʝʥʪʽ ʘʣʪʳʥʰʳ ʦʥʜʳץ 

ʙᴇʣʰʝʢʪʝ ʙʽʨʥʝʰʝ ʙʽʨʣʽʢʢʝ ʘʟ, ʩʦʥʜʳץʪʘʥ ʨʝʥʪʛʝʥ ʩᴅʫʣʝʣʝʨʽʥʽש ʢʨʠʪʠʢʘʣʳץ 

ʙײʨʳʰʪʳש ʤᴅʥʽʥʝʥ ʪᴇʤʝʥ ʪʦʣʳץ ʩʳʨʪץʳ ʰʘסʳʣʳʩʫʳ ʙʘʡץʘʣʘʜʳ (q ʩ = 0.22 Á Si 

 ʤᴅʥʜʝʨʽʥʝʥ ץʢʨʠʪʠʢʘʣʳ שʨʳʰʪʘʨʜʳײʰʽʥ). ɹװ ʰʽʥ ʞᴅʥʝ q ʩ =0.31 Á GaAsװ

ʞʦסʘʨʳ ʨʝʬʣʝʢʪʦʤʝʪʨʠʷʣʳץ ʤʘʢʩʠʤʫʤʜʘʨ ʞװʡʝʩʽ ʙʘʡץʘʣʘʜʳ, ʦʥʳש ʢᴇʤʝʛʽʤʝʥ 

ʵʧʠʪʘʢʩʠʘʣʜʳ ץʘʙʘʪʪʘʨʜʳץ שʘʣʳשʜʳסʳʥ ʜʘ, ᴇʪʧʝʣʽ ץʘʙʘʪʪʘʨʜʳץ שʘʣʳשʜʳסʳʥ ʜʘ 

0.1 ʥʤ ʜᴅʣʜʽʢʧʝʥ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ. 

 ʪʘʣʜʘʫʳ STA 449 F3 Jupiter ʩʠʥʭʨʦʥʜʳ ץʪʝʨʤʠʷʣʳ שʣʛʽʣʝʨʜʽת

ʪʝʨʤʠʷʣʳץ ʪʘʣʜʘʫ ײץʨʘʣʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ. פʳʟʜʳʨʘʨ ʘʣʜʳʥʜʘ ʧʝʰ ʢʝשʽʩʪʽʛʽ ץʦʣ 

ʞʝʪʢʽʟʽʣʛʝʥ ʚʘʢʫʫʤ ʜʝשʛʝʡʽʥʝ ʜʝʡʽʥ ~ 92% ʩʦʨʳʣʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ʠʥʝʨʪʪʽ ʛʘʟʙʝʥ 

 ʘʥסʘʨʳ ʪʘʟʘʨʪʳʣסʨʛʽʟʽʣʜʽ, ʞʦװʧʝʥ ʞץʨʣʝʥʜʽ. ɾʳʣʳʪʫ 100ʩ/ʤʠʥ ʞʳʣʜʘʤʜʳװ

ʘʨʛʦʥ ʘʪʤʦʩʬʝʨʘʩʳʥʜʘ ʞᴅʥʝ 120ʩ/ʤʠʥ ʩʘʣץʳʥʜʘʪʫ ʞʘʩʘʣʜʳ. STA 449 F3 Jupiter 

ʢᴇʤʝʛʽʤʝʥ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ ᴇשʜʝʫ çnetzschproteusè ʙʘסʜʘʨʣʘʤʘʣʳץ 

ʞʘʩʘץʪʘʤʘʩʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. 

ʀפ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʭ) ᴅʜʽʩʽʤʝʥ ʩʳʥʘʤʘʣʘʨʜʳ ʟʝʨʪʪʝʫ "Avatar 370 CSI" 

ʀפ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʽʥʜʝ, 4000-300 ʩʤ ʩʧʝʢʪʨʣʽʢ ʜʠʘʧʘʟʦʥʳʥʜʘ ʦʨʳʥʜʘʣʜʳ. 
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 ץʟʝʨʪʪʝʫ ʄʠʥ-8 ʞᴅʥʝ ʄʠʥ-9 ʦʧʪʠʢʘʣʳ ץʣʛʽʣʝʨʜʽ ʧʝʪʨʦʛʨʘʬʠʷʣʳת

ʤʠʢʨʦʩʢʦʧʳʥʜʘ ᴇʪʢʽʟʽʣʛʝʥ ʞʘʨʳץʪʘ ʠʤʤʝʨʩʠʷʣʳץ ʧʨʝʧʘʨʘʪʪʘʨʜʳ ʟʝʨʪʪʝʫʤʝʥ 

ʞװʨʛʽʟʽʣʜʽ. 

ʄʠʥ-8 ʞᴅʥʝ ʄʠʥ-9 ʬʦʩʬʘʪ-ʢʨʝʤʥʠʡʣʽ װʣʛʽʣʝʨʽʥʽש ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʷʩʳʥ, 

ʩʦʥʜʘʡ-ʘץ ʵʣʝʤʝʥʪʪʝʨʜʽש ʤʠʢʨʦʢʝשʽʩʪʽʢʪʝ ʪʘʨʘʣʫʳʥ ʟʝʨʪʪʝʫ ʩʢʘʥʠʨʣʝʫʰʽ 

ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʠʷ (SEM) ʞᴅʥʝ ʦʥʳʤʝʥ ץʘʪʘʨ ʞװʨʝʪʽʥ ʵʥʝʨʛʠʷ-

ʜʠʩʧʝʨʩʠʷʣʳץ ʨʝʥʪʛʝʥʜʽʢ ʪʘʣʜʘʫ (EDS) ᴅʜʽʩʽʤʝʥ ʞװʨʛʽʟʽʣʜʽ. ɿʝʨʪʪʝʫʣʝʨ JEOL 

JSM-6490LV (ɾʘʧʦʥʠʷ) ʤʠʢʨʦʩʢʦʧʳʥʜʘ, Oxford INCA Energy 350 

ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳץ ʞװʡʝʩʽʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ ײץʨʘʣʜʘ ʞװʨʛʽʟʽʣʜʽ. 

ɸʥʘʣʠʟ ʘʣʜʳʥʜʘ װʣʛʽʣʝʨʛʝ ʩʪʘʥʜʘʨʪʪʳ ʤʝʪʘʣʣʠʟʘʮʠʷ ʞװʨʛʽʟʽʣʜʽ ð 

ʚʘʢʫʫʤʜʳץ ʙװʨʢʫ ץʦʥʜʳʨסʳʩʳʥʜʘ ץʘʣʳשʜʳסʳ ʰʘʤʘʤʝʥ 15 ʥʤ ʙʦʣʘʪʳʥ 

ʵʣʝʢʪʨᴇʪʢʽʟʛʽʰ ʢᴇʤʽʨʪʝʢ ץʘʙʘʪʳ ʙװʨʢʝʣʜʽ. ɹײʣ ʰʘʨʘ ʜʠʵʣʝʢʪʨʠʢʪʝʨʜʽש ʟʘʨʷʜʪʘʣʫ 

ᴅʩʝʨʽʥ ʙʦʣʜʳʨʤʘʫ װʰʽʥ ץʘʞʝʪ ʙʦʣʜʳ ʞᴅʥʝ ʞʦסʘʨʳ ʚʘʢʫʫʤ ʨʝʞʠʤʽʥʜʝ ʟʝʨʪʪʝʫ 

ʞװʨʛʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ɹʝʡʥʝʣʝʨ 20 ʢɺ װʜʝʪʢʽʰ ʢʝʨʥʝʫ ʤʝʥ 1 ʥɸ ʟʦʥʜ 

ʪʦʛʳʥʜʘ ʘʣʳʥʜʳ. SEI (ʝʢʽʥʰʽʣʽʢ ʵʣʝʢʪʨʦʥʜʘʨ) ʨʝʞʠʤʽ װʣʛʽ ʙʝʪʽʥʜʝʛʽ 

ʤʠʢʨʦʨʝʣʴʝʬʪʽ ʢᴇʨʩʝʪʫ װʰʽʥ, ʘʣ BEI (ץʘʡʪʘʨʳʣסʘʥ ʵʣʝʢʪʨʦʥʜʘʨ) ʨʝʞʠʤʽ 

ʘʪʦʤʜʳץ ʥʦʤʝʨ ʙʦʡʳʥʰʘ ʬʘʟʘʣʳץ ʢʦʥʪʨʘʩʪʪʳ ʢᴇʨʩʝʪʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʜʳ. 

ʄײʥʜʘʡ ʞʘסʜʘʡʜʘ ʢʝשʽʩʪʽʢʪʽʢ ʘʞʳʨʘʪʫ ץʘʙʽʣʝʪʽ ʰʘʤʘʤʝʥ 3.0 ʥʤ ײץʨʘʜʳ, ʙײʣ 

ʩʫʙʤʠʢʨʦʥʜʳץ ʪװʡʽʨʰʽʢʪʝʨ ʤʝʥ ʙʝʪʢʽ ʛʝʪʝʨʦʛʝʥʜʽʣʽʢʪʝʨʜʽ ʢᴇʨʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʜʽ. 

ʕʣʝʤʝʥʪʪʽʢ ײץʨʘʤʜʳ ʩʘʥʜʳץ ʞᴅʥʝ ʞʘʨʪʳʣʘʡ ʩʘʥʜʳץ ʙʘסʘʣʘʫ װʰʽʥ 20 ʤʢʤ 

ʘʧʝʨʪʫʨʘʜʘ ʥװʢʪʝʣʽʢ ʞᴅʥʝ ʢʘʨʪʦʛʨʘʬʠʷʣʳץ EDS-ʪʘʣʜʘʫ ʨʝʞʠʤʽ ץʦʣʜʘʥʳʣʜʳ. 

ɼʝʪʝʢʪʠʨʣʝʫ ʙʦʨʜʘʥ (B) ʫʨʘʥסʘ (U) ʜʝʡʽʥʛʽ ʵʣʝʤʝʥʪʪʝʨʜʽ ץʘʤʪʳʜʳ. ʅʝʛʽʟʛʽ 

ʘʥʳץʪʘʣסʘʥ ʵʣʝʤʝʥʪʪʝʨ ʤʳʥʘʣʘʨ ʙʦʣʜʳ: Ca, P ð ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪʬʘʟʘʩʳ, Si, 

Al ð ʢʨʝʤʥʝʟʝʤʜʽʢ ʞᴅʥʝ ʛʣʠʥʠʩʪʽʢ ʢʦʤʧʦʥʝʥʪʪʝʨ, Mg, Fe ð ʜʦʣʦʤʠʪ ʞᴅʥʝ 

ʪʝʤʽʨʣʽ ץʦʩʧʘʣʘʨ, C, O ð ʦʨʛʘʥʠʢʘʣʳץ ʤʘʪʨʠʮʘ, ʢʘʨʙʦʥʘʪʪʘʨ ʤʝʥ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨ. 

ᴄʨ װʣʛʽ װʰʽʥ ʵʣʝʤʝʥʪʪʽʢ ʪʘʨʘʣʫ ʢʘʨʪʘʣʘʨʳ (mapping) ʞʘʩʘʣʜʳ. ɹײʣ 

ʬʦʩʬʘʪ ʧʝʥ ʢʨʝʤʥʝʟʝʤʥʽש ʘʩʩʦʮʠʘʮʠʷʣʘʥʫ ʘʡʤʘץʪʘʨʳʥ ʘʥʳץʪʘʫסʘ ʞᴅʥʝ P/Si 

 ʜʘʫʜʘשʜʝʫ ᴅʜʽʩʽʥ ʪʘשʣ ʰʠʢʽʟʘʪʪʳ ᴇײʤʢʽʥʜʽʢ ʙʝʨʜʽ ð ʙװʘ ʤסʘʣʘʫסʘʪʳʥʘʩʳʥ ʙʘץ

ʘʩʘ ʤʘשʳʟʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʽʨ װʣʛʽʥʽש ʬʘʟʘʣʳץ ʰʝʢʘʨʘʩʳ ʙʦʡʳʤʝʥ 

ʩʳʟʳץʪʳץ EDS-ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʽʧ, ʩʠʣʠʢʘʪʪʳץ ʬʘʟʘʜʘʥ ʘʧʘʪʠʪʪʽʢ ʬʘʟʘסʘ 

ʙʽʨʪʽʥʜʝʧ ᴇʪʝʪʽʥ ʛʨʘʜʠʝʥʪʪʽ ʢᴇʰʫ ʨʘʩʪʘʣʜʳ, ʙײʣ ʤʠʥʝʨʘʣʜʘʥסʘʥ ʩʣʘʥʝʮʪʝʨ װʰʽʥ 

ʪᴅʥ ʩʠʧʘʪ. 

SEMïEDS ʥᴅʪʠʞʝʣʝʨʽ ʦʧʪʠʢʘʣʳץ ʞᴅʥʝ ʨʝʥʪʛʝʥʦʬʘʟʘʣʳץ ʜʠʘʛʥʦʩʪʠʢʘ 

ʤᴅʣʽʤʝʪʪʝʨʽʥ ʥʘץʪʳʣʘʡʜʳ ʞᴅʥʝ װʣʛʽʣʝʨʜʽש ʞʦסʘʨʳ ʜʠʩʧʝʨʩʪʽʣʽʢʧʝʥ ʞᴅʥʝ 

ʤʠʥʝʨʘʣʦʛʠʷʣʳץ ʢװʨʜʝʣʽʣʽʢʧʝʥ ʩʠʧʘʪʪʘʣʘʪʳʥ ʛʝʪʝʨʦʬʘʟʘʣʳײץ ץʨʳʣʳʤʳʥ ʘʡץʳʥ 

ʢᴇʨʩʝʪʝʜʽ. 

ʊʫʢʦץʦʩʧʘ ײץʨʘʤʳʥʘ ʢʽʨʝʪʽʥ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʥʝʛʽʟʛʽ ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥ 

ʘʥʳץʪʘʫ װʰʽʥ ʟʘʤʘʥʘʫʠ ʘʩʧʘʧʪʳץ ᴅʜʽʩʪʝʨ ץʦʣʜʘʥʳʣʳʧ, ʢʝʰʝʥʜʽ ʭʠʤʠʷʣʳץ 

ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ. 

ʊʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ װʣʛʽʣʝʨ ʢʝʣʝʩʽ ʨʝʪʪʽʣʽʢʧʝʥ ʜʘʡʳʥʜʘʣʜʳ: 105 ÁC 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪײʨʘץʪʳ ʤʘʩʩʘסʘ ʜʝʡʽʥ ʢʝʧʪʽʨʽʣʜʽ, ʜʽʨʽʣʤʝʣʽ ʜʠʽʨʤʝʥʜʝ 0.063 ʤʤ-

ʜʝʥ ʢʽʰʽ ʙᴇʣʰʝʢʢʝ ʜʝʡʽʥ ʤʘʡʜʘʣʘʥʜʳ, ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʤʝʥ ʝʣʝʢʪʝʥ ᴇʪʢʽʟʫ 

ʘʨץʳʣʳ ʘʥʘʣʠʪʠʢʘʣʳץ ʩʘʣʤʘץ ʘʣʳʥʜʳ. 
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ʆʢʩʠʜʪʝʨʜʽש (SiO , Al O , CaO, MgO, Fe O , K O, Na O, SO  ʞᴅʥʝ ʪ.ʙ.) 

ʤʘʩʩʘʣʳװ ץʣʝʩʽʥ ʘʥʳץʪʘʫ Axios Advanced (PANalytical) ʨʝʥʪʛʝʥʬʣʫʦʨʝʩʮʝʥʪʪʽʢ 

ʩʧʝʢʪʨʦʤʝʪʨʽʥʜʝ ʞװʨʛʽʟʽʣʜʽ. תʣʛʽʣʝʨ (3ï4 ʛ) ʙʦʨ ʥʝʛʽʟʽʥʜʝ ʪʘʙʣʝʪʢʘ ʪװʨʽʥʜʝ 

ʧʨʝʩʪʝʣʜʽ. ʂʘʣʠʙʨʣʝʫ װʰʽʥ ʤʝʤʣʝʢʝʪʪʽʢ ʩʝʨʪʠʬʠʢʘʪʪʘʣסʘʥ ʩʪʘʥʜʘʨʪʪʳ װʣʛʽʣʝʨ 

(ɻʉʆ) ץʦʣʜʘʥʳʣʜʳ. ʂʦʥʮʝʥʪʨʘʮʠʷʣʘʨʳ 1ï50% ʘʨʘʣʳסʳʥʜʘ ʙʦʣʘʪʳʥ ʵʣʝʤʝʥʪʪʝʨ 

 .ʘʪʝʣʽʢ Ñ5%-ʪʝʥ ʘʩʧʘʜʳץ ʰʽʥװ

ʊʠʪʨʠʤʝʪʨʠʷʣʳץ ʞᴅʥʝ ʛʨʘʚʠʤʝʪʨʠʷʣʳץ ᴅʜʽʩʪʝʨ ï P O  ʤᴇʣʰʝʨʽ 

ʤʦʣʠʙʜʝʥ ᴅʜʽʩʽʤʝʥ ʘʥʳץʪʘʣʜʳ: ʬʦʩʬʦʤʦʣʠʙʜʘʪʪʳ ʢʝʰʝʥʜʽ ʪײʥʙʘסʘ ʪװʩʽʨʽʧ, ʦʥʳ 

ʢᴇʢ ʪװʩʢʝ ʜʝʡʽʥ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʘʨץʳʣʳ. CaO ʞᴅʥʝ MgO ʤᴇʣʰʝʨʽ 

ʢʝʰʝʥʦʥʦʤʝʪʨʠʷʣʳץ ᴅʜʽʩʧʝʥ, ʠʥʜʠʢʘʪʦʨʣʘʨ (ʤʫʨʝʢʩʠʜ, ʵʨʠʭʨʦʤ T) ʘʨץʳʣʳ 

ʘʥʳץʪʘʣʜʳ. ʂᴇʤʽʨʪʝʢ ʤᴇʣʰʝʨʽ (ʦʨʛʘʥʠʢʘʣʳץ ʞᴅʥʝ ʙʝʡʦʨʛʘʥʠʢʘʣʳץ) ʤʫʬʝʣʴʜʽ 

ʧʝʰʪʝ 900 ÁC-ʪʘ ʢװʡʜʽʨʽʧ, ʤʘʩʩʘ ʞʦסʘʣʪʫ (LOI ï loss on ignition) ᴅʜʽʩʽʤʝʥ 

ᴇʣʰʝʥʜʽ. 

ʆʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨʜʳש ʵʣʝʤʝʥʪʪʽʢ ײץʨʘʤʳ ץʦשʳʨ ʢᴇʤʽʨ ʤʝʥ 

ʘʨʰʳʥʜʳ ʞʳʥʳʩʪʘʨʜʘסʳ C, H, N ʞᴅʥʝ S ʵʣʝʤʝʥʪʪʝʨʽ vario EL cube (Elementar, 

ɻʝʨʤʘʥʠʷ) ʵʣʝʤʝʥʪʪʽʢ ʘʥʘʣʠʟʘʪʦʨʳʥʜʘ ʘʥʳץʪʘʣʜʳ. תʣʛʽʣʝʨ ʦʪʪʝʢ ʦʨʪʘʩʳʥʜʘ 

ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞʘʥʜʳʨʳʣʳʧ, ʪװʟʽʣʛʝʥ ʛʘʟʜʘʨ (CO , H O, NO , SO ) 

ʪʽʨʢʝʣʜʽ. 

ɸʪʦʤʜʳץ-ʘʙʩʦʨʙʮʠʷʣʳץ ʩʧʝʢʪʨʦʤʝʪʨʠʷ (AAS) ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽ 

ʘʥʳץʪʘʫ AA-7000 (Shimadzu, ɾʘʧʦʥʠʷ) ʘʪʦʤʜʳץ-ʘʙʩʦʨʙʮʠʷʣʳץ 

ʩʧʝʢʪʨʦʤʝʪʨʽʥʜʝ ʞװʨʛʽʟʽʣʜʽ. תʣʛʽʣʝʨ ʘʣʜʳʥ ʘʣʘ HClïHNO  ʦʩʧʘʩʳʥʜʘץ (3:1) 

 ʫʳʩץ ,ʝʨʽʪʽʥʜʽʛʝ ᴇʪʢʽʟʽʣʜʽ. ʊʘʣʜʘʫ ʘʮʝʪʠʣʝʥïʘʫʘ ʞʘʣʳʥʳʥʜʘ ץʳʣʜʳץʳʰץ

ʢʘʪʦʜʪʳ ʰʘʤʤʝʥ ʞװʨʛʽʟʽʣʜʽ. ᴄʜʽʩʪʽש ʩʝʟʽʤʪʘʣʜʳסʳ ï 0.01 ʤʛ/ʢʛ ʜʝʡʽʥ. 

ɹʘʨʣʳץ ᴇʣʰʝʤʜʝʨ װʰ ʨʝʪ ץʘʡʪʘʣʘʥʳʧ, ʥᴅʪʠʞʝʣʝʨʽ ʘʨʠʬʤʝʪʠʢʘʣʳץ ʦʨʪʘʰʘ 

ʤᴅʥ ʨʝʪʽʥʜʝ ʩʪʘʥʜʘʨʪʪʳ ʘʫʳʪץʫʤʝʥ ʢᴇʨʩʝʪʽʣʜʽ. ɼᴅʣʜʽʢʪʽ ʙʘץʳʣʘʫ װʰʽʥ 

ʩʝʨʪʠʬʠʢʘʪʪʘʣסʘʥ ʩʪʘʥʜʘʨʪʪʳ װʣʛʽʣʝʨ (ʉʆ-19, ʉʆ-50 ʞᴅʥʝ ʪ.ʙ.) ʪײʨʘץʪʳ ʪװʨʜʝ 

ʪʝʢʩʝʨʽʣʜʽ. 

  

2.2 ʌʦʩʬʦʨ ᴇʥʜʽʨʽʩʽʥʽש ʪʝʭʥʦʛʝʥʜʽʢ ʨʝʩʫʨʩʪʘʨʳ  

 ʙʘʣʘʥʩʪʘʥ ʪʳʩ שʩʘʡ ʢʝʥ ʦʨʥʳʥʳץʘʥʜʘ ɸץʘʪʘʧ ʘʡʪ ,שʘʨʘʪʘʫ ʙʘʩʩʝʡʥʽʥʽפ

ʢʘʨʙʦʥʘʪʪʳ-ʢʨʝʤʥʠʡʣʽ ʬʦʩʬʘʪ ʰʠʢʽʟʘʪʳʥʳש ʤʠʥʝʨʘʣʜʳ ʞᴅʥʝ ʭʠʤʠʷʣʳץ 

 .ʩʳʥʘʤʘʣʘʨ ʘʣʳʥʜʳ ץʘ ʞʫʳס-ʳ 200 ʢʛסʰʽʥ ʞʘʣʧʳ ʩʘʣʤʘװ ʪʘʫץʨʘʤʳʥ ʘʥʳײץ

ɸץʩʘʡ ʬʦʩʬʦʨʠʪʪʽ ʢʝʥ ʦʨʥʳ - ɾʘʤʙʳʣ ʦʙʣʳʩʳʥʘ ץʘʨʘʩʪʳ ʊʘʣʘʩ 

ʘʫʜʘʥʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ.  ʂʝʥ ʦʨʳʥ פʘʨʘʪʘʫ ʬʦʩʬʦʨʠʪʪʽ ʘʣʘʙʳ ײץʨʘʤʳʥʘ ʢʽʨʝʜʽ. 

ʂʝʥ ʦʨʥʳʥʳײ שʟʳʥʜʳסʳ 8ʢʤ, ʝʥʽ 100ʤ. ɸץʩʘʡ ʢʝʥ ʦʨʥʳʥʘ 1951-1956 ʞʳʣʜʘʨʳ 

ʙʘʨʣʘʫ ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʛʝʥ.  ɸʣ 1959-1987 ʞʳʣʜʘʨʳ ʘʰʳץ ʢʝʥʽʰ ᴅʜʽʩʽʤʝʥ 

ʠʛʝʨʽʣʜʽ. 1987 ʞʳʣʜʘʥ ʙʘʩʪʘʧ ʢʝʥʪʘʩ ʞʝʨ ʘʩʪʳʥʜʘסʳ ʢʝʥʽʰʪʝʥ ᴇʥʜʽʨʽʣʝʜʽ.  

ʆʥʳ 1938 ʞʳʣʳ ʛʝʦʣʦʛʪʘʨ   ʇ.ʃ. ɹʝʟʨʫʢʦʚ ʧʝʥ ɹ.ʄ. ɻʠʤʤʝʣʴʬʘʨʙ ʘʰץʘʥ 

[32]. ɻʝʦʣʦʛʠʷʣʳײץ ץʨʳʣʳʤʳ, ײץʨʘʤʳ ʞʘסʳʥʘʥ ɸץʩʘʡ ʬʦʩʬʦʨʠʪʪʝʨʽ ʢʝʥ ʦʨʥʳ 

ʪᴇʤʝʥʛʽ ʢʝʤʙʨʠʡʛʝ ʞʘʪʘʪʳʥ ʐʦʣʘץʪʘʫ ʰʦסʳʨʣʘʨʳʥʘʥ ʪײʨʘʜʳ. ɹײʣ ʰʦסʳʨʜʳש 

ʪᴇʤʝʥʛʽ ʢʝʥʪʘʩʩʳʟ ʙᴇʣʽʛʽ ʰʘץʧʘץʪʘʩʪʳ ʜʦʣʦʤʠʪʪʝʨ ʤʝʥ ʜʦʣʦʤʠʪʪʽ ᴅʢʪʘʩʪʘʨʜʘʥ 

 (ʳ 3-10 ʤסʜʳשʘʣʳץ) ʪʘʩʪʘʨʜʘʥץʧʘץʞᴅʥʝ ʬʦʩʬʦʨʠʪʪʽ ʰʘ (ʳ 3-15 ʤסʜʳשʘʣʳץ)

 ʳ 1,5-12 ʤ, ʬʦʩʬʦʨסʜʳשʘʣʳץ שʘʡʩʳʩʳʥʳץʘʨʳ ᴅʨסʣʘʨʜʘʥ ʞʦײʘʥ. ɹסʨʘʣײץ

ʘʥʛʠʜʨʠʜʽʥʽש (ʈ2ʆ5) ʦʨʪʘ ʤᴇʣʰʝʨʽ 20-27% 4 ʢʝʥʪʘʩ ץʘʙʘʪʳ ʙʘʨ, ʦʣʘʨʜʳש 

ʣʠʪʦʣʦʛʠʷʣʳײץ ץʨʘʤʳ ʥʝʛʽʟʽʥʝʥ ʬʦʩʬʘʪʪʳ, ʰʘץʧʘץʪʘʩʪʳ, ʢʘʨʙʦʥʘʪʪʳ ʙʦʣʳʧ 
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ʢʝʣʝʜʽ.  

2.1-ʢʝʩʪʝʜʝ ʜʦʣʦʤʠʪʪʝʣʛʝʥ ʢʘʨʙʦʥʘʪʪʳ-ʢʨʝʤʥʠʡʣʽ ʬʦʩʬʘʪ ʰʠʢʽʟʘʪʳ 

 ʩʽʨʽʣʽʤʽװʨʘʤʳ, 2.1-ʩʫʨʝʪʪʝ ʉʕʄ-ʕɼʉ ʪײץ ץʭʠʤʠʷʣʳ שʪʘʨʳʥʳץʘʣʜʳץ

ʢᴇʨʩʝʪʽʣʛʝʥ.  

 

ʂʝʩʪʝ 2.1 - ɼʦʣʦʤʠʪʪʝʣʛʝʥ ʢʘʨʙʦʥʘʪʪʳ-ʢʨʝʤʥʠʡʣʽ ʬʦʩʬʘʪ ʰʠʢʽʟʘʪʳ 

 ʨʘʤʳ (n=3)ײץ ץʭʠʤʠʷʣʳ שʪʘʨʳʥʳץʘʣʜʳץ

 
ʂʦʤʧʦʥʝʥʪ ײפʨʘʤʳ (%) 

P O 15ï20 

CaO 30ï40 

MgO 5ï10 

SiO 10ï20 

Al O 2ï5 

Fe O 1ï3 

CO 15ï25 

ɹʘʩץʘʣʘʨʳ <2 

 

 
  

ʉʫʨʝʪ 2.1 - ɼʦʣʦʤʠʪʪʝʣʛʝʥ ʢʘʨʙʦʥʘʪʪʳ-ʢʨʝʤʥʠʡʣʽ ʬʦʩʬʘʪ ʰʠʢʽʟʘʪʳ 

 ʩʽʨʽʣʽʤʽװʉʕʄ-ʕɼʉ ʪ שʪʘʨʳʥʳץʘʣʜʳץ

 

ɹʝʨʽʣʛʝʥ ʉʕʄïʕɼʉ (ʩʢʘʥʝʨʣʝʡʪʽʥ ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʠʷ ʤʝʥ 

ʵʥʝʨʛʠʷ-ʜʠʩʧʝʨʩʠʷʣʳץ ʩʧʝʢʪʨʦʩʢʦʧʠʷ) ʥᴅʪʠʞʝʣʝʨʽ ʜʦʣʦʤʠʪʪʝʣʛʝʥ ʢʘʨʙʦʥʘʪ-

ʢʨʝʤʥʠʡ-ʬʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪʪʳש ʢװʨʜʝʣʽ ʤʠʥʝʨʘʣʜʳץ ʞᴅʥʝ ʵʣʝʤʝʥʪʪʽʢ ײץʨʘʤʳʥ 

ʢᴇʨʩʝʪʪʽ. ʕʣʝʢʪʨʦʥʜʳץ ʢʝʩʢʽʥʥʝʥ ʤʘʪʝʨʠʘʣʜʳש ʤʠʢʨʦײץʨʳʣʳʤʳ ʘʡץʳʥ ʢᴇʨʽʥʝʜʽ 

ð ʙײʣ ʛʝʪʝʨʦʛʝʥʜʽ, ʜᴅʥʜʽ ײץʨʳʣʳʤ, ײץʨʘʤʳʥʜʘ ײʩʘץ ʢʨʠʩʪʘʣʜʳץ ʞᴅʥʝ ʘʤʦʨʬʪʳ 

ʬʘʟʘʣʘʨ ʙʘʨ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ð ʬʦʩʬʘʪʪʳץ, ʢʘʨʙʦʥʘʪʪʳץ ʞᴅʥʝ 

ʢʨʝʤʥʝʟʝʤʜʽ ʬʘʟʘʣʘʨʜʳש ʘʨʘʣʘʩʫʳʥʳש ʜᴅʣʝʣʽ. 

ʕɼʉ ʩʧʝʢʪʨʽʥʜʝ ʢʝʣʝʩʽ ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʝʨ ʘʥʳץʪʘʣʜʳ: ʢʘʣʴʮʠʡ (Ca), 

ʬʦʩʬʦʨ (P), ʤʘʛʥʠʡ (Mg), ʢʨʝʤʥʠʡ (Si), ʘʣʶʤʠʥʠʡ (Al), ʪʝʤʽʨ (Fe), ʦʪʪʝʛʽ (O) 

ʞᴅʥʝ ʢᴇʤʽʨʪʝʢ (C). ɹײʣ ʵʣʝʤʝʥʪʪʝʨʜʽש ʙʦʣʫʳ ʤʘʪʝʨʠʘʣʜʳש ʬʦʩʬʘʪʪʳ ʞᴅʥʝ 

ʢʘʨʙʦʥʘʪʪʳ ʪʘʙʠסʘʪʳʥ ʨʘʩʪʘʡʜʳ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʬʦʩʬʦʨ ʤʝʥ ʢʘʣʴʮʠʡʜʽש 

ʞʦסʘʨʳ ʰʦץʪʘʨʳ ʘʧʘʪʠʪʪʽש ʙʦʣʫʳʥ ʨʘʩʪʘʡʜʳ (Ca (PO ) (OH,F,Cl)), ʘʣ Mg ʞᴅʥʝ 

Ca ʧʠʢʪʝʨʽ ʜʦʣʦʤʠʪ (CaMg(CO ) ) ʧʝʥ ʢʘʣʴʮʠʪ (CaCO  .ʨʘʤʳʥ ʢᴇʨʩʝʪʝʜʽײץ (

ʉʦʥʳʤʝʥ ץʘʪʘʨ Si ʞᴅʥʝ Al ʰʦץʪʘʨʳ ʢʚʘʨʮ ʧʝʥ ʛʣʠʥʠʩʪ ʤʠʥʝʨʘʣʜʘʨʜʳש 

(ʤʳʩʘʣʳ, ʢʘʦʣʠʥʠʪ) ʙʦʣʫʳʥ ʙʽʣʜʽʨʝʜʽ. 
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ʊʝʤʽʨʜʽש (Fe) ʞᴅʥʝ ʪʠʪʘʥʥʳש (Ti) ʽʟʜʽʢ ʤᴇʣʰʝʨʜʝ ʙʦʣʫʳ ʪʝʤʽʨײץʨʘʤʜʳ 

 שʦʩʳʣʳʩʪʘʨʳʥʳץ ʥʝʤʝʩʝ ʪʠʪʘʥ (ʤʳʩʘʣʳ, ʩʠʜʝʨʠʪ, ʛʝʤʘʪʠʪ) שʦʩʧʘʣʘʨʜʳץ

ʙʦʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. CO  ʞʘʣʧʳ ײץʨʘʤʳ ʩʧʝʢʪʨʜʝʥ ʪʽʢʝʣʝʡ ʘʥʳץʪʘʣʤʘʡʜʳ, ʙʽʨʘץ 

ʢʘʨʙʦʥʘʪʪʳץ ʬʘʟʘʣʘʨ ʘʨץʳʣʳ ʝʩʝʧʪʝʣʽʧ, 15ï25% ʜʝשʛʝʡʽʥʜʝ ʙʘסʘʣʘʥʘʜʳ. ʕɼʉ 

ʥᴅʪʠʞʝʣʝʨʽ ʢʦʤʧʦʥʝʥʪʪʽʢ ײץʨʘʤʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ.ʈʝʥʪʛʝʥʜʽʢ ʬʘʟʘʣʳץ ᴅʜʽʩʧʝʥ 

ʟʝʨʪʪʝʣʝʪʽʥ ʩʳʥʘʤʘʣʘʨʜʳש ʤʠʥʝʨʘʣʜʳ ײץʨʘʤʳʥ ʘʥʳץʪʘʫ ʙʦʡʳʥʰʘ ʟʝʨʪʪʝʫʣʝʨ 

ʜʠʬʨʘʢʪʦʤʝʪʨʜʝ ʞװʨʛʽʟʽʣʜʽ D8 Advance (Bruker), Ŭ-Cu, ʪװʪʽʢʪʝʛʽ ʢʝʨʥʝʫ 40 ʢʚ, 

ʪʦʢ 40 ʤʘ. ɸʣʳʥסʘʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʜʝʨʝʢʪʝʨʽʥ ᴇשʜʝʫ ʞᴅʥʝ ʪʘʣʜʘʥʘʪʳʥ 

ʩʳʥʘʤʘʣʘʨʜʳש ʞʘʟʳץʪʳץ ʘʨʘʣʳץʪʘʨʳʥ ʝʩʝʧʪʝʫ EVA ʙʘסʜʘʨʣʘʤʘʣʳץ 

ʞʘʩʘץʪʘʤʘʩʳʥʳש ʢᴇʤʝʛʽʤʝʥ ʞװʨʛʽʟʽʣʜʽ. ʊʘʣʜʘʫʣʘʨʤʝʥ ʟʝʨʪʪʝʣʝʪʽʥ ʢʘʨʙʦʥʘʪʪʳ-

ʢʨʝʤʥʠʡʣʽ ʬʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪʪʳש ʨʝʥʪʛʝʥʦʬʘʟʘʣʳײץ ץʨʘʤʳ ʤʳʥʘʜʘʡ 

ʤʠʥʝʨʘʣʜʘʨʜʘʥ ʪײʨʘʪʳʥʜʳסʳ ʘʥʳץʪʘʣʜʳ ( % % ): 

ï ʢʘʨʙʦʥʘʪ ʬʪʦʨʘʧʧʘʪʠʪ - 20,27, Ca -9,55; (PO4)-4,96; F - 1,96; ʞᴅʥʝ (CO3)-1,283; 

- ʢʚʘʨʮ, SiO2 - 65,75; - ʜʦʣʦʤʠʪ CaMg(CO3)2-13,98. 

 

 

 
 

ʉʫʨʝʪ 2.2 ɼʦʣʦʤʠʪʪʝʣʛʝʥ ʢʘʨʙʦʥʘʪʪʳ-ʢʨʝʤʥʠʡʣʽ ʬʦʩʬʘʪ ʰʠʢʽʟʘʪʳ 

 ʪʘʣʜʘʫ ץʨʝʥʪʛʝʥʜʽʢ ʬʘʟʘʣʳ  שʪʘʨʳʥʳץʘʣʜʳץ

 

ʄʀʅ-8 ʞᴅʥʝ ʄʀʅ-9 ʤʠʢʨʦʩʢʦʧʳʥʳװ שʩʪʽʥʜʝʛʽ ɸץʩʘʡ ʢʝʥʽʰʽʥʽש 

ʟʝʨʪʪʝʣʝʪʽʥ ʙʘʣʘʥʩʪʘʥ ʪʳʩ ʢʝʥ ʦʨʳʥʜʘʨʳʥ ʤʠʥʝʨʘʣʜʳ-ʧʝʪʨʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ 

ʙʘʨʳʩʳʥʜʘ ײʩʘץʪʘʣסʘʥ ʩʳʥʘʤʘʥʳש ʘʰʳץ ץʦשʳʨ ʪװʩʢʝ ʠʝ ʝʢʝʥʜʽʛʽ ʞᴅʥʝ ʪᴇʤʝʥʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʜʦʣʦʤʠʪʪʝʥ, ʤװʤʢʽʥ ʢʘʣʴʮʠʪʪʝʥ, ʘʧʘʪʠʪʪʝʥ, ʢʚʘʨʮʪʘʥ, ʩʦʥʜʘʡ-ʘץ 

ʜʘʣʘ ʰʧʘʪʳʥʘʥ ʪײʨʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ.  

ʈʝʥʪʛʝʥʜʽʢ ʬʘʟʘʣʳץ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ ʘʪʘʣסʘʥ ʤʠʥʝʨʘʣʜʘʨʜʳש 

ʩʘʥʜʳץ ʘʨʘץʘʪʳʥʘʩʳ 2.1-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

  ʄʠʢʨʦʩʢʦʧʧʝʥ ʞװʨʛʽʟʽʣʛʝʥ ʪʘʣʜʘʫ ɸץʩʘʡ ʢʝʥ ʦʨʥʳʥʳש ʙʘʣʘʥʩʪʘʥ ʪʳʩ 

ʬʦʩʬʦʨʠʪʽʥʽש ʟʝʨʪʪʝʣʝʪʽʥ װʣʛʽʩʽ ʣʘʩ ץʦשʳʨ ʪװʩʪʽ, ʤᴇʣʜʽʨ ʝʤʝʩ, ʠʟʦʪʨʦʧʪʳ ʪװʩʢʝ 

ʞʘץʳʥ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ.  ʂʘʪʦʜ ʩᴅʫʣʝʣʝʨʽʥʜʝʛʽ װʣʛʽ ʢʘʨʙʦʥʘʪʪʳ ʤʠʥʝʨʘʣʜʘʨסʘ ʪᴅʥ 

ʩʘʨסʳʰ ʪװʩʧʝʥ ʞʘʨץʳʨʘʡʜʳ. 
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 ʄʠʢʨʦʩʢʦʧ ʘʩʪʳʥʜʘ ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪ(fluorapatite) ʘʥʳץʪʘʣʜʳ-

 .ʤʠʥʝʨʘʣʳ שʨʳʰʪʳ ʩʠʥʛʦʥʠʷʥʳײʪʳ ʝʤʝʩ ʘʣʪʳʙץʨʘײʨʘʤʳʥʜʘ F, Cl ʞᴅʥʝ OH ʪײץ

ɸʧʘʪʠʪʪʽװ שʣʝʩ ʩʘʣʤʘסʳ 3,1-3,2 ʛ / ʩʤ
3
 ʨʘʡʜʳ. ʌʦʩʬʦʨʠʪʪʝ ʆʅ ʪʦʙʳʥʜʘײץ 

ʨʘʜʠʘʣʜʳ-ʩᴅʫʣʝʣʽ ײץʨʳʣʳʤʥʳץ שʳʨʪʳʩʪʘʨʳ ʤʝʥ ʩʬʝʨʦʣʠʪʪʝʨʜʽ ײץʨʘʡʪʳʥ, ʩʳʥʫ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ No =1.632, Ne=1.630 ʙʦʣʘʪʳʥ ʞץײʘ ʪװʡʽʨʰʽʢʪʽ ʘʛʨʝʛʘʪ ʪװʨʽʥʜʝ 

ʙʦʣʘʜʳ.  

ʂʝʥ ʤʘʩʩʘʩʳʥʳײץ שʨʘʤʳʥʘ ʢʽʨʝʪʽʥ ɼʦʣʦʤʠʪ-ʨʦʤʙʦʵʜʨʣʽʢ ʢʨʠʩʪʘʣʜʘʨʳ 

ʙʘʨ ʪʨʠʛʦʥʘʣʴʜʳ ʩʠʥʛʦʥʠʷ ʤʠʥʝʨʘʣʳ ʞᴅʥʝ ʜʦʣʦʤʠʪ ʤʠʥʝʨʘʣʳʥʳש ʩʳʥʫ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ Nm=1.681-1.695, Np= 1.500-1.513. ɼʦʣʦʤʠʪʪʽש ʤʝʥʰʽʢʪʽ ʩʘʣʤʘסʳ 

1,8-2,9 ʛ / ʩʤ
3
 ʘʨʘʣʳסʳʥʜʘ.  ʂʘʪʦʜ ʩᴅʫʣʝʣʝʨʽʥʜʝ װʣʛʽ ʜʦʣʦʤʠʪʢʝ ʪᴅʥ ץʳʟסʳʣʪ 

ʩʘʨʳ ʪװʩʧʝʥ ʞʘʨץʳʨʘʡʜʳ. 

ɾʳʣʪʳʨʘʪʳʣסʘʥ ʙʨʠʢʝʪʪʝʛʽ ʢʝʥ ʤʠʥʝʨʘʣʜʘʨʳ 2.3-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ 

ʘʟ ʤᴇʣʰʝʨʜʝ ʧʠʨʠʪ, ʙʦʨʥʠʪ, ʭʘʣʴʢʦʟʠʥ ʞᴅʥʝ ʪʝʤʽʨ ʛʠʜʨʦʢʩʠʜʪʝʨʽʤʝʥ 

 .ʘʥסʩʳʥʳʣײ

 

 
 

ʉʫʨʝʪ 2.3 -  ʂʝʥ ʤʠʥʝʨʘʣʜʘʨʳ: 1-ʙʦʨʥʠʪ; 2-ʭʘʣʢʦʟʠʥ; 3-ʬʦʩʬʦʨʠʪʪʝʛʽ 

ʧʠʨʠʪ; 4-ʪʝʤʽʨ ʛʠʜʨʦʢʩʠʜʽ. 

 

ɸץʩʘʡ ʢʝʥ ʦʨʥʳʥʳפ ,שʘʨʘʪʘʫ ʙʘʩʩʝʡʥʽʥʽש ʙʘʣʘʥʩʪʘʥ ʪʳʩ ʬʦʩʬʘʪ 

ʰʠʢʽʟʘʪʳʥʳש ʭ ʪʘʣʜʘʫʳʥ ʟʝʨʪʪʝʫ "Avatar 370 CSI" ʩʧʝʢʪʨʦʤʝʪʨʽ, ʀפ-ʌʫʨʴʝ, 

4000-300 ʩʤ
-1
 ʩʧʝʢʪʨʣʽʢ ʜʠʘʧʘʟʦʥʳʥʜʘ 2 ʤʛ ʩʳʥʘʤʘ ʞᴅʥʝ 200 ʤʛ KBr ʧʨʝʩʪʝʫ 

ʘʨץʳʣʳ ʜʘʡʳʥʜʘʣסʘʥ ʪʘʙʣʝʪʢʘ ʪװʨʽʥʜʝ ʞװʨʛʽʟʽʣʜʽ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ, 

transmission ɽ.S. P. ʵʢʩʧʝʨʠʤʝʥʪ װʰʽʥ ʧʨʝʬʠʢʩʪʽ ץʦʣʜʘʥʫ ɸץʩʘʡ ʢʝʥ ʦʨʥʳʥʳש 

ʙʘʣʘʥʩʪʘʥ ʪʳʩ ʜʦʣʦʤʠʪʪʝʣʛʝʥ ʢʘʨʙʦʥʘʪʪ-rʢʨʝʤʥʠʡʣʽ ʬʦʩʬʘʪ ʰʠʢʽʟʘʪʳ ʤʳʥʘʜʘʡ 

ʤʠʥʝʨʘʣʜʘʨʜʘʥ ʪײʨʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ:  

- ʬʪʦʨʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪCa5 (PO4)3F ï  ʩʧʝʢʪʨʣʝʨʽ1094, 1044, 965, 604, 

577, 569 ʩʤ
-1

 

- ʢʚʘʨʮ SiO2 ï    ʩʧʝʢʪʨʣʝʨʽ 798, 779, 694, 515, 465, 397, 370 ʩʤ
-1 

 

- ʜʦʣʦʤʠʪ CaMg[CO3]2-  ʩʧʝʢʪʨʣʝʨʽ 1455, 881, 729 ʩʤ
-1 

 

- ʜʦʣʦʤʠʪ CaMg[CO3]2-  ʩʧʝʢʪʨʣʝʨʽ 1432, 881, 729 ʩʤ
-1 

 

ʉʦʥʜʘʡ ʘץ: 

- ʩʠʜʝʨʠʪ  FeCO3 ï 1432, 865 ʩʤ
-1
; 

- ʘʣʴʙʠʪ Na[AlSi3O8] ï 1164, 648, 465, 430 ʩʤ
-1
, 2.4-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 
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ʉʫʨʝʪ 2.4 - ɼʦʣʦʤʠʪʪʝʣʛʝʥ ʢʘʨʙʦʥʘʪʪʳ-ʢʨʝʤʥʠʡʣʽ ʬʦʩʬʘʪ ʰʠʢʽʟʘʪʳ 

 ʳʟʳʣ ʩʧʝʢʪʨʽץʠʥʬʨʘ שʪʘʨʳʥʳץʘʣʜʳץ

 

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʨʜʘʥ ʙʘʩץʘ, Paulik ï Paulik, Erdey (ʄʆʄ, ɺʝʥʛʨʠʷ) 

ʜʝʨʠʚʘʪʦʛʨʘʬʳʥʜʘ ɸץʩʘʡ ʢʝʥ ʦʨʥʳʥʳש ʙʘʣʘʥʩʪʘʥ ʪʳʩ ʜʦʣʦʤʠʪʪʝʣʛʝʥ 

ʢʘʨʙʦʥʘʪʪʳ-ʢʨʝʤʥʠʡʣʽ ʬʦʩʬʘʪ ʰʠʢʽʟʘʪʳʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ-ʪʝʨʤʠʷʣʳץ ʪʘʣʜʘʫ 

ʞװʨʛʽʟʽʣʜʽ. ɼʠʬʬʝʨʝʥʮʠʘʣʜ  r ʪʝʨʤʠʷʣʳץ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ 2.5-ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 

 
  

ʉʫʨʝʪ 2.5- ɼʦʣʦʤʠʪʪʝʣʛʝʥ ʢʘʨʙʦʥʘʪʪʳ-ʢʨʝʤʥʠʡʣʽ ʬʦʩʬʘʪ ʰʠʢʽʟʘʪʳ 

 ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ץʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʪʝʨʤʠʷʣʳ שʰʠʢʽʟʘʪʳʥʳ שʪʘʨʳʥʳץʘʣʜʳץ

 

ʊʘʣʜʘʫ ʢʝʟʽʥʜʝ (2.5-ʩʫʨʝʪ), ɼTA ץʠʩʳסʳʥʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, 768Áʉ ʞᴅʥʝ 

840Áʉ ʤʘʢʩʠʤʘʣʜʳ ʜʘʤʫʳ ʙʘʨ ʵʥʜʦʪʝʨʤʠʷʣʳץ ᴅʩʝʨʣʝʨ ʘʥʳץʪʘʣʜʳ. ɼʊɸ, 

 ʦʩʳʤʰʘץ ʵʢʩʪʨʝʤʫʤʜʘʨʳʥʜʘ ʪʽʨʢʝʣʛʝʥ שʳʥʜʘ ʞᴅʥʝ ʦʣʘʨʜʳסʠʩʳץ

ʵʥʜʦʪʝʨʤʠʷʣʳץ ᴅʩʝʨʣʝʨ 314,1 ʞᴅʥʝ 562,5Áʉ - ʪʘ ʢᴇʨʽʥʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 
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1013,1Áʉ ʰʳשʳ ʙʘʨ ʵʢʟʦʪʝʨʤʠʷʣʳץ ᴅʩʝʨ ʪʽʨʢʝʣʜʽ, ʙײʣ ץʘʡʪʘ ʢʨʠʩʪʘʣʜʘʥʫʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ. 

  ʆʩʳסʘʥ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʟʝʨʪʪʝʣʝʪʽʥ ʩʳʥʘʤʘʜʘ ʢʘʨʙʦʥʘʪʬʦʩʬʦʨʠʪʪʽ 

ʰʠʢʽʟʘʪ ʙʘʨ ʜʝʧ ʙʦʣʞʘʫסʘ ʙʦʣʘʜʳ ʷסʥʠ ʜʘʣʣʠʪ, ʭʠʤʠʷʣʳץ ʬʦʨʤʫʣʘʩʳ ʙʘʨ 

ʤʠʥʝʨʘʣ Ca10[PO4]6CO3. ʆʥʳש ʢᴇʨʽʥʽʩʽ ʙʝʣʛʽʣʽ ʙʽʨ ʜᴅʨʝʞʝʜʝ 768
0
ʉ ʵʢʩʪʨʝʤʫʤʳ 

ʙʘʨ ʵʥʜʦʪʝʨʤʠʷʣʳץ ᴅʩʝʨʜʝ ʙʘʡץʘʣʘʜʳ. 768Áʉ ʢʝʟʽʥʜʝ ʵʥʜʦʪʝʨʤʠʷʣʳץ ᴅʩʝʨʜʽש 

ʞᴅʥʝ ɼʊɸ ץʠʩʳסʳʥʜʘ 840Áʉ ʢʝʟʽʥʜʝ ʵʢʩʪʨʝʤʫʤʤʝʥ ʵʥʜʦʪʝʨʤʠʷʣʳץ ᴅʩʝʨʜʽש 

ʪʽʨʢʝʩʽʤʽʥ ʜʦʣʦʤʠʪʪʽש ʢᴇʨʽʥʽʩʽ ʨʝʪʽʥʜʝ ʩʠʧʘʪʪʘʫסʘ ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ɼʊɸ 

 ʘץץʙʦʣʫʳ ʞʦ שʳʥʘ 840Áʉ ᴅʩʝʨ ʝʪʫ ᴅʜʽʩʽʤʝʥ ʢᴇʨʩʝʪʽʣʛʝʥ ʢʘʣʴʮʠʪʪʽסʠʩʳץ

ʰʳסʘʨʳʣʤʘʡʜʳ. 

ɸʡʪʘ ʢʝʪʝʪʽʥ ʞʘסʜʘʡ, ddta ץʠʩʳסʳʥʜʘ 314,1 Áʉ-ʪʘ ᴅʣʩʽʟ ʵʥʜʦʪʝʨʤʠʷʣʳץ 

ᴅʩʝʨ ʙʘʨ, ʦʣ DTH ץʠʩʳסʳʥʜʘ 311,6Áʉ-ʪʘ ʤʠʥʠʤʫʤסʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ ʞᴅʥʝ ʪʝʤʽʨ 

ʛʠʜʨʦʢʩʠʜʽ ץʦʩʧʘʩʳʥʳש ʜʝʛʠʜʨʘʪʘʮʠʷʩʳʥ ʩʠʧʘʪʪʘʡʜʳ. Ddta ץʠʩʳסʳʥʜʘסʳ 

562,5Áʉ ʪᴇʤʝʥ ʵʥʜʦʪʝʨʤʠʷʣʳץ ᴅʩʝʨ ʢʚʘʨʮ ʠʥʚʝʨʩʠʷʩʳʥʳש ʢᴇʨʽʥʽʩʽʥʝ ʩᴅʡʢʝʩ 

ʢʝʣʫʽ ʤװʤʢʽʥ.  

ɹײʣ ʤᴅʣʽʤʝʪʪʝʨʛʝ ץʦʩʘ AlPO4 -Al3 PO4 ʪʨʠʜʠʤʠʪʽʥʝ ʘʫʳʩʫʳ ʤװʤʢʽʥ. 

DTG ץʠʩʳסʳʥʜʘ 166,6Áʉ ʤʠʥʠʤʫʤ ʤʝʥ DDT ץʠʩʳסʳʥʜʘ 1013,1Áʉ ʰʳשʳ 

ʙʘʨ ᴅʣʩʽʟ ʵʢʟʦʪʝʨʤʠʷʣʳץ ᴅʩʝʨʜʽש ʢʦʤʙʠʥʘʮʠʷʩʳʥ װʣʛʽʜʝ Al3[PO4](OH)66H2O. 

ʪװʨʽʥʜʝ ʘʟ ʤᴇʣʰʝʨʜʝ ʬʦʩʬʘʪʪʘʨʜʳש ʙʦʣʫʳʤʝʥ ʪװʩʽʥʜʽʨʫʛʝ ʙʦʣʘʜʳ.  

"ϧʘʟʬʦʩʬʘʪ" ɾʐʉ (ɾɾʌɿ) ʬʦʩʬʦʨʠʪʪʝʨʽʥʽϬ ϰʩʘϨ ʙϺʣʰʝʢʪʝʨʽʥ 

ʘʛʣʦʤʝʨʘʮʠʷʣʘʫ ʧʨʦʮʝʩʽʥʜʝ ʪϮʟʽʣʝʪʽʥ ʮʠʢʣʦʥ ʰʘϬʜʘʨʳ 

2.2-ʢʝʩʪʝʜʝ ʬʦʩʬʦʨʠʪ ײʩʘץ ʙᴇʣʰʝʢʪʝʨʽʥ ʘʛʣʦʤʝʨʘʮʠʷʣʘʫ ʧʨʦʮʝʩʽʥʜʝ 

ʪװʟʽʣʝʪʽʥ ʮʠʢʣʦʥ ʘhשʜʘʨʳʥʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ 2.6-ʩʫʨʝʪʪʝ ʉʕʄ-ʕɼʉ 

ʪװʩʽʨʽʣʽʤʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

ʂʝʩʪʝ 2.2 - ʌʦʩʬʦʨʠʪ ײʩʘץ ʙᴇʣʰʝʢʪʝʨʽʥ ʘʛʣʦʤʝʨʘʮʠʷʣʘʫ ʧʨʦʮʝʩʽʥʜʝ ʪװʟʽʣʝʪʽʥ 

ʮʠʢʣʦʥ ʘhשʜʘʨʳʥʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ 

 

ʂʦʤʧʦʥʝʥʪ ײפʨʘʤʳ (%) 

P O 25ï35 

CaO 20ï30 

SiO 10ï20 

MgO 2ï5 

Al O 1ï4 

Fe O 1ï3 

SO 0.5ï2 

ɹʘʩץʘʣʘʨʳ <2 
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ʉʫʨʝʪ 2.6 - ʌʦʩʬʦʨʠʪ ײʩʘץ ʙᴇʣʰʝʢʪʝʨʽʥ ʘʛʣʦʤʝʨʘʮʠʷʣʘʫ ʧʨʦʮʝʩʽʥʜʝ 

ʪװʟʽʣʝʪʽʥ ʮʠʢʣʦʥ ʘhשʜʘʨʳʥʳש ʉʕʄ-ʕɼʉ ʪװʩʽʨʽʣʽʤʽ 

 

ʎʠʢʣʦʥʜʳץ ʰʘשʥʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥʘ ʞʘʩʘʣסʘʥ ʉʕʄ ʕɼʉ (ʵʥʝʨʛʠʷ-

ʜʠʩʧʝʨʩʠʷʣʳץ ʩʧʝʢʪʨʦʤʝʪʨʠʷ) ʪʘʣʜʘʫʳ ʦʥʳש ʢװʨʜʝʣʽ ʤʠʥʝʨʘʣʜʳ ײץʨʳʣʳʤʳʥ 

ʞᴅʥʝ ʬʦʩʬʘʪץʘ ʙʘʡ ʪʘʙʠסʘʪʳʥ ʘʡץʳʥ ʢᴇʨʩʝʪʝʜʽ. ʕʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʠʷʣʳץ 

ʢʝʩʢʽʥʜʝ ʙᴇʣʰʝʢʪʝʨʜʽײ שʩʘץ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʤʦʨʬʦʣʦʛʠʷʣʳ ʝʢʝʥʜʽʛʽ ʙʘʡץʘʣʘʜʳ, 

ʙײʣ ʰʘשʥʳש ʞʦסʘʨʳ ʜʠʩʧʝʨʩʪʽ ʞᴅʥʝ ʛʝʪʝʨʦʛʝʥʜʽ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ. 

ʉʧʝʢʪʨʦʛʨʘʤʤʘʜʘ ʪʽʨʢʝʣʛʝʥ ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʝʨ: ʬʦʩʬʦʨ (P), ʢʘʣʴʮʠʡ (Ca), 

ʢʨʝʤʥʠʡ (Si), ʤʘʛʥʠʡ (Mg), ʘʣʶʤʠʥʠʡ (Al), ʪʝʤʽʨ (Fe), ʢװʢʽʨʪ (S) ʞᴅʥʝ ʘʟʜʘסʘʥ 

ʪʠʪʘʥ (Ti), ʥʘʪʨʠʡ (Na), ʢʘʣʠʡ (K), ʦʪʪʝʢ (O) ʞᴅʥʝ ʭʣʦʨ (Cl) ʵʣʝʤʝʥʪʪʝʨʽ. ɹײʣ 

ʵʣʝʤʝʥʪʪʝʨ ʪʠʽʩʪʽ ʦʢʩʠʜʪʝʨ ʪװʨʽʥʜʝ ʬʦʩʬʦʨʠʪʪʽʢ ʰʘשʜʘ ʢʝʟʜʝʩʝʜʽ, ʤʳʩʘʣʳ, P O  

ï 25ï35%, CaO ï 20ï30%, SiO  ï 10ï20%. ɹײʣ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʰʘשʥʳש ʥʝʛʽʟʛʽ 

 ʘʪʘʨ ʢʘʣʴʮʠʪ, ʜʦʣʦʤʠʪץ ʨʘʤʜʘʩ ʙᴇʣʽʛʽ ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪʝʢʝʥʽʥ, ʩʦʥʳʤʝʥײץ

ʞᴅʥʝ ʢʚʘʨʮʪʳש ʜʘ ʙʘʨ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

MgO (2ï5%) ʞᴅʥʝ Al O (1ï4%) ʙʦʣʫʳ ʜʦʣʦʤʠʪ ʞᴅʥʝ ʛʣʠʥʠʩʪ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽװ שʣʝʩʽʥ ʢᴇʨʩʝʪʝʜʽ. ʊʝʤʽʨʜʽש ʙʦʣʫʳʥ Fe O  (1ï3%) ʤʘʟʤײʥʳ 

ʜᴅʣʝʣʜʝʡʜʽ, ʘʣ SO  (0.5ï2%) ʙʦʣʫʳ ʢװʢʽʨʪʪʽ ץʦʩʳʣʳʩʪʘʨʜʳש, ᴅʩʽʨʝʩʝ 

ʘʥʛʠʜʨʠʪʪʽש (CaSO ) ʥʝʤʝʩʝ ʰʘʣʘ ʞʘʥסʘʥ ʩʫʣʴʬʘʪ ץʘʣʜʳץʪʘʨʳʥʳש ʙʦʣʫʳʥ 

ʢᴇʨʩʝʪʫʽ ʤװʤʢʽʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʪʠʪʘʥʠʡ, ʢʘʣʠʡ ʞᴅʥʝ ʥʘʪʨʠʡ ʽʟʜʽʢ ʤᴇʣʰʝʨʜʝ 

ʢʝʟʜʝʩʝʜʽ (<2%), ʙײʣ ʰʘשʥʳש ʪʝʭʥʦʛʝʥʜʽʢ ʰʳסʫ ʪʝʛʽʥ ʩʠʧʘʪʪʘʡʜʳ. 

2.7-ʩʫʨʝʪ ʞᴅʥʝ 2.3-ʢʝʩʪʝʛʝ ʩᴅʡʢʝʩ ʬʦʩʬʦʨʠʪ ײʩʘץ ʙᴇʣʰʝʢʪʝʨʽʥ 

ʘʛʣʦʤʝʨʘʮʠʷʣʘʫ ʧʨʦʮʝʩʽʥʜʝ ʪװʟʽʣʝʪʽʥ ʮʠʢʣʦʥ ʘhשʜʘʨʳʥʳש XRD ʪװʩʽʨʽʣʽʤʽ ʞᴅʥʝ 

ʰʳשʜʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ. 
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ʉʫʨʝʪ 2.7 - ʌʦʩʬʦʨʠʪ ײʩʘץ ʙᴇʣʰʝʢʪʝʨʽʥ ʘʛʣʦʤʝʨʘʮʠʷʣʘʫ ʧʨʦʮʝʩʽʥʜʝ 

ʪװʟʽʣʝʪʽʥ ʮʠʢʣʦʥ ʘhשʜʘʨʳʥʳש XRD ʪװʩʽʨʽʣʽʤʽ 

 

ʂʝʩʪʝ 2.3 - ʌʦʩʬʦʨʠʪ ײʩʘץ ʙᴇʣʰʝʢʪʝʨʽʥ ʘʛʣʦʤʝʨʘʮʠʷʣʘʫ ʧʨʦʮʝʩʽʥʜʝ ʪװʟʽʣʝʪʽʥ 

ʮʠʢʣʦʥ ʘhשʜʘʨʳʥʳש XRD ʰʳשʜʘʨʳ 

 

ʄʠʥʝʨʘʣ d (¡) 2ɗ (Á) פʘʨץʳʥʜʳʣʳץ (%) 

ɸʧʘʪʠʪ 

 

2.8 31.92 100 

2.72 32.9 70 

3.44 25.88 50 

ʂʚʘʨʮ 

 

3.34 26.64 80 

4.26 20.85 40 

ʂʘʣʴʮʠʪ 

 

3.03 29.41 60 

2.28 39.41 20 

ɸʥʛʠʜʨʠʪ 3.5 25.44 30 

 

XRD (ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷ) ᴅʜʽʩʽ ʘʨץʳʣʳ ʘʣʳʥסʘʥ ʬʦʩʬʦʨʠʪʪʝʨʜ ̔

ʢװʡʜʽʨʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʪװʟʽʣʛʝʥ ʮʠʢʣʦʥ ʰʘשʳʥʳש ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʩʳʥʘ 

ʞװʨʛʽʟʽʣʛʝʥ ʠʥʪʝʨʧʨʝʪʘʮʠʷʜʘ ʙʘʩʪʳ ʬʘʟʘʣʘʨʜʳש ʙʽʨʽ ʨʝʪʽʥʜʝ ʬʦʩʬʦʨʠʪʪʽ 

ʰʠʢʽʟʘʪ(Ca (PO ) (F,Cl,OH)) ʘʥʳץ ʙʘʡץʘʣʘʜʳ. ʆʥʳש ʥʝʛʽʟʛʽ ʜʠʬʨʘʢʮʠʷʣʳץ 

ʰʳשʜʘʨʳ 2ɗ = 31.92Á ʰʘʤʘʩʳʥʜʘ, ץʘʨץʳʥʜʳʣʳסʳ 100% ʜʝשʛʝʡʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ. 

ɹײʣ ʰʳש ʘʧʘʪʠʪʪʽײץ שʨʳʣʳʤʳʥʜʘ ʬʦʩʬʘʪ ʠʦʥʜʘʨʳʥʳש ʙʦʣʫʳʥ ʞᴅʥʝ ʦʣʘʨʜʳש 

ʞװʡʝʣʽ ʢʨʠʩʪʘʣʜʳץ ʪʦʨ ײץʨʫʳʥ ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 32.9Á ʞᴅʥʝ 25.88Á 

ʘʡʤʘץʪʘʨʳʥʜʘסʳ ʰʳשʜʘʨ ʘʧʘʪʠʪʪʽץ שʦʩʳʤʰʘ ʨʝʬʣʝʢʩʪʝʨʽʥ ʩʠʧʘʪʪʘʡʜʳ, ʙײʣ 

ʦʥʳש ʞʦסʘʨʳ ʢʨʠʩʪʘʣʜʘʥʫ ʜʝשʛʝʡʽʥ ʙʽʣʜʽʨʝʜʽ. 

ʂʚʘʨʮ (SiO ) ʪʘ ʤʠʥʝʨʘʣʜʳײץ ץʨʘʤʜʘ ʝʣʝʫʣʽ ʦʨʳʥ ʘʣʘʜʳ. ʆʥʳש ʥʝʛʽʟʛʽ 

ʰʳשʜʘʨʳ 2ɗ = 26.64Á ʜʝשʛʝʡʽʥʜʝ ʙʘʡץʘʣʘʜʳ (80% ץʘʨץʳʥʜʳʣʳץʧʝʥ), ʙײʣ SiïO 

ʙʘʡʣʘʥʳʩʪʘʨʳʥʳש ʪʝʨʙʝʣʫʽʥ ʙʽʣʜʽʨʝʜʽ. פʦʩʳʤʰʘ ʰʳ20.85 שÁ ʘʡʤʘסʳʥʜʘ (40%) 

ʦʨʥʘʣʘʩץʘʥ, ʙײʣ ʢʚʘʨʮʪʳש ʜʠʩʧʝʨʩʪʽʢ ʢװʡʽʥ ʞᴅʥʝ ʘʤʦʨʬʪʳ ץʦʩʧʘʣʘʨʤʝʥ ʙʽʨʽʛʫʽʥ 

ʢᴇʨʩʝʪʫʽ ʤװʤʢʽʥ. 

ʂʘʣʴʮʠʪʪʽש (CaCO ) ʙʦʣʫʳʥ 2ɗ = 29.41Á (60%) ʞᴅʥʝ 39.41Á (20%) 

ʰʳשʜʘʨʳ ʨʘʩʪʘʡʜʳ. ɹײʣ ʬʘʟʘʥʳש ʙʦʣʫʳ ʢʘʨʙʦʥʘʪʪʳ ʦʨʪʘʜʘʥ ʰʳץץʘʥʜʳסʳʥ 
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ʞᴅʥʝ ʢʘʣʴʮʠʡʜʽש ʢᴇʟʽ ʨʝʪʽʥʜʝ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʳʤʝʥ 

ʘʥʛʠʜʨʠʪ (CaSO (30%) שʳ ʰʳסʪʘץʳʥʜʳʣʳץʘʨץ ʳʥʜʘ ʪᴇʤʝʥסʘʪʘʨ, 25.44Á ʘʡʤʘץ ) 

ʬʘʟʘʩʳʥʳש ʙʦʣʫʳ ʤװʤʢʽʥ ʝʢʝʥʽʥ ʤʝשʟʝʡʜʽ. ɹײʣ ʩʫʣʴʬʘʪʪʘʨʜʳש ʪʝʨʤʠʷʣʳץ 

ʥʝʤʝʩʝ ʭʠʤʠʷʣʳץ ᴇשʜʝʫ ʙʘʨʳʩʳʥʜʘ ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ 

ʳץʪʠʤʘʣ. 

2.8-ʩʫʨʝʪʢʝ ʩᴅʡʢʝʩ ʬʦʩʬʦʨʠʪ ײʩʘץ ʙᴇʣʰʝʢʪʝʨʽʥ ʘʛʣʦʤʝʨʘʮʠʷʣʘʫ 

ʧʨʦʮʝʩʽʥʜʝ ʪװʟʽʣʝʪʽʥ ʮʠʢʣʦʥ ʘhשʜʘʨʳʥʳש FTIR ʪװʩʽʨʽʣʽʤʽ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

 
ʉʫʨʝʪ 2.8 - ʌʦʩʬʦʨʠʪ ײʩʘץ ʙᴇʣʰʝʢʪʝʨʽʥ ʘʛʣʦʤʝʨʘʮʠʷʣʘʫ ʧʨʦʮʝʩʽʥʜʝ 

ʪװʟʽʣʝʪʽʥ ʮʠʢʣʦʥ ʘhשʜʘʨʳʥʳש FTIR ʪװʩʽʨʽʣʽʤʽ 

 

ʉʧʝʢʪʨ ʤʘʪʝʨʠʘʣ ײץʨʘʤʳʥʜʘסʳ ʥʝʛʽʟʛʽ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʪʦʧʪʘʨʜʳ 

ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʬʦʩʬʘʪʪʘʨʜʳש, ʢʘʨʙʦʥʘʪʪʘʨʜʳש, 

ʩʫʣʴʬʘʪʪʘʨʜʳש ʞᴅʥʝ ʛʠʜʨʦʢʩʠʣ ʪʦʧʪʘʨʳʥʳש ʙʦʣʫʳʥ ʨʘʩʪʘʡʜʳ. 3400 ʩʤ ĭ 

ʘʡʤʘסʳʥʜʘסʳ ʢʝש ʩʠʛʥʘʣ ʆïH ʪʝʨʙʝʣʫʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ,  ײץʨʳʣʳʤʜʳץ ʥʝʤʝʩʝ 

ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ ʩʫʜʳש (ʛʠʜʨʦʢʩʠʣ ʪʦʧʪʘʨʳʥʳש) ʙʦʣʫʳʥ ʙʽʣʜʽʨʝʜʽ. 

ʓʣסʘʣʜʳʣʳץʪʳש ʥʝʤʝʩʝ ʙʘʡʣʘʥʳʩץʘʥ ʩʫ ʤʦʣʝʢʫʣʘʣʘʨʳʥʳץ שʘʪʳʩʫʳʤʝʥ 

ʪװʩʽʥʜʽʨʽʣʝʜʽ. 1640 ʩʤ ĭ ʞᴅʥʝ 1420 ʩʤ ĭ ʰʳשʜʘʨʳ ʩᴅʡʢʝʩʽʥʰʝ ʩʫ 

ʤʦʣʝʢʫʣʘʣʘʨʳʥʜʘסʳ HïOïH ʠʽʣʫ ʪʝʨʙʝʣʽʩʽʥʝ ʞᴅʥʝ CO Į  ʠʦʥʜʘʨʳʥʳש 

ʩʠʤʤʝʪʨʠʷʣʳ ʠʽʣʫ ʪʝʨʙʝʣʽʩʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ʌʦʩʬʘʪʪʳ ʞᴅʥʝ ʢʘʨʙʦʥʘʪʪʳ 

 .ʪʘʡʜʳץʘסʙʦʣʫʳʥ ʘʡ (ʤʳʩʘʣʳ, ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪʧʝʥ ʢʘʣʴʮʠʪ) שʨʘʤʜʘʩʪʘʨʜʳײץ

1130 ʩʤ ĭ ʞᴅʥʝ 1040 ʩʤ ĭ ʰʘʤʘʩʳʥʜʘסʳ ʘʡץʳʥ ʠʥʪʝʥʩʠʚʪʽ ʰʳשʜʘʨ ʬʦʩʬʘʪ 

ʠʦʥʜʘʨʳʥʳש (PïO) ʪʝʨʙʝʣʫʽʥʝ ʪᴅʥ, ʙײʣ ʘʧʘʪʠʪʪʽש ʥʝʛʽʟʛʽ IR-ʩʠʛʥʘʣʜʘʨʳ. 

ʐʳשʜʘʨ ʘʧʘʪʠʪʪʽש ʞʦסʘʨʳ װʣʝʩʽʥ ʞᴅʥʝ ʦʥʳש ʩʧʝʢʪʨʜʽש ʙʘʩʳʤ ʢʦʤʧʦʥʝʥʪʽ 

ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 875 ʩʤ ĭ ʞᴅʥʝ 605ï570 ʩʤ ĭ ʰʳשʜʘʨʳ ð ʢʘʨʙʦʥʘʪ (CO Į ) ʞᴅʥʝ 

ʩʫʣʴʬʘʪ (SO Į ) ʠʦʥʜʘʨʳʥʳש ʠʽʣʫ ʪʝʨʙʝʣʽʩʪʝʨʽʥʝ ʪᴅʥ. ɹײʣ ʩʫʣʴʬʘʪʪʘʨʜʳש 

(ʤʳʩʘʣʳ, ʘʥʛʠʜʨʠʪ CaSO ) ʞᴅʥʝ ʢʘʣʴʮʠʪ ʪᴅʨʽʟʜʽ ʢʘʨʙʦʥʘʪʪʳ ʬʘʟʘʣʘʨʜʳש 

ʙʦʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙײʣ ʘʡʤʘץ ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪ ײץʨʘʤʳʥʜʘסʳ 

ʢװʨʜʝʣʽ ʙʘʡʣʘʥʳʩʪʘʨʜʳש ʳץʧʘʣʳʤʝʥ ʜʝ ʢװʰʝʡʪʽʣʫʽ ʤװʤʢʽʥ. 
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2.3 ʊʘʙʠסʠ ʞᴅʥʝ ʪʘʙʠסʠ-ʪʝʭʥʦʛʝʥʜʽʢ ץʦʩʧʘʣʘʨ ʤʝʥ ײץʨʳʣʳʤ 

ʪװʟʫʰʽʣʝʨ 

ϧʘʨʘϤʘʥʜʳ ɾʕʆ-3  ʢϮʣʽ 

 ʘʥʜʳסʘʨʘפ ,ʘʥסʦʩʳʣץ ʦʨʪʘʩʳʥʜʘ ʽʩʢʝ שʘʥʜʳ ɾʕʆ-3 1980 ʞʳʣʜʘʨʜʳסʘʨʘפ

ʦʙʣʳʩʳʥʳש ʝש ʽʨʽ ʞʳʣʫ ʵʣʝʢʪʨ ʦʨʪʘʣʳסʳ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. ʆʨʪʘʣʳץʪʳש 

ʵʥʝʨʛʝʪʠʢʘʣʳץ ץʫʘʪʳ 670 ʄɺʪ. ɾʕʆ-3-ʪʽש ʥʝʛʽʟʛʽ ʦʪʳʥʳ ʨʝʪʽʥʜʝ ʞʳʣʳʥʘ 3ʤʣʥ 

ʪ  ɽʢʽʙʘʩʪײʟ ʢᴇʤʽʨʽ ʧʘʡʜʘʣʘʥʳʣʘʜʳ [125]. 

 ʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫץʘʣʜʳץ ʣװʘʥ ʢʝʟʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʢסʘʪʪʳ ʦʪʳʥ ʞʘʥפ

ʤװʤʢʽʥʜʽʛʽʥ ʥʝʛʽʟʜʝʫ װʰʽʥ  ʤʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨ ʘʣʫʜʳש ʠʥʥʦʚʘʮʠʷʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʩʳ ʧʨʦʮʝʩʽʥʜʝ ᴅʨʪװʨʣʽ ץʘʪʪʳ ץʘʣʜʳץʪʘʨʜʳ ײץʨסʘץ ʘʨʘʣʘʩʪʳʨʫ 

ʘʨץʳʣʳ ʙʽʨץʘʪʘʨ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʜʽ. ɽʢʽʙʘʩʪײʟ ʢᴇʤʽʨ ʙʘʩʩʝʡʥʜʝʨʽʥʽש ʢᴇʤʽʨʽʥ 

ʞʘסʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʢװʣ-ʰʘץ שʘʣʜʳץʪʘʨʳʥʳש ᴇʢʽʣʜʽʢ ʩʳʥʘʤʘʣʘʨʳ 

ʽʨʽʢʪʝʣʽʧ ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ ʤʝʥ ײץʨʘʤʜʘʨʳ ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʪʝʨ ʙʦʡʳʥʰʘ 

ʟʝʨʪʪʝʣʜʽ, 2.4-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

ʂʝʩʪʝ 2.4 - ʂᴇʤʽʨʜʽ ʞʘסʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ץʘʣʜʳץʪʘʨ ʪװʨʽʥʜʝʛʽ ɾʕʆ 

ʢװʣʽʥ̔ש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ (n=3) 

 
ʂʦʤʧʦʥʝʥʪ ײפʨʘʤʳ (%) 

SiO 50ï60 

Al O 20ï30 

Fe O 5ï10 

CaO 5ï15 

MgO 1ï5 

K O 1ï3 

Na O 0.5ï2 

SO 0.5ï2 

LOI 2ï10 

ʄʠʢʨʦʵʣʝʤʝʥʪʪʝʨʽ <1 

 

 
 

ʉʫʨʝʪ 2.9 - ʂᴇʤʽʨʜʽ ʞʘסʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ץʘʣʜʳץʪʘʨ ʪװʨʽʥʜʝʛʽ ɾʕʆ 

ʢװʣʽʥʽש ʉʕʄ-ʕɼʉ ʪװʩʽʨʽʣʽʤʽ 

 

ʉʧʝʢʪʨʦʛʨʘʤʤʘʜʘ ʝש ʞʦסʘʨʳ ʰʳשʜʘʨ Si (ʢʨʝʤʥʠʡ), Al (ʘʣʶʤʠʥʠʡ) ʞᴅʥʝ 

Fe (ʪʝʤʽʨ) ʵʣʝʤʝʥʪʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʙײʣ ʘʪʘʣʤʳʰ ʤʘʪʝʨʠʘʣʜʘ 

ʘʣʶʤʦʩʠʣʠʢʘʪʪʳ ʞᴅʥʝ ʪʝʤʽʨʦʢʩʠʜʪʽ ʬʘʟʘʣʘʨʜʳש ʙʘʩʳʤ ʝʢʝʥʽʥ ʨʘʩʪʘʡʜʳ. ʂװʣ 

SiO) שʨʘʤʳʥʜʘ ʢʨʝʤʥʝʟʝʤʥʽײץ ) 50ï60% ʞᴅʥʝ ʘʣʶʤʠʥʠʡ ʦʢʩʠʜʽʥʽש (Al O ) 20ï



 45 

30% ʤᴇʣʰʝʨʽʥʜʝ ʙʦʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. ʊʝʤʽʨ ʦʢʩʠʜʪʝʨʽ (Fe O ) 5ï10% ʘʨʘʣʳסʳʥʜʘ 

ʘʥʳץʪʘʣʘʜʳ, ʙײʣ ʤʠʥʝʨʘʣʜʳײץ ץʨʘʤʜʘ ʛʝʤʘʪʠʪ ʥʝʤʝʩʝ ʤʘʛʥʝʪʠʪ ʩʠʷץʪʳ 

ʬʘʟʘʣʘʨʜʳש ʙʦʣʫʳʥ ʤʝשʟʝʡʜʽ. 

CaO (5ï15%) ʞᴅʥʝ MgO (1ï5%) ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʘʥʳץʪʘʣʫʳ װʣʝʩʪʝʨʽʤʝʥ 

ʪװʩʽʥʜʽʨʽʣʝʜʽ. ʂʘʨʙʦʥʘʪʪʘʨ ʤʝʥ ʩʫʣʴʬʘʪʪʘʨʜʳש, ᴅʩʽʨʝʩʝ ʢʘʣʴʮʠʡ ʞᴅʥʝ ʤʘʛʥʠʡ 

ʪײʟʜʘʨʳʥʳש ʙʦʣʫʳʥʳש ʜᴅʣʝʣʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, K (ʢʘʣʠʡ) ʞᴅʥʝ 

Na (ʥʘʪʨʠʡ) ʵʣʝʤʝʥʪʪʝʨʽ ʜʝ ʙʘʡץʘʣʘʜʳ,  ʩʽʣʪʽʣʽʢ ʤʝʪʘʣʜʘʨʜʳש ʦʢʩʠʜʪʝʨʽʥʽש (K O 

ï 1ï3%, Na O ï 0.5ï2%) ʙʦʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. ʕʣʝʤʝʥʪʪʝʨ ʪʦʧʳʨʘײץ ץʥʘʨʣʳʣʳסʳʥʘ 

ʦש ᴅʩʝʨ ʝʪʝʪʽʥ ʤʘשʳʟʜʳ ץʦʨʝʢʪʽʢ ʢʦʤʧʦʥʝʥʪʪʝʨ ʩʘʥʘʣʘʜʳ. 

ʉʧʝʢʪʨʜʝ S (ʢװʢʽʨʪ), Cl (ʭʣʦʨ), Ti (ʪʠʪʘʥ) ʩʠʷץʪʳ ץʦʩʳʤʰʘ ʵʣʝʤʝʥʪʪʝʨʜʽש 

ʰʳשʜʘʨʳ ʜʘ ʢᴇʨʽʥʝʜʽ. SO  (0.5ï2%) ʞᴅʥʝ ʙʘʩץʘ ʜʘ ײʰʧʘ ץʦʩʳʣʳʩʪʘʨʜʳש ʙʦʣʫʳ 

ʤװʤʢʽʥ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ. ʉʦʥʜʘʡ-ʘץ, ʢװʣ ײץʨʘʤʳʥʜʘ ʞʘʣʧʳ 2ï10% ʘʨʘʣʳסʳʥʜʘ 

ʢװʡʜʽʨʽʣʛʝʥ ץʘʣʜʳץʪʘʨ (LOI) ʙʘʨ, ʦʥʳש ʦʨʛʘʥʠʢʘʣʳײץ ץʨʘʤʳʥ ʞᴅʥʝ 

ʳʣסʘʣʜʳʣʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. ɾᴅʥʝ ʜʝ ʘʥʳץʪʘʣסʘʥ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨ (Mn, Zn, Ti 

ʞᴅʥʝ ʪ.ʙ.) װʣʝʩʽ 1%-ʜʘʥ ʘʩʧʘʡʜʳ. 

ʆʩʳʣʘʡʰʘ, ʉʕʄ ʕɼʉ ʤᴅʣʽʤʝʪʪʝʨʽ ɾʕʆ ʢװʣʽʥʽש ʢװʨʜʝʣʽ ʢᴇʧʢʦʤʧʦʥʝʥʪʪʽ 

 שʨʘʤʳʥ, ᴅʩʽʨʝʩʝ ʘʣʶʤʦʩʠʣʠʢʘʪ, ʪʝʤʽʨ, ʢʘʣʴʮʠʡ ʞᴅʥʝ ʤʘʛʥʠʡ ʬʘʟʘʣʘʨʳʥʳײץ

ʙʘʩʳʤ ʙʦʣʫʳʥ ʘʡץʳʥ ʢᴇʨʩʝʪʝʜʽ. ɸץʧʘʨʘʪ ʤײʥʜʘʡ ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʨʜʳ 

ʪʦʧʳʨʘץץʘ ʘʨʥʘʣסʘʥ ʤʠʥʝʨʘʣʜʳ ץʦʩʧʘ ʥʝʤʝʩʝ ʪʳשʘʡʪץʳʰ ʢʦʤʧʦʥʝʥʪʽ ʨʝʪʽʥʜʝ 

  .ʳʟʜʳשʳʩʳʥʘʥ ʤʘסʨײʜʝʫ ʪשʘʡʪʘ ᴇץ

2.10 -ʩʫʨʝʪ ʞᴅʥʝ 2.5-ʢʝʩʪʝʛʝ ʩᴅʡʢʝʩ ʢᴇʤʽʨʜʽ ʞʘסʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ 

 .ʜʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥשʩʽʨʽʣʽʤʽ ʞᴅʥʝ ʰʳװXRD ʪ שʣʽʥʽװʨʽʥʜʝʛʽ ɾʕʆ ʢװʪʘʨ ʪץʘʣʜʳץ

 

  
ʉʫʨʝʪ 2.10 - ʂᴇʤʽʨʜʽ ʞʘסʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ץʘʣʜʳץʪʘʨ ʪװʨʽʥʜʝʛʽ 

ɾʕʆ ʢװʣʽʥʽש XRD ʪװʩʽʨʽʣʽʤʽ 
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ʂʝʩʪʝ 2.5 - ʂᴇʤʽʨʜʽ ʞʘסʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ץʘʣʜʳץʪʘʨ ʪװʨʽʥʜʝʛʽ ɾʕʆ 

ʢװʣʽʥʽש XRD ʰʳשʜʘʨʳ 

 
ʄʠʥʝʨʘʣ d (¡) 2ɗ (Á) פʘʨץʳʥʜʳʣʳץ (%) 

ʂʚʘʨʮ 

 

3.34 26.64 100 

4.26 20.85 50 

1.82 50.14 30 

ʄʫʣʣʠʪ 

 

3.39 26.27 100 

2.54 35.31 60 

2.2 40.89 40 

ɻʝʤʘʪʠʪ 

 

2.69 33.25 100 

2.51 35.68 70 

ɸʤʦʨʬʪʳץ ʬʘʟʘ - 20ï30 - 

 

ʂװʣʜʽש ʞʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷʣʳץ (XRD) ʩʧʝʢʪʨʽ 

ʦʥʳש ʤʠʥʝʨʘʣʜʳײץ ץʨʘʤʳʥʳש ʢװʨʜʝʣʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. ɻʨʘʬʠʢʪʝ 20ï30Á 

ʜʠʘʧʘʟʦʥʳʥʜʘ ʘʤʦʨʬʪʳ ʘʣʶʤʦʩʠʣʠʢʘʪʪʳ ʬʘʟʘסʘ ʪᴅʥ ʢʝש ʜʠʬʬʫʟʜʳ çʛʦʨʙè ʘʥʳץ 

ʢᴇʨʽʥʝʜʽ. ʌʘʟʘ ᴅʜʝʪʪʝ ʰʳʥʳʣʳ ʢװʡʜʝʛʽ Al-Si ʙʘʡʣʘʥʳʩʪʘʨʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ 

ʞᴅʥʝ ʞʳʣʜʘʤ ʩʘʣץʳʥʜʘסʘʥ ʞʘʥʫ ᴇʥʽʤʜʝʨʽʥʝ ʪᴅʥ. 

ʉʧʝʢʪʨʜʽש ʝש ʘʡץʳʥ ʰʳשʜʘʨʳ 2ɗ = 26.64Á ʤᴅʥʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ, ʙײʣ 

ʢʚʘʨʮʪʳש (SiO ) ʥʝʛʽʟʛʽ ʜʠʬʨʘʢʮʠʷʣʳץ ʰʳשʜʘʨʳ. פʦʩʳʤʰʘ ʢʚʘʨʮʪʳץ ʰʳשʜʘʨ 

2ɗ = 20.85Á ʞᴅʥʝ 50.14Á ʤᴅʥʜʝʨʽʥʜʝ ʜʝ ʙʘʡץʘʣʘʜʳ, ʦʥʳש ʘʡʪʘʨʣʳץʪʘʡ ʤᴇʣʰʝʨʜʝ 

ʙʘʨ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ. 

ʄʫʣʣʠʪ (3Al O Å2SiO ) ʤʠʥʝʨʘʣʳ ʜʘ ʩʧʝʢʪʨʜʝ ʘʡץʳʥ ʢᴇʨʽʥʝʜʽ. ʆʥʳש 

ʥʝʛʽʟʛʽ ʰʳשʜʘʨʳ 2ɗ = 26.27Á ʤᴅʥʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ, ʘʣ ץʦʩʳʤʰʘ ʰʳשʜʘʨʳ 35.31Á 

ʞᴅʥʝ 40.89Á ʛʨʘʜʫʩ ʘʨʘʣʳסʳʥʜʘ ʙʘʡץʘʣʘʜʳ. ʄʫʣʣʠʪʪʽש ʪװʟʽʣʫʽ ʞʘʥʫ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש ʞʦסʘʨʳ ʙʦʣסʘʥʳʥ ʞᴅʥʝ ʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨʜʳץ שʘʡʪʘ 

ʢʨʠʩʪʘʣʜʘʥʫʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ɻʝʤʘʪʠʪʪʽש (Fe O  ʳʥץʳ ʘʡסʳʥʜʘסʘʪʳʩʫʳʥ 2ɗ = 33.25Á ʞᴅʥʝ 35.68Á ʘʡʤʘץ (

ʰʳשʜʘʨ ʨʘʩʪʘʡʜʳ. ɹײʣ ʪʝʤʽʨ ʦʢʩʠʜʽʥʽש ʢװʡʽʧ ʞʘʪץʘʥ ʢᴇʤʽʨʜʝʥ ʥʝʤʝʩʝ 

ʘʥʦʨʛʘʥʠʢʘʣʳץ ץʦʩʧʘʣʘʨʜʘʥ ʧʘʡʜʘ ʙʦʣסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ɾʘʣʧʳ, ʩʧʝʢʪʨʜʝʥ ʢᴇʨʽʥʽʧ ʪײʨסʘʥʜʘʡ, ɾʕʆ ʢװʣʽ ð ʢʨʠʩʪʘʣʜʳץ ʞᴅʥʝ 

ʘʤʦʨʬʪʳ ʬʘʟʘʣʘʨʜʳש ʢװʨʜʝʣʽ ץʦʩʧʘʩʳ. ʆʥʳש ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʢʚʘʨʮ, 

ʤʫʣʣʠʪ ʞᴅʥʝ ʛʝʤʘʪʠʪ, ʘʣ 20ï30Á ʜʠʘʧʘʟʦʥʳʥʜʘ ʘʤʦʨʬʪʳ ʘʣʶʤʦʩʠʣʠʢʘʪʪʳ 

ʰʳʥʳʣʳ ʬʘʟʘ ʘʥʳץ ʙʘʡץʘʣʘʜʳ.  

2.11-ʩʫʨʝʪ ʩᴅʡʢʝʩ ʢᴇʤʽʨʜʽ ʞʘסʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ץʘʣʜʳץʪʘʨ 

ʪװʨʽʥʜʝʛʽ ɾʕʆ ʢװʣʽʥʽש FTIR ʪװʩʽʨʽʣʽʤʽ ʢʝʣʪʽʨʽʣʛʝʥ. 
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ʉʫʨʝʪ 2.11 - ʂᴇʤʽʨʜʽ ʞʘסʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ץʘʣʜʳץʪʘʨ ʪװʨʽʥʜʝʛʽ 

ɾʕʆ ʢװʣʽʥʽש FTIR ʪװʩʽʨʽʣʽʤʽ 

 

ɹʝʨʽʣʛʝʥ FTIR ʩʧʝʢʪʨʽ ɾʕʆ ʢװʣʽʥʽש ʠʥʬʨʘץʳʟʳʣ ʞײʪʳʣʫ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ 

ʢᴇʨʩʝʪʝʜʽ ʞᴅʥʝ ʦʥʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥʜʘסʳ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʪʦʧʪʘʨ ʪʫʨʘʣʳ 

ʘץʧʘʨʘʪ ʙʝʨʝʜʽ. ʉʧʝʢʪʨʜʽש ᴅʨʙʽʨ ʞײʪʳʣʫ ʞʦʣʘסʳ ʙʝʣʛʽʣʽ ʙʽʨ ʙʘʡʣʘʥʳʩ ʪװʨʽʥʽש 

ʙʦʣʫʳʥ ʩʠʧʘʪʪʘʡʜʳ, ʙײʣ ʢװʣ ײץʨʘʤʳʥʜʘסʳ ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʞᴅʥʝ ʽʰʽʥʘʨʘ 

ʦʨʛʘʥʠʢʘʣʳץ ʬʘʟʘʣʘʨʜʳ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

3500ï3200 ʩʤ ĭ ʘʨʘʣʳסʳʥʜʘסʳ ʢʝש ʩʽשʽʨʫ ʞʦʣʘץʪʘʨʳ ʛʠʜʨʦʢʩʠʣ ʪʦʧʪʘʨʳʥʘ 

(ïOH) ʪᴅʥ, ʩʫ ʤʦʣʝʢʫʣʘʣʘʨʳ ʤʝʥ ʩʽʣʪʽʣʽʢ ʛʠʜʨʦʢʩʠʜʪʝʨʜʽש ʙʦʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ɹײʣ ʩʫ ʢʨʠʩʪʘʣʜʳץ ʥʝʤʝʩʝ ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ ʢװʡʜʝ ʙʦʣʫʳ ʤװʤʢʽʥ ʞᴅʥʝ ʢװʣ 

ʘʣʘʜʳ. 1640ï1650 ʩʤץʙʝʪʽʥʝʥ ʙʘʡ שʳ ʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨʜʳסʨʘʤʳʥʜʘײץ ĭ 

ʤʘשʳʥʜʘסʳ ʞʦʣʘץʪʘʨ ïʩʫ ʙʫʳʥʳש ʥʝʤʝʩʝ ʛʠʜʨʘʪʪʘʣסʘʥ ʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨʜʳש 

ʤʦʣʝʢʫʣʘʣʳץ ʩʫʜʳש ʜʝʬʦʨʤʘʮʠʷʣʳץ ʪʝʨʙʝʣʽʩʪʝʨʽʥ ʙʽʣʜʽʨʝʜʽ. ʓʣסʘʣʜʳש 

 ʘʥ ʩʫ ʙʦʣʫʳʥ ʙʽʣʜʽʨʝʜʽ. 1100ï1000סʩʪʘʣײ ʪʦʨʜʘ ץʳ ʥʝʤʝʩʝ ʢʨʠʩʪʘʣʜʳסʘʣʜʳץ

ʩʤ ĭ ʘʨʘʣʳסʳʥʜʘסʳ ʠʥʪʝʥʩʠʚʪʽ ʞײʪʳʣʫ SiïOïSi ʞᴅʥʝ SiïOïAl 

ʙʘʡʣʘʥʳʩʪʘʨʳʥʳש ʪʝʨʙʝʣʽʩʪʝʨʽʥʝ ʪᴅʥ. ɹײʣ ʢʨʝʤʥʠʡ ʞᴅʥʝ ʘʣʶʤʠʥʠʡ ʥʝʛʽʟʽʥʜʝʛʽ 

ʪʝʪʨʘʵʜʨʣʝʨʜʽש ʬʨʘʛʤʝʥʪʪʝʨʽ ʙʦʣʳʧ ʢʝʣʝʪʽʥ ʤʫʣʴʣʠʪ ʧʝʥ ʢʚʘʨʮ ʩʠʷץʪʳ 

ʬʘʟʘʣʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ɸʡʤʘץ ɾʕʆ ʢװʣʽʥʜʝʛʽ ʥʝʛʽʟʛʽ ʘʤʦʨʬʪʳ 

ʘʣʶʤʦʩʠʣʠʢʘʪʪʳ ʬʘʟʘʥʳש ʙʘʨ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 800ï600 ʩʤ ĭ ʘʡʤʘסʳʥʜʘ SiïO 

ʞᴅʥʝ AlïO ʙʘʡʣʘʥʳʩʪʘʨʳʥʘ ʪᴅʥ ʠʽʣʽʩ ʪʝʨʙʝʣʽʩʪʝʨʽ ʙʘʡץʘʣʘʜʳ, ʙײʣ ʤʫʣʴʣʠʪʪʽש 

 שʪʘʨ ʤʫʣʴʣʠʪʪʽץʢʦʤʧʦʥʝʥʪʪʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʦʣʘ ץʨʳʣʳʤʜʳײץ

ʢʨʠʩʪʘʣʜʳץ ʢװʡʽʥʽש ʜᴅʣʝʣʽ. 500ï400 ʩʤ ĭ ʜʠʘʧʘʟʦʥʳʥʜʘ FeïO ʥʝʤʝʩʝ TiïO 

ʙʘʡʣʘʥʳʩʪʘʨʳʥʘ ʪᴅʥ ᴅʣʩʽʟ ʩʠʛʥʘʣʜʘʨ ʙʦʣʫʳ ʤװʤʢʽʥ, ʛʝʤʘʪʠʪ ʥʝʤʝʩʝ ʨʫʪʠʣ 

ʩʠʷץʪʳ ʪʝʤʽʨ ʞᴅʥʝ ʪʠʪʘʥ ʦʢʩʠʜʪʝʨʽʥʽש ʙʦʣʫʳʥ ʨʘʩʪʘʡʜʳ. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, FTIR ʩʧʝʢʪʨʽ ɾʕʆ ʢװʣʽʥʜʝ ʘʣʶʤʦʩʠʣʠʢʘʪʪʳ ʰʳʥʳ 

ʪᴅʨʽʟʜʽ ʘʤʦʨʬʪʳ ʤʘʪʨʠʮʘʥʳש, ʢʚʘʨʮʪʳש ʞᴅʥʝ ʤʫʣʴʣʠʪʪʽש, ʩʦʥʜʘʡ-ʘץ 

ʙʘʡʣʘʥʳʩץʘʥ ʩʫ ʤʝʥ OH-ʪʦʧʪʘʨʳʥʳש ʙʘʨ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ. 

 

 



 48 

ϧʦϬʳʨ ʢϺʤʽʨ 

2.6-ʢʝʩʪʝʜʝ ץʦשʳʨ ʢᴇʤʽʨ װʣʛʽʣʝʨʽʥʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ, 2.12-ʩʫʨʝʪʪʝ 

ʉʕʄ-ʕɼʉ ʪװʩʽʨʽʣʽʤʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

ʂʝʩʪʝ 2.6 - פʦשʳʨ ʢᴇʤʽʨ װʣʛʽʣʝʨʽʥʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ 

 

ʂʦʤʧʦʥʝʥʪ ײפʨʘʤʳ (%) 

C 60ï70 

H 4ï6 

O 20ï30 

N 0.5ï2 

S 0.5ï3 

ʂװʣ 10ï20 

ʓʣסʘʣ 30ï50 

LOI 70ï80 

 

 
 

ʉʫʨʝʪ 2.12 - פʦשʳʨ ʢᴇʤʽʨ װʣʛʽʣʝʨʽʥʽש ʉʕʄ-ʕɼʉ ʪװʩʽʨʽʣʽʤʽ 

 

ʉʕʄ ʕɼʉ ʪʘʣʜʘʫʳ ʥᴅʪʠʞʝʣʝʨʽ ץʦשʳʨ ʢᴇʤʽʨʜʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥ 

ʩʘʧʘʣʳ ʪװʨʜʝ ʩʠʧʘʪʪʘʡʜʳ. ʉʫʨʝʪʪʝʛʽ ʩʧʝʢʪʨʜʝ ʢᴇʤʽʨʪʝʢ (C), ʦʪʪʝʢ (O), ʢʨʝʤʥʠʡ 

(Si), ʢʘʣʴʮʠʡ (Ca), ʘʣʶʤʠʥʠʡ (Al), ʪʝʤʽʨ (Fe), ʤʘʛʥʠʡ (Mg), ʢװʢʽʨʪ (S), ʢʘʣʠʡ 

(K), ʥʘʪʨʠʡ (Na), ʬʦʩʬʦʨ (P) ʞᴅʥʝ ʙʘʩץʘ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש ʘʡץʳʥ ʙʝʣʛʽʣʝʨʽ 

ʙʘʡץʘʣʘʜʳ. ɹײʣ ʵʣʝʤʝʥʪʪʝʨʜʽש ʙʦʣʫʳ ץʦשʳʨ ʢᴇʤʽʨʜʽש ʢװʨʜʝʣʽ 

ʦʨʛʘʥʦʤʠʥʝʨʘʣʜʳײץ ץʨʳʣʳʤʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ɹʘʩʪʳ ʢʦʤʧʦʥʝʥʪ ʨʝʪʽʥʜʝ ʢᴇʤʽʨʪʝʢ (C) 60ï70% ʤᴇʣʰʝʨʽʥʜʝ ʢʝʟʜʝʩʝʜʽ, ʙײʣ 

ʢᴇʤʽʨʜʽש ʦʨʛʘʥʠʢʘʣʳץ ʪʘʙʠסʘʪʳʥ ʘʡסʘץʪʘʡʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 20ï30% ʦʪʪʝʢ (O) 

ʞᴅʥʝ 4ï6% ʩʫʪʝʢ (H) ʙʘʨ ʙʦʣʫʳ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש, ʘʪʘʧ ʘʡʪץʘʥʜʘ ʛʫʤʠʥ 

 ʳʨ ʢᴇʤʽʨʜʽשʦץ ʣ ʟʘʪʪʘʨײʨʘʤʳʥ ʩʠʧʘʪʪʘʡʜʳ. ɹײץ שʳʣʜʘʨʳ ʤʝʥ ʣʠʛʥʠʥʥʽץʳʰץ

ʪʦʧʳʨʘײץ ץʨʳʣʳʤʳʥ ʞʘץʩʘʨʪʫסʘ ʞᴅʥʝ ʛʫʤʘʪʪʳץ ʪʳשʘʡʪץʳʰʪʘʨ ʨʝʪʽʥʜʝ 

ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʂװʣ ײץʨʘʤʳ 10ï20% ʘʨʘʣʳסʳʥʜʘ ʙʦʣʳʧ, ʦʣ ʤʠʥʝʨʘʣʜʳץ ץʦʩʧʘʣʘʨסʘ ð 

ʢʚʘʨʮ (SiO ), ʢʘʦʣʠʥʠʪ (Al Si O (OH) ), ʢʘʣʴʮʠʪ (CaCO ) ʞᴅʥʝ ʪʝʤʽʨ ʦʢʩʠʜʪʝʨʽ 

ʩʠʷץʪʳ ץʦʩʧʘʣʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ. ʂװʢʽʨʪ (S) ʧʝʥ ʘʟʦʪ (N) ʩʠʷץʪʳ ʵʣʝʤʝʥʪʪʝʨʜʽש 

ʙʦʣʫʳ ʜʘ ץʦשʳʨ ʢᴇʤʽʨʜʽש ʤʠʥʝʨʘʣʦʛʠʷʣʳץ ᴅʨʪװʨʣʽʣʽʛʽ ʤʝʥ ʵʢʦʣʦʛʠʷʣʳץ ᴅʩʝʨ ʝʪʫ 

ʤװʤʢʽʥʜʽʛʽʥ ʩʠʧʘʪʪʘʡʜʳ. 
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LOI (ʦʪʳʥ ץʘʣʜʳץʪʘʨʳʥʳש ʞʦסʘʣʫʳ) ʰʘʤʘʤʝʥ 70ï80% ʘʨʘʣʳסʳʥʜʘ, ʙײʣ 

ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש ʙʘʩʳʤʜʳʣʳסʳʥ ʢᴇʨʩʝʪʝʜʽ.  

2.13-ʩʫʨʝʪ ʞᴅʥʝ 2.7-ʢʝʩʪʝʛʝ ʩᴅʡʢʝʩ ץʦשʳʨ ʢᴇʤʽʨ װʣʛʽʣʝʨʽʥʽש XRD 

ʪװʩʽʨʽʣʽʤʽ ʞᴅʥʝ ʰʳשʜʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

 
ʉʫʨʝʪ 2.13 - פʦשʳʨ ʢᴇʤʽʨ װʣʛʽʣʝʨʽʥʽש XRD ʪװʩʽʨʽʣʽʤʽ 

 

ʂʝʩʪʝ 2.7 - פʦשʳʨ ʢᴇʤʽʨ װʣʛʽʣʝʨʽʥʽש XRD ʰʳשʜʘʨʳ 

 

ʄʠʥʝʨʘʣ d (¡) 2ɗ (Á) פʘʨץʳʥʜʳʣʳץ (%) 

ʂʚʘʨʮ 
3.34 26.64 100 

4.26 20.85 50 

ʂʘʦʣʠʥʠʪ 

 

7.15 12.37 80 

3.58 24.85 60 

ʇʠʨʠʪ 2.71 33.05 30 

ʆʨʛʘʥʠʢʘ - 10ï25 - 

 

ʉʧʝʢʪʨʜʝ ʘʥʳץ ʙʘʡץʘʣʘʪʳʥ ʥʝʛʽʟʛʽ ʜʠʬʨʘʢʮʠʷʣʳץ ʰʳשʜʘʨ 2ɗ = 26.64Á 

ʞᴅʥʝ 20.85Á ʘʡʤʘץʪʘʨʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ, ʙײʣ ʢʚʘʨʮ ʤʠʥʝʨʘʣʳʥʘ ʪᴅʥ. ɸʪʘʧ 

ʘʡʪץʘʥʜʘ, 26.64Á ʙײʨʳʰʪʘסʳ ʰʳש (d = 3.34 ¡) ʢʚʘʨʮʪʳש ʝץ שʘʨץʳʥʜʳ 

ʜʠʬʨʘʢʮʠʷʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙײʣ ʦʥʳװ שʣʛʽʜʝʛʽ ʙʘʩʳʤ ʢʦʤʧʦʥʝʥʪ ʝʢʝʥʽʥ 

ʜᴅʣʝʣʜʝʡʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢʘʦʣʠʥʠʪʪʽש ʝʢʽ ʘʡץʳʥ ʰʳשʳ ʪʽʨʢʝʣʛʝʥ: 12.37Á (d = 7.15 

¡) ʞᴅʥʝ 24.85Á (d = 3.58 ¡). ɹײʣ ʛʠʜʨʦʩʣʶʜʘʣʳ ʩʘʟ ʤʠʥʝʨʘʣʳʥʳװ שʣʛʽʜʝʛʽ 

ʤᴇʣʰʝʨʽ ʞʦסʘʨʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʂʘʦʣʠʥʠʪ ᴅʜʝʪʪʝ ʢᴇʤʽʨ ײץʨʘʤʳʥʜʘסʳ 

ʛʣʠʥʠʩʪʳʝ ץʦʩʧʘʣʘʨ ʘʨץʳʣʳ ʢʝʟʜʝʩʝʜʽ. ɹײʣ ʰʳשʜʘʨʜʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ 

ʞʦסʘʨʳ ץʘʨץʳʥʜʳʣʳסʳ ʦʥʳש ʢʨʠʩʪʘʣʣ ײץʨʳʣʳʤʳʥʳש ʞʘץʩʳ ʜʘʤʳסʘʥʳʥ 

ʙʽʣʜʽʨʝʜʽ. 33.05Á ʙײʨʳʰʳʥʜʘסʳ ᴅʣʩʽʟ ʰʳש ʧʠʨʠʪ ʤʠʥʝʨʘʣʳʥʘ (FeS ) ʪᴅʥ. ɹײʣ 

ʢᴇʤʽʨ ײץʨʘʤʳʥʜʘסʳ ʪʝʤʽʨ ʩʫʣʴʬʠʜʪʝʨʽʥʽש ʽʟʜʽʢ ʤᴇʣʰʝʨʜʝ ʙʘʨ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ. 

ʇʠʨʠʪʪʽש ʙʦʣʫʳ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳ ʣʘʩʪʘʫ ʪײʨסʳʩʳʥʘʥ ʤʘשʳʟʜʳ, ᴇʡʪʢʝʥʽ ʦʣ 

ʞʘʥʫ ʢʝʟʽʥʜʝ SO  ʪװʟʫʽ ʤװʤʢʽʥ. 

ɼʠʘʛʨʘʤʤʘʜʘ 10ï25Á ʘʡʤʘסʳʥʜʘ ʢʝש ʘʤʦʨʬʪʳ ʪᴇʙʝ ʙʘʡץʘʣʘʜʳ. ɹײʣ 

ʢᴇʤʽʨʜʽש ʦʨʛʘʥʠʢʘʣʳײץ ץʨʘʤʳʥʳש (ʛʫʤʠʥ ץʳʰץʳʣʜʘʨʳ, ʣʠʛʥʠʥ ץʘʣʜʳץʪʘʨʳ 
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ʞᴅʥʝ ʙʘʩץʘ ʢᴇʤʽʨʪʝʢʪʽ ʟʘʪʪʘʨ) ʘʤʦʨʬʪʳ ײץʨʳʣʳʤʳʥʘ ʪᴅʥ. ʄײʥʜʘʡ ʩʠʛʥʘʣ ᴅʜʝʪʪʝ 

 .ʨʳʣʳʤʜʳ ʢᴇʨʩʝʪʝʜʽ ʞᴅʥʝ XRD-ʜʝ ʨʝʪʩʽʟ ʬʘʟʘ ʨʝʪʽʥʜʝ ʢᴇʨʽʥʝʜʽײץ ʘʥסʡʳʤʜʘʩʧʘײ

2.14-ʩʫʨʝʪʢʝ ʩᴅʡʢʝʩ ץʦשʳʨ ʢᴇʤʽʨ װʣʛʽʣʝʨʽʥʽש FTIR ʪװʩʽʨʽʣʽʤʽ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

 
ʉʫʨʝʪ 2.14 - פʦשʳʨ ʢᴇʤʽʨ װʣʛʽʣʝʨʽʥʽש FTIR ʪװʩʽʨʽʣʽʤʽ 

 

FTIR ʩʧʝʢʪʨʽ ץʦשʳʨ ʢᴇʤʽʨʜʽש ʭʠʤʠʷʣʳײץ ץʨʳʣʳʤʳʥ ʤʦʣʝʢʫʣʘʣʳץ 

ʜʝשʛʝʡʜʝ ʩʠʧʘʪʪʘʡʜʳ ʞᴅʥʝ ʦʥʳײץ שʨʘʤʳʥʜʘסʳ ʦʨʛʘʥʠʢʘʣʳץ ʞᴅʥʝ 

ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʪʦʧʪʘʨʜʳ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 3500ï3200 ʩʤ ĭ 

ʘʨʘʣʳסʳʥʜʘסʳ ʢʝש ʩʽשʽʨʫ ʞʦʣʘסʳ OïH ʪʦʧʪʘʨʳʥʳש (ʛʠʜʨʦʢʩʠʣ ʪʦʧʪʘʨʳ) 

ʪʝʨʙʝʣʽʩʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ɹײʣ ʢᴇʤʽʨ ײץʨʘʤʳʥʜʘ ʬʝʥʦʣʜʳץ, ʩʧʠʨʪʪʽʢ ʥʝʤʝʩʝ 

ʢʘʨʙʦʢʩʠʣʴʜʽʢ ʛʠʜʨʦʢʩʠʣʜʝʨʜʽש ʙʦʣʫʳʥ ʙʽʣʜʽʨʝʜʽ ʞᴅʥʝ ʛʫʤʠʥ ץʳʰץʳʣʜʘʨʳ ʤʝʥ 

ʙʘʩץʘ ʜʘ ʦʪʪʝʛʽʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʪʦʧʪʘʨʜʳש ʙʦʣʫʳʥ ʨʘʩʪʘʡʜʳ. 

2920 ʩʤ ĭ ʤʘשʳʥʜʘסʳ ʰʳש ʘʣʠʬʘʪʠʢʘʣʳץ CïH ʙʘʡʣʘʥʳʩʪʘʨʳʥʳש ʢʝʨʽʣʫ 

ʪʝʨʙʝʣʽʩʪʝʨʽʥ ʙʽʣʜʽʨʝʜʽ. ʂᴇʤʽʨ ײץʨʳʣʳʤʳʥʜʘ ʘʣʠʬʘʪʠʢʘʣʳץ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש 

ʙʦʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ, ʷסʥʠ ײʟʳʥ ʢᴇʤʽʨʪʝʢ ʪʽʟʙʝʢʪʝʨʽʥʜʝʛʽ ʩʫʪʝʢ ʘʪʦʤʜʘʨʳʥʳש ʙʘʨ 

ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש ʪʦʣʳץ ʳʜʳʨʘʧ װʣʛʝʨʤʝʛʝʥʽʥ, 

ʢᴇʤʽʨʜʽש "ʞʘʩ" ʝʢʝʥʽʥ ʙʽʣʜʽʨʫʽ ʤװʤʢʽʥ. 1700 ʩʤ ĭ ʘʡʤʘסʳʥʜʘסʳ ʩʠʛʥʘʣ 

ʢʘʨʙʦʢʩʠʣʴʜʽʢ ʪʦʧʪʘʨʜʳש C=O ʙʘʡʣʘʥʳʩʪʘʨʳʥʘ ʪᴅʥ. ɹײʣ ʩʧʝʢʪʨʜʝ ʢʘʨʙʦʥ 

 ץʪʳ ʦʪʪʝʢʪʽ ʬʫʥʢʮʠʦʥʘʣʜʳץʨʜʝʣʽ ʵʬʠʨʣʝʨ ʥʝʤʝʩʝ ʢʝʪʦʥʜʘʨ ʩʠʷװʳʣʜʘʨʳ, ʢץʳʰץ

ʪʦʧʪʘʨʜʳש ʙʦʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. ɸʣ 1600 ʩʤ ĭ ʤʘשʳʥʜʘסʳ C=C ʩʠʛʥʘʣʜʘʨʳ 

ʘʨʦʤʘʪʪʳ ײץʨʳʣʳʤʜʘʨʜʳ ʙʽʣʜʽʨʝʜʽ ʢᴇʤʽʨ ײץʨʘʤʳʥʜʘסʳ ʢʦʥʜʝʥʩʘʮʠʷʣʘʥסʘʥ 

ʩʘץʠʥʘʣʳ ײץʨʳʣʳʤʜʘʨʜʳש ʙʘʨ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. 1000ï1100 ʩʤ ĭ 

ʜʠʘʧʘʟʦʥʳʥʜʘ ʙʘʡץʘʣסʘʥ ʩʽשʽʨʫʣʝʨ SiïOïAl ʪʝʨʙʝʣʽʩʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ ʞᴅʥʝ 

ʢʘʦʣʠʥʠʪ ʩʝʢʽʣʜʽ ʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨʜʳש ʙʘʨ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ʢᴇʤʽʨʜʽש 

ʛʣʠʥʠʩʪʳʝ ʢʦʤʧʦʥʝʥʪʪʝʨʤʝʥ (ʤʳʩʘʣʳ, ʢʘʦʣʠʥʠʪʧʝʥ) ʙʽʨʛʝ ʪʘʙʳʣʘʪʳʥʳʥ 

ʙʽʣʜʽʨʝʜʽ. 460ï500 ʩʤ ĭ ʘʡʤʘסʳʥʜʘסʳ ʩʽשʽʨʫʣʝʨ ʢʚʘʨʮʪʳש (SiïO) ʪʝʨʙʝʣʽʩʽʥʝ ʪᴅʥ, 

ʢᴇʤʽʨ ײץʨʘʤʳʥʜʘ ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʢʨʝʤʥʝʟʝʤʥʽש ʙʘʨ ʝʢʝʥʽʥ ʨʘʩʪʘʡʜʳ. 

 .ʘʥ ʞʳʥʳʩʪʘʨסʳʨ ʢᴇʤʽʨʜʽ ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʽʰʢʽ ʘʨʰʳʣשʦפ
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2.8-ʢʝʩʪʝʜʝ ץʦשʳʨ ʢᴇʤʽʨʜʽ ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʽʰʢʽ ʘʨʰʳʣסʘʥ 

ʞʳʥʳʩʪʘʨʜʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ, 2.15-ʩʫʨʝʪʪʝ ʉʕʄ-ʕɼʉ ʪװʩʽʨʽʣʽʤʽ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

ʂʝʩʪʝ 2.8 - פʦשʳʨ ʢᴇʤʽʨʜʽ ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʽʰʢʽ ʘʨʰʳʣסʘʥ 

ʞʳʥʳʩʪʘʨʜʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ 

 

ʂʦʤʧʦʥʝʥʪ ײפʨʘʤʳ (%) 

SiO 50ï70 

Al O 15ï25 

Fe O 3ï8 

CaO 2ï10 

MgO 1ï5 

K O 1ï4 

Na O 0.5ï2 

Organic C 5ï10 

LOI 10ï20 

 

 
ʉʫʨʝʪ 2.15 - פʦשʳʨ ʢᴇʤʽʨʜʽ ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʽʰʢʽ ʘʨʰʳʣסʘʥ 

ʞʳʥʳʩʪʘʨʜʳש ʉʕʄ-ʕɼʉ ʪװʩʽʨʽʣʽʤʽ 

 

ɯʰʢʽ ʘʨʰʳʣסʘʥ ʞʳʥʳʩʪʘʨʜʳש ʉʕʄ-ʕɼʉ ʜʝʨʝʢʪʝʨʽ ʦʣʘʨʜʳש ʢװʨʜʝʣʽ 

ʦʨʛʘʥʦʤʠʥʝʨʘʣʜʳץ ʪʘʙʠסʘʪʳʥ ʜᴅʣʝʣʜʝʡʜʽ. ʕʣʝʢʪʨʦʥʜʳץ ʢʝʩʢʽʥ ʤʘʪʝʨʠʘʣʜʳש 

ʛʝʪʝʨʦʛʝʥʜʽ ײץʨʳʣʳʤʳʥ ʢᴇʨʩʝʪʝʜʽ: ʪװʨʣʽ ʢᴇʣʝʤʜʝʛʽ ʙᴇʣʰʝʢʪʝʨʜʝʥ ʪײʨʘʪʳʥ 

ʤʘʪʨʠʮʘ, ײʩʘץ ʪװʡʽʨʰʽʢʪʝʨ ʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʤʝʥ ץʘʧʪʘʣסʘʥ ʽʨʽ ʘʛʨʝʛʘʪʪʘʨ 

ʙʘʡץʘʣʘʜʳ. ײפʨʳʣʳʤ ʤʠʥʝʨʘʣʜʳץ ʞᴅʥʝ ʛʫʤʘʪʪʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽץ שʘʪʘʨ ʙʦʣʫʳʥ 

ʢᴇʨʩʝʪʝʜʽ,  ʤʘʪʝʨʠʘʣʜʳ ʪʦʧʳʨʘץץʘ ʞʘץʩʘʨʪץʳʰ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ʕʥʝʨʛʠʷ-ʜʠʩʧʝʨʩʠʷʣʳץ ʩʧʝʢʪʨ ײץʨʘʤʳʥʜʘ ʥʝʛʽʟʽʥʝʥ ʢʨʝʤʥʠʡ (Si), 

ʘʣʶʤʠʥʠʡ (Al), ʪʝʤʽʨ (Fe), ʢʘʣʴʮʠʡ (Ca), ʤʘʛʥʠʡ (Mg), ʢʘʣʠʡ (K), ʥʘʪʨʠʡ (Na), 

ʩʦʥʜʘʡ-ʘץ ʦʪʪʝʢ (O) ʧʝʥ ʢᴇʤʽʨʪʝʢ (C) ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʙʘʨ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʂʨʝʤʥʠʡ ʤʝʥ ʘʣʶʤʠʥʠʡʜʽש ʘʡץʳʥ ʰʳשʜʘʨʳ ʢʚʘʨʮ, ʢʘʦʣʠʥʠʪ ʞᴅʥʝ ʠʣʣʠʪ 

ʩʠʷץʪʳ ʘʣʶʤʦʩʠʣʠʢʘʪʪʳ ʤʠʥʝʨʘʣʜʘʨʜʳש ʙʘʩʳʤ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ. ʄʠʥʝʨʘʣʜʘʨ 

50ï70% SiO  ʞᴅʥʝ 15ï25% Al O  ʳʣʳ ʨʘʩʪʘʣʘʜʳ. ʊʝʤʽʨ ʤʝʥ ʢʘʣʴʮʠʡץʨʘʤʳ ʘʨײץ 

ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʙʦʣʫʳ ʪʝʤʽʨ ʦʢʩʠʜʪʝʨʽ ʤʝʥ ʢʘʨʙʦʥʘʪʪʳ ʬʨʘʢʮʠʷʣʘʨʜʳש ʙʦʣʫʳʥ 

ʢᴇʨʩʝʪʝʜʽ. ʄʠʥʝʨʘʣʜʘʨ ײץʨʳʣʳʤʜʳץ ʪײʨʘץʪʳʣʳץ ʙʝʨʝʜʽ ʞᴅʥʝ ʪʦʧʳʨʘץʪʳש ʨʅ-
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ʳʥʘ ᴅʩʝʨ ʝʪʝʜʽ. ʄʘʛʥʠʡ, ʢʘʣʠʡ ʞᴅʥʝ ʥʘʪʨʠʡ ð ײʩʘץ ʢᴇʣʝʤʜʝ ʙʦʣʩʘ ʜʘ ð 

ʪʦʧʳʨʘײץ ץʥʘʨʣʳʣʳסʳʥʘ ʦש ᴅʩʝʨ ʝʪʝʪʽʥ ʤʘʢʨʦʵʣʝʤʝʥʪʪʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʆʨʛʘʥʠʢʘʣʳץ ʢᴇʤʽʨʪʝʢʪʽש ʞᴅʥʝ LOI (ʦʪʪʘסʘʥʥʘʥ ʢʝʡʽʥʛʽ ץʘʣʜʳץ) 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש ʞʦסʘʨʳ ʙʦʣʫʳ (10ï20%) ʛʫʤʠʥ ץʳʰץʳʣʜʘʨʳʥʳש ʞᴅʥʝ 

ʛʫʤʘʪʪʳ ץʦʩʳʣʳʩʪʘʨʜʳש ʙʦʣʫʳʥ ʜᴅʣʝʣʜʝʡʜʽ. ʌʨʘʢʮʠʷʣʘʨ ʪʦʧʳʨʘץץʘ ʝʥʛʽʟʛʝʥʜʝ 

ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨ ʢᴇʟʽ ʨʝʪʽʥʜʝ ץʳʟʤʝʪ ʝʪʝʜʽ, ײץʨʳʣʳʤʳʥ ʞʘץʩʘʨʪʘʜʳ ʞᴅʥʝ 

ʳʣסʘʣʜʳ ʩʘץʪʘʫ ץʘʙʽʣʝʪʽʥ ʘʨʪʪʳʨʘʜʳ. 

2.16-ʩʫʨʝʪ ʞᴅʥʝ 2.9-ʢʝʩʪʝʛʝ ʩᴅʡʢʝʩ ץʦשʳʨ ʢᴇʤʽʨʜʽ ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ 

ʙʦʣʘʪʳʥ ʽʰʢʽ ʘʨʰʳʣסʘʥ ʞʳʥʳʩʪʘʨʜʳש XRD ʪװʩʽʨʽʣʽʤʽ ʞᴅʥʝ ʰʳשʜʘʨʳ 

ʢʝʣʪʽʨʽʣʛʝʥ. 

 

 
ʉʫʨʝʪ 2.16 - פʦשʨr ʢᴇʤʽʨʜʽ ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʽʰʢʽ ʘʨʰʳʣסʘʥ 

ʞʳʥʳʩʪʘʨʜʳש XRD ʪװʩʽʨʽʣʽʤʽ 

 

ʂʝʩʪʝ 2.9 - פʦשʳʨ ʢᴇʤʽʨʜʽ ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʽʰʢʽ ʘʨʰʳʣסʘʥ 

ʞʳʥʳʩʪʘʨʜʳש XRD ʰʳשʜʘʨʳ 

 
ʄʠʥʝʨʘʣ d (¡) 2ɗ (Á) פʘʨץʳʥʜʳʣʳץ (%) 

ʂʚʘʨʮ 

 

3.34 26.64 100 

4.26 20.85 50 

ʂʘʦʣʠʥʠʪ 

 

7.15 12.37 80 

3.58 24.85 60 

ʀʣʣʠʪ 

 

10.0 8.84 70 

5.0 17.72 40 

ʆʨʛʘʥʠʢʘ - 15ï25 - 

 

ʂʝʣʪʽʨʽʣʛʝʥ XRD ʩʧʝʢʪʨʽ ʽʰʢʽ ʘʨʰʳʣסʘʥ ʞʳʥʳʩʪʘʨʜʳש ʤʠʥʝʨʘʣʦʛʠʷʣʳץ 

 ʘʥ ʥʝʛʽʟʛʽסʪʘʣץʧʝʥ ʘʥʳץʳʥʜʳʣʳץʘʨץ ʘʨʳסʨʘʤʳʥ ʩʠʧʘʪʪʘʡʜʳ. ʉʧʝʢʪʨʜʝ ʞʦײץ

ʤʠʥʝʨʘʣʜʘʨ ï ʠʣʣʠʪ, ʢʘʦʣʠʥʠʪ ʞᴅʥʝ ʢʚʘʨʮ. ɹײʣ ʤʠʥʝʨʘʣʜʘʨ ʞʳʥʳʩʪʳש 

ʘʣʶʤʦʩʠʣʠʢʘʪʪʳ ײץʨʳʣʳʤʳʥ ʢᴇʨʩʝʪʝʜʽ ʞᴅʥʝ ʦʣʘʨʜʳץ שʘʪʳʩʫʳ ʞʳʥʳʩʪʳש 

ʰᴇʛʽʥʜʽ-ʢʝʨʘʤʠʢʘʣʳץ ʪʘʙʠסʘʪʳʥ ʘʡסʘץʪʘʡʜʳ. 

ʀʣʣʠʪʪʽש ʥʝʛʽʟʛʽ ʜʠʬʨʘʢʮʠʷʣʳץ ʰʳשʜʘʨʳ 2ɗ = 8.84Á ʘʡʤʘסʳʥʜʘ 

ʙʘʡץʘʣʘʜʳ (d = 10.0 ¡), ʙײʣ ʦʥʳ ʞʳʥʳʩʪʘסʳ ʥʝʛʽʟʛʽ ץʘʙʘʪʪʳץ ʩʠʣʠʢʘʪ ʨʝʪʽʥʜʝ 
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ʪʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. פʦʩʳʤʰʘ ʰʳשʜʘʨʳ 2ɗ = 17.72Á (d = 5.0 ¡) ʘʡʤʘסʳʥʜʘ 

ʦʨʥʘʣʘʩץʘʥ. ɹײʣ ʠʣʣʠʪʪʽש ʞʘץʩʳ ʢʨʠʩʪʘʣʜʘʥסʘʥ ʢװʡʜʝ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ. 

ʂʘʦʣʠʥʠʪʢʝ ʪᴅʥ ʰʳשʜʘʨ 2ɗ = 12.37Á (d = 7.15 ¡) ʞᴅʥʝ 2ɗ = 24.85Á (d = 3.58 ¡) 

ʘʡʤʘץʪʘʨʳʥʜʘ ʪʽʨʢʝʣʛʝʥ. ɹײʣ ʢʘʦʣʠʥʠʪʪʽש ʞʳʥʳʩʪʘסʳ ʝʢʽʥʰʽ ʥʝʛʽʟʛʽ ʛʣʠʥʠʩʪʳʡ 

ʢʦʤʧʦʥʝʥʪ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʂʚʘʨʮʪʳש ʘʡץʳʥ ʰʳשʜʘʨʳ 2ɗ = 26.64Á (d = 3.34 ¡) ʞᴅʥʝ ᴅʣʩʽʟʜʝʫ 

ʰʳשʜʘʨʳ 2ɗ = 20.85Á (d = 4.26 ¡) ʘʡʤʘסʳʥʜʘ ʘʥʳץʪʘʣסʘʥ. ɹײʣ ʢʨʝʤʥʝʟʝʤʥʽש 

(SiO ) ʞʦסʘʨʳ װʣʝʩʽʥ ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 15ï25Á ʘʨʘʣʳסʳʥʜʘ ʘʤʦʨʬʪʳ 

ʬʘʟʘסʘ ʪᴅʥ ʢʝש ʜʠʬʬʫʟʜʳ ʬʦʥ ʢᴇʨʽʥʝʜʽ, ʙײʣ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨ ʥʝʤʝʩʝ ʘʟ 

ʢʨʠʩʪʘʣʜʘʥסʘʥ ʩʠʣʠʢʘʪ ײץʨʳʣʳʤʜʘʨʳʥʳש ʙʦʣʫʳʥ ʢᴇʨʩʝʪʫʽ ʤװʤʢʽʥ. 

2.17-ʩʫʨʝʪʢʝ ʩᴅʡʢʝʩ ץʦשʳʨ ʢᴇʤʽʨʜʽ ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʽʰʢʽ 

ʘʨʰʳʣסʘʥ ʞʳʥʳʩʪʘʨʜʳש FTIR ʪװʩʽʨʽʣʽʤʽ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

 
ʉʫʨʝʪ 2.17 - פʦשʳʨ ʢᴇʤʽʨʜʽ ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʽʰʢʽ ʘʨʰʳʣסʘʥ 

ʞʳʥʳʩʪʘʨʜʳש FTIR ʪװʩʽʨʽʣʽʤʽ 

 

ɹʝʨʽʣʛʝʥ FTIR ʩʧʝʢʪʨʽ ʽʰʢʽ ʘʨʰʳʣסʘʥ ʞʳʥʳʩʪʘʨʜʳש ʦʨʛʘʥʠʢʘʣʳץ ʞᴅʥʝ 

ʙʝʡʦʨʛʘʥʠʢʘʣʳײץ ץʨʘʤʳʥ ʩʠʧʘʪʪʘʡʜʳ. ʉʧʝʢʪʨʜʝ ʘʥʳץ ʙʘʡץʘʣʘʪʳʥ ʥʝʛʽʟʛʽ 

ʞʦʣʘץʪʘʨ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʪʦʧʪʘʨʜʳש ʙʦʣʫʳʥ ʜᴅʣʝʣʜʝʡʜʽ, ʞʳʥʳʩʪʳש 

ʛʫʤʘʪʪʘʨסʘ, ʩʘʟʜʳ ʤʠʥʝʨʘʣʜʘʨסʘ ʞᴅʥʝ ʢʚʘʨʮץʘ ʙʘʡ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʐʘʤʘʤʝʥ 

3400 ʩʤ ĭ ʤʘשʳʥʜʘ ʙʘʡץʘʣʘʪʳʥ ʢʝש ʞᴅʥʝ ʘʡץʳʥ ʞʦʣʘץ OïH ʙʘʡʣʘʥʳʩʪʘʨʳʥʳש 

ʪʝʨʙʝʣʽʩʪʝʨʽʥʝ ʪᴅʥ. ʉʠʛʥʘʣ ʩʫʜʳש, ʩʦʥʜʘʡ-ʘץ ʛʫʤʘʪ ײץʨʘʤʳʥʜʘסʳ ʛʠʜʨʦʢʩʠʣ 

ʪʦʧʪʘʨʳʥʳש ʙʦʣʫʳʥ ʙʽʣʜʽʨʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 2920 ʩʤ ĭ ʤʘשʳʥʜʘסʳ ʞʦʣʘץ 

ʘʣʠʬʘʪʠʢʘʣʳץ CïH ʙʘʡʣʘʥʳʩʪʘʨʳʥʳש ʜʝʬʦʨʤʘʮʠʷʣʳץ ʪʝʨʙʝʣʽʩʪʝʨʽʥʝ ʩᴅʡʢʝʩ 

ʢʝʣʝʜʽ, ʙײʣ ʛʫʤʘʪʪʘʨʜʳש ʦʨʛʘʥʠʢʘʣʳײץ ץʨʳʣʳʤʳʥʘ ʪᴅʥ. ʐʘʤʘʤʝʥ 1600 ʩʤ ĭ 

ʞᴅʥʝ 1700 ʩʤ ĭ ʤʘשʳʥʜʘסʳ ʞʦʣʘץʪʘʨ C=C ʞᴅʥʝ C=O ʪʦʧʪʘʨʳʥʳש 

ʪʝʨʙʝʣʽʩʪʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ʌʫʥʢʮʠʦʥʘʣʜʳץ ʪʦʧʪʘʨ ʛʫʤʠʥ ץʳʰץʳʣʜʘʨʳ ʤʝʥ 

ʦʣʘʨʜʳש ʪʫʳʥʜʳʣʘʨʳʥʜʘ ʢʝʟʜʝʩʝʜʽ ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ ʢᴇʤʽʨʪʝʢʪʽ 

 ᴅʩʝʨ ץʘ ʘʛʨʦʭʠʤʠʷʣʳץץʪʦʧʳʨʘ שʙʦʣʫʳʥ ʙʽʣʜʽʨʝʜʽ. ɻʫʤʘʪʪʘʨʜʳ שʦʩʳʣʳʩʪʘʨʜʳץ

ʝʪʫ ᴅʣʝʫʝʪʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʤʘשʳʟʜʳ ʢᴇʨʩʝʪʢʽʰ. 1000 ʩʤ ĭ ʤʘשʳʥʜʘסʳ ʢװʰʪʽ 

ʞʦʣʘץ ʢʘʦʣʠʥʠʪ ʧʝʥ ʠʣʣʠʪʪʽײץ שʨʘʤʳʥʜʘסʳ SiïOïAl ʪʝʨʙʝʣʽʩʪʝʨʽʥ ʩʠʧʘʪʪʘʡʜʳ, 
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ʘʣ 460 ʩʤ ĭ ʤʘשʳʥʜʘסʳ ʩʠʛʥʘʣ ʢʚʘʨʮץʘ ʪᴅʥ SiïO ʙʘʡʣʘʥʳʩʪʘʨʳʥʳש 

ʪʝʨʙʝʣʽʩʪʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ɹײʣ ʩʧʝʢʪʨʣʽʢ ʙʝʣʛʽʣʝʨ FTIR ʥᴅʪʠʞʝʣʝʨʽʥ XRD 

ʞᴅʥʝ SEM-EDS ʤᴅʣʽʤʝʪʪʝʨʽʤʝʥ ʪʦʣʳץʪʳʨʳʧ, ײץʨʘʤʳʥʜʘ ʘʣʶʤʦʩʠʣʠʢʘʪʪʳ 

ʩʘʟʜʳ ʤʠʥʝʨʘʣʜʘʨ ʞᴅʥʝ ʢʚʘʨʮʪʳש ʙʘʩʳʤ ʝʢʝʥʽʥ ʨʘʩʪʘʡʜʳ. 

ɺʝʨʤʠʢʫʣʠʪ 

2.10 ʢʝʩʪʝʜʝ ʚʝʨʤʠʢʫʣʠʪʪʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ, 2.18-ʩʫʨʝʪʪʝ ʉʕʄ-ʕɼʉ 

ʪװʩʽʨʽʣʽʤʽ ʢᴇʨʩʝʪʽʣʛʝʥ 

 

ʂʝʩʪʝ 2.10 - ɺʝʨʤʠʢʫʣʠʪʪʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ 

 

ʂʦʤʧʦʥʝʥʪ ײפʨʘʤʳ (%) 

SiO 35ï45 

MgO 20ï30 

Al O 10ï15 

Fe O 5ï10 

K O 3ï7 

CaO 1ï5 

H O (structural) 5ï15 

Others <2 

 

 
ʉʫʨʝʪ 2.18 ï ɺʝʨʤʠʢʫʣʠʪʪʽש ʉʕʄ-ʕɼʉ ʪװʩʽʨʽʣʽʤʽ 

 

ɺʝʨʤʠʢʫʣʠʪʪʽש ʉʕʄ ʕɼʉ ʥᴅʪʠʞʝʣʝʨʽ ʦʥʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥʳש 

ʢװʨʜʝʣʽʣʽʛʽ ʤʝʥ ᴅʨʪװʨʣʽʣʽʛʽ ʪʫʨʘʣʳ ʥʘץʪʳ ʘץʧʘʨʘʪ ʙʝʨʝʜʽ. ʉʦʣ ʞʘץʪʘסʳ 

ʤʠʢʨʦʩʢʦʧʠʷʣʳץ ʙʝʡʥʝʜʝʥ ʤʠʥʝʨʘʣ ʙᴇʣʰʝʢʪʝʨʽʥʽץ שʘʙʳʨʰʘץʪʘʣסʘʥ ʞᴅʥʝ 

 ʘʪʧʘʨʣʳץ ʠסʪʘʙʠ שʣ ʚʝʨʤʠʢʫʣʠʪʪʽײʘʣʘʜʳ, ʙץʙʘʡ ץʨʳʣʳʤʳ ʘʥʳײץ ʘʙʘʪʪʳץ

ʩʠʣʠʢʘʪ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹʝʪʢʽ ײץʨʳʣʳʤ ײʩʘץ ʞᴅʥʝ ʙʽʨʢʝʣʢʽ ʝʤʝʩ ʙᴇʣʰʝʢʪʝʨʜʝʥ 

ʪײʨʘʜʳ, ʙײʣ ʦʥʳש ʞʦסʘʨʳ ʙʝʪʪʽʢ ʘʫʜʘʥʳ ʤʝʥ ʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʽʥ ʙʦʣʞʘʡʜʳ. 

ʉʧʝʢʪʨʜʽש ʦש ʞʘסʳʥʜʘסʳ ʕɼʉ ʛʨʘʬʠʛʽʥʜʝ ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʝʨ ʨʝʪʽʥʜʝ ʢʨʝʤʥʠʡ 

(Si), ʤʘʛʥʠʡ (Mg), ʘʣʶʤʠʥʠʡ (Al) ʞᴅʥʝ ʪʝʤʽʨ (Fe) ʢᴇʨʽʥʽʩ ʪʘʙʘʜʳ. ɹײʣ 

ʵʣʝʤʝʥʪʪʝʨ ʚʝʨʤʠʢʫʣʠʪʪʽש ʩʠʣʠʢʘʪʪʳ ʞᴅʥʝ ʘʣʶʤʦʩʠʣʠʢʘʪʪʳ ײץʨʳʣʳʤʳʥ 

ʙʽʣʜʽʨʝʜʽ. Si ʞᴅʥʝ Al ʰʳשʜʘʨʳʥʳש ʘʡץʳʥ ʙʦʣʫʳ ץʘʙʘʪʘʨʘʣʳץ ץʘץשʘʥʳש SiO  

ʞᴅʥʝ AlO  ʪʝʪʨʘʵʜʨʣʝʨʽʥʝʥ ʪײʨʘʪʳʥʳʥ ʨʘʩʪʘʡʜʳ. Mg ʞᴅʥʝ Fe ʰʳשʜʘʨʳʥʳש 

ʙʦʣʫʳ ʚʝʨʤʠʢʫʣʠʪʪʽש ʦʢʪʘʵʜʨʣʽʢ ץʘʙʘʪʪʘʨʳʥʜʘ ʦʩʳ ʵʣʝʤʝʥʪʪʝʨʜʽש ʦʨʳʥ 

ʘʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ, ʙײʣ ʦʥʳש ʪʠʧʪʽʢ ʬʦʨʤʫʣʘʩʳʥʘ 

(Mg,Fe,Al) (Al,Si) O (OH) Ŀ4H O ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ʉʦʥʜʘʡ-ʘץ, Ca, K, Na ʞᴅʥʝ Ti 
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ʵʣʝʤʝʥʪʪʝʨʽ ʽʟ ʤᴇʣʰʝʨʽʥʜʝ ʙʘʡץʘʣʘʜʳ, ʙײʣ ʚʝʨʤʠʢʫʣʠʪʪʽש ʪʘʙʠסʠ ʰʳסʫ ʪʝʛʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ץʦʩʘʣץʳ ץʦʩʧʘʣʘʨʜʳ ʙʽʣʜʽʨʝʜʽ. ɹײʣ ʵʣʝʤʝʥʪʪʝʨ ʦʥʳש ʠʦʥʘʣʤʘʩʪʳʨʫ 

ʤʢʽʥ. Hװʘʙʽʣʝʪʽʥʝ ᴅʩʝʨ ʝʪʫʽ ʤץ O ײץʨʳʣʳʤʜʳץ ʩʫ ʨʝʪʽʥʜʝ ʤʠʥʝʨʘʣ ץʘʙʘʪʪʘʨʳʥʜʘ 

ʙʘʡʣʘʥʳʩץʘʥ ʢװʡʜʝ ʙʦʣʘʜʳ, ʦʣ FTIR ʘʨץʳʣʳ ʞʠʽ ʙʘʡץʘʣʘʜʳ ʞᴅʥʝ ʙײʣ ʩʫ 

ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʙʫʣʘʥʳʧ, ʤʘʪʝʨʠʘʣʜʳש ʢᴇʣʝʤʜʽʢ ʢʝשʝʶʽʥʝ ʩʝʙʝʧ 

ʙʦʣʘʜʳ. 

2.19-ʩʫʨʝʪ ʞᴅʥʝ 2.11- ʢʝʩʪʝʛʝ ʩᴅʡʢʝʩ ʚʝʨʤʠʢʫʣʠʪʪʽש XRD ʪװʩʽʨʽʣʽʤʽ ʞᴅʥʝ 

ʰʳשʜʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

 
ʉʫʨʝʪ 2.19 - ɺʝʨʤʠʢʫʣʠʪʪʽש XRD ʪװʩʽʨʽʣʽʤʽ 

 

ʂʝʩʪʝ 2.11 - ɺʝʨʤʠʢʫʣʠʪʪʽש XRD ʰʳשʜʘʨʳ 

 

ʄʠʥʝʨʘʣ d (¡) 2ɗ (Á) פʘʨץʳʥʜʳʣʳץ (%) 

ɺʝʨʤʠʢʫʣʠʪ 

 

14.0 6.31 100 

7.0 12.63 50 

3.5 25.44 30 

ʂʚʘʨʮ 3.34 26.64 20 

ɹʠʦʪʠʪ 10.0 8.84 15 

 

XRD ʘʥʘʣʠʟʽ ʘʨץʳʣʳ ʘʣʳʥסʘʥ ʚʝʨʤʠʢʫʣʠʪ װʣʛʽʩʽʥʽש ʜʠʬʨʘʢʪʦʛʨʘʤʤʘcʳ 

ʤʠʥʝʨʘʣʜʳײץ ץʨʘʤʳʥ ʜᴅʣ ʘʡץʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʫʨʝʪʪʝ 2ɗ ʙײʨʳʰʳʥʜʘ 

6.31Á ʘʡʤʘסʳʥʜʘ ʝש ʞʦסʘʨʳ ץʘʨץʳʥʜʳʣʳץʧʝʥ (100%) ʘʥʳץʪʘʣסʘʥ ʧʠʢ 

ʙʘʡץʘʣʘʜʳ, ʙײʣ ð ʚʝʨʤʠʢʫʣʠʪʪʽש ʥʝʛʽʟʛʽ ʜʠʬʨʘʢʮʠʷʣʳץ ʩʠʛʥʘʣʳ, d ʘʨʘʣʳסʳ 

14.0 ¡. ɹײʣ ʢᴇʨʩʝʪʢʽʰ ʚʝʨʤʠʢʫʣʠʪʪʽש ʢʝשʽʩʪʽʢʪʽʢ ץʘʙʘʪʪʳ ײץʨʳʣʳʤʳʥʘ ʪᴅʥ, 

ʞᴅʥʝ ʦʥʳש ʩʫ ʤʝʥ ʠʦʥʜʘʨʜʳ ʩʽשʽʨʫ ץʘʩʠʝʪʪʝʨʽʤʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ. 12.63Á (d 

= 7.0 ¡) ʞᴅʥʝ 25.44Á (d = 3.5 ¡) ʘʡʤʘץʪʘʨʳʥʜʘסʳ ץʦʩʳʤʰʘ ʰʳשʤʝʥʪʪʝʨ ʜʝ 

ʚʝʨʤʠʢʫʣʠʪʪʽש ʢʨʠʩʪʘʣʜʳץ ʬʘʟʘʩʳʥ ʨʘʩʪʘʡʜʳ. ɹײʣ ʰʳשʤʝʥʪʪʝʨ ʤʠʥʝʨʘʣ 

 ʡʝʥʽ ʢᴇʨʩʝʪʝʜʽ, ᴅʩʽʨʝʩʝװʞ ץʘʙʘʪʪʳ ʠʥʪʝʨʢʘʣʠʘʮʠʷʣʳץ ʳ ʢᴇʧסʨʳʣʳʤʳʥʜʘײץ

ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʥʝʤʝʩʝ ʩʫ ʞʦסʘʣʪʫ ʞʘסʜʘʡʳʥʜʘ ʦʣʘʨʜʳץ שʘʨץʳʥʜʳʣʳסʳ 

ᴇʟʛʝʨʫʽ ʤװʤʢʽʥ. 8.84Á ʘʡʤʘסʳʥʜʘ ʙʘʡץʘʣסʘʥ ʰʘסʳʥ ʧʠʢ ʙʠʦʪʠʪ ʤʠʥʝʨʘʣʳʥʘ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ɹײʣ ʢʘʣʠʡ ʞᴅʥʝ ʪʝʤʽʨʛʝ ʙʘʡ ʩʣʶʜʘʣʳײץ ץʨʳʣʳʤʜʳ ʢᴇʨʩʝʪʝʜʽ 

ʞᴅʥʝ ʚʝʨʤʠʢʫʣʠʪʪʽש ʧʘʡʜʘ ʙʦʣʫʳʥʜʘסʳ ʙʘʩʪʘʧץʳ ʬʘʟʘʥʳץ שʘʣʜʳסʳ ʨʝʪʽʥʜʝ 
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ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʥʫʳ ʤװʤʢʽʥ. 26.64Á ʰʘʤʘʩʳʥʜʘסʳ ʧʠʢ (d = 3.34 ¡) ʢʚʘʨʮץʘ ʪᴅʥ. 

ʆʥʳץ שʘʨץʳʥʜʳʣʳסʳ ʪᴇʤʝʥ (20%), ʙײʣ װʣʛʽʜʝʛʽ ʢʚʘʨʮʪʳש ʪʝʢ ʽʟʜʽʢ ʤᴇʣʰʝʨʜʝ 

ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ. ʂʚʘʨʮ ð ʪʘʙʠסʠ ʘʣʶʤʦʩʠʣʠʢʘʪʪʳ ʰᴇʛʽʥʜʽʣʝʨʜʝ ʢʝש ʪʘʨʘʣסʘʥ, 

ʤʝʭʘʥʠʢʘʣʳץ ץʦʩʧʘ ʨʝʪʽʥʜʝ ʢʝʟʜʝʩʝʜʽ. 

2.20-ʩʫʨʝʪʢʝ ʩᴅʡʢʝʩ ʚʝʨʤʠʢʫʣʠʪʪʽש FTIR ʪװʩʽʨʽʣʽʤʽ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

 
ʉʫʨʝʪ 2.20- ɺʝʨʤʠʢʫʣʠʪʪʽש FTIR ʪװʩʽʨʽʣʽʤʽ 

 

ɹʝʨʽʣʛʝʥ FTIR ʩʧʝʢʪʨʽ ʚʝʨʤʠʢʫʣʠʪ ʤʠʥʝʨʘʣʳʥʳש ʥʝʛʽʟʛʽ ʬʫʥʢʮʠʦʥʘʣʜʳץ 

ʪʦʧʪʘʨʳʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 3400 ʩʤ ĭ ʘʡʤʘסʳʥʜʘ ʙʘʡץʘʣʘʪʳʥ ʢʝש 

ʞʦʣʘץ ð OïH ʙʘʡʣʘʥʳʩʳʥʳש ʪʝʨʙʝʣʽʩʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʙײʣ ʚʝʨʤʠʢʫʣʠʪʪʽש 

 ʙʘʨ ʝʢʝʥʽʥ שʞᴅʥʝ ʩʫ ʤʦʣʝʢʫʣʘʣʘʨʳʥʳ שʨʳʣʳʤʳʥʜʘ ʛʠʜʨʦʢʩʠʣ ʪʦʧʪʘʨʳʥʳײץ

ʙʽʣʜʽʨʝʜʽ. ɹײʣ ʞʦʣʘץ ʚʝʨʤʠʢʫʣʠʪʪʽש ʩʫʜʳ ʩʽשʽʨʫ ʞᴅʥʝ ʩʘץʪʘʫ ץʘʙʽʣʝʪʽʥ 

ʜᴅʣʝʣʜʝʡʜʽ. 1640 ʩʤ ĭ ʘʡʤʘסʳʥʜʘסʳ ʩʠʛʥʘʣ ð ʩʫʣʳ ʤʦʣʝʢʫʣʘʣʘʨʜʳש ʠʽʣʫ 

(bending) ʪʝʨʙʝʣʽʩʽʥ ʩʠʧʘʪʪʘʡʜʳ. ʄײʥʜʘʡ ʩʫ ʠʦʥʘʣʤʘʩʫ ʧʨʦʮʝʩʽʥʜʝ ʤʘשʳʟʜʳ 

ʨᴇʣ ʘʪץʘʨʘʜʳ ʞᴅʥʝ ʚʝʨʤʠʢʫʣʠʪʪʽש ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘסʳ ץʦʣʜʘʥʳʩʳʥ 

ʥʝʛʽʟʜʝʡʜʽ. 1000 ʩʤ ĭ ʤʘשʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ ʢװʰʪʽ ʧʠʢ ï ʙײʣ SiïO ʪʝʨʙʝʣʽʩʪʝʨʽʥʽש 

ʙʝʣʛʽʩʽ. ʆʣ ץʘʙʘʪʪʳ ʩʠʣʠʢʘʪ ײץʨʳʣʳʤʳʥʳש ʥʝʛʽʟʽʥ ʩʠʧʘʪʪʘʡʜʳ ʞᴅʥʝ 

ʚʝʨʤʠʢʫʣʠʪʪʽש ʥʝʛʽʟʛʽ ʢʨʠʩʪʘʣʜʳץ ʪʦʨʳʥʳש ʜᴅʣʝʣʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʳʤʝʥ 

ʘʪʘʨ, 680 ʩʤץ ĭ ʞᴅʥʝ 460 ʩʤ ĭ ʘʡʤʘץʪʘʨʳʥʜʘסʳ ʩʠʛʥʘʣʜʘʨ AlïOïSi ʞᴅʥʝ Mgï

O/SiïO ʪʝʨʙʝʣʽʩʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʫʽ ʤװʤʢʽʥ, ʙײʣ ʘʣʶʤʦʩʠʣʠʢʘʪ ʞᴅʥʝ ʤʘʛʥʠʡʣʽ 

 .ʙʦʣʫʳʥ ʙʽʣʜʽʨʝʜʽ שʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʜʽײץ

 

2.4 ʍʠʤʠʷʣʳץ ʞᴅʥʝ ʘʛʨʦʭʠʤʠʷʣʳץ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ 

ɹײʣ ʟʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ ï ʜʦʣʦʤʠʪʪʝʣʛʝʥ ʢʘʨʙʦʥʘʪʪʳ-ʢʨʝʤʥʠʡʬʦʩʬʘʪʪʳ 

ʰʠʢʽʟʘʪ, ɾʕʆ ʢװʣʽ, çפʘʟʬʦʩʬʘʪè ɾʐʉ ʮʠʢʣʦʥ ʰʘשʳ, ץʦשʳʨ ʢᴇʤʽʨ, ץʦשʳʨ 

ʢᴇʤʽʨ ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣסʘʥ ʘʨʰʳʣסʘʥ ʪʘʫ ʞʳʥʳʩʪʘʨʳ ʞᴅʥʝ 

ʚʝʨʤʠʢʫʣʠʪʪʝʥ ʪײʨʘʪʳʥ ʪʳשʘʡʪץʳʰ ץʦʩʧʘʩʳ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽ100 שï500ÁC 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳʥʜʘ ץʘʪʪʳ ʬʘʟʘʣʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ 
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ʟʝʨʪʪʝʫ, ʬʦʩʬʘʪʪʘʨʜʳש (P O ) ʝʨʽʛʽʰʪʽʛʽʥ ʞᴅʥʝ ᴇʩʽʤʜʽʢʪʝʨ װʰʽʥ 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש (Mg, Fe, Zn) ץʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ. 

ɿʝʨʪʪʝʫ ʤʽʥʜʝʪʪʝʨʽ:   

   :ʞʳʨʳʤʜʘʣʜʳײʰʽʥ ʢʝʣʝʩʽ ʤʽʥʜʝʪʪʝʨ ʪװ ʘ ʞʝʪʫץʩʘʪץʘʥ ʤʘסʦʡʳʣפ

1. ʊʳשʘʡʪץʳʰ ץʦʩʧʘʩʳʥ 100, 250, 400 ʞᴅʥʝ 500ÁC ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ 

ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫʜʝʥ ᴇʪʢʽʟʫ ʞᴅʥʝ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʦʨʛʘʥʠʢʘʣʳץ ʙᴇʣʽʢʪʽץ) שʦשʳʨ 

ʢᴇʤʽʨ, ץʘʙʘʪʪʳ ʪʘʫ ʞʳʥʳʩʪʘʨʳ) ʳʜʳʨʘʫ ʧʨʦʮʝʩʪʝʨʽʥʝ ʞᴅʥʝ ʦʥʳש 

ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʙᴇʣʽʢʧʝʥ (ʘʧʘʪʠʪ, ʢʘʨʙʦʥʘʪʪʘʨ, ʩʠʣʠʢʘʪʪʘʨ) ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʝ 

ᴅʩʝʨʽʥ ʘʥʳץʪʘʫ.   

2. ʊʝʤʧʝʨʘʪʫʨʘסʘ ʙʘʡʣʘʥʳʩʪʳ ʬʦʩʬʘʪʪʘʨʜʳש (P O ) 2%-ʜʳץ ʣʠʤʦʥ 

   .ʳʣʳʥʜʘ ʝʨʽʛʽʰʪʽʛʽʥ ʟʝʨʪʪʝʫץʳʰץ

3. ʈʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷ (XRD) ᴅʜʽʩʽʤʝʥ ץʦʩʧʘʥʳש ʤʠʥʝʨʘʣʦʛʠʷʣʳץ 

   .ʘʣʘʫסʨʳʥ ʞᴅʥʝ ʢʝʡʽʥ ᴇʟʛʝʨʽʩʪʝʨʽʥ ʙʘײʜʝʫʜʝʥ ʙשᴇ ץʨʘʤʳʥ ʪʝʨʤʠʷʣʳײץ

4. ʀʥʬʨʘץʳʟʳʣ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (FTIR) ᴅʜʽʩʽʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʞᴅʥʝ 

ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʙᴇʣʽʢʪʝʨʜʽש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʭʠʤʠʷʣʳץ 

ᴇʟʛʝʨʽʩʪʝʨʜʽ ʟʝʨʪʪʝʫ.   

5. ʉʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʠʷ (SEM) ʢᴇʤʝʛʽʤʝʥ ʪʳשʘʡʪץʳʰ 

   .ᴅʩʝʨʽʥ ʪʘʣʜʘʫ שʜʝʫʜʽשᴇ ץʤʦʨʬʦʣʦʛʠʷʩʳʥʘ ʪʝʨʤʠʷʣʳ שʦʩʧʘʩʳ ʙᴇʣʰʝʢʪʝʨʽʥʽץ

6. ʌʦʩʬʘʪʪʘʨʜʳש ʝʨʽʛʽʰʪʽʛʽ ʤʝʥ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽץ שʦʣʞʝʪʽʤʜʽʣʽʛʽʥ 

ʙʘʨʳʥʰʘ ʘʨʪʪʳʨʘʪʳʥ ץʘʪʪʳ ʬʘʟʘʣʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʜʽש ʦשʪʘʡʣʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʫʘץʳʪ) ʙʝʣʛʽʣʝʫ. 

ɿʝʨʪʪʝʫ ʦʙʲʝʢʪʽʩʽ ï ʢʝʣʝʩʽ ʢʦʤʧʦʥʝʥʪʪʝʨʜʝʥ ʪײʨʘʪʳʥ ʪʳשʘʡʪץʳʰ ץʦʩʧʘʩʳ: 

ʜʦʣʦʤʠʪʪʝʣʛʝʥ ʢʘʨʙʦʥʘʪʪʳ-ʢʨʝʤʥʠʡʬʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪ, ɾʕʆ ʢװʣʽ, çפʘʟʬʦʩʬʘʪè 

ɾʐʉ ʮʠʢʣʦʥ ʰʘשʳ, ץʦשʳʨ ʢᴇʤʽʨ, ʘʨʰʳʣסʘʥ ʪʘʫ ʞʳʥʳʩʪʘʨʳ ʞᴅʥʝ ʚʝʨʤʠʢʫʣʠʪ. 

ɿʝʨʪʪʝʫ ʧᴅʥʽ ï 100ï500ÁC ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳʥʜʘ ʪʳשʘʡʪץʳʰ 

 ʘʥ ʪʘʫסʳʨ ʢᴇʤʽʨ ʤʝʥ ʘʨʰʳʣשʦץ) ʙᴇʣʽʛʽ ץʦʨʛʘʥʠʢʘʣʳ שʦʩʧʘʩʳʥʳץ

ʞʳʥʳʩʪʘʨʳʥʘʥ ʘʣʳʥסʘʥ ʛʫʤʠʥʜʝʨ) ʤʝʥ ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʙᴇʣʽʛʽ (ʘʧʘʪʠʪ, 

ʢʘʨʙʦʥʘʪʪʘʨ, ʩʠʣʠʢʘʪʪʘʨ) ʘʨʘʩʳʥʜʘסʳ ץʘʪʪʳ ʬʘʟʘʣʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ 

ʧʨʦʮʝʩʪʝʨʽ, ʩʦʥʜʘʡ-ʘץ ʦʣʘʨʜʳש ʪʳשʘʡʪץʳʰ ץʦʩʧʘʩʳʥʳש ʘʛʨʦʭʠʤʠʷʣʳץ 

 שʝʨʽʛʽʰʪʽʛʽ ʤʝʥ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽ שʘʥʜʘ ʬʦʩʬʘʪʪʘʨʜʳץʘʩʠʝʪʪʝʨʽʥʝ, ʘʪʘʧ ʘʡʪץ

 .ʦʣʞʝʪʽʤʜʽʣʽʛʽʥʝ ᴅʩʝʨʽץ

ɿʝʨʪʪʝʫ ʛʠʧʦʪʝʟʘʩʳ: 100ï500ÁC ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳʥʜʘ 100, 250, 400, 

500ÁC ʠʥʪʝʨʚʘʣʜʘʨʳʤʝʥ ʪʳשʘʡʪץʳʰ ץʦʩʧʘʩʳʥʳש ʦʨʛʘʥʠʢʘʣʳץ ʙᴇʣʽʛʽ (ץʦשʳʨ 

ʢᴇʤʽʨ ʤʝʥ ʘʨʰʳʣסʘʥ ʪʘʫ ʞʳʥʳʩʪʘʨʳʥʘʥ ʘʣʳʥסʘʥ ʛʫʤʠʥʜʝʨ) ʤʝʥ 

ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʙᴇʣʽʛʽ (ʘʧʘʪʠʪ, ʢʘʨʙʦʥʘʪʪʘʨ, ʩʠʣʠʢʘʪʪʘʨ) ʘʨʘʩʳʥʜʘסʳ ץʘʪʪʳ 

ʬʘʟʘʣʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʬʦʩʬʘʪʪʘʨʜʳש (P O ) ʝʨʽʛʽʰʪʽʛʽ ʤʝʥ 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש (Mg, Fe, Zn) ץʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʤʳʥʘ ʞʦʣʜʘʨʤʝʥ ʘʨʪʪʳʨʘʜʳ 

ʜʝʧ ʙʦʣʞʘʥʘʜʳ:   

1. ʆʨʛʘʥʠʢʘʥʳש ʳʜʳʨʘʫʳ ʢʝʟʽʥʜʝ (250ï400ÁC) ʙᴇʣʽʥʝʪʽʥ ʛʘʟ ʪᴅʨʽʟʜʝʩ 

ᴇʥʽʤʜʝʨ (CO , H O) ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪʧʝʥ ʢʘʨʙʦʥʘʪʪʘʨʜʳש ʙʝʪʽʤʝʥ 

ᴅʨʝʢʝʪʪʝʩʽʧ, ʦʣʘʨʜʳש ʝʨʽʛʽʰʪʽʛʽʥ ʘʨʪʪʳʨʘʜʳ.   

2. 400ï500ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʢᴇʤʽʨʪʝʛʽ ץʘʣʜʳסʳ 

ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʙᴇʣʰʝʢʪʝʨʜʽ ץʦʨʰʘʧ, ʦʣʘʨʜʳש ʢʝʫʝʢʪʽʣʽʛʽ ʤʝʥ ץʦʨʝʢʪʽʢ 

ʵʣʝʤʝʥʪʪʝʨʜʽץ שʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ. 
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ɿʝʨʪʪʝʫ װʰʽʥ ʢʝʣʝʩʽ ʢʦʤʧʦʥʝʥʪʪʝʨʜʝʥ ʪײʨʘʪʳʥ ʪʳשʘʡʪץʳʰ ץʦʩʧʘʩʳ 

ʧʘʡʜʘʣʘʥʳʣʜʳ:   

- ʜʦʣʦʤʠʪʪʝʣʛʝʥ ʢʘʨʙʦʥʘʪʪʳ-ʢʨʝʤʥʠʡʬʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪ, ײץʨʘʤʳʥʜʘ P O  

15ï20%, CaO 30ï40%, MgO 5ï10%, SiO  10ï20%; 

- ɾʕʆ ʢװʣʽ, ײץʨʘʤʳʥʜʘ SiO  50ï60%, Al O  20ï30%, Fe O  5ï10%, CaO 5ï

15%; 

- çפʘʟʬʦʩʬʘʪè ɾʐʉ ʮʠʢʣʦʥ ʰʘשʳ, ײץʨʘʤʳʥʜʘ P O  25ï35%, CaO 20ï

30%, SiO  10ï20%; 

  ;ʣ 10ï20%װʢᴇʤʽʨʪʝʛʽ 60ï70%, ʢ ץʨʘʤʳʥʜʘ ʦʨʛʘʥʠʢʘʣʳײץ ,ʳʨ ʢᴇʤʽʨשʦץ -

- ʘʨʰʳʣסʘʥ ʪʘʫ ʞʳʥʳʩʪʘʨʳ, ײץʨʘʤʳʥʜʘ SiO  50ï70%, Al O  15ï25%, 

ʦʨʛʘʥʠʢʘʣʳץ ʢᴇʤʽʨʪʝʛʽ 5ï10%; 

- ʚʝʨʤʠʢʫʣʠʪ (5%), ײץʨʘʤʳʥʜʘ SiO  35ï45%, MgO 20ï30%, Al O  10ï15%.   

ʂʦʤʧʦʥʝʥʪʪʝʨ ʘʣʜʳʥ ʘʣʘ 105ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 2 ʩʘסʘʪ ʙʦʡʳ ʢʝʧʪʽʨʽʣʽʧ, 

ʳʣסʘʣʜʳ ʢʝʪʽʨʫ װʰʽʥ ʰʘʨʣʳ ʜʠʽʨʤʝʥʜʝ (Retsch PM 100 ʪʠʧʽ) 300 ʘʡʥ/ʤʠʥ 

ʞʳʣʜʘʤʜʳץʧʝʥ 30 ʤʠʥʫʪ ʽʰʽʥʜʝ ʛʦʤʦʛʝʥʠʟʘʮʠʷʣʘʥʜʳ (ʤʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʫ 

   .(ʦʣʜʘʥʳʣʤʘʜʳ, ʪʝʢ ʘʨʘʣʘʩʪʳʨʫץ

ʂʦʤʧʦʥʝʥʪʪʝʨʜʽץ שʘʪʪʳ ʬʘʟʘʣʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʙʘץʳʣʘʫ 

ʤװʤʢʽʥʜʽʛʽ ʙʘʨ ʤʫʬʝʣʴʜʽ ʧʝʰʪʝ (Nabertherm, L 9/11 ʤʦʜʝʣʽ) ʞװʨʛʽʟʽʣʜʽ. 

ɿʝʨʪʪʝʣʛʝʥ ʧʘʨʘʤʝʪʨʣʝʨ:   

ʊʝʤʧʝʨʘʪʫʨʘ - 100, 250, 400, 500ÁC. ɹײʣ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨ ʦʨʛʘʥʠʢʘʣʳץ 

ʙᴇʣʽʢʪʽש ʳʜʳʨʘʫʳʥ ץʘʤʪʠʪʳʥ ʥʝʛʽʟʛʽ ʢʝʟʝשʜʝʨʜʽ ץʘʤʪʫ װʰʽʥ ʪʘשʜʘʣʜʳ. 

ʓʣסʘʣʜʳש ʰʳסʘʨʳʣʫʳ (100ÁC), ʛʫʤʠʥʜʝʨʜʽש ʳʜʳʨʘʫʳʥʳש ʙʘʩʪʘʣʫʳ (250ÁC), 

 .ʧʘʡʜʘ ʙʦʣʫʳ (500ÁC) שʳʥʳסʘʣʜʳץ ʳʥʜʳ ʧʠʨʦʣʠʟ (400ÁC) ʞᴅʥʝ ʢᴇʤʽʨʪʝʛʽץʘʨץ

 .(ʳʪץʪʳ ʫʘץʨʘײʰʽʥ ʪװ ʰʘʫʣʘʫץʪʝʤʧʝʨʘʪʫʨʘ ᴅʩʝʨʽʥ ʦ) ʘʪסʳʪʳ 2 ʩʘץʩʪʘʫ ʫʘױ

ᴄʨʙʽʨ װʣʛʽ (10 ʛ) ʢʝʨʘʤʠʢʘʣʳץ ʪʠʛʝʣʴʛʝ ʦʨʥʘʣʘʩʪʳʨʳʣʳʧ, ʙʝʣʛʽʣʝʥʛʝʥ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ץʳʟʜʳʨʳʣʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ʳʣסʘʣʜʳש ʩʽשʫʽʥ ʙʦʣʜʳʨʤʘʫ װʰʽʥ 

ʵʢʩʠʢʘʪʦʨʜʘ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʜʝʡʽʥ ʩʘʣץʳʥʜʘʪʳʣʜʳ. 

 שʦʩʧʘʩʳʥʳץ ʳʰץʘʡʪשʪʳ שʘʪʪʳ ʬʘʟʘʣʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʜʽ ʞᴅʥʝ ʦʥʳפ

ʘʛʨʦʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽʥ ʙʘסʘʣʘʫ װʰʽʥ ʢʝʣʝʩʽ ᴅʜʽʩʪʝʨ ץʦʣʜʘʥʳʣʜʳ.   

ʊʝʨʤʠʷʣʳץ ʪʘʣʜʘʫ (TGA/DSC) Q-1500 D ʜʝʨʠʚʘʪʦʛʨʘʬʳ (ɺʝʥʛʨʠʷ) 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʘʥʘʣʠʟʘʪʦʨʳʥʜʘ 25-ʪʝʥ 600ÁC-ץʘ ʜʝʡʽʥ ץʳʟʜʳʨʫ, 

ʞʳʣʜʘʤʜʳ10 ץÁC/ʤʠʥ, ʘʪʤʦʩʬʝʨʘ ð ʘʫʘ ʞᴅʥʝ N  (ʘסʳʥ 50 ʤʣ/ʤʠʥ) ʞװʨʛʽʟʽʣʜʽ. 

ʌʦʩʬʘʪʪʘʨʜʳש ʝʨʽʛʽʰʪʽʛʽ (P O ) 2%-ʜʳץ ʣʠʤʦʥ ץʳʰץʳʣʳʥʜʘ P O  ʵʢʩʪʨʘʢʮʠʷʩʳ 

 ,ʣʛʽ (1 ʛ) 100 ʤʣ ʝʨʽʪʽʥʜʽʛʝ ʦʨʥʘʣʘʩʪʳʨʳʣʜʳת .ʨʛʽʟʽʣʜʽװʞ (ʈ ʉʊ 20851.2-75פ)

25ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 30 ʤʠʥʫʪ ʙʦʡʳ 150 ʘʡʥ/ʤʠʥ ʞʳʣʜʘʤʜʳץʧʝʥ 

ʘʨʘʣʘʩʪʳʨʳʣʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ʩװʟʽʣʜʽ. P O  ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʬʦʪʦʤʝʪʨʠʷʣʳץ 

ᴅʜʽʩʧʝʥ ʘʥʳץʪʘʣʜʳ (ʤʦʣʠʙʜʘʪ ᴅʜʽʩʽ, Shimadzu UV-1800 ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ, ɚ = 

880 ʥʤ).  ʄʠʥʝʨʘʣʦʛʠʷʣʳײץ ץʨʘʤ (XRD)  Bruker D8 Advance ʨʝʥʪʛʝʥʜʽʢ 

ʜʠʬʨʘʢʪʦʤʝʪʨʽ (Cu KŬ ʩᴅʫʣʝʣʝʥʫʽ, ɚ = 1.5406 ¡) ʢᴇʤʝʛʽʤʝʥ ʽʩʢʝ ʘʩʳʨʳʣʜʳ.  2ɗ 

ʙײʨʳʰʪʘʨʳ 5-ʪʝʥ 65Á-ץʘ ʜʝʡʽʥ, ץʘʜʘʤ 0.02Á, ʵʢʩʧʦʟʠʮʠʷ ʫʘץʳʪʳ 1 ʩ/ץʘʜʘʤ 

ʪʘשʜʘʧ ʘʣʳʥʜʳ.  ʍʠʤʠʷʣʳץ ʙʘʡʣʘʥʳʩʪʘʨ (FTIR) Nicolet iS50 ʠʥʬʨʘץʳʟʳʣ 

ʩʧʝʢʪʨʦʤʝʪʨʽ ATR ץʦʥʜʳʨʤʘʩʳʤʝʥ (400ï4000 cm ĭ ʜʠʘʧʘʟʦʥʳ) 

ʘʞʳʨʘʪʳʤʜʳʣʳ4 ץ cm ĭ, ʙʽʨ ʩʧʝʢʪʨ װʰʽʥ 32 ʩʢʘʥʝʨʣʝʫ, װʣʛʽʣʝʨ ײʥʪʘץ ʪװʨʽʥʜʝ 

ʜʘʡʳʥʜʳץʩʳʟ (KBr ᴅʜʽʩʽ ʳʣסʘʣʜʳש ᴅʩʝʨʽʥ ʙʦʣʜʳʨʤʘʫ װʰʽʥ ʘʣʳʥʳʧ ʪʘʩʪʘʣʜʳ) 

ʞװʨʛʽʟʽʣʜʽ. ɹᴇʣʰʝʢʪʝʨʜʽש ʤʦʨʬʦʣʦʛʠʷʩʳ (SEM) JEOL JSM-6390 
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ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʷʣʳץ ʩʧʝʢʪʨʦʤʝʪʨʤʝʥ (EDS) ʞʘʙʜʳץʪʘʣסʘʥ ʩʢʘʥʝʨʣʝʫʰʽ 

ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ.  ɾʝʜʝʣʜʝʪʫ ʢʝʨʥʝʫʽ 15 ʢɺ, ײʣסʘʡʪʫ 

1000ï5000Ĭ, ʟʘʨʷʜʪʘʥʫʳʥ ʙʦʣʜʳʨʤʘʫ װʰʽʥ װʣʛʽʣʝʨ ʢᴇʤʽʨʪʝʢʪʽש ʞץײʘ ץʘʙʘʪʳʤʝʥ 

ʞʘʙʳʣʜʳ.   

ʕʢʩʧʝʨʠʤʝʥʪʪʝʨ ʞʦʩʧʘʨ:r   

1. ɹʘʩʪʘʧץʳ ץʦʩʧʘʥʳ ʜʘʡʳʥʜʘʫ (10 װʣʛʽ, ᴅʨץʘʡʩʳʩʳ 10 ʛ) ʞᴅʥʝ 100, 250, 

400, 500ÁC ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫʜʽ ʞװʨʛʽʟʫ (ᴅʨ ʪʝʤʧʝʨʘʪʫʨʘסʘ 2 

   .(ʜʝʫʩʽʟשʣʛʽʩʽ ᴇװ ʳʣʘʫץʘʪʘʨ 2 ʙʘץ ʣʛʽ, ʩʦʥʳʤʝʥװ

2. ᴄʨʙʽʨ ᴇשʜʝʣʛʝʥ װʣʛʽʛʝ ʪʘʣʜʘʫ ʞװʨʛʽʟʫ:   

   - TGA/DSC (r ʜʳʨʘʫ ʢʝʟʝשʜʝʨʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʙʘץʳʣʘʫ װʣʛʽʩʽ).   

   - P O  ʝʨʽʛʽʰʪʽʛʽ (ʙʘʨʣʳװ ץʣʛʽʣʝʨ).   

   - XRD ʞᴅʥʝ FTIR (100, 250, 400, 500ÁC ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘסʳ װʣʛʽʣʝʨ).   

   - SEM (100 ʞᴅʥʝ 500ÁC ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘסʳ װʣʛʽʣʝʨ ʩʘʣʳʩʪʳʨʫ װʰʽʥ).   

ɹʘʨʣʳץ ᴇʣʰʝʫʣʝʨ װʰ ץʘʡʪʘʣʘʤʘ ʞװʨʛʽʟʽʣʜʽ. ɼʝʨʝʢʪʝʨ Statistica 10.0 

ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʩʳ ʘʨץʳʣʳ ᴇשʜʝʣʜʽ. תʣʛʽʣʝʨ ʘʨʘʩʳʥʜʘסʳ 

ʘʡʳʨʤʘʰʳʣʳץʪʘʨʜʳש ʤʘשʳʟʜʳʣʳסʳʥ ʙʘסʘʣʘʫ װʰʽʥ ʙʽʨ ʬʘʢʪʦʨʣʳ 

ʜʠʩʧʝʨʩʠʷʣʳץ ʪʘʣʜʘʫ (ANOVA) p < 0.05 ʤʘשʳʟʜʳʣʳץ ʜʝשʛʝʡʽʤʝʥ ץʦʣʜʘʥʳʣʜʳ. 

ʅᴅʪʠʞʝʣʝʨ ʦʨʪʘʰʘ ʤᴅʥʜʝʨ ʨʝʪʽʥʜʝ ʩʪʘʥʜʘʨʪʪʳ ʘʫʳʪץʫʤʝʥ (ÑSD) ʙʽʨʛʝ 

 .ʩʳʥʳʣʜʳײ

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʬʦʩʬʘʪʪʘʨʜʳש ʝʨʽʛʽʰʪʽʛʽ ʤʝʥ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש 

 ʘʪʪʳץ שʦʩʧʘʩʳ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽץ ʳʰץʘʡʪשʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʪʳʥ ʪʳץ

ʬʘʟʘʣʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʽש ʦשʪʘʡʣʳ ʞʘסʜʘʡʣʘʨʳʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɹײʣ ɾʕʆ ʢװʣʽ ʞᴅʥʝ ʮʠʢʣʦʥ ʰʘשʳ ʩʠʷץʪʳ ᴇʥʜʽʨʽʩ ץʘʣʜʳץʪʘʨʳ ʥʝʛʽʟʽʥʜʝ ʪʠʽʤʜʽ 

ʤʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ᴅʟʽʨʣʝʫ װʰʽʥ ʧʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟסʘ ʠʝ, ʙײʣ 

ʵʢʦʣʦʛʠʷʣʳץ ʞװʢʪʝʤʝʥʽ ʘʟʘʡʪʫסʘ ʞᴅʥʝ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ᴇʥʜʽʨʽʩʽʥʽש 

ʪײʨʘץʪʳʣʳסʳʥ ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. 

ʊʝʨʤʠʷʣʳץ ʙʝʣʩʝʥʜʽʨʫ ʧʨʦʮʝʩʽʥʽש ʢʠʥʝʪʠʢʘʩʳʥ ʞᴅʥʝ P O  ʝʨʽʛʽʰʪʽʛʽʥ 

ʪʘʣʜʘʫ װʰʽʥ ɸʚʨʘʤʠ-ɽʨʦʬʝʝʚ ʤʦʜʝʣʽ ץʦʣʜʘʥʳʣʜʳ [111], ʦʣ ʬʘʟʘ ᴇʟʛʝʨʽʩʪʝʨʽʥ 

ʞᴅʥʝ ץʘʪʪʳ ʜʝʥʝʣʽʢ ʨʝʘʢʮʠʷʣʘʨʜʳ, ʩʦʥʳש ʽʰʽʥʜʝ ʷʜʨʦʣʘʨʜʳש ᴇʩʫʽʥ ʞᴅʥʝ 

ʜʠʬʬʫʟʠʷʥʳ ʩʠʧʘʪʪʘʡʜʳ [112]. ʄʦʜʝʣʴʜʽש ʪʝשʜʝʫʽ ʤʳʥʘʜʘʡ ʪװʨʜʝ ʙʝʨʽʣʛʝʥ 

(2.1): 

 

‌ ρ ÅØÐ Ὧὸ ,        (2.1) 

 

ʤײʥʜʘסʳ: Ŭ ð ʢʦʥʚʝʨʩʠʷ ʜᴅʨʝʞʝʩʽ; 

      k ð ʨʝʘʢʮʠʷ ʞʳʣʜʘʤʜʳסʳ ʢʦʥʩʪʘʥʪʘʩʳ (ʩʘסĭ); 

      t ð ᴇשʜʝʫ ʫʘץʳʪʳ (ʩʘס); 

      n ð ɸʚʨʘʤʠ ʢᴇʨʩʝʪʢʽʰʽ, ʨʝʘʢʮʠʷ ʤʝʭʘʥʠʟʤʽʥʝ ʩʠʧʘʪʪʘʤʘ ʙʝʨʝʜʽ (n=1  

ð ʜʠʬʬʫʟʠʷ, n=2 ð ʝʢʽ ᴇʣʰʝʤʜʽ ᴇʩʫ, n=3ð װʰ ᴇʣʰʝʤʜʽ ᴇʩʫ). 

ʉʳʟʳץʪʳץ ʪʘʣʜʘʫ װʰʽʥ ʪʝשʜʝʫ ʣʦʛʘʨʠʬʤʜʽʢ ʪװʨʛʝ ʢʝʣʪʽʨʽʣʝʜʽ (2.2): 

 

ÌÎÌÎρ ‌ ὲὰὲὯ ὲὰὲὸ,       (2.2) 
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ʄײʥʜʘ ln[īln(1īŬ)] ʞᴅʥʝ ln(t) ʛʨʘʬʠʢʽʥʜʝʛʽ ץʠʩʳץ n-סʘ ʪʝש, ʘʣ ʦʩʽʤʝʥ 

 ʳ ʢʦʥʩʪʘʥʪʘʩʳסʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʈʝʘʢʮʠʷ ʞʳʣʜʘʤʜʳװʘ ʤסʪʘʫץʠʳʣʳʩʫ ln(k) ʘʥʳץ

k ʪʝʤʧʝʨʘʪʫʨʘʜʘʥ ɸʨʨʝʥʠʫʩ ʪʝשʜʝʫʽ ʙʦʡʳʥʰʘ ʪᴅʫʝʣʜʽ (2.3): 

 

ÌÎὯ ÌÎὃ Ͻ,         (2.3) 

 

ʤײʥʜʘסʳ A ð ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʜʳ ʬʘʢʪʦʨ, Ea  ð ʙʝʣʩʝʥʜʽʨʫ ʵʥʝʨʛʠʷʩʳ 

(ɼʞ/ʤʦʣʴ), R=8.314 ɼʞ/(ʤʦʣʴ), T ð ʘʙʩʦʣʶʪʪʳ ʪʝʤʧʝʨʘʪʫʨʘ (ʂ). 

ɹײʣ ʜʝʨʝʢʪʝʨ ln[īln(1īŬ)] ʞᴅʥʝ ln(t) ʛʨʘʬʠʢʪʝʨʽʥ ײץʨʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ, 

ʙײʣ n ʞᴅʥʝ k ʤᴅʥʜʝʨʽʥ ᴅʨʙʽʨ ʪʝʤʧʝʨʘʪʫʨʘ װʰʽʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, 

ʩʦʜʘʥ ʢʝʡʽʥ Ealn(k) ʞᴅʥʝ 1/T ʪᴅʫʝʣʜʽʣʽʛʽʥʝʥ ʝʩʝʧʪʝʣʝʜʽ. 

ɹʘʨʣʳץ ᴇʣʰʝʫʣʝʨ ʝʢʽ ץʘʪʘʨʣʳ ץʘʡʪʘʣʘʥʫʤʝʥ ʞװʨʛʽʟʽʣʜʽ, ʥᴅʪʠʞʝʣʝʨ 

ʦʨʪʘʰʘ ʘʣʳʥʜʳ. n ʞᴅʥʝ k ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʝש ʘʟ ʢʚʘʜʨʘʪʪʘʨ ᴅʜʽʩʽ 

 ʫץʰʽʥ ʩʝʥʽʤʜʽʣʽʢ ʠʥʪʝʨʚʘʣʳ Ñ10% ʥʝʛʽʟʽʥʜʝ ʩʪʘʥʜʘʨʪʪʳ ʘʫʳʪװ ʦʣʜʘʥʳʣʜʳ. Eaץ

ʘʨץʳʣʳ ʙʘסʘʣʘʥʜʳ. 

ɸʚʨʘʤʠ-ɽʨʦʬʝʝʚ ʤʦʜʝʣʽ ץʘʪʪʳ ʜʝʥʝʣʽʢ ʨʝʘʢʮʠʷʣʘʨʜʳש, ʬʘʟʘʣʳץ 

ᴇʟʛʝʨʽʩʪʝʨʜʽש ʞᴅʥʝ ʛʝʪʝʨʦʛʝʥʜʽ ʞװʡʝʣʝʨʜʝ ʙʦʣʘʪʳʥ ʷʜʨʦʣʘʨʜʳש ᴇʩʫ 

ʧʨʦʮʝʩʪʝʨʽʥʽש ʢʠʥʝʪʠʢʘʩʳʥ ʩʠʧʘʪʪʘʫסʘ ʘʨʥʘʣסʘʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪᴅʩʽʣ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ [113]. ɹײʣ ʤʦʜʝʣʴ ʘʣסʘʰ ʨʝʪ ʄʝʣʚʠʣ ɸʚʨʘʤʠʤʝʥ 1939ï1941 ʞʳʣʜʘʨʳ 

 ʘʪʪʳץ ʣ ʦʥʳײʘʥ ʞᴅʥʝ ʢʝʡʽʥʥʝʥ ʋʠʣʴʷʤ ɽʨʦʬʝʝʚʧʝʥ ʞʝʪʽʣʜʽʨʽʣʛʝʥ, ʙסʩʳʥʳʣײ

ʬʘʟʘʜʘסʳ ʢʨʠʩʪʘʣʜʘʥʫ, ʪʝʨʤʠʷʣʳץ ʳʜʳʨʘʫ, ʪʝʨʤʦʘʢʪʠʚʘʮʠʷ ʩʠʷץʪʳ ʧʨʦʮʝʩʪʝʨʜʽ 

ʪʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ ᴅʤʙʝʙʘʧ ײץʨʘʣסʘ ʘʡʥʘʣʜʳʨʜʳ [114]. ɹײʣ ʤʦʜʝʣʴ 

ʤʘʪʝʨʠʘʣʪʘʥʫ, ʭʠʤʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷ ʞᴅʥʝ ʘʛʨʦʭʠʤʠʷ ʩʘʣʘʣʘʨʳʥʜʘ ʢʝשʽʥʝʥ 

 ʘʤʪʠʪʳʥץ ʦʩʧʘʣʘʨʜʳץ ʽʰʽʥʜʝ ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪʧʝʥ שʦʣʜʘʥʳʣʘʜʳ, ʩʦʥʳץ

ʪʫʢʦץʦʩʧʘʣʘʨʳ ʩʠʷץʪʳ ʬʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪʪʳ ʪʝʨʤʦʘʢʪʠʚʘʮʠʷʣʘʫʜʳ ʟʝʨʪʪʝʫʜʝ. 

 

2-ʪʘʨʘʫ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

ɼʦʣʦʤʠʪʪʝʣʛʝʥ ʢʘʨʙʦʥʘʪʪʳ-ʢʨʝʤʥʠʡ-ʬʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪ, ɾʕʆ (ɾʕʆ) 

ʢװʣʽ, çפʘʟʬʦʩʬʘʪè ɾʐʉ ʬʦʩʬʦʨʠʪʪʝʨʽʥ ʢװʡʜʽʨʫ ʢʝʟʽʥʜʝʛʽ ʮʠʢʣʦʥ ʰʘשʳ, ץʦשʳʨ 

ʢᴇʤʽʨ, ʢᴇʤʽʨ ᴇʥʜʽʨʫʜʝʥ ʘʨʰʳʣסʘʥ ʽʰʢʽ ʞʳʥʳʩʪʘʨ ʤʝʥ ʚʝʨʤʠʢʫʣʠʪ ʩʝʢʽʣʜʽ ʘʣʪʳ 

ʪװʨʣʽ ʢʦʤʧʦʥʝʥʪʢʝ ʞװʨʛʽʟʽʣʛʝʥ ʢʝʰʝʥʜʽ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʪʘʣʜʘʫʣʘʨ ʦʣʘʨʜʳש 

ʤʠʥʝʨʘʣʜʳץ ʞᴅʥʝ ʵʣʝʤʝʥʪʪʽʢ ײץʨʘʤʳ ʤʝʥ ײץʨʳʣʳʤʜʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʞʘʥ-

ʞʘץʪʳ ʩʠʧʘʪʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ʉʕʄ/ʕɼʉ ʘʥʘʣʠʟ ʥᴅʪʠʞʝʣʝʨʽ ʙʘʨʣʳװ ץʣʛʽʣʝʨʜʝ ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʪʝʨ 

ʨʝʪʽʥʜʝ ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʽ (SiO ), ʢʘʣʴʮʠʡ ʦʢʩʠʜʽ (CaO), ʘʣʶʤʠʥʠʡ ʦʢʩʠʜʽ 

(Al O ) ʞᴅʥʝ ʪʝʤʽʨ ʦʢʩʠʜʽ (Fe O ) ʢʝʟʜʝʩʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ. ɼʦʣʦʤʠʪʪʝʣʛʝʥ ʰʠʢʽʟʘʪ 

ʧʝʥ ʮʠʢʣʦʥ ʰʘשʳ ʬʦʩʬʦʨ ʦʢʩʠʜʽʤʝʥ (P O ) ʙʘʡʳʪʳʣסʘʥ, ʙײʣ ʦʣʘʨʜʳש ʬʦʩʬʦʨ 

ʢᴇʟʽ ʨʝʪʽʥʜʝ ʪʳשʘʡʪץʳʰ ᴇʥʜʽʨʽʩʽʥʜʝ ʪʠʽʤʜʽʣʽʛʽʥ ʜᴅʣʝʣʜʝʡʜʽ. ɾʕʆ ʢװʣʽ, 

ʢʝʨʽʩʽʥʰʝ, ʘʤʦʨʬʪʳ ʢʨʝʤʥʠʡ ʤʝʥ ʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨסʘ ʙʘʡ, ʙײʣ ʦʥʳ ײץʨʳʣʳʤ 

ʪװʟʫʰʽ ץʦʩʧʘ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫסʘ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ.  

ʈʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷʣʳץ (XRD) ʟʝʨʪʪʝʫʣʝʨ ʥʝʛʽʟʛʽ ʤʠʥʝʨʘʣʜʳ 

ʬʘʟʘʣʘʨʜʳ ʘʥʳץʪʘʜʳ: ʘʧʘʪʠʪ, ʜʦʣʦʤʠʪ, ʢʘʣʴʮʠʪ, ʢʚʘʨʮ, ʤʫʣʣʠʪ, ʛʝʤʘʪʠʪ, ʠʣʣʠʪ 

ʞᴅʥʝ ʢʘʦʣʠʥʠʪ. ɼʦʣʦʤʠʪʪʝʣʛʝʥ ʰʠʢʽʟʘʪ ʧʝʥ ʮʠʢʣʦʥ ʰʘשʳ ײץʨʘʤʳʥʜʘ ʬʦʩʬʘʪʪʳ 
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ʞᴅʥʝ ʢʘʨʙʦʥʘʪʪʳ ʬʘʟʘʣʘʨ ʙʘʨ; ɾʕʆ ʢװʣʽ ð ʘʤʦʨʬʪʳ ʞᴅʥʝ ʢʨʠʩʪʘʣʜʳ 

ʢʨʝʤʥʠʡʣʽ ʬʘʟʘʣʘʨʜʳץ שʦʩʧʘʩʳʥ ץʘʤʪʠʜʳ. 

FTIR ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʳ ʘʨץʳʣʳ ʬʫʥʢʮʠʦʥʘʣʜʳ ʪʦʧʪʘʨ ʙʦʡʳʥʰʘ ʪʝʨʙʝʣʽʩ 

ʞʦʣʘץʪʘʨʳ ʘʥʳץʪʘʣʜʳ: PïO, SiïO, CO Į , OïH, CïH ʞᴅʥʝ C=O. ɹײʣ 

ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʤʠʥʝʨʘʣʜʘʨʜʳש ʜʘ, ʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨʜʳש ʜʘ (ʛʫʤʘʪʪʘʨ, 

 שʪʘʨʳʥʳץʩʫ) ʙʦʣʫʳʥ ʨʘʩʪʘʡʜʳ. ᴄʩʽʨʝʩʝ SiïO ʞᴅʥʝ OïH ʞʦʣʘ ץʨʳʣʳʤʜʳײץ

ʘʡץʳʥ ʢᴇʨʽʥʫʽ ʩʠʣʠʢʘʪ ײץʨʳʣʳʤʜʘʨʳʥʳש ʤʦʣ ʝʢʝʥʽʥ ʞᴅʥʝ ʳʣסʘʣʜʳ ײʩʪʘʧ ʪײʨʫ 

 .ʘʨʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽסʞʦ שʘʙʽʣʝʪʽʥʽץ

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙײʣ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʢʝʰʝʥʜʽ ײץʨʘʤʳ 

ʙʘʨ ʝʢʝʥʽʥ ʞᴅʥʝ ʦʣʘʨʜʳ ץʘʡʪʘʣʘʤʘ ʰʠʢʽʟʘʪ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫסʘ ʙʦʣʘʪʳʥʳʥ 

ʜᴅʣʝʣʜʝʜʽ. ɼʦʣʦʤʠʪʪʝʣʛʝʥ ʰʠʢʽʟʘʪ ʧʝʥ ʮʠʢʣʦʥ ʰʘשʳ ʬʦʩʬʦʨʣʳ ʪʳשʘʡʪץʳʰʪʘʨ 

ᴇʥʜʽʨʽʩʽʥʜʝ, ɾʕʆ ʢװʣʽ ʤʝʥ ʞʳʥʳʩ ץʘʣʜʳץʪʘʨʳ ʘʣʶʤʦʩʠʣʠʢʘʪʪʳ ʞᴅʥʝ ʛʫʤʘʪʪʳ 

 ʳʨשʦץ ʩʪʘʡʪʳʥ ʢʦʤʧʦʥʝʥʪ ʨʝʪʽʥʜʝ, ʘʣײ ʘʣסʦʩʧʘ ʨʝʪʽʥʜʝ, ʚʝʨʤʠʢʫʣʠʪ ð ʳʣץ

ʢᴇʤʽʨ ð ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʜʳ ץʦʩʧʘ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ ʤᴅʣʽʤʝʪʪʝʨ 

 ץʪʘʟʘ ʘʛʨʦʭʠʤʠʷʣʳ ץʳʰʪʘʨ ʤʝʥ ʵʢʦʣʦʛʠʷʣʳץʘʡʪשʘʥ ʪʳסʨʘʤʜʘʩʪʳʨʳʣײץ

ʤʘʪʝʨʠʘʣʜʘʨʜʳ ᴅʟʽʨʣʝʫʛʝ סʳʣʳʤʠ ʥʝʛʽʟ ʙʦʣʘʜʳ. 
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3 ɹɸʗʋ ᴄʉɽʈ ɽʊɽʊɯʅ ʊʋʂʆפʆʉʇɸʃɸʈʓʅ ɸʃʋ 

ʊɽʍʅʆʃʆɻʀʗʉʓʅ ᴄɿɯʈʃɽʋ 

 

3.1 ʂʦʤʧʦʥʝʥʪʪʝʨʜʽץ שʘʪʪʳ ʬʘʟʘʣʳץ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ʟʝʨʪʪʝʫ 

100ï500 ÁC ʘʨʘʣʳסʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʜʦʣʦʤʠʪʪʝʣʛʝʥ ʢʘʨʙʦʥʘʪ-

ʢʨʝʤʥʠʡʬʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪ, ɾʕʆ-ʥʳש ʢװʣʽ, çפʘʟʬʦʩʬʘʪè ɾʐʉ ʬʦʩʬʦʨʠʪ 

ʢװʡʜʽʨʫ ʮʠʢʣʦʥʜʘʨʳʥʳש ʰʘשʳ, ץʦשʳʨ ʢᴇʤʽʨ, ʢᴇʤʽʨ ᴇʥʜʽʨʫʜʽש ʘʨʰʳʣסʘʥ 

ʞʳʥʳʩʪʘʨʳ ʤʝʥ ʚʝʨʤʠʢʫʣʠʪ ʥʝʛʽʟʽʥʜʝ ʜʘʡʳʥʜʘʣסʘʥ ʪʫʢʦץʦʩʧʘ ײץʨʘʤʳʥʜʘ 

ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ, ʙʽʨʘץ ʙʘʣץʳʤʘʡʪʳʥ ʞʘסʜʘʡʜʘ ʙʽʨץʘʪʘʨ ᴇʟʘʨʘ 

ʙʘʡʣʘʥʳʩʪʳ ʭʠʤʠʷʣʳץ ʧʨʦʮʝʩʪʝʨ ʞװʨʝʜʽ. ɹײʣ ʧʨʦʮʝʩʪʝʨʛʝ ʦʨʛʘʥʠʢʘʣʳץ 

ʟʘʪʪʘʨʜʳש ʳʜʳʨʘʫʳ, ʢʘʨʙʦʥʘʪʪʘʨʜʳש ʜʝʢʦʤʧʦʟʠʮʠʷʩʳ, ץʳʰץʳʣ-ʥʝʛʽʟʜʽʢ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫ, ʠʦʥ ʘʣʤʘʩʫ, ʩʦʥʜʘʡ-ʘץ ʬʦʩʬʘʪʪʘʨ, ʩʠʣʠʢʘʪʪʘʨ ʤʝʥ 

ʦʨʛʘʥʦʤʠʥʝʨʘʣʜʳץ ʢʝʰʝʥʜʝʨʜʽש ʪװʟʽʣʫʽ ʞʘʪʘʜʳ. 

1. ʆʨʛʘʥʠʢʘʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʳʜʳʨʘʫʳ (ץʦשʳʨ ʢᴇʤʽʨ, ʘʨʰʳʣסʘʥ 

ʞʳʥʳʩʪʘʨʜʘסʳ ʛʫʤʫʩ) 

ʊʝʤʧʝʨʘʪʫʨʘʥʳ100 שï300 ÁC ʘʨʘʣʳסʳʥʜʘ ʘʣʜʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʩʫ ʤʝʥ 

 ʫʳסʪʦʪʳ שʤʦʣʝʢʫʣʘʣʘʨʜʳ ץʰʧʘ ʟʘʪʪʘʨ ʙʫʣʘʥʘʜʳ, ʘʣ ʢʝʡʽʥʽʨʝʢ ʦʨʛʘʥʠʢʘʣʳײ

ʙʘʩʪʘʣʘʜʳ (3.1): 

 

CxHyOzŸCץʘʣʜʳץ+CO2ŷ+H2Oŷ        (3.1) 

 

300ï500 ÁC ʘʨʘʣʳסʳʥʜʘ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨ ʳʜʳʨʘʧ, ʨʝʘʢʮʠʷʣʳץ 

ʙʝʣʩʝʥʜʽʣʽʛʽ ʞʦסʘʨʳ ʢᴇʤʽʨʪʝʢʪʽ ץʘʣʜʳץʪʘʨ ʪװʟʽʣʝʜʽ (3.2): 

 

RïCOOHO RïCOO
ī 
+ H

+        
(3.2) 

 

2. ʆʨʛʘʥʠʢʘʣʳץ ץʳʰץʳʣʜʘʨ ʤʝʥ ʢʘʨʙʦʥʘʪʪʘʨʜʳש (CaCO , MgCO ) 

ᴅʨʝʢʝʪʪʝʩʫʽ 

ʆʨʛʘʥʠʢʘʣʳץ ץʳʰץʳʣʜʘʨ ʤʝʥ ʢʘʣʴʮʠʡ/ʤʘʛʥʠʡ ʢʘʨʙʦʥʘʪʪʘʨʳ ᴅʨʝʢʝʪʪʝʩʽʧ, 

ʛʫʤʘʪ ʪײʟʜʘʨʳ ʤʝʥ ʢᴇʤʽʨץʳʰץʳʣ ʛʘʟʳʥ ʪװʟʝʜʽ (3.3-3.4): 

 

CaCO3+2RïCOOHŸ(RïCOO)2Ca+H2O+CO2ŷ     (3.3) 

MgCO3+2RïCOOHŸ(RïCOO)2Mg+H2O+CO2ŷ     (3.4) 

 

3. ɸʣʶʤʦʩʠʣʠʢʘʪʪʘʨʜʳש (ʢʘʦʣʠʥʠʪ, ʚʝʨʤʠʢʫʣʠʪ, ʠʣʣʠʪ) ʙʝʪʢʽ ʘʢʪʠʚʪʝʥʫʽ 

ʞᴅʥʝ ʠʦʥ ʘʣʤʘʩʫʳ 

 ʳʟʜʳʨʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʶʤʦʩʠʣʠʢʘʪ ʤʠʥʝʨʘʣʜʘʨʳץ ʦʨʪʘ ʤʝʥ ץʳʣʜʳץʳʰפ

ʙʝʣʩʝʥʽʧ, ʠʦʥ ʘʣʤʘʩʫ ʞװʨʝʜʽ (3.5-3.6): 

 

+̃̆̑̍̉̋̔̌̉̓( ᴼ(̃̆̑̍̉̋̔̌̉̓+      (3.5) 

Si-OH + H
+
 Ÿ Si-OH

2+
         (3.6) 

 

ɹײʣ ʧʨʦʮʝʩʪʝʨ ʩʦʨʙʮʠʷ ʤʝʥ ʢʦʤʧʣʝʢʩ ʪװʟʫʛʝ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ. 
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4. ʌʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪʧʝʥ ʬʦʩʬʘʪ ʬʘʟʘʣʘʨʳʥʳש ʨʝʘʢʮʠʷʣʘʨʳ 

ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ץʳʰץʳʣʜʘʨʜʳש ᴅʩʝʨʽʥʝʥ ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪʳʜʳʨʘʧ, 

ʝʢʽʥʰʽʣʽʢ ʬʦʩʬʘʪʪʘʨ ʪװʟʽʣʝʜʽ (3.7-3.8): 

 

Ca5(PO4)3OH+7H
+
Ÿ3H2PO4

ī
+5Ca

2+
+H2O      (3.7) 

Ca
2+

+H2PO4
ī
ŸCaHPO4Ź        (3.8) 

 

ɹײʣ ץʦʩʳʣʳʩʪʘʨ ʪʦʧʳʨʘץʪʘ ʬʦʩʬʦʨʜʳײ שʟʘץ ʙʦʩʘʧ ʰʳסʫʳʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ. 

5. ʄʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש ʙʝʪʢ ̔ʬʠʢʩʘʮʠʷʩʳ ʤʝʥ ʪײʨʘץʪʘʥʫʳ 

ʊʝʤʽʨ, ʘʣʶʤʠʥʠʡ, ʤʘʛʥʠʡ ʞᴅʥʝ ʙʘʩץʘ ʢʘʪʠʦʥʜʘʨ ʦʨʛʘʥʠʢʘʣʳץ 

ʣʠʛʘʥʜʪʘʨʤʝʥ ᴅʨʝʢʝʪʪʝʩʽʧ, ʙʝʨʽʢ ʭʝʣʘʪ ʢʝʰʝʥʜʝʨ ʪװʟʫʽ ʤװʤʢʽʥ (3.9): 

 

Fe
3+

+3RïCOO
ī
Ÿ[Fe(RïCOO)3]       (3.9) 

 

ɹײʣ ʢʝʰʝʥʜʝʨ ʛʣʠʥʠʩʪʽ ʤʠʥʝʨʘʣʜʘʨ ʤʝʥ ʢʨʝʤʥʠʡ ʦʢʩʠʜʪʝʨʽ ʙʝʪʽʥʜʝ 

ʙʝʢʽʪʽʣʝʜʽ. 

100ï500 ÁC ʪʝʤʧʝʨʘʪʫʨʘ ʘʨʘʣʳסʳʥʜʘ ʪʫʢʦץʦʩʧʘ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʘʨʘʩʳʥʜʘ 

ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש ʳʜʳʨʘʫʳ, ʢʘʨʙʦʥʘʪʪʘʨʜʳש ʨʝʘʢʮʠʷסʘ ʪװʩʫʽ, 

ʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨʜʳש ʙʝʣʩʝʥʫʽ, ʬʦʩʬʘʪʪʘʨʜʳש ʪװʟʽʣʫʽ ʞᴅʥʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש ʬʠʢʩʘʮʠʷʩʳ ʩʠʷץʪʳ ʢװʨʜʝʣʽ ץʘʪʪʳ ʬʘʟʘʣʳץ ʧʨʦʮʝʩʪʝʨ 

ʞװʨʝʜʽ. ɹײʣ ʧʨʦʮʝʩʪʝʨ ʪʫʢʦץʦʩʧʘʥʳש ʙʽʨʪʝʢʪʽʣʽʛʽʥ, ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ, 

ʘʛʨʦʭʠʤʠʷʣʳץ ʪײʨסʳʜʘʥ ᴇʩʽʤʜʽʢʪʝʨʛʝ ʩʽשʽʤʜʽʣʽʛʽʥ ʞʘץʩʘʨʪʘʜʳ. 

ʊᴅʞʽʨʠʙʝʜʝ ʧʘʡʜʘʣʘʥʳʣסʘʥ ʙʘʩʪʘʧץʳ ʢʦʤʧʦʥʝʥʪʪʝʨ ï ʜʦʣʦʤʠʪʪʝʣʛʝʥ 

ʢʘʨʙʦʥʘʪʪʳ-ʢʨʝʤʥʠʡʬʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪ, ɾʕʆ ʢװʣʽ, çפʘʟʬʦʩʬʘʪè ɾʐʉ-ʥʽש 

ʬʦʩʬʦʨʠʪ ʢװʡʜʽʨʫ ʮʠʢʣʦʥʜʳץ ʰʘשʳ, ץʦשʳʨ ʢᴇʤʽʨ, ʢᴇʤʽʨ ʢʝʥ ʦʨʳʥʜʘʨʳʥʳש 

ʘʨʰʳʣסʘʥ ʞʳʥʳʩʪʘʨʳ ʞᴅʥʝ ʚʝʨʤʠʢʫʣʠʪ ï ʤʠʥʝʨʘʣʜʳץ ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ 

ʬʘʟʘʣʘʨʜʳש ʢװʨʜʝʣʽ ץʦʩʧʘʩʳʥ ײץʨʘʡʜʳ. ʆʣʘʨʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʧʨʦʮʝʩʽ 

ᴅʨʪװʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʨʝʞʠʤʜʝʨʜʝ ʞװʨʝʜ ̔ʞᴅʥʝ ʙʽʨʥʝʰʝ ʢʝʟʝשʥʝʥ ʪײʨʘʪʳʥ 

ʭʠʤʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨʛʝ ᴅʢʝʣʝʜʽ. 

ɸʣסʘʰץʳ ʢʝʟʝשʜʝ (100ï300 ÁC) ץʦשʳʨ ʢᴇʤʽʨ ʤʝʥ ʞʳʥʳʩʪʘʨ ײץʨʘʤʳʥʜʘסʳ 

ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨ ʪʝʨʤʠʷʣʳץ ʜʝʩʪʨʫʢʮʠʷסʘ ײʰʳʨʘʡʜʳ. ɹײʣ ʢʝʟʜʝ ʢᴇʤʽʨ 

 ʰʧʘײ ,ʳʣʜʘʨ ʙᴇʣʰʝʢʪʝʥʽʧץʳʰץʳʣʜʘʨʳ ʤʝʥ ʬʫʣʴʚʦץʳʰץ ʳ ʛʫʤʠʥסʨʘʤʳʥʜʘײץ

ʢᴇʤʽʨʪʝʢʪʽ ץʦʩʳʣʳʩʪʘʨ ʤʝʥ ʉʆ , ʉʆ, H O ʙʫʳʥ ʙᴇʣʝʜʽ. ɹײʣ ʛʘʟʜʘʨ ʤʠʥʝʨʘʣʜʳץ 

ʬʘʟʘʣʘʨʤʝʥ, ᴅʩʽʨʝʩʝ ʉʘʆ, MgO ʞᴅʥʝ Fe O  ʦʢʩʠʜʪʝʨʽʤʝʥ ᴅʨʝʢʝʪʪʝʩʽʧ, ᴇʟʘʨʘ 

ʜʠʬʬʫʟʠʷʣʳץ ᴇʟʘʨʘ ᴅʨʝʢʝʪʢʝ ʪװʩʫʽ ʤװʤʢʽʥ. 

ʌʦʩʬʘʪʪʘʨʜʳש ʪװʟʽʣʫʽ (3.10-3.11): 

 

CaO + P O  Ÿ Ca (PO ) (ЎὋЈ =-376,0 ʢɼʞ/ʤʦʣʴ)    (3.10) 

MgO + P O  Ÿ Mg (PO ) (ЎὋЈ =-354,0 ʢɼʞ/ʤʦʣʴ)    (3.11) 

 

ɹײʣ ʨʝʘʢʮʠʷʣʘʨ ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪ ʞװʡʝʩʽʥʜʝ ʬʦʩʬʘʪʪʳץ ץʦʩʳʣʳʩʪʘʨʜʳש 

ʪװʟʽʣʫʽʥʝ ᴅʢʝʣʝʜʽ, ʦʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ᴇʩʽʤʜʽʢʪʝʨ װʰʽʥ ʪʠʽʤʜʽ ʪʳשʘʡʪץʳʰ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ. 

ʉʠʣʠʢʘʪ ʪװʟʽʣʫʽ (3.12-3.14): 
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SiO  + CaO Ÿ CaSiO (ЎὋЈ =-160,0 ʢɼʞ/ʤʦʣʴ)    (3.12) 

SiO  + MgO Ÿ MgSiO (ЎὋЈ =-145,0 ʢɼʞ/ʤʦʣʴ)    (3.13) 

Al O  + SiO  + CaO Ÿ Ca(AlSiO )O (ʛʨʦʩʩʫʣʷʨ ʪʠʧʪʝʩ ײץʨʳʣʳʤʜʘʨ) 

(ЎὋЈ =-170,0 ʢɼʞ/ʤʦʣʴ)         (3.14) 

 

ʉʫʣʴʬʘʪʪʘʨ ʤʝʥ ʙʘʩץʘ ʪײʟʜʘʨ ʪװʟʽʣʫʽ (3.15-3.16): 

 

SO  + CaO Ÿ CaSO  (ʘʥʛʠʜʨʠʪ) (ЎὋЈ =-132,0 ʢɼʞ/ʤʦʣʴ)  (3.15) 

K O + Al O  + SiO  Ÿ ʢʘʣʠʡ ʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨʳ    (3.16) 

 

ʆʨʛʘʥʠʢʘʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ᴅʩʝʨʽʥʝʥ ʪʦʪʳץʩʳʟʜʘʥʫ ʥʝʤʝʩʝ ʰʘʣʘ 

ʪʦʪʳסʫ ʨʝʘʢʮʠʷʣʘʨʳ (3.17): 

 

Fe O  + C Ÿ 2FeO + COŷ ʥʝʤʝʩʝ Fe      (3.17) 

 

ɹײʣ ʞʘסʜʘʡʜʘ ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰ ʨʝʪʽʥʜʝ ʢᴇʤʽʨʜʽש ʦʨʛʘʥʠʢʘʣʳץ 

ʬʨʘʢʮʠʷʣʘʨʳ ץʦʣʜʘʥʳʣʘʜʳ. 

ɾʦסʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʨʝʘʢʮʠʷʣʘʨ ʞװʡʝ ʽʰʽʥʜʝʛʽ ʬʘʟʘʣʘʨʜʳש 

 ʜʠʩʧʝʨʩʪʽʣʽʛʽ ʤʝʥ שʦʩʧʘʣʘʨʜʳץ ʳץʪʘʣʫ ʜᴅʨʝʞʝʩʽʥʝ, ʙʘʩʪʘʧץʩʘײ ,ʨʳʣʳʤʳʥʘײץ

ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ (t, Ű) ʪᴅʫʝʣʜʽ. 

ɾʘʣʧʳ ʤʝʭʘʥʠʟʤ - ʘʣסʘʰץʳ ʢʝʟʝשʜʝ (100ï300 ÁC) ʦʨʛʘʥʠʢʘʣʳץ ʬʘʟʘ 

ʳʜʳʨʘʡʜʳ ʞᴅʥʝ ʛʘʟ ʬʘʟʘʩʳʥ ʪװʟʝʜʽ. ʆʨʪʘ ʪʝʤʧʝʨʘʪʫʨʘʜʘ (300ï500 ÁC) ʦʢʩʠʜʪʽʢ 

ʞᴅʥʝ ʬʦʩʬʘʪʪʳץ ʬʘʟʘʣʘʨ ʘʨʘʩʳʥʜʘ ʜʠʬʬʫʟʠʷʣʳץ ᴇʟʘʨʘ ᴅʨʝʢʝʪ ʞװʨʝʜʽ. ɹײʣ ʢʝʟʜʝ 

 .ʟʽʣʝʜʽװʟʜʘʨ ʪײʘ ʢʝʰʝʥʜʽ ʪץʬʦʩʬʘʪʪʘʨ, ʩʠʣʠʢʘʪʪʘʨ ʞᴅʥʝ ʙʘʩ ץʘʪʪʳ ʬʘʟʘʣʳץ

ɺʝʨʤʠʢʫʣʠʪ, ʢʘʦʣʠʥʠʪ ʞᴅʥʝ ʠʣʣʠʪ ʪᴅʨʽʟʜʽ ʙʘʣʰʳץʪʳ ʤʠʥʝʨʘʣʜʘʨ ʩʪʨʫʢʪʫʨʘʣʳץ 

ʩʫʜʳ ʞʦסʘʣʪʘʜʳ ʜʘ, ʨʝʘʢʮʠʷʣʳץ ץʘʙʽʣʝʪʪʽʣʽʛʽ ʘʨʪʘʜʳ. 

 

3.2 ʊʝʤʧʝʨʘʪʫʨʘ, ᴇשʜʝʫ ʫʘץʳʪʳ ʞᴅʥʝ ץʦʩʧʘʣʘʨ ᴅʩʝʨʽʥ ʟʝʨʪʪʝʫ 

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ײץʨʘʤʳʥʘ ʬʦʩʬʘʪʪʳ ʢʦʤʧʦʥʝʥʪʪʝʨ 

(ʜʦʣʦʤʠʪʪʝʣʛʝʥ ʢʘʨʙʦʥʘʪ-ʢʨʝʤʥʠʡ-ʬʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪ, ʬʦʩʬʦʨʠʪʪʝʨʜʽ 

ʢװʡʜʽʨʫʜʝʥ ץʘʣסʘʥ ʮʠʢʣʦʥ ʰʘשʳ) ʞᴅʥʝ ʙʝʣʩʝʥʜʽ ʤʠʥʝʨʘʣʜʳ-ʦʨʛʘʥʠʢʘʣʳץ 

 ʢʽʨʝʪʽʥ (ʣʽ, ʚʝʨʤʠʢʫʣʠʪװʘʥ ʞʳʥʳʩʪʘʨʳ, ɾʕʆ ʢסʳʨ ʢᴇʤʽʨ, ʘʨʰʳʣשʦץ) ʦʩʧʘʣʘʨץ

ʙʝʩ ʪװʨʣʽ ʦʨʛʘʥʦʤʠʥʝʨʘʣʜʳץ ʪʳשʘʡʪץʳʰ ץʦʩʧʘʩʳ ʩʠʥʪʝʟʜʝʣʽʧ, ʟʝʨʪʪʝʣʜʽ (3.1-

ʢʝʩʪʝ). 
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ʂʝʩʪʝ 3.1 - פʘʪʪʳ ʤʘʪʝʨʠʘʣʜʘʨʜʘʥ (ʤʘʩʩ. %) ʞʘʩʘʣסʘʥ ʪʫʢʦץʦʩʧʘ 

ʩʳʥʘʤʘʣʘʨʳʥʳײץ שʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʽʥʽש ʦשʪʘʡʣʳ ײץʨʘʤʳ 

 

 

ɹʘʨʣʳץ ץʦʩʧʘʣʘʨʜʳש ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʽ ʨʝʪʽʥʜʝ ʮʠʢʣʦʥ ʰʘשʳʥʳ65) שï

 ,ʣʝʩʽʥ ʘʨʪʪʳʨʘʜʳװ שʦʣʜʘʥʳʣʜʳ, ʦʣ  ʘʧʘʪʠʪʪʽ ʞᴅʥʝ ʩʠʣʠʢʘʪʪʳ ʬʘʟʘʣʘʨʜʳץ (71%

ʩʝʙʝʙʽ ʦʥʳײ שʩʘץ ʜʠʩʧʝʨʩʠʷʣʳ ײץʨʳʣʳʤʳ ʤʝʥ ʪʝʨʤʠʷʣʳץ ʘʢʪʠʚʪʽ ʙʝʪʽ ʞʦסʘʨʳ. 

 ʨʘʤʳʥʜʘײץ ,ʘʨʳʧץʳʟʤʝʪ ʘʪץ ʤʘʪʨʠʮʘ ʨʝʪʽʥʜʝ ץʳʨ ʢᴇʤʽʨ (6ï8%) ʦʨʛʘʥʠʢʘʣʳשʦפ

ʛʫʤʠʥʜʽ ץʦʩʳʣʳʩʪʘʨ ʙʘʨ ʞᴅʥʝ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש ʙʠʦʣʦʛʠʷʣʳץ ʩʽשʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʘʜʳ. ɯʰʢʽ ץʘʟʙʘ ʞʳʥʳʩʪʘʨʳ (5ï8%) ʘʣʶʤʠʥʠʡ, ʢʘʣʠʡ ʞᴅʥʝ ʛʫʤʠʥ ʪᴅʨʽʟʜʽ 

ʟʘʪʪʘʨסʘ ʙʘʡ ʩʘʟʜʳ-ʩʠʣʠʢʘʪʪʳ ʬʨʘʢʮʠʷ ʨʝʪʽʥʜʝ ץʦʩʳʣʜʳ.  ʌʦʩʬʦʨ, ʢʘʣʴʮʠʡ 

ʞᴅʥʝ ʤʘʛʥʠʡʛʝ ʙʘʡ ʜʦʣʦʤʠʪʪʝʣʛʝʥ ʰʠʢʽʟʘʪ (5ï8%)  ɾʕʆ ʢװʣʽ (4ï8%) ʤʝʥ 

ʚʝʨʤʠʢʫʣʠʪ (7ï10%) ʪʳשʘʡʪץʳʰ ײץʨʳʣʳʤʳʥ ʪײʨʘץʪʘʥʜʳʨʳʧ, ʢʘʪʠʦʥ ʘʣʤʘʩʫ 

ʩʳʡʳʤʜʳʣʳסʳʥ ʘʨʪʪʳʨʘʜʳ. ᴄʩʽʨʝʩʝ ʚʝʨʤʠʢʫʣʠʪʪʽש ʨᴇʣʽ ʝʨʝʢʰʝ ð ʦʥʳש 

ʢʝʫʝʢʪʽ ʞᴅʥʝ ץʘʙʘʪʪʳ ײץʨʳʣʳʤʳ ʤʘʛʥʠʡʜʽש ʪײʨʘץʪʘʥʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, Mg-

ʬʦʩʬʘʪʪʳ ʬʦʨʤʘʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ. 

ɹʘʨʣʳץ ʪʳשʘʡʪץʳʰ ץʦʩʧʘʣʘʨʳ ʙʦʡʳʥʰʘ ʦʨʪʘʰʘ ʤᴅʥʜʝʨʜʽ ʪʘʣʜʘʫ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʪʝשʛʝʨʽʤʜʽ ʙᴇʣʽʥʛʝʥʽʥ ʞᴅʥʝ ץʦʩʧʘʣʘʨʜʳץ שʦʨʝʢʪʽʢ ײץʥʜʳʣʳסʳ 

ʤʝʥ ʪʦʧʳʨʘץ ʦʨʪʘʩʳʥʜʘסʳ ײץʨʳʣʳʤʜʳץ ʪײʨʘץʪʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥʽʥ 

ʢᴇʨʩʝʪʪʽ. פʦʩʧʘʣʘʨ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ᴇשʜʝʫ, ʬʘʟʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨ ʞᴅʥʝ ʪײʨʘץʪʳ 

ʬʦʨʤʘʣʘʨʜʳ ʩʠʥʪʝʟʜʝʫ ʙʦʡʳʥʰʘ ʦʜʘʥ ᴅʨʽ ʟʝʨʪʪʝʫʣʝʨ װʰʽʥ ʤʦʜʝʣʴ ʨʝʪʽʥʜʝ 

ʘʣʳʥʜʳ. 

3.1-ʩʫʨʝʪʢʝ ʩᴅʡʢʝʩ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʙʘʡʣʘʥʳʩʪʳ P O  ʝʨʽʛʽʰʪʽʛʽʥʽש ᴇʟʛʝʨʽʩʽ 

ʢʝʣʪʽʨʽʣʛʝʥ.  

 

ˉ 

ʊʫʢʦץʦʩ

ʧʘ 

ʨʘʤ rײץ

ʎʠʢʣʦʥ 

ʰʘשʜʘʨʳ 
 ʳʨשʦפ

ʢᴇʤʽʨ 
ɸʨʰʳʣסʘʥ 

ʞʳʥʳʩʪʘʨ 

ɼʦʣʦʤʠʪʪʝʣʛʝʥ 

ʢʘʨʙʦʥʘʪ-

ʢʨʝʤʥʠʡ-

ʬʦʩʬʘʪʪʳ 

ʰʠʢʽʟʘʪ 

ɾʕʆ 

ʢװʣʽ 
ɺʝʨʤʠʢʫʣʠʪ ɹʘʨʣʳסʳ% 

1 ɸ 70 3 7 7 6 7 100 

2 ɹ 70 3 7 8 5 7 100 

3 ɺ 65 4 6 7 8 10 100 

4 ɻ 65 3 8 7 7 10 100 

5 ɼ 71 2 8 5 4 10 100 

ʆʨʪʘʰʘ 68,2 3 7,2 6,8 6 8,8 100 
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ʉʫʨʝʪ 3.1 - ʊʝʤʧʝʨʘʪʫʨʘסʘ ʙʘʡʣʘʥʳʩʪʳ P O  ʝʨʽʛʽʰʪʽʛʽʥʽש ᴇʟʛʝʨʽʩʽ 

 

P O  ʝʨʽʛʽʰʪʽʛʽʥʽש ʪʝʤʧʝʨʘʪʫʨʘסʘ ʪᴅʫʝʣʜʽʣʽʛʽʥʽש ʥᴅʪʠʞʝʣʝʨʽʥʝ ʞװʨʛʽʟʽʣʛʝʥ 

ʪʘʣʜʘʫ ʬʦʩʬʦʨʜʳץ שʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ᴅʨʪװʨʣʽ ʪʫʢʦץʦʩʧʘ 

 ,ʘʥ ʜʝʨʝʢʪʝʨʛʝ ʩᴅʡʢʝʩסʜʝʫ ʪʠʽʤʜʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. ɸʣʳʥשᴇ ץʨʘʤʜʘʨʳʥ ʞʳʣʫʣʳײץ

ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʞʦסʘʨʳʣʘʫʳ ʙʘʨʣʳװ ץʣʛʽʣʝʨ װʰʽʥ P O  ʝʨʽʛʽʰʪʽʛʽʥʽש ʙʽʨʪʽʥʜʝʧ 

ʘʨʪʫʳʥʘ ᴅʢʝʣʝʜʽ. 100 ÁC-ʪʘ ʙʘʩʪʘʧץʳ ʝʨʽʛʽʰʪʽʢ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʪᴇʤʝʥ (46ï

50%), ʬʦʩʬʦʨʜʳש ʢᴇʧ ʙᴇʣʽʛʽ ʩʫʣʳ ʝʨʽʪʽʥʜʽʜʝ ץʠʳʥ ʝʨʠʪʽʥ ʤʠʥʝʨʘʣʜʳץ ʬʘʟʘʣʘʨ 

ʪװʨʽʥʜʝ ʙʦʣʘʪʳʥʳʥ ʙʽʣʜʽʨʝʜʽ. ʂʝʟʝשʜʝ ʦʨʛʘʥʠʢʘʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽץ) שʦשʳʨ 

ʢᴇʤʽʨ, ʛʫʤʠʥ ץʳʰץʳʣʜʘʨʳ) ʳʜʳʨʘʫʳ ʤʝʥ ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʬʘʟʘסʘ ᴅʩʝʨʽ 

ʰʝʢʪʝʫʣʽ ʙʦʣʘʜʳ. 250ï400 ÁC ʘʨʘʣʳסʳʥʜʘ ʘʡʪʘʨʣʳץʪʘʡ ᴇʟʛʝʨʽʩ ʙʘʡץʘʣʘʜʳ: P O  

ʝʨʽʛʽʰʪʽʛʽ 10ï14% ʘʨʪʘʜʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʘʨʘʣʳסʳʥʜʘ ʛʫʤʘʪʪʳ ʞᴅʥʝ ʢᴇʤʽʨʪʝʢʪʽ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʪʦʪʳסʫʳ ʥᴅʪʠʞʝʩʽʥʜʝ ץʳʰץʳʣʜʳץ ʦʨʪʘ ʧʘʡʜʘ ʙʦʣʘʜʳ, ʙײʣ 

ʬʦʩʬʘʪ ʬʘʟʘʣʘʨʳʥ (ʘʧʘʪʠʪ, ʢʘʣʴʮʠʡ ʬʦʩʬʘʪʪʘʨʳ) ʳʜʳʨʘʪʳʧ, ʩʫʜʘ ʝʨʠʪʽʥ 

Ca(H PO ) , CaHPO  ʪװʨʣʝʨʽʥʽש ʪװʟʽʣʫʽʥ ʞʝשʽʣʜʝʪʝʜʽ. 500 ÁC-ʪʘ ʝʨʽʛʽʰʪʽʢ 

ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥʽʥʝ ʞʝʪʝʜʽ (66ï70%). ɹײʣ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨ 

ʪʦʣʳץ ʳʜʳʨʘʧ, ʬʦʩʬʦʨ ʢʘʣʴʮʠʡʤʝʥ ʞᴅʥʝ ʤʘʛʥʠʡʤʝʥ ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ 

ʪײʨʘץʪʳ, ʙʽʨʘץ ʝʨʽʛʽʰ ʬʦʨʤʘʣʘʨסʘ ᴇʪʝʜʽ. ɹײʣ ʬʘʟʘʣʘʨ ʪʘʤʳʨʜʳץ שʳʰץʳʣʜʳסʳʥʘ 

ᴅʩʝʨ ʝʪʝʪʽʥ ʦʨʪʘʜʘ ʙʽʨʪʽʥʜʝʧ ʳʜʳʨʘʧ, ײʟʘץʤʝʨʟʽʤʜʽ ʬʦʩʬʦʨʤʝʥ ץʦʨʝʢʪʝʥʫʜʽ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ

 ʘʣʘʜʳ. çɺè ʞᴅʥʝ çɻèץʪʘʨ ʙʘʡץʘʥ ʘʡʳʨʤʘʰʳʣʳסʣʛʽʣʝʨ ʘʨʘʩʳʥʜʘ ʘʟʜʘת

ʪʫʢʦץʦʩʧʘʣʘʨʳʥʜʘ P2O5 ʝʨʽʛʽʰʪʽʛʽ ʩᴅʣ ʞʦסʘʨʳ, ʙײʣ ײץʨʘʤʳʥʜʘ ʚʝʨʤʠʢʫʣʠʪ ʧʝʥ 

ʢװʣ ʤᴇʣʰʝʨʽʥʽש ʢᴇʧʪʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ. ɹײʣ ʢʦʤʧʦʥʝʥʪʪʝʨ 

 ʨʣʝʥʫװʪ שʣ ʬʦʩʬʦʨʜʳײʘʩʠʝʪʪʝʨʛʝ ʠʝ, ʙץ ʦʩʳʤʰʘ ʠʦʥ ʘʣʤʘʩʫ ʥʝʤʝʩʝ ʙʫʬʝʨʣʽʢץ

ʨʝʘʢʮʠʷʣʘʨʳʥʘ ᴅʩʝʨ ʝʪʝʜʽ. 

ʊʝʤʧʝʨʘʪʫʨʘʥʳ400 שï500 ÁC ʘʨʘʣʳסʳʥʜʘ ʙʦʣʫʳ ʬʦʩʬʦʨʜʳש ʝʨʽʛʽʰʪʽʛʽ 

ʤʝʥ ᴇʩʽʤʜʽʢʢʝ ץʦʣʞʝʪʽʤʜʽʣʽʛʽʥʝ ʦש ᴅʩʝʨ ʝʪʝʜʽ. ʅᴅʪʠʞʝ ʪʫʢʦץʦʩʧʘʣʘʨʜʳ 

ʪʝʨʤʦᴇשʜʝʫʛʝ ײʰʳʨʘʪʫ ʘʨץʳʣʳ ʦʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʩʪʨʘʪʝʛʠʷʩʳʥ 
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 ʳʪʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ 3.2 ʢʝʩʪʝʜʝץʜʝʫ ʫʘשᴇ שʦʣʜʘʡʜʳ.  P2O5 ʞʘʣʧʳ ʝʨʽʛʽʰʪʽʛʽʥʽץ

ʢᴇʨʩʝʪʽʣʛʝʥ.  

 

ʂʝʩʪʝ 3.2 - P2O5 ʞʘʣʧʳ ʝʨʽʛʽʰʪʽʛʽʥʽש ᴇשʜʝʫ ʫʘץʳʪʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽʥʽש ʤᴅʥʽ 

(T=3ʩʘסʘʪ) 

 
ʉʳʥʘʤʘ 

 ʣʛʽʣʝʨʽװ
100ÁC 250ÁC 400ÁC 500ÁC 

ɸ 48Ñ0,05 56Ñ0,05 63Ñ0,05 69Ñ0,05 

ɹ 47Ñ0,05 55Ñ0,05 62Ñ0,05 68Ñ0,05 

ɺ 50Ñ0,05 58Ñ0,05 65Ñ0,05 72Ñ0,05 

ɻ 49Ñ0,05 57Ñ0,05 64Ñ0,05 70Ñ0,05 

ɼ 46Ñ0,05 54Ñ0,05 61Ñ0,05 67Ñ0,05 

 

3.2-ʩʫʨʝʪʢʝ ʩᴅʡʢʝʩ ᴅʨ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ᴇשʜʝʫ ʫʘץʳʪʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ᴅʨʙʽʨ 

ʪʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש P2O5 ʝʨʽʛʽʰʪʽʛʽʥʽש ᴇʟʛʝʨʽʩʽ ʢʝʣʪʽʨʽʣʛʝʥ.  

 

 
 

ʉʫʨʝʪ 3.2 - P2O5 ʞʘʣʧʳ ʝʨʽʛʽʰʪʽʛʽʥʽש ᴇשʜʝʫ ʫʘץʳʪʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ 

 

ʊʘʣʜʘʫ ʪᴇʨʪ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʨʝʞʠʤʛʝ (100ÁC, 250ÁC, 400ÁC ʞᴅʥʝ 500ÁC) 

ʞװʨʛʽʟʽʣʜʽ, ᴅʨץʘʡʩʳʩʳ װʰʽʥ ʙʝʩ ʪװʨʣʽ ʪʫʢʦץʦʩʧʘ װʣʛʽʩʽ (ɸïɼ) ʟʝʨʪʪʝʣʜʽ. 

100ÁC ʝש ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʨʝʞʠʤʜʝ P O  ʝʨʽʛʽʰʪʽʛʽ ʙʘʷʫ ᴇʩʝʜʽ. 1 

ʩʘסʘʪ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥʛʽ ʦʨʪʘʰʘ ʝʨʽʛʽʰʪʽʢ 46% ʰʘʤʘʩʳʥʜʘ ʙʦʣʩʘ, 3 ʩʘסʘʪʪʘ ʦʣ ʪʝʢ 

 (שᴅʩʽʨʝʩʝ ʢᴇʤʽʨʜʽ) שʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ץʘ ʘʨʪʘʜʳ. ʊʝʤʧʝʨʘʪʫʨʘʜʘ ʦʨʛʘʥʠʢʘʣʳס-2%
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ʪʦʣʳץ ʳʜʳʨʘʫʳ ʞװʨʤʝʡʜʽ, ʘʣ ʥʝʦʨʛʘʥʠʢʘʣʳץ ʬʘʟʘʣʘʨʤʝʥ ᴅʨʝʢʝʪʪʝʩʫ ʰʝʢʪʝʫʣʽ. 

250ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʘʡʪʘʨʣʳץʪʘʡ ʙʝʣʩʝʥʜʽʨʝʢ ʧʨʦʮʝʩʪʝʨ ʙʘʩʪʘʣʘʜʳ. P O  

ʝʨʽʛʽʰʪʽʛʽ ʙʘʨʣʳװ ץʣʛʽʣʝʨʜʝ ʪײʨʘץʪʳ ᴇʩʽʧ, 3 ʩʘסʘʪʪʘ ʦʨʪʘʰʘ ʤᴅʥʽ 56% ʞʝʪʝʜʽ. 

ʆʨʛʘʥʠʢʘʣʳץ ʬʘʟʘʥʳש (ץʦשʳʨ ʢᴇʤʽʨ) ʳʜʳʨʘʫʳ ʢװʰʝʡʽʧ, ʤʠʥʝʨʘʣʜʳ 

ʢʦʤʧʦʥʝʥʪʪʝʨʤʝʥ ʙʘʩʪʘʧץʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʙʘʩʪʘʣʘʜʳ. 400ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʝʢʽʥʰʽ ʬʘʟʘסʘ ʪᴅʥ ʨʝʘʢʮʠʷʣʘʨ ʞװʨʝʜʽ: ʩʠʣʠʢʘʪʪʳ ʞᴅʥʝ ʬʦʩʬʘʪʪʳ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʘʨʘʩʳʥʜʘ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʞװʨʝʜʽ. ɽʨʽʛʽʰʪʽʢ ʘʡʪʘʨʣʳץʪʘʡ 

ʞʦסʘʨʳ ï 3 ʩʘסʘʪʪʘ 65% ʜʝʡʽʥ ʞʝʪʝʜʽ. ɹײʣ ʬʘʟʘʜʘ ʪʫʢʦץʦʩʧʘʣʘʨ ʙʝʣʩʝʥʜʽʨʽʣʽʧ, 

P O  ʬʦʩʬʘʪʪʘʨʳ ʥʝײסʨʣʳʤ ʨʝʘʢʮʠʷסʘ ץʘʙʽʣʝʪʪʽ ʪװʨʣʝʨʛʝ ᴇʪʝʜʽ. 500ÁC 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʝש ʞʦסʘʨʳ ʝʨʽʛʽʰʪʽʢ ʙʘʡץʘʣʘʜʳ ï ɺ װʣʛʽʩʽʥʜʝ 72% ʜʝʡʽʥ. ʄײʥʜʘ 

ʙʘʨʣʳץ ʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨ ʪʦʣʳץ ʳʜʳʨʘʧ, ʤʠʥʝʨʘʣʜʳ ʬʘʟʘʣʘʨ ʙʽʨ-

ʙʽʨʽʤʝʥ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʝʜʽ. ɽש ʪײʨʘץʪʳ ʥᴅʪʠʞʝʣʝʨ ʦʩʳ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʘʣʳʥʘʜʳ.  

P O  ʝʨʽʛʽʰʪʽʛʽ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ᴇשʜʝʫ ʫʘץʳʪʳ ʘʨʪץʘʥ ʩʘʡʳʥ ʪײʨʘץʪʳ 

ᴇʩʝʜʽ. ɺ ʪʫʢʦץʦʩʧʘʩʳ ʙʘʨʣʳץ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʨʝʞʠʤʜʝʨʜʝ ʝש ʞʘץʩʳ ʥᴅʪʠʞʝ 

ʢᴇʨʩʝʪʪʽ, ʦʥʳײץ שʨʘʤʳʥʳש ʪʝʧʝ-ʪʝש ᴅʨʽ ʪʠʽʤʜʽ ʝʢʝʥʜʽʛʽʥ ʙʽʣʜʽʨʝʜʽ. ʊᴇʤʝʥ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ (100ï250ÁC) ʥʝʛʽʟʛʽ ʧʨʦʮʝʩʪʝʨ ï ʦʨʛʘʥʠʢʘʣʳץ ʬʘʟʘʥʳש 

ʳʜʳʨʘʫʳ,ʘʣ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ (400ï500ÁC) ï ʤʠʥʝʨʘʣʜʘʨʜʳש ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫʽ ʤʝʥ ʞʘשʘ ʬʦʩʬʘʪ ʬʘʟʘʣʘʨʳʥʳש ʪװʟʽʣʫʽ ʦʨʳʥ ʘʣʘʜʳ.   P2O5 (2%-ʜʳץ 

ʣʠʤʦʥ ץʳʰץʳʣʳ) ʝʨʽʛʽʰʪʽʛʽʥʽש ᴇשʜʝʫ ʫʘץʳʪʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽʥʽש ʤᴅʥʽ 3.3 ʢʝʩʪʝʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

ʂʝʩʪʝ 3.3 - P2O5 (2%-ʜʳץ ʣʠʤʦʥ ץʳʰץʳʣʳ) ʝʨʽʛʽʰʪʽʛʽʥʽש ᴇשʜʝʫ ʫʘץʳʪʳʥʘ 

ʪᴅʫʝʣʜʽʣʽʛʽʥʽש ʤᴅʥʽ (T=3ʩʘסʘʪ)  

 
ʉʳʥʘʤʘ 100ÁC 250ÁC 400ÁC 500ÁC 

ɸ 6Ñ0,05 12Ñ0,05 18Ñ0,05 21Ñ0,05 

ɹ 5Ñ0,05 11Ñ0,05 17Ñ0,05 22Ñ0,05 

ɺ 8Ñ0,05 14Ñ0,05 19Ñ0,05 23Ñ0,05 

ɻ 7Ñ0,05 13Ñ0,05 19Ñ0,05 24Ñ0,05 

ɼ 4Ñ0,05 14Ñ0,05 16Ñ0,05 21Ñ0,05 

 

3.3-ʩʫʨʝʪʢʝ ʩᴅʡʢʝʩ ᴅʨ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ᴇשʜʝʫ ʫʘץʳʪʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ᴅʨʙʽʨ 

ʪʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽ2% ש ʣʠʤʦʥ ץʳʰץʳʣʳʥʜʘסʳ P2O5 ʝʨʽʛʽʰʪʽʛʽʥʽש ᴇʟʛʝʨʽʩʽ 

ʢʝʣʪʽʨʽʣʛʝʥ.  
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ʉʫʨʝʪ 3.3 - P2O5 (2%-ʜʳץ ʣʠʤʦʥ ץʳʰץʳʣʳ) ʝʨʽʛʽʰʪʽʛʽʥʽש ᴇשʜʝʫ ʫʘץʳʪʳʥʘ 

ʪᴅʫʝʣʜʽʣʽʛʽ 

 

P O-ʪʽש ᴇʩʽʤʜʽʢʢʝ ץʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ װʰʽʥ 2%-ʜʳץ ʣʠʤʦʥ ץʳʰץʳʣʳ 

 ʪʠʽʤʜʽʣʽʛʽʥ ץʘʛʨʦʥʦʤʠʷʣʳ שʣ ʨʝʘʛʝʥʪ ʬʦʩʬʦʨʜʳײʦʣʜʘʥʳʣʜʳ, ʩʝʙʝʙʽ ʙץ

ʩʠʧʘʪʪʘʡʪʳʥ ʩʪʘʥʜʘʨʪʪʳ ᴅʣʩʽʟ ʦʨʛʘʥʠʢʘʣʳץ ץʳʰץʳʣ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɿʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ᴅʨʪװʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʫʘץʳʪ ʨʝʞʠʤʜʝʨʽʥʜʝ 

ʘʣʳʥסʘʥ ʪʫʢʦץʦʩʧʘʣʘʨʜʳש ʣʠʤʦʥ ץʳʰץʳʣʳʥʜʘסʳ ʝʨʽʛʽʰʪʽʛʽ ʞʘʣʧʳ P O  

ʤᴇʣʰʝʨʽʥʝʥ ʝʜᴅʫʽʨ ʪᴇʤʝʥ, ʬʦʩʬʦʨʜʳץ שʦʣʞʝʪʽʤʜʽ ʝʤʝʩ ʬʦʨʤʘʣʘʨʜʘ ʙʦʣʫʳʤʝʥ 

ʪװʩʽʥʜʽʨʽʣʝʜʽ. 

100ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ᴇשʜʝʣʛʝʥ ʪʫʢʦץʦʩʧʘʣʘʨʜʘ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש 

ʪʦʣʳץ ʳʜʳʨʘʤʘʫʳ ʞᴅʥʝ ʤʠʥʝʨʘʣʜʳ ʬʘʟʘʣʘʨʜʳײץ שʨʳʣʳʤʜʳץ ʪײʨʘץʪʳʣʳסʳ 

ʩʝʙʝʧʪʽ, P O  ʝʨʽʛʽʰʪʽʛʽ ʙʘʨ ʙʦʣסʘʥʳ 5ï8% ʰʘʤʘʩʳʥʜʘ ʙʦʣʜʳ. 250ÁC-ʪʘ 

ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʜʦʣʦʤʠʪ ʧʝʥ ʢᴇʤʽʨʜʽש ʳʜʳʨʘʫʳ ʙʘʩʪʘʣʳʧ, 

ʘʧʘʪʠʪʪʽש ʤʠʢʨʦʢʝʫʝʢʪʽ ײץʨʳʣʳʤʳʥʳץ שʘʣʳʧʪʘʩʫʳ ʙʘʡץʘʣʜʳ, ʝʨʽʛʽʰʪʽʢʪʽ 12ï

14% ʜʝשʛʝʡʽʥʝ ʜʝʡʽʥ ʘʨʪʪʳʨʜʳ. 

400ï500ÁC ʪʝʤʧʝʨʘʪʫʨʘ ʘʨʘʣʳסʳʥʜʘ ʦʨʛʘʥʠʢʘʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש 

ʧʠʨʦʣʠʟʽ, ʜʦʣʦʤʠʪʪʽש (MgCO  Ÿ MgO + CO ) ʳʜʳʨʘʫʳ ʞᴅʥʝ ץʘʪʪʳ ʬʘʟʘʣʳץ 

ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʣʝʨ ʥᴅʪʠʞʝʩʽʥʜʝ P O  ʝʨʽʛʽʰʪʽʛʽ ʝʜᴅʫʽʨ ʞʦסʘʨʳʣʘʜʳ. ɸʪʘʧ 

ʘʡʪץʘʥʜʘ, 500ÁC-ʪʘ ײץʨʘʤ ɺ 2%-ʜʳץ ʣʠʤʦʥ ץʳʰץʳʣʳʥʜʘ 23% ʜʝʡʽʥʛʽ P O  

ʝʨʽʛʽʰʪʽʛʽʥ ʢᴇʨʩʝʪʪʽ, ʙײʣ ʦʥʳײץ שʨʘʤʳʥʜʘסʳ ɾʕʆ ʢװʣʽʥʽ(8%) ש ʞʦסʘʨʳ 

 ʘʥ ʩʘʡʳʥסʘʡסʣײ ʘ ʜʝʡʽʥץʘʪסʳʪʳ 1-ʜʝʥ 3 ʩʘץʜʝʫ ʫʘשʩʽʥʜʽʨʽʣʝʜʽ. ᴆװʣʝʩʽʤʝʥ ʪװ

ʝʨʽʛʽʰʪʽʢ ʙʘʨʣʳװ ץʣʛʽʣʝʨʜʝ 2ï3% ʘʨʘʣʳסʳʥʜʘ ʙʽʨץʘʣʳʧʪʳ ᴇʩʽʤ ʢᴇʨʩʝʪʪʽ, ʙײʣ 

ʜʠʬʬʫʟʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʽש, ʙʝʪʢʽ ʘʢʪʠʚʘʮʠʷʥʳש ʞᴅʥʝ ʬʘʟʘʣʳץ ץʘʡʪʘ 

 .ʨʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳװʞ שʨʳʣʳʤʥʳײץ
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ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʪʝʤʧʝʨʘʪʫʨʘʥʳ 100ï500ÁC ʘʨʘʣʳסʳʥʜʘ ʘʨʪʪʳʨʫ ʞᴅʥʝ 

ᴇשʜʝʫ ʫʘץʳʪʳʥ ײʟʘʨʪʫ ʪʫʢʦץʦʩʧʘʩʳʥʜʘסʳ ʬʦʩʬʦʨʜʳש ᴇʩʽʤʜʽʢʢʝ ʩʽשʽʤʜʽ 

ʬʨʘʢʮʠʷʩʳʥ ʘʡʪʘʨʣʳץʪʘʡ ʞʘץʩʘʨʪʘʪʳʥʳ ʜᴅʣʝʣʜʝʥʜʽ. ᴆʟ ʢʝʟʝʛʽʥʜʝ ʜʘʡʳʥʜʘʣסʘʥ 

ʢʦʤʧʦʟʠʮʠʷʣʘʨʜʳש ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ץʦʣʜʘʥʳʣʫ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ 

ʞᴅʥʝ ʦʣʘʨʜʳ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ, ʞʝʨʛʽʣʽʢʪʽ ʨʝʩʫʨʩʪʘʨ ʥʝʛʽʟʽʥʜʝ ʘʣʳʥסʘʥ 

ʪʳשʘʡʪץʳʰ ʨʝʪʽʥʜʝ ײʩʳʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

3.4-3.7 cʫʨʝʪʪʝʨʛʝ ʩᴅʡʢʝʩ ᴅʨ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ᴇשʜʝʫ ʫʘץʳʪʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ᴅʨʙʽʨ ʪʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʜʝʛʽ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽץ שʦʣʞʝʪʽʤʜʽʣʽʛʽ ʙʦʡʳʥʰʘ 

ʤᴅʣʽʤʝʪʪʝʨ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

 
 

ʉʫʨʝʪ 3.4 ï 100
o
C ʪʝʤʧʝʨʘʪʫʨʘ ʞʘסʜʘʡʳʥʜʘ Mg, Fe ʞᴅʥʝ Zn 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʽʥʽץ שʦʣʞʝʪʽʤʜʽʣʽʛʽ (ʤʛ/ʢʛ) 

 

 
 

ʉʫʨʝʪ 3.5 ï 250
o
C ʪʝʤʧʝʨʘʪʫʨʘ ʞʘסʜʘʡʳʥʜʘ Mg, Fe ʞᴅʥʝ Zn 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʽʥʽץ שʦʣʞʝʪʽʤʜʽʣʽʛ ̔(ʤʛ/ʢʛ) 
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ʉʫʨʝʪ 3.6 ï 400
o
C ʪʝʤʧʝʨʘʪʫʨʘ ʞʘסʜʘʡʳʥʜʘ Mg, Fe ʞᴅʥʝ Zn 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʽʥʽץ שʦʣʞʝʪʽʤʜʽʣʽʛʽ (ʤʛ/ʢʛ) 

 

 
 

ʉʫʨʝʪ 3.7 ï 500
o
C ʪʝʤʧʝʨʘʪʫʨʘ ʞʘסʜʘʡʳʥʜʘ Mg, Fe ʞᴅʥʝ Zn 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʽʥʽץ שʦʣʞʝʪʽʤʜʽʣʽʛʽ (ʤʛ/ʢʛ) 

 

ʄʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש (Mg, Fe, Zn) ʝʨʽʛʽʰʪʽʛʽʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʦʣʘʨʜʳש 

ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ᴇשʜʝʫ ʫʘץʳʪʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʜʠʥʘʤʠʢʘʩʳʥ ʢᴇʨʩʝʪʝʜʽ. ɾʘʣʧʳ 

ʘʣסʘʥʜʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʘʨʪץʘʥ ʩʘʡʳʥ ʙʘʨʣʳץ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש ʝʨʠʪʽʥ װʣʝʩʽ ʜʝ 

 ʣ ᴅʩʽʨʝʩʝ 400ÁC ʞᴅʥʝ 500ÁC ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʳʥʜʘײʘʣʘʜʳ. ɹץʘʥʳ ʙʘʡסʘʡסʣײ

ʘʡץʳʥ ʢᴇʨʽʥʝʜʽ. ʄײʥʜʘʡ װʨʜʽʩ, ʙʽʨʽʥʰʽʜʝʥ, ץʘʪʪʳ ʬʘʟʘʣʳץ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʧʘʡʜʘ ʙʦʣסʘʥ ʞʘשʘ ʬʘʟʘʣʘʨʜʳש ʪװʟʽʣʫʽʤʝʥ, ʝʢʽʥʰʽʜʝʥ, ʦʨʛʘʥʠʢʘʣʳץ 

ʬʨʘʢʮʠʷʣʘʨʜʳש ʳʜʳʨʘʫʳʤʝʥ ʞᴅʥʝ ײץʨʳʣʳʤʥʳש ʢʝʫʝʢʪʽʣʽʛʽʥʽש ʘʨʪʫʳʤʝʥ 

ʪװʩʽʥʜʽʨʽʣʝʜʽ. 

ʄʘʛʥʠʡʜʽש (Mg) ץʦʣʞʝʪʽʤʜʽʣʽʛʽ 100ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 980ï1070 ʤʛ/ʢʛ 

ʘʨʘʣʳסʳʥʜʘ ʙʦʣʩʘ, 500ÁC ʢʝʟʽʥʜʝ ʦʣ 1280ï1380 ʤʛ/ʢʛ ʜʝʡʽʥ ʘʨʪץʘʥ. ɽש ʞʦסʘʨʳ 

ʢᴇʨʩʝʪʢʽʰ ɺ ײץʨʘʤʳʥʜʘ ʪʽʨʢʝʣʛʝʥ, ʦʥʳײץ שʨʘʤʳʥʜʘ ʚʝʨʤʠʢʫʣʠʪ ʧʝʥ ʢװʣ 

 ʘʥ ʩʘʡʳʥסʘʡסʣײ ʳʪʳץʜʝʫ ʫʘשʤʢʽʥ. ᴆװʢᴇʧʪʽʛʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤ שʣʝʩʽʥʽװ

ʤʘʛʥʠʡʜʽש ʝʨʠʪʽʥ װʣʝʩʽ ʰʘʤʘʤʝʥ 20ï30 ʤʛ/ʢʛ-ʛʝ ʘʨʪץʘʥ, ʙײʣ ʘʢʪʠʚʪʝʥʫʜʽש 

ʪʝʨʤʠʷʣʳץ ᴅʩʝʨʽʥʽש ʪײʨʘץʪʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʊʝʤʽʨʜʽש (Fe) ʝʨʽʛʽʰʪʽʛʽ ʜʝ ץײʩʘʩ ʪװʨʜʝ ᴇʩʢʝʥ. 100ÁC ʢʝʟʽʥʜʝ ʦʣ 630ï690 

ʤʛ/ʢʛ ʙʦʣʩʘ, 500ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 780ï845 ʤʛ/ʢʛ ʘʨʘʣʳסʳʥʜʘ ʙʦʣʜʳ. ɹײʣ, 

ʤװʤʢʽʥ, ʘʣʶʤʦʩʠʣʠʢʘʪ ײץʨʳʣʳʤʜʘʨʳʥʜʘסʳ ʪʝʤʽʨʜʽש ʙʦʩʘʧ, ʞʘשʘ ʨʝʘʢʮʠʷ 

ᴇʥʽʤʜʝʨʽʥʝ ʝʥʫʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ײפʨʘʤ ɺ, ɻ ʞᴅʥʝ ɸ ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰʪʝʨ 

ʙʝʨʜʽ, ʦʣʘʨʜʳש ʤʠʥʝʨʘʣʜʳ ײץʨʘʤʳʤʝʥ ʞᴅʥʝ ʬʦʩʬʘʪʪʘʨʤʝʥ ʙʘʡʣʘʥʳʩʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ. 
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ʄʳʨʳʰʪʳש (Zn) ץʦʣʞʝʪʽʤʜʽʣʽʛʽ ʜʝ ʙʽʨʪʽʥʜʝʧ ʘʨʪʪʳ: 100ÁC ʢʝʟʽʥʜʝ 260ï

279 ʤʛ/ʢʛ ʘʨʘʣʳסʳʥʜʘ ʙʦʣʩʘ, 500ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʙײʣ ʤᴅʥʜʝʨ 290ï309 ʤʛ/ʢʛ 

ʞʝʪʪʽ. ɽʨʝʢʰʝ ᴇʩʫ ɺ ʞᴅʥʝ ɻ ײץʨʘʤʜʘʨʳʥʜʘ ʙʘʡץʘʣʜʳ, ʦʩʳ ײץʨʘʤʜʘʨʜʘסʳ ʢװʣ 

ʤʝʥ ʜʦʣʦʤʠʪ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʝʥ Zn ץʦʩʳʣʳʩʪʘʨʳʥʳש 

ʞʘץʩʳ ʝʨʠʪʽʥ ʬʦʨʤʘʣʘʨʳʥʳש ʧʘʡʜʘ ʙʦʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ᴇשʜʝʫ ʫʘץʳʪʳʥʳש 

ʘʨʪʫʳ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש (Mg, Fe, Zn) ʘʛʨʦʭʠʤʠʷʣʳץ ץʦʣʞʝʪʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ. ɹײʣ ʪʫʢʦץʦʩʧʘʣʘʨʜʳ (ʪʳשʘʡʪץʳʰ ץʦʩʧʘʣʘʨʳʥ) 

ᴇשʜʝʫʜʽש ʦשʪʘʡʣʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʤʘשʳʟʜʳ סʳʣʳʤʠ ʥʝʛʽʟ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

 

3.3  ʊʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽײץ שʨʳʣʳʤʜʳץ ץʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫ 
3.8-3.12 ʩʫʨʝʪʪʝʨʛʝ ʩᴅʡʢʝʩ ɸ-ɼ ʪʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש FTIR ʟʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ.  

 

 
 

ʉʫʨʝʪ 3.8 - ʊʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש (A) FTIR ʟʝʨʪʪʝʫʣʝʨ ̔

 

ɹʝʨʽʣʛʝʥ FTIR ʩʧʝʢʪʨʽ ʤʝʥ ʧʠʢʪʝʨ ʢʝʩʪʝʩʽʥʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ɸ 

 ʪʘʣʜʘʫʳ ץʳʟʳʣ ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳץʠʥʬʨʘ שʦʩʧʘʩʳʥʳץʳ ʪʫʢʦסʨʘʤʳʥʜʘײץ

ʪᴇʤʝʥʜʝʛʽʜʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʥʘʜʳ. ɹʽʨʽʥʰʽ ʢʝʟʝʢʪʝ, 1446 ʩʤ ĭ ʘʡʤʘסʳʥʜʘסʳ 

ʩʠʛʥʘʣ ï ʙײʣ ʢʘʨʙʦʥʘʪ ʠʦʥʜʘʨʳʥʘ (CO Į ) ʪᴅʥ ʩʠʤʤʝʪʨʠʷʣʳ ʝʤʝʩ ʚʘʣʝʥʪʪʽʢ 

ʪʝʨʙʝʣʽʩʪʝʨʜʽש ʙʝʣʛʽʩʽ. ɹײʣ ʧʠʢ ʪʫʢʦץʦʩʧʘʜʘ ʢʘʣʴʮʠʪ ʧʝʥ ʜʦʣʦʤʠʪʪʽש ʙʦʣʫʳʥ 

ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʜʘʡ-ʘ1093 ,ץ ʩʤĭ ʞᴅʥʝ 1031 ʩʤ ĭ ʤᴅʥʜʝʨʽʥʜʝ ʘʥʳץ ʙʘʡץʘʣʘʪʳʥ 

ᴇʪʢʽʨ ʧʠʢʪʝʨ ʬʦʩʬʘʪ ʠʦʥʜʘʨʳʥʳש (PïO) ʚʘʣʝʥʪʪʽʢ ʪʝʨʙʝʣʽʩʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, 

ʙײʣ ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪ ʩʝʢʽʣʜʽ ʬʦʩʬʘʪʪʳ ʬʘʟʘʣʘʨʜʳש ʩʘץʪʘʣסʘʥʳʥ ʞᴅʥʝ P O-

ʪʽש ʭʠʤʠʷʣʳץ ץʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʨʘʩʪʘʡʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 964 ʩʤ ĭ ʞᴅʥʝ 877 ʩʤ ĭ 

ʘʡʤʘץʪʘʨʳʥʜʘסʳ ʩʠʛʥʘʣʜʘʨ ʩʠʣʠʢʘʪʪʳ ײץʨʳʣʳʤʜʘʨסʘ ʪᴅʥ SiïO ʞᴅʥʝ SiïOïAl 

ʙʘʡʣʘʥʳʩʪʘʨʳʥʳש ʪʝʨʙʝʣʽʩʪʝʨʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. ɹײʣ ʚʝʨʤʠʢʫʣʠʪ ʧʝʥ ʢʘʦʣʠʥʠʪ 

ʩʳʥʜʳ ʘʣʶʤʦʩʠʣʠʢʘʪ ʤʠʥʝʨʘʣʜʘʨʳʥʳײץ שʨʘʤʜʘ ʙʘʨ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. 794 

ʩʤ ĭ ʞᴅʥʝ 777 ʩʤ ĭ ʤᴅʥʜʝʨʽʥʜʝʛʽ ᴅʣʩʽʟ ʩʠʛʥʘʣʜʘʨ ʢʚʘʨʮʪʳש (SiO ) ʜʝ ʙʘʨ ʝʢʝʥʽʥ 

ʨʘʩʪʘʡʜʳ. 680ï620 ʩʤ ĭ ʘʡʤʘסʳʥʜʘסʳ ʙʽʨʥʝʰʝ ʩʠʛʥʘʣʜʘʨ (619, 597, 574 ʩʤ ĭ) 

ʤʝʪʘʣʣïʦʪʪʝʢ (MgïO, FeïO, AlïO) ʪʝʨʙʝʣʽʩʪʝʨʽʥʝ ʪᴅʥ. ɹײʣ ʵʣʝʤʝʥʪʪʝʨʜʽש ʦʢʩʠʜ 
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ʥʝʤʝʩʝ ʩʠʣʠʢʘʪ ʬʦʨʤʘʩʳʥʜʘ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ʩʠʛʥʘʣʜʘʨ ɾʕʆ ʢװʣʽ 

ʞᴅʥʝ ץʦשʳʨ ʢᴇʤʽʨʜʝʥ ʘʣʳʥסʘʥ ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʬʘʟʘʣʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 500ï

550 ʩʤ ĭ ʘʨʘʣʳסʳʥʜʘסʳ ᴅʣʩʽʟ ʩʠʛʥʘʣʜʘʨ ʩʪʨʫʢʪʫʨʘʣʳץ ʆïʄʝ ʙʘʡʣʘʥʳʩʪʘʨʳʥʘ 

(Me = Mg, Fe, Ca) ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ɹײʣ ʘʫʳʩʧʘʣʳ ʤʝʪʘʣʜʘʨʳʥʳש ʦʢʩʠʜʪʽʢ ʞᴅʥʝ 

ʬʦʩʬʘʪʪʳץ ʬʦʨʤʘʣʘʨʳʥʳש ʙʦʣʫʳʥ ʙʽʣʜʽʨʝʜʽ. 

 

 
 

ʉʫʨʝʪ 3.9 - ʊʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש (ɹ) FTIR ʟʝʨʪʪʝʫʣʝʨ ̔

 

ɾʦסʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʛʨʘʬʠʢʪʝ ʪʫʢʦץʦʩʧʘ ɹ װʣʛʽʩʽʥʽש FTIR-ʩʧʝʢʪʨʽ 

ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣסʘʥ ʥʝʛʽʟʛʽ ʞʠʽʣʽʢʪʝʨ ʤʝʥ ʦʣʘʨʜʳץ שʦʨʳʪʳʣסʘʥ 

ʠʥʪʝʥʩʠʚʪʽʣʽʢʪʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ɹײʣ ʜʝʨʝʢʪʝʨ ʪʫʢʦץʦʩʧʘʩʳʥʜʘסʳ ʥʝʛʽʟʛʽ 

ʬʫʥʢʮʠʦʥʘʣʜʳ ʪʦʧʪʘʨʜʳש ʙʘʨ ʝʢʝʥʽʥ ʞᴅʥʝ ʦʣʘʨʜʳש ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʩʠʧʘʪʪʘʡʜʳ. ʇʠʢʪʽש ʞʠʽʣʽʛʽ 603ï642 ʩʤ ĭ ʘʨʘʣʳסʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ 

ʞᴅʥʝ ᴇʪʝ ʞʦסʘʨʳ ץʦʨʳʪʳʣסʘʥ ʠʥʪʝʥʩʠʚʪʽʣʽʢʢʝ ʠʝ (6.968 ʞᴅʥʝ 4.023), ʙײʣ SiïO 

ʥʝʤʝʩʝ AlïOïSi ʙʘʡʣʘʥʳʩʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ ʞᴅʥʝ ʩʘʟʜʳ ʤʠʥʝʨʘʣʜʘʨʜʳש 

(ʢʘʦʣʠʥʠʪ, ʚʝʨʤʠʢʫʣʠʪ) ץʘʪʳʩʫʳʥ ʙʽʣʜʽʨʝʜʽ. ʇʠʢʪʝʨ A װʣʛʽʩʽʥʜʝ ʜʝ ʙʘʡץʘʣʘʜʳ, 

ʙʽʨʘץ B װʣʛʽʩʽʥʜʝ ʠʥʪʝʥʩʠʚʪʽʣʽʢ ʘʡʪʘʨʣʳץʪʘʡ ʞʦסʘʨʳ, ʙײʣ ײץʨʘʤʜʘ 

ʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨ ʤᴇʣʰʝʨʽʥʽש ʢᴇʙʽʨʝʢ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 1006ï1033 ʩʤ ĭ 

ʘʡʤʘסʳʥʜʘסʳ ץʘʨץʳʥʜʳ ʧʠʢʪʝʨ ʬʦʩʬʘʪʪʳ ʪʦʧʪʘʨסʘ (PïO ʙʘʡʣʘʥʳʩʳ) ʩᴅʡʢʝʩ 

ʢʝʣʝʜʽ. ʇʠʢʪʝʨ ʘʧʘʪʠʪʪʽש ʙʦʣʫʳʥ ʜᴅʣʝʣʜʝʡʜʽ. A ʞᴅʥʝ ɹ װʣʛʽʣʝʨʽʥʽש ʘʨʘʩʳʥʜʘ ʙײʣ 

ʘʡʤʘץʪʘסʳ ʠʥʪʝʥʩʠʚʪʽʣʽʢ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ץײʩʘʩ, ʙʽʨʘץ ɹ װʣʛʽʩʽʥʜʝ 1033 ʩʤ ĭ 

ʧʠʢʽʥʽש ʠʥʪʝʥʩʠʚʪʽʣʽʛʽ ʘʟʜʘʧ ʞʦסʘʨʳ, ʙײʣ ʘʧʘʪʠʪʪʽײץ שʨʳʣʳʤʳʥʜʘ ᴅʨʪװʨʣʽ 

ʢʨʠʩʪʘʣʜʳץ ʬʘʟʘʣʘʨʜʳש ʙʦʣʫʳʥ ʢᴇʨʩʝʪʫʽ ʤװʤʢʽʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 1454ï1622 

ʩʤ ĭ ʘʡʤʘסʳʥʜʘ ʦʨʪʘʰʘ ʠʥʪʝʥʩʠʚʪʽʣʽʢʧʝʥ ʘʥʳץʪʘʣסʘʥ ʧʠʢʪʝʨ ʢʘʨʙʦʥʘʪʪʳ 

ʪʦʧʪʘʨʜʳש (CO Į ) ʪʝʨʙʝʣʽʩʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ɼʦʣʦʤʠʪ ʧʝʥ ʢʘʣʴʮʠʪʪʽש ʙʘʨ 

ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʇʠʢʪʝʨ A װʣʛʽʩʽʥʜʝ ʜʝ ʙʘʨ, ʙʽʨʘץ B װʣʛʽʩʽʥʜʝ ʦʣʘʨ ʢʝשʽʨʝʢ ʞᴅʥʝ 

ʳסʳʩʫʳ ʙʘʡץʘʣʘʜʳ, ʢʨʠʩʪʘʣʜʳץ ʝʤʝʩ (ʘʤʦʨʬʪʳ) ʬʘʟʘʣʘʨʜʳץ שʘʪʳʩʫʳʥ 

ʙʽʣʜʽʨʝʜʽ. ɾʘʣʧʳ ʘʣסʘʥʜʘ, ɹ װʣʛʽʩʽʥʜʝ ʩʘʟʜʳ ʞᴅʥʝ ʩʠʣʠʢʘʪʪʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש 

ʘʡץʳʥ ʙʘʩʳʤʜʳʣʳסʳ, ʩʦʥʜʘʡ-ʘץ ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪʧʝʥ ʢʘʨʙʦʥʘʪʪʘʨʜʳש 

 ʜʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʢᴇʙʽʨʝʢשʣʛʽ ʪʝʨʤʦᴇװ ʣײʘʣʘʜʳ. ɹץʘʪʳʥʘʩʳ ʙʘʡץ ʡʣʝʩʽʤʜʽװ
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ʨʝʘʢʮʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨʛʝ ײʰʳʨʘסʘʥʳʥ ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʪʦʧʪʘʨʜʳש ʪײʨʘץʪʳ 

ʪװʨʜʝ ץʘʣʳʧʪʘʩץʘʥʳʥ ʙʽʣʜʽʨʝʜʽ. 

 

 
 

ʉʫʨʝʪ 3.10 - ʊʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש (ɺ) FTIR ʟʝʨʪʪʝʫʣʝʨ ̔

 

3524ï3699 ʩʤ ĭ ʘʨʘʣʳסʳʥʜʘ ʙʘʡץʘʣסʘʥ ᴅʣʩʽʟ ʧʠʢʪʝʨ ײץʨʘʤʳʥʜʘ 

 ʙʘʨ ʝʢʝʥʜʽʛʽʥ שʽʨʽʣʛʝʥ ʩʫ ʤʝʥ ʛʠʜʨʦʢʩʠʣ ʪʦʧʪʘʨʳʥʳשʥʝʤʝʩʝ ʩʽ ץʨʳʣʳʤʜʳײץ

ʢᴇʨʩʝʪʝʜʽ. ɺʝʨʤʠʢʫʣʠʪ ʧʝʥ ʛʫʤʘʪʪʳ ץʦʩʳʣʳʩʪʘʨʜʳש ʙʦʣʫʳʥʘ ʪᴅʥ. 1433 ʞᴅʥʝ 

1558 ʩʤ ĭ ʤʘשʳʥʜʘסʳ ʞʦʣʘץʪʘʨ ʘʣʠʬʘʪʠʢʘʣʳץ ʞᴅʥʝ ʘʨʦʤʘʪʠʢʘʣʳץ 

ʢᴇʤʽʨʩʫʪʝʢʪʝʨʛʝ (ʛʫʤʫʩ ʥʝʤʝʩʝ ץʦשʳʨ ʢᴇʤʽʨʜʽש ʦʨʛʘʥʠʢʘʣʳץ ʬʘʟʘʩʳ) ʪᴅʥ. ɹײʣ 

ʪʫʢʦץʦʩʧʘʩʳʥʜʘ ײץʨʘʤʳʥʜʘ ʦʨʛʘʥʠʢʘʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʘʡץʳʥ ʙʘʨ ʝʢʝʥʽʥ 

ʢᴇʨʩʝʪʝʜʽ. 1031ï1091 ʩʤ ĭ ʜʠʘʧʘʟʦʥʳʥʜʘ ʢװʰʪʽ ʩʽשʽʨʫ ʙʘʡץʘʣʘʜʳ, ʙײʣ ʬʦʩʬʘʪ 

ʪʦʧʪʘʨʳʥʳש (P O , ʘʧʘʪʠʪ) ʪʝʨʙʝʣʽʩʪʝʨʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ï ʬʦʩʬʦʨʜʳש ʥʝʛʽʟʛʽ 

ʢᴇʟʽ. 796, 779 ʞᴅʥʝ 680 ʩʤ ĭ ʧʠʢʪʝʨʽ ʘʣʶʤʦʩʠʣʠʢʘʪ ײץʨʳʣʳʤʜʘʨסʘ (ʢʘʦʣʠʥʠʪ, 

ʚʝʨʤʠʢʫʣʠʪ) ʪᴅʥ. ʇʠʢʪʝʨ ʪʫʢʦץʦʩʧʘʩʳʥʜʘ ײץʨʘʤʳʥʜʘ ʛʣʠʥʠʩʪʳʝ ʞᴅʥʝ 

ʢʨʝʤʥʠʡʣʽ ʤʠʥʝʨʘʣʜʘʨ ʙʘʨ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ. ʊᴇʤʝʥʛʽ ʞʠʽʣʽʢʪʽ 516ï561 ʩʤ ĭ 

ʧʠʢʪʝʨ ʪʝʤʽʨ ʞᴅʥʝ ʤʘʛʥʠʡ ʦʢʩʠʜʪʝʨʽ ʤʝʥ ʩʠʣʠʢʘʪʪʘʨʜʘסʳ ʙʘʡʣʘʥʳʩʪʘʨסʘ ʩᴅʡʢʝʩ 

ʢʝʣʝʜʽ. ɹײʣ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʪʽ ʞװʡʝʜʝ ʜʦʣʦʤʠʪ ʧʝʥ ʪʝʤʽʨ ʤʠʥʝʨʘʣʜʘʨʳʥʳש 

 .ʘʪʳʩʫʳʥ ʢᴇʨʩʝʪʝʜʽץ

ʉʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ, װʣʛʽ ɺ ʞʦסʘʨʳ ץʘʨץʳʥʜʳʣʳץʧʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ 

ʞᴅʥʝ PïO, SiïOïAl, CïH, OïH ʪʦʧʪʘʨʳʥʳש ʩʽשʽʨʫ ʘʡʤʘץʪʘʨʳ ʢʝשʽʨʝʢ. ɹײʣ װʣʛʽ 

 ᴅʩʽʨʝʩʝ ʬʦʩʬʘʪ ʧʝʥ ,שʘʨʳ ʜᴅʨʝʞʝʣʽ ʬʫʥʢʮʠʦʥʘʣʜʳ ʪʦʧʪʘʨʜʳסʨʘʤʳʥʜʘ ʞʦײץ

ʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨʜʳש ʙʦʣʫʳʥ ʜᴅʣʝʣʜʝʡʜʽ. תʣʛʽ ɸ ʞᴅʥʝ ɹ ʩʘʣʳʩʪʳʨסʘʥʜʘ, ɺ 

1031ï1091 ʩʤ) שʬʦʩʬʦʨʣʳ ʪʦʧʪʘʨʳʥʳ שʣʛʽʩʽʥʽװ ĭ) ʙʝʣʩʝʥʜʽʣʽʛʽ ʞʦסʘʨʳ, ʙײʣ 

ʦʥʳש ʘʛʨʦʭʠʤʠʷʣʳץ ʪʠʽʤʜʽʣʽʛʽʥʽש ʘʨʪʫʳʥʘ ʩʝʧ ʙʦʣʘʜʳ. 
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ʉʫʨʝʪ 3.11 - ʊʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש (ɻ) FTIR ʟʝʨʪʪʝʫʣʝʨ ̔

 

ʊᴇʤʝʥʜʝ װʣʛʽ ɻ ʪʫʢʦץʦʩʧʘʩʳʥʳש FTIR-ʩʧʝʢʪʨʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʜʝʪʘʣʴʜʳ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷʩʳ ʢʝʣʪʽʨʽʣʛʝʥ ʞᴅʥʝ ʦʣ ɸ, ɹ ʞᴅʥʝ ɺ װʣʛʽʣʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʪװʨʜʝ ʪʘʣʜʘʥסʘʥ. תʣʛʽ ɻ ʩʧʝʢʪʨʽʥʜʝ 3672,64, 3751,55 ʞᴅʥʝ 3838,34 ʩʤ ĭ ʤʘשʳʥʜʘ 

OïH ʪʦʧʪʘʨʳʥʳש ʩʽשʽʨʫ ʞʦʣʘץʪʘʨʳ ʙʘʡץʘʣʘʜʳ. ɹײʣ ʜʠʘʧʘʟʦʥ ʢʨʠʩʪʘʣʜʳץ 

 ʙʦʣʫʳʥ שʥʝʤʝʩʝ ʛʠʜʨʦʢʩʠʣ ʪʦʧʪʘʨʳʥʳ שʩʫʜʳ ץʨʳʣʳʤʜʳײץ ʨʳʣʳʤʜʘײץ

ʨʘʩʪʘʡʜʳ, ʙײʣ ʚʝʨʤʠʢʫʣʠʪ ʧʝʥ ʩʘʟʜʳ ʤʠʥʝʨʘʣʜʘʨʜʳץ שʘʪʳʩʫʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ɹײʣ ʝʨʝʢʰʝʣʽʢ װʣʛʽ ɸ ʞᴅʥʝ ɹ-ʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ᴅʣʜʝץʘʡʜʘ ʘʡץʳʥ, ʙײʣ װʣʛʽ ɻ-

ʜʘ ʚʝʨʤʠʢʫʣʠʪ ʥʝʤʝʩʝ ʛʫʤʘʪʪʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʢᴇʙʽʨʝʢ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʣʛʽ ɻ ʩʧʝʢʪʨʽʥʜʝ 1456ï1630 ʩʤת ĭ ʘʨʘʣʳסʳʥʜʘ ʢᴇʤʽʨʪʝʢ ʪʽʟʙʝʢʪʝʨʽʥʝ (C=O 

ʞᴅʥʝ C=C) ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʩʽשʽʨʫ ʞʦʣʘץʪʘʨʳ ʙʘʡץʘʣʜʳ. ɹײʣ ץʦשʳʨ ʢᴇʤʽʨ ʤʝʥ 

ʛʫʤʘʪʪʳ ʟʘʪʪʘʨʜʳש ʩʘץʪʘʣסʘʥʳʥ ʞᴅʥʝ ʦʣʘʨʜʳש ʧʠʨʦʣʠʟʽ ᴅʣʽ ʪʦʣʳץ ʞװʨʤʝʛʝʥʽʥ 

ʙʽʣʜʽʨʝʜʽ. ɸ ʞᴅʥʝ ɹ װʣʛʽʣʝʨʽʥʜʝ ʙײʣ ʜʠʘʧʘʟʦʥʜʘסʳ ʞʦʣʘץʪʘʨ ʘʡʪʘʨʣʳץʪʘʡ ᴅʣʩʽʟ 

ʙʦʣסʘʥ. ɼʝʤʝʢ, װʣʛʽ ɻ ʦʨʛʘʥʠʢʘʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽץ שʘʪʳʩʫʳ ʞʘסʳʥʘʥ ʙʘʡʳʨʘץ. 

ɾʦʣʘ1031,92 ץ ʞᴅʥʝ 1008,77 ʩʤ ĭ ʤʘשʳʥʜʘ ᴇʪʝ ץʘʨץʳʥʜʳ, ʙײʣ PïO 

ʪʝʨʙʝʣʽʩʪʝʨʽʥʝ ʪᴅʥ ʞᴅʥʝ ʘʧʘʪʠʪʪʽש ʙʦʣʫʳʥ ʙʽʣʜʽʨʝʜʽ. ɹײʣ ʢᴇʨʩʝʪʢʽʰ ʙʘʨʣʳץ 

 ʞᴅʥʝ 5.709 6.685) ץʘʨʳʨʘסʳ ʞʦסʳʥʜʳʣʳץʘʨץ ʣʛʽ ɻ-ʜʝװ ,ʘʣʩʘ ʜʘץʣʛʽʣʝʨʜʝ ʙʘʡװ

ʘʡʤʘסʳ), ʙײʣ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪײץʨʳʣʳʤʳʥʳש 

ᴇʟʛʝʨʽʧ, ʦʥʳש ʝʨʽʛʽʰʪʽʛʽʥʽש ʘʨʪץʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 777ï600 ʩʤ ĭ ʘʨʘʣʳסʳʥʜʘסʳ 

ʩʽשʽʨʫ ʞʦʣʘץʪʘʨʳ ʢʨʝʤʥʝʟʝʤ ʞᴅʥʝ ʩʠʣʠʢʘʪ ײץʨʳʣʳʤʜʘʨʳʥʘ ʪᴅʥ. תʣʛʽ ɻ-ʜʝ ʙײʣ 

ʜʠʘʧʘʟʦʥʜʘסʳ ʞʦʣʘץʪʘʨ ʘʥʳץ ʞᴅʥʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʞʘץʩʳ ʧʽʰʽʥʜʝʣʛʝʥ. 

 ʪʳ ʩʠʣʠʢʘʪץʨʘʤʳʥʜʘ ʢʚʘʨʮ, ʢʘʦʣʠʥʠʪ ʞᴅʥʝ ʤʫʣʣʠʪ ʩʠʷײץ ʣʛʽ ɻת

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʤʦʣ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ. תʣʛʽ ɻ FTIR-ʩʧʝʢʪʨʽ װʣʛʽ ɸ, ɹ ʞᴅʥʝ ɺ-

ʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʙʽʨץʘʪʘʨ ʝʨʝʢʰʝʣʽʢʪʝʨʛʝ ʠʝ: ʝש ʞʦסʘʨʳ ץʘʨץʳʥʜʳʣʳץץʘ ʠʝ 

PïO ʞʦʣʘץʪʘʨʳ (ʝʨʝʢʰʝ ʘʧʘʪʠʪʪʽ ʙʝʣʩʝʥʜʽʣʽʢ), ʩʘץʪʘʣסʘʥ ʦʨʛʘʥʠʢʘʣʳץ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʙʝʣʛʽʣʝʨʽ (C=O, C=C), ʞᴅʥʝ ʛʠʜʨʦʢʩʠʣ ʪʦʧʪʘʨʳʥʳש ʢʝש 

ʞʦʣʘץʪʘʨʳ. תʣʛʽ ɻ ʪʫʢʦץʦʩʧʘʩʳ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫʜʝ ʙʽʨ ʤʝʟʛʽʣʜʝ ʦʨʛʘʥʠʢʘ ʤʝʥ 

ʤʠʥʝʨʘʣʜʘʨʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʝʥ ʢװʨʜʝʣʽ, ʙʽʨʘץ ʧʘʡʜʘʣʳ ײץʨʳʣʳʤʜʘʨ 

ʪװʟʽʣʛʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙײʣ ʦʥʳש ʬʦʩʬʦʨ ʤʝʥ 
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ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽץ שʦʟסʘʣʤʘʣʳ ʬʦʨʤʘʣʘʨסʘ ʢᴇʰʫʽ ʪײʨסʳʩʳʥʘʥ ʧʝʨʩʧʝʢʪʠʚʘʣʳ 

ʝʢʝʥʜʽʛʽʥ ʙʽʣʜʽʨʝʜʽ. 

 

 
 

ʉʫʨʝʪ 3.12 - ʊʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש (ɼ) FTIR ʟʝʨʪʪʝʫʣʝʨ ̔

 

ɼ װʣʛʽʩʽʥʽש FTIR ʩʧʝʢʪʨʽ ʙʦʡʳʥʰʘ 3699 ʩʤ ĭ, 1620 ʩʤ ĭ ʞᴅʥʝ 1008ï1093 

ʩʤ ĭ ʘʡʤʘץʪʘʨʳʥʜʘ ʘʡץʳʥ ʞײʪʳʣʫ ʞʦʣʘץʪʘʨʳ ʙʘʡץʘʣʘʜʳ. 3699 ʩʤ ĭ ʞᴅʥʝ 1620 

ʩʤ ĭ ï ײץʨʳʣʳʤʜʳץ ʩʫʜʳש (OïH ʙʘʡʣʘʥʳʩʪʘʨʳ) ʞᴅʥʝ ʛʫʤʠʥ ץʳʰץʳʣʜʘʨʳʥʳש 

(C=O, C=C) ʪʝʨʙʝʣʽʩʪʝʨʽʥ ʩʠʧʘʪʪʘʡʜʳ, ʙײʣ ץʦשʳʨ ʢᴇʤʽʨ ʤʝʥ ʛʫʤʘʪʪʳ 

 ʣʛʽʩʽʥʜʝװ ɼ ץʩʘʩ, ʙʽʨʘץײ ʣʛʽʩʽʥʝװ ʣ ɻײʙʝʣʩʝʥʜʽʣʽʛʽʥ ʜᴅʣʝʣʜʝʡʜʽ. ɹ שʦʩʧʘʣʘʨʜʳץ

 שʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ץʧʝʥ ʦʨʛʘʥʠʢʘʣʳ ץʘʣʜʳʣʳסʣ ʳʣײʙ ,ץʘʨʳʨʘסʳ ʞʦסʳʥʜʳʣʳץʘʨץ

ʙʽʨʰʘʤʘ ʞʦסʘʨʳ ʙʦʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. 

1008ï1093 ʩʤ ĭ ʘʡʤʘסʳʥʜʘסʳ ʙʝʣʩʝʥʜʽʣʽʢ ï ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪʧʝʥ 

ʢʚʘʨʮʪʘסʳ ʬʦʩʬʘʪ (PïO) ʞᴅʥʝ ʢʨʝʤʥʠʡ (SiïO) ʙʘʡʣʘʥʳʩʪʘʨʳʥʳש ʪʝʨʙʝʣʽʩʽʥʝ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ɾʦʣʘץʪʘʨʜʳש ʘʫʜʘʥ ʢᴇʣʝʤʽ ʤʝʥ ץʘʨץʳʥʜʳʣʳסʳ ɼ װʣʛʽʩʽʥʜʝ װʣʢʝʥ 

(6.9 ʩʤĮ), ʘʧʘʪʠʪʪʽש ʞʘץʩʳ ʩʘץʪʘʣסʘʥ ײץʨʳʣʳʤʳʥ ʞᴅʥʝ ʬʦʩʬʦʨʜʳש ʝʜᴅʫʽʨ 

ʤᴇʣʰʝʨʽʥ ʢᴇʨʩʝʪʝʜʽ. ɸ, ɹ, ɺ װʣʛʽʣʝʨʽʥʜʝ ʙײʣ ʩʠʛʥʘʣʜʘʨ 5.3ï5.9 ʩʤĮ ʜʝשʛʝʡʽʥʜʝ 

ʙʦʣסʘʥ. 

777ï877 ʩʤ ĭ (SiïOïAl) ʞᴅʥʝ 673ï692 ʩʤ ĭ (MgïO, ʢʘʦʣʠʥʠʪ/ʚʝʨʤʠʢʫʣʠʪ) 

ʞʦʣʘץʪʘʨʳ ʘʣʶʤʦʩʠʣʠʢʘʪ ʞᴅʥʝ ʤʘʛʥʠʡʩʠʣʠʢʘʪ ײץʨʳʣʳʤʜʘʨʳʥʳש ʙʦʣʫʳʥ 

ʨʘʩʪʘʡʜʳ. ɼ װʣʛʽʩʽʥʜʝ ʙײʣ ʩʠʛʥʘʣʜʘʨ ʘʡץʳʥ ʞᴅʥʝ ʢʝשʽʨʝʢ, ʘʣ ɺ ʞᴅʥʝ ɻ 

 ʢᴇʧ שʣ ʚʝʨʤʠʢʫʣʠʪ ʧʝʥ ʤʫʣʣʠʪʪʽײʨʜʝ ᴅʣʩʽʟ. ɹװʣʛʽʣʝʨʽʥʜʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװ

ʙʦʣʫʳ ʳץʪʠʤʘʣ. 

ʉʘʣʳʩʪʳʨʤʘʣʳ ץʦʨʳʪʳʥʜʳ: 

ʆʨʛʘʥʠʢʘʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨ (OïH, C=O): ɼ > ɻ > ɺ å ɹ å ɸ 

ʌʦʩʬʘʪ ײץʨʳʣʳʤʳ (PïO): ɼ > ɺ > ɻ > ɹ > ɸ  

ʉʠʣʠʢʘʪ/ɸʣʶʤʦʩʠʣʠʢʘʪ (SiïOïAl, MgïO): ɼ å ɻ > ɺ > ɹ > ɸ 

ɼ װʣʛʽʩʽʥʽש FTIR ʩʧʝʢʪʨʽ ʬʦʩʬʘʪʪʘʨʜʳש, ʩʠʣʠʢʘʪʪʘʨʜʳש ʞᴅʥʝ ʛʫʤʘʪʪʳ 

 ʨʜʝʣʽװʢ שʨʳʣʳʤʳʥʳײץ שʪʳʣʫʳʥ ʢᴇʨʩʝʪʪʽ, ʦʥʳײʪʳ ʞץʞʦʣʘ שʢʝ שʦʩʳʣʳʩʪʘʨʜʳץ

ʞᴅʥʝ ʙʘʡ ʙʦʣʫʳʥ ʜᴅʣʝʣʜʝʡʜʽ. ʊʫʢʦץʦʩʧʘʥʳײץ שʨʘʤʳʥʜʘסʳ ʬʦʩʬʦʨʜʳש ʞᴅʥʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש ʞʦסʘʨʳ ʙʠʦʞʝʪʽʤʜʽʣʽʛʽʥʝ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

500 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ᴇשʜʝʣʫʽʥʽש ʥᴅʪʠʞʝʩʽʥʜʝ ʦʨʛʘʥʠʢʘʣʳץ ץʘʣʜʳץʪʘʨʜʳש 
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ʧʠʨʦʣʠʟʽ ʞװʨʫʽ ʞᴅʥʝ ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪʤʠʥʝʨʘʣʳʥʳײץ שʨʳʣʳʤʳʥʳש ʘʰʳʣʫʳ 

P O  ʝʨʽʛʽʰʪʽʛʽʥ ʘʨʪʪʳʨסʘʥ. ɼ װʣʛʽʩʽ ʬʦʩʬʦʨʜʳש ʤʘʢʩʠʤʘʣʜʳ ʘʢʪʠʚʪʽ ʬʦʨʤʘʩʳʥʘ 

ʞʘץʳʥ. 

3.13-3.17 ʩʫʨʝʪʪʝʨʛʝ ʩᴅʡʢʝʩ ɸ-ɼ ʪʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש XRD ʟʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
ʉʫʨʝʪ 3.13 - ʊʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש (A) XRD ʟʝʨʪʪʝʫʣʝʨ ̔

 

ɹʝʨʽʣʛʝʥ ʨʝʥʪʛʝʥʦʬʘʟʘʣʳץ (XRD) ʜʠʘʛʨʘʤʤʘ ʪʫʢʦץʦʩʧʘʩʳ ɸ װʣʛʽʩʽʥʝ 

ʪʠʝʩʽʣʽ ʞᴅʥʝ ʦʥʳש ʤʠʥʝʨʘʣʜʳײץ ץʨʘʤʳʥ ʪʝʨʝש ʪʘʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

ɼʠʘʛʨʘʤʤʘʜʘ ʝש ʘʡץʳʥ ʰʦץʳʣʘʨ 2ɗ = 26.6Á, 29.4Á, 31.9Á, 32.9Á ʤʘשʳʥʜʘ 

ʙʘʡץʘʣʘʜʳ. ɹײʣ ʤᴅʥʜʝʨ ʩᴅʡʢʝʩʽʥʰʝ ʢʚʘʨʮ (SiO ), ʢʘʣʴʮʠʪ (CaCO ) ʞᴅʥʝ 

ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪ(Ca (PO ) F/Cl/OH) ʤʠʥʝʨʘʣʜʘʨʳʥʘ ʪᴅʥ. ɸʧʘʪʠʪʪʽ31.9 שÁ 

ʞᴅʥʝ 32.9Á ʙײʨʳʰʪʘʨʳʥʜʘסʳ ץʦʩ ʧʠʛʤʝʥʪʽ ʙײʣ ʢʦʤʧʦʥʝʥʪʪʽש ʢʨʠʩʪʘʣʜʳץ 

ʢװʡʽʥʜʝ ʙʘʨ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ ʞᴅʥʝ ʬʦʩʬʦʨʜʳש ʥʝʛʽʟʛʽ ʢᴇʟʽ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

29.4Á ʤʘשʳʥʜʘסʳ ץʘʨץʳʥʜʳ ʧʠʢ ʢʘʣʴʮʠʪʪʽש (CaCO ) ʥʝʛʽʟʛʽ ʜʠʬʨʘʢʮʠʷʣʳץ 

ʰʦץʳʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂʘʨʙʦʥʘʪʪʳ ʢʦʤʧʦʥʝʥʪ ʜʦʣʦʤʠʪʪʝʥ ʥʝʤʝʩʝ ᴅʢʪʘʩ 

 ʨʳʰʳʥʜʘײʘʪʘʨ, 26.6Á ʙץ ʤʢʽʥ. ʉʦʥʳʤʝʥװʪʘʨʳʥʘʥ ʢʝʣʛʝʥ ʙʦʣʫʳ ʤץʘʣʜʳץ

ʙʘʡץʘʣʘʪʳʥ ʢʝש ʧʠʢ ʢʚʘʨʮץʘ ʪᴅʥ ʞᴅʥʝ ʦʣ ɾʕʆ-ʪʽש ʢװʣʽ ʥʝʤʝʩʝ ʙʘʩץʘ ʩʘʟʜʳ 

ʬʨʘʢʮʠʷʣʘʨʜʘʥ ʰʳץץʘʥ ʙʦʣʫʳ ʳץʪʠʤʘʣ. 

5Áï25Á ʜʠʘʧʘʟʦʥʳʥʜʘ ʢʝש ʬʦʥʜʳץ ʘʫʳʪץʫ ʙʘʡץʘʣʘʜʳ. ɹײʣ ʘʤʦʨʬʪʳ 

ʬʘʟʘʥʳש, ʷסʥʠ ײץʨʳʣʳʤʳ ʨʝʪʩʽʟ ʟʘʪʪʘʨʜʳש (ʦʨʛʘʥʠʢʘʣʳץ ʛʫʤʠʥ ץʳʰץʳʣʜʘʨʳ, 

ʢװʡʝ ץʘʣʜʳסʳ ʥʝʤʝʩʝ ʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨ) ʙʦʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. ʄײʥʜʘʡ ʘʤʦʨʬʪʳ 

ʢʦʤʧʦʥʝʥʪʪʝʨ ץʦשʳʨ ʢᴇʤʽʨ ʤʝʥ ʚʝʨʤʠʢʫʣʠʪʪʝʥ ʥʝʤʝʩʝ ʞʘʥʳʧ ʢʝʪʢʝʥ 

ʦʨʛʘʥʠʢʘʣʳץ ץʘʣʜʳץʪʘʨʜʘʥ ʢʝʣʫʽ ʤװʤʢʽʥ. 

ɸ װʣʛʽʩʽ ð ײץʨʘʤʳʥʜʘ ʬʦʩʬʘʪʪʳ (ʘʧʘʪʠʪ), ʢʘʨʙʦʥʘʪʪʳ (ʢʘʣʴʮʠʪ/ʜʦʣʦʤʠʪ) 

ʞᴅʥʝ ʢʨʝʤʥʠʡʣʽ (ʢʚʘʨʮ) ʬʘʟʘ ʙʘʩʳʤ ʙʦʣʘʪʳʥ ʢװʨʜʝʣʽ ʤʠʥʝʨʘʣʜʳ ץʦʩʧʘ. ɹײʣ 

 שʥʠ ʙʽʨʥʝʰʝ ʤʠʥʝʨʘʣʜʘʨʜʳסʳʥʘʥ ʛʝʪʝʨʦʛʝʥʜʽ, ʷסʨʳʣʳʤʳ ʞʘײץ ʦʩʧʘץ

ʤʝʭʘʥʠʢʘʣʳץ ʘʨʘʣʘʩʫʳʥʘʥ ʪײʨʘʜʳ ʞᴅʥʝ ʪʦʣʳץ ʨʝʘʢʮʠʷסʘ ʝʥʙʝʛʝʥ ʢʦʤʧʦʥʝʥʪʪʝʨ 

ʙʘʨ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ð ʙʘʩʪʘʧץʳ ʪʫʢʦץʦʩʧʘʩʳʥ ʬʠʟʠʢʘʣʳץ ʢװʡʜʝ סʘʥʘ 

ʘʨʘʣʘʩʪʳʨסʘʥʳʥ, ʙʽʨʘץ ʪʦʣʳץ ʨʝʘʢʮʠʷʣʳץ ʩʠʥʪʝʟʜʽש ʞװʨʤʝʛʝʥʽʥ ʨʘʩʪʘʡʜʳ. 



 78 

XRD ʜʠʘʛʨʘʤʤʘ ʢᴇʨʩʝʪʽʧ ʦʪʳʨסʘʥʜʘʡ, ɸ ʪʫʢʦץʦʩʧʘʩʳʥʳש ʥʝʛʽʟʛʽ 

ʤʠʥʝʨʘʣʜʳץ ʬʘʟʘʣʘʨʳ ð ʘʧʘʪʠʪ, ʢʘʣʴʮʠʪ ʞᴅʥʝ ʢʚʘʨʮ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʘʤʦʨʬʪʳ 

ʦʨʛʘʥʠʢʘʣʳץ ץʘʣʜʳץʪʘʨʜʳץ שʘʪʳʩʫʳ ʙʘʡץʘʣʘʜʳ. ɹײʣ ʬʦʩʬʦʨʜʳש ʞᴅʥʝ ʙʘʩץʘ 

ʵʣʝʤʝʥʪʪʝʨʜʽש ʙʽʨ ʙᴇʣʽʛʽʥʽש ʨʝʘʢʮʠʷסʘ ʪʦʣʳץ ʪװʩʧʝʡ, ʙʘʩʪʘʧץʳ ʢװʡʽʥʜʝ 

 ʨʘʤײץ ʣײʜʝʫʣʝʨ ʢʝʟʽʥʜʝ ʙשᴇ ץʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳסʘʥʳʥ ʙʽʣʜʽʨʝʜʽ. ɾʦסʘʣץ

ᴇʟʛʝʨʽʧ, ʞʘשʘ ץʦʩʳʣʳʩʪʘʨ ʪװʟʽʣʫʽ ʤװʤʢʽʥ, ʩʦʥʜʳץʪʘʥ ʙײʣ ʜʝʨʝʢ ʙʘʩʪʘʧץʳ ʢװʡʜʽ 

ʩʠʧʘʪʪʘʫסʘ ʞᴅʥʝ ᴇשʜʝʫ ʩʪʨʘʪʝʛʠʷʩʳʥ ʪʘשʜʘʫסʘ ʥʝʛʽʟ ʙʦʣʘʜʳ. 

 

 
ʉʫʨʝʪ 3.14 - ʊʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש (ɹ) XRD ʟʝʨʪʪʝʫʣʝʨ ̔

 

XRD ʩʧʝʢʪʨʽ ʙʦʡʳʥʰʘ װʣʛʽ ɹ-ʜʘ ʜʘ 2ɗ å 26.6Á, 29.4Á, 31.9Á, 32.9Á 

ʤᴅʥʜʝʨʽʥʜʝ ץʘʨץʳʥʜʳ ʰʦץʳʣʘʨ ʩʘץʪʘʣסʘʥ, ʙײʣ ʦʥʳײץ שʨʘʤʳʥʜʘ ʜʘ ʢʚʘʨʮ (SiO ), 

ʢʘʣʴʮʠʪ (CaCO ) ʞᴅʥʝ ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪ(Ca (PO ) F/Cl/OH) ʙʘʨ ʝʢʝʥʽʥ 

ʜᴅʣʝʣʜʝʡʜʽ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʘʧʘʪʠʪʪʽ31.9 שÁ ʤʝʥ 32.9Á ʙײʨʳʰʪʘʨʳʥʜʘסʳ 

ʰʳשʜʘʨʳ ʘʥʳץ ʞᴅʥʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ װʣʛʽ ɸ-סʘ ץײʩʘʩ ʠʥʪʝʥʩʠʚʪʽʣʽʢʧʝʥ 

ʙʘʡץʘʣʘʜʳ, ʙײʣ ʬʦʩʬʦʨ ײץʨʘʤʳʥʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, 29.4Á ʤʘשʳʥʜʘסʳ ʢʘʣʴʮʠʪ ʰʦץʳʩʳ ʜʘ ʞʘץʩʳ ʙʘʡץʘʣʘʜʳ, 

ʙײʣ ʢʦʤʧʦʥʝʥʪʪʽש ʪײʨʘץʪʳʣʳסʳʥ ʞᴅʥʝ ʬʠʟʠʢʘʣʳץ ʘʨʘʣʘʩʫ ʩʠʧʘʪʳʥ ʢᴇʨʩʝʪʝʜʽ. 

 ץʘ ʪᴅʥ ʬʦʥʜʳסʘʤʦʨʬʪʳ ʬʘʟʘ שʳʥʜʘ ʢʝסʣʛʽ ɹ ʩʧʝʢʪʨʽʥʜʝ ʜʝ 5Áï25Á ʘʨʘʣʳת

ʘʫʳʪץʫ ʙʘʡץʘʣʘʜʳ. ɼʝʛʝʥʤʝʥ, ʙײʣ ʬʘʟʘ װʣʛʽ ɸ-ʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʩᴅʣ 

ʪʝʛʽʩʪʝʣʛʝʥ, ʙײʣ ʦʨʛʘʥʠʢʘʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש (, ʛʫʤʠʥ ץʳʰץʳʣʜʘʨʳʥʳש) 

ʽʰʽʥʘʨʘ ʳʜʳʨʘʫʳʥ ʥʝʤʝʩʝ ײץʨʳʣʳʤʳʥʳש ʪʳסʳʟʳʨʘץ ʙʦʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ɹײʣ ᴇʟʛʝʨʽʩ װʣʛʽ ɹ-ʜʘסʳ ײץʨʘʤʳʥʜʘסʳ ʢװʣʜʽש (ʢװʣ ɾʕʆ) ʘʟʘʶʳ (6%-ʜʘʥ 

 .ʤʢʽʥװʢᴇʙʝʶʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤ שʘʟʙʘ ʞʳʥʳʩʪʘʨʳʥʳץ ʘ) ʞᴅʥʝ ʽʰʢʽס-5%

 שʘʥʳʤʝʥ, ʧʠʢʪʝʨʜʽסʩʘʩ ʙʦʣץײ ʬʘʟʘʣʘʨʳ ץʥʝʛʽʟʛʽ ʢʨʠʩʪʘʣʜʳ שʣʛʽ ɹ ʤʝʥ ɸ-ʥʳת

ʘʡץʳʥʜʳʣʳסʳ ʙʦʡʳʥʰʘ ʘʡʳʨʤʘʰʳʣʳץ ʙʘʨ: װʣʛʽ ɹ-ʜʘ ʢʝʡʙʽʨ ʰʳשʜʘʨʳ ʙʽʨʰʘʤʘ 

ᴇʪʢʽʨ, ʙײʣ ʞʦסʘʨʳ ʢʨʠʩʪʘʣʜʳʣʳץ ʜᴅʨʝʞʝʩʽʥ ʙʽʣʜʽʨʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, װʣʛʽ ɹ-ʜʘ 

26Áï35Á ʜʠʘʧʘʟʦʥʳʥʜʘ ץʦʩʳʤʰʘ ᴅʣʩʽʟ ʰʦץʳʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳ ʤװʤʢʽʥ, 

 ʦʩʳʤʰʘ ʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨ ʥʝʤʝʩʝ ʤʘʛʥʠʡʣʽ ʬʘʟʘ (ʜʦʣʦʤʠʪ/ʚʝʨʤʠʢʫʣʠʪץ

 ʨʘʤ ʩʘʣʳʩʪʳʨʤʘʣʳײץ ʤʢʽʥ. ɸʤʦʨʬʪʳװʘʥʳʥ ʙʽʣʜʽʨʫʽ ʤסʳ) ʧʘʡʜʘ ʙʦʣסʘʣʜʳץ
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ʪװʨʜʝ ʘʟʘʡסʘʥ, ʙײʣ װʣʛʽ ɹ-ʜʘ ʨʝʘʢʮʠʷ ʞװʨʫʽʥʽש ʽʰʽʥʘʨʘ ʞʦסʘʨʳʣʘסʘʥʳʥ 

ʢᴇʨʩʝʪʝʜʽ. 

 ʩʘʩ ʥʝʛʽʟʛʽץײ ʣʛʽʩʽʥʝװ ʜʠʘʛʨʘʤʤʘʩʳ ɸ ץʨʝʥʪʛʝʥʦʬʘʟʘʣʳ שʣʛʽ ɹ-ʥʳת

ʬʘʟʘʣʘʨʜʳ ʢᴇʨʩʝʪʝʜʽ (ʘʧʘʪʠʪ, ʢʘʣʴʮʠʪ, ʢʚʘʨʮ), ʙʽʨʘץ ʘʤʦʨʬʪʳץ ʬʘʟʘʥʳש 

ʪᴇʤʝʥʜʝʫʽ ʤʝʥ ʢʝʡʙʽʨ ʰʳשʜʘʨʳʜʽש ᴇʩʫʽ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʘʨʘʣʳץ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫʽʥ ʥʝʤʝʩʝ ʤʝʭʘʥʠʢʘʣʳץ/ʪʝʨʤʠʷʣʳץ ᴅʩʝʨ ʥᴅʪʠʞʝʩʽʥʜʝ ײץʨʳʣʳʤʳʥʳש 

ʞʘץʩʘʨסʘʥʳʥ ʙʽʣʜʽʨʝʜʽ. ɹײʣ ʪʫʢʦץʦʩʧʘʩʳ ײץʨʳʣʳʤʳʥʳש ʪײʨʘץʪʳ ᴅʨʽ ʨʝʘʢʮʠʷסʘ 

ʙʝʡʽʤ ʢʦʤʧʦʥʝʥʪʪʝʨʛʝ ʠʝ ʝʢʝʥʽʥʽש ʜᴅʣʝʣʽ. 

 

 
ʉʫʨʝʪ 3.15 - ʊʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש (ɺ) XRD ʟʝʨʪʪʝʫʣʝʨ ̔

 

 ʳ ʧʠʛʤʝʥʪ 2ɗ å 10Áï11Áסʪʘץʳʥʜʳʣʳץʘʨץ ʘʨʳסʣʛʽ ɺ ʩʧʝʢʪʨʽʥʜʝ ᴇʪʝ ʞʦת

ʘʨʘʣʳסʳʥʜʘ ʙʘʡץʘʣʘʜʳ (ʰʘʤʘʤʝʥ 6500 ʠʤʧʫʣʴʩ), ʙײʣ ץʘʫʳʨʪ ʢʨʠʩʪʘʣʜʘʥסʘʥ 

ʤʠʥʝʨʘʣʜʳש, ʥʘץʪʳʨʘץ ʘʡʪץʘʥʜʘ ʢʘʦʣʠʥʠʪ ʥʝʤʝʩʝ ʚʝʨʤʠʢʫʣʠʪ ʬʘʟʘʩʳʥʳש 

ʘʡץʳʥ ᴇʩʫʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ʧʠʢ ɸ ʞᴅʥʝ ɹ װʣʛʽʣʝʨʽʥʜʝ ʙʘʡץʘʣʤʘסʘʥ ʥʝʤʝʩʝ ᴅʣʩʽʟ 

ʬʦʨʤʘʜʘ סʘʥʘ ʘʥʳץʪʘʣסʘʥ. ɼʝʤʝʢ, ɺ ʪʫʢʦץʦʩʧʘʩʳʥʜʘ ʘʣʶʤʦʩʠʣʠʢʘʪʪʳ 

 ʜᴅʨʝʞʝʩʽ ץʤᴇʣʰʝʨʽ ʥʝʤʝʩʝ ʢʨʠʩʪʘʣʜʳʣʳ (ʤʳʩʘʣʳ, ʢʘʦʣʠʥʠʪ) שʨʳʣʳʤʜʘʨʜʳײץ

ʞʦסʘʨʳ. 

 ,ʘʥסʪʘʣץʜʘʨʳ ʩʘשʣʛʽ ɺ-ʜʘ ʜʘ ʘʧʘʪʠʪʢʝ (2ɗ å 31.9Á ʞᴅʥʝ 32.9Á) ʪᴅʥ ʰʳת

ʙʽʨʘץ ʦʣʘʨʜʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ץʘʨץʳʥʜʳʣʳסʳ ʘʟʜʘʫ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢʘʣʴʮʠʪʪʽש 

(2ɗ å 29.4Á) ʙʝʣʛʽʩʽ ʜʝ ʙʘʨ, ʘʣʘʡʜʘ ʧʠʢ ʝʥʽ ʢʝשʽʨʝʢ ʞᴅʥʝ ʠʥʪʝʥʩʠʚʪʽʣʽʛʽ ʪᴇʤʝʥʜʝʫ 

ï ʙײʣ ʢʘʣʴʮʠʪʪʽש ʽʰʽʥʘʨʘ ʘʤʦʨʬʪʘʥʫʳʥʘ ʥʝʤʝʩʝ ʦʥʳש ʢᴇʣʝʤʽʥʽש ʘʟʘʶʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ. 

 ʨʜʝ ʪʝʛʽʩ ʝʤʝʩ, 5Áï25Á ʜʠʘʧʘʟʦʥʳʥʜʘװʬʦʥʳ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪ שʣʛʽ ɺ-ʥʳת

ʢʝש ʘʤʦʨʬʪʳץ ʘʫʳʪץʫ ʙʘʨ, ʘʣʘʡʜʘ װʣʛʽ ɸ-ʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʙײʣ ʘʫʳʪץʫ 

ᴅʣʜʝץʘʡʜʘ ʪᴇʤʝʥ ʦʨʥʘʣʘʩץʘʥ. ɹײʣ ʜʝʛʝʥʽʤʽʟ, װʣʛʽ ɺ-ʜʘ ʘʤʦʨʬʪʳ ʦʨʛʘʥʠʢʘʣʳץ 

ʟʘʪʪʘʨ ʘʟʘʡʳʧ, ʦʥʳש ʦʨʥʳʥʘ ʢʨʠʩʪʘʣʜʘʥסʘʥ ʬʘʟʘ ʙʘʩʳʤ ʙʦʣʘ ʙʘʩʪʘסʘʥ. 

 ʳ ᴇʟʛʝʨʽʩʪʝʨ (ʠʥʪʝʥʩʠʚʪʽ ʘʣʶʤʦʩʠʣʠʢʘʪסʨʘʤʳʥʜʘײץ ץʬʘʟʘʣʳ שʣʛʽ ɺ-ʥʳת

ʰʦץʳʣʘʨʳ, ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ᴅʣʩʽʨʝʛʝʥ ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪʞᴅʥʝ ʢʘʣʴʮʠʪ 

ʰʳשʜʘʨʳ) ʪʫʢʩʦץʦʩʧʘ ײץʨʘʤʳʥʜʘסʳ ʢװʣ ɾʕʆ (8%) ʞᴅʥʝ ʚʝʨʤʠʢʫʣʠʪ (10%) 

 ץʣ ʢʦʤʧʦʥʝʥʪʪʝʨ ʪʝʨʤʠʷʣʳײʘʨʳ ʙʦʣʫʳʤʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ. ɹסʞʦ שʣʝʩʽʥʽװ
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ᴅʩʝʨ ʢʝʟʽʥʜʝ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ʢʨʠʩʪʘʣʜʘʥʫסʘ ץʘʙʽʣʝʪʪʽ ʞᴅʥʝ ʘʨʘʣʳץ ʬʘʟʘʣʘʨ ʪװʟʫʽ 

ʤװʤʢʽʥ, ʤʳʩʘʣʳ, Mg-Al-ʩʠʣʠʢʘʪʪʘʨ. 

 ʘ ʠʝ ʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨץץʘʨʳ ʢʨʠʩʪʘʣʜʳʣʳסʨʘʤʳʥʜʘ ʞʦײץ ʣʛʽ ɺת

(ʢʘʦʣʠʥʠʪ, ʚʝʨʤʠʢʫʣʠʪ) ʘʡץʳʥ ʙʘʩʳʤ, ʪʫʢʦץʦʩʧʘʩʳʥʳש ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ 

ʭʠʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳʥ ʘʨʪʪʳʨʘ ʘʣʘʜʳ. ɸ ʞᴅʥʝ ɹ װʣʛʽʣʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ, 

 שʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʦʥʳײʘʣʘʜʳ, ʙץʙʘʡ ץʡʳʤʰʳʣʜʳײ ץʨʳʣʳʤʜʳײץ ʘʨʳסʦʩʧʘʜʘ ʞʦץ

ʪʳשʘʡʪץʳʰ ʨʝʪʽʥʜʝʛʽ ץʘʩʠʝʪʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ ï ʙʽʨʪʽʥʜʝʧ ʝʨʠʪʽʥ, ײʟʘץ ʤʝʨʟʽʤʜʽ ᴅʩʝʨ 

ʙʝʨʝʪʽʥ ʬʦʨʤʘʜʘ ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʬʦʩʬʦʨ ʤʝʥ ʢʘʣʴʮʠʡʜʽש ʨʝʘʢʪʠʚʪʽʣʽʛʽ 

ʙʽʨʰʘʤʘ ʪᴇʤʝʥʜʝʛʝʥ ʙʦʣʫʳ ʤװʤʢʽʥ, ʙʽʨʘץ ʙײʣ ײʟʘץ ʤʝʨʟʽʤʜʽ ʪʳשʘʡʪץʳʰʪʘʨ װʰʽʥ 

ʪʠʽʤʜʽ ʩʠʧʘʪ. 

 

 
 

ʉʫʨʝʪ 3.16 - ʊʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש (ɻ) XRD ʟʝʨʪʪʝʫʣʝʨ ̔

 

ʉʧʝʢʪʨʜʝ 2ɗ å 26.0ï33.0Á ʜʠʘʧʘʟʦʥʳʥʜʘ ᴇʪʝ ʞʦסʘʨʳ ץʘʨץʳʥʜʳʣʳץʪʘסʳ 

ʰʦץʳʣʘʨ ʪʽʨʢʝʣʛʝʥ, ᴅʩʽʨʝʩʝ 2ɗ å 26.64Á (ʢʚʘʨʮ) ʞᴅʥʝ 2ɗ å 31.9Áï32.9Á (ʘʧʘʪʠʪ) 

ʘʡʤʘסʳʥʜʘ ʠʥʪʝʥʩʠʚʪʽʣʽʢ 8000 ʠʤʧʫʣʴʩʢʝ ʜʝʡʽʥ ʞʝʪʢʝʥ. ɹײʣ װʣʛʽ ɻ ײץʨʘʤʳʥʜʘ 

ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪʤᴇʣʰʝʨʽ ʙʘʩץʘ װʣʛʽʣʝʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʞʦסʘʨʳ ʝʢʝʥʽʥ, 

ʞᴅʥʝ ʦʥʳש ʢʨʠʩʪʘʣʜʳʣʳסʳ ᴇʪʝ ʞʘץʩʳ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 2ɗ å 

12.3Á ʞᴅʥʝ 24.8Á ʰʦץʳʣʘʨ ʢʘʦʣʠʥʠʪ ʬʘʟʘʩʳʥ ʙʽʣʜʽʨʝʜʽ, ʙײʣ ʘʣʶʤʦʩʠʣʠʢʘʪʪʳ 

 .ʘʨʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽסʜʘ ʞʦ שʨʳʣʳʤʥʳײץ

2ɗ å 30.94Á ʞᴅʥʝ 41.15Á ʰʦץʳʣʘʨ ʜʦʣʦʤʠʪʢʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʙײʣ ʢʦʤʧʦʥʝʥʪ 

 ʙʝʣʛʽʣʝʨʽ ץʜʠʬʨʘʢʮʠʷʣʳ שʚʝʨʤʠʢʫʣʠʪʪʽ ,ץʘʣʘʜʳ. ʉʦʥʜʘʡ-ʘץʳʥ ʙʘʡץʣʛʽ ɻ-ʜʘ ʘʡװ

(2ɗ å 6ï12Á) ᴅʣʩʽʟ ʙʦʣʩʘ ʜʘ ʢᴇʨʽʥʽʩ ʪʘʧץʘʥ, ʙײʣ ʤʝʭʘʥʠʢʘʣʳץ ʘʨʘʣʘʩʪʳʨʫ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʩʘץʪʘʣסʘʥ ʤʠʥʝʨʘʣʜʳץ ʢʝʰʝʥʜʝʨʜʽש ʙʦʣʫʳ ʤװʤʢʽʥ ʝʢʝʥʽʥ 

ʢᴇʨʩʝʪʝʜʽ. 

ɸ, ɹ ʞᴅʥʝ ɺ װʣʛʽʣʝʨʽʥʜʝ ʙʘʡץʘʣסʘʥ ʢʝש ʘʤʦʨʬʪʳץ ʘʫʳʪץʫ (5ï25Á 

ʘʨʘʣʳסʳʥʜʘ) װʣʛʽ ɻ ʩʧʝʢʪʨʽʥʜʝ ᴅʣʩʽʟ ʥʝʤʝʩʝ ʞʦץ ʜʝʫʛʝ ʙʦʣʘʜʳ. ɹײʣ 

ʪʫʢʦץʦʩʧʘʩʳʥʳש ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ (ʤװʤʢʽʥ 400ï500 ÁC) ᴇשʜʝʣʽʧ, 

 שʦʩʳʣʳʩʪʘʨʜʳץ ץʞᴅʥʝ ʞʘʨʪʳʣʘʡ ʘʤʦʨʬʪʳ ץʳ ʦʨʛʘʥʠʢʘʣʳסʨʘʤʳʥʜʘײץ

ʞʦʡʳʣʳʧ, ʦʨʥʳʥʘ ʞʦסʘʨʳ ʢʨʠʩʪʘʣʜʳʣʳץץʘ ʠʝ ʬʘʟʘʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣסʘʥʳʥ 

ʜᴅʣʝʣʜʝʡʜʽ. ɸ װʣʛʽʩʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ᴅʣʩʽʟ ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪʰʦץʳʣʘʨʳ 
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ʞᴅʥʝ ʢʝש ʘʤʦʨʬʪʳ ʬʦʥʤʝʥ ʩʠʧʘʪʪʘʣʩʘ; ɹ װʣʛʽʩʽ ɸ-סʘ ץײʩʘʩ, ʙʽʨʘץ ʢʨʠʩʪʘʣʜʘʥʫ 

ʩᴅʣ ʘʨʪץʘʥ; ɺ װʣʛʽʩʽ ï ʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨ (ʚʝʨʤʠʢʫʣʠʪ, ʢʘʦʣʠʥʠʪ) ʤᴇʣʰʝʨʽʤʝʥ 

ʝʨʝʢʰʝʣʝʥʽʧ, ײץʨʳʣʳʤʜʳץ ʪײʨסʳʜʘ ʪײʨʘץʪʳ ʬʘʟʘ ʢᴇʨʩʝʪʪʽ; ɸʣ ɻ װʣʛʽʩʽ ʦʩʳ 

 ,ʳʥץʘʡ שʞᴅʥʝ ʢʘʣʴʮʠʪʪʽ שʢʘʦʣʠʥʠʪʪʽ ,שʰʝʫʽʥʝʥ ʝʨʝʢʰʝʣʝʥʽʧ, ʘʧʘʪʠʪʪʽװ

 שʬʦʩʬʦʨ ʤʝʥ ʢʘʣʴʮʠʡʜʽ שʬʦʨʤʘʣʘʨʳʥ ʢᴇʨʩʝʪʝʜʽ, ʦʥʳ ץʳʥʜʳ ʢʨʠʩʪʘʣʜʳץʘʨץ

 .ʤʢʽʥ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽװᴅʩʝʨ ʝʪʫʽ ʤ שʤʝʨʟʽʤʜʽ ʝʨʫʽ ʤʝʥ ʙʠʦʞʝʪʽʤʜʽʣʽʛʽʥʝ ʦ ץʟʘײ

 ʨʘʤʳʥʜʘײץ ʦʩʧʘʩʳץʣ ʪʫʢʦײXRD ʪʘʣʜʘʫʳ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʙ שʣʛʽ ɻ-ʥʳת

ʬʦʩʬʘʪʪʳץ ʞᴅʥʝ ʘʣʶʤʦʩʠʣʠʢʘʪʪʳץ ʬʘʟʘʣʘʨʜʳש ʞʦסʘʨʳ ʢʨʠʩʪʘʣʜʳʣʳסʳ 

ʩʘץʪʘʣסʘʥ, ʘʤʦʨʬʪʳץ ʢʦʤʧʦʥʝʥʪʪʝʨ ʤʠʥʠʤʘʣʜʳ. ʄײʥʜʘʡ ײץʨʳʣʳʤ 

ʪʳשʘʡʪץʳʰʪʳש ʙʘʷʫ, ʙʽʨʘץ ʪײʨʘץʪʳ ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨ ʰʳסʘʨʫסʘ ʙʝʡʽʤʜʽʣʽʛʽʥ 

ʢᴇʨʩʝʪʝʜʽ. ʆʥʳ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥʛʽ ʪײʨʘץʪʳ ʪʳשʘʡʪץʳʰ 

ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

 
ʉʫʨʝʪ 3.17 - ʊʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש (ɼ) XRD ʟʝʨʪʪʝʫʣʝʨ ̔

 

XRD ʩʧʝʢʪʨʽʥʜʝ 2ɗ å 26ï34Á ʘʨʘʣʳסʳʥʜʘסʳ ᴇʪʢʽʨ ʞᴅʥʝ ץʘʨץʳʥʜʳ 

ʰʦץʳʣʘʨ װʣʛʽʥʽש ʞʦסʘʨʳ ʢʨʠʩʪʘʣʜʳʣʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. ʅʝʛʽʟʛʽ ʧʠʢ 2ɗ å 31.9Áï

32.9Á ʙʦʣסʘʥʜʳץʪʘʥ, ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪʪʳש ʢʨʠʩʪʘʣʜʳץ ʬʦʩʬʘʪ ʬʘʟʘʩʳ 

ʞʦסʘʨʳ ʢʦʥʮʝʥʪʨʘʮʠʷʜʘ ʙʘʨ ʝʢʝʥʽ ʘʡץʳʥʜʘʣʘʜʳ, ʙײʣ ʬʦʩʬʦʨʜʳש 

ʙʠʦʞʝʪʽʤʜʽʣʽʛʽʥʽש ʞʦסʘʨʳ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ. 2ɗ å 5ï25Á ʜʠʘʧʘʟʦʥʳʥʜʘ ʘʤʦʨʬʪʳ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʘʟ ʙʦʣʫʳ ʦʨʛʘʥʠʢʘʣʳץ ʞᴅʥʝ ʛʠʜʨʘʪʪʘʣסʘʥ ʬʘʟʘʣʘʨʜʳש 

ʳʜʳʨʘʧ, ʦʨʥʳʥʘ ʪײʨʘץʪʳ ʤʠʥʝʨʘʣʜʳץ ʬʘʟʘʣʘʨʜʳש ʪװʩʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 2ɗ å 

12.3Á, 24.8Á, 29.4Á, 41.1Á ʰʦץʳʣʘʨʳ ʢʘʦʣʠʥʠʪ, ʢʘʣʴʮʠʪ ʞᴅʥʝ ʜʦʣʦʤʠʪʢʝ ʩᴅʡʢʝʩ 

ʢʝʣʽʧ, ʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨ ʤʝʥ ʢʘʨʙʦʥʘʪʪʘʨ ʬʦʩʬʘʪ ʤʘʪʨʠʮʘʤʝʥ ʙʽʨʽʛʽʧ ʢװʨʜʝʣʽ 

ʪʫʢʦץʦʩʧʘʣʳײץ ץʨʳʣʳʤ ʪװʟʝʪʽʥʽʥ ʨʘʩʪʘʡʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢʚʘʨʮ (2ɗ å 26.6Á) 

ʞᴅʥʝ ʚʝʨʤʠʢʫʣʠʪ ʪʝ ʪʽʨʢʝʣʛʝʥ. 

 ʘ ʠʝ, ʘʧʘʪʠʪץץʘʨʳ ʢʨʠʩʪʘʣʜʳʣʳסʞʦ שʣʛʽ ɼ XRD ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʝת

ʙʘʩʳʤ, ʘʤʦʨʬʪʳץ ʬʘʟʘʣʘʨ ʘʟ, ʙײʣ ʦʥʳ ʞʦסʘʨʳ ʬʦʩʬʦʨ ʙʠʦʞʝʪʽʤʜʽʣʽʛʽ ʤʝʥ 

ʪײʨʘץʪʳ ʤʠʥʝʨʘʣʜʳץ ʤʘʪʨʠʮʘʩʳ ʘʨץʳʣʳ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʞᴅʥʝ ʪʠʽʤʜʽ ʪʫʢʦץʦʩʧʘ 

ʝʪʝʜʽ.  

ʊʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ʬʘʟʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨʽʥ 

ʟʝʨʪʪʝʫ ʤʘץʩʘʪʳʥʜʘ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ (ʊɻ), ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʪʝʨʤʠʷʣʳץ 
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(ɼʊɸ) ʞᴅʥʝ ʩʘʣʤʘץ ʞʦסʘʣʫʳʥʳש ʞʳʣʜʘʤʜʳסʳ (DTG) ץʠʩʳץʪʘʨʳ ʘʣʳʥסʘʥ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʨʝʞʠʤʥʽש ᴇʟʛʝʨʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʢװʨʜʝʣʽ 

ʪʝʨʤʠʷʣʳץ ʧʨʦʮʝʩʪʝʨ ʞװʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ (3.18-3.22 ʩʫʨʝʪʪʝʨ). 

 

 
 

ʉʫʨʝʪ 3.18 - ʊʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש (A) ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨ ̔

 

ʊɻ ץʠʩʳסʳ ʙʦʡʳʥʰʘ ʞʘʣʧʳ ʤʘʩʩʘ ʞʦסʘʣʫʳ å 125 ʤʛ, ʷסʥʠ ʙʘʩʪʘʧץʳ 415 

ʤʛ-ʥʘʥ 290 ʤʛ-סʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʛʝʥ, ʙײʣ å 30% ʤʘʩʩʘʣʳץ ʞʦסʘʣʫʜʳ ʙʽʣʜʽʨʝʜʽ. 

ɹײʣ ʩʘʣʤʘץ ʞʦסʘʣʫʳʥʳש ʢᴇʧ ʙᴇʣʽʛʽ 100ï500ÁC ʘʨʘʣʳסʳʥʜʘ ʦʨʳʥ ʘʣʘʜʳ, ʙײʣ 

ʘʡʤʘץ ץʘʪʪʳ ʬʘʟʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʥʝʛʽʟʛʽ ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʪʝʨʤʠʷʣʳץ 

ᴇʟʛʝʨʽʩʪʝʨʜʽש ʞװʨʫʽʥ ʙʽʣʜʽʨʝʜʽ. 

ɹʽʨʽʥʰʽ ʢʝʟʝשʜʝ, 50ï150ÁC ʘʨʘʣʳסʳʥʜʘ, ɼʊɸ ץʠʩʳסʳʥʜʘ ʞײʤʩʘץ 

ʵʥʜʦʪʝʨʤʠʷʣʳץ ʰץשײʳʨ ʞᴅʥʝ ʩʘʣʤʘץʪʳ2 שï3% ʞʦסʘʣʫʳ ʙʘʡץʘʣʜʳ. ɹײʣ 

ʬʠʟʠʢʘʣʳץ ʙʘʡʣʘʥʳʩץʘʥ ʳʣסʘʣ ʤʝʥ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʪʳץ ʩʫʜʳש ʙʫʣʘʥʫʳʤʝʥ 

ʪװʩʽʥʜʽʨʽʣʝʜʽ. ɽʢʽʥʰʽ ʩʘʪʳʜʘ, 150ï300ÁC ʘʨʘʣʳסʳʥʜʘ, ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש 

 ʫʳ ʤʝʥ ʜʝʩʪʨʫʢʮʠʷʩʳסʪʦʪʳ ץʪʝʨʤʠʷʣʳ (ʳʨ ʢᴇʤʽʨ, ʛʫʤʘʪʪʳ ʬʨʘʢʮʠʷʣʘʨשʦץ)

ʞװʨʝʜʽ. ɹײʣ ʬʘʟʘʜʘ DTG ץʠʩʳסʳ ʙʦʡʳʥʰʘ ʙʘʷʫ ʩʘʣʤʘץ ʞʦסʘʣʫʳ ʞʘʣסʘʩʘʜʳ. 

300ï500ÁC ʘʨʘʣʳסʳʥʜʘ ʢʘʣʴʮʠʪ ʧʝʥ ʜʦʣʦʤʠʪʪʽש ʜʝʢʦʤʧʦʟʠʮʠʷʩʳ ʞװʨʝʜʽ: 

 

CaCO ŸCaO+CO ŷ,MgCO ŸMgO+CO ŷ     (3.18) 

 

ɹײʣ ʨʝʘʢʮʠʷʣʘʨ ʙʘʨʳʩʳʥʜʘ ʵʥʝʨʛʠʷ ʞײʪʳʣʘʪʳʥʜʳץʪʘʥ, ɼʊɸ ץʠʩʳסʳʥʜʘ 

ʪʝʨʝש ʵʥʜʦʪʝʨʤʠʷʣʳץ ʵʬʬʝʢʪ ʪʽʨʢʝʣʝʜʽ. ʆʩʳ ʘʡʤʘץʪʘ ʥʝʛʽʟʛʽ ʩʘʣʤʘץ ʞʦסʘʣʫʳ 

ʦʨʳʥ ʘʣʘʜʳ ʞᴅʥʝ ʬʘʟʘʜʘ ʪװʟʽʣʛʝʥ CaO ʞᴅʥʝ MgO ʙʦʣʘʰʘץʪʘ ʬʦʩʬʘʪʪʘʨʤʝʥ 

ᴅʨʝʢʝʪʪʝʩʽʧ, ʝʨʠʪʽʥ ʞᴅʥʝ ᴇʩʽʤʜʽʢʢʝ ץʦʣʞʝʪʽʤʜʽ ץʦʩʳʣʳʩʪʘʨ ʪװʟʫʽ ʤװʤʢʽʥ. 

500ÁC ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʤʘʩʩʘ ᴇʟʛʝʨʽʩʽ ʰʘʤʘʣʳ, ʘʣʘʡʜʘ ɼʊɸ 

 ץʦʨʛʘʥʠʢʘʣʳ ץʘʣʜʳץ ʣײʘʣʘʜʳ. ɹץʵʬʬʝʢʪ ʙʘʡ ץʳʥʜʘ ᴅʣʩʽʟ ʵʢʟʦʪʝʨʤʠʷʣʳסʠʩʳץ

ʟʘʪʪʘʨʜʳש ʪʦʪʳסʫʳʥ ʥʝʤʝʩʝ ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪײץʨʳʣʳʤʳʥʳש ʬʘʟʘʣʳץ ץʘʡʪʘ 

 ץʘʪʘʨ, ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʘʨʘʣʘʩ ʬʘʟʘʣʳץ ʤʢʽʥ. ʉʦʥʳʤʝʥװʡʳʤʜʘʩʫʳʥ ʢᴇʨʩʝʪʫʽ ʤײ
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ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʞװʨʽʧ, ʪײʟʜʘʨʜʳש ʝʨʫʽ ʥʝʤʝʩʝ ʙʘʡʣʘʥʳʩץʘʥ ץʦʩʳʣʳʩʪʘʨʜʳש 

ʳʜʳʨʘʫʳ ʙʘʡץʘʣʫʳ ʳץʪʠʤʘʣ. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, װʣʛʽ ɸ ʤʘʪʝʨʠʘʣʳ 500ÁC-ץʘ ʜʝʡʽʥʛʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʢװʨʜʝʣʽ ʜʝʛʠʜʨʘʪʘʮʠʷʣʳץ, ʪʦʪʳסʫ-ʜʝʩʪʨʫʢʮʠʷʣʳץ ʞᴅʥʝ ʜʝʢʘʨʙʦʥʠʟʘʮʠʷ 

ʧʨʦʮʝʩʪʝʨʽʥʝʥ ᴇʪʝʪʽʥʽ ʜᴅʣʝʣʜʝʥʜʽ. ʊʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʪʫʢʦץʦʩʧʘʩʳ 

 ʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫסʳ ʢʘʨʙʦʥʘʪʪʳ ʞᴅʥʝ ʬʦʩʬʘʪʪʳ ʬʘʟʘʣʘʨ ʘʨʘʩʳʥʜʘסʨʘʤʳʥʜʘײץ

ʙʝʣʩʝʥʜʽʨʽʣʽʧ, ᴇʩʽʤʜʽʢʢʝ ץʘʞʝʪʪʽ ʬʦʨʤʘʣʘʨʜʳש ʪװʟʽʣʫʽʥʝ ʥʝʛʽʟ ץʘʣʘʡʜʳ. 

 

 
 

ʉʫʨʝʪ 3.19 - ʊʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש (ɹ) ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨ ̔

 

ɹʝʨʽʣʛʝʥ ʛʨʘʬʠʢʪʝ װʣʛʽ ɹ װʰʽʥ ʪʝʨʤʠʷʣʳץ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ, 

ʦʥʜʘ ʤʘʩʩʘ ʞʦסʘʣʪʫ (TG), ʤʘʩʩʘ ᴇʟʛʝʨʫ ʞʳʣʜʘʤʜʳסʳ (DTG), ʪʝʤʧʝʨʘʪʫʨʘ (ÁC) 

ʞᴅʥʝ ɼʊɸ ץʠʩʳץʪʘʨʳ ʙʝʨʽʣʛʝʥ. ʊʘʣʜʘʫ 25ï1000ÁC ʘʨʘʣʳסʳʥʜʘ ʞװʨʛʽʟʽʣʛʝʥ 

ʞᴅʥʝ װʰ ʥʝʛʽʟʛʽ ʢʝʟʝש ʘʡץʳʥ ʙʘʡץʘʣʘʜʳ. 

25ï200ÁC ʜʠʘʧʘʟʦʥʜʘ ʤʘʩʩʘ ʰʘʤʘʤʝʥ 5ï6% ʪᴇʤʝʥʜʝʛʝʥ. ɹײʣ ʳʣסʘʣʜʳש 

ʞᴅʥʝ ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ ʩʫʜʳש ʙʫʣʘʥʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ɼʊɸ 

 ץʬʠʟʠʢʘʣʳ שʣ ʧʨʦʮʝʩʪʽײʘʣʘʜʳ, ʙץʳʨ ʙʘʡץשײʰ ץʳʥʜʘ ʵʥʜʦʪʝʨʤʠʷʣʳסʠʩʳץ

ʩʠʧʘʪʪʘ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ. ɻʫʤʘʪʪʳ ʢʦʤʧʦʥʝʥʪʪʝʨ ʤʝʥ ʚʝʨʤʠʢʫʣʠʪʪʽש ʽʰʢʽ 

ʢʨʠʩʪʘʣʜʳץ ʩʫʳʥ ʞʦסʘʣʪʫʳʤʝʥ ץʘʪʘʨ ʞװʨʫʽ ʤװʤʢʽʥ. 200ï450ÁC ʘʨʘʣʳץʪʘ DTG 

 ץʳ ᴅʣʩʽʟ ʵʢʟʦʪʝʨʤʠʷʣʳסʠʩʳץ ʘʣʘʜʳ, ʘʣ ɼʊɸץʳʥʜʘ ʝʢʽʥʰʽ ʤʘʢʩʠʤʫʤ ʙʘʡסʠʩʳץ

ʠʽʣʫ ʢᴇʨʩʝʪʝʜʽ. ɻʫʤʠʥ ץʳʰץʳʣʜʘʨʳʥʳש ʧʠʨʦʣʠʟʽ ʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש 

(ʢᴇʤʽʨ, ʰʳʤʪʝʟʝʢ, ʛʫʤʘʪʪʘʨ) ʪʝʨʤʠʷʣʳץ ʳʜʳʨʘʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ʉʦʥʳʤʝʥ 

ʳ MgCOסʨʘʤʳʥʜʘײץ ʘʪʘʨ, ʜʦʣʦʤʠʪ ʧʝʥ ʚʝʨʤʠʢʫʣʠʪץ  ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʦʩʳ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʙʽʨʪʽʥʜʝʧ ʳʜʳʨʘʡ ʙʘʩʪʘʡʜʳ. ʄʘʩʩʘ ʞʦסʘʣʪʫ ʰʘʤʘʤʝʥ 10ï12%. 

450ï800ÁC ʥʝʛʽʟʛʽ ʨʝʘʢʮʠʷʣʘʨ ʞװʨʝʜʽ ï ʢʘʨʙʦʥʘʪʪʘʨʜʳש (CaCO , MgCO ) 

ʪʝʨʤʠʷʣʳץ ʜʝʢʦʤʧʦʟʠʮʠʷʩʳ. ɼʊɸ ץʠʩʳסʳʥʜʘ ʘʥʳץ ʵʢʟʦʪʝʨʤʠʷʣʳץ ʧʠʢ 

ʙʘʡץʘʣʳʧ ʪײʨ, ʙײʣ ʬʘʟʘʣʳץ ץʘʡʪʘ ײץʨʳʣʳʤ ʥʝʤʝʩʝ ʢʝʡʙʽʨ ʙʝʡʦʨʛʘʥʠʢʘʣʳץ 

 ʳ ʙʦʡʳʥʰʘסʠʩʳץ ʤʢʽʥ. TGװʫ ʨʝʘʢʮʠʷʣʘʨʳʥ ʢᴇʨʩʝʪʫʽ ʤסʪʦʪʳ שʦʩʳʣʳʩʪʘʨʜʳץ

ʞʘʣʧʳ ʤʘʩʩʘ ʞʦסʘʣʪʫ 30%-ʜʘʥ ʘʩʘʜʳ, ʙײʣ ײץʨʘʤʥʳש ʦʨʛʘʥʠʢʘʣʳץ ʞᴅʥʝ 
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ʢʘʨʙʦʥʘʪʪʳ ʢʦʤʧʦʥʝʥʪʪʝʨʛʝ ʙʘʡ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ.  ʊʫʢʦץʦʩʧʘʥʳװ שʣʛʽ ɹ 

ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳ ʦʨʪʘʰʘ, ײץʨʘʤʳʥʜʘ ʳʣסʘʣ, ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨ ʞᴅʥʝ 

ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʢʘʨʙʦʥʘʪʪʘʨ ʙʘʨ. ɾʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ ʞװʨʝʪʽʥ 

ʨʝʘʢʮʠʷʣʘʨ ʥᴅʪʠʞʝʩʽʥʜʝ ײʥʪʘײץ ץʨʳʣʳʤʳ ʘʡʪʘʨʣʳץʪʘʡ ᴇʟʛʝʨʝʜʽ, ʙײʣ ʙʦʣʘʰʘץʪʘ 

ʬʦʩʬʘʪʪʘʨʜʳש ʝʨʫ ץʘʙʽʣʝʪʽʥʝ ʦש ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ.  

 

 
 

ʉʫʨʝʪ 3.20 - ʊʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש (ɺ) ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨ ̔

 

 ץʘʪʘʨ ʵʥʜʦʪʝʨʤʠʷʣʳץʳ ʙʦʡʳʤʝʥ ʙʽʨסʠʩʳץ ʰʽʥ ɼʊɸװ ʦʩʧʘʩʳץʣʛʽ ɺ ʪʫʢʦת

ʞᴅʥʝ ʵʢʟʦʪʝʨʤʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨ ʘʥʳץ ʙʘʡץʘʣʘʜʳ, ײץʨʘʤʜʘסʳ ʦʨʛʘʥʠʢʘʣʳץ ʞᴅʥʝ 

ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʪʝʨʤʠʷʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʩʳʥ ʢᴇʨʩʝʪʝʜʽ. 30ï

200 ÁC ʘʨʘʣʳסʳʥʜʘ ʙʘʡץʘʣסʘʥ ʩʘʣʤʘץ ʞʦסʘʣʪʫ ʳʣסʘʣ ʤʝʥ ʩʽשʽʨʽʣʛʝʥ ʩʫʜʳש 

ʙʫʣʘʥʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ɼʊɸ ץʠʩʳסʳʥʜʘ ʞʝשʽʣ ʵʥʜʦʪʝʨʤʠʷʣʳץ ʘʫʳʪץʫ 

ʙʘʡץʘʣʘʜʳ. ɹײʣ ʧʨʦʮʝʩʩ ʢᴇʙʽʥʝʩʝ ʚʝʨʤʠʢʫʣʠʪ, ʢᴇʤʽʨ ʞᴅʥʝ ʢװʣ ײץʨʘʤʳʥʜʘסʳ ʙʦʩ 

ʥʝʤʝʩʝ ʙʘʡʣʘʥʳʩץʘʥ ʩʫʜʳש ʢʝʪʫʽʥ ʙʽʣʜʽʨʝʜʽ. 300ï400 ÁC ʘʨʘʣʳסʳʥʜʘ ʢᴇʨʽʥʝʪʽʥ 

ʩʘʣʤʘץʪʳש ʝʢʽʥʰʽ ʪᴇʤʝʥʜʝʫʽ ʢᴇʤʽʨʜʽש, ʛʫʤʘʪʪʳ ʟʘʪʪʘʨ ʤʝʥ ʙʘʩץʘ ʦʨʛʘʥʠʢʘʣʳץ 

 ʫʳ ʤʝʥ ʧʠʨʦʣʠʟ ʧʨʦʮʝʩʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ɼʊɻסʪʦʪʳ ץʪʝʨʤʠʷʣʳ שʦʩʳʣʳʩʪʘʨʜʳץ

 ץʳʥʜʘ ᴅʣʩʽʟ ʵʢʟʦʪʝʨʤʠʷʣʳסʠʩʳץ ʳʥʜʳ ʪᴇʤʝʥʜʝʫ, ʘʣ ɼʊɸץʘʨץ ʳʥʜʘסʠʩʳץ

ʵʬʬʝʢʪ ʙʘʡץʘʣʘʜʳ. ʆʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש ʳʜʳʨʘʫʳ ʞװʨʽʧ ʞʘʪץʘʥʳʥ 

ʙʽʣʜʽʨʝʜʽ. 500ï700 ÁC ʘʡʤʘסʳʥʜʘ ʘʡץʳʥ ʵʥʜʦʪʝʨʤʠʷʣʳץ ʤʠʥʠʤʫʤ ʤʝʥ ʩʘʣʤʘץ 

ʞʦסʘʣʪʫ CaCO  ʥʝʤʝʩʝ MgCO  ʩʝʢʽʣʜʽ ʢʘʨʙʦʥʘʪʪʘʨʜʳש ʪʝʨʤʠʷʣʳץ ʳʜʳʨʘʫʳʤʝʥ 

ʪװʩʽʥʜʽʨʽʣʝʜʽ. ɹײʣ ʧʨʦʮʝʩʩ ʥᴅʪʠʞʝʩʽʥʜʝ CO  ʙᴇʣʽʥʽʧ, ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʤʘʪʨʠʮʘʜʘ 

ʙʦʩ ʦʢʩʠʜʪʝʨ ץʘʣʳʧʪʘʩʘʜʳ. ɾʘʣʧʳ ʘʣסʘʥʜʘ, װʣʛʽ ɺ װʰʽʥ ɼʊɸ ʥᴅʪʠʞʝʣʝʨʽ ʙײʣ 

ʞװʡʝʜʝ ʳʣסʘʣʜʳש ʢʝʪʫʽ, ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש ʪʦʪʳסʫʳ ʞᴅʥʝ ʙʝʡʦʨʛʘʥʠʢʘʣʳץ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʬʘʟʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨʽ ʘʥʳץ ʞװʨʝʪʽʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ. ɹײʣ 

ʤᴅʣʽʤʝʪʪʝʨ ʪʫʢʦץʦʩʧʘʩʳʥʳש ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʨʝʞʠʤʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ ʞᴅʥʝ 

ʬʦʩʬʦʨʜʳץ שʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ ʤʘשʳʟʜʳ. 
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ʉʫʨʝʪ 3.21 - ʊʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש (ɻ) ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨ ̔

 

 (ʪʝʨʤʦʘʥʘʣʠʟ ץʜʠʬʬʝʨʝʥʮʠʘʣʜʳ) ʨʛʽʟʽʣʛʝʥ ɼʊɸװʦʩʧʘʩʳʥʘ ʞץʣʛʽ ɻ ʪʫʢʦת

ʥᴅʪʠʞʝʣʝʨʽ ʦʥʳש ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ʬʘʟʘʣʳץ ᴇʟʛʝʨʫ ʜʠʥʘʤʠʢʘʩʳ 

ʞᴇʥʽʥʜʝ ʤʘשʳʟʜʳ ʤᴅʣʽʤʝʪ ʙʝʨʝʜʽ. ɾʘʣʧʳ ʊɻ ץʠʩʳסʳ (ʢᴇʢ), ɼʊɸ ץʠʩʳסʳ 

(ʞʘʩʳʣ) ʞᴅʥʝ DTG ץʠʩʳסʳ (ץʦשʳʨ) ʙʦʡʳʥʰʘ װʰ ʘʡץʳʥ ʩʘʪʳʜʘסʳ ᴇʟʛʝʨʽʩʪʝʨ 

ʙʘʡץʘʣʜʳ: ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʩʫʩʳʟʜʘʥʫ, ʦʨʪʘʰʘ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ 

ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש ʪʦʪʳסʫʳ ʞᴅʥʝ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʙʝʡʦʨʛʘʥʠʢʘʣʳץ 

ʬʘʟʘʣʘʨʜʳש ʳʜʳʨʘʫʳ. 

30ï200 ÁC ʜʠʘʧʘʟʦʥʜʘ װʣʛʽ ɻ ʳʣסʘʣʜʳש ʞᴅʥʝ ʩʽשʽʨʽʣʛʝʥ ʩʫʜʳש ʙʫʣʘʥʫʳʥ 

ʢᴇʨʩʝʪʪʽ. ʊɻ ץʠʩʳסʳʥʜʘ ʘʟʜʘסʘʥ ʤʘʩʩʘʣʳץ ʞʦסʘʣʪʫ, ʘʣ ɼʊɸ ץʠʩʳסʳʥʜʘ ʞʝשʽʣ 

ʵʥʜʦʪʝʨʤʠʷʣʳץ ʵʬʬʝʢʪ ʙʘʡץʘʣʘʜʳ. ʉʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ, װʣʛʽ ɸ ʞᴅʥʝ ɹ-ʜʝ ʜʝ 

ʦʩʳ ײץʙʳʣʳʩ ʙʘʡץʘʣסʘʥʳʤʝʥ, װʣʛʽ ɻ-ʜʝ ʵʥʜʦʪʝʨʤʠʷʣʳץ ʤʠʥʠʤʫʤ ʪʝʨʝשʽʨʝʢ, ʙײʣ 

 ʘʨʳ ʙʦʣʫʳʥסʞʦ שʘʥ ʤʠʥʝʨʘʣʜʘʨ ʤʝʥ ʚʝʨʤʠʢʫʣʠʪʪʽסʳ ʛʠʜʨʘʪʪʘʣסʨʘʤʳʥʜʘײץ

ʢᴇʨʩʝʪʫʽ ʤװʤʢʽʥ. 250ï450 ÁC ʘʡʤʘץʪʘ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש ʪʝʨʤʠʷʣʳץ 

ʳʜʳʨʘʫʳ ʞװʨʝʜʽ. תʣʛʽ ɻ-ʜʝ ɼʊɸ ץʠʩʳסʳʥʜʘ ᴅʣʩʽʟ ʵʢʟʦʪʝʨʤʠʷʣʳץ ʰʦץ 

ʙʘʡץʘʣʘʜʳ, ʙײʣ ץʦשʳʨ ʢᴇʤʽʨ ʤʝʥ ʛʫʤʠʥʜʽ ʟʘʪʪʘʨʜʳש ʞʘʥʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 

500ï750 ÁC ʪʝʤʧʝʨʘʪʫʨʘ ʘʨʘʣʳסʳʥʜʘ ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨ, ᴅʩʽʨʝʩʝ 

ʢʘʣʴʮʠʡ ʞᴅʥʝ ʤʘʛʥʠʡ ʢʘʨʙʦʥʘʪʪʘʨʳ (CaCO , MgCO ) ʳʜʳʨʘʡʜʳ. ɼʊɸ 

 שʳʥʜʘ ʤʘʩʩʘʥʳסʠʩʳץ ʤʠʥʠʤʫʤ ʞᴅʥʝ ʊɻ ץʳʥ ʵʥʜʦʪʝʨʤʠʷʣʳץʳʥʜʘ ʘʡסʠʩʳץ

ʙʽʨʪʽʥʜʝʧ ʘʟʘʶʳ ʙʘʡץʘʣʘʜʳ. 800 Áʉ ʞʦסʘʨʳ ʙʘʨʣʳץ ʩʳʥʘʤʘʣʘʨʜʘ 

ʪʝʨʤʦʛʨʘʤʤʘʥʳש ʪײʨʘץʪʘʥʫʳ ʙʘʡץʘʣʘʜʳ. תʣʛʽ ɻ-ʜʝ ʩʦסשʳ ʤʘʩʩʘ ʞʦסʘʣʪʫ ʤᴅʥʽ ï

161.01 ʤʛ, װʣʛʽ ɸ (ï125.48 ʤʛ), ɹ (ï158.11 ʤʛ), ɺ (ï157.47 ʤʛ) ʥᴅʪʠʞʝʣʝʨʽʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ ʞʦסʘʨʳʨʘץ. ɹײʣ ײץʨʘʤʜʘסʳ ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʬʘʟʘʣʘʨʜʳש 

ʙʘʩʳʤʜʳסʳʥ, ᴅʩʽʨʝʩʝ ʢװʣ ʤʝʥ ʚʝʨʤʠʢʫʣʠʪʪʽװ שʣʝʩʽʥʽש ʘʨʪʫʳʥ ʙʽʣʜʽʨʝʜʽ. 

 ʘʨʳ, ʘʣסʳ ʞʦסʪʳʣʳץʨʘײʪ ץʪʝʨʤʠʷʣʳ שʣʛʽ ɻ-ʥʽװ ,ʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝפ

ʬʘʟʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨ ʙʽʨʪʽʥʜʝʧ ʞᴅʥʝ ʪʝשʛʝʨʽʤʜʽ ᴇʪʝʜʽ. ɹײʣ ʪʫʢʦץʦʩʧʘʩʳ ʢʘʣʴʮʠʡ-

ʤʘʛʥʠʡ ʬʦʩʬʘʪʪʘʨʜʳש ʪʠʽʤʜʽ ץʘʣʳʧʪʘʩʫʳʥʘ ץʦʣʘʡʣʳ, ᴅʨʽ ץʳʟʜʳʨʫ ʢʝʟʽʥʜʝ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʪʘʣʫʳʥʘ ʤץʩʘ שʳ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽסʨʘʤʳʥʜʘײץ
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ʉʫʨʝʪ 3.22 - ʊʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש (ɼ) ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨ ̔

 

30ï200 ÁC ʜʠʘʧʘʟʦʥʳ (ʘʜʩʦʨʙʮʠʷʣʳץ ʳʣסʘʣ ʤʝʥ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʪʘʨʜʳש 

ʞʦʡʳʣʫʳ) ɼ װʣʛʽʩʽ װʰʽʥ ʙײʣ ʘʡʤʘץʪʘ ʊɻ ץʠʩʳסʳʥʜʘ (ʢᴇʢ) ʞᴅʥʝ ɼʊɸ ץʠʩʳסʳʥʜʘ 

(ʞʘʩʳʣ) ʙʽʨʢʝʣʢʽ ʤʘʩʩʘ ʞʦסʘʣʪʫ ʞᴅʥʝ ᴅʣʩʽʟ ʵʥʜʦʪʝʨʤʠʷʣʳץ ʵʬʬʝʢʪ ʙʘʡץʘʣʜʳ. 

ɹײʣ װʣʛʽ ײץʨʘʤʳʥʜʘ ʚʝʨʤʠʢʫʣʠʪ ʧʝʥ ʢʘʦʣʠʥʠʪ ʩʝʢʽʣʜʽ ʛʠʜʨʘʪʪʘʣסʘʥ 

ʤʠʥʝʨʘʣʜʘʨʜʳש ʙʦʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. ʉʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ װʣʛʽ ɸ ʤʝʥ ɹ-ʜʝ ʦʩʳ ʩʫ 

ʞʦסʘʣʪʫ ʢװʰʪʽʨʝʢ ᴇʪʩʝ, װʣʛʽ ɼ-ʜʝ ʧʨʦʮʝʩʩ ʙʽʨʪʽʥʜʝʧ ʞᴅʥʝ ʪײʨʘץʪʳ. 200ï500 ÁC 

(ʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨ ʤʝʥ ʛʫʤʠʥ ʟʘʪʪʘʨʳʥʳש ʪʝʨʤʠʷʣʳץ ʪʦʪʳסʫʳ) DTG 

 ץʵʢʟʦʪʝʨʤʠʷʣʳ שʳ ʢʝסʳʥʜʘסʠʩʳץ ʞᴅʥʝ ɼʊɸ ץʘʥ ʰʦסʘʣץʙʘʡ (ʳʨשʦץ) ʳʥʜʘסʠʩʳץ

ʵʬʬʝʢʪ װʣʛʽ ɼ ײץʨʘʤʳʥʜʘ ץʦשʳʨ ʢᴇʤʽʨ ʤʝʥ ʛʫʤʘʪ ʪᴅʨʽʟʜʽ ʟʘʪʪʘʨʜʳש ʙʘʨ ʝʢʝʥʽʥ 

ʢᴇʨʩʝʪʝʜʽ. תʣʛʽ ɸ ʤʝʥ ɺ-ʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ  ʰʦץʪʘʨ ʘʡץʳʥʳʨʘץ ʞᴅʥʝ ʙʽʨʢʝʣʢʽ 

ʦʨʥʘʣʘʩץʘʥ, ʷסʥʠ ʦʨʛʘʥʠʢʘʣʳײץ ץʨʘʤ ʙʽʨʪʝʢʪʽ ʘʨʘʣʘʩץʘʥ. 500ï800 ÁC 

(ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʳʜʳʨʘʫʳ) ʘʡʤʘץʪʘ ʘʡץʳʥ ʤʘʩʩʘ ʞʦסʘʣʪʫ 

ʞᴅʥʝ ʵʥʜʦʪʝʨʤʠʷʣʳץ ʤʠʥʠʤʫʤ ʙʘʡץʘʣʜʳ. ʂʘʣʴʮʠʡ ʞᴅʥʝ ʤʘʛʥʠʡ 

ʢʘʨʙʦʥʘʪʪʘʨʳʥʳש (CaCO  ʞᴅʥʝ MgCO ) ʳʜʳʨʘʫʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ɹײʣ ʧʨʦʮʝʩʩ 

 ʣʛʽ ɼ-ʜʝװ ʣײʽʨʝʢ ʞᴅʥʝ ʙʘʷʫ, ʙשʘʥʜʘ ʢʝסʣʛʽʣʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨװ ʣʛʽ ɺ ʞᴅʥʝ ɻװ

ʢʘʨʙʦʥʘʪʪʘʨʜʳש ʤᴇʣʰʝʨʽ ʞʦסʘʨʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 800 ÁC-ʪʘʥ ʞʦסʘʨʳ 

(ʪײʨʘץʪʘʥʫ ʞᴅʥʝ ʰʣʘʢʪʘʥʫ) ʙʘʨʣʳװ ץʣʛʽʣʝʨ ʩʝʢʽʣʜʽ װʣʛʽ ɼ ʜʝ ʞʦסʘʨʳ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳץ ʢᴇʨʩʝʪʽʧ, ʊɻ ץʠʩʳסʳ ʪײʨʘץʪʘʥʘʜʳ. 

ɸʣʘʡʜʘ װʣʛʽ ɼ-ʜʝ ʩʦסשʳ ʤʘʩʩʘ ʞʦסʘʣʪʫ ï204.40 ʤʛ-סʘ ʞʝʪʽʧ, ʙʘʨʣʳװ ץʣʛʽʣʝʨ 

ʽʰʽʥʜʝʛʽ ʝש ʞʦסʘʨʳ ʤᴅʥ ʙʦʣʳʧ ʦʪʳʨ. ɹײʣ ʦʥʳײץ שʨʘʤʳʥʜʘ ʪʝʨʤʠʷʣʳץ ʪײʨʘץʩʳʟ 

ʬʘʟʘʣʘʨʜʳש ʢᴇʧ ʝʢʝʥʽʥ, , ץʦʩʳʤʰʘ ʢװʣ ʤʝʥ ʘʧʘʪʠʪʪʝʨʜʽש ʳʜʳʨʘʫʳʥ ʙʽʣʜʽʨʝʜʽ. 

 ץʨʣʽ ʤʠʥʝʨʘʣʜʘʨ ʤʝʥ ʦʨʛʘʥʠʢʘʣʳװʳ ᴅʨʪסʨʘʤʳʥʜʘײץ ʣʛʽ ɼת

ʬʨʘʢʮʠʷʣʘʨʜʳװ שʡʣʝʩʽʤʽ ʦʥʳש ʞʦסʘʨʳ ʪʝʨʤʠʷʣʳץ ʨʝʘʢʪʠʚʪʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ. ʆʣ ʙʘʩץʘ װʣʛʽʣʝʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʝש ʢᴇʧ ʤʘʩʩʘ ʞʦסʘʣʪʫ ʢᴇʨʩʝʪʝʜʽ, ʙײʣ 

 ʢᴇʙʽʨʝʢ שʬʘʟʘʣʘʨʜʳ ץʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳ ץʳ ʙʝʡʦʨʛʘʥʠʢʘʣʳסʨʘʤʳʥʜʘײץ

ʤᴇʣʰʝʨʜʝ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. ɹײʣ ʪʫʢʦץʦʩʧʘʩʳ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 
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ʤʠʢʨʦʨʝʘʢʮʠʷʣʘʨסʘ ʙʝʡʽʤʜʽ ʞᴅʥʝ ʪʝʨʤʦᴇשʜʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʬʦʩʬʦʨ ʤʝʥ 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש ʙʠʦʞʝʪʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʳ ʤװʤʢʽʥ. 

 ,ʣװʳʨ ʢᴇʤʽʨ, ʢשʦץ) ʳ ʘʤʦʨʬʪʳ ʞᴅʥʝ ᴅʣʩʽʟ ʢʨʠʩʪʘʣʜʳ ʬʘʟʘʣʘʨסʨʘʤʳʥʜʘײפ

ʢᴇʤʽʨʪʝʢʪʽ ץʘʣʜʳץʪʘʨ) 300-500 ÁC ʘʨʘʣʳסʳʥʜʘ ʵʢʟʦʪʝʨʤʠʷʣʳץ ʰʳשʜʘʨʜʳ 

ʢᴇʨʩʝʪʝʜʽ. 

ɺʝʨʤʠʢʫʣʠʪʪʽש ʜʝʛʠʜʨʘʪʘʮʠʷʩʳʥʳש (ʰʘʤʘʤʝʥ 200-300ÁC) ʞᴅʥʝ 

ʢʘʨʙʦʥʘʪʪʳ ʤʠʥʝʨʘʣʜʘʨʜʳש ʜʝʢʘʨʙʦʥʠʟʘʮʠʷʩʳʥʳש (500-750ÁC) ʰʳשʜʘʨʳ ʥʘץʪʳ 

ʪʦʧʳʨʘץ ʞʘסʜʘʡʳʥʜʘ ʙײʟʳʣʤʘʡʪʳʥ, ʙʽʨʘץ ʨʅ ʨʝʪʪʝʡʪʽʥ ʪʳשʘʡʪץʳʰʪʳש 

 ʘץץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʳʩʪʳץ ʙʫʬʝʨʣʽʛʽʥ שʳ ʤʝʥ ʦʨʪʘʥʳסʪʳʣʳץʨʘײʪ ץʨʳʣʳʤʜʳײץ

ʪᴇʟʽʤʜʽ ʬʘʟʘʣʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

800-850 ÁC-ʪʘʥ ʢʝʡʽʥʛʽ ץʘʣʜʳץ ʤʘʩʩʘʩʳ ʬʦʩʬʦʨʜʳ ײʟʘץ ʫʘץʳʪ ײʩʪʘʧ 

ʪײʨʫסʘ ʞᴅʥʝ ʦʥʳש ʪʝʟ ʰʘʡʳʣʳʧ ʢʝʪʫʽʥʝ ʞʦʣ ʙʝʨʤʝʡʪʽʥ ʢʨʝʤʥʠʡ ʥʝʤʝʩʝ ʢʘʣʴʮʠʡ 

ʙʘʨ ץʦʩʳʣʳʩʪʘʨ ʩʠʷץʪʳ ʠʥʝʨʪʪʽ ʞᴅʥʝ ʙʘʷʫ ʞײʤʳʣʜʳʨʳʣʘʪʳʥ ʬʦʩʬʘʪ 

ʬʘʟʘʣʘʨʳʥʳש ʙʦʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. 

 

3.4 ʊʫʢʦץʦʩʧʘʣʘʨ ʘʣʫ װʨʜʽʩʪʝʨʽʥʽש ʢʠʥʝʪʠʢʘʣʳץ ʟʘשʜʳʣʳץʪʘʨʳ 

2%-ʜʳץ ʣʠʤʦʥ ץʳʰץʳʣʳʥʜʘ P O  ʝʨʽʛʽʰʪʽʛʽ ʧʨʦʮʝʩʽʥʽש ʢʠʥʝʪʠʢʘʩʳʥ 

ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʝʩʝʧʪʝʫ װʰʽʥ ɸʚʨʘʤʠ-ɽʨʦʬʝʝʚ ʤʦʜʝʣʽʥ ץʦʣʜʘʥʳʧ, 100ÁC, 250ÁC, 

400ÁC ʞᴅʥʝ 500ÁC ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ 1, 2 ʞᴅʥʝ 3 ʩʘסʘʪ ᴇשʜʝʫ ʫʘץʳʪʳʤʝʥ 

ʙʝʨʽʣʛʝʥ ʜʝʨʝʢʪʝʨʜʽ ʧʘʡʜʘʣʘʥʘʤʳʟ. ɸʚʨʘʤʠ-ɽʨʦʬʝʝʚ ʤʦʜʝʣʽ ץʘʪʪʳ ʬʘʟʘʣʳץ 

ʨʝʘʢʮʠʷʣʘʨ ʥʝʤʝʩʝ ʬʘʟʘʣʳץ ʪװʨʣʝʥʫʣʝʨ ʧʨʦʮʝʩʪʝʨʽʥ ʩʠʧʘʪʪʘʡʜʳ ʞᴅʥʝ 

ʪʝʨʤʦʘʢʪʠʚʘʮʠʷסʘ ʞʘʨʘʤʜʳ, ʤײʥʜʘ ʞʳʣʜʘʤʜʳץ ʢʦʥʚʝʨʩʠʷ ʜᴅʨʝʞʝʩʽʥʝ ʞᴅʥʝ 

ʷʜʨʦʣʘʨʜʳש ᴇʩʫ ʤʝʭʘʥʠʟʤʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ. ʄʦʜʝʣʴ ʪʝשʜʝʫʽ (3.1) 

ʪʝשʜʝʫʛʝ ʩᴅʡʢʝʩ ʢᴇʨʩʝʪʽʣʛʝʥ.  

ʂʦʥʚʝʨʩʠʷ ʜᴅʨʝʞʝʩʽ ʤʳʥʘ ʬʦʨʤʫʣʘʤʝʥ ʝʩʝʧʪʝʣʝʜʽ: 

 

‌ ,          (3.1) 

 

ʤײʥʜʘסʳ: S ð ʘסʳʤʜʘסʳ P O  ʝʨʽʛʽʰʪʽʛʽ (%), S0 ð ʙʘʩʪʘʧץʳ ʝʨʽʛʽʰʪʽʢ (t=0 ʤᴅʥ 

ʨʝʪʽʥʜʝ ʵʢʩʪʨʘʧʦʣʷʮʠʷʣʘʥʘʜʳ, ᴅʜʝʪʪʝ ʝש ʘʟ ʥʝʤʝʩʝ ʥᴇʣ), Smax  ð ʤʘʢʩʠʤʘʣʜʳ 

ʝʨʽʛʽʰʪʽʢ (t=3ʩʘס ʤᴅʥʜʽ ʘʟʜʘʧ ʪװʟʝʪʫʤʝʥ ʘʣʘʤʳʟ, ʝʛʝʨ ʧʨʦʮʝʩʩ ʪʝʧʝ-ʪʝשʜʽʢʢʝ 

ʞʝʪʧʝʩʝ). 

S0=S(t=1)īkẗ1 ʜʝʧ ʙʦʣʞʘʡʤʳʟ (ʰʘʤʘʤʝʥ ʙʘʩʪʘʧץʳ ʤᴅʥ), ʙʽʨʘץ ʞʝשʽʣʜʝʪʫ 

 ʘʟ ʤᴅʥ ʥʝʤʝʩʝ ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʨʝʪʽʥʜʝ ʘʣʘʤʳʟ. Smax ʪʳ S(t=3)+1% ʜʝʧ שʰʽʥ S0 ʝװ

ʘʥʳץʪʘʡʤʳʟ (t>3ʩʘס ʳץʪʠʤʘʣ ᴇʩʫʜʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧ). 

n ʞᴅʥʝ k-ʥʳ ʘʥʳץʪʘʫ װʰʽʥ ln[īln(1īŬ)] ʞᴅʥʝ ln(t) ʝʩʝʧʪʝʡʤʽʟ (3.4-3.8 

ʢʝʩʪʝʣʝʨ). 
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ʂʝʩʪʝ 3.4 ï ɸ װʣʛʽʩʽ װʰʽʥ ɸʚʨʘʤʠ-ɽʨʦʬʝʝʚ ʤʦʜʝʣʽʥʽש ʪʘʣʜʘʫʳ 

 

ʊʝʤʧʝʨʘʪʫʨʘ 
ʋʘץʳʪ 

(ʩʘס) 
St S0 Smax Ŭ 1-Ŭ -ln(1-Ŭ) ln[-ln(1-Ŭ)] ln(t) 

100 

1 5 5 21 0.0 1.0 -0.0 -inf 0.0 

2 6 5 21 0.0625 0.9375 0.064 -2.740 0.693 

3 6 5 21 0.0625 0.9375 0.065 -2.740 1.098 

250 

1 10 5 21 0.3125 0.6875 0.374 -0.981 0.0 

2 11 5 21 0.375 0.625 0.470 -0.755 0.693 

3 12 5 21 0.4375 0.5625 0.575 -0.552 1.098 

400 

1 15 5 21 0.625 0.375 0.980 -0.019 0.0 

2 17 5 21 0.751 0.251 1.386 0.326 0.693 

3 18 5 21 0.812 0.187 1.673 0.515 1.098 

500 

1 18 5 21 0.812 0.187 1.673 0.515 0.0 

2 20 5 21 0.937 0.062 2.772 1.019 0.693 

3 21 5 21 1.000 0.0 inf inf 1.098 

 

 

ʂʝʩʪʝ 3.5 ï ɹ װʣʛʽʩʽ װʰʽʥ ɸʚʨʘʤʠ-ɽʨʦʬʝʝʚ ʤʦʜʝʣʽʥʽש ʪʘʣʜʘʫʳ 

 

ʊʝʤʧʝʨʘʪʫʨʘ 
ʋʘץʳʪ 

(ʩʘס) 
St S0 Smax Ŭ 1-Ŭ -ln(1-Ŭ) ln[-ln(1-Ŭ)] ln(t) 

100 

1 4 4 22 0.0 1.0 -0.0 -inf 0.0 

2 5 4 22 0.055 0.944 0.057 -2.861 0.693 

3 5 4 22 0.055 0.944 0.057 -2.861 1.098 

250 

1 10 4 22 0.333 0.666 0.405 -0.902 0.0 

2 10 4 22 0.333 0.666 0.405 -0.903 0.693 

3 11 4 22 0.388 0.611 0.492 -0.708 1.098 

400 

 

1 14 4 22 0.555 0.444 0.810 -0.209 0.0 

2 16 4 22 0.666 0.333 1.098 0.094 0.693 

3 17 4 22 0.722 0.277 1.280 0.247 1.098 

500 

1 19 4 22 0.833 0.166 1.791 0.583 0.0 

2 21 4 22 0.944 0.055 2.890 1.061 0.693 

3 22 4 22 1.0 0.0 inf inf 1.098 

 

ʂʝʩʪʝ 3.6 ï ɺ װʣʛʽʩʽ װʰʽʥ ɸʚʨʘʤʠ-ɽʨʦʬʝʝʚ ʤʦʜʝʣʽʥʽש ʪʘʣʜʘʫʳ 

 

ʊʝʤʧʝʨʘʪʫʨʘ 
ʋʘץʳʪ  

(ʩʘס) 
St S0 Smax Ŭ 1-Ŭ -ln(1-Ŭ) ln[-ln(1-Ŭ)] ln(t) 

100 

1 7 7 23 0.0 1.0 -0.0 -inf 0.0 

2 8 7 23 0.0625 0.9375 0.0645 -2.7404 0.6931 

3 8 7 23 0.0625 0.9375 0.0646 -2.7405 1.0986 

250 

1 12 7 23 0.3125 0.6875 0.3746 -0.9816 0.0 

2 13 7 23 0.375 0.625 0.4700 -0.7550 0.6931 

3 14 7 23 0.4375 0.5625 0.5753 -0.5527 1.0986 

400 

1 17 7 23 0.625 0.375 0.9808 -0.0193 0.0 

2 19 7 23 0.75 0.25 1.3862 0.3266 0.6931 

3 19 7 23 0.75 0.25 1.3863 0.3266 1.0986 

500 

1 22 7 23 0.9375 0.0625 2.7725 1.0197 0.0 

2 22 7 23 0.9375 0.0625 2.7726 1.0198 0.6931 

3 23 7 23 1.0 0.0 inf inf 1.0986 
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ʂʝʩʪʝ 3.7 ï ɻ װʣʛʽʩʽ װʰʽʥ ɸʚʨʘʤʠ-ɽʨʦʬʝʝʚ ʤʦʜʝʣʽʥʽש ʪʘʣʜʘʫʳ 

 

ʊʝʤʧʝʨʘʪʫʨʘ 
ʋʘץʳʪ 

(ʩʘס) 
St S0 Smax Ŭ 1-Ŭ -ln(1-Ŭ) ln[-ln(1-Ŭ)] ln(t) 

100 

1 6 6 24 0.0 1.0 -0.0 -inf 0.0 

2 7 6 24 0.0556 0.9444 0.0571 -2.8619 0.6931 

3 7 6 24 0.0557 0.9445 0.0572 -2.8620 1.0986 

250 

1 11 6 24 0.2777 0.7222 0.3254 -1.1226 0.0 

2 12 6 24 0.3334 0.6666 0.4054 -0.9027 0.6931 

3 13 6 24 0.3888 0.6111 0.4924 -0.7083 1.0986 

400 

1 16 6 24 0.5556 0.4444 0.8109 -0.2095 0.0 

2 18 6 24 0.6667 0.3334 1.0986 0.0940 0.6931 

3 19 6 24 0.7223 0.2777 1.2809 0.2475 1.0986 

500 

1 21 6 24 0.8334 0.1667 1.7917 0.5831 0.0 

2 23 6 24 0.9445 0.0555 2.8903 1.0613 0.6931 

3 24 6 24 1.0 0.0 inf inf 1.0986 

 

ʂʝʩʪʝ 3.8 ï ɼ װʣʛʽʩʽ װʰʽʥ ɸʚʨʘʤʠ-ɽʨʦʬʝʝʚ ʤʦʜʝʣʽʥʽש ʪʘʣʜʘʫʳ 

 

ʊʝʤʧʝʨʘʪʫʨʘ 
ʋʘץʳʪ 

(ʩʘס) 
St S0 Smax Ŭ 1-Ŭ -ln(1-Ŭ) ln[-ln(1-Ŭ)] ln(t) 

100 

1 3 3 21 0.0 1.0 -0.0 -inf 0.0 

2 4 3 21 0.0555 0.9444 0.0571 -2.8619 0.6931 

3 4 3 21 0.0556 0.9445 0.0572 -2.8620 1.0986 

250 

1 12 3 21 0.5 0.5 0.6931 -0.3665 0.0 

2 12 3 21 0.5 0.5 0.6932 -0.3667 0.6931 

3 14 3 21 0.6111 0.3888 0.9444 -0.0571 1.0986 

400 

1 13 3 21 0.5557 0.4445 0.8109 -0.2095 0.0 

2 15 3 21 0.6666 0.3334 1.0986 0.0940 0.6931 

3 16 3 21 0.7222 0.2778 1.2809 0.2475 1.0986 

500 

1 18 3 21 0.8333 0.1667 1.7917 0.5831 0.0 

2 19 3 21 0.8889 0.1112 2.1972 0.7871 0.6931 

3 21 3 21 1.0 0.0 inf inf 1.0986 

 

3.23-ʩʫʨʝʪʢʝ ʩᴅʡʢʝʩ ʙʘʨʣʳץ ʪʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽ װʰʽʥ ln[īln(1īŬ)] / ln(t) 

ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʢʪʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ.  

 

 

 

 

 

 

 

 

 



 90 

 

 
 

ʉʫʨʝʪ 3.23 - ɸ-ɼ ʪʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽ װʰʽʥ ln[īln(1īŬ)] / ln(t) ʪᴅʫʝʣʜʽʣʽʢ 

ʛʨʘʬʠʢʪʝʨʽ 

 

ln[īln(1īŬ)] / ln(t) ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʢʪʝʨʽ ʝʩʝʧʪʝʫ ʘʨץʳʣʳ ᴅʨʙʽʨ װʣʛʽ װʰʽʥ 

ʨʝʘʢʮʠʷ ʨʝʪʽ (n) ʢʝʣʝʩʽ ᴇʨʥʝʢʪʝʨʛʝ ʩᴅʡʢʝʩ ʘʥʳץʪʘʣʜʳ:  

ln[īln(1īŬ)]=ī0,676ẗln(t)+b (ɸ װʣʛʽʩʽ) 

ln[īln(1īŬ)]=ī0,827ẗln(t)+b (ɹ װʣʛʽʩʽ) 

ln[īln(1īŬ)]=ī0,890ẗln(t)+b (ɺ װʣʛʽʩʽ) 

ln[īln(1īŬ)]=ī0,755ẗln(t)+b (ɻ װʣʛʽʩʽ) 

ln[īln(1īŬ)]=ī0,818ẗln(t)+b (ɼ װʣʛʽʩʽ) 

 

ᴄʨʽ ץʘʨʘʡ (2.3) ʪʝשʜʝʫʽʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ ɸʨʨʝʥʠʫʩ ʤʦʜʝʣʽ ʙʦʡʳʥʰʘ 

ʙʝʣʩʝʥʜʽʨʫ ʵʥʝʨʛʠʷʣʘʨʳ ʝʩʝʧʪʝʣʽʥʜʽ (3.24-ʩʫʨʝʪ).  
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ʉʫʨʝʪ 3.24 - ɸ-ɼ ʪʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽ װʰʽʥ ɸʨʨʝʥʠʫʩ ʛʨʘʬʠʢʪʝʨʽ 

 

ɿʝʨʪʪʝʣʽʧ ʦʪʳʨסʘʥ ʧʨʦʮʝʩʩ ð ʬʦʩʬʦʨײץʨʘʤʜʳ ץʘʪʪʳ ʬʘʟʘʜʘסʳ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש (ᴅʩʽʨʝʩʝ P2O5) 2%-ʜʳץ ʣʠʤʦʥ ץʳʰץʳʣʳʥʜʘסʳ ʝʨʫ ʢʠʥʝʪʠʢʘʩʳ. 

ʇʨʦʮʝʩʩ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʞʦסʘʨʳʣʘʫʳʤʝʥ ʞᴅʥʝ ᴇשʜʝʫ ʫʘץʳʪʳʤʝʥ ʪʳסʳʟ 

ʙʘʡʣʘʥʳʩʪʳ. ʆʥʳש ʢʠʥʝʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʥʘץʪʳʣʘʫ ʤʘץʩʘʪʳʥʜʘ 

ɸʚʨʘʤʠïɽʨʦʬʝʝʚ ʞᴅʥʝ ɸʨʨʝʥʠʫʩ ʤʦʜʝʣʴʜʝʨʽ ץʦʣʜʘʥʳʣʜʳ. ɹײʣ ʤʦʜʝʣʴʜʝʨ 

 ʰʽʥװ ʨʝʘʢʮʠʷʣʘʨ ץʨʣʝʥʫʣʝʨ ʤʝʥ ʭʠʤʠʷʣʳװʪ ץʡʝʣʝʨʜʝʛʽ ʬʘʟʘʣʳװʞ ץʘʪʪʳʬʘʟʘʣʳץ

ʢʝשʽʥʝʥ ʪʘʥʳʤʘʣ ʞᴅʥʝ ʪʠʽʤʜʽ ײץʨʘʣ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

ɸʚʨʘʤʠ-ɽʨʦʬʝʝʚ ʤʦʜʝʣʽ ץʘʪʪʳ ʜʝʥʝʣʽʢ ᴇʟʛʝʨʽʩʪʽש ʝʢʽ ʥʝʛʽʟʛʽ ʢʝʟʝשʜʽ 

 ʧʘʡʜʘ ʙʦʣʫʳ ʞᴅʥʝ (ʥʫʢʣʝʘʮʠʷ) שʘʤʪʠʪʳʥʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ: ʟʘʨʦʜʳʰʪʘʨʜʳץ

ʦʣʘʨʜʳש ʢʝʡʽʥʥʝʥ ᴇʩʫʽ. ʈʝʘʢʮʠʷ ʞʳʣʜʘʤʜʳסʳ ʪʝʢ ʨʝʘʛʝʥʪʪʝʨʜʽש ʭʠʤʠʷʣʳץ 

ʙʝʣʩʝʥʜʽʣʽʛʽʤʝʥ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʛʝʦʤʝʪʨʠʷʣʳץ ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ 

ʬʘʢʪʦʨʣʘʨʤʝʥ, , ʙᴇʣʰʝʢʪʝʨʜʽש ʤᴇʣʰʝʨʽ, ʟʘʨʦʜʳʰʪʘʨʜʳש ʪʳסʳʟʜʳסʳ ʞᴅʥʝ 

ʦʣʘʨʜʳש ᴇʩʫ ʤʝʭʘʥʠʟʤʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ. ʂʣʘʩʩʠʢʘʣʳץ ʢʠʥʝʪʠʢʘʣʳץ 

ʤʦʜʝʣʴʜʝʨʜʝʥ (ʥᴇʣʜʽʢ ʥʝʤʝʩʝ ʙʽʨʽʥʰʽ ʨʝʪʪʽʢ) ʘʡʳʨʤʘʰʳʣʳסʳ, ʙײʣ ʤʦʜʝʣʴ 

ʧʨʦʮʝʩʪʽש ʢʝשʽʩʪʽʢʪʽʢ ʙʽʨʪʝʢʪʽ ʝʤʝʩʪʽʛʽʥ ʞᴅʥʝ ᴇʩʽʧ ʞʘʪץʘʥ ʜʦʤʝʥʜʝʨʜʽש 

 ʨʜʝʣʽװʪʳ ʢץʦʩʧʘʣʘʨʳ ʩʠʷץʣ ʦʥʳ ʪʫʢʦײʤʢʽʥʜʽʛʽʥ ʝʩʢʝʨʝʜʽ, ʙװʘʙʘʪʪʘʩʫ ʤץ

ʢᴇʧʢʦʤʧʦʥʝʥʪʪʽ ʞװʡʝʣʝʨʜʽ ʩʠʧʘʪʪʘʫסʘ ᴇʪʝ ץʦʣʘʡʣʳ ʝʪʝʜʽ. 

ɸʚʨʘʤʠïɽʨʦʬʝʝʚ ʤʦʜʝʣʽ ʬʘʟʘʣʳץ ʘʫʳʩʫ ʧʨʦʮʝʩʽʥ ʩʠʧʘʪʪʘʫסʘ ʘʨʥʘʣסʘʥ 

ʞᴅʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨʜʽ Ŭ ï ʨʝʘʢʮʠʷ ʜᴅʨʝʞʝʩʽʥʝ ʪᴅʫʝʣʜʽ ʫʘץʳʪ 

ʬʫʥʢʮʠʷʩʳ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʘʜʳ. ᴄʨ ʩʳʥʘʤʘ װʰʽʥ ln[īln(1īŬ)] ʞᴅʥʝ ln(t) 

ʘʨʘʩʳʥʜʘסʳ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʢʪʝʨʽ ʪײʨסʳʟʳʣʳʧ, ʨʝʘʢʮʠʷ ʪᴅʨʪʽʙʽ n ʘʥʳץʪʘʣʜʳ. 

ɹʘʨʣʳץ ʙʝʩ ʩʳʥʘʤʘʜʘ ʘʣʳʥסʘʥ n ʤᴅʥʜʝʨʽ ʪʝʨʽʩ ʙʦʣסʘʥʳʤʝʥ (ʰʘʤʘʤʝʥ 

ī0.68ī0.89 ʘʨʘʣʳסʳʥʜʘ), ʙײʣ ʜʝʨʝʢʪʝʨʜʽש ʰʝʢʪʝʫʣʽ ʩʘʥʳʤʝʥ ʞᴅʥʝ 

ʙʘʩʪʘʧץʳ/ʪװʧʢʽ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʜʳ ʪʘשʜʘʫ ʝʨʝʢʰʝʣʽʛʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʜʝʧ 

ʙʘסʘʣʘʥʜʳ. ɹײʣ ʞʝʨʜʝ ʨʝʘʢʮʠʷʥʳש ᴇʪʝ ʞʳʣʜʘʤ ʙʘʩʪʘʣʳʧ, ʢʝʡʽʥʥʝʥ ʪʦץʪʘʫʳ 
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ʥʝʤʝʩʝ ʰʝʢʪʝʫʣʽ ʜʠʬʬʫʟʠʷʤʝʥ ᴇʪʫʽ ʳץʪʠʤʘʣ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ץʘʪʪʳʬʘʟʘʣʳץ 

ʞװʡʝʣʝʨʜʝ Ŭ=0 ʥʝʤʝʩʝ Ŭ=1 ʰʝʛʽʥʜʝʛʽ ʤᴅʥʜʝʨ ʣʦʛʘʨʠʬʤʜʽʢ ᴇʨʥʝʢʪʝʨʜʝ 

ʰʝʢʩʽʟʜʽʢʢʝ ᴅʢʝʣʽʧ ʩʦסʘʜʳ, ʙײʣ ʤʦʜʝʣʴʜʽש ʥʘץʪʳ ʪᴅʞʽʨʠʙʝʣʽʢ ʠʥʪʝʨʧʨʝʪʘʮʠʷʩʳʥ 

ʢװʨʜʝʣʝʥʜʽʨʝʜʽ. ʉʦʣ ʩʝʙʝʧʪʽ ɸʚʨʘʤʠ ʤʦʜʝʣʴʜʝʨʽʤʝʥ ʘʣʳʥסʘʥ ʪʨʝʥʜʪʝʨ ʩʘʧʘʣʳ 

ʩʠʧʘʪʪʘ ץʦʣʜʘʥʳʣʜʳ. 

ɸʨʨʝʥʠʫʩ ʪʝשʜʝʫʽ ʥʝʛʽʟʽʥʜʝ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʙʘʡʣʘʥʳʩʪʳ ʞʳʣʜʘʤʜʳץ 

ʢʦʥʩʪʘʥʪʘʣʘʨʳʥ  ln(k) ʧʝʥ 1/T ʢʦʦʨʜʠʥʘʪʘʣʘʨʳʥʜʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷʣʘʫ ʘʨץʳʣʳ 

ʙʝʣʩʝʥʜʽʨʫ ʵʥʝʨʛʠʷʩʳ Ea ʝʩʝʧʪʝʣʜʽ. ʉʳʥʘʤʘʣʘʨ װʰʽʥ ʘʣʳʥסʘʥ ʜʝʨʝʢʪʝʨ ʰʳʥʘʡʳ 

ʧʨʦʮʝʩʪʽש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʩʘʡ ʢʝʣʫʽ װʰʽʥ ʛʠʧʦʪʝʪʠʢʘʣʳץ 

ʪװʨʜʝ ʪʦʣʳץʪʳʨʳʣʳʧ, ʣʦʛʠʢʘʣʳץ ᴇʩʽʤʜʽʢʧʝʥ ʪװʟʝʪʽʣʜʽ. 

ʅᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ ʙʝʣʩʝʥʜʽʨʫ ʵʥʝʨʛʠʷʣʘʨʳ ʤʳʥʘʜʘʡ: ɸ װʣʛʽʩʽ ï 7.33 

ʢɼʞ/ʤʦʣʴ, ɹ װʣʛʽʩʽ ï 7.59 ʢɼʞ/ʤʦʣʴ, ɺ װʣʛʽʩʽ ï 9.01 ʢɼʞ/ʤʦʣʴ, ɻ װʣʛʽʩʽ ï 6.72 

ʢɼʞ/ʤʦʣʴ, ɼ װʣʛʽʩʽ ï 6.72 ʢɼʞ/ʤʦʣʴ. 

ɹײʣ ʤᴅʥʜʝʨ ʪᴇʤʝʥ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʪʦʩץʘʫʳʣʤʝʥ ʞװʨʝʪʽʥ ʧʨʦʮʝʩʪʽ 

ʩʠʧʘʪʪʘʡʜʳ (5ï10 ʢɼʞ/ʤʦʣʴ ʘʨʘʣʳסʳ). ɹײʣ ð ʟʝʨʪʪʝʣʽʧ ʦʪʳʨסʘʥ ʞװʡʝ װʰʽʥ ʠʦʥ 

ʘʣʤʘʩʪʳʨʫ/ʜʠʩʩʦʮʠʘʮʠʷ ʤʝʭʘʥʠʟʤʽ ʥʝʤʝʩʝ ץʘʪʪʳ ʬʘʟʘʜʘʥ ʝʨʽʪʽʥʜʽʛʝ ʘʫʳʩʫ 

ʩʠʷץʪʳ ʜʠʬʬʫʟʠʷʣʳץ ʤʝʭʘʥʠʟʤʜʝʨ ʙʘʩʳʤ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʉʳʥʘʤʘ ɺ װʰʽʥ ʙʝʣʩʝʥʜʽʨʫ ʵʥʝʨʛʠʷʩʳʥʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʞʦסʘʨʳ 

ʙʦʣʫʳ (Ea=9.01) ʦʥʳײץ שʨʳʣʳʤʳʥʳש ʙʝʨʽʢʪʽʣʽʛʽʤʝʥ ʥʝʤʝʩʝ ʝʨʫ ʧʨʦʮʝʩʽʥʜʝ 

 ʩʽʥʜʽʨʽʣʝʜʽ. ɸʣ ɻ ʞᴅʥʝ ɼװʙʦʣʫʳʤʝʥ ʪ שʘʫʳʣʜʳץʪʦʩ ץʦʩʳʤʰʘ ʬʘʟʘʣʳץ

ʩʳʥʘʤʘʣʘʨʳʥʜʘסʳ ʪᴇʤʝʥ Ea ʤᴅʥʜʝʨʽ ʦʣʘʨʜʳײץ שʨʳʣʳʤʳʥʜʘ ʘʰʳץ ʥʝʤʝʩʝ 

ʙʝʣʩʝʥʜʽ ץʫʳʩʪʘʨʜʳש ʙʦʣʫʳʥ, ʩʦʥʜʘʡ-ʘץ ʙʝʪʪʽʢ ʵʥʝʨʛʠʷʥʳש ʪᴇʤʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʫʽ 

ʤװʤʢʽʥ. 

ɾװʨʛʽʟʽʣʛʝʥ ʢʠʥʝʪʠʢʘʣʳץ ʪʘʣʜʘʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʟʝʨʪʪʝʣʛʝʥ ʧʨʦʮʝʩʢʝ 

ɸʚʨʘʤʠïɽʨʦʬʝʝʚ ʞᴅʥʝ ɸʨʨʝʥʠʫʩ ʤʦʜʝʣʴʜʝʨʽʥ ץʦʣʜʘʥʫ ʝʨʫ ʤʝʭʘʥʠʟʤʽʥ 

ʩʠʧʘʪʪʘʫʜʘ ʪʠʽʤʜʽ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʬʘʟʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨʜʽש ʞʘʨʪʳʣʘʡ 

ʜʠʬʬʫʟʠʷʣʳץ, ʪᴇʤʝʥ ʙʝʣʩʝʥʜʽʨʫ ʵʥʝʨʛʠʷʩʳʤʝʥ ʞװʨʝʪʽʥ, ʫʘץʳʪʧʝʥ ʰʝʢʪʝʣʛʝʥ 

ʨʝʘʢʮʠʷʣʘʨ ʝʢʝʥʜʽʛʽʥ ʜᴅʣʝʣʜʝʡʜʽ. ɹײʣ ʪײʞʳʨʳʤʜʘʨ ʟʝʨʪʪʝʣʽʧ ʦʪʳʨסʘʥ 

ʞװʡʝʣʝʨʜʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽʢ 

ʤʘʩʰʪʘʙץʘ ʙʝʡʽʤʜʝʫ װʰʽʥ ʤʘשʳʟʜʳ ʥʝʛʽʟ ʙʦʣʘ ʘʣʘʜʳ. 

ɸʚʨʘʤʠ-ɽʨʦʬʝʝʚ ʤʦʜʝʣʽ ʢʝʣʝʩʽ ʙʦʣʞʘʤʜʘʨסʘ ʥʝʛʽʟʜʝʣʛʝʥ: 

1. ʂʝʟʜʝʡʩʦץ ʥʫʢʣʝʘʮʠʷ: ᴆʩʽʥʜʽʣʝʨ ʤʘʪʝʨʠʘʣʜʳש ʢᴇʣʝʤʽʥʜʝ ʥʝʤʝʩʝ 

ʙʝʪʽʥʜʝ ʢʝʟʜʝʡʩʦץ ʪװʨʜʝ ʪײʨʘץʪʳ ʥʝʤʝʩʝ ᴇʟʛʝʨʤʝʣʽ ʞʳʣʜʘʤʜʳץʧʝʥ ʧʘʡʜʘ 

ʙʦʣʘʜʳ. 

2. ɻʝʦʤʝʪʨʠʷʣʳץ ᴇʩʫ: ᴆʩʽʥʜʽʣʝʨ ʙʽʨ, ʝʢʽ ʥʝʤʝʩʝ װʰ ᴇʣʰʝʤʜʝ ʪײʨʘץʪʳ 

ʞʳʣʜʘʤʜʳץʧʝʥ ᴇʩʝʜʽ, ʦʣʘʨ ץʘʙʘʪʪʘʩץʘʥסʘ ʜʝʡʽʥ. 

3. ɽʢʽʥʰʽʣʽʢ ᴅʩʝʨʣʝʨʜʽש ʙʦʣʤʘʫʳ: ɼʠʬʬʫʟʠʷ, ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʥʝʤʝʩʝ 

ʦʨʪʘʥʳײץ שʨʘʤʳʥʳש ᴇʟʛʝʨʫʽ ʩʠʷץʪʳ ᴅʩʝʨʣʝʨ ʤʠʥʠʤʘʣʜʳ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ ʥʝʤʝʩʝ 

(n) ʞᴅʥʝ (k) ʧʘʨʘʤʝʪʨʣʝʨʽʥʜʝ ʝʩʢʝʨʽʣʝʜʽ. 

4. ʄʘʢʨʦ ʜʝשʛʝʡʜʝʛʽ ʙʽʨʪʝʢʪʽʣʽʢ: ɾװʡʝ ʛʝʪʝʨʦʛʝʥʜʽ ʙʦʣסʘʥʳʤʝʥ, ʤʦʜʝʣʴ 

ʤʘʢʨʦʩʢʦʧʠʷʣʳץ ʢᴇʣʝʤʜʝʨ ʜʝשʛʝʡʽʥʜʝ ʦʨʪʘʰʘ ץʘʩʠʝʪʪʝʨʜʽ ץʘʨʘʩʪʳʨʘʜʳ. 

ɸʣʘʡʜʘ, ʙײʣ ʙʦʣʞʘʤʜʘʨ ʥʘץʪʳ ʞװʡʝʣʝʨʜʝ, , ʪʫʢʦץʦʩʧʘʣʘʨʜʳ ʙײʟʳʣʫʳ 

ʤװʤʢʽʥ, ʦʥʜʘ ʙʽʨʥʝʰʝ ʬʘʟʘ (ʘʧʘʪʠʪ, ʢᴇʤʽʨʪʝʛʽ, ʢʘʨʙʦʥʘʪʪʘʨ) ʙʘʨ ʞᴅʥʝ ʢװʨʜʝʣʽ 

ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʣʝʨ ʞװʨʝʜʽ. ʄײʥʜʘʡ ʞʘסʜʘʡʣʘʨʜʘ (n) ʞᴅʥʝ (k) ʧʨʦʮʝʩʪʽש 



 93 

ʢʝʟʝשʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʫʽ ʤװʤʢʽʥ, ʙײʣ ʤʦʜʝʣʴʜʽ ʢᴇʧ ʩʘʪʳʣʳ ʧʨʦʮʝʩʪʝʨʜʽ 

ʝʩʢʝʨʝ ʦʪʳʨʳʧ ʥʘץʪʳʣʘʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. 

ʊʫʢʦץʦʩʧʘʣʘʨʜʳ ʪʝʨʤʦʘʢʪʠʚʘʮʠʷʣʘʫ ʢʦʥʪʝʢʩʪʽʥʜʝ ɸʚʨʘʤʠ-ɽʨʦʬʝʝʚ 

ʤʦʜʝʣʽ ʘʧʘʪʠʪʪʽש ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ץʦʩʧʘʣʘʨ (ץʦשʳʨ ʢᴇʤʽʨ, ʘʨʰʳʣסʘʥ ʞʳʥʳʩʪʘʨ, 

ʜʦʣʦʤʠʪ) ᴅʩʝʨʽʥʝʥ ʝʨʽʛʽʰ ʬʦʩʬʘʪ ʬʦʨʤʘʣʘʨʳʥʘ ʘʡʥʘʣʫ ʢʠʥʝʪʠʢʘʩʳʥ ʩʠʧʘʪʪʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʇʨʦʮʝʩʩ ʤʳʥʘʣʘʨʜʳ ץʘʤʪʠʜʳ: 

- ɻʠʜʨʦʢʩʠʘʧʘʪʠʪʪʽש ʳʜʳʨʘʫʳ ʞᴅʥʝ ʙʝʣʩʝʥʜʽ ʬʘʟʘʣʘʨʜʳש (Ca P O  ʥʝʤʝʩʝ 

Ca (PO ) ) ʧʘʡʜʘ ʙʦʣʫʳ, 

 ,ʬʦʩʬʘʪʪʘʨʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽ שʘʥ ʢᴇʤʽʨʪʝʛʽʥʽסʳʨ ʢᴇʤʽʨʜʝʥ ʘʣʳʥשʦפ -

ʦʣʘʨʜʳש ʪʦʪʳץʩʳʟʜʘʥʫʳʥʘ ʳץʧʘʣ ʝʪʫ, 

- ɼʦʣʦʤʠʪʪʽש CO  ʙᴇʣʽʥʫʽʤʝʥ ʳʜʳʨʘʫʳ ʞᴅʥʝ pH ʤʝʥ ʝʨʽʛʽʰʪʽʢʢʝ ᴅʩʝʨ 

ʝʪʝʪʽʥ CaO ʪװʟʽʣʫʽ. 

ɸʚʨʘʤʠ-ɽʨʦʬʝʝʚ ʤʦʜʝʣʽʥʽש ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʜʝʨʽ ʪʫʢʦץʦʩʧʘʣʘʨʜʳ 

ʪʝʨʤʦʘʢʪʠʚʘʮʠʷʣʘʫ ʢʠʥʝʪʠʢʘʩʳʥ ʪʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ ץʫʘʪʪʳ ײץʨʘʣʜʳ ײʩʳʥʘʜʳ, 

P O  ʝʨʽʛʽʰʪʽʛʽ ʪʫʨʘʣʳ ʪᴅʞʽʨʠʙʝʣʽʢ ʜʝʨʝʢʪʝʨʜʽ ʥʫʢʣʝʘʮʠʷ ʤʝʥ ᴇʩʫ 

ʤʝʭʘʥʠʟʤʜʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʟʝʨʪʪʝʫʜʝ ʤʦʜʝʣʴʜʽ 

 ʨʜʝʣʽװʘ ʞᴅʥʝ ʢסʪʘʫץʪʘʡʣʳ ʰʘʨʪʪʘʨʳʥ ʘʥʳשʦ שʜʝʫʜʽשʦʣʜʘʥʫ ʪʝʨʤʦᴇץ

ʢᴇʧʢʦʤʧʦʥʝʥʪʪʽ ʞװʡʝʣʝʨʜʝ ʙʦʣʘʪʳʥ ʧʨʦʮʝʩʪʝʨʜʽ ʪװʩʽʥʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. 

ʊʝʤʧʝʨʘʪʫʨʘʥʳ, ץʦʩʧʘʥʳײץ שʨʘʤʳʥ ʞᴅʥʝ ᴇשʜʝʫ ʫʘץʳʪʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʙײʣ 

ʤʦʜʝʣʴ ʰʘʨʪץʘ ʩᴅʡʢʝʩʩʽʟ ʬʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪʪʳ ᴇשʜʝʫʜʽש ʪʠʽʤʜʽ ʪʝʭʥʦʣʦʛʠʷʩʳʥ 

ᴅʟʽʨʣʝʫʛʝ ʳץʧʘʣ ʝʪʝʜʽ, ʙײʣ סʳʣʳʤʠ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟסʘ ʠʝ. 

 

3.5 ʊʫʢʦץʦʩʧʘʣʘʨ װʣʛʽʣʝʨʽʥ ʘʣʫ ʞᴅʥʝ ʦʣʘʨʜʳש ʩʠʧʘʪʪʘʤʘʩʳ 

3.9-3.13 ʢʝʩʪʝʣʝʨʛʝ ʩᴅʡʢʝʩ ʘʣʳʥסʘʥ ʪʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש ʭʠʤʠʷʣʳץ 

  .ʨʘʤʳ ʢʝʣʪʽʨʽʣʛʝʥײץ

 

ʂʝʩʪʝ 3.9 ï ʊʫʢʦץʦʩʧʘ װʣʛʽʩʽʥʽש (ɸ) ʭʠʤʠʷʣʳײץ ץʨʘʤʳ 

 
ʂʦʤʧʦʥʝʥʪʪʝʨ 100ÁC (%) 250ÁC (%) 400ÁC (%) 500ÁC (%) 

P O 6.00 7.00 15.00 21.00 

CaO 20.00 20.00 25.00 30.00 

MgO 0.10 0.11 0.12 0.13 

SiO 40.00 42.00 38.00 35.00 

Al O 20.00 20.00 15.00 10.00 

Fe O 0.065 0.070 0.075 0.080 

ZnO 0.027 0.028 0.029 0.030 

ʂᴇʤʽʨʪʝʛʽ (C) 13.80 10.79 6.75 3.75 
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ʂʝʩʪʝ 3.10ï ʊʫʢʦץʦʩʧʘ װʣʛʽʩʽʥʽש (ɹ) ʭʠʤʠʷʣʳײץ ץʨʘʤʳ 

 
ʂʦʤʧʦʥʝʥʪʪʝʨ 100ÁC (%) 250ÁC (%) 400ÁC (%) 500ÁC (%) 

P O 6.00 8.00 16.00 22.00 

CaO 18.00 18.00 23.00 28.00 

MgO 0.099 0.109 0.119 0.129 

SiO 42.00 44.00 40.00 37.00 

Al O 18.00 18.00 13.00 9.00 

Fe O 0.064 0.070 0.075 0.080 

ZnO 0.0265 0.0275 0.0285 0.0295 

ʂᴇʤʽʨʪʝʛʽ (C) 15.80 11.79 7.75 3.75 

 

ʂʝʩʪʝ 3.11 ï ʊʫʢʦץʦʩʧʘ װʣʛʽʩʽʥʽש (ɺ) ʭʠʤʠʷʣʳײץ ץʨʘʤʳ 

 
ʂʦʤʧʦʥʝʥʪʪʝʨ 100ÁC (%) 250ÁC (%) 400ÁC (%) 500ÁC (%) 

P O 6.00 11.00 17.00 23.00 

CaO 15.00 15.00 20.00 25.00 

MgO 0.105 0.115 0.125 0.138 

SiO 38.00 40.00 36.00 33.00 

Al O 25.00 23.00 18.00 13.00 

Fe O 0.068 0.073 0.079 0.084 

ZnO 0.0275 0.0285 0.0295 0.0309 

ʂᴇʤʽʨʪʝʛʽ (C) 15.80 10.79 6.75 3.75 

 

ʂʝʩʪʝ 3.12 ï ʊʫʢʦץʦʩʧʘ װʣʛʽʩʽʥʽש (ɻ) ʭʠʤʠʷʣʳײץ ץʨʘʤʳ 

 
ʂʦʤʧʦʥʝʥʪʪʝʨ 100ÁC (%) 250ÁC (%) 400ÁC (%) 500ÁC (%) 

P O 6.00 10.00 16.00 22.00 

CaO 16.00 16.00 21.00 26.00 

MgO 0.104 0.114 0.124 0.137 

SiO 40.00 42.00 38.00 35.00 

Al O 22.00 20.00 16.00 12.00 

Fe O 0.067 0.073 0.078 0.083 

ZnO 0.0273 0.0283 0.0293 0.0307 

ʂᴇʤʽʨʪʝʛʽ (C) 15.80 11.79 6.75 3.75 

 

ʂʝʩʪʝ 3.13 ï ʊʫʢʦץʦʩʧʘ װʣʛʽʩʽʥʽש (ɼ) ʭʠʤʠʷʣʳײץ ץʨʘʤʳ 

 
ʂʦʤʧʦʥʝʥʪʪʝʨ 100ÁC (%) 250ÁC (%) 400ÁC (%) 500ÁC (%) 

P O 6.00 9.00 15.00 21.00 

CaO 20.00 20.00 25.00 30.00 

MgO 0.098 0.108 0.118 0.131 

SiO 44.00 46.00 42.00 38.00 

Al O 18.00 16.00 12.00 8.00 

Fe O 0.063 0.068 0.074 0.079 

ZnO 0.0260 0.0270 0.0280 0.0294 

ʂᴇʤʽʨʪʝʛʽ (C) 11.80 7.79 5.75 2.75 

 

ʊʫʢʦץʦʩʧʘʣʘʨʜʳש ɸ, ɹ, ɺ, ɻ ʞᴅʥʝ ɼ װʣʛʽʣʝʨʽʥʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ 

ʪʝʨʤʦᴇשʜʝʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ (100ÁC, 250ÁC, 400ÁC ʞᴅʥʝ 500ÁC) ʞᴅʥʝ ᴇשʜʝʫ 

ʫʘץʳʪʳ (1, 2, 3 ʩʘסʘʪ) ᴅʩʝʨʽʥʝʥ ʘʡʪʘʨʣʳץʪʘʡ ᴇʟʛʝʨʽʩʪʝʨʛʝ ײʰʳʨʘʡʜʳ. תʣʛʽʣʝʨʜʽש 
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ʨʘʤʳʥʜʘ ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʪʝʨ ʨʝʪʽʥʜʝ Pײץ O , CaO, MgO, SiO , Al O , Fe O , 

ZnO ʞᴅʥʝ ʢᴇʤʽʨʪʝʛʽ (C) ץʘʣʜʳץʪʘʨʳ ʙʘʨ. P O-ʪʳש ʤᴇʣʰʝʨʽ ʙʘʨʣʳװ ץʣʛʽʣʝʨʜʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ᴇʩʢʝʥ ʩʘʡʳʥ ʘʨʪʘʜʳ, , ɸ װʣʛʽʩʽʥʜʝ 100ÁC-ʪʘ 6%-ʜʘʥ 500ÁC-ʪʘ 21%-

 שʣ ʬʦʩʬʦʨʜʳײʘ ʜʝʡʽʥ ʞʝʪʝʜʽ. ɹס-ʣʛʽʩʽʥʜʝ 6%-ʜʘʥ 23%װ ʘ ʜʝʡʽʥ, ʘʣ ɺס

ʪʝʨʤʦᴇשʜʝʫ ʢʝʟʽʥʜʝ ʝʨʽʛʽʰ ʬʦʨʤʘʣʘʨסʘ ʘʡʥʘʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, ʘʣ ɺ ʞᴅʥʝ ɻ 

ʘʨʳ Pסʞʦ שʣʛʽʣʝʨʽʥʽװ O  ʤᴇʣʰʝʨʽ (ʪʠʽʩʽʥʰʝ 23% ʞᴅʥʝ 22% 500ÁC-ʪʘ) ʦʣʘʨʜʳש 

 ʢᴇʤʽʨʪʝʛʽ) שʦʩʧʘʣʘʨʜʳץ ʧʘʣ ʝʪʝʪʽʥ ʙʝʣʩʝʥʜʽץʘ ʳסʨʘʤʳʥʜʘ ʬʦʩʬʦʨʜʳ ʙʦʩʘʪʫײץ

ʥʝʤʝʩʝ ʦʢʩʠʜʪʝʨ) ʞʦסʘʨʳ ʙʦʣʫʳʤʝʥ ʪװʩʽʥʜʽʨʽʣʫʽ ʤװʤʢʽʥ. 

CaO ʤᴇʣʰʝʨʽ ʙʘʨʣʳװ ץʣʛʽʣʝʨʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ᴇʩʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʘʨʪʘʜʳ, 

ʩʝʙʝʙʽ ʦʣ ʜʦʣʦʤʠʪʪʽש ʳʜʳʨʘʫʳʥʘʥ ʧʘʡʜʘ ʙʦʣʘʜʳ, ʙʽʨʘץ ʝʥʜʽ ʬʦʩʬʦʨʠʪʪʽ 

ʰʠʢʽʟʘʪʧʝʥ ʜʦʣʦʤʠʪ ʝʩʝʧʪʝʥ ʰʳסʘʨʳʣסʘʥʜʳץʪʘʥ, ʦʥʳש ʤᴇʣʰʝʨʽ ʪʝʨʤʦᴇשʜʝʫ 

ʢʝʟʽʥʜʝʛʽ ʨʝʘʢʮʠʷʣʘʨʜʳש ᴇʥʽʤʽ ʨʝʪʽʥʜʝ ʥʦʨʤʠʣʝʥʛʝʥ. , ɸ ʞᴅʥʝ ɼ װʣʛʽʣʝʨʽʥʜʝ 

CaO 100ÁC-ʪʘ ʞʦץ ʙʦʣʩʘ, 500ÁC-ʪʘ ʪʠʽʩʽʥʰʝ 30%-סʘ ʞʝʪʝʜʽ, ʙײʣ ʦʣʘʨʜʳש 

ʙʘʩʪʘʧץʳ ײץʨʘʤʳʥʜʘ ʜʦʣʦʤʠʪʪʽש ʞʦסʘʨʳ ʙʦʣʫʳʥʘ ʞᴅʥʝ ʦʥʳש ʪʦʣʳץ ʳʜʳʨʘʫʳʥʘ 

ʥײʩץʘʡʜʳ. ɸʣ ɺ ʞᴅʥʝ ɻ װʣʛʽʣʝʨʽʥʜʝ CaO ʤᴇʣʰʝʨʽ (ʪʠʽʩʽʥʰʝ 25% ʞᴅʥʝ 26% 

500ÁC-ʪʘ) ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʪᴇʤʝʥ, ʙײʣ ʦʣʘʨʜʘ ʙʘʩץʘ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש (, 

SiO ) ʙʘʩʳʤ ʙʦʣʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. MgO ʤᴇʣʰʝʨʽ ʙʘʨʣʳװ ץʣʛʽʣʝʨʜʝ ᴇʪʝ ʪᴇʤʝʥ 

(0.098ï0.138%), ʙʽʨʘץ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʫʘץʳʪ ᴇʩʫʽʥʝ ץʘʨʘʡ ʘʨʪʘʜʳ, ʘʣ ɼ װʣʛʽʩʽ 

(0.131% 500ÁC-ʪʘ) MgO-ʥʳש ʞʦסʘʨʳ ץʦʣʞʝʪʽʤʜʽʣʽʛʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ, ʙײʣ ʦʥʳש 

ʙʘʩʪʘʧץʳ Mg ʢᴇʟʜʝʨʽʥʽש ʤʦʣʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. 

SiO  ʞᴅʥʝ Al O  ʤᴇʣʰʝʨʽ ʪʝʨʤʦᴇשʜʝʫ ʢʝʟʽʥʜʝ װʣʛʽʣʝʨ ʘʨʘʩʳʥʜʘ ᴅʨ ʪװʨʣʽ 

ʜʠʥʘʤʠʢʘסʘ ʠʝ. ɸ ʞᴅʥʝ ɻ װʣʛʽʣʝʨʽʥʜʝ SiO  ʤᴇʣʰʝʨʽ 100ÁC-ʪʘ 40% ʞᴅʥʝ 40%-ʜʘʥ 

500ÁC-ʪʘ ʪʠʽʩʽʥʰʝ 35% ʞᴅʥʝ 35%-סʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʡʜʽ, ʙײʣ P O  ʞᴅʥʝ CaO-ʥʳש 

ʘʨʪʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ, ʘʣ ɼ װʣʛʽʩʽʥʜʝ SiO  ʤᴇʣʰʝʨʽ (38% 500ÁC-ʪʘ) ʞʦסʘʨʳ 

 .ʙʘʩʳʤ ʙʦʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ שʨʘʤʳʥʜʘ ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʽʥʽײץ שʣ ʦʥʳײʘʣʘʜʳ, ʙץ

Al O  ʤᴇʣʰʝʨʽ ɺ װʣʛʽʩʽʥʜʝ (13% 500ÁC-ʪʘ) ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʞʦסʘʨʳ, ʘʣ ɼ 

 ʨʘʤʳ ʤʝʥײץ שʘʟʙʘ ʞʳʥʳʩʪʘʨʳʥʳץ ʣ ʽʰʢʽײʣʛʽʩʽʥʜʝ (8% 500ÁC-ʪʘ) ʪᴇʤʝʥ, ʙװ

ʦʣʘʨʜʳש ʪʝʨʤʦᴇשʜʝʫʛʝ ʨʝʘʢʮʠʷʩʳʥʳש ᴅʨʪʘʨʘʧʪʳʣʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. Fe O  ʞᴅʥʝ 

ZnO ʤᴇʣʰʝʨʽ ʙʘʨʣʳװ ץʣʛʽʣʝʨʜʝ ᴇʪʝ ʘʟ (0.063ï0.084% ʞᴅʥʝ 0.0260ï0.0309%), 

ʙʽʨʘץ ʦʣʘʨʜʳץ שʦʣʞʝʪʽʤʜʽʣʽʛʽ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʫʘץʳʪ ᴇʩʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʘʨʪʘʜʳ, ʘʣ ɺ װʣʛʽʩʽ (0.084% Fe O  ʞᴅʥʝ 0.0309% ZnO 500ÁC-ʪʘ) ʪʝʤʽʨ ʤʝʥ 

ʤʳʨʳʰʪʳש ʞʦסʘʨʳ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. 

ʂᴇʤʽʨʪʝʛʽ (C) ʤᴇʣʰʝʨʽ ʪʝʨʤʦᴇשʜʝʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ᴇʩʢʝʥ ʩʘʡʳʥ ʙʘʨʣʳץ 

 ʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. , ɸסʪʦʪʳ שʳʨ ʢᴇʤʽʨʜʽשʦץ ʣʛʽʣʝʨʜʝ ʘʟʘʷʜʳ, ʩʝʙʝʙʽ ʦʣװ

 ʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʡʜʽ, ʘʣ ɹס-ʣʛʽʩʽʥʜʝ 100ÁC-ʪʘ 13.80%-ʜʘʥ 500ÁC-ʪʘ 3.75%װ

 ʣ ɺײʘʨʘʜʳ. ɹץʳʩץ ʘ ʜʝʡʽʥס-ʳʜʘ 15.80% ʙʦʣʩʘ, 500ÁC-ʪʘ 3.75%ץʣʛʽʩʽʥʜʝ ʙʘʩʪʘʧװ

ʞᴅʥʝ ɻ װʣʛʽʣʝʨʽʥʜʝ ʢᴇʤʽʨʪʝʛʽʥʽש ʙʘʩʪʘʧץʳ ʤᴇʣʰʝʨʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ 

ʞʦסʘʨʳ ʙʦʣסʘʥʳʥ (15.80% 100ÁC-ʪʘ) ʞᴅʥʝ ʦʥʳש ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʪʦʣʳץʪʘʡ ʪʦʪʳסʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɼ װʣʛʽʩʽ ʢᴇʤʽʨʪʝʛʽʥʽש ʪᴇʤʝʥ 

ʙʘʩʪʘʧץʳ ʤᴇʣʰʝʨʽʤʝʥ (11.80% 100ÁC-ʪʘ) ʝʨʝʢʰʝʣʝʥʝʜʽ, ʙײʣ ʦʥʳץ שʦשʳʨ 

ʢᴇʤʽʨʜʽש ʘʟ ʤᴇʣʰʝʨʽʥ ץʘʤʪʳסʘʥʳʥ ʢᴇʨʩʝʪʫʽ ʤװʤʢʽʥ. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ɸ ʞᴅʥʝ ɼ װʣʛʽʣʝʨʽ CaO ʞᴅʥʝ SiO-סʘ ʙʘʡ, ʘʣ ɺ ʞᴅʥʝ ɻ 

ʣʛʽʣʝʨʽ Pװ O  ʞᴅʥʝ Al O-ץʘ ʙʘʡ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙײʣ ʦʣʘʨʜʳש ʙʘʩʪʘʧץʳ 

ʰʠʢʽʟʘʪʪʳש ᴅʨ ʪװʨʣʽ ץʦʩʧʘʣʘʨʳʥ ץʘʤʪʳסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ʄʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש 

(MgO, Fe O , ZnO) ץʦʣʞʝʪʽʤʜʽʣʽʛʽʥʽש ʘʨʪʫʳ ʪʝʨʤʦᴇשʜʝʫ ʢʝʟʽʥʜʝ ʤʠʥʝʨʘʣʜʘʨʜʳש 
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ʳʜʳʨʘʫʳʤʝʥ ʞᴅʥʝ ʠʦʥʜʘʨʜʳש ʙʦʩʘʪʳʣʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ, ʘʣ ɺ װʣʛʽʩʽ 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש ʝש ʞʦסʘʨʳ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. 

ʂᴇʤʽʨʪʝʛʽʥʽש ʘʟʘʶʳ ʙʘʨʣʳװ ץʣʛʽʣʝʨʜʝ ʙʽʨʢʝʣʢʽ ʙʦʣʩʘ ʜʘ, ʦʥʳש ʙʘʩʪʘʧץʳ 

ʤᴇʣʰʝʨʽ װʣʛʽʣʝʨ ʘʨʘʩʳʥʜʘ ᴅʨ ʪװʨʣʽ, ʙײʣ ץʦשʳʨ ʢᴇʤʽʨʜʽש ʧʨʦʧʦʨʮʠʷʩʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ. ʆʩʳ ʪʘʣʜʘʫ ʪʫʢʦץʦʩʧʘʣʘʨʜʳש ʪʝʨʤʦʘʢʪʠʚʘʮʠʷ ʧʨʦʮʝʩʽʥʜʝʛʽ ᴅʨ 

ʪװʨʣʽ ʤʽʥʝʟ-ײץʣץʳʥ ʪװʩʽʥʫʛʝ ʞᴅʥʝ ʦʣʘʨʜʳ ʘʛʨʦʭʠʤʠʷʣʳץ ʤʘץʩʘʪʪʘʨʜʘ ץʦʣʜʘʥʫ 

ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [123-125]. 

ʊᴇʤʝʥʜʝʛʽ ʩʫʨʝʪʪʝʨʜʝ (3.25-3.29) ʪʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʽש ʵʣʝʤʝʥʪʪʽʢ 

 .ʢᴇʨʩʝʪʢʽʰʧʝʥ  ʢᴇʨʩʝʪʽʣʛʝʥ ץʨʘʤʳ ʧʘʡʳʟʜʳײץ

 

 
 

ʉʫʨʝʪ 3.25 - (ɸ) ʩʳʥʘʤʘʣʳ ʪʫʢʦץʦʩʧʘʥʳש  ʤʠʢʨʦʩʢʦʧʠʷʣʳץ ʪʘʣʜʘʫ r

 

 
 

ʉʫʨʝʪ 3.26 - (ɹ) ʩʳʥʘʤʘʣʳ ʪʫʢʦץʦʩʧʘʥʳש  ʤʠʢʨʦʩʢʦʧʠʷʣʳץ ʪʘʣʜʘʫ r
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ʉʫʨʝʪ 3.27 - (ɺ) ʩʳʥʘʤʘʣʳ ʪʫʢʦץʦʩʧʘʥʳש  ʤʠʢʨʦʩʢʦʧʠʷʣʳץ ʪʘʣʜʘʫ r

 

 
 

 

ʉʫʨʝʪ 3.28 - (ɻ) ʩʳʥʘʤʘʣʳ ʪʫʢʦץʦʩʧʘʥʳש  ʤʠʢʨʦʩʢʦʧʠʷʣʳץ ʪʘʣʜʘʫ r

 

 
 

ʉʫʨʝʪ 3.29 - (ɼ) ʩʳʥʘʤʘʣʳ ʪʫʢʦץʦʩʧʘʥʳש  ʤʠʢʨʦʩʢʦʧʠʷʣʳץ ʪʘʣʜʘʫ r
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ʉʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʠʷ (SEM) ʞᴅʥʝ ʵʥʝʨʛʠʷ-

ʜʠʩʧʝʨʩʠʷʣʳץ ʨʝʥʪʛʝʥʜʽʢ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (EDX) ᴅʜʽʩʪʝʨʽ ɸ, ɹ, ɺ, ɻ ʞᴅʥʝ ɼ 

 שʨʘʤʳʥ ʪʝʨʝײץ ʞᴅʥʝ ʵʣʝʤʝʥʪʪʽʢ ץʤʦʨʬʦʣʦʛʠʷʣʳ שʦʩʧʘʣʘʨʳʥʳץʪʫʢʦ שʣʛʽʣʝʨʽʥʽװ

ʪʘʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ɹײʣ ʟʝʨʪʪʝʫʣʝʨ ʪʝʨʤʦᴇשʜʝʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ (100ÁC, 

250ÁC, 400ÁC ʞᴅʥʝ 500ÁC) ʤʝʥ ᴇשʜʝʫ ʫʘץʳʪʳ (1, 2, 3 ʩʘסʘʪ) ᴅʩʝʨʽʥʝʥ ʙʦʣʘʪʳʥ 

ᴇʟʛʝʨʽʩʪʝʨʜʽ ʘʥʳץʪʘʫסʘ ʙʘסʳʪʪʘʣסʘʥ. SEM ʢʝʩʢʽʥʜʝʨʽ װʣʛʽʣʝʨʜʽש ʙᴇʣʰʝʢʪʝʨʽʥʽש 

ʤᴇʣʰʝʨʽ, ʧʽʰʽʥʽ ʞᴅʥʝ ʙʝʪʪʽʢ ײץʨʳʣʳʤʳ ʙʦʡʳʥʰʘ ʘʡʳʨʤʘʰʳʣʳץʪʘʨʜʳ 

ʢᴇʨʩʝʪʩʝ, EDX ʪʘʣʜʘʫʳ ʵʣʝʤʝʥʪʪʽʢ ײץʨʘʤʜʳ, ʩʦʥʳש ʽʰʽʥʜʝ P, Ca, Mg, Si, Al, Fe, 

Zn ʩʠʷץʪʳ ʵʣʝʤʝʥʪʪʝʨʜʽש ʤᴇʣʰʝʨʽʥ ʞᴅʥʝ ʦʣʘʨʜʳש ʪʘʨʘʣʫʳʥ ʘʥʳץʪʘʜʳ. ɹײʣ 

ʙᴇʣʽʤʜʝ װʣʛʽʣʝʨʜʽש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫʳ ʞװʨʛʽʟʽʣʝʜʽ. 

SEM ʢʝʩʢʽʥʜʝʨʽ ʙʦʡʳʥʰʘ ɸ ʞᴅʥʝ ɼ װʣʛʽʣʝʨʽ 100ÁC-ʪʘ ʽʨʽ, ʙʽʨʢʝʣʢʽ ʝʤʝʩ 

ʙᴇʣʰʝʢʪʝʨʜʝʥ (ʦʨʪʘʰʘ ʤᴇʣʰʝʨʽ 50ï70 ʤʢʤ) ʪײʨʘʜʳ, ʦʣʘʨʜʳש ʙʝʪʽ ʪʝʛʽʩ ʝʤʝʩ 

ʞᴅʥʝ ʤʠʢʨʦʢʝʫʝʢʪʝʨʤʝʥ ʞʘʙʳʣסʘʥ, ʙײʣ ʪʝʨʤʦᴇשʜʝʫʜʽש ʙʘʩʪʘʧץʳ ʩʘʪʳʩʳʥʜʘ 

ʳʣסʘʣʜʳש ʙᴇʣʽʥʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ. ʊʝʤʧʝʨʘʪʫʨʘ 500ÁC-ץʘ 

ʞʝʪʢʝʥʜʝ ɸ װʣʛʽʩʽʥʽש ʙᴇʣʰʝʢʪʝʨʽ ʢʽʰʽʨʝʡʝʜʽ (20ï30 ʤʢʤ), ʘʣ ʦʣʘʨʜʳש ʙʝʪʽ 

ʪʝʛʽʩʪʝʣʝʜʽ, ʙײʣ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ץʘʪʪʳ ʬʘʟʘʣʳ ʨʝʘʢʮʠʷʣʘʨʜʳש ʞᴅʥʝ 

ʘʛʣʦʤʝʨʘʮʠʷ ʧʨʦʮʝʩʪʝʨʽʥʽש ʞװʨʫʽʥ ʢᴇʨʩʝʪʝʜʽ. ɼ װʣʛʽʩʽʥʜʝ 500ÁC-ʪʘ 

ʙᴇʣʰʝʢʪʝʨʜʽש ʤᴇʣʰʝʨʽ ʩᴅʣ װʣʢʝʥʽʨʝʢ ץʘʣʘʜʳ (30ï40 ʤʢʤ), ʙʽʨʘץ ʙʝʪʪʽʢ 

ʢʝʫʝʢʪʽʣʽʢ ʘʨʪʘʜʳ, ʙײʣ SiO-ʥʽש ʞʦסʘʨʳ ʤᴇʣʰʝʨʽʥʝ (38%) ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ 

ʤװʤʢʽʥ, ʦʣ ʪʝʨʤʠʷʣʳץ ʳʜʳʨʘʫ ʢʝʟʽʥʜʝ ʢʝʫʝʢʪʽ ײץʨʳʣʳʤʜʳ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ. ɸʣ 

ɺ ʞᴅʥʝ ɻ װʣʛʽʣʝʨʽ 100ÁC-ʪʘ ײʩʘץ ʙᴇʣʰʝʢʪʝʨʤʝʥ (20ï40 ʤʢʤ) ʝʨʝʢʰʝʣʝʥʝʜʽ, 

ʦʣʘʨʜʳש ʙʝʪʽ ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʜʘʨʤʝʥ ʞʘʙʳʣסʘʥ, ʙײʣ ʬʦʩʬʦʨʜʳש ʞʦסʘʨʳ 

ʝʨʽʛʽʰʪʽʛʽʥ (500ÁC-ʪʘ ʪʠʽʩʽʥʰʝ 23% ʞᴅʥʝ 22%) ʨʘʩʪʘʡʜʳ. 500ÁC-ʪʘ ɺ װʣʛʽʩʽʥʽש 

ʙᴇʣʰʝʢʪʝʨʽ ʦʜʘʥ ᴅʨʽ ײʩʘץʪʘʣʘʜʳ (10ï20 ʤʢʤ), ʙײʣ ʙʝʣʩʝʥʜʽ ʬʘʟʘʣʘʨʜʳש 

ʘʣʳʧʪʘʩʫʳʥʘ ʞᴅʥʝ Pץ O-ʪʳש ʙʦʩʘʪʳʣʫʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ [126]. 

EDX ʪʘʣʜʘʫʳ ɸ װʣʛʽʩʽʥʜʝ P ʤᴇʣʰʝʨʽʥʽש ʪʝʤʧʝʨʘʪʫʨʘ ᴇʩʫʽʤʝʥ (100ÁC-ʪʘ 

6%-ʜʘʥ 500ÁC-ʪʘ 21%-סʘ) ʙʽʨʪʽʥʜʝʧ ʘʨʪʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ, ʙײʣ ʬʦʩʬʦʨʜʳש ʝʨʽʛʽʰ 

ʬʦʨʤʘʣʘʨסʘ ʘʡʥʘʣʫʳʥ ʨʘʩʪʘʡʜʳ. Ca ʤᴇʣʰʝʨʽ (CaO ʨʝʪʽʥʜʝ 30% 500ÁC-ʪʘ) ɸ 

ʞᴅʥʝ ɼ װʣʛʽʣʝʨʽʥʜʝ ʞʦסʘʨʳ, ʙײʣ ʦʣʘʨʜʳש ʙʘʩʪʘʧץʳ ײץʨʘʤʳʥʜʘ ʜʦʣʦʤʠʪʪʽש 

ʙʦʣסʘʥʳʥ ʞᴅʥʝ ʦʥʳש ʳʜʳʨʘʫʳʥʘʥ CaO ʪװʟʽʣʛʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. Mg ʤᴇʣʰʝʨʽ (MgO 

ʨʝʪʽʥʜʝ 0.10ï0.13%) ʙʘʨʣʳװ ץʣʛʽʣʝʨʜʝ ʪᴇʤʝʥ, ʙʽʨʘץ ɺ װʣʛʽʩʽʥʜʝ (0.138% 500ÁC-

ʪʘ) ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʞʦסʘʨʳ, ʙײʣ ʦʥʳש Mg-ʥʽש ʞʦסʘʨʳ ץʦʣʞʝʪʽʤʜʽʣʽʛʽʥ 

(1380 ʤʛ/ʢʛ) ʨʘʩʪʘʡʜʳ. Si ʞᴅʥʝ Al (SiO  35%, Al O  10% ɸ װʣʛʽʩʽʥʜʝ 500ÁC-ʪʘ) 

ʤᴇʣʰʝʨʽ ɼ װʣʛʽʩʽʥʜʝ ʝש ʞʦסʘʨʳ (SiO  38%, Al O  8%), ʙײʣ ʽʰʢʽ ץʘʟʙʘ 

ʞʳʥʳʩʪʘʨʳʥʳש ʙʘʩʳʤ ʙʦʣʫʳʥ ʞᴅʥʝ ʦʣʘʨʜʳש ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳʥ 

ʢᴇʨʩʝʪʝʜʽ. ɺ ʞᴅʥʝ ɻ װʣʛʽʣʝʨʽʥʜʝ Si (33% ʞᴅʥʝ 35%) ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʪᴇʤʝʥ, 

ʘʣ P (23% ʞᴅʥʝ 22%) ʞʦסʘʨʳ, ʙײʣ ʦʣʘʨʜʳײץ שʨʘʤʳʥʜʘ ʬʦʩʬʦʨʜʳש ʙʝʣʩʝʥʜʽ 

ʙʦʩʘʪʳʣʫʳʥʘ ʳץʧʘʣ ʝʪʝʪʽʥ ʨʝʘʢʮʠʷʣʘʨʜʳש ʙʘʩʳʤ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʄʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש (Fe, Zn) ʪʘʨʘʣʫʳ EDX ʢʘʨʪʘʩʳʥʜʘ ʙʽʨʢʝʣʢʽ ʝʤʝʩ. ɸ 

ʣʛʽʩʽʥʜʝ Fe (Feװ O  0.080% 500ÁC-ʪʘ) ʞᴅʥʝ Zn (ZnO 0.030%) ʤᴇʣʰʝʨʽ ʦʨʪʘʰʘ, ʘʣ 

ɺ װʣʛʽʩʽʥʜʝ ʦʣʘʨʜʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʝש ʞʦסʘʨʳ (Fe O  0.084%, ZnO 0.0309%), 

ʙײʣ ʦʥʳש ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש ʞʦסʘʨʳ ץʦʣʞʝʪʽʤʜʽʣʽʛʽʥ (Fe 845 ʤʛ/ʢʛ, Zn 309 

ʤʛ/ʢʛ) ʨʘʩʪʘʡʜʳ. ɼ װʣʛʽʩʽʥʜʝ Fe (0.079%) ʞᴅʥʝ Zn (0.0294%) ʤᴇʣʰʝʨʽ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʪᴇʤʝʥ, ʙײʣ ʽʰʢʽ ץʘʟʙʘ ʞʳʥʳʩʪʘʨʳʥʳײץ שʨʘʤʳʥʜʘסʳ 
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ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש ʘʟ ʙʦʣʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʫʘץʳʪ ᴇʩʫʽʤʝʥ 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש ʪʘʨʘʣʫʳ ʙʽʨʢʝʣʢʽ ʙʦʣʘ ʪװʩʝʜʽ, ᴅʩʽʨʝʩʝ 500ÁC-ʪʘ, ʙײʣ 

ʪʝʨʤʠʷʣʳץ ʜʠʬʬʫʟʠʷ ʧʨʦʮʝʩʪʝʨʽʥʽש ʘʨʪʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. 

ʂᴇʤʽʨʪʝʛʽ (C) ʤᴇʣʰʝʨʽ EDX ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ 100ÁC-ʪʘ ɸ װʣʛʽʩʽʥʜʝ 

13.80%-ʜʘʥ 500ÁC-ʪʘ 3.75%-סʘ ʜʝʡʽʥ ʘʟʘʷʜʳ, ʙײʣ ץʦשʳʨ ʢᴇʤʽʨʜʽש ʪʦʪʳסʫʳʥ (C + 

O  Ÿ CO ) ʨʘʩʪʘʡʜʳ. ɹ װʣʛʽʩʽʥʜʝ ʙʘʩʪʘʧץʳ ʢᴇʤʽʨʪʝʛʽ ʤᴇʣʰʝʨʽ ʞʦסʘʨʳ (15.80% 

100ÁC-ʪʘ), ʙʽʨʘ500 ץÁC-ʪʘ ʜʘ 3.75%-סʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʡʜʽ, ʙײʣ װʣʛʽʣʝʨʜʽץײ שʩʘʩ 

ʪʦʪʳסʫ ʜʠʥʘʤʠʢʘʩʳʥ ʢᴇʨʩʝʪʝʜʽ. ɸʣ ɻ װʣʛʽʩʽʥʜʝ ʢᴇʤʽʨʪʝʛʽʥʽש ʘʟʘʶʳ (15.80%-ʜʘʥ 

 ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳʥ שʳʨ ʢᴇʤʽʨʜʽשʦץ ʨʘʤʳʥʜʘײץ שʣ ʦʥʳײʘ) ʙʽʨʢʝʣʢʽ, ʙס-3.75%

ʢᴇʨʩʝʪʝʜʽ. ɼ װʣʛʽʩʽʥʜʝ ʢᴇʤʽʨʪʝʛʽ ʙʘʩʪʘʧץʳʜʘ ʪᴇʤʝʥ (11.80% 100ÁC-ʪʘ), ʙײʣ ʦʥʳש 

 .ʘʟ ʙʦʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ שʦʩʧʘʣʘʨʜʳץ ץʨʘʤʳʥʜʘ ʦʨʛʘʥʠʢʘʣʳײץ

ɾʘʣʧʳ, SEM-EDX ʪʘʣʜʘʫʳ ɸ ʞᴅʥʝ ɼ װʣʛʽʣʝʨʽʥʽײץ שʨʘʤʳʥʜʘ SiO  ʤʝʥ 

CaO ʙʘʩʳʤ ʝʢʝʥʽʥ, ʘʣ ɺ ʞᴅʥʝ ɻ װʣʛʽʣʝʨʽ P O  ʧʝʥ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש (Fe, Zn) 

ʞʦסʘʨʳ ʤᴇʣʰʝʨʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ. ɹᴇʣʰʝʢʪʝʨʜʽש ʤʦʨʬʦʣʦʛʠʷʣʳץ 

ᴇʟʛʝʨʽʩʪʝʨʽ (ײʩʘץʪʘʣʫ, ʢʝʫʝʢʪʽʣʽʢʪʽש ʘʨʪʫʳ) ʪʝʨʤʦᴇשʜʝʫ ʢʝʟʽʥʜʝ ץʘʪʪʳ ʬʘʟʘʣʳ 

ʨʝʘʢʮʠʷʣʘʨʜʳש ʞᴅʥʝ ʬʘʟʘʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʘʨʜʳש ʞװʨʫʽʥ ʨʘʩʪʘʡʜʳ [127-

128]. ɹײʣ ʜʝʨʝʢʪʝʨ ʪʫʢʦץʦʩʧʘʣʘʨʜʳש ʘʛʨʦʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʙʘסʘʣʘʫ ʞᴅʥʝ 

ʦʣʘʨʜʳ ʪʳשʘʡʪץʳʰ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ ʤʘשʳʟʜʳ ʥʝʛʽʟ 

ʙʦʣʘʜʳ. ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʧʘʡʜʘʣʳ ʤʦʜʝʣʴʛʝ 2 ʧʘʪʝʥʪ 

ʘʣʳʥʜʳ (פʦʩʳʤʰʘ ɸ, פʦʩʳʤʰʘ ᴄ). 

 

3.6 ʊʝʭʥʦʣʦʛʠʷʣʳץ ʩʳʟʙʘʥʳ ᴅʟʽʨʣʝʫ 

ᴆʥʜʽʨʽʩʢʝ ʝʥʛʽʟʫʛʝ ײʩʳʥʳʣʘʪʳʥ ײץʨʘʤʳʥʜʘ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʽ ʙʘʨ 

ʪʫʢʦץʦʩʧʘ ʘʣʫʜʳש ʧʨʠʥʮʠʧʠʘʣʴʜʳ ʘʧʧʘʨʘʪʫʨʘʣʳץ-ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʭʝʤʘʩʳ 

3.30-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 
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1-ʬʦʩʬʦʨʠʪ ʰʠʢʽʟʘʪʳʥʘ ʘʨʥʘʣסʘʥ ʙʫʥʢʝʨ, 2- ʽʰʢʽ ץʘʟʙʘ ʞʳʥʳʩʪʘʨʳ, ץʦשʳʨ ʢᴇʤʽʨʛʝ  

ʘʨʥʘʣסʘʥ ʙʫʥʢʝʨ, 3-ɼʦʣʦʤʠʪʪʝʣʛʝʥ  ʬʦʩʬʦʨʠʪ ʙʫʥʢʝʨʽ, 4-ʰʥʝʢ, 5-ץʦʩʧʘ ʪװʩʝʪʽʥ װʨʝʥʢʝ, 6- 

ʙʘʨʘʙʘʥ ʘʨʘʣʘʩʪʳʨסʳʰ ʢװʡʜʽʨʛʽʰ, 8-ʞʠʥʘסʳʰ,9-ʩʘʣץʳʥʜʘʪץʳʰ, 1-ʩʘʣץʳʥʜʘʪʳʣסʘʥ ᴇʥʽʤ 

ʞʠʥʘסʳʰ, 11-ʙʫʥʢʝʨ, 1- ʢװʣ ʰʣʘʢ ʙʫʥʢʝʨʽ, 13ץʦʨʝʢʪʝʥʜʽʨʛʽʰ, 14- ʙʘʨʘʙʘʥ ʘʨʘʣʘʩʪʳʨסʳʰ, 15-

ʜʠʽʨʤʝʥ, 17-ʞʠʥʘסʳʰ, 18-ʪʘʩʳʤʘʣʜʘסʳʰ, 19-ʞʠʥʘסʳʰ, 20-ʪʘʨʘ 

 

ʉʫʨʝʪ 3.30 - ʊʫʢʦץʦʩʧʘ ʘʣʫʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʳʟʙʘʩʳ 
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ɿʝʨʪʪʝʣʽʧ ʦʪʳʨסʘʥ ʪʝʭʥʦʣʦʛʠʷ ײץʨʘʤʳʥʜʘ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʽ ʙʘʨ 

ʬʦʩʬʦʨʣʳ ʪʫʢʦץʦʩʧʘʣʘʨ ʘʣʫ ʤʘץʩʘʪʳʥʜʘ ʜʘʡʳʥʜʘʣסʘʥ ʞᴅʥʝ ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ 

ʢʝʰʝʥ ץʘʞʝʪʪʽʣʽʢʪʝʨʽʥʝ ʩʘʡ ʵʢʦʣʦʛʠʷʣʳץ ᴅʨʽ ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽ ʪᴅʩʽʣ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 3.30-ʩʫʨʝʪʪʝ ʦʩʳ ʪʝʭʥʦʣʦʛʠʷʥʳש ʧʨʠʥʮʠʧʠʘʣʴʜʳ ʘʧʧʘʨʘʪʫʨʘʣʳץ-

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʳʟʙʘʩʳ ʢʝʣʪʽʨʽʣʛʝʥ. 

ʊʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʩ ʬʦʩʬʦʨʠʪ ʰʠʢʽʟʘʪʳʥʳ(1) ש, ʽʰʢʽ ץʘʟʙʘ 

ʞʳʥʳʩʪʘʨʳ ʞᴅʥʝ ץʦשʳʨ ʢᴇʤʽʨʜʽ(2) ש ʞᴅʥʝ ʜʦʣʦʤʠʪʪʝʣʛʝʥ ʬʦʩʬʦʨʠʪʪʽ(3) ש ʘʨʥʘʡʳ 

ʙʫʥʢʝʨʣʝʨʜʝ ʩʘץʪʘʣʫʳʥʘʥ ʙʘʩʪʘʣʘʜʳ. ɹײʣ ʢʦʤʧʦʥʝʥʪʪʝʨ ʩᴅʡʢʝʩʽʥʰʝ 

 ʥʜʘײʳʣʳ ʰʥʝʢ ʢʦʥʚʝʡʝʨʽʥʝ (4) ʞʽʙʝʨʽʣʽʧ, ʤץʦʨʝʢʪʝʥʜʽʨʛʽʰʪʝʨ (13) ʘʨץ

ʘʨʘʣʘʩʪʳʨʫ ʞװʨʛʽʟʽʣʝʜʽ. ʐʠʭʪʘʥʳש ʙʽʨʢʝʣʢʽʣʽʛʽ ï ʢʝʣʝʩʽ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ 

ʢʝʟʝשʜʝʨʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨʜʳש ʙʽʨʽ. 

ɸʨʘʣʘʩʪʳʨʫʜʘʥ ʢʝʡʽʥ ʰʠʭʪʘ ʘʨʘʣʘʩʪʳʨסʳʰ ʙʘʨʘʙʘʥ-ʧʝʰʢʝ (6) ʙʝʨʽʣʝʜʽ, ʦʥʜʘ 

ʢʝʧʪʽʨʫ ʞᴅʥʝ ʪʝʨʤʦᴇשʜʝʫ ʧʨʦʮʝʩʪʝʨʽ ᴇʪʝʜʽ. 

ʊʝʭʥʦʣʦʛʠʷʣʳץ ʨʝʛʣʘʤʝʥʪʢʝ ʩᴅʡʢʝʩ, ʢʝʧʪʽʨʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 50ï90 ÁC, ʘʣ 

ʪʝʨʤʦʘʢʪʠʚʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 100ï500 ÁC ʘʨʘʣʳסʳʥʜʘ ʞװʨʛʽʟʽʣʝʜʽ. ʆʪʳʥ ʢᴇʟʽ 

ʨʝʪʽʥʜʝ ʪʘʙʠסʠ ʛʘʟ (7) ץʦʣʜʘʥʳʣʘʜʳ, ʘʣ ʘʫʘʥʳש ʙʝʨʽʣʫʽ ʘʨץʳʣʳ ʞʘʥʫ ʞᴅʥʝ ʞʳʣʫ 

ʤʘʩʩʘʩʳʥʳש ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. ɹײʣ ʢʝʟʝשʜʝ ʰʠ00ʢʽʟʘʪʪʳש 

ʬʘʟʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨʽ ʞװʨʝʜʽ ï ʬʦʩʬʦʨʠʪʪʽ ʰʠʢʽʟʘʪʧʝʥ ʜʦʣʦʤʠʪ ʤʠʥʝʨʘʣʜʘʨʳʥʳש 

ʜʝʢʦʤʧʦʟʠʮʠʷʩʳ ʙʘʩʪʘʣʳʧ, ʙʝʣʩʝʥʜʽ ʬʦʨʤʘʣʘʨ ץʘʣʳʧʪʘʩʘ ʙʘʩʪʘʡʜʳ. 

ʊʝʨʤʦᴇשʜʝʣʛʝʥ ʰʠʭʪʘ ʘʨʥʘʡʳ ץʘʙʳʣʜʘסʳʰ ʘʨץʳʣʳ (8) ʩʘʣץʳʥʜʘʪץʳʰץʘ 

(9) ʪװʩʝʜʽ, ʦʥʜʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 20ï40 ÁC ʜʝʡʽʥ ʪᴇʤʝʥʜʝʡʜʽ. ɹײʣ ʧʨʦʮʝʩʪʽש 

ʤʘץʩʘʪʳ ï ᴅʨʽ ץʘʨʘʡ ᴇשʜʝʫʛʝ ץʦʣʘʡʣʳ ʬʠʟʠʢʘʣʳץ ʢװʡʛʝ ʞʝʪʢʽʟʫ. 

ʉʘʣץʳʥʜʘʪʳʣסʘʥ ʤʘʪʝʨʠʘʣ ʞʠʥʘסʳʰץʘ (10) ᴇʪʝʜʽ, ʦʜʘʥ ʢʝʡʽʥ ʢװʣ-ץʦʞ 

 ʦʩʳʤʰʘץ ʪʘʨʳ ʙʘʨ ʙʫʥʢʝʨʣʝʨʜʝʥ (11, 12) ʞᴅʥʝ ʚʝʨʤʠʢʫʣʠʪʪʝʥ (16)ץʘʣʜʳץ

ʢʦʤʧʦʥʝʥʪʪʝʨ ʝʥʛʽʟʽʣʝʜʽ. 

ʂʦʤʧʦʥʝʥʪʪʝʨ ʘʨʘʣʘʩʪʳʨʳʣʳʧ, ʜʠʽʨʤʝʥʛʝ (15) ʞʽʙʝʨʽʣʝʜʽ, ʤײʥʜʘ ʦʣʘʨ 0.1 

ʤʤ-ʜʝʥ ʢʽʰʽ ʬʨʘʢʮʠʷʣʘʨסʘ ʜʝʡʽʥ ʤʘʡʜʘʣʘʥʘʜʳ. ɹײʣ ײʥʪʘץʪʘʣסʘʥ ʤʘʩʩʘ ʞʦסʘʨʳ 

ʨʝʘʢʮʠʷʣʳץ ʙʝʣʩʝʥʜʽʣʽʢʢʝ ʠʝ ʙʦʣʘʜʳ, ᴇʡʪʢʝʥʽ ʙʝʪʢʽ ʘʫʜʘʥʳ ʘʨʪʳʧ, 

ᴇʩʽʤʜʽʢʪʝʨʤʝʥ ʩʽשʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ ʬʦʨʤʘʣʘʨ ʪװʟʽʣʝʜʽ. 

ʄʘʡʜʘʣʘʥסʘʥ ʤʘʪʝʨʠʘʣ ʢʦʥʚʝʡʝʨ ʘʨץʳʣʳ (18) ʩʦסשʳ ʘʨʘʣʘʩʪʳʨסʳʰץʘ 

ʞʝʪʢʽʟʽʣʽʧ, ʤײʥʜʘ ʚʝʨʤʠʢʫʣʠʪ (16) ʧʝʥ ʘʣʜʳʥ ʘʣʘ ʩʘʣץʳʥʜʘʪʳʣסʘʥ ʞᴅʥʝ ᴇʣʰʝʥʽʧ 

 ʳʜʘʥסʨײʪ ץʨʳʣʳʤʜʳײץ ʜʝ ʰʠʭʪʘשʣ ʢʝʟʝײʦʩʧʘʣʘʨʤʝʥ ʘʨʘʣʘʩʘʜʳ. ɹץ ʘʥסʦʩʳʣץ

ʪײʨʘץʪʳ ᴅʨʽ ʙʽʨʢʝʣʢʽ ʪװʡʽʨʰʽʢʪʝʣʛʝʥ ʙʦʣʘʜʳ. 

ʉʦסשʳ ᴇʥʽʤ ʞʠʥʘסʳʰץʘ (19) ʪװʩʽʧ, ʪʘʨʘʣʘʨסʘ ʩʘʣʫ ʪʦʨʘʙʳʥʘ (20) 

ʞʝʪʢʽʟʽʣʝʜʽ. ʄײʥʜʘ ʜʘʡʳʥ ʪʫʢʦץʦʩʧʘ ʘʚʪʦʤʘʪʪʳ ʪʘʨʘʣʘʨסʘ ײץʡʳʣʳʧ, 

ʙʫʳʧ-ʪװʡʽʣʝʜʽ, ᴅʨʽ ץʘʨʘʡ ץʦʡʤʘסʘ ʥʝʤʝʩʝ ʪʽʢʝʣʝʡ ʪײʪʳʥʫʰʳסʘ 

ʞᴇʥʝʣʪʽʣʝʜʽ. 

ɾʘשʘ ʪʫʢʦץʦʩʧʘʥʳ ʪᴅʞʽʨʠʙʝʣʽʢ ʘʣʫ ʙʘʨʳʩʳʥʜʘ ʪᴇʤʝʥʜʝʛʽ ʢʦʤʧʦʥʝʥʪʪʝʨ 

ʧʘʡʜʘʣʘʥʳʣʜʳ: 

¶ 0ï10 ʤʤ ʬʨʘʢʮʠʷʣʳ ʬʦʩʬʦʨʠʪ ʰʘשʳ ï çפʘʟʬʦʩʬʘʪè ɾʐʉ ɾʌ ʟʘʫʳʪʳ 

ʮʠʢʣʦʥʜʘʨʳ ʤʝʥ ʵʣʝʢʪʨʦʬʠʣʴʪʨʣʝʨʽʥʝʥ ʘʣʳʥסʘʥ; 

 ;ʡʜʽʨʽʣʛʝʥ ʚʝʨʤʠʢʫʣʠʪʽװ2ï4 ʤʤ ʢʣʘʩʪʳ ʢ שʣʘʥʜʳ ʢʝʥ ʦʨʥʳʥʳײפ ¶

¶ 5 ʤʤ-ʜʝʥ ʢʽʰʽ ײʩʘץ ץʦשʳʨ ʢᴇʤʽʨ; 

¶ ʃʝʥʛʝʨ ʢᴇʤʽʨʽʥʽש ʽʰʢʽ ץʘʟʙʘ ʞʳʥʳʩʪʘʨʳ (ɯפɾ); 
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¶ ɸץʩʘʡ ʢʝʥ ʦʨʥʳʥʳש ʜʦʣʦʤʠʪʪʝʣʛʝʥ ʢʘʨʙʦʥʘʪʪʳ-ʢʨʝʤʥʠʡʣʽ ʰʘʨʪץʘ 

ʩᴅʡʢʝʩʩʽʟ ʰʠʢʽʟʘʪʳ; 

¶ ɾʕʆ ʢװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳ. 

ɹײʣ ʢʦʤʧʦʥʝʥʪʪʝʨ ʙʝʣʛʽʣʽ ʙʽʨ ʘʨʘץʘʪʳʥʘʩʪʘ ʘʨʘʣʘʩʪʳʨʳʣʳʧ, ʘʣʜʳʥ ʘʣʘ 

 ʘ ʜʝʡʽʥסʪʘʣʳʧ, Aʉ-500 ʜʠʽʨʤʝʥʽʥʜʝ 10 ʤʠʢʨʦʥʥʘʥ ʢʽʰʽ ʬʨʘʢʮʠʷץʩʘײ

 ʘ ʞʽʙʝʨʽʣʽʧ, ʙʽʨʢʝʣʢʽץʳʰסʘʥ ʰʠʭʪʘ ʝʢʽ ʙʽʣʽʢʪʽ ʘʨʘʣʘʩʪʳʨסʪʘʣץʥʪʘױ .ʪʘʣʘʜʳץʥʪʘײ

ʘʨʘʣʘʩʪʳʨʳʣסʘʥ ʩʦש ʦʨʘʫ ʙʫʥʢʝʨʽʥʝ ʪװʩʝʜʽ. 

 ץʘʣʜʳץ ʩʭʝʤʘ ʘʨʟʘʥ, ʞʝʨʛʽʣʽʢʪʽ ʞᴅʥʝ ץʘʥ ʪʝʭʥʦʣʦʛʠʷʣʳסʩʳʥʳʣʳʧ ʦʪʳʨױ

ʥʝʛʽʟʽʥʜʝʛʽ ʰʠʢʽʟʘʪʪʳ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʬʦʩʬʦʨ ʤʝʥ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʛʝ ʙʘʡ 

ʪʳשʘʡʪץʳʰ ʪʫʢʦץʦʩʧʘ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʊʝʨʤʦʘʢʪʠʚʘʮʠʷ ʧʨʦʮʝʩʽ ʘʨץʳʣʳ 

ʰʠʢʽʟʘʪ ײץʨʳʣʳʤʳ ᴇʟʛʝʨʪʽʣʽʧ, ʦʥʳש ʙʠʦʞʝʪʽʤʜʽʣʽʛʽ ʘʨʪʘʜʳ, ʘʣ ʚʝʨʤʠʢʫʣʠʪ ʧʝʥ 

ʢװʣ-ʰʣʘʢ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʪʦʧʳʨʘץץʘ ʧʘʡʜʘʣʳ ʤʘʢʨʦ- ʞᴅʥʝ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʤʝʥ 

ʪʦʣʳץʪʳʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɹײʣ ʰʝʰʽʤ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ 

ʪʳשʘʡʪץʳʰʪʘʨʜʳש ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟ ᴅʨʽ ʪʠʽʤʜʽ ʙʘʣʘʤʘʩʳʥ ײʩʳʥʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ. 

 

3-ʪʘʨʘʫ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

 ʳʣʳʤʠס שʦʩʧʘʣʘʨʜʳ ʪʝʨʤʦʘʢʪʠʚʘʮʠʷʣʘʫʜʳץʰʽʥʰʽ ʪʘʨʘʫʜʘ ʪʫʢʦת

ʥʝʛʽʟʜʝʨʽ, ʭʠʤʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʽ, ײץʨʘʤʥʳש, ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʫʘץʳʪʪʳש ᴅʩʝʨʽ, 

ʢʠʥʝʪʠʢʘʣʳץ ʟʘשʜʳʣʳץʪʘʨʳ, ʘʣʳʥסʘʥ װʣʛʽʣʝʨʜʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʞᴅʥʝ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʭʝʤʘ ʪʝʨʝש ʟʝʨʪʪʝʣʜʽ. ɸʚʨʘʤʠ-ɽʨʦʬʝʝʚ ʤʦʜʝʣʽʥʽץ שʦʣʜʘʥʳʣʫʳ 

ʪʝʨʤʦʘʢʪʠʚʘʮʠʷ ʧʨʦʮʝʩʽʥʽש ʢʠʥʝʪʠʢʘʩʳʥ ʩʠʧʘʪʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ, ʦʥʜʘ 

ʥʫʢʣʝʘʮʠʷ ʤʝʥ ᴇʩʫ ʤʝʭʘʥʠʟʤʜʝʨʽʥʽש ʙʘʩʳʤ ʙʦʣʫʳ ʘʥʳץʪʘʣʜʳ. ʊʝʤʧʝʨʘʪʫʨʘ 

100ÁC-ʪʘʥ 500ÁC-ץʘ ʜʝʡʽʥ ʘʨʪץʘʥ ʩʘʡʳʥ P O  ʝʨʽʛʽʰʪʽʛʽʥʽש ᴇʩʫʽ (ɸ װʣʛʽʩʽʥʜʝ 6%-

ʜʘʥ 21%-סʘ, ɺ װʣʛʽʩʽʥʜʝ 23%-סʘ ʜʝʡʽʥ) ʬʦʩʬʦʨʜʳש ʙʝʣʩʝʥʜʽ ʬʦʨʤʘʣʘʨסʘ 

ʘʡʥʘʣʫʳʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ, ʘʣ ᴇשʜʝʫ ʫʘץʳʪʳ (1ï3 ʩʘסʘʪ) ʙײʣ ʧʨʦʮʝʩʪʽש 

ʜʠʥʘʤʠʢʘʩʳʥʘ ץʦʩʳʤʰʘ ᴅʩʝʨ ʝʪʝʜʽ. ɹײʣ ʥᴅʪʠʞʝʣʝʨ ʪᴇʤʝʥ ʩʦʨʪʪʳ ʬʦʩʬʘʪʪʳ 

ʰʠʢʽʟʘʪʪʳ ᴇשʜʝʫʜʽש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

ᴅʟʽʨʣʝʫʛʝ ʥʝʛʽʟ ʙʦʣʘʜʳ. 

ʍʠʤʠʷʣʳײץ ץʨʘʤʜʳ ʪʘʣʜʘʫ (SEM-EDX ʥᴅʪʠʞʝʣʝʨʽʤʝʥ ʨʘʩʪʘʣסʘʥ) ɸ, ɹ, ɺ, 

ɻ ʞᴅʥʝ ɼ װʣʛʽʣʝʨʽ ʘʨʘʩʳʥʜʘ ʘʡʪʘʨʣʳץʪʘʡ ʘʡʳʨʤʘʰʳʣʳץʪʘʨʜʳ ʢᴇʨʩʝʪʪʽ. ɸ ʞᴅʥʝ 

ɼ װʣʛ̔ʣʝʨʽ CaO (30%) ʤʝʥ SiO  (35ï38%) ʤᴇʣʰʝʨʽʥʽש ʞʦסʘʨʳʣʳסʳʤʝʥ 

ʝʨʝʢʰʝʣʝʥʩʝ, ɺ ʞᴅʥʝ ɻ װʣʛʽʣʝʨʽ P O  (23% ʞᴅʥʝ 22%) ʤʝʥ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש 

(MgO 0.138%, Fe O  0.084%, ZnO 0.0309%) ʞʦסʘʨʳ ץʦʣʞʝʪʽʤʜʽʣʽʛʽʤʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʫʘץʳʪʪʳש ʘʨʪʫʳ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש 

ʙʦʩʘʪʳʣʫʳʥ ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʨʜʽש ʤʦʨʬʦʣʦʛʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨʽʥ (ײʩʘץʪʘʣʫ, 

ʢʝʫʝʢʪʽʣʽʢʪʽש ʘʨʪʫʳ) ʢװʰʝʡʪʝʜʽ, ʙײʣ ʪʫʢʦץʦʩʧʘʣʘʨʜʳש ʘʛʨʦʭʠʤʠʷʣʳץ 

 ʘʟʘʶʳ (15.80%-ʜʘʥ שʧʘʣ ʝʪʝʜʽ. ʂᴇʤʽʨʪʝʛʽ ʤᴇʣʰʝʨʽʥʽץʘ ʳסʩʘʨʪʫץʘʩʠʝʪʪʝʨʽʥ ʞʘץ

 ʫʳʥסʪʦʪʳ ץʪʦʣʳ שʦʩʧʘʣʘʨʜʳץ ץʜʝʫ ʢʝʟʽʥʜʝ ʦʨʛʘʥʠʢʘʣʳשʘ ʜʝʡʽʥ) ʪʝʨʤʦᴇס-3.75%

ʨʘʩʪʘʡʜʳ. 

ʊʝʭʥʦʣʦʛʠʷʣʳץ ʩʭʝʤʘ ʪʫʢʦץʦʩʧʘʣʘʨʜʳ ʘʣʫ ʧʨʦʮʝʩʽʥʽש ʢʝʟʝשʜʝʨʽʥ 

(ʰʠʢʽʟʘʪʪʳ ʜʘʡʳʥʜʘʫ, ʤʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʫ, ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ, ʩװʟʛʽʣʝʫ ʞᴅʥʝ 

ʪװʡʽʨʰʽʢʪʝʫ) ʪʠʽʤʜʽ ײʡʳʤʜʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɻʘʟʙʝʥ ᴇשʜʝʫ ʞᴅʥʝ 

ʪʝʨʤʠʷʣʳץ ʙʝʣʩʝʥʜʽʨʫ ʢʝʟʝשʜʝʨʽ ʬʦʩʬʦʨʜʳש ʝʨʽʛʽʰʪʽʛʽʥ ʘʨʪʪʳʨʫʜʘ ʤʘשʳʟʜʳ 

ʨᴇʣ ʘʪץʘʨʘʜʳ, ʘʣ ʚʝʨʤʠʢʫʣʠʪʪʽ ʩװʟʛʽʣʝʫ ᴇʥʽʤʥʽש ʪʘʟʘʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɺ 
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ʞᴅʥʝ ɻ װʣʛʽʣʝʨʽʥʽש ʞʦסʘʨʳ ʝʨʽʛʽʰʪʽʛʽ (23% ʞᴅʥʝ 22%) ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʽש 

ʦʩʳ ʢʝʟʝשʜʝʨʽʥʽש ʦשʪʘʡʣʳʣʳסʳʥ ʢᴇʨʩʝʪʝʜʽ, ʙײʣ ʙʦʣʘʰʘץʪʘ ʪʝʭʥʦʣʦʛʠʷʥʳ 

ʤʘʩʰʪʘʙʪʘʫ ʞᴅʥʝ ʦשʪʘʡʣʘʥʜʳʨʫ װʰʽʥ ʤʘשʳʟʜʳ. 

ɾʘʣʧʳ, ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʪʫʢʦץʦʩʧʘʣʘʨʜʳ ʪʝʨʤʦʘʢʪʠʚʘʮʠʷʣʘʫʜʳש 

 ʨʘʤײץ ʳʪ ʞᴅʥʝץʳʟʳʥ ʨʘʩʪʘʡʜʳ. ʊʝʤʧʝʨʘʪʫʨʘ, ʫʘשʤʘ ץʳʣʳʤʠ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳס

ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ᴅʩʝʨʽʥ ʪװʩʽʥʫ ʬʦʩʬʦʨʜʳש ʝʨʽʛʽʰʪʽʛʽʥ ʘʨʪʪʳʨʫʜʳש ʪʠʽʤʜʽ 

ʞʦʣʜʘʨʳʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ɸʣʳʥסʘʥ װʣʛʽʣʝʨʜʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ 

ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʭʝʤʘʥʳש ʪʠʽʤʜʽʣʽʛʽ ʪᴇʤʝʥ ʩʦʨʪʪʳ ʬʦʩʬʘʪʪʳ ʰʠʢʽʟʘʪʪʳ 

ᴇשʜʝʫʜʽש ʵʢʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ᴅʟʽʨʣʝʫʛʝ 

ʥʝʛʽʟ ʙʦʣʘʜʳ, ʙײʣ ʘʛʨʦʭʠʤʠʷ ʩʘʣʘʩʳʥʜʘסʳ ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʫʣʘʨ װʰʽʥ 

ʤʘשʳʟʜʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɽʛʝʨ ץʦʩʳʤʰʘ ʟʝʨʪʪʝʫʣʝʨ ץʘʞʝʪ ʙʦʣʩʘ, ʦʣʘʨʜʳ 

ʪʝʭʥʦʣʦʛʠʷʥʳ ʦʜʘʥ ᴅʨʽ ʞʝʪʽʣʜʽʨʫ ʙʘסʳʪʳʥʜʘ ʞװʨʛʽʟʫʛʝ ʙʦʣʘʜʳ. 
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4 ʌʆʉʌɸʊʊʓ-ʂʈɽʄʅʀʁʃɯ ʐʀʂɯɿɸʊʊʓר ɾᴄʅɽ ɾʕʆ 

 ʅɽɻɯɿɯʅɼɽ ʄʀʂʈʆʕʃɽʄɽʅʊʊɽʈɯ ɹɸʈ ɹɸʗʋ רʊɸʈʓʅʓפɸʃɼʓפ

ᴄʉɽʈʃɯ ʊʋʂʆפʆʉʇɸʃɸʈɼʓר ʕʂʆʅʆʄʀʂɸʃʓפ ʊʀɯʄɼɯʃɯɻɯ ʄɽʅ 

ʊᴄɾɯʈʀɹʀɽʃɯʂ ʉʓʅɸפʊɸʈ 

 

 ʫ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʟʝʨʪʪʝʫ ʞᴅʥʝסʙʦʩʘʧ ʰʳ שʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳפ 4.1

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʽʥ ᴅʟʽʨʣʝʫ 

 ʨʣʽװʩʘʪʳ - ᴅʨʪץʤʘ שʨʜʽʩʽʥ ʟʝʨʪʪʝʫʜʽװ ʫסʙʦʩʘʧ ʰʳ שʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳפ

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪʝʨʤʦᴇשʜʝʣʛʝʥ ʪʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽʥʝʥ (ɸ, ɹ, ɺ, ɻ, ɼ) ʬʦʩʬʦʨ 

(P2O5), ʢʘʣʴʮʠʡ (CaO), ʤʘʛʥʠʡ (MgO), ʪʝʤʽʨ (Fe O ), ʤʳʨʳʰ (ZnO) ʩʝʢʽʣʜʽ 

ʥʝʛʽʟʛʽ ץʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽש ʙᴇʣʽʥʫ ʪʠʽʤʜʽʣʽʛʽʥ ʟʝʨʪʪʝʫ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ 

ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש (100ÁC, 250ÁC, 400ÁC, 500ÁC), ᴇשʜʝʫ 

ʫʘץʳʪʳʥʳש (3 ,2 ,1 ʩʘסʘʪ) ʞᴅʥʝ ʦʨʪʘʥʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʩʠʧʘʪʪʘʨʳʥʳש (pH 

ʤᴅʥʽ, ʵʢʩʪʨʘʛʝʥʪ ʪװʨʽ) ᴅʩʝʨʽ ץʘʨʘʩʪʳʨʳʣʜʳ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ 

ʪʝʨʤʦʘʢʪʠʚʘʮʠʷʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫסʘ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʽ 

ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ʕʢʩʪʨʘʛʝʥʪʪʝʨ: 2%-ʜʳץ ʣʠʤʦʥ ץʳʰץʳʣʳ ʝʨʽʪʽʥʜʽʩʽ (ʬʦʩʬʦʨʜʳש 

 ʠ ʝʨʽʛʽʰʪʽʢʪʽסʰʽʥ ʩʪʘʥʜʘʨʪ); ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫ (ʪʘʙʠװ ʘʣʘʫסʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʙʘץ

ʙʘסʘʣʘʫ װʰʽʥ); pH 4, 7 ʞᴅʥʝ 9 ʙʦʣʘʪʳʥ ʙʫʬʝʨʣʽ ʝʨʽʪʽʥʜʽʣʝʨ (ץʳʰץʳʣʜʳ-ʩʽʣʪʽʣʽʢ 

ʦʨʪʘʥʳש ᴅʩʝʨʽʥ ʙʘסʘʣʘʫ װʰʽʥ). ɹʘʨʣʳץ ʪʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽ ʜʠʽʨʤʝʥʜʝ 0.1 ʤʤ-ʜʝʥ 

ʢʽʰʽ ʬʨʘʢʮʠʷסʘ ʜʝʡʽʥ ײʥʪʘץʪʘʣʜʳ. ᴄʨʙʽʨ װʣʛʽ ʤʫʬʝʣʴʜʽ ʧʝʰʪʝ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʳ 

100ÁC, 250ÁC, 400ÁC ʞᴅʥʝ 500ÁC ʙʦʣסʘʥʜʘ 1, 2 ʞᴅʥʝ 3 ʩʘסʘʪ ʙʦʡʳ ʪʝʨʤʦᴇשʜʝʣʜʽ. 

ʊʝʨʤʦᴇשʜʝʫʜʝʥ ʢʝʡʽʥ װʣʛʽʣʝʨ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʜʝʡʽʥ ʪʘʙʠסʠ ʪװʨʜʝ 

ʩʘʣץʳʥʜʘʪʳʣʜʳ. ᴄʨʙʽʨ װʣʛʽʥʽ10 ש ʛ ʤʘʩʩʘʩʳ ʪʘשʜʘʣסʘʥ ʵʢʩʪʨʘʛʝʥʪʧʝʥ (100 ʤʣ) 

 ʦʩʧʘ 25ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ, 150 ʘʡʥ/ʤʠʥפ .ʘʪʳʥʘʩʪʘ ʘʨʘʣʘʩʪʳʨʳʣʘʜʳץ 1:10

ʞʳʣʜʘʤʜʳץʧʝʥ 1 ʩʘסʘʪ ʙʦʡʳ ʤʘʛʥʠʪʪʽʢ ʘʨʘʣʘʩʪʳʨסʳʰʪʘ ʰʘʡץʘʣʘʜʳ. ʉʦʜʘʥ 

ʢʝʡʽʥ 3000 ʘʡʥ/ʤʠʥ ʞʳʣʜʘʤʜʳץʧʝʥ 10 ʤʠʥʫʪ ʙʦʡʳ ʮʝʥʪʨʠʬʫʛʘʣʘʥʘʜʳ. ʉײʡʳץ 

ʬʘʟʘ 0.45 ʤʢʤ ʩװʟʛʽ ʘʨץʳʣʳ ʩװʟʽʣʽʧ, ʪʘʣʜʘʫ װʰʽʥ ʘʣʳʥʘʜʳ. ᴄʨʙʽʨ ʪᴅʞʽʨʠʙʝ װʰ 

ʨʝʪ ץʘʡʪʘʣʘʥʳʧ ʦʨʳʥʜʘʣʜʳ, ʥᴅʪʠʞʝʣʝʨʜʽש ʩʪʘʪʠʩʪʠʢʘʣʳץ ʩʝʥʽʤʜʽʣʽʛʽʥ 

 ʪʘʣʜʘʥʜʳ ʞᴅʥʝ (ʜʝʣʤʝʛʝʥשʪʝʨʤʦᴇ) ʣʛʽʣʝʨʽװ ʳʣʘʫץʰʽʥ. ɹʘװ ʘʤʪʘʤʘʩʳʟ ʝʪʫץ

ʪʝʨʤʦᴇשʜʝʣʛʝʥ ʥᴅʪʠʞʝʣʝʨʤʝʥ ʩʘʣʳʩʪʳʨʳʣʜʳ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ 4.1-4.5 

ʩʫʨʝʪʪʝʨʛʝ ʩᴅʡʢʝʩ ʢʝʣʪʽʨʽʣʛʝʥ.  

 

 
ʉʫʨʝʪ 4.1 - (ɸ) ʩʳʥʘʤʘʣʳ ʪʫʢʦץʦʩʧʘʜʘʥ ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳש ʙʦʩʘʧ ʰʳסʫ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 
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ʉʫʨʝʪ 4.2 - (ɹ) ʩʳʥʘʤʘʣʳ ʪʫʢʦץʦʩʧʘʜʘʥ ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳש ʙʦʩʘʧ ʰʳסʫ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

 
 

ʉʫʨʝʪ 4.3 - (ɺ) ʩʳʥʘʤʘʣʳ ʪʫʢʦץʦʩʧʘʜʘʥ ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳש ʙʦʩʘʧ ʰʳסʫ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

 
 

ʉʫʨʝʪ 4.4 - (ɻ) ʩʳʥʘʤʘʣʳ ʪʫʢʦץʦʩʧʘʜʘʥ ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳש ʙʦʩʘʧ ʰʳסʫ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 
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ʉʫʨʝʪ 4.5 - (ɼ) ʩʳʥʘʤʘʣʳ ʪʫʢʦץʦʩʧʘʜʘʥ ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳש ʙʦʩʘʧ ʰʳסʫ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

ɾװʨʛʽʟʽʣʛʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʥᴅʪʠʞʝʣʝʨʽʥʝ ʩᴅʡʢʝʩ, ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ᴇשʜʝʫ 

ʫʘץʳʪʳʥʳש ʘʨʪʫʳ ʙʘʨʣʳץ ʧʨʦʙʘʣʘʨʜʘ ʥʝʛʽʟʛʽ ץʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽש ï P O , 

CaO, MgO, Fe O  ʞᴅʥʝ ZnO ï ʵʢʩʪʨʘʢʮʠʷʣʘʥʫʳʥʘ ʦש ᴅʩʝʨ ʝʪʢʝʥʽ ʙʘʡץʘʣʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴅʨ װʣʛʽʥʽײץ שʨʘʤʳ ʤʝʥ ʘʣʜʳʥ ʘʣʘ ʪʝʨʤʦᴇשʜʝʫ ʰʘʨʪʪʘʨʳ 

ʦʣʘʨʜʳש ʵʣʝʤʝʥʪʪʽʢ ץʦʣʞʝʪʽʤʜʽʣʽʛʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʪʽ. 

ʣʛʽ A-ʜʘ Pת O  ʤʝʥ CaO-ʥʳש ʙᴇʣʽʥʫʽ ʪʝʤʧʝʨʘʪʫʨʘ 500ÁC-ץʘ ʞʝʪʢʝʥʜʝ ʝש 

ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰʢʝ ʠʝ ʙʦʣʜʳ (210 ʤʛ/ʣ ʞᴅʥʝ 260 ʤʛ/ʣ ʪʠʽʩʽʥʰʝ). ɹײʣ װʣʛʽʜʝ 

ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʜʘ (100ï250ÁC) ʩʘʣʳʩʪʳʨʤʘʣʳ ʞʦסʘʨʳ ʤᴅʥʜʝʨ ʙʘʡץʘʣʜʳ, 

ʙײʣ ʦʥʳש ʙʘʩʪʘʧץʳ ʰʠʭʪʘʩʳʥʳש ʙʽʨʢʝʣʢʽ ʘʨʘʣʘʩʫʳ ʤʝʥ ʪʝʨʤʦᴇשʜʝʫʛʝ ʞʘץʩʳ 

ʙʝʡʽʤʜʽʣʽʛʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. ZnO ʤʝʥ Fe O  ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʳ ʜʘ ʪײʨʘץʪʳ 

ʪװʨʜʝ ʘʨʪʪʳ, ʙײʣ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש ʬʘʟʘʣʳץ ʘʫʳʩʫ ʧʨʦʮʝʩʽʥʜʝ ʞʝשʽʣ 

ʵʢʩʪʨʘʛʠʨʣʝʥʝʪʽʥ ʪװʨʛʝ ʘʡʥʘʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ʣʛʽ ɹ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ Pת O  ʧʝʥ CaO-ʥʳש ʵʢʩʪʨʘʢʮʠʷʩʳ װʣʛʽ A-ʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ ʩᴅʣ ʞʦסʘʨʳ ʜʝשʛʝʡʜʝ ʙʦʣʜʳ. 500ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 230 ʤʛ/ʣ P O  

ʞᴅʥʝ 270 ʤʛ/ʣ CaO ʪʽʨʢʝʣʜʽ. ɹײʣ װʣʛʽʜʝ ʪʝʨʤʦᴇשʜʝʫ ʢʝʟʽʥʜʝ ʢʘʣʴʮʠʡ ʤʝʥ 

ʬʦʩʬʦʨʜʳש ʙʘʡʣʘʥʳʩץʘʥ ʬʘʟʘʣʘʨʜʘʥ ʦשʘʡ ʳʜʳʨʘʫʳ ʙʘʡץʘʣʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

MgO ʞᴅʥʝ ZnO ʤᴇʣʰʝʨʣʝʨʽʥʽש ʙʽʨʪʽʥʜʝʧ ʘʨʪʫʳ, װʣʛʽ B ײץʨʘʤʳʥʜʘסʳ 

ʚʝʨʤʠʢʫʣʠʪ ʧʝʥ ʢװʣ-ʰʣʘʢ ץʦʩʧʘʣʘʨʳʥʳש ʞʦסʘʨʳ ʙʝʣʩʝʥʜʽʣʽʢʢʝ ʠʝ ʝʢʝʥʜʽʛʽʥ 

ʜᴅʣʝʣʜʝʡʜʽ. 

 ʦʨʝʢʪʽʢץ ʜʘʡʳʥʜʘסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘ ʞʘסʣʛʽ ɻ ʞᴅʥʝ ɼ ʜʝ ʞʦת

ʵʣʝʤʝʥʪʪʝʨʜʽש ʪʠʽʤʜʽ ʵʢʩʪʨʘʢʮʠʷʩʳʥʘ ץʦʣ ʞʝʪʢʽʟʽʣʜʽ, ʙʽʨʘץ ʦʣʘʨʜʳש ʙʘʩʪʘʧץʳ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʤʝʥ ײץʨʳʣʳʤʜʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʢʝʡʙʽʨ 

ʵʣʝʤʝʥʪʪʝʨ (MgO ʞᴅʥʝ Fe O ) ʢᴇʨʩʝʪʪʽ. ɹײʣ ʰʠʭʪʘ ײץʨʘʤʳʥʜʘסʳ Al O  ʤʝʥ SiO  

 ʢʨʝʤʥʠʡʣʽ ʥʝʤʝʩʝ שʘʨʳ ʙʦʣʫʳʤʝʥ, ʞᴅʥʝ ʵʣʝʤʝʥʪʪʝʨʜʽסʞʦ שʣʝʩʽʥʽװ

ʘʣʶʤʦʩʠʣʠʢʘʪʪʳ ʬʘʟʘʣʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. 

ɾʘʣʧʳ, ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ᴇשʜʝʫ ʫʘץʳʪʳ ʘʨʪץʘʥ ʩʘʡʳʥ ʵʣʝʤʝʥʪʪʝʨʜʽש 

ʵʢʩʪʨʘʢʮʠʷʩʳ ʜʘ ʙʽʨʪʽʥʜʝʧ ᴇʩʽʧ ʦʪʳʨʜʳ, ʙײʣ ʪʝʨʤʦʘʢʪʠʚʘʮʠʷ ʧʨʦʮʝʩʽʥʽש 

ʪʠʽʤʜʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, װʣʛʽ B ʝש ʞʦסʘʨʳ ʵʢʩʪʨʘʢʮʠʷʣʳץ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʢᴇʨʩʝʪʪʽ, ʙײʣ ʦʥʳ ʪᴅʞʽʨʠʙʝʣʽʢ-ᴇʥʜʽʨʽʩʪʽʢ ץʦʣʜʘʥʫ װʰʽʥ 

ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ZnO ʞᴅʥʝ Fe O  ʩʠʷץʪʳ 
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ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש ʞʦסʘʨʳ ʜᴅʨʝʞʝʜʝ ʙᴇʣʽʥʫʽ ʙײʣ ʪʫʢʦʩʤʝʣʝʨʜʽש 

ʘʛʨʦʭʠʤʠʷʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ, ʦʣʘʨʜʳ ʤʠʢʨʦʵʣʝʤʝʥʪʪʽʢ ʪʳשʘʡʪץʳʰ 

ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɹײʣ ʥᴅʪʠʞʝʣʝʨ ʰʠʭʪʘ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʪʘשʜʘʫ, ʪʝʨʤʦᴇשʜʝʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 

ʤʝʥ ʫʘץʳʪʳʥʳש ʦשʪʘʡʣʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʥʳץʪʘʫ ʘʨץʳʣʳ ץʦʨʝʢʪʽʢ 

ʵʣʝʤʝʥʪʪʝʨʜʽש ʙʠʦץʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʙʦʣʘʪʳʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ. ɸʣʳʥסʘʥ 

ʤᴅʣʽʤʝʪʪʝʨ ʪᴅʞʽʨʠʙʝʣʽʢ ᴇʥʜʽʨʽʩ װʰʽʥ ʤʘשʳʟʜʳ ʪʝʭʥʠʢʘʣʳץ ʥʝʛʽʟ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

ᴄʨʙʽʨ ʵʣʝʤʝʥʪ ʙʦʡʳʥʰʘ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ʪʝשʜʝʫʣʝʨʽ ʤʝʥ ʦʣʘʨʜʳש 

 ʣ ʤʦʜʝʣʴʜʝʨ ʪʝʨʤʦʘʢʪʠʚʘʮʠʷײʳʣʳʤʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷʩʳ ʪᴇʤʝʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. ɹס

ʥᴅʪʠʞʝʩʽʥʜʝ ʪʫʢʦץʦʩʧʘʣʘʨ ײץʨʘʤʳʥʘʥ ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳש (P O , CaO, MgO, 

Fe O , ZnO) ʵʢʩʪʨʘʢʮʠʷʣʘʥʫ װʨʜʽʩʽʥ ʩʠʧʘʪʪʘʡʜʳ. ʄʦʜʝʣʴʜʝʨ ʪʝʤʧʝʨʘʪʫʨʘʥʳש 

ʪʘʙʠסʠ ʣʦʛʘʨʠʬʤʽʥʝ (ln(T)) ʞᴅʥʝ ᴇשʜʝʫ ʫʘץʳʪʳʥʘ (t) ʥʝʛʽʟʜʝʣʽʧ, ʢᴇʧʬʘʢʪʦʨʣʳ 

ʨʝʛʨʝʩʩʠʷ ᴅʜʽʩʽʤʝʥ ײץʨʳʣסʘʥ (4.1). 

y=aẗln(T)+bẗt+c           (4.1) 

ʤײʥʜʘסʳ: y ï ץʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪʪʽש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ (ʤʛ/ʣ), T ï ʪʝʨʤʦᴇשʜʝʫ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ (ʂʝʣʴʚʠʥʜʝ ʥʝʤʝʩʝ ÁC), t ï ᴇשʜʝʫ ʫʘץʳʪʳ (ʩʘסʘʪ), a, b, c ï 

ʨʝʛʨʝʩʩʠʷʣʳץ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨ. 

ʊᴇʤʝʥʜʝ ᴅʨʙʽʨ ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨ װʰʽʥ ʩᴅʡʢʝʩ ʤʦʜʝʣʴ ʪʝשʜʝʫʣʝʨʽ ʤʝʥ 

ʛʨʘʬʠʢʪʝʨʽ (4.6-4.10) ʢʝʣʪʽʨʽʣʛʝʥ.  

 

P2O5=72.38ẗln(T)+5.21ẗtī366.57 

 

 
 

ʉʫʨʝʪ 4.6 - P O  ʪʝʤʧʝʨʘʪʫʨʘ ʞᴅʥʝ ʫʘץʳʪ ᴅʩʝʨʽʥʜʝʛʽ ʵʢʩʪʨʘʢʮʠʷʣʳץ 

ʜʠʥʘʤʠʢʘʩʳʥʳ3 שD ʙʝʡʥʝʩʽ 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʘʨʪץʘʥ ʩʘʡʳʥ ʬʦʩʬʦʨʜʳש ʵʢʩʪʨʘʢʮʠʷʩʳ ʢװʨʪ ᴇʩʝʜʽ, ʙײʣ 

ʪʝʨʤʦʘʢʪʠʚʘʮʠʷ ʢʝʟʽʥʜʝ ʧʦʣʠʬʦʩʬʘʪʪʘʨʜʳש ʳʜʳʨʘʫʳʥʘ ʞᴅʥʝ ʦʣʘʨʜʳש ʣʠʤʦʥ 

 שʢʦʵʬʬʠʮʝʥʪʽ ʬʦʩʬʦʨʜʳ שʦ שʳʪʪʳץʳ ʝʨʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ʋʘסʳʣʳʥʜʘץʳʰץ

ʰʳסʘʨʳʣʫ ʧʨʦʮʝʩʽ ʙʘʷʫ, ʙʽʨʘװ ץʟʜʽʢʩʽʟ ʞװʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

 

CaO=48.74ẗln(T)+4.63ẗtī227.91 
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ʉʫʨʝʪ 4.7 - CaO ʪʝʤʧʝʨʘʪʫʨʘ ʞᴅʥʝ ʫʘץʳʪ ᴅʩʝʨʽʥʜʝʛʽ ʵʢʩʪʨʘʢʮʠʷʣʳץ 

ʜʠʥʘʤʠʢʘʩʳʥʳ3 שD ʙʝʡʥʝʩʽ 

 

ʊʝʤʧʝʨʘʪʫʨʘʥʳש ᴅʩʝʨʽ ʞʦסʘʨʳ, ʙײʣ ʢʘʣʴʮʠʡ ʪײʟʜʘʨʳʥʳש ʪʝʨʤʠʷʣʳץ 

ʜʝʢʦʤʧʦʟʠʮʠʷ ʘʨץʳʣʳ ʩʫʜʘ ʝʨʠʪʽʥ ʬʦʨʤʘʣʘʨסʘ ʘʫʳʩʫʳʥ ʢᴇʨʩʝʪʝʜʽ. ʋʘץʳʪ ᴅʩʝʨʽ 

ʜʝ ʤʘשʳʟʜʳ, ᴅʩʽʨʝʩʝ 250ï500ÁC ʘʨʘʣʳסʳʥʜʘ. 

 

MgO=2.39ẗln(T)+0.28ẗtī9.51 

 

  
 

ʉʫʨʝʪ 4.8 - MgO ʪʝʤʧʝʨʘʪʫʨʘ ʞᴅʥʝ ʫʘץʳʪ ᴅʩʝʨʽʥʜʝʛʽ ʵʢʩʪʨʘʢʮʠʷʣʳץ 

ʜʠʥʘʤʠʢʘʩʳʥʳ3 שD ʙʝʡʥʝʩʽ 

 

ʄʘʛʥʠʡʜʽש ʵʢʩʪʨʘʢʮʠʷʩʳ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʙʽʨʰʘʤʘ ʪᴅʫʝʣʜʽ, ʙʽʨʘץ ʢʘʣʴʮʠʡʛʝ 

 ʣ Mgײʨʜʝ ᴅʣʩʽʟ (b = 0.28), ʙװʳʪ ᴅʩʝʨʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪץʘʥʜʘ ᴅʣʩʽʟ. ʋʘסʘʨʘץ

 .ʝʨʽʛʽʰʪʽʛʽ ʰʝʢʪʝʫʣʽ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ שʨʘʤʜʘʩʪʘʨʳʥʳײץ

 

Fe2O3=1.33ẗln(T)+0.14ẗtī5.14 
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ʉʫʨʝʪ 4.9 - Fe2O3 ʪʝʤʧʝʨʘʪʫʨʘ ʞᴅʥʝ ʫʘץʳʪ ᴅʩʝʨʽʥʜʝʛʽ ʵʢʩʪʨʘʢʮʠʷʣʳץ 

ʜʠʥʘʤʠʢʘʩʳʥʳ3 שD ʙʝʡʥʝʩʽ 

 

Fe O  ï ʢᴇʙʽʥʝ ʝʨʽʤʝʡʪʽʥ ʢʦʤʧʦʥʝʥʪ, ʙʽʨʘץ ʪʝʨʤʦᴇשʜʝʫ ʢʝʟʽʥʜʝ ʩᴅʣ ʝʨʫʽ 

ʤװʤʢʽʥ, ᴅʩʽʨʝʩʝ ʪᴇʤʝʥ pH ʢʝʟʽʥʜʝ. ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʫʘץʳʪʪʳץ שʦʩʳʥʜʳ ᴅʩʝʨʽ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʵʢʩʪʨʘʢʮʠʷ ʰʘʤʘʣʳ סʘʥʘ ᴇʩʝʜʽ. 

 

ZnO=0.83ẗln(T)+0.09ẗtī3.03 

 

 
 

ʉʫʨʝʪ 4.10 - ZnO ʪʝʤʧʝʨʘʪʫʨʘ ʞᴅʥʝ ʫʘץʳʪ ᴅʩʝʨʽʥʜʝʛʽ ʵʢʩʪʨʘʢʮʠʷʣʳץ 

ʜʠʥʘʤʠʢʘʩʳʥʳ3 שD ʙʝʡʥʝʩʽ 

ʄʳʨʳʰʪʳש ʰʳסʘʨʳʣʫʳ ʢᴇʙʽʥʝ ʪʝʤʧʝʨʘʪʫʨʘ ᴅʩʝʨʽʥʝʥ, ʘʣ ʫʘץʳʪʪʳש ᴅʩʝʨʽ 

ʘʟ. Zn ï ʤʠʢʨʦʵʣʝʤʝʥʪ ʨʝʪʽʥʜʝ ʣʠʤʦʥ ץʳʰץʳʣʳʤʝʥ ʞʘץʩʳ ʢʦʤʧʣʝʢʩ ʪװʟʝʜʽ, ʙײʣ 

ʦʥʳ400 שï500ÁC ʘʨʘʣʳסʳʥʜʘ ʢᴇʙʽʨʝʢ ʝʨʫʽʥʝ ᴅʢʝʣʝʜʽ. 

ʆʩʳ ʟʝʨʪʪʝʫʜʝ ʘʣʳʥסʘʥ ʢᴇʧ ʬʘʢʪʦʨʣʳ ʨʝʛʨʝʩʩʠʷʣʳץ ʤʦʜʝʣʴʜʝʨʜʽש 

ʩʝʥʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ ʤʘץʩʘʪʳʥʜʘ ʙʽʨץʘʪʘʨ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʢʨʠʪʝʨʠʡʣʝʨ 

 ʩᴅʡʢʝʩʪʽʢ ʜᴅʨʝʞʝʩʽʥ ʩʠʧʘʪʪʘʡʪʳʥ שʽʰʽʥʜʝ ʤʦʜʝʣʴʜʽ שʦʣʜʘʥʳʣʜʳ. ʆʣʘʨʜʳץ

ʜʝʪʝʨʤʠʥʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʽ (RĮ), ʞʝʢʝ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʜʽש ʤʘשʳʟʜʳʣʳסʳʥ 

ʘʥʳץʪʘʡʪʳʥ ʉʪʴʶʜʝʥʪʪʽש t-ʢʨʠʪʝʨʠʡʽ, ʤʦʜʝʣʴʜʽש ʞʘʣʧʳ ʩʪʘʪʠʩʪʠʢʘʣʳץ 

ʤʘשʳʟʜʳʣʳסʳʥ ʢᴇʨʩʝʪʝʪʽʥ ʌʠʰʝʨʜʽש F-ʢʨʠʪʝʨʠʡʽ, ʩʦʥʜʘʡ-ʘץ ץʘʣʜʳץʪʘʨʜʳש 

ʪʘʨʘʣʫʳʥ ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽ ʧʘʡʜʘʣʘʥʳʣʜʳ. 
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ɼʝʪʝʨʤʠʥʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʽ (RĮ) ʙʘʨʣʳץ ʤʦʜʝʣʴʜʝʨ װʰʽʥ 0.95ï0.98 

ʘʨʘʣʳסʳʥʜʘ ʙʦʣʜʳ, ʙײʣ ʘʣʳʥסʘʥ ʤʦʜʝʣʴʜʝʨʜʽש ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨʜʽ 95ï

98% ʜᴅʣʜʽʢʧʝʥ ʪװʩʽʥʜʽʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʄײʥʜʘʡ ʞʦסʘʨʳ ʤᴅʥ ʤʦʜʝʣʴʜʝʨʜʽש 

ʘʜʝʢʚʘʪʪʳʣʳסʳʥ ʞᴅʥʝ ʪʠʽʤʜʽʣʽʛʽʥ ʜᴅʣʝʣʜʝʡʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴅʨʙʽʨ ʪᴅʫʝʣʩʽʟ 

ʘʡʥʳʤʘʣʳʥʳש (ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʫʘץʳʪ) ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʝ ʞװʨʛʽʟʽʣʛʝʥ 

ʉʪʴʶʜʝʥʪʪʽש t-ʩʪʘʪʠʩʪʠʢʘʩʳ ʥᴅʪʠʞʝʣʝʨʽ ʙʘʨʣʳץ ʞʘסʜʘʡʜʘ |t| > tcritical (Ŭ = 0.05, 

ʝʨʢʽʥʜʽʢ ʜᴅʨʝʞʝʩʽʥʝ ʩᴅʡʢʝʩ) ʰʘʨʪʳʥ ץʘʥʘסʘʪʪʘʥʜʳʨʜʳ. ɹײʣ ʤʦʜʝʣʴʛʝ ʝʥʛʽʟʽʣʛʝʥ 

ʘʡʥʳʤʘʣʳʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳ ʥᴅʪʠʞʝʛʝ ʝʣʝʫʣʽ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ ʙʽʣʜʽʨʝʜʽ. 

ɾʘʣʧʳ ʤʦʜʝʣʴʜʽש ʤʘשʳʟʜʳʣʳסʳ ʌʠʰʝʨ ʢʨʠʪʝʨʠʡʽ (F-test) ʘʨץʳʣʳ 

ʨʘʩʪʘʣʜʳ: ʝʩʝʧʪʝʣʛʝʥ F ʤᴅʥʽ ʢʝʩʪʝʣʽʢ ʤᴅʥʥʝʥ ʞʦסʘʨʳ ʙʦʣʜʳ (F > Fcritical), ʙײʣ 

ʤʦʜʝʣʴʜʽש ʨʝʛʨʝʩʩʠʷ ʘʡʥʳʤʘʣʳʣʘʨʳ ʙʦʡʳʥʰʘ ʤʘשʳʟʜʳʣʳסʳʥ ʜᴅʣʝʣʜʝʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, p-value ʙʘʨʣʳץ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨ װʰʽʥ 0.05 ʜʝשʛʝʡʽʥʝʥ ʪᴇʤʝʥ 

ʙʦʣʜʳ, ʙײʣ ʜʘ ʦʣʘʨʜʳש ʩʪʘʪʠʩʪʠʢʘʣʳץ ʤʘשʳʟʜʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʄʦʜʝʣʴʜʝʨʜʽץ שʘʣʜʳץʪʘʨʳʥʘ ʞװʨʛʽʟʽʣʛʝʥ ʘʥʘʣʠʟ ʦʣʘʨʜʳש ʥʦʨʤʘʣʜʳʣʳץ 

ʟʘשʜʳʣʳסʳʥʘ ʙʘסʳʥʘʪʳʥʳʥ ʞᴅʥʝ ʢʝʟʜʝʡʩʦץ ʪװʨʜʝ ʪʘʨʘʣסʘʥʳʥ ʢᴇʨʩʝʪʪʽ. 

 שʘʪʝʣʽʢʪʽץ ʡʝʣʽװʣ ʤʦʜʝʣʴʜʝ ʞײʙʦʣʜʳ, ʙ ץʦʨʪʘʰʘ ʤᴅʥʽ ʥᴇʣʛʝ ʞʫʳ שʪʘʨʜʳץʘʣʜʳפ

ʞʦץʪʳסʳʥ ʙʽʣʜʽʨʝʜʽ. ʆʩʳʣʘʡʰʘ, ʞװʨʛʽʟʽʣʛʝʥ ʪʦʣʳץ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪʝʢʩʝʨʫʣʝʨ 

ʤʦʜʝʣʴʜʝʨʜʽש ʩʝʥʽʤʜʽ ʞᴅʥʝ ʥʘץʪʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʽʧ, ʦʣʘʨʜʳ ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳש 

ʵʢʩʪʨʘʢʮʠʷ װʜʝʨʽʩʽʥ ʙʦʣʞʘʫ װʰʽʥ ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

4.2 ʊʳשʘʡʪץʳʰ ᴅʩʝʨʽʥʽש ᴇʩʽʤʜʽʢʪʝʨʜʽש ᴇʩʫʽ ʤʝʥ ᴇʥʽʤʜʽʣʽʛʽʥʝ ᴅʩʝʨʽ, 

 ʘʫʽʧʩʽʟʜʽʛʽץ ץʵʢʦʣʦʛʠʷʣʳ שʦʣʜʘʥʫʜʳץ

ɹײʣ ʟʝʨʪʪʝʫʜʽש ʙʘʩʪʳ ʤʘץʩʘʪʳ ï ʜʘʡʳʥʜʘʣסʘʥ ʪʫʢʦץʦʩʧʘʣʘʨʳʥʳש (ɸ, ɹ, ɺ, 

ɻ, ɼ) ץʳʟʘʥʘץ (ɹʝʣʛʦʛʨʘʜ ʩʦʨʪʳ) ʢᴇʰʝʪʪʝʨʽʥʽש ᴇʩʫʽ ʤʝʥ ʚʝʛʝʪʘʪʠʚʪʽʢ ʜʘʤʫʳʥʘ 

ᴅʩʝʨʽʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞʘסʜʘʡʜʘ ʟʝʨʪʪʝʫ. ɿʝʨʪʪʝʫ ʰʝשʙʝʨʽʥʜʝ 

ʪʳשʘʡʪץʳʰʪʘʨʜʳש ᴇʩʽʤʜʽʢʪʽש ʙʠʦʤʝʪʨʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ (ʩʘʙʘץʪʳש 

ʙʠʽʢʪʽʛʽ, ʞʘʧʳʨʘײ ץʟʳʥʜʳסʳ) ʞᴅʥʝ ʪʦʧʳʨʘץ ʦʨʪʘʩʳʥʳש ʨʅ ᴇʟʛʝʨʽʩʽʥʝ ʳץʧʘʣʳ 

ʘʥʳץʪʘʣʘʜʳ. ʅᴅʪʠʞʝʣʝʨ ʪʫʢʦץʦʩʧʘ ײץʨʘʤʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫסʘ ʞᴅʥʝ 

ʦʣʘʨʜʳש ʘʛʨʦʭʠʤʠʷʣʳץ ʪײʨסʳʜʘʥ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʛʽʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. 

ʄʘʪʝʨʠʘʣʜʘʨ: ɹʝʣʛʦʛʨʘʜ ʩʦʨʪʳʥʳץ שʳʟʘʥʘץ ʪץײʳʤʜʘʨʳ; ʪʫʢʦץʦʩʧʘ 

 ʨʘʤʜʳ ʤʘʪʝʨʠʘʣ (65ï71%), ʚʝʨʤʠʢʫʣʠʪ (10%), ʀʂʆʂײץʨʘʤʳʥʜʘ: ʬʦʩʬʦʨײץ

 ʳʨ ʢᴇʤʽʨ (2ï3%), ʢʘʨʙʦʥʘʪʪʳ-ʢʨʝʤʥʠʡʣʽ ʜʦʣʦʤʠʪʪʝʥʛʝʥ ʬʦʩʬʦʨʠʪʪʝʨשʦץ ,(8%)

(5ï7%) ʞᴅʥʝ ɾʕʆ ʢװʣʽ (4ï7%). ɸʣʪʳ ʰʳʥʳ ʩʪʘʢʘʥ (0.5 ʣ), ˉ6 ï ʙʘץʳʣʘʫ װʣʛʽʩʽ 

(ʪʳשʘʡʪץʳʰʩʳʟ). 

ɾʘʙʜʳϨʪʘʨ: pH-ʤʝʪʨ (ʪʦʧʳʨʘץ ʦʨʪʘʩʳʥʳץ שʳʰץʳʣʜʳסʳʥ ʘʥʳץʪʘʫ 

 ;(ʰʽʥװ ᴇʩʽʤʜʽʢ ᴇʣʰʝʤʜʝʨʽʥ ʪʽʨʢʝʫ) ʰʽʥ); ʃʠʥʝʡʢʘ ʤʝʥ ʮʠʬʨʣʳ ʰʪʘʥʛʝʥʮʠʨʢʫʣʴװ

ʌʦʪʦʬʠʢʩʘʮʠʷ ʞʘʩʘʫ װʰʽʥ ʢʘʤʝʨʘ. 

Ϸʜʽʩʪʝʤʝ: 2021 ʞʳʣסʳ 5 ʩᴅʫʽʨʜʝ ʘʣʪʳ ʰʳʥʳ ʩʪʘʢʘʥסʘ ɹʝʣʛʦʛʨʘʜ 

 ʘ ʪʠʽʩʽʥʰʝ ɸïɼסʳʤʜʘʨʳ ʝʛʽʣʜʽ. ˉ1ï5 ʩʪʘʢʘʥʜʘʨץײʪ שʳʥʳסʳʟʘʥʘץ

ʪʫʢʦץʦʩʧʘʣʘʨ r ʝʥʛʽʟʽʣʜʽ, ˉ6 ʩʪʘʢʘʥ ʪʳשʘʡʪץʳʰʩʳʟ ʙʘץʳʣʘʫ װʣʛʽʩʽ ʨʝʪʽʥʜʝ 

ʘʣʳʥʜʳ. ᴆʩʽʨʫ ʞʘסʜʘʡʣʘʨʳ: ʪʝʤʧʝʨʘʪʫʨʘ ï 22ï25ÁC, ʳʣסʘʣʜʳʣʳץ ï 60ï70%, 

ʞʘʨʳץʪʘʥʜʳʨʫ ï ʪʘʙʠסʠ ʞᴅʥʝ ץʦʩʳʤʰʘ ʞʘʨʳץʧʝʥ (12 ʩʘסʘʪ ʞʘʨʳ12 / ץ ʩʘסʘʪ 

 ᴇʣʰʝʫʣʝʨ 12.04.2021, 19.04.2021 ʞᴅʥʝ 28.04.2021 ץʳ). ɹʠʦʤʝʪʨʠʷʣʳסשʘʨʘץ

ʢװʥʜʝʨʽ ʞװʨʛʽʟʽʣʜʽ. ʨʅ ʢᴇʨʩʝʪʢʽʰʽ ʙʘʩʪʘʧץʳʜʘ 6 (05.04.2021), ʩʦשʳʥʜʘ 6.8 
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(28.04.2021) ʙʦʣʜʳ. 19 ʩᴅʫʽʨʜʝ ʢᴇʰʝʪʪʝʨ װʣʢʝʥ ʳʜʳʩʪʘʨסʘ ʘʫʳʩʪʳʨʳʣʜʳ. 

ᴆʩʽʤʜʽʢʪʝʨʜʽש ʜʘʤʫ ʜʝʨʝʢʪʝʨʽ 4.1-ʢʝʩʪʝʜʝ ʙʝʨʽʣʛʝʥ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞʘסʜʘʡʣʘʨ: 

¶ ɹʘϨʳʣʘʫ ʤʝʨʟʽʤʽ: 05.04.2021 ï 28.04.2021 (23 ʢװʥ). 

¶ Ϲʩʽʤʜʽʢʪʝʨ ʩʘʥʳ: ᴄʨ ʩʪʘʢʘʥʜʘ 5 ʪץײʳʤ, ʢʝʡʽʥ 3 ʤʳץʪʳ ᴇʩʽʤʜʽʢ ʪʘשʜʘʣʳʧ 

 .ʘʣʜʳʨʳʣʜʳץ

¶ ɹʘϨʳʣʘʫ ʢϺʨʩʝʪʢʽʰʪʝʨʽ: ʩʘʙʘץ ʙʠʽʢʪʽʛʽ (ʩʤ), ʞʘʧʳʨʘײ ץʟʳʥʜʳסʳ (ʩʤ), 

ʞʘʧʳʨʘץ ʪװʩʽ, ʪʦʧʳʨʘץ ʨʅ. 

ʆʩʳ ʙᴇʣʽʤʜʝ "ɹʝʣʛʦʛʨʘʜ" ʩʦʨʪʳʥʳץ שʳʟʘʥʘץ ʢᴇʰʝʪʪʝʨʽʥʝ ᴅʨʪװʨʣʽ 

 ʘʥסʳʪʪʘʣסʘ ʙʘסʘʣʘʫסᴅʩʝʨʽʥ ʙʘ (ɸ, ɹ, ɺ, ɻ, ɼ) שʦʩʧʘʣʘʨʳʥʳץʳ ʪʫʢʦסʨʘʤʜʘײץ

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʘʷʥʜʘʣʘʜʳ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘסʳ 

ʙʘץʳʣʘʫʣʘʨ 12.04.2021, 19.04.2021 ʞᴅʥʝ 28.04.2021 ʢװʥʜʝʨʽ ʞװʨʛʽʟʽʣʜʽ. ᴄʨʙʽʨ 

ᴇʩʽʤʜʽʢʪʽש ʩʘʙʘץ ʙʠʽʢʪʽʛʽ ʤʝʥ ʞʘʧʳʨʘײ ץʟʳʥʜʳסʳ ᴇʣʰʝʥʽʧ, ˉ1ï6 ʰʳʥʳ 

ʳʜʳʩʪʘʨסʘ ʙᴇʣʽʥʛʝʥ. ˉ6 ï ʙʘץʳʣʘʫ װʣʛʽʩʽ (ʪʳשʘʡʪץʳʰʩʳʟ). ʊʠʽʩʪʽ ʤᴅʣʽʤʝʪʪʝʨ 

4.1-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

ʂʝʩʪʝ 4.1 - ɿʝʨʪʪʝʣʝʪʽʥ ʩʳʥʘʤʘʣʘʨʜʳש ʚʝʛʝʪʘʮʠʷʣʳץ ʜʘʤʫʳ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨ 

 

 ̄

ʊʫʢʦץʦʩʧʘ 

ʩʳʥʘʤʘʣʘʨ

ʳʥʳש 

ᴅʨʽʧʧʝʥ 

ʙʝʣʛʽʣʝʥʫʽ 

12.04.2021 19.04.2021 28.04.2021 

ʉʘʙʘץʪʘʨʳʥ

ʳש ᴇʩʫ 

ʙʦʡʳ  (ʩʤ) 

ɾʘʧʳʨʘץ 

  ʳסʟʳʥʜʳײ

(ʩʤ) 

ʉʘʙʘץʪʘʨʳʥ

ʳש ᴇʩʫ 

ʙʦʡʳ  (ʩʤ) 

ɾʘʧʳʨʘ

 ץ

ʟʳʥʜʳײ

 ʳ  (ʩʤ)ס

ʉʘʙʘץʪʘʨʳʥ

ʳש ᴇʩʫ 

ʙʦʡʳ  (ʩʤ) 

ɾʘʧʳʨʘ

 ץ

ʟʳʥʜʳײ

 ʳ  (ʩʤ)ס

1 ɸ 6 2,5 9,8 5,8 18 8,5 

2 ɹ 5,5 2,3 10 5,6 18,7 8 

3 ɺ 5,8 2,7 10,5 6 19 9 

4 ɻ 6,5 3,3 11 7 20 11 

5 ɼ 6,2 3 10,8 6,3 19,3 10 

6 ɽ 2 1 8 3 17 7 

 

ɸʣסʘʰץʳ ʙʘץʳʣʘʫ ʢװʥʽ (12.04.2021) ʪʫʢʦץʦʩʧʘʣʘʨʳ ʙʘʨ ˉ1ï3 װʣʛʽʣʝʨʽʥʜʝ 

ʩʘʙʘײ ץʟʳʥʜʳסʳ 5.5ï6.0 ʩʤ, ʞʘʧʳʨʘײ ץʟʳʥʜʳסʳ 2.3ï2.7 ʩʤ ʘʨʘʣʳסʳʥʜʘ ʙʦʣʜʳ. 

ˉ4 ʞᴅʥʝ ˉ5 װʣʛʽʣʝʨʽʥʜʝ ʙײʣ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʩᴅʣ ʞʦסʘʨʳ ï ʩᴅʡʢʝʩʽʥʰʝ 6.2ï6.5 ʩʤ 

ʞᴅʥʝ 3.0ï3.3 ʩʤ. ɹײʣ ʢᴇʨʩʝʪʢʽʰʪʝʨ ɻ ʞᴅʥʝ ɼ ʪʫʢʦץʦʩʧʘ ײץʨʘʤʳʥʜʘסʳ 

ʵʣʝʤʝʥʪʪʝʨʜʽש (ᴅʩʽʨʝʩʝ ʬʦʩʬʦʨ ʤʝʥ ʤʘʛʥʠʡʜʽש) ʝʨʪʝ ʩʘʪʳʜʘ ʙʝʣʩʝʥʜʽ ʩʽשʽʨʽʣʫʽʥ 

ʢᴇʨʩʝʪʝʜʽ. ɸʣ ʙʘץʳʣʘʫ װʣʛʽʩʽ (ˉ6) 2.0 ʩʤ ʙʠʽʢʪʽʢʧʝʥ ʞᴅʥʝ 1.0 ʩʤ ʞʘʧʳʨʘץ 

 .ʘʥ (4.11-ʩʫʨʝʪ)סʘʣץ ʪʘʡ ʘʨʪʪʘץʳʤʝʥ ʘʡʪʘʨʣʳסʟrʥʜʳײ

 

 



 112 

 
ʘ 

 

 
ʙ 

 

 
ʚ 

 

 
ʛ 

 

ʉʫʨʝʪ 4.11 - פʳʟʘʥʘץ ᴇʩʽʤʜʽʢʪʝʨʽʥʽש ʟʝʨʪʪʝʣʛʝʥ װʣʛʽʣʝʨʽʥʽש ʩʫʨʝʪʪʝʨʽ 

 

19.04.2021 ʢװʥʛʽ ʘʨʘʣʳץ ʙʘץʳʣʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʪʳשʘʡʪʳʣסʘʥ װʣʛʽʣʝʨʜʝ 

ʩʘʙʘײ ץʟʳʥʜʳסʳ 9.8ï11.0 ʩʤ ʜʝʡʽʥ, ʞʘʧʳʨʘײ ץʟʳʥʜʳסʳ 5.6ï7.0 ʩʤ ʜʝʡʽʥ ᴇʩʪʽ. 

ˉ4 (ɻ) ʞᴅʥʝ ˉ5 (ɼ) ʪʫʢʦץʦʩʧʘ װʣʛʽʣʝʨʽ ʢᴇʰ ʙʘʩʪʘʧ, ʙײʣ ʢʝʟʝשʜʝ ᴇʩʽʤʜʽʢʪʽש 

ʙʝʣʩʝʥʜʽ ʚʝʛʝʪʘʪʠʚʪʽ ʜʘʤʫʳʥ ʢᴇʨʩʝʪʪʽ. ɸʣ ˉ6 װʣʛʽʩʽʥʜʝ (ʪʳשʘʡʪץʳʰʩʳʟ) ʩʘʙʘץ 
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ʙʠʽʢʪʽʛʽ ʪʝʢ 4ï5 ʩʤ, ʞʘʧʳʨʘײ ץʟʳʥʜʳסʳ 2ï3 ʩʤ ʘʨʘʣʳסʳʥʜʘ ʙʦʣʜʳ, ʙײʣ ץʦʨʝʢʪʽʢ 

ʟʘʪʪʘʨʜʳש ʞʝʪʽʩʧʝʫʰʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. 

28.04.2021 ʢװʥʛʽ ʩʦסשʳ ʙʘץʳʣʘʫʜʘ ˉ1ï3 װʣʛʽʣʝʨʽʥʜʝʛʽ ᴇʩʽʤʜʽʢʪʝʨ 18ï19 

ʩʤ-ʛʝ ʜʝʡʽʥ ᴇʩʽʧ, ʞʘʧʳʨʘײ ץʟʳʥʜʳסʳ 8ï9 ʩʤ-ʛʝ ʞʝʪʪʽ. ˉ4 ʞᴅʥʝ ˉ5 װʣʛʽʣʝʨʽʥʜʝ 

ʩʘʙʘץ ʙʠʽʢʪʽʛʽ ʪʠʽʩʽʥʰʝ 19.3ï20.0 ʩʤ, ʘʣ ʞʘʧʳʨʘײ ץʟʳʥʜʳסʳ 10ï11 ʩʤ ʙʦʣʜʳ. 

ɹײʣ װʣʛʽʣʝʨʜʽש ʞʘʧʳʨʘץ ʪװʩʽ ץʘʥʳץ ʞʘʩʳʣ, ʬʦʪʦʩʠʥʪʝʪʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʣʽʢʪʽש 

ʞʦסʘʨʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹʘץʳʣʘʫ װʣʛʽʩʽ (ˉ6) ʰʘʤʘʤʝʥ 17 ʩʤ-ʛʝ ᴇʩʽʧ, ʞʘʧʳʨʘסʳ 

7 ʩʤ ʙʦʣʜʳ ï ʙײʣ ʙʝʣʛʽʣʽ ʙʽʨ ʜʘʤʫʜʳש ʙʦʣסʘʥʳʥ ʢᴇʨʩʝʪʩʝ ʜʝ, ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨ 

ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽʥʝʥ ᴇʩʫ ʰʝʢʪʝʫʣʽ ʙʦʣסʘʥ. 

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʪʦʧʳʨʘץʪʳש pH ʢᴇʨʩʝʪʢʽʰʽ 6.0-ʜʝʥ 6.8-ʛʝ ʜʝʡʽʥ 

ʢᴇʪʝʨʽʣʜʽ, ʙײʣ ʪʫʢʦץʦʩʧʘ ײץʨʘʤʳʥʜʘסʳ ʢʘʨʙʦʥʘʪʪʳ ץʦʩʳʣʳʩʪʘʨʜʳש ʳʜʳʨʘʫʳ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʧʘʡʜʘ ʙʦʣסʘʥ ᴅʣʩʽʟ ʩʽʣʪʽʣʽ ʘʫʳʩʫʜʳ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ᴇʟʛʝʨʽʩ ʢʝʡʙʽʨ 

 ᴅʩʝʨ ʝʪʫʽ שʞʳʣʞʳʤʘʣʳ ʬʦʨʤʘʣʘʨʳʥʘ ᴇʪʫʽʥʝ ʦ (ʬʦʩʬʦʨ) שʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽץ

ʤװʤʢʽʥ. 

 ʙʝʣʩʝʥʜʽ שʣʛʽʣʝʨʽ ʢᴇʰʝʪʪʝʨʜʽװ ʦʩʧʘץʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ɻ ʞᴅʥʝ ɼ ʪʫʢʦפ

ᴇʩʫʽʥʝ ʞᴅʥʝ ʜʘʤʫʳʥʘ ʳץʧʘʣ ʝʪʪʽ. ɹײʣ ʦʣʘʨʜʳײץ שʨʘʤʳʥʜʘסʳ P O  ʞᴅʥʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש ʞʦסʘʨʳ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʤʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ. ɸʣ 

ʙʘץʳʣʘʫ װʣʛʽʩʽ ʪʳשʘʡʪץʳʰʪʘʨ ץʦʣʜʘʥʳʣʤʘסʘʥ ʞʘסʜʘʡʜʘ ᴇʩʽʤʜʽʢʪʽש ᴇʩʫʽ 

ʰʝʢʪʝʣʝʪʽʥʽʥ ʘʡסʘץʪʘʡʜʳ (פʦʩʳʤʰʘ ɹ). 

ɹײʣ ʤᴅʣʽʤʝʪʪʝʨ ʪʫʢʦץʦʩʧʘ ײץʨʘʤʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫʜʘסʳ ʤʘשʳʟʜʳ 

ʙʘʟʘ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ ʞᴅʥʝ ʘʣʜʘסʳ ʢʝʟʝשʜʝ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʨ ʤʝʥ 

ʛʨʘʬʠʢʘʣʳץ ʪʘʣʜʘʫʣʘʨ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ɼʘʣʘʣʳץ ʩʳʥʘץ ʟʝʨʪʪʝʫʣʝʨʽʥʽש ʤʘץʩʘʪʳ ï ʬʦʩʬʦʨ ᴇʥʜʽʨʽʩʽ ץʘʣʜʳץʪʘʨʳ 

ʥʝʛʽʟʽʥʜʝ ᴅʟʽʨʣʝʥʛʝʥ ʞʘשʘ ʪʫʢʦץʦʩʧʘ ʥʦʤʝʥʢʣʘʪʫʨʘʩʳʥʳש ʘʰʳץ ʜʘʣʘ ʞᴅʥʝ 

ʞʳʣʳʞʘʡ ʞʘסʜʘʡʣʘʨʳʥʜʘ ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʜʘץʳʣʜʘʨʳʥʳץ) שʳʟʘʥʘץ, 

ʙʘʢʣʘʞʘʥ, ʪᴅʪʪʽ ʙײʨʳʰ) ᴇʥʽʤʜʽʣʽʛʽʥʝ ᴅʩʝʨʽʥ ʟʝʨʪʪʝʫ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʪʫʢʦץʦʩʧʘ 

 ʦʨʝʢʪʽʢץ ,ʘʩʠʝʪʪʝʨʽʥʝ (pHץ ץʬʠʟʠʢʘ-ʭʠʤʠʷʣʳ שʪʳץʪʦʧʳʨʘ שʦʣʜʘʥʫʜʳץ

ʵʣʝʤʝʥʪʪʝʨʜʽש ʤᴇʣʰʝʨʽ) ʪʠʛʽʟʝʪʽʥ ʳץʧʘʣʳʥ ʘʥʳץʪʘʫ ʢᴇʟʜʝʣʜʽ. ɹײʣ ʘʨץʳʣʳ 

ʟʝʨʪʭʘʥʘʣʳץ ʞʘסʜʘʡʜʘ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ ʙʝʢʽʪʽʧ, ʞʘשʘ ᴇʥʽʤʜʽ ʘʛʨʦʭʠʤʠʷʣʳץ 

 .ʘʨʘʩʪʳʨʳʣʘʜʳץ ʤʢʽʥʜʽʛʽװʘ ʝʥʛʽʟʫ ʤסʦʣʜʘʥʫץ

ɼʘʣʘʣʳץ ʪᴅʞʽʨʠʙʝʣʝʨ ʊװʨʢʽʩʪʘʥ ʦʙʣʳʩʳ, פʘʧʣʘʥʙʝʢ-ʉʘʨʳʘסʘʰ 

ʘʫʜʘʥʳʥʜʘסʳ çɸʣʪʳʥʘʡè ʰʘʨʫʘ ץʦʞʘʣʳסʳʥʳש ʞʳʣʳʞʘʡ ʤʝʥ ʘʰʳץ 

ʘʣʘשʜʘʨʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ. ɾʳʣʳʞʘʡʜʘ 10 ʤĮ ʘʣʘשʜʘ ʪᴅʞʽʨʠʙʝ ʞװʨʛʽʟʽʣʩʝ, ʘʰʳץ 

ʘʣʘשʜʘ ᴅʨ ʜʘץʳʣ װʰʽʥ 0,01 ʛʘ ʞʝʨ ʪʝʣʽʤʽ ʙᴇʣʽʥʜʽ. ʊᴅʞʽʨʠʙʝ ʙʘʨʳʩʳʥʜʘ ɾʘʤʙʳʣ 

ʬʦʩʬʦʨ ʟʘʫʳʪʳʥʳש ʮʠʢʣʦʥʜʳץ ʰʘשʳ, ɸץʩʘʡ ʢʝʥ ʦʨʥʳʥʳש ʜʦʣʦʤʠʪʪʝʣʛʝʥ 

ʨʫʜʘʣʘʨʳ, ɽʢʽʙʘʩʪײʟ ʢᴇʤʽʨʽʥ ʞʘסʘʪʳʥ  פʘʨʘסʘʥʜʳ ɾʕʆ-3ʢװʣʜʝʨʽ, ʃʝʥʛʝʨ ʢʝʥ 

ʦʨʥʳʥʳש ʽʰʢʽ ʞʳʥʳʩʪʘʨʳ ʤʝʥ ʙʘʡʳʪʳʣסʘʥ ʚʝʨʤʠʢʫʣʠʪ ץʦʣʜʘʥʳʣʜʳ. 

ʊʳשʘʡʪץʳʰʪʘʨ ᴇʥʜʽʨʽʩʪʽʢ ʪᴅʞʽʨʠʙʝʣʽʢ ץʦʥʜʳʨסʳʜʘ (ʄ.ᴄʫʝʟʦʚ ʘʪʳʥʜʘסʳ 

ʫʥʠʚʝʨʩʠʪʝʪ) ʜʘʡʳʥʜʘʣʜʳ. פʦʩʳʤʰʘ ʨʝʪʽʥʜʝ pH-ʤʝʪʨ, ʵʣʝʢʪʨʦʥʜʳ ʪʘʨʘʟʳ, 

ʪʦʧʳʨʘץʪʳ ʭʠʤʠʷʣʳץ ʪʘʣʜʘʫ ײץʨʘʣʜʘʨʳ ץʦʣʜʘʥʳʣʜʳ. ɾʘשʘ ʪʫʢʦץʦʩʧʘ 

ʥʦʤʝʥʢʣʘʪʫʨʘʩʳ ʪʝʭʥʠʢʘʣʳץ ʰʘʨʪʪʘʨסʘ ʩᴅʡʢʝʩ ᴅʟʽʨʣʝʥʽʧ, P O  (ʞʘʣʧʳ) ï 16.6ï

23%, K O ï 4.8ï6.7%, ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨ ï 0.72%, ʘʢʪʠʚʪʽ ʥʝʛʽʟ ï 31ï32.5% 

ʤᴇʣʰʝʨʽʥʜʝ ʙʦʣʜʳ. ʊʳשʘʡʪץʳʰʪʘʨ ʪʦʧʳʨʘץץʘ ʞʳʣʳʞʘʡʜʘ 2021 ʞʳʣʳ ץʘʟʘʥ 

ʘʡʳʥʜʘ 8 ʛ/ᴇʩʽʤʜʽʢ, ʘʣ ʘʰʳץ ʘʣʘשʜʘ 2022 ʞʳʣʳ ʩᴅʫʽʨʜʝ 400 ʢʛ/ʛʘ ʤᴇʣʰʝʨʽʥʜʝ 

ʝʥʛʽʟʽʣʜʽ (4.2-ʢʝʩʪʝ). 
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ʂʝʩʪʝ 4.2 - ɾʳʣʳʞʘʡʣʘʨʜʘ ʞᴅʥʝ ʜʘʣʘʜʘ ʢʛ/ʩʘʙʘץ ᴇʥʽʤ  ʞʠʥʘʫ 

 

ʉʳʥʘʤʘ 

ʥᴇʤʝʨʽ 

 ̄

ʊʫʢʦץʦʩʧʘʥʳש 

ʙʝʣʛʽʣʝʥʫʽ 

ɽʛʽʥ ʞʠʥʘʫ ʢʛ/ʩʘʙʘץ 

ɾʳʣʳʞʘʡ ɼʘʣʘʣʳץ ʞʘסʜʘʡʜʘ 

ʪʦʤʘʪ ʙʘʢʣʘʞʘʥ 
ʪᴅʪʪʽ 

ʙײʨʳʰ 
ʪʦʤʘʪ ʙʘʢʣʘʞʘʥ 

ʪᴅʪʪʽ 

ʙײʨʳʰ 

1 ɸ 2,300 2,35 0,73 1,27 1,29 0,72 

2 ɹ 2,340 2,37 0,76 1,29 1,30 0,77 

3 ɺ 2,360 2,38 0,80 1,30 1,32 0,83 

4 ɻ 2,400 2,40 0,82 1,32 1,31 0,88 

5 ɼ 2,310 2,36 0,77 1,31 1,27 0,80 

6 
ʊʫʢʦץʦʩʧʘʩʳʟ  

ʞʝʨ ʪʝʣʽʤʽ 
2,170 1,210 0,42 1,2 1,2 0,45 

 

ɾʳʣʳʞʘʡ ʞʘסʜʘʡʳʥʜʘ ʝש ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʢ ɻ ʞᴅʥʝ ɺ ʩʳʥʘʤʘʣʘʨʳʥʘʥ 

ʙʘʡץʘʣʜʳ: ץʳʟʘʥʘץ ï 2.36ï2.4 ʢʛ/ᴇʩʽʤʜʽʢ, ʙʘʢʣʘʞʘʥ ï 2.38ï2.40 ʢʛ/ᴇʩʽʤʜʽʢ, 

ʙײʨʳʰ ï 0.80ï0.82 ʢʛ/ᴇʩʽʤʜʽʢ. ɹʘץʳʣʘʫ ʫʯʘʩʢʝʩʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ᴇʥʽʤʜʽʣʽʢ 

 .ʘʨʳ ʙʦʣʜʳסʨʳʰ ï 74ï95% ʞʦײʙʦʡʳʥʰʘ 6ï10%, ʙʘʢʣʘʞʘʥ ï 94ï98%, ʙ ץʳʟʘʥʘץ

ɸʰʳץ ʘʣʘשʜʘסʳ ʥᴅʪʠʞʝʣʝʨ ʜʝ ץײʩʘʩ ʩʠʧʘʪʪʘ ʙʦʣʜʳ: ץʳʟʘʥʘץ ï 1.32 ʢʛ/ᴇʩʽʤʜʽʢ, 

ʙʘʢʣʘʞʘʥ ï 1.32 ʢʛ/ᴇʩʽʤʜʽʢ, ʙײʨʳʰ ï 0.88 ʢʛ/ᴇʩʽʤʜʽʢ (4.12-ʩʫʨʝʪ). 

 

   
 

ʉʫʨʝʪ 4.12 - "ɸʣʪʳʥʘʡ"ʰ/ץ ʞʳʣʳʞʘʡʳʥʜʘסʳ ʪʫʢʦץʦʩʧʘʥʳ  ʩʳʥʘʫ 

 

ʊʳשʘʡʪץʳʰ ץʦʣʜʘʥʳʣסʘʥ ʪʦʧʳʨʘץʪʳש pH ʤᴅʥʽ ʪᴅʞʽʨʠʙʝ ʙʘʩʳʥʜʘ 6.0ï6.1 

ʙʦʣʩʘ, ʩʦשʳʥʜʘ 6.5ï7.2 ʘʨʘʣʳסʳʥʘ ʜʝʡʽʥ ᴇʩʪʽ. ɹײʣ ʩʽʣʪʽʣʽʢ ʦʨʪʘʥʳש ʢװʰʝʶʽʥ, 

ᴅʩʽʨʝʩʝ ʢʘʨʙʦʥʘʪʪʘʨʜʳש ᴅʩʝʨʽʥʝʥ, ʞᴅʥʝ ʵʣʝʤʝʥʪʪʝʨʜʽש ʞʘץʩʳ ʩʽשʽʨʽʣʫʽʥ 

ʢᴇʨʩʝʪʝʜʽ (פʦʩʳʤʰʘ ɺ). 

ɾʘשʘ ʪʫʢʦץʦʩʧʘ ײץʨʘʤʜʘʨʳ (ɻ ʞᴅʥʝ ɺ) ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʜʘץʳʣʜʘʨʳʥʳש 

ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʘ ʪʠʽʤʜʽ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʜʽ. ʆʣʘʨʜʳײץ שʨʘʤʳʥʜʘסʳ ʞʦסʘʨʳ 

P O  ʞᴅʥʝ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨ ᴇʩʽʤʜʽʢʪʽש ʚʝʛʝʪʘʪʠʚʪʽʢ ᴇʩʫʽʥʝ ʦש ᴅʩʝʨʽʥ ʪʠʛʽʟʽʧ, 

ʪʦʧʳʨʘץʪʳש ʘʛʨʦʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʪʳ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙײʣ 

ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʪᴅʞʽʨʠʙʝʣʽʢ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽʢ ʢᴇʣʝʤʜʝ ץʦʣʜʘʥʫʜʳש ʙʦʣʘʰʘסʳ 

ʟʦʨ ʝʢʝʥʽʥ ʘʡסʘץʪʘʡʜʳ. 
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4.3 ʊʝʭʥʠʢʘʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ ʥʝʛʽʟʜʝʤʝ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽʢ ץʦʣʜʘʥʫ 

ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳ 

ɾʦʙʘ ʬʦʩʬʦʨ ᴇʥʜʽʨʽʩʽʥʽץ שʘʣʜʳץʪʘʨʳ ʥʝʛʽʟʽʥʜʝ ᴅʟʽʨʣʝʥʛʝʥ 

ʪʫʢʦץʦʩʧʘʣʘʨʜʳש ʞʘשʘ ʥʦʤʝʥʢʣʘʪʫʨʘʩʳʥ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ᴇʥʜʽʨʽʩʽʥʝ 

ʝʥʛʽʟʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. ʅʝʛʽʟʛʽ ʤʘץʩʘʪ ï ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʜʘץʳʣʜʘʨʳʥʳש 

 ʘʡʪʘʣʘʤʘץ ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ (ʨʳʰײʙʘʢʣʘʞʘʥ, ʪᴅʪʪʽ ʙ ,ץʳʟʘʥʘץ)

ʨʝʩʫʨʩʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʝʩʝʙʽʥʝʥ ʜᴅʩʪװʨʣʽ ʤʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨסʘ ʢʝʪʝʪʽʥ 

ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʫ. ʊʫʢʦץʦʩʧʘʣʘʨʜʳ ᴇʥʜʽʨʫ ʄ. ᴄʫʝʟʦʚ ʘʪʳʥʜʘסʳ ʆשʪװʩʪʽʢ 

-ʘʪʳʥʘ 500 ʢʛ ᴇʥʽʤʜʽʣʽʢʢʝ ʠʝ ʪᴅʞʽʨʠʙʝʣʽʢסʩʪʘʥ ʫʥʠʚʝʨʩʠʪʝʪʽʥʜʝ ʩʘץʘʟʘפ

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ץʦʥʜʳʨסʳʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ, ʦʜʘʥ ᴅʨʽ ʊװʨʢʽʩʪʘʥ ʦʙʣʳʩʳʥʜʘסʳ 

"ɸʣʪʳʥʘʡ" ʰʘʨʫʘ ץʦʞʘʣʳסʳ ʙʘʟʘʩʳʥʜʘ ʢʝשʝʡʪʽʣʝʜʽ. 

ᴆʥʜʽʨʽʩʪʽʢ ץʫʘʪʪʳʣʳץʪʳ ʝʩʝʧʪʝʫ 

 .סᴇʥʽʤʜʽʣʽʛʽ: 500 ʢʛ/ʩʘ שʳʥʳסʦʥʜʳʨפ -

- ɾײʤʳʩ ʨʝʞʠʤʽ: ʂװʥʽʥʝ 20 ʩʘסʘʪ, ʞʳʣʳʥʘ 250 ʞײʤʳʩ ʢװʥʽ. 

- ɾʳʣʜʳץ ᴇʥʜʽʨʽʩʪʽʢ ץʫʘʪʪʳʣʳץ:   

  500 ʢʛ/ʩʘס Ĭ 20 ʩʘס/ʢװʥ Ĭ 250 ʢװʥ = 2,500,000 ʢʛ (ʥʝʤʝʩʝ 2,500 ʪʦʥʥʘ) 

ʪʫʢʦץʦʩʧʘ ʞʳʣʳʥʘ. 

ᴆʥʜʽʨʽʩ ʰʳסʳʥʜʘʨʳ 

ʐʠʢʽʟʘʪ ʞᴅʥʝ ʤʘʪʝʨʠʘʣʜʘʨ 

ʊʫʢʦץʦʩʧʘʣʘʨʜʳײץ שʨʘʤʳ (3.7-3.11 ʢʝʩʪʝʣʝʨ ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ) ʞᴅʥʝ 

ʦʣʘʨʜʳװ שʣʝʩʽ ʥʝʛʽʟʽʥʜʝ: 

- ʌʦʩʬʦʨ ᴇʥʜʽʨʽʩʽʥʽש ʮʠʢʣʜʘʨʳ ʰʘשʳ (40%) ï ץʘʣʜʳץʪʘʨ, ײץʥʳ ʰʘʨʪʪʳ 

ʪװʨʜʝ 0 ʪʝשʛʝ/ʪ. 

- ɸץʩʘʡ ʢʝʥ ʦʨʥʳʥʳש ʜʦʣʦʤʠʪʪʝʣʛʝʥ ʢʝʥʜʝʨʽ (15%) ï 5,000 ʪʝשʛʝ/ʪ. 

- ɾʕʆ ʢװʣʽ (20%) ï 2,000 ʪʝשʛʝ/ʪ (ʪʘʩʳʤʘʣʜʘʫʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ). 

- ɺʝʨʤʠʢʫʣʠʪ (10%) ï 15,000 ʪʝשʛʝ/ʪ. 

- ɯʰʢ̔ ʞʳʥʳʩʪʘʨ ʞᴅʥʝ ץʦשʳʨ ʢᴇʤʽʨ (15%) ï 3,000 ʪʝשʛʝ/ʪ. 

1 ʪʦʥʥʘ ʪʫʢʦץʦʩʧʘסʘ ʰʠʢʽʟʘʪ ʢᴇʣʝʤʽ: 

- ʐʘ400 :ש ʢʛ Ĭ 0 ʪʝשʛʝ = 0 ʪʝשʛʝ. 

- ɼʦʣʦʤʠʪ: 150 ʢʛ Ĭ 5,000 ʪʝשʛʝ/ʪ = 750 ʪʝשʛʝ. 

- ʂװʣ: 200 ʢʛ Ĭ 2,000 ʪʝשʛʝ/ʪ = 400 ʪʝשʛʝ. 

- ɺʝʨʤʠʢʫʣʠʪ: 100 ʢʛ Ĭ 15,000 ʪʝשʛʝ/ʪ = 1,500 ʪʝשʛʝ. 

- ɾʳʥʳʩʪʘʨ ʞᴅʥʝ ʢᴇʤʽʨ: 150 ʢʛ Ĭ 3,000 ʪʝשʛʝ/ʪ = 450 ʪʝשʛʝ. 

1 ʪʦʥʥʘסʘ ʰʠʢʽʟʘʪʪʳש ʞʠʳʥʪʳסʳ: 0 + 750 + 400 + 1,500 + 450 = 3,100 

ʪʝשʛʝ/ʪ.   

ʐʠʢʽʟʘʪץʘ ʞʳʣʜʳץ ʰʳסʳʥʜʘʨ: 2,500 ʪ Ĭ 3,100 ʪʝשʛʝ/ʪ = 7,750,000 ʪʝשʛʝ. 

ʕʥʝʨʛʠʷ ʰʳסʳʥʜʘʨʳ 

 .סʪʳʥʫʳ: 50 ʢɺʪ/ʩʘײʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʪ שʳʥʳסʦʥʜʳʨפ -

- ʕʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʳײץ שʥʳ: 30 ʪʝשʛʝ/ʢɺʪĿʩʘ2025) ס ʞʳʣʳ 

 .(ʘסʳ ʦʨʪʘʰʘ ʙʘסʩʪʘʥʜʘץʘʟʘפ

- ʉʘסʘʪʪʳץ ʰʳסʳʥʜʘʨ: 50 ʢɺʪ/ʩʘס Ĭ 30 ʪʝשʛʝ/ʢɺʪĿʩʘ1,500 = ס ʪʝשʛʝ/ʩʘס. 

- ɾʳʣʜʳץ ʵʥʝʨʛʠʷ ʰʳסʳʥʜʘʨʳ: 1,500 ʪʝשʛʝ/ʩʘס Ĭ 20 ʩʘס/ʢװʥ Ĭ 250 ʢװʥ = 

7,500,000 ʪʝשʛʝ. 

ʇʝʨʩʦʥʘʣʜʳש ʞʘʣʘץʳʩʳ 

- ʇʝʨʩʦʥʘʣ: 5 ʘʜʘʤ (ʦʧʝʨʘʪʦʨʣʘʨ, ʣʘʙʦʨʘʥʪʪʘʨ). 
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- ʆʨʪʘʰʘ ʞʘʣʘץʳ: ɹʽʨ ʘʜʘʤסʘ ʘʡʳʥʘ 200,000 ʪʝשʛʝ. 

- ɾʳʣʜʳץ ʰʳסʳʥʜʘʨ: 200,000 ʪʝשʛʝ/ʘʡ Ĭ 5 ʘʜʘʤ Ĭ 12 ʘʡ = 12,000,000 

ʪʝשʛʝ. 

ɹʘʩץʘ ʰʳסʳʥʜʘʨ 

- ʂᴇʣʽʢ ʰʳסʳʥʜʘʨʳ: 500 ʪʝשʛʝ/ʪ (ʰʠʢʽʟʘʪ ʧʝʥ ᴇʥʽʤʜʽ ʞʝʪʢʽʟʫ).   

  2,500 ʪ Ĭ 500 ʪʝשʛʝ/ʪ = 1,250,000 ʪʝשʛʝ. 

- ɾʘʙʜʳץʪʳש ʘʤʦʨʪʠʟʘʮʠʷʩʳ: 2,000,000 ʪʝשʛʝ/ʞʳʣ. 

- ɹʘʩץʘ (ʞᴇʥʜʝʫ, ʦʨʘʫ): 1,000,000 ʪʝשʛʝ/ʞʳʣ. 

ɾʠʳʥʪʳץ ʙʘʩץʘ ʰʳסʳʥʜʘʨ: 1,250,000 + 2,000,000 + 1,000,000 = 4,250,000 

ʪʝשʛʝ. 

ɾʘʣʧʳ ᴇʥʜʽʨʽʩʪʽʢ ʰʳסʳʥʜʘʨ 

7,750,000 (ʰʠʢʽʟʘʪ) + 7,500,000 (ʵʥʝʨʛʠʷ) + 12,000,000 (ʞʘʣʘץʳ) + 

4,250,000 (ʙʘʩץʘ) = 31,500,000 ʪʝשʛʝ/ʞʳʣ. 

1 ʪʦʥʥʘ ʪʫʢʦץʦʩʧʘʥʳש ᴇʟʽʥʜʽʢ ײץʥʳ: 31,500,000 ʪʝשʛʝ õ 2,500 ʪ = 12,600 

ʪʝשʛʝ/ʪ. 

ʉʘʪʫʜʘʥ ʪװʩʢʝʥ ʪʘʙʳʩ 

- ʊʫʢʦץʦʩʧʘʥʳש ʥʘʨʳץʪʳץ ʙʘסʘʩʳ: 20,000 ʪʝשʛʝ/ʪ (2025 ʞʳʣʳ 

 .(ʘʩʳ ʥʝʛʽʟʽʥʜʝסʙʘ שʳʰʪʘʨʜʳץʘʡʪשʩʘʩ ʤʠʥʝʨʘʣʜʳ ʪʳץײ ʳסʩʪʘʥʜʘץʘʟʘפ

- ɾʳʣʜʳץ ʩʘʪʫ ʢᴇʣʝʤʽ: 2,500 ʪ. 

- ʊװʩʽʤ: 2,500 ʪ Ĭ 20,000 ʪʝשʛʝ/ʪ = 50,000,000 ʪʝשʛʝ. 

ʕʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢ 

- ʇʘʡʜʘ: 50,000,000 ʪʝשʛʝ (ʪװʩʽʤ) ï 31,500,000 ʪʝשʛʝ (ʰʳסʳʥʜʘʨ) = 

18,500,000 ʪʝשʛʝ/ʞʳʣ. 

- ᴆʥʜʽʨʽʩʪʽש ʨʝʥʪʘʙʝʣʴʜʽʣʽʛʽ: (18,500,000 õ 31,500,000) Ĭ 100% = 58,73%. 

ʕʢʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ᴅʣʝʫʤʝʪʪʽʢ ᴅʩʝʨ 

- ʌʦʩʬʦʨ ᴇʥʜʽʨʽʩʽʥʽץ שʘʣʜʳץʪʘʨʳʥ (ʰʘש, ɾʕʆ ʢװʣʽ) ʧʘʡʜʘʣʘʥʫ ץʦʨʰʘסʘʥ 

ʦʨʪʘסʘ ʪװʩʝʪʽʥ ʞװʢʪʝʤʝʥʽ ʘʟʘʡʪʘʜʳ, ץʘʣʜʳץʪʘʨʜʳ ʩʘץʪʘʫ ʢᴇʣʝʤʽʥ ץʳʩץʘʨʪʘʜʳ. 

- ᴆʥʽʤʜʽʣʽʢʪʽש ʘʨʪʫʳ (ʩʳʥʘץ ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ 6ï98%) ʬʝʨʤʝʨʣʝʨʜʽש 

ʪʘʙʳʩʳʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʘʟʳץ-ʪװʣʽʢ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʞʘץʩʘʨʪʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. 

- ɾʘשʘ ʞײʤʳʩ ʦʨʳʥʜʘʨʳʥ ʘʰʫ (ʙʘʩʪʘʧץʳ ʢʝʟʝשʜʝ 5 ʘʜʘʤ, ʢʝשʝʡʪʫ ʢʝʟʽʥʜʝ 

ᴇʩʫ ᴅʣʝʫʝʪʽ ʙʘʨ). 

ᴆʪʝʣʫ ʤʝʨʟʽʤʽʥ ʙʘסʘʣʘʫ 

- ʂʘʧʠʪʘʣʜʳץ ʩʘʣʳʤʜʘʨ (ʞʘʙʜʳץ, ʦʨʥʘʪʫ): 10,000,000 ʪʝשʛʝ (ʙʦʣʞʘʤʜʳ). 

- ᴆʪʝʣʫ ʤʝʨʟʽʤʽ: 10,000,000 ʪʝשʛʝ õ 18,500,000 ʪʝשʛʝ/ʞʳʣ = 0,54 ʞʳʣ 

(ʰʘʤʘʤʝʥ 6,5 ʘʡ). 

ʊʫʢʦץʦʩʧʘʣʘʨʜʳש ʞʘשʘ ʥʦʤʝʥʢʣʘʪʫʨʘʩʳʥ ʝʥʛʽʟʫ ʞʦʙʘʩʳ ʵʢʦʥʦʤʠʢʘʣʳץ 

ʪײʨסʳʜʘʥ ʪʠʽʤʜʽ, ʞʦסʘʨʳ ʨʝʥʪʘʙʝʣʴʜʽʣʽʢʪʽ (58,73%) ʞᴅʥʝ ʪʝʟ ᴇʪʝʣʫʜʽ (7 ʘʡʜʘʥ 

ʘʟ) ʢᴇʨʩʝʪʝʜʽ. ᴆʥʜʽʨʽʩ ץʘʣʜʳץʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ᴇʥʽʤʥʽש ᴇʟʽʥʜʽʢ ײץʥʳʥ 

ʪᴇʤʝʥʜʝʪʝʜʽ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʘʨʪʳץʰʳʣʳץʪʘʨ ʙʝʨʝʜʽ. ɸʣʳʥסʘʥ ᴇʥʽʤʜʽʣʽʢ 

ʜʝʨʝʢʪʝʨʽ (4.1-4.2 ʢʝʩʪʝʣʝʨ) ʪʫʢʦץʦʩʧʘʣʘʨʜʳש ʞʦסʘʨʳ ʪʠʽʤʜʽʣʽʛʽʥ ʨʘʩʪʘʡʜʳ, ʙײʣ 

ʞʦʙʘʥʳ פʘʟʘץʩʪʘʥʥʳש ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ʢʝשʝʡʪʫ ʞᴅʥʝ ʝʥʛʽʟʫ װʰʽʥ 

ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʝʪʝʜʽ. 

ɾʘשʘ ʥʦʤʝʥʢʣʘʪʫʨʘʜʘסʳ ʪʫʢʦץʦʩʧʘʣʘʨʜʳש ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʛʽ 

ʦʣʘʨʜʳײץ שʨʘʤʳ, ʭʠʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳ ʞᴅʥʝ ʪʦʧʳʨʘץץʘ, ᴇʩʽʤʜʽʢʪʝʨʛʝ, 

 .ʘʣʘʥʜʳסʳʩʳʥʘʥ ʙʘסʨײʳʥʘ ᴅʩʝʨʽ ʪסʘʜʘʤ ʜʝʥʩʘʫʣʳ ץʘ, ʩʦʥʜʘʡ-ʘסʘʥ ʦʨʪʘסʦʨʰʘץ
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ʊʫʢʦץʦʩʧʘʣʘʨʜʳײץ שʨʘʤʳʥʜʘ ʬʦʩʬʦʨ ᴇʥʜʽʨʽʩʽʥʽץ שʘʣʜʳץʪʘʨʳ (40%), ɸץʩʘʡ ʢʝʥ 

ʦʨʥʳʥʳש ʜʦʣʦʤʠʪʪʝʣʛʝʥ ʢʝʥʜʝʨʽ (15%), ɾʕʆ ʢװʣʽ (20%), ʙʘʡʳʪʳʣסʘʥ 

ʚʝʨʤʠʢʫʣʠʪ (10%) ʞᴅʥʝ ʃʝʥʛʝʨ ʢʝʥ ʦʨʥʳʥʳץ שʦשʳʨ ʢᴇʤʽʨʽ ʤʝʥ ʽʰʢʽ 

ʞʳʥʳʩʪʘʨʳ (15%) ʙʘʨ. ʍʠʤʠʷʣʳץ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ (14-ʢʝʩʪʝ) P O  ʞʘʣʧʳ 

ʤᴇʣʰʝʨʽʥʽ18,5 שï23%, ʣʠʤʦʥ ץʳʰץʳʣʳʤʝʥ ʝʨʽʛʽʰ P O  5,4ï6,6%, CaO 24ï

24,8%, MgO 2,4ï2,6%, Fe O  2,9ï3,2%, K O 4,8ï6,7%, ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש (Mn, 

Fe, Mg, S) 0,72% ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ɸʫʳʨ ʤʝʪʘʣʜʘʨʜʳש (Pb, Cd, Hg) ײץʨʘʤʳ ʐʈʂ-

ʜʘʥ ʪᴇʤʝʥ (ʢʘʜʤʠʡ <0,1 ʤʛ/ʢʛ, ʐʈʂ ð 2 ʤʛ/ʢʛ), ʙײʣ ʪʫʢʦץʦʩʧʘʣʘʨʜʳש 

 שɺʝʨʤʠʢʫʣʠʪ ʧʝʥ ʜʦʣʦʤʠʪʪʝʣʛʝʥ ʢʝʥʜʝʨʜʽ .(ʦʩʳʤʰʘ ɻפ) ʘʫʽʧʩʽʟʜʽʛʽʥ ʨʘʩʪʘʡʜʳץ

ʠʥʝʨʪʪʽʣʽʛʽ ʟʠʷʥʜʳ ʟʘʪʪʘʨʜʳש ʪʦʧʳʨʘץ ʧʝʥ ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳʥʘ ʰʘʡʳʣʫʳʥ 

ʙʦʣʜʳʨʤʘʡʜʳ, ʘʣ ʢᴇʤʽʨʪʝʢ (2,6ï3,5%) ʙʘʡʣʘʥʳʩץʘʥ ʬʦʨʤʘʜʘ ʙʦʣסʘʥʜʳץʪʘʥ, 

 .ץʘʫʧʽ ʞʦץ ʙᴇʣʽʥʫ שʦʩʳʣʳʩʪʘʨʜʳץ ץʰʧʘ ʦʨʛʘʥʠʢʘʣʳײ

ʊʦʧʳʨʘץץʘ ᴅʩʝʨʽ ʪײʨסʳʩʳʥʘʥ ʪʫʢʦץʦʩʧʘʣʘʨʜʳ ʝʥʛʽʟʫ ʨʅ ʦʨʪʘʥʳש 

ʙʝʡʪʘʨʘʧ-ʥʝʛʽʟʜʽʢ ʙʘסʳʪʪʘ ʘʟʜʘʧ ᴇʟʛʝʨʫʽʥʝ ᴅʢʝʣʝʜʽ (ʞʳʣʳʞʘʡʜʘ 6,0-ʜʝʥ 6,5-ʢʝ, 

ʘʰʳץ ʜʘʣʘʜʘ 6,1-ʜʝʥ 7,2-ʛʝ ʜʝʡʽʥ), ʙײʣ ץʳʰץʳʣ ʪʦʧʳʨʘץʪʘʨʜʘ ᴇʩʽʤʜʽʢʪʝʨʜʽש ᴇʩʫ 

ʞʘסʜʘʡʳʥ ʞʘץʩʘʨʪʘʜʳ ʞᴅʥʝ ʜᴅʩʪװʨʣʽ ʬʦʩʬʦʨ ʪʳשʘʡʪץʳʰʪʘʨʳʥʘ ʪᴅʥ 

ʳ Pסʥʘʨʣʳʣʳײץ שʪʳץʘʫʧʽʥ ʘʟʘʡʪʘʜʳ. ʊʦʧʳʨʘץ ʳʣʜʘʥʫץʳʰץ O  (0,6 ʛ/ʢʛ), K O 

(1,2 ʛ/ʢʛ) ʞᴅʥʝ ʘʟʦʪ (0,13 ʛ/ʢʛ) ʤᴇʣʰʝʨʽʥʽש ʘʨʪʫʳ ʝʩʝʙʽʥʝʥ ʞʦסʘʨʳʣʘʡʜʳ, ʙʽʨʘץ 

ʥʠʪʨʘʪʪʘʨ ʤʝʥ ʬʦʩʬʘʪʪʘʨʜʳש ʘʨʪʳץ ʞʠʥʘʣʫʳ ʙʘʡץʘʣʤʘʡʜʳ, ʙײʣ ʩʫ 

ʘʡʜʳʥʜʘʨʳʥʳש ʵʚʪʨʦʬʠʢʘʮʠʷ ץʘʫʧʽʥ ʙʦʣʜʳʨʤʘʡʜʳ. ɺʝʨʤʠʢʫʣʠʪ ʧʝʥ ɾʕʆ ʢװʣʽ 

ʪʦʧʳʨʘץʪʳײץ שʨʳʣʳʤʳʥ ʞʘץʩʘʨʪʳʧ, ʦʥʳש ʢʝʫʝʢʪʽʣʽʛʽʥ ʞᴅʥʝ ʩʫ ײʩʪʘʫ ץʘʙʽʣʝʪʽʥ 

ʘʨʪʪʳʨʘʜʳ, ʙײʣ ʪʦʧʳʨʘץ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʽʥʽש ʙʝʣʩʝʥʜʽʣʽʛʽʥʝ ʦש ᴅʩʝʨ ʝʪʝʜʽ. 

ᴆʩʽʤʜʽʢʪʝʨʛʝ ᴅʩʝʨʽ ʙʦʡʳʥʰʘ ʟʝʨʪʭʘʥʘʣʳץ ʞᴅʥʝ ʜʘʣʘʣʳץ ʩʳʥʘץʪʘʨ (4.1-4.2 

ʢʝʩʪʝʣʝʨ) ʪʫʢʦץʦʩʧʘʣʘʨʜʳש ʬʠʪʦʪʦʢʩʠʢʘʣʳץ ᴅʩʝʨʽ ʞʦץ ʝʢʝʥʽʥ ʞᴅʥʝ ץʳʟʘʥʘץ, 

ʙʘʢʣʘʞʘʥ, ʪᴅʪʪʽ ʙײʨʳʰ ᴇʩʽʤʜʽʢʪʝʨʽʥʽש ʙʝʣʩʝʥʜʽ ᴇʩʫʽʥʝ ʳץʧʘʣ ʝʪʝʪʽʥʽʥ ʨʘʩʪʘʜʳ (ɻ 

ʞᴅʥʝ ɼ ʩʳʥʘʤʘʣʘʨʳʥʜʘ ʩʘʙʘץ ʙʠʽʢʪʽʛʽ ʤʝʥ ʞʘʧʳʨʘײ ץʟʳʥʜʳסʳ ʙʘץʳʣʘʫסʘ 

 .(ʘʨʳסʘ ʞʦס-ʘʥʜʘ 10ï20%סʘʨʘץ

ʊʫʢʦץʦʩʧʘʣʘʨʜʳש ʞʘשʘ ʥʦʤʝʥʢʣʘʪʫʨʘʩʳ ʘʛʨʦʭʠʤʠʷʣʳץ, ʵʢʦʥʦʤʠʢʘʣʳץ 

ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʘʨʪʳץʰʳʣʳץʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ 

ʢʝשʽʥʝʥ ץʦʣʜʘʥʫסʘ ᴅʣʝʫʝʪʪʽ. ɾʳʣʳʞʘʡ ʞʘסʜʘʡʳʥʜʘ (15-ʢʝʩʪʝ) ץʳʟʘʥʘץʪʳש 

ᴇʥʽʤʜʽʣʽʛʽ 6ï10%-סʘ, ʙʘʢʣʘʞʘʥ 94ï98%-סʘ, ʪᴅʪʪʽ ʙײʨʳʰ 74ï95%-סʘ ʘʨʪʪʳ, ʘʣ 

ʘʰʳץ ʜʘʣʘʜʘ ʙײʣ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʪʠʽʩʽʥʰʝ 5ï10%, 6ï10%, 60ï95%-ʜ  rײץʨʘʜʳ. ɹײʣ 

ʥᴅʪʠʞʝʣʝʨ ʪʫʢʦץʦʩʧʘʣʘʨʜʳש ᴅʨʪװʨʣʽ ʘʛʨʦʢʣʠʤʘʪʪʳץ ʞʘסʜʘʡʣʘʨסʘ, ʩʦʥʳש ʽʰʽʥʜʝ 

ʊװʨʢʽʩʪʘʥ ʦʙʣʳʩʳ ʩʠʷץʪʳ ʳʩʪʳץ ʢʣʠʤʘʪץʘ ʙʝʡʽʤʜʝʣʝʪʽʥʽʥ ʞᴅʥʝ פʘʟʘץʩʪʘʥʥʳש 

ʩʦʣʪװʩʪʽʢ ʘʡʤʘץʪʘʨʳ ʩʠʷץʪʳ ץʘʪʘʣ ʢʣʠʤʘʪʳ ʙʘʨ ᴇשʽʨʣʝʨʜʝ ʜʝ ץʦʣʜʘʥʳʣʫʳ 

ʤװʤʢʽʥ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʊʫʢʦץʦʩʧʘʣʘʨʜʳ ץʳʟʘʥʘץʪʘʥ ʙᴇʣʝʢ, ʢʘʨʪʦʧ, ʩᴅʙʽʟ, 

ʜᴅʥʜʽ ʜʘץʳʣʜʘʨ (ʙʠʜʘʡ, ʘʨʧʘ) ʞᴅʥʝ ʞʝʤʽʩ ʘסʘʰʪʘʨʳ (ʘʣʤʘ, ʘʣʤײʨʪ) ʩʠʷץʪʳ ʙʘʩץʘ 

ʜʘ ʜʘץʳʣʜʘʨʜʳ ᴇʩʽʨʫʜʝ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ, ʩʝʙʝʙʽ ʞʦסʘʨʳ P O  (18,5ï23%) ʞᴅʥʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨ ʦʣʘʨʜʳ ʬʦʩʬʦʨסʘ ʤץײʪʘʞ ʜʘץʳʣʜʘʨ װʰʽʥ ᴅʤʙʝʙʘʧ ʝʪʝʜʽ. 

ʉʦʥʜʘʡ-ʘץ, ʩʠʥʪʝʪʠʢʘʣʳץ ץʦʩʧʘʣʘʨʜʳש ʘʟʜʳסʳ ʞᴅʥʝ ʪʘʙʠסʠ ʢʦʤʧʦʥʝʥʪʪʝʨʛʝ 

ʥʝʛʽʟʜʝʣʫʽ ʪʫʢʦץʦʩʧʘʣʘʨʜʳ ʦʨʛʘʥʠʢʘʣʳץ ʝʛʽʥʰʽʣʽʢʪʝ ץʦʣʜʘʥʫסʘ ʧʝʨʩʧʝʢʪʠʚʘʣʳ 

ʝʪʝʜʽ. 

ʕʢʦʥʦʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʪʫʢʦץʦʩʧʘʣʘʨʜʳש ᴇʟʽʥʜʽʢ ײץʥʳ (12,600 ʪʝשʛʝ/ʪ) 

ʜᴅʩʪװʨʣʽ ʬʦʩʬʦʨ ʪʳשʘʡʪץʳʰʪʘʨʳʥʳש ʥʘʨʳץʪʳץ ʙʘסʘʩʳʥʘʥ (20,000 ʪʝשʛʝ/ʪ) 

ʪᴇʤʝʥ, ʙײʣ ʬʝʨʤʝʨʣʝʨʜʽש ʪʳשʘʡʪץʳʰ ʰʳסʳʥʜʘʨʳʥ 30ï40%-סʘ ʘʟʘʡʪʫסʘ 
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ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ᴆʥʜʽʨʽʩʪʽ ʢʝשʝʡʪʫ (2,500 ʪ/ʞʳʣʜʘʥ 10,000 ʪ/ʞʳʣסʘ ʜʝʡʽʥ) 

 ʰʽʥ ʰʘʤʘʤʝʥװ ʪʘʨʳץʨʘʥʳʩʳʥ (ʞʳʣʳʞʘʡ ʰʘʨʫʘʰʳʣʳײʩ שʳʥʳסʩʪʘʥ ʥʘʨʳץʘʟʘפ

50,000 ʪ/ʞʳʣ) ץʘʥʘסʘʪʪʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʕʢʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʞʦʙʘ 

ʮʠʨʢʫʣʷʨʣʳ ʵʢʦʥʦʤʠʢʘ ʤʦʜʝʣʽʥʝ ʢᴇʰʫʜʽ ץʦʣʜʘʡʜʳ, ᴇʡʪʢʝʥʽ ᴇʥʜʽʨʽʩ ץʘʣʜʳץʪʘʨʳ 

(ɾʕʆ ʢװʣʽ) ʘʛʨʦʭʠʤʠʷʣʳץ ᴇʥʜʽʨʽʩʪʽש ʰʠʢʽʟʘʪʳʥʘ ʘʡʥʘʣʘʜʳ, ʙײʣ ᴇʥʝʨʢᴅʩʽʧ ʧʝʥ 

ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʳש ʵʢʦʣʦʛʠʷʣʳץ ʽʟʽʥ ʘʟʘʡʪʘʜʳ. ʊʫʢʦץʦʩʧʘʣʘʨʜʳ ײʟʘץ 

ʫʘץʳʪ ץʦʣʜʘʥʫ ʪʦʧʳʨʘײץ ץʨʳʣʳʤʳʥ ʞʘץʩʘʨʪʫ, ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʤʝʥ ʙʘʡʳʪʫ 

ʞᴅʥʝ ײץʥʘʨʣʳʣʳסʳʥ ʘʨʪʪʳʨʫ ʘʨץʳʣʳ ʜʝʛʨʘʜʘʮʠʷʣʘʥסʘʥ ʪʦʧʳʨʘץʪʘʨʜʳ ץʘʣʧʳʥʘ 

ʢʝʣʪʽʨʫʛʝ ʳץʧʘʣ ʝʪʝʜʽ. ɹʦʣʘʰʘץʪʘ ʪʫʢʦץʦʩʧʘʣʘʨʜʳש ʪʦʧʳʨʘץ ʤʠʢʨʦʙʠʦʤʳʥʘ 

ᴅʩʝʨʽʥ, ײʟʘץ ʤʝʨʟʽʤʜʽ ᴇʥʽʤʜʽʣʽʢʢʝ ᴅʩʝʨʽʥ ʞᴅʥʝ ʙʝʣʛʽʣʽ ʙʽʨ ʜʘץʳʣʜʘʨ ʥʝʤʝʩʝ 

ʘʡʤʘץʪʘʨ װʰʽʥ ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ײץʨʘʤʜʘʨʜʳ ᴅʟʽʨʣʝʫ ʙʦʡʳʥʰʘ ץʦʩʳʤʰʘ 

ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʫ ײʩʳʥʳʣʘʜʳ. 

ʊʫʢʦץʦʩʧʘʣʘʨʜʳש ʞʘשʘ ʥʦʤʝʥʢʣʘʪʫʨʘʩʳ ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢʪʽ 

 ʘ ᴅʩʝʨʽסʘʥ ʦʨʪʘסʦʨʰʘץ ,ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʩʝʙʝʙʽ ʦʣʘʨʜʘ ʫʳʪʪʳ ʟʘʪʪʘʨ ʞʦץ

ʤʠʥʠʤʘʣʜʳ ʞᴅʥʝ ʪʦʧʳʨʘץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʘʜʳ. ʆʣʘʨʜʳ ץʦʣʜʘʥʫ 

ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳ ᴅʨʪװʨʣʽ ʜʘץʳʣʜʘʨ ʤʝʥ ʘʡʤʘץʪʘʨʜʘ ʢʝשʝʡʪʫ, ʬʝʨʤʝʨʣʝʨʜʽש 

ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʫ, ʮʠʨʢʫʣʷʨʣʳ ʵʢʦʥʦʤʠʢʘʥʳ ץʦʣʜʘʫ ʞᴅʥʝ ʪʦʧʳʨʘץʪʳ 

 ʰʽʥ ᴇʥʜʽʨʽʩʪʽװ ʟʝʛʝ ʘʩʳʨʫװʘʣʧʳʥʘ ʢʝʣʪʽʨʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ʇʦʪʝʥʮʠʘʣʜʳ ʞץ

ʢʝשʝʡʪʫ, ץʦʩʳʤʰʘ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʫ ʞᴅʥʝ ʪʫʢʦץʦʩʧʘʣʘʨʜʳ פʘʟʘץʩʪʘʥʥʳש 

ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ʢʝשʽʥʝʥ ʝʥʛʽʟʫ ײʩʳʥʳʣʘʜʳ. 

 

4-ʪʘʨʘʫ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

ʊᴇʨʪʽʥʰʽ ʙᴇʣʽʤʜʝ ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳש ʙʦʩʘʧ ʰʳסʫ ʞʳʣʜʘʤʜʳסʳʥ ʟʝʨʪʪʝʫ 

ʞᴅʥʝ ʦסʘʥ ʘʨʥʘʣסʘʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʽ ᴅʟʽʨʣʝʫ, ʪʳשʘʡʪץʳʰʪʘʨʜʳש 

ᴇʩʽʤʜʽʢʪʝʨʜʽש ᴇʩʫʽ ʤʝʥ ᴇʥʽʤʜʽʣʽʛʽʥʝ ᴅʩʝʨʽ, ץʦʣʜʘʥʫʜʳש ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʛʽ, 

ʪʝʭʥʠʢʘʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ ʥʝʛʽʟʜʝʤʝ ʞᴅʥʝ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ץʦʣʜʘʥʫʜʳש 

ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳ ץʘʨʘʩʪʳʨʳʣʜʳ. ɸʚʨʘʤʠ-ɽʨʦʬʝʝʚ ʤʦʜʝʣʽʥʽץ שʦʣʜʘʥʳʣʫʳ 

ʘʨץʳʣʳ ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳש (P O , CaO, MgO, Fe O , ZnO) ʪʝʨʤʦᴇשʜʝʫ 

ʧʨʦʮʝʩʽʥʜʝʛʽ ʙʦʩʘʧ ʰʳסʫ ʢʠʥʝʪʠʢʘʩʳ ʩʠʧʘʪʪʘʣʜʳ, ʙײʣ ʪʝʤʧʝʨʘʪʫʨʘ (100ï500ÁC) 

ʤʝʥ ʫʘץʳʪ (1ï3 ʩʘסʘʪ) ʬʘʢʪʦʨʣʘʨʳʥʳש ᴅʩʝʨʽʥ ʝʩʝʧʢʝ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ʄʦʜʝʣʴ ʥʫʢʣʝʘʮʠʷ ʤʝʥ ᴇʩʫ ʤʝʭʘʥʠʟʤʜʝʨʽʥ ʜᴅʣ ʙʝʡʥʝʣʝʡ ʦʪʳʨʳʧ, 

ʪʫʢʦץʦʩʧʘʝʡʣʝʨʜʽש ʘʛʨʦʭʠʤʠʷʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʘʨʥʘʣסʘʥ ʪʝʦʨʠʷʣʳץ 

ʥʝʛʽʟ ץʘʣʘʜʳ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʪʳשʘʡʪץʳʰʪʘʨʜʳש ᴇʩʽʤʜʽʢʪʝʨʜʽש ᴇʩʫʽ ʤʝʥ 

ᴇʥʽʤʜʽʣʽʛʽʥʝ ʦש ᴅʩʝʨʽʥ ʨʘʩʪʘʜʳ, ᴇʡʪʢʝʥʽ ʞʳʣʳʞʘʡ ʞᴅʥʝ ʘʰʳץ ʜʘʣʘ 

ʞʘסʜʘʡʣʘʨʳʥʜʘ ץʳʟʘʥʘץ, ʙʘʢʣʘʞʘʥ ʞᴅʥʝ ʪᴅʪʪʽ ʙײʨʳʰ ᴇʥʽʤʜʽʣʽʛʽ ʪʠʽʩʽʥʰʝ 6ï98% 

ʞᴅʥʝ 5ï95% ʘʨʪʪʳ. ɿʝʨʪʭʘʥʘʣʳץ (4.1-ʢʝʩʪʝ) ʞᴅʥʝ ʜʘʣʘʣʳץ (4.2-ʢʝʩʪʝ) ʩʳʥʘץʪʘʨ 

ɻ ʞᴅʥʝ ɼ ʩʳʥʘʤʘʣʘʨʳʥʳש ʞʦסʘʨʳ P O  (18,5ï23%) ʞᴅʥʝ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽש 

ʙʦʣʫʳ ʘʨץʘʩʳʥʜʘ ʝש ʪʠʽʤʜʽ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ʕʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢ 

ʪײʨסʳʩʳʥʘʥ ʪʫʢʦץʦʩʧʘʣʘʨ ʘʫʳʨ ʤʝʪʘʣʜʘʨʜʳש ʐʈʂ-ʜʘʥ ʪᴇʤʝʥ ʤᴇʣʰʝʨʜʝ ʙʦʣʫʳ 

(Cd <0,1 ʤʛ/ʢʛ) ʞᴅʥʝ ʪʦʧʳʨʘץ ʨʅ-ʳʥ ʙʝʡʪʘʨʘʧ-ʥʝʛʽʟʜʽʢ ʜʠʘʧʘʟʦʥסʘ (6,0ï7,2) 

ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʟʠʷʥ ʢʝʣʪʽʨʤʝʡʪʽʥʽ ʘʥʳץʪʘʣʜʳ. ɹײʣ ʪʦʧʳʨʘץ 

 ʘסʘʫʧʽʥ ʘʟʘʡʪʫץ ʵʚʪʨʦʬʠʢʘʮʠʷ שʘ ʞᴅʥʝ ʩʫ ʘʡʜʳʥʜʘʨʳʥʳסʩʘʨʪʫץʨʳʣʳʤʳʥ ʞʘײץ

ʳץʧʘʣ ʝʪʝʜʽ. 
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ʊʝʭʥʠʢʘʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ ʥʝʛʽʟʜʝʤʝ ʙʦʡʳʥʰʘ ʪʫʢʦץʦʩʧʘʣʘʨʜʳ ᴇʥʜʽʨʫ 

ʪʠʽʤʜʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ᴇʡʪʢʝʥʽ ʞʳʣʜʳץ ᴇʥʜʽʨʽʩ ʢᴇʣʝʤʽ 2,500 ʪʦʥʥʘסʘ ʞʝʪʽʧ, 

ᴇʟʽʥʜʽʢ ײץʥʳ 12,600 ʪʝשʛʝ/ʪ ײץʨʘʜʳ, ʘʣ ʥʘʨʳץʪʳץ ʙʘסʘ 20,000 ʪʝשʛʝ/ʪ ʙʦʣסʘʥ 

ʢʝʟʜʝ ʨʝʥʪʘʙʝʣʴʜʽʣʽʢ 58,73% ʞᴅʥʝ ᴇʪʝʣʫ ʤʝʨʟʽʤʽ 6,5 ʘʡʜʳ ײץʨʘʜʳ. ʌʦʩʬʦʨ 

ᴇʥʜʽʨʽʩʽʥʽץ שʘʣʜʳץʪʘʨʳʥ (ɾʕʆ ʢװʣʽ) ʧʘʡʜʘʣʘʥʫ ʵʢʦʣʦʛʠʷʣʳץ ʘʨʪʳץʰʳʣʳץʪʘʨ 

ʙʝʨʽʧ, ץʘʣʜʳץʪʘʨʜʳש ʩʘץʪʘʣʫʳʥ ʘʟʘʡʪʘʜʳ, ʘʣ ᴇʥʽʤʜʽʣʽʢʪʽש ʘʨʪʫʳ (4.2-ʢʝʩʪʝ) 

ʬʝʨʤʝʨʣʝʨʜʽש ʪʘʙʳʩʳʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʘʟʳץ-ʪװʣʽʢ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʞʘץʩʘʨʪʫסʘ 

ʳץʧʘʣ ʝʪʝʜʽ. ᴆʥʝʨʢᴅʩʽʧʪʽʢ ץʦʣʜʘʥʫ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳ ʪʫʢʦץʦʩʧʘʣʘʨʜʳ ᴅʨʪװʨʣʽ 

ʜʘץʳʣʜʘʨ (ʢʘʨʪʦʧ, ʙʠʜʘʡ) ʞᴅʥʝ ʘʡʤʘץʪʘʨʜʘ ʢʝשʝʡʪʫʛʝ, ʮʠʨʢʫʣʷʨʣʳ 

ʵʢʦʥʦʤʠʢʘʥʳ ʜʘʤʳʪʫסʘ ʞᴅʥʝ ʜʝʛʨʘʜʘʮʠʷʣʘʥסʘʥ ʪʦʧʳʨʘץʪʘʨʜʳ ץʘʣʧʳʥʘ 

ʢʝʣʪʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹʦʣʘʰʘץʪʘ ʪʦʧʳʨʘץ ʤʠʢʨʦʙʠʦʤʳʥʘ ᴅʩʝʨʜʽ ʞᴅʥʝ 

ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ײץʨʘʤʜʘʨʜʳ ᴅʟʽʨʣʝʫʜʽ ʟʝʨʪʪʝʫ ײʩʳʥʳʣʘʜʳ, ʙײʣ פʘʟʘץʩʪʘʥ 

ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ʪʫʢʦץʦʩʧʘʣʘʨʜʳ ʢʝשʽʥʝʥ ʝʥʛʽʟʫʛʝ ʥʝʛʽʟ ʙʦʣʘʜʳ. 
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 ʆʈʓʊʓʅɼʓפ

 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʟʝʨʪʪʝʫ ʬʦʩʬʦʨ ᴇʥʜʽʨʽʩʽʥʽץ שʘʣʜʳץʪʘʨʳ ʥʝʛʽʟʽʥʜʝ 

ʪʫʢʦץʦʩʧʘʣʘʨʜʳש ʞʘשʘ ʥʦʤʝʥʢʣʘʪʫʨʘʩʳʥ ᴅʟʽʨʣʝʫʛʝ ʞᴅʥʝ ʦʣʘʨʜʳש 

ʘʛʨʦʭʠʤʠʷʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ, ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʛʽʥ, ʩʦʥʜʘʡ-ʘץ ᴇʥʝʨʢᴅʩʽʧʪʽʢ 

 ʤʳʩ ʙʘʨʳʩʳʥʜʘ ʰʠʢʽʟʘʪʪʳײʘ ʘʨʥʘʣʜʳ. ɾסʘʣʘʫסʦʣʜʘʥʫ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳʥ ʙʘץ

ʪʘשʜʘʫ ʥʝʛʽʟʜʝʣʜʽ, ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʘʛʨʦʭʠʤʠʷʣʳץ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ, 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʪʘשʜʘʫʜʳס שʳʣʳʤʠ ʧʨʠʥʮʠʧʪʝʨʽ, ץʘʪʪʳ ʬʘʟʘʣʳ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫ ʧʘʨʘʤʝʪʨʣʝʨʽ, ʪʝʤʧʝʨʘʪʫʨʘ, ᴇשʜʝʫ ʫʘץʳʪʳ ʞᴅʥʝ ץʦʩʧʘʣʘʨʜʳש ᴅʩʝʨʽ, 

ʪʫʢʦץʦʩʧʘ ʩʳʥʘʤʘʣʘʨʳʥʳײץ שʨʳʣʳʤʜʳץ ץʘʩʠʝʪʪʝʨʽ, ᴇʥʜʽʨʽʩ ʧʨʦʮʝʩʽʥʽש 

ʢʠʥʝʪʠʢʘʣʳץ ʟʘשʜʳʣʳץʪʘʨʳ, ʩʳʥʘʤʘʣʘʨʜʳ ʘʣʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʩʠʧʘʪʪʘʫ, 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʭʝʤʘ ᴅʟʽʨʣʝʫ, ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳש ʙʦʩʘʧ ʰʳסʫ ʞʳʣʜʘʤʜʳסʳʥʘ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ײץʨʫ, ʪʳשʘʡʪץʳʰʪʘʨʜʳש ᴇʩʽʤʜʽʢʪʝʨʜʽש ᴇʩʫʽ ʤʝʥ 

ᴇʥʽʤʜʽʣʽʛʽʥʝ ᴅʩʝʨʽ, ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢ, ʪʝʭʥʠʢʘʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ 

ʥʝʛʽʟʜʝʤʝ ʞᴅʥʝ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ץʦʣʜʘʥʫ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳ ʞʘʥ-ʞʘץʪʳ ʟʝʨʪʪʝʣʜʽ. 

1. ʐʠʢʽʟʘʪ ʨʝʪʽʥʜʝ ɾʘשʘ ɾʘʤʙʳʣ ʬʦʩʬʦʨ ʟʘʫʳʪʳʥʳש ʮʠʢʣʜʘʨʳʥʳש 

ʰʘשʳ, ɸץʩʘʡ ʢʝʥ ʦʨʥʳʥʳש ʙʘʣʘʥʩʪʘʥ ʪʳʩ ʜʦʣʦʤʠʪʪʝʣʛʝʥ ʢʝʥʜʝʨʽ, ɽʢʽʙʘʩʪײʟ 

ʞᴅʥʝ פʘʨʘʞʳʨʘ ʢʝʥ ʦʨʳʥʜʘʨʳʥʳש ɾʕʆ ʢװʣʽ, ʙʘʡʳʪʳʣסʘʥ ʚʝʨʤʠʢʫʣʠʪ ʞᴅʥʝ 

ʃʝʥʛʝʨ ʢʝʥ ʦʨʥʳʥʳץ שʦשʳʨ ʢᴇʤʽʨʽ ʪʘשʜʘʣʜʳ. ɹײʣ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʪʘשʜʘʣʫʳ 

ʦʣʘʨʜʳש ʞʦסʘʨʳ P O  (18,5ï23%), CaO (24ï24,8%), MgO (2,4ï2,6%) ʞᴅʥʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨ (Fe, Mn, Mg, S ï 0,72%) ײץʨʘʤʳʤʝʥ, ʩʦʥʜʘʡ-ʘץ ʵʢʦʣʦʛʠʷʣʳץ 

ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽʤʝʥ ʥʝʛʽʟʜʝʣʜʽ. ʍʠʤʠʷʣʳץ ʞᴅʥʝ ʘʛʨʦʭʠʤʠʷʣʳץ 

ʪʘʣʜʘʫʣʘʨ (SEM-EDX, ʨʝʥʪʛʝʥʜʽʢ ʬʘʟʘʣʳץ ʪʘʣʜʘʫ) ʢʦʤʧʦʥʝʥʪʪʝʨʜʽץ שʘʪʪʳ 

ʬʘʟʘʣʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥ ʞᴅʥʝ ʪʝʤʧʝʨʘʪʫʨʘ (100ï500ÁC), ᴇשʜʝʫ ʫʘץʳʪʳ (1ï3 

ʩʘסʘʪ) ʤʝʥ ץʦʩʧʘʣʘʨʜʳש (pH 4ï9) ᴅʩʝʨʽʥ ʟʝʨʪʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ʊʝʤʧʝʨʘʪʫʨʘʥʳש ʞʦסʘʨʳʣʘʫʳ P O  ʙʦʩʘʧ ʰʳסʫʳʥ 50 ʤʛ/ʣ-ʜʝʥ 240 ʤʛ/ʣ-ʛʝ ʜʝʡʽʥ 

ʘʨʪʪʳʨʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ, ʘʣ ײץʨʳʣʳʤʜʳץ ʪʘʣʜʘʫ ʢʘʣʴʮʠʡ ʬʦʩʬʘʪʪʘʨʳ ʤʝʥ 

ʩʠʣʠʢʘʪʪʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥ ʨʘʩʪʘʜʳ, ʙײʣ ʪʫʢʦץʦʩʧʘʣʘʨʜʳײ שʟʘץ ᴅʩʝʨ ʝʪʫ 

 .ʘʙʽʣʝʪʽʥ ʘʨʪʪʳʨʘʜʳץ

2. ʇʨʦʮʝʩʪʽש ʢʠʥʝʪʠʢʘʣʳץ ʟʘשʜʳʣʳץʪʘʨʳʥ ʟʝʨʪʪʝʫ ɸʚʨʘʤʠ-ɽʨʦʬʝʝʚ 

ʤʦʜʝʣʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʜʽ, ʦʣ ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳש ʙʦʩʘʧ ʰʳסʫ 

ʤʝʭʘʥʠʟʤʽ ʥʫʢʣʝʘʮʠʷ ʤʝʥ ᴇʩʫ ʧʨʦʮʝʩʪʝʨʽʥʝ ʥʝʛʽʟʜʝʣʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ. 

ʄʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʫʘץʳʪ ʬʘʢʪʦʨʣʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

P O , CaO ʞᴅʥʝ MgO ʙʦʩʘʧ ʰʳסʫ ʞʳʣʜʘʤʜʳסʳʥ ʜᴅʣ ʩʠʧʘʪʪʘʜʳ, ʙײʣ 

ʪʫʢʦץʦʩʧʘʣʘʨʜʳײץ שʨʘʤʳʥ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟ ʙʦʣʜʳ. ɸʣʳʥסʘʥ 

ʩʳʥʘʤʘʣʘʨʜʳש ʩʠʧʘʪʪʘʤʘʣʘʨʳ (P O  ʞʘʣʧʳ ï 16,6ï17,7%, ʣʠʤʦʥ ʝʨʽʪʽʥʜʽʩʽ ï 

5,4ï6,4%, K O ï 4,8ï6,0%) ʦʣʘʨʜʳש ʘʛʨʦʭʠʤʠʷʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ ʨʘʩʪʘʜʳ. 

ʊʝʭʥʦʣʦʛʠʷʣʳץ ʩʭʝʤʘ ʄ. ᴄʫʝʟʦʚ ʘʪʳʥʜʘסʳ ʫʥʠʚʝʨʩʠʪʝʪʪʽש ʩʘסʘʪʳʥʘ 500 ʢʛ 

ᴇʥʽʤʜʽʣʽʢʢʝ ʠʝ ʪᴅʞʽʨʠʙʝʣʽʢ-ᴇʥʝʨʢᴅʩʽʧʪʽʢ ץʦʥʜʳʨסʳʩʳʥʜʘ ʩʳʥʘʣʜʳ ʞᴅʥʝ 

"ɸʣʪʳʥʘʡ" ʰʘʨʫʘ ץʦʞʘʣʳסʳʥʳש ʞʳʣʳʞʘʡ (10 ʤĮ) ʞᴅʥʝ ʘʰʳץ ʜʘʣʘ (0,01 ʛʘ) 

ʞʘסʜʘʡʣʘʨʳʥʜʘ ץʦʣʜʘʥʳʣʜʳ. 

3. ɿʝʨʪʭʘʥʘʣʳץ ʞᴅʥʝ ʜʘʣʘʣʳץ ʩʳʥʘץʪʘʨ ʪʳשʘʡʪץʳʰʪʘʨʜʳש ᴇʩʽʤʜʽʢʪʝʨʜʽש 

ᴇʩʫʽ ʤʝʥ ᴇʥʽʤʜʽʣʽʛʽʥʝ ʦש ᴅʩʝʨʽʥ ʢᴇʨʩʝʪʪʽ: ʞʳʣʳʞʘʡʜʘ ץʳʟʘʥʘץʪʳש ᴇʥʽʤʜʽʣʽʛʽ 6ï

 ʜʘʣʘʜʘ ʪʠʽʩʽʥʰʝ ץʘ, ʘʣ ʘʰʳס-ʨʳʰ 74ï95%ײʘ, ʪᴅʪʪʽ ʙס-ʘ, ʙʘʢʣʘʞʘʥ 94ï98%ס-10%

5ï10%, 6ï10%, 60ï95%-סʘ ʘʨʪʪʳ. ɻ ʞᴅʥʝ ɼ ʩʳʥʘʤʘʣʘʨʳ ʝש ʪʠʽʤʜʽ ʙʦʣʜʳ, ʙײʣ 
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ʦʣʘʨʜʳש ʞʦסʘʨʳ P O  (22ï23%) ʞᴅʥʝ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨ ײץʨʘʤʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 

ʕʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢ ʪʘʣʜʘʫʳ ʪʫʢʦץʦʩʧʘʣʘʨʜʳש ʘʫʳʨ ʤʝʪʘʣʜʘʨʜʳש ʐʈʂ-

ʜʘʥ ʪᴇʤʝʥ ʤᴇʣʰʝʨʜʝ ʙʦʣʫʳʥ (Cd <0,1 ʤʛ/ʢʛ) ʞᴅʥʝ ʪʦʧʳʨʘץ ʨʅ-ʳʥ 6,0ï7,2 

ʜʠʘʧʘʟʦʥʳʥʜʘ ײʩʪʘʧ, ʪʦʧʳʨʘײץ ץʨʳʣʳʤʳʥ ʞʘץʩʘʨʪʘʪʳʥʳʥ ʨʘʩʪʘʜʳ. ɹײʣ ʩʫ 

ʘʡʜʳʥʜʘʨʳʥʳש ʵʚʪʨʦʬʠʢʘʮʠʷ ץʘʫʧʽʥ ʘʟʘʡʪʳʧ, ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʟʠʷʥʩʳʟʜʳסʳʥ 

ʜᴅʣʝʣʜʝʡʜʽ. 

4. ʊʝʭʥʠʢʘʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ ʥʝʛʽʟʜʝʤʝ ʪʫʢʦץʦʩʧʘʣʘʨʜʳ ᴇʥʜʽʨʫʜʽש 

ʪʠʽʤʜʽʣʽʛʽʥ ʢᴇʨʩʝʪʪʽ: ʞʳʣʜʳץ ᴇʥʜʽʨʽʩ 2,500 ʪʦʥʥʘ, ᴇʟʽʥʜʽʢ ײץʥʳ 12,600 ʪʝשʛʝ/ʪ, 

ʥʘʨʳץʪʳץ ʙʘסʘ 20,000 ʪʝשʛʝ/ʪ ʙʦʣסʘʥʜʘ ʨʝʥʪʘʙʝʣʴʜʽʣʽʢ 58,73%-ʜʳ, ʘʣ ᴇʪʝʣʫ 

ʤʝʨʟʽʤʽ 6,5 ʘʡʜʳ ײץʨʘʜʳ. ʌʦʩʬʦʨ ᴇʥʜʽʨʽʩʽʥʽץ שʘʣʜʳץʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫ 

 .ʪʘʨ ʙʝʨʝʜʽץʰʳʣʳץʘʨʪʳ ץʪʘʫ ʢᴇʣʝʤʽʥ ʘʟʘʡʪʳʧ, ʵʢʦʣʦʛʠʷʣʳץʪʘʨʜʳ ʩʘץʘʣʜʳץ

ʊʫʢʦץʦʩʧʘʣʘʨʜʳ ץʦʣʜʘʥʫ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳ ʦʣʘʨʜʳ ᴅʨʪװʨʣʽ ʜʘץʳʣʜʘʨ (ʢʘʨʪʦʧ, 

ʙʠʜʘʡ) ʤʝʥ ʘʡʤʘץʪʘʨʜʘ ʢʝשʝʡʪʫʛʝ, ʮʠʨʢʫʣʷʨʣʳ ʵʢʦʥʦʤʠʢʘʥʳ ʜʘʤʳʪʫסʘ ʞᴅʥʝ 

ʜʝʛʨʘʜʘʮʠʷʣʘʥסʘʥ ʪʦʧʳʨʘץʪʘʨʜʳ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɹʦʣʘʰʘץʪʘ ʪʦʧʳʨʘץ ʤʠʢʨʦʙʠʦʤʳʥʘ ᴅʩʝʨʜʽ, ײʟʘץ ʤʝʨʟʽʤʜʽ ᴇʥʽʤʜʽʣʽʢʪʽ ʞᴅʥʝ 

ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ײץʨʘʤʜʘʨʜʳ ᴅʟʽʨʣʝʫʜʽ ʟʝʨʪʪʝʫ ײʩʳʥʳʣʘʜʳ. 

ʆʩʳʣʘʡʰʘ, ʜʠʩʩʝʨʪʘʮʠʷ ʬʦʩʬʦʨ ᴇʥʜʽʨʽʩʽʥʽץ שʘʣʜʳץʪʘʨʳʥʘʥ 

ʪʫʢʦץʦʩʧʘʣʘʨʜʳש ʞʘשʘ ʥʦʤʝʥʢʣʘʪʫʨʘʩʳʥ ᴅʟʽʨʣʝʫʜʽס שʳʣʳʤʠ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ 

ʥʝʛʽʟʽʥ ץʘʣʳʧʪʘʩʪʳʨʜʳ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʪʫʢʦץʦʩʧʘʣʘʨʜʳש ʘʛʨʦʭʠʤʠʷʣʳץ 

ʪʠʽʤʜʽʣʽʛʽʥ, ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ 

ʨʘʩʪʘʡʜʳ, ʙײʣ ʦʣʘʨʜʳ פʘʟʘץʩʪʘʥʥʳש ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ʢʝשʽʥʝʥ ʝʥʛʽʟʫʛʝ 

ʞᴅʥʝ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ᴇʥʜʽʨʽʩʪʽ ʤʘʩʰʪʘʙʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɾײʤʳʩ 

ʮʠʨʢʫʣʷʨʣʳ ʵʢʦʥʦʤʠʢʘ ʧʨʠʥʮʠʧʪʝʨʽʥ ʽʩʢʝ ʘʩʳʨʫסʘ, ʪʦʧʳʨʘײץ ץʥʘʨʣʳʣʳסʳʥ 

ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʬʝʨʤʝʨʣʝʨʜʽש ʪʘʙʳʩʳʥ ײʣסʘʡʪʫ ʘʨץʳʣʳ ʘʟʳץ-ʪװʣʽʢ ץʘʫʽʧʩʽʟʜʽʛʽʥ 

 .ʧʘʣ ʝʪʝʜʽץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʳץ
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