
        
          http://perst.isssph.kiae.ru/supercond/ 

ʅʦʚʦʩʪʠ ʩʘʡʪʘ çʉʚʝʨʭʧʨʦʚʦʜʥʠʢʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝè 
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ʉʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʡ ʦʛʨʘʥʠʯʠʪʝʣʴ ʪʦʢʘ (ʉʆʊ) ʚ ɻʝʨʤʘʥʠʠ 

 

ʂ ʢʦʥʮʫ ʵʪʦʛʦ ʛʦʜʘ Siemens ʧʣʘʥʠʨʫʝʪ ʫʩʪʘʥʦʚʠʪʴ ʧʨʦʪʦʪʠʧ ʉʆʊ 

ʚ ʛʦʨʦʜʩʢʫʶ ʩʝʪʴ ɸʫʛʩʙʫʨʛʘ (ɹʘʚʘʨʠʷ). ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ 

ʉʆʊ ʙʫʜʝʪ ʚʚʝʜʝʥ ʚ ʩʝʪʴ ʛʦʨʦʜʘ, ʚʨʝʤʝʥʥʦ ʟʘʧʠʪʘʥʥʫʶ ʦʪ ʊʕʎ 

ʧʨʝʜʧʨʠʷʪʠʷ çMTU onsite energyè ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 15 

ʄɺʪ. ɺ ʪʝʯʝʥʠʝ ʛʦʜʘ Siemens ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ, ʟʘʪʝʤ, 

ʩʦʛʣʘʩʥʦ ʧʦʞʝʣʘʥʠʷʤ MTU ʠ ʩʝʪʝʚʦʡ ʢʦʤʧʘʥʠʠ ʛ. ɸʫʛʩʙʫʨʛʘ, 

ʉʆʊ ʦʩʪʘʥʝʪʩʷ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʛʦʨʦʜʘ. ʇʨʦʝʢʪ ʚʳʧʦʣ-

ʥʝʥ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʵʢʦʥʦʤʠʢʠ ɹʘʚʘʨʠʠ. ʃʶʙʦʧʳʪ-

ʥʦ, ʯʪʦ ʟʘʤʝʥʘ ʪʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʨʝʘʢʪʦʨʦʚ, ʪʨʘʜʠʮʠʦʥʥʦ ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʚ ʩʝʪʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʪʦʢʦʚ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, 

ʧʦʟʚʦʣʠʪ ʚ ʤʠʨʦʚʳʭ ʤʘʩʰʪʘʙʘʭ ʩʵʢʦʥʦʤʠʪʴ ʜʦ 1100 ʄɺʪ, ʢʦʪʦʨʘʷ 

ʩʲʝʜʘʝʪʩʷ ʚ ʙʦʣʝʝ ʯʝʤ 44000 ʪʦʢʦʦʦʛʨʘʥʠʯʠʚʘʶʱʠʭ. ʨʝʘʢʪʦʨʘʭ. 

ʅʘ ʬʦʪʦ ʠʟʦʙʨʘʞʝʥ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʜʥʦʡ ʠʟ ʩʝʢʮʠʠ ʉʆʊ. 

site Siemens 

ʅʦʚʘʷ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʘʷ ʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ ʥʘ 19 ʊʣ 

ɸʥʛʣʠʡʩʢʦʡ ʢʦʤʧʘʥʠʝʡ Oxford Instruments ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʩʤʦʥʪʠ-

ʨʦʚʘʥʘ ʚ ʜʨʝʟʜʝʥʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

(Hochfeld-Magnetlabor Dresden - HLD) ʢʦʤʧʘʢʪʥʘʷ ʤʘʛʥʠʪʥʘʷ ʩʠ-

ʩʪʝʤʘ ʩ ʠʥʜʫʢʮʠʝʡ 19 ʊʣ ʚ ʨʘʙʦʯʝʤ ʦʪʚʝʨʩʪʠʠ ʜʠʘʤʝʪʨʦʤ 150 ʤʤ. 

ʄʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4,2 ʂ. ʈʝʢʦʨʜʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʘʥʝʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʪʨʝʙʦʚʘʣʘʩʴ ʙʦʣʝʝ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ - 2,2 ʂ) ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ 

ʙʣʘʛʦʜʘʨʷ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʨʝʰʝʥʠʷʤ ʥʠʦʙʠʡ-

ʦʣʦʚʷʥʥʳʭ ʦʙʤʦʪʦʢ, ʩʧʦʩʦʙʥʳʭ ʚʳʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝ-

ʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ. ɿʘʧʘʩʝʥʥʘʷ ʚ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʝ ʵʥʝʨʛʠʷ ʩʦ-

ʩʪʘʚʣʷʝʪ 5,7 ʄɼʞ. ʅʠʦʙʠʡ-ʦʣʦʚʷʥʥʳʡ ʧʨʦʚʦʜʥʠʢ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ 

ʚ ʢʦʤʧʘʥʠʠ Oxford Superconducting Technology (ʉʐɸ) ʧʦ ʪʝʭʥʦ-

ʣʦʛʠʠ ʩ ʚʥʫʪʨʝʥʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʜʧʠʪʢʠ. ʄʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ  
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 ʀ ʜʘʣʝʝé 
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ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ  

ʜʣʠʥʥʦʤʝʨʥʳʭ ɺʊʉʇ-2 ʣʝʥʪ 

(ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʧʦ ʤʘʪʝʨʠʘʣʘʤ 

ʢʦʥʬʝʨʝʥʮʠʠ Coated Conductors for 

Application-2014)   2 

ɿɸʈʋɹɽɾʅʓɽ ʌʀʈʄʓ ʀ  

ʀʍ ʈɸɿʈɸɹʆʊʂʀ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ɺʊʉʇ-2 ʧʨʦʚʦʜʥʠ-

ʢʦʚ ʚ ʢʦʤʧʘʥʠʠ Fujikura  7 

ɼʀɹʆʈʀɼ ʄɸɻʅʀʗ MgB2 

ʇʨʦʛʨʝʩʩ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ MgB2 ʧʨʦʚʦʜʥʠʢʦʚ ʠ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʠʭ ʦʩʥʦʚʝ  9 
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ʙʫʜʝʪ ʚʦʩʪʨʝʙʦʚʘʥʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʚʝʜʝʥʠʷ 

ʥʘʥʦ- ʠ ʙʠʦ- ʦʙʲʝʢʪʦʚ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʩ 

ʮʝʣʴʶ ʧʦʠʩʢʘ ʧʫʪʝʡ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

site Nanotechnology Now 

ɺ ʫʣʴʪʨʘʪʦʥʢʠʭ ʧʣʝʥʢʘʭ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʜʦ-

ʩʪʠʛʥʫʪʘ ʢʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʰʝ 100 

ʂ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʥʦʩʣʦʷ ʭʘʣʴʢʦʛʝʥʠʜʘ ʞʝʣʝʟʘ FeSe 

ʥʘ ʣʝʛʠʨʦʚʘʥʥʦʡ ʥʠʦʙʠʝʤ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʧʦʜʣʦʞʢʝ SrTiO3, ʧʨʦʚʝʜʝʥʥʦʝ ʢʦʣʣʝʢʪʠʚʦʤ ʢʠʪʘʡ-

ʩʢʠʭ ʫʯʝʥʳʭ, ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʩʚʝʨʭ-

ʧʨʦʚʦʜʷʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ 109 ʂ. ʅʘ ʦʩʥʦʚʝ ʠʟʤʝ-

ʨʝʥʥʳʭ ʧʨʠ 3 ʂ ʯʝʪʳʨʝʭʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ 

ʚʦʣʴʪ-ʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʮʝʥʝʥʳ ʚʝʣʠʯʠʥʳ 

ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ - 1,3ʭ10
7
 ɸ/ʩʤ2 ʠ ʢʨʠ-

ʪʠʯʝʩʢʦʛʦ ʧʦʣʷ - 112 ʊʣ. ɺʧʝʯʘʪʣʷʝʪ ʧʦʯʪʠ 20-ʪʠ 

ʢʨʘʪʥʘʷ ʨʘʟʥʠʮʘ ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʫ ʤʦʥʦ-

ʩʣʦʷ ʠ ʤʘʩʩʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (5,5 ʂ). ʄʝʭʘʥʠʟʤ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʚʝʨʭʧʨʦʚʦ-

ʜʠʤʦʩʪʠ ʚ ʩʪʦʣʴ ʪʦʥʢʠʭ ʩʣʦʷʭ ʧʦʢʘ ʥʝ ʷʩʝʥ, ʦʜʥʘʢʦ 

ʥʝ ʠʩʢʣʯʁʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʤʘʩʩʠʚʘ ʢ ʪʦʥʢʠʤ ʧʣʝʥʢʘʤ ʠʛʨʘʝʪ ʫʩʠʣʝʥʠʝ ʵʣʝʢ-

ʪʨʦʥ-ʬʦʥʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʧʣʝʥʢʘ/ʧʦʜʣʦʞʢʘ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʩʪʘ-

ʥʫʪ ʩʪʠʤʫʣʦʤ ʢ ʧʦʠʩʢʫ ʥʦʚʳʭ ɺʊʉʇ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ. 

        

 

ʈʠʩ. ʘ) ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʣʝ-

ʥʦʢ FeSe ʚ ʧʦʧʝʨʝʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʠ ʙ) ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʧʦʧʝʨʝʯʥʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 
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ɸ.ʂ.ʏʝʨʥʳʰʝʚʘ 

ɺɽʉʊʀ ʉ ʂʆʅʌɽʈɽʅʎʀʁ  

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʜʣʠʥʥʦʤʝʨʥʳʭ ɺʊʉʇ-2 ʣʝʥʪ 

(ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʢʦʥʬʝʨʝʥʮʠʠ 

Coated Conductors for Application-2014) 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʤʝʪʠʣʩʷ ʩʪʘʙʠʣʴʥʳʡ ʨʦʩʪ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʠʥʥʦʤʝʨʥʳʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʣʝʥʪ 2-ʛʦ ʧʦʢʦʣʝʥʠʷ (ɺʊʉʇ-2). ʕʪʦ ʧʨʦʠʟʦʰʣʦ ʢʘʢ 

ʙʣʘʛʦʜʘʨʷ ʙʫʨʥʦʤʫ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ, ʪʘʢ ʠ ʠʟ-ʟʘ ʨʦʩʪʘ ʩʧʨʦʩʘ ʥʘ ɺʊʉʇ ʧʨʦʚʦʜʥʠʢ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʰʝʩʪʴ ʢʦʤ-

ʧʘʥʠʡ ʚ ʤʠʨʝ ʧʨʦʠʟʚʦʜʷʪ ʜʣʠʥʥʦʤʝʨʥʳʝ ɺʊʉʇ-2 

ʣʝʥʪʳ. ʊʘʢʞʝ ʚʝʜʫʪʩʷ ʤʘʩʰʪʘʙʥʳʝ ʨʘʙʦʪʳ ʧʦ ʩʦ-

ʟʜʘʥʠʶ ʠ ʚʥʝʜʨʝʥʠʶ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʣʠʥʥʦʤʝʨʥʳʭ ɺʊʉʇ-2 ʣʝʥʪ, 

ʪʘʢʦʛʦ ʢʘʢ ʢʘʙʝʣʠ, ʦʛʨʘʥʠʯʠʪʝʣʠ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʤʦʪʦʨʳ ʠ ʛʝʥʝʨʘʪʦʨʳ. 

ʂʘʢ ʙʳʣʦ ʟʘʷʚʣʝʥʦ ʥʘ ʧʨʦʰʝʜʰʝʡ ʚ ʥʦʷʙʨʝ-ʜʝʢʘʙʨʝ 

ʢʦʥʬʝʨʝʥʮʠʠ CCA-2014, ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʦʜʥʦʛʦ ʦʪ-

ʨʝʟʢʘ ɺʊʉʇ ʧʨʦʚʦʜʥʠʢʘ ʫʞʝ ʧʨʝʚʳʰʘʝʪ 500 ʤ. 

ɸʤʝʨʠʢʘʥʩʢʠʝ ʢʦʤʧʘʥʠʠ American Superconductors 

ʠ SuperPower , ʢʦʨʝʡʩʢʘ ̫ʢʦʤʧʘʥʠ ̫ Sunam ʚrʰʣʠ 

ʥʘ ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 200 ʢʤ ʚ ʛʦʜ. ʗʧʦʥʩʢʘʷ 

ʢʦʨʧʦʨʘʮʠʷ Fujikura, ʨʦʩʩʠʡʩʢʦ-ʷʧʦʥʩʢʘʷ ʢʦʤʧʘʥʠʷ 

SuperOx ʠ ʥʝʤʝʮʢʘʷ ʢʦʨʧʦʨʘʮʠʷ Bruker (BHTS) 

ʩʧʦʩʦʙʥʳ ʧʨʦʠʟʚʦʜʠʪʴ ʙʦʣʝʝ 10 ʢʤ ɺʊʉʇ ʧʨʦʚʦʜ-

ʥʠʢʘ ʚ ʛʦʜ ʢʘʞʜʘʷ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʚ ʵʪʦʤ ʛʦʜʫ ʢ 

ʥʠʤ ʧʨʠʩʦʝʜʠʥʷʪʩʷ ʜʚʝ ʥʝʤʝʮʢʠʝ ʢʦʤʧʘʥʠʠ - Theva 

ʠ Deutche Nanoschicht, ʘ ʪʘʢʞʝ ʘʤʝʨʠʢʘʥʩʢʘʷ ʢʦʤ-

ʧʘʥʠʷ Superconductor Technologies Inc. (STI), ʢʦʪʦ-

ʨʳʝ ʩʝʡʯʘʩ ʘʢʪʠʚʥʦ ʟʘʥʷʪʳ ʥʘʣʘʜʢʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ ʦʪʨʘʙʦʪʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʅʘ ʩʪʘʜʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʥʘʭʦʜʷʪʩʷ ʝʱʝ ʩʝʤʴ ʢʦʤ-

ʧʘʥʠʡ, ʠʟ ʥʠʭ ʪʨʠ ʢʠʪʘʡʩʢʠʭ, ʦʜʥʘ ʷʧʦʥʩʢʘʷ, ʦʜʥʘ 

ʘʤʝʨʠʢʘʥʩʢʘʷ, ʦʜʥʘ ʠʩʧʘʥʩʢʘʷ, ʘ ʪʘʢʞʝ ʦʧʳʪʥʘʷ ʧʠ-

ʣʦʪʥʘʷ ʣʠʥʠʷ ʚ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʢʦ-

ʪʦʨʘʷ ʩʪʘʥʝʪ ʙʘʟʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʚʦʛʦ ʚ ʈʦʩʩʠʠ 

ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʠʥʥʦʤʝʨʥʳʭ ɺʊʉʇ-2 

ʣʝʥʪ. ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʧʦ ʦʪʤʝʯʝʥʥʳʤ ʚʳʰʝ ʢʦʤ-

ʧʘʥʠʷʤ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 1. 

ɺʊʉʇ-2 ʣʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʝʩʴʤʘ ʥʘʫʢʦ-

ʝʤʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʥʦ-

ʛʦʦʙʨʘʟʥʳ ʠ ʤʦʛʫʪ ʦʩʥʦʚʳʚʘʪʴʩʷ ʢʘʢ ʥʘ ʭʠʤʠʯʝ-

ʩʢʠʭ, ʪʘʢ ʠ ʥʘ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʚ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʨʘʩʩʤʦʪʨʝʥʳ 

ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʚʝʜʫʱʠʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ, ʪʝʤ ʙʦʣʝʝ, ʯʪʦ ʪʝʭʥʦ-

ʣʦʛʠʷ ʦʧʨʝʜʝʣʷʝʪ ʢʘʢ ʢʘʯʝʩʪʚʦ, ʪʘʢ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʛʦʜʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʠ ʝʝ ʩʪʦʠʤʦʩʪʴ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʦʜʣʦʞʢʠ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝ ʢʦʤʧʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪ ʣʠʙʦ ʍʘʩʪʝʣʣʦʡ (ʉ-276), 

ʣʠʙʦ ʧʦʣʠʨʦʚʘʥʥʫʶ ʥʝʨʞʘʚʝʶʱʫʶ ʣʝʥʪʫ ʩ ʰʝʨʦ-

ʭʦʚʘʪʦʩʪʴʶ Ra=2-5 ʥʤ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ 

ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʝʤʘʛʥʠʪʥʳʝ. ʊʦʣʴʢʦ ʦʜʥʘ ʢʦʤ-

ʧʘʥʠʷ (AMSC) ʧʨʦʜʦʣʞʘʝʪ ʚʳʧʫʩʢ ʜʣʠʥʥʦʤʝʨʥʳʭ 

ɺʊʉʇ-2 ʣʝʥʪ ʥʘ RABiTS ʧʦʜʣʦʞʢʘʭ (ʩʤ. ʨʠʩ. 1) ʠʟ 

http://www.nanotech-now.com/news.cgi?story_id=50906
http://www.nature.com/nmat/journal/v14/n3/abs/nmat4153.html
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ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʭʦʨʦʰʠʤ ʦʩʚʦʝʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1 ʧʦʜʣʦʞʢʠ ʩ ʙʫʬʝʨʥʳʤʠ ʪʝʢʩʪʫ-

ʨʠʨʦʚʘʥʥʳʤʠ ʩʣʦʷʤʠ ʜʣʷ ʜʣʠʥʥʦʤʝʨʥʳʭ ɺʊʉʇ-2 

ʣʝʥʪ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʤʝʪʦʜʦʤ IBAD 

(ʦʩʘʞʜʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʠʦʥʥʦʛʦ ʧʫʯʢʘ). ɺ ʢʘʯʝʩʪʚʝ ʙʫʬʝʨʥʦʛʦ ʪʝʢʩʪʫʨʠʨʦ-

ʚʘʥʥʦʛʦ ʩʣʦʷ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʢʩʠʜ ʤʘʛʥʠʷ 

MgO, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ɺʊʉʇ YBCO ʧʦʢʨʳʪʠʷ ʩ ʧʦʜʣʦʞʢʦʡ. ʀʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʙʫʬʝʨʥʦʛʦ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʦʙʫ-

ʩʣʦʚʣʝʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʦʩʪʠʞʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʠʘʢʩʠʘʣʴʥʦʡ ʪʝʢʩʪʫʨʳ 

ʟʘ ʚ 50-200 ʨʘʟ ʤʝʥʴʰʠʝ ʚʨʝʤʝʥʘ, ʯʝʤ ʜʣʷ ʜʨʫʛʠʭ 

ʢʫʙʠʯʝʩʢʠʭ ʦʢʩʠʜʦʚ (ʨʠʩ. 2). 

 

ʈʠʩ. 1. ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʜʣʠʥʥʦʤʝʨʥʳʭ ɺʊʉʇ-2 ʣʝʥʪ 

 

 

ʈʠʩ. 2. ʉʚʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʜʣʠʥʥʦʤʝʨʥʳʭ ɺʊʉʇ-2 ʣʝʥʪ ʚ ʤʠʨʝ  

ʠʩʧʦʣʴʟʫʶʱʠʭ ʚ ʩʚʦʝʡ ʪʝʭʥʦʣʦʛʠʠ IBAD ʤʝʪʦʜ ʥʘʥʝʩʝʥʠ ̫ʙʫʬʝʨʥʳʭ ʧʦʢʨʳʪʠʡ.  

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʪʁ, ʧʦ ʢʨʘʡʥʝʡ ʤʝ-

ʨʝ, ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦ ʪʝʢʩʪʫ-

ʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ 

ReBCO: ʭʠʤʠʯʝʩʢʠʡ ʠ ʬʠʟʠʯʝʩʢʠʡ. ʂ ʭʠʤʠʯʝʩʢʠʤ 
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ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ʤʝʪʦʜ ʨʘʟʣʦʞʝʥʠʷ ʤʝʪʘʣʣʦʦʨʛʘ-

ʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (MOD), ʠʩʧʦʣʴʟʫʝʤʳʡ ʢʦʤ-

ʧʘʥʠʝʡ AMSC, ʤʝʪʦʜ ʦʩʘʞʜʝʥʠʷ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ 

ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (MOCVD) - Su-

perPower, ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦ-ʠʩʧʘʨʝʥʠʷ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘʞʜʝʥʠʝʤ ʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠ-

ʝʡ (RCE-DR) - SUNAM. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦ RCE-DR 

ʤʝʪʦʜʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ ʚʳʧʫʩʢʝ 4. ʪ.11.  

ʄʝʪʦʜ RCE-DR ʷʚʣʷʝʪʩʷ ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʧʨʦʮʝʩ-

ʩʦʤ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʙʳʩʪʨʦʛʦ ʩʦ-ʠʩʧʘʨʝʥʠʷ 

ʤʠʰʝʥʝʡ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʠʟʢʦʤ ʧʘʨʮʠ-

ʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʞʠ-

ʛʦʤ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʳʩʦʢʦʤ ʧʘʨʮʠʘʣʴ-

ʥʦʤ ʜʘʚʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ (ʩʤ. ʨʠʩ. 3). 

 

ʈʠʩ. 3.  ʉʭʝʤʘ RCE-DR ʧʨʦʮʝʩʩʘ 

ɸʣʛʦʨʠʪʤ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʷʪʴ ʩʦ-

ʩʪʘʚ ʥʘʧʳʣʷʝʤʦʛʦ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ ʚ ʥʫʞʥʦʡ ʩʪʝ-

ʭʠʦʤʝʪʨʠʠ, ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʢʘʞʜʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʚʘʨʮʝʚʳʭ 

ʠʟʤʝʨʠʪʝʣʝʡ ʪʦʣʱʠʥʳ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ 

ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʯʢʦʚ. ɺ ʧʨʦʮʝʩʩʝ RCE-DR ʣʝʥʪʳ, ʥʘ 

ʢʦʪʦʨʳʭ ʩʥʘʯʘʣʘ ʬʦʨʤʠʨʫʝʪʩʷ ʘʤʦʨʬʥʳʡ ʩʣʦʡ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜ ʥʠʟ-

ʢʠʤ ʜʘʚʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʥʥʦ-

ʛʦ ʧʫʯʢʘ, ʥʝʧʨʝʨʳʚʥʦ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʚʳʩʦʢʦʪʝʤʧʝ-

ʨʘʪʫʨʥʫʶ ʧʝʯʴ, ʠʤʝʶʱʫʶ ʜʚʝ ʟʦʥʳ ʩ ʨʘʟʣʠʯʥʳʤ 

ʧʘʨʮʠʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʬʘʟʳ. ʆʩʥʦʚʥʤrʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ 

ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʩʦ-

ʠʩʧʘʨʝʥʠʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʘʨʮʠʘʣʴʥʦʤ 

ʜʘʚʣʝʥʠʠ, ʘ ʪʘʢʞʝ ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (<<30 c) 

ʘʤʦʨʬʥʦʡ ʩʪʝʢʣʦʦʙʨʘʟʥʦʡ ʬʘʟʳ ʚ ʩʚʝʨʭʧʨʦʚʦʜʷ-

ʱʫʶ ʬʘʟʫ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʳʩʦʢʦʤ 

ʧʘʨʮʠʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪ-

ʤʝʪʠʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ɺʊʉʇ-2 ʣʝʥʪʳ 

ʰʠʨʠʥʦʡ 4 ʤʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʩʦ-

ʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 360 ʤ/ʯ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʪ ʤʝʪʦʜ 

ʦʪʣʠʯʘʝʪʩʷ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ. ʀʤʝʥʥʦ ʧʦ 

ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʢʦʤʧʘʥʠʷ SUNAM ʷʚʣ̫ʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʣʠʜʝʨʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʣʠʥʥʦʤʝʨʥʳʭ ɺʊʉʇ-2 

ʣʝʥʪ (Ic=800 ɸ/ʩʤ ʰʠʨʠʥʳ 12 ʤʤ ʣʝʥʪʳ), ʯʪʦ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪʩʷ ʠʟʤʝʨʝʥʠʷʤʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ (ʩʤ. 

ʨʠʩ. 4). 

 

 

 

ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ ʜʣʠʥʥʦʤʝʨʥʦʡ 

ɺʊʉʇ-2 ʣʝʥʪ ʰʠʨʠʥʦʡ 12 ʤʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ 

Sunam 

ʅʘ ʈʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʡ 

ʠʥʞʝʥʝʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʨʘʟʣʠʯʥʳʭ ɺʊʉʇ-2 

ʣʝʥʪ ʦʪ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

40 ʂ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʝʝ ʟʘʤʝʪʥʳʡ ʩʧʘʜ 

ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ɺʊʉʇ-2 ʣʝʥʪ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʤʧʘʥʠʷʤʠ Sunam ʠ AMSC, ʪʦʛʜʘ ʢʘʢ ʧʨʦʚʦʜʥʠʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ SuperPower, Fujikura ʠ Bruker ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʣʫʯʰʝ ʚʝʜʫʪ ʩʝʙʷ ʧʨʠ ʨʘʙʦʪʝ ʚ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ.  

 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ɺʊʉʇ-2 

ʣʝʥʪ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

40 ʂ ʚ ʧʦʣʷʭ ʜʦ 20 ʊʣ. 

ʂ ʦʩʥʦʚʥʦʤʫ ʬʠʟʠʯʝʩʢʦʤʫ ʤʝʪʦʜʫ ʥʘʧʳʣʝʥʠʷ ɺʊʉʇ 

ʩʣʦʷ ʦʪʥʦʩʠʪʩʷ ʤʝʪʦʜ ʠʤʧʫʣʴʩʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʦʩʘ-

ʞʜʝʥʠʷ (PLD). ʕʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ ʠʟʫʯʝʥ-

ʥʳʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤ. ʂʦʥʮʝʧʮʠʷ ʤʝʪʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʤʧʫʣʴʩʥʳʡ ʣʘʟʝʨʥʳʡ ʧʫʯʦʢ 

ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʠʩʧʘʨʝʥʠʶ ʚʝʱʝʩʪʚʘ ʩ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʤʠʰʝʥʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʦʙʣʘʜʘʶʱʝʛʦ ʚʳʩʦʢʦʡ 

ʵʥʝʨʛʠʝʡ ʧʣʘʟʤʝʥʥʦʛʦ ʬʘʢʝʣʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʝʱʝʩʪʚʦ 

ʦʩʘʞʜʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ɼʣʠʥʘ ʚʦʣʥʳ, ʜʣʠʪʝʣʴ-

ʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʠ ʵʥʝʨʛʠʷ ʦʜʠʥʦʯʥʦʛʦ ʠʤʧʫʣʴʩʘ ʷʚ-

ʣʷʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ. ʍʘ-
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ʨʘʢʪʝʨʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʣʘʟʝʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʠʰʝʥʠ ʩʦʩʪʘʚʣʷʝʪ 1-3 ɼʞ/ʩʤ
2
, ʘ ʭʘʨʘʢʪʝʨʥʳʡ ʥʠʞ-

ʥʠʡ ʧʨʝʜʝʣ ʜʣʠʥʳ ʚʦʣʥʳ ʣʘʟʝʨʘ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʧʦ-

ʨʷʜʢʘ 200 ʥʤ. ɹʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴ-

ʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʢʣʘʜʦʚ ʧʦ ʧʦʣʫʯʝʥʠʶ ʜʣʠʥʥʦʤʝʨ-

ʥʳʭ ɺʊʉʇ-2 ʣʝʥʪ ʵʪʠʤ ʤʝʪʦʜʦʤ. ʗʨʢʠʤ ʧʦʜʪʚʝʨ-

ʞʜʝʥʠʝʤ ʵʪʦʛʦ ʷʚʣʷʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʜʦʣʦʞʝʥʥʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʧʦ ʚʣʠʷʥʠʶ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʢʨʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʩʤ. ʨʠʩ. 5 ʠ 6).  

ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʨʭʠʪʝʢʪʫʨʳ ʜʣʠʥʥʦʤʝʨ-

ʥʳʭ ɺʊʉʇ-2 ʣʝʥʪ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝ-

ʣʝʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ. ʕʪʦ ʢʦʤʧʘʥʠʠ 

AMSC, Sunam, SuperPower, Fujikura, SuperOx ʠ 

Bruker. 

 
ʈʠʩ. 6. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʦ ʜʣʠʥʝ ʜʣʠʥ-

ʥʦʤʝʨʥʦʡ ɺʊʉʇ-2 ʣʝʥʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ  

SuperOx 

 

 

 

ʘ 
 

ʙ 

 

ʚ 

 

 

 

ʛ 

 

 

ʜ 

 

 

ʝ 

ʈʠʩ. 7. ʉʭʝʤʘʪʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʜʣʠʥʥʦʤʝʨʥʳʭ ɺʊʉʇ-2 ʣʝʥʪ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ.  

ʘ) - American Superconductors, ʙ) - Sunam, ʚ) - SuperPower, ʛ) - Fujikura, ʜ) - SuperOx, ʝ) - Bruker 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʝʛʨʘʜʦʡ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ ɺʊʉʇ-2 ʣʝʥʪ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʢʘʢ ʩʪʦʠʤʦʩʪʴ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʠ 

ʩʪʦʠʤʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʦʤʠʥʠʨʫ-

ʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʦ ʩʪʦʠʤʦʩʪʠ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ, ʢʨʦʤʝ ʩʝʨʝʙʨʘ ʷʚʣʷʝʪʩʷ ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʤʠʰʝʥʝʡ ʜʣʷ ʩʚʝʨʭʧʨʦʚʦʜʷɦ ʝʛʦ ʧʦʢʨʳʪʠʷ, ʘ ʪʘʢʞʝ 

ʩʪʦʠʤʦʩʪʴ ʧʦʜʣʦʞʢʠ, ʠʭ ʩʥʠʞʝʥʠʝ ʧʦʟʚʦʣʠʪ ʩʥʠ-

ʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ (ʨʠʩ. 8).  
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ʈʠʩ. 8 ʆʮʝʥʢʘ ʩʪʦʠʤʦʩʪʠ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 
ʈʠʩ. 9. ʉʨʘʚʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ RCE-CDR ʠ RCE-DR 

 

ʈʠʩ. 10 ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʦʣʦ-

ʛʠʠ RCE-DR ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ RCE-CDR 

ʅʘ ʢʦʥʬʝʨʝʥʮʠʠ CCA-2014 ʢʦʤʧʘʥʠʝʡ iBeam ʥʘ 

ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʤʝʪʦʜʦʚ ï RCE-CDR ʠ RCE-

DR(LATS) ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʫʜʝʰʝʚ-

ʣʝʥʠʶ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲ-

ʝʤʦʚ ʚʳʧʫʩʢʘ ʜʦ 5000 ʢʤ/ʛʦʜ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʈʠʩ. 9 ʩʨʘʚʥʝʥʠʷ ʤʝʪʦʜʦʚ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʤ ʧʨʦʮʝʩʩʦʤ, ʧʦ ʤʥʝʥʠʶ ʢʦʤʧʘʥʠʠ 

iBeam, ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ RCE-DR. ʕʪʦʪ ʧʨʦʮʝʩʩ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 

ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘʧʳʣʝʥʠʷ YBCO 

ʧʦʢʨʳʪʠʷ. ʅʘ ʈʠʩ. 10 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʮʝʥʢʘ ʩʪʦʠʤʦ-

ʩʪʠ 1 ʢɸ/ʤ ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʧʨʦʮʝʩʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤ 

ʧʨʦʮʝʥʪʦʤ ʚʳʭʦʜʘ ʛʦʜʥʦʛʦ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ 

ɺʊʉʇ-2 ʣʝʥʪʳ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʫʩʢʘʪʴ ʚ 

ʪʝʯʝʥʠʝ ʛʦʜʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʧʨʦʚʦʜʥʠʢʘ. 

ʉʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ ʢʦʤʧʘʥʠʠ Theva, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʣʘʥʘ ʢʦʤʧʘʥʠʠ iBeam, ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ ʪʦʣ-

ʱʠʥʫ ɺʊʉʇ ʧʦʢʨʳʪʠʷ ʩ 3 ʤʢʤ ʜʦ 4,5 ʤʢʤ (ʫʤʝʥʴ-

ʰʝʥʠʝ ʟʘʪʨʘʪ ʥʘ 12%), ʧʦʚʳʩʠʪʴ ʧʣʦʪʥʦʩʪʴ ʢʨʠʪʠ-

ʯʝʩʢʦʛʦ ʪʦʢʘ ʩ 1,5 ʄɸ/ʩʤ
2
 ʜʦ 2 ʄɸ/ʩʤ

2
 (ʫʤʝʥʴʰʝ-

ʥʠʝ ʟʘʪʨʘʪ ʥʘ 14%), ʘ ʪʘʢʞʝ ʧʨʦʚʝʩʪʠ ʨʷʜ ʜʨʫʛʠʭ 

ʜʝʡʩʪʚʠʡ, ʠ ʚ ʠʪʦʛʝ, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ 80% (ʈʠʩ. 

11). ʕʪʦ ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ 3 ʣʝʪ ʥʝʦʙ-

ʭʦʜʠʤʦ ʙʫʜʝʪ ʫʚʝʣʠʯʠʪʴ ʚʳʧʫʩʢ ɺʊʉʇ-2 ʣʝʥʪ 

ʚʜʚʦʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʘʤʙʠʮʠʦʟʥʳʤ ʧʣʘ-

ʥʦʤ, ʘ ʩʥʠʞʝʥʠʝ ʮʝʥʳ ɺʊʉʇ ʧʨʦʚʦʜʘ ʜʦ ʫʨʦʚʥʷ 

5$/ʢɸʤ - ʚʝʩʴʤʘ ʦʧʪʠʤʠʩʪʠʯʥʳʤ (ʈʠʩ. 12). ɺ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʥʦʚ, ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʢʦʤʧʘʥʠʝʡ iBeam, ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʩʪʘʙʠʣʴʥʦ 

ʨʘʩʪʫʱʝʛʦ ʨʳʥʢʘ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʧʨʦʜʫʢʮʠʠ, ʢʦ-

ʪʦʨʳʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪ-

ʩʪʚʫʝʪ ʚʦ ʚʩʝʤ ʤʠʨʝ. 

ʈʠʩ. 11. ʇʣʘʥ ʫʜʝʰʝʚʣʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʚʳʧʫʩʢʘʝʤʳʭ 

ɺʊʉʇ-2 ʣʝʥʪ 

 

ʈʠʩ. 12. ʇʨʦʛʥʦʟ ʫʤʝʥʴʰʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʢʦʥʝʯʥʦʡ ʧʨʦ-

ʜʫʢʮʠʠ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʫʨʦʚʥʝʤ ʤʠʨʦʚʦʛʦ ʦʙʲʝʤʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ɺʊʉʇ-2 ʣʝʥʪ ʚ ʛʦʜ (iBeam) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʜʘʥʥʳʤ ʜʦʢʣʘʜʦʚ ʢʦʥʬʝʨʝʥʮʠʠ, 

ʚ ʣʠʜʝʨʘʭ ʨʳʥʢʘʭ ʥʘʭʦʜʷʪʩʷ ʢʦʤʧʘʥʠʠ, ʧʨʦʠʟʚʦʜ-

ʩʪʚʦ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʦ ʥʘ ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ 

ʦʩʘʞʜʝʥʠʷ. ʕʪʦ ʢʦʤʧʘʥʠʠ Sunam, American Super-


