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ʆʇʈɽɼɽʃɽʅʀʗ 

 

ɺ ʥʘʩʪʦʷʱʝʡ  ʜʠʩʩʝʨʪʘʮʠʠ  ʧʨʠʤʝʥʝʥʳ  ʩʣʝʜʫʶʱʠʝ  ʪʝʨʤʠʥʳ  ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ  ʦʧʨʝʜʝʣʝʥʠʷʤʠ: 

ɼʠʩʪʠʣʣʝʨʥʘʷ ʞʠʜʢʦʩʪʴ - ʦʪʭʦʜ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ 

ʘʤʤʠʘʯʥʳʤ ʩʧʦʩʦʙʦʤ. 

ʉʚʠʥʮʦʚʳʡ ʰʣʘʢ - ʦʪʭʦʜ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʠʥʮʘ ʧʦʩʣʝ ʬʴʶʤʠʥʛʦʚʘʥʠʷ 

ʍʣʦʨʠʜʦʚʦʟʛʦʥʢʘ-ʧʨʦʮʝʩʩ ʭʣʦʨʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʪʦʛʥʘʪʴ 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʦʙʞʠʛʝ ʭʣʦʨʠʜʳ ʤʝʪʘʣʣʦʚ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ ʠ ʦʪʜʝʣʠʪʴ ʠʭ 

ʦʪ ʥʝʧʨʦʭʣʦʨʠʨʦʚʘʥʥʦʡ ʤʘʩʩʳ ʤʘʪʝʨʠʘʣʘ.  

ɹʝʥʪʦʥʠʪʦʚʘʷ ʛʣʠʥʘ ï ʧʨʠʨʦʜʥʳʡ ʛʣʠʥʠʩʪʳʡ ʤʠʥʝʨʘʣ, ʛʠʜʨʦʘʣʶʤʦʩʠʣʠʢʘʪ. 

ʊʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ  ï ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʥʝʦʜʥʦʨʦʜʥʳʭ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʜʨʫʛ ʚ ʜʨʫʛʝ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʩʦʝʜʠʥʷʝʤʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ. 

ɻʨʘʥʫʣʠʨʦʚʘʥʠʝ - ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʝʚʨʘʱʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʙʦʣʝʝ 

ʠʣʠ ʤʝʥʝʝ ʦʜʥʦʨʦʜʥʳʝ ʧʦ ʨʘʟʤʝʨʫ ʛʨʘʥʫʣʳ.  

ʅʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ - ʤʘʩʩʘ ʝʜʠʥʠʮʳ ʦʙʲʝʤʘ ʩʳʧʫʯʝʛʦ ʚʝʱʝʩʪʚʘ, 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʚ ʪ/ʤ
3
.   

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ- ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ ʚ ʮʝʣʦʤ. 

ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ- ʵʤʧʠʨʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʘʨʘʤʝʪʨ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʧʦʢʘʟʘʪʝʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʕʥʝʨʛʠʷ ɻʠʙʙʩʘ- ʚʝʣʠʯʠʥʘ, ʠʟʤʝʥʝʥʠʝ ʢʦʪʦʨʦʡ ʚ ʭʦʜʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʨʘʚʥʦ ʠʟʤʝʥʝʥʠʶ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ. 

 

 

 

 

 

 

 

 

 

 

 

 

https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%BD%D1%83%D1%82%D1%80%D0%B5%D0%BD%D0%BD%D1%8F%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
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ʆɹʆɿʅɸʏɽʅʀʗ   ʀ  ʉʆʂʈɸʑɽʅʀʗ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ  ʧʨʠʤʝʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ ʠ 

ʩʦʢʨʘʱʝʥʠʷ: 

 

ɼɾ  - ʜʠʩʪʠʣʣʝʨʥʘʷ ʞʠʜʢʦʩʪʴ 

ʉʐ  - ʩʚʠʥʮʦʚʳʡ ʰʣʘʢ 

ɼʊɸ  - ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʈʌɸ  - ʨʝʥʪʛʝʥʦ-ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ɼʈʆʅ  - ʜʠʬʨʘʢʪʦʤʝʪʨ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʈʕʄ  - ʨʘʩʪʨʦʚʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ 

DGʪ  - ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ, ʢɼʞ/ʤʦʣʴ 

ʊ, ʂ  - ʪʝʤʧʝʨʘʪʫʨʘ  ʚ ʂʝʣʴʚʠʥʘʭ 

t  - ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʤʠʥ 
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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʤʳ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʚʦ 

ʚʩʸʤ ʤʠʨʝ ʩ ʦʩʦʙʦʡ ʦʩʪʨʦʪʦʡ ʚʩʪʘʣ ʚʦʧʨʦʩ ʦ ʟʘʱʠʪʝ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ ʦʪ ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ,  ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʦʪʭʦʜʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʩʚʠʥʮʦʚʳʭ ʰʣʘʢʦʚ  ʠ ʦʪʭʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ  ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ 

ʩʦʜʳ  ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ.  

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʙʣʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ 

ʜʦʚʦʣʴʥʦ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ, ʧʨʦʠʟʚʦʜʷʱʠʭ ʩʦʜʫ ʧʦ ʜʘʥʥʦʤʫ 

ʤʝʪʦʜʫ. ʇʨʠʤʝʥʷʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ, ʫʪʠʣʠʟʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʘʥʥʦʛʦ ʦʪʭʦʜʘ ʨʝʰʘʶʪ ʧʨʦʙʣʝʤʫ ʪʦʣʴʢʦ ʦʪʯʘʩʪʠ, ʚʚʠʜʫ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʪʭʦʜʦʚ, ʪʘʢ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 1 ʪ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ 

ʩʦʜʳ ʦʙʨʘʟʫʝʪʩʷ 9-10ʤ
3
 ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʚ 

ʦʩʥʦʚʥʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʦʪʭʦʜʦʚ ʚ ʰʣʘʤʦʥʘʢʦʧʠʪʝʣʷʭ  ʠʣʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʙʨʦʩ ʚ ʚʦʜʦʝʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʝʧʦʜʘʣʝʢʫ ʦʪ 

ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ [1]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʈʂ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʚʠʥʮʘ 

ʥʘʢʦʧʠʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ, ʢʦʪʦʨʳʝ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʰʣʠ ʧʦʣʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʠ ʦʢʘʟʳʚʶʪ 

ʚʨʝʜʥʦʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʮʝʣʦʤ ʚ 

ʂʘʟʘʭʩʪʘʥʝ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ  ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ  ʜʦʩʪʠʛʘʝʪ ʙʦʣʝʝ 

5 ʤʣʨʜ ʪ[2]. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʣʘʛʘʝʤʘʷ  ʥʘʤʠ  ʢʦʤʧʣʝʢʩʥʘʷ ʙʝʟʦʪʭʦʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠ  ʦʪʚʘʣʴʥʦʛʦ  ʩʚʠʥʮʦʚʦʛʦ ʰʣʘʢʘ ʩ  ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʪʠʣʣʝʨʥʦʡ 

ʞʠʜʢʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʭʣʦʨʘʛʝʥʪʘ  ʜʣ ̫ʠʟʚʣʝʯʝʥʠʷ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ   ʚ ʚʠʜʝ  

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ.   

ʉʚʷʟʴ ʩ ʧʣʘʥʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ. ʈʘʙʦʪʘ 

ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ 

ʢʘʬʝʜʨʳ çʍʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚè ʖʞʥʦ-

ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ    ʄ. ɸʫʵʟʦʚʘ ʧʦ ʛʦʩʙʶʜʞʝʪʥʳʤ   ʅʀʈ    

ʥʘ    2016-2020 ʛʛ. ɹ-16-02-03 çʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʘʣʴʪʝʨʥʘʪʠʚʥʦ-

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʦʛʘʱʝʥʠʷ ʩʳʨʴʷ ʠ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ 

ʩʠʥʪʝʟʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʧʨʠʨʦʜʥʳʭ ʨʫʜʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè ʠ ʥʘ 

2021-2025 ʛʛ. ɹ-21-03-02 çʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʨʦʜʫʢʪʦʚ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʩʪʠʤʫʣʷʪʦʨʦʚ ʨʦʩʪʘ 

ʨʘʩʪʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚè. 

ʆʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʪʭʦʜ  ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʣʴʮʠʥʠʨʦʚʘʥʦʡ ʩʦʜʳ - 

ʜʠʩʪʠʣʣʝʨʥʘʷ ʞʠʜʢʦʩʪʴ,   ʦʪʚʘʣʴʥʳʡ ʰʣʘʢ ʩʚʠʥʮʦʚʦʛʦ  ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʭʣʦʨʠʜʳ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. 
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ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʦ  

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ  ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

HSC-5.1 Chemistry ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ Outokumpu Research Oy.ʈʘʩʯʝʪ r

ʨʘʚʥʦʚʝʩʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʥʮʠʧʘ ʤʠʥʠʤʫʤʘ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ. ʂʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʨʦʪʦʪʘʙʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ - ʤʝʪʦʜ 

ɹʦʢʩʘ-ʍʘʥʪʝʨʘ; ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ-ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʈʕʄ) ʤʘʨʢʠ JEOL, 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ SPECORD75, ʀʂ-ʬʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʘ Shimadzu IR 

Prestige-21, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ, ʨʝʥʪʛʝʥʦ-ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ɼʈʆʅ-3, 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (Q-ʜʝʨʠʚʘʪʦʛʨʘʬ). 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ   ʙʝʟʦʪʭʦʜʥʦʡ  

ʧʝʨʝʨʘʙʦʪʢʠ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ   ʠ ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ ʩʚʠʥʮʦʚʦʛʦ  

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʦʜʥʦʚʨʝʤʥʥʳʤ ʠʟʚʣʝʯʝʥʠʝʤ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ 

ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʧʦʣʫʯʝʥʠʝʤ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.             

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʫʯʥʳʝ ʟʘʜʘʯʠ: 

ῐ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʠ  ʦʪʚʘʣʴʥʳʭ  Zn- Pb-

Cu ʩʦʜʝʨʞʘʱʠʭ ʰʣʘʢʦʚ. 

ῐ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʩʦʜʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʚʠʥʮʦʚʳʭ ʰʣʘʢʦʚ.   

ῐ ʚʳʧʦʣʥʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  

ʢʦʤʧʦʥʝʥʪʦʚ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʦʪʭʦʜʘ. 

ῐ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʤʝʭʘʥʠʟʤʘ  ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ  ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ  ʭʣʦʨʠʜʦʚ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ 

ʠʟ ʦʪʚʘʣʴʥʦʛʦ ʰʣʘʢʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ. 

ῐ ʦʧʨʝʜʝʣʝʥʠʝ  ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʦʣʫʯʝʥʠʝʤ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʦʪʚʘʣʴʥʦʛʦ ʩʚʠʥʮʦʚʦʛʦ ʰʣʘʢʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʭʣʦʨʘʛʝʥʪʘ  ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ. 

ῐ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ:  

- ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʨʘʚʥʦʚʝʩʥʦʡ  

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ  ʩʚʠʥʮʘ, ʮʠʥʢʘ, ʤʝʜʠ ʠʟ ʦʪʚʘʣʴʥʳʭ ʩʚʠʥʮʦʚʳʭ ʰʣʘʢʦʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ; 

- ʜʦʢʘʟʘʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʤʝʪʘʣʣʦʚ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʜʘʚʣʝʥʠʷ; 

- ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ   ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ  ʤʝʪʘʣʣʦʚ    ʥʘʙʣʶʜʘʝʪʩʷ   

ʚ     ʩʣʝʜʫʶʱʝʤ ʨʷʜʫ PbCl2 > ZnCl2> CuCl;  
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- ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ  ʩʚʠʥʮʘ, 
ʮʠʥʢʘ, ʤʝʜʠ  ʧʨʦʪʝʢʘʝʪ ʚ ʢʠʥʝʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ  ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʝʡ  

ʜʣʷ   ʩʚʠʥʮʘ ʦʪ   138   ʜʦ  88 ʢɼʞ/ʤʦʣʴ,  ʤʝʜʠ ʦʪ 126 ʜʦ 54 ʢɼʞ/ʤʦʣʴ, 

ʮʠʥʢʘ  58 ʢɼʞ/ʤʦʣʴ,  ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ;   

- ʫʩʪʘʥʦʚʣʝʥʘ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʧʝʨʠʦʜʘ ʟʘʨʦʞʜʝʥʠʷ ʨʝʘʢʮʠʠ ʢʦʪʦʨʘʷ 
ʜʣʷ      ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ   ʩʚʠʥʮʘ     ʩʦʩʪʘʚʣʷʝʪ  162 ʢɼʞ/ʤʦʣʴ,  ʤʝʜʠ ï  

140 ʢɼʞ/ʤʦʣʴ. 

- ʍʣʦʨʠʨʦʚʘʥʠʝ ʩʤʝʩʠ ʦʢʩʠʜʦʚ ʭʣʦʨʠʜʦʤ ʢʘʣʴʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʦʭʣʦʨʠʜʦʚ ʩʚʠʥʮʘ (4PbOĿPbCl2), ʢʘʣʴʮʠʷ (CaOĿCaCl2), 

ʞʝʣʝʟʘ (FeOCl). 

 ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ:  

    -    ʧʨʦʚʝʜʝʥʳ ʫʢʨʫʧʥʝʥʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦ  ʠʟʚʣʝʯʝʥʠʶ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ  ʩʚʠʥʮʘ, ʮʠʥʢʘ, ʤʝʜʠ ʠʟ   ʦʪʚʘʣʴʥʳʭ   ʩʚʠʥʮʦʚʳʭ  

ʰʣʘʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʯʘʪʦʡ ʚʨʘʱʘʶʱʝʡʩʷ 

ʧʝʯʠ (ʘʢʪ ʠʩʧʳʪʘʥʠʡ  ʦʪ 30.06.2022); 

- ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʣʦʨʠʜʦʚʦʟʛʦʥʦʯʥʳʤ ʩʧʦʩʦʙʦʤ ʠʟ ʰʣʘʢʦʚ 

ʩʚʠʥʮʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʚʦʟʤʦʞʥʦ 

ʠʟʚʣʝʯʴ ʚ ʚʠʜʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʮʠʥʢʘ 92,9%, ʩʚʠʥʮʘ 88,3% ʠ ʤʝʜʠ 

87,5%; ʆʛʘʨʦʢ  ʧʦʩʣʝ ʦʙʞʠʛʘ  ʩ ʩʦʜʝʨʞʘʥʠʝʤ   0,08% ʮʠʥʢʘ, 0,03 % ʩʚʠʥʮʘ ʠ 

0,06% ʤʝʜʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

- ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʫʢʨʫʧʥʝʥʥʦ-

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʦʞʝʥʘ   ʢʦʤʧʣʝʢʩʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ  

ʩʭʝʤʘ ʠʟʚʣʝʯʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʠʟ ʦʪʚʘʣʴʥʳʭ ʩʚʠʥʮʦʚʳʭ ʰʣʘʢʦʚ 

ʚ ʧʨʠʩʫʪʩʚʠʠ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ-ʦʪʭʦʜʘ ʩʦʜʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ;  

- ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʳ 2 ʧʘʪʝʥʪʘ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ 

ʈʂ (ʇʘʪʝʥʪʳ ʥʘ ʧʦʣʝʟʥʫ  ʁ ʤʦʜʝʣʴ  ˉ3154 ʦʪ 17.09.2018., ˉ4038  ʦʪ 

04.06.2019  Cʧʦʩʦʙ ʧʝʨʝʨʘʙʦʪʢʠ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʭ ʰʣʘʢʦʚ ).  

ῐ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʠʟʚʣʝʯʝʥʠʝ ʠʟ 

ʰʣʘʢʘ ʥʝ ʪʦʣʴʢʦ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʤʝʪʘʣʣʦʚ, ʥʦ ʠ ʧʦʣʫʯʝʥʠʝ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

          -ʚʳʧʦʣʥʝʥʥʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ 1ʪ ʰʣʘʢʘ ʩ ʠʟʚʣʝʯʝʥʠʝʤ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ  ʩʚʠʥʮʘ, ʤʝʜʠ, ʮʠʥʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʨʘʱʘʶʱʠʭʩʷ ʧʝʯʝʡ ʩʦʩʪʘʚʣʷʝʪ  9700 ʪʝʥʛʝ. ʇʨʠʙʳʣʴ ʦʪ ʧʝʨʝʨʘʙʦʪʢʠ 1ʪ 

ʰʣʘʢʘ - 6915ʪʝʥʛʝ; ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ ʩʦʩʪʘʚʣʷʝʪ 3 ʛʦʜʘ.  

   - ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʨʝʟʝʨʚʥʦʛʦ ʚʘʨʠʘʥʪʘ  ʠʟʚʣʝʯʝʥʠʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʤʝʪʘʣʣʦʚ  ʠʟ ʰʣʘʢʦʚ ʩʚʠʥʮʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʘʛʣʦʤʝʨʘʮʠʦʥʥʦ-ʭʣʦʨʠʨʫʶʱʠʤ  

ʦʙʞʠʛʦʤ;  

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

- ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʩ ʦʩʥʦʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʦʪʚʘʣʴʥʳʭ ʩʚʠʥʮʦʚʳʭ ʰʣʘʢʦʚ. 
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- ʨʝʟʫʣʴʪʘʪʳ  ʢʠʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʩʚʠʥʮʘ, ʮʠʥʢʘ, 

ʤʝʜʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʪʚʘʣʴʥʳʭ ʩʚʠʥʮʦʚʳʭ ʰʣʘʢʦʚ ʩ 

ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʴʶ.  

- ʨʝʟʫʣʴʪʘʪʳ ʫʢʨʫʧʥʝʥʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʭʣʦʨʠʨʫʶʱʝʛʦ ʦʙʞʠʛʘ ʦʪʚʘʣʴʥʳʭ ʩʚʠʥʮʦʚʳʭ ʰʣʘʢʦʚ ʩ ʜʠʩʪʠʣʣʝʨʥʦʡ 

ʞʠʜʢʦʩʪʴʶ ʩ ʠʟʚʣʝʯʝʥʠʝʤ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. 

- ʨʘʩʯʝʪ ʦʩʥʦʚʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʟʚʣʝʯʝʥʠʷ  

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʩʚʠʥʮʘ, ʮʠʥʢʘ, ʤʝʜʠ ʠʟ ʦʪʚʘʣʴʥʳʭ ʩʚʠʥʮʦʚʳʭ 

ʰʣʘʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ. 

 ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʤʝʪʦʜʠʢ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: 

- ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ  ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ HSC-5.1, 6 Chemistry. 

- ʨʦʪʦʪʘʙʝʣʴʥʳʡ ʤʝʪʦʜ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 
(ʧʣʘʥ ɹʦʢʩʘ-ʍʘʥʪʝʨʘ). 

- ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

- ʫʢʨʫʧʥʝʥʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʩʦʚʨʝʤʝʥʥʦʡ 

ʫʩʪʘʥʦʚʢʝ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʆʆʆ çʋʨʘʣʵʣʝʢʪʨʦʧʝʯʴè, ʦʩʥʘʱʝʥʥʦʡ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʨʠʙʦʨʘʤʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʘ 

ʪʘʢʞʝ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ   ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ 

ʩʦʚʧʘʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʢʠʥʝʪʠʢʠ ʠ 

ʫʢʨʫʧʥʝʥʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠʟʫʯʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʟʚʣʝʯʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʮʚʝʪʥʳʭ 

ʤʝʪʘʣʣʦʚ ʧʨʦʰʣʘ ʘʧʨʦʙʘʮʠʶ ʫʢʨʫʧʥʝʥʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʤʠ  ʠʩʧʳʪʘʥʠʷʤʠ ʚ 

ʥʘʫʯʥʦïʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ çʇʝʨʩʧʝʢʪʠʚʥʳʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠè ʧʨʠ ʖʂʋ ʠʤʝʥʠ ʄ.ɸʫʵʟʦʚʘ.  

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ  

ʚʳʧʦʣʥʝʥʥʳʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʨʘʞʝʥʳ ʚ 10  ʥʘʫʯʥʳʭ 

ʧʫʙʣʠʢʘʮʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ 1 ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʥʘʫʯʥʦʤ ʞʫʨʥʘʣʝ, ʚʭʦʜʷʱʝʤ ʚ 

ʙʘʟʫ ʜʘʥʥʳʭ Scopus, 4 ʚ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ  ʂʦʤʠʪʝʪʦʤ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚ ʩʬʝʨʝ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, 5 ʩʪʘʪʴʠ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʤʘʪʝʨʠʘʣʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ 2 ʧʘʪʝʥʪʘ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ʈʂ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʠʟʣʦʞʝʥʘ 

ʥʘ 108 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 16 ʪʘʙʣʠʮ, 65 ʨʠʩʫʥʢʘ. 

ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 6 ʨʘʟʜʝʣʦʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠʟ  113 ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ 4 ʧʨʠʣʦʞʝʥʠʡ. 
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1 ɸʅɸʃʀʊʀʏɽʉʂʀʁ ʆɹɿʆʈ 

 

1.1ʉʦʚʨʝʤʝʥʥʦʝ  ʩʦʩʪʦʷʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ, 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ  ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʣʠʪʠʢʘ ʂʘʟʘʭʩʪʘʥʘ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ 
ʦʧʨʝʜʝʣʝʥʘ ʚ ʂʦʥʮʝʧʮʠʠ ʧʦ ʧʝʨʝʭʦʜʫ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʢ çʟʝʣʝʥʦʡ 
ʵʢʦʥʦʤʠʢʝè ʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʥʝʜʨʝʥʠʝ ʨʘʟʜʝʣʴʥʦʛʦ ʩʙʦʨʘ ʦʪʭʦʜʦʚ, ʨʘʟʚʠʪʠʝ 
ʩʝʢʪʦʨʘ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʜʫʢʮʠʠ ʠʟ ʚʪʦʨʩʳʨʴʷ ʩ 
ʧʨʠʚʣʝʯʝʥʠʝʤ ʠʥʚʝʩʪʠʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʯʝʨʝʟ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʝ 
ʧʘʨʪʥʝʨʩʪʚʦ. ʉʦʛʣʘʩʥʦ ʂʦʥʮʝʧʮʠʠ, ʢ 2030 ʛʦʜʫ ʜʦʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ 
ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʚʝʜʝʥʘ ʜʦ 40%, ʢ 2050 ʛʦʜʫ ï ʜʦ 50% [3, ʩʪʨ.1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ  ʚʦʧʨʦʩʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʤʠʨʝ ʥʘʢʦʧʣʝʥʳ 

ʤʠʣʣʠʘʨʜʳ ʪʦʥʥ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ. ɿʘ ʤʥʦʛʦʣʝʪʥʠʡ ʧʝʨʠʦʜ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚʩʝʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘ 

ʥʘʢʦʧʠʣʦʩʴ ʫʞʝ ʩʚʳʰʝ 26 ʤʣʨʜ. ʪ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʝʞʝʛʦʜʥʦ 

ʧʦʧʦʣʥʷʝʤʳʭ ʥʘ ʦʪʚʘʣʘʭ ʝʱʝ ʥʘ 1 ʤʣʨʜ. ʪ [2].   ʋʯʘʩʪʢʠ ʩʢʣʘʜʠʨʦʚʘʥʠʷ 

ʦʪʭʦʜʦʚ  ʭʠʤʠʯʝʩʢʦʡ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ  ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʟʘʥʠʤʘʶʪ ʦʛʨʦʤʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʠ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʩʝʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʂʘʣʴʮʠʥʠʨʦʚʘʥʥʘʷ ʩʦʜʘ ï ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʜʫʢʪʦʚ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠʤʝʶʱʠʡ ʦʙʰʠʨʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʠ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʈʠʩʫʥʦʢ 1.1).  

 
 

ʈʠʩʫʥʦʢ 1.1  ʇʨʠʤʝʥʝʥʠʝ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 
 

ʇʨʠʤʝʯʘʥʠʝ  cʦʩʪʘʚʣʝʥʦ ʧʦ ʠʩʪʦʯʥʠʢʫ [4, ʩ.14 ] 
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ʄʠʨʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʦʜʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 50 ʤʣʥ ʪ ʚ ʛʦʜ. 

ʆʩʥʦʚʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ï ʂʠʪʘʡ ʠ ʉʦʝʜʠʥʝʥʥʳʝ ʐʪʘʪʳ ɸʤʝʨʠʢʠ, ʀʥʜʠʷ. 

ʆʙʱʠʡ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʜʳ ʚ ʩʪʨʘʥʘʭ ʉʅɻ ʩʦʩʪʘʚʣʷʝʪ 6,5 % ʤʠʨʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ[5].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʯʝʪʳʨʝʭ ʩʧʦʩʦʙʘʭ ʝʝ ʧʦʣʫʯʝʥʠʷ. ʇʝʨʚʳʤ ʧʦ ʟʥʘʯʠʤʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʘʤʤʠʘʯʥʳʡ ʩʧʦʩʦʙ ï ʤʝʪʦʜ ʉʦʣʴʚʝ. ɺʪʦʨʦʡ ʩʧʦʩʦʙ ï ʵʪʦ ʧʦʣʫʯʝʥʠʝ 

ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʩʦʜʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ. ʊʨʝʪʠʡ 

ʩʧʦʩʦʙ ï ʵʪʦ ʢʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʥʝʬʝʣʠʥʦʚ ʥʘ ʛʣʠʥʦʟʝʤ, 

ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʫʶ ʩʦʜʫ, ʧʦʪʘʰ ʠ ʮʝʤʝʥʪ. ʏʝʪʚʝʨʪʳʡ ʩʧʦʩʦʙ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʢʘʨʙʦʥʠʟʘʮʠʠ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʚ ʢʘʨʙʦʥʘʪ [6]. 

ʍʠʤʠʟʤ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʤʝʪʦʜʫ ʉʦʣʴʚʝ: 

 

    Naʉ1+Nʅ3 +ʉO2 +ʅ2O=Nʘʅʉʆ3 +Nʅ4 ʉ1 +Q                                                    (1.1) 
 

   2Nʘʅʉʆ3 = Nʘ2ʉʆ3 + ʉʆ2ŷ + ʅ2ʆ ï Q                                                                  (1.2) 
 

   CaCO2 = CaO +CO2ŷ - Q                                                                                         (1.3)  
 

   CaO +H2O = Ca(OH)2 + Q                                                                                       (1.4)  
  

  2Nʅ4ʉ1+ʉʘʆ+ʅ2ʆ= ʉʘʉ12+ 2Nʅ4 OH + Q, NH4OH = NH3ŷ + H2O + Q            (1.5) 
 

   MgCl2 + Ca(OH)2 = Mg(OH)2Ź + CaCl2; CaCl2 + Na2CO3 = CaCO3Ź + +2NaCl  (1.6) 

 

ʀʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʘʤʤʠʘʯʥʳʡ ʩʧʦʩʦʙ (70%), ʧʨʠ ʢʦʪʦʨʦʤ  ʥʘ 

ʢʘʞʜʫʶ 1 ʪʦʥʥʫ ʧʦʣʫʯʘʝʤʦʡ ʩʦʜʳ ʧʦʩʣʝ ʨʝʛʝʥʝʨʘʮʠʠ ʘʤʤʠʘʢʘ ʦʙʨʘʟʫʝʪʩʷ ʜʦ 

9 ʤ
3
 ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʩʦʜʝʨʞʘʱʝʡ  ʛ/ʣ: 110-120 CaCl2, 54- 

58 NaCl, 21-26  ʚʟʚʝʩʠ Ca(OH)2 , CaSO4 ʠ CaCO3  [7]. 

ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 5 ʣʝʪ ʦʙʲʝʤʳ ʧʦʩʪʘʚʦʢ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ ʚ 

ʂʘʟʘʭʩʪʘʥ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 302-350 ʪʳʩ. ʪʦʥʥ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

çMerchant Research & Consulting Ltdè, ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʨʦʩʪ ʩʧʨʦʩʘ ʥʘ 

ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʫʶ ʩʦʜʫ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ 2022-2025 ʛʛ. ʩʦ ʩʨʝʜʥʝʛʦʜʦʚʳʤ 

ʪʝʤʧʦʤ ʨʦʩʪʘ (CAGR) ʚ 4,7% [8]. ʆʩʥʦʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ 

ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ  ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷ ɸʆ 

çʉʪʝʢʦʣʴʥʘʷ ʢʦʤʧʘʥʠʷ çʉɸʌè, ʊʆʆ çʂʘʟʌʦʩʬʘʪè, ɸʆ ɸʣʶʤʠʥʠʡ 

ʂʘʟʘʭʩʪʘʥè, ɸʆ çɸʢʪʶʙʠʥʩʢʠʡ ʟʘʚʦʜ ʭʨʦʤʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡè. ʂʘʟʘʭʩʪʘʥ 

ʷʚʣʷʝʪʩʷ ʥʝʪʪʦ-ʠʤʧʦʨʪʝʨʦʤ ʜʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ ʚ ʨʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ  ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩʦʤ ʚʨʝʤʝʥʠ 

[9].    
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1.1.1 ʄʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ  

ɸʥʘʣʠʟ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʧʘʪʝʥʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʠʣ 

ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ  ʜʠʩʪʠʣʣʝʨʥʫʶ ʞʠʜʢʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʜʳ ʤʦʞʥʦ 

ʧʨʠʤʝʥʷʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʫʯʠʪʳʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʝ  ʩʚʦʡʩʪʚʘ ʦʪʭʦʜʘ 

ʩʦʜʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ɺ ʂʦʨʝʝ ʠʤʝʶʪ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʩʦʜʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʟʘʢʨʳʪʳʭ ʫʛʦʣʴʥʳʭ ʰʘʭʪ [10]. ɺʥʝʩʝʥʠʝ 

ʱʝʣʦʯʥʳʭ ʦʪʭʦʜʦʚ ʧʦʚʳʩʠʣʦ pH ʫʛʦʣʴʥʳʭ ʦʪʭʦʜʦʚ ʩ 3,5 ʜʦ 6, ʢʨʦʤʝ ʪʦʛʦ, 

ʥʝʡʪʨʘʣʠʟʦʚʘʣʦ pH ʩʪʦʢʦʚ ʩ 4,3 ʜʦ 6,7. ʋʚʝʣʠʯʝʥʠʝ ʨʅ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ ʥʘ ʥʘʨʫʰʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ.   

ɽʱʝ ʦʜʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʫʣʴʪʨʘʪʦʥʢʦʛʦ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʠʟ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ [11]. ʅʦʚʳʡ 

ʧʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʨʝʟʠʥʦʚʦʡ, 

ʢʨʘʩʷʱʝʡ ʠ ʧʠʛʤʝʥʪʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ʂʠʪʘʡʩʢʠʭ ʫʯʝʥʳʝ Kou, Zhang ʦʪʭʦʜʳ ʩʦʜʳ  

ʧʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʨʝʜʣʘʛʘʶʪ  ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ  

ʢʘʯʝʩʪʚʝ ʦʪʩʳʧʢʠ ʛʨʫʥʪʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ. ʆʥʠ ʧʦʜʨʦʙʥʦ ʠʟʫʯʠʣʠ 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʜʦʚʳʭ ʩʤʝʩʝʡ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʠ 

ʜʦʢʘʟʘʣʠ, ʯʪʦ ʣʝʪʫʯʘʷ ʟʦʣʘ ʠ ʠʟʚʝʩʪʴ, ʩʤʝʰʘʥʥʘʷ ʩ ʦʪʭʦʜʘʤʠ ʩʦʜʳ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 3:7, ʚ 6,5 ʨʘʟ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʋʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʦʜʦʚʳʭ ʦʪʭʦʜʦʚ ʘʥʘʣʦʛʠʯʥʘ ʧʦʯʚʝ, ʘ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʤʝʰʠʚʘʥʠʷ ʩ 

ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʞʝʥʝʨʥʦʛʦ ʛʨʫʥʪʘ [12].  

ɸʚʪʦʨʳ [13] ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʦʪʭʦʜʦʚ ʩʦʜʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ  ʧʦʣʫʯʠʣʠ  ʞʠʜʢʦʝ ʫʜʦʙʨʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʥʠʪʨʘʪʦʚ ʢʘʣʴʮʠʷ, 

ʥʘʪʨʠʷ ʠ ʘʤʤʦʥʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʘ ʦʙʨʘʟʫʝʪʩʷ ʛʘʟʦʦʙʨʘʟʥʳʡ 

ʭʣʦʨ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʧʠʪʴʝʚʳʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠ 

ʧʦʣʫʯʝʥʠʷ ʮʝʥʥʳʭ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɹʳʢʦʚʩʢʠʡ ʅ.ɸ. ʠ ʜʨ. ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʩʧʦʩʦʙ 

ʧʝʨʝʨʘʙʦʪʢʠ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʩ ʧʦʣʫʯʝʥʠʝʤ  ʛʠʜʨʦʦʢʠʩʠ ʢʘʣʴʮʠʷ, 

ʛʠʜʨʦʦʢʠʩʠ ʥʘʪʨʠʷ ʠ ʭʣʦʨʘ. ʀʟʦʙʨʝʪʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʩʧʦʩʦʙ 

ʧʝʨʝʨʘʙʦʪʢʠ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ, ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ 

ʠ ʧʦʣʫʯʝʥʠʝ ʪʦʚʘʨʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ  [14]. 

ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʧʨʠʤʝʥʝʥʠʷ ʜʠʩʪʠʣʣʝʨʥʦʡ  ʞʠʜʢʦʩʪʠ ʜʣʷ ʟʘʢʘʯʢʠ ʚ 

ʥʝʬʪʷʥʳʝ ʩʢʚʘʞʠʥʳ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʘʪʴ ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ. ʅʝʜʦʩʪʘʪʢʦʤ 

ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ ʜʦʣʞʥʦ  

ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʨʘʡʦʥʝ ʜʦʙʳʯʠ ʥʝʬʪʠ [15].  

ɺ ʨʘʙʦʪʝ [16] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʭʣʦʨʠʩʪʦʛʦ ʘʤʤʦʥʠʷ ʠʟ 

ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ  ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʘʤʠ 

ʚʳʧʘʨʠʚʘʥʠʷ ʠ ʚʳʩʘʣʠʚʘʥʠʷ, ʪʘʢ ʞʝ ʤʝʪʦʜʦʤ ʚʳʧʘʨʠʚʘʥʠʷ ʠʟ ʜʠʩʪʠʣʣʝʨʥʦʡ 
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ʞʠʜʢʦʩʪʠ  ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʛʠʜʨʦʦʢʩʠʜ  ʢʘʣʴʮʠʷ, ʥʘʪʨʠʷ, ʘ ʪʘʢʞʝ ʩʦʣʷʥʫʶ 

ʢʠʩʣʦʪʫ. ʇʨʦʮʝʩʩ ʟʘʢʣʶʯʘʝʪʩʷ  ʚ ʥʘʩʳʱʝʥʠʠ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ 

ʛʠʜʨʦʦʢʩʠʜʦʤ ʥʘʪʨʠʷ ʜʦ ʚʳʧʘʜʝʥʠʷ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʘʜʢʘ  ʛʠʜʨʦʦʢʩʠʜʘ 

ʢʘʣʴʮʠʷ. ʇʦʩʣʝ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʘ ʬʠʣʴʪʨʘʪ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʙʨʘʙʦʪʢʝ  ʚ 

ʪʨʝʭʢʘʤʝʨʥʦʤ ʤʝʤʙʨʘʥʥʦʤ ʵʣʝʢʪʨʦʣʠʟʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʳ  [17] 

ʂʦʣʣʝʢʪʠʚ ʘʚʪʦʨʦʚ [18] ʦʧʨʝʜʝʣʠʣ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ 

ʧʝʨʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʠʟ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʝʨʦʢʩʠʜ 

ʚʦʜʦʨʦʜʘ ʚʚʦʜʠʪʩʷ ʚ ʨʝʘʢʮʠʶ ʚ ʦʭʣʘʞʜʝʥʥʦʤ ʚʠʜʝ (t = 0ï4 
0
C). ɼʣʷ 

ʫʚʣʠʯʝʥʠʷ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʧʝʨʝʤʝʰʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʦʩʘʜʢʘ ʚ ʪʝʯʝʥʠʝ 1ï1.5 ʯ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 125
0
ʉ. 

ɸʚʪʦʨʳ ʃʘʧʰʘʢʦʚ ʅ.ɺ., ʆʧʘʨʠʥʘ ʌ.ʈ. ʠ ʜʨ.[19] ʧʨʝʜʣʘʛʘʶʪ ʩʧʦʩʦʙ 

ʧʝʨʝʨʘʙʦʪʢʠ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʪʝʘʨʘʪʘ ʢʘʣʴʮʠʷ. ɺ 

ʨʝʘʢʮʠʦʥʥʳʡ ʩʦʩʫʜ ʟʘʛʨʫʞʘʶʪ ʩʪʝʘʨʠʥʦʚʫʶ ʢʠʩʣʦʪʫ, ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ 

ʘʤʤʠʘʢʘ ʠ ʚʦʜʫ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʝʰʠʚʘʶʪ ʠ 

ʥʘʛʨʝʚʘʶʪ ʜʦ 65-70Áʉ ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʩʪʝʘʨʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ.ɼʦʙʘʚʣʷʶʪ ʜʠʩʪʠʣʣʝʨʥʫʶ ʞʠʜʢʦʩʪʴ ʠ ʧʝʨʝʤʝʰʠʚʘʶʪ 10-20 ʤʠʥʫʪ. 

ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ C17H35COOH: NH3: CaCl2=1:1,1:0,5. ʏʝʨʝʟ 30 ʤʠʥʫʪ 

ʩʫʩʧʝʥʟʠʶ ʬʠʣʴʪʨʫʶʪ, ʦʩʘʜʦʢ ʩʪʝʘʨʘʪʘ ʢʘʣʴʮʠʷ ʧʨʦʤʳʚʘʶʪ ʚʦʜʦʡ ʜʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʭʣʦʨʠʜʳ ʠ ʩʫʰʘʪ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 80Áʉ. ɺʳʭʦʜ ʩʪʝʘʨʘʪʘ ʢʘʣʴʮʠʷ ʩʦʩʪʘʚʠʣ 96-98%.  

ʀʚʘʥʦʚ ɸ.ʅ. ʠ ʜʨ. [20 ] ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜ ʧʝʨʝʨʘʙʦʪʢʠ ʜʠʩʪʠʣʣʝʨʥʦʡ 

ʞʠʜʢʦʩʪʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʚʦʣʣʘʩʪʦʥʠʪʘ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʠʟʚʣʝʯʝʥʠʝ ɓ-ʩʠʣʠʢʘʪʘ ʢʘʣʴʮʠʷ (ʚʦʣʣʘʩʪʦʥʠʪʘ). ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʨʝʘʢʮʠʠ 

ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʴʮʠʷ ʠʟ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʩ ʩʠʣʠʢʘʪʦʤ ʥʘʪʨʠʷ ʠʟ 

ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ: 

 

           CaCl2 + Na2SiO3 = CaSiO3 + 2NaCl                                  (1.7) 

 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʜʠʩʪʠʣʣʝʨʥʘʷ ʞʠʜʢʦʩʪʴ ʧʦʜʚʝʨʛʘʝʪʩʷ ʬʠʣʴʪʨʦʚʘʥʠʶ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʚ ʦʩʘʜʦʢ ʚʳʧʘʜʘʶʪ ʢʘʨʙʦʥʘʪ ʠ ʚʦʜʥʳʡ ʩʫʣʴʬʘʪ ʢʘʣʴʮʠʷ. 

ɿʘʪʝʤ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʬʠʣʴʪʨʘʪʫ ʜʦʙʘʚʣʷʝʪʩʷ ʥʝʙʦʣʴʰʠʤʠ ʧʦʨʮʠʷʤʠ, ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʨʘʩʪʚʦʨ ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʢʦʪʦʨʫʶ ʠʤʝʝʪ ʜʠʩʪʠʣʣʝʨʥʘʷ ʞʠʜʢʦʩʪʴ (ʜʦ 95ęʉ) ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʠ ʧʦʩʪʫʧʘʶʱʘʷ ʥʘ ʫʪʠʣʠʟʘʮʠʶ, ʚʳʰʝʫʢʘʟʘʥʥʘʷ 

ʨʝʘʢʮʠʷ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʩ ʙʦʣʴʰʠʤ ʚʳʭʦʜʦʤ. ʆʙʨʘʟʫʶʱʝʡʩʷ ʢʦʣʣʦʠʜʥʳʡ 

ʨʘʩʪʚʦʨ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʠ ʤʝʪʘʩʠʣʠʢʘʪ ʢʘʣʴʮʠʷ ʚʳʧʘʜʘʝʪ ʚ ʚʠʜʝ 

ʦʧʘʣʝʩʮʝʥʮʠʠ ʥʘ ʜʥʦ ʨʝʘʢʪʦʨʘ. ʀʟ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʬʠʣʴʪʨʘʪʘ ʩ ʧʦʤʦʱʴʶ 

ʦʯʠʩʪʢʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʯʠʩʪʳʡ ʭʣʦʨʠʩʪʳʡ ʥʘʪʨʠʡ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʚ ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 14,5%, ʢʦʪʦʨʳʡ ʚ 

ʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʥʦ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ. ʆʩʘʜʦʢ ʞʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʯʠʩʪʢʝ ʠ ʦʩʫʰʢʝ ʚ 
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ʬʠʣʴʪʨʝ-ʧʨʝʩʩʝ. ɼʘʣʝʝ ʚ ʥʝʛʦ ʚʚʦʜʷʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʇʦʣʫʯʝʥʥʘʷ ʩʤʝʩʴ 

ʦʪʧʨʘʚʣʷʝʪʩʷ ʧʦ ʢʦʥʚʝʡʝʨʫ ʥʘ ʦʙʞʠʛ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʘʶʪ 

ʩʣʝʜʫʶʱʠʝ ʮʝʥʥʳʝ ʧʨʦʜʫʢʪʳ: ʚʦʣʣʘʩʪʦʥʠʪ, ʪʦʙʝʨʤʦʨʠʪ ʠ ʢʩʦʥʦʪʣʠʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʨʫʢʪʫʨʳ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ  ʷʚʣʷʝʪʩʷ: 

ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʝ ʪʘʙʣʝʪʠʨʦʚʘʥʥʦʛʦ ʭʣʦʨʠʜʘ 

ʢʘʣʴʮʠʷ ʠʟ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ. ʉʦʣʝʚʘʷ ʩʫʩʧʝʥʟʠʷ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʧʨʠ 

ʫʧʘʨʢʝ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʜʦ 45%, ʙʳʩʪʨʦ ʜʝʢʘʥʪʠʨʫʝʪʩʷ ʠ ʣʝʛʢʦ 

ʬʠʣʴʪʨʫʝʪʩʷ. ʇʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʬʠʣʴʪʨʘʪ 

ʫʧʘʨʠʚʘʝʪʩʷ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʚʘ ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ ʧʨʠ 120-140
0
ʉ. ʇʦʩʣʝ 

ʦʭʣʘʞʜʝʥʠʷ ʤʘʩʩʫ ʨʘʩʧʣʘʚʘ ʠʟʤʝʣʴʯʘʣʠ ʜʦ ʪʨʝʙʫʝʤʦʛʦ ʨʘʟʤʝʨʘ ʠ 

ʪʘʙʣʝʪʠʨʦʚʘʣʠ ʥʘ ʤʝʣʢʫʶ ʬʨʘʢʮʠʶ [21] . 

ʀʟʦʙʨʝʪʝʥʠʝ ʘʚʪʦʨʦʚ [22] ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦʜʚʝʨʛʘʶʪ ʧʝʨʝʨʘʙʦʪʢʝ ʜʠʩʪʠʣʣʝʨʥʫʶ ʞʠʜʢʦʩʪʴ 

ʩʦʜʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʣʫʯʝʥʥʫʶ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʬʠʣʴʪʨʦʚʦʡ ʞʠʜʢʦʩʪʠ 

ʛʠʜʨʦʢʩʠʜʦʤ ʢʘʣʴʮʠʷ. ɼʣʷ ʵʪʦʛʦ ʫʢʘʟʘʥʥʫʶ ʜʠʩʪʠʣʣʝʨʥʫʶ ʞʠʜʢʦʩʪʴ, 

ʩʦʜʝʨʞʘʱʫʶ ʪʚʝʨʜʳʝ ʦʪʭʦʜʳ - ʰʣʘʤ, ʦʙʨʘʙʘʪʳʚʘʶʪ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʠʣʠ 

ʭʣʦʨʦʚʦʜʦʨʦʜʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20-100ÁC. ɺʳʜʝʣʷʶʪ ʜʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ ʠ 

ʚʦʟʚʨʘʱʘʶʪ ʚ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʩʦʜʳ. ʀʟʦʙʨʝʪʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʩʦʜʫ ʙʝʟ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ, ʫʤʝʥʴʰʠʪʴ ʦʙʲʝʤ ʠ ʩʥʠʟʠʪʴ ʱʝʣʦʯʥʦʩʪʴ ʜʠʩʪʠʣʣʝʨʥʦʡ 

ʞʠʜʢʦʩʪʠ, ʩʙʨʘʩʳʚʘʝʤʦʡ ʚ ʰʣʘʤʦʥʘʢʦʧʠʪʝʣʠ. 

ʈʝʟʫʣʴʪʘʪʳ  ʠʩʩʣʝʜʦʚʘʥʠʡ [23]  ʧʦʢʘʟʘʣʠ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ 

ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ ʚ ʢʘʯʝʩʪʚʝ 

ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ CaCl2-K2Cr2O7-H2O, ʦʧʨʝʜʝʣʠʣʠ, 

ʯʪʦ ʭʣʘʜʦʥʦʩʠʪʝʣʠ ʥʘ ʦʩʥʦʚʝ  ʵʪʦʡ ʩʠʩʪʝʤʳ ʤʦʛʫʪ  

ɺ ʧʫʙʣʠʢʘʮʠʠ ʘʚʪʦʨʦʚ [24] ʧʨʝʜʣʦʞʝʥ ʩʦʩʪʘʚ ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʛʦ 

ʩʨʝʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʭʣʦʨʠʜʘ ʡʦʜʘ ʚ ʢʦʤʧʣʝʢʩʝ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʦʜʳ ʠ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ. 

ʋʢʨʘʠʥʩʢʠʤʠ ʫʯʝʥʳʤʠ [25]  ʧʨʠʚʝʣʠ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʫʪʠʣʠʟʘʮʠʠ 

ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʭʠʤʠʯʝʩʢʠ ʦʩʘʞʜʝʥʥʦʛʦ ʢʘʨʙʦʥʘʪʘ 

ʢʘʣʴʮʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ  ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʩʪʠʣʣʝʨʥʫʶ ʞʠʜʢʦʩʪʴ ʠ 

ʠʟʙʳʪʦʯʥʳʝ ʤʘʪʦʯʥʳʝ ʨʘʩʪʚʦʨʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʯʠʱʝʥʥʦʛʦ 

ʙʠʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ. ʇʨʦʮʝʩʩ ʩʦʩʪʦʷʣ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʩʪʘʜʠʡ: 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʦʪ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ, 

ʩʤʝʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʟʘʜʘʥʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, 

ʬʠʣʴʪʨʘʮʠʠ ʠ ʧʨʦʤʳʚʢʠ ʦʩʘʜʢʘ ʉʘʉʆ3 ʜʦ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʠʦʥʦʚ 

ʭʣʦʨʘ, ʘ ʟʘʪʝʤ ʩʫʰʢʠ, ʠʟʤʝʣʴʯʝʥʠʷ, ʨʘʩʩʝʚʘ ʠ ʟʘʪʘʨʠʚʘʥʠʷ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʂʦʣʣʝʢʪʠʚ ʘʚʪʦʨʦʚ [26] ʧʦʢʘʟʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʜʚʫʭʚʦʜʥʦʛʦ ʭʣʦʨʘʪʘ ʢʘʣʴʮʠʷ ʠ 
ʞʠʜʢʦʛʦ ʭʣʦʨʘʪ-ʭʣʦʨʠʜ-ʢʘʣʴʮʠʝʚʦʛʦ ʜʝʬʦʣʠʘʥʪʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʭʣʦʨʘʪʘ 

ʢʘʣʴʮʠʷ ʥʝ ʤʝʥʝʝ 53% ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʦʪʭʦʜʘ ʩʦʜʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʩʦʜʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ ʜʣʷ ʨʝʢʫʣʴʪʠʚʘʮʠʠ 

ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ [27, 28]. ʅʘʨʫʰʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʛʣʝʜʦʙʳʯʠ ʟʝʤʣʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʠʩʣʦʡ ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. 

ʆʪʭʦʜʳ ʩʦʜʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʨʅ 

(7ð11). ɺʥʝʩʝʥʠʝ ʱʝʣʦʯʥʳʭ ʦʪʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʟʥʘʯʝʥʠʷ 

ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ ʜʦ ʨʝʛʠʦʥʘʣʴʥʳʭ ʬʦʥʦʚʳʭ 

ʟʥʘʯʝʥʠʡ 5,5ð6,5 ʠ ʧʨʦʚʦʜʠʪʴ ʜʘʣʴʥʝʡʰʠʡ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʵʪʘʧ 

ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʟʝʤʝʣʴ. 

 ɸʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ ʚ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ (ʈʠʩʫʥʦʢ 1.2).  

 

 
 

ʈʠʩʫʥʦʢ 1.2  ʅʘʧʨʘʚʣʝʥʠʷ ʠ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ 

ʩʦʜʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ 

 
ʇʨʠʤʝʯʘʥʠʝ  cʦʩʪʘʚʣʝʥʦ ʧʦ ʠʩʪʦʯʥʠʢʫ [29, ʩ.111] 

 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ  ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʨʘʙʦʪʝ [30] ʧʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ 

ʚʢʣʶʯʝʥʠʷ ʦʩʪʘʪʢʘ ʚʳʧʘʨʝʥʥʦʡ ʜʠʩʪʝʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʴʮʠʷ 

ʢʘʢ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ ʠ ʘʨʙʦʣʠʪʘ. 

ʉʦʪʨʫʜʥʠʢʘʤʠ  Middle East Technical University  [31] ʨʘʩʢʨʪrʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʘʜʢʘ ʩʦʜʦʚʳʭ ʦʪʭʦʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʘʣʠʥʠʪʦʚʦʛʦ ʮʝʤʝʥʪʘ, ʠʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʣ  

ʦʢʦʣʦ 15ð20 ʤʠʥ, ʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ, ʛʠʜʨʘʪʘʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʧʨʝʢʨʘʱʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʧʝʨʠʦʜʘ. 

ɸʚʪʦʨʘʤʠ [32] ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʜʳ ʤʝʣʠʦʨʘʪʥʪʘ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ. 

ʅʘʣʠʯʠʝ ʢʘʨʙʦʥʘʪʦʚ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʚ ʩʦʩʪʘʚʝ ʵʪʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ 
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ʢʦʤʧʣʝʢʩʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʩʳʱʝʥʠʶ ʢʠʩʣʦʪʥʳʭ ʧʦʯʚ ʠʦʥʘʤʠ Ca ʠ Mg , ʯʪʦ 

ʬʦʨʤʠʨʫʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʨʅ. 

ʀʟʚʝʩʪʝʥ ʤʝʪʦʜ ʧʨʠʤʝʥʝʥʠʷ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ 

ʚʷʞʫʱʝʛʦ ʜʣʷ ʜʨʝʚʝʩʥʦ-ʮʝʤʝʥʪʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʩʦʩʪʘʚʘ, ʤʘʩ. %: 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ 26,2ð87,3; ʜʠʩʪʠʣʣʝʨʥʘʷ ʞʠʜʢʦʩʪʴ 0,4ð7,3; ʚʦʜʥʘʷ 

ʩʫʩʧʝʥʟʠʷ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ ʩʦʜʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 5,4ð73,4; ʚʦʜʘ. 

ɼʨʝʚʝʩʥʳʡ ʟʘʧʦʣʥʠʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʚʚʝʜʝʥ ʚ ʪʦʪ ʞʝ ʩʤʝʩʠʪʝʣʴ [33]. 

ʇʨʦʯʥʦʩʪʴ ʮʝʤʝʥʪʥʦ-ʩʪʨʫʞʝʯʥʳʭ ʧʣʠʪ, ʧʦʣʫʯʘʝʤʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʢʘʟʘʥʥʦʛʦ ʚʷʞʫʱʝʛʦ, ʧʨʠ ʠʟʛʠʙʝ ʜʦ 18,2 ʄʇʘ. 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʚʷʞʫʱʝʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ, ʠʟ ʢʦʪʦʨʦʡ 

ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʦʙʨʘʟʮʳ ʘʨʙʦʣʠʪʘ, ʬʠʙʨʦʣʠʪʘ ʠ ʮʝʤʝʥʪʥʦʩʪʨʫʞʝʯʥʳʭ ʧʣʠʪ. 

ɺ ʨʘʙʦʪʝ ʘʚʪʦʨʦʚ [34]  ʜʠʩʪʠʣʣʝʨʥʫʶ ʞʠʜʢʦʩʪʴ ʧʨʠʤʝʥʷʶʪ ʢʘʢ 

ʜʦʙʘʚʢʫ, ʩʦʜʝʨʞʘʱʫʶ ʉʘʉ12 ʠ NaCl, ʢ ʙʝʪʦʥʘʤ ʧʨʠ ʟʠʤʥʝʤ ʙʝʪʦʥʠʨʦʚʘʥʠʠ, 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʝʩʪʥʳʭ ʚʷʞʫʱʠʭ ʩʦʚʤʝʩʪʥʳʤ ʤʦʢʨʳʤ ʧʦʤʦʣʦʤ ʩ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤ ʜʦʤʝʥʥʳʤ ʰʣʘʢʦʤ ʠ ʪ.ʜ. ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ 

ʉʘ2+ ʠ Na+ ʚ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʢʪʠʚʠʟʘʮʠʶ ʰʣʘʢʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʪʨʠʪ-ʥʠʪʨʘʪ ʭʣʦʨʠʜʘ 

ʢʘʣʴʮʠʷ (ʅʅʍʂ), ʢʦʪʦʨʳʡ  ʧʨʠʤʝʥʷʶʪ ʢʘʢ ʢʦʤʧʣʝʢʩʥʫʶ ʜʦʙʘʚʢʫ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʝʪʦʥʥʳʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ,  ʧʦʟʚʦʣʷʶ ʠɦʡ  

ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʠʪʴ ʪʚʝʨʜʝʥʠʝ ʙʝʪʦʥʘ, ʚʤʝʩʪʝ ʩ ʪʝʤ ʟʘʱʠʱʘʝʪ ʩʪʘʣʴʥʫʶ 

ʘʨʤʘʪʫʨʫ ʦʪ ʢʦʨʨʦʟʠʠ. ʅʅʍʂ ʦʙʨʘʟʫʝʪʩʷ ʧʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ ʫʧʘʨʝʥʥʦʡ 

ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ ʙʦʣʝʝ 30 % ʉʘʉ12, ʩ ʥʠʪʨʘʪʥʳʤʠ 

ʱʝʣʦʢʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. ɼʦʙʘʚʢʘ ʅʅʍʂ ʷʚʣʷʝʪʩʷ ʚ ʪʦʤ 

ʯʠʩʣʝ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʪʠʚʦʤʦʨʦʟʥʦʡ ʜʦʙʘʚʢʦʡ [35]. 

ɺ ʠʟʦʙʨʝʪʝʥʠʠ  [36] ʧʨʠʚʝʜʝʥ ʩʧʦʩʦʙ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʩʪʠʣʣʝʨʥʦʡ 

ʞʠʜʢʦʩʪʠ  ʚ  ʩʦʩʪʘʚʝ   ʪʘʤʧʦʥʘʞʥʦʛʦ ʨʘʩʪʚʦʨʘ.   ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʪʘʤʧʦʥʘʞʥʦʛʦʨʘʩʪʚʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʣʝʚʫʶ ʢʦʤʧʦʟʠʮʠʶ ʩʣʝʜʫʶʱʝʛʦ 

ʩʦʩʪʘʚʘ, ʤʘʩ.%: ʉʘʉ12 61,6; CaS04 0,1; Ca(OH)2 0,18; NaCl 3,4. ɿʘʷʚʣʷʝʤʳʡ 

ʪʘʤʧʦʥʘʞʥʳʡ ʨʘʩʪʚʦʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʩʦʣʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʜʳ ʚ ʩʪʘʜʠʠ ʜʠʩʪʠʣʣʷʮʠʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʩʦʜʝʨʞʘʱʝʛʦ ʤʠʢʨʦʩʬʝʨʳ ʥʝʨʘʩʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʝ, ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʥʠʟʢʫʶ ʧʣʦʪʥʦʩʪʴ ʠ ʧʨʝʚʦʩʭʦʜʠʪ ʠʟʚʝʩʪʥʳʡ ʪʘʤʧʦʥʘʞʥʳʡ 

ʨʘʩʪʚʦʨ ʧʦ ʧʨʦʯʥʦʩʪʠ ʢʘʤʥʷ. ʊʘʤʧʦʥʘʞʥʳʡ ʨʘʩʪʚʦʨ ʥʘ ʦʩʥʦʚʝ ʮʝʤʝʥʪʘ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʮʝʤʝʥʪʠʨʦʚʘʥʠʠ ʩʢʚʘʞʠʥ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʡ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʦʪʭʦʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʜʳ, ʧʨʦʙʣʝʤʘ ʠʭ ʫʪʠʣʠʟʘʮʠʠ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʚʦ ʚʩʝʤ 

ʤʠʨʝ, ʪʘʢ ʢʘʢ ʜʘʞʝ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʝʤ ʦʙʲʝʤʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʜʳ ʦʙʲʝʤʳ 

ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʚʝʩʴʤʘ ʚʳʩʦʢʠ, ʘ ʚʥʝʜʨʝʥʠʝ ʤʝʪʦʜʦʚ ʫʪʠʣʠʟʘʮʠʠ 

ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʸʥʥʳʭ ʟʘʪʨʘʪ [37]. 
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1.2 ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʚʘʣʴʥʳʭ ʩʚʠʥʮʦʚʳʭ 

ʰʣʘʢʦʚ 

ɺ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʦʪʭʦʜʳ ʛʦʨʥʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 20 ʤʠʣʣʠʘʨʜʦʚ ʪʦʥʥ, ʠʟ ʥʠʭ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ~ 

10,1, ʯʝʨʥʦʡ - ~ 8,7 ʤʠʣʣʠʘʨʜʦʚ ʪʦʥʥ [38,39].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʚʠʥʮʦʚʳʡ ʰʣʘʢ ʚ ʦʩʥʦʚʥʦʤ ʫʪʠʣʠʟʠʨʫʝʪʩʷ ʚ ʦʪʚʘʣʳ 

ʠʣʠ ʩʢʣʘʜʠʨʫʝʪʩʷ ʜʣʷ ʭʨʘʥʝʥʠʷ, ʠ ʦʙʘ ʵʪʠ ʩʧʦʩʦʙʘ ʪʨʝʙʫʶʪ ʦʙʰʠʨʥʳʭ 

ʟʝʤʝʣʴʥʳʭ ʧʣʦʱʘʜʝʡ. ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ, ʜʣʷ ʭʨʘʥʝʥʠʷ 10 000 ʪ ʰʣʘʢʘ 

ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ 670 ʤ
2
 ʟʝʤʣʠ [40]. ʉʚʠʥʮʦʚʳʡ ʰʣʘʢ ʩʦʜʝʨʞʠʪ ʪʦʢʩʠʯʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʩʚʠʥʝʮ, ʮʠʥʢ ʠ ʢʘʜʤʠʡ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʤʠʛʨʠʨʦʚʘʪʴ 

ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʤʝʩʪʘ ʭʨʘʥʝʥʠʷ [41]. ɺ ʫʩʣʦʚʠʷʭ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʪʝʧʝʥʴ ʚʳʜʝʣʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, 

ʢʘʢʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʰʣʘʢʝ [42].  ɺʝʣʠʯʠʥʘ pH 

ʬʠʣʴʪʨʘʪʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʚʳʜʝʣʝʥʠʝ 

ʚʨʝʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ ʰʣʘʢʘ [43]. 

ʐʣʘʢʦʦʪʚʘʣ ʩʚʠʥʮʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʳʚʰʝʛʦ ɿɸʆ çʖʞʧʦʣʠʤʝʪʘʣʣè 

ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨʝʢʠ ɹʘʜʘʤ ʛʦʨʦʜʘ ʐʳʤʢʝʥʪ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʫʩʝʯʝʥʥʫʶ ʢʦʥʫʩʦʦʙʨʘʟʥʫʶ ʛʦʨʫ ʠʟ ʩʳʧʫʯʝʛʦ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʰʣʘʢʘ 

ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʚ ʦʩʥʦʚʥʦʤ ʩ ʨʘʟʤʝʨʦʤ ʛʨʘʥʫʣ ʦʪ 0,5 ʜʦ 15 ʤʤ.  

ʆʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʠʥʮʦʚʦʛʦ ʟʘʚʦʜʘ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ - ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʦʪʭʦʜʳ - ʚʪʦʨʠʯʥʦʝ ʩʳʨʴʝ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. ʐʣʘʢ ʩʚʠʥʮʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘʢʦʧʣʝʥʥʳʡ ʚ 

ʰʣʘʢʦʦʪʚʘʣʝ ʦʪʥʦʩʠʪʩʷ ʢ ʪʨʝʪʴʝʤʫ ʢʣʘʩʩʫ ʦʧʘʩʥʦʩʪʠ ʩ ʩʫʤʤʘʨʥʳʤ ʠʥʜʝʢʩʦʤ 

ʦʧʘʩʥʦʩʪʠ Ki = 415,219 [44]. 
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ʈʠʩʫʥʦʢ 1.4  ɺʠʜ ʩʚʠʥʮʦʚʦʛʦ ʪʝʨʨʠʢʦʥʘ ʩʚʝʨʭʫ (ʧʦ ʜʘʥʥʳʤ Google Earth  ) 

 

ʐʣʘʢʠ ʮʚʝʪʥʦʡ  ʤʝʪʘʣʣʫʨʛʠʠ, ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ 

ʢʘʪʝʛʦʨʠʠ- çʙʦʛʘʪʳʝè ʠ çʙʝʜʥʳʝè ʰʣʘʢʠ. çɹʦʛʘʪʳʝè ʰʣʘʢʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

Zn+Pb ʙʦʣʝʝ 10% ʤʦʞʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʤʝʪʦʜʦʤ ʚʝʣʴʮʝʚʘʥʠʷ ʠ 

ʬʴʶʤʠʥʛʦʚʘʥʠʷ [45]. ɼʣʷ çʙʝʜʥʳʭè ʰʣʘʢʦʚ (ʧʦʩʣʝ ʬʴʶʤʠʥʛʦʚʘʥʠʷ),   

ʩʦʜʝʨʞʘʱʠʭ ʤʝʥʝʝ 5% ʮʠʥʢʘ, ʩʚʠʥʮʘ, ʤʝʜʠ   ʦʪʩʫʪʩʪʚʫʝʪ ʢʦʥʢʨʝʪʥʦʝ 

ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʶʱʝʝ ʨʝʥʪʘʙʝʣʴʥʦ ʠʟʚʣʝʯʴ ʠʟ ʥʠʭ 

ʮʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ [46, 47]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʙʝʜʥʳʭ ʰʣʘʢʦʚ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʭ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ, ʞʝʣʝʟʠʩʪʦʡ ʠ 

ʩʠʣʠʢʘʪʥʳʭ ʯʘʩʪʝʡ ʩ ʧʦʣʫʯʝʥʠʝʤ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ.  

ʋʯʝʥʳʤʠ ɺ.ʄ. ʐʝʚʢʦ, ɼ.ʂ. ɸʡʪʢʫʣʦʚʳʤ ʧʨʝʜʣʦʞʝʥʘ  ʩʭʝʤʘ 

ʧʝʨʝʨʘʙʦʪʢʠ ʰʣʘʢʦʚ ʧʨʦʜʫʚʢʦʡ ʧʳʣʝ-ʫʛʣʝ-ʭʣʦʨʠʜʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʴʶ. 

ʇʝʨʝʜ ʧʨʦʜʫʚʢʦʡ ʠʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʨʦʙʷʪʩʷ ʠ ʟʘʟʤʘʣʳʚʘʶʪʩʷ ʚ 

ʤʝʣʴʥʠʮʘʭ ʜʦ ʬʨʘʢʮʠʠ Ò 0,074-1ʤʤ. ɼʣʷ ʩʫʰʢʠ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʤʝʣʴʥʠʮʳ ʧʦʜʘʝʪʩʷ ʛʘʟʦʚʦʟʜʫʰʥʘʷ ʩʤʝʩʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʦʡ ʥʘ ʚʭʦʜʝ ʚ 

ʤʝʣʴʥʠʮʫ ʩʦʩʪʘʚʣʷʝʪ 573ʂ.  ʇʦʩʣʝ ʨʘʟʤʦʣʘ ʚ ʤʝʣʴʥʠʮʝ ʚʦʟʜʫʰʥʦ-ʧʝʣʝʚʘʷ 

ʩʤʝʩʴ ʧʦʩʪʫʧʘʝʪ ʚ ʮʠʢʣʦʥ, ʘ ʟʘʪʝʤ ʚ ʨʫʢʘʚʥʳʡ ʬʠʣʴʪʨ. ʋʣʦʚʣʝʥʥʘʷ ʧʳʣʴ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʚ ʙʫʥʢʝʨʘ ʤʦʣʦʪʦʛʦ ʩʳʨʴʷ, ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʚ ʰʥʝʢʝ ʠ 

ʧʦʧʘʜʘʝʪ ʚ ʨʘʩʭʦʜʥʳʡ ʙʫʥʢʝʨ, ʘ ʚʦʟʜʫʭ ʧʦʜʘʝʪʩʷ ʚ ʢʘʣʦʨʠʬʝʨ. ʀʟ ʨʘʩʭʦʜʥʦʛʦ 

ʙʫʥʢʝʨʘ ʧʳʣʝʚʠʜʥʳʡ ʤʘʪʝʨʠʘʣ ʧʝʨʝʛʨʫʞʘʝʪʩʷ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʝʤʢʦʩʪʠ. ʇʦ 

ʤʝʨʝ ʟʘʧʦʣʥʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʙʫʥʢʝʨʘ ʦʪʩʝʢʘʶʪʩʷ ʦʪ ʨʘʩʭʦʜʥʦʛʦ ʠ ʚ ʥʠʭ 

ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʦʜʘʝʪʩʷ ʚʦʟʜʫʭ. ʀʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʙʫʥʢʝʨʦʚ ʰʠʭʪʘ ʯʝʨʝʟ 

ʧʠʪʘʪʝʣʴ ʰʣʶʟʦʚʦʛʦ ʪʠʧʘ ʧʦʜʘʝʪʩʷ ʚ ʧʳʣʝʧʨʦʚʦʜ, ʛʜʝ ʧʦʜʭʚʘʪʳʚʘʝʪʩʷ 

ʛʦʨʷʯʝʡ ʩʪʨʫʝʡ ʚʦʟʜʫʭʘ ʠ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʚ ʧʳʣʝʚʦʡ ʢʦʣʣʝʢʪʦʨ ʠ ʟʘʪʝʤ ʚ 

ʬʫʨʤʳ. 

ʐʣʘʢ ʜʣʷ ʧʨʦʜʫʚʢʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 1373-1423ʂ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʢ 

ʢʦʥʚʝʨʪʝʨʫ ʚ ʢʦʚʰʘʭ. ʇʦʩʣʝ ʟʘʣʠʚʢʠ ʰʣʘʢʘ ʚ ʢʦʥʚʝʨʪʝʨ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʘʯʘ 

ʚ ʨʘʩʧʣʘʚ  ʧʳʣʝ-ʫʛʣʝ-ʭʣʦʨʠʜʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ɺ ʢʦʥʚʝʨʪʝʨʝ ʧʨʠ 1423-

1523ʂ ʧʨʦʠʩʭʦʜʠʪ ʭʣʦʨʠʨʦʚʘʥʠʝ ʠ ʚʦʟʛʦʥʢʘ ʮʚʝʪʥʳʭ, ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 
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ʇʘʨʦʛʘʟʦʚʘʷ ʩʤʝʩʴ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 1073-1173ʂ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʩʠʩʪʝʤʫ 

ʫʣʘʚʣʠʚʘʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ [48] . 

ʂʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ ʠʟʦʙʨʝʪʝʥʠʷ [49] ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʝʨʝʨʘʙʦʪʢʠ 

ʙʝʜʥʳʭ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ ʰʣʘʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʤʠʮʝʪʦʚ ʚ 

ʢʦʣʠʯʝʩʪʚʝ 10-10ʢʣʝʪʦʢ/ʤʣ, ʧʨʠ ʥʝʡʪʨʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʅ, ʩʦʜʝʨʞʘʥʠʝ 

ʪʚʝʨʜʦʡ ʬʘʟʳ 30-50%. ʇʨʦʮʝʩʩ ʚʝʜʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20-25Áʉ ʩ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʪ 3 ʜʦ 60 ʩʫʪʦʢ. ʀʟʦʙʨʝʪʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʪʠʪʘʥʘ, ʩʝʨʝʙʨʘ, ʩʫʨʴʤʳ, 

ʚʘʥʘʜʠʷ ʠ ʚʦʣʴʬʨʘʤʘ ʠʟ ʰʣʘʢʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚ ʚʦʜʥʫʶ 

ʬʘʟʫ ʧʝʨʝʭʦʜʠʪ ʦʪ 61,8 ʜʦ 88,7% Ti, V, As, Ag, Sb, W. ʉʧʦʩʦʙ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʙʝʜʥʳʭ ʩʚʠʥʮʦʚʦ-

ʮʠʥʢʦʚʳʭ ʰʣʘʢʦʚ. 

ʂʠʪʘʡʩʢʠʝ ʫʯʝʥʳʝ  ʏʝʥʛ ʠ ʜʨ.  ʪʘʢ ʞʝ ʠʟʫʯʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ 

ʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʫʜʘʣʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ ʰʣʘʢʘ 

ʧʫʪʝʤ ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʷ[50]. ɹʦʣʝʝ 80% Al, As, Cu, Mn, Fe ʠ Zn ʙʳʣʦ 

ʠʟʚʣʝʯʝʥʦ ʠʟ ʩʚʠʥʮʦʚʦʛʦ ʰʣʘʢʘ ʧʨʠ 65 Áʉ, ʨʅ 1,5 ʠ ʧʣʦʪʥʦʩʪʠ ʧʫʣʴʧʳ 5%. ɻʦ 

ʠ ʜʨʫʛʠʝ  ʧʨʦʚʝʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʫʪʦʯʥʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ pH, ʧʣʦʪʥʦʩʪʠ ʧʫʣʴʧʳ ʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʰʣʘʢʘ, 

ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʤʝʪʘʣʣʦʚ[51]. ʆʥʠ ʦʧʨʝʜʝʣʠʣʠ, 

ʯʪʦ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (pH 1,5, ʧʣʦʪʥʦʩʪʴ ʧʫʣʴʧʳ 10%, ʢʨʫʧʥʦʩʪʴ 

ʰʣʘʢʘ ʤʝʥʝʝ 0,83 ʤʤ) ʟʘ ʰʝʩʪʴ ʜʥʝʡ ʠʟ ʰʣʘʢʘ ʤʦʞʥʦ ʠʟʚʣʝʯʴ 86-91% As, 90-

93% Cu, 90-94% Mn ʠ 81-87% Zn. ʆʜʥʘʢʦ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟʚʣʝʯʝʥʠʷ 

ʤʝʪʘʣʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʦʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʪʝʭʥʦʣʦʛʠʶ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ ʫʨʦʚʥʝ 

ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʠʟ-ʟʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʡ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ɼʨʫʛʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʜʝʣʝʥʠʠ 

ʤʝʪʘʣʣʦʚ ʦʪ ʬʠʣʴʪʨʘʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʪʨʘʢʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʝ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ ʢʨʫʧʥʦʝ 

ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ɸʚʪʦʨʘʤʠ [52] ʨʘʟʨʘʙʦʪʘʥ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʡ ʩʧʦʩʦʙ ʧʝʨʝʨʘʙʦʪʢʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚï ʩʣʦʡ ʨʘʩʧʣʘʚʘ ʩ ʠʥʚʝʨʩʠʝʡ ʬʘʟ ʢʘʢ ʢʦʤʙʠʥʘʮʠʷ 

ʨʝʞʠʤʦʚ çʠʜʝʘʣʴʥʦʛʦè ʩʤʝʰʝʥʠʷ ʠ çʠʜʝʘʣʴʥʦʛʦè ʚʳʪʝʩʥʝʥʠʷ. ʅʘ ʝʛʦ 

ʦʩʥʦʚʝ ʩʦʟʜʘʥ ʧʣʘʚʠʣʴʥʳʡ ʘʛʨʝʛʘʪ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ï çʨʝʘʢʪʦʨ ʠʥʚʝʨʩʠʠ  

ʬʘʟ-ʪʨʫʙʯʘʪʘʷ ʧʝʯʴè. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʚ ʩʣʦʝ ʠʥʚʝʨʩʠʠ ʬʘʟ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ 

çʙʝʜʥʳʭè ʧʦ ʮʠʥʢʫ ʦʪʚʘʣʴʥʳʭ ʠ çʙʦʛʘʪʳʭè ʧʦ ʮʠʥʢʫ ʰʣʘʢʦʚ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚ. ʇʦʩʣʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʫʩʪʦʷʚʰʝʤʫʩʷ ʤʥʝʥʠʶ 

ʤʝʪʘʣʣʫʨʛʦʚ, ʯʪʦ ʧʝʨʝʨʘʙʦʪʢʘ ʰʣʘʢʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʮʠʥʢʘ ʤʝʥʝʝ 

5% ʥʝʨʝʥʪʘʙʝʣʴʥʘ.ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʚ ʩʣʫʯʘʝ ʚʥʝʜʨʝʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʘʛʨʝʛʘʪʘ çʨʝʘʢʪʦʨ ʠʥʚʝʨʩʠʠ ʬʘʟ-ʪʨʫʙʯʘʪʘʷ ʧʝʯʴè 

ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ çʙʝʜʥʳʭè ʰʣʘʢʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʣʴʮʧʝʯʴʶ 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ çʙʦʛʘʪʳʡè ʰʣʘʢ, ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ 

ʩʦʢʨʘʪʠʪʩʷ ʚ 1,5-1,7 ʨʘʟʘ, ʘ ʫʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʦʟʨʘʩʪʝʪ ʚ 1,4-1,5 

ʨʘʟʘ.  
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1.3 ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʭʣʦʨʠʜʳ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ 

ʍʣʦʨʠʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʦʣʴʰʦʡ ʢʣʘʩʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʝʜʠʥʝʥʠʡ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʭʣʦʨʦʤ [53]. 

ʍʣʦʨʠʜ ʩʚʠʥʮʘ  ʠʩʧʦʣʴʟʫʝʪʩʷʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʝʨʘʤʠʢʠ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʝʢʣʘ 

ʧʨʦʧʫʩʢʘʶʱʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ; ʚ ʢʘʯʝʩʪʚʝ ʧʠʛʤʝʥʪʘ ʙʝʣʦʡ 

ʢʨʘʩʢʠ[54].ʍʣʦʨʠʜ ʮʠʥʢʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ  ʚ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʭ ʩʬʝʨʘʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʦʙʣʘʩʪʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ:ʚ 

ʩʪʦʤʘʪʦʣʦʛʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʤʝʥʪʦʚ [55], ʜʣ ̫ʧʝʯʘʪʠ ʨʠʩʫʥʢʦʚ ʥʘ ʩʠʪʮʝ, 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʨʘʩʠʪʝʣʝʡ [56], ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʢʨʘʩʦʢ ʭʣʦʧʢʦʚʳʭ ʪʢʘʥʝʡ 

[57], ʚ ʣʝʛʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʜʣ ̫ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʛʥʝʫʧʦʨʥʳʭ ʧʨʦʧʠʪʦʢ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [58], ʜʣ ̫ʥʝʬʪʝʦʯʠʩʪʢʠ [59], ʚ ʢʘʯʝʩʪʚʝ ʦʩʫʰʠʪʝʣʷ ʚ 

ʫʛʦʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ð ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʬʨʘʢʮʠʦʥʥʳʭ ʪʝʩʪʦʚ 

ʧʨʦʙʫʛʣʷ, ʧʨʠ ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʝ ʜʣʷ ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʡ ʧʨʦʧʠʪʢʠ ʜʨʝʚʝʩʠʥʳ 

[60], ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʜʣʷ ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʩʧʣʘʚʦʚ, ʜʣʷ ʦʯʠʱʝʥʠʷ ʤʝʪʘʣʣʦʚ 

ʦʪʩʣʦʷ ʦʢʩʠʜʘ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʘʪʘʨʝʝʢ [61] ʜʣ ̫ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʘʡʢʠ. ʍʣʦʨʠʜ ʤʝʜʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣ ̫ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʠʟʜʝʣʠʡ ʩʣʦʝʤ ʤʝʜʠ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ[62]; ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ [63]; ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤrhʣʝʥʥʦʩʪʠïʩʳʨʴʝ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʤʝʜʠ [64]; ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʣʠʪʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [65];ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʥʪʝʟʦʚ [66], ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʢʨʝʢʠʥʛʘ ʥʝʬʪʠ [67];ʜʣʷ 

ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ; ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ ʠ ʜʨ. ɺ ʪʝʢʩʪʠʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʧʨʦʪʨʘʚʳ ʧʝʨʝʜ ʦʢʨʘʰʠʚʘʥʠʝʤ ʪʢʘʥʝʡ ʠ ʚʦʣʦʢʦʥ, ʘ ʪʘʢʞʝ ʢʘʢ ʩʦʩʪʘʚʥʦʡ 

ʠʥʛʨʝʜʠʝʥʪ ʢʨʘʩʠʪʝʣʝʡ [68].ɺ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝïʜʣʷ ʪʨʘʚʣʝʥʠʷ ʧʝʯʘʪʥʳʭ 

ʧʣʘʪ [69].ɺ ʬʘʨʤʘʮʝʚʪʠʢʝ ð ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ[70]. 

 

ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ 1 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʟʘʱʠʪʝ 

ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʦʪ ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʦʪ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ 

ʤʝʪʘʣʣʫʨʛʠʯʝʢʠʝ ʦʪʭʦʜʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʣʣʦʚ, ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʚ ʧʦʯʚʝʥʥʦʤ ʩʦʩʪʘʚʝ ʠ ʮʠʨʢʣʠʨʫʶʱʠʭ 

ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʦʙʟʦʨʝ ʦʩʚʝʱʝʥʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʦʪʭʦʜʘ, ʢʘʢ ʜʠʩʪʠʣʣʝʨʥʘʷ ʞʠʜʢʦʩʪʴ, ʦʙʨʘʟʫʶʱʠʷʩʷ 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ.  

ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʭʣʦʨʠʜʦʚ ʢʘʣʴʮʠʷ ʠ ʥʘʪʨʠʷ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʝʝ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʦʯʥʳʤ ʦʙʞʠʛʦʤ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ - ʥʘʨʷʜʫ ʩ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ    ʩʝʣʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ  ʭʣʦʨʠʜʦʚ   ʱʝʣʦʯʥʳʭ ʠ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʮʚʝʪʥʳʤʠ ʤʝʪʘʣʣʘʤʠ.  
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2.ʄɽʊʆɼʓ ʀ ʆɹʒɽʂʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

  

2.1 ʍʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʠ ʢʦʥʝʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʳʭ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʙʝʟʦʪʭʦʜʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʦʪʚʘʣʴʥʳʭ ʩʚʠʥʮʦʚʳʭ ʰʣʘʢʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʤʝʪʦʜʳ ʢʦʤʧʣʝʢʩʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ. 

 

ʆʧʨʝʜʝʣʝʥʠʝ  ʉʘʆ. ʇʦ ʩʘʭʘʨʘʪʥʦʤʫ ʤʝʪʦʜʫ ʥʘʚʝʩʢʫ ʦʢʦʣʦ 1ʛ 

ʪʦʥʢʦʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʤʝʱʘʶʪ ʚ ʢʦʥʠʯʝʩʢʫʶ ʢʦʣʙʫ, ʛʜʝ 

ʥʘʭʦʜʷʪʩʷ ʢʫʩʦʯʢʠ ʩʪʝʢʣʷʥʦʡ ʧʘʣʦʯʢʠ ʠ ʟʘʣʠʚʘʶʪ  150ʤʣ  10%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʩʘʭʘʨʘ. ʉʦʜʝʨʞʠʤʦʝ ʢʦʣʙʳ ʚʟʙʘʣʪʳʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 15-20 ʤʠʥʫʪ ʠ ʬʠʣʴʪʨʫʶʪ, 

ʧʨʠʯʝʤ ʥʘ ʬʠʣʴʪʨʝ ʦʩʪʘʶʪʩʷ ʢʨʝʤʥʝʢʠʩʣʦʪʘ, ʧʦʣʫʪʦʨʥʳʝ ʦʢʠʩʣʳ, ʦʢʠʩʴ 

ʤʛʥʠʷ, ʘ ʚ ʨʘʩʪʚʦʨ ʧʝʨʝʭʦʜʠʪ ʩʘʭʘʨʘʪ ʢʘʣʴʮʠʷ. ʆʩʘʜʦʢ ʥʘ ʬʠʣʴʪʨʝ ʧʨʦʤʳʚʘʶʪ 

10%-ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʘʭʘʨʘ, ʧʦʩʣʝ ʯʝʛʦ ʬʠʣʴʪʨʘʪ ʪʠʪʨʫʶʪ 1ʥ. ʉʦʣʷʥʦʡ 

ʢʠʩʣʦʪʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʝʥʦʣʬʪʘʣʝʠʥʘ.  

ʉʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʦʡ ʉʘʆ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ  

                                                                                                (2.1) 

ʛʜʝ V-ʢʦʣʠʯʝʩʪʚʦ HCl, ʤʣ;  

 k-ʧʦʧʨʘʚʢʘ ʢ ʪʠʪʨʫ 1ʥ, HCl;  

G-ʩʫʭʘʷ ʥʘʚʝʩʢʘ, ʛ. 

 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʬʠʣʴʪʨʦʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʘʷ ʢʘʨʙʦʥʠʟʘʮʠʷ 

ʩʘʭʘʨʘʪʘ ʢʘʣʴʮʠʷ, ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʨʝʢʦʤʝʥʜʫʶʪ ʪʠʪʨʦʚʘʪʴ 

ʥʝʬʠʣʴʪʨʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʝʨʫʪ ʤʝʥʴʰʫʶ ʥʘʚʝʩʢʫ ʚʝʱʝʩʪʚʘ -

0,2-0,25ʛ ʠ ʦʙʨʘʙʘʪʳʚʘʶʪ ʝʝ 50ʤʣ 10%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʘʭʘʨʘ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʨʦʠʟʚʦʜʷʪ    ʪʠʪʨʦʚʘʥʠʝ  [71].   

 

ʆʙʲʝʤʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʭʣʦʨʘ  (ʤʝʪʦʜ ʌʦʣʴʛʘʨʜʘ) 

  

ʈʝʘʢʪʠʚʳ: ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ ʧʣʦʪʥʦʩʪʴʶ 1,40, ʞʝʣʝʟʦʘʤʤʦʥʠʡʥʳʝ ʢʚʘʩʮʳ, 

ʘʤʤʦʥʠʡ ʨʦʜʘʥʠʩʪʳʡ, 0,1ʥ.ʨʘʩʪʚʦʨ, ʩʝʨʝʙʨʦ ʘʟʦʪʥʦʢʠʩʣʦʝ, 0,1-ʥ. ʨʘʩʪʚʦʨ.  

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʭʣʦʨʘ ʚ ʥʝʡʪʨʘʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʙʝʨʫʪ 100 ʤʣ ʨʘʩʪʚʦʨʘ ʚ 

ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 250ʤʣ, ʧʨʠʙʘʚʣʷʶʪ 5 ʤʣ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʠ 10ʤʣ 0,1ʥ. 

ʈʘʩʪʚʦʨʘ ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʩʝʨʝʙʨʘ. ʉʪʘʚʷʪ ʢʦʣʙʫ ʥʘ ʪʝʧʣʦʝ ʤʝʩʪʦ, ʟʘʪʝʤ 

ʧʨʠʙʘʚʣʷʶʪ 1-2 ʤʣ ʞʝʣʝʟʦʘʤʤʦʥʠʡʥʳʭ  ʢʚʘʩʮʦʚ ʠ ʦʪʪʠʪʨʦʚʳʚʘʶʪ ʠʟʙʳʪʦʢ 

ʠʦʥʦʚ ʩʝʨʝʙʨʘ 0,1-ʥ. ʨʘʩʪʚʦʨʦʤ ʨʦʜʘʥʠʩʪʦʛʦ ʘʤʤʦʥʠʷ. 

 

                                                                                                                  (2.2) 
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ʛʜʝ  V ʯʠʩʣʦ ʤʠʣʠʣʠʪʨʦʚ ʨʘʩʪʚʦʨʘ ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʩʝʨʝʙʨʘ, ʧʦʰʝʜʰʝʝ ʥʘ 

ʪʠʪʨʦʚʘʥʠʝ;  

T ʪʠʪʨ 0,1ʥ. ʨʘʩʪʚʦʨʘ  ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʩʝʨʝʙʨʘ ʧʦ ʭʣʦʨʫ, ʛ/ʤʣ; 

   ʦʙʲʝʤ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ, ʤʣ. 

 

ʆʧʨʝʜʝʣʝʥʠʝ  ʩʚʠʥʮʘ 

ʅʘʚʝʩʢʫ ʧʨʦʙʳ 0,5 ʛ ʧʦʤʝʱʘʶʪ ʚ ʢʦʥʠʯʝʩʢʫʶ ʢʦʣʙʫ ʥʘ 250ʤʣ, 

ʧʨʠʙʘʚʣʷʶʪ 15-20 ʤʣ ʮʘʨʩʢʦʡ ʚʦʜʢʠ ʠ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʙʫʨʥʦʡ ʨʝʘʢʮʠʠ 

ʩʪʘʚʷʪ ʥʘ ʛʦʨʷʯʫʶ ʧʣʠʪʫ ʠ ʢʠʧʷʪʷʪ, ʫʧʘʨʠʚʘʷ ʜʦ ʦʙʲʝʤʘ 5 ʤʣ. 

ʂ ʨʘʩʪʚʦʨʫ ʧʨʠʙʘʚʣʷʶʪ 5-10 ʤʣ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʥʘʛʨʝʚʘʶʪ ʜʦ 

ʚʳʜʝʣʝʥʠʷ ʧʘʨʦʚ ʩʝʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ. ʆʭʣʘʞʜʘʶʪ, ʧʨʠʣʠʚʘʶʪ 80-100 ʤʣ ʚʦʜʳ, 

ʢʠʧʷʪʷʪ ʜʦ ʨʘʩʪʚʦʨʝʥʠʷ ʩʫʣʴʬʘʪʦʚ ʠ ʦʭʣʘʞʜʘʶʪ ʢʦʣʙʫ ʚ ʧʨʦʪʦʯʥʦʡ ʚʦʜʝ 1-2 

ʯʘʩʘ. 

ʉʫʣʴʬʘʪ ʩʚʠʥʮʘ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʪʘʪʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʯʝʨʝʟ 

ʬʠʣʴʪʨ ʩ ʬʠʣʴʪʨʦʙʫʤʘʞʥʦʡ ʤʘʩʩʦʡ. ʆʩʘʜʦʢ ʥʘ ʬʠʣʴʪʨʝ ʧʨʦʤʳʚʘʶʪ ʚʦʜʦʡ, 

ʧʦʜʢʠʩʣʝʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ, ʜʦ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʪʨʝʭʚʘʣʝʥʪʥʦʝ 

ʞʝʣʝʟʦ. 

ʇʨʦʤʳʪʳʡ ʦʩʘʜʦʢ ʩ ʬʠʣʴʪʨʦʤ ʧʝʨʝʥʦʩʷʪ ʚ ʢʦʣʙʫ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʦʚʦʜʠʣʦʩʴ ʦʩʘʞʜʝʥʠʝ, ʧʨʠʣʠʚʘʶʪ 30-40 ʤʣ ʘʤʤʠʘʯʥʦʛʦ ʙʫʬʝʨʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʠ 20-30 ʤʣ (ʠʟ ʙʶʨʝʪʢʠ) ʪʠʪʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʪʨʠʣʦʥʘ ɹ. 

ʇʝʨʝʤʝʰʠʚʘʶʪ ʩʦʜʝʨʞʠʤʦʝ ʢʦʣʙʳ 3-5 ʤʠʥ, ʜʦʙʘʚʣʷʶʪ 3-4 ʢʘʧʣʠ ʠʥʜʠʢʘʪʦʨʘ 

ʙʨʦʤʢʨʝʟʦʣʦʚʦʛʦ ʧʫʨʧʫʨʥʦʛʦ ʠ ʥʝʡʪʨʘʣʠʟʫʶʪ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʜʦ 

ʠʟʤʝʥʝʥʠʷ ʩʠʨʝʥʝʚʦʡ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ ʚ ʞʝʣʪʫʶ. ɿʘʪʝʤ ʧʨʠʣʠʚʘʶʪ 10 ʤʣ 

ʨʘʩʪʚʦʨʘ ʠʥʜʠʢʘʪʦʨʘ ʢʩʠʣʝʥʦʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ ʠ ʪʠʪʨʫʶʪ ʨʘʩʪʚʦʨʦʤ 

ʫʢʩʫʩʥʦʢʠʩʣʦʛʦ ʩʚʠʥʮʘ ʜʦ ʠʟʤʝʥʝʥʠʷ ʞʝʣʪʦʡ ʦʢʨʘʩʢʠ ʚ ʬʠʦʣʝʪʦʚʫʶ. 

ʉʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ ʨʘʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ  

  

                                                                                       (2.3) 

ʛʜʝ   ʦʙʲʝʤ ʪʨʠʣʦʥʘ ɹ, ʚʟʷʪʦʛʦ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʦʩʪʘʪʢʘ, ʤʣ;  

 ʯʠʩʣʦ ʤʠʣʣʠʣʠʪʨʦʚ  ʨʘʩʪʚʦʨʘ ʫʢʩʫʩʥʦʢʠʩʣʦʛʦ ʩʚʠʥʮʘ, ʧʦʰʝʜʰʝʛʦ ʥʘ 

ʪʠʪʨʦʚʘʥʠʝ ʠʟʙʳʪʢʘ ʪʨʠʣʦʥʘ ɹ; 

  ʬʘʢʪʦʨ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʩʪʚʦʨʘ ʪʨʠʣʦʥʘ ɹ ʠ ʫʢʩʫʩʥʦʢʠʩʣʦʛʦ ʩʚʠʥʮʘ, 

ʫʩʪʘʥʘʣʠʚʘʝʤʳʡ ʪʠʪʨʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ʪʨʠʥʘ ɹ ʨʘʩʪʚʦʨʦʤ ʫʢʩʫʩʥʦʢʠʩʣʦʛʦ 

ʩʚʠʥʮʘ;  

ʊ  ʪʠʪʨ ʨʘʩʪʚʦʨʘ ʪʨʠʣʦʥʘ ɹ ʧʦ ʩʚʠʥʮʫ, ʛ/ʤʣ; 

 ʘ   ʥʘʚʝʩʢʘ ʧʨʦʙʳ, ʛ  [71-77, 79].     
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ʆʧʨʝʜʝʣʝʥʠʝ  ʮʠʥʢʘ 

ʅʘʚʝʩʢʫ ʧʨʦʙʳ 0,5ʛ ʨʘʟʣʘʛʘʶʪ ʢʘʢ ʚ ʤʝʪʦʜʠʢʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʠʥʮʘ 

ʦʪʜʝʣʷʶʪ ʩʚʠʥʝʮ, ʤʝʜʴ ʠ ʞʝʣʝʟʦ.  

ʌʠʣʴʪʨʘʪ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʩʚʠʥʮʘ ʦʭʣʘʞʜʘʶʪ, ʧʨʠʙʘʚʣʷʷ 0,5ʛ 

ʬʪʦʨʠʩʪʦʛʦ ʘʤʤʦʥʠʷ, ʜʦʙʘʚʣʷʶʪ 10 ʤʣ ʨʘʩʪʚʦʨʘ ʠʥʜʠʢʘʪʦʨʘ ʢʩʠʣʝʥʦʣʦʚʦʛʦ 

ʦʨʘʥʞʝʚʦʛʦ ʠ ʥʝʡʪʨʘʣʠʟʫʶʪ ʠʟʙʳʪʦʢ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʘʤʤʠʘʢʦʤ (1:2) ʜʦ 

ʧʝʨʝʭʦʜʘ ʮʚʝʪʘ ʨʘʩʪʚʦʨʘ ʦʪʞʝʣʪʦ-ʣʠʤʦʥʥʦʛʦ ʜʦ ʦʨʘʥʞʝʚʦʛʦ. ʇʨʠʣʠʚʘʶʪ 

30ʤʣ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ (pH=5-6), ʧʨʠ ʵʪʦʤ ʨʘʩʪʚʦʨ ʦʢʨʘʰʠʚʘʝʪʩʷ ʚ 

ʤʘʣʠʥʦʚʦ-ʬʠʦʣʝʪʦʚʳʡ ʮʚʝʪ ʠ ʪʠʪʨʫʶʪ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʨʘʩʪʚʦʨʦʤ ʪʨʠʣʦʥʘ ɹ ʜʦ ʧʝʨʝʭʦʜʘ ʦʢʨʘʢʠ ʨʘʩʪʚʦʨʘ ʚ ʞʝʣʪʦ-ʣʠʤʦʥʥʳʡ ʮʚʝʪ. 

ʏʝʪʢʦʩʪʴ ʧʝʨʝʭʦʜʘ ʦʢʨʘʩʢʠ ʚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʪʦʯʢʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ 

ʧʨʘʚʠʣʴʥʦ ʠ ʪʲʱʘʪʝʣʴʥʦ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʝʡʪʨʘʣʠʟʘʮʠʷ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʦʤ 

ʧʝʨʝʜ ʧʨʠʙʘʚʣʝʥʠʝʤ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ.  

ʉʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ ʚʳʯʠʩʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ  

 

                                                                        (2.4) 

ʛʜʝ V  ʯʠʩʣʦ ʤʠʣʣʠʣʠʪʨʦʚ ʨʘʩʪʚʦʨʘ ʪʨʠʣʦʥʘ ɹ, ʧʦʰʝʜʰʝʛʦ ʥʘ ʪʠʪʨʦʚʘʥʠʝ; 

T  ʪʠʪʨ ʨʘʩʪʚʦʨʘ ʪʨʠʣʦʥʘ ɹ ʧʦ ʮʠʥʢʫ, ʛ/ʤʣ; 

 a  ʥʘʚʝʩʢʘ ʧʨʦʙʳ, ʛ [78,80].     

 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ 

ʅʘʚʝʩʢʫ ʧʨʦʙʳ 2ʛ ʧʦʤʝʱʘʶʪ ʚ ʢʦʣʙʫ ʥʘ 250 ʤʣ, ʩʤʘʯʠʚʘʶʪ ʚʦʜʦʡ, 

ʧʨʠʙʘʚʣʷʶʪ 10 ʤʣ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʠ ʥʘʛʨʝʚʘʶʪ. ʇʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ 

ʩʦʜʝʨʞʠʤʦʝ ʢʦʣʙʳ ʫʧʘʨʠʚʘʶʪ ʜʦ ʚʣʘʞʥʦʛʦ ʦʩʪʘʪʢʘ. ʇʨʠʙʘʚʣʷʶʪ 5 ʤʣ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, 0,5-1ʛ ʘʟʦʪʥʦʢʩʠʣʦʛʦ ʘʤʤʦʥʠʷ, ʩʪʘʚʷʪ ʥʘ ʧʣʠʪʫ ʠ 

ʫʧʘʨʠʚʘʶʪ ʜʦ ʚʣʘʞʥʦʛʦ ʦʩʪʘʪʢʘ, ʦʢʠʩʣʷʷ ʚʳʜʝʣʠʚʰʫʶʩʷ ʩʝʨʫ ʧʦ ʨʝʘʢʮʠʠ 

                                                                                (2.5)  

ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʦʩʪʘʪʢʫ ʧʨʠʙʘʚʣʷʶʪ 20 ʤʣ ʚʦʜʳ, 1-1,5 ʛ ʤʦʯʝʚʠʥʳ ʜʣʷ 

ʨʘʟʣʦʞʝʥʠʷ ʦʩʪʘʪʢʦʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ: 

                                                       (2.6) 

2 ʤʣ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ ʢʠʧʷʪʷʪ 1-2 ʤʠʥ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ 

ʩʦʣʝʡ. ɺ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ ʧʨʠʙʘʚʣʷʶʪ 1ʛ ʬʪʦʨʠʩʪʦʛʦ ʘʤʤʦʥʠʷ ʠ ʦʭʣʘʞʜʘʶʪ 

ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʳ. ʂ ʦʭʣʘʞʜʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʙʘʚʣʷʶʪ 0,5 ʛ 

ʠʦʜʠʩʪʦʛʦ ʢʘʣʠʷ ʠ ʪʠʪʨʫʶʪ ʚʳʜʝʣʠʚʰʠʡʩʷ ʠʦʜ ʪʠʦʩʫʣʴʬʘʪʦʤ ʥʘʪʨʠʷ ʜʦ 

ʩʦʣʦʤʝʥʥʦ-ʞʝʣʪʦʡ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʶʪ 3-4 ʤʣ ʨʘʩʪʚʦʨʘ 

ʢʨʘʭʤʘʣʘ ʠ ʪʠʪʨʫʶʪ ʜʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʩʠʥʝʡ ʦʢʨʘʩʢʠ. 
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ʉʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ  

                                                                                             (2.7) 

ʛʜʝ V  ʯʠʩʣʦ ʤʠʣʣʠʣʠʪʨʦʚ ʨʘʩʪʚʦʨʘ  ʪʠʦʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ, ʧʦʰʝʜʰʝʛʦ ʥʘ 

ʪʠʪʨʦʚʘʥʠʝ; 

 T  ʪʠʪʨ ʨʘʩʪʚʦʨʘ ʪʠʦʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ ʧʦ ʤʝʜʠ, ʛ/ʤʣ;  

a  ʥʘʚʝʩʢʘ ʧʨʦʙʳ, ʛ. [81].     

 

2.2 ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʠʩʪʠʣʣʝʨʥʦʡ 

ʞʠʜʢʦʩʪʠ, ʧʨʦʜʫʪʳʭ ʩʚʠʥʮʦʚʳʭ ʰʣʘʢʦʚ, ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ʠ ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʠʙʦʨʳ, ʢʘʢ   

ʨʘʩʪʨʦʚʳʡ  ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ (ʈʕʄ) ʤʘʨʢʠ JEOL, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ- 

SPECORD75, ʀʂ-ʬʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨ Shimadzu IR Prestige-21, ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨ, ʨʝʥʪʛʝʥʦ-ʬʘʟʦʚʳʡ ʜʠʬʨʘʢʪʦʤʝʪʨ ɼʈʆʅ-3, ʜʝʨʠʚʘʪʦʛʨʘʬʘ Q-

1500D. 

 

  ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʘʩʪʨʦʚʦʤ 

ʥʠʟʢʦʚʘʢʫʫʤʥʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧ ʬʠʨʤʳ JEOL JSM ï 6490 LV ʩ 

ʩʠʩʪʝʤʘʤʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ INCA Entrgy 350 ( Oxford 

Instruments) ʠ ʩʠʩʪʝʤʦʡ ʪʝʢʩʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

HKL Basic ( Oxford Instruments). ʆʪʢʘʯʘʪʴ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ ʥʘ 

ʚʳʩʦʢʠʡ ʚʘʢʫʫʤ, ʧʨʦʢʦʥʪʨʦʣʠʨʦʚʘʚ ʨʘʙʦʪʫ ʫʟʣʦʚ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ. 

ʇʦʣʫʯʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚʦ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʘʭ 

ʚʳʙʨʘʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 20 ʢɺ, ʜʠʘʤʝʪʨ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʟʦʥʜʘ 40 ʥʤ. ʠ ʥʘʢʣʦʥ ʵʚʮʝʥʪʨʠʯʝʩʢʦʛʦ ʩʪʦʣʠʢʘ 0 ʛʨʘʜʫʩʦʚ. 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ  ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʘ ʤʝʥʷʪʴ ʵʪʠ ʧʘʨʘʤʝʪʨʳ.  

ʇʦʣʫʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ. ɽʩʣʠ 

ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʙʫʜʝʪ ʟʘʨʷʞʘʪʴʩʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʚʝʩʪʠ ʧʨʠʙʦʨ ʚ 

ʥʠʟʢʦʚʘʢʫʫʤʥʳʡ ʨʝʞʠʤ, ʫʩʪʘʥʦʚʠʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʘʚʣʝʥʠʝ ʚ ʨʘʙʦʯʝʡ 

ʢʘʤʝʨʝ 30ʇʘ.  ʇʦʣʫʯʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʪʦʛʦ ʞʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ  ʚ 

ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ ʚ ʨʝʞʠʤʝ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤʫ 

ʢʦʥʪʨʘʩʪʫ .    ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ , ʟʘʧʫʩʪʠʪʴ 

ʧʨʦʛʨʘʤʤʫ INCA ENERGY Analyser Navigator. ʆʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʥʘʩʪʨʦʡʢʠ ʠʟʦʙʨʘʞʝʥʠʷ (ʨʘʟʨʝʰʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʚʨʝʤʷ ʥʘ ʢʘʜʨ, 

ʩʢʦʨʦʩʪʴ ʧʨʠ ʩʣʝʞʝʥʠʠ ʠ ʪʜ. ) . ɺʳʜʝʣʠʪʴ ʫʯʘʩʪʦʢ ʘʥʘʣʠʟʘ ʵʪʘʣʦʥʥʦʤ 

ʦʙʨʘʟʮʘ. ʆʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʩʪʨʦʡʢʠ ʨʝʞʠʤʘ ʥʘʙʦʨʘ 

ʩʧʝʢʪʨʘ ( ʟʘʜʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʩʧʝʢʪʨʘ, ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ, ʨʘʟʤʝʨ ʩʧʝʢʪʨʘ, 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ ).  

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ.  ɼʣʷ ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʠʩʭʦʜʥʳʭ ʠ ʢʦʥʝʯʥʳʭ  ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 
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ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʜʠʬʨʘʢʪʦʤʝʪʨ Panalytical XôPERTPRO MRD Extended  

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʥʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠ ʛʝʪʝʨʦʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ ʪʦʣʱʠʥʦʡ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

ʥʘʥʦʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʥ.  

ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ. ʀʂ ïʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʘ Shimadzu IR-

prestige 21 ʢʦʪʦʨʳʡ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ: ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʳʭ 

ʦʙʲʝʢʪʦʚ ʦʨʛʘʥʠʯʝʩʢʦʡ, ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʦʡ, ʬʠʟʠʯʝʩʢʦʡ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʇʨʠʙʦʨ ʫʢʦʤʧʣʝʢʪʦʚʘʥ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʨʝʜʥʝʡ ʀʂ-

ʦʙʣʘʩʪʠ 4000-400 ʩʤ
-1
. ɺʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ 

ʤʦʱʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʩʭʝʤʝ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʧʦʟʦʣʦʯʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʦʪʨʘʞʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʪʝʨʤʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʠ 

ʚʳʩʦʢʦʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʜʣ ʧʨʦʚʝʨʢʠ ʠ ʪʦʯʥʦʩʪʠ 

ʫʩʪʘʥʦʚʢʠ ʜʣʠʥʳ ʚʦʣʥʳ. ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʠʙʦʨʘ ʨʘʩʰʠʨʝʥʳ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʩʪʘʚʢʠ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʅʇɺʆ Miracle. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ɼʊɸ). ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ɼʊɸ) ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʠ ʟʘʪʝʤ ʠʩʩʣʝʜʦʚʘʪʴ 

ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʶʪ ʚ ʦʙʨʘʟʮʝ 

ʚʝʱʝʩʪʚʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠʣʠ ʦʭʣʘʞʜʝʥʠʠ, ʧʦ ʪʝʨʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʘʤ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʤ ʵʪʠ ʠʟʤʝʥʝʥʠʷ.  

 ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ, ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʠ ʚʝʣʠʯʠʥ ʪʝʧʣʦʚʳʭ 

ʵʬʬʝʢʪʦʚ ʧʨʠ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʦʚ  ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ   ʠʟʫʯʘʣʠ ʤʝʪʦʜʘʤʠ 

ɼʊɸ ʠ ʊɻɸ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʨʠʚʘʪʦʛʨʘʬʘ Q-1500 D ʩʠʩʪʝʤʳ PaulicPaulic-

Erdey (ɺʝʥʛʨʠʷ, ɹʫʜʘʧʝʰʪ). ʆʙʨʘʟʝʮ ʤʘʩʩʦʡ 100 ʤʛ ʥʘʛʨʝʚʘʣʠ ʚ ʩʨʝʜʝ ʚʦʟʜʫʭʘ 

ʩ 20 ʜʦ 1000ÁC ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 10Á/ʤʠʥ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦ 

ʢʘʥʘʣʘʤ ɼʊɸ-1/10, ɼʊɻ-1/10. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 0,1 % . 
 

2.3 ʈʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʩʳʨʴʝʚʳʭ ʩʤʝʩʝʡ  ʭʣʦʨʠʜʦʚʦʟʛʦʥʦʯʥʦʛʦ ʦʙʞʠʛʘ 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ  ʩʚʠʥʮʦʚʦʛʦ  ʰʣʘʢʘ ʠ ʜʠʩʪʠʣʣʝʨʥʦʡ  ʞʠʜʢʦʩʪʠ.   

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʰʣʘʢʦʚ ʧʦʩʣʝ ʬʴʶʤʠʥʛʦʚʘʥʠʷ ʧʨʦʙ ʩ ʨʘʟʥʳʭ 

ʪʦʯʝʢ ʦʪʙʦʨʘ ʦʪ ʦʩʥʦʚʘʥʠʷ ʦʪʚʘʣʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʬʘʟ. ɺʩʝ ʬʘʟʳ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʩʥʦʚʥʦʡ  ʩʦʩʪʘʚ  ʰʣʘʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥ 

ʩʠʣʠʢʘʪʥʳʤʠ ʠ ʬʝʨʨʠʪʥʳʤʠ ʬʘʟʘʤʠ. 

ɺ ʧʨʦʙʝ ˉ1 ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʠʢʠ ʩ dʨʘʚʥʳʤ 3,838; 3,310; 2,477;  

1,8357 ¡ ʭʘʨʘʢʪʝʨʥʳ ʚʦʣʣʘʩʪʦʥʠʪʦʚʦʡ ʬʘʟʝ. ʅʝʠʥʪʝʥʩʠʚʥʳʝ  ʜʠʬʨʘʢʮʠʦʥʥʳʝ 

ʤʘʢʩʠʤʫʤʳ  ʩ dʨʘʚʥʳʤ 2,79;2,082; 1,864 ¡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ  ʦ ʥʘʣʠʯʠʠ  
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ʬʝʨʨʠʪʘ ʢʘʣʴʮʠʷ. ʅʘʙʣʶʜʘʶʪʩʷ ʪʘʢʞʝ  ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ 

ʧʠʢʠ ʩ    dʨʘʚʥʳʤ  2,091;1,957; 1,7501¡: ʭʘʨʢʪʝʨʥʳʝ ʜʣʷ FeO. 

ʇʨʦʙʘ ˉ2  ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʦʙʳ ˉ1. ʆʙʱʠʤʠ ʬʘʟʘʤʠ 

ʷʚʣʷʶʪʩʷ ʚʦʣʣʘʩʪʦʥʠʪʦʚʘʷ  ʠ ʬʝʨʨʠʪʥʳʝ  ʬʘʟʳ. ʅʘʙʣʶʜʘʶʪʩʷ 

ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʳʝ  ʜʠʬʨʘʢʮʠʦʥʥʳʝ  ʧʠʢʠ, ʭʘʨʘʢʪʝʨʥʳʝ   ʬʘʷʣʠʪʦʚʦʡ  ʬʘʟʝ ʩ  

dʨʘʚʥʳʤ   2,1994; 1,6857; 1,5278; 1,505 ¡ (ʨʠʩʫʥʦʢ 2.1). 

 

 
ʈʠʩʫʥʦʢ 2.1   ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ  ʰʣʘʢʘ ʧʦʩʣʝ ʬʴʶʤʠʥʛʦʚʘʥʠʷ ʘ) ʫ ʦʩʥʦʚʘʥʠʷ 

ʦʪʚʘʣʘ, ʙ) ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1,5ʤ. 

 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʧʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʰʣʘʢʦʚ ʬʴʶʤʠʥʛʦʚʘʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʤʠʥʝʨʘʣʦʚ ʬʘʷʣʠʪʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ  ʪʝʤʥʳʤʠ ʯʝʨʚʝʦʙʨʘʟʥʳʤʠ ʠ ʦʚʘʣʴʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ. 

ʆʩʥʦʚʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ  ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʣʠʢʘʪʥʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ, ʥʝʧʨʘʚʠʣʴʥʳʭ ʰʝʩʪʠʛʨʘʥʥʳʭ ʠ ʦʩʢʦʣʦʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ,  ʘ ʪʘʢʞʝ ʟʝʨʥʠʩʪʦʡ  ʩʪʨʫʢʪʫʨʦʡ  ʚʦʣʣʘʩʪʦʥʠʪʘ. ʉʦʜʝʨʞʘʥʠʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ  ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ  ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ  ʨʘʩʩʳʧʥʳʤʠ  

ʩʚʝʪʣʳʤʠ      ʚʢʣʶʯʝʥʠʷʤʠ ʟʝʨʝʥ  ʮʠʥʢʘ (ʨʠʩʫʥʦʢ 2.1). 

ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʡ  ʘʥʘʣʠʟ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʦʩʥʦʚʥʳʤʠ ʬʘʟʘʤʠ ʷʚʣʷʶʪʩʷ ʭʣʦʨʠʜʳ ʢʘʣʴʮʠʷ ʠ ʥʘʪʨʠʷ. ɼʠʬʨʘʢʮʠʦʥʥʳʝ 

ʤʘʢʩʠʤʫʤʳ ʩ     dʨʘʚʥʳʤ   5,207; 3,963;  

2,315 ¡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ  ʬʘʟʳ ʭʣʦʨʠʜʦʚ ʢʘʣʴʮʠʷ. ʄʝʥʝʝ 

ʠʥʪʝʥʩʠʚʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʘʢʩʠʤʫʤʳ 3,616; 2,814; 1,93 ¡  ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʬʘʟʳ  ʭʣʦʨʠʜʘ  ʥʘʪʨʠʷ (ʨʠʩʫʥʦʢ 2.2).  

  

ʘ) 

ʙ) 
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ʈʠʩʫʥʦʢ 2.2  ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ 

 

 
ʕʣʝʤʝʥʪ ɺʝʩʦʚʦʡ 

% 

 

O  33.68 

Na  1.84 

Mg  1.85 

Al  2.89 

Si  10.68 

S  1.35 

K  0.86 

Ca  11.38 

 

Mn  0.52 

Fe  27.84 

Cu  1.29 

Zn  3.81 

Pb  2.03 

 

 

ʈʠʩʫʥʦʢ 2.3  ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʧʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʩʚʠʥʮʦʚʳʭ ʰʣʘʢʦʚ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʬʘʟʘʤʠ ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ  ʷʚʣʷʶʪʩʷ  ʩʠʣʠʢʘʪʥʳʝ ʤʠʥʝʨʘʣʳ ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ ʬʝʨʨʠʪʥʳʭ ʬʘʟ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʰʣʘʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʠʣʠʢʘʪʥʳʤʠ ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ ʬʝʨʨʠʪʦʚ ʢʘʣʴʮʠʷ ʠ ʬʘʷʣʠʪʘ (ʨʠʩʫʥʦʢ 2.3).  
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ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤʠ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʬʘʟ  ʭʣʦʨʠʜʘ 

ʢʘʣʴʮʠʷ ʠ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʤʠ  ʧʠʢʘʤʠ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʭʣʦʨʠʜʦʚʦʟʛʦʥʦʯʥʦʛʦ  ʧʨʦʮʝʩʩʘ [82,83]. 

 
 

ʕʣʝʤʝʥʪ ɺʝʩʦʚʦʡ 

% 

O  29.43 

Na  8.41 

Mg  0.87 

Al  0.33 

Si  0.43 

S  1.81 

Cl  35.93 

Ca  21.85 

Fe  0.94 

ʀʪʦʛʠ 100.00 

 
 

 
 

ʈʠʩʫʥʦʢ 2.4  ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʧʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ 

ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ 

 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʥʘʤʠ ʙʝʟʦʪʭʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʚʘʣʴʥʦʛʦ 

ʩʚʠʥʮʦʚʦʛʦ ʰʣʘʢʘ ʠ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ  ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʠ 

ʚʩʧʫʯʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ 

ɼʘʨʙʘʟʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ [84]. 

ʇʨʦʙʘ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ɼʘʨʙʘʟʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ  

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ  ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʳʭ ʢʦʤʧʦʥʝʥʪʦʚ  SiO2 > 

54%,  Al 2O3 >21%, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʦʢʩʠʜʘ ʢʘʣʴʮʠʷ 

ʦʪ ʨʘʟʣʦʞʝʥʠʷ ʝʛʦ ʭʣʦʨʠʜʘ ʚ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ.  

ʇʨʦʙʘ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ɼʘʨʙʘʟʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʫʯʠʚʘʶʱʝʛʦ  ʠ ʩʚʷʟʫʶʱʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʭʣʦʨʠʨʫʶʱʝʛʦ ʦʙʞʠʛʘ ʦʪʚʘʣʴʥʦʛʦ ʩʚʠʥʮʦʚʦʛʦ ʰʣʘʢʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 2.1 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ,ʯʪʦ ʙʝʥʪʦʥʠʪʦʚʘʷ ʛʣʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʠʩʣʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʪʥʦʰʝʥʠʝʤ ʢ ʩʫʤʤʝ 
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ʦʩʥʦʚʥʳʭ 5,96. ʕʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʧʣʦʪʥʦʩʪʠ ʛʣʠʥʳ ʠ ʢʦʵʬʬʠʮʠʝʥʪʝ 

ʚʩʧʫʯʠʚʘʝʤʦʩʪʠ ʨʘʚʥʦʡ 3,7. 

 

ʊʘʙʣʠʮʘ 2.1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ  

 
ʅʘʠʤʝʥʦʚʘʥʠʝ  ʇʨʝʜʝʣʳ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʳʭ ʠ 

ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, % 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
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ʧʣʦʪʥʦʩʪʴ, 

ʛ/ʩʤ
3
 

ʂʦʵʬ. 

ʚʩʧʫʯʠ 

ʚʘʥʠʷ 

ɼʘʨʙʘʟʠʥʩʢʘʷ 

ʛʣʠʥʘ 

54,8 21,1 4,3 9,6 3,13 3,5 5,96 0,61 3,7 

 

 

 

 

ɺʳʚʦʜʳ ʧʦ  ʚʪʦʨʦʤʫ   ʨʘʟʜʝʣʫ  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʠʩʘʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʷʚʣʷʶʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʥʘʙʦʨʦʤ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

 

 



31 
 

           3 ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʆɽ     ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʂʆʄʇʆʅɽʅʊʆɺ ɼʀʉʊʀʃʃɽʈʅʆʁ 

ɾʀɼʂʆʉʊʀ  ʀ      ʊɽʍʅʆɻɽʅʅʆɻʆ ʆʊʍʆɼɸ 

 

3.1 ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦ   ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ʩʠʣʠʢʘʪʘ 

ʮʠʥʢʘ ʩ ʭʣʦʨʠʜʘʤʠ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ  

 ʊʝʨʤʦʜʠʥʘʤʠʯʝʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ  ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ HSC-5.1 Chemistry ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʬʠʥʩʢʦʡ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʝʡ Outokumpu. ʈʘʟʨʘʙʦʪʯʠʢʠ ʢʦʤʧʣʝʢʩʘ 

ʦʩʥʦʚʳʚʘʣʠʩʴ ʥʘ ʠʜʝʦʣʦʛʠʠ ʢʦʥʩʦʨʮʠʫʤʘ SGTE (Scientific Group Thermodata 

Europe), ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪʩʷ ʩʦʟʜʘʥʠʝʤ, ʧʦʜʜʝʨʞʢʦʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʥʦʛʦ 

ʩʦʩʪʘʚʘ ʭʠʤʠʯʝʩʢʠ ʨʝʘʛʠʨʫʶʱʠʭ ʩʠʩʪʝʤ; ʦʙʲʝʜʠʥʝʥʠʝ ʫʩʠʣʠʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʨʘʟʥʳʭ ʩʪʨʘʥ ʩ ʮʝʣʴʶ ʫʥʠʬʠʢʘʮʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʠ ʤʝʪʦʜʦʚ ʠʭ ʧʦʣʫʯʝʥʠʷ. ɺ ʩʦʩʪʘʚ SGTE ʚʭʦʜʷʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʥʘʫʯʥʳʝ ʮʝʥʪʨʳ ɻʝʨʤʘʥʠʠ, ʂʘʥʘʜʳ, ʌʨʘʥʮʠʠ, ʐʚʝʮʠʠ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʠ 

ʉʐɸ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ  ʥʘʰʝʡ ʨʘʙʦʪʳ, ʥʘʤʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʜʣʷ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʦʪʚʘʣʴʥʳʭ 

ʰʣʘʢʦʚ ʨʘʩʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ (ȹG) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ HSC-5.1 ( ʧʦʜʧʨʦʛʨʘʤʤʘ Reaction 

Equations) [85]. ʈʘʩʯʝʪʳ  ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʭʣʦʨʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʦʛʦ  

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʰʣʘʢʘ ïZnSiO3c ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʟʘʤʝʥʦʡ ʚ 

ʨʝʘʢʮʠʷʭ NaCl  ʥʘ CaCl2. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʨʝʘʢʮʠʠ : 

 

                                                                      (3.1) 

0.125
                                          (3.2)                              

 

 0.25                               (3.3) 

 

 0.375                (3.4) 

 

0.5                                    (3.5) 

 

0.625                 (3.6)                                                                                                      

 

0.75                          (3.7)                                                                                                      

 

0.875                (3.8) 

 

0.90625  (3.9) 

                                                                                                              

  0.9375   
                      (3.10)                                                
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0.96875          (3.11) 

                                                                                 

  
                                                                                                                  (3.12)                                        

 

ʈʝʟʫʣʴʪʘʪʳ  ʨʘʩʯʝʪʘ  ȹG ʨʝʘʢʮʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.1.  

ʀʟ ʨʠʩʫʥʢʘ 3.1 ʩʣʝʜʫʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʚʩʝʭ 12 

ʨʝʘʢʮʠʡ ʧʦʟʠʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ  ʭʣʦʨʠʨʦʚʘʥʠʝ (ʇʨʠʣʦʞʝʥʠʝ ɸ). ɼʣʷ ʘʥʘʣʠʟʘ 

ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʘʩʩʦʚʦʛʦ ʦʪʥʦʰʝʥʠʷ  ʥʘ 

ʨʘʚʥʦʚʝʩʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʘʢʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʜʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʧʦʷʩʥʝʥʠʝ. ʆ ʩʜʚʠʛʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚʧʨʘʚʦ ʠʣʠ ʚʣʝʚʦ ʩʫʜʷʪ ʧʦ 

ʚʝʣʠʯʠʥʝ . ɽʩʣʠ    ʨʝʘʢʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʦʙʨʘʪʠʤʳ. ɽʩʣʠ ʨʝʘʢʮʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ( 30-

40 .) ʟʥʘʯʝʥʠʝʤ     ʨʝʘʢʮʠʶ ʚʦʟʤʦʞʥʦ ʩʜʚʠʥʫʪʴ ʚʧʨʘʚʦ, ʝʩʣʠ  

ʦʙʨʘʟʫʶʪʩʷ ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ (ʥʘʧʨʠʤʝʨ ʭʣʦʨʠʜʳ), ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʦʪʚʝʩʪʠ ʠʟ  ʟʦʥʳ   ʨʝʘʢʮʠʠ  [86,87]. 

 

 

 

ʎʠʬʨʳ ʫʣʠʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʤʝʨʘʤ ʨʝʘʢʮʠʡ. ɺ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʦ ʤʘʩʩʦʚʦʝ 

ʦʪʥʦʰʝʥʠʝ  

ʈʠʩʫʥʦʢ 3.1 ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ  ʥʘ ȹG ʭʣʦʨʠʨʦʚʘʥʠʷ  ZnSiO3 
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ʀʩʭʦʜʷ ʠʟ ʨʠʩʫʥʢʘ 3.1 ʩʣʝʜʫʝʪ,ʯʪʦ  ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ  ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ȹG ʨʝʘʢʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʭʣʦʨʠʜ ʢʘʣʴʮʠʷ  ʷʚʣʷʝʪʩʷ  

ʣʫʯʰʠʤ ʭʣʦʨʠʨʫʶʱʠʤ ʘʛʝʥʪʦʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ . ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ  ʩ 

[1,9,10] ʤʘʩʩʦʚʦʝ ʦʪʥʦʰʝʥʠʝ ʚ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ  ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ  ʦʪ  0,8   ʜʦ 3,73. ʇʦʵʪʦʤʫ ʠʩʭʦʜʷ   ʠʟ   ʨʫʙʝʞʥʦʛʦ ʟʥʘʯʝʥʠʷ 

   ʠ ʧʨʝʜʝʣʦʚ   ʦʪ 1 ʜʦ 4  ʥʘʤʠ ʚ ʜʘʣʴʥʝʡʰʝʤ  ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ   

ʨʦʪʦʪʘʙʝʣʴʥʳʭ  ʧʣʘʥʦʚ  ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ [88]. ʅʝʟʘʚʠʩʠʤʳʝ ʬʘʢʪʦʨʳ ʧʣʘʥʘ - 

ʪʝʤʧʝʨʘʪʫʨʘ (ʊ,ʂ) ʠ ʦʪʥʦʰʝʥʠʝ    ( ). ʇʘʨʘʤʝʪʨʦʤ ʦʧʪʠʤʠʟʘʮʠʠ 

ʷʚʣʷʣʘʩʴ . ʇʨʦʚʝʜʷ 12 ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʝʝ ʘʜʝʢʚʘʪʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ:   

 

ȹG=105,098 -0,053ʊ-23,436  (3.13)                                                                                                           

 

ʅʘ  ʦʩʥʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʷ (3.13)  ʧʦ  [89] ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ ʦʙʲʝʤʥʦʝ ʠ 

ʧʣʦʩʢʦʩʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚʣʠʷʥʠʷ  ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ  . (ʨʠʩʫʥʦʢ 3.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʎʠʬʨʳ ʥʘ ʣʠʥʠʠ- ȹG, 1-ʦʙʲʝʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, 2-

ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. 

ʈʠʩʫʥʦʢ 3.2  ɺʣʠʷʥʠʝ   ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ  

ʭʣʦʨʠʨʦʚʘʥʠʷ ZnSiO3 

  ʀʟ ʨʠʩʫʥʢʘ 3.2 ʩʣʝʜʫʝʪ, ʯʪʦ ʦʙʣʘʩʪʴ ȹG, ʚ ʢʦʪʦʨʦʡ  

 ʦʧʠʩʳʚʘʝʪʩʷ   ʧʣʦʩʢʦʩʪʴʶ ʘbcd, ʚ  ʢʦʪʦʨʦʡ  

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʣʘʩʪʴ ʩʦʩʪʘʚʣʷʝʪ  673-1673ʂ, ʘ   1,8-4[90]. 
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         3.2 ʂʦʤʧʴʶʪʝʨʥʦʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʚʣʝʯʝʥʠʷ 

ʤʝʪʘʣʣʦʚ ʠʟ ʰʣʘʢʦʚ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʦʡ ʩʤʝʩʴʶ ʭʣʦʨʠʜʦʚ ʢʘʣʴʮʠʷ ʠ 

ʥʘʪʨʠʷ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ 

ɺ ʨʘʟʜʝʣʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʣʠʯʝʩʪʚʘ ʭʣʦʨʘʛʝʥʪʘ 

(ʩʤʝʩʠ  ) ʥʘ ʨʘʚʥʦʚʝʩʥʫʶ ʩʪʝʧʝʥʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʮʠʥʢʘ, ʩʚʠʥʮʘ, 

ʤʝʜʠ () ʠ  ʨʘʚʥʦʚʝʩʥʫʶ ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʮʠʥʢʘ, ʩʚʠʥʮʘ, ʤʝʜʠ  

( )[91]. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʤʘʩʩʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ   ʚ ʩʤʝʩʠ 

ʭʣʦʨʠʜʦʚ ʙʳʣʦ ʧʦʩʪʦʷʥʥʳʤ ʠ ʩʦʩʪʘʚʣʷʣʦ  2. ʄʘʩʩʘ ʩʤʝʩʠ ʭʣʦʨʠʜʦʚ ʢʘʣʴʮʠʷ ʠ 

ʥʘʪʨʠʷ ʙʳʣʘ ʨʘʚʥʦʡ 10, 8,5  ʠ 7ʦʪ ʢʦʣʠʯʝʩʪʚʘ  ʰʣʘʢʘ. ʉʦʩʪʘʚ ʰʣʘʢʘ, 

ʤʘʩʩ.1,5Cu2O; 1,9ZnS; 0,2PbS; 0,2PbSO4; 6,4ZnSiO3;  

13,9ʉʘO; 0,9ʉdO; 3,8MgO  0,7MnO;  ʂʦʣʠʯʝʩʪʚʦ 

ʢʠʩʣʦʨʦʜʘ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʙʳʣʦ ʧʦʩʪʦʷʥʥʳʤ  ʠ ʩʦʩʪʘʚʣʷʣʦ 2,1   ʦʪ ʤʘʩʩʳ 

ʰʣʘʢʘ (ʢʠʩʣʦʨʦʜ ʚʚʦʜʠʣʩʷ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʮʠʥʢʘ, ʩʚʠʥʮʘ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʞʝʣʝʟʘ [92]). 

    ʅʘ ʨʠʩʫʥʢʝ 3.3 ʧʦʢʘʟʘʥʘ ʧʝʨʚʠʯʥʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʚʣʠʷʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ   ʠ ʢʦʣʠʯʝʩʪʚʘ ʭʣʦʨʠʨʫʶʱʠʭ  ʘʛʝʥʪʦʚ  ʥʘ ʩʪʝʧʝʥʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʠʥʮʘ, ʮʠʥʢʘ ʠ ʤʝʜʠ.  
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ʂʦʣʠʯʝʩʪʚʦ ʭʣʦʨʘʛʝʥʪʦʚ ʦʪ ʤʘʩʩʳ ʰʣʘʢʘ, : ɯ -7   ɯɯ-8,5   ɯɯɯ-10,0  

ʈʠʩʫʥʦʢ 3.3  ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʚʥʦʚʝʩʥʦʝ ʨʘʧʨʝʜʝʣʝʥʠʝ ʩʚʠʥʮʘ, 

ʮʠʥʢʘ ʠ ʤʝʜʠ ʚ ʩʠʩʪʝʤʝ ʰʣʘʢ 7(  ) ʆ2  ʧʨʠ ʜʘʚʣʝʥʠʠ 0,1ʄʇʘ 

 

ʀʟ ʨʠʩʫʥʢʘ 3.3 ʚʠʜʥʦ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʧʨʦʜʫʢʪʘʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ZnCl2, PbCl2, CuCl (ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʠ 

ʛʘʟʦʦʙʨʘʟʥʳʝ). ʇʦʣʥʦʝ ʭʣʦʨʠʨʦʚʘʥʠʝ ʩʚʠʥʮʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫʞʝ ʧʨʠ  500
0
ʉ, ʘ 

ʧʝʨʝʚʦʜ ʚ ʛʘʟ ï ʧʨʠ  ʊ>600
0
ʉ. ʍʣʦʨʠʨʦʚʘʥʠʝ ʤʝʜʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ CuCl ʪʘʢʞʝ 

ʧʨʦʭʦʜʠʪ ʧʨʠ 500
0
ʉ. ʆʜʥʘʢʦ ʦʥʦ ʧʨʦʭʦʜʠʪ ʭʫʞʝ ʯʝʤ ʭʣʦʨʠʨʦʚʘʥʠʝ ʤʝʜʠ. 

ɻʘʟʦʦʙʨʘʟʥʳʡ ʭʣʦʨʠʜ ʤʝʜʠ (CuCl) ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʊ>1000
0
ʉ. ʆʙʨʘʟʦʚʘʥʠʝ 

ZnCl2  ʧʨʠ 500
0
ʉ  ʥʝ ʠʤʝʝʪ ʙʦʣʴʰʦʛʦ ʨʘʟʚʠʪʠʷ. ɻʘʟʦʦʙʨʘʟʥʳʡ ZnCl2  

ʧʦʷʚʣʷʝʪʩʷ ʚ ʩʠʩʪʝʤʝ  ʧʨʠ ʊ>600
0
ʉ. 

 
 

ʈʠʩʫʥʦʢ 3.4 ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʚʥʦʚʝʩʥʫʶ ʩʪʝʧʝʥʴ ʨʘʧʨʝʜʝʣʝʥʠʷ 

ʩʚʠʥʮʘ, ʮʠʥʢʘ ʠ ʤʝʜʠ ʚ ʩʠʩʪʝʤʝ ʰʣʘʢ  7(  )  ʆ2 
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    ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʤʝʪʘʣʣʦʚ ʥʘʤʠ ʥʘʡʜʝʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʚʥʦʚʝʩʥʫʶ ʩʪʝʧʝʥʴ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʪʘʣʣʦʚ. ʀʟ ʨʠʩʫʥʢʘ 3.4 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʣʥʘʷ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʩʚʠʥʮʘ  ʟʘʚʝʨʰʘʝʪʩʷ ʧʨʠ  1500
0
ʉ  ʠ ʩʜʝʨʞʠʚʘʝʪʩʷ ʦʥʘ 

ʧʝʨʝʭʦʜʦʤ PbCl2  ʚ ʛʘʟ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʊ>1300
0
ʉ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʙʭʣʦʨʠʜʘ ʩʚʠʥʮʘ  PbCl. 

ʍʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʤʝʜʠ ʚ ʩʠʩʪʝʤʝ ʥʝ ʧʦʣʫʯʘʝʪ ʙʦʣʴʰʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʍʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʤʝʜʠ   ʧʨʠ 1500
0
ʉ ʩʦʩʪʘʚʣʷʝʪ ʪʦʣʴʢʦ 20,56 

ʍʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʤʝʜʠ ʩʜʝʨʞʠʚʘʝʪʩʷ    ʢʘʢ ʭʣʦʨʠʨʦʚʘʥʠʝʤ  Cu2O, ʪʘʢ ʠ 

ʧʝʨʝʭʦʜʦʤ CuCl  ʚ ʛʘʟ. ʉʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʮʠʥʢʘ ʧʨʠ 1500
0
ʉ 

ʩʦʩʪʘʚʣʷʝʪ 55,74  ʅʝʧʦʣʥʘʷ  ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʨʫʜʥʦʩʪʴʶ ʭʣʦʨʠʨʦʚʘʥʠʷ ZnSiO3, ʘ ʩʚʠʥʮʘ ïʧʝʨʝʭʦʜʦʤ PbCl2  ʚ ʛʘʟ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʳʝ ʨʝʟʫʣʴʪʘʪʳ   ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʤʝʪʘʣʣʦʚ ʠʟ ʰʣʘʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 ʅʝʦʙʭʦʜʠʤʦ   ʦʪʤʝʪʠʪʴ,     ʯʪʦ   ʚ          ʩʠʩʪʝʤʝ    

ʰʣʘʢ   10(  )  ʆ2  ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʥʝ ʧʦʣʫʯʘʝʪ 

ʨʘʟʚʠʪʠʷ, ʩʦʩʪʘʚʣʷʷ ʧʨʠ 1300
0
ʉ < 0,001, ʘ ʧʨʠ 1500

0
ʉ < 0,022. 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʤʝʩʠ   ʦʪ 7,0 ʜʦ 10,0 ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ   ʠ  ʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʘʝʪ  

(ʪʘʙʣʠʮʘ 1).  

ʇʨʠ 1500
0
ʉ   ʚʦʟʨʘʩʪʘʝʪ ʦʪ 20,56  ʜʦ  21,9ʦʪ 55,74  ʜʦ 

64,45 ʇʨʠ ʵʪʦʤ    ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 99,07 ʜʦ 98,63ʘ Feï 

ʚʦʟʨʘʩʪʘʝʪ ʦʪ 0,022 ʜʦ 0,026  

ʊʘʙʣʠʮʘ 3.1. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʣʠʯʝʩʪʚʘ ʩʫʤʤʳ   

ʥʘ ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʪʘʣʣʦʚ 

 
  

% ʦʪ ʤʘʩʩʳ ʰʣʘʢʘ ʤʝʪʘʣʣʘ, % 
ʊʝʤʧʝʨʘʪʫʨʘ, 

0
ʉ 

900 1100 1300 1500 

10,0 
 0,06 0,74 5,23 21,90 

 6,52 14,87 33,48 64,45 

 30,42 75,19 92,94 98,63 

8,5 
 <0,01 0,56 4,67 20,86 

 1,02 6,10 26,11 59,49 

 39,52 76,18 93,27 98,63 

7,0 
 <0,01 0,39 4,66 20,56 

 0,27 3,50 31,57 55,74 

 34,86 77,49 93,62 99,07 

        

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ 10%  Ɇ  ʥʘ ʨʘʚʥʦʚʝʩʥʫʶ ʩʪʝʧʝʥʴ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʪʘʣʣʦʚ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ: 
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                                    = - 368,64 + 0,6974Ŀʊ - 2Ŀ10
-4
Ŀʊ

2    
                (3.14) 

 

                                  = 110,9 - 0,2431Ŀʊ - 1,1Ŀ10
-4
Ŀʊ

2     
                    (3.15) 

 

                                  = 103,89 - 0,2048Ŀʊ + 5Ŀ10
-4
Ŀʊ

2    
                    (3.16) 

 

        ʇʦʚʳʩʠʪʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʫ  ʤʝʜʠ ʠ ʮʠʥʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ 

ʃʝ-ʐʘʪʝʣʴʝ   ʤʦʞʥʦ ʝʩʣʠ ʫʤʝʥʴʰʠʪʴ ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ. 

 

          3.3 ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʝʜʠʥʝʥʠʡ 

ʩʚʠʥʮʘ, ʮʠʥʢʘ, ʤʝʜʠ  ʦʪʚʘʣʴʥʦʛʦ ʩʚʠʥʮʦʚʦʛʦ ʰʣʘʢʘ   ʩ ʭʣʦʨʠʜʘʤʠ 

ʥʘʪʨʠʷ  ʠ ʢʘʣʴʮʠʷ  ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ 

 

        ɼʣʷ ʠʟʫʯʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩʚʠʥʮʘ, 

ʮʠʥʢʘ, ʤʝʜʠ ʩ ʭʣʦʨʠʜʘʤʠ ʢʘʣʴʮʠʷ ʠ ʥʘʪʨʠʷ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ  ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʜʧʨʦʛʨʘʤʤʫ Equilibrium Compositions ʢʦʤʧʣʝʢʩʘ HSC-5.1 ʜʣʷ 

ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʤʠʥʠʤʫʤʘ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʠʩʭʦʜʷ ʠʟ 

ʚʳʨʘʞʝʥʠʷ: 

 

                         (3.17) 

 

ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʙʘʣʘʥʩʘ ʤʘʩʩʳ 

ʚʝʱʝʩʪʚʘ:  

                                                                                            (3.18) 

ʠ  ʫʩʣʦʚʠʠ ʥʦʨʤʠʨʦʚʢʠ:  

 

                                            ,                                                  (3.19) 

 

ʛʜʝ  f- ʦʙʱʝʝ ʯʠʩʣʦ ʬʘʟ ʩʠʩʪʝʤʳ; - ʦʙʱʝʝ ʯʠʩʣʦ ʥʝʟʘʚʠʩʠʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ  

 ʚ ʩʠʩʪʝʤʝ; - ʤʘʩʩʘ ʯʠʩʝʣ, ʧʦʢʘʟʳʚʘʶʱʠʭ ʯʠʩʣʦ -ʪʳʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʬʘʟʝ ʘ ʩʠʩʪʝʤʳ; - ʯʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ; 

-ʵʤʧʠʨʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ; - ʦʙʱʝʝ ʯʠʩʣʦ ʤʦʣʝʡ ʬʘʟʳ ʘ 

ʚ ʩʠʩʪʝʤʝ; -ʤʦʣʴʥʘʷ ʜʦʣʷ ʟʘʚʠʩʠʤʦʛʦ  ʢʦʤʧʦʥʝʥʪʘ ʚ ʬʘʟʝ ʘ; - 

ʢʦʵʬʬʠʮʠʝʥʪ ʘʢʪʠʚʥʦʩʪʠ  ʢʦʤʧʦʥʝʥʪʘ. 

      ʇʘʨʘʤʝʪʨʳ ʨʘʚʥʦʚʝʩʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʨʝʰʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʦ ʥʘʭʦʞʜʝʥʠʠ ʵʢʩʪʨʝʤʫʤʘ ʩ ʫʯʝʪʦʤ ʚʩʝʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʡ ʃʘʛʨʘʥʞʘ ʠ ʤʝʪʦʜʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʅʴʶʪʦʥʘ. 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʢʦʤʧʣʝʢʩʦʤ HSC ï 5.1 ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʧʨʝʜʩʪʘʚʣʷʣʘʩʴ ʚ ʚʠʜʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ. ɿʘʪʝʤ, ʧʦ ʘʣʛʦʨʠʪʤʫ, ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʘʚʪʦʨʘʤʠ 
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ʤʦʥʦʛʨʘʬʠʠ [93], ʦʧʨʝʜʝʣʷʣʘʩʴ ʨʘʚʥʦʚʝʩʥʘʷ ʩʪʝʧʝʥʴ  ʨʘʩʧʨʝʜʝʣʝʥʠʷ   

ʵʣʝʤʝʥʪʘ (Ŭ,%) ʧʦ ʧʨʦʜʫʢʪʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʭʣʦʨʠʨʦʚʘʥʠʷ 

ʧʨʦʚʝʜʝʥʠʝ ʠʟʫʯʝʥʠʷ  ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʭʣʦʨʠʥʘʪʦʨʘ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʠʩʪʝʤʘʭ:       

,

ʠ

     

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 400-1700
0
ʉ,  ʜʘʚʣʝʥʠʷ 0,001, 

0,01, 0,1ʄʇʘ. ʂʦʣʠʯʝʩʪʚʦ ʭʣʦʨʘ  100%  ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʭʣʦʨʠʨʦʚʘʥʠʷ   ʮʠʥʢʘ, ʤʝʜʠ, ʩʚʠʥʮʘ, ʘ ʢʠʩʣʦʨʦʜʘ 100%  ʦʪ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ  SO2. 

ʅʘ ʨʠʩʫʥʢʝ 3.5 ʧʨʠʚʝʜʝʥʘ ʧʝʨʚʠʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ   ʚʝʱʝʩʪʚ  ʧʨʠ ʜʘʚʣʝʥʠʠ 0,1ʄʇʘ ʚ    ʩʣʝʜʫʶʱʝʡ   ʩʠʩʪʝʤʝ   
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ʈʠʩʫʥʦʢ 3.5  ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʝʱʝʩʪʚ ʚ ʩʠʩʪʝʤʝ    

 

ʀʟ ʨʠʩʫʥʢʘ 3.5 ʚʠʜʥʦ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ  

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ PbSiO3,PbS, PbSO4, PbO, PbCl2, 

PbCl2(g), PbCl(g),Cu2O, CuO,CuCl, ZnSiO3, ZnS, ZnO, 

ZnCl2, , . 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʝʨʚʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ HSC ï 5.1 ʨʘʩʯʠʪʘʥʘ ʨʘʚʥʦʚʝʩʥʘʷ ʩʪʝʧʝʥʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʮʠʥʢʘ, ʤʝʜʠ ʠ ʩʚʠʥʮʘ  ʚ ʩʠʩʪʝʤʝ 

. 

ʢʛ ʢʛ 

 

ʢʛ 

 

T,
0
C 

 

T,
0
C 

 

T,
0
C 
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ʈʠʩʫʥʦʢ 3.6  ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ  ʥʘ ʨʘʚʥʦʚʝʩʥʫʶ ʩʪʝʧʝʥʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  

ʮʠʥʢʘ, ʤʝʜʠ ʠ ʩʚʠʥʮʘ  ʧʨʠ 0,1ʄʇʘ ʚ  ʩʠʩʪʝʤʝ    

  

  

ʀʟ ʨʠʩʫʥʢʘ 3.6 ʩʣʝʜʫʝʪ, ʯʪʦ ʭʣʦʨʠʨʦʚʘʥʠʝ  ʮʠʥʢʘ, ʤʝʜʠ, ʩʚʠʥʮʘ ʚ 

ʩʠʩʪʝʤʝ ʦʪʤʝʯʘʝʪʩʷ  ʫʞʝ ʧʨʠ  400
0
ʉ. ʍʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʩʚʠʥʮʘ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ  

ʊ 900
0
ʉ,  ʮʠʥʢʘ ʠ ʤʝʜʠ      ʧʨʠ     ʊ1100

0
ʉ.  

 

 
1-Pb, 2-Cu, 3-Zn 

ʈʠʩʫʥʦʢ 3.7  ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ  ʥʘ  ʨʘʚʥʦʚʝʩʥʫʶ ʩʪʝʧʝʥʴ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʪʘʣʣʦʚ ʧʨʠ 0,1ʄʇʘ ʚ ʩʠʩʪʝʤʝ    
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ʅʘ ʨʠʩʫʥʢʝ 3.7 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʪʝʧʝʥʴ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʪʘʣʣʦʚ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʠʜʥʦ, ʯʪʦ ʩʚʠʥʝʮ ʠʟʚʣʝʢʘʝʪʩʷ ʚ ʛʘʟ 

ʙʦʣʝʝ ʧʦʣʥʦ, ʯʝʤ ʮʠʥʢ ʠ ʤʝʜʴ. ʍʫʞʝ ʚʩʝʛʦ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʝ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʮʠʥʢ, ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʢʦʪʦʨʦʛʦ ʜʘʞʝ ʧʨʠ 1700
0
ʉ  ʥʝ ʧʨʝʚʳʰʘʝʪ 

32,5% (ʄʝʜʴ ʧʨʠ ʵʪʦʤ ʠʟʚʣʝʢʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ 50,2%).                                                              

ʅʘ ʨʠʩʫʥʢʝ 3.8 ʧʨʠʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʝʱʝʩʪʚ ʧʨʠ ʜʘʚʣʝʥʠʠ 0,1ʄʇʘ ʚ ʩʠʩʪʝʤʝ 

    

                                                          

400 600 800 1000 1200 1400 1600
0

100

200

300

400

500

600

        

File: C:\HSC5\Gibbs\Mixe.OGI

C

kg

Temperature

PbCl2

PbCl2(g)

PbCl(g)

PbS PbSiO3 PbO

400 600 800 1000 1200 1400 1600
0

50

100

150

200

250

300

        

File: C:\HSC5\Gibbs\Mixe.OGI

C

kg

Temperature

ZnCl2(g)

ZnO
ZnSiO3

ZnCl2ZnS

400 600 800 1000 1200 1400 1600
0

50

100

150

200

        

File: C:\HSC5\Gibbs\Mixe.OGI

C

kg

Temperature

CuCl

CuCl(g)

Cu3Cl3(g)

CuCl2(g)
Cu4Cl4(g)

Cu2O CuO

 
 

ʈʠʩʫʥʦʢ 3.8  ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʝʱʝʩʪʚ ʧʨʠ ʜʘʚʣʝʥʠʠ 0,1ʄʇʘ ʚ ʩʠʩʪʝʤʝ  

 

  

ʀʟ ʨʠʩʫʥʢʘ 3.8 ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ ʩʠʩʪʝʤʝ ʷʚʣʷʶʪʩʷ  

PbSiO3,PbS, PbO, PbCl2, PbCl2(g), PbCl(g),Cu2O, CuO,CuCl, CuCl(g),  

Cu3Cl3(g), Cu4Cl4, ZnSiO3, ZnS, ZnO, ZnCl2(g), , . 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʝʨʚʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ  ʨʘʩʯʠʪʘʥʘ ʨʘʚʥʦʚʝʩʥʘʷ ʩʪʝʧʝʥʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʮʠʥʢʘ, ʤʝʜʠ  ʠ ʩʚʠʥʮʘ   ʚ ʩʠʩʪʝʤʝ 

 

ʀʟ ʨʠʩʫʥʢʘ 3.9 ʩʣʝʜʫʝʪ, ʯʪʦ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ  

ʧʨʦʠʩʭʦʜʠʪ  ʧʨʠ  ʊ700
0
ʉ,  ʤʝʜʠ -    ʧʨʠ     ʊ800

0
ʉ.  ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ   

ʠʥʪʝʨʚʘʣʝ 800-   1700
0
ʉ       

 

T,
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C 

 

T,
0
C 

 

T,
0
C 
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ʈʠʩʫʥʦʢ 3.9  ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ  ʥʘ ʨʘʚʥʦʚʝʩʥʫʶ ʩʪʝʧʝʥʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ   

ʮʠʥʢʘ, ʤʝʜʠ ʠ ʩʚʠʥʮʘ  ʚ  ʩʠʩʪʝʤʝ 

 ʧʨʠ 0,1ʄʇʘ 

 

ʀʟ ʨʠʩʫʥʢʘ 3.10 ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʪʫʨʳ  ʧʦʟʠʪʠʚʥʦ ʚʣʠʷʝʪ 

ʥʘ ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʪʘʣʣʦʚ. ʇʨʠ 1400
0
ʉ   ʩʦʩʪʘʚʣʷʝʪ 

99,3%,    ʠ    ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ   ʤʝʜʠ , ʮʠʥʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʊ 1700
0
ʉ. 

 
1-Pb, 2- , 3- Cu 

ʈʠʩʫʥʦʢ 3.10  ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ  ʥʘ  ʨʘʚʥʦʚʝʩʥʫʶ ʩʪʝʧʝʥʴ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʪʘʣʣʦʚ ʧʨʠ 0,1ʄʇʘ ʚ ʩʠʩʪʝʤʝ 
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ʅʘ ʨʠʩʫʥʢʝ 3.11 ʧʨʠʚʝʜʝʥʘ ʧʝʨʚʠʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʝʱʝʩʪʚ ʧʨʠ ʜʘʚʣʝʥʠʠ 0,1ʄʇʘ ʚ ʩʠʩʪʝʤʝ 
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ʈʠʩʫʥʦʢ  3.11 ï ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʝʱʝʩʪʚ ʧʨʠ ʜʘʚʣʝʥʠʠ 0,1ʄʇʘ ʚ ʩʠʩʪʝʤʝ  
   

  

ʀʟ ʨʠʩʫʥʢʘ 3.11  ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ ʩʠʩʪʝʤʝ ʷʚʣʷʶʪʩʷ  

PbSiO3,PbS, PbO, PbCl2, PbCl2(g), PbCl(g),Cu2O, CuO,CuCl, CuCl(g),  

Cu3Cl3(g), ZnSiO3, ZnS, ZnO, ZnCl2(g). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʝʨʚʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ  ʨʘʩʯʠʪʘʥʘ ʨʘʚʥʦʚʝʩʥʘʷ ʩʪʝʧʝʥʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʮʠʥʢʘ, ʤʝʜʠ ʠ ʩʚʠʥʮʘ ʚ ʩʠʩʪʝʤʝ 

. 

ʀʟ ʨʠʩʫʥʢʘ 3.12 ʚʠʜʥʦ, ʯʪʦ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʤʝʜʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ   ʦʙʨʘʟʦʚʘʥʠʷ ʭʣʦʨʠʜʦʚ   ʤʝʜʠ   CuCl, Cu3Cl3 , Cu4Cl4 , ʩʚʠʥʮʘ- 

PbCl, PbCl2  ʠ ʮʠʥʢʘ ʟʘ ʩʯʝʪ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ZnCl2(g). ʅʘʯʘʣʦ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ 

ʮʠʥʢʘ ʠ ʩʚʠʥʮʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 700
0
ʉ, ʤʝʜʠ- ʧʨʠ 800

0
ʉ. 
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ʈʠʩʫʥʦʢ 3.12  ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ  ʥʘ ʨʘʚʥʦʚʝʩʥʫʶ ʩʪʝʧʝʥʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ  ʮʠʥʢʘ, ʤʝʜʠ ʠ ʩʚʠʥʮʘ  ʧʨʠ ʜʘʚʣʝʥʠʠ 0,1ʄʇʘ   ʚ  ʩʠʩʪʝʤʝ 
  

 

  ʅʘ ʨʠʩʫʥʢʝ 3.13 ʧʨʠʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʠ ʚʣʠʷʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʪʘʣʣʦʚ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ ʯʪʦ ʜʦ 1500
0
ʉ  

ʘ ʧʨʠ ʊ 1500
0
ʉ ʮʠʥʢ ʠ ʤʝʜʴ ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ. 

   

 
1-Pb, 2- , 3- Cu 

ʈʠʩʫʥʦʢ 3.13  ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ  ʥʘ  ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ   ʤʝʪʘʣʣʦʚ  

ʚ  ʩʠʩʪʝʤʝ       ʧʨʠ  
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ʅʘ ʨʠʩʫʥʢʝ 3.14 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʥʘ  

ʨʘʚʥʦʚʝʩʥʫʶ ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʪʘʣʣʦʚ  ʠʟ ʩʠʩʪʝʤʳ  

 

ʀʟ  ʨʠʩʫʥʢʘ 3.14 ʚʠʜʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ  Pb, Zn, Cu ʠ ʫʤʝʥʴʰʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʧʨʠʤʝʤ  ʜʦʧʫʱʝʥʠʷ 

ʯʪʦ ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʪʘʣʣʦʚ ʜʦʣʞʥʘ ʙʳʪʴ 70%, ʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʙʞʠʛʦʚʦʛʦ ʧʨʦʮʝʩʩʘ  (ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʪʚʘʣʴʥʦʤʫ ʰʣʘʢʫ ) ʩʦʩʪʘʚʣʷʝʪ 

1100
0 
-1300

0
ʉ.   

 
 

 
1-0,1ʄʇʘ; 2-0,01ʄʇʘ; 3-0,001ʄʇʘ 

ʈʠʩʫʥʦʢ 3.14 ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ  ʠ  ʜʘʚʣʝʥʠʷ   ʥʘ ʨʘʚʥʦʚʝʩʥʫʶ  ʩʪʝʧʝʥʴ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʪʘʣʣʦʚ ʚ ʩʠʩʪʝʤʝ  

 

 

ɺ ʪʘʙʣʠʮʝ 3.2 ʧʨʠʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʛʨʘʥʠʯʥʳʭ   ʪʦʯʢʘʭ    ʦʙʣʘʩʪʝʡ    

ʘbcd,eʭ, nmft.   

 

ʊʘʙʣʠʮʘ 3.2 ɿʥʘʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ  ʛʨʘʥʠʯʥʳʭ  ʪʦʯʢʘʭ 

 
ʊʦʯʢʘ ʥʘ 

ʨʠʩʫʥʢʝ 

3.14 

ɼʣʷ  ɼʣʷ   ɼʣʷ  

ʘ b c d e ʭ 
 

n m f t 

ʊ
0
, ʉ 1100 1100 1300 1100 1228 1300 1300 1100 1100 1300 1300 

lg P -0,98 -30 -30 -1,0 -3 -0,54 2,54 -2,84 -3 -3 -2 

 
70,0 97,3 99,2 85,9 70,0 82,5 70,0 70,0 74,3 97,9 70 

 

ʀʟ ʪʘʙʣʠʮʳ 3.2 ʚʠʜʥʦ, ʯʪʦ  ʦʪ 70  ʜʦ99,2%  ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ 1100-1300
0
ʉ  ʠ lgP  ʦʪ -3  ʜʦ  -0,98,   ʦʪ 70 ʜʦ 
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82,5%   ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 1228-1300
0
ʉ   ʠ lgP ʦʪ -3   ʜʦ  -2,849   ʠ    ʤʝʜʠ  ʥʘ 70-

97,9%  ʧʨʠ   1100-1300
0
ʉ,  lgP  ʦʪ  -3  ʜʦ   -2,84. ʀʟ ʧʦʣʫʯʝʥʥʳʭ  ʛʨʘʥʠʯʥʳʭ 

ʟʥʘʯʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʫʟʢʠʝ ʦʙʣʘʩʪʠ ʜʘʚʣʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ   

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ,  ʧʦʵʪʦʤʫ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ  ʩʪʝʧʝʥʠ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ  

ʤʝʪʘʣʣʦʚ    Ó70%    ʧʨʦʮʝʩʩ ʥʝʦʙʭʦʜʠʤʦ  ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  ʥʝ 

ʤʝʥʝʝ 1228
0
ʉ ʠ lgP  -2,54 [94] . 

 

3.4 ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʣʠʢʘʪʘ ʮʠʥʢʘ  ʩ 

ʭʣʦʨʠʜʘʤʠ ʥʘʪʨʠʷ  ʠ ʢʘʣʴʮʠʷ 

 

ʇʘʨʘʤʝʪʨʳ ʨʘʚʥʦʚʝʩʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʨʝʰʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʦ ʥʘʭʦʞʜʝʥʠʠ ʵʢʩʪʨʝʤʫʤʘ ʩ ʫʯʝʪʦʤ ʚʩʝʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʡ ʃʘʛʨʘʥʞʘ ʠ ʤʝʪʦʜʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʅʴʶʪʦʥʘ. 

ɺ ʰʣʘʢʘʭ ʦʩʥʦʚʥʳʤ ʮʚʝʪʥʳʤ ʤʝʪʘʣʣʦʤ ʷʚʣʷʝʪʩʷ ʮʠʥʢ, ʢʦʪʦʨʳʡ 

ʧʨʠʩʫʪʩʪʚʫʝʪ  ʚ ʰʣʘʢʝ ʚ ʚʠʜʝ ʩʠʣʠʢʘʪʘ. ʇʦʵʪʦʤʫ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʠʩʪʝʤʘʭ ,      ʠ 

  ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 500-1700
0
ʉ, 

ʠʥʪʝʨʚʘʣ  ʜʘʚʣʝʥʠʡ  0,1-0,0001ʄʇʘ. ʂʦʣʠʯʝʩʪʚʦ     ʩʦʩʪʘʚʣʷʣʦ 

100% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʭʣʦʨʠʨʦʚʘʥʠʷ ZnSiO3 ʧʦ ʨʝʘʢʮʠʷʤ: 

 

                                                         (3.20) 

 

                                                          (3.21) 
 

0.5             (3.22) 
 

          ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ  ʩʝʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ʨʦʪʦʪʘʙʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ [95] . ʅʘ ʨʠʩʫʥʢʝ 3.15 ʧʨʠʚʝʜʝʥʘ ʧʝʨʚʠʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʝʱʝʩʪʚ ʚ ʩʠʩʪʝʤʝ    ʧʨʠ  

ʜʘʚʣʝʥʠʷʭ 0,1 ʠ  0,001ʄʇʘ. 

ʀʟ ʨʠʩʫʥʢʘ 3.15 ʚʠʜʥʦ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʢʨʦʤʝ 

 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ 

(ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʡ ʠ ʛʘʟʦʦʙʨʘʟʥʳʡ). ʂʨʦʤʝ ʵʪʠʭ ʚʝʱʝʩʪʚ ʚ 

ʩʠʩʪʝʤʝ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʦʙʨʘʟʫʶʪʩʷ . 
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1- 0,1ʄʇʘ; 2- 0,0001ʄʇʘ; 

ʈʠʩʫʥʦʢ 3.15 - ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʝʱʝʩʪʚ ʚ ʩʠʩʪʝʤʝ  

 

 ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʝʨʚʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ HSC ï 5.1 ʨʘʩʯʠʪʘʥʘ ʨʘʚʥʦʚʝʩʥʘʷ ʩʪʝʧʝʥʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʮʠʥʢʘ ()ʚ ʛʘʟʦʦʙʨʘʟʥʳʡ  -  (ʨʠʩʫʥʦʢ 3.15). 

ʀʟ ʨʠʩʫʥʢʘ 3.16 ʚʠʜʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʦʪ 0,1ʄʇʘ ʜʦ 

0,0001ʄʇʘ  ʧʦʟʠʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ   ɺʳʩʦʢʘʷ  ( > 99%)   

ʧʨʠ ʵʪʦʤ ʜʘʚʣʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ  ʊ1400
0
ʉ, ʘ 80%  ʧʨʠ ʊ1100

0
ʉ. 

 

 
1-0,1ʄʇʘ; 2-  0,01ʄʇʘ; 3-0,001ʄʇʘ; 4-0,0001ʄʇʘ; 

ʈʠʩʫʥʦʢ 3.16- ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʥʘ   ʚ ʩʠʩʪʝʤʝ 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʭʣʦʨʠʨʦʚʘʥʠʷ ʮʠʥʢʘ ʚ ʩʠʩʪʝʤʝ  

   ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʤʘʪʨʠʮʝ ʨʦʪʦʪʘʙʝʣʴʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ [86] ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʪʘʙʣʠʮʝ 3.3 

 

ʊʘʙʣʠʮʘ 3.3 - ʄʘʪʨʠʮʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʥʘ 

ʭʣʦʨʠʨʦʚʘʥʠʝ  ʚ ʩʠʩʪʝʤʝ   

 

 ̄ ʇʝʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ  

 
ʂʦʜʠʨʦʚʘʥʥʳʡ 

ʚʠʜ 

ʅʘʪʫʨʘʣʴʥʳʡ 

ʚʠʜ 

ʍ1 ʍ2  T,
0
C 

1 +1 +1 -1,43 1271 16,4 

2 +1 -1 -1,43 1129 3,8 

3 -1 +1 -3,56 1271 91,4 

4 -1 -1 -3,56 1129 69,0 

5 +1,41 0 -1 1200 4,0 

6 -1,41 0 -4 1200 93,9 

7 0 +1,41 -2 1300 60,3 

8 0 -1,41 -2 1100 17,9 

9 0 0 -2 1200 42,1 

10 0 0 -2 1200 40,3 

11 0 0 -2 1200 42,5 

12 0 0 -2 1200 41,8 

13 0 0 -2 1200 39,5 

 

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʪʘʙʣʠʮʳ 3.3 ʥʘʤʠ ʧʦʣʫʯʝʥʦ ʘʜʝʢʚʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʨʝʛʨʝʩʩʠʠ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ   ʠ ʜʘʚʣʝʥʠʷ ʥʘ  :  

 

(3.23)                                   

ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʷ (3.23) ʧʦ [89] ʧʦʩʪʨʦʝʥʦ ʦʙʲʝʤʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʠ ʝʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʨʘʟʨʝʟʳ.  

ʀʟ ʨʠʩʫʥʢʘ 3.17  ʚʠʜʥʦ, ʯʪʦ  >90%        ʚʦʟʤʦʞʥʘ   ʚ 

ʧʣʦʩʢʦʩʪʠ abcd   (ʪ.ʝ. ʧʨʠ 1175-1300
0
ʉ  ʠ lgP   ʦʪ -4   ʜʦ  -3,36). ʇʦʣʥʘʷ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʧʨʦʭʦʜʠʪ ʧʦ ʣʠʥʠʠ bʩ (ʊ=1220-1300
0
ʉ ʠ  ʦʪ -4  ʜʦ  -

3,625). 

 



48 
 

200 400 600 800 1000 1200 1400 1600
0

50

100

150

200

        

File: C:\HSC5\Gibbs\Shlak9.OGI

C

kg

Temperature

ZnCl2(g)

CaSiO3

ZnSiO3

CaCl2

ZnCl2

Zn2Cl4(g)

 

 

 

 

 

 

 

 

 

 

 

 

 
1-ʆʙʲʝʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ; 2-ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʨʘʟʨʝʟʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʢʣʠʢʘ (ʮʠʬʨʳ ʥʘ ʣʠʥʠʷʭ -  )  

ʈʠʩʫʥʦʢ 3.17  ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʥʘ ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ 

ʮʠʥʢʘ ʠʟ ʩʠʩʪʝʤʳ  

 

ʅʘ ʨʠʩʫʥʢʝ 3.18 ʧʨʠʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʝʱʝʩʪʚ ʚ ʩʠʩʪʝʤʝ    ʧʨʠ ʜʘʚʣʝʥʠʷʭ 0,1 ʠ 

0,0001ʄʇʘ. 

.                

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

1-0,1ʄʇʘ; 2- 0,0001ʄʇʘ; 

ʈʠʩʫʥʦʢ 3.18  ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʝʱʝʩʪʚ ʚ ʩʠʩʪʝʤʝ  
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ʀʟ ʨʠʩʫʥʢʘ 3.18 ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ ʩʠʩʪʝʤʝ ʷʚʣʷʶʪʩʷ  

ɺ    ʥʝʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ    ʚ ʩʠʩʪʝʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ . ʇʨʠ 0,1ʄʇʘ  

ʦʙʨʘʟʦʚʘʥʠʝ    ʫʞʝ ʟʘʤʝʪʥʦ   ʧʨʠ 500
0
ʉ, ʘ  ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʊ600
0
ʉ. ʇʨʠ 0,001ʄʇʘ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ  ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʊ400

0
ʉ  ʠ 

ʧʦʣʥʦʩʪʴʶ ʟʘʚʝʨʰʘʝʪʩʷ ʧʨʠ 800
0
ʉ 

ʅʘ ʨʠʩʫʥʢʝ 3.19 ʧʨʠʚʝʜʝʥʦ ʠʟʤʝʥʝʥʠʝ      ʚ ʩʠʩʪʝʤʝ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ   ʠ ʜʘʚʣʝʥʠʷ. 

 
 

1-0,1ʄʇʘ; 2-  0,01ʄʇʘ; 3-0,001ʄʇʘ; 4-0,0001ʄʇʘ; 

 

ʈʠʩʫʥʦʢ 3.19  ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʥʘ   ʚ ʩʠʩʪʝʤʝ 

 

 

ʀʟ ʨʠʩʫʥʢʘ 3.19 ʩʣʝʜʫʝʪ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʦʪ 0,1   ʜʦ  

0,001ʄʇʘ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ   ʪʝʤʧʝʨʘʪʫʨʫ  ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʮʠʥʢʘ. ʊʘʢ,  

ʝʩʣʠ ʧʨʠ 0,1ʄʇʘ 98% ʧʨʦʠʩʭʦʜʠʪ   ʧʨʠ  ʊ1080
0
ʉ, ʪʦ ʧʨʠ 

0,001ʄʇʘ ʪʘʢʘʷ ʞʝ    ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʊ1000
0
ʉ. 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʥʘ    ʚ   ʩʠʩʪʝʤʝ  

  ʦʧʠʩʳʚʘʝʪʩʷ  ʘʜʝʢʚʘʪʥʳʤ ʫʨʘʚʥʝʥʠʝʤ: 



50 
 

     

                                                                                                                        (3.24) 

ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ (3.24) ʥʘʤʠ ʧʦʩʪʨʦʝʥʦ ʦʙʲʝʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ  ʠ ʝʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ   ʨʘʟʨʝʟʳ  (ʈʠʩʫʥʦʢ 3.20). 

         ʀʟ ʨʠʩʫʥʢʘ 3.20 ʚʠʜʥʦ, ʯʪʦ95,9 97,69  ʧʨʦʠʩʭʦʜʠʪ  ʚ 

ʦʙʣʘʩʪʠ ʘbcdf (ʪ.ʝ.ʧʨʠ 875-900
0
ʉ   ʠ-2,5 : -1,75).   

 

 
 

1-ʆʙʲʝʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ; 2-ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʨʘʟʨʝʟʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʢʣʠʢʘ 

 

ʈʠʩʫʥʦʢ 3.20  ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʥʘ ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ 

ʮʠʥʢʘ ʠʟ ʩʠʩʪʝʤʳ  

 

ɼʠʩʪʠʣʣʝʨʥʘʷ ʞʠʜʢʦʩʪʴ ʩʦʜʝʨʞʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʭʣʦʨʠʜʳ ʢʘʣʴʮʠʷ ʠ 

ʥʘʪʨʠʷ. ʅʘ ʨʠʩʫʥʢʝ 3.21 ʧʨʠʚʦʜʠʪʩʷ  ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʣʠʷʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ   ʥʘ 

ʠʟʚʣʝʯʝʥʠʝ ʮʠʥʢʘ ʚ ʩʠʩʪʝʤʝ  ʀʟ ʨʠʩʫʥʢʘ 3.21 

ʚʠʜʥʦ, ʯʪʦ ʭʣʦʨʠʨʦʚʘʥʠʝ   ʧʨʦʠʩʭʦʜʠʪ   ʫʞʝ   ʧʨʠ 500
0
ʉ  ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ .ʇʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ   

ʥʘʯʠʥʘʝʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʛʘʟʦʦʙʨʘʟʥʳʡ 90%       

ʧʨʦʠʩʭʦʜʠʪ  ʧʨʠ   ʊ900
0
ʉ,  95%  ʧʨʠ ʊ1000

0
ʉ    ʠ    99%  ʧʨʠ   

ʊ 1400
0
ʉ[140]. 

 

 

 

lgP 
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1- ZnCl2(g); 2- ZnSiO3; 3- ZnCl2; 

 

ʈʠʩʫʥʦʢ 3.21- ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʚʥʦʚʝʩʥʫʶ ʩʪʝʧʝʥʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

  ʚ ʩʠʩʪʝʤʝ   ʧʨʠ ʜʘʚʣʝʥʠʠ 0,01ʄʇʘ 

 

3.5 ʀʟʚʣʝʯʝʥʠʝ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʚʠʜʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ 

ʠʟ ʦʪʚʘʣʴʥʳʭ ʩʚʠʥʮʦʚʳʭ ʰʣʘʢʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ 

ʅʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ 

ʚ ʚʠʜʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʠʟ ʦʪʚʘʣʴʥʳʭ ʩʚʠʥʮʦʚʳʭ ʰʣʘʢʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ - 

ʭʣʦʨʠʜʦʚ ʢʘʣʴʮʠʷ ʠ ʥʘʪʨʠʷ[96]. ʀʩʩʣʝʜʦʚʘʥʠʷ   ʧʨʦʚʦʜʠʣʠʩʴ  ʤʝʪʦʜʦʤ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ   ʧʨʦʛʨʘʤʤʥʦʛʦ   

ʢʦʤʧʣʝʢʩʘ  HSC-5.11 Chemistry, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʨʠʥʮʠʧʝ ʤʠʥʠʤʫʤʘ ʵʥʝʨʛʠʠ 

ɻʠʙʙʩʘ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʨʦʪʦʪʘʙʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ  (ʤʝʪʦʜ ɹʦʢʩʘ-ʍʘʥʪʝʨʘ) [83, 89].  

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʦʧʨʝʜʝʣʷʣʦʩʴ ʚʣʠʷʥʠʝ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ, ʘ ʟʘʪʝʤ 

ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʷʣʘʩʴ ʨʘʚʥʦʚʝʩʥʘʷ ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ () 

ʩʚʠʥʮʘ, ʮʠʥʢʘ ʠ ʤʝʜʠ.   ʉʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʪʘʣʣʦʚ ʨʘʩʯʠʪʳʚʘʣʘʩʴ ʠʟ 

ʚʳʨʘʞʝʥʠʷ:  

 

                                                                          (3.25) 

ʛʜʝ  ʤʘʩʩʘ ʤʝʪʘʣʣʘ  ʧʝʨʝʰʝʜʰʝʛʦ ʚ ʭʣʦʨʠʜʳ, ʢʛ;  ʤʘʩʩʘ 

ʤʝʪʘʣʣʘ ʚ ʰʣʘʢʝ, ʢʛ. 

 



52 
 

 ʇʨʠ   ʧʨʦʚʝʜʝʥʠʠ   ʠʩʩʣʝʜʦʚʘʥʠʡ  ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʪʚʘʣʴʥʳʡ ʰʣʘʢ  ɸʆ 

çʇʂ  ʖʞʧʦʣʠʤʝʪʘʣʣè, ʩʦʜʝʨʞʘʱʠʡ, ʚ %: 6.4 ZnSiO3; 1.5ZnS; 1.5 Cu2O; 0.2 

PbS; 0.2 PbSO4; 22.7 SiO2; 40.1Fe2O3; 13.9CaO; 3.1 MgO; 5.4 Al2O3; 0.7MnO; 

2.91Na2O; 1.4 ʧʨʦʯʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʭʣʦʨʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ 

ʭʣʦʨʠʜʦʚ ʢʘʣʴʮʠʷ ʠ ʥʘʪʨʠʷ  ʩ ʤʘʩʩʦʚʳʤ ʦʪʥʦʰʝʥʠʝʤ  (ʪʘʢʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʭʣʦʨʠʜʦʚ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʜʠʩʪʠʣʣʝʨʥʦʡ   ʞʠʜʢʦʩʪʠ).   

ʂʦʣʠʯʝʩʪʚʦ    ʭʣʦʨʠʜʦʚ     ʙʳʣʦ   ʧʦʩʪʦʷʥʥʳʤ   ʠ     ʩʦʩʪʘʚʣʷʣʦ  

6.8%  ʠ 3.4% ʦʪ ʤʘʩʩʳ ʰʣʘʢʘ. ʄʘʩʩʘ ʢʠʩʣʦʨʦʜʘ ʪʘʢʞʝ ʙʳʣʘ  

ʧʦʩʪʦʷʥʥʦʡ  ʠ ʩʦʩʪʘʚʣʷʣʘ 100%  ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʦʢʠʩʣʝʥʠʷ  ʩʫʣʴʬʠʜʦʚ ʩʚʠʥʮʘ  ʠ ʮʠʥʢʘ  ʜʦ ʦʢʩʠʜʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 3.22 ʧʨʠʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʧʦʤʦʱʠ 

ʢʦʤʧʣʝʢʩʘ HSC-5.11 ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʩʚʠʥʝʮ,    ʮʠʥʢ ʠ ʤʝʜʴ      ʧʨʠ ʜʘʚʣʝʥʠʠ 1 ʠ  0,1ʙʘʨ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʠʜʥʦ, ʯʪʦ ʚ  

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʩʚʠʥʝʮ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ   , , 

, ʮʠʥʢ      ʠ ʤʝʜʴ 

, , .ʋʤʝʥʴʰʝʥʠʝ ʜʘʚʣʝʥʠʷ  ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʚʝʣʠʯʝʥʠʶ  ʠ ʫʤʝʥʴʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ. 
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1 - ʜʘʚʣʝʥʠʝ 1ʙʘʨ; 2 - ʜʘʚʣʝʥʠʝ 0,1 ʙʘʨ 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭ: ʘ) ʩʚʠʥʝʮ; b) ʮʠʥʢ; c) 

ʤʝʜʴ 

ʈʠʩʫʥʦʢ 3.22  ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭ  ʩʚʠʥʝʮ,  ʮʠʥʢ ʠ ʤʝʜʴ  ʚ ʩʠʩʪʝʤʝ  ʰʣʘʢ ï

(CaCl2 + NaCl)  ʆ2 

 

ʅʘ ʨʠʩʫʥʢʝ 3.23  ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʥʘ  
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ʮʠʥʢʘ, ʤʝʜʠ ʠʟ ʰʣʘʢʦʚ   ʚ ʧʨʠʩʫʪʩʪʚʠʠ   CaCl2  ʠ NaCl 
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ʀʟ ʨʠʩʫʥʢʘ 3.23 ʚʠʜʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ . 

ʇʨʠʤʝʤ  

ɺ ʪʘʙʣʠʮʘʭ 3.4-3.6 ʧʨʠʚʝʜʝʥʘ ʤʘʪʨʠʮʘ    ʠʩʩʣʝʜʦʚʘʥʠʡ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʨʦʪʦʪʘʙʝʣʴʥʳʤ ʧʣʘʥʠʨʦʚʘʥʠʝʤ   ʚʪʦʨʦʛʦ  ʧʦʨʷʜʢʘ) ʠ ʠʭ ʨʝʟʫʣʴʪʘʪʳ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʡ ʚʣʠʷʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʊ,
 0
ʉ)  ʠ ʜʘʚʣʝʥʠʷ (lgP,ʙʘʨ) ʥʘ ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʩʚʠʥʮʘ 

, ʮʠʥʢʘ , ʤʝʜʠ : 

 

        (3.26) 

;      (3.27) 

      (3.28) 

ʀʩʧʦʣʴʟʫʷ    ʧʦʣʫʯʝʥʥʳʝ   ʫʨʘʚʥʝʥʠʷ   ʧʦ ʤʝʪʦʜʠʢʝ  [89]  ʧʦʩʪʨʦʝʥʳ 

ʦʙʲʝʤʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʣʠʷʥʠʷ  ʪʝʤʧʝʨʘʪʫʨʳ   ʠ ʜʘʚʣʝʥʠʷ  ʥʘ  , 

,   ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʨʘʟʨʝʟʳ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʨʠʩʫʥʦʢ 3). ʀʟ 

ʨʠʩʫʥʢʘ 31 ʚʠʜʥʦ, ʯʪʦ  ʦʪ 95  ʜʦ 100%  ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʣʘʩʪʠ  abcd, 

  ʦʪ 90 ʜʦ 100%  ʚ ʦʙʣʘʩʪʠ  xyzf   ʠ    ʚ ʦʙʣʘʩʪʠ   nmet. ɺ 

ʪʘʙʣʠʮʝ 4 ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ   ʠ ʜʘʚʣʝʥʠʷ  ʚ ʛʨʘʥʠʯʥʳʭ ʪʦʯʢʘʭ 

ʥʘʡʜʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʙʣʘʩʪʝʡ. 

 

ʊʘʙʣʠʮʘ 3.4  ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʫ ʩʚʠʥʮʘ ʠʟ ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ   

 

 

 ̄
ʇʝʨʝʤʝʥʥʳʝ ʬʘʢʪʦʨʳ 

ʉʪʝʧʝʥʴ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ 

ʩʚʠʥʮʘ,% 

ʂʦʜʠʨʦʚʘʥʥʳʡ 

ʚʠʜ 

ʅʘʪʫʨʘʣʴʥʳʡ ʚʠʜ 
  

ʭ1 ʭ2 lgP (ʙʘʨ) T,
0
C 

1 +1 +1 -0.3 (0.50) 1241.8 95.01 93.63 

2 +1 -1 -0.3 (0.50) 958.2 76.52 74.79 

3 -1 +1 -1.7 (0.02) 1241.8 99.92 99.82 

4 -1 -1 -1.7 (0.02) 958.2 96.03 95.58 

5 +1.414 0 -0.0 (0.00) 1100 79.04 80.80 

6 -1.414 0 -2.0 (0.01) 1100 99.91 99.87 

7 0 +1.414 -1.0 (0.1) 1300 99.12 99.74 

8 0 -1.414 -1.0 (0.1) 900 123.03 83.42 

9 0 0 -1.0 (0.1) 1100 95.03 95.24 

10 0 0 -1.0 (0.1) 1100 95.32 95.24 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.4 

11 0 0 -1.0 (0.1) 1100 94.71 95.24 

12 0 0 -1.0 (0.1) 1100 94.83 95.24 

13 0 0 -1.0 (0.1) 1100 96.44 95.24 

 

ʊʘʙʣʠʮʘ 3.5  ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʫ ʮʠʥʢʘ ʠʟ ʦʪʚʘʣʴʥʳʭ  ʰʣʘʢʦʚ  

 

 

 ̄
ʇʝʨʝʤʝʥʥʳʝ ʬʘʢʪʦʨʳ 

ʉʪʝʧʝʥʴ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ 

ʮʠʥʢʘ,% 

ʂʦʜʠʨʦʚʘʥʥʳʡ 

ʚʠʜ 

ʅʘʪʫʨʘʣʴʥʳʡ ʚʠʜ 
  

ʭ1 ʭ2 lgP (ʙʘʨ) T,
0
C  

1 +1 +1 -0.3 (0.50) 1441.8 70.02 68.48 

2 +1 -1 -0.3 (0.50) 1158.2 22.21 18.72 

3 -1 +1 -1.7 (0.02) 1441.8 65.33 66.51 

4 -1 -1 -1.7 (0.02) 1158.2 33.33 36.68 

5 +1.41

4 

0.0 -0.0 (0.00) 1300.0 
95.01 91.61 

6 -1.414 0.0 -2.0 (0.01) 1300.0 92.02 90.75 

7 0.0 +1.414 -1.0 (0.1) 1500.0 31.84 33.04 

8 0.0 -1.414 -1.0 (0.1) 1100.0 71.01 71.72 

9 0.0 0.0 -1.0 (0.1) 1300.0 71.02 71.72 

10 0.0 0.0 -1.0 (0.1) 1300.0 72.33 71.72 

11 0.0 0.0 -1.0 (0.1) 1300.0 73.12 71.72 

12 0.0 0.0 -1.0 (0.1) 1300.0 71.63 71.72 

13 0.0 0.0 -1.0 (0.1) 1300 71.71 71.72 

 

ʊʘʙʣʠʮʘ 3.6  ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʫ  ʤʝʜʠ ʠʟ  ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ  

 

 

 ̄
ʇʝʨʝʤʝʥʥʳʝ ʬʘʢʪʦʨʳ 

ʉʪʝʧʝʥʴ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ 

ʤʝʜʠ,% 

ʂʦʜʠʨʦʚʘʥʥʳʡ 

ʚʠʜ 

ʅʘʪʫʨʘʣʴʥʳʡ ʚʠʜ 
  

ʭ1 ʭ2 lgP (ʙʘʨ) T,
0
C 

1 +1 +1 -0.3 (0.50) 1370.7 36.42 41.10 

2 +1 -1 -0.3 (0.50) 1329.3 12.21 8.93 

3 -1 +1 -1.7 (0.02) 1370.7 97.21 98.13 

4 -1 -1 -1.7 (0.02) 1329.3 88.02 80.57 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.6 
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5 +1.414 0.0 -0.0 (0.00) 1400.0 13.03 11.22 

6 -1.414 0.0 -2.0 (0.01) 1400.0 98.11 102.0 

7 0.0 +1.414 -1.0 (0.1) 1500.0 80.32 75.24 

8 0.0 -1.414 -1.0 (0.1) 1300.0 33.13 40.07 

9 0.0 0.0 -1.0 (0.1) 1400.0 64.52 64.32 

10 0.0 0.0 -1.0 (0.1) 1400.0 63.04 64.32 

11 0.0 0.0 -1.0 (0.1) 1400.0 62.92 64.32 

12 0.0 0.0 -1.0 (0.1) 1400.0 65.23 64.32 

13 0.0 0.0 -1.0 (0.1) 1400.0 63.91 64.32 
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1-ʆʙʲʝʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ; 2-ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ ʨʘʟʨʝʟ 

ʈʠʩʫʥʦʢ 3.24  ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ   ʠ  ʜʘʚʣʝʥʠʷ  ʥʘ ʩʪʝʧʝʥʴ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʩʚʠʥʮʘ, ʮʠʥʢʘ, ʠ ʤʝʜʠ   ʚ ʩʠʩʪʝʤʝ   ʰʣʘʢ ï(CaCl2 + NaCl) ⱷ 

ʆ2 

 

ʊʘʙʣʠʮʘ 3.7  ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʧʪʠʤʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʪʘʣʣʦʚ ʠʟ ʰʣʘʢʦʚ   ʩʤʝʩʴʶ  CaCl2  ʠ  NaCl,  ʭʘʨʘʢʪʝʨʥʦʡ  

ʜʣʷ ʜʠʩʪʠʣʣʝʨʥʦʡ    ʞʠʜʢʦʩʪʠ 

 

ʄʝʪʘʣʣ 

(ʦʙʣʘʩʪʴ, 

ʨʠʩʫʥʦʢ) 

ʇʘʨʘʤʝʪʨʳ 

ʊʦʯʢʠ  ʦʙʣʘʩʪʠ 

ʘ b c d 

Cʚʠʥʝʮ 

(abcd, 

ʨʠʩʫʥʦʢ 

3, ɯ) 

T,
0
C 933.7 1130.1 1300 1300 

lgP (ʙʘʨ) -1.75(0.0177) -1.75(0.0177) -1.195(0.06) -0.48(0.33) 

 95.0 100.0 100.0 95.0 

ʎʠʥʢ 

(xyzf, 

ʨʠʩʫʥʦʢ 

3, ɯɯ) 

ʇʘʨʘʤʝʪʨʳ 
ʊʦʯʢʠ  ʦʙʣʘʩʪʠ 

x y z f 

T,
0
C 1279.3 1417.1 1500 1500 

lgP (ʙʘʨ) -2.0(0.01) -2.0(0.01) -1,695(0.02) -0.972(0.1067) 

 90.0 100.0 100.0 90.0 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.7 

ʄʝʜʴ 

(nmet, 

ʨʠʩʫʥʦʢ 

3, ɯɯɯ) 

ʇʘʨʘʤʝʪʨʳ ʊʦʯʢʠ  ʦʙʣʘʩʪʠ 

n m e t 

T,
0
C 1337.7 1382.9 1500 1500 

lgP (ʙʘʨ) -2.0(0.01) -2.0(0.01) -1.75(0.0177) -1.418(0,381) 

 90.0 100.0 100.0 90.0 
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ʀʟ ʪʘʙʣʠʮʳ 3.7 ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʩʪʝʧʝʥʠ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʩʚʠʥʮʘ ʦʪ 95  

ʜʦ 100%   ʥʝʦʙʭʦʜʠʤʘ ʪʝʤʧʝʨʘʪʫʨʘ 933.7 1300
0
ʉ  ʠ lgP  ʦʪ   -0.48  ʜʦ -1.75  

(ʜʘʚʣʝʥʠʝ  0.33-0.0177    ʙʘʨ), ʮʠʥʢʘ ï ʦʪ 90.0   ʜʦ 100%   1279.3 -1500
0
ʉ  ʠ  

lgP  ʦʪ   -0.972  ʜʦ  -2  (ʜʘʚʣʝʥʠʝ    0.107 - 0,01ʙʘʨ),  ʤʝʜʠ   ʦʪ 1337.7   ʜʦ 

1500
0
ʉ  ʠ  lgP  ʦʪ   -1.418  ʜʦ  -2  (ʜʘʚʣʝʥʠʝ       0.038 - 0,01 ʙʘʨ).  ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʪʘʙʣʠʮʳ 3.7  ʧʨʠ ʜʘʚʣʝʥʠʠ 0.01ʙʘʨ   ʜʣʷ ʚʳʩʦʢʦʡ  ʩʪʝʧʝʥʠ  ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ  

ʤʝʜʠ  ʥʝʦʙʭʦʜʠʤʘ  ʚʳʩʦʢʘʷ  ʪʝʤʧʝʨʘʪʫʨʘ (1337.7
0
ʉ), ʜʣʷ ʮʠʥʢʘ ʦʥʘ ʤʦʞʝʪ 

ʙʳʪʴ ʩʥʠʞʝʥʘ  ʜʦ 1279.3
0
ʉ ʠ ʩʚʠʥʮʘ  ʜʦ  933.7

0
ʉ.  ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʦʯʥʦʛʦ ʦʙʞʠʛʘ  ʰʣʘʢʦʚ   ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ ʥʝ ʜʦʣʞʥʘ 

ʧʨʝʚʳʰʘʪʴ   ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʰʣʘʢʦʚ (1200
0
ʉ), ʪʦ ʝʩʪʴ ʤʘʢʩʠʤʘʣʴ 

1100-1150
0
ʉ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ   ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ   ʠ  Zn  ʧʨʠ ʵʪʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ  ʜʘʚʣʝʥʠʝ.  

ɺ ʪʘʙʣʠʮʝ 3.8 ʧʨʠʚʝʜʝʥʦ ʚʣʠʷʥʠʝ ʫʤʝʥʴʰʝʥʠʷ  ʜʘʚʣʝʥʠʷ   ʥʘ ʧʨʠ   

ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ   (1100-1150
0
ʉ). 

 

ʊʘʙʣʠʮʘ 3.8  ɺʣʠʷʥʠʝ   ʜʘʚʣʝʥʠʷ   ʥʘ ʧʨʠ   ʧʦʥʠʞʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 

 

1100
0
ʉ 3.6% 

 (0.1ʙʘʨ) 

14.3% 

(0.01 ʙʘʨ) 

54.8% 

( 0.001  ʙʘʨ) 

100% 

(0.00032 ʙʘʨ) 

1150
0
ʉ 7.4%  

(0.1ʙʘʨ) 

31,6%  

( 0.01ʙʘʨ) 

86.4%  

(0.001   ʙʘʨ) 

100%  

(0.00056 ʙʘʨ) 

 

ʀʟ ʪʘʙʣʠʮʳ 8 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ 1150
0
ʉ ʠ ʜʘʚʣʝʥʠʠ 0.001ʙʘʨ   

ʧʨʝʚʳʰʘʝʪ 85%. ʇʨʠ ʵʪʦʤ ʮʠʥʢ ʠ ʩʚʠʥʝʮ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʦʜʷʪ ʚ 

ʛʘʟʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ [96-98]. 

 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ  ʚʦʟʤʦʞʥʦʩʪʠ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ   ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʩʠʥʮʘ, ʮʠʥʢʘ ʠ ʤʝʜʠ   ʠʟ ʰʣʘʢʦʚ  

ʬʴʶʤʠʥʛʦʚʘʥʠʷ  ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʘʛʣʦʤʝʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ [99] ʩ ʰʠʭʪʦʡ 

ʤʘʩʩʦʡ 300-350ʛ. ʇʝʨʝʜ    ʘʛʣʦʤʝʨʘʮʠʦʥʥʳʤ ʦʙʞʠʛʦʤ  ʰʣʘʢ  ʠ ʫʛʦʣʴ (5%  ʦʪ 

ʤʘʩʩʳ ʰʣʘʢʘ)  ʨʘʟʤʝʣʴʯʘʶʪ ʜʦ ʬʨʘʢʮʠʠ <0.1ʤʤ  ʠ ʦʢʦʤʢʦʚʳʚʘʶʪ ʨʘʩʪʚʦʨʦʤ   

ʜʠʩʪʠʣʣʝʨʥʦʡ   ʞʠʜʢʦʩʪʠ. ʉʫʰʢʘ ʛʨʘʥʫʣ ʜʠʘʤʝʪʨʦʤ 1-1.2ʩʤ ʧʨʦʚʦʜʠʣʘʩʴ   

ʧʨʠ 200
0
ʉ ʚ ʪʝʯʝʥʠʝ  30ʤʠʥ. ʉʫʭʠʝ ʛʨʘʥʫʣʳ ʟʘʛʨʫʞʘʣʠʩʴ ʥʘ ʢʦʣʦʩʥʠʢʦʚʫʶ   

ʨʝʰʝʪʢʫ   ʘʛʣʦʤʝʨʘʮʠʦʥʥʦʛʦ ʮʠʣʠʥʜʨʘ   (ʥʘ ʢʦʪʦʨʫʶ  ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʘ 

ʫʣʦʞʝʥʘ ʧʘʩʪʝʣʴ ʠʟ ʦʙʦʞʝʥʥʦʛʦ ʠʟʚʝʩʪʥʷʢʘ). ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʛʨʘʥʫʣ   

ʧʘʷʣʴʥʦʡ ʣʘʤʧʦʡ ʧʨʦʚʦʜʠʣʠ ʨʦʟʞʠʛ. ʇʦʩʣʝ ʨʦʟʞʠʛʘ (5-8ʤʠʥ) ʧʨʦʠʩʭʦʜʠʣʦ 

ʩʣʦʝʚʦʝ    ʛʦʨʝʥʠʝ  ʰʠʭʪʳ  ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʦʡ ʤʝʪʘʣʣʦʚ.  

ʆʪʩʦʩ  ʛʘʟʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ) ʧʨʦʠʩʭʦʜʠʪ  ʧʨʠ  ʧʦʤʦʱʠ   

ʜʳʤʦʩʦʩʘ.  ʈʘʟʨʝʞʝʥʠʝ ʧʦʜ ʢʦʣʦʩʥʠʢʦʚʦʡ ʨʝʰʝʪʢʦʡ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ  

ʤʘʥʦʤʝʪʨʦʤ .  ɺ ʧʝʨʠʦʜ  ʨʦʟʞʠʛʘ ʦʥʦ ʩʦʩʪʘʚʣʷʣʦ 0.006-0.0065ʙʘʨ, ʘ ʚ ʧʝʨʠʦʜ  

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ   0.01-0.015ʙʘʨ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʷʣʘ  

35-40ʤʠʥ. ʊʝʤʧʝʨʘʪʫʨʘ ʤʘʪʝʨʠʘʣʘ ʚ ʩʣʦʝ 1150-1180
0
ʉ. ʉʪʝʧʝʥʴ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʪʘʣʣʘ ʨʘʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ: 
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                                                       (3.29) 

ɻʜʝ  ʠ  - ʤʘʩʩʘ ʤʝʪʘʣʣʘ  ʚ ʰʣʘʢʝ ʠ ʦʛʘʨʢʘ   ʧʦʩʣʝ ʦʙʞʠʛʘ, ʛ. 

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ   ʤʝʜʠ   ʥʘ ʦʩʥʦʚʘʥʠʠ   3 

ʦʙʞʠʛʦʚ  ʩʦʩʪʘʚʠʣʘ  73-88%,  ʮʠʥʢʘ 82-96% ʠ   ʩʚʠʥʮʘ  93-98%. 

 

ɺʳʚʦʜʳ ʧʦ  ʪʨʝʪʴʝʤʫ ʨʘʟʜʝʣʫ  

     ɺ ʪʨʝʪʴʝʤ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠʟ ʰʣʘʢʦʚ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʦʡ ʩʤʝʩʴʶ 

ʭʣʦʨʠʜʦʚ ʢʘʣʴʮʠʷ ʠ ʥʘʪʨʠʷ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʝʜʠʥʝʥʠʡ 

ʩʚʠʥʮʘ, ʮʠʥʢʘ, ʤʝʜʠ ʩ ʭʣʦʨʠʜʘʤʠ ʥʘʪʨʠʷ   ʠ ʢʘʣʴʮʠʷ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ 

ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ. 

      ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʝ  ʤʝʪʘʣʣʦʚ 

ʠʟ ʰʣʘʢʦʚ ʧʦʩʣʝ ʬʴʶʤʠʥʛʦʚʘʥʠʷc    ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ       ʩʤʝʩʠ       

ʤʦʞʥʦ ʩʜʝʣʘʪʴ  ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʤʝʜʠ ʥʘʯʠʥʘʝʪʩʷ  ʧʨʠ ʊ>1000
0
ʉ, ʮʠʥʢʘ ʠ ʩʚʠʥʮʘ   >600

0
ʉ. 

ʍʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʤʝʜʠ       ʩʜʝʨʞʠʚʘʝʪʩʷ      ʭʣʦʨʠʨʦʚʘʥʠʝʤ Cu2O  ʠ 

ʧʝʨʝʭʦʜʦʤ  CuCl2  ʚ ʛʘʟ, ʮʠʥʢʘ  ʭʣʦʨʠʨʦʚʘʥʠʝʤ ZnSiO3, ʘ ʩʚʠʥʮʘ ï 

ʧʝʨʝʭʦʜʦʤ PbCl2  ʚ ʛʘʟ; 

- ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʟʠʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʫ ʤʝʪʘʣʣʦʚ; 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʭʣʦʨʘʛʝʥʪʘ ʦʪ 7  ʜʦ 10     ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ    

      ʠ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʘʝʪ       Ɇ          

ʠ 1500
0
ʉ       ʩʦʩʪʘʚʣʷʝʪ   98,63,  

- ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʞʝʣʝʟʘ  ʥʝ ʧʦʣʫʯʘʝʪ  ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʩʦʩʪʘʚʣʷʷ  

0,026   ʧʨʠ 1500
0
ʉ. 

- ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ ʃʝ-ʐʘʪʝʣʴʝ   ʧʦʚʳʩʠʪʴ ʩʪʝʧʝʥʴ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ  ʤʝʪʘʣʣʦʚ ʤʦʞʥʦ  ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʘʚʣʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ   ʤʝʪʘʣʣʦʚ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ  ʠʟ 

ʩʠʩʪʝʤʳ   ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

-   ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ    NaClʉʪʝʧʝʥʴ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ   ʮʠʥʢʘ  ʧʨʠ ʵʪʦʤ ʜʘʞʝ ʧʨʠ 1700
0
ʉ   ʥʝ ʧʨʝʚʳʰʘʝʪ   35%. 

- ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ   ʉʘʉl2      

ʧʨʦʠʩʭʦʜʠʪ    ʧʨʠ ʊ1400
0
ʉ. 

-  ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʤʝʩʠ  NaCl  ʠ ʉʘʉl2  ʠ ʜʘʚʣʝʥʠʠ 0,1ʄʇʘ ʜʦ 1500
0
ʉ   

: ʧʨʠ 1500
0
ʉ  ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʩʚʠʥʮʘ 

ʩʦʩʪʘʚʣʷʝʪ 90,39%, 56,14   ʠ       48,08  

-ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʦʪ 0,1  ʜʦ  0,001ʄʇʘ  ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʪʘʣʣʦʚ;   ʚ   ʧʨʠʩʫʪʩʪʚʠʠ       ʩʤʝʩʠ  NaCl  ʠ ʉʘʉl2.  
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ʉʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʩʚʠʥʮʘ ʦʪ 70  ʜʦ99,2%  ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ 1100 - 1300
0
ʉ  ʠ lgP  ʦʪ -3  ʜʦ  -0,98, ʩʪʝʧʝʥʴ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʮʠʥʢʘ  ʦʪ 70 ʜʦ 82,5%   ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 1228-1300
0
ʉ   ʠ lgP 

ʦʪ -3   ʜʦ  -2,849   ʠ    ʤʝʜʠ  ʥʘ 70-97,9%  ʧʨʠ   1100-1300
0
ʉ,  lgP  ʦʪ  -3  ʜʦ   -

2,84.    

-ʥʘʠʙʦʣʝʝ ʫʟʢʠʝ ʦʙʣʘʩʪʠ ʜʘʚʣʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨʳ  ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ   

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʮʠʥʢʘ,  ʧʦʵʪʦʤʫ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ  ʩʪʝʧʝʥʠ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ  

ʤʝʪʘʣʣʦʚ    Ó70%    ʧʨʦʮʝʩʩ ʥʝʦʙʭʦʜʠʤʦ  ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  ʥʝ 

ʤʝʥʝʝ 1228
0
ʉ ʠ lgP  -2,54. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ  ʨʝʟʫʣʴʪʘʪʦʚ  ʧʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ  

ʤʦʜʝʣʠʨʦʚʘʥʠʶ   ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ʩʠʣʠʢʘʪʘ ʮʠʥʢʘ  ʩ ʭʣʦʨʠʜʘʤʠ ʥʘʪʨʠʷ ʠ 

ʢʘʣʴʮʠʷ ʠ ʠʭ ʩʤʝʩʠ   ʫʩʪʘʥʦʚʣʝʥʦ: 

-ʭʣʦʨʠʜ ʢʘʣʴʮʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʭʣʦʨʘʛʝʥʪʦʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʭʣʦʨʠʜʦʤ ʥʘʪʨʠʷ; 

-ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʤʝʥʴʰʝʥʠʝ ʜʘʚʣʝʥʠʷ   ʧʦʟʠʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʫ ʮʠʥʢʘ; 

-ʚ ʩʠʩʪʝʤʝ   ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ   ʦʪ  90 ʜʦ 100% ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ  1175-1300
0
ʉ  ʠ lgP   ʦʪ -4   ʜʦ  -3,36. ɺ ʩʠʩʪʝʤʝ  

  ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ   ʦʪ  95,5 ʜʦ 96,7%  ʧʨʦʠʩʭʦʜʠʪ 875-

900
0
ʉ ʠ  -2,5  ʜʦ  -1,75. ʇʨʠ ʜʘʚʣʝʥʠʠ 0,01ʄʇʘ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʮʠʥʢʘ 

ʠʟ    ʩʤʝʩʴʶ ʭʣʦʨʠʜʦʚ ʥʘʪʨʠʷ ʠ ʢʘʣʴʮʠʷ  ʦʪ  90  ʜʦ  95%  ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ   900-1000
0
ʉ; 

-ʧʨʠ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʝ ʩʠʣʠʢʘʪʘ ʮʠʥʢʘ  ʩʤʝʩʴʶ  , 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ  ʧʨʠ ʜʘʚʣʝʥʠʠ 0,001ʄʇʘ  

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʮʠʥʢʘ    ʥʘ  90-95% ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 

900-1000
0
ʉ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ  ʦʪʭʦʜʘ ʩʦʜʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ  ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ 

ʩʠʥʮʘ, ʮʠʥʢʘ ʠ ʤʝʜʠ ʠʟ ʦʪʚʘʣʴʥʳʭ  ʰʣʘʢʦʚ  ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʦʡ ʫʩʪʘʥʦʚʣʝʥʦ: 

- ʚ  ʨʘʚʥʦʚʝʩʥʳʭ           ʫʩʣʦʚʠʷʭ  ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʦʡ  

ʠʟʚʣʝʢʘʝʪʩʷ  ʩʚʠʥʝʮ, ʟʘʪʝʤ   ʮʠʥʢ  ʠ ʤʝʜʴ: ʧʨʠ ʜʘʚʣʝʥʠʠ 1ʙʘʨ  ʠ 1500
0
ʉ   

ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ    ʩʚʠʥʮʘ ʩʦʩʪʘʚʣʷʝʪ  98.63%,   ʮʠʥʢʘ 64.45%,  ʤʝʜʠ 

21.91%; 

- ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʪʝʧʝʥʠ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ     ʩʚʠʥʮʘ  ʜʦ ʫʨʦʚʥʷ  95-

100%  ʥʝʦʙʭʦʜʠʤʘ ʪʝʤʧʝʨʘʪʫʨʘ 933.7 1300
0
ʉ  ʠ lgP  ʦʪ   -0.48  ʜʦ -1.75  

(ʜʘʚʣʝʥʠʝ 0.33-0.0177     ʙʘʨ), ʮʠʥʢʘ ï ʦʪ 90.0   ʜʦ 100%    1279.3 -1500
0
ʉ  ʠ  

lgP  ʦʪ   -0.972  ʜʦ  -2  (ʜʘʚʣʝʥʠʝ    0.107- 0,01ʙʘʨ),  ʤʝʜʠ   ʦʪ 1337.7   ʜʦ 

1500
0
ʉ  ʠ  lgP  ʦʪ   -1.418  ʜʦ  -2  (ʜʘʚʣʝʥʠʝ        0.038 - 0,01 ʙʘʨ); 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʭʣʦʨʠʨʫʶʱʠʤ ʦʙʞʠʛʦʤ  ʧʨʠ 1150-

1180
0
ʉ   ʠ ʜʘʚʣʝʥʠʠ 0.006-0.001 ʙʘʨ ʩʪʝʧʝʥʴ  ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ     ʩʚʠʥʮʘ  

ʩʦʩʪʘʚʣʷʝʪ  93-98%,  ʮʠʥʢʘ  82-96%, ʤʝʜʠ-73-88%. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʠ  

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʩʚʠʥʮʘ, ʮʠʥʢʘ, ʤʝʜʠ  ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʭʣʦʨʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʠʩʪʠʣʣʝʨʥʦʡ 

ʞʠʜʢʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʩʦʩʪʘʚʳ ʩʳʨʴʝʚʳʭ 

ʩʤʝʩʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʭʣʦʨʠʜʦʚ 

ʤʝʪʘʣʣʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʳ ʩʦʩʪʘʚʳ ʩʳʨʴʝʚʳʭ ʩʤʝʩʝʡ ʥʘ 

ʦʩʥʦʚʝ ʦʪʚʘʣʴʥʦʛʦ  ʰʣʘʢʘ, ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ, ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ʠ 

ʫʛʣʷ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʩʚʠʥʮʘ  ʜʦ 80,97%, ʮʠʥʢʘ  78,09%  

ʠ  ʤʝʜʠ ʜʦ 76,52%.   ʇʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ  

ʛʨʘʥʫʣ, ʦʙʞʠʛʘ ʵʪʦʡ ʩʤʝʩʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 66,9ʢʛ/ʛʨʘʥʫʣʫ. 
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4 ʂʀʅɽʊʀʂɸ ʀ ʆʉʆɹɽʅʅʆʉʊʀ ʍʃʆʈʀɼʆɺʆɿɻʆʅʂʀ 

ʅɽʆʈɻɸʅʀʏɽʉʂʀʍ ʍʃʆʈʀɼʆɺ ʎɺɽʊʅʓʍ ʄɽʊɸʃʃʆɺ ɺ 

ʉʀʉʊɽʄɽ ʆʊɺɸʃʔʅʓʁ ʐʃɸʂ-ɼʀʉʊʀʃʃɽʈʅɸʗ ɾʀɼʂʆʉʊʔ 
 

4.1 ʂʠʥʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʭʣʦʨʠʜʦʚ ʠʟ ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ ʩʚʠʥʮʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ  ʧʨʠʩʫʪʩʪʚʠʠ 

ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʠʟʚʣʝʯʝʥʠʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʠʟ ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ ʩʚʠʥʮʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʭʣʦʨʘʛʝʥʪʘ  ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ  ʣʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

4.1. ʋʩʪʘʥʦʚʢʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʟʜʫʭʘ ʠ ʛʘʟʘ ʚ 

ʨʝʘʢʮʠʦʥʥʦʤ   ʧʨʦʩʪʨʘʥʩʪʚʝ. ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʫʙʯʘʪʦʡ ʧʝʯʠ  ʩ 

ʢʘʨʙʦʨʫʥʜʦʚʳʤʠ    ʥʘʛʨʝʚʘʪʝʣʷʤʠ. ɺʦ ʚʥʫʪʨʝʥʥʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ  ʧʝʯʠ   

ʥʘʭʦʜʠʪʩʷ ʢʚʘʨʮʝʚʘʷ  ʪʨʫʙʢʘ  (2) ʩ ʘʣʫʥʜʦʚʦʡ  ʣʦʜʦʯʢʦʡ (3).  ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʨʦʮʝʩʩʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʪʝʨʤʦʧʘʨʦʡ ʇʇ-1 (4), ʨʘʙʦʪʘʶʱʝʡ ʩʦʚʤʝʩʪʥʦ ʩ 

ʧʦʪʝʥʮʠʦʤʝʪʨʦʤ ʂʉʇ-4 (5). ʂʦʥʪʨʦʣʴ ʨʘʩʭʦʜʘ  ʚʦʟʜʫʭʘ   ʧʦʜʘʚʘʝʤʦʛʦ 

ʢʦʤʧʨʝʩʩʦʨʦʤ (Mateus, ʀʪʘʣʠʷ)  ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʨʝʦʤʝʪʨʦʤ (6). ʅʘʧʨʷʞʝʥʠʝ ʚ 

ʧʝʯʴ ʧʦʜʘʚʘʣʦʩʴ ʦʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʈʅʆ-250. ʍʣʦʨʠʜʳ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ 

ʫʣʘʚʣʠʚʘʣʠʩʴ ʚ  ʩʢʣʷʥʢʘʭ, ʥʘʧʦʣʥʝʥʥʳʭ ʨʘʩʪʚʦʨʦʤ   ʉʘ(ʆʅ2)  (7,8). ʃʦʜʦʯʢʘ ʩ 

ʛʨʘʥʥʫʣʠʨʦʚʘʥʥʦʡ ʰʠʭʪʦʡ ʟʘʛʨʫʞʘʣʘʩʴ ʚ ʢʚʘʨʮʝʚʫʶ ʪʨʫʙʢʫ ʧʝʯʠ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʘ  ʨʘʟʦʛʨʝʪʘ  ʜʦ  ʥʝʦʙʭʦʜʠʤʦʡ  ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʧʨʦʜʫʢʪʳ  ʦʙʞʠʛʘ ʚʟʚʝʰʠʚʘʣʠʩʴ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʥʘ ʮʚʝʪʥʳʝ ʤʝʪʘʣʣʳ ʦʙʲʝʤʥʳʤ ʤʝʪʦʜʦʤ ʠʣʠ ʥʘ ʧʨʠʙʦʨʝ 

ɸɸS-1N. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ  ʦʧʳʪʦʚ  ʥʝ ʧʨʝʚʳʰʘʣʘ 3-4%. ʉʪʝʧʝʥʴ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ   ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʦʧʨʝʜʝʣʷʣʦʩʴ   ʦʪʥʦʰʝʥʠʝʤ ʤʘʩʩʳ 

ʚʦʟʦʛʥʦʥʥʦʛʦ ʤʝʪʘʣʣʘ ʢ ʤʘʩʩʝ ʤʝʪʘʣʣʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʟʘʛʨʫʞʝʥʥʦʡ ʰʠʭʪʝ. 

ʂʦʣʠʯʝʩʪʚʦ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ 

(ʤʘʩ.%: S

ʧʨʦʯʠʝ) ʩʦʩʪʘʚʣʷʣʦ 10%  ʦʪ ʤʘʩʩʳ ʰʣʘʢʘ.  ʇʝʨʝʜ ʦʧʳʪʘʤʠ ʰʣʘʢ ʨʘʟʤʘʣʳʚʘʣʠ  

ʜʦ ʬʨʘʢʮʠʠ  ʤʤ. ɿʘʪʝʤ  ʝʛʦ ʦʢʘʪʳʚʘʣʠ ʚ ʩʤʝʩʠ ʩ ʙʝʥʪʦʥʠʪʦʚʦʡ 

ʛʣʠʥʦʡ  ʠ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʴʶ.  ɺʣʘʞʥʳʝ (8-10% )  ʛʨʘʥʫʣʳ ʩʫʰʠʣʠ 

ʧʨʠ 200-260
0
ʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ɺʝʨʭʥʠʡ ʧʨʝʜʝʣ ʩʫʰʢʠ ʙʳʣ ʦʛʨʘʥʠʯʝʥ 

ʪʝʤ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʩʭʦʜʠʪ ʨʘʟʣʦʞʝʥʠʝ   ʧʦ ʨʝʘʢʮʠʠ  

 

                                                (4.1) 

 

ʧʨʠʚʦʜʷʱʠʡ ʢ ʧʦʪʝʨʷʤ ʭʣʦʨʘ.   
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1-ʊʨʫʙʯʘʪʘʷ ʧʝʯʴ, 2- ʢʚʘʨʮʝʚʘʷ ʪʨʫʙʢʘ, 3-  ʣʦʜʦʯʢʘ ʩ ʰʠʭʪʦʡ, 4- ʪʝʨʤʦʧʘʨʘ ʇʇ1, 5-

ʧʦʪʝʥʮʠʦʤʝʪʨ ʂʉʇ-4, 6- ʨʝʦʤʝʪʨ, 7,8- ʩʢʣʷʥʢʘ    ʩ  ʨʘʩʪʚʦʨʦʤ   ʉʘ(ʆʅ2) 

 

ʈʠʩʫʥʦʢ 4.1   ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ 

ʤʝʪʘʣʣʦʚ  

 

ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ   ʧʦ ʠʟʫʯʝʥʠʷʶ   ʚʣʠʷʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ  ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʞʠʛʘ  ʥʘ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʫ ʤʝʜʠ  ʠ 

ʩʚʠʥʮʘ ʠʟ ʦʪʚʘʣʴʥʦʛʦ ʩʚʠʥʮʦʚʦʛʦ ʰʣʘʢʘ  ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ 4.2.  
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ʈʠʩʫʥʦʢ 4.2  ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ  ʠ ʚʨʝʤʝʥʠ ʥʘ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʫ ʤʝʜʠ  ʠ 

ʩʚʠʥʮʘ  ʠʟ ʰʣʘʢʦʚ  
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 ɻʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʤʝʜʠ ʠ 

ʩʚʠʥʮʘ ʚʦʟʨʘʩʪʘʝʪ  ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʦʧʳʪʦʚ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʜʠ  ʠ ʩʚʠʥʮʘ  

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000
0
ʉ,  90 ʤʠʥ,  (ʜʣʷ ʤʝʜʠ - 89,2%, ʩʚʠʥʮʘ - 

92,2%).  ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ çʢʘʞʫʱʝʡʩʷè ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ (ɽʢʘʞ)  

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ, ʦʧʠʩʘʥʥʳʡ ʚ [100], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʨʘʩʯʝʪʳ 

ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʦʜʥʦʛʦ ʫʨʦʚʥʷ ʧʨʦʪʝʢʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ,  . 

  ɺ ʪʘʙʣʠʮʝ 4.1 ʧʦʢʘʟʘʥʦ ʚʨʝʤʷ   ʜʦʩʪʠʞʝʥʠʷ   ʥʝʩʢʦʣʴʢʠʭ   ʫʨʦʚʥʝʡ   

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ  ʤʝʜʠ  ʠ ʩʚʠʥʮʘ. 

 

ʊʘʙʣʠʮʘ 4.1- ɺʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ (ʤʠʥ) ʥʝʩʢʦʣʴʢʠʭ  ʫʨʦʚʥʝʡ  ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ 

ʤʝʜʠ ʠ ʩʚʠʥʮʘ (Ŭ,%)  ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 900-1000
0
ʉ 

 

 

 

900
0
ʉ 950

0
ʉ 1000

0
ʉ 

Cu Pb Cu Pb Cu Pb 

20 17 54 10 30 7 20 

30 25 64 20 43 13 35 

40 35 73 28 54 20 33 

50 45 80 38 63 30 40 

60  81  72  47 

70 77  65  50  
 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʝʞʠʤʘ ʧʨʦʪʝʢʘʥʠʷ  ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʜʠ ʠʟ   

ʧʨʦʜʫʪʦʛʦ ʰʣʘʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ   ʜʘʥʥʳʝ    ʙʳʣʠ     ʦʙʨʘʙʦʪʘʥʳ   

ʫʨʘʚʥʝʥʠʝʤ ʇʘʚʣʶʯʝʥʢʦ[101],  ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ 

ʢʠʥʝʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

 

                                                                                  (4.2) 

 

ʅʘ ʨʠʩʫʥʢʝ 4.3 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ  ʜʣʷ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʜʠ    ʠʟ ʦʪʚʘʣʴʥʦʛʦ ʰʣʘʢʘ 

 ʅʘ ʨʠʩʫʥʢʝ 4.4 ʠ 4.5 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ lgŰ(Ŭi) ï 1/T ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ 

ʫʨʦʚʥʝʡ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʜʠ ʠ ʩʚʠʥʮʘ.   ʀʟ ʵʪʠʭ ʨʠʩʫʥʢʦʚ ʙʳʣʠ  ʥʘʡʜʝʥʳ  

ʟʥʘʯʝʥʠʷ  ʪʘʥʛʝʥʩʘ ʫʛʣʘ  ʥʘʢʣʦʥʘ ʢʘʞʜʦʡ ʧʨʷʤʦʡ ʢ ʦʩʠ ʘʙʮʠʩʩ,) ʜʣʷ 

ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʝʡ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ  ʤʝʜʠ ʠ ʩʚʠʥʮʘ. 
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ʈʠʩʫʥʦʢ 4.3- ɿʘʚʠʩʠʤʦʩʪʴ  ʜʣʷ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʜʠ ʠʟ  

ʰʣʘʢʘ ʧʦʩʣʝ ʬʴʶʤʠʥʛʦʚʘʥʠʷ  

 
 

 

  
 

 

1-Ŭʭʣ=20%,  2- Ŭʭʣ=50%,  3-Ŭʭʣ=70% 

 

ʈʠʩʫʥʦʢ 4.4 - ɿʘʚʠʩʠʤʦʩʪʴ lgŰ(Ŭi) ï 1/T ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʝʡ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ  ʤʝʜʠ  
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1-Ŭʭʣ=20%,  2- Ŭʭʣ=40%,  Ŭʭʣ=60% 

 

ʈʠʩʫʥʦʢ 4.5 ɿʘʚʠʩʠʤʦʩʪʴ lgŰ(Ŭi) ï 1/T ʜʣʷ  ʥʝʩʢʦʣʴʢʠʭ  ʫʨʦʚʥʝʡ  

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ   ʩʚʠʥʮʘ 
 

 

 
 

1-ʤʝʜʴ, 2-ʩʚʠʥʝʮ 

 

ʈʠʩʫʥʦʢ 4.6 - ɿʘʚʠʩʠʤʦʩʪʴ çʢʘʞʫʱʝʡʩʷè ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʦʪ  ʩʪʝʧʝʥʠ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʜʠ ʠ ʩʚʠʥʮʘ 

 

ɿʘʚʠʩʠʤʦʩʪʴ     ʜʣʷ    ʤʝʜʠ   ʠ ʩʚʠʥʮʘ   ʦʧʠʩʳʚʘʶʪʩʷ      

ʫʨʘʚʥʝʥʠʷʤʠ    

        ;                                        (4.3) 

 

                                          (4.4) 
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ʀʟ ʫʨʘʚʥʝʥʠʡ  (4.3), (4.4) ʚʠʜʥʦ, ʯʪʦ ʧʝʨʠʦʜ ʟʘʨʦʞʜʝʥʠʷ ʨʝʘʢʮʠʠ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ    ʤʝʜʠ, ʢʦʛʜʘ  ʧʨʠʙʣʠʞʘʝʪʩʷ     ʢ    ʥʫʣʶ,    

ʩʦʩʪʘʚʣʷʝʪ     ʜʣʷ      ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ    ʤʝʜʠ, ʘ ʜʣʷ ʩʚʠʥʮʘ   

  ʜʣʷ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʩʚʠʥʮʘ.  

ʇʦ   ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʨʷʤʳʭ ʢ ʦʩʠ ʘʙʮʠʩʩ ʙʳʣʘ ʥʘʡʜʝʥʘ  ʢʦʥʩʪʘʥʪʘ 

ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ   (ʪʘʙʣʠʮʘ 4.2). 

ʊʘʙʣʠʮʘ 4.2  ɿʥʘʯʝʥʠʝ  ʜʣʷ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʜʠ ʠ ʩʚʠʥʮʘ 

 

ʊ,
 0
ʉ  900

0
ʉ 950

0
ʉ 1000

0
ʉ 

 
, ʤʠʥ

-1 

Cu 0,004 0,005 0,006 

Pb 0,002 0,003 0,005 

 

ʅʘ ʨʠʩʫʥʢʝ 4.7 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ .  

 
 

 

ʈʠʩʫʥʦʢ 4.7- ɿʘʚʠʩʠʤʦʩʪʴ lg k = f(1/T)Ŀ10
4 

 

ʇʦ ʫʛʣʫ ʥʘʣʦʥʘ ʧʨʷʤʦʡ ʢ ʦʩʠ ʘʙʮʠʩʩ ʨʠʩʫʥʢʘ 4.7 ʙʳʣ ʥʘʡʜʝʥ  ʝʛʦ 

ʪʘʥʛʝʥʩ   ɿʘʪʝʤ, ʧʦ ʬʦʨʤʫʣʝ  (1)  ʦʧʨʝʜʝʣʝʥʘ    ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 

96ʢɼʞ/ʤʦʣʴ  ʜʣʷ   ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ     ʤʝʜʠ  ʠ 191ʢɼʞ/ʤʦʣʴ ʜʣʷ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʩʚʠʥʮʘ. ɺʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ     ʩʦʚʧʘʜʘʝʪ ʩ    

ʦʧʨʝʜʝʣʝʥʥʦʡ ʨʘʥʝʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʚ ʢʠʥʝʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ. 

ʅʘ ʨʠʩʫʥʢʝ 4.8  ʧʦʢʘʟʘʥ ʬʨʘʛʤʝʥʪ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʥʘ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʫ ʮʠʥʢʘ ʠʟ ʰʣʘʢʦʚ. ɺʠʜʥʦ, ʯʪʦ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʮʠʥʢʘ ʥʘ 80-

90% (ʟʘʢʨʘʰʝʥʥʘʷ ʯʘʩʪʴ ʨʠʩʫʥʢʘ 10) ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ 69-90 ʤʠʥʫʪ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 950-1000
0
ʉ. ɿʘʚʠʩʠʤʦʩʪʴ lgŰ= f(1/T) ʜʣʷ 60% 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʮʠʥʢʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.9. 
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ʈʠʩʫʥʦʢ 4.8  ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʥʘ ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ 

ʮʠʥʢʘ ʠʟ ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ (ʬʨʘʛʤʝʥʪ) 
 

 
 

 

ʈʠʩʫʥʦʢ 4.9 ɿʘʚʠʩʠʤʦʩʪʴ lgŰ(60)= f(1/T) ʜʣʷ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʮʠʥʢʘ ʠʟ 

ʰʣʘʢʦʚ ʧʦʩʣʝ ʬʴʶʤʠʥʛʦʚʘʥʠʷ   

ɽʢʘʞ     ʜʣʷ    ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ   ʮʠʥʢʘ ʠʟ ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ ,  

ʨʘʩʯʠʪʘʥʘʷ ʧʦ ʫʨʘʚʥʝʥʠʶ (4.5) ʩʦʩʪʘʚʣʷʝʪ 58 ʢɼʞ/ʤʦʣʴ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

[101], ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʮʠʥʢʘ ʠʟ ʰʣʘʢʦʚ ʧʨʦʪʝʢʘʝʪ ʥʘ ʛʨʘʥʠʮʝ ʧʝʨʝʭʦʜʥʦʛʦ ʠ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʦʚ. 

 

                                            (4.5) 

   

(1/T)Ŀ10
4 
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ɺ ʪʘʙʣʠʮʝ 4.3 -  ʧʨʠʚʝʜʝʥʳ  ʨʘʩʯʠʪʘʥʥʳʝ  ʟʥʘʯʝʥʠʷ    

ʊʘʙʣʠʮʘ 4.3- ɿʥʘʯʝʥʠʷ    ʜʣʷ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ  ʤʝʜʠ ʠ 

ʩʚʠʥʮʘ 

 

 

20 40 50 60 70 

Cu Pb Pb Cu Pb Pb Cu 

ɽʢʘʞ, 
ʢɼʞ/ʤʦʣʴ 

126 138 109 72 96 88 54 

 

ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 4.3 ʙʣrʠ ʥʘʡʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ   ʜʣʷ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʜʠ ʠ ʩʚʠʥʮʘ ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 7. ʇʦʣʫʯʝʥʥʳʝ 

ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ   ʧʦʢʘʟʘʣʠ , ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʜʠ ʠ ʩʚʠʥʮʘ ʟʥʘʯʝʥʠʷ ʢʘʞʫʱʝʡʩʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ    

ʫʤʝʥʴʰʘʝʪʩʷ (ʜʣʷ ʤʝʜʠ ʦʪ 126 ʜʦ 54 ʢɼʞ/ʤʦʣʴ, ʜʣʷ ʩʚʠʥʮʘ ʦʪ 138 ʜʦ 88 

ʢɼʞ/ʤʦʣʴ). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [101], ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʧʨʦʪʝʢʘʥʠʷ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʜʠ  ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʘʯʘʣʝ ʚ ʢʠʥʝʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ, ʘ ʟʘʪʝʤ ʧʨʠ Ŭʭʣ=70%  ʥʘ ʛʨʘʥʠʮʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ 

ʨʝʞʠʤʦʚ, ʘ ʩʚʠʥʮʘ ʧʨʠ  Ŭʭʣ= 20-60%  ʚ ʢʠʥʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ (ʇʨʠʣʦʞʝʥʠʝ 

ɹ).  

 

4.2 ʆʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʮʚʝʪʥʳʭ 

ʤʝʪʘʣʣʦʚ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ 

ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ  ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʝʨʠʚʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʤʝʩʠ ʦʢʩʠʜʦʚ ʩ ʭʣʦʨʠʜʦʤ  ʢʘʣʴʮʠʷ ï 

ʦʩʥʦʚʥʳʤ ʭʣʦʨʠʨʫʶʱʠʤ ʘʛʝʥʪʦʤ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ( ʢʘʢ ʧʦ ʤʘʩʩʝ, ʪʘʢ 

ʠ ʧʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ) [102]. 

 ʅʘ ʨʠʩʫʥʢʝ 4.10 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ɼʊɸ, ʘ ʥʘ ʨʠʩʫʥʢʝ 4.11 ʈʌɸ  

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʤʝʩʠ ʦʢʩʠʜʦʚ ʩʚʠʥʮʘ, ʤʝʜʠ, ʮʠʥʢʘ ʩ ʭʣʦʨʠʜʦʤ ʢʘʣʴʮʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 4.10- ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ Cu2O-PbO-

ZnO-CaCl2 
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ʈʠʩʫʥʦʢ 4.11- ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʦʩʪʘʪʢʘ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ 

Cu2O-PbO-ZnO-CaCl2  ʧʨʠ 945ʂ 

 

ɸʥʘʣʠʟ ɼʊɸ ʩʠʩʪʝʤʳ Cu2O-PbO-ZnO-CaCl2 ʚ ʦʙʣʘʩʪʠ ʧʝʨʚʦʛʦ 

ʵʢʟʦʵʬʬʝʢʪʘ ʧʦʢʘʟʘʣ, ʯʪʦ  ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʦʭʣʦʨʠʜʦʚ ʩʚʠʥʮʘ 

(nPbOĿPbCl2[n=2; 3,5 ʠ 4]) ʦʢʩʦʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ  CaOĿCaCl2.  

ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ 943-946ʂ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ 

Cu2O-PbO-ZnO-CaCl2 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʜʫʢʪʘʤʠ ʭʣʦʨʠʨʦʚʘʥʠʷ ʧʦ ʮʚʝʪʥʳʤ 

ʤʝʪʘʣʣʘʤ ʷʚʣʷʶʪʩʷ 2PbOĿPbCl2, PbCl2, CuCl, ZnCl2. ʉʣʝʜʦʚʘʪʝʣʴʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʢʩʦʭʣʦʨʠʜʦʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʠʥʮʘ ʠ 

ʢʘʣʴʮʠʷ. ʇʨʠʯʝʤ ʦʢʩʦʭʣʦʨʠʜ ʢʘʣʴʮʠʷ ʫʩʪʦʡʯʠʚ ʪʦʣʴʢʦ ʧʨʠ ʥʝʙʦʣʴʰʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʅʘ ʨʠʩʫʥʢʝ 4.12 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ɼʊɸ ʠ ʥʘ ʨʠʩʫʥʢʝ 4.13 ʈʌɸ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʤʝʩʠ ʦʢʩʠʜʦʚ ʤʝʜʠ, ʮʠʥʢʘ, ʩʚʠʥʮʘ, ʞʝʣʝʟʘ ʩ ʭʣʦʨʠʜʦʤ 

ʢʘʣʴʮʠʷ. ʀʟ  ʨʠʩʫʥʢʘ  4.12  ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʧʨʠ 562ʂ ʦʪʤʝʯʘʝʪʩʷ 

ʥʘʯʘʣʦ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʬʦʥʝ ʢʦʪʦʨʦʛʦ ʚʠʜʥʳ 3 

ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʧʨʠ 758, 982, 1052ʂ.  

 

 

ʈʠʩʫʥʦʢ 4.12- ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ Cu2O-PbO-

ZnO-Fe2O3- CaCl2 
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ʈʠʩʫʥʦʢ 4.13-  ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʦʩʪʘʪʢʘ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ Cu2O-

PbO-ZnO-Fe2O3- CaCl2 

 

ʇʨʠʯʝʤ, ʧʨʠ 1143ʂ  ʦʪʤʝʯʘʝʪʩʷ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʢʨʠʚʦʡ ʠ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʥʘʚʝʩʢʠ. ʈʌɸ ʦʩʪʘʪʢʦʚ ʦʪ ɼʊɸ 

ʧʨʠ 600ʂ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʭʣʦʨʠʨʦʚʘʥʠʠ  PbO, ʧʨʦʜʫʢʪʦʤ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʦʢʩʦʭʣʦʨʠʜʳ 4PbOĿPbCl2, 3,5PbOĿ PbCl2, 2PbOĿ PbCl2. 

ʇʨʠ 770ʂ ʚ ʩʠʩʪʝʤʝ ʦʪʤʝʯʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ CuCl, ZnCl2 ʠ  FeOCl, ʘ ʧʨʠ 980ʂ 

 FeCl2. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ 980ʂ ʚ ʠʟʫʯʘʝʤʦʡ ʩʠʩʪʝʤʝ ʦʪʤʝʯʝʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ 2CaOĿFe2O3. ʅʘ ʦʩʥʦʚʘʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʧʨʦʜʫʢʪʦʚ ʠ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʥʜʦʵʬʬʝʢʪ ʧʨʠ 758ʂ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 

ʧʣʘʚʣʝʥʠʶ PbCl2, 962ʂ  ʨʘʟʣʦʞʝʥʠʶ  FeOCl ʥʘ Fe2O3 ʠ FeCl3 ʠ ʧʣʘʚʣʝʥʠʶ 

FeCl2, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʜʠʩʩʦʮʠʘʮʠʠ FeCl3(FeCl3Ÿ FeCl2+0,5Cl2), 1052-

ʧʣʘʚʣʝʥʠʝʤ CaCl2. ʀʥʪʝʥʩʠʚʥʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʥʘʚʝʩʢʠ ʧʨʠ ʊ>1143ʂ ʩʚʷʟʘʥʘ ʩ     

ʠʩʧʘʨʝʥʠʝʤ           ʦʙʨʘʟʫʶʱʠʭʩʷ           ʭʣʦʨʠʜʦʚ: ʈPbCl2 ʧʨʠ 1100ʂ=164,  

ʈCuCl2 (1100ʂ)=106 ʠ ʈCuCl(1100ʂ)=0,55 ʤʤ.ʨʪ.ʩʪ [102].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ  ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʭʣʦʨʠʨʫʝʪʩʷ (ʯʝʨʝʟ 

ʦʢʩʦʭʣʦʨʠʜʳ)PbO, ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ CuCl, 

ZnCl2 ʠ  FeOCl.  ʆʙʨʘʟʦʚʘʥʠʝ FeCl2 ʚ ʩʠʩʪʝʤʝ ʦʪʤʝʯʘʝʪʩʷ ʧʨʠ ʊ>980ʂ.  

 

ɺʳʚʦʜʳ ʧʦ ʯʝʪʚʝʨʪʦʤʫ ʨʘʟʜʝʣʫ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ  ʧʦ ʢʠʥʝʪʠʢʝ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ 

ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ  ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ  ʠʟ 

ʦʪʚʘʣʴʥʦʛʦ ʰʣʘʢʘ  (ʩʚʠʥʮʘ ʥʘ 92,2%,  ʤʝʜʠ - 89,2%, ʮʠʥʢʘ 92% ) ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000
0
ʉ  ʟʘ 90 ʤʠʥ. 

- ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʜʠ ʠ ʩʚʠʥʮʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝʤ Eʢʘʞ  ʜʣʷ ʤʝʜʠ ʦʪ 126 ʜʦ 54 ʢɼʞ/ʤʦʣʴ ʠ ʩʚʠʥʮʘ ʦʪ    128    ʜʦ 88 

ʢɼʞ/ʤʦʣʴ. ʍʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʤʝʜʠ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʧʨʦʪʝʢʘʝʪ ʚ 

ʢʠʥʝʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʚ ʢʦʥʮʝ ʚ ʧʝʨʝʭʦʜʥʦʤ, ʘ ʩʚʠʥʮʘ - ʚ ʢʠʥʝʪʠʯʝʩʢʦʤ 
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ʨʝʞʠʤʝ. Eʢʘʞ ʧʝʨʠʦʜʘ ʟʘʨʦʞʜʝʥʠʷ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʜʠ  ʩʦʩʪʘʚʣʷʝʪ 140.04 

ʢɼʞ/ʤʦʣʴ, ʘ ʩʚʠʥʮʘ -162.03 ʢɼʞ/ʤʦʣʴ.  

-ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʮʠʥʢʘ ʧʨʦʪʝʢʘʝʪ ʚ ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ Eʢʘʞ  58 ʢɼʞ/ʤʦʣʴ. 

- ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ  ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʜʠ, ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ  ʚʦʟʤʦʞʥʘ ʟʘ 

ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 

- ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʠʢʦʤʧʦʥʝʥʪʥʳʭ ʦʢʩʠʜʥʳʭ ʩʤʝʩʝʡ ʤʝʜʠ, ʮʠʥʢʘ, 

ʩʚʠʥʮʘ, ʞʝʣʝʟʘ ʩ ʦʩʥʦʚʥʳʤ ʭʣʦʨʠʜʦʤ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ (ʢʘʢ ʧʦ ʤʘʩʩʝ, 

ʪʘʢ ʠ ʧʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ) ï ʭʣʦʨʠʜʦʤ ʢʘʣʴʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʦʭʣʦʨʠʜʦʚ ʩʚʠʥʮʘ (nPbOĿPbCl2), ʞʝʣʝʟʘ (FeOCl), ʢʘʣʴʮʠʷ 

(CaOĿCaCl2), ʘ ʤʝʜʠ ʠ ʮʠʥʢʘ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʦʢʩʦʭʣʦʨʠʜʦʦʙʨʘʟʦʚʘʥʠʷ. 
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5   ʋʂʈʋʇʅɽʅʅʆ-ʃɸɹʆʈɸʊʆʈʅʓɽ      ʀʉʇʓʊɸʅʀʗ 

 ʀɿɺʃɽʏɽʅʀʗ ʄɽʊɸʃʃʆɺ ʀɿ ʆʊɺɸʃʔʅʓʍ ʉɺʀʅʎʆɺʓʍ 

ʐʃɸʂʆɺ ɺ ɺʀɼɽ ʅɽʆʈɻɸʅʀʏɽʉʂʀʍ ʍʃʆʈʀɼʆɺ ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʂʆʄʇʆʅɽʅʊʆɺ ɼʀʉʊʀʃʃɽʈʅʆʁ 

ɾʀɼʂʆʉʊʀ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʫʢʨʫʧʥʝʥʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ 

ʙʳʣʠ ʦʪʦʙʨʘʥʳ  ʧʨʦʙʳ ʩʚʠʥʮʦʚʦʛʦ ʰʣʘʢʘ   ʦʪ ʦʩʥʦʚʘʥʠʷ ʦʪʚʘʣʘ,  ʥʘ ʚʳʩʦʪʝ 

1,5 ʤ ʠ 3ʤ, ʛʣʫʙʠʥʦʡ 0,5  0,7ʤ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʫʩʨʝʜʥʝʥ. ɺ ʢʘʯʝʩʪʚʝ 

ʭʣʦʨʘʛʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʩʪʠʣʣʝʨʥʫʶ  ʞʠʜʢʦʩʪʴ.  ɼʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ  

ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ ʩʚʠʥʮʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠ  ʙʝʥʪʦʥʠʪʦʚʫʶ ʛʣʠʥʫ ɼʘʨʙʘʟʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʦʪʦʨʘʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʣʫʞʠʣʘ    ʩʚʷʟʫʶʱʠʤ.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʳʭ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʪʘʙʣʠʮʝ 5.1.  

ʇʝʨʝʜ ʦʢʦʤʢʦʚʘʥʠʝʤ ʦʪʚʘʣʴʥʳʡ ʩʚʠʥʮʦʚʳʡ ʰʣʘʢ ʠʟʤʝʣʴʯʘʣʩʷ ʥʘ 

ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 7-10 ʢʛ/ʯʘʩ.  ʐʘʨʦʚʘʷ ʤʝʣʴʥʠʮʘ 

ʠʤʝʝʪ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ 37 ʩʤ ʠ ʜʣʠʥʫ 47 ʩʤ. ʉʪʘʣʴʥʳʝ ʤʝʣʁɦ ʠʝ  ʰʘʨr 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʘʤʝʪʨʦʤ 3-4 ʩʤ. ʉʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʰʘʨʘʤʠ ʦʙʲʝʤʘ 

ʤʝʣʴʥʠʮʳ ʩʦʩʪʘʚʣʷʣʘ 25%. ʀʟʤʝʣʴʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 1,5 ʯʘʩʘ 

(ʨʠʩʫʥʦʢ 5.1). 

 
 

 

1-ʙʘʨʘʙʘʥ,  2- ʜʚʠʛʘʪʝʣʴ,  3-ʨʝʜʫʢʪʦʨ 

 

ʈʠʩʫʥʦʢ 5.1  ʐʘʨʦʚʘʷ ʤʝʣʴʥʠʮʘ 
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ʊʘʙʣʠʮʘ 5.1 ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʳʭ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 

 ̄  

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʉʦʜʝʨʞʘʥʠʝ , % 

 FeO Fe2O3 CaO  Mgʆ SiO2 Al 2O3 Na2O

+ 

K2ʆ 

ZnO PbO CuO S Cl H2O ʧʧʧ 

1 ʆʪʚʘʣʴʥʳʡ 

ʩʚʠʥʮʦʚʳʡ 

ʰʣʘʢ   

24,1 6,08 14,8 0,13 33,1 5,03 1,15 6,9 1,6 0,8 1,51  - 4,8 

2 ɼʠʩʪʠʣʣʝʨʥʘʷ 

ʞʠʜʢʦʩʪʴ 

(ʩʫʭʦʡ ʦʩʪʘʪʦʢ) 

- 1,5 31 - 4 2,3 11 - - - 1,1 39,6 4,5 5 

3 ɹʝʥʪʦʥʠʪʦʚʘʷ 

ʛʣʠʥʘ 

- 4,3 9,6 3,13 54,8 21,1 3,5 - - - 0,8  2,5 

 

6 
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ʆʢʦʤʢʦʚʘʥʠʝ ʦʪʚʘʣʴʥʳʭ ʩʚʠʥʮʦʚʳʭ ʰʣʘʢʦʚ ʧʨʦʚʦʜʠʣʦʩʴ  ʩʦʚʤʝʩʪʥʦ ʩ 

ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʦʡ  ʚ ʯʘʰʝʚʦʤ ʛʨʘʥʫʣʷʪʦʨʝ  

ʜʠʘʤʝʪʨʦʤ 1 ʤ ʠ ʚʳʩʦʪʦʡ ʙʦʨʪʘ 0,15ʤ (ʨʠʩʫʥʦʢ 5.2). ɻʨʘʥʫʣʷʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʥʘʢʣʦʥʥʫʶ ʪʘʨʝʣʴ ʩ ʧʣʦʩʢʠʤ ʜʥʠʱʝʤ, ʧʨʠʚʦʜʠʤʫʶ ʚʦ ʚʨʘʱʝʥʠʝ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ.  ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ  ʛʨʘʥʫʣʷʪʦʨʘ  

40ʦʙ/ʤʠʥ, ʫʛʦʣ ʥʘʢʣʦʥʘ   40-60 ʛʨʘʜʫʩʦʚ.  ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʨʘʥʫʣʷʪʦʨʘ 

6-8 ʢʛ ʛʨʘʥʫʣ/ʯʘʩ.  

 

 
 

1-ʯʘʰʘ, 2-ʨʝʜʫʢʪʦʨ, 3-ʤʝʭʘʥʠʟʤ ʥʘʢʣʦʥʘ ʯʘʰʠ 

 

ʈʠʩʫʥʦʢ 5.2- ʏʘʰʝʚʳʡ ʛʨʘʥʫʣʷʪʦʨ 

 

ʇʦʩʣʝ ʦʢʦʤʢʦʚʘʥʠʷ  ʛʨʘʥʫʣʳ ʜʠʘʤʝʪʨʦʤ  1-2 ʩʤ  ʧʦʜʚʝʨʛʘʣʠʩʴ  ʩʫʰʢʝ 

ʧʨʠ  ʪʝʤʧʝʨʘʪʫʨʝ 230-240 
0
ʉ ʚ ʪʝʯʝʥʠʝ 30  ʤʠʥʫʪ. ʅʘ ʨʠʩʫʥʢʘʭ  5.3, 5.4 

ʧʦʢʘʟʘʥʳ çʤʦʢʨʳʝè ʠ çʩʫʭʠʝè  ʛʨʘʥʫʣʳ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ  5.3 ï ʉʳʨʳʝ  ʛʨʘʥʫʣʳ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʦʚʦʛʦ ʰʣʘʢʘ ʠ 

ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ 

 



76 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ʈʠʩʫʥʦʢ 5.4 ï  ɺʳʩʫʰʝʥʥʳʝ ʛʨʘʥʫʣʳ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʦʚʦʛʦ ʰʣʘʢʘ ʠ 

ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ 

 

ʋʢʨʫʧʥʝʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʭʣʦʨʠʜʦʚʦʟʛʦʥʦʯʥʦʛʦ ʦʙʞʠʛʘ 

ʦʪʚʘʣʴʥʳʭ ʩʚʠʥʮʦʚʳʭ ʰʣʘʢʦʚ ʩ ʠʟʚʣʝʯʝʥʠʝʤ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ 

ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʙʘʨʘʙʘʥʥʦʡ   ʧʝʯʠ 

ʧʨʦʭʦʜʥʦʛʦ ʪʠʧʘ ʇɹ 2.13/14 (ʟʘʚʦʜ  ʠʟʛʦʪʦʚʠʪʝʣʴ ʆʆʆ çʋʨʘʣʵʣʝʢʪʨʦʧʝʯʴè, 

ʛ.ɽʢʘʪʝʨʠʥʙʫʨʛ), ʩʠʩʪʝʤ  ʟʘʛʨʫʟʢʠ  ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʡ ʰʠʭʪʳ, ʫʣʘʚʣʠʚʘʥʠʷ 

ʭʣʦʨʠʜʥʳʭ ʚʦʟʛʦʥʦʚ,  ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ,  ʜʘʚʣʝʥʠʷ ʠ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ  

ʧʝʯɹʁ (ʨʠʩʫʥʦʢ 5.5, 5.6).  

ɺʨʘʱʘʶʱʘʷʩʷ ʪʨʫʙʘ ʙʘʨʘʙʘʥʥʦʡ ʧʝʯʠ ʠʤʝʣʘ ʜʠʘʤʝʪʨ 0,2ʤ, ʜʣʠʥʫ 2ʤ. 

ʋʛʦʣ ʥʘʢʣʦʥʘ ʧʝʯʠ 3 ʛʨʘʜʫʩʘ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ï 0,6-0,8 ʦʙ/ʤʠʥ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʝʯʠ 2,8-3 ʢʛ/ʯʘʩ. ʉʠʩʪʝʤʘ ʟʘʛʨʫʟʢʠ ʩʦʩʪʦʷʣʘ ʠʟ  

ʩʳʨʴʝʚʦʛʦ ʠ  ʧʨʠʝʤʥʦʛʦ ʙʫʥʢʝʨʦʚ, ʣʝʥʪʦʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʟʘʛʨʫʟʦʯʥʦʡ 

ʪʝʯʢʠ. ʉʠʩʪʝʤʘ ʫʣʘʚʣʠʚʘʥʠʷ ʭʣʦʨʠʜʥʳʭ ʚʦʟʛʦʥʦʚ ʩʦʩʪʦʷʣʘ ʠʟ ʜʚʫʭ ʢʫʣʝʨʦʚ 

(d=0,1ʤ,   h=1ʤ),  ʜʚʫʭ ʨʫʢʘʚʥʳʭ ʬʠʣʴʪʨʦʚ (d=0,15ʤ,   h= 1ʤ) ʠ ʩʠʩʪʝʤʳ 

ʚʳʙʨʦʩʘ  ʧʝʯʥʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʫ (ʧʝʯʥʦʡ ʛʘʟʦʭʦʜ, ʚʝʥʪʠʣʷʪʦʨ   ʠ 

ʚʝʨʪʠʢʘʣʴʥʳʡ  ʛʘʟʦʭʦʜ ʨʘʟʤʝʨʘʤʠ 0,2 x 0,2 x 16ʤ). 

ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʠʣʠ ʯʝʪʳʨʴʤʷ ʪʝʨʤʦʧʘʨʘʤʠ ʠ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨʘʤʠ ʤʘʨʢʠ ʍʄʊ803. ʄʘʥʦʤʝʪʨʠʯʝʩʢʠʡ 

ʢʦʥʪʨʦʣʴ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʊʅʄʇ-52. ʇʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʣ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ, ʘ ʪʠʨʠʩʪʦʨʥʳʡ ʙʣʦʢ  ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʝʯʠ (ʨʠʩʫʥʦʢ 5.5).  

ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʛʨʘʥʫʣʳ ʟʘʩʳʧʘʣʠʩʴ ʚ ʧʨʠʝʤʥʳʡ (ʦʩʥʦʚʥʦʡ) ʙʫʥʢʝʨ 

ʰʠʭʪʳ, ʟʘʪʝʤ ʧʦ ʪʨʘʥʩʧʦʨʪʝʨʫ ʛʨʘʥʫʣʳ ʧʦʧʘʜʘʣʠ ʚ  ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʙʫʥʢʝʨ, 

ʘ ʠʟ ʥʝʛʦ ï ʯʝʨʝʟ ʪʝʯʢʫ ʚʦ ʚʨʘʱʘʶʱʫʶʩʷ ʧʝʯʴ.  

ɺ ʪʘʙʣʠʮʝ 5.2 ʧʨʠʚʝʜʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʡ ʰʠʭʪʳ.  
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1-ʙʘʨʘʙʘʥʥʘʷ ʦʙʞʠʛʦʚʘʷ ʚʨʘʱʘʶʱʘʷʩʷ ʧʝʯʴ, 2-ʩʠʩʪʝʤʘ ʟʘʛʨʫʟʢʠ, 3-ʢʫʣʝʨʘ, 4-ʨʫʢʘʚʥʳʝ 

ʬʠʣʴʪʨʳ,  5-ʩʠʩʪʝʤʘ ʚʳʙʨʦʩʘ ʧʝʯʥʳʭ ʛʘʟʦʚ, 6-ʤʠʣʣʠʚʦʣʴʪʤʝʪʨʳ, 7-ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ 

 

ʈʠʩʫʥʦʢ 5.5 ï ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʭʣʦʨʠʨʫʶʱʝʛʦ ʦʙʞʠʛʘ ʦʪʚʘʣʴʥʦʛʦ ʩʚʠʥʮʦʚʦʛʦ 

ʰʣʘʢʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ   ʩʫʭʠʤ 

ʫʣʘʚʣʠʚʘʥʠʝʤ  ʚʦʟʛʦʥʦʚ 

 

1, 2 - ʢʫʣʝʨʘ, 3, 4- ʨʫʢʘʚʥʳʝ ʬʠʣʴʪʨʳ, 5 ï ʜʳʤʦʩʦʩ 

 

ʈʠʩʫʥʦʢ 5.6 ï ʆʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʫʩʪʘʥʦʚʢʠ ʩʫʭʦʛʦ ʫʣʘʚʣʠʚʘʥʠʷ ʚʦʟʛʦʥʦʚ 

 
 ʇʨʠʤʝʯʘʥʠʝ ï ʉʦʩʪʘʚʣʝʥʦ ʧʦ ʠʩʪʦʯʥʠʢʫ [103] 
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1- ʪʨʘʥʩʧʦʨʪʝʨ; 2- ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʙʫʥʢʝʨ; 3- ʧʨʠʚʦʜ ʪʨʘʥʩʧʦʨʪʝʨʘ;  

   4- ʦʩʥʦʚʥʦʡ ʙʫʥʢʝʨ; 5- ʚʝʨʪʠʢʘʣʴʥʘʷ ʯʘʩʪʴ ʪʝʯʢʠ;  

 

ʈʠʩʫʥʦʢ 5.7 ï ʉʠʩʪʝʤʘ ʟʘʛʨʫʟʢʠ ʰʠʭʪʳ 

 

 

                     ʈʠʩʫʥʦʢ 5.8 ï ʊʠʨʠʩʪʦʨʥʳʡ ʙʣʦʢ ʩ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘʤʠ 

          ʊʘʙʣʠʮʘ 5.2 - ʇʦʢʘʟʘʪʝʣʠ ʦʙʞʠʛʘ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʡ ʰʠʭʪʳ 

 

ʇʘʨʘʤʝʪʨʳ ʇʦʢʘʟʘʪʝʣʴ 

ʊʝʤʧʝʨʘʪʫʨʘ, 
ʦ
ʉ 

- ʚ ʧʝʯʠ 

-ʛʨʘʥʫʣ ʥʘ ʚʳʭʦʜʝ ʠʟ ʧʝʯʠ 

-ʛʘʟʦʚ ʚ ʧʝʨʚʦʤ ʢʫʣʝʨʝ 

 

1050-1100 

430-460 

370-430 

-ʛʘʟʦʚ ʚʦ ʚʪʦʨʦʤ ʢʫʣʝʨʝ 

-ʛʘʟʦʚ ʚ ʪʨʝʪʴʝʤ ʢʫʣʝʨʝ 

-ʛʘʟʦʚ ʚ ʨʫʢʘʚʥʦʤ ʬʠʣʴʪʨʝ 

220-300 

125-150 

100-120 

ɺʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʛʨʘʥʫʣ ʚ ʟʦʥʝ ʦʙʞʠʛʘ, ʤʠʥ 65-70 

1 

2 

3 

 

4 

5 
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ʅʘ ʨʠʩʫʥʢʝ 5.9 ʧʦʢʘʟʘʥ ʦʙʞʠʛ ʛʨʘʥʫʣ ʚʦ ʚʨʘʱʘʶʱʠʡʩʷ ʧʝʯʠ 

 

 

ʈʠʩʫʥʦʢ 5.9 -  ʇʨʦʮʝʩʩ ʦʙʞʠʛʘ ʛʨʘʥʫʣ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʧʝʯʠ 

 

 

 
 

ʈʠʩʫʥʦʢ 5.10-  ɻʨʘʥʫʣʳ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʦʚʦʛʦ ʰʣʘʢʘ ʠ ʜʠʩʪʠʣʣʝʨʥʦʡ 

ʞʠʜʢʦʩʪʠ ʧʦʩʣʝ ʦʙʞʠʛʘ 
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ʅʘ ʨʠʩʫʥʢʝ 5.11 ʧʦʢʘʟʘʥʘ ʬʦʪʦʛʨʘʬʠʷ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʠ ʨʘʟʨʝʟʦʚ 

ʦʙʦʞʞʸʥʥʳʭ ʛʨʘʥʫʣ ʥʘ ʦʩʥʦʚʝ ʦʪʚʘʣʴʥʦʛʦ ʩʚʠʥʮʦʚʦʛʦ ʰʣʘʢʘ  ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ  

 

  
 

ʈʠʩʫʥʦʢ 5.11-  ʌʦʪʦʛʨʘʬʠʷ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʠ ʨʘʟʨʝʟʦʚ ʦʙʦʞʞʸʥʥʳʭ ʛʨʘʥʫʣ 

  

 ʇʘʨʦʛʘʟʦʚʘʷ ʩʤʝʩʴ, ʩʦʜʝʨʞʘʱʘʷ ʭʣʦʨʠʜʳ Cu, Zn, Pb ʦʭʣʘʞʜʘʣʘʩʴ ʚ 

ʢʫʣʝʨʘʭ ʠ ʟʘʪʝʤ ʥʘʧʨʘʚʣʷʣʘʩʴ ʥʘ ʦʢʦʥʯʘʪʝʣʴʥʦʝ  ʫʣʘʚʣʠʚʘʥʠʝ ʭʣʦʨʠʜʦʚ ʚ 

ʨʫʢʘʚʥʳʡ ʬʠʣʴʪʨ [104,105].  

ʇʦʩʣʝ ʦʙʞʠʛʘ ʦʛʘʨʦʢ ʩʦʙʠʨʘʣʠ ʚ ʢʦʨʦʙ. ʋʣʦʚʣʝʥʥʳʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʭʣʦʨʠʜʳ ʚʟʚʝʰʠʚʘʣʠʩʴ  ʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. 

     ʄʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ ʦʙʞʠʛʘ  ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʡ ʰʠʭʪʳ ʥʘ ʦʩʥʦʚʝ 

ʦʪʚʘʣʴʥʦʛʦ ʩʚʠʥʮʦʚʦʛʦ ʰʣʘʢʘ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ 

ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 5.3 
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ʊʘʙʣʠʮʘ 5.3- ʄʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ ʭʣʦʨʠʨʫʶʱʝʛʦ ʦʙʞʠʛʘ ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ  

 

ʉʪʘʪʴʠ ʙʘʣʘʥʩʘ 

 

ʂʦʣʠʯʝʩʪʚʦ ʉʦʜʝʨʞʘʥʠʝ ʈʘʩʧʨʝʜʝʣʝʥʠʝ, % 

  

ʛ 

 

% 

Zn Pb Cu 

ʛ % ʛ % ʛ % Zn Pb Cu 

ʇʨʠʭʦʜ  

ʐʣʘʢ  3000 86,9 73,5 2,45 18 0,6 24 0,81 100 100 100 

ɼʠʩʪʠʣʣʝʨʥʘʷ 

ʞʠʜʢʦʩʪʴ 

300 8,7          

ɹʝʥʪʦʥʠʪʦʚʘʷ 

ʛʣʠʥʘ  

150 4,4          

ʀʪʦʛʦ 3450 100 73,5 2,45 18 0,6 24 0,81 100 100 100 

ʈʘʩʭʦʜ            
ʊʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ 
ʤʘʪʝʨʠʘʣ 

2820 82 2,5 0,08 0,96 0,03 1,9 0,06 3,4 5,3 7,9 

ɺʦʟʛʦʥʳ  276 8,0 68,3 24,7 15,9 5,8 21,0 7,6 92,9 88,3 87,5 

ɺ ʛʘʟʦʚʫʶ ʬʘʟʫ 354 10 2,7  1,14  1,1  3,7 6,4 4,6 

ʀʪʦʛʦ 3450 100 73,5  18  24  100 100 100 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ  ʠ ʩʪʨʫʢʪʫʨʳ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ ʜʦ ʦʙʞʠʛʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʦʛʘʨʢʘ ʧʦʩʣʝ ʦʙʞʠʛʘ ʠ ʫʣʦʚʣʝʥʥʳʭ ʭʣʦʨʠʜʥʳʭ ʚʦʟʛʦʥʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ  ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ ʀʂ-ʌʫʨʴʝ 

ʩʧʝʢʪʨʦʤʝʪʨ Shimadzu IR Prestige-21 ʩ ʧʨʠʩʪʘʚʢʦʡ ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʣʥʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ʅʇɺʆ) Miracle ʬʠʨʤʳ PikeTechnologies (ʨʠʩʫʥʦʢ 

5.12). 
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ʈʠʩʫʥʦʢ 5.12  ʀʂ ʩʧʝʢʪʨʳ  ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ ʉʐ-ɼɾ-ɹɻ ʜʦ ʦʙʞʠʛʘ  

 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ ʉʐ-ɼɾ-ɹɻ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʠʥʪʝʥʩʠʚʥʳʭ ʚʦʣʥ ʚ ʦʙʣʘʩʪʠ 493-995ʩʤ
-1
. ʇʨʠʯʝʤ 

ʩʧʝʢʪʨʳ 493-547ʩʤ
-1
 ʭʘʨʘʢʪʝʨʥʳ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʠ Si-O-Si, 

ʘ 586-678ʩʤ
-1
 ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʠ Al-O, 995-

1114ʩʤ
-1
 ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ Si-O. ʅʝʠʥʪʝʥʩʠʚʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

1431-1616ʩʤ
-1
ʭʘʨʘʢʪʝʨʥʳ ʚʘʣʝʥʪʥʳʤ ʩʚʷʟʷʤ Ca-Cl, Na-Cl, ʘ 2360ʩʤ

-1
ï 

ʩʧʝʢʪʨʳ ʚʦʣʥ OH ʛʨʫʧʧʳ.  

ʅʘ ʨʠʩʫʥʢʝ 5.13 ʧʦʢʘʟʘʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ ʜʦ  ʦʙʞʠʛʘ, 

ʢʪʦʨʘʷ  ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʤʝʩʴʶ ʢʨʠʩʪʘʣʣʦʚ ʩʠʣʠʢʘʪʦʚ ʢʘʣʴʮʠʷ ʠ ʘʣʶʤʠʥʠʷ, 
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ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʩʢʦʣʦʯʥʳʤʠ ʥʝʧʨʘʚʠʣʴʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ 

ʩʚʝʪʣʦʩʝʨʦʛʦ ʮʚʝʪʘ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʤʝʣʢʠʤʠ ʦʢʨʫʛʣʳʤʠ 

ʮʝʧʦʯʝʯʥʳʤʠ  ʢʨʠʩʪʘʣʣʘʤʠ ʩʠʣʠʢʘʪʦʚ ʢʘʣʴʮʠʷ. ɺ ʧʨʦʤʝʞʫʪʦʯʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʚʠʜʝ ʪʝʤʥʳʭ ʨʘʩʧʣʳʚʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʬʝʨʨʠʪʳ ʢʘʣʴʮʠʷ. 
 

ʕʣʝʤʝʥʪ ɺʝʩʦʚʦʡ 
% 

O  34.15 

Na  3.12 

Mg  1.91 

Al  2.35 

Si  8.51 

S  1.68 

Cl  10.73 

K  0.65 

Ca  12.44 

Ti  0.69 

Fe  19.23 

Cu  0.73 

Zn  3.81 

Pb 2.03 

ʀʪʦʛʠ 100.00 

 

 

 

ʈʠʩʫʥʦʢ -5.13 ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʧʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ  h ʠʭʪʳ ʉʐ-ɼɾ-ɹɻ-ʋ 

ʜʦ ʦʙʞʠʛʘ  

 

ʅʘ ʨʠʩʫʥʢʝ 5.14 ʧʨʠʚʝʜʝʥʳ  ʀʂ ʩʧʝʢʪʨʳ  ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ ʉʐ-ɼɾ-ɹɻ  ʧʦʩʣʝ  

ʦʙʞʠʛʘ  
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ʈʠʩʫʥʦʢ 5.14  ʀʂ ʩʧʝʢʪʨʳ  ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ ʉʐ-ɼɾ-ɹɻ  ʧʦʩʣʝ  ʦʙʞʠʛʘ  

 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʙʳ ʧʦʩʣʝ ʦʙʞʠʛʘ ʠʩʩʣʝʜʫʝʤʦʡ ʩʤʝʩʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʚʦʣʥʳ 675-887ʩʤ
-1
Si-O-Al ,  

ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʦʣʥ 470-594 ʩʤ
-1
 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʫʧʧʝ ʩʚʷʟʝʡ 

S-O-Al .  

ʅʘ ʨʠʩʫʥʢʝ 5.15 ʧʦʢʘʟʘʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʧʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ  ʧʨʦʜʫʢʪʘ 

ʫʢʨʫʧʥʝʥʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʞʠʛʘ 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦ  5.15  ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʧʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ  ʧʨʦʜʫʢʪʘ 

ʫʢʨʫʧʥʝʥʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʞʠʛʘ 

ʕʣʝʤʝʥʪ ɺʝʩʦʚʦʡ 

% 

O  30.00 

Na  2.68 

Mg  1.1 

Al  8.86 

Si  22.81 

S  0.15 

Cl  0.11 

K  0.4 

Ca  16.51 

Pb  0,21 

Fe  15.58 

Cu  0.07 

Zn  0.87 

ʀʪʦʛʦ 100.00 

 

 

 

29.06.2022 14:59:25 
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       ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ ʊ=1100
0
ʉ  ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ ʜʚʫʭʢʘʣʴʮʠʝʚʦʛʦ ʩʠʣʠʢʘʪʘ ʚ ʚʠʜʝ ʥʝʧʨʘʚʠʣʴʥʳʭ 

ʧʨʠʟʤ, ʧʣʩʪʠʥʦʢ ʠ ʦʢʨʫʛʣʳʭ ʟʝʨʝʥ ʤʦʥʦʩʠʣʠʢʘʪʘ ʢʘʣʴʮʠʷ. 

ʄʝʞʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤʥʳʤʠ ʚʳʪʷʥʫʪʳʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ ʦʜʥʦʢʘʣʴʮʠʝʚʦʛʦ ʬʝʨʨʠʪʘ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ 

ʙʝʩʮʚʝʪʥʳʭ ʪʘʙʣʠʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘʪʨʠʝʚʦʛʦ ʘʣʶʤʦʩʠʣʠʢʘʪʘ. 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʫʯʝʥʥʦʛʦ ʦʛʘʨʢʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ  ʧʨʦʯʥʦʩʪʴʶ ʧʨʠ ʩʞʘʪʠʠ 1,62-1,78ʄʇʘ, ʧʨʠ ʥʘʣʠʯʠʠ 

ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʠ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ʜʦ 4,4% [106] (ʪʘʙʣʠʮʘ 5.4). 

 

ʊʘʙʣʠʮʘ 5.4  ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʛʨʘʥʫʣ ʧʦʩʣʝ ʦʙʞʠʛʘ 

 

ˉ ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʦʩʣʝ ʦʙʞʠʛʘ 

ʅʘʩʳʧʥʘʷ 

ʧʣʦʪʥʦʩʪʴ, 

ʢʛ/ʤ
3
 

ʇʨʦʯʥʦʩʪʴ ʧʨʠ 

ʩʞʘʪʠʠ, ʄʇʘ 

ɼʠʥʘʤʠʯʝʩʢʘʷ 

ʧʨʦʯʥʦʩʪʴ, n 

ʉʪʘʪʠʯʝʩʢʘʷ 

ʧʨʦʯʥʦʩʪʴ, ʢʛ/ʛʨʘʥʫʣʘ 

 

 

5-10 ʤʤ 10-20 ʤʤ 

 28 67,2 835 1,78 1,62 

 

ʆʛʘʨʦʢ  ʧʦʩʣʝ ʦʙʞʠʛʘ   ʩʦʜʝʨʞʘʱʠʡ   0,08% ʮʠʥʢʘ, 0,03 % ʩʚʠʥʮʘ ʠ 

0,06% ʤʝʜʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ  ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ.  

ʅʘ ʨʠʩʫʥʢʝ 5.16, 5.17  ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ɼʊɸ ʠ ʈʌɸ ʭʣʦʨʠʜʥʳʭ 

ʚʦʟʛʦʥʦʚ  

 
 

ʘ ʚʦʟʛʦʥʳ ʢʫʣʝʨʘ, ʙ ʚʦʟʛʦʥʳ ʨʫʢʘʚʥʦʛʦ ʬʠʣʴʪʨʘ 

ʈʠʩʫʥʦʢ 5.16- ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʭʣʦʨʠʜʥʳʭ ʚʦʟʛʦʥʦʚ 

 

 

 
 

                      ʈʠʩʫʥʦʢ 5.17-  ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʭʣʦʨʠʜʥʳʭ ʚʦʟʛʦʥʦʚ 
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ʍʣʦʨʠʜʥʳʝ ʚʦʟʛʦʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʭʣʦʨʠʨʫʶʱʝʤ ʦʙʞʠʛʝ ʠʩʭʦʜʥʦʡ 

ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ ʥʘ ʫʢʨʫʧʥʝʥʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 5.18 , ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʚʦʟʛʦʥʦʚ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 943 ʜʦ 988ʂ. ɺʦʟʛʦʥʳ ʛʠʛʨʦʩʢʦʧʠʯʥʳ. ʈʝʥʪʛʝʥʦʬʘʟʥʳʡ ʘʥʘʣʠʟ 

ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʚ ʥʠʭ PbCl2, ZnCl2, CuCl, CuOĀ CuCl2, 2PbOĿ PbCl2, FeOCl, 

Na2ZnCl4Ā3H2O, Zn2OCl2Ā2H2O, Zn2OCl2Ā6H2O 

ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʚʦʟʛʦʥʘʭ ʭʣʦʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʪʨʠʡ, 

ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʭʣʦʨʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ. 

ʅʘʣʠʯʠʝ ʦʢʩʦʭʣʦʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʦʟʛʦʥʘʭ ʧʦʟʚʦʣʷʝʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʪʴ 

ʠʭ ʢʘʢ ʭʣʦʨʠʜʥʦ-ʦʢʩʦʭʣʦʨʠʜʥʳʝ ʚʦʟʛʦʥʳ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ  ʚʦʟʛʦʥʦʚ, ʧʨʦʚʝʜʝʥʳ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ  ʄʍ-1305 ʩ 

ʤʘʩʩʦʚʦʡ ʦʙʣʘʩʪʴʶ ʜʦ 240 ʝʜʠʥʠʮ. ʇʨʠ 1000ʂ ʧʘʨʳ ʚʦʟʛʦʥʦʚ ʩʦʜʝʨʞʘʪ ʣʠʥʠʠ 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʠʦʥʦʚ ZnO
+
, PbO

+
, CuO

+
, AgO

+
, Zn

+
, Pb

+
, Fe

+
, ZnCl2

+
, CuCl

+
, 

AgCl
+
, FeCl

+
, FeCl2

+
ʠ ʦʢʩʦʭʣʦʨʠʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: Zn2Oʉl

+
, ZnOCl

+
, 

ʉu2OCl
+
, AgOCl

+
. 

 
 

 

 
 
ɯʚʦʟʛʦʥʳ ʢʫʣʝʨʘ, ɯɯʚʦʟʛʦʥʳ ʨʫʢʘʚʥʦʛʦ ʬʠʣʴʪʨʘ 

 

ʈʠʩʫʥʦʢ 5.18 ʄʘʩʩ-ʩʧʝʢʪʨʳ ʭʣʦʨʠʜʥʳʭ ʚʦʟʛʦʥʦʚ 

 

 

 

ɯ 
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ʅʘ ʨʠʩʫʥʢʝ 5.19 ʧʨʠʚʝʜʝʥʳ ʀʂ ʩʧʝʢʪʨʳ  ʫʣʦʚʣʝʥʥʳʭ ʚʦʟʛʦʥʦʚ ʦʙʞʠʛʘ 
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ʈʠʩʫʥʦʢ - 5.19  ʀʂ ʩʧʝʢʪʨʳ  ʫʣʦʚʣʝʥʥʳʭ ʚʦʟʛʦʥʦʚ ʦʙʞʠʛʘ 

 

ʉʧʝʢʪʨʳ ʫʣʦʚʣʝʥʥʳʭ ʭʣʦʨʠʜʥʳʭ ʚʦʟʛʦʥʦʚ ʦʙʞʠʛʘ ʭʘʨʘʢʪʝʨʥʳ 

ʠʥʪʝʥʩʠʚʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʦʣʥ 1002-1008ʩʤ
-1
S-O, ʘ ʢʦʣʝʙʘʥʠʷ 1411-1612-Cl-O. 

ʅʝʠʥʪʝʥʩʠʚʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 509-671ʩʤ
-1
 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ 

ʫʤʝʥʴʰʝʥʠʠ ʩʦʝʜʠʥʝʥʠʡ ʩ ʪʠʧʦʤ ʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ S̔ -O-Al .    

ʅʘ ʨʠʩʫʥʢʝ 5.20 ʧʦʢʘʟʘʥʘ    ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʧʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ 

ʫʣʦʚʣʝʥʥʳʭ ʭʣʦʨʠʜʥʳʭ ʚʦʟʛʦʥʦʚ ʧʦʩʣʝ ʫʢʨʫʧʥʝʥʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʞʠʛʘ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʫʣʦʚʣʝʥʥʳʭ ʚʦʟʛʦʥʦʚ ʦʙʞʠʛʘ ʨʘʙʦʯʝʡ ʩʤʝʩʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʛʘʙʠʪʫʩʦʤ ʢʨʠʩʪʘʣʣʦʚ. ʅʘʙʣʶʜʘʶʪʩʷ 

ʩʚʝʪʣʦ-ʷʨʢʠʝ ʚʢʣʶʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʭʣʦʨʠʜʘ ʮʠʥʢʘ, ʪʝʤʥʦ-ʩʝʨʳʝ ʪʘʙʣʠʯʘʪʳʝ 

ʢʨʠʩʪʘʣʣʳ ʭʣʦʨʠʜʦʚ ʩʚʠʥʮʘ.  
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ʕʣʝʤʝʥʪ ɺʝʩʦʚʦʡ 

% 

 

 

O  29.27 

Na  3.22 

Mg  0.69 

Al  1.20 

Si  3.11 

S  7.61 

Cl  16.17 

K  1.11 

Ca 2.67 

Fe  13.51 

Zn  10.56 

Cu 1.45 

Pb  5.42 

ʀʪʦʛʠ 100.00 

 

ʈʠʩʫʥʦʢ  5.20 ï  ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʧʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʫʣʦʚʣʝʥʥʳʭ 

ʭʣʦʨʠʜʥʳʭ ʚʦʟʛʦʥʦʚ ʧʦʩʣʝ ʫʢʨʫʧʥʝʥʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʞʠʛʘ 

ʇʨʠ  ʫʢʨʫʧʥʝʥʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʷʭ  ʭʣʦʨʠʨʫʶʱʝʛʦ ʦʙʞʠʛʘ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʣʦʨʠʜʦʚʦʟʛʦʥʦʯʥʳʤ ʩʧʦʩʦʙʦʤ ʠʟ ʰʣʘʢʦʚ ʩʚʠʥʮʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʚʦʟʤʦʞʥʦ ʠʟʚʣʝʯʴ ʚ 

ʚʠʜʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ 92,9% ʮʠʥʢʘ, 88,3% ʩʚʠʥʮʘ ʠ 87,5% ʤʝʜʠ.   

 

5.1 ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟʚʣʝʯʝʥʠʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʩʚʠʥʮʘ, ʮʠʥʢʘ ʠ ʤʝʜʠ ʠʟ  ʩʚʠʥʮʦʚʳʭ ʰʣʘʢʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠ ʘʧʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʠʟʚʣʝʯʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʩʚʠʥʮʘ, ʮʠʥʢʘ ʠ ʤʝʜʠ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʘʭ 5.21, 5.22.  

ʀʩʭʦʜʥʳʡ ʦʪʚʘʣʴʥʳʡ ʰʣʘʢ ʩʚʠʥʮʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʠʟʤʝʣʴʯʘʝʪʩʷ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʜʦ ʬʨʘʢʮʠʠ ʤʝʥʴʰʝ 0,1ʤʤ. ɹʝʥʪʦʥʠʪʦʚʘʷ 

ʛʣʠʥʘ ʪʘʢʞʝ ʠʟʤʝʣʴʯʘʝʪʩʷ ʜʦ ʪʘʢʦʡ ʞʝ ʬʨʘʢʮʠʠ. ʀʟʤʝʣʴʯʝʥʥʳʝ ʰʣʘʢ ʠ ʛʣʠʥʘ 

ʨʘʟʜʝʣʴʥʦ ʭʨʘʥʷʪʩʷ ʚ ʟʘʛʨʫʟʦʯʥʳʭ ʙʫʥʢʝʨʘʭ 1,2. ʀʟ ʙʫʥʢʝʨʦʚ ʯʝʨʝʟ 

ʚʠʙʨʘʮʠʦʥʥʳʝ ʧʠʪʘʪʝʣʠ ʠ ʚʝʩʦʚʳʝ ʜʦʟʘʪʦʨʳ 4  ʰʣʘʢ ʠ ʙʝʥʪʦʥʠʪʦʚʘʷ ʛʣʠʥʘ 

ʧʦʩʪʫʧʘʶʪ ʚ ʰʥʝʢʦʚʳʡ ʩʤʝʩʠʪʝʣʴ 6 ʠʟ ʢʦʪʦʨʦʛʦ ʩʤʝʩʴ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ 

ʛʨʘʥʫʣʷʮʠʶ. ʅʘ ʦʢʦʤʢʦʚʘʥʠʝ ʪʘʢʞʝ ʧʦʜʘʝʪʩʷ ʠʟ ʝʤʢʦʩʪʠ 3 ʯʝʨʝʟ ʤʝʨʥʠʢ 5 

ʜʠʩʪʠʣʣʝʨʥʘʷ ʞʠʜʢʦʩʪʴ. ʆʢʦʤʢʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʪʘʨʝʣʴʯʘʪʦʤ 

ʛʨʘʥʫʣʷʪʦʨʝ 7. ʆʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʦʢʦʤʢʦʚʘʥʠʠ ʤʦʢʨʳʝ ʛʨʘʥʫʣʳ ʜʠʤʝʪʨʦʤ 

1-1,2ʩʤ ʠ ʚʣʘʞʥʦʩʪʴʶ 8-10% ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʚ ʩʫʰʠʣʴʥʳʡ ʙʘʨʘʙʘʥ 8. 

29.06.2022 15:00:11 
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ʉʫʰʢʘ ʛʨʘʥʫʣ ʧʨʦʚʦʜʠʪʩʷ ʜʳʤʦʚʳʤʠ ʛʘʟʘʤʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 140-160Áʉ ʚ 

ʪʝʯʝʥʠʝ 30-40 ʤʠʥ. ɺʳʩʫʰʝʥʥʳʝ ʛʨʘʥʫʣʳ ʚʣʘʞʥʦʩʪʴʶ 1-2% 

ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʢ ʦʙʞʠʛʦʚʦʡ ʧʝʯʠ 9. ʆʙʞʠʛʦʚʘʷ ʧʝʯʴ, ʨʘʙʦʪʘʶʱʘʷ ʧʦ 

ʧʨʠʥʮʠʧʫ ʧʨʦʪʠʚʦʪʦʢʘ, ʦʪʘʧʣʠʚʘʝʪʩʷ ʧʨʠʨʦʜʥʳʤ ʛʘʟʦʤ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʦʯʥʦʛʦ ʦʙʞʠʛʘ 1050-1150Áʉ. ʆʙʞʠʛ ʧʨʦʚʦʜʠʪʩʷ ʚ ʪʝʯʝʥʠʝ 60-

70 ʤʠʥ. ʀʟ ʧʝʯʠ ʧʘʨʦ-ʛʘʟʦʚʘʷ ʩʤʝʩʴ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ 

ʮʠʢʣʦʥ 10  ʚ ʢʦʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚʳʰʝ ʪʦʯʢʠ ʨʦʩʳ 

(ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʨʦʚʝʨʝʥʥʳʤʠ ʚ ʖʂɻʋ ʠʤʝʥʠ ɸʫʵʟʦʚʘ (ʂʘʟʍʊʀ ʠ 

ʠʥʩʪʠʪʫʪ ɻʠʥʮʚʝʪʤʝʪ) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʭʣʦʨʠʜʦʚʦʟʛʦʥʦʯʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ ʩ ʥʝʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ 

ʪʦʯʢʘ ʨʦʩʳ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 450 ʜʦ 500Áʉ). ʇʦʵʪʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʤ ʮʠʢʣʦʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚʳʰʝ 500Áʉ. ʀʟ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʮʠʢʣʦʥʘ ʛʘʟʳ ʧʦʧʘʜʘʶʪ ʚ ʢʫʣʝʨʘ 11 (ʛʘʟʦʚʳʝ 

ʭʦʣʦʜʠʣʴʥʠʢʠ) ʚ ʢʦʪʦʨʳʭ ʦʭʣʘʞʜʘʶʪʩʷ ʜʦ 100-120Áʉ, ʘ ʟʘʪʝʤ ʛʘʟʳ ʧʦʧʘʜʘʶʪ 

ʚ ʨʫʢʘʚʥʳʡ ʬʠʣʴʪʨ 12. ɺ ʛʘʟʦʚʦʤ ʭʦʣʦʜʠʣʴʥʠʢʝ ʠ ʨʫʢʘʚʥʦʤ ʬʠʣʴʪʨʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʩʘʞʜʝʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʩʚʠʥʮʘ, ʮʠʥʢʘ, ʤʝʜʠ. ɼʣʷ 

ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʜʦ ʇɼʂ ʧʦ ʭʣʦʨʫ, ʧʦ HCl ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʭʣʦʨʠʜʘʤ ʮʚʝʪʥʳʭ 

ʤʝʪʘʣʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʩʢʘʜʥʦ-ʧʝʥʥʳʡ ʘʧʧʘʨʘʪ 13 ʢʦʥʩʪʨʫʢʮʠʠ ʠʥʩʪʠʪʫʪʘ 

çʊʠʪʘʥè (ʛʦʨʦʜ ɿʘʧʦʨʦʞʴʝ) [106, 107]. ʇʦʛʣʦʱʘʶʱʝʡ ʞʠʜʢʦʩʪʴʶ ʚ ʢʘʩʢʘʜʥʦ-

ʧʝʥʥʦʤ ʘʧʧʘʨʘʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʪʚʦʨ ʉʘ(ʆʅ)2 14. ʇʳʣʴ ʠʟ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʮʠʢʣʦʥʘ ʧʦʜʘʝʪʩʷ ʥʘ ʛʨʘʥʫʣʷʮʠʶ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʚ 

ʢʘʩʢʘʜʥʦ-ʧʝʥʥʦʤ ʘʧʧʘʨʘʪʝ ʨʘʩʪʚʦʨ ʉʘCl2  ʪʘʢʞʝ ʟʘʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ 

ʛʨʘʥʫʣʷʮʠʶ. ʆʛʘʨʦʢ ʠʟ ʙʘʨʘʙʘʥʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʧʝʯʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 460-

490Áʉ ʦʭʣʘʞʜʘʝʪʩʷ ʚ ʪʨʫʙʯʘʪʦʤ ʚʨʘʱʘʶʱʠʤʩʷ ʭʦʣʦʜʠʣʴʥʠʢʝ. ɿʘʪʝʤ ʵʪʦʪ 

ʦʛʘʨʦʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ (ʇʨʠʣʦʞʝʥʠʝ ɻ).   
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ʈʠʩʫʥʦʢ 5.21 -ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ  ʩʭʝʤʘ ʠʟʚʣʝʯʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ 

ʮʠʥʢʘ, ʩʚʠʥʮʘ, ʤʝʜʠ ʠʟ ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ 
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1,2 ïʟʘʛʨʫʟʦʯʥʳʡ ʙʫʥʢʝʨ; 3 ï ʝʤʢʦʩʪʴ ʩ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʴʶ; 4- ʜʦʟʘʪʦʨ, 5 ïʤʝʨʥʠʢ,  6 ï ʰʥʝʢʦʚʳʡ ʩʤʝʩʠʪʝʣʴ; 7 ï ʪʘʨʝʣʴʯʘʪʳʡ 

ʛʨʘʥʫʣʷʪʦʨ; 8 ï ʩʫʰʠʣʴʥʳʡ  ʙʘʨʘʙʘʥ; 9 ï ʦʙʞʠʛʦʚʘʷ  ʧʝʯʴ; 10 ï ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʮʠʢʣʦʥ; 11-ʛʘʟʦʚʳʡ ʭʦʣʦʜʠʣʴʥʠʢ; 12-ʨʫʢʘʚʥʳʡ 

ʬʠʣʴʪʨ; 13-ʢʘʩʢʘʜʥʦ ïʧʝʥʥʳʡ ʘʧʧʘʨʘʪ; 14- ʝʤʢʦʩʪʴ ʩ ʉʘ(ʆH)2. 

ʈʠʩʫʥʦʢ 5.22- ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ   ʩʭʝʤʘ ʠʟʚʣʝʯʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʮʠʥʢʘ, ʩʚʠʥʮʘ, ʤʝʜʠ ʠʟ ʦʪʚʘʣʴʥʳʭ 

ʰʣʘʢʦʚ 
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ɺʳʚʦʜʳ ʧʦ ʧʷʪʦʤʫ ʨʘʟʜʝʣʫ  

ʇʨʦʚʝʜʝʥʥʳʝ  ʫʢʨʫʧʥʝʥʥʦ- ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʭʣʦʨʘʛʝʥʪʘ ʜʠʩʪʠʣʣʝʨʥʦʡ 

ʞʠʜʢʦʩʪʠ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ  ʚ ʚʠʜʝ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ.  

         ʍʣʦʨʠʜʦʚʦʟʛʦʥʦʯʥʳʡ ʦʙʞʠʛ ʦʪʚʘʣʴʥʳʭ ʩʚʠʥʮʦʚʳʭ ʰʣʘʢʦʚ ʩʦʚʤʝʩʪʥʦ ʩ 

ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʟʚʣʝʯʝʥʠʷ 

ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʚʠʜʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ: 92,9% ʮʠʥʢʘ, 88,3% 

ʩʚʠʥʮʘ ʠ 87,5% ʤʝʜʠ.   

        ʆʛʘʨʦʢ ʧʦʩʣʝ ʦʙʞʠʛʘ, ʚʳʭʦʜ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 83,2%, ʩʦʜʝʨʞʘʱʠʡ  

0,08% ʮʠʥʢʘ, 0,03 % ʩʚʠʥʮʘ ʠ 0,06% ʤʝʜʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʢʨʠʩʪʘʣʣʦʚ ʜʚʫʭʢʘʣʴʮʠʝʚʦʛʦ ʩʠʣʠʢʘʪʘ ʚ ʚʠʜʝ ʥʝʧʨʘʚʠʣʴʥʳʭ ʧʨʠʟʤ, ʧʣʩʪʠʥʦʢ 

ʠ ʦʢʨʫʛʣʳʭ ʟʝʨʝʥ ʤʦʥʦʩʠʣʠʢʘʪʘ ʢʘʣʴʮʠʷ. ʄʝʞʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤʥʳʤʠ ʚʳʪʷʥʫʪʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʦʜʥʦʢʘʣʴʮʠʝʚʦʛʦ 

ʬʝʨʨʠʪʘ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʙʝʩʮʚʝʪʥʳʭ ʪʘʙʣʠʯʘʪʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʥʘʪʨʠʝʚʦʛʦ ʘʣʶʤʦʩʠʣʠʢʘʪʘ. 

        ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʫʯʝʥʥʦʛʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ  ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʛʨʘʥʫʣʳ ʜʦ 

67,2 ʢʛ/ʛʨʘʥʫʣʫ  ʠ ʠʤʝʝʪ ʧʦʨʠʩʪʫʶ, ʩʧʝʯʝʥʥʫʶ ʘʛʨʝʛʠʨʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ.  

        ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʭʣʦʨʠʜʥʳʝ ʚʦʟʛʦʥʳ  ʚʳʭʦʜ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʠʣ 8,0% 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʥ rʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ  ʭʣʦʨʠʜʦʚ.  
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6 ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʇʆʂɸɿɸʊɽʃʀ ʈɸɿʈɸɹʆʊɸʅʅʆʁ     

ʊɽʍʅʆʃʆɻʀʀ  

ɺ ʦʩʥʦʚʫ ʨʘʩʯʝʪʘ ʢʘʣʴʢʫʣʷʮʠʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ 1ʪ ʙʝʜʥʦʛʦ 

ʧʦʩʣʝ ʧʨʦʜʫʚʢʠ ʩʚʠʥʮʦʚʦʛʦ ʰʣʘʢʘ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʝʛʦ ʮʠʥʢʘ, ʩʚʠʥʮʘ ʠ 

ʤʝʜʠ ʚ ʚʠʜʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ.  ɿʘ ʦʩʥʦʚʫ ʙʳʣʘ 

ʧʨʠʥʷʪʘ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ  ʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ 

ʧʝʯʘʭ ʟʘʚʦʜʘ ʊʆʆ çSAS-Tobe technologiesè ʟʘ 2019 ʛ [110] (ʊʘʙʣʠʮʘ 6.1).  

ɺ ʪʘʙʣʠʮʝ 6.2 ʧʦʢʘʟʘʥʘ ʢʘʣʴʢʫʣʷʮʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ 1ʪ 

ʰʠʭʪʳ ʧʦʣʫʯʝʥʠʷ  ʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ. 

 ɺ ʪʘʙʣʠʮʝ 6.3  ʧʨʠʚʝʜʝʥʘ ʢʘʣʴʢʫʣʷʮʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ 1 ʪ 

ʰʣʘʢʘ. ɼʣʷ ʵʪʦʛʦ ʫʩʣʦʚʥʦ-ʧʦʩʪʦʷʥʥʳʝ ʨʘʩʭʦʜʳ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʪʘʙʣʠʮʳ 2, ʘ 

ʟʘʪʝʤ ʠʭ ʩʫʤʤʘ ʙʳʣʘ ʫʤʝʥʴʰʝʥʘ ʥʘ ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʰʠʭʪʳ ʢ ʤʘʩʩʝ ʰʣʘʢʘ: 

100/87=1,15. ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʨʘʩʯʠʪʘʥʳ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ. 

 

ʊʘʙʣʠʮʘ 6.1- ʂʘʣʴʢʫʣʷʮʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 1ʪ ʢʣʠʥʢʝʨʘ ʥʘ ʊʆʆ 

çSAS-Tobe technologiesè.( ʂʦʣʠʯʝʩʪʚʦ ʰʠʭʪʳ 1,507ʪå1,5ʪ.) 

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʪʘʪʝʡ 

ʨʘʩʭʦʜʘ 

ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 

ʎʝʥʘ ʟʘ 

ʝʜʠʥʠʮʫ  

ɿʘʪʨʘʪʳ ʥʘ ʝʜʠʥʠʮʫ 

ʂʦʣʠʯʝʩʪʚʦ  ʉʫʤʤʘ, 

ʪʝʥʛʝ  

1 ʉʳʨʴʝ ʠ ʤʘʪʝʨʠʘʣʳ: 

 ʀʟʚʝʩʪʥʷʢ ʪ 1600 1,18 1888 

 ʃʝʩ  ʪ 1200 0,307 368,4 

 ʇʠʨʠʪʥʳʝ ʦʛʘʨʢʠ ʪ 7800 0,02 156,0 

 ʀʪʦʛʦ:    2412,4 

2 ʕʥʝʨʛʦʟʘʪʨʘʪʳ: 

 ʋʛʦʣʴ  ʪ 1400 0,30 4200 

 ʕʥʝʨʛʠʷ ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ  

ʢɺʪĿʯʘʩ 25 120 3000 

3 ɿʇ ʧʝʨʩʦʥʘʣʘ    987 

4 ʉʦʮʠʘʣʴʥʳʡ ʥʘʣʦʛ    30 

5 ʈʘʩʭʦʜʳ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 

   133,5 

6 ʎʝʭʦʚʳʝ ʨʘʩʭʦʜʳ    1236,9 

7 ʎʝʭʦʚʘʷ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

   11999,8 

8 ʆʙʱʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʨʘʩʭʦʜʳ 

   1907,5 

9 ʇʨʦʯʠʝ ʨʘʩʭʦʜʳ     695,4 

ʀʪʦʛʦ: ʧʦʣʥʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 14602,7 
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ʊʘʙʣʠʮʘ 6.2- ʂʘʣʴʢʫʣʷʮʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ  ʧʝʨʝʨʘʙʦʪʢʠ  1ʪ  ʰʠʭʪʳ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ  ʮʝʤʝʥʪʥʦʛʦ  ʢʣʠʥʢʝʨʘ  

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʪʘʪʝʡ 

ʨʘʩʭʦʜʘ 

ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 

ʎʝʥʘ ʟʘ 

ʝʜʠʥʠʮʫ  

ɿʘʪʨʘʪʳ ʥʘ ʝʜʠʥʠʮʫ 

ʂʦʣʠʯʝʩʪʚʦ  ʉʫʤʤʘ, 

ʪʝʥʛʝ  

1 ʉʳʨʴʝ ʠ ʤʘʪʝʨʠʘʣʳ: 

ʀʟʚʝʩʪʥʷʢ 

ʃʝʩ 

ʇʠʨʠʪʥʳʝ ʦʛʘʨʢʠ 

ʀʪʦʛʦ:  

ʪ 

ʪ 

ʪ 

ʪ 

 

1600 

1200 

7800 

 

0,787 

0,2046 

0,013 

 

1258,7 

245,5 

101,4 

1605,6 

2 ʕʥʝʨʛʦʟʘʪʨʘʪʳ: 

ʊʦʧʣʠʚʦ (ʫʛʦʣʴ) 

ʕʣʝʢʪʨʦʵʥʝʨʛʠʷ  

ʀʪʦʛʦ: 

 

ʪ 

ʢɺʪ/ʯʘʩ 

 

14000 

25 

 

0,2 

80 

 

2800 

2000 

4800 

3 ɿʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ    658 

4 ʉʦʮʠʘʣʴʥʳʡ ʥʘʣʦʛ    20 

5 ʈʘʩʭʦʜʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 

   89 

6 ʎʝʭʦʚʳʝ ʨʘʩʭʦʜʳ    824,6 

7 ʆʙʠɦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʨʘʩʭʦʜʳ  

   1271,7 

 ʇʨʦʯʠʝ ʨʘʩʭʦʜʳ    463,3 

ʀʪʦʛʦ: ʧʦʣʥʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 8907,6 

 

ʊʘʙʣʠʮʘ 6.3- ʂʘʣʴʢʫʣʷʮʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ 1ʪ ʰʣʘʢʘ 

ʭʣʦʨʠʜʦʚʦʟʛʦʥʦʯʥʳʤ ʩʧʦʩʦʙʦʤ 

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʪʘʪʝʡ 

ʨʘʩʭʦʜʘ 

ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 

ʎʝʥʘ ʟʘ 

ʝʜʠʥʠʮʫ  

ɿʘʪʨʘʪʳ ʥʘ ʝʜʠʥʠʮʫ 

ʂʦʣʠʯʝʩʪʚʦ  ʉʫʤʤʘ, 

ʪʝʥʛʝ  

1 ʉʳʨʴʝ ʠ ʤʘʪʝʨʠʘʣʳ: 

ʐʣʘʢ 

ɼʠʩʪʠʣʣʝʨʥʘʷ ʞʠʜʢʦʩʪʴ 

ɹʝʥʪʦʥʠʪʦʚʘʷ ʛʣʠʥʘ 

ʀʪʦʛʦ:  

ʪ 

ʪ 

ʪ 

ʪ 

 

300 

500 

 

1000 

 

1 

0,1 

 

0,05 

 

300 

500 

 

50 

850 

2 ʕʥʝʨʛʦʟʘʪʨʘʪʳ: 

ʀʪʦʛʦ: 

    

3 

4 
ʋʩʣʦʚʥʦ-ʧʦʩʪʦʷʥʥʳʝ 
ʨʘʩʭʦʜʳ:  

ɿʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ 

    

   658 

5 ʉʦʮʠʘʣʴʥʳʡ ʥʘʣʦʛ    20 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 6.3 

6 ʈʘʩʭʦʜʳ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 

   89 

7 ʎʝʭʦʚʳʝ ʨʘʩʭʦʜʳ    824,6 

8 ʆʙʱʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʨʘʩʭʦʜʳ  

   1271,7 

9 ʇʨʦʯʠʝ ʨʘʩʭʦʜʳ    463,3 

ʀʪʦʛʦ: ʧʦʣʥʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 8907,6 

 

ʇʨʠ   ʧʝʨʝʨʘʙʦʪʢʝ  ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʫʢʨʫʧʥʝʥʥʦ-

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʪʝʧʝʥʴ ʧʝʨʝʭʦʜʘ ʮʠʥʢʘ, ʩʚʠʥʮʘ, ʤʝʜʠ ʚ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʭʣʦʨʠʜʳ ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 92,9%, 88,3%, 87,5%. 

ʂʦʣʠʯʝʩʪʚʦ ʭʣʦʨʠʜʥʳʭ ʚʦʟʛʦʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 94 ʢʛ. ʆʥʠ ʩʦʜʝʨʞʘʪ 27,7%  

ʮʠʥʢʘ, 5,8% ʩʚʠʥʮʘ ʠ 7,6% ʤʝʜʠ. ɺʳʭʦʜ ʦʛʘʨʢʘ  ʨʘʚʥʷʝʪʩʷ 1,04ʪ ʦʪ ʤʘʩʩʳ 

ʰʣʘʢʘ (ʧʨʠʥʠʤʘʝʤ 1ʪ). ʅʘ ʃɹʄ ʮʝʥʘ ʮʠʥʢʘ, ʩʚʠʥʮʘ, ʤʝʜʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʩʦʩʪʘʚʣʷʝʪ 3382,5$, 2133$, 9052,5$  ʟʘ 1ʪ [110].  

  ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʨʦʜʫʢʪʘʭ ʦʩʥʦʚʦʛʦ 

ʤʝʪʘʣʣʘ ʮʝʥʘ ʮʠʥʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʥʘ 845,6$ ʟʘ 1ʪ, ʩʚʠʥʮʘ-170$,  

ʤʝʜʠ 697$ ʟʘ 1ʪ. 

ʉʪʦʠʤʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ  ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʚ ʚʦʟʛʦʥʘʭ ʩʦʩʪʘʚʠʪ: 

 

     ʎʠʥʢʘ: 24,5Ŀ0,929Ŀ0,85=19,34$; 

ʉʚʠʥʮʘ:6Ŀ0,883Ŀ0,180=0,96$; 

ʄʝʜʠ: 8,1Ŀ0,875Ŀ0,698=4,94$ 

 

ɺ ʩʫʤʤʝ ʩʪʦʠʤʦʩʪʴ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʚ ʚʦʟʛʦʥʘʭ ʩʦʩʪʘʚʣʷʝʪ 

25,24$,  ʘ ʚ ʪʝʥʛʝ 25,24Ŀ480=12115,2 ʪʝʥʛʝ. 

ʆʛʘʨʦʢ ïʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ ʧʣʦʪʥʦʩʪʴ 1,9-2,1ʪ/ʤ
3
. 

ʇʦʵʪʦʤʫ  ʠʟ 1ʪ ʦʛʘʨʢʘ ʦʙʨʘʟʫʝʪʩʷ 0,5ʤ
3
 ʤʘʪʝʨʠʘʣʘ. ʇʨʠ  ʮʝʥʝ ʝʛʦ  15000 ʪʝʥʛʝ 

ʟʘ ʤ
3  
ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʠʪ 0,5Ŀ15000=7500ʪ. 

ɺ ʨʘʩʯʝʪʘʭ ʧʨʠʥʷʪʦ, ʯʪʦ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ 1ʪ 

ʨʫʜʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʭʣʦʨʠʨʫʶʱʠʤ ʦʙʞʠʛʦʤ ʩʦʩʪʘʚʣʷʶʪ 20000 ʪʝʥʛʝ. 
 
ʊʦʛʜʘ ʧʨʠʙʳʣʴ(ʇ) ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ 1ʪ ʰʣʘʢʘ ʨʘʚʥʘ: 

ʇ=ʉʭʣ+ʉʤῐ[ʉ ʉʭʣ  ῐɽĿʂ]=12115+7500-[9700-0,15Ŀ20000]=6915ʪʝʥʛʝ 

ʛʜʝ ɽ-ʥʦʨʤʘʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ 

ɽ=0,15; 

ʉʭʣ  - ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ 1ʪ ʰʣʘʢʘ ʭʣʦʨʠʨʫʶʱʠʤ ʦʙʞʠʛʦʤ; 

ʂ-ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʥʘ 1ʪ ʰʣʘʢʘ; 

ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʢʘʧʠʪʘʣʴʥʥʳʭ ʚʣʦʞʝʥʠʡ (ʉʦʢ)  ʙʫʜʝʪ ʨʘʚʝʥ: 

ʉʦʢ=20000/6915=2,89 ʛʦʜʘ. ʇʨʠʥʠʤʘʝʤ 3 ʛʦʜʘ. 
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ʈʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʪʩʪʚʘ (ʈ) ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ 

ʥʦʨʤʠʨʫʝʤʳʭ ʦʙʦʨʦʪʥʳʭ ʬʦʥʜʦʚ (ʪ.ʩ ʦʪ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ) ʩʦʩʪʘʚʠʪ: 

                         

ʈ=[ʇ/(ʂ)]Ŀ100=[6915/20000]Ŀ100=34,5% 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʟʚʦʜʩʪʚʘ (ʂʵʵʬ) ʨʘʚʝʥ: 

 

ʂɻ ʵʬ=1/ ʉʦʢ=1/3=0,33 

 

ʇʨʠ ʫʩʣʦʚʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ 50000ʪ ʚ ʛʦʜ ʰʣʘʢʘ ʧʨʠʙʳʣʴ ʦʪ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʜʫʢʮʠʠ (ʇʛʦʜ) ʩʦʩʪʘʚʠʪ: 

 

 ʇʛʦʜ=6915Ŀ50000=345 750 000 ʤʣʥ.ʪʝʥʛʝ=345,75 ʤʣʥ.ʪʝʥʛʝ 

 

ɺ ʪʦʤ ʯʠʩʣʝ:   

ʟʘ ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʭʣʦʨʠʜʦʚ: 345,75Ŀ0,62=214,36 ʤʣʥ. ʪʝʥʛʝ; 

ʟʘ ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ:  

 

                                                  345,75Ŀ0,38=131,39 ʤʣʥ. ʪʝʥʛʝ; 

  

ʛʜʝ 0,62; 0,38 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦʣʷ ʧʨʠʙʳʣʠ, ʧʨʠʭʦʜʷʱʘʷʩʷ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʥʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʭʣʦʨʠʜʳ ʮʠʥʢʘ, ʩʚʠʥʮʘ, ʤʝʜʠ  ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

 

ɺʳʚʦʜʳ ʧʦʰʝʩʪʦʤʫ ʨʘʟʜʝʣʫ  

ɺr ʧʦʣʥʝʥʥʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ 1ʪ ʰʣʘʢʘ ʩ ʠʟʚʣʝʯʝʥʠʝʤ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ  ʩʚʠʥʮʘ, ʤʝʜʠ, ʮʠʥʢʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʧʦʣʫʯʝʥʠʝʤ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ  ʧʝʯʠ 

ʩʦʩʪʘʚʣʷʝʪ  9700 ʪʝʥʛʝ, ʘ ʧʨʠʙʳʣʴ - 6915ʪʝʥʛʝ. ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ 

ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ï 3 ʛʦʜʘ. 
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ɿɸʂʃʖʏɽʅʀɽ 

 
ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʟʘʨʫʙʝʞʥʦʡ 

ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʧʝʨʝʨʘʙʦʪʢʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʰʣʘʢʦʚ ʠ ʦʪʭʦʜʦʚ 

ʩʦʜʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʦʞʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʙʝʟʦʪʭʦʜʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ  ʧʦʣʫʯʝʥʠʝʤ ʮʝʥʥʳʭ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ.   

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ  ʤʝʪʘʣʣʦʚ c    

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ       ʩʤʝʩʠ     ʫʩʪʘʥʦʚʣʝʥʦ,  ʯʪʦ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ 

12 ʨʝʘʢʮʠʡ ʭʣʦʨʠʨʦʚʘʥʠʷ ʩʠʣʠʢʘʪʘ ʮʠʥʢʘ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ 573-

1873ʂ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʠʤʝʶʪ ʨʝʘʢʮʠʠ 10-12  

ʥʘʯʠʥʘʷ ʩ 873ʂ. 

ʄʝʪʦʜʦʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ  

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ   ʩʠʣʠʢʘʪʘ ʮʠʥʢʘ  ʩ ʭʣʦʨʠʜʘʤʠ ʥʘʪʨʠʷ ʠ ʢʘʣʴʮʠʷ ʠ ʠʭ 

ʩʤʝʩʷʤʠ, ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʧʨʦʪʝʢʘʝʪ ʩ  ʭʣʦʨʠʜʦʤ ʢʘʣʴʮʠʷ. ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ  900-1000
0
ʉ ʠ ʫʤʝʥʴʰʝʥʠʝ ʜʘʚʣʝʥʠʷ  ʜʦ 0,01ʄʇʘ  ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʫ ʮʠʥʢʘ ʦʪ  90  ʜʦ  95% . 

ɺ  ʨʘʚʥʦʚʝʩʥʳʭ     ʫʩʣʦʚʠʷʭ  ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʦʡ  

ʠʟʚʣʝʢʘʝʪʩ ̫ ʩʚʠʥʝʮ, ʟʘʪʝʤ   ʮʠʥʢ  ʠ ʤʝʜʴ,  ʧʨʠ ʜʘʚʣʝʥʠʠ 0.107- 0,01ʄʇʘ  ʠ 

900-1000
0
ʉ ʩʪʝʧʝʥʴ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ    ʩʚʠʥʮʘ ʩʦʩʪʘʚʣʷʝʪ  98.63%,   ʮʠʥʢʘ 

64.45%,  ʤʝʜʠ 21.91%; 

ʈʘʚʥʦʚʝʩʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ 

ʩʦʩʪʘʚʝ ʧʨʠ ʜʘʚʣʝʥʠʠ 1 ʠ  0,1ʙʘʨ, ʚ  ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ  ʩʠʩʪʝʤʘʭ 

,      ʠ        

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ  ʧʨʠʩʫʪʩʪʚʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʩʚʠʥʮʘ ʚ ʚʠʜʝ   , , 

, ʮʠʥʢʘ  ʠ ʤʝʜʠ 

, , . ʋʤʝʥʴʰʝʥʠʝ ʜʘʚʣʝʥʠʷ  ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʚʝʣʠʯʝʥʠʶ  ʠ ʫʤʝʥʴʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ   ʢʠʥʝʪʠʢʠ ʠʟʚʣʝʯʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ 

ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠ ʭʣʦʨʠʨʦʚʘʥʠʠ ʩʚʠʥʮʦʚʳʭ ʰʣʘʢʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ  

ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ  ʩʪʝʧʝʥʴʶ ʦʪʛʦʥʢʠ ʩʚʠʥʮʘ(%), 

ʮʠʥʢʘ (%) ʠ ʤʝʜʠ (%)  ʧʨʠ  ʪʝʤʧʝʨʘʪʫʨʝ  1000
0
C ʚ ʪʝʯʝʥʠʝ 80-90ʤʠʥ. 

ʋʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʜʠ ʠ ʩʚʠʥʮʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝʤ Eʢʘʞ  ʜʣʷ ʤʝʜʠ ʦʪ 126 ʜʦ 54 ʢɼʞ/ʤʦʣʴ ʠ ʩʚʠʥʮʘ ʦʪ    128    ʜʦ 88 

ʢɼʞ/ʤʦʣʴ. ʍʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʤʝʜʠ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʧʨʦʪʝʢʘʝʪ ʚ 

ʢʠʥʝʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʚ ʢʦʥʮʝ ʚ ʧʝʨʝʭʦʜʥʦʤ, ʘ ʩʚʠʥʮʘ - ʚ ʢʠʥʝʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ. Eʢʘʞ ʧʝʨʠʦʜʘ ʟʘʨʦʞʜʝʥʠʷ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʜʠ  ʩʦʩʪʘʚʣʷʝʪ 140.04 

ʢɼʞ/ʤʦʣʴ, ʘ ʩʚʠʥʮʘ -162.03 ʢɼʞ/ʤʦʣʴ.  

ʍʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʮʠʥʢʘ ʧʨʦʪʝʢʘʝʪ ʚ ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ Eʢʘʞ  58 ʢɼʞ/ʤʦʣʴ. 
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ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ  ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʠ ʤʝʜʠ, ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ  ʚʦʟʤʦʞʥʘ ʟʘ 

ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʠʢʦʤʧʦʥʝʥʪʥʳʭ ʦʢʩʠʜʥʳʭ ʩʤʝʩʝʡ ʤʝʜʠ, ʮʠʥʢʘ, 

ʩʚʠʥʮʘ, ʞʝʣʝʟʘ ʩ ʦʩʥʦʚʥʳʤ ʭʣʦʨʠʜʦʤ ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ (ʢʘʢ ʧʦ ʤʘʩʩʝ, 

ʪʘʢ ʠ ʧʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ) ï ʭʣʦʨʠʜʦʤ ʢʘʣʴʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʦʭʣʦʨʠʜʦʚ ʩʚʠʥʮʘ (nPbOĿPbCl2), ʞʝʣʝʟʘ (FeOCl), ʢʘʣʴʮʠʷ 

(CaOĿCaCl2), ʘ ʤʝʜʠ ʠ ʮʠʥʢʘ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʦʢʩʦʭʣʦʨʠʜʦʦʙʨʘʟʦʚʘʥʠʷ. 

           ʈʝʟʫʣʴʪʘʪʳ ʫʢʨʫʧʥʝʥʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ  ʙʝʟʦʪʭʦʜʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʩʚʠʥʮʦʚʳʭ ʰʣʘʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʭʣʦʨʘʛʝʥʪʘ ʜʠʩʪʠʣʣʝʨʥʦʡ 

ʞʠʜʢʦʩʪʠ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʠʟʚʣʝʯʝʥʠʷ  ʮʚʝʪʥʳʭ  ʤʝʪʘʣʣʦʚ:ʮʠʥʢʘ -92,9%, 

ʩʚʠʥʮʘ-88,3%, ʤʝʜʠ-87,5%. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʫʯʝʥʥʦʛʦ 

ʦʛʘʨʢʘ  ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʴʶ ʛʨʘʥʫʣ ʜʦ 67,2 ʢʛ/ʛʨʘʥʫʣʘ, ʘ ʪʘʢʞʝ ʠʤʝʝʪ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʧʨʦʯʥʦʩʪʴ 28n ʠ ʥʘʩʳʧʥʫ  ʁ ʧʣʦʪʥʦʩʪʴ 835ʢʛ/ʤ
3
.

        ɺr ʧʦʣʥʝʥʥʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ 1ʪ ʰʣʘʢʘ ʩ ʠʟʚʣʝʯʝʥʠʝʤ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ  ʩʚʠʥʮʘ, ʤʝʜʠ, ʮʠʥʢʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʧʦʣʫʯʝʥʠʝʤ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ  ʧʝʯʠ 

ʩʦʩʪʘʚʣʷʝʪ  9700 ʪʝʥʛʝ,  ʧʨʠʙʳʣʴ - 6915ʪʝʥʛʝ, ʘ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ 

 3 ʛʦʜʘ. 

        ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʪʨʝʙʥʦʩʪʴ ʂʘʟʘʭʩʪʘʥʘ ʚ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ 

ʩʦʜʝ ʩʦʩʪʘʚʣʷʝʪ 350 ʪʳʩ. ʪʦʥʥ ʚ ʛʦʜ, ʠ ʦʥʘ ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʚʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʠʤʧʦʨʪʘ ʠʟ ʟʘʨʫʙʝʞʘ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʨʫʧʥʝʡʰʠʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ ʷʚʣʷʶʪʩʷ ʩʪʝʢʦʣʴʥʘʷ, 

ʭʠʤʠʯʝʩʢʘʷ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʠ ʜʨʫʛʠʝ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [111]. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʟʘʚʦʜ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ ʟʘʧʫʩʪʠʪʩʷ ʚ 

ɾʘʤʙʳʣʩʢʦʡ ʦʙʣʘʩʪʠ ʉʘʨʳʩʫʩʢʦʛʦ ʨʘʡʦʥʘ ʫʞʝ ʚ ʢʦʥʮʝ 2024 ʛʦʜʘ. ʕʪʦ ʧʝʨʚʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ ʚ ʩʪʨʘʥʝ. ʆʧʝʨʘʪʦʨʦʤ ʧʨʦʝʢʪʘ 

ʚʳʩʪʫʧʠʪ ʊʆʆ "QAZAQ SODA". ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʟʘʚʦʜʘ 

ʩʦʩʪʘʚʠʪ 400 ʪʳʩʷʯ ʪʦʥʥ ʩʦʜʳ ʚ ʛʦʜ. ɺ ʙʫʜʫʱʝʤ ʵʪʘ ʮʠʬʨʘ ʫʚʝʣʠʯʠʪʩʷ ʜʦ 1,2 

ʤʠʣʣʠʦʥʘ ʪʦʥʥ ʚ ʛʦʜ.  

 ʂʘʣʴʮʠʥʠʨʦʚʘʥʥʫʶ ʩʦʜʫ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦ ʤʝʪʦʜʫ ʉʦʣʴʚʝ, 

ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʚ ʥʘʩʳʱʝʥʠʠ ʧʨʠʨʦʜʥʳʭ ʩʦʣʷʥʳʭ ʨʘʩʪʚʦʨʦʚ ʘʤʤʠʘʢʦʤ 

ʠ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ.  ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʩʘʜʦʢ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʢʘʣʠʚʘʥʠʷ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʙʠʢʘʨʙʦʥʘʪ ʠ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʫʶ ʩʦʜʫ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ [112, 113]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʘʷ  ʥʘʤʠ ʢʦʤʧʣʝʢʩʥʘʷ  ʪʝʭʥʦʣʦʛʠʷ 

ʠʟʚʣʝʯʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʦʪʚʘʣʴʥʳʭ 

ʰʣʘʢʦʚ ʩʚʠʥʮʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʥʘ ʵʪʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʪʭʦʜʝ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ - ʜʠʩʪʠʣʣʝʨʥʦʡ ʞʠʜʢʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ. 
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https://okna-kz.com/news/20210804/yilmaden-holding-postroyt-zavod-po
https://okna-kz.com/news/20210804/yilmaden-holding-postroyt-zavod-po
https://media.rspp.ru/document/1/8/0/8094f6e510698d8af5feb1827a249a84.pdf
https://www.erg.kz/ru/news/2666


 109 
 
  
 

 

ʇʈʀʃʆɾɽʅʀɽ ɸ 

 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʝʘʢʮʠʠ 

 

ʊʘʙʣʠʮʘ ɸ.1 ï  
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ʊʘʙʣʠʮʘ ɸ.2 ï 0.125  
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ʊʘʙʣʠʮʘ ɸ.3 ï 0.25  
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ʊʘʙʣʠʮʘ ɸ.4 ï 0.375  
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ʊʘʙʣʠʮʘ ɸ.5 ï 0.5  
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ʊʘʙʣʠʮʘ ɸ.6 ï 0.625  
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ʊʘʙʣʠʮʘ ɸ.7 ï 0.75
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ʊʘʙʣʠʮʘ ɸ.8 ï 0.875  
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ʊʘʙʣʠʮʘ ɸ.9 ï 

0.90625
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ʊʘʙʣʠʮʘ ɸ.10 ï
0.9375
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ʊʘʙʣʠʮʘ ɸ.11 ï 0.96875
 

 

 


