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ɺɺɽɼɽʅʀɽ  

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʫʯʢʠ ʫʩʢʦʨʝʥʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʥʘʭʦʜʷʪ ʚʩʸ ʙʦʣʝʝ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʢʘʢ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ, ʪʘʢ ʠ ʚ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʯʥʳʭ 

ʟʘʜʘʯʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʨʫʞʝʥʠʶ ʥʦʚʳʭ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʝʡʩʪʚʫʶʱʠʭ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʨʠ ʵʪʦʤ 

ʚʦ ʚʨʝʤʷ ʥʘʩʪʨʦʡʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʢʦʨʠʪʝʣʝʡ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʨʝʰʘʶʱʫʶ 

ʨʦʣʴ ʠʛʨʘʶʪ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʝʩʧʝʯʠʪʴ 

ʨʘʙʦʪʫ ʫʩʢʦʨʠʪʝʣʝʡ ʩ ʪʨʝʙʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.  

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʤʠʨʦʚʘʷ ʧʨʘʢʪʠʢʘ, ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʠʩʪʝʤ r ʜʠʘʛʥʦʩʪʠʢʠ, 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʚ ʢʨʫʧʥʳʭ ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, 

ʦʙʳʯʥʦ ʨʘʟʜʝʣʝʥ rʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ:  

 ʆʪʜʝʣʴʥʦʝ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʨʝʜʢʠʭ ʩʣʦʞʥʳʭ 

ʠʟʤʝʨʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʟʘʯʘʩʪʫʶ ʚ ʝʜʠʥʩʪʚʝʥʥʦʤ ʵʢʟʝʤʧʣʷʨʝ ʥʘ 

ʫʩʢʦʨʠʪʝʣʝ, ʢʦʪʦʨʦʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʧʦʜ ʧʘʨʘʤʝʪʨʳ 

ʢʦʥʢʨʝʪʥʦʡ ʤʘʰʠʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʛʨʫʧʧ 

ʜʨʫʛʠʭ ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

 ʆʙʦʨʫʜʦʚʘʥʠʝ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʘ, 

ʢʦʪʦʨʦʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʛʦʪʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʠʣʠ ʩʠʩʪʝʤ 

ʚʤʝʩʪʝ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʵʣʝʢʪʨʦʥʠʢʦʡ, ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʪʠʧʦʚʳʭ ʠʟʤʝʨʝʥʠʡ. ʆʩʥʦʚʥʳʤʠ ʧʦʩʪʘʚʱʠʢʘʤʠ ʜʘʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘ ʨʫʙʝʞʦʤ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ, ʢʘʢ 

Bergoz (ʌʨʘʥʮʠʷ), Pantechnik (ʌʨʘʥʮʠʷ), NTG (ɻʝʨʤʘʥʠʷ), ITS (ʖʞʥʘʷ 

ʂʦʨʝʷ), Andesun (ʂʠʪʘʡ), D-Pace (ʂʘʥʘʜʘ) ʠ ʜʨʫʛʠʝ ʬʠʨʤʳ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ 

ʜʝʡʩʪʚʫʶʱʠʤʠ ʠʣʠ ʙʳʚʰʠʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʫʩʢʦʨʠʪʝʣʴʥʳʭ 

ʮʝʥʪʨʦʚ ʜʣʷ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʠʤʝʶʱʠʭʩʷ ʫ ʥʠʭ ʨʘʟʨʘʙʦʪʦʢ.  



5 

 

 

 

ɸ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʧʦʩʪʘʚʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢʠʤʠ ʢʨʫʧʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʢʘʢ 

National Instruments (ʉʐɸ), Dimtel (ʉʐɸ), CAEN (ʀʪʘʣʠʷ), Instrumentation 

Technologies (ʉʣʦʚʝʥʠʷ), Advantech (ʊʘʡʚʘʥʴ) ʠ ʧʨ. 
 

ɺ ʈʦʩʩʠʠ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʫʩʢʦʨʝʥʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʧʨʠ 

ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʝʢʪʦʚ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʦʨʫʞʝʥʠʶ ʫʩʢʦʨʠʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʥʝʤʥʦʛʠʝ ʜʝʡʩʪʚʫʶʱʠʝ ʛʨʫʧʧʳ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʜʠʘʛʥʦʩʪʠʢʝ 

ʧʫʯʢʘ ʟʘʥʷʪʳ ʚ ʧʨʦʮʝʩʩʘʭ ʦʙʥʦʚʣʝʥʠʷ ʩʠʩʪʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʘʰʠʥ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʧʦ ʠʭ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ. ʉʣʦʞʠʚʰʘʷʩʷ ʩʠʪʫʘʮʠʷ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʩʦʦʨʫʞʝʥʠʝ ʥʦʚʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʬʘʢʪʠʯʝʩʢʠ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʣʠʙʦ ʧʦʢʫʧʢʫ ʧʦʜʦʙʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫ ʟʘʨʫʙʝʞʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʣʠʙʦ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʨʘʟʨʘʙʦʪʢʫ ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ 

ʧʨʦʝʢʪʘ, ʯʪʦ ʤʦʞʝʪ ʪʨʝʙʦʚʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʪʘʢ ʢʘʢ ʚ 

ʧʨʠʙʦʨʘʭ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʜʝʡʩʪʚʦʚʘʥ ʰʠʨʦʢʠʡ ʥʘʙʦʨ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠ ʟʘʯʘʩʪʫʶ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʨʝʙʫʶʱʠʭ 

ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʠʥʪʝʥʩʠʚʥʳʭ ʧʫʯʢʦʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʫʩʢʦʨʠʪʝʣʝʡ, ʢʦʛʜʘ ʵʢʩʧʣʫʘʪʘʮʠʷ ʦʪʜʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ ʚʝʜʝʪʩʷ ʚ 

ʨʝʞʠʤʝ ʨʘʙʦʪʳ, ʙʣʠʟʢʦʤ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʩʪʫʧʘʝʪ ʣʠʙʦ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʠʩʢʘʞʝʥʠʝ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʣʠʙʦ ʨʘʟʨʫʰʝʥʠʝ ʜʝʪʝʢʪʠʨʫʶʱʝʡ ʯʘʩʪʠ ʜʘʪʯʠʢʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʙʦʨʦʚ ʠ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʠ 

ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʫʩʢʦʨʝʥʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʜʣʷ ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʟʜʘʥʠʝʤ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʥʝ ʪʦʣʴʢʦ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʥʦ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʠʙʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʥʘʩʪʨʦʡʢʫ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʦʦʨʫʞʘʝʤʳʭ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʷʚʣʷʶʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʬʠʟʠʢʠ ʧʫʯʢʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʫʩʢʦʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. 
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ʎʝʣʴ ʨʘʙʦʪʳ  

ʅʘʩʪʦʷʱʘʷ ʜʠʩʩʝʨʪʘʮʠʷ ʧʦʩʚʷʱʝʥʘ ʩʦʟʜʘʥʠʶ ʧʨʠʙʦʨʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʙʘʟʳ 

ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʜʣʷ ʩʦʦʨʫʞʘʝʤʳʭ ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʣʠʥʝʡʥʳʭ 

ʨʝʟʦʥʘʥʩʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠʦʥʦʚ, ʜʣʷ ʯʝʛʦ ʨʝʰʘʝʪʩʷ ʪʨʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯʠ: 

 ʈʘʟʨʘʙʦʪʢʘ ʦʙʦʙʱʝʥʥʳʭ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ 

ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʚ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʷʭ ʠʦʥʦʚ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʙʦʨʘ 

ʩʦʩʪʘʚʘ ʩʠʩʪʝʤ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ. 

 ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʙʘʟʦʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʚ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʷʭ ʠʦʥʦʚ ʜʣʷ 

ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʦʨʫʞʘʝʤʳʭ ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʫʩʪʘʥʦʚʦʢ. 

 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʦʚ ʥʘ ʣʠʥʝʡʥʳʭ 

ʫʩʢʦʨʠʪʝʣʷʭ ʠʦʥʦʚ, ʢʘʥʘʣʘʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʩʪʝʥʜʘʭ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʠʢ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ  

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ 

ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʦʚʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

 

1. ʈʘʟʨʘʙʦʪʘʥ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʝʨʠʬʠʮʠʨʦʚʘʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩ ʪʨʝʭʤʝʨʥʳʭ 

ʤʫʣʴʪʠʬʠʟʠʯʥʳʭ ʤʦʜʝʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʜʣʷ ʣʠʥʝʡʥʳʭ 

ʫʩʢʦʨʠʪʝʣʝʡ ʠʦʥʦʚ.  

2. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʠʦʥʦʚ 

ʚʦʜʦʨʦʜʘ ʩʤʝʰʘʥʥʳʭ ʟʘʨʷʜʥʦʩʪʝʡ, ʚʢʣʶʯʘʷ ʘʪʦʤʘʨʥʳʝ ʧʫʯʢʠ, ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠ ʵʥʝʨʛʠʡ. 

3. ʈʘʟʨʘʙʦʪʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʣʦʞʝʥʠʷ ʠ 

ʪʦʢʘ ʨʘʟʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʧʫʯʢʦʚ ʧʨʦʪʦʥʦʚ ʚ ʧʨʦʪʷʞʝʥʥʳʭ ʢʘʥʘʣʘʭ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʸʤʢʦʩʪʥʳʭ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ. 
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4. ɼʣʷ ʠʟʤʝʨʠʪʝʣʝʡ ʧʨʦʜʦʣʴʥʦʡ ʬʦʨʤʳ ʩʛʫʩʪʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʦʩʥʦʚʝ 

ʧʦʧʝʨʝʯʥʦʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʠ ʚʪʦʨʠʯʥʳʭ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʦʥʦʚ, ʨʘʟʨʘʙʦʪʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʬʘʟʦʚʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ ʜʦ ʫʨʦʚʥʷ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʠʩʧʝʨʩʠʝʡ ʚʨʝʤʝʥʠ ʚʳʣʝʪʘ ʵʣʝʢʪʨʦʥʦʚ 

ʚʪʦʨʠʯʥʦʡ ʵʤʠʩʩʠʠ, ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʨʘʩʰʠʨʝʥʠʷ ʨʘʙʦʯʝʛʦ ʬʘʟʦʚʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʡ ʜʦ ʧʦʣʥʦʛʦ ʧʝʨʠʦʜʘ ʩʣʝʜʦʚʘʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʛʫʩʪʢʦʚ. 
 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ  

ɼʦʩʪʠʛʥʫʪʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ 

ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʚ ʫʩʢʦʨʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʥʘ ʦʩʥʦʚʝ ʩʠʣʴʥʦʪʦʯʥʦʛʦ 

ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʀʗʀ ʈɸʅ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʙʳʣʘ ʦʙʝʩʧʝʯʝʥʘ 

ʥʘʩʪʨʦʡʢʘ ʧʫʯʢʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʢʘʢ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʥʘʫʯʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʀʗʀ ʈɸʅ, ʪʘʢ ʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʙʷʟʘʪʝʣʴʩʪʚ ʚ ʨʘʤʢʘʭ ʩʦʛʣʘʰʝʥʠʡ ʩ 

ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. ɺ ʪʦʤ ʯʠʩʣʝ, ʚ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʠʩʩʝʨʪʘʮʠʠ ʣʝʞʘʪ 

ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʀʗʀ ʈɸʅ ʧʦ ʜʦʛʦʚʦʨʘʤ ʩ ʈʌʗʎ-ɺʅʀʀʕʌ, ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ 

ʠʥʩʪʠʪʫʪè, ʅʀʗʋ çʄʀʌʀè, ʆʀʗʀ, ʘ ʪʘʢʞʝ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʫʩʢʦʨʠʪʝʣʴʥʳʤʠ 

ʮʝʥʪʨʘʤʠ CERN (ʐʚʝʡʮʘʨʠʷ), FAIR-GSI (ɻʝʨʤʘʥʠʷ), ESS  (ʐʚʝʮʠʷ), MYRRHA 

(ɹʝʣʴʛʠʷ), FRIB MSU (ʉʐɸ) ʥʘ ʨʘʟʨʘʙʦʪʢʫ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʧʦʩʪʘʚʢʫ ʩʠʩʪʝʤ ʠ 

ʦʪʜʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʜʣʷ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠʦʥʦʚ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʠʣʠ ʩʦʦʨʫʞʘʝʤʳʭ ʚ ʵʪʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ. 
 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ  

ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ: 

¶ ʥʘ ʦʩʥʦʚʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ 

ʙʘʟʦʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʜʣʷ ʣʠʥʝʡʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠʦʥʦʚ,  

¶ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʮʝʧʮʠʷ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʥʝʨʘʟʨʫʰʘʶʱʝʡ ʩʠʩʪʝʤʳ 

ʘʚʘʨʠʡʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʪʝʨʴ ʧʫʯʢʘ ʩʠʣʴʥʦʪʦʯʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ 

ʧʨʦʪʦʥʦʚ ʧʨʦʝʢʪʘ DARIA, 
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¶ ʨʘʟʨʘʙʦʪʘʥʳ ʯʠʩʣʝʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʫʩʪʨʦʡʩʪʚ ʙʘʟʦʚʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʜʣʷ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠʦʥʦʚ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʦʙʝʩʧʝʯʝʥʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

¶ ʨʘʟʨʘʙʦʪʘʥʳ ʯʠʩʣʝʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʫʩʪʨʦʡʩʪʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʩʪʝʥʜʦʚ 

ʦʙʣʫʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʧʫʯʢʦʚ, ʚʳʚʝʜʝʥʥʳʭ ʥʘ ʚʦʟʜʫʭ, 

¶ ʧʨʝʜʣʦʞʝʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʭ 

ʧʦʣʦʩʢʦʚʳʭ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ, 

¶ ʨʘʟʨʘʙʦʪʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʣʦʞʝʥʠʷ ʠ 

ʪʦʢʘ ʨʘʟʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʧʫʯʢʦʚ ʧʨʦʪʦʥʦʚ ʚ ʧʨʦʪʷʞʝʥʥʳʭ ʢʘʥʘʣʘʭ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʸʤʢʦʩʪʥʳʭ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ, 

¶ ʨʘʟʨʘʙʦʪʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʬʘʟʦʚʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʠʟʤʝʨʠʪʝʣʝʡ ʧʨʦʜʦʣʴʥʦʡ ʬʦʨʤʳ ʩʛʫʩʪʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʦʩʥʦʚʝ ʧʦʧʝʨʝʯʥʦʡ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʠ ʚʪʦʨʠʯʥʳʭ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ,  

 

ʣʠʙʦ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʩʣʫʯʘʝ ʢʦʪʦʨʦʛʦ ʚʢʣʘʜ ʘʚʪʦʨʘ ʢʘʢ ʛʣʘʚʥʦʛʦ ʨʘʟʨʘʙʦʪʯʠʢʘ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʨʫʢʦʚʦʜʠʪʝʣʷ ʧʨʦʚʦʜʠʤʳʭ ʨʘʙʦʪ ʙʳʣ ʦʧʨʝʜʝʣʷʶʱʠʤ, ʘ ʠʤʝʥʥʦ: 

¶ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʘʚʪʦʨʘ ʠʟʛʦʪʦʚʣʝʥʳ, ʩʦʙʨʘʥʳ 

ʠ ʥʘʩʪʨʦʝʥʳ ʩʠʩʪʝʤʳ ʠ ʦʪʜʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʜʠʘʛʥʦʩʪʠʢʠ ʠʦʥʥʳʭ ʧʫʯʢʦʚ ʩ 

ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

¶ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʦʚ ʥʘ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʷʭ ʠʦʥʦʚ, ʢʘʥʘʣʘʭ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʩʪʝʥʜʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʚʪʦʨʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ, 

¶ ʥʘ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʀʗʀ ʈɸʅ ʦʙʝʩʧʝʯʝʥʦ ʧʨʦʚʝʜʝʥʠʝ 

ʥʘʫʯʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʙʣʫʯʝʥʠʶ ʦʙʲʝʢʪʦʚ ʧʫʯʢʘʤʠ ʠʦʥʦʚ 

ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠ ʵʥʝʨʛʠʡ. 
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ɺ 2021 ʛ. ʟʘ ʮʠʢʣ ʨʘʙʦʪ çʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʫʩʪʨʦʡʩʪʚ 

ʜʠʘʛʥʦʩʪʠʢʠ ʩʪʨʫʢʪʫʨʳ ʩʛʫʩʪʢʦʚ ʧʫʯʢʘ ʚ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʷʭ ʠʦʥʦʚè ʘʚʪʦʨ 

ʚʤʝʩʪʝ ʩ ɸ. ɺ. ʌʝʱʝʥʢʦ (ʀʗʀ ʈɸʅ) ʠ ɺ. ɸ. ɻʘʡʜʘʰʦʤ (ʀʗʀ ʈɸʅ) ʙʳʣ ʫʜʦʩʪʦʝʥ 

ʧʨʝʤʠʠ ʠʤʝʥʠ ɺ. ʀ. ɺʝʢʩʣʝʨʘ ï ʥʘʫʯʥʦʡ ʥʘʛʨʘʜʳ, ʧʨʠʩʫʞʜʘʝʤʦʡ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʝʡ ʥʘʫʢ ʟʘ ʚʳʜʘʶʱʠʝʩʷ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʫʩʢʦʨʠʪʝʣʝʡ. 

 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ  

 ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʙʘʟʦʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʧʫʯʢʦʚ ʜʣʷ ʣʠʥʝʡʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠʦʥʦʚ. 

 ʂʦʥʮʝʧʮʠʷ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʥʝʨʘʟʨʫʰʘʶʱʝʡ ʩʠʩʪʝʤʳ ʙʳʩʪʨʦʛʦ ʘʚʘʨʠʡʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʪʝʨʴ ʧʫʯʢʘ 

ʩʠʣʴʥʦʪʦʯʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʧʨʦʪʦʥʦʚ ʧʨʦʝʢʪʘ DARIA. 

 ʂʦʤʧʣʝʢʩ ʪʨʝʭʤʝʨʥʳʭ ʤʫʣʴʪʠʬʠʟʠʯʥʳʭ ʤʦʜʝʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʧʫʯʢʦʚ ʜʣʷ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠʦʥʦʚ. 

 ʈʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʥʘʩʪʨʦʡʢʠ ʩʠʩʪʝʤ ʠ ʧʨʠʙʦʨʦʚ 

ʙʘʟʦʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʜʣʷ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠʦʥʦʚ. 

 ʉʠʩʪʝʤʘ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʩʤʝʰʘʥʥʳʭ ʟʘʨʷʜʥʦʩʪʝʡ. 

 ʉʠʩʪʝʤʘ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʧʨʦʪʦʥʦʚ, ʚʳʚʝʜʝʥʥʳʭ ʥʘ ʚʦʟʜʫʭ, ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʩʪʝʥʜʦʚ. 

 ʄʝʪʦʜʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʭ ʧʦʣʦʩʢʦʚʳʭ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ. 

 ʄʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʣʦʞʝʥʠʷ ʠ ʪʦʢʘ ʨʘʟʛʨʫʧʧʠʨʦʚʘʥʥʳʭ 

ʧʫʯʢʦʚ ʧʨʦʪʦʥʦʚ ʚ ʧʨʦʪʷʞʝʥʥʳʭ ʢʘʥʘʣʘʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʘ ʦʩʥʦʚʝ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʸʤʢʦʩʪʥʳʭ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ. 

 ʄʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʬʘʟʦʚʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʤʝʪʦʜʘ ʨʘʩʰʠʨʝʥʠʷ ʨʘʙʦʯʝʛʦ ʬʘʟʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʠʪʝʣʝʡ ʧʨʦʜʦʣʴʥʦʡ 

ʬʦʨʤʳ ʩʛʫʩʪʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʦʩʥʦʚʝ ʧʦʧʝʨʝʯʥʦʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʤʦʜʫʣʷʮʠʠ ʚʪʦʨʠʯʥʳʭ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ. 

 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʩʪʨʦʡʢʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʦʚ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʷʭ 

ʠʦʥʦʚ, ʢʘʥʘʣʘʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʩʪʝʥʜʘʭ. 
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ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ  

ɺʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʠʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʚ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʷʭ ʠʦʥʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʫʙʣʠʯʥʳʤ ʦʙʩʫʞʜʝʥʠʝʤ ʚ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʤ ʩʦʦʙʱʝʩʪʚʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʢʘʢ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʘ, ʪʘʢ ʠ 

ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʦʚ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʢʦʨʠʪʝʣʷʭ. 

 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʄʝʪʦʜʦʣʦʛʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʘʚʪʦʨʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

 ʇʝʨʚʠʯʥʳʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʚʳʷʚʣʝʥʠʝ ʢʣʶʯʝʚʳʭ ʵʬʬʝʢʪʦʚ, ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʠ ʦʮʝʥʢʠ. 

 ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʠ ʧʨʦʚʝʜʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ɻ ʢʩʧʝʨʠʤʝʥʪʦʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʪʨʝʭʤʝʨʥʦʛʦ ʤʫʣʴʪʠʬʠʟʠʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤʘʭ çCOMSOL Multiphysicsè ʠ çANSYSè. 

 ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʠʪʝʨʘʪʠʚʥʦʛʦ ʪʨʝʭʤʝʨʥʦʛʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠ ̫ ʚ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʝ çSolidworksè. 

 ʀʟʛʦʪʦʚʣʝʥʠʝ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ. 

 ɼʦʨʘʙʦʪʢʘ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ, ʢʦʨʨʝʢʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʥʠʢʠ. 

 ʀʩʧʳʪʘʥʠʷ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʟʤʝʨʝʥʠʷ ʠ ʥʘʩʪʨʦʡʢʘ 

ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʘ ʥʘ ʜʝʡʩʪʚʫʶʱʝʤ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʠʦʥʦʚ.  

 ʉʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ LabVIEW. 

 

ʉʚʷʟʴ ʩ ʥʘʫʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ  

ʆʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʩʣʝʜʫʶʱʠʭ ʧʨʦʛʨʘʤʤ: 

 ʌʝʜʝʨʘʣʴʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʨʘʟʚʠʪʠʷ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʠ 

ʥʝʡʪʨʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘ  

2019-2027 ʛʦʜʳ. 
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 ʅʘʫʯʥʘʷ ʧʨʦʛʨʘʤʤʘ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʬʠʟʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ, 

ʥʘʧʨʘʚʣʝʥʠʝ ˉ 6 çʗʜʝʨʥʘʷ ʠ ʨʘʜʠʘʮʠʦʥʥʘʷ ʬʠʟʠʢʘè. 

 ʇʨʦʛʨʘʤʤʘ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʣʠʜʝʨʩʪʚʘ çʇʨʠʦʨʠʪʝʪ-2030è. 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ  

ɺʩʝʛʦ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʘ 41 ʨʘʙʦʪʘ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥʳ ʚ 16 ʧʫʙʣʠʢʘʮʠʷʭ [1 ï 16] ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ 

ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 15 ʧʫʙʣʠʢʘʮʠʷʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʝ ʮʠʪʠʨʦʚʘʥʠʷ Web of Science (Core Collection), ʘ ʪʘʢʞʝ ʚ 

25 ʨʘʙʦʪʘʭ [17 ï 41], ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʪʨʫʜʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʝ ʮʠʪʠʨʦʚʘʥʠʷ Scopus: 

 Russian Particle Accelerator Conference (RuPAC 2014, 2016, 2018, 2021). 

 International Beam Instrumentation Conference (IBIC 2017, 2018, 2024). 

 Linear Accelerator Conference (LINAC 2016). 

 International Particle Accelerator Conference (IPAC 2018). 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ.  

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ 

ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʜʝʨʞʘʱʝʛʦ 

148 ʥʘʠʤʝʥʦʚʘʥʠʡ, ʚʢʣʶʯʘʷ 41 ʨʘʙʦʪʫ ʘʚʪʦʨʘ.  

ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ: 350 ʩʪʨʘʥʠʮ, ʚʢʣʶʯʘʷ 283 ʨʠʩʫʥʢʘ ʠ 16 ʪʘʙʣʠʮ.  

 

ʉʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ  

ɺʦ ɺʚʝʜʝʥʠʠ ʠʟʣʘʛʘʶʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ; ʮʝʣʴ, ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ; 

ʦʧʠʩʳʚʘʝʪʩʷ ʣʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʠ ʧʝʨʝʯʠʩʣʷʶʪʩʷ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ 

ʟʘʱʠʪʫ; ʦʪʨʘʞʘʝʪʩʷ ʩʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʤʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʫʢʘʟʳʚʘʪʁʩʷ ʜʘʥʥʳʝ ʦ ʩʚʷʟʠ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʥʘʫʯʥʳʤʠ 

ʧʨʦʛʨʘʤʤʘʤʠ, ʘʧʨʦʙʘʮʠʠ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʷʭ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ. 
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ɺ ɻʣʘʚʝ 1 ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʟʘʜʘʯʠ ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʧʫʯʢʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ, ʥʘʟʥʘʯʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠʦʥʦʚ, 

ʜʘʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʪʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʦʚ, 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʧʦʢʘʟʘʥ ʪʠʧʠʯʥʳʡ ʚʳʙʦʨ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʠʚʝʜʝʥʳ ʦʧʠʩʘʥʠʷ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ 

ʨʘʙʦʪʳ ʠ ʦʩʥʦʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʠʤʝʨʳ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʫʢʘʟʘʥʳ ʦʧʳʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʙʦʩʥʦʚʘʥʠʷ ʠʭ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʫʯʢʦʚ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪ 

ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʫʶ ʢʦʥʮʝʧʮʠʶ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʙʘʟʦʚʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʜʣʷ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠʦʥʦʚ ʩ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ ʠʟʤʝʨʝʥʠʡ: 

 ʀʟʤʝʨʝʥʠʷ ʪʦʢʘ: ʠʥʜʫʢʮʠʦʥʥʳʡ ʜʘʪʯʠʢ ʪʦʢʘ ʠ ʮʠʣʠʥʜʨ ʌʘʨʘʜʝʷ. 

 ʈʘʟʨʫʰʘʶʱʠʝ ʠʟʤʝʨʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʧʨʦʬʠʣʷ: ʜʚʫʭʧʨʦʚʦʣʦʯʥʳʡ ʩʢʘʥʝʨ, 

ʤʥʦʛʦʧʨʦʚʦʣʦʯʥʳʡ ʧʨʦʬʠʣʦʤʝʪʨ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʵʢʨʘʥ. 

 ʅʝʨʘʟʨʫʰʘʶʱʠʝ ʠʟʤʝʨʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʧʨʦʬʠʣʷ: ʠʦʥʠʟʘʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʫʯʢʘ, ʧʨʦʬʠʣʦʤʝʪʨ ʥʘ ʦʩʥʦʚʝ ʩʚʝʯʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ. 

 ʀʟʤʝʨʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ: ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ, ʜʠʘʬʨʘʛʤʠʨʦʚʘʥʥʳʡ, 

ʱʝʣʝʚʦʡ ʠʟʤʝʨʠʪʝʣʠ ʵʤʠʪʪʘʥʩʘ. 

 ʀʟʤʝʨʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ: ʠʟʤʝʨʠʪʝʣʴ ʬʦʨʤʳ ʩʛʫʩʪʢʦʚ. 

 ʀʟʤʝʨʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠ ʬʘʟʳ: ʸʤʢʦʩʪʥʳʝ ʠ ʧʦʣʦʩʢʦʚʳʝ ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʠʷ. 

 ʀʟʤʝʨʝʥʠʷ ʧʦʪʝʨʴ: ʛʘʟʦʚʳʝ ʠʦʥʠʟʘʮʠʦʥʥʳʝ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʢʘʤʝʨʳ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʙʳʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʢʦʥʮʝʧʮʠʠ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʘ 

ʩʠʣʴʥʦʪʦʯʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʧʨʦʪʦʥʦʚ ʧʨʦʝʢʪʘ DARIA (neutron source 

Dedicated to Applied Research and Industrial Applications) ï ʢʦʤʧʘʢʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʥʝʡʪʨʦʥʦʚ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʟʘʜʘʯ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʥʘ ʦʩʥʦʚʝ ʫʩʢʦʨʠʪʝʣʷ ʩ ʧʨʦʝʢʪʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʵʥʝʨʛʠʷ 13 ʄʵɺ, ʠʤʧʫʣʴʩʥʳʡ ʪʦʢ 100 ʤɸ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 

100 ʤʢʩ, ʯʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ 100 ɻʮ. 
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ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʘ ʚ ʜʘʥʥʦʤ ʫʩʢʦʨʠʪʝʣʝ 

ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʠʤʧʫʣʴʩʥʘʷ ʠ ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʧʫʯʢʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʳʙʦʨ ʚʦʟʤʦʞʥʳʭ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʠ ʤʝʪʦʜʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʙʳʣʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ 

ʧʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʫʩʪʨʦʡʩʪʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʥʝʨʘʟʨʫʰʘʶʱʠʝ ʩʧʦʩʦʙʳ ʠʟʤʝʨʝʥʠʡ. ʀʥʜʫʢʮʠʦʥʥʳʝ ʜʘʪʯʠʢʠ ʪʦʢʘ ʠ ʧʦʣʦʩʢʦʚʳʝ 

ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʧʦʣʦʞʝʥʠʷ, ʬʘʟʳ ʠ ʵʥʝʨʛʠʠ ʧʫʯʢʘ ʤʦʛʫʪ 

ʙʳʪʴ ʩʪʘʮʠʦʥʘʨʥʦ ʫʩʪʘʥʦʚʣʝʥʳ ʚʜʦʣʴ ʫʩʢʦʨʠʪʝʣʷ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʜʦʩʪʘʪʦʯʥʦʤ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʧʫʯʢʘ ʚʜʦʣʴ ʚʩʝʡ ʫʩʢʦʨʷʶʱʝʡ ʩʪʨʫʢʪʫʨʳ. ʅʘ ʚʳʭʦʜʝ 

ʫʩʢʦʨʠʪʝʣʷ ʨʝʛʠʩʪʨʘʮʠʷ ʧʦʣʦʞʝʥʠʷ ʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʫʯʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʦʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ɼʣʷ 

ʠʟʤʝʨʝʥʠʡ ʧʨʦʬʠʣʷ ʧʫʯʢʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ RFQ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʚʦʣʦʯʥʳʝ ʩʢʘʥʝʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʝʮʠʟʠʦʥʥʳʝ 

ʠʟʤʝʨʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʜʣʷ ʥʘʩʪʨʦʝʯʥʳʭ 

ʧʨʦʮʝʜʫʨ, ʪʘʢ ʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ ʚ ʫʩʢʦʨʠʪʝʣʝ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʣʠʯʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʜʦʚ. 

ʉ ʫʯʝʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʧʫʯʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʣʠʥʜʨʦʚ ʌʘʨʘʜʝʷ, 

ʩʦʚʤʝʱʘʶʱʠʭ ʬʫʥʢʮʠʠ ʧʦʛʣʦʪʠʪʝʣʷ ʠ ʠʟʤʝʨʠʪʝʣʷ ʪʦʢʘ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʧʫʯʢʘ 

ʚ ʢʘʥʘʣʘʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʫʯʢʦʚ ʩʨʝʜʥʠʭ ʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. ɼʣʷ ʢʦʨʨʝʢʪʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʚ ʪʘʢʠʭ ʮʠʣʠʥʜʨʘʭ ʜʦʣʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʭ ʠʭ ʩʪʦʠʤʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʩʪʦʡ ʦʭʣʘʞʜʘʝʤʦʡ ʣʦʚʫʰʢʦʡ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʥʘ ʪʫ ʞʝ ʤʦʱʥʦʩʪʴ 

ʪʝʧʣʦʩʲʝʤʘ. ʇʨʠ ʵʪʦʤ ʦʭʣʘʞʜʘʝʤʳʡ ʎʌ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʣʦʚʫʰʢʠ 

ʧʫʯʢʘ ʥʦʤʠʥʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʢʘʥʘʣʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʫʯʢʘ ʥʠʟʢʠʭ 

ʵʥʝʨʛʠʡ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʧʫʯʢʘ ʧʝʨʝʜ ʫʩʢʦʨʝʥʠʝʤ ʚ RFQ.  

ɺ ʩʣʫʯʘʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʘʥʘʣʘ, ʥʝ ʧʦʟʚʦʣʷʶʱʝʡ ʨʘʟʤʝʩʪʠʪʴ ʥʝʩʢʦʣʴʢʦ 

ʦʪʜʝʣʴʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʝʜʠʥʦʛʦ 
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ʢʦʤʧʘʢʪʥʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʙʦʢʩʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʀɼʊ, ʦʭʣʘʞʜʘʝʤʳʡ ʎʌ 

ʠ ʧʨʦʚʦʣʦʯʥʳʡ ʩʢʘʥʝʨ. 

ʀʟʤʝʨʠʪʝʣʴ ʵʤʠʪʪʘʥʩʘ ʠ ʠʟʤʝʨʠʪʝʣʴ ʬʦʨʤʳ ʩʛʫʩʪʢʦʚ ʯʘʩʪʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ 

ʚ ʝʜʠʥʠʯʥʳʭ ʵʢʟʝʤʧʣʷʨʘʭ ʠ ʧʝʨʝʜʚʠʛʘʶʪʩʷ ʚʜʦʣʴ ʫʩʢʦʨʠʪʝʣʷ ʚ ʩʦʩʪʘʚʝ ʦʪʜʝʣʴʥʦʛʦ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʩʪʝʥʜʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʥʘʩʪʨʦʡʢʠ ʥʦʚʳʭ ʩʝʢʮʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʣʦʚʫʰʢʠ ʧʫʯʢʘ ʜʣʷ ʪʘʢʦʛʦ ʩʪʝʥʜʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʪʘʮʠʦʥʘʨʥʳʡ 

ʦʭʣʘʞʜʘʝʤʳʡ ʎʌ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʦʛʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʝʥʘ ʙʣʘʛʦʜʘʨʷ 

ʨʘʟʤʝʱʝʥʠʶ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʚʥʝ ʚʘʢʫʫʤʘ ʠʦʥʦʧʨʦʚʦʜʘ. 

ɺ ʢʦʥʮʝ ʛʣʘʚʳ ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʘ ʚʜʦʣʴ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʧʨʦʪʦʥʦʚ ʧʨʦʝʢʪʘ DARIA. 

 

ɺ ɻʣʘʚʝ 2 ʦʧʠʩʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʚ ʨʘʤʢʘʭ ʥʝʩʢʦʣʴʢʠʭ ʜʦʛʦʚʦʨʦʚ ʥʘ 

ʧʦʩʪʘʚʢʫ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ ʜʣʷ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠʦʥʦʚ, ʢʘʢ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʨʘʟʨʘʙʦʪʢʘ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʥʘʩʪʨʦʡʢʘ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʜʣʷ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠʦʥʦʚ ʥʘ ʦʩʥʦʚʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʮʝʧʮʠʠ. ʀʟ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʘ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʘ ʩ ʫʯʝʪʦʤ 

ʠʤʝʶʱʝʛʦʩʷ ʠʣʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʜʦʩʪʠʞʠʤʦʛʦ ʫʨʦʚʥʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: 

 ʀʟʤʝʨʠʪʝʣʠ ʪʦʢʘ ʧʫʯʢʘ:  

¶ ʠʥʜʫʢʮʠʦʥʥʳʝ ʜʘʪʯʠʢʠ ʪʦʢʘ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʦʚʳʭ ʩʝʨʜʝʯʥʠʢʦʚ, 

¶ ʦʭʣʘʞʜʘʝʤʳʝ ʠ ʥʝʦʭʣʘʞʜʘʝʤʳʝ ʮʠʣʠʥʜʨʳ ʌʘʨʘʜʝʷ. 

 ʀʟʤʝʨʠʪʝʣʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʨʦʬʠʣʷ ʧʫʯʢʘ:  

¶ ʜʚʫʭʧʨʦʚʦʣʦʯʥʳʝ ʩʢʘʥʝʨʳ ʠ ʤʥʦʛʦʧʨʦʚʦʣʦʯʥʳʝ ʧʨʦʬʠʣʦʤʝʪʨʳ, 

¶ ʠʦʥʠʟʘʮʠʦʥʥʳʝ ʤʦʥʠʪʦʨʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, 

¶ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʤʦʥʠʪʦʨʳ. 

 ʀʟʤʝʨʠʪʝʣʠ ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ:  

¶ ʜʠʘʬʨʘʛʤʠʨʦʚʘʥʥʳʝ ʠ ʱʝʣʝʚʳʝ ʠʟʤʝʨʠʪʝʣʠ.  
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 ʀʟʤʝʨʠʪʝʣʠ ʧʦʣʦʞʝʥʠʷ ʠ ʬʘʟʳ:  

¶ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʝ ʧʦʣʦʩʢʦʚʳʝ ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ. 

 ʀʟʤʝʨʠʪʝʣʠ ʧʨʦʜʦʣʴʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʫʯʢʘ:  

¶ ʠʟʤʝʨʠʪʝʣʴ ʬʦʨʤʳ ʩʛʫʩʪʢʦʚ (ʬʘʟʦʚʳʡ ʘʥʘʣʠʟʘʪʦʨ). 

ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʫʩʪʨʦʡʩʪʚ ʙʳʣʠ 

ʧʨʦʨʘʙʦʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ: 

¶ ʧʨʝʜʣʘʛʘʝʤʳʝ ʚʘʨʠʘʥʪ rʨʝʘʣʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ, 

¶ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, 

¶ ʨʘʩʯʝʪʥʦ-ʤʦʜʝʣʴʥʳʝ ʦʮʝʥʢʠ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

¶ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʥʠʢʠ, 

¶ ʠʪʦʛʦʚʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, 

ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ/ʠʣʠ ʧʫʯʢʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʩ ʠʟʤʝʨʝʥʠʷʤʠ 

ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʦʚ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʷʭ ʠʦʥʦʚ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ 

ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʥʝ ʪʦʣʴʢʦ ʙʘʟʦʚʳʝ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ, ʥʦ ʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʦʚʳʝ 

ʤʝʪʦʜʳ, ʚʢʣʶʯʘʷ ʚʝʨʠʬʠʢʘʮʠʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʫʣʴʪʠʬʠʟʠʯʥʳʭ ʤʦʜʝʣʝʡ ʫʩʪʨʦʡʩʪʚ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʠʟʤʝʨʠʪʝʣʝʡ ʬʦʨʤʳ ʩʛʫʩʪʢʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʧʝʨʝʯʥʦʡ ɺʏ ʤʦʜʫʣʷʮʠʠ 

ʚʪʦʨʠʯʥʳʭ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʙʳʣʦ ʚʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʬʘʟʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʡ ʜʦ ʧʦʣʥʦʛʦ ʧʝʨʠʦʜʘ ʩʣʝʜʦʚʘʥʠʷ 

ʩʛʫʩʪʢʦʚ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʝʡ ʜʦ ʫʨʦʚʥʷ, 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʠʩʧʝʨʩʠʝʡ ʚʨʝʤʝʥʠ ʚʳʣʝʪʘ ʵʣʝʢʪʨʦʥʦʚ ʚʪʦʨʠʯʥʦʡ ʵʤʠʩʩʠʠ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʩʪʘʣʠ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʚʪʦʨʦʤ ʦʨʠʛʠʥʘʣʴʥʳʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʫʩʢʦʨʠʪʝʣʝʡ ʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʘʢʪʠʯʝʩʢʠ ʧʝʨʝʢʨʳʚʘʶʪ ʚʝʩʴ 

ʜʠʘʧʘʟʦʥ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʦʚ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʣʠʥʝʡʥʳʭ 

ʫʩʢʦʨʠʪʝʣʷʭ ʠʦʥʦʚ ʧʦ ʪʠʧʫ ʯʘʩʪʠʮ (ʦʪ ʧʨʦʪʦʥʦʚ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ 

ʜʦ ʤʥʦʛʦʟʘʨʷʜʥʳʭ ʪʷʞʝʣʳʭ ʠʦʥʦʚ), ʵʥʝʨʛʠʷʤ (ʦʪ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩ ʵʥʝʨʛʠʷʤʠ ʧʫʯʢʘ ʜʝʩʷʪʢʠ ʢʵɺ ʜʦ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʭ ʫʯʘʩʪʢʦʚ 

ʥʘ ʚʳʭʦʜʝ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʩ ʵʥʝʨʛʠʷʤʠ ~ 1 ɻʵɺ) ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, 
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ʧʦʟʚʦʣʷʷ ʧʨʦʚʦʜʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʠ ʥʘ ʩʠʣʴʥʦʪʦʯʥʳʭ 

ʧʫʯʢʘʭ ʜʣʷ ʥʝʡʪʨʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʥʘʨʘʙʦʪʢʠ ʤʝʜʠʮʠʥʩʢʠʭ 

ʠʟʦʪʦʧʦʚ ʠʣʠ ʧʨʦʪʦʥʥʦʡ ʬʣʵʰ-ʪʝʨʘʧʠʠ, ʠ ʥʘ ʧʫʯʢʘʭ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʦʡ ʧʨʦʪʦʥʥʦʡ ʪʝʨʘʧʠʠ ʠʣʠ ʩʪʝʥʜʦʚ ʦʙʣʫʯʝʥʠʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

 

ɺ ɻʣʘʚʝ 3 ʦʧʠʩʘʥʳ ʧʨʦʮʝʩʩʳ ʨʘʟʨʘʙʦʪʢʠ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʥʘʩʪʨʦʡʢʠ 

ʦʨʠʛʠʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʠʦʥʥʳʭ ʧʫʯʢʦʚ ʜʣʷ ʩʪʝʥʜʦʚ ʦʙʣʫʯʝʥʠʷ ʥʘ 

ʧʨʠʤʝʨʝ ʫʩʪʘʥʦʚʦʢ ʋʩʢʦʨʠʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʥʝʡʪʨʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨʳ 

ʚʝʱʝʩʪʚʘ ʠ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ ʀʗʀ ʈɸʅ ʥʘ ʙʘʟʝ ʩʠʣʴʥʦʪʦʯʥʦʛʦ ʣʠʥʝʡʥʦʛʦ 

ʫʩʢʦʨʠʪʝʣʷ ʧʨʦʪʦʥʦʚ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʩʪʝʥʜʘ ʧʨʦʪʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʠ ʢʦʤʧʣʝʢʩʘ ʧʨʦʪʦʥʥʦʡ 

ʪʝʨʘʧʠʠ, ʛʜʝ ʧʫʯʢʠ ʧʨʦʪʦʥʦʚ ʚʳʚʦʜʷʪʩʷ ʥʘ ʚʦʟʜʫʭ, ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʨʝʘʣʠʟʦʚʘʥʳ 

ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʧʦʣʦʞʝʥʠʷ ʠ ʧʨʦʬʠʣʷ ʧʫʯʢʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʵʢʨʘʥʦʚ ʠ ʤʫʣʴʪʠʘʥʦʜʥʳʭ ʛʘʟʦʚʳʭ ʩʯʸʪʯʠʢʦʚ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʪ 106 ʜʦ 1013 ʧʨʦʪʦʥʦʚ ʚ ʠʤʧʫʣʴʩʝ.  

ɺ ʭʦʜʝ ʨʘʙʦʪ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʯʠʩʣʝʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʦʚ 

ʵʣʝʢʪʨʦʥ-ʠʦʥʥʦʡ ʠ ʠʦʥ-ʠʦʥʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʛʘʟʘʭ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʩʯʸʪʯʠʢʦʚ ʚ 

ʠʦʥʠʟʘʮʠʦʥʥʦʤ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ 

ʢ ʵʣʝʢʪʨʦʥʠʢʝ. ʆʪʜʝʣʴʥʳʝ ʧʨʦʙʣʝʤʳ, ʚʳʷʚʣʝʥʥʳʝ ʚʦ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʚʳʚʝʜʝʥʥʳʭ ʧʫʯʢʘʭ ʧʨʦʪʦʥʦʚ, ʙʳʣʠ ʫʩʪʨʘʥʝʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʠʙʦʨʦʚ ʩ ʦʙʥʦʚʣʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʠʘʛʥʦʩʪʠʢʫ 

ʚ ʧʦʣʥʦʤ ʜʠʘʧʘʟʦʥʝ ʪʦʢʦʚʳʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʫʯʢʘ 

ʃʋ ʀʗʀ ʈɸʅ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʠ ʢʦʥʪʨʦʣʷ ʧʫʯʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʘʢ ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʳʭ, ʪʘʢ ʠ ʬʣʵʰ-ʨʝʞʠʤʦʚ ʧʨʦʪʦʥʥʦʡ ʪʝʨʘʧʠʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ.     

ʊʘʢʞʝ ʚ ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʩʪʝʥʜʘ ʦʙʣʫʯʝʥʠʷ ʥʘ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʠʦʥʦʚ 

ʚʦʜʦʨʦʜʘ ʀʗʀ ʈɸʅ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʫʩʪʨʦʡʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ ʢʣʶʯʝʚʳʭ 
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ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʫʩʢʦʨʝʥʥʳʭ ʧʫʯʢʦʚ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʚʝʱʝʩʪʚʦʤ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʜʠʘʛʥʦʩʪʠʢʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʧʫʯʢʘʤʠ ʯʘʩʪʠʮ ʚ ʨʘʟʥʳʭ ʟʘʨʷʜʦʚʳʭ 

ʩʦʩʪʦʷʥʠʷʭ, ʚʢʣʶʯʘʷ ʩʤʝʩʴ ʟʘʨʷʜʦʚʳʭ ʩʦʩʪʦʷʥʠʡ, ʘ ʪʘʢʞʝ ʘʪʦʤʘʨʥʳʝ ʧʫʯʢʠ ʅ0, 

ʚʦ ʚʩʸʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʫʯʢʦʚ, ʧʦʜʘʚʘʝʤʳʭ ʥʘ ʩʪʝʥʜ. 

ʀʥʜʫʢʮʠʦʥʥʳʡ ʜʘʪʯʠʢ ʪʦʢʘ ʠ ʤʥʦʛʦʧʨʦʚʦʣʦʯʥʳʡ ʧʨʦʬʠʣʦʤʝʪʨ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ 

ʚʭʦʜʝ ʚ ʩʪʝʥʜ, ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʨʷʪʴ ʪʦʢ ʠ ʧʨʦʬʠʣʠ ʧʫʯʢʘ ʯʘʩʪʠʮ. ʅʘ ʚʳʭʦʜʝ ʩʪʝʥʜʘ 

ʫʩʪʘʥʦʚʣʝʥʳ ʮʠʣʠʥʜʨʳ ʌʘʨʘʜʝʷ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʸʞʥʦʩʪʠ 

ʧʨʦʚʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ ʨʝʘʣʠʟʦʚʘʥ ʢʘʢ ʥʘʙʦʨ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʨʘʙʦʪʳ, ʪʘʢ ʠ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʜʘʪʯʠʢʠ ʦʨʝʦʣʘ 

ʧʫʯʢʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʣʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝ ʧʫʯʢʘ ʚ ʘʧʝʨʪʫʨʫ ʎʌ ʠ 

ʪʝʤ ʩʘʤʳʤ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʢʦʨʨʝʢʪʥʦʩʪʴ ʪʦʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʜʣʠʥʥʳʭ ʧʨʦʣʝʪʥʳʭ 

ʙʘʟʘʭ ʩʪʝʥʜʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʬʠʣʦʤʝʪʨʦʚ. ʊʘʢʞʝ ʥʘ ʚʭʦʜʝ 

ʦʜʥʦʛʦ ʠʟ ʮʠʣʠʥʜʨʦʚ ʫʩʪʘʥʦʚʣʝʥ ʤʥʦʛʦʣʘʤʝʣʴʥʳʡ ʧʨʦʬʠʣʦʤʝʪʨ ʥʘ ʦʩʥʦʚʝ 

ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʚʳʧʦʣʥʷʶʱʠʡ ʬʫʥʢʮʠʶ ʧʝʨʝʟʘʨʷʜʥʦʡ ʤʠʰʝʥʠ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʪʦʢʘ ʤʥʦʛʦʟʘʨʷʜʥʦʛʦ ʧʫʯʢʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʥʘ ʩʪʝʥʜʝ ʚ ʥʝʢʦʪʦʨʳʭ 

ʨʝʞʠʤʘʭ ʦʙʣʫʯʝʥʠʷ. ʇʫʯʦʢ ʩʤʝʰʘʥʥʳʭ ʟʘʨʷʜʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʧʦʣʥʦʩʪʴʶ 

ʦʙʜʠʨʘʝʪʩʷ ʚ ʧʣʘʩʪʠʥʘʭ ʧʨʦʬʠʣʦʤʝʪʨʘ ʜʦ ʧʨʦʪʦʥʦʚ, ʩʦʟʜʘʶʱʠʭ ʩʠʛʥʘʣʴʥʳʡ ʪʦʢ 

ʎʌ, ʧʨʠ ʵʪʦʤ ʩʘʤ ʧʨʦʬʠʣʦʤʝʪʨ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʨʦʬʠʣʴ 

ʤʥʦʛʦʟʘʨʷʜʥʦʛʦ ʧʫʯʢʘ. ɼʣʷ ʚʩʝʭ ʧʨʝʜʣʦʞʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʨʘʟʨʘʙʦʪʘʥ ʧʦʣʥʳʡ 

ʢʦʤʧʣʝʢʪ ʵʣʝʢʪʨʦʥʠʢʠ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʫʩʠʣʠʪʝʣʠ ʎʌ ʠ ʀɼʊ, ʠʥʪʝʛʨʘʪʦʨʳ ʠ 

ʢʦʤʤʫʪʘʪʦʨʳ ʧʨʦʬʠʣʦʤʝʪʨʦʚ, ʜʘʪʯʠʢʦʚ ʦʨʝʦʣʘ ʠ ʤʥʦʛʦʘʥʦʜʥʳʭ ʛʘʟʦʚʳʭ 

ʩʯʸʪʯʠʢʦʚ, ʠʩʪʦʯʥʠʢʠ ʥʘʧʨʷʞʝʥʠʷ ʩʤʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʣʘʪʳ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʠ ʨʫʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʫʩʠʣʝʥʠʷ, ʥʘʧʨʷʞʝʥʠʷʤʠ ʩʤʝʱʝʥʠʷ ʠ ʩʠʛʥʘʣʘʤʠ ʢʘʣʠʙʨʦʚʢʠ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʩʪʘʣʦ ʧʨʠʙʦʨʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʥʘʫʯʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʙʣʫʯʝʥʠʶ ʦʙʲʝʢʪʦʚ ʧʫʯʢʘʤʠ ʠʦʥʦʚ ʩ 

ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʠhʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠ ʵʥʝʨʛʠʡ. 
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ɺ ɻʣʘʚʝ 4 ʦʧʠʩʘʥʳ ʥʝʢʦʪʦʨʳʝ ʦʨʠʛʠʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ 

ʧʫʯʢʦʚ ʜʣʷ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠʦʥʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʳʪʦʤ ʘʚʪʦʨʘ ʚ ʧʨʦʚʦʜʢʝ 

ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʧʫʯʢʦʚ ʧʨʦʪʦʥʦʚ ʚ ʧʨʦʪʷʞʝʥʥʳʭ ʢʘʥʘʣʘʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʋʩʢʦʨʠʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʀʗʀ ʈɸʅ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʜʣʷ ʜʨʫʛʠʭ 

ʩʠʣʴʥʦʪʦʯʥʳʭ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠʦʥʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʘʢʪʥʳʭ ʥʝʡʪʨʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʣʦʞʝʥ, ʨʘʟʨʘʙʦʪʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʣʦʞʝʥʠʷ ʨʘʟʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʧʫʯʢʦʚ ʧʨʦʪʦʥʦʚ ʚ ʧʨʦʪʷʞʝʥʥʳʭ 

ʢʘʥʘʣʘʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʸʤʢʦʩʪʥʳʭ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʠʝ ʸʤʢʦʩʪʥʳʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʩ ʣʠʥʝʡʥʳʤ 

ʨʘʟʨʝʟʦʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʥʦʛʦʮʝʣʝʚʳʭ ʩʨʝʜʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ 

ʨʘʟʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʧʫʯʢʦʚ ʧʨʦʪʦʥʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʨʘʟʨʫʰʘʶʱʠʝ ʠʟʤʝʨʝʥʠʷ 

ʧʦʣʦʞʝʥʠʷ ʠ ʪʦʢʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʫʯʢʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʜʣʷ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ ʚ ʀʗʀ ʈɸʅ, ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʧʨʠ ʪʠʧʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʫʯʢʘ ʪʘʢʠʝ ʜʘʪʯʠʢʠ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʨʷʪʴ ʧʦʣʦʞʝʥʠʝ 

ʮʝʥʪʨʘ ʤʘʩʩ ʧʫʯʢʘ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ~0.1 ʤʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʤʝʨʥʦ 0.1% ʠʭ 

ʘʧʝʨʪʫʨʳ. ʇʦʩʢʦʣʴʢʫ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʦʛʨʘʥʠʯʝʥʦ ʦʙʱʝʡ ʸʤʢʦʩʪʴʶ 

ʜʝʪʝʢʪʦʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʫʩʠʣʠʪʝʣʴ ʟʘʨʷʜʘ, 

ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʜʘʪʯʠʢʫ ʢʦʨʦʪʢʠʤ ʢʘʙʝʣʝʤ. ʇʨʠ ʵʪʦʤ ʢʘʣʠʙʨʦʚʢʘ ʜʘʪʯʠʢʘ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʩ ʧʦʤʦʱʴʶ ʢʘʙʝʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʜʣʠʥʳ, ʪʘʢ ʢʘʢ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 

ʪʘʢʦʛʦ ʫʩʠʣʠʪʝʣʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʦʙʱʝʡ ʸʤʢʦʩʪʠ ʜʝʪʝʢʪʦʨʘ.   

ɺʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʪʦʢʘ ʧʫʯʢʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ ʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʰʫʤʘʤʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʩʦʩʪʘʚʣʷʝʪ ~50 ʤʢɸ. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʪʦʢʘ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 3% ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʥʝʣʠʥʝʡʥʦʩʪʷʤʠ ʠʟʤʝʨʷʝʤʦʛʦ ʩʠʛʥʘʣʘ ʠʟ-ʟʘ ʧʦʣʦʞʝʥʠʷ ʠ ʨʘʟʤʝʨʘ ʧʫʯʢʘ. 

ɼʣʷ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʧʨʦʝʢʪʘ DARIA ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ, ʨʘʟʨʘʙʦʪʘʥʘ ʠ 

ʠʟʛʦʪʦʚʣʝʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ çȹ ʀɼʊè ʜʣʷ ʢʦʥʪʨʦʣʷ ʨʘʟʥʦʩʪʠ ʠʟʤʝʨʷʝʤʳʭ 
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ʪʦʢʦʚ ʧʫʯʢʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʠʥʜʫʢʮʠʦʥʥʳʭ ʜʘʪʯʠʢʦʚ ʪʦʢʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʧʦʪʝʨʴ ʧʫʯʢʘ ʩ ʮʝʣʴʶ ʙʳʩʪʨʦʡ ʘʚʘʨʠʡʥʦʡ ʟʘʱʠʪʳ ʩʠʣʴʥʦʪʦʯʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ. 

ʀʥʜʫʢʮʠʦʥʥʳʝ ʜʘʪʯʠʢʠ ʪʨʘʜʠʮʠʦʥʥʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʫʶ 

ʜʠʘʛʥʦʩʪʠʢʫ ʘʤʧʣʠʪʫʜʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʦʢʘ ʧʫʯʢʘ ʚ ʫʩʢʦʨʠʪʝʣʷʭ. ʆʜʥʘʢʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʝʜʫʩʠʣʠʪʝʣʴʥʦʡ ʠ ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʠʢʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʢʦʥʪʨʦʣʴ ʨʘʟʥʦʩʪʠ ʪʦʢʦʚ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʟʘʨʷʜʘ 

ʢʘʞʜʦʛʦ ʠʤʧʫʣʴʩʘ ʪʦʢʘ ʧʫʯʢʘ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʚ ʩʣʫʯʘʝ ʨʘʙʦʪʳ 

ʩ ʠʤʧʫʣʴʩʘʤʠ ʪʦʢʘ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. ʇʦʣʴʟʦʚʘʪʝʣʶ ʩʠʩʪʝʤʳ ʧʨʝʜʦʩʪʘʚʣʝʥʦ ʥʘ 

ʚʳʙʦʨ ʥʝʩʢʦʣʴʢʦ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʠʟʤʝʨʷʝʤʦʡ ʨʘʟʥʠʮʳ ʩʠʛʥʘʣʦʚ ʀɼʊ: ʦʪ 1% 

ʜʣʷ ʥʦʤʠʥʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʦ 10% ʚ ʩʣʫʯʘʝ ʧʝʨʝʩʪʨʦʡʢʠ ʨʘʙʦʯʝʛʦ ʨʝʞʠʤʘ 

ʫʩʢʦʨʠʪʝʣʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʥʘʩʪʨʦʝʯʥʳʭ ʧʨʦʮʝʜʫʨ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʣʦʞʥʳʭ 

ʩʨʘʙʘʪʳʚʘʥʠʡ ʩʠʩʪʝʤʳ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʦʤʝʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʪʦʛʦʚʦʛʦ ʘʚʘʨʠʡʥʦʛʦ 

ʩʠʛʥʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ ʪʨʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʩʭʝʤʳ ʩʨʘʚʥʝʥʠʷ 

ʥʘ ʯʘʩʪʦʪʝ ʩʣʝʜʦʚʘʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ ʧʫʯʢʘ. 

ʇʨʠʤʝʨ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʠʩʪʝʤʳ çȹ ʀɼʊè ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ 

ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʀʗʀ ʈɸʅ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ 

ʙʳʩʪʨʳʭ ʘʚʘʨʠʡʥʳʭ ʙʣʦʢʠʨʦʚʦʢ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʜʦʙʥʳʝ ʧʘʨʳ ʠʥʜʫʢʮʠʦʥʥʳʭ 

ʜʘʪʯʠʢʦʚ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʘʚʪʦʨʦʤ ʥʘ ʚʳʭʦʜʝ ʧʫʯʢʘ ʠʟ ʣʠʥʝʡʥʦʛʦ 

ʫʩʢʦʨʠʪʝʣʷ ʠ ʚʭʦʜʘʭ ʧʫʯʢʦʚ ʚ ʥʝʡʪʨʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʧʦʪʝʨʴ ʧʫʯʢʘ ʚ ʧʨʦʪʷʞʝʥʥʳʭ ʢʘʥʘʣʘʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ. 

 

ɺ ɿʘʢʣʶʯʝʥʠʠ ʧʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʳʚʦʜʳ ʧʦ 

ʠʪʦʛʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʚʳʨʘʞʘʶʪʩʷ ʙʣʘʛʦʜʘʨʥʦʩʪʠ ʪʝʤ, ʢʪʦ ʦʢʘʟʳʚʘʣ 

ʧʦʤʦʱʴ ʠ ʩʦʜʝʡʩʪʚʠʝ ʚ ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʜʠʩʩʝʨʪʘʮʠʠ. 
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ɻʃɸɺɸ 1  

ʌʀɿʀʂʆ-ʊɽʍʅʀʏɽʉʂɸʗ ʂʆʅʎɽʇʎʀʗ  

ʇʆʉʊʈʆɽʅʀʗ ʉʀʉʊɽʄ ɹɸɿʆɺʆʁ ɼʀɸɻʅʆʉʊʀʂʀ ʇʋʏʂʆɺ  

ɼʃʗ ʃʀʅɽʁʅʓʍ ʈɽɿʆʅɸʅʉʅʓʍ ʋʉʂʆʈʀʊɽʃɽʁ ʀʆʅʆɺ 

ɺ ʥʘʯʘʣʝ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʫʩʢʦʨʠʪʝʣʠ ʥʘʩʪʨʘʠʚʘʣʠʩʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ 

ʚʨʫʯʥʫʶ ʠ ʚʠʟʫʘʣʴʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʪʝʡʰʠʭ ʠʟʤʝʨʠʪʝʣʝʡ ʪʦʢʘ ʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʵʢʨʘʥʦʚ, ʦʜʥʘʢʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ 

ʧʫʯʢʘ (ʉɼʇ), ʨʘʟʚʠʚʘʚʰʠʝʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʵʣʝʢʪʨʦʥʠʢʦʡ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝʤ, 

ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʩʠʩʪʝʤʘʤʠ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʙʳʩʪʨʦ ʩʪʘʣʠ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʣʶʙʦʛʦ ʫʩʢʦʨʠʪʝʣʷ, ʧʨʝʚʨʘʪʠʚʰʠʩʴ ʚ ʩʚʦʝʦʙʨʘʟʥʳʡ çʦʨʛʘʥ 

ʯʫʚʩʪʚè, ʧʦʢʘʟʳʚʘʶʱʠʡ ʩʚʦʡʩʪʚʘ ʠ ʧʦʚʝʜʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʧʫʯʢʘ ʚ ʫʩʢʦʨʠʪʝʣʝ. 

ʉʝʛʦʜʥʷ ʩʣʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ ʥʘʩʪʨʦʡʢʫ ʠ ʪʝʤ ʙʦʣʝʝ ʦʧʪʠʤʠʟʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ʢʨʫʧʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʪʠʧʘ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʥʘ ʣʶʙʦʤ ʫʩʢʦʨʠʪʝʣʝ: 

 ʅʘʜʝʞʥʳʝ ʙʳʩʪʨʳʝ ʠʟʤʝʨʠʪʝʣʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʫʯʢʘ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʙʳʩʪʨʦʡ ʧʨʦʚʝʨʢʠ ʦʙʱʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʫʩʢʦʨʠʪʝʣʷ. 

ɼʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʳʯʥʦ ʥʝ ʨʘʟʨʫʰʘʶʪ ʧʫʯʦʢ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʯʠʩʣʘ ʠʣʠ ʧʨʦʩʪʦʛʦ ʛʨʘʬʠʢʘ. 

 ʆʙʦʨʫʜʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʝʞʝʜʥʝʚʥʳʭ ʧʨʦʚʝʨʦʢ ʢʘʯʝʩʪʚʘ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʨʝʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʫʩʢʦʨʠʪʝʣʷ. ʕʪʦʪ ʪʠʧ ʠʟʤʝʨʠʪʝʣʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʫʱʘʶʱʠʤ, ʥʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʫʯʢʝ. 

 ʉʣʦʞʥʦʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʥʘʩʪʨʦʡʢʠ 

ʥʦʚʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠʣʠ ʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʫʩʢʦʨʷʶʱʝʡ ʩʪʨʫʢʪʫʨʳ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʨʘʩʰʠʨʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʘʰʠʥʳ. ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʩʣʦʞʥʳ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʘʪʴ ʧʫʯʦʢ ʥʘ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ. 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʤʝʞʜʫ ʵʪʠʤʠ ʪʠʧʘʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʪ ʯʝʪʢʠʭ ʛʨʘʥʠʮ, ʪʝʤ ʥʝ 

ʤʝʥʝʝ ʧʦʜʦʙʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʧʦʣʝʟʥʦʡ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʚʳʩʪʨʦʠʪʴ ʧʨʠʦʨʠʪʝʪʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ, ʠ ʚ ʮʝʣʦʤ ʨʘʟʨʘʙʦʪʘʪʴ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʫʶ ʢʦʥʮʝʧʮʠ ʁ

ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʘ ʚ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʷʭ ʠʦʥʦʚ.  

ʆʙʱʝʬʠʟʠʯʝʩʢʘʷ ʯʘʩʪʴ ʧʨʦʚʝʜʝʥʥʦʛʦ ʜʘʣʝʝ ʘʥʘʣʠʟʘ, ʧʦʩʚʷʱʝʥʥʘʷ 

ʠʟʤʝʨʷʝʤʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʫʯʢʘ ʠ ʙʘʟʦʚʳʤ ʤʝʪʦʜʘʤ ʜʠʘʛʥʦʩʪʠʢʠ, ʚʳʧʦʣʥʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠʟ ʦʙʟʦʨʦʚ [42-44] ʠ ʪʨʫʜʦʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʰʢʦʣ, 

ʧʨʦʚʦʜʠʤʳʭ ʚʝʜʫʱʠʤʠ ʫʩʢʦʨʠʪʝʣʴʥʳʤʠ ʮʝʥʪʨʘʤʠ [45-48]. ʇʨʠʤʝʨʳ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʦʪʜʝʣʴʥʳʭ ʢʦʥʢʨʝʪʥʳʭ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʝʡ ʠ ʜʦʢʣʘʜʦʚ ʥʘ ʪʝʤʘʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʧʦ 

ʫʩʢʦʨʠʪʝʣʴʥʦʡ ʬʠʟʠʢʝ [49, 50] ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʜʠʘʛʥʦʩʪʠʢʝ ʧʫʯʢʘ, ʘ ʪʘʢʞʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ ʫʩʢʦʨʠʪʝʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [51-53].  

 

1.1 ʇʨʠʤʝʨʳ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʘ 

ʂʘʢ ʧʨʘʚʠʣʦ, ʟʘʪʨʘʪʳ ʥʘ ʩʠʩʪʝʤʫ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʘ ʩʦʩʪʘʚʣʷʶʪ ~10% ʦʪ 

ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʙʝʟ ʫʯʝʪʘ ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ), ʧʨʠ ʵʪʦʤ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʠ ʦʙʲʝʤʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʯʠʩʣʦ ʣʶʜʝʡ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʨʘʟʨʘʙʦʪʢʫ, ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʠ ʜʘʣʴʥʝʡʰʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʉɼʇ, ʧʦʯʪʠ ʚʩʝʛʜʘ ʧʨʝʚʳʰʘʝʪ 10% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ 

ʩʦʪʨʫʜʥʠʢʦʚ ʫʩʢʦʨʠʪʝʣʷ.  

ʉʦʩʪʘʚ ʉɼʇ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʫʩʢʦʨʠʪʝʣʷ ʠ ʪʠʧʘ ʫʩʢʦʨʷʝʤʦʛʦ 

ʧʫʯʢʘ, ʧʨʠʤʝʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʫʩʪʨʦʡʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʥʝʢʦʪʦʨʳʭ 

ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1.1.1ï1.1.3. 
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ʈʠʩʫʥʦʢ 1.1.1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ ʫʩʢʦʨʠʪʝʣʷ 

LINAC4 CERN (ʐʚʝʡʮʘʨʠʷ), BPM ï ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ (ʧʠʢʘʧ),  

BCT ï ʠʥʜʫʢʮʠʦʥʥʳʡ ʜʘʪʯʠʢ ʪʦʢʘ, SEM Grid ï ʤʥʦʛʦʧʨʦʚʦʣʦʯʥʳʡ ʧʨʦʬʠʣʦʤʝʪʨ, 

WS ï ʧʨʦʚʦʣʦʯʥʳʡ ʩʢʘʥʝʨ, BTV ï ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʵʢʨʘʥ ʩ ʚʠʜʝʦʢʘʤʝʨʦʡ, 

BLM ï ʜʘʪʯʠʢ ʧʦʪʝʨʴ ʧʫʯʢʘ 

 

 

ʈʠʩʫʥʦʢ 1.1.2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ LEBT-ʢʘʥʘʣʘ 

ʫʩʢʦʨʠʪʝʣʷ ʨʝʜʢʠʭ ʪʷʞʝʣʳʭ ʠʦʥʦʚ FRIB MSU (ʉʐɸ) 
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ʈʠʩʫʥʦʢ 1.1.3 ï ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʩʪʦʚʦʛʦ ʢʘʥʘʣʘ 

ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʧʨʦʪʦʥʦʚ HINS Fermilab (ʉʐɸ) 

 

ʊʘʢʞʝ ʚ ʦʙʱʝʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʪʝʥʜʦʚ ʜʣʷ ʧʦʵʪʘʧʥʦʡ ʥʘʩʪʨʦʡʢʠ ʫʩʢʦʨʠʪʝʣʷ ʚʦ ʚʨʝʤʷ ʝʛʦ ʚʚʦʜʘ 

ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʪʘʢʠʝ ʩʪʝʥʜʳ ʩʜʚʠʛʘʶʪʩʷ ʚ ʢʦʥʝʮ ʫʩʢʦʨʠʪʝʣʷ ʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʥʦʚʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ, ʣʠʙʦ ʨʘʟʙʠʨʘʶʪʩʷ ʥʘ 

ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʪʘʮʠʦʥʘʨʥʦ ʥʘ ʫʩʢʦʨʠʪʝʣʝ.  

ʇʨʠʤʝʨʳ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʪʝʥʜʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1.1.4ï1.1.7. 

 

 

ʈʠʩʫʥʦʢ 1.1.4 ï ʅʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʢʘʥʘʣ HINS Fermilab 

 

 

ʈʠʩʫʥʦʢ 1.1.5 ï ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʩʪʝʥʜ HINS Fermilab ʜʣʷ ʥʘʩʪʨʦʡʢʠ RFQ 
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ʈʠʩʫʥʦʢ 1.1.6 ï ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʩʪʝʥʜ GSI ʜʣʷ ʥʘʩʪʨʦʡʢʠ RFQ  

 

 

ʈʠʩʫʥʦʢ 1.1.7 ï ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʩʪʝʥʜ LINAC4 CERN ʜʣʷ RFQ ʠ DTL-1 
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1.2 ʊʦʢ ʧʫʯʢʘ 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʧʫʯʢʘ ʫʩʢʦʨʝʥʥʳʭ ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʠʟʤʝʨʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʚʦʜʷʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʧʨʝʨʳʚʥʦ ʧʨʠ ʨʘʙʦʪʝ ʣʶʙʦʛʦ ʢʨʫʧʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ, ʧʨʠ ʵʪʦʤ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʝ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʢʨʳʚʘʶʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʜʠʘʧʘʟʦʥ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʫʯʢʘ ʚ ʩʚʷʟʠ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʤʝʞʜʫ ʪʠʧʘʤʠ 

ʫʩʢʦʨʠʪʝʣʝʡ ʠ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʫʯʢʘ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ, ʢʘʢ: ʪʠʧ 

ʠ ʟʘʨʷʜʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʫʩʢʦʨʷʝʤʳʭ ʯʘʩʪʠʮ, ʵʥʝʨʛʠʷ ʠ ʚʨʝʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʫʩʢʦʨʷʝʤʦʛʦ ʧʫʯʢʘ (ʈʠʩʫʥʦʢ 1.2.1).  

 

ʈʠʩʫʥʦʢ 1.2.1 ï ɺʨʝʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʦʢʘ ʧʫʯʢʘ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʟʦʥʘʥʩʥʦʤ 

ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

 

ʅʘ ʧʨʘʢʪʠʢʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʜʝʪʝʢʪʦʨʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʧʫʯʢʘ, 

ʢʦʪʦʨʳʝ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʭ ʛʨʫʧʧ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʜʘʪʯʠʢʠ, ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʘ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ 

ʧʫʯʢʘ; ʢʦʥʪʘʢʪʥʳʝ ʜʘʪʯʠʢʠ, ʠʟʤʝʨʷʶʱʠʝ ʟʘʨʷʜ ʠʣʠ ʵʥʝʨʛʠʶ ʧʝʨʝʜʘʥʥʳʝ ʧʫʯʢʦʤ 

ʨʘʙʦʯʝʤʫ ʦʙʲʝʤʫ ʜʝʪʝʢʪʦʨʘ; ʩʯʝʪʯʠʢʠ ʯʘʩʪʠʮ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘʭ, ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʢʘʤʝʨʘʭ ʠ ʚʪʦʨʠʯʥʦ-ʵʤʠʩʩʠʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ.  
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ʆʜʥʘʢʦ, ʠʩʭʦʜʷ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʥʘʠʙʦʣʴʰʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ, ʚʘʢʫʫʤʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ, ʛʣʘʚʥʦʝ, ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʘʙʩʦʣʶʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠ, ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʤʠ ʠʟʤʝʨʠʪʝʣʷʤʠ ʚ ʩʣʫʯʘʝ ʨʝʟʦʥʘʥʩʥʳʭ 

ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠʦʥʦʚ ʷʚʣʷʶʪʩʷ ʠʥʜʫʢʮʠʦʥʥʳʝ ʜʘʪʯʠʢʠ (ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ) 

ʪʦʢʘ ʠ ʮʠʣʠʥʜʨʳ ʌʘʨʘʜʝʷ, ʢʦʪʦʨʳʝ ʠʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʳʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʠʟʤʝʨʝʥʠʡ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ. ʀʤʝʥʥʦ ʪʘʢʠʝ ʪʠʧʳ ʜʝʪʝʢʪʦʨʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʢʘʢ ʠʤʧʫʣʴʩʥʦʛʦ, ʪʘʢ ʠ ʩʨʝʜʥʝʛʦ ʪʦʢʘ 

ʠʦʥʥʳʭ ʧʫʯʢʦʚ ʚ ʣʠʥʘʢʘʭ (ʘʥʛʣʦʷʟʳʯʥʳʡ ʪʝʨʤʠʥ: linac ï linear accelerator). 

 

ʀʥʜʫʢʮʠʦʥʥʳʡ ʜʘʪʯʠʢ ʪʦʢʘ  

 

ʀʥʜʫʢʮʠʦʥʥʳʡ ʜʘʪʯʠʢ ʪʦʢʘ (ʀɼʊ), ʥʘʟʳʚʘʝʤʳʡ ʪʘʢʞʝ çʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ 

ʪʦʢʘ ʧʫʯʢʘè (ʘʥʛʣʦʷʟʳʯʥʳʡ ʪʝʨʤʠʥ: BCT ï beam current transformer), ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʠʟʤʝʨʝʥʠʡ ʪʦʢʘ ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʩʘʤʳʭ ʨʘʟʥʳʭ ʫʩʢʦʨʠʪʝʣʷʭ ʠ ʢʘʥʘʣʘʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʢʘʢ 

ʵʣʝʢʪʨʦʥʥʳʭ, ʪʘʢ ʠ ʠʦʥʥʳʭ ʧʫʯʢʦʚ ʩ ʣʶʙʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʙʣʘʛʦʜʘʨʷ 

ʩʣʝʜʫʶʱʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ: 

¶ ʥʝʚʦʟʤʫʱʘʶʱʠʝ ʠʟʤʝʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʫʯʢʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʫʯʢʘ; 

¶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʦʪ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʘ, ʪʘʢʠʭ ʢʘʢ 

ʨʘʟʤʝʨ, ʧʦʣʦʞʝʥʠʝ ʠ ʵʥʝʨʛʠʷ; 

¶ ʧʨʷʤʘʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠʟʤʝʨʷʝʤʦʤʫ ʪʦʢʫ ʧʫʯʢʘ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʪʦʯʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʜʘʪʯʠʢʘ. 

 

ʌʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠ ʪʠʧʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʅʘʟʚʘʥʠʝ çʪʨʘʥʩʬʦʨʤʘʪʦʨ ʪʦʢʘ ʧʫʯʢʘè ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʷ ʀɼʊ 

ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʧʫʯʦʢ, ʧʨʦʭʦʜʷʱʠʡ ʩʢʚʦʟʴ 

ʩʝʨʜʝʯʥʠʢ ʪʦʨʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ ʠʟ ʤʘʪʝʨʠʘʣʘ ʩ ʚʳʩʦʢʦʡ ʤʘʛʥʠʪʥʦʡ 



27 

 

 

 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʠʛʨʘʝʪ ʨʦʣʴ çʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠè, ʘ N ʚʠʪʢʦʚ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʚʦʜʘ, ʥʘʤʦʪʘʥʥʳʝ ʚʦʢʨʫʛ ʩʝʨʜʝʯʥʠʢʘ, ʷʚʣʷʶʪʩʷ çʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʦʡè 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ L: 

 ὒ
‘‘

ς“
ϽὬὔ ϽÌÎ

ὶ̙̃̎̆
ὶ̃̎̔̓̑

 ȟ (1.2.1) 

ʛʜʝ Õ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʜʝʣʘʥ 

ʩʝʨʜʝʯʥʠʢ ʪʦʣʱʠʥʦʡ h ʚʜʦʣʴ ʧʫʯʢʘ, ʩ ʚʥʝʰʥʠʤ ʨʘʜʠʫʩʦʤ rʚʥʝʰ ʠ ʚʥʫʪʨʝʥʥʠʤ 

ʨʘʜʠʫʩʦʤ rʚʥʫʪʨ . 

ɼʣʷ ʠʜʝʘʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʘ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʠʟʤʝʨʷʝʤʳʤ 

ʪʦʢʦʤ ʚʦ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʝ I ʠ ʪʦʢʦʤ ʧʫʯʢʘ Iʧ ʚʳʨʘʞʘʝʪʩʷ ʧʨʦʩʪʦʡ ʬʦʨʤʫʣʦʡ: 

 Ὅ
Ὅ̐

ὔ
 ȟ (1.2.2) 

ʧʨʠ ʵʪʦʤ ʥʘ ʧʨʘʢʪʠʢʝ ʚʤʝʩʪʦ ʪʦʢʘ ʫʜʦʙʥʝʝ ʠʟʤʝʨʷʪʴ ʥʘʚʝʜʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ Ὗὸ

ὒÄὍÄὸ ʥʘ ʥʘʛʨʫʟʦʯʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ R, ʪʦʛʜʘ ʠʟʤʝʨʷʝʤʳʡ ʩʠʛʥʘʣ ʀɼʊ 

ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ 

 Ὗ ὙϽὍ
Ὑ

ὔ
 ϽὍ̐ḳὛϽὍ̐ ȟ (1.2.3) 

ʛʜʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʠʛʥʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʪʦʢʦʤ ʧʫʯʢʘ S [ɺ/ɸ] 

ʥʘʟʳʚʘʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠʣʠ ʧʝʨʝʜʘʪʦʯʥʳʤ ʠʤʧʝʜʘʥʩʦʤ ʀɼʊ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʨʷʝʤʳʡ ʩʠʛʥʘʣ ʚ ʦʙʤʦʪʢʝ ʩʦʟʜʘʝʪʩʷ ʧʝʨʝʤʝʥʥʳʤ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʬʦʨʤʠʨʫʝʤʳʤ ʪʦʢʦʤ ʧʫʯʢʘ, ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʤʝʥʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ ʯʘʩʪʦʪʝ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ ʧʫʯʢʘ 

ʫʩʢʦʨʝʥʥʳʭ ʯʘʩʪʠʮ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʦʯʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠ 

ʜʘʪʯʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʜʠʥʦʯʥʳʡ ʚʠʪʦʢ ʜʣʷ ʧʦʜʘʯʠ ʠʟʚʝʩʪʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʪʦʢʘ. ʅʘʣʠʯʠʝ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʩʝʨʜʝʯʥʠʢʘ, ʚ ʢʦʪʦʨʦʤ ʟʘʤʳʢʘʶʪʩʷ ʣʠʥʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʠʟʤʝʨʷʪʴ ʪʦʣʴʢʦ ʘʟʠʤʫʪʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 

ʧʦʣʷ ʪʦʢʘ ʧʫʯʢʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʝʣʠʯʠʥʘ ʩʠʛʥʘʣʘ ʦʢʘʟʳʚʘʝʪʩʷ ʩʣʘʙʦ ʟʘʚʠʩʷʱʝʡ 

ʦʪ ʨʘʟʤʝʨʘ ʠ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʩʢʚʦʟʴ ʀɼʊ.  
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ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʀɼʊ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʫʯʢʦʚ ʩ ʨʘʟʥʦʡ 

ʚʨʝʤʝʥʥʦӢʡ ʩʪʨʫʢʪʫʨʦʡ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʪʠʧʳ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʈʠʩʫʥʦʢ 1.2.2). 

 

 

ʈʠʩʫʥʦʢ 1.2.2 ï ʉʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʧʘʩʩʠʚʥʦʛʦ ʠ ʘʢʪʠʚʥʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʦʢʘ ʧʫʯʢʘ 

 

ʉʭʝʤʘ ʜʣʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ, ʧʘʩʩʠʚʥʦʛʦ ʠʣʠ ʙʳʩʪʨʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʘ 

(ʘʥʛʣʦʷʟʳʯʥʳʡ ʪʝʨʤʠʥ: FCT ï fast current transformer) ʦʯʝʥʴ ʧʨʦʩʪʘ ï ʥʘʧʨʷʞʝʥʠʝ 

ʠʟʤʝʨʷʝʪʩʷ ʥʘ ʥʘʛʨʫʟʢʝ R = 50 ʆʤ, ʦʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʘʨʘʟʠʪʥʫʶ 

ʝʤʢʦʩʪʴ CS, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʝʤʢʦʩʪʴʶ ʤʝʞʜʫ ʚʠʪʢʘʤʠ ʦʙʤʦʪʢʠ, ʤʝʞʜʫ ʦʙʤʦʪʢʦʡ ʠ 

ʩʝʨʜʝʯʥʠʢʦʤ, ʘ ʪʘʢʞʝ ʝʤʢʦʩʪʴʶ ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʢʘʙʝʣʝʡ ʦʪ ʦʙʤʦʪʢʠ 

ʜʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ, ʧʨʠ ʵʪʦʤ ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʘʷ ʤʦʜʝʣʴ, ʢʦʥʝʯʥʦ, 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʘʨʘʟʠʪʥʫʶ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʤʝʞʜʫ ʚʠʪʢʘʤʠ ʦʙʤʦʪʢʠ LS ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʢʠ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʢʘʙʝʣʝʡ RL.  

ʀʤʧʝʜʘʥʩ Z ʪʘʢʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʠʟʚʝʩʪʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʯʘʩʪʦʪʳ ʚʦʟʙʫʞʜʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ‫ ς“Ὢ. ʈʘʙʦʯʠʤ ʜʠʘʧʘʟʦʥʦʤ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ 

ʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ‫ Ὑ
ὒḺ‫Ḻ

ρ
Ὑὅ ‫ , ʚ ʢʦʪʦʨʦʡ ὤḙὙ, ʠ ʧʘʜʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʘʛʨʫʟʦʯʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʴʰʠʤ. ʋʤʝʥʴʰʝʥʠʝ 

ʠʤʧʝʜʘʥʩʘ ʥʘʛʨʫʟʢʠ ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʘʣʴʥʳʭ ʩʭʝʤʘʭ ʀɼʊ ʜʦʚʝʩʪʠ ʥʠʞʥʶʶ ʛʨʘʥʠʮʫ 

ʧʦʣʦʩʳ ʯʘʩʪʦʪ fmin ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʛʝʨʮ, ʥʦ ʥʝ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 
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ɼʣʷ ʧʨʘʚʠʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʥʝ 

ʪʦʣʴʢʦ ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ, ʥʦ ʠ ʬʦʨʤʘ ʚʨʝʤʝʥʥʦʛʦ ʦʪʢʣʠʢʘ ʜʘʪʯʠʢʘ ʥʘ ʟʘʜʘʥʥʳʡ 

ʠʤʧʫʣʴʩ ʪʦʢʘ ʧʫʯʢʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪ ʧʦʥʷʪʠʷ çʧʦʩʪʦʷʥʥʦʡ 

ʚʨʝʤʝʥʠ ʥʘʨʘʩʪʘʥʠʷè ʬʨʦʥʪʘ ʠʤʧʫʣʴʩʘ Űʥ ʠ çʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʩʧʘʜʘè ʚʝʨʰʠʥʳ 

ʠʤʧʫʣʴʩʘ Űʩ (ʈʠʩʫʥʦʢ 1.2.3). 

ɽʩʣʠ ʚʦʟʙʫʞʜʘʶʱʠʡ ʠʤʧʫʣʴʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʫʧʝʥʯʘʪʫʶ ʬʫʥʢʮʠʶ, ʪʦ 

ʬʨʦʥʪ ʠʟʤʝʨʷʝʤʦʛʦ ʩʠʛʥʘʣʘ ʨʘʩʪʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ  ὃ̕ ᶿ ρ Ὡ ̎ϳ , ʘ ʚʝʨʰʠʥʘ 

ʠʤʧʫʣʴʩʘ ʩʧʘʜʘʝʪ, ʢʘʢ ὃ̃ ᶿ ρ Ὡ ϳ , ʪ. ʝ. ʵʪʠ ʧʦʩʪʦʷʥʥʳʝ ʨʘʚʥʳ ʚʨʝʤʝʥʘʤ, ʟʘ 

ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʠʛʥʘʣʳ ʤʝʥʷʶʪʩʷ ʥʘ ʝ-1 = 37%, ʠ ʜʣʷ ʧʘʩʩʠʚʥʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʨʘʚʥʳ: 

 †̎ ὒὅ    ̉    †
ὒ

Ὑ Ὑ
 Ȣ (1.2.4) 

 

 

ʈʠʩʫʥʦʢ 1.2.3 ï ʆʪʢʣʠʢ ʧʘʩʩʠʚʥʦʛʦ ʀɼʊ ʥʘ ʢʘʣʠʙʨʦʚʦʯʥʳʡ ʠʤʧʫʣʴʩ  

ʠ ʠʤʧʫʣʴʩ ʪʦʢʘ ʧʫʯʢʘ 

 

ɺʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʥʷʪʠʷ ʚʨʝʤʝʥʠ 

ʥʘʨʘʩʪʘʥʠʷ / ʩʧʘʜʘ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʨʝʤʝʥʝʤ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʠʛʥʘʣʘ 
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ʦʪ 10% ʜʦ 90% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʚ 

ʩʣʝʜʫʶʱʝʤ ʵʢʚʠʚʘʣʝʥʪʥʦʤ ʚʠʜʝ: 

 
ὸ̎

ÌÎπȢω ÌÎπȢρ

‫

ÌÎω

‫

ḙςȢςϽ†̎ ȟ 

ὸ
ÌÎπȢω ÌÎπȢρ

‫

ÌÎω

‫

ḙςȢςϽ† Ȣ 

(1.2.5) 

 

ʇʘʩʩʠʚʥʳʝ (ʙʳʩʪʨʳʝ) ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ 

ʠʟʤʝʨʝʥʠʡ ʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ (<1 ʤʢʩ) ʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ 

ʩʫʙʥʘʥʦʩʝʢʫʥʜʥʳʝ ʚʨʝʤʝʥʘ ʥʘʨʘʩʪʘʥʠʷ ʬʨʦʥʪʘ ʪʦʢʦʚʦʛʦ ʠʤʧʫʣʴʩʘ, ʯʪʦ ʘʢʪʫʘʣʴʥʦ 

ʜʣʷ ʧʫʯʢʦʚ ʚ ʩʠʥʭʨʦʪʨʦʥʘʭ. 

ʅʘʧʨʦʪʠʚ, ʚ ʩʭʝʤʝ ʘʢʪʠʚʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʘ, ʠʣʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, (ʘʥʛʣʦʷʟʳʯʥʳʡ ʪʝʨʤʠʥ: ACCT ï AC-current transformer), 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʠʤʧʫʣʴʩʦʚ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʙʦʣʴʰʝ 1 ʤʢʩ, ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʩʧʘʜʘ 

ʚʝʨʰʠʥʳ ʠʤʧʫʣʴʩʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘʤʝʥʦʡ ʥʘʛʨʫʟʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʳʤ 

ʫʩʠʣʠʪʝʣʝʤ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ ɸ ʠ ʨʝʟʠʩʪʦʨʦʤ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ Rf .  

ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʪʨʘʥʩʠʤʧʝʜʘʥʩʥʦʤʫ ʫʩʠʣʠʪʝʣʶ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ 

ʢʦʥʚʝʨʪʝʨʦʤ ʪʦʢʘ ʚ ʥʘʧʨʷʞʝʥʠʝ, ʧʦʩʪʦʷʥʥʘʷ ʩʧʘʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 

 †
ὒ

Ὑ ὃϳ Ὑ
 ḙ
ὒ

Ὑ
 ȟ 

 
(1.2.6) 

ʧʨʠ ʵʪʦʤ ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ʬʨʦʥʪʘ ʪʦʢʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʘʢʪʠʚʥʦʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ 

ʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʘʩʩʠʚʥʦʤ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʙʦʨʦʤ ʫʟʢʦʡ 

ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, ʟʘ ʩʯʝʪ ʤʘʣʦʛʦ ʟʥʘʯʝʥʠʷ ɤmax, ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʩ ʮʝʣʴʶ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʰʫʤʘ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʝʪ ʚʳʩʦʢʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʀɼʊ ʘʢʪʠʚʥʦʛʦ ʪʠʧʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʤʘʣʳʭ ʠʤʧʫʣʴʩʥʳʭ 

ʪʦʢʦʚ ʚʧʣʦʪʴ ʜʦ ʟʥʘʯʝʥʠʡ ~ 1 ʤʢɸ ʧʨʠ ʧʨʠʝʤʣʝʤʦʤ ʟʥʘʯʝʥʠʠ ʚʨʝʤʝʥʠ ʥʘʨʘʩʪʘʥʠʷ. 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʠʤʝʨʳ ʨʝʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʅʘ ʦʩʥʦʚʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʀɼʊ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʥʘʙʦʨ 

ʙʘʟʦʚʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʜʝʪʝʢʪʦʨʦʚ: 
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 ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʘʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʚʠʪʢʦʚ ʚ ʦʙʤʦʪʢʝ, ʪ. ʢ. U(t)  θ1/N. 

 ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʨʦʪʢʦʛʦ ʚʨʝʤʝʥʠ ʥʘʨʘʩʪʘʥʠʷ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʙʳʩʪʨʦʛʦ 

ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ, ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʞʘʪʴ ʧʘʨʘʟʠʪʥʫʶ ʝʤʢʦʩʪʴ, ʪ. ʢ. ὸ̎ᶿ ὒὅ . 

 ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʥʳʭ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ ʧʫʯʢʘ (ʙʦʣʴʰʝ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʩʝʢʫʥʜ) ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʢʪʠʚʥʳʡ ʪʠʧ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʫʚʝʣʠʯʠʚʘʪʴ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʪ. ʢ. tʩ  θL  θN2. 

 ʊʘʢ ʢʘʢ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʀɼʊ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʚʦʡʩʪʚʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʝʨʜʝʯʥʠʢʘ (S  θL  θÕ), ʪʦ ʩʣʝʜʫʝʪ 

ʦʪʜʘʚʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʤʘʪʝʨʠʘʣʘʤ ʩ ʙʦʣʴʰʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʘ 

ʯʘʩʪʦʪʘʭ > 100 ʢɻʮ Õ  θ1/f, ʠ ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʢʣʘʜ ʥʘʯʠʥʘʝʪ ʚʥʦʩʠʪʴ 

ʧʘʨʘʟʠʪʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ LS. ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʤʘʣʳʭ ʪʦʢʦʚ ʪʘʢʞʝ ʚʘʞʥʳ 

ʥʝʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʥʘ ʛʠʩʪʝʨʝʟʠʩ ʠ ʚʠʭʨʝʚʳʝ ʪʦʢʠ, ʤʘʣʘʷ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʠ 

ʚʳʩʦʢʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʠ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʘʤʦʨʬʥʳʝ ʠʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʞʝʣʝʟʦʥʠʢʝʣʝʚʳʝ ʩʧʣʘʚʳ: ʧʝʨʤʘʣʣʦʠ ʠ ʬʝʨʨʠʪʳ. 

 ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʨʦʪʝʢʘʥʠʷ ʩʪʝʥʦʯʥʦʛʦ ʪʦʢʘ ʠʟʦʙʨʘʞʝʥʠʷ ʧʫʯʢʘ ʩʢʚʦʟʴ 

ʩʝʨʜʝʯʥʠʢ, ʪ. ʢ. ʵʪʦʪ ʪʦʢ ʨʘʚʝʥ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʝʥ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʪʦʢʫ ʧʫʯʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʫʣʝʚʦʤʫ ʥʘʚʝʜʝʥʥʦʤʫ ʩʠʛʥʘʣʫ ʚ ʦʙʤʦʪʢʝ.  

 

ɺʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʀɼʊ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʘ ʦʪ ʩʪʘʪʠʯʝʩʢʠʭ ʠ 

ʧʝʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ɼʣʷ ʣʫʯʰʝʛʦ ʯʠʩʣʝʥʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʦʙʣʝʤʳ, 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʧʫʯʦʢ ʩ ʪʦʢʦʤ 1 ʤɸ ʩʦʟʜʘʝʪ ʥʘ ʨʘʜʠʫʩʝ 40 ʤʤ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 5 ʥʊ, ʯʪʦ ʥʘ 4 ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʟʘʱʠʪʳ, ʩʪʘʪʠʯʝʩʢʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʠʣʠ ʧʦʣʥʦʤʫ ʥʘʩʳʱʝʥʠʶ ʩʝʨʜʝʯʥʠʢʘ, ʯʪʦ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʦʢʨʘʱʝʥʠʝ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʝʯʝʥʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʦʙʤʦʪʢʠ ʠ ʚʨʝʤʷ ʩʧʘʜʘ ʚʝʨʰʠʥʳ ʠʤʧʫʣʴʩʘ. 
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ʅʘʩʳʱʝʥʠʝ ʩʝʨʜʝʯʥʠʢʘ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʵʬʬʝʢʪʘ ʧʦʣʷʨʠʟʘʮʠʠ ʤʘʛʥʠʪʥʳʭ 

ʜʦʤʝʥʦʚ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʜʫʢʮʠʝʡ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ ʠ ʜʣʠʥʦʡ ʧʫʪʠ ʩʠʣʦʚʦʡ ʣʠʥʠʠ ʧʦʣʷ ʚ 

ʤʘʪʝʨʠʘʣʝ ʩʝʨʜʝʯʥʠʢʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʱʝʡ ʜʣʠʥʝ ʤʘʛʥʠʪʥʦʛʦ ʧʫʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʝʣʠʯʠʥʘ ʠʥʜʫʢʮʠʠ ʥʘʚʝʜʝʥʥʦʛʦ ʧʦʣʷ ʟʘʚʠʩʠʪ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʩʝʨʜʝʯʥʠʢʘ ʚʦ 

ʚʥʝʰʥʝʤ ʧʦʣʝ. ɼʣʷ ʪʠʧʠʯʥʦʡ ʬʦʨʤʳ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʩʝʨʜʝʯʥʠʢʘ ʀɼʊ (ʪʦʣʱʠʥʘ 

ʤʥʦʛʦ ʤʝʥʴʰʝ ʜʠʘʤʝʪʨʘ) ʠʥʜʫʢʮʠʷ ʥʘʚʝʜʝʥʥʦʛʦ ʧʦʣʷ ʚ ʘʢʩʠʘʣʴʥʳʭ ʠ ʨʘʜʠʘʣʴʥʳʭ 

ʚʥʝʰʥʠʭ ʧʦʣʷʭ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʦʧʝʨʝʯʥʦʤ ʧʦʣʝ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʪʠʯʝʩʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʚʣʠʷʥʠʝ ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʝʪ 

ʩʢʘʟʳʚʘʪʴʩʷ ʩ ʤʦʤʝʥʪʘ ʯʘʩʪʠʯʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʩʝʨʜʝʯʥʠʢʘ, ʧʝʨʝʤʝʥʥʳʝ ʧʦʣʷ, 

ʫʣʘʚʣʠʚʘʝʤʳʝ ʀɼʊ, ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʷʚʥʦʤ ʚʠʜʝ ʚ ʩʧʝʢʪʨʝ ʠʟʤʝʨʷʝʤʦʛʦ 

ʵʣʝʢʪʨʦʥʠʢʦʡ ʩʠʛʥʘʣʘ. ʊʠʧʠʯʥʳʡ ʘʢʪʠʚʥʳʡ ʀɼʊ ʙʝʟ ʟʘʱʠʪʳ ʚ ʜʠʘʧʘʟʦʥʝ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʫʩʠʣʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʫʣʘʚʣʠʚʘʝʪ 

ʧʝʨʝʤʝʥʥʳʝ ʧʦʣʷ, ʥʘʯʠʥʘʷ ʩ ʫʨʦʚʥʷ ~10-6 ʊʣ. ʀʩʪʦʯʥʠʢʘʤʠ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ ʤʦʛʫʪ 

ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʠʤʧʫʣʴʩʥʳʝ ʩʠʩʪʝʤʳ ʬʦʢʫʩʠʨʦʚʢʠ (ʥʘʧʨʠʤʝʨ, ʢʚʘʜʨʫʧʦʣʠ), ʥʦ ʠ 

ʩʠʩʪʝʤʳ ɺʏ-ʧʠʪʘʥʠʷ ʫʩʢʦʨʷʶʱʠʭ ʨʝʟʦʥʘʪʦʨʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʚʘʢʫʫʤʥʦʡ 

ʦʪʢʘʯʢʠ, ʘ ʪʘʢʞʝ ʧʦʤʝʭʠ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʝ 50 ɻʮ [54] (ʈʠʩʫʥʦʢ 1.2.4). 

 

 

ʈʠʩʫʥʦʢ 1.2.4 ï ʇʨʠʤʝʨ ʚʣʠʷʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʠʛʥʘʣ 

ʘʢʪʠʚʥʦʛʦ ʀɼʊ ʬʠʨʤʳ Bergoz 
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ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʩʣʘʙʣʝʥʠʝ ʧʦʣʷ ʟʘ ʟʘʱʠʪʦʡ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ ʧʦʪʝʨʷʤ ʥʘ 

ʧʦʛʣʦʱʝʥʠʝ ʠ ʦʪʨʘʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʦʪʢʣʦʥʝʥʠʷ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʦʪ ʠʭ ʥʘʯʘʣʴʥʦʛʦ ʧʫʪʠ. 

ʆʩʥʦʚʥʦʝ ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʠʥʜʫʢʮʠʠ ʩʪʘʪʠʯʝʩʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʜʦ 

ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʩ ʧʦʤʦʱʴʶ ʟʘʤʢʥʫʪʳʭ ʵʢʨʘʥʦʚ, 

ʩʜʝʣʘʥʥʳʭ ʠʟ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʙʦʣʴʰʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʇʦʪʦʢ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʩʪʝʥʢʘʭ ʪʘʢʦʛʦ ʵʢʨʘʥʘ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʤʘʣʳʤ 

ʤʘʛʥʠʪʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ (ʤʘʛʥʠʪʥʦʝ ʰʫʥʪʠʨʦʚʘʥʠʝ). 

ɺ ʩʣʫʯʘʝ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʝʨʚʠʯʥʦʝ ʦʩʣʘʙʣʝʥʠʝ ʧʦʤʝʭ 

ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ ʩʠʤʤʝʪʨʠʠ ʚʠʪʢʦʚ ʢʦʣʴʮʝʚʦʡ ʦʙʤʦʪʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʩʪʘʪʦʯʥʳʡ ʪʦʢ ʟʘʚʠʩʠʪ ʦʪ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʷ, ʢʦʣʠʯʝʩʪʚʘ 

ʚʠʪʢʦʚ ʠ ʨʘʟʥʠʮʳ ʠʭ ʛʝʦʤʝʪʨʠʠ. ʇʨʠ ʥʘʣʠʯʠʠ ʢʦʣʴʮʝʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʩʝʨʜʝʯʥʠʢʘ 

ʧʦʤʝʭʘ ʦʩʣʘʙʣʷʝʪʩʷ ʪʘʢʞʝ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʦʤʝʭʠ 

ʚ ʩʝʨʜʝʯʥʠʢʝ ʫʤʝʥʴʰʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʧʦʷʚʣʝʥʠʶ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ 

ʚʩʣʝʜʩʪʚʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʤʘʛʥʝʪʠʢʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʟʘʤʢʥʫʪʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʫʯʢʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʡ ʬʘʢʪʦʨ ʨʘʚʝʥ ʥʫʣʶ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʟʘʱʠʪʦʡ ʜʣʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʩʣʫʯʘʷ ʷʚʣʷʝʪʩʷ ʧʨʦʚʦʜʷʱʠʡ ʵʢʨʘʥ, 

ʛʜʝ ʦʩʣʘʙʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʦʣʷ ʥʘʚʝʜʝʥʥʳʭ ʪʦʢʦʚ, ʪʝʢʫʱʠʭ ʚ ʩʢʠʥ-ʩʣʦʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʠ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʧʦʣʝʡ ʷʚʣʷʝʪʩʷ ʤʘʛʥʠʪʥʳʡ ʧʨʦʚʦʜʷʱʠʡ ʤʘʪʝʨʠʘʣ ʩ ʤʠʥʠʤʘʣʴʥʦʡ 

ʪʦʣʠɦʥʦʡ ʩʢʠʥ-ʩʣʦʷ ‏ḙ ς „‘‘‫ϳ  . ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʝʨʤʘʣʣʦʠ (ůɛ = ~ 1010 ʉʤ/ʤ) ʠ ʤʘʛʥʠʪʦʤʷʛʢʠʝ ʫʛʣʝʨʦʜʠʩʪʳʝ 

ʩʪʘʣʠ (~ 109 ʉʤ/ʤ). ʅʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʤʥʦʛʦʩʣʦʡʥʳʡ 

ʵʢʨʘʥ ʠʟ ʢʦʤʙʠʥʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʥʳʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʨʠ ʵʪʦʤ ʚʥʝʰʥʠʝ ʩʣʦʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʙʦʣʴʰʦʡ ʠʥʜʫʢʮʠʝʡ 

ʥʘʩʳʱʝʥʠʷ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʥʘʩʳʱʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʝʚ ʩ ʙʦʣʴʰʦʡ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʥʦ ʤʘʣʦʡ ʠʥʜʫʢʮʠʝʡ ʥʘʩʳʱʝʥʠʷ. 



34 

 

 

 

ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʳʤ ʫʨʦʚʥʝʤ ʟʘʱʠʪʳ ʷʚʣʷʝʪʩʷ ʧʨʠʝʤ ʠ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʦʚ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʧʦ ʚʠʪʦʡ ʧʘʨʝ ʩ ʟʘʟʝʤʣʝʥʥʳʤ ʵʢʨʘʥʦʤ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʯʠʪʘʥʠʝ ʩʠʥʬʘʟʥʳʭ ʧʦʤʝʭ ʥʘ ʫʨʦʚʥʝ ʵʣʝʢʪʨʦʥʠʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʀɼʊ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʯʘʩʪʠʮʘʤ ʧʫʯʢʘ, ʚʪʦʨʠʯʥʳʤ ʵʣʝʢʪʨʦʥʘʤ ʠ 

ʵʣʝʢʪʨʦʥʘʤ ʦʙʜʠʨʢʠ, ʧʦʧʘʜʘʶʱʠʤ ʚ ʩʝʨʜʝʯʥʠʢ ʠ ʟʘʨʷʞʘʶʱʠʤ ʩʦʙʩʪʚʝʥʥʫʶ 

ʝʤʢʦʩʪʴ ʜʘʪʯʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʤʣʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʢʦʥʮʘʭ ʦʙʤʦʪʢʠ 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʥʬʘʟʥʳʡ ʩʠʛʥʘʣ. ʆʜʥʘʢʦ ʩʠʛʥʘʣʳ ʦʪ ʧʦʪʦʢʦʚ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ, 

ʜʚʠʞʫʱʠʭʩʷ ʩʢʚʦʟʴ ʩʝʨʜʝʯʥʠʢ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʬʠʣʴʪʨʦʚʘʥʳ ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ, 

ʠ ʚʥʦʩʷʪ ʦʰʠʙʢʫ ʚ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʧʝʨʚʠʯʥʦʛʦ ʧʫʯʢʘ, ʧʦʵʪʦʤʫ ʠʟʤʝʨʝʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʠʩʢʘʞʝʥʳ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʭʦʛʦ ʚʘʢʫʫʤʘ ʚ ʠʦʥʦʧʨʦʚʦʜʝ ʠʣʠ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʪʝʨʷʭ ʧʫʯʢʘ ʚ ʦʙʣʘʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʀɼʊ. 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʩʪʨʫʢʮʠʡ ʀɼʊ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʥʘ 

ʧʨʘʢʪʠʢʝ, ʧʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʩʪʦʠʪ ʧʨʠʚʝʩʪʠ ʣʠʰʴ ʩʘʤʳʝ ʪʠʧʠʯʥʳʝ ʠ 

ʧʦʢʘʟʘʪʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʫʩʢʦʨʠʪʝʣʴʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʧʦʣʫʯʠʣʠ ʜʘʪʯʠʢʠ ʬʨʘʥʮʫʟʩʢʦʡ ʬʠʨʤʳ Bergoz 

Instrumentation, ʢʦʪʦʨʘʷ ʙʦʣʝʝ 40 ʣʝʪ ʧʨʦʠʟʚʦʜʠʪ ʠ ʧʦʩʪʘʚʣʷʝʪ ʢʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʪʦʢʘ ʜʣʷ ʧʫʯʢʦʚ ʩ ʩʘʤʳʤʠ ʨʘʟʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʉʪʘʥʜʘʨʪʥʳʝ ʢʦʤʧʣʝʢʪʳ ʚ ʚʘʢʫʫʤʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʥʘ ʦʩʥʦʚʝ Conflat-ʬʣʘʥʮʝʚ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʘʢʪʠʚʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʘ ʩ ʤʘʛʥʠʪʥʦʡ ʟʘʱʠʪʦʡ ʩʝʨʜʝʯʥʠʢʘ ʠ 

ʧʨʝʜʫʩʠʣʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʩʦ ʚʩʪʨʦʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʢʘʣʠʙʨʦʚʢʠ ʠ 

ʧʝʨʝʢʣʶʯʘʝʤʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.2.5.  

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʪʯʠʢʦʚ Bergoz ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʣʝʥʪʦʯʥʦʛʦ ʩʝʨʜʝʯʥʠʢʘ, ʩʜʝʣʘʥʥʦʛʦ ʠʟ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ ʩ ʚʳʩʦʢʦʡ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ (Vitrovac, Nanoperm), ʠ ʚʘʢʫʫʤʥʦʧʣʦʪʥʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʚʩʪʘʚʢʠ, 

ʧʨʝʨʳʚʘʶʱʝʡ ʪʦʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʫʯʢʘ. ʂʦʥʬʠʛʫʨʘʮʠʠ ʘʢʪʠʚʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ʪʦʢʘ Bergoz ʦʙʣʘʜʘʶʪ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ʦʪ 3 ɻʮ ʜʦ 1 ʄɻʮ, ʩʧʘʜʦʤ ʚʝʨʰʠʥʳ 

< 2 %/ʤʩ, ʚʨʝʤʝʥʝʤ ʥʘʨʘʩʪʘʥʠʷ 350 ʥʩ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʜʠʘʧʘʟʦʥʘʤʠ ʦʪ Ñ1 ʤɸ ʜʦ 

Ñ2 A ʩ ʨʘʟʨʝʰʝʥʠʝʤ ~1.5 ʤʢɸ ʚ ʤʠʣʣʠʘʤʧʝʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. 
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ʈʠʩʫʥʦʢ 1.2.5 ï ɺʘʢʫʫʤʥʳʝ ACCT Bergoz ʩ ʧʨʝʜʫʩʠʣʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʠʢʦʡ 

 

ʄʥʦʛʠʝ ʫʩʢʦʨʠʪʝʣʴʥʳʝ ʮʝʥʪʨʳ ʩʘʤʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʠʥʜʫʢʮʠʦʥʥʳʝ ʜʘʪʯʠʢʠ 

ʪʦʢʘ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʜʭʦʜʷʱʠʤʠ ʧʦʜ 

ʧʘʨʘʤʝʪʨʳ ʢʦʥʢʨʝʪʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ, ʧʨʠ ʵʪʦʤ ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʶʪʩʷ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʣʝʥʪʦʯʥʳʝ ʩʝʨʜʝʯʥʠʢʠ ʦʪʜʝʣʝʥʳ ʦʪ ʚʘʢʫʫʤʘ ʢʝʨʘʤʠʯʝʩʢʦʡ 

ʚʩʪʘʚʢʦʡ ʠʣʠ ʚʠʪʦʥʦʚʦʡ ʧʨʦʢʣʘʜʢʦʡ (ʈʠʩʫʥʢʠ 1.2.6 [55], 1.2.7 [45], 1.2.8 [56]).  
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ʈʠʩʫʥʦʢ 1.2.6 ï ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʠ ʩʦʙʨʘʥʥʳʡ ʀɼʊ ʜʣʷ LINAC4 CERN 

 

 

ʈʠʩʫʥʦʢ 1.2.7 ï ɸʢʪʠʚʥʳʡ ʀɼʊ ʜʣʷ ʣʠʥʘʢʘ ʪʷʞʝʣʳʭ ʠʦʥʦʚ UNILAC GSI 

 

 

ʈʠʩʫʥʦʢ 1.2.8 ï ʀɼʊ SNS ORNL ʥʘ ʠʩʧʳʪʘʥʠʷʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʟʘʱʠʪʳ 
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ʎʠʣʠʥʜʨ ʌʘʨʘʜʝʷ 

 

ʎʠʣʠʥʜʨ ʌʘʨʘʜʝʷ (ʎʌ) (ʘʥʛʣʦʷʟʳʯʥʳʡ ʪʝʨʤʠʥ: FC ï Faraday cup) ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʦʚʦʜʠʪʴ ʧʨʷʤʳʝ ʘʙʩʦʣʶʪʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʧʫʯʢʘ, ʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ 

ʜʨʫʛʠʭ ʠʟʤʝʨʠʪʝʣʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ 

ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʘʶʱʝʤ ʧʨʠʥʮʠʧʝ ʠʟʤʝʨʝʥʠʡ, ʵʪʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʦʙʣʘʜʘʝʪ ʚʘʞʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

¶ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʪʦʢʦʚ: ʦʪ ʧʠʢʦʘʤʧʝʨ ʜʦ ʢʠʣʦʘʤʧʝʨ, 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʣʦʚʫʰʢʠ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʧʫʯʢʘ, 

¶ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʜʣʷ ʧʝʨʝʤʝʥʥʳʭ ʠ ʧʦʩʪʦʷʥʥʳʭ ʪʦʢʦʚ. 

ʆʙʳʯʥʦ, ʮʠʣʠʥʜʨʳ ʌʘʨʘʜʝʷ ʠʤʝʶʪ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʜʦ 10 ʄɻʮ ʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʳʭ ʧʫʯʢʦʚ ʠ ʧʫʯʢʦʚ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʠʤʧʫʣʴʩʘ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʩʝʢʫʥʜ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʩʝʢʫʥʜ. 

 

ʌʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠ ʪʠʧʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʈʘʙʦʪʘ ʎʌ ʦʩʥʦʚʘʥʘ ʥʘ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʫʯʢʘ ʚ 

ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʪʦʢʦʧʨʦʚʦʜʷʱʝʤ ʵʣʝʢʪʨʦʜʝ, ʪʦʢ ʩ ʢʦʪʦʨʦʛʦ ʩʥʠʤʘʝʪʩʷ ʯʝʨʝʟ 

ʨʝʟʠʩʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ ʠʣʠ ʪʨʘʥʩʠʤʧʝʜʘʥʩʥʳʡ ʧʨʝʜʫʩʠʣʠʪʝʣʴ (ʈʠʩʫʥʦʢ 1.2.9). 

ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʠʩʢʘʞʝʥ ʠʟ-ʟʘ ʚʪʦʨʠʯʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ (ɺʕʕ), ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʧʝʨʚʠʯʥʦʛʦ ʧʫʯʢʘ ʚ 

ʧʦʚʝʨʭʥʦʩʪʴ ʎʌ. ʇʦʪʦʢ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʦʩʠʥʫʩʫ ʫʛʣʘ 

ʤʝʞʜʫ ʠʭ ʪʨʘʝʢʪʦʨʠʝʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʘ ʵʥʝʨʛʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 50 ʵɺ, ʧʨʠʯʝʤ 

ʤʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 1õ10 ʵɺ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʫʪʝʯʢʠ ʪʦʢʘ 

ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʜʣʠʥʝʥʥʫʶ ʬʦʨʤʫ ʎʌ, ʵʣʝʢʪʨʦʜ ʧʦʜ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ çʟʘʧʠʨʘʶʱʠʤè ʧʦʪʝʥʮʠʘʣʦʤ ʩʤʝʱʝʥʠʷ ʠ/ʠʣʠ ʧʦʩʪʦʷʥʥʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʥʘʧʨʘʚʣʷʝʪ ʵʣʝʢʪʨʦʥʳ ʧʦ ʮʠʢʣʦʪʨʦʥʥʦʤʫ ʨʘʜʠʫʩʫ ʢ 

ʩʪʝʥʢʘʤ ʮʠʣʠʥʜʨʘ. 
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ʈʠʩʫʥʦʢ 1.2.9 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʮʠʣʠʥʜʨʘ ʌʘʨʘʜʝʷ 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʠʤʝʨʳ ʨʝʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʂʦʥʩʪʨʫʢʮʠʷ ʮʠʣʠʥʜʨʘ ʌʘʨʘʜʝʷ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʨʷʝʤʦʛʦ 

ʧʫʯʢʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ 

ʵʥʝʨʛʠʠ ʠʣʠ ʩʨʝʜʥʝʛʦ ʪʦʢʘ ʧʫʯʢʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ 

ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ. 

ɺ ʩʣʫʯʘʝ ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʳʭ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʫʯʢʦʚ ʠʦʥʦʚ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʎʌ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʠ ʢʦʤʧʘʢʪʥʦʡ, ʪ. ʢ. ʦʪʩʫʪʩʪʚʫʶʪ 

ʧʨʦʙʣʝʤʳ ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ ʠ/ʠʣʠ ʙʦʣʴʰʠʭ ʧʨʦʙʝʛʦʚ ʯʘʩʪʠʮ ʧʫʯʢʘ ʚ ʤʘʪʝʨʠʘʣʝ 

ʵʣʝʢʪʨʦʜʘ, ʠ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʩʪʘʥʦʚʠʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʧʘʨʘʟʠʪʥʦʡ ʫʪʝʯʢʠ ʪʦʢʘ. 

ʊʦʢ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ ʐʪʝʨʥʛʣʘʩʩʘ: 

 Ὅˏ˪˪ ὣ
ÄὉ

”Äὼ
Ὅ̐  ϽὍ̐ ȟ (1.2.7)‏

ʛʜʝ Y ï ʚʳʭʦʜ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʝʜʠʥʠʮʫ ʫʜʝʣʴʥʳʭ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ, 

ʘ ʠʪʦʛʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʪʦʨʠʯʥʦʡ 

ʵʤʠʩʩʠʠ (ʈʠʩʫʥʦʢ 1.2.10) [57], ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʫʜʝʣʴʥʳʭ ʠʦʥʠʟʘʮʠʦʥʥʳʭ 

ʧʦʪʝʨʴ ʧʫʯʢʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʵʣʝʢʪʨʦʜʘ, ʘ ʪʘʢʞʝ ʦʪ ʨʘʙʦʪʳ ʚʳʭʦʜʘ ʤʘʪʝʨʠʘʣʘ 

ʠ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʭʠʤʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʩʤʝʱʝʥʠʷ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ɺʕʕ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦ 

ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠ ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʥʥʦʡ ʫʜʣʠʥʝʥʥʦʡ ʢʦʣʴʮʝʚʦʡ ʛʝʦʤʝʪʨʠʠ ʵʣʝʢʪʨʦʜʘ 

(ʈʠʩʫʥʦʢ 1.2.11) [58], ʢʦʛʜʘ ʧʘʜʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʦʩʠ ʎʌ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 50% 

ʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ~ ï100 ɺ. 
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ʈʠʩʫʥʦʢ 1.2.10 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ɺʕʕ ʦʪ ʵʥʝʨʛʠʠ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ 

 

 

 ʈʠʩʫʥʦʢ 1.2.11 ï ʂʦʤʧʘʢʪʥʳʡ ʎʌ ʩ ʧʦʪʝʥʮʠʘʣʦʤ -60 ɺ ʜʣʷ HIE-ISOLDE CERN 

 

ʈʘʩʧʳʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʠʛʥʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ ʥʘʧʳʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠʟʦʣʷʪʦʨʦʚ ʚ ʩʦʩʪʘʚʝ 

ʎʌ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʨʘʙʦʪʳ ʩ ʧʫʯʢʘʤʠ ʪʷʞʝʣʳʭ 

ʠʦʥʦʚ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʎʌ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʟʦʣʷʪʦʨʳ 

ʙʳʣʠ ʟʘʱʠʱʝʥʳ ʦʪ ʚʦʟʤʦʞʥʳʭ ʧʦʪʦʢʦʚ ʨʘʩʧʳʣʝʥʥʳʭ ʘʪʦʤʦʚ, ʘ ʜʥʦ ʮʠʣʠʥʜʨʘ, ʢʦʪʦʨʳʡ 

ʦʙʳʯʥʦ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʤʝʜʠ ʠʣʠ ʛʨʘʬʠʪʘ, ʧʦʢʨʳʚʘʪʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʢ 

ʨʘʩʧʳʣʝʥʠʶ ʤʘʪʝʨʠʘʣʦʤ, ʥʘʧʨʠʤʝʨ, ʚʦʣʴʬʨʘʤʦʚʦʡ ʠʣʠ ʪʘʥʪʘʣʦʚʦʡ ʬʦʣʴʛʦʡ. 
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ɺ ʩʣʫʯʘʝ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʧʫʯʢʦʚ, ʩʦ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʴʶ 

ʙʦʣʴʰʝ ʥʝʩʢʦʣʴʢʠʭ ʚʘʪʪ, ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʪʝʧʣʦʩʲʝʤ 

ʵʥʝʨʛʠʠ ʧʫʯʢʘ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʮʠʣʠʥʜʨʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ. 

ʂʣʶʯʝʚʳʝ ʨʘʟʣʠʯʠʷ ʚ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʎʌ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʚʳʩʦʢʠʝ ʤʦʱʥʦʩʪʠ 

ʠʟʤʝʨʷʝʤʦʛʦ ʧʫʯʢʘ, ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʚʳʙʦʨʝ ʪʫʛʦʧʣʘʚʢʠʭ ʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʈʠʩʫʥʦʢ 1.2.12) ʜʣʷ ʩʠʛʥʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (ʚʦʣʴʬʨʘʤ, ʪʘʥʪʘʣ, ʛʨʘʬʠʪ), ʝʛʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʫʯʢʦʤ, ʘ ʪʘʢʞʝ, ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʠʝ ʎʌ ʠʤʝʶʪ ʢʦʥʫʩʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʢʘʥʘʚʢʠ ʥʘ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʛʥʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʫʯʢʦʤ, ʯʪʦ ʜʘʝʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʠ ʩʥʠʞʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʠʤʧʫʣʴʩʥʦʡ ʪʝʨʤʦʵʤʠʩʩʠʠ 

ʵʣʝʢʪʨʦʥʦʚ.  

ʊʠʧʠʯʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʜʣʷ ʠʥʪʝʥʩʠʚʥʳʭ ʧʫʯʢʦʚ, ʫʯʠʪʳʚʘʶʱʘʷ ʚʩʝ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʎʌ ʪʘʢʦʛʦ ʪʠʧʘ (ʤʘʪʝʨʠʘʣʳ, ʬʦʨʤʫ, ʘʢʪʠʚʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ), ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʱʘʷ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʬʬʝʢʪʦʚ 

ʨʘʩʧʳʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʛʥʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʠ ʫʪʝʯʢʠ ʪʦʢʘ ʠʟ-ʟʘ ɺʕʕ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.2.13 [45]. 

 

ʈʠʩʫʥʦʢ 1.2.12 ï ʎʌ ʜʣʷ ʣʠʥʘʢʘ ʧʨʦʪʦʥʦʚ ESS ʩ ʛʨʘʬʠʪʦʚʳʤ ʵʣʝʢʪʨʦʜʦʤ 



41 

 

 

 

 

ʈʠʩʫʥʦʢ 1.2.13 ï ʆʭʣʘʞʜʘʝʤʳʡ ʎʌ ʜʣʷ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʠʦʥʥʳʭ ʧʫʯʢʦʚ GSI 

 

ʆʙʱʠʡ ʪʝʧʣʦʩʲʝʤ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʧʫʯʢʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʠʩʪʝʤʦʡ ʘʢʪʠʚʥʦʛʦ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ɽʩʣʠ ʦʙʳʯʥʘʷ ʥʝ ʦʙʝʩʩʦʣʝʥʥʘʷ 

ʦʭʣʘʞʜʘʶʱʘʷ ʚʦʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʤ ʢʦʥʪʘʢʪʝ ʩ ʩʠʛʥʘʣʴʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʎʌ, ʪʦ ʝʸ 

ʧʨʦʪʝʢʘʥʠʝ ʧʦ ʢʘʥʘʣʘʤ ʦʭʣʘʞʜʝʥʠʷ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʬʦʥʦʚʳʡ ʪʦʢ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʘʤʧʝʨ, ʧʦʵʪʦʤʫ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚʳʙʦʨʫ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ 

ʚʩʪʫʧʘʶʱʠʭ ʚ ʢʦʥʪʘʢʪ ʩ ʚʦʜʦʡ, ʪʘʢ ʠ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʪʘʢ ʢʘʢ ʨʘʟʣʠʯʠʷ 

ʚ ʵʣʝʢʪʨʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʩʢʘʞʝʥʠʶ ʠʟʤʝʨʝʥʠʡ ʪʦʢʘ.  

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʵʬʬʝʢʪʦʚ ʝʩʪʴ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷ: 

¶ ʅʝʧʨʷʤʦʝ ʦʭʣʘʞʜʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʜʦʦʭʣʘʞʜʘʝʤʘʷ ʧʣʘʩʪʠʥʘ 

ʣɻʝʢʪʨʠʯʝʩʢʠ ʠʟʦʣʠʨʦʚʘʥʘ ʦʪ ʩʠʛʥʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (ʈʠʩʫʥʦʢ 1.2.14). ʇʨʠ 

ʵʪʦʤ ʠʟʦʣʷʪʦʨ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʭʦʨʦʰʝʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. ʅʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʥʠʪʨʠʜ ʘʣʶʤʠʥʠʷ ï 

ʪʝʧʣʦʧʨʦʚʦʜʷʱʘʷ ʢʝʨʘʤʠʢʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

~ 180 ɺʪ/(ʤĿK) (ʘʣʶʤʠʥʠʡ ï ~ 240 ɺʪ/(ʤĿK), ʤʝʜʴ ï ~ 400 ɺʪ/(ʤĿK)). 

¶ ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʠʦʥʦʛʝʥʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʪʝʧʣʦʚʳʝ 

ʥʘʛʨʫʟʢʠ ʩʣʠʰʢʦʤ ʚʝʣʠʢʠ ʜʣʷ ʥʝʧʨʷʤʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʤʢʥʫʪʳʡ ʦʭʣʘʞʜʘʶʱʠʡ ʢʦʥʪʫʨ ʥʘ ʦʩʥʦʚʝ, ʥʘʧʨʠʤʝʨ, 

ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʳ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʜʝʠʦʥʠʟʦʚʘʥʥʘʷ ʚʦʜʘ 
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ʩʧʦʩʦʙʥʘ ʚʳʟʳʚʘʪʴ ʢʦʨʨʦʟʠʶ ʮʝʣʦʛʦ ʨʷʜʘ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʥʝʢʦʪʦʨʳʝ ʪʠʧʳ 

ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ, ʨʘʟʨʫʰʘʷ ʠʭ ʠ ʟʘʛʨʷʟʥʷʷʩʴ ʩʘʤʘ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʦʢʘ ʫʪʝʯʢʠ, ʧʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʘʢʠʭ ʦʭʣʘʞʜʘʶʱʠʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʤʝʜʴ ʠ ʧʣʘʩʪʠʢʠ. 

 

 

ʈʠʩʫʥʦʢ 1.2.14 ï ʉʭʝʤʘ ʥʝʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʎʌ 

 

ʈʝʰʘʶʱʠʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʣʷ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʦʭʣʘʞʜʘʝʤʦʛʦ ʎʌ ʷʚʣʷʝʪʩʷ ʠʥʦʛʜʘ ʧʨʝʜʲʷʚʣʷʝʤʦʝ ʚʘʢʫʫʤʥʦʝ ʪʨʝʙʦʚʘʥʠʝ 

ʦʪʩʫʪʩʪʚʠʷ ʩʚʘʨʥʳʭ ʠʣʠ ʧʘʷʥʳʭ ʰʚʦʚ ʥʘ ʛʨʘʥʠʮʝ çʚʦʜʘ-ʚʘʢʫʫʤè (ʈʠʩʫʥʦʢ 1.2.15) 

[59], ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʠʩʢʠ ʧʨʦʨʳʚʘ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ, 

ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ, ʚ ʚʘʢʫʫʤʥʳʡ ʢʦʥʪʫʨ ʫʩʢʦʨʠʪʝʣʷ. 

 

 

ʈʠʩʫʥʦʢ 1.2.15 ï ʆʭʣʘʞʜʘʝʤʳʡ ʎʌ ʜʣʷ ʧʨʦʪʦʥʥʦʛʦ ʧʫʯʢʘ iThemba Labs 
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ʅʘʣʠʯʠʝ ʧʦʜʦʙʥʳʭ ʰʚʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ, ʧʦʟʚʦʣʷʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʢʦʤʧʘʢʪʥʳʝ 

ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʝ ʠʟʦʣʷʪʦʨʳ ʜʣʷ ʚʳʚʦʜʘ ʪʨʫʙʦʢ ʦʭʣʘʞʜʝʥʠʷ ʠʟ ʚʘʢʫʫʤʥʦʡ 

ʢʘʤʝʨʳ ʎʌ (ʈʠʩʫʥʦʢ 1.2.16). 

 

 

ʈʠʩʫʥʦʢ 1.2.16 ï ʆʭʣʘʞʜʘʝʤʳʡ ʎʌ ʬʠʨʤʳ D-Pace ʜʣʷ ʧʫʯʢʘ ʤʦʱʥʦʩʪʴʶ 3 ʢɺʪ 

 

ʕʣʝʢʪʨʠʯʝʩʢʫʶ ʠʟʦʣʷʮʠʶ ʎʌ ʤʦʞʥʦ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʠʟʦʣʠʨʫʶʱʠʭ ʥʠʧʧʝʣʝʡ ʥʘ ʦʩʥʦʚʝ CF-ʬʣʘʥʮʝʚ 

(ʈʠʩʫʥʦʢ 1.2.17), ʜʣʷ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʨʘʟʲʝʤʳ ʠ 

ʚʚʦʜʳ ʚ ʩʪʘʥʜʘʨʪʝ ConFlat. 

 

 

ʈʠʩʫʥʦʢ 1.2.17 ï ʎʌ ʬʠʨʤʳ NTG, ʨʘʟʤʝʱʝʥʥʳʡ ʥʘ ʠʟʦʣʠʨʫʶʱʝʤ ʥʠʧʧʝʣʝ 
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ʎʌ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʤʦʱʥʦʩʪʴ ʧʫʯʢʘ ʙʦʣʝʝ ~5 ʢɺʪ, ʦʙʳʯʥʦ ʤʦʥʪʠʨʫʶʪʩʷ ʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʘʢʫʫʤʥʳʭ ʙʦʢʩʘʭ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʬʣʘʥʮʘʤʠ 

(ʈʠʩʫʥʦʢ 1.2.18), ʪ. ʢ. ʨʘʟʤʝʨʳ ʪʘʢʠʭ ʎʌ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʩʝʷʥʠʷ ʥʫʞʥʦʡ 

ʤʦʱʥʦʩʪʠ ʠ ʨʘʟʤʝʱʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʬʣʘʥʮʳ ʩʪʘʥʜʘʨʪʦʚ CF/KF.  

ʇʦʜʦʙʥʳʝ ʎʌ ʥʝʠʟʙʝʞʥʦ ʦʪʣʠʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʴʶ, ʩʣʦʞʥʦʩʪʷʤʠ ʚ ʨʝʤʦʥʪʝ ʠ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʴʶ ʥʘʨʫʰʝʥʠʷ 

ʚʘʢʫʫʤʥʦʛʦ ʢʦʥʪʫʨʘ ʫʩʢʦʨʠʪʝʣʷ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʥʫʪʨʝʥʥʠʭ ʩʦʝʜʠʥʝʥʠʡ 

çʚʦʜʘ-ʚʘʢʫʫʤè. 

 

 

ʈʠʩʫʥʦʢ 1.2.18 ï ʆʭʣʘʞʜʘʝʤʳʝ ʎʌ ʬʠʨʤʳ NTG ʜʣʷ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʧʫʯʢʦʚ 

 

ɺ ʩʣʫʯʘʝ ʨʘʙʦʪʳ ʩ ʧʫʯʢʘʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʠʥ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʢʘʥʘʣ ʫʪʝʯʢʠ ʪʦʢʘ: ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʝ ʩʣʘʙʦʩʚʷʟʘʥʥʳʝ ʵʣʝʢʪʨʦʥʳ, 

ʢʦʪʦʨʳʝ ʦʙʜʠʨʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʝʱʝʩʪʚʦʤ, ʠ ʠʭ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʚʦʙʦʜʥʳʤʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʨʘʚʥʦʡ ɽʝ=ɽʧʫʯʢʘ/1836. ɼʣʷ 

ʧʫʯʢʦʚ ʩ ʵʥʝʨʛʠʷʤʠ ʚʳʰʝ ʥʝʩʢʦʣʴʢʠʭ ʄʵɺ ʵʥʝʨʛʠʷ ʪʘʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʧʨʝʚʳʰʘʝʪ 1 ʢʵɺ, 

ʠ ʧʦʜʘʚʣʝʥʠʝ ʧʦʪʦʢʦʚ ʪʘʢʠʭ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʨʦʙʣʝʤʫ, ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʠ/ʠʣʠ ʩʠʣʴʥʦ ʚʳʪʷʥʫʪʦʡ 

ʢʦʥʫʩʦʦʙʨʘʟʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠ ʵʪʦʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʷʤʠ 

<1 ʄʵɺ ʜʦʣʷ ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩʦʩʪʘʚʣʷʝʪ ~10% ʜʣʷ ʣʝʛʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʛʨʘʬʠʪ) ʠ ʜʦ 50% ʜʣʷ ʪʷʞʝʣʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʚʦʣʴʬʨʘʤ, ʪʘʥʪʘʣ) [42]. 
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ʀʟʤʝʨʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʙʦʨʘ ʟʘʨʷʜʘ ʚ ʎʌ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʀɼʊ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ çʥʦʣʴ-ʤʝʪʦʜʦʤè (ʈʠʩʫʥʦʢ 1.2.19), ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʟʘʨʷʜ, ʩʦʙʨʘʥʥʳʡ ʎʌ, ʠ ʯʘʩʪʴ ʟʘʨʷʜʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ R1 ʠ 

ʧʝʨʝʤʝʥʥʦʛʦ R2 ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʧʨʦʧʫʩʢʘʶʪʩʷ ʧʦ ʧʨʦʚʦʜʥʠʢʘʤ ʩʢʚʦʟʴ ʀɼʊ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʧʫʯʢʘ. ʇʦʜʙʦʨʦʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ R2 ʘʤʧʣʠʪʫʜʘ ʪʦʢʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʠʟʤʝʨʷʝʤʘʷ ʀɼʊ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʨʘʚʥʦʡ ʥʫʣʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʯʘʩʪʴ ʟʘʨʷʜʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʀɼʊ ʚ ʦʙʨʘʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʩʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ R1 ʥʘ ʟʝʤʣʶ, ʩʣʫʞʠʪ ʤʝʨʦʡ ʫʪʝʯʢʠ ʟʘʨʷʜʘ ʚ ʎʌ.  

 

 

ʈʠʩʫʥʦʢ 1.2.19 ï ʉʭʝʤʘ çʥʦʣʴ-ʤʝʪʦʜʘè ʜʣʷ ʚʟʘʠʤʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʎʌ ʠ ʀɼʊ 

 

ʅʘ ʧʨʘʢʪʠʢʝ ʚʦʟʤʦʞʥʳ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʎʌ: ʚ ʚʠʜʝ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʣʦʚʫʰʝʢ ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʘʭ ʧʦʚʦʨʦʪʥʳʭ ʤʘʛʥʠʪʦʚ ʠʣʠ ʢʘʥʘʣʦʚ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʪʝʩʪʦʚʳʭ ʩʝʢʮʠʡ ʠ ʩʪʝʥʜʦʚ, ʣʠʙʦ ʚ ʚʠʜʝ ʧʦʜʚʠʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʚʚʦʜʠʤʦʡ ʚ ʧʫʯʦʢ ʥʘ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʚʨʝʤʝʥʥʦʡ ʣʦʚʫʰʢʠ ʧʫʯʢʘ 

ʜʣʷ ʜʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ ʥʘʩʪʨʦʡʢʠ ʫʩʢʦʨʠʪʝʣʷ. 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʎʌ ʥʘ ʧʫʯʢʘʭ ʚʳʩʦʢʦʡ ʩʨʝʜʥʝʡ ʠ ʠʤʧʫʣʴʩʥʦʡ 

ʤʦʱʥʦʩʪʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʚʠʞʥʳʡ ʦʭʣʘʞʜʘʝʤʳʡ ʮʠʣʠʥʜʨ 

ʌʘʨʘʜʝʷ, ʠʛʨʘʶʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʦʣʴ ʘʚʘʨʠʡʥʦʡ ʣʦʚʫʰʢʠ ʧʫʯʢʘ, ʪʦʣʴʢʦ ʚ ʢʘʥʘʣʝ 

LEBT, ʛʜʝ ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʧʫʯʢʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝʚʳʰʘʝʪ 100õ200 ɺʪ. 
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ʅʘʯʠʥʘʷ ʩ ʚʳʭʦʜʘ RFQ, ʛʜʝ ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʚ ʧʫʯʢʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

ʥʝʩʢʦʣʴʢʠʭ ʢɺʪ, ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʠʥʜʫʢʮʠʦʥʥʳʝ ʜʘʪʯʠʢʠ ʪʦʢʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʝʨʘʟʨʫʰʘʶʱʠʭ ʪʦʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʦʪʜʝʣʴʥʦʡ 

ʣʦʚʫʰʢʠ ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʝ ʫʩʢʦʨʠʪʝʣʷ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʩʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʩʲʝʤʘ ʠ ʥʝ 

ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʤʝʨ ʧʦ ʠʟʤʝʨʝʥʠʶ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ ʧʫʯʢʘ, 

ʩʚʦʡʩʪʚʝʥʥʳʭ ʮʠʣʠʥʜʨʘʤ ʌʘʨʘʜʝʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʮʠʣʠʥʜʨ 

ʌʘʨʘʜʝʷ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʦʪʜʝʣʴʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʩʦʚʤʝʱʘʝʪʩʷ 

ʩ ʤʠʰʝʥʥʦʡ ʩʙʦʨʢʦʡ. ʅʘʠʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʴʥʳʡ ʧʨʠʤʝʨ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.2.20, ʛʜʝ ʠʟʦʙʨʘʞʝʥʘ ʤʠʰʝʥʥʘʷ ʩʙʦʨʢʘ ʢʦʤʧʘʢʪʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʥʝʡʪʨʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʮʠʢʣʦʪʨʦʥʘ TR-24 ʩ ʙʝʨʠʣʣʠʝʚʦʡ ʤʠʰʝʥʴʶ ʚ 

ʀʥʩʪʠʪʫʪʝ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʏʝʰʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ [60]. 

 

 

ʈʠʩʫʥʦʢ 1.2.20 ï ʉʭʝʤʘ ʦʭʣʘʞʜʘʝʤʦʡ ʤʠʰʝʥʥʦʡ ʩʙʦʨʢʠ ʩ ʬʫʥʢʮʠʝʡ ʮʠʣʠʥʜʨʘ 

ʌʘʨʘʜʝʷ ʜʣʷ ʠʩʪʦʯʥʠʢʘ ʥʝʡʪʨʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʙʝʨʠʣʣʠʝʚʦʛʦ p-n ʢʦʥʚʝʨʪʝʨʘ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨ ʥʘʩʪʨʦʡʢʠ ʠ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʪʜʝʣʴʥʳʭ 

ʩʝʢʮʠʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʙʦʨʢʫ ʧʨʦʩʪʦʡ ʦʭʣʘʞʜʘʝʤʦʡ ʣʦʚʫʰʢʠ 

ʩ ʀɼʊ ʥʘ ʚʭʦʜʝ, ʣʠʙʦ ʩʪʘʮʠʦʥʘʨʥʳʡ ʦʭʣʘʞʜʘʝʤʳʡ ʎʌ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʦʛʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʟʤʝʱʝʥʠʷ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʘʪʤʦʩʬʝʨʝ ʠ 

ʦʪʩʫʪʩʪʚʠʷ ʚʚʦʜʦʚ ʜʚʠʞʝʥʠʷ, ʞʠʜʢʦʩʪʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʚʘʢʫʫʤ 

(ʈʠʩʫʥʦʢ 1.2.21) [61]. 
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ʈʠʩʫʥʦʢ 1.2.21 ï ʉʪʘʮʠʦʥʘʨʥʳʡ ʦʭʣʘʞʜʘʝʤʳʡ ʮʠʣʠʥʜʨ ʌʘʨʘʜʝʷ ʥʘ ʚʳʭʦʜʝ ʢʘʥʘʣʘ 

LEBT ʪʝʩʪʦʚʦʛʦ ʩʪʝʥʜʘ ʥʘʩʪʨʦʡʢʠ ʧʨʦʪʦʥʥʦʛʦ RFQ LANSCE 

 

ɺ ʮʝʣʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʮʠʣʠʥʜʨʦʚ ʌʘʨʘʜʝʷ, ʩʦʚʤʝʱʘʶʱʠʭ ʬʫʥʢʮʠʠ ʣʦʚʫʰʢʠ ʠ ʠʟʤʝʨʠʪʝʣʷ ʪʦʢʘ 

ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʠʦʥʥʦʛʦ ʧʫʯʢʘ. ɼʣʷ ʢʦʨʨʝʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʪʘʢʠʭ 

ʮʠʣʠʥʜʨʘʭ ʜʦʣʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʭ ʠʭ ʩʪʦʠʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʩʪʦʡ ʦʭʣʘʞʜʘʝʤʦʡ 

ʣʦʚʫʰʢʦʡ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʥʘ ʪʫ ʞʝ ʤʦʱʥʦʩʪʴ ʪʝʧʣʦʩʲʝʤʘ, ʧʨʠ ʵʪʦʤ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ, 

ʥʘʧʨʠʤʝʨ ʥʘ ʚʭʦʜʝ ʧʦʚʦʨʦʪʥʦʛʦ ʤʘʛʥʠʪʘ, ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʩ ʧʦʤʦʱʴʶ ʀɼʊ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʫʩʢʦʨʠʪʝʣʷ ʜʣʷ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʪʦʢʘ ʠ ʢʘʯʝʩʪʚʘ ʧʨʦʚʦʜʢʠ ʧʫʯʢʘ.  
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1.3 ʇʦʧʝʨʝʯʥʳʡ ʧʨʦʬʠʣʴ ʧʫʯʢʘ 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʫʯʢʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʦʧʝʨʝʯʥʳʡ ʧʨʦʬʠʣʴ, ʢʦʪʦʨʳʡ 

ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʝʪʩʷ ʚʜʦʣʴ ʫʩʢʦʨʠʪʝʣʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʩʪʝʤʳ ʬʦʢʫʩʠʨʦʚʢʠ, ʠ ʝʛʦ 

ʢʦʥʪʨʦʣʴ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʦʧʝʨʝʯʥʦʡ ʜʠʥʘʤʠʢʠ 

ʧʫʯʢʘ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʷʤʠ ʫʩʢʦʨʠʪʝʣʷ ʠ ʢʘʥʘʣʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. 

ʂʦʥʬʠʛʫʨʘʮʠʷ ʠ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ ʠʟʤʝʨʠʪʝʣʝʡ 

ʧʨʦʬʠʣʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʯʘʩʪʠʮ ʚ ʧʫʯʢʝ, ʝʛʦ ʵʥʝʨʛʠʠ ʠ 

ʪʦʢʘ. ɼʣʷ ʣʠʥʝʡʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠʦʥʦʚ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ 

ʪʠʧʠʯʥʳʭ ʛʨʫʧʧ ʪʘʢʠʭ ʠʟʤʝʨʠʪʝʣʝʡ: ʧʨʦʚʦʣʦʯʥʳʝ (ʚʪʦʨʠʯʥʦ-ʵʤʠʩʩʠʦʥʥʳʝ) 

ʤʠʰʝʥʠ, ʩʮʠʥʪʠʣʣʷʪʦʨʳ ʠ ʵʢʨʘʥʳ ʧʝʨʝʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʜʣʷ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ 

ʧʫʯʢʦʚ), ʧʨʦʬʠʣʦʤʝʪʨʳ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʦʚ ʠʦʥʠʟʘʮʠʠ ʠ ʩʚʝʯʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ 

(ʜʣʷ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʧʫʯʢʦʚ), ʛʘʟʦʥʘʧʦʣʥʝʥʥʳʝ ʜʝʪʝʢʪʦʨʳ. ɼʣʷ ʫʩʢʦʨʠʪʝʣʝʡ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʪ. ʥ. laser-wire ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʞʥʦʡ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʪʦʜʠʢʠ, ʧʨʦʨʘʙʦʪʘʥʥʦʡ ʜʦ ʫʨʦʚʥʷ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʮʝʜʫʨ ʪʦʣʴʢʦ ʥʘ 

ʥʝʩʢʦʣʴʢʠʭ ʫʩʢʦʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʚ ʉʐɸ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ SNS ORNL. 

ʂ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʦʬʠʣʷ ʧʫʯʢʘ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʧʨʦʚʦʣʦʯʥʳʝ ʩʢʘʥʝʨʳ ʠ ʤʥʦʛʦʧʨʦʚʦʣʦʯʥʳʝ ʧʨʦʬʠʣʦʤʝʪʨʳ, 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʵʢʨʘʥʳ, ʘ ʪʘʢʞʝ ʠʦʥʠʟʘʮʠʦʥʥʳʝ ʤʦʥʠʪʦʨʳ ï ʩʧʝʮʠʬʠʯʝʩʢʫʶ 

ʛʨʫʧʧʫ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʝʨʘʟʨʫʰʘʶʱʠʝ ʤʝʪʦʜʳ 

ʜʠʘʛʥʦʩʪʠʢʠ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʧʝʨʝʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʘ. 

 

ʇʨʦʚʦʣʦʯʥʳʡ ʩʢʘʥʝʨ 

 

ʅʘʜʝʞʥʳʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤ ʧʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʦʬʠʣʦʤʝʪʨʦʤ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʦʚʦʣʦʯʥʳʡ ʩʢʘʥʝʨ (ʘʥʛʣʦʷʟʳʯʥʳʡ ʪʝʨʤʠʥ: WS ï wire scanner), 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ 

ʠʟʤʝʨʝʥʠʡ ʧʨʦʬʠʣʷ ʧʫʯʢʘ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʩʘʤʳʭ ʨʘʟʥʳʭ ʫʩʢʦʨʠʪʝʣʷʭ ʠ ʢʘʥʘʣʘʭ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʙʣʘʛʦʜʘʨʷ ʩʣʝʜʫʶʱʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ: 
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¶ ʚʳʩʦʢʘʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ; 

¶ ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʨʘʟʨʫʰʝʥʠʷ ʧʫʯʢʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ; 

¶ ʩʣʘʙʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʦʪ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʘ; 

¶ ʢʦʤʧʘʢʪʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ; 

¶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʘʷ ʧʨʝʜʫʩʠʣʠʪʝʣʴʥʘʷ ʵʣʝʢʪʨʦʥʠʢʘ. 

 

ʌʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠ ʪʠʧʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʯʘʩʪʠʮ ʧʫʯʢʘ ʚ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʚʦʣʦʯʢʠ ʚʦʟʥʠʢʘʝʪ ɺʕʕ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 1.2.7, ʧʨʠ ʵʪʦʤ ʧʨʦʚʦʣʦʯʢʘ 

ʧʨʠʦʙʨʝʪʘʝʪ ʟʘʨʷʜ, ʨʘʚʥʳʡ ʩʫʤʤʝ ʟʘʨʷʜʦʚ ʧʝʨʝʭʚʘʯʝʥʥʳʭ ʠʦʥʦʚ (ʚ ʩʣʫʯʘʝ ʥʠʟʢʠʭ 

ʵʥʝʨʛʠʡ) ʠ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʢʠʥʫʚʰʠʭ ʝʝ. ʀʟʤʝʨʷʝʤʳʤ ʩʠʛʥʘʣʦʤ ʷʚʣʷʝʪʩʷ 

ʪʦʢ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʡ ʫʩʠʣʠʚʘʝʪʩʷ ʪʨʘʥʩʠʤʧʝʜʘʥʩʥʦʡ 

ʧʨʝʜʫʩʠʣʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʠʢʦʡ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʢʘʥʝʨʘ 

ʧʨʦʚʦʣʦʯʢʘ ʟʘʢʨʝʧʣʝʥʘ ʥʘ ʨʘʤʢʝ ʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦʧʝʨʝʢ ʧʫʯʢʘ ʩ ʧʦʤʦʱʴʶ 

ʚʘʢʫʫʤʥʦʛʦ ʚʚʦʜʘ ʜʚʠʞʝʥʠʷ ʩ ʰʘʛʦʚʳʤ ʜʚʠʛʘʪʝʣʝʤ. ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʦʚʦʣʦʯʥʦʛʦ ʩʢʘʥʝʨʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʤʠʢʨʦʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʠʪ 

ʦʪ ʪʦʣʱʠʥʳ ʧʨʦʚʦʣʦʯʢʠ, ʧʨʠ ʵʪʦʤ ʨʘʟʤʝʨ ʧʫʯʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ: 

 „̐ ̘̔̏̋ = „̉ ̈̍̆̑̆̎̎̏̆τϽὶ̘̐̑̏̃̏̌̏̋̉ . (1.3.1) 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʠʤʝʨʳ ʨʝʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝʩʢʦʣʴʢʦ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʨʦʚʦʣʦʯʝʢ 

ʟʘʢʨʝʧʣʷʶʪʩʷ ʥʘ ʞʝʩʪʢʦʡ çʚʠʣʢʝè ʠ ʚʚʦʜʷʪʩʷ ʚ ʧʫʯʦʢ ʧʦʜ ʫʛʣʦʤ 45Ü (ʈʠʩʫʥʦʢ 1.3.1) 

[62]. ɼʚʠʞʝʥʠʝ ʚʠʣʢʠ ʩʠʥʭʨʦʥʠʟʦʚʘʥʦ ʩ ʠʤʧʫʣʴʩʘʤʠ ʪʦʢʘ ʧʫʯʢʘ, ʠ ʠʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʷʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʜʥʘ ʪʦʯʢʘ ʧʨʦʬʠʣʷ ʟʘ ʦʜʠʥ ʠʤʧʫʣʴʩ ʧʫʯʢʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ çʩʢʘʥʠʨʦʚʘʥʠʝè ʚʩʝʡ ʘʧʝʨʪʫʨʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʦʪʦʯʝʯʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʦʬʠʣʴ ʠ, ʥʘ ʝʛʦ ʦʩʥʦʚʝ, ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ 

ʧʫʯʢʘ. ʊʘʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʨʦʚʦʣʦʯʥʦʛʦ ʩʢʘʥʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ 

ʧʨʘʢʪʠʢʝ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠʦʥʦʚ, ʠ ʦʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ ʢʘʩʘʶʪʩʷ ʛʝʦʤʝʪʨʠʠ 

ʚʠʣʢʠ ʠ ʤʝʭʘʥʠʟʤʦʚ ʟʘʢʨʝʧʣʝʥʠʷ ʧʨʦʚʦʣʦʯʝʢ ʥʘ ʥʝʡ. 
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ʈʠʩʫʥʦʢ 1.3.1 ï ʉʭʝʤʘ ʠ ʬʦʪʦʛʨʘʬʠʷ ʜʚʫʭʧʨʦʚʦʣʦʯʥʦʛʦ ʩʢʘʥʝʨʘ LINAC4 CERN 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʚʦʣʦʯʥʳʭ ʩʢʘʥʝʨʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ ʚʦʟʥʠʢʘʶʪ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤʳ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʜʙʠʨʘʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ 

ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʫʩʢʦʨʠʪʝʣʷ. 

ʇʝʨʚʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʩʙʦʨʢʠ ʠ ʫʩʪʘʥʦʚʢʠ 

ʩʢʘʥʝʨʘ (ʈʠʩʫʥʦʢ 1.3.2) ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʫʶ ʪʦʯʥʦʩʪʴ ʠ ʨʘʟʨʝʰʘʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ.  

 

 

ʈʠʩʫʥʦʢ 1.3.2 ï ɺʦʟʤʦʞʥʳʝ ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʩʙʦʨʢʝ ʩʢʘʥʝʨʘ 



51 

 

 

 

ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ 

ʚʘʢʫʫʤʥʳʭ ʚʚʦʜʦʚ ʜʚʠʞʝʥʠʷ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʥ ʠ ʝʜʠʥʠʮ ʤʠʣʣʠʨʘʜʠʘʥ, ʘ ʪʘʢʞʝ 

ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ ʠ ʚʠʣʢʠ ʩʢʘʥʝʨʘ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʏʇʋ-ʩʪʘʥʢʘʭ. 

ʊʦʯʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʩʦʙʨʘʥʥʦʛʦ ʩʢʘʥʝʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʧʫʩʢʘʤʠ, ʧʨʠʥʷʪʳʤʠ 

ʥʘ ʜʘʥʥʦʤ ʫʩʢʦʨʠʪʝʣʝ, ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʤʠʢʨʦʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʧʝʮʠʘʣʴʥʳʭ ʣʘʟʝʨʥʳʭ ʪʨʝʢʝʨʦʚ. 

ɺʪʦʨʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʶʪʩʷ, ʪ. ʥ. çʢʨʦʩʩ-ʪʦʢʠè ʤʝʞʜʫ ʧʨʦʚʦʣʦʯʢʘʤʠ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʠʟ-ʟʘ ʧʦʧʘʜʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʦʜʥʦʡ ʧʨʦʚʦʣʦʯʢʠ ʥʘ 

ʜʨʫʛʫʶ ʠ ʠʩʢʘʞʘʶʱʠʝ ʚʝʣʠʯʠʥʫ ʠʟʤʝʨʷʝʤʦʛʦ ʩʠʛʥʘʣʘ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʩʦʟʜʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʩʢʘʞʝʥʠʷ ʠ ʥʘ ʧʦʨʷʜʢʠ ʩʦʢʨʘʱʘʝʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʨʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʨʘʙʦʪʳ ʩ ʧʫʯʢʘʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʨʝʰʝʥʠʡ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ: ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʨʘʟʚʝʜʝʥʠʝ ʧʨʦʚʦʣʦʯʝʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʦʚ ʩʤʝʱʝʥʠʷ 

ʣʠʙʦ ʥʘ ʦʪʜʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʘʭ, ʣʠʙʦ ʥʘ ʩʠʛʥʘʣʴʥʳʭ ʧʨʦʚʦʣʦʯʢʘʭ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʢʨʝʩʪʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʦʚʦʣʦʯʝʢ ʧʨʠ ʥʘʣʠʯʠʠ 

ʧʦʪʝʥʮʠʘʣʦʚ ʩʤʝʱʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʚʜʚʦʝ ʩʦʢʨʘʪʠʪʴ ʨʘʙʦʯʠʡ ʭʦʜ ʚʚʦʜʘ ʜʚʠʞʝʥʠʷ 

ʩʢʘʥʝʨʘ, ʠ ʫʧʨʦʩʪʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʢʘʢ ʚʠʣʢʠ, ʪʘʢ ʠ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ.  

ʀʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʨʦʤ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʧʝʨʝʢʨʝʩʪʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʧʨʦʚʦʣʦʯʝʢ (ʈʠʩʫʥʦʢ 1.3.3) ʷʚʣʷʝʪʩʷ ʧʨʦʬʠʣʦʤʝʪʨ ʜʣʷ ʣʠʥʘʢʘ ISIS (ʈʠʩʫʥʦʢ 1.3.4), 

ʚ ʢʦʪʦʨʦʤ ʩʠʛʥʘʣʴʥʳʝ ʧʨʦʚʦʣʦʯʢʠ ʧʦʜ ʧʦʪʝʥʮʠʘʣʦʤ ʚʠʨʪʫʘʣʴʥʦʡ ʟʝʤʣʠ ʦʢʨʫʞʝʥʳ 

ʧʨʦʚʦʣʦʯʢʘʤʠ ʧʦʜ ʧʦʪʝʥʮʠʘʣʦʤ ʩʤʝʱʝʥʠʷ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʚʝʣʠʯʠʥʦʡ ʜʦ +200 ɺ [63]. 

ʇʨʠ ʥʝʢʦʪʦʨʦʤ ʫʩʣʦʞʥʝʥʠʠ ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʠʢʠ ʩʢʘʥʝʨʘ, ʚ ʢʦʪʦʨʦʡ 

ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʭʦʜʥʳʝ ʝʤʢʦʩʪʠ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʘʚʘʪʴ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʤʝʱʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʠʛʥʘʣʴʥʳʝ ʧʨʦʚʦʣʦʯʢʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʷ ʢʦʥʬʠʛʫʨʘʮʠʶ ʚʠʣʢʠ ʠ ʩʦʢʨʘʱʘʷ ʝʝ ʨʘʟʤʝʨʳ ʜʦ ʤʠʥʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʭ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʩʚʝʨʭʢʦʤʧʘʢʪʥʳʭ ʩʠʩʪʝʤ. 

ʆʜʥʘʢʦ ʧʨʠ ʧʦʧʳʪʢʘʭ ʨʘʩʰʠʨʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʜʦ ʚʝʣʠʯʠʥ > 103 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʝʱʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʜʘʝʪ ʪʨʝʙʫʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 
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ʈʠʩʫʥʦʢ 1.3.3 ï ʄʦʜʝʣʴ ʠ ʬʦʪʦʛʨʘʬʠʷ ʚʠʣʢʠ ʧʨʦʬʠʣʦʤʝʪʨʘ ʣʠʥʘʢʘ ISIS. 

 

 

ʈʠʩʫʥʦʢ 1.3.4 ï ʌʦʪʦʛʨʘʬʠʷ ʧʨʦʬʠʣʦʤʝʪʨʘ ʣʠʥʘʢʘ ISIS ʚ ʩʙʦʨʝ ʩ ʧʨʠʚʦʜʦʤ. 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʨʦʚʦʣʦʯʥʳʭ ʩʢʘʥʝʨʦʚ SNS 

ORNL (ʉʐɸ) [64] ʩ ʧʝʨʝʢʨʝʱʠʚʘʶʱʠʤʠʩʷ ʧʨʦʚʦʣʦʯʢʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʜʣʷ ʧʫʯʢʘ ʠʦʥʦʚ H- ʩ ʵʥʝʨʛʠʝʡ ʦʪ 2.5 ʜʦ 950 ʄʵɺ ʥʘʣʠʯʠʝ ʩʤʝʱʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʥʝ ʠʟʙʘʚʣʷʝʪ ʩʠʩʪʝʤʫ ʦʪ ʢʨʦʩʩ-ʪʦʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʣʝʢʪʨʦʥʘʤʠ ʦʙʜʠʨʢʠ. 

ɹʦʣʝʝ ʪʦʛʦ, ʜʘʞʝ ʧʨʠ ʨʘʟʚʝʜʝʥʠʠ ʧʨʦʚʦʣʦʯʝʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝ ʫʜʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ 

ʫʙʨʘʪʴ ʢʨʦʩʩ-ʪʦʢʠ (ʈʠʩʫʥʦʢ 1.3.5), ʥʦ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʧʨʠ ʵʪʦʤ ʚʳʨʘʩʪʘʝʪ 

ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ. 
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ʈʠʩʫʥʦʢ 1.3.5. ï ʉʠʛʥʘʣ rʧʨʦʚʦʣʦʯʥʦʛʦ ʩʢʘʥʝʨʘ SNS ʩ ʧʝʨʝʢʨʝʱʠʚʘʶʱʠʤʠʩʷ 

ʧʨʦʚʦʣʦʯʢʘʤʠ (ʩʣʝʚʘ) ʠ ʩ ʨʘʟʚʝʜʝʥʥʳʤʠ ʧʨʦʚʦʣʦʯʢʘʤʠ (ʩʧʨʘʚʘ) 

 

ɼʣʷ ʧʫʯʢʦʚ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʨʘʙʦʯʝʡ ʤʦʜʳ ʪʘʢʠʭ ʩʢʘʥʝʨʦʚ ʚʤʝʩʪʦ ʪʦʢʦʚ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʢ ʯʘʩʪʠʮ, ʦʩʝʜʘʶʱʠʭ ʚ ʧʨʦʚʦʣʦʯʢʝ, ʪ. ʢ., ʥʘʯʠʥʘʷ ʩ ʵʥʝʨʛʠʡ ~3 ʄʵɺ 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʪʦʨʠʯʥʦʡ ʵʤʠʩʩʠʠ ʜʣʷ ʚʦʣʴʬʨʘʤʘ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ. 

ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ ʚʪʦʨʠʯʥʦʡ ʵʤʠʩʩʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʧʘʨʘʟʠʪʥʦʡ ʜʣʷ ʜʘʥʥʦʛʦ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ, ʥʘ ʧʨʦʚʦʣʦʯʢʠ ʧʦʜʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʦ +300 ɺ. 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʠʦʥʦʚ H- ʯʝʨʝʟ ʧʨʦʚʦʣʦʯʢʫ ʧʨʦʠʩʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʩʩʦʚ: 

ʚʳʙʠʚʘʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʚʪʦʨʠʯʥʦʡ ʵʤʠʩʩʠʠ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʯʘʩʪʠʮʘʤʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʣʦʯʢʠ, ʦʙʜʠʨʢʘ ʵʣʝʢʪʨʦʥʦʚ ʩ ʠʦʥʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ŭ-

ʵʣʝʢʪʨʦʥʦʚ, ʢʨʦʤʝ ʪʦʛʦ, ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʦʙʜʠʨʢʠ ʚʳʣʝʪʘʝʪ ʠʟ ʧʨʦʚʦʣʦʯʢʠ ʠʟ-ʟʘ 

ʵʬʬʝʢʪʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʚʦʣʴʬʨʘʤ, ʜʦʣʷ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 50 %. 

ʀ, ʥʘʢʦʥʝʮ, ʪʨʝʪʴʝʡ ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʦʚʦʣʦʯʥʳʭ ʩʢʘʥʝʨʦʚ ʷʚʣʷʶʪʩʷ 

ʪʝʧʣʦʚʳʝ ʥʘʛʨʫʟʢʠ ʧʨʦʚʦʣʦʯʝʢ ʧʦʜ ʚʣʠʷʥʠʝʤ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʧʫʯʢʘ, 

ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʛʨʘʥʠʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʧʫʯʢʘʭ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʯʠʥʘʤ ʚ ʧʦʨʷʜʢʝ 

ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ: 
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¶ ʧʨʦʚʠʩʘʥʠʝ ʧʨʦʚʦʣʦʯʢʠ ʚʩʣʝʜʩʪʚʠʝ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ; 

¶ ʪʝʨʤʦʵʤʠʩʩʠʷ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʣʦʯʢʠ; 

¶ ʨʘʩʧʣʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʣʦʯʢʠ ʧʨʠ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʨʦʚʠʩʘʥʠʷ ʧʨʦʚʦʣʦʯʝʢ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʠʩʪʝʤʳ ʥʘʪʷʞʝʥʠʷ (ʈʠʩʫʥʦʢ 1.3.6), ʧʦʟʚʦʣʷʶʱʠʝ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ [65, 66]. 

 

 

ʈʠʩʫʥʦʢ 1.3.6 ï ʇʨʠʤʝʨ ʩʠʩʪʝʤʳ ʥʘʪʷʞʝʥʠʷ ʧʨʦʚʦʣʦʯʝʢ ʩʢʘʥʝʨʘ FRIB MSU 

 

ʊʝʧʣʦʚʳʝ ʥʘʛʨʫʟʢʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʛʨʘʥʠʯʠʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʤʧʫʣʴʩʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘʛʨʝʚʘ ʧʨʦʚʦʣʦʯʥʦʡ ʤʠʰʝʥʠ ʠʟ ʚʦʣʴʬʨʘʤʘ ~1700õ1800 ʂ, ʪʠʧʠʯʥʦʡ 

ʜʣʷ ʥʘʯʘʣʘ ʵʬʬʝʢʪʘ ʪʝʨʤʦʵʤʠʩʩʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʩʢʘʥʝʨʦʚ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʥʘʣʘʜʦʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʩ ʯʘʩʪʦʪʦʡ 

ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ~1 ɻʮ ʚ ʩʣʫʯʘʝ ʠʟʤʝʨʝʥʠʡ ʧʫʯʢʦʚ ʄʵɺ-ʥʳʭ ʵʥʝʨʛʠʡ. 

ɼʣʷ ʦʮʝʥʦʢ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʪʦʢʘ ʠʟʤʝʨʷʝʤʦʛʦ 

ʧʫʯʢʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʧʨʝʚʳʰʘʝʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʨʤʦʵʤʠʩʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪ ʯʠʩʣʝʥʥʦʝ ʤʫʣʴʪʠʬʠʟʠʯʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 
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ʄʥʦʛʦʧʨʦʚʦʣʦʯʥʳʡ ʧʨʦʬʠʣʦʤʝʪʨ 

 

ʎʝʥʦʡ ʟʘ ʪʦʯʥʦʩʪʴ ʧʦʰʘʛʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʧʨʦʚʦʣʦʯʥʦʛʦ ʩʢʘʥʝʨʘ 

ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʦʝ ʧʨʠ ʤʘʣʦʡ ʯʘʩʪʦʪʝ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ 

ʧʫʯʢʘ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʤʠʥʫʪʳ, ʧʦʵʪʦʤʫ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ 

ʠʟʤʝʨʝʥʠʡ ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ~1 ʤʤ ʠ ʙʦʣʴʰʝ, ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʥʦʛʦʧʨʦʚʦʣʦʯʥʳʡ ʧʨʦʬʠʣʦʤʝʪʨ (ʄʇ) ʚ ʚʠʜʝ çʘʨʬʳè (ʘʥʛʣʦʷʟʳʯʥʳʡ ʪʝʨʤʠʥ: 

harp) ʠʣʠ ʙʦʣʝʝ ʩʣʦʞʥʦʡ çʩʝʪʢʠè (ʘʥʛʣʦʷʟʳʯʥʳʡ ʪʝʨʤʠʥ: SEM-grid ï secondary 

electron emission grid), ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ ʧʦʣʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ ʚ 

ʦʜʥʦʤ ʠʤʧʫʣʴʩʝ ʪʦʢʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʨʘʟʤʝʨʳ ʠ ʧʦʣʦʞʝʥʠʝ ʧʫʯʢʘ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʫʩʢʦʨʠʪʝʣʷ. 

 

ʌʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠ ʪʠʧʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʄʥʦʛʦʧʨʦʚʦʣʦʯʥʳʡ ʧʨʦʬʠʣʦʤʝʪʨ (çʩʝʪʢʘè) ʨʘʙʦʪʘʝʪ ʥʘ ʪʝʭ ʞʝ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʠʥʮʠʧʘʭ, ʯʪʦ ʠ ʧʨʦʚʦʣʦʯʥʳʡ ʩʢʘʥʝʨ, ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʣʠʰʴ 

ʚ ʪʦʤ, ʯʪʦ ʚ ʧʫʯʦʢ ʚʚʦʜʠʪʩʷ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʩʠʛʥʘʣʴʥʳʭ ʧʨʦʚʦʣʦʯʝʢ, ʧʨʠ ʵʪʦʤ 

ʠʤʝʝʪʩʷ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʳʙʦʨʝ 

ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ: 

¶ ʉ ʧʦʤʦʱʴʶ ʩʝʪʢʠ ʧʦʧʝʨʝʯʥʳʝ ʧʨʦʬʠʣʠ ʧʫʯʢʘ ʧʦ ʦʙʝʠʤ ʦʩʷʤ ʠʟʤʝʨʷʶʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʢʘʥʝʨ ʧʦʣʫʯʘʝʪ ʜʘʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟ 

ʨʘʟʥʳʭ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʪʦʢʘ ʠ ʧʨʦʬʠʣʷ ʧʫʯʢʘ 

ʚʦ ʚʨʝʤʝʥʠ ʩʤʝʰʠʚʘʶʪʩʷ ʠ ʫʩʨʝʜʥʷʶʪʩʷ ʧʨʠ ʩʢʘʥʠʨʫʶʱʝʤ ʤʝʪʦʜʝ ʠʟʤʝʨʝʥʠʡ. 

¶ ʉʠʩʪʝʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʜʚʠʞʝʥʠʝʤ ʩʢʘʥʝʨʘ, ʩʯʠʪʳʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʠʢʦʡ ʠ ʠʤʧʫʣʴʩʘʤʠ ʪʦʢʘ ʧʫʯʢʘ ʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʣʦʞʥʝʝ, 

ʯʝʤ ʪʨʝʙʫʝʪʩʷ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʪʢʠ. 

¶ ʈʘʟʨʝʰʝʥʠʝ ʩʝʪʢʠ ʦʛʨʘʥʠʯʝʥʦ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʧʨʦʚʦʣʦʯʢʘʤʠ, ʢʦʪʦʨʦʝ 

ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ > 1 ʤʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʢʘʥʝʨ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʤʠʢʨʦʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ, ʧʨʠ ʫʩʪʨʘʥʝʥʠʠ ʵʬʬʝʢʪʦʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʠʙʨʘʮʠʠ ʚʠʣʢʠ. 
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¶ ɺʝʣʠʯʠʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʪʦʨʠʯʥʦʡ ʵʤʠʩʩʠʠ ʨʘʟʥʳʭ 

ʫʯʘʩʪʢʦʚ ʧʨʦʚʦʣʦʢʠ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʦʩʣʝ ʙʦʣʴʰʠʭ ʠʣʠ ʜʣʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ 

ʧʫʯʢʦʤ, ʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʡ ʜʣʷ ʩʝʪʢʠ, ʯʝʤ ʜʣʷ ʩʢʘʥʝʨʘ. 

¶ ʉʝʪʢʘ ʪʨʝʙʫʝʪ ʦʜʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʥʘ ʧʨʦʚʦʣʦʯʢʫ, ʯʪʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʣʦʞʥʦʩʪʴ ʠ ʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʧʨʝʜʫʩʠʣʠʪʝʣʴʥʦʡ ʠ ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʘʥʝʨʦʤ. 

¶ ʉʪʦʠʤʦʩʪʴ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʚʚʦʜʘ ʜʚʠʞʝʥʠʷ ʜʣʷ ʩʢʘʥʝʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ 

ʙʦʣʝʝ ʧʨʦʩʪʦʛʦ ʚʚʦʜʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʪʢʠ. 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʠʤʝʨʳ ʨʝʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʅʘ ʧʨʘʢʪʠʢʝ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʧʨʦʚʦʣʦʯʥʦʛʦ ʩʢʘʥʝʨʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʨʘʟʣʠʯʠʷ ʤʥʦʛʦʧʨʦʚʦʣʦʯʥʳʭ ʧʨʦʬʠʣʦʤʝʪʨʦʚ ʢʘʩʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʨʘʤʢʠ, ʥʘ 

ʢʦʪʦʨʫʶ ʢʨʝʧʷʪʩʷ ʧʨʦʚʦʣʦʯʢʠ ʠ ʧʨʠʥʮʠʧʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʩʤʝʱʝʥʠʷ 

ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʨʦʩʩ-ʪʦʢʦʚ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʨʦʚʦʣʦʯʢʘʤʠ ʠ ʤʝʞʜʫ 

ʧʣʦʩʢʦʩʪʷʤʠ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʦʛʦ ʧʨʦʬʠʣʦʤʝʪʨʘ, ʜʣʷ ʯʝʛʦ 

ʘʥʘʣʦʛʠʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʜʳ. ʇʨʦʬʠʣʦʤʝʪʨʳ ʪʠʧʘ çʘʨʬʘè 

(ʈʠʩʫʥʦʢ 1.3.7) [67] ʠʤʝʶʪ ʦʜʥʫ ʧʣʦʩʢʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʚʦʣʦʯʢʠ ʥʘʪʷʥʫʪʳ ʥʘ 

ʨʘʤʢʝ ʚʜʦʣʴ ʦʩʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ ʠʟʤʝʨʝʥʠʡ.  

 

 

ʈʠʩʫʥʦʢ 1.3.7 ï ʄʥʦʛʦʧʨʦʚʦʣʦʯʥʳʡ ʧʨʦʬʠʣʦʤʝʪʨ LINAC2 CERN ʪʠʧʘ çʘʨʬʘè 
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ɼʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʝʡ ʧʦ ʜʚʫʤ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ 

ʦʩʷʤ ʠʩʧʦʣʴʟʫʶʪʩʷ çʩʝʪʢʠè (ʈʠʩʫʥʦʢ 1.3.8) [45], ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ ʧʣʦʩʢʦʩʪʝʡ. 

 

 

ʈʠʩʫʥʦʢ 1.3.8 ï ʄʥʦʛʦʧʨʦʚʦʣʦʯʥʳʡ ʧʨʦʬʠʣʦʤʝʪʨ ʣʠʥʘʢʘ GSI ʪʠʧʘ çʩʝʪʢʘè 

 

ʊʝʧʣʦʚʳʝ ʥʘʛʨʫʟʢʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ 

ʨʘʤʢʠ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʤʝʱʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʥʘʪʷʞʝʥʠʷ ʜʣʷ 

ʢʘʞʜʦʡ ʧʨʦʚʦʣʦʯʢʠ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʈʠʩʫʥʦʢ 1.3.9).  

 

 

ʈʠʩʫʥʦʢ 1.3.9 ï ʉʝʪʢʘ ʀʌɺʕ (ʈʦʩʩʠʷ) ʩ ʧʨʫʞʠʥʥʦʡ ʩʠʩʪʝʤʦʡ ʥʘʪʷʞʝʥʠʷ ʧʨʦʚʦʣʦʯʝʢ 
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ʇʝʨʝʛʨʝʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʵʬʬʝʢʪʫ çʩʣʠʧʘʥʠʷè, ʥʘʙʣʶʜʘʚʰʝʤʫʩʷ ʥʘ 

LINAC4 CERN, ʢʦʛʜʘ ʚ ʧʨʦʮʝʩʩʝ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʚʦʣʦʯʢʠ ʠʟ 

ʧʦʟʦʣʦʯʝʥʥʦʛʦ ʚʦʣʴʬʨʘʤʘ ʩʦʧʨʠʢʘʩʘʣʠʩʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩʧʘʠʚʘʣʠʩʴ ʢʘʧʣʷʤʠ 

ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʟʦʣʦʪʘ (ʈʠʩʫʥʦʢ 1.3.10) [67]. 

 

 

ʈʠʩʫʥʦʢ 1.3.10 ï ʄʥʦʛʦʧʨʦʚʦʣʦʯʥʳʡ ʧʨʦʬʠʣʦʤʝʪʨ LINAC4 ʩʦ ʩʣʠʧʰʠʤʠʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʡ ʧʦʟʦʣʦʯʝʥʥʳʤʠ ʧʨʦʚʦʣʦʯʢʘʤʠ 

 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʨʦʬʠʣʦʤʝʪʨʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʩʭʝʤʘ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ ʤʝʞʜʫ ʧʨʦʚʦʣʦʯʢʘʤʠ. ʇʦʜʦʙʥʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚ ʮʝʥʪʨʝ ʘʧʝʨʪʫʨʳ ʠʦʥʦʧʨʦʚʦʜʘ ʠ ʧʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʦʣʦʯʝʢ ʜʣʷ ʧʝʨʝʢʨʳʪʠʷ ʚʩʝʡ ʘʧʝʨʪʫʨʳ, ʯʝʤ 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʰʘʛʝ. ʇʨʠ ʵʪʦʤ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʦʣʦʯʝʢ ʚʩʸ ʨʘʚʥʦ ʦʩʪʘʝʪʩʷ 

ʙʦʣʴʰʠʤ (ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ), ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʩʠʛʥʘʣʴʥʳʭ ʨʘʟʲʝʤʦʚ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʮʠʣʠʥʜʨʘ ʌʘʨʘʜʝʷ ʠʣʠ 

ʧʨʦʚʦʣʦʯʥʦʛʦ ʩʢʘʥʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʤ ʚ ʩʣʫʯʘʝ 

ʤʥʦʛʦʧʨʦʚʦʣʦʯʥʦʛʦ ʧʨʦʬʠʣʦʤʝʪʨʘ, ʪ. ʢ. ʞʛʫʪ ʠʣʠ ʣʝʥʪʘ ʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʩʠʛʥʘʣʴʥʳʭ ʧʨʦʚʦʜʦʚ ʤʦʞʝʪ ʥʝʢʦʨʨʝʢʪʥʦ ʠʟʛʠʙʘʪʴʩʷ ʧʨʠ ʚʚʦʜʝ/ʚʳʚʦʜʝ ʨʘʤʢʠ 

ʧʨʦʬʠʣʦʤʝʪʨʘ, ʭʦʪʷ ʠ ʩʫʱʝʩʪʚʫʶʪ ʧʨʠʤʝʨʳ ʧʦʜʦʙʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

(ʈʠʩʫʥʦʢ 1.3.11) [59]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʡ 

ʩʠʣʴʬʦʥʥʳʡ ʚʚʦʜ ʜʚʠʞʝʥʠʷ, ʥʘ ʚʳʭʦʜʥʦʤ ʬʣʘʥʮʝ ʢʦʪʦʨʦʛʦ ʨʘʟʤʝʱʘʝʪʩʷ 

ʩʠʛʥʘʣʴʥʳʡ ʤʥʦʛʦʧʠʥʦʚʳʡ ʨʘʟʲʝʤ ʠ ʦʪʜʝʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʰʪʦʢ ʩ ʟʘʢʨʝʧʣʝʥʥʦʡ 

ʥʘ ʥʝʤ ʨʘʤʢʦʡ ʩ ʧʨʦʚʦʣʦʯʢʘʤʠ. 
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ʈʠʩʫʥʦʢ 1.3.11 ï ʄʥʦʛʦʧʨʦʚʦʣʦʯʥʳʡ ʧʨʦʬʠʣʦʤʝʪʨ iThemba Labs ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ 

ʧʨʦʚʦʣʦʯʝʢ ʠ ʩʪʘʮʠʦʥʘʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʩʠʛʥʘʣʴʥʳʤʠ ʨʘʟʲʝʤʘʤʠ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ 

ʥʘ ʩʠʣʴʥʦʪʦʯʥʳʭ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʫʯʢʘʭ ʠʦʥʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ: 

¶ ʆʛʨʘʥʠʯʝʥʥʳʡ ʜʠʘʧʘʟʦʥ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʘ ʜʘʞʝ ʚ ʥʘʣʘʜʦʯʥʦʤ ʨʝʞʠʤʝ 

ʨʘʙʦʪʳ ʫʩʢʦʨʠʪʝʣʷ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ. 

¶ ɺʝʣʠʯʠʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʪʦʨʠʯʥʦʡ ʵʤʠʩʩʠʠ ʨʘʟʥʳʭ 

ʫʯʘʩʪʢʦʚ ʧʨʦʚʦʣʦʢʠ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʦʩʣʝ ʙʦʣʴʰʠʭ ʠʣʠ ʜʣʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ 

ʧʫʯʢʦʤ, ʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʡ ʜʣʷ ʩʝʪʢʠ, ʯʝʤ ʜʣʷ ʩʢʘʥʝʨʘ. 

¶ ʈʘʟʨʝʰʝʥʠʝ ʩʝʪʢʠ ʦʛʨʘʥʠʯʝʥʦ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʧʨʦʚʦʣʦʯʢʘʤʠ, ʢʦʪʦʨʦʝ 

ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1 ʤʤ ʠ ʙʦʣʴʰʝ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʥʘʪʷʞʝʥʠʷ ʧʨʦʚʦʣʦʯʝʢ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʢʘʥʝʨ ʜʘʞʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʩʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʨʘʟʨʝʰʝʥʠʝʤ ~100 ʤʢʤ. 

¶ ʉʝʪʢʘ ʪʨʝʙʫʝʪ ʦʜʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʥʘ ʧʨʦʚʦʣʦʯʢʫ, ʯʪʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʣʦʞʥʦʩʪʴ ʠ ʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʧʨʝʜʫʩʠʣʠʪʝʣʴʥʦʡ ʠ ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʦʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ 

ʢʦʪʦʨʦʡ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʩʦʩʪʘʚʣʷʝʪ ~ 1000 $/ʢʘʥʘʣ. 
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ʇʨʦʬʠʣʦʤʝʪʨʳ ʥʘ ʦʩʥʦʚʝ ʠʟʣʫʯʘʶʱʠʭ ʵʢʨʘʥʦʚ 

 

ʇʨʦʬʠʣʦʤʝʪʨʳ ʥʘ ʦʩʥʦʚʝ ʠʟʣʫʯʘʶʱʠʭ ʵʢʨʘʥʦʚ ʷʚʣʷʶʪʩʷ ʠʩʪʦʨʠʯʝʩʢʠ 

ʧʝʨʚʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʧʨʦʬʠʣʷ ʠ ʩʝʯʝʥʠʷ ʧʫʯʢʘ. 

ʕʪʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

¶ ʨʝʛʠʩʪʨʘʮʠʷ ʜʚʫʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʫʯʢʘ ʚ ʧʦʧʝʨʝʯʥʦʡ ʧʣʦʩʢʦʩʪʠ, 

¶ ʚʳʩʦʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʜʦ ʝʜʠʥʠʮ ʤʠʢʨʦʥ, 

¶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʪ 104 ʜʦ 1012 ʯʘʩʪʠʮ ʚ ʠʤʧʫʣʴʩʝ ʪʦʢʘ ʧʫʯʢʘ, 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʫʯʢʘ ʟʘ ʩʯʝʪ 

ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʝʪʦʚʳʭʦʜʘ ʤʘʪʝʨʠʘʣʘ ʵʢʨʘʥʘ ʦʪ ʪʦʢʘ 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʧʫʯʢʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ. 

 

ʌʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠ ʪʠʧʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʦʬʠʣʦʤʝʪʨʘ ʩ ʠʟʣʫʯʘʶʱʠʤ ʵʢʨʘʥʦʤ ʠ ʧʨʠʤʝʨ 

ʨʝʘʣʠʟʘʮʠʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.3.12 [68]. ʇʫʯʦʢ ʧʦʧʘʜʘʝʪ ʥʘ ʵʢʨʘʥ, ʚʳʟʳʚʘʷ ʝʛʦ 

ʩʚʝʯʝʥʠʝ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʝ ʚʠʜʝʦʢʘʤʝʨʦʡ. ɼʘʥʥʳʡ ʪʠʧ 

ʠʟʤʝʨʝʥʠʡ ʦʪʥʦʩʠʪʩʷ ʢ ʚʦʟʤʫʱʘʶʱʠʤ ʤʝʪʦʜʘʤ, ʧʦʵʪʦʤʫ ʵʢʨʘʥ ʚʚʦʜʠʪʩʷ ʥʘ ʚʨʝʤʷ 

ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʚʦʜʘ. 

 

 

ʈʠʩʫʥʦʢ 1.3.12 ï ʉʭʝʤʘ ʠ ʬʦʪʦʛʨʘʬʠʷ ʧʨʦʬʠʣʦʤʝʪʨʘ ʩ ʠʟʣʫʯʘʶʱʠʤ ʵʢʨʘʥʦʤ 
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ʕʢʨʘʥʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʦʜʦʙʥʳʭ ʧʨʦʬʠʣʦʤʝʪʨʘʭ, ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ 

ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ: ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʵʢʨʘʥʳ (ʘʥʛʣʦʷʟʳʯʥʳʝ ʪʝʨʤʠʥʳ: scintillating 

screen ʠʣʠ fluorescent screen), ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʘ ʥʘ ʵʬʬʝʢʪʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʤʘʪʝʨʠʘʣʘ ʵʢʨʘʥʘ, ʠ ʵʢʨʘʥʳ ʧʝʨʝʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʘʥʛʣʦʷʟʳʯʥʳʡ ʪʝʨʤʠʥ: optical 

transition radiation (OTR) screen), ʧʨʦʜʫʮʠʨʫʶʱʠʝ ʦʩʦʙʦʝ ʧʝʨʝʭʦʜʥʦʝ ʠʟʣʫʯʝʥʠʝ ʥʘ 

ʛʨʘʥʠʮʝ ʚʘʢʫʫʤ/ʵʢʨʘʥ. 

ʊʠʧ ʵʢʨʘʥʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʠʦʥʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

OTR ʵʢʨʘʥʦʚ ʩʪʘʥʦʚʠʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ, ʥʘʯʠʥʘʷ ʩ ʵʥʝʨʛʠʡ ~10 ɻʵɺ [69], ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʝʨʝʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ: 

 
Ὠὔ

Ὠ‫Ὠɱ

ςὩɼ

ʌὧ

— —

‎ — —
ȟ (1.3.2) 

ʛʜʝ e ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, ɼȟɾ ï ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʬʘʢʪʦʨʳ, — ʠ — ʫʛʣʳ ʤʝʞʜʫ ʪʦʯʢʦʡ 

ʦʙʟʦʨʘ ʠ ʥʦʨʤʘʣʴʶ ʢ ʧʣʦʩʢʦʩʪʠ ʵʢʨʘʥʘ. ʇʨʠ ʤʝʥʴʰʠʭ ʵʥʝʨʛʠʷʭ ʩʚʝʪʦʚʳʭʦʜ OTR 

ʵʢʨʘʥʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʦʨʷʜʢʠ ʥʠʞʝ ʣʶʙʦʛʦ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʵʢʨʘʥʘ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʠʦʥʥʳʭ ʣʠʥʘʢʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʠʤʝʨʳ ʨʝʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʣʠʥʝʡʥʳʭ ʫʩʢʦʨʠʪʝʣʷʭ ʠʦʥʦʚ ʥʘʰʣʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʵʢʨʘʥʳ, ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʤʘʪʝʨʠʘʣʦʤ ʵʢʨʘʥʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʠʜʝʦʢʘʤʝʨ.  

ɺʠʜʝʦʢʘʤʝʨʳ ʚʳʙʠʨʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ. ʇʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʬʦʥʘ 

ʚ ʦʙʣʘʩʪʠ ʫʩʪʘʥʦʚʢʠ ʢʘʤʝʨʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪ ʣʦʢʘʣʴʥʫʶ ʟʘʱʠʪʫ ʠʣʠ 

ʧʝʨʝʥʦʩʷʪ ʤʝʩʪʦ ʫʩʪʘʥʦʚʢʠ ʢʘʤʝʨʳ ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ ʨʘʜʠʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ, 

ʧʝʨʝʜʘʚʘʷ ʠʟʦʙʨʘʞʝʥʠʝ ʵʢʨʘʥʘ ʯʝʨʝʟ ʟʝʨʢʘʣʴʥʦ-ʣʠʥʟʦʚʳʡ ʪʨʘʢʪ. 

ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʵʢʨʘʥʦʚ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʧʦ ʪʠʧʫ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ 

ʩʣʝʜʫʶʱʠʝ ʢʘʪʝʛʦʨʠʠ: ʧʦʨʦʰʢʦʚʳʝ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠ ʢʝʨʘʤʠʯʝʩʢʠʝ. 
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ʇʦʨʦʰʢʦʚʳʝ ʵʢʨʘʥʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʧʦʨʦʰʢʘ 

ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʦʜʣʦʞʢʫ ʠʣʠ ʢʣʝʡʢʦʝ ʦʩʥʦʚʘʥʠʝ. ʈʘʟʨʝʰʝʥʠʝ ʪʘʢʦʛʦ ʵʢʨʘʥʘ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ (~2õ3 ʤʢʤ), ʦʜʥʘʢʦ ʠʟ-ʟʘ ʤʥʦʛʦʢʨʘʪʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʚ ʚʝʱʝʩʪʚʝ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʥ. ɺʚʠʜʫ 

ʧʨʦʩʪʦʪʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʣʷ ʧʦʨʦʰʢʦʚʳʭ ʵʢʨʘʥʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʟʣʠʯʥʳʭ ʣʶʤʠʥʦʬʦʨʦʚ, ʦʜʥʘʢʦ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ 

ʧʦʨʦʰʢʦʚʳʡ ʣʶʤʠʥʦʬʦʨ P43 (ʩʦʚʨʝʤʝʥʥʳʡ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʦʛ ï ʂʕʇ-545). 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʵʢʨʘʥʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʫʪʝʤ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦ- ʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ ʠʟ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʙʦʣʴʰʠʥʩʪʚʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʵʢʨʘʥʦʚ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʠʪʪʨʠʡ-ʘʣʶʤʠʥʠʝʚʦʛʦ ʛʨʘʥʘʪʘ (YAG), 

ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʮʝʟʠʝʤ (ʈʠʩʫʥʦʢ 1.3.13), ʘ ʪʘʢʞʝ ʡʦʜʠʜʘ ʮʝʟʠʷ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ 

ʪʘʣʣʠʝʤ. ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ ʥʘʠʣʫʯʰʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 

~10 ʤʢʤ ʠ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʬʬʝʢʪʘʤʠ ʧʝʨʝʦʪʨʘʞʝʥʠʷ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ 

ʪʦʣʱʠʥʳ ʧʦʣʫʯʘʝʤʦʛʦ ʵʢʨʘʥʘ ʠ ʯʠʩʪʦʪʳ ʢʨʠʩʪʘʣʣʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʦʥ ʚʳʧʦʣʥʝʥ.  

 

 

ʈʠʩʫʥʦʢ 1.3.13 ï ʇʨʠʤʝʨ ʵʢʨʘʥʘ ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʘ YAG ʬʠʨʤʳ Crytur (ʏʝʭʠʷ) 

 

ʂʝʨʘʤʠʯʝʩʢʠʝ ʵʢʨʘʥʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʫʪʝʤ ʩʧʝʢʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ (ʦʢʩʠʜʳ ʘʣʶʤʠʥʠʷ ʠ ʮʠʨʢʦʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʣʝʛʠʨʫʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ). ɼʣʷ ʪʘʢʠʭ ʵʢʨʘʥʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ 10 ʤʢʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʧʦʨʦʰʢʘ. ʇʝʨʝʦʪʨʘʞʝʥʠʡ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʚʦʟʥʠʢʘʝʪ ʚʚʠʜʫ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚ ʦʧʪʠʯʝʩʢʦʤ 

ʜʠʘʧʘʟʦʥʝ. ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʣʶʤʠʥʦʬʦʨʘʤʠ ʚ ʦʩʥʦʚʥʦʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʧʝʢʪʨʦʤ 

ʠʭ ʠʟʣʫʯʝʥʠʷ (ʈʠʩʫʥʦʢ 1.3.14) [70] ʠ ʚʨʝʤʝʥʝʤ ʚʳʩʚʝʯʠʚʘʥʠʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʩʧʘʜʘʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ. 
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ʉʧʝʢʪʨ ʩʚʝʯʝʥʠʷ ʣʶʤʠʥʦʬʦʨʘ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʚʳʙʦʨ ʚʠʜʝʦʢʘʤʝʨʳ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʘʢʩʠʤʫʤʦʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʟʘʭʚʘʪʘ ʠʟʦʙʨʘʞʝʥʠʷ. ɺ ʪʘʙʣʠʮʝ 1.3.1 ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʪʠʧʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʵʢʨʘʥʦʚ ʠ ʠʭ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

 

ʈʠʩʫʥʦʢ 1.3.14 ï ʀʟʦʙʨʘʞʝʥʠ ̫ʧʫʯʢʘ ʠʦʥʦʚ ʫʨʘʥʘ ʩ ʵʥʝʨʛʠʝʡ 300 ʄʵɺ/ʥʫʢʣʦʥ, 

ʧʦʣʫʯʝʥʥʝr ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʣʠʯʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʵʢʨʘʥʦʚ 

 

ʊʘʙʣʠʮʘ 1.3.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʧʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʵʢʨʘʥʦʚ  

ʅʘʟʚʘʥʠʝ 

ʤʘʪʝʨʠʘʣʘ 
ʌʦʨʤʫʣʘ 

ʊʠʧ ʵʢʨʘʥʘ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ 
ʎʚʝʪ ʠʟʣʫʯʝʥʠʷ 

ɺʨʝʤʷ 

ʚʳʩʚʝʯʠʚʘʥʠʷ, ʤʢʩ 

CdS:Ag CdS:Ag ʇʦʨʦʰʢʦʚʳʡ ɿʝʣʝʥʳʡ 1250 

Gd2O2S:Eu Gd2O2S:Eu ʇʦʨʦʰʢʦʚʳʡ ʂʨʘʩʥʳʡ 250 

P43 Gd2O2S:Tb ʇʦʨʦʰʢʦʚʳʡ ɿʝʣʝʥʳʡ 750 

P47 Y2Si5O5:Tb ʇʦʨʦʰʢʦʚʳʡ ʌʠʦʣʝʪʦʚʳʡ 0.1 

Y2O2S:Tb Y2O2S:Tb ʇʦʨʦʰʢʦʚʳʡ ʉʠʥʠʡ 1000 

ZnS ZnS ʇʦʨʦʰʢʦʚʳʡ ɿʝʣʝʥʳʡ 1250 

CsI:Tl CsI:Tl ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ɿʝʣʝʥʳʡ 1 

NaI:Tl NaI:Tl ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ɿʝʣʝʥʳʡ 1 

YAG:Ce Y3Al 5O12:Ce ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ɿʝʣʝʥʳʡ 0.1 

Chromox Al 2O3:Cr ʂʝʨʘʤʠʯʝʩʢʠʡ ʂʨʘʩʥʳʡ 1000 

Z507 ZrO2:Mg ʂʝʨʘʤʠʯʝʩʢʠʡ ɾʝʣʪʳʡ 1000 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʵʢʨʘʥʦʚ ʥʘ ʧʫʯʢʘʭ ʠʦʥʦʚ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ 

(< 50õ100 ʄʵɺ) ʩʦʧʨʷʞʝʥʦ ʩ ʠʭ ʜʝʛʨʘʜʘʮʠʝʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʦʥʠʟʘʮʠʦʥʥʳʭ 

ʧʦʪʝʨʴ ʧʫʯʢʘ. ʅʘ ʨʠʩʫʥʢʝ 1.3.15 [70] ʧʨʝʜʩʪʘʚʣʝʥʦ ʰʝʩʪʴ ʢʝʨʘʤʠʯʝʩʢʠʭ ʵʢʨʘʥʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʣʠʩʴ ʦʙʣʫʯʝʥʠʶ ʧʫʯʢʘʤʠ ʘʨʛʦʥʘ ʩ ʵʥʝʨʛʠʝʡ 11.4 ʄʵɺ/ʥʫʢʣʦʥ ʠ 

ʠʤʧʫʣʴʩʥʳʤ ʪʦʢʦʤ 260 ʤʢɸ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʦʠʟʦʰʣʘ ʜʝʛʨʘʜʘʮʠʷ ʣʶʤʠʥʦʬʦʨʘ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʫʯʢʘ, ʧʨʠ ʵʪʦʤ ʥʝ ʪʦʣʴʢʦ ʥʝʨʘʚʥʦʤʝʨʥʦ ʤʝʥʷʣʩʷ ʩʚʝʪʦʚʳʭʦʜ 

ʵʢʨʘʥʘ, ʥʦ ʠ ʧʨʦʠʩʭʦʜʠʣʦ ʠʟʤʝʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʧʨʠʚʦʜʷʱʝʝ ʢ 

ʨʘʟʨʫʰʝʥʠʶ ʵʢʨʘʥʘ (ʈʠʩʫʥʦʢ 1.3.16).  

 

 

ʈʠʩʫʥʦʢ 1.3.15 ï ʂʝʨʘʤʠʯʝʩʢʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʵʢʨʘʥʳ ʜʦ (ʚʚʝʨʭʫ) ʠ ʧʦʩʣʝ (ʚʥʠʟʫ) 

ʦʙʣʫʯʝʥʠʷ 1000 ʠʤʧʫʣʴʩʘʤʠ ʧʫʯʢʘ ʘʨʛʦʥʘ ʩ ʵʥʝʨʛʠʝʡ 11.4 ʄʵɺ/ʥʫʢʣʦʥ ʠ ʪʦʢʦʤ 260 ʤʢɸ 

 

 

ʈʠʩʫʥʦʢ 1.3.16 ï ʈʘʟʨʫʰʝʥʠʝ ʵʢʨʘʥʘ ʠʟ ʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʜʝʛʨʘʜʘʮʠʠ 
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ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʵʢʨʘʥʦʚ ʩʚʝʪʦʚʳʭʦʜ ʟʘʚʠʩʠʪ 

ʣʠʥʝʡʥʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʚ ʧʫʯʢʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

(ʈʠʩʫʥʦʢ 1.3.17) [70]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʬʠʣʦʤʝʪʨ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ 

ʠʟʤʝʨʠʪʝʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʫʯʢʘ ʧʨʠ ʫʩʣʦʚʠʠ ʝʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʧʦ 

ʢʘʢʦʤʫ-ʣʠʙʦ ʘʙʩʦʣʶʪʥʦʤʫ ʜʘʪʯʠʢʫ ʪʦʢʘ, ʥʘʧʨʠʤʝʨ, ʀɼʊ ʠʣʠ ʎʌ [71]. ʆʜʥʘʢʦ ʜʣʷ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ/ʠʣʠ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠʦʥʦʚ ʜʘʥʥʳʡ ʪʠʧ 

ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ, ʪ. ʢ. 

ʥʝʧʨʝʜʩʢʘʟʫʝʤʘʷ ʜʝʛʨʘʜʘʮʠʷ ʵʢʨʘʥʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʧʫʯʢʘ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʩʢʘʞʘʪʴ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ. 

 

 

ʈʠʩʫʥʦʢ 1.3.17 ï ʀʟʤʝʨʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʝʪʦʚʳʭʦʜʘ ʣʶʤʠʥʦʬʦʨʦʚ ʦʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ ʠʦʥʦʚ ʫʨʘʥʘ ʩ ʵʥʝʨʛʠʝʡ 269 ʄʵɺ/ʥʫʢʣʦʥ 
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ʀʦʥʠʟʘʮʠʦʥʥʳʝ ʤʦʥʠʪʦʨʳ ʠ ʧʨʦʬʠʣʦʤʝʪʨʳ 

 

ʇʨʦʚʦʣʦʯʥʳʝ ʩʢʘʥʝʨʳ, ʤʥʦʛʦʧʨʦʚʦʣʦʯʥʳʝ ʧʨʦʬʠʣʦʤʝʪʨʳ ʠ, ʪʝʤ ʙʦʣʝʝ, 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʵʢʨʘʥʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʚʦʟʤʫʱʘʶʱʠʭ, ʘ ʧʨʠ ʥʠʟʢʠʭ ʵʥʝʨʛʠʷʭ 

ʧʫʯʢʘ, ʨʘʟʨʫʰʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʜʣʷ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʥʦʛʦ ʧʫʯʢʘ ʦʛʨʘʥʠʯʝʥʦ, ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʚʦʟʤʫʱʝʥʠʝʤ ʧʫʯʢʘ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʡ, ʪʘʢ ʠ ʜʝʛʨʘʜʘʮʠʝʡ ʜʝʪʝʢʪʦʨʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʨʘʜʠʘʮʠʦʥʥʳʭ ʠ ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʣʷ ʮʝʣʝʡ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʬʠʣʷ ʧʫʯʢʘ ʠ ʜʨʫʛʠʭ ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʥʝʨʘʟʨʫʰʘʶʱʠʤ ʤʝʪʦʜʘʤ ʜʠʘʛʥʦʩʪʠʢʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜʘʤ ʥʘ ʦʩʥʦʚʝ ʠʦʥʠʟʘʮʠʠ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ ʚ ʠʦʥʦʧʨʦʚʦʜʝ ʫʩʢʦʨʠʪʝʣʷ. 

 

ʌʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠ ʪʠʧʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʋʩʢʦʨʝʥʥʳʝ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʧʨʦʭʦʜʷ ʧʦ ʢʘʥʘʣʫ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʧʫʯʢʘ, ʚʳʟʳʚʘʶʪ ʠʦʥʠʟʘʮʠʶ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ. ʏʠʩʣʦ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʠʦʥʦʚ ʚ 

ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʫʯʢʘ ʠ ʜʘʚʣʝʥʠʶ 

ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ. ʈʝʛʠʩʪʨʠʨʫʷ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʠʦʥʳ ʠ/ʠʣʠ ʵʣʝʢʪʨʦʥʳ ʠ ʘʥʘʣʠʟʠʨʫʷ 

ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʮʝʜʫʨʳ ʥʝʨʘʟʨʫʰʘʶʱʝʡ ʜʠʘʛʥʦʩʪʠʢʠ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʝʡ ʠ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ.  

ʇʝʨʚʳʝ ʜʝʪʝʢʪʦʨʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʷʚʣʝʥʠʝ ʠʦʥʠʟʘʮʠʠ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ, 

ʥʘʯʘʣʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʚ ʩʝʨʝʜʠʥʝ 60-ʭ ʛʦʜʦʚ [72], ʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ, ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʥʠ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ RGM (Residual 

Gas Monitor) ʠʣʠ, ʙʦʣʝʝ ʫʩʪʦʷʚʰʝʝʩʷ, IPM (Ionization Profile Monitor). ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʠʦʥʠʟʘʮʠʦʥʥʳʝ ʧʨʦʬʠʣʦʤʝʪʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʤʥʦʛʠʭ ʫʩʢʦʨʠʪʝʣʷʭ 

ʧʨʦʪʦʥʦʚ ʠ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʫʯʢʦʚ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʦʧʝʨʝʯʥʳʤʠ 

ʨʘʟʤʝʨʘʤʠ ʦʪ ʤʠʣʣʠʤʝʪʨʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ.  

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʠʦʥʠʟʘʮʠʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʩʪʘʣʠ 

ʠʦʥʠʟʘʮʠʦʥʥʳʝ ʤʦʥʠʪʦʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʘʙʣʶʜʘʪʴ ʚ ʷʚʥʦʤ ʚʠʜʝ ʨʝʘʣʴʥʦʝ 

ʜʚʫʤʝʨʥʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʧʫʯʢʘ, ʘʥʘʣʦʛʠʯʥʦ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʵʢʨʘʥʘʤ, ʘ ʥʝ 
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ʦʪʜʝʣʴʥʳʝ ʧʨʦʬʠʣʠ, ʢʘʢ ʚ ʦʜʥʦʤʝʨʥʳʭ ʠʣʠ ʜʚʫʤʝʨʥʳʭ ʧʨʦʬʠʣʦʤʝʪʨʘʭ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʠʦʥʠʟʘʮʠʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʜʚʫʭ ʧʣʦʩʢʦʩʪʷʭ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʪʘʢʠʤ ʜʚʫʤʝʨʥʳʤ ʦʙʨʘʟʦʤ 

ʠʦʥʳ ʠ/ʠʣʠ ʵʣʝʢʪʨʦʥʳ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʢʘʢʠʤ-ʣʠʙʦ ʢʦʣʣʝʢʪʦʨʦʤ, ʘ ʧʦʣʫʯʝʥʥʳʡ 

ʩʠʛʥʘʣ ʫʩʠʣʠʚʘʝʪʩʷ ʠ ʧʝʨʝʜʘʝʪʩʷ ʚ ʦʙʨʘʙʘʪʳʚʘʶʱʫʶ ʵʣʝʢʪʨʦʥʠʢʫ, ʛʜʝ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʜʚʫʤʝʨʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʫʯʢʘ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. 

ʌʘʢʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʤʦʥʠʪʦʨʦʚ ʠʟʤʝʨʷʝʪʩʷ ʜʚʫʤʝʨʥʦʝ 

ʧʦʧʝʨʝʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʯʘʩʪʠʮ ʧʫʯʢʘ ὒὼȟώȟὸ Ḁ”ὼȟώȟᾀȟὸὨᾀὨὸ, 

ʛʜʝ x, y ï ʧʦʧʝʨʝʯʥʳʝ ʢʦʦʨʜʠʥʘʪʳ, z ï ʧʨʦʜʦʣʴʥʘʷ, t ï ʚʨʝʤʷ. ʇʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʠʟʤʝʨʷʝʤʦʛʦ ʜʚʫʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʦʜʥʦʡ ʠʟ ʧʦʧʝʨʝʯʥʳʭ ʢʦʦʨʜʠʥʘʪ ʤʦʞʝʪ 

ʙʳʪʴ ʥʘʡʜʝʥ ʧʨʦʬʠʣʴ ʧʫʯʢʘ ʧʦ ʜʨʫʛʦʡ ʧʦʧʝʨʝʯʥʦʡ ʢʦʦʨʜʠʥʘʪʝ, ʘʥʘʣʦʛʠʯʥʳʡ 

ʧʨʦʬʠʣʷʤ, ʠʟʤʝʨʷʝʤʳʤ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʧʨʦʚʦʣʦʯʥʳʭ ʩʢʘʥʝʨʦʚ ʠʣʠ 

ʦʜʥʦʤʝʨʥʳʭ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʨʦʬʠʣʦʤʝʪʨʦʚ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʜʚʫʤʝʨʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ 

ʮʝʥʪʨʘ ʧʫʯʢʘ, ʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʵʣʝʤʝʥʪʘʤʠ ʬʦʢʫʩʠʨʫʶʱʝʛʦ ʢʘʥʘʣʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤʠ 

ʣʠʥʝʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʧʦʧʝʨʝʯʥʦʤ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʤʦʥʠʪʦʨ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʨʦʮʝʜʫʨʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ. 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʠʤʝʨʳ ʨʝʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ, ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʨʘʟʙʨʦʩʘ 

ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʦʚ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʡ çʩʪʘʥʜʘʨʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠè 

ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʧʨʦʬʠʣʦʤʝʪʨʘ. ɺ ʩʣʫʯʘʝ ʞʝ ʜʚʫʤʝʨʥʳʭ ʤʦʥʠʪʦʨʦʚ ʪʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ 

ʚ ʧʨʠʥʮʠʧʝ ʠʟʛʦʪʦʚʣʝʥʳ ʚ ʝʜʠʥʠʯʥʳʭ ʵʢʟʝʤʧʣʷʨʘʭ ʚʩʝʛʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ.  

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʥʝʨʘʟʨʫʰʘʶʱʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʧʝʨʝʯʥʳʭ ʧʨʦʬʠʣʝʡ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʫʯʢʘ ʥʘ ʮʠʢʣʦʪʨʦʥʝ ʋ400ʄ ʚ ʃʗʈ ʆʀʗʀ ʩʦʟʜʘʥ 

ʠʦʥʠʟʘʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨ, ʫʩʪʦʡʯʠʚʳʡ ʢ ʚʳʩʦʢʠʤ ʨʘʜʠʘʮʠʦʥʥʳʤ ʥʘʛʨʫʟʢʘʤ [73].  
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ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʦʩʥʦʚʘʥ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠʦʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ. ʆʨʠʛʠʥʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʜʚʫʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʫʯʢʘ, ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.3.18. 

ɼʝʪʝʢʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ: ʵʢʩʪʨʘʢʪʦʨ; ʩʢʘʥʝʨ ʠ ʘʥʘʣʠʟʘʪʦʨ. 

ʕʢʩʪʨʘʢʪʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠ ʫʩʢʦʨʝʥʠʷ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʠʦʥʦʚ, 

ʢʦʪʦʨʳʝ ʧʨʠʦʙʨʝʪʘʶʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʨʦʡʜʝʥʥʦʤʫ 

ʧʫʪʠ. ʉʢʘʥʝʨ ʠ ʘʥʘʣʠʟʘʪʦʨ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʟʘʜʘʥʥʦʡ ʵʥʝʨʛʠʠ, 

ʧʨʠʦʙʨʝʪʘʝʤʦʡ ʠʦʥʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʦʪ ʤʝʩʪʘ ʠʦʥʠʟʘʮʠʠ ʜʦ ʢʦʣʣʝʢʪʦʨʘ.  

ʇʨʦʭʦʞʜʝʥʠʝ ʠʦʥʦʚ ʩ ʟʘʜʘʥʥʦʡ ʵʥʝʨʛʠʝʡ ʯʝʨʝʟ ʘʥʘʣʠʟʘʪʦʨ ʠ ʫʟʢʫʶ ʱʝʣʴ 

ʢʦʣʣʝʢʪʦʨʘ (1 ʤʤ) ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʠʦʥʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʟʘʜʘʥʥʦʡ 

ʢʦʦʨʜʠʥʘʪʝ ʚʜʦʣʴ ʦʜʥʦʛʦ ʚʳʙʨʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʉʢʘʥʠʨʦʚʘʥʠʝ ʚʩʝʡ 

ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʩʢʘʥʝʨʝ ʠ 

ʘʥʘʣʠʟʘʪʦʨʝ. ʄʦʥʠʪʦʨ ʠʤʝʝʪ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʘʥʘʣʠʟʘʪʦʨʘ, ʨʘʟʤʝʱʝʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʧʦʧʝʨʝʯʥʳʝ ʧʨʦʬʠʣʠ ʧʫʯʢʘ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ.  

 

 

ʈʠʩʫʥʦʢ 1.3.18 ï ʌʦʪʦʛʨʘʬʠʷ ʠ ʩʭʝʤʘ ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʘ ʚ ʃʗʈ ʆʀʗʀ 
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ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʫʩʪʨʦʡʩʪʚʘ, ʨʘʙʦʪʘʶʱʠʤ ʧʦ ʧʨʠʥʮʠʧʫ ʜʚʫʤʝʨʥʦʛʦ 

ʤʦʥʠʪʦʨʘ, ʷʚʣʷʝʪʩʷ ʜʝʪʝʢʪʦʨ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʦʚʤʝʩʪʥʦ ʣʘʙʦʨʘʪʦʨʠʷʤʠ iThemba 

LABS ʠ INFN (ʈʠʩʫʥʦʢ 1.3.19) [74]. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʠʦʥʳ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ 

ʫʩʢʦʨʷʶʪʩʷ ʚ ʠʟʚʣʝʢʘʶʱʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ ʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʱʝʣʴ 

ʰʠʨʠʥʦʡ 1 ʤʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʫʯʢʘ. ɼʚʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʘ ʩʦʟʜʘʶʪ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʧʦʚʦʨʘʯʠʚʘʝʪ ʪʨʘʝʢʪʦʨʠʶ ʠʦʥʦʚ ʧʨʠʤʝʨʥʦ 

ʥʘ 90Ü. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʳ ʧʦʧʘʜʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʄʂʇ ʠ ʚʦʩʧʨʦʠʟʚʦʜʷʪ 

ʜʚʫʤʝʨʥʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʧʝʨʚʠʯʥʦʛʦ ʧʫʯʢʘ.  

ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʫʤʝʨʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʫʯʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʠʦʥʳ, ʨʦʜʠʚʰʠʝʩʷ ʜʘʣʴʰʝ ʦʪ ʱʝʣʠ, ʧʦʣʫʯʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʠ, 

ʧʦʩʢʦʣʴʢʫ ʠʭ ʵʥʝʨʛʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʴʰʝ, ʦʪʢʣʦʥʷʶʪʩʷ ʩʣʘʙʝʝ ʚ ʘʥʘʣʠʟʠʨʫʶʱʝʤ 

ʧʦʣʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʩʝʯʝʥʠʶ ʧʫʯʢʘ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʘʥʘʣʠʟʘ ʚʪʦʨʠʯʥʳʭ ʠʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ, ʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʦ ʦʜʥʦʤʝʨʥʳʤ ʠʦʥʠʟʘʮʠʦʥʥʳʤ 

ʧʨʦʬʠʣʦʤʝʪʨʘʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʦʙʠʨʘʶʱʝʛʦ ʜʝʪʝʢʪʦʨʘ ʥʘ 

ʚʳʭʦʜʝ ʄʂʇ ʙʳʣ ʚʳʙʨʘʥ ʢʦʣʣʝʢʪʦʨ ʠʟ 40 ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ 40 ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʢʘʥʘʣʦʚ, ʪ. ʝ. ʠʪʦʛʦʚʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʶʪʩʷ ʜʚʘ ʦʜʥʦʤʝʨʥʳʭ ʧʨʦʬʠʣʷ. 

 

     

ʈʠʩʫʥʦʢ 1.3.19 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʝʡ ʠ 3D-ʤʦʜʝʣʴ ʤʦʥʠʪʦʨʘ iThemba LABS 
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ɽʱʸ ʦʜʥʠʤ ʧʨʠʤʝʨʦʤ ʨʝʘʣʠʟʘʮʠʠ ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʘ ʷʚʣʷʝʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ʠʦʥʠʟʘʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ (ʀʄʇʉ) (ʫʩʪʦʷʚʰʝʝʩʷ 

ʘʥʛʣʦʷʟʳʯʥʦʝ ʥʘʟʚʘʥʠʝ: BCSM ï beam cross-section monitor), ʙʘʟʦʚʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʠ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʣʦʞʝʥʳ ʚ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ 

ʠʥʩʪʠʪʫʪè [75, 76], ʦʜʥʘʢʦ ʫʞʝ ʙʦʣʝʝ 15 ʣʝʪ ʧʨʠʤʝʥʷʶʪʩʷ ʠ ʨʘʟʚʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘ 

ʃʋ ʀʗʀ ʈɸʅ [77]. ʀʄʇʉ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʚʳʭʦʜʝ ʃʋ (ʈʠʩʫʥʦʢ 1.3.20), 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʥʝʨʘʟʨʫʰʘʶʱʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʚʦ ʚʩʸʤ ʜʠʘʧʘʟʦʥʝ 

ʧʘʨʘʤʝʪʨʦʚ ʫʩʢʦʨʠʪʝʣʷ (ʈʠʩʫʥʦʢ 1.3.21). 

 

 

ʈʠʩʫʥʦʢ 1.3.20 ï ʀʄʇʉ (ʚ ʢʨʘʩʥʦʡ ʨʘʤʢʝ) ʥʘ ʚʳʭʦʜʝ ʃʋ ʀʗʀ ʈɸʅ 
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ʈʠʩʫʥʦʢ 1.3.21ï ʇʨʠʤʝʨʳ ʥʘʙʣʶʜʘʝʤʳʭ ʥʘ ʀʄʇʉ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʧʫʯʢʘ ʚʦ 

ʚʨʝʤʷ ʥʘʩʪʨʦʡʢʠ (ʧʨʦʮʝʩʩ ʧʦʢʘʟʘʥ ʙʝʣʳʤʠ ʩʪʨʝʣʢʘʤʠ) ʠ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ ʨʘʙʦʪʝ 

ʃʋ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʥʘ ʨʘʟʣʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʀʗʀ ʈɸʅ 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʦʥʠʪʦʨʘ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥ ʚ [77] ʠ ʧʦʷʩʥʷʝʪʩʷ ʥʘ 

ʨʠʩʫʥʢʝ 1.3.22. ʀʩʩʣʝʜʫʝʤʳʡ ʧʝʨʚʠʯʥʳʡ ʧʫʯʦʢ ʧʨʦʪʦʥʦʚ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʙʣʘʩʪʴ 

ʢʚʘʟʠʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ Eex ʵʢʩʪʨʘʢʪʦʨʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ 

ʧʣʦʩʢʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ 1 ʠ 2, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʧʦʪʝʥʮʠʘʣʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 0 ɺ 

ʠ ʜʦ ï10 ʢɺ, ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʤʦʣʝʢʫʣʘʤʠ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ. ʆʙʨʘʟʫʶʱʠʝʩʷ 

ʚʪʦʨʠʯʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ ʜʚʠʞʫʪʩʷ ʚ ʵʪʦʤ ʠʟʚʣʝʢʘʶʱʝʤ ʧʦʣʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʫʯʢʘ ʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʱʝʣʴ 

ʰʠʨʠʥʦʡ Lʱʝʣʴ = 0.5 õ 1 ʤʤ ʧʦ ʦʩʠ Z, ʦʙʨʘʟʫʷ ʣʝʥʪʦʯʥʳʡ ʧʫʯʦʢ. 
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ʈʠʩʫʥʦʢ 1.3.22 ï ɹʘʟʦʚʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʠ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʀʄʇʉ 

 

ʀʦʥʳ q1 ʠ q2, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʪʦʯʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʨʘʟʥʳʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ X0, ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʱʝʣʠ ʠʤʝʶʪ ʨʘʟʥʫʶ ʵʥʝʨʛʠʶ, ʧʦʵʪʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ ʚ ʣʝʥʪʦʯʥʦʤ ʧʫʯʢʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʯʘʩʪʠʮ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʧʝʨʚʠʯʥʦʤ ʧʫʯʢʝ ʧʦ ʦʩʠ X. ʇʨʠ ʵʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ 

ʢʦʦʨʜʠʥʘʪʝ Y ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʯʘʩʪʠʮ ʚ ʧʝʨʚʠʯʥʦʤ ʧʫʯʢʝ, 

ʢʘʢ ʚ ʦʜʥʦʤʝʨʥʳʭ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʨʦʬʠʣʦʤʝʪʨʘʭ. 

ɼʘʣʝʝ ʣʝʥʪʦʯʥʳʡ ʧʫʯʦʢ ʚʪʦʨʠʯʥʳʭ ʠʦʥʦʚ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʱʝʣʴ 4, ʠʤʝʶʱʫʶ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ Z ʨʘʟʤʝʨ, ʨʘʚʥʳʡ ʨʘʟʤʝʨʫ ʱʝʣʠ 3, ʠ ʧʦʧʘʜʘʝʪ ʚ ʢʚʘʟʠʦʜʥʦʨʦʜʥʦʝ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ Ea ʘʥʘʣʠʟʘʪʦʨʘ ʧʦ ʵʥʝʨʛʠʷʤ, ʬʦʨʤʠʨʫʝʤʦʝ ʧʣʦʩʢʠʤʠ 

ʵʣʝʢʪʨʦʜʘʤʠ 5 ʠ 6, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʧʦʜ ʫʛʣʦʤ 45Á. ʇʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʦʜʘ 6 ʨʘʚʝʥ 

ʧʦʪʝʥʮʠʘʣʫ ʵʣʝʢʪʨʦʜʘ 2, ʘ ʵʣʝʢʪʨʦʜ 5 ʟʘʟʝʤʣʝʥ, ʢʘʢ ʠ ʵʣʝʢʪʨʦʜ 1.  
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ ʠʦʥʳ ʧʦʧʘʜʘʶʪ ʥʘ ʚʭʦʜ ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ʕʆʇ) 7 ʩ ʨʘʟʣʠʯʥʳʤ ʩʤʝʱʝʥʠʝʤ X1 ʦʪʥʦʩʠʪʝʣʴʥʦ ʱʝʣʠ 4. ʕʆʇ 

ʩʦʩʪʦʠʪ ʠʟ ʰʝʚʨʦʥʥʦʡ ʩʙʦʨʢʠ ʤʠʢʨʦʢʘʥʘʣʴʥʳʭ ʧʣʘʩʪʠʥ ʩ ʫʩʠʣʝʥʠʝʤ ʜʦ 106 ʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʵʢʨʘʥʘ, ʥʘ ʢʦʪʦʨʦʤ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʜʚʫʤʝʨʥʦʝ ʦʧʪʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʫʯʢʘ. ɺʭʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʄʂʇ 

ʕʆʇ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʣʦʩʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ 6 ʠ ʠʤʝʝʪ ʪʘʢʦʡ ʞʝ 

ʧʦʪʝʥʮʠʘʣ. ʀʟʦʙʨʘʞʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʇɿʉ-

ʚʠʜʝʦʢʘʤʝʨʳ 8 ʠ ʜʘʣʝʝ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʇʆ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʯʘʩʪʠʮ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʫʯʢʘ ʦʜʥʦʟʥʘʯʥʦ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʠʦʥʦʚ ʚ ʧʣʦʩʢʦʩʪʠ ʄʂʇ. ʄʦʞʥʦ 

ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʳʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʨʘʩʩʪʦʷʥʠʝ X0 ʦʪ 

ʪʦʯʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠʦʥʘ ʜʦ ʱʝʣʠ 3 ʠ ʨʘʩʩʪʦʷʥʠʝ X1 ʦʪ ʱʝʣʠ 4 ʜʦ ʪʦʯʢʠ ʧʦʧʘʜʘʥʠʷ 

ʠʦʥʘ ʥʘ ʚʭʦʜ ʄʂʇ ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ X1=2X0(Eex/Ea).  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ Ea/Eex=Ѝς ʨʝʛʠʩʪʨʠʨʫʝʤʦʝ ʢʘʤʝʨʦʡ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ 

ʣʶʤʠʥʦʬʦʨʝ ʧʦʚʪʦʨʷʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʧʫʯʢʘ, ʠ ʪʘʢ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʩʳ ʠ ʟʘʨʷʜʘ ʠʟʚʣʝʢʘʝʤʳʭ ʯʘʩʪʠʮ, ʪʦ ʚʩʝ 

ʩʦʨʪʘ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ ʜʘʶʪ ʚʢʣʘʜ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ.  

ʆʩʦʙʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʚ 

ʥʘʣʘʜʦʯʥʦʤ ʨʝʞʠʤʝ ʫʩʢʦʨʠʪʝʣʷ, ʢʦʛʜʘ ʧʦʪʝʨʠ ʧʫʯʢʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʥʘʩʪʨʦʡʢʠ 

ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 10% ʠ ʙʦʣʝʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʫʯʢʘ ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʬʦʨʤʳ.  

ʄʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʨʘʙʦʪʳ ʩ ʀʄʇʉ ʥʘ ʃʋ ʀʗʀ ʈɸʅ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ 

ʭʦʨʦʰʦ ʥʘʩʪʨʦʝʥʥʦʛʦ ʧʫʯʢʘ ʬʦʨʤʘ ʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʙʣʠʟʢʘ ʢ 

ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʠ ʩʪʘʙʠʣʴʥʘ ʚʦ ʚʨʝʤʝʥʠ. ʅʝʠʟʤʝʥʥʦʩʪʴ ʬʦʨʤʳ ʠ ʧʦʣʦʞʝʥʠʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʝ ʫʩʢʦʨʠʪʝʣʷ, ʧʦʵʪʦʤʫ 

ʠʦʥʠʟʘʮʠʦʥʥʳʝ ʤʦʥʠʪʦʨʳ, ʧʦʤʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʦʩʥʦʚʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯ ʧʦ ʠʟʤʝʨʝʥʠʶ ʧʨʦʬʠʣʝʡ ʠ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ, ʷʚʣʷʁʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʦʙʦʙʱʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʨʦʚʦʜʢʠ ʧʫʯʢʘ. 
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ʇʨʦʬʠʣʦʤʝʪʨ ʥʘ ʦʩʥʦʚʝ ʩʚʝʯʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ  

(ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʤʦʥʠʪʦʨ) 

 

ʌʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠ ʪʠʧʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɹʘʟʦʚʳʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʪʯʠʢʘ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ, ʜʚʠʛʘʷʩʴ ʧʦ 

ʠʦʥʦʧʨʦʚʦʜʫ, ʧʫʯʦʢ ʚʳʟʳʚʘʝʪ ʩʚʝʯʝʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ. ʊʘʢ 

ʢʘʢ ʚʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣ ʠ ʘʪʦʤʦʚ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ 

ʩʦʩʪʘʚʣʷʝʪ ~ 10 õ 100 ʥʩ, ʪʦ ʜʘʥʥʦʝ ʩʚʝʯʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʯʪʦ 

ʦʪʨʘʞʝʥʦ ʚ ʘʥʛʣʦʷʟʳʯʥʦʤ ʥʘʟʚʘʥʠʠ ʜʘʪʯʠʢʘ ï Beam Induced Fluorescence monitor 

(BIF-monitor), ʘ ʨʫʩʩʢʦʷʟʳʯʥʳʤ ʵʢʚʠʚʘʣʝʥʪʦʤ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʥʘʟʚʘʥʠʝ 

çʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʤʦʥʠʪʦʨè (ʌʃʋʄ). 

ʉʚʝʯʝʥʠʝ ʛʘʟʘ ʚʳʟʚʘʥʦ ʢʘʢ ʧʝʨʚʠʯʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʫʯʢʘ ʩ ʛʘʟʦʤ, ʪʘʢ ʠ 

ʚʪʦʨʠʯʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʠʟʘʮʠʠ ʛʘʟʘ. ʆʩʥʦʚʥʦʡ 

ʚʢʣʘʜ ʚ ʩʚʝʯʝʥʠʝ, ʚʳʟʚʘʥʥʦʝ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʧʫʯʢʘ, ʚʥʦʩʷʪ 

ʠʦʥʠʟʘʮʠʷ ʠ ʜʠʩʩʦʮʠʘʮʠʷ ʛʘʟʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ ʘʪʦʤʳ ʛʘʟʘ ʚ 

ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʫʩʢʘʶʪ ʬʦʪʦʥʳ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʪʘʢʞʝ ʩʚʦʡ ʚʢʣʘʜ ʚʥʦʩʠʪ ʧʝʨʚʠʯʥʦʝ ʚʦʟʙʫʞʜʝʥʠʷ 

ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʪʦʨʠʯʥʳʝ ʵʣʝʢʪʨʦʥʳ 

ʚʳʟʳʚʘʶʪ ʩʚʝʯʝʥʠʝ, ʟʘ ʩʯʝʪ ʚʦʟʙʫʞʜʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ [78] ʠ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʩ ʠʦʥʘʤʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ 

ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʧʫʩʢʘʥʠʝʤ ʬʦʪʦʥʦʚ [79].  

ʅʘ ʨʠʩʫʥʢʝ 1.3.23 (ʘ) ʠʟʦʙʨʘʞʝʥʘ ʙʘʟʦʚʘʷ ʩʭʝʤʘ ʌʃʋʄ: ʯʘʩʪʴ ʬʦʪʦʥʦʚ, 

ʧʨʦʰʝʜʰʘʷ ʯʝʨʝʟ ʦʢʥʦ, ʬʦʢʫʩʠʨʫʝʪʩʷ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʥʘ ʇɿʉ ʤʘʪʨʠʮʫ. ʇʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʬʦʪʦʥʦʚ, ʧʦʧʘʚʰʠʭ ʥʘ ʤʘʪʨʠʮʫ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʧʝʨʝʯʥʳʡ 

ʧʨʦʬʠʣʴ ʠ ʧʦʣʦʞʝʥʠʝ ʧʫʯʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʯʘʩʪʦ ʤʝʞʜʫ ʦʢʥʦʤ ʠ ʇɿʉ ʢʘʤʝʨʦʡ ʩʪʘʚʷʪ 

ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ʕʆʇ) ʜʣʷ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ, ʘ ʪʘʢʞʝ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʦʧʪʠʯʝʩʢʠʡ ʬʠʣʴʪʨ ʧʝʨʝʜ ʦʙʲʝʢʪʠʚʦʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ. ʇʨʠ ʵʥʝʨʛʠʷʭ ʧʨʦʪʦʥʦʚ ʙʦʣʴʰʝ ~ 80 ʢʵɺ 

ʠʦʥʠʟʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʩʥʠʞʘʶʪʩʷ, ʫʤʝʥʴʰʘʷ ʯʠʩʣʦ ʨʦʞʜʘʝʤʳʭ ʬʦʪʦʥʦʚ.  
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ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ ʣʦʢʘʣʴʥʦ ʚʧʨʳʩʢʠʚʘʶʪ ʛʘʟʦʚʫʶ 

ʩʪʨʫʶ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ ʫʩʠʣʠʪʝʣʠ ʠʟʦʙʨʘʞʝʥʠʷ 

(ʈʠʩʫʥʦʢ 1.3.23 (ʙ)). ʅʘ ʨʠʩʫʥʢʝ 1.3.24 [80] ʧʨʠʚʝʜʸʥ ʧʨʠʤʝʨ ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ ʩ 

ʧʦʤʦʱʴʶ ʌʃʋʄ ʙʝʟ ʥʘʧʫʩʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʛʘʟʘ.  

 

 

ʈʠʩʫʥʦʢ 1.3.23 ï ʉʭʝʤʘʪʠʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ: ʘ) ʙʘʟʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʌʃʋʄ ʠ 

ʙ) ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʛʘʟʦʚʦʡ ʩʪʨʫʝʡ ʠ ʫʩʠʣʠʪʝʣʝʤ ʠʟʦʙʨʘʞʝʥʠʷ 

 

 

 

ʈʠʩʫʥʦʢ 1.3.24 ï ʈʝʛʠʩʪʨʠʨʫʝʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʧʨʦʬʠʣʴ ʧʫʯʢʘ ʃʋ GSI 4.7 ʄʵɺ 

U28+, ʪʦʢ 0.7 ʤɸ ʚ ʠʤʧʫʣʴʩʝ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 200 ʤʢʩ, ʜʘʚʣʝʥʠʝ 10-5 ʤʙʘʨ 
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ʉʧʝʢʪʨ ʩʚʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʘʚʦʤ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ. ɺ ʩʣʫʯʘʝ ʣʠʥʝʡʥʳʭ 

ʫʩʢʦʨʠʪʝʣʝʡ ʠʦʥʦʚ ʦʩʪʘʪʦʯʥʳʡ ʛʘʟ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʠʪ ʠʟ ʧʘʨʦʚ ʚʦʜʳ ʠ 

ʚʦʜʦʨʦʜʘ. ʊʘʢʞʝ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʩʣʷʥʳʭ ʬʦʨʚʘʢʫʫʤʥʳʭ ʥʘʩʦʩʦʚ 

ʠ ʤʘʛʥʠʪʦʨʘʟʨʷʜʥʳʭ ʥʘʩʦʩʦʚ ʚ ʦʩʪʘʪʦʯʥʦʤ ʛʘʟʝ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʫʛʘʨʥʳʡ ʛʘʟ 

(CO) ʠ ʤʝʪʘʥ (ʉʅ4) ʠʟ-ʟʘ ʧʦʧʘʜʘʥʠʷ ʤʘʩʣʷʥʳʭ ʧʘʨʦʚ ʚ ʨʘʟʨʷʜʥʳʝ ʷʯʝʡʢʠ. ʅʘʧʨʠʤʝʨ, 

ʪʠʧʠʯʥʳʡ ʩʦʩʪʘʚ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ ʚ ʃʋ ʀʗʀ ʈɸʅ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.3.25. 

ʆʩʪʘʪʦʯʥʳʡ ʛʘʟ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʠʪ ʠʟ ʧʘʨʦʚ ʚʦʜʳ (H2O ~ 40%), ʚʦʜʦʨʦʜʘ 

(H2 ~ 18%), ʘʟʦʪʘ (N2 ~7%), ʫʛʘʨʥʦʛʦ ʛʘʟʘ (CO ~7%) ʠ ʤʝʪʘʥʘ (CH4 ~ 10%). 

 

 

ʈʠʩʫʥʦʢ 1.3.25 ï ʊʠʧʠʯʥʳʡ ʤʘʩʩ-ʩʧʝʢʪʨ ʩʦʩʪʘʚʘ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ ʚ ʃʋ ʀʗʀ ʈɸʅ 

 

ʆʩʥʦʚʥʳʝ ʣʠʥʠʠ ʚ ʩʧʝʢʪʨʝ ʠʟʣʫʯʝʥʠʷ ʧʘʨʦʚ ʚʦʜʳ, ʣʝʞʘʱʠʝ ʚ ʚʠʜʠʤʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʥʠʷʤ ɹʘʣʴʤʝʨʘ [81, 82]. ʇʦʤʠʤʦ ʥʠʭ ʚ ʩʧʝʢʪʨʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʣʠʥʠʠ ʠʟʣʫʯʝʥʠʷ OH ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ (ʋʌ) 

ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʠ ʣʠʥʠʠ ʠʟʣʫʯʝʥʠʷ O+. ɺ ʩʧʝʢʪʨʝ ʠʟʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ 

H2  ʪʘʢʞʝ ʷʨʢʦ ʚʳʨʘʞʝʥʳ ʣʠʥʠʠ ɹʘʣʴʤʝʨʘ [83], ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʠʩʩʦʮʠʘʮʠʠ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʩ ʜʘʣʴʥʝʡʰʠʤ ʦʧʪʠʯʝʩʢʠʤ ʧʝʨʝʭʦʜʦʤ ʘʪʦʤʘʨʥʦʛʦ 

ʚʦʜʦʨʦʜʘ ʠʟ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 
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ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʧʫʩʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʛʘʟʘ ʯʘʱʝ ʚʩʝʛʦ ʚʳʙʠʨʘʶʪ 

ʘʟʦʪ, ʣʠʙʦ ʢʩʝʥʦʥ [84]. ɸʟʦʪ ʚʳʙʠʨʘʶʪ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʩʝʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʩʚʝʯʝʥʠʶ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ ʢʩʝʥʦʥ ʠʟ-ʟʘ ʤʝʥʴʰʝʛʦ ʚʨʝʤʝʥʠ 

ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɻʣʘʚʥʳʝ ʤʘʢʩʠʤʫʤʳ ʠʟʣʫʯʝʥʠʷ ʘʟʦʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʟʣʫʯʝʥʠʶ ʚʦʟʙʫʞʜʝʥʥʳʭ ʠʦʥʦʚ N2
+, ʣʝʞʘʱʠʭ ʚ ʬʠʦʣʝʪʦʚʦʡ ʯʘʩʪʠ 

ʩʧʝʢʪʨʘ ʠ ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ N2 ʣʝʞʘʱʠʭ ʚ ʋʌ-ʜʠʘʧʘʟʦʥʝ [85, 86].  

ʂʦʣʠʯʝʩʪʚʦ ʨʦʞʜʘʝʤʳʭ ʬʦʪʦʥʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʦʥʠʟʘʮʠʦʥʥʳʤʠ ʧʦʪʝʨʷʤʠ 

ʧʫʯʢʘ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʩʝʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʩʚʝʯʝʥʠʶ, ʯʠʩʣʦ 

ʬʦʪʦʥʦʚ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʧʦ ʬʦʨʤʫʣʝ 1.3.3 [87]:  

ὔ „Ͻ
 

τ“
Ͻ
ὍϽЎὸ

ήϽ Ὡ
Ͻ ὲϽ ὒ ȟ (1.3.3) 

ʛʜʝ   ï ʪʝʣʝʩʥʳʡ ʫʛʦʣ ʨʝʛʠʩʪʨʘʮʠʠ ʩʚʝʯʝʥʠʷ, „  ʩʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʠʟʣʫʯʝʥʠʷ 

ʬʦʪʦʥʦʚ, Ὅ  ʪʦʢ ʧʫʯʢʘ, Ўὸ  ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ, ή ʟʘʨʷʜ ʯʘʩʪʠʮ, Ὡ  ʟʘʨʷʜ 

ʵʣʝʢʪʨʦʥʘ, ὲ  ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ, ὒ  ʜʣʠʥʘ ʥʘʙʣʶʜʝʥʠʷ. 

ʊʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘ ʠʟʣʫʯʝʥʠʝ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʵʥʝʨʛʠʷ ʨʘʚʥʘʷ ~1% ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʧʫʯʢʘ. 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʠʤʝʨʳ ʨʝʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʆʩʥʦʚʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʨʘʟʨʝʰʝʥʠʝ, ʪʦʯʥʦʩʪʴ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʌʃʋʄ, ʷʚʣʷʶʪʩʷ: 

¶ ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʤʘʪʨʠʮʳ. 

ʈʘʟʤʝʨ ʧʠʢʩʝʣʝʡ ʇɿʉ-ʤʘʪʨʠʮ ʩʦʩʪʘʚʣʷʝʪ 3 õ 15 ʤʢʤ, ʘ ʠʭ ʧʣʦʪʥʦʩʪʴ ʠ 

ʣʠʥʝʡʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʢʪʠʚʘ ʦʧʨʝʜʝʣʷʶʪ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʌʃʋʄ, ʭʘʨʘʢʪʝʨʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʩʦʩʪʘʚʣʷʝʪ ʩʦʪʥʠ ʤʢʤ/ʧʠʢʩʝʣʴ. 

¶ ʂʦʥʝʯʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʫʨʦʚʥʷ. 

ɺʦʟʙʫʞʜʝʥʥʳʝ ʘʪʦʤʳ ʠ ʤʦʣʝʢʫʣʳ ʛʘʟʘ, ʜʚʠʛʘʷʩʴ ʩ ʪʝʧʣʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, 

ʫʩʧʝʚʘʶʪ ʩʤʝʩʪʠʪʴʩʷ ʥʘ ʩʦʪʥʠ ʤʠʢʨʦʥ ʜʦ ʠʩʧʫʩʢʘʥʠʷ ʬʦʪʦʥʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʫʰʠʨʝʥʠʶ ʚʠʜʠʤʦʛʦ ʧʨʦʬʠʣʷ.  
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¶ ɻʣʫʙʠʥʘ ʨʝʟʢʦʩʪʠ. 

ʊʘʢ ʢʘʢ ʧʫʯʦʢ ʠʤʝʝʪ ʢʦʥʝʯʥʫʶ ʰʠʨʠʥʫ ʠ ʤʦʞʝʪ ʩʤʝʱʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʙʲʝʢʪʠʚʘ, ʪʦ ʜʣʷ ʝʛʦ ʢʦʨʨʝʢʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʛʣʫʙʠʥʘ 

ʨʝʟʢʦʩʪʠ ʠʟʦʙʨʘʞʘʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ɻʈʀʇ) ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʝ 

ʜʠʘʤʝʪʨʘ ʧʫʯʢʘ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʨʘʟʤʳʪʠʶ ʧʦʣʫʯʘʝʤʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ. ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʨʘʟʤʝʨʝ ʤʘʪʨʠʮʳ ʛʣʫʙʠʥʘ 

ʨʝʟʢʦʩʪʠ ʧʘʜʘʝʪ ʩ ʨʦʩʪʦʤ ʘʧʝʨʪʫʨʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʙʠʨʘʝʤʳʡ ʩʠʛʥʘʣ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʪʝʣʝʩʥʦʤʫ ʫʛʣʫ ʠ ʨʘʩʪʸʪ ʩ ʨʦʩʪʦʤ ʘʧʝʨʪʫʨʳ.  

¶ ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʟʘʨʷʜ ʧʫʯʢʘ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʟʘʨʷʜ ʧʫʯʢʘ ʚʣʠʷʝʪ ʥʘ ʜʚʠʞʝʥʠʝ ʠʦʥʦʚ ʠ ʚʪʦʨʠʯʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʯʘʩʪʠʮ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʩʪʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʫʯʢʦʤ.  

¶ ɺʪʦʨʠʯʥʳʝ ʵʣʝʢʪʨʦʥʳ 

ɺʪʦʨʠʯʥʳʝ ʵʣʝʢʪʨʦʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʠʩʢʘʞʘʶʪ ʠʟʤʝʨʷʝʤʳʡ ʧʨʦʬʠʣʴ ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʜʘʚʣʝʥʠʷʤʠ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ 10-3 õ 102 ʤʙʘʨ, ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʵʪʠʭ 

ʜʘʚʣʝʥʠʷʭ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʛʘʟʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʰʠʨʝʥʠʶ ʠʟʤʝʨʷʝʤʦʛʦ ʧʨʦʬʠʣʷ. 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʤʝʥʴʰʠʤʠ ʜʘʚʣʝʥʠʷʤʠ ʜʦʣʷ ʬʦʪʦʥʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 

ʚʪʦʨʠʯʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʤʘʣʘ, ʘ ʧʨʠ ʙʦʣʴʰʠʭ ʜʘʚʣʝʥʠʷʭ ʫʤʝʥʴʰʘʝʪʩʷ ʜʣʠʥʘ 

ʧʨʦʙʝʛʘ ʵʣʝʢʪʨʦʥʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʦʢʨʘʱʘʝʪʩʷ ʫʰʠʨʝʥʠʝ ʧʨʦʬʠʣʷ. 

¶ ɼʨʦʙʦʚʦʡ ʰʫʤ ʬʦʪʦʥʦʚ 

ɽʱʸ ʦʜʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʦʰʠʙʦʢ ʩʣʫʞʠʪ ʩʣʫʯʘʡʥʦʝ ʯʠʩʣʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʬʦʪʦʥʦʚ. ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʢʦʥʝʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʬʦʪʦʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʠʟʤʝʨʷʝʤʳʡ ʧʨʦʬʠʣʴ ʤʦʞʝʪ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʯʘʩʪʠʮ ʚ ʧʫʯʢʝ. ʇʨʠ ʵʪʦʤ, ʢʘʢ 

ʠʟʚʝʩʪʥʦ ʠʟ ʩʪʘʪʠʩʪʠʢʠ, ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ 

(ʧʦʣʦʞʝʥʠʝ ʧʫʯʢʘ) ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (ʨʘʟʤʝʨ ʧʫʯʢʘ) ʧʘʜʘʝʪ 
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ʩ ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʨʝʥʠʡ (ʯʠʩʣʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʬʦʪʦʥʦʚ) ʢʘʢ 
Ѝ

 . 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʰʠʨʠʥʳ ʠ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ ʩ ʪʦʯʥʦʩʪʴʶ, 

ʥʘʧʨʠʤʝʨ, ~3% ʥʫʞʥʦ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ~1000 ʬʦʪʦʥʦʚ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʛʝʦʤʝʪʨʠʶ ʜʝʪʝʢʪʦʨʘ, ʦʧʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʠ ʨʘʙʦʯʝʝ 

ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ. 

¶ ʐʫʤʳ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʤʘʪʨʠʮʳ 

ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʰʫʤʦʚ ʚ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʤʘʪʨʠʮʝ ʷʚʣʷʶʪʩʷ 

ʪʝʤʥʦʚʦʡ ʰʫʤ ʠ ʰʫʤʳ ʧʨʝʜʫʩʠʣʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʛʦʨʷʯʠʝ ʧʠʢʩʝʣʠ.  

ʊʝʤʥʦʚʦʡ ʰʫʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʳʟʚʘʥ ʪʝʨʤʦʛʝʥʝʨʘʮʠʝʡ ʵʣʝʢʪʨʦʥ-

ʜʳʨʦʯʥʳʭ ʧʘʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʦʙʝʜʥʸʥʥʦʤ ʩʣʦʝ ʄʆʇ ʠ ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ ï ʜʠʬʬʫʟʠʝʡ ʥʝʦʩʥʦʚʥʳʭ ʥʦʩʠʪʝʣʝʡ ʠʟ ʦʙʣʘʩʪʝʡ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ 

ʦʙʝʜʥʝʥʥʦʤʫ ʩʣʦʶ. ʊʝʤʥʦʚʦʡ ʰʫʤ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʟ-

ʟʘ ʯʝʛʦ ʚ ʩʣʫʯʘʝ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʦʛʨʝʚʘ ʤʘʪʨʠʮʳ ʰʫʤʳ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʚʠʩʷʪ ʦʪ ʢʦʦʨʜʠʥʘʪʳ. ɼʣʷ ʙʦʨʴʙʳ ʩ ʵʪʠʤ ʠʩʪʦʯʥʠʢʦʤ ʰʫʤʘ ʩʣʝʜʫʝʪ 

ʦʭʣʘʞʜʘʪʴ ʤʘʪʨʠʮʫ. 

ʐʫʤ ʩʯʠʪʳʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʠʢʠ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʟʘʨʷʜʘ, 

ʥʘʢʦʧʣʝʥʥʦʛʦ ʥʘ ʇɿʉ ʤʘʪʨʠʮʝ ʚ ʥʘʧʨʷʞʝʥʠʝ, ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʵʪʦʪ ʠʩʪʦʯʥʠʢ 

ʰʫʤʘ ʚʥʦʩʠʪ ʧʨʝʜʫʩʠʣʠʪʝʣʴ. ɼʘʥʥʳʡ ʰʫʤ ʨʘʚʥʦʤʝʨʥʦ ʠʩʢʘʞʘʝʪ ʟʥʘʯʝʥʠʝ 

ʚʩʝʭ ʧʠʢʩʝʣʝʡ ʠʟʦʙʨʘʞʝʥʠʷ. 

ɽʱʸ ʦʜʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʦʰʠʙʦʢ ʷʚʣʷʶʪʩʷ ʛʦʨʷʯʠʝ ʧʠʢʩʝʣʠ, ʚʳʜʘʶʱʠʝ 

ʟʘʚʳʰʝʥʥʳʡ ʩʠʛʥʘʣ ʠʟ-ʟʘ ʩʚʦʝʛʦ ʥʘʛʨʝʚʘ. ɻʦʨʷʯʠʝ ʧʠʢʩʝʣʠ ʧʨʠʚʦʜʷʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʷʨʢʠʭ ʪʦʯʝʢ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʠ ʧʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʜʣʠʪʝʣʴʥʳʭ ʵʢʩʧʦʟʠʮʠʷʭ. ʀʟʙʘʚʠʪʴʩʷ ʦʪ ʛʦʨʷʯʠʭ ʧʠʢʩʝʣʝʡ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʡ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʇɿʉ ʤʘʪʨʠʮʘʤ ʷʚʣʷʶʪʩʷ ʂʄʆʇ-ʤʘʪʨʠʮʳ, ʦʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ 

ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʘʨʷʜ, ʥʘʢʦʧʣʝʥʥʳʡ ʢʘʞʜʳʤ ʧʠʢʩʝʣʝʤ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʥʘʧʨʷʞʝʥʠʝ ʠ ʫʩʠʣʠʚʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʵʪʦʤ ʞʝ 

ʧʠʢʩʝʣʝ, ʘ ʫʞʝ ʧʦʩʣʝ ʵʪʦʛʦ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʚʳʚʦʜ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʳʚʘʪʴ 
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ʩʠʛʥʘʣ ʥʝ ʩʦ ʚʩʝʡ ʤʘʪʨʠʮʳ, ʘ ʪʦʣʴʢʦ ʩ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʠʢʩʝʣʝʡ, ʥʦ ʧʨʠʚʦʜʠʪ 

ʢ ʙʦʣʴʰʝʤʫ ʫʨʦʚʥʶ ʰʫʤʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇɿʉ-ʤʘʪʨʠʮʘʤʠ. ʊʘʢʞʝ ʨʘʟʤʝʨʳ 

ʧʠʢʩʝʣʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʭʦʜʠʪʩʷ ʫʚʝʣʠʯʠʚʘʪʴ: ʪʘʢ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ 

ʧʠʢʩʝʣʷ ʇɿʉ-ʤʘʪʨʠʮʳ 5õ15 ʤʢʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʂʄʆʇ 15õ20 ʤʢʤ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʩʨʝʜʥʝʤ ʂʄʆʇ-ʢʘʤʝʨʳ ʦʙʣʘʜʘʶʪ ʥʝ ʪʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʰʫʤʦʚ, ʥʦ ʠ ʭʫʜʰʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʯʪʦ ʜʝʣʘʝʪ 

ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʂʄʆʇ-ʢʘʤʝʨ ʜʣʷ ʌʃʋʄ.  

¶ ʌʦʥ 

ʆʜʥʠʤ ʠʟ ʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʘ 

ʧʦ ʩʚʝʯʝʥʠʶ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʩʚʝʪʦʚʦʛʦ ʬʦʥʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʣʝʜʫʝʪ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʚʥʝʰʥʶʶ 

ʟʘʩʚʝʪʢʫ ʦʪ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʚ ʧʦʤʝʱʝʥʠʠ ʫʩʢʦʨʠʪʝʣʷ ʠ, ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʫʤʝʥʴʰʠʪʴ ʧʝʨʝʦʪʨʘʞʝʥʠʷ ʦʪ ʩʪʝʥʦʢ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ 

ʜʝʪʝʢʪʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʫʜʘʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʜʝʪʝʢʪʦʨʘ ʠ ʠʦʥʦʧʨʦʚʦʜʘ, ʢʦʪʦʨʦʝ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʇɿʉ-ʤʘʪʨʠʮʘʤʠ, ʞʝʣʘʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʘ ʦʙʲʝʢʪʠʚ ʚʠʜʝʦʢʘʤʝʨʳ 

ʨʝʞʝʢʪʦʨʥʳʡ ʀʂ-ʬʠʣʴʪʨ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʢʦʥʪʨʘʩʪʥʦʩʪʴ 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʙʫʜʝʪ ʤʘʣʘ ʜʘʞʝ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʪʦʢʘ 

ʧʫʯʢʘ. ɽʱʝ ʦʜʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʬʦʥʘ ʷʚʣʷʶʪʩʷ ʧʦʪʝʨʠ ʧʫʯʢʘ, ʪ. ʢ. ʫʩʠʣʠʪʝʣʴ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʇɿʉ-ʤʘʪʨʠʮʘ ʢʘʤʝʨʳ ʦʢʘʟʳʚʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ 

ʢʘʢ ʛʘʤʤʘ-ʢʚʘʥʪʘʤ, ʪʘʢ ʠ ʢ ʥʝʡʪʨʦʥʘʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʚ ʧʨʦʮʝʩʩʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʦʨʝʦʣʘ ʧʫʯʢʘ ʩʦ ʩʪʝʥʢʘʤʠ ʠʦʥʦʧʨʦʚʦʜʘ. ʨʝʘʛʠʨʫʝʪ ʥʝ 

ʪʦʣʴʢʦ ʥʘ ʬʦʪʦʥʳ, ʥʦ ʠ ʥʘ ʥʝʡʪʨʦʥʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ 

ʧʦʧʘʜʘʥʠʠ ʯʘʩʪʠʮ ʚ ʣʦʚʫʰʢʫ ʧʫʯʢʘ ʠʣʠ ʥʘ ʩʪʝʥʢʠ ʢʘʤʝʨʳ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʩʦʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʥʘʧʫʩʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʲʝʤʘ ʛʘʟʘ, ʪʘʢ ʠ çʛʘʟʦʚʫʶ ʩʪʨʫʶè ï ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʧʦʪʦʢ ʛʘʟʘ 

ʠʟ ʩʦʧʣʘ ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 
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ʇʨʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʘʙʦʪʝ ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʩʚʝʯʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ 

ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʤʦʣʝʢʫʣʳ 

ʛʘʟʘ ʫʩʧʝʚʘʶʪ ʧʝʨʝʤʝʩʪʠʪʴʩʷ ʥʘ ʥʝʢʦʪʦʨʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʠʩʧʫʩʢʘʥʠʷ ʬʦʪʦʥʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʰʠʨʝʥʠʶ ʚʠʜʠʤʦʛʦ ʧʨʦʬʠʣʷ ʧʫʯʢʘ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʫʰʠʨʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʦʟʙʫʞʜʝʥʥʳʝ ʘʪʦʤʳ ʜʚʠʞʫʪʩʷ ʩ ʪʝʧʣʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ ὠ̓̆̐̌  ʠ ʦʙʣʘʜʘʶʪ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ †, ʪʦʛʜʘ ʩʨʝʜʥʝʝ ʫʰʠʨʝʥʠʝ 

ʧʨʦʬʠʣʷ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʨʘʚʥʦ:  

Ўὢ ὼ ώ ὠ̓̆̐̌
ρ

“
ίὭὲ— Ὠ— Ὡ  Ὠὸ

ς

“
ὠ̓̆̐ ̌† (1.3.4) 

ʊʠʧʠʯʥʳʡ ʧʨʠʤʝʨ ʩʠʩʪʝʤʳ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʬʠʣʷ ʧʫʯʢʘ ʧʦ ʩʚʝʯʝʥʠʶ 

ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1.3.26 [80]. 

 

 

ʈʠʩʫʥʦʢ 1.3.26 ï ʇʨʦʬʠʣʦʤʝʪʨ ʧʦ ʩʚʝʯʝʥʠʶ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ ʥʘ UNILAC GSI 
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ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ ʧʝʨʝʦʪʨʘʞʝʥʠʷ ʬʦʪʦʥʦʚ ʩʪʝʥʢʠ ʢʘʤʝʨʳ ʧʦʢʨʳʪʳ 

ʛʨʘʬʠʪʦʚʳʤ ʣʘʢʦʤ. ʉʚʝʯʝʥʠʝ ʩʦʙʠʨʘʝʪʩʷ ʯʝʨʝʟ ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʷʝʤʳʡ 

ʦʙʲʝʢʪʠʚ ʩ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 7.5õ105 ʤʤ ʠ ʧʦʧʘʜʘʝʪ ʥʘ ʩʪʘʥʜʘʨʪʥʳʡ 

ʫʩʠʣʠʪʝʣʴ ʠʟʦʙʨʘʞʝʥʠʷ: ʬʦʪʦʢʘʪʦʜ ʩ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ~25-30% ʠ 

ʰʝʚʨʦʥʥʘʷ ʩʙʦʨʢʘ ʄʂʇ ʩ ʫʩʠʣʝʥʠʝʤ ʜʦ 106.  

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ (~100 ʥʩ) 

ʧʝʨʝʢʣʶʯʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʤʝʞʜʫ ʬʦʪʦʢʘʪʦʜʦʤ ʠ ʚʭʦʜʦʤ ʄʂʇ, ʨʝʛʫʣʠʨʫʷ ʚʨʝʤʷ 

ʵʢʩʧʦʟʠʮʠʠ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʢʨʦʠʤʧʫʣʴʩʦʚ ʪʦʢʘ ʧʫʯʢʘ. 

ʅʘ ʨʠʩʫʥʢʝ 1.3.27 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ 8 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʚʨʝʤʝʥʝʤ 

ʵʢʩʧʦʟʠʮʠʠ 40 ʤʢʩ ʚʜʦʣʴ ʤʘʢʨʦʠʤʧʫʣʴʩʘ ʪʦʢʘ ʧʫʯʢʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʘʥʥʳʤʠ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʜʘʪʯʠʢʘ ʪʦʢʘ [80]. 

 

 

ʈʠʩʫʥʦʢ 1.3.27 ï ʀʟʤʝʨʝʥʥʳʡ ʨʘʟʤʝʨ ʧʫʯʢʘ ʚʜʦʣʴ ʤʘʢʨʦʠʤʧʫʣʴʩʘ ʪʦʢʘ ʠ 

ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ ʦʪ ʪʦʢʘ ʚʜʦʣʴ ʤʘʢʨʦʠʤʧʫʣʴʩʘ 
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1.4 ʇʦʧʝʨʝʯʥʳʡ ʵʤʠʪʪʘʥʩ ʧʫʯʢʘ 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʘʨʘʤʝʪʨʳ ʧʫʯʢʘ ʦʧʠʩʳʚʘʶʪʩʷ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ 

ʰʝʩʪʠʤʝʨʥʦʤ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ɮὼȟὴȟώȟὴȟίȟὉ, ʛʜʝ ὼȟώȟί ï ʢʦʦʨʜʠʥʘʪʳ, 

ὴȟὴ ï ʧʨʦʝʢʮʠʠ ʠʤʧʫʣʴʩʘ ʧʫʯʢʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʩʠ, Ὁ ï ʵʥʝʨʛʠʷ ʧʫʯʢʘ. 

ʇʨʦʝʢʮʠʠ ʠʤʧʫʣʴʩʘ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʥʘ ʫʛʣʦʚʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ὼȟώ. ʆʪʜʝʣʴʥʦ 

ʚʳʜʝʣʷʶʪ ʧʨʦʝʢʮʠʠ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʧʦʧʝʨʝʯʥʳʝ ʬʘʟʦʚʳʝ ʧʣʦʩʢʦʩʪʠ 

(ὼȟὼ), (ώȟώ) ʠ ʧʨʦʜʦʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ (ίȟὉ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʚ 

ʧʦʧʝʨʝʯʥʳʭ ʬʘʟʦʚʳʭ ʧʣʦʩʢʦʩʪʷʭ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʫʯʢʘ 

ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʣʠʯʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʜʦʚ.  ʏʘʩʪʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʯʘʩʪʠʮ 

ʥʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʬʘʟʦʚʳʡ ʵʣʣʠʧʩ (ʠʣʠ ʧʨʦʩʪʦ 

ʬʘʟʦʚʳʡ ʵʣʣʠʧʩ), ʦʛʠʙʘʶʱʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ (ʈʠʩʫʥʦʢ 1.4.1), ʨʘʟʤʝʨʳ ʠ 

ʬʦʨʤʘ ʢʦʪʦʨʦʛʦ ʟʘʜʘʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʊʚʠʩʩʘ ‌, ‍, ‎ ʠ ʧʦʧʝʨʝʯʥʳʤ ʵʤʠʪʪʘʥʩʦʤ ‐: 

 ‐
ρ

“
ὨὼὨὼȢ (1.4.1) 

ʇʘʨʘʤʝʪʨʳ ʊʚʠʩʩʘ ʩʚʷʟʘʥʳ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

 ‍‎ ‌ ρȟ (1.4.2) 

ʊʦʛʜʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ ʨʘʟʤʝʨ ʧʫʯʢʘ „ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ 

 „ ‍‐Ȣ (1.4.3) 

 

 

ʈʠʩʫʥʦʢ 1.4.1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ (ʢʨʘʩʥʳʝ ʪʦʯʢʠ) ʥʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ, 

ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʬʘʟʦʚʳʡ ʵʣʣʠʧʩ (ʩʠʥʠʡ) ʠ ʚʟʘʠʤʦʩʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ ʊʚʠʩʩʘ 
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ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʭ ʩʧʦʩʦʙʘ ʠʟʤʝʨʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ 

ʵʤʠʪʪʘʥʩʘ: ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʳʭ ʠʟʤʝʨʠʪʝʣʝʡ ʵʤʠʪʪʘʥʩʘ ʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʩʚʝʥʥʳʭ ʧʨʦʮʝʜʫʨ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʤʠʪʪʘʥʩʘ. ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʧʫʯʢʦʚ ʥʠʟʢʠʭ (ʜʦ ʜʝʩʷʪʢʘ ʄʵɺ) ʵʥʝʨʛʠʡ. ʀʟʤʝʨʝʥʠʷ ʜʘʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ, ʜʠʘʬʨʘʛʤʠʨʦʚʘʥʥʳʭ ʠ 

ʱʝʣʝʚʳʭ ʠʟʤʝʨʠʪʝʣʝʡ ʵʤʠʪʪʘʥʩʘ. ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʠ ʢ ʧʫʯʢʘʤ 

ʚʳʩʦʢʠʭ (ʙʦʣʝʝ ʜʝʩʷʪʢʘ ʄʵɺ) ʵʥʝʨʛʠʡ. ʂ ʢʦʩʚʝʥʥʳʤ ʧʨʦʮʝʜʫʨʘʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʦʪʥʦʩʷʪʩʷ ʤʝʪʦʜ ʪʨʝʭ ʧʨʦʬʠʣʦʤʝʪʨʦʚ ʠ ʤʝʪʦʜ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʚʘʨʠʘʮʠʠ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʠ 

ʌʃʋʄ, ʠ ʀʄʇʉ ʜʘʸʪ ʥʝ ʪʦʣʴʢʦ ʨʘʟʤʝʨ, ʥʦ ʠ ʧʦʣʦʞʝʥʠʝ ʧʫʯʢʘ, ʧʨʠ ʫʩʣʦʚʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʶʩʪʠʨʦʚʢʠ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ ʢʦʥʢʨʝʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʥʝʨʘʟʨʫʰʘʶʱʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʣʠʥʝʡʥʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʧʫʯʢʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘ 

ʩʯʸʪ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʦʣʝʡ ʚ ʵʣʝʤʝʥʪʘʭ ʬʦʢʫʩʠʨʫʶʱʝʛʦ ʢʘʥʘʣʘ, ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʢʦʩʚʝʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ. 

ʊʦʤʦʛʨʘʬʠʯʝʩʢʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʵʤʠʪʪʘʥʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʧʝʨʝʯʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ 

ʧʫʯʢʘ, ʧʦʟʚʦʣʷʶʱʠʤ ʠʟʫʯʠʪʴ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʚ 

ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʠʟʤʝʨʠʪʝʣʝʡ ʵʤʠʪʪʘʥʩʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʥʝʚʦʟʤʦʞʥʦ ʧʦ ʧʨʠʯʠʥʝ ʙʦʣʴʰʠʭ ʪʝʧʣʦʚʳʭ 

ʥʘʛʨʫʟʦʢ ʠʣʠ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʧʫʯʢʘ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʪʦʤʦʛʨʘʬʠʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʥʘ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʀʗʀ ʈɸʅ [8] ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ SART ʘʣʛʦʨʠʪʤʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʧʦ ʫʩʪʨʘʥʝʥʠʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʘʨʪʝʬʘʢʪʦʚ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʩʨʘʚʥʝʥʠʠ ʜʠʥʘʤʠʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʩ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʧʨʦʬʠʣʷʭ ʧʫʯʢʘ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʘ ʚ ʜʠʩʩʝʨʪʘʮʠʠ [71] ɸ. ʀ. ʊʠʪʦʚʘ (ʀʗʀ ʈɸʅ), ʚʳʧʦʣʥʝʥʥʦʡ ʚ 

2021-2025 ʛʛ. ʚ ʀʗʀ ʈɸʅ ʧʦʜ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʚʪʦʨʘ. 
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ʇʦ ʠʪʦʛʦʚʦʤʫ ʬʘʟʦʚʦʤʫ ʧʦʨʪʨʝʪʫ ʩ ʫʩʪʨʘʥʝʥʥʳʤʠ ʘʨʪʝʬʘʢʪʘʤʠ ʩʪʨʦʠʪʩʷ 

ʦʛʠʙʘʶʱʠʡ ʬʘʟʦʚʳʡ ʵʣʣʠʧʩ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʊʚʠʩʩʘ ʠ ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ (ʈʠʩʫʥʦʢ 1.4.2) [71].  

 

ʈʠʩʫʥʦʢ 1.4.2 ï ʆʢʥʦ ʧʨʦʛʨʘʤʤʳ ʪʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʵʤʠʪʪʘʥʩʘ ʧʫʯʢʘ ʥʘ ʃʋ ʀʗʀ ʈɸʅ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʪʠʧʠʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. 

  

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʠʟʤʝʨʠʪʝʣʴ ʵʤʠʪʪʘʥʩʘ 

 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʠʟʤʝʨʠʪʝʣʴ ʵʤʠʪʪʘʥʩʘ [88] (ʘʥʛʣʦʷʟʳʯʥʳʡ ʪʝʨʤʠʥ: 

Alisson scanner) ʷʚʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʧʦʧʝʨʝʯʥʦʛʦ ʵʤʠʪʪʘʥʩʘ 

ʧʫʯʢʦʚ. ʆʥ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʚ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʘʥʘʣʘʭ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

¶ ʚʳʩʦʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʱʝʣʝʡ 

ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʠ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʧʨʠʚʦʜʦʚ ʩ ʰʘʛʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ; 

¶ ʚʳʩʦʢʦʝ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʤʘʣʦʤʫ ʰʘʛʫ ʠʟʤʝʥʝʥʠʷ 

ʩʤʝʱʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. 
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ʌʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠ ʪʠʧʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʵʤʠʪʪʘʥʩʘ ʠ ʧʨʠʤʝʨ 

ʨʝʘʣʠʟʘʮʠʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.4.3 [89].  
 

 

ʈʠʩʫʥʦʢ 1.4.3 ï ʉʭʝʤʘ ʨʘʙʦʪʳ ʠ ʬʦʪʦʛʨʘʬʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʨʠʪʝʣʷ 

ʵʤʠʪʪʘʥʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ ITS (ʖʞʥʘʷ ʂʦʨʝʷ) 

 

ʇʫʯʦʢ ʧʦʧʘʜʘʝʪ ʥʘ ʧʝʨʝʜʥʶʶ ʱʝʣʴ, ʚʳʜʝʣʷʶʱʫʶ ʧʨʦʭʦʞʜʝʥʠʝ ʯʘʩʪʠʮ ʧʦ 

ʟʘʜʘʥʥʦʡ ʢʦʦʨʜʠʥʘʪʝ, ʜʣʷ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʠʟʤʝʨʝʥʠʝ ʨʘʩʭʦʞʜʝʥʠʷ. 

ʇʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʜʝʬʣʝʢʪʦʨʝ ʯʘʩʪʠʮʳ, 

ʚʣʝʪʘʶʱʠʝ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʛʣʦʤ ʚ ʧʝʨʝʜʥʶʶ ʱʝʣʴ, ʧʦʧʘʜʘʶʪ ʚ ʟʘʜʥʶʶ ʱʝʣʴ, 

ʟʘ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʠʟʤʝʨʠʪʝʣʴ, ʯʘʱʝ ʚʩʝʛʦ ʠʤ ʷʚʣʷʝʪʩʷ ʮʠʣʠʥʜʨ ʌʘʨʘʜʝʷ. 

ʏʘʩʪʠʮʳ, ʣʝʪʷʱʠʝ ʧʦʜ ʜʨʫʛʠʤʠ ʫʛʣʘʤʠ, ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʚ ʠʟʤʝʨʠʪʝʣʴ ʪʦʣʴʢʦ ʧʦʩʣʝ 

ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʦʜʠʪʩʷ ʩʢʘʥʠʨʦʚʘʥʠʝ ʨʘʩʭʦʞʜʝʥʠʷ 

ʧʫʯʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʧʦʩʣʝ ʯʝʛʦ ʠʟʤʝʨʠʪʝʣʴ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ 

ʠʦʥʦʧʨʦʚʦʜʝ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʚ ʜʨʫʛʦʡ ʢʦʦʨʜʠʥʘʪʝ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʨʠʪʝʣʷ 

ʵʤʠʪʪʘʥʩʘ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʩʦʪʥʠ ʠ ʜʘʞʝ ʪʳʩʷʯʠ ʦʪʜʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʅʘʧʨʠʤʝʨ, ʧʦʜʦʙʥʳʝ ʠʟʤʝʨʝʥʠʷ ʥʘ ʫʩʢʦʨʠʪʝʣʝ PIP-II  ʪʨʝʙʫʶʪ 3000 ʦʪʜʝʣʴʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʠ ʟʘʥʠʤʘʶʪ 5 ʤʠʥʫʪ ʧʨʠ ʯʘʩʪʦʪʝ ʧʫʯʢʘ 20 ɻʮ [90]. 
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ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʠʤʝʨʳ ʨʝʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʂʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʠʟʤʝʨʠʪʝʣʝʡ ʵʤʠʪʪʘʥʩʘ ʚ ʦʩʥʦʚʥʦʤ 

ʦʪʣʠʯʘʶʪʩʷ ʚʭʦʜʥʳʤʠ ʱʝʣʷʤʠ ʠ ʦʪʢʣʦʥʷʶʱʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. ɼʣʷ 

ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʳʭ ʧʫʯʢʦʚ ʢ ʚʭʦʜʥʦʡ ʱʝʣʠ ʥʝ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʦʩʦʙʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʠ 

ʦʥʘ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ.  

ɼʣʷ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʧʫʯʢʦʚ, ʥʘʧʨʦʪʠʚ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʩʪʳʝ 

ʚʭʦʜʥʳʝ ʱʝʣʠ ʩ ʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ. ʊʘʢ ʜʣʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʠʟʤʝʨʠʪʝʣʷ ESS [91] ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʪʜʝʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʵʢʨʘʥ (ʈʠʩʫʥʦʢ 1.4.4), 

ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʝʨʝʜ ʚʭʦʜʥʦʡ ʱʝʣʴʶ. ɽʛʦ ʬʦʨʤʘ ʧʦʟʚʦʣʷʝʪ ʟʘʱʠʪʠʪʴ ʚʩʝ 

ʫʟʣʳ ʠʟʤʝʨʠʪʝʣʷ ʦʪ ʧʫʯʢʘ, ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʟʘʧʘʩʝʥʥʦʡ ʵʥʝʨʛʠʝʡ 600 ɼʞ. 
 

  

ʈʠʩʫʥʦʢ 1.4.4 ï ʉʭʝʤʘ ʠ ʬʦʪʦʛʨʘʬʠʷ ʪʝʧʣʦʚʦʛʦ ʵʢʨʘʥʘ ʠʟʤʝʨʠʪʝʣʷ ʵʤʠʪʪʘʥʩʘ ESS 
 

ʆʪʢʣʦʥʷʶʱʠʝ ʵʣʝʢʪʨʦʜʳ ʚ ʦʩʥʦʚʥʦʤ ʜʝʣʘʶʪ ʧʣʦʩʢʠʤʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʷ, ʦʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʜʘ 

ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʩʪʫʧʝʥʯʘʪʦʡ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʩʩʝʷʥʠʷ ʯʘʩʪʠʮ ʧʫʯʢʘ, ʧʦʧʘʚʰʠʭ 

ʥʘ ʵʣʝʢʪʨʦʜ, ʦʙʨʘʪʥʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. ʊʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ 

ʦʙʣʘʜʘʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʠʟʤʝʨʠʪʝʣʴ ʵʤʠʪʪʘʥʩʘ ʜʣʷ SNS (ʈʠʩʫʥʦʢ 1.4.5) [92]. 

 

ʈʠʩʫʥʦʢ 1.4.5 ï ʉʭʝʤʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʵʤʠʪʪʘʥʩʘ ʜʣʷ SNS 
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ɼʣʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʠʟʤʝʨʠʪʝʣʝʡ ʵʤʠʪʪʘʥʩʘ ʩʫʱʝʩʪʚʫʶʪ ʨʘʩʯʝʪʳ, 

ʦʮʝʥʠʚʘʶʱʠʝ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʧʨʦʭʦʞʜʝʥʠʝ ʯʘʩʪʠʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʘʤʝʨʳ [93]. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʨʠʩʫʥʢʝ 1.4.6 ʧʦʢʘʟʘʥʳ 

ʯʝʪʳʨʝ ʪʠʧʠʯʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʟʤʝʨʠʪʝʣʝʡ. ɺʦ ʚʩʝʭ ʤʦʜʝʣʷʭ ʟʘʟʦʨʳ ʚ ʱʝʣʷʭ s, 

ʵʣʝʢʪʨʦʜʳ ʜʣʠʥʳ L, ʟʘʟʦʨ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ g, ʧʦʪʝʥʮʠʘʣ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ὠ ʠ 

ὠ, ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʥʘʣʝʪʘʶʱʠʭ ʯʘʩʪʠʮ E. ɺ ʤʦʜʝʣʷʭ ʩ ʪʦʣʩʪʦʡ ʱʝʣʴʶ 

ʪʦʣʱʠʥʘ ʱʝʣʠ d. ɺ ʤʦʜʝʣʷʭ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʣʝʢʪʨʦʜʦʚ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʱʝʣʴʶ ʠ ʵʣʝʢʪʨʦʜʦʤ l, ʚ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʤʦʜʝʣʷʭ ʨʘʩʩʪʦʷʥʠʷ ὰ ʠ ὰ. 

  

ʈʠʩʫʥʦʢ 1.4.6 ï ʉʭʝʤʘ ʤʦʜʝʣʝʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʠʟʤʝʨʠʪʝʣʝʡ: A ï ʪʦʥʢʠʝ ʱʝʣʠ 

ʠ ʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʢʪʨʦʜʦʚ; B ï ʪʦʥʢʠʝ ʝɦʣʠ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʢʪʨʦʜʦʚ; C ï ʪʦʣʩʪʳʝ ʱʝʣʠ ʠ ʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʵʣʝʢʪʨʦʜʦʚ; D ï ʪʦʣʩʪʳʝ ʱʝʣʠ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʢʪʨʦʜʦʚ 

 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʦʮʝʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: ὼᴂ̞ ̓ ï ʫʛʦʣ ʯʘʩʪʠʮʳ, 

ʧʝʨʝʩʝʢʘʶʱʝʡ ʱʝʣʠ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʢʦʦʨʜʠʥʘʪʝ,  ὼᴂ̍̉ ̎ï ʤʠʥʠʤʘʣʴʥʳʡ ʫʛʦʣ, ʩ 

ʢʦʪʦʨʳʤ ʯʘʩʪʠʮʘ ʤʦʞʝʪ ʧʨʦʡʪʠ ʦʙʝ ʱʝʣʠ, ὼᴂ̍́̋̒ ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ, ʩ ʢʦʪʦʨʳʤ 

ʯʘʩʪʠʮʘ ʤʦʞʝʪ ʧʨʦʡʪʠ ʦʙʝ ʱʝʣʠ, Ўὼ ὼᴂ̍́̋̒ὼᴂ̍̉ ̎ï ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ, ὴὼ  

= (ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʰʝʜʰʠʭ ʦʙʝ ʱʝʣʠ ʯʘʩʪʠʮ ʩ ʫʛʣʦʤ ὼ)/(ʢʦʣʠʯʝʩʪʚʦ ʫʧʘʚʰʠʭ ʥʘ 

ʧʝʨʚʫʶ ʱʝʣʴ ʯʘʩʪʠʮ ʩ ʫʛʣʦʤ ὼ) ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʜʣʷ ʯʘʩʪʠʮ ʩ ʫʛʣʦʤ 

ὼ, T  ᷿ ὴὼ Ὠὼ̍́̋̒

̍̉̎
  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʠʟʤʝʨʠʪʝʣʷ. ʌʦʨʤʫʣʳ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʚʩʝʭ ʚʝʣʠʯʠʥ ʜʣʷ ʯʝʪʳʨʝʭ ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.4.1. 






















































































































































































































































































































































































































































































































