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ʇʈʀʈʆɼʅʆ-ʄɸʊɽʄɸʊʀʏʂʀ ʌɸʂʋʃʊɽʊ 
 
 
 
 
 
 
 
 
 
 

ʉʚʝʪʣʘʥʘ ɺ. ɼʤʠʪʨʦʚʠ˂ 
 

ʅʆɺʀ ʅɸʅʆʉʊʈʋʂʊʋʈʅʀ ʂʆʄʇʆɿʀʊʅʀ 

ʄɸʊɽʈʀɱɸʃʀ ʅɸ ɹɸɿʀ ʇɸʋʂʆɺɽ 

ʄʈɽɾɽ: ɼʆɹʀɱɸɳɽ, ʉʊʈʋʂʊʋʈʅɸ, 

ʄʆʈʌʆʃʆʐʂɸ, ʃʋʄʀʅɽʉʎɽʅʊʅɸ ʀ 

ʄɸɻʅɽʊʅɸ ʉɺʆɱʉʊɺɸ ʄɸʊɽʈʀɱɸʃɸ 
 

ɼʆʂʊʆʈʉʂɸ ɼʀʉɽʈʊɸʎʀɱɸ 
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ʋʅʀɺɽʈɿʀʊɽʊ ʋ ʅʀʐʋ 

ʇʈʀʈʆɼʅʆ-ʄɸʊɽʄɸʊʀʏʂʀ ʌɸʂʋʃʊɽʊ 
 
 
 
 
 
 
 
 
 
 

ʉʚʝʪʣʘʥʘ ɺ. ɼʤʠʪʨʦʚʠ˂ 
 

ʅʆɺʀ ʅɸʅʆʉʊʈʋʂʊʋʈʅʀ ʂʆʄʇʆɿʀʊʅʀ 

ʄɸʊɽʈʀɱɸʃʀ ʅɸ ɹɸɿʀ ʇɸʋʂʆɺɽ 

ʄʈɽɾɽ: ɼʆɹʀɱɸɳɽ, ʉʊʈʋʂʊʋʈʅɸ, 

ʄʆʈʌʆʃʆʐʂɸ, ʃʋʄʀʅɽʉʎɽʅʊʅɸ ʀ 

ʄɸɻʅɽʊʅɸ ʉɺʆɱʉʊɺɸ ʄɸʊɽʈʀɱɸʃɸ 
 

ɼʆʂʊʆʈʉʂɸ ɼʀʉɽʈʊɸʎʀɱɸ 
 

ʊʝʢʩʪ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʩʪʘʚˀʘ ʩʝ ʥʘ ʫʚʠʜ ʿʘʚʥʦʩʪʠ, 

ʫ ʩʢʣʘʜʫ ʩʘ ʯʣʘʥʦʤ 30., ʩʪʘʚ 8. ɿʘʢʦʥʘ ʦ ʚʠʩʦʢʦʤ ʦʙʨʘʟʦʚʘˁʫ 

("ʉʣ. ʛʣʘʩʥʠʢ ʈʉ", ʙʨ. 76/2005, 100/2007 ï ʘʫʪʝʥʪʠʯʥʦ ʪʫʤʘʯʝˁʝ, 97/2008, 44/2010, 

93/2012, 89/2013 ʠ 99/2014) 

 
ʅɸʇʆʄɽʅɸ ʆ ɸʋʊʆʈʉʂʀʄ ʇʈɸɺʀʄɸ: 

 

ʆʚʘʿ ʪʝʢʩʪ ʩʤʘʪʨʘ ʩʝ ʨʫʢʦʧʠʩʦʤ ʠ ʩʘʤʦ ʩʝ ʩʘʦʧʰʪʘʚʘ ʿʘʚʥʦʩʪʠ (ʯʣʘʥ 7. ɿʘʢʦʥʘ ʦ ʘʫʪʦʨʩʢʠʤ 

ʠ ʩʨʦʜʥʠʤ ʧʨʘʚʠʤʘ, "ʉʣ. ʛʣʘʩʥʠʢ ʈʉ", ʙʨ. 104/2009, 99/2011 ʠ 119/2012). 

 

ʅʠʿʝʜʘʥ ʜʝʦ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʥʝ ʩʤʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʥʠ ʫ ʢʘʢʚʝ ʩʚʨʭʝ, 

ʦʩʠʤ ʟʘ ʫʧʦʟʥʘʚʘˁʝ ʩʘ ˁʝʥʠʤ ʩʘʜʨʞʘʿʝʤ ʧʨʝ ʦʜʙʨʘʥʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

 

ʅʠʰ, 2019. 
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ʄɽʅʊʆʈ: 

ʜʨ ɸʣʝʢʩʘʥʜʨʘ ʈ. ɿʘʨʫʙʠʮʘ 

ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ, ɼʝʧʘʨʪʤʘʥʘ ʟʘ ʭʝʤʠʿʫ, 

ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʅʠʰʫ 

ʏʃɸʅʆɺʀ ʂʆʄʀʉʀɱɽ: 

ʜʨ ʄʘʨʿʘʥ ʈʘʥʹʝʣʦʚʠ˂ 

ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ, ɼʝʧʘʨʪʤʘʥʘ ʟʘ ʭʝʤʠʿʫ, 

ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʅʠʰʫ 

ʜʨ ɺʣʘʜʠʤʠʨ ɾʠʢʠ˂ 

ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ, ɼʝʧʘʨʪʤʘʥʘ ʟʘ ʙʠʦʣʦʛʠʿʫ ʠ 

ʝʢʦʣʦʛʠʿʫ, ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʅʠʰʫ 

ʜʨ ʄʘʨʢʦ ʅʠʢʦʣʠ˂ 

ʚʠʰʠ ʥʘʫʯʥʠ ʩʘʨʘʜʥʠʢ ʀʥʩʪʠʪʫʪʘ ʟʘ ʬʠʟʠʢʫ, ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ 

ʜʨ ʈʘʜʦʤʠʨ ɲʫʧʢʦʚʠ˂ 

 ʥʘʫʯʥʠ ʩʘʨʘʜʥʠʢ ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ, ɼʝʧʘʨʪʤʘʥʘ ʟʘ ʭʝʤʠʿʫ, 

ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʅʠʰʫ 

 

 

 

 

 

 

 

ɼʘʪʫʤ ʦʜʙʨʘʥʝ: 

 



 

    ʇʨʠʣʦʛ 4/1 

 

ʇʈʀʈʆɼʅʆ - ʄɸʊɽʄɸʊʀʏʂʀ ʌɸʂʋʃʊɽʊ 

ʅʀʐ 

ʂɲʋʏʅɸ ɼʆʂʋʄɽʅʊɸʎʀɱʉʂɸ ʀʅʌʆʈʄɸʎʀɱɸ 

 

 

ʈʝʜʥʠ ʙʨʦʿ, ʈɹʈ:  

ʀʜʝʥʪʠʬʠʢʘʮʠʦʥʠ ʙʨʦʿ, 

ʀɹʈ: 

 

ʊʠʧ ʜʦʢʫʤʝʥʪʘʮʠʿʝ, ʊɼ: ʄʦʥʦʛʨʘʬʩʢʘ 

ʊʠʧ ʟʘʧʠʩʘ, ʊɿ: ʪʝʢʩʪʫʘʣʥʠ  /  ʛʨʘʬʠʯʢʠ 

ɺʨʩʪʘ ʨʘʜʘ, ɺʈ: ʜʦʢʪʦʨʩʢʘ  ʜʠʩʝʨʪʘʮʠʿʘ 

ɸʫʪʦʨ, ɸʋ: ʉʚʝʪʣʘʥʘ  ɺ.  ɼʤʠʪʨʦʚʠ˂     

ʄʝʥʪʦʨ, ʄʅ: ɸʣʝʢʩʘʥʜʨʘ ʈ. ɿʘʨʫʙʠʮʘ   

ʅʘʩʣʦʚ ʨʘʜʘ, ʅʈ: 
ʅʆɺʀ ʅɸʅʆʉʊʈʋʂʊʋʈʅʀ ʂʆʄʇʆɿʀʊʅʀ ʄɸʊɽʈʀɱɸʃʀ ʅɸ ɹɸɿʀ 

ʇɸʋʂʆɺɽ ʄʈɽɾɽ: ɼʆɹʀɱɸɳɽ, ʉʊʈʋʂʊʋʈʅɸ, ʄʆʈʌʆʃʆʐʂɸ, 

ʃʋʄʀʅɽʉʎɽʅʊʅɸ ʀ ʄɸɻʅɽʊʅɸ ʉɺʆɱʉʊɺɸ ʄɸʊɽʈʀɱɸʃɸ 

ɱʝʟʠʢ ʧʫʙʣʠʢʘʮʠʿʝ, ɱʇ: ʉʨʧʩʢʠ 

ɱʝʟʠʢ ʠʟʚʦʜʘ, ɱʀ: ʩʨʧʩʢʠ/ʝʥʛʣʝʩʢʠ 

ɿʝʤˀʘ ʧʫʙʣʠʢʦʚʘʘˁ, ɿʇ: ʉʨʙʠʿʘ 

ʋʞʝ ʛʝʦʛʨʘʬʩʢʦ ʧʦʜʨʫʯʿʝ, 

ʋɻʇ: 
ʉʨʙʠʿʘ 

ɻʦʜʠʥʘ, ɻʆ: 2019. 

ʀʟʜʘʚʘʯ, ʀɿ: ʘʫʪʦʨʩʢʠ ʨʝʧʨʠʥʪ 

ʄʝʩʪʦ ʠ ʘʜʨʝʩʘ, ʄɸ: ʅʠʰ, ɺʠʰʝʛʨʘʜʩʢʘ 33. 

ʌʠʟʠʯʢʠ ʦʧʠʩ ʨʘʜʘ, ʌʆ: 
(ʧʦʛʣʘʚʘˀ/ʩʪʨʘʥʘ/ 

ʮʠʪʘʪʘ/ʪʘʙʝʣʘ/ʩʣʠʢʘ/ʛʨʘʬʠʢʘ/ʧʨʠʣʦʛʘ) 

11 ʧʦʛʣʘʚˀʘ; 172 ʩʪʨʘʥe; 248 ʨʝʬʝʨʝʥʮʠ; 8 ʪʘʙʝʣʘ; 50 ʩʣʠʢʘ 

ʅʘʫʯʥʘ ʦʙʣʘʩʪ, ʅʆ: ʍʝʤʠʿʘ 

ʅʘʫʯʥʘ ʜʠʩʮʠʧʣʠʥʘ, ʅɼ: ʇʨʠʤʝˁʝʥʘ ʠ ʠʥʜʫʩʪʨʠʿʩʢʘ ʭʝʤʠʿʘ 

ʇʨʝʜʤʝʪʥʘ 

ʦʜʨʝʜʥʠʮʘ/ʂʫˀʯʥʝ ʨʝʯʠ, ʇʆ: 
ɺʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ, ʢʘʣʮʠʪ, ʮʝʨʠʿʫʤ(IV)-ʦʢʩʠʜ, ʝʫʨʦʧʠʿʫʤ, 

ʤʘʛʭʝʤʠʪ, ʤʘʛʥʝʟʠʿʫʤ-ʦʢʩʠʜ, ʤʘʛʥʝʟʠʿʫʤ-ʭʠʜʨʦʢʩʠʜ, 

ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʘ, ʣʫʤʠʥʝʩʮʝʥʮʠʿʘ, ʤʘʛʥʝʪʥʝ ʦʩʦʙʠʥʝ 

ʋɼʂ 542.06 : [595.44 + 678 - 1] 

ʏʫʚʘ ʩʝ, ʏʋ: ɹʠʙʣʠʦʪʝʢʘ 

ɺʘʞʥʘ ʥʘʧʦʤʝʥʘ, ɺʅ: ɼʠʩʝʨʪʘʮʠʿʘ ʿʝ ʜʝʦ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʦʿʝʢʪʘ ʀʀʀ 45012 ʄʇʅʊʈ ʈʉ. 

ʂʦʨʠʰ˂ʝʥʝ ʣʘʙʦʨʘʪʦʨʠʿʝ: ʃʘʙʦʨʘʪʦʨʠʿʘ ʟʘ ʤʘʪʝʨʠʿʘʣʝ ʀʅʅ Ăɺʠʥʯʘñ, 

ʃʘʙʦʨʘʪʦʨʠʿʘ ʟʘ ʪʝʦʨʠʿʩʢʫ ʬʠʟʠʢʫ ʠ ʬʠʟʠʢʫ ʢʦʥʜʝʥʟʦʚʘʥʝ ʤʘʪʝʨʠʿʝ ʀʅʅ 

Ăɺʠʥʯʘñ, ʃʘʙʦʨʘʪʦʨʠʿʘ ʀʥʩʪʠʪʫʪʘ ʟʘ ʌʠʟʠʢʫ ʫ ɹʝʦʛʨʘʜʫ, ʃʘʙʦʨʘʪʦʨʠʿʘ 

ʀʥʩʪʠʪʫʪʘ ʟʘ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ɹʝʦʛʨʘʜʫ, 

ʃʘʙʦʨʘʪʦʨʠʿʘ ʊʝʭʥʦʣʦʰʢʦ-ʤʝʪʘʣʫʨʰʢʦʛ ʬʘʢʫʣʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ, ʎʝʥʪʘʨ ʟʘ 



                                                                                                      
 

 

ʤʠʢʨʦʩʢʦʧʠʿʫ ʠ ʤʠʢʨʦʘʥʘʣʠʟʫ ʀʥʩʪʠʪʫʪʘ Ăɱʦʞʝʬ ʐʪʝʬʘʥñ ʫ ɲʫʙˀʘʥʠ 

(ʉʣʦʚʝʥʠʿʘ), ʃʘʙʦʨʘʪʦʨʠʿʘ ʂʠʧʘʨʩʢʦʛ ʊʝʭʥʦʣʦʰʢʦʛ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ 

ʃʝʤʝʩʦʩʫ (ʂʠʧʘʨ). 

ʀʟʚʦʜ, ʀɿ: ʋ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʚʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʠʟʘʙʨʘʥʘ ʩʫ 

ʢʘʦ ʤʦʜʝʣ ʩʠʩʪʝʤ ʟʘ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ɺʣʘʢʥʘ ʩʫ 

ʢʦʨʠʰ˂ʝʥʘ ʢʘʦ ʤʘʪʨʠʮʘ ʟʘ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʫ, ʦʙʣʘʛʘˁʝ ʨʘʟʣʠʯʠʪʠʤ 

ʥʘʥʦʯʝʩʪʠʮʘʤʘ ʠ ʢʘʦ ʤʘʪʨʠʮʘ ʟʘ ʩʠʥʪʝʟʫ ʯʠʩʪʠʭ ʥʝʦʨʛʘʥʩʢʠʭ ʚʣʘʢʘʥʘ. 

ʀʤʠʪʘʮʠʿʦʤ ʧʨʦʮʝʩʘ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ, ʜʦʙʠʿʝʥʘ ʩʫ ʚʣʘʢʥʘ ʦʙʣʦʞʝʥʘ 

ʢʘʣʮʠʪʦʤ. ʋʨʘʹʝʥʘ ʿʝ ʢʦʤʧʣʝʪʥʘ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʦʚʦʛ 

ʤʘʪʝʨʠʿʘʣʘ, ʢʘʦ ʠ ʧʨʦʮʝʥʘ ʦʧʪʠʤʘʣʥʦʛ ʚʨʝʤʝʥʩʢʦʛ ʠʥʪʝʨʚʘʣʘ 

ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ.  

ɱʝʜʥʦʩʪʘʚʥʦʤ ʤʝʪʦʜʦʤ ʧʨʝʮʠʧʠʪʘʮʠʿʝ ʜʦʙʠʿʝʥʘ ʩʫ ʚʣʘʢʥʘ ʦʙʣʦʞʝʥʘ 

ʯʠʩʪʠʤ ʠ Eu
3+ 
ʜʦʧʠʨʘʥʠʤ ʮʝʨʠʿʫʤ(IV)-ʦʢʩʠʜʦʤ (CeO2). ʅʘ ʦʩʥʦʚʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʨʝʟʫʣʪʘʪʘ, ʜʦʙʠʿʝʥʠʭ ʩʢʝʥʠʨʘʿʫ˂ʦʤ ʝʣʝʢʪʨʦʥʩʢʦʤ 

ʤʠʢʨʦʩʢʦʧʠʿʦʤ, ʦʜʨʝʹʝʥʘ ʿʝ ʦʧʪʠʤʘʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʦʣʘʟʥʠʭ 

ʨʝʘʢʪʘʥʘʪʘ ʟʘ ʜʦʧʠʨʘˁʝ ʝʫʨʦʧʠʿʫʤʦʤ. ʇʦʨʝʜ ʢʦʤʧʣʝʪʥʝ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʝ 

ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʝ ʤʘʪʝʨʠʿʘʣʘ, ʠʩʧʠʪʘʥʝ ʩʫ ʠ ʣʫʤʠʥʝʩʮʝʥʪʥʝ ʦʩʦʙʠʥʝ 

ʢʦʤʧʦʟʠʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʦʙʣʦʞʝʥʦʛ ʜʦʧʠʨʘʥʠʤ CeO2. 

ʅʘ ʩʣʠʯʘʥ ʥʘʯʠʥ, ʧʨʝʮʠʧʠʪʘʮʠʦʥʠʤ ʪʨʝʪʤʘʥʦʤ ʜʦʙʠʿʝʥʘ ʩʫ ʚʣʘʢʥʘ 

ʦʙʣʦʞʝʥʘ ʥʘʥʦʯʝʩʪʠʮʘʤʘ ɔ-Fe2O3. ʋʨʘʹʝʥʘ ʿʝ ʢʦʤʧʣʝʪʥʘ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʘ 

ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʠʩʧʠʪʘʥʝ ʩʫ ʤʘʛʥʝʪʥʝ ʦʩʦʙʠʥʝ ʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ. 

ʂʘʣʮʠʥʘʮʠʿʦʤ ʤʘʛʥʝʟʠʿʫʤʦʚʠʭ ʩʦʣʠ ʫ ʧʨʠʩʫʩʚʫ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ 

ʜʦʙʠʿʝʥ ʿʝ ʤʘʛʥʝʟʠʿʫʤ-ʦʢʩʠʜ ʫ ʬʦʨʤʠ ʚʣʘʢʘʥʘ, ʧʨʠ ʯʝʤʫ ʩʫ ʜʠʤʝʥʟʠʿʝ 

ʤʘʪʝʨʠʿʘʣʘ ʜʝʬʠʥʠʩʘʥʝ ʜʠʤʝʥʟʠʿʘʤʘ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ. ʍʠʜʨʘʪʘʮʠʿʦʤ 

ʚʣʘʢʘʥʘ MgO, ʜʦʙʠʿʝʥ ʿʝ ʤʘʛʥʝʟʠʿʫʤ-ʭʠʜʨʦʢʩʠʜ (Mg(OH)2), ʧʨʠ ʯʝʤʫ ʩʫ 

ʠʩʧʠʪʠʚʘʥʠ ʨʘʟʣʠʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʜʦʙʠʿʘˁʘ, ʢʘʦ ʰʪʦ ʩʫ ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʠʥʢʫʙʘʮʠʦʥʠ ʧʝʨʠʦʜ. 

ɼʦʜʘʪʥʦ, ʫ ʦʢʚʠʨʫ ʪʝʟʝ ʫʨʘʹʝʥʝ ʩʫ ʪʝʦʨʠʿʩʢʝ ʢʘʣʢʫʣʘʮʠʿʝ CeO2 ʩʠʩʪʝʤʘ ʫ 

ʮʠˀʫ ʧʨʦʮʝʥʝ ˁʝʛʦʚʠʭ ʝʣʝʢʪʨʦʥʩʢʠʭ, ʝʣʘʩʪʠʯʥʠʭ ʠ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ ʫ 

ʬʫʥʢʮʠʿʠ ʧʨʠʪʠʩʘʢʘ ʫ ʦʧʩʝʛʫ 0-100 GPa. 
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ʋ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʚʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ 

ʠʟʘʙʨʘʥʘ ʩʫ ʢʘʦ ʤʦʜʝʣ ʩʠʩʪʝʤ ʟʘ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ. ɺʣʘʢʥʘ ʩʫ ʢʦʨʠʰ˂ʝʥʘ ʢʘʦ ʤʘʪʨʠʮʘ ʟʘ 

ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʫ, ʦʙʣʘʛʘˁʝ ʨʘʟʣʠʯʠʪʠʤ ʥʘʥʦʯʝʩʪʠʮʘʤʘ ʠ ʢʘʦ 

ʤʘʪʨʠʮʘ ʟʘ ʩʠʥʪʝʟʫ ʯʠʩʪʠʭ ʥʝʦʨʛʘʥʩʢʠʭ ʚʣʘʢʘʥʘ. 

ʀʤʠʪʘʮʠʿʦʤ ʧʨʦʮʝʩʘ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ, ʜʦʙʠʿʝʥʘ ʩʫ ʚʣʘʢʥʘ 

ʦʙʣʦʞʝʥʘ ʢʘʣʮʠʪʦʤ. ʋʨʘʹʝʥʘ ʿʝ ʢʦʤʧʣʝʪʥʘ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʘ 

ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʢʘʦ ʠ ʧʨʦʮʝʥʘ ʦʧʪʠʤʘʣʥʦʛ 

ʚʨʝʤʝʥʩʢʦʛ ʠʥʪʝʨʚʘʣʘ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ.  

ɱʝʜʥʦʩʪʘʚʥʦʤ ʤʝʪʦʜʦʤ ʧʨʝʮʠʧʠʪʘʮʠʿʝ ʜʦʙʠʿʝʥʘ ʩʫ ʚʣʘʢʥʘ 

ʦʙʣʦʞʝʥʘ ʯʠʩʪʠʤ ʠ Eu
3+ 
ʜʦʧʠʨʘʥʠʤ ʮʝʨʠʿʫʤ(IV)-ʦʢʩʠʜʦʤ (CeO2). 

ʅʘ ʦʩʥʦʚʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʨʝʟʫʣʪʘʪʘ, ʜʦʙʠʿʝʥʠʭ ʩʢʝʥʠʨʘʿʫ˂ʦʤ 

ʝʣʝʢʪʨʦʥʩʢʦʤ ʤʠʢʨʦʩʢʦʧʠʿʦʤ, ʦʜʨʝʹʝʥʘ ʿʝ ʦʧʪʠʤʘʣʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʦʣʘʟʥʠʭ ʨʝʘʢʪʘʥʘʪʘ ʟʘ ʜʦʧʠʨʘˁʝ ʝʫʨʦʧʠʿʫʤʦʤ. 

ʇʦʨʝʜ ʢʦʤʧʣʝʪʥʝ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʝ ʤʘʪʝʨʠʿʘʣʘ, 

ʠʩʧʠʪʘʥʝ ʩʫ ʠ ʣʫʤʠʥʝʩʮʝʥʪʥʝ ʦʩʦʙʠʥʝ ʢʦʤʧʦʟʠʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ 

ʦʙʣʦʞʝʥʦʛ ʜʦʧʠʨʘʥʠʤ CeO2. 

ʅʘ ʩʣʠʯʘʥ ʥʘʯʠʥ, ʧʨʝʮʠʧʠʪʘʮʠʦʥʠʤ ʪʨʝʪʤʘʥʦʤ ʜʦʙʠʿʝʥʘ ʩʫ 

ʚʣʘʢʥʘ ʦʙʣʦʞʝʥʘ ʥʘʥʦʯʝʩʪʠʮʘʤʘ ɔ-Fe2O3. ʋʨʘʹʝʥʘ ʿʝ ʢʦʤʧʣʝʪʥʘ 

ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʠ ʠʩʧʠʪʘʥʝ ʩʫ ʤʘʛʥʝʪʥʝ 

ʦʩʦʙʠʥʝ ʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ. 

ʂʘʣʮʠʥʘʮʠʿoʤ ʤʘʛʥʝʟʠʿʫʤʦʚʠʭ ʩʦʣʠ ʫ ʧʨʠʩʫʩʚʫ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ 

ʤʨʝʞʝ ʜʦʙʠʿʝʥ ʿʝ ʤʘʛʥʝʟʠʿʫʤ-ʦʢʩʠʜ ʫ ʬʦʨʤʠ ʚʣʘʢʘʥʘ, ʧʨʠ ʯʝʤʫ ʩʫ 

ʜʠʤʝʥʟʠʿʝ ʤʘʪʝʨʠʿʘʣʘ ʜʝʬʠʥʠʩʘʥʝ ʜʠʤʝʥʟʠʿʘʤʘ ʧʨʠʨʦʜʥʠʭ 

ʚʣʘʢʘʥʘ. ʍʠʜʨʘʪʘʮʠʿʦʤ ʚʣʘʢʘʥʘ MgO, ʜʦʙʠʿʝʥ ʿʝ ʤʘʛʥʝʟʠʿʫʤ-

ʭʠʜʨʦʢʩʠʜ (Mg(OH)2), ʧʨʠ ʯʝʤʫ ʩʫ ʠʩʧʠʪʠʚʘʥʠ ʨʘʟʣʠʯʠʪʠ 

ʧʘʨʘʤʝʪʨʠ ʜʦʙʠʿʘˁʘ, ʢʘʦ ʰʪʦ ʩʫ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʠʥʢʫʙʘʮʠʦʥʠ 

ʧʝʨʠʦʜ. 

ɼʦʜʘʪʥʦ, ʫ ʦʢʚʠʨʫ ʪʝʟʝ ʫʨʘʹʝʥʝ ʩʫ ʪʝʦʨʠʿʩʢʝ ʢʘʣʢʫʣʘʮʠʿʝ CeO2 

ʩʠʩʪʝʤʘ ʫ ʮʠˀʫ ʧʨʦʮʝʥʝ ˁʝʛʦʚʠʭ ʝʣʝʢʪʨʦʥʩʢʠʭ, ʝʣʘʩʪʠʯʥʠʭ ʠ 

ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ ʫ ʬʫʥʢʮʠʿʠ ʧʨʠʪʠʩʘʢʘ ʫ ʦʧʩʝʛʫ 0-100 GPa. 

   



 
 

 

ʅʘʫʯʥʘ ʦʙʣʘʩʪ:  ʍʝʤʠʿʘ 

ʅʘʫʯʥʘ 

ʜʠʩʮʠʧʣʠʥʘ:  
ʇʨʠʤʝˁʝʥʘ ʠ ʠʥʜʫʩʪʨʠʿʩʢʘ ʭʝʤʠʿʘ 

   

ʂˀʫʯʥʝ ʨʝʯʠ:  

ɺʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ, ʢʘʣʮʠʪ, ʮʝʨʠʿʫʤ(IV)-ʦʢʩʠʜ, ʝʫʨʦʧʠʿʫʤ, 

ʤʘʛʭʝʤʠʪ, ʤʘʛʥʝʟʠʿʫʤ-ʦʢʩʠʜ, ʤʘʛʥʝʟʠʿʫʤ-ʭʠʜʨʦʢʩʠʜ, 

ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʘ, ʣʫʤʠʥʝʩʮʝʥʮʠʿʘ, ʤʘʛʥʝʪʥʝ ʦʩʦʙʠʥʝ 

   

ʋɼʂ:  542.06 : [595.44 + 678 - 1] 

   

CERIF 

ʢʣʘʩʠʬʠʢʘʮʠʿʘ: 

 

T 150 ʊʝʭʥʦʣʦʛʠʿʘ ʤʘʪʝʨʠʿʘʣʘ; ʊ 151 ʆʧʪʠʯʢʠ ʤʘʪʝʨʠʿʘʣʠ; ʊ 152 

ʂʦʤʧʦʟʠʪʥʠ ʤʘʪʝʨʠʿʘʣʠ, ʊ 153 ʂʝʨʘʤʠʯʢʠ ʠ ʧʨʘʰʢʘʩʪʠ 

ʤʘʪʝʨʠʿʘʣʠ; ʊ 390 ʊʝʭʥʦʣʦʛʠʿʘ ʧʦʣʠʤʝʨʘ, ʙʠʦʧʦʣʠʤʝʨʠ; ʊ 490 

ɹʠʦʪʝʭʥʦʣʦʛʠʿʘ  

   

ʊʠʧ ʣʠʮʝʥʮʝ 

ʂʨʝʘʪʠʚʥʝ 

ʟʘʿʝʜʥʠʮʝ:  
CC BY-NC-ND 

 

  



 
 

 

  Data on Doctoral Dissertation 

   

Doctoral 

Supervisor:  

Dr. Aleksandra Zarubica, Full professor, Department of Chemistry, 

Faculty of Science and Mathematics, University of Niġ 

   

Title: 

  

New nanostructured composite spider silk based materials: 

Preparation, structural, morphological, luminescent and magnetic 

properties of the materials  

   

Abstract: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Within this doctoral dissertation, spider silk fibers have been chosen 

as a model system for synthesis new composite materials. The fibers 

were used as a template for biomineralization, coating with different 

nanoparticles, as well as template for synthesis pure inorganic fibers.  

By imitating biomineralization process, fibers coated with pure and 

Eu
3+ 

doped cerium oxide (CeO2) were obtained. Based on 

experimental results obtained by scanning electron microscopy, the 

optimal concentration of starting material for subsequent europium 

doping has been determined. Besides complete physico-chemical 

characterization of the material, luminescent properties of composite 

material coated with europium doped ceria were investigated. 

Similarly, fibers coated with ɔ-Fe2O3 nanoparticles were obtained by 

precipitation treatment. Complete physico-chemical, as well as 

magnetic properties were explored. 

By calcination of magnesium salts in the presence of spider silk 

fibers, fiber-shaped magnesium oxide was obtained, while dimensions 

of materials were defined with dimensions of natural fibers. By 

subsequent calcination of MgO fibers, magnesium hydroxide 

(Mg(OH)2) was formed, while different obtaining parameters like 

temperature and incubation period were examined. 

Additionally, within dissertation, theoretical calculations of CeO2 

system were done in order to estimate its electronic, elastic and 

mechanical properties in function of pressures in the range 0-100 

GPa. 
                                                          

   

Scientific 

Field:  
Chemistry 

Scientific 

Discipline:  
Applied and Industrial Chemistry 

   

Key Words:  

Spider silk, calcite, cerium(IV)-oxide, europium, maghemite, 

magnesium-oxide, magnesium-hydroxide, biomineralization, 

luminescence, magnetic properties 

   

UDC:  542.06 : [595.44 + 678 - 1] 

   



 
 

 

CERIF 

Classification: 
 

ʊ 150 Material technology; T 151 Optical materials; T 152 Composite 

materials; T 153 Ceramic materials and powders; T 390 Polymer 

technology, biopolymers; T 490 Biotechnology 

   

Creative 

Commons 

License Type:  
CC BY-NC-ND 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ                                                                                               ɿʘʭʚʘʣʥʠʮʘ                                                                                                        

 

 

ʆʚʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʿʝ ʫʨʘʹʝʥʘ ʫ ʦʢʚʠʨʫ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ ʧʨʦʿʝʢʪʫʄʠʥʠʩʪʘʨʩʪʚʘ 

ʧʨʦʩʚʝʪʝ, ʥʘʫʢʝ ʠ ʪʝʭʥʦʣʦʰʢʦʛ ʨʘʟʚʦʿʘ ʀʀʀ 45012, ʧʦʜ ʥʘʟʠʚʦʤ Ăʉʠʥʪʝʟʘ, ʧʨʦʮʝʩʠʨʘˁʝ 

ʠ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʧʨʠʤʝʥʫ ʫ ʦʙʣʘʩʪʠ ʝʥʝʨʛʠʿʝ, 

ʤʝʭʘʥʠʯʢʦʛ ʠʥʞʝˁʝʨʩʪʚʘ, ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʙʠʦʤʝʜʠʮʠʥʝñ. ʀʟʨʘʜʦʤ ʦʚʦʛ 

ʨʘʜʘ ʨʫʢʦʚʦʜʠʣʠ ʩʫ ʧʨʦʬ. ʜʨ ɸʣʝʢʩʘʥʜʨʘ ɿʘʨʫʙʠʮʘ, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ ʇʨʠʨʦʜʥʦ-

ʤʘʪʝʤʘʪʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʫ ʅʠʰʫ ʠ ʜʨ ɹʨʘʥʢʦ ʄʘʪʦʚʠ˂, ʥʘʫʯʥʠ ʩʘʚʝʪʥʠʢ ʀʅʅ Ăɺʠʥʯʘñ.  

ʇʨʦʬ. ʜʨ ɸʣʝʢʩʘʥʜʨʠ ɿʘʨʫʙʠʮʠ ʥʘʿʠʩʢʨʝʥʠʿʝ ʩʝ ʟʘʭʚʘˀʫʿʝʤ, ʧʨʝ ʩʚʝʛʘ, ʰʪʦ ʿʝ ʧʨʠʭʚʘʪʠʣʘ 

ʜʘ ʙʫʜʝ ʤʝʥʪʦʨ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʥʘ ʚʝʣʠʢʦʤ ʟʘʣʘʛʘˁʫ ʠ ʩʪʨʫʯʥʦʿ ʧʦʤʦ˂ʠ 

ʪʦʢʦʤ ˁʝʥʝ ʠʟʨʘʜʝ, ʢʦʨʠʩʥʠʤ ʜʠʩʢʫʩʠʿʘʤʘ ʠ ʩʘʚʝʪʠʤʘ ʪʦʢʦʤ ʨʘʜʘ ʠ ʩʚʝʦʙʫʭʚʘʪʥʦʿ 

ʧʦʜʨʰʮʠ.  

ɼʨ ɹʨʘʥʢʫ ʄʘʪʦʚʠ˂ʫ ʥʘʿʠʩʢʨʝʥʠʿʝ ʩʝ ʟʘʭʚʘˀʫʿʝʤ ʥʘ ʦʛʨʦʤʥʦʿ ʧʦʤʦ˂ʠ ʪʦʢʦʤ ʠʟʨʘʜʝ ʦʚʝ 

ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʢʘʦ ʠ ʥʘ ʥʝʩʝʙʠʯʥʦʿ ʧʦʜʨʰʮʠ ʢʦʿʫ ʤʠ ʿʝ ʧʨʫʞʠʦ, ʢʘʢʦ ʫ ʥʘʫʯʥʦ-

ʠʩʪʨʘʞʠʚʘʯʢʦʤ ʨʘʜʫ, ʪʘʢʦ ʠ ʫ ʞʠʚʦʪʫ. 

ʉʠʥʪʝʟʘ ʠ ʚʝ˂ʠ ʜʝʦ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʝ ʤʘʪʝʨʠʿʘʣʘ ʦʙʫʭʚʘ˂ʝʥʠʭ ʦʚʦʤ ʜʠʩʝʨʪʘʮʠʿʦʤ ʿʝ 

ʫʨʘʹʝʥ ʫ ʃʘʙʦʨʘʪʦʨʠʿʠ ʟʘ ʤʘʪʝʨʠʿʘʣʝ 170, ʀʥʩʪʠʪʫʪʘ ʟʘ ʥʫʢʣʝʘʨʥʝ ʥʘʫʢʝ Ăɺʠʥʯʘñ. ɼʝʦ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʝ ʘʥʘʣʠʟʝ ʤʘʪʝʨʠʿʘʣʘ ʫʨʘʹʝʥ ʿʝ ʫ ʎʝʥʪʨʫ ʟʘ ʤʠʢʨʦʩʢʦʧʠʿʫ ʠ ʤʠʢʨʦʘʥʘʣʠʟʫ 

ʀʥʩʪʠʪʫʪʘ Ăɱʦʞʝʬ ʐʪʝʬʘʥñ ʫ ɲʫʙˀʘʥʠ (ʉʣʦʚʝʥʠʿʘ) ʠ ʂʠʧʘʨʩʢʦʤ ʊʝʭʥʦʣʦʰʢʦʤ 

ʋʥʠʚʝʨʟʠʪʝʪʫ, ʃʝʤʝʩʦʩ (ʂʠʧʘʨ). ʆʚʦʤ ʧʨʠʣʠʢʦʤ, ʥʘʿʩʨʜʘʯʥʠʿʝ ʩʝ ʟʘʭʚʘˀʫʿʝʤ ʜʨ ɹʠˀʘʥʠ 

ɹʘʙʠ˂ (ʀʥʩʪʠʪʫʪ ʟʘ ʬʠʟʠʢʫ ʫ ɹʝʦʛʨʘʜʫ), ʜʨ ɺʦʿʠʩʣʘʚʫ ʉʧʘʩʦʿʝʚʠ˂ʫ (ʃʘʙʦʨʘʪʦʨʠʿʘ ʟʘ 

ʬʠʟʠʢʫ ʢʦʥʜʝʥʟʦʚʘʥʝ ʤʘʪʝʨʠʿʝ ʀʅʅ Ăɺʠʥʯʘñ), ʜʨ ʄʘʨʢʫ ʅʠʢʦʣʠ˂ʫ (ʀʥʩʪʠʪʫʪ ʟʘ ʬʠʟʠʢʫ 

ʫ ɹʝʦʛʨʘʜʫ), ʜʨ ɹʨʘʥʠʩʣʘʚʫ ɱʝʣʝʥʢʦʚʠ˂ʫ (ʀʥʩʪʠʪʫʪ ʟʘ ʬʠʟʠʢʫ ʫ ɹʝʦʛʨʘʜʫ), ʜʨ ɻʦʨʘʥʫ 

ɹʨʘʥʢʦʚʠ˂ʫ (ʀʥʩʪʠʪʫʪ ʟʘ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ɹʝʦʛʨʘʜʫ) ʠ ʜʨ ɹʦʿʘʥʫ 

ɱʦʢʠ˂ʫ (ʊʝʭʥʦʣʦʰʢo-ʤʝʪʘʣʫʨʰʢʠ ʬʘʢʫʣʪʝʪ ʫ ɹʝʦʛʨʘʜʫ) ʥʘ ʦʤʦʛʫ˂ʝʥʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʨʘʜʫ ʠ ʨʘʟʤʝʥʠ ʤʠʰˀʝˁʘ. 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʜʨ ɱʝʣʝʥʠ ɿʘʛʦʨʘʮ, ʥʘʫʯʥʦʤ ʩʘʨʘʜʥʠʢʫ ʀʅʅ Ăɺʠʥʯʘñ ʥʘ ʧʨʫʞʝʥʦʿ ʧʦʤʦ˂ʠ 

ʧʨʠ ʪʝʦʨʠʿʩʢʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʦʩʦʙʠʥʘ ʤʘʪʝʨʠʿʘʣʘ. 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʠ ʜʨ ʅʘʜʝʞʜʠ ʉʪʘʥʢʦʚʠ˂, ʥʘʫʯʥʦʤ ʩʘʨʘʜʥʠʢʫ ʀʅʅ Ăɺʠʥʯʘñ ʥʘ ʧʦʤʦ˂ʠ ʧʨʠ 

ʪʫʤʘʯʝˁʫ ʨʝʟʫʣʪʘʪʘ ʪʨʘʥʩʤʠʩʠʦʥʝ ʝʣʝʢʪʨʦʥʩʢʝ ʤʠʢʨʦʩʢʦʧʠʿʝ. 
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ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʜʨʘʛʠʤ ʢʦʣʝʛʠʥʠʮʘʤʘ ʠ ʢʦʣʝʛʘʤʘ ʠʟ ʃʘʙʦʨʘʪʦʨʠʿʝ ʟʘ ʤʘʪʝʨʠʿʘʣʝ ʀʅʅ 

Ăɺʠʥʯʘñ ʥʘ ʩʪʨʫʯʥʦʿ ʠ ʧʨʠʿʘʪʝˀʩʢʦʿ ʧʦʜʨʰʮʠ ʢʦʿʫ ʩʫ ʤʠ ʧʨʫʞʠʣʠ ʧʨʠʣʠʢʦʤ ʨʝʘʣʠʟʘʮʠʿʝ 

ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

ʅʘ ʢʨʘʿʫ, ʞʝʣʠʤ ʜʘ ʩʝ ʟʘʭʚʘʣʠʤ ʧʦʨʦʜʠʮʠ ʠ ʧʨʠʿʘʪʝˀʠʤʘ, ʘ ʧʨʝ ʩʚʝʛʘ ʩʚʦʿʦʿ ʤʘʿʮʠ ʄʘʨʠʥʠ, 

ʙʨʘʪʫ ʉʪʝʚʘʥʫ, ʩʝʩʪʨʠ ʊʘʤʘʨʠ, ʩʫʧʨʫʛʫ ɺʣʘʜʠʤʠʨʫ ʠ ʩʠʥʫ ɺʦʿʠʥʫ, ʟʘ ʩʚʫ ˀʫʙʘʚ ʠ ʧʦʜʨʰʢʫ 

ʢʦʿʫ ʦʩʝ˂ʘʤ ʥʘ ʩʚʘʢʦʤ ʢʦʨʘʢʫ. 
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ɹʨʟʠʥʘ ʨʘʟʚʦʿʘ ʨʘʟʣʠʯʠʪʠʭ ʥʘʫʯʥʠʭ ʜʠʩʮʠʧʣʠʥʘ ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʧʦʩʪʘʚˀʘ 

ʚʠʩʦʢʝ ʟʘʭʪʝʚʝ ʟʘ ʠʥʦʚʘʮʠʦʥʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ, ʢʘʦ ʠ ʪʝʭʥʠʢʘʤʘ ˁʠʭʦʚʦʛ ʜʦʙʠʿʘˁʘ. 

ʇʨʠʤʝʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʪʝʭʥʦʣʦʰʢʠʤ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʤ 

ʘʧʣʠʢʘʮʠʿʘʤʘ ʯʝʩʪʦ ʥʝ ʟʘʜʦʚʦˀʘʚʘ ʧʦʪʨʝʙʥʝ ʩʪʘʥʜʘʨʜʝ (ʟʙʦʛ ʣʦʰʠʭ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ, 

ʝʢʦʪʦʢʩʠʯʥʦʩʪʠ, ʩʣʘʙʝ ʙʠʦʣʦʰʢʝ ʨʘʟʛʨʘʜʠʚʦʩʪʠ, ʥʝʤʦʛʫ˂ʥʦʩʪʠ ʤʠʥʠʿʘʪʫʨʠʟʘʮʠʿʝ, 

ʠʟʘʟʠʚʘˁʘ ʿʘʢʦʛ ʠʤʫʥʦʣʦʰʢʦʛ ʦʜʛʦʚʦʨʘ, ʠʪʜ.) ʟʙʦʛ ʯʝʛʘ ʧʦʩʪʦʿʠ ʩʚʝ ʚʝ˂ʘ ʧʦʪʨʝʙʘ ʟʘ ʥʦʚʠʤ 

ʬʫʥʢʮʠʦʥʘʣʥʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ ʢʦʿʠ ʧʦ ʩʚʦʿʠʤ ʦʩʦʙʠʥʘʤʘ ʥʘʜʤʘʰʫʿʫ ʧʦʩʪʦʿʝ˂ʝ. ʇʨʠ 

ʜʠʟʘʿʥʠʨʘˁʫ ʥʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʥʘʨʦʯʠʪ ʘʢʮʝʥʘʪ ʿʝ ʩʪʘʚˀʝʥ ʥʘ ʢʦʤʙʠʥʘʮʠʿʫ ʤʘʪʝʨʠʿʘʣʘ 

ʨʘʟʣʠʯʠʪʠʭ ʦʩʦʙʠʥʘ ʠ ʩʘʩʪʘʚʘ ʫ ʮʠˀʫ ʤʝʹʫʩʦʙʥʦʛ ʫʧʦʪʧʫˁʘʚʘˁʘ ʠ ʧʦʩʪʠʟʘˁʘ ʞʝˀʝʥʠʭ 

ʩʚʦʿʩʪʘʚʘ.  

ʇʨʝʛʣʝʜʦʤ ʣʠʪʝʨʘʪʫʨʝ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʫ ʚʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʧʦʪʝʥʮʠʿʘʣʥʘ 

ʩʠʨʦʚʠʥʘ ʟʘ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ ʟʙʦʛ ʩʚʦʿʠʭ ʠʟʫʟʝʪʥʠʭ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ. ʇʦ 

ʩʚʦʿʦʿ ʩʥʘʟʠ, ʦʚʘ ʚʣʘʢʥʘ ʩʫ ʫʧʦʨʝʜʠʚʘ ʩʘ ʜʨʫʛʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ ʢʘʦ ʰʪʦ ʩʫ: ʂʝʚʣʘʨ, ʯʝʣʠʢ, 

ʥʘʿʣʦʥ, ʠ ʜʨ. ʄʝʹʫʪʠʤ, ʫ ʧʦʛʣʝʜʫ ʞʠʣʘʚʦʩʪʠ (ʢʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ ʧʦ ʿʝʜʠʥʠʮʠ ʟʘʧʨʝʤʠʥʝ 

ʢʦʿʫ ʤʘʪʝʨʠʿʘʣ ʤʦʞʝ ʘʧʩʦʨʙʦʚʘʪʠ ʧʨʝ ʥʝʛʦ ʰʪʦ ʜʦʹʝ ʜʦ ʢʠʜʘˁʘ), ʦʚʘ ʚʣʘʢʥʘ ʥʘʜʤʘʰʫʿʫ ʩʚʝ 

ʜʨʫʛʝ ʧʦʟʥʘʪʝ ʚʝʰʪʘʯʢʝ ʠ ʧʨʠʨʦʜʥʝ ʤʘʪʝʨʠʿʘʣʝ, ʟʘʭʚʘˀʫʿʫ˂ʠ ʿʘʢʦ ʤʘʣʦʿ ʛʫʩʪʠʥʠ ʠ 

ʭʠʿʝʨʘʨʭʠʿʩʢʦʿ ʫʨʝʹʝʥʦʩʪʠ ʧʨʦʪʝʠʥʩʢʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʚʣʘʢʘʥʘ. ɼʦʜʘʪʥʦ, ʟʙʦʛ ʠʟʫʟʝʪʥʦ 

ʤʘʣʦʛ ʜʠʿʘʤʝʪʨʘ, ʦʚʘ ʚʣʘʢʥʘ ʙʠ ʤʦʛʣʘ ʜʘ ʨʝʰʝ ʚʝʣʠʢʠ ʪʝʭʥʦʣʦʰʢʠ ʧʨʦʙʣʝʤï

ʤʠʥʠʿʘʪʫʨʠʟʘʮʠʿʫ. ɺʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʩʫ ʙʠʦʢʦʤʧʘʪʠʙʠʣʥʘ ʠ ʧʦʜʨʞʘʚʘʿʫ ʨʘʩʪ ʤʥʦʛʠʭ 

˂ʝʣʠʿʩʢʠʭ ʢʫʣʪʫʨʘ, ʫʟ ʤʠʥʠʤʘʣʥʫ ʧʨʦʚʦʢʘʮʠʿʫ ʠʤʫʥʦʣʦʰʢʦʛ ʩʠʩʪʝʤʘ, ʧʘ ʩʫ ʩʪʦʛʘ ʧʦʛʦʜʥʘ 

ʟʘ ʧʨʠʤʝʥʫ ʫ ʙʠʦʤʝʜʠʮʠʥʠ. ʆʚʘʿ ʤʘʪʝʨʠʿʘʣ ʟʘʜʦʚʦˀʘʚʘ ʝʢʦʣʦʰʢʝ ʩʪʘʥʜʘʨʜʝ, ʿʝʨ ʿʝ 

ʙʠʦʨʘʟʛʨʘʜʠʚ ʠ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʥʝ ʦʩʪʘʚˀʘ ʪʟʚ. Ăʝʢʦʣʦʰʢʠ 

ʦʪʠʩʘʢñ.  

ʉʘʢʫʧˀʘˁʝ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ ʿʝ ʝʢʦʥʦʤʩʢʠ ʥʝʠʩʧʣʘʪʠʚʘ ʜʝʣʘʪʥʦʩʪ ʟʙʦʛ 

ʢʘʥʠʙʘʣʠʩʪʠʯʢʦʛ ʠ ʪʝʨʠʪʦʨʠʿʘʣʥʦʛ ʧʦʥʘʰʘˁʘ ʦʚʠʭ ʟʛʣʘʚʢʘʨʘ, ʤʝʹʫʪʠʤ, ʢʦʨʠʰ˂ʝˁʝʤ 

ʨʝʢʦʤʙʠʥʘʥʪʥʝ ɼʅʂ ʪʝʭʥʦʣʦʛʠʿʝ, ʫ ʜʘʥʘʰˁʝ ʚʨʝʤʝ ʤʦʛʫ˂ʝ ʿʝ ʩʠʥʪʝʪʠʩʘʪʠ ʚʝʰʪʘʯʢʘ 

ʚʣʘʢʥʘ ʠ ʜʨʫʛʝ ʤʘʪʝʨʠʿʘʣʝ ʥʘ ʙʘʟʠ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ 

ʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ ʫ ʪʝʭʥʦʣʦʰʢʠʤ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʤ ʩʠʩʪʝʤʠʤʘ. 

ʇʨʝʜʤʝʪ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʩʠʥʪʝʟʘ ʥʦʚʠʭ (ʢʦʤʧʦʟʠʪʥʠʭ) ʤʘʪʝʨʠʿʘʣʘ 

ʢʦʨʠʰ˂ʝˁʝʤ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʢʘʦ ʤʘʪʨʠʮʝ. ʂʦʤʙʠʥʦʚʘˁʝʤ ʦʚʠʭ ʚʣʘʢʘʥʘ ʩʘ 
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ʨʘʟʣʠʯʠʪʠʤ ʢʝʨʘʤʠʯʢʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ ʠʟʚʨʰʝʥʘ ʿʝ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʿʘ ʤʘʪʝʨʠʿʘʣʘ ʫʟ 

ʟʘʜʨʞʘʚʘˁʝ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ ʚʣʘʢʘʥʘ. ɼʦʜʘʪʥʦ, ʤʦʨʬʦʣʦʛʠʿʘ ʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ 

ʠʩʢʦʨʠʰ˂ʝʥʘ ʿʝ ʟʘ ʜʦʙʠʿʘˁʝ ʥʝʦʨʛʘʥʩʢʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫ ʦʙʣʠʢʫ ʚʣʘʢʘʥʘ. 

ʋ ʦʢʚʠʨʫ ʧʨʝʜʤʝʪʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʠʟʚʨʰʝʥʘ ʿʝ ʩʠʥʪʝʟʘ ʥʦʚʠʭ ʢʦʤʧʦʟʠʪʘ ʥʘ 

ʙʘʟʠ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʩʘ: ʢʘʣʮʠʿʫʤ-ʢʘʨʙʦʥʘʪʦʤ (CaCO3) ʤʝʪʦʜʦʤ ʠʤʠʪʘʮʠʿʝ 

ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ, ʩʘ ʥʘʥʦʯʝʩʪʠʮʘʤʘ ʮʝʨʠʿʫʤ(IV)-ʦʢʩʠʜʘ (CeO2) ʜʦʧʠʨʘʥʠʤ ʝʫʨʦʧʠʿʫʤʦʤ 

ʤʝʪʦʜʦʤ ʧʨʝʮʠʧʠʪʘʮʠʿʝ ʠ ʥʘʥʦʯʝʩʪʠʮʘʤʘ ɔ-ʛʚʦʞʹʝ(III)-ʦʢʩʠʜʘ (ɔ-Fe2O3), ʤʝʪʦʜʦʤ 

ʧʨʝʮʠʧʠʪʘʮʠʿʝ. ʊʘʢʦʹʝ, ʦʚʘʿ ʤʘʪʝʨʠʿʘʣ ʠʩʢʦʨʠʰ˂ʝʥ ʿʝ ʟʘ ʩʠʥʪʝʟʫ ʤʘʛʥʝʟʠʿʫʤ(II)-ʦʢʩʠʜʘ ʠ 

ʤʘʛʥʝʟʠʿʫʤ-ʭʠʜʨʦʢʩʠʜʘ ʫ ʦʙʣʠʢʫ ʚʣʘʢʘʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʢʘʣʮʠʥʘʮʠʿʦʤ. ʆʥʦ ʰʪʦ ʿʝ 

ʟʘʿʝʜʥʠʯʢʦ ʫ ʧʨʦʮʝʩʫ ʩʠʥʪʝʟʝ ʿʝʩʪʝ ʿʝʜʥʦʩʪʘʚʥʦʩʪ, ʙʨʟʠʥʘ ʠ ʝʢʦʥʦʤʩʢʘ ʠʩʧʣʘʪʠʚʦʩʪ. ʋ ʪʦʢʫ 

ʨʘʜʘ, ʜʝʬʠʥʠʩʘʥʠ ʩʫ ʦʧʪʠʤʘʣʥʠ ʫʩʣʦʚʠ ʩʠʥʪʝʟʝ (ʠʟʙʦʨ ʧʦʣʘʟʥʠʭ ʩʫʧʩʪʘʥʮʠ ʠ ˁʠʭʦʚʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʚʨʝʤʝʥʩʢʘ ʟʘʚʠʩʥʦʩʪ ʠ ʩʣʠʯʥʦ) ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʣʠ ʤʘʪʝʨʠʿʘʣʠ 

ʞʝˀʝʥʠʭ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ.  

ʂʘʣʮʠʪ ʿʝ ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ʤʦʞʝ ʜʘ ʧʦʜʨʞʠ ʨʘʩʪ ʢʦʩʪʠʿʫ, ʘʣʠ ʿʝ ˁʝʛʦʚʘ ʧʨʠʤʝʥʘ ʫ ʦʚʝ 

ʩʚʨʭʝ ʦʛʨʘʥʠʯʝʥʘ ʟʙʦʛ ʩʣʘʙʠʭ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ. ɱʝʜʘʥ ʦʜ ʮʠˀʝʚʘ ʦʚʝ ʜʦʢʪʦʨʩʢʝ 

ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʢʦʤʙʠʥʦʚʘˁʝ ʢʘʣʮʠʪʘ ʩʘ ʚʣʘʢʥʠʤʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʦ 

ʦʩʪʝʦʢʦʥʜʫʢʪʠʚʘʥ ʤʘʪʝʨʠʿʘʣ ʙʦˀʠʭ ʤʝʭʘʥʠʯʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ. ʄʝʪʦʜʦʤ ʠʤʠʪʘʮʠʿʝ 

ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ ʩʠʥʪʝʪʠʩʘʥʠ ʩʫ ʧʨʘʚʠʣʥʠ ʨʦʤʙʠʯʥʠ ʢʨʠʩʪʘʣʠ ʢʘʣʮʠʪʘ ʫ 

ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʿ ʤʨʝʞʠ ʚʣʘʢʘʥʘ. ʆʚʘʿ ʤʘʪʝʨʠʿʘʣ ʿʝ ʦʙʝ˂ʘʚʘʿʫ˂ʠ ʟʘ ʧʨʠʤʝʥʫ ʫ 

ʨʝʛʝʥʝʨʘʪʠʚʥʦʿ ʤʝʜʠʮʠʥʠ ʫ ʩʚʨʭʫ ʟʘʤʝʥʝ ʦʰʪʝ˂ʝʥʦʛ ʢʦʰʪʘʥʦʛ ʪʢʠʚʘ. 

ʅʘʩʪʘʚʘʢ ʠʩʪʨʘʞʠʚʘˁʘ ʫʩʤʝʨʝʥ ʿʝ ʥʘ ʩʠʥʪʝʟʫ ʚʣʘʢʘʥʘ ʦʙʣʦʞʝʥʠʭ ʥʘʥʦʯʝʩʪʠʮʘʤʘ 

ʮʝʨʠʿʫʤ(IV)-ʦʢʩʠʜʘ (CeO2) ʜʦʧʠʨʘʥʦʛ ʝʫʨʦʧʠʿʫʤʦʤ ʢʦʨʠʩʪʝ˂ʠ ʤʝʪʦʜʫ ʧʨʝʮʠʧʠʪʘʮʠʿʝ ʫ 

ʮʠˀʫ ʜʦʙʠʿʘˁʘ ʦʧʪʠʯʢʠʭ ʚʣʘʢʘʥʘ. ʋ ʪʦʢʫ ʨʘʜʘ, ʦʧʪʠʤʠʟʦʚʘʥʝ ʩʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠ ʦʜʥʦʩ 

ʧʦʣʘʟʥʠʭ ʩʫʧʩʪʘʥʮʠ. ɼʦʙʠʿʝʥʠ ʢʦʤʧʦʟʠʪ ʬʦʪʦʣʫʤʠʥʝʩʮʝʥʪʥʠʭ ʩʚʦʿʩʪʘʚʘ, ʧʦʛʦʜʘʥ ʿʝ ʟʘ 

ʨʘʟʚʦʿ ʦʧʪʠʯʢʠʭ ʩʝʥʟʦʨʘ, ʥʘʨʦʯʠʪʦ ʦʥʠʭ ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ ʤʠʥʠʿʘʪʫʨʠʟʘʮʠʿʫ ʩʠʩʪʝʤʘ.  

ʊʘʢʦʹʝ, ʠʩʧʠʪʘʥʘ ʿʝ ʤʦʛʫ˂ʥʦʩʪ ʜʦʙʠʿʘˁʘ ʿʘʢʠʭ ʚʣʘʢʘʥʘ ʨʝʘʢʪʠʚʥʠʭ ʫ ʤʘʛʥʝʪʥʦʤ 

ʧʦˀʫ. ʇʨʠʤʝʥʦʤ ʤʝʪʦʜʝ ʧʨʝʮʠʧʠʪʘʮʠʿʝ, ʠʟ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʨʝʘʢʪʘʥʘʪʘ, ʫ ʧʨʠʩʫʩʪʚʫ ʚʣʘʢʘʥʘ 

ʧʘʫʢʦʚʝ ʤʨʝʞʝ, ʜʦʙʠʿʝʥ ʿʝ ʤʘʪʝʨʠʿʘʣ ʭʦʤʦʛʝʥʦ ʦʙʣʦʞʝʥ ʥʘʥʦʯʝʩʪʠʮʘʤʘ ʤʘʛʭʝʤʠʪʘ. 

ʆʩʥʦʚʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʚʦʛ ʥʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ ʿʝ ʩʫʧʝʨʧʘʨʘʤʘʛʥʝʪʠʟʘʤ, ʪʿ. ʨʝʘʢʮʠʿʘ 
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ʤʘʪʝʨʠʿʘʣʘ ʫ ʧʨʠʩʫʩʪʚʫ ʤʘʛʥʝʪʥʦʛ ʧʦˀʘ, ʯʠʤʝ ʙʠ ʫʟ ʧʦʤʦ˂ ʤʘʛʥʝʪʥʦʛ ʧʦˀʘ ʙʠʣʘ 

ʦʤʦʛʫ˂ʝʥʘ ʢʦʥʪʨʦʣʠʩʘʥʘ ʤʘʥʠʧʫʣʘʮʠʿʘ ʦʚʠʤ ʤʘʪʝʨʠʿʘʣʦʤ.  

ʋ ʩʣʝʜʝ˂ʝʤ ʜʝʣʫ ʠʩʪʨʘʞʠʚʘˁʘ, ʧʘʫʢʦʚʘ ʤʨʝʞʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʢʘʦ ʤʘʪʨʠʮʘ ʟʘ ʩʠʥʪʝʟʫ 

ʚʣʘʢʘʥʘ ʤʘʛʥʝʟʠʿʫʤ-ʦʢʩʠʜʘ, ʪʘʢʦ ʰʪʦ ʩʫ ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʢʘʣʮʠʥʘʮʠʿʦʤ ʭʠʜʨʦʢʩʠʜʘ, ʢʘʦ 

ʧʨʝʢʫʨʩʦʨʘ ʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ ʜʦʙʠʿʝʥʘ ʚʣʘʢʥʘ ʯʠʿʘ ʿʝ ʜʠʤʝʥʟʠʿʘ ʜʝʬʠʥʠʩʘʥʘ ʜʠʤʝʥʟʠʿʘʤʘ 

ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ. ʄʘʛʥʝʟʠʿʫʤ-ʦʢʩʠʜ ʫ ʦʙʣʠʢʫ ʚʣʘʢʘʥʘ ʠʤʘ ʚʝʣʠʢʠ ʠʥʜʫʩʪʨʠʿʩʢʠ ʟʥʘʯʘʿ 

ʟʙʦʛ ʚʠʩʦʢʝ ʪʘʯʢʝ ʪʦʧˀʝˁʘ (2800 ÁC). ʂʦʥʪʨʦʣʠʩʘʥʦʤ ʭʠʜʨʘʪʘʮʠʿʦʤ ʜʦʙʠʿʝʥʠʭ ʚʣʘʢʘʥʘ, 

ʜʦʙʠʿʝʥʘ ʩʫ ʚʣʘʢʥʘ ʤʘʛʥʝʟʠʿʫʤ-ʭʠʜʨʦʢʩʠʜʘ ʯʠʿʫ ʿʝ ʤʦʨʬʦʣʦʛʠʿʫ ʨʝʣʘʪʠʚʥʦ ʪʝʰʢʦ 

ʢʦʥʪʨʦʣʠʩʘʪʠ. 

ʅʘʢʦʥ ʩʠʥʪʝʟʝ, ʫ ʮʠˀʫ ʩʘʛʣʝʜʘʚʘˁʘ ʟʥʘʯʘʿʘ ʠ ʧʦʪʝʥʮʠʿʘʣʥʝ ʧʨʠʤʝʥʝ ʜʦʙʠʿʝʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ, ʠʟʚʨʰʝʥʘ ʿʝ ˁʠʭʦʚʘ ʩʪʨʫʢʪʫʨʥʘ, ʤʦʨʬʦʣʦʰʢʘ ʠ ʧʦʚʨʰʠʥʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ. 

ʊʘʢʦʹʝ, ʠʩʧʠʪʘʥʘ ʩʫ ʣʫʤʠʥʝʩʮʝʥʪʥʘ ʩʚʦʿʩʪʚʘ ʚʣʘʢʘʥʘ ʦʙʣʦʞʝʥʠʭ ʥʘʥʦʯʝʩʪʠʮʘʤʘ ʮʝʨʠʿʫʤ 

(IV)-ʦʢʩʠʜʘ (CeO2) ʜʦʧʠʨʘʥʦʛ ʝʫʨʦʧʠʿʫʤʦʤ, ʢʘʦ ʠ ʤʘʛʥʝʪʥʘ ʩʚʦʿʩʪʚʘ ʚʣʘʢʘʥʘ ʦʙʣʦʞʝʥʠʭ 

ʥʘʥʦʯʝʩʪʠʮʘʤʘ ɔ-ʛʚʦʞʹʝ(III)-ʦʢʩʠʜʘ (ɔ-Fe2O3).  

ʉ ʦʙʟʠʨʦʤ ʜʘ ʦʚʠ ʥʦʚʠ (ʢʦʤʧʦʟʠʪʥʠ) ʤʘʪʝʨʠʿʘʣʠ ʜʦ ʩʘʜʘ ʥʠʩʫ ʦʧʠʩʘʥʠ ʫ ʥʘʫʯʥʦʿ 

(ʘʢʘʜʝʤʩʢʦʿ ʣʠʪʝʨʘʪʫʨʠ), ʦʯʝʢʫʿʝ ʩʝ ʜʘ ʨʝʟʫʣʪʘʪʠ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʜʘʿʫ ʥʦʚʘ 

ʩʘʟʥʘˁʘ ʢʘʢʦ ʙʠ ʦʥʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʧʦʙʦˀʰʘʣʘ ʧʨʠʤʝʥʫ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʫ 

ʪʝʭʥʦʣʦʰʢʠʤ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠ ʘʧʣʠʢʘʮʠʿʘʤʘ. 

ʋ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ, ʪʘʢʦʹʝ, ʫʨʘʹʝʥʘ ʣʦʢʘʣʥʘ ab initio 

ʦʧʪʠʤʠʟʘʮʠʿʘ CeO2 ʩʠʩʪʝʤʘ ʠ ˁʝʛʦʚʠʭ ʝʣʝʢʪʨʦʥʩʢʠʭ, ʝʣʘʩʪʠʯʥʠʭ ʠ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ. 

ʂʦʨʠʰ˂ʝˁʝʤ ʪʝʦʨʠʿʝ ʬʫʥʢʮʠʦʥʘʣʘ ʛʫʩʪʠʥʝ (LDA, PBE, ʭʠʙʨʠʜʥʘ PBE0 ʠ ʭʠʙʨʠʜʥʘ 

B3LYP), ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʿʝ ʥʘʿʙʦˀʝ ʩʣʘʛʘˁʝ ʠʟʤʝʹʫ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʢʦʨʠʰ˂ʝˁʝʤ 

B3LYP ʬʫʥʢʮʠʦʥʘʣʘ ʠ ʧʦʩʪʦʿʝ˂ʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ. ʅʘ ʦʩʥʦʚʫ ʙʘʟʠʯʥʠʭ ʩʝʪʦʚʘ 

ʟʘ ʆ ʠ Ce ʧʩʝʫʜʦʧʦʪʝʥʮʠʿʘʣ, ʠʟʚʨʰʝʥʦ ʿʝ ʫʪʘʯˁʘʚʘˁʝ ʦʜʨʝʹʝʥʠʭ ʝʢʩʧʦʥʝʥʘʪʘ ʫ ʮʠˀʫ 

ʜʦʙʠʿʘˁʘ ʩʪʨʫʢʪʫʨʝ CeO2 ʩʘ ʥʘʿʥʠʞʦʤ ʤʦʛʫ˂ʦʤ ʝʥʝʨʛʠʿʦʤ. ɽʣʘʩʪʠʯʥʝ ʢʦʥʩʪʘʥʪʝ ʠ 

ʤʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ ʤʘʪʝʨʠʿʘʣʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʧʨʠʪʠʩʮʠʤʘ, ʧʨʦʮʝˁʝʥʝ ʩʫ ʥʘ ʦʩʥʦʚʫ 

ʇʫʦʚʦʛ ʢʨʠʪʝʨʠʿʫʤʘ ʠ ʇʦʠʩʦʥʦʚʦʛ ʦʜʥʦʩʘ, ʘ ʝʣʝʢʪʨʦʥʩʢʝ ʦʩʦʙʠʥʝ ʧʦʤʦ˂ʫ ʨʘʯʫʥʘˁʘ 

ʝʥʝʨʛʝʪʩʢʦʛ ʨʘʩʮʝʧʘ. ʆʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʫʨʘʹʝʥʦ ʿʝ ʫ ʮʠˀʫ ʙʦˀʝʛ ʧʦʟʥʘʚʘˁʘ ʩʠʩʪʝʤʘ CeO2, 

ˁʝʛʦʚʦʛ ʧʦʥʘʰʘˁʘ ʧʨʠ ʚʠʩʦʢʠʤ ʧʨʠʪʠʩʮʠʤʘ ʠ ʨʘʟʤʘʪʨʘˁʘ ʤʦʛʫ˂ʥʦʩʪʠ ˁʝʛʦʚʝ ʩʠʥʪʝʟʝ.
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2.1. ɺʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ 

ʄʥʦʛʝ ʞʠʚʦʪʠˁʩʢʝ ʚʨʩʪʝ (ʧʨʝ ʩʚʝʛʘ ʟʛʣʘʚʢʘʨʠ) ʩʫ ʪʦʢʦʤ ʝʚʦʣʫʮʠʿʝ ʩʪʝʢʣʝ 

ʩʧʦʩʦʙʥʦʩʪ ʧʨʦʠʟʚʦʜˁʝ ʨʘʟʣʠʯʠʪʠʭ ʬʫʥʢʮʠʦʥʘʣʠʟʦʚʘʥʠʭ ʧʨʦʪʝʠʥʩʢʠʭ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ ʪʠʧʘ ʩʚʠʣʝ. ʉʚʠʣʘ ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʚʣʘʢʥʘʩʪʠ ʤʘʪʝʨʠʿʘʣ ʤʘʣʝ ʛʫʩʪʠʥʝ ʢʦʿʠ 

ʧʦʩʝʜʫʿʝ ʟʥʘʪʥʫ ʩʥʘʛʫ ʠ ʞʠʣʘʚʦʩʪ [1,2]. 

ʉʚʠʣʘ ʩʚʠʣʝʥʝ ʙʫʙʝ Bombyx mori (L.) ʿʝ ʦʜ ʦʛʨʦʤʥʦʛ ʝʢʦʥʦʤʩʢʦʛ ʟʥʘʯʘʿʘ ʟʘ 

ʩʘʚʨʝʤʝʥʦʛ ʯʦʚʝʢʘ. ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ, ʭʠʿʝʨʘʨʭʠʿʩʢʘ ʦʨʛʘʥʠʟʘʮʠʿʘ, ʦʩʦʙʠʥʝ ʠ ʧʦʪʝʥʮʠʿʘʣʥʘ 

ʧʨʠʤʝʥʘ ʩʚʠʣʝ B. mori ʠ ʩʚʠʣʝ ʢʦʿʫ ʧʨʦʠʟʚʦʜʝ ʧʘʫʢʦʚʠ ʩʫ ʿʘʢʦ ʩʣʠʯʥʝ, ʤʝʹʫʪʠʤ, ʫ  

ʧʦʨʝʹʝˁʫ ʩʘ ʩʚʠʣʦʤ B. mori, ʩʚʠʣʘ ʢʦʿʫ ʧʨʦʠʟʚʦʜʝ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʧʘʫʢʦʚʘ ʫ ʦʙʣʠʢʫ 

ʚʣʘʢʘʥʘ ʠʤʘʿʫ ʤʥʦʛʦ ʙʦˀʝ ʤʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ, ʪʝ ʩʫ ʟʙʦʛ ʪʦʛʘ ʟʥʘʪʥʦ ʧʦʛʦʜʥʠʿʝ ʟʘ 

ʩʧʝʮʠʬʠʯʥʝ ʥʘʤʝʥʝ ʦʜ ʚʣʘʢʘʥʘ B. mori [3].  

ʇʘʫʮʠ ʧʨʦʠʟʚʦʜʝ ʨʘʟʥʦʚʨʩʥʘ ʢʦʤʧʦʟʠʪʥʘ ʚʣʘʢʥʘ ʫ ʩʚʨʭʫ ʢʨʝʪʘˁʘ, ʫʣʦʚʘ ʧʣʝʥʘ, 

ʟʘʰʪʠʪʝ ʧʦʪʦʤʩʪʚʘ ʠ/ʠʣʠ ʙʝʛʘ ʦʜ ʧʨʝʜʘʪʦʨʘ. ɿʙʦʛ ʩʚʦʿʠʭ ʦʩʦʙʠʥʘ, ʦʚʘʿ ʤʘʪʝʨʠʿʘʣ ʿʝ ʧʦʟʥʘʪ 

ʦʜ ʜʘʚʥʠʥʘ ʠ ʧʨʠʯʝ ʦ ˁʝʛʦʚʦʿ ʫʧʦʪʨʝʙʠ ʧʦʩʪʦʿʝ ʫ ʢʫʣʪʫʨʥʦʤ ʥʘʩʣʝʹʫ ʤʥʦʛʠʭ ʥʘʨʦʜʘ. ɿʘ 

ʠʟʫʟʝʪʥʝ ʦʩʦʙʠʥʝ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʟʥʘʣʠ ʩʫ ʿʦʰ ʠ ʜʨʝʚʥʠ ʘʫʩʪʨʘʣʠʿʩʢʠ ɸʙʦʨʠ˅ʠʥʠ ʠ 

ʩʪʘʥʦʚʥʠʮʠ ʅʦʚʝ ɻʚʠʥʝʿʝ, ʢʦʿʠ ʩʫ ʢʦʨʠʩʪʠʣʠ ʦʚʘ ʚʣʘʢʥʘ ʟʘ ʧʨʘʚˀʝˁʝ ʫʜʠʮʘ ʠ ʤʨʝʞʘ ʟʘ 

ʫʣʦʚ ʨʠʙʝ [4]. ɼʦ ʧʝʨʠʦʜʘ ɼʨʫʛʦʛ ʩʚʝʪʩʢʦʛ ʨʘʪʘ, ʧʘʫʢʦʚʘ ʚʣʘʢʥʘ ʩʫ ʫʧʦʪʨʝʙˀʘʚʘʥʘ ʟʘ 

ʧʨʦʠʟʚʦʜˁʫ ʥʠʰʘʥʘ ʫ ʦʧʪʠʯʢʠʤ ʥʘʧʨʘʚʘʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʤʠʢʨʦʩʢʦʧʠ, ʪʝʣʝʩʢʦʧʠ ʠ ʦʨʫʞʿʝ, 

ʟʙʦʛ ʩʚʦʛ ʠʟʫʟʝʪʥʦ ʤʘʣʦʛ ʜʠʿʘʤʝʪʨʘ (ʜʠʿʘʤʝʪʘʨ ʚʣʘʢʘʥʘ ʠʟʥʦʩʠ ʦʢʦ 1/40 ˀʫʜʩʢʝ ʜʣʘʢʝ) [5]. 

ɼʨʝʚʥʠ ɻʨʮʠ ʩʫ ʧʦʟʥʘʚʘʣʠ ʠʟʫʟʝʪʥʝ ʦʩʦʙʠʥʝ ʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʢʘʦ ʰʪʦ ʩʫ 

ʙʠʦʢʦʤʧʘʪʠʙʠʣʥʦʩʪ ʠ ʥʠʩʢʘ ʠʤʫʥʦʛʝʥʦʩʪ - ʢʦʨʠʩʪʠʣʠ ʩʫ ʧʘʫʯʠʥʫ ʟʘ ʟʘʫʩʪʘʚˀʘˁʝ 

ʢʨʚʘʨʝˁʘ [5-7]. ʄʝʹʫʪʠʤ, ʧʨʚʝ ʥʘʫʯʥʝ ʩʪʫʜʠʿʝ o ʙʠʦʤʝʜʠʮʠʥʩʢʠʤ ʦʩʦʙʠʥʘʤʘ ʦʚʦʛ 

ʤʘʪʝʨʠʿʘʣʘ ʩʫ ʩʝ ʧʦʿʘʚʠʣʝ 1710. ʛʦʜʠʥʝ, ʢʘʜʘ ʿʝ ʜʦʢʘʟʘʥʦ ʜʘ ʧʘʫʢʦʚʘ ʤʨʝʞʘ ʟʘʫʩʪʘʚˀʘ 

ʢʨʚʘʨʝˁʝ ʨʘʥʘ ʢʦʜ ˀʫʜʠ ʠ ʪʘʢʦʹʝ ʧʦʪʧʦʤʘʞʝ ʟʘʨʘʩʪʘˁʝ ʨʘʥʘ [8]. ɼʚʘ ʚʝʢʘ ʢʘʩʥʠʿʝ, ʧʘʫʢʦʚʘ 

ʚʣʘʢʥʘ ʩʫ ʠʩʧʠʪʠʚʘʥʘ ʢʘʦ ʤʘʪʝʨʠʿʘʣ ʟʘ ʠʟʨʘʜʫ ʰʘʚʦʚʘ ʧʨʠ ʦʧʝʨʘʮʠʿʠ [9].  

ɺʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ (ɺʇʄ) ʩʫ ʨʝʟʫʣʪʘʪ 400 ʤʠʣʠʦʥʘ ʛʦʜʠʥʘ ʩʪʘʨʝ ʝʚʦʣʫʮʠʿʝ 

ʪʦʢʦʤ ʢʦʿʝ ʩʫ ʙʠʦʣʦʰʢʘ ʫʣʦʛʘ ʠ ʥʘʯʠʥ ʞʠʚʦʪʘ ʧʘʫʢʦʚʘ ʦʙʣʠʢʦʚʘʣʠ ˁʠʭʦʚʫ ʩʪʨʫʢʪʫʨʫ ʠ 

ʤʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ [10]. ɼʝʬʠʥʠʰʫ ʩʝ ʢʘʦ ʙʠʦʤʘʪʝʨʠʿʘʣ ʠʟʫʟʝʪʥʠʭ ʤʝʭʘʥʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ 

ʢʦʘʿ ʩʝ ʦʩʪʚʘʨʫʿʫ ʢʦʤʙʠʥʘʮʠʿʦʤ ʯʚʨʩʪʦ˂ʝ, ʞʠʣʘʚʦʩʪʠ, ʩʥʘʛʝ ʠ ʝʣʘʩʪʠʯʥʦʩʪʠ ʢʦʿʝ ʩʝ ʨʝʪʢʦ 
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ʩʨʝ˂ʫ ʢʦʜ ʚʝʰʪʘʯʢʠʭ ʚʣʘʢʘʥʘ ʚʠʩʦʢʝ ʪʝʭʥʦʣʦʛʠʿʝ [11]. ʄʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ ɺʇʄ ʩʫ 

ʫʧʦʨʝʜʠʚʝ ʩʘ ʜʨʫʛʠʤ ʚʣʘʢʥʠʤʘ ʢʘʦ ʰʪʦ ʩʫ: ʥʘʿʣʦʥ, ʂʝʚʣʘʨ ʠ ʚʠʩʦʢʦ ʦʪʧʦʨʥʠ ʯʝʣʠʢ, ʫʩʣʝʜ 

ʯʝʛʘ ʩʫ ʛʦʜʠʥʘʤʘ ʫʥʘʟʘʜ ʫʣʦʞʝʥʠ ʚʝʣʠʢʠ ʥʘʧʦʨʠ ʫ ʦʪʢʨʠʚʘˁʫ ˁʠʭʦʚʦʛ ʤʦʣʝʢʫʣʩʢʦʛ 

ʩʘʩʪʘʚʘ [11].  

ʇʦʢʫʰʘʿʠ ʛʘʿʝˁʘ ʧʘʫʢʦʚʘ ʫ ʩʚʨʭʫ ʜʦʙʠʿʘˁʘ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʧʘʫʯʠʥʝ ʟʘ ʧʨʠʤʝʥʫ ʫ 

ʠʥʜʫʩʪʨʠʿʠ ʥʠʩʫ ʫʨʦʜʠʣʠ ʧʣʦʜʦʤ ʟʙʦʛ ʪʝʨʠʪʦʨʠʿʘʣʥʦʛ ʠ ʢʘʥʠʙʘʣʠʩʪʠʯʢʦʛ ʧʦʥʘʰʘˁʘ 

ʧʘʫʢʦʚʘ. ʅʝʟʥʘʪʥʫ ʢʦʣʠʯʠʥʫ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ (ʥʝʢʦʣʠʢʦ ʤʠʣʠʛʨʘʤʘ) 

ʤʦʛʫ˂ʝ ʿʝ ʩʘʢʫʧʠʪʠ ʩʘ ʩʪʘʥʠʰʪʘ (ʠʟ ʯʘʫʨʝ ʠʣʠ ʤʨʝʞʝ) ʠ/ʠʣʠ ʜʠʨʝʢʪʥʠʤ ʠʩʧʨʝʜʘˁʝʤ 

ʚʣʘʢʘʥʘ ʠʟ ʠʤʦʙʠʣʠʩʘʥʝ ʞʠʚʦʪʠˁʝ. Mʝʹʫʪʠʤ, ʦʚʦ ʿʝ ʚʝʦʤʘ ʟʘʤʝʪʘʥ ʠ ʩʢʫʧ ʧʨʦʮʝʩ (ʥʧʨ. ʟʘ 

ʠʟʨʘʜʫ 3,4 m ʧʨʦʩʪʠʨʢʝ ʦʜ ʚʣʘʢʘʥʘ ʧʘʫʢʘ Nephila madagascarenis, ʧʦʪʨʝʙʥʦ ʿʝ ʫʧʦʩʣʠʪʠ 70 

ˀʫʜʠ ʢʘʢʦ ʙʠ ʫ ʧʝʨʠʦʜʫ ʦʜ 4 ʛʦʜʠʥʝ ʩʘʢʫʧʠʣʠ ʩʚʠʣʫ ʦʜ ʧʨʝʢʦ ʤʠʣʠʦʥ ʧʘʫʢʦʚʘ, ʧʨʠ ʯʝʤʫ 

ʮʝʣʦʢʫʧʘʥ ʧʦʩʪʫʧʘʢ ʟʘʭʪʝʚʘ ʫʪʨʦʰʘʢ ʚʠʰʝ ʦʜ ʧʦʣʘ ʤʠʣʠʦʥʘ ʘʤʝʨʠʯʢʠʭ ʜʦʣʘʨʘ) [2]. 

ɿʘʭʚʘˀʫʿʫ˂ʠ ʤʦʛʫ˂ʥʦʩʪʠ ʦʜʨʝʹʠʚʘˁʘ ʧʨʠʤʘʨʥʝ ʩʪʨʫʢʪʫʨʝ ʧʨʦʪʝʠʥʘ ʧʨʠʨʦʜʥʝ ʩʚʠʣʝ, 

ʦʤʦʛʫ˂ʝʥʦ ʿʝ ʜʦʙʠʿʘˁʝ ʚʝʰʪʘʯʢʠʭ ʧʨʦʪʝʠʥʘ ʩʚʠʣʝ ʧʨʠʤʝʥʦʤ ʨʝʢʦʤʙʠʥʘʥʪʥʝ ɼʅʂ 

ʪʝʭʥʦʣʦʛʠʿʝ [12]. 

ɼʘʥʘʩ ʿʝ ʤʦʛʫ˂ʝ ʜʦʙʠʪʠ ʚʝʰʪʘʯʢʘ ʚʣʘʢʥʘ ʧʨʦʮʝʩʠʨʘˁʝʤ ʨʝʢʦʤʙʠʥʘʥʪʥʠʭ ʧʨʦʪʝʠʥʘ 

ɺʇʄ, ʘ ʥʘʧʨʝʜʘʢ ʫ ʧʨʦʮʝʩʫ ʩʠʥʪʝʟʝ ʠ ʧʨʦʮʝʩʠʨʘˁʘ ʚʣʘʢʘʥʘ ʦʤʦʛʫ˂ʠʦ ʿʝ ʨʘʟʚʦʿ ʥʦʚʠʭ 

ʙʠʦʤʘʪʝʨʠʿʘʣʘ ʥʘ ʙʘʟʠ ɺʇʄ.  

 

2.1.1. ɺʨʩʪʝ ʧʘʫʢʦʚʠʭ ʤʨʝʞʘ 

ʇʘʫʢʦʚʠ ʧʨʦʠʟʚʦʜʝ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʚʣʘʢʘʥʘ ʢʦʿʝ ʦʨʛʘʥʠʟʫʿʫ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ. 

ʅʘʿʯʝʰ˂ʝ ʦʧʠʩʘʥʘ ʧʘʫʯʠʥʘ ʫ ʣʠʪʝʨʘʪʫʨʠ ʿʝ ʪʟʚ. Ăʩʬʝʨʥʘñ ʧʘʫʯʠʥʘ (ʝʥʛʣ. Ăorb-webñ) ʢʦʿʫ 

ʠʩʧʨʝʜʘ ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʧʘʫʢʦʚʘ. ʇʘʫʢʦʚʠ ʢʦʿʠ ʧʨʦʠʟʚʦʜʝ ʦʚʘʢʚʫ ʤʨʝʞʫ ʞʠʚʝ 

ʠʟʥʘʜ ʪʣʘ ʠ ʢʦʨʠʩʪʝ ʤʨʝʞʫ ʟʘ ʭʚʘʪʘˁʝ ʧʣʝʥʘ. ʆʚʘ ʤʨʝʞʘ ʿʝ ʜʠʟʘʿʥʠʨʘʥʘ ʫ ʮʠˀʫ ʭʚʘʪʘˁʘ 

ʣʝʪʝ˂ʠʭ ʠʥʩʝʢʘʪʘ ʠ ˁʠʭʦʚʝ ʠʤʦʙʠʣʠʟʘʮʠʿʝ ʜʦʚʦˀʥʦ ʜʫʛʦ ʪʘʢʦ ʜʘ ʙʠ ʧʘʫʢ ʤʦʛʘʦ ʜʘ ʜʦʹʝ ʜʦ 

ʧʣʝʥʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʧʣʝʥ ʥʘʣʘʟʠ ʥʘ ʧʦʚʨʰʠʥʠ ʤʨʝʞʝ [13]. 

ʇʦʩʪʦʿʝ ʠ ʧʘʫʢʦʚʠ ʢʦʿʠ ʟʘ ʭʚʘʪʘˁʝ ʧʣʝʥʘ ʢʦʨʠʩʪʝ ʤʨʝʞʫ ʢʦʿʘ ʥʠʿʝ ʩʬʝʨʥʘ (ʝʥʛʣ. 

Ăcob-webñ), ʘ ʯʠʿʝ ʿʝ ʧʦʥʘʰʘˁʝ ʩʣʠʯʥʦ ʢʘʦ ʢʦʜ ʧʘʫʢʦʚʘ ʢʦʿʠ ʠʩʧʨʝʜʘʿʫ ʩʬʝʨʥʫ ʤʨʝʞʫ. 
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ʇʘʫʯʠʥʘ ʦʚʠʭ ʟʛʣʘʚʢʘʨʘ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʥʝʫʨʝʹʝʥʦ ʠʩʧʨʝʜʝʥʠʭ ʚʣʘʢʘʥʘ ʠ ʫʤʝʩʪʦ ʥʘ 

ʧʦʚʨʰʠʥʠ, ʧʣʝʥ ʩʝ ʭʚʘʪʘ ʫ ʣʘʚʠʨʠʥʪ ʚʣʘʢʘʥʘ. ʈʘʟʣʠʢʘ ʫ ʠʟʛʣʝʜʫ ʦʚʠʭ ʠ ʩʬʝʨʥʠʭ ʚʣʘʢʘʥʘ 

ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʉʣʠʮʠ 2.1. [13]. 

 

a) 

 

ʙ) 

ʉʣʠʢʘ 2.1. ʈʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʤʨʝʞʘ ʢʦʿʝ ʠʩʧʨʝʜʘʿʫ ʧʘʫʢʦʚʠ:  

ʩʬʝʨʥʘ (ʘ) [14] ʠ ʥʝ-ʩʬʝʨʥʘ (ʙ) [15] 
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ɺʝʣʠʢʠ ʙʨʦʿ ʧʘʫʢʦʚʘ ʥʝ ʢʦʨʠʩʪʠ ʤʨʝʞʫ ʟʘ ʭʚʘʪʘˁʝ ʧʣʝʥʘ ʠ ˁʠʭʦʚʘ ʤʨʝʞʘ ʥʠʢʘʜʘ 

ʥʠʿʝ ʩʬʝʨʥʘ. ʂʦʣʠʯʠʥʘ ʩʚʠʣʝ ʢʦʿʫ ʧʨʦʠʟʚʦʜʝ ʦʚʝ ʚʨʩʪʝ ʧʘʫʢʦʚʘ ʟʥʘʪʥʦ ʿʝ ʤʘˁʘ ʠ ʢʦʨʠʩʪʠ 

ʩʝ ʫ ʨʘʟʥʝ ʜʨʫʛʝ ʩʚʨʭʝ: ʟʘʰʪʠʪʫ ʧʦʪʦʤʩʪʚʘ, ʧʦʩʪʘʚˀʘˁʝ ʧʦʜʟʝʤʥʠʭ ʠ ʥʘʜʟʝʤʥʠʭ 

ʩʢʣʦʥʠʰʪʘ, ʠʪʜ. [13]. 

 

2.1.2. ʉʘʩʪʘʚ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ 

ɺʇʄ ʩʝ ʧʨʝʪʝʞʥʦ ʩʘʩʪʦʿʝ ʠʟ ʤʘˁʠʭ ʩʫʙʿʝʜʠʥʠʮʘ-ʬʠʙʨʠʣʘ, ʢʦʿʝ ʯʠʥʝ ʧʨʦʪʝʠʥʠ 

ʚʝʣʠʢʝ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ (200-300 kDa) ʢʦʿʠ ʩʝ ʿʦʰ ʥʘʟʠʚʘʿʫ ʠ ʩʧʠʥʜʨʦʠʥʠ. ʉʧʠʥʜʨʦʠʥʠ ʩʝ 

ʩʠʥʪʝʪʠʰʫ ʫ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʠʤ ʘʙʜʦʤʠʥʘʣʥʠʤ ʞʣʝʟʜʘʤʘ, ʧʨʠ ʯʝʤʫ ʨʘʟʣʠʯʠʪʝ ʞʣʝʟʜʝ 

ʠʤʘʿʫ ʩʧʦʩʦʙʥʦʩʪ ʧʨʦʜʫʢʮʠʿʝ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʪʝʠʥʘ, ʦʜʥʦʩʥʦ ʚʣʘʢʘʥʘ [16].   

ʉʧʠʥʜʨʦʠʥʠ ʩʝ ʩʘʩʪʦʿʝ ʠʟ ʜʫʛʠʭ ʨʝʧʝʪʠʪʠʚʥʠʭ ʩʝʢʚʝʥʮʠ ʘʤʠʥʦʢʠʩʝʣʠʥʘ ʥʘ ʯʠʿʠʤ ʩʝ 

ʢʨʘʿʝʚʠʤʘ ʥʘʣʘʟʝ N- ʠ C- ʪʝʨʤʠʥʘʣʥʠ ʨʝʛʠʦʥʠ [16]. ɹʦʛʘʪʠ ʩʫ ʨʝʟʠʜʫʘʤʘ ʛʣʠʮʠʥʘ ʠ 

ʘʣʘʥʠʥʘ ʢʦʿʠ ʬʦʨʤʠʨʘʿʫ ʢʨʘʪʢʝ GGX, GA, GPGXX ʠ poly-A ʤʦʪʠʚʝ (X ʧʨʝʜʩʪʘʚˀʘ ʥʝʢʫ 

ʜʨʫʛʫ ʘʤʠʥʦʢʠʩʝʣʠʥʫ) [17]. Poly-A ʠ GA ʜʦʤʝʥʠ ʦʨʛʘʥʠʟʦʚʘʥʠ ʩʫ ʫ ʘʥʪʠ-ʧʘʨʘʣʝʣʥʝ ɓ-

ʧʣʦʯʝ ʢʦʿʝ ʬʦʨʤʠʨʘʿʫ ʥʘʩʫʤʠʯʥʦ ʦʨʠʿʝʥʪʠʩʘʥʝ ʢʨʠʩʪʘʣʠʪʝ ʢʦʿʠ ʜʦʧʨʠʥʦʩʝ ʩʥʘʟʠ ʚʣʘʢʘʥʘ 

[18]. ʆʚʠ ʢʨʠʩʪʘʣʥʠ ʜʦʤʝʥʠ ʩʫ ʫʛʨʘʹʝʥʠ ʫ ʘʤʦʨʬʥʠ ʤʘʪʨʠʢʩ ʢʦʛʘ ʯʠʥʝ ʜʦʤʝʥʠ ʙʦʛʘʪʠ 

ʛʣʠʮʠʥʦʤ (GGX ʠ GPGXX). ʋʨʝʹʝʥʠ ʫ 31 ʭʝʣʠʢʩʥʫ ʠ ʪʠʧ II ɓ-ʦʢʨʝʪ ʩʪʨʫʢʪʫʨʫ, ʦʚʠ ʜʦʤʝʥʠ 

ʜʦʧʨʠʥʦʩʝ ʝʣʘʩʪʠʯʥʦʩʪʠ ʚʣʘʢʥʘ ʧʘʫʯʠʥʝ (ʉʣʠʢʘ 2.2.). ʋ ʦʢʚʠʨʫ ʫʨʝʹʝʥʠʭ ʜʦʤʝʥʘ ʫ ʢʦʿʠʤʘ 

ʿʝ ʜʦʤʠʥʘʥʪʥʘ ʩʪʨʫʢʪʫʨʘ ɓ-ʥʘʙʨʘʥʝ ʧʣʦʯʝ ʧʨʝʦʚʣʘʜʘʚʘʿʫ ʿʘʢʝ ʘʤʠʜ-ʘʤʠʜ ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ, 

ʜʦʢ ʫ ʥʝʫʨʝʹʝʥʠʤ ʜʦʤʝʥʠʤʘ ʜʦʤʠʥʠʨʘʿʫ ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ ʨʘʟʣʠʯʠʪʝ ʿʘʯʠʥʝ [19]. ɼʠʤʝʥʟʠʿʝ 

ʦʚʠʭ ʜʦʤʝʥʘ ʩʫ ʫ ʥʘʥʦ-ʦʧʩʝʛʫ ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʚʠʩʦʢʦ ʝʬʠʢʘʩʥʠ ʧʨʝʥʦʩ ʝʥʝʨʛʠʿʝ ʢʨʦʟ ʦʚʘʿ 

ʭʝʪʝʨʦʛʝʥʠ ʢʦʤʧʣʝʢʩ ʠ ʩʧʨʝʯʘʚʘ ʣʦʢʘʣʥʦ ʢʦʥʮʝʥʪʨʠʩʘˁʝ ʩʪʨʝʩʘ ʫ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʠʿʘʣʘ. 

ʆʚʘʢʚʘ ʫʥʫʪʨʘʰˁʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʜʦʧʨʠʥʦʩʠ ʜʦʙʨʠʤ ʤʝʭʘʥʠʯʢʠʤ ʧʝʨʬʦʨʤʘʥʩʘʤʘ ʦʚʦʛ 

ʤʘʪʝʨʠʿʘʣʘ [20].  
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ʉʣʠʢʘ 2.2. ʍʠʿʝʨʘʨʭʠʿʩʢʘ ʩʪʨʫʢʪʫʨʘ ʚʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ [3] 

 

 

2.1.3. ʊʠʧʦʚʠ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ 

ʉʧʠʥʜʨʦʠʥʠ ʩʫ ʫʨʝʹʝʥʠ ʫ ʚʣʘʢʥʘ ʨʘʟʣʠʯʠʪʠʭ ʦʩʦʙʠʥʘ, ʩʘʩʪʘʚʘ ʠ ʤʦʨʬʦʣʦʛʠʿʝ. 

ʇʨʦʫʯʘʚʘˁʝʤ ʘʥʘʪʦʤʠʿʝ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʧʘʫʢʦʚʘ, ʫʪʚʨʹʝʥʦ ʿʝ ʧʦʩʪʦʿʘˁʝ ʠ ʜʦ 7 

ʨʘʟʣʠʯʠʪʠʭ ʞʣʝʟʜʘ ʧʨʠ ʯʝʤʫ ʩʚʘʢʘ ʞʣʝʟʜʘ ʧʨʦʜʫʢʫʿʝ ʨʘʟʣʠʯʠʪ ʪʠʧ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ 

(ʉʣʠʢʘ 2.3.) [21].  
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ʉʣʠʢʘ 2.3. ɾʣʝʟʜʝ ʢʦʿʝ ʧʨʦʠʟʚʦʜʝ ʩʚʠʣʫ ʠʟʦʣʦʚʘʥʝ ʜʠʩʝʢʮʠʿʦʤ ʘʙʜʦʤʝʥʘ ʧʘʫʢʘ Nephila 

clavipes. ɾʣʝʟʜʝ ʩʫ ʦʙʝʣʝʞʝʥʝ ʙʨʦʿʝʚʠʤʘ: 1-ʚʝʣʠʢʘ ʘʤʧʫʣʘʪʥʘ, 2-ʬʣʘʛʝʣʠʬʦʨʤʥʘ, 3-ʤʘʣʘ 

ʘʤʧʫʣʘʪʥʘ, 4-ʘʛʨʝʛʘʪʥʘ, 5-ʘʮʠʥʠʬʦʨʤʥʘ, 6-ʮʠʣʠʥʜʨʠʯʥʘ, 7-ʢʨʫʰʢʘʩʪʘ [22] 

 

ɺʝʣʠʢʘ ʘʤʧʫʣʘʪʥʘ ʚʣʘʢʥʘ (ʄɸ ʚʣʘʢʥʘ) (ʝʥʛʣ. Ămajor ampullateñ) ʧʘʫʢʦʚʝ ʤʨʝʞʝ 

(>300 kDa) ʥʘʿʯʝʰ˂ʝ ʠʤʘʿʫ ʬʫʥʢʮʠʿʫ ʩʢʝʣʝʪʘ ʟʘ ʧʨʠʯʚʨʰ˂ʠʚʘˁʝ ʜʨʫʛʠʭ ʚʨʩʪʘ ʚʣʘʢʘʥʘ ʧʨʠ 

ʢʦʥʩʪʨʫʢʮʠʿʠ ʤʨʝʞʝ, ʢʘʦ ʠ ʯʚʨʩʪʠʭ ʚʣʘʢʘʥʘ ʟʘ ʧʦʪʨʝʙʝ ʙʝʛʘ ʦʜ ʧʨʝʜʘʪʦʨʘ. ɳʠʭʦʚ 

ʜʠʿʘʤʝʪʘʨ ʚʘʨʠʨʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʩʪʝ, ʘ ʦʜʣʠʢʫʿʝ ʠʭ ʩʪʨʫʢʪʫʨʘ ʪʠʧʘ ʿʝʟʛʨʦ  ʦʤʦʪʘʯ [23, 

24] (ʉʣʠʢʘ 2.4.).  
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ʉʣʠʢʘ 2.4. ʇʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʄɸ ʚʣʘʢʥʘ ʧʘʫʢʘ N. Clavipes [22] 

ɱʝʟʛʨʦ (ʩʨʞ) ʄɸ ʚʣʘʢʘʥʘ ʫʛʣʘʚʥʦʤ ʯʠʥʝ ʜʚʝ ʚʨʩʪʝ ʧʨʦʪʝʠʥʘ ʢʦʿʠ ʩʝ ʥʘʟʠʚʘʿʫ ʚʝʣʠʢʠ 

ʘʤʧʫʣʘʪʥʠ ʩʧʠʥʜʨʦʠʥʠ (ʄʘʉʧ1 ʠ ʄʘʉʧ2), ʿʝʨ ʩʝ ʣʫʯʝ ʫ ʚʝʣʠʢʦʿ ʘʤʧʫʣʘʪʥʦʿ ʞʣʝʟʜʠ. 

ʉʘʩʪʦʿʝ ʩʝ ʫʛʣʘʚʥʦʤ ʦʜ ʪʨʠ ʘʤʠʥʦʢʠʩʝʣʠʥʝ: ʛʣʠʮʠʥʘ, ʘʣʘʥʠʥʘ ʠ ʧʨʦʣʠʥʘ [25], ʧʨʠ ʯʝʤʫ 

ʢʦʣʠʯʠʥʘ ʧʨʦʣʠʥʘ ʤʦʞʝ ʟʥʘʪʥʦ ʜʘ ʩʝ ʨʘʟʣʠʢʫʿʝ ʠʟʤʝʹʫ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʧʘʫʢʦʚʘ (ʉʣʠʢʘ 

2.5.) [12]. ʆʜʥʦʩ ʄʘʉʧ1 ʠ Maʉʧ2 ʩʧʠʥʜʨʦʠʥʘ ʚʘʨʠʨʘ ʠʟʤʝʹʫ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ [26] ʠ 

ʟʘʚʠʩʠ ʦʜ ʠʩʭʨʘʥʝ ʧʘʫʢʦʚʘ ʠ ʫʩʣʦʚʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ [27]. ʄʘʉʧ1 ʿʝ ʫʛʣʘʚʥʦʤ ʭʦʤʦʛʝʥʦ 

ʨʘʩʧʦʨʝʹʝʥ ʢʨʦʟ ʩʨʞ ʚʣʘʢʥʘ, ʜʦʢ ʿʝ ʄʘʉʧ2 ʧʨʝʜʦʤʠʥʘʥʪʥʦ ʥʝʭʦʤʦʛʝʥʦ ʨʘʩʧʦʨʝʹʝʥ ʫ ʮʠˀʫ 

ʰʪʦ ʝʬʠʢʘʩʥʠʿʝ ʘʧʩʦʨʧʮʠʿʝ ʩʪʨʝʩʘ ʯʠʤʝ ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʝʣʘʩʪʠʯʥʦʩʪ ʚʣʘʢʥʘ ʠ ʜʦʧʨʠʥʦʩʠ 

ʩʥʘʟʠ ʚʣʘʢʥʘ. ʉʧʦˀʘʰˁʠ ʜʝʦ ʩʨʞʠ ʧʦʩʝʜʫʿʝ ʧʦʚʝ˂ʘʥ ʩʘʜʨʞʘʿ ɓïʥʘʙʨʘʥʝ ʧʣʦʯʝ ʠ ʠʤʘ 

ʨʘʟʣʠʯʠʪ ʩʘʩʪʘʚ ʧʨʦʪʝʠʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʫʥʫʪʨʘʰˁʠ ʜʝʦ ʩʨʞʠ [28]. ʉʧʦˀʘʰˁʠ ʜʝʦ ʩʨʞʠ ʥʝ 

ʩʘʜʨʞʠ ʄʘʉʧ2, ʢʦʿʠ ʫʩʣʝʜ ʧʦʚʠʰʝʥʦʛ ʩʘʜʨʞʘʿʘ ʧʨʦʣʠʥʘ ʦʤʝʪʘ ʩʪʚʘʨʘˁʝ ʩʝʢʫʥʜʘʨʥʠʭ ɓ-

ʩʪʨʫʢʪʫʨʘ [17]. ʊʘʢʦʹʝ, ʧʦʟʥʘʪʦ ʿʝ ʠ ʜʘ ʫʥʫʪʨʘʰˁʠ ʜʝʦ ʩʨʞʠ ʩʘʜʨʞʠ ʰʫʧˀʠʥʝ ʢʦʿʝ ʩʝ 

ʥʘʟʠʚʘʿʫ ʢʘʥʘʣʠʢʫʣʠ [27,28].  
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ʉʣʠʢʘ 2.5. ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʄɸ ʠ ʄʀ ʩʧʠʥʜʨʦʠʥʘ [27]  

ʉʨʞ ʚʣʘʢʥʘ ʦʙʘʚʠʿʝʥʘ ʿʝ ʪʟʚ. ʢʦʞʥʠʤ ʩʣʦʿʝʤ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʫʛʣʘʚʥʦʤ ʦʜ ʤʘʣʦʛ 

ʘʤʧʫʣʘʪʥʦʛ (ʄʀ) ʩʧʠʥʜʨʦʠʥʘ (ʝʥʛʣ. Ăminor ampulateñ). ʂʦʞʥʠ ʩʣʦʿ ʠʤʘ ʚʠʰʝʩʪʨʫʢʫ ʫʣʦʛʫ: 

ʦʙʝʟʙʝʹʫʿʝ ʟʘʰʪʠʪʫ ʦʜ ʦʰʪʝ˂ʝˁʘ ʧʨʦʫʟʨʦʢʦʚʘʥʠʭ ʭʝʤʠʿʩʢʠʤ ʘʛʝʥʩʠʤʘ ʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʠʤʘ, ʜʦʧʨʠʥʦʩʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚʣʘʢʥʘ ʠ ʦʙʝʟʙʝʹʫʿʝ ʤʝʭʘʥʠʯʢʫ ʧʦʜʨʰʢʫ 

ʦʿʘʯʘʚʘʿʫ˂ʠ ʩʨʞ ʚʣʘʢʥʘ. ʉʣʝʜʝ˂ʠ ʩʣʦʿ ʿʝ ʛʣʠʢʦʧʨʦʪʝʠʥʩʢʠ ʩʣʦʿ ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʝ ʟʘʰʪʠʪʫ 

ʚʣʘʢʘʥʘ ʦʜ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ. ɼʦʧʨʠʥʦʩʠ ʯʚʨʩʪʦ˂ʠ ʚʣʘʢʘʥʘ ʪʘʢʦ ʰʪʦ ʨʝʛʫʣʠʰʝ ʨʘʚʥʦʪʝʞʫ 

ʚʦʜʝ, ʯʠʤʝ ʩʝ ʦʩʪʚʘʨʫʿʝ ʫʪʠʮʘʿ ʥʘ ʪʟʚ. ʢʦʥʪʨʘʢʮʠʦʥʦ ʩʪʘˁʝ ʚʣʘʢʥʘ. ʆʩʠʤ ʪʦʛʘ, ʦʚʘʿ ʩʣʦʿ 

ʤʦʞʝ ʜʝʣʦʚʘʪʠ ʢʘʦ ʣʫʙʨʠʢʘʥʪ ʠ ʜʦʧʨʠʥʦʩʠʪʠ ʩʘʚʠʪˀʠʚʦʩʪʠ ʚʣʘʢʥʘ [30]. ʅʘ ʩʘʤʦʿ 

ʧʦʚʨʰʠʥʠ ʚʣʘʢʥʘ ʥʘʣʘʟʠ ʩʝ ʣʠʧʠʜʥʠ ʦʤʦʪʘʯ [23, 24]. ʃʠʧʠʜʥʠ ʦʤʦʪʘʯ ʦʙʝʟʙʝʹʫʿʝ ʦʜʨʝʹʝʥʠ 

ʩʪʝʧʝʥ ʟʘʰʪʠʪʝ ʦʜ ʩʧʦˀʘʰˁʠʭ ʫʪʠʮʘʿʘ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ, ʘʣʠ ʿʝ ˁʝʛʦʚʘ ʛʣʘʚʥʘ ʫʣʦʛʘ 

ʧʨʝʥʦʰʝˁʝ ʬʝʨʦʤʦʥʘ, ʰʪʦ ʿʝ ʠʟʫʟʝʪʥʦ ʚʘʞʥʦ ʟʘ ʧʨʝʧʦʟʥʘʚʘˁʝ ʚʨʩʪʝ ʠ ʧʦʣʘ ʠʟʤʝʹʫ 

ʿʝʜʠʥʢʠ. ʆʚʘʿ ʦʤʦʪʘʯ ʥʠʿʝ ʯʚʨʩʪʦ ʚʝʟʘʥ ʟʘ ʫʥʫʪʨʘʰˁʝ ʩʣʦʿʝʚʝ ʠ ʥʝ ʜʦʧʨʠʥʦʩʠ ʤʝʭʘʥʠʯʢʠʤ 

ʧʝʨʬʦʨʤʘʥʩʘʤʘ ʚʣʘʢʥʘ [31].  

ʄɸ ʧʨʦʪʝʠʥʠ ʩʝ ʫʨʝʹʫʿʫ ʫ ʢʘʥʘʣʫ ʞʣʝʟʜʝ ʠ ʠʟʣʫʯʫʿʫ ʫ ʦʙʣʠʢʫ ʨʘʩʪʚʦʨʘ ʠʟ ʟʘʣʠʩʢʘ 

ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʥʘ ʩʘʤʦʤ ʢʨʘʿʫ ʢʘʥʘʣʘ. ʀʟʣʘʛʘˁʝʤ ʚʘʟʜʫʭʫ, ʧʨʦʪʝʠʥ ʩʝ ʩʫʰʠ, ʧʨʠ ʯʝʤʫ 

ʥʘʩʪʘʿʝ ʧʨʦʪʝʠʥʩʢʠ ʬʠʣʘʤʝʥʪ ʢʦʿʠ ʩʘʜʨʞʠ ʥʘʥʦʢʨʠʩʪʘʣʝ ʦʨʠʿʝʥʪʠʩʘʥʝ ʫ ʚʠʜʫ ɓ - ʥʘʙʨʘʥʝ 

ʧʣʦʯʝ ʜʠʩʧʝʨʛʦʚʘʥʝ ʫ ʘʤʦʨʬʥʦʤ ʤʘʪʨʠʢʩʫ [32]. ʆʚʠ ʧʨʦʪʝʠʥʠ ʩʘʩʪʦʿʝ ʩʝ ʧʨʝʪʝʞʥʦ ʦʜ 

ʯʝʪʠʨʠ ʘʤʠʥʦʢʠʩʝʣʠʥʝ: ʛʣʫʪʘʤʠʥʘ, ʧʨʦʣʠʥʘ, ʛʣʠʮʠʥʘ ʠ ʘʣʘʥʠʥʘ ʢʦʿʠ ʯʠʥʝ ʦʢʦ 80% ʩʘʩʪʘʚʘ 

ʧʦʤʝʥʫʪʠʭ ʧʨʦʪʝʠʥʘ [12]. 

ʄʘʣʘ ʘʤʧʫʣʘʪʥʘ (ʄʀ) ʚʣʘʢʥʘ (>250 kDa) (ʝʥʛʣ. Ăminor ampullateñ) ʩʝ ʩʠʥʪʝʪʠʰʫ ʫ 

ʤʘʣʦʿ ʘʤʧʫʣʘʪʥʦʿ ʞʣʝʟʜʠ. ʀʤʘʿʫ ʩʣʠʯʥʝ ʤʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ, ʢʘʦ ʠ ʄɸ ʚʣʘʢʥʘ ʠ ʢʦʨʠʩʪʝ ʩʝ 
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ʟʘ ʠʟʛʨʘʜˁʫ ʩʧʠʨʘʣʘ ʢʦʿʝ ʧʨʠʚʨʝʤʝʥʦ ʩʪʘʙʠʣʠʟʫʿʫ ʩʢʝʣʝʪ ʤʨʝʞʝ ʪʦʢʦʤ ʢʦʥʩʪʨʫʢʮʠʿʝ. ʄʀ 

ʚʣʘʢʥʘ ʩʫ ʪʘʢʦʹʝ ʠʟʛʨʘʹʝʥʘ ʠʟ ʚʝʣʠʢʠʭ ʘʤʧʫʣʘʪʥʠʭ ʩʧʠʥʜʨʦʠʥʘ, ʩʘ ʪʠʤʝ ʰʪʦ ʫ ʩʚʦʤ 

ʩʘʩʪʘʚʫ ʥʝ ʩʘʜʨʞʝ ʧʨʦʣʠʥ ʠ ʠʤʘʿʫ ʟʥʘʪʥʦ ʩʤʘˁʝʥ ʩʘʜʨʞʘʿ ʛʣʫʪʘʤʘʪʘ [32].  

ʌʣʘʛʝʣʠʬʦʨʤʥʘ ʚʣʘʢʥʘ (500 kDa) (ʝʥʛʣ. Ăflagelliformñ) ʩʝ ʩʠʥʪʝʪʠʰʫ ʫ 

ʬʣʘʛʝʣʠʬʦʨʤʥʦʿ ʞʣʝʟʜʠ. ɺʝʦʤʘ ʩʫ ʝʣʘʩʪʠʯʥʘ ʠ ʩʣʫʞʝ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʩʧʠʨʘʣʥʠʭ ʪʚʦʨʝʚʠʥʘ 

ʟʘ ʭʚʘʪʘˁʝ ʧʣʝʥʘ. ʉʘʩʪʦʿʝ ʩʝ ʩʘʤʦ ʠʟ ʿʝʜʥʦʛ ʚʝʣʠʢʦʛ ʧʨʦʪʝʠʥʘ ʢʦʿʠ ʩʘʜʨʞʠ ʚʝ˂ʝ ʢʦʣʠʯʠʥʝ 

ʧʨʦʣʠʥʘ ʠ ʚʘʣʠʥʘ, ʘ ʩʤʘˁʝʥʝ ʢʦʣʠʯʠʥʝ ʘʣʘʥʠʥʘ [32]. 

ʂʨʫʰʢʘʩʪʘ ʚʣʘʢʥʘ (ʝʥʛʣ. Ăpiriformñ) ʩʣʫʞʝ ʢʘʦ ʬʫʥʢʮʠʦʥʘʣʥʠ ʣʝʧʘʢ, ʢʦʿʠ 

ʧʦʪʧʦʤʘʞʝ ʧʨʠʯʚʨʰ˂ʠʚʘˁʝ ʜʨʫʛʠʭ ʚʣʘʢʘʥʘ ʟʘ ʩʫʧʩʪʨʘʪ (ʥʧʨ. ʜʨʚʝ˂ʝ ʠ ʟʠʜʦʚʝ) [32]. 

ɸʛʨʝʛʘʪʥʘ ʚʣʘʢʥʘ (ʝʥʛʣ. Ăaggregateñ) ʧʨʝʜʩʪʘʚˀʘʿʫ ʤʝʰʘʚʠʥʫ ʛʣʠʢʦʧʨʦʪʝʠʥʘ ʠ 

ʤʘʣʠʭ, ʚʠʩʦʢʦ ʭʠʛʨʦʩʢʦʧʥʠʭ ʧʝʧʪʠʜʘ ʠ ʢʦʨʠʩʪʝ ʩʝ ʧʨʠ ʭʚʘʪʘˁʫ ʧʣʝʥʘ [32].  

ʎʠʣʠʥʜʨʠʯʥʘ ʚʣʘʢʥʘ (ʝʥʛʣ. Ăcylindricalñ) ʩʝ ʣʫʯʝ ʫ ʮʠʣʠʥʜʨʠʯʥʦʿ ʞʣʝʟʜʠ ʠ ʢʦʨʠʩʪʝ 

ʩʝ ʟʘ ʟʘʰʪʠʪʫ ʧʦʪʦʤʩʪʚʘ. ʉʘʩʪʦʿʝ ʩʝ ʠʟ ʥʘʿʤʘˁʝ ʪʨʠ ʨʘʟʣʠʯʠʪʘ ʧʨʦʪʝʠʥʘ [32]. 

ɸʮʠʥʠʬʦʨʤʥʘ ʚʣʘʢʥʘ (ʝʥʛʣ. Ăaciniformñ) ʠʤʘʿʫ ʚʠʰʝʩʪʨʫʢʫ ʫʣʦʛʫ: ʢʘʦ ʤʝʢʘ ʦʙʣʦʛʘ 

ʫ ʟʘʰʪʠʪʠ ʧʦʪʦʤʩʪʚʘ, ʢʘʦ ʠ ʟʘ ʦʿʘʯʘʚʘˁʝ ʤʘʪʨʠʢʩʘ ʢʨʫʰʢʘʩʪʠʭ ʚʣʘʢʘʥʘ [32]. ʇʨʦʪʝʠʥʠ 

ʦʚʠʭ ʚʣʘʢʘʥʘ ʠʤʘʿʫ ʜʨʫʛʘʯʠʿʠ ʘʤʠʥʦʢʠʩʝʣʠʥʩʢʠ ʩʘʩʪʘʚ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʘ ʚʣʘʢʥʘ: ʧʦʩʝʜʫʿʫ 

ʩʢʦʨʦ ʿʝʜʥʘʢʝ ʢʦʣʠʯʠʥʝ ʛʣʫʪʘʤʠʥʘ, ʘʣʘʥʠʥʘ ʠ ʩʝʨʠʥʘ ʢʦʿʠ ʟʘʿʝʜʥʦ ʯʠʥʝ ʦʢʦ 40% ʩʘʩʪʘʚʘ, 

ʟʥʘʪʥʫ ʢʦʣʠʯʠʥʫ ʚʝʣʠʢʠʭ ʭʠʜʨʦʬʦʙʥʠʭ ʘʤʠʥʦʢʠʩʝʣʠʥʘ ʠ ʦʢʦ 5% ʧʦʟʠʪʠʚʥʦ 

ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ ʘʤʠʥʦʢʠʩʝʣʠʥʘ [13]. 

   

2.1.4. ʄʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ 

ɺʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʠʤʘʿʫ ʠʟʫʟʝʪʥʝ ʤʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ, ʘ ˁʠʭʦʚʘ ʞʠʣʘʚʦʩʪ ʿʝ 

ʫʧʦʨʝʜʠʚʘ ʩʘ ʧʦʿʝʜʠʥʠʤ ʠʟʫʟʝʪʥʦ ʩʥʘʞʥʠʤ ʚʝʰʪʘʯʢʠʤ ʚʣʘʢʥʠʤʘ ʚʠʩʦʢʝ ʪʝʭʥʦʣʦʛʠʿʝ. 

ɺʝʣʠʢʘ ʘʤʧʫʣʘʪʥʘ ʚʣʘʢʥʘ ʠʤʘʿʫ ʠʟʫʟʝʪʥʝ ʤʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ ʟʘʭʚʘˀʫʿʫ˂ʠ ʩʚʦʿʠʤ ʛʣʘʚʥʠʤ 

ʧʨʦʪʝʠʥʩʢʠʤ ʢʦʥʩʪʠʪʫʝʥʪʠʤʘ (ʚʝʣʠʢʠʤ ʘʤʧʫʣʘʪʥʠʤ ʩʧʠʥʜʨʦʠʥʠʤʘ 1 ʠ 2), ʢʘʦ ʠ 

ʭʠʿʝʨʘʨʭʠʿʩʢʦʿ ʦʨʛʘʥʠʟʘʮʠʿʠ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʘʪʘ [33].  
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ʇʘʫʮʠ ʧʨʦʠʟʚʦʜʝ ʨʘʟʣʠʯʠʪʘ ʚʣʘʢʥʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʤʝʭʘʥʠʯʢʠʤ ʦʩʦʙʠʥʘʤʘ. 

ʄʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ ʚʣʘʢʘʥʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʝ ʪʟʚ. ʩʪʨʝʩ-ʠʩʪʝʛʥʫ˂ʝ ʢʨʠʚʘʤʘ (ʉʣʠʢʘ 2.6.). 

ʆʚʝ ʢʨʠʚʝ ʩʫ ʿʝʜʠʥʩʪʚʝʥʝ ʟʘ ʩʚʘʢʠ ʤʘʪʝʨʠʿʘʣ ʠ ʜʦʙʠʿʘʿʫ ʩʝ ʤʝʨʝˁʝʤ ʜʝʬʦʨʤʘʮʠʿʝ (ʪʘʯʥʠʿʝ, 

ʠʩʪʝʛʥʫ˂ʘ) ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʦʧʪʝʨʝ˂ʝˁʠʤʘ. ʉʪʨʝʩ (ů) ʿʝ ʥʦʨʤʘʣʠʟʦʚʘʥʘ ʩʠʣʘ (F) ʢʦʿʘ ʩʝ 

ʜʝʬʠʥʠʰʝ ʢʘʦ: 

„        (1) 

ʛʜʝ ʿʝ: A - ʧʦʯʝʪʥʠ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʚʣʘʢʥʘ. ʀʩʪʝʛʥʫ˂ʝ (Ů) ʤʝʨʠ ʧʨʦʤʝʥʫ ʜʫʞʠʥʝ ʚʣʘʢʥʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʦʯʝʪʥʫ ʜʫʞʠʥʫ ʠ ʜʝʬʠʥʠʰʝ ʩʝ ʢʘʦ: 

‐
Ў
       (2) 

ʛʜʝ ʿʝ: L0 - ʠʥʠʮʠʿʘʣʥʘ ʜʫʞʠʥʘ ʚʣʘʢʥʘ, ʘ ȹL ʿʝ ʧʨʦʤʝʥʘ ʫ ʜʫʞʠʥʠ ʚʣʘʢʥʘ. ʋʦʙʠʯʘʿʝʥʦ ʿʝ ʜʘ 

ʩʝ ʠʩʪʝʛʥʫ˂ʝ ʧʨʝʜʩʪʘʚʠ ʢʘʦ ʣʦʛʘʨʠʪʘʤʩʢʘ ʚʨʝʜʥʦʩʪ L/L0.  

ʂʨʫʪʦʩʪ ʿʝ ʜʝʬʠʥʠʩʘʥʘ ɱʫʥʛʦʚʠʤ ʤʦʜʫʣʦʤ ʠ ʦʜʨʝʹʫʿʝ ʩʝ ʠʟ ʥʘʛʠʙʘ ʠʥʠʮʠʿʘʣʥʦʛ 

ʝʣʘʩʪʠʯʥʦʛ ʨʝʛʠʦʥʘ ʢʨʠʚʝ. ʇʨʝʜʩʪʘʚˀʘ ʩʧʦʩʦʙʥʦʩʪ ʚʣʘʢʥʘ ʜʘ ʩʝ ʦʧʠʨʝ ʜʝʬʦʨʤʘʮʠʿʠ. 

ɻʨʘʥʠʮʘ ʝʣʘʩʪʠʯʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘ ʪʘʯʢʫ ʫ ʢʦʿʦʿ ʚʣʘʢʥʦ ʧʨʝʣʘʟʠ ʠʟ ʝʣʘʩʪʠʯʥʝ 

(ʨʝʚʝʨʟʠʙʠʣʥʝ) ʫ ʧʣʘʩʪʠʯʥʫ (ʠʨʝʚʝʨʟʠʙʠʣʥʫ) ʜʝʬʦʨʤʘʮʠʿʫ. ɺʠʰʘ ʚʨʝʜʥʦʩʪ ʛʨʘʥʠʯʥʝ 

ʝʣʘʩʪʠʯʥʦʩʪʠ ʦʜʛʦʚʘʨʘ ʚʣʘʢʥʫ ʢʦʿʝ ʿʝ ʦʪʧʦʨʥʠʿʝ ʥʘ ʪʨʘʿʥʫ ʜʝʬʦʨʤʘʮʠʿʫ [34].  

ʄʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʫ ʪʘʯʢʘʤʘ ʛʜʝ ʜʦʣʘʟʠ ʜʦ ʨʫʧʪʫʨʝ ʤʘʪʝʨʠʿʘʣʘ ʜʘʿʫ ʩʥʘʛʫ 

(ůmax) ʠ ʝʣʘʩʪʠʯʥʦʩʪ (Ůmax). ʉʥʘʛʘ ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʩʪʨʝʩ ʫ ʪʘʯʢʠ ʢʠʜʘˁʘ ʤʘʪʝʨʠʿʘʣʘ ʧʦʜ 

ʜʝʿʩʪʚʦʤ ʫʥʠʘʢʩʠʿʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. ʂʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ ʝʣʘʩʪʠʯʥʦʩʪʠ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ 

ʤʨʝʞʝ, ʤʠʩʣʠ ʩʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪ ʦʧʦʨʘʚʢʘ ʚʣʘʢʥʘ ʥʘʢʦʥ ʜʝʬʦʨʤʘʮʠʿʝ. ʈʘʟʣʠʯʠʪʘ ʚʣʘʢʥʘ 

ʠʤʘʿʫ ʨʘʟʣʠʯʠʪʫ ʝʣʘʩʪʠʯʥʦʩʪ, ʢʦʿʘ ʟʘʚʠʩʠ ʠ ʜʠʨʝʢʪʥʦ ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʩʘʜʨʞʘʿʫ ʧʨʦʣʠʥʘ 

[34]. ɽʣʘʩʪʠʯʥʦʩʪ ʩʝ ʦʧʠʩʫʿʝ ʢʘʦ ʠʩʪʝʛˀʠʚʦʩʪ ʚʣʘʢʥʘ - ʧʨʦʮʝʥʘʪ ʧʦʨʘʩʪʘ ʜʫʞʠʥʝ ʫ ʦʜʥʦʩʫ 

ʥʘ ʧʦʯʝʪʥʫ ʜʫʞʠʥʫ. ʇʨʝʜʝʦ ʠʩʧʦʜ ʦʚʝ ʢʨʠʚʝ ʦʜʛʦʚʘʨʘ ʞʠʣʘʚʦʩʪʠ ʚʣʘʢʥʘ ʠ ʧʨʝʜʩʪʘʚˀʘ 

ʝʥʝʨʛʠʿʫ ʢʦʿʘ ʿʝ ʧʦʪʨʝʙʥʘ ʜʘ ʩʝ ʧʨʝʢʠʥʝ ʤʘʪʝʨʠʿʘʣ [35].  
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ʉʣʠʢʘ 2.6. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʘ ʩʪʨʝʩ-ʠʩʪʝʛʥʫ˂ʝ ʢʨʠʚʘ ɺʇʄ ʩʘ ʧʨʠʢʘʟʦʤ ʦʩʥʦʚʥʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʣʘʢʥʘ [32] 

ʄʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ ɺʇʄ ʠ ʜʨʫʛʠʭ ʦʜʘʙʨʘʥʠʭ ʧʨʠʨʦʜʥʠʭ ʠ ʩʠʥʪʝʪʠʯʢʠʭ ʤʘʪʝʨʠʿʘʣʘ 

ʥʘʣʘʟʝ ʩʝ ʫ ʊʘʙʝʣʠ 2.1. ʀʟ ʪʘʙʝʣʝ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʩʫ ɺʇʄ ʧʦ ʢʨʫʪʦʩʪʠ ʠ ʩʥʘʟʠ ʙʦˀʘ ʦʜ 

ʚʝ˂ʠʥʝ ʙʠʦʤʘʪʝʨʠʿʘʣʘ. ʄʝʹʫʪʠʤ, ʢʨʫʪʦʩʪ ʠ ʩʥʘʛʘ ʦʚʦʛ ʚʣʘʢʥʘ ʿʝ ʟʥʘʪʥʦ ʩʣʘʙʠʿʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʤʘʪʝʨʠʿʘʣʝ ʢʘʦ ʰʪʦ ʩʫ: ʂʝʚʣʘʨ, ʫʛˀʝʥʠʯʥʦ ʚʣʘʢʥʦ ʠ ʯʝʣʠʢ. ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ ʧʦʜʘʪʘʢʘ, ʤʦʞʝ 

ʩʝ ʧʨʝʚʨʝʤʝʥʦ ʜʦʥʝʪʠ ʟʘʢˀʫʯʘʢ ʜʘ ʿʝ ɺʇʄ ʩʫʧʝʨʠʦʨʥʠʿʝ ʦʜ ʥʝʢʠʭ ʧʨʠʨʦʜʥʠʭ ʠ 

ʩʠʥʪʝʪʠʯʢʠʭ ʤʘʪʝʨʠʿʘʣʘ (ʥʧʨ. ʦʜ ʥʘʿʣʦʥʘ), ʘʣʠ ʥʠʿʝ ʜʦʙʨʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʦ ʰʪʦ ʩʫ 

ʫʛˀʝʥʠʯʥʘ ʚʣʘʢʥʘ, ʂʝʚʣʘʨ ʠ ʯʝʣʠʢ. ʄʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ ʦʜʘʙʨʘʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʩʝ, ʧʦʨʝʜ 

ʩʥʘʛʝ ʠ ʢʨʫʪʦʩʪʠ, ʜeʬʠʥʠʰʫ ʠ ʝʣʘʩʪʠʯʥʦʰ˂ʫ ʠ ʞʠʣʘʚʦʰ˂ʫ. ʋ ʩʣʫʯʘʿʫ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ 

ʤʨʝʞʝ, ʜʦʙʨʘ ʝʣʘʩʪʠʯʥʦʩʪ ʚʣʘʢʘʥʘ ʜʦʧʨʠʥʦʩʠ ʚʝʣʠʢʦʿ ʞʠʣʘʚʦʩʪʠ ʢʦʿʘ ʥʘʜʤʘʰʫʿʝ ʦʩʪʘʣʝ 

ʤʘʪʝʨʠʿʘʣʝ (ʥʧʨ. ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʿʝʜʥʠʤ ʦʜ ʥʘʿʿʘʯʠʭ ʤʘʪʝʨʠʿʘʣʘ - ʂʝʚʣʘʨʦʤ, ʧʘʫʢʦʚʘ ʚʣʘʢʥʘ 

ʤʦʛʫ ʜʘ ʘʧʩʦʨʙʫʿʫ ʪʨʠ ʧʫʪʘ ʚʠʰʝ ʝʥʝʨʛʠʿʝ ʧʨʝ ʧʫʮʘˁʘ) [1]. 
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ʊʘʙʝʣʘ 2.1. ʄʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ ʄɸ ʚʣʘʢʥʘ ʧʘʫʢʘ ʚʨʩʪʝ Araneus diadematus Clerck ʠ ʜʨʫʛʠʭ 

ʧʨʠʨʦʜʥʠʭ ʠ ʩʠʥʪʝʪʠʯʢʠʭ ʤʘʪʝʨʠʿʘʣʘ [1] 

ʄʘʪʝʨʠʿʘʣ ʂʨʫʪʦʩʪ (GPa) ʉʥʘʛʘ (GPa) ɽʣʘʩʪʠʯʥʦʩʪ ɾʠʣʘʚʦʩʪ 

(ʄɱm
-3

) 

ʄɸ ʚʣʘʢʥʘ 10 1,1 0,27 160 

ɺʣʘʢʥʘ B. mori 0,003 0,6 0,18 70 

ʂʦʣʘʛʝʥ ʪʝʪʠʚʝ 1,5 0,15 0,12 7,5 

ʂʦʩʪ 20 0,16 0,03 4 

ɺʫʥʘ 0,5 0,2 0,5 60 

ɽʣʘʩʪʠʥ 0,001 0,002 1,5 2 

ʈʝʟʠʣʠʥ 0,002 0,003 1,9 4 

ʉʠʥʪʝʪʠʯʢʘ 

ʛʫʤʘ 

0,001 0,05 8,5 100 

ɺʣʘʢʥʦ 

ʥʘʿʣʦʥʘ 

5 0,95 0,18 80 

ʂʝʚʣʘʨ 49 130 3,6 0,027 50 

ʋʛˀʝʥʠʯʥʦ 

ʚʣʘʢʥʦ 

300 4 0,013 25 

ʏʝʣʠʢ 200 1,5 0,008 6 

ʅʘʿʚʘʞʥʠʿʠ ʬʘʢʪʦʨʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʩʥʘʛʫ ʚʣʘʢʘʥʘ ʠ ˁʠʭʦʚ ʦʜʛʦʚʦʨ ʥʘ ʜʝʬʦʨʤʘʮʠʿʫ 

ʩʫ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪ ʠ ʙʨʟʠʥʘ ʠʩʧʨʝʜʘˁʘ. 

ʀʩʧʠʪʠʚʘˁʝʤ ʠʩʧʨʝʜʘˁʘ ʚʣʘʢʘʥʘ ʫ ʨʘʩʧʦʥʫ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʹʫ 5 ʠ 40 ÁC, 

ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʩʘ ʧʦʨʘʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʝ, ʨʘʩʪʝ ʠ ʪʘʯʢʘ ʢʠʜʘˁʘ (ʩʠʣʘ ʢʦʿʫ ʿʝ ʧʦʪʨʝʙʥʦ 

ʧʨʠʤʝʥʠʪʠ ʥʘ ʚʣʘʢʥʦ ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʫʟʨʦʢʦʚʘʣʘ ˁʝʛʦʚʘ ʨʫʧʪʫʨʘ), ʫʩʣʝʜ ʧʨʦʤʝʥʝ 

ʚʠʩʢʦʟʠʪʝʪʘ ʨʘʩʪʚʦʨʘ ʧʨʠ ʧʨʦʤʝʥʠ ʪʝʤʧʝʨʘʪʫʨʝ. ʄʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ ʚʣʘʢʘʥʘ ʩʫ ʩʪʘʙʠʣʥʝ 

ʜʦ 150 ÁC, ʜʦʢ ʭʣʘʹʝˁʝ ʥʘ -60 ÁC ʫʟʨʦʢʫʿʝ ʧʦʚʝ˂ʘˁʝ ʩʥʘʛʝ ʠ ʯʚʨʩʪʦ˂ʝ. ʇʦʚʝ˂ʘˁʝʤ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʢʦ 150 ÁC, ʥʘ ~200 ÁC ʜʦʣʘʟʠ ʜʦ ʨʘʩʢʠʜʘˁʘ ʠʥʪʝʨʤʦʣʝʢʫʣʩʢʠʭ ʚʦʜʦʥʠʯʥʠʭ 
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ʚʝʟʘ ʫ ʥʝʢʨʠʩʪʘʣʥʦʤ ʜʝʣʫ ʚʣʘʢʘʥʘ, ʜʦʢ ʩʝ ʪʦʧˀʝˁʝ ʢʨʠʩʪʘʣʥʝ ʬʘʟʝ ʜʝʰʘʚʘ ʥʘ ʿʦʰ ʚʠʰʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ (>300 ÁC) [36]. 

ʋ ʢʦʥʪʘʢʪʫ ʩʘ ʚʦʜʦʤ ʠʣʠ ʥʝʢʦʤ ʜʨʫʛʦʤ ʪʝʯʥʦʰ˂ʫ, ʧʘʫʢʦʚʘ ʚʣʘʢʥʘ ʨʝʘʛʫʿʫ ʥʘ 

ʿʝʜʠʥʩʪʚʝʥ ʥʘʯʠʥ  ʩʫʧʝʨʢʦʥʪʨʘʢʮʠʿʦʤ, ʧʨʠ ʯʝʤʫ ʩʝ ʚʣʘʢʥʘ ʩʢʫʧˀʘʿʫ ʠ ʜʦ 50% ʦʜ ʩʚʦʿʝ 

ʦʨʠʛʠʥʘʣʥʝ ʜʫʞʠʥʝ. ʉʫʧʝʨʢʦʥʪʨʘʢʮʠʿʘ ʧʘʫʢʦʚʠʭ ʚʣʘʢʘʥʘ ʿʝ ʨʝʟʫʣʪʘʪ ʨʘʩʢʠʜʘˁʘ 

ʚʦʜʦʥʠʯʥʠʭ ʚʝʟʘ ʠ ʧʨʦʤʝʥʝ ʫ ʦʨʠʿʝʥʪʘʮʠʿʠ ʠ ʫʚʠʿʘˁʫ ʤʦʣʝʢʫʣʩʢʠʭ ʣʘʥʘʮʘ, ʰʪʦ ʫ ʧʨʠʨʦʜʠ 

ʩʣʫʞʠ ʟʘ ʫʯʚʨʰ˂ʠʚʘˁʝ ʤʨʝʞʝ ʧʨʠ ʫʩʣʦʚʠʤʘ ʚʠʩʦʢʝ ʚʣʘʞʥʦʩʪʠ ʚʘʟʜʫʭʘ [37]. ʆʚʘʿ ʧʨʦʮʝʩ ʿʝ 

ʨʝʚʝʨʟʠʙʠʣʘʥ. ʉʤʘʪʨʘ ʩʝ ʜʘ ʿʝ ʧʨʦʣʠʥ ʦʜʛʦʚʦʨʘʥ ʟʘ ʦʩʝʪˀʠʚʦʩʪ ʚʣʘʢʘʥʘ ʥʘ ʚʦʜʫ ʠ ˁʠʭʦʚʫ 

ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʩʝ ʩʢʫʧʝ ʫʩʣʝʜ ʠʟʘʟʠʚʘˁʘ ʫʥʫʪʨʘʰˁʝ ʥʝʫʨʝʹʝʥʦʩʪʠ [38,39]. ʇʨʦʪʝʠʥʩʢʠ 

ʣʘʥʮʠ ʢʦʿʠ ʩʘʜʨʞʝ GPGXX ʩʝʢʚʝʥʮʫ ʩʧʨʝʯʘʚʘʿʫ ʛʫʩʪʦ ʧʘʢʦʚʘˁʝ ʧʨʦʪʝʠʥʘ, ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ 

ʤʦʣʝʢʫʣʠʤʘ ʚʦʜʝ ʜʘ ʧʨʠʹʫ ʠ ʜʝʦʨʠʿʝʥʪʠʰʫ ʫʨʝʹʝʥʝ ʤʦʪʠʚʝ ʙʦʛʘʪʝ ʛʣʠʮʠʥʦʤ, ʰʪʦ ʫʟʨʦʢʫʿʝ 

ʦʤʝʢʰʘʚʘˁʝ ʠ ʩʫʧʝʨʢʦʥʪʨʘʢʮʠʿʫ ʚʣʘʢʥʘ [38]. ʂʦʜ ʚʣʘʢʘʥʘ ʥʝ-ʩʬʝʨʥʝ ʧʘʫʯʠʥʝ ʢʦʿʘ ʥʝʤʘʿʫ 

GPGXX ʩʝʢʚʝʥʮʫ, ʧʨʝʫʨʝʹʝˁʝ ʩʝ ʜʝʰʘʚʘ ʫ ʜʦʤʝʥʫ ʛʣʠʮʠʥ-ʛʣʠʮʠʥ-ʍ 310 ʭʝʣʠʢʩʘ. 

ʈʘʩʢʠʜʘˁʝʤ ʚʦʜʦʥʠʯʥʠʭ ʚʝʟʘ ʦʚʠ ʜʦʤʝʥʠ ʧʨʝʣʘʟʝ ʠʟ ʧʦʣʦʞʘʿʘ ʧʘʨʘʣʝʣʥʦʛ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʫ 

ʚʣʘʢʥʘ, ʫ ʧʦʣʦʞʘʿ ʥʠʞʝ ʝʥʝʨʛʠʿʩʢʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ, ʰʪʦ ʿʝ ʧʨʘ˂ʝʥʦ ʩʢʨʘ˂ʝˁʝʤ ʠ 

ʟʘʜʝʙˀʘˁʝʤ ʚʣʘʢʥʘ [40]. 

ʆʩʦʙʠʥʝ ʚʣʘʢʘʥʘ ʟʘʚʠʩʝ ʦʜ ʙʨʟʠʥʝ ʠʩʧʨʝʜʘˁʘ ʚʣʘʢʘʥa. ɹʨʟʦ ʠʩʧʨʝʜʘˁʝ ʨʝʟʫʣʪʫʿʝ 

ʢʨʫʪʠʤ ʚʣʘʢʥʦʤ ʢʦʿʝ ʤʦʞʝ ʠʟʜʨʞʘʪʠ ʪʝʞʠʥʫ ʧʘʫʢʘ, ʜʦʢ ʿʝ ʟʘ ʠʟʨʘʜʫ ʚʣʘʢʘʥʘ ʟʘ 

ʢʦʥʩʪʨʫʢʮʠʿʫ ʤʨʝʞʝ, ʠʩʧʨʝʜʘˁʝ ʩʧʦʨʠʿʝ ʯʠʤʝ ʩʝ ʧʦʩʪʠʞʝ ʝʣʘʩʪʠʯʥʦʩʪ ʥʝʦʧʭʦʜʥʘ ʟʘ 

ʨʘʩʧʦʨʝʹʠʚʘˁʝ ʝʥʝʨʛʠʿʝ ʜʫʞ ʚʣʘʢʥʘ (ʥʧʨ. ʫʩʣʝʜ ʫʪʠʮʘʿʘ ʧʣʝʥʘ ʥʘ ʤʨʝʞʫ) [41]. ɺʝʣʠʢʘ 

ʙʨʟʠʥʘ ʠʩʧʨʝʜʘˁʘ ʠʥʜʫʢʫʿʝ ʙʦˀʫ ʦʨʠʿʝʥʪʘʮʠʿʫ ʢʨʠʩʪʘʣʠʪʘ ʜʫʞ ʦʩʝ ʚʣʘʢʥʘ, ʧʨʠ ʯʝʤʫ ʿʝ 

ʫʜʘˀʝʥʦʩʪ ʠʟʤʝʹʫ ʢʨʠʩʪʘʣʠʪʘ ʚʝ˂ʘ ʫ ʦʙʘ ʧʨʘʚʮʘ ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʩʫ ʘʤʦʨʬʥʠ ʜʦʤʝʥʠ ʫ 

ʨʝʣʘʢʩʠʨʘʥʦʤ ʩʪʘˁʫ ʣʘʙʘʚʦ ʫʧʘʢʦʚʘʥʠ [42].  

 

2.1.5. ʇʨʦʠʟʚʦʜˁʘ ʧʨʦʪʝʠʥʘ ʧʘʫʯʠʥʝ ʨʝʢʦʤʙʠʥʘʥʪʥʦʤ ɼʅʂ ʪʝʭʥʦʣʦʛʠʿʦʤ 

ɿʙʦʛ ʩʚʝʛʘ ʧʦʤʝʥʫʪʦʛ  ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ ʠ ʙʠʦʢʦʤʧʘʪʠʙʠʣʥʦʩʪʠ, ʚʝʣʠʢʠ ʥʘʧʦʨʠ 

ʩʫ ʫʣʦʞʝʥʠ ʢʘʢʦ ʙʠ ʩʝ ʧʘʫʢʦʚʘ ʚʣʘʢʥʘ ʠʩʢʦʨʠʩʪʠʣʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʪʝʭʥʠʯʢʠʤ, ʢʘʦ ʠ ʫ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʤ ʘʧʣʠʢʘʮʠʿʘʤʘ. ʅʘ ʞʘʣʦʩʪ, ʧʨʦʜʫʢʮʠʿʘ ʚʝʣʠʢʠʭ ʢʦʣʠʯʠʥʘ ʚʣʘʢʘʥʘ ʛʘʿʝˁʝʤ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ                                                                                          ʊʝʦʨʠʿʩʢʠ ʜʝʦ                                                                                                        
 

19 
 

ʧʘʫʢʦʚʘ ʥʠʿʝ ʤʦʛʫ˂ʘ ʟʙʦʛ ʪʝʨʠʪʦʨʠʿʘʣʥʦʛ ʠ ʢʘʥʠʙʘʣʠʩʪʠʯʢʦʛ ʧʦʥʘʰʘˁʘ ʧʘʫʢʦʚʘ. ɼʦʜʘʪʥʦ, 

ʛʘʿʝˁʝʤ ʩʝ ʜʦʙʠʿʘ ʤʘˁʘ ʢʦʣʠʯʠʥʘ ʧʘʫʯʠʥʝ ʣʦʰʠʿʝʛ ʢʚʘʣʠʪʝʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʥʫ ʠʟ ʿʝʜʠʥʢʠ 

ʢʦʿʝ ʞʠʚʝ ʫ ʧʨʠʨʦʜʥʦʤ ʩʪʘʥʠʰʪʫ [43,44]. ɿʙʦʛ ʪʦʛʘ ʧʦʩʪʦʿʠ ʪʝʞˁʘ ʢʘ ʙʠʦʪʝʭʥʦʣʦʰʢʦʿ 

ʧʨʦʠʟʚʦʜˁʠ ʩʧʠʥʜʨʦʠʥʘ ʢʘʢʦ ʙʠ ʩʝ ʦʤʦʛʫ˂ʠʣʘ ʧʨʠʤʝʥʘ ʧʘʫʢʦʚʝ ʩʚʠʣʝ.  

ʈʝʢʦʤʙʠʥʘʥʪa ʧʨʦʠʟʚʦʜˁʘ ʩʧʠʥʜʨʦʠʥʘ ʿʝ ʜʦ ʩʘʜʘ ʩʧʨʦʚʝʜʝʥʘ ʢʦʨʠʰ˂ʝˁʝʤ 

ʨʘʟʣʠʯʠʪʠʭ ʦʨʛʘʥʠʟʘʤʘ, ʢʘʦ ʰʪʦ ʩʫ: ʙʘʢʪʝʨʠʿʝ [45], ʙʠˀʢʝ (ʜʫʚʘʥ) [46], ˂ʝʣʠʿʝ ʢʚʘʩʮʘ [47], 

ʩʚʠʣʝʥʝ ʙʫʙʝ [48], ʢʦʟʝ [49], ˂ʝʣʠʿʝ ʠʥʩʝʢʘʪʘ [50] ʠ ˂ʝʣʠʿʝ ʩʠʩʘʨʘ [51]. ʂʦʨʠʰ˂ʝˁʝ ʩʚʘʢʦʛ 

ʦʜ ʦʚʠʭ ʜʦʤʘ˂ʠʥʘ ʠʤʘ ʩʚʦʿʝ ʧʨʝʜʥʦʩʪʠ ʠ ʤʘʥʝ. ɼʘʥʘʩ ʩʝ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʚʝʰʪʘʯʢʠʭ 

ʧʨʦʪʝʠʥʘ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ Escherichia coli ï ʙʘʢʪʝʨʠʿʩʢʠ ʩʦʿ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʿʝʬʪʠʥʫ 

ʧʨʦʠʟʚʦʜˁʫ ʜʦʚʦˀʥʝ ʢʦʣʠʯʠʥʝ ʧʨʦʪʝʠʥʘ [52].   

ʄʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ ɺʇʄ ʠ ʤʦʛʫ˂ʥʦʩʪ ʧʨʦʮʝʩʠʨʘˁʘ ʫ ʘʤʙʠʿʝʥʪʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʠ 

ʚʦʜʝʥʦʿ ʩʨʝʜʠʥʠ, ʧʨʠʚʫʢʣʠ ʩʫ ʤʥʦʛʝ ʢʦʤʧʘʥʠʿʝ ʢʦʿʝ ʪʨʝʥʫʪʥʦ ʧʨʦʠʟʚʦʜʝ ʨʝʢʦʤʙʠʥʘʥʪʥʫ 

ʩʚʠʣʫ ʧʘʫʯʠʥʝ ʠ ˁʝʥʝ ʜʝʨʠʚʘʪʝ. ʇʨʠʤʝʥʘ ʨʝʢʦʤʙʠʥʘʥʪʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʟʘ ʧʨʦʠʟʚʦʜˁʫ 

ʚʝʰʪʘʯʢʠʭ ʧʨʦʪʝʠʥʘ ʧʘʫʯʠʥʝ ʦʤʦʛʫ˂ʠʣʘ ʿʝ ʥʝ ʩʘʤʦ ʜʦʙʠʿʘˁʝ ʚʝ˂ʝ ʢʦʣʠʯʠʥʝ, ʚʝ˂ ʠ 

ʤʦʛʫ˂ʥʦʩʪ ʤʦʜʠʬʠʢʦʚʘˁʘ ʦʩʦʙʠʥʘ ʤʘʪʝʨʠʿʘʣʘ (ʙʠʦʨʘʟʛʨʘʜʠʚʦʩʪ, ʤʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ, 

ʘʬʠʥʠʪʝʪ ʚʝʟʠʚʘˁʘ ʟʘ ʦʜʨʝʹʝʥʝ ʧʨʦʪʝʠʥʝ, ʠʪʜ.), ʯʠʤʝ ʿʝ ʧʨʦʰʠʨʝʥ ʙʨʦʿ ʧʦʪʝʥʮʠʿʘʣʥʠʭ 

ʘʧʣʠʢʘʮʠʿʘ ʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ. 

ʂʦʤʧʘʥʠʿʘ ĂThe Synthetic Bioproducts Centerñ (ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɱʫʪʠ, ʃʦʛʘʥ, ʋʊ, 

ʉɸɼ) ʧʨʦʠʟʚʦʜʠ ʩʠʥʪʝʪʠʯʢʫ ʩʚʠʣʫ ʧʘʫʢʦʚʘ ʝʢʩʧʨʝʩʠʿʦʤ ʧʨʦʪʝʠʥʘ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʜʦʤʘ˂ʠʥʠʤʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʛʝʥʝʪʩʢʠ ʠʟʤʝˁʝʥʝ ʢʦʟʝ. ʆʚʝ ʢʦʟʝ ʥʦʩʝ ʛʝʥʝ ʩʢʝʣʝʪʥʠʭ ʚʣʘʢʘʥʘ 

Nephila clavipes ʧʘʫʢʘ ʫ ˂ʝʣʠʿʘʤʘ ʤʣʝʯʥʠʭ ʞʣʝʟʜʘ ʠ ʝʢʩʢʨʝʪʫʿʫ ʨʘʩʪʚʦʨˀʠʚʫ ʩʚʠʣʫ ʫ 

ʤʣʝʢʫ. ʆʚʘʢʦ ʜʦʙʠʿʝʥʘ ʨʘʩʪʚʦʨˀʠʚʘ ʩʚʠʣʘ ʩʝ ʥʘʢʦʥ ʝʢʩʪʨʘʢʮʠʿʝ ʤʦʞʝ ʧʨʦʮʝʩʠʨʘʪʠ ʫ 

ʚʣʘʢʥʘ. ɻʝʥʝʪʩʢʠ ʤʦʜʠʬʠʢʦʚʘʥʝ ʢʦʟʝ ʩʫ ʧʨʚʠ ʧʫʪ ʨʘʟʚʠʿʝʥʝ ʨʘʥʠʭ 2000-ʪʠʭ ʛʦʜʠʥʘ ʦʜ 

ʩʪʨʘʥʝ ʢʦʤʧʘʥʠʿʝ ĂNexia Biotechnologies Inc.ñ (ʂʚʝʙʝʢ, ʂʘʥʘʜʘ). ʆʚʘ ʬʠʨʤʘ ʿʝ ʟʘʿʝʜʥʦ ʩʘ 

ʪʠʤʦʤ ʟʘ ʨʘʟʚʦʿ ʥʘʫʢʝ ʦ ʤʘʪʝʨʠʿʘʣʠʤʘ ʘʤʝʨʠʯʢʝ ʚʦʿʩʢʝ ʧʨʚʠ ʧʫʪ ʜʦʙʠʣʘ ʧʨʦʪʝʠʥʝ ADF-

3/ʄʘʉʧ2 ʠ ʄʘʉʧ1 ʠʟ ˂ʝʣʠʿʘ ʩʠʩʘʨʘ [51]. 

ʇʨʚʠ ʧʨʦʠʟʚʦʹʘʯ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʟʘʣʠʭʘ ʨʝʢʦʤʙʠʥʘʥʪʥʝ ʩʚʠʣʝ ʿʝ ʢʦʤʧʘʥʠʿʘ ĂAMSilk 

GmbHñ . ʇʨʝʪʝʞʥʦ ʦʜ ADF-4 ʧʨʦʪʝʠʥʘ, ʦʚʘ ʬʠʨʤʘ ʜʦʙʠʿʘ ʚʠʩʦʢʦ ʢʚʘʣʠʪʝʪʥʠ ʤʘʪʝʨʠʿʘʣ ʟʘ 

ʧʨʦʠʟʚʦʜˁʫ ʦʜʝ˂ʝ, ʟʘ ʢʦʟʤʝʪʠʯʢʝ, ʠʥʜʫʩʪʨʠʿʩʢʝ ʠ ʜʨʫʛʝ ʘʧʣʠʢʘʮʠʿʝ. ɻʣʘʚʥʠ ʧʨʦʜʫʢʪ ʦʚʝ 
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ʬʠʨʤʝ ʿʝ ʙʠʦʯʝʣʠʯʥʦ ʚʣʘʢʥʦ ʥʘ ʯʠʿʝʤ ʨʘʟʚʦʿʫ ʩʝ, ʟʘ ʧʨʠʤʝʥʫ ʫ ʠʥʜʫʩʪʨʠʿʠ ʦʙʫ˂ʝ ʠ 

ʘʫʪʦʤʦʙʠʣʘ ʠ ʜʘˀʝ ʠʥʪʝʥʟʠʚʥʦ ʨʘʜʠ. ʆʜ 2017. ʛʦʜʠʥʝ, ʦʚʘ ʬʠʨʤʘ ʿʝ ʜʦʙʠʣʘ ʘʢʨʝʜʠʪʘʮʠʿʫ 

ʟʘ ʠʟʚʦʹʝˁʝ ʢʣʠʥʠʯʢʠʭ ʩʪʫʜʠʿʘ ʥʘ ˀʫʜʠʤʘ ʠ ʦʜ ʬʝʙʨʫʘʨʘ 2018. ʛʦʜʠʥʝ ʧʦʯʝʣʘ ʿʝ ʩʘ ʧʨʚʦʤ 

ʬʘʟʦʤ ʢʣʠʥʠʯʢʠʭ ʠʩʧʠʪʠʚʘˁʘ. ʀʩʪʨʘʞʠʚʘˁʝ ʩʝ ʙʘʚʠ ʩʠʣʠʢʦʥʩʢʠʤ ʠʤʧʣʘʥʪʠʤʘ ʟʘ ʛʨʫʜʠ 

ʦʙʣʦʞʝʥʠʤ ʨʝʢʦʤʙʠʥʘʥʪʥʦʤ ɸDF-4 ʩʚʠʣʦʤ ʢʦʜ ˀʫʜʠ ʫ ʥʝʢʦʣʠʢʦ ʫʥʠʚʝʨʟʠʪʝʪʩʢʠʭ 

ʙʦʣʥʠʮʘ ʫ ɸʫʩʪʨʠʿʠ. ɼʦ ʩʘʜʘ ʩʝ ʟʥʘ ʜʘ ʩʠʣʠʢʦʥ ʦʙʣʦʞʝʥ ADF-4 ʩʚʠʣʦʤ ʥʝ ʠʟʘʟʠʚʘ ʘʢʫʪʥʫ 

ʪʦʢʩʠʯʥʦʩʪ ʠ ʠʤʫʥʦʛʝʥʦʩʪ, ʢʘʦ ʠ ʜʘ ʩʤʘˁʫʿʝ ʧʦʩʪʦʧʝʨʘʪʠʚʥʫ ʫʧʘʣʫ ʫʟ ʤʠʥʠʤʘʣʥʦ 

ʫʟʨʦʢʦʚʘˁʝ ʟʘʜʝʙˀʘˁʘ ʢʘʧʩʫʣʝ ʠʥʜʫʢʦʚʘʥʦ ʠʤʧʣʘʥʪʦʤ ʫ ʦʜʥʦʩʫ ʥʘ ʥʝʦʙʣʦʞʝʥʝ ʢʦʥʪʨʦʣʥʝ 

ʠʤʧʣʘʥʪʝ [53].    

ʂʦʤʧʘʥʠʿʘ ĂSpiber Technologiesñ (ʉʪʦʢʭʦʣʤ, ʐʚʝʜʩʢʘ) ʿʝ ʦʩʥʦʚʘʥʘ 2008. ʛʦʜʠʥʝ ʠ 

ʙʘʚʠ ʩʝ ʩʠʥʪʝʟʦʤ ʠ ʧʨʦʮʝʩʠʨʘˁʝʤ ʙʠʦʤʘʪʝʨʠʿʘʣʘ ʥʘ ʙʘʟʠ ɺʇʄ (ʥʧʨ. ʚʣʘʢʘʥʘ, ʬʠʣʤʦʚʘ, 

ʧʝʥʘ, ʧʨʝʚʣʘʢʘ, ʠʪʜ.). ɳʠʭʦʚ ʨʘʜ ʿʝ ʙʘʟʠʨʘʥ ʥʘ ʩʘʨʘʜˁʠ ʠʟʤʝʹʫ ʠʥʜʫʩʪʨʠʿʝ ʠ ʥʘʫʢʝ ʠ 

ˁʠʭʦʚ ʛʣʘʚʥʠ ʬʦʢʫʩ ʩʫ ʧʨʝʢʣʠʥʠʯʢʘ ʠʩʧʠʪʠʚʘˁʘ ʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫ ʮʠˀʫ ʧʨʠʤʝʥʝ ʫ 

ʙʠʦʤʝʜʠʮʠʥʠ. ɿʘʭʚʘˀʫʿʫ˂ʠ pH ʩʝʥʟʠʪʠʚʥʦʤ N-ʪʝʨʤʠʥʘʣʥʦʤ ʢʨʘʿʫ, ʧʨʦʪʝʠʥʠ ʚʣʘʢʘʥʘ 

ʦʩʪʘʿʫ ʫ ʨʘʩʪʚʦʨʝʥʦʤ ʦʙʣʠʢʫ ʠ ʧʨʠ ʚʠʩʦʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ, ʘ ʪʘʢʦʹʝ ʿʝ ʤʦʛʫ˂ʝ ʠ ʜʘ 

ʧʨʦʪʝʠʥʠ ʩʢʣʦʥʠ ʘʛʨʝʛʘʮʠʿʠ ʧʦʩʪʘʥʫ ʭʠʧʝʨʩʦʣʫʙʠʣʥʠ. ʆʚʘ ʪʝʭʥʦʣʦʛʠʿʘ, ʥʘʟʚʘʥʘ ĂSolvNTñ, 

ʧʦʿʝʜʥʦʩʪʘʚʠʣʘ ʿʝ ʧʨʦʮʝʩ ʧʨʝʯʠʰ˂ʘʚʘˁʘ ʧʨʦʪʝʠʥʘ, ʜʦʙʠʿʘˁʘ ʧʦʚʝ˂ʘʥʦʛ ʧʨʠʥʦʩʘ ʧʨʦʪʝʠʥʘ 

ʠ ʝʢʩʧʨʝʩʠʿʫ ʥʝʪʨʘʥʩʤʝʤʙʨʘʥʩʢʠʭ ʧʨʦʪʝʠʥʘ ʢʦʿʝ ʿʝ ʠʥʘʯʝ ʪʝʰʢʦ ʜʦʙʠʪʠ ʨʝʢʦʤʙʠʥʘʥʪʥʦʤ 

ʧʨʦʠʟʚʦʜˁʦʤ [54]. 

ĂSpiber Inc.ñ (ɱʘʤʘʛʘʪʘ, ɱʘʧʘʥ) ʦʜ 2007. ʛʦʜʠʥʝ ʧʨʦʠʟʚʦʜʠ ʨʘʟʣʠʯʠʪʝ ʪʠʧʦʚʝ 

ʨʝʢʦʤʙʠʥʘʥʪʥʠʭ ʧʨʦʪʝʠʥʘ, ʥʘʨʦʯʠʪʦ ʧʨʦʪʝʠʥʝ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ. ɳʠʭʦʚʦ 

ʩʠʥʪʝʪʠʯʢʦ ʚʣʘʢʥʦ ĂQMONOSñ ʠʥʩʧʠʨʠʩʘʥʦ je ʚʣʘʢʥʦʤ ʧʨʠʨʦʜʥʝ ʧʘʫʯʠʥʝ. ʆʚʦ ʚʣʘʢʥʦ 

ʢʦʨʠʩʪʠ ʩʝ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʜʝʯʿʝ, ʢʘʦ ʠ ʙʨʝʥʜʠʨʘʥʝ ʛʘʨʜʝʨʦʙʝ ĂMOON PARKAñ, ʘ ʪʘʢʦʹʝ 

ʧʦʩʣʫʿʫ ʠ ʥʘ ʪʨʞʠʰʪʫ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ. ɳʠʭʦʚ ʙʫʜʫ˂ʠ ʮʠˀ ʿʝ ʧʨʠʤʝʥʘ ʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ ʫ 

ʤʝʜʠʮʠʥʩʢʝ ʩʚʨʭʝ [55]. 

Bolt Threads Inc. ʿ ʝ ʘʤʝʨʠʯʢʘ ʬʠʨʤʘ ʢʦʿʘ ʧʨʦʠʟʚʦʜʠ ʚʣʘʢʥʘ ʚʣʘʞʥʠʤ ʠʩʧʨʝʜʘˁʝʤ ʠ 

ʢʦʨʠʩʪʠ ʧʨʦʪʝʠʥʝ ʩʚʠʣʝ ʜʦʙʠʿʝʥʝ ʠʟ ˂ʝʣʠʿʘ ʢʚʘʩʘʮʘ. ʆʚʘ ʚʣʘʢʥʘ ʩʝ ʪʨʝʥʫʪʥʦ ʢʦʨʠʩʪʝ ʟʘ 

ʠʟʨʘʜʫ ʛʘʨʜʝʨʦʙʝ [55].  
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ʄʝʹʫʪʠʤ, ʠʘʢʦ ʩʫ ʫʣʦʞʝʥʠ ʚʝʣʠʢʠ ʥʘʧʦʨʠ ʢʘ ʧʨʦʠʟʚʦʜˁʠ ʚʝʰʪʘʯʢʝ ʩʚʠʣʝ ʧʘʫʯʠʥʝ, 

ʿʦʰ ʫʚʝʢ ʥʠʿʝ ʧʨʦʠʟʚʝʜʝʥʘ ʨʝʢʦʤʙʠʥʘʥʪʥʘ ʩʚʠʣʘ ʢʦʿʘ ʙʠ ʧʦ ʤʝʭʘʥʠʯʢʠʤ ʦʩʦʙʠʥʘʤʘ ʤʦʛʣʘ 

ʜʘ ʧʘʨʠʨʘ ʤʝʭʘʥʠʯʢʠʤ ʦʩʦʙʠʥʘʤʘ ʧʨʠʨʦʜʥʝ. ʉʚʝ ʜʦʢ ʩʝ ʧʦʪʧʫʥʦ ʥʝ ʦʙʿʘʩʥʠ ʧʨʦʮʝʩ 

ʥʘʩʪʘʿʘˁʘ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ, ʦʚʘʿ ʤʘʪʝʨʠʿʘʣ ʙʠ˂ʝ ʥʝʥʘʜʤʘʰʘʥ ʫ ʧʦʛʣʝʜʫ ʤʝʭʘʥʠʯʢʠʭ 

ʦʩʦʙʠʥʘ.  

 

2.1.6. ʇʨʠʨʦʜan ʧʨʦʮʝʩ ʧʨʦʠʟʚʦʜˁʝ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ   

ʂʘʢʦ ʙʠ ʩʝ ʤʘʢʩʠʤʘʣʥʦ ʫʩʧʝʰʥʦ ʥʘʧʨʘʚʠʣʘ ʚʝʰʪʘʯʢʘ ʩʚʠʣʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʨʘʟʫʤʝʪʠ 

ʧʨʠʨʦʜʘʥ ʧʨʦʮʝʩ ʧʨʦʠʟʚʦʜˁʝ ʢʦʿʠ ʩʝ ʦʜʚʠʿʘ ʫ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʠʤ ʞʣʝʟʜʘʤʘ ʧʘʫʢʘ. 

ʇʨʦʠʟʚʦʜˁʘ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ ʿʝ ʿʘʢʦ ʢʦʤʧʣʝʢʩʥʘ ʠ ʧʦʜʨʘʟʫʤʝʚʘ ʫʩʢʣʘʹʠʚʘˁʝ ʚʝʣʠʢʦʛ 

ʙʨʦʿʘ ʧʘʨʘʤʝʪʘʨʘ ʫ ʚʠʩʦʢʦ ʨʝʛʫʣʠʩʘʥʦʤ ʦʢʨʫʞʝˁʫ (ʉʣʠʢʘ 2.7.). ɾʣʝʟʜʝ ʢʦʿʝ ʧʨʦʠʟʚʦʜʝ 

ʚʣʘʢʥʘ ʠʤʘʿʫ ʨʘʟʣʠʯʠʪ ʦʙʣʠʢ ʠ ʚʝʣʠʯʠʥʫ, ʤʝʹʫʪʠʤ, ˁʠʭʦʚʘ ʬʫʥʢʮʠʦʥʘʣʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʿʝ 

ʧʨʝʪʝʞʥʦ ʠʩʪʘ [13], ʧʘ ʿʝ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʜʘʪ ʦʧʠʩ ʧʨʦʠʟʚʦʜˁʝ ʚʣʘʢʘʥʘ 

ʚʝʣʠʢʝ ʘʤʧʫʣʘʪʥʝ ʞʣʝʟʜʝ ʢʦʿʘ ʿʝ ʥʘʿʚʠʰʝ ʠʩʧʠʪʘʥʘ ʠ ʯʠʿʘ ʬʫʥʢʮʠʿʘ ʿʝ ʙʠʣʘ ʦʩʥʦʚʘ ʟʘ 

ʧʨʦʫʯʘʚʘˁʝ ʩʚʠʭ ʜʨʫʛʠʭ ʞʣʝʟʜʘ. 

 ɽʧʠʪʝʣʥʝ ˂ʝʣʠʿʝ ʢʦʿʝ ʧʦʢʨʠʚʘʿʫ ʨʝʧ ʠ ʘʤʧʫʣʫ ʚʝʣʠʢʝ ʘʤʧʫʣʘʪʥʝ ʞʣʝʟʜʝ ʧʨʦʠʟʚʦʜʝ 

ʩʧʠʥʜʨʦʠʥʝ ʠ ʩʝʢʨʝʪʫʿʫ ʠʭ ʫ ʣʫʤʝʥ, ʛʜʝ ʩʝ ʩʢʣʘʜʠʰʪʝ ʫ ʚʠʩʦʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʫ 

ʨʘʩʪʚʦʨʥʦʤ ʦʙʣʠʢʫ ʫ ʧʨʠʩʫʩʪʚʫ ʿʦʥʘ ʥʘʪʨʠʿʫʤʘ ʠ ʭʣʦʨʠʜʘ. ʋ ʣʫʤʝʥʫ ˂ʝʣʠʿʘ, ʧʨʦʪʝʠʥʠ ʩʝ 

ʥʘʣʘʟʝ ʫ ʩʪʘˁʫ ʪʝʯʥʦʛ ʢʨʠʩʪʘʣʘ, ʢʦʿʝ ʩʧʨʝʯʘʚʘ ʬʦʨʤʠʨʘˁʝ ʯʚʨʩʪʦʛ ʚʣʘʢʥʘ ʩʚʝ ʜʦ ʧʨʦʣʘʩʢʘ 

ʫ ʢʘʥʘʣ. ʂʦʤʙʠʥʘʮʠʿʦʤ ʧʨʦʪʝʠʥʩʢʝ ʩʪʨʫʢʪʫʨʝ ʠ ˁʠʭʦʚʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ, ʩʧʨʝʯʘʚʘ ʩʝ 

ʩʪʚʘʨʘˁʝ ʜʫʞʠʭ ʧʨʦʪʝʠʥʩʢʠʭ ʣʘʥʘʮʘ ʠ ʧʨʝʣʘʟʘʢ ʚʣʘʢʥʘ ʫ ʯʚʨʩʪʦ ʩʪʘˁʝ. ʇʨʦʣʘʩʢʦʤ 

Ăʪʝʯʥʠʭñ ʧʨʦʪʝʠʥʘ ʢʨʦʟ ʢʘʥʘʣ, ʧʦʜ ʜʝʿʩʪʚʦʤ ʤʝʭʘʥʠʯʢʠʭ ʩʠʣʘ ʠ ʩʠʣʘ ʪʨʝˁʘ, ʤʦʣʝʢʫʣʠ 

ʧʨʦʪʝʠʥʘ ʩʝ ʧʦʨʘʚˁʘʚʘʿʫ ʠ ʤʝˁʘʿʫ ʩʝʢʫʥʜʘʨʥʫ ʩʪʨʫʢʪʫʨʫ ʧʨʦʪʝʠʥʘ ʫ ʢʨʘʿˁʠ ʦʙʣʠʢ ʚʣʘʢʥʘ 

[13]. ʀʟ ʣʫʤʝʥʘ, ʩʘʜʨʞʘʿ ʧʨʝʢʦ ʣʝʚʢʘ ʧʨʝʣʘʟʠ ʫ ʫʟʘʢ ʢʘʥʘʣ ʫ ʦʙʣʠʢʫ ʣʘʪʠʥʠʯʥʦʛ ʩʣʦʚʘ ʉ 

(S) ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʜʝʭʠʜʨʘʪʘʮʠʿʫ ʩʧʠʥʜʨʦʠʥʘ ʠ ˁʠʭʦʚ ʧʨʝʣʘʟʘʢ ʫ ʯʚʨʩʪʦ ʩʪʘˁʝ [56]. 

ʊʦʢʦʤ ʧʨʦʣʘʩʢʘ ʢʨʦʟ ʢʘʥʘʣ, ʥʘʪʨʠʿʫʤʦʚʠ ʠ ʭʣʦʨʠʜʥʠ ʿʦʥʠ ʙʠʚʘʿʫ ʟʘʤʝˁʝʥʠ ʢʘʣʠʿʫʤʦʚʠʤ ʠ 

ʬʦʩʬʘʪʥʠʤ ʿʦʥʠʤʘ, ʫʟ ʜʦʜʘʪʥʫ ʘʮʠʜʠʬʠʢʘʮʠʿʫ (ʧʘʜ pH ʩʘ 7,2 ʥʘ 5,7) ʧʦʜ ʫʪʠʮʘʿʝʤ ʝʥʟʠʤʘ 

ʢʘʨʙʦʘʥʭʠʜʨʘʟʝ. ɸʮʠʜʠʬʠʢʘʮʠʿʦʤ ʜʦʣʘʟʠ ʜʦ ʩʪʨʫʢʪʫʨʥʦʛ ʧʨʝʫʨʝʹʝˁʘ ʤʦʣʝʢʫʣʘ ʧʨʦʪʝʠʥʘ. 

ʂʦʥʘʯʥʦ, ʨʝʩʦʨʧʮʠʿʘ ʚʦʜʝ ʚʦʜʠ ʜʦ ʬʠʥʘʣʥʦʛ ʫʨʝʹʝˁʘ ʩʧʠʥʜʨʦʠʥʘ ʫʟ ʦʯʚʨʰ˂ʘʚʘˁʝ ʚʣʘʢʘʥʘ 
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[32, 57-59]. ʅʘ ʢʨʘʿʫ ʦʨʛʘʥʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʚʣʘʢʘʥʘ ʥʘʣʘʟʠ ʩʝ ʤʠʰʠ˂ʥʠ ʚʝʥʪʠʣ ʧʦʤʦ˂ʫ ʢʦʛ 

ʩʝ ʢʦʥʪʨʦʣʠʰʝ ʙʨʟʠʥʘ ʠʩʧʨʝʜʘˁʘ, ʢʘʦ ʠ ʜʠʿʘʤʝʪʘʨ ʚʣʘʢʘʥʘ. ʉʧʦˀʘ ʧʦʩʤʘʪʨʘʥʦ, ʦʪʚʦʨʠ ʠʟ 

ʢʦʿʠʭ ʩʝ ʠʩʧʨʝʜʘʿʫ ʚʣʘʢʥʘ ʩʫ ʦʨʛʘʥʠʟʦʚʘʥʠ ʫ ʧʘʨʦʚʠʤʘ: ʧʨʝʜˁʠ, ʩʨʝʜˁʠ ʠ ʟʘʜˁʠ ʠ 

ʩʧʝʮʠʬʠʯʥʠ ʩʫ ʟʘ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʚʣʘʢʘʥʘ [13]. ʇʨʦʜʫʢʪʠ ʢʦʿʠ ʩʝ ʠʩʧʨʝʜʘʿʫ ʠʟ ʦʚʠʭ 

ʦʪʚʦʨʘ, ʟʜʨʫʞʫʿʫ ʩʝ ʫ ʿʝʜʠʥʩʪʚʝʥʦ ʚʣʘʢʥʦ [13].  

 

ʉʣʠʢʘ 2.7. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʧʨʦʮʝʩʘ ʩʠʥʪʝʟʝ ʚʣʘʢʥʘ ʫ ʄɸ ʞʣʝʟʜʠ [60] 

2.1.7. ʇʨʠʤʝʥʘ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʙʘʟʠ ʧʘʫʢʦʚʝ ʤʨʝʞʝ 

ʂʦʤʧʦʟʠʪʠ ʦʙʝʟʙʝʹʫʿʫ ʤʦʛʫ˂ʥʦʩʪ ʧʨʦʠʟʚʦʜˁʝ ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʠʟʫʟʝʪʥʠʤ ʦʩʦʙʠʥʘʤʘ 

ʤʝʹʫʩʦʙʥʠʤ ʜʦʧʫˁʘʚʘˁʝʤ ʥʘʿʤʘˁʝ ʜʚʝ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʤʘʪʝʨʠʿʘʣʘ. ʋ ʦʚʦʤ ʩʤʠʩʣʫ, 

ʧʨʠʨʦʜʥʘ, ʢʘʦ ʠ ʨʝʢʦʤʙʠʥʘʥʪʥʘ ʩʚʠʣʘ ʧʘʫʢʦʚʘ ʠʛʨʘʿʫ ʜʚʦʩʪʨʫʢʫ ʫʣʦʛʫ ʟʙʦʛ ʩʚʦʿʠʭ 

ʠʟʚʘʥʨʝʜʥʠʭ ʤʝʭʘʥʠʯʢʠʭ ʠ ʙʠʦʢʦʤʧʘʪʠʙʠʣʥʠʭ ʦʩʦʙʠʥʘ: ʫʧʦʪʨʝʙʘ ʧʘʫʢʦʚʝ ʩʚʠʣʝ ʫ 

ʢʦʤʧʦʟʠʪʠʤʘ ʦʤʦʛʫ˂ʘʚʘ ʧʦʙʦˀʰʘˁʝ ʤʝʭʘʥʠʯʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʩʘʤʦʛ ʢʦʤʧʦʟʠʪʘ ʠ 

ʧʨʦʰʠʨʫʿʝ ʦʧʩʝʛ ʘʧʣʠʢʘʮʠʿʘ.  

ʈʝʢʦʤʙʠʥʘʥʪʥʘ ʧʨʦʠʟʚʦʜˁʘ ʧʨʦʪʝʠʥʘ ʧʘʫʢʦʚʝ ʩʚʠʣʝ ʥʫʜʠ ʤʦʛʫ˂ʥʦʩʪ ʧʨʦʠʟʚʦʜˁʝ 

ʚʣʘʢʘʥʘ vrlo ʩʣʠʯʥʠʭ ʧʨʠʨʦʜʥʠʤ, ʘʣʠ ʪʘʢʦʹʝ ʦʤʦʛʫ˂ʘʚʘ ʧʨʦʠʟʚʦʜˁʫ ʨʘʟʣʠʯʠʪʠʭ 
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ʤʦʨʬʦʣʦʛʠʿʘ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʙʘʟʠ ʧʨʦʪʝʠʥʘ ʧʘʫʯʠʥʝ (ʬʠʣʤʦʚʠ, ʚʣʘʢʥʘ, ʧʝʥʝ, ʤʠʢʨʦʩʬʝʨʝ, 

ʢʘʧʩʫʣʝ, ʠʪʜ.) (ʉʣʠʢʘ 2.8.). ʆʚʝ ʜʨʫʛʘʯʠʿʝ ʩʪʨʫʢʪʫʨʝ ʩʫ ʙʠʦʨʘʟʛʨʘʜʠʚʝ ʠ ʙʠʦʢʦʤʧʘʪʠʙʠʣʥʝ 

ʢʘʦ ʠ ʧʨʠʨʦʜʥʠ ʤʘʪʝʨʠʿʘʣʠ, ʘʣʠ ʤʦʛʫ ʧʦʩʝʜʦʚʘʪʠ ʠ ʥʦʚʝ ʦʩʦʙʠʥʝ ʢʦʿʝ ʦʤʦʛʫ˂ʘʚʘʿʫ 

ʧʨʦʰʠʨʝˁʝ ʪʝʭʥʦʣʦʰʢʠʭ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʘ ʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ [57].  

 

ʉʣʠʢʘ 2.8. ɺʘʨʠʿʘʙʠʣʠʪʝʪ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʙʘʟʠ ʧʨʦʪʝʠʥʘ ʧʘʫʯʠʥʝ [2] 

ʇʦʿʝʜʠʥʝ ʦʜ ʥʘʚʝʜʝʥʠʭ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʧʨʠʤʝʥʘ ʨʘʟʤʘʪʨʘʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠʩʧʠʪʘʥʝ 

ʩʫ ʥʘ ʚʣʘʢʥʠʤʘ ʩʚʠʣʝʥʝ ʙʫʙʝ B. mori ʢʦʿʘ ʩʫ ʧʦ ʩʚʦʤ ʭʝʤʠʿʩʢʦʤ ʩʘʩʪʘʚʫ ʠ ʦʩʦʙʠʥʘʤʘ ʿʘʢʦ 

ʩʣʠʯʥʘ ʚʣʘʢʥʠʤʘ ʧʘʫʢʦʚʘ, ʧʘ ʩʝ ʫ ʠʩʪʝ ʩʚʨʭʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʠ ʚʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ, 

ʥʘʨʦʯʠʪʦ ʟʘ ʧʨʠʤʝʥʝ ʛʜʝ ʩʫ ʤʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ ʦʜ ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ. ʈʘʟʣʦʛ ʟʘ ʦʜʘʙʠʨ ʦʚʠʭ 

ʚʣʘʢʘʥʘ ʫ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ɺʇʄ ʩʫ: ʤʥʦʛʦ ʚʝ˂ʘ ʢʦʤʝʨʮʠʿʘʣʥʘ ʜʦʩʪʫʧʥʦʩʪ, ʢʘʦ 

ʠ ʤʦʛʫ˂ʥʦʩʪ ʩʘʢʫʧˀʘˁʘ ʟʥʘʪʥʦ ʚʝ˂ʝ ʢʦʣʠʯʠʥʝ ʦʚʠʭ ʚʣʘʢʘʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ɺʇʄ. 

ɺʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʿʘʢʦ ʩʫ ʠʥʪʝʨʝʩʘʥʪʥʘ ʟʘ ʨʘʟʚʦʿ ʪʝʭʥʦʣʦʛʠʿʝ ʦʧʪʠʯʢʠʭ 

ʚʣʘʢʘʥʘ, ʛʜʝ ʩʚʝʪʣʦʩʪ ʠʤʘ ʫʣʦʛʫ ʩʝʥʟʦʨʘ, ʘʢʪʫʘʪʦʨʘ ʠʣʠ ʥʦʩʠʦʮʘ ʣʘʩʝʨʩʢʦʛ ʟʨʘʢʘ. ʄʥʦʛʠ 

ʢʦʤʝʨʮʠʿʘʣʥʠ ʤʘʪʝʨʠʿʘʣʠ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ, ʠʤʘʿʫ ʧʨʦʙʣʝʤ 

ʤʠʥʠʿʘʪʫʨʠʟʘʮʠʿʝ ʠ ʙʠʦʢʦʤʧʘʪʠʙʠʣʥʦʩʪʠ. ɿʙʦʛ ʩʚʦʿʠʭ ʠʟʫʟʝʪʥʠʭ ʦʩʦʙʠʥʘ (ʤʘʣʠ ʜʠʿʘʤʝʪʘʨ 

ʠ ʙʠʦʢʦʤʧʘʪʠʙʠʣʥʦʩʪ), ʦʚʘʿ ʤʘʪʝʨʠʿʘʣ ʠʤʘ ʚʝʣʠʢʠ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʧʨʠʤʝʥʫ ʫ ʦʧʪʠʯʢʠʤ 

ʘʧʣʠʢʘʮʠʿʘʤʘ, ʘ ʥʘʨʦʯʠʪʦ ʫ ʤʝʜʠʮʠʥʩʢʠʤ ʘʧʣʠʢʘʮʠʿʘʤʘ ʢʦʿʝ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʪʨʘʥʩʬʝʨ 

ʩʚʝʪʣʦʩʪʠ ʠʣʠ ʦʩʝʪˀʠʚʦʩʪ ʫ ʙʠʦʣʦʰʢʠʤ ʤʝʜʠʿʫʤʠʤʘ [61]. ʇʨʠʨʦʜʥʦ ʚʣʘʢʥʦ ʧʘʫʢʦʚʝ 

ʤʨʝʞʝ ʧʦʥʘʰʘ ʩʝ ʢʘʦ ʦʧʪʠʯʢʦ ʚʣʘʢʥʦ ʫ ʚʘʟʜʫʭʫ, ʢʘʦ ʠ ʫʛʨʘʜˁʦʤ ʫ ʬʦʪʦʥʠʯʢʝ ʯʠʧʦʚʝ ʙʝʟ 

ʛʫʙʠʪʢʘ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ, ʧʦʛʦʜʥʘ ʩʫ ʟʘ ʙʠʦʬʦʪʦʥʠʯʢʝ ʘʧʣʠʢʘʮʠʿʝ ʢʘʦ ʩʝʥʟʦʨʠ ʠʣʠ 

ʧʨʦʧʘʛʘʪʦʨʠ ʩʚʝʪʣʦʩʪʠ ʫ ʙʠʦʣʦʰʢʠʤ ʤʝʜʠʿʫʤʠʤʘ, ʿʝʨ ʩʫ ʦʪʧʦʨʥʘ ʫ ʬʠʟʠʦʣʦʰʢʠʤ 

ʪʝʯʥʦʩʪʠʤʘ [61]. 
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ʄʦʜʠʬʠʢʘʮʠʿʦʤ ɺʇʄ ʧʦʩʪʠʞʝ ʩʝ ʤʦʛʫ˂ʥʦʩʪ ʧʨʠʤʝʥʝ ʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʨʘʟʚʦʿ 

ʨʘʟʣʠʯʠʪʠʭ ʩʝʥʟʦʨʘ ʠ ʘʢʪʫʘʪʦʨʘ. ʂʦʤʙʠʥʦʚʘˁʝʤ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ ʩʘ ʘʟʦʙʝʥʟʝʥ - 

ʙʨʦʤʠʜʦʤ, ʜʦʙʠʿʝʥ ʿʝ ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ʢʦʥʚʝʨʪʫʿʝ ʝʥʝʨʛʠʿʫ ʥʝʧʦʣʘʨʠʟʦʚʘʥʝ ʩʚʝʪʣʦʩʪʠ 

ʜʠʨʝʢʪʥʦ ʫ ʤʝʭʘʥʠʯʢʫ ʝʥʝʨʛʠʿʫ ʩʘ ʜʦʙʨʦ ʜʝʬʠʥʠʩʘʥʠʤ ʧʨʘʚʮʝʤ ʜʝʣʦʚʘˁʘ ʟʘʭʚʘˀʫʿʫ˂ʠ 

ʨʝʚʝʨʟʠʙʠʣʥʦʤ ʧʨʝʣʘʩʢʫ ʦʚʦʛ ʤʦʣʝʢʫʣʘ ʠʟʤʝʹʫ cis ʠ trans ʢʦʥʬʦʨʤʘʮʠʿʝ ʥʘʢʦʥ 

ʦʩʚʝʪˀʘʚʘˁʘ ʩʚʝʪʣʦʰ˂ʫ ʦʜʨʝʹʝʥʝ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ. ʆʚʠʤ ʧʦʩʪʫʧʢʦʤ ʜʦʙʠʿʝʥ ʿʝ ʿʦʰ ʿʝʜʘʥ 

ʤʠʢʨʦ-ʘʢʪʫʘʪʦʨ ʥʘ ʙʘʟʠ ʧʨʠʨʦʜʥʦʛ ʤʘʪʝʨʠʿʘʣʘʩʚʠʣʝ [62]. ɼʦʜʘʪʥʦ, ɺʇʄ ʢʦʤʙʠʥʦʚʘʥʘ ʩʫ 

ʩʘ ʧʦʣʠʤʝʨʦʤ ʧʦʣʠʘʥʠʣʠʥʦʤ ʫ ʮʠˀʫ ʧʨʦʜʫʢʮʠʿʝ ʥʦʚʦʛ ʦʨʛʘʥʩʢʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʧʨʦʚʦʜʥʠʢʘ 

[64], ʘ ʦʙʣʘʛʘˁʝʤ ʚʣʘʢʘʥʘ ʫʛˀʝʥʠʯʥʠʤ ʥʘʥʦʮʝʚʠʤʘ ʜʦʙʠʿʝʥ ʿʝ ʥʦʚʠ ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ʩʝ 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʫ ʩʚʨʭʫ ʩʝʥʟʦʨʘ ʠʣʠ ʘʢʪʫʘʪʦʨʘ [64].  

ʀʤʠʪʘʮʠʿʦʤ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ, ʧʦʩʪʠʞʝ ʩʝ ʘʢʫʤʫʣʘʮʠʿʘ ʢʘʣʮʠʿʫʤ-ʢʘʨʙʦʥʘʪʘ ʠʣʠ 

ʭʠʜʨʦʢʩʠʘʧʘʪʠʪʘ ʥʘ ʧʨʠʨʦʜʥʠʤ ʚʣʘʢʥʠʤʘ. ʆʚʠʤ ʩʝ ʦʤʦʛʫ˂ʘʚʘ ʧʨʦʠʟʚʦʜˁʘ ʥʦʚʠʭ ʤʘʪʨʠʢʩʘ 

ʟʘ ʪʟʚ. ʪʢʠʚʥʠ ʠʥʞʝˁʝʨʠʥʛ, ʪʘʯʥʠʿʝ ʧʦʜʨʰʢʫ ʨʘʩʪʘ ʢʦʰʪʘʥʦʛ ʪʢʠʚʘ, ʟʘʭʚʘˀʫʿʫ˂ʠ 

ʢʦʤʙʠʥʘʮʠʿʠ ʿʘʢʠʭ ʚʣʘʢʘʥʘ ʠ ʦʩʪʝʦʢʦʥʜʫʢʪʠʚʥʠʭ ʤʘʪʝʨʠʿʘʣʘ [65, 66].  

ʋ ʦʢʚʠʨʫ ʥʝʢʠʭ ʠʩʧʠʪʠʚʘˁʘ, ʧʘʫʢʦʚʘ ʩʚʠʣʘ ʿʝ ʢʦʤʙʠʥʦʚʘʥʘ ʩʘ ʥʝʦʨʛʘʥʩʢʠʤ 

ʥʘʥʦʯʝʩʪʠʮʘʤʘ ʫ ʮʠˀʫ ʜʦʙʠʿʘˁʘ ʦʿʘʯʘʥʠʭ ʚʣʘʢʘʥʘ ʩʧʝʮʠʬʠʯʥʠʭ ʦʩʦʙʠʥʘ. ʋ ʮʠˀʫ ʩʠʥʪʝʟʝ 

ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʘʥʪʠʤʠʢʨʦʙʥʠʤ ʦʩʦʙʠʥʘʤʘ, ʚʣʘʢʥʘ ʩʝ ʤʦʛʫ ʦʙʣʦʞʠʪʠ ʥʘʥʦʯʝʩʪʠʮʘʤʘ ʩʨʝʙʨʘ 

[67]. ʆʙʣʘʛʘˁʝʤ ʚʣʘʢʘʥʘ ʥʘʥʦʯʝʩʪʠʮʘʤʘ ʟʣʘʪʘ, ʜʦʙʠʿʝʥ ʿʝ ʙʠʦʢʦʥʿʫʛʘʪ ʢʦʿʠ ʿʝ ʦʩʝʪˀʠʚ ʥʘ 

ʦʜʨʝʹʝʥʘ ʠʩʧʘʨʝˁʘ, ʪʘʢʦ ʜʘ ʠʤʘ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʧʨʠʤʝʥʫ ʢʘʦ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʩʝʥʟʦʨ [68]. 

ʋʨʘˁʘˁʝʤ ʚʣʘʢʘʥʘ ʫ ʩʫʩʧʝʥʟʠʿʫ ʥʘʥʦʯʝʩʪʠʮʘ ʤʘʛʥʝʪʠʪʘ (Fe3O4), ʜʦʙʠʿʝʥʘ ʩʫ ʭʠʙʨʠʜʥʘ 

ʚʣʘʢʥʘ ʙʨʘʦʥ ʙʦʿʝ ʦʙʣʦʞʝʥʘ ʬʠʣʤʦʤ ʥʘʥʦʢʨʠʩʪʘʣʠʪʘ, ʢʦʿʘ ʩʫ ʩʝ ʤʦʛʣʘ ʦʨʠʿʝʥʪʠʩʘʪʠ ʧʦʜ 

ʜʝʿʩʪʚʦʤ ʿʘʢʦʛ ʤʘʛʥʝʪʘ, ʩʘ ʪʠʤʝ ʰʪʦ ʤʘʛʥʝʪʥʝ ʦʩʦʙʠʥʝ ʭʠʙʨʠʜʥʠʭ ʚʣʘʢʘʥʘ ʥʠʩʫ ʜʝʪʘˀʥʠʿʝ 

ʠʩʧʠʪʘʥʝ [69]. ʅʘ ʩʣʠʯʘʥ ʥʘʯʠʥ, ʚʣʘʢʥʘ ʩʫ ʦʙʣʦʞʝʥʘ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʤ ʥʘʥʦʯʝʩʪʠʮʘʤʘ 

ʢʘʜʤʠʿʫʤ ʩʫʣʬʠʜʘ (CdS) [69]. ɹʠʪʥʦ ʿʝ ʨʝ˂ʠ ʜʘ ʩʫ ʫ ʩʚʠʤ ʥʘʚʝʜʝʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ 

ʤʝʭʘʥʠʯʢʝ ʧʝʨʬʦʨʤʘʥʩʝ ʚʣʘʢʘʥʘ ʦʩʪʘʣʝ ʥʝʧʨʦʤʝˁʝʥʝ. ɼʦʜʘʪʥʦ, ʠʥʢʦʨʧʦʨʘʮʠʿʦʤ 

ʦʜʨʝʹʝʥʠʭ ʤʝʪʘʣʘ (Zn, Ti, Al) ʫ ʧʘʫʢʦʚʫ ʤʨʝʞʫ, ʜʦʜʘʪʥʦ ʩʝ ʧʦʚʝ˂ʘʚʘ ʞʠʣʘʚʦʩʪ ʦʚʦʛ 

ʤʘʪʝʨʠʿʘʣʘ [70].  

ʌʠʣʤʦʚʠ ʥʘ ʙʘʟʠ ʩʚʠʣʝ ʩʫ ʧʨʝʧʦʟʥʘʪʠ ʢʘʦ ʤʘʪʝʨʠʿʘʣ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʨʘʟʣʠʯʠʪʠʭ 

ʥʘʥʦ-ʦʧʪʠʯʢʠʭ ʝʣʝʤʝʥʘʪʘ, ʢʦʿʠ ʩʝ, ʜʦʧʠʨʘˁʝʤ ʨʘʟʣʠʯʠʪʠʤ ʝʥʟʠʤʠʤʘ ʤʦʛʫ ʧʨʠʤʝʥʠʪʠ ʠ ʫ 

ʙʠʦʣʦʰʢʠʤ ʩʠʩʪʝʤʠʤʘ. ʆʚʘʢʚʠ ʬʠʣʤʦʚʠ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʤʘʪʨʠʮʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ 
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ʦʧʪʦʬʣʫʠʜʥʠʭ ʥʘʧʨʘʚʘ ʢʦʿʝ ʤʦʛʫ ʩʣʫʞʠʪʠ ʢʘʦ ʤʠʢʨʦʩʝʥʟʦʨʠ ʟʘ ʛʘʩʦʚʝ [71]. ʋʛʨʘʜˁʦʤ 

ʭʝʤʦʛʣʦʙʠʥʘ ʫʥʫʪʘʨ ʬʠʣʤʘ ʩʚʠʣʝ, ʜʦʙʠʿʝʥ ʿʝ ʤʠʢʨʦʬʣʫʠʜʥʠ ʩʝʥʟʦʨ ʟʘ ʜʝʪʝʢʮʠʿʫ ʩʘʜʨʞʘʿʘ 

ʢʠʩʝʦʥʠʢʘ ʫ ʚʦʜʠ [71].  

ɺʣʘʢʥʘ ʩʚʠʣʝ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʠ ʢʘʦ ʤʘʪʨʠʮʘ ʟʘ ʩʠʥʪʝʟʫ ʨʘʟʣʠʯʠʪʠʭ ʥʝʦʨʛʘʥʩʢʠʭ 

ʚʣʘʢʘʥʘ. ʆʙʣʘʛʘˁʝʤ ʚʣʘʢʘʥʘ ʥʝʦʨʛʘʥʩʢʦʤ ʬʘʟʦʤ, ʩʘ ʠʣʠ ʙʝʟ ʧʨʠʩʫʩʪʚʘ ʦʨʛʘʥʩʢʠʭ 

ʨʘʩʪʚʘʨʘʯʘ, ʥʘʢʦʥ ʢʘʣʮʠʥʘʮʠʿʝ, ʤʦʛʫ˂ʝ ʿʝ ʜʦʙʠʪʠ ʥʝʦʨʛʘʥʩʢʠ ʤʘʪʝʨʠʿʘʣ ʫ ʦʙʣʠʢʫ ʚʣʘʢʘʥʘ 

ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʜʠʤʝʥʟʠʿʘʤʘ ʚʣʘʢʘʥʘ ʧʘʫʯʠʥʝ. ɼʦʜʘʪʥʦ, ʢʦʨʠʩʪʝ˂ʠ ɺʇʄ, ʤʦʛʫ˂ʝ ʿʝ 

ʢʦʥʪʨʦʣʠʩʘʪʠ ʜʠʿʘʤʝʪʘʨ, ʜʝʙˀʠʥʫ ʟʠʜʘ, ʢʘʦ ʠ ʧʦʨʦʟʥʦʩʪ ʥʦʚʦ-ʩʠʥʪʝʪʠʩʘʥʠʭ ʩʪʨʫʢʪʫʨʘ  

[72,73]. ɺʣʘʢʥʘ ʧʘʫʯʠʥʝ ʢʦʨʠʰ˂ʝʥʘ ʩʫ ʟʘ ʜʦʙʠʿʘˁʝ ʰʫʧˀʠʭ ʚʣʘʢʘʥʘ ʩʠʣʠʮʠʿʫʤ(IV)- 

ʦʢʩʠʜʘ (SiO2), ʯʠʿʝ ʩʫ ʜʠʤʝʥʟʠʿʝ ʙʠʣʝ ʜʠʢʪʠʨʘʥʝ ʜʠʤʝʥʟʠʿʘʤʘ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ [73]. 

 

2.1.8. ʀʩʪʦʨʠʿʩʢʠ ʨʘʟʚʦʿ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʙʘʟʠ ʚʣʘʢʘʥʘ/ʩʚʠʣʝ ʟʘ ʧʨʠʤʝʥʫ ʫ 

ʙʠʦʤʝʜʠʮʠʥʠ 

ɺʠʰʝ ʦʜ ʭʠˀʘʜʫ ʛʦʜʠʥʘ ˀʫʜʠ ʢʦʨʠʩʪʝ ʚʣʘʢʥʘ ʧʘʫʯʠʥʝ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ [74, 75]. 

ʂʘʦ ʰʪʦ ʧʘʫʢʦʚʠ ʢʦʨʠʩʪʝ ʚʣʘʢʥʘ ʟʘ ʭʚʘʪʘˁʝ ʧʣʝʥʘ, ʪʘʢʦ ʩʫ ʠ ʘʫʩʪʨʘʣʠʿʩʢʠ ɸʙʦʨʠ˅ʠʥʠ ʥʘ 

ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠ ʥʘʯʠʥ, ʧʦʜʨʘʞʘʚʘʿʫ˂ʠ ʧʘʫʢʦʚʝ, ʫʧʦʪʨʝʙˀʘʚʘʣʠ ʧʘʫʯʠʥʫ ʟʘ ʥʠʪʠ ʟʘ 

ʨʠʙʦʣʦʚ, ʘ ʩʪʘʥʦʚʥʠʮʠ ʅʦʚʝ ɻʚʠʥʝʿʝ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʤʨʝʞʘ ʠ ʪʦʨʙʠ [76]. ʀʤʘʿʫ˂ʠ ʫʚʠʜ ʫ 

ʩʿʘʿʥʝ ʦʩʦʙʠʥʝ ɺʇʄ, ˀʫʜʠ ʩʫ ʫʙʨʟʦ ʧʦʯʝʣʠ ʜʘ ʘʜʘʧʪʠʨʘʿʫ ʩʚʠʣʝ ʨʘʟʣʠʯʠʪʠʭ ʟʛʣʘʚʢʘʨʘ 

ʩʚʦʿʠʤ ʧʦʪʨʝʙʘʤʘ ʧʦʤʝʨʘʿʫ˂ʠ ʛʨʘʥʠʮʝ ˁʠʭʦʚʝ ʧʨʠʨʦʜʥʝ ʥʘʤʝʥʝ. ʉʪʘʨʠ ɻʨʮʠ ʠ ʈʠʤˀʘʥʠ 

ʩʫ ʫʧʣʝʪʝʥʘ ʚʣʘʢʥʘ ʢʦʨʠʩʪʠʣʠ ʟʘ ʣʝʯʝˁʝ ʨʘʥʘ [76], ʘ ʫ ʠʩʪʝ ʩʚʨʭʝ ʐʝʢʩʧʠʨ ʫ ʩʚʦʤ ʜʝʣʫ 

Ăʉʘʥ ʣʝʪˁʝ ʥʦ˂ʠñ ʧʦʤʠˁʝ ʦʚʘʿ ʤʘʪʝʨʠʿʘʣ [55]. ʆʚʠ ʧʨʠʤʝʨʠ ʦʧʠʩʫʿʫ ʢʦʨʠʰ˂ʝˁʝ ʧʘʫʯʠʥʝ ʫ 

ʧʨʠʨʦʜʥʦʤ, ʥʝʧʨʝʨʘʹʝʥʦʤ ʩʪʘˁʫ.  

ʉʣʝʜʝ˂ʘ ʬʘʟʘ ʫ ʝʚʦʣʫʮʠʿʠ ʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʧʦʯʝʣʘ ʿʝ ʢʘʜʘ ʩʫ ˀʫʜʠ ʩʭʚʘʪʠʣʠ ʜʘ ʩʝ 

ʩʚʠʣʘ ʤʦʞʝ ʧʨʝʨʘʜʠʪʠ ʫ ʨʘʟʣʠʯʠʪʝ ʦʙʣʠʢʝ. ʊʘʢʦ ʩʫ ʦʜ ʯʘʫʨʘ ʩʚʠʣʝʥʝ ʙʫʙʝ B. mori ʥʘʩʪʘʣʘ 

ʚʣʘʢʥʘ ʟʘ ʧʨoʠʟʚʦʜˁʫ ʪʝʢʩʪʠʣʘ. ʆʚʘ ʚʝʰʪʠʥʘ ʿʝ ʥʘʩʪʘʣʘ ʫ ʂʠʥʠ, ʘ ʧʨʚʠ ʘʨʭʝʦʣʦʰʢʠ 

ʧʦʜʘʮʠ ʦ ʦʚʦʿ ʘʢʪʠʚʥʦʩʪʠ ʧʦʪʠʯʫ ʠʟ ʥʝʦʣʠʪʩʢʦʛ ʧʝʨʠʦʜʘ, ʯʝʪʠʨʠ ʭʠˀʘʜʝ ʛʦʜʠʥʘ ʧʨʝ ʥʦʚʝ 

ʝʨʝ, ʦ ʯʝʤʫ ʩʚʝʜʦʯʝ ʧʨʝʩʝʯʝʥʝ ʯʘʫʨʝ ʠ ʧʨʠʤʠʪʠʚʥʠ ʨʘʟʙʦʿʠ ʥʘ ʙʨʦʿʥʠʤ ʘʨʭʝʦʣʦʰʢʠʤ 

ʥʘʣʘʟʠʰʪʠʤʘ [55]. 
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ʂʘʢʦ ʿʝ ʜʦʙʠʿʘˁʝ ʪʝʢʩʪʠʣʘ ʦʜ ʩʚʠʣʝ ʿʘʢʦ ʜʝʣʠʢʘʪʘʥ ʧʨʦʮʝʩ, ʦʚʘʿ ʤʘʪʝʨʠʿʘʣ ʿʝ ʫʙʨʟʦ 

ʧʦʩʪʘʦ ʟʚʘʥʠʯʥʘ ʚʘʣʫʪʘ ʢʠʥʝʩʢʠʭ ʚʦʿʥʠʢʘ ʥʘ ʛʨʘʥʠʮʘʤʘ ʂʠʥʝʩʢʦʛ ʎʘʨʩʪʚʘ, ʢʦʿʠ ʩʫ 

ʪʨʛʦʚʘʣʠ ʩʚʠʣʦʤ ʩʘ ʣʦʢʘʣʥʠʤ ʩʪʘʥʦʚʥʠʰʪʚʦʤ ʥʫʜʝ˂ʠ ʿʝ ʟʘ ʭʨʘʥʫ. ʅʝʢʦʣʠʢʦ ʭʠˀʘʜʘ 

ʛʦʜʠʥʘ, ʚʝʰʪʠʥʘ ʧʨʘʚˀʝˁʘ ʩʚʠʣʝ ʙʠʣʘ ʿʝ ʪʘʿʥʘ. ʅʘ ʧʠʪʘˁʝ ʢʘʢʦ ʩʝ ʜʦʙʠʿʘ ʩʚʠʣʘ, ʪʨʛʦʚʮʠ ʩʫ 

ʦʜʛʦʚʘʨʘʣʠ ʜʘ ʿʝ ʜʦʙʠʿʝʥʘ ʦʜ ʚʫʥʝ ʦʚʘʮʘ ʧʦʧʨʩʢʘʥʝ ʚʦʜʦʤ ʠ ʠʟʣʦʞʝʥʝ ʉʫʥʯʝʚʦʿ ʩʚʝʪʣʦʩʪʠ. 

ʋʩʧʦʩʪʘʚˀʘˁʝʤ ʪʨʛʦʚʠʥʩʢʠʭ ʧʫʪʝʚʘ (ʪʟʚ. Ăʧʫʪʝʚʘ ʩʚʠʣʝñ) ʠ ʠʥʜʫʩʪʨʠʿʩʢʝ ʰʧʠʿʫʥʘʞʝ, 

ʪʝʭʥʦʣʦʛʠʿʘ ʧʨʦʠʟʚʦʜˁʝ ʩʚʠʣʝ ʧʦʩʪʘʣʘ ʿʝ ʜʦʩʪʫʧʥʘ ʚʘʥ ʛʨʘʥʠʮʘ ʎʘʨʩʪʚʘ [55]. ʋ ʜʘʥʘʰˁʝ 

ʚʨʝʤʝ ʩʝ ʛʦʜʠʰˁʝ ʫʟʛʘʿʘˁʝʤ 980 ʙʠʣʠʦʥʘ ʩʚʠʣʝʥʠʭ ʙʫʙʘ ʧʨʦʠʟʚʝʜʝ ʦʢʦ 400 ʤʝʛʘʪʦʥʘ 

ʢʦʤʝʨʮʠʿʘʣʥʝ ʩʚʠʣʝ [55]. 

ɿʘ ʧʨʚʫ ʜʦʢʫʤʝʥʪʦʚʘʥʫ ʫʧʦʪʨʝʙʫ ʩʚʠʣʝ ʫ ʤʝʜʠʮʠʥʩʢʝ ʩʚʨʭʝ ʟʘʩʣʫʞʘʥ ʿʝ ɻʘʣʝʥ (131-

211. ʛ. ʥ.ʝ.). ʆʥ ʿʝ ʩʚʠʣʫ ʢʦʨʠʩʪʠʦ ʟʘ ʪʨʝʪʠʨʘˁʝ ʛʣʘʜʠʿʘʪʦʨʘ ʧʦʚʨʝʹʝʥʠʭ ʫ ʙʠʪʢʘʤʘ. ʉʚʦʿʝ 

ʤʝʪʦʜʝ ʣʝʯʝˁʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʢʦʨʠʰ˂ʝˁʝ ʰʘʚʦʚʘ ʦʜ ʩʚʠʣʝ, ʟʘʧʠʩʘʦ ʿʝ ʫ ʢˁʠʟʠ ĂDe Methodo 

Medendiñ (150. ʛ. ʥ.ʝ.) [77]. ʈʘʪʥʠ ʭʠʨʫʨʛ ʇʘʨʝ (Ambroise Pare) (1510-1590) je ʫʤʝʩʪʦ 

ʩʧʘˀʠʚʘˁʘ ʨʘʥʘ ʢˀʫʯʘʣʠʤ ʫˀʝʤ ʧʦʚʨʝʹʝʥʦ ʤʝʩʪʦ ʧʦʜʚʝʟʠʚʘʦ ʪʢʘʥʠʥʘʤʘ ʦʜ ʩʚʠʣʝ, ʘ ʪʝʢ 

1869. ʛʦʜʠʥʝ, ɱʦʟʝʬ ʃʠʩʪʝʨ ʿʝ ʫʚʝʦ ʧʨʚʠ ʩʪʝʨʠʣʥʠ ʩʚʠʣʝʥʠ ʰʘʚ ʫ ʢʣʠʥʠʯʢʫ ʧʨʘʢʩʫ [77]. 

ʆʩʠʤ B. mori, ʧʦʩʪʦʿʝ ʠ ʧʦʢʫʰʘʿʠ ʜʦʙʠʿʘˁʘ ʩʚʠʣʝ ʦʜ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʤʘ, ʤʝʹʫ 

ʢʦʿʠʤʘ ʩʫ ʥʘʿʧʦʧʫʣʘʨʥʠʿʠ ʧʘʫʢʦʚʠ. ɿʙʦʛ ʩʚʦʿʠʭ ʠʟʫʟʝʪʥʠʭ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ, ʧʦʢʫʰʘʿʠ 

ʟʘ ʧʨʦʠʟʚʦʜˁʦʤ ʚʝʣʠʢʠʭ ʢʦʣʠʯʠʥʘ ʧʘʫʢʦʚʠʭ ʚʣʘʢʘʥʘ ʧʦʯʝʣʠ ʩʫ ʿʦʰ ʫ 18. ʚʝʢʫ, ʢʘʜʘ ʿʝ 

ʦʩʤʠʰˀʝʥʘ ʥʘʧʨʘʚʘ ʟʘ ʠʩʧʨʝʜʘˁʝ ʚʣʘʢʘʥʘ [78]. ʅʘʿʫʩʧʝʰʥʠʿʠ ʧʦʢʫʰʘʿ ʢʦʤʝʨʮʠʿʘʣʠʟʘʮʠʿʝ 

ʪʢʘʥʠʥʝ ʦʜ ʩʚʠʣʝ ʧʨʝʜʩʪʘʚˀʘ ʪʟʚ. ʄʘʜʘʛʘʩʢʘʨʩʢʘ ʠʥʜʫʩʪʨʠʿʘ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʘ, ʢʦʿʘ 

ʧʨʦʠʟʚʦʜʠ ʨʝʪʢʝ ʧʨʝʜʤʝʪʝ ʥʘʤʝˁʝʥʝ ʝʣʠʪʠ (ʉʣʠʢʘ 2.9.) [55]. ʀʧʘʢ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʥʘʧʦʨʝ ʠ 

ʯʠˁʝʥʠʮʫ ʜʘ ʿʝ ʤʦʛʫ˂ʝ ʨʝʧʣʠʮʠʨʘʪʠ ʚʣʘʢʥʘ ʩʚʠʣʝʥʝ ʙʫʙʝ, ʩʣʠʯʘʥ ʫʩʧʝʭ ʩʘ ʧʘʫʯʠʥʦʤ ʿʦʰ ʿʝ 

ʜʘʣʝʢʦ.  

ʂʘʦ ʰʪʦ ʩʫ ʧʨʦʠʟʚʦʹʘʯʠ ʩʚʠʣʝ ʫ ʂʠʥʠ ʩʭʚʘʪʠʣʠ ʜʘ ʦʜ ʩʚʠʣʝ ʤʦʛʫ ʧʨʘʚʠʪʠ ʪʢʘʥʠʥʫ, 

ʪʘʢʦ ʩʝ ʜʦʰʣʦ ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ ʩʝ ʚʣʘʢʥʘ ʤʦʛʫ Ăʨʘʩʧʨʝʩʪʠñ ʫ ʨʘʩʪʚʦʨˀʠʚ ʦʙʣʠʢ. ʅʘ ʪʘʿ 

ʥʘʯʠʥ ʜʦʙʠʿʘ ʩʝ ʨʝʟʝʨʚʦʘʨ ʨʘʩʪʚʦʨʝʥʠʭ ʧʨʦʪʝʠʥʘ ʢʦʿʠ ʩʝ ʧʨʦʮʝʩʠʨʘˁʝʤ ʤʦʞʝ ʧʨʝʚʝʩʪʠ ʫ 

ʜʨʫʛʝ ʦʙʣʠʢʝ. ʇʨʚʠ ʧʦʢʫʰʘʿʠ ʚʝʰʪʘʯʢʦʛ ʩʪʚʘʨʘˁʘ ʨʘʩʪʚʦʨʘ ʧʨʦʪʝʠʥʘ ʙʠʦ ʿʝ ʧʦʯʝʪʢʦʤ 20. 

ʚʝʢʘ ʨʘʩʪʚʘʨʘˁʝʤ ʮʝʣʠʭ ʞʣʝʟʜʘ ʫ ʤʨʘʚˀʦʿ ʢʠʩʝʣʠʥʠ [80], ʘ ʫ ʛʦʜʠʥʘʤʘ ʢʦʿʝ ʩʣʝʜʝ, ʦʚʘ ʪʝʤʘ 

ʥʘʿʚʠʰʝ ʧʨʠʚʣʘʯʠ ʥʘʫʯʥʠʢʝ ʠʟ ɱʘʧʘʥʘ ʠ ʅʝʤʘʯʢʝ [55]. ʐʝʟʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ, 

ʨʘʩʪʚʦʨʝʥʘ ʩʚʠʣʘ ʿʝ ʧʨʝʜʣʦʞʝʥʘ ʢʘʦ ʟʘʤʝʥʘ ʟʘ ʚʦʰʪʘʥʝ ʧʨʝʤʘʟʝ ʩʚʠʣʝʥʠʭ ʰʘʚʦʚʘ ʯʠʿʠ ʿʝ 
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ʥʝʜʦʩʪʘʪʘʢ ʙʠʦ: ʤʣʠʪʘʚʦʩʪ, ʭʘʙʘˁʝ ʠ ʥʝʞʝˀʝʥʝ ʧʨʦʤʝʥʝ ʥʘ ʢʘʧʠʣʘʨʠʤʘ ʥʘʢʦʥ ʧʨʠʤʝʥʝ 

[81]. 1986. ʛʦʜʠʥʝ ʧʨʦʠʟʚʝʜʝʥ ʿʝ ʧʨʚʠ ʬʠʙʨʦʠʥ: ʬʠʙʨʠʥʦʛʝʥ-ʣʝʧʘʢ [82], ʘ ʛʦʜʠʥʫ ʜʘʥʘ 

ʢʘʩʥʠʿʝ ʧʨʚʠ ʧʦʨʦʟʥʠ ʢʘʣʫʧ ʣʠʦʬʠʣʠʟʘʮʠʿʦʤ ʨʘʩʪʚʦʨʘ ʧʨʠʨʦʜʥʝ ʩʚʠʣʝ [83]. ɼʝʚʝʜʝʩʝʪʠʭ 

ʛʦʜʠʥʘ, ʧʦʿʘʚʠʣʦ ʩʝ ʿʦʰ ʧʘʪʝʥʘʪʘ ʢʦʿʠ ʩʫ ʧʦʜʨʘʟʫʤʝʚʘʣʠ ʩʚʠʣʫ ʫ ʧʨʘʭʫ ʟʘ ʧʦʢʨʠʚʘˁʝ ʨʘʥʘ 

[84], ʪʝ ʬʠʣʤʦʚʝ ʠ ʛʝʣʦʚʝ ʦʜ ʩʚʠʣʝ ʟʘ ʢʦʞʫ, ʢʨʚʥʝ ʩʫʜʦʚʝ ʠ ʦʙʣʘʛʘˁʝ ʨʦʞˁʘʯʝ [85, 86], ʢʘʦ 

ʠ ʢʦʣʦʠʜʥʫ ʩʚʠʣʫ [87]. ʄʝʹʫʪʠʤ, ʧʨʘʚʘ ʝʢʩʧʣʦʟʠʿʘ ʧʘʪʝʥʘʪʘ ʿʘʚˀʘ ʩʝ ʧʦʯʝʪʢʦʤ 2000-ʪʠʭ 

ʢʘʜʘ ʩʝ ʧʦʿʘʚˀʫʿʝ ʦʛʨʦʤʘʥ ʙʨʦʿ ʧʘʪʝʥʘʪʘ (>100) ʢʦʿʠ ʩʫ ʫʩʤʝʨʝʥʠ ʥʘ ʙʫʜʫ˂ʫ ʤʝʜʠʮʠʥʩʢʫ 

ʧʨʠʤʝʥʫ ʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ [88, 89]. 

 

ʉʣʠʢʘ 2.9. ʍʘˀʠʥʘ ʥʘʧʨʘʚˀʝʥʘ ʦʜ ʚʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ [79] 

 

2.1.9. ʉʘʚʨʝʤʝʥʘ ʧʨʠʤʝʥʘ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʙʘʟʠ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʫ 

ʙʠʦʤʝʜʠʮʠʥʠ 

ɹʠʦʤʘʪʝʨʠʿʘʣ ʧʨʝʜʩʪʘʚˀʘ ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʫ ʤʝʜʠʮʠʥʩʢʠʤ ʩʨʝʜʩʪʚʠʤʘ ʩʘ 

ʮʠˀʝʤ ʜʘ ʨʝʘʛʫʿe ʩʘ ʙʠʦʣʦʰʢʠʤ ʩʠʩʪʝʤʦʤ. ɻʣʘʚʥʘ ʫʣʦʛʘ ʙʠʦʤʘʪʝʨʠʿʘʣʘ ʿʝ ʜʘ ʨʝʛʝʥʝʨʠʰʝ, 

ʟʘʤʝʥʠ ʠʣʠ ʫʥʘʧʨʝʜʠ ʪʢʠʚʦ. ɹʠʦʢʦʤʧʘʪʠʙʠʣʘʥ ʙʠʦʤʘʪʝʨʠʿʘʣ ʿʝ ʦʥʘʿ ʢʦʿʠ ʫ ʢʦʥʪʘʢʪʫ ʩʘ 

ʪʢʠʚʦʤ ʨʝʟʫʣʪʫʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʦʜʛʦʚʦʨʦʤ ʜʦʤʘ˂ʠʥʘ ʫ ʩʧʝʮʠʬʠʯʥʦʿ ʩʠʪʫʘʮʠʿʠ [90]. 

ʀʜʝʘʣʘʥ ʤʘʪʝʨʠʿʘʣ ʟʘ ʧʦʜʨʰʢʫ ʨʘʩʪʘ ʠ ʨʝʛʝʥʝʨʘʮʠʿʝ ʪʢʠʚʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʙʠʦʤʠʤʝʪʠʯʢʠ, 
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ʬʠʟʠʯʢʠ ʩʪʘʙʠʣʘʥ ʟʘ ʠʤʧʣʘʥʪʘʮʠʿʫ, ʙʠʦʜʝʛʨʘʜʘʙʠʣʘʥ ʥʘʢʦʥ in vivo ʠʤʧʣʘʥʪʘʮʠʿʝ ʠ ʥʝ ʩʤʝ 

ʙʠʪʠ ʪʦʢʩʠʯʘʥ ʟʘ ˂ʝʣʠʿʝ ʪʢʠʚʘ ʠ/ʠʣʠ ʦʨʛʘʥʘ [55]. 

ʈʘʟʣʠʯʠʪʠ ʧʦʣʠʤʝʨʥʠ ʤʘʪʝʨʠʿʘʣʠ ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʠʟʨʘʜʫ ʤʠʢʨʦʤʝʭʘʥʠʯʢʠʭ 

ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʙʠʦʤʝʜʠʮʠʥʩʢʝ ʘʧʣʠʢʘʮʠʿʝ (ʥʧʨ. ʤʠʢʨʦʬʣʫʠʜʥʠ ʟʘʣʠʩʮʠ ʠ 

ʤʠʢʨʦʜʠʿʘʬʨʘʛʤʝ) [91]. ʄʝʹʫʪʠʤ, ʤʝʭʘʥʠʯʢʘ ʩʥʘʛʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʙʠʦʧʦʣʠʤʝʨʘ ʥʝ 

ʟʘʜʦʚʦˀʘʚʘ ʟʘʭʪʝʚʝ ʟʘ ʙʠʦʤʝʜʠʮʠʥʩʢʫ ʧʨʠʤʝʥʫ [6]. ɹʠʦʤʘʪʝʨʠʿʘʣʠ ʢʦʿʠ ʩʫ ʙʘʟʠʨʘʥʠ ʥʘ 

ʩʚʠʣʠ ʯʝʩʪʦ ʩʫ ʧʨʚʠ ʠʟʙʦʨ ʫ ʜʠʟʘʿʥʠʨʘˁʫ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʥʘʧʨʘʚʘ ʟʙʦʛ ʦʛʨʘʥʠʯʝˁʘ 

ʧʦʩʪʦʿʝ˂ʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʘʦ ʰʪʦ ʩʫ: ʢʦʣʘʛʝʥ (ʩʣʘʙʝ ʤʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ), ʧʦʣʠ - (ʣʘʢʪʠʚ) - 

ʛʣʫʢʦʥʩʢʘ ʢʠʩʝʣʠʥʘ (ʠʥʜʫʢʫʿʝ ʠʥʬʣʘʤʘʮʠʿʫ) ʠ ʭʠʜʨʦʢʩʠʘʧʘʪʠʪ (ʥʠʿʝ ʧʦʪʧʫʥʦ 

ʙʠʦʨʘʟʛʨʘʜʠʚ) [92].  

ʄʘʪʝʨʠʿʘʣʠ ʥʘ ʙʘʟʠ ɺʇʄ ʩʫ ʧʦʛʦʜʥʠ ʟʘ ʧʨʠʤʝʥʫ ʫ ʙʠʦʤʝʜʠʮʠʥʠ ʟʙʦʛ ʩʚʦʿʠʭ 

ʠʟʫʟʝʪʥʠʭ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ. ɹʠʦʢʦʤʧʘʪʠʙʠʣʥʠ ʩʫ ʠ ʙʠʦʨʘʟʛʨʘʜʠʚʠ, ʘ ʣʦʢʘʣʥʘ 

ʪʦʣʝʨʘʥʮʠʿʘ ʧʘʫʢʦʚʝ ʩʚʠʣʝ ʪʘʢʦʹʝ ʿʝ ʜʦʙʨʘ ʿʝʨ ʩʝ ʚʨʝʤʝʥʦʤ ʤʘʪʝʨʠʿʘʣ ʨʘʟʛʨʘʹʫʿʝ ʠ ʥʝ 

ʠʟʘʟʠʚʘ ʿʘʢʫ ʠʤʫʥʦʣʦʰʢʫ ʨʝʘʢʮʠʿʫ [93]. ɼʦʢʘʟʘʥʘ ʿʝ ʠ ʙʘʢʪʝʨʠʦʩʪʘʪʩʢʘ ʘʢʪʠʚʥʦʩʪ ʚʣʘʢʘʥʘ 

ʥʝʢʠʭ ʚʨʩʪʘ ʧʘʫʢʦʚʘ [94]. 

ɺʇʄ ʩʫ ʚʠʹʝʥʘ ʢʘʦ ʧʦʪʝʥʮʠʿʘʣʘʥ ʤʘʪʝʨʠʿʘʣ ʫ ʭʠʨʫʨʛʠʿʠ ʟʘ ʠʟʨʘʜʫ ʰʘʚʦʚʘ, ʛʘʟʘ, 

ʟʘʚʦʿʘ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʧʨʝʚʠʿʘˁʝ ʨʘʥʘ. ʇʨʠʨʦʜʥʘ ʚʣʘʢʥʘ ʩʫ ʧʦʛʦʜʥʘ ʢʘʦ ʤʘʪʝʨʠʿʘʣ 

ʟʘ ʧʨʝʚʠʿʘˁʝ ʘʢʫʪʥʠʭ ʨʘʥʘ, ʥʘʨʦʯʠʪʦ ʨʘʥʘ ʦʜ ʦʧʝʢʦʪʠʥʘ, ʫʟ ʧʦʪʧʫʥʫ ʜʝʛʨʘʜʘʮʠʿʫ in vivo 

ʥʘʢʦʥ 8 ʥʝʜʝˀʘ. ɹʠʦʜʝʛʨʘʜʘʮʠʿʘ ʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ ʥʘʨʦʯʠʪʘ ʿʝ ʧʦʛʦʜʥʦʩʪ, ʿʝʨ ʩʝ ʥʘ ʦʚʘʿ 

ʥʘʯʠʥ ʟʘʦʙʠʣʘʟʠ ʙʦʣʘʥ ʧʦʩʪʫʧʘʢ ʟʘʤʝʥʝ ʠʣʠ ʫʢʣʘˁʘˁʘ ʟʘʚʦʿʘ [95].  ʊʘʢʦʹʝ, ʧʨʠʨʦʜʥʘ ɺʇʄ 

ʪʝʩʪʠʨʘʥʘ ʩʫ ʢʘʦ ʰʘʚʦʚʠ ʟʘ ʤʠʢʨʦʦʧʝʨʘʪʠʚʥʝ ʟʘʭʚʘʪʝ ʫ ʤʠʢʨʦʭʠʨʫʨʛʠʿʠ ʠ ʥʝʫʨʦʭʠʨʫʨʛʠʿʠ 

[96]. 

ʋ ʨʝʛʝʥʝʨʘʪʠʚʥʦʿ ʤʝʜʠʮʠʥʠ, ʥʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʠ ʨʝʛʝʥʝʨʠʩʘʥʘ ʩʚʠʣʘ ʢʘʦ ʠ 

ʨʝʢʦʤʙʠʥʘʥʪʥʘ ʩʚʠʣʘ. ʈʝʛʝʥʝʨʠʩʘʥʘ ʩʚʠʣʘ ʧʨʠʧʨʝʤʘ ʩʝ ʠʟ ʨʝʩʦʣʫʙʠʣʠʟʦʚʘʥʠʭ ʧʨʦʪʝʠʥʘ 

ʥʘʢʦʥ ʨʘʩʪʚʘʨʘˁʘ ʫ ʚʠʩʦʢʦ-ʢʦʥʮʝʥʪʨʦʚʘʥʠʤ ʨʘʩʪʚʦʨʠʤʘ ʩʦʣʠ ʣʠʪʠʿʫʤʘ ʠʣʠ ʢʘʣʮʠʿʫʤ- 

ʥʠʪʨʘʪʘ. ʂʘʜʘ ʩʝ ʿʝʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʧʨʦʪʝʠʥʠ ʤʦʛʫ ʜʘ ʩʝ ʜʠʿʘʣʠʟʫʿʫ, ʣʠʦʬʠʣʠʟʫʿʫ ʠ 

ʨʝʩʦʣʫʙʠʣʠʟʫʿʫ ʫ ʦʨʛʘʥʩʢʠʤ ʨʘʩʪʚʘʨʘʯʠʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʭʝʢʩʘʬʣʫʦʨʦʠʟʦʧʨʦʧʘʥʦʣ ʠʣʠ ʚʦʜʘ 

[6]. ʈʝʢʦʤʙʠʥʘʥʪʥʘ ʩʚʠʣʘ ʜʦʙʠʿʘ ʩʝ ʨʝʢʦʤʙʠʥʘʥʪʥʦʤ ɼʅʂ ʪʝʭʥʦʣʦʛʠʿʦʤ. ɱʝʜʥʦʤ 

ʨʘʩʪʚʦʨʝʥʘ ʩʚʠʣʘ (ʧʨʠʨʦʜʥʘ, ʨʝʛʝʥʝʨʠʩʘʥʘ ʠʣʠ ʨʝʢʦʤʙʠʥʘʥʪʥʘ), ʜʘˀʝ ʩʝ ʤʦʞʝ 
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ʧʨʦʮʝʩʠʨʘʪʠ ʫ ʨʘʟʣʠʯʠʪʝ ʦʙʣʠʢʝ ʢʘʦ ʰʪʦ ʩʫ: ʬʠʣʤʦʚʠ, ʚʣʘʢʥʘ, ʧʝʥʝ, ʤʠʢʨʦʩʬʝʨʝ, ʢʘʧʩʫʣʝ, 

ʠʪʜ. 

ʈʘʟʣʠʯʠʪʠ ʦʙʣʠʮʠ ʩʚʠʣʝ ʧʘʫʢʦʚʝ ʤʨʝʞʝ (ʬʠʣʤʦʚʠ, ʚʣʘʢʥʘ, ʧʝʥʝ, ʤʠʢʨʦʩʬʝʨʝ, 

ʢʘʧʩʫʣʝ, ʠʪʜ.) ʭʝʤʠʿʩʢʦʤ ʤʦʜʠʬʠʢʘʮʠʿʦʤ ʤʦʛʫ ʩʝ ʫʥʘʧʨʝʜʠʪʠ ʫ ʢʦʤʧʣʝʢʩʥʝ ʤʘʪʝʨʠʿʘʣʝ 

ʩʧʝʮʠʬʠʯʥʠʭ ʦʩʦʙʠʥʘ ʫ ʮʠˀʫ ʠʩʧʫˁʝˁʘ ʦʜʨʝʹʝʥʠʭ ʟʘʭʪʝʚʘ. ʆʚʠ ʤʘʪʝʨʠʿʘʣʠ ʩʝ ʥʘʿʯʝʰ˂ʝ 

ʧʨʠʤʝˁʫʿʫ in vivo ʫ ʪʢʠʚʥʦʤ ʠʥʞʝˁʝʨʠʥʛʫ ʠ ˁʠʭʦʚ ʮʠˀ ʿʝ ʦʙʠʯʥʦ ʘʜʝʢʚʘʪʥʘ ʧʦʜʨʰʢʘ 

ʨʘʩʪʘ ˂ʝʣʠʿʘ ʫʟ ʤʦʛʫ˂ʥʦʩʪ ʤʦʜʠʬʠʢʘʮʠʿʝ ʜʝʛʨʘʜʘʮʠʿʝ ʤʘʪʝʨʠʿʘʣʘ [6]. 

ʄʘʪʝʨʠʿʘʣʠ ʥʘ ʙʘʟʠ ʨʝʢʦʤʙʠʥʘʥʪʥʠʭ ʩʧʠʥʜʨʦʠʥʘ ʧʦʜʨʞʘʚʘʿʫ ʨʘʩʪ ʤʘʪʠʯʥʠʭ ˂ʝʣʠʿʘ 

ʠ ʚʝʦʤʘ ʜʦʙʨʦ ʩʫ ʪʦʣʝʨʠʩʘʥʘ in vivo, ʪʘʢʦ ʜʘ ʦʚʘʿ ʤʘʪʝʨʠʿʘʣ ʠʤʘ ʚʝʣʠʢʠ ʧʦʪʝʥʮʠʿʘʣ ʟʘ 

ʢʦʨʠʰ˂ʝˁʝ ʫ ʨʝʛʝʥʝʨʘʪʠʚʥʦʿ ʤʝʜʠʮʠʥʠ [6]. 

ʄʘʪʝʨʠʿʘʣʠ ʥʘ ʙʘʟʠ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʩʫ ʚʨʣʦ ʠʥʪʝʨʝʩʘʥʪʥʠ ʫ ʧʦˀʫ ʨʝʛʝʥʝʨʘʮʠʿʝ 

ʢʦʰʪʘʥʦʛ ʪʢʠʚʘ ʟʙʦʛ ʩʚʦʿʠʭ ʠʟʫʟʝʪʥʠʭ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ ʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʟʙʠˀʥʝ 

ʢʘʥʜʠʜʘʪʝ ʟʘ ʟʘʤʝʥʫ ʩʠʥʪʝʪʠʯʢʠʭ ʚʣʘʢʘʥʘ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ [97]. ʂʦʤʙʠʥʘʮʠʿʦʤ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʛ ʧʨʦʪʝʠʥʘ ʄʘʉʧ1 ʠ ʩʠʣʠʢʝ ʜʦʙʠʿʝʥ ʿʝ ʬʠʣʤ ʩʘʩʪʘʚˀʝʥ ʠʟ ʧʝʧʪʠʜʘ ʢʦʿʠ 

ʧʨʦʤʦʚʠʰʝ ʨʘʟʚʦʿ ʦʩʪʝʦʙʣʘʩʪʘ ʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʧʦʜʨʰʢʫ ʨʘʩʪʘ ʠ 

ʨʘʟʚʦʿʘ ʢʦʰʪʘʥʦʛ ʪʢʠʚʘ [98,99]. ʈʝʢʦʤʙʠʥʘʥʪʥʠ ʧʨʦʪʝʠʥ ʥʘ ʙʘʟʠ ʄʘʉʧ1 ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ 

ʜʝʥʪʠʥ ʤʘʪʨʠʢʩ ʧʨʦʪʝʠʥʦʤ 1 ʦʙʝʟʙʝʹʫʿʝ ʥʫʢʣʝʘʮʠʿʫ ʠ ʢʨʠʩʪʘʣʠʟʘʮʠʿʫ ʭʠʜʨʦʢʩʠʘʧʘʪʠʪʘ, 

ʯʠʤʝ ʩʝ ʢʦʥʪʨʦʣʠʩʘʥʦʤ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʦʤ ʜʦʙʠʿʘ ʭʠʜʨʦʢʩʠʘʧʘʪʠʪ ʫ ʫʨʝʹʝʥʦʿ ʩʪʨʫʢʪʫʨʠ 

ʩʚʠʣʝ [88]. ɺʇʄ ʜʦʙʨʦ ʩʫ ʩʝ ʧʦʢʘʟʘʣʘ ʠ ʢʘʦ ʟʘʤʝʥʘ ʟʘ ʪʢʠʚʦ ʣʠʛʘʤʝʥʪʘ ʫ ʮʠˀʫ ʦʙʥʘʚˀʘˁʘ 

ʬʫʥʢʮʠʿʝ ʢʦʣʝʥʘ, ʫʟ ʠʟʨʘʞʝʥʝ ʧʦʟʠʪʠʚʥʝ ʦʩʦʙʠʥʝ ʦʚʠʭ ʚʣʘʢʘʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʚʣʘʢʥʘ 

ʢʦʣʘʛʝʥʘ [100]. 

ʉʚʠʣʘ ʧʘʫʢʘ ʿʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝˁʝʥʘ ʟʘ ʨʝʛʝʥʝʨʘʮʠʿʫ ʧʝʨʠʬʝʨʥʠʭ ʥʝʨʘʚʘ, ʠ ʜʦʙʨʦ ʩʝ 

ʧʦʢʘʟʘʣʘ ʫ ʪʝʩʪʦʚʠʤʘ ʙʠʦʢʦʤʧʘʪʠʙʠʣʥʦʩʪʠ [7, 101, 102]. ʈʝʢʦʤʙʠʥʘʥʪʥʠ ʬʠʣʤʦʚʠ ʠ ʧʝʥʝ 

ʥʘ ʙʘʟʠ ʧʘʫʢʦʚʠʭ ʚʣʘʢʘʥʘ ʧʦʜʨʞʘʣʠ ʩʫ ʨʘʩʪ ʠ ʧʨʦʣʠʬʝʨʘʮʠʿʫ ʥʝʨʚʥʠʭ ʩʪʝʤ ˂ʝʣʠʿʘ ʧʘʮʦʚʘ 

(NSC), ʢʘʦ ʠ ˁʠʭʦʚʫ ʜʘˀʫ ʧʨʦʣʠʬʝʨʘʮʠʿʫ ʫ ʘʩʪʨʦʮʠʪʝ ʠ ʦʣʠʛʦʜʝʥʜʨʦʮʠʪʝ [103]. 

ʈʝʢʦʤʙʠʥʘʥʪʥʦʤ ʪʝʭʥʦʣʦʛʠʿʦʤ ʿʝ ʧʨʦʠʟʚʝʜʝʥ ʄʘʉʧ1 ʧʨʦʪʝʠʥ ʧʘʫʢʘ Nephila 

Clavipes. ʆʚʠ ʨʝʢʦʤʙʠʥʘʥʪʥʠ ʧʨʦʪʝʠʥʠ ʤʦʜʠʬʠʢʦʚʘʥʠ ʩʫ ʩʘ ʢʘʪʿʦʥʩʢʦʤ ʩʝʢʚʝʥʮʦʤ ʧʦʣʠ-

(L-ʣʠʟʠʥʦʤ) ʢʘʢʦ ʙʠ ʩʝ ʦʤʦʛʫ˂ʠʣʦ ʝʣʝʢʪʨʦʩʪʘʪʩʢʦ ʢʦʤʧʣʝʢʩʠʨʘˁʝ ʩʘ ʥʫʢʣʝʠʥʩʢʠʤ 

ʢʠʩʝʣʠʥʘʤʘ ʫ ʮʠˀʫ ʧʨʝʥʦʩʘ ʛʝʥʝʪʠʯʢʝ ʠʥʬʦʨʤʘʮʠʿʝ. ɼʦʜʘʪʥʦ, ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʿʝ 
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ʦʪʧʦʨʥʦʩʪ ʦʚʦʛ ʧʨʦʪʝʠʥʘ ʥʘ ʘʢʪʠʚʥʦʩʪ ʝʥʟʠʤʘ ɼʅʘʟʝ ʩʣʠʯʥʘ ʢʦʤʝʨʮʠʿʘʣʥʦʤ ʨʝʘʛʝʥʩʫ 

ʃʠʧʦʬʝʢʪʘʤʠʥ 2000. ʆʚʘʿ ʨʝʢʦʤʙʠʥʘʥʪʥʠ ʧʨʦʪʝʠʥ ʪʘʢʦʹʝ ʿʝ ʢʦʤʙʠʥʦʚʘʥ ʩʘ ʪʫʤʦʨ-

ʚʝʟʫʿʫ˂ʠʤ ʧʝʧʪʠʜʠʤʘ ʠ ʚʝʟʫʿʫ˂ʠʤ ʣʠʛʘʥʜʠʤʘ ʫ ʮʠˀʫ ʧʦʚʝ˂ʘˁʘ ʘʬʠʥʠʪʝʪʘ ʧʨʝʤʘ 

ʪʫʤʦʨʩʢʠʤ ˂ʝʣʠʿʘʤʘ. ʉʘ ʧʣʘʟʤʠʜʩʢʦʤ ɼʅʂ, ʦʚʠ ʨʝʢʦʤʙʠʥʘʥʪʥʠ ʧʨʦʪʝʠʥʠ ʛʨʘʜʝ 

ʛʣʦʙʫʣʘʨʥʝ ʢʦʤʧʣʝʢʩʝ ʫ ʥʘʥʦ-ʦʧʩʝʛʫ ʚʝʣʠʯʠʥʘ, ʯʠʿʘ ʿʝ ʩʧʝʮʠʬʠʯʥʦʩʪ ʧʨʝʤʘ ʤʝʣʘʥʦʤʫ ʠ 

˂ʝʣʠʿʘʤʘ ʚʠʩʦʢʦ-ʤʝʪʘʩʪʘʟʠʨʘʿʫ˂ʝʛ ʪʫʤʦʨʘ ʜʦʿʢʝ ʟʥʘʪʥʦ ʧʦʚʝ˂ʘʥ [104, 105]. ʅʘʿʙʦˀʫ 

ʢʦʤʙʠʥʘʮʠʿʫ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʟʘ ʪʫʤʦʨ, ʤʠʥʠʤʘʣʥʝ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʠʩʧʦʨʫʢʝ 

ʦʜʨʝʹʝʥʦʛ ʩʘʜʨʞʘʿʘ ˂ʝʣʠʿʘʤʘ ʨʘʢʘ ʜʦʿʢʝ, ʦʚʘʿ ʧʨʦʪʝʠʥ ʦʩʪʚʘʨʫʿʝ ʩʘ ʪʫʤʦʨ-ʚʝʟʫʿʫ˂ʠʤ 

ʧʝʧʪʠʜʦʤ F3 [106]. 

ʊʘʢʦʹʝ, ʧʘʫʢʦʚʘ ʩʚʠʣʘ ʩʝ ʧʦʪʝʥʮʠʿʘʣʥʦ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʫ ʩʠʩʪʝʤʠʤʘ ʟʘ ʠʩʧʦʨʫʢʫ 

ʣʝʢʦʚʘ. ɿʘ ʦʚʝ ʧʦʪʨʝʙʝ, ʥʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʠ ʫ ʦʙʣʠʢʫ ʯʝʩʪʠʮʘ [107-109], ʤʠʢʨʦʢʘʧʩʫʣʘ 

[110], ʩʬʝʨʘ, ʢʘʦ ʠ ʠʤʧʣʘʪʠʙʠʣʥʠʭ ʬʠʣʤʦʚʘ ʟʘ ʢʦʥʪʨʦʣʠʩʘʥʦ ʦʩʣʦʙʘʹʘˁʝ ʦʜʨʝʹʝʥʠʭ ʚʨʩʪʘ 

ʣʝʢʦʚʘ [111].  

ʂʦʨʠʰ˂ʝˁʝʤ ʨʝʢʦʤʙʠʥʘʥʪʥʝ ʪʝʭʥʦʣʦʛʠʿʝ, ʧʨʦʠʟʚʝʜʝʥ ʿʝ ʚʝʰʪʘʯʢʠ ʧʨʦʪʝʠʥ ɸDF4 

(ʝʥʛʣ. ɸraneus diadematus fibroin 4), ʢʦʿʠ ʿʝ ʛʣʘʚʥʠ ʯʠʥʠʣʘʮ ʚʣʘʢʘʥʘ ʧʘʫʢʘ ʢʨʩʪʘʰʘ ɸraneus 

diadematus. ʈʝʢʦʤʙʠʥʘʥʪʥʠ ADF4 ʢʦʨʠʰ˂ʝʥ ʿʝ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʤʠʢʨʦʢʘʧʩʫʣʘ ʟʘ ʠʩʧʦʨʫʢʫ 

ʣʝʢʦʚʘ. ʆʚʝ ʤʠʢʨʦʢʘʧʩʫʣʝ ʢʦʨʠʩʥʝ ʩʫ ʟʘ ʧʨʝʥʦʰʝˁʝ ʤʦʣʝʢʫʣʘ ʤʘʣʝ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ ʫ 

ʙʣʘʛʠʤ ʫʩʣʦʚʠʤʘ ʩʨʝʜʠʥʝ [110].  

ʌʣʦʨʟʘʢ ʠ ʩʘʨʘʜʥʠʮʠ [112] oʧʪʠʤʠʟʦʚʘʣʠ ʩʫ ʠ ʘʫʪʦʤʘʪʠʟʦʚʘʣʠ ʤʝʪʦʜʫ ʜʦʙʠʿʘˁʘ 

ʩʬʝʨʘ ʥʘ ʙʘʟʠ ʧʘʫʢʦʚʝ ʤʨʝʞʝ, ʫʟ ʤʦʛʫ˂ʥʦʩʪ ʧʦʜʝʰʘʚʘˁʘ ʚʝʣʠʯʠʥʝ ʩʬʝʨʘ ʢʦʤʙʠʥʦʚʘˁʝʤ 

ʨʘʟʣʠʯʠʪʠʭ ʧʘʨʘʤʝʪʘʨʘ (ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʨʦʪʝʠʥʘ ʠ ʩʦʣʠ, ʙʨʟʠʥʘ ʤʝʰʘˁʘ, ʠʪʜ.). ɼʦʜʘʪʥʦ, 

ʢʦʥʿʫʛʦʚʘʥʝ ʩʘ ʤʝʰʘʚʠʥʦʤ ʩʧʝʮʠʬʠʯʥʠʭ ʢʘʥʮʝʨ-ʚʝʟʫʿʫ˂ʠʭ ʧʨʦʪʝʠʥʘ, ʦʚʝ ʩʬʝʨʝ ʠʤʘʿʫ 

ʩʧʦʩʦʙʥʦʩʪ ʚʝʟʠʚʘˁʘ ʟʘ Her2-ʧʦʟʠʪʠʚʥʝ ˂ʝʣʠʿʝ ʢʘʥʮʝʨʘ [112].  
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ʌʠʣʤʦʚʠ ʥʘ ʙʘʟʠ ʩʚʠʣʝ ʠʤʘʿʫ ʚʝʣʠʢʠ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʧʨʠʤʝʥʫ ʫ ʙʠʦʤʝʜʠʮʠʥʠ, 

ʥʘʨʦʯʠʪʦ ʢʘʦ ʠʤʧʣʘʪʠʙʠʣʥʘ ʤʝʜʠʮʠʥʩʢʘ ʩʨʝʜʩʪʚʘ ʫ ʮʠˀʫ ʧʨʘ˂ʝˁʘ ʠ ʣʝʯʝˁʘ ʨʘʟʣʠʯʠʪʠʭ 

ʬʠʟʠʦʣʦʰʢʠʭ ʩʪʘˁʘ ʦʨʛʘʥʠʟʤʘ. ʌʠʣʤʦʚʠ ʜʦʧʠʨʘʥʠ ʥʘʥʦʯʝʩʪʠʮʘʤʘ ʟʣʘʪʘ ʤʦʛʫ ʩʝ 

ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʛʨʝʿʥʠ ʝʣʝʤʝʥʪʠ, ʢʦʿʠ ʩʝ ʘʢʪʠʚʠʨʘʿʫ ʩʚʝʪʣʦʤ ʦʜʨʝʹʝʥʝ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ ʠ 

ʠʤʘʿʫ ʧʦʪʝʥʮʠʿʘʣʥʫ ʧʨʠʤʝʥʫ ʢʘʦ ʙʠʦʝʣʝʢʪʨʦʥʩʢʠ ʫʨʝʹʘʿʠ ʢʨʦʟ ʪʝʤʧʝʨʘʪʫʨʥʦ/ʪʦʧʣʦʪʥʫ 

ʢʦʥʪʨʦʣʫ (ʦʤʦʛʫ˂ʘʚʘ ʩʝ ʙʝʞʠʯʥʦ ʧʦʢʨʝʪˁʝ ʠʧʣʘʥʪʠʨʘʥʠʭ ʤʠʢʨʦʥʘʧʨʘʚʘ) [113]. 

ʂʦʤʙʠʥʘʮʠʿʦʤ ʬʠʣʤʘ ʦʜ ʩʚʠʣʝ ʠ ʥʘʥʦʯʝʩʪʠʮʘ ʟʣʘʪʘ, ʜʦʙʠʿʝʥ ʿʝ ʢʦʤʧʦʟʠʪ ʢʦʿʠ ʧʦʤʦ˂ʫ 

ʥʘʥʦʯʝʩʪʠʮʘ ʘʧʩʦʨʙʫʿʝ ʩʚʝʪʣʦʩʪ ʦʜʨʝʹʝʥʝ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ ʠ ʧʨʝʪʚʘʨʘ ʝʥʝʨʛʠʿʫ ʩʚʝʪʣʦʩʪʠ ʫ 

ʪʦʧʣʦʪʫ. ʆʚʘʿ ʢʦʤʧʦʟʠʪ ʧʨʝʜʚʠʹʝʥ ʿʝ ʟʘ ʪʝʨʤʘʣʥʫ ʪʝʨʘʧʠʿʫ ʫ in vivo ʤʝʜʠʮʠʥʩʢʠʤ 

ʘʧʣʠʢʘʮʠʿʘʤʘ ʩʫʟʙʠʿʘˁʘ ʪʫʤʦʨʘ ʠ ʫ ʪʝʨʘʧʠʿʠ ʙʦʣʘ  [113].  

 

2.2. ʆʩʥʦʚʥʠ ʢʦʥʮʝʧʪ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ  

ɹʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʘ ʿʝ ʧʨʦʮʝʩ ʫ ʢʦʤ ʞʠʚʠ ʦʨʛʘʥʠʟʤʠ ʬʦʨʤʠʨʘʿʫ ʤʠʥʝʨʘʣʝ. 

ɹʠʦʤʠʥʝʨʘʣʠ ʠʤʘʿʫ ʢʦʤʧʣʝʢʩʥʫ ʩʪʨʫʢʪʫʨʫ ʠ ʩʘʩʪʦʿʝ ʩʝ ʠʟ ʦʨʛʘʥʩʢʝ ʠ ʥʝʦʨʛʘʥʩʢʝ 

ʢʦʤʧʦʥʝʥʪʝ. ʋʪʠʮʘʿ ʞʠʚʠʭ ʦʨʛʘʥʠʟʘʤʘ ʥʘ ʧʨʦʮʝʩ ʬʦʨʤʠʨʘˁʘ ʿʝ ʫʧʨʘʚʦ ʦʥʦ ʰʪʦ ʧʨʘʚʠ 

ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʙʠʦʤʠʥʝʨʘʣʘ ʠ ʤʠʥʝʨʘʣʘ ʢʦʿʠ ʩʘʜʨʞʝ ʩʘʤʦ ʥʝʦʨʛʘʥʩʢʫ ʢʦʤʧʦʥʝʥʪʫ [114]. 

ʅʝʦʨʛʘʥʩʢʝ ʢʦʤʧʦʥʝʥʪʝ ʙʠʦʤʠʥʝʨʘʣʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʩʘʩʪʦʿʝ ʠʟ ʢʘʨʙʦʥʘʪʥʦʛ, 

ʬʦʩʬʘʪʥʦʛ, ʩʠʣʠʢʘʪʥʦʛ, ʩʫʣʬʘʪʥʦʛ, ʩʫʣʬʠʜʥʦʛ, ʦʢʩʠ- ʠʣʠ ʭʠʜʨʦʢʩʠ - ʘʥʿʦʥʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ 

ʩʘ ʦʜʨʝʹʝʥʠʤ ʢʘʪʿʦʥʦʤ (ʥʧʨ. ʢʘʣʮʠʿʫʤ, ʤʘʛʥʝʟʠʿʫʤ, ʛʚʦʞʹʝ, ʮʠʥʢ, ʤʘʥʛʘʥ, ʠʪʜ.). 

ʄʠʥʝʨʘʣʠ ʙʠʦʣʦʰʢʦʛ ʧʦʨʝʢʣʘ ʩʝ ʨʘʟʣʠʢʫʿʫ ʦʜ ʦʥʠʭ ʢʦʿʠ ʩʧʦʥʪʘʥʦ ʥʘʩʪʘʿʫ ʫ 

ʨʘʩʪʚʦʨʫ. ɾʠʚʠ ʦʨʛʘʥʠʟʤʠ ʬʦʨʤʠʨʘʿʫ ʤʠʥʝʨʘʣʝ ʠʟʫʟʝʪʥʠʭ ʤʦʨʬʦʣʦʛʠʿʘ ʢʦʿʝ ʿʝ ʥʝʤʦʛʫ˂ʝ 

ʩʠʥʪʝʪʠʩʘʪʠ in vitro. ʊʘʢʦʹʝ, ʤʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ ʙʠʦʤʠʥʝʨʘʣʘ ʧʨʝʚʘʟʠʣʘʟʝ ʦʩʦʙʠʥʝ 

ʤʠʥʝʨʘʣʘ ʢʦʿʠ ʥʝ ʩʘʜʨʞʝ ʦʨʛʘʥʩʢʫ ʢʦʤʧʦʥʝʥʪʫ (ʥʧʨ. 95% ʩʝʜʝʬʘ ʯʠʥʠ ʢʘʣʮʠʿʫʤ-ʢʘʨʙʦʥʘʪ, 

ʘʣʠ ʿʝ ʩʥʘʛʘ ʩʝʜʝʬʘ ʥʝʢʦʣʠʢʦ ʭʠˀʘʜʘ ʧʫʪʘ ʚʝ˂ʘ ʦʜ ʩʥʘʛʝ ʯʠʩʪʦʛ ʢʘʣʮʠʿʫʤ-ʢʘʨʙʦʥʘʪʘ) [115]. 

ʋ ʮʠˀʫ ʩʠʥʪʝʟʝ ʥʦʚʠʭ ʠ ʧʦʙʦˀʰʘˁʘ ʦʩʦʙʠʥʘ ʧʦʩʪʦʿʝ˂ʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ 

ʨʘʟʫʤʝʪʠ ʧʨʦʮʝʩ ʥʘʩʪʘʥʢʘ ʙʠʦʤʠʥʝʨʘʣʘ. ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ, ʥʫʢʣʝʘʮʠʿʫ ʠ ʨʘʩʪ ʢʨʠʩʪʘʣʘ ʫ 

ʦʜʨʝʹʝʥʦʿ ʤʝʨʠ ʢʦʥʪʨʦʣʠʰʝ ʦʨʛʘʥʠʟʘʤ ʢʦʿʠ ʫʯʝʩʪʚʫʿʝ ʫ ʥʘʩʪʘʥʢʫ ʙʠʦʤʠʥʝʨʘʣʘ, ʦʚʘ ʧʦʿʘʚʘ 

ʩʝ ʥʘʟʠʚʘ Ăʚʠʪʘʣʥʠ ʝʬʝʢʘʪñ [114]. 
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ʅʫʢʣʝʘʮʠʿʘ ʠ ʨʘʩʪ ʧʨʝʜʩʪʘʚˀʘʿʫ ʜʚʝ ʬʘʟʝ ʢʦʿʝ ʧʨʝʪʭʦʜʝ ʬʦʨʤʠʨʘˁʫ ʙʠʦʤʠʥʝʨʘʣʘ. 

ʅʫʢʣʝʘʮʠʿʘ ʠ ʨʘʩʪ ʜʝʰʘʚʘʿʫ ʩʝ ʫ ʧʦʩʝʙʥʦʤ ʦʢʨʫʞʝˁʫ ʢʦʿʝ ʿʝ ʥʘʿʯʝʰ˂ʝ ʠʟʦʣʦʚʘʥʦ ʦʜ ʦʢʦʣʥʝ 

ʩʨʝʜʠʥʝ. ʆʚʘʿ ʧʨʦʩʪʦʨ ʙʦʛʘʪ ʿʝ ʧʨʦʪʝʠʥʠʤʘ, ʧʦʣʠʩʘʭʘʨʠʜʠʤʘ ʠ ʛʣʠʢʦʧʨʦʪʝʠʥʠʤʘ ʠ ʥʘʟʠʚʘ 

ʩʝ ʤʘʪʨʠʢʩ. ʋʥʫʪʘʨ ʤʘʪʨʠʢʩʘ ʬʦʨʤʠʨʘ ʩʝ ʟʦʥʘ ʩʫʧʝʨʩʘʪʫʨʘʮʠʿʝ ʢʦʿʘ ʩʘʜʨʞʠ ʿʦʥʝ ʠ 

ʤʦʣʝʢʫʣʝ ʥʝʦʧʭʦʜʥʝ ʟʘ ʩʠʥʪʝʟʫ ʤʠʥʝʨʘʣʘ [114]. ʊʦʢʦʤ ʥʫʢʣʝʘʮʠʿʝ, ʦʜ ʿʦʥʘ ʠ ʤʦʣʝʢʫʣʘ 

ʫʥʫʪʘʨ ʤʘʪʨʠʢʩʘ, ʬʦʨʤʠʨʘʿʫ ʩʝ ʘʛʨʝʛʘʪʠ ʨʘʟʣʠʯʠʪʝ ʩʪʘʙʠʣʥʦʩʪʠ. ʅʝʢʠ ʦʜ ʦʚʠʭ ʘʛʨʝʛʘʪʘ ʩʝ 

ʨʘʩʪʚʦʨʝ, ʘ ʥʝʢʠ ʜʦʩʪʠʛʥʫ ʦʜʨʝʹʝʥʫ ʚʝʣʠʯʠʥʫ ʠ ʘʢʪʠʚʘʮʠʦʥʫ ʝʥʝʨʛʠʿʫ ʧʦʪʨʝʙʥʫ ʟʘ 

ʬʦʨʤʠʨʘˁʝ ʥʫʢʣʝʫʩʘ ʯʠʤʝ ʩʝ ʬʘʚʦʨʠʟʫʿʝ ʜʘˀʘ ʘʛʨʝʛʘʮʠʿʘ ʠ ʧʨʝʮʠʧʠʪʘʮʠʿʘ. ɼʘˀʦʤ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ, ʙʠʦʤʠʥʝʨʘʣʠ ʤʦʛʫ ʠʟʢʨʠʩʪʘʣʠʩʘʪʠ, ʘ ʜʘˀʠ ʢʨʠʩʪʘʣʥʠ ʨʘʩʪ ʩʝ ʟʘʩʥʠʚʘ ʥʘ 

ʘʜʠʮʠʿʠ ʿʦʥʘ ʥʘ ʨʘʩʪʫ˂ʫ ʧʦʚʨʰʠʥʫ ʢʨʠʩʪʘʣʘ (ʉʣʠʢʘ 2.10.). 

 

ʉʣʠʢʘ 2.10. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʢʣʘʩʠʯʥʝ ʪʝʦʨʠʿʝ ʥʫʢʣʝʘʮʠʿʝ [116] 

ʇʦʩʪʦʿʝ ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʘˁʘ ʙʠʦʤʠʥʝʨʘʣʘ: 

1. ɹʠʦʣʦʰʢʠ ʠʥʜʫʢʦʚʘʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʿʘ (ɹʀʄ) 

2. ɹʠʦʣʦʰʢʠ ʢʦʥʪʨʦʣʠʩʘʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʿʘ. 

ʋ ʩʣʫʯʘʿʫ ʙʠʦʣʦʰʢʠ ʠʥʜʫʢʦʚʘʥʝ ʤʠʥʝʨʘʣʠʟʘʮʠʿʝ, ʦʨʛʘʥʠʟʘʤ ʫ ʦʜʨʝʹʝʥʦʿ ʤʝʨʠ 

ʨʝʛʫʣʠʰʝ pH, pCO2 ʠ ʩʘʜʨʞʘʿ ʤʘʪʨʠʢʩʘ, ʘʣʠ ʿʝ ʢʦʥʪʨʦʣʘ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ ʥʘ ʥʠʩʢʦʤ 

ʥʠʚʦʫ. ʄʠʥʝʨʘʣʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʩʪʚʘʨʘʿʫ ʧʨʠ ʢʦʥʪʘʢʪʫ ʿʦʥʘ ʤʠʥʝʨʘʣʘ ʩʘ ʤʝʪʘʙʦʣʠʯʢʠʤ 
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ʧʨʦʜʫʢʪʠʤʘ ˂ʝʣʠʿʘ, ˁʠʭʦʚʝ ʦʩʦʙʠʥʝ ʠ ʩʪʨʫʢʪʫʨʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʝ ʦʜ ʫʩʣʦʚʘ ʩʨʝʜʠʥʝ, 

ʿʝʨ ʩʝ ʥʫʢʣʝʘʮʠʿʘ ʠ ʨʘʩʪ ʦʜʚʠʿʘʿʫ ʝʢʩʪʨʘʮʝʣʫʣʘʨʥʦ.  

ɹʠʦʣʦʰʢʠ ʢʦʥʪʨʦʣʠʩʘʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʢʦʥʪʨʦʣʠʩʘʥ ʧʨʦʮʝʩ 

ʥʘʩʪʘʥʢʘ ʙʠʦʤʠʥʝʨʘʣʘ. ʉʪʝʧʝʥ ʚʘʨʠʨʘ ʠ ʦʙʠʯʥʦ ʿʝ ʧʨʦʩʪʦʨʥʦ ʦʛʨʘʥʠʯʝʥ, ʧʨʠ ʯʝʤʫ ˂ʝʣʠʿʝ 

ʫʪʠʯʫ ʥʘ ʥʫʢʣʝʘʮʠʿʫ, ʨʘʩʪ, ʤʦʨʬʦʣʦʛʠʿʫ ʠ ʣʦʢʘʣʠʟʘʮʠʿʫ ʤʠʥʝʨʘʣʘ. ɹʠʦʣʦʰʢʠ 

ʢʦʥʪʨʦʣʠʩʘʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʿʘ ʩʝ ʤʦʞʝ ʦʜʚʠʿʘʪʠ ʠʥʪʨʘ-, ʠʥʪʝʨ - ʠʣʠ ʝʢʩʪʨʘʮʝʣʫʣʘʨʥʦ [114, 

117]. 

ɹʠʦʤʠʥʝʨʘʣʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʤʦʜʝʣ ʤʘʪʝʨʠʿʘʣʘ ʠʟʫʟʝʪʥʠʭ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ, ʪʘʢʦ 

ʜʘ ʿʝ ʫ ʜʘʥʘʰˁʝ ʚʨʝʤʝ ʢʦʤʙʠʥʦʚʘˁʝ ʙʠʦʤʦʣʝʢʫʣʘ ʠ ʥʝʦʨʛʘʥʩʢʠʭ ʤʦʣʝʢʫʣʘ ʚʨʣʦ 

ʧʦʧʫʣʘʨʥʦ ʫ ʮʠˀʫ ʜʦʙʠʿʘˁʘ ʤʘʪʝʨʠʿʘʣʘ ʧʦʞʝˀʥʠʭ ʤʝʭʘʥʠʯʢʠʭ ʠ ʜʨʫʛʠʭ ʦʩʦʙʠʥʘ [118]. 

ɼʦʜʘʪʥʦ, ʙʠʦʤʠʥʝʨʘʣʠ ʩʫ ʧʦʩʣʫʞʠʣʠ ʢʘʦ ʠʥʩʧʠʨʘʮʠʿʘ ʟʘ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʝʢʦʣʦʰʢʠʭ 

ʤʘʪʝʨʠʿʘʣʘ ʫ ʮʠˀʫ ʟʘʤʝʥʝ ʥʝʨʘʟʛʨʘʜʠʚʠʭ, ʧʦʪʝʥʮʠʿʘʣʥʦ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʥʝʪʦʢʩʠʯʥʠʤ 

ʙʠʦʨʘʟʛʨʘʜʠʚʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ ʯʠʤʝ ʙʠ ʩʝ ʩʤʘˁʠʦ ʩʪʝʧʝʥ ʟʘʛʘʹʝˁʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. 

ʀʥʩʧʠʨʠʩʘʥʠ ʙʠʦʤʠʥʝʨʘʣʠʤʘ, ʥʘʫʯʥʠʮʠ, ʜʘʥʘʩ ʫʣʘʞʫ ʚʝʣʠʢʝ ʥʘʧʦʨʝ ʫ ʩʠʥʪʝʟʫ 

ʙʠʦʩʝʥʟʦʨʘ, ʢʘʦ ʠ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʪʢʠʚʥʠ ʠʥʞʝˁʝʨʠʥʛ [119]. ʋ ʮʠˀʫ ʩʠʥʪʝʟʝ ʤʘʪʝʨʠʿʘʣʘ ʟʘ 

ʪʢʠʚʥʠ ʠʥʞʝˁʝʨʠʥʛ ʤʦʞʝ ʩʝ ʠʤʠʪʠʨʘʪʠ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʘ. ʇʨʠʤʝʨ ʟʘ ʦʚʦ ʿʝ 

ʭʠʜʨʦʢʩʠʘʧʘʪʠʪ (ʍɸ) ʢʦʿʠ ʿʝ ʛʣʘʚʥʠ ʢʦʥʩʪʠʪʫʝʥʪ ʢʦʩʪʠʿʫ ʠ ʟʫʙʘ, ʢʦʿʠ ʿʝ ʫ ʦʚʠʤ 

ʙʠʦʤʠʥʝʨʘʣʠʤʘ ʚʝʟʘʥ ʟʘ ʢʦʣʘʛʝʥ. ʉʠʤʫʣʠʨʘˁʝʤ ʫʩʣʦʚʘ ʥʘʩʪʘʥʢʘ ʧʨʠʨʦʜʥʦʛ 

ʭʠʜʨʦʢʩʠʘʧʘʪʠʪʘ, ʫ ʧʨʠʩʫʩʪʚʫ ʦʨʛʘʥʩʢʠʭ ʤʦʣʝʢʫʣʘ, ʤʦʞʝ ʩʝ ʜʦʙʠʪʠ ʍɸ ʩʣʠʯʥʠʭ 

ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ, ʢʘʦ ʠ ʧʨʠʨʦʜʥʠ ʙʠʦʤʠʥʝʨʘʣ ʢʦʩʪʠʿʫ [120]. 

 

2.2.1. ɹʠʦʢʝʨʘʤʠʯʢʠ ʤʘʪʝʨʠʿʘʣʠ 

ɹʠʦʢʝʨʘʤʠʯʢʠ ʤʘʪʝʨʠʿʘʣʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʛʨʫʧʫ ʙʠʦʢʦʤʧʘʪʠʙʠʣʥʠʭ, ʪʚʨʜʠʭ ʠ ʢʨʪʠʭ 

ʤʘʪʝʨʠʿʘʣʘ ʨʝʣʘʪʠʚʥʦ ʜʦʙʨʠʭ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ, ʢʦʿʠ ʠʤʘʿʫ ʚʝʣʠʢʠ ʧʦʪʝʥʮʠʿʘʣ ʟʘ 

ʧʨʠʤʝʥʫ ʢʘʦ ʟʘʤʝʥʘ ʪʚʨʜʠʭ ʠ ʤʝʢʠʭ ʪʢʠʚʘ [121].   

ʇʨʠʨʦʜʥʠ ʙʠʦʢʝʨʘʤʠʯʢʠ ʤʘʪʝʨʠʿʘʣʠ (ʥʧʨ. ʩʢʝʣʝʪ ʞʠʚʦʪʠˁʘ ʠʟʛʨʘʹʝʥ ʦʜ 

ʭʠʜʨʦʢʩʠʘʧʘʪʠʪʘ ʠʣʠ ʢʘʣʮʠʿʫʤ-ʢʘʨʙʦʥʘʪʘ) ʦʙʝʟʙʝʹʫʿʫ ʬʠʟʠʯʢʫ ʧʦʪʧʦʨʫ, ʢʘʦ ʠ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʨʘʟʣʠʯʠʪʠʭ ʪʢʠʚʘ. ʈʘʟʫʤʝʚʘˁʝ ʧʨʦʮʝʩʘ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ ʦʤʦʛʫ˂ʠʣʦ ʿʝ 
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ʨʘʟʚʦʿ ʙʠʦʤʠʤʝʪʠʯʢʠʭ ʤʝʪʦʜʘ ʩʠʥʪʝʟʝ ʥʦʚʝ ʛʝʥʝʨʘʮʠʿʝ ʙʠʦʤʘʪʝʨʠʿʘʣʘ ʠʥʩʧʠʨʠʩʘʥʠʭ 

ʧʨʠʨʦʜʥʠʤ [121]. ʇʨʠʤʝʥʘ ʤʠʥʝʨʘʣʘ ʢʦʿʠ ʩʘʜʨʞʠ ʩʘʤʦ ʥʝʦʨʛʘʥʩʢʫ ʢʦʤʧʦʥʝʥʪʫ ʥʠʿʝ 

ʧʦʞʝˀʥʘ ʟʙʦʛ ʥʝʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʩʥʘʛʝ ʠ ʞʠʣʘʚʦʩʪʠ ʢʨʪʝ ʤʠʥʝʨʘʣʥʝ ʬʘʟʝ. ʄʝʹʫʪʠʤ, 

ʢʦʤʙʠʥʘʮʠʿʦʤ ʦʨʛʘʥʩʢʝ ʠ ʥʝʦʨʛʘʥʩʢʝ ʢʦʤʧʦʥʝʥʪʝ ʙʠ ʩʝ ʧʦʩʪʠʛʣʘ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʿʘʣʘ 

ʧʨʦʤʝʥˀʠʚʠʭ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ, ʢʦʿʠ ʤʦʛʫ ʧʦʩʣʫʞʠʪʠ ʢʘʦ ʠʜʝʘʣʥʘ ʧʦʜʨʰʢʘ ʠ ʟʘʤʝʥʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʪʢʠʚʘ ʟʘʭʚʘˀʫʿʫ˂ʠ ʧʨʠʩʫʩʪʚʫ ʦʨʛʘʥʩʢʝ ʠ ʥʝʦʨʛʘʥʩʢʝ ʬʘʟʝ. 

  

2.2.2. ɺʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʢʘʦ ʦʨʛʘʥʩʢʘ ʢʦʤʧʦʥʝʥʪʘ ʙʠʦʤʠʥʝʨʘʣʘ 

ɿʙʦʛ ʩʚʦʿʠʭ ʠʟʫʟʝʪʥʠʭ, ʚʝ˂ ʦʧʠʩʘʥʠʭ ʦʩʦʙʠʥʘ, ɺʇʄ ʿʝ ʚʝʦʤʘ ʘʪʨʘʢʪʠʚʘʥ ʤʘʪʝʨʠʿʘʣ 

ʫ ʨʝʛʝʥʝʨʘʪʠʚʥʦʿ ʤʝʜʠʮʠʥʠ ʠ ʤʦʞʝ ʧʦʩʣʫʞʠʪʠ ʢʘʦ ʦʩʥʦʚʘ ʟʘ ʥʫʢʣʝʘʮʠʿʫ ʨʘʟʣʠʯʠʪʠʭ 

ʤʠʥʝʨʘʣʘ ʥʘ ʩʚʦʿʦʿ ʧʦʚʨʰʠʥʠ.  

ʆʙʣʘʩʪ ʢʦʿʘ ʧʨʠʚʣʘʯʠ ʚʝʣʠʢʠ ʙʨʦʿ ʠʩʪʨʘʞʠʚʘʯʘ ʿʝ ʩʠʥʪʝʟʘ ʠʜʝʘʣʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʟʘ 

ʧʦʜʨʰʢʫ ʨʘʩʪʘ ʢʦʰʪʘʥʦʛ ʪʢʠʚʘ ʠ/ʠʣʠ ʟʘʤʝʥʝ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʢʦʰʪʘʥʠʭ ʛʨʘʬʪʦʚʘ ʥʦʚʠʤ, 

ʧʦʙʦˀʰʘʥʠʤ ʚʝʨʟʠʿʘʤʘ. ʂʦʩʪ ʿʝ ʧʨʠʨʦʜʥʠ ʙʠʦʤʠʥʝʨʘʣ ʢʦʿʠ ʠʤʘ ʚʝʦʤʘ ʢʦʤʧʣʠʢʦʚʘʥʫ 

ʭʠʿʝʨʘʨʭʠʿʩʢʫ ʩʪʨʫʢʪʫʨʫ, ʘʣʠ ʦʩʥʦʚʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʘ ʿʝʜʠʥʠʮʘ ʢʦʩʪʠ ʿʝʩʫ ʤʠʥʝʨʘʣʠʟʦʚʘʥʘ 

ʚʣʘʢʥʘ ʢʦʣʘʛʝʥʘ ʊʠʧʘ 1. ʆʨʠʿʝʥʪʠʩʘʥʦʤ ʥʫʢʣʝʘʮʠʿʦʤ ʦʢʦ ʦʚʦʛ ʧʨʦʪʝʠʥʘ ʬʦʨʤʠʨʘʿʫ ʩʝ 

ʢʨʠʩʪʘʣʠ ʭʠʜʨʦʢʩʠʘʧʘʪʠʪʘ [121,122]. ʂʘʦ ʜʝʦ ʙʠʦʤʠʤʝʪʠʯʢʝ ʩʪʨʘʪʝʛʠʿʝ, ʨʘʟʣʠʯʠʪʘ ʚʣʘʢʥʘ 

ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʦʩʥʦʚʘ ʟʘ ʥʫʢʣʝʘʮʠʿʫ ʠ ʨʘʩʪ ʭʠʜʨʦʢʩʠʘʧʘʪʠʪʘ ʫ ʮʠˀʫ ʩʠʥʪʝʟʝ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʠʭ ʚʣʘʢʘʥʘ ʢʘʦ ʦʩʥʦʚʥʝ ʿʝʜʠʥʠʮʝ ʥʦʚʠʭ ʙʠʦʤʘʪʝʨʠʿʘʣʘ ʟʘ ʟʘʤʝʥʫ ʢʦʰʪʘʥʦʛ 

ʪʢʠʚʘ.  

ɿʙʦʛ ʩʚʦʿʝ ʩʝʤʠʢʨʠʩʪʘʣʥʝ ʩʪʨʫʢʪʫʨʝ ʠ ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʘʤʠʥʦʢʠʩʝʣʠʥʩʢʠʭ ʩʝʢʚʝʥʮʠ 

((ɸ)n ʠ (GA)n), ɺʇʄ ʩʫ ʜʦʙʘʨ ʢʘʥʜʠʜʘʪ ʟʘ ʦʨʛʘʥʩʢʫ ʢʦʤʧʦʥʝʥʪʫ ʦʚʠʭ ʙʠʦʤʠʥʝʨʘʣʘ. 

ʇʨʦʪʝʠʥʩʢʠ ʥʘʥʦʢʨʠʩʪʘʣʠ ʦʚʠʭ ʚʣʘʢʘʥʘ ʥʘʣʘʟʝ ʩʝ ʫ ʦʙʣʠʢʫ ɓ-ʥʘʙʨʘʥʝ ʧʣʦʯʝ ʢʦʿʝ ʘʧʩʦʨʙʫʿʫ 

Ca
2+ 
ʿʦʥʝ ʠʟ ʨʘʩʪʚʦʨʘ ʠ ʦʨʛʘʥʠʟʫʿʫ ʠʭ ʫ ʩʤʠʩʣʫ ʥʫʢʣʝʘʮʠʿʝ ʭʠʜʨʦʢʩʠʘʧʘʪʠʪʘ [65]. 

ʀʟʣʘʛʘˁʝʤ ʨʝʢʦʤʙʠʥʘʥʪʥʠʭ ʚʣʘʢʘʥʘ ʩʠʤʫʣʠʨʘʥʦʿ ʪʝʣʝʩʥʦʿ ʪʝʯʥʦʩʪʠ, ʤʦʛʫ˂ʝ ʿʝ 

ʜʦʙʠʪʠ ʚʣʘʢʥʘ ʢʦʿʘ ʩʫ ʧʦʪʧʫʥʦ ʠ ʭʦʤʦʛʝʥʦ ʦʙʣʦʞʝʥʘ ʜʝʙʝʣʠʤ ʩʣʦʿʝʤ ʢʘʣʮʠʿʫʤ-ʬʦʩʬʘʪʘ. 

ʅʦʚʘ, ʤʠʥʝʨʘʣʠʟʦʚʘʥʘ ʚʣʘʢʥʘ ʧʦʜʨʞʘʚʘʿʫ ʚʝʟʠʚʘˁʝ ʠ ʧʨʦʣʠʬʝʨʘʮʠʿʫ ˀʫʜʩʢʠʭ 
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ʤʝʟʝʥʭʠʤʩʢʠʭ ʩʪʝʤ ˂ʝʣʠʿʘ. ʆʩʠʤ ʚʣʘʢʘʥʘ, ʫ ʦʚʫ ʩʚʨʭʫ ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʠ ʜʨʫʛʠ 

ʤʘʪʝʨʠʿʘʣʠ  (ʬʠʤʦʚʠ, ʧʝʥʝ...) [122]. 

ɺʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ, ʪʘʢʦʹʝ ʩʫ ʢʦʨʠʰ˂ʝʥʘ ʢʘʦ ʦʨʛʘʥʩʢʘ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ 

ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʠ ʢʘʣʮʠʪʘ [66], ʟʙʦʛ ʪʦʛʘ ʰʪʦ, ʦʩʠʤ ʭʠʜʨʦʢʩʠʘʧʘʪʠʪʘ, ʠ ʢʘʣʮʠʪ ʠʤʘ 

ʩʧʦʩʦʙʥʦʩʪ ʚʝʟʠʚʘˁʘ ʟʘ ʢʦʰʪʘʥʦ ʪʢʠʚʦ [123]. ʂʦʤʙʠʥʘʮʠʿʘ ʦʚʝ ʜʚʝ ʢʦʤʧʦʥʝʥʪʝ, ʤʦʞʝ 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʥʘ˂ʠ ʧʨʠʤʝʥʫ ʫ ʧʦʜʨʰʮʠ ʘʜʭʝʟʠʿʝ ʠ ʨʘʩʪʘ ʢʦʰʪʘʥʦʛ ʪʢʠʚʘ. 

ʀʤʠʪʘʮʠʿʦʤ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ, ʯʝʩʪʠʮʝ ʮʠʥʢ-ʦʢʩʠʜʘ (ZnO) ʩʫ ʩʠʥʪʝʪʠʩʘʥʝ ʥʘ 

ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʧʨʠʩʫʩʪʚʫ ʧʨʦʪʝʠʥʘ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ. ʅʘʥʦʯʝʩʪʠʮʝ ZnO ʠʤʘʿʫ 

ʘʬʠʥʠʪʝʪ ʧʨʝʤʘ ʧʝʧʪʠʜʥʠʤ ʣʘʥʮʠʤʘ, ʰʪʦ ʜʦʧʨʠʥʦʩʠ ˁʠʭʦʚʦʿ ʢʨʠʩʪʘʣʠʟʘʮʠʿʠ ʥʘ 

ʧʦʚʨʰʠʥʠ ʧʨʦʪʝʠʥʘ. ɼʦʙʠʿʝʥʠ ʤʘʪʝʨʠʿʘʣ ʧʦʢʘʟʫʿʝ ʣʫʤʠʥʝʩʮʝʥʪʥʝ ʦʩʦʙʠʥʝ, ʢʦʿʝ ʩʝ 

ʠʥʪʝʥʟʠʚʠʨʘʿʫ ʩʘ ʧʨʦʜʫʞʝˁʝʤ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ ʠʤʠʪʘʮʠʿʝ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ. ʆʚʘʿ 

ʤʘʪʝʨʠʿʘʣ ʠʤʘ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʧʨʠʤʝʥʫ ʢʘʦ ʢʦʤʧʦʥʝʥʪʘ ʙʠʦʩʝʥʟʦʨʘ ʠʣʠ ʦʧʪʦʝʣʝʢʪʨʦʥʩʢʠʭ 

ʥʘʥʦ-ʫʨʝʹʘʿʘ [124]. 

 

2.3. ʌʠʟʠʯʢʝ ʠ ʭʝʤʠʿʩʢʝ ʦʩʦʙʠʥʝ CaCO3 

ʂʘʣʮʠʿʫʤ-ʢʘʨʙʦʥʘʪ (CaCO3) ʢʦʨʠʩʪʠ ʩʝ ʫ ʠʥʜʫʩʪʨʠʿʠ ʧʘʧʠʨʘ, ʙʦʿʘ, ʪʝʢʩʪʠʣʘ, 

ʜʝʪʝʨ˅ʝʥʘʪʘ, ʘʜʭʝʟʠʚʘ, ʧʣʘʩʪʠʢʝ, ʢʦʟʤʝʪʠʢʝ, ʭʨʘʥʝ, ʠʪʜ. ʊʘʢʦʹʝ, ʢʦʨʠʩʪʠ ʩʝ ʠ ʢʘʦ ʧʠʛʤʝʥʪ, 

ʢʘʦ ʧʫʥʠʣʘʮ ʠʣʠ ʜʦʜʘʪʘʢ ʭʨʘʥʠ. ʋ ʧʨʠʨʦʜʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʤʦʞʝ ʥʘ˂ʠ ʫ ʦʙʣʠʢʫ ʪʨʠ 

ʘʥʭʠʜʨʦʚʘʥʘ ʧʦʣʠʤʦʨʬʘ: ʚʘʪʝʨʠʪ, ʘʨʘʛʦʥʠʪ ʠ ʢʘʣʮʠʪ, ʘ ʥʝʨʝʪʢʦ ʿʝ ʟʘʩʪʫʧˀʝʥ ʠ ʘʤʦʨʬʥʠ 

ʢʘʣʮʠʿʫʤ-ʢʘʨʙʦʥʘʪ (ʉʣʠʢʘ 2.11.). ʆʚʠ ʦʙʣʠʮʠ ʩʝ ʨʘʟʣʠʢʫʿʫ ʧʦ ʤʥʦʛʠʤ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʠʤ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ [125]. 
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ʉʣʠʢʘ 2.11. ʇʦʣʠʤʦʨʬʠ CaCO3 [126] 

ʅʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʘʪʤʦʩʬʝʨʩʢʦʤ ʧʨʠʪʠʩʢʫ, ʢʘʣʮʠʪ ʿʝ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠ 

ʩʪʘʙʠʣʥʘ ʬʘʟʘ ʢʦʿʘ ʢʨʠʩʪʘʣʠʰʝ ʫ ʨʦʤʙʦʝʜʘʨʩʢʫ ʢʨʠʩʪʘʣʥʫ ʨʝʰʝʪʢʫ (ʘ = b = 4.99 Å, c = 

17.06 ¡) (ʉʣʠʢʘ 2.12.). ɸʨʘʛʦʥʠʪ ʿʝ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ, ʘ ʚʘʪʝʨʠʪ ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʘ 

ʬʘʟʘ, ʤʦʨʬʦʣʦʛʠʿʘ ʘʨʘʛʦʥʠʪʘ ʿʝ ʠʛʣʠʯʘʩʪʘ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʚʘʪʝʨʠʪʘ ʢʦʿʠ ʠʤʘ ʩʬʝʨʥʝ ʘʛʨʝʛʘʪʝ 

[127]. 
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ʉʣʠʢʘ 2.12. ʉʪʨʫʢʪʫʨʘ ʢʘʣʮʠʪʘ. Cʘ - jʦʥ ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʧʣʘʚʦʤ ʙʦʿʦʤ, O  ï ʮʨʚʝʥʦʤ, ʘ C 

- ʩʠʚʦʤ [128] 

CaCO3 ʤʦʞʝ ʩʝ ʜʦʙʠʪʠ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ. ʀʥʜʫʩʪʨʠʿʩʢʠ CaCO3 ʥʘʿʯʝʰ˂ʝ ʩʝ 

ʜʦʙʠʿʘ ʧʨʦʧʫʰʪʘˁʝʤ ʤʝʭʫʨʠ˂ʘ ʛʘʩʘ ʫʛˀʝʥ(IV)-ʦʢʩʠʜʘ (CO2) ʢʨʦʟ ʢʦʥʮʝʥʪʨʦʚʘʥʫ 

ʩʫʩʧʝʥʟʠʿʫ ʢʘʣʮʠʿʫʤ-ʭʠʜʨʦʢʩʠʜʘ ʠʣʠ ʛʘʰʝʥʠ ʢʨʝʯ [129]. ʋ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ, 

ʢʘʣʮʠʿʫʤ- ʢʘʨʙʦʥʘʪ ʩʝ ʥʘʿʯʝʰ˂ʝ ʜʦʙʠʿʘ ʧʨʝʮʠʧʠʪʘʮʠʦʥʦʤ ʤʝʪʦʜʦʤ, ʤʝʰʘˁʝʤ ʨʘʩʪʚʦʨʘ 

ʢʦʿʠ ʩʘʜʨʞʝ ʿʦʥʝ ʢʘʣʮʠʿʫʤʘ ʠ ʢʘʨʙʦʥʘʪʥʝ ʿʦʥʝ [130, 131]. 

ɹʠʦʤʠʥʝʨʘʣʠ ʢʘʣʮʠʿʫʤ-ʢʘʨʙʦʥʘʪʘ ʩʫ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠ ʧʦ ʩʚʦʿʦʿ ʢʦʣʠʯʠʥʠ ʠ 

ʨʘʩʧʨʦʩʪʨʘˁʝʥʦʩʪʠ ʫ ʨʘʟʣʠʯʠʪʠʤ ʙʠʦʣʦʰʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʥʘʨʦʯʠʪʦ ʫ ʪʚʨʜʠʤ ʪʢʠʚʠʤʘ 

ʙʝʩʢʠʯʤʝˁʘʢʘ [132].   

ʂʘʣʮʠʪ ʿʝ ʙʠʦʨaʟʛʨʘʜʠʚ ʤʘʪʝʨʠʿʘʣ ʜʦʙʨʝ ʦʩʪʝʦʢʦʥʜʫʢʪʠʚʥʦʩʪʠ ʢʦʿʠ ʩʝ ʯʚʨʩʪʦ ʚʝʟʫʿʝ 

ʟʘ ʢʦʰʪʘʥʦ ʪʢʠʚʦ ʙʝʟ ʧʨʠʩʫʩʪʚʘ ʧʦʚʨʰʠʥʩʢʦʛ ʘʧʘʪʠʪʥʦʛ ʩʣʦʿʘ [123]. ʊʦ ʛʘ ʯʠʥʠ 

ʘʪʨʘʢʪʠʚʥʠʤ ʟʘ ʧʨʠʤʝʥʫ ʫ ʨʘʟʣʠʯʠʪʠʤ ʢʦʤʧʦʟʠʪʠʤʘ ʢʘʦ ʤʠʥʝʨʘʣʥe ʬʘʟe, ʨʘʜʠ 

ʫʩʧʦʩʪʘʚˀʘˁʘ ʬʫʥʢʮʠʿʝ ʢʦʰʪʘʥʦʛ ʪʢʠʚʘ. ʂʦʤʙʠʥʘʮʠʿʦʤ ʩʘ ʦʜʨʝʹʝʥʠʤ ʧʨʦʪʝʠʥʩʢʠʤ 

ʧʦʣʠʤʝʨʠʤʘ, ʙʠʣʦ ʙʠ ʤʦʛʫ˂ʝ ʜʦʙʠʪʠ ʢʦʤʧʦʟʠʪ ʧʦʛʦʜʘʥ ʟʘ ʧʦʪʧʦʨʫ ʢʦʰʪʘʥʦʛ ʪʢʠʚʘ [123]. 
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2.4. ʌʠʟʠʯʢʝ ʠ ʭʝʤʠʿʩʢʝ ʦʩʦʙʠʥʝ CeO2 

ʅʘʥʦʯʝʩʪʠʮʝ ʮʝʨʠʿʫʤ-ʦʢʩʠʜʘ (CeO2), ʢʦʿʝ ʩʝ ʘʥʛʣʦʩʘʢʩʦʥʩʢʠ ʥʘʟʠʚʘʿʫ ʿʦʰ ʠ 

ʥʘʥʦʮʝʨʠʿʘ ʧʦʩʝʜʫʿʫ ʚʨʣʦ ʠʥʪʝʨʝʩʘʥʪʥʝ ʤʝʭʘʥʠʯʢʝ, ʩʧʝʢʪʨʦʩʢʦʧʩʢʝ, ʢʘʪʘʣʠʪʠʯʢʝ ʠ 

ʦʢʩʠʜʘʪʠʚʥʝ/ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʦʩʦʙʠʥʝ, ʟʙʦʛ ʯʝʛʘ ʩʝ ʢʦʨʠʩʪʝ ʢʘʦ ʧʦʣʠʨʘʿʫ˂ʠ ʘʛʝʥʩʠ ʫ 

ʝʣʝʢʪʨʦʥʠʮʠ, ʢʘʦ ʢʘʪʘʣʠʟʘʪʦʨʠ, ʘʜʠʪʠʚʠ ʫ ʜʠʟʝʣ-ʛʦʨʠʚʫ, ʯʚʨʩʪʝ ʢʠʩʝʦʥʠʯʥʝ ʛʦʨʠʚʥʝ 

˂ʝʣʠʿʝ, ʢʠʩʝʦʥʠʯʥʠ ʧʫʬʝʨʠ, ʋɺ ʙʣʦʢʘʪʦʨʠ, ʢʦʣʦʨʠʤʝʪʨʠʿʩʢʝ ʙʦʿʝ ʟʘ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ 

ʨʝʜʦʢʩ ʨʝʘʢʮʠʿʘ, ʘʥʪʠʦʢʩʠʜʘʥʩʠ, ʩʝʥʟʦʨʠ, ʫ ʨʝʤʝʜʠʿʘʮʠʿʠ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, a ʫ ʩʢʦʨʠʿʝ 

ʚʨʝʤʝ ʠ ʫ ʙʠʦʤʝʜʠʮʠʥʠ [133-135]. ɿʙʦʛ ʩʚʦʿʠʭ ʦʢʩʠʜʘʮʠʦʥʦ-ʨʝʜʫʢʮʠʦʥʠʭ ʦʩʦʙʠʥʘ, 

ʮʝʨʠʿʫʤ-ʦʢʩʠʜ ʩʝ ʫ ʙʠʦʤʝʜʠʮʠʥʠ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʙʠʦʣʦʰʢʠ ʦʢʩʠʜʘʥʩ ʧʨʠ ʟʘʰʪʠʪʠ ʦʜ 

ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ ʠ ʨʘʜʠʿʘʮʠʿʝ, ʦʜʣʘʞʝ ʩʪʘʨʝˁʝ ˂ʝʣʠʿʘ, ʢʘʦ ʠ ʣʝʯʝˁʝ ʥʝʢʠʭ ʚʨʩʪʘ 

ʢʘʥʮʝʨʘ, a ʪʘʢʦʹʝ ʿʝ ʜʦʢʘʟʘʥʦ ʠ ʘʥʪʠ-ʠʥʬʣʘʤʘʪʦʨʥʦ ʜʝʿʩʪʚʦ [136,137]. ʅʘʥʦʮʝʨʠʿʘ ʩʝ 

ʪʘʢʦʹʝ ʧʦʢʘʟʘʣʘ ʝʬʠʢʘʩʥʦʤ ʫ ʟʘʰʪʠʪʠ ˂ʝʣʠʿʘ ʦʜ ʦʰʪʝ˂ʝˁʘ ʠʥʜʫʢʦʚʘʥʦʛ ʟʨʘʯʝˁʝʤ ʯʠʤʝ ʩʝ 

ʦʙʝʟʙʝʹʫʿʝ ʟʘʰʪʠʪʘ ʮʝʥʪʨʘʣʥʦʛ ʥʝʨʚʥʦʛ ʩʠʩʪʝʤʘ (ʧʦʚʨʝʜʘ ʢʠʯʤʝʥʝ ʤʦʞʜʠʥʝ ʠ ʜʨ.) [138]. 

ʂʨʠʩʪʘʣʥʘ ʨʝʰʝʪʢʘ ʮʝʨʠʿʝ ʿʝ ʢʫʙʥʦʛ ʬʣʫʦʨʠʪʥʦʛ ʪʠʧʘ, ʛʜʝ ʿʝ ʩʚʘʢʠ ʮʝʨʠʿʫʤʦʚ ʘʪʦʤ 

ʚʝʟʘʥ ʟʘ ʦʩʘʤ ʘʪʦʤʘ ʢʠʩʝʦʥʠʢʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʩʚʘʢʠ ʘʪʦʤ ʢʠʩʝʦʥʠʢʘ ʫ ʪʝʪʨʘʝʜʘʨʩʢʦʿ 

ʢʦʦʨʜʠʥʘʮʠʿʠ (ʉʣʠʢʘ 2.13.) [139]. 

 

ʉʣʠʢʘ 2.13. ʇʨʠʢʘʟ ʩʪʨʫʢʪʫʨʝ ʿʝʜʠʥʠʯʥʝ ˂ʝʣʠʿʝ ʮʝʨʠʿʝ (ʘʪʦʤʠ ʮʝʨʠʿʫʤʘ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ 

ʞʫʪʦʤ, ʘ ʘʪʦʤʠ ʢʠʩʝʦʥʠʢʘ ʮʨʚʝʥʦʤ ʙʦʿʦʤ) [139] 
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ʅʘʿʯʝʰ˂ʠ ʧʦʩʪʫʧʮʠ ʟʘ ʜʦʙʠʿʘˁʝ ʥʘʥʦʮʝʨʠʿʝ ʩʫ ʭʠʜʨʦʪʝʨʤʘʣʥʘ ʩʠʥʪʝʟʘ [140, 141], 

ʭʠʜʨʦʣʠʟʘ ʘʣʢʦʢʩʠʜʥʦʛ ʨʘʩʪʚʦʨʘ (ʩʦʣ-ʛʝʣ ʤʝʪʦʜʘ) [142], ʪʘʣʦʞʝˁʝ ʦʢʩʠʜʘ ʠʟ ʨʘʩʪʚʦʨʘ ʩʦʣʠ 

ʮʝʨʠʿʫʤʘ [143], ʤʝʭʘʥʦʭʝʤʠʿʩʢa ʩʠʥʪʝʟa [144], ʩʠʥʪʝʟʘ ʩʘʤʦʩʘʛʦʨʝʚʘˁʝʤ [145], ʠ ʜʨʫʛʝ.  

ʄʥʦʛʝ ʦʩʦʙʠʥʝ ʥʘʥʦʮʝʨʠʿʝ ʧʦʪʠʯʫ ʦʜ ʧʦʩʪʦʿʘˁʘ ʜʚʘ ʦʢʩʠʜʘʮʠʦʥʘ ʩʪʘˁʘ ʮʝʨʠʿʫʤʘ ʫ 

ʢʨʠʩʪʘʣʥʦʿ ʨʝʰʝʪʢʠ (Ce
3+

 ʠ Ce
4+
). ʆʜʥʦʩ Ce

3+
 ʠ Ce

4+ 
ʫ ʥʘʥʦʯʝʩʪʠʮʘʤʘ ʮʝʨʠʿʫʤ-ʦʢʩʠʜʘ 

ʤʝˁʘ ʩʝ ʩʘ ʧʨʦʤʝʥʦʤ ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʝ, ʪʘʢʦ ʜʘ ʤʘˁʝ ʯʝʩʪʠʮʝ ʠʤʘʿʫ ʚʝ˂ʠ ʩʘʜʨʞʘʿ Ce
3+

 

ʫʩʣʝʜ ʚʝʣʠʢʦʛ ʦʜʥʦʩʘ ʧʦʚʨʰʠʥʘ-ʟʘʧʨʝʤʠʥʘ, ʢʘʦ ʠ ʚʝ˂ʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʜʝʬʝʢʘʪʘ ʠ 

ʢʠʩʝʦʥʠʯʥʠʭ ʚʘʢʘʥʮʠʿʘ [146]. CeO2 ʤʦʞʝ ʦʪʧʫʰʪʘʪʠ ʠʣʠ ʩʢʣʘʜʠʰʪʠʪʠ ʢʠʩʝʦʥʠʢ, ʙʝʟ 

ʬʘʟʥʠʭ ʧʨʦʤʝʥʘ ʧʦ ʤʦʜʝʣʫ ʢʠʩʝʦʥʠʯʥʠʭ ʚʘʢʘʥʮʠʿʘ. ʋ ʧʦʣʦʞʘʿʠʤʘ ʿʦʥʘ ʢʠʩʝʦʥʠʢʘ ʩʪʚʘʨʘʿʫ 

ʩʝ ʚʘʢʘʥʮʠʿʝ ʰʪʦ ʩʝ ʢʦʤʧʝʥʟʫʿʝ ʪʦʢʦʤ ʨʝʜʫʢʮʠʿʝ ʩʪʚʘʨʘˁʝʤ ʜʝʬʝʢʘʪʘ ʫ ʩʪʨʫʢʪʫʨʠ CeO2 

[147]. 

 

2.4.1. Eu
3+ 
ʢʘʦ ʜʦʧʘʥʪ ʫ ʢʨʠʩʪʘʣʥʦʿ ʨʝʰʝʪʢʠ CeO2 

ʎʝʨʠʿʘ ʧʦʩʝʜʫʿʝ ʩʣʘʙʝ ʣʫʤʠʥʝʩʮʝʥʪʥʝ ʦʩʦʙʠʥʝ, ʯʠʤʝ ʿʝ ʦʛʨʘʥʠʯʝʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ 

ʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ ʫ ʙʠʦʣʦʰʢʠʤ ʠ ʜʨʫʛʠʤ ʩʠʩʪʝʤʠʤʘ. ʋ ʧʦʩʣʝʜˁʝ ʚʨʝʤʝ, ʤʥʦʛʦ ʥʘʧʦʨʘ ʿʝ 

ʫʣʦʞʝʥʦ ʫ ʧʦʙʦˀʰʘˁʝ ʣʫʤʠʥʝʩʮʝʥʪʥʠʭ ʦʩʦʙʠʥʘ ʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ [148]. 

ɿʙʦʛ ʩʚʦʿʠʭ ʠʟʫʟʝʪʥʠʭ ʦʩʦʙʠʥʘ, ʯʠʩʪʘ ʮʝʨʠʿʘ ʢʘʦ ʠ ʮʝʨʠʿʘ ʜʦʧʠʨʘʥʘ ʿʦʥʠʤʘ ʪʟʚ. 

ʨʝʪʢʠʭ ʟʝʤʘˀʘ, ʧʨʦʥʘʣʘʟʠ ʧʨʠʤʝʥʫ ʫ ʧʨʦʚʦʜʥʠʯʢʠʤ ʪʝʭʥʦʣʦʛʠʿʘʤʘ, ʢʘʦ ʠʟʚʦʨ 

ʢʠʩʝʦʥʠʯʥʠʭ ʚʘʢʘʥʮʠʿʘ ʠ ʢʘʦ ʤʘʪʝʨʠʿʘʣ ʟʘ ʙʣʦʢʠʨʘˁʝ ʫʣʪʨʘʚʠʦʣʝʪʥʦʛ (ʋɺ) ʟʨʘʯʝˁʘ [149]. 

ʅʘʥʦʬʦʩʬʦʨʠ ʮʝʨʠʿʝ ʜʦʧʠʨʘʥʝ Eu ʧʦʛʦʜʥʠ ʩʫ ʟʘ ʧʨoʠʟʚʦʜˁʫ ʜʠʦʜʘ ʟʘ ʝʤʠʪʦʚʘˁʝ ʙʝʣʝ 

ʩʚʝʪʣʦʩʪʠ ʠ ʦʧʪʦʝʣʝʢʪʨʦʥʩʢʝ ʫʨʝʹʘʿʝ [150, 151]. 

ʇʨʝʛʣʝʜʦʤ ʣʠʪʝʨʘʪʫʨʝ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʝ ʝʫʨʦʧʠʿʫʤ (Eu) ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʜʦʧʘʥʪ 

ʿʦʥ ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ ʣʫʤʠʥʝʩʮʝʥʪʥʠʭ ʦʩʦʙʠʥʘ ʮʝʨʠʿʝ. ɽʫʨʦʧʠʿʫʤ ʩʧʘʜʘ ʫ ʛʨʫʧʫ 

ʝʣʝʤʝʥʘʪʘ ʪʟʚ. ʨʝʪʢʠʭ ʟʝʤʘˀʘ ʠ ʧʦʛʦʜʘʥ ʿʝ ʟʘ ʜʦʧʠʨʘˁʝ ʮʝʨʠʿʝ, ʿʝʨ ʩʝ ʤʦʞʝ ʝʢʩʮʠʪʦʚʘʪʠ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʦʧʩʝʟʠʤʘ ʪʘʣʘʩʥʠʭ ʜʫʞʠʥʘ (ʦʜ ʫʣʪʨʘʚʠʦʣʝʪʥʦʛ ʜʦ ʚʠʜˀʠʚʦʛ ʩʧʝʢʪʨʘ) [148]. 

ɽʫʨʦʧʠʿʫʤ ʿʦʥ ʠʤʘ ʜʦʙʨʫ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʫ ʢʨʠʩʪʘʣʥʦʿ ʨʝʰʝʪʢʠ ʮʝʨʠʿʝ, ʿʝʨ ʿʝ ʿʦʥʩʢʠ 

ʨʘʜʠʿʫʩ Eu
3+

 (0,1066 nm) ʙʣʠʟʘʢ ʿʦʥʩʢʦʤ ʨʘʜʠʿʫʩʫ ʮʝʨʠʿʫʤʘ (0,1143 nm ʟʘ Ce
3+ 
ʠ 0,097 nm 
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ʟʘ Ce
4+

) [148]. ʋʚʦʹʝˁʝʤ Eu
3+

 ʫ ʢʨʠʩʪʘʣʥʫ ʨʝʰʝʪʢʫ ʮʝʨʠʿʝ, ʧʦʚʝ˂ʘʚʘ ʩʝ ʦʜʥʦʩ Ce
3+

/Ce
4+

, 

ʯʠʤʝ ʩʝ ʧʦʚʝ˂ʘʚʘ ʙʠʦʣʦʰʢʘ ʘʢʪʠʚʥʦʩʪ ʮʝʨʠʿʝ [148]. 

Ăʌʦʩʬʦʨʠñ ʩʫ ʤʘʪʝʨʠʿʘʣʠ ʢʦʿʠ ʝʤʠʪʫʿʫ ʩʚʝʪʣʦʩʪ ʢʘʜʘ ʩʝ ʠʟʣʦʞʝ ʨʘʜʠʿʘʮʠʿʠ (ʥʧʨ. 

ʋɺ ʩʚʝʪʣʦʩʪʠ ʠʣʠ ʝʣʝʢʪʨʦʥʩʢʦʤ ʩʥʦʧʫ). ɽʤʠʩʠʿʘ ʩʚʝʪʣʦʩʪʠ ʥʘʢʦʥ ʧʦʙʫʹʠʚʘˁʘ ʥʘʟʠʚʘ ʩʝ 

ʣʫʤʠʥʝʩʮʝʥʮʠʿʘ. ʅʘʢʦʥ ʠʟʣʘʛʘˁʘ ʋɺ ʟʨʘʯʝˁʫ, ʪʨʦʚʘʣʝʥʪʥʠ ʝʫʨʦʧʠʿʫʤ ʿʦʥ (ɽu
3+
) ʧʦʢʘʟʫʿʝ 

ʮʨʚʝʥʫ ʬʦʪʦʣʫʤʠʥʝʩʮʝʥʮʠʿʫ. ʆ ʬʦʪʦʣʫʤʠʥʠʩʮʝʥʮʠʿʠ ʩʝ ʤʦʞʝ ʛʦʚʦʨʠʪʠ ʢʘʜʘ ʿʝ ɽu
3+

 ʿʦʥ 

ʧʨʠʩʫʪʘʥ ʢʘʦ ʜʦʧʘʥʪ ʫʥʫʪʘʨ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ ʥʝʢʦʛ ʤʦʣʝʢʫʣʘ, ʢʘʦ ʠ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʝ 

ʥʘʣʘʟʠ ʢʦʤʧʣʝʢʩʠʨʘʥ ʩʘ ʦʨʛʘʥʩʢʠʤ ʣʠʛʘʥʜʠʤʘ [152]. ʊʟʚ. ʬʦʩʬʦʨʠ ʢʦʿʠ ʩʘʜʨʞʝ ɽu
3+

 ʿʦʥ 

ʤʦʛʫ ʧʦʩʣʫʞʠʪʠ ʢʘʦ ʦʜʣʠʯʥʘ ʣʫʤʠʥʝʩʮʝʥʪʥʘ ʧʨʦʙʘ ʫ ʙʠʦʭʝʤʠʿʩʢʠʤ ʠ/ʠʣʠ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʤ ʘʧʣʠʢʘʮʠʿʘʤʘ [153-155], ʫ ʠʟʨʘʜʠ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʣʘʤʧʠ [156], ʘ ʥʘʣʘʟʠ 

ʩʝ ʠ ʫ ʤʘʩʪʠʣʫ, ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʠ ʧʨʠ ʠʟʨʘʜʠ ʥʦʚʯʘʥʠʮʘ ʫ ʮʠˀʫ ʩʧʨʝʯʘʚʘˁʘ ʬʘʣʩʠʬʠʢʦʚʘˁʘ 

ʥʦʚʮʘ [157]. 

ʂʘʜʘ ʩʝ ɽu
3+

 ʿʦʥ ʢʦʨʠʩʪʠ ʢʘʦ ʜʦʧʘʥʪ ʫ ʢʨʠʩʪʘʣʥʦʿ ʨʝʰʝʪʢʠ, ʝʤʠʩʠʿʘ ʩʚʝʪʣʦʩʪʠ 

ʧʦʪʠʯʝ ʫʧʨʘʚʦ ʦʜ ʦʚʦʛ ʿʦʥʘ ʢʘʦ ʨʝʟʫʣʪʘʪ ʧʨʝʣʘʟʘ ʝʣʝʢʪʨʦʥʘ. ʅʘʢʦʥ ʠʟʣʘʛʘˁʘ ʤʘʪʝʨʠʿʘʣʘ 

ʦʜʨʝʹʝʥʦʿ ʨʘʜʠʿʘʮʠʿʠ, ʢʘʦ ʨʝʟʫʣʪʘʪ ʘʧʩʦʨʙʦʚʘˁʘ ʝʥʝʨʛʠʿʝ, ʝʣʝʢʪʨʦʥʠ ʧʨʝʣʘʟʝ ʫ 

ʝʢʩʮʠʪʦʚʘʥʦ ʩʪʘˁʝ. ʇʨʠ ʚʨʘ˂ʘˁʫ ʝʣʝʢʪʨʦʥʘ ʫ ʦʩʥʦʚʥʦ ʩʪʘˁʝ, ʝʢʩʮʠʪʘʮʠʦʥʘ ʝʥʝʨʛʠʿʘ ʩʝ 

ʦʪʧʫʰʪʘ ʫ ʦʙʣʠʢʫ ʝʤʠʩʠʿʝ ʩʚʝʪʣʦʩʪʠ (ʣʫʤʠʥʝʩʮʝʥʮʠʿʘ), ʧʨʠ ʯʝʤʫ ɽu
3+ 
ʿʦʥ ʧʨʝʜʩʪʘʚˀʘ 

ʘʢʪʠʚʘʪʦʨ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ.  

ɽu
3+

 ʠʤʘ 60 ʝʣʝʢʪʨʦʥʘ: 54 ʝʣʝʢʪʨʦʥʘ ʫ ʧʦʧʫˁʝʥʠʤ ʧʦʜʥʠʚʦʠʤʘ (ʢʘʦ ʠ ʘʪʦʤ 

ʢʩʝʥʦʥʘ), ʠ ʿʦʰ 6 ʝʣʝʢʪʨʦʥʘ ʫ 4f ʧʦʜʥʠʚʦʫ (4f ˀʫʩʢʘ ʥʠʿʝ ʧʦʪʧʫʥʦ ʧʦʧʫˁʝʥʘ), ʪʝ ʩʝ ʤʦʞʝ 

ʧʨʝʜʩʪʘʚʠʪʠ ʠ ʢʘʦ ɽu
3+

: [Xe]4f
6
. ʇʦʜʥʠʚʦ 4f ʟʘʰʪʠ˂ʝʥ ʿʝ ʦʜ ʩʧʦˀʘʰˁʝʛ ʦʢʨʫʞʝˁʘ 

ʧʦʧʫˁʝʥʠʤ 5s
2 
ʠ 5p

6 
ʧʦʜʥʠʚʦʠʤʘ. ʐʝʩʪ ʝʣʝʢʪʨʦʥʘ ʠʟ 4f ʧʦʜʥʠʚʦʘ ʤʦʛʫ ʙʠʪʠ ʨʘʩʧʦʨʝʹʝʥʘ 

ʥʘ 3003 ʨʘʟʣʠʯʠʪʘ ʥʘʯʠʥʘ ʫ ʦʢʚʠʨʫ ʩʝʜʘʤ 4f ʦʨʙʠʪʘʣʘ/ʧʦʜʥʠʚʦʘ ʧʨʠ ʯʝʤʫ ʩʝ ʩʚʘʢʠ ʦʜ 

ʤʦʛʫ˂ʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʨʘʩʧʦʨʝʜʘ ʝʣʝʢʪʨʦʥʘ ʥʘʟʠʚʘ ʤʠʢʨʦʩʪʘˁʝ [157]. ʇʨʠ ʝʢʩʮʠʪʘʮʠʿʠ ʩʝ 

ʜʝʰʘʚʘ ʜʘ ʿʝʜʘʥ ʦʜ 4f ʝʣʝʢʪʨʦʥʘ ʧʨʝʹʝ ʥʘ ʚʠʰʠ 5d ʥʠʚʦ: 4f
n
 Ÿ 4f

n-1
 5d, ʧʨʠ ʯʝʤʫ ʢʨʠʩʪʘʣʥʘ 

ʨʝʰʝʪʢʘ ʤʦʞʝ ʩʥʘʞʥʦ ʫʪʠʮʘʪʠ ʥʘ 5d ʧʨʝʣʘʟ [152].  

ʌʦʪʦʣʫʤʠʥʝʩʮʝʥʮʠʿʘ ʩʝ ʦʛʣʝʜʘ ʫ Eu
3+

 ʝʤʠʩʠʿʠ ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʧʨʝʣʘʟʠʤʘ 
5
D0 Ÿ 

7
FJ (ɱ 

= 0, 1, 2, ʠʪʜ.) (ʉʣʠʢʘ 2.14.). ʆʚʝ ʝʤʠʩʠʿʝ ʦʧʠʩʫʿʫ ʣʦʢʘʣʥʦ ʦʢʨʫʞʝˁʝ Eu
3+

 ʿʦʥʘ ʠ ʟʘʚʠʩʝ ʦʜ 

ʧʦʣʦʞʘʿʘ Eu
3+

 ʿʦʥʘ ʫ ʢʨʠʩʪʘʣʥʦʿ ʨʝʰʝʪʢʠ [159]. ɺʠʰʝʩʪʨʫʢʠ ʧʠʢʦʚʠ ʫ ʩʧʝʢʪʨʫ ʩʫ ʨʝʟʫʣʪʘʪ 
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4f - 4f ʧʨʝʣʘʟʘ Eu
3+

 ʿʦʥʘ. ʋ ʮʠˀʫ ʘʥʘʣʠʟʝ ʝʤʠʩʠʦʥʠʭ ʩʧʝʢʪʘʨʘ ʨʝʪʢʠʭ ʝʤʠʩʠʦʥʠʭ ʿʦʥʘ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʩʠʩʪʝʤʠʤʘ, ʥʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʠ Judd-Ofelt-ʦʚʘ ʪʝʦʨʠʿʘ [160, 161]. ʅʘ ʦʩʥʦʚʫ 

ʦʚʝ ʪʝʦʨʠʿʝ 
5
D0 Ÿ 

7
F1 ʝʤʠʩʠʿʘ ʥʘ 591 nm ʿʝ ʧʨʝʣʘʟ ʤʘʛʥʝʪʥʦʛ ʜʠʧʦʣʘ ʢʦʿʠ ʩʝ ʩʣʘʙʦ ʤʝˁʘ ʩʘ 

ʧʨʦʤʝʥʦʤ ʿʘʯʠʥʝ ʢʨʠʩʪʘʣʥʦʛ ʧʦˀʘ ʦʢʦ Eu
3+

 ʿʦʥʘ. ɽʤʠʩʠʿʘ 
5
D0 Ÿ 

7
F2 ʥʘ 612 nm ʿʝ ʧʨʝʣʘʟ 

ʝʣʝʢʪʨʠʯʥʦʛ ʜʠʧʦʣʘ. ɿʘʚʠʩʠ ʦʜ ʣʦʢʘʣʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ ʠ ʭʠʧʝʨʩʝʥʟʠʪʠʚʘʥ ʿʝ ʥʘ 

ʣʦʢʘʣʥʫ ʩʠʤʝʪʨʠʿʫ ʫ ʦʢʨʫʞʝˁʫ Eu
3+ 
ʿʦʥʘ. ʂʘʜʘ ʩʫ Eu

3+ 
ʿʦʥʠ ʣʦʢʘʣʠʟʦʚʘʥʠ ʫ ʮʝʥʪʨʫ 

ʩʠʤʝʪʨʠʿʝ, ʥʘ ʩʧʝʢʪʨʫ ʜʦʤʠʥʠʨʘ 
5
D0 Ÿ 

7
F1 ʧʨʝʣʘʟ [162]. ʆʙʨʥʫʪʦ, ʢʘʜʘ ʩʝ Eu

3+ 
ʿʦʥʠ ʥʝ 

ʥʘʣʘʟʝ ʫ ʮʝʥʪʨʫ ʩʠʤʝʪʨʠʿʝ, ʜʦʤʠʥʠʨʘ 
5
D0 Ÿ 

7
F2  ʧʨʝʣʘʟ ʯʠʿʠ ʠʥʪʝʥʟʠʪʝʪ ʨʘʩʪʝ ʩʘ ʧʦʨʘʩʪʦʤ 

ʠʩʢʨʠʚˀʝʥʦʩʪʠ ʣʦʢʘʣʥʦʛ ʧʦˀʘ ʢʦʿʝ ʦʢʨʫʞʫʿʝ Eu
3+

 ʿʦʥ [150].   

 

ʉʣʠʢʘ 2.14. ɼʝʣʠʤʠʯʘʥ ʧʨʠʢʘʟ ʝʥʝʨʛʝʪʩʢʦʛ ʜʠʿʘʛʨʘʤʘ ɽu
3+ 
ʿʦʥʘ. ʉʪʨʝʣʠʮʝ ʥʘ ʜʦʣʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʣʫʤʠʥʝʩʮʝʥʮʠʿʫ ʧʨʠ ʚʨʘ˂ʘˁʫ ʝʣʝʢʪʨʦʥʘ ʠʟ ʝʢʩʮʠʪʦʚʘʥʦʛ ʩʪʘˁʘ [158] 
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2.5. ʌʠʟʠʯʢʝ ʠ ʭʝʤʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʛʭʝʤʠʪʘ 

ɿʙʦʛ ʧʦʪʝʥʮʠʿʘʣʥʝ ʧʨʠʤʝʥʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʧʦˀʠʤʘ, ʤʘʛʥʝʪʥʝ ʥʘʥʦʯʝʩʪʠʮʝ ʩʫ 

ʧʨʝʜʤʝʪ ʤʥʦʛʦʙʨʦʿʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ. ʄʘʛʥʝʪʥʠ ʢʝʨʘʤʠʯʢʠ ʤʘʪʝʨʠʿʘʣʠ ʩʫ ʟʥʘʪʥʦ 

ʧʦʛʦʜʥʠʿʠ ʫ ʦʜʥʦʩʫ ʥʘ ʤʝʪʘʣʥʝ ʤʘʪʝʨʠʿʘʣʝ ʠ ʣʝʛʫʨʝ ʟʙʦʛ ʚʠʩʦʢʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ, 

ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʩʠʥʪʝʟʝ, ʢʘʦ ʠ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʢʦʨʦʟʠʿʫ ʠ ʪʨʝˁʝ [163]. ʅʘʥʦʯʝʩʪʠʮʝ ʛʚʦʞʹʝ-

ʦʢʩʠʜʘ ʩʫ ʥʘʿʧʨʦʫʯʘʚʘʥʠʿʠ ʤʘʛʥʝʪʥʠ ʤʘʪʝʨʠʿʘʣʠ ʟʙʦʛ ʩʚʦʿʝ ʩʪʘʙʠʣʥʦʩʪʠ ʠ 

ʙʠʦʢʦʤʧʘʪʠʙʠʣʥʦʩʪʠ. ʇʦʩʪʦʿʠ ʩʝʜʘʤ ʢʨʠʩʪʘʣʥʠʭ ʬʘʟʘ ʛʚʦʞʹʝ(II)- ʠ ʛʚʦʞʹʝ(III)-ʦʢʩʠʜʘ ʦʜ 

ʢʦʿʠʭ ʩʫ ʥʘʿʯʝʰ˂ʠ ʤʘʛʥʝʪʠʪ (Fe3O4), ʤʘʛʭʝʤʠʪ (ɔ-Fe2O3) ʠ ʭʝʤʘʪʠʪ (Ŭ-Fe2O3), ʜʦʢ ʩʫ ʤʘˁʝ 

ʧʨʦʫʯʘʚʘʥʠ ɓ- ʠ Ů-Fe2O3 [164]. ʄʘʛʥʝʪʥʝ ʥʘʥʦʯʝʩʪʠʮʝ ʛʚʦʞʹʝ-ʦʢʩʠʜʘ (ʤʘʛʥʝʪʠʪʘ ʠʣʠ 

ʤʘʛʭʝʤʠʪʘ) ʦʜʣʠʢʫʿʝ ʧʦʿʘʚʘ ʩʫʧʝʨʧʘʨʘʤʘʛʥʝʪʠʟʤʘ, ʰʪʦ ʦʙʝʟʙʝʹʫʿʝ ʧʨʦʤʝʥˀʠʚʫ ʩʘʪʫʨʘʮʠʿʫ 

ʤʘʛʥʝʪʠʟʘʮʠʿʝ, ʤʘʛʥʝʪʥʝ ʦʩʦʙʠʥʝ ʫ ʬʫʥʢʮʠʿʠ ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ, ʙʠʦʢʦʤʧʘʪʠʙʠʣʥʦʩʪ, ʠʪʜ. 

[165]. 

ʄʘʛʭʝʤʠʪ ʿʝ ʤʠʥʝʨʘʣ ʰʠʨʦʢʦ ʟʘʩʪʫʧˀʝʥ ʥʘ ɿʝʤˀʠ ʩʘ ʜʦʙʨʠʤ ʬʝʨʠʤʘʛʥʝʪʥʠʤ 

ʦʩʦʙʠʥʘʤʘ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʂʠʨʠʿʝʚʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ ʦʜ 928 ʂ. ʂʨʠʩʪʘʣʠʰʝ ʢʘʦ ʠ 

ʤʘʛʥʝʪʠʪ, ʫ ʢʫʙʥʫ ʩʧʠʥʝʣʥʫ ʩʪʨʫʢʪʫʨʫ ʩʘ ʤʘʣʦʤ ʤʘʛʥʝʪʥʦʤ ʘʥʠʟʦʪʨʦʧʠʿʦʤ (ʉʣʠʢʘ 2.12.) 

[163]. ʀʥʪʝʨʘʢʮʠʿʝ ʩʫʧʝʨʠʟʤʝʥʝ ʠʟʤʝʹʫ ʤʘʛʥʝʪʥʠʭ ʿʦʥʘ ʫ ʪʝʪʨʘʝʜʘʨʩʢʦʤ ʠ ʦʢʪʘʝʜʘʨʩʢʦʤ 

ʧʦʣʦʞʘʿʫ ʨʝʟʫʣʪʫʿʫ ʬʝʨʠʤʘʛʥʝʪʥʠʤ ʫʨʝʹʝˁʝʤ ʫ ʤʘʛʭʝʤʠʪʫ (ʠ ʤʘʛʥʝʪʠʪʫ) [163]. ʂʦʜ 

ʤʘʛʭʝʤʠʪʘ, ʩʚʠ ʢʘʪʿʦʥʠ ʛʚʦʞʹʘ ʩʫ ʫ ʪʨʦʚʘʣʝʥʪʥʦʤ ʩʪʘˁʫ, a ʥʝʫʪʨʘʣʥʦ ʥʘʝʣʝʢʪʨʠʩʘˁʝ 

ʿʝʜʠʥʠʯʥʝ ˂ʝʣʠʿʝ ʦʙʝʟʙʝʹʫʿʝ ʧʨʠʩʫʩʪʚʦ ʢʘʪʿʦʥʩʢʠʭ ʚʘʢʘʥʮʠʿʘ [163].  
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ʉʣʠʢʘ 2.15. ʄʦʣʝʢʫʣʘʨʥʘ ʩʪʨʫʢʪʫʨʘ ʤʘʛʭʝʤʠʪʘ. ʂʠʩʝʦʥʠʯʥʠ ʘʥʿʦʥʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʢʘʦ 

ʪʘʤʥʦ ʩʠʚʝ ʩʬʝʨʝ, ʘ ʢʘʪʿʦʥʠ ʛʚʦʞʹʘ ʩʝ ʥʘʣʘʟʝ ʫʥʫʪʘʨ ʤʥʦʛʦʫʛʘʦʥʠʢʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʣʦʢʘʣʥʝ ʪʝʪʨʘʝʜʨʘʣʥʝ ʠ ʦʢʪʘʝʜʘʨʥʝ ʢʦʦʨʜʠʥʘʮʠʿʝ ʢʠʩʝʦʥʠʢʘ [166] 

ʅʘʥʦʯʝʩʪʠʮʝ ʤʘʛʭʝʤʠʪa (ɔ-Fe2O3) ʢʦʨʠʩʪʝ ʩʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʪʝʭʥʦʣʦʰʢʠʤ, ʢʘʦ ʠ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʤ ʘʧʣʠʢʘʮʠʿʘʤʘ ʫʢˀʫʯʫʿʫ˂ʠ: ʝʣʝʢʪʨʦʥʩʢe, ʦʧʪʦʝʣʝʢʪʨʦʥʩʢe ʠ ʩʧʠʥʪʨʦʥʩʢe 

ʫʨʝʹʘʿe, ʤʘʛʥʝʪʥʫ ʨʝʟʦʥʘʥʮʫ (ʄʈ), ʤʘʛʥʝʪʥʦ ʩʥʠʤʘˁʝ, ʧʨʦʠʟʚʦʜˁʫ ʙʠʦʢʦʤʧʘʪʠʙʠʣʥʠʭ 

ʤʘʛʥʝʪʥʠʭ ʬʣʫʠʜʘ, ʢʘʪʦʜʝ ʫ ʣʠʪʠʿʫʤ-ʿʦʥʩʢʠʤ ʙʘʪʝʨʠʿʘʤʘ, ʧʦʿʘʯʘʚʘˁʝ ʩʠʛʥʘʣʘ ʢʦʥʪʨʘʩʪʘ, 

ʤʘʛʥʝʪʥʫ ʩʝʧʘʨʘʮʠʿʫ ʙʠʦʤʦʣʝʢʫʣʘ, ʪʨʝʪʤʘʥ ʢʘʥʮʝʨʘ, ʢʘʦ ʠ ʮʠˀʘʥʫ ʠʩʧʦʨʫʢʫ ʣʝʢʦʚʘ ʠ 

ʠʟʨʘʜʫ ʙʠʦʩʝʥʟʦʨʘ [163, 167-173]. ʉʫʧʝʨʧʘʨʘʤʘʛʥʝʪʥʝ ʥʘʥʦʯʝʩʪʠʮʝ ʛʚʦʞʹʝ-ʦʢʩʠʜʘ ʛʫʙʝ 

ʤʘʛʥʝʪʠʟʘʮʠʿʫ ʥʘʢʦʥ ʫʢʣʘˁʘˁʘ ʩʧʦˀʘʰˁʝʛ ʤʘʛʥʝʪʥʦʛ ʧʦˀʘ ʠ ʦʚʘ ʯʠˁʝʥʠʮʘ ʿʝ ʿʘʢʦ ʚʘʞʥʘ 

ʟʘ ʧʨʠʤʝʥʫ ʪʠʭ ʯʝʩʪʠʮʘ ʫ in vivo ʠ in vitro ʙʠʦʤʝʜʠʮʠʥʩʢʠʤ ʘʧʣʠʢʘʮʠʿʘʤʘ. ʊʘʢʦʹʝ, 

ʤʘʛʭʝʤʠʪ ʩʝ ʢʦʨʠʩʪʠ ʫ ʠʟʨʘʜʠ ʩʝʥʟʦʨʘ, ʤʘʛʥʝʪʦ-ʤʝʭʘʥʠʯʢʠʭ ʠ ʤʘʛʥʝʪʦ-ʦʧʪʠʯʢʠʭ ʫʨʝʹʘʿʘ 

[163]. 
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2.5.1. ʄʘʛʥʝʪʥʝ ʛʚʦʞʹʝ(III) -ʦʢʩʠʜ ʥʘʥʦʯʝʩʪʠʮʝ ʢʘʦ ʢʦʤʧʦʥʝʥʪʝ ʄɽʄʉ-ʘ 

ʄʘʛʥʝʪʥʝ ʯʝʩʪʠʮʝ ʛʚʦʞʹʝ(III) -ʦʢʩʠʜʘ ʩʫ ʜʦʙʨʠ ʢʘʥʜʠʜʘʪʠ ʟʘ ʨʘʟʚʦʿ ʬʫʥʢʮʠʦʥʘʣʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʫ ʦʢʚʠʨʫ ʤʠʢʨʦʝʣʝʢʪʨʦ-ʤʝʭʘʥʠʯʢʠʭ ʩʠʩʪʝʤʘ (ʄɽʄʉ), ʢʘʦ ʠ ʮʠˀʘʥʝ 

ʠʩʧʦʨʫʢʝ ʣʝʢʦʚʘ [174, 175]. ʀʥʪʝʨʝʩʦʚʘˁʝ ʟʘ ʦʚʝ ʤʠʥʠʿʘʪʫʨʠʟʦʚʘʥʝ ʩʠʩʪʝʤʝ ʿʝ ʚʝʣʠʢʦ, ʘ 

ˁʠʭʦʚʘ ʚʝʣʠʯʠʥʘ ʢʨʝ˂ʝ ʩʝ ʦʜ ʥʝʢʦʣʠʢʦ ʤʠʢʨʦʥʘ ʜʦ ʥʝʢʦʣʠʢʦ ʤʠʣʠʤʝʪʘʨʘ. ʆʩʥʦʚʥʘ 

ʢʦʤʧʦʥʝʥʪʘ ʄɽʄʉ-ʘ ʩʫ ʤʠʢʨʦ-ʩʝʥʟʦʨʠ ʠ ʤʠʢʨʦ-ʘʢʪʫʘʪʦʨʠ [176], ʘ ʨʘʟʣʠʯʠʪʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʠ ʫ ʦʚʦʿ ʫʣʦʟʠ, ʤʦʛʫ ʩʝ ʥʘ˂ʠ ʫ ʥʘʫʯʥʦʿ ʣʠʪʝʨʘʪʫʨʠ [177-179].  

ʄʠʢʨʦ-ʩʝʥʟʦʨʠ ʠ ʤʠʢʨʦ-ʘʢʪʫʘʪʦʨʠ ʩʫ ʩʫʰʪʠʥʩʢʠ ʨʘʟʣʠʯʠʪʠ ʢʦʤʧʦʟʠʪʠ, ʤʝʹʫʪʠʤ 

ˁʠʭʦʚ ʨʘʟʚʦʿ ʦʛʨʘʥʠʯʘʚʘ ʥʝʢʦʣʠʢʦ ʟʘʿʝʜʥʠʯʢʠʭ ʧʨʦʙʣʝʤʘ ʦʜ ʢʦʿʠʭ ʩʫ ʥʘʿʚʝ˂ʠ ʤʝʭʘʥʠʯʢʝ 

ʧʝʨʬʦʨʤʘʥʩʝ ʠ ʪʦʢʩʠʯʥʦʩʪ. ɿʙʦʛ ʦʚʠʭ ʥʝʜʦʩʪʘʪʘʢʘ, ʧʨʠʤʝʥʘ ʪʠʭ ʫʨʝʹʘʿʘ ʫ ʪʝʭʥʦʣʦʰʢʠʤ ʠ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʤ ʘʧʣʠʢʘʮʠʿʘʤʘ ʿʝ ʯʝʩʪʦ ʦʛʨʘʥʠʯʝʥʘ. 

ʂʦʤʧʦʟʠʪʠ ʫ ʦʙʣʠʢʫ ʚʣʘʢʘʥʘ ʜʠʟʘʿʥʠʨʘʥʠ ʟʘ ʠʟʨʘʜʫ ʄɽʄʉ-ʘ ʫʛʣʘʚʥʦʤ ʩʫ ʙʘʟʠʨʘʥʠ 

ʥʘ ʩʠʣʠʢʦʥʫ, ʘʣʠ ˁʠʭʦʚʝ ʤʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ ʥʠʩʫ ʫʚʝʢ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ [180]. ɼʦʜʘʪʥʦ, 

ʤʘʛʥʝʪʥʦ ʢʦʥʪʨʦʣʠʩʘʥʝ ʪʫʙʫʣʘʨʥʝ ʥʘʥʦʩʪʨʫʢʪʫʨʝ ʧʨʝʜʦʤʠʥʘʥʪʥʦ ʩʫ ʥʘʧʨʘʚˀʝʥʝ ʦʜ 

ʫʛˀʝʥʠʯʥʠʭ ʥʘʥʦʮʝʚʠ ʠ ʚʣʘʢʘʥʘ, ʧʘ ʩʝ ˁʠʭʦʚʘ ʧʨʠʤʝʥʘ ʫ ʮʠˀʘʥʦʿ ʠʩʧʦʨʫʮʠ ʣʝʢʦʚʘ 

ʜʦʚʦʜʠ ʫ ʧʠʪʘˁʝ ʟʙʦʛ ʧʦʪʝʥʮʠʿʘʣʥʝ ʪʦʢʩʠʯʥʦʩʪʠ [175, 181]. 

ʇʨʠ ʠʟʨʘʜʠ ʥʦʚʝ ʛʝʥʝʨʘʮʠʿʝ ʢʦʤʧʦʥʝʥʘʪʘ ʄɽʄʉ ʫʨʝʹʘʿʘ, ʪʨʝʙʘ ʩʝ ʫʩʤʝʨʠʪʠ ʥʘ 

ʨʘʟʚʦʿ ʥʦʚʠʭ ʚʣʘʢʥʘʩʪʠʭ ʤʠʢʨʦ- ʠʣʠ ʥʘʥʦ- ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʫ ʥʝʪʦʢʩʠʯʥʠ ʟʘ 

ˀʫʜʝ ʠ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. 

 

2.6. ʌʠʟʠʯʢʝ ʠ ʭʝʤʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ MgO 

ʄʘʛʥʝʟʠʿʫʤ-ʦʢʩʠʜ (ʄgO, ʧʝʨʠʢʣʘʩ) ʿʝ ʥʝʦʨʛʘʥʩʢʦ ʿʝʜʠˁʝˁʝ, ʠʤʘ ʢʨʠʩʪʘʣʥʫ 

ʩʪʨʫʢʪʫʨʫ ʢʫʙʥʦʛ ʪʠʧʘ ʠ ʢʨʠʩʪʘʣʠʰʝ ʫ ʧʨʦʩʪʦʨʥʦʿ ʛʨʫʧʠ Fm3m (ʉʣʠʢʘ 2.16.) [182].  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ                                                                                          ʊʝʦʨʠʿʩʢʠ ʜʝʦ                                                                                                        
 

45 
 

 

ʉʣʠʢʘ 2.16. ʂʨʠʩʪʘʣʥʘ ʩʪʨʫʢʪʫʨʘ ʧʝʨʠʢʣʘʩʘ [183] 

ʄʘʛʥʝʟʠʿʫʤ-ʦʢʩʠʜ ʠʤʘ ʧʨʠʤʝʥʫ ʫ ʢʘʪʘʣʠʟʠ [184-188], ʨʝʤʝʜʠʿʘʮʠʿʠ ʪʦʢʩʠʯʥʦʛ 

ʦʪʧʘʜʘ [189], ʢʘʦ ʦʿʘʯʠʚʘʯ, ʢʘʦ ʘʜʠʪʠʚ ʫ ʠʥʜʫʩʪʨʠʿʠ ʚʘʪʨʦʩʪʘʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʙʦʿʘ ʠ 

ʩʫʧʝʨʧʨʦʚʦʜʥʠʢʘ [190, 191], ʠʪʜ. ʆʜʣʠʢʫʿʫ ʛʘ ʜʦʙʨʘ ʧʫʬʝʨʩʢʘ ʘʢʪʠʚʥʦʩʪ, ʪʦʧʣʦʪʥʘ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪ, ʠʟʦʣʘʪʦʨʩʢʝ ʦʩʦʙʠʥʝ ʠ ʪʝʨʤʘʣʥʘ ʧʨʦʚʦʜˀʠʚʦʩʪ [192]. 

ʆʜ ʧʦʩʝʙʥʦʛ ʟʥʘʯʘʿʘ ʫ ʠʥʜʫʩʪʨʠʿʠ ʩʫ ʚʣʘʢʥʘ ʤʘʛʥʝʟʠʿʫʤ-ʦʢʩʠʜʘ ʟʘʪʦ ʰʪʦ ʠʤʘʿʫ 

ʚʠʩʦʢʫ ʪʘʯʢʫ ʪʦʧˀʝˁʘ (2800 ÁC), ʰʪʦ ʠʤ ʦʤʦʛʫ˂ʘʚʘ ʜʦʙʨʝ ʠʟʦʣʘʮʠʦʥʝ ʦʩʦʙʠʥʝ [193]. 

ɺʣʘʢʥʘ MgO ʤʦʛʫ ʜʘ ʩʝ ʩʠʥʪʝʪʠʰʫ ʨʘʟʣʠʯʠʪʠʤ ʤʝʪʦʜʘʤʘ ʫʢˀʫʯʫʿʫ˂ʠ ʩʦʣ-ʛʝʣ 

ʤʝʪʦʜʫ [194], ʜʝʧʦʟʠʮʠʿʫ ʧʘʨʘ [195], ʝʣʝʢʪʨʦʩʧʠʥʠʥʛ [196] ʠ ʜʝʭʠʜʨʘʪʘʮʠʿʫ ʤʘʛʥʝʟʠʿʫʤ- 

ʭʠʜʨʦʢʩʠʜʘ [197]. ʇʨʝʛʣʝʜʦʤ ʣʠʪʝʨʘʪʫʨʝ, ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʥʝ ʧʦʩʪʦʿʝ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʝ 

ʙʘʚʝ ʜʦʙʠʿʘˁʝʤ ʄgO ʚʣʘʢʘʥʘ ʢʦʨʠʩʪʝ˂ʠ ʧʨʠʨʦʜʥʘ ʚʣʘʢʥʘ ʢʘʦ ʤʘʪʨʠʮʫ. 

 

2.7. ʌʠʟʠʯʢʝ ʠ ʭʝʤʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ Mg(OH)2 

ʄʘʛʥʝʟʠʿʫʤ-ʭʠʜʨʦʢʩʠʜ (Mg(OH)2, ʙʨʫʮʠʪ) ʿʝ ʭʠʜʨʘʪʘʮʠʦʥʠ ʧʨʦʠʟʚʦʜ ʤʘʛʥʝʟʠʿʫʤ- 

ʦʢʩʠʜʘ. ʀʤʘ ʢʨʠʩʪʘʣʥʫ ʩʪʨʫʢʪʫʨʫ ʭʝʢʩʘʛʦʥʘʣʥʦʛ ʪʠʧʘ ʠ ʢʨʠʩʪʘʣʠʰʝ ʫ ʧʨʦʩʪʦʨʥʦʿ ʛʨʫʧʠ P 

σm1 (ʉʣʠʢʘ 2.17.).  
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ʉʣʠʢʘ 2.17. ʂʨʠʩʪʘʣʥʘ ʩʪʨʫʢʪʫʨʘ ʧʝʨʠʢʣʘʩʘ [198] 

ʂʦʨʠʩʪʠ ʩʝ ʫ ʧʘʧʠʨʥʦʿ ʠ ʬʘʨʤʘʮʝʫʪʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ, ʢʘʦ ʠ ʫ ʪʨʝʪʤʘʥʫ ʦʪʧʘʜʥʠʭ 

ʚʦʜʘ [199]. ʄʘʛʥʝʟʠʿʫʤ-ʭʠʜʨʦʢʩʠʜ ʫ ʦʙʣʠʢʫ ʧʨʘʭʘ ʢʦʨʠʩʪʠ ʩʝ ʢʘʦ ʪʟʚ. ʨʝʪʘʨʜʘʥʪ ʠ ʢʘʦ 

ʘʜʠʪʠʚ ʫ ʠʥʜʫʩʪʨʠʿʠ ʧʦʣʠʤʝʨʘ ʟʘ ʩʫʟʙʠʿʘˁʝ ʜʠʤʘ [200, 201]. 

ɼʦʙʠʿʘˁʝ ʤʘʛʥʝʟʠʿʫʤ-ʭʠʜʨʦʢʩʠʜʘ ʦʜʨʝʹʝʥʝ ʤʦʨʬʦʣʦʛʠʿʝ, ʚʝʣʠʯʠʥʝ ʠ ʢʨʠʩʪʘʣʥʝ 

ʩʪʨʫʢʪʫʨʝ ʿʝ ʚʝʦʤʘ ʚʘʞʥʦ ʟʘ ʨʘʟʣʠʯʠʪʝ ʠʥʜʫʩʪʨʠʿʩʢʝ ʩʚʨʭʝ, ʥʘʨʦʯʠʪʦ ʟʘ ʧʨʦʠʟʚʦʜˁʫ 

ʨʝʪʘʨʜʘʥʘʪʘ ʧʦʜ ʚʠʩʦʢʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ. ʈʘʟʣʠʯʠʪʠ ʦʙʣʠʮʠ ʤʘʛʥʝʟʠʿʫʤ-ʭʠʜʨʦʢʩʠʜʘ 

(ʠʛʣʠʯʘʩʪ, ʰʪʘʧʠ˂ʘʩʪ, ʦʙʣʠʢ ʮʚʝʪʘ, ʣʘʤʝʣʘʨʥʠ) ʤʦʛʫ ʙʠʪʠ ʩʠʥʪʝʪʠʩʘʥʠ ʨʘʟʣʠʯʠʪʠʤ 

ʤʝʪʦʜʘʤʘ (ʭʠʜʨʦʪʝʨʤʘʣʥʘ ʩʠʥʪʝʟʘ, ʩʦʣ-ʛʝʣ, ʧʨʝʮʠʧʠʪʘʮʠʿʘ, ʝʣʝʢʪʨʦʭʝʤʠʿʩʢʘ ʩʠʥʪʝʟʘ) [202-

207].  

 

2.8. ʆʩʥʦʚʝ ʪʝʦʨʠʿʩʢʠʭ ʤʝʪʦʜʘ 

ʋ ʜʦʤʝʥʫ ʢʚʘʥʪʥʝ ʭʝʤʠʿʝ, ab initio ʧʨʠʩʪʫʧ ʧʦʜʨʘʟʫʤʝʚʘ ʨʘʯʫʥʘˁʝ ʦʩʦʙʠʥʘ 

ʤʦʣʝʢʫʣʘ ʠʣʠ ʢʨʠʩʪʘʣʘ ʙʝʟ ʫʧʦʪʨʝʙʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ, ʧʨʠ ʯʝʤʫ ʦʚʘʿ ʧʨʦʨʘʯʫʥ 

ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʩʚʝ ʘʪʦʤʩʢʝ ʯʝʩʪʠʮʝ (ʝʣʝʢʪʨʦʥʝ ʠ ʿʝʟʛʨʦ) [208]. ʇʨʠ ʨʘʯʫʥʘˁʫ, ʥʘʿʧʨʝ ʩʝ 

ʧʨʦʫʯʘʚʘ ʝʣʝʢʪʨʦʥʩʢʠ ʩʠʩʪʝʤ ʥʠʟʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ, ʢʘʢʦ ʙʠ ʩʝ ʦʜʨʝʜʠʣʠ ʦʧʪʠʤʠʟʦʚʘʥʠ 

ʧʦʣʦʞʘʿʠ ʘʪʦʤʘ ʢʦʿʠ ʜʘʿʫ ʤʠʥʠʤʘʣʥʫ ʫʢʫʧʥʫ ʝʥʝʨʛʠʿʫ ʧʦ ʧʨʠʤʠʪʠʚʥʦʿ ˂ʝʣʠʿʠ. ʂʚʘʥʪʥʘ 

ʭʝʤʠʿʘ ʯʚʨʩʪʠʭ ʬʘʟʘ ʥʘ ʦʩʥʦʚʫ ʝʣʝʢʪʨʦʥʩʢʝ ʩʪʨʫʢʪʫʨʝ ʧʨʦʫʯʘʚʘ ʬʠʟʠʯʢʝ ʠ ʭʝʤʠʿʩʢʝ 
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ʦʩʦʙʠʥʝ ʯʚʨʩʪʠʭ ʪʝʣʘ/ʬʘʟʘ ʦʜ ʠʥʪʝʨʝʩʘ. ʆʚʝ ʦʩʦʙʠʥʝ ʫʚʝʢ ʟʘʚʠʩʝ ʦʜ ʠʟʙʦʨʘ ʬʫʥʢʮʠʿʝ 

ʭʘʤʠʣʪʦʥʠʿʘʥʘ. ʍʘʤʠʣʪʦʥʠʿʘʥ ʧʨʝʜʩʪʘʚˀʘ ʟʙʠʨ ʦʧʝʨʘʪʦʨʘ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ 

ʝʣʝʢʪʨʦʥʩʢʦʛ ʛʘʩʘ (Ὕ) , ʦʧʝʨʘʪʦʨʘ ʧʦʪʝʥʮʠʿʘʣʥʝ ʝʥʝʨʛʠʿʝ ʝʣʝʢʪʨʦʥ-ʝʣʝʢʪʨʦʥ ʠʥʪʝʨʘʢʮʠʿʝ 

(ὠ ) ʠ ʦʧʝʨʘʪʦʨʘ ʧʦʪʝʥʮʠʿʘʣʥʝ ʝʥʝʨʛʠʿʝ ʝʣʝʢʪʨʦʥ-ʿʝʟʛʨʦ ʠʥʪʝʨʘʢʮʠʿʝ (ὠ ) [209]. 

ʈʘʩʧʦʨʝʜ ʘʪʦʤʘ ʫʥʫʪʘʨ ʩʪʘʙʠʣʥʝ/ʤʝʪʘʩʪʘʙʠʣʥʝ ʤʦʜʠʬʠʢʘʮʠʿʝ ʥʘʿʯʝʰ˂ʝ ʟʘʚʠʩʠ ʦʜ 

ʨʘʩʧʦʨʝʜʘ ʝʣʝʢʪʨʦʥʘ. ʋ ʩʣʫʯʘʿʫ ʧʣʝʤʝʥʠʪʠʭ ʛʘʩʦʚʘ, ʧʦʿʝʜʠʥʘʯʥʠ ʘʪʦʤʠ ʩʣʘʙʦ ʠʥʪʝʨʘʛʫʿʫ, 

ʧʘ ʿʝ ʛʘʩʦʚʠʪʘ ʬʘʟʘ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠ ʩʪʘʙʠʣʥʘ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ. ʋ ʩʚʠʤ ʜʨʫʛʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ, ʤʝʹʫʜʝʿʩʪʚʦ ʘʪʦʤʘ ʜʦʚʦˀʥʦ ʿʝ ʿʘʢʦ ʜʘ ʩʝ ʬʦʨʤʠʨʘ ʯʚʨʩʪʘ ʬʘʟʘ. ʅʘʩʪʘʿʘˁʝ 

ʛʘʩʦʚʠʪʝ ʬʘʟʝ ʤʦʛʫ˂ʝ ʿʝ ʩʘʤʦ ʥʘ ʚʠʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠʟʦʣʘʮʠʿʦʤ ʘʪʦʤʘ. ʋ ʥʦʨʤʘʣʥʠʤ 

ʫʩʣʦʚʠʤʘ, ʢʘʢʦ ʙʠ ʥʘʩʪʘʣʘ ʩʪʘʙʠʣʥʘ ʩʪʨʫʢʪʫʨʘ, ʤʦʨʘ ʧʦʩʪʦʿʘʪʠ ʧʦʚʝʟʘʥʦʩʪ ʘʪʦʤʘ. ʋ ʛʨʫʧʠ 

ʘʪʦʤʘ, ʝʣʝʢʪʨʦʥʠ ʤʦʛʫ ʧʦʩʪʦʿʘʪʠ ʩʘʤʦ ʫ ʧʦʿʝʜʠʥʘʯʥʠʤ ʘʪʦʤʠʤʘ ʠ ʦʜʨʝʹʝʥʠʤ ʩʪʘˁʠʤʘ, ʘ 

ʝʥʝʨʛʠʿʝ ʦʚʠʭ ʩʪʘˁʘ ʩʝ ʤʘʪʝʤʘʪʠʯʢʠ ʨʘʯʫʥʘʿʫ ʢʘʦ ʩʚʦʿʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ ʭʘʤʠʣʪʦʥʠʿʘʥʘ ʟʘ 

ʜʘʪʠ ʭʝʤʠʿʩʢʠ ʩʠʩʪʝʤ, ʧʨʠ ʯʝʤʫ ʩʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʪʘʣʘʩʥʝ ʬʫʥʢʮʠʿʝ ʥʘʣʘʟʝ ʢʘʦ ʪʝʦʨʠʿʩʢʘ 

ʨʝʰʝˁʘ ʐʨʝʜʠʥʛʝʨʦʚʝ ʿʝʜʥʘʯʠʥʝ: 

Ὄ  Ὁ  

ʛʜʝ ʿʝ: 

H - ʭʘʤʠʣʪʦʥʠʿʘʥ ʭʝʤʠʿʩʢʦʛ ʩʠʩʪʝʤʘ, 

Ɋ ï ʪʘʣʘʩʥʘ ʬʫʥʢʮʠʿʘ, 

ɽ ï ʝʥʝʨʛʠʿʘ ʩʠʩʪʝʤʘ [209]. 

ʈʝʰʝˁʝ ʦʚʝ ʤʘʪʝʤʘʪʠʯʢʝ ʿʝʜʥʘʯʠʥʝ ʟʘ ʚʠʰʝ-ʘʪʦʤʩʢʠ ʩʠʩʪʝʤ ʿʝ ʦʙʠʯʥʦ ʿʘʢʦ ʪʝʰʢʦ ʠ 

ʛʦʪʦʚʦ ʥʝʤʦʛʫ˂ʝ ʨʝʰʠʪʠ, ʧʘ ʩʝ ʟʙʦʛ ʪʦʛʘ ʢʦʨʠʩʪʝ ʤʘʪʝʤʘʪʠʯʢʝ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʢʦʿʝ ʥʘ 

ʦʩʥʦʚʫ ʧʨʦʨʘʯʫʥʘ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʤʦʛʫ ʜʘʪʠ ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʪʘʣʘʩʥʠʤ 

ʬʫʥʢʮʠʿʘʤʘ Ɋ ʠ ʝʣʝʢʪʨʦʥʠʤʘ ʫ ʚʠʰʝʘʪʦʤʩʢʦʤ ʩʠʩʪʝʤʫ [209]. ɱʝʜʥʘ ʦʜ ʥʘʿʧʦʟʥʘʪʠʿʠʭ 

ʤʘʪʝʤʘʪʠʯʢʠʭ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʟʘ ʦʧʠʩ ʩʠʩʪʝʤʘ ʩʘ ʚʠʰʝ ʝʣʝʢʪʨʦʥʘ ʿʝ ʪʝʦʨʠʿʘ ʬʫʥʢʮʠʦʥʘʣʘ 

ʛʫʩʪʠʥʝ-DFT (ʝʥʛʣ. ĂDensity Functional Theoryñ) [209]. 
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2.8.1. ʊʝʦʨʠʿʘ ʬʫʥʢʮʠʦʥʘʣʘ ʛʫʩʪʠʥʝ (DFT) 

ʊʝʦʨʠʿʘ ʬʫʥʢʮʠʦʥʘʣʘ ʛʫʩʪʠʥʝ (DFT) ʦʙʿʘʰˁʘʚʘ ʢʦʨʝʣʘʮʠʿʫ ʠʟʤʝʹʫ ʝʣʝʢʪʨʦʥʩʢʝ 

ʛʫʩʪʠʥʝ ʠ ʫʢʫʧʥʝ ʝʥʝʨʛʠʿʝ ʩʠʩʪʝʤʘ ʠ ʧʨʠʤʝˁʫʿʝ ʩʝ ʫ ʬʠʟʠʮʠ ʯʚʨʩʪʦʛ ʩʪʘˁʘ. ʄʝʪʦʜʝ 

ʧʨʦʨʘʯʫʥʘ ʟʘʩʥʦʚʘʥʝ ʥʘ ʦʚʦʿ ʪʝʦʨʠʿʠ, ʫ ʜʘʥʘʰˁʝ ʚʨʝʤʝ ʩʫ ʜʦʩʪʘ ʟʘʩʪʫʧˀʝʥʝ ʿʝʨ ʢʦʨʠʩʪʝ 

ʤʘˁʝ ʙʘʟʠʯʥʝ ʩʝʪʦʚʝ, ʫʟ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʫ ʪʘʯʥʦʩʪ. DFT ʢʦʨʠʩʪʠ ʂʦʥ-ʐʘʤʦʚʫ (ʂʐ) 

ʿʝʜʥʘʯʠʥʫ, ʢʦʿʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʐʨʝʜʠʥʛʝʨʦʚʦʿ ʿʝʜʥʘʯʠʥʠ ʩʘ ʪʠʤʝ ʰʪʦ ʘʣʛʦʨʠʪʘʤ ʟʘ 

ʨʝʰʘʚʘˁʝ ʂʐ ʿʝʜʥʘʯʠʥʝ ʠʤʘ ʚʝ˂ʫ ʚʨʝʤʝʥʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʦʜ ʙʠʣʦ ʢʦʛ ʘʣʛʦʨʠʪʤʘ ʟʘ 

ʨʝʰʘʚʘˁʝ ʐʨʝʜʠʥʛʝʨʦʚʝ ʿʝʜʥʘʯʠʥʝ. ʆʩʥʦʚʥʠ ʧʨʠʥʮʠʧ ʦʚʝ ʪʝʦʨʠʿʝ ʿʝ ʜʘ ʩʝ ʝʥʝʨʛʠʿʘ 

ʦʩʥʦʚʥʦʛ ʩʪʘˁʘ ʩʠʩʪʝʤʘ ʦʜʨʝʹʫʿʝ ʧʨʝʢʦ ʝʣʝʢʪʨʦʥʩʢʝ ʛʫʩʪʠʥʝ ʪʦʛ ʩʪʘˁʘ: 

”ὶᴼ ὶȟὶȣὶ ᴼὠὶ 

ʛʜʝ ʿʝ ʧʦʪʨʝʙʥʦ ʧʦʟʥʘʚʘˁʝ ʪʘʣʘʩʥʝ ʬʫʥʢʮʠʿʝ ʠ ʧʦʪʝʥʮʠʿʘʣʘ ʟʘ ʧʦʟʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ɟ (r). 

[209, 210]. ʊʝʦʨʠʿʘ ʿʝ ʬʦʨʤʫʣʠʩʘʥʘ ʢʨʦʟ ʜʚʝ ʪʝʦʨʝʤʝ: ʍʦʝʥʙʝʨʛʘ ʠ ʂʦʥʘ [211] ʠ ʂʦʥʘ ʠ 

ʐʘʤʘ [212], ʘ ʟʘ ʜʦʧʨʠʥʦʩ ʨʘʟʚʦʿʘ ʦʚʝ ʪʝʦʨʠʿʝ, ʂʦʥ ʿʝ 1998. ʛʦʜʠʥʝ ʜʦʙʠʦ ʅʦʙʝʣʦʚʫ 

ʥʘʛʨʘʜʫ. ʆʚʝ ʪʝʦʨʝʤʝ ʛʣʘʩʝ: 

ʊʝʦʨʝʤʘ 1: ʋ ʩʠʩʪʝʤʫ ʛʜʝ ʧʦʩʪʦʿʠ ʤʝʹʫʜʝʣʦʚʘˁʝ ʯʝʩʪʠʮʘ, ʤʦʞʝ ʩʝ, ʢʘʦ ʿʝʜʠʥʩʪʚʝʥʦ 

ʨʝʰʝˁʝ ʧʨʦʥʘ˂ʠ ʚʘˁʩʢʠ ʧʦʪʝʥʮʠʿʘʣ (V(r)) ʧʦʤʦ˂ʫ ʛʫʩʪʠʥʝ ʦʩʥʦʚʥʦʛ ʩʪʘˁʘ n0 (r); 

ʊʝʦʨʝʤʘ 2: ʋʥʠʚʝʨʟʘʣʥʘ ʬʫʥʢʮʠʿʘ ʟʘ ʝʥʝʨʛʠʿʫ E[n]  ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʧʨʝʢʦ ʛʫʩʪʠʥʝ n(r) 

ʟʘ ʙʠʣʦ ʢʦʿʫ ʚʨʝʜʥʦʩʪ ʚʘˁʩʢʦʛ ʧʦʪʝʥʮʠʿʘʣʘ V(r). ʊʘʜʘ ʿʝ ʪʘʯʥʘ ʚʨʝʜʥʦʩʪ ʝʥʝʨʛʠʿʝ ʦʩʥʦʚʥʦʛ 

ʩʪʘˁʘ ʩʠʩʪʝʤʘ ʟʘ ʧʦʪʝʥʮʠʿʘʣ V(r), ʟʘʧʨʘʚʦ, ʛʣʦʙʘʣʥʠ ʤʠʥʠʤʫʤ ʦʚʝ ʬʫʥʢʮʠʿʝ, ʘ ʛʫʩʪʠʥʘ n(r) 

ʢʦʿʘ ʤʠʥʠʤʠʟʫʿʝ ʬʫʥʢʮʠʿʫ ʿʝ ʫʧʨʘʚʦ ʛʫʩʪʠʥʘ ʦʩʥʦʚʥʦʛ ʩʪʘˁʘ n0(r) [209]. 

ʋ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʫ ʧʨʦʨʘʯʫʥʠʤʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʭʠʙʨʠʜʥʘ B3LYP 

ʤʝʪʦʜʘ ʢʦʿʘ ʿʝ ʜʦʙʠʣʘ ʠʤʝ ʧʦ ʘʫʪʦʨʠʤʘ (Becke, Lee, Yang, Parr) [213]. ʆʚʘ ʤʝʪʦʜʘ 

ʢʦʤʙʠʥʫʿʝ ʬʫʥʢʮʠʦʥʘʣʝ ʝʣʝʢʪʨʦʥʩʢʝ ʨʘʟʤʝʥʝ ʠʟ DFT ʠ ʍʘʨʪʨʠ-ʌʦʢ ʪʝʦʨʠʿʝ [214]. 
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2.8.2. ɹʘʟʠʯʥʠ ʩʝʪʦʚʠ 

ɿʘ ʧʨʝʜʩʪʘʚˀʘˁʝ ʝʣʝʢʪʨʦʥʩʢʠʭ ʪʘʣʘʩʥʠʭ ʬʫʥʢʮʠʿʘ ʫ ʪʝʦʨʠʿʠ ʬʫʥʢʮʠʦʥʘʣʘ ʛʫʩʪʠʥʝ, 

ʧʨʦʨʘʯʫʥʠ ʩʝ ʫʛʣʘʚʥʦʤ ʠʟʚʦʜʝ ʧʨʠʤʝʥʦʤ ʢʦʥʘʯʥʦʛ ʥʠʟʘ ʙʘʟʠʯʥʠʭ ʩʝʪʦʚʘ. ɹʘʟʠʯʥʠ ʩʝʪ ʩʝ 

ʦʧʠʩʫʿʝ ʢʘʦ ʩʢʫʧ (ʙʘʟʠʯʥʠʭ) ʬʫʥʢʮʠʿʘ ʢʦʿʝ ʧʨʝʪʚʘʨʘʿʫ ʧʘʨʮʠʿʘʣʥʝ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ 

ʿʝʜʥʘʯʠʥʝ ʤʦʜʝʣʘ ʫ ʘʣʛʝʙʘʨʩʢʝ ʿʝʜʥʘʯʠʥʝ ʢʦʿʝ ʩʫ ʧʦʛʦʜʥʝ ʟʘ ʨʘʯʫʥʘʨʩʢʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ 

[215]. ʇʦʩʪʦʿʝ ʪʨʠ ʦʩʥʦʚʥʘ ʪʠʧʘ ʙʘʟʠʯʥʠʭ ʩʝʪʦʚʘ ʢʦʿʝ ʦʜʨʝʹʫʿʫ ʤʝʪʦʜʝ ʟʘ ʨʘʯʫʥʘˁʝ 

ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʪʨʫʢʪʫʨʘ ʫ ʢʨʠʩʪʘʣʠʤʘ: ʤʝʪʦʜʘ ʘʪʦʤʩʢʠʭ ʩʬʝʨʘ-AS (ʝʥʛʣ. Ăatomic-sphereñ), 

ʤʝʪʦʜʝ ʥʘ ʙʘʟʠ ʪʘʣʘʩʘ-PW (ʝʥʛʣ. Ăplane-waveñ) ʠ ʤʝʪʦʜʝ ʣʠʥʝʘʨʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʘʪʦʤʩʢʠʭ 

ʦʨʙʠʪʘʣʘ-LCAO (ʝʥʛʣ. Ălinear combination of atomic orbitalsñ). ʂʦʜ ʧʨʠʤʝʥʝ ʤʝʪʦʜʝ LCAO, 

ʙʘʟʠʯʥʠ ʩʝʪ ʿʝ ʩʘʩʪʘʚˀʝʥ ʦʜ ʢʦʥʘʯʥʦʛ ʙʨʦʿʘ ʘʪʦʤʩʢʠʭ ʦʨʙʠʪʘʣʘ [209].  

ʇʨʠʤʝʥʘ ʧʩʝʫʜʦʧʦʪʝʥʮʠʿʘʣʘ-PP (ʝʥʛʣ. Ăpseudopotentialsñ) ʧʦʜʨʘʟʫʤʝʚʘ ʪʝʦʨʠʿʩʢʦ 

ʤʦʜʝʣʦʚʘˁʝ ʠʩʢˀʫʯʠʚʦ ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʘ, ʜʦʢ ʩʫ ʜʨʫʛʠ ʝʣʝʢʪʨʦʥʠ ʢʦʿʠ ʥʝ ʬʦʨʤʠʨʘʿʫ 

ʭʝʤʠʿʩʢʝ ʚʝʟʝ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʨʝʜˁʠʤ ʧʦʪʝʥʮʠʿʘʣʦʤ ʠ ʥʝ ʧʦʩʤʘʪʨʘʿʫ ʩʝ ʢʘʦ ʯʝʩʪʠʮʝ. ʅʘ 

ʦʚʘʿ ʥʘʯʠʥ, ʧʦʚʝ˂ʘʚʘ ʩʝ ʙʨʟʠʥʘ ʧʨʦʨʘʯʫʥʘ ʙʝʟ ʥʘʨʫʰʘʚʘˁʘ ʢʚʘʣʠʪʝʪʘ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ 

[209]. 

ɿʘ ʨʘʯʫʥʘˁʝ ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʪʨʫʢʪʫʨʘ ʧʝʨʠʦʜʠʯʥʠʭ ʩʠʩʪʝʤʘ ʧʨʠʤʝʥʦʤ ʨʘʟʣʠʯʠʪʠʭ 

ʤʘʪʝʤʘʪʠʯʢʠʭ ʘʧʨʦʢʩʠʤʘʮʠʿʘ, ʢʦʨʠʩʪʠ ʩʝ ʢʦʤʧʿʫʪʝʨʩʢʠ ʧʨʦʛʨʘʤ Crystal17. ʆʚʘʿ ʧʨʦʛʨʘʤ 

ʜʘʿʝ ʤʦʛʫ˂ʥʦʩʪ ʧʨʦʫʯʘʚʘˁʘ ʬʠʟʠʯʢʠʭ, ʝʣʝʢʪʨʦʥʩʢʠʭ ʠ ʤʘʛʥʝʪʥʠʭ ʦʩʦʙʠʥʘ ʤʦʣʝʢʫʣʘ, 

ʧʦʣʠʤʝʨʘ, ʧʦʚʨʰʠʥʘ ʠ ʢʨʠʩʪʘʣʘ [209]. 

 

2.8.3. ʈʘʯʫʥʘˁʝ ʤʝʭʘʥʠʯʢʠʭ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ ʦʩʦʙʠʥʘ CeO2 

ʂʫʙʥʝ ʤʦʜʠʬʠʢʘʮʠʿʝ CeO2 ʠʤʘʿʫ ʪʨʠ ʥʝʟʘʚʠʩʥʝ ʢʦʥʩʪʘʥʪʝ ï C11, C12 ʠ C44. ɿʘ 

ʢʫʙʠʯʥʠ ʩʠʩʪʝʤ, ʢʨʠʪʝʨʠʿʫʤʠ ʩʪʘʙʠʣʥʦʩʪʠ ʩʫ ʜʦʙʨʦ ʧʦʟʥʘʪʠ: 

C11  C12 > 0;  C11 + 2C12 > 0; C44 > 0 

ʀʩʧʫˁʝˁʝ ʦʚʠʭ ʫʩʣʦʚʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʠ ʜʦʚʦˀʥʦ. ʀʩʧʫˁʝˁʝ ʧʨʚʘ ʜʚʘ ʫʩʣʦʚʘ 

ʠʤʧʣʠʮʠʨʘ ʜʘ ʿʝ C11 > 0, ʪʘʢʦ ʜʘ ʩʝ ʯʝʩʪʦ ʥʘʚʦʜʠ ʠ ʢʘʦ ʜʦʜʘʪʥʠ ʫʩʣʦʚ. ʊʘʢʦʹʝ, ʧʨʚʠ ʫʩʣʦʚ 

ʩʝ ʤʦʞʝ ʧʨʠʢʘʟʘʪʠ ʠ ʢʘʦ C11 > |C12| [216].  
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ʂʘʢʦ ʙʠ ʩʝ ʧʨʦʮʝʥʠʣʝ ʝʣʘʩʪʠʯʥʝ ʠ ʤʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ ʥʝʢʝ ʢʨʠʩʪʘʣʥʝ ʩʪʨʫʢʪʫʨʝ, 

ʥʘʿʧʨʝ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʨʘʯʫʥʘʪʠ ʩʣʝʜʝ˂ʝ ʧʘʨʘʤʝʪʨʝ:  

-ʤʦʜʫʣ ʩʪʠʰˀʠʚʦʩʪʠ-B (ʝʥʛʣ. ĂBulk modulusñ)-ʧʨʝʜʩʪʘʚˀʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʧʫʮʘˁʝ, ʠ 

ʦʚʘʿ ʤʦʜʫʣ ʫʛʣʘʚʥʦʤ ʟʘʚʠʩʠ ʦʜ ʢʦʥʩʪʘʥʪʠ ʉ11 ʠ ʉ12, 

-ɱʫʥʛʦʚ ʤʦʜʫʣ ʝʣʘʩʪʠʯʥʦʩʪʠ-E (ʝʥʛʣ. ĂYoung modulusñ)-ʦʚʦ ʿʝ ʚʘʞʘʥ ʧʘʨʘʤʝʪʘʨ ʢʦʿʠ 

ʦʧʠʩʫʿʝ ʤʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ ʤʘʪʝʨʠʿʘʣʘ. ʋ ʧʨʠʥʮʠʧʫ, ʤʘʣʝ ʚʨʝʜʥʦʩʪʠ ɱʫʥʛʦʚʦʛ ʤʦʜʫʣʘ 

ʝʣʘʩʪʠʯʥʦʩʪʠ ʫʢʘʟʫʿʫ ʥʘ ʙʦˀʫ ʧʣʘʩʪʠʯʥʦʩʪ ʤʘʪʝʨʠʿʘʣʘ,  

-ʤʦʜʫʣ ʩʤʠʮʘˁʘ-ʂ (ʝʥʛʣ. Ăshear modulusñ)-ʧʨʝʜʩʪʘʚˀʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʧʨʦʤʝʥʫ 

ʦʙʣʠʢʘ ʧʦʜ ʜʝʿʩʪʚʦʤ ʩʠʣʝ ʠ ʦʚʘ ʚʨʝʜʥʦʩʪ ʫʛʣʘʚʥʦʤ ʟʘʚʠʩʠ ʦʜ ʢʦʥʩʪʘʥʪʝ ʝʣʘʩʪʠʯʥʦʩʪʠ ʉ44,  

-ʪʚʨʜʦ˂ʘ-Vh (ʝʥʛʣ. Ăhardnessñ)- ʪʚʨʜʦ˂ʘ ʤʘʪʝʨʠʿʘʣʘ ʟʘʚʠʩʠ ʤʥʦʛʦ ʚʠʰʝ ʦʜ ʤʦʜʫʣʘ 

ʩʤʠʮʘˁʘ, ʥʝʛʦ ʦʜ ʤʦʜʫʣʘ ʩʪʠʰˀʠʚʦʩʪʠ, ʠ ʦʜʥʦʩʠ ʩʝ ʥʘ ʝʣʘʩʪʠʯʥʝ ʠ ʧʣʘʩʪʠʯʥʝ ʦʩʦʙʠʥʝ 

ʧʦʣʠʢʨʠʩʪʘʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ  [217].  

ʆʜʥʦʩ ʠʟʤʝʹʫ ʤʦʜʫʣʘ ʩʪʠʰˀʠʚʦʩʪʠ ʠ ʤʦʜʫʣʘ ʩʤʠʮʘˁʘ (B/K) ʩʝ ʥʘʟʠʚʘ ʇʫʦʚ 

ʢʨʠʪʝʨʠʿʫʤ [218] ʠ ʦʥ ʧʦʚʝʟʫʿʝ ʤʝʭʘʥʠʯʢʝ ʠ ʝʣʘʩʪʠʯʥʝ ʦʩʦʙʠʥʝ ʤʘʪʝʨʠʿʘʣʘ. ʅʘ ʦʩʥʦʚʫ 

ˁʝʛʦʚʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʮʝˁʫʿʝ ʩʝ ʜʘ ʣʠ ʤʘʪʝʨʠʿʘʣ ʧʦʢʘʟʫʿʝ ʢʨʪʦʩʪ ʠʣʠ ʞʠʣʘʚʦʩʪ ʧʦʜ 

ʦʜʨʝʹʝʥʠʤ ʫʩʣʦʚʠʤʘ. ʂʨʠʪʠʯʥʘ ʚʨʝʜʥʦʩʪ ʇʫʦʚʦʛ ʢʨʠʪʝʨʠʿʫʤʘ ʿʝ 1.75, ʪʘʢʦ ʜʘ ʩʚʠ 

ʤʘʪʝʨʠʿʘʣʠ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʤʘˁʠʤ ʦʜ 1.75 ʧʦʢʘʟʫʿʫ ʢʨʪʦʩʪ, ʜʦʢ ʩʝ ʢʦʜ ʦʥʠʭ ʢʦʜ ʢʦʿʠʭ ʿʝ 

ʦʚʘʿ ʢʨʠʪʝʨʠʿʫʤ ʚʝ˂ʠ ʦʜ 1.75 ʦʯʝʢʫʿʝ ʜʘ ʧʦʢʘʟʫʿʫ ʞʠʣʘʚʦʩʪ.   

ʇʦʠʩʦʥʦʚ ʦʜʥʦʩ-v (ʝʥʛʣ. ĂPoisson's ratioñ) ʪʘʢʦʹʝ ʦʙʝʟʙʝʹʫʿʝ ʠʥʬʦʨʤʘʮʠʿʫ ʦ 

ʢʨʪʦʩʪʠ/ʞʠʣʘʚʦʩʪʠ ʤʘʪʝʨʠʿʘʣʘ, ʫʢʦʣʠʢʦ ʿʝ ʦʚʘ ʚʨʝʜʥʦʩʪ ʤʘˁʘ ʦʜ 0.26, ʤʘʪʝʨʠʿʘʣ ʿʝ ʢʨʪ, ʘ 

ʫʢʦʣʠʢʦ ʿʝ ʚʝ˂ʘ, ʤʘʪʝʨʠʿʘʣ ʿʝ ʞʠʣʘʚ. 

ʂʦʨʠʩʪʝ˂ʠ ʭʠʙʨʠʜʥʠ B3LYP ʬʫʥʢʮʠʦʥʘʣ, ʤʦʛʫ˂ʝ ʿʝ ʠʟʨʘʯʫʥʘʪʠ ʠ ʝʣʝʢʪʨʦʥʩʢʝ 

ʦʩʦʙʠʥʝ, ʪʿ. ʝʥʝʨʛʝʪʩʢʠ ʨʘʩʮʝʧ CeO2 ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʧʨʠʪʠʩʮʠʤʘ. 
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3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʝʦ 
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3.1. ɼʦʙʠʿʘˁʝ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʙʘʟʠ ʧʘʫʢʦʚʝ ʤʨʝʞʝ 

3.1.1. ʉʘʢʫʧˀʘˁʝ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ 

ɺʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʢʦʿʘ ʩʫ ʢʦʨʠʰ˂ʝʥʘ ʫ ʩʚʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʩʘʢʫʧˀʝʥʘ ʩʫ ʦʜ 

ʧʘʫʢʘ ʚʨʩʪʝ Pholcus phalangioides (Füssli) (ʉʣʠʢʘ 3.1.). ʇʘʫʮʠ ʩʫ ʛʘʿʝʥʠ ʫ ʯʠʩʪʦʤ 

ʦʢʨʫʞʝˁʫ, ʟʘʰʪʠ˂ʝʥʦʤ ʦʜ ʧʨʘʰʠʥʝ ʠ ʭʨʘˁʝʥʠ ʢʫ˂ʥʠʤ ʤʫʚʘʤʘ, ʿʝʜʥʦʤ ʥʝʜʝˀʥʦ. ʊʦʢʦʤ 

ʠʟʚʦʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ, ʢʦʨʠʰ˂ʝʥ ʿʝ ʠʟʦʧʨʦʧʠʣ-ʘʣʢʦʭʦʣ ʢʘʢʦ ʙʠ ʩʝ ʫʢʣʦʥʠʣʘ 

ʧʦʪʝʥʮʠʿʘʣʥʘ ʧʨʘʰʠʥʘ ʩʘ ʚʣʘʢʘʥʘ, ʘ ʟʘʪʠʤ ʩʫ ʚʣʘʢʥʘ ʠʩʧʨʘʥʘ ʜʝʩʪʠʣʦʚʘʥʦʤ ʚʦʜʦʤ ʠ 

ʦʩʫʰʝʥʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 50 ÁC ʫ ʪʨʘʿʘˁʫ ʦʜ 1 ʩʘʪʘ [219-221]. 

 

ʉʣʠʢʘ 3.1. ʀʟʛʣʝʜ ʧʘʫʢʘ Pholcus phalangioides [222] 
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3.1.2. ɼʦʙʠʿʘˁʝ ʢʦʤʧʦʟʠʪʘ ɺʇʄ ʠ CaCO3 

ʂʦʨʠʰ˂ʝˁʝʤ ʧʨʠʥʮʠʧʘ ʠʤʠʪʘʮʠʿʝ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ, ʧʨʠʧʨʝʤˀʝʥʘ ʿʝ ʩʝʨʠʿʘ 

ʫʟʦʨʘʢʘ, ʧʨʠ ʯʝʤʫ ʩʫ ʚʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ, ʢʦʨʠʰ˂ʝʥʘ ʢʘʦ ʤʘʪʨʠʮʘ ʟʘ ʩʠʥʪʝʟʫ ʢʦʤʧʦʟʠʪʘ 

ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʠ ʢʘʣʮʠʪʘ (ɺʇʄ/CaCO3). ʂʘʢʦ ʙʠ ʩʝ ʜʦʙʠʦ ʢʦʤʧʦʟʠʪ ɺʇʄ/CaCO3, 

ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʤʦʜʠʬʠʢʦʚʘʥʘ ʤʝʪʦʜʘ Xu ʠ ʩʘʨʘʜʥʠʢʘ [223]. ʈʝʘʢʪʘʥʪʠ ʢʦʨʠʰ˂ʝʥʠ ʫ ʩʠʥʪʝʟʠ 

ʩʫ ʩʣʝʜʝ˂ʝ ʢʦʤʝʨʮʠʿʘʣʥʝ ʩʫʧʩʪʘʥʮʝ: ʘʥʭʠʜʨʦʚʘʥʠ ʢʘʣʮʠʿʫʤ-ʭʣʦʨʠʜ ï CaCl2 (Sigma Aldrich, 

99,99%) ʠ ʘʤʦʥʠʿʫʤ-ʢʘʨʙʦʥʘʪ - (NH4)2CO3 (CENTROHEM, p.a., ʉʪʘʨʘ ʇʘʟʦʚʘ).  

ʊʦʢʦʤ ʠʟʚʦʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʜʚʝ ʧʝʪʨʠʿʝʚʝ ʰʦˀʝ ʧʦʩʪʘʚˀʝʥʝ ʩʫ ʫ ʝʢʩʠʢʘʪʦʨ 

(ʉʣʠʢʘ 3.2.). ʋ ʿʝʜʥʫ ʧʝʪʨʠʿʝʚʫ ʰʦˀʫ ʩʪʘʚˀʝʥ ʿʝ ʯʚʨʩʪʠ (NH4)2CO3, ʘ ʫ ʜʨʫʛʫ - ʨʘʩʪʚʦʨ 

CaCl2 ʢʦʥʮʝʥʪʨʘʮʠʿʝ 0,01 mol/dm
3 
ʫ ʢʦʿʠ ʩʫ ʫʨʦˁʝʥʘ ʚʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ. ʀʟʤʝʨʝʥʘ 

ʚʨʝʜʥʦʩʪ pH ʨʘʩʪʚʦʨʘ CaCl2 ʠʟʥʦʩʠʣʘ ʿʝ 6,1. ɽʢʩʠʢʘʪʦʨ ʿʝ ʧʦʩʪʘʚˀʝʥ ʫ ʩʫʰʥʠʮʫ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʦʜ 60 ÁC, ʰʪʦ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʢʦʿʦʿ ʩʝ ʘʤʦʥʠʿʫʤ-ʢʘʨʙʦʥʘʪ ʨʘʟʣʘʞʝ ʥʘ 

ʫʛˀʝʥ(IV)-ʦʢʩʠʜ (CO2) ʠ ʘʤʦʥʠʿʘʢ (NH3). ʆʚʘʿ ʧʦʩʪʫʧʘʢ ʿʝ ʧʦʥʘʚˀʘʥ ʧʝʪ ʜʘʥʘ (ʧʝʪ 

ʮʠʢʣʫʩʘ) ʫ ʮʠˀʫ ʧʨʘ˂ʝˁʘ ʬʦʨʤʠʨʘˁʘ ʤʠʥʝʨʘʣʘ ʢʘʣʮʠʪʘ. ʆʚʘʢʦ ʜʦʙʠʿʝʥʠ ʫʟʦʨʮʠ ʦʟʥʘʯʝʥʠ 

ʩʫ ʩʘ: ɺʇʄ-CaCO3-X, ʛʜʝ ʿʝ X - ʙʨʦʿ ʠʤʝʨʟʠʦʥʠʭ ʮʠʢʣʫʩʘ ʪʦʢʦʤ ʧʨʘ˂ʝˁʘ 

ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ (X=1-5) [219]. 

 

ʉʣʠʢʘ 3.2. ɸʧʘʨʘʪʫʨʘ ʟʘ ʧʨʠʧʨʝʤʫ ʩʝʨʠʿʝ ʫʟʦʨʘʢʘ ɺʇʄ-CaCO3-X (X=1-5) 
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3.1.3. ɼʦʙʠʿʘˁʝ ɺʇʄ ʦʙʣʦʞʝʥʠʭ CeO2 ʠ ɽu
3+ 
ʜʦʧʠʨʘʥʠʤ CeO2 

ʇʦʣʘʟʥʝ ʩʫʧʩʪʘʥʮʝ ʢʦʨʠʰ˂ʝʥʝ ʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘ ʜʦʙʠʿʘˁʝ ɺʇʄ ʦʙʣʦʞʝʥʠʭ 

ʥʘʥʦʯʝʩʪʠʯʥʠʤ CeO2 ʙʠʣʝ ʩʫ: ʮʝʨʠʿʫʤ-ʥʠʪʨʘʪ ʭʝʢʩʘʭʠʜʨʘʪ - Ce(NO3)3·6H2O (Alfa Aesar, 

99,5%) ʠ ʘʤʦʥʠʿʫʤ-ʭʠʜʨʦʢʩʠʜ - NH4OH (Centrohem, 25 vol.%, p.a.).  

CeO2 ʿʝ ʩʠʥʪʝʪʠʩʘʥ ʤʦʜʠʬʠʢʦʚʘʥʦʤ ʧʨʝʮʠʧʠʪʘʮʠʦʥʦʤ ʤʝʪʦʜʦʤ ʦʜ Chen and Chang 

[224]. ʄʝʪʦʜʘ ʭʝʤʠʿʩʢʝ ʧʨʝʮʠʧʠʪʘʮʠʿʝ ʿʝ ʿʝʜʥʘ ʦʜ ʥʘʿʯʝʰ˂ʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʟʘ ʜʦʙʠʿʘˁʝ 

ʥʘʥʦʯʝʩʪʠʯʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʆʚʦʤ ʤʝʪʦʜʦʤ, ʿʦʥʠ ʤʝʪʘʣʘ ʩʝ ʧʨʝʚʦʜʝ ʫ ʥʝʨʘʩʪʚʦʨʥʠ ʦʙʣʠʢ 

(ʯʝʩʪʠʮʝ), ʭʝʤʠʿʩʢʦʤ ʨʝʘʢʮʠʿʦʤ ʠʟʤʝʹʫ ʨʘʩʪʚʦʨʥʦʛ ʿʝʜʠˁʝˁʘ ʤʝʪʘʣʘ ʠ ʧʨʝʮʠʧʠʪʠʨʘʿʫ˂ʝʛ 

ʨʝʘʛʝʥʩʘ. ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠ ʧʨʝʮʠʧʠʪʠʨʘʿʫ˂ʠ ʨʝʘʛʝʥʩʠ ʩʫ ʭʠʜʨʦʢʩʠʜʠ, ʧʨʠ ʯʝʤʫ ʩʝ ʢʘʦ 

ʨʝʟʫʣʪʘʪ ʬʦʨʤʠʨʘʿʫ ʥʦʚʘ, ʩʣʘʙʦ ʨʘʩʪʚʦʨʥʘ ʿʝʜʠˁʝˁʘ. ɽʬʠʢʘʩʥʦʩʪ ʤʝʪʦʜʝ ʧʨʝʮʠʧʠʪʘʮʠʿʝ 

ʟʘʚʠʩʠ ʦʜ ʥʝʢʦʣʠʢʦ ʬʘʢʪʦʨʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʚʨʩʪʫ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʿʦʥʘ ʤʝʪʘʣʘ ʫ ʨʘʩʪʚʦʨʫ, 

pH ʨʘʩʪʚʦʨʘ, ʚʨʩʪʫ ʧʨʝʮʠʧʠʪʠʨʘʿʫ˂ʝʛ ʨʝʘʛʝʥʩʘ, ʢʘʦ ʠ ʧʨʠʩʫʩʪʚʦ ʠʥʭʠʙʠʪʦʨʘ 

ʧʨʝʮʠʧʠʪʘʮʠʿʝ [220]. 

ɺʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʩʫ ʫʨʦˁʝʥʘ ʫ ʚʦʜʝʥʝ ʨʘʩʪʚʦʨʝ Ce(NO3)3 ʢʦʥʮʝʥʪʨʘʮʠʿʘ 0,01, 

0,1 ʠ 0,5 mol/dm
3
 ʫ ʪʨʘʿʘˁʫ ʦʜ ʦʢʦ ʿʝʜʥʦʛ ʤʠʥʫʪʘ, ʥʘʢʦʥ ʯʝʛʘ ʿʝ ʩʤʝʰʠ ʜʦʜʘʪ ʨʘʩʪʚʦʨ 

ʘʤʦʥʠʿʫʤ-ʭʠʜʨʦʢʩʠʜʘ ʫ ʚʠʰʢʫ. ʉʢʦʨʦ ʤʦʤʝʥʪʘʣʥʦ, ʤʦʛʣʦ ʩʝ ʫʦʯʠʪʠ ʩʪʚʘʨʘˁʝ 

ʞʝʣʘʪʠʥʦʟʥʦʛ ʩʚʝʪʣʦʞʫʪʦʛ ʪʘʣʦʛʘ (ʉʣʠʢʘ 3.3.). ʅʘʢʦʥ ʤʝʰʘˁʘ ʧʨʝʮʠʧʠʪʘʪʘ ʫ ʪʨʘʿʘˁʫ ʦʜ 

ʥʝʢʦʣʠʢʦ ʤʠʥʫʪʘ, ʚʣʘʢʥʘ ʩʫ ʫʢʣʦˁʝʥʘ ʠʟ ʩʤʝʰʝ, ʠʩʧʨʘʥʘ ʜʝʩʪʠʣʦʚʘʥʦʤ ʚʦʜʦʤ ʠ ʦʩʫʰʝʥʘ ʫ 

ʩʫʰʥʠʮʠ ʥʘ 70 ÁC, ʧʨʝʢʦ ʥʦ˂ʠ. ʂʘʦ ʨʝʟʫʣʪʘʪ, ʥʘʥʦʯʝʩʪʠʮʝ ʮʝʨʠʿʫʤ-ʦʢʩʠʜʘ ʩʫ ʩʝ 

ʥʘʪʘʣʦʞʠʣʝ ʜʫʞ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ. ʅʘ ʦʩʥʦʚʫ ʧʦʯʝʪʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ Ce(NO3)3 (0,01, 

0,1 ʠ 0,5 mol/dm
3
), ʜʦʙʠʿʝʥʠ ʫʟʦʨʮʠ ʩʫ ʦʙʝʣʝʞʝʥʠ: ɺʇʄ 0.01, ɺʇʄ 0.1 ʠ ɺʇʄ 0.5 [220]. 
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ʉʣʠʢʘ 3.3. ʉʚʝʪʣʦʞʫʪ ʞʝʣʘʪʠʥʦʟʘʥ ʪʘʣʦʛ ʥʘʩʪʘʦ ʥʘʢʦʥ ʜʦʜʘʚʘˁʘ NH4OH ʫ ʨʘʩʪʚʦʨ 

Ce(NO3)3 

ʅʘ ʦʩʥʦʚʫ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʝ ʤʦʨʬʦʣʦʰʢʠʭ ʩʚʦʿʩʪʘʚʘ ʫʟʦʨʘʢʘ ʜʦʙʠʿʝʥʠʭ ʩʠʥʪʝʟʦʤ 

ʯʠʩʪʦʛ CeO2 ʫ ʧʨʠʩʫʩʪʚʫ ɺʇʄ, ʥʘʿʧʦʛʦʜʥʠʿʠ ʫʟʦʨʘʢ ʟʘ ʜʘˀʝ ʧʨʦʮʝʩʠʨʘˁʝ ʙʠʦ ʿʝ ɺʇʄ 0.1, 

ʪʘʢʦ ʜʘ ʿʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ Ce(NO3)3 ʦʜ 0,1 mol/dm
3
 ʠʟʘʙʨʘʥʘ ʟʘ ʜʘˀʝ ʝʢʩʧʝʨʠʤʝʥʪʝ.  

ʉʠʥʪʝʟʘ ʮʝʨʠʿʫʤ(IV)-ʦʢʩʠʜʘ ʧʦʥʦʚˀʝʥʘ ʿʝ ʥʘ ʠʩʪʠ ʥʘʯʠʥ, ʪʘʢʦ ʰʪʦ ʿʝ ʝʫʨʦʧʠʿʫʤ- 

ʥʠʪʨʘʪ Eu(NO3)3 ʜʦʜʘʪ ʫ ʨʘʩʪʚʦʨ ʮʝʨʠʿʫʤ-ʥʠʪʨʘʪʘ, ʪʘʢʦ ʜʘ ʤʦʣʘʨʥʠ ʫʜʝʦ Eu
3+ 
ʫ CeO2 ʙʫʜʝ 

1,5. ʆʚʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʠʟʘʙʨʘʥʘ ʿʝ ʥʘ ʦʩʥʦʚʫ ʣʠʪʝʨʘʪʫʨʝ ʢʘʦ ʦʧʪʠʤʘʣʥʘ ʟʘ ʧʦʩʪʠʟʘˁʝ 

ʤʘʢʩʠʤʘʣʥʦʛ ʝʤʠʩʠʦʥʦʛ ʠʥʪʝʥʟʠʪʝʪʘ CeO2 [149]. ʂʘʦ ʨʝʟʫʣʪʘʪ, ʜʦʙʠʿʝʥ ʿʝ ʯʚʨʩʪ ʨʘʩʪʚʦʨ 

ʮʝʨʠʿʝ Ce1-xEuxO2-ŭ (x = 0.015) [220]. 

 

3.1.4. ɼʦʙʠʿʘˁʝ ɺʇʄ ʦʙʣʦʞʝʥʠʭ ʥʘʥʦʯʝʩʪʠʮʘʤʘ ɔ-Fe2O3 

ɿʘ ʩʠʥʪʝʟʫ ʤʘʛʭʝʤʠʪʘ (ɔ-Fe2O3) ʥʘ ʚʣʘʢʥʠʤʘ ʧʘʫʯʠʥʝ (ɺʇʄ-ɔ-Fe2O3), ʦʜʘʙʨʘʥʘ ʿʝ 

ʤʝʪʦʜʘ ʢʦʧʨʝʮʠʧʠʪʘʮʠʿʝ ʫ ʚʦʜʝʥʦʤ ʨʘʩʪʚʦʨʫ ʢʘʦ ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠ ʠ ʥʘʿʝʬʠʢʘʩʥʠʿʠ ʥʘʯʠʥ 

ʧʨʦʠʟʚʦʜˁʝ ʤʘʛʥʝʪʥʠʭ ʥʘʥʦʯʝʩʪʠʮʘ, ʿʝʨ ʜʠʿʘʤʝʪʘʨ ʯʝʩʪʠʮʘ ʜʦʙʠʿʝʥʠʭ ʦʚʦʤ ʤʝʪʦʜʦʤ 

ʫʛʣʘʚʥʦʤ ʥʝ ʧʨʝʚʘʟʠʣʘʟʠ  50 nm [225].  
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ʅʘʥʦʯʝʩʪʠʮʝ ʤʘʛʭʝʤʠʪʘ ʜʦʙʠʿʝʥʝ ʩʫ ʿʝʜʥʦʩʪʘʚʥʦʤ ʤʝʪʦʜʦʤ ʧʨʝʮʠʧʠʪʘʮʠʿʝ. ɿʘ 

ʩʠʥʪʝʟʫ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʩʣʝʜʝ˂ʝ ʩʫʧʩʪʘʥʮʝ: ʛʚʦʞʹʝ(III)-ʥʠʪʨʘʪ ʥʦʥʘʭʠʜʨʘʪ - Fe(NO3)3  

9H2O (Fisher Chemical, analitical grade), ʘʤʦʥʠʿʫʤ-ʭʠʜʨʦʢʩʠʜ - NH4OH (Centrohem, 25 

vol.%, p.a.), ʜʝʩʪʠʣʦʚʘʥʘ ʚʦʜʘ ʠ ʚʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ. ɻʚʦʞʹʝ(III)-ʥʠʪʨʘʪ ʥʦʥʘʭʠʜʨʘʪ 

ʨʘʩʪʚʦʨʝʥ ʿʝ ʫ ʤʘʣʦʿ ʟʘʧʨʝʤʠʥʠ ʜʝʩʪʠʣʦʚʘʥʝ ʚʦʜʝ, ʥʘʢʦʥ ʯʝʛʘ ʩʫ ʫ ʦʚʘʿ ʨʘʩʪʚʦʨ ʫʨʦˁʝʥʘ 

ɺʇʄ. ʅʘʢʦʥ ʥʝʢʦʣʠʢʦ ʤʠʥʫʪʘ, ʫ ʩʤʝʰʫ ʿʝ ʜʦʜʘʪ ʘʤʦʥʠʿʫʤ-ʭʠʜʨʦʢʩʠʜ, ʪʘʢʦ ʜʘ ʿʝ ʤʦʣʘʨʥʠ 

ʦʜʥʦʩ ʛʚʦʞʹʝ(III)-ʥʠʪʨʘʪʘ ʠ NH4OH ʙʠʦ 1:5. ɼʦʜʘʪʢʦʤ NH4OH, ʤʦʛʘʦ ʩʝ ʫʦʯʠʪʠ ʥʘʩʪʘʥʘʢ 

ʪʘʣʦʛʘ ʪʘʤʥʦ ʮʨʚʝʥʝ ʙʦʿʝ (ʉʣʠʢʘ 3.4.). ʅʘʢʦʥ ʥʝʢʦʣʠʢʦ ʤʠʥʫʪʘ ʤʝʰʘˁʘ, ɺʇʄ ʩʫ ʫʢʣʦˁʝʥʘ 

ʠʟ ʩʤʝʰʝ, ʠʩʧʨʘʥʘ ʜʝʩʪʠʣʦʚʘʥʦʤ ʚʦʜʦʤ ʠ ʦʩʪʘʚˀʝʥʘ ʜʘ ʩʝ ʦʩʫʰʝ ʥʘ 70 ÁC ʧʨʝʢʦ ʥʦ˂ʠ. 

 

ʉʣʠʢʘ 3.4. ʉʠʥʪʝʟʘ ʤʘʛʭʝʤʠʪʘ ʥʘ ʚʣʘʢʥʠʤʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʤʝʪʦʜʦʤ ʭʝʤʠʿʩʢʝ 

ʧʨʝʮʠʧʠʪʘʮʠʿʝ 
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3.1.5. ʉʠʥʪʝʟʘ ʚʣʘʢʘʥʘ MgO ʠ Mg(OH)2 ʢʦʨʠʰ˂ʝˁʝʤ ɺʇʄ ʢʘʦ ʤʘʪʨʠʮʝ 

ʇʦʣʘʟʥʘ ʩʫʧʩʪʘʥʮʘ ʟʘ ʩʠʥʪʝʟʫ ʚʣʘʢʘʥʘ MgO ʙʠʣʘ ʿʝ ʤʘʛʥʝʟʠʿʫʤ-ʭʣʦʨʠʜ - MgCl2  

H2O (Sigma-Aldrich, 99,0%). ʋ 100 ml ʨʘʩʪʚʦʨʘ MgCl2 ʢʦʥʮʝʥʪʨʘʮʠʿʝ 3 mol/dm
3
 ʫʨʦˁʝʥʦ ʿʝ 

12 mg ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ. ʅʘʢʦʥ ʜʝʩʝʪ ʤʠʥʫʪʘ, ʚʣʘʢʥʘ ʩʫ ʫʢʣʦˁʝʥʘ ʠʟ ʨʘʩʪʚʦʨʘ, 

ʠʩʧʨʘʥʘ ʜʝʩʪʠʣʦʚʘʥʦʤ ʚʦʜʦʤ ʠ ʦʩʪʘʚˀʝʥʘ ʜʘ ʩʝ ʦʩʫʰʝ ʫ ʩʫʰʥʠʮʠ ʥʘ 70 ÁC. ʆʩʫʰʝʥʘ 

ʚʣʘʢʥʘ ʩʫ ʟʘʪʠʤ ʢʘʣʮʠʥʠʩʘʥʘ ʫ ʧʝ˂ʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 600 ÁC, ʫ ʧʝʨʠʦʜʫ ʦʜ ʜʚʘ ʩʘʪʘ ʥʘ 

ʚʘʟʜʫʭʫ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʜʦʙʠʿʝʥʘ ʩʫ ʚʣʘʢʥʘ ʤʘʛʥʝʟʠʿʫʤ-ʦʢʩʠʜʘ [221].  

ʅʘʢʦʥ ʪʦʛʘ, ʚʣʘʢʥʘ MgO ʩʫ ʪʨʝʪʠʨʘʥʘ ʫ ʚʦʜʝʥʦʤ ʢʫʧʘʪʠʣʫ ʥʘ ʪʨʠ ʨʘʟʣʠʯʠʪʝ 

ʪʝʤʧʝʨʘʪʫʨʝ: 50 ÁC, 70 ÁC ʠ 90 ÁC, ʫ ʧʝʨʠʦʜʫ ʦʜ 48 ʠ 96 ʩʘʪʠ ʫ ʮʠˀʫ ʧʨʘ˂ʝˁʘ ʧʨʦʮʝʩʘ 

ʭʠʜʨʘʪʘʮʠʿʝ MgO ʠ ʥʘʢʥʘʜʥʦʛ ʬʦʨʤʠʨʘˁʘ Mg(OH)2. ʅʘ ʦʩʥʦʚʫ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʨʝʤʝʥʘ 

ʪʨʝʪʠʨʘˁʘ ʚʣʘʢʘʥʘ MgO ʫ ʚʦʜʝʥʦʤ ʢʫʧʘʪʠʣʫ, ʜʦʙʠʿʝʥʘ ʩʫ ʩʣʝʜʝ˂ʘ ʚʣʘʢʥʘ Mg(OH)2: ɺ: 

50/48h, ɺ: 50/96h, ɺ: 70/48h, ɺ: 70/96h, ɺ: 90/48h ʠ ɺ: 90/96h. 

 

3.2. ʌʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʙʘʟʠ 

ʧʘʫʢʦʚʝ ʤʨʝʞʝ 

 

3.2.1. ʈʝʥʜʛʝʥʩʢʘ ʜʠʬʨʘʢʮʠʦʥʘ ʘʥʘʣʠʟʘ ʫʟʦʨʘʢʘ 

ʌʘʟʥʠ ʩʘʩʪʘʚ ʫʟʦʨʘʢʘ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ, ʢʘʦ ʠ ʫʟʦʨʘʢʘ ʥʘ ʙʘʟʠ 

ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʩʘ ʢʘʣʮʠʪʦʤ, ɺʇʄ ʦʙʣʦʞʝʥʠʭ ʯʠʩʪʠʤ ʠ ʜʦʧʠʨʘʥʠʤ CeO2, ʢʘʦ ʠ ʚʣʘʢʘʥʘ 

MgO ʠ Mg(OH)2 ʠʩʧʠʪʘʥ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʨʝʥʜʛʝʥʩʢʦʛ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʟʘ ʧʦʣʠʢʨʠʩʪʘʣʥʝ 

ʫʟʦʨʢʝ Rigaku Ultima IV ʩʘ CuKŬ1 ʟʨʘʯʝˁʝʤ (1,54056 ¡), ʧʨʠ ʯʝʤʫ ʿʝ ʢʦʨʠʰ˂ʝʥ ʥʘʧʦʥ 

ʚʨʝʜʥʦʩʪʠ 40 kV ʠ ʩʪʨʫʿʘ ʿʘʯʠʥʝ 40 mA [219-221].  

ʀʥʪʝʥʟʠʪʝʪʠ ʜʠʬʨʘʢʮʠʦʥʠʭ ʤʘʢʩʠʤʫʤʘ ʟʘ ʫʟʦʨʢʝ ɺʇʄ-CaCO3 ʧʨʠʢʫʧˀʘʥʠ ʩʫ ʫ 

ʠʥʪʝʨʚʘʣʫ 2ɗ ʦʜ 20 Á ʜʦ 45 Á, ʩʘ ʢʦʨʘʢʦʤ 0,02Á ʠ ʚʨʝʤʝʥʩʢʦʤ ʢʦʥʩʪʘʥʪʦʤ 2 Á/min [219].  
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ʀʥʪʝʥʟʠʪʝʪʠ ʜʠʬʨʘʢʮʠʦʥʠʭ ʤʘʢʩʠʤʫʤʘ ʟʘ ʧʨʠʨʦʜʥʘ ʚʣʘʢʥʘ, ʢʘʦ ʠ ʟʘ ʫʟʦʨʢʝ ɺʇʄ 

ʦʙʣʦʞʝʥʝ ʯʠʩʪʠʤ ʠ ʜʦʧʠʨʘʥʠʤ CeO2 ʧʨʠʢʫʧˀʘʥʠ ʩʫ ʫ ʠʥʪʝʨʚʘʣʫ ʦʜ 20Á ʜʦ 70Á (2ɗ), ʩʘ 

ʢʦʨʘʢʦʤ 0,02Á ʠ ʚʨʝʤʝʥʩʢʦʤ ʢʦʥʩʪʘʥʪʦʤ 5 Á/min [220].  

ʀʥʪʝʥʟʠʪʝʪʠ ʜʠʬʨʘʢʮʠʦʥʠʭ ʤʘʢʩʠʤʫʤʘ ʟʘ ʫʟʦʨʢʝ ʚʣʘʢʘʥʘ MgO ʠ Mg(OH)2 

ʧʨʠʢʫʧˀʘʥʠ ʩʫ ʫ ʠʥʪʝʨʚʘʣʫ ʦʜ 10Á ʜʦ 80Á (2ɗ), ʩʘ ʢʦʨʘʢʦʤ 0,02Á ʠ ʚʨʝʤʝʥʩʢʦʤ ʢʦʥʩʪʘʥʪʦʤ 

5 °/min [221]. 

ʌʘʟʥʠ ʩʘʩʪʘʚ ʫʟʦʨʘʢʘ ɺʇʄ ʦʙʣʦʞʝʥʠʭ ʥʘʥʦʯʝʩʪʠʮʘʤʘ ɔ-Fe2O3 ʠʩʧʠʪʘʥ ʿʝ 

ʢʦʨʠʰ˂ʝˁʝʤ ʨʝʥʜʛʝʥʩʢʦʛ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʟʘ ʧʦʣʠʢʨʠʩʪʘʣʥʝ ʫʟʦʨʢʝ Rigaku RINT-TTRIII ʩʘ 

CuKŬ1 ʤʦʥʦʭʨʦʤʘʪʩʢʠʤ ʟʨʘʯʝˁʝʤ, ʢʦʿʝ ʿʝ ʧʦʩʪʠʛʥʫʪʦ ʧʦʩʪʘʚˀʘˁʝʤ Ni-ʬʠʣʪʝʨʘ ʠʩʧʨʝʜ 

ʜʝʪʝʢʪʦʨʘ ʟʨʘʯʝˁʘ (ɚ = 1,54056 ¡), ʧʨʠ ʯʝʤʫ ʿʝ ʢʦʨʠʰ˂ʝʥ ʥʘʧʦʥ ʚʨʝʜʥʦʩʪʠ 40 kV ʠ ʩʪʨʫʿʘ 

ʿʘʯʠʥʝ 30 mA. 

ʀʥʪʝʥʟʠʪʝʪʠ ʜʠʬʨʘʢʮʠʦʥʠʭ ʤʘʢʩʠʤʫʤʘ ʟʘ ʫʟʦʨʢʝ ɺʇʄ ʦʙʣʦʞʝʥʝ ʥʘʥʦʯʝʩʪʠʮʘʤʘ ɔ-

Fe2O3 ʧʨʠʢʫʧˀʘʥʠ ʩʫ ʫ ʠʥʪʝʨʚʘʣʫ 20-50 ° (2ɗ), ʧʨʠ ʯʝʤʫ ʿʝ ʢʦʨʘʢ ʙʠʦ 0,02 Á ʠ ʚʨʝʤʝ 

ʟʘʜʨʞʘʚʘˁʘ 0,5 s ʧʦ ʢʦʨʘʢʫ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʬʘʟʘ ʟʘ ʩʚʝ ʜʦʙʠʿʝʥʝ ʫʟʦʨʢʝ ʦʙʘʚˀʝʥʘ ʿʝ ʧʦʤʦ˂ʫ COD (ʦʜ ʝʥʛʣ. 

ĂCrystallography Open Databaseñ) ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʠʣʠ ʢʘʨʪʠʮʘ ʢʦʿʝ ʦʙʿʘʚˀʫʿʫʝ JCPDS (ʦʜ 

ʝʥʛʣ. ĂJoint Committee on Powder Diffraction Standardsñ) ï ICDD (ʦʜ ʝʥʛʣ. ĂInternational 

Centre for Diffraction Datañ) [219-221]. 

ɿʘ ʫʟʦʨʢʝ ʚʣʘʢʘʥʘ MgO ʠ Mg(OH)2 (ɺ: 50/48h, ɺ: 50/96h, ɺ: 70/48h, ɺ: 70/96h, ɺ: 

90/48h ʠ ɺ: 90/96h), ʠʟʨʘʯʫʥʘʪʝ ʩʫ ʧʨʦʩʝʯʥʝ ʚʝʣʠʯʠʥʝ ʢʨʠʩʪʘʣʠʪʘ, D. ʇʨʦʩʝʯʥʝ ʚʝʣʠʯʠʥʝ 

ʢʨʠʩʪʘʣʠʪʘ ʠʟʨʘʯʫʥʘʪʝ ʩʫ ʧʨʠʤʝʥʦʤ ʐʝʨʝʨʦʚʝ ʿʝʜʥʘʯʠʥʝ ʥʘ ʦʩʥʦʚʫ ʰʠʨʠʥʘ ʥʘ 

ʧʦʣʫʚʠʩʠʥʠ ʥʘʿʠʥʪʝʥʟʠʚʥʠʿʠʭ ʤʘʢʩʠʤʫʤʘ ʨʝʬʣʝʢʩʠʿʘ - (200) ʟʘ MgO ʚʣʘʢʥʘ, ʠ (101) - ʟʘ 

Mg(OH)2 ʚʣʘʢʥʘ [221]. 
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3.2.2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʘ ʠ ʤʦʨʬʦʣʦʰʢʘ ʘʥʘʣʠʟʘ ʫʟʦʨʘʢʘ ʧʨʠʤʝʥʦʤ 

ʩʢʝʥʠʨʘʿʫ˂ʝ ʝʣʝʢʪʨʦʥʩʢʝ ʤʠʢʨʦʩʢʦʧʠʿʝ, ʝʥʝʨʛʝʪʩʢʝ ʜʠʩʧʝʨʟʠʦʥʝ 

ʩʧʝʢʪʨʦʩʢʦʧʠʿʝ, ʪʨʘʥʩʤʠʩʠʦʥʝ ʝʣʝʢʪʨʦʥʩʢʝ ʤʠʢʨʦʩʢʦʧʠʿʝ ʠ ʝʣʝʢʪʨʦʥʩʢʝ 

ʜʠʬʨʘʢʮʠʿʝ ʩʘ ʦʜʘʙʨʘʥʝ ʧʦʚʨʰʠʥʝ ʫʟʦʨʢʘ 

ɿʘ ʦʜʨʝʹʠʚʘˁʝ ʤʦʨʬʦʣʦʛʠʿʝ ʨʝˀʝʬʘ (ʧʦʚʨʰʠʥʝ) ʫʟʦʨʘʢʘ ʧʨʠʨʦʜʥʠʭ, ʥʝʪʨʝʪʠʨʘʥʠʭ 

ʚʣʘʢʘʥʘ, ʢʘʦ ʠ ʫʟʦʨʘʢʘ ʥʘ ʙʘʟʠ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʩʘ ʢʘʣʮʠʪʦʤ, ɺʇʄ ʦʙʣʦʞʝʥʠʭ ʯʠʩʪʠʤ ʠ 

ʜʦʧʠʨʘʥʠʤ CeO2, ʢʘʦ ʠ ʚʣʘʢʘʥʘ MgO, ʢʦʨʠʰ˂ʝʥ ʿʝ ʉʢʝʥʠʨʘʿʫ˂ʠ ʝʣʝʢʪʨʦʥʩʢʠ ʤʠʢʨʦʩʢʦʧ  

ʩʘ ʪʟʚ. ʝʤʠʩʠʿʦʤ ʧʦˀʘ (FE-SEM) TESCAN Mira3 XMU (ʏʝʰʢʘ ʈʝʧʫʙʣʠʢʘ), ʧʨʠ ʥʘʧʦʥʫ ʦʜ 

20 kV. ʇʨʝ FE-SEM ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʝ, ʜʘ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʘ ʥʝʦʧʭʦʜʥʘ ʧʨʦʚʦʜˀʠʚʦʩʪ, 

ʫʟʦʨʮʠ ʩʫ ʥʘʿʧʨʝ ʥʘʥʝʪʠ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʥʦʩʘʯʝ, ʘ ʧʦʪʦʤ ʥʘʧʘʨʝʥʠ ʣʝʛʫʨʦʤ ʟʣʘʪʘ ʠ 

ʧʘʣʘʜʠʿʫʤʘ [219-221].  

ʂʘʢʦ ʙʠ ʠʩʧʠʪʘʣʠ ʝʣʝʤʝʥʪʘʨʥʠ ʩʘʩʪʘʚ ɺʇʄ ʦʙʣʦʞʝʥʠʭ ʯʠʩʪʠʤ ʠ ʜʦʧʠʨʘʥʠʤ CeO2, 

ʜʦʜʘʪʥʝ ʘʥʘʣʠʟʝ ʙʠʣʝ ʩʫ ʠʟʚʝʜʝʥʝ ʢʦʨʠʰ˂ʝˁʝʤ ʉʢʝʥʠʨʘʿʫ˂ʝʛ ʝʣʝʢʪʨʦʥʩʢʦʛ ʤʠʢʨʦʩʢʦʧʘ 

TESCAN Vega TS 5130 MM (ʏʝʰʢʘ ʈʝʧʫʙʣʠʢʘ), ʩʧʨʝʛʥʫʪʠʤ ʩʘ ɽʥʝʨʛʝʪʩʢʠ ʜʠʩʧʝʨʟʠʦʥʠʤ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ (ɽɼʉ) (INCA 350, Oxford Instruments Analytical Ltd., Abington, UK) [220]. 

ʆʚʘʿ ʫʨʝʹʘʿ ʿʝ ʪʘʢʦʹʝ ʢʦʨʠʰ˂ʝʥ ʟʘ ʘʥʘʣʠʟʫ ʤʦʨʬʦʣʦʛʠʿʝ ʜʦʙʠʿʝʥʠʭ ʚʣʘʢʘʥʘ Mg(OH)2 [221]. 

ʄʦʨʬʦʣʦʛʠʿʘ ɺʇʄ ʦʙʣʦʞʝʥʠʭ ʥʘʥʦʯʝʩʪʠʮʘʤʘ ɔ-Fe2O3 ʦʜʨʝʹʝʥʘ ʿʝ ʧʦʤʦ˂ʫ Quanta 

200 ʩʢʝʥʠʨʘʿʫ˂ʝʛ ʝʣʝʢʪʨʦʥʩʢʦʛ ʤʠʢʨʦʩʢʦʧʘ (FEI, Hilsboro, Oregon, USA). ʇʨʝ ʩʥʠʤʘˁʘ, 

ʫʟʦʨʮʠ ʩʫ ʧʨʠʧʨʝʤˀʝʥʠ ʦʙʣʘʛʘˁʝʤ ʪʘʥʢʠʤ (ʤʝʪʘʣʥʠʤ) ʩʣʦʿʝʤ ʟʣʘʪʘ ʠ ʧʣʘʪʠʥʝ ʫ ʮʠˀʫ 

ʧʦʚʝ˂ʘˁʘ ʧʨʦʚʦʜˀʠʚʦʩʪʠ ʫʟʦʨʘʢʘ. ʈʘʜʥʠ ʫʩʣʦʚʠ ʩʥʠʤʘˁʘ ʙʠʣʠ ʩʫ: ʨʘʜʥʠ ʥʘʧʦʥ 1500 V, 

ʿʘʯʠʥʘ ʩʪʨʫʿʝ 30 mA, ʚʨʝʤʝ 180 s ʠ ʨʘʜʥʦ ʨʘʩʪʦʿʘˁʝ 9,8 mm. ʆʚʘʿ ʫʨʝʹʘʿ ʩʘʜʨʞʠ ʠ EDS 

ʜʝʪʝʢʪʦʨ, ʪʘʢʦ ʜʘ ʿʝ ʦʜʨʝʹʝʥ ʠ ʝʣʝʤʝʥʪʘʨʥʠ ʩʘʩʪʘʚ ʦʚʠʭ ʫʟʦʨʘʢʘ. 

ʋʟʦʨʮʠ ʚʣʘʢʘʥʘ ʦʙʣʦʞʝʥʠ Eu-ʜʦʧʠʨʘʥʠʤ ʮʝʨʠʿʫʤ-ʦʢʩʠʜʦʤ, ʢʘʦ ʠ ʚʣʘʢʘʥʘ 

ʦʙʣʦʞʝʥʠʭ ɔ-Fe2O3 ʜʦʜʘʪʥʦ ʩʫ ʘʥʘʣʠʟʠʨʘʥʠ ʊʨʘʥʩʤʠʩʠʦʥʦʤ ʝʣʝʢʪʨʦʥʩʢʦʤ ʤʠʢʨʦʩʢʦʧʠʿʦʤ 

(TEM, JEM2100-JEOL) ʠ ɽʣʝʢʪʨʦʥʩʢʦʤ ʜʠʬʨʘʢʮʠʿʦʤ ʩʘ ʦʜʘʙʨʘʥʝ ʧʦʚʨʰʠʥʝ ʫʟʦʨʢʘ 

(SAED). ʇʨʝ ʘʥʘʣʠʟʝ, ʫʟʦʨʮʠ ʩʫ ʧʨʠʧʨʝʤˀʝʥʠ ʜʠʩʧʝʨʛʦʚʘˁʝʤ ʫ ʝʪʘʥʦʣʫ ʠ ʫʣʪʨʘʟʚʫʯʥʠʤ 

ʨʘʟʙʠʿʘˁʝʤ ʘʛʨʝʛʘʪʘ, ʥʘʢʦʥ ʯʝʛʘ ʩʫ ʫʟʦʨʮʠ ʥʘʥʦʰʝʥʠ ʥʘ ʊɽʄ ʤʨʝʞʠʮʫ [220].  
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3.2.3. ʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʧʦʚʨʰʠʥʩʢʠʭ ʩʚʦʿʩʪʘʚʘ ʤʘʪʝʨʠʿʘʣʘ ʧʨʠʤʝʥʦʤ 

ʠʥʬʨʘʮʨʚʝʥʝ ʩʧʝʢʪʨʦʩʢʦʧʠʿʝ ʩʘ ʌʫʨʠʿʝʦʚʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ 

ʇʦʤʦ˂ʫ ʩʥʠʤʘˁʘ ʠʥʬʨʘʮʨʚʝʥʦʛ ʩʧʝʢʪʨʘ ʩʘ ʌʫʨʠʿʝʦʚʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ, ʠʩʧʠʪʘʥ 

ʿʝ ʫʟʦʨʘʢ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ, ʫʟʦʨʘʢ ɺʇʄ ʥʘʢʦʥ ʧʝʪ ʮʠʢʣʫʩʘ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ, ʢʘʦ ʠ 

ʚʣʘʢʥʘ ʦʙʣʦʞʝʥʘ Eu-ʜʦʧʠʨʘʥʠʤ ʮʝʨʠʿʫʤ-ʦʢʩʠʜʦʤ. ɿʘ ʦʚʝ ʘʥʘʣʠʟʝ ʢʦʨʠʰ˂ʝʥ ʿʝ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʘʨ ʪʠʧʘ Nicolet IS 50 ʫʟ ʢʦʨʠʰ˂ʝˁʝ ʫʨʝʹʘʿʘ ʟʘ ʧʨʠʛʫʰʝʥʫ ʪʦʪʘʣʥʫ 

ʨʝʬʣʝʢʩʠʿʫ (ATR). ʉʧʝʢʪʘʨ ʿʝ ʩʥʠʤˀʝʥ ʫ ʦʧʩʝʛʫ ʪʘʣʘʩʥʠʭ ʙʨʦʿʝʚʘ ʦʜ 650 ʜʦ 1300 cm
-1 
ʟʘ 

ʫʟʦʨʘʢ ɺʇʄ-CaCO3-5 [219] ʠ ʦʜ 1000 ʜʦ 3500 cm
-1

 ʟʘ ʧʨʠʨʦʜʥʘ ʚʣʘʢʥʘ, ʢʘʦ ʠ ʟʘ ʫʟʦʨʘʢ 

ʦʙʣʦʞʝʥ ʜʦʧʠʨʘʥʦʤ ʮʝʨʠʿʦʤ [220]. 

 

3.3.4. ʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʣʫʤʠʥʝʩʮʝʥʪʥʠʭ ʩʚʦʿʩʪʘʚʘ ʤʘʪʝʨʠʿʘʣʘ 

ɸʥʘʣʠʟʘ ʣʫʤʠʥʝʩʮʝʥʪʥʠʭ ʩʚʦʿʩʪʘʚʘ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ, ʢʘʦ ʠ ʚʣʘʢʘʥʘ ʦʙʣʦʞʝʥʠʭ 

CeO2: Eu
3+ 
ʥʘʥʦʯʝʩʪʠʮʘʤʘ ʿʝ ʫʨʘʹʝʥʘ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʤʝʥʦʤ 

ʩʧʝʢʪʨʦʬʣʫʦʨʦʤʝʪʨʘ Spex Fluorolog ʩʘ C31034 ʬʦʪʦʤʫʣʪʠʧʣʠʢʘʪʦʨʦʤ ʩʘ ʭʣʘʹʝˁʝʤ. ʂʘʦ 

ʝʢʩʮʠʪʘʮʠʦʥʠ ʠʟʚʦʨ, ʢʦʨʠʰ˂ʝʥʘ ʿʝ 500-W ʢʩʝʥʦʥʩʢʘ ʣʘʤʧʘ. ʊʘʣʘʩʥʝ ʜʫʞʠʥʝ ʥʘ ʢʦʿʠʤʘ ʿʝ 

ʠʟʚʨʰʝʥʘ ʝʢʩʮʠʪʘʮʠʿʘ ʠʟʘʙʨʘʥʝ ʩʫ ʢʦʨʠʰ˂ʝˁʝʤ ʫʣʘʟʥʦʛ ʤʦʥʦʭʨʦʤʘʪʦʨʘ.  

ʇʘʫʢʦʚʘ ʚʣʘʢʥʘ ʩʥʠʤʘʥʘ ʩʫ ʢʦʨʠʰ˂ʝˁʝʤ ʥʝʣʠʥʝʘʨʥʦʛ ʣʘʩʝʨ ʩʢʝʥʠʨʘʿʫ˂ʝʛ 

ʤʠʢʨʦʩʢʦʧʘ (NLM, ʝʥʛʣ. Ănonlinear laser scanning microscopeñ). ʉʥʠʤʘˁʝ ʧʨʠʤʝʥʦʤ NLM 

ʤʠʢʨʦʩʢʦʧʘ ʦʙʘʚˀʝʥʦ ʿʝ ʩʥʠʤʘˁʝʤ ʜʠʩʪʨʠʙʫʮʠʿʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʘʫʪʦʬʣʫʦʨʝʩʮʝʥʮʠʿʝ 

ʢʦʿʘ ʧʦʪʠʯʝ ʦʜ ʫʟʦʨ(ʘ)ʢʘ, ʥʘʢʦʥ ʜʚʦʬʦʪʦʥʩʢʝ ʝʢʩʮʠʪʘʮʠʿʝ. ɿʘ ʩʥʠʤʘˁʝ ʿʝ ʢʦʨʠʰ˂ʝʥ Ti: 

ʩʘʬʠʨʥʠ ʣʘʩʝʨ (Coherent, Mira 900), ʧʦʤʦ˂ʫ ʢʦʛʘ ʩʫ ʠʥʬʨʘʮʨʚʝʥʠ ʬʝʤʪʦʩʝʢʫʥʜʥʠ ʧʫʣʩʝʚʠ, 

ʜʘˀʝ ʧʦʤʦ˂ʫ ʜʠʭʨʦʚʦʛ ʦʛʣʝʜʘʣʘ ʫʩʤʝʨʝʥʠ ʥʘ ʫʟʦʨʘʢ ʢʨʦʟ ʦʙʿʝʢʪʠʚ Zeiss Plan-

APOCHROMAT 20 /0,8, ʧʨʠ ʯʝʤʫ ʿʝ ʪʘʣʘʩʥʘ ʜʫʞʠʥʘ ʣʘʩʝʨʩʢʦʛ ʟʨʘʢʘ ʙʠʣʘ 730 nm. ɸʫʪʦ-

ʬʣʫʦʨʝʩʮʝʥʮʠʿʘ ʿʝ ʩʝʣʝʢʪʦʚʘʥʘ ʧʦʤʦ˂ʫ ʬʠʣʪʝʨʘ ʫ ʦʧʩʝʛʫ 415 ï 690 nm, ʜʦʢ ʿʝ ʧʨʦʩʝʯʥʘ 

ʩʥʘʛʘ ʣʘʩʝʨʘ ʙʠʣʘ 2 mW [220]. 
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3.2.5. ʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʤʘʛʥʝʪʥʠʭ ʩʚʦʿʩʪʘʚʘ ʤʘʪʝʨʠʿʘʣʘ 

ʄʘʛʥʝʪʥʘ ʩʚʦʿʩʪʚʘ ʫʟʦʨʢʘ ɺʇʄ-ɔ-Fe2O3 ʤʝʨʝʥʘ ʩʫ ʢʦʨʠʰ˂ʝˁʝʤ ʩʫʧʝʨʧʨʦʚʦʜʥʦʛ 

ʢʚʘʥʪʥʦʛ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ (SQUID, ʝʥʛʣ. ĂSuperconducting Quantum Interference Deviceñ). 

ʄʘʛʥʝʪʥʘ ʤʝʨʝˁʘ ʦʙʘʚˀʝʥʘ ʩʫ ʧʦʤʦ˂ʫ SQUID ʤʘʛʥʝʪʦʤʝʪʨʘ ʪʠʧʘ MPMS-XL-5, ʢʦʿʠ ʿʝ 

ʦʧʝʨʘʪʠʚʘʥ ʫ ʦʧʩʝʛʫ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜ 2 ʂ ʜʦ 400 ʂ ʠ ʫ ʤʘʛʥʝʪʥʠʤ ʧʦˀʠʤʘ ʜʦ 5 ʊ. 

ʆʩʝʪˀʠʚʦʩʪ ʫʨʝʹʘʿʘ ʿʝ 10
-8

 emu, a ʧʦʜʨʫʯʿʝ ʤʝʨʝˁʘ ʤʘʛʥʝʪʥʦʛ ʜʠʧʦʣʥʦʛ ʤʦʤʝʥʪʘ Ñ 2 emu 

(± 2 · 10
-3

 Am
2
). 

ʄʘʛʥʝʪʠʟʘʮʠʿʘ ʫ ʬʫʥʢʮʠʿʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʤʝʨʝʥʘ ʿʝ ʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʦʧʩʝʛʫ ʦʜ 5 K 

ʜʦ 300 K. ɿʘʚʠʩʥʦʩʪ ʤʘʛʥʝʪʠʟʘʮʠʿʝ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʘ˂ʝʥʘ ʿʝ ʧʦʜ ʨʘʟʣʠʯʠʪʠʤ ʫʩʣʦʚʠʤʘ:  

ʘ) ʙʝʟ ʧʨʠʩʫʩʪʚʘ ʤʘʛʥʝʪʥʦʛ ʧʦˀʘ ï ZFC ʛʨʘʥʘ (ʦʜ ʝʥʛ. ñzero field cooledò), ʛʜʝ ʿʝ 

ʫʟʦʨʘʢ ʩʘ ʩʦʙʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʦʭʣʘʹʝʥ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʦʜ 5 K ʫ ʦʜʩʫʩʪʚʫ ʤʘʛʥʝʪʥʦʛ ʧʦˀʘ, 

ʥʘʢʦʥ ʯʝʛʘ ʿʝ ʤʘʛʥʝʪʠʟʘʮʠʿʘ ʤʝʨʝʥʘ ʫʟ ʧʦʚʝ˂ʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʫʟ ʧʨʠʤʝʥʫ ʤʘʛʥʝʪʥʦʛ ʧʦˀʘ 

ʦʜ 1000 Oe; 

ʙ) ʫ ʤʘʛʥʝʪʥʦʤ ʧʦˀʫ ï FC ʛʨʘʥʘ (ʦʜ ʝʥʛ. ñfield cooledò), ʛʜʝ ʿʝ ʤʘʛʥʝʪʠʟʘʮʠʿʘ ʫʟ 

ʭʣʘʹʝˁʝ ʠ ʟʘʛʨʝʚʘˁʝ ʫʟʦʨʢʘ ʤʝʨʝʥʘ ʫ ʤʘʛʥʝʪʥʦʤ ʧʦˀʫ ʿʘʯʠʥʝ 1000 Oe. 

ʄʘʛʥʝʪʠʟʘʮʠʿʘ ʫ ʬʫʥʢʮʠʿʠ ʤʘʛʥʝʪʥʦʛ ʧʦˀʘ ʿʘʯʠʥʝ ʜʦ 5 ʊ, ʤʝʨʝʥʘ ʿʝ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ 5 ʂ ʠ 300 ʂ. 
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4. ʈʝʟʫʣʪʘʪʠ ʠ ʜʠʩʢʫʩʠʿʘ 
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4.1. ʌʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ 

ʧʘʫʢʦʚʝ ʤʨʝʞʝ 

ʂʘʢʦ ʙʠ ʙʠʣʦ ʤʦʛʫ˂ʝ ʜʘ ʩʝ ʫʦʯʝ ʧʨʦʤʝʥʝ ʥʘʩʪʘʣʝ ʥʘʢʦʥ ʧʨʠʤʝʥʝ ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʘ 

ʟʘ ʜʦʙʠʿʘˁʝ ʥʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʙʘʟʠ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ, ʥʘʿʧʨʝ ʿʝ ʠʟʚʨʰʝʥʘ 

ʩʪʨʫʢʪʫʨʥʘ, ʤʦʨʬʦʣʦʰʢʘ ʠ ʧʦʚʨʰʠʥʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʧʦʣʘʟʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ï ʧʨʠʨʦʜʥʠʭ 

ʚʣʘʢʘʥʘ.  

 

4.1.1. ʉʪʨʫʢʪʫʨʥʘ ʩʚʦʿʩʪʚʘ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ 

ʈʝʥʜʛʝʥʩʢʠ ʜʠʬʨʘʢʪʦʛʨʘʤ ʚʣʘʢʘʥʘ ʧʨʠʨʦʜʥʝ ʧʘʫʯʠʥʝ, ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣʠʮʠ 4.1. ʅʘ 

ʦʩʥʦʚʫ ʜʠʿʘʛʨʘʤʘ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʫ ʦʚʘ ʚʣʘʢʥʘ ʘʤʦʨʬʥʝ ʩʪʨʫʢʪʫʨʝ. ʐʠʨʦʢʠ ʧʠʢ  

ʧʨʠ ʚʨʝʜʥʦʩʪʠʤʘ ɹʨʘʛʦʚʦʛ ʫʛʣʘ ʠʟʤʝʹʫ 20 ʠ 25 Á (2ɗ) ʧʦʪʠʯʝ ʦʜ ʩʝʤʠʢʨʠʩʪʘʣʥʠʭ ʜʦʤʝʥʘ 

ʧʨʦʪʝʠʥʩʢʝ ʢʦʤʧʦʥʝʥʪʝ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ, ʪʿ. ʘʤʠʥʦʢʠʩʝʣʠʥʘ ʫʨʝʹʝʥʠʭ ʫ ɓ - ʥʘʙʨʘʥʝ 

ʧʣʦʯʝ [226]. 

 

ʉʣʠʢʘ 4.1. ʈʝʥʜʛʝʥʩʢʠ ʜʠʬʨʘʢʪʦʛʨʘʤ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ 
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4.1.2. ʄʦʨʬʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ 

ʅʘ ʉʣʠʮʠ 4.2., ʧʨʠʢʘʟʘʥʠ ʩʫ FE-SEM ʤʠʢʨʦʛʨʘʬʩʢʠ ʩʥʠʤʮʠ ʫʟʦʨʘʢʘ ʧʨʠʨʦʜʥʠʭ 

ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ. ʇʨʠ ʚʝ˂ʠʤ ʫʚʝ˂ʘˁʠʤʘ, ʿʘʩʥʦ ʩʝ ʫʦʯʘʚʘ ʜʘ ʩʫ ʚʣʘʢʥʘ ʧʨʝʪʝʞʥʦ 

ʛʣʘʪʢʘ. ʅʘʩʣʘʛʝ ʥʘ ʚʣʘʢʥʠʤʘ ʫ ʚʠʜʫ ʤʝʩʪʠʤʠʯʥʠʭ ʩʠʪʥʠʭ ʯʝʩʪʠʮʘ ʥʘ ʧʦʚʨʰʠʥʠ, 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʯʝʩʪʠʮʝ ʧʨʘʰʠʥʝ ʢʦʿʝ ʩʫ ʥʘʢʦʥ ʧʦʩʪʫʧʢʘ ʠʩʧʠʨʘˁʘ ʚʣʘʢ(ʘ)ʥʘ ʠʟʦʧʨʦʧʠʣ- 

ʘʣʢʦʭʦʣʦʤ ʫʢʣʦˁʝʥʝ. ʅʘ ʦʩʥʦʚʫ ʉʣʠʢʝ 4.2. ʘ), ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʧʨʦʩʝʯʘʥ ʜʠʿʘʤʝʪʘʨ 

ʚʣʘʢʘʥʘ ʠʟʥʦʩʠ ʦʢʦ 200 nm. 

               

a)       ʙ) 
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ʚ) 

ʉʣʠʢʘ 4.2. FE-SEM ʤʠʢʨʦʛʨʘʬʩʢʠ ʩʥʠʤʮʠ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʩʥʠʤˀʝʥʠ 

ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʫʚʝ˂ʘˁʠʤʘ: ʘ) 210 ʭ, ʙ) 4.450 ʭ, ʚ) 116.000 ʭ 

 

4.1.3. ʇʦʚʨʰʠʥʩʢʘ ʩʚʦʿʩʪʚʘ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ 

ʋ ʮʠˀʫ ʫʪʚʨʹʠʚʘˁʘ ʧʦʩʪʦʿʘˁʘ ʠ ʨʘʩʧʦʨʝʜʘ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʛʨʫʧʘ ʥʘ ʧʦʚʨʰʠʥʠ 

ʧʨʠʨʦʜʥʠʭ ʧʨʦʪʝʠʥʩʢʠʭ ʚʣʘʢʘʥʘ, ʩʥʠʤˀʝʥ ʿʝ FTIR ʩʧʝʢʪʘʨ ʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ 

ʧʨʠʢʘʟʘʥʠ ʥʘ ʉʣʠʮʠ 4.3. 

ɸʥʘʣʠʟʦʤ ʠʥʬʨʘʮʨʚʝʥʦʛ ʩʧʝʢʪʨʘ ʩʘ ʌʫʨʠʿʝʨʦʚʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ, ʫʪʚʨʹʝʥʦ ʿʝ 

ʧʨʠʩʫʩʪʚʦ ʩʝʢʫʥʜʘʨʥʝ ʧʨʦʪʝʠʥʩʢʝ ʩʪʨʫʢʪʫʨʝ ɓ-ʥʘʙʨʘʥʝ ʧʣʦʯʝ (ʚʠʙʨʘʮʠʦʥʘ ʪʨʘʢʘ ʥʘ 1625 

cm
-1 
ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʘʤʠʜ I ʩʪʨʫʢʪʫʨʠ ʠ ʪʨʘʢʘ ʥʘ 1514 cm

-1
 ʢʦʿʘ ʢʦʨʝʩʧʦʥʜʠʨʘ ʘʤʠʜ II 

ʩʪʨʫʢʪʫʨʠ) [227, 228]. ɺʠʙʨʘʮʠʦʥʘ ʪʨʘʢʘ ʥʘ 1235 cm
-1 
ʧʦʪʠʯʝ ʦʜ ʧʨʦʪʝʠʥʩʢʝ ʘʤʠʜ III ʚʝʟʝ 

[229]. ʊʨʘʢʘ ʥʘ ʦʢʦ 1030 cm
-1 
ʦʜʛʦʚʘʨʘ ʚʠʙʨʘʮʠʿʘʤʘ (C-O) ʠʩʪʝʟʘˁʘ ʭʠʜʨʦʢʩʠʧʨʦʣʠʥʘ ʫ 

ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʚʠʙʨʘʮʠʿʘʤʘ ʥʘʩʪʘʣʠʤ ʫʩʣʝʜ ʩʘʚʠʿʘˁʘ ʧʨʦʪʝʠʥʘ ʫ ʩʪʨʫʢʪʫʨʫ ʭʝʣʠʢʩʘ [230]. 

ʊʨʘʢʘ ʥʘ 1163 cm
-1 
ʦʜʛʦʚʘʨʘ (C-O) ʠʩʪʝʟʘˁʫ ʘʩʧʘʨʘʛʠʥʩʢʝ ʠ ʛʣʫʪʘʤʠʥʩʢʝ ʢʠʩʝʣʠʥʝ 

ʧʨʦʪʝʠʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ, ʜʦʢ ʪʨʘʢʘ ʥʘ 1746 cm
-1

 ʢʦʨʝʩʧʦʥʜʠʨʘ (C-O) ʠʩʪʝʟʘˁʫ 

ʘʩʧʘʨʘʛʠʥʩʢʝ ʢʠʩʝʣʠʥʝ. ʇʨʠʩʫʩʪʚʦ ʪʨʘʢʝ ʥʘ ʪʘʣʘʩʥʦʤ ʙʨʦʿʫ 1442 cm
-1

,
 
ʥʘ ʦʩʥʦʚʫ 

ʣʠʪʝʨʘʪʫʨʝ, ʦʜʛʦʚʘʨʘ ŭ(COH) ʚʠʙʨʘʮʠʿʘʤʘ ʘʩʧʘʨʘʛʠʥʩʢʝ ʠ ʛʣʫʪʘʤʠʥʩʢʝ ʢʠʩʝʣʠʥʝ [231]. 
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ɺʠʙʨʘʮʠʿʝ ʥʘ 1311 cm
-1

 ʦʜʛʦʚʘʨʘʿʫ ʘʣʘʥʠʥ - ʛʣʠʮʠʥ ʩʝʢʚʝʥʮʘʤʘ ʫ ʦʢʚʠʨʫ ɓ-ʥʘʙʨʘʥʝ ʧʣʦʯʝ 

ʧʨʦʪʝʠʥʘ [229]. ʋʦʯʝʥʝ ʩʫ ʠ ʪʨʘʢʝ ʥʘ 2853 cm
-1

 ʠ 2926 cm
-1

 ʢʦʿʝ ʦʜʛʦʚʘʨʘʿʫ ʩʠʤʝʪʨʠʯʥoʤ, 

ʦʜʥʦʩʥʦ ʘʩʠʤʝʪʨʠʯʥoʤ ʠʩʪʝʟʘˁʫ (CH2) ʛʨʫʧʝ ʧʨʦʪʝʠʥʘ [232]. ʊʨʘʢʘ ʥʘ 3280 cm
-1 
ʦʜʛʦʚʘʨʘ 

ʧʨʠʩʫʩʪʚʫ ʭʠʜʨʦʢʩʠʣʥʠʭ ʛʨʫʧʘ ʫ ʫʟʦʨʢʫ [230].  

 

ʉʣʠʢʘ 4.3. ʀʥʬʨʘʮʨʚʝʥʠ ʩʧʝʢʪʘʨ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ 

4.2. ʌʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʢʦʤʧʦʟʠʪʘ ʚʣʘʢʘʥʘ 

ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʠ CaCO3 

ʋ ʮʠˀʫ ʜʦʙʠʿʘˁʘ ʫʟʦʨʘʢʘ ɺʇʄ-CaCO3-X ʠʤʠʪʘʮʠʿʦʤ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ, ɺʇʄ ʩʫ 

ʫʨʦˁʝʥʘ ʫ ʨʘʩʪʚʦʨ CaCl2. ʅʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 60 ÁC, ʘʤʦʥʠʿʫʤ-ʢʘʨʙʦʥʘʪ ʩʝ ʨʘʟʣʘʞʝ ʠ 

ʦʩʣʦʙʘʹʘ ʩʝ ʛʘʩ ʫʛˀʝʥ(IV)-ʦʢʩʠʜ (CO2) ʠ ʘʤʦʥʠʿʘʢ. ʆʩʣʦʙʦʹʝʥʠ ʫʛˀʝʥ(IV)-ʦʢʩʠʜ ʩʝ 

ʨʘʩʪʚʘʨʘ ʫ ʚʦʜʝʥʦʤ ʨʘʩʪʚʦʨʫ, ʧʨʠ ʯʝʤʫ ʜʠʩʦʩʫʿʝ ʥʘ ʨʘʟʣʠʯʠʪʝ ʫʛˀʝʥʠʯʥʝ ʭʝʤʠʿʩʢʝ ʚʨʩʪʝ: 

ʢʘʨʙʦʥʘʪʥʫ ʢʠʩʝʣʠʥʫ, HCO3
-
 ʠ CO3

2-
. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʦʙʝʟʙʝʹʫʿʝ ʩʝ ʠʟʚʦʨ CO3

2- 
ʿʦʥʘ ʫ 

ʨʘʩʪʚʦʨʫ CaCl2. ʉʤʘʪʨʘ ʩʝ ʜʘ ʫ ʨʘʩʪʚʦʨʫ CaCl2 ʿʦʥʠ Ca
2+

 ʠʥʪʝʨʘʛʫʿʫ ʩʘ ʢʘʨʙʦʢʩʠʣʥʠʤ 
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ʛʨʫʧʘʤʘ ʘʤʠʥʦʢʠʩʝʣʠʥʘ ʧʨʦʪʝʠʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ, ʯʠʤʝ ʩʝ ʩʪʚʘʨʘ ʿʦʥʩʢʠ ʢʦʤʧʣʝʢʩ ʢʦʿʠ 

ʜʘˀʝ ʨʝʘʛʫʿʝ ʩʘ CO3
2- 
ʿʦʥʠʤʘ ʠʟ ʨʘʩʪʚʦʨʘ ʫʩʣʝʜ ʝʬʝʢʪʘ ʩʫʧʝʨʩʘʪʫʨʘʮʠʿʝ [66]. ʄʝʩʪʘ 

ʥʘʩʪʘʿʘˁʘ ʦʚʠʭ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʮʝʥʪʨʝ ʥʫʢʣʝʘʮʠʿʝ, ʛʜʝ ʩʝ ʬʦʨʤʠʨʘʿʫ 

ʿʝʟʛʨʘ/ʝʤʙʨʠʦʥʠ ʢʨʠʪʠʯʥʝ ʚʝʣʠʯʠʥʝ ʟʘ ʥʫʢʣʝʘʮʠʿʫ, ʨʘʩʪ ʠ ʦʨʠʿʝʥʪʘʮʠʿʫ ʢʨʠʩʪʘʣʘ ʢʘʣʮʠʪʘ 

[219, 233].  

 

4.2.1. ʉʪʨʫʢʪʫʨʥʘ ʩʚʦʿʩʪʚʘ ʢʦʤʧʦʟʠʪʘ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʠ CaCO3 

ʈʝʥʜʛʝʥʩʢʠ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʩʝʨʠʿʝ ʫʟʦʨʘʢʘ ʜʦʙʠʿʝʥʠʭ ʥʘʢʦʥ ʨʘʟʣʠʯʠʪʦʛ ʙʨʦʿʘ 

ʮʠʢʣʫʩʘ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ (ɺʇʄ-CaCO3-1, ɺʇʄ-CaCO3-2, ɺʇʄ-CaCO3-3, ɺʇʄ-CaCO3-

4 ʠ ɺʇʄ-CaCO3-5), ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʉʣʠʮʠ 4.4.  

 

ʉʣʠʢʘ 4.4. ʈʝʥʜʛʝʥʩʢʠ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʩʝʨʠʿʝ ʢʦʤʧʦʟʠʪʘ ʢʘʣʮʠʪ/ɺʇʄ ʥʘʢʦʥ ʨʘʟʣʠʯʠʪʦʛ 

ʙʨʦʿʘ ʮʠʢʣʫʩʘ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ (ʙʨʦʿ ʮʠʢʣʫʩʘ ʦʜ 1 ʜʦ 5),  

NH4Cl ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʩʠʤʙʦʣʦʤ Å [219] 
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ʅʘ ʦʩʥʦʚʫ ʧʨʠʢʘʟʘʥʠʭ ʜʠʿʘʛʨʘʤʘ, ʥʘʢʦʥ ʧʨʚʦʛ ʮʠʢʣʫʩʘ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ (ʫʟʦʨʘʢ 

ɺʇʄ-CaCO3-1), ʥʘʿʠʟʨʘʞʝʥʠʿʘ ʬʘʟʘ ʦʜʛʦʚʘʨʘ ʨʝʬʣʝʢʩʠʿʠ ʘʤʦʥʠʿʫʤ-ʭʣʦʨʠʜʘ (NH4Cl) (2ɗ ~ 

32,6 Á). ʊʘʢʦʹʝ, ʫʦʯʘʚʘʿʫ ʩʝ ʜʠʬʨʘʢʮʠʦʥʠ ʤʘʢʩʠʤʫʤʠ ʥʘ ɹʨʘʛʦʚʠʤ ʫʛʣʦʚʠʤʘ 22,8 Á ʠ 29,3 Á 

(2ɗ) ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʢʘʣʮʠʪʫ. ʅʘʢʦʥ ʜʨʫʛʦʛ ʮʠʢʣʫʩʘ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ, ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ 

ʿʝ ʧʨʠʩʫʩʪʚʦ ʩʘʤʦ ʦʥʠʭ ʨʝʬʣʝʢʩʠʿʘ ʢʦʿʝ ʦʜʛʦʚʘʨʘʿʫ ʩʪʨʫʢʪʫʨʠ ʢʘʣʮʠʪʘ. ɿʘʧʘʞʘ ʩʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʘʥ ʜʠʬʨʘʢʮʠʦʥʠ ʤʘʢʩʠʤʫʤ ʥʘ 29,3 Á (2ɗ) ʢʦʿʠ ʦʜʛʦʚʘʨʘ (104) ʨʘʚʥʠ ʢʨʠʩʪʘʣʘ 

ʢʘʣʮʠʪʘ, ʢʘʦ ʠ ʤʘˁʠ ʜʠʬʨʘʢʮʠʦʥʠ ʤʘʢʩʠʤʫʤʠ ʥʘ 2ɗ ~ 22,8 °, 35,8 °, 39,3 ° ʠ 43,1 ° ʢʦʿʠ 

ʦʜʛʦʚʘʨʘʿʫ ʄʠʣʝʨʦʚʠʤ ʠʥʜʝʢʩʠʤʘ ʢʘʣʮʠʪʘ ï (012), (110), (10σ) ʠ (202) (ʧʨʝʤʘ JCPDS 47-

1743). ʇʦʩʣʝ ʜʨʫʛʦʛ ʮʠʢʣʫʩʘ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ, ʿʝʜʠʥʠ ʫʦʯˀʠʚʠ ʜʠʬʨʘʢʮʠʦʥʠ 

ʤʘʢʩʠʤʫʤʠ ʫ ʫʟʦʨʮʠʤʘ ʢʦʤʧʦʟʠʪʘ ɺʇʄ-CaCO3-X ʦʜʛʦʚʘʨʘʿʫ ʢʘʣʮʠʪʫ, ʥʘ ʦʩʥʦʚʫ ʯʝʛʘ ʩʝ 

ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʢʨʠʩʪʘʣʥʘ ʢʦʤʧʦʥʝʥʪʘ ʫʟʦʨʘʢʘ ʿʝʜʥʦʬʘʟʥʘ. ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʙʨʦʿʘ 

ʮʠʢʣʫʩʘ (3, 4 ʠ 5), ʠ ʜʘˀʝ ʩʫ ʫʦʯˀʠʚʠ ʩʘʤʦ ʧʠʢʦʚʠ ʢʦʿʠ ʩʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʟʘ ʢʘʣʮʠʪ, ʩʘ 

ʪʠʤʝ ʰʪʦ ʩʝ ʤʦʞʝ ʟʘʧʘʟʠʪʠ ʧʦʚʝ˂ʘˁʝ ʠʥʪʝʥʟʠʪʝʪʘ ʧʠʢʦʚʘ [219].  

ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ ʨʝʟʫʣʪʘʪʘ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʙʠʣʦ ʧʦʪʨʝʙʥʦ ʩʧʨʦʚʝʩʪʠ ʙʘʨ 

ʜʚʘ ʮʠʢʣʫʩʘ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʦ ʿʝʜʥʦʬʘʟʥʠ ʢʘʣʮʠʪ ʥʘ ʚʣʘʢʥʠʤʘ ʧʘʫʢʦʚʝ 

ʤʨʝʞʝ, ʢʘʦ ʠ ʜʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʙʨʦʿʘ ʠʤʝʨʟʠʦʥʠʭ ʮʠʢʣʫʩʘ ʨʘʩʪʫ ʠʥʪʝʥʟʠʪʝʪʠ ʜʠʬʨʘʢʮʠʦʥʠʭ 

ʤʘʢʩʠʤʫʤʘ ʢʘʣʮʠʪʘ ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʚʝ˂ʘˁʝ ʩʪʝʧʝʥʘ ʢʨʠʩʪʘʣʠʯʥʦʩʪʠ ʠ ʚʝʣʠʯʠʥʝ 

ʢʨʠʩʪʘʣʠʪʘ ʢʘʣʮʠʪʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʙʨʦʿʘ ʠʤʝʨʟʠʦʥʠʭ ʮʠʢʣʫʩʘ [219]. 

 

4.2.2. ʇʦʚʨʰʠʥʩʢʘ ʩʚʦʿʩʪʚʘ ʢʦʤʧʦʟʠʪʘ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʠ CaCO3 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʥʘʿʠʥʪʝʥʟʠʚʥʠʿʘ ʨʝʬʣʝʢʩʠʿʘ ʜʦʙʠʿʝʥʘ ʨʝʥʜʛʝʥʩʢʦʤ ʩʪʨʫʢʪʫʨʥʦʤ 

ʘʥʘʣʠʟʦʤ ʦʜʛʦʚʘʨʘ ʫʟʦʨʢʫ ʜʦʙʠʿʝʥʦʤ ʥʘʢʦʥ ʧʝʪ ʮʠʢʣʫʩʘ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ, ʫʨʘʹʝʥʘ ʿʝ 

ʠʥʬʨʘʮʨʚʝʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ ʩʘ ʌʫʨʠʿʝʦʚʦʤ ʪʨʘʥʬʦʨʤʘʮʠʿʦʤ ʟʘ ʫʟʦʨʘʢ ʜʦʙʠʿʝʥ ʥʘʢʦʥ 

ʧʝʪʦʛ ʮʠʢʣʫʩʘ (ɺʇʄ-CaCO3-5). ʉʣʠʢʘ 4.5. ʧʨʠʢʘʟʫʿʝ ʠʥʬʨʘʮʨʚʝʥʠ ʩʧʝʢʪʘʨ ʫʟʦʨʢʘ 

ʩʥʠʤˀʝʥ ʫ ʦʧʩʝʛʫ ʪʘʣʘʩʥʠʭ ʙʨʦʿʝʚʘ ʠʟʤʝʹʫ 650 ʠ 1300 cm
-1

 [219]. 

ʋʥʫʪʘʨ ʦʚʦʛ ʦʧʩʝʛʘ, ʚʠʙʨʘʮʠʦʥʝ ʪʨʘʢʝ ʢʘʣʮʠʿʫʤ-ʢʘʨʙʦʥʘʪʘ ʿʘʩʥʦ ʩʝ ʠʟʜʚʘʿʘʿʫ ʫ 

ʦʜʥʦʩʫ ʥʘ ʚʠʙʨʘʮʠʦʥʝ ʪʨʘʢʝ ʦʨʛʘʥʩʢʝ ʢʦʤʧʦʥʝʥʪʝ. ʂʘʣʮʠʪ ʩʝ ʦʜʣʠʢʫʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ 

ʘʜʩʦʨʧʮʠʦʥʠʤ ʪʨʘʢʘʤʘ ʥʘ 710 ʠ 874 cm
-1
. ʊʨʘʢʘ ʥʘ 710 cm

-1
 ʧʦʪʠʯʝ ʦʜ ʘ(ʥʪʠ)ʩʠʤʝʪʨʠʯʥʦʛ 
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ʠʩʪʝʟʘˁʘ Eu ʤʦʜʘ ʫ ab ʨʘʚʥʠ ʢʘʨʙʦʥʘʪʥʝ ʛʨʫʧʝ [234, 235]. ʆʚʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʫ ʩʘʛʣʘʩʥʦʩʪʠ 

ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʜʦʙʠʿʝʥʠʤ ʨʝʥʜʛʝʥʩʢʦʤ ʜʠʬʨʘʢʮʠʿʦʤ ʧʨʘʭʘ, ʯʠʤʝ ʿʝ ʧʦʪʚʨʹʝʥʘ ʥʫʢʣʝʘʮʠʿʘ 

ʢʘʣʮʠʪʘ ʥʘ ʧʦʚʨʰʠʥʠ ɺʇʄ. ɽʢʩʮʠʪʘʮʠʦʥʠ ʤʦʜ ʥʘ 874 cm
-1 
ʧʦʪʠʯʝ ʦʜ ʚʠʙʨʘʮʠʿʝ 

ʢʘʨʙʦʥʘʪʥʠʭ ʿʦʥʘ ʠ ʦʜʛʦʚʘʨʘ ʩʪʘʥʜʘʨʜʥʦʤ ʠʥʬʨʘʮʨʚʝʥʦʤ ʩʧʝʢʪʨʫ ʢʘʣʮʠʪʘ [236]. ʆʩʪʘʣʝ 

ʘʜʩʦʨʧʮʠʦʥʝ ʪʨʘʢʝ ʧʦʪʠʯʫ ʦʜ ʚʠʙʨʘʮʠʿʘ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʛʨʫʧʘ ʚʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ 

[229]. 
 

 

ʉʣʠʢʘ 4.5. ʀʥʬʨʘʮʨʚʝʥʠ ʩʧʝʢʪʘʨ ʢʦʤʧʦʟʠʪʘ ɺʇʄ-CaCO3-5 [219] 

 

4.2.3. ʄʦʨʬʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ ʢʦʤʧʦʟʠʪʘ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʠ CaCO3 

ʅʘ ʉʣʠʮʠ 4.6. ʧʨʠʢʘʟʘʥʠ ʩʫ FE-SEM ʤʠʢʨʦʛʨʘʬʩʢʠ ʩʥʠʤʮʠ ʫʟʦʨʘʢʘ ɺʇʄ 

ʜʦʙʠʿʝʥʠʭ ʥʘʢʦʥ ʨʘʟʣʠʯʠʪʦʛ ʙʨʦʿʘ ʮʠʢʣʫʩʘ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ (1-5). ʅʘ FE-SEM 

ʤʠʢʨʦʛʨʘʬʩʢʠʤ ʩʥʠʤʮʠʤʘ, ʿʘʩʥʦ ʿʝ ʫʦʯˀʠʚʘ ʢʨʠʩʪʘʣʠʟʘʮʠʿʘ ʢʘʣʮʠʪʘ ʫʥʫʪʘʨ ʤʨʝʞʝ 

ʚʣʘʢʘʥʘ. ʉʣʠʢʝ 4.6. a) ʠ 4.6. ʙ) ʧʨʠʢʘʟʫʿʫ ʚʣʘʢʥʘ ʜʦʙʠʿʝʥʘ ʥʘʢʦʥ ʿʝʜʥʦʛ ʮʠʢʣʫʩʘ 
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ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ. ʅʘ ʩʣʠʮʠ ʩʫ ʫʦʯˀʠʚʠ ʤʘʣʠ ʨʦʤʙʠʯʥʠ ʢʨʠʩʪʘʣʠ ʚʝʣʠʯʠʥʝ 1-2 ɛm ʥʘ 

ʧʦʚʨʰʠʥʠ ʚʣʘʢʘʥʘ. ʀʘʢʦ ʿʝ ʥʘ ʦʩʥʦʚʫ ʨʝʥʜʛʝʥʩʢʝ ʜʠʬʨʘʢʮʠʿʝ ʧʨʘʭʘ ʩʠʛʥʘʣ ʢʘʣʮʠʪʘ ʙʠʦ 

ʿʘʢʦ ʤʘʣʠ ʫ ʦʜʥʦʩʫ ʥʘ ʠʥʪʝʥʟʠʪʝʪ ʜʠʬʨʘʢʮʠʦʥʦʛ ʤʘʢʩʠʤʫʤʘ ʘʤʦʥʠʿʫʤ-ʭʣʦʨʠʜʘ, ʥʘ ʩʣʠʮʠ 

ʩʝ ʿʘʩʥʦ ʚʠʜʠ ʧʨʠʩʫʩʪʚʦ ʢʨʠʩʪʘʣʘ ʢʘʣʮʠʪʘ. ʄʘʣʠ ʩʠʛʥʘʣ ʢʘʣʮʠʪʘ ʜʦʙʠʿʝʥ ʨʝʥʜʛʝʥʩʢʦʤ 

ʜʠʬʨʘʢʮʠʿʦʤ ʤʦʞʝ ʩʝ ʦʙʿʘʩʥʠʪʠ ʤʘʣʦʤ ʢʦʣʠʯʠʥʦʤ ʠʩʢʨʠʩʪʘʣʠʩʘʣʦʛ ʢʘʣʮʠʪʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʩʚʝʫʢʫʧʥʫ ʢʦʣʠʯʠʥʫ ʫʟʦʨʢʘ [219]. 

ʄʠʢʨʦʛʨʘʬʩʢʠ ʩʥʠʤʮʠ ʫʟʦʨʘʢʘ ʜʦʙʠʿʝʥʠʭ ʥʘʢʦʥ ʜʚʘ, ʪʨʠ, ʯʝʪʠʨʠ ʠ ʧʝʪ ʮʠʢʣʫʩʘ 

ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ (ʉʣʠʢʝ 4.6. ʚ), 4.6. ʛ), 4.6. ʜ), 4.6. ʹ), 4.6. ʝ), 4.6. ʞ), 4.6. ʟ) ʠ 4.6. ʠ)) ʫ 

ʩʢʣʘʜʫ ʩʫ ʩʘ ʨʝʥʜʛʝʥʩʢʠʤ ʜʠʬʨʘʢʪʦʛʨʘʤʠʤʘ. ʄʦʞʝ ʩʝ ʫʦʯʠʪʠ ʜʘ ʧʨʦʮʝʩ 

ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ ʧʨʦʤʦʚʠʰʝ ʬʦʨʤʠʨʘˁʝ ʨʦʤʙʠʯʥʠʭ ʢʨʠʩʪʘʣʘ ʢʘʣʮʠʪʘ. ʇʦʚʝ˂ʘˁʝʤ 

ʙʨʦʿʘ ʠʤʝʨʟʠʦʥʠʭ ʮʠʢʣʫʩʘ ʥʝ ʫʦʯʘʚʘ ʩʝ ʙʠʪʥʘ ʨʘʟʣʠʢʘ ʫ ʤʦʨʬʦʣʦʛʠʿʠ ʫʟʦʨʘʢʘ, ʠʟʫʟʝʚ 

ʧʦʚʝ˂ʘˁʘ ʙʨʦʿʘ ʠ ʚʝʣʠʯʠʥʝ ʢʨʠʩʪʘʣʘ ʢʘʣʮʠʪʘ. ʇʨʦʩʝʯʥʘ ʚʝʣʠʯʠʥʘ ʢʨʠʩʪʘʣʘ ʢʘʣʮʠʪʘ ʙʠʣʘ ʿʝ 

ʦʢʦ 6 ɛm ʟʘ ʫʟʦʨʘʢ ʜʦʙʠʿʝʥ ʥʘʢʦʥ 3 ʮʠʢʣʫʩʘ (ʉʣʠʢʝ 4.6. ʜ) ʠ 4.6. ʹ)), ʦʢʦ 9 ɛm ʟʘ 4 ʮʠʢʣʫʩʘ 

ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ (ʉʣʠʢʝ 4.6. ʝ) ʠ 4.6. ʞ)) ʠ ʦʢʦ 11 ɛm ʟʘ 5 ʮʠʢʣʫʩʘ (ʉʣʠʢʝ 4.6. ʟ) ʠ 4.6. 

ʠ)) ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ [219].  

ʅʘ ʦʩʥʦʚʫ FE-SEM ʤʠʢʨʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ ʫʟʦʨʘʢʘ ɺʇʄ-CaCO3-ʍ ʤʦʞʝ ʩʝ 

ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʝ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʝ ʠʤʠʪʘʮʠʿʝ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʿʝ ʜʦʙʠʿʘʿʫ ʧʨʘʚʠʣʥʠ 

ʨʦʤʙʠʯʥʠ ʢʨʠʩʪʘʣʠ ʢʘʣʮʠʪʘ ʭʦʤʦʛʝʥʦ ʜʠʩʪʨʠʙʫʠʨʘʥʠ ʢʨʦʟ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʤʨʝʞʫ 

ɺʇʄ, ʧʨʠ ʯʝʤʫ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʙʨʦʿʘ ʠʤʝʨʟʠʦʥʠʭ ʮʠʢʣʫʩʘ ʨʘʩʪʝ ʠ ʚʝʣʠʯʠʥʘ ʠ ʙʨʦʿ ʢʨʠʩʪʘʣʘ 

ʢʘʣʮʠʪʘ [219]. 
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   ʘ)       ʙ) 

               

   ʚ)       ʛ) 
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   ʜ)       ʹ) 

               

   ʝ)       ʞ) 
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   ʟ)      ʠ) 

 

ʉʣʠʢʘ 4.6. FE-SEM ʤʠʢʨʦʛʨʘʬʩʢʠ ʩʥʠʤʮʠ ʢʦʤʧʦʟʠʪʘ ɺʇʄïCaCO3 ʩʥʠʤˀʝʥʠ  ʧʨʠ 

ʨʘʟʣʠʯʠʪʠʤ ʫʚʝ˂ʘˁʠʤʘ: ʘ) ɺʇʄ-CaCO3-1 (2.260 x), ʙ) ɺʇʄ-CaCO3-1 (15.000 x), ʚ) ɺʇʄ-

CaCO3-2 (1.640 x), ʛ) ɺʇʄ-CaCO3-2 (1730 x), ʜ) ɺʇʄ-CaCO3-3 (376 x), ʹ) ɺʇʄ-CaCO3-3 

(5.180 x), ʝ) ɺʇʄ-CaCO3-4 (322 x), ʞ) ɺʇʄ-CaCO3-4 (3.430 x), ʟ) ɺʇʄ-CaCO3-5 (313 ʭ), ʠ) 

ɺʇʄ-CaCO3-5 (4830 ʭ) [219] 

 

4.3. ʌʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʢʦʤʧʦʟʠʪʘ ʚʣʘʢʘʥʘ 

ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʠ CeO2 

ʄʝʪʦʜʦʤ ʧʨʝʮʠʧʠʪʘʮʠʿʝ, ʫ ʧʨʠʩʫʩʪʚʫ ɺʇʄ, ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʨʘʩʪʚʦʨʘ 

Ce(NO3)3 (0,01, 0,1 ʠ 0,5 mol/dm
3
) ʜʦʙʠʿʝʥ ʿʝ CeO2. 

ʂʘʢʦ ʙʠ ʩʝ ʧʨʦʮʝʥʠʦ ʩʘʜʨʞʘʿ CeO2 ʫ ʦʜʥʦʩʫ ʥʘ ʚʣʘʢʥʘ, ʠʟʤʝʨʝʥʘ ʿʝ ʤʘʩʘ ʚʣʘʢʘʥʘ 

ʧʨʝ ʠ ʧʦʩʣʝ ʩʠʥʪʝʟʝ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʩʚʝ ʧʨʠʤʝˁʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ Ce(NO3)3. ʂʘʦ ʰʪʦ ʿʝ ʠ 

ʦʯʝʢʠʚʘʥʦ, ʩʘ ʧʦʨʘʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʨʘʩʪʚʦʨʘ Ce(NO3)3, ʧʦʚʝ˂ʘʥ ʿʝ ʩʘʜʨʞʘʿ CeO2 ʫ 

ʫʟʦʨʢʫ ʫ ʦʜʥʦʩʫ ʥʘ ɺʇʄ [220]. 

ɺʇʄ 0.01: ʄʘʩʘ ʚʣʘʢʘʥʘ ʧʨʝ ʩʠʥʪʝʟʝ = 1,2 mg 
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ʄʘʩʘ ʢʦʤʧʦʟʠʪʘ (ʥʘʢʦʥ ʩʠʥʪʝʟʝ) = 1,4 mg (16,5% ʧʦʚʝ˂ʘˁʘ ʤʘʩʝ)  

ɺʇʄ 0.1: ʄʘʩʘ ʚʣʘʢʘʥʘ ʧʨʝ ʩʠʥʪʝʟʝ = 1,1 mg 

ʄʘʩʘ ʢʦʤʧʦʟʠʪʘ (ʥʘʢʦʥ ʩʠʥʪʝʟʝ) = 2,2 mg (100% ʧʦʚʝ˂ʘˁʘ ʤʘʩʝ) 

ɺʇʄ 0.5: ʄʘʩʘ ʚʣʘʢʘʥʘ ʧʨʝ ʩʠʥʪʝʟʝ = 1,7 mg 

ʄʘʩʘ ʢʦʤʧʦʟʠʪʘ (ʥʘʢʦʥ ʩʠʥʪʝʟʝ) = 4,4 mg (158% ʧʦʚʝ˂ʘˁʘ ʤʘʩʝ). 

 

4.3.1. ʄʦʨʬʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ ɺʇʄ ʦʙʣʦʞʝʥʠʭ CeO2  

ʉʣʠʢʘ 4.7. ʧʨʠʢʘʟʫʿʝ FE-SEM ʤʠʢʨʦʛʨʘʬʩʢʝ ʩʥʠʤʢʝ ʧʘʫʢʦʚʠʭ ʚʣʘʢʘʥʘ ʥʘʢʦʥ 

ʫʨʘˁʘˁʘ ʫ ʚʦʜʝʥʝ ʨʘʩʪʚʦʨʝ ʮʝʨʠʿʫʤ-ʥʠʪʨʘʪʘ ʠ ʧʦʪʦˁʝʛ ʜʦʜʘʚʘˁʘ ʨʘʩʪʚʦʨʘ ʘʤʦʥʠʿʫʤ- 

ʭʠʜʨʦʢʩʠʜʘ. ʅʘ ʩʣʠʢʘʤʘ ʩʝ ʤʦʛʫ ʚʠʜʝʪʠ ʚʣʘʢʥʘ ʦʙʣʦʞʝʥʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʥʘʥʦʯʝʩʪʠʮʘ.  

ʋʧʦʪʨʝʙʦʤ ʨʘʩʪʚʦʨʘ Ce(NO3)3 ʢʦʥʮʝʥʪʨʘʮʠʿʝ 0,01 mol/dm
3
 ʜʦʙʠʿʝʥʘ ʩʫ ʚʣʘʢʥʘ ʢʦʿʘ 

ʥʠʩʫ ʙʠʣʘ ʭʦʤʦʛʝʥʦ ʦʙʣʦʞʝʥʘ ʥʘʥʦʯʝʩʪʠʮʘʤʘ ʮʝʨʠʿʫʤ(IV)-ʦʢʩʠʜʘ (ʉʣʠʢʘ 4.7. ʘ) ʠ 4.7. ʙ)). 

ʇʨʠʤʝʥʘ ʥʠʩʢʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʦʯʝʪʥʦʛ ʨʘʩʪʚʦʨʘ Ce(NO3)3 ʨʝʟʫʣʪʦʚʘʣʘ ʿʝ ʥʝʧʦʪʧʫʥʦ 

ʦʙʣʦʞʝʥʠʤ ʚʣʘʢʥʠʤʘ ʩʘ ʤʝʩʪʠʤʠʯʥʦʤ ʨʘʩʧʦʜʝʣʦʤ ʯʝʩʪʠʮʘ ʜʫʞ ʚʣʘʢʘʥʘ, ʥʝʧʦʛʦʜʥoʤ ʟʘ 

ʜʘˀʘ ʠʩʧʠʪʠʚʘˁʘ [220]. 

 ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʥʘ ʧʦʚʨʰʠʥʠ ʚʣʘʢʘʥʘ ʜʦʙʠʿʝʥʠʭ ʠʟ ʨʘʩʪʚʦʨʘ Ce(NO3)3 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ 0,5 mol/dm
3
, ʦʙʨʘʟʦʚʘʥ ʿʝ ʜʝʙʝʦ, ʥʝʨʘʚʥʦʤʝʨʘʥ ʩʣʦʿ ʥʘʥʦʯʝʩʪʠʮʘ ʩʘ 

ʧʨʠʤʝʪʥʠʤ ʧʫʢʦʪʠʥʘʤʘ ʜʫʞ ʚʣʘʢʘʥʘ (ʉʣʠʢʘ 4.7. ʚ) ʠ 4.7. ʛ)). ʇʦʯʝʪʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʨʘʩʪʚʦʨʘ Ce(NO3)3 ʙʠʣʘ ʿʝ ʧʨʝʚʠʩʦʢʘ ʟʘ ʜʦʙʠʿʘˁʝ ʚʣʘʢʘʥʘ ʨʘʚʥʦʤʝʨʥʦ ʦʙʣʦʞʝʥʠʭ CeO2, 

ʪʘʢʦ ʜʘ ʥʠ ʦʚʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʠʿʝ ʙʠʣʘ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʟʘ ʜʘˀʘ ʠʩʧʠʪʠʚʘˁʘ [220]. 

ʅʘʿʙʦˀʠ ʨʝʟʫʣʪʘʪ ʜʦʙʠʿʝʥ ʿʝ ʠʟ ʨʘʩʪʚʦʨʘ Ce(NO3)3 ʢʦʥʮʝʥʪʨʘʮʠʿʝ 0,1 mol/dm
3
 

(ʉʣʠʢʘ 4.7. ʜ) ʠ 4.7. ʹ), ʧʨʠ ʯʝʤʫ ʩʝ ʤʦʞʝ ʟʘʧʘʟʠʪʠ ʜʘ ʩʫ ʥʘʥʦʯʝʩʪʠʮʝ ʮʝʨʠʿʝ ʫʥʠʬʦʨʤʥʦ 

ʨʘʩʧʦʨʝʹʝʥʝ ʥʘ ʧʦʚʨʰʠʥʠ ʚʣʘʢʘʥʘ ʙʝʟ ʟʥʘʯʘʿʥʝ ʚʘʨʠʿʘʮʠʿe ʫ ʜʝʙˀʠʥʠ ʩʣʦʿʘ ʜʫʞ ʚʣʘʢʥʘ ʠ 

ʙʝʟ ʧʨʠʤʝʪʥʠʭ ʧʫʢʦʪʠʥʘ. ʅʘ ʦʩʥʦʚʫ FE-SEM ʤʠʢʨʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ, ʚʦʜʝʥʠ ʨʘʩʪʚʦʨ 

ʮʝʨʠʿʫʤ-ʥʠʪʨʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 0,1 mol/dm
3
 ʦʜʘʙʨʘʥ ʿʝ ʟʘ ʜʦʙʠʿʘˁʝ Eu

3+ 
ʜʦʧʠʨʘʥʦʛ CeO2 

[220]. 
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   ʘ)      ʙ) 

            

   ʚ)      ʛ) 
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   ʜ)      ʹ) 

ʉʣʠʢʘ 4.7. FE-SEM ʤʠʢʨʦʛʨʘʬʩʢʠ ʩʥʠʤʮʠ ɺʇʄ ʦʙʣʦʞʝʥʠʭ ʥʘʥʦʯʝʩʪʠʮʘʤʘ CeO2, ʜʦʙʠʿʝʥʠ 

ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʫʚʝ˂ʘˁʠʤʘ: ʘ) ɺʇʄ 0.01 (3.330 ʭ), ʙ)ɺʇʄ 0.01 (8.330ʭ), ʚ) ɺʇʄ 0.5 

(8.3300ʭ),  ʛ) ɺʇʄ 0.5 (198.000ʭ), ʜ) ɺʇʄ 0.1 (187.000ʭ), ʹ) ɺʇʄ 0.1 (481.000ʭ) [220] 

 

4.3.2. ʉʪʨʫʢʪʫʨʥʘ ʩʚʦʿʩʪʚʘ ɺʇʄ ʦʙʣʦʞʝʥʠʭ CeO2 ʠ ɽu
3+ 
ʜʦʧʠʨʘʥʠʤ CeO2 

ʅʘ ʉʣʠʮʠ 4.8. ʧʨʠʢʘʟʘʥʠ ʩʫ ʜʠʿʘʛʨʘʤʠ ʨʝʥʜʛʝʥʩʢʝ ʜʠʬʨʘʢʮʠʿʝ ʚʣʘʢʘʥʘ ʦʙʣʦʞʝʥʠʭ 

ʯʠʩʪʦʤ ʮʝʨʠʿʦʤ ʜʦʙʠʿʝʥʦʤ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ Ce(NO3)3 (ɺʇʄ 0.01 ʠ ɺʇʄ 0.1), 

ʢʘʦ ʠ ʚʣʘʢʘʥʘ ʦʙʣʦʞʝʥʠʭ Eu
3+

 ʜʦʧʠʨʘʥʦʤ ʮʝʨʠʿʦʤ (ɺʇʄ-CeO2 : Eu
3+

). ʈʘʜʠ ʫʧʦʨʝʹʠʚʘˁʘ, 

ʥʘ ʩʣʠʮʠ ʿʝ ʧʨʠʢʘʟʘʥ ʠ ʜʠʿʘʛʨʘʤ ʧʨʠʨʦʜʥʠʭ, ʥʝʦʙʣʦʞʝʥʠʭ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ. ʅʘ 

ʦʩʥʦʚʫ ʜʦʙʠʿʝʥʠʭ ʨʝʥʜʛʝʥʩʢʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʘ, ʤʦʞʝ ʩʝ ʧʨʘʪʠʪʠ ʝʬʝʢʘʪ ʦʙʣʘʛʘˁʘ ʚʣʘʢʘʥʘ 

ʮʝʨʠʿʦʤ, ʢʘʦ ʠ ʫʪʠʮʘʿ ʧʨʦʤʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ Ce(NO3)3 ʥʘ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʥʠʭ ʬʘʟʘ 

[220].  
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ʉʣʠʢʘ 4.8. ʈʝʥʜʛʝʥʩʢʠ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʫʟʦʨʘʢʘ: ʘ) ʯʠʩʪʠʭ, ʥʝʜʦʧʠʨʘʥʠʭ ɺʇʄ,  

ʙ) ɺʇʄ 0,01, ʚ) ɺʇʄ 0,1, ʛ) ɺʇʄ- CeO2:Eu
3+

[220] 

ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʨʝʥʜʛʝʥʩʢʠ ʜʠʬʨʘʢʪʦʛʨʘʤ ʧʨʠʨʦʜʥʠʭ, ʥʝʜʦʧʠʨʘʥʠʭ ɺʇʄ, ʢʘʦ ʠ 

ʜʠʬʨʘʢʪʦʛʨʘʤ ʫʟʦʨʢʘ ɺʇʄ 0,01, ʥʠʿʝ ʫʪʚʨʹʝʥʦ ʧʨʠʩʫʩʪʚʦ ʬʘʟʝ ʮʝʨʠʿʫʤ(IV)-ʦʢʩʠʜʘ (ʉʣʠʢʝ 

4.8. ʘ) ʠ 4.8. ʙ)) ʠ ʠʟʤʝʹʫ ʜʠʬʨʘʢʪʦʛʨʘʤʘ ʦʚʘ ʜʚʘ ʫʟʦʨʢʘ ʥʠʿʝ ʫʦʯʝʥʘ ʙʠʪʥʘ ʨʘʟʣʠʢʘ. 

ʆʜʩʫʩʪʚʦ ʤʘʢʩʠʤʫʤʘ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʢʨʠʩʪʘʣʥʦʿ ʬʘʟʠ ʮʝʨʠʿʝ ʟʘ ʫʟʦʨʘʢ ɺʇʄ 0,01 ʩʝ 

ʦʙʿʘʰˁʘʚʘ ʩʫʚʠʰʝ ʤʘʣʦʤ ʢʦʣʠʯʠʥʦʤ ʮʝʨʠʿʫʤ(IV)-ʦʢʩʠʜʘ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʣʠʯʠʥʫ ʚʣʘʢʘʥʘ ʠ 

ʧʦʪʢʨʝʧˀʝʥʦ ʿʝ ʨʝʟʫʣʪʘʪʠʤʘ ʜʦʙʠʿʝʥʠʤ ʩʢʝʥʠʨʘʿʫ˂ʦʤ ʝʣʝʢʪʨʦʥʩʢʦʤ ʤʠʢʨʦʩʢʦʧʠʿʦʤ [220].  

ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʨʘʩʪʚʦʨʘ ʮʝʨʠʿʫʤ-ʥʠʪʨʘʪʘ ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ 

ʜʠʬʨʘʢʮʠʦʥʠʭ ʧʠʢʦʚʘ ʥʘ 2ɗ ~ 28,4 Á, 32,8 Á, 47,5 Á ʠ 56,3 Á ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ (111), (200), 

(220) ʠ (311) ʄʠʣʝʨʦʚʠʤ ʠʥʜʝʢʩʠʤʘ ʢʫʙʥʝ ʬʣʫʦʨʠʪʥʝ ʩʪʨʫʢʪʫʨʝ ʮʝʨʠʿʝ. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ 

ʨʝʬʣʝʢʩʠʿʘ ʪʠʧʠʯʥʠʭ ʟʘ CeO2 ʠʟʚʨʰʝʥʘ ʿʝ ʧʦʤʦ˂ʫ Joint Comitee on Powder Diffraction 

Standards (JCPDS) ʢʘʨʪʠʮʝ ʙʨʦʿ 4-0593. ʊʘʢʦʹʝ, ʧʦʩʤʘʪʨʘʿʫ˂ʠ ʜʠʿʘʛʨʘʤ ʢʦʿʠ ʦʜʛʦʚʘʨʘ 
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ʫʟʦʨʢʫ ɺʇʄ-CeO2:Eu
3+

,
 
ʜʠʬʨʘʢʮʠʦʥʠ ʤʘʢʩʠʤʫʤʠ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʠʟʦʣʦʚʘʥʠʤ Eu ʬʘʟʘʤʘ 

ʥʠʩʫ ʫʦʯʝʥʠ, ʰʪʦ ʫʧʫ˂ʫʿʝ ʥʘ ʧʨʝʪʧʦʩʪʘʚʢʫ ʜʘ ʩʝ ɽu
3+ 
ʥʘʰʘʦ ʫ ʢʨʠʩʪʘʣʥʦʿ ʨʝʰʝʪʢʠ ʮʝʨʠʿʝ. 

ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʩʚʠʭ ʫʟʦʨʘʢʘ ʩʘʜʨʞʝ ʰʠʨʦʢʝ ʨʝʬʣʝʢʩʠʿʝ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʤʘʣʫ ʚʝʣʠʯʠʥʫ 

ʢʨʠʩʪʘʣʠʪʘ ʠ/ʠʣʠ ʚʝʣʠʢʦ ʥʘʧʨʝʟʘˁʝ ʫʥʫʪʘʨ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ [220].  

ʂʘʢʦ ʙʠ ʩʝ ʜʦʙʠʣʠ ʧʦʜʘʮʠ ʦ ʚʝʣʠʯʠʥʠ ʢʨʠʩʪʘʣʠʪʘ ʠ ʤʠʢʨʦʥʘʧʨʝʟʘˁʫ, ʢʦʥʩʪʨʫʠʩʘʥ 

ʿʝ ɺʠʣʠʘʤʩʦʥ-ʍʦʣʦʚ ʜʠʿʘʛʨʘʤ (ʉʣʠʢʘ 4.9.) ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʝ: 

‍ ÃÏÓ— πȢω‗Ὀ τЎὨὨÓÉÎ—  (1) 

ʛʜʝ je: 

ɓtotal - ʰʠʨʠʥa ʥʘ ʧʦʣʫ-ʚʠʩʠʥʠ ʧʠʢʘ, 

 ɚ - ʪʘʣʘʩʥʘ ʜʫʞʠʥʘ ʫʧʘʜʥʦʛ X ʟʨʘʢʘ, 

 ɗ - ʜʠʬʨʘʢʮʠʦʥʠ ʫʛʘʦ,  

D - ʚʝʣʠʯʠʥʘ ʢʨʠʩʪʘʣʠʪʘ, 

ȹd /d - ʤʠʢʨʦʥʘʧʨʝʟʘˁʝ.  

  ʇʨʝʜʩʪʘʚˀʘˁʝʤ ʣʠʥʝʘʨʥʝ ʟʘʚʠʩʥʦʩʪʠ ɓtotal x cos ɗ (y-ʦʩʘ) ʦʜ ʩʠʥʫʩʘ ʫʛʣʘ ɗ (x-ʦʩʘ) 

ʤʦʛʫ˂ʝ ʿʝ ʜʦʙʠʪʠ ʩʨʝʜˁʫ ʚʝʣʠʯʠʥʫ ʢʨʠʩʪʘʣʠʪʘ D ʠʟ ʦʜʩʝʯʢʘ ʥʘ y-ʦʩʠ ʠ ʩʨʝʜˁʝ ʥʘʧʨʝʟʘˁʝ 

ȹd/d ʠʟ ʥʘʛʠʙʘ ʧʨʘʚʝ [220]. 
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ʉʣʠʢʘ 4.9. ɺʠʣʠʘʤʩʦʥ-ʍʦʣʦʚʘ ʘʥʘʣʠʟʘ ɺʇʄ ʦʙʣʦʞʝʥʠʭ ʥʘʥʦʮʝʨʠʿʦʤ. 

 ʅʘʧʨʝʟʘˁʝ ʿʝ ʠʟʨʘʯʫʥʘʪʦ ʠʟ ʥʘʛʠʙʘ, ʘ ʚʝʣʠʯʠʥʘ ʢʨʠʩʪʘʣʠʪʘ ʠʟ ʦʜʩʝʯʢʘ ʥʘ y-ʦʩʠ [220] 

ʇʨʠʩʫʩʪʚʦ ʥʘʛʠʙʘ ʫ ʜʠʿʘʛʨʘʤʫ ʢʦʿʠ ʦʧʠʩʫʿʝ ʟʘʚʠʩʥʦʩʪ ɓtotal x cos ɗ ʦʜ sin ɗ ʫʢʘʟʫʿʝ ʥʘ 

ʧʦʩʪʦʿʘˁʝ ʥʘʧʨʝʟʘˁʘ ʫʥʫʪʘʨ ʥʘʥʦʢʨʠʩʪʘʣʘ (ʟʙʦʛ ʨʘʟʣʠʯʠʪʝ ʦʨʠʿʝʥʪʠʩʘʥʦʩʪʠ ʢʨʠʩʪʘʣʠʪʘ). 

ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʥʘʛʠʙʘ ʧʨʘʚʝ, ʧʦʚʝ˂ʘʚʘ ʩʝ ʠ ʥʘʧʨʝʟʘˁʝ ʫʥʫʪʘʨ ʥʘʥʦʢʨʠʩʪʘʣʘ. ʅʘ ʦʩʥʦʚʫ 

ʦʜʩʝʯʢʘ ʥʘ y-ʦʩʠ, ʤʦʞʝ ʩʝ ʧʨʦʮʝʥʠʪʠ ʚʝʣʠʯʠʥʘ ʢʨʠʩʪʘʣʠʪʘ, ʜʦʢ ʩʝ ʥʘ ʦʩʥʦʚʫ ʥʘʛʠʙʘ ʤʦʞʝ 

ʠʟʨʘʯʫʥʘʪʠ ʥʘʧʨʝʟʘˁʝ [220]. 

ʇʦʜʘʮʠ ʜʦʙʠʿʝʥʠ ʠʟ ʜʠʿʘʛʨʘʤʘ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʫ ʊʘʙʝʣʠ 4.1. ʅʘ ʦʩʥʦʚʫ ʪʘʙʝʣʝ 

ʧʨʠʤʝ˂ʫʿʝ ʩʝ ʧʦʚʝ˂ʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ ʟʘ ʫʟʦʨʘʢ ɺʇʄ-CeO2:Eu
3+

 ʫ ʦʜʥʦʩʫ 

ʥʘ ʫʟʦʨʘʢ ɺʇʄ 0,5 ʢʦʿʠ ʥʝ ʩʘʜʨʞʠ ʝʫʨʦʧʠʿʫʤ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʫʟʦʨʘʢ ɺʇʄ-CeO2:Eu
3+

 

ʩʘʜʨʞʠ Eu
3+
, ʦʯʝʢʫʿʝ ʩʝ ʧʦʚʝ˂ʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ ʫʩʣʝʜ ʨʘʟʣʠʯʠʪʠʭ 

ʿʦʥʩʢʠʭ ʨʘʜʠʿʫʩʘ Ce ʠ Eu ʿʦʥʘ. ʅʘ ʦʩʥʦʚʫ ʐʝʥʦʥʦʚʝ ʢʦʤʧʠʣʘʮʠʿʝ [237], ʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʠ 
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ʙʨʦʿ 8, ʿʦʥʩʢʠ ʨʘʜʠʿʫʩ Ce
4+ 
ʿʝ 0,97 ¡, ʘ ʟʘ ɽu

3+  
ʿʝ

 
1,066 ¡. ɼʦʧʠʨʘˁʝʤ Eu

3+ 
ʿʦʥʘ ʚʝ˂ʝʛ 

ʨʘʜʠʿʫʩʘ, ʧʦʚʝ˂ʘʚʘ ʩʝ ʚʝʣʠʯʠʥʘ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ. ʊʘʢʦʹʝ, ʚʝʣʠʯʠʥʘ ʢʨʠʩʪʘʣʠʪʘ ʠ 

ʤʠʢʨʦʥʘʧʨʝʟʘˁʝ ʩʫ ʚʝ˂ʠ ʟʘ ʫʟʦʨʘʢ ɺʇʄ-CeO2:Eu
3+

 ʫ ʦʜʥʦʩʫ ʥʘ ɺʇʄ 0,5 [220]. 

ʊʘʙʝʣʘ 4.1. ʇʘʨʘʤʝʪʨʠ ʿʝʜʠʥʠʯʥʝ ˂ʝʣʠʿʝ, ʚʝʣʠʯʠʥʘ ʢʨʠʩʪʘʣʠʪʘ ʠ ʤʠʢʨʦʥʘʧʨʝʟʘˁʝ ʟʘ 

ʫʟʦʨʢʝ ɺʇʄ 0,5 ʠ ɺʇʄ-CeO2:Eu
3+ 

[220] 

ʋʟʦʨʘʢ 
ɺʝʣʠʯʠʥʘ 

ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ 

ʘʦ [nm]  

ɺʝʣʠʯʠʥʘ 

ʢʨʠʩʪʘʣʠʪʘ D [nm]  

ʄʠʢʨʦʥʘʧʨʝʟʘˁʝ 

[%]  

ɺʇʄ 0,5 0,54100 7,5 0,1 

ɺʇʄ-CeO2:Eu
3+

 0,54301 9,5 0,4 

ʂʦʨʠʰ˂ʝˁʝʤ ʝʣʝʢʪʨʦʥʩʢʝ ʜʠʬʨʘʢʮʠʿʝ ʩʘ ʦʜʘʙʨʘʥʝ ʧʦʚʨʰʠʥʝ ʫʟʦʨʢʘ ɺʇʄ-

CeO2:Eu
3+
, ʜʦʙʠʿʝʥʘ ʿʝ ʝʣʝʢʪʨʦʥʩʢʘ ʜʠʬʨʘʢʮʠʦʥʘ ʩʣʠʢʘ ʜʘʪʦʛ ʫʟʦʨʢʘ (ʉʣʠʢʘ 4.10.). ʋ 

ʩʣʫʯʘʿʫ ʧʦʣʠʢʨʠʩʪʘʣʥʠʭ ʫʟʦʨʘʢʘ, ʧʦʿʘʚˀʫʿʝ ʩʝ ʜʠʬʨʘʢʮʠʦʥʘ ʩʣʠʢʘ ʫ ʚʠʜʫ ʥʠʟʘ ʧʨʩʪʝʥʦʚʘ. 

ɼʠʬʨʘʢʪʦʛʨʘʤ ʩʘʜʨʞʠ ʪʨʠ ʰʠʨʦʢʘ ʧʨʩʪʝʥʘ ʢʦʿʘ ʦʜʛʦʚʘʨʘʿʫ (111), (220) ʠ (311) 

ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʠʤ ʬʘʟʘʤʘ ʮʝʨʠʿʝ ʠ ʧʦʜʫʜʘʨʘʿʫ ʩʝ ʩʘ JCPDS ʢʘʨʪʠʮʦʤ ʙʨ. 4-0593. ʆʚʠ 

ʨʝʟʫʣʘʪʠ ʩʫ ʫ ʩʢʣʘʜʫ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʨʝʥʜʛʝʥʩʢʝ ʜʠʬʨʘʢʮʠʦʥʝ ʘʥʘʣʠʟʝ ʫʟʦʨʢʘ ɺʇʄ-

CeO2:Eu
3+
, ʯʠʤʝ ʿʝ ʧʦʪʚʨʹʝʥʦ ʧʨʠʩʫʩʪʚʦ ʥʘʥʦʢʨʠʩʪʘʣʥʦʛ CeO2 ʥʘ ʧʦʚʨʰʠʥʠ ʚʣʘʢʘʥʘ [220].  

 

ʉʣʠʢʘ 4.10. SAED ʫʟʦʨʢʘ ɺʇʄ-CeO2:Eu
3+

 [220] 
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4.3.3. ʄʦʨʬʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ ɺʇʄ ʦʙʣʦʞʝʥʠʭ ɽu
3+ 
ʜʦʧʠʨʘʥʠʤ CeO2 

ɽʣʝʤʝʥʪʘʨʥʠ ʩʘʩʪʘʚ ʫʟʦʨʢʘ ɺʇʄ-CeO2:Eu
3+ 
ʧʦʪʚʨʹʝʥ ʿʝ EDS ʘʥʘʣʠʟʦʤ, ʢʦʿʘ ʿʝ 

ʧʨʠʢʘʟʘʥʘ ʫʟ SEM ʤʠʢʨʦʛʨʘʬʩʢʠ ʩʥʠʤʘʢ (ʉʣʠʢʘ 4.11.). ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʫʟʦʨʘʢ ʩʘʜʨʞʠ 

ʝʣʝʤʝʥʪʝ ʮʝʨʠʿʫʤ (Ce) ʠ ʢʠʩʝʦʥʠʢ (O) ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʜʦʙʠʿʝʥʠʤ 

ʨʝʥʜʛʝʥʩʢʦʤ ʜʠʬʨʘʢʮʠʿʦʤ. ʊʘʢʦʹʝ, ʫʦʯʘʚʘʿʫ ʩʝ ʤʘʢʩʠʤʫʤʠ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʝʫʨʦʧʠʿʫʤʫ 

(Eu). ʆʚʠʤ ʿʝ ʥʝʜʚʦʩʤʠʩʣʝʥʦ ʧʦʪʚʨʹʝʥʦ ʧʨʠʩʫʩʪʚʦ ɽu ʫ ʫʟʦʨʢʫ ɺʇʄ-CeO2:Eu
3+
. ʋʟʦʨʘʢ 

ʩʘʜʨʞʠ ʠ ʫʛˀʝʥʠʢ (C) ʠ ʘʟʦʪ (N), ʢʦʿʠ ʧʦʪʠʯʫ ʦʜ ʚʣʘʢʘʥʘ ʧʨʦʪʝʠʥʩʢʝ ʧʨʠʨʦʜʝ ʢʦʿʘ ʩʝ 

ʥʘʣʘʟʝ ʠʩʧʦʜ ʯʝʩʪʠʮʘ CeO2. ʄʘʢʩʠʤʫʤʠ ʟʣʘʪʘ (Au) ʧʦʪʠʯʫ ʦʜ ʥʘʧʘʨʘʚʘˁʘ ʫʟʦʨʢʘ ʪʦʢʦʤ 

ʧʨʦʮʝʩʘ ʧʨʠʧʨʝʤʝ [220].  

 

a) 
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ʙ) 

ʉʣʠʢʘ 4.11. ʘ) SEM ʤʠʢʨʦʛʨʘʬʩʢʠ ʩʥʠʤʘʢ  ʫʟʦʨʢʘ ɺʇʄ-CeO2:Eu
3+
, ʜʝʦ ʫʟʦʨʢʘ ʯʠʿʠ ʿʝ EDS 

ʩʧʝʢʪʘʨ ʧʨʠʢʘʟʘʥ ʦʙʝʣʝʞʝʥ ʿʝ ʮʨʚʝʥʦʤ ʙʦʿʦʤ;  

ʙ) EDS ʩʧʝʢʪʘʨ ʫʟʦʨʢʘ ɺʇʄ-CeO2:Eu
3+ 

[220] 

ʄʦʨʬʦʣʦʛʠʿʘ ʫʟʦʨʢʘ ɺʇʄ-CeO2:Eu
3+ 
ʘʥʘʣʠʟʠʨʘʥʘ ʿʝ ʧʨʠʤʝʥʦʤ ʪʨʘʥʩʤʠʩʠʦʥʝ 

ʝʣʝʢʪʨʦʥʩʢʝ ʤʠʢʨʦʩʢʦʧʠʿʝ (ʊɽʄ). TEM ʤʠʢʨʦʛʨʘʬʩʢʠ ʩʥʠʤʮʠ ʫʟʦʨʢʘ ɺʇʄ-CeO2:Eu
3+ 

ʩʥʠʤˀʝʥʠ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʫʚʝ˂ʘˁʠʤʘ, ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʉʣʠʮʠ 4.12. 
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ʘ) 

 

ʙ) 

ʉʣʠʢʘ 4.12. ʊɽʄ ʤʠʢʨʦʛʨʘʬʩʢʠ ʩʥʠʤʮʠ ʫʟʦʨʢʘ ɺʇʄ-CeO2:Eu
3+ 
ʩʥʠʤˀʝʥʦʛ ʧʨʠ 

ʨʘʟʣʠʯʠʪʠʤ ʫʚʝ˂ʘˁʠʤʘ [220] 

ɸʥʘʣʠʟʦʤ ʊɽʄ ʤʠʢʨʦʛʨʘʬʩʢʠʭ ʩʥʠʤʘʢʘ, ʧʦʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʫ ʥʘʥʦʯʝʩʪʠʮʝ 

ʮʝʨʠʿʫʤ(IV)-ʦʢʩʠʜʘ ʨʘʩʧʦʨʝʹʝʥʝ ʜʫʞ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ. ʅʘ ʦʩʥʦʚʫ ʉʣʠʢʝ 4.8., 

ʧʨʦʩʝʯʥʘ ʚʝʣʠʯʠʥʘ ʥʘʥʦʯʝʩʪʠʮʘ ʿʝ ʦʢʦ 3 nm. ʂʘʜʘ ʩʝ ʦʚʘʿ ʧʦʜʘʪʘʢ ʫʧʦʨʝʜʠ ʩʘ ʧʨʝʪʭʦʜʥʦ 

ʜʦʙʠʿʝʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ʠʟ ʊʘʙʝʣʝ 4.1., ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʿʝ ʚʨʝʜʥʦʩʪ ʠʟʨʘʯʫʥʘʪʝ ʚʝʣʠʯʠʥʝ 
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ʢʨʠʩʪʘʣʠʪʘ ʚʝ˂ʘ ʦʜ ʚʝʣʠʯʠʥʝ ʯʝʩʪʠʮʘ. ʆʚʦ ʦʜʩʪʫʧʘˁʝ ʦʜ ʨʝʘʣʥʝ ʚʝʣʠʯʠʥʝ ʦʙʿʘʰˁʘʚʘ ʩʝ 

ʯʠˁʝʥʠʮʦʤ ʜʘ ʿʝ ʚʝʣʠʯʠʥʘ ʥʘʥʦʯʝʩʪʠʮʘ ʚʝʦʤʘ ʤʘʣʘ (ʩʘʤʦ ʥʝʢʦʣʠʢʦ ʥʘʥʦʤʝʪʘʨʘ), ʢʘʦ ʠ ʜʘ  

ʥʘʧʨʝʟʘˁʝ ʫʣʘʟʠ ʫ ʦʙʟʠʨ ʧʨʠ ʨʘʯʫʥʘˁʫ ʚʝʣʠʯʠʥʝ ʢʨʠʩʪʘʣʠʪʘ, ʰʪʦ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ 

ʠʟʨʘʯʫʥʘʪʫ ʚʨʝʜʥʦʩʪ ʚʝʣʠʯʠʥʝ ʢʨʠʩʪʘʣʠʪʘ. ʉʚʘʢʘʢʦ, ʯʠˁʝʥʠʮʘ ʿʝ ʜʘ ʿʝ ʚʝʣʠʯʠʥʘ 

ʢʨʠʩʪʘʣʠʪʘ ʤʘʣʘ (ʨʝʜʘ ʚʝʣʠʯʠʥʝ ʥʝʢʦʣʠʢʦ ʥʘʥʦʤʝʪʘʨʘ) ʠ ʜʘ ʜʦʧʘʥʪ ʿʦʥ (Eu
3+
) ʠʟʘʟʠʚʘ 

ʧʦʚʝ˂ʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ [220]. 

 

4.3.4. ʇʦʚʨʰʠʥʩʢʘ ʩʚʦʿʩʪʚʘ ʫʟʦʨʘʢʘ ɺʇʄ ʦʙʣʦʞʝʥʠʭ ɽu
3+ 
ʜʦʧʠʨʘʥʠʤ CeO2 

ʋ ʮʠˀʫ ʘʥʘʣʠʟʝ ʧʦʚʨʰʠʥʩʢʠʭ ʩʚʦʿʩʪʘʚʘ ʫʟʦʨʘʢʘ ʥʘʢʦʥ ʦʙʣʘʛʘˁʘ ʥʘʥʦʯʝʩʪʠʮʘʤʘ 

ʮʝʨʠʿʝ, ʩʥʠʤˀʝʥʘ ʿʝ ʠʥʬʨʘʮʨʚʝʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ ʩʘ ʌʫʨʠʿʝʦʚʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ ʟʘ 

ʫʟʦʨʘʢ SS-CeO2:Eu
3+
. ʈʘʜʠ ʧʦʨʝʹʝˁʘ, ʧʨʠʢʘʟʘʥ ʿʝ ʠ ʠʥʬʨʘʮʨʚʝʥʠ ʩʧʝʢʪʘʨ ʧʨʠʨʦʜʥʠʭ, 

ʥʝʦʙʣʦʞʝʥʠʭ ʚʣʘʢʘʥʘ. ʉʧʝʢʪʨʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʥʘ ʉʣʠʮʠ 4.13. 
 

 

ʉʣʠʢʘ 4.13. ʀʥʬʨʘʮʨʚʝʥʠ ʩʧʝʢʪʘʨ ʧʨʠʨʦʜʥʠʭ, ʥʝʦʙʣʦʞʝʥʠʭ ʚʣʘʢʘʥʘ (ʘ)  

ʠ ʫʟʦʨʢʘ ɺʇʄ-CeO2:Eu
3+ 
(ʙ) [220] 
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ɸʥʘʣʠʟʦʤ ʠʥʬʨʘʮʨʚʝʥʠʭ ʩʧʝʢʪʘʨʘ ʚʣʘʢʘʥʘ ʦʙʣʦʞʝʥʠʭ ʮʝʨʠʿʫʤ(IV)-ʦʢʩʠʜʦʤ, 

ʫʪʚʨʹʝʥʦ ʿʝ ʩʤʘˁʝˁʝ ʠʥʪʝʥʟʠʪʝʪʘ ʚʠʙʨʘʮʠʦʥʠʭ ʪʨʘʢʘ ʢʦʝʿ ʦʜʛʦʚʘʨʘʿʫ ʚʠʙʨʘʮʠʿʘʤʘ 

ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʛʨʫʧʘ ʙʦʛʘʪʠʭ ʢʠʩʝʦʥʠʢʦʤ. ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʿʝ ʢʠʩʝʦʥʠʢ ʠʟ ʦʚʠʭ 

ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʛʨʫʧʘ ʢʦʥʟʫʤʠʨʘʥ ʦʜ ʩʪʨʘʥʝ ʮʝʨʠʿʝ ʫʩʣʝʜ ʧʨʠʩʫʩʪʚʘ ʢʠʩʝʦʥʠʯʥʠʭ 

ʚʘʢʘʥʮʠʿʘ ʫʥʫʪʘʨ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ ʮʝʨʠʿʫʤ(IV)-ʦʢʩʠʜʘ ʠ ˁʝʛʦʚʦʛ ʚʝʣʠʢʦʛ ʢʘʧʘʮʠʪʝʪʘ 

ʩʢʣʘʜʠʰʪʝˁʘ ʢʠʩʝʦʥʠʢʘ [238]. ʅʘ ʦʩʥʦʚʫ ʠʥʬʨʘʮʨʚʝʥʠʭ ʩʧʝʢʪʘʨʘ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ, ʢʘʦ 

ʠ ʚʣʘʢʘʥʘ ʦʙʣʦʞʝʥʠʭ CeO2, ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ CeO2 ʠʤʘ ʚʝʣʠʢʠ ʘʬʠʥʠʪʝʪ ʧʨʝʤʘ 

ʬʫʥʢʮʠʦʥʘʣʥʠʤ ʛʨʫʧʘʤʘ ʧʨʦʪʝʠʥʘ ʧʘʫʢʦʚʠʭ ʚʣʘʢʘʥʘ ʙʦʛʘʪʠʭ ʢʠʩʝʦʥʠʢʦʤ [220]. 

 

4.3.5. ʃʫʤʠʥʝʩʮʝʥʪʥʘ ʩʚʦʿʩʪʚʘ ʫʟʦʨʘʢʘ ɺʇʄ ʦʙʣʦʞʝʥʠʭ ɽu
3+ 
ʜʦʧʠʨʘʥʠʤ 

CeO2 

ʃʫʤʠʥʝʩʮʝʥʪʥʠ ʩʧʝʢʪʘʨ ʫʟʦʨʢʘ ɺʇʄ-CeO2:Eu
3+
, ʩʥʠʤˀʝʥ ʥʘ ʜʚʝ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ 

(385 nm ʠ 466 nm)
 
ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣʠʮʠ 4.14.  

 

ʉʣʠʢʘ 4.14. ɽʤʠʩʠʦʥʠ ʩʧʝʢʪʘʨ ʫʟʦʨʢʘ ɺʇʄ-CeO2:Eu
3+ 
ʩʥʠʤˀʝʥ ʥʘ ʜʚʝ ʨʘʟʣʠʯʠʪʝ 

ʝʢʩʮʠʪʘʮʠʿʝ: 385 nm (ʮʨʚʝʥʠ ʛʦʨˁʠ ʩʧʝʢʪʘʨ) ʠ 466 nm (ʧʣʘʚʠ, ʜʦˁʠ ʩʧʝʢʪʘʨ) [220] 
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ʀʥʪʝʥʟʠʚʥʠ ʫʩʢʠ ʧʠʢʦʚʠ ʝʤʠʩʠʦʥʦʛ ʩʧʝʢʪʨʘ ʫʟʦʨʢʘ ɺʇʄ-CeO2:Eu
3+

 ʩʫ ʨʝʟʫʣʪʘʪ 4f-

4f (
5
D0Ÿ

7
Fj) ʧʨʝʣʘʟʘ Eu

3+ 
ʿʦʥʘ. ʇʨʠ ʢʦʨʠʰ˂ʝˁʫ ʝʢʩʮʠʪʘʮʠʿʘ ʥʘ 385 nm ʠ 466 nm, ʤʦʛʫ ʩʝ 

ʚʠʜʝʪʠ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʩʧʝʢʪʨʘ. ʋ ʦʢʚʠʨʫ ʛʦʨˁʝʛ ʩʧʝʢʪʨʘ (ʝʢʩʮʠʪʘʮʠʿʘ ʥʘ 385 nm), 

ʥʘʿʠʥʪʝʥʟʠʚʥʠʿʠ ʧʠʢ ʿʝ 
5
D0Ÿ

7
F1 ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ʿʝ Eu

3+ 
ʿʦʥ ʫ ʧʦʟʠʮʠʿʠ ʚʠʩʦʢʝ 

ʩʠʤʝʪʨʠʿʝ. ʇʨʠ ʢʦʨʠʰ˂ʝˁʫ ʝʢʩʮʠʪʘʮʠʿʝ ʦʜ 466 nm, ʝʤʠʩʠʦʥʠ ʧʠʢ ʥʘʿʚʝ˂ʝʛ ʠʥʪʝʥʟʠʪʝʪʘ ʿʝ 

5
D0Ÿ

7
F2,  ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ, ɽu

3+ 
ʿʦʥ ʥʘʣʘʟʠ ʩʝ ʫ ʧʦʟʠʮʠʿʠ ʥʠʩʢʝ ʩʠʤʝʪʨʠʿʝ. ʅʘ ʦʩʥʦʚʫ ʦʚʦʛʘ 

ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʝ Eu
3+ 
ʿʦʥʠ ʥʘʣʘʟʝ ʫ ʢʨʠʩʪʘʣʥʦʿ ʨʝʰʝʪʢʠ CeO2 ʫ ʜʚa ʨʘʟʣʠʯʠʪa 

ʧʦʣʦʞʘʿʘ ï ʫʥʫʪʘʨ ʨʝʰʝʪʢʝ, ʫ ʧʦʣʦʞʘʿʫ ʚʠʩʦʢʝ ʩʠʤʝʪʨʠʿʝ ʠ ʫ ʠʩʢʨʠʚˀʝʥʦʿ ʨʝʰʝʪʢʠ ʫ 

ʙʣʠʟʠʥʠ ʧʦʚʨʰʠʥʝ ʯʝʩʪʠʮʘ  ʫ ʧʦʣʦʞʘʿʫ ʥʠʩʢʝ ʩʠʤʝʪʨʠʿʝ [220].  

ʈʘʜʠ ʧʦʨʝʹʝˁʘ ʝʤʠʩʠʦʥʦʛ ʩʧʝʢʪʨʘ ʧʨʠʨʦʜʥʠʭ, ʥʝʦʙʣʦʞʝʥʠʭ ʚʣʘʢʘʥʘ ʠ ʚʣʘʢʘʥʘ 

ʦʙʣʦʞʝʥʠʭ Eu
3+ 
ʜʦʧʠʨʘʥʠʤ CeO2, ʠʩʧʠʪʘʥʘ ʩʫ ʠ ʣʫʤʠʥʝʩʮʝʥʪʥʘ ʩʚʦʿʩʪʚʘ ʧʨʠʨʦʜʥʝ, 

ʥʝʦʙʣʦʞʝʥʝ ʧʘʫʯʠʥʝ. ʅʘ ʉʣʠʮʠ 4.15., ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʝʤʠʩʠʦʥʠ ʩʧʝʢʪʘʨ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ 

ʤʨʝʞʝ, ʜʦʙʠʿʝʥ ʢʦʨʠʰ˂ʝˁʝʤ ʝʢʩʮʠʪʘʮʠʿʝ ʦʜ 385 nm [220].  

 

ʉʣʠʢʘ 4.15. ɽʤʠʩʠʦʥʠ ʩʧʝʢʪʘʨ ʧʨʠʨʦʜʥʠʭ, ʥʝʦʙʣʦʞʝʥʠʭ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʩʥʠʤˀʝʥ 

ʧʨʠ ʝʢʩʮʠʪʘʮʠʿʠ ʦʜ 385 nm [220] 
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ʅʘ ʦʩʥʦʚʫ ʜʦʙʠʿʝʥʦʛ ʚʝʦʤʘ ʰʠʨʦʢʦʛ ʤʘʢʩʠʤʫʤʘ ʫ ʩʧʝʢʪʨʫ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ 

ʧʨʠʨʦʜʥʘ, ʥʝʦʙʣʦʞʝʥʘ ʚʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʠʤʘʿʫ ʣʫʤʠʥʝʩʮʝʥʪʥʘ ʩʚʦʿʩʪʚʘ. ʄʝʹʫʪʠʤ, 

ʣʫʤʠʥʝʩʮʝʥʮʠʿʘ ʧʨʠʨʦʜʥʠʭ ʚʣʘʢʘʥʘ ʥʠʿʝ ʫʦʯˀʠʚʘ ʥʘ ʉʣʠʮʠ 4.14., ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ 

ʣʫʤʠʥʝʩʮʝʥʪʥʠ ʩʧʝʢʪʘʨ ʦʙʣʦʞʝʥʠʭ ʚʣʘʢʘʥʘ.   

ʂʘʢʦ ʙʠ ʩʝ ʫʦʯʠʣʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʠʥʪʝʥʟʠʪʝʪʘ ʣʫʤʠʥʝʩʮʝʥʮʠʿʝ ʚʣʘʢʘʥʘ ʠ ʯʝʩʪʠʮʘ 

ʢʦʿʝ ʦʙʣʘʞʫ ʚʣʘʢʥʦ, ʢʦʨʠʰ˂ʝʥ ʿʝ ʜʚʦʬʦʪʦʥʩʢʠ ʥʝʣʠʥʝʘʨʥʠ ʤʠʢʨʦʩʢʦʧ (NLM). ʈʘʟʣʠʢʘ 

ʠʟʤʝʹʫ ʣʫʤʠʥʝʩʮʝʥʮʠʿʝ ʚʣʘʢʥʘ ʠ ʯʝʩʪʠʮʘ Eu
3+ 
ʜʦʧʠʨʘʥʝ ʮʝʨʠʿʝ ʿʘʩʥʦ ʿʝ ʫʦʯˀʠʚʘ ʥʘ ʉʣʠʮʠ 

4.16. ʀʥʪʝʥʟʠʪʝʪ ʣʫʤʠʥʝʩʮʝʥʮʠʿʝ ʯʝʩʪʠʮʘ CeO2 ʜʦʧʠʨʘʥʠʭ Eu
3+ 
ʤʥʦʛʦ ʿʝ ʿʘʯʠ ʫ ʦʜʥʦʩʫ ʥʘ 

ʩʘʤʘ ʚʣʘʢʥʘ. ʆʚʦ ʩʝ ʦʙʿʘʰˁʘʚʘ ʪʠʤʝ ʰʪʦ ʿʝ ʜʚʦʬʦʪʦʥʩʢʠ ʧʨʦʮʝʩ ʘʧʩʦʨʧʮʠʿʝ ʝʬʠʢʘʩʥʠʿʠ ʫ 

ʩʣʫʯʘʿʫ CeO2:Eu ʥʘʥʦʯʝʩʪʠʮʘ ʫ ʦʜʥʦʩʫ ʥʘ ʘʧʩʦʨʧʮʠʿʫ ʩʘʤʠʭ ʚʣʘʢʘʥʘ [220]. 

 

ʉʣʠʢʘ 4.16. ɺʣʘʢʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʩʥʠʤˀʝʥʘ NLM ʤʠʢʨʦʩʢʦʧʦʤ. ɼʝʪʝʢʪʦʚʘʥʘ ʿʝ ʜʚʦ-

ʬʦʪʦʥʩʢʘ ʘʫʪʦ ï ʬʣʫʦʨʝʩʮʝʥʮʠʿʘ. ɽʢʩʮʠʪʘʮʠʦʥʘ ʪʘʣʘʩʥʘ ʜʫʞʠʥʘ ʿʝ ʙʠʣʘ 730 nm. ʉʚʝʪʣʝ 

ʪʘʯʢʝ ʩʫ CeO2:Eu
3+

 ʥʘʥʦʯʝʩʪʠʮʝ [220] 
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4.4. ʌʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ɺʇʄ ʦʙʣʦʞʝʥʠʭ ɔ-

Fe2O3 

ʄʝʪʦʜʦʤ ʧʨʝʮʠʧʠʪʘʮʠʿʝ, ʫ ʧʨʠʩʫʩʪʚʫ ɺʇʄ, ʠʟ ʨʘʩʪʚʦʨʘ Fe(NO3)3, ʥʘʢʦʥ ʜʦʜʘʚʘˁʘ 

NH4OH ʫ ʚʠʰʢʫ,  ʜʦʙʠʿʝʥʘ ʩʫ ʚʣʘʢʥʘ ʦʙʣʦʞʝʥʘ ʥʘʥʦʯʝʩʪʠʮʘʤʘ ʤʘʛʭʝʤʠʪʘ (ɔ-Fe2O3). ʅʘʢʦʥ 

ʧʨʝʮʠʧʠʪʘʮʠʦʥʦʛ ʪʨʝʪʤʘʥʘ, ʙʦʿʘ ʚʣʘʢʥʘ ʙʠʣʘ ʿʝ ʪʘʤʥʦ-ʮʨʚʝʥʘ, ʢʘʦ ʠ ʙʦʿʘ ʧʨʝʮʠʧʠʪʘʪʘ. 

ʎʠˀ ʦʚʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ ʙʠʦ ʿʝ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʿʘʣʘ ʜʦʙʨʠʭ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ ʢʦʿʠ 

ʨʝʘʛʫʿʝ ʫ ʧʨʠʩʫʩʪʚʫ ʤʘʛʥʝʪʥʦʛ ʧʦˀʘ.  

 

4.4.1. ʄʦʨʬʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ ɺʇʄ ʦʙʣʦʞʝʥʠʭ ɔ-Fe2O3 

ʋ ʮʠˀʫ ʫʪʚʨʹʠʚʘˁʘ ʜʘ ʣʠ ʿʝ ʧʘʫʯʠʥʘ ʫʩʧʝʰʥʦ ʦʙʣʦʞʝʥʘ ʯʝʩʪʠʮʘʤʘ ʤʘʛʭʝʤʠʪʘ ʠʣʠ 

ʿʝ ʤʘʛʭʝʤʠʪ ʥʘʩʪʘʦ ʢʘʦ ʦʜʚʦʿʝʥʘ ʬʘʟʘ ʪʦʢʦʤ ʩʠʥʪʝʟʝ, ʠʟʚʨʰʝʥʘ ʿʝ ʘʥʘʣʠʟʘ ʫʟʦʨʘʢʘ ʧʦʤʦ˂ʫ 

ʩʢʝʥʠʨʘʿʫ˂ʝ ʝʣʝʢʪʨʦʥʩʢʝ ʤʠʢʨʦʩʢʦʧʠʿʝ. ʄʦʨʬʦʣʦʛʠʿʘ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʥʘʢʦʥ 

ʧʨʝʮʠʧʠʪʘʮʠʦʥʦʛ ʪʨʝʪʤʘʥʘ, ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʉʣʠʮʠ 4.17. ʅʘ ʦʩʥʦʚʫ SEM ʤʠʢʨʦʛʨʘʬʩʢʠʭ 

ʩʥʠʤʘʢʘ, ʤʦʛʫ ʩʝ ʫʦʯʠʪʠ ʚʣʘʢʥʘ ʢʦʿʘ ʩʫ ʫʥʠʬʦʨʤʥʦ ʧʨʝʧʦʢʨʠʚʝʥʘ ʩʣʦʿʝʤ ʧʨʝʮʠʧʠʪʘʪʘ. 

        

   ʘ)       ʙ) 
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   ʚ)       ʛ) 

 

ʜ) 

ʉʣʠʢʘ 4.17. SEM ʤʠʢʨʦʛʨʘʬʩʢʠ ʩʥʠʤʮʠ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʥʘʢʦʥ ʧʨʝʮʠʧʠʪʘʮʠʦʥʦʛ 

ʪʨʝʪʤʘʥʘ, ʩʥʠʤˀʝʥʠ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʫʚʝ˂ʘˁʠʤʘ: 

 ʘ) 50 ʭ; ʙ) 400 ʭ; ʚ) 1600 ʭ; ʛ) 6000 ʭ; ʜ) 20.000 ʭ 

ɽDS ʤʠʢʨʦʘʥʘʣʠʟʦʤ ʧʨʦʮʝˁʝʥ ʿʝ ʝʣʝʤʝʥʪʘʨʥʠ ʩʘʩʪʘʚ ʫʟʦʨʢʘ. EDS ʩʧʝʢʪʘʨ, ʢʘʦ ʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʤʠʢʨʦʛʨʘʬʩʢʠ ʩʥʠʤʘʢ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʉʣʠʮʠ 4.18. ʊʫʤʘʯʝˁʝʤ ʨʝʟʫʣʪʘʪʘ 

ʤʦʞʝ ʩʝ ʫʪʚʨʜʠʪʠ ʧʨʠʩʫʩʪʚʦ ʛʚʦʞʹʝ(III)-ʦʢʩʠʜʘ ʥʘ ʧʦʚʨʰʠʥʠ ʚʣʘʢʘʥʘ. ʇʨʠʩʫʩʪʚʦ 
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ʧʠʢʦʚʘ/ʤʘʢʩʠʤʫʤʘ Pd ʠ Au ʧʦʪʠʯʝ ʦʜ ʧʨʠʧʨʝʤʝ ʫʟʦʨʢʘ, ʜʦʢ ʦʩʪʘʣʠ ʧʠʢʦʚʠ/ʤʘʢʩʠʤʫʤʠ 

ʧʦʪʠʯʫ ʦʜ ʩʘʤʠʭ ʚʣʘʢʘʥʘ. ʅʘ ʦʩʥʦʚʫ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ, ʧʦʪʚʨʹʝʥʦ ʿʝ ʜʝʧʦʥʦʚʘˁʝ ʦʢʩʠʜʘ 

ʛʚʦʞʹʘ ʜʫʞ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ.  

 

ʘ) 

 

ʙ) 

ʉʣʠʢʘ 4.18. SEM ʤʠʢʨʦʛʨʘʬʩʢʠ ʩʥʠʤʘʢ (a) ʩʘ EDS ʘʥʘʣʠʟʦʤ (ʙ) ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ 

ʥʘʢʦʥ ʧʨʝʮʠʧʠʪʘʮʠʦʥʦʛ ʪʨʝʪʤʘʥʘ 
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ʋ ʮʠˀʫ ʫʪʚʨʹʠʚʘˁʘ ʚʝʣʠʯʠʥʝ ʠ ʦʙʣʠʢʘ ʥʘʥʦʯʝʩʪʠʮʘ ʤʘʛʭʝʤʠʪʘ, ʧʨʠʤʝˁʝʥʘ ʿʝ 

ʪʨʘʥʩʤʠʩʠʦʥʘ ʝʣʝʢʪʨʦʥʩʢʘ ʤʠʢʨʦʩʢʦʧʠʿʘ ʚʠʩʦʢʝ ʨʝʟʦʣʫʮʠʿʝ. ʅʘ ʉʣʠʮʠ 4.19., ʧʨʠʤʝ˂ʫʿʝ ʩʝ 

ʤʘˁʘ ʧʦʢʨʠʚʝʥʦʩʪ ʧʦʿʝʜʠʥʘʯʥʦʛ ʚʣʘʢʥʘ ʯʝʩʪʠʮʘʤʘ ʤʘʛʭʝʤʠʪʘ ʫ ʦʜʥʦʩʫ ʥʘ SEM 

ʤʠʢʨʦʛʨʘʬʩʢʠ ʩʥʠʤʘʢ, ʢʘʦ ʠ ʧʦʩʪʦʿʘˁʝ ʘʛʨʝʛʘʪʘ ʥʘʥʦʯʝʩʪʠʮʘ ʥʘ ʧʦʚʨʰʠʥʠ ʚʣʘʢʥʘ. 

ʇʨʝʛʣʝʜʘʥʦ ʿʝ ʚʠʰʝ ʦʜ ʜʝʩʝʪ ʚʣʘʢʘʥʘ ʠ ʫ ʩʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ, ʩʣʦʿ ʛʚʦʞʹʝ(III) -ʦʢʩʠʜʘ ʿʝ 

ʜʠʩʢʦʥʪʠʥʫʠʨʘʥ ʫ ʬʦʨʤʠ ʘʛʨʝʛʘʪʘ ʥʘʥʦʯʝʩʪʠʮʘ. ʆʚʦ ʫʢʘʟʫʿʝ ʥʘ ʩʣʘʙʠʿʫ ʚʝʟʘʥʦʩʪ 

ʥʘʥʦʯʝʩʪʠʮʘ ʟʘ ʧʘʫʯʠʥʫ ʠ ˁʠʭʦʚʦ ʦʜʚʘʿʘˁʝ ʦʜ ʠʩʪʝ ʫʩʣʝʜ ʫʣʪʨʘʟʚʫʯʥʦʛ ʪʨʝʪʠʨʘˁʘ. 

 

ʉʣʠʢʘ 4.19. TEM ʩʥʠʤʘʢ ʫʟʦʨʢʘ ɺʇʄ-ɔ-Fe2O3 

ɸʛʨʝʛʘʪʠ ʥʘ ʧʦʚʨʰʠʥʠ ʚʣʘʢʥʘ ʩʫ ʢʨʠʩʪʘʣʠʥʠʯʥʠ ʠ ʩʘʩʪʦʿʝ ʩʝ ʦʜ ʥʘʥʦʯʝʩʪʠʮʘ 

ʤʘʛʭʝʤʠʪʘ, ʰʪʦ ʿʝ ʧʦʪʚʨʹʝʥʦ ʝʣʝʢʪʨʦʥʩʢʦʤ ʜʠʬʨʘʢʮʠʿʦʤ ʩʘ ʦʜʘʙʨʘʥʦʛ ʧʦʜʨʫʯʿʘ/ʧʦʚʨʰʠʥʝ. 

ɽʣʝʢʪʨʦʥʩʢʘ ʜʠʬʨʘʢʮʠʦʥʘ ʘʥʘʣʠʟʘ, ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʉʣʠʮʠ 4.20. ɿʙʦʛ ʤʘʣʝ ʚʝʣʠʯʠʥʝ 

ʘʛʨʝʛʘʪʘ ʠ ʙʨʦʿʘ ʯʝʩʪʠʮʘ ʫ ˁʝʤʫ, ʜʠʬʨʘʢʮʠʦʥʠ ʧʨʩʪʝʥʦʚʠ ʥʠʩʫ ʧʦʪʧʫʥʠ, ʘʣʠ ʩʝ ʤʦʛʫ 

ʚʠʜʝʪʠ ʜʠʬʨʘʢʮʠʦʥʠ ʤʘʢʩʠʤʫʤʠ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʩʣʝʜʝ˂ʠʤ d ʚʨʝʜʥʦʩʪʠʤʘ ʟʘ 

ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʝ ʨʘʚʥʠ (220) ʠ (311) (ɱCPDS ʢʘʨʪʠʮʘ 9012692). 
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ʉʣʠʢʘ 4.20. ɽʣʝʢʪʨʦʥʩʢʘ ʜʠʬʨʘʢʮʠʿʘ ʢʨʠʩʪʘʣʠʟʠʨʘʥʠʭ ʥʘʥʦʯʝʩʪʠʮʘ ʤʘʛʭʝʤʠʪʘ 

ʉʣʠʢʘ 4.21. ʧʨʝʜʩʪʘʚˀʘ HRTEM ʩʥʠʤʘʢ ʥʘ ʢʦʿʝʤ ʩʝ ʚʠʜʠ ʜʘ ʿʝ ʚʝʣʠʯʠʥʘ 

ʧʦʿʝʜʠʥʘʯʥʠʭ ʪʝʩʝʨʘʣʥʠʭ ʟʨʥʘ ʤʘʛʭʝʤʠʪʘ ~25 nm. ʊʘʢʦʹʝ, ʫʦʯʘʚʘ ʩʝ ʜʘ ʩʫ ʟʨʥʘ ʜʦʙʨʦ 

ʠʩʢʨʠʩʪʘʣʠʩʘʣʘ, ʧʦʰʪʦ ʩʝ ʤʦʛʫ ʚʠʜʝʪʠ ʿʘʩʥʦ ʜʝʬʠʥʠʩʘʥʝ ʠʚʠʮʝ.  

 

ʉʣʠʢʘ 4.21. HRʊɽʄ ʩʣʠʢʘ ʠʩʢʨʠʩʪʘʣʠʟʠʨʘʥʠʭ ʥʘʥʦʯʝʩʪʠʮʘ ɔ-Fe2O3  ʥʘ ʧʘʫʯʠʥʠ 
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ʅʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʝ ʫʟʦʨʢʘ ɺʇʄ-ɔ-Fe2O3 ʪʨʘʥʩʤʠʩʠʦʥʦʤ ʝʣʝʢʪʨʦʥʩʢʦʤ 

ʤʠʢʨʦʩʢʦʧʠʿʦʤ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʝ ʫ ʧʨʠʩʫʩʪʚʫ ɺʇʄ ʤʝʪʦʜʦʤ ʧʨʝʮʠʧʠʪʘʮʠʿʝ ʠʟ 

ʨʘʩʪʚʦʨʘ Fe(NO3)3, ʥʘʢʦʥ ʜʦʜʘʚʘˁʘ NH4OH ʫ ʚʠʰʢʫ, ʜʦʙʠʿʘʿʫ ʚʣʘʢʥʘ ʦʙʣʦʞʝʥʘ ʢʫʙʠʯʥʠʤ 

ʥʘʥʦʯʝʩʪʠʮʘʤʘ ɔ-Fe2O3  ʚʝʣʠʯʠʥʝ ~ 25 nm. 

 

4.4.2. ʉʪʨʫʢʪʫʨʥʘ ʩʚʦʿʩʪʚʘ ɺʇʄ ʦʙʣʦʞʝʥʠʭ ɔ-Fe2O3 

ʈʝʥʜʛʝʥʩʢʠ ʜʠʬʨʘʢʪʦʛʨʘʤ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʥʘʢʦʥ ʪʨʝʪʤʘʥʘ ʧʨʝʮʠʧʠʪʘʮʠʿʝ 

ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣʠʮʠ 4.22. ʅʘ ʜʠʿʘʛʨʘʤʫ, ʩʚʝ ʨʝʛʠʩʪʨʦʚʘʥʝ ʨʝʬʣʝʢʩʠʿʝ ʦʜʛʦʚʘʨʘʿʫ 

ʪʝʪʨʘʛʦʥʘʣʥʦʿ ʩʪʨʫʢʪʫʨʠ ʤʘʛʭʝʤʠʪʘ (ɔ-Fe2O3) (ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ ʩʫ 

a=b=8,3873 ¡, c=8,3895 ¡), ʫ ʩʢʣʘʜʫ ʩʘ COD (ʦʜ ʝʥʛʣ. ĂCrystallography Open Databaseñ) 

ʢʘʨʪʠʮʦʤ ʙʨʦʿ 9012692. ɿʘʧʘʞʘʿʫ ʩʝ ʜʠʬʨʘʢʮʠʦʥʠ ʤʘʢʩʠʤʫʤʠ ʥʘ 2ɗ ~ 30,1 °, 34,3 °, 35,4 °, 

37,1 Á ʠ 43,1 Á, ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʄʠʣʝʨʦʚʠʤ ʠʥʜʝʢʩʠʤʘ ʤʘʛʭʝʤʠʪʘ ï (202), (103), (113), (222) 

ʠ (004). ʀʟ ʦʚʦʛʘ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʤʝʪʦʜʦʤ ʧʨʝʮʠʧʠʪʘʮʠʿʝ, ʥʘ ʚʣʘʢʥʠʤʘ ʧʘʫʢʦʚʝ 

ʤʨʝʞʝ, ʥʘʪʘʣʦʞʝʥ ʿʝʜʥʦʬʘʟʥʠ ʤʘʛʭʝʤʠʪ.  

 

ʉʣʠʢʘ 4.22. ʈʝʥʜʛʝʥʩʢʠ ʜʠʬʨʘʢʪʦʛʨʘʤ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʦʙʣʦʞʝʥʠʭ ɔ-Fe2O3 
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4.4.3. ʄʘʛʥʝʪʥʘ ʩʚʦʿʩʪʚʘ ɺʇʄ ʦʙʣʦʞʝʥʠʭ ɔ-Fe2O3 

ʉʣʠʢʘ 4.23., ʧʨʠʢʘʟʫʿʝ ʟʘʚʠʩʥʦʩʪ ʤʘʛʥʝʪʠʟʘʮʠʿʝ ʫ ʬʫʥʢʮʠʿʠ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘ ʦʙʝ 

ʛʨʘʥʝ (ZFC ʠ FC) ʢʘʨʘʢʪʝʨʠʩʪʠʯʘʥ ʿʝ ʧʦʨʘʩʪ ʤʘʛʥʝʪʠʟʘʮʠʿʝ ʩʘ ʩʤʘˁʝˁʝʤ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʦʨʘʩʪ ʟʘ ʦʙʝ ʛʨʘʥʝ ʜʦʩʪʠʞʝ ʤʘʢʩʠʤʫʤ ʫ ʪʘʯʢʠ ʊB . ɼʘˀʠʤ ʩʤʘˁʝˁʝʤ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦʣʘʟʠ 

ʜʦ ʧʘʜʘ ʤʘʛʥʝʪʠʟʘʮʠʿʝ ʫ ZFC ʛʨʘʥʠ, ʜʦʢ FC ʛʨʘʥʘ ʧʦʢʘʟʫʿʝ ʜʘˀʠ ʪʨʝʥʜ ʨʘʩʪʘ. ʆʚʦ ʿʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ ʤʘʛʥʝʪʥʝ ʥʘʥʦʯʝʩʪʠʮʝ ʩʘ ʩʣʘʙʠʤ ʤʝʹʫʯʝʩʪʠʯʥʠʤ ʠʥʪʝʨʘʢʮʠʿʘʤʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʊB ʿʝ ʪʟʚ. ʙʣʦʢʠʨʘʿʫ˂ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʠʩʧʦʜ ʦʚʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʤʘʛʥʝʪʥʠ 

ʤʦʤʝʥʪʠ ʩʫ ʙʣʦʢʠʨʘʥʠ. ʀʟʥʘʜ ʊB, ʤʘʛʥʝʪʥʠ ʤʦʤʝʥʪʠ ʦʩʮʠʣʫʿʫ ʦʢʦ ʣʘʢʝ ʦʩʝ ʤʘʛʥʝʪʠʟʘʮʠʿʝ 

ʠ ʩʠʩʪʝʤ ʿʝ ʫ ʩʫʧʝʨʧʘʨʘʤʘʛʥʝʪʥʦʤ ʩʪʘˁʫ. 

 

ʉʣʠʢʘ 4.23. ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʚʠʩʥʦʩʪ ʤʘʛʥʝʪʠʟʘʮʠʿʝ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʦʙʣʦʞʝʥʠʭ 

ʥʘʥʦʯʝʩʪʠʮʘʤʘ ʤʘʛʭʝʤʠʪʘ 

ʄʘʛʥʝʪʠʟʘʮʠʿʘ ʫ ʬʫʥʢʮʠʿʠ ʤʘʛʥʝʪʥʦʛ ʧʦˀʘ ʿʘʯʠʥʝ ʜʦ 5 ʊ, ʤʝʨʝʥʘ ʿʝ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ 5 ʂ ʠ 300 ʂ. ɿʘʚʠʩʥʦʩʪ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʉʣʠʮʠ 4.24. ʅʘ ʪʝʤʧʝʨʘʪʫʨʠ 5 ʂ, 
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ʤʘʛʥʝʪʠʟʘʮʠʿʘ ʧʦʢʘʟʫʿʝ ʭʠʩʪʝʨʝʟʠʩ ʢʘʨʘʢʪʝʨʠʩʪʠʯʘʥ ʟʘ ʤʘʛʥʝʪʥʝ ʥʘʥʦʯʝʩʪʠʮʝ ʩʘ 

ʙʣʦʢʠʨʘʥʠʤ ʤʘʛʥʝʪʥʠʤ ʤʦʤʝʥʪʦʤ. ʄʦʞʝ ʩʝ ʫʦʯʠʪʠ ʜʘ ʯʘʢ ʥʠ ʥʘ 5 ʊ, ʤʘʛʥʝʪʠʟʘʮʠʿʘ ʥʝ 

ʜʦʩʪʠʞʝ ʟʘʩʠ˂ʝˁʝ. ʋʟʦʨʘʢ ʧʦʢʘʟʫʿʝ ʚʠʩʦʢʫ ʢʦʝʨʮʠʪʠʚʥʦʩʪ (2960 ʆʝ) ʠ ʟʘʦʩʪʘʣʫ (ʪʟʚ. 

ʨʝʤʘʥʝʥʪʥʫ) ʤʘʛʥʝʪʠʟʘʮʠʿʫ ʦʜ 0,81 emu/g. ʅʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ, ʭʠʩʪʝʨʝʟʠʩ ʥʝʩʪʘʿʝ ʠ 

ʫʦʯʘʚʘ ʩʝ ʣʠʥʝʘʨʥʘ ʟʘʚʠʩʥʦʩʪ ʤʘʛʥʝʪʠʟʘʮʠʿʝ ʦʜ ʿʘʯʠʥʝ ʤʘʛʥʝʪʥʦʛ ʧʦˀʘ, ʰʪʦ ʿʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ ʩʫʧʝʨʧʘʨʘʤʘʛʥʝʪʥʠ ʩʠʩʪʝʤ. 

 

ʉʣʠʢʘ 4.24. ʍʠʩʪʝʨʝʟʠʩʥʘ ʧʝʪˀʘ ɺʇʄ-ɔ-Fe2O3. ɼʝʪʘˀ: ʄ (H) ʟʘʚʠʩʥʦʩʪ ʥʘ 5 ʂ 
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4.5. ʌʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ MgO ʠ Mg(OH)2 

ʚʣʘʢʘʥʘ ʜʦʙʠʿʝʥʠʭ ʢʦʨʠʰ˂ʝˁeʤ ʚʣʘʢʘʥʘ ʧʘʫʢʦʚʝ ʤʨʝʞʝ ʢʘʦ 

ʤʘʪʨʠʮʝ 

ʂʦʨʠʰ˂ʝˁʝʤ ʚʝʦʤʘ ʿʝʜʥʦʩʪʘʚʥʝ ʠ ʝʢʦʥʦʤʠʯʥʝ (ʿʝʬʪʠʥʝ) ʤʝʪʦʜʝ, ʪʝʨʤʠʯʢʠʤ 

ʨʘʟʣʘʛʘˁʝʤ ʩʦʣʠ ʤʘʛʥʝʟʠʿʫʤ-ʭʣʦʨʠʜʘ (MgCl2) ʫ ʧʨʠʩʫʩʪʚʫ ɺʇʄ, ʿʝʜʥʦʩʪʘʚʥʦ ʩʫ ʜʦʙʠʿʝʥʘ 

ʚʣʘʢʥʘ ʤʘʛʥʝʟʠʿʫʤ-ʦʢʩʠʜʘ, ʧʨʠ ʯʝʤʫ ʩʫ ʜʠʤʝʥʟʠʿʝ ɺʇʄ ʦʜʨʝʜʠʣʝ ʜʠʿʘʤʝʪʘʨ ʠ ʜʫʞʠʥʫ 

MgO ʚʣʘʢʘʥʘ [221].  

ʉʣʝʜʝ˂ʦʤ ʭʠʜʨʘʪʘʮʠʿʦʤ MgO ʚʣʘʢʘʥʘ ʜʦʙʠʿʝʥʘ ʩʫ Mg(OH)2 ʚʣʘʢʥʘ. ʋ ʮʠˀʫ 

ʜʦʙʠʿʘˁʘ ʦʧʪʠʤʘʣʥʠʭ ʫʩʣʦʚʘ ʭʠʜʨʘʪʘʮʠʿʝ, ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʨʘʟʣʠʯʠʪʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʚʨʝʤʝʥʘ. 

 

4.5.1. ʄʦʨʬʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ ʚʣʘʢʘʥʘ MgO ʜʦʙʠʿʝʥʠʭ ʢʦʨʠʰ˂ʝˁʝʤ ɺʇʄ 

ʢʘʦ ʤʘʪʨʠʮʝ 

ʅʘ ʉʣʠʮʠ 4.25., ʧʨʠʢʘʟʘʥʠ ʩʫ SEM ʤʠʢʨʦʛʨʘʬʩʢʠ ʩʥʠʤʮʠ ʜʦʙʠʿʝʥʠ ʥʘʢʦʥ 

ʢʘʣʮʠʥʘʮʠʿʝ ɺʇʄ, ʧʨʝʪʭʦʜʥʦ ʫʨʦˁʝʥʠʭ ʫ ʨʘʩʪʚʦʨ MgCl2, ʥʘ 600 ÁC ʫ ʪʨʘʿʘˁʫ ʦʜ 2 ʩʘʪʘ. 

ɼʦʙʨʦ ʿʝ ʧʦʟʥʘʪʦ ʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʣʮʠʥʘʮʠʿʝ ʫʪʠʯʝ ʥʘ ʦʩʦʙʠʥʝ MgO [151]. 

ʄʘʛʥʝʟʠʿʫʤ-ʦʢʩʠʜ ʩʠʥʪʝʪʠʩʘʥ ʥʘ ʥʠʞʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ (600 ÁC), ʭʠʜʨʘʪʠʰʝ ʫ ʚʝ˂ʝʤ 

ʩʪʝʧʝʥʫ ʫ ʦʜʥʦʩʫ ʥʘ MgO ʩʠʥʪʝʪʠʩʘʥ ʥʘ ʚʠʰʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ [239]. ʋ ʮʠˀʫ ʠʩʧʠʪʠʚʘˁʘ 

ʠ ʧʦʪʝʥʮʠʿʘʣʥʝ ʥʘʩʪʫʧʘʿʫ˂ʝ ʢʦʥʪʨʦʣʝ ʭʠʜʨʘʪʘʮʠʿʝ ʜʦʙʠʿʝʥʠʭ MgO ʚʣʘʢʘʥʘ, ʟʘ ʩʠʥʪʝʟʫ 

ʩʘʤʠʭ MgO ʚʣʘʢʘʥʘ ʦʜʘʙʨʘʥʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʣʮʠʥʘʮʠʿʝ ʦʜ 600 ÁC [221].  
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   ʘ)       ʙ) 

 

         

   ʚ)       ʛ) 

ʉʣʠʢʘ 4.25. SEM ʤʠʢʨʦʛʨʘʬʩʢʠ ʩʥʠʤʮʠ ʚʣʘʢʘʥʘ MgO ʜʦʙʠʿʝʥʠʭ ʢʦʨʠʰ˂ʝˁʝʤ ɺʇʄ ʢʘʦ 

ʤʘʪʨʠʮʝ [221] 
















































































































