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ʆʊ ʈɽɼɸʂʊʆʈɸ 

 

ɺ ʜʘʥʥʦʤ ʥʦʤʝʨʝ ʞʫʨʥʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʘʪʴʠ ʧʦ ʭʠʤʠʯʝʩʢʠʤ (7 ʩʪʘʪʝʡ) ʠ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ (4 ʩʪʘʪʴʠ). 

ɺ ʨʘʟʜʝʣʝ ñʍʠʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠò ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ  

ʪʝʭʥʦʣʦʛʠʷʤ ʩʪʝʢʣʘ, ʢʝʨʘʤʠʢʠ, ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ. 

 ɺ ʨʘʟʜʝʣʝ ñʇʨʠʨʦʜʦʦʭʨʘʥʥʳʝ  ʪʝʭʥʦʣʦʛʠʠò ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʙʦʪʳ, 

ʧʦʩʚʷʱʝʥʥʳʝ   ʤʥʦʛʦʣʝʪʥʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ  ʢʘʯʝʩʪʚʘ  ʧʠʪʴʝʚʦʡ ʚʦʜʳ, ʦʮʝʥʢʝ 

ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚʳʭʣʦʧʥʳʤʠ ʛʘʟʘʤʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, 

ʤʝʪʦʜʘʤ ʙʠʦʤʦʥʠʪʦʨʠʥʛʘ. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʪʘʢʞʝ ʩʪʘʪʴʷ ʧʦ ʚʦʧʨʦʩʘʤ  ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʣʦʛʠʠ 

ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʠʩʢʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʉ ʤʘʪʝʨʠʘʣʘʤʠ ʩʪʘʪʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʚʝʨʩʠʠ ʞʫʨʥʘʣʘ 

ʥʘ ʩʘʡʪʝ banber.seua.am. 

ɹʣʘʛʦʜʘʨʠʤ ʚʝʩʴ ʩʦʩʪʘʚ ʨʝʜʢʦʣʣʝʛʠʠ ʞʫʨʥʘʣʘ, ʘʚʪʦʨʦʚ ʩʪʘʪʝʡ ʠ 

ʨʝʮʝʥʟʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʚʩʝʭ ʪʝʭ, ʢʪʦ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʧʦʜʛʦʪʦʚʢʝ ʞʫʨʥʘʣʘ. 

 

ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ ʩʝʨʠʠ  

ʅ.ɹ.ʂʥʷʟʷʥ 
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EDITORIAL  

 

Dear Readers, 

Papers on the problems concerning Chemical (8) and Environmental (4) 

Technologies are introduced in the present issue of the journal. 

The section  of  ñChemical Technologiesò includes papers devoted to the 

technologies of glass, ceramics, mineral fibers. 

The section of ñEnviromental Technologiesò includes papers on long term 

investigations of the drinking water quality, evalution of air pollution by vehicle 

exhaust gases  and  biomonitoring methods. 

The paper on developing a method for estimating the ecological risk of industrial 

enterprises is also of great interest. 

The electronic versions of the papers can be found in the site 

www.banber.seua.am. 

We would like to thank the whole editorial staff of the journal, the authors and 

their reviewers, as well as everobody having taken part in the preparation of thisissue 

of the journal. 

 

Editor- in-chief of the Series     

N.B. Knyazyan 
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ɺʝʩʪʥʠʢ ɻʀʋɸ. ʉʝʨʠʷ ñʍʠʤʠʯʝʩʢʠʝ ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠò. 2014. ɺʳʧ. 17, N 1 

 

ȻȮȲȮȽȫȷȰȮȫ ȸȫȻȳȴȱȴȩȮȮ 
ʋɼʂ 666.189.212 

 

ʉɺʆʁʉʊɺɸ ʅɽʇʈɽʈʓɺʅʓʍ ʄʀʅɽʈɸʃʔʅʓʍ ɺʆʃʆʂʆʅ ʀ 

ʂʆʄʇʆɿʀʊʆɺ  ʅɸ ʀʍ ʆʉʅʆɺɽ 

ɻ.ʍ.  ʇʝʪʨʦʩʷʥ,  ʅ.ɺ. ɻʫʨʛʝʥʷʥ  
 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʄ.ɻ. ʄʘʥʚʝʣʷʥa ʅɸʅ ʈɸ, ʛ. ɽʨʝʚʘʥ, ɸʨʤʝʥʠʷ 

 

ʇʨʦʚʝʜʸʥ ʧʦʠʩʢ ʘʨʤʠʨʫʶʱʠʭ ʚʦʣʦʢʦʥ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʪʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʝʢʣʷʥʥʳʤ ʚʦʣʦʢʥʘʤ. ʀʩʩʣʝʜʦʚʘʥʳ ʚʦʣʦʢʥʘ ʠʟ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ɸʨʤʝʥʠʠ. ʀʟʫʯʝʥʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʫʧʨʫʛʦ-ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʣʦʢʦʥ ʠ ʥʠʪʝʡ, ʘ ʪʘʢʞʝ ʤʠʢʨʦʧʣʘʩʪʠʢʦʚ ʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʣʘʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʤʠʥʝʨʘʣʴʥʦʝ ʚʦʣʦʢʥʦ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, 

ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʝʞʝʛʦʜʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʦʣʝʝ 3 ʤʣʥ 

ʪʦʥʥ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʪʝʢʣʷʥʥʦʛʦ ʚʦʣʦʢʥʘ ʥʘ ʩʫʤʤʫ 10é12 ʤʣʨʜ ʜʦʣʣ. ʉʐɸ. 

ʇʦʪʨʝʙʠʪʝʣʷʤʠ ʩʪʝʢʣʷʥʥʳʭ ʚʦʣʦʢʦʥ ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ 

ʧʣʘʩʪʤʘʩʩ (ʘʨʤʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨʦʚ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ), ʭʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ  ʠ ʪ.ʜ. 

ʆʜʥʘʢʦ ʩ ʙʳʩʪʨʳʤ ʨʦʩʪʦʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʝʢʣʷʥʥʦʛʦ ʚʦʣʦʢʥʘ 

ʦʱʫʱʘʝʪʩʷ ʥʝʭʚʘʪʢʘ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʝʢʣʘ (ɽ-ʩʪʝʢʣʦ) ʠ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʩʪʦʯʥʠʢʦʚ ʦʢʩʠʜʘ ʙʦʨʘ - ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʙʫʨʳ, ʘ ʪʘʢʞʝ 

ʛʣʠʥʦʟʝʤʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʝʢʣʦʚʦʣʦʢʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʛʦ ʠ 

ʥʝʜʝʬʠʮʠʪʥʦʛʦ ʩʳʨʴʷ, ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʷʪʩʷ ʧʨʠʨʦʜʥʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ. 

 ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʧʨʝʨʳʚʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ ʠ ʩʦʟʜʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠ ʚʦʣʦʢʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʧʨʦʚʝʜʝʥʦ ʚ ʀʍʌ 

ʠʤ. ʅ.ʅ. ʉʝʤʝʥʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ. ʃʘʙʦʨʘʪʦʨʥʳʝ ʦʙʨʘʟʮʳ ʥʝʧʨʝʨʳʚʥʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʨʘʩʧʣʘʚʦʚ ʘʥʜʝʟʠʪʦ-ʜʘʮʠʪʦʚʳʭ, 

ʰʣʘʢʦʚʳʭ ʠ ʙʘʟʘʣʴʪʦʚʳʭ ʧʦʨʦʜ ɸʨʤʝʥʠʠ. ʉʦʩʪʘʚ ʘʥʜʝʟʠʪʦ-ʜʘʮʠʪʦʚʳʭ ʚʦʣʦʢʦʥ 

(ɸ), ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʨʘʙʦʪʢʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʜʦʙʘʚʢʘʤʠ 

6é12% ʩʦʜʳ (ɸʉ), ʠʟʚʝʩʪʥʷʢʘ (ɸʀ), ʘ ʪʘʢʞʝ ʩʦʜʳ ʠ ʠʟʚʝʩʪʥʷʢʘ ʩʦʚʤʝʩʪʥʦ 

(ɸʉʀ). ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʰʣʘʢʦʚʳʝ ʧʦʨʦʜʳ ɹʘʣʘʦʚʠʪʩʢʦʛʦ (ɺʐɹ) ʠ 

ɼʘʣʘʨʠʢʩʢʦʛʦ (ɺʐɼ) ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ 



ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʘʥʘʣʦʛʠʯʥʦ ʠʩʩʣʝʜʦʚʘʚʰʠʭʩʷ ʦʙʨʘʟʮʦʚ ʙʘʟʘʣʴʪʦʚʳʭ ʚʦʣʦʢʦʥ ʠʟ 

ʧʦʨʦʜ ʘʨʤʷʥʩʢʦʛʦ (ʙʘʟʘʣʴʪ-ɸ) ʠ ʫʢʨʘʠʥʩʢʦʛʦ (ʙʘʟʘʣʴʪ-ʋ) ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʩʪʝʢʣʷʥʥʳʭ ʚʦʣʦʢʦʥ ɽ ʠ S. ɺʳʨʘʙʦʪʢʫ ʚʦʣʦʢʦʥ 

ʧʨʦʠʟʚʦʜʠʣʠ ʠʟ ʦʜʥʦʬʠʣʴʝʨʥʳʭ ʧʣʘʪʠʥʦ-ʨʦʜʠʝʚʳʭ ʪʠʛʣʝʡ ʩ ʜʠʘʤʝʪʨʦʤ ʬʠʣʴʝʨ 

1,6é1,8 ʤʤ. ʋʨʦʚʝʥʴ ʨʘʩʧʣʘʚʘ ï 50 ʤʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʬʦʨʤʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʦʣʦʢʦʥ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʦʚ - 1330é1360 ʉ̄. ʀʭ ʤʦʜʠʬʠʢʘʮʠʷ ʩʦʜʦʡ ʠ 

ʠʟʚʝʩʪʥʷʢʦʤ ʧʦʟʚʦʣʠʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʚʷʟʢʦʩʪʴ ʨʘʩʧʣʘʚʦʚ  ʠ ʩʥʠʟʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʬʦʨʤʦʚʘʥʠʷ ʧʨʠʤʝʨʥʦ ʥʘ 100 ʉ̄. ʇʨʠ ʩʢʦʨʦʩʪʠ ʚʳʪʷʛʠʚʘʥʠʷ 90 ʠ 

350 ʤ/ʤʠʥ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʦʣʦʢʥʘ ʜʠʘʤʝʪʨʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 14 ʠ 7 ʤʢʤ 

(ʥʘʧʨʠʤʝʨ, ɸʉ-14 ʠ ɸʉ-7). ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʥʠʪʠ ʩ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 400 ʠ 

2000 ʪʝʢʩ. ɸʧʧʨʝʪʦʚ ʠ ʟʘʤʘʩʣʠʚʘʪʝʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʣʦʢʦʥ ʥʝ ʥʘʥʦʩʠʣʠ. 

ɼʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʩʪʘʚʦʚ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʧʨʦʯʥʦʩʪʴ sʚ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

ɽʚ ʠ ʫʜʣʠʥʝʥʠʝ eʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʣʦʢʦʥ ʠ ʥʠʪʝʡ, ʘ ʪʘʢʞʝ ʧʨʦʯʥʦʩʪʴ 

ʤʠʢʨʦʧʣʘʩʪʠʢʦʚ ʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʵʧʦʢʩʠʜʠʘʥʦʚʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʕɼʊ-10. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʝʜʝʥʳ ʚ 

ʪʘʙʣ.1-4. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ.  ɺ ʪʘʙʣ. 1 ʧʨʠʚʦʜʷʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʣʦʢʦʥ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʭ ʜʠʘʤʝʪʨ ʠ 

ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʪʘʥʜʘʨʪʥʦʡ ʙʘʟʝ 10 ʤʤ ʠ ʚʳʙʨʘʥʥʦʡ ʥʘʤʠ ʙʘʟʝ 50 ʤʤ, ʫʜʦʙʥʦʡ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʡ ʜʠʘʛʨʘʤʤʳ ʨʘʩʪʷʞʝʥʠʷ s-e. ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ 

ʜʠʘʤʝʪʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 1é3%, ʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʙʘʟʝ 10 ʤʤ ï 18é25%, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʜʠʩʧʝʨʩʠʠ ʧʨʦʯʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʩʪʝʢʣʷʥʥʳʭ ʚʦʣʦʢʦʥ. ʇʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ, ʠʩʧʳʪʘʥʥʳʭ ʥʘ ʙʘʟʝ 50 ʤʤ, ʧʨʠʤʝʨʥʦ 

ʚ 1,5é2 ʨʘʟʘ ʥʠʞʝ, ʧʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ - 4é8%. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʘʥʜʝʟʠʪʦ-ʜʘʮʠʪʦʚʳʭ ʚʦʣʦʢʦʥ ɸ ʚʝʩʴʤʘ 

ʚʳʩʦʢʘ ʠ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʯʥʦʩʪʠ ʙʘʟʘʣʴʪʦʚʳʭ ʚʦʣʦʢʦʥ ï 2,8é3,5 

ɻʇʘ. ʆʥʘ ʧʨʝʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʩʪʝʢʣʷʥʥʳʭ ʚʦʣʦʢʦʥ ʩʦʩʪʘʚʘ ɽ, ʥʦ ʥʠʞʝ 

ʧʨʦʯʥʦʩʪʠ ʚʦʣʦʢʦʥ ʩʦʩʪʘʚʘ S. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʘʥʜʝʟʠʪʦ-ʜʘʮʠʪʘ ʜʦʙʘʚʢʘʤʠ 

ʦʙʣʝʛʯʘʝʪ ʫʩʣʦʚʠʷ ʚʳʨʘʙʦʪʢʠ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʩʥʠʞʘʝʪ ʧʨʦʯʥʦʩʪʴ 

ʪʦʥʢʠʭ ʚʦʣʦʢʦʥ ʜʠʘʤʝʪʨʦʤ 6é8 ʤʢʤ (ʜʣʷ ʚʦʣʦʢʦʥ ɸʉ, ɸʀ ʠ ɸʉʀ ʧʨʦʯʥʦʩʪʴ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʣʦʢʦʥ ʩʦʩʪʘʚʣʷʝʪ 2,6é2,9 ɻʇʘ). ʋʚʝʣʠʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʚʦʣʦʢʦʥ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʭ ʧʨʦʯʥʦʩʪʠ ʠʟ-ʟʘ ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ. ɼʣʷ ʚʦʣʦʢʦʥ ʠʟ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʦʥʦ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʥʝʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠʭ ʚʳʨʘʙʦʪʢʠ.  

ɺʦʣʦʢʥʘ ʥʘ ʦʩʥʦʚʝ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʰʣʘʢʦʚ ʪʘʢʞʝ ʠʤʝʶʪ ʙʦʣʴʰʫʶ 

ʧʨʦʯʥʦʩʪʴ, ʝʸ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʘʥʜʝʟʠʪʦ-ʜʘʮʠʪʦʚʳʭ 

ʚʦʣʦʢʦʥ. ʉʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʣʠʯʠʷ ʚ ʧʨʦʯʥʦʩʪʠ ʰʣʘʢʦʚʳʭ ʚʦʣʦʢʦʥ ʠʟ ʧʦʨʦʜ 

ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʨʤʝʥʠʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.  



ɺ ʪʘʙʣ. 1 ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʪʘʢʞʝ ʧʨʦʯʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʣʦʢʦʥ ʩ ʝʝ 

ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʠʪʝʡ sʥ, 

ʤʠʢʨʦʧʣʘʩʪʠʢʦʚ sʤʢ/ʧʣ ʠ ʦʙʨʘʟʮʦʚ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʟʛʠʙ sʚ-ʠʟʛ. 

 

ʊʘʙʣʠʮʘ 1 

ʇʨʦʯʥʦʩʪʴ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ ʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʙʨʘʟʮʘʭ (sʩʨ), ʥʠʪʷʭ (sʥ),   

ʤʠʢʨʦʧʣʘʩʪʠʢʘʭ (sʤʢ/ʧʣ) ʠ ʧʨʠ ʠʟʛʠʙʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ (sʚ-ʠʟʛ) 

 

ʊʠʧ  

 ʚʦʣʦʢʥʘ 

dʩʨ, 

ʤʢʤ 

ůʩʨ, 

ɻʇʘ, 

l = 10 ʤʤ 

ɡsʩʨ, 

% 

ůʩʨ, 

ɻʇʘ, 

l = 50 ʤ 

ɡsʩʨ, 

% 

ůʥ, 

ɻʇʘ 

ůʤʢ/ʧʣ, 

ɻʇʘ, 

l= 100 ʤʤ 

ůʚ-ʠʟʛ, 

ɻʇʘ 

A-7 

A-14 

5,7 

12,2 

3,2 

2,8 

21,6 

25,1 

1,8 

1,5 

7,4 

8,2 

1,0 

0,6 

2,6 

2,4 

2,5 

2,2 

A-7 

A-14 

7,0 

14,8 

2,8 

1,6 

23,5 

18,7 

1,9 

1,7 

4,7 

6,1 

1,0 

0,7 

1,8 

1,7 

1,9 

1,8 

ɸʀ/1-7 

ɸʀ/1-14 

6,1 

11,8 

2,9 

2,2 

26,8 

21,2 

1,8 

1,6 

7,2 

8,2 

0,9 

0,8 

2,7 

2,4 

3,0 

2,1 

ɸʀ/2 7,3 3,7 18,0 2,0 5,9 0,6 2,2 2,3 

ɸʉʀ/2 6,1 2,8 21,9 1,1 3,2 1,0 2,6 2,5 

ɺʐɹ 

ɺʐɼ 

7,9 

7,2 

2,8 

3,1 

18,3 

22,2 

2,4 

2,6 

6,4 

5,6 

0,9 

1,0 

2,4 

2,6 

2,6 

2,6 

ɹʘʟʘʣʴʪ-ɸ 

ɹʘʟʘʣʴʪ-ʋ 

10,8 

13,1 

2,9 

3,1 

21,0 

19,5 

1,9 

2,0 

7,1 

6,4 

0,8 

0,9 

2,1 

2,3 

2,9 

2,8 

ʉʪʝʢʣʦ ɽ 

ʉʪʝʢʣʦ S 

- 

9.9 

2,2é2,7 

3,6 

- 

17,1 

- 

3,4 

- 

3,7 

- 

0,8 

- 

3,0 

- 

2,8 

 

ɺʠʜʥʦ, ʯʪʦ ʭʦʨʦʰʘʷ ʢʦʨʨʝʣʷʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʤʝʞʜʫ ʧʨʦʯʥʦʩʪʴʶ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʣʦʢʦʥ sɻ ʣ.ʚ ʠ ʠʭ ʧʨʦʯʥʦʩʪʴʶ ʚ ʤʠʢʨʦʧʣʘʩʪʠʢʘʭ sʤʢ/ʧʣ ʠ 

ʢʦʤʧʦʟʠʪʘʭ sʢ-ʠʟʛ. ɺ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʦʥʘ ʚʳʨʘʞʝʥʘ ʤʝʞʜʫ ʧʨʦʯʥʦʩʪʴʶ ʥʠʪʠ sʥ 

ʠ sɻ ʣ.ʚ ʠ ʩʦʚʩʝʤ ʦʪʩʫʪʩʪʚʫʝʪ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ sʤʢ/ʧʣ-sʥ. ʅʠʟʢʘʷ ʧʨʦʯʥʦʩʪʴ 

ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʩʪʝʢʣʷʥʥʳʭ ʚʦʣʦʢʦʥ ʚ ʥʠʪʷʭ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʨʘʟʥʦʜʣʠʥʥʦʩʪʴʶ, 

ʢʦʥʪʘʢʪʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʟʘʞʠʤʘʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ ʧʨʠ 

ʨʘʟʨʫʰʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʦʯʥʦʩʪʴ ʚʦʣʦʢʦʥ ʚ ʤʠʢʨʦʧʣʘʩʪʠʢʘʭ 

sʤʢ/ʧʣ ʠ ʢʦʤʧʦʟʠʪʘʭ sʚ-ʠʟʛ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʯʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʚʦʣʦʢʦʥ ʥʘ ʙʘʟʝ 10 ʤʤ. 

ɼʠʘʛʨʘʤʤʳ ʨʘʩʪʷʞʝʥʠʷ s-e ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʦʣʦʢʦʥ ʧʦʣʥʦʩʪʴʶ ʣʠʥʝʡʥʳ. ɺ ʪʘʙʣ. 2 ʧʨʠʚʦʜʷʪʩʷ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ 



ʫʧʨʫʛʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʣʦʢʦʥ ɽʵʣ.ʚ, ʘ ʪʘʢʞʝ ʠʭ ʟʥʘʯʝʥʠʷ ʚ ʥʠʪʷʭ, 

ʤʠʢʨʦʧʣʘʩʪʠʢʘʭ ʠ ʧʣʘʩʪʠʥʢʘʭ ʠʟ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ.  

ʊʘʙʣʠʮʘ 2 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ ʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʙʨʘʟʮʘʭ (ɽʵʣ.ʚ.), 

ʥʠʪʷʭ (ɽʥ), ʤʠʢʨʦʧʣʘʩʪʠʢʘʭ (ɽʤʢ/ʧʣ) ʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʢʦʤʧʦʟʠʪʘʭ (ɽʚ-ʠʟʛ) (ɻʇʘ) 

 

ʊʠʧ  

ʚʦʣʦʢʥʘ 

ɽɻ ʣ.ʚ ɽʥ ɽʤʢ/ʧʣ ɽʚ-ʠʟʛ 

ɸ-7 

ɸ-14 

75 

72 

69 

69 

63 

70 

67 

62 

ɸʉ-7 

ɸʉ-14 

76 

72 

62 

60 

62 

60 

65 

59 

ɸʀ/1-7 

ɸʀ/1-14 

75 

- 

- 

64 

67 

61 

59 

61 

ɸʀ/2 93 63 62 90 

ɸʉʀ/2 75 61 62 58 

ɺʐɹ 

ɺʐɼ 

90 

89 

61 

92 

78 

98 

102 

107 

ɹʘʟʘʣʴʪ-ɸ 

ɹʘʟʘʣʴʪ-ʋ 

87 

82 

80 

68 

81 

63 

108 

68 

ʉʪʝʢʣʦ ɽ 

ʉʪʝʢʣʦ S 

72 

95 

- 

88 

- 

83 

- 

89 

 

ɺʠʜʥʦ, ʯʪʦ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʘʥʜʝʟʠʪʦ-ʜʘʮʠʪʦʚʳʭ ʚʦʣʦʢʦʥ ʧʨʠʤʝʨʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ (ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ) ʤʦʜʫʣʶ ʫʧʨʫʛʦʩʪʠ ʩʪʝʢʣʷʥʥʳʭ ʚʦʣʦʢʦʥ 

ʩʦʩʪʘʚʘ ɽ ï 72 ɻʇʘ. ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʰʣʘʢʦʚʳʭ ʚʦʣʦʢʦʥ  ʚʳʰʝ ʠ ʩʦʧʦʩʪʘʚʠʤ ʩ 

ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ ʙʘʟʘʣʴʪʦʚʳʭ ʚʦʣʦʢʦʥ ʠ ʜʘʞʝ ʩʪʝʢʣʷʥʥʳʭ ʚʦʣʦʢʦʥ ʩʦʩʪʘʚʘ S 

[1]. ɺ ʥʠʪʷʭ, ʤʠʢʨʦʧʣʘʩʪʠʢʘʭ ʠ ʧʨʠ ʠʟʛʠʙʝ ʧʣʘʩʪʠʥʦʢ ʠʟ ʢʦʤʧʦʟʠʪʦʚ ɽʵʣ.ʚ 

ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʵʪʠʭ ʦʙʨʘʟʮʦʚ. ʇʨʝʜʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʚʦʣʦʢʦʥ 

ʩʦʩʪʘʚʣʷʣʘ 2,3é3%. 

ɺ ʪʘʙʣ. 3 ʧʨʠʚʦʜʷʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʦʚ: ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʚʦʣʦʢʦʥ Vʚ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ɽʠʟʛ ʠ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʧʨʠ ʠʟʛʠʙʝ sʠʟʛ, ʩʞʘʪʠʠ 

sʩʞ ʠ ʩʜʚʠʛʝ tʩʜʚ.  

  



ʊʘʙʣʠʮʘ 3 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʦʚ 

 

ʊʠʧ 

ʚʦʣʦʢʥʘ 

ɽʚ, % ɽʠʟʛ/ɽV60, 

ɻʇʘ 

sʠʟʛ/sV60, 

ɻʇʘ 

sʩʞ/sV60, 

ɻʇʘ 

tʩʜʚ, 

ʄʇʘ 

ɸ-7 

ɸ-14 

52 

48 

29,1é33,6 

24,5é30,6 

1,0é1,1 

1,0é1,2 

0,4é0,5 

0,4é0,5 

52 

49 

ɸʉ-7 

ɸʉ-14 

42 

48 

22,7é32,4 

23,5é29,4 

0,9é1,3 

0,9é1,1 

0,4é0,6 

0,4é0,6 

36 

41 

ɸʀ/1-7 

ɸʀ/1-14 

46 

41 

28,5é37,2 

28,0é30,9 

1,0é1,3 

1,1é1,6 

0,4é0,5 

0,4é0,6 

46 

49 

ɸʀ/2 40 36é54 0,9é1,4 0,4é0,6 49 

ɸʉʀ/2 45,3 24,0é31,8 1,0é1,6 0,4é0,6 39 

ɺʐɹ 

ɺʐɼ 

45 

46 

46é61 

49é64 

0,8é1,1 

1,2é1,6 

0,4é0,5 

0,4é0,5 

46 

55 

ɹʘʟʘʣʴʪ-ɸ 41 44,3é64,8 1,0é1,6 0,4é0,6 43 

ɹʘʟʘʣʴʪ-ʋ 49 29,4é40,8 1,3é1,6 0,4é0,5 54 

ʉʪʝʢʣʦ S 44 34,8é47,4 1,2é1,7 0,4é0,6 56 

 

ʅʘʨʷʜʫ ʩ ʠʟʤʝʨʝʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʧʦʢʘʟʘʥʳ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʢ ʦʜʥʦʤʫ ʦʙʲʝʤʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʚʦʣʦʢʦʥ, ʘ ʠʤʝʥʥʦ - ʢ Vʚ = 60%.  

ɸʥʘʣʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʧʨʫʛʦ-

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʦʣʦʢʦʥ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠ. ʂʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʰʣʘʢʦʚʳʭ ʚʦʣʦʢʦʥ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʫʧʨʫʛʦ-ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʧʨʝʚʳʰʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʘʥʜʝʟʠʪʦ-ʜʘʮʠʪʦʚʳʭ ʠ ʙʘʟʘʣʴʪʦʚʳʭ 

ʚʦʣʦʢʦʥ. ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ɽ = 30é60 ɻʇʘ, ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ sʠʟʛ =            

= 1,1é1,5 ɻʇʘ, ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ sʩʞ = 0,5é0,6 ɻʇʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʇʨʠ ʦʮʝʥʢʝ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʚʦʣʦʢʦʥ ʜʣʷ ʘʨʤʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʢʦʚ ʚʘʞʥʳ ʥʝ 

ʪʦʣʴʢʦ ʫʧʨʫʛʦ-ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʠ ʩʪʦʡʢʦʩʪʴ ʢ ʚʦʜʝ ʠ 

ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʘʙʣ. 4, ʠʟ ʢʦʪʦʨʦʡ 

ʚʠʜʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʴʶ.  



ʊʘʙʣʠʮʘ 4 

ʀʟʤʝʥʝʥʠʝ ʚʝʩʘ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʢʠʧʷʯʝʥʠʷ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʨʝʘʛʝʥʪʘʭ (%) 

 

ʊʠʧ 

ʚʦʣʦʢʥʘ 

ɺʦʜʘ 1N  H2SO4 1N  KOH 

ɺʦʣʦʢʥʦ ʂʦʤʧʦʟʠʪ ɺʦʣʦʢʥʦ ʂʦʤʧʦʟʠʪ ɺʦʣʦʢʥʦ ʂʦʤʧʦʟʠʪ 

ɸ 0,3 0,1 0,9 -0,4 8,8 0,3 

ɸʉ 0,4 0,1 13,4 0,6 12,3 0,2 

ɸʀ/1 0,3 0,1 1,6 0,2 6,1 0,3 

ɸʀ/2 0,5 - 14,7 - 7,9 - 

ɸʉʀ/2 0,4 0,0 5,4 0,3 10,7 0,4 

ɺʐɼ 0,3 0,2 1,4 -0,4 11,2 0,1 

ɹʘʟʘʣʴʪ-ɸ 0,7 0,0 39,6 -0,1 6,2 0,4 

ʉʪʝʢʣʦ S 0,0 0,1 - 0,3 - 0,7 

 

       ɿʘʢʣʶʯʝʥʠʝ. ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʠʟ ʨʘʩʧʣʘʚʦʚ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ɸʨʤʝʥʠʠ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʥʦʚʳʭ ʥʝʧʨʝʨʳʚʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʦʣʦʢʦʥ ʩ ʚʳʩʦʢʠʤʠ ʫʧʨʫʛʦ-ʧʨʦʯʥʦʩʪʥʳʤʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʢʦʪʦʨʳʝ ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʚ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʩʦʩʪʘʚʠʪʴ 

ʩʝʨʴʸʟʥʫʶ ʢʦʥʢʫʨʝʥʮʠʶ ʙʘʟʘʣʴʪʦʚʳʤ ʠ ʜʘʞʝ ʩʪʝʢʣʷʥʥʳʤ ʚʦʣʦʢʥʘʤ ʩʦʩʪʘʚʘ S. 
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THE PROPERTIES OF CONTINUOUS MINERAL FIBERS AND COMPOSITES 

ON THEIR BASIS  

G.Kh. Petrosyan, N.V. Gurgenyan 

 

A search for reinforcing fibers which can become an alternative to widely used glass 

fibers at present is carried out. The mineral fibers obtained from Armenian rocks are 

investigated. The physicomechanical and elastostrength properties of elementary fibers and 

threads , as well as microplastic materials and composites on their basis are studied. 

Keywords: rockmelt, mineral fiber, elasticity modulus, chemical resistance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



ɺʝʩʪʥʠʢ ɻʀʋɸ. ʉʝʨʠʷ ñʍʠʤʠʯʝʩʢʠʝ ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠò. 2014. ɺʳʧ. 17, N 1 

ʋɼʂ 660.01+543.42  
 

 ʉʊɽʂʃʆɺɸʅʀɽ ʀ ʆʇʊʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʉʊɽʂʆʃ 

ʀʊʊʈʀʁɹʆʈɸʊʅʆʁ ʉʀʉʊɽʄʓ PbB2O4 -Y2O3-LiF  

ɻ.ʃ.ʂʦʯʘʨʷʥ, ʅ.ʄ. ɸʨʫʪʶʥʷʥ, ɺ.ʇ. ʊʦʨʦʷʥ, ʅ.ɹ. ʂʥʷʟʷʥ 
 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʄ.ɻ. ʄʘʥʚʝʣʷʥʘ ʅɸʅ ʈɸ, ʛ. ɽʨʝʚʘʥ, ɸʨʤʝʥʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥʳ ʦʙʣʘʩʪʴ ʩʪʝʢʣʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʠʘʛʨʘʤʤʘ ʧʣʘʚʢʦʩʪʠ ʩʠʩʪʝʤʳ     

PbB2O4-Y2O3-LiF ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʬʣʠʥʪʦʚ ʩ ʫʤʝʥʴʰʝʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʘʩʪʥʦʡ 

ʜʠʩʧʝʨʩʠʝʡ ʚ ʩʠʥʝʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. ʄʝʪʦʜʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ (ɼʊɸ), 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʦʚ (ʈʌɸ) ʠ ʠʥʬʨʘʢʨʘʩʥʦʡ (ʀʂ) ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥʳ 

ʧʨʦʮʝʩʩʳ ʩʪʝʢʣʦʚʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨʘ ʩʪʝʢʦʣ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ (Dʊʢʨ) ʠ ʪʝʧʣʦʪʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (Dʅ) ʩʪʝʢʦʣ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ, ʩʚʷʟʳʚʘʶʱʘʷ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʯʘʩʪʥʫʶ ʜʠʩʧʝʨʩʠʶ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʪʝʢʦʣ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʠʩʧʝʨʩʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ, ʩʪʝʢʣʦʦʙʨʘʟʦʚʘʥʠʝ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, 

ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʧʝʨʩʠʠ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʘʩʪʥʘʷ ʜʠʩʧʝʨʩʠʷ.  

 

ɺʚʝʜʝʥʠʝ. ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ, ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ, 

ʩʚʝʪʦʪʝʭʥʠʢʠ ʠ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʧʦʪʨʝʙʦʚʘʣʦ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʩʪʝʢʣʦʦʙʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ  ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ 

ʥʝʠʟʤʝʥʥʦʩʪʴʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. ɼʣʷ 

ʩʦʟʜʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʚʪʦʨʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʠ 

ʜʨʫʛʠʭ ʘʙʝʨʨʘʮʠʡ, ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳ ʩʪʝʢʣʘ ʩ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʧʨʝʣʦʤʣʝʥʠʷ, ʦʩʦʙʳʤ ʭʦʜʦʤ ʠ ʰʠʨʦʢʠʤ ʠʥʪʝʨʚʘʣʦʤ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʠʩʧʝʨʩʠʠ, ʫʤʝʥʴʰʝʥʥʦʡ ʠʣʠ ʫʚʝʣʠʯʝʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʘʩʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʚ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ [1]. 

ʆʩʥʦʚʦʡ ʩʪʝʢʦʣ ʪʠʧʘ ʬʣʠʥʪʦʚ ʠ ʪʷʞʝʣʳʭ ʬʣʠʥʪʦʚ (ʊʌ) ʷʚʣʷʶʪʩʷ 

ʩʠʣʠʢʘʪʥʳʝ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ SiO2, Al 2O3, Sb2O3, PbO, BaO, ZnO, K2O; 

ʥʝʢʦʪʦʨʳʝ ʤʘʨʢʠ ʬʣʠʥʪʦʚ ʩʦʜʝʨʞʘʪ TiO2, As2O3, B2O3 ʠ ʪ.ʜ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

SiO2 ʦʢʩʠʜ ʙʦʨʘ ï B2O3 ʦʙʣʘʜʘʝʪ ʫʤʝʥʴʰʝʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʘʩʪʥʦʡ 

ʜʠʩʧʝʨʩʠʝʡ ʚ ʩʠʥʝʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ, ʢʦʪʦʨʫʶ ʦʥ ʩʦʭʨʘʥʷʝʪ ʠ ʚ ʩʪʝʢʣʘʭ ʩʣʦʞʥʦʛʦ 

ʩʦʩʪʘʚʘ. ɺʩʣʝʜʩʪʚʠʝ ʥʠʟʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ ɺ2O3 

(nD~1,464) ʚ ʙʦʨʘʪʥʳʝ ʩʪʝʢʣʘ ʚʚʦʜʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʩʦʢʦʧʨʝʣʦʤʣʷʶʱʠʭ ʦʢʩʠʜʦʚ, ʧʦʚʳʰʘʶʱʠʭ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʩʨʝʜʥʶʶ ʜʠʩʧʝʨʩʠʶ [2]. ɺʚʝʜʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʥʘ ʦʩʥʦʚʝ ʦʩʥʦʚʥʦʛʦ 

ʩʪʝʢʣʦʦʙʨʘʟʫʶʱʝʛʦ ʦʢʩʠʜʘ B2O3 ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ PbO, BaO ʠ ʦʢʩʠʜʦʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ La2O3, Y2O3, ZrO2, Ta2O5 ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 



ʩʚʝʨʭʪʷʞʝʣʳʝ ʢʨʦʥʳ (ʉʊʂ) ʠ ʊʌ, ʩʦʯʝʪʘʶʱʠʝ ʚ ʩʝʙʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ 

ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ (nD~1,65é1,88) ʠ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʧʝʨʩʠʠ   

(vD~ 55é35). ʇʨʠ ʚʚʝʜʝʥʠʠ ʬʪʦʨʠʜʦʚ ʫʜʘʝʪʩʷ ʫʚʝʣʠʯʠʪʴ vD, ʘ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ 

ʦʩʦʙʳʡ ʭʦʜ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʯʘʩʪʥʳʭ ʜʠʩʧʝʨʩʠʡ [3].  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ ʩʚʝʜʝʥʠʡ ʦ ʜʠʘʛʨʘʤʤʘʭ ʧʣʘʚʢʦʩʪʠ ʠ ʨʘʚʥʦʚʝʩʠʷ 

ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʠʪʪʨʠʡ-ʣʠʪʠʝʚʦʙʦʨʘʪʥʳʭ ʩʠʩʪʝʤ, ʦʙ ʦʧʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʪʝʢʦʣ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ 

ʦʧʪʠʯʝʩʢʠʭ ʩʪʝʢʦʣ ʩ ʪʨʝʙʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʣʘʩʪʠ ʩʪʝʢʣʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʠʘʛʨʘʤʤʳ 

ʧʣʘʚʢʦʩʪʠ ʩʠʩʪʝʤʳ PbB2O4-Y2O3-LiF, ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, 

ʦʧʪʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʪʝʢʦʣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʩʪʘʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʣʷ ʩʠʥʪʝʟʘ ʩʪʝʢʦʣ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʨʪʦʙʦʨʥʘʷ ʢʠʩʣʦʪʘ, ʦʢʩʠʜʳ ʠʪʪʨʠʷ ʠ ʩʚʠʥʮʘ (ʩʚʠʥʮʦʚʳʡ ʩʫʨʠʢ) 

ʠ ʬʪʦʨʠʜ ʣʠʪʠʷ ʤʘʨʢʠ ñʭ.ʯ.ò. ʉʠʥʪʝʟ ʩʪʝʢʦʣ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʢʦʨʫʥʜʦʚʦʤ ʠ 

ʧʣʘʪʠʥʦʚʦʤ ʪʠʛʣʷʭ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 1050é1300 
0
ʉ. 

ɼʝʨʠʚʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʰʠʭʪ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʪʝʢʦʣ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʝʨʠʚʘʪʦʛʨʘʬʝ 

Q-1500 ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ ʩʪʝʢʣʘ ʥʘ ʨʝʬʨʘʢʪʦʤʝʪʨʝ ʀʈʌ-23, 

ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʩʪʝʢʦʣ ï ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

URD-63 ʩ Cuʂaʩ ʥʠʢʝʣʝʚʳʤ ʬʠʣʴʪʨʦʤ, ʘ  ʀʂ ʩʧʝʢʪʨʳ ʩʥʠʤʘʣʠʩʴ ʥʘ ʧʨʠʙʦʨʝ 

UR-20,  ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 64 ʩʤ
-1
Āʤʠʥ

-1
. 

ʇʦʠʩʢʠ ʥʦʚʳʭ ʩʦʩʪʘʚʦʚ ʦʧʪʠʯʝʩʢʠʭ ʩʪʝʢʦʣ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʢʘʪʴ ʚ ʥʦʚʳʭ 

ʩʪʝʢʣʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤʘʭ, ʪ.ʢ. ʦʞʠʜʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʦʧʪʠʯʝʩʢʠʭ 

ʧʦʩʪʦʷʥʥʳʭ ʩʪʝʢʦʣ ʟʘʤʝʥʦʡ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʠʟʚʝʩʪʥʳʭ ʩʠʩʪʝʤʘʭ 

ʤʘʣʦʵʬʬʝʢʪʠʚʥʦ. ɹʦʣʝʝ ʨʝʟʫʣʴʪʘʪʠʚʥʘ ʨʘʟʨʘʙʦʪʢʘ ʤʘʣʦʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ 

ʩʪʝʢʦʣ ʩ ʥʦʚʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʧʦʩʪʦʷʥʥʳʤʠ ʧʫʪʝʤ ʠʟʫʯʝʥʠʷ  ʩʪʝʢʣʦʦʙʨʘʟʦʚʘʥʠʷ 

ʠ ʩʚʦʡʩʪʚ ʩʪʝʢʦʣ ʥʦʚʳʭ, ʨʘʥʝʝ ʥʝʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʪʝʢʣʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʆʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʥʦʚʳʭ ʩʪʝʢʦʣ ʩ ʦʩʦʙʳʤ ʭʦʜʦʤ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʜʠʩʧʝʨʩʠʠ ʷʚʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʩʥʦʚʥʦʛʦ ʩʪʝʢʣʦʦʙʨʘʟʫʶʱʝʛʦ ʦʢʩʠʜʘ. ɺ ʙʦʨʘʪʥʳʭ ʩʪʝʢʣʘʭ ʠʟʤʝʥʝʥʠʝ 

ʦʧʪʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʧʪʠʯʝʩʢʠʤʠ ʧʦʩʪʦʷʥʥʳʤʠ 

ʚʚʦʜʠʤʳʭ ʚ ʩʪʝʢʣʦ ʦʢʩʠʜʘ ʠʣʠ ʬʪʦʨʠʜʘ, ʥʦ ʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʚʳʟʳʚʘʝʤʳʤʠ 

ʠʟʤʝʥʝʥʠʝʤ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʬʦʨʤʘʤʠ ʙʦʨʘʪʥʳʭ 

ʛʨʫʧʧʠʨʦʚʦʢ ɺʆ3 ʠ ɺʆ4. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʦʩʪʘʚʦʚ ʩʪʝʢʦʣ 

ʩʣʝʜʫʝʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʝʢʣʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʩʚʦʡʩʪʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ, ʨʘʥʝʝ ʥʝʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ʉʪʝʢʣʦ-

ʦʙʨʘʟʫʶʱʘʷ ʩʠʩʪʝʤʘ B2O3-PbO ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ, ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠ 



ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʣʝʛʢʦʧʣʘʚʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʩʪʝʢʦʣ, 

ʩʪʝʢʣʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʮʝʤʝʥʪʦʚ. ɺ ʫʢʘʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʦʙʥʘʨʫʞʝʥʘ ʙʦʣʴʰʘʷ 

ʦʙʣʘʩʪʴ ʩʪʘʙʠʣʴʥʦʡ ʣʠʢʚʘʮʠʠ, ʘ ʦʙʣʘʩʪʴ ʩʪʝʢʣʦʦʙʨʘʟʦʚʘʥʠʷ ʦʭʚʘʪʳʚʘʝʪ ʜʠʘʧʘʟʦʥ  

ʦʪ 23,5 ʜʦ 80,0 ʤʦʣ.%B2O3 [4,5]. 

 ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʦʢʩʠʜʥʳʝ ʩʪʝʢʣʦʦʙʨʘʟʫʶʱʠʝ ʩʠʩʪʝʤʳ, 

ʚʢʣʶʯʘʶʱʠʝ ʬʪʦʨʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʣʠʥʝʡʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʦʧʪʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʪʝʢʦʣ ʠ ʵʬʬʝʢʪʦʤ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʢʚʠʜʫʩʘ 

ʩʠʩʪʝʤʳ [6].  

ʆʙʣʘʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʝʢʦʣ ʠ ʜʠʘʛʨʘʤʤʘ ʧʣʘʚʢʦʩʪʠ ʩʠʩʪʝʤʳ              

PbB2O4-Y2O3-LiFʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1. ʆʙʣʘʩʪʴ ʩʪʝʢʣʦʦʙʨʘʟʦʚʘʥʠʷ ʥʝʧʨʝʨʳʚʥʘ ʠ 

ʨʘʩʧʦʣʦʞʝʥʘ ʤʝʞʜʫ ʙʠʥʘʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ PbB2O4-Y2O3 ʠ PbB2O4-LiF 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʕʚʪʝʢʪʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʚ ʦʙʣʘʩʪʠ 

ʩʪʝʢʣʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤʘʭ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ Y2O3 5 ʠ 

18 ʤʦʣ.% ʠ LiF 35 ʤʦʣ.% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʷʚʣʷʝʪʩʷ ñʵʬʬʝʢʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʢʚʠʜʫʩʘò, ʪ.ʝ. ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʪʝʢʣʦʦʙʨʘʟʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʦʙʣʘʩʪʠ ʵʚʪʝʢʪʠʢ, ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʪʝʢʦʣ ʠʟ ʨʘʩʧʣʘʚʘ ʥʫʞʥʳ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʢʚʠʜʫʩʘ ʧʨʠ ʚʳʩʦʢʠʭ 

ʟʥʘʯʝʥʠʷʭ ʵʥʝʨʛʠʠ ʩʚʷʟʝʡ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ [5].  

 
ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʧʣʘʚʢʦʩʪʠ, ʩʪʝʢʣʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʣʠʢʚʘʮʠʠ  

ʚ ʩʠʩʪʝʤePbB2O4-Y2O3-LiF 

 

ɺ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʠʩʪʝʤʳ PbB2O4-LiF ʦʙʨʘʟʫʝʪʩʷ ʢʦʥʛʨʫʵʥʪʥʦ 

ʧʣʘʚʷʱʝʝʩʷ ʩʦʝʜʠʥʝʥʠʝ LiPbB2O4F. ʆʙʣʘʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʘʟʳ ɓ-PbB2O4 

ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ. 

ʄʝʪʘʙʦʨʘʪ ʩʚʠʥʮʘ PbB2O4 ʧʣʘʚʠʪʩʷ ʠʥʢʦʥʛʨʫʵʥʪʥʦ  ʧʨʠ  580 
0
ʉ, ʨʘʟʣʘʛʘʷʩʴ ʥʘ 



ʞʠʜʢʦʩʪʴ ʩʦʩʪʘʚʘ 52,0 ʤʦʣ.%PbO ʠ 48,0 ʤʦʣ.%B2O3 ʠ ʢʨʠʩʪʘʣʣʳ PbB4O7. ɺ 

ʣʠʪʝʨʘʪʫʨʝʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʪʨʝʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʤʝʪʘʙʦʨʘʪʘ ï ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ a-PbB2O4 ,  ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ɓ-PbB2O4 ʠ 

ɔ-PbB2O4 [7].  ʇʨʦʟʨʘʯʥʳʝ ʩʪʝʢʣʘ ʚ ʩʠʩʪʝʤʝ PbB2O4-LiF ʦʙʨʘʟʫʶʪʩʷ ʜʦ 40 ʤʦʣ.% 

ʬʪʦʨʠʜʘ, ʜʘʣʝʝ ʟʘ ʩʦʩʪʘʚʦʤ ʬʪʦʨʙʦʨʘʪʘ LiPbB2O4F ʢʘʢ ʚ ʙʠʥʘʨʥʦʡ, ʪʘʢ ʠ ʚ 

ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʘʭ ʨʘʩʧʦʣʦʞʝʥʘ ʦʙʣʘʩʪʴ ʦʧʘʣʝʩʮʠʨʫʶʱʠʭ ʩʪʝʢʦʣ [8]. ʉʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʢʚʠʜʫʩʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʦʙʣʘʩʪʠ 

ʩʪʝʢʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʩʪʦʨʦʥʝ ʜʠʘʛʨʘʤʤʳ PbB2O4-LiF, ʠ ʟʘʥʠʤʘʝʪ 

ʯʘʩʪʴ ʩʠʩʪʝʤʳ, ʙʦʛʘʪʦʡ ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ  ʦʙʣʘʩʪʴ ʩʪʝʢʣʦʦʙʨʘʟʦʚʘʥʠʷ  ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʚʚʝʜʝʥʠʠ Y2O3 ʠ LiF ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʣʠʥʠʠ ʜʠʘʛʨʘʤʤʳ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Y2O3 å 20 ʤʦʣ.%. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʧʨʝʜʝʣʳ 

ʦʙʣʘʩʪʝʡ ʩʪʝʢʣʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʝʯʝʥʠʷʭ ʧʩʝʚʜʦʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ ʟʘʚʠʩʷʪ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ Y2O3.ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ 10 ʤʦʣ.%Y2O3 ʦʙʣʘʩʪʴ ʚʝʩʴʤʘ 

ʚʝʣʠʢʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʜʦ ʩʦʩʪʘʚʘ ʩ 65 ʤʦʣ.%LiF. ɺ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ 

ʧʩʝʚʜʦʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ PbB2O4-Y2O3 ʦʙʨʘʟʫʶʪʩʷ ʪʨʠ ʪʨʦʡʥʳʭ ʢʦʥʛʨʫʵʥʪʥʦ 

ʧʣʘʚʷʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʷ Pb7Y2B14O31, Pb2Y2B4O11 ʠ PbY2B2O7, ʛʜʝ ʦʙʣʘʩʪʴ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʘʟʳ Pb7Y2B14O31 ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥ-

ʥʦʛʦ ʧʦʣʷ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ PbB2O4-Y2O3-LiF ʚʳʷʚʣʝʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʛʦ ʪʨʦʡʥʦʛʦ ʢʦʥʛʨʫʵʥʪʥʦ ʧʣʘʚʷʱʝʛʦʩʷ ʩʦʝʜʠʥʝʥʠʷ 

Li 3Pb6Y2B12O27F3. ʉʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʝ ʦʙʣʘʩʪʠ 

ʩʪʝʢʣʦʦʙʨʘʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʧʨʠʤʳʢʘʶʱʝʡ ʢ ʙʠʥʘʨʥʦʡ ʬʪʦʨʩʦʜʝʨʞʘʱʝʡ 

ʩʠʩʪʝʤʝ PbB2O4-LiF.  

ɸʥʘʣʠʟ ʪʝʨʤʦʛʨʘʤʤ ʩʪʝʢʦʣ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʥʥʳʝ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʢʚʠʜʫʩʘ  ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʬʪʦʨʠʜʘ ʠ ʦʢʩʠʜʘ ʠʪʪʨʠʷ ʚʦ ʤʥʦʛʦʤ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʪʝʢʦʣ   

(Dʊʢʨ). ʇʨʠ ʠʟʫʯʝʥʠʠ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʩʪʝʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʩʪʝʢʣʘ) ʚʳʷʚʣʝʥʦ ʥʝʢʦʪʦʨʦʝ ʩʤʝʱʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʭʦʪʷ ʚ ʮʝʣʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʠ ʪʝʧʣʦʪʘ ʧʝʨʝʭʦʜʘ (Dʅ) - ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʠʟʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɼʣʷ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ ʩ LiF ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ 

ʩʣʝʜʫʶʱʝʝ: ʥʝʩʤʦʪʨʷ ʥʘ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʢʚʠʜʫʩʘ ʠ ʠʥʪʝʨʚʘʣʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʚʚʝʜʝʥʠʠ ʬʪʦʨʠʜʘ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʪʦʨʠʜʘ ʚ 

ʩʪʝʢʣʘʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ. ʋʩʪʦʡʯʠʚʳʝ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ ʩʪʝʢʣʘ ʩ LiF ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʬʪʦʨʠʜʘ ʜʦ 30é35 ʤʦʣ.%. ʇʨʠʚʝʜʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʪʝʧʣʦʪʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʪʝʢʦʣ ʦʪ 

ʩʦʩʪʘʚʘ (ʨʠʩ. 2) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ PbB2O4-Y2O3 ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʫʩʪʦʡʯʠʚʳʝ ʩʪʝʢʣʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚʙʣʠʟʠ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ, ʦ 



ʯʝʤʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ Dʊʢʨ  ʠ Dʅ  ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʪʝʢʦʣ. 

ʕʢʟʦʵʬʬʝʢʪʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʪʝʢʦʣ, ʩʦʜʝʨʞʘʱʠʭ 20é25 ʤʦʣ.%Y2O3, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʝ ʫʟʢʠʝ ʢʦʥʪʫʨʳ ʩ ʙʦʣʴʰʦʡ ʚʳʩʦʪʦʡ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʚʳʰʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʥʠʟʢʦʡ 

ʚʝʣʠʯʠʥʝ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʙʘʨʴʝʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʇʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʩʪʝʢʣʝ ʢʘʪʠʦʥʦʚ, ʨʝʟʢʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ ʠ ʩʠʣʦʡ 

ʧʦʣʷ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʘʩʩʪʝʢʣʦʚʘʥʠʶ ʚʦʟʨʘʩʪʘʝʪ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʈʌɸ  

ʧʨʦʜʫʢʪʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʪʝʢʦʣ, ʫʩʠʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʪʝʢʦʣ ʧʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʬʪʦʨʠʜʘ (ʥʝ ʙʦʣʝʝ 20 ʤʦʣ.%) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʧʨʠʨʦʜʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʪʦʨʠʜ ʣʠʪʠʷ ʜʦ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʛʨʘʝʪ ʨʦʣʴ ʠʥʠʮʠʘʪʦʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʦʙʣʝʛʯʘʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʟʘʨʦʜʳʰʝʡ ʠ ʩʧʦʩʦʙʩʪʚʫʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʧʨʦʪʝʢʘʥʠʶ 

ʧʨʦʮʝʩʩʘ, ʯʪʦ ʥʘ ʪʝʨʤʦʛʨʘʤʤʘʭ ʩʪʝʢʦʣ ʧʨʦʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʠʢʦʚ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (Dʊʢʨ) ʠ ʪʝʧʣʦʪʳ  

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (Dʅ) ʩʪʝʢʦʣʩʠʩʪʝʤ PbB2O4-Y2O3, PbB2O4-LiF ʦʪ ʩʦʩʪʘʚʘ 

 

ʉʪʨʫʢʪʫʨʘ ʦʜʥʦʛʦ ʠʟ ʪʨʝʭ ʠʥʢʦʥʛʨʫʵʥʪʥʦ ʧʣʘʚʷʱʠʭʩʷ ʙʦʨʘʪʦʚ ʩʚʠʥʮʘ - 

ɓPbB2O4, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝʤ, ʚʢʣʶʯʘʶʱʠʤ ʙʦʣʝʝ 50 ʤʘʩʩ.%Pbʆ, ʠ 

ʩʪʨʦʠʪʩʷ ʠʟ ʮʝʧʦʯʝʯʥʳʭ ʧʦʣʠʠʦʥʦʚ ʠʟ ʙʦʨʦʢʠʩʣʦʨʦʜʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʠ 

ʪʝʪʨʘʵʜʨʦʚ, ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʪʨʫʢʪʫʨʳ ʢʦʥʛʨʫʵʥʪʥʦ ʧʣʘʚʷʱʝʛʦʩʷ 

ʪʝʪʨʘʙʦʨʘʪʘ - PbB4O7, ʚ ʢʦʪʦʨʦʤ ʚʩʝ ʘʪʦʤʳ ʙʦʨʘ ʠʤʝʶʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ 

ʢʦʦʨʜʠʥʘʮʠʶ ʧʦ ʢʠʩʣʦʨʦʜʫ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʩʪʝʢʣʦʚʘʥʠʠ ʵʪʦʛʦ 

ʙʦʨʘʪʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʘʪʦʤʥʦʛʦ ʙʦʨʘ ʧʝʨʝʭʦʜʠʪ ʚ ʪʨʠʛʦʥʘʣʴʥʫʶ 

ʢʦʦʨʜʠʥʘʮʠʶ [9]. ʇʦʵʪʦʤʫ ʩʫʜʠʪʴ ʦ ʩʪʨʫʢʪʫʨʝ ʩʪʝʢʦʣ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʠʘʛʨʘʤʤʳ 

ʩʦʩʪʦʷʥʠʷ B2O3-PbO ʥʝʧʨʘʚʦʤʝʨʥʦ. ʅʘ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʙʦʨʘʪʦʚ ʧʦʢʘʟʘʥʦ, 



ʯʪʦ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʝʡ ɺ - ʆ ʚ ʪʨʝʫʛʦʣʴʥʠʢʘʭ ɺʆ3 ʠʤʝʶʪ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʷʭ 1100é1300 ʠ 600é800 ʩʤ
-1
, ʘ ʚ ɺʆ4 ʧʦʣʦʩʳ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʦʙʣʘʩʪʠ 900é1000 ʩʤ
-1
[10]. ɺ ʀʂ ʩʧʝʢʪʨʝ ʩʪʝʢʣʘ ʩʦʩʪʘʚʘ PbB2O4 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝ ʦʩʥʦʚʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʷʭ 1100é1500, 

800é1100 ʩʤ
-1
, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʷʚʣʝʥʠʝʤ ʢʦʣʝʙʘʥʠʡ 

ʩʚʷʟʝʡ ʚ BO3 ʠ BO4 ʛʨʫʧʧʠʨʦʚʢʘʭ, ʘ ʪʘʢʞʝ ʚ ʦʙʣʘʩʪʠ 500é620 ʩʤ
-1
, ʩʚʷʟʘʥʥʳʭ 

ʢʘʢ ʩ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʩʚʷʟʝʡ ɺ-ʆ, ʪʘʢ ʠ ʩʚʷʟʝʡ ʄʝïO (Li , Pb) ʚ 

ʄʝ(ʆ,F)4 ʠ ʄʝ(ʆ,F)6 ʛʨʫʧʧʘʭ. ʇʨʠ ʚʚʝʜʝʥʠʠ Y2O3 ʚ ʠʩʭʦʜʥʦʝ ʩʪʝʢʣʦ (ʨʠʩ. 3) ʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ  ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʚ ʩʧʝʢʪʨʘʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 

ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʛʦ ʚʘʣʝʥʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʝʡ ʆ-ɺ-ʆ (1200é1230 cʤ
-1
) ʠ 

ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʝʡ ʆ-ɺ-ʆ (610é630 cʤ
-1
). 

ʉʫʞʝʥʠʝ ʚʩʝʭ ʣʠʥʠʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʩʪʝʧʝʥʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʥʦʡ ʩʝʪʢʠ ʩʪʝʢʦʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ ʩʝʪʢʦʡ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ 

ʤʝʪʘʙʦʨʘʪʘ ʧʨʠ ʚʚʝʜʝʥʠʠ Y2O3. 

 

 

 
 

ʈʠʩ. 3. ʀʂ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩʪʝʢʦʣ ʩʠʩʪʝʤʳ Pbɺ2ʆ4- Y2O3-LiF: 

ʘ- ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩʪʝʢʦʣ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ Pbɺ2ʆ4- Y2O3 (1- 10; 2-  20;  

3- 30 ʤʦʣ.%Y2O3), ʙ- ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩʪʝʢʦʣ ʪʨʦʡʥʦʡ  ʩʠʩʪʝʤʳ ʧʦ ʨʘʟʨʝʟʫ 

Y2O3/LiF=1 (4 ï20; 5 ï 30; 6 ï 40  ʤʦʣ.%  (Y2O3+LiF)) 

 



ɿʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʦʙʱʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ 

1350é1400 cʤ
-1
 ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʝ ʩʤʝʱʝʥʠʝ ʵʪʦʡ 

ʧʦʣʦʩʳ. ʈʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʨʫʧʧʳ ʧʦʣʦʩ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʦʙʣʘʩʪʷʭ 600é700 cʤ
-1
 ʠ 1100é1350 cʤ

-1
, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʚʳʰʝʥʠʠ 

ʩʦʦʪʥʦʰʝʥʠʷ ɺʆ3 / ɺʆ4. ʇʨʠ ʚʚʝʜʝʥʠʠLiF ʩʤʝʱʝʥʠʝ ʧʦʣʦʩʳ 1000é1350 cʤ
-1
 ʚ 

ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʟʤʝʥʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʚ ʤʘʪʨʠʮʝ 

ʩʪʝʢʣʘ ʪʨʠʛʦʥʘʣʴʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʘʪʦʤʦʚ ʙʦʨʘ ʠ ʚʭʦʞʜʝʥʠʠ Li(ʆ,F)4, 

Pb(ʆ,F)4 ʚ ʘʥʠʦʥʥʳʡ ʢʘʨʢʘʩ ʩʪʝʢʣʘ [11]. 

ɺ ʩʪʝʢʣʦʦʙʨʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʠ  

ʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʬʨʘʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʢʘʪʠʦʥʦʚ, ʘʥʠʦʥʦʚ ʠ ʠʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ.  ɺ ʮʝʣʦʤ, ʢʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʟʥʘʯʝʥʠʷ nD ʠ R  

ʩʪʝʢʦʣ ʚʦʟʨʘʩʪʘʶʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ ʩʪʝʢʣʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʩ ʚʳʩʦʢʦʡ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ. 

ɺ ʩʪʝʢʣʘʭ ʩʠʩʪʝʤʳ PbB2O4-Y2O3 ʢʠʩʣʦʨʦʜ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʥʘ 

ʚʝʣʠʯʠʥʫ ʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʬʨʘʢʮʠʠ (ʠʩʢʣʶʯʝʥʠʝ Pb
2+
), ʢʦʪʦʨʘʷ ʧʨʷʤʦ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʘ ʠʦʥʥʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʚʪʦʨʠʯʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ O
2-
 

ʢʘʪʠʦʥʦʤ ʠʪʪʨʠʷ ʨʘʩʩʪʦʷʥʠʝ ɺ-ʆ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʩʚʷʟʴ ʦʩʣʘʙʣʷʝʪʩʷ. ʀʩʭʦʜʷ ʠʟ 

ʩʢʘʟʘʥʥʦʛʦ, ʩʣʝʜʫʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʨʝʬʨʘʢʮʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

Y2O3 ʚ ʩʪʝʢʣʝ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʝʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ ʢʠʩʣʦʨʦʜʘ ʚ ʩʪʨʫʢʪʫʨʥʳʭ 

ʵʣʝʤʝʥʪʘʭ  B-O-Y ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ B-O-B [12]. ʅʘ 

ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ nD, R ʩʪʝʢʦʣ ʦʪ ʩʦʩʪʘʚʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ, ʪʘʢ ʠ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩʪʝʢʦʣ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʩʪʝʢʣʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʣʠʯʠʥ ʜʣʷ ʩʪʝʢʦʣ ʩ La2O3, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʤʝʥʴʰʝʡ 

ʢʦʚʘʣʝʥʪʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʄʝ-ʆ ʚ ʣʘʥʪʘʥʙʦʨʘʪʥʳʭ ʩʪʝʢʣʘʭ. 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ (nD) ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʬʨʘʢʮʠʠ (R) ʩʪʝʢʦʣ 

ʩʠʩʪʝʤ PbB2O4 -Y2O3 (La2O3) ʠ  PbB2O4-LiF ʦʪ ʩʦʩʪʘʚʘ 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʧʦʭʨʦʤʘʪʥʳʭ ʩʠʩʪʝʤ, ʜʘʶʱʠʭ ʠ ʧʝʨʝʜʘʶʱʠʭ ʩʦʚʝʨʰʝʥʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʨʘʚʣʝʥʳ ʩʬʝʨʦʭʨʦʤʘʪʠʯʝʩʢʠʝ ʘʙʝʨʨʘʮʠʠ ʠ 



ʚʪʦʨʠʯʥʳʡ ʩʧʝʢʪʨ, ʥʝʦʙʭʦʜʠʤʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʪʝʢʣʘ ʩ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʧʨʝʣʦʤʣʝʥʠʷ, ʚʳʩʦʢʠʤ ʠ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʜʠʩʧʝʨʩʠʠ. 

ʋʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʡ nD ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʩʪʝʢʦʣʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʬʪʦʨʠʜʘ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʨʝʬʨʘʢʮʠʠ  ʩʪʝʢʦʣ, ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʘ Pb
2+

 ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʟʘʤʝʥʦʡ ʢʠʩʣʦʨʦʜʘ (ʨʝʬʨʘʢʮʠʷ- RO
2- 
ʚ 

ʙʦʨʘʪʥʳʭ ʩʪʝʢʣʘʭ ʨʘʚʥʘ 3,45 ʩʤ
3
Āʛ-ʠʦʥ) ʥʘ ʩʣʘʙʦʧʦʣʷʨʠʟʫʶʱʠʡʩʷ ʬʪʦʨ            

(RF
-
< 2,44 ʩʤ

3
Āʛ-ʠʦʥ). ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 4) ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʧʨʠʚʝʜʝʥʳ 

ʪʘʢʞʝ ʨʘʩʯʝʪʥʳʝ ʚʝʣʠʯʠʥʳ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʪʝʢʦʣ 

(ʠʩʧʦʣʴʟʦʚʘʥʳ ʬʦʨʤʫʣʳ ʘʜʜʠʪʠʚʥʦʩʪʠ ɸʧʧʝʥʘ ʜʣʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʙʦʨʦʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʩʪʝʢʦʣ). ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʪʝʢʦʣ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ~ 0,02%, ʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʦʙʲʷʩʥʷʝʪʩʷ ʥʠʟʢʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʦʣʝʡ ʯʝʪʳʨʸʭʢʦʦʨʜʠ-

ʥʠʨʦʚʘʥʥʳʭ ʘʪʦʤʦʚ ʙʦʨʘ ʚ ʩʪʨʫʢʪʫʨʝ ʩʪʝʢʦʣ. ʇʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʤʦʜʠʬʠʢʘʪʦʨʘ ʚ ʩʚʷʟʠ ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ B(O,F)4ŸB(O,F)3 

(ʧʘʨʮʠʘʣʴʥʳʝ ʯʠʩʣʘ ni  ʜʣʷ BO4 ʠ BO3 ʛʨʫʧʧ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 1,610 ʠ 1,464) 

ʫʤʝʥʴʰʠʪʴ ʟʥʘʯʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ [3]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʢʨʠʚʳʭ, ʚ ʧʨʝʜʝʣʘʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʩʪʘʚʦʚ 

ʟʥʘʯʝʥʠʷ nD, vD ʠ R ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʩʪʝʢʣʘ ʠʤʝʶʪ ʨʘʟʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʙʦʨʫ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʪʝʢʦʣ ʩ ʟʘʜʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ nD, vD ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʘʩʪʥʦʡ 

ʜʠʩʧʝʨʩʠʝʡ - ɔg-F. ʉʪʝʢʣʘ ʩ La2O3 ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʪʝʢʦʣ ʩ Y2O3, ʠʤʝʶʱʠʭ ʪʝ ʞʝ 

ʟʥʘʯʝʥʠʷ nD ʩ ʤʝʥʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʠʩʧʝʨʩʠʠ -vD. ʅʘ ʦʩʥʦʚʝ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʩʪʝʢʦʣ ʪʠʧʘ ʦʩʦʙʳʭ 

ʬʣʠʥʪʦʚ (ʆʌ)  ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ nD ʠ ʫʤʝʥʴʰʝʥʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ 

ʜʠʩʧʝʨʩʠʷʤʠ. 

 
 

ʈʠʩ. 5.  ɼʠʘʛʨʘʤʤʘ ʩʚʷʟʠ ñʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʘʩʪʥʘʷ ʜʠʩʧʝʨʩʠʷ (ɔg-F)- ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʩʧʝʨʩʠʠ (vD)ò 



ʅʘ ʨʠʩ. 5 ʧʨʠʚʝʜʝʥʘ ʜʠʘʛʨʘʤʤʘ, ʩʚʷʟʳʚʘʶʱʘʷ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʯʘʩʪʥʫʶ 

ʜʠʩʧʝʨʩʠʶ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʠʩʧʝʨʩʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʪʝʢʦʣ. ɺ ʜʠʘʛʨʘʤʤʫ 

ʚʥʝʩʝʥʳ ʠʟʚʝʩʪʥʳʝ ʩʪʝʢʣʘ ʨʘʟʥʳʭ ʪʠʧʦʚ ʠ ʦʩʥʦʚʥʳʝ ʦʢʩʠʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʩʪʝʢʦʣ (ʟʥʘʯʝʥʠʷ ng ʠ ɔg-F ʨʘʩʯʝʪʥʳʝ). ʇʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʧʨʦʚʝʜʝʥʘ ʯʝʨʝʟ ʪʦʯʢʠ 

ʦʢʩʠʜʦʚ  B2O3, PbO, SiO2, La2O3, Bi2O3, ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʤʥʦʛʠʭ ʦʧʪʠʯʝʩʢʠʭ ʩʪʝʢʦʣ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʠʘʛʨʘʤʤʳ, ʪʦʯʢʘ 

ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ B2O3 ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʥʦʨʤʘʣʴʥʦʡ ʧʨʷʤʦʡ. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʙʦʨʥʳʡ ʘʥʛʠʜʨʠʜ ʧʨʠ ʯʝʪʚʝʨʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʣʝʞʠʪ ʚʳʰʝ, 

ʘ ʧʨʠ ʪʨʦʡʥʦʡ ï ʥʠʞʝ ʧʨʷʤʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʭʘʨʘʢʪʝʨ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʩʧʦʩʦʙ ʩʚʷʟʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ ʙʦʨʘʪʥʳʭ ʛʨʫʧʧ 

ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʠ ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʦʨʘʪʥʳʭ ʩʪʝʢʦʣ. 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʳ ʦʙʣʘʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʳʭ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʪʝʢʦʣ ʚ ʩʠʩʪʝʤʝ     

PbB2O4-Y2O3-LiF. ʆʧʨʝʜʝʣʝʥʦ ʧʦʣʝ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʦʚʦʛʦ ʪʨʦʡʥʦʛʦ 

ʢʦʥʛʨʫʵʥʪʥʦ ʧʣʘʚʷʱʝʛʦʩʷ ʩʦʝʜʠʥʝʥʠʷ Li 3Pb6Y2B12O27F3. ʆʮʝʥʝʥʳ ʧʨʠʨʘʱʝʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ ʠ ʪʝʨʤʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʚʝʜʝʥʠʠ ʚ 

ʩʪʝʢʣʦʦʙʨʘʟʫʶʱʫʶ ʩʠʩʪʝʤʫ LiF ʠ Y2O3. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʣʝʜʩʪʚʠʝ ʥʠʟʢʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩʪʝʢʣʦʦʙʨʘʟʦʚʘʪʝʣʷ B2O3 ʜʣʷ ʩʠʥʪʝʟʘ ʬʣʠʥʪʦʚ ʚ ʩʦʩʪʘʚ 

ʩʪʝʢʦʣ ʩʣʝʜʫʝʪ ʚʚʦʜʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʚʳʩʦʢʦʧʨʝʣʦʤʣʷʶʱʠʭ 

ʦʢʩʠʜʦʚ.  
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GLASS FORMATION AND OPTICAL PROPERTIES OF GLASSES OF YTTRIUM -

BORATE SYSTEMS PbB2O4-Y2O3-LiF  
 

G.L. K ocharyan, N.M. Harutyunyan, V.P. Toroyan, N.B. Knyazyan 

 

The glass formation area and the fusibility diagram of the investigated PbB2O4-Y2O3-LiF 

system for developing flints with reduced relative dispersion in the blue part of the spectrum 

are investigated. By differential thermal analysis DTA, refractometric IR, RFA analysis 

methods, the processes of phase formation and the glass structure, the temperature interval       

(Dʊcr) and the heat (DH) of the glass crystallization are investigated. The diagrams showing 

the relation of the dispersion coefficient to the refraction index and the relative dispersion of 

the glasses synthesized are introduced. 

Keywords: condition diagram, glass formation, crystallization, refraction index, 

dispersion coefficient, relative particular dispersion. 
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ʀɿʋʏɽʅʀɽ ʊɽʈʄʆʃʀɿA ʃʀɿɸʈɼʀʊA ʀɿ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 

ʄʆʅʊʀ-ʃʀɺʆʈʅɽʉʀ (ʀʊɸʃʀʗ) 

 ʃ.ʈ. ʇʘʧʘʭʯʷʥ, ɸ.ʄ. ʊʝʨʟʷʥ, ɸ.ʈ. ʀʩʘʘʢʷʥ, ʅ.ʆ. ɿʫʣʫʤʷʥ 
 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʄ.ɻ. ʄʘʥʚʝʣʷʥʘ ʅɸʅ ʈɸ,ʛ. ɽʨʝʚʘʥ, ɸʨʤʝʥʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥo ʚʦʟʜʝʡʩʪʚʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

396é1128 C̄ ʥʘ ʦʙʨʘʟʝʮ ʣʠʟʘʨʜʠʪʘ, ʚʟʷʪʦʛʦ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʄʦʥʪʠ-ʃʠʚʦʨʥʝʩʠ 

(ʀʪʘʣʠʷ), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʠ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʪʝʨʤʠʯʝʩʢʦʛʦ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ (ʈʌɸ) ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʘ 

ʪʘʢʞʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʦʩʪʘʪʢʦʚ. ɺʳʷʚʣʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʣʠʢʘʪʥʦʛʦ ʩʣʦʷ ʜʘʥʥʦʛʦ ʤʠʥʝʨʘʣʘ, ʚʣʠʷʶʱʠʝ ʥʘ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ 

ʩʝʨʧʝʥʪʠʥʘ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠ ʥʘʛʨʝʚʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʨʧʝʥʪʠʥ, ʣʠʟʘʨʜʠʪ, ʜʝʛʠʜʨʦʢʩʠʣʘʮʠʷ, ʨʘʟʨʳʚSiïOïSi ʤʦʩʪʠʢʦʚ, 

ʩʠʣʠʢʘʪʥʳʝ ʘʥʠʦʥʳ, ʬʦʨʩʪʝʨʠʪ, ʵʥʩʪʘʪʠʪ. 

 

ɺʚʝʜʝʥʠʝ. ʅʘ ʦʩʥʦʚʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʪʝʨʤʦʣʠʟʘ ʤʥʦʛʠʭ 

ʦʙʨʘʟʮʦʚ ʩʝʨʧʝʥʪʠʥʦʚ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʘʤʦʨʬʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʩʝʨʧʝʥʪʠʥʦʚ (Mg6[Si4O10](OH)8) 

ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ñʛʠʜʨʦʢʩʠʣʴʥʳʭ ʚʦʜò, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʨʘʟʨʳʚʘ 

ʥʝʧʨʦʯʥʳʭ SiïO ʩʚʷʟʝʡ ʚ SiïOïSi ʤʦʩʪʠʢʘʭ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʢʦʣʝʮ [1-4]. ʕʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʘʤʦʨʬʠʟʠʨʦʚʘʥʥʦʡ ʤʘʩʩʳ 

ʫʧʦʤʷʥʫʪʦʛʦ ʤʠʥʝʨʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʦʩʚʦʙʦʞʜʝʥʠʶ ʙʝʟʚʦʜʥʳʭ ʦʨʪʦ-, ʦʣʠʛʦ- ʠ 

ʜʚʫʤʝʨʥʳʭ ʧʦʣʠʩʠʣʠʢʘʪʥʳʭ ʘʥʠʦʥʦʚ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ 

ʜʘʣʴʥʝʡʰʝʡ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʘʤʦʨʬʠʟʠʨʦʚʘʥʥʳʭ ʤʘʩʩ ʩ ʧʦʤʦʱʴʶ ʥʦʚʦʛʦ 

ʧʦʜʭʦʜʘ ʚ ʨʘʩʪʚʦʨ ʧʝʨʝʭʦʜʠʪ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʠʤʳʭ ʢʨʝʤʥʠʝʚʳʭ ʢʠʩʣʦʪ ʜʦ 70% 

SiO2 [5]. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʘʟʦʚʳʭ ʠʟʤʝʥʝʥʠʡ, 

ʥʘʙʣʶʜʘʝʤʳʭ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʩʝʨʧʝʥʪʠʥʦʚ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʥʳʭ ñʛʠʜʨʦʢʩʠʣʴʥʳʭ 

ʚʦʜò ʠ ʯʠʩʣʦʤ ʨʘʟʦʨʚʘʥʥʳʭ SiïO ʩʚʷʟʝʡ ʚ ʩʠʣʦʢʩʘʥʦʚʳʭ ʛʨʫʧʧʘʭ [4]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʝʨʧʝʥʪʠʥʳ ʦʪʥʦʩʷʪʩʷ ʢ ʬʠʣʦʩʠʣʠʢʘʪʘʤ (ʩʣʦʠʩʪʳʤ 

ʩʠʣʠʢʘʪʘʤ) [6]. ʉʪʨʫʢʪʫʨʫ ʵʪʠʭ ʩʠʣʠʢʘʪʦʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʜʚʫʤʝʨʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʜʚʫʭ ʪʠʧʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ: ʪʝʪʨʘʵʜʨʘ ʠ ʦʢʪʘʵʜʨʘ. ɺ ʮʝʥʪʨʝ 

ʪʝʪʨʘʵʜʨʦʚ ʢʨʝʤʥʝʢʠʩʣʦʨʦʜʥʦʛʦ ʩʣʦʷ ʥʘʭʦʜʷʪʩʷ ʘʪʦʤʳ ʢʨʝʤʥʠʷ, ʘ 

ʦʢʪʘʵʜʨʠʯʝʩʢʘʷ ʧʨʦʩʣʦʡʢʘ ʩʦʜʝʨʞʠʪ ʠʦʥʳ ʤʘʛʥʠʷ. ʇʦ ʪʠʧʫ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʨʦʩʣʦʝʢ, ʩʝʨʧʝʥʪʠʥʳ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʛʨʫʧʧʝ 

ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ 1:1, ʘ ʠʤʝʥʥʦ: ʧʘʢʝʪ ʦʙʨʘʟʦʚʘʥ ʥʘʣʦʞʝʥʠʝʤ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ 



ʩʣʦʷ ʥʘ ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʩʣʦʡ [6]. ʊʦʣʱʠʥʘ ʧʘʢʝʪʘ ʪʘʢʦʛʦ ʪʠʧʘ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʤʝʨʥʦ 0,72 ʥʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʚʫʤʝʨʥʦʡ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʧʨʦʩʣʦʡʢʠ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʤʠʥʝʨʘʣʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʟʥʠʢʘʶʪ ʨʘʟʥʳʝ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ 

ʥʘʩʳʱʝʥʥʦʩʪʠ SiïO ʩʚʷʟʠ ʚ ʩʠʣʦʢʩʘʥʦʚʳʭ ʤʦʩʪʠʢʘʭ. ʀʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʪʘʢʠʭ ʩʚʷʟʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʣʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʠʣʠʢʘʪʥʳʭ ʩʝʪʦʢ ʤʠʥʝʨʘʣʦʚ 

ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʨʠʨʦʜʝ ʩʠʣʠʢʘʪʥʳʝ ʩʣʦʠ ʩʝʨʧʝʥʪʠʥʦʚ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ      

500 C̄ ʟʘ ʩʯʝʪ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʤʦʣʝʢʫʣ ʦʨʪʦ- H4SiO4 ʠ ʤʝʪʘ- (H2SiO3)n 

ʢʨʝʤʥʠʝʚʳʭ ʢʠʩʣʦʪ, ʟʘʨʘʥʝʝ ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ ʦʨʪʦ- [SiO4]
4-
 ʠ ʤʝʪʘ- [SiO3]

2-
 

ʩʠʣʠʢʘʪʥʳʭ ʘʥʠʦʥʦʚ, ʧʝʨʝʰʝʜʰʠʭ ʚ ʩʝʨʧʝʥʪʠʥʠʟʠʨʫʶʱʠʡ ʨʘʩʪʚʦʨ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʩʪʚʦʨʝʥʠʷ ʦʣʠʚʠʥʦʚ (Mg,Fe)2SiO4 ʠ ʧʠʨʦʢʩʝʥʦʚ (Mg,Fe)2Si2O6 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

[6]. ɽʩʪʝʩʪʚʝʥʥʦ, ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ SiïOïSi ʤʦʩʪʠʢʦʚ SiïO ʩʚʷʟʠ, ʚʦʟʥʠʢʘʶʱʠʝ 

ʧʨʠʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 500 C̄, ʩʣʘʙʝʝ ʠ ʙʦʣʝʝ ʫʷʟʚʠʤʳ ʧʨʠ ʪʝʨʤʠʯʝʩʢʠʭ ʠ 

ʜʨʫʛʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ, ʯʝʤ ʛʦʪʦʚʳʝ SiïO ʩʚʷʟʠ SiïOïSi ʤʦʩʪʠʢʦʚ, ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʚ ʧʝʨʚʠʯʥʳʭ ʤʝʪʘʩʠʣʠʢʘʪʥʳʭ ʮʝʧʦʯʢʘʭ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʝʱʝ ʚ ʤʘʛʤʝ ʧʦʜ 

ʙʦʣʴʰʠʤ ʜʘʚʣʝʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 1000 C̄ [7, 8]. ʀʤʝʥʥʦ ʠʟ-ʟʘ 

ʥʝʥʘʩʳʱʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʣʘʢʦʚ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʫ SiïO ʩʚʷʟʝʡ 

ʩʠʣʦʢʩʘʥʦʚʳʭ ʛʨʫʧʧ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʢʦʣʴʮʘʭ, ʚʦʟʥʠʢʰʠʭ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʩʠʣʠʢʘʪʥʳʭ ʩʣʦʝʚ ʩʝʨʧʝʥʪʠʥʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ ʩʠʣʦʢʩʘʥʦʚʳʭ ʤʦʩʪʠʢʦʚ ʧʨʠ 

ʪʝʨʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ [1ï4]. 

ɼʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʘʨʤʷʥʩʢʠʭ ʦʙʨʘʟʮʦʚ ʘʥʪʠʛʦʨʠʪʦʚ ʠ 

ʘʤʝʨʠʢʘʥʩʢʠʭ ʣʠʟʘʨʜʠʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʧʨʠ 

ʪʝʨʤʦʣʠʟʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩʝʨʧʝʥʪʠʥʘ (ʭʨʠʟʦʪʠʣ, 

ʣʠʟʘʨʜʠʪ ʠʣʠ ʘʥʪʠʛʦʨʠʪ), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʦʦʪʥʦʰʝʥʠʝʤ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʦʨʪʦ- ʠ ʤʝʪʘʩʠʣʠʢʘʪʥʳʭ ʘʥʠʦʥʦʚ ʚ ʩʠʣʠʢʘʪʥʦʤ ʩʣʦʝ [1ï4].  

ʆʜʥʘʢʦ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʘ ʠʤʝʥʥʦ, ʧʦʜʚʝʨʛʥʫʪʴ 

ʘʥʘʣʦʛʠʯʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʦʙʨʘʟʮʳ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʨʘʟʣʠʯʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʟʝʮ ʣʠʟʘʨʜʠʪʘ, ʚʟʷʪʳʡ ʩ ʦʜʥʦʛʦ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʀʪʘʣʠʠ. 

ʅʘʢʦʧʣʝʥʠʝ ʠ ʦʙʦʙʱʝʥʠʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʜʦʣʞʝʥʠʷ 

ʪʘʢʦʛʦ ʨʦʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ 

ʩʝʨʧʝʥʪʠʥʠʪʦʚ, ʚ ʙʫʜʫʱʝʤ ʧʦʤʦʛʫʪ ʥʘʡʪʠ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʤ ʫʣʴʪʨʘʦʩʥʦʚʥʳʤ ʧʦʨʦʜʘʤ.  

 



ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ. ʀʟʫʯʘʣʩʷ ʦʙʨʘʟʝʮ CHR-23* ʣʠʟʘʨʜʠʪʘ ʠʟ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʄʦʥʪʠ-ʃʠʚʦʨʥʝʩʠ (ʀʪʘʣʠʷ). ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʘʥʥʦʛʦ 

ʦʙʨʘʟʮʘ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʣʠʟʘʨʜʠʪʘ CHR23 

 

ʉʦʜʝʨʞʘʥʠʝ (%) 

SiO2 TiO2 Al 2O3 Fe2O3 FeO MnO MgO CaO Na2O P2O5 H2O  ʉʫʤʤʘ  

37,43 0,07 3,01 5,28 1,99 0,12 38,78 0,91 0,05 0,01 12,38 100.03 

 

ʆʙʨʘʟʝʮ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʘʣʩʷ, ʧʨʦʩʝʠʚʘʣʩʷ ʯʝʨʝʟ ʩʠʪʦ 250 ʦʪʚ.Țʩʤ
-2
 

ʠ ʚʳʜʝʨʞʠʚʘʣʩʷ ʦʜʠʥ ʯʘʩ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 396, 441, 496, 553, 594, 647, 702, 748, 

801, 852, 893, 952, 1000 ʠ 1128 C̄, ʧʦʩʣʝ ʯʝʛʦ ʦʙʨʘʙʘʪʳʚʘʣʩʷ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥ ʩʦʛʣʘʩʥʦ ʧʦʜʭʦʜʫ, ʦʧʠʩʘʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [5]. 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚʦ ʚʨʝʤʷ ʥʘʛʨʝʚʘʥʠʷ, ʢʨʦʤʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʊɸ), ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ ʧʦʩʣʝ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʜʚʝʨʛʘʣʩʷ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʤʫ ʘʥʘʣʠʟʫ. ɿʘʪʝʤ ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʚʦʜʠʣʩʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʪʘʙʣ. 1), ʘ ʪʘʢʞʝ 

ʈʌɸ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʩ ʢʠʩʣʦʪʦʡ ʦʩʪʘʪʢʘ. 

ʉʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʝʨʝʰʝʜʰʠʭ ʚ ʨʘʩʪʚʦʨ ʧʦʩʣʝ 

ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʠʭ ʦʢʩʠʜʳ (ɖ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 

ʈʌɸ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-3 (ʈʦʩʩʠʷ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CuȾa-ʠʟʣʫʯʝʥʠʷ ʠ ʥʠʢʝʣʝʚʦʛʦ ʬʠʣʴʪʨʘ. ʉʲʝʤʢʫ ʧʨʦʚʦʜʠʣʠ ʚ 

ʠʥʪʝʨʚʘʣʝ ʫʛʣʦʚ 2ɗ = 8é80Á ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʚʦʟʜʫʭʝ. ʉʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʩʯʝʪʯʠʢʘ 2 ʛʨʘʜȚʤʠʥ
-1
. ɺʩʝ ʨʝʬʣʝʢʩʳ ʦʪʨʘʞʝʥʠʷ ʨʘʩʰʠʬʨʦʚʘʥʳ ʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ JCPDSïICDD 2004 

ʛʦʜʘ.  

ɼʊɸ ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʘ ʜʝʨʠʚʘʪʦʛʨʘʬʝ DERIVATOGRAPH Qï1500D ʬʠʨʤʳ 

ʄʆʄ (ɺʝʥʛʨʠʷ) ʚ ʩʨʝʜʝ ʘʪʤʦʩʬʝʨʳ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 10 ÁCȚʤʠʥ
-1
. 

 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʨʘʩʪʚʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʠ 

ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʨʘʟʮʦʚ ʤʠʥʝʨʘʣʘ CHR23, ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʳʝ, ʥʦ 

ʥʝʚʳʩʦʢʠʝ ʚʳʭʦʜʳ SiO2, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʧʝʨʝʰʝʜʰʠʭ ʚ ʨʘʩʪʚʦʨ ʢʨʝʤʥʠʝʚʳʭ 

ʢʠʩʣʦʪ, ʩʦʭʨʘʥʷʶʪʩʷ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 553 C̄ ʚʢʣʶʯʠʪʝʣʴʥʦ (ʪʘʙʣ. 2).  

 

_______________________ 
*ɸʚʪʦʨʩʢʠʡ ʥʦʤʝʨ ʄ.ʄʝʣʣʠʥʠ 



 

ʊʘʙʣʠʮʘ 2  

ʈʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʟʚʣʝʢʘʝʤʳʭ ʠʟ ʦʙʨʘʟʮʦʚ 

ʩʝʨʧʝʥʪʠʥʠʪʘ CHR-23, ʚʳʜʝʨʞʘʥʥʳʭ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ 

 

ʉʦʜʝʨʞʘʥʠʝ (%) 

toC 
ʆʩʪʘʪʦʢ, 

%*  SiO2 R2O3 MgO 
ʇ.ʧ.ʧ., 

% 

ʉʫʤʤʘ, 

% 

ʠʩʭʦʜʥʳʡ 71,16 1,02 5,30 9,50 13,35 100,33 

396 79,48 0,86 2,65 7,00 10,02 100,01 

441 79,70 0,66 1,75 8,25 9,98 100,34 

496 75,75 0,96 3,38 10,50 10,19 100,78 

553 74,86 1,26 3,48 10,85 10,07 100,52 

594 61,90 4,48 4,25 20,00 10,02 100,65 

647 43,78 13,36 5,30 30,00 8,11 100,55 

702 47,86 13,38 7,60 29,00 2,08 99,92 

748 47,54 14,98 7,20 29,00 1,33 100,05 

801 53,44 14,86 2,70 28,50 0,88 100,38 

852 58,90 14,00 1,85 25,00 0,67 100,42 

893 58,75 14,83 1,80 25,00 - 100,38 

952 75,53 8,67 1,85 14,37 - 100,42 

1000 90,26 2,90 0,42 5,50 - 99,08 
*
- ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʘʷ ʯʘʩʪʴ 

 

ʕʪʠ ʜʘʥʥʳʝ, ʥʝʩʦʤʥʝʥʥʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʜʦ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʮʝʩʩʳ ʜʝʛʠʜʨʦʢʩʠʣʘʮʠʠ ʙʨʫʩʠʪʦʚʦʛʦ ʩʣʦʷ (Mg(OH)2 ʠ ʨʘʟʨʳʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʥʘʩʳʱʝʥʥʳʭ SiïO(Si) ʩʚʷʟʝʡ ʚ ʩʠʣʦʢʩʘʥʦʚʳʭ (SiïOïSi) ʤʦʩʪʠʢʘʭ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʩʠʣʠʢʘʪʥʦʛʦ ʩʣʦʷ ʩʝʨʧʝʥʪʠʥʘ ʝʱʝ ʥʝ ʥʘʯʠʥʘʶʪʩʷ. ɿʘʤʝʪʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʨʝʤʥʠʝʚʳʭ ʢʠʩʣʦʪ ʚ ʨʘʩʪʚʦʨʝ (4,48%) ʥʘʙʣʶʜʘʝʪʩʷ ʫ 

ʦʙʨʘʟʮʘ, ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 594 C̄.  

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʥʘʯʘʣʦʤ ʧʨʦʮʝʩʩʦʚ ʜʝʛʠʜʨʦʢʩʠʣʘʮʠʠ ʠ ʨʘʟʨʳʚʘ SiïO(Si) 

ʩʚʷʟʝʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚʧʣʦʪʴ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʨʪʦ- ʠ 

ʦʣʠʛʦʩʠʣʠʢʘʪʥʳʭ ʘʥʠʦʥʦʚ, ʚ ʜʘʥʥʦʤ ʤʠʥʝʨʘʣʝ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʧʨʠʤʝʨʥʦ 

ʪʝʤʧʝʨʘʪʫʨʫ 600C̄. ʈʝʬʣʝʢʩʳ ʦʪʨʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʦʨʩʪʝʨʠʪʘ, 

ʧʦʷʚʠʚʰʠʝʩʷ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʦʙʨʘʟʮʘ, ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

594 ̄ C, ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʦʨʪʦʩʠʣʠʢʘʪʥʳʝ ʘʥʠʦʥʳ ʩʨʘʟʫ 

ʞʝ ʠʥʠʮʠʠʨʦʚʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʢʦʚ ʬʦʨʩʪʝʨʠʪʘ (ʨʠʩ. 1).  

ʌʦʨʩʪʝʨʠʪ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʧʨʠ ʪʘʢʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʥʘʟʚʘʪʴ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ, ʘ ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (810é830C̄) ï ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ (ʨʠʩ. 1). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 1. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʩʝʨʧʝʥʪʠʥʠʪʘ CHR-23: in. ï ʠʩʭʦʜʥʦʛʦ ʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ; ¹ ï ʩʝʨʧʝʥʪʠʥ;  

 ̧ï ʬʦʨʩʪʝʨʠʪ; p ï ʢʣʠʥʦʵʥʩʪʘʪʠʪ; q ï ʦʨʪʦʵʥʩʪʘʪʠʪ; Â ï ʧʨʦʪʦʵʥʩʪʘʪʠʪ;  

ø ï ʛʝʤʘʪʠʪ; ßï ʘʢʮʝʩʩʦʨ 
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ʅʘʨʷʜʫ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʝʨʧʝʥʪʠʥʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʦʷʚʣʝʥʠʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʬʦʨʩʪʝʨʠʪʘ ʤʦʞʝʪ ʠʤʝʪʴ 

ʩʣʝʜʫʶʱʝʝ ʦʙʲʷʩʥʝʥʠʝ. ɺ ʦʙʨʘʟʮʝ CHR-23 ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʣʠʢʘʪʥʳʝ ʩʣʦʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʣʠʟʘʨʜʠʪʘ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʟʘ 

ʩʯʝʪ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʦʨʪʦʢʨʝʤʥʠʝʚʳʭ ʢʠʩʣʦʪ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʚʦʟʥʠʢʣʠ ʚ ʩʝʨʧʝʥʪʠʥʠʟʠʨʫʶʱʝʤ ʨʘʩʪʚʦʨʝ ʧʫʪʝʤ ʛʠʜʨʘʪʘʮʠʠ ʦʨʪʦʩʠʣʠʢʘʪʥʳʭ 

ʘʥʠʦʥʦʚ, ʧʝʨʝʰʝʜʰʠʭ ʚ ʨʘʩʪʚʦʨ ʠʟ ʧʝʨʚʠʯʥʳʭ ʧʦʨʦʜ. ʀʤʝʥʥʦ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʨʘʩʝɦʧʣʝʥʠʝ ʩʠʣʠʢʘʪʥʳʭ ʩʣʦʝʚ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʯʘʩʪʢʝ ʧʨʦʪʝʢʘʝʪ ʩ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʦʨʪʦʩʠʣʠʢʘʪʥʳʭ ʘʥʠʦʥʦʚ, ʢʦʪʦʨʳʝ ʩʨʘʟʫ ʞʝ 

ʣʦʢʘʣʴʥʦ ʠʥʠʮʠʠʨʫʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʬʦʨʩʪʝʨʠʪʘ. 

ʊʦʪ ʬʘʢʪ, ʯʪʦ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 

647é893C̄, ʚʳʭʦʜʳ ʧʝʨʝʭʦʜʷʱʠʭ ʚ ʨʘʩʪʚʦʨ ʢʨʝʤʥʠʝʚʳʭ ʢʠʩʣʦʪ ʠ ʩʦʝʜʠʥʝʥʠʡ 

ʤʘʛʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʪʝ ʞʝ ʩʘʤʳʝ (ʪʘʙʣ. 2), ʘ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʵʪʠʭ ʞʝ 

ʦʙʨʘʟʮʦʚ ʬʠʢʩʠʨʫʶʪʩʷ ʦʜʠʥʘʢʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʳ ʦʪʨʘʞʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʬʦʨʩʪʝʨʠʪʘ (ʨʠʩ. 1), ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʫʞʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 647 C̄ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʘʷ ʧʦʨʦʜʘ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʘʝʪʩʷ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʚʦʜʳ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʠʟ ʛʠʜʨʦʢʩʠʣʦʚ (8,11%) 

ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʝ ʫʩʧʝʚʘʝʪ ʝʱʝ ʫʜʘʣʠʪʴʩʷ. ʇʨʠ ʵʪʦʤ ʨʘʟʨʫʰʝʥʠʝ ʩʨʘʟʫ 

ʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʬʦʨʩʪʝʨʠʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ ʢʨʠʚʦʡ ɼʊɸ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 600é770 C̄ 

ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʜʦʚʦʣʴʥʦ ʫʟʢʦʛʦ ʢʦʥʪʫʨʘ ʩ ʤʠʥʠʤʫʤʦʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 712 C̄ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʘʣʦʞʝʥʠʝʤ ʢʘʢ 

ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʝʛʠʜʨʦʢʩʠʣʘʮʠʠ, ʜʝʛʠʜʨʘʪʘʮʠʠ ʠ ʨʘʟʨʳʚʘ SiïO(Si) 

ʩʚʷʟʝʡ, ʪʘʢ ʠ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʘʪʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʥʦʚʥʦʡ 

ʯʘʩʪʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʦʨʩʪʝʨʠʪʘ (ʨʠʩ. 2). 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩ. 2. ʂʨʠʚʘʷ ɼʊɸ ʦʙʨʘʟʮʘ ʩʝʨʧʝʥʪʠʥʠʪʘ CHR-23 
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ʈʠʩ. 3. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʩʪʘʪʢʦʚ ʦʙʨʘʟʮʦʚ ʩʝʨʧʝʥʪʠʥʠʪʘ CHR-23 ʧʦʩʣʝ 

ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ: in. ï ʠʩʭʦʜʥʦʛʦ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʠ ʫʢʘʟʘʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ; ¹ ï ʩʝʨʧʝʥʪʠʥ;  ̧ï ʬʦʨʩʪʝʨʠʪ; p ï ʢʣʠʥʦʵʥʩʪʘʪʠʪ; 

q ï ʦʨʪʦʵʥʩʪʘʪʠʪ; Â ï ʧʨʦʪʦʵʥʩʪʘʪʠʪ; ø ï ʛʝʤʘʪʠʪ; ß ï ʘʢʮʝʩʩʦʨ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʦʩʪʘʪʢʦʚ, ʚʳʜʝʣʝʥʥʳʭ 

ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ (ʨʠʩ. 3), 

ʥʘʥʦʢʨʠʩʪʘʣʣʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʦʨʩʪʝʨʠʪʘ, ʚʦʟʥʠʢʰʠʝ ʫʞʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 647 C̄ ʠ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʚʳʰʝʫʢʘʟʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʠʥʪʝʨʚʘʣʝ, ʜʦ ʪʘʢʦʡ ʩʪʝʧʝʥʠ ʧʣʦʭʦ ʩʬʦʨʤʠʨʦʚʘʥʳ, ʯʪʦ ʦʯʝʥʴ ʙʳʩʪʨʦ ʠ ʙʝʟ 

ʦʩʪʘʪʢʘ (ʧʦʣʥʦʩʪʴʶ) ʨʝʘʛʠʨʫʶʪ ʩ ʨʘʟʙʘʚʣʝʥʥʦʡ ʢʠʩʣʦʪʦʡ (ʪʘʙʣ. 2). ʊʦʣʴʢʦ ʥʘ 

ɼʅʆ, ʧʦʣʫʯʝʥʥʦʡ ʜʣʷ ʦʙʨʘʟʮʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 748 C̄, ʫʜʘʝʪʩʷ 

ʦʙʥʘʨʫʞʠʪʴ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʨʝʬʣʝʢʩʳ ʦʪʨʘʞʝʥʠʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʬʦʨʩʪʝʨʠʪʘ, ʠ ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʧʣʦʪʴ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 852 C̄ (ʨʠʩ. 3). ɸ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 800é850 C̄ ʫʞʝ 

ʦʙʨʘʟʫʝʪʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʘʚʠʣʴʥʦ ʦʬʦʨʤʣʝʥʥʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 
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ʬʦʨʩʪʝʨʠʪ, ʢʦʪʦʨʳʡ ʥʝ ʧʦʜʜʘʝʪʩʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤʫ ʢʠʩʣʦʪʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 

(ʨʠʩ. 3) (ʥʘ ʢʨʠʚʦʡ ɼʊɸ ʦʩʪʨʳʡ, ʥʦ ʥʝ ʦʯʝʥʴ ʠʥʪʝʥʩʠʚʥʳʡ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 818 C̄ (ʨʠʩ. 2)). ʕʪʦ ʪʦʪ ʩʣʫʯʘʡ, ʢʦʛʜʘ 

ʤʘʣʘʷ ʯʘʩʪʴ ʠʟ ʚʦʩʧʨʦʠʟʚʝʜʝʥʥʳʭ SiO4
4-
 ʘʥʠʦʥʦʚ ʦʩʪʘʝʪʩʷ ʚ ʘʤʦʨʬʥʦʡ ʤʘʩʩʝ, ʠ 

ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʤʠʛʨʘʮʠʠ ʚ ʜʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʦʨʩʪʝʨʠʪʘ. ɿʜʝʩʴ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʣʷ ʦʙʨʘʟʮʦʚ, 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 893 C̄ ʚʢʣʶʯʠʪʝʣʴʥʦ, ʚʳʭʦʜʳ 

ʧʝʨʝʰʝʜʰʠʭ ʚ ʨʘʩʪʚʦʨ ʢʨʝʤʥʠʝʚʳʭ ʢʠʩʣʦʪ ʠ ʩʦʝʜʠʥʝʥʠʡ ʤʘʛʥʠʷ ʦʩʪʘʶʪʩʷ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʪʝ ʞʝ (ʪʘʙʣ. 2), ʘ ʥʘ ɼʅʆ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʝʬʣʝʢʩʦʚ ʬʦʨʩʪʝʨʠʪʘ (ʨʠʩ. 3). ʕʪʦ ʛʦʚʦʨʠʪ 

ʦ ʪʦʤ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʥʳʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʦʨʩʪʝʨʠʪ ʚ ʩʪʨʫʢʪʫʨʥʦʤ 

ʦʪʥʦʰʝʥʠʠ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 893 C̄, ʠ ʪʦʣʴʢʦ ʧʨʠ 

ʥʘʛʨʝʚʝ ʚʳʰʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʜʝʪ ʧʨʦʮʝʩʩ ʝʛʦ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʟʥʘʯʝʥʠʡ ʚʳʭʦʜʘ ʢʨʝʤʥʠʝʚʳʭ 

ʢʠʩʣʦʪ ʜʦ 8,67% ʠ ʥʠʞʝ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ  

952 C̄ ʠ ʚʳʰʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣ. 2). ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʫʚʝʣʠʯʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʝʬʣʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʬʦʨʩʪʝʨʠʪʘ, ʥʘ ɼʅʆ 

ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 893 C̄ (ʨʠʩ. 3), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʞʝ ʜʨʫʛʦʛʦ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʦʨʩʪʝʨʠʪʘ, ʧʨʘʚʠʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʢʦʪʦʨʦʛʦ ʫʩʪʦʡʯʠʚʳ ʢ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤʫ ʢʠʩʣʦʪʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ʉʫʜʷ ʧʦ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ (ʨʠʩ. 2) ʠ ʥʝʙʦʣʴʰʠʤ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤ ʨʝʬʣʝʢʩʦʚ 

ʦʪʨʘʞʝʥʠʷ ʬʦʨʩʪʝʨʠʪʘ ʥʘ ɼʅʆ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 852 C̄ (ʨʠʩ. 3), ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʦʣʷ SiO4
4-
 ʘʥʠʦʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʦʨʩʪʝʨʠʪʘ ʟʘ ʩʯʝʪ ʤʠʛʨʘʮʠʠ, ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ. ɿʘʤʝʪʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʝʬʣʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ ʬʦʨʩʪʝʨʠʪʘ ʥʘ ɼʅʆ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ 892 C̄ ʦʙʫʩʣʦʚʣʝʥʦ ʫʧʦʨʷʜʦʯʠʚʘʥʠʝʤ ʭʘʦʪʠʯʥʦ ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʦʨʩʪʝʨʠʪʘ ʧʫʪʝʤ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʫʢʨʫʧʥʝʥʠʷ (ʨʠʩ. 3).  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1 ʠ 3, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 893C̄ ʥʘʨʷʜʫ ʩ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʬʦʨʩʪʝʨʠʪʘ ʠʜʝʪ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʢʣʠʥʦʵʥʩʪʘʪʠʪʘ       

(952 ̄ C), ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʘʥʠʠ ʚʤʝʩʪʝ ʩ ʢʣʠʥʦʵʥʩʪʘʪʠʪʦʤ ʬʠʢʩʠʨʫʶʪʩʷ 

ʨʝʬʣʝʢʩʳ ʦʪʨʘʞʝʥʠʷ ʦʨʪʦʵʥʩʪʘʪʠʪʘ (1000 C̄). ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʦʙʨʘʟʮʦʚ, 

ʧʨʦʢʘʣʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1128 C̄ (ʨʠʩ. 1 ʠ 3), ʧʦʷʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʨʝʬʣʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʨʦʪʦʵʥʩʪʘʪʠʪʘ, ʠ ʧʦʥʠʞʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʝʬʣʝʢʩʦʚ ʦʪʨʘʞʝʥʠʷ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʜʣʷ ʬʦʨʩʪʝʨʠʪʘ, ʤʦʞʥʦ 

ʩʚʷʟʘʪʴ ʩ ʯʘʩʪʠʯʥʳʤ ʫʯʘʩʪʠʝʤ ʬʦʨʩʪʝʨʠʪʘ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʪʦ- ʠ 

ʧʨʦʪʦʵʥʩʪʘʪʠʪʘ. 

 



ɺʳʚʦʜʳ 

1. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʨʤʦʣʠʟʘ ʦʙʨʘʟʮʘ CHR-23 ʩ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʄʦʥʪʠ-ʃʠʚʦʨʥʝʩʠ (ʀʪʘʣʠʷ) ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʣʠʢʘʪʥʦʛʦ ʩʣʦʷʩʝʨʧʝʥʪʠʥʘ ʤʦʞʝʪ 

ʠʤʝʪʴ ʤʝʩʪʦ ʦʙʨʘʟʦʚʘʥʠʝʜʚʫʭ ʨʘʟʥʳʭ ʧʦ ʩʪʝʧʝʥʠ ʦʬʦʨʤʣʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ 

ʬʦʨʩʪʝʨʠʪʦʚ: ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ (600é700 C̄) ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

(800é820 C̄). ʇʨʠ ʵʪʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʦʨʩʪʝʨʠʪ ʧʨʠ ʥʘʛʨʝʚʝ ʚʧʣʦʪʴ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 893C̄ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʣʝʛʢʦ ʧʦʜʜʘʝʪʩʷ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤʫ ʢʠʩʣʦʪʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʦʨʩʪʝʨʠʪ ʦʪʣʠʯʘʝʪʩʷ ʢʠʩʣʦʪʦʫʩʪʦʡʯʠʚʦʩʪʴʶ.  

2. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʪʝʨʤʦʣʠʟʝ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ʨʘʟʨʫʰʝʥʠʝ ʩʠʣʠʢʘʪʥʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʦʝ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 594 C̄, 

ʧʨʠʚʦʜʠʪ ʢ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʦʩʚʦʙʦʞʜʝʥʠʶ ʪʘʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʨʪʦʩʠʣʠʢʘʪʥʳʭ 

ʘʥʠʦʥʦʚ, ʢʦʪʦʨʦʝ ʩʨʘʟʫ ʞʝ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʦʢʘʣʴʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʦʨʩʪʝʨʠʪʘ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʢʨʠʚʦʡ ɼʊɸ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠʤʝʝʪ ʙʦʣʝʝ ʟʘʫʞʝʥʥʫʶ 

ʬʦʨʤʫ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʥʘʣʦʞʝʥʠʷ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʜʝʛʠʜʨʦʢʩʠʣʘʮʠʠ, ʜʝʛʠʜʨʘʪʘʮʠʠ, ʨʘʟʨʳʚʘ SiïO(Si) ʩʚʷʟʝʡ ʠ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʳ ʠ ʢʨʠʩʪʘʣʣʦʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʦʨʩʪʝʨʠʪʘ; 

ʧʨʠ ʵʪʦʤ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 800é820 C̄, 

ʚʳʟʚʘʥʥʳʡ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʦʨʩʪʝʨʠʪʘ ʟʘ ʩʯʝʪ ʤʠʛʨʘʮʠʠ 

SiO4
4-
 ʘʥʠʦʥʦʚ, ʦʪʣʠʯʘʝʪʩʷ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ.  

3. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʪʝʭ ʩʝʨʧʝʥʪʠʥʦʚ, ʩʠʣʠʢʘʪʥʳʡ ʩʣʦʡ 

ʢʦʪʦʨʳʭ ʚ ʦʩʥʦʚʥʦʤ ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ 

ʦʨʪʦʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʟʘ ʩʯʝʪ ʛʠʜʨʘʪʘʮʠʠ ʦʨʪʦʩʠʣʠʢʘʪʥʳʭ 

ʘʥʠʦʥʦʚ, ʧʝʨʝʰʝʜʰʠʭ ʚ ʩʝʨʧʝʥʪʠʥʠʟʠʨʫʶʱʠʡ ʨʘʩʪʚʦʨ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʦʣʠʚʠʥʦʚ. 
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STUDYING THE THERMOLYSIS OF THE LIZARDITE FROM THE 

DEPOSIT OF MONTI -LIVORNESI(ITALY)  

L.R. Papakhchyan, A.M.Terzyan, A.R. Isahakyan, N.H. Zulumyan 
 

The effect of thermal treatment ʦn a lizardite sample taken from the deposit of Monti 

Livornesi (Italy) in the range of 396 to 1128 ̄C is studied by using a new approach to the acid 

processing of serpentines and involving thermal analysis, X-ray diffraction and chemical 

analysis, as well as the diffraction patterns of the unreacted residua. The structural peculiarities 

of this mineral silicate layers influencing the mechanism of the serpentine decomposition and 

high-temperature phase transformations at heating are revealed. 

Keywords: serpentine, lizardite, dehydroxylation, SiïOïSi bridges cutting, silicate anions, 

forsterite, enstatite. 
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ʉʈɸɺʅʀʊɽʃʔʅʆɽ ʀɿʋʏɽʅʀɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ 

ʄʆʃʀɹɼʆʅʀʆɹʀɽɺʆʁ ɻɽʊɽʈʆʇʆʃʀʂʀʉʃʆʊʓ ʉ ʂʈɸʉʀʊɽʃʗʄʀ 

ʊʀɸɿʀʅʆɺʆɻʆ ʈʗɼɸ  

ɸ.ɸ. ʂʘʨʘʧʝʪʷʥ 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʄ.ɻ. ʄʘʥʚʝʣʷʥʘ ʅɸʅ ʈɸ, ʛ. ɽʨʝʚʘʥ, ɸʨʤʝʥʠʷ  

 

ʀʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʣʠʙʜʦʥʠʦʙʠʝʚʦʡ ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪʳ (ʄʅʂ) ʩ 

ʦʩʥʦʚʥʳʤʠ ʢʨʘʩʠʪʝʣʷʤʠ ʪʠʘʟʠʥʦʚʦʛʦ ʨʷʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʠʙʜʘʪ-ʠʦʥʘ ʠ ʦʩʥʦʚʥʦʛʦ ʢʨʘʩʠʪʝʣʷ. ʇʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʩʪʘʚʘ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʨʘʟʣʠʯʥʳʭ ʧʦ ʤʦʣʠʙʜʝʥʫ ʨʷʜʦʚ (ʦʪ 6 ʜʦ 12) ʄʅʂ ʢʘʢ ʬʫʥʢʮʠʠ ʦʪ 

ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʜʝʨʞʢʠ ʨʘʩʪʚʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʄʅʂ. ʋʩʪʘʥʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʪʨʝʭ- ʠ ʧʷʪʠʟʘʤʝʱʝʥʥʳʭ ʩʦʣʝʡ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʪʦʨʳʭ ʨʘʟʨʘʙʦʪʘʥʳ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʦʙʠʷ (V). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʠʦʙʠʡ (V), ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪʘ, ʪʠʘʟʠʥʦʚʳʝ ʢʨʘʩʠʪʝʣʠ, 

ʢʦʤʧʣʝʢʩʥʳʡ ʘʩʩʦʮʠʘʪ.  

 

ɺʚʝʜʝʥʠʝ. ʏʠʩʣʦ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʠ ʧʨʠʤʝʥʝʥʠʶ ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪ 

(ɻʇʂ) ʥʠʦʙʠʷ ʦʛʨʘʥʠʯʝʥʦ [1-6]. ʉʨʘʚʥʠʪʝʣʴʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ 

ʤʦʣʠʙʜʦʬʦʩʬʦʨʥʦʥʠʦʙʠʝʚʘʷ ʢʠʩʣʦʪʘ [1, 2] ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʝʪʝʨʦʧʦʣʠʩʠʥʠ 

[3, 4]. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʦʙʠʷ (V) ʥʝ 

ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ [1-4]. ʉʘʤʘ ʤʦʣʠʙʜʦʥʠʦʙʠʝʚʘʷ 

ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪʘ (ʄʅʂ) ʙʝʩʮʚʝʪʥʘ ʠ ʧʦʵʪʦʤʫ ʪʘʢʞʝ ʥʝ ʥʘʰʣʘ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʘʥʘʣʠʟʝ, ʥʦ ʦʧʠʩʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʥʠʦʙʠʷ (V) ʧʦ ʦʢʨʘʩʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʛʝʪʝʨʦʧʦʣʠʩʠʥʠ [5]. ʆʜʥʘʢʦ ʧʦʩʣʝʜʥʷʷ ʥʝʫʩʪʦʡʯʠʚʘ ʚʦ ʚʨʝʤʝʥʠ [4] ʠ ʚʝʩʴʤʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʄʅʂ ʚ ʩʚʷʟʠ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʩʠʩʪʝʤʝ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʧʦ ʤʦʣʠʙʜʝʥʫ ʨʷʜʦʚ [6]. ɺ 

ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʧʝʨʚʳʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪʩʷ, ʝʩʣʠ ʄʅʂ ʩʦʯʝʪʘʪʴ ʩ ʢʘʪʠʦʥʘʤʠ 

ʦʩʥʦʚʥʳʭ ʢʨʘʩʠʪʝʣʝʡ (ʆʂ) ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʜʠʪʴ ʧʦ ʦʢʨʘʩʢʝ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʧʨʠ ʵʪʦʤ ʢʦʤʧʣʝʢʩʥʳʭ ʘʩʩʦʮʠʘʪʦʚ (ʂɸ). ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʝʨʩʧʝʢʪʠʚʝʥ ʥʝ ʪʦʣʴʢʦ ʚ 

ʩʤʳʩʣʝ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʠʦʙʠʷ (V), ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʂɸ ʄʅʂ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ 

ʧʦ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʠʩʣʦʪʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʜʝʨʞʢʠ ʨʘʩʪʚʦʨʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʄʅʂ ʠ, ʦʩʦʙʝʥʥʦ, ʧʨʠʨʦʜʳ ʆʂ [7-10]. ʉʦʩʪʘʚʳ ʵʪʠʭ ʂɸ 



ʯʘʩʪʦ ʥʝ ʦʙʲʷʩʥʠʤʳ ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʭʠʤʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʄʅʂ ʠ ʩʚʦʡʩʪʚʘ ʄʅʂ ʤʝʥʴʰʠʭ ʨʷʜʦʚ ʧʦ ʤʦʣʠʙʜʝʥʫ [6]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʄʅʂ ʩ ʆʂ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʠ ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ 

ʮʝʥʥʳʝ ʚʳʚʦʜʳ ʦ ʭʠʤʠʟʤʝ ʦʙʨʘʟʦʚʘʥʠʷ ʄʅʂ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʚʝʩʴʤʘ 

ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʦʙʠʷ (V), ʦ ʧʨʠʨʦʜʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʝʝ ʦʩʥʦʚʝ ʂɸ, ʘ 

ʪʘʢʞʝ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʠʪʴ ʘʩʩʦʨʪʠʤʝʥʪ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʨʝʘʛʝʥʪʦʚ 

ʥʘ ʥʠʦʙʠʡ (V) ʠ ʚʳʷʩʥʠʪʴ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ.  

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʠʣʣʶʩʪʨʘʮʠʠ ʵʪʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʘ 

ʧʨʠʤʝʨʝ ʄʅʂ ʩ ʦʩʥʦʚʥʳʤʠ ʢʨʘʩʠʪʝʣʷʤʠ ʪʠʘʟʠʥʦʚʦʛʦ ʨʷʜʘ: ʜʠ- ʠ 

ʪʨʠʤʝʪʠʣʪʠʦʥʠʥʳ (ɼʄʊ ʠ ʊʄʊ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʪʝʪʨʘʤʝʪʠʣʪʠʦʥʠʥ 

(ʤʝʪʠʣʝʥʦʚʳʡ ʛʦʣʫʙʦʡ-ʄɻ), ʪʦʣʫʠʜʠʥʦʚʳʡ ʛʦʣʫʙʦʡ (ʊɻ) ʠ ʤʝʪʠʣʝʥʦʚʳʡ 

ʟʝʣʝʥʳʡ (ʄɿ). 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʠʩʘʥʘ ʨʘʥʝʝ ʚ [7-10]. 

ʉʫʱʥʦʩʪʴ ʝʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʜʝʣʝʥʠʠ ʩʦʝʜʠʥʝʥʠʷ ʆʂ-ʄʅʂ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ ʠ 

ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʝʛʦ ʘʮʝʪʦʥʦʚʳʭ ʨʘʩʪʚʦʨʦʚ. ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ 

(ʆʇ) ʠʩʩʣʝʜʫʝʤʳʭ ʘʮʝʪʦʥʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʠʟʤʝʨʷʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʤ, 

ʫʯʠʪʳʚʘʷ, ʯʪʦ ʟʥʘʯʝʥʠʝ Ů ʢʨʘʩʠʪʝʣʷ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʘʩʩʦʮʠʘʪʝ [11]. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʚʦʜʠʣʠ ʭʦʣʦʩʪʳʝ ʦʧʳʪʳ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʝʧʝʥʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʧʦʣʠʤʦʣʠʙʜʘʪʦʚ ʆʂ.  

ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʧʨʝʩʣʝʜʦʚʘʣʠ ʮʝʣʴ: 

¶ ʚʳʷʚʠʪʴ ʫʩʣʦʚʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʄʅʂ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʠʩʣʦʪʥʦʩʪʠ (pHK); 

¶ ʚʳʷʚʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʫʩʣʦʚʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʝʜʠʥʝʥʠʷ ʄʅʂ-ʆʂ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʦʣʠʙʜʘʪ-ʠʦʥʘ, ʆʂ ʠ ʢʠʩʣʦʪʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʄʅʂ-ʆʂ (pHʂɸ); 

¶ ʫʩʪʘʥʦʚʠʪʴ ʚʥʝʰʥʝ- ʠ ʚʥʫʪʨʠʩʬʝʨʥʳʝ ʩʦʩʪʘʚʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʩʩʦʮʠʘʪʘ ʠ 

ʪʝʤ ʩʘʤʳʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʫ ʦʪʜʝʣʴʥʫʶ ʠʟ ʨʘʚʥʦʚʝʩʥʳʭ ʬʦʨʤ ʄʅʂ, ʢʦʪʦʨʘʷ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʘʥʥʦʤʫ ʆʂ; 

¶ ʚʳʷʚʠʪʴ ʥʘʠʣʫʯʰʠʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʦʙʠʷ (V), ʜʣʷ 

ʯʝʛʦ ʚʘʞʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʚʘʣ ʢʠʩʣʦʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʂɸ 

(pHʂɸ), ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʨʘʩʠʪʝʣʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʷʨʥʦʛʦ ʧʦʛʘʰʝʥʠʷ ʂɸ, 

ʠʥʪʝʨʚʘʣ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʦʙʠʷ (V) (CB, CH, Cmin), ʘ ʪʘʢʞʝ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʄʅʂ. ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʄʅʂ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʷ 




