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ɺɺɽɼɽʅʀɽ 
 

ʀʤʧʫʣʴʩʥʳʡ ʚʳʩʦʢʦʧʦʪʦʯʥʳʡ ʨʝʘʢʪʦʨ ʀɹʈ-2 ʙʳʣ ʚʚʝʜʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 1984 ʛ. ʂ ʢʦʥʮʫ 

2006 ʛ. ʨʝʩʫʨʩ ʨʘʙʦʪʳ ʀɹʈ-2 ʙʳʣ ʠʩʯʝʨʧʘʥ ʠ ʚ ʧʝʨʠʦʜ 2007-2010 ʛʛ. ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʤʘʩʰʪʘʙʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʨʝʘʢʪʦʨʘ, ʚʢʣʶʯʘʶʱʘʷ ʟʘʤʝʥʫ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʝʛʦ ʩʠʩʪʝʤ. ʇʦʩʣʝ 

ʫʩʧʝʰʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ (ʜʝʢʘʙʨʴ 2010 ʛ.) ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ (ʠʶʣ ɹ - ʦʢʪʷʙʨʴ 2011 ʛ.) ʧʫʩʢʘ 

ʨʝʘʢʪʦʨʘ, ʚ 2012 ʛ. ʙʳʣʘ ʚʦʟʦʙʥʦʚʣʝʥʘ ʝʛʦ ʨʘʙʦʪʘ ʥʘ ʬʠʟʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ 2 ʄɺʪ. ʈʝʩʫʨʩ ʨʘʙʦʪʳ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʀɹʈ-2 ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʨʘʡʦʥʝ 20-25 ʣʝʪ, 

ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʜʦʣʛʦʩʨʦʯʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʥʝʡʪʨʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʝʛʦ ʙʘʟʝ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʝʘʢʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ ʥʠʞʝ. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʝʥʴʶ 2012 ʛ. 

ʙʳʣʘ ʥʘʯʘʪʘ ʵʢʩʧʣʫʘʪʘʮʠʷ ʧʝʨʚʦʛʦ ʢʨʠʦʛʝʥʥʦʛʦ ʟʘʤʝʜʣʠʪʝʣʷ ʰʘʨʠʢʦʚʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʠʛʨʳʰ ʚ ʭʦʣʦʜʥʳʭ ʥʝʡʪʨʦʥʘʭ ʜʦ 13 ʨʘʟ ʥʘ ʢʘʥʘʣʘʭ 7, 8, 10 ʀɹʈ-2. ɺ 

ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʧʣʘʥʠʨʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʝʱʝ ʜʚʫʭ ʢʨʠʦʛʝʥʥʳʭ ʟʘʤʝʜʣʠʪʝʣʝʡ ʜʣʷ ʢʘʥʘʣʦʚ 4-6 ʠ 2 

ʀɹʈ-2. 

 

ʊʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʝʘʢʪʦʨʘ ʀɹʈ-2 ʜʦ ʠ ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ 
 

ʇʘʨʘʤʝʪʨ ʀɹʈ-2 ʜʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʀʤʧʫʣʴʩʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ 

ʥʝʡʪʨʦʥʦʚ, ʥ/ʩʤ
2
/ʩ  

 

5Ö10
15

 

 

5Ö10
15

 

ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ, ʄɺʪ 2 2 

ʀʤʧʫʣʴʩʥʘʷ ʤʦʱʥʦʩʪʴ, ʄɺʪ 1850 1850 

ʊʦʧʣʠʚʦ PuO2 PuO2 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ 

ʩʙʦʨʦʢ 

 

78 

 

69 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʚʳʛʦʨʘʥʠʝ, % 6.5 9 

ʏʘʩʪʦʪʘ ʠʤʧʫʣʴʩʦʚ, ɻʮ 5, 25 5, 10 

ʇʦʣʫʰʠʨʠʥʘ ʥʝʡʪʨʦʥʥʦʛʦ 

ʠʤʧʫʣʴʩʘ: 

ɹʳʩʪʨʳʝ ʥʝʡʪʨʦʥʳ, ʤʢʩ 

ʊʝʧʣʦʚʳʝ ʥʝʡʪʨʦʥʳ, ʤʢʩ 

 

 

215 

320 

 

 

240 

340 

 

ʈʝʘʢʪʦʨ ʀɹʈ-2 ʦʩʥʘʱʝʥ ʫʥʠʢʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʥʝʡʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʤʝʪʨʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʦʚʦʜʠʪʴ ʰʠʨʦʢʠʡ ʢʨʫʛ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʭʠʤʠʠ, ʙʠʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ, ʬʘʨʤʘʢʦʣʦʛʠʠ, 

ʤʝʜʠʮʠʥʳ, ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, ʵʢʦʣʦʛʠʠ ʠ ʜʨ. ʇʝʨʠʦʜ ʦʩʪʘʥʦʚʢʠ ʨʝʘʢʪʦʨʘ ʀɹʈ-2 ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʫʩʪʘʥʦʚʦʢ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʝʘʢʪʦʨʝ ʨʘʙʦʪʘʝʪ ʠʣʠ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʠ 

ʩʦʟʜʘʥʠʷ 18 ʫʩʪʘʥʦʚʦʢ, ʠʟ ʢʦʪʦʨʳʭ 14 ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ, 2 ï ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, 1- ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ 1 

ï ʥʝʡʪʨʦʥʥʦʛʦ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ.  

ʉʧʝʢʪʨʦʤʝʪʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 7 ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ, 3 ʨʝʬʣʝʢʪʦʤʝʪʨʘ, 1 ʩʧʝʢʪʨʦʤʝʪʨ ʤʘʣʦʫʛʣʦʚʦʛʦ 

ʨʘʩʩʝʷʥʠʷ, 2 ʩʧʝʢʪʨʦʤʝʪʨʘ ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ, 1 ʩʧʝʢʪʨʦʤʝʪʨ ʜʣʷ ʥʝʡʪʨʦʥʥʦʡ 

ʨʘʜʠʦʛʨʘʬʠʠ ʠ ʪʦʤʦʛʨʘʬʠʠ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʦ  

ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʘ ʪʘʢʞʝ ʨʷʜʦʤ ʦʙʲʝʢʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ï ʨʘʟʚʠʪʠʝʤ ʥʦʚʦʡ 

ʫʥʠʢʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʬʫʨʴʝ-ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʦʚʦʜʠʪʴ ʜʠʬʨʘʢʮʠʦʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ (ʚʧʣʦʪʴ ʜʦ Dd/d ~ 0.1-0.2 %) ʠ ʰʠʨʦʢʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʝʪʦʜʠʢ ʚ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ï ʦʪ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʦ ʙʠʦʬʠʟʠʢʠ, ʛʝʦʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʳ.  
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ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʩʪʘʥʦʚʦʢ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʟʘʣʝ ʀɹʈ-2  
 

 
ʅʘ ʢʦʤʧʣʝʢʩʝ ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʨʝʘʢʪʦʨʘ ʀɹʈ-2 ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʉʙʦʨ 

ʟʘʷʚʦʢ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ  ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʘʞʜʳ ʚ ʛʦʜ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʫʯʢʦʚʦʛʦ 

ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʦʢ ʧʦʜʘʥʥʳʭ ʟʘʷʚʦʢ ʢʦʤʠʪʝʪʘʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʵʢʩʧʝʨʪʦʚ. ʊʘʢ, ʚ 2013 ʛ. ʙʳʣʦ ʧʦʣʫʯʝʥʦ 200 ʟʘʷʚʦʢ ʥʘ ʧʨʦʚʝʜʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʘʭ ʀɹʈ-2 ʠʟ 15 ʩʪʨʘʥ, ʧʨʠ ʵʪʦʤ ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʷʚʦʢ ʧʦʩʪʫʧʠʣʦ ʦʪ 

ʚʥʝʰʥʠʭ ʦʨʛʘʥʠʟʘʮʠʡ. 

 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʷʚʦʢ ʧʦ ʩʪʨʘʥʘʤ ʟʘ 2013 ʛʦʜ 
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ʉʨʝʜʠ ʥʝʜʘʚʥʦ ʩʦʟʜʘʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ: 

ʜʠʬʨʘʢʪʦʤʝʪʨ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʦʙʨʘʟʮʦʚ ɼʅ-6, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʨʝʢʦʨʜʥʦ ʤʘʣʳʤ ʦʙʲʝʤʦʤ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʨʷʜʢʘ 0.01 ʤʤ
3
 ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʜʘʚʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 30 ɻʇʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 4 ï 300 

ʂ),  

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʨʝʬʣʝʢʪʦʤʝʪʨ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʨʘʟʮʘ 

ɻʈʕʁʅʉ, ʦʪʢʨʳʚʘʶʱʠʡ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʞʠʜʢʠʭ ʠ ʤʷʛʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ,  

ʩʧʝʢʪʨʦʤʝʪʨ ʥʝʡʪʨʦʥʥʦʡ ʨʘʜʠʦʛʨʘʬʠʠ ʠ ʪʦʤʦʛʨʘʬʠʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ 

ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʥʘ ʫʨʦʚʥʝ 200 ʤʢʤ.  

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʝʨʠʦʜ ʦʩʪʘʥʦʚʢʠ ʀɹʈ-2 ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʘʩʰʪʘʙʥʘʷ 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʤʥʦʛʠʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ï ʅɽʈɸ, ʉʂɸʊ, ʕʇʉʀʃʆʅ, ɼʀʅ-2ʇʀ ʠ ʜʨ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʀɹʈ-2 ʥʘʠʙʦʣʝʝ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʩ 

ʫʩʪʘʥʦʚʢʘʤʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ. ʅʘ ʦʜʥʫ ʩʫʱʝʩʪʚʫʶʱʫʶ ʫʩʪʘʥʦʚʢʫ ʄʋʈʅ  ʧʨʠʭʦʜʠʪʩʷ 

ʦʢʦʣʦ 30 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʘʚʘʝʤʳʭ ʟʘʷʚʦʢ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʠʤʝʶʱʝʝʩʷ ʚ ʥʘʣʠʯʠʠ 

ʧʫʯʢʦʚʦʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʟʧʨʘʰʠʚʘʝʤʦʛʦ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʠʪʫʘʮʠʠ ʧʣʘʥʠʨʫʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʚʪʦʨʦʡ ʤʘʣʦʫʛʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʩʧʠʥ-ʵʭʦ ʤʘʣʦʫʛʣʦʚʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ. 

ʅʘʣʠʯʠʝ ʥʝʡʪʨʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ ʜʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʦʤ ʨʘʙʦʪʳ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʠʨʦʚʦʛʦ 

ʫʨʦʚʥʷ, ʦʩʥʘʱʝʥʥʦʛʦ ʢʨʠʦʛʝʥʥʳʤ ʟʘʤʝʜʣʠʪʝʣʝʤ, ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʨʘʩʩʝʷʥʠʷ 

ʥʝʡʪʨʦʥʦʚ ʠ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʤʝʪʦʜʦʚ ʨʘʩʩʝʷʥʠʷ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚʦʟʨʘʩʪʘʶʱʘʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ ʚ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʝʣʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʤ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʢʦʤʧʣʝʢʩʘ ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʨʝʘʢʪʦʨʘ ʀɹʈ-2 ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʫʣʫʯʰʝʥʠʝ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɼʘʥʥʳʡ ʩʙʦʨʥʠʢ ʩʦʜʝʨʞʠʪ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʨʘʟʚʠʪʠʶ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ 

ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʥʘ ʨʝʘʢʪʦʨʝ ʀɹʈ-2, ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʚ ʦʩʥʦʚʥʦʤ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʅʕʆ ʅʀʂʉ, ʘ ʪʘʢʞʝ ʆʗʌ ʠ ʅʕʆ ʂʉ. ʆʥ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ñʜʦʨʦʞʥʘʷ ʢʘʨʪʘò 

ʨʘʟʚʠʪʠʷ ʢʦʤʧʣʝʢʩʘ ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʨʝʘʢʪʦʨʘ ʀɹʈ-2 ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʜʦ 2020 ʛ. 
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1. ʉʇʀʉʆʂ ʇʈʆɽʂʊʆɺ 
 

ˉ ʉʇɽʂʊʈʆʄɽʊʈ  ʅɸɿɺɸʅʀɽ ʇʈʆɽʂʊɸ 

1.  ʌɼɺʈ  ʌʫʨʴʝ ʜʠʬʨʘʢʪʦʤʝʪʨ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ  

2.  ʌʉɼ ʌʫʨʴʝ ʩʪʨʝʩʩ ʜʠʬʨʘʢʪʦʤʝʪʨ  

3.  ʕʇʉʀʃʆʅ ʄɼʉ / 

ʉʂɸʊ 

ʂʦʤʧʣʝʢʩ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ 

4.  ʖʄʆ ʉʧʝʢʪʨʦʤʝʪʨ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ 

5.  ʅɽʈɸ ʉʧʝʢʪʨʦʤʝʪʨ ʦʙʨʘʪʥʦʡ ʛʝʦʤʝʪʨʠʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʥʘʤʠʢʠ 

ʦʙʨʘʟʮʦʚ 

6.  ɼʀʅ-2ʇʀ ʉʧʝʢʪʨʦʤʝʪʨ ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ  

7.  ɼʅ-6 ʅʝʡʪʨʦʥʥʳʡ ʜʠʬʨʘʢʪʦʤʝʪʨ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʠʢʨʦʦʙʨʘʟʮʦʚ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ 

8.  GRAINS ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʥʝʡʪʨʦʥʥʳʡ ʨʝʬʣʝʢʪʦʤʝʪʨ ʩ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʦʙʨʘʟʮʘ 

9.  ʉʅʗʌʀ ʉʧʝʢʪʨʦʤʝʪʨ ʅʝʡʪʨʦʥʦʚ ʜʣʷ ʗʜʝʨʥʦ-ʌʠʟʠʯʝʩʢʠʭ 

ʀʩʩʣʝʜʦʚʘʥʠʡ  

10.  ʂʆʃʍʀɼɸ ʉʧʝʢʪʨʦʤʝʪʨ ʩ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʤʠʰʝʥʴʶ  

11.  RTD ɼʠʬʨʘʢʪʦʤʝʪʨ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

12.  ʈɽʌʃɽʂʉ ʈʘʟʨʘʙʦʪʢʘ ʩʧʠʥ ï ʵʭʦ ʤʘʣʦʫʛʣʦʚʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʥʘ 

ʙʘʟʝ ʨʝʬʣʝʢʪʦʤʝʪʨʘ ʩ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤʠ ʥʝʡʪʨʦʥʘʤʠ  

13.  ʈɽʄʋʈ ʀʟʦʪʦʧʥʦ-ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʘʷ ʨʝʬʣʝʢʪʦʤʝʪʨʠʷ 

ʥʝʡʪʨʦʥʦʚ (ʀʀʈʅ) ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ 

ʥʝʡʪʨʦʥʦʚ  

14.  ɼʅ-12 ʅʝʡʪʨʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʠʢʨʦʦʙʨʘʟʮʦʚ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ 

15.  NRT* ʉʧʝʢʪʨʦʤʝʪʨ ʜʣʷ ʥʝʡʪʨʦʥʥʦʡ ʨʘʜʠʦʛʨʘʬʠʠ ʠ ʪʦʤʦʛʨʘʬʠʠ  

16.  FSS* ʌʫʨʴʝ-ʜʠʬʨʘʢʪʦʤʝʪʨ 

17.  ʄʋʈʅ-C*  

 

ɺʳʩʦʢʦʧʦʪʦʯʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʥʝʡʪʨʦʥʦʚ 

  

 * - ʥʦʚʳʡ ʧʨʦʝʢʪ
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2. ɸʅʅʆʊɸʎʀʀ ʇʈʆɽʂʊʆɺ ʈɸɿɺʀʊʀʗ ɼɽʁʉʊɺʋʖʑʀʍ 

ʉʇɽʂʊʈʆʄɽʊʈʆɺ 

 
ʌʫʨʴʝ-ʜʠʬʨʘʢʪʦʤʝʪʨ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʌɼɺʈ 

 

ɸʥʥʦʪʘʮʠʷ 

ʉʦʟʜʘʥʥʳʡ ʢʦʣʣʘʙʦʨʘʮʠʝʡ ʃʅʌ ʆʀʗʀ (ɼʫʙʥʘ), ʇʀʗʌ (ɻʘʪʯʠʥʘ) ʠ VTT (Espoo, Finland) 

ʬʫʨʴʝ-ʜʠʬʨʘʢʪʦʤʝʪʨ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʌɼɺʈ) ʩʪʘʮʠʦʥʘʨʥʦ ʜʝʡʩʪʚʫʝʪ ʥʘ ʀɹʈ-2 ʩ 1995 

ʛʦʜʘ. ɽʛʦ ʠʩʭʦʜʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʠ ʥʦʤʠʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ [1]. ɺ ʨʘʙʦʪʘʭ [2, 3] ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʧʨʦʚʝʜʝʥʥʳʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʌɼɺʈ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ ʠʜʝʠ ʧʦ ʚʦʟʤʦʞʥʦʤʫ ʨʘʟʚʠʪʠʶ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘ. ɿʘ ʧʨʦʰʝʜʰʝʝ ʚʨʝʤʷ ʥʘ ʌɼɺʈ ʫʞʝ ʧʨʦʚʝʜʝʥʘ ʟʘʤʝʥʘ ʥʝʢʦʪʦʨʳʭ ʫʟʣʦʚ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʝʥʘ ʜʝʪʝʢʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ʠ ʧʨʦʠʟʦʰʣʘ ʧʦʣʥʘʷ ʩʤʝʥʘ ʵʣʝʢʪʨʦʥʠʢʠ ʥʘʢʦʧʣʝʥʠʷ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʦʡ ʥʘʢʦʧʣʝʥʥʳʡ 

ʦʧʳʪ ʨʘʙʦʪʳ ʥʘ ʌɼɺʈ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʝʛʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʥʘʤʝʪʠʪʴ ʯʝʪʢʠʝ ʧʫʪʠ ʠʭ ʫʩʪʨʘʥʝʥʠʷ.  
 

1. ʉʪʘʪʫʩ ʠ ʥʘʫʯʥʘʷ ʧʨʦʛʨʘʤʤʘ 

ʅʘ ʌɼɺʈ ʨʝʘʣʠʟʦʚʘʥ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʳʩʪʨʦʛʦ 

ʬʫʨʴʝ-ʧʨʝʨʳʚʘʪʝʣʷ ʠ ʵʣʝʢʪʨʦʥʠʢʠ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʨʝʞʠʤʝ ʦʙʨʘʪʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʣʝʪʘ. 

ɸʢʪʫʘʣʴʥʘʷ ʩʭʝʤʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʥʩʪʨʫʢʮʠʷ ʌɼɺʈ 

ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʩʧʝʢʪʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʝʪʝʢʪʦʨʘʤʠ 

ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (2ɗ = 152Á) ʚ ʜʠʘʧʘʟʦʥʝ dhkl = 0.6 ï 3.6 ¡ ʠ ʜʝʪʝʢʪʦʨʦʤ ʧʨʠ 2ɗ = 90Á ʚ 

ʜʠʘʧʘʟʦʥʝ dhkl = 0.8 ï 4.9 ¡. ɺ ʨʝʞʠʤʝ ʥʠʟʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (æd/d å 0.01 ï 0.02) ʵʪʠʤʠ ʞʝ 

ʜʝʪʝʢʪʦʨʘʤʠ ʩʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʘʭ ʜʦ 4.5 ʠ 6.0 ¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʢʦʥʝʮ, ʩ 

ʧʦʤʦʱʴʶ ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ (1D PSD), ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʨʠ 2ɗ = 30Á, 

ʜʠʬʨʘʢʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦ dmax = 16 ¡.  

ʆʩʥʦʚʥʦʡ ʤʝʪʦʜʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʌɼɺʈ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʘ ̫

ʨʘʟʨʝʰʘʶʱʘ ̫ ʩʧʦʩʦʙʥʦʩʪʴ (ȹd/d å 0.001) ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʡ ʧʨʦʣʝʪʥʦʡ ʙʘʟʝ ʦʪ 

ʧʨʝʨʳʚʘʪʝʣʷ ʜʦ ʦʙʨʘʟʮʘ (L = 20 ʤ). ʈʘʟʨʝʰʝʥʠʝ ʌɼɺʈ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʙʳʩʪʨʦʛʦ ʬʫʨʴʝ-ʧʨʝʨʳʚʘʪʝʣʷ, ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʠ ʫʣʫʯʰʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ dhkl (ʈʠʩ.2).  

ɿʘ ʧʨʦʰʝʜʰʝʝ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʦʧʳʪ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʌɼɺʈ ʠ ʚʳʷʚʣʝʥ ʢʨʫʛ ʟʘʜʘʯ, 

ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʦʥ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʠʪ. ʆʩʥʦʚʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʌɼɺʈ ʷʚʣʷʝʪʩʷ 

ʧʨʝʮʠʟʠʦʥʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩʦ ʩʨʝʜʥʠʤ (ʜʦ ~500 ¡
3
) 

ʦʙʲʝʤʦʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʤʠ ʨʘʙʦʪʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʥʘ ʌɼɺʈ, ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠ ̫ʩʪʨʫʢʪʫʨʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʨʪʫʪʠ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʬʪʦʨʘ [4, 5], ʧʨʠʯʠʥ ʛʠʛʘʥʪʩʢʦʛʦ ʠʟʦʪʦʧʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ 

ʤʘʥʛʘʥʠʪʘʭ [6, 7], ʤʘʛʥʠʪʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʨʫʪʝʥʘʪʘʭ [8, 9], ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʦʤʘʣʠʡ ʚ ʢʦʙʘʣʴʪʠʪʘʭ 

[10, 11]. ʌɼɺʈ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʜʣʷ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʝʛʦ ʫʥʠʢʘʣʴʥʦ 

ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ dhkl, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ ʚ ʢʨʠʩʪʘʣʣʘʭ La2CuO4+d, 

ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʜʠʬʬʫʟʠʠ ʩʚʝʨʭʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʢʠʩʣʦʨʦʜʘ [12]. 

ʌʫʨʴʝ-ʜʠʬʨʘʢʪʦʤʝʪʨ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʌɼɺʈ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ:  ɸ.ʄ.ɹʘʣʘʛʫʨʦʚ 

ʆʩʥʦʚʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ: ʀ.ɸ.ɹʦʙʨʠʢʦʚ, ɺ.ɻ.ʉʠʤʢʠʥ 
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ɺʳʩʦʢʘʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʌɼɺʈ ʧʦʟʚʦʣʷʝʪ ʫʚʝʨʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʠ ʠ ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ ʢʦʛʝʨʝʥʪʥʳʭ ʙʣʦʢʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ 

ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ ʰʠʨʠʥʳ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ʦʪ dhkl (ʘʥʘʣʠʟ ɺʠʣʴʷʤʩʦʥʘ-ʍʦʣʣʘ). ʇʨʘʢʪʠʢʘ 

ʠʟʫʯʝʥʠʷ ʥʘ ʌɼɺʈ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʵʬʬʝʢʪʦʚ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʨʠ ʝʛʦ ʨʘʟʨʝʰʝʥʠʠ ʫʚʝʨʝʥʥʦ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʪʘʭ ʥʘ ʫʨʦʚʥʝ Ů å 0.0008 ʠ ʙʦʣʴʰʝ ʠ ʩʨʝʜʥʠʝ 

ʨʘʟʤʝʨʳ ʢʦʛʝʨʝʥʪʥʦ ʨʘʩʩʝʠʚʘʶʱʠʭ ʜʦʤʝʥʦʚ ʥʘ ʫʨʦʚʥʝ Lcoh å 2500 ¡ ʠ ʤʝʥʴʰʝ [13]. 

ʅʘʯʠʥʘʷ ʩ 2012 ʛʦʜʘ ʥʘ ʌɼɺʈ, ʧʨʦʚʦʜʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʵʣʝʢʪʨʦʜʘʭ Li -ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʦʚ ʟʘʨʷʜʘ-

ʨʘʟʨʷʜʘ [14]. ʋʩʧʝʭʫ ʵʪʠʭ ʨʘʙʦʪ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʨʘʟʣʠʯʥʳʤʠ ʤʦʜʘʤʠ ʨʘʙʦʪʳ ʌɼɺʈ ï ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ï ʙʝʟ 

ʠʟʤʝʥʝʥʠʡ ʚ ʛʝʦʤʝʪʨʠʠ ʩʘʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ 

ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʨʘʟʫʤʥʳʤ ʠʥʪʝʨʚʘʣʦʤ (10 ʤʠʥʫʪ) ʥʘʢʦʧʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ. 

ɺʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʣʷ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʦ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʷʭ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʥʘʜʝʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʚʦʟʥʠʢʘʶʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʘʟʳ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʌɼɺʈ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʝʜʝʪʩʷ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ 

ʪʚʝʨʜʦʪʝʣʴʥʳʤʠ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʤʠ ʥʘʫʯʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ 

ʈʦʩʩʠʠ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʌɼɺʈ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʶʱʠʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʩʦ ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ ʥʘʫʯʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʠ ʰʠʨʦʢʠʤ 

ʢʨʫʛʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

 

2. ʈʘʙʦʪʘ ʌɼɺʈ ʥʘ ʭʦʣʦʜʥʦʤ ʠʩʪʦʯʥʠʢʝ ʥʝʡʪʨʦʥʦʚ 

ʌɼɺʈ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 5-ʤ ʢʘʥʘʣʝ ʀɹʈ-2, ʩʦ ʩʪʦʨʦʥʳ ʢʦʪʦʨʦʛʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʩʪʘʥʦʚʢʘ 

ʭʦʣʦʜʥʦʛʦ ʟʘʤʝʜʣʠʪʝʣʷ. ʊʝʩʪʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʭʦʣʦʜʥʦʤ ʤʝʪʘʥʦʚʦʤ ʟʘʤʝʜʣʠʪʝʣʝ, 

ʧʨʦʚʝʜʝʥʥʳʝ ʚ 1999 ʛʦʜʫ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʚʳʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ, ʯʝʤ 

ʰʪʘʪʥʳʡ ʚʦʜʷʥʦʡ ʟʘʤʝʜʣʠʪʝʣʴ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʜʣʷ ʘʥʘʣʠʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ (ʩ ʦʙʲʝʤʦʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʙʦʣʝʝ 200 ¡
3
) ʦʧʪʠʤʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʤʝʜʣʠʪʝʣʷ ʚ ʜʠʘʧʘʟʦʥʝ 60 ï 100 ʂ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʥʘ 

ʌɼɺʈ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʠʢʠ ʧʨʠ ʙʦʣʴʰʠʭ dhkl, ʯʪʦ ʟʘʯʘʩʪʫʶ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʉʧʝʮʠʬʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʌɼɺʈ ï ʨʘʙʦʪʘ ʚ ʨʝʞʠʤʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 

ʧʨʝʨʳʚʘʪʝʣʷ (ʯʘʩʪʦʪʥʳʡ ʩʚʠʧ). ʇʨʘʢʪʠʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʌɼɺʈ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʩʚʠʧʳ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 2 ʯʘʩʘ, ʯʠʩʣʦ ʪʘʢʠʭ ʩʚʠʧʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʣʷʝʪ ʦʪ 3 

ʜʦ 10, ʪ.ʝ. ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʠʪʩʷ ʦʪ 6 ʜʦ  20 ʯʘʩʦʚ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʵʢʩʧʣʫʘʪʘʮʠʷ ʌɼɺʈ ʥʘ 

ʭʦʣʦʜʥʦʤ ʠʩʪʦʯʥʠʢʝ ʥʝʡʪʨʦʥʦʚ ʙʫʜʝʪ ʚʦʟʤʦʞʥʘ, ʝʩʣʠ ʚʨʝʤʷ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʠʩʪʦʯʥʠʢʘ 

ʩʦʩʪʘʚʠʪ ʥʝ ʤʝʥʝʝ ʩʫʪʦʢ. 

 

3. ʇʨʝʜʣʦʞʝʥʠʷ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʌɼɺʈ 
ʄʦʜʝʨʥʠʟʘʮʠʷ ʌɼɺʈ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʩʚʝʪʦʩʠʣʳ ʜʠʬʨʘʢʪʦʤʝʪʨʘ, 

ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʬʦʥʘ, ʫʣʫʯʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʬʫʨʴʝ-ʘʥʘʣʠʟʘ. ʆʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʨʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʧʦʟʚʦʣʠʪ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʧʨʦʚʦʜʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʟʘʤʝʪʥʦ ʧʦʜʥʷʪʴ ʧʨʝʮʠʟʠʦʥʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ. 

 

3.1. ʄʦʜʝʨʥʠʟʘʮʠʷ ʬʫʨʴʝ-ʧʨʝʨʳʚʘʪʝʣʷ 

ɼʝʡʩʪʚʫʶʱʠʡ ʬʫʨʴʝ-ʧʨʝʨʳʚʘʪʝʣʴ ʠʟʛʦʪʦʚʣʝʥ ʚ ʌʠʥʣʷʥʜʠʠ ʚ 1992 ʛʦʜʫ, ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʷ 

ʫʩʪʘʨʝʣʘ ʤʦʨʘʣʴʥʦ, ʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʫʟʣʳ ʚʳʨʘʙʦʪʘʣʠ ʩʚʦʡ ʨʝʩʫʨʩ. ɼʠʩʢ ʧʨʝʨʳʚʘʪʝʣʷ ʠʟʛʦʪʦʚʣʝʥ 

ʠʟ Al-ʩʧʣʘʚʘ, ʩʦʜʝʨʞʠʪ 1024 ʫʛʣʫʙʣʝʥʠʷ, ʟʘʧʦʣʥʝʥʥʳʭ Gd2ʆ3, ʨʘʩʩʯʠʪʘʥ ʥʘ Vmax = 6000 ʦʙ/ʤʠʥ, 

ʤʘʛʥʠʪʥʳʡ ʜʘʪʯʠʢ ʦʙʦʨʦʪʦʚ ʟʘʢʨʝʧʣʝʥ ʥʘ ʚʘʣʫ ʤʦʪʦʨʘ. ʈʷʜʦʤ ʩ ʜʠʩʢʦʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʪʘʪʦʨ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤ ʥʘʙʦʨʦʤ ʥʝʧʨʦʟʨʘʯʥʳʭ ʜʣʷ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʧʨʦʤʝʞʫʪʢʦʚ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʨʳʚʘʪʝʣʷ ʦʛʨʘʥʠʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʌɼɺʈ ʧʦ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, 

ʧʨʠʚʦʜʷʪ ʢ ʠʩʢʘʞʝʥʠʷʤ ʬʦʨʤʳ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ʠ ʫʤʝʥʴʰʝʥʠʶ ʬʫʥʢʮʠʠ ʧʨʦʧʫʩʢʘʥʠʷ.  



 

10 

ʋʩʪʨʘʥʝʥʠʝ ʦʪʤʝʯʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʧʨʝʨʳʚʘʪʝʣʷ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʢʦʤʧʘʥʠʝʡ Austrium GmbH (ɻʝʨʤʘʥʠʷ). ʕʪʘ ʬʠʨʤʘ ʭʦʨʦʰʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʩʝʙʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʝʨʳʚʘʪʝʣʝʡ ʥʝʡʪʨʦʥʥʳʭ ʧʫʯʢʦʚ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʝʡ ʙʳʣ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʨʝʨʳʚʘʪʝʣʴ ʜʣʷ ʫʩʪʘʥʦʚʢʠ 

POLDI (PSI) ʩ ʜʠʩʢʦʤ ʠʟ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ, ʨʘʩʩʯʠʪʘʥʥʳʤ ʥʘ Vmax = 20,000 ʦʙ/ʤʠʥ, 

ʫʛʣʫʙʣʝʥʠʷʤʠ, ʟʘʧʦʣʥʝʥʥʳʤʠ 
10

B, ʠ ʩ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʦʙʦʨʦʪʘʤʠ.  

ɺ ʥʦʚʦʤ ʬʫʨʴʝ-ʧʨʝʨʳʚʘʪʝʣʝ, ʧʦʤʠʤʦ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʠ ʫʣʫʯʰʝʥʠʷ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ, ʜʦʣʞʥʘ ʙʳʪʴ ʫʣʫʯʰʝʥʘ ʩʠʩʪʝʤʘ ʶʩʪʠʨʦʚʢʠ ʩʪʘʪʦʨʘ ʠ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʳʚʦʜʘ ʧʨʝʨʳʚʘʪʝʣʷ ʠʟ ʧʫʯʢʘ ʥʝʡʪʨʦʥʦʚ.   

 

3.2. ʆʩʥʘʱʝʥʠʝ ʌɼɺʈ ʩʦʚʨʝʤʝʥʥʳʤ ʥʝʡʪʨʦʥʦʚʦʜʦʤ 

ʌɼɺʈ ʦʩʥʘʱʝʥ ʟʝʨʢʘʣʴʥʳʤ ʥʝʡʪʨʦʥʦʚʦʜʦʤ ʜʣʠʥʦʡ 19 ʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʤʝʞʜʫ ʬʫʨʴʝ-

ʧʨʝʨʳʚʘʪʝʣʝʤ ʠ ʤʝʩʪʦʤ ʦʙʨʘʟʮʘ. ʅʝʡʪʨʦʥʦʚʦʜ ʠʟʛʦʪʦʚʣʝʥ ʚ ʇʀʗʌ (ɻʘʪʯʠʥʘ) ʚ 1992 ʛʦʜʫ ʠʟ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʪʝʢʣʘ ʪʦʣʱʠʥʦʡ 30 ʤʤ, ʧʦʢʨʳʪʦʛʦ ʠʟʦʪʦʧʦʤ 
58

Ni. ʆʩʦʙʝʥʥʦʩʪʴʶ ʝʛʦ 

ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʜʚʦʡʥʘʷ ʬʦʢʫʩʠʨʦʚʢʘ ʧʫʯʢʘ ʥʝʡʪʨʦʥʦʚ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ (ʩ 30 ʤʤ ʜʦ 10 

ʤʤ) ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ (ʩ 200 ʤʤ ʜʦ 100 ʤʤ) ʧʣʦʩʢʦʩʪʷʭ. ʉʪʝʢʣʘ ʧʦʤʝʱʝʥʳ ʚ ʩʪʘʣʴʥʦʡ ʢʦʞʫʭ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʚʘʢʫʫʤʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʣʷ ʩʚʦʝʛʦ 

ʚʨʝʤʝʥʠ ʥʝʡʪʨʦʥʦʚʦʜ ʌɼɺʈ ʙʳʣ ʦʜʥʠʤ ʠʟ ʣʫʯʰʠʭ.  

ʆʜʥʘʢʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʜʚʦʡʥʘʷ ʬʦʢʫʩʠʨʦʚʢʘ ʧʫʯʢʘ ʥʝʡʪʨʦʥʦʚ ʥʝʩʢʦʣʴʢʦ 

ʫʚʝʣʠʯʠʚʘʷ ʧʦʪʦʢ ʥʘ ʦʙʨʘʟʮʝ, ʧʨʠʚʦʜʠʪ ʚ ʩʣʠʰʢʦʤ ʩʠʣʴʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʪʦʢʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʝʯʝʥʠʠ, ʧʨʠʯʝʤ ʵʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥ ʚʦʣʥʳ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝʡʪʨʦʥʦʚʦʜʦʚ ʧʨʦʠʟʦʰʝʣ ʢʘʯʝʩʪʚʝʥʥʳʡ 

ʩʢʘʯʦʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʧʳʣʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʦʢʨʳʪʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʤʝʪʥʦ ʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʪʨʘʞʝʥʠʷ, ʤʝʥʴʰʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʠ ʚʦʣʥʠʩʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʟʘʤʝʥʘ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʥʝʡʪʨʦʥʦʚʦʜʘ ʥʘ ʩʦʚʨʝʤʝʥʥʳʡ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʧʦʪʦʢ ʥʝʡʪʨʦʥʦʚ ʥʘ 

ʦʙʨʘʟʮʝ ʚ 2.5 ï 3 ʨʘʟʘ, ʠ ʦʩʦʙʝʥʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ ʜʣʠʥ ʚʦʣʥ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʠʚʰʝʛʦʩʷ ʥʘ ʌɼɺʈ ʢʨʫʛʘ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʟʘʜʘʯ, ʦʧʪʠʤʘʣʴʥʳʤʠ ʙʳʣʠ ʙʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʥʝʡʪʨʦʥʦʚʦʜʘ: 

 
  

ʇʦʣʥʘʷ ʜʣʠʥʘ 18.8 ʤ 

ʐʠʨʠʥʘ ʟʝʨʢʘʣʴʥʦʛʦ ʢʘʥʘʣʘ (constant) 15 ʤʤ 

ɺʳʩʦʪʘ ʚʭʦʜʥʦʛʦ ʢʘʥʘʣʘ 200 ʤʤ 

ɺʳʩʦʪʘ ʚʳʭʦʜʥʦʛʦ ʢʘʥʘʣʘ 100 ʤʤ 

ʉʫʧʝʨʟʝʨʢʘʣʴʥʦʝ ʧʦʢʨʳʪʠʝ m = 1.75 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ (ʧʨʠ ɗc) (97 - 98)% 

ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ 2120 ʤ 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʜʣʠʥʘ ʚʦʣʥʳ  1.25 ¡ 

ɼʣʠʥʘ ʟʝʨʢʘʣʴʥʦʡ ʩʝʢʮʠʠ 0.75 - 0.8 m 

ɺʦʣʥʠʩʪʦʩʪʴ ʟʝʨʢʘʣʴʥʦʡ ʩʝʢʮʠʠ Ò 1.5Ŀ10
-4
 

ʊʦʣʱʠʥʘ ʩʪʝʢʣʘ Ḑ15 ʤʤ 

ʋʨʦʚʝʥʴ ʚʘʢʫʫʤʘ Ò 0.1 ʤʤ   

 

 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʥʝʡʪʨʦʥʦʚʦʜʘ ʩ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʬʠʨʤʦʡ 

Mirotron Ltd (ɺʝʥʛʨʠʷ), ʩ ʢʦʪʦʨʦʡ ʚ 2012 ʛʦʜʫ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʧʝʨʝʛʦʚʦʨʳ. 

ɹʳʣʦ ʩʦʛʣʘʩʦʚʘʥʦ, ʯʪʦ ʟʝʨʢʘʣʘ ʙʫʜʫʪ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʩʫʱʝʩʪʚʫʶʱʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʞʫʭ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʥʘʷ ʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪ (ʠʟʛʦʪʦʚʣʝʥʠʝ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, ʫʩʪʘʥʦʚʢʘ ʠ ʶʩʪʠʨʦʚʢʘ) 

ʙʳʣʘ ʦʮʝʥʝʥʘ ʚ 164,500 ɽʚʨʦ. 
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3.3. ʋʚʝʣʠʯʝʥʠʝ ʩʚʝʪʦʩʠʣʳ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʠ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʬʦʥʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʥʳʡ ʪʝʣʝʩʥʳʡ ʫʛʦʣ ʦʩʥʦʚʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 0.16 ʩʨ, ʠ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ ʌɼɺʈ ʩʠʣʴʥʦ ʫʩʪʫʧʘʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘʤ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʫ ʢʦʪʦʨʳʭ ʪʝʣʝʩʥʳʝ ʫʛʣʳ ʜʝʪʝʢʪʦʨʦʚ ʩʦʩʪʘʚʣʷʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʢʦʣʦ 2 ʩʨ 

ʠ ʙʦʣʴʰʝ. ɼʝʪʝʢʪʠʨʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʶʪʩʷ ʩʮʠʥʪʠʣʣʷʪʦʨʳ ʥʘ ʦʩʥʦʚʝ Li -ʩʪʝʢʦʣ, ʠʤʝʶʱʠʝ  

ʧʦʚʳʰʝʥʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ g-ʬʦʥʫ.  

ʕʪʠ ʥʝʜʦʩʪʘʪʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʦʜʦʣʝʥʳ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ZnS(Ag) ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʢʫʩʠʨʦʚʢʠ. ʅʘ ʨʠʩ. 

3 ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʘʷ ʩʭʝʤʘ ʪʘʢʦʛʦ ʜʝʪʝʢʪʦʨʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʦʪʜʝʣʴʥʳʭ 

ʧʣʘʩʪʠʥ ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʩʦʙʨʘʥʥrʭ ʚ 8 ʢʦʣʝʮ ʩ ʦʜʠʥʘʢʦʚʳʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʚʢʣʘʜʦʤ ʚ 

ʬʫʥʢʮʠʶ ʨʘʟʨʝʰʝʥʠʷ. ʕʬʬʝʢʪʠʚʥʳʡ ʪʝʣʝʩʥʳʡ ʫʛʦʣ ʜʝʪʝʢʪʦʨʘ ʙʣʠʟʦʢ ʢ 1.5 ʩʪʝʨʘʜʠʘʥʘʤ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʪ 10-ʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʚʝʪʦʩʠʣʳ ʜʠʬʨʘʢʪʦʤʝʪʨʘ. ʇʝʨʝʭʦʜ ʥʘ ZnS-ʩʮʠʥʪʠʣʣʷʪʦʨʳ 

ʧʦʟʚʦʣʠʪ ʨʝʟʢʦ ʫʤʝʥʴʰʠʪʴ ʫʨʦʚʝʥʴ g-ʬʦʥʘ. 

ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ ʧʦ dhkl ʥʘ ʌɼɺʈ ʫʩʪʘʥʦʚʣʝʥ 1D-ʇʏɼ ʧʨʠ ʫʛʣʝ 

ʨʘʩʩʝʷʥʠʷ 2ɗ = 30Á, ʜʝʡʩʪʚʫʶʱʠʡ ʚ ʨʝʞʠʤʝ ʥʠʟʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʷʚʣʷʝʪʩʷ ʤʘʣʳʡ ʪʝʣʝʩʥʳʡ ʫʛʦʣ. ɼʣʷ ʨʘʜʠʢʘʣʴʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʩʠʪʫʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʩʥʘʱʝʥʠʝ 

ʌɼɺʈ 2D-ʇʏɼ ʩ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 25x25 ʩʤ ʠ ʧʦʟʠʮʠʦʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʥʘ ʫʨʦʚʥʝ 3 ʤʤ. 

 

3.4. ʋʩʪʨʦʡʩʪʚʘ ʜʣʷ ʟʘʜʘʥʠʷ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʥʘ ʦʙʨʘʟʮʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʌɼɺʈ ʠʤʝʶʪʩʷ ʛʝʣʠʝʚʳʡ ʨʝʬʨʠʞʝʨʘʪʦʨ (ʊ ² 2.5 ʂ) ʠ 

ʧʝʯʴ (ʊ ¢ 1100̄ʉ). ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʢʨʫʛʘ ʧʨʦʚʦʜʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʦʙʨʝʩʪʠ 

ʨʝʬʨʠʞʝʨʘʪʦʨ ʩ ʊʤʠʥ Ò 10 K ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ʜʦ 500 ʂ.   

 

4. ɿʘʧʨʘʰʠʚʘʝʤʳʝ ʨʝʩʫʨʩʳ 

ʀʪʘʢ, ʫʟʣʘʤʠ, ʧʦʜʣʝʞʘʱʠʤʠ ʦʙʥʦʚʣʝʥʠʶ, ʷʚʣʷʶʪʩʷ ʬʫʨʴʝ-ʧʨʝʨʳʚʘʪʝʣʴ, ʟʝʨʢʘʣʴʥʳʡ 

ʥʝʡʪʨʦʥʦʚʦʜ, ʜʝʪʝʢʪʦʨ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʜʝʪʝʢʪʦʨ, ʩʠʩʪʝʤʳ 

ʟʘʜʘʥʠʷ ʫʩʣʦʚʠʡ ʥʘ ʦʙʨʘʟʮʝ. ʀʭ ʩʪʦʠʤʦʩʪʠ ʦʪʨʘʞʝʥʳ ʚ ʊʘʙʣʠʮʝ 1 (ʈʘʟʜʝʣ 6). 

ʈʘʙʦʪʳ ʧʦ ʧʨʦʝʢʪʫ ʙʫʜʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩʠʣʘʤʠ ʩʦʪʨʫʜʥʠʢʦʚ ʛʨʫʧʧʳ ʌɼɺʈ ʩʝʢʪʦʨʘ 

ʜʠʬʨʘʢʮʠʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʦʪʨʫʜʥʠʢʦʚ ʆʪʜʝʣʘ ʢʦʤʧʣʝʢʩʘ ʩʧʝʢʪʨʦʤʝʪʨʦʚ 

 

 

 

 
 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʌɼɺʈ. ɹʳʩʪʨʳʡ ʬʫʨʴʝ-ʧʨʝʨʳʚʘʪʝʣʴ (2) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʨʘʟʫ ʟʘ ʩʪʝʥʦʡ 

ʢʦʣʴʮʝʚʦʛʦ ʢʦʨʠʜʦʨʘ. ʅʝʡʪʨʦʥʥʳʡ ʧʫʯʦʢ ʥʘ ʦʙʨʘʟʮʝ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟʦʛʥʫʪʳʤ ʬʦʢʫʩʠʨʫʶʱʠʤ 

ʥʝʡʪʨʦʥʦʚʦʜʦʤ (3). ɺʦʢʨʫʛ ʤʝʩʪʘ ʦʙʨʘʟʮʘ (5) ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʛʣʘʚʥʳʝ ʜʝʪʝʢʪʦʨʳ (4, 6) ʠ ʇʏɼ 

(7), ʨʘʙʦʪʘʶʱʠʡ ʚ ʨʝʞʠʤʝ ʥʠʟʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʉʠʛʥʘʣʳ ʦʪ ʜʝʪʝʢʪʦʨʦʚ ʧʦʜʘʶʪʩʷ ʥʘ 

ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʵʣʝʢʪʨʦʥʠʢʫ (9). ɼʣʠʥʳ ʧʨʦʣʝʪʥʳʭ ʙʘʟ ʫʢʘʟʘʥʳ ʚ ʤʠʣʣʠʤʝʪʨʘʭ.  
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ʈʠʩ. 2. ʌʫʥʢʮʠʷ ʨʘʟʨʝʰʝʥʠʷ ʌɼɺʈ, ʠʟʤʝʨʝʥʥʘʷ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʦʙʨʘʟʮʝ Na2Al2Ca3F14 (NAC) 

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʝʨʳʚʘʪʝʣʷ 6000 ʦʙ/ʤʠʥ. ʇʦʢʘʟʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ ʠ 

ʨʘʩʩʯʠʪʘʥʥʘʷ ʢʨʠʚʘʷ. 

 

 

 

 
 

ʈʠʩ. 3. ʉʭʝʤʘ ʰʠʨʦʢʦʘʧʝʨʪʫʨʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʘ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʨʘʩʩʝʷʥʠʷ. ʇʦʢʘʟʘʥʳ ʚʠʜʳ 

ʩʙʦʢʫ (ʩʣʝʚʘ) ʠ ʩʦ ʩʪʦʨʦʥʳ ʦʙʨʘʟʮʘ (ʩʧʨʘʚʘ). ɼʝʪʝʢʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʦʪʜʝʣʴʥʳʭ ʧʣʘʩʪʠʥ (ʚʩʝʛʦ 

ʦʢʦʣʦ 200 ʵʣʝʤʝʥʪʦʚ) ZnS(Ag)/
6
LiF ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʫʩʣʦʚʠʷʤ ʚʨʝʤʝʥʥʦʡ ʬʦʢʫʩʠʨʦʚʢʠ. ʇʣʘʩʪʠʥʳ ʩʦʙʨʘʥʳ ʚ 8 ʢʦʣʝʮ ʩ ʦʜʠʥʘʢʦʚʳʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ 

ʚʢʣʘʜʦʤ ʚ ʬʫʥʢʮʠʶ ʨʘʟʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ (3.7 ï 8.8)Ā10
-4
. ʇʣʦʱʘʜʴ 

ʜʝʪʝʢʪʦʨʘ ʦʢʦʣʦ 13.5 ʤ
2
, ʵʬʬʝʢʪʠʚʥʳʡ ʪʝʣʝʩʥʳʡ ʫʛʦʣ ʩʦʩʪʘʚʣʷʝʪ 1.5 ʩʨ.  
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ʌʫʨʴʝ-ʩʪʨʝʩʩ ʜʠʬʨʘʢʪʦʤʝʪʨ ʌʉɼ 
ʉʦʪʨʫʜʥʠʯʘʶʱʠʝ ʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʚ ʩʧʝʢʪʨʦʤʝʪʨʝ ʦʨʛʘʥʠʟʘʮʠʠ 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʌʉɼ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʪʘʢʠʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʢʘʢ ʄɸɻɸʊʕ, ʈʆʉɸʊʆʄ, ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ 

ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʅʀʂʀʕʊ, ɻʠʜʨʦʧʨʝʩʩ, ɺʅʀʀʅʄ, ʀʄɽʊ ʈɸʅ), 

ʨʷʜʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʊʫʣʘʤʘʰʟʘʚʦʜ, ʆɸʆ ʂɹʇ, ɻʘʟʧʨʦʤ ʠ ʜʨ.). 

 

ɸʥʥʦʪʘʮʠʷ 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʬʫʨʴʝ-ʜʠʬʨʘʢʪʦʤʝʪʨ ʌʉɼ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʢʘʥʘʣʝ ˉ11ʘ ʨʝʘʢʪʦʨʘ 

ʀɹʈ-2 ʚ ʃʅʌ ʆʀʗʀ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʲʝʤʥʳʭ 

ʠʟʜʝʣʠʷʭ ʠ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʈʝʛʫʣʷʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʟʜʝʣʠʷʭ, ʧʦ ʠʟʫʯʝʥʠʶ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʌʉɼ ʩ 2001 ʛ. 
ɼʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʌʉɼ, ʨʘʩʰʠʨʝʥʠʷ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʫʣʫʯʰʝʥʠʷ ʝʛʦ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʟʘʚʝʨʰʠʪʴ ʩʦʟʜʘʥʠʝ ʜʝʪʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʦʚʝʩʪʠ 

ʤʦʜʝʨʥʠʟʘʮʠʶ ʥʝʢʦʪʦʨʳʭ ʝʛʦ ʫʟʣʦʚ. 

 

1. ɸʢʪʫʘʣʴʥʦʩʪʴ ʥʘʫʯʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʤʠʨʦʚʳʤ ʫʨʦʚʥʝʤ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʪʝʨʠʘʣʘʭ ʠʤʝʝʪ ʢʘʢ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʥʘʫʯʥʦʝ, ʪʘʢ ʠ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ. ʄʝʪʦʜ ʠʟʫʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ 

ʜʠʬʨʘʢʮʠʠ ʥʝʡʪʨʦʥʦʚ ʥʘʯʘʣ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʩʝʨʝʜʠʥʝ 80-ʭ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʟ-ʟʘ ʨʷʜʘ ʝʛʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʤʝʪʦʜʠʢʘʤʠ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʝʡʪʨʦʥʳ ʤʦʛʫʪ ʧʨʦʥʠʢʘʪʴ ʚ ʤʘʪʝʨʠʘʣ ʥʘ 

ʛʣʫʙʠʥʫ ʜʦ 2-3 ʩʤ ʜʣʷ ʩʪʘʣʝʡ ʠ ʜʦ 10 ʩʤ ʜʣʷ ʘʣʶʤʠʥʠʷ. ɼʦʩʪʦʠʥʩʪʚʘ ʤʝʪʦʜʘ ʜʠʬʨʘʢʮʠʠ 

ʥʝʡʪʨʦʥʦʚ ʥʘʩʪʦʣʴʢʦ ʩʫʱʝʩʪʚʝʥʥʳ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʡʪʨʦʥʥʳʭ ʮʝʥʪʨʘʭ ʩʦʟʜʘʥʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʜʠʬʨʘʢʪʦʤʝʪʨʳ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ.  

ʌʉɼ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʅʝʡʪʨʦʥʥʳʡ 

ʜʠʬʨʘʢʪʦʤʝʪʨ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʠ ʜʦʨʦʛʦʡ ʫʩʪʘʥʦʚʢʦʡ, ʧʦʵʪʦʤʫ 

ʧʨʝʮʠʟʠʦʥʥʳʝ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤ (ʥʘ ʫʨʦʚʥʝ Dd/då0.002 ʠ 

ʣʫʯʰʝ) ʨʘʟʨʝʰʝʥʠʝʤ ʚʝʜʫʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʦʣʴʢʦ ʚ ʥʝʩʢʦʣʴʢʠʭ, ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʭ 

ʥʝʡʪʨʦʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʤʠʨʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʆʀʗʀ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʥʘʫʯʥʳʤ 

ʮʝʥʪʨʦʤ ʚ ʈʦʩʩʠʠ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʷʪʩʷ ʨʝʛʫʣʷʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩ 

ʧʦʤʦʱʴʶ ʜʠʬʨʘʢʮʠʠ ʥʝʡʪʨʦʥʦʚ ʥʘ ʫʨʦʚʥʝ ʤʠʨʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʦʧʠʩʘʥʠʝ ʌʉɼ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ [1, 2]. ɿʘ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʌʉɼ ʦʧʨʝʜʝʣʠʣʠʩʴ ʨʝʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʚ ʨʝʰʝʥʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʟʘʜʘʯ ʠ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʦʩʥʦʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʥʠ ʩʚʷʟʘʥʳ ʩ ʜʦʩʪʠʛʥʫʪʳʤʠ ʫʨʦʚʥʷʤʠ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩʚʝʪʦʩʠʣʳ ʠ ʜʦʩʪʫʧʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʤʝʞʧʣʦʩʢʦʩʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ dhkl. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʟʘʜʘʯ ʩʚʷʟʘʥʘ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʛʦʪʦʚʳʭ 

ʜʝʪʘʣʷʭ ʠ ʢʦʥʩʪʨʫʢʮʠʷʭ. ʏʘʱʝ ʚʩʝʛʦ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʷʚʣʷʶʪʩʷ 

ʌʫʨʴʝ-ʩʪʨʝʩʩ ʜʠʬʨʘʢʪʦʤʝʪʨ ʌʉɼ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ɻ.ɼ. ɹʦʢʫʯʘʚʘ 

ʂʦʣʣʝʢʪʠʚ ʠʩʧʦʣʥʠʪʝʣʝʡ: ʈʘʙʦʪʳ ʧʦ ʧʨʦʝʢʪʫ ʙʫʜʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 
    ʩʠʣʘʤʠ ʩʦʪʨʫʜʥʠʢʦʚ ʛʨʫʧʧʳ ʌɼɺʈ/ʌʉɼ  
    ʩʝʢʪʦʨʘ ʜʠʬʨʘʢʮʠʠ ʠ ʦʪʜʝʣʘ ʅʕʆʂʉ. 
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ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʊʘʢʠʝ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʟʜʘʥʠʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʜʝʪʘʣʠ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʦʙʥʳʭ ʨʘʙʦʪ 

ʧʦʤʦʛʘʶʪ ʩʦʟʜʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʦʩʪʘʪʦʯʥʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʯʝʥʠʷʭ 

ʜʝʪʘʣʠ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʣʫʯʰʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʩʨʦʢ ʨʘʙʦʪʳ ʜʝʪʘʣʠ. 

ʊʠʧʠʯʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʫʜʘʨʥʠʢʝ 

ʧʝʨʬʦʨʘʪʦʨʘ [3] ʠ ʧʝʨʝʭʦʜʥʠʢʝ ʪʨʫʙʳ Zr/ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ [4], ʠʩʧʦʣʴʟʫʶʱʝʛʦʩʷ ʚ ʘʪʦʤʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɺʪʦʨʳʤ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ 

ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʠ ʛʨʘʜʠʝʥʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʤʘʨʢʠ ʩʪʘʣʝʡ. ɺ ʵʪʠʭ ʟʘʜʘʯʘʭ 

ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʣʠʯʥʳʭ ʬʘʟ ʚ ʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ ʠ ʠʭ 

ʩʦʚʤʝʩʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʠ ʦʩʪʘʪʦʯʥʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʠʝ 

ʟʘʜʘʯʠ ʦʯʝʥʴ ʚʘʞʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʠ 

ʫʧʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ ʵʪʠʭ ʨʘʙʦʪ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʦʚʝʜʝʥʠʝʤ. ʊʠʧʠʯʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʦʩʪʘʪʦʯʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʚ ʩʪʘʣʷʭ, 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʠ ʛʨʘʜʠʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ [5, 6]. 

 

2. ʅʘʫʯʥʳʡ ʠ ʤʝʪʦʜʠʯʝʩʢʠʡ ʟʘʜʝʣ, ʠʤʝʶʱʠʡʩʷ ʚ ʃʅʌ ʆʀʗʀ 

ʇʝʨʚʳʝ ʨʘʙʦʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʲʝʤʥʳʭ ʠʟʜʝʣʠʷʭ ʠ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʥʘʯʘʣʘʩʴ ʚ ʃʅʌ ʆʀʗʀ ʚ 1993 ʛ. ʥʘ ʙʘʟʝ ʥʝʡʪʨʦʥʥʦʛʦ ʬʫʨʴʝ-ʜʠʬʨʘʢʪʦʤʝʪʨʘ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʌɼɺʈ ʥʘ 5-ʤ ʢʘʥʘʣʝ ʨʝʘʢʪʦʨʘ ʀɹʈ-2. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ 

ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʚʥʫʪʨʝʥʥʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʪʝʨʠʘʣʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʡʪʨʦʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʨʴʝ-ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʥʘ ʠʩʪʦʯʥʠʢʝ ʥʝʡʪʨʦʥʦʚ ʩ ʜʣʠʥʥʳʤ 

ʠʤʧʫʣʴʩʦʤ ï ʨʝʘʢʪʦʨʝ ʀɹʈ-2, ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʩʦʟʜʘʥʦ ʥʝʦʙʭʦʜʠʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʳ 

ʪʝʩʪʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʥʢʨʝʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʩ ʮʝʣʴʶ 

ʘʧʨʦʙʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ. 

ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʢʦʧʣʝʥʥʳʡ ʦʧʳʪ ʨʘʙʦʪʳ ʧʦʟʚʦʣʠʣ ʧʨʠʩʪʫʧʠʪʴ ʢ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʦʛʦ 

ʧʨʦʝʢʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʥʘ 11a ʢʘʥʘʣʝ ʨʝʘʢʪʦʨʘ ʀɹʈ-2 ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʬʫʨʴʝ-ʜʠʬʨʘʢʪʦʤʝʪʨʘ 

ʌʉɼ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʳʡ ʥʘʯʘʣ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ 2001 ʛ. ɿʘ 

ʚʨʝʤʷ ʨʘʙʦʪʳ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʌʉɼ ʧʨʦʚʝʜʝʥʦ ʤʥʦʞʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʥʘʛʨʫʟʢʠ, ʨʘʟʣʠʯʥʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʪʨʫʢʪʫʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʟʜʝʣʠʡ, ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʛʨʘʜʠʝʥʪʥʳʭ 

ʩʪʨʫʢʪʫʨ ʠ ʢʦʤʧʦʟʠʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʬʫʨʴʝ-ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. 

 

3. ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʌʉɼ 

3.1. ʉʭʝʤʘ ʠ ʦʩʥʦʚʥʳʝ ʫʟʣʳ ʌʉɼ 

ɼʠʬʨʘʢʪʦʤʝʪʨ ʌʉɼ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʢʘʥʘʣʝ ˉ11ɸ ʨʝʘʢʪʦʨʘ ʀɹʈ-2 ʚ ʃʅʌ ʆʀʗʀ. ɼʘʥʥʳʡ 

ʧʨʠʙʦʨ ʩʦʟʜʘʚʘʣʩʷ ʩ ʫʯʝʪʦʤ ʥʘʢʦʧʣʝʥʥʦʛʦ ʤʠʨʦʚʦʛʦ ʦʧʳʪʘ ʚ ʧʦʩʪʘʥʦʚʢʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʥʫʪʨʝʥʥʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʲʝʤʥʳʭ ʦʙʨʘʟʮʘʭ ʠ ʠʟʜʝʣʠʷʭ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʦʧʳʪ 

ʇʀʗʌ, ɻʘʪʯʠʥʘ (ʜʠʬʨʘʢʪʦʤʝʪʨ ʤʠʥʠ-ʉʌʀʅʂʉ [7]), GKSS, ɻʝʝʩʪʭʘʭʪ (ʜʠʬʨʘʢʪʦʤʝʪʨ FSS [8]) ʠ 

ʃʅʌ ʆʀʗʀ, ɼʫʙʥʘ (ʜʠʬʨʘʢʪʦʤʝʪʨ ʌɼɺʈ [9]) ʚ ʧʨʠʤʝʥʝʥʠʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʨʴʝ-ʪʝʭʥʠʢʠ ʚ 

ʜʠʬʨʘʢʮʠʠ ʥʝʡʪʨʦʥʦʚ. ɺʩʝ ʪʨʠ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʠʙʦʨʘ ʷʚʣʷʶʪʩʷ TOF-ʜʠʬʨʘʢʪʦʤʝʪʨʘʤʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʳʩʪʨʦʛʦ ʬʫʨʴʝ-ʧʨʝʨʳʚʘʪʝʣʷ ʜʣʷ ʤʦʜʫʣʷʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʚʠʯʥʦʛʦ ʧʫʯʢʘ 

ʠ ʧʨʠʤʝʥʝʥʠʝʤ RTOF-ʤʝʪʦʜʘ) [10] ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʜʘʥʥʳʭ. 

 



 
16 

 
ʈʠʩ. 4. ʉʭʝʤʘ ʬʫʨʴʝ-ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʌʉɼ ʥʘ ʨʝʘʢʪʦʨʝ ʀɹʈ-2. 

 

 
ʈʠʩ. 5. ɼʝʪʝʢʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ʬʫʨʴʝ-ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʌʉɼ. BS ï ʜʝʪʝʢʪʦʨʳ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ (BackScattering) °140̄ . 90̄  ʜʝʪʝʢʪʦʨ ï ʜʝʪʝʢʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ASTRA (ʣʝʚʦʝ ʠ ʧʨʘʚʦʝ 

ʢʨʳʣʦ). 

 

ʆʩʥʦʚʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʫʟʣʘʤʠ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʌʉɼ ʷʚʣʷʶʪʩʷ: 

1) ʠʩʪʦʯʥʠʢ ʥʝʡʪʨʦʥʦʚ - ʨʝʘʢʪʦʨ ʀɹʈ-2 ʩ ʚʦʜʷʥʳʤ ʛʨʝʙʝʥʯʘʪʳʤ ʟʘʤʝʜʣʠʪʝʣʝʤ - 

ʧʨʦʠʟʚʦʜʷʱʠʡ ʠʤʧʫʣʴʩʳ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʩ ʯʘʩʪʦʪʦʡ 5 ɻʮ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ~350 

ʤʢʩ; 

2) ʜʣʠʥʥʳʡ ʠʟʦʛʥʫʪʳʡ ʟʝʨʢʘʣʴʥʳʡ ʥʝʡʪʨʦʥʦʚʦʜ, ʦʯʠʱʘʶʱʠʡ ʧʫʯʦʢ ʦʪ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ 

ʠ g-ʣʫʯʝʡ; 

3) ʙʳʩʪʨʳʡ ʬʫʨʴʝ-ʧʨʝʨʳʚʘʪʝʣʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʤʦʜʫʣʷʮʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ 

ʧʫʯʢʘ; 

4) ʧʨʷʤʦʡ ʟʝʨʢʘʣʴʥʳʡ ʥʝʡʪʨʦʥʦʚʦʜ, ʬʦʨʤʠʨʫʶʱʠʡ ʧʫʯʦʢ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʥʘ ʦʙʨʘʟʮʝ; 

5) ʜʝʪʝʢʪʦʨʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʝʪʝʢʪʦʨʦʚ ʥʘ ʫʛʣʘʭ ʨʘʩʩʝʷʥʠʷ °90̄  ʠ ʜʝʪʝʢʪʦʨʘ 

ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ; 

6) ʫʩʪʨʦʡʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʫʯʢʦʚ (ʜʠʘʬʨʘʛʤʳ ʠ ʨʘʜʠʘʣʴʥʳʡ ʢʦʣʣʠʤʘʪʦʨ), ʟʘʜʘʶʱʠʝ 

ʨʘʩʭʦʜʠʤʦʩʪʴ ʧʝʨʚʠʯʥʦʛʦ ʧʫʯʢʘ ʠ ʚʳʜʝʣʷʶʱʠʝ ʨʘʩʩʝʠʚʘʶʱʠʡ ʦʙʲʝʤ ʚ ʦʙʨʘʟʮʝ; 
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7) ʛʦʥʠʦʤʝʪʨ HUBER (ʜʦ 300 ʢʛ), ʥʘ ʢʦʪʦʨʦʤ ʤʦʛʫʪ ʨʘʟʤʝʱʘʪʴʩʷ ʤʘʩʩʠʚʥʳʝ ʦʙʨʘʟʮʳ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ (ʥʘʛʨʫʟʦʯʥʳʝ ʤʘʰʠʥʳ, ʧʝʯʠ ʠ ʪ.ʜ.);  

8) ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ SONIX+, ʧʦʟʚʦʣʷʶʱʘʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʣʦʢʘʣʴʥʦʝ ʠʣʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʭʦʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʌʉɼ 

 

ʀʟʦʛʥʫʪʳʡ ʥʝʡʪʨʦʥʦʚʦʜ 

- ʜʣʠʥʘ, ʤ 

- ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ, ʤ 

ʟʝʨʢʘʣʴʥʳʡ, ʩ ʧʦʢʨʳʪʠʝʤ ʠʟ Ni 

19 

2864.8 

ʇʨʷʤʦʡ ʥʝʡʪʨʦʥʦʚʦʜ 

- ʜʣʠʥʘ, ʤ 

ʟʝʨʢʘʣʴʥʳʡ, ʩ ʧʦʢʨʳʪʠʝʤ ʠʟ Ni 

5.01 

ʈʘʩʩʪʦʷʥʠʝ ʟʘʤʝʜʣʠʪʝʣʴ - ʦʙʨʘʟʝʮ, ʤ 28.14 

ʈʘʩʩʪʦʷʥʠʝ ʧʨʝʨʳʚʘʪʝʣʴ - ʦʙʨʘʟʝʮ, ʤ 5.55 

ʌʫʨʴʝ-ʧʨʝʨʳʚʘʪʝʣʴ (ʜʠʩʢ) 

- ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ, ʤʤ 

- ʰʠʨʠʥʘ ʱʝʣʠ, ʤʤ 

- ʯʠʩʣʦ ʱʝʣʝʡ 

- ʤʘʢʩ. ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, ʦʙ/ʤʠʥ. 

- ʤʘʢʩ. ʯʘʩʪʦʪʘ ʤʦʜʫʣʷʮʠʠ ʧʫʯʢʘ, ʢɻʮ 

ʚʳʩʦʢʦʧʨʦʯʥʳʡ Al ʩʧʣʘʚ 
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ʐʠʨʠʥʘ ʠʤʧʫʣʴʩʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ: 

- ʚ ʨʝʞʠʤʝ ʥʠʟʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʤʢʩ 

- ʚ ʨʝʞʠʤʝ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʤʢʩ 
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9.8 

ʇʦʪʦʢ ʥʝʡʪʨʦʥʦʚ ʥʘ ʦʙʨʘʟʮʝ: 

- ʙʝʟ ʬʫʨʴʝ-ʧʨʝʨʳʚʘʪʝʣʷ, ʥʝʡʪʨ./ʩʤ
2
Öʩ

-1
 

- ʩ ʬʫʨʴʝ-ʧʨʝʨʳʚʘʪʝʣʝʤ, ʥʝʡʪʨ./ʩʤ
2
Öʩ

-1
 

 

1.8Ö10
6
 

3.7Ö10
5
 

ʀʥʪʝʨʚʘʣ ʜʣʠʥ ʚʦʣʥ, ¡ 0.9 õ 8 

ɼʝʪʝʢʪʦʨʳ: 

- 2q=140̄  (ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ) 

- 2q=°90̄  

 

6
Li, ʩ ʚʨʝʤʝʥʥʦʡ ʬʦʢʫʩʠʨʦʚʢʦʡ 

ZnS, ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʬʦʢʫʩʠʨʦʚʢʦʡ 

ʈʘʟʨʝʰʝʥʠʝ ʜʝʪʝʢʪʦʨʦʚ Dd/d (d=2 ¡): 

- 2q=140̄  (ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ) 

- 2q=°90̄  

 

2.3Ö10
-3
 

4.0Ö10
-3
 

ɼʠʘʧʘʟʦʥ ʧʦ dhkl, ¡ 

- 2q=140̄  (ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ) 

- 2q=°90̄  

 

0.51 ï 5.39 

0.63 ï 6.71 

 

ʋʩʧʝʭʠ ʚ ʩʦʟʜʘʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʝʰʝʚʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʥʘ ʙʘʟʝ ʮʠʬʨʦʚʳʭ 

ʩʠʛʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʣʦʞʠʪʴ ʜʣʷ ʌʉɼ ʥʦʚʳʡ ʧʨʠʥʮʠʧ ʩʦʟʜʘʥʠʷ 

ʜʝʪʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʠʤʝʥʥʦ, ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʡ ʜʝʪʝʢʪʦʨ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦ-

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʢʫʩʠʨʦʚʢʦʡ [11]. ɺ ʬʠʥʘʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʜʝʪʝʢʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ʌʉɼ ʙʫʜʝʪ 

ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʜʝʪʝʢʪʦʨʦʚ ASTRA ʧʨʠ ʫʛʣʘʭ ʨʘʩʩʝʷʥʠʷ 2q=°90̄, ʧʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʠʟ 

ʜʝʪʝʢʪʦʨʦʚ ʚʢʣʶʯʘʝʪ 7 ʥʝʟʘʚʠʩʠʤʳʭ, ʪ.ʝ. ʩ ʦʪʜʝʣʴʥʳʤ ʚʳʚʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, 

ʵʣʝʤʝʥʪʦʚ [12]. ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ ʬʦʢʫʩʠʨʦʚʦʢ 

ʨʘʩʩʝʷʥʥʦʛʦ ʧʫʯʢʘ ʥʝʡʪʨʦʥʦʚ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʪʝʣʝʩʥʳʡ ʫʛʦʣ ʜʦ ~0.16 ʩʨ ʜʣʷ ʢʘʞʜʦʛʦ 

ʜʝʪʝʢʪʦʨʘ ASTRA. ʕʪʦ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʚʝʪʦʩʠʣʫ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʧʦ ʤʝʞʧʣʦʩʢʦʩʪʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ Dd/d º 4³10
ī3

. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʌʉɼ ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʠʩʧʳʪʘʥʳ ʰʝʩʪʴ ʵʣʝʤʝʥʪʦʚ (ʠʟ 14 

ʧʣʘʥʠʨʫʝʤʳʭ) ʜʝʪʝʢʪʦʨʦʚ ASTRA ʧʨʠ ʫʛʣʘʭ ʨʘʩʩʝʷʥʠʷ +90 ʠ -90̄. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʌʉɼ 

ʫʩʪʘʥʦʚʣʝʥ ʜʝʪʝʢʪʦʨ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩ ʚʨʝʤʝʥʥʦʡ ʬʦʢʫʩʠʨʦʚʢʦʡ, ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ BS 

(backscattering), ʠʟ 16 ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 
6
Li -ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʫʛʣʝ ʨʘʩʩʝʷʥʠʷ 2q = 140̄ . 



 
18 

ʀʤʝʶʱʝʝʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʦʙʨʘʟʮʝ: 

1) 4-ʦʩʥʳʡ (x, y, z, ɤ) ʛʦʥʠʦʤʝʪʨ HUBER ʜʣʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ ʩ ʪʦʯʥʦʩʪʴʶ 

ʧʦʨʷʜʢʘ 0.1 ʤʤ ʠ ʚʳʰʝ. ɺʝʣʠʯʠʥʘ ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʦʩʴ ʛʦʥʠʦʤʝʪʨʘ - 300 ʢʛ; 

2) ʥʘʛʨʫʟʦʯʥʘʷ ʤʘʰʠʥʘ ñTIRAtest 2560ò ʧʨʦʠʟʚʦʜʩʪʚʘ TIRA GmbH (ɻʝʨʤʘʥʠʷ) 

(ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʦʟʜʘʚʘʝʤʘʷ ʥʘʛʨʫʟʢʘ - ʜʦ Ñ60 ʢʅ) ʜʣʷ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ/ʩʞʘʪʠʷ 

ʦʙʨʘʟʮʦʚ ʜʣʠʥʦʡ 100·200 ʤʤ ʩ ʧʣʦʩʢʦʡ ʠʣʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʦʣʦʚʢʦʡ ʧʦʜ ʟʘʞʠʤ ʚ 

ʥʝʡʪʨʦʥʥʦʤ ʧʫʯʢʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂʦʥʪʨʦʣʴ ʫʜʣʠʥʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʟʠʩʪʠʚʥʳʤ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʪʝʥʟʦʜʘʪʯʠʢʦʤ; 

3) ʥʘʛʨʫʟʦʯʥʘʷ ʤʘʰʠʥʘ ñLM-20ò ʧʨʦʠʟʚʦʜʩʪʚʘ ʀʗʌ (ʛ. ʈʞʝʞ, ʏʝʭʠʷ) (ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ - ʜʦ Ñ20 ʢʅ) ʜʣʷ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ/ʩʞʘʪʠʷ ʦʙʨʘʟʮʦʚ ʜʣʠʥʦʡ 30-100 ʤʤ ʩ 

ʨʝʟʴʙʦʚʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʦʣʦʚʢʦʡ ʚ ʥʝʡʪʨʦʥʥʦʤ ʧʫʯʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 

ʢʦʤʥʘʪʥʦʡ ʜʦ 800 Üʉ. ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʜʘʥʥʦʡ ʤʘʰʠʥʳ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʙʝʟʣʶʬʪʦʚʘʷ ʧʝʨʝʜʘʯʘ ʥʘʛʨʫʟʢʠ ʥʘ ʦʙʨʘʟʝʮ. ʂʦʥʪʨʦʣʴ ʫʜʣʠʥʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʪʝʥʟʦʜʘʪʯʠʢʦʤ; 

4) ʟʝʨʢʘʣʴʥʘʷ ʧʝʯʴ ñMF2000ò ʥʘ ʦʩʥʦʚʝ ʛʘʣʦʛʝʥʥʳʭ ʣʘʤʧ (ʤʘʢʩ. ʪʝʤʧʝʨʘʪʫʨʘ - ʜʦ 1000C̄) ʩ 

ʫʧʨʘʚʣʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʪʨʦʣʣʝʨʘ Euroterm. 

 

3.2.  ʇʨʝʜʣʦʞʝʥʠʷ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʌʉɼ ʥʘ 2015-2020 ʛʛ. 

ʈʘʟʚʠʪʠʝ ʌʉɼ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʚʝʪʦʩʠʣʳ ʜʠʬʨʘʢʪʦʤʝʪʨʘ, 

ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʬʦʥʘ, ʫʣʫʯʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʬʫʨʴʝ-ʘʥʘʣʠʟʘ ʠ ʦʩʥʘʱʝʥʠʝ ʜʠʬʨʘʢʪʦʤʝʪʨʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʜʣʷ ʟʘʜʘʥʠʷ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʥʘ ʦʙʨʘʟʮʝ. ʆʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʨʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʧʦʟʚʦʣʠʪ ʧʨʠʤʝʨʥʦ ʚ ʜʝʩʷʪʴ ʨʘʟ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʧʨʦʚʦʜʠʤʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʟʘʤʝʪʥʦ ʧʦʜʥʷʪʴ ʧʨʝʮʠʟʠʦʥʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ. 

 

3.2.1. ʋʚʝʣʠʯʝʥʠʝ ʩʚʝʪʦʩʠʣʳ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʠ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʬʦʥʘ 

ʊʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʜʝʪʝʢʪʦʨʥʳʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʜʚʘ ʥʝʜʦʩʪʘʪʢʘ: ʧʦʚʳʰʝʥʥʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ g-ʬʦʥʫ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʪʝʣʝʩʥʳʡ ʫʛʦʣ. ʉ ʧʦʤʦʱʴʶ 

ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ZnS(Ag) ʚ ʜʝʪʝʢʪʦʨʘʭ ASTRA ʫʜʘʣʦʩʴ ʠʟʙʘʚʠʪʴʩʷ ʦʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ g-ʬʦʥʫ. ɺʪʦʨʦʡ ʥʝʜʦʩʪʘʪʦʢ ï ʤʘʣʝʥʴʢʠʡ ʪʝʣʝʩʥʳʡ ʫʛʦʣ ʧʣʘʥʠʨʫʝʪʩʷ 

ʠʩʧʨʘʚʠʪʴ ʚ ʬʠʥʘʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʜʝʪʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ 

ʜʝʪʝʢʪʦʨʦʚ ASTRA, ʧʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ 7 ʥʝʟʘʚʠʩʠʤʳʭ, ʪ.ʝ. ʩ ʦʪʜʝʣʴʥʳʤ ʚʳʚʦʜʦʤ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʵʣʝʤʝʥʪʦʚ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ 

ʬʦʢʫʩʠʨʦʚʦʢ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʪʝʣʝʩʥʳʡ ʫʛʦʣ ʜʦ 0.16 ʩʨ ʜʣʷ ʢʘʞʜʦʛʦ ʜʝʪʝʢʪʦʨʘ ASTRA. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʠʟʛʦʪʦʚʣʝʥʦ ʠ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ ʪʨʠ ʵʣʝʤʝʥʪʘ ʥʘ ʢʘʞʜʦʤ ʠʟ ʜʝʪʝʢʪʦʨʦʚ 

ASTRA. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʚʝʪʦʩʠʣʳ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʥʝʦʙʭʦʜʠʤʦ ʠʟʛʦʪʦʚʠʪʴ ʠ 

ʫʩʪʘʥʦʚʠʪʴ ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʜʝʪʝʢʪʦʨʦʚ ASTRA. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʪʨʝʙʫʶʱʠʭ ʧʨʝʜʝʣʴʥʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʝʪʝʢʪʦʨʳ ʚ ʛʝʦʤʝʪʨʠʠ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. 

ʉʫʱʝʩʪʚʫʶʱʠʡ ʜʝʪʝʢʪʦʨ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ BS ʥʘ ʦʩʥʦʚʝ 
6
Li -ʩʪʝʢʦʣ ʠʤʝʝʪ ʥʝʙʦʣʴʰʦʡ 

ʪʝʣʝʩʥʳʡ ʫʛʦʣ ʠ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ g-ʬʦʥʫ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʥʠʪʴ ʝʛʦ 

ʥʦʚʳʤ ʰʠʨʦʢʦʘʧʝʨʪʫʨʥʳʤ (~1 ʩʨ) ʜʝʪʝʢʪʦʨʦʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʦʩʥʦʚʝ ZnS(Ag) ʩ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʢʫʩʠʨʦʚʢʦʡ. 

 

3.2.2. ʉʠʩʪʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʫʯʢʦʚ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʬʦʨʤʠʨʦʚʘʪʴ ʧʘʜʘʶʱʠʡ ʠ ʨʘʩʩʝʷʥʥʳʡ ʧʫʯʢʠ ʥʝʡʪʨʦʥʦʚ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʜʝʣʷʪʴ ʚʥʫʪʨʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʠʟʤʝʨʷʝʤʳʡ ʦʙʲʝʤ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʥʝʩʢʦʣʴʢʦ ʢʫʙʠʯʝʩʢʠʭ 

ʤʠʣʣʠʤʝʪʨʦʚ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʌʉɼ ʜʠʘʬʨʘʛʤʘ ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ ʠʤʝʝʪ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʘʧʝʨʪʫʨʝ ʠ ʨʝʛʫʣʠʨʦʚʢʘʤ, ʧʦʵʪʦʤʫ ʥʫʞʜʘʝʪʩʷ ʚ ʟʘʤʝʥʝ ʥʘ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʦʝ 
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ʫʩʪʨʦʡʩʪʚʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʜʠʘʣʴʥʳʭ ʢʦʣʣʠʤʘʪʦʨʦʚ ʧʝʨʝʜ 90 ̄ʜʝʪʝʢʪʦʨʘʤʠ ʧʦʟʚʦʣʠʪ ʥʝ 

ʪʦʣʴʢʦ ʚʳʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʨʘʩʩʝʠʚʘʶʱʠʡ ʦʙʲʝʤ ʚʥʫʪʨʠ ʦʙʨʘʟʮʘ, ʥʦ ʠ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ 

ʬʦʥʘ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʪʴ ʠʩʧʦʣʴʟʫʝʤʳʡ ʪʝʣʝʩʥʳʡ ʫʛʦʣ ʜʝʪʝʢʪʦʨʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ 

ʪʦʣʴʢʦ ʦʜʠʥ ʩʦʩʪʘʚʥʦʡ ʨʘʜʠʘʣʴʥʳʡ ʢʦʣʣʠʤʘʪʦʨ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʫʩʪʘʨʝʚʰʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ʚ ʶʩʪʠʨʦʚʢʝ. ɼʘʥʥʳʡ ʢʦʣʣʠʤʘʪʦʨ ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʥʠʪʴ ʥʘ ʜʚʘ (ʧʝʨʝʜ ʢʘʞʜʳʤ 

ʜʝʪʝʢʪʦʨʦʤ) ʩʦʚʨʝʤʝʥʥʳʭ ʰʠʨʦʢʦʘʧʝʨʪʫʨʥʳʭ ʤʥʦʛʦʱʝʣʝʚʳʭ ʨʘʜʠʘʣʴʥʳʭ ʢʦʣʣʠʤʘʪʦʨʘ. 

 

3.3.3. ʌʫʨʴʝ-ʧʨʝʨʳʚʘʪʝʣʴ 

ʅʘ ʢʘʯʝʩʪʚʦ ʧʨʦʚʝʜʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʬʫʨʴʝ-ʘʥʘʣʠʟʘ ʚʣʠʷʶʪ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʚʳʧʦʣʥʝʥʠʷ ʬʫʨʴʝ-ʧʨʝʨʳʚʘʪʝʣʝʤ ʟʘʜʘʥʥʦʛʦ ʟʘʢʦʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʪʦʯʥʦʩʪʴʶ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ. ɺʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʛʣʫʙʠʥʘ ʤʦʜʫʣʷʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʧʨʝʨʳʚʘʪʝʣʴ ʧʫʯʢʘ ʥʝʡʪʨʦʥʦʚ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ pick-up ʩʠʛʥʘʣʦʚ. ɿʘ ʧʨʦʰʝʜʰʠʝ ʛʦʜʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʌʉɼ ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ 

ʫʟʣʦʚ (ʜʠʩʢ ʧʨʝʨʳʚʘʪʝʣʷ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ) ʙʣʠʟʢʠ ʢ ʚʳʨʘʙʦʪʢʝ ʩʚʦʝʛʦ ʨʝʩʫʨʩʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʘ ʟʘʤʝʥʘ ʬʫʨʴʝ-ʧʨʝʨʳʚʘʪʝʣʷ ʥʘ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʡ, ʘʥʘʣʦʛʦʤ ʢʦʪʦʨʦʛʦ 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʝʨʳʚʘʪʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘ ʨʫʙʝʞʦʤ (ʩ 

ʚʘʢʫʫʤʥʳʤ ʢʦʞʫʭʦʤ, ʩʪʘʙʠʣʴʥʳʤʠ ʩʠʛʥʘʣʘʤʠ pick-up, ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ, ʛʠʙʢʦʡ 

ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʠ ʪ.ʜ.). ʂʨʦʤʝ ʪʦʛʦ, ʦʧʳʪ ʨʘʙʦʪʳ ʥʘ ʌʉɼ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʨʷʜʘ ʥʝʦʙʭʦʜʠʤʳʭ ʪʝʩʪʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʝʟʢʦ ʫʚʝʣʠʯʠʪʴ 

ʩʚʝʪʦʩʠʣʫ ʧʨʠʙʦʨʘ ʟʘ ʩʯʝʪ ʨʘʟʨʝʰʝʥʠʷ (ʧʨʠ ʶʩʪʠʨʦʚʢʝ ʨʘʜʠʘʣʴʥʳʭ ʢʦʣʣʠʤʘʪʦʨʦʚ, 

ʩʢʘʥʠʨʦʚʘʥʠʠ ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ, ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩ ʧʦʤʦʱʴʶ 

gauge volume ʠ ʪ.ʜ.). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʧʨʠ ʟʘʢʨʳʪʠʠ 

ʰʠʙʝʨʘ ʠ ʧʨʠ ʚʳʜʚʠʞʝʥʠʠ ʧʨʝʨʳʚʘʪʝʣʷ ʚʨʫʯʥʫʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʧʦʪʝʨʷʤ ʚʨʝʤʝʥʠ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʴʰʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ 

ʛʠʙʢʦʩʪʠ ʥʘ ʌʉɼ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʬʫʨʴʝ-ʧʨʝʨʳʚʘʪʝʣʷ, 

ʧʦʟʚʦʣʷʶʱʝʝ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʠʩʪʘʥʮʠʦʥʥʦ ʚʚʦʜʠʪʴ ʚ ʧʫʯʦʢ (ʚʳʚʦʜʠʪʴ ʠʟ ʧʫʯʢʘ) ʬʫʨʴʝ-

ʧʨʝʨʳʚʘʪʝʣʴ. 

 

3.3.4. ʉʠʩʪʝʤʘ ʥʘʢʦʧʣʝʥʠʷ ʜʘʥʥʳʭ 

 ʅʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʌʉɼ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ RTOF ʘʥʘʣʠʟʘʪʦʨʳ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʛʦ ʪʠʧʘ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʨʝʞʠʤʝ ʨʝʛʠʩʪʨʘʮʠʠ ʚʩʝʭ ʩʦʙʳʪʠʡ ʚ ʩʧʠʩʦʯʥʦʤ 

ʨʝʞʠʤʝ (ñlist modeò). ɼʘʥʥʳʝ ñlist modeò ʘʥʘʣʠʟʘʪʦʨʳ ʜʦʣʞʥʳ ʟʘʤʝʥʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ 

RTOF-ʘʥʘʣʠʟʘʪʦʨʳ ʥʘ ʙʘʟʝ DSP, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʫʩʪʘʨʝʚʰʠʝ ʘʣʛʦʨʠʪʤʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʧʝʢʪʨʦʚ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ 

ʌʉɼ ʫʩʪʘʥʦʚʣʝʥ ʧʠʣʦʪʥʳʡ ʦʙʨʘʟʝʮ ñlist modeò ʘʥʘʣʠʟʘʪʦʨʘ, ʚʳʧʦʣʥʝʥʳ ʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ 

ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʣʦʞʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʧʝʢʪʨʦʚ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʫʩʧʝʰʥʦʛʦ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʵʪʦ ʧʦʟʚʦʣʠʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʢʫʩʠʨʦʚʢʠ ʜʣʷ 

ʤʥʦʛʦʜʝʪʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʌʉɼ, ʫʚʝʣʠʯʠʪʴ ʨʘʟʨʝʰʝʥʠʝ ʧʨʠʙʦʨʘ ʠ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʬʦʨʤʳ 

ʧʠʢʘ. 

 

3.3.5. ʈʘʙʦʪʘ ʩʧʝʢʪʨʦʤʝʪʨʘ ʧʨʠ ʥʘʣʠʯʠʠ ʭʦʣʦʜʥʦʛʦ ʟʘʤʝʜʣʠʪʝʣʷ 

ʉʧʝʮʠʬʠʢʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʠ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʚʥʫʪʨʝʥʥʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʥʘʙʣʶʜʘʝʤʘʷ ʯʘʩʪʴ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʦʙʣʘʩʪʠ dhkl º 0.6 - 2.5 ¡. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ 

ʥʝʡʪʨʦʥʦʚ. 
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4. ʆʞʠʜʘʝʤʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʠʬʨʘʢʪʦʤʝʪʨ ʌʉɼ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʩʦʚʨʝʤʝʥʥʦʡ 

ʰʠʨʦʢʦʘʧʝʨʪʫʨʥʦʡ ʜʝʪʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʦʡ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ɺʳʠʛʨʳʰ ʚ ʩʚʝʪʦʩʠʣʝ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʩʧʝʢʪʨʦʚ ʠ ʫʚʝʣʠʯʠʪʴ 

ʯʠʩʣʦ ʚʳʧʦʣʥʷʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʘʥʝʪ 

ʚʦʟʤʦʞʥʳʤ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʪʦʣʩʪʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʟʘ ʨʘʟʫʤʥʦʝ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʣʘʥʠʨʫʝʤʦʝ ʫʣʫʯʰʝʥʠʝ ʚ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠʙʦʨʘ ʫʚʝʣʠʯʠʪ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠ 

ʪʦʥʢʠʭ ʵʬʬʝʢʪʦʚ ʫʰʠʨʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʬʠʣʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ʚ ʥʦʚʳʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. 

 

5. ʇʣʘʥ-ʛʨʘʬʠʢ ʠ ʪʨʝʙʫʝʤʳʝ ʨʝʩʫʨʩʳ ʜʣʷ ʨʘʟʚʠʪʠʷ/ʩʦʟʜʘʥʠʷ ʩʧʝʢʪʨʦʤʝʪʨʘ 

ɼʣʷ ʟʘʚʝʨʰʝʥʠʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ 90Á-ʜʝʪʝʢʪʦʨʦʚ ʥʘ ʌʉɼ ʠ ʫʚʝʣʠʯʝʥʠʷ ʝʝ ʩʚʝʪʦʩʠʣʳ ʜʦ 

ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ ʥʝʦʙʭʦʜʠʤʦ ʠʟʛʦʪʦʚʠʪʴ ʠ ʫʩʪʘʥʦʚʠʪʴ 8 ʤʦʜʫʣʝʡ ʜʝʪʝʢʪʦʨʦʚ ASTRA, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʥʘʩʪʠʪʴ ʨʘʜʠʘʣʴʥʳʤʠ ʢʦʣʣʠʤʘʪʦʨʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʘ ʟʘʤʝʥʘ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʜʝʪʝʢʪʦʨʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʥʦʚʳʝ ʰʠʨʦʢʦʘʧʝʨʪʫʨʥʳʝ ʜʝʪʝʢʪʦʨʳ ʥʘ 

ʦʩʥʦʚʝ ZnS (2 ʧʣʝʯʘ). ɼʣʷ ʢʘʨʜʠʥʘʣʴʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʥʝʦʙʭʦʜʠʤʘ 

ʟʘʤʝʥʘ ʬʫʨʴʝ-ʧʨʝʨʳʚʘʪʝʣʷ ʥʘ ʥʦʚʳʡ, ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʡ. ʉʪʦʠʤʦʩʪʠ ʫʟʣʦʚ ʌʉɼ, ʧʦʜʣʝʞʘʱʠʭ 

ʠʟʛʦʪʦʚʣʝʥʠʶ ʠ ʦʙʥʦʚʣʝʥʠʶ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 2 (ʈʘʟʜʝʣ 6). 
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ʂʦʤʧʣʝʢʩ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ ʕʇʉʀʃʆʅ-ʄɼʉ ʠ ʉʂɸʊ 
Abstract 

Beam line 7ɸ has a very long flight path (100 m) and, as a result, good time-of-flight resolution. 

The instruments are placed at the end of two bent neutron guides. A large cross section of 50ʭ95 mm
2
 

allows the investigation of large sample volumes. The diffractometer EPSILON-MDS is dedicated to 

the investigation of internal stresses and microstrains, the SKAT diffractometer to the investigation of 

crystallographic preferred orientations (textures) of polymineralic materials with the focus on rocks. 

Due to high resolution of both instruments, it is possible to investigate materials containing low-

symmetrical phases, which is important for the above mentioned investigation of rock samples. 

Operation of the spectrometers is supported by the German Federal Ministry of Education and 

Research.  

 

1. EPSILON-MDS diffractometer for internal stress measurements in geologic samples: 

target setting and research program  

Current research at EPSILON-MDS focuses on: 

¶ The understanding of the microstructural processes (strain/stress) going on before rock failure 

and earthquake formation. 

¶ The investigation of particular microstructural processes in laboratory experiments at various 

pressure and temperature conditions. 

¶ Microstructural properties of potential storage rocks for radioactive and chemical wastes in order 

to assess the risk of waste disposal ï in particular, the effect of temperature and fluids. 

 

1.1. Technical description. 

The diffractometer EPSILON-MDS comprises 9 radial collimators, each of them bears 9 

detectors at scattering angles 2Q ranging from 82 to 98Á. Combination of the diffraction spectra gained 

at each collimator is done 'on the fly' by means of time focusing technique [2].  

The diffractometer is equipped with the uniaxial pressure device EXSTRESS for in situ strain 

experiments on cylindrical samples, the external stress is up to 150 MPa. The pressure device allows 

rotation of the sample in order to determine textural features. Macroscopic deformation of the sample 

is measured by means of a laser extensometer, in addition, acoustic emissions can be detected in order 

to determine the on-set and progression of brittle deformational events during sample deformation. The 

whole diffractometer is placed in a cabin to keep the temperature constant for long-lasting 

experiments.  

 

2. SKAT diffractometer for the investigation of rock textures: target setting and research 

program 
TOF neutron diffraction texture analysis at the SKAT in combination with laboratory 

experiments is required to solve fundamental and applied problems in geology and geophysics:  

¶ Origin, evolution, composition, structure and properties of materials in the lithosphere at 

different thermodynamic parameters. 

ʂʦʤʧʣʝʢʩ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ ʕʇʉʀʃʆʅ-ʄɼʉ ʠ ʉʂɸʊ 

Project leaders:  F. Schilling (Karlsruhe, Germany),  

  J.H. Behrmann (Kiel, Germany) 



 
22 

¶ Relationship between crystallographic and shape textures and physical properties of rocks 

(elastic, piezoelectric, magnetic, thermal anisotropies) at various pressure and temperature 

conditions. 

¶ Metamorphic and geodynamic processes in the lithosphere. 

¶ Evaluation of the texture-forming processes. 
 

2.1. Technical description  

The SKAT diffractometer comprises three multi -detector systems at scattering angles of 65Á, 90Á 

and 135Á [32]. The detector systems are designed for alternative use, by this, the accessible range of d- 

spacings and the resolution can be adapted to sample requirements. Installation of the detectors of each 

arrangement at one and the same scattering angle has the advantage that l- and Q- dependent intensity 

corrections can be avoided; high resolution is achieved by collimation of the diffracted beam. The 

detector arrangements of the 65Á and the 90Á systems are such that a single sample revolution is 

sufficient to measure complete pole figures. The 135Á detector system requires two sample revolutions, 

if complete pole figures are required for the data evaluation. In addition, the 90Á detector system offers 

the optimum geometrical conditions for the installation of axial symmetric sample environments, like 

pressure devices or furnaces.  

 

 
 

Fig. 6. General layout at beam line 7A.  

1 - Moderator,  

2 - Background chopper,  

3 - ɚ-choppers,  

4 - Bent neutron guides (evacuated),  

5 - Texture diffractometer SKAT,  

6 - Strain/stress diffractometer EPSILON-MDS,  

7 - PC based experiment control and data acquisition system. 

 
3. Proposed modernization 

3.1. EPSILON-MDS sample environment improvement  

The strain/stress diffractometer Epsilon is used for the detection of residual and applied strain in 

user-regime. It is planed to modernize the detector system, the sample environment by a pore pressure 

stress coupling device for geological application, and the acoustic emission detection system. 

Furthermore, modern data analysis methods for determination of spherical strain data are planed to 

apply. 
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3.2. SKAT diffractometer modernization 

After installation of the additional detector systems at 65Á and 135Á, the instrument is currently 

operated in the user regime. Further developments are due to improvement of the data evaluation 

methods for the texture analysis of complicated polymineralic rock samples. 

 

4. Required resources, cost and schedule times  

The cost (in USD) and desired schedule times of manufacturing (purchase) of some of EPSILON 

and SKAT components are presented in Table 3 (Section 6). 
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ʉʧʝʢʪʨʦʤʝʪʨ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ ʖʄʆ 
ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʩʦʟʜʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʩʧʝʢʪʨʦʤʝʪʨʘ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ, 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ 4ïʤ ʢʘʥʘʣʝ ʀɹʈï2. ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ ʧʦʟʚʦʣʠʪ ʢʘʯʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴ 

ʭʘʨʘʢʪʝʨ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ (ʟʘ ʩʯʝʪ ʩʤʝʥʳ ʪʠʧʘ ʜʝʪʝʢʪʦʨʘ), ʙʫʜʝʪ ʨʘʩʰʠʨʝʥ ʜʠʘʧʘʟʦʥ 

ʜʦʩʪʫʧʥʳʭ ʚʝʢʪʦʨʦʚ ʨʘʩʩʝʷʥʠʷ ʠ ʫʚʝʣʠʯʝʥʘ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʫʣʫʯʰʝʥʳ ʨʘʟʨʝʰʝʥʠʝ ʠ ʬʦʥʦʚʳʝ ʫʩʣʦʚʠʷ. ɹʣʘʛʦʜʘʨʷ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʧʦʟʠʮʠʦʥʥʦï

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʙʫʜʫʪ ʚʦʟʤʦʞʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʘʥʠʟʦʪʨʦʧʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʠ 

ʨʘʩʰʠʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ  ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ (ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʚʨʘʱʝʥʠʝ 

ʞʠʜʢʦʩʪʠ ʠ ʜʨ.). ʋʞʝ ʠʤʝʶʱʠʡʩʷ ʰʠʨʦʢʠʡ ʢʨʫʛ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʧʝʢʪʨʦʤʝʪʨʘ ʙʣʘʛʦʜʘʨʷ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʝʥ.  

 

1. ʉʪʘʪʫʩ ʠ ʥʘʫʯʥʘʷ ʧʨʦʛʨʘʤʤʘ 

ʄʘʣʦʫʛʣʦʚʦʝ ʨʘʩʩʝʷʥʠʝ ʥʝʡʪʨʦʥʦʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘʜʘʪʦʤʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘ, ʷʚʣʷʷʩʴ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʠ 

ʜʣʷ ʨʝʰʝʥʠʷ ʚʘʞʥʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʅʘ ʫʩʪʘʥʦʚʢʝ ʖʄʆ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʬʠʟʠʢʦïʭʠʤʠʠ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ, ʘʛʨʝʛʘʪʦʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦïʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʙʠʦʬʠʟʠʢʝ ʠ ʙʠʦʣʦʛʠʠ [1, 2], ʧʦʣʠʤʝʨʥʳʭ ʚʝʱʝʩʪʚ [3, 4], 

ʤʝʪʘʣʣʫʨʛʠʠ [5], ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ [6] ʠ ʪ.ʜ. ɺʘʞʥʝʡʰʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʘʣʦʫʛʣʦʚʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʠʩʪʝʤ. ʕʪʦʪ ʤʝʪʦʜ, 

ʥʘʧʨʠʤʝʨ, ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʠʩʪʝʤʘʭ ʩ ʭʘʦʪʠʯʝʩʢʠʤ ʠ ʯʘʩʪʠʯʥʦ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ 

ʧʣʦʪʥʦʩʪʠ ʩ ʨʘʟʤʝʨʘʤʠ 10 ï 10000 ¡. ʆʥ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʜʠʩʧʝʨʩʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʩʧʣʘʚʦʚ, ʧʦʨʦʰʢʦʚ, ʩʪʝʢʦʣ (ʤʝʭʘʥʠʟʤʳ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ, ʨʘʟʤʝʨ ʠ ʩʪʝʧʝʥʴ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ 

ʯʘʩʪʠʮ), ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʧʦʣʠʤʝʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ, ʚʝʩʦʚʳʝ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʪʘʢʠʝ ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʳ ʠ ʚʠʨʫʩʳ. ʉʫʱʝʩʪʚʝʥʥʦʝ 

ʨʘʟʣʠʯʠʝ ʢʦʛʝʨʝʥʪʥʳʭ ʜʣʠʥ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ ʥʘ ʚʦʜʦʨʦʜʝ ʠ ʜʝʡʪʝʨʠʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʜʝʡʪʝʨʠʨʦʚʘʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʜʝʣʘʝʪ 

ʤʘʣʦʫʛʣʦʚʦʝ ʨʘʩʩʝʷʥʠʝ ʥʝʡʪʨʦʥʦʚ ʥʝʟʘʤʝʥʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ, 

ʢʦʣʣʦʠʜʥʳʭ ʦʙʲʝʢʪʦʚ, a ʪʘʢʞʝ ʧʦʣʠʤʝʨʦʚ ʠ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʝʢʪʨʦʤʝʪʨ ʖʄʆ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʯʝʨʪ, ʘ ʠʤʝʥʥʦ: 

ïʜʚʫʭʜʝʪʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʦʡ [7,8], ʧʨʷʤʦʡ ʘʢʩʠʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʝʡ, ʙʦʣʴʰʦʡ ʧʨʦʣʝʪʥʦʡ ʠ 

ʢʦʣʣʠʤʘʮʠʦʥʥʳʤʠ ʙʘʟʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʘʥʘʜʠʝʚʦʛʦ ʩʪʘʥʜʘʨʪʘ ʥʦʨʤʠʨʦʚʢʠ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʝʡ ʜʝʪʝʢʪʦʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ: ʜʝʪʝʢʪʦʨʘ ʧʨʷʤʦʛʦ 

ʧʫʯʢʘ, ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ, ʧʨʝʨʳʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚʢʣʶʯʘʷ ʧʝʨʚʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʥʘ ʦʙʨʘʟʮʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʉʧʝʢʪʨʦʤʝʪʨ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ ʖʄʆ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ɸ.ʀ.ʂʫʢʣʠʥ 

ʆʩʥʦʚʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ: ɸ.ʀ.ʀʚʘʥʴʢʦʚ, ɼ.ɺ. ʉʦʣʦʚʴʝʚ 

ʂʦʣʣʝʢʪʠʚ ʠʩʧʦʣʥʠʪʝʣʝʡ: ɸ.ɺ.ʈʦʛʘʯʝʚ, ʖ.ʉ.ʂʦʚʘʣʝʚ, ɸ.ɻ.ʉʦʣʦʚʴʝʚ, 

    ɸ.ʇ.ʉʠʨʦʪʠʥ, ɸ.ʏʫʨʘʢʦʚ, ɸ.ɸ.ɹʦʛʜʟʝʣʴ,  

    ɸ.ʉ.ʂʠʨʠʣʦʚ 



 
26 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʧʝʢʪʨʦʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʘʟʠʤʫʪʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʫ ʜʝʪʝʢʪʦʨʦʚ. ʇʦʵʪʦʤʫ ʙʘʟʦʚʦʡ ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʩʧʝʢʪʨʦʤʝʪʨʘ ʜʦʣʞʥʦ ʩʪʘʪʴ ʩʦʟʜʘʥʠʝ 2ïʭ 

ʧʦʟʠʮʠʦʥʥʦïʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʜʝʪʝʢʪʦʨʦʚ  ʥʦʚʦʛʦ ʪʠʧʘ. ʆʜʠʥ ʠʟ ʜʝʪʝʢʪʦʨʦʚ ʩʦʟʜʘʥ ʠ ʧʨʦʚʝʜʝʥʳ 

ʧʝʨʚʳʝ ʪʝʩʪʳ. ɺʪʦʨʦʡ ʜʝʪʝʢʪʦʨ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ, ʠʟʛʦʪʦʚʠʪʴ, ʠʩʧʳʪʘʪʴ ʠ ʫʩʪʘʥʦʚʠʪʴ ʚ 

ʰʪʘʪʥʦʝ ʧʦʣʦʞʝʥʠʝ.  

 

2. ʈʘʙʦʪʘ ʖʄʆ ʥʘ ʭʦʣʦʜʥʦʤ ʠʩʪʦʯʥʠʢʝ ʥʝʡʪʨʦʥʦʚ 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʩʧʝʢʪʨʦʤʝʪʨʳ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʨʘʙʦʪʘʶʪ ʩ ʭʦʣʦʜʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʥʝʡʪʨʦʥʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʙʦʪʳ ʚ ʤʘʢʩʠʤʘʣʴʥʦ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʝʨʝʜʘʥʥʳʭ ʠʤʧʫʣʴʩʦʚ Q ʠ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤʠ Q. ʇʨʠ ʫʩʪʘʥʦʚʢʝ 

ʭʦʣʦʜʥʦʛʦ ʟʘʤʝʜʣʠʪʝʣʷ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʤ (ʥʝ ʠʤʧʫʣʴʩʥʦʤ) ʨʝʘʢʪʦʨʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʥʝ 

ʪʦʣʴʢʦ ʜʣʠʥʳ ʚʦʣʥʳ (ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʝʥʴʰʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ ʨʘʩʩʝʷʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ), ʥʦ ʠ ʚʳʠʛʨʳʰ ʧʦ ʥʝʡʪʨʦʥʥʦʤʫ ʧʦʪʦʢʫ ʚ 10 ʠ ʙʦʣʝʝ ʨʘʟ. ʇʦʵʪʦʤʫ ʚ 

ʤʠʨʝ ʩʣʦʞʠʣʘʩʴ ʧʘʨʘʜʠʛʤʘ ʦʙ ʦʙʷʟʘʪʝʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʦʣʦʜʥʦʛʦ ʟʘʤʝʜʣʠʪʝʣʷ. ɼʨʫʛʘʷ 

ʩʠʪʫʘʮʠʷ ʥʘ ʠʤʧʫʣʴʩʥʦʤ ʨʝʘʢʪʦʨʝ ʀɹʈï2. ʅʝʚʳʩʦʢʘʷ ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʨʝʘʢʪʦʨʘ (2 ʄɺʪ) 

ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ  ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʠʥ ʚʦʣʥ.  ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʢʘ ʖʄʆ  

ʩ  ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʴʶ ʛʨʝʙʝʥʯʘʪʦʛʦ ʟʘʤʝʜʣʠʪʝʣʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ  ʧʦʟʚʦʣʷʝʪ (ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʥʝʡʪʨʦʥʦʚʦʜʘ) ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʡ ʧʦʪʦʢ ʥʝʡʪʨʦʥʦʚ ʥʘ ʦʙʨʘʟʮʝ [9]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʭʦʣʦʜʥʦʛʦ ʟʘʤʝʜʣʠʪʝʣʷ ʜʘʝʪ ʣʠʰʴ ʩʣʘʙʳʡ ʚʳʠʛʨʳʰ ʚ ʜʠʘʧʘʟʦʥʝ ʤʘʣʳʭ ʫʛʣʦʚ ʧʨʠ 

ʥʝʦʧʪʠʤʘʣʴʥʦʡ ʧʦʟʠʮʠʠ ʜʝʪʝʢʪʦʨʘ. ʇʦʪʦʢ ʚ ʠʩʧʦʣʴʟʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʧʘʜʘʝʪ ʚ 3ï5 

ʨʘʟ ʚ ʨʝʞʠʤʝ ʭʦʣʦʜʥʦʛʦ ʟʘʤʝʜʣʠʪʝʣʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʬʦʥʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʘ ʨʝʘʢʪʦʨʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʤʦʱʥʦʩʪʴʶ ʨʝʘʢʪʦʨʘ. ʇʦʵʪʦʤʫ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣïh ʫʤ ʧʘʜʘʝʪ 

ʪʦʞʝ ʚ 3ï5 ʨʘʟ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʥʝʙʦʣʴʰʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚ ʥʫʣʝʚʦʡ 

ʫʛʦʣ ʩʪʘʥʦʚʷʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤʠ. ɸ ʵʪʦ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʙʦʣʴʰʠʥʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʧʦʣʠʤʝʨʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 

ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʦʢʘ ʜʣʷ ʛʨʝʙʝʥʯʘʪʦʛʦ 

ʟʘʤʝʜʣʠʪʝʣʷ ʚ 1.4ï1.5 ʨʘʟʘ ʧʦ ʚʩʝʤʫ ʜʠʘʧʘʟʦʥʫ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʠʥ ʚʦʣʥ. ʊʘʢʠʝ ʨʝʰʝʥʠʷ 

ʩʫʱʝʩʪʚʫʶʪ ʫʞʝ ʥʝ ʪʦʣʴʢʦ ʚ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ, ʥʦ ʠ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ.  

 

3. ʇʨʝʜʣʦʞʝʥʠʷ ʧʦ ʧʨʦʝʢʪʫ ʖʄʆ 

ʇʘʨʘʤʝʪʨʘʤʠ ʩʧʝʢʪʨʦʤʝʪʨʘ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ, ʷʚʣʷʶʪʩʷ: 

ʜʠʘʧʘʟʦʥ ʜʦʩʪʫʧʥʳʭ ʚʝʢʪʦʨʦʚ ʨʘʩʩʝʷʥʠʷ Qmin ï Qmax, ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʪʠʧ ʜʝʪʝʢʪʦʨʦʚ ʨʘʩʩʝʷʥʥʳʭ ʥʝʡʪʨʦʥʦʚ, ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʬʦʥʦʚʳʝ ʫʩʣʦʚʠʷ. 

1) ʈʘʩʰʠʨʝʥʠʝ ʜʠʘʧʘʟʦʥʘ Q ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʸʪ ʩʤʝʥʳ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʜʝʪʝʢʪʦʨʦʚ, 

ʠʩʢʣʶʯʝʥʠʷ ʯʘʩʪʠ ʧʨʦʣʸʪʥʦʡ ʙʘʟʳ ʥʝʡʪʨʦʥʦʚ ʚ ʚʦʟʜʫʭʝ, ʫʣʫʯʰʝʥʠʷ ʢʦʣʣʠʤʘʮʠʠ ʧʫʯʢʘ 

ʥʝʡʪʨʦʥʦʚ. ɹʫʜʫʪ ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʘ ʧʦʟʠʮʠʦʥʥʦïʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʜʝʪʝʢʪʦʨʘ (ʇʏɼ) ʨʘʩʩʝʷʥʠʷ ʠ 

ʦʜʠʥ ʜʝʪʝʢʪʦʨ ʧʨʷʤʦʛʦ ʧʫʯʢʘ. ʇʝʨʚʳʡ ʇʏɼ ʨʘʩʩʝʷʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ʙʫʜeʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ 

ʙʣʠʞʥʝʡ ʧʦʟʠʮʠʠ (2ï8 ʤʝʪʨʘ ʦʪ ʦʙʨʘʟʮʘ), ʚʪʦʨʦʡ ʇʏɼ ʙʫʜʝʪ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʥʳ ʧʦʟʠʮʠʠ 

ʦʪ 5 ʜʦ 13 ʤʝʪʨʦʚ ʦʪ ʦʙʨʘʟʮʘ. ʈʝʘʣʠʟʘʮʠʷ ʜʚʫʭʜʝʪʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʧʦʪʨʝʙʫʝʪ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʠʟʤʝʥʝʥʠʷ ʢʦʣʣʠʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʩʠʩʪʝʤʳ ʥʘʢʦʧʣʝʥʠʷ 

ʜʘʥʥʳʭ) ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʚʤʝʩʪʥʳʡ 

ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʪ ʨʘʟʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʧʦʪʨʝʙʫʝʪ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʦʜʭʦʜʘ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʙʫʜʫʪ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ 

ʤʝʪʦʜʠʯʝʩʢʠʭ [7ï11], ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝʥʠʷʭ [12] ʠ ʫʞʝ ʯʘʩʪʠʯʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ [11], ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʭʦʜʳ. 

2) ʋʣʫʯʰʝʥʠʝ ʨʘʟʨʝʰʝʥʠʷ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʧʦʟʠʮʠʦʥʥʦï

ʯʫʚʩʪʚʠʪʝʣʴʥʦʤ ʜʝʪʝʢʪʦʨʝ) ʧʦʪʨʝʙʫʝʪ ʫʣʫʯʰʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʶʩʪʠʨʦʚʢʠ ʜʝʪʝʢʪʦʨʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʥʝʡʪʨʦʥʘʤ, ʯʪʦ ʧʦʪʨʝʙʫʝʪ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʘʟʨʘʙʦʪʢʠ, ʩʦʟʜʘʥʠʷ ʠ ʤʦʥʪʘʞʘ 

ʤʝʭʘʥʠʟʤʦʚ ʶʩʪʨʦʚʢʠ ʙʦʣʴʰʠʭ ʜʝʪʝʢʪʦʨʦʚ ʠ ʚʘʥʘʜʠʝʚʳʭ ʩʪʘʥʜʘʨʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʢʘʯʝʩʪʚʝʥʥʦ 

ʫʣʫʯʰʠʪʴ ʩʧʝʢʪʨʦʤʝʪʨ. 



 
27 

3) ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ 
ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʨʘʩʩʝʷʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ʥʝʩʢʦʣʴʢʠʤʠ ʜʝʪʝʢʪʦʨʘʤʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʪʘʢ, ʯʪʦʙʳ ʧʝʨʝʢʨʳʚʘʪʴ ʚʝʩʴ ʥʝʦʙʭʦʜʠʤʳʡ (ʜʦʩʪʫʧʥʳʡ) ʜʠʘʧʘʟʦʥ ʚʝʢʪʦʨʦʚ 

ʨʘʩʩʝʷʥʠʷ, ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʘʟʤʝʨʦʚ ʜʝʪʝʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ 

ʬʦʥʦʚʳʭ ʫʩʣʦʚʠʡ. 

4) ʊʘʢ ʢʘʢ ʥʘ ʫʩʪʘʥʦʚʢʝ ʖʄʆ ʰʠʨʠʥʘ ʬʫʥʢʮʠʠ ʨʘʟʨʝʰʝʥʠʷ ʧʦ ʧʝʨʝʜʘʥʥʦʤʫ ʠʤʧʫʣʴʩʫ ʚ 
ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʦʚʳʤ ʚʢʣʘʜʦʤ (ʚʢʣʘʜ ʦʪ ʰʠʨʠʥʳ ʠʤʧʫʣʴʩʘ ʤʘʣ), ʪʦ ʝʝ ʫʤʝʥʴʰʝʥʠʝ 

ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʧʦʟʠʮʠʦʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʝʪʝʢʪʦʨʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʢʦʣʣʠʤʘʪʦʨʘ. 

5) ɺʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʷʪʴ ʦʙʨʘʟʮʳ ʩ ʤʘʣʳʤ ʩʝʯʝʥʠʝʤ ʨʘʩʩʝʷʥʠʷ ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥʘ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʬʦʥʘ ʩ ʧʦʤʦʱʴʶ ʥʦʚʳʭ ʧʨʝʨʳʚʘʪʝʣʷ ʠ ʢʦʣʣʠʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʘ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʳʤ ʜʝʪʝʢʪʦʨʘʤ ʠ ʜʝʪʝʢʪʦʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʠ ʩʘʤʦʝ ʛʨʝʙʝʥʯʘʪʦʤʫ 

ʟʘʤʝʜʣʠʪʝʣʶ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʝʡ. 

6) ɹʫʜʝʪ ʨʘʩʰʠʨʝʥʦ ʦʢʨʫʞʝʥʠʝ ʦʙʨʘʟʮʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 
ʫʩʣʦʚʠʷʤʠ ʥʘ ʦʙʨʘʟʮʝ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢʘʩʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʜʘʚʣʝʥʠʝʤ, ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʩ ʚʨʘʱʝʥʠʝʤ ʦʙʨʘʟʮʘ ʠ ʩ 

ʨʘʩʰʠʨʝʥʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʪʝʤʧʝʨʘʪʫʨ.  

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʦʢ ʖʄʆ ʥʘ 4ïʤ 

ʢʘʥʘʣʝ ʀɹʈï2 

 

4. ɿʘʧʨʘʰʠʚʘʝʤʳʝ ʨʝʩʫʨʩʳ, ʩʪʦʠʤʦʩʪʴ ʠ ʩʨʦʢʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʖʄʆ. 

ʈʘʙʦʪʳ ʧʦ ʧʨʦʝʢʪʫ ʚ ʦʩʥʦʚʥʦʤ ʙʫʜʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩʠʣʘʤʠ ʩʦʪʨʫʜʥʠʢʦʚ 2ïʭ ʦʪʜʝʣʦʚ 

ʃʅʌ, ʩʦʪʨʫʜʥʠʢʘʤʠ ʃʀʊ ʠ ʛʨʫʧʧʳ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʖʄʆ). 

ʉʪʦʠʤʦʩʪʴ ʠ ʞʝʣʘʪʝʣʴʥʳʝ ʩʨʦʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ (ʧʨʠʦʙʨʝʪʝʥʠʷ) ʥʝʢʦʪʦʨʳʭ ʫʟʣʦʚ ʖʄʆ ʚ 

ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 4 (ʈʘʟʜʝʣ 6). 

ʇʘʨʘʤʝʪʨʳ ɼʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʇʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ 
ʇʦʪʦʢ ʥʘ ʦʙʨʘʟʮʝ  10

7
 ï 4Å10

7
 n/(s cm2) 10

7
 ï 4Å10

7
 n/(s cm2) 

ɼʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ ʦʪ 0.5 ¡ ʜʦ 8 ¡ ʦʪ 0.5 ¡ ʜʦ 14 ¡ 

Qïʜʠʘʧʘʟʦʥ  8Å10
ï3

 ï 0.5 ¡
ï1

 4Å10
ï3

 ï 1 ¡
ï1

  

ɼʠʘʧʘʟʦʥ ʤʘʩʰʪʘʙʦʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ 

10 ï 500 ¡ 8 ï 1500 ¡ 

ʀʟʤʝʨʷʝʤʦʝ ʩʝʯʝʥʠʝ 

ʨʘʩʩʝʷʥʠʷ  

0.01 cm
ï1

 0.005 cm
ï1

 

ʉʠʩʪʝʤʘ ʢʘʣʠʙʨʦʚʢʠ 

(ʥʦʨʤʠʨʦʚʢʘ)  

V ʩʪʘʥʜʘʨʪ ʚʦ ʚʨʝʤʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ 

V, H2O, ʛʨʘʬʠʪ 

ʊʠʧ ʢʦʣʣʠʤʘʮʠʠ ɸʢʩʠʘʣʴʥʳʡ ɸʢʩʠʘʣʴʥʳʡ 

ɼʝʪʝʢʪʦʨʥʘʷ ʩʠʩʪʝʤʘ 2 ʜʝʪʝʢʪʦʨʘ ʨʘʩʩʝʷʥʥʳʭ 

ʥʝʡʪʨʦʥʦʚ, ʜʝʪʝʢʪʦʨ ʧʨʷʤʦʛʦ 

ʧʫʯʢʘ 

2 ʇʏɼ ʨʘʩʩʝʷʥʥʳʭ ʥʝʡʪʨʦʥʦʚ, 

ʜʝʪʝʢʪʦʨ ʧʨʷʤʦʛʦ ʧʫʯʢʘ, 

ʤʦʥʠʪʦʨ 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ 

ʢʦʥʪʨʦʣʴ ʟʘ 

ʦʙʨʘʟʮʘʤʠ 

14 ʦʙʨʘʟʮʦʚ ʚ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʦʤ 

ʙʦʢʩʝ 

25 ʦʙʨʘʟʮʦʚ ʚ 

ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʦʤ ʙʦʢʩʝ 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ 

ʜʠʘʧʘʟʦʥ 

ʦʪ ï20Áʉ ʜʦ +130Áʉ ʦʪ ï20Áʉ ʜʦ +200Áʉ 

ʈʘʟʨʝʰʝʥʠʝ ʧʦ 

ʧʝʨʝʜʘʥʥʦʤʫ 

ʠʤʧʫʣʴʩʫ 

5 ï 20% 2 ï 8% 

ʂʦʥʪʨʦʣʠʨʫʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ  

ʉʪʘʨʪʳ, ʪʝʤʧʝʨʘʪʫʨʘ, Vï

ʩʪʘʥʜʘʨʪ, ʧʦʟʠʮʠʷ ʦʙʨʘʟʮʘ 

ʉʪʘʨʪʳ, ʪʝʤʧʝʨʘʪʫʨʘ, ʚʘʢʫʫʤ, 

Vïʩʪʘʥʜʘʨʪ, ʧʦʟʠʮʠʷ ʦʙʨʘʟʮʘ, 

ʧʦʟʠʮʠʷ ʜʝʪʝʢʪʦʨʘ, ʤʦʥʠʪʦʨ, 

ʧʨʝʨʳʚʘʪʝʣʴ, ʤʦʱʥʦʩʪʴ 

ʨʝʘʢʪʦʨʘ 
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ʉʧʝʢʪʨʦʤʝʪʨ ʦʙʨʘʪʥʦʡ ʛʝʦʤʝʪʨʠʠ ʅɽʈɸ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʥʘʤʠʢʠ ʦʙʨʘʟʮʦʚ 
ʉʦʪʨʫʜʥʠʯʘʶʱʠʝ ʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ:  

ʇʦʣʴʰʘ:  

1. ʗʋ, ʂʨʘʢʦʚ 

2. ʀʗʌ ʇɸʅ, ʂʨʘʢʦʚ 

3. ʋɸʄ, ʇʦʟʥʘʥʴ 

4. ʀʗʍʊ, ɺʘʨʰʘʚʘ 

5. ɺʋ, ɺʨʦʮʣʘʚ 

6. ɺʇʊʋ, ɺʨʦʮʣʘʚ 

7. ʋɽɻʅ, ʉʝʜʣʴʮʝ 

8. ɿʇʇʊʋ, ʑʝʮʠʥ 

 

ɸʥʥʦʪʘʮʠʷ 

ʄʝʪʦʜ ʦʙʨʘʪʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʚ ʢʦʪʦʨʦʤ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʦʙʣʫʯʘʝʪʩʷ ñʙʝʣʳʤò ʧʫʯʢʦʤ 

ʥʝʡʪʨʦʥʦʚ ʦʪ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʜʘʝʪ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʜʠʬʨʘʢʮʠʠ ʠ ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ, ʪ.ʝ. ʩʪʨʫʢʪʫʨʳ ʠ 

ʜʠʥʘʤʠʢʠ ʚʝʱʝʩʪʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʥʘ ʦʙʨʘʟʮʝ. ʕʪʦʪ ʤʝʪʦʜ ʦʩʦʙʝʥʥʦ ʫʜʦʙʝʥ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʠʤʦʨʬʠʟʤʘ ʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʫʧʨʫʛʦʝ ʨʘʩʩʝʷʥʠʝ ʥʝʡʪʨʦʥʦʚ 

ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʦʟʚʦʣʷʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʧʦʥʷʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʥʠʭ. 

ʉʧʝʢʪʨʦʤʝʪʨ ʅɽʈɸ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 109 ʤ ʦʪ ʟʘʤʝʜʣʠʪʝʣʷ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦʣʫʯʘʝʤʳʭ ʩʧʝʢʪʨʦʚ. ʆʜʥʘʢʦ ʩʪʦʣʴ ʜʣʠʥʥʘʷ ʧʨʦʣʝʪʥʘʷ ʙʘʟʘ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʥʠʞʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʧʘʜʘʶʱʠʭ ʥʘ ʦʙʨʘʟʝʮ ʥʝʡʪʨʦʥʦʚ. ʇʦʵʪʦʤʫ 

ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʧʝʢʪʨʦʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʥʝʡʪʨʦʥʦʚʦʜʘ, 

ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʣʦ ʙʳ ʧʦʚʳʩʠʪʴ ʩʚʝʪʦʩʠʣʫ ʩʧʝʢʪʨʦʤʝʪʨʘ ʙʝʟ ʫʭʫʜʰʝʥʠʷ ʝʛʦ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ.  

 

1. ɸʢʪʫʘʣʴʥʦʩʪʴ ʥʘʫʯʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʤʠʨʦʚʳʤ ʫʨʦʚʥʝʤ 

ʉʧʝʢʪʨʦʤʝʪʨ ʅɽʈɸ [1] ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʩʦʦʨʫʞʝʥ ʥʘ ʀɹʈ-2 ʚ 1986-92 ʛ.ʛ. ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ 

ʀʥʩʪʠʪʫʪʘ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɻ. ʅʝʚʦʜʥʠʯʘʥʴʩʢʦʛʦ ʚ ʂʨʘʢʦʚʝ ʠ ʃʘʙʦʨʘʪʦʨʠʠ ʥʝʡʪʨʦʥʥʦʡ 

ʬʠʟʠʢʠ ʠʤ. ʀ.ʄ. ʌʨʘʥʢʘ, ʆʀʗʀ ʚ ɼʫʙʥʝ. ʉ ʥʘʯʘʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 1993 ʛ., ʩʧʝʢʪʨʦʤʝʪʨ ʅɽʈɸ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʝʞʠʤʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ ʤʝʪʦʜʘʤʠ ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʜʠʬʨʘʢʮʠʠ ʥʝʡʪʨʦʥʦʚ. ɽʞʝʛʦʜʥʦ ʨʝʘʣʠʟʫʝʪʩʷ 

ʦʢʦʣʦ 15 ʟʘʷʚʦʢ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʥʦ 10 ʧʫʙʣʠʢʘʮʠʠ ʠ 

ʦʢʦʣʦ 20 ʩʦʦʙʱʝʥʠʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʟʘ ʛʦʜ.  

ɸʢʪʫʘʣʴʥʘʷ ʪʝʤʘʪʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ʅɽʈɸ ʦʪʨʘʞʝʥʘ ʚ ʩʧʠʩʢʝ ʧʫʙʣʠʢʘʮʠʠ 

ʟʘ 2009-13 ʛ.ʛ. [2-33]. ʆʩʥʦʚʥʦʡ ʪʝʤʘʪʠʢʦʡ ʟʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-

ʠʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʠʥʢʣʶʟʠʚʥʳʭ ʩʠʩʪʝʤ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʧʝʢʪʨʦʤʝʪʨ ʦʙʨʘʪʥʦʡ ʛʝʦʤʝʪʨʠʠ ʅɽʈɸ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 
ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʥʘʤʠʢʠ ʦʙʨʘʟʮʦʚ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ:  ɼ. ʍʫʜʦʙʘ  

ʂʦʣʣʝʢʪʠʚ ʠʩʧʦʣʥʠʪʝʣʝʡ: ʀ. ʅʘʪʢʘʥʝʮ, ʀ. ʃ. ʉʘʰʠʥ, ʃ. ʍʝʪʤʘʥʯʠʢ,  

Å    ɺ. ʖ. ʂʘʟʠʤʠʨʦʚ, ɺ. ʀ. ʉʫʭʘʥʦʚ 
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ʅʝʡʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʪʦʯʥʦʡ ʧʨʦʚʝʨʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩʪʨʫʢʪʫʨʳ, ʜʠʥʘʤʠʢʠ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʦʣʝʢʫʣ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ, ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʜʳʥʘʤʠʢʠ ʚ 

ʨʷʜʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʧʝʢʪʨʦʤʝʪʨ r ʅɽʈɸ ʥʘ ʨʝʘʢʪʦʨʝ ʀɹʈ-2, TOSCA ʥʘ ʠʤʧʫʣʴʩʥʦʤ ʠʩʪʦʯʥʠʢʝ ISIS ʠ 

LAGRANGE ʚ ILL  ʷʚʣʷʶʪʩʷ ʧʦʢʘ ʣʫʯʰʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʥʝʡʪʨʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʦʜʦʨʦʜ-ʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʂʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʝ ʫʩʪʘʥʦʚʢʠ ʩʦʟʜʘʶʪʩʷ 

ʥʘ ʥʦʚʳʭ ʚʳʩʦʢʦʧʦʪʦʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʥʝʡʪʨʦʥʦʚ ʚ ʉʐɸ ʠ ʚ ʗʧʦʥʠʠ. ɺʦ ʚʨʝʤʷ ʦʩʪʘʥʦʚʢʠ 

ʨʝʘʢʪʦʨʘ ʀɹʈ-2 ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ, ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ ʦʩʥʦʚʘʪʝʣʴʥʫʶ ʠ 

ʪʨʝʙʫʶʱʫʶ ʟʥʘʯʠʪʝʣʴʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ ʤʦʜʝʨʥʠʟʘʮʠʶ ʥʝʡʪʨʦʥʦʚʦʜʘ ʧʫʯʢʘ 7ʙ, 

ʷʚʣʷʶʱʝʛʦʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʩʧʝʢʪʨʦʤʝʪʨʘ ʅɽʈɸ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ 

ʥʝʡʪʨʦʥʦʚ ʥʘ ʦʙʨʘʟʮʝ. ʆʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʣʘʩʴ ʧʦʣʥʘʷ ʟʘʤʝʥʘ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʟʝʨʢʘʣʴʥʦʛʦ ʥʝʡʪʨʦʥʦʚʦʜʘ, ʢʦʪʦʨʳʡ ʧʦʩʪʨʦʝʥ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 1970-ʭ ʛʦʜʦʚ ʠ ʫʞʝ ʚʳʨʘʙʦʪʘʣ 

ʩʚʦʡ ʨʝʩʫʨʩ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʟʝʨʢʘʣʴʥʳʭ ʚʘʢʫʫʤʥʳʭ ʥʝʡʪʨʦʥʦʚʦʜʦʚ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʠʪʴ ʚ ~10 ʨʘʟ ʙʦʣʴʰʠʡ ʧʦʪʦʢ ʥʝʡʪʨʦʥʦʚ ʥʘ ʚʳʭʦʜʝ. ɺ ʩʣʫʯʘʝ ʩʧʝʢʪʨʦʤʝʪʨʘ ʅɽʈɸ 

ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʣʦʩʴ ʩʣʝʜʫʶʱʝʝ ʨʝʰʝʥʠʝ: ʫʩʪʘʥʦʚʢʘ ñʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦò ʥʝʡʪʨʦʥʦʚʦʜʘ, ʠʜʝʷ 

ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʭʚʘʪʝ ʥʝʡʪʨʦʥʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʫʧʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʤʝʜʣʠʪʝʣʷ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʥʘ ʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ ʟʝʨʢʘʣʴʥʳʤ ʥʝʡʪʨʦʥʦʚʦʜʦʤ 

ʙʦʣʴʰʦʛʦ ʩʝʯʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʫʯʢʘ ʥʘ ʦʙʨʘʟʮʝ ʩ ʧʦʤʦʱʴʶ ʢʦʥʫʩʥʦʡ ʩʫʧʝʨʟʝʨʢʘʣʴʥʦʡ 

ʩʝʢʮʠʠ. ɺ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2012ʛ.ʛ. ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ʅɽʈɸ ʙʳʣ ʟʘʤʝʥʝʥ ʟʝʨʢʘʣʴʥʳʡ 

ʥʝʡʪʨʦʥʦʚʦʜ, ʥʦ ʩ ʦʜʠʥʘʢʦʚʳʤ ʩʝʯʝʥʠʝʤ 160*50 ʤʤ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʟʝʨʢʘʣʴʥʦʛʦ 

ʥʝʡʪʨʦʥʦʚʦʜʘ.  

 

2. ʆʧʠʩʘʥʠʝ ʩʧʝʢʪʨʦʤʝʪʨʘ ʥʘ 2014ʛ. 

ʇʣʘʥ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʧʝʢʪʨʦʤʝʪʨʘ ʅɽʈɸ ʠ ʝʛʦ ʦʩʥʦʚʥʳʝ ʫʟʣʳ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ. 8. ʅʘʯʘʣʦ 

ʥʦʚʦʛʦ ʟʝʨʢʘʣʴʥʦʛʦ ʥʝʡʪʨʦʥʦʚʦʜʘ 7 ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 6 ʤ ʦʪ ʟʘʤʝʜʣʠʪʝʣʷ ʩʨʘʟʫ ʧʦʩʣʝ 

ʜʠʩʢʦʚʦʛʦ ʧʨʝʨʳʚʘʪʝʣʷ, ʜʠʘʤʝʪʨʦʤ 134 ʩʤ, ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ 4. ʊʦʣʱʠʥʘ ʩʣʦʷ TiH2 

ʨʘʚʥʘ 6.2 ʩʤ, ʯʪʦ ʚʜʚʦʝ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ ʜʦ ʤʦʜʝʨʥʠʟʘʮʠʠ. l-ʯʦʧʧʝʨ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ 6 

ʨʘʜʠʫʩʦʤ 48 ʩʤ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 26.95 ʤ ʦʪ ʟʘʤʝʜʣʠʪʝʣʷ ʠ ʚʨʘʱʘʝʪʩʷ ʩ ʯʘʩʪʦʪʦʡ 2.5 

ɻʮ. ʆʙʱʘʷ ʜʣʠʥʘ ʥʦʚʦʛʦ ʟʝʨʢʘʣʴʥʦʛʦ ʚʘʢʫʫʤʥʦʛʦ ʥʝʡʪʨʦʥʦʚʦʜʘ 7 ʩʦʩʪʘʚʣʷʝʪ 80 ʤ. ʉʝʯʝʥʠʝ 

ʟʝʨʢʘʣʴʥʦʛʦ ʥʝʡʪʨʦʥʦʚʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 5³16 ʩʤ
2
. ʆʥ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʤʦʥʠʪʦʨʦʤ ʠ ʜʠʘʬʨʘʛʤʘʤʠ 

ʧʫʯʢʘ 9,10 ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2 ʤ ʦʪ ʧʦʟʠʮʠʠ ʦʙʨʘʟʮʘ. ʇʦʩʣʝʜʥʠʝ 2 ʤ ʜʦ ʦʙʨʘʟʮʘ ʧʫʯʦʢ ʧʨʦʭʦʜʠʪ ʧʦ 

ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʤʫ ʥʝʡʪʨʦʥʦʚʦʜʫ 8. ʉʧʝʢʪʨʦʤʝʪʨ ʅɽʈɸ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʟʝʨʢʘʣʴʥʦ-

ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʝʢʮʠʡ. ʆʩʥʦʚʥʳʝ ʫʟʣʳ ʩʧʝʢʪʨʦʤʝʪʨʘ ʠ ʦʜʥʘ ʠʟ ʩʝʢʮʠʡ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ. 9 ɸ ʠ 

B, ʬʫʥʢʮʠʷ ʨʘʟʨʝʰʝʥʠʷ ï ʥʘ ʈʠʩ. 9 ʉ .  
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ʈʠʩ 8. 1 ï ɸʢʪʠʚʥʘʷ ʟʦʥʘ ʀɹʈ-2, 2 ï ʪʝʧʣʦʚʦʡ ʠ ʭʦʣʦʜʥʳʡ ʟʘʤʝʜʣʠʪʝʣʠ, 3 ï ʰʠʙʝʨ ʧʫʯʢʘ, 4 ï ʯʦʧʧʝʨ 

ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ, 5 ï ʚʘʢʫʫʤʥʳʡ ʩʧʣʠʪʪʝʨ ʪʨʝʭ ʥʝʡʪʨʦʥʥʳʭ ʢʘʥʘʣʦʚ, 6 ï l-ʯʦʧʧʝʨ, 7 ï 

ʚʘʢʫʫʤʥʳʡ ʟʝʨʢʘʣʴʥʳʡ Ni-ʥʝʡʪʨʦʥʦʚʦʜ, 8 ï ʚʘʢʫʫʤʥʘʷ ʩʝʢʮʠʷ ʜʦʚʦʜʢʠ ʧʫʯʢʘ ʜʦ ʦʙʨʘʟʮʘ, 9 - 10 ï 

ʤʦʥʠʪʦʨ ʠ ʜʠʘʬʨʘʛʤʳ ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ, 11 ï ʦʙʨʘʟʝʮ, 12 ï ʩʝʢʮʠʠ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ, 13 ï ʩʝʢʮʠʠ 

INS ʠ QENS.  
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ʈʠʩ. 9. A ʠ B. 1 - ʦʙʨʘʟʝʮ, 2 ï ʙʝʨʠʣʣʠʝʚʳʝ ʬʠʣʴʪʨʳ, 3 - ʢʦʣʣʠʤʘʪʦʨʳ, 4 ï ʜʝʪʝʢʪʦʨʳ He-3 

(INS ʠ QNS), 5 ï ʘʥʘʣʠʟʘʪʦʨʳ ʠʟ ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ (INS), 6 ï ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʝ 

ʘʥʘʣʠʟʘʪʦʨʳ (QNS), 7 ï ʜʝʪʝʢʪʦʨʳ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʡ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ, 8 ï 

ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʜʝʪʝʢʪʦʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, 9 ï ʟʘʱʠʪʘ ʩʧʝʢʪʨʦʤʝʪʨʘ, 10 ï ʥʠʢʝʣʝʚʳʡ 

ʟʝʨʢʘʣʴʥʳʡ ʥʝʡʪʨʦʥʦʚʦʜ ʚ ʚʘʢʫʫʤʥʦʡ ʪʨʫʙʝ, 11 - 12 ïʜʠʘʬʨʘʛʤʳ ʠ ʤʦʥʠʪʦʨ ʧʘʜʘʶʱʝʛʦ 

ʧʫʯʢʘ, 13 ï ʚʘʢʫʫʤʥʳʡ ʥʝʡʪʨʦʥʦʚʦʜ. ʉ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ INS ʩʧʝʢʪʨʦʚ, ʠʟʤʝʨʝʥʥʦʝ 

ʩ ʘʥʘʣʠʟʘʪʦʨʦʤ ʠʟ ʧʠʨʦʛʨʘʬʠʪʘ PG(002) ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʨʘʩʩʝʷʥʠʷ 2Q =90
o
, 120

o
 and 

174
o
. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʧʝʢʪʨʦʤʝʪʨʘ ʅɽʈɸ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʡ 

ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʥʘ ʦʙʨʘʟʮʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʜʷʥʦʛʦ ʟʘʤʝʜʣʠʪʝʣʷ 

ʩʦʩʪʘʚʠʣʦ 1.2, ʯʪʦ ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ ʚʳʜʘʶʱʠʤʩʷ ʨʝʟʫʣʴʪʘʪʦʤ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʧʦʤʝʥʷʣʦʩʴ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʜʣʷ 

ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʦʣʦʜʥʦʛʦ ʟʘʤʝʜʣʠʪʝʣʷ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ (ʦʪ 2 ¡) 

1.5 ¡<l<7 ¡ ʩʦʩʪʘʚʣʷʝʪ 1-20, ʯʪʦ ʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʢʚʘʟʠʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ ʤʦʜʝ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʨʠ ʨʘʩʩʝʷʥʠʠ 
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ʙʣʠʟʢʦʤ ʢ ʦʙʨʘʪʥʦʤʫ. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʦʧʫʩʢʘʝʤʦʩʪʴ ʥʦʚʦʛʦ ʟʝʨʢʘʣʴʥʦʛʦ ʥʝʡʪʨʦʥʦʚʦʜʘ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʜʣʠʥʘʤʠ ʚʦʣʥ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ l=0.8 ¡, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ INS 

ʩʧʝʢʪʨʳ ʪʦʣɹʢʦ ʜʦ ʧʝʨʝʜʘʯ ʵʥʝʨʛʠʠ ~120 ʤʵɺ. 

ɺ ʠʪʦʛʝ, ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʝʢʪʨʦʤʝʪʨʘ ʅɽʈɸ ʩʣʝʜʫʶʱʠʝ:  

 

ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʥʘ ʅɽʈɽ ~ 10
6
ʥ*ʩʤ

-2
*ʩ

-1
 

ʜʠʘʧʘʟʦʥ ʧʝʨʝʜʘʥʥʳʭ ʵʥʝʨʛʠʡ 0- 120 ʤʵɺ 

ʪʝʣʝʩʥʳʡ ʫʛʦʣ ʜʣʷ INS ~ 0.2  ʩʪʝʨʘʜʠʘʥʘ 

ʪʝʣʝʩʥʳʡ ʫʛʦʣ ʜʣʷ QNS ~ 0.01  ʩʪʝʨʘʜʠʘʥʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ  ʩʧʝʢʪʨʦʤʝʪʨ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʩʫʱʝʩʪʚʫʶʱʠʤ ʤʠʨʦʚʳʤ ʘʥʘʣʦʛʘʤ ʠ ʧʣʘʥʠʨʫʝʤʳʤ ʩʧʝʢʪʨʦʤʝʪʨʘʤ 

ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ.  

(ʅʘʧʨʠʤʝʨ, ʪʝʣʝʩʥʳʡ ʫʛʦʣ LAGRANGE ï 2.5 ʩʪʝʨʘʜʠʘʥʘ).  

 

3. ʇʨʝʜʣʦʞʝʥʠʷ ʧʦ ʫʣʫʯʰʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʦʣʦʜʥʦʛʦ ʟʘʤʝʜʣʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʵʥʝʨʛʠʶ ʤʦʥʦʭʨʦʤʘʪʦʨʦʚ ʜʦ 

ɽ=2.7 ʤʵɺ, ʠ, ʪ.ʦ., ʫʣʫʯʰʠʪʴ ʨʘʟʨʝʰʝʥʠʝ ʥʘ ʫʧʨʫʛʦʡ ʣʠʥʠʠ ʥʘ ʧʦʨʷʜʦʢ (ʦʪ 700 ʤʢʵɺ ʜʦ ~ 60 

ʤʢʵɺ), ʭʦʪʷ ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ʚ 1.5-2 ʨʘʟʘ ʠʟ-ʟʘ 

ʫʤʝʥʴʰʝʥʠʷ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ ʩʧʝʢʪʨʦʤʝʪʨʘ.  

ɼʣʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʩʚʝʪʦʩʠʣʳ ʩʧʝʢʪʨʦʤʝʪʨʘ ʅɽʈɸ ʧʨʝʜʣʘʛʘʝʪʩʷ: 

-  ʫʩʪʘʥʦʚʠʪʴ ʬʦʢʫʩʠʨʫʶʱʠʡ  ʩʫʧʝʨʢʦʥʮʝʥʪʨʘʪʦʨ ʜʦ ʧʦʟʠʮʠʠ ʦʙʨʘʟʮʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ 

ʩʝʯʝʥʠʝ ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ ʠ  ʫʚʝʣʠʯʠʪʴ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʩ l=5.5 ¡ ~ 2.5 ʨʘʟʘ 

- ʫʚʝʣʠʯʠʪʴ ʪʝʣʝʩʥʳʡ ʫʛʦʣ ʩʧʝʢʪʨʦʤʝʪʨʘ, ʪ.ʝ. ʧʣʦʱʘʜʴ ʢʨʠʩʪʘʣʣʦʚ ʤʦʥʦʭʨʦʤʘʪʦʨʦʚ ʠ 

ʜʝʪʝʢʪʦʨʦʚ ʚ 4-5 ʨʘʟ.  

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʨʘʙʦʪʘʪʴ ʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ɺʝ 

ʬʠʣʴʪʨʘ ʠ ʢʨʠʩʪʘʣʣʦʚ-ʘʥʘʣʠʟʘʪʦʨʦʚ. 

 

4. ɿʘʧʨʘʰʠʚʘʝʤʳʝ ʨʝʩʫʨʩʳ, ʩʪʦʠʤʦʩʪʴ ʠ ʩʨʦʢʠ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʉʪʦʠʤʦʩʪʴ (ʚ USD) ʠ ʞʝʣʘʪʝʣʴʥʳʝ ʩʨʦʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ (ʧʨʠʦʙʨʝʪʝʥʠʷ) ʥʝʢʦʪʦʨʳʭ ʫʟʣʦʚ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʅɽʈɸ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 5 (ʈʘʟʜʝʣ 6). 

 

ʃʠʪʝʨʘʪʫʨʘ  

 
1. I. Natkaniec, S.I. Bragin, J. Brankowski, J.Mayer, in Proc. ICANS XII  Meeting, Abington 1993, RAL Report 94-025, 

vol.I., (1994) p.89. 

2. J. HetmaŒczyk, A. Migdağ-Mikuli, E. Mikuli, K. Hoğderna-Natkaniec, Ğ. Hetmaczyk, I. Natkaniec. Phase transitions 

and H2O motions in [Ca(H2O)4](ClO4)2 studied by infrared spectroscopy, inelastic/quasielastic incoherent neutron 

scattering and proton magnetic resonance. Part II. Journal of Molecular Structure, 923 (2009) 103ï109.  

3. A. Migdağ-Mikuli, E. Mikuli, J. HetmaŒczyk, Ğ. HetmaŒczyk, K. Hoğderna-Natkaniec, I. Natkaniec. Phase transitions 

and H2O motions in [Ca(H2O)4](NO3)2 studied by infrared spectroscopy, inelastic/quasi-elastic incoherent neutron 

scattering and proton magnetic resonance, Part II, Journal of Alloys and Compounds, 469 (2009) 73ï81.  

4. L. S. Smirnov, I. Natkaniec, M.R. Johnson, A.S. Ivanov, S.I. Troyanov. Vibrational Modes of Hydrogen in 

(NH4)H5(PO4)2 (Neutron Scattering and Simulation). Crystallography Reports, 2009, Vol. 54, No 3, pp. 477ï482.  

5. L.S. Smirnov , I. Natkaniec, A.B. Belushkin, D. Smith, M. Prager. Features of the Structure and Dynamics of Me1-

x(NH4)xSCN (Me=K, Rb) Mixed Crystals. Journal of Surface Investigation. X-ray, Synchrotron and Neutron 

Techniques, 3 (2009) 847-856. 

6. V.Yu. Kazimirov, M.B. Smirnov, L. Bourgeois, L. Guerlou-Demourgues, L. Servant, A.M. Balagurov, I. Natkaniec, 

N.R. Khasanova, and E.V. Antipov. Lattice Dynamics of Ni and Mg Hydroxides. Solid State Ionics, 181 (2010) 1764-

1770. 

7. W. Sawka-Dobrowolska, G. Bator, L. Sobczyk, E. Grech, J. Nowicka-Scheibe, A. Pawlukojc, J. Wuttke.The (2:1) 

complex of picric acid with  tetramethylpyrazine: The structure, IR spectra and tunnel splitting of methyl groups. J. 

Mol. Struct., 975 (2010) 298-302. 

8. J. Nowicka-Scheibe, E. Grech, W. Sawka-Dobrowolska, G. Bator, A. Pawlukojĺ, L. Sobczyk. Structure and 

vibrational spectra of squaric acid complexes with 4,4ô- and 5,5ô-dimethyl-2,2ô-bipyridine. J. Mol. Struct., 976 (2010) 

30-35. 



 
33 

9. L.S. Smirnov, I. Natkaniec, A.S. Ivanov, A. Pawlukojc, S.I. Troyanov. Vibrational modes of acid hydrogen in 

CsH5(PO4)2 and NaH5P2O6: inelastic neutron scattering. Journal of Surface Investigation. X-ray, Synchrotron and 

Neutron Techniques, 2010, Vol.4, No.6, pp.982-986. Original Russian text published in: Poverkhnostô. 

Rentgenovskie, Sinkhrotronnye i Neitronnye Issledovaniya, ˉ 12 (2010) 9-14.  

10. L.S. Smirnov, I. Natkaniec, J. Ollivier, J. Dianoux, M.L. Martinez Sarrion, L.Mestres. Study of ammonium molecular 

ion impurity modes in Rb1-x(NH4)xI mixed crystals by Inelastic Incoherent Neutron Scattering. ʇʨʝʧʨʠʥʪ ʆʀʗʀ, ˉ 

ɽ14-2010-108.  

11. J. Mielcarek, D.M. Nowak, A. Pajzderska, B. Peplinska, J. Wasicki. A hybrid method for estimation of molecular 

dynamics of diazepam-density functional theory combined with NMR and FT-IR spectroscopy. Int. J. Pharm.  404 

(2011), pp. 19-26. 

12. M. Rachwalska, I. Natkaniec, K. Hoğderna-Natkaniec, Z.H. Urbanek, and K. Zborowski, Inelastic Neutron Scattering 

(INS) Study of Low Frequency Vibrations and Hydrogen Bonding of (E)-2-Hydroxyimino-2-Cyanoacetic Acid Ethyl 

Ester. Z. Phys. Chem. 225, No. 2. (2011) 183-216. 

13. E. JuszyŒska, K. Hoğderna-Natkaniec, M. Massalska-ArodŦ, I. Natkaniec, E. ściesiŒska,  J. ściesiŒski. Formation of 

hydrogen bonds; hydroxyl and methyl groups dynamics in 2,2-dimethylbutan-1-ol and 2,3-dimethylbutan-2-ol: DFT, 

IINS and IR investigations. Acta Physica Polonica A, 122 (2012) 765-775. 

14. Ğ. Kolek, M. Massalska-ArodŦ, D. Majda, B. Wantusiak, S. Zalewski, P. Kula. Studies of Phase Diagram of a Liquid 

Crystal with 4-[2-(3-Fluorophenyl)ethyl]biphenyl Core of Molecules. Acta Physica Polonica A, Vol. 122, No. 2 

(2012) 370-374. 

15. J. Pieper, M. Trapp, A. Skomorokhov, I. Natkaniec, J. Peters, G. Renger. Temperature-dependent vibrational and 

conformational dynamics of photosystem II membrane fragments from spinach investigated by elastic and inelastic 

neutron scattering. Biochimica et Biophysica Acta, 1817 (2012) 1213-1219. 

16. R. Bujakiewicz-KoroŒska, Ğ. HetmaŒczyk, B. Garbarz-Glos, A. Budziak, A. Kalvane, K. Bormanis, K. DruŨbicki. 

Low temperature measurements by infrared spectroscopy in CoFe2O4 ceramic. Central European Journal of Physics 

(2012) 1-7. 

17. G. Bator, W. Sawka-Dobrowolska, L. Sobczyk, M. Owczarek, A. Pawlukojĺ, E. Grech, J. Nowicka-Scheibe. 

Hydrogen bonded NHO chains formed by chloranilic acid (CLA) with 4,40-di-t-butyl-2,20-bipyridyl (dtBBP) in the 

solid state. Chemical Physics 392 (2012) 114-121. 

18. R. Baddour-Hadjean, M.B. Smirnov, K.S. Smirnov, V. Kazimirov, J.M. Gallardo-Amores, U. Amador, M.E. Arroyo-

de Dompablo, J.P. Pereira-Ramos. Lattice dynamics of ɓ-V2O5: raman spectroscopic insight into atomistic structure 

of a high pressure vanadium pentoxide polymorph. Chemistry of Materials, 51(2012) 3194. 

19. K. DruŨbicki, E. Mikuli, A. Kocot, M. D. Ossowska-ChruŜciel, J. ChruŜciel, S. Zalewski. Complex Vibrational 

Analysis of an Antiferroelectric Liquid Crystal Based on Solid State Oriented Quantum Chemical Calculations and 

Experimental Molecular Spectroscopy. Journal of Physical Chemistry A., 116 (2012) 7809-7821. 

20. K. DruŨbicki, A. Kocot, E. Mikuli, M.D. Ossowska-ChruŜciel, J. ChruŜciel. Temperature-Dependent Infrared 

Spectroscopy Studies of a Novel Antiferroelectric Liquid-Crystalline Thiobenzoate. Journal of Physical Chemistry B, 

116 (2012) 11332-11343. 

21. A. Pajzderska, D.M. Chudoba, J. Mielcarek, J. WŃsicki. Calorimetric, FTIR and 1H NMR measurements in 

combination with DFT calculations for monitoring solid-state changes of dynamics of sibutramine hydrochloride. 

J.Pharm.Sci., 101 (2012) 3799. 

22. W. Starosta, B. Sartowska, K. Ğyczko, J. Maurin, A. Pawlukojĺ, L. WaliŜ, M. Buczkowski. A method for production 

of nanoMOF and prelimiary characterization by selected analytical techniques. Nukleonika, 57 (2012) 581-583. 

23. B. Wantusiak, S. Zalewski, P. Suchodolski, J. ChruŜciel, M. D. Ossowska-ChruŜciel. Phase transitions of new 

antiferroelectric bent-core thiobenzoate. Phase Transitions, Vol. 85, No. 5 (2012) 444ï452. 

24. M. Rachwalska, I. Natkaniec, Z.H. Urbanek, D. Majda. Inelastic Neutron Scattering (INS) Study of Low Frequency 

Vibrations of Acid K Salt of (E)-2-Hydroxyimino-2-Cyanoacetic Acid Ethyl Ester and its Phase Situation by DSC 

Method. Z. Phys. Chem., 226 (2012) 291-314. 

25. A.N. Pirogov, S.G. Bogdanov,  E.V. Rosenfeld, J.-G. Park, Y.N. Choi, S. Lee, K. Prokes, N.O. Golosova, I.L. Sashin, 

N.V. Kydrevatykh, Yu.N. Skryabin, A.P. Vokhmyanin. Effects of magnetic anisotropy and exchange  in Tm2Fe17. 

ɾʕʊʌ, 2012, ʪ.142, ʚʳʧ.5(11), ʩʪʨ.951-963.  

26. Ğ. HetmaŒczyk, N. G·rska, J. HetmaŒczyk, E Mikuli, I. Natkaniec. Phase transitions in [Co(NH3)6](ClO4)3 

investigated by neutron scattering methods. Chemical Physics 412 (2013) 1ï6. 

27. G. Bator, L. Sobczyk, W. Sawka-Dobrowolska, J. Wuttke, A. Pawlukojc, E. Grech, J. Nowicka-Scheibe. Structural, 

spectroscopic and theoretical studies on 3,4,7,8-tetramethyl-1,10-phenantroline complex with picric acid. Chemical 

Physics 410 (2013) 55-65. 

28. Ğ. HetmaŒczyk, J. HetmaŒczyk, E. Mikuli, A. Migdağ-Mikuli, W. Nitek, K. Hoğderna-Natkaniec, I. Natkaniec. Crystal 

structure of two [Ba(H2O)3](ClO4)2 phases and H2O ligands reorientational motions studied by X-ray single crystal, 

inelastic and quasielastic incoherent neutron scattering and proton magnetic resonance. Journal of Physics and 

Chemistry of Solids , 74 (2013) 1775-1782. 



 
34 

29. J. HetmaŒczyk, Ğ. HetmaŒczyk, A. Migdağ-Mikuli, E. Mikuli. Vibrational and reorientational motions of H2O ligands, 

phase transition and thermal properties of [Sr(H2O)6]Cl2. Spectrochimica Acta Part A: Molecular and Biomolecular 

Spectroscopy 115 (2013) 504ï510.  

30. K. DruŨbicki, E. Mikuli, S. Zalewski, M. D. Ossowska-ChruŜciel, J. ChruŜciel, S. Wr·bel, J. Czerwiec. 

Complementary Studies of Mesomorphic Properties in a Novel Antiferroelectric Liquid Crystalline Thiobenzoate. 

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 105 (2013) 424. 

31. K. ĞuczyŒska-Szymczak, W. Starosta, K. DruŨbicki. Solid-State DFT-Assisted Raman Study of Titaniate 

Nanostructures. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 116 (2013) 646. 

32. L. Sobczyk, A. Pawlukojc, E. Grech, A. Huczynski, B. Brzezinski. Extremely different structures and vibrational 

spectra of tetramethylpyrazine nitrate dehydrate in solid and solutions. Journal of Molecular Structure, 1037 (2013) 

264-270. 

33. D. M. Novak, L. S. Smirnov, A. I. Kolesnikov, V. I. Voronin, I. F. Berger, N. M. Laptash, A. D. Vasilôev, I. N. 
Flerov. Refinement of the Crystal Structure of the High-Temperature Phase G0 in (NH4)2WO2F4 (Powder, X-Ray, 

and Neutron Scattering). Crystallography Reports, 2013, Vol. 58, No. 1, pp. 129ï134. 

 



 
35 

 
ʉʧʝʢʪʨʦʤʝʪʨ ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ɼʀʅ-2ʇʀ 

1. ʉʪʘʪʫʩ ʠ ʥʘʫʯʥʘʷ ʧʨʦʛʨʘʤʤʘ 

ʉʧʝʢʪʨʦʤʝʪʨ ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ɼʀʅ-2ʇʀ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʠ ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʢʘʥʘʣʝ ˉ2 

ʨʝʘʢʪʦʨʘ ʀɹʈ-2 ʩ 1985 ʛʦʜʘ, ʩʢʦʤʧʦʥʦʚʘʥ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ ʧʨʷʤʦʡ ʛʝʦʤʝʪʨʠʠ ʩ 

ʧʨʦʣʝʪʥʳʤʠ ʙʘʟʘʤʠ 20 ʤ ʠ 7 ʤ ʜʣʠʥʦʡ (ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʟʮʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɼʀʅ-2ʇʀ ʦʩʥʘʱʝʥ 

ʜʝʪʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʦʡ ʥʘ ʦʩʥʦʚʝ He
3
-ʩʯʝʪʯʠʢʦʚ, ʦʭʚʘʪʳʚʘʶʱʝʡ ʠʥʪʝʨʚʘʣ ʫʛʣʦʚ ʨʘʩʩʝʷʥʠʷ 3

ʦ
-
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ʦ
, ʠ ʩʠʩʪʝʤʦʡ ʚʨʘʱʘʶʱʠʭʩʷ ʢʦʣʣʠʤʘʪʦʨʦʚ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʬʦʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʢʦʣʴʮʝʚʦʤ ʢʦʨʠʜʦʨʝ ʨʝʘʢʪʦʨʘ [1]. ʂʘʤʝʨʘ ʦʙʨʘʟʮʘ ʚ ʬʦʨʤʝ ʮʠʣʠʥʜʨʘ ʜʠʘʤʝʪʨʦʤ 1200 ʤʤ ʠ 

ʚʳʩʦʪʦʡ 800 ʤʤ, ʜʦʧʫʩʢʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʠʨʦʢʦʛʦ ʥʘʙʦʨʘ ʩʠʩʪʝʤ ʦʢʨʫʞʝʥʠʷ ʦʙʨʘʟʮʘ. 

ʉʧʝʢʪʨʦʤʝʪʨ ʦʩʥʘʱʝʥ ʩʫʧʝʨʟʝʨʢʘʣʴʥʳʤ ʥʝʡʪʨʦʥʥʳʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ (2011), ʫʩʪʘʥʦʚʢʘ 

ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʠʣʘ ʧʦʚʳʩʠʪʴ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʥʘ ʦʙʨʘʟʮʝ ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ [2]. 

ʆʧʪʠʤʘʣʴʥʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʩʧʝʢʪʨʦʤʝʪʨʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 

ʥʘʯʘʣʴʥʳʤʠ ʵʥʝʨʛʠʷʤʠ ʥʝʡʪʨʦʥʦʚ ~(2-20) ʤʵɺ. ʊʘʢʦʡ ʨʝʞʠʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʜʣʷ ʫʧʨʫʛʦʛʦ ʠ ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ (~5%), ʠ ʨʘʟʫʤʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʟʚʦʣʷʶʱʫʶ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʂʘʢ ʧʦʢʘʟʘʣ ʤʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʨʘʙʦʪ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ɼʀʅ-2ʇʀ, 

ʦʜʥʠʤ ʠʟ ʝʛʦ ʛʣʘʚʥʳʭ ʜʦʩʪʦʠʥʩʪʚ ʷʚʣʷʝʪʩʷ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʬʦʥʘ ʠ çʯʠʩʪʦʪʘè ʧʦʣʫʯʘʝʤʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʠʩʢʘʞʘʶʱʠʭ 

ʩʧʝʢʪʨʳ ʨʘʩʩʝʷʥʥʳʭ ʥʝʡʪʨʦʥʦʚ.  

ʂʦʤʧʦʥʦʚʢʘ ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʪʠʧʘ ɼʀʅ ʦʧʪʠʤʘʣʴʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʢʦʥʝ 

ʨʘʩʩʝʷʥʠʷ (ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʨʘʩʩʝʷʥʠʷ) ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʝʨʝʤʝʥʥʳʭ Q ʠ e, ʢʘʢ ʚ ʩʣʫʯʘʝ ʪʚʝʨʜʳʭ ʪʝʣ, ʪʘʢ ʠ ʞʠʜʢʦʩʪʝʡ. ʊʨʘʜʠʮʠʦʥʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ, ʧʨʦʚʦʜʠʤʳʭ ʠ ʨʘʟʚʠʚʘʝʤʳʭ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ, ʷʚʣʷʶʪʩʷ: 

1. ʀʩʩʣʝʜʦʚʘʥʠʷ ʞʠʜʢʠʭ ʤʝʪʘʣʣʦʚ (Na, Ga, Pb, K, Li) ʠ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ 

ʧʨʠʤʝʩʷʤʠ (ʨʘʩʧʣʘʚʳ K-O, Pb-K, Na-Pb, Li -N, Li -H, Na-H) [3,4]. 

2. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜʥʳʭ ʠʦʥʥʳʭ ʠ ʛʠʜʨʦʬʦʙʥʳʭ ʨʘʩʪʚʦʨʦʚ [5,6], ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʜʥʳʭ 

ʜʠʩʧʝʨʩʠʡ ʫʛʣʝʨʦʜʥʳʭ ʯʘʩʪʠʮ (ʬʫʣʣʝʨʝʥʳ, ʰʫʥʛʠʪ, ʩʘʞʠ). 

3. ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʚʘʥʪʦʚʳʭ ʞʠʜʢʦʩʪʝʡ ʢʘʢ ʚ çʦʙʲʝʤʥʦʤè ʩʦʩʪʦʷʥʠʠ, ʪʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ 
ʦʛʨʘʥʠʯʝʥʥʦʡ ʛʝʦʤʝʪʨʠʠ [7] ʠ ʧʣʝʥʦʢ 

4
ʅʝ ʘʪʦʤʘʨʥʦʡ ʪʦʣʱʠʥʳ.  

4. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʘʤʦʨʬʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʱʠʭ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʦʢʩʠʜʳ ʠ ʛʠʜʨʠʜʳ ʤʝʪʘʣʣʦʚ, ʩʫʧʝʨʠʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ ʠ ʪʨʦʡʥʳʝ 

ʧʨʠʤʝʩʥʳʝ ʩʠʩʪʝʤʳ [8,9]. 

5. ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʪʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʨʝʰʝʥʠʷ 
ʧʨʦʙʣʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʗʕʋ [10,11]. 

ʂʘʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʨʝʞʠʤ, ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ɼʀʅ-2ʇʀ ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥ ʠ ʨʝʞʠʤ 

ʜʠʬʨʘʢʮʠʠ ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʣʝʪʘ (ʧʦʩʣʝ ʜʝʤʦʥʪʘʞʘ ʦʩʥʦʚʥʦʛʦ ʧʨʝʨʳʚʘʪʝʣʷ), ʢʦʪʦʨʳʡ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʧʣʘʚʘʭ K, Na, Pb, Pb-

K, Na-Pb, Li -N. 

ʉʧʝʢʪʨʦʤʝʪʨ ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ɼʀʅ-2ʇʀ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ:       ɸ.ɺ. ʇʫʯʢʦʚ, ʜ.ʬ.-ʤ.ʥ., ʥʘʯ.ʣʘʙ. ɻʅʎ ʈʌ-ʌʕʀ 

ʂʦʣʣʝʢʪʠʚ ʠʩʧʦʣʥʠʪʝʣʝʡ - ʩʦʪʨʫʜʥʠʢʠ ɻʅʎ ʈʌ-ʌʕʀ : ʀ.ʀ. ɸʥʠʩʠʤʦʚ, ʥʩ;   
                      ɺ.ʄ. ʄʦʨʦʟʦʚ, ʚʝʜ.ʠʥʞ.; ɸ.ɻ. ʅʦʚʠʢʦʚ, ʜ.ʬ.-ʤ.ʥ., ʛʥʩ;
         ɺ.ɺ. ʉʘʚʦʩʪʠʥ, ʢ.ʬ.-ʤ.ʥ., ʚʥʩ; ɺ.ɸ. ʉʝʤʝʥʦʚ, ʢ.ʬ.-ʤ.ʥ.,                        

          ʚʥʩ; ɺ.ɺ. ʉʫʜʘʨʝʚ, ʥʩ; ʄ.ʉ. ʐʘʤʘʝʚ, ʥʩ 
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2. ʇʨʝʜʣʦʞʝʥʠʷ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʧʝʢʪʨʦʤʝʪʨʘ ɼʀʅ-2ʇʀ 

2.1. ʆʙʣʘʩʪʴ ʤʘʣʳʭ ʫʛʣʦʚ ʨʘʩʩʝʷʥʠʷ 

ʂʨʫʛ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ɼʀʅ-2ʇʀ, ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʝʥ ʚ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʛʣʦʚ ʨʘʩʩʝʷʥʠʷ 1-3 ʛʨʘʜ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʙʣʘʩʪʴ Q ~ (0.1-0.5) ¡
-1

 ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʠʥʬʦʨʤʘʪʠʚʥʦʡ. ʈʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʤʘʣʳʭ ʫʛʣʦʚ ʨʘʩʩʝʷʥʠʷ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʧʝʢʪʨʦʤʝʪʨʘ ʚ ʦʙʣʘʩʪʠ ʚʳʚʦʜʘ ʧʨʷʤʦʛʦ ʧʫʯʢʘ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʙʫʜʫʱʝʤ 

ʫʛʣʦʚ ʨʘʩʩʝʷʥʠʷ ~ 1
ʦ
. 

 

2.2. ɿʘʤʝʥʘ ʦʩʥʦʚʥʦʛʦ ʧʨʝʨʳʚʘʪʝʣʷ ʩʧʝʢʪʨʦʤʝʪʨʘ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʝʨʚʦʡ ʧʨʦʣʝʪʥʦʡ ʙʘʟʳ ʩʧʝʢʪʨʦʤʝʪʨʘ ʠ ʟʘʤʝʥʳ ʚʘʢʫʫʤʥʦʛʦ 

ʥʝʡʪʨʦʥʦʚʦʜʘ ʥʘ ʩʫʧʝʨʟʝʨʢʘʣʴʥʳʡ ʢʦʥʮʝʥʪʨʘʪʦʨ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʧʫʯʢʘ ʚ ʦʙʣʘʩʪʠ 

ʦʩʥʦʚʥʦʛʦ ʧʨʝʨʳʚʘʪʝʣʷ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʣʠʩʴ. ʉʧʝʢʪʨʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʫʝʤʦʛʦ 

ʧʨʝʨʳʚʘʪʝʣʝʤ ʠʤʧʫʣʴʩʘ ʤʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʥʝʡʪʨʦʥʦʚ ʪʘʢʞʝ ʠʟʤʝʥʠʣʠʩʴ. ɼʣʷ ʘʜʘʧʪʘʮʠʠ 

ʩʠʩʪʝʤʳ ʤʦʥʦʭʨʦʤʘʪʠʟʘʮʠʠ ɼʀʅ-2ʇʀ ʢ ʥʦʚʳʤ ʩʧʝʢʪʨʘʣʴʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʧʫʯʢʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʟʜʘʪʴ ʥʘʙʦʨ ʚʳʩʦʢʦʦʙʦʨʦʪʥʳʭ ʥʝʡʪʨʦʥʥʳʭ ʧʨʝʨʳʚʘʪʝʣʝʡ ʠʟ ʧʦʛʣʦʱʘʶʱʝʛʦ 

ʥʝʡʪʨʦʥʳ ʤʘʪʝʨʠʘʣʘ, ʠʩʧʦʣʴʟʫʷ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʩʪʘʨʳʝ ʧʦʩʘʜʦʯʥʳʝ ʫʟʣʳ ʠ ʢʦʨʧʫʩ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʨʝʨʳʚʘʪʝʣʷ.  

 

2.3. ʆʢʨʫʞʝʥʠʝ ʦʙʨʘʟʮʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʪʘʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʢʨʫʞʝʥʠʷ ʦʙʨʘʟʮʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʠʥʪʝʨʚʘʣ ʦʪ 1.5ʂ ʜʦ 3000ʂ.  

ʋʩʪʘʥʦʚʣʝʥʥʦʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʨʠʦʛʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʘ ʙʘʟʝ ʢʨʠʦʩʪʘʪʘ MAX  

ORANGE ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʞʠʜʢʦʛʦ ʛʝʣʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ 4-300ʂ. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʠʦʙʨʝʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

çʛʝʣʠʝʚʦʡè ʜʦ ʢʦʤʥʘʪʥʦʡ ʨʝʬʨʠʞʝʨʘʪʦʨ ʩ ʟʘʤʢʥʫʪʳʤ ʮʠʢʣʦʤ ʥʘ ʦʩʥʦʚʝ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʪʨʫʙʳ, 

ʥʝ ʪʨʝʙʫʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʠʜʢʦʛʦ ʛʝʣʠʷ. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʨʝʬʨʠʞʝʨʘʪʦʨʘ 

ʙʫʜʝʪ ʩʦʟʜʘʥʠʝ ʩʪʫʧʝʥʠ ʨʘʩʪʚʦʨʝʥʠʷ 
3
ʅʝ ʚ 

4
ʅʝ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʧʫʩʪʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʜʦ 50 ʤʂ. 

ʉʠʩʪʝʤʫ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʢʘʤʝʨʳ ʦʙʨʘʟʮʘ ʩʧʝʢʪʨʦʤʝʪʨʘ ʧʣʘʥʠʨʫʝʪʩʷ ʟʘʤʝʥʠʪʴ ʥʘ ʙʝʟʤʘʩʣʷʥʫʶ, 

ʥʘ ʦʩʥʦʚʝ ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠ ʩʫʭʦʛʦ ʩʧʠʨʘʣʴʥʦʛʦ ʥʘʩʦʩʦʚ.  

 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʡʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ  

 

*ʆʞʠʜʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʦʣʦʜʥʦʛʦ ʟʘʤʝʜʣʠʪʝʣʷ  

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠ 

ɽ0=4,6 ʤʵɺ (4,2 ¡) 

IN5 [12] IN6 [12] CNCS [13] ɼʀʅ-2ʇʀ 

ʈʘʟʨʝʰʝʥʠʝ ʚ ʫʧʨʫʛʦʤ 

ʧʠʢʝ 

180 ɛʵɺ 170 ɛɻ ɺ 100 ɛɻ ɺ 260 ɛɻ ɺ 

ʇʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ 

ʥʝʡʪʨʦʥʦʚ ʥʘ ʦʙʨʘʟʮʝ 

(ʥ/ʩʤ
2
ʩ) 

7Ŀ10
4
 9Ŀ10

4
 1Ŀ10

5
 2,4Ŀ10

3
 

~0,3Ŀ10
5 
*  

ʇʦʣʥʳʡ ʧʦʪʦʢ ʥʝʡʪʨʦʥʦʚ 

ʥʘ ʦʙʨʘʟʮʝ (ʥ/c) 

S=10 ʩʤ
2
 

7Ŀ10
5
 

S=15 ʩʤ
2
 

14Ŀ10
5
 

S=7,5 ʩʤ
2
 

7,5Ŀ10
5
 

S=50 ʩʤ
2   

1,2Ŀ10
5
 

~16Ŀ10
5 
*  
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