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ʃʫʥʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ  
ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʢʣʦʥʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʙʘʣʘʥʩʘ ɿʝʤʣʠ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ  

ʠ ʧʨʠʯʠʥ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ  

ɻɸʆ ʈɸʅ ʩ ʫʯʘʩʪʠʝʤ ɸɸʅʀʀ, ʅʇʆ çʊʘʡʬʫʥè  

    ʈʫʢʦʚʦʜʠʪʝʣʴ ï ʟʘʚ. ʩʝʢʪʦʨʦʤ, ʜ.ʬ.-ʤ.ʥ. ʍ.ʀ. ɸʙʜʫʩʘʤʘʪʦʚ  

ɻʣʘʚʥʳʝ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʦʧʪʠʯʝʩʢʦʡ ʃʫʥʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ (ʜʘʣʝʝ ï ʃʆ):  

¶ ʉʦʟʜʘʥʠʝ ʧʝʨʚʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʃʆ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ 

ʛʣʦʙʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ ɿʝʤʣʠ ʠ ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ 

ʠ ʧʨʠʯʠʥ, ʘ ʪʘʢʞʝ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʝʛʦ ʚʘʨʠʘʮʠʡ;  

¶ ʇʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʚʘʞʥʝʡʰʠʭ ʥʝʜʦʩʪʘʶʱʠʭ, ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ ʦ 

ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʥʘ ʦʩʥʦʚʝ ʤʦʥʠʪʦʨʠʥʛʘ ʦʪʨʘʞʝʥʥʦʛʦ ʠ 

ʨʘʩʩʝʷʥʥʦʛʦ ʧʣʘʥʝʪʦʡ ʚ ʢʦʩʤʦʩ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʜʦʣʠ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ȹɚ = 0.2-4 ʤʢʤ, ʵʥʝʨʛʠʡ ʧʦʣʥʦʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ɿʝʤʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ȹɚ = 4-50 ʤʢʤ ʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʩʥʦʚʥʦʛʦ ʦʢʥʘ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ȹɚ = 8-13 ʤʢʤ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 11-ʣʝʪʥʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ʥʘ 

ʦʩʥʦʚʝ ʠʭ ʧʨʷʤʳʭ ʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ c ʧʦʛʨʝʰʥʦʩʪʴʶ å0.1 %;  

¶ ʀʟʫʯʝʥʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚʝʣʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ɿʝʤʣʠ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʳʭ 

ʜʘʥʥʳʭ ʦ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʜʦʣʛʦʚʨʝʤʝʥʥʦ 

ʥʘʢʘʧʣʠʚʘʝʤʦʛʦ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ (ʜʘʣʝʝ ï ʆʢʝʘʥ) ʝʞʝʛʦʜʥʦʛʦ ʠʟʙʳʪʢʘ ʠʣʠ ʜʝʬʠʮʠʪʘ 

ʧʦʩʪʫʧʘʶʱʝʡ ʵʥʝʨʛʠʠ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʠʢʣʠʯʝʩʢʠʭ ʚʘʨʠʘʮʠʡ 

ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ;  

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʚʝʣʠʯʠʥʳ ʩʬʝʨʠʯʝʩʢʦʛʦ ʘʣʴʙʝʜʦ ï ʘʣʴʙʝʜʦ 

ɹʦʥʜʘ ʧʣʘʥʝʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʠʢʣʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ. 

ɺʳʷʚʣʝʥʠʝ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʬʠʟʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʢ ʚ ʧʣʘʥʝʪʘʨʥʦʤ, ʪʘʢ ʠ ʚ ʨʝʛʠʦʥʘʣʴʥʦʤ 

ʤʘʩʰʪʘʙʘʭ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʧʨʠʨʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʮʠʢʣʠʯʝʩʢʠʭ ʚʘʨʠʘʮʠʡ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ;  

¶ ʀʟʫʯʝʥʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʚʘʨʠʘʮʠʠ ʧʦʛʣʦʱʘʝʤʦʡ ʠ ʨʘʩʭʦʜʫʝʤʦʡ ʧʣʘʥʝʪʦʡ ʧʦʩʪʫʧʘʶʱʝʡ 

ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʠʯʠʥ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ 

ʢʣʠʤʘʪʘ, ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʛʣʫʙʠʥʳ ʝʛʦ ʛʨʷʜʫʱʠʭ ʠʟʤʝʥʝʥʠʡ;  

¶ ʉʦʟʜʘʥʠʝ ʥʝʜʦʩʪʘʶʱʝʡ, ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʦʡ ʚʘʞʥʝʡʰʝʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ 

ʚʝʣʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʧʣʘʥʝʪʳ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ;  

¶ ʉʦʟʜʘʥʠʝ ʙʘʟʳ ʚʳʩʦʢʦʪʦʯʥʳʭ ʜʘʥʥʳʭ ʧʦ ʘʣʴʙʝʜʦ ɹʦʥʜʘ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 
ʠʟʣʫʯʝʥʠʷ ɿʝʤʣʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢ ʯʠʩʣʫ ʩʘʤʳʭ ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʚʩʝʤ ʯʝʣʦʚʝʯʝʩʪʚʦʤ, 

ʦʪʥʦʩʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʛʣʦʙʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ ʠ ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʵʪʠ ʠʟʤʝʥʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʧʨʠʯʠʥ. ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʣʠʤʘʪʘ ʠʤʝʝʪ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ 

ʜʘʥʥʳʝ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʵʥʝʨʛʝʪʠʢʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʂʣʠʤʘʪ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʮʝʥʥʳʭ 

ʨʝʩʫʨʩʦʚ ʥʘ ɿʝʤʣʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʯʝʣʦʚʝʢʘ ʠ ʝʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʘ ʝʛʦ 

ʚʦʟʤʦʞʥʳʝ ʛʣʫʙʦʢʠʝ ʠʟʤʝʥʝʥʠʷ ï ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʩʝʨʴʝʟʥʳʭ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʜʣʷ ʯʝʣʦʚʝʯʝʩʪʚʘ 

ʥʘʰʝʛʦ ʚʨʝʤʝʥʠ ʠ ʜʣʷ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. ɿʝʤʥʦʡ ʢʣʠʤʘʪ ʟʘʚʠʩʠʪ ʦʪ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʨʦʮʝʩʩʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʣʠʷʶʪ ʨʘʟʣʠʯʥʳʝ, ʚ ʦʩʥʦʚʥʦʤ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ 
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ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ʉʨʝʜʠ ʥʠʭ ʦʩʥʦʚʥʳʤ ʠ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʷʚʣʷʝʪʩʷ ʩʦʣʥʝʯʥʳʡ ʬʘʢʪʦʨ. 

ʉʦʣʥʮʝ, ʙʫʜʫʯʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʤʦʱʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʜʣʷ ɿʝʤʣʠ, ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʠ 

ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʫʧʨʘʚʣʷʶʱʠʤ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ. ɼʘʞʝ ʩʘʤʳʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ 

ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ (ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʧʦʨʷʜʢʘ 20 ʣʝʪ ʠ ʙʦʣʝʝ) ʮʠʢʣʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʚʥʝʰʥʶʶ ʛʨʘʥʠʮʫ ʘʪʤʦʩʬʝʨʳ ʤʦʱʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ 

ʩʝʨʴʸʟʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʢʣʠʤʘʪʘ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʧʨʷʤʳʝ, ʥʦ ʠ ʥʝ ʤʝʥʝʝ 

ʚʘʞʥʳʝ ʧʦʩʣʝʜʫʶʱʠʝ ʚʪʦʨʠʯʥʳʝ ʚʣʠʷʥʠʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʵʬʬʝʢʪʦʚ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ.  

ʇʨʠ ʵʪʦʤ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠ ʩʘʤʳʤ ʥʘʜʝʞʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʝʜʩʢʘʟʘʥʠʷ ʛʣʫʙʠʥʳ ʠ ʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ 

ʛʨʷʜʫʱʝʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʦʣʛʦʩʨʦʯʥʳʭ ʚʘʨʠʘʮʠʡ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʣʘʥʝʪʳ ï ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʘʤʠ ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʚʥʝʰʥʠʝ ʩʣʦʠ ʝʝ ʘʪʤʦʩʬʝʨʳ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʠ ʫʭʦʜʷʱʠʭ ʩ ʵʪʦʛʦ ʫʨʦʚʥʷ ʦʙʨʘʪʥʦ ʚ ʢʦʩʤʦʩ ʩʫʤʤʘʨʥʳʭ ʵʥʝʨʛʠʡ ʦʪʨʘʞʝʥʥʦʛʦ 

ʠ ʨʘʩʩʝʷʥʥʦʛʦ ʧʣʘʥʝʪʦʡ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʠʩʭʦʜʷʱʝʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʚʥʝʰʥʠʭ ʩʣʦʝʚ ʘʪʤʦʩʬʝʨʳ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 1). ɼʦʣʛʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʫʭʦʜʷʱʠʭ ʚ 

ʢʦʩʤʦʩ ʩʫʤʤʘʨʥʳʭ ʣʫʯʠʩʪʳʭ ʧʦʪʦʢʦʚ ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴʩʷ ʩʦ ʚʩʝʡ ʩʠʩʪʝʤʳ ʧʦʚʝʨʭʥʦʩʪʴ-

ʘʪʤʦʩʬʝʨʘ, ʪ.ʝ. ʥʘ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʳ. ʊʦʛʜʘ ʵʪʦ ʠ ʙʫʜʫʪ ʯʠʩʪʳʝ ʧʨʠʭʦʜʥʳʝ ʠ ʨʘʩʭʦʜʥʳʝ 

ʯʘʩʪʠ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ɿʝʤʣʠ, ʘ ʠʭ ʨʘʟʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪ ʠʩʪʦʯʥʠʢʠ ʠ ʩʪʦʢʠ 

ʵʥʝʨʛʠʠ ʚ ʥʠʞʝʣʝʞʘʱʝʡ ʩʠʩʪʝʤʝ. ʅʘ ʦʩʥʦʚʝ ʠʭ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʢʨʘʡʥʝ ʚʘʞʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʚʘʞʥʝʡʰʠʡ ʛʣʦʙʘʣʴʥʳʡ ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ: ʘ ʠʤʝʥʥʦ 

ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ (ʙʶʜʞʝʪʘ) ɿʝʤʣʠ ʦʪ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʪ.ʝ. ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ (ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʧʦʨʷʜʢʘ 20 ʣʝʪ ʠ ʙʦʣʝʝ) 

ʠʟʤʝʥʝʥʠʷ ʩʘʣʴʜʦ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʶʜʞʝʪʘ ɿʝʤʣʠ ʢʘʢ ʧʣʘʥʝʪʳ.  

 

ʈʠʩ. 1. ʇʦʩʪʫʧʘʶʱʠʝ ʠ ʫʭʦʜʷʱʠʝ ʛʣʦʙʘʣʴʥʳʝ ʫʜʝʣʴʥʳʝ ʧʦʪʦʢʠ ʵʥʝʨʛʠʠ ʥʘ ʚʥʝʰʥʝʡ 

ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʳ ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ɿʝʤʣʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʷʩʥʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʠʟʤʝʥʝʥʠʡ ʛʣʦʙʘʣʴʥʦʛʦ 

ʢʣʠʤʘʪʘ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʧʨʠʦʙʨʝʪʘʝʪ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʪʝʯʝʥʠʝ ʙʣʠʞʘʡʰʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʢʦʨʝʥʠʷ ʠʟʤʝʥʝʥʠʡ 

ʛʣʦʙʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʣʠʤʘʪʘ ʚʩʣʝʜʩʪʚʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ɿʝʤʣʠ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚʳʟʳʚʘʝʤʦʛʦ 

ʘʢʪʠʚʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʠ ʛʨʷʜʫʱʠʤ ʥʘʩʪʫʧʣʝʥʠʝʤ ʛʣʫʙʦʢʦʛʦ ʢʚʘʟʠʜʚʫʭʚʝʢʦʚʦʛʦ ʤʠʥʠʤʫʤʘ 

ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʥʝʠʟʙʝʞʥʦ ʦʪʨʘʟʷʪʩʷ ʥʘ ʞʠʟʥʠ ʣʶʜʝʡ, ʥʘ ʩʦʩʪʦʷʥʠʠ 

ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʠʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʨʝʛʠʦʥʘʭ ʧʣʘʥʝʪʳ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ 

ʩʪʘʥʫʪ ʦʱʫʪʠʤʦʡ ʫʛʨʦʟʦʡ ʜʣʷ ʙʣʘʛʦʧʦʣʫʯʠʷ ʥʘʩʝʣʝʥʠʷ, ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʠ ʧʨ., ʪ.ʝ. 
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ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʢʘʢ ʜʣʷ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʜʣʷ ʚʩʝʛʦ ʤʠʨʘ. ɻʨʷʜʫʱʝʝ ʛʣʫʙʦʢʦʝ 

ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, ʙʝʟʫʩʣʦʚʥʦ, ʦʢʘʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʪʘʢʞʝ ʠ ʥʘ ʩʦʩʪʦʷʥʠʝ ʤʠʨʦʚʦʡ 

ʵʢʦʥʦʤʠʢʠ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʦʙʱʝʩʪʚʘ ʠ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʩʪʨʘʥ ʠ ʙʫʜʝʪ ʜʠʢʪʦʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ. ʆʥʦ ʩʪʘʥʝʪ ʥʘʠʚʘʞʥʝʡʰʠʤ ʚʳʟʦʚʦʤ ʠ 

ʧʨʠʦʨʠʪʝʪʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʚʩʝʛʦ ʤʠʨʘ ʠ ʦʧʨʝʜʝʣʠʪ ʦʩʥʦʚʥʳʝ ʩʦʙʳʪʠʷ ʚ ʧʦʣʠʪʠʢʝ, ʵʢʦʥʦʤʠʢʝ ʠ 

ʜʨʫʛʠʭ ʚʘʞʥʝʡʰʠʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʩʝʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʘ ʙʣʠʞʘʡʰʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. ʇʨʦʙʣʝʤʘ 

ʛʨʷʜʫʱʝʛʦ ʛʣʫʙʦʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ï ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʥʘʫʯʥʘʷ ʧʨʦʙʣʝʤʘ ʧʣʘʥʝʪʘʨʥʦʛʦ 

ʤʘʩʰʪʘʙʘ, ʩʪʦʷʱʘʷ ʧʝʨʝʜ ʯʝʣʦʚʝʯʝʩʪʚʦʤ, ʥʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʠ ʧʦʣʠʪʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ, ʦʪ 

ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʙʫʜʫʱʝʝ ʤʠʨʦʚʦʡ ʮʠʚʠʣʠʟʘʮʠʠ. ʕʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʥʘʠʙʦʣʝʝ 

ʥʘʜʝʞʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʝʛʦ ʛʨʷʜʫʱʠʭ ʛʣʫʙʦʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʛʣʦʙʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʠ ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʣʠʤʘʪ 

(ʂʣʠʤʘʪʠʯʝʩʢʘʷ ʜʦʢʪʨʠʥʘ ʈʌ, ʫʪʚʝʨʞʜʝʥʥʘʷ ʧʨʝʟʠʜʝʥʪʦʤ ʈʌ 17.12.2009 ʛ. ˉ 861-ʨʧ). 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʠʟʤʝʥʝʥʠʡ ʛʣʦʙʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʩʦʟʜʘʥʠʝ 

ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʝʛʦ ʛʨʷʜʫʱʠʭ ʛʣʫʙʦʢʠʭ ʠʟʤʝʥʝʥʠʡ ʧʦʟʚʦʣʷʪ 

ʧʨʝʜʫʧʨʝʜʠʪʴ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʦʩʣʘʙʠʪʴ ʦʧʘʩʥʳʝ ʜʣʷ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠʥʪʝʨʝʩʦʚ ʤʥʦʛʠʭ ʩʪʨʘʥ 

ʧʦʩʣʝʜʩʪʚʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʫʭʫʜʰʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʢʣʠʤʘʪʘ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʠ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʘ ʪʘʢʞʝ ʢʣʠʤʘʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʛʣʦʙʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ 

ʧʣʘʥʝʪʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʤʦʞʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʥʝ ʪʦʣʴʢʦ ʥʝʟʘʚʠʩʠʤʫʶ ʧʦʟʠʮʠʶ ʧʦ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʘʪʠʢʝ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʝ ʠʥʪʝʨʝʩʳ ʈʦʩʩʠʠ. ɼʦʣʛʦʚʨʝʤʝʥʥʦʝ (ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ ʉʦʣʥʮʘ) 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʚʘʞʥʝʡʰʠʭ ʛʣʦʙʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʟʤʝʥʝʥʠʷ 

ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ, ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʠ ʢʣʠʤʘʪʘ ʧʣʘʥʝʪʳ, ʩʤʦʞʝʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʫʶ ʧʦʟʠʮʠʶ ʧʦ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʘʪʠʢʝ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ ɿʝʤʣʠ ʠ ʬʠʟʠʯʝʩʢʠʭ 

ʤʝʭʘʥʠʟʤʦʚ ʝʛʦ ʠʟʤʝʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʛʣʦʙʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʢʣʠʤʘʪ, ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʭ ʤʝʪʦʜʦʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʝʛʦ ʛʨʷʜʫʱʠʭ ʠʟʤʝʥʝʥʠʡ. ʉʦʣʥʝʯʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʘʣʴʙʝʜʦ ɹʦʥʜʘ ʠ ʤʦʱʥʦʩʪʴ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ɿʝʤʣʠ ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʥʘʰʝʡ ʧʣʘʥʝʪʳ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʝ ʛʣʦʙʘʣʴʥʳʡ ʢʣʠʤʘʪ. 

ʀʟʙʳʪʦʢ ʠʣʠ ʜʝʬʠʮʠʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ (ʙʶʜʞʝʪʘ) ɿʝʤʣʠ ʢʘʢ ʧʣʘʥʝʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʨʘʟʥʦʩʪʴʶ ʤʝʞʜʫ ʫʜʝʣʴʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ ʧʦʩʪʫʧʘʶʱʝʛʦ ʚʦ ʚʥʝʰʥʠʝ ʩʣʦʠ 

ʘʪʤʦʩʬʝʨʳ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʫʭʦʜʷʱʠʭ ʩ ʵʪʦʛʦ ʫʨʦʚʥʷ ʚ ʢʦʩʤʦʩ ʚʦ ʚʩʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʦʪʨʘʞʝʥʥʦʡ ʠ ʨʘʩʩʝʷʥʥʦʡ ʚʩʝʡ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴ-ʘʪʤʦʩʬʝʨʘ ʝʛʦ ʜʦʣʠ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʚʝʣʠʯʠʥʦʡ ʘʣʴʙʝʜʦ ɹʦʥʜʘ, ʘ ʪʘʢʞʝ ʠʩʭʦʜʷʱʝʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʚʥʝʰʥʠʭ ʩʣʦʝʚ ʘʪʤʦʩʬʝʨʳ:  

Ὁ
Ὓ¼ ЎὛ¼
τ

ὃ Ўὃ Ὓ¼ ЎὛ¼
τ

‐„Ὕ ЎὝ ȟ                  ρ 

ʛʜʝ ɽ ï ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʷ ʧʣʘʥʝʪʳ, S
¼
 ï ʩʦʣʥʝʯʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, ȹS

¼
 

ï ʧʨʠʨʘʱʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ, ɸBE ï ʘʣʴʙʝʜʦ ɹʦʥʜʘ ɿʝʤʣʠ, ȹABE ï ʧʨʠʨʘʱʝʥʠʝ ʘʣʴʙʝʜʦ 

ɹʦʥʜʘ ɿʝʤʣʠ, Ů ï ʠʟʣʫʯʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ) ʩʠʩʪʝʤʳ ʧʦʜʩʪʠʣʘʶʱʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ-ʘʪʤʦʩʬʝʨʘ, s ï ʧʦʩʪʦʷʥʥʘʷ ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ, ʊʨ ï ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʧʣʘʥʝʪʘʨʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ȹʊʨ ï ʧʨʠʨʘʱʝʥʠʝ ʧʣʘʥʝʪʘʨʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʣʘʥʝʪʘʨʥʘʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʥʶʶ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʣʘʥʝʪʳ (ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʘʪʤʦʩʬʝʨʳ). ɸʣʴʙʝʜʦ ɹʦʥʜʘ (ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʬʝʨʠʯʝʩʢʦʝ ʘʣʴʙʝʜʦ) 

ɿʝʤʣʠ ʢʘʢ ʧʣʘʥʝʪʳ ï ɸBE ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʜʦʣʠ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʨʘʩʩʝʷʥʥʦʛʦ ʚʩʝʡ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴ-ʘʪʤʦʩʬʝʨʘ ʧʦʜ ʚʩʝʤʠ 

ʬʘʟʦʚʳʤʠ ʫʛʣʘʤʠ (ʫʩʨʝʜʥʝʥʥʦʛʦ ʧʦ ʚʩʝʤ ʜʣʠʥʘʤ ʚʦʣʥ) ʚ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʢ ʧʦʣʥʦʤʫ 

ʧʦʪʦʢʫ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʘʜʘʶʱʝʤʫ ʥʘ ʚʥʝʰʥʠʝ ʩʣʦʠ ʘʪʤʦʩʬʝʨʳ. ʌʘʟʦʚʳʡ ʫʛʦʣ Ŭ ï ʫʛʦʣ 

ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʣʫʯʠʩʪʦʛʦ ʧʦʪʦʢʘ, ʧʘʜʘʶʱʠʤ ʦʪ ʉʦʣʥʮʘ ʥʘ ɿʝʤʣʶ, ʠ ʧʦʪʦʢʦʤ, ʦʪʨʘʟʠʚʰʠʤʩʷ 

ʦʪ ʥʝʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʝʤʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ (ʂɸ) (ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

-180Á ʜʦ +180Á). ɸʣʴʙʝʜʦ ɹʦʥʜʘ ɿʝʤʣʠ ʩʚʷʟʘʥʦ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʘʣʴʙʝʜʦ AgE ʩʦʦʪʥʦʰʝʥʠʝʤ  



4 
 

ɸBE = QAgE,                                                        (2) 

ʛʜʝ Q ï ʬʘʟʦʚʳʡ ʠʥʪʝʛʨʘʣ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ  

()ñ
-

=

p

p

aaa dfQ |sin| ,                                                 (3) 

ʛʜʝ f(Ŭ) ï ʬʘʟʦʚʘʷ ʬʫʥʢʮʠʷ ʧʦʜ ʫʛʣʦʤ Ŭ. ʌʘʟʦʚʘʷ ʬʫʥʢʮʠʷ (ʦʪʥʦʰʝʥʠʝ ʥʘʙʣʶʜʘʝʤʦʡ ʂɸ 

ʦʩʚʝʱʸʥʥʦʩʪʠ, ʩʦʟʜʘʚʘʝʤʦʡ ʧʣʘʥʝʪʦʡ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ Ŭ, ʢ ʩʦʟʜʘʚʘʝʤʦʡ ʚ ʩʪʦʨʦʥʫ ʉʦʣʥʮʘ 

Ŭ = 0Á), ʤʝʥʷʶʱʘʷʩʷ ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʬʘʟʦʚʳʭ ʫʛʣʦʚ Ŭ ʦʪ -180Á ʜʦ +180Á, ʧʨʠʥʠʤʘʶʱʘʷ ʟʥʘʯʝʥʠʝ 

ʦʪ 0 ʜʦ 1, ʚʳʨʘʞʘʶʱʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʩ ʢʦʪʦʨʳʤ ʠʟʤʝʥʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʠ 

ʨʘʩʩʝʷʥʥʦʛʦ ʦʪ ʚʩʝʡ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʚʝʨʭʥʦʩʪʴ-ʘʪʤʦʩʬʝʨʘ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʙʨʘʪʥʦ 

ʚ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʦʚʦʛʦ ʫʛʣʘ Ŭ. ʅʦʨʤʠʨʦʚʢʘ ʚʳʙʠʨʘʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ 

ʧʨʠ ʬʘʟʦʚʦʤ ʫʛʣʝ 0Á (ʧʦʣʥʦʩʪʴʶ ʦʩʚʝʱʝʥʥʘʷ ʧʦʣʫʩʬʝʨʘ ɿʝʤʣʠ) ʬʘʟʦʚʘʷ ʬʫʥʢʮʠʷ ʜʦʩʪʠʛʘʣʘ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 1. ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ (ʧʣʦʩʢʦʝ) ʘʣʴʙʝʜʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ 

ʦʩʚʝʱʸʥʥʦʩʪʠ, ʩʦʟʜʘʚʘʝʤʦʡ ʧʣʘʥʝʪʦʡ ʚ ʧʦʣʥʦʡ ʬʘʟʝ, ʢ ʦʩʚʝʱʸʥʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʩʦʟʜʘʣ ʙʳ ʧʣʦʩʢʠʡ 

ʘʙʩʦʣʶʪʥʦ ʙʝʣʳʡ ʵʢʨʘʥ ʪʦʛʦ ʞʝ ʨʘʟʤʝʨʘ, ʯʪʦ ʠ ɿʝʤʣʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʝʸ ʤʝʩʪʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʣʫʯʫ ʟʨʝʥʠʷ ʠ ʩʦʣʥʝʯʥʳʤ ʣʫʯʘʤ. ʊʦʯʥʘʷ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʚʝʣʠʯʠʥʘ ʘʣʴʙʝʜʦ ɹʦʥʜʘ 

ɿʝʤʣʠ ʮʝʥʥʘ ʠ ʩʘʤʘ ʧʦ ʩʝʙʝ. ʊʦʣʴʢʦ ʟʥʘʷ ʪʦʯʥʫʶ ʝʛʦ ʚʝʣʠʯʠʥʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʳʭ 

ʜʘʥʥʳʭ ʦ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʯʥʫʶ ʩʨʝʜʥʝʛʦʜʦʚʫʶ ʚʝʣʠʯʠʥʫ 

ʧʦʛʣʦʱʝʥʥʦʡ ʧʣʘʥʝʪʦʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʀʪʘʢ, ʯʪʦʙʳ ʪʦʯʥʦ ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ ʘʣʴʙʝʜʦ ɹʦʥʜʘ 

ɿʝʤʣʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʙʣʶʜʘʪʴ ʧʣʘʥʝʪʫ ʧʦʜ ʚʩʝʤʠ ʚʦʟʤʦʞʥʳʤʠ ʬʘʟʦʚʳʤʠ ʫʛʣʘʤʠ (ʫʛʦʣ ʉʦʣʥʮʝ-

ɿʝʤʣʷ-ʂɸ) ʠ ʠʟʤʝʨʷʪʴ ʫʜʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʨʘʩʩʝʷʥʥʦʛʦ ʚ ʢʦʩʤʦʩ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚʩʝʡ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴ-ʘʪʤʦʩʬʝʨʘ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘ ʚʥʝʰʥʝʡ 

ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʳ, ʦʧʨʝʜʝʣʷʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʡ ʬʫʥʢʮʠʠ ɿʝʤʣʠ ʦʪ ʬʘʟʦʚʦʛʦ ʫʛʣʘ, ʘ ʪʘʢʞʝ 

ʧʦʣʫʯʘʪʴ ʟʥʘʯʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʣʴʙʝʜʦ, ʢʦʪʦʨʦʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʬʘʟʦʚʦʛʦ ʫʛʣʘ. ʊʦʯʥʘʷ 

ʚʝʣʠʯʠʥʘ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʙʫʜʝʪ ʧʦʣʫʯʝʥʘ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʜʨʫʛʠʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʂʕ). ʋʭʦʜʷʱʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʚʥʝʰʥʝʡ 

ʛʨʘʥʠʮʳ ʘʪʤʦʩʬʝʨʳ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʦʙʱʝʛʦ ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʨʘʩʩʝʷʥʥʦʛʦ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʨʘʚʥʦʝ 102.5 ɺʪ/ʤ
2
, ʩʦʩʪʦʠʪ ʠʟ ʩʫʤʤʳ ʜʚʫʭ ʫʭʦʜʷʱʠʭ 

ʩ ʵʪʦʛʦ ʫʨʦʚʥʷ ʚ ʢʦʩʤʦʩ ʫʜʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʦʪʨʘʞʝʥʥʦʛʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ (~23%) 

ʠ ʚʩʝʡ ʘʪʤʦʩʬʝʨʦʡ (~77%), ʘ ʤʦʱʥʦʩʪʴ ʫʭʦʜʷʱʝʛʦ ʚ ʢʦʩʤʦʩ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʚʥʝʰʥʠʭ ʩʣʦʝʚ ʘʪʤʦʩʬʝʨʳ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ï 239 ɺʪ/ʤ
2
 

ʪʘʢʞʝ ʩʦʩʪʦʠʪ ʠʟ ʩʫʤʤʳ ʜʚʫʭ ʫʭʦʜʷʱʠʭ ʚ ʢʦʩʤʦʩ ʫʜʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (~17%) ʯʝʨʝʟ ʦʢʥʦ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʠ ʚʩʝʡ ʘʪʤʦʩʬʝʨʳ 

(~83%) (ʨʠʩ. 1). ʇʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ (~96%) ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ (ʪʝʧʣʦʚʦʛʦ) ʠʟʣʫʯʝʥʠʷ 

ʧʣʘʥʝʪʳ ʟʘʢʣʶʯʝʥʘ ʚ ʧʨʝʜʝʣʘʭ ʜʣʠʥ ʚʦʣʥ ʦʪ 4 ʜʦ 40 ʤʢʤ.  

ɸʣʴʙʝʜʦ ɹʦʥʜʘ ʧʣʘʥʝʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʤʷ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʩʨʝʜʥʝʥʥʳʤʠ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʘʥʝʪʳ: ʚʝʣʠʯʠʥʘʤʠ ʘʣʴʙʝʜʦ ʘʪʤʦʩʬʝʨʳ ʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 

ʘʪʤʦʩʬʝʨʳ ʚ ʧʦʣʦʩʝ ʩʧʝʢʪʨʘ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʆʥʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʯʝʨʝʟ ʦʧʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʘʪʤʦʩʬʝʨʳ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ  

ὃ  = ὃ  + (1 ï ὃ ) ὃɓ = ὃɓ + ὃ  (1 ï ὃɓ),                          (4) 

ʛʜʝ ὃ  ï ʘʣʴʙʝʜʦ ʘʪʤʦʩʬʝʨʳ, ὃ ï ʘʣʴʙʝʜʦ ʧʦʚʝʨʭʥʦʩʪʠ, ɓ ï ʧʨʦʧʫʩʢʘʥʠʝ ʘʪʤʦʩʬʝʨʳ ʚ ʩʧʝʢʪʨʝ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʨʠʨʘʱʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ɿʝʤʣʠ (ЎὝ), ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʦʜ 
ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠʨʘʱʝʥʠʡ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ (ЎὛ¼) ʠ ʘʣʴʙʝʜʦ ɹʦʥʜʘ ɿʝʤʣʠ (Ўὃ ), 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ:  

ЎὝ  
ЎὛ¼ ρ ὃ Ўὃ Ўὃ Ὓ¼

ρφ„Ὕ
Ȣ                                           υ 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʥʘ ʚʘʨʠʘʮʠʶ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ɿʝʤʣʠ ʪʦʣʴʢʦ ʧʨʠʨʘʱʝʥʠʷ ʘʣʴʙʝʜʦ 

ɹʦʥʜʘ, ʧʦʣʘʛʘʷ ʥʝʠʟʤʝʥʥʦʡ ʚʝʣʠʯʠʥʫ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ (ЎὛ¼ π), ʠʟ (5) ʧʦʣʫʯʠʤ  

ЎὝ
Ўὃ Ὓ¼

ρφ„Ὕ
Ȣ                                                                  φ 

ʉʦʦʪʥʦʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʢʣʘʜʦʚ ʧʨʠʨʘʱʝʥʠʡ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʠ ʘʣʴʙʝʜʦ ɹʦʥʜʘ 

ʧʣʘʥʝʪʳ ʚ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʠ ʚ ʧʨʠʨʘʱʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ɿʝʤʣʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ  
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ЎὛ¼
Ὓ
¼

Ўὃ

ρ ὃ Ўὃ
                                                        χ 

ʠʣʠ ʧʨʠ Ὓ¼ = 1366 ɺʪ/ʤ
2
 ʠ ὃ  = 0.30  

ЎὛ¼
ρσφφ Ўὃ

πȢχ Ўὃ
Ȣ                                                             ψ 

ʇʨʠʥʠʤʘʷ ʠʟʚʝʩʪʥʦʝ ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ɿʝʤʣʠ, ʢʦʪʦʨʦʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʚʥʦ 

ʊe = 254.8 ʂ ʠ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ Ὓ¼ = 1366 ɺʪ/ʤ
2
, ʠʟ (6) ʧʨʠ ЎὛ¼= 0 ʧʦʣʫʯʠʤ  

ЎὝ ωρ Ўὃ Ȣ                                                     (7) 

ʇʨʠʨʘʱʝʥʠʝ ʘʣʴʙʝʜʦ ɹʦʥʜʘ ʥʘ Ўὃ  = +0.0003 (0.1%) ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ЎὝ å ï 0.027 ʂ, ʯʪʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʦ ʩʥʠʞʝʥʠʶ ʚʝʣʠʯʠʥʳ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʥʘ DS
¼

 = ï 0.58 ɺʪ/ʤ
2 

(~0.04%). ʇʦʵʪʦʤʫ ʢʨʘʡʥʝ ʚʘʞʥʦ ʠʟʤʝʨʠʪʴ ʩʦʩʪʘʚʣʷʶʱʠʝ ɻʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʧʣʘʥʝʪʳ ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 0.1%. ɼʣʷ ʦʮʝʥʦʢ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʧʨʠʨʘʱʝʥʠʷʤʠ ʧʨʠʟʝʤʥʦʡ (ʩ ʫʯʝʪʦʤ 

ʚʨʝʤʝʥʠ ʝʝ ʟʘʧʘʟʜʳʚʘʥʠʷ ʙʣʘʛʦʜʘʨʷ ʪʝʨʤʠʯʝʩʢʦʡ ʠʥʝʨʮʠʠ ʆʢʝʘʥʘ) ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ 

ʤʘʣʳʭ ʠʭ ʚʘʨʠʘʮʠʷʭ ʥʝʚʝʣʠʢʦ. ʀʪʘʢ, ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʘʣʴʙʝʜʦ ɹʦʥʜʘ, ʢʘʢ ʠ ʩʦʣʥʝʯʥʦʡ 

ʧʦʩʪʦʷʥʥʦʡ ʚʥʦʩʷʪ ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʢʣʘʜ ʚ ʚʘʨʠʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ɿʝʤʣʠ ʠ ʥʘʨʷʜʫ ʩ 

ʚʘʨʠʘʮʠʝʡ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ɿʝʤʣʠ ʷʚʣʷʶʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʱʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʚʘʨʠʘʮʠʠ ʢʣʠʤʘʪʘ.  

ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʵʥʝʨʛʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ɿʝʤʣʠ 

ʢʘʢ ʧʣʘʥʝʪʳ ʚ ʢʦʩʤʦʩ ʚʩʣʝʜʩʪʚʠʝ ʤʝʜʣʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʝʝ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʷ ʚʩʝʛʜʘ ʦʪʩʪʘʝʪ ʦʪ 

ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʵʥʝʨʛʠʠ ʧʦʛʣʦʱʝʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚʘʨʴʠʨʫʶʱʝʛʦ ʩ 11-ʣʝʪʥʠʤ ʠ 

ʢʚʘʟʠʜʚʫʭʚʝʢʦʚʳʤ ʮʠʢʣʘʤʠ, ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ 20 Ñ 8 ʣʝʪ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʪʝʨʤʠʯʝʩʢʦʡ 

ʠʥʝʨʮʠʝʡ ʆʢʝʘʥʘ. ʇʦʵʪʦʤʫ ʧʦʛʣʦʱʘʝʤʘʷ ʧʣʘʥʝʪʦʡ ʜʦʣʷ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚʩʣʝʜʩʪʚʠʝ 

ʝʝ ʮʠʢʣʠʯʝʩʢʠʭ ʚʘʨʠʘʮʠʡ, ʚʩʝʛʜʘ ʦʩʪʘʝʪʩʷ ʥʝʨʘʚʥʦʟʥʘʯʥʦʡ (ʥʝ ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʡ) ʠʟʣʫʯʘʝʤʦʡ 

ɿʝʤʣʝʡ ʚ ʢʦʩʤʦʩ ʩʦʙʩʪʚʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʝʡ. ʕʪʦ ʦʙʨʘʟʫʝʪ ʠʟʙʳʪʦʢ ʠʣʠ ʜʝʬʠʮʠʪ 

ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ɿʝʤʣʠ ʤʝʞʜʫ ʧʦʩʪʫʧʘʶʱʝʡ ʚʦ ʚʥʝʰʥʠʝ ʩʣʦʠ ʟʝʤʥʦʡ 

ʘʪʤʦʩʬʝʨʳ ʵʥʝʨʛʠʝʡ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʫʭʦʜʷʱʠʤ ʚ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʪʨʘʞʝʥʥʦʡ 

ʠ ʨʘʩʩʝʷʥʥʦʡ ʧʣʘʥʝʪʦʡ ʜʦʣʠ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʩʦʙʩʪʚʝʥʥʦʡ ʵʥʝʨʛʠʝʡ ʪʝʧʣʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 11-ʣʝʪʥʝʡ ʠ ʢʚʘʟʠʜʚʫʭʚʝʢʦʚʦʡ ʮʠʢʣʠʯʝʩʢʠʭ ʚʘʨʠʘʮʠʡ ʩʦʣʥʝʯʥʦʡ 

ʧʦʩʪʦʷʥʥʦʡ ʧʣʘʥʝʪʘ ʧʦʛʣʦʱʘʝʪ ʠ ʠʟʣʫʯʘʝʪ ʚʩʝʛʜʘ ʥʝʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʨʝʜʥʝʛʦʜʦʚʦʡ 

ʵʥʝʨʛʠʠ, ʪ.ʝ. ʧʨʠʭʦʜʥʳʝ ʠ ʨʘʩʭʦʜʥʳʝ ʯʘʩʪʠ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ɿʝʤʣʠ ʚʩʝʛʜʘ 

ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ɽ Í 0, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʢʦʣʝʙʣʝʪʩʷ ʚʦʢʨʫʛ ʝʛʦ ʢʚʘʟʠʜʚʫʭʚʝʢʦʚʦʛʦ ʨʘʚʥʦʚʝʩʥʦʛʦ. ɺ ʬʘʟʝ ʨʦʩʪʘ 

ʢʚʘʟʠʜʚʫʭʚʝʢʦʚʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ 11-ʣʝʪʥʠʝ ʮʠʢʣʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʤʝʥʴʰʫʶ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, ʘ ʚʳʩʦʪʘ ʠʭ ʤʘʢʩʠʤʫʤʘ ʠ ʩʨʝʜʥʝʮʠʢʣʠʯʝʩʢʘʷ ʘʙʩʦʣʶʪʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʤʦʱʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚ ʬʘʟʝ ʨʦʩʪʘ ʢʚʘʟʠʜʚʫʭʚʝʢʦʚʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ (ʚ 

ʪʝʯʝʥʠʝ ʧʦʨʷʜʢʘ 50 ʣʝʪ) ɿʝʤʣʷ ʢʘʢ ʧʣʘʥʝʪʘ ʧʦʣʫʯʘʝʪ ʙʦʣʴʰʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʯʝʤ ʦʪʜʘʝʪ 

ʠʟʣʫʯʝʥʠʝʤ ʚ ʢʦʩʤʦʩ, ʠ ʝʝ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʜʦʣʛʦʚʨʝʤʝʥʥʦ ʧʦʣʦʞʠʪʝʣʝʥ 

(E > 0). ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʜʣʠʪʝʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʆʢʝʘʥʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʬʘʟʳ ʨʦʩʪʘ ʢʚʘʟʠʜʚʫʭʚʝʢʦʚʦʛʦ ʮʠʢʣʘ, ʧʣʘʥʝʪʘ 

ʤʦʞʝʪ ʧʦʩʪʝʧʝʥʥʦ ʥʘʛʨʝʚʘʪʴʩʷ. ɸ ʚ ʧʝʨʠʦʜ ʚʩʝʡ ʬʘʟʳ ʩʧʘʜʘ ʢʚʘʟʠʜʚʫʭʚʝʢʦʚʦʛʦ ʮʠʢʣʘ, ʥʘʦʙʦʨʦʪ, 

ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ɿʝʤʣʠ ʦʪʨʠʮʘʪʝʣʝʥ (E < 0) ʠ ʜʣʠʪʝʣʴʥʳʡ (ʚ ʪʝʯʝʥʠʝ ʧʦʨʷʜʢʘ 

50 ʣʝʪ) ʜʝʬʠʮʠʪ ʧʦʩʪʫʧʘʶʱʝʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʚʝʩʪʠ ʢ ʦʩʪʳʚʘʥʠʶ ʧʣʘʥʝʪʳ. ʀʪʘʢ, 

ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʪʨʝʥʜ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ɿʝʤʣʠ ʚʝʜʝʪ ʢ 

ʛʣʦʙʘʣʴʥʦʤʫ ʧʦʭʦʣʦʜʘʥʠʶ, ʠ ʥʘʦʙʦʨʦʪ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʜʠʩʙʘʣʘʥʩʘ 

ʧʣʘʥʝʪʳ ʧʦʟʚʦʣʠʪ ʥʘʜʝʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʣʘʥʝʪʳ, ʩʫʤʤʘʨʥʫʶ ʚʝʣʠʯʠʥʫ 

ʥʘʢʦʧʣʝʥʥʦʛʦ ʆʢʝʘʥʦʤ ʝʞʝʛʦʜʥʦʛʦ ʠʟʙʳʪʢʘ ʧʦʩʪʫʧʠʚʰʝʡ ʵʥʝʨʛʠʠ ʠʣʠ ʝʝ ʜʝʬʠʮʠʪʘ. ʕʪʦ, c ʫʯʝʪʦʤ 

ʧʨʦʛʥʦʟʘ ʛʨʷʜʫʱʠʭ ʮʠʢʣʠʯʝʩʢʠʭ ʚʘʨʠʘʮʠʡ ʚʝʣʠʯʠʥʳ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ, ʤʦʞʝʪ ʜʦʩʪʦʚʝʨʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʠ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʩ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʛʣʫʙʠʥʫ 

ʛʨʷʜʫʱʝʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ: ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʙʘʣʘʥʩ ɽ > 0 ʤʦʞʝʪ ʚʝʩʪʠ ʢ ʧʦʪʝʧʣʝʥʠʶ, ʘ ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʙʘʣʘʥʩ 

E < 0 ï ʢ ʧʦʭʦʣʦʜʘʥʠʶ. ʇʨʠ ʵʪʦʤ ʩʫʤʤʘʨʥʘʷ ʚʝʣʠʯʠʥʘ ʥʘʢʦʧʣʝʥʥʦʡ ʵʥʝʨʛʠʠ ɆE ʠʣʠ ʝʝ ʜʝʬʠʮʠʪʘ 
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ʟʘ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʧʦʨʷʜʢʘ 20 ʣʝʪ ʠ ʙʦʣʝʝ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʛʣʫʙʠʥʫ ʛʨʷʜʫʱʝʡ 

ʚʘʨʠʘʮʠʠ ʢʣʠʤʘʪʘ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʚʘʞʥʦʩʪʠ ʠ ʫʥʠʢʘʣʴʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʥʘʠʣʫʯʰʝʛʦ ʠ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʦʟʥʘʥʠʷ ʬʠʟʠʢʠ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʭ ʥʘʠʙʦʣʝʝ 

ʥʘʜʝʞʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ.  

ʄʦʥʠʪʦʨʠʥʛ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʚʝʣʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʧʣʘʥʝʪʳ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʣʝʞʘʱʝʛʦ ʚ ʦʩʥʦʚʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ, ʷʚʣʷʶʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʛʣʫʙʦʢʦʤ ʧʦʥʠʤʘʥʠʠ ʬʠʟʠʯʝʩʢʠʭ 

ʤʝʭʘʥʠʟʤʦʚ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʨʘʟʨʘʙʦʪʘʪʴ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʨʷʜʫʱʠʭ ʛʣʫʙʦʢʠʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʘ ʦʧʝʨʘʪʠʚʥʘʷ ʠ ʥʝʧʨʝʨʳʚʥʘʷ ʥʘʜʝʞʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʘʨʠʘʮʠʷʭ ʠʭ ʚʝʣʠʯʠʥ. 

ʆʪʢʣʦʥʝʥʠʝ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ (ʙʶʜʞʝʪʘ) ɿʝʤʣʠ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʳʭ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʟʥʘʯʝʥʠʡ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʦ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ ʦʪʨʘʞʝʥʥʦʡ ʠ ʨʘʩʩʝʷʥʥʦʡ ʚʩʝʡ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴ-ʘʪʤʦʩʬʝʨʘ ʫʜʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʜʦʣʠ ʧʦʩʪʫʧʘʶʱʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʚʝʣʠʯʠʥʦʡ ʘʣʴʙʝʜʦ ɹʦʥʜʘ, ʠ ʠʩʭʦʜʷʱʝʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ɿʝʤʣʠ ʚ 

ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʘʢ ʦʨʙʠʪʘʣʴʥʳʤʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ (ʂɸ) ʥʘ ʩʦʣʥʝʯʥʦ-

ʩʠʥʭʨʦʥʥʦʡ ʧʦʣʷʨʥʦʡ ʦʨʙʠʪʝ (ʧʨʦʝʢʪ CERES), ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ (ʧʨʦʝʢʪ GERB) ʠʣʠ ʚ 

ʪʦʯʢʝ ʃʘʛʨʘʥʞʘ L1 ʩʠʩʪʝʤʳ ʉʦʣʥʮʝ-ɿʝʤʣʷ (ʧʨʦʝʢʪ DSCOVR), ʪʘʢ ʠ ʦʧʪʠʯʝʩʢʠʤʠ ʪʝʣʝʩʢʦʧʘʤʠ ʃʆ. 

ʆʜʥʘʢʦ ʧʨʠ ʵʪʠʭ ʥʘʙʣʶʜʝʥʠʷʭ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ.  

ʀʟʤʝʨʝʥʠʷ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʤʠ ʩʧʫʪʥʠʢʘʤʠ. ɻʝʦʩʪʘʮʠʦʥʘʨʥʳʝ ʦʨʙʠʪʳ ʣʝʞʘʪ ʚ ʧʣʦʩʢʦʩʪʠ 

ʵʢʚʘʪʦʨʘ ʠ ʢʘʩʘʪʝʣʴʥʳʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʧʨʦʚʝʜʝʥʥʳʝ ʦʪ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʛʦ ʂɸ ʥʘ ʚʳʩʦʪʝ 

35786 ʢʤ, ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʚʦʩʴʤʠʜʝʩʷʪʳʝ ʧʘʨʘʣʣʝʣʠ. ɺʩʝ, ʯʪʦ ʣʝʞʠʪ ʩʝʚʝʨʥʝʝ ʠ ʶʞʥʝʝ ʵʪʦʡ ʟʦʥʳ 

ʥʘ ʫʨʦʚʥʝ ʬʦʪʦʩʬʝʨʳ, ʥʘʭʦʜʠʪʩʷ ʟʘ ʛʦʨʠʟʦʥʪʦʤ ʠ ʥʝʜʦʩʪʫʧʥʦ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʩ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʩʧʫʪʥʠʢʘ ʚ ʧʨʠʥʮʠʧʝ. ʆʥ ʩʧʦʩʦʙʝʥ ʪʦʣʴʢʦ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʨʘʩʩʝʷʥʥʦʛʦ ʧʣʘʥʝʪʦʡ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʝʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʠʩʭʦʜʷʱʠʭ ʣʠʰʴ ʦʪ ʦʪʜʝʣʴʥʦʛʦ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʦʥʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ ʩʠʩʪʝʤʳ 

ʧʦʚʝʨʭʥʦʩʪʴ-ʘʪʤʦʩʬʝʨʘ, ʘ ʥʝ ʩʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʫʯʝʪʘ ʠʟʣʫʯʝʥʠʷ, ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʥʝʚʠʜʠʤʦʛʦ ʂɸ ʢʨʘʷ ʟʝʤʥʦʛʦ ʜʠʩʢʘ. 

ʇʨʠ ʵʪʦʤ ʣʶʙʦʡ ʂɸ, ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ (ʧʨʦʝʢʪ GERB (Geostationary Earth 

Radiation Budget)), ʚʩʝʛʜʘ ʩʦʭʨʘʥʷʝʪ ʩʚʦʝ ʥʝʠʟʤʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘʜ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʦʡ ʥʘ 

ʵʢʚʘʪʦʨʝ. ʉ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʛʦ ʂɸ ʣʠʥʝʡʥʳʡ ʫʛʦʣ ʦʙʦʟʨʝʥʠʷ ʥʠʞʝʣʝʞʘʱʠʭ ʩʣʦʝʚ ʩʠʩʪʝʤʳ 

ʧʦʚʝʨʭʥʦʩʪʴ-ʘʪʤʦʩʬʝʨʘ ʨʘʚʝʥ ~17Á ʠ ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʦʨʤʫ ʢʦʥʫʩʘ ʩ ʦʩʥʦʚʘʥʠʝʤ, 

ʦʧʠʨʘʶʱʝʛʦʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʨʝʛʠʩʪʨʠʨʫʝʤʘʷ ʂɸ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʚ 

ʥʘʜʠʨ, ʠʥʬʦʨʤʘʮʠʷ ʠʩʭʦʜʠʪ ʦʪ ʟʥʘʯʠʤʦ ʙʦʣʴʰʝʡ ʠʟʣʫʯʘʶʱʝʡ ʧʣʦʱʘʜʠ ʥʘ ʫʨʦʚʥʝ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʯʝʤ ʦʪ ʠʟʣʫʯʘʶʱʝʡ ʧʣʦʱʘʜʠ ʚʳʰʝʣʝʞʘʱʠʭ ʩʣʦʝʚ ʘʪʤʦʩʬʝʨʳ, ʧʦʩʢʦʣʴʢʫ ʠʟʣʫʯʘʶʱʠʡ ʚ ʢʦʩʤʦʩ 

ʦʙʲʝʤ ʩʠʩʪʝʤʳ ʧʦʚʝʨʭʥʦʩʪʴ-ʘʪʤʦʩʬʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʦʨʤʫ ʫʩʝʯʝʥʥʦʛʦ ʥʘ ʚʥʝʰʥʠʭ ʩʣʦʷʭ 

ʘʪʤʦʩʬʝʨʳ ʢʦʥʫʩʘ (ʩ ʚʳʩʦʪʦʡ ʥʘʙʣʶʜʘʝʤʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʫʤʝʥʴʰʘʝʪʩʷ). ʏʝʤ 

ʙʦʣʴʰʝ ʫʛʣʦʚʦʝ ʧʦʣʝ ʟʨʝʥʠʷ ʠ ʯʝʤ ʙʣʠʞʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʨʘʜʠʦʤʝʪʨ, ʪʝʤ ʙʦʣʴʰʝ 

ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʦʙʦʟʨʝʚʘʝʤʳʤʠ ʧʣʦʱʘʜʷʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʘʪʤʦʩʬʝʨʳ ʥʘ ʝʝ ʚʥʝʰʥʠʭ ʩʣʦʷʭ. ɽʛʦ 

ʧʨʠʝʤʥʠʢ ʠʟʣʫʯʝʥʠʷ ʥʘʙʣʶʜʘʝʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʥʠʞʝʣʝʞʘʱʫʶ ʯʘʩʪʴ ʫʩʝʯʝʥʥʦʛʦ ʢʦʥʫʩʘ ʩʠʩʪʝʤʳ 

ʧʦʚʝʨʭʥʦʩʪʴ-ʘʪʤʦʩʬʝʨʘ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʣʴʢʦ 

ʰʠʨʦʪʘʤʠ ʜʦ ~Ñ78Á ʠ ʜʦʣʛʦʪʘʤʠ ʦʪ ~156.6Á ʥʘ ʵʢʚʘʪʦʨʝ ʜʦ ~26.2Á ʥʘ ʰʠʨʦʪʘʭ Ñ78Á (ʩʤ. ʪʘʙʣʠʮʫ 1). 

ʕʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 42% ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʩʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʰʠʨʦʪ Ñ78Á ʙʳʣʠ ʛʣʦʙʘʣʴʥʦ ʟʘʧʦʣʥʝʥʳ ʰʘʨʦʚʳʤʠ ʩʝʛʤʝʥʪʘʤʠ ʦʙʟʦʨʘ ʩ ʟʘʜʘʥʥʳʤ 

ʧʝʨʝʢʨʳʪʠʝʤ ʙʝʟ ʨʘʟʨʳʚʦʚ ʥʝʦʙʭʦʜʠʤʦ ʯʝʨʝʟ ʢʘʞʜʳʝ ~26Á ʨʘʚʥʦʤʝʨʥʦ ʚʜʦʣʴ ʵʢʚʘʪʦʨʘ ʨʘʟʤʝʩʪʠʪʴ 

ʢʘʢ ʤʠʥʠʤʫʤ ʥʝ ʤʝʥʝʝ 14 ʩʧʝʮʠʘʣʴʥʳʭ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʫʪʥʠʢʦʚ ʥʘ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʨʙʠʪʝ. 

ʀʟʤʝʨʝʥʠʷ ʥʝ ʤʝʥʝʝ 14 ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʫʪʥʠʢʦʚ ʝʞʝʤʝʩʷʯʥʦ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʜʦʣʞʥʳ 

ʙʳʪʴ ʢʘʣʠʙʨʦʚʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʜʦʩʪʠʞʠʤʦ. ɼʘʥʥʳʝ, ʧʦʣʫʯʘʝʤʳʝ ʩ 

ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʫʪʥʠʢʦʚ, ʥʝ ʤʦʛʫʪ ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʯʝʥʠʷ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

(ʘʣʴʙʝʜʦ ɹʦʥʜʘ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ) ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ 

ɿʝʤʣʠ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 0.1%, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʥʝ ʧʦʟʚʦʣʷʶʪ:  
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- ʦʙʦʟʨʝʚʘʪʴ ʚʩʶ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 

- ʦʧʨʝʜʝʣʷʪʴ ʚʝʣʠʯʠʥʫ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʣʴʙʝʜʦ ɿʝʤʣʠ, 

- ʧʨʦʚʝʩʪʠ ʚʳʩʦʢʦʪʦʯʥʫʶ ʨʝʛʫʣʷʨʥʫʶ ʢʘʣʠʙʨʦʚʢʫ ʠʟʤʝʨʝʥʠʡ ʨʘʟʥʳʭ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ 

ʩʧʫʪʥʠʢʦʚ ʤʝʞʜʫ ʩʦʙʦʡ,  

- ʠʟʤʝʨʷʪʴ ʩʦʙʩʪʚʝʥʥʦʝ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ɿʝʤʣʠ ʚ ʢʦʩʤʦʩ ʩʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ,  

- ʧʦʣʫʯʘʪʴ ʧʨʷʤʳʝ ʜʘʥʥʳʝ ʩ ʧʦʣʷʨʥʳʭ ʰʠʨʦʪ Ñ(78Á-90Á) ɿʝʤʣʠ,  

- ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʯʝʥʠʷ ʬʘʟʦʚʦʡ ʬʫʥʢʮʠʠ ʧʦ ʚʩʝʤ ʚʦʟʤʦʞʥʳʤ ʬʘʟʦʚʳʤ ʫʛʣʘʤ ʦʪ -180Á ʜʦ 

+180Á ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ,  

- ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʯʝʥʠʝ ʬʘʟʦʚʦʛʦ ʠʥʪʝʛʨʘʣʘ ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʬʘʟʦʚʳʭ ʫʛʣʦʚ ʦʪ -180Á ʜʦ 

+180Á ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ, ʠ ʪ.ʜ.  

ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʨʷʝʤʳʝ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʤʠ ʩʧʫʪʥʠʢʘʤʠ ʜʘʥʥʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʫʭʦʜʷʱʠʤ ʠʟ 

ʚʥʝʰʥʠʭ ʛʨʘʥʠʮ ʘʪʤʦʩʬʝʨʳ ʚ ʢʦʩʤʦʩ ʣʫʯʝʚʳʤ ʧʦʪʦʢʘʤ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʦʟʨʝʚʘʝʤʦʤ ʦʙʲʝʤʝ ʫʩʝʯʝʥʥʦʛʦ ʢʦʥʫʩʘ, ʘ ʥʝ ʮʠʣʠʥʜʨʘ ʩʠʩʪʝʤʳ ʧʦʚʝʨʭʥʦʩʪʴ-

ʘʪʤʦʩʬʝʨʘ. ɼʣʷ ʫʯʝʪʘ ʠʟʣʫʯʝʥʠʷ, ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʥʝʚʠʜʠʤʳʭ 

ʂɸ ʧʦʣʷʨʥʳʭ ʟʦʥ, ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ.  

ʊʘʙʣʠʮʘ 1 

ʅʘʙʣʶʜʘʝʤʳʡ ʩʝʢʪʦʨ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʧʫʪʥʠʢʦʤ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ 

(ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ) ʦʨʙʠʪʝ  
ʇʨʠ ʵʪʦʤ ʩʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʥʠ 14, ʥʠ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʘ ʩʧʫʪʥʠʢʦʚ 

ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ ʚ ʨʝʘʣʴʥʦʡ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʝ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʥʦʡ ʩʬʝʨʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʵʪʠʤʠ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʤʠ ʩʧʫʪʥʠʢʘʤʠ 

ʜʘʥʥʳʝ ʥʝ ʧʦʜʜʘʶʪʩʷ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʥʘ ʚʩʶ 

ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 1% 

ʜʘʞʝ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʆʜʥʘʢʦ ʥʝ ʤʝʥʝʝ 14 ʂɸ, ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʜʦʣʴ ʵʢʚʘʪʦʨʘ ʥʘ 

ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ, ʤʦʛʫʪ ʙʳʪʴ ʜʦʧʦʣʥʝʥʳ 

ʜʨʫʛʠʤʠ ʂɸ ʥʘ ʥʠʟʢʦʡ ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʦʡ 

ʧʦʣʷʨʥʦʡ ʦʨʙʠʪʝ, ʢʦʪʦʨʳʝ ʩʦʚʤʝʩʪʥʦ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʣʥʳʡ ʛʣʦʙʘʣʴʥʳʡ ʦʭʚʘʪ ʚʩʝʛʦ 

ʟʝʤʥʦʛʦ ʰʘʨʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʝʘʣʴʥʘʷ ʩʫʤʤʘʨʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʦʩʪʘʥʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 

ʧʦʨʷʜʢʘ 1%, ʘ ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʣʠʙʨʦʚʢʠ ʠʟʤʝʨʝʥʠʡ 

ʤʝʞʜʫ ʵʪʠʤʠ ʨʘʟʥʳʤʠ ʂɸ ʜʘʞʝ ʩ ʪʦʯʥʦʩʪʴʶ 

ʧʦʨʷʜʢʘ 1% ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʝʜʦʩʪʠʞʠʤʦ. ɺ ʮʝʣʦʤ ʧʦʛʨʝʰʥʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʤʠ ʂɸ ʧʨʦʝʢʪʘ GERB (Harries et al., 2005) ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʧʦʨʷʜʢʘ 1%.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 14 ʠ ʙʦʣʝʝ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʝ ʩʧʫʪʥʠʢʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʪʦʯʥʦʛʦ (ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 0.1%) ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʷ 

ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ɿʝʤʣʠ ʢʘʢ ʧʣʘʥʝʪʳ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʟ-ʟʘ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʙʦʟʨʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʠʤʠ ʫʭʦʜʷʱʠʭ ʚ ʢʦʩʤʦʩ ʫʜʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠʟʣʫʯʝʥʠʷ ʚ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ȹɚ = 0.2-4 ʤʢʤ ʠ ȹɚ = 4-50 ʤʢʤ, ʠʩʭʦʜʷʱʠʭ ʩʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʥʝʰʥʠʭ ʩʣʦʝʚ ʘʪʤʦʩʬʝʨʳ ʚʦ ʚʩʝ ʥʘʧʨʘʚʣʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʦʥʠʪʦʨʠʥʛ ʦʪʢʣʦʥʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ɿʝʤʣʠ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʦʢʦʣʦ 0.1% ʪʨʝʙʫʝʪ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʷʤʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʫʭʦʜʷʱʠʭ ʦʙʨʘʪʥʦ ʚ ʢʦʩʤʦʩ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ 

ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʨʘʩʩʝʷʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʠʩʭʦʜʷʱʝʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩʦ ʚʩʝʡ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʚʝʨʭʥʦʩʪʴ-ʘʪʤʦʩʬʝʨʘ ʥʘ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʲʝʤʦʚ ʥʠʞʝʣʝʞʘʱʠʭ ʩʣʦʝʚ. ʊʦʣʴʢʦ 

ʪʦʛʜʘ ʵʪʦ ʠ ʙʫʜʝʪ ʯʠʩʪʳʝ ʧʨʠʭʦʜʥʳʝ ʠ ʨʘʩʭʦʜʥʳʝ ʯʘʩʪʠ ʙʘʣʘʥʩʘ, ʘ ʨʘʟʥʦʩʪʴ ʠʭ ʵʥʝʨʛʦʙʘʣʘʥʩʘ 

ʦʧʨʝʜʝʣʠʪ ʠʩʪʦʯʥʠʢʠ ʠ ʩʪʦʢʠ ʵʥʝʨʛʠʠ ʚ ʥʠʞʝʣʝʞʘʱʝʡ ʩʠʩʪʝʤʝ.  

 

ʐʠʨʦʪʘ  

ʤʝʩʪʥʦʩʪʠ 

ɺʠʜʠʤʳʡ ʩʝʢʪʦʨ ʦʨʙʠʪʳ  
 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ  

ʩʝʢʪʦʨ 

 

ʈʝʘʣʴʥʳʡ  

(ʩ ʫʯ. ʨʝʣʴʝʬʘ)  

ʩʝʢʪʦʨ 

Ñ90Á ï ï 

Ñ82Á ï ï 

Ñ81Á 29.7Á ï 

Ñ80Á 58.9Á ï 

Ñ79Á 75.2Á ï 

Ñ78Á 86.7Á 26.2Á 

Ñ75Á 108.5Á 77.0Á 

Ñ60Á 144.8Á 132.2Á 

Ñ50Á 152.8Á 143.3Á 

Ñ40Á 157.2Á 149.3Á 

Ñ20Á 161.5Á 155.1Á 

0Á 162.6Á 156.6Á 
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ʀʟʤʝʨʝʥʠʷ ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʳʤʠ ʩʧʫʪʥʠʢʘʤʠ. ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʧʦʪʦʢʦʚ ʫʭʦʜʷʱʝʡ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʠ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʨʘʜʠʘʮʠʠ ʩ ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʳʤʠ ʩʧʫʪʥʠʢʘʤʠ, ʠʤʝʶʱʠʤʠ 

ʧʦʣʷʨʥʫʶ ʦʨʙʠʪʫ, ʧʨʠʤʝʥʷʶʪʩʷ ʩʢʘʥʠʨʫʶʱʠʝ, ʘ ʪʘʢʞʝ ʥʝʩʢʘʥʠʨʫʶʱʠʝ ʨʘʜʠʦʤʝʪʨʳ, ʧʦʣʝ ʟʨʝʥʠʷ 

ʢʦʪʦʨʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʚ ʥʘʜʠʨ. ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʢʘʥʠʨʫʶʱʝʛʦ ʨʘʜʠʦʤʝʪʨʘ ʷʚʣʷʝʪʩʷ 

ʟʝʨʢʘʣʴʥʳʡ ʪʝʣʝʩʢʦʧ ʩ ʫʟʢʠʤ ʫʛʣʦʤ ʟʨʝʥʠʷ ʥʝ ʙʦʣʝʝ 8Á. ɼʣʷ ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʳʭ ʦʨʙʠʪ ʫʛʦʣ 

ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ ʦʨʙʠʪʳ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʉʦʣʥʮʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʝʥ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʜʦʣʴ ʪʨʘʩʩʳ ʧʦʣʝʪʘ. Cʧʫʪʥʠʢʠ 

ʥʘ ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʦʡ ʧʦʣʷʨʥʦʡ ʦʨʙʠʪʝ ʧʨʦʭʦʜʷʪ ʥʘʜ ʣʶʙʦʡ ʪʦʯʢʦʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʟʘʜʘʥʥʦʝ ʤʝʩʪʥʦʝ ʩʦʣʥʝʯʥʦʝ ʚʨʝʤʷ ï ʢʦʛʜʘ ʫʛʦʣ ʦʩʚʝʱʝʥʠʷ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʳʤ ʥʘ ʚʩʝʭ ʧʨʦʭʦʜʘʭ ʩʧʫʪʥʠʢʘ, ʪ.ʝ. ʢʦʛʜʘ ʩʦʣʥʝʯʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʚʩʝʛʜʘ ʧʘʜʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʜ ʦʜʠʥʘʢʦʚʳʤ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʫʛʣʦʤ. 

ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʪʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦ ʚʩʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʛʣʘ ʧʘʜʝʥʠʷ 

ʠʟʣʫʯʝʥʠʷ ʠ ʫʛʣʘ ʥʘʙʣʶʜʝʥʠʷ. ʇʦʜʦʙʥʘʷ ʧʨʘʢʪʠʢʘ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʠʟʤʝʨʝʥʠʠ 

ʘʣʴʙʝʜʦ ɹʦʥʜʘ ʩ ʧʦʤʦʱʴʶ ʦʨʙʠʪʘʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʪʘʢʠʭ ʢʘʢ CERES (Clouds and the Earthôs 

Radiant Energy System). ʉʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʳʝ ʩʧʫʪʥʠʢʠ ʦʙʦʟʨʝʚʘʶʪ ʫʟʢʫʶ ʧʦʣʦʩʫ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʜʦʣʴ ʤʝʨʠʜʠʘʥʘ ʰʠʨʠʥʦʡ ʜʦ 3000 ʢʤ ʟʘ ʦʜʥʠ ʧʨʦʣʝʪ (~90-100 ʤʠʥ). ʊʨʝʙʫʝʪʩʷ ʧʦʯʪʠ 

ʩʫʪʢʠ ʜʣʷ ʧʦʣʥʦʛʦ ʦʙʟʦʨʘ ʚʩʝʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ çʩʰʠʚʘʥʠʝʤè ʧʦʣʦʩʳ 

ʣʦʢʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. ʕʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ 

ʤʝʥʷʶʱʫʶʩʷ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʚʝʣʠʯʠʥʫ ʠʟʤʝʨʷʝʤʦʡ ʨʘʜʠʘʮʠʠ, ʚʳʟʚʘʥʥʦʡ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʝʨʝʤʝʱʝʥʠʝʤ ʠ ʵʚʦʣʶʮʠʝʡ ʦʙʣʘʯʥʦʛʦ ʧʦʢʨʦʚʘ, ʠ ʧʦʚʪʦʨʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʝʛʦ 

ʫʯʘʩʪʢʦʚ ʥʘ ʧʦʩʣʝʜʫʶʱʝʤ ʚʠʪʢʝ. ʇʨʠ ʵʪʦʤ, ʜʝʣʘʷ ʢʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ ʩʥʠʤʦʢ ʚʦ ʚʨʝʤʷ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʣʦʩʳ ʚʜʦʣʴ ʤʝʨʠʜʠʘʥʘ, ʨʘʜʠʦʤʝʪʨʳ ʠʟʤʝʨʷʶʪ ʦʪʨʘʞʝʥʥʦʝ ʠ ʨʘʩʩʝʷʥʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʩʪʨʦʛʦ ʦʪ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʫʯʘʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʛʣʦʤ. 

ɿʥʘʷ ʪʠʧ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʛʦʣ ʧʘʜʝʥʠʷ ʠ ʫʛʦʣ ʥʘʙʣʶʜʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ, 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʦʙʱʠʡ ʧʦʪʦʢ ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʜ ʨʘʟʥʳʤʠ 

ʬʘʟʦʚʳʤʠ ʫʛʣʘʤʠ ʦʪ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʝʨʭʥʶʶ ʧʦʣʫʩʬʝʨʫ. ʊʦʯʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʡ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʩʥʦʚʘʥʘ ʥʘ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʪʨʘʞʝʥʠʷ ʧʦʜ ʨʘʟʥʳʤʠ ʬʘʟʦʚʳʤʠ ʫʛʣʘʤʠ ʠ ʥʘ ʢʦʣʠʯʝʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʦʛʦ ʧʦʣʷ ʟʨʝʥʠʷ ʠʣʠ ʧʨʠ ʫʟʢʦʫʛʦʣʴʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʩʢʘʥʠʨʫʶʱʠʤ ʧʣʦʩʢʠʤ 

ʟʝʨʢʘʣʦʤ ʧʦʣʦʩʳ ʰʠʨʠʥʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ ʧʦʪʦʢʦʚ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʷʚʣʷʶʱʠʭʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʦʪʨʘʞʝʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʫʛʣʘʤʠ, ʘ ʘʪʤʦʩʬʝʨʦʡ ï ʥʝ ʪʦʣʴʢʦ ʦʪʨʘʞʝʥʥʳʭ ʠ ʨʘʩʩʝʷʥʥʳʭ ʣʫʯʝʡ ʦʪ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʝʢʪʦʨʘ, ʥʦ ʠ 

ʧʨʦʰʝʜʰʠʭ ʩ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʩʝʷʥʠʷ ʘʪʤʦʩʬʝʨʦʡ ʟʘ ʧʨʝʜʝʣʘʤʠ ʥʘʙʣʶʜʘʝʤʦʛʦ 

ʨʘʜʠʦʤʝʪʨʦʤ ʩʝʢʪʦʨʘ. ɺ ʮʝʣʦʤ ʨʝʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʵʪʠʭ ʤʝʪʦʜʦʚ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʦʢʦʣʦ 1%. 

ʇʦʵʪʦʤʫ ʠʟʤʝʨʝʥʠʷ ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʂɸ ʥʘ 

ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʳʭ ʦʨʙʠʪʘʭ ʥʝ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʦ ʠ ʩ ʥʝʦʙʭʦʜʠʤʦʡ 

ʪʦʯʥʦʩʪʴʶ å0.1% ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʦʜʥʦʨʦʜʥʳʝ ʨʷʜʳ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʧʦʣʫʯʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʆʥʠ ʪʘʢʞʝ ʥʝ ʤʦʛʫʪ ʠʟʤʝʨʷʪʴ ʩʦʙʩʪʚʝʥʥʦʝ 

ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ɿʝʤʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦ ʚʩʝʡ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ 

ʦʮʝʥʠʚʘʶʪʩʷ ʣʠʙʦ ʢʘʯʝʩʪʚʝʥʥʦ, ʣʠʙʦ ʥʘ ʫʨʦʚʥʝ 1% (Trenberth et al., 2009; Thomas et al., 2009; Loeb 

et al., 2009). ʀʪʘʢ, ʨʘʜʠʦʤʝʪʨʳ ʥʘ ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʳʭ ʩʧʫʪʥʠʢʘʭ ʥʝ ʤʦʛʫʪ ʩ ʥʝʦʙʭʦʜʠʤʦʡ 

ʪʦʯʥʦʩʪʴʶ (å0.1%) ʚʳʧʦʣʥʠʪʴ ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʘʣʴʙʝʜʦ ɹʦʥʜʘ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ɿʝʤʣʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʧʦʟʚʦʣʷʪ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦʪʢʣʦʥʝʥʠʷ 

ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ɿʝʤʣʠ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ.  

ʀʟʤʝʨʝʥʠʷ ʂɸ ʚ ʪʦʯʢʝ ʃʘʛʨʘʥʞʘ L1. ɺʩʝ ʂɸ ʚ ʪʦʯʢʝ ʃʘʛʨʘʥʞʘ L1 ʩʠʩʪʝʤʳ ʉʦʣʥʮʝ-ɿʝʤʣʷ ʚʩʝʛʜʘ 

ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʥʝʪʳ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʬʘʟʦʚʦʤ ʫʛʣʝ 

Ŭ = 0Á ʠ ʪʦʣʴʢʦ ʚ ʧʝʨʠʦʜʘʭ, ʢʦʛʜʘ ʃʫʥʘ ʥʝ ʟʘʢʨʳʚʘʝʪ ʩʦʙʦʡ ʟʝʤʥʦʡ ʜʠʩʢ (Deep Space Climate 

Observatory) (DSCOVR, 2017). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʨʘʜʠʦʤʝʪʨʫ ʟʘ ʧʝʨʠʦʜ ʩʫʪʦʯʥʦʛʦ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ 

ʧʨʦʚʝʩʪʠ ʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʨʘʩʩʝʷʥʥʦʛʦ ʧʣʘʥʝʪʦʡ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʢʦʩʤʦʩ ʩʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 

ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʷʪʴ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʣʴʙʝʜʦ 
ɿʝʤʣʠ, ʢʦʛʜʘ ʃʫʥʘ ʥʝ ʟʘʢʨʳʚʘʝʪ ʩʦʙʦʡ ʟʝʤʥʦʡ ʜʠʩʢ. ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ 



9 
 

ʘʣʴʙʝʜʦ ɹʦʥʜʘ ɿʝʤʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʫʯʝʪʘ ʠʟʣʫʯʝʥʠʷ 

ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʨʘʩʩʝʷʥʥʦʛʦ ʚʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʬʘʟʦʚʦʛʦ ʫʛʣʘ. ʕʪʦ, ʘ ʪʘʢʞʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʦʪʩʫʪʩʪʚʠʝ ʥʘʙʣʶʜʝʥʠʡ ʚ ʧʝʨʠʦʜʘʭ, ʢʦʛʜʘ ʃʫʥʘ ʟʘʢʨʳʚʘʝʪ ʩʦʙʦʡ ʟʝʤʥʦʡ ʜʠʩʢ, 

ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ ʦʰʠʙʢʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʜʠʦʤʝʪʨʳ ʂɸ ʚ ʪʦʯʢʝ ʃʘʛʨʘʥʞʘ L1 ʩʠʩʪʝʤʳ 

ʉʦʣʥʮʝ-ɿʝʤʣʷ ʥʝ ʧʦʟʚʦʣʷʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʚʝʩʪʠ 

ʚʳʩʦʢʦʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʦʪʨʘʞʝʥʥʦʡ ʠ ʨʘʩʩʝʷʥʥʦʡ ʚʩʝʡ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴ-

ʘʪʤʦʩʬʝʨʘ ʫʜʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʜʦʣʠ ʧʦʩʪʫʧʘʶʱʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʢʦʩʤʠʯʝʩʢʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʥʘʜʝʞʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʬʘʟʦʚʦʡ ʬʫʥʢʮʠʠ ʧʦʜ ʚʩʝʤʠ ʚʦʟʤʦʞʥʳʤʠ 

ʫʛʣʘʤʠ Ŭ. ʉʦʙʩʪʚʝʥʥʦʝ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ɿʝʤʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʝ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʃʫʥʘ 

ʥʝ ʟʘʢʨʳʚʘʝʪ ʩʦʙʦʡ ʟʝʤʥʦʡ ʜʠʩʢ. ʂʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʘʤ ʚ ʪʦʯʢʝ ʃʘʛʨʘʥʞʘ L1 ʩʠʩʪʝʤʳ ʉʦʣʥʮʝ-

ɿʝʤʣʷ, ʢʘʢ ʠ ʚʩʝʤ ʜʨʫʛʠʤ ʦʨʙʠʪʘʣʴʥʳʤ ʂɸ ʧʨʠʩʫʱʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘʣʠʯʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ ʠ ʜʨʦʞʘʥʠʡ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʫʣʷʨʥʦʡ ʢʦʨʨʝʢʮʠʠ ʩʚʦʠʭ ʦʨʙʠʪ, 

ʚʳʧʦʣʥʝʥʠʷ ʪʦʯʥʦʛʦ ʩʣʝʞʝʥʠʷ ʟʘ ɿʝʤʣʝʡ ʠ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʅɸ ʚ ʧʝʨʠʦʜ ʨʘʙʦʯʝʛʦ ʨʝʞʠʤʘ ʂɸ. 

ʆʨʙʠʪʘʣʴʥʳʝ ʂɸ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʠʭ ʩʣʫʞʙʳ ʚʩʣʝʜʩʪʚʠʝ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʳʭ 

ʦʜʥʦʨʦʜʥʳʭ ʨʷʜʦʚ ʠʟʤʝʨʝʥʠʡ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʚʘʞʥʝʡʰʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʂɸ ʚ ʪʦʯʢʝ ʃʘʛʨʘʥʞʘ L1 

ʩʠʩʪʝʤʳ ʉʦʣʥʮʝ-ɿʝʤʣʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʚʝʣʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʙʘʣʘʥʩʘ ɿʝʤʣʠ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 0.1% ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʪʘʢʞʝ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ ʧʨʦʚʝʜʝʥʠʝ ʚʳʩʦʢʦʪʦʯʥʳʭ (ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ å0.1%) 

ʦʜʥʦʨʦʜʥʳʭ ʠʟʤʝʨʝʥʠʡ ʢʦʤʧʣʝʢʩʘ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 11-

ʣʝʪʥʝʛʦ ʮʠʢʣʘ ʉʦʣʥʮʘ ʩ ʚʠʜʠʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ, ʢʘʢ ʥʘʠʣʫʯʰʝʡ ʩʪʘʙʠʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ʚ 

ʢʦʩʤʦʩʝ, ʚ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʝʝ ʥʦʯʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʚʝʣʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ 

ʧʣʘʥʝʪʳ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʯʠʥ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ.  
 

 

ʈʠʩ. 2. ɿʝʤʣʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ.  
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ʀʟʤʝʨʝʥʠʷ ʪʝʣʝʩʢʦʧʘʤʠ-ʨʦʙʦʪʘʤʠ ʃʆ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʤʝʩʪʦʤ ʚ 

ʢʦʩʤʦʩʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʝ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʧʨʷʤʳʝ ʧʨʝʮʠʟʠʦʥʥʳʝ (ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ å0.1%) ʠʟʤʝʨʝʥʠʷ ʚʘʨʠʘʮʠʡ ʢʦʤʧʣʝʢʩʘ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ 

ʠʤʝʥʥʦ ʚʝʣʠʯʠʥʳ ʫʭʦʜʷʱʠʭ ʚ ʢʦʩʤʦʩ ʚʦ ʚʩʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʥʝʰʥʠʭ ʩʣʦʝʚ 

ʘʪʤʦʩʬʝʨʳ ʫʜʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʨʘʩʩʝʷʥʥʦʛʦ ʧʣʘʥʝʪʦʡ ʧʦʩʪʫʧʘʶʱʝʛʦ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ȹɚ = 0.2-4 ʤʢʤ ʠ ʠʩʭʦʜʷʱʝʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ȹɚ = 4-50 ʤʢʤ ʠ ʦʩʥʦʚʥʦʛʦ ʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ 

ȹɚ = 8-13 ʤʢʤ, ʷʚʣʷʝʪʩʷ ʚʠʜʠʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʃʫʥʳ, ʝʩʣʠ ʙʫʜʫʪ ʦʙʝʩʧʝʯʝʥʳ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʠʭ 

ʠʟʤʝʨʝʥʠʡ ʪʦʣʴʢʦ ʚ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʝʝ ʥʦʯʥʦʛʦ ʚʨʝʤʝʥʠ ʥʝʧʨʝʨʳʚʥʦ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 94% 

ʚʨʝʤʝʥʠ ʣʫʥʥʳʭ ʩʫʪʦʢ (ʨʠʩ. 2). ʊʚʝʨʜʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʃʫʥʳ ʠ ʤʝʜʣʝʥʥʦʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʝʝ 

ʢʦʣʝʙʘʥʠʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʦʢʨʫʛ ɿʝʤʣʠ ʜʝʣʘʶʪ ʧʦʚʝʨʭʥʦʩʪʴ ʃʫʥʳ ʠʜʝʘʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʡ 

ʧʣʘʪʬʦʨʤʦʡ ʚ ʢʦʩʤʦʩʝ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʦʧʪʠʯʝʩʢʠʭ ʪʝʣʝʩʢʦʧʦʚ-ʨʦʙʦʪʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʜʦʣʛʦʩʨʦʯʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ɿʝʤʣʠ, ʦʩʦʙʝʥʥʦ ʚ ʣʫʥʥʦʝ 

ʥʦʯʥʦʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʥʘ ʥʦʯʥʦʡ ʩʪʦʨʦʥʝ ʃʫʥʳ  ʪʝʤʧʝʨʘʪʫʨʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ  ʩʥʠʞʘʝʪʩʷ  ʜʦ  100 ʂ.  

ʇʦʵʪʦʤʫ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʥʘʩʫʱʥʳʭ ʚʘʞʥʝʡʰʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʡ ʢʦʩʤʠʯʝʩʢʠʡ ʧʨʦʝʢʪ çʃʫʥʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷè ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʦʪʢʣʦʥʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ɿʝʤʣʠ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʨʠʯʠʥ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, 

ʟʘʱʠʱʝʥʥʳʡ ʯʝʪʳʨʴʤʷ ʧʘʪʝʥʪʘʤʠ ʈʌ (ˉˉ 2613048 (2017 ʛ.), 2591263 (2016 ʛ.), 164303 (2016 ʛ.) ʠ 

155044 (2015 ʛ.) ï ʘʚʪʦʨ ɸʙʜʫʩʘʤʘʪʦʚ ʍ.ʀ.). ɺ ʃʆ ʙʫʜʫʪ ʦʙʝʩʧʝʯʝʥʳ ʥʘʙʣʶʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʜ 

ʚʩʝʤʠ ʬʘʟʦʚʳʤʠ ʫʛʣʘʤʠ, ʟʘ ʧʝʨʠʦʜ ʩʫʪʦʯʥʦʛʦ ʚʨʘʱʝʥʠʷ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦʙʦ ʚʩʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʘ ʫʜʘʣʝʥʥʦʩʪʴ ʃʫʥʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʭʦʜʷʱʝʛʦ ʦʪ ɿʝʤʣʠ 

ʠʟʣʫʯʝʥʠʷ, ʜʦʧʫʩʢʘʶʱʫʶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʡ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʡ (~2048ʭ2048 ʧʠʢʩ) 

ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʯʝʪʳʨʝ ʧʦʨʷʜʢʘ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ ʧʦʢʨʳʪʳ ʟʦʣʦʪʦʡ ʯʝʨʥʴʶ. ʄʘʪʨʠʮʘ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʠʥʪʝʛʨʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ (ʜʣʷ ɿʝʤʣʠ, ʥʘʙʣʶʜʘʝʤʦʡ ʩ ʃʫʥʳ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʧʨʠʤʝʨʥʦ ʚʪʨʦʝ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʩʚʝʪʣʦʡ ʯʘʩʪʠ 

ʃʫʥʳ, ʚʠʜʠʤʦʡ ʩ ɿʝʤʣʠ). ʇʦʢʨʳʪʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ 

ʟʦʣʦʪʦʡ ʯʝʨʥʴʶ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʩʧʝʢʪʨʘ ʦʪ ʋʌ- ʜʦ 

ʜʘʣʴʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ. ʇʝʨʝʜ ʤʘʪʨʠʯʥʳʤ ʧʨʠʝʤʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʦʪ ʜʚʫʭ ʜʦ 

ʜʝʩʷʪʠ ʩʤʝʥʥʳʭ ʬʠʣʴʪʨʦʚ, ʧʨʦʧʫʩʢʘʶʱʠʭ ʧʦʦʯʝʨʝʜʥʦ ʚ ʵʪʠʭ ʟʘʜʘʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʪʝʨʚʘʣʘʭ 

ʧʦʩʪʫʧʘʶʱʝʝ ʠʟʣʫʯʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʤʘʪʨʠʯʥʳʡ ʧʨʠʝʤʥʠʢ ʠʟʣʫʯʝʥʠʷ ʠ ʙʣʦʢ ʩʤʝʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʬʠʣʴʪʨʦʚ ʚ ʧʦʚʦʨʦʪʥʦʤ ʜʠʩʢʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʳ ʚ ʝʜʠʥʳʡ ʫʟʝʣ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʥʘʙʞʝʥ 

ʫʩʪʨʦʡʩʪʚʦʤ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚʜʦʣʴ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʪʝʣʝʩʢʦʧʘ ʥʘ ʟʘʜʘʥʥʫʶ ʜʣʠʥʫ.  

ʈʠʩ. 3. ʉʆʊʈ-300ʂ ʩ ʦʪʢʠʥʫʪʳʤ ʤʘʪʦʚʳʤ ʩʪʝʢʣʦʤ ʚ 

ʟʘʱʠʪʥʦʡ ʯʘʰʝ ʚ ʧʨʦʜʦʣʴʥʦʤ ʨʘʟʨʝʟʝ. 

ʈʠʩ. 4. ʆʙʱʠʡ ʚʠʜ ʉʆʊʈ-300ʂ  

ʩʦ ʩʪʦʨʦʥʳ ʚʭʦʜʥʦʛʦ ʟʨʘʯʢʘ. 
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ʇʣʘʥʠʨʫʝʤʳʡ ʚ ʃʆ ʤʦʥʠʪʦʨʠʥʛ ʚʘʨʠʘʮʠʡ ʵʥʝʨʛʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦʛʦ ʦʢʥʘ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ȹɚ = 8-13 ʤʢʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʟʚʦʣʠʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʨʦʧʫʩʢʘʥʠʷ ʘʪʤʦʩʬʝʨʦʡ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚ ʢʦʩʤʦʩ, ʘ ʪʘʢʞʝ ʣʫʯʰʝ ʧʦʥʷʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚʘʨʠʘʮʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʝʤʥʠʢʘ 

ʠʟʣʫʯʝʥʠʷ ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ,  ʦʭʚʘʪʳʚʘʶʱʝʡ ʠʟʦʙʨʘʞʝʥʠʷ ʚʩʝʛʦ ʜʠʩʢʘ ɿʝʤʣʠ, ʚ ʃʆ 

ʧʦʟʚʦʣʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʦʟʨʝʚʘʪʴ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʠ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʦʪʜʝʣʴʥʦ ʢʘʢ ʚʩʶ ʧʦʜʩʚʝʯʠʚʘʝʤʫʶ ʯʘʩʪʴ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʂɺ-ʜʠʘʧʘʟʦʥʝ, ʪʘʢ ʠ 

ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ. ʕʪʦ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʤʝʨʝʥʠʡ 

ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʘʣʴʙʝʜʦ ɹʦʥʜʘ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ɿʝʤʣʠ. ʄʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ ʪʝʣʝʩʢʦʧʦʚ ʃʆ ʤʦʞʥʦ ʠʟʤʝʨʷʪʴ ʠʥʪʝʛʨʘʣʴʥʳʡ (ʦʪ 

ʚʠʜʠʤʦʡ ʦʩʚʝʱʝʥʥʦʡ ʉʦʣʥʮʝʤ ʯʘʩʪʠ ɿʝʤʣʠ) ʧʦʪʦʢ ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ (ʠʥʪʝʛʨʠʨʫʷ ʧʦ ʚʩʝʤ 

ʧʠʢʩʝʣʷʤ ʤʘʪʨʠʮʳ) ʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ, ʜʝʪʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʄʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʘʷ ʤʘʪʨʠʮʘ ʚʤʝʩʪʦ ʦʙʳʯʥʦʛʦ ʙʦʣʦʤʝʪʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʠʟʤʝʨʷʪʴ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, ʠʩʭʦʜʷʱʝʛʦ ʪʦʣʴʢʦ ʦʪ ʦʩʚʝʱʝʥʥʦʡ ʉʦʣʥʮʝʤ ʯʘʩʪʠ ɿʝʤʣʠ, ʪʘʢ ʢʘʢ 

ʠʤʝʥʥʦ ʵʪʘ ʚʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʷʝʪ ʘʣʴʙʝʜʦ.  
 

 

ʈʠʩ. 5. ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʉʆʊʈ-300ʂ ʩ ʧʨʦʪʠʚʦʟʘʩʚʝʪʦʯʥʳʤʠ ʙʣʝʥʜʘʤʠ. ʊʨʘʩʩʠʨʫʶʪʩʷ 4 ʧʫʯʢʘ 

ʣʫʯʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʨʘʡʥʠʤ ʪʦʯʢʘʤ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ, ʟʘʧʦʣʥʷʶʱʠʝ ʚʭʦʜʥʦʡ ʟʨʘʯʦʢ.  

ʅʘʜʝʞʥʦʝ ʠʟʤʝʨʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʢʘʢ 

ʠʩʭʦʜʷʱʝʛʦ ʪʦʣʴʢʦ ʦʪ ʦʩʚʝʱʝʥʥʦʡ ʉʦʣʥʮʝʤ ʝʝ ʚʠʜʠʤʦʡ ʯʘʩʪʠ, ʪʘʢ ʠ ʦʪ ʣʶʙʦʛʦ ʝʝ ʨʝʛʠʦʥʘ, 

ʪʨʝʙʫʶʪ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʯʝʩʢʠʤ ʪʝʣʝʩʢʦʧʦʤ ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʦ ʚʩʝʤʫ 

ʧʦʣʫʯʘʝʤʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʧʦʣʥʦʛʦ ʜʠʩʢʘ ɿʝʤʣʠ. ʊʘʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ 

ʦʙʝʩʧʝʯʠʪ ʧʦʩʪʦʷʥʥʦ ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ɿʝʤʣʶ ʚʥʝʦʩʝʚʦʡ ʪʨʝʭʟʝʨʢʘʣʴʥʳʡ ʩʧʝʮʠʘʣʴʥʳʡ 

ʦʧʪʠʯʝʩʢʠʡ ʪʝʣʝʩʢʦʧ-ʨʦʙʦʪ ʩ ʜʠʘʤʝʪʨʦʤ ʛʣʘʚʥʦʛʦ ʟʝʨʢʘʣʘ 300 ʤʤ ʩ ʚʳʜʚʠʞʥʳʤ ʢʦʟʳʨʴʢʦʤ (ʜʘʣʝʝ 

ï ʉʆʊʈ-300ʂ) ʠ ʨʘʙʦʯʠʤ ʧʦʣʝʤ ʟʨʝʥʠʷ ʜʠʘʤʝʪʨʦʤ ~132 ʫʛʣ.ʤʠʥ. ʇʨʠ ʵʪʦʤ ʉʆʊʈ-300ʂ ʩʥʘʙʞʝʥ 

ʩʤʝʥʥʳʤ ʤʘʪʦʚʳʤ ʩʪʝʢʣʦʤ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʤ ʥʘ ʝʛʦ ʚʭʦʜʥʦʤ ʟʨʘʯʢʝ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ 

ʝʞʝʤʝʩʷʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʘʪʨʠʯʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʠʟʣʫʯʝʥʠʷ. ʅʘ 

ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʱʠʡ ʚʠʜ ʉʆʊʈ-300ʂ ʚ ʧʨʦʜʦʣʴʥʦʤ ʨʘʟʨʝʟʝ ʩ ʦʪʢʠʥʫʪʳʤ ʤʘʪʦʚʳʤ ʩʪʝʢʣʦʤ, ʘ 

ʥʘ ʨʠʩ. 4 ï ʚʠʜ ʩʦ ʩʪʦʨʦʥʳ ʚʭʦʜʥʦʛʦ ʟʨʘʯʢʘ, ʛʜʝ 1 ï ʛʝʨʤʝʪʠʯʥʘʷ ʪʨʫʙʘ; 2 ï 1-ʦʝ ʚʦʛʥʫʪʦʝ ʟʝʨʢʘʣʦ; 3 

ï 2-ʦʝ ʚʳʧʫʢʣʦʝ ʟʝʨʢʘʣʦ; 4 ï 3-ʴʝ ʚʦʛʥʫʪʦʝ ʟʝʨʢʘʣʦ; 5 ï ʌʇʋ; 6 ï ʚʭʦʜʥʦʡ ʟʨʘʯʦʢ ʩ ʜʠʘʤʝʪʨʦʤ D; 7 

ï ʧʨʦʪʠʚʦʟʘʩʚʝʪʦʯʥʳʝ ʙʣʝʥʜʳ; 8 ï ʚʳʜʚʠʞʥʦʡ ʢʦʟʳʨʝʢ; 9 ï ʤʝʭʘʥʠʟʤ ʧʝʨʝʤʝʱʝʥʠʷ ʚʳʜʚʠʞʥʦʛʦ 
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ʢʦʟʳʨʴʢʘ ʩ ʧʨʠʚʦʜʦʤ 10; 11 ï ʤʘʪʦʚʦʝ ʩʪʝʢʣʦ; 12 ï ʰʘʨʥʠʨ ʩ ʧʨʠʚʦʜʦʤ; 13 ï ʯʘʰʘ; 14 ï 

ʥʝʧʦʜʚʠʞʥʦʝ ʦʩʥʦʚʘʥʠʝ ʤʦʥʪʠʨʦʚʢʠ; 15 ï ʚʨʘʱʘʶʱʘʷʩʷ U-ʦʙʨʘʟʥʘʷ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʤʦʥʪʠʨʦʚʢʠ 14 

ʧʦ ʘʟʠʤʫʪʫ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ; 16 ï ʩʨʝʜʩʪʚʘ ʧʦʚʦʨʦʪʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʤʦʥʪʠʨʦʚʢʠ ʧʦ 

ʘʟʠʤʫʪʫ; 17 ï ʩʨʝʜʩʪʚʘ ʧʦʚʦʨʦʪʘ ʪʨʫʙʳ ʧʦ ʚʳʩʦʪʝ ʚʦʢʨʫʛ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ; 18 ï ʦʧʦʨʥʳʝ ʥʦʛʠ 

ʯʘʰʠ ʚʳʩʦʪʦʡ ʧʦ ʚʝʨʪʠʢʘʣʠ ʧʦʨʷʜʢʘ 300 ʤʤ; 19 ï ʧʦʚʝʨʭʥʦʩʪʴ ʃʫʥʳ; ʜʣʠʥʘ ʚʳʜʚʠʥʫʪʦʡ ʦʪ 

ʚʭʦʜʥʦʛʦ ʟʨʘʯʢʘ ʯʘʩʪʠ ʢʦʟʳʨʴʢʘ L = tgɔ (D +a +b); a ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʥʝʰʥʝʡ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʳʜʚʠʞʥʦʛʦ ʢʦʟʳʨʴʢʘ 7 ʜʦ ʚʭʦʜʥʦʛʦ ʟʨʘʯʢʘ 6 ʪʝʣʝʩʢʦʧʘ; b ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʠʞʥʝʛʦ ʢʨʘʷ ʚʭʦʜʥʦʛʦ 

ʟʨʘʯʢʘ 6 ʪʝʣʝʩʢʦʧʘ ʜʦ ʥʠʞʥʝʡ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʝʜʥʝʛʦ ʪʦʨʮʘ ʝʛʦ ʪʨʫʙʳ 1; ɔ < 20Á ï ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʪʝʣʝʩʢʦʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ ʧʨʠ ʥʘʙʣʶʜʝʥʠʷʭ ɿʝʤʣʠ. 

ɼʣʠʥʘ ʚʳʜʚʠʞʥʦʛʦ ʢʦʟʳʨʴʢʘ Lʢ ʨʘʚʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʚʝʣʠʯʠʥʝ L, ʘ ʝʛʦ ʰʠʨʠʥʘ ʅ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʜʠʘʤʝʪʨʘ ʚʭʦʜʥʦʛʦ ʟʨʘʯʢʘ D ʪʝʣʝʩʢʦʧʘ. ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʦʧʪʠʯʝʩʢʠʤ 

ʨʘʩʯʝʪʘʤ, ʢʘʯʝʩʪʚʦ ʬʦʨʤʠʨʫʝʤʦʛʦ ʪʘʢʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʉʆʊʈ-300ʂ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʥʦʛʦ 

ʜʠʩʢʘ ɿʝʤʣʠ ʥʘ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʜʠʬʨʘʢʮʠʦʥʥʦʝ ʩ ʥʫʣʝʚʳʤ ʚʠʥʴʝʪʠʨʦʚʘʥʠʝʤ ʧʦ 

ʚʩʝʤʫ ʧʦʣʶ ʟʨʝʥʠʷ. ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʉʆʊʈ-300ʂ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5.  

ʆʜʥʘʢʦ ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʠʟʤʝʨʝʥʠʡ ʪʦʣʴʢʦ ʚ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʣʫʥʥʦʛʦ ʥʦʯʥʦʛʦ ʚʨʝʤʝʥʠ 

ʥʝʧʨʝʨʳʚʥʦ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 94% ʚʨʝʤʝʥʠ ʣʫʥʥʳʭ ʩʫʪʦʢ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʪʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ 

ʠʟʦʙʨʝʪʝʥʥʦʡ ʩʠʩʪʝʤʝ ʜʚʫʭ ʩʦʚʝʨʰʝʥʥʦ ʦʜʠʥʘʢʦʚʳʭ ʉʆʊʈ-300ʂ (ʧʘʪʝʥʪ ˉ 2591263 ï ʘʚʪʦʨ 

ɸʙʜʫʩʘʤʘʪʦʚ ʍ.ʀ.). ʃʆ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʜʚʫʭ ʩʦʚʝʨʰʝʥʥʦ ʦʜʠʥʘʢʦʚʳʭ ʉʆʊʈ-300ʂ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʢʘʢ ʝʜʠʥʳʡ ʪʝʣʝʩʢʦʧ ʧʦ ʝʜʠʥʦʡ 

ʪʦʞʜʝʩʪʚʝʥʥʦʡ ʥʘʫʯʥʦʡ ʧʨʦʛʨʘʤʤʝ ʥʘʙʣʶʜʝʥʠʡ ɿʝʤʣʠ. ʊʝʣʝʩʢʦʧʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʚʳʩʦʪʝ 

ʙʦʣʝʝ 1000 ʤʤ ʥʘʜ ʨʦʚʥʳʤʠ ʧʣʦʱʘʜʢʘʤʠ ʚʜʦʣʴ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʳ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʢʨʘʷʭ 

ʣʠʤʙʘ ʃʫʥʳ, ʫʜʘʣʝʥʥʳʭ ʦʪ ʝʝ ʚʠʜʠʤʦʛʦ ʮʝʥʪʨʘ ʥʘ 80.9Á Ñ 0.1Á (ʨʠʩ. 6).  

ʈʠʩ. 6. ʃʆ ï ʩʠʩʪʝʤʘ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ 

ʉʆʊʈ-300ʂ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 

ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ɿʝʤʣʠ ʥʝʧʨʝʨʳʚʥʦ ʪʦʣʴʢʦ ʚ ʣʫʥʥʦʝ ʥʦʯʥʦʝ 

ʚʨʝʤʷ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 94% ʣʫʥʥʳʭ ʩʫʪʦʢ.  

ʇʨʠ ʪʘʢʦʤ ʨʘʟʤʝʱʝʥʠʠ ʉʆʊʈ-300ʂ ʥʘ 

ʣʫʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢ ɿʝʤʣʠ ʚʩʝʛʜʘ 

ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʣʝ ʠʭ ʟʨʝʥʠʷ, ʘ ʣʫʯʠ, 

ʠʩʭʦʜʷʱʠʝ ʦʪ ʥʝʝ, ʧʘʜʘʶʪ ʥʘ ʜʘʥʥʳʝ 

ʣʫʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʪʠ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ï 

ʫʛʦʣ ʥʘʢʣʦʥʘ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʪʝʣʝʩʢʦʧʦʚ ʢ 

ʣʫʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʠʪ ʤʝʥʝʝ 20Á, ʘ 

ʟʝʨʢʘʣ ï ʙʦʣʝʝ 70Á. ɿʘ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʃʫʥʳ 

ʚʦʢʨʫʛ ɿʝʤʣʠ ʩʠʩʪʝʤʘ ʠʟ ʜʚʫʭ ʉʆʊʈ-300ʂ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʡ ʢʘʢ ʝʜʠʥʳʡ ʪʝʣʝʩʢʦʧ, 

ʪʦʣʴʢʦ ʚ ʣʫʥʥʦʝ ʥʦʯʥʦʝ ʚʨʝʤʷ ʙʫʜʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʦʟʨʝʚʘʪʴ ʚʩʶ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʨʘʟʣʠʯʥʳʭ ʨʘʢʫʨʩʦʚ (ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʜʠʘʧʘʟʦʥʘʭ ʬʘʟʦʚʳʭ ʫʛʣʦʚ) ʥʝʧʨʝʨʳʚʥʦ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 94% ʚʨʝʤʝʥʠ ʣʫʥʥʳʭ ʩʫʪʦʢ (ʨʠʩ. 7). 

ʄʝʥʝʝ 6% ʧʝʨʝʨʳʚ ʚ ʥʘʙʣʶʜʝʥʠʷʭ ɿʝʤʣʠ ʚ ʧʝʨʠʦʜ ʚʠʜʠʤʦʩʪʠ ʝʝ ʥʦʯʥʦʡ ʠ ʦʢʦʣʦ ʥʦʯʥʦʡ ʩʪʦʨʦʥʳ 

ʠʤʝʝʪ ʥʠʯʪʦʞʥʦ ʤʘʣʫʶ ʜʦʣʶ ʵʥʝʨʛʠʠ, ʠ ʦʥʘ ʙʫʜʝʪ ʥʘʜʝʞʥʦ ʦʧʨʝʜʝʣʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʥʝ ʚʥʝʩʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʢʘʢʦʛʦ ʚʣʠʷʥʠʷ ʚ ʪʦʯʥʦʩʪʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʘʣʴʙʝʜʦ ɹʦʥʜʘ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ɿʝʤʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʟʘ ʧʝʨʠʦʜ 

ʩʠʥʦʜʠʯʝʩʢʦʛʦ ʣʫʥʥʦʛʦ ʤʝʩʷʮʘ ʙʫʜʝʪ ʧʦʣʫʯʝʥʘ ʥʝʧʨʝʨʳʚʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʫʛʣʦʚʦʡ ʢʦʦʨʜʠʥʘʪʳ 

ʠʟʤʝʨʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚʦ ʚʩʝʤ ʩʧʝʢʪʨʝ ʠʟʣʫʯʝʥʠʡ. ʕʪʦ 

ʧʦʟʚʦʣʠʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʜʝʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʬʘʟʦʚʳʡ ʠʥʪʝʛʨʘʣ, ʩʚʷʟʳʚʘʶʱʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ 

ʘʣʴʙʝʜʦ ʠ ʘʣʴʙʝʜʦ ɹʦʥʜʘ ɿʝʤʣʠ. ɺʳʩʦʢʦʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ 

ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʜʨʫʛʠʭ ʂʕ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʃʆ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ ʠ 

ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʩʚʝʪʦʚʳʭ ʠ 

ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʠʟʣʫʯʝʥʠʷ ɿʝʤʣʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʨʘʥʝʝ ʥʘʤʠ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʙʘʣʘʥʩʘ ɿʝʤʣʠ ʠʟ ʪʦʯʢʠ ʃʘʛʨʘʥʞʘ L1 ʩʠʩʪʝʤʳ ʉʦʣʥʮʝ-ɿʝʤʣʷ. ʕʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʧʨʠʤʝʥʠʤʳ ʪʘʢʞʝ ʠ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʵʥʝʨʛʦʙʘʣʘʥʩʘ ɿʝʤʣʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ.  
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ʇʦʣʥʳʡ ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ, ʠʩʭʦʜʷʱʝʛʦ ʦʪ ɿʝʤʣʠ, ʩʣʝʜʫʝʪ ʨʘʟʜʝʣʠʪʴ ʧʦ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʠʘʧʘʟʦʥʫ 

ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʨʘʟʣʠʯʠʝʤ ʚ ʧʨʠʨʦʜʝ ʦʙʨʘʟʦʚʘʥʠʷ: ʢʦʨʦʪʢʦʚʦʣʥʦʚʘʷ 

(ʂɺ) ʩʦʩʪʘʚʣʷʶʱʘʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʪʨʘʞʝʥʥʦʤʫ ʧʣʘʥʝʪʦʡ ʜʠʘʧʘʟʦʥʫ ʩʧʝʢʪʨʘ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ȹɚ = 0.2-4 ʤʢʤ; ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ (ɼɺ) ʩʦʩʪʘʚʣʷʶʱʘʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʠʘʧʘʟʦʥʫ 

ʩʧʝʢʪʨʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ɿʝʤʣʠ ȹɚ = 4-50 ʤʢʤ. ʂʦʤʧʣʝʢʩʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʧʦ ʚʩʝʤʫ ʜʠʩʢʫ ɿʝʤʣʠ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚʦ ʚʩʝʤ ʨʘʙʦʯʝʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ȹɚ = 0.2-50 ʤʢʤ ʠ ʚ ʟʘʜʘʥʥʳʭ 

ʝʛʦ ʜʚʫʭ ʰʠʨʦʢʠʭ ʠʥʪʝʨʚʘʣʘʭ ʢʘʞʜʦʛʦ ʉʆʊʈ-300ʂ. ʇʝʨʚʳʤ ʢʘʥʘʣʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʠʟʣʫʯʝʥʠʷ ɿʝʤʣʠ ʚ ʂɺ- ʠ ɼɺ-ʜʠʘʧʘʟʦʥʘʭ ʩʧʝʢʪʨʘ ï ȹɚ = 0.2-50 

ʤʢʤ. ɺʦ ʚʪʦʨʦʤ ʢʘʥʘʣʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʚ ʂɺ-ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ ȹɚ = 0.2-4 ʤʢʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʠʣʴʪʨ, ʘ ʠʤʝʥʥʦ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʘʷ ʧʣʘʩʪʠʥʘ ʠʟ ʢʚʘʨʮʘ, 

ʢʦʪʦʨʳʡ, ʠʤʝʷ ʢʨʘʩʥʫʶ ʛʨʘʥʠʮʫ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 4 ʤʢʤ, ʦʪʩʝʢʘʝʪ ʠʟʣʫʯʝʥʠʝ 

ɼɺ-ʜʠʘʧʘʟʦʥʘ ʩʧʝʢʪʨʘ ȹɚ = 4-50 ʤʢʤ. ʇʦʪʦʢ ʵʥʝʨʛʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ȹɚ = 4-50 ʤʢʤ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥ ʧʫʪʝʤ ʚʳʯʠʪʘʥʠʷ ʠʟʤʝʨʝʥʥʦʡ ʵʥʝʨʛʠʠ 

ʠʟʣʫʯʝʥʠʷ ʚ ʂɺ-ʜʠʘʧʘʟʦʥʝ (ʚʪʦʨʦʡ ʢʘʥʘʣ) ʦʪ ʠʟʤʝʨʝʥʥʦʡ ʵʥʝʨʛʠʠ ʧʦʣʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ɿʝʤʣʠ 

(ʧʝʨʚʳʡ ʢʘʥʘʣ). ʊʨʝʪʠʡ ʢʘʥʘʣ ʩ ʬʠʣʴʪʨʦʤ, ʧʨʦʧʫʩʢʘʶʱʠʤ ʠʟʣʫʯʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ȹɚ = 8-13 ʤʢʤ, 

ʨʝʛʠʩʪʨʠʨʫʝʪ ʠʟʣʫʯʘʝʤʫʶ ʵʥʝʨʛʠʶ ʚ ʧʨʝʜʝʣʘʭ ʦʩʥʦʚʥʦʛʦ ʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ. ʕʪʦ 

ʧʦʟʚʦʣʠʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʨʦʧʫʩʢʘʥʠʷ ʘʪʤʦʩʬʝʨʦʡ 

ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚ ʢʦʩʤʦʩ ʠ ʣʫʯʰʝ ʧʦʥʷʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚʘʨʠʘʮʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʳ 4,5, é, 11 ʢʘʥʘʣʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʡ ʘʪʤʦʩʬʝʨʳ ʠ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɽʞʝʤʝʩʷʯʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʪʝʣʝʩʢʦʧʦʚ ʉʆʊʈ-300ʂ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʭ 

ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʪʝʯʝʥʠʝ 30 ʯʘʩ ʚ ʧʝʨʠʦʜ ʢʘʞʜʦʛʦ ʥʦʚʦʣʫʥʠʷ. 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʉʆʊʈ-

300ʂ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʝʞʝʤʝʩʷʯʥʦ ʧʦ ʨʘʚʥʦʤʝʨʥʦʤʫ ʫʨʦʚʥʶ ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʪʝʣʝʩʢʦʧʘ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʚʚʝʜʝʥʠʝʤ ʤʘʪʦʚʦʛʦ ʩʪʝʢʣʘ ʚ ʝʛʦ ʚʭʦʜʥʦʡ ʟʨʘʯʦʢ ʚ ʧʝʨʠʦʜ ʧʦʣʥʦʡ 

ʬʘʟʳ ɿʝʤʣʠ, ʘ ʪʘʢʞʝ ʧʦ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʟʚʝʟʜ, ʥʘʙʣʶʜʘʝʤʳʭ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ 

ʫʛʣʦʚʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʜʠʩʢʘ ɿʝʤʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʶʙʦʝ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʥʘ 

ʚʳʭʦʜʝ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʘ ʤʘʪʨʠʯʥʦʛʦ ʌʇʋ ʤʦʞʝʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʯʪʝʥʦ ʚʚʝʜʝʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʧʨʘʚʢʠ. ʀʟʤʝʨʝʥʠʷ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ɿʝʤʣʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ 

ʥʘʜʝʞʥʦʩʪʴʶ.  

ʈʠʩ. 7. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʦʙʦʟʨʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦ ʚʩʝʭ 

ʨʘʢʫʨʩʦʚ ʚʩʝʡ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʩʪʝʤʦʡ ʜʚʫʭ 

ʦʜʠʥʘʢʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʪʝʣʝʩʢʦʧʦʚ ʚ ʜʠʘʧʘʟʦʥʘʭ 

ʬʘʟʦʚʳʭ ʫʛʣʦʚ Ŭ ʦʪ ï170.9Á ʜʦ 

0Á ʠ ʦʪ 0Á ʜʦ +168.8Á ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʃʫʥʳ ʚʦʢʨʫʛ ɿʝʤʣʠ ʟʘ 

ʧʝʨʠʦʜ ʩʠʥʦʜʠʯʝʩʢʦʛʦ ʣʫʥʥʦʛʦ 

ʤʝʩʷʮʘ. 

ʉʠʩʪʝʤʘ ʜʚʫʭ ʉʆʊʈ-300ʂ 

ʨʘʙʦʪʘʝʪ ʩʦ ʩʣʝʜʫʶʱʠʤ ʮʠʢʣʦʤ 

ʥʘʙʣʶʜʝʥʠʡ ɿʝʤʣʠ, 

ʥʘʯʠʥʘʶʱʠʤʩʷ ʧʦʩʣʝ 

ʥʘʩʪʫʧʣʝʥʠʷ ʢʘʞʜʦʛʦ 

ʧʦʣʥʦʣʫʥʠʷ. ʇʝʨʚʳʡ ʚʦʩʪʦʯʥʳʡ 

ʉʆʊʈ-300ʂ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 9.1Ü Ñ 0.1Ü ʦʪ ʚʦʩʪʦʯʥʦʛʦ ʢʨʘʷ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʳ ʃʫʥʳ, ʥʘʯʠʥʘʝʪ ʥʘʙʣʶʜʝʥʠʝ 

ʪʦʣʴʢʦ ʧʦʩʣʝ ʟʘʭʦʜʘ ʉʦʣʥʮʘ ʟʘ ʣʫʥʥʳʡ ʛʦʨʠʟʦʥʪ ʚ ʤʝʩʪʝ ʝʛʦ ʫʩʪʘʥʦʚʢʠ ʠ ʦʩʪʳʚʘʥʠʷ ʜʦ ʨʘʙʦʯʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʯʝʨʝʟ ʥʝ ʙʦʣʝʝ 24 ʯʘʩ ʧʦʩʣʝ ʥʘʩʪʫʧʣʝʥʠʷ ʧʦʣʥʦʣʫʥʠʷ. ɺʪʦʨʦʡ ʟʘʧʘʜʥʳʡ ʉʆʊʈ-300ʂ, 
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ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʪʘʢʞʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 9.1Ü Ñ 0.1Ü, ʥʦ ʦʪ ʟʘʧʘʜʥʦʛʦ ʢʨʘʷ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʳ ʃʫʥʳ, 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʦʩʪʦʯʥʳʤ ʉʆʊʈ-300ʂ ʢ ʥʘʙʣʶʜʝʥʠʷʤ ʪʦʣʴʢʦ ʧʦʩʣʝ ʟʘʭʦʜʘ ʉʦʣʥʮʘ 

ʟʘ ʣʫʥʥʳʡ ʛʦʨʠʟʦʥʪ ʚ ʤʝʩʪʝ ʝʛʦ ʫʩʪʘʥʦʚʢʠ ʠ ʦʩʪʳʚʘʥʠʷ ʜʦ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʥʝ ʤʝʥʝʝ 12 ʯʘʩ 

ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʥʦʚʦʣʫʥʠʷ. ʉ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʚ ʪʝʯʝʥʠʝ ʥʝ ʤʝʥʝʝ 12 ʯʘʩ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʥʦʚʦʣʫʥʠʷ 

ʠ ʥʝ ʤʝʥʝʝ 18 ʯʘʩ ʧʦʩʣʝ ʥʘʩʪʫʧʣʝʥʠʷ ʥʦʚʦʣʫʥʠʷ ʦʙʘ ʉʆʊʈ-300ʂ, ʢʘʢ ʚʦʩʪʦʯʥʳʡ, ʪʘʢ ʠ ʟʘʧʘʜʥʳʡ, 

ʙʫʜʫʪ ʚʝʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ɿʝʤʣʠ ʧʦ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʥʘʫʯʥʦʡ 

ʧʨʦʛʨʘʤʤʝ. ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʞʝ ʠ ʜʣʷ ʝʞʝʤʝʩʷʯʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʪʝʣʝʩʢʦʧʦʚ 

ʉʆʊʈ-300ʂ ʤʝʞʜʫ ʩʦʙʦʡ. ʇʦʩʣʝ ʚʦʩʭʦʜʘ ʉʦʣʥʮʘ ʥʘʜ ʛʦʨʠʟʦʥʪʦʤ ʚ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ ʚʦʩʪʦʯʥʦʛʦ 

ʉʆʊʈ-300ʂ, ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʥʘʛʨʝʚʘ ʩʦʣʥʝʯʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʠ ʚʳʩʦʢʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʦʥʘ 

ʚʦʢʨʫʛ ʥʝʛʦ, ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ, ʘ ʧʨʦʜʦʣʞʘʶʱʠʝʩʷ ʥʝʧʨʝʨʳʚʥʳʝ ʥʘʙʣʶʜʝʥʠʷ 

ɿʝʤʣʠ ʪʦʣʴʢʦ ʟʘʧʘʜʥʳʤ ʉʆʊʈ-300ʂ ʧʨʝʢʨʘʪʠʪʩʷ ʟʘ ʥʝ ʙʦʣʝʝ 18 ʯʘʩ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʧʦʣʥʦʣʫʥʠʷ. 

ʅʘʙʣʶʜʝʥʠʷ ɿʝʤʣʠ ʚ ʦʙʣʘʩʪʠ ʪʝʨʤʠʥʘʪʦʨʘ ʥʝ ʧʨʦʚʦʜʷʪʩʷ, ʘ ʚʭʦʜʥʦʡ ʟʨʘʯʦʢ ʟʘʢʨʳʚʘʝʪʩʷ 

ʛʝʨʤʝʪʠʯʥʦʡ ʢʨʳʰʢʦʡ. ɺ ʪʝʯʝʥʠʝ ʥʝ ʙʦʣʝʝ 18 ʯʘʩ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʠ ʥʝ ʙʦʣʝʝ 24 ʯʘʩ ʧʦʩʣʝ 

ʥʘʩʪʫʧʣʝʥʠʷ ʧʦʣʥʦʣʫʥʠʷ ʠ ʦʩʪʳʚʘʥʠʷ ʚʦʩʪʦʯʥʦʛʦ ʉʆʊʈ-300ʂ ʜʦ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʘ 

ʪʝʣʝʩʢʦʧʘ ʩʪʘʥʦʚʷʪʩʷ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤʠ (ʚ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʚʠʜʥʘ ʪʦʣʴʢʦ ʥʦʯʥʘʷ ʠ ʦʢʦʣʦ ʥʦʯʥʘʷ 

ʩʪʦʨʦʥʘ ɿʝʤʣʠ) ʠʟ-ʟʘ ʠʭ ʦʩʚʝʱʝʥʠʷ ʩʦʣʥʝʯʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʠ ʥʘʛʨʝʚʘ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʦʥʘ ʚʦʢʨʫʛ ʥʠʭ. ʊʘʢʦʡ, ʤʝʥʝʝ 6%, ʧʝʨʝʨʳʚ ʚ ʥʘʙʣʶʜʝʥʠʷʭ ɿʝʤʣʠ ʪʦʣʴʢʦ ʚ 

ʪʝʯʝʥʠʝ ʥʝ ʙʦʣʝʝ 42 ʯʘʩ ʟʘ ʚʝʩʴ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 

ʧʦʣʥʦʣʫʥʠʷʤʠ ï ʟʘ ʣʫʥʥʳʝ ʩʫʪʢʠ (ʃʫʥʘ ʩʦʚʝʨʰʘʝʪ ʧʦʣʥʳʡ ʦʙʦʨʦʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʉʦʣʥʮʫ ʟʘ 

29.53 ʟʝʤʥʳʭ ʩʫʪʦʢ), ʢʦʛʜʘ ʦʪʨʘʞʝʥʥʦʝ ʠ ʨʘʩʩʝʷʥʥʦʝ ʧʣʘʥʝʪʦʡ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʧʝʨʠʦʜ 

ʚʠʜʠʤʦʩʪʠ ʥʦʯʥʦʡ ʠ ʦʢʦʣʦ ʥʦʯʥʦʡ ʩʪʦʨʦʥʳ ɿʝʤʣʠ ʠʤʝʝʪ ʥʠʯʪʦʞʥʦ ʤʘʣʫʶ ʜʦʣʶ ʵʥʝʨʛʠʠ. ʆʥʘ 

ʤʦʞʝʪ ʙʳʪʴ ʥʘʜʝʞʥʦ ʦʧʨʝʜʝʣʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʥʝ ʚʥʝʩʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʢʘʢʦʛʦ 

ʚʣʠʷʥʠʷ ʚ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʘʣʴʙʝʜʦ ɹʦʥʜʘ. ʇʦʩʣʝ ʟʘʭʦʜʘ ʉʦʣʥʮʘ ʟʘ ʣʫʥʥʳʡ 

ʛʦʨʠʟʦʥʪ ʚ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ ʚʦʩʪʦʯʥʦʛʦ ʉʆʊʈ-300ʂ ʠ ʝʛʦ ʦʩʪʳʚʘʥʠʷ ʜʦ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʯʝʨʝʟ ʥʝ ʙʦʣʝʝ 24 ʯʘʩ ʧʦʩʣʝ ʥʘʩʪʫʧʣʝʥʠʷ ʦʯʝʨʝʜʥʦʛʦ ʧʦʣʥʦʣʫʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʥʦʚʳʡ ʮʠʢʣ ʪʘʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ʩʠʩʪʝʤʦʡ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʉʆʊʈ-300ʂ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʙʣʶʜʝʥʠʷ ɿʝʤʣʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʪʦʣʴʢʦ ʚ ʣʫʥʥʦʝ ʥʦʯʥʦʝ ʚʨʝʤʷ ʚ ʤʝʩʪʘʭ ʠʭ ʫʩʪʘʥʦʚʢʠ. ʊʦʣʴʢʦ ʪʘʢʘʷ ʃʆ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʠʩʪʝʤʳ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʉʆʊʈ-300ʂ ʥʘ ʫʢʘʟʘʥʥʳʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʢʨʘʷʭ 

ʚʠʜʠʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ, ʨʘʙʦʪʘʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʪʦʣʴʢʦ ʚ ʣʫʥʥʦʝ ʥʦʯʥʦʝ ʚʨʝʤʷ 

ʥʝʧʨʝʨʳʚʥʦ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 94% ʚʨʝʤʝʥʠ ʣʫʥʥʳʭ ʩʫʪʦʢ ʚ ʤʝʩʪʘʭ ʠʭ ʫʩʪʘʥʦʚʢʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ ʢʘʢ ʝʜʠʥʳʡ ʪʝʣʝʩʢʦʧ, ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʣʝʢʩ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʭ ʛʣʦʙʘʣʴʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʜʝʞʥʦ ʠʟʤʝʨʷʪʴ ʨʘʩʭʦʜʫʝʤʦʡ ʧʣʘʥʝʪʦʡ ʧʦʩʪʫʧʘʶʱʝʡ 

ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ ʝʝ ʘʪʤʦʩʬʝʨʳ ʠ ʦʧʨʝʜʝʣʷʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚʘʨʠʘʮʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ.  

ʇʦʣʫʯʘʝʤʳʝ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ ʉʦʣʥʮʘ ʧʨʝʮʠʟʠʦʥʥʳʝ ʦʜʥʦʨʦʜʥʳʝ ʨʷʜʳ ʜʘʥʥʳʭ ʦ 

ʚʘʨʠʘʮʠʷʭ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʟʥʘʯʝʥʠʡ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʛʣʦʙʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʠ ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʣʠʤʘʪ, ʧʦʟʚʦʣʷʪ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʧʦʛʣʦʱʘʝʤʦʡ ʠ ʨʘʩʭʦʜʫʝʤʦʡ ʧʣʘʥʝʪʦʡ ʧʦʩʪʫʧʘʶʱʫʶ ʥʘ ʚʥʝʰʥʶʶ 

ʛʨʘʥʠʮʫ ʘʪʤʦʩʬʝʨʳ ʩʨʝʜʥʝʛʦʜʦʚʫʶ ʵʥʝʨʛʠʶ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ɿʝʤʣʠ. ʕʪʦ ʢʘʨʜʠʥʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʰʠʨʠʪ ʥʘʰʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ. ʄʦʥʠʪʦʨʠʥʛ ʠʭ ʚʘʨʠʘʮʠʡ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʠ ʚʘʞʥʝʡʰʝʡ ʥʘʫʯʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʧʨʦʙʣʝʤʦʡ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʝʛʦ ʛʨʷʜʫʱʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʛʣʫʙʠʥʳ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʪʘʢʞʝ ʥʘʜʝʞʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚʘʨʠʘʮʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ. ɼʦʣʛʦʚʨʝʤʝʥʥʳʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʝʨʳʚʥʳʝ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʣʴʢʦ ʚʝʩʴʤʘ 

ʥʝʟʥʘʯʠʤʦʛʦ, ʤʝʥʝʝ 6%, ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʣʫʥʥʳʭ ʩʫʪʦʢ, ʢʦʛʜʘ ʚʠʜʥʘ ʪʦʣʴʢʦ ʥʦʯʥʘʷ ʠ ʦʢʦʣʦ 

ʥʦʯʥʘʷ ʩʪʦʨʦʥʘ ɿʝʤʣʠ), ʠʟʤʝʨʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʚʘʞʥʝʡʰʠʭ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʃʆ ʥʘ ʚʠʜʠʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ ʦʙʣʘʜʘʶʪ ʥʝʩʦʤʥʝʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʝʨʝʜ 

ʚʩʝʤʠ ʜʨʫʛʠʤʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʭ ʠʟʤʝʨʝʥʠʡ. ʃʆ ʦʙʝʩʧʝʯʠʪ ʚʘʞʥʝʡʰʠʤʠ ʥʝʜʦʩʪʘʶʱʠʤʠ 

ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʳʤʠ ʥʘʜʝʞʥʳʤʠ ʛʣʦʙʘʣʴʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʠʢʘʢʠʤʠ ʜʨʫʛʠʤʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʭ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ, ʠ ʩʦʟʜʘʥʠʝ 
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ʥʦʚʦʡ ʚʘʞʥʝʡʰʝʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʚʝʣʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʧʣʘʥʝʪʳ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʉʦʟʜʘʥʠʝ ʪʘʢʦʡ ʦʧʪʠʯʝʩʢʦʡ ʃʆ 

ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʥʥʦ ʩʝʡʯʘʩ ʚ ʩʚʷʟʠ ʩ ʥʘʙʣʶʜʘʝʤʳʤ ʜʦʣʛʦʚʨʝʤʝʥʥʳʤ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʩʨʝʜʥʝʛʦʜʦʚʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʜʠʩʙʘʣʘʥʩʦʤ ɿʝʤʣʠ ʚʩʣʝʜʩʪʚʠʝ ʘʢʪʠʚʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʠ 

ʛʨʷʜʫʱʝʛʦ ʥʘʩʪʫʧʣʝʥʠʷ ʛʣʫʙʦʢʦʛʦ ʤʠʥʠʤʫʤʘ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʢʚʘʟʠʜʚʫʭʚʝʢʦʚʦʛʦ ʮʠʢʣʘ.  

ʅʝʧʨʝʨʳʚʥʳʝ ʠʟʤʝʨʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ɿʝʤʣʠ, ʦʩʦʙʝʥʥʦ 

ʚʝʣʠʯʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ɿʝʤʣʠ ʠ 

ʥʘʢʘʧʣʠʚʘʝʤʦʛʦ ʝʶ ʝʞʝʛʦʜʥʦ ʠʟʙʳʪʢʘ ʠʣʠ ʜʝʬʠʮʠʪʘ ʵʥʝʨʛʠʠ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ 

ʉʦʣʥʮʘ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʮʠʢʣʠʯʝʩʢʠʭ ʚʘʨʠʘʮʠʡ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ. 

ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʠʟʤʝʥʝʥʠʡ ʚʝʣʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ɿʝʤʣʠ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʩʝʨʠʝʡ ʂɸ ʩ 

1978 ʛ. ʀʭ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʢʣʠʤʘʪʘ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʩ 1978 ʛ. 

ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʷʪʴ ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʝ ʤʝʪʦʜʳ ʝʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʧʨʦʙʣʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʚʠʣʠʟʘʮʠʠ. 

ɿʘʱʠʪʘ (ʩʪʨʘʭʦʚʢʘ) ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʉʆʊʈ-300ʂ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʦʪ ʦʧʫʩʢʘʶʱʠʭʩʷ 

ʚʝʨʪʠʢʘʣʴʥʦ ʠʟ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʵʢʟʦʩʬʝʨʳ ʚʝʩʴʤʘ ʨʝʜʢʠʭ ʯʘʩʪʠʮ ʣʫʥʥʦʡ ʧʳʣʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʚʳʜʚʠʞʥʳʤ ʢʦʟʳʨʴʢʦʤ, ʩʥʘʙʞʝʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ, 

ʨʘʟʤʝʱʘʝʤʳʤ ʧʘʨʘʣʣʝʣʴʥʦ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʥʘʜ ʚʭʦʜʥʳʤ ʟʨʘʯʢʦʤ (ʧʘʪʝʥʪ  ̄155044). ɺʝʣʠʯʠʥʘ 

ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʟʳʨʴʢʘ ʪʝʣʝʩʢʦʧʘ L = tgɔ(D + a + b). ʇʨʠ ʵʪʦʤ ʜʣʠʥʘ 

ʢʦʟʳʨʴʢʘ LV = Lmax, ʘ ʝʛʦ ʰʠʨʠʥʘ ʅV ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ D. ʇʨʠ ʥʘʙʣʶʜʝʥʠʷʭ ɿʝʤʣʠ ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʪʝʣʝʩʢʦʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ ɔ < 20Á, tg20Á= 0.36, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, LE = 0.36(D + a + b), ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʫʧʨʘʚʣʝʥʠʝ. 

ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʆʊʈ-300ʂ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʦʙʝʩʧʝʯʠʪ ʢʦʥʪʨʦʣʴ ʠʭ ʩʦʩʪʦʷʥʠʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʦʟʤʦʞʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʝʩʴʤʘ ʨʝʜʢʠʭ ʯʘʩʪʠʮ 

ʣʫʥʥʦʡ ʧʳʣʠ. ʇʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʢʦʟʳʨʝʢ ʟʘʜʚʠʛʘʝʪʩʷ ʚ ʧʨʝʜʝʣʳ ʢʦʨʧʫʩʘ ʪʨʫʙʳ, ʜʦʚʝʜʷ ʝʛʦ 

ʧʨʦʜʦʣʴʥʳʝ ʛʘʙʘʨʠʪʳ ʜʦ ʙʝʟʢʦʟʳʨʴʢʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʉʆʊʈ-300ʂ ʜʣʷ ʟʘʱʠʪʳ ʝʛʦ ʦʧʪʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʦʪ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʘʨʷʞʝʥʥʦʡ ʣʫʥʥʦʡ ʧʳʣʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ 

ʯʘʰʠ, ʚʳʧʦʣʥʝʥʥʦʡ ʚ ʚʠʜʝ ʧʝʨʝʚʝʨʥʫʪʦʛʦ ʫʩʝʯʝʥʥʦʛʦ ʢʦʥʫʩʘ (ʨʠʩ. 3). ɺ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʧʦʣʦʞʝʥʠʠ ʪʨʫʙʳ ʥʠʞʥʠʡ ʢʨʘʡ ʚʭʦʜʥʦʛʦ ʟʨʘʯʢʘ ʪʝʣʝʩʢʦʧʘ ʥʘʭʦʜʠʪʩʷ ʚʳʰʝ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʯʘʰʠ, 

ʘ ʪʦʨʮʳ ʪʨʫʙʳ ʙʝʟ ʢʦʟʳʨʴʢʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʥʝ ʜʦʩʪʠʛʘʶʪ ʚʝʨʭʥʝʡ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʫʩʘ. ʏʘʰʘ ʚʳʧʦʣʥʝʥʘ ʩ ʦʧʦʨʥʳʤʠ ʥʦʛʘʤʠ ʚʳʩʦʪʦʡ ʧʦ ʚʝʨʪʠʢʘʣʠ ʧʦʨʷʜʢʘ 300 ʤʤ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʧʦʣʦʞʝʥʠʷ ʝʝ ʥʘʜ ʨʦʚʥʦʡ ʧʣʦʱʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢ, ʯʪʦ ʝʝ ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ 

ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʚʳʩʦʪʝ ʙʦʣʝʝ 1000 ʤʤ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʣʫʥʥʦʡ ʧʳʣʠ ʚʥʝʰʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʰʠ ʠ ʚʭʦʜʥʦʛʦ ʟʨʘʯʢʘ, ʘ ʪʘʢʞʝ 

ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʨʢʘʣ ʧʦʢʨʳʪʳ ʵʣʝʢʪʨʦʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʤʠ ʦʙʦʣʦʯʢʘʤʠ, 

ʧʦʜʢʣʶʯʝʥʥʳʤʠ ʢ ʙʣʦʢʫ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʤʫ ʚ ʯʘʰʝ, ʠʤʝʶʱʠʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʟʘʨʷʜ ʩ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʦʡ ʩʤʝʥʳ ʧʦʣʷʨʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʤʝʥʳ ʜʥʷ ʠ ʥʦʯʠ 

(ʧʘʪʝʥʪʳ ˉ 164303 (2016 ʛ.) ʠ ˉ 2613048 (2017 ʛ.)).  

ʊʝʣʝʩʢʦʧʳ ʉʆʊʈ-300ʂ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ ʠ ʥʝ ʪʨʝʙʫʝʪ ʫʯʘʩʪʠʷ ʢʦʩʤʦʥʘʚʪʦʚ ʧʨʠ 

ʫʩʪʘʥʦʚʢʝ ʪʝʣʝʩʢʦʧʦʚ ʠ ʠʭ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ. ʄʘʩʩʘ ʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʅɸ ʉʆʊʈ-300ʂ 

ʩ ʦʙʣʝʛʯʝʥʥʳʤʠ ʟʝʨʢʘʣʘʤʠ ʩ ʟʘʱʠʪʥʦʡ ʯʘʱʝʡ ʙʝʟ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ï ʦʢʦʣʦ 100 

ʢʛ, ʘ ʛʘʙʘʨʠʪʳ ï ʤʝʥʝʝ 1500ʭ1500ʭ1500 ʤʤ. ʊʨʝʙʫʝʤʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ï ʥʝ ʙʦʣʝʝ 100 ɺʪ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʣʥʝʯʥʳʤʠ ʙʘʪʘʨʝʷʤʠ ʉʆʊʈ-300ʂ, ʟʘʨʷʞʘʶʱʠʤʠ 

ʘʢʢʫʤʫʣʷʪʦʨʳ ʚ ʣʫʥʥʦʝ ʜʥʝʚʥʦʝ ʚʨʝʤʷ. ʉʣʝʞʝʥʠʝ ʟʘ ɿʝʤʣʝʡ ʪʝʣʝʩʢʦʧʦʤ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʩʪʫʧʝʥʯʘʪʦ ʠʥʪʝʨʚʘʣʦʤ ʯʝʨʝʟ ʢʘʞʜʳʝ 6-16 ʯʘʩ ʧʦ ʟʘʜʘʥʥʳʤ ʧʨʦʛʨʘʤʤʘʤ, ʧʦʩʢʦʣʴʢʫ ʟʝʤʥʦʡ ʜʠʩʢ 

ʚʠʩʠʪ ʚ ʥʝʙʝ ʃʫʥʳ ʧʦʯʪʠ ʥʝʧʦʜʚʠʞʥʦ (ʨʠʩ. 7), ʘ ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʉʆʊʈ-300ʂ ʚʳʙʨʘʥʦ ʪʘʢ, 

ʯʪʦʙʳ ʠʟʦʙʨʘʞʝʥʠʝ ʜʠʩʢʘ ɿʝʤʣʠ ʚʩʝʛʜʘ ʙʳʣʦ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ ʨʘʟʤʝʨʘ ʧʣʦʱʘʜʢʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ. ʉʠʩʪʝʤʘ ʠʟ ʜʚʫʭ ʪʝʣʝʩʢʦʧʦʚ, ʦʩʫʱʝʩʪʚʣʷʷ ʠʟʤʝʨʝʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʫʱʝʩʪʚʠʪ ʤʦʥʠʪʦʨʠʥʛ ʦʪʨʘʞʝʥʥʦʡ ɿʝʤʣʝʡ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʦʣʦʩʝ ȹɚ = 0.2-4 ʤʢʤ, ʵʥʝʨʛʠʠ ʝʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ȹɚ = 4-100 

ʤʢʤ ʠ ȹɚ = 8-13 ʤʢʤ ʥʝʧʨʝʨʳʚʥʦ ʪʦʣʴʢʦ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 94% ʚʨʝʤʝʥʠ ʣʫʥʥʳʭ 
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ʩʫʪʦʢ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʜʠʩʙʘʣʘʥʩʘ ʠ ʨʘʩʭʦʜʫʝʤʦʡ ʧʣʘʥʝʪʦʡ ʵʥʝʨʛʠʶ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʵʧʦʭʫ ʘʢʪʠʚʥʦʛʦ ʩʧʘʜʘ ʠ 

ʛʨʷʜʫʱʝʛʦ ʥʘʩʪʫʧʣʝʥʠʷ ʛʣʫʙʦʢʦʛʦ ʤʠʥʠʤʫʤʘ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ. ʃʆ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 11-

ʣʝʪʥʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ʦʙʝʩʧʝʯʠʪ ʚʘʞʥʝʡʰʠʤʠ ʥʝʜʦʩʪʘʶʱʠʤʠ, ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʥʘʜʝʞʥʳʤʠ ʛʣʦʙʘʣʴʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ å0.1%, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʠʢʘʢʠʤʠ ʜʨʫʛʠʤʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʭ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ.  

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʝʜʠʥʠʯʥʦʡ ʧʣʦʱʘʜʢʠ ʃʫʥʳ 

ʠʟʣʫʯʝʥʠʷ ʦʪ ɿʝʤʣʠ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (Qiu et al., 2003)  

Ὅ
Ὓ¼

Ὑ
ὃ Ὢ ɻ

Ὑ

Ὑ
ȟ                                                        ψ 

ʛʜʝ RE ï ʨʘʜʠʫʩ ɿʝʤʣʠ, RES, REM ï ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ɿʝʤʣʝʡ ʠ ʉʦʣʥʮʝʤ, ɿʝʤʣʝʡ ʠ ʃʫʥʦʡ ʚ 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʝʜʠʥʠʮʘʭ (ʘ.ʝ.), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʥʳʭ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʬʘʟʦʚʳʭ ʫʛʣʦʚ ʠʟʤʝʨʝʥʠʡ ʩʪʘʥʝʪ ʟʥʘʯʝʥʠʝ ʬʘʟʦʚʦʡ ʬʫʥʢʮʠʠ ɿʝʤʣʠ, ʫʤʥʦʞʝʥʥʦʡ ʥʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʘʣʴʙʝʜʦ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʦʪʨʘʞʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ɿʝʤʣʠ 

ὃ Ὢ ɻ Ὅ
Ὑ

Ὓ¼

Ὑ

Ὑ
Ȣ                                                         ω 

ɿʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ IE, RES, REM, S
¼
 ʥʝ ʟʘʚʠʩʷʪ ʥʘʧʨʷʤʫʶ ʦʪ ʬʘʟʦʚʦʛʦ ʫʛʣʘ, ʦʜʥʘʢʦ ʠʟʤʝʥʷʶʪʩʷ ʚʦ 

ʚʨʝʤʝʥʠ ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʬʘʟʦʚʦʛʦ ʫʛʣʘ Ŭ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʤʝʨʝʥʳ ʥʝʟʘʚʠʩʠʤʦ. ʀʟʤʝʨʝʥʥʳʝ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʣʴʙʝʜʦ ɿʝʤʣʠ ʠ ʝʝ ʬʘʟʦʚʦʡ ʬʫʥʢʮʠʠ 

ʧʦʟʚʦʣʷʪ ʚʳʯʠʩʣʠʪʴ ʘʣʴʙʝʜʦ ɹʦʥʜʘ ʧʦ ʬʦʨʤʫʣʝ (2).  
 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ:  

ʉʦʣʥʝʯʥʘʷ ʧʦʩʪʦʷʥʥʘʷ           1366 ɺʪ/ʤ
2
; 

ɸʣʴʙʝʜʦ ɹʦʥʜʘ ɿʝʤʣʠ             0.30; 

ɼʠʘʤʝʪʨ ɿʝʤʣʠ                       1.27Ŀ10
7
 ʤ; 

ʋʜʝʣʴʥʳʡ ʧʦʪʦʢ ʚ ʩʪʝʨʘʜʠʘʥ 1.39Ŀ10
16

 

ɺʪ/ʩʪʝʨ; 

ɼʠʘʤʝʪʨ ʦʙʲʝʢʪʠʚʘ                 0.23 ʤ;  

ʇʣʦʱʘʜʴ ʦʙʲʝʢʪʠʚʘ                0.0415 ʤ
2
; 

ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʃʫʥʳ               3.84Ŀ10
8
 ʄ; 

ʊʝʣʝʩʥʳʡ ʫʛʦʣ                     2.13Ŀ10
-19

 ʩʪʝʨ; 

ʋʜʝʣʴʥʳʡ ʧʦʪʦʢ ʚ ʪʝʣʝʩʢʦʧ 3.8Ŀ10
-3

 ɺʪ.  
 

ʈʠʩ. 8. ʆʙʱʠʡ ʚʠʜ ʬʘʟʦʚʦʡ ʬʫʥʢʮʠʠ ɿʝʤʣʠ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʠʟ ʜʘʥʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʠ BBSO ʉʐɸ.  

ʋʜʝʣʴʥʳʡ ʧʦʪʦʢ ʚ ʪʝʣʝʩʢʦʧ 3.8Ŀ10
-3 
ɺʪ ʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ. ʇʦʨʦʛʦʚʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʭʣʘʞʜʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ 

ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʧʦʨʷʜʢʘ 10
-14

 ɺʪ ʧʨʠ ʚʨʝʤʝʥʠ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʷʜʢʘ 1 ʩʝʢ. ʕʪʦ 

ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʠʟʤʝʨʝʥʠʷ (ʠʥʪʝʛʨʠʨʫʷ ʧʦ ʚʩʝʤ ʧʠʢʩʝʣʷʤ ʤʘʪʨʠʮʳ) ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 

0.07%. ʈʘʩʩʪʦʷʥʠʷ ʙʫʜʫʪ ʠʟʤʝʨʝʥʳ ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ. ʇʨʷʤʳʝ ʚʳʩʦʢʦʪʦʯʥʳʝ ʜʘʥʥʳʝ ʦ 

ʩʦʙʩʪʚʝʥʥʦʤ ʪʝʧʣʦʚʦʤ ʠʟʣʫʯʝʥʠʠ ɿʝʤʣʠ ʚ ʢʦʩʤʦʩ ʚ ʃʆ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʝʞʝʩʫʪʦʯʥʦ.  

ɺ ʬʦʨʤʫʣʝ (9) ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʛʨʝʰʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʳ IE ʠ Sἄ. ɿʥʘʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ, 

ʚʭʦʜʷʱʠʭ ʚ ʬʦʨʤʫʣʫ, ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʨʝʥʳ ʩ ʪʦʯʥʦʩʪʴʶ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʝʡ 0.07%, 

ʧʦʵʪʦʤʫ ʧʨʝʥʝʙʨʝʛʘʝʤ ʧʦʛʨʝʰʥʦʩʪʴʶ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʩʩʪʦʷʥʠʡ. ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʠʟ-ʟʘ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ɿʝʤʣʠ, ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʠ ʥʘʙʣʶʜʘʝʤʦʛʦ ʟʝʤʥʦʛʦ ʜʠʩʢʘ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʨʘʟʣʠʯʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ, ʧʦʵʪʦʤʫ ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʣʫʯʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʚʥʝʩʝʥʘ ʧʦʧʨʘʚʢʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʢʦʨʨʝʢʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʧʦʩʣʝ ʯʝʛʦ 

ʜʦʣʞʥʘ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 8, ʦʙʱʠʡ ʚʠʜ 

ʬʘʟʦʚʦʡ ʬʫʥʢʮʠʠ ɿʝʤʣʠ ʚʙʣʠʟʠ ʪʦʯʢʠ Ŭ = Ñ180Á ʚʥʦʩʷʪ ʤʠʥʠʤʘʣʴʥʳʡ ʚʢʣʘʜ ʚ ʬʘʟʦʚʳʡ ʠʥʪʝʛʨʘʣ, 
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ʧʦʵʪʦʤʫ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʧʨʷʤʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʘʭ ʬʘʟʦʚʳʭ ʫʛʣʦʚ Ŭ ʦʪ ï170.9Á 

ʜʦ ï180Á ʠ ʦʪ +168.8Á ʜʦ +180Á ʥʝ ʚʥʝʩʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʢʘʢʦʡ ʦʰʠʙʢʠ. ɽʩʣʠ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ 

ʢʨʠʚʦʡ ʬʘʟʦʚʦʡ ʬʫʥʢʮʠʠ ʧʫʪʝʤ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʨʦʜʦʣʞʠʪʴ ʣʠʥʝʡʥʦ ʩʧʘʜʘʶʱʝʡ ʚ ʥʦʣʴ ʧʨʠ 

Ŭ = Ñ180Á, ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʦʪʣʠʯʠʶ ʦʪ ʠʥʪʝʛʨʘʣʘ ʠʩʭʦʜʥʦʡ ʬʫʥʢʮʠʠ ʤʝʥʝʝ ʯʝʤ ʥʘ 0.001%, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦʡ ʦʰʠʙʢʦʡ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ ʧʦʣʥʦʩʪʴʶ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʦʧʪʠʯʝʩʢʠʭ ʪʝʣʝʩʢʦʧʦʚ-ʨʦʙʦʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʥʝʧʨʝʨʳʚʥʦ ʥʘʙʣʶʜʘʪʴ ɿʝʤʣʶ ʩ ʃʫʥʳ ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʬʘʟʦʚʳʭ ʫʛʣʦʚ Ŭ ʦʪ ï170.9Á ʜʦ 

0Á ʠ ʦʪ 0Á ʜʦ +168.8Á ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ ʉʦʣʥʮʘ. ʅʝʧʦʣʥʦʝ ʧʦʢʨʳʪʠʝ ʜʠʘʧʘʟʦʥʘ 

ʬʘʟʦʚʳʭ ʫʛʣʦʚ ɿʝʤʣʠ ʥʝ ʚʥʝʩʝʪ ʥʠʢʘʢʦʡ ʦʰʠʙʢʠ ʚ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ. ʊʦʯʥʦʩʪʴ ʠʪʦʛʦʚʦʛʦ 

ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʘʧʧʘʨʘʪʥʦʡ ʦʰʠʙʢʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ. ʅʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ɿʝʤʣʠ ʠʟʣʫʯʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʯʠʪʘʪʴ ʩʨʝʜʥʝʛʦʜʦʚʦʝ ʟʥʘʯʝʥʠʝ ʘʣʴʙʝʜʦ ɹʦʥʜʘ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ɿʝʤʣʠ ʩ 

ʫʯʝʪʦʤ ʚʩʝʭ ʠʭ ʚʘʨʠʘʮʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ.  
 

 

ʈʠʩ. 9. ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʃʆ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʠʩʪʝʤʳ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʉʆʊʈ-300ʂ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʣʴʢʦ ʃʆ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʚʝʜʝʥʠʷ ʜʣʠʪʝʣʴʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʨʷʜʦʚ ʠʟʤʝʨʝʥʠʡ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʚʝʣʠʯʠʥ ʩʫʤʤʘʨʥʳʭ ʵʥʝʨʛʠʡ, ʫʭʦʜʷʱʠʭ ʦʪ ɿʝʤʣʠ ʚ 

ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ: ʘʣʴʙʝʜʦ ɹʦʥʜʘ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ɿʝʤʣʠ ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ å0.1%, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ ʪʦʯʥʝʝ, ʯʝʤ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʵʪʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʂɸ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ, ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʦʡ ʠʣʠ ʚ ʪʦʯʢʝ ʃʘʛʨʘʥʞʘ L1 ʩʠʩʪʝʤʳ 

ʉʦʣʥʮʝ-ɿʝʤʣʷ ʦʨʙʠʪʘʭ. ʇʨʠ ʵʪʦʤ ʪʦʣʴʢʦ ʃʆ ʧʦʟʚʦʣʠʪ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ 

ʉʦʣʥʮʘ ʧʦʣʫʯʘʪʴ ʦʜʥʦʨʦʜʥʳʝ ʨʷʜʳ ʧʨʝʮʠʟʠʦʥʥʳʭ ʜʘʥʥʳʭ ʦ ʚʘʨʠʘʮʠʷʭ ʩʨʝʜʥʝʛʦʜʦʚʳʭ 

ʟʥʘʯʝʥʠʡ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʛʣʦʙʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʠ ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʢʣʠʤʘʪ, ʠ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʦ ʦʧʨʝʜʝʣʠʪ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʚʝʣʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʷ 

ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ɿʝʤʣʠ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʊʦ ʝʩʪʴ ʵʪʠ ʜʘʥʥʳʝ 
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ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʧʦʩʪʫʧʠʚʰʠʤʠ ʥʘ ʧʣʘʥʝʪʫ ʠ 

ʫʰʝʜʰʠʤʠ ʦʙʨʘʪʥʦ ʚ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʵʥʝʨʛʠʷʤʠ. ʃʆ ʚʧʝʨʚʳʝ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪ ʠ 

ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʥʝʜʦʩʪʘʶʱʝʡ, ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʦʡ ʥʘʠʚʘʞʥʝʡʰʝʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ 

ʚʳʩʦʢʦʪʦʯʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ ʦ ʚʝʣʠʯʠʥʝ ʦʪʢʣʦʥʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʙʘʣʘʥʩʘ ʧʣʘʥʝʪʳ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ ʉʦʣʥʮʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʚʝʣʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʙʘʣʘʥʩʘ ʧʣʘʥʝʪʳ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʟʚʦʣʠʪ ʥʘʜʝʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʠʟʤʝʥʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʣʘʥʝʪʳ, ʩʫʤʤʘʨʥʫʶ ʚʝʣʠʯʠʥʫ ʥʘʢʦʧʣʝʥʥʦʛʦ ʆʢʝʘʥʦʤ ʠʟʙʳʪʢʘ 

ʧʦʩʪʫʧʠʚʰʝʡ ʵʥʝʨʛʠʠ ʠʣʠ ʝʝ ʜʝʬʠʮʠʪʘ. ʆʥʠ ʚʧʝʨʚʳʝ ʧʦʟʚʦʣʷʪ ʦʧʨʝʜʝʣʷʪʴ ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ, ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʠ 

ʨʘʟʨʘʙʦʪʘʪʴ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʝʛʦ ʛʨʷʜʫʱʠʭ ʛʣʫʙʦʢʠʭ ʠʟʤʝʥʝʥʠʡ. ɸ 

ʩʫʤʤʘʨʥʘʷ ʚʝʣʠʯʠʥʘ ʥʘʢʦʧʣʝʥʥʦʡ ʵʥʝʨʛʠʠ ɆE ʠʣʠ ʝʝ ʜʝʬʠʮʠʪʘ ʟʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʤʦʞʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʛʣʫʙʠʥʫ ʛʨʷʜʫʱʝʡ ʚʘʨʠʘʮʠʠ ʢʣʠʤʘʪʘ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʥʘʫʯʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʚʘʞʥʦʩʪʠ ʠ ʫʥʠʢʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʥʘʠʣʫʯʰʝʛʦ ʠ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʛʦ ʧʦʟʥʘʥʠʷ ʬʠʟʠʢʠ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʯʠʥ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ʀʪʘʢ, ʃʆ ʚʧʝʨʚʳʝ ʦʙʝʩʧʝʯʠʪ ʚʘʞʥʝʡʰʠʤʠ ʥʝʜʦʩʪʘʶʱʠʤʠ, ʢʨʘʡʥʝ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʤʠ ʛʣʦʙʘʣʴʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʠʢʘʢʠʤʠ ʜʨʫʛʠʤʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʭ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ.  

ʇʦʣʫʯʝʥʥʳʝ ʚ ʃʆ ʜʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʜʣʠʪʝʣʴʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʨʷʜʦʚ ʧʨʝʮʠʟʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʚʘʨʠʘʮʠʡ ʘʣʴʙʝʜʦ ɹʦʥʜʘ, ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʚ ʜʠʘʧʘʟʦʥʝ 

ʜʣʠʥ ʚʦʣʥ ʦʩʥʦʚʥʦʛʦ ʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ) ɿʝʤʣʠ ʧʦʟʚʦʣʷʪ ʢʘʨʜʠʥʘʣʴʥʳʤ ʦʙʨʘʟʦʤ 

ʨʘʩʰʠʨʠʪʴ ʥʘʰʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ 

ʢʣʠʤʘʪʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠʭ ʚʘʨʠʘʮʠʡ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ ʷʚʣʷʝʪʩʷ 

ʧʨʠʦʨʠʪʝʪʥʦʡ ʠ ʚʘʞʥʝʡʰʝʡ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʠ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʨʷʜʫʱʝʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʛʣʫʙʠʥʳ. ʉʦʟʜʘʚʘʝʤʘʷ ʧʝʨʚʘʷ ʩʪʘʮʠʦʥʘʨʥʘʷ ʃʆ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʂʣʠʤʘʪʠʯʝʩʢʦʡ ʜʦʢʪʨʠʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʧʨʠʥʷʪʦʡ ʈʘʩʧʦʨʷʞʝʥʠʝʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʦʪ 

17.12.2009 ʛ. N 861-ʨʧ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʥʠʪʦʨʠʥʛʘ ʘʣʴʙʝʜʦ ɹʦʥʜʘ, ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠ ʦʪʢʣʦʥʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ɿʝʤʣʠ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ, ʘ ʪʘʢʞʝ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʧ. 3.5 ʈʘʩʧʦʨʷʞʝʥʠʷ  

" ... ʆʙʝʩʧʝʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʤʠʨʦʚʦʤʫ ʫʨʦʚʥʶ, ʧʨʠʟʥʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʦʩʩʠʡʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʥʘʫʯʥʳʤ 

ʩʦʦʙʱʝʩʪʚʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʦʚ ʚ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʧʦʣʠʪʠʯʝʩʢʦʤ 

ʜʠʘʣʦʛʝ ʧʦ ʧʨʦʙʣʝʤʘʤ ʢʣʠʤʘʪʘ".  

ʃʆ ʥʘʭʦʜʠʪʩʷ ʚ ʨʫʩʣʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ 

ʠʥʪʝʨʝʩʦʚ ʝʝ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʀʪʘʢ, ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʩʦʟʜʘʥʠʝ ʧʝʨʚʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʃʆ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʯʠʥ, ʘ ʪʘʢʞʝ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʠʟʤʝʥʝʥʠʡ ʛʣʦʙʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʚʘʨʠʘʮʠʡ ʚʝʣʠʯʠʥ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ 

ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ɿʝʤʣʠ ʠ ʥʘʢʦʧʣʝʥʥʦʛʦ ʚ ʆʢʝʘʥʝ ʠʟʙʳʪʢʘ 

ʧʦʩʪʫʧʠʚʰʝʡ ʵʥʝʨʛʠʠ ʠʣʠ ʝʝ ʜʝʬʠʮʠʪʘ, ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʫʯʥʳʤ ʠ ʧʨʠʢʣʘʜʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ (ʩ ʚʘʞʥʝʡʰʠʤ ʧʨʘʢʪʠʯʝʩʢʠʤ ʚʳʭʦʜʦʤ). ʇʦʩʨʝʜʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʩʦʣʥʝʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʃʆ, ʦʙʝʩʧʝʯʠʚʘʷ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 11 ʣʝʪ ʥʦʚʳʤ 

ʧʦʪʦʢʦʤ ʢʦʤʧʣʝʢʩʘ ʥʝʜʦʩʪʘʶʱʠʭ ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʳʭ ʚʘʞʥʝʡʰʠʭ ʥʘʫʯʥʳʭ ʠʥʬʦʨʤʘʮʠʡ, ʩʪʘʥʝʪ 

ʦʛʨʦʤʥʳʤ ʥʘʫʯʥʳʤ ʧʨʦʨʳʚʦʤ ʠ ʜʘʩʪ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ 

ʢʣʠʤʘʪʘ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʠ ʝʛʦ ʠʟʤʝʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʯʠʥ. ʉʚʦʝʚʨʝʤʝʥʥʘʷ 

ʨʘʟʨʘʙʦʪʢʘ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʨʷʜʫʱʠʭ ʛʣʫʙʦʢʠʭ ʠʟʤʝʥʝʥʠʡ 

ʛʣʦʙʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ ʧʦʟʚʦʣʠʪ ʧʨʝʜʫʧʨʝʜʠʪʴ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʦʩʣʘʙʠʪʴ ʦʧʘʩʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ 

ʛʣʦʙʘʣʴʥʦʛʦ ʫʭʫʜʰʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚʦ ʚʩʝʤ ʤʠʨʝ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ.  

ʇʨʦʝʢʪ çʃʫʥʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷè ʧʦʜʜʝʨʞʘʥ ʉʦʚʝʪʦʤ ʈɸʅ ʧʦ ʢʦʩʤʦʩʫ.  
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