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5 

 

ɺɺɽɼɽʅʀɽ 

 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʩʪʨʫʢʮʠʡ, ʠʟʛʦʪʦʚʣʝʥʠ ʁ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʦʙʨʘʟʮʦʚ ʩʠʣʴʥʦʪʦʯʥʳʭ ʪʦʢʦʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ (ʊʅʕ) ʠʟ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʭ (ɺʊʉʇ) ʣʝʥʪ 2-ʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʮʝʣʴʶ 

ʩʦʟʜʘʥʠʷ ʩʠʣʴʥʦʪʦʯʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʭ ʫʩʪʨʦʡʩʪʚ. ɼʣʷ ʣʶʙʦʛʦ ɺʊʉʇ 

ʫʩʪʨʦʡʩʪʚʘ ʩ ʨʘʙʦʯʠʤ ʪʦʢʦʤ, ʧʨʝʚʳʰʘʶʱʠʤ ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ ɺʊʉʇ ʣʝʥʪʳ, 

ʥʝʦʙʭʦʜʠʤ ʩʠʣʴʥʦʪʦʯʥʳʡ ʊʅʕ.  

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ï ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʣʴʥʦʪʦʯʥʳʭ ʊʅʕ ʜʣʷ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ. ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ, ʬʠʥʘʥʩʠʨʫʝʤʳʭ ɻʂ 

çʈʦʩʘʪʦʤè: 

- ʨʘʟʨʘʙʦʪʢʘ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʦʛʨʘʥʠʯʠʪʝʣʷ ʪʦʢʘ (ʉʆʊ) ʨʝʟʠʩʪʠʚʥʦʛʦ 

ʪʠʧʘ ʩ ʊʅʕ ʠʟ ʤʥʦʛʠʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ɺʊʉʇ ʣʝʥʪ; 

- ʨʘʟʨʘʙʦʪʢʘ ʛʠʙʢʠʭ ʪʦʢʦʧʦʜʚʦʜʦʚ ʜʣʷ ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʤʘʛʥʠʪʦʚ ʠ ʫʩʪʨʦʡʩʪʚ 

ʪʝʨʤʦʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ; 

- ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʪʦʪʠʧʘ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʠʥʜʫʢʪʠʚʥʦʛʦ ʥʘʢʦʧʠʪʝʣʷ 

ʵʥʝʨʛʠʠ (ʉʇʀʅ) ʤʝʛʘʜʞʦʫʣʴʥʦʛʦ ʢʣʘʩʩʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʡ ʚ ʵʥʝʨʛʝʪʠʢʝ ʠ ʥʘ 

ʪʨʘʥʩʧʦʨʪʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʛʠʙʢʦʛʦ 

ʛʝʣʠʢʦʠʜʘʣʴʥʦʛʦ ʊʅʕ ʚ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʢʘʢ:  

- ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʪʦʢʘʤʘʢʦʚ, ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʦʧʦʣʝʚʳʝ ʚʩʪʘʚʢʠ ʜʣʷ 

ʪʦʨʦʠʜʘʣʴʥʳʭ ʤʘʛʥʠʪʦʚ; 

- ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʤʦʱʥʳʭ ʤʝʞʦʨʙʠʪʘʣʴʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ 

ʤʘʛʥʠʪʥʦʡ ʟʘʱʠʪʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʦʪ ʨʘʜʠʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ; 

- ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʫʩʢʦʨʠʪʝʣʝʡ ʯʘʩʪʠʮ (ʚʳʩʦʢʦʧʦʣʝʚʳʝ ʚʩʪʘʚʢʠ); 

- ʵʣʝʢʪʨʦʤʘʰʠʥʳ; 

- ʪʦʢʦʦʛʨʘʥʠʯʠʪʝʣʠ ʠʥʜʫʢʪʠʚʥʦʛʦ ʪʠʧʘ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʊʅʕ ʜʣʷ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʠʭ 

ʪʦʢʦʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʧʦʪʝʨʠ, ʨʘʜʠʫʩ ʠʟʛʠʙʘ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, 
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ʪʝʧʣʦʚʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʆʩʦʙʳʤ ʢʣʘʩʩʦʤ 

ʩʠʣʴʥʦʪʦʯʥʳʭ ɺʊʉʇ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʶʪʩʷ ʨʝʟʠʩʪʠʚʥʳʝ ʪʦʢʦʦʛʨʘʥʠʯʠʪʝʣʠ, ʊʅʕ 

ʢʦʪʦʨʳʭ ʜʦʣʞʝʥ ʙʳʪʴ ʫʩʪʦʡʯʠʚ ʢ ʤʥʦʛʦʢʨʘʪʥʳʤ ʧʝʨʝʛʨʫʟʢʘʤ ʧʦ ʪʦʢʫ, 

ʤʥʦʛʦʢʨʘʪʥʳʤ ʙʳʩʪʨʳʤ ʨʘʟʦʛʨʝʚʘʤ ʠ ʠʤʝʪʴ ʤʘʣʦʝ ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʨʘʙʦʯʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʢʨʘʪʢʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʘʢ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʩʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʦʚ ʊʅʕ ʨʝʟʠʩʪʠʚʥʳʭ ʉʆʊ ʠʟ 

ʤʥʦʛʠʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ɺʊʉʇ-2 ʣʝʥʪ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʙʦʯʠʭ 

ʫʩʣʦʚʠʷʭ, ʧʦʜʛʦʪʦʚʢʘ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʢ ʧʨʠʤʝʥʝʥʠʶ. 

2. ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʡ ʛʠʙʢʦʛʦ ʩʠʣʴʥʦʪʦʯʥʦʛʦ ʊʅʕ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ ʠʟ 

ɺʊʉʇ-2 ʣʝʥʪ, ʥʘʤʦʪʘʥʥʳʭ ʛʝʣʠʢʦʠʜʘʣʴʥʦ ʤʥʦʛʠʤʠ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʣʝʥʪʘʤʠ 

ʚ ʥʝʩʢʦʣʴʢʦ ʚʩʪʨʝʯʥʳʭ ʩʣʦʝʚ ʥʘ ʛʠʙʢʠʝ ʬʦʨʤʝʨʳ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʠ 

ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʊʅʕ. ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʝʣʠʢʦʠʜʘʣʴʥʦʛʦ ʊʅʕ. ʉʦʟʜʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʣʠʥʥʦʤʝʨʥʳʭ ʢʫʩʢʦʚ 

ʛʝʣʠʢʦʠʜʘʣʴʥʦʛʦ ʊʅʕ, ʠ ʫʩʪʨʦʡʩʪʚ ʠʟ ʥʝʛʦ. ʈʝʢʦʤʝʥʜʘʮʠʠ ʢ ʧʨʠʤʝʥʝʥʠʶ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʛʠʙʢʦʛʦ ʊʅʕ ʚ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤʘʭ ʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʊʅʕ, ʩʦʟʜʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ  ʊʅʕ, ʚʳʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʢ ʠʟʛʦʪʦʚʣʝʥʠʶ ʩʠʣʴʥʦʪʦʯʥʳʭ ʊʅʕ ʠ 

ʫʩʪʨʦʡʩʪʚ ʠʟ ʥʠʭ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ: ʧʨʠʤʝʥʝʥʠʝ ʊʅʕ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʊʅʕ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ 

ʩʠʣʴʥʦʪʦʯʥʳʝ ɺʊʉʇ-2 ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ 

ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ. 
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1 ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

 

1.1 ʉʦʚʨʝʤʝʥʥʳʝ ɺʊʉʇ ʣʝʥʪʳ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ɺʊʉʇ ʣʝʥʪʳ 2-ʛʦ ʧʦʢʦʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʦʚʦʜʘ, ʚ ʢʦʪʦʨʳʭ ʩʣʦʡ ReBCO (Re ï ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ 

ʵʣʝʤʝʥʪ, Y, Gd, Eu ʠʣʠ Dy, BCʆ ï ʙʘʨʠʡ-ʤʝʜʴ-ʢʠʩʣʦʨʦʜ) ʢʝʨʘʤʠʢʠ ʥʘʥʝʩʝʥ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ (ʭʘʩʪʝʣʣʦʡ, ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ) 

ʧʦʜʣʦʞʢʫ. ʇʨʠʤʝʨ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ɺʊʉʇ ʣʝʥʪʳ 2-ʛʦ ʧʦʢʦʣʝʥʠʷ 

SCS4050 ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ SuperPower ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.1. ʅʘ ʵʪʦʤ 

ʨʠʩʫʥʢʝ ʚʠʜʝʥ 1 ʤʢʤ ʩʣʦʡ ʠʪʪʨʠʝʚʦʡ ʢʝʨʘʤʠʢʠ (ʪʦʣʱʠʥʘ ʩʣʦʷ ReBCO ʩʦʩʪʘʚʣʷʝʪ 

ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʣʝʥʪʘʭ ʦʪ 0,8 ʜʦ ~8 ʤʢʤ), ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʙʫʬʝʨʥʳʭ ʩʣʦʝʚ 

ʪʦʣʱʠʥʦʡ ʦʪ 7 ʜʦ 80 ʥʤ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʘʚʠʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ReBCO ʢʝʨʘʤʠʢʠ ʥʘ ʧʦʜʣʦʞʢʝ. ʇʨʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʠʢʘʭ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠ ʪʦʣʱʠʥʘ ʙʫʬʝʨʥʳʭ ʩʣʦʝʚ. ʉʘʤʘ ʧʦʜʣʦʞʢʘ, ʩ 

ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʦʡ ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʥʘ ʨʠʩʫʥʢʝ 1.1 ï 50 ʤʢʤ 

ʩʣʦʡ ʭʘʩʪʝʣʣʦʷ C276), ʠʤʝʝʪ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ɺʊʉʇ ʣʝʥʪ ʪʦʣʱʠʥʫ ʦʪ 

30 ʜʦ 100 ʤʢʤ. ʇʦʚʝʨʭ ʩʣʦʷ ɺʊʉʇ ʢʝʨʘʤʠʢʠ ʥʘʥʦʩʠʪʩʷ 1-2 ʤʢʤ ʩʣʦʡ ʩʝʨʝʙʨʘ ʜʣʷ 

ʟʘʱʠʪʳ ɺʊʉʇ ʢʝʨʘʤʠʢʠ ʦʪ ʚʨʝʜʥʦʛʦ ʜʣʷ ʥʝʝ ʚʣʠʷʥʠʷ ʘʪʤʦʩʬʝʨʳ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ. ɼʣʷ ʵʪʦʡ ʞʝ ʮʝʣʠ (ʢʦʥʪʘʢʪ), ʘ ʪʘʢʞʝ ʜʣʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ɺʊʉʇ ʣʝʥʪʳ, 

ʥʘʥʦʩʠʪʩʷ ʩʣʦʡ ʤʝʜʠ (ʦʙʳʯʥʦ ʢʣʘʩʩʘ ʦʯʠʩʪʢʠ ʄ00) ʪʦʣʱʠʥʦʡ ʦʪ 20 ʜʦ 50 ʤʢʤ. 

ʉʣʦʡ ʤʝʜʠ ʤʦʞʝʪ ʥʝ ʥʘʥʦʩʠʪʴʩʷ, ʝʩʣʠ ʥʫʞʥʦ ʧʦʣʫʯʠʪʴ ʣʝʥʪʫ ʩ ʤʘʣʦʡ ʧʨʦʜʦʣʴʥʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ (ʪʦʢʦʚʚʦʜʳ) ʠʣʠ ʩ ʙʦʣʴʰʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚ 

ʥʝʩʚʝʨʭʧʨʦʚʦʜʷʱʝʤ ʩʦʩʪʦʷʥʠʠ (ʪʦʢʦʦʛʨʘʥʠʯʠʪʝʣʠ). ʂʨʦʤʝ ʪʦʛʦ, ʚʤʝʩʪʦ ʤʝʜʠ ʠʣʠ 

ʚʤʝʩʪʝ ʩ ʤʝʜʴʶ ʤʦʞʥʦ ʥʘʥʦʩʠʪʴ ʣʘʪʫʥʴ, ʩʪʘʣʴ, ʜʨʫʛʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʫʞʥʳʭ ʪʝʧʣʦʚʳʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʐʠʨʠʥʘ ʣʝʥʪ 4-12 ʤʤ, 

ʧʨʠʯʝʤ ʚ ʣʶʙʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʛʜʝ ʚʘʞʥʘ ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʴ, ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʣʝʥʪʳ 4-5 ʤʤ ʰʠʨʠʥʳ. 
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ɺʊʉʇ ʣʝʥʪʘ 2-ʛʦ ʧʦʢʦʣʝʥʠʷ, ʧʦ ʜʘʥʥʳʤ ʥʘ ʢʦʥʝʮ 2014 ʛʦʜʘ, ʧʨʦʠʟʚʦʜʷʪʩʷ 

ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʚ ʉʐɸ (SuperPower, AMSC, STI), ʚ ʗʧʦʥʠʠ ï Fujikura, 

ʢʦʨʝʡʩʢʦʡ ʢʦʤʧʘʥʠʝʡ SuNAM, ʚ ɻʝʨʤʘʥʠʠ ï ʢʦʤʧʘʥʠʷʤʠ Bruker ʠ THEVA 

(ʧʦʩʣʝʜʥʷʷ ï ʥʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ).  

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʉʦʚʨʝʤʝʥʥʘʷ ɺʊʉʇ ʣʝʥʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ SuperPower 

 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ɺʊʉʇ ʣʝʥʪ 2-ʛʦ ʧʦʢʦʣʝʥʠʷ ʧʝʨʝʜ ʅʊʉʇ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, 

ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʠ ʚʦ ʚʩʝʭ ʟʘʜʘʯʘʭ, ʢʨʦʤʝ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʧʦʣʝʡ, ʙʦʣʝʝ ʣʝʛʢʦʝ ʧʦʜʜʝʨʞʘʥʠʝ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ.  

ɿʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ReBCO ʢʝʨʘʤʠʢʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.2, ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ɺʊʉʇ-2 

ʤʘʛʥʠʪʦʚ ʙʫʜʫʪ ʦʛʨʘʥʠʯʝʥʳ ʪʦʣʴʢʦ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʤʦʪʦʢ, 

ʧʦʩʢʦʣʴʢʫ ʜʦʩʪʘʪʦʯʥʘʷ ʨʘʙʦʯʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʜʘʞʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 20-30 ʂ ʚ ʧʦʣʷʭ 20-30 ʊʣ. ʕʪʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ 

ʪʦʢʘʤʘʢʦʚ, ʫʩʢʦʨʠʪʝʣʝʡ ʯʘʩʪʠʮ ʠ ʚʳʩʦʢʦʧʦʣʝʚʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʘʛʥʠʪʦʚ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ (ʢʨʠʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʝʧʣʦʚʦʛʦ 

ʚʦʟʤʫʱʝʥʠʷ) ɺʊʉʇ ʣʝʥʪ 2-ʛʦ ʧʦʢʦʣʝʥʠʷ ʧʨʠ ʚʩʝʭ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʨʠ ʛʝʣʠʝʚʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʦʡ ʢʨʠʪʠʯʝʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ReBCO. ʇʨʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï ʦʪ 10 ʂ ʜʦ ʘʟʦʪʥʳʭ 
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ʪʝʤʧʝʨʘʪʫʨ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ ʝʱʝ ʥʘ 1-3 ʧʦʨʷʜʢʘ 

ʙʣʘʛʦʜʘʨʷ ʫʚʝʣʠʯʝʥʠʶ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʦʙʤʦʪʦʢ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘ ʨʠʩʫʥʢʝ 1.3 ʧʦʢʘʟʘʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʫʶ ʯʘʩʪʴ ʦʙʤʦʪʢʠ. 

 

 

ʈʠʩʫʥʦʢ 1.2 ï ʉʨʘʚʥʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʨʘʟʣʠʯʥʳʭ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ [1] 

 

 

ʈʠʩʫʥʦʢ 1.3 ï ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʪʦʢʦʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʤʘʛʥʠʪʦʚ [2] 

 

ʂʨʠʪʠʯʝʩʢʠʝ ʵʥʝʨʛʠʠ ʪʝʧʣʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʩʨʘʚʥʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ɺʊʉʇ ʠ ʅʊʉʇ ʤʘʛʥʠʪʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʝ [3]. ʅʘ ʨʠʩʫʥʢʝ 1.4 ʧʨʝʜʩʪʘʚʣʝʥʳ 



10 

 

ʭʘʨʘʢʪʝʨʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʪʝʧʣʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʦʙʤʦʪʢʘʭ 

ʤʘʛʥʠʪʦʚ. 

 

 

 

ʈʠʩʫʥʦʢ 1.4 ï ʇʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʝʧʣʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ 

ʤʘʛʥʠʪʘʭ [3] 

 

ɽʱʝ ʦʜʥʦ ʚʘʞʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ɺʊʉʇ ï ʵʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʛʝʣʠʷ. ɼʣʷ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʜʠʘʧʘʟʦʥ 

10-40 ʂ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʨʘʙʦʯʫʶ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚ ʦʙʤʦʪʢʘʭ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʘ ʤʥʦʛʠʝ ʵʣʝʢʪʨʦʤʘʰʠʥʳ, ʛʠʙʢʠʝ ʪʦʢʦʧʦʜʚʦʜʳ, ʦʛʨʘʥʠʯʠʪʝʣʠ 

ʪʦʢʘ ʂɿ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʞʠʜʢʠʤ ʘʟʦʪʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 65-78 

ʂ. ɺʝʩʴ ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ɺʊʉʇ-2 ʫʩʪʨʦʡʩʪʚ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʨʠ 

ʧʦʤʦʱʠ ʢʦʤʧʘʢʪʥʳʭ ʢʨʠʦʢʫʣʝʨʦʚ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʛʨʦʤʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʘʧʧʘʨʘʪʘʭ ʚ ʢʦʩʤʦʩʝ, ʚ ʘʚʠʘʮʠʠ ʠ ʥʘ 

ʬʣʦʪʝ, ʘ ʪʘʢʞʝ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ. ɼʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 

ʪʘʢʞʝ ʣʝʛʢʦʩʪʴ ʢʨʠʦʩʪʘʪʠʨʦʚʘʥʠʷ ɺʊʉʇ ʧʨʠ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 20-30 ʂ ʠ 

ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʠʦʩʪʘʪʠʨʦʚʘʥʠʝʤ ʅʊʉʇ ʧʨʠ 4,2-5 ʂ. 
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ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʭʦʜʠʪʴʩʷ ʙʝʟ ʞʠʜʢʦʛʦ ʛʝʣʠʷ, ʜʝʬʠʮʠʪ ʢʦʪʦʨʦʛʦ, ʚʦʟʤʦʞʥʦ, 

ʦʞʠʜʘʝʪ ʯʝʣʦʚʝʯʝʩʪʚʦ ʚ ʙʣʠʞʘʡʰʠʝ ʜʝʩʷʪʠʣʝʪʠʷ [4], ʧʦʟʚʦʣʠʪ ɺʊʉʇ ʫʩʪʨʦʡʩʪʚʘʤ 

ʩʝʨʴʝʟʥʦ ʨʘʩʰʠʨʠʪʴ ʩʬʝʨʫ ʧʨʠʤʝʥʝʥʠʷ. 

ʀʟ ʥʝʜʦʩʪʘʪʢʦʚ ɺʊʉʇ 2-ʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ (ʥʘʯʘʣʦ 2015 

ʛʦʜʘ) ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʥʠʟʢʠʡ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʅʊʉʇ ï ʚʩʝʛʦ 

ʩʦʪʥʠ ʢʠʣʦʤʝʪʨʦʚ ʣʝʥʪʳ ʚ ʛʦʜ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʠ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʟʘ 1 ʢɸ-ʤʝʪʨ. 

ʕʪʠ ʜʚʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʘ ʩʚʷʟʘʥʳ ʩ ʥʠʟʢʠʤ ʧʦʢʘ ʝʱʝ ʩʧʨʦʩʦʤ ʥʘ 

ʠʟʜʝʣʠʷ ʠʟ ɺʊʉʇ, ʘ ʥʠʟʢʠʡ ʩʧʨʦʩ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʫʩʣʦʚʣʝʥ ʚʳʩʦʢʦʡ ʮʝʥʦʡ ʠ 

ʤʘʣʳʤ ʦʙʲʝʤʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʤʘʩʰʪʘʙʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. 

ʏʪʦʙʳ ʨʘʟʦʨʚʘʪʴ ʵʪʦʪ ʧʦʨʦʯʥʳʡ ʢʨʫʛ, ʥʝʦʙʭʦʜʠʤʳ ʢʨʫʧʥʳʝ ʧʨʦʝʢʪʳ ʚ ʦʙʣʘʩʪʠ 

ʵʥʝʨʛʝʪʠʢʠ ï ʪʝʨʤʦʷʜʝʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ, ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, 

ʚʦʝʥʥʳʝ ʟʘʢʘʟʳ, ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʥʘʫʯʥʳʝ ʧʨʦʝʢʪʳ, ʪʘʢʠʝ, ʢʘʢ ʫʩʢʦʨʠʪʝʣʠ 

ʯʘʩʪʠʮ ʩ ʚʳʩʦʢʦʧʦʣʝʚʳʤʠ ʤʘʛʥʠʪʘʤʠ. ʅʝʢʦʪʦʨʳʝ ʤʝʪʦʜʠʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʜʦʧʫʩʢʘʶʪ ʙʦʣʴʰʝʝ ʫʜʝʰʝʚʣʝʥʠʝ ʧʨʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʜʨʫʛʠʝ 

ʤʝʥʴʰʝʝ, ʥʦ ʧʨʠ ʣʶʙʦʤ ʤʘʩʩʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʦʠʤʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʝʪʩʷ. 

ʉʦ ʩʥʠʞʝʥʠʝʤ ʮʝʥʳ ʟʘ ʢʠʣʦʘʤʧʝʨ-ʤʝʪʨ ʩʚʷʟʘʥʦ ʫʩʪʨʘʥʝʥʠʝ ʠ ʝʱʝ ʦʜʥʦʛʦ 

ʥʝʜʦʩʪʘʪʢʘ ɺʊʉʇ-2. ʍʦʪʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚ ʩʣʦʝ REBCO ʩʦʩʪʘʚʣʷʝʪ 2,5-3 ʄɸ/ʩʤ2 

ʧʨʠ 77ʂ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʧʦʣʝ, ʠʟ-ʟʘ ʤʘʣʦʡ ʧʦʢʘ ʝʱʝ ʪʦʣʱʠʥʳ ʵʪʦʛʦ ʩʣʦʷ, ʚ ʢʦʪʦʨʦʡ 

ʫʜʘʝʪʩʷ ʜʦʩʪʠʛʥʫʪʴ ʪʘʢʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʦʢʠ 4-5 ʤʤ ʣʝʥʪ 

ʩʦʩʪʘʚʣʷʶʪ ʚʩʝʛʦ 100-250 ɸ. ɺ ʛʝʣʠʠ ʪʦʢʠ ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ, ʥʦ 

ʦʙʳʯʥʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʛʝʣʠʠ ʠ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʘʙʦʪʘʶʪ ʚ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ 

ɺʊʉʇ ʣʝʥʪ (THEVA , SuNAM, SuperPower), ʨʘʙʦʪʘʶʪ ʥʘʜ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ 

ReBCO ʩʣʦʷ ʙʝʟ ʫʭʫʜʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. ʋʩʧʝʭʠ THEVA ʚ 2012 ʛʦʜʫ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.5.  

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʫʧʦʤʷʥʫʪʴ ʫʩʧʝʭʠ ʷʧʦʥʩʢʦʡ ʢʦʤʧʘʥʠʠ Fujikura, ʪʘʢʞʝ 

ʧʦʣʫʯʠʚʰʝʡ ʪʦʢʠ ʧʦʨʷʜʢʘ 1000 ɸ/ʩʤ ʰʠʨʠʥʳ, ʥʦ ʫʞʝ ʥʘ ʜʣʠʥʥʳʭ ʦʙʨʘʟʮʘʭ ʣʝʥʪʳ. 

ʂʦʨʝʡʩʢʘʷ ʢʦʤʧʘʥʠʷ SuNAM ʧʨʦʠʟʚʦʜʠʪ ʩʝʨʠʡʥʫʶ ʣʝʥʪʫ ʩ ʪʦʢʦʤ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ 

~500 ɸ/ʩʤ ʰʠʨʠʥʳ. ʂʦʤʧʘʥʠʷ SuperPower, ʧʨʠʟʥʘʥʥʳʡ ʣʠʜʝʨ ʚ ʩʦʟʜʘʥʠʠ 
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ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʮʝʥʪʨʦʚ ʧʠʥʥʠʥʛʘ, ʥʝ ʛʦʥʠʪʩʷ ʟʘ ʧʦʚʳʰʝʥʠʝʤ ʨʘʙʦʯʝʛʦ ʪʦʢʘ ʚ 

ʧʦʣʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʦʢʘ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ. ʅʦ ʦʥʘ ʜʦʙʠʣʘʩʴ ʦʛʨʦʤʥʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ 

ʚʳʩʦʢʠʭ ʧʦʣʷʭ ʠ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʟʘ ʩʯʝʪ ʜʦʧʠʨʦʚʘʥʠʷ ɺʊʉʇ 

ʦʢʩʠʜʦʤ ʮʠʨʢʦʥʠʷ. ɺʦʦʙʱʝ, ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʮʝʥʪʨʦʚ ʧʠʥʥʠʥʛʘ 

ʨʘʙʦʪʘʶʪ ʤʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠʥʩʪʠʪʫʪʳ ʧʦ ʚʩʝʤʫ 

ʤʠʨʫ. ʋʩʧʝʭʠ ʚ ʧʠʥʥʠʥʛʝ, ʘ ʪʘʢʞʝ ʚ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ɺʊʉʇ, ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʦʣʴ ʦʧʪʠʤʠʩʪʠʯʥʳʭ ʧʨʦʛʥʦʟʦʚ, ʢʘʢ ʚʳʭʦʜ ʥʘ ʩʪʦʠʤʦʩʪ ɹ~$5 ʟʘ 

ʢʠʣʦʘʤʧʝʨ-ʤʝʪʨ ʢ 2030 ʛʦʜʫ. ɺʳʧʫʩʢʘʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ɺʊʉʇ-2 ʣʝʥʪʳ (ʠ 

ʠʭ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ) ʧʦʟʚʦʣʷʶʪ ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʢ ʛʨʷʜʫʱʝʡ 

ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʠ ʩʦʟʜʘʪʴ ʧʨʦʪʦʪʠʧʳ ʫʩʪʨʦʡʩʪʚ, ʦʪʨʘʙʦʪʘʚ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʪʝʭʥʦʣʦʛʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠ 

ʚʦʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʘʫʢʝ, ʤʦʛʫʪ ʙʳʪʴ ʚʧʦʣʥʝ 

ʫʩʧʝʰʥʦ ʩʦʟʜʘʥʳ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʨʠʡʥʳʭ ɺʊʉʇ-2 ʣʝʥʪ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʮʝʥʘ 

ʥʝʚʝʣʠʢʘ ʚ ʤʘʩʰʪʘʙʘʭ ʢʦʩʤʠʯʝʩʢʠʭ, ʥʘʫʯʥʳʭ ʠ ʚʦʝʥʥʳʭ ʧʨʦʝʢʪʦʚ, ʘ ʜʦʩʪʠʛʥʫʪʴ 

ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ ʪʦʣʴʢʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɺʊʉʇ 2-ʛʦ ʧʦʢʦʣʝʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 1.5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢ ʦʪ ʪʦʣʱʠʥʳ ʥʘʧʳʣʝʥʠʷ ʦʙʨʘʟʮʦʚ 

THEVA 
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1.2 ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʩʠʣʴʥʦʪʦʯʥʳʝ ɺʊʉʇ ʫʩʪʨʦʡʩʪʚʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʢʣʘʩʩʳ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ɺʊʉʇ ʫʩʪʨʦʡʩʪʚ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʧʦʥʘʜʦʙʷʪʩʷ ʙʦʣʴʰʠʝ ʨʘʙʦʯʠʝ ʪʦʢʠ, ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʨʘʙʦʪʳ: 

1. ʊʦʨʦʠʜʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʪʦʢʘʤʘʢʦʚ ʠ ʠʭ ʮʝʥʪʨʘʣʴʥʳʝ ʩʦʣʝʥʦʠʜʳ 

[2], ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʪʝʨʤʦʷʜʝʨʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, 

ʪʘʢ ʠ ʛʠʙʨʠʜʝʨʦʚ, ʛʜʝ ʪʝʨʤʦʷʜʝʨʥʘʷ ʨʝʘʢʮʠʷ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʥʝʡʪʨʦʥʦʚ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ. ʊʦʢʠ ʤʦʛʫʪ ʙʳʪʴ ʚ ʜʝʩʷʪʢʠ 

ʢɸ ʚ ʧʦʣʷʭ ʜʦ 20-25 ʊʣ ʥʘ ʦʙʤʦʪʢʝ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ 10-20ʂ. ʊʘʢʞʝ 

ʧʦʥʘʯʘʣʫ ʙʫʜʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʝʣʘʪʴ ʚʳʩʦʢʦʧʦʣʝʚʳʝ ʚʩʪʘʚʢʠ ʚ 

ʪʦʨʦʠʜʘʣʴʥʳʝ ʤʘʛʥʠʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʢʘʤʘʢʦʚ, ʧʦʜʥʠʤʘʶʱʠʝ ʧʦʣʝ 

ʩ ~10 ʊʣ ʜʦ 12-20 ʊʣ ʥʘ ʦʙʤʦʪʢʘʭ, ʨʘʙʦʪʘʶʱʠʝ ʧʨʠ ~5ʂ ʥʘ ʧʨʦʪʦʯʥʦʤ 

ʦʭʣʘʞʜʝʥʠʠ ʞʠʜʢʠʤ ʛʝʣʠʝʤ, ʢʘʢ ʠ ʅʊʉʇ ʦʙʤʦʪʢʠ. 

2. ʉʚʝʨʭʧʨʦʚʦʜʷʱʠʡ ʠʥʜʫʢʪʠʚʥʳʡ ʥʘʢʦʧʠʪʝʣʴ ʵʥʝʨʛʠʠ [5], [6] ï ʥʫʞʥʘ ʥʠʟʢʘʷ 

ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʯʪʦʙʳ ʧʨʠ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʚʳʚʦʜʘ ʵʥʝʨʛʠʠ ʥʘʧʨʷʞʝʥʠʝ 

ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʥʝ ʧʨʝʚʳʰʘʣʦ ʥʦʤʠʥʘʣʴʥʦʛʦ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʫʞʝʥ 

ʙʦʣʴʰʦʡ ʨʘʙʦʯʠʡ ʪʦʢ. ɼʣʷ ʉʇʀʅ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʨʘʙʦʯʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʠ 4,2 ʠ 20-50 ʠ 65-77 ʂ, ʧʦʣʷ ʥʘ ʦʙʤʦʪʢʘʭ ʦʪ 1 ʜʦ 

20-25 ʊʣ, ʘ ʪʦʢʠ ï ʢʠʣʦʘʤʧʝʨʳ ʠ ʜʝʩʷʪʢʠ ʢʠʣʦʘʤʧʝʨ. ʇʦʩʪʦʷʥʥʳʡ ʪʦʢ ʠ 

ʠʤʧʫʣʴʩʥʳʡ ʨʝʞʠʤ ʩ ʙʳʩʪʨʳʤ ʚʳʚʦʜʦʤ ʵʥʝʨʛʠʠ. 

3. ʊʦʢʦʦʛʨʘʥʠʯʠʪʝʣʠ ʨʝʟʠʩʪʠʚʥʦʛʦ ʪʠʧʘ  ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ ʧʨʠ 77-65 ʂ, ʪʦʢʠ 

ʵʣʝʢʪʨʦʩʝʪʝʡ (ʢʘʢ ʧʝʨʝʤʝʥʥʳʝ, ʪʘʢ ʠ ʧʦʩʪʦʷʥʥʳʝ) ʦʪ ʩʦʪʝʥ ʘʤʧʝʨ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʘʤʧʝʨ. 

4. ʊʦʢʦʚʚʦʜʳ. ʊʝʤʧʝʨʘʪʫʨʳ ʩʘʤʳʝ ʨʘʟʥʳʝ, ʤʝʥʷʶʱʠʝʩʷ ʧʦ ʜʣʠʥʝ. ɼʣʷ 

ʪʦʢʦʚʚʦʜʦʚ ï ʦʙʳʯʥʦ ʦʪ ʧʨʠʤʝʨʥʦ ʘʟʦʪʥʦʡ ʜʦ ʛʝʣʠʝʚʦʡ. 

5. ʄʝʞʧʣʘʥʝʪʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʢʦʨʘʙʣʠ ʩ ʷʜʝʨʥʳʤʠ ʩʠʣʦʚʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. 

ʇʝʨʚʳʝ ʢʦʨʘʙʣʠ ʩ ʷʜʝʨʥʳʤʠ ʨʝʘʢʪʦʨʘʤʠ ʠ ʧʣʘʟʤʝʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ 

ʤʦʱʥʦʩʪʴʶ ʦʪ 1 ʄɺʪ ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʳ ʚ ʙʣʠʞʘʡʰʠʝ 10-20 ʣʝʪ. 

ʋʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʝʠʟʙʝʞʥʦ ʙʫʜʫʪ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʤʠ, ʧʝʨʝʯʠʩʣʝʥʳ 

ʥʠʞʝ. 
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ʄʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ ʧʣʘʟʤʝʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʥʝʩʢʦʣʴʢʦ ʊʣ ʚ ʙʦʣʴʰʦʤ 

ʦʙʲʝʤʝ), ʚ ʙʫʜʫʱʝʤ ï  ʪʝʨʤʦʷʜʝʨʥʳʡ ʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣ,ɹ ʛʝʥʝʨʘʪʦʨ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʵʣʝʢʪʨʦʤʘʰʠʥʥʳʡ ʠʣʠ ʄɻɼ) ï ʦʪ 1ʄɺʪ ʜʦ ʩʦʪʝʥ ʤʝʛʘʚʘʪʪ ʚ 

ʙʫʜʫʱʝʤ, ʩʠʣʦʚʳʝ ʢʘʙʝʣʠ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʉʇʀʅ, ʟʘʱʠʪʘ ʵʢʠʧʘʞʘ ʠ 

ʵʣʝʢʪʨʦʥʠʢʠ ʦʪ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʪʝʨʤʦʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ. ɺʩʝ 

ʵʪʦ ʣʠʙʦ ʥʝʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ ʙʝʟ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ, ʣʠʙʦ ʜʘʝʪ ʦʛʨʦʤʥʳʡ 

ʚʳʠʛʨʳʰ ʤʘʩʩʳ ʠ ʦʙʲʝʤʘ, ʘ ʪʘʢʞʝ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ ʢʦʨʘʙʣʝ 

(ʚʦʢʨʫʛ ʚʘʢʫʫʤ), ʚ ʪʝʧʣʦʚʳʜʝʣʝʥʠʠ. ʇʨʝʠʤʫʱʝʩʪʚʦ ɺʊʉʇ ï ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʫʜʦʙʥʘʷ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʥʘʧʨʠʤʝʨ, 20-30ʂ (ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, 

ʢʦʤʧʘʢʪʥʘʷ ʢʨʠʦʛʝʥʠʢʘ). 

 

1.3 ʉʧʦʩʦʙʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʠʣʴʥʦʪʦʯʥʳʭ ʊʅʕ ʠʟ ɺʊʉʇ ʣʝʥʪ 2-ʛʦ ʧʦʢʦʣʝʥʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ 

ʩʠʣʴʥʦʪʦʯʥʳʭ ʪʦʢʦʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ (ʊʅʕ) ʠʟ ɺʊʉʇ ʣʝʥʪ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʚ ʩʪʘʜʠʠ ʧʨʦʪʦʪʠʧʦʚ ʢʘʙʝʣʝʡ ʠ ʧʝʨʚʳʭ ʧʨʦʪʦʪʠʧʦʚ ʫʩʪʨʦʡʩʪʚ, 

ʤʦʜʝʣʴʥʳʭ ʦʙʤʦʪʦʢ: 

1. ʊʚʠʩʪʠʨʦʚʘʥʥʳʡ ʩʪʝʢ (ʨʠʩʫʥʦʢ 1.6) [7], ʣʝʥʪʳ ʩʢʣʘʜʳʚʘʶʪʩʷ ʚ ʩʪʦʧʢʫ ʠ 

ʪʚʠʩʪʠʨʫʶʪʩʷ, ʠʣʠ ʩʥʘʯʘʣʘ ʚʢʣʘʜʳʚʘʶʪʩʷ ʚ ʢʦʥʜʫʠʪ, ʟʘʪʝʤ ʪʚʠʩʪʠʨʫʶʪʩʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ï ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʤʘʣʳʡ ʨʘʩʭʦʜ ʣʝʥʪʳ, ʧʨʦʩʪʘʷ 

ʪʝʭʥʦʣʦʛʠʷ. ʅʝʜʦʩʪʘʪʢʠ ï  ʬʦʨʤʘ ʊʅʕ, ʥʝ ʦʯʝʥʴ ʫʜʦʙʥʘʷ ʜʣʷ ʥʘʤʦʪʢʠ ʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʫʩʪʨʘʥʠʤʳʝ ʚʳʩʦʢʠʝ ʢʦʦʧʝʨʘʪʠʚʥʳʝ ʧʦʪʝʨʠ, ʰʘʛ ʪʚʠʩʪʘ 

ʙʦʣʴʰʝ 100 ʤʤ, ʥʠʟʢʘʷ ʛʠʙʢʦʩʪʴ. ɺ ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʤʘʣʳʭ ʧʦʣʷʭ ʊʅʕ 

ʤʘʣʦʧʨʠʤʝʥʠʤ, ʪ.ʢ. ʫ ʥʝʛʦ ʙʦʣʴʰʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʧʦʣʝ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ 

ʣʝʥʪʝ. ɺʦʟʤʦʞʥʘ ʝʛʦ ʦʧʪʠʤʠʟʘʮʠʷ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʣʝʥʪʘʤʠ 

[8], ʥʦ ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʩʷ ʨʘʙʦʯʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʊʅʕ ʚ ʩʦʩʪʘʚʝ çʢʘʙʝʣʷ ʚ ʢʦʥʜʫʠʪʝè ï 

ʙʦʣʴʰʠʝ ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʩʦ ʩʪʘʮʠʦʥʘʨʥʳʤ ʧʦʣʝʤ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʪʦʢ ʧʨʠʤʝʨʥʦ ʚ 10-50 ʨʘʟ. 
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2. ʈʸʙʝʣʴ (ʨʠʩʫʥʢʠ 1.7, 1.8) [9], [10] ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʪʨʵʥʜʦʚ, ʚʳʨʝʟʘʝʤʳʭ ʠʟ 

ɺʊʉʇ ʣʝʥʪ. ʇʨʝʠʤʫʱʝʩʪʚʘ ï ʥʠʟʢʠʝ ʧʦʪʝʨʠ, ʧʣʦʩʢʠʡ. ʅʝʜʦʩʪʘʪʢʠ ï 

ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʜʦʨʦʛʦʡ ʣʝʥʪʳ, ʩʣʦʞʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʥʘʣʠʯʠʝ ʧʫʩʪʦʪ 

(ʤʝʭʘʥʠʯʝʩʢʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʧʦʣʷʭ). 

 

ʈʠʩʫʥʦʢ 1.6 ï ʊʚʠʩʪʠʨʦʚʘʥʥʳʡ ʩʪʝʢ (ʩʪʦʧʢʘ) ɺʊʉʇ ʣʝʥʪ 

 

 

ʈʠʩʫʥʦʢ 1.7 ï ʉʠʣʴʥʦʪʦʯʥʳʡ ɺʊʉʇ ʊʅʕ ï ʨʸʙʝʣʴ [9] ʠ ʩʭʝʤʘ ʘʛʨʝʛʘʪʠʨʦʚʘʥʠʷ 

 

ʆʩʥʦʚʥʳʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ʨʸʙʝʣʷ ï ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ ʠ 

ʠʤʧʫʣʴʩʥʳʝ ʨʝʞʠʤʳ ï ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʛʝʥʝʨʘʪʦʨʳ ʠ ʜʚʠʛʘʪʝʣʠ ʩ ʥʝʙʦʣʴʰʠʤʠ 

ʧʦʣʷʤʠ ʥʘ ʦʙʤʦʪʢʘʭ. ʇʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʪʦʢ ʧʨʠʤʝʨʥʦ ʚ 5-20 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʠʩʭʦʜʥʦʡ ʣʝʥʪʦʡ. 

ʉʧʦʩʦʙʳ ʝʱʝ ʩʠʣʴʥʝʝ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʚ ʨʸʙʝʣʝ ï ʠʟʦʣʠʨʦʚʘʥʠʝ ʩʣʦʝʚ ʠ 

ʥʘʤʦʪʢʘ çʥʘʜʨʝʟʘʥʥʳʤʠè ʣʘʟʝʨʦʤ (striated) ʣʝʥʪʘʤʠ (ʨʠʩʫʥʦʢ 1.8), ʣʝʥʪʳ ʩ 

ʥʝʤʘʛʥʠʪʥʦʡ ʧʦʜʣʦʞʢʦʡ. 

 

ʈʠʩʫʥʦʢ 1.8 ï ʉʧʦʩʦʙʳ ʜʘʣʴʥʝʡʰʝʛʦ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʠ ʫʚʝʣʠʯʝʥʠʷ ʨʘʙʦʯʝʛʦ 

ʪʦʢʘ [10] 
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ʉʧʦʩʦʙʳ ʝʱʝ ʩʠʣʴʥʝʝ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʚ ʨʸʙʝʣʝ ï ʠʟʦʣʠʨʦʚʘʥʠʝ ʩʣʦʝʚ ʠ 

ʥʘʤʦʪʢʘ çʥʘʜʨʝʟʘʥʥʳʤʠè ʣʘʟʝʨʦʤ (striated) ʣʝʥʪʘʤʠ (ʨʠʩʫʥʦʢ 1.8 ʘ), ʣʝʥʪʳ ʩ 

ʥʝʤʘʛʥʠʪʥʦʡ ʧʦʜʣʦʞʢʦʡ. 

3. ʅʘʤʦʪʢʘ ʦʙʤʦʪʦʢ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʣʝʥʪʘʤʠ ï ʥʝʢʦʪʦʨʳʝ ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ, 

ʨʘʙʦʪʘʶʱʠʝ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ [6] ʠ ʨʝʟʠʩʪʠʚʥʳʝ ʪʦʢʦʦʛʨʘʥʠʯʠʪʝʣʠ 

[11] [12], ʚʝʟʜʝ, ʛʜʝ ʥʝ ʟʥʘʯʠʤ  rʧʦʪʝʨʠ ʚ ʧʝʨʝʤʝʥʥʦʤ ʧʦʣʝ (ʠʭ ʥʝʪ ʣʠʙʦ ʠʟ-

ʟʘ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ, ʣʠʙʦ ʠʟ-ʟʘ ʥʫʣʝʚʦʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ). ʅʘʤʦʪʢʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʣʠʙʦ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʣʝʥʪʘʤʠ, ʢʦʛʜʘ ʥʫʞʥʦ ʫʩʠʣʝʥʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ [6], [11], ʣʠʙʦ ʩʪʦʧʢʦʡ ʣʝʥʪ, ʣʠʙʦ ʢʦʤʙʠʥʠʨʦʚʘʥʦ [12]. ʇʨʠ 

ʪʘʢʦʡ ʥʘʤʦʪʢʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʪʦʢʦʚ ʤʝʞʜʫ 

ʣʝʥʪʘʤʠ. ʋʚʝʣʠʯʝʥʠʝ ʪʦʢʘ ʦʪ 2 ʜʦ 10 ʨʘʟ. 

4. ɻʠʙʢʠʡ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʳʡ ʊʅʕ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ (CORCC ï conductors on 

round core cable ï ʢʘʙʝʣʴ ʠʟ ʧʨʦʚʦʜʥʠʢʦʚ ʥʘ ʢʨʫʛʣʦʤ ʬʦʨʤʝʨʝ) (ʨʠʩʫʥʦʢ 

1.9). ʅʝʩʢʦʣʴʢʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʣʝʥʪ ʛʝʣʠʢʦʠʜʘʣʴʥʦ ʥʘʤʘʪʳʚʘʶʪʩʷ ʥʘ ʛʠʙʢʠʝ 

ʬʦʨʤʝʨʳ (ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʜʠʘʤʝʪʨʘ 4-7 ʤʤ). ʉʣʝʜʫʶʱʠʡ ʩʣʦʡ 

ʥʘʤʘʪʳʚʘʝʪʩʷ ʚʩʪʨʝʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʠʣʠ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ, ʤʦʞʝʪ 

ʤʝʥʷʪʴʩʷ ʰʘʛ ʠ ʫʛʦʣ ʥʘʤʦʪʢʠ, ʯʠʩʣʦ ʣʝʥʪ ʚ ʩʣʦʝ. 

ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʵʪʦʛʦ ʚʠʜʘ ʢʘʙʝʣʝʡ ʠʟ YBCO ʣʝʥʪ ʙʳʣʘ ʥʘʯʘʪʘ ʚ 2009 

ʛ. ɺʘʥ ʜʝʨ ʃʘʥʦʤ [13], ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ 2011 ʛ. ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ɺʊʉʇ 

ʣʝʥʪʘʤʠ ʙʳʣʠ ʧʨʠʟʥʘʥʳ ʣʝʥʪʳ ʩ GdBCO ʢʝʨʘʤʠʢʦʡ [14] ʠʟ-ʟʘ ʠʭ ʣʫʯʰʝʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʈʘʟʨʘʙʦʪʢʘ ʘʥʘʣʦʛʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʊʅʕ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʦʧʠʩʘʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʂʫʨʯʘʪʦʚʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʩ 2011 ʛ. ʊʘʢʞʝ ʧʦʜʦʙʥʳʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚʦ 

ɺʅʀʀʂʇ. ɼʘʥʥʳʡ ʚʠʜ ʊʅʕ ʷʚʣʷʝʪʩʷ, ʧʦ ʚʠʜʠʤʦʩʪʠ, ʩʘʤʳʤ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ɺ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʦʥ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʘ 

ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ, ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ, ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʠʣʠ ʤʘʣʦʤ ʧʦʣʝ, ʚ ʚʳʩʦʢʠʭ 

ʧʦʣʷʭ, ʚ ʢʦʥʜʫʠʪʝ, ʚ ʨʝʞʠʤʝ ʧʨʦʪʦʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠ ̫ (ʥʘ ʧʦʣʦʤ ʬʦʨʤʝʨʝ). 

ɼʦʩʪʦʠʥʩʪʚʘ CORCC ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʘ ̫ʪʝʭʥʦʣʦʛʠ ̫ʠʟʛʦʪʦʚʣʝʥʠʷ, ʤʘʣʳʡ 

ʰʘʛ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ ï 20-40 ʤʤ, ʢʨʫʛʣʘ ̫ʬʦʨʤʘ, ʛʠʙʢʦʩʪʴ, ʠʟʦʪʨʦʧʠ ̫ʧʦʣʝʚʦʡ 
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ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ ʩ 

ʪʚʠʩʪʠʨʦʚʘʥʥʳʤ ʩʪʝʢʦʤ, ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʦʩʣʝʜʥʝʤʫ ʚʩʝʛʜʘ ʥʝʦʙʭʦʜʠʤ 

ʢʦʥʜʫʠʪ. ʈʘʩʭʦʜ ʣʝʥʪʳ 1,15-1,4 ʢ ʜʣʠʥʝ ʢʘʙʝʣʷ, ʯʪʦ ʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʨʸʙʝʣʷ, 

ʭʦʪʷ ʠ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʩʪʝʢʘ. ʇʦ ʧʦʪʝʨʷʤ CORCC ʪʘʢʞʝ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʧʦʣʦʞʝʥʠʝ. ʈʘʙʦʯʠʡ ʪʦʢ ʤʦʞʝʪ ʚ 80 ʠ ʙʦʣʝʝ ʨʘʟ ʧʨʝʚʳʰʘʪʴ ʪʦʢ ʣʝʥʪʳ (ʩʝʡʯʘʩ 

ʨʝʢʦʨʜʥʳʝ ʦʙʨʘʟʮʳ ʩʜʝʣʘʥʳ ʠʟ 40 ʣʝʥʪ [15] ʜʠʘʤʝʪʨʦʤ 7,5 ʤʤ ʠ ʠʟ 79 ʣʝʥʪ [5], 

[16] ʜʠʘʤʝʪʨʦʤ 10 ʤʤ, ʥʦ, ʢʘʞʝʪʩʷ, ʥʠʯʪʦ ʥʝ ʤʝʰʘʝʪ ʜʝʣʘʪʴ ʙʦʣʴʰʝ ʩʣʦʝʚ). 

ɺʦʟʤʦʞʥʳʝ ʧʨʠʤʝʥʝʥʠ ̫CORCC: 

- ʊʦʢʦʥʝʩʫʱʠʡ ʵʣʝʤʝʥʪ ʜʣʷ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ ʠ ʩ ʙʦʣʴʰʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ ʪʦʢʘ, 

ʥʘʧʨʠʤʝʨ, ʠʥʜʫʢʪʠʚʥʳʝ ʥʘʢʦʧʠʪʝʣʠ ʵʥʝʨʛʠʠ [5], ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ 

ʫʩʢʦʨʠʪʝʣʝʡ. ʂʦʤʧʘʥʠʷ Advanced Conductor Technologies LLC, ʦʩʥʦʚʘʥʥʘʷ 

ɺʘʥ ʜʝʨ ʃʘʥʦʤ, ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʉʇʀʅ 1 ʄɼʞ ʢʣʘʩʩʘ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʡ ʚ ʚʦʝʥʥʦʡ ʘʚʠʘʮʠʠ, ʪ.ʝ., ʚʝʨʦʷʪʥʦ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʧʠʪʘʥʠʷ 

ʙʦʝʚʳʭ ʣʘʟʝʨʦʚ ʠʣʠ ʟʘʛʦʨʠʟʦʥʪʥʳʭ ʨʘʜʘʨʦʚ. ʊʅʕ ʠʟ 40 ʣʝʥʪ ʜʠʘʤʝʪʨʦʤ 7,5 

ʤʤ ʥʝʩ ʪʦʢ 4100 ɸ ʚ ʧʦʣʝ 20 ʊʣ ʚ ʞʠʜʢʦʤ ʛʝʣʠʠ ʧʨʠ 4,2 ʂ. ʀʟ 20-ʪʠ 

ʣʝʥʪʦʯʥʦʛʦ ʊʅʕ ʙʳʣʘ ʩʜʝʣʘʥʘ ʜʚʫʭʩʣʦʡʥʘʷ ʦʙʤʦʪʢʘ ʧʦ 6 ʚʠʪʢʦʚ ʚ ʩʣʦʝ ʥʘ 

ʜʠʘʤʝʪʨʝ 90 ʤʤ (ʨʠʩʫʥʦʢ 5 ʘ). ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʪʦʢʘ ʚ ʧʦʣʝ 20 ʊʣ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4,2 ʂ ʩʦʩʪʘʚʠʣʘ 1950 ɸ [15]; 

 

    

ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 1.9 ï ʆʙʤʦʪʢʘ ʠʟ 6 ʚʠʪʢʦʚ ʢʘʙʝʣʷ ʠʟ 20 ʣʝʥʪʦʯʥʦʛʦ ʊʅʕ ʥʘ ʜʠʘʤʝʪʨʝ 90 

ʤʤ [15] (ʘ); ʦʜʠʥ ʠʟ ʦʙʨʘʟʮʦʚ CORCC ʠʟ 40 ɺʊʉʇ ʣʝʥʪ ʚ ʨʘʟʨʝʟʝ [14] (ʙ) 
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- ʊʦʢʦʥʝʩʫʱʠʡ ʵʣʝʤʝʥʪ ʠʟ ʤʥʦʛʠʭ CORCʉ ʚ ʢʦʥʜʫʠʪʝ ʜʣʷ ʪʦʢʘʤʘʢʦʚ; 

- ʆʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʛʝʥʝʨʘʪʦʨʦʚ, ʢʦʨʘʙʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ; 

- ɻʠʙʢʠʝ ʢʦʤʧʘʢʪʥʳʝ ʩʠʣʦʚʳʝ ʢʘʙʝʣʠ ʜʣʷ ʬʣʦʪʘ [16]. 

ɼʣʷ ʊʅʕ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʩʪʘʙʠʣʠʟʘʮʠʷ. ʇʨʦʙʣʝʤʘ ʚʦʟʜʝʡʩʪʚʠʷ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʪʦʢʦʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʚ [13] ʠ [14]. 

ɼʣʷ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʪʨʝʭ ʙʘʟʦʚʳʭ ʩʠʣʴʥʦʪʦʯʥʳʭ ʪʦʢʦʥʝʩʫʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚʦʟʤʦʞʥʦ ʜʘʣʴʥʝʡʰʝʝ ʘʛʨʝʛʘʪʠʨʦʚʘʥʠʝ ʚ ʮʝʣʷʭ ʧʨʠʤʝʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, 

ʚ ʦʙʤʦʪʢʘʭ ʪʦʢʘʤʘʢʦʚ: 

- ʩʪʝʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʥʜʫʠʪ ʠ ʟʘʪʝʤ ʥʝʩʢʦʣʴʢʦ ʪʘʢʠʭ ʊʅʕ ʪʨʘʥʩʧʦʥʠʨʫʪʁʩʷ, 

ʠ ʟʘʪʷʛʠʚʘʶʪʩʷ ʚ ʦʙʱʠʡ ʢʨʫʛʣʳʡ ʢʦʥʜʫʠʪ (ʨʠʩʫʥʦʢ 10) [17]. ɺʦʧʨʦʩʳ 

ʚʳʟʳʚʘʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʦʭʣʘʞʜʝʥʠʝ ʪʘʢʦʛʦ ʊʅʕ; 

- ʨʸʙʝʣʴ ʘʛʨʝʛʘʪʠʨʫʝʪʩʷ ʧʫʪʝʤ ʛʝʣʠʢʦʠʜʘʣʴʥʦʡ ʥʘʤʦʪʢʠ ʤʥʦʛʠʭ ʊʅʕ ʥʘ 

ʧʣʦʩʢʠʡ ʟʘʢʨʫʛʣʝʥʥʳʡ ʬʦʨʤʝʨ ʩ ʢʘʥʘʣʦʤ ʦʭʣʘʞʜʝʥʠʷ (ʨʠʩʫʥʦʢ 1.11 ʘ) [10]. 

ʊʘʢʞʝ ʨʝʙʝʣʠ ʤʦʞʥʦ ʩʦʙʠʨʘʪʴ ʚ ʩʪʝʢ, ʩʪʝʢʠ  ʟʘʢʣʘʜʳʚʘʪʴ ʚ ʢʦʥʜʫʠʪ 

ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʳ ʩ ʰʘʛʦʤ ʪʚʠʩʪʘ 200-300 ʤʤ (ʨʠʩʫʥʦʢ 1.11 ʙ) [10]. 

ɺʦʧʨʦʩʳ ʚʳʟʳʚʘʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʪʦʠʤʦʩʪʴ ʩʘʤʦʛʦ ʨʸʙʝʣʷ; 

- ʥʝʩʢʦʣʴʢʦ CORCC ʤʦʞʥʦ ʪʨʘʥʩʧʦʥʠʨʦʚʘʪʴ ʠ ʟʘʪʷʛʠʚʘʪʴ ʚ ʦʙʱʠʡ ʢʨʫʛʣʳʡ 

ʢʦʥʜʫʠʪ, ʦʭʣʘʞʜʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʪʦʯʥʦʝ ʯʝʨʝʟ ʢʦʥʜʫʠʪ ʠ ʢʘʥʘʣ ʚ 

ʦʙʱʝʤ ʬʦʨʤʝʨʝ (ʨʠʩʫʥʦʢ 1.12). ʂʨʦʤʝ ʪʦʛʦ, ʩʘʤʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʤʦʪʢʠ ʩʦʪʝʥ ɺʊʉʇ ʣʝʥʪ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʣʝʥʪ, ʩʤʦʞʝʪ 

ʧʦʟʚʦʣʠʪʴ ʩʦʟʜʘʚʘʪʴ ʊʅʕ ʥʘ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʢɸ ʚ ʧʦʣʷʭ 15-20 ʊʣ. ʊʘʢʦʡ 

ʩʫʧʝʨ-CORCC ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʢʣʘʜʳʚʘʪʴ ʚ ʩʪʘʣʴʥʦʡ ʢʦʥʜʫʠʪ ʠ ʦʭʣʘʞʜʘʪʴ 

ʧʨʦʪʦʢʦʤ ʭʣʘʜʘʛʝʥʪʘ ʯʝʨʝʟ ʧʦʣʳʡ ʬʦʨʤʝʨ. 
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ʈʠʩʫʥʦʢ 1.10 ï ʇʨʦʝʢʪ çʢʘʙʝʣʷ ʚ ʢʦʥʜʫʠʪʝè ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʊʅʕ ʪʠʧʘ 

çʪʚʠʩʪʠʨʦʚʘʥʥʳʡ ʩʪʝʢè [17] 

 

ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 1.11 ï ɻʝʣʠʢʦʠʜʘʣʴʥʘʷ ʧʘʨʘʣʣʝʣʴʥʘʷ ʥʘʤʦʪʢʘ ʨʸʙʝʣʝʡ ʥʘ ʧʦʣʳʡ ʬʦʨʤʝʨ ʩ 

ʧʘʟʘʤʠ [10] (ʘ); ʩʙʦʨʢʘ ʚ ʩʪʝʢ, ʚʢʣʘʜʳʚʘʥʠʝ 6 ʩʪʝʢʦʚ ʚ ʬʦʨʤʝʨ ʠ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʝ 

ʩ ʰʘʛʦʤ 200-300 ʤʤ [10] (ʙ) 

 

 

ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 1.12 ï ʂʦʥʩʪʨʫʢʮʠʠ ʪʦʢʦʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ CORCC [18]: 

ʦʙʨʘʟʝʮ ʠʟ ʪʨʝʭ ʪʚʠʩʪʠʨʦʚʘʥʥʳʭ 5 ʢɸ (19 ʊʣ 4,2 CORCC) (ʘ); ʢʦʥʮʝʧʮʠʷ ʊʅʕ ʠʟ 6 

CORCC ʩ ʧʨʦʪʦʯʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʯʝʨʝʟ ʦʙʱʠʡ ʬʦʨʤʝʨ ʠ ʯʝʨʝʟ ʢʦʥʜʫʠʪ (ʙ) 

 

CORCC ʠʟʛʦʪʘʚʣʠʚʘʝʪʩ ̫ʧʫʪʝʤ ʦʙʢʨʫʪʢʠ ʬʦʨʤʝʨʘ ɺʊʉʇ ʣʝʥʪʘʤʠ. ʌʦʨʤʝʨ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʠ ʵʪʦʤ ʥʝʧʦʜʚʠʞʥʳʤ, ʣʠʙʦ ʚʨʘʱʘʪʴʩʷ, ʣʠʙʦ ʜʚʠʛʘʪʴʩʷ 

(ʧʝʨʝʤʘʪʳʚʘʪʴʩʷ), ʘ ʦʙʢʨʫʪʢʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʙʦʙʠʥ ʧʦʜ ʥʘʪʷʞʝʥʠʝʤ ʚ 
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ʪʦʨʤʦʟʥʦʤ ʨʝʞʠʤʝ. ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʚʩʝ ʦʙʨʘʟʮʳ ɺʘʥ ʜʝʨ ʃʘʥʘ 

ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʠʤ ʚʨʫʯʥʫʶ. ʅʘ ʨʠʩʫʥʢʝ 1.13 ʠʟʦʙʨʘʞʝʥʘ ʢʘʙʝʣʴʥʘʷ ʤʘʰʠʥʘ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ CORCC, ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʚ 2014 ʛʦʜʫ Advanced 

Conductor Technologies LLC [18]. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʥʘʤʘʪʳʚʘʪʴ ʧʦ ʦʜʥʦʤʫ ʩʣʦʶ ʣʝʥʪ 

ʟʘ ʧʨʦʭʦʜ ʬʦʨʤʝʨʘ ʠʣʠ ʊʅʕ ʤʝʞʜʫ ʧʝʨʝʤʦʪʦʯʥʳʤʠ ʙʦʙʠʥʘʤʠ. 

  

 

ʈʠʩʫʥʦʢ 1.13 ï ʂʘʙʝʣʴʥʘʷ ʤʘʰʠʥʘ ʜʣʷ ʥʘʤʦʪʢʠ CORC ʢʘʙʝʣʝʡ [18] 

 

ɺ ʜʦʢʣʘʜʝ [19] ʦʧʠʩʘʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʝʭ ʊʅʕ ï ʪʚʠʩʪʠʨʦʚʘʥʥʦʡ ʩʪʦʧʢʠ, 

ʨʸʙʝʣʷ ʠ CORCC ï ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʦ 12 ʊʣ. ʀʟ ʚʩʝʭ ʵʪʠʭ ʊʅʕ 

ʪʦʣʴʢʦ ʦʙʨʘʟʝʮ CORCC ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʜʝʛʨʘʜʠʨʦʚʘʣ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʧʦʥʜʝʨʦʤʦʪʦʨʥʳʭ ʩʠʣ. ʈʸʙʝʣʴ ʧʦʩʣʝ 12 ʊʣ ʜʝʛʨʘʜʠʨʦʚʘʣ ʧʦʣʥʦʩʪʴʶ, ɺɸʍ ʩʪʘʣʘ 

ʨʝʟʠʩʪʠʚʥʦʡ ʦʪ 0 ʪʦʢʘ. ʊʚʠʩʪʠʨʦʚʘʥʥʘʷ ʩʪʦʧʢʘ ʜʝʛʨʘʜʠʨʦʚʘʣʘ ʥʘ ~20%. ʉʪʨʫʢʪʫʨʘ 

ʨʸʙʝʣʷ ʠʟʦʙʠʣʫʝʪ ʧʫʩʪʦʪʘʤʠ, ʥʘ ʢʨʘʷ ʧʫʩʪʦʪ ʦʧʠʨʘʶʪʩʷ (ʠ ʣʦʤʘʶʪʩʷ ʦ ʥʠʭ) ʣʝʥʪʳ 

ʧʨʠ ʩʞʘʪʠʠ ʨʸʙʝʣʷ ʩʠʣʦʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʛʦ ʰʠʨʦʢʦʡ ʩʪʦʨʦʥʝ. 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʧʦʥʜʝʨʦʤʦʪʦʨʥʳʭ ʩʠʣ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʰʠʨʦʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʸʙʝʣʷ 

(ʚ ʨʝʙʨʦ), ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʠʟʣʦʤ ʣʝʥʪ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

çʣʦʢʪʷʭè, ʚ ʤʝʩʪʘʭ, ʛʜʝ ʚʳʨʝʟʘʥʥʳʝ ʠʟ ʰʠʨʦʢʦʡ ʣʝʥʪʳ ʩʪʨʵʥʜʳ ʦʙʨʘʟʫʶʪ ʫʛʣʳ. 

ʊʘʤ ʞʝ ʧʨʦʠʩʭʦʜʷʪ  ʥʘʜʣʦʤʳ ɺʊʉʇ ʩʣʦʷ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʨʸʙʝʣʷ. ʕʪʦʪ ʊʅʕ ʪʘʢʞʝ 

ʚʨʷʜ ʣʠ ʩʤʦʞʝʪ ʚʳʜʝʨʞʘʪʴ ʥʘʤʦʪʢʫ ʧʦʜ ʥʘʪʷʞʝʥʠʝʤ, ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʝʛʦ ʩʬʝʨʘ 

ʧʨʠʤʝʥʝʥʠʷ ï ʫʩʪʨʦʡʩʪʚʘ ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʧʦʣʝʤ ʊʅʕ ʠʣʠ ʥʠʟʢʠʤ ʚʥʝʰʥʠʤ ʧʦʣʝʤ. 

ʕʪʦ, ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʤʘʰʠʥʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʛʜʝ ʥʠʟʢʠʡ 

ʫʨʦʚʝʥʴ ʧʦʪʝʨʴ ʨʸʙʝʣ ̫ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʦʙʝʥʥʦ ʮʝʥʝʥ. ɺ 
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ʪʚʠʩʪʠʨʦʚʘʥʥʦʤ ʩʪʝʢʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚʦʟʥʠʢʘʝʪ ʪʘʤ, ʛʜʝ ʫʛʣʳ ʩʪʦʧʢʠ 

ʦʧʠʨʘʶʪʩʷ ʦ ʢʘʢʫʶ-ʣʠʙʦ ʧʦʚʝʨʭʥʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ ʊʅʕ ʥʫʞʝʥ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʡ 

ʢʦʥʜʫʠʪ ʠ ʦʩʪʦʨʦʞʥʦʩʪʴ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ. CORCC ʠʤʝʝʪ 

ʧʣʦʪʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʦʵʪʦʤʫ ʢʘʞʜʘʷ ɺʊʉʇ ʣʝʥʪʘ ʦʧʠʨʘʝʪʩʷ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦ 

ʧʦʚʝʨʭʥʦʩʪʴ ʪʦʡ ʞʝ ʬʦʨʤʳ ʧʨʠ ʣʶʙʦʤ ʩʜʘʚʣʠʚʘʥʠʠ ʊʅʕ. ʄʝʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʇʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠ ʠʟʛʠʙʝ CORCC ʝʛʦ 

ʣʝʥʪʳ ʤʦʛʫʪ ʜʚʠʛʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʠ ʬʦʨʤʝʨʘ, ʘ ʪʘʢʞʝ 

ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʝʛʨʘʜʘʮʠʷ CORCC ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝʤ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʊʅʕ ʠ ʝʜʠʥʠʯʥʳʭ ʣʝʥʪ, ʘ ʠʟʛʠʙ CORCC 

ʚʦʟʤʦʞʝʥ ʜʘʞʝ ʥʘ ʩʪʦʣʴ ʤʘʣʳʡ ʨʘʜʠʫʩ, ʢʘʢ ~ 30 ʤʤ [18].  

 

1.4 ɺʊʉʇ ʊʅʕ ʜʣʷ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʫʩʪʨʦʡʩʪʚ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ 

(ʋʊʉ) 

 

ʕʥʝʨʛʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʪʦʢʘʤʘʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ 

ʛʠʛʘʜʞʦʫʣʝʡ [1]. ʅʘʧʨʷʞʝʥʠʝ ʧʨʠ ʚʳʚʦʜʝ ʪʦʢʘ, ʘ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ ʠ ʧʨʠ 

ʚʚʦʜʝ, ʜʘʞʝ ʧʨʠ ʪʦʢʘʭ ʚ ʜʝʩʷʪʢʠ ʢʠʣʦʘʤʧʝʨ ʩʦʩʪʘʚʣʷʝʪ ʢʠʣʦʚʦʣʴʪʳ (ʠ ʵʪʦ ʫʞʝ 

ʩʦʟʜʘʝʪ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ ʩ ʧʨʦʙʦʷʤʠ [20]). ʊʦʢ ʪʦʨʦʠʜʘʣʴʥʳʭ ʦʙʤʦʪʦʢ 

ʪʦʢʘʤʘʢʦʚ ʤʘʩʰʪʘʙʘ ITER ʠʣʠ ʝʱʝ ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ DEMO 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 50 ʜʦ 100 ʢɸ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ ʠʟ-ʟʘ ʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʳ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʚʳʚʦʜʝ. ʈʘʙʦʯʠʡ ʪʦʢ ʪʦʨʦʠʜʘʣʴʥʳʭ ʤʘʛʥʠʪʦʚ ʪʦʢʘʤʘʢʦʚ ʤʝʥʴʰʠʭ 

ʨʘʟʤʝʨʦʚ, ʤʘʩʰʪʘʙʘ ʪʦʢʘʤʘʢʘ JET (ʥʘʧʨʠʤʝʨ, ʧʨʦʝʢʪʠʨʫʝʤʳʡ ʚ ʈʦʩʩʠʠ 

ʪʝʨʤʦʷʜʝʨʥʳʡ ʠʩʪʦʯʥʠʢ ʥʝʡʪʨʦʥʦʚ ʊʀʅ), ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 20-30 ʢɸ. ʇʘʨʘʤʝʪʨʳ 

ʥʝʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʩʪʨʦʷʱʠʭʩʷ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʦʢʘʤʘʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʘʭ 1.1 ʠ 1.2. ɺʦ ʚʩʝʤ ʤʠʨʝ ʫʯʝʥʳʝ ʠ ʠʥʞʝʥʝʨʳ, ʧʨʦʝʢʪʠʨʫʶʱʠʝ ʪʦʢʘʤʘʢʠ, 

ʫʞʝ ʧʦʥʠʤʘʶʪ, ʯʪʦ ʩʠʣʴʥʦʪʦʯʥʳʝ ʅʊʉʇ ʊʅʕ ʧʦʜʦʰʣʠ ʙʣʠʟʢʦ ʢ ʧʨʝʜʝʣʴʥʳʤ 

ʚʦʟʤʦʞʥʦʩʪʷʤ ʫʞʝ ʜʣʷ ITER ʧʦ ʨʘʙʦʯʝʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʧʦʣʝ, 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ 

ʧʦ ʨʘʜʠʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɼʣʷ ʋʊʉ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ, ʢʘʢ DEMO, 

ARIES ʠʣʠ FFHR, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ɺʊʉʇ, ʠʤʝʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ ʧʦʣʶ ʠ 
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ʪʝʤʧʝʨʘʪʫʨʝ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʪʝʨʤʦʷʜʝʨʥʳʭ ʠ 

ʛʠʙʨʠʜʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʙʫʜʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʚʝʣʠʯʠʪʴ ʧʦʣʝ ʥʘ ʦʩʠ ʧʣʘʟʤʳ ʜʦ 

10-15 ʊʣ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʧʦʣʝ ʥʘ ʦʙʤʦʪʢʝ 20-25 ʊʣ. ʕʪʦ ʫʞʝ ʚʦʟʤʦʞʥʦ (ʜʣʷ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʤʘʛʥʠʪʦʚ) ʪʦʣʴʢʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ɺʊʉʇ 2-ʛʦ ʧʦʢʦʣʝʥʠʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʛʥʠʪʦʚ ʋʊʉ, ʢʦʪʦʨʘʷ ʩʝʡʯʘʩ 

ʩʦʩʪʘʚʣʷʝʪ 5 ʂ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʜʦ 20-30 ʂ, ʯʪʦ ʪʦʞʝ, ʫʯʠʪʳʚʘʷ ʧʦʣʷ ʠ 

ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʧʦʜ ʩʠʣʫ ʪʦʣʴʢʦ ɺʊʉʇ-2 ʊʅʕ. ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʚʦ ʚʩʝʤ ʤʠʨʝ 

ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʣʴʥʦʪʦʯʥʳʭ ɺʊʉʇ-2 ʊʅʕ ʜʣʷ ʋʊʉ.  

ʅʘ ʨʠʩʫʥʢʝ 1.14 ʘ ʠʟʦʙʨʘʞʝʥ ʵʩʢʠʟ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʪʦʢʘʤʘʢʘ DEMO ʧʦ ʦʜʥʦʡ ʠʟ ʢʦʥʮʝʧʮʠʡ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [21]. ʇʦʢʘʟʘʥʳ 

ʢʘʪʫʰʢʠ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʤʘʛʥʠʪʘ TF, ʮʝʥʪʨʘʣʴʥʳʡ ʩʦʣʝʥʦʠʜ  CS, ʠ ʦʙʤʦʪʢʠ 

ʧʦʣʦʠʜʘʣʴʥʦʛʦ ʧʦʣʷ PF. ʄʘʩʰʪʘʙʳ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ, ʧʣʘʥʠʨʫʝʤʳʝ ʜʣʷ DEMO, 

ʚʠʜʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.14 ʙ, ʛʜʝ ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʦʨʦʠʜʘʣʴʥʳʭ ʢʘʪʫʰʝʢ DEMO 

ʠ ITER. 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʭʦʪʝʣʦʩʴ ʙʳ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ 

ʥʘ çʟʘʧʘʩè ʧʦ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ï ʧʦʯʪʠ 12 ʂ ʫ ɺʊʉʇ ʧʨʦʚʦʜʥʠʢʘ ʧʨʠ ʟʘʧʘʩʝ 

ʧʦ ʪʦʢʫ ʚʩʝʛʦ 30%, ʧʨʦʪʠʚ 1,5 ʂ ʫ ʥʠʦʙʠʡ-ʦʣʦʚʷʥʥʦʛʦ ʊʅʕ. 

 

    

ʘ)           ʙ) 

ʈʠʩʫʥʦʢ 1.14 ï ʄʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ DEMO, ʵʩʢʠʟ ʠʟ [21] (ʘ); ʤʘʩʰʪʘʙ 

ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʪʦʨʦʠʜʘʣʴʥʳʭ ʢʘʪʫʰʝʢ DEMO ʚ ʩʨʘʚʥʝʥʠʠ ʩ ITER (ʙ) 
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ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʩʪʨʫʢʮʠʠ ʊʅʕ, ʢʨʦʤʝ ʦʧʠʩʘʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, 

ʧʨʝʜʣʘʛʘʝʤʳʝ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʦʢʘʤʘʢʦʚ. 

 

ʊʘʙʣʠʮʘ 1.1 ï ʉʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʅʊʉʇ ʠ ɺʊʉʇ ʊʅʕ ʜʣʷ DEMO [21] 

 ʇʨʝʜʣʘʛʘʝʤʳʡ 

ʅʊʉʇ ʤʘʪʝʨʠʘʣ 

ʇʨʝʜʣʘʛʘʝʤʳʡ 

ɺʊʉʇ ʤʘʪʝʨʠʘʣ 

Nb3Sn ReBCO 

Iop/Ic - 0,7 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʦʣʝ ʥʘ ʧʨʦʚʦʜʥʠʢʝ (ʊʣ) 13,6 13,27 

ʊʨʝʙʫʝʤʦʝ ʯʠʩʣʦ ʚʠʪʢʦʚ 232 384 

ʈʘʙʦʯʠʡ ʪʦʢ (ʢɸ) 82,4 50 

ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʢʘʞʜʦʡ ʦʙʤʦʪʢʠ (ɻʥ)  7,28 

ɿʘʧʘʩʝʥʥʘʷ ʵʥʝʨʛʠʷ ʢʘʞʜʦʡ ʦʙʤʦʪʢʠ (ɻɼʞ) 9,05 9,09 

ʇʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʨʘʟʨʷʜʘ (ʩ) 23 30 

 

ʂʦʥʩʪʨʫʢʮʠʷ ʊʅʕ, ʧʦʭʦʞʘʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ CORCC ʠʟ ʩʪʦʧʦʢ ɺʊʉʇ ʣʝʥʪ 

ʠ ʥʘ ʪʚʠʩʪʠʨʦʚʘʥʥʳʝ ʩʪʦʧʢʠ ʣʝʥʪ ʚ ʬʦʨʤʝʨʝ ʩ ʢʘʥʘʣʦʤ ʦʭʣʘʞʜʝʥʠʷ ʠ ʩ 

ʛʝʣʠʢʦʠʜʘʣʴʥʳʤʠ ʧʘʟʘʤʠ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ [22] (ʨʠʩʫʥʦʢ 1.15 ʘ). ʀʟʛʦʪʦʚʣʝʥ 10 

ʢɸ ʧʨʦʪʦʪʠʧ ʪʘʢʦʛʦ ʊʅʕ, ʩ ʜʠʘʤʝʪʨʦʤ ~25 ʤʤ ʠ ʰʘʛʦʤ ʪʚʠʩʪʘ 160 ʤʤ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ CORCC ʪʘʢʦʡ ʊʅʕ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʫʶ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, 

ʥʝʤʥʦʛʦ ʙʦʣʴʰʠʡ (ʚ 1,5-2 ʨʘʟʘ) ʰʘʛ ʪʚʠʩʪʘ, ʠ ʛʦʨʘʟʜʦ ʤʝʥʴʰʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʘ ʤʝʞʜʫ ʢʘʢ ʩʪʦʧʢʘʤʠ, ʪʘʢ ʠ ʩʣʦʷʤʠ ɺʊʉʇ ʣʝʥʪ.  

 

 

ʘ)           ʙ)            ʚ) 

ʈʠʩʫʥʦʢ 1.15 ï ʂʦʥʮʝʧʮʠʷ ʊʅʕ ʦʪ ENEA (Italian National agency for new 

technologies, Energy and sustainable economic development) [22] (ʘ);  

ʢʦʥʮʝʧʮʠʷ ʊʅʕ (ʙ); ʧʨʦʪʦʪʠʧ ʊʅʕ ʦʪ EPFL-CRPP [23] (ʚ)   
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ʊʅʕ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʘʭ 1.15 ʘ ʠ ʙ, ʧʦʭʦʞ ʥʘ ʈʝʟʝʨʬʦʨʜʦʚʩʢʫʶ 

ʩʢʨʫʪʢʫ ʠʟ ʩʪʦʧʦʢ ɺʊʉʇ ʣʝʥʪ ʚ ʢʦʥʜʫʠʪʘʭ. 

ʉʝʯʝʥʠʝ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʩʦʩʪʘʚʣʷʝʪ 70ʭ19 ʤʤ ʙʝʟ ʫʯʝʪʘ ʢʦʥʜʫʠʪʘ, 

ʨʘʩʯʝʪʥʳʡ ʪʦʢ ʧʨʦʪʦʪʠʧʘ 50 ʢɸ. ʐʘʛ ʪʚʠʩʪʘ ʪʘʢʦʛʦ ʊʅʕ ʩʦʩʪʘʚʣʷʝʪ ~ 1000 ʤʤ. 

ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʩʥʠʞʝʥʘ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʢʘʞʜʘʷ ʩʪʦʧʢʘ ʣʝʥʪ ʥʘʭʦʜʠʪʩʷ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʢʦʥʜʫʠʪʝ ʠ ʚ ʊʅʕ ʤʥʦʛʦ ʧʫʩʪʦʪ ʠʟ-ʟʘ ʫʢʣʘʜʢʠ ʤʥʦʛʠʭ ʢʨʫʛʣʳʭ 

ʧʨʦʚʦʜʥʠʢʦʚ. ʇʦ ʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʤʝʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʢʦʛʜʘ ʢʨʫʛʣʳʝ ʧʨʦʚʦʜʥʠʢʠ ʦʧʠʨʘʶʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʘ 

ʪʘʢʞʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʜʫʠʪʘ ʠ ʬʦʨʤʝʨʘ. ʆʭʣʘʞʜʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʜʝʣʘʪʴ 

ʧʨʦʪʦʢʦʤ ʭʣʘʜʘʛʝʥʪʘ ʯʝʨʝʟ ʢʘʥʘʣ ʚ ʦʙʱʝʤ ʢʦʥʜʫʠʪʝ, ʟʘʥʷʪʳʡ ʩʢʨʫʪʢʦʡ ʠʟ ʢʨʫʛʣʳʭ 

ʧʨʦʚʦʜʥʠʢʦʚ, ʠʟ-ʟʘ ʩʣʘʙʦʛʦ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʘ ʢʨʫʛʣʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʩ ʬʦʨʤʝʨʦʤ. 

ʂʨʦʤʝ ʪʦʢʘʤʘʢʦʚ, ʚʘʞʥʳʤ ʢʣʘʩʩʦʤ ʋʊʉ ʷʚʣʷʶʪʩʷ ʩʪʝʣʣʘʨʘʪʦʨʳ ʠʣʠ 

ʛʝʣʠʢʦʠʜʘʣʴʥʳʝ ʤʘʰʠʥʳ. ʂʦʥʬʠʛʫʨʘʮʠʷ çʪʦʨʦʠʜʘʣʴʥʦʡè ʦʙʤʦʪʢʠ 

ʛʝʣʠʢʦʠʜʘʣʴʥʦʛʦ ʋʊʉ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.16 ʘ. ʉʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʚʫʭ 

ʛʝʣʠʢʦʠʜʘʣʴʥʳʭ ʤʘʰʠʥ  ï ʜʝʡʩʪʚʫʶʱʝʛʦ ʚ ʗʧʦʥʠʠ LHD c ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʦʡ ʠʟ 

ʅʊʉʇ  ʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʪʘʤ ʞʝ FFHR ʩ ɺʊʉʇ ʤʘʛʥʠʪʦʤ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 

1.2. 

 

ʊʘʙʣʠʮʘ 1.2 ï ʇʘʨʘʤʝʪʨʳ ʛʝʣʠʢʦʠʜʘʣʴʥʳʭ ʋʊʉ FFRH ʠ LHD [24] 

 FFHR-d1 LHD 

ɹʦʣʴʰʦʡ ʨʘʜʠʫʩ, ʤ 15,6 3,9 

ʊʦʨʦʠʜʘʣʴʥʦʝ ʧʦʣʝ, ʊʣ 4,7 3 

ʊʦʢ ʧʨʦʚʦʜʥʠʢʘ, ʢɸ 94 13 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʦʣʝ, ʊʣ 12 6,9 

ɿʘʧʘʩʝʥʥʘʷ ʵʥʝʨʛʠʷ, ɻɼʞ 160 0,9 

 

ɼʣʷ FFHR ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʊʅʕ 100 ʢɸ ʢʣʘʩʩʘ ʠʟ ɺʊʉʇ ʣʝʥʪ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʷʧʦʥʩʢʦʡ ʢʦʤʧʘʥʠʠ Fujukura, ʢʦʪʦʨʘʷ ʜʦʙʠʣʘʩʴ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʦʢʦʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʦʢʦʣʦ 1000 ɸ ʥʘ 10 ʤʤ ʰʠʨʠʥʳ ʣʝʥʪʳ ʚ ʧʦʣʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʦʢʘ ʧʨʠ 

77 ʂ. ʇʘʨʘʤʝʪʨʳ ʊʅʕ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʜʣʷ FFHR, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.3. 
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ʉʝʯʝʥʠʝ ʠ ʛʘʙʘʨʠʪʳ ʊʅʕ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.16 ʙ. ʕʪʦʪ ʊʅʕ ʥʝ ʷʚʣʷʝʪʩʷ 

ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʳʤ, ʩʪʦʧʢʠ ʣʝʥʪ ʥʝ ʪʚʠʩʪʠʨʦʚʘʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʣʝʚʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ɺʊʉʇ ʣʝʥʪ 

ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʣʶ. ʂʦʤʧʦʥʝʥʪʘ ʧʦʣʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʠ ɺʊʉʇ ʣʝʥʪ, 

ʧʨʠ ʪʘʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʊʅʕ ʠ ʦʙʤʦʪʢʠ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʧʦʣʝʤ ʥʘ ʦʙʤʦʪʢʝ. ʇʨʠ ʛʝʣʠʢʦʠʜʘʣʴʥʦʡ ʦʙʤʦʪʢʝ ʤʦʞʥʦ ʧʦʟʚʦʣʠʪʴ ʩʝʙʝ ʧʨʠʤʝʥʷʪʴ 

ʥʝ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʳʡ ʊʅʕ, ʧʦʩʢʦʣʴʢʫ ʢʦʥʬʠʛʫʨʘʮʠʷ ʦʙʤʦʪʢʠ ʩʘʤʘ ʧʦ ʩʝʙʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʚʠʩʪʠʨʦʚʘʥʠʝ ʩ ʰʘʛʦʤ ʚ ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʤʝʜʠ ʚ ʩʝʯʝʥʠʠ 

ʊʅʕ. 

 

ʊʘʙʣʠʮʘ 1.3 ï ʇʘʨʘʤʝʪʨʳ ʪʦʢʦʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʜʣʷ FFHR [24] 

ʈʘʙʦʯʠʡ ʪʦʢ 94 ʢɸ 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʦʣʝ 12 ʊʣ 

ʈʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 20 ʂ 

ɿʘʧʘʩ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ~ 10 ʂ 

ʄʝʪʦʜ ʦʭʣʘʞʜʝʥʠʷ ʇʨʦʪʦʯʥʦʝ ʧʨʠʥʫʜʠʪʝʣʴʥʦʝ ʛʘʟoʦʙʨʘʟʥʳʤ ʛʝʣʠʝʤ 

ɻʘʙʘʨʠʪʳ  62 ʤʤ ʭ 62 ʤʤ 

ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ 24,5 A/ʤʤ2 

ʏʠʩʣʦ ɺʊʉʇ ʣʝʥʪ 40 

ʄʝʪʦʜ ʘʛʨʝʛʘʪʠʨʦʚʘʥʠʷ ʉʢʣʘʜʳʚʘʥʠʝ ʚ ʩʪʦʧʢʠ 

ʉʪʘʙʠʣʠʟʘʪʦʨ ɹʝʩʢʠʩʣʦʨʦʜʥʘʷ ʤʝʜʴ 

ɺʥʝʰʥʷʷ ʦʙʦʣʦʯʢʘ ʅʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ 

ʀʟʦʣʷʮʠʷ ɺʥʫʪʨʝʥʥʷʷ ʠʟʦʣʷʮʠʷ (ʙʝʟ ʠʤʧʨʝʛʥʠʨʦʚʘʥʠʷ) 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʦʞʘʣʫʡ, ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʥʠʦʙʠʡ-ʦʣʦʚʘ 

ʧʝʨʝʜ ɺʊʉʇ ʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʊʅʕ ʜʣʷ ʪʦʢʘʤʘʢʦʚ ʦʩʪʘʝʪʩʷ ʩʪʦʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʜʣʷ ʥʠʦʙʠʡ-ʦʣʦʚʷʥʥʦʛʦ ʊʅʕ ʧʦʢʘ ʝʱʝ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ, ʚ ʨʘʩʯʝʪʝ ʥʘ ʤʝʪʨ 

ʥʘ 100 ʢɸ. ʉʨʘʚʥʝʥʠʝ ʩʪʦʠʤʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 
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1 ʤ 100 ʢɸ ʊʅʕ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 5 ʂ ʚ ʧʦʣʝ 15 ʊʣ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 1.4, [25]. 

ʉʨʝʜʠ ɺʊʉʇ ʧʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʣʠʜʠʨʫʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʠ 1-ʛʦ ʧʦʢʦʣʝʥʠʷ 

ɺʊʉʇ, ʟʘ ʥʠʤʠ ʠʜʝʪ SuNAM, ʧʦʩʢʦʣʴʢʫ ʵʪʘ ʢʦʨʝʡʩʢʘʷ ʢʦʤʧʘʥʠʷ ʥʘʫʯʠʣʘʩʴ ʜʝʣʘʪʴ 

ʜʝʰʝʚʫʶ ɺʊʉʇ-2 ʣʝʥʪʫ ʩ ʚʳʩʦʢʠʤʠ ʪʦʢʘʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 10-20 ʂ ʠ ʚ ʧʦʣʷʭ ʧʦʨʷʜʢʘ 20 ʊʣ ʵʪʘ ʪʘʙʣʠʮʘ ʚʳʛʣʷʜʝʣʘ ʙʳ 

ʩʦʚʝʨʰʝʥʥʦ ʧʦ ʜʨʫʛʦʤʫ ï ʙʝʟ ʥʠʦʙʠʡ-ʦʣʦʚʘ, ʘ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʩʢʦʨʝʝ ʚʩʝʛʦ 

ʚʳʰʣʘ ʙʳ ɺʊʉʇ-2 ʣʝʥʪʘ, ʧʨʠʯʝʤ, SuperPower ʠʣʠ Fujikura, ʠʟ-ʟʘ ʣʫʯʰʠʭ ʧʦʣʝʚʳʭ 

ʩʚʦʡʩʪʚ. 

 

      

ʘ)         ʙ) 

ʈʠʩʫʥʦʢ 1.16 ï ʂʦʥʮʝʧʮʠʷ ʛʝʣʠʢʦʠʜʘʣʴʥʦʡ ʤʘʰʠʥʳ [26] (ʘ);  

ʢʦʥʮʝʧʮʠʷ ʪʦʢʦʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʥʘ 100 ʢɸ ʠʟ YBCO ʣʝʥʪ 15 ʤʤ ʰʠʨʠʥʳ ʩ 

ʪʦʢʦʤ >900 ɸ/ʩʤ ʧʨʠ 77ʂ, ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʜʣʷ ʷʧʦʥʩʢʦʡ  ʫʩʪʘʥʦʚʢʠ FFHR [24] (ʙ) 

 

 

ʊʘʙʣʠʮʘ 1.4 ï ʉʨʘʚʥʝʥʠʝ ʮʝʥ ʥʘ ʪʦʢʦʥʝʩʫʱʠʝ ʵʣʝʤʝʥʪʳ* ʠʟ ɺʊʉʇ ʠ ʥʠʦʙʠʡ-ʦʣʦʚʘ 

[23] 

Nb3Sn  

ʜʣʷ DEMO 

Nb3Sn   300 ɸ/ʤʤ2 320 ʤ 3500~5000 

 

 

 



27 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4 

ʇʨʦʠʟʚʦʜʠʪʝʣʴ 

 

 Ic ʧʨʠ 77 

ʂ 

Ic ʧʨʠ 5 ʂ, 

15 ʊʣ 

Je ʧʨʠ 5ʂ, 

15 ʊʣ 

ɼʣʠʥʘ ʣʝʥʪʳ ʥʘ 

1 ʤʝʪʨ ʢʘʙʝʣʷ 

ʉʪʦʠʤʦʩʪʴ**  

ʣʝʥʪʳ ʥʘ 1 

ʤʝʪʨ ʢʘʙʝʣʷ 

ʆʢʩʬʦʨʜ, 

SWCC 

Bi2212 - 350A 700 A/ʤʤ2 280~500 ʤ 5000~9000 

Sumitomo Bi2223 200 A 340 A 390 A/ʤʤ2 300 ʤ 12000 

SuNAM ReBCO 200 A 100 A 330 A/ʤʤ2 750 ʤ 15000 

SuperPower ReBCO 120 A 190 A 480 A/ʤʤ2 520 ʤ 33000 

Fujikura ReBCO 250 A 250 A 310 A/ʤʤ2 400 ʤ 40000 

*ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʦʜʥʠʢʘ ʥʘ 1 ʤ ʢʘʙʝʣʷ ʩ ʪʦʢʦʤ 100 ʢɸ ʧʨʠ 5 ʂ, 15 ʊʣ 

**ʩʪʦʠʤʦʩʪʴ ʫʢʘʟʘʥʘ ʚ ʰʚʝʡʮʘʨʩʢʠʭ ʬʨʘʥʢʘʭ, ʚ ʜʦʣʣʘʨʘʭ ʉʐɸ ʧʨʠʤʝʨʥʦ ʚ 2,5 ʨʘʟʘ ʤʝʥʴʰʝ 

 

ʊʘʤ ʞʝ [25] ʜʘʣʝʝ ʟʘʷʚʣʝʥʦ, ʯʪʦ, ʭʦʪʷ ʧʦʢʘ ʝʱʝ ʮʝʥʘ ʥʝ ʷʚʣʷʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʦʢʦʥʝʩʫʱʠʭ ɺʊʉʇ ʵʣʝʤʝʥʪʦʚ (ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ), ʧʦ ʦʩʪʘʣʴʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ ɺʊʉʇ ʊʅʕ ʙʫʜʫʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʮʝʥʘ ʧʝʨʝʭʦʜʘ ʥʘ ɺʊʉʇ ʚ ʤʘʩʰʪʘʙʝ ʢʨʫʧʥʦʛʦ ʪʦʢʘʤʘʢʘ. 

ʆʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʧʨʦʝʢʪʘ ITER ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 20 ʤʠʣʣʠʘʨʜʦʚ 

ʝʚʨʦ. ɼʣʠʥʘ ʪʦʢʦʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚ ʦʙʤʦʪʢʘʭ ITER ï ʦʢʦʣʦ 200 ʢʤ, ʠʟ ʥʠʭ ~ 140 

ʢʤ ʚ ʪʦʨʦʠʜʘʣʴʥʦʤ ʤʘʛʥʠʪʝ ʠ ʮʝʥʪʨʘʣʴʥʦʤ ʩʦʣʝʥʦʠʜʝ. ʈʘʟʥʠʮʫ ʚ ʮʝʥʝ ʤʝʞʜʫ 

ɺʊʉʇ ʠ ʅʊʉʇ ʪʦʢʦʥʝʩʫʱʠʤ ʵʣʝʤʝʥʪʦʤ ʚ ʨʘʩʯʝʪʝ ʥʘ ʢʨʫʧʥʳʡ ʪʦʢʘʤʘʢ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʢʘʢ ~ 10 ʢ$ ʟʘ ʤʝʪʨ, ʪ.ʝ. ʦʢʦʣʦ 2 ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ ʥʘ ITER. ʕʪʦ ʥʘ 

ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʩʪʦʠʤʦʩʪʠ ʚʩʝʛʦ ʧʨʦʝʢʪʘ ʚ ʮʝʣʦʤ ï ʤʥʦʛʦ, ʥʦ ʥʝ ʢʘʪʘʩʪʨʦʬʠʯʥʦ, 

ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʪʘʢʦʡ ʮʝʥʦʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʝ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʨʘʙʦʯʠʝ ʧʘʨʘʤʝʪʨʳ. ɿʘ ʜʝʩʷʪʴ ʣʝʪ ʮʝʥʘ ɺʊʉʇ ʟʘ ʢʠʣʦʘʤʧʝʨ-ʤʝʪʨ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ (ʥʘ ʧʦʨʷʜʦʢ) ʩʥʠʟʠʪʴʩʷ. 

ʊʝʨʤʦʷʜʝʨʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ï ʫʩʪʨʦʡʩʪʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʣʝʢʦʡ (ʜʝʩʷʪʢʠ 

ʣʝʪ) ʧʝʨʩʧʝʢʪʠʚʳ. ʉʫʱʝʩʪʚʫʝʪ ʢʣʘʩʩ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʪʝʨʤʦʷʜʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʥʘʟʳʚʘʝʤʳʭ ʛʠʙʨʠʜʝʨʳ. ʆʥʠ ʚʳʨʘʙʘʪʳʚʘʶʪ ʵʥʝʨʛʠʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʷʜʝʨʥʦʡ 

ʨʝʘʢʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʝʡ ʚ ʙʣʘʥʢʝʪʝ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ. ʀʭ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ï 

ʚʳʨʘʙʦʪʢʘ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʠʟ ʵʣʝʤʝʥʪʦʚ, ʟʘʧʘʩ ʢʦʪʦʨʳʭ ʥʘ ʧʦʨʷʜʢʠ ʙʦʣʴʰʝ, ʯʝʤ 

ʫ ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʩʝʡʯʘʩ, ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʷʜʝʨʥʳʭ ʦʪʭʦʜʦʚ [26], [27]. ɺ ʯʘʩʪʥʦʩʪʠ, 



28 

 

ʧʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜʝʨʦʚ ʧʦʟʚʦʣʠʪ ʚʢʣʶʯʠʪʴ ʪʦʨʠʡ ʚ ʪʦʧʣʠʚʥʳʡ ʮʠʢʣ ʷʜʝʨʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ. ʊʝʨʤʦʷʜʝʨʥʘʷ ʨʝʘʢʮʠʷ ʚ ʛʠʙʨʠʜʝʨʘʭ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʜʣʷ ʚʳʨʘʙʦʪʢʠ 

ʵʥʝʨʛʠʠ, ʦʥʘ ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʥʝʡʪʨʦʥʦʚ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ʚ 

ʙʣʘʥʢʝʪʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʪʝʨʤʦʷʜʝʨʥʳʡ ʠʩʪʦʯʥʠʢ 

ʥʝʡʪʨʦʥʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʦʢ ʪʦʨʦʠʜʘʣʴʥʳʭ ʦʙʤʦʪʦʢ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ 20-

25 ʢɸ ʚ ʧʦʣʝ ʦʢʦʣʦ 12 ʊʣ ʧʨʠ ʩʝʯʝʥʠʠ ʊʅʕ ʚ ʢʦʥʜʫʠʪʝ ~ 25ʭ25 ʤʤ [28]. 

ʉʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʜʣʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʫʜʝʪ ʚʳʙʨʘʥ ʪʦʢʦʥʝʩʫʱʠʡ 

ʵʣʝʤʝʥʪ ʠʟ ɺʊʉʇ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʘʙʦʯʝʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʜʠʘʮʠʦʥʥʦʡ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ ʊʀʅ ʩʨʘʟʫ ʩ ʧʦʣʝʤ ʥʘ ʦʩʠ 

ʧʣʘʟʤʳ 9-10 ʊʣ, ʯʪʦ ʦʟʥʘʯʘʝʪ 18-20 ʊʣ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʣʷ ʥʘ ʦʙʤʦʪʢʝ, ʢʦʪʦʨʘʷ 

ʪʦʛʜʘ ʤʦʞʝʪ ʙʳʪʴ ɺʊʉʇ ʠʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ, ʩ ɺʊʉʇ ʯʘʩʪʴʶ, ʦʭʣʘʞʜʘʝʤʦʡ 

ʞʠʜʢʠʤ ʛʝʣʠʝʤ, ʠ ʧʦʚʳʰʘʶʱʝʡ ʧʦʣʝ ʩ 9-10 ʜʦ 18-20 ʊʣ. 

ʊʦʨʦʠʜʘʣʴʥʳʡ ʤʘʛʥʠʪ ʪʦʢʘʤʘʢʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʣʶʙʳʭ ʜʨʫʛʠʭ ʤʘʛʥʠʪʥʳʭ 

ʩʠʩʪʝʤ ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʝʤ, ʯʪʦ ʚʥʫʪʨʠ ʥʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʪʝʨʤʦʷʜʝʨʥʘʷ ʨʝʘʢʮʠʷ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʦʛʨʦʤʥʳʭ ʤʦʱʥʦʩʪʝʡ ʵʥʝʨʛʠʠ. ʅʝʡʪʨʦʥʥʘʷ ʨʘʜʠʘʮʠʷ, ʘ ʪʘʢʞʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʥʝ ʫʜʝʨʞʠʚʘʶʪʩʷ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʠ ʧʦʧʘʜʘʶʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʪʝʥʢʠ ʚʘʢʫʫʤʥʦʛʦ ʩʦʩʫʜʘ. 

ɿʘ ʚʩʝ ʚʨʝʤʷ ʨʘʙʦʪʳ DEMO ʦʞʠʜʘʝʤʘʷ ʜʦʟʘ ʥʝʡʪʨʦʥʦʚ ʩʦʩʪʘʚʠʪ 3-5Ŀ1022 ʤ-2. 

ɺʣʠʷʥʠʝ ʥʝʡʪʨʦʥʥʦʡ ʨʘʜʠʘʮʠʠ ʥʘ ɺʊʉʇ ʤʘʛʥʠʪʥʫʶ ʩʠʩʪʝʤʫ ʪʦʢʘʤʘʢʦʚ ʦʧʠʩʘʥʦ ʚ 

ʨʷʜʝ ʨʘʙʦʪ, ʥʘʧʨʠʤʝʨ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʜʦʢʣʘʜʝ [29]. ʈʝʘʢʮʠʷ ʜʝʡʪʝʨʠʡ-ʪʨʠʪʠʡ 2H + 

3H Ÿ 4He (3,5 MeV) + n(14,1 MeV), ʚ ʩʣʫʯʘʝ DEMO ʙʫʜʝʪ ʩʦʟʜʘʚʘʪʴ ʧʦʪʦʢ ʵʥʝʨʛʠʠ 

ʚ 1ʄɺʪ/ʤ2 ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥʢʘʭ, ʠ ʧʦʪʦʢ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ʦʢʦʣʦ 

14 ʄʵɺ. ɿʘ ʙʣʘʥʢʝʪʦʤ ʠ ʟʘʱʠʪʦʡ, ʪʘʤ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ, 

ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʥʝʡʪʨʦʥʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʨʥʦ ʥʘ 6 ʧʦʨʷʜʢʦʚ ʤʝʥʴʰʝ, ʠ 

ʤʥʦʛʠʝ ʥʝʡʪʨʦʥ r ʩʪʘʥʦʚʷʪʩʷ çʪʝʧʣʦʚʳʤʠè (ʜʦ 1 ʵɺ) ʟʘ ʩʯʝʪ ʨʘʩʩʝʷʥʠʷ ʥʘ 

ʤʘʪʝʨʠʘʣʘʭ ʙʣʘʥʢʝʪʘ. ʄʥʦʛʠʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʤʦʛʫʪ ʟʘʭʚʘʪʳʚʘʪʴ ʥʝʡʪʨʦʥʳ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʷʪ ʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ 

ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʘʷ ʵʥʝʨʛʠʷ. ʆʩʦʙʝʥʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʵʪʠʤ ʦʪʣʠʯʘʶʪʩʷ 

ʥʝʢʦʪʦʨʳʝ ʠʟʦʪʦʧʳ ʛʘʜʦʣʠʥʠʷ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ çʧʨʠʨʦʜʥʦʛʦè ʛʘʜʦʣʠʥʠʷ ʚ 
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ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʉʧʝʢʪʨ ʥʝʡʪʨʦʥʦʚ ʥʝʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʩʧʝʢʪʨ ʥʝʡʪʨʦʥʦʚ ʥʘ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʝ ʪʦʢʘʤʘʢʘ, ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.17 ʘ. ʅʘ 

ʨʠʩʫʥʢʝ 1.17 ʙ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʝʯʝʥʠʷ ʟʘʭʚʘʪʘ ʥʝʡʪʨʦʥʦʚ ʦʪ 

ʠʭ ʵʥʝʨʛʠʠ ʜʣʷ ʠʪʪʨʠʷ ʠ ʠʟʦʪʦʧʦʚ ʛʘʜʦʣʠʥʠʷ, ʘ ʪʘʢʞʝ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ 

çʧʨʠʨʦʜʥʦʛʦè ʛʘʜʦʣʠʥʠʷ. ɼʣʷ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʵʬʬʝʢʪʠʚʥʦʝ ʩʝʯʝʥʠʝ ʟʘʭʚʘʪʘ 

ʛʘʜʦʣʠʥʠʝʤ-155 ʠ ʦʩʦʙʝʥʥʦ ʛʘʜʦʣʠʥʠʝʤ-157 ʥʘ 5 ʧʦʨʷʜʢʦʚ ʚʳʰʝ, ʯʝʤ ʫ 

ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʪʪʨʠʷ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʛʘʜʦʣʠʥʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʵʢʨʘʥʘʭ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ. 

ʈʘʜʠʘʮʠʦʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ GdBCO ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʝʱʝ ʚ 90-ʝ ʛʦʜʳ, 

ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [30] ʠʟʫʯʘʣʦʩʴ ʠ ʩʨʘʚʥʠʚʘʣʦʩʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ GdBCO 

ʪʝʧʣʦʚʳʭ ʠ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ. ʆʙʣʫʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʚʦʜʷʥʦʤ ʢʘʥʘʣʝ 

ʨʝʘʢʪʦʨʘ. ʏʘʩʪʴ ʦʙʨʘʟʮʦʚ ʟʘʱʠʱʘʣʘʩʴ ʦʪ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʢʘʜʤʠʝʚʳʤʠ 

ʬʠʣʴʪʨʘʤʠ. ɹʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ GdBCO ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʚ 2,5 ʨʘʟʘ ʵʬʬʝʢʪʠʚʥʝʡ, ʯʝʤ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. ʆʙʲʝʤ 

ʥʝʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʦʙʣʘʩʪʠ, ʩʚʷʟʘʥʥʳʡ ʩ ʟʘʭʚʘʪʦʤ ʥʝʡʪʨʦʥʘ ʷʜʨʦʤ ʛʘʜʦʣʠʥʠʷ, 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ ʧʷʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ. 

 

 

ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 1.17 ï ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʚ ʨʝʘʢʪʦʨʝ TRIGA, ʥʘ 

ʠʤʧʫʣʴʩʥʦʤ ʠʩʪʦʯʥʠʢʝ ʥʝʡʪʨʦʥʦʚ IPNS ʠ ʟʘ ʙʣʘʥʢʝʪʦʤ ʪʝʨʤʦʷʜʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ 

(FUSION) (ʘ); ʬɻʬʝʢʪʠʚʥʦʝ ʩʝʯʝʥʠʝ ʟʘʭʚʘʪʘ ʥʝʡʪʨʦʥʦʚ ʠʟʦʪʦʧʘʤʠ ʛʘʜʦʣʠʥʠʷ ʠ 

ʠʪʪʨʠʝʤ, ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʛʘʜʦʣʠʥʠʷ [29] (ʙ) 
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ʈʝʘʢʮʠʷ ʟʘʭʚʘʪʘ ʪʝʧʣʦʚʦʛʦ ʥʝʡʪʨʦʥʘ ʛʘʜʦʣʠʥʠʝʤ 157: 157Gd + n Ÿ 158Gd + ɔ 

ʠʜʝʪ ʩ ʚʳʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ 30 ʢɻ ɺ ʥʘ ʘʪʦʤ ʚ ɺʊʉʇ ʩʣʦʝ ʠ ʦʢʦʣʦ 8 ʄʵɺ ʥʘ 

ʦʙʤʦʪʢʫ ʚ ʮʝʣʦʤ ʟʘ ʩʯʝʪ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. ʕʪʘ ʨʝʘʢʮʠʷ ʩʦʟʜʘʝʪ ʥʝ ʪʦʣʴʢʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʪʝʧʣʦʚʫʶ ʥʘʛʨʫʟʢʫ, ʥʦ ʠ ʥʘʨʫʰʘʝʪ ʩʪʨʫʢʪʫʨʫ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ. 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʦʟʳ ʥʝʡʪʨʦʥʦʚ ʥʘʯʠʥʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘʩʪʫʧʘʝʪ ʜʝʛʨʘʜʘʮʠʷ ɺʊʉʇ.  

ʅʝʦʙʭʦʜʠʤʦ ʚʳʨʘʙʦʪʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʘʧʘʩʫ ʧʦ ʪʦʢʫ ʊʅʕ, ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ɺʊʉʇ ʣʝʥʪ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʘʤ ʊʅʕ, ʘ ʪʘʢʞʝ ʢ ʟʘʱʠʪʝ 

ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʤʘʛʥʠʪʘ, ʠʩʭʦʜʷ ʠʟ ʬʣʶʵʥʩʘ ʠ ʩʧʝʢʪʨʘ ʥʝʡʪʨʦʥʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʪʝʧʣʦʚʫʶ ʨʘʜʠʘʮʠʦʥʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʊʅʕ ʧʨʠ ʨʘʩʯʝʪʝ ʝʛʦ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ [31] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʷʜʝʨʥʘʷ ʪʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ ʜʣʷ ITER. ʗʜʝʨʥʘʷ 

ʪʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʪʦʨʦʠʜʘʣʴʥʳʝ ʤʘʛʥʠʪʳ ITER ʩʦʩʪʘʚʠʪ 300-400 ʢɼʞ ʥʘ ʮʠʢʣ 

ʥʘʛʨʝʚʘ ʧʣʘʟʤʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ. ʕʪʦ ʙʦʣʴʰʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʚ 

ʩʦʝʜʠʥʝʥʠʷʭ ʠ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʵʥʝʨʛʠʝʡ ʧʦʪʝʨʴ ʚ ʦʙʤʦʪʢʘʭ ʠ ʪʝʧʣʦʧʨʠʪʦʢʘʤʠ [31]. 

ʂ ʪʦʤʫ ʞʝ ʷʜʝʨʥʘʷ ʪʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʦʥʘ ʙʦʣʴʰʝ 

ʚʩʝʛʦ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʚʠʪʢʘʭ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚ ʩʠʩʪʝʤʝ, 

ʧʦʵʪʦʤʫ ʧʨʝʠʤʫʱʝʩʪʚʦ ɺʊʉʇ ʧʦ ʟʘʧʘʩʫ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʯʝʚʠʜʥʦ ʠ ʚ 

ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ. 

 

1.5 ʄʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

 

1.5.1 ʇʣʘʟʤʝʥʥʳʝ ʜʚʠʛʘʪʝʣʠ 

ɺʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ, ʥʘʧʨʠʤʝʨ, ʚ [32], ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ 

ʢʦʨʘʙʣʝʡ ʩ ʷʜʝʨʥʳʤʠ ʩʠʣʦʚʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʠ ʵʣʝʢʪʨʦʨʝʘʢʪʠʚʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ: 

- ʦʩʚʦʝʥʠʝ ʃʫʥʳ; 

- ʤʝʞʧʣʘʥʝʪʥʳʝ ʧʠʣʦʪʠʨʫʝʤʳʝ ʵʢʩʧʝʜʠʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʄʘʨʩʫ, ʘʩʪʝʨʦʠʜʘʤ 

ʠ ʩʧʫʪʥʠʢʘʤ ʖʧʠʪʝʨʘ ʩ ʮʝʣʴʶ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ; 
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- ʜʦʩʪʘʚʢʘ ʛʨʫʟʦʚ ʚ ʜʘʣʴʥʠʡ ʢʦʩʤʦʩ; 

- ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʘʩʪʝʨʦʠʜʥʦ-ʢʦʤʝʪʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʤʦʥʠʪʦʨʠʥʛ ʦʧʘʩʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʜʦʩʪʘʚʢʘ ʢ ʥʠʤ ʦʪʢʣʦʥʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ (ʟʘʨʷʜʦʚ); 

- ʦʯʠʩʪʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪ ʪʝʭʥʦʛʝʥʥʦʛʦ ʤʫʩʦʨʘ (ʠʤʧʫʣʴʩʥʳʤ 

ʣʘʟʝʨʦʤ) ʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ; 

- ʟʘʭʦʨʦʥʝʥʠʝ ʦʩʦʙʦ ʦʧʘʩʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ; 

- ʙʫʢʩʠʨʦʚʢʘ ʩʧʫʪʥʠʢʦʚ ʥʘ ʚʳʩʦʢʠʭ ʦʨʙʠʪʘʭ, ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʦʨʙʠʪ. 

ʉʭʝʤʘ ʪʨʘʥʩʧʦʨʪʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ (ʙʫʢʩʠʨʘ) ʤʝʛʘʚʘʪʪʥʦʛʦ ʢʣʘʩʩʘ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.18, ʩʭʝʤʘ ʢʦʨʘʙʣʷ ʩ 24 ʄɺʪ ʷʜʝʨʥʳʤ ʵʣʝʢʪʨʦʨʝʘʢʪʠʚʥʳʤ 

ʜʚʠʛʘʪʝʣʝʤ ʜʣʷ ʧʠʣʦʪʠʨʫʝʤʦʡ ʵʢʩʧʝʜʠʮʠʠ ʥʘ ʄʘʨʩ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.19. 

 

 

ʈʠʩʫʥʦʢ 1.18 ï ʊʨʘʥʩʧʦʨʪʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʤʝʛʘʚʘʪʪʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ 

ʦʩʥʦʚʝ ʗʕʋ ʩ ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʦʡ 

 

 

ʈʠʩʫʥʦʢ 1.19 ï ʆʙʱʠʡ ʚʠʜ ʄʕʂ ʩ ʗʕʈɼʋ 

1 ï ʨʝʘʢʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ;  

2 ï ʢʘʧʝʣʴʥʳʡ  

ʭʦʣʦʜʠʣʴʥʠʢ-ʠʟʣʫʯʘʪʝʣʴ;  

3 ï ʧʨʠʙʦʨʥʦ-ʘʛʨʝʛʘʪʥʳʡ ʦʪʩʝʢ; 

4 ï ʙʣʦʢ ʵʣʝʢʪʨʦʨʘʢʝʪʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ;  

5 ï ʢʦʥʪʝʡʥʝʨ ʩ ʛʨʫʟʦʤ  

 

1ï ʢʦʨʘʙʣʴ ʜʦʩʪʘʚʢʠ ʠ ʚʦʟʚʨʘʱʝʥʠʷ 

ʵʢʠʧʘʞʘ;  

2 ï ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʳʡ ʢʦʤʧʣʝʢʩ;  

3 ï ʩʪʳʢʦʚʦʯʥʳʝ ʘʛʨʝʛʘʪʳ;  

4 ï ʩʢʣʘʜʩʢʦʡ ʤʦʜʫʣʴ;  

5 ï ʤʝʞʧʣʘʥʝʪʥʳʡ ʢʦʨʘʙʣʴ;  

6 ï ʵʥʝʨʛʦʜʚʠʛʘʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 
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ʈʦʩʩʠʷ ʷʚʣʷʝʪʩʷ ʣʠʜʝʨʦʤ ʚ ʦʙʣʘʩʪʠ ʢʦʩʤʠʯʝʩʢʦʡ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

ʕʣʝʢʪʨʦʨʝʘʢʪʠʚʥʳʝ ʜʚʠʛʘʪʝʣʠ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʦʩʤʦʩʝ ʫʞʝ ʜʝʩʷʪʢʠ 

ʣʝʪ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʦʨʙʠʪ ʩʧʫʪʥʠʢʦʚ, ʚʳʚʦʜʘ ʘʧʧʘʨʘʪʦʚ ʥʘ ʚʳʩʦʢʠʝ ʦʨʙʠʪʳ. 

ʄʦʱʥʦʩʪʴ ʵʪʠʭ ʜʚʠʛʘʪʝʣʝʡ ʩʦʩʪʘʚʣʷʝʪ ʜʦ ʜʝʩʷʪʢʦʚ ʢɺʪ, ʧʠʪʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʦʪ ʨʘʜʠʦʠʟʦʪʦʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. ʋʜʝʣʴʥʳʡ ʠʤʧʫʣʴʩ ʥʘ 

ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʫ ʭʠʤʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ ʤʘʩʩʫ 

ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʠ ʩʦʚʝʨʰʘʪʴ ʤʥʦʛʦʢʨʘʪʥʳʝ ʤʘʥʝʚʨʳ. ʋʜʝʣʴʥʳʡ ʠʤʧʫʣʴʩ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʣʝʢʪʨʦʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʦʛʨʘʥʠʯʝʥ 

ʥʘʧʨʷʞʝʥʠʝʤ ʨʘʟʨʷʜʘ, ʘ ʤʦʱʥʦʩʪʴ, ʪʷʛʘ ʠ ʚʨʝʤʷ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ï ʨʝʩʫʨʩʦʤ 

ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʞʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʳʭ ʤʘʣʦʤʦʱʥʳʭ 

ʵʣʝʢʪʨʦʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʩʦʩʪʘʚʝ ʤʦʜʫʣʴʥʦʡ ʩʙʦʨʢʠ, ʧʠʪʘʝʤʦʡ ʦʪ 

ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʴʶ 1-20 ʄɺʪ, ʧʦʟʚʦʣʠʪ ʨʝʰʘʪʴ 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʟʘʜʘʯʠ, ʢʘʢ ʫʪʚʝʨʞʜʘʶʪ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [32]. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʫʩʪʨʘʥʠʤʳʝ ʥʝʜʦʩʪʘʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʨʝʘʢʪʠʚʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʤʦʱʥʳʤ (1-200 ʄɺʪ) ʜʚʠʛʘʪʝʣʴʥʳʤ ʫʩʪʘʥʦʚʢʘʤ: 

1. ʄʦʱʥʦʩʪʴ ʝʜʠʥʠʯʥʦʛʦ ʤʦʜʫʣʷ ʦʛʨʘʥʠʯʝʥʘ ʩʦʪʥʷʤʠ ʢʠʣʦʚʘʪʪ, ʜʝʩʷʪʢʠ 

ʢʠʣʦʚʘʪʪ ʜʦʩʪʠʛʥʫʪʳ ʥʘ ʩʝʨʠʡʥʳʭ ʜʚʠʛʘʪʝʣʷʭ, ʧʨʠʜʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʥʦʛʦʤʦʜʫʣʴʥʳʝ ʜʚʠʛʘʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ 

2. ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʜʝʣʴʥʳʡ ʠʤʧʫʣʴʩ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʛʨʘʥʠʯʝʥ ʥʘʧʨʷʞʝʥʠʝʤ 

ʨʘʟʨʷʜʘ ʚ ʧʣʘʟʤʝ, ʪʦ ʝʩʪʴ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʥʝ ʙʦʣʝʝ ʜʝʩʷʪʢʦʚ ʵɺ 

(ʜʦ ʤʠʣʣʠʦʥʘ ʂ), ʠ ʩʢʦʨʦʩʪʴ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʥʝ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʳʰʝ, ʯʝʤ ʩ ʭʠʤʠʯʝʩʢʠʤ ʜʚʠʛʘʪʝʣʝʤ; ʣʠʙʦ ʩʢʦʨʦʩʪʴ ʙʫʜʝʪ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, 

ʥʦ ʥʝ ʧʦʣʫʯʠʪʴʩʷ ʵʢʦʥʦʤʠʠ ʚʳʚʦʜʠʤʦʡ ʥʘ ʦʨʙʠʪʫ ʤʘʩʩʳ 

3. ʈʝʩʫʨʩ ʨʘʙʦʪʳ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʢʦʥʪʘʢʪʘ ʧʣʘʟʤʳ ʩ ʵʣʝʢʪʨʦʜʘʤʠ ʚʨʷʜ ʣʠ ʙʫʜʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ 103 ʯʘʩʦʚ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʜʘʣʴʥʠʭ ʵʢʩʧʝʜʠʮʠʡ ʠ 

ʧʘʪʨʫʣʠʨʦʚʘʥʠʷ, ʧʦʪʨʝʙʫʝʪʩʷ ʟʘʤʝʥʘ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʷʚʣʷʶʪʩʷ ʙʝʟʵʣʝʢʪʨʦʜʥʳʝ ʧʣʘʟʤʝʥʥʳʝ ʜʚʠʛʘʪʝʣʠ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʤʝʪʦʜʳ ʥʘʛʨʝʚʘ ʧʣʘʟʤʳ ʠ ʤʘʛʥʠʪʥʫʶ 
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ʪʝʨʤʦʠʟʦʣʷʮʠʶ, ʥʘʧʨʠʤʝʨ, ʨʝʘʣʠʟʫʝʤʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʭʝʤʘ VASIMR [33], 

[34], [35]. 

VASIMR (variable specific impulse magnetoplasma rocket) ï 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʧʣʘʟʤʝʥʥʳʡ ʫʩʢʦʨʠʪʝʣʴ ʩ ʠʟʤʝʥʷʝʤʳʤ ʫʜʝʣʴʥʳʤ ʠʤʧʫʣʴʩʦʤ. 

ʇʨʠʤʝʨʥʘʷ ʩʭʝʤʘ ʪʘʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.20. ʋʩʪʨʦʡʩʪʚʘ, 

ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʜʘʥʥʦʡ ʩʭʝʤʝ, ʩʦʩʪʦʷʪ ʠʟ ʛʝʣʠʢʦʥʥʦʡ ʠ ʠʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʦʡ 

ʘʥʪʝʥʥ ʠ ʤʘʛʥʠʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʠʟʦʣʷʮʠʶ  ʧʣʘʟʤʳ ʦʪ ʩʪʝʥʦʢ, ʚʚʦʜ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʧʣʘʟʤʫ, ʠ ʧʝʨʝʚʦʜ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʣʘʟʤʳ ʚ 

ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʩʦʟʜʘʶʱʫʶ ʪʷʛʫ. ɺ ʦʙʣʘʩʪʴ ʛʝʣʠʢʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

ʚʧʨʳʩʢʠʚʘʝʪʩʷ ʨʘʙʦʯʝʝ ʪʝʣʦ, ʠʦʥʠʟʠʨʫʝʪʩʷ ʪʘʤ, ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʧʣʘʟʤʘ 

ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ~ 1 ʄʂ ʠ ʚʳʰʝ ʚ ʦʙʣʘʩʪʠ ʠʦʥʥʦ-

ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʀʎʈ). ɿʘʪʝʤ ʚ ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʩʦʧʣʘ ʚʨʘʱʘʪʝʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ ʠʦʥʦʚ ʧʝʨʝʭʦʜʠʪ ʚ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ, ʩʦʟʜʘʚʘʷ ʪʷʛʫ, ʩ ʦʧʦʨʦʡ ʥʘ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʅʘ ʜʘʣʝʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʩʦʧʣʘ ʫʩʢʦʨʝʥʥʳʝ ʠʦʥʳ ʩʨʳʚʘʶʪʩʷ ʩ 

ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʋʧʨʘʚʣʷʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ɺʏ ʤʦʱʥʦʩʪʝʡ ʚ 

ʛʝʣʠʢʦʥʥʦʡ ʠ ʠʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʦʡ ʘʥʪʝʥʥʘʭ, ʤʦʞʥʦ ʤʝʥʷʪʴ ʫʜʝʣʴʥʳʡ ʠʤʧʫʣʴʩ 

ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʠ ʪʷʛʫ. ʏʝʤ ʚʳʰʝ ʜʦʣʷ ʛʝʣʠʢʦʥʥʦʡ ʤʦʱʥʦʩʪʠ, ʪʝʤ ʙʦʣʴʰʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʣʘʟʤʳ ʠ ʚʳʰʝ ʪʷʛʘ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʜʦʣʠ ʠʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʦʡ 

ʤʦʱʥʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʟʤʳ, ʩʢʦʨʦʩʪʴ ʠʦʥʦʚ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʫʜʝʣʴʥʳʡ ʠʤʧʫʣʴʩ. ʅʘ ʨʠʩʫʥʢʝ 1.21 ʧʦʢʘʟʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʦʜʥʦʛʦ ʠʟ ʧʝʨʚʳʭ 

ʧʨʦʪʦʪʠʧʦʚ VASIMR ʤʦʱʥʦʩʪʴʶ 50 ʢɺʪ ʠ ʧʨʦʬʠʣʴ ʘʢʩʠʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ.  
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ʈʠʩʫʥʦʢ 1.20 ï ʇʨʠʤʝʨʥʘʷ ʩʭʝʤʘ VASIMR 

 

 

ʈʠʩʫʥʦʢ 1.21 ï ʂʦʥʩʪʨʫʢʮʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʦʪʦʪʠʧʘ VASIMR ʤʦʱʥʦʩʪʴʶ 50 

ʢɺʪ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʩʠ ʵʪʦʛʦ ʧʨʦʪʦʪʠʧʘ [33] 

 

ʇʨʦʬʠʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚ ʜʣʷ ʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ɺʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʣʠʷʝʪ ʥʘ ʤʥʦʛʠʝ ʧʘʨʘʤʝʪʨʳ 

ʜʚʠʛʘʪʝʣʷ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʚʝʣʠʯʠʥʦʡ ʧʦʣʷ, ʵʪʦ, ʚʦ-

ʧʝʨʚʳʭ, ʨʘʜʠʫʩ ʧʣʘʟʤʝʥʥʦʛʦ ʰʥʫʨʘ ï ʦʥ ʪʝʤ ʤʝʥʴʰʝ, ʯʝʤ ʤʝʥʴʰʝ ʣʘʨʤʦʨʦʚʩʢʠʡ 
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ʨʘʜʠʫʩ ʚʨʘʱʝʥʠʷ ʠʦʥʦʚ, ʪʦ ʝʩʪʴ, ʯʝʤ ʚʳʰʝ ʧʦʣʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ 

ʧʣʘʟʤʳ ʩʝʨʴʝʟʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ ʚ ʦʙʣʘʩʪʠ ʠʦʥʥʦ-

ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʧʦʵʪʦʤʫ ʚ ʤʦʱʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʙʫʜʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʦʣʝ ʚ ʥʝʩʢʦʣʴʢʦ ʊʣ, ʦʪ 2 ʊʣ ʠ ʙʦʣʴʰʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ. 

ʊʘʢʦʡ ʩʪʘʮʠʦʥʘʨʥʳʡ ʤʘʛʥʠʪ ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ ʢʦʨʘʙʣʝ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʤ. ʅʘ ʨʠʩʫʥʢʝ 1.22 ʠʟʦʙʨʘʞʝʥ ʜʚʠʛʘʪʝʣʴ ʤʦʱʥʦʩʪʴʶ 200 ʢɺʪ ʚ 

ʥʘʟʝʤʥʦʤ ʚʘʨʠʘʥʪʝ ʚʥʫʪʨʠ ʚʳʩʦʢʦʚʘʢʫʫʤʥʦʛʦ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ. 

 

ʈʠʩʫʥʦʢ 1.22 ï ʇʨʦʪʦʪʠʧ VASIMR 200 ʢɺʪ ʚ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ [35] 

 

ʈʘʙʦʪʘ ʧʣʘʟʤʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʀʎʈ ʥʘʛʨʝʚʦʤ ʪʨʝʙʫʝʪ ʚʘʢʫʫʤʘ 10-6-10-9 

ʊʦʨʨ. ɺ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɼʣʷ ʨʘʟʨʘʙʦʪʦʢ 

ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʥʘʟʝʤʥʳʝ ʠʩʧʳʪʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ. ʉʪʝʥʜ 

ʜʣʷ ʥʘʟʝʤʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʢʫʫʤʥʫʶ ʝʤʢʦʩʪʴ ʦʙʲʝʤʦʤ 

ʜʝʩʷʪʢʠ ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ ʩ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʢʨʠʦʥʘʩʦʩʘʤʠ. 

ɼʚʠʛʘʪʝʣʴ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ 100 ʢɺʪ ʤʦʜʫʣʝʡ, ʠʩʧʳʪʘʥ ʥʘ ʪʘʢʦʤ ʩʪʝʥʜʝ, 

ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʳʪʘʥʠʝ ʝʛʦ ʧʦʣʝʪʥʦʛʦ ʚʘʨʠʘʥʪʘ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ 

ʩʪʘʥʮʠʠ. ɹʦʣʝʝ ʤʦʱʥʳʝ ʜʚʠʛʘʪʝʣʠ (1 ʄɺʪ ʠ ʚʳʰʝ) ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʳʪʘʥʳ ʪʦʣʴʢʦ ʚ 

ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʫ ʪʝʭʥʦʣʦʛʠʠ ʩʪʦʠʪ ʧʨʦʚʦʜʠʪʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 100-300 ʄɺʪ ʤʦʜʫʣʝʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʝʱʝ ʨʘʮʠʦʥʘʣʴʥʦ ʩʦʟʜʘʥʠʝ 

ʥʘʟʝʤʥʳʭ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ. 
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ʄʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʤʦʜʫʣʝʡ, ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʙʦʪʝ [35], ʥʘʤʦʪʘʥʳ ʠʟ ɺʊʉʇ 

ʣʝʥʪʳ 1-ʛʦ ʧʦʢʦʣʝʥʠʷ. ɺʦ ʚʨʝʤʷ ʥʘʯʘʣʘ ʨʘʙʦʪ ʧʦ VASIMR, ʚ ʢʦʥʮʝ 90-ʭ ï ʥʘʯʘʣʝ 

2000-ʭ, ʧʨʦʠʟʚʦʜʩʪʚʦ ɺʊʉʇ 2-ʛʦ ʧʦʢʦʣʝʥʠʷ ʙʳʣʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʦ. ɺʊʉʇ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʚ ʢʨʫʧʥʳʭ ʤʘʛʥʠʪʘʭ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʠʟ-ʟʘ ʠʭ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ, ʯʝʤ ʫ ʅʊʉʇ, ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʄʘʛʥʠʪʳ, ʦʧʠʩʘʥʥʳʝ ʚ [34], 

[35], ʨʘʙʦʪʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 35 ʂ. ɺ ʨʘʙʦʪʝ [34] ʦʧʠʩʘʥʘ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ 

ʤʘʛʥʠʪʦʚ VASIMR, ʠʭ ʧʦʜʚʝʩʢʘ ʠ ʪʝʧʣʦʚʦʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ. ʊʝʤʧʝʨʘʪʫʨʘ ʵʢʨʘʥʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 77 ʂ. ʊʝʤʧʝʨʘʪʫʨʘ, ʧʦʜʜʝʨʞʠʚʘʝʤʘʷ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʙʦʨʪʫ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ, ʩʦʩʪʘʚʣʷʝʪ 300 ʂ. ʉʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ, ʪʝʧʣʦʚʦʝ 

ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʠ ʧʦʜʚʝʩʢʘ ʤʘʛʥʠʪ VASIMR ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.23. 

 

     

ʘ)        ʙ) 

ʈʠʩʫʥʦʢ 1.23 ï ʉʭʝʤʘ ʧʦʜʚʝʩʢʠ, ʪʝʧʣʦʚʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʠ  

ʩʠʩʪʝʤʳ ʧʨʦʪʦʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʤʘʛʥʠʪʘ VASIMR (ʘ)  ʩʭʝʤʘ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ 

ʪʫʨʙʦ-ʙʨʘʡʪʦʥʦʚʩʢʦʛʦ ʮʠʢʣʘ ʦʭʣʘʞʜʝʥʠʷ [34] (ʙ) 

 

ɼʣʷ ʦʭʣʘʞʜʝʥʠʷ ʤʘʛʥʠʪʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʪʫʨʙʦ-ʙʨʘʡʪʦʥʦʚʩʢʠʝ 

ʢʨʠʦʢʫʣʝʨʳ, ʠʤʝʶʱʠʝ ʪʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʘʢ ʢʦʤʧʘʢʪʥʦʩʪʴ ʠ ʤʘʣʳʡ ʚʝʩ, 

ʜʣʠʪʝʣʴʥʳʡ ʨʝʩʫʨʩ ʨʘʙʦʪʳ ʠ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ. ʆʭʣʘʞʜʝʥʠʝ ʤʘʛʥʠʪʘ ʠ 

ʵʢʨʘʥʘ ʧʨʦʪʦʯʥʦʝ ʛʘʟʦʦʙʨʘʟʥʳʤ ʛʝʣʠʝʤ. 
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ʉʠʩʪʝʤ r ʦʭʣʘʞʜʝʥʠʷ, ʪʝʧʣʦʚʳʭ ʵʢʨʘʥʦʚ, ʠ ʧʦʜʚʝʩʢʠ ʫʩʧʝʰʥʦ ʧʨʦʰʣʠ 

ʠʩʧʳʪʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʧʨʦʪʦʪʠʧʘ ʜʚʠʛʘʪʝʣʷ ʥʘ ʥʘʟʝʤʥʦʤ ʩʪʝʥʜʝ. ʇʦ ʢʨʠʪʝʨʠʶ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʝʩʘ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʚʤʝʩʪʝ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, ɺʊʉʇ ʤʘʛʥʠʪ ʩ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 35 ʂ ʩ ʧʨʦʪʦʯʥʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʳʤ ʛʝʣʠʝʤ ʦʪ ʪʫʨʙʦ-ʙʨʘʡʪʦʥʦʚʩʢʦʛʦ ʢʨʠʦʢʫʣʝʨʘ ʧʨʠʟʥʘʥ 

ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʧʦʣʝʪʥʦʛʦ ʚʘʨʠʘʥʪʘ VASIMR ʤʦʱʥʦʩʪʴʶ 200 ʢɺʪ. 

ɼʣʷ ʤʘʛʥʠʪʦʚ ʠʟ ɺʊʉʇ-2, ʚ ʮʝʣʷʭ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʚʦʜʠʤʦʛʦ ʥʘ ʦʨʙʠʪʫ ʚʝʩʘ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʙʠʨʘʪʴ ʨʘʙʦʯʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʠʩʭʦʜʷ ʠʟ ʚʝʣʠʯʠʥʳ ʧʦʣʷ, 

ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ, ʩʚʦʡʩʪʚ ɺʊʉʇ ʧʨʦʚʦʜʥʠʢʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʜʦʩʪʫʧʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ. 

ɺ ʈʦʩʩʠʠ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʤʘʛʥʠʪʥʳʤ ʧʣʘʟʤʝʥʥʳʤ ʣʦʚʫʰʢʘʤ, 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʝʟʵʣʝʢʪʨʦʜʥʦʛʦ 

ʧʣʘʟʤʝʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʤʘʛʥʠʪʥʦʡ ʪʝʨʤʦʠʟʦʣʷʮʠʝʡ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ 

ʥʘʛʨʝʚʦʤ ʧʣʘʟʤʳ [36]. 

 

1.5.2 ʄʘʛʥʠʪʥʦʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ  

ʦʪ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʥʘʜʝʞʥʳʤ ʩʧʦʩʦʙʦʤ ʟʘʱʠʪʳ ʵʢʠʧʘʞʘ ʜʣʠʪʝʣʴʥʳʭ 

ʧʠʣʦʪʠʨʫʝʤʳʭ ʵʢʩʧʝʜʠʮʠʡ ʟʘ ʧʨʝʜʝʣʳ ʤʘʛʥʠʪʦʩʬʝʨʳ ʦʪ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚ̫ʣʷʝʪʩʷ ʤʘʛʥʠʪʥʦʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ, ʩʘʤʦ ʧʦ ʩʝʙʝ ʠʣʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʟʘʱʠʪʦʡ 

ʚʝʱʝʩʪʚʦʤ [37]. ʇʨʝʜʩʪʘʚʣʷʶʱʝʝ ʦʧʘʩʥʦʩʪʴ ʢʦʩʤʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʩʦʩʪʦʠʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʧʨʦʪʦʥʦʚ ʩʦʣʥʝʯʥʦʛʦ ʠʣʠ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʵʥʝʨʛʠʠ ʦʪʩʝʯʢʠ ʩʧʝʢʪʨʘ ʧʨʦʪʦʥʦʚ ʟʘʱʠʪʦʡ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʠʩʪʦʯʥʠʢʘʤ (ʠ ʜʣʷ ʨʘʟʣʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʝʜʠʮʠʡ, ʘ ʪʘʢʞʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʬʘʟʳ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ), ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ ʩʦʪʝʥ ʄʵɺ [38], [39]. ʈʘʟʤʝʨʳ 

ʵʢʨʘʥʠʨʫʝʤʳʭ ʯʘʩʪʝʡ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩʦʩʪʘʚʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʚ ʨʘʙʦʪʘʭ [37], [38] ʠ [39] ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʩʦʟʜʘʶʪ ʧʦʣʷ ʚ 

ʥʝʩʢʦʣʴʢʦ ʊʣ ʥʘ ʨʘʟʤʝʨʘʭ ʪʘʢʞʝ ʚ ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ ʚʦʢʨʫʛ ʟʘʱʠʱʘʝʤʦʛʦ ʦʪʩʝʢʘ. 

ʇʨʠ ʵʪʦʤ ʚʘʞʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ 
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ʷʚʣʷʝʪʩʷ ʧʦʣʝ ʚʥʫʪʨʠ ʵʢʨʘʥʠʨʫʝʤʦʛʦ ʦʙʲʝʤʘ ï ʦʥʦ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 

ʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʳ, ʧʦʨʷʜʢʘ ʟʝʤʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺʩʝ ʵʪʦ ʜʠʢʪʫʝʪ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʤʝʨʘʤ, ʬʦʨʤʝ ʠ ʧʘʨʘʤʝʪʨʘʤ ʤʘʛʥʠʪʦʚ. ʌʦʨʤʘ ʢʦʥʪʫʨʦʚ ʩ ʪʦʢʦʤ 

ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʤʝʨʥʦ ʪʘʢʘʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.24, ʠʣʠ ʥʘ ʨʠʩʫʥʢʝ 1.25 ʘ. 

ʅʘ ʨʠʩʫʥʢʝ 1.25 ʙ ʧʦʢʘʟʘʥ ʪʦʨʦʠʜʘʣʴʥʳʡ ʵʢʨʘʥʠʨʫʶʱʠʡ ʤʘʛʥʠʪ ʠʟ 24 ʢʘʪʫʰʝʢ 

ʪʠʧʘ çʨʝʡʩʪʨʢɻè, ʢʦʪʦʨʳʡ ʚ ʨʘʙʦʪʝ [39] ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʟʛʦʪʦʚʠʪʴ ʠʟ ʩʠʣʴʥʦʪʦʯʥʦʛʦ 

ʪʦʢʦʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʜʠʙʦʨʠʜʘ ʤʘʛʥʠʷ.  

 

 

ʈʠʩʫʥʦʢ 1.24 ï ʄʘʛʥʠʪʥʘʷ ʟʘʱʠʪʘ ʪʠʧʘ çʢʦʘʢʩʠʘʣè ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ,  

ʧʨʝʜʣʘʛʘʝʤʳʭ ʚ  [37] 

 

  

ʘ)        ʙ) 

ʈʠʩʫʥʦʢ 1.25 ï ʉʭʝʤʘ ʤʘʛʥʠʪʥʦʡ ʟʘʱʠʪʳ ʩ ʯʘʩʪʠʯʥʦʡ ʟʘʱʠʪʦʡ  

ʪʦʨʮʦʚ ʢʘʙʠʥʳ [38] (ʘ); ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʡ ʪʦʨʦʠʜʘʣʴʥʳʡ ʤʘʛʥʠʪ ʟʘʱʠʪʳ ʠʟ 24 

ʢʘʪʫʰʝʢ ʪʠʧʘ çʨʝʡʩʪʨʵʢè, ʧʨʝʜʣʘʛʘʝʤʳʡ ʚ ʨʘʙʦʪʝ [39] (ʙ) 

 

 ʇʦʣʝ ʥʘ ʩʪʝʥʢʘʭ ʵʢʨʘʥʠʨʫʝʤʦʡ ʢʘʙʠʥʳ ʩʦʩʪʘʚʠʪ ʚʩʝʛʦ 10 ʤʊʣ, ʧʨʠʯʝʤ 

ʩʥʠʟʠʪʩʷ ʜʦ 1 ʤʊʣ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,2 ʤ ʦʪ ʩʪʝʥʢʠ. ɿʥʘʯʝʥʠʷ ʩʠʣʳ, ʠʟʛʠʙʘʶʱʝʡ 
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ʪʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮ, ʩʦʩʪʘʚʣʷʪʁ ʚ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʦʪ 5,4 ʜʦ 11,4 ʊʣĿʤ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʠʷʤ ʦʪʩʝʯʢʠ 0,3-1 ɻʵɺ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʦʣʝ ʥʘ ʦʙʤʦʪʢʝ 

ʩʦʩʪʘʚʣʷʝʪ 4 ʊʣ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʘʢʦʡ ʤʘʛʥʠʪ ʩʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 14 ʂ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʚʝʨʜʳʤ ʚʦʜʦʨʦʜʦʤ.  

 

1.5.3 ʉʦʟʜʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʟʝʤʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

 

ɼʣʠʪʝʣʴʥʦʝ ʧʨʝʙʳʚʘʥʠʝ ʵʢʠʧʘʞʘ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʝʡ ʠ ʧʝʨʩʦʥʘʣʘ 

ʧʣʘʥʝʪʘʨʥʳʭ ʙʘʟ ʚʥʝ ʟʝʤʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʥʘʨʫʰʝʥʠʷ ʟʜʦʨʦʚʴʷ ʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ [37]. ʉʦʟʜʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʤʝʞʧʣʘʥʝʪʥʳʭ ʵʢʩʧʝʜʠʮʠʡ, ʧʘʪʨʫʣʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʙʘʟ ʥʘ ʃʫʥʝ ʠ ʧʣʘʥʝʪʘʭ ʩʦ ʩʣʘʙʳʤ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ (ʄʘʨʩ, ʘʩʪʝʨʦʠʜʳ ʠ ʪ.ʜ.). ɺ [37] ʧʨʝʜʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʠ ʧʣʘʥʝʪʘʨʥʳʭ ʙʘʟʘʭ. ʅʘ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʷʭ 

ʠʟ-ʟʘ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʩʦʟʜʘʥʠʝ ʪʘʢʠʭ ʤʘʣʳʭ ʧʦʣʝʡ, ʢʘʢ 

ʟʝʤʥʦʝ, ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʨʠ ʧʦʤʦʱʠ ʨʝʟʠʩʪʠʚʥʳʭ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʨʘʩʭʦʜʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʩʝʛʦ ʚ ʜʝʩʷʪʢʠ ʚʘʪʪ, ʧʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʨʠʤʝʥʝʥʠʠ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ ʥʝʪ. ɺ ʩʣʫʯʘʝ ʩʦʟʜʘʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʧʣʘʥʝʪʘʨʥʦʡ ʙʘʟʳ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʄʘʢʩʚʝʣʣʘ, ɻʝʣʴʤʛʦʣʴʮʘ, ɻʘʨʨʝʪʘ ʠ ʜʨ., ʩ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʫʢʣʘʜʢʦʡ ʚʠʪʢʦʚ, ʢʘʢ ʫʧʦʤʷʥʫʪʦ ʚ [37]. ʊʦʛʜʘ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʪʝʨʨʠʪʦʨʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʊʅʕ ʠʟ ɺʊʉʇ, ʩ ʧʨʦʪʦʯʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʞʠʜʢʠʤ ʘʟʦʪʦʤ. 
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1.6 ʀʥʜʫʢʪʠʚʥʳʝ ʥʘʢʦʧʠʪʝʣʠ ʵʥʝʨʛʠʠ 

  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʭ ʠʥʜʫʢʪʠʚʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ (ʉʇʀʅ) ʠʟ ɺʊʉʇ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʪʨʘʥʩʧʦʨʪʥʳʭ, ʚʦʝʥʥʳʭ. ɿʥʘʯʝʥʠʷ 

ʟʘʧʘʩʝʥʥʦʡ ʵʥʝʨʛʠʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʉʇʀʅ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,2 ʄɼʞ  ʜʦ 2 

ɻɼʞ ʢʣʘʩʩʘ [40], [41], [42].  

ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʦʣʝ ʚ ʥʝʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʫʞʝ ʩʝʡʯʘʩ ʧʨʦʝʢʪʘʭ 

ʩʦʩʪʘʚʣʷʝʪ ʩʚʳʰʝ 20 ʊʣ, ʥʘʧʨʠʤʝʨ, ʚ ɹʨʫʢʭʝʡʚʝʥʩʢʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʩʦʟʜʘʝʪʩʷ ʩʦʣʝʥʦʠʜ ʜʣʷ ʉʇʀʅ ʩ ʧʦʣʝʤ 25 ʊʣ [43]. ʕʩʢʠʟ ʵʪʦʛʦ ʤʘʛʥʠʪʘ ʚ ʨʘʟʨʝʟʝ, 

ʘ ʪʘʢʞʝ ʬʦʪʦʛʨʘʬʠʷ ʚ ʩʦʙʨʘʥʥʦʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.26. ɼʘʥʥʳʡ 

ʤʘʛʥʠʪ ʉʇʀʅ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʣʝʥʦʠʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ 28 ʚʥʫʪʨʝʥʥʠʭ ʠ 18 

ʚʥʝʰʥʠʭ ʜʚʦʡʥʳʭ ʛʘʣʝʪ (ʠʟ 12 ʤʤ ʣʝʥʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ SuperPower). ʉʝʢʮʠʠ 

ʤʘʛʥʠʪʘ ʦʢʨʫʞʝʥʳ ʙʘʥʜʘʞʘʤʠ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʧʦʩʢʦʣʴʢʫ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʜʦʩʪʠʛʘʶʪ 400 ʄʇʘ.  

 

       

 

ʈʠʩʫʥʦʢ 1.26 ï ɺʊʉʇ ʉʇʀʅ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʡ ʚ ɹʨʫʢʭʝʡʚʝʥʩʢʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ [43] 
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ʈʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʛʥʠʪʘ 4 ʂ, ʪʦʢ ʜʦ 700 ɸ, ʦʭʣʘʞʜʝʥʠʝ ʧʦʛʨʫʞʥʦʝ 

ʞʠʜʢʠʤ ʛʝʣʠʝʤ. ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʩʦʩʪʘʚʣʷʝʪ 100 ʤʤ, ʚʥʝʰʥʠʡ ~ 300 ʤʤ. 

ʇʨʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʥʘʢʦʧʠʪʝʣʷ 7 ɻʥ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʧʘʩʝʥʥʦʡ ʵʥʝʨʛʠʠ 

1,7 ʄɼʞ ʩʢʦʨʦʩʪʴ ʟʘʨʷʜʘ ʉʇʀʅ ʩʦʩʪʘʚʣʷʝʪ 1,2 ɸ/c. ɺʳʚʦʜ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ 

ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ, ʠ ʚʩʝ ʨʘʚʥʦ ʫʞʝ ʜʣʷ ʉʇʀʅ ʪʘʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʤʦʱʥʦʩʪʠ 

ʥʘʛʨʫʟʢʠ ~ 1ʄɺʪ ʧʨʠʭʦʜʠʪʩʷ ʙʨʘʪʴ 12 ʤʤ ʣʝʥʪʫ ʚ ʞʠʜʢʦʤ ʛʝʣʠʠ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʩʠʣʫ ʪʦʢʘ ʠ ʩʥʠʟʠʪʴ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʚʳʚʦʜʝ ʵʥʝʨʛʠʠ.  

ʈʘʥʝʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʚ ʨʘʤʢʘʭ ʪʝʤʘʪʠʢʠ ʚʳʩʦʢʦʧʦʣʝʚʳʭ ɺʊʉʇ-2 ʉʇʀʅ 

ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʥʘʢʦʧʠʪʝʣʴ ʠʟ 12 ʛʘʣʝʪ ʩ ʧʦʣʝʤ 11,4 ʊʣ ʧʨʠ 4 ʂ, ʘ ʪʘʢʞʝ 

ʥʘʢʦʧʠʪʝʣʴ ʠʟ 46 ʛʘʣʝʪ ʩ ʧʦʣʝʤ 12,5 ʊʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 27 ʂ, ʫʞʝ ʜʦʧʫʩʢʘʶʱʝʡ 

ʦʭʣʘʞʜʝʥʠʝ ʞʠʜʢʠʤ ʥʝʦʥʦʤ. 

ɺ ʜʦʢʣʘʜʘʭ [40], [41] ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦ ʩʝʨʠʠ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ, 

ʧʣʘʥʠʨʫʝʤʦʡ ʢ ʨʘʟʨʘʙʦʪʢʝ ʚ ʉʐɸ ʜʣʷ ʥʫʞʜ ʘʚʠʘʮʠʠ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʚ 

ʚʦʝʥʥʳʭ ʮʝʣʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ɺʊʉʇ ʉʇʀʅ ʮʝʣʝʩʦʦʙʨʘʟʥʳ ʚ ʜʘʥʥʳʭ ʩʣʫʯʘʷʭ ʠʟ-

ʟʘ ʩʦʯʝʪʘʥʠʷ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʠ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʉʇʀʅ ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʤʘʛʥʠʪʳ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʪʦʨʦʠʜʘʣʴʥʳʝ ʠʟ 

ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʩʩʝʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʘʤʦʣʝʪʘʭ ʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ. ʇʦ ʙʣʠʞʘʡʰʠʤ ʧʝʨʩʧʝʢʪʠʚʘʤ ʧʨʠʤʝʥʝʥʠʷ ʠ ʟʘʧʘʩʝʥʥʳʤ 

ʵʥʝʨʛʠʷʤ ʜʦ ~ 50 ʄɼʞ ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʧʠʪʘʥʠʝ ʙʦʝʚʳʭ ʣʘʟʝʨʦʚ. ɺ ʜʘʣʝʢʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ ʦʢʦʣʦ 2030 ʛʦʜʘ ʟʘʷʚʣʝʥʦ ʚʦʟʤʦʞʥʳʤ ʚʢʣʶʯʝʥʠʝ ʉʇʀʅ ʚ ʩʠʩʪʝʤʫ 

ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʘʤʦʣʝʪʘ. 

ʀʟ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʩʠʩʪʝʤ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʥʘʛʨʫʟʢʠ 

ʵʥʝʨʛʦʩʝʪʝʡ ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʷʧʦʥʩʢʠʡ ʧʨʦʝʢʪ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʉʇʀʅ 2 ɻɼʞ 

ʢʣʘʩʩʘ [42], [44]. ʉʭʝʤʘ ʵʪʦʛʦ ʉʇʀʅ ʠ ʝʛʦ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʯʘʩʪʠ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 27. ɺʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʪʦʨʘ ~ 10 ʤ. 

ʄʘʛʥʠʪ ʉʇʀʅ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ 36 ʩʝʢʮʠʡ, ʢʘʞʜʘʷ ʩʝʢʮʠʷ ʟʘʧʠʪʘʥʘ ʦʪ 

ʦʪʜʝʣʴʥʦʛʦ ʩʠʣʦʚʦʛʦ ʤʦʜʫʣʷ. ʆʭʣʘʞʜʝʥʠʝ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ɺʊʉʇ ʪʦʢʦʚʚʦʜʦʚ ʠ 

ʯʘʩʪʝʡ ʵʢʨʘʥʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʢʨʠʦʢʫʣʝʨʦʤ, 

ʢʦʥʪʘʢʪʥʳʤ ʩʧʦʩʦʙʦʤ. ʊʘʢ ʞʝ ʦʭʣʘʞʜʘʶʪʩʷ ʩʝʢʮʠʠ ʤʘʛʥʠʪʘ, ʧʦ ʜʚʘ ʢʫʣʝʨʘ ʥʘ 3 

ʩʝʢʮʠʠ. ɺʩʝʛʦ ʧʣʘʥʠʨʫʝʪʩʷ 24 ʢʨʠʦʢʫʣʝʨʦʚ ʤʦʱʥʦʩʪʴʶ 50 ɺʪ ʥʘ ʨʘʙʦʯʫʶ 
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ʪʝʤʧʝʨʘʪʫʨʫ 20 ʂ ʠ 36 ʢʨʠʦʢʫʣʝʨʦʚ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʵʢʨʘʥʘ ~ 77 ʂ. ʉʝʢʮʠʠ 

ʧʣʘʥʠʨʫʝʪʩʷ ʥʘʤʘʪʳʚʘʪʴ ʩʪʦʧʢʘʤʠ ʧʦ 4 12 ʤʤ ɺʊʉʇ ʣʝʥʪʳ, ʤʝʩʪʘ ʜʣʷ ʢʘʥʘʣʦʚ 

ʦʭʣʘʞʜʝʥʠʷ ʥʠʛʜʝ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʚʠʜʠʤʦ, ʪʘʢʦʡ ʟʘʧʘʩ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʢʦʥʪʘʢʪʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʩʧʨʘʚʠʪʩʷ ʩ ʧʦʪʝʨʷʤʠ ʧʨʠ ʚʚʦʜʝ ʠ 

ʚʳʚʦʜʝ ʵʥʝʨʛʠʠ. ʇʘʨʘʣʣʝʣʴʥʦʝ ʧʠʪʘʥʠʝ ʩʝʢʮʠʡ ʠ ʚʳʚʦʜ ʵʥʝʨʛʠʠ ʩʦʟʜʘʝʪ 

ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʣʦʚʳʭ ʤʦʜʫʣʝʡ ʩʝʢʮʠʡ, ʚʝʜʴ ʧʨʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʤ ʚʚʦʜʝ ʠ ʚʳʚʦʜʝ ʪʦʢʘ ʚ ʪʘʢʦʡ ʤʘʛʥʠʪ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ 

ʧʦʥʜʝʨʦʤʦʪʦʨʥʳʝ ʩʠʣʳ, ʧʨʝʚʳʰʘʶʱʠʝ ʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʷʚʠʪʩʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʣʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ʣʝʥʪʝ, ʢʦʪʦʨʘʷ ʚʳʟʦʚʝʪ ʧʝʨʝʭʦʜ ʚ 

ʥʦʨʤʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʘʪʫʰʝʢ ʩ ʙʦʣʴʰʝʡ ʚʝʣʠʯʠʥʦʡ ʪʦʢʘ.   

 

  

ʘ)        ʙ) 

ʈʠʩʫʥʦʢ 1.27 ï ʉʭʝʤʘ ʤʘʛʥʠʪʘ, ʢʨʠʦʩʪʘʪʘ ʠ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ 2,4 ɻɼʞ 100 

ʄɺɸ ʉʇʀʅ (ʘ); ʩʠʩʪʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʦʢʘ 2 ɻɼʞ 100 ʄɺɸ ʉʇʀʅ [42] (ʙ) 

 

ɺ ʤʦʱʥʳʭ ʠ ʠʤʧʫʣʴʩʥʳʭ ʥʘʢʦʧʠʪʝʣʷʭ ʦʙʦʩʥʦʚʘʥʦ ʠ ʯʘʩʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʤʝʥʝʥʠʝ ʩʠʣʴʥʦʪʦʯʥʳʭ ʊʅʕ. ɺ ʜʦʢʣʘʜʝ [45] ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ 

ʧʨʠʤʝʥʝʥʠʷ CORCC ʚ ʘʚʠʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʊʅʕ ʜʣʷ ʉʇʀʅ ʠ ʛʠʙʢʠʭ ʣʠʥʠʡ 

ʧʠʪʘʥʠʷ. ʇʦʜʯʝʨʢʠʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ CORCC ʧʝʨʝʜ ʝʜʠʥʠʯʥʦʡ ʣʝʥʪʦʡ ʚ 

ʉʇʀʅ: ʤʦʱʥʦʩʪʴ ʧʨʠ ʥʠʟʢʦʤ ʥʘʧʨʷʞʝʥʠʠ, ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ, ʢʦʤʧʝʥʩʘʮʠʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ ʝʜʠʥʠʯʥʦʡ ʣʝʥʪʳ.  
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1.7 ʋʩʢʦʨʠʪʝʣʠ ʯʘʩʪʠʮ 

 

ɺʳʩʦʢʦʧʦʣʝʚʳʝ ʤʘʛʥʠʪʳ ʠʟ ɺʊʉʇ ʠʣʠ ʚʩʪʘʚʢʠ ʠʟ ɺʊʉʇ ʚ ʅʊʉʇ 

ʜʠʧʦʣʴʥʳʝ ʤʘʛʥʠʪʳ ʙʫʜʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʚʦ 

ʤʥʦʛʠʭ ʥʘʫʯʥʳʭ ʮʝʥʪʨʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʧʣʘʥʳ ʧʦ 

ʩʦʟʜʘʥʠʶ ʢʦʣʣʘʡʜʝʨʦʚ, ʦʧʠʩʘʥʥʳʝ ʚ ʜʦʢʣʘʜʝ [46]. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʧʛʨʝʡʜ 

ɹʦʣʴʰʦʛʦ ʘʜʨʦʥʥʦʛʦ ʢʦʣʣʘʡʜʝʨʘ (ɹɸʂ) ʜʦ ʵʥʝʨʛʠʠ 33 ʊʵɺ ʧʨʠ ʧʦʤʦʱʠ 20 ʊʣ 

ʜʠʧʦʣʝʡ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʪʨʦʠʪʴ ʥʦʚʦʝ 80 ʢʤ ʢʦʣʴʮʦ, ʢʦʪʦʨʦʝ ʩ 20 ʊʣ 

ʜʠʧʦʣʷʤʠ ʩʤʦʞʝʪ ʨʘʟʛʦʥʷʪʴ ʯʘʩʪʠʮʳ ʜʦ 100 ʊʵɺ.  

ɽʱʝ ʦʜʥʦ ʧʨʠʤʝʥʝʥʠʝ ɺʊʉʇ ʊʅʕ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ ʯʘʩʪʠʮ ï ʵʪʦ ʪʦʢʦʧʦʜʚʦʜʳ 

ʜʣʷ ʧʠʪʘʥʠʷ ʤʘʛʥʠʪʦʚ, ʧʨʠʯʝʤ ʪʦʢʦʧʦʜʚʦʜʳ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʳʰʝ ʞʠʜʢʦʛʦ ʛʝʣʠʷ. ɼʣʷ ʘʧʛʨʝʡʜʘ ɹɸʂ ʩʯʠʪʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʧʝʨʝʥʝʩʪʠ 

ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ ʤʘʛʥʠʪʦʚ ʠʟ ʧʦʜʟʝʤʥʳʭ ʧʦʤʝʱʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ɺ ʨʘʙʦʪʝ 

[47] ʧʨʝʜʣʘʛʘʶʪʩʷ ʧʨʦʣʦʞʠʪʴ ʣʠʥʠʠ ʧʠʪʘʥʠʷ ʠʟ ʊʅʕ ʥʘ ʦʩʥʦʚʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ï ʜʠʙʦʨʠʜʘ ʤʘʛʥʠʷ, ɺʊʉʇ ʣʝʥʪ 1-ʛʦ ʠ 2-

ʛʦ ʧʦʢʦʣʝʥʠʷ. ʆʙʱʘʷ ʜʣʠʥʘ ʣʠʥʠʡ ʧʠʪʘʥʠʷ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 1000 ʢʤ, ʘ ʚʝʣʠʯʠʥʘ 

ʪʦʢʘ ʙʫʜʝʪ ʣʝʞʘʪʴ ʚ ʜʠʘʧʘʟʦʥʝ 1-150 ʢɸ, ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ï ʚ ʜʠʘʧʘʟʦʥʝ 10-

77 ʂ. 

 

1.8 ʀʥʜʫʢʪʠʚʥʳʝ ʉʆʊ 

 

ɼʘʥʥʘʷ ʯʘʩʪʴ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʶ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʦʛʨʘʥʠʯʠʪʝʣ ̫ʪʦʢʘ (ʉʆʊ) ʩ ʥʘʩʳʱʝʥʥʳʤ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʤ 

ʜʣʷ ʩʝʪʝʡ 220 ʢɺ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʉʆʊ ʠʥʜʫʢʪʠʚʥʦʛʦ ʪʠʧʘ ʦʩʥʦʚʘʥ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʚ ʩʣʫʯʘʝ ʨʝʟʢʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʠʥʜʫʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ (ʂɿ). 

ʊʦʢ ʩʝʪʠ ʧʨʦʪʝʢʘʝʪ ʧʦ ʦʙʳʯʥʳʤ ʨʝʟʠʩʪʠʚʥʳʤ ʦʙʤʦʪʢʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʥʘ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ. ɺʦʟʤʦʞʥʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʠʥʜʫʢʪʠʚʥʳʭ ʉʆʊ: 

- ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʘʷ ʩʭʝʤʘ (ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʢʦʤʧʘʥʠʝʡ Bruker);  

- ʉʆʊ ʩ ɺʊʉʇ ʵʢʨʘʥʦʤ;  
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- ʉʆʊ ʩ ʥʘʩʳʱʝʥʥʳʤ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʤ.  

ɼʣʷ ʉʆʊ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʪʠʧʘ ʠ ʉʆʊ ʩ ɺʊʉʇ ʵʢʨʘʥʦʤ ʧʝʨʝʭʦʜ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʦʨʤʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʠʤʧʝʜʘʥʩʘ ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ʦʙʳʯʥʳʭ ʦʙʤʦʪʦʢ. ɺ 

ʪʦʢʦʦʛʨʘʥʠʯʠʪʝʣʷʭ ʩ ʥʘʩʳʱʝʥʥʳʤ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʤ ʧʝʨʝʭʦʜ ɺʊʉʇ ʧʨʦʚʦʜʥʠʢʘ ʚ 

ʥʦʨʤʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʠ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʘ ʠʭ ʨʝʘʣʠʟʘʮʠʷ ʥʘ 

ʦʩʥʦʚʝ ʦʙʳʯʥʳʭ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʊʉʇ ʦʙʤʦʪʢʠ ʥʝʦʙʭʦʜʠʤʳ 

ʣʠʰʴ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ 

ʵʥʝʨʛʠʠ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʩʝʭ ʚʠʜʦʚ ʠʥʜʫʢʪʠʚʥʳʭ ʉʆʊ ʷʚʣʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʡ ʨʘʩʭʦʜ ɺʊʉʇ ʧʨʦʚʦʜʥʠʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʠʩʪʠʚʥʳʤʠ 

ʉʆʊ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʠʤʧʝʜʘʥʩ ʚ 

ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʠ ʤʝʥʴʰʫʶ ʛʣʫʙʠʥʫ ʦʛʨʘʥʠʯʝʥʠʷ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ (ʥʘʧʨʷʞʝʥʠʝ ʚʳʰʝ ~ 35 ʢɺ) ʠʥʜʫʢʪʠʚʥʳʝ ʉʆʊ 

ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʝʝ ʚʳʛʦʜʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʠʩʪʠʚʥʳʤʠ. ʉʭʝʤʘ ʦʜʥʦʡ ʬʘʟʳ 

ʠʥʜʫʢʪʠʚʥʦʛʦ ʉʆʊ ʩ ʥʘʩʳʱʝʥʥʳʤ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʤ [48] ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 

1.28 ʘ, ʵʩʢʠʟ 3-ʭ ʬʘʟʥʦʛʦ ʉʆʊ ï ʥʘ ʨʠʩʫʥʢʝ 1.28 ʙ. 

 

 

ʘ)        ʙ) 

ʈʠʩʫʥʦʢ 1.28 ï ʉʭʝʤʘ ʦʜʥʦʡ ʬʘʟʳ ʠʥʜʫʢʪʠʚʥʦʛʦ ʉʆʊ [48] (ʘ);  

ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 3-ʭ ʬʘʟʥʦʛʦ ʪʦʢʦʦʛʨʘʥʠʯʠʪʝʣʷ ʩ ʥʘʩʳʱʝʥʥʳʤ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʤ ʥʘ 220 ʢɺ [49] (ʙ) 
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ʇʘʨʘʤʝʪʨʳ ʫʩʪʨʦʡʩʪʚʘ: ʚʝʩ - 120 ʪʦʥʥ, ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ - 8 Ĭ 8 Ĭ 9 ʤ. 

ʇʨʠ ʨʘʙʦʯʝʤ ʥʘʧʨʷʞʝʥʠʠ 220 ʢɺ ʥʦʤʠʥʘʣʴʥʳʡ ʪʦʢ ʉʆʊ ʩʦʩʪʘʚʣʷʝʪ 800 ɸ. 

ʆʛʨʘʥʠʯʝʥʠʝ ʪʦʢʘ ʂɿ ʜʦʚʦʣʴʥʦ ʩʣʘʙʦʝ: ʩ 50 ʢɸ ʪʦʢ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʜʦ 30 ʢɸ. 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʆʊ ʩ ʥʘʩʳʱʝʥʥʳʤ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʤ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1.5.  

ʉʆʊ ʩʦʩʪʦʠʪ ʠʟ ʰʝʩʪʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʚ, ʧʦ ʜʚʘ ʥʘ ʢʘʞʜʫʶ ʠʟ ʬʘʟ, ʠ ʠʟ 

ʰʝʩʪʠ ʦʙʳʯʥʳʭ ʦʙʤʦʪʦʢ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ɺʊʉʇ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʘʷ ʛʘʣʝʪʥʘʷ 

ʦʙʤʦʪʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʤʘʛʥʠʪʦʧʨʦʚʦʜʳ ʠ ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʠʭ 

ʥʘʩʳʱʘʝʪ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʠʤʧʝʜʘʥʩ ʦʩʥʦʚʥʳʭ ʦʙʤʦʪʦʢ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ 

ʷʚʣʷʝʪʩʷ ʤʘʣʦʡ ʚʝʣʠʯʠʥʦʡ. ɺ ʩʦʩʪʘʚ ʉʆʊ ʪʘʢʞʝ ʚʭʦʜʠʪ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ɺʊʉʇ ʢʘʪʫʰʢʠ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʥʘ ʤʦʜʫʣʷʭ IGBT ʠ ʩʠʩʪʝʤʘ 

ʙʳʩʪʨʦʛʦ ʨʘʟʨʷʜʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʟʠʩʪʦʨʦʚ ʠ ʚʳʢʣʶʯʘʪʝʣʷ.  

 

ʊʘʙʣʠʮʘ 1.5 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʆʊ ʩ ʥʘʩʳʱʝʥʥʳʤ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʤ 

ʅʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʢɺ 220 

ʅʦʤʠʥʘʣʴʥʳʡ ʪʦʢ, ɸ 800 

ʏʘʩʪʦʪʘ, ɻʮ 50 

ʅʦʤʠʥʘʣʴʥʦʝ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ <1.25% 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ ʂɿ, ʢɸ 50 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʦʛʨʘʥʠʯʝʥʥʳʡ ʪʦʢ, ʢɸ 30 

ɺʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ, ʩ <0,5 

ʆʙʱʠʡ ʚʝʩ, ʪʦʥʥ 120 

ɻʘʙʘʨʠʪʳ (ʜʣʠʥʘ ʭ hʠʨʠʥʘ ʭ ʚʳʩʦʪʘ), ʤ 8ʭ8ʭ9 

 

ʇʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʪʦʢ ʂɿ ʧʦʧʝʨʝʤʝʥʥʦ ʚʳʚʦʜʠʪ ʠʟ ʥʘʩʳʱʝʥʠʷ ʪʦ 

ʦʜʠʥ, ʪʦ ʜʨʫʛʦʡ ʤʘʛʥʠʪʦʧʨʦʚʦʜ, ʠʟ-ʟʘ ʯʝʛʦ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʪʦʢ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ. ɿʘʪʝʤ ʩʨʘʙʘʪʳʚʘʝʪ ʩʠʩʪʝʤʘ ʙʳʩʪʨʦʛʦ 

ʨʘʟʨʷʜʘ, ʢʦʪʦʨʘʷ ʚʳʚʦʜʠʪ ʪʦʢ ʠʟ ɺʊʉʇ ʢʘʪʫʰʢʠ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ. ɺʩʝ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʳ ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʥʝʥʘʩʳʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʠʥʜʫʢʪʠʚʥʦʩʪʴ 

ʦʩʥʦʚʥʳʭ ʦʙʤʦʪʦʢ ʚʦʟʨʘʩʪʘʝʪ, ʪʦʢ ʂɿ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʝʱʝ ʛʣʫʙʞʝ. ʇʦʩʣʝ ʂɿ 

ʩʠʩʪʝʤʘ ʧʠʪʘʥʠʷ ʚʥʦʚʴ ʚʚʦʜʠʪ ʪʦʢ ʚ ɺʊʉʇ ʢʘʪʫʰʢʫ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ, 

ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʘʜʘʝʪ. ʈʘʟʨʷʜ ɺʊʉʇ ʢʘʪʫʰʢʠ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ 
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ʜʦʣʞʝʥ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠʤʝʨʥʦ ʟʘ 5 ʤʩ, ʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ï 

ʤʝʥʝʝ ʯʝʤ ʟʘ 0,5 ʩʝʢ. ʂʘʪʫʰʢʘ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʛʘʣʝʪ, ʥʘʤʦʪʘʥʥʳʭ ʠʟ 

ɺʊʉʇ 1-ʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ Bi-2223, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ 

ʥʝʩʢʦʣʴʢʦ ʩʝʢʮʠʡ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʝʜʠʥʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ. ʀ ʚ ʵʪʠ 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʪʦʣʴ ʙʳʩʪʨʳʡ ʚʚʦʜ ʪʦʢʘ ʠ ʝʱʝ 

ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʨʘʟʨʷʜ! ʈʘʟʤʝʨʳ ɺʊʉʇ ʢʘʪʫʰʢʠ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ: ʜʠʘʤʝʪʨ ʦʢʦʣʦ 

2 ʤʝʪʨʦʚ, ʚʳʩʦʪʘ ʧʨʠʤʝʨʥʦ ʤʝʪʨ. ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʪʘʢʦʡ ʢʘʪʫʰʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ 

ʥʘ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘʭ, ʩʦʩʪʘʚʣʷʝʪ ʩʦʪʥʠ ɻʥ.  

ʈʘʩʩʤʦʪʨʠʤ, ʩ ʢʘʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʠʰʣʦʩʴ ʩʪʦʣʢʥʫʪʴʩʷ ʩʦʟʜʘʪʝʣʷʤ ʉʆʊ. ɺ ʦʩʥʦʚʥʦʤ, ʵʪʦ ʫʞʝ ʧʨʦʡʜʝʥʥʳʝ 

ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʧʨʦʙʣʝʤʳ, ʭʦʪʷ ʠ ʥʝ ʚ ʤʘʩʰʪʘʙʘʭ ʫʩʪʨʦʡʩʪʚʘ 

ʥʘ 220 ʢɺ. 

ɺʦ-ʧʝʨʚʳʭ, ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʉʆʊ 

ʷʚʣʷʶʪʩʷ ʤʘʣʘʷ ʛʣʫʙʠʥʘ ʪʦʢʦʦʛʨʘʥʠʯʝʥʠʷ: ʩ 50 ʢɸ ʚʩʝʛʦ ʜʦ 30 ʢɸ ʠ ʦʛʨʦʤʥʳʡ 

ʦʙʲʝʤ ʞʝʣʝʟʘ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʝʣʝʟʘ ʧʨʦʠʟʦʡʜʝʪ ʥʘʩʳʱʝʥʠʝ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʚʦ ʚʨʝʤʷ 

ʂɿ, ʠ ʫʩʪʨʦʡʩʪʚʦ ʥʝ ʩʨʘʙʦʪʘʝʪ ʢʘʢ ʦʛʨʘʥʠʯʠʪʝʣʴ ʪʦʢʘ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ 

ʪʦʢʦʦʛʨʘʥʠʯʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʷ ʤʘʩʩʳ ʠ ʦʙʲʝʤʘ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʚ 2005 ʛ. ʚ ʅʀʎ 

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ʧʨʝʜʣʦʞʝʥʘ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥʘ ʩʭʝʤʘ ʪʦʢʦʦʛʨʘʥʠʯʠʪʝʣʷ ʩ 

ʥʘʩʳʱʝʥʥʳʤ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʤ [50], ʩʦʜʝʨʞʘʱʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʝ ʦʙʤʦʪʢʠ. ɺ ʅʀʀʕʌɸ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʠʥʜʫʢʪʠʚʥʦʛʦ ʉʆʊ ʩ 

ʥʘʩʳʱʝʥʥʳʤ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʤ ʠ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ [51]. ʂʦʤʧʘʥʠʠ Zenergy ʩ 2007 

ʛ. ʧʦ 2011 ʛ. ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʧʝʭʦʚ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʚ ʠ ʦʙʤʦʪʦʢ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʪʠʪʴ ʤʘʩʩ-ʛʘʙʘʨʠʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ɺʊʉʇ ʪʦʢʦʦʛʨʘʥʠʯʠʪʝʣʝʡ ʩ ʥʘʩʳʱʝʥʥʳʤ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʤ. ʆʜʥʘʢʦ, ʟʘʪʝʤ ʚ Zenergy ʙʳʣʦ ʧʨʠʟʥʘʥʦ ʥʝʵʬʬʝʢʪʠʚʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɺʊʉʇ ʦʙʤʦʪʦʢ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʨʘʙʦʯʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʥʠʞʝ 110 

ʢɺ, ʠ ʚʩʝ ʜʘʣʴʥʝʡʰʠʝ ʨʘʙʦʪʳ ʧʨʦʜʦʣʞʘʣʠʩʴ ʫʞʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ. ɻʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ, ʦ ʢʦʪʦʨʦʡ ʩʦʦʙʱʘʶʪ ʩʘʤʠ ʨʘʟʨʘʙʦʪʯʠʢʠ 

[49], ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ɺʊʉʇ ʢʘʪʫʰʢʘ ʧʦʚʨʝʞʜʘʝʪʩʷ ʚʦ ʚʨʝʤʷ ʂɿ ʠʟ-ʟʘ 
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ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʥʝʡ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʙʳʩʪʨʦʛʦ ʨʘʟʨʷʜʘ (ʨʠʩʫʥʦʢ 1.29). 

ʇʦʚʨʝʞʜʝʥʠʷ ʩʚʷʟʘʥʳ ʢʘʢ ʩ ʦʛʨʦʤʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʢʘʪʫʰʢʠ, ʪʘʢ ʠ ʩ ʧʣʦʭʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ɺʊʉʇ ʣʝʥʪʳ ʠ ʥʝ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʜʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʦʙʤʦʪʢʠ. ʇʨʠ ʂɿ ʚʦʟʥʠʢʘʝʪ ʪʘʢʞʝ ʫʜʘʨʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ 

ʥʘ ʦʙʤʦʪʢʫ, ʚʳʟʳʚʘʝʤʘʷ ʩʠʣʦʡ ʃʦʨʝʥʮʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʠʣʴʥʦʪʦʯʥʦʛʦ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʦʛʦ ʊʅʕ ʠʟ-ʟʘ ʝʛʦ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʙʤʦʪʢʠ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʤʦʛʣʦ ʙʳ 

ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʧʦʚʨʝʞʜʝʥʠʡ. 

 

  

 

ʈʠʩʫʥʦʢ 1.29 ï ʈʘʟʣʠʯʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ɺʊʉʇ ʦʙʤʦʪʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʂɿ 

 

1.9 ʈʝʟʠʩʪʠʚʥʳʝ ʉʆʊ 

  

ʇʨʠʤʝʥʝʥʠʝ ʉʆʊ ʨʝʟʠʩʪʠʚʥʦʛʦ ʪʠʧʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʩʝʪʷʭ ʩ ʤʝʥʴʰʠʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʯʝʤ ʠʥʜʫʢʪʠʚʥʳʝ ʉʆʊ. ʆʥʠ, ʦʜʥʘʢʦ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ ʪʦʢʦʦʛʨʘʥʠʯʝʥʠʷ, ʯʝʤ ʉʆʊ ʠʥʜʫʢʪʠʚʥʦʛʦ ʪʠʧʘ, ʘ 

ʚ ʩʝʪʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚʦʦʙʱʝ ʥʝ ʠʤʝʶʪ ʘʣʴʪʝʨʥʘʪʠʚʳ. ʉʆʊ ʦʛʨʘʥʠʯʠʚʘʶʪ ʪʦʢ 

ʂɿ ʟʘ ʩʯʝʪ ɺɸʍ ʊʅʕ, ʚʳʟʳʚʘʶʱʝʡ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ɺʊʉʇ 

ʊʅʕ ʧʨʠ ʪʦʢʝ, ʧʨʝʚʳʰʘʶʱʝʤ ʢʨʠʪʠʯʝʩʢʠʡ ʪʦʢ ʊʅʕ. ʀʟ ʥʝʜʦʩʪʘʪʢʦʚ 

ʨʝʟʠʩʪʠʚʥʦʛʦ ɺʊʉʇ ʉʆʊ ʦʩʥʦʚʥʳʤ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ (ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʶ ʩʝʪʠ) ʢʦʣʠʯʝʩʪʚʦ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ɺʊʉʇ ʣʝʥʪʳ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʦʛʨʘʥʠʯʝʥʠʷ ʪʦʢʘ. ʅʘʧʨʷʞʝʥʠʝ, ʧʘʜʘʶʱʝʝ ʥʘ ʊʅʕ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʦʡ ʊʅʕ ʧʨʠ ʂɿ, ʘ ʦʥʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʂɿ 

ʠ ʚʨʝʤʝʥʝʤ, ʦʪʚʦʜʠʤʳʤ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʨʦʝʢʪʳ ʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʨʝʟʠʩʪʠʚʥʳʭ ʉʆʊ [52], [53], ʚ ʢʦʪʦʨʳʭ ʧʨʠ ʂɿ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʘʷ ʯʘʩʪʴ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʪʦʢ ʪʦʣʴʢʦ ʚ ʧʝʨʚʳʝ 10-30 ʤʠʣʣʠʩʝʢʫʥʜ, ʘ ʟʘʪʝʤ 

ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʡ ʚʳʢʣʶʯʘʪʝʣʴ, ʩʨʘʙʘʪʳʚʘʶʱʠʡ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ɺʊʉʇ 

ʊʅʕ, ʣʠʙʦ ʨʘʟʨʳʚʘʝʪ ʮʝʧʴ, ʣʠʙʦ ʧʝʨʝʢʣʶʯʘʝʪ ʥʘ ʙʘʡʧʘʩ. ʅʘ ʙʘʡʧʘʩʝ ʤʦʞʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʠʥʜʫʢʪʠʚʥʳʡ ʠʣʠ ʨʝʟʠʩʪʠʚʥʳʡ ʦʛʨʘʥʠʯʠʪʝʣʴ ʪʦʢʘ (ʨʝʘʢʪʦʨ), ʢʦʪʦʨʳʡ 

ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʉʆʊ  ʧʦʪʨʝʙʣʷʣ ʙʳ ʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ 

ʠʣʠ ʥʘ ʥʝʤ ʧʨʦʠʩʭʦʜʠʣʦ ʙʳ ʠʥʜʫʢʪʠʚʥʦʝ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʝʛʦ 

ʤʦʞʥʦ ʚʢʣʶʯʘʪʴ ʪʦʣʴʢʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ ʂɿ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʵʢʦʥʦʤʠʪʴ ʥʘ ʢʦʣʠʯʝʩʪʚʝ ɺʊʉʇ ʣʝʥʪʳ, ʧʦʩʢʦʣʴʢʫ ʚʨʝʤʷ 

ʥʘʛʨʝʚʘ ʩʥʠʞʘʝʪʩʷ ʩ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʂɿ ʜʦ 10-100 ʤʩ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʚʳʢʣʶʯʘʪʝʣʷ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦ ɺʊʉʇ ʉʆʊ, ʩʦʩʪʦʷʱʝʝ 

ʚ ʛʣʫʙʦʢʦʤ ʦʛʨʘʥʠʯʝʥʠʠ ʪʦʢʘ ʧʝʨʚʦʡ ʧʦʣʫʚʦʣʥʳ ʧʨʠ ʂɿ. ʆʙʨʘʪʥʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʉʆʊ, ʠ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʝʞʘʪʴ ʧʝʨʝʛʨʝʚʘ ʠ ʜʝʛʨʘʜʘʮʠʠ ɺʊʉʇ ʧʨʠ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʂɿ, 

ʚʝʜʴ ʝʩʣʠ ʂɿ ʥʝ ʟʘʚʝʨʰʠʣʦʩʴ, ʉʆʊ ʧʨʦʩʪʦ ʩʨʘʙʦʪʘʝʪ ʝʱʝ ʨʘʟ ʧʦʩʣʝ ʧʦʚʪʦʨʥʦʛʦ 

ʚʢʣʶʯʝʥʠʷ. 

ʀʟ ʩʦʦʙʨʘʞʝʥʠʡ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʘʜʝʥʠʷ ʢʘʢ ʘʢʪʠʚʥʦʛʦ, ʪʘʢ ʠ ʨʝʘʢʪʠʚʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʝʞʠʤʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʪʦʢʘ, ʨʝʟʠʩʪʠʚʥʳʡ ʉʆʊ ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʦʢʦʚʳʭ ʪʝʨʤʠʥʘʣʦʚ ʠ ʢʦʥʪʘʢʪʦʚ ʠ ʤʠʥʠʤʘʣʴʥʫʶ 

ʠʥʜʫʢʪʠʚʥʦʩʪʴ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʨʝʟʠʩʪʠʚʥʳʭ 

ʉʆʊ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʙʠʬʠʣʷʨʥʳʭ ʢʦʥʪʫʨʦʚ ʠʟ ʊʅʕ ʠ 

ʝʜʠʥʠʯʥʳʭ ʣʝʥʪ. ɺ ʜʦʢʣʘʜʝ [54] ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʉʆʊ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ 

ʨʠʩʫʥʢʝ 1.30.  
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ʘ)      ʙ)      ʚ) 

ʈʠʩʫʥʦʢ 1.30 ï ʂʦʥʩʪʨʫʢʮʠʷ ʉʆʊ ʠʟ ʚʩʪʨʝʯʥʦ ʚʢʣʶʯʝʥʥʳʭ ʢʦʘʢʩʠʘʣʴʥʳʭ 

ʢʘʪʫʰʝʢ(ʘ); ʦʪʜʝʣʴʥʳʝ ʢʘʪʫʰʢʠ (ʙ); 3-ʭ ʬʘʟʥʳʡ ʉʆʊ [54] (ʚ) 

 

ɺ ʨʘʙʦʪʝ [55] ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʉʆʊ ʩ ʧʣʦʩʢʠʤʠ ʤʦʜʫʣʷʤʠ, 

ʨʘʙʦʪʘʶʱʠʤʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70 ʂ ʠ ʦʭʣʘʞʜʘʝʤʳʤʠ ʞʠʜʢʠʤ ʘʟʦʪʦʤ ʩ 

ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ (ʈʠʩʫʥʢʝ 1.31). 

ʂʦʥʩʪʨʫʢʮʠʷ ʤʦʜʫʣʷ ʉʆʊ ʚ ʚʠʜʝ ʙʠʬʠʣʷʨʥʦʡ ʛʘʣʝʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ 

ʨʘʙʦʪʝ [56], ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.32 ʘ. ʊʠʧʠʯʥʘʷ ʜʣʷ ʤʦʜʫʣʷ ʨʝʟʠʩʪʠʚʥʦʛʦ ʉʆʊ 

ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʂɿ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.32 ʙ. 

 

 

ʈʠʩʫʥʦʢ 1.31 ï ʂʦʥʩʪʨʫʢʮʠʠ ʧʣʦʩʢʠʭ ʤʦʜʫʣʝʡ ʠ ʨʘʟʣʠʯʥʳʭ ʉʆʊ ʠʟ ʥʠʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ [55] 
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ʘ)        ʙ) 

ʈʠʩʫʥʦʢ 1.32 ïʄʦʜʫʣʴ ʉʆʊ ʚ ʚʠʜʝ ʙʠʬʠʣʷʨʥʦʡ ʛʘʣʝʪʳ (ʘ); ʪʠʧʠʯʥʳʡ ʛʨʘʬʠʢ 

ʦʛʨʘʥʠʯʝʥʠʷ ʪʦʢʘ ʨʝʟʠʩʪʠʚʥʳʤ ʉʆʊ [56] (ʙ) 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʨʦʪʦʪʠʧʦʚ ʨʝʟʠʩʪʠʚʥʳʭ 

ʉʆʊ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʠ ʠʩʧʳʪʘʥʦ ʚ ʪʝʩʪʦʚʳʭ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ. ʕʪʦ ʠ ʧʨʦʝʢʪ ENSISTROB [56], ʠ ʉʆʊ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʚ ʪʝʩʪʦʚʳʭ ʵʣʝʢʪʨʦʩʝʪʷʭ ʢʦʤʧʘʥʠʠ KEPCO [57], ʠ ʘʤʝʨʠʢʘʥʩʢʠʝ ʉʆʊ, ʠ ʤʥʦʛʠʝ 

ʜʨʫʛʠʝ, ʥʘʧʨʠʤʝʨ, [58] ʠ [59]. 

 

1.10 ʈʘʩʯʝʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʧʨʠ ʪʝʧʣʦʚʳʭ ʚʦʟʤʫʱʝʥʠʷʭ 

 

ɺʦ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʷʭ ɺʊʉʇ ʘʢʪʫʘʣʴʥʳ ʪʘʢʠʝ ʚʦʧʨʦʩʳ, 

ʢʘʢ ʪʝʧʣʦʚʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʪʝʧʣʦʚʳʤ 

ʚʦʟʤʫʱʝʥʠʷʤ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʠ ʟʘʱʠʪʘ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʦʪ ʧʝʨʝʭʦʜʘ ʚ 

ʨʝʟʠʩʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʪʘʢʞʝ ʦʪ ʩʛʦʨʘʥʠʷ ʧʨʠ ʧʝʨʝʭʦʜʝ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [60] ʵʪʠʤ 

ʚʦʧʨʦʩʘʤ ʧʦʩʚʷʱʝʥʳ ʛʣʘʚʳ 5-9. ɺ ʢʥʠʛʝ [61] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʟʦʥʳ ʚ 

ʢʦʤʧʦʟʠʪʥʳʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ, ʚʳʚʦʜʷʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʢʨʠʪʝʨʠʠ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚʣʠʷʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʠ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʥʘ 
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ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤʘʭ. ɼʝʬʦʨʤʘʮʠʷ 

ʚʣʠʷʝʪ ʢʘʢ ʥʘ ɺɸʍ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʧʨʦʚʦʜʦʚ, ʪʘʢ ʠ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʝʧʣʦʚʳʭ 

ʚʦʟʤʫʱʝʥʠʡ (ʪʨʝʱʠʥʳ, ʚʥʫʪʨʝʥʥʝʝ ʪʨʝʥʠʝ) ʠ ʩʢʘʯʢʦʚ ʧʦʪʦʢʘ ʧʨʠ ʧʦʜʚʠʞʢʘʭ 

ʧʨʦʚʦʜʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

ʊʝʧʣʦʚʳʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ɺʊʉʇ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʨʘʙʦʪ, ʥʘʧʨʠʤʝʨ, [62-71]. ɺ [62] ʧʨʠʚʝʜʝʥʦ ʦʜʥʦ ʠʟ ʧʝʨʚʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʧʣʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ɺʊʉʇ ʣʝʥʪʳ 2-ʛʦ ʧʦʢʦʣʝʥʠʷ. ɼʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʨʘʚʥʝʥʠʝ 

ʙʘʣʘʥʩʘ ʤʦʱʥʦʩʪʝʡ ʠ ʩʪʝʧʝʥʥʘʷ ɺɸʍ, ʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʝʨʝʭʦʜ ʚʳʟʳʚʘʝʪʩʷ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤʠ ʠʤʧʫʣʴʩʘʤʠ ʪʦʢʘ. ɺ ʨʘʙʦʪʝ [64] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʩʭʦʜʩʪʚʘ ʠ ʦʪʣʠʯʠʷ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ɺʊʉʇ ʤʘʛʥʠʪʘʭ ʠ ʅʊʉʇ ʤʘʛʥʠʪʘʭ, ʠ 

ʧʨʝʜʣʘʛʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ɺʊʉʇ.  ʊʝʧʣʦʚʳʝ ʧʝʨʝʭʦʜʳ ʧʨʠ ʚʚʦʜʝ ʪʦʢʘ ʚ ɺʊʉʇ 1-ʛʦ ʧʦʢʦʣʝʥʠʷ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ [63]. ɺ [65] ʧʦʢʘʟʘʥʳ ʤʝʭʘʥʠʟʤʳ 

ʨʘʟʚʠʪʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ ʚ ɺʊʉʇ ʩ ʫʯʝʪʦʤ ʦʭʣʘʞʜʝʥʠʷ ʞʠʜʢʠʤʠ ʭʣʘʜʘʛʝʥʪʘʤʠ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʩʤʝʥʝ ʨʝʞʠʤʘ ʢʠʧʝʥʠʷ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʞʠʜʢʠʤ ʛʝʣʠʝʤ. ɺʦʧʨʦʩʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ 

ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʘʢʞʝ ʚ ʨʷʜʝ ʨʘʙʦʪ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ, 

ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [66], ʛʜʝ ʧʦʢʘʟʘʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ, ʤʝʭʘʥʠʟʤʳ çʥʘʢʦʧʣʝʥʠʷè 

ʢʨʠʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʤʥʦʛʠʭ ʮʠʢʣʘʭ ʪʦʢʘ ʩ ʘʤʧʣʠʪʫʜʦʡ ʚʳʰʝ çʢʨʠʪʠʯʝʩʢʦʛʦè. 

ʇʨʠ ʵʪʦʤ çʢʨʠʪʠʯʝʩʢʠʝè ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʚʳʰʝ, ʯʝʤ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ, ʠʟ-ʟʘ 

ʪʦʛʦ, ʯʪʦ ʦʭʣʘʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦ, ʘ ʨʘʟʦʛʨʝʚ ï ʣʠʰʴ ʯʘʩʪʴ ʮʠʢʣʘ. 

ʄʝʪʦʜʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ɺʊʉʇ ʤʦʞʥʦ 

ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 2 ʢʣʘʩʩʘ ï ʩ ʚʥʝʰʥʠʤʠ ʪʝʧʣʦʚʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ ʠ ʩ 

ʚʥʫʪʨʝʥʥʠʤ ʥʘʛʨʝʚʦʤ ʧʨʠ ʧʦʤʦʱʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ. ʇʨʠʤʝʨ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʨʘʩʯʝʪʥʦʡ ʨʘʙʦʪʳ ʩ ʠʟʫʯʝʥʠʝʤ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʛʦ 

ʚʦʟʤʫʱʝʥʠʷ ï [67], ʛʜʝ ʩʪʦʧʢʘ ʠʟ ʪʨʝʭ ɺʊʉʇ-2 ʣʝʥʪ ʩ ʪʦʢʦʤ ʧʦʜʚʝʨʛʘʣʘʩʴ 

ʠʤʧʫʣʴʩʥʦʤʫ ʥʘʛʨʝʚʫ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʠ ʧʦʤʦʱʠ ʚʥʝʰʥʝʛʦ 

ʥʘʛʨʝʚʘʪʝʣʷ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʜʣʠʥʝ ʩʪʦʧʢʠ ʣʝʥʪ, ʧʦ ʝʝ ʩʝʯʝʥʠʶ ʠ 

ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʚ ʧʘʢʝʪʝ COMSOL. ʀʟʤʝʨʷʣʠʩʴ 
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ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʦʙʨʘʟʮʝ, ʠ ʪʝʤʧʝʨʘʪʫʨʘ ï ʥʘʧʨʦʪʠʚ 

ʥʘʛʨʝʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʥʘʛʨʝʚʘʝʤʦʡ ʦʙʣʘʩʪʠ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʣʦ 

ʠʟʤʝʨʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʝʟʠʩʪʠʚʥʦʡ ʟʦʥʳ ʠ ʢʨʠʪʠʯʝʩʢʠʝ ʵʥʝʨʛʠʠ ʚ ʩʪʦʧʢʘʭ 

ɺʊʉʇ-2 ʣʝʥʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʡ SuperPower, SuNAM ʠ AMSC. 

ʀʤʧʫʣʴʩʥʳʡ ʥʘʛʨʝʚ ɺʊʉʇ ʣʝʥʪ ʪʦʢʦʤ, ʧʨʝʚʳʰʘʶʱʠʤ ʢʨʠʪʠʯʝʩʢʠʡ, 

ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʪʦʢʦʦʛʨʘʥʠʯʠʪʝʣʝʡ, ʠ, ʚʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ, ʭʦʨʦʰʦ ʤʦʜʝʣʠʨʫʝʪ ʪʝʧʣʦʚʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʥʫʪʨʠ ʊʅʕ 

ʤʘʛʥʠʪʦʚ. ʊʘʢ, ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʝʜʠʥʠʯʥʳʭ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ (ʘ ʪʘʢʞʝ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ), ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠ 

ʠʩʩʣʝʜʫʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʨʘʙʦʪʝ [68]. ʀʟʤʝʨʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʪʝʧʣʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʦʪʤʝʯʝʥʦ ʠ ʦʙʲʷʩʥʝʥʦ çʥʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚʦʟʤʫʱʝʥʠʷè ʥʘ 

ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ.  ɺ ʨʘʙʦʪʝ [69] ʫʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʪʘʢʞʝ ʚʣʠʷʥʠʶ ʦʭʣʘʞʜʝʥʠʷ 

ʞʠʜʢʠʤ ʘʟʦʪʦʤ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ɺʊʉʇ ʣʝʥʪ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʘ. ɺʣʠʷʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʜʣʠʥʝ 

ɺʊʉʇ ʣʝʥʪʳ ʥʘ ʪʝʧʣʦʚʦʡ ʧʝʨʝʭʦʜ ʠʟʫʯʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [70], ʛʜʝ ʦʙʲʷʩʥʝʥʦ ʩʛʦʨʘʥʠʝ 

ʣʝʥʪʳ ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʛʦʨʷʯʠʭ ʧʷʪʥʘʭè - ʫʯʘʩʪʢʘʭ ʩ ʣʦʢʘʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ 

ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʇʦʢʘʟʘʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ 

ʚ ʦʜʥʦʤʝʨʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ (ʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʧʦ ʩʝʯʝʥʠʶ 

ʣʝʥʪʳ) ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʝʨʝʭʦʜʘ ɺʊʉʇ-2 ʣʝʥʪ ʚ ʨʝʟʠʩʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʊʘʢʞʝ 

ʦʪʤʝʯʝʥʘ ʥʠʟʢʘʷ (ʥʘ 2-3 ʧʦʨʷʜʢʘ ʥʠʞʝ, ʯʝʤ ʫ ʅʊʉʇ) ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʥʦʨʤʘʣʴʥʦʡ ʟʦʥʳ (ʨʝʟʠʩʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ) ʫ ɺʊʉʇ ʣʝʥʪ, ʦʭʣʘʞʜʘʝʤʳʭ ʞʠʜʢʠʤ 

ʘʟʦʪʦʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ɺʊʉʇ ʣʝʥʪ ʩʦ ʩʚʝʨʭʪʦʢʦʤ 

ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ ʦʧʠʩʘʥʳ ʪʘʢʞʝ ʚ ʨʘʙʦʪʝ [71]. 

ʆʙʦʙʱʘʷ ʩʦʚʨʝʤʝʥʥʳʝ ʨʘʙʦʪʳ ʧʦ ʪʝʧʣʦʚʳʤ ʧʨʦʮʝʩʩʘʤ, ʩʪʘʙʠʣʴʥʦʩʪʠ,  

ʤʝʪʦʜʘʤ ʦʭʣʘʞʜʝʥʠʷ ʠ ʟʘʱʠʪʳ ʦʪ ʧʝʨʝʭʦʜʘ ʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ɺʊʉʇ ʤʘʛʥʠʪʦʚ, 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʧʨʠ ʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʠ: 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʘʣʴʥʳʭ ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʙʝʟ ʫʩʣʦʚʥʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʥʘ çʩʚʝʨʭʧʨʦʚʦʜʷʱʝʝè ʠ çʨʝʟʠʩʪʠʚʥʦʝè ʩʦʩʪʦʷʥʠʷ 

- ʫʭʦʜ ʦʪ çʢʨʠʪʝʨʠʝʚè ʢ ʯʠʩʣʝʥʥʳʤ ʨʘʩʯʝʪʘʤ, ʠʣʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʧʦʣʫʯʠʪʴ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʭʦʜʘ ʜʘʥʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 
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 ʂʨʦʤʝ ʪʦʛʦ, ʦʩʦʙʝʥʥʦʩʪʠ ɺʊʉʇ, ʪʨʝʙʫʶʱʠʝ ʧʦʚʳʰʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʪʦʢʦʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʤʘʛʥʠʪʦʚ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ, ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

 - ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʘʷ ʪʝʧʣʦʚʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʊʅʕ ʠ ʫʩʪʨʦʡʩʪʚ ʠʟ ɺʊʉʇ, 

ʯʝʤ ʠʟ ʅʊʉʇ, ʜʘʞʝ ʧʨʠ ʛʝʣʠʝʚʳʭ, ʘ ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʘʟʦʪʥʳʭ 

ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʠ ʵʪʦʤ ʩʠʣʴʥʦ ʟʘʚʠʩʷʱʘʷ ʦʪ ʦʭʣʘʞʜʝʥʠʷ 

 - ʪʝʧʣʦʚʦʡ ʩʨʳʚ ʚ ɺʊʉʇ ʫʩʪʨʦʡʩʪʚʘʭ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ ʣʦʢʘʣʴʥʦ, ʚ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ çʛʦʨʷʯʠʭ ʧʷʪʥʘʭè, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʪʦʢʦʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ɺʊʉʇ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʭʣʘʞʜʝʥʠʷ ʠʣʠ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ (ʪʝʧʣʦʧʨʠʪʦʢʘ) 

 - çʛʦʨʷʯʝʝ ʧʷʪʥʦè ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʝʜʣʝʥʥʦ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʩʦʟʜʘʝʪ ʦʧʘʩʥʦʩʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʠʭ ʟʘʱʠʪʝ. 
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2 ʈɸɿʈɸɹʆʊʂɸ ʉʆʊ ʈɽɿʀʉʊʀɺʅʆɻʆ ʊʀʇɸ ʀ ʊʅʕ ɼʃʗ ʅʀʍ 

2.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʜʣʷ ʨʘʟʨʘʙʘʪr ʚʘʝʤʳʭ ʉʆʊ 
 

ɼʣʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ, ʦʩʦʙʝʥʥʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ, ʘʢʪʫʘʣʴʥʘ 

ʧʨʦʙʣʝʤʘ ʟʘʱʠʪʳ ʦʪ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ, ʚʳʟʳʚʘʶʱʠʭ ʙʳʩʪʨʳʡ ʠʟʥʦʩ ʠ 

ʧʦʚʨʝʞʜʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʨʦʪʢʠʝ 

ʟʘʤʳʢʘʥʠʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʯʘʱʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʵʥʝʨʛʦʩʝʪʷʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, ʯʝʤ ʚ 

ʦʙʳʯʥʳʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ. ɼʦʧʫʩʪʠʤʦʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʣʝ 

ʟʘʤʳʢʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ (ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

0,1 ʩ ʚ ʦʙʳʯʥʦʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʟʘʱʠʪʘ ʦʪ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʫʯʠʪʳʚʘʷ ʚʨʝʤʷ ʦʛʨʘʥʠʯʝʥʠʷ ʪʦʢʘ (ʥʘ ʧʝʨʚʦʡ ʧʦʣʫʚʦʣʥʝ) ʠ 

ʧʦʪʝʨʠ ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ï ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʡ ʪʦʢʦʦʛʨʘʥʠʯʠʪʝʣʴ (ʉʆʊ). ʕʪʦ 

ʫʪʚʝʨʞʜʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʚ ʩʝʪʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʛʜʝ ʦʛʨʘʥʠʯʝʥʠʝ ʪʦʢʘ ʚ 

ʧʝʨʚʳʝ 5-10 ʤʩ ʩʪʦʣʴ ʞʝ ʚʘʞʥʦ.  

ɹr ʣʠ ʚʳʨʘʙʦʪʘʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʉʆʊ ʨʝʟʠʩʪʠʚʥʦʛʦ ʪʠʧʘ 3,5 

ʢɺ, 250 ɸ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʠ 27,5 ʢɺ, 900 A ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ ʈɾɼ. ɺʩʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʉʆʊ ʩʦʜʝʨʞʘʪ ʪʦʢʦʥʝʩʫʱʠʝ ʵʣʝʤʝʥʪʳ ʩ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʤʠ 

ɺʊʉʇ ʣʝʥʪʘʤʠ. ʋʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʉʆʊ (ʥʠʟʢʠʝ ʧʦʣʷ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʪʦʢʘ), ʧʨʠʤʝʥʝʥʘ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠʟ ʧʘʨʘʣʣʝʣʴʥʳʭ ʥʝ 

ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʳʭ ʣʝʥʪ. ʀʩʭʦʜʷ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʛʘʙʘʨʠʪʦʚ ʫʩʪʨʦʡʩʪʚʘ, ɺʊʉʇ 

ʣʝʥʪʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 2 ʩʣʦʷ. ɼʣʷ ʪʦʢʦʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠʤʝʥʝʥ ʧʨʦʚʦʜʥʠʢ 

Super Power SF12100, 12 ʤʤ ʣʝʥʪʘ ʩ 1 ʤʢʤ YBCO, ʙʝʟ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʤʝʜʠ, ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʪʦʢʦʚʳʝ ʵʣʝʤʝʥʪʳ ʥʘ ʪʦʢ ʜʦ 250ɸ 

ʠ ʜʦ 900ɸ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ. ʇʨʠʤʝʨʳ ʥʦʤʠʥʘʣʴʥʦʛʦ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.1. 
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ʈʠʩʫʥʦʢ 2.1 ï ɺʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʬʠʜʝʨʝ ʢʦʥʪʘʢʪʥʦʡ 

ʩʝʪʠ ʧʦʜʩʪʘʥʮʠʠ ʈɾɼ ʟʘ 10 ʯʘʩʦʚ 

 

2.2 ɸʥʘʣʠʟ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʉʆʊ, ʠ ʧʫʪʝʡ ʠʭ ʨʝʰʝʥʠʷ 

 

1. ʊʦʢʦʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʣʝʥʪʳ ʩʦʚʨʝʤʝʥʥʦʡ SF12100 ʢʦʣʝʙʣʝʪʩʷ ʦʪ  300 ʜʦ 

400 ɸ (ʦʪ 210 ʜʦ 300 ɸ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2009 ʛʦʜ, ʢʦʛʜʘ ʙʳʣʠ ʥʘʯʘʪʳ 

ʜʘʥʥʳʝ ʨʘʙʦʪʳ), ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʣʝʥʪ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʦ 6, ʠ ʦʙʝʩʧʝʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʦʢʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʝʥʪ. ʅʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ 

çʨʘʚʥʦʤʝʨʥʦʩʪʴè ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦʤ (ʦʜʥʦʨʦʜʥʦʩʪʴʶ) 

ʪʦʢʦʚʳʭ ʪʝʨʤʠʥʘʣʦʚ, ʘ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ï ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʣʝʥʪ ʥʘ 

ʥʠʟʢʦʤ ʫʨʦʚʥʝ ɺɸʍ, ʘ ʪʘʢʞʝ ɺɸʍ ʣʝʥʪ ï ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ɺɸʍ. ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʪʝʨʠ ʚ ʣʝʥʪʘʭ ʨʘʩʧʨʝʜʝʣʝʥʳ 

ʥʝʦʜʥʦʨʦʜʥʦ, ʪ.ʢ. ʚ ʣʝʥʪʳ ʩ ʤʝʥʴʰʝʡ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ ʤʦʞʝʪ ʟʘʭʦʜʠʪʴ ʜʦ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ɺɸʍ. ʅʝʦʙʭʦʜʠʤʦ 
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ʦʧʨʝʜʝʣʠʪʴ, ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ  ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʪʦʢʦʥʝʩʫʱʠʤ ʩʧʦʩʦʙʥʦʩʪʷʤ ʣʝʥʪ. 

2. ʉʣʦʡ ʩʝʨʝʙʨʘ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 1 ʤʢʤ, ʪʘʢ ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʪʦʡ ɺʊʉʇ 

ʣʝʥʪʳ ʚ ʥʝʩʚʝʨʭʧʨʦʚʦʜʷʱʝʤ ʩʦʩʪʦʷʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʝ ʚ ʨʝʟʠʩʪʠʚʥʦʤ ʉʆʊ. ʇʨʦʜʦʣʴʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʣʝʥʪʳ 

ʥʠʟʢʘ, ʘ ʝʝ ʪʦʢʦʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ (~ 10%) ʥʝʦʜʥʦʨʦʜʥʘ ʧʦ 

ʜʣʠʥʝ. ʉʫʱʝʩʪʚʫʶʪ ʩʣʘʙʳʝ ʫʯʘʩʪʢʠ ʜʣʠʥʦʡ ʧʦʨʷʜʢʘ ʩʘʥʪʠʤʝʪʨʘ, ʥʘ ʢʦʪʦʨʳʭ 

ʚʦʟʥʠʢʘʶʪ çʛʦʨʷʯʠʝ ʧʷʪʥʘè ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʪʝʧʣʦʚʳʤ ʧʝʨʝʭʦʜʦʤ. çɻʦʨʷʯʠʝ 

ʧʷʪʥʘè ʥʝ ʫʜʣʠʥʷʶʪʩʷ ʧʦ ʧʨʠʯʠʥʝ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʠ ʧʨʦʚʦʜʥʠʢ 

ʧʝʨʝʛʦʨʘʝʪ ʥʘ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʚʨʝʤʷ.  

3. ʇʨʦʝʢʪ ʉʆʊ ʥʘ 900 ɸ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʪʦʢʦʥʝʩʫʱʠʡ ʵʣʝʤʝʥʪ ʠʟ 

6 ʣʝʥʪ, ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʢʦʥʩʪʨʫʢʮʠʶ ʠʟ 10 ʧʘʨ ʚʩʪʨʝʯʥʦ ʚʢʣʶʯʝʥʥʳʭ 

ʢʘʪʫʰʝʢ. ʅʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʘ ʠ ʪʦʢʦʥʝʩʫʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʠ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ, ʚʣʠʷʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʣʷ, ʧʨʠʥʷʪʴ ʤʝʨʳ ʧʦ ʫʩʠʣʝʥʠʶ ʢʨʘʡʥʠʭ ʚʠʪʢʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ.  

4. ɼʣʷ 250 ɸ ʤʦʜʫʣʝʡ ʉʆʊ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʦʝ ʚʨʝʤʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʝʥʝʝ 5 ʩʝʢʫʥʜ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʦʭʣʘʞʜʝʥʠʝ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʘʮʠʷ ʜʣʠʥʳ ʊʅʕ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʩʝʪʠ ʠ ʚʨʝʤʝʥʠ ʦʪʢʣʶʯʝʥʠʷ ʉʆʊ.   

5. ɼʣʷ ʉʆʊ ʥʘ 250 ɸ 3,5 ʢɺ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʨʦʚʝʩʪʠ ʠʩʧʳʪʘʥʠʷ, 

ʠʤʠʪʠʨʫʶʱʠʝ ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ.  

 

2.3 ʀʩʩʣʝʜʦʚʘʥʠʷ ɺʊʉʇ ʣʝʥʪ ʜʣʷ ʨʝʟʠʩʪʠʚʥʳʭ ʉʆʊ 

 

ɺ ʭʦʜʝ ʚʳʙʦʨʘ ɺʊʉʇ ʣʝʥʪʳ ʜʣʷ ʉʆʊ ʧʨʦʚʝʜʝʥʳ: 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ  ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ɺʊʉʇ ʣʝʥʪ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ï ʩʘʤʳʡ ʚʘʞʥʳʡ 

ʧʘʨʘʤʝʪʨ ʜʣʷ ʪʦʢʦʦʛʨʘʥʠʯʠʪʝʣʴʥʦʡ ʣʝʥʪʳ, ʧʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʷʝʪ ʜʣʠʥʫ 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʊʅʕ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʙʨʘʥʘ ɺʊʉʇ ʣʝʥʪʘ SF12100 ʩʦ 100 ʤʠʢʨʦʥʥʦʡ ʧʦʜʣʦʞʢʦʡ ʠʟ ʭʘʩʪʝʣʣʦʷ. 

ʇʨʠʤʝʨʳ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 2.2. 

2. ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʝʥʪ SuperPower SF12100 ʥʘ 

ʧʦʩʪʦʷʥʥʦʤ ʠ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʚ ʧʦʣʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʦʢʘ, ʘ ʪʘʢʞʝ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʝʨ ɹʚ ʧʦʣʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʦʢʘ (ʈʠʩʫʥʦʢ 2.3). ʇʦʪʝʨʠ ʥʦʩʷʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʝʟʠʩʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʝʩʪʠ ʠʭ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʜʣʷ ʣʝʥʪ ʪʦʡ ʞʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ɺɸʍ. ʅʘ 

ʦʩʥʦʚʝ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʪʘʢʞʝ ʚʳʙʨʘʪʴ ʨʘʙʦʯʠʡ ʪʦʢ ʧʦ ʜʦʧʫʩʪʠʤʦʡ 

ʚʝʣʠʯʠʥʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʚ ʣʝʥʪʘʭ. 

3. ʀʟʫʯʝʥʘ ʘʥʠʟʦʪʨʦʧʠʷ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʝʥʪ SuperPower SF12100 ʚʦ 

ʚʥʝʰʥʠʭ ʧʦʣʷʭ, ʙʣʠʟʢʠʭ ʢ ʚʝʣʠʯʠʥʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʣʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʦʢʘ 

ʉʆʊ (ʈʠʩʫʥʦʢ 2.4). 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ɺʊʉʇ ʣʝʥʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 
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ʂʨʘʩʥʘʷ ʣʠʥʠʷ ï ʪʦʢ ʧʦ ʢʨʠʪʝʨʠʶ 1ʤʢɺ/ʩʤ ʚ ʧʦʣʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʦʢʘ,  

ʟʝʣʝʥʘʷ ï ʥʦʤʠʥʘʣʴʥʳʡ ʪʦʢ ʉʆʊ ʥʘ ʣʝʥʪʫ (213ɸ) 

ʈʠʩʫʥʦʢ 2.3 ï ɺɸʍ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʠ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʚ ʧʦʣʝ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʪʦʢʘ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʝʨʠ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʦʪ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ 

  

ʂʨʘʩʥʘʷ ʣʠʥʠʷ ï ʪʦʢ ʧʦ ʢʨʠʪʝʨʠʶ 1ʤʢɺ/ʩʤ ʚ ʧʦʣʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʦʢʘ. 0 ʛʨʘʜʫʩʦʚ ï ʧʦʣʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʣʝʥʪʳ, ʢʨʠʪʪʦʢ ʤʝʥʴʰʝ ʥʘ 10%. 

ʈʠʩʫʥʦʢ 2.4 ï ʇʦʩʪʦʷʥʥʳʡ ʪʦʢ ʚ ʢʦʨʦʪʢʦʤ ʦʙʨʘʟʮʝ ʥʘ ʫʨʦʚʥʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 1ʤʢɺ/ʩʤ ʦʪ ʫʛʣʘ ʧʦʣʷ ʢ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʥʪʳ ʚ ʧʦʣʝ 

0,02 ʊʣ ï ʨʘʩʯʝʪʥʘʷ ʘʤʧʣʠʪʫʜʘ ʧʦʣʷ ʥʘ ʢʨʘʷʭ.  
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4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʝʟʠʩʪʠʚʥʦʡ ʟʦʥʳ ʣʝʥʪ SuperPower 

SF12100 ʠ ʧʨʦʙʣʝʤʘ çʛʦʨʷʯʠʭ ʧʷʪʝʥè. ʂʨʦʤʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʣʶʙʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʉʆʊ ʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʜʣʠʥʫ ʊʅʕ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʟʘʜʘʥʥʳʭ ʚʨʝʤʝʥʠ ʦʪʢʣʶʯʝʥʠʷ ʠ 

ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

 

2.4 ʊʝʧʣʦʚʦʡ ʧʝʨʝʭʦʜ ʠ ʧʨʦʙʣʝʤʘ çʛʦʨʷʯʠʭ ʧʷʪʝʥè 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʷʚʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ ʫʯʘʩʪʢʝ ʩ ʧʦʥʠʞʝʥʥʦʡ 

ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʟʦʥʳ ʧʨʦʚʝʜʝʥ 

ʵʢʩʧʝʨʠʤʝʥʪ (ʈʠʩʫʥʦʢ 2.5). ʈʝʟʠʩʪʠʚʥʳʡ ʫʯʘʩʪʦʢ ʩ ʪʝʧʣʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʩʛʦʨʘʝʪ, 

ʨʝʟʠʩʪʠʚʥʘʷ ʬʘʟʘ ʥʘ ʩʦʩʝʜʥʠʝ ʫʯʘʩʪʢʠ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ. 

 

 

ʘ)     ʙ)      ʚ) 

ʈʠʩʫʥʦʢ 2.5 ï ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʩʦʟʜʘʥʠʶ çʛʦʨʷʯʝʛʦ ʧʷʪʝʥè: 

ʫʩʪʘʥʦʚʢʘ (ʘ); ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʫʯʘʩʪʢʝ ʩ ʧʦʥʠʞʝʥʥʦʡ ʪʦʢʦʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ, ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʨʠʤʳʢʘʶʱʠʭ ʫʯʘʩʪʢʘʭ (ʙ); ʩʛʦʨʝʚʰʠʡ ʫʯʘʩʪʦʢ 

ʣʝʥʪʳ (ʚ) 

 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʦʙʨʘʟʮʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ ʧʦʜʚʝʨʛʘʣʘʩʴ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤʫ ʜʝʡʩʪʚʠʶ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, ʥʘʧʨʷʞʝʥʠʝ 
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ʠʟʤʝʨʷʣʦʩʴ ʥʘ ʥʝʡ ʠ ʥʘ ʩʦʩʝʜʥʠʭ ʫʯʘʩʪʢʘʭ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʳʰʝ 90 ʂ ʚʳʯʠʩʣʷʣʘʩʴ 

ʧʦ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʦʙʨʘʟʮʘ. ʆʙʣʘʩʪʴ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ɺɸʍ ʧʦʯʪʠ ʥʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʣʘʩʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʢʫʩʦʢ ʣʝʥʪʳ ʚ ʧʦʣʝ ʥʝ ʚʳʛʦʨʘʣ (ʟʘ 0,4 ʩʝʢ ʚ 

ʧʨʠʚʝʜʝʥʥʦʤ ʩʣʫʯʘʝ). ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʠ ʥʘ ʪʘʢʠʭ ʞʝ ʢʦʨʦʪʢʠʭ ʫʯʘʩʪʢʘʭ 

(ʩʘʥʪʠʤʝʪʨʳ) ʚʳʛʦʨʘʣ ʧʨʦʚʦʜʥʠʢ ʚ ʤʘʢʝʪʥʳʭ ʦʙʨʘʟʮʘʭ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʪ 

ʟʘʱʠʪʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʠ ʰʫʥʪʠʨʦʚʘʥʠʷ. ʇʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʝʜʠʥʠʯʥʳʤʠ ɺʊʉʇ ʣʝʥʪʘʤʠ, ɺʊʉʇ ʣʝʥʪʘʤʠ, ʰʫʥʪʠʨʦʚʘʥʥʳʤʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʣʝʥʪʦʡ, ʜʚʫʤʷ ʰʫʥʪʠʨʦʚʘʥʥʳʤʠ ɺʊʉʇ ʣʝʥʪʘʤʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʘʤʧʣʠʪʫʜʘʭ ʧʦʣʷ 

ʠ ʜʣʠʪʝʣʴʥʦʩʪʷʭ ʠʤʧʫʣʴʩʦʚ. ʅʘ ʨʠʩʫʥʢʝ 2.5 ʧʨʝʜʩʪʘʚʣʝʥ ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ 

ʦʜʠʥʦʯʥʘʷ ʰʫʥʪʠʨʦʚʘʥʥʘʷ ʣʝʥʪʘ ʧʦʣʫʯʠʣʘ ʠʤʧʫʣʴʩ ʩʚʝʨʭʪʦʢʘ, ʧʨʠʚʝʜʰʠʡ ʢ 

ʩʛʦʨʘʥʠʶ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʥʝ ʰʫʥʪʠʨʦʚʘʥʥʳʤʠ ʣʝʥʪʘʤʠ ʩʛʦʨʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ 

ʧʨʠ ʤʝʥʴʰʠʭ ʠʤʧʫʣʴʩʘʭ. 

ʇʨʦʠʟʚʝʜʝʥ ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʦʜʝʣʠ: 
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ʛʜʝ  I ï ʪʦʢ, ɸ; 

 ɽ ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ; 

T ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʝʯʝʥʠʷ, ʂ; 

x ï ʢʦʦʨʜʠʥʘʪʘ ʩʝʯʝʥʠʷ ʚʜʦʣʴ ʜʣʠʥʳ ʊʅʕ, ʤ; 

t ï ʚʨʝʤʷ, ʩ; 

ɚ ï ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʊʅʕ, ɺʪ/ʤʂ; 

C ï ʫʩʨʝʜʥʝʥʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʩʝʯʝʥʠʷ ʥʘ ʤʝʪʨ ʊʅʕ, ɼʞ/ʤʂ; 

Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʭʣʘʜʘʛʝʥʪ, ɺʪ/ʤ
2
ʂ; 

p ï ʦʭʣʘʞʜʘʝʤʳʡ ʧʝʨʠʤʝʪʨ, ʤ; 

T
out

 ï ʪʝʤʧʝʨʘʪʫʨʘ ʭʣʘʜʘʛʝʥʪʘ, ʂ. 

ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ɺʊʉʇ ʣʝʥʪʳ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʣʝʥʪʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 

2.6. 
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ʘ) 

 

ʙ) 

 

ʚ) 

ʈʠʩʫʥʦʢ 2.6 ï ɿʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʘ); ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ (ʙ); 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (ʚ) ɺʊʉʇ ʣʝʥʪʳ ʠ ʨʝʟʠʩʪʠʚʥʦʡ ʟʘʱʠʪʥʦʡ ʣʝʥʪʳ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ 
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ʇʨʠʤʝʥʝʥʦ ʧʨʠʙʣʠʞʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ 

ʩʝʯʝʥʠʶ ʊʅʕ, ʫʯʠʪʳʚʘʣʘʩʴ ʧʨʦʜʦʣʴʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʊʅʕ ʠ ʪʝʧʣʦʦʪʚʦʜ ʚ 

ʞʠʜʢʠʡ ʘʟʦʪ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʩʩʯʠʪʘʥ ʪʘʢʞʝ ʘʜʠʘʙʘʪʠʯʝʩʢʠʡ ʥʘʛʨʝʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʮʝʥʪʨʝ çʛʦʨʷʯʝʛʦ ʧʷʪʥʘè, ʘ ʪʘʢʞʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ çʛʦʨʷʯʝʤ 

ʧʷʪʥʝè ʠ ʩʦʩʝʜʥʠʭ ʫʯʘʩʪʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.7. ʅʘ ʨʠʩʫʥʢʝ 2.7 ʘ ʯʝʨʥʦʡ 

ʣʠʥʠʝʡ ʧʦʢʘʟʘʥ ʧʨʦʬʠʣʴ ʪʦʢʘ, ʢʨʘʩʥʦʡ ʣʠʥʠʝʡ ʠʟʦʙʨʘʞʝʥʦ ʠʟʤʝʨʝʥʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʘ ʬʠʦʣʝʪʦʚʦʡ ï ʨʘʩʯʝʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦ ʤʦʜʝʣʴʥʦʡ ɺɸʍ. ʊʘʢʞʝ 

ʧʨʠʚʝʜʝʥʳ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʨʷʜʦʤ ʩ çʛʦʨʷʯʠʤ ʧʷʪʥʦʤè ï ʨʦʟʦʚʘʷ ʣʠʥʠʷ ï 

ʨʘʩʯʝʪʥʦʝ, ʦʨʘʥʞʝʚʘʷ ʠ ʩʠʨʝʥʝʚʘʷ ʣʠʥʠʠ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ. ʅʘ ʨʠʩʫʥʢʝ 2.7 ʙ 

ʥʘʭʦʜʷʪʩʷ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ. ʆʨʘʥʞʝʚʦʡ ʣʠʥʠʝʡ ʠʟʦʙʨʘʞʝʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʮʝʥʪʨʝ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʠʟʤʝʨʷʝʤʦʤʫ 

ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʊʅʕ ʚ ʨʝʟʠʩʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 90 ʂ. 

ʀʟʤʝʨʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʯʝʪʥʘ̫  ʪʝʤʧʝʨʘʪʫʨʘ ʩ ʫʯʝʪʦʤ 

ʦʭʣʘʞʜʝʥʠʷ (ʦʨʘʥʞʝʚʳʝ ʢʨʫʛʠ), ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʚ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ (ʧʫʩʪʳʝ ʢʨʫʛʠ). ʉʪʦʣʴ ʞʝ ʭʦʨʦʰʝʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ 

ʵʢʩʧʝʨʠʤʝʥʪʫ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʨʘʩʯʝʪʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʦʠʟʚʝʜʝʥʥʦʤ ʩ ʫʯʝʪʦʤ 

ʠʟʤʝʨʷʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʧʫʩʪʳʝ ʢʚʘʜʨʘʪʳ), ʘ ʥʝ ʧʦ ʤʦʜʝʣʴʥʦʡ ɺɸʍ.  

 

 

ʈʠʩʫʥʦʢ 2.7 ï ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʩʦʟʜʘʥʠʶ çʛʦʨʷʯʝʛʦ ʧʷʪʥʘè ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʩʯʝʪʘ ʜʣʷ ʩʝʨʝʜʠʥʳ ʦʙʨʘʟʮʘ ʠ ʥʘ ʧʨʠʤʳʢʘʶʱʠʭ ʫʯʘʩʪʢʘʭ 
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ʉʦʚʧʘʜʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ. ʈʘʩʭʦʞʜʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʪʦʢʦʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʜʣʠʥʝ ʣʝʥʪʳ, ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ, 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʤʠ ʦʭʣʘʞʜʝʥʠʷ ʘʟʦʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʚʟʨʳʚʥʦʛʦ ʠʩʧʘʨʝʥʠʷ. 

ʈʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚ ʥʘʯʘʣʝ 

ʨʘʟʦʛʨʝʚʘ (ʥʘʠʙʦʣʴʰʠʝ) ʦʙʫʩʣʦʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʨʘʟʤʳʪʠʷ 

ɺɸʍ. 

ʅʘ ʨʠʩʫʥʢʝ 2.8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʩʝʯʝʥʠʶ ʦʪ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʨʝʟʠʩʪʠʚʥʦʡ ʬʘʟʳ ï ʚʩʝʛʦ 0,05-0,1 ʤ/ʩ ʜʘʞʝ ʜʣʷ ʰʫʥʪʠʨʦʚʘʥʥʦʡ ʣʝʥʪʳ. ʅʘʛʣʷʜʥʝʝ 

ʧʦʢʘʟʘʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʘʜʠʘʙʘʪʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ ï ʚ ʤʦʤʝʥʪ ʨʘʟʦʛʨʝʚʘ ʚʣʠʷʥʠʝ 

ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʤʘʣʦʩʫʱʝʩʪʚʝʥʥʦ, ʦʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʫʯʪʝʥʦ ʚ ʤʝʪʦʜʠʢʝ ʜʣʷ ʨʘʩʯʝʪʘ 

ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

 

    

ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 2.8 ï ʇʨʦʬʠʣʠ ʨʘʩʯʝʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʚ ʨʘʟʣʠʯʥʦʝ ʚʨʝʤʷ,  

ʨʘʩʯʝʪ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʩʨʘʚʥʝʥʠʝ ʩ ʘʜʠʘʙʘʪʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ (ʘ); 

ʦʪʦʙʨʘʞʝʥʠʝ ʨʘʟʦʛʨʝʚʘ ʧʦ ʜʣʠʥʝ ʦʙʨʘʟʮʘ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʫʯʝʪʝ ʦʭʣʘʞʜʝʥʠʷ (ʙ) 
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2.5 ɿʘʱʠʪʘ ɺʊʉʇ ʣʝʥʪʳ ʨʝʟʠʩʪʠʚʥʦʡ ʬʦʣʴʛʦʡ 

 

ʇʨʝʜʣʦʞʝʥʦ ʟʘʱʠʱʘʪʴ ɺʊʉʇ ʣʝʥʪʳ ʨʝʟʠʩʪʠʚʥʦʡ ʬʦʣʴʛʦʡ, ʢʦʪʦʨʘʷ 

ʧʨʠʥʠʤʘʝʪ ʥʘ ʩʝʙʷ ʯʘʩʪʴ ʪʦʢʘ, ʘ ʪʘʢʞʝ ʯʘʩʪʴ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ɺ ʚʳʙʨʘʥʥʦʡ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʣʝʥʪʝ ʪʦʣʱʠʥʦʡ 20 ʤʠʢʨʦʥ (NbTi ʬʦʣʴʛʘ ʩ ʥʘʥʝʩʝʥʥʳʤ ʩ ʢʘʞʜʦʡ 

ʩʪʦʨʦʥʳ ʩʣʦʝʤ ʤʝʜʠ ʪʦʣʱʠʥʦʡ 1 ʤʢʤ) ʨʘʙʦʪʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʳ ʠʤʝʥʥʦ ʩʣʦʡ 

ʤʝʜʠ. NbTi ʩʣʦʡ ʥʫʞʝʥ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ. ʀʟ ʛʨʘʬʠʢʘ ʧʦʛʦʥʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩʫʥʦʢ 2.6 ʘ) ʚʠʜʥʦ, ʯʪʦ ʟʘʱʠʪʥʘʷ ʣʝʥʪʘ (1 ʥʘ 2, 

3 ʠʣʠ 6 ɺʊʉʇ ʣʝʥʪ) ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʠʥʫ ʧʨʦʚʦʜʥʠʢʘ 

ʪʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ʀʟ ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʠʜʥʦ, ʯʪʦ 

ʟʘʱʠʪʥʘʷ ʣʝʥʪʘ ʩʧʘʩʘʝʪ ɺʊʉʇ ʣʝʥʪʳ ʦʪ ʧʝʨʝʛʦʨʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʰʫʥʪʠʨʫʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʊʅʕ ʜʣʷ ʉʆʊ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ, 

ʚʦ-ʧʝʨʚʳʭ, ʥʘʥʝʩʝʥʠʝ ʩʣʦʷ ʣʘʪʫʥʠ ʥʘ ɺʊʉʇ ʣʝʥʪʳ, ʚʦ-ʚʪʦʨʳʭ, ʩʪʘʣʴʥʫʶ ʬʦʣʴʛʫ (ʚ 

ʩʣʫʯʘʝ ʊʅʕ ʠʟ ʤʥʦʛʠʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʣʝʥʪ), ʧʦʢʨʳʪʫʶ ʩʣʦʝʤ ʤʝʜʠ ʠʣʠ ʣʘʪʫʥʠ. 

 

2.6 ʈʘʩʯʝʪ ʜʣʠʥʳ ʊʅʕ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʪʦʢʘ 

 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʉʆʊ (ʂɿ ʩ ʟʘʜʘʚʘʝʤʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʧʦʚʪʦʨʥʦʛʦ ʚʢʣʶʯʝʥʠʷ) ʚ ʩʝʪʠ ʩ ʣʶʙʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʉʆʊ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʢʦʥʢʨʝʪʥʦʡ ʵʣʝʢʪʨʦʩʝʪʠ 

ʧʨʠʤʝʥʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʊʅʕ ʉʆʊ. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʚ 

ʧʨʦʠʟʚʦʣʴʥʦʤ ʩʝʯʝʥʠʠ ʊʅʕ (ʧʨʠʙʣʠʞʝʥʠʝ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʚʦʡʩʪʚ ʧʦ ʜʣʠʥʝ ʠ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʩʝʯʝʥʠʶ ʊʅʕ) ʠ ʫʨʘʚʥʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʪʝʨʤʠʥʘʣʘʭ ʉʆʊ: 

t
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ʛʜʝ  I, T ï ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʪʦʢ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʊʅʕ,  

E ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ,  

p ï ʦʭʣʘʞʜʘʝʤʳʡ ʧʝʨʠʤʝʪʨ,  

Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ,  

Tout ï ʪʝʤʧʝʨʘʪʫʨʘ ʭʣʘʜʘʛʝʥʪʘ,  

Ccable ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʝʯʝʥʠʷ ʊʅʕ,  

t ï ʚʨʝʤʷ,  

Unom ï ʥʘʧʨʷʞʝʥʠʝ ʩʝʪʠ,  

l ï ʜʣʠʥʘ ʊʅʕ,  

RL ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ (ʤʝʥʷʝʪʩʷ ʧʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ, 

ʦʪʢʣʶʯʝʥʠʠ, ʧʦʚʪʦʨʥʦʤ ʚʢʣʶʯʝʥʠʠ),  

L ï ʩʫʤʤʘʨʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʉʆʊ ʠ ʥʘʛʨʫʟʢʠ, ʪʘʢʞʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ. 

ɺʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʟʷʪʘ ʚ ʚʠʜʝ: 

)()(
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Ish1/2 ï ʪʘʢʦʡ ʪʦʢ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʠ) ʙʳʣʘ ʙʳ 

ʨʘʚʥʘ ʧʦʣʦʚʠʥʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʩʣʫʯʘʝ ʯʠʩʪʦ ʨʝʟʠʩʪʠʚʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʊʅʕ: 

)(),(5,0)),(( 2/12/1 TTBITBIE ʊʅʕshshp rÖÖ=Ö ,    (2.8) 
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ɼʘʥʥʘʷ ʚʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʯʠʪʳʚʘʝʪ ʨʘʟʤʳʪʠʝ ʧʝʨʝʭʦʜʘ ʧʦ 

ʪʦʢʫ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʦʚʦʜʠʤʦʩʪʴ ʊʅʕ ʚ ʨʝʟʠʩʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʧʝʨʝʤʝʥʥʳʤ ʪʦʢʦʤ. ɹʦʣʝʝ ʥʘʛʣʷʜʥʦ ɺɸʍ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ 

ʨʠʩʫʥʢʝ 2.9.  

ʅʘ ʨʠʩʫʥʢʝ 2.10 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʨʝʞʠʤʘ ʪʦʢʦʦʛʨʘʥʠʯʝʥʠʷ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʩ ʜʣʠʥʦʡ ʊʅʕ ʉʆʊ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʣʷ ʚʨʝʤʝʥʠ ʦʪʢʣʶʯʝʥʠʷ 

100 ʤʩ, ʠ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʦʭʣʘʞʜʝʥʠʷ ʜʦ 78 ʂ) ʤʝʞʜʫ 4 ʠ 5 ʩʝʢʫʥʜʘʤʠ. 

 

ʈʠʩʫʥʦʢ 2.9 ï ɺʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʣʷ ʨʘʩʯʝʪʦʚ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ 

 

    

ʈʠʩʫʥʦʢ 2.10 ï ʈʘʩʯʝʪʥʳʝ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʤʦʜʫʣʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʊʅʕ ʧʨʠ ʂɿ 

 

ʀʟ ʨʠʩʫʥʢʘ 2.10 ʚʠʜʥʦ, ʯʪʦ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʊʅʕ ʥʝ ʣʠʥʝʡʥʦ ï ʥʠʞʝ 110 ʂ ʥʘʩʪʫʧʘʝʪ ʙʳʩʪʨʦʝ ʦʭʣʘʞʜʝʥʠʝ, 



67 

 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʢʘʢ ʩʚʦʡʩʪʚʘʤʠ ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ʪʘʢ ʠ ʨʝʟʢʠʤ ʩʥʠʞʝʥʠʝʤ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʤʝʥʴʰʝ 1 ʩʝʢʫʥʜʳ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʜʣʠʥʫ ʊʅʕ ʠ ʚʨʝʤʷ ʥʘʛʨʝʚʘ 

(ʦʪʢʣʶʯʝʥʠʷ ʥʘʛʨʫʟʢʠ) ʪʘʢ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 110 

ʂ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʨʘʩʯʝʪʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʤʦʜʫʣʴ ʉʆʊ 

(ʧʦʜʦʙʨʘʪʴ ʜʣʠʥʫ ʠ ʩʚʦʡʩʪʚʘ ʊʅʕ) ʧʦʜ ʣʶʙʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

 

2.7 ʂʦʥʩʪʨʫʢʮʠʷ, ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʠʩʧʳʪʘʥʠʷ ʤʦʜʫʣʝʡ ʥʘ ʪʦʢ 250ɸ 

 

ɺʊʉʇ ʪʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʵʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ 

ʙʠʬʠʣʷʨʥʫʶ ʢʘʪʫʰʢʫ, ʥʘʤʦʪʘʥʥʫʶ ʥʘ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʳʡ ʢʘʨʢʘʩ ʜʠʘʤʝʪʨʦʤ 73 

ʤʤ ʠ ʜʣʠʥʦʡ 520 ʤʤ. ɼʣʠʥʘ ʪʦʢʦʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʜʚʫʭ ɺʊʉʇ 

ʣʝʥʪ SF12100 SF ʠ ʦʜʥʦʡ ʟʘʱʠʪʥʦʡ ʰʫʥʪʠʨʫʶʱʝʡ ʣʝʥʪʳ, ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʧʦ 

ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 7,5 ʤ ʥʘ ʦʜʠʥ ʩʣʦʡ. 

ɺ ʚʝʨʭʥʶʶ ʠ ʥʠʞʥʶʶ ʯʘʩʪʴ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʦʛʦ ʢʘʨʢʘʩʘ ʚʢʣʝʝʥʳ 

ʧʦʣʫʢʦʣʴʮʘ ʠʟ ʤʝʜʥʦʡ ʬʦʣʴʛʠ ʪʦʣʱʠʥʦʡ 0,5 ʤʤ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʧʘʠʚʘʶʪʩʷ ʚʳʚʦʜʳ 

ɺʊʉʇ ʦʙʤʦʪʢʠ. ʇʦʣʫʢʦʣʴʮʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʘʨʢʘʩʘ ï ʢʦʥʪʘʢʪʥʳʝ, ʢ ʥʠʤ 

ʧʨʠʧʘʠʚʘʶʪʩʷ ʢʦʥʮʳ ʦʙʦʠʭ ʩʣʦʝʚ ɺʊʉʇ ʦʙʤʦʪʢʠ, ʥʠʞʥʝʝ  ʧʦʣʫʢʦʣʴʮʦ ʩʣʫʞʠʪ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʬʠʢʩʘʮʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʧʘʷ ɺʊʉʇ ʣʝʥʪ ʚ ʧʨʦʮʝʩʩʝ ʥʘʤʦʪʢʠ, ʥʦ ʠ ʩʘʤʦ 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʩʧʘʷ ʤʝʞʜʫ ɺʊʉʇ ʩʣʦʷʤʠ. 

ɺʊʉʇ ʦʙʤʦʪʢʘ ʪʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʩʣʦʝʚ, 

ʢʦʪʦʨʳʝ ʧʦʦʯʝʨʝʜʥʦ ʥʘʤʘʪʳʚʘʶʪʩʷ ʜʨʫʛ ʧʦʚʝʨʭ ʜʨʫʛʘ.  

ʇʝʨʚʳʡ ʩʣʦʡ ʩʦʩʪʦʠʪ ʠʟ ɺʊʉʇ ʣʝʥʪʳ ʠ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʦʚʝʨʭ ʥʝʝ 

ʟʘʱʠʪʥʦʡ ʣʝʥʪʳ (ʩʤ. ʨʠʩʫʥʦʢ 2.11). ʅʘʤʦʪʢʘ ɺʊʉʇ ʣʝʥʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʧʦʣʦʞʝʥʠʠ çʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʤ ʚʚʝʨʭè. ɺ ʧʨʦʮʝʩʩʝ ʥʘʤʦʪʢʠ ʚʳʜʝʨʞʠʚʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʳʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʦʪʜʘʶʱʠʭ ʙʦʙʠʥ ʩ ɺʊʉʇ ʣʝʥʪʦʡ ʠ ʟʘʱʠʪʥʦʡ ʣʝʥʪʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʨʢʘʩʘ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʡ ʧʨʠʞʠʤ ɺʊʉʇ 

ʣʝʥʪʳ ʢ ʢʘʨʢʘʩʫ ʙʝʟ ʝʝ ʧʝʨʝʢʦʩʦʚ. ʉʤʝʱʝʥʠʝ ʫʢʣʘʜʯʠʢʘ ʩ ɺʊʉʇ ʣʝʥʪʦʡ ʠ ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʦʪʜʘʶʱʠʭ ʙʦʙʠʥ ʧʦʩʪʦʷʥʥʦ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʠ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ ʧʦ ʭʦʜʫ ʧʨʦʮʝʩʩʘ ʥʘʤʦʪʢʠ. ʅʘʪʷʛ ɺʊʉʇ ʣʝʥʪʳ ʩʦʛʣʘʩʥʦ ʝʝ 
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ʩʧʝʮʠʬʠʢʘʮʠʷʤ ʦʛʨʘʥʠʯʝʥ ʫʩʠʣʠʝʤ 15 ʅ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʠʞʠʤ ɺʊʉʇ ʣʝʥʪʳ 

ʢ ʢʘʨʢʘʩʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʟʘʱʠʪʥʦʡ ʣʝʥʪʳ, ʥʘ ʫʩʠʣʠʝ ʥʘʪʷʛʘ ʢʦʪʦʨʦʡ 

ʪʘʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʝʪ. 

ʇʦʩʣʝ ʥʘʤʦʪʢʠ ʧʝʨʚʦʛʦ ʩʣʦʷ ʢʦʥʮʳ ɺʊʉʇ ʠ ʟʘʱʠʪʥʦʡ ʣʝʥʪʳ ʧʨʠʧʘʠʚʘʝʪʩʷ ʢ 

ʦʜʥʦʤʫ ʠʟ ʚʝʨʭʥʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʣʫʢʦʣʝʮ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʧʘʠʚʘʝʪʩʷ ʤʝʜʥʳʡ 

ʣʝʧʝʩʪʦʢ ʪʦʣʱʠʥʦʡ 0,5 ʤʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɺʊʉʇ ʣʝʥʪʘ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʢʣʶʯʝʥʥʦʡ 

ʤʝʞʜʫ ʜʚʫʤʷ  ʤʝʜʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʩ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʢʦʥʪʘʢʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʥʠʟʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʧʘʷ.  

ʇʦʩʣʝ ʥʘʤʦʪʢʠ ʧʝʨʚʦʛʦ ɺʊʉʇ ʩʣʦʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʤʦʪʢʘ ʚʪʦʨʦʛʦ ʩʣʦʷ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ɺʊʉʇ ʣʝʥʪʳ ʠ ʢʘʧʪʦʥʦʚʦʡ (ʧʦʣʠʠʤʠʜʥʦʡ) ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʠʟʦʣʷʮʠʠ. ʅʘʤʦʪʢʘ ɺʊʉʇ ʣʝʥʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ 

çʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʤ ʚʥʠʟè. ʇʨʦʮʝʩʩ ʥʘʤʦʪʢʠ ʘʥʘʣʦʛʠʯʝʥ ʥʘʤʦʪʢʝ ʧʨʝʜʳʜʫʱʝʛʦ 

ʩʣʦʷ. ʇʝʨʝʜ ʝʛʦ ʥʘʯʘʣʦʤ ʦʪʜʘʶʱʘʷ ʙʦʙʠʥʘ ʩ ɺʊʉʇ ʣʝʥʪʦʡ ʧʝʨʝʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ 

ʥʘʤʦʪʦʯʥʦʤ ʩʪʘʥʢʝ ʥʘ 1800, ʘ ʚʤʝʩʪʦ ʙʦʙʠʥʳ ʩ ʟʘʱʠʪʥʦʡ ʣʝʥʪʦʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʙʦʙʠʥʘ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠʝʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʠʞʠʤ ɺʊʉʇ ʣʝʥʪʳ ʢ 

ʢʘʨʢʘʩʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠʠ. ʐʠʨʠʥʘ 

ʢʘʧʪʦʥʦʚʦʡ ʠʟʦʣʷʮʠʦʥʥʦʡ ʣʝʥʪʳ ʥʘ 2 ʤʤ ʙʦʣʴʰʝ, ʯʝʤ ʫ ɺʊʉʇ ʣʝʥʪʳ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʵʣʝʢʪʨʠʯʝʩʢʠ ʠʟʦʣʠʨʦʚʘʪʴ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ. 

ʊʨʝʪʠʡ ʩʣʦʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ ɺʊʉʇ ʣʝʥʪʳ ʚ ʧʦʣʦʞʝʥʠʠ çʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʤ 

ʚʚʝʨʭè ʠ ʟʘʱʠʪʥʦʡ ʣʝʥʪʳ, ʥʘʤʘʪʳʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʧʝʨʚʦʤʫ ʩʣʦʶ. ʅʘʤʦʪʢʘ 

ʯʝʪʚʝʨʪʦʛʦ ʩʣʦʷ (ɺʊʉʇ ʣʝʥʪʘ çʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʤ ʚʥʠʟè ʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʠʟʦʣʷʮʠʷ) ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʚʪʦʨʦʛʦ ʩʣʦʷ. ɺʳʚʦʜʳ ʦʪ ʚʩʝʭ ʩʣʦʝʚ 

ɺʊʉʇ ʵʣʝʤʝʥʪʘ ʟʘʧʘʠʚʘʶʪʩʷ ʤʝʞʜʫ ʣʝʧʝʩʪʢʘʤʠ ʠʟ ʤʝʜʥʦʡ ʬʦʣʴʛʠ ʠ ʦʙʨʘʟʫʶʪ 

ʢʦʥʪʘʢʪʥʳʝ ʧʣʦʱʘʜʢʠ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʰʠʥʳ. 

ɼʣʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʫʩʠʣʝʥʠʷ ʢʘʨʢʘʩʘ ɺʊʉʇ ʵʣʝʤʝʥʪʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʦʚʦʡ ʪʨʫʙʳ ʚʢʣʝʠʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʦʝ 

ʢʦʣʴʮʦ. ʂ ʛʦʪʦʚʦʤʫ ʪʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʝʤʫ ʵʣʝʤʝʥʪʫ ʧʨʠ ʧʦʤʦʱʠ ʯʝʪʳʨʝʭ ʙʦʣʪʦʚ 

M6 ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʧʦʣʫʢʨʫʛʣʳʝ ʣʝʧʝʩʪʢʠ ʢʦʥʪʘʢʪʦʚ ʩ ʧʨʠʧʘʷʥʥʳʤʠ ʢ ʥʠʤ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʤʠ ʰʠʥʘʤʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʠʞʠʤʘ ʢʦʥʪʘʢʪʥʳʭ 
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ʣʝʧʝʩʪʢʦʚ ʢ ʪʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʝʤʫ ʵʣʝʤʝʥʪʫ ʧʦʚʝʨʭ ʥʠʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʧʦʣʫʢʨʫʛʣʳʝ ʥʝʨʞʘʚʝʶʱʠʝ ʧʣʘʩʪʠʥʢʠ. 

ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʢʘʞʜʦʛʦ ʤʦʜʫʣʷ ʩʦʩʪʘʚʣʷʝʪ 0,32 ʤʢɻʥ. 

ʀʟʛʦʪʦʚʣʝʥʦ 8 ʤʦʜʫʣʝʡ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʀʩʧʳʪʘʥʠʷ ʤʦʜʫʣʝʡ 250 ɸ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʥʦʤʠʥʘʣʴʥʦʤ ʪʦʢʝ ʠ ʚ 

ʨʝʞʠʤʘʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʨʘʟʣʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ. ʉʭʝʤʘ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ 

ʩʪʝʥʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.12 ʘ. ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʚ ʨʝʞʠʤʘʭ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʚʚʦʜʠʣʩʷ ʥʦʤʠʥʘʣʴʥʳʡ ʪʦʢ (ʧʦʜʙʦʨʦʤ ʘʢʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ), ʟʘʪʝʤ 

ʥʘʛʨʫʟʢʘ ʰʫʥʪʠʨʦʚʘʣʘʩʴ, ʯʝʨʝʟ ʚʨʝʤʷ 90-110 ʤʩ ʪʦʢ ʚʳʢʣʶʯʘʣʩʷ. ʇʦʚʪʦʨʥʦʝ 

ʚʢʣʶʯʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ. ʇʨʠʤʝʨ ʦʩʮʠʣʣʦʛʨʘʤʤʳ 

ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 2.12 ʙ. 

 

 

ʈʠʩʫʥʦʢ 2.11 ï ʂʦʥʩʪʨʫʢʮʠʷ ʤʦʜʫʣʷ ʉʆʊ ʥʘ 250 ɸ 380 ɺ 

 

ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʚʦ-ʧʝʨʚʳʭ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʛʣʫʙʠʥʫ 

ʪʦʢʦʦʛʨʘʥʠʯʝʥʠʷ ʫʞʝ ʥʘ ʧʝʨʚʦʡ ʧʦʣʫʚʦʣʥʝ; ʚʦ-ʚʪʦʨʳʭ, ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 4,7 ʩʝʢʫʥʜʳ ʧʨʠ ʚʨʝʤʝʥʠ ʦʪʢʣʶʯʝʥʠʷ 100 ʤʩ. 

ʈʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʨʘʟʜʝʣʘ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʪʦʢʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʘʤʧʣʠʪʫʜʝ ʪʦʢʘ 

ʥʘ ʧʝʨʚʦʡ ʧʦʣʫʚʦʣʥʝ (ʨʘʩʯʝʪʥʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ) ʦʙʫʩʣʦʚʣʝʥʳ 
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ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʜʣʠʥʝ, ʥʶʘʥʩʘʤʠ ʦʭʣʘʞʜʝʥʠʷ, 

ʥʝʪʦʯʥʦʩʪʴʶ ʬʘʟʳ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ (ʬʦʨʤʦʡ ʬʨʦʥʪʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ). 

ʊʘʢʞʝ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʨʝʘʣʴʥʦʡ ɺɸʍ ʧʨʠ ʚʳʩʦʢʠʭ 

ʫʨʦʚʥʷʭ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ï ʧʨʠʙʣʠʞʘʶʱʠʭʩʷ ʢ ʨʝʟʠʩʪʠʚʥʦʤʫ 

ʥʘʧʨʷʞʝʥʠʶ ï ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 90 ʂ ʠ ʪʦʢʝ ʜʦ ʥʝʩʢʦʣʴʢʠʭ çʢʨʠʪʠʯʝʩʢʠʭè. 

 

 

ʘ)        ʙ) 

ʈʠʩʫʥʦʢ 2.12 ï ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʘ);  

ʧʨʠʤʝʨ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʂɿ (ʙ) 

   

ɺʩʝ 8 ʤʦʜʫʣʝʡ ʚʳʜʝʨʞʘʣʠ ʙʝʟ ʜʝʛʨʘʜʘʮʠʠ ʥʝʦʜʥʦʢʨʘʪʥʳʝ ʢʦʨʦʪʢʠʝ 

ʟʘʤʳʢʘʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʬʘʟʘʭ ʩʠʥʫʩʦʠʜʳ. ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʟʘʱʠʪʥʦʡ 

ʰʫʥʪʠʨʫʶʱʝʡ ʣʝʥʪʳ ʜʝʛʨʘʜʘʮʠʠ ʥʝ ʧʨʦʠʟʦʰʣʦ ʠ ʧʦʩʣʝ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʥʘ 

ʧʦʥʠʞʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ (ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʡ ʧʝʨʝʭʦʜ), ʘ ʪʘʢʞʝ ʧʦʩʣʝ ʥʝʧʦʣʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

2.8 ʂʦʥʩʪʨʫʢʮʠʷ ʠ ʠʩʧʳʪʘʥʠʷ ʧʨʦʪʦʪʠʧʘ ʉʆʊ ʥʘ 250 ɸ 3,5 ʢɺ 

  

ʇʨʦʪʦʪʠʧ ʉʆʊ ʥʘ 250 ɸ 3,5 ʢɺ ʩʦʩʪʦʠʪ ʠʟ 8 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ 

ʤʦʜʫʣʝʡ, ʦʧʠʩʘʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ. ʆʙʱʠʡ ʚʠʜ ʧʨʦʪʦʪʠʧʘ ʉʆʊ ʧʨʠʚʝʜʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 2.13 ʘ. ʉʦʝʜʠʥʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʤʝʜʥʳʤʠ ʰʠʥʦʧʨʦʚʦʜʘʤʠ. 

ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ (ʥʝ ʩʯʠʪʘʷ ʪʦʢʦʚʚʦʜʳ) ʩʦʩʪʘʚʣʷʝʪ 3,9 ʤʢɻʥ, ʠʟ ʥʠʭ 2,56 



71 

 

ʤʢɻʥ ʩʦʩʪʘʚʣʷʶʪ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʤʦʜʫʣʝʡ, ʦʩʪʘʣʴʥʦʝ ï ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

ʩʦʝʜʠʥʠʪʝʣʝʡ. 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʪʦʪʠʧʘ ʉʆʊ ʥʘ 250 ɸ 3,5 ʢɺ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʪʦʢʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʪʘʢʦʡ ʞʝ ʩʭʝʤʝ, ʢʘʢ ʠ ʠʩʧʳʪʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ. ʇʦ 

ʚʦʣʴʪʘʤʧʝʨʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦʪʝʨʠ. ʊʝʧʣʦʚʳʜʝʣʝʥʠʷ ʚ 

ʢʨʠʦʛʝʥʥʦʤ ʦʙʲʸʤʝ ʩʦʩʪʘʚʣʷʶʪ ~ 12 ɺʪ ʧʨʠ ʪʦʢʝ 250 ɸ, ʙʝʟ ʫʯʸʪʘ ʪʦʢʦʚʚʦʜʦʚ. ʀʟ 

ʥʠʭ ʥʘ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʚ ʩʧʘʷʭ ʠ ʩʦʝʜʠʥʝʥʠʷʭ ʧʨʠʭʦʜʠʪʩʷ 7,5 ɺʪ, ʘ ʧʦʪʝʨʠ ʥʘ 

ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʚ ɺʊʉʇ ʊʅʕ ʤʦʜʫʣʝʡ ʩʦʩʪʘʚʣʷʶʪ 4,5 ɺʪ.  

8-ʤʦʜʫʣʴʥʳʡ ʧʨʦʪʦʪʠʧ ʧʦʢʘʟʘʣ ʪʦʢʦʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʧʝʨʝʤʝʥʥʦʤ 

ʪʦʢʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʝʭʥʠʯʝʩʢʦʤʫ ʟʘʜʘʥʠʶ. 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʪʦʪʠʧʘ ʉʆʊ ʥʘ 250 ɸ 3,5 ʢɺ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ ʨʝʞʠʤʝ 

ʠʤʠʪʘʮʠʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʧʨʠ ʨʘʟʨʷʜʝ ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʙʘʪʘʨʝʠ, ʟʘʨʷʞʝʥʥʦʡ 

ʜʦ 5 ʢɺ. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʘʥʥʦʛʦ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.13 ʙ. 

ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ ʛʣʫʙʠʥʫ ʪʦʢʦʦʛʨʘʥʠʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʝʭʥʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.13 ʚ. ʕʪʦʪ 

ʵʢʩʧʝʨʠʤʝʥʪ ʯʠʩʣʝʥʥʦ ʧʨʦʤʦʜʝʣʠʨʦʚʘʥ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʤʝʪʦʜʠʢʠ, 

ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʚʧʘʣʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘʥʘʣʦʛʠʯʥʘ ʤʦʜʝʣʠ, ʧʦ ʢʦʪʦʨʦʡ ʤʦʜʝʣʠʨʫʶʪʩʷ ʨʝʞʠʤʳ ʂɿ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʦʜʫʣʝʡ ʉʆʊ. 

 

   

ʘ)     ʙ)      ʚ) 

ʈʠʩʫʥʦʢ 2.13 ï ʂʦʥʩʪʨʫʢʮʠʷ 8-ʤʦʜʫʣʴʥʦʛʦ ʉʆʊ (ʘ); ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʠʩʧʳʪʘʥʠʷ (ʙ); ʠʩʧʳʪʘʥʠʝ ʉʆʊ ʨʘʟʨʷʜʦʤ ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʙʘʪʘʨʝʠ (ʚ) 
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ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʚ 

ʧʨʦʠʟʚʦʣʴʥʦʤ ʩʝʯʝʥʠʠ ʊʅʕ (ʧʨʠʙʣʠʞʝʥʠʝ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʚʦʡʩʪʚ ʧʦ ʜʣʠʥʝ ʠ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʩʝʯʝʥʠʶ ʊʅʕ), ʠ ʫʨʘʚʥʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʪʝʨʤʠʥʘʣʘʭ ʉʆʊ: 
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ʛʜʝ  I, T ï ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʪʦʢ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʊʅʕ, 

E ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ,  

p ï ʦʭʣʘʞʜʘʝʤʳʡ ʧʝʨʠʤʝʪʨ,  

Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ,  

Tout ï ʪʝʤʧʝʨʘʪʫʨʘ ʭʣʘʜʘʛʝʥʪʘ,  

Ccable ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʝʯʝʥʠʷ ʊʅʕ,  

t ï ʚʨʝʤʷ,  

Uʨʘʟʨ ï ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʙʘʪʘʨʝʝ,  

l ï ʜʣʠʥʘ ʊʅʕ, 

RL ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ (ʤʝʥʷʝʪʩʷ ʧʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ, 

ʦʪʢʣʶʯʝʥʠʠ, ʧʦʚʪʦʨʥʦʤ ʚʢʣʶʯʝʥʠʠ),  

L ï ʩʫʤʤʘʨʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʉʆʊ ʠ ʥʘʛʨʫʟʢʠ, ʪʘʢʞʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ. 

ɺʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʟʷʪʘ ʚ ʚʠʜʝ: 
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Ish1/2 ï ʪʘʢʦʡ ʪʦʢ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʠ) ʙʳʣʘ ʙʳ 
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ʨʘʚʥʘ ʧʦʣʦʚʠʥʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʩʣʫʯʘʝ ʯʠʩʪʦ ʨʝʟʠʩʪʠʚʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʊʅʕ: 

)(),(5.0)),(( 2/12/1 TTBITBIE ʊʅʕshshp rÖÖ= ,    (2.14) 

ʄʦʜʝʣʴʥʘʷ ɺɸʍ ʊʅʕ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.14 ʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʊʅʕ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʦʢʘ ʉʆʊ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʠʟʤʝʨʝʥʠʡ ʪʦʢʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.14 ʙ. ʀʟʤʝʨʝʥʥʳʡ ʪʦʢ ʠ ʪʦʢ, 

ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʜʘʥʥʦʡ ʤʦʜʝʣʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ. ʊʝʤʧʝʨʘʪʫʨʘ ʊʅʕ ʥʝ 

ʧʦʜʥʠʤʘʣʘʩʴ ʚʳʰʝ 90 ʂ, ʪʦ ʝʩʪʴ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʘʩʴ ʪʝʧʣʦʦʪʚʦʜʦʤ ʚ ʢʠʧʷʱʠʡ ʘʟʦʪ 

(ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 85-95 ʂ). ʊʝʧʣʦʚʳʜʝʣʝʥʠʝ 

ʩʦʩʪʘʚʠʣʦ ʚʩʝʛʦ ~20 ʢɼʞ, ʪ.ʝ. ʦʢʦʣʦ 160 ɼʞ/ʤʝʪʨ ʊʅʕ. ʕʪʦ ʙʣʠʟʢʦ ʧʦ ʟʥʘʯʝʥʠʶ ʢ 

ʪʘʢʠʤ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠ ʁʧʨʠ ʂɿ, ʥʘ ʢʦʪʦʨʳʝ ʩʪʦʠʪ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʉʆʊ ʩʦ ʚʨʝʤʝʥʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 0,5-1 ʩʝʢʫʥʜʘ. 

 

ʘ)        ʙ) 

ʈʠʩʫʥʦʢ 2.14 ï ɺɸʍ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ (ʘ); 

 ʨʘʩʯʝʪʥʳʝ ʪʦʢ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʊʅʕ (ʙ) 
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 2: 
 

1. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ çʛʦʨʷʯʠʭ ʧʷʪʝʥè ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ (ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʣʝʥʪʳ) ʠʟ ʨʝʟʠʩʪʠʚʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʣʦʢʘʣʴʥʳʡ ʥʘʛʨʝʚ. ʊʘʢʞʝ ʞʝʣʘʪʝʣʴʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʟʘʱʠʪʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʧʨʠ ʧʝʨʝʛʨʫʟʢʝ ʪʦʢʦʤ ʚʳʰʝ 

ʥʦʤʠʥʘʣʴʥʦʛʦ.  

2. ʉʦʟʜʘʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʥʘʤʦʪʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʦʜʫʣʝʡ ʉʆʊ ʜʠʘʤʝʪʨʦʤ ʜʦ 900 ʤʤ ʩ ʯʠʩʣʦʤ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʣʝʥʪ ʜʦ 6. 

3. ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʤʦʜʫʣʠ ʉʆʊ ʥʘ 250 ɸ 380 ɺ ʠ ʤʘʢʝʪ ʉʆʊ ʠʟ 8 ʤʦʜʫʣʝʡ ʥʘ 3.5 

ʢɺ ʷʚʣʷʶʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʠʩʪʠʚʥʳʭ ʉʆʊ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ. 

4. ʇʨʠʤʝʥʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʊʅʕ ʨʝʟʠʩʪʠʚʥʳʭ ʉʆʊ ʧʨʠ ʂɿ ʫʩʧʝʰʥʦ ʧʨʦʚʝʨʝʥʳ ʧʨʠ ʦʙʩʯʝʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ, ʙʣʠʟʢʠ ʢ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʣʶʙʳʝ ʨʝʞʠʤʳ 

ʨʘʙʦʪʳ ʉʆʊ ʩ ʠʭ ʧʦʤʦʱʴʶ ʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʢʦʥʩʪʨʫʢʮʠʠ ʉʆʊ. 

 

 

 

 

 

 

 

 

 

 

 

 



75 

 

3 ʈɸɿʈɸɹʆʊʂɸ ʊʅʕ ɼʃʗ ʇʈʆʊʆʊʀʇɸ ʉʆʊ ʅɸ 900 ɸ 27,5 ʂɺ 

 

3.1 ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʉʆʊ ʥʘ 900 ɸ 27,5 ʢɺ 

 

ʆʜʥʦʬʘʟʥʳʝ ɺʊʉʇ ʪʦʢʦʦʛʨʘʥʠʯʠʪʝʣʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 27,5 ʢɺ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʙʦʪʳ ʚ ʪʷʛʦʚʳʭ ʩʝʪʷʭ ʈɾɼ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʫʜʝʪ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ  ʪʷʛʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʩ 

ʫʩʪʘʥʦʚʢʦʡ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʪʦʢʦʦʛʨʘʥʠʯʠʪʝʣʝʡ, ʦʩʥʘʱʝʥʥʳʭ ʦʙʱʝʡ ʩʠʩʪʝʤʦʡ 

ʢʨʠʦʛʝʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʜʘʥʥʦʛʦ 

ʧʨʦʪʦʪʠʧʘ ʉʆʊ ʤʘʩʩʦʚʦ ʚʳʧʫʩʢʘʝʤʫʶ ɺʊʉʇ ʣʝʥʪʫ ʩ ʢʨʠʪʠʯʝʩʢʠʤ ʪʦʢʦʤ ʚ 300 ɸ, 

ʯʪʦ ʪʨʝʙʫʝʪ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʰʝʩʪʠ ɺʊʉʇ ʣʝʥʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʦʤʠʥʘʣʴʥʦʛʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 900 ɸ. ʋʚʝʣʠʯʝʥʠʝ 

ʯʠʩʣʘ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʫʭʫʜʰʘʝʪ ʫʩʣʦʚʠʷ ʦʭʣʘʞʜʝʥʠʷ 

ɺʊʉʇ ʧʨʦʚʦʜʥʠʢʦʚ, ʚ ʥʘʠʭʫʜʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʚʳʧʦʣʥʝʥʠʶ 

ʪʨʝʙʦʚʘʥʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʥʝ ʙʦʣʝʝ 7 ʩ). ʂʘʢ 

ʧʦʢʘʟʘʣʠ ʠʩʧʳʪʘʥʠʷ ʤʘʢʝʪʥʦʛʦ ʦʙʨʘʟʮʘ ɺʊʉʇ ʪʦʢʦʦʛʨʘʥʠʯʠʪʝʣʷ ʥʘ 3,5 ʢɺ ʠ 250 

ɸ, ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʚ ʩʧʘʷʭ (ʦʢʦʣʦ 1 ɺʪ ʥʘ ʪʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʵʣʝʤʝʥʪ) 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʪʝʨʷʤʠ ʥʘ ʧʝʨʝʤʝʥʥʦʤ 

ʪʦʢʝ.  

ɺ ʩʠʣʫ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʧʨʠʯʠʥ ʥʘʟʨʝʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʠ ɺʊʉʇ ʪʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ 

ʦʭʣʘʞʜʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʧʘʝʚ ʠ ʫʤʝʥʴʰʝʥʠʷ ʠʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʫʧʨʦʱʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʩʙʦʨʢʠ. ɺʊʉʇ ʪʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʘʷ ʩʙʦʨʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʢʦʘʢʩʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʜʥʦʩʣʦʡʥʳʭ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʘʪʫʰʝʢ, ʥʘʤʦʪʘʥʥʳʭ ʰʝʩʪʴʶ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ɺʊʉʇ 

ʧʨʦʚʦʜʥʠʢʘʤʠ, ʩʦʙʨʘʥʥʳʤʠ ʚ ʪʨʠ ʧʘʢʝʪʘ, ʧʦ ʜʚʝ ɺʊʉʇ ʣʝʥʪʳ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʤʠ 

ʩʣʦʷʤʠ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʩ ʣʘʪʫʥʥʳʤ ʩʪʘʙʠʣʠʟʘʪʦʨʦʤ ʪʦʣʱʠʥʦʡ 25 ʤʢʤ ʤʝʞʜʫ ʥʠʤʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʟʘʱʠʪʠʪʴ ɺʊʉʇ 
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ʧʨʦʚʦʜʥʠʢ ʦʪ ʣʦʢʘʣʴʥʳʭ ʧʝʨʝʛʨʝʚʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʛʦʨʘʥʠʶ 

ʪʦʢʦʦʛʨʘʥʠʯʠʪʝʣʷ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʙʳʣʦ ʘʧʨʦʙʠʨʦʚʘʥʦ ʥʘ ʤʘʢʝʪʥʦʤ ʦʙʨʘʟʮʝ 

ɺʊʉʇ ʪʦʢʦʦʛʨʘʥʠʯʠʪʝʣʷ, ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʦʧʳʪʘʤʠ ʧʦ ʠʤʠʪʘʮʠʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ɿʘ ʩʯʝʪ ʨʘʟʤʝʱʝʥʠʷ ʧʘʢʝʪʦʚ ɺʊʉʇ 

ʣʝʥʪ ʚ ʨʷʜ, ʧʦʚʝʨʭʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʫʜʘʣʦʩʴ ʫʚʝʣʠʯʠʪʴ ʚ ʪʨʠ ʨʘʟʘ, ʯʪʦ ʜʦʣʞʥʦ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʠʘʤʝʪʨʦʚ ɺʊʉʇ 

ʩʝʢʮʠʡ ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʩʧʘʝʚ ʠ ʫʚʝʣʠʯʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʞʜʦʛʦ ʩʧʘʷ. 

ʆʞʠʜʘʝʪʩʷ, ʢʘʢ ʤʠʥʠʤʫʤ, ʜʚʫʢʨʘʪʥʦʝ ʩʥʠʞʝʥʠʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ ʚ ʩʧʘʷʭ ʠ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʰʠʥʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʩʢʠʟʥʳʤ ʧʨʦʝʢʪʦʤ. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʉʆʊ ʚ ʨʝʞʠʤʘʭ ʂɿ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ, 

ʠʩʧʦʣʴʟʫʷ ʯʠʩʣʝʥʥʫʶ ʤʦʜʝʣʴ, ʦʧʠʩʘʥʥʫʶ ʚ ʛʣʘʚʝ 2 ʠ ʧʨʠʤʝʥʷʝʤʫʶ ʨʘʥʝʝ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʝʜʠʥʠʯʥʳʭ ʤʦʜʫʣʝʡ ʉʆʊ 380 ɺ 250 ɸ. ʇʨʠʤʝʨ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʂɿ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.1. 

ɼʣʷ ʢʦʤʧʘʢʪʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ ʚ ʢʨʠʦʩʪʘʪʝ ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʪʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʠʟ 20 ʢʦʘʢʩʠʘʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʜʥʦʩʣʦʡʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʘʪʫʰʝʢ, ʥʘʤʦʪʘʥʥʳʭ ʥʘ  

ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʳʝ ʢʘʨʢʘʩʳ, ʚʳʩʦʪʦʡ 1000 ʤʤ ʠ ʪʦʣʱʠʥʦʡ  7 ʤʤ.  ʈʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʢʘʨʢʘʩʘʤʠ 7 ʤʤ, ʥʘ ʢʘʞʜʳʡ ʢʘʨʢʘʩ ʚ ʨʷʜ ʥʘʤʘʪʳʚʘʝʪʩʷ 3 ʧʘʯʢʠ ʠʟ ʜʚʫʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ɺʊʉʇ ʧʨʦʚʦʜʥʠʢʦʚ ʩ ʣʘʪʫʥʥʳʤ ʩʪʘʙʠʣʠʟʘʪʦʨʦʤ. ʉʝʢʮʠʠ 

ʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʪʦʢʠ ʧʨʦʪʝʢʘʶʪ ʚ ʥʠʭ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ 

ʤʠʥʠʤʘʣʴʥʘ. ʆʙʱʠʡ ʚʠʜ ʉʆʊ ʚ ʨʘʟʨʝʟʝ ʠ ʩʭʝʤʘ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʤʦʪʦʢ ʉʆʊ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.2. 

ʉʦʛʣʘʩʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʉʆʊ ʩʦʩʪʦʠʪ ʠʟ 20 ʧʦʧʘʨʥʦ 

ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʩʝʢʮʠʡ. ɼʠʘʤʝʪʨ ʚʥʫʪʨʝʥʥʝʡ ʩʝʢʮʠʠ ʪʦʢʦʦʛʨʘʥʠʯʠʪʝʣʷ ʧʦ 

ʦʙʤʦʪʢʝ ʩʦʩʪʘʚʣʷʝʪ 440 ʤʤ, ʘ ʜʠʘʤʝʪʨ ʚʩʝʡ ɺʊʉʇ ʩʙʦʨʢʠ 972 ʤʤ. ʆʙʤʦʪʢʘ 

ʚʥʫʪʨʝʥʥʠʭ ʩʝʢʮʠʡ ʚ ʢʘʞʜʦʡ ʠʟ 10 ʧʘʨ ʩʦʩʪʦʠʪ ʠʟ 22 ʚʠʪʢʦʚ (ʚʳʩʦʪʘ, ʟʘʥʠʤʘʝʤʘʷ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʤ, ʩʦʩʪʘʚʣʷʝʪ 920 ʤʤ), ʦʙʤʦʪʢʘ ʚʥʝʰʥʠʭ ʩʝʢʮʠʡ ʥʘʩʯʠʪʳʚʘʝʪ 21 

ʚʠʪʦʢ (ʚʳʩʦʪʘ ʥʘʤʦʪʢʠ 880 ʤʤ). 
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ʈʠʩʫʥʦʢ 3.1 ï ʈʘʩʯʝʪʥʦʝ ʪʦʢʦʦʛʨʘʥʠʯʝʥʠʝ ʠ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ  

ʜʣʷ ʂɿ ʩ ʪʦʢʦʤ 20 ʢɸ ʠ ʚʨʝʤʝʥʝʤ ʦʪʢʣʶʯʝʥʠʷ 0,09 ʩʝʢʫʥʜʳ 

 

 

ʈʠʩʫʥʦʢ 3.2 ï ʂʦʥʩʪʨʫʢʮʠʷ ʧʨʦʪʦʪʠʧʘ ʉʆʊ ʥʘ 900 ɸ 27,5 ʢɺ 

 

3.2 ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʊʅʕ ʜʣʷ ʉʆʊ ʥʘ 900 ɸ 

 

ɺ ʮʝʣʷʭ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʊʅʕ ʜʣʷ ʧʨʦʝʢʪʘ ʉʆʊ, ʦʧʠʩʘʥʥʦʛʦ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʦʙʝʩʧʝʯʠʪʴ ʪʦʢʦʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʊʅʕ, ʪʦ ʝʩʪʴ: 
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- ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʘ ʤʝʞʜʫ ʣʝʥʪʘʤʠ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ; 

- ʦʜʥʦʨʦʜʥʫʶ ɺɸʍ ʊʅʕ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʦʙʤʦʪʦʢ, ʯʝʤʫ ʤʦʛʫʪ 

ʚʦʩʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʢʨʘʝʚʳʝ ʵʬʬʝʢʪʳ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʙʳʣʠ ʩʦʟʜʘʥʳ ʦʙʨʘʟʮʳ ʊʅʕ ʚ ʚʠʜʝ ʦʜʥʦ ʠ ʪʨʝʭ 

ʚʠʪʢʦʚʳʭ ʦʙʤʦʪʦʢ ʩ ʪʦʢʦʚʳʤʠ ʪʝʨʤʠʥʘʣʘʤʠ ʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʠʭ: 

- ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʠ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ; 

- ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ; 

- ʧʦʪʝʨ ɹʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ; 

- ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ ʠ ʝʛʦ ʚʣʠʷʥʠ ̫ ʥʘ ʪʦʢʦʥʝʩʫʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʧʦʪʝʨʠ. 

ʆʙʨʘʟʮʳ ʙʳʣʠ ʥʘʤʦʪʘʥʳ ʥʘ ʦʧʨʘʚʢʠ ʜʠʘʤʝʪʨʘ ʧʦʨʷʜʢʘ 200 ʤʤ ʠ ʩʦʩʪʦʷʣʠ ʠʟ 

ʦʜʥʦʛʦ ʠʣʠ ʜʚʫʭ ʩʣʦʝʚ ʠʟ 3 ʠʣʠ 6 ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ɺʊʉʇ ʣʝʥʪ (ʈʠʩʫʥʦʢ 

3.3). ʇʦʚʝʜʝʥʠʝ ʪʦʢʦʚ ʚ ʣʝʥʪʘʭ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʧʦ ʜʘʥʥʳʤ ʤʘʩʩʠʚʘ ʜʘʪʯʠʢʦʚ 

ʍʦʣʣʘ ʠ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʩʢʦʣʴʢʠʭ ʣʝʥʪ ʩʤ. ʨʠʩʫʥʦʢ 3.4, ʛʜʝ 

ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʢʦʘʢʩʠʘʣʴʥʦʡ ʧʘʨʳ ʢʘʪʫʰʝʢ ʠʟ ʊʅʕ ʜʣʷ 900 ɸ ʉʆʊ. ɺʩʝ ʦʙʨʘʟʮʳ 

ʠʟʛʦʪʦʚʣʝʥʳ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʥʘʤʦʪʢʠ 

ʤʦʜʫʣʝʡ ʉʆʊ. ɺ ʜʚʫʭʩʣʦʡʥʳʭ ʦʙʨʘʟʮʘʭ ʧʨʠʤʝʥʝʥʘ ʟʘʱʠʪʘ ɺʊʉʇ ʣʝʥʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʝʟʠʩʪʠʚʥʦʡ ʣʝʥʪʦʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʝʨʝʛʦʨʘʥʠʷ 

ɺʊʉʇ ʣʝʥʪ ʚ ʨʝʞʠʤʝ ʂɿ. 
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ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 3.3 ï 1-ʚʠʪʢʦʚʳʡ ʤʘʢʝʪ ʩ 6 ʣʝʥʪʘʤʠ ʠ ʟʘʱʠʪʥʦʡ ʣʝʥʪʦʡ (ʘ); 3-ʚʠʪʢʦʚʳʡ 

ʤʘʢʝʪ ʩ ʪʨʝʤʷ ʣʝʥʪʘʤʠ ʠ ʜʚʫʤʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʣʝʥʪʘʤʠ ʥʘ ʢʨʘʷʭ ʢʨʘʡʥʠʭ 

ʚʠʪʢʦʚ (ʙ) 

 

ʄʥʦʛʦʣʝʥʪʦʯʥʳʝ ʪʦʢʦʥʝʩʫʱʠʝ ʵʣʝʤʝʥʪʳ ʙʳʣʠ ʚʥʘʯʘʣʝ ʠʩʧʳʪʘʥʳ ʥʘ 

ʧʦʩʪʦʷʥʥʦʤ ʠ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʘʭ ʦʪʜʝʣʴʥʦ. ɿʘʪʝʤ ʦʥʠ ʙʳʣʠ ʢʦʘʢʩʠʘʣʴʥʦ 

ʩʤʦʥʪʠʨʦʚʘʥʳ ʠ ʚʩʪʨʝʯʥʦ ʚʢʣʶʯʝʥʳ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʩʦʙʩʪʚʝʥʥʦʝ ʧʦʣʝ ʠ 

ʠʥʜʫʢʪʠʚʥʦʩʪʴ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʦʢʦʥʝʩʫʱʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʣʝʥʪ ʜʘʣʝʢʠ ʦʪ 

ʨʘʚʝʥʩʪʚʘ, ʦʙʱʠʡ ʪʦʢ ʪʦʢʦʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʙʣʠʟʦʢ ʢ ʩʫʤʤʝ ʪʦʢʦʚ ʦʪʜʝʣʴʥʳʭ 

ʣʝʥʪ (ʦʢʦʣʦ 750 ɸ ʜʣʷ 3 ʠ 1350 ɸ ʜʣʷ 6 ʣʝʥʪ). ʅʘ 900 ɸ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ 6-

ʣʝʥʪʦʯʥʳʡ ʤʘʢʝʪ ʨʘʙʦʪʘʣ ʩʪʘʙʠʣʴʥʦ, ʧʨʠ 1000 ɸ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ 

ʧʨʦʠʟʦʰʝʣ ʪʝʧʣʦʚʦʡ ʧʝʨʝʭʦʜ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʘ ʤʝʞʜʫ ʣʝʥʪʘʤʠ (ʠʣʠ ʧʘʨʘʤʠ ʣʝʥʪ) ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʧʦ 

ʩʦʙʩʪʚʝʥʥʦʤʫ ʧʦʣʶ ʪʦʢʦʚ ʣʝʥʪ, ʠʟʤʝʨʷʝʤʦʤʫ ʤʘʩʩʠʚʦʤ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ. 

ʈʘʩʯʝʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʚʙʣʠʟʠ ʣʝʥʪ ʚ ʪʝʭ ʤʝʩʪʘʭ, ʛʜʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʜʘʪʯʠʢʠ, ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.5 ʘ. ɿʥʘʯʝʥʠʷ ʪʦʢʦʚ ʣʝʥʪ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ 

ʧʦʢʘʟʘʥʠʷʤ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʦʟʣʝ ʮʝʥʪʨʦʚ ʣʝʥʪ, ʠ ʠʟʤʝʨʷʚʰʠʭ 

ʧʦʣʝ, ʧʘʨʘʣʣʝʣʴʥʦʝ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʥʪ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʠʭ ʦʩʠ. ɺʣʠʷʥʠʝ ʪʦʢʘ 
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ʩʦʩʝʜʥʠʭ ʣʝʥʪ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʠʙʣʠʞʝʥʠʝ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʘ ʣʝʥʪʳ ʧʦ ʝʝ ʰʠʨʠʥʝ. ʅʘ ʪʦʯʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʘ ʧʦ ʰʠʨʠʥʝ ʣʝʥʪʳ, 

ʦʩʦʙʝʥʥʦ ʩʫʱʝʩʪʚʝʥʥʘʷ ʧʨʠ ʪʦʢʘʭ ʤʥʦʛʦ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʠʭ. ʉʫʤʤʘ ʪʦʢʦʚ, 

ʚʳʯʠʩʣʝʥʥʳʭ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ, ʩʦʚʧʘʜʘʣʘ ʩ ʪʦʢʦʤ ʚʩʝʛʦ ʊʅʕ, 

ʠʟʤʝʨʝʥʥʳʤ ʧʨʠ ʧʦʤʦʱʠ ʰʫʥʪʘ, ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 10%. ʕʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʦʚ, ʝʩʣʠ ʥʦʨʤʠʨʦʚʘʪʴ ʪʦʢʠ ʪʘʢ, ʯʪʦʙʳ ʩʫʤʤʘ ʠʭ 

ʩʪʘʣʘ ʨʘʚʥʘ ʪʦʢʫ, ʠʟʤʝʨʷʝʤʦʤʫ ʥʘ ʦʙʱʝʤ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʰʫʥʪʝ ʊʅʕ. 

 

   

ʈʠʩʫʥʦʢ 3.4 ï ʂʦʥʩʪʨʫʢʮʠʷ ʊʅʕ ʜʣʷ ʧʨʦʝʢʪʘ ʉʆʊ ʥʘ 900 ɸ 27.5 ʢɺ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʘʩʩʠʚʘ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʘ 

 

ʘ)        ʙ) 

ʈʠʩʫʥʦʢ 3.5 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʧʦʣʝʡ ʚʙʣʠʟʠ ʊʅʕ (ʘ); ʫʛʣʦʚʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ ɺʊʉʇ ʣʝʥʪ ʚ ʧʦʣʝ 0,02 ʊʣ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʥʪ (ʙ) 
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ɺʣʠʷʥʠʝ ɺɸʍ ʪʦʢʦʚʳʭ ʪʝʨʤʠʥʘʣʦʚ (ʩʧʘʝʚ) ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʩʪʦʷʥʥʳʭ 

ʪʦʢʦʚ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.6. ʉʚʝʨʭʧʨʦʚʦʜʷʱʘʷ ʯʘʩʪʴ ɺɸʍ ʩʧʘʷ ʤʦʞʝʪ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʘ. ʅʘ ʵʪʦʡ ʧʘʨʝ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʢʘʢ ʩʧʘʠ ʩ ʠʭ 

ɺɸʍ ʨʝʛʫʣʠʨʫʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʦʚ. ʉʥʘʯʘʣʘ ʪʦʢ ʟʘʭʦʜʠʪ ʙʦʣʴʰʝ ʚ ʪʨʝʪʴʶ 

ʣʝʥʪʫ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʧʘʝʚ ʩ ʢʦʪʦʨʦʡ ʤʝʥʴʰʝ. ɿʘʪʝʤ, ʢʦʛʜʘ ʥʘ 3-ʡ ʣʝʥʪʝ 

ʚʦʟʥʠʢʘʝʪ ɺɸʍ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ, ʪʦʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ 1-ʶ ʠ 2-ʶ ʠ, ʢʦʛʜʘ ʠ 

ʪʘʤ ʧʦʷʚʣʷʝʪʩʷ ʚʠʜʠʤʘʷ ɺɸʍ, ʪʦʢ 3-ʡ ʣʝʥʪʳ ʥʘʯʠʥʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʅʘ ʚʳʚʦʜʝ 

ʪʦʢʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩʠʤʤʝʪʨʠʯʥʦ, ʚ ʦʙʨʘʪʥʦʤ ʧʦʨʷʜʢʝ. 

 

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 3.6 ï ɺɸʍ ʪʝʨʤʠʥʘʣʦʚ ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʪʦʢʦʚ ʣʝʥʪ a) ʪʦʢʠ ʣʝʥʪ ʦʪ 

ʚʨʝʤʝʥʠ (ʙ) 

 

3.3 ʕʬʬʝʢʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ ʥʘ ʢʨʘʡʥʠʭ ʣʝʥʪʘʭ ʢʨʘʡʥʠʭ ʚʠʪʢʦʚ, 

ʰʫʥʪʠʨʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ɺʊʉʇ ʣʝʥʪʦʡ 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʜʣʷ ʉʆʊ (ʨʠʩʫʥʦʢ 3.7 ʘ) ʠ ʜʣʷ 

ʤʘʢʝʪʥʳʭ ʦʙʨʘʟʮʦʚ (ʨʠʩʫʥʦʢ 3.7 ʙ) ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʧʠʢʦʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʢʨʘʷʭ ʦʙʤʦʪʦʢ. 

ʆʢʦʣʦ ʦʙʤʦʪʦʢ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨ ʢʘʪʫʰʝʢ 27,5 ʢɺ ʉʆʊ ʧʠʢʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʧʦʣʷ ʩʦʩʪʘʚʣʷʶʪ 0,02-0,03 ʊʣ ʥʘ ʢʨʘʷʭ ʦʙʝʠʭ ʦʙʤʦʪʦʢ ʧʨʠ ʭ = 

0,42 ʤ ʠ 0,44 ʤ. ɺ ʩʝʢʮʠʠ 3-ʚʠʪʢʦʚʦʛʦ ʤʘʢʝʪʘ ʧʠʢʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʧʦʣʷ 

ʘʤʧʣʠʪʫʜʦʡ ʦʢʦʣʦ 0,02 ʊʣ ʚʠʜʥʳ ʥʘ ʢʨʘʷʭ ʢʨʘʡʥʠʭ ʣʝʥʪ ʢʨʘʡʥʠʭ ʚʠʪʢʦʚ. ɼʣʷ ʜʚʫʭ 
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ʧʘʨʘʣʣʝʣʴʥʳʭ 3-ʣʝʥʪʦʯʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʩʦ ʚʩʪʨʝʯʥʳʤʠ ʪʦʢʘʤʠ ʧʦ 250 ɸ ʚ 

ʢʘʞʜʦʡ ʣʝʥʪʝ ʧʠʢʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʧʦʣʷ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 0,01 ʊʣ. 

 ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.5 ʙ, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʛʣʦʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ ʧʦ 

ʢʨʠʪʝʨʠʶ 1 ʤʢɺ/ʩʤ ʚ ʧʦʣʝ 0,02 ʊʣ (ʪʘʢʦʚʘ ʨʘʩʯʝʪʥʘʷ ʘʤʧʣʠʪʫʜʘ ʧʦʣʷ ʥʘ ʢʨʘʷʭ), 

ʢʨʘʝʚʳʝ ʧʠʢʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʣʷ ʜʦʣʞʥʳ ʩʥʠʞʘʪʴ 

ʪʦʢʦʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʨʘʡʥʠʭ ʣʝʥʪ ʥʘ 10%. ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʙʳ ʢ ʩʥʠʞʝʥʠʶ 

ʪʦʢʘ ʚʩʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʝʨʴ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʦʞʝʥʦ 

ʰʫʥʪʠʨʦʚʘʪʴ ʢʨʘʡʥʠʝ ʣʝʥʪʳ ʢʨʘʡʥʠʭ ʚʠʪʢʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ɺʊʉʇ ʣʝʥʪʘʤʠ. 

ʐʫʥʪʠʨʦʚʘʥʠʝ ʢʨʘʡʥʠʭ ʣʝʥʪ ʢʨʘʡʥʠʭ ʚʠʪʢʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʣʝʥʪʘʤʠ 

ʧʦʟʚʦʣʠʣʦ ʧʦʜʥʷʪʴ ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʩʝʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩ 450ɸ ʜʦ 550ɸ ʜʣʷ 3 ʧʘʨʘʣʣʝʣʴʥʳʭ ʣʝʥʪ.  ʅʘ ʨʠʩʫʥʢʝ 3.8 ʘ ʧʦʢʘʟʘʥʳ 

ʜʝʡʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚ 3-ʚʠʪʢʦʚʦʤ ʤʘʢʝʪʝ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʝʥʪ, ʩ ʦʜʥʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʣʝʥʪʦʡ ʠ ʩ ʜʚʫʤʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʣʝʥʪʘʤʠ. ʅʘ ʨʠʩʫʥʢʝ 3.8 ʙ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʚ 3-

ʚʠʪʢʦʚʦʤ ʤʘʢʝʪʝ ʦʪ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʝʥʪ ʠ ʩ 

ʜʚʫʤʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʣʝʥʪʘʤʠ ʥʘ ʢʨʘʡʥʠʭ ʚʠʪʢʘʭ. 

 

 

ʘ) 
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ʙ) 

 

ʚ) 

ʈʠʩʫʥʦʢ 3.7 ï ʈʘʜʠʘʣʴʥʦʝ (ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʣʝʥʪʝ) ʧʦʣʝ 0,02-0,03 ʊʣ ʦʢʦʣʦ 

ʦʙʤʦʪʦʢ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨ ʢʘʪʫʰʝʢ 27,5 ʢɺ ʉʆʊ (ʘ); ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʚ ʩʝʢʮʠʠ 

3-ʚʠʪʢʦʚʦʛʦ ʤʘʢʝʪʘ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʙ); 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʧʦʣʷ ʜʣʷ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ 3-ʣʝʥʪʦʯʥʳʭ 

ʧʨʦʚʦʜʥʠʢʦʚ ʩʦ ʚʩʪʨʝʯʥʳʤʠ ʪʦʢʘʤʠ ʧʦ 250 ɸ ʚ ʢʘʞʜʦʡ ʣʝʥʪʝ (ʚ) 
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ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 3.8 ï ʆʙʱʠʡ ʪʦʢ ʠ ʪʦʢʠ ʣʝʥʪ ʚ 3-ʚʠʪʢʦʚʦʤ ʤʘʢʝʪʝ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʣʝʥʪ, ʩ ʦʜʥʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʣʝʥʪʦʡ ʠ ʩ ʜʚʫʤʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʣʝʥʪʘʤʠ ʥʘ 

ʢʨʘʷʭ (ʘ); ʧʦʪʝʨʠ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʣʝʥʪʘʤʠ ʠ ʙʝʟ ʥʠʭ (ʙ) 

 

ʅʘ ʨʠʩʫʥʢʝ 3.8 ʘ ʚʠʜʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ɺʊʉʇ ʣʝʥʪ ʥʘ ʢʨʘʷ 3-ʚʠʪʢʦʚʦʛʦ 

ʤʘʢʝʪʘ ʫʚʝʣʠʯʠʣʦ ʝʛʦ ʪʦʢʦʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪ ɹʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʩ 450 ʜʦ 550 

ɸ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʜʚʫʭ ʣʝʥʪ ʧʝʨʝʩʪʘʣʠ ʚʦʟʥʠʢʘʪʴ ʪʝʧʣʦʚʳʝ ʩʨʳʚʳ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘ ʤʘʢʝʪʝ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʝʥʪ ʠ ʩ ʦʜʥʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʣʝʥʪʦʡ, ʥʘ ʥʝ ʰʫʥʪʠʨʦʚʘʥʥʳʭ ʢʨʘʷʭ. ʋʤʝʥʴʰʝʥʠʝ ʧʦʪʝʨʴ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʰʫʥʪʠʨʫʶʱʠʭ ʣʝʥʪ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.8 ʙ. ʋʯʠʪʳʚʘʷ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʉʆʊ (ʨʠʩʫʥʦʢ 2.1), ʧʦʪʝʨʠ ʥʘ ʥʦʤʠʥʘʣʴʥʦʤ ʪʦʢʝ 

(900ɸ) ʩʦʩʪʘʚʣʷʪʁ ʚʩʝʛʦ 40 ɺʪ, ʥʘ ʧʠʢʦʚʦʤ ʪʦʢʝ 1120ɸ ï 200 ɺʪ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷʤʠ ʚ ʤʝʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠ ʪʝʧʣʦʧʨʠʪʦʢʘʤʠ ʧʦ ʪʦʢʦʚʚʦʜʘʤ. 

ʉʨʝʜʥʠʝ ʧʦʪʝʨʠ ʤʥʦʛʦ ʤʝʥʴʰʝ, ʪ.ʢ. ʩʨʝʜʥʠʡ ʪʦʢ ʨʘʚʝʥ ʚʩʝʛʦ 250ɸ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʦʣʴ ʧʦʪʝʨʴ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʚ ɺʊʉʇ ʊʅʕ ʚ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʥʝʩʫʱʝʩʪʚʝʥʥʘ. 
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 3: 

1. ʆʙʱʘʷ ʪʦʢʦʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʘʢʝʪʦʚ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʣʝʥʪ ʙʣʠʟʢʘ ʢ ʩʫʤʤʝ ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʢʦʚ ʣʝʥʪ. ɼʦʩʪʠʛʥʫʪʘ 

ʪʦʢʦʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʊʅʕ ʠʟ 6 ɺʊʉʇ ʣʝʥʪ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʉʆʊ ʩ 900 

ɸ ʥʦʤʠʥʘʣʴʥʦʛʦ ʪʦʢʘ. 

2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ɺʊʉʇ ʣʝʥʪʘʤʠ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʩʧʘʝʚ ʠ ɺɸʍ ʣʝʥʪ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘ 

ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ï ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʣʝʥʪ, ʘ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ɺɸʍ ï ʝʱʝ ʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ɺʊʉʇ ʣʝʥʪ.  

3. ʇʦʪʝʨʠ ʚ ɺʊʉʇ ʊʅʕ ʉʆʊ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʚʦʟʥʠʢʘʶʪ ʥʘ ʢʨʘʷʭ ʦʙʤʦʪʦʢ 

ʠʣʠ ʥʘ ʫʯʘʩʪʢʘʭ ʣʝʥʪ ʩ ʧʦʥʠʞʝʥʥʦʡ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʇʦʪʝʨʠ 

ʧʨʠ ʨʘʙʦʯʝʤ ʪʦʢʝ ʤʥʦʛʦ ʥʠʞʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳ.  

4. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ɺʊʉʇ ʣʝʥʪʘ ʥʘ ʢʨʘʡʥʠʭ ʚʠʪʢʘʭ ʢʦʤʧʝʥʩʠʨʫʝʪ ʚʣʠʷʥʠʝ 

ʧʠʢʦʚ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ ʥʘ ʢʨʘʷʭ, ʩʥʠʞʘʝʪ ʧʦʪʝʨʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ ʫʩʪʨʦʡʩʪʚʘ. 

5. ʄʝʪʦʜʠʢʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉʆʊ, ʧʨʦʚʝʨʝʥʥʳʝ ʧʨʠ ʦʙʩʯʝʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʉʆʊ.  

6. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʥʘʤʦʪʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʙʤʦʪʦʢ ʉʆʊ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʧʨʦʝʢʪʘ. 
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4 ʈɸɿʈɸɹʆʊʂɸ ʀ ʀʉʉʃɽɼʆɺɸʅʀʗ ɻʀɹʂʀʍ ʉʀʃʔʅʆʊʆʏʅʓʍ ʊʅʕ 

ʄɸʃʆɻʆ ɼʀɸʄɽʊʈɸ 

 

4.1 ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʛʠʙʢʦʤʫ ʩʠʣʴʥʦʪʦʯʥʦʤʫ ʊʅʕ 

 

ɼʣʷ ʤʥʦʛʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ɺʊʉʇ ʤʘʛʥʠʪʦʚ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ: 

- ʪʝʨʤʦʷʜʝʨʥʳʭ ʠ ʛʠʙʨʠʜʥʳʭ ʨʝʘʢʪʦʨʦʚ; 

- ʧʣʘʟʤʝʥʥʳʭ ʙʝʟʵʣʝʢʪʨʦʜʥʳʭ ʤʝʞʦʨʙʠʪʘʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ; 

- ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʦʚ, ʚʢʣʶʯʘʷ ʉʇʀʅ; 

- ʢʨʫʧʥʳʭ ʤʘʛʥʠʪʦʚ ʜʣʷ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʬʠʟʠʢʠ; 

- ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ; 

- ʫʩʢʦʨʠʪʝʣʝʡ ʯʘʩʪʠʮ; 

- ʵʣʝʢʪʨʦʤʘʰʠʥ; 

- ʄɻɼ ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʜʚʠʛʘʪʝʣʝʡ; 

- ʠʥʜʫʢʪʠʚʥʳʭ ʉʆʊ; 

- ʛʠʙʢʠʭ ʪʦʢʦʧʦʜʚʦʜʦʚ, 

ʧʦʥʘʜʦʙʷʪʩʷ ʊʅʕ ʩ ʨʘʙʦʯʠʤʠ ʪʦʢʘʤʠ, ʧʨʝʚʳʰʘʶʱʠʤʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʦʢʠ 

ʝʜʠʥʠʯʥʳʭ ɺʊʉʇ ʣʝʥʪ ʚ ʜʝʩʷʪʢʠ ʠ ʜʘʞʝ ʩʦʪʥʠ ʨʘʟ.  

ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʘʨʘʤʝʪʨʘʤ ʊʅʕ ʣʝʞʘʪ ʚ ʚʝʩʴʤʘ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʥʦ ʚ 

ʦʙʱʠʭ ʯʝʨʪʘʭ ʠʭ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʘʢ: 

1. ʊʅʕ ʜʦʣʞʥʳ ʠʤʝʪʴ ʚʳʩʦʢʠʝ ʨʘʙʦʯʠʝ ʪʦʢʠ, ʧʨʠʯʝʤ ʠʟ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʩʦʦʙʨʘʞʝʥʠʡ ʊʅʕ ʜʦʣʞʥʳ ʠʤʝʪʴ ʪʦʢ, ʙʣʠʟʢʠʡ ʢ ʩʫʤʤʝ ʪʦʢʦʚ ʣʝʥʪ, ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʝʥʪʳ ʧʦ ʜʣʠʥʝ ʠ ʰʠʨʠʥʝ, ʙʣʠʟʢʠʡ ʢ ʝʜʠʥʠʮʝ. 

ʕʪʦʤʫ ʪʨʝʙʦʚʘʥʠʶ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʊʅʕ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʨʷʤʳʭ ʣʝʥʪ ʠʣʠ 

ʩʧʠʨʘʣʝʡ ʩ ʦʩʪʨʳʤ ʫʛʣʦʤ ʥʘʤʦʪʢʠ. 

2. ɼʣʷ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʘʞʥʘ ʤʝʭʘʥʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʠ ʩʜʘʚʣʠʚʘʶʱʠʭ ʩʠʣ. ʇʦʵʪʦʤʫ ʊʅʕ ʜʦʣʞʝʥ 

ʠʤʝʪʴ ʧʣʦʪʥʫʶ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝ ʞʝʩʪʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ ʩʠʣʳ 

ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ ɺʊʉʇ ʣʝʥʪ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ɺʊʉʇ 
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ʣʝʥʪʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʥʝʢʦʪʦʨʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʠ 

ʬʦʨʤʝʨʘ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɼʣʷ ʚʩʝʭ ʧʨʠʤʝʥʝʥʠʡ ʚʘʞʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ʊʅʕ ʢ ʠʟʛʠʙʫ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʜʠʫʩʦʤ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

ʩʘʥʪʠʤʝʪʨʦʚ ʜʦ ʜʝʩʷʪʢʦʚ ʩʘʥʪʠʤʝʪʨʦʚ. ɼʣʷ ʠʟʛʠʙʘ ʩ ʨʘʜʠʫʩʦʤ ʤʝʥʴʰʝ ~1 

ʤʝʪʨʘ ɺʊʉʇ ʣʝʥʪʳ ʜʦʣʞʥʳ ʩʢʦʣʴʟʠʪʴ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ɼʣʷ 

ʪʦʢʦʧʦʜʚʦʜʦʚ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ çʩʘʤʦʥʝʩʫʱʘʷè ʢʦʥʩʪʨʫʢʮʠʷ ʊʅʕ, 

ʦʙʝʩʧʝʯʠʚʘʝʤʘʷ ʬʦʨʤʝʨʦʤ ʠʣʠ ʢʦʥʜʫʠʪʦʤ. ʉʧʠʨʘʣʴʥʘʷ ʫʢʣʘʜʢʘ ɺʊʉʇ ʣʝʥʪ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʘʩʪʷʞʝʥʠʶ, ʯʝʤ ʫ 

ʣʝʥʪʳ ʠʣʠ ʩʪʦʧʢʠ ʣʝʥʪ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʜʦʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʊʅʕ ʥʝ 

ʧʝʨʝʜʘʝʪʩʷ ʥʘ ɺʊʉʇ ʣʝʥʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ. 

3. ɼʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʧʦʪʝʨʴ ʚ ʧʝʨʝʤʝʥʥʳʭ ʠ ʠʤʧʫʣʴʩʥʳʭ ʨʝʞʠʤʘʭ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʝʩʧʝʯʝʥ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʝʤ ɺʊʉʇ ʣʝʥʪ ʚ ʊʅʕ, ʧʦʣʥʳʤ ʠʣʠ 

ʯʘʩʪʠʯʥʳʤ, ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʰʘʛʦʤ. ʊʨʘʥʩʧʦʥʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʚʥʝʰʥʠʭ ʧʦʣʷʭ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʪʝʧʣʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʏʘʩʪʠʯʥʦʝ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʛʝʣʠʢʦʠʜʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʊʅʕ ï ʢʘʞʜʳʡ ʩʣʦʡ ɺʊʉʇ ʣʝʥʪ ʥʘ ʢʨʫʛʣʦʤ ʠʣʠ ʥʘ ʧʣʦʩʢʦʤ ʟʘʢʨʫʛʣʝʥʥʦʤ 

ʬʦʨʤʝʨʝ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ɺʊʉʇ ʣʝʥʪ, ʥʘʤʦʪʘʥʥʳʭ ʚ ʧʘʨʘʣʣʝʣʴ ʧʦ 

ʩʧʠʨʘʣʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʝ ʩʨʝʜʥʝʝ  ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʨʝʟʠʩʪʠʚʥʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʣʝʥʪʘʤʠ ʤʠʥʠʤʘʣʴʥʦ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʪʦʢʘ ʤʝʞʜʫ ʣʝʥʪʘʤʠ ʥʘ ʣʶʙʦʡ ʣʦʢʘʣʴʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʧʦʤʦʛʘʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ çʛʦʨʷʯʠʭ 

ʧʷʪʝʥè, ʚʳʟʳʚʘʝʤʳʭ  ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʧʘʜʝʥʠʷʤʠ ʢʨʠʪʪʦʢʘ ʣʝʥʪ ʥʘ ʤʘʣʦʡ 

ʜʣʠʥʝ. 

4. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʪʦ ʝʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʊʅʕ ʢ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʚʦʟʤʫʱʝʥʠʷʤ, ʚʳʜʚʠʛʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʜʦʩʪʘʪʦʯʥʦʤʫ 

ʢʦʣʠʯʝʩʪʚʫ ʥʦʨʤʘʣʴʥʦʛʦ ʤʝʪʘʣʣʘ (ʤʝʜʠ) ʚ ʩʝʯʝʥʠʠ ʊʅʕ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ ʊʅʕ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʘ ʧʦ ʩʝʯʝʥʠʶ ʤʝʞʜʫ 

ɺʊʉʇ ʠ ʥʦʨʤʘʣʴʥʳʤ ʤʝʪʘʣʣʦʤ. ʕʪʠ ʪʨʝʙʦʚʘʥʠʷ ʤʦʞʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ 
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ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʧʦʣʦʛʦ ʥʝʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʤʝʜʥʦʛʦ ʬʦʨʤʝʨʘ ʩ ʢʘʥʘʣʘʤʠ 

ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʚ ʮʝʥʪʨʝ ʊʅʕ. 

5. ʊʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʊʅʕ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʢʨʫʧʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʪʦʢʦʧʦʜʚʦʜʦʚ ʞʝʣʘʪʝʣʴʥʦ 

ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʦʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʩʘʤʦʛʦ ʊʅʕ, 

ʘ ʥʝ ʦʙʤʦʪʢʠ. ʊʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʥʘʤʦʪʢʠ ʤʘʛʥʠʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʊʅʕ 

ʢʨʫʛʣʦʛʦ ʠʣʠ ʧʣʦʩʢʦʛʦ ʩ ʟʘʢʨʫʛʣʝʥʠʷʤʠ ʩʝʯʝʥʠʷ, ʪʘʢʞʝ ʢʘʢ ʠ ʣʝʛʢʦʩʪʴ 

ʠʟʦʣʠʨʦʚʘʥʠʷ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʫʧʨʦʯʥʝʥʠʷ (ʢʦʥʜʫʠʪ, ʫʧʨʦʯʥʝʥʥʳʡ ʬʦʨʤʝʨ). ɾʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ 

ʢʦʥʩʪʨʫʢʮʠʷ ʊʅʕ ʠ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʟʚʦʣʷʣʘ ʫʩʠʣʠʪʴ ʣʶʙʦʝ ʠʟ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʧʫʥʢʪʘʭ 1-4 ʢʘʯʝʩʪʚ. 

ɻʝʣʠʢʦʠʜʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʊʅʕ ʩ ʢʨʫʛʣʳʤ ʠʣʠ ʧʣʦʩʢʠʤ ʟʘʢʨʫʛʣʝʥʥʳʤ 

ʬʦʨʤʝʨʦʤ, ʠʤʝʶʱʠʤ ʚʥʫʪʨʝʥʥʠʝ ʢʘʥʘʣʳ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʘʠʙʦʣʴʰʝʤʫ ʯʠʩʣʫ ʧʨʠʚʝʜʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. ʉʨʘʚʥʝʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʪʘʢʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ, ʢʘʢ ʨʸʙʝʣʴ, ʩʪʦʧʢʘ ʣʝʥʪ, ʪʚʠʩʪʠʨʦʚʘʥʥʘʷ 

ʠʣʠ ʧʨʷʤʘʷ, ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʊʅʕ ʠʟ ʤʥʦʛʠʭ ʨʸʙʝʣʝʡ ʠ ʩʪʦʧʦʢ ʣʝʥʪ.  

ʇʨʝʠʤʫʱʝʩʪʚʦ ʛʝʣʠʢʦʠʜʘʣʴʥʦʛʦ ʊʅʕ ʧʝʨʝʜ ʨʸʙʝʣʝʤ ʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʥʘ 

ʝʛʦ ʦʩʥʦʚʝ ʟʘʢʣʶʯʘʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʦʥʜʝʨʦʤʦʪʦʨʥʳʤ ʩʠʣʘʤ 

ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʚ ʢʦʵʬʬʠʮʠʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʊʉʇ ʣʝʥʪʳ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ 

ʪʚʠʩʪʠʨʦʚʘʥʥʳʤʠ ʩʪʦʧʢʘʤʠ ʣʝʥʪ ʠ ʊʅʕ ʥʘ ʠʭ ʦʩʥʦʚʝ ï ʚ ʤʝʥʴʰʝʤ ʰʘʛʝ 

ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʪʦʤ, ʯʪʦ ʪʚʠʩʪʠʨʦʚʘʥʥʳʤ ʩʪʦʧʢʘʤ ʥʫʞʝʥ ʜʦʚʦʣʴʥʦ 

ʩʣʦʞʥʳʡ ʢʦʥʜʫʠʪ, ʠ ʜʘʞʝ ʧʨʠ ʵʪʦʤ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤʘʭ ʚ 

ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʠ ʩʠʣʴʥʦ ʪʝʨʷʶʪ ʚ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ). ʇʨʠ ʦʜʠʥʘʢʦʚʦʤ ʨʘʙʦʯʝʤ ʪʦʢʝ ʚʣʠʷʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ 

ʛʝʣʠʢʦʠʜʘʣʴʥʦʛʦ ʊʅʕ ʥʘʠʤʝʥʴʰʝʝ (ʦʥʦ ʪʘʥʛʝʥʮʠʘʣʴʥʦ). ɻʝʣʠʢʦʠʜʘʣʴʥʳʡ ʊʅʕ ʩ 

ʧʦʣʳʤ ʬʦʨʤʝʨʦʤ ï ʦʜʥʘ ʠʟ ʥʝʤʥʦʛʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʊʅʕ, ʚ ʢʦʪʦʨʦʡ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʨʝʰʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʭʣʘʞʜʝʥʠʷ, ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʦʢʦʚ ʤʝʞʜʫ ʣʝʥʪʘʤʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʊʅʕ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ɺʊʉʇ 

ʣʝʥʪ ʠ ʦʙʨʘʟʮʦʚ ʊʅʕ. ʅʝʦʙʭʦʜʠʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ 
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ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʠ ʧʦʪʝʨʴ ʚ ʧʝʨʝʤʝʥʥʳʭ ʨʝʞʠʤʘʭ, ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʧʦʣʝ ʠ ʚʦ 

ʚʥʝʰʥʠʭ ʧʦʣʷʭ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɾʝʣʘʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ 

ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʵʪʠ ʧʘʨʘʤʝʪʨʳ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʊʅʕ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʧʣʦʚʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʚʦʟʤʫʱʝʥʠʡ. 

 

4.2 ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʥʪ ʠ ʊʅʕ 

 

ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ɺʊʉʇ ʣʝʥʪ ʠ ʊʅʕ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʠ 

ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ 50ɻʮ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩʦʩʪʦʠʪ ʠʟ: 

- ʠʩʪʦʯʥʠʢʘ ʦʧʦʨʥʦʛʦ ʧʦʣʷ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʧʦʣʝʤ (ʨʝʟʠʩʪʠʚʥʳʡ ʤʘʛʥʠʪ ʩʦ 

ʩʪʘʣʴʥʳʤ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʤ); 

- ʟʦʥʜʘ, ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʪʦʢʦʤ ʜʦ 400ɸ, ʩ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʯʘʩʪʴʶ ʜʦ 

10 ʩʤ ʚ ʚʳʩʦʪʫ, ʜʦ 20 ʤʤ ʚ ʰʠʨʠʥʫ ʠ ʩ ʜʘʪʯʠʢʦʤ ʍʦʣʣʘ; 

- ʟʦʥʜʦʚ ʜʣʷ ʊʅʕ ʩ ʪʦʢʘʤʠ ʜʦ 10 ʢɸ; 

- ʘʟʦʪʥʦʛʦ ʢʨʠʦʩʪʘʪʘ ʠ ʦʧʦʨʳ ʧʦʜ ʟʦʥʜ, ʧʦʟʚʦʣʷʶʱʝʡ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʛʨʘʜʫʩʘ 

ʚʳʩʪʘʚʣʷʪʴ ʫʛʦʣ ʤʝʞʜʫ ʦʙʨʘʟʮʦʤ ʠ ʧʦʣʝʤ, ʢʦʥʪʨʦʣʠʨʫʷ ʥʘʯʘʣʴʥʳʡ ʫʛʦʣ ʧʦ 

ʜʘʪʯʠʢʫ ʍʦʣʣʘ; 

- ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʘ ʜʦ 21 ʢɸ; 

- ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ʜʦ 1000ɸ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʠ 

ʛʝʥʝʨʘʪʦʨ ʜʦ 5ʢɸ); 

- ʃɸʊʈ ʠ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʣʷ ʧʠʪʘʥʠʷ ʦʙʨʘʟʮʘ ʪʦʢʦʤ 50 ɻʮ; 

- ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʙʘʪʘʨʝʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʦʙʨʘʟʫʶʱʠʭ 

ʚʤʝʩʪʝ ʩ ʤʘʛʥʠʪʦʤ ʨʝʟʦʥʘʥʩʥʳʡ ʢʦʥʪʫʨ ʜʣʷ ʧʠʪʘʥʠʷ ʤʘʛʥʠʪʘ ʧʝʨʝʤʝʥʥʳʤ 

ʪʦʢʦʤ 50 ɻʮ (ʜʦ 750ɸ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0,9 ʊʣ); 

- ʥʘʥʦʚʦʣʴʪʤʝʪʨʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʦʙʨʘʟʮʘ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ;  

- ʫʩʠʣʠʪʝʣʝʡ ʩ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʦʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʦʙʨʘʟʮʘ 

ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʠ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ɺɸʍ ʥʘ ʠʤʧʫʣʴʩʥʦʤ ʪʦʢʝ; 

- ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʛʦ ɸʎʇ ʠ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ 

ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 
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ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʚʳʚʦʜʳ ʧʨʠʧʘʠʚʘʣʠʩʴ ʢ 100 ʤʤ ʫʯʘʩʪʢʫ ʚ ʩʝʨʝʜʠʥʝ 

ʦʙʨʘʟʮʦʚ ɺʉʊʇ ʊʅʕ, ʢʦ ʚʩʝʡ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʯʘʩʪʠ ʦʙʨʘʟʮʦʚ ʠ ʢ ʢʨʘʷʤ ʪʦʢʦʚʳʭ 

ʪʝʨʤʠʥʘʣʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ɺʊʉʇ ʣʝʥʪ 

ʠʟʤʝʨʷʣʠʩʴ ʧʦʪʝʥʮʠʘʣʳ ʥʘ ʫʯʘʩʪʢʘʭ 50 ʤʤ ʠ 100 ʤʤ. ʅʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʧʠʪʘʥʠʝ 

ʦʩʫʝɦʩʪʚʣʷʣʦʩʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʪʦʢʘ ʜʦ 2 ʢɸ ʧʨʠ 77ʂ, 

ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʜʦ 5 ʢɸ ʠ, ʚʧʦʩʣʝʜʩʪʚʠʠ, 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʩʪʦʷʥʥʦʛʦ ʠʣʠ ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʘ ʜʦ 4500 ɸ. 

ʇʠʪʘʥʠʝ ʧʝʨʝʤʝʥʥʳʤ ʪʦʢʦʤ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʨʝʛʫʣʠʨʫʝʤʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʀʟʤʝʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ 

ʥʘʥʦʚʦʣʴʪʤʝʪʨʘʤʠ, ʘ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʠ ʠʤʧʫʣʴʩʥʦʤ ʪʦʢʝ ï ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʤʠ 

ʫʩʠʣʠʪʝʣʷʤʠ. ɿʘʧʠʩʴ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʜʘʥʥʳʭ. 

ʊʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʝʨʠ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʚʳʯʠʩʣʷʣʠʩʴ ʧʦ ʚʦʣʴʪʘʤʧʝʨʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʟʘ ʮʠʢʣ ʦʜʠʥʘʢʦʚʳʤ ʦʙʨʘʟʦʤ ʜʣʷ ʦʜʠʥʦʯʥʦʡ ɺʊʉʇ ʣʝʥʪʳ ʠ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʊʅʕ, ʢʘʢ ʚ ʩʦʙʩʪʚʝʥʥʦʤ, ʪʘʢ ʠ ʚʦ ʚʥʝʰʥʝʤ,  ʩʠʥʭʨʦʥʥʦ ʠʟʤʝʥʷʶʱʝʤʩʷ ʩ 

ʪʦʢʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ.  

ʅʘʧʨʷʞʝʥʠʷ ʩ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʳʚʦʜʦʚ ʠʥʪʝʛʨʠʨʦʚʘʣʠʩʴ ʯʠʩʣʝʥʥʦ ʧʦ 

ʚʨʝʤʝʥʠ ʟʘ ʮʠʢʣ, ʯʪʦʙʳ ʦʙʥʫʣʠʪʴ ʠʥʜʫʢʪʠʚʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʠ ʚʳʜʝʣʠʪʴ 

ʢʦʤʧʦʥʝʥʪʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʦʪʝʨʷʤ. ʇʦʣʫʯʝʥʥʳʡ ʠʥʪʝʛʨʘʣ ʦʪ ʚʨʝʤʝʥʠ 

ʯʠʩʣʝʥʥʦ ʠʥʪʝʛʨʠʨʦʚʘʣʩʷ ʧʦ ʪʦʢʫ ʟʘ ʮʠʢʣ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʪʝʨʠ ʟʘ ʮʠʢʣ 

ʫʤʥʦʞʘʣʠʩʴ ʥʘ ʯʘʩʪʦʪʫ. ʀʟ ʥʝʩʢʦʣʴʢʠʭ ʮʠʢʣʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʪʦʢʘ 

ʧʦʣʫʯʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʝʨʴ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʦʪ ʘʤʧʣʠʪʫʜʳ 

ʪʦʢʘ. 

ʄʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ɺʊʉʇ ʣʝʥʪʳ ʚ ʧʦʩʪʦʷʥʥʳʭ ʧʦʣʷʭ ʜʦ 1,1 ʊʣ 

ʠ ʚ ʧʝʨʝʤʝʥʥʳʭ ʜʦ 0,8 ʊʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 77ʂ ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʫʨʦʚʥʠ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪ 0,1 ʤʢɺ/ʩʤ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʠ ʦʪ 1 

ʤʢɺ/ʩʤ ʥʘ ʧʝʨʝʤʝʥʥʦʤ.  

ʊʘʢʞʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ɺʊʉʇ 

ʣʝʥʪʳ ʦʪ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠʤʝʥʷʣʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʟʦʥʜ ʩ ʙʘʣʢʦʡ ʨʘʚʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʥʘ ʢʦʪʦʨʫʶ ʥʘʧʘʠʚʘʣʠʩʴ ʣʝʥʪʳ. ɹʘʣʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʟʛʠʙʘʝʤʘ ʥʘ 
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ʟʘʜʘʥʥʫʶ ʚʝʣʠʯʠʥʫ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ ʚ ʧʦʣʝ ʧʦʜ ʪʦʢʦʤ, ʧʨʠ ʵʪʦʤ ʣʝʥʪʳ ʨʘʚʥʦʤʝʨʥʦ 

ʜʝʬʦʨʤʠʨʫʶʪʩʷ, ʦʜʥʘ ʥʘ ʩʞʘʪʠʝ, ʜʨʫʛʘʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʢʦʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʟʦʪʝ ʧʨʠ 77 ʂ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʨʠʤʝʥʷʣʠʩʴ: 

- ʟʦʥʜ ʩ ʪʦʢʦʤ ʜʦ 2 ʢɸ; 

- ʧʘʨʘʣʣʝʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ ʜʚʫʭ ʢʠʣʦʘʤʧʝʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ (ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚ ʧʦʣʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʦʢʘ ʦʙʨʘʟʮʦʚ); 

- ʢʨʠʦʩʪʘʪ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʛʥʫʪʳʭ ʜʣʠʥʥʦʤʝʨʥʳʭ 

ʦʙʨʘʟʮʦʚ; 

- ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʠʪʘʥʠʝ ʦʙʨʘʟʮʘ ʠ ʠʩʪʦʯʥʠʢʘ ʦʧʦʨʥʦʛʦ ʧʦʣʷ ʧʝʨʝʤʝʥʥʳʤ 

ʪʦʢʦʤ ʧʨʠ ʧʦʤʦʱʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʢʦʥʪʫʨʘ. 

ʕʪʠ ʞʝ ʤʝʪʦʜʠʢʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʥʪ ʠ ʊʅʕ ʜʣʷ 

ʨʝʟʠʩʪʠʚʥʳʭ ʉʆʊ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʧʠʩʘʥʥʦʡ ʚʦ 2-ʡ ʛʣʘʚʝ ʤʝʪʦʜʠʢʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʦʚ). 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʢʦʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʣʝʥʪ ʚ ʞʠʜʢʦʤ ʛʝʣʠʠ ʧʨʠ 4.2 ʂ  

ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʦʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʠ ʟʘʜʝʡʩʪʚʦʚʘʥʳ: ʅʊʉʇ ʤʘʛʥʠʪ ʩ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʧʦʣʝʤ ʜʦ 10 ʊʣ ʚ ʢʨʠʦʩʪʘʪʝ, ʟʦʥʜ ʩ ʪʦʢʦʤ ʜʦ 10 ʢɸ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʊʅʕ. ʇʠʪʘʥʠʝ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʦʪ 5 ʢɸ ʛʝʥʝʨʘʪʦʨʘ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʢʦʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʣʝʥʪ ʚ ʘʟʦʪʝ ʧʨʠ 65 ʂ ʟʦʥʜʳ 

ʧʦʤʝʱʘʣʠʩʴ ʚ ʛʝʨʤʝʪʠʯʥʳʡ ʢʨʠʦʩʪʘʪ, ʧʨʠ ʵʪʦʤ ʧʘʨʳ ʘʟʦʪʘ ʦʪʢʘʯʠʚʘʣʠʩʴ.  

4.3 ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ɺʊʉʇ ʣʝʥʪ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʛʝʣʠʢʦʠʜʘʣʴʥʳʭ ʪʦʢʦʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʘʭ 

 

ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʛʝʣʠʢʦʠʜʘʣʴʥʳʭ ʊʅʕ ʙʳʣʠ 

ʠʟʥʘʯʘʣʴʥʦ ʦʪʦʙʨʘʥʳ 3 ʪʠʧʘ ɺʊʉʇ ʣʝʥʪ 2-ʛʦ ʧʦʢʦʣʝʥʠʷ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ 

ʤʝʜʴʶ (ʊʘʙʣʠʮʘ 4.1). ʀʩʩʣʝʜʦʚʘʥʠʷ ʣʝʥʪ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʥʘ ʚʳʰʝʦʧʠʩʘʥʥʦʤ 

ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ. ʀʟʤʝʨʝʥʳ: 
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1. ɺʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʩʢʦʣʴʢʠʭ ʢʦʨʦʪʢʠʭ ʧʨʷʤʳʭ ʦʙʨʘʟʮʦʚ ʣʝʥʪ 

ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʧʨʠ 77 ʂ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ ʚ ʧʦʣʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʦʢʘ 

(ʨʠʩʫʥʦʢ 4.1 ʙ). ʂʨʠʪʠʯʝʩʢʠʡ ʪʦʢ ʠʟʤʝʨʷʣʩʷ ʧʦ ʢʨʠʪʝʨʠʶ 1 ʤʢɺ/ʩʤ ʠ 10 

ʤʢɺ/ʩʤ. ʇʨʦʠʟʚʝʜʝʥʘ ʧʨʠʤʝʨʥʘʷ ʦʮʝʥʢʘ ʨʘʟʙʨʦʩʘ ʟʥʘʯʝʥʠʡ ʢʨʠʪʠʯʝʩʢʠʭ 

ʪʦʢʦʚ ʧʦ ʜʣʠʥʝ ʧʘʨʪʠʡ ʣʝʥʪʳ ʜʣʷ ʣʝʥʪ SuperPower ʠ SuNAM (ʊʘʙʣʠʮʘ 4.1). 

 

ʊʘʙʣʠʮʘ 4.1 ïʀʩʩʣʝʜʦʚʘʥʥʳʝ ɺʊʉʇ ʣʝʥʪʳ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴ 

ʠ ʪʠʧ ʣʝʥʪʳ, 

ʛʦʜ ʚʳʧʫʩʢʘ 

ɺʊʉʇ 

ʩʣʦʡ 

ʇʦʜʣʦʞʢʘ ʇʦʢʨʳʪʠʝ ʐʠʨʠʥʘ, 

ʪʦʣʱʠʥʘ 

ʊʦʢ ʧʨʠ 

77ʂ 

SuperPower, 

SCS4050 AP, 

2010 

(Gd-

Zr)BCO 

ʍʘʩʪʝʣʣʦʡ 

50 ʤʢʤ 

ʄʝʜʴ, ʧʦ 

20 ʤʢʤ 

4,2 ʤʤ, 

~ 100ʤʢʤ 

95A Ñ3% 

AMSC YBCO Ni5at%W 

100 ʤʢʤ 

ʄʝʜʴ, ʧʦ 

50 ʤʢʤ 

4,5 ʤʤ, 

~ 200ʤʢʤ 

120A 

SuNAM, 

2011 

GdBCO ʍʘʩʪʝʣʣʦʡ 

60 ʤʢʤ 

ʄʝʜʴ, ʧʦ 

20 ʤʢʤ 

4,2 ʤʤ 

~ 100ʤʢʤ 

220AÑ4% 

 

2. ɼʣʷ ʣʝʥʪʳ SuperPower SCS4050 AP ï ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ ʧʨʠ 1 ʤʢɺ/ʩʤ ʦʪ 

ʜʝʬʦʨʤʘʮʠʠ ʩʞʘʪʠʷ ʠ ʨʘʩʪʷʞʝʥʠʷ ʚʦ ʚʥʝʰʥʝʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʦʣʝ 0.5 

ʊʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 77 ʂ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ (ʈʠʩʫʥʦʢ 4.1 ʘ). 

3. ɺʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʝʥʪ, ʥʘʤʦʪʘʥʥʳʭ ʥʘ ʪʨʫʙʢʫ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ 

ʛʝʣʠʢʦʠʜʘʣʴʥʦ ʩ ʰʘʛʦʤ ~15 ʤʤ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʤ ʩʣʦʝʤ ʚʥʠʟ ʠ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʤ ʩʣʦʝʤ ʚʚʝʨʭ (ʈʠʩʫʥʦʢ 4.1 ʙ). 

4. ɿʘʚʠʩʠʤʦʩʪʠ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʝʥʪ SuperPower ʠ SuNAM ʦʪ 

ʚʝʣʠʯʠʥʳ ʚʥʝʰʥʝʛʦ ʧʦʣʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʦʩʠ ʣʝʥʪʳ ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʣʠʙʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʥʪʳ (ʈʠʩʫʥʦʢ 4.2 ʘ) 

ʜʦ 0.6 ʊʣ ʧʨʠ 77 ʂ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ. 

5. ɿʘʚʠʩʠʤʦʩʪʠ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʝʥʪ SuperPower ʠ SuNAM ʦʪ ʫʛʣʘ 

ʚʥʝʰʥʝʛʦ ʧʦʣʷ 0.1 ʠ 0.5 ʊʣ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʦʩʠ ʣʝʥʪʳ ʠ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ ʣʝʥʪʳ (ʈʠʩʫʥʦʢ 4.2 ʙ)  ʧʨʠ 77 ʂ ʚ 

ʞʠʜʢʦʤ ʘʟʦʪʝ. 
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6. ɺʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʝʥʪʳ SuperPower ʥʘ ʪʦʢʝ 50 ɻʮ ʚ ʧʦʣʝ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʦʢʘ ʧʨʠ 77 ʂ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ. ɺʳʯʠʩʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʝʨʴ ʦʪ ʘʤʧʣʠʪʫʜʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ (ʩʤ. ʩʨʘʚʥʠʪʝʣʴʥʳʝ 

ʜʘʥʥʳʝ ʚ ʨʘʟʜʝʣʝ ʧʨʦ ʊʅʕ). 

7. ɼʣʷ ʣʝʥʪ SuNAM ï ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʧʨʠ 1 ʤʢɺ/ʩʤ ʚʦ ʚʥʝʰʥʠʭ ʧʦʣʷʭ ʥʝʩʢʦʣʴʢʦ 

ʪʝʩʣʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʦʩʠ ʣʝʥʪ ʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤ ʦʙʨʘʟʦʤ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʥʪ,  ʚ ʞʠʜʢʦʤ ʛʝʣʠʠ ʧʨʠ 4.2 ʂ 

8. ɺʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʝʥʪʳ SuperPower ʧʨʠ 65 ʂ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ 

ʧʦʜ ʦʪʢʘʯʢʦʡ ʚ ʧʦʣʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʦʢʘ (ʈʠʩʫʥʦʢ 4.3). 

 

ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 4.1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʪ ʜʝʬʦʨʤʘʮʠʠ ʜʣʷ SCS4050 

AP (ʘ); ɺɸʍ ʣʝʥʪ,ʛʝʣʠʢʦʠʜʘʣʴʥʦ ʥʘʤʦʪʘʥʥʳʭ ʥʘ ʪʨʫʙʢʫ ʌ6 ʤʤ ʩ ʰʘʛʦʤ ~18 ʤʤ (ʙ) 

 

ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 4.2 ï ʇʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʪʦʢʘ ʣʝʥʪ ʧʨʠ 77 ʂ (ʘ); ʘʥʠʟʦʪʨʦʧʠʷ 

ʢʨʠʪʪʦʢʘ ʣʝʥʪ ʧʨʠ 77 ʂ (ʙ) ʚ ʧʦʣʝ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʦʩʠ ʣʝʥʪ 
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ʈʠʩʫʥʦʢ 4.3 ï ɺʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʝʥʪ rSuperPower SCS 4050 AP ʧʨʠ 

65 ʂ ʠ 77 ʂ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ɺʊʉʇ ʣʝʥʪ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ: 

1. ʊʦʢʦʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʣʝʥʪ 2-ʛʦ ʧʦʢʦʣʝʥʠʷ ʤʝʥʴʰʝ ʩʥʠʞʘʝʪʩʷ ʧʨʠ 

ʦʜʠʥʘʢʦʚʦʡ ʘʤʧʣʠʪʫʜʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʫʩʣʦʚʠʷʭ ʩʞʘʪʠʷ ɺʊʉʇ ʩʣʦʷ, ʯʝʤ ʚ 

ʩʣʫʯʘʝ ʝʛʦ ʨʘʩʪʷʞʝʥʠʷ. 

2. ʇʨʝʜʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ (ʜʝʬʦʨʤʘʮʠʷ, ʚʳʟʳʚʘʶʱʘʷ ʥʝʦʙʨʘʪʠʤʫʶ 

ʜʝʛʨʘʜʘʮʠʶ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ) ʩʞʘʪʠʷ ɺʊʉʇ ʩʣʦʷ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, 

ʯʝʤ ʧʨʝʜʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʨʘʩʪʷʞʝʥʠʷ. 

3. ʇʨʠ ʛʝʣʠʢʦʠʜʘʣʴʥʦʡ ʥʘʤʦʪʢʝ ʜʝʛʨʘʜʘʮʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ ʦʙʫʩʣʦʚʣʝʥʘ 

ʧʨʦʜʦʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ɺʊʉʇ ʩʣʦʷ, ʧʦʧʝʨʝʯʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʚʣʠʷʝʪ 

ʪʦʣʴʢʦ ʧʨʠ ʚʳʟʳʚʘʥʠʠ ʝʶ ʥʝʦʙʨʘʪʠʤʦʡ ʜʝʛʨʘʜʘʮʠʠ. 

4. ʇʨʠ ʛʝʣʠʢʦʠʜʘʣʴʥʦʡ ʥʘʤʦʪʢʝ ʥʘ ʤʘʣʳʡ ʜʠʘʤʝʪʨ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʤ ʩʣʦʝʤ 

ʚʥʠʟ ɺʊʉʇ ʣʝʥʪʳ 2-ʛʦ ʧʦʢʦʣʝʥʠʷ ʥʝ ʜʝʛʨʘʜʠʨʫʶʪ ʠʣʠ ʜʝʛʨʘʜʠʨʫʶʪ ʤʝʥʴʰʝ, 

ʯʝʤ ʧʨʠ ʪʘʢʦʡ ʞʝ ʥʘʤʦʪʢʝ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʤ ʚʚʝʨʭ. 

5. ʃʝʥʪʳ SuperPower ʠ SuNAM ʧʦʜʭʦʜʷʪ ʜʣʷ ʪʘʢʦʡ ʥʘʤʦʪʢʠ, ʧʦʩʢʦʣʴʢʫ ʥʝ 

ʜʝʛʨʘʜʠʨʫʶʪ, ʣʝʥʪʳ ʩ ʪʦʣʩʪʦʡ ʧʦʜʣʦʞʢʦʡ, ʪʘʢʠʝ, ʢʘʢ AMSC, ʜʝʛʨʘʜʠʨʫʶʪ ʠ 

ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʛʝʣʠʢʦʠʜʘʣʴʥʦʛʦ ʊʅʕ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ. 

6. ʃʝʥʪʳ ʩ ʧʦʜʣʦʞʢʦʡ ~50-60 ʤʠʢʨʦʥ (ʠ ʙʦʣʝʝ ʪʦʥʢʦʡ), ʚʝʨʦʷʪʥʦ, ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʛʝʣʠʢʦʠʜʘʣʴʥʦʛʦ ʊʅʕ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ ʧʨʠ ʥʘʤʦʪʢʝ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʤ 

ʚʥʠʟ. 
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7. ʃʝʥʪʳ ʩʦ 100 ʤʠʢʨʦʥʥʦʡ ʠʣʠ ʙʦʣʝʝ ʪʦʣʩʪʦʡ ʧʦʜʣʦʞʢʦʡ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʛʝʣʠʢʦʠʜʘʣʴʥʦʛʦ ʊʅʕ ʩʪʦʣʴ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ, ʧʦʩʢʦʣʴʢʫ ʜʝʬʦʨʤʘʮʠʷ 

ʩʞʘʪʠʷ ɺʊʉʇ ʩʣʦʷ ʩʣʠʰʢʦʤ ʚʝʣʠʢʘ. 

8. ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʝʥʪʳ SuperPower ʦʪ ʚʥʝʰʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʩʠʣʴʥʘ ʠ ʘʥʠʟʦʪʨʦʧʥʘ, ʯʝʤ ʫ ʣʝʥʪʳ SuNAM, 

ʙʣʘʛʦʜʘʨʷ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʮʝʥʪʨʘʤ ʧʠʥʥʠʥʛʘ ʚ ʧʝʨʚʦʡ. ʀʟ-ʟʘ ʵʪʦʛʦ ʣʝʥʪʘ 

SuperPower SCS4050 AP ʣʫʯʰʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʊʅʕ ʚʳʩʦʢʦʧʦʣʝʚʳʭ 

ʧʨʠʤʝʥʝʥʠʡ, ʘ ʣʝʥʪʘ SuNAM ï ʜʣʷ ʧʨʠʤʝʥʝʥʠʡ ʊʅʕ ʚ ʤʘʣʳʭ ʧʦʣʷʭ ʩ 

ʙʦʣʴʰʦʡ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʵʪʠʤʠ ʦʙʣʘʩʪʷʤʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʘʨʪʠʡ ʣʝʥʪ ʧʨʦʭʦʜʠʪ ʧʨʠʤʝʨʥʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʧʦʣʷ 0,6 ʊʣ 

ʧʨʠ 77 ʂ ʠ 6-8 ʊʣ ʧʨʠ 4,2 ʂ, ʢʦʛʜʘ ʪʦʢʠ ʣʝʥʪ ʫʨʘʚʥʠʚʘʶʪʩʷ. ɼʣʷ ʜʨʫʛʠʭ 

ɺʊʉʇ ʣʝʥʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʦʣʝʝ ʥʦʚʳʭ ʣʝʥʪ ʵʪʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʯʪʦʙʳ ʙʦʣʝʝ 

ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʠ ʥʘʠʣʫʯʰʝʡ ʧʨʠʤʝʥʠʤʦʩʪʠ. 

 

4.4 ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʛʝʣʠʢʦʠʜʘʣʴʥʦʛʦ ʊʅʕ 

   

ʌʦʨʤʝʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʊʅʕ ʧʨʠ ʥʘʛʨʫʟʢʘʭ ʚ 

ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ, ʛʠʙʢʦʩʪʴ. ʆʥ ʪʘʢʞʝ ʥʝ 

ʜʦʣʞʝʥ ʧʦʚʳʰʘʪʴ ʫʨʦʚʝʥʴ ʧʦʪʝʨʴ ʚ ʊʅʕ. ʇʝʨʚʳʝ ʦʙʨʘʟʮʳ ʊʅʕ ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ, ʪʘʢ ʠ ʚ 

ʧʝʨʝʤʝʥʥʳʭ ʨʝʞʠʤʘʭ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʝʨʚʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʬʦʨʤʝʨʳ, 

ʧʣʦʪʥʦ ʩʢʨʫʯʝʥʥʳʝ ʠʟ 3000 ʧʨʦʚʦʣʦʢ (ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ) ʜʠʘʤʝʪʨʦʤ 0,1 ʤʤ. ʕʪʠ 

ʬʦʨʤʝʨʳ ʙʳʣʠ ʠʟʦʣʠʨʦʚʘʥʳ ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʛʣʘʜʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʫʤʝʥʴʰʝʥʠ ̫ ʧʦʪʝʨʴ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʬʦʨʤʝʨʦʚ: ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʤʝʜʥʳʭ ʚʦʣʦʢʦʥ ʠ ʜʨʫʛʠʭ ʚʦʣʦʢʦʥ ʩ ʭʦʨʦʰʝʡ ʪʝʧʣʦ- ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʩ ʦʙʢʨʫʪʢʦʡ ʤʝʜʥʦʡ ʬʦʣʴʛʦʡ ʚʤʝʩʪʦ ʠʟʦʣʷʮʠʠ ʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʣʳʭ ʬʦʨʤʝʨʦʚ ʜʣʷ ʧʨʦʪʦʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʊʅʕ. 

ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʦʚʝʜʝʥʘ ʠʩʭʦʜʷ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ: 
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- ʦʪʩʫʪʩʪʚʠʝ ʜʝʛʨʘʜʘʮʠʠ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʝʥʪ ʧʨʠ ʥʘʤʦʪʢʝ; 

- ʧʣʦʪʥʦʩʪʴ ʫʢʣʘʜʢʠ ʣʝʥʪ ʥʘ ʬʦʨʤʝʨ; 

- ʥʘʤʦʪʢʘ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʣʝʥʪʘʤʠ ʚʩʝʛʦ ʩʣʦʷ ʟʘ ʧʨʦʭʦʜ; 

- ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʥʘʤʦʪʢʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʰʘʛʘ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ ʠ ʯʠʩʣʘ ʣʝʥʪ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʪʦʢʦʚʳʭ 

ʢʦʥʪʘʢʪʦʚ ʠ ʢʨʝʧʣʝʥʠʡ. 

ʀʟ ʧʝʨʚʳʭ ʪʨʝʭ ʩʦʦʙʨʘʞʝʥʠʡ ʥʘʪʷʞʝʥʠʝ ʣʝʥʪ ʧʨʝʜʣʦʞʝʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʥʝʟʘʚʠʩʠʤʦʝ, ʨʝʛʫʣʠʨʫʝʤʦʝ ʠ ʥʝ ʧʨʝʚʳʰʘʶʱʝʝ ʧʨʝʜʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, 

ʫʢʘʟʳʚʘʝʤʦʛʦ ʚ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʣʝʥʪʫ. ʌʦʨʤʝʨ ʚʳʧʦʣʥʝ̫ʪ ʬʫʥʢʮʠʶ ʚʝʜʫʱʝʛʦ 

ʚʘʣʘ, ʘ ʦʪʜʘʶʱʠʝ ʚʘʣʳ ʩ ʣʝʥʪʘʤʠ ʜʚʠʞʫʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʬʦʨʤʝʨʫ ʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʢʦʨʦʩʪʠ ʝʛʦ ʚʨʘʱʝʥʠʷ. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʜʘʚʘʝʤʳʤ ʧʨʦʛʨʘʤʤʥʦ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʰʘʛʘ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ. 

ʋʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ ʦʪʜʘʶʱʝʡ ʯʘʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʋʛʦʣ ʥʘʤʦʪʢʠ ʣʝʥʪ ʜʦʣʞʝʥ ʪʘʢʞʝ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʘʛʘ 

ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ ʠ ʜʠʘʤʝʪʨʘ ʬʦʨʤʝʨʘ. ʇʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʩʦʦʪʥʦʰʝʥʠʡ ʫʛʣʦʚ, 

ʜʠʘʤʝʪʨʦʚ ʠ ʰʘʛʘ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪ ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ 

ʚʨʘʱʝʥʠʷ ʧʨʠʝʤʥʦʡ ʠ  ʜʚʠʞʝʥʠʷ ʦʪʜʘʶʱʝʡ ʯʘʩʪʝʡ ʥʘʤʦʪʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʇʨʦʨʘʙʦʪʘʥʳ ʚʦʧʨʦʩʳ ʢʨʝʧʣʝʥʠʷ ʬʦʨʤʝʨʘ ʚʦ ʚʨʝʤʷ ʥʘʤʦʪʢʠ ʠ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʣʝʥʪ ʢ ʪʦʢʦʚʳʤ ʢʦʥʪʘʢʪʘʤ ʩ ʮʝʣʴʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʨʝʧʣʝʥʠʷ ʣʝʥʪ 

ʠ ʚʚʦʜʘ ʚ ʥʠʭ ʪʦʢʘ. 

ɼʣʷ ʦʙʨʘʟʮʦʚ ʩ ʪʦʢʦʚʳʤʠ ʢʦʥʪʘʢʪʘʤʠ ʚ ʚʠʜʝ ʤʝʜʥʳʭ ʢʦʥʫʩʦʚ ï ʢʦʥʫʩʳ 

ʧʨʠʧʘʠʚʘʶʪʩʷ ʢ ʬʦʨʤʝʨʘʤ, ʘ ʚʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʨʝʧʠʪʩʷ ʥʘ ʚʝʜʫʱʝʤ ʚʘʣʫ 

ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʨʝʟʴʙʫ ʥʘ ʢʦʥʫʩʘʭ. ʃʝʥʪʳ ʧʨʠʧʘʠʚʘʶʪʩʷ ʢ ʢʦʥʫʩʘʤ ʩ ʦʜʥʦʛʦ ʢʦʥʮʘ 

ʧʝʨʝʜ ʥʘʤʦʪʢʦʡ ʩʣʦʷ, ʩ ʜʨʫʛʦʛʦ ï ʧʦʩʣʝ ʥʘʤʦʪʢʠ. ʊʦʢ ʚ ʣʝʥʪʳ ʟʘʚʦʜʠʪʩʷ ʯʝʨʝʟ 

ʤʝʜʥʳʝ ʢʦʥʫʩʳ ʩʦ ʩʪʦʨʦʥʳ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʩʣʦʷ ʠ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʯʝʨʝʟ 

ʛʠʙʢʠʝ ʤʥʦʛʦʞʠʣʴʥʳʝ ʤʝʜʥʳʝ ʢʘʙʝʣʠ. 
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ɼʣʷ ʦʙʨʘʟʮʘ ʩ ʪʦʢʦʚʳʤʠ ʢʦʥʪʘʢʪʘʤʠ ʙʝʟ ʤʝʜʥʳʭ ʢʦʥʫʩʦʚ ʣʝʥʪʳ ʧʝʨʚʦʛʦ 

ʩʣʦʷ ʧʨʠʧʘʠʚʘʶʪʩʷ ʢ ʬʦʨʤʝʨʫ, ʣʝʥʪʳ ʩʣʝʜʫʶʱʠʭ ʩʣʦʝʚ ï ʢ ʧʨʝʜʳʜʫʱʝʤʫ ʩʣʦʶ 

ʪʘʢ, ʯʪʦʙʳ ʯʘʩʪʴ ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ ʦʩʪʘʚʘʣʘʩʴ ʦʪʢʨʳʪʦʡ. ʊʦʢ ʚ ʢʘʞʜʳʡ ʩʣʦʡ 

ʟʘʚʦʜʠʪʩʷ ʩʚʝʨʭʫ ʯʝʨʝʟ ʦʪʢʨʳʪʳʡ ʫʯʘʩʪʦʢ ʛʠʙʢʠʤʠ ʤʥʦʛʦʞʠʣʴʥʳʤʠ ʤʝʜʥʳʤʠ 

ʢʘʙʝʣʷʤʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʠʧʦʷ ʚʳʙʠʨʘʝʪʩʷ ʥʠʞʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʣʝʥʪ, ʫʢʘʟʘʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʬʣʶʩ ʥʝ ʜʦʣʞʝʥ ʨʘʟʲʝʜʘʪʴ 

ʤʝʜʥʦʝ ʧʦʢʨʳʪʠʝ ʣʝʥʪ. ɺʩʝ ʣʝʥʪʳ ʥʘʤʘʪʳʚʘʶʪʩʷ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʤ ʩʣʦʝʤ ʚʥʠʟ. 

ʆʙʨʘʟʮ r ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʥʘʤʦʪʦʯʥʦʤ ʫʩʪʨʦʡʩʪʚʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.6. 

 

4.5 ʈʘʩʯʝʪ ʢʦʥʩʪʨʫʢʮʠʠ (ʛʝʦʤʝʪʨʠʠ) ʦʙʨʘʟʮʦʚ ʊʅʕ 

 

ɼʣʷ ʛʝʣʠʢʦʠʜʘʣʴʥʦʡ ʥʘʤʦʪʢʠ ɺʊʉʇ ʣʝʥʪ ʥʘ ʬʦʨʤʝʨ ʧʨʠ ʧʦʤʦʱʠ 

ʥʘʤʦʪʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʰʘʛ ʥʘʤʦʪʢʠ, ʫʛʦʣ ʥʘʤʦʪʢʠ ʠ 

ʟʘʟʦʨʳ ʤʝʞʜʫ ʣʝʥʪʘʤʠ ʚ ʢʘʞʜʦʤ ʩʣʦʝ ʣʝʥʪ, ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʫʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʝʥʪ, 

ʘ ʪʘʢʞʝ ʨʘʟʤʝʨʦʚ ʬʦʨʤʝʨʘ ʠ ʣʝʥʪ. ʅʘ ʨʠʩʫʥʢʝ 4.4 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʨʘʩʯʝʪʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʊʅʕ ʧʨʠ ʛʝʣʠʢʦʠʜʘʣʴʥʦʡ ʥʘʤʦʪʢʝ ʯʝʪʳʨʝʭ ɺʊʉʇ 

ʣʝʥʪ ʩ ʟʘʟʦʨʘʤʠ ʥʘ ʢʨʫʛʣʳʡ ʬʦʨʤʝʨ. 

 

 

ʈʠʩʫʥʦʢ 4.4 ï ʉʭʝʤʘ ʨʘʩʯʝʪʘ ʛʝʦʤʝʪʨʠʠ ʛʝʣʠʢʦʠʜʘʣʴʥʦʛʦ ʊʅʕ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦ 

4 ʣʝʥʪʳ ʚ ʩʣʦʝ; ʥʘ ʚʩʪʘʚʢʝ ï ʬʦʪʦʛʨʘʬʠʷ ʧʨʦʮʝʩʩʘ ʥʘʤʦʪʢʠ 2-ʛʦ ʩʣʦʷ 
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ʇʝʨʠʤʝʪʨ ʩʣʦʷ ʣʝʥʪ (ʢʨʫʛʣʳʡ ʬʦʨʤʝʨ, ʩʝʨʝʜʠʥʘ ʪʦʣʱʠʥʳ ʣʝʥʪʳ): 

DP ml Ö=p ,       (4.1)
 

ʋʛʦʣ ɺʊʉʇ ʣʝʥʪ ʢ ʦʩʠ ʬʦʨʤʝʨʘ: 

)
)(

arccos(

P

gdn

l

t +Ö
=a ,      (4.2) 

ɼʣʠʥʘ ɺʊʉʇ ʣʝʥʪʳ ʥʘ ʦʜʠʥ ʚʠʪʦʢ ʠ ʰʘʛ ʥʘʤʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

asinÖ=Pl lt , 
acosÖ=lt tp ,      (4.3) 

ʛʜʝ  Pl ï ʧʝʨʠʤʝʪʨ ʩʣʦʷ (ʧʦ ʩʨʝʜʥʝʤʫ ʜʠʘʤʝʪʨʫ ʥʘʤʦʪʢʠ ɺʊʉʇ ʣʝʥʪʳ ʚ 

ʩʣʦʝ), 

n ï ʯʠʩʣʦ ʣʝʥʪ ʚ ʩʣʦʝ, 

N ï ʥʦʤʝʨ ʩʣʦʷ, 

dt ï ʪʦʣʱʠʥʘ ʣʝʥʪʳ, 

wt ï ʰʠʨʠʥʘ ʣʝʥʪʳ, 

g ï ʟʘʟʦʨ ʤʝʞʜʫ ʣʝʥʪʘʤʠ ʚ ʩʣʦʝ, 

Ŭ ï ʫʛʦʣ ʥʘʤʦʪʢʠ ʣʝʥʪ ʢ ʦʩʠ ʬʦʨʤʝʨʘ, 

tp ï ʰʘʛ ʥʘʤʦʪʢʠ (ʯʘʩʪʠʯʥʦʛʦ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ),  

l t ï ʜʣʠʥʘ ʣʝʥʪ ʚ ʚʠʪʢʝ, 

Dm ʠ Dout ï ʜʠʘʤʝʪʨ ʩʝʨʝʜʠʥʳ ʩʣʦʷ ʠ ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

Rb ï ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ ʠʟʛʠʙʘ ʊʅʕ: 

g

gdD
R

tm

b

)(

2

+
Ö= ,       (4.4) 

ʇʝʨʝʜ ʥʘʤʦʪʢʦʡ ʩʣʦʷ ɺʊʉʇ ʣʝʥʪ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʧʨʦʛʨʘʤʤʥʦ  ʰʘʛ ʥʘʤʦʪʢʠ, ʘ ʪʘʢʞʝ ʚʳʩʪʘʚʠʪʴ ʫʛʦʣ ʥʘʤʦʪʢʠ ʠ 

ʟʘʟʦʨʳ ʤʝʞʜʫ ʣʝʥʪʘʤʠ. 

ʈʘʜʠʫʩ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠʟʛʠʙʘ ʊʅʕ ʙʝʟ ʫʤʝʥʴʰʝʥʠʷ ʪʦʢʦʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ ʰʠʨʠʥʦʡ ʟʘʟʦʨʦʚ ʤʝʞʜʫ ɺʊʉʇ ʣʝʥʪʘʤʠ 

ʩʣʦʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʠʟʛʠʙʝ ʊʅʕ ɺʊʉʇ ʣʝʥʪʳ ʩʢʦʣʴʟʷʪ ʧʦ ʬʦʨʤʝʨʫ ʠʣʠ ʧʦ 

ʧʨʝʜʳʜʫʱʝʤʫ ʩʣʦʶ. ɿʘʟʦʨ ʤʝʞʜʫ ʣʝʥʪʘʤʠ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʩʛʠʙʘ ʊʅʕ 
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ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʢʦʛʜʘ ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʝʥ ʥʫʣʶ, ʜʘʣʴʥʝʡʰʠʡ ʩʛʠʙ ʥʝʚʦʟʤʦʞʝʥ 

ʙʝʟ ʜʝʬʦʨʤʘʮʠʠ ʣʝʥʪ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʙʝʟʦʧʘʩʥʦʛʦ ʨʘʜʠʫʩʘ ʠʟʛʠʙʘ ʊʅʕ ʚʳʙʠʨʘʝʪʩʷ 

ʨʘʜʠʫʩ ʙʝʟʦʧʘʩʥʦʛʦ ʠʟʛʠʙʘ ʪʦʛʦ ʠʟ ʩʣʦʝʚ, ʫ ʢʦʪʦʨʦʛʦ ʦʥ ʤʘʢʩʠʤʘʣʝʥ.  

ʊʅʕ ʥʝ ʢʨʫʛʣʦʛʦ (ʦʚʘʣʴʥʦ-ʧʣʦʩʢʦʛʦ) ʩʝʯʝʥʠʷ, ʧʨʠ ʣʶʙʦʤ ʯʠʩʣʝ ʩʣʦʝʚ ʠ 

ʣʝʥʪ, ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ, ʪʦʣʴʢʦ ʜʠʘʤʝʪʨʳ ʧʨʠʤʝʥʠʤʳ ʢ ʟʘʢʨʫʛʣʝʥʠʷʤ 

ʬʦʨʤʝʨʘ. 

ʇʝʨʚʳʡ ʦʙʨʘʟʝʮ ʙʳʣ ʥʘʤʦʪʘʥ ʥʘ ʬʦʨʤʝʨ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʩ ʫʛʣʦʤ 

ʥʘʤʦʪʢʠ 45Á ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʨʦʪʢʠʭ ʦʙʨʘʟʮʦʚ. ʊʘʢ ʞʝ, ʥʦ ʩ 

ʫʛʣʦʤ ʥʘʤʦʪʢʠ 30Á, ʙʳʣʠ ʥʘʤʦʪʘʥʳ 2-ʡ ʠ 3-ʡ ʦʙʨʘʟʮʳ (ʊʘʙʣʠʮʘ 4.4). ʋʛʣʳ 

ʥʘʤʦʪʢʠ ʚʩʝʭ ʩʣʦʝʚ ʚʳʩʪʘʚʣʷʣʠʩʴ ʦʜʠʥʘʢʦʚʳʝ, ʯʪʦ ʥʝ ʧʦʤʝʰʘʣʦ ʥʘʤʦʪʘʪʴ ʣʝʥʪʳ 

2-ʛʦ ʠ 3-ʛʦ ʦʙʨʘʟʮʦʚ ʩ ʟʘʟʦʨʘʤʠ. ɺʠʜʠʤʦ, ʫʛʦʣ ʚ ʜʠʘʧʘʟʦʥʝ ~1Á ʢʦʨʨʝʢʪʠʨʦʚʘʣʩʷ 

ʠʟʛʠʙʦʤ ʬʦʨʤʝʨʘ ʠ ʣʝʥʪʳ. 1-ʡ ʦʙʨʘʟʝʮ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʙʝʟ ʟʘʟʦʨʦʚ, ʥʘ ʛʠʙʢʦʩʪʴ ʥʝ 

ʠʩʩʣʝʜʦʚʘʣʩʷ, ʭʦʪʷ ʠ ʩʛʠʙʘʣʩʷ ʥʘ ʨʘʜʠʫʩʳ ʧʦʨʷʜʢʘ 0,5 ʤ ʧʨʠ ʤʦʥʪʘʞʝ. 

ɻʝʦʤʝʪʨʠʷ ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ ʦʙʨʘʟʮʦʚ (ʊʘʙʣʠʮʳ 4.2 ʠ 4.3) ʫʯʠʪʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʥʘʤʦʪʦʯʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʜʣʷ ʜʣʠʥʥʳʭ ʢʫʩʢʦʚ 

ʊʅʕ, ʧʫʪʝʤ ʥʘʤʦʪʢʠ ʥʘ ʪʚʝʨʜʳʝ ʬʦʨʤʝʨʳ. ʀʟ ʩʦʦʙʨʘʞʝʥʠʡ ʧʨʦʪʦʯʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʜʥʳʝ ʪʨʫʙʢʠ. ʋʛʣʳ ʥʘʤʦʪʢʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʦʙʣʶʜʝʥʳ ʩ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ ʠ ʜʦʣʞʥʳ ʤʝʥʷʪʴʩʷ ʦʪ ʩʣʦʷ ʢ ʩʣʦʶ, ʯʪʦ ʥʘ 

ʜʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʢʦʥʩʪʨʫʢʮʠʝʡ. 

 

ʊʘʙʣʠʮʘ 4.2 ï ʆʙʨʘʟʮ  rʠʟ 16 ʣʝʥʪ SuNAM ʚ 4 ʩʣʦʷ  

N ʩʣʦʷ ʇʝʨʠʤʝʪʨ, 

ʤʤ 

ʋʛʦʣ, Á ɼʣʠʥʘ 

ʚʠʪʢʘ, 

ʤʤ 

ʐʘʛ 

ʥʘʤʦʪʢʠ, 

ʤʤ 

ɿʘʟʦʨ, 

ʤʤ 

ʈʘʜʠʫʩ 

ʠʟʛʠʙʘ, 

ʤʤ 

ʈʘʜʠʫʩ 

ʩʝʨʝʜʠʥʳ, 

ʤʤ 

ɺʥʝʰʥʠʡ 

ʨʘʜʠʫʩ, 

ʤʤ 

1 20,33 32,2 38,12 32,2 0,1 71,1 6,47 6,59 

2 21,08 33,4 38,28 31,9 0,2 38,5 6,71 6,83 

3 21,84 34,5 38,55 31,8 0,3 27,8 6,95 7,07 

4 22,59 35,5 38,92 31,7 0,4 22,4 7,19 7,31 
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ʊʘʙʣʠʮʘ 4.3 ï ʆʙʨʘʟʮ rʠʟ 16 ʣʝʥʪ SuperPower ʚ 4 ʩʣʦʷ 

N ʩʣʦʷ ʇʝʨʠʤʝʪʨ, 

ʤʤ 

ʋʛʦʣ, Á ɼʣʠʥʘ 

ʚʠʪʢʘ, 

ʤʤ 

ʐʘʛ 

ʥʘʤʦʪʢʠ, 

ʤʤ 

ɿʘʟʦʨ, 

ʤʤ 

ʈʘʜʠʫʩ 

ʠʟʛʠʙʘ, 

ʤʤ 

ʈʘʜʠʫʩ 

ʩʝʨʝʜʠʥʳ, 

ʤʤ 

ɺʥʝʰʥʠʡ 

ʨʘʜʠʫʩ, 

ʤʤ 

1 20,30 34,1 36,15 29,9 0,15 48,5 6,46 6,57 

2 20,99 34,9 36,61 30 0,25 31,4 6,68 6,79 

3 21,68 34,8 37,96 31,1 0,4 21,6 6,9 7,01 

4 22,37 35,6 38,46 31,3 0,5 18,5 7,12 7,23 

 

4.6 ʈʘʟʨʘʙʦʪʢʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʨʦʪʢʠʭ ʦʙʨʘʟʮʦʚ ʊʅʕ 

 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʠ 

ʠʟʛʦʪʦʚʣʝʥʦ ʥʘʤʦʪʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʥʘʤʦʪʢʠ ʢʦʨʦʪʢʠʭ (ʜʦ 1 ʤ) ʦʙʨʘʟʮʦʚ. ɽʛʦ 

ʢʦʥʩʪʨʫʢʮʠʷ ʘʥʘʣʦʛʠʯʥʘ ʨʘʥʝʝ ʧʨʠʤʝʥʷʚʰʝʡʩʷ ʜʣʷ ʥʘʤʦʪʢʠ ʤʦʜʫʣʝʡ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʊʅʕ ʨʝʟʠʩʪʠʚʥʦʛʦ ʉʆʊ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʥʘʤʦʪʢʠ 

ʦʙʨʘʟʮʦʚ ʛʝʣʠʢʦʠʜʘʣʴʥʦʛʦ ʊʅʕ ʥʘʪʷʞʝʥʠʝ ʣʝʥʪ ʥʝʟʘʚʠʩʠʤʦ, ʨʝʛʫʣʠʨʫʝʤʦ ʠ ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʜʦʧʫʩʪʠʤʦʛʦ ʜʣʷ ʣʝʥʪʳ (1-2 ʢʛ). ʌʦʨʤʝʨ 

ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʚʝʜʫʱʝʛʦ ʚʘʣʘ, ʘ ʦʪʜʘʶʱʠʝ ʚʘʣʳ ʩ ʣʝʥʪʘʤʠ ʜʚʠʞʫʪʩʷ 

ʧʘʨʘʣʣʝʣʴʥʦ ʬʦʨʤʝʨʫ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʢʦʨʦʩʪʠ ʝʛʦ ʚʨʘʱʝʥʠʷ. ʋʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʝʤ ʦʪʜʘʶʱʝʡ ʯʘʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʩʠʥʭʨʦʥʠʟʘʮʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʠʛʥʘʣʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʩ ʠʥʢʨʝʤʝʥʪʘʣʴʥʦʛʦ 

ʦʧʪʠʯʝʩʢʦʛʦ ʵʥʢʦʜʝʨʘ (ʜʘʪʯʠʢʘ ʫʛʣʘ ʧʦʚʦʨʦʪʘ). ʇʝʨʝʤʝʱʝʥʠʝ ʦʪʜʘʶʱʝʡ ʯʘʩʪʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʣʠʯʝʩʪʚʫ ʠʤʧʫʣʴʩʦʚ ʵʥʢʦʜʝʨʘ (ʫʛʣʫ ʧʦʚʦʨʦʪʘ), ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʟʘʜʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ. ʋʛʦʣ ʥʘʤʦʪʢʠ ʣʝʥʪ ʨʝʛʫʣʠʨʫʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʘʛʘ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ ʠ ʜʠʘʤʝʪʨʘ ʬʦʨʤʝʨʘ. ʇʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ 

ʩʦʦʪʥʦʰʝʥʠʡ ʫʛʣʦʚ, ʜʠʘʤʝʪʨʦʚ ʠ ʰʘʛʘ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʧʨʠʝʤʥʦʡ ʠ  ʜʚʠʞʝʥʠʷ ʦʪʜʘʶʱʝʡ ʯʘʩʪʝʡ ʥʘʤʦʪʦʯʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. 
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ʘ)        ʙ) 

ʈʠʩʫʥʦʢ 4.5 ï ʇʨʠʥʮʠʧ ʥʘʤʦʪʢʠ ʣʝʥʪʳ (ʘ);  ʈʘʩʯʝʪ ʚʣʠʷʥʠʷ ʧʦʣʷ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʪʦʢʘ ʜʣʷ ʦʜʥʦʛʦ ʩʣʦʷ ʠʟ 4 ʣʝʥʪ (ʚʣʠʷʥʠʝ ʢʨʘʝʚʳʭ ʵʬʬʝʢʪʦʚ ʫʥʠʯʪʦʞʘʝʪʩʷ 

ʤʝʜʥʳʤʠ ʢʦʥʫʩʘʤʠ ʪʦʢʦʚʚʦʜʦʚ) (ʙ) 

 

 

ʈʠʩʫʥʦʢ 4.6 ï ʇʨʦʮʝʩʩ ʥʘʤʦʪʢʠ ʩʣʦʷ ʠʟ 4 ʣʝʥʪ 2-ʤ ʩʣʦʝʤ (ʘ) ʠ ʥʘ ʬʦʨʤʝʨ (ʙ) 

 

ɹʳʣʠ ʥʘʤʦʪʘʥʳ 3 ʢʦʨʦʪʢʠʭ ʦʙʨʘʟʮʘ (ʩʤ. ʪʘʙʣʠʮʫ 4.4 ʠ ʨʠʩʫʥʦʢ 4.7) ʥʘ 

ʛʠʙʢʠʭ ʬʦʨʤʝʨʘʭ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʧʣʦʪʥʦ 

ʩʢʨʫʯʝʥʥʳʭ ʪʨʦʩʦʚ ʠʟ 3000 ʥʠʪʝʡ ʜʠʘʤʝʪʨʦʤ 0,1 ʤʤ. ʇʦʟʜʥʝʝ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʝʱʝ 2 ʦʙʨʘʟʮʘ ï 10-ʤʝʪʨʦʚʳʡ ʠ ʢʦʥʪʨʦʣʴʥʳʡ ʢʦʨʦʪʢʠʡ ï ʥʘ ʬʦʨʤʝʨʝ ʚ ʚʠʜʝ 

ʤʝʜʥʦʡ ʪʨʫʙʢʠ.  
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ʊʘʙʣʠʮʘ 4.4 ï ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʊʅʕ 

N 

ʦʙʨ. 
ʃʝʥʪʘ 

ʏʠʩʣʦ 

ʣʝʥʪ 

ʏʠʩʣʦ 

ʩʣʦʝʚ 
ɼʣʠʥʘ 

ʐʘʛ, 

ʤʤ 
ʋʛʦʣ 

ɼʠʘʤʝʪʨ 

ʬʦʨʤʝʨʘ 

ʈʘʩʭʦʜ ʣʝʥʪʳ ʥʘ 

1 ʤ ʊʅʕ 

1.1 

SuperPower 

SCS 4050 AP 

4 1 

200 ʤʤ 23 45Ü 7 ʤʤ 

5,6 ʤ 

1.1i 4 
1 

(ʠʟʦʣ) 

1.2 8 2 11,2 ʤ 

1.3 16 4 22,4 ʤ 

2 
SuperPower 

SCS 4050 AP 
16 4 750 ʤʤ 36 30Ü 6,5 ʤʤ 

19 ʤ 

3 SuNAM 8 2 170 ʤʤ 36 30Ü 6,5 ʤʤ 9,5 ʤ 

4 
SuperPower 

SCS 4050 AP 
16 4 1 ʤ 30 27Ü 6,34 ʤʤ 19 ʤ 

5 
SuperPower 

SCS 4050 AP 
16 4 10 ʤ 30 27Ü 6,34 ʤʤ 19 ʤ 

 

 

ʘ) 

 

ʙ) 

 

ʚ)        ʛ) 

ʈʠʩʫʥʦʢ 4.7 ï ʂʦʨʦʪʢʠʝ ʦʙʨʘʟʮʳ ʊʅʕ: 1-ʡ ʪʦʪ ʞʝ ʦʙʨʘʟʝʮ ʠʟ 16 ʣʝʥʪ, 4 ʩʣʦʷ (ʘ); 

ʦʙʨʘʟʝʮ ʠʟ 16 ʣʝʥʪ ʜʣʠʥʦʡ 75 ʩʤ (ʙ); ʦʙʨʘʟʝʮ ʠʟ 16 ʣʝʥʪ ʜʣʠʥʦʡ 75 ʩʤ ʩʦʛʥʫʪʳʡ ʥʘ 

ʜʠʘʤʝʪʨ 290 ʤʤ (ʚ); ʢʘʙʝʣʴ ʠʟ 8 ʣʝʥʪ SuNAM, ʝʛʦ ʪʦʢʦʚʳʡ ʪʝʨʤʠʥʘʣ (ʛ) 
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4.7 ʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʨʦʪʢʠʭ ʦʙʨʘʟʮʦʚ ʊʅʕ 

 

ʀʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ (ʊʘʙʣʠʮʘ 4.4) N1 ʜʣʠʥʦʡ 20 ʩʤ ʠʟ 4, 8 ʠ 16 ʣʝʥʪ 

(ʦʙʨʘʟʝʮ ʜʦʤʘʪʳʚʘʣʩʷ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʠʩʩʣʝʜʦʚʘʥʠʡ), ʦʙʨʘʟʝʮ N2 ʜʣʠʥʦʡ 75 

ʩʤ ʠʟ 16 ʣʝʥʪ, ʩʦʛʥʫʪʳʡ ʥʘ ʜʠʘʤʝʪʨ 290 ʤʤ, ʦʙʨʘʟʝʮ N3 ʜʣʠʥʦʡ 17 ʩʤ ʠʟ 8 ʣʝʥʪ 

SuNAM. ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ: 

1. ɺʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ N1 (ʩ 4, 8 ʠ 16 ʣʝʥʪʘʤʠ), N2 ʠ N3 ʥʘ 

ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʚ ʧʦʣʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʦʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 77 ʂ ʚ ʞʠʜʢʦʤ 

ʘʟʦʪʝ (ʈʠʩʫʥʦʢ 4.8 ʘ). 

2. ɺʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ N1 (ʩ 4, 8 ʠ 16 ʣʝʥʪʘʤʠ) ʠ N2 ʥʘ 

ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ 50 ɻʮ ʚ ʧʦʣʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʦʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 77 ʂ ʚ 

ʞʠʜʢʦʤ ʘʟʦʪʝ. ɺr ʯʠʩʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʝʨʴ ʦʪ ʘʤʧʣʠʪʫʜʳ 

ʪʦʢʘ, ʢʦʪʦʨʘʷ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʧʦʪʝʨʷʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʢʦʣʠʯʝʩʪʚʝ 

ʣʝʥʪʳ (ʈʠʩʫʥʦʢ 4.8 ʙ). 

3. ɺʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʘ N1 (ʩ 4, 8 ʠ 16 ʣʝʥʪʘʤʠ) ʥʘ 

ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ 50 ɻʮ ʚʦ ʚʥʝʰʥʝʤ ʧʦʣʝ, ʠʟʤʝʥʷʶʱʝʤʩʷ ʩʠʥʭʨʦʥʥʦ ʩ 

ʪʦʢʦʤ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 77 ʂ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ. ɺʳʯʠʩʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʝʨʴ ʦʪ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ (ʈʠʩʫʥʦʢ 4.10 ʘ). 

4. ɼʣʷ ʦʙʨʘʟʮʘ N1 ʠʟ 4 ʣʝʥʪ, ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ 2-ʤʷ ʩʣʦʷʤʠ ʢʘʧʪʦʥʘ, ʧʨʦʚʝʜʝʥʳ 

ʠʟʤʝʨʝʥʠʷ ɺɸʍ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʠ ʧʦʪʝʨʴ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ, 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʥʝʠʟʦʣʠʨʦʚʘʥʥʦʛʦ 

ʦʙʨʘʟʮʘ (ʈʠʩʫʥʢʠ 4.11 ʘ, ʙ ʠ 4.12 ʘ). 

5. ʇʦʣʝʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʧʨʠ 10 ʤʢɺ/ʩʤ ʦʙʨʘʟʮʘ N1 (ʩ 16 ʣʝʥʪʘʤʠ) ʚʦ 

ʚʥʝʰʥʝʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʦʩʪʦʷʥʥʦʤ ʧʦʣʝ ʜʦ 0.6 ʊʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 77 

ʂ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ (ʈʠʩʫʥʦʢ 4.10 ʙ). 

6. ɺʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ N1 (ʩ 16 ʣʝʥʪʘʤʠ) ʠ N3 ʥʘ 

ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʚ ʧʦʣʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʦʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 65 ʂ ʚ ʞʠʜʢʦʤ 

ʘʟʦʪʝ ʧʦʜ ʦʪʢʘʯʢʦʡ (ʈʠʩʫʥʦʢ 4.9 ʘ). 
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7. ɺʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʦʙʨʘʟʮʘ N1 (ʩ 16 

ʣʝʥʪʘʤʠ) ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʚʥʝʰʥʝʤ ʧʦʣʝ  7.7 ʊʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4.2 ʂ 

ʚ ʞʠʜʢʦʤ ʛʝʣʠʠ (ʈʠʩʫʥʦʢ 4.9 ʙ). 

8. ɺʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʘ N3, ʩʦʛʥʫʪʦʛʦ ʥʘ ʜʠʘʤʝʪʨ 310 ʤʤ, ʘ 

ʪʘʢʞʝ ʧʦʩʣʝ ʨʘʩʧʨʷʤʣʝʥʠʷ (ɺɸʍ ʩʦʚʧʘʣʠ ʚ ɺɸʍ ʜʦ ʩʛʠʙʘ), ʚ ʧʦʣʝ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʦʢʘ ʧʨʠ 77 ʂ. 

ʇʨʠ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʠʟʤʝʨʷʣʠʩʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʪʦʢʦʚʳʭ ʪʝʨʤʠʥʘʣʦʚ (ʊʘʙʣʠʮʘ 4.5). 

 

ʘ) 

 

ʈʠʩʫʥʦʢ 4.8 ï ʉʨʘʚʥʝʥʠʝ ɺɸʍ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ ʊʅʕ ʠ ɺʊʉʇ ʣʝʥʪ, 

ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʯʠʩʣʦ ʣʝʥʪ ʚ ʢʘʙʝʣʝ (ʘ); ʉʨʘʚʥʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʝʨʴ ʥʘ 

ʪʦʢʝ 50 ɻʮ ʚ ʊʅʕ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʊʅʕ ʢʦʣʠʯʝʩʪʚʝ ɺʊʉʇ ʣʝʥʪ (ʙ) 



105 

 

ʊʦʢʦʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʊʅʕ ʧʨʠ 77ʂ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʧʦʣʝ ʥʘ 

ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʤʝʥʴʰʝ ʩʫʤʤʳ ʪʦʢʦʚ ʣʝʥʪ ʥʘ ʚʝʣʠʯʠʥʳ ʜʦ 7%, ʠʟ-ʟʘ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʦʚ, ʨʘʟʙʨʦʩʘ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʝʥʪ ʧʦ ʜʣʠʥʝ 

(ʊʘʙʣʠʮʘ 4.4) ʠ ʚʣʠʷʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ. ʈʘʩʯʝʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ ʙʳʣ 

ʧʨʦʠʟʚʝʜʝʥ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʮʝʥʢʘ ʝʛʦ ʚʣʠʷʥʠʷ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʜʘʥʥʳʤʠ ʠʟʤʝʨʝʥʠʡ. 

ʃʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ ɺɸʍ ʦʙʨʘʟʮʘ N1 ʠʟ 16 ʣʝʥʪ ʦʪ 1000 ʜʦ 1400 ɸ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʪʦʢʦʚ ʤʝʞʜʫ ʣʝʥʪʘʤʠ. ɺʝʣʠʯʠʥʘ ʪʦʢʘ ʥʘ 10 

ʤʢɺ/ʩʤ ʩʦʩʪʘʚʣʷʝʪ 1600 ɸ. ʋ ʦʙʨʘʟʮʘ N2 ʢʦʥʪʘʢʪʳ ʟʥʘʯʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʝʝ, ʩʘʤ 

ʦʥ ï ʜʣʠʥʥʝʝ, ʧʦʵʪʦʤʫ ʥʘ ɺɸʍ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʠʜʥʦ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ, ʚʳʟʚʘʥʥʦʡ 

ʧʝʨʝʪʝʢʘʥʠʝʤ. 

ʅʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʨʘʟʥʠʮʘ ʦʙʫʩʣʦʚʣʝʥʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʦʢʘ ʤʝʞʜʫ 

ʣʝʥʪʘʤʠ ï ʜʣʠʥʘ ʦʙʨʘʟʮʘ 1 ʤʝʥʴʰʝ, ʘ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʧʘʷ ʭʫʞʝ, ʯʝʤ ʫ ʦʙʨʘʟʮʘ 2, 

ʧʦʵʪʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʨʘʟʮʝ N1 ʜʦ 4 ʤʢɺ/ʩʤ, ʘ ʚ ʦʙʨʘʟʮʝ N2 

ï ʜʦ 0,5-1 ʤʢɺ/ʩʤ. ʅʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʥʜʫʢʪʠʚʥʦʩʪʷʤʠ ʦʪʜʝʣʴʥʳʭ ʣʝʥʪ. ʆʥʠ ʨʘʚʥʳ ʠʟ-ʟʘ ʩʠʤʤʝʪʨʠʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʇʦʵʪʦʤʫ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʪʝʨʴ 

ʦʙʨʘʟʮʦʚ ʙʣʠʟʢʠ ʧʦ ʚʝʣʠʯʠʥʝ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʪʦʢʦʚ. 

 

ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 4.9 ï ɺɸʍ ʊʅʕ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ ʧʦʜ ʦʪʢʘʯʢʦʡ ʧʨʠ 65 ʂ (ʘ); ɺɸʍ ʦʙʨʘʟʮʘ 

N1 ʚ ʞʠʜʢʦʤ ʛʝʣʠʠ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʚʥʝʰʥʝʤ ʧʦʣʝ (ʙ) 
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ʊʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʝʨʠ, ʚ ʦʩʥʦʚʥʦʤ, ʦʙʫʩʣʦʚʣʝʥʳ ɺɸʍ ʠ ʛʠʩʪʝʨʝʟʠʩʥʳʤʠ 

ʧʦʪʝʨʷʤʠ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʣʷ, ʧʦʵʪʦʤʫ ʧʦʪʝʨʠ ʥʘ ʮʠʢʣ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʪʦʢʘ ʩ 

ʜʘʥʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʩʦʩʪʘʚʣʷʶʪ 1/100 ʤʦʱʥʦʩʪʠ ʧʦʪʝʨʴ ʥʘ 50ɻʮ, ʢʨʦʤʝ ʦʙʣʘʩʪʠ 

ʘʤʧʣʠʪʫʜ ʪʦʢʘ ñʩ ʨʘʟʦʛʨʝʚʦʤò, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ >1600 ɸ. 

 

ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 4.10 ï ʇʦʪʝʨʠ ʦʪ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʪʦʢʘ ʚ ʩʠʥʭʨʦʥʥʦ ʠʟʤʝʥʷʶʱʝʤʩʷ 

ʧʦʣʝ 50ɻʮ (ʘ); ʧʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ ʦʙʨʘʟʮʘ ʊʅʕ N1 ʠ 16 ʣʝʥʪ 

ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʦʣʝ (ʙ) 

 

ɺʠʜʥʦ, ʯʪʦ ʢʨʠʚʘʷ ʧʦʣʝʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʊʅʕ (ʈʠʩʫʥʦʢ 4.10 ʙ) ʧʨʦʭʦʜʠʪ 

ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ 16 ʣʝʥʪ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʦʣʝ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ 

ʧʦʣʷ ʪʦʢʘ ʦʙʨʘʪʥʦʛʦ ʪʦʢʦʚʚʦʜʘ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʧʦʣʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʦʢʘ ʊʅʕ.  

ɼʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʞʥʦ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ 

ʦʮʝʥʠʚʘʪʴ ʪʦʢʦʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʊʅʕ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʣʝʡ ʠ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʜʘʥʥʳʤ ʜʣʷ ʣʝʥʪ. ɺ ʞʠʜʢʦʤ ʛʝʣʠʠ ʚ ʧʦʣʝ ʥʝʩʢʦʣʴʢʠʭ ʊʣ ʪʦʢ 

ʦʙʨʘʟʮʘ ʨʘʚʝʥ ʩʫʤʤʝ ʪʦʢʦʚ ʣʝʥʪ, ʧʦ ʧʦʣʝʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ, 

ʧʨʠʚʝʜʝʥʥʦʡ ʚ [65]. 
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ʊʘʙʣʠʮʘ 4.5 ï ʀʟʤʝʨʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʦʢʦʚʳʭ ʪʝʨʤʠʥʘʣʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘ 

N ʦʙʨʘʟʮʘ 

ʧʦ ʪʘʙʣʠʮʝ 

2 

ʃʝʥʪʘ ʊ-ʨʘ, ʂ ʊʦʢ, ɸ ʉʦʧʨʦʪʠʚʣʝʥʠʝ 

ʪʝʨʤʠʥʘʣʦʚ, 

ʤʢʆʤ 

1 SuperPower 77 1580 (10ʤʢɺ/ʩʤ) 0,3-07 

1 SuperPower 65 3100 (1 ʤʢɺ/ʩʤ) 0,2-0,5 

1 SuperPower 4,2 4070/4210   7,7 ʊʣ <0,02 

2 SuperPower 77 1600 (10ʤʢɺ/ʩʤ) ~0,15 

3 SuNAM 77 1640 (1 ʤʢɺ/ʩʤ) 1,5-2 

3 SuNAM 65 3050 (1 ʤʢɺ/ʩʤ) 1-1,3 

 

 

ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 4.11 ï ʉʨʘʚʥʝʥʠʝ ɺɸʍ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʠ ʥʝ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ 

 ʦʙʨʘʟʮʦʚ (ʘ); ʩʨʘʚʥʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʝʨʴ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʠ 

ʥʝʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ (ʙ) 
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ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 3.12 ïʉʨʘʚʥʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʝʨʴ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʠ 

ʥʝʠʟʦʣʠʨʦʚʘʥʥʦʤ 4 ʣʝʥʪʦʯʥʦʤ ʦʙʨʘʟʮʝ ʚ ʩʠʥʭʨʦʥʥʦʤ ʧʦʣʝ (ʘ);  ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʢʦʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʝʥʪʳ ʜʣʷ ʦʮʝʥʢʠ ʥʘʛʨʝʚʘ ɺʊʉʇ ʩʣʦʷ ʧʦ 

ʛʠʩʪʝʨʝʟʠʩʫ ɺɸʍ (ʙ) 

 

4.8 ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʝ 

 

ʆʙʨʘʟʝʮ ʥʘ ʪʦʡ ʞʝ ʦʧʨʘʚʢʝ ʨʘʜʠʫʩʦʤ 150 ʤʤ ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ 

ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʠʩʧʳʪʘʥʠʶ ʥʘ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʝ (ʈʠʩʫʥʦʢ 4.13). ʆʙʨʘʟʝʮ, 

ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ ʧʨʠ 77ʂ, ʥʘʪʷʛʠʚʘʣʩʷ ʟʘ ʪʦʢʦʚʳʝ ʪʝʨʤʠʥʘʣʳ ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʠ ʟʘ ʦʧʨʘʚʢʫ ʩ ʜʨʫʛʦʡ, ʩ ʫʩʠʣʠʝʤ ʜʦ 100 ʢʛ. ʇʨʠ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ 

ʠʩʧʳʪʘʥʠʡ ʊʅʕ ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʦʧʨʘʚʢʝ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʨʘʩʪʷʛʠʚʘʥʠʝʤ, 

ʠʤʠʪʠʨʫʷ ʥʘʛʨʫʟʢʫ ʧʨʠ ʥʘʤʦʪʢʝ ʠ, ʦʪʯʘʩʪʠ, ʥʘʛʨʫʟʢʫ ʚ ʦʙʤʦʪʢʝ ʤʘʛʥʠʪʥʦʡ 

ʩʠʩʪʝʤʳ. ʇʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʠʣʠʷʭ, ʚʧʣʦʪʴ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ, ʠʟʤʝʨʷʣʠʩʴ 

ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʅʝ ʦʙʥʘʨʫʞʝʥʦ ʥʠʢʘʢʦʡ ʜʝʛʨʘʜʘʮʠʠ ʪʦʢʦʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʚʧʣʦʪʴ ʜʦ ʫʩʠʣʠʷ 100 ʢʛ, ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ (ʘ 

ʪʘʢʞʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʥʘ ʥʘʤʦʪʦʯʥʦʤ ʫʩʪʨʦʡʩʪʚʝ). ʇʦʩʢʦʣʴʢʫ ʵʪʦ 

ʠʩʧʳʪʘʥʠʝ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʧʨʠ ʙʦʣʝʝ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ, ʯʝʤ ʥʘʤʦʪʢʘ ï ʧʨʠ 

ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʊʅʕ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʚʳʜʝʨʞʠʪ ʥʘʤʦʪʢʫ ʩ ʥʘʪʷʞʝʥʠʝʤ ʜʦ 100 ʢʛ ʥʘ ʜʠʘʤʝʪʨ, ʙʦʣʴʰʠʡ 

ʯʝʤ 300 ʤʤ. 


