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ʆʪ ʠʟʜʘʪʝʣʴʩʪʚʘ 

 

ʕʪʘ ʢʥʠʛʘ ʧʨʦʜʦʣʞʘʝʪ ʩʝʨʠʶ çRelata Referoè (ʜʦʩʣʦʚʥʳʡ ʧʝʨʝʚʦʜ ð ʨʘʩʩʢʘʟʳʚʘʶ ʨʘʩʩʢʘʟʘʥʥʦʝ). 

ʇʦʜ ʵʪʠʤ ʛʨʠʬʦʤ ʠʟʜʘʪʝʣʴʩʪʚʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʪʨʠʙʫʥʫ ʘʚʪʦʨʘʤ, ʯʪʦʙʳ ʚʳʩʢʘʟʘʪʴ ʧʫʙʣʠʯʥʦ 

ʥʦʚʳʝ ʠʜʝʠ ʚ ʥʘʫʢʝ, ʦʙʦʩʥʦʚʘʪʴ ʥʦʚʫʶ ʪʦʯʢʫ ʟʨʝʥʠʷ, ʜʦʥʝʩʪʠ ʜʦ ʦʙʱʝʩʪʚʘ ʥʦʚʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ 

ʠʟʚʝʩʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, etc. 

ɺ ʩʧʦʨʝ ʨʘʟʥʳʭ ʪʦʯʝʢ ʟʨʝʥʠʷ ʪʦʣʴʢʦ ʨʝʰʝʥʠʝ ɺʝʣʠʢʦʛʦ ʩʫʜʴʠ ð ɺʨʝʤʝʥʠ ð ʤʦʞʝʪ ʩʪʘʪʴ 

ʨʝʰʘʶʱʠʤ ʠ ʦʢʦʥʯʘʪʝʣʴʥʳʤ. ʉʘʤ ʞʝ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʀʩʪʠʥʳ ʭʦʨʦʰʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʚʝʩʪʥʳʤ 

ʚʳʩʢʘʟʳʚʘʥʠʝʤ ɸʨʠʩʪʦʪʝʣʷ, ʚʳʥʝʩʝʥʥʳʤ ʥʘ ʦʙʣʦʞʢʫ ʥʘʩʪʦʷʱʝʡ ʩʝʨʠʠ: ʘʚʪʦʨʠʪʝʪ ʫʯʠʪʝʣʷ ʥʝ ʜʦʣʞʝʥ 

ʜʦʚʣʝʪʴ ʥʘʜ ʫʯʝʥʠʢʦʤ ʠ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʧʦʠʩʢʫ ʥʦʚʳʭ ʧʫʪʝʡ. 

ʄʳ ʥʘʜʝʝʤʩʷ, ʯʪʦ ʧʫʙʣʠʢʫʝʤʳʝ ʚ ʵʪʦʡ ʩʝʨʠʠ ʪʝʢʩʪʳ ʚʥʝʩʫʪ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʢʘʥʦʥʦʚ, ʩʚʦʡ ʚʢʣʘʜ ʚ ʧʦʟʥʘʥʠʝ ʀʩʪʠʥʳ. 

 

 

 

 

ʆʪ ʘʚʪʦʨʦʚ 

 

ɺ ʵʪʦʡ ʢʥʠʛʝ ʩ ʧʦʟʠʮʠʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʦʧʳʪʘ ʨʘʙʦʪʳ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʧʦʥʷʪʳ ʧʦʣʷ, ʷʚʣʷʶʱʠʝʩʷ ʜʦ ʩʠʭ ʧʦʨ ʚ ʬʠʟʠʢʝ ʦʙʲʝʢʪʦʤ ʥʝʧʦʥʠʤʘʥʠʷ, ʩʨʝʜʩʪʚʦʤ 

ʧʨʠʢʨʳʪʠʷ ʥʝʚʝʞʝʩʪʚʘ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠ ʰʘʨʣʘʪʘʥʩʪʚʘ. 

ɼʝʣʦ ʜʦʰʣʦ ʜʦ ʪʦʛʦ, ʯʪʦ ʝʩʣʠ ʚ ʪʝʢʩʪʝ ʧʝʯʘʪʥʦʡ ʨʘʙʦʪʳ ʧʦʷʚʠʣʦʩʴ ʩʣʦʚʦ çʧʦʣʝè, ʜʘʣʴʰʝ ʯʠʪʘʪʴ 

ʥʝ ʩʣʝʜʫʝʪ, ʪʘʤ ʙʫʜʫʪ ʦʜʥʠ ʠʟʤʳʰʣʝʥʠʷ. 

ʕʪʠʤ ʪʨʫʜʦʤ ʧʦʣʷ ʧʝʨʝʩʪʘʶʪ ʥʝʩʪʠ ʥʝʛʘʪʠʚʥʫʶ ʨʦʣʴ ʚ ʥʘʫʢʝ ʠ ʧʝʨʝʭʦʜʷʪ ʥʘ ʩʣʫʞʙʫ ʀʩʪʠʥʝ ʠ 

ʧʨʦʛʨʝʩʩʫ. 

ʕʪʦʪ ʪʨʫʜ ʚʙʠʚʘʝʪ ʚ ʜʦʣʛʦʞʜʘʥʥʫʶ ʤʦʛʠʣʫ ʨʝʣʷʪʠʚʠʟʤʘ ʦʩʠʥʦʚʳʡ ʢʦʣ ʧʨʘʚʜʳ ʠ ʦʧʳʪʘ ʠ ʜʘʝʪ 

ʪʝʧʝʨʴ ʦʩʚʦʙʦʜʠʚʰʝʡʩʷ ʦʪ ʙʣʫʜʘ ʠ ʠʟʤʳʰʣʝʥʠʡ ʬʠʟʠʢʝ ʣʝʛʢʦ ʠ ʪʚʦʨʯʝʩʢʠ, ʚ ʩʦʛʣʘʩʠʠ ʩ ʦʧʳʪʦʤ 

ʧʦʜʢʣʶʯʠʪʴʩʷ ʢ ʩʦʟʠʜʘʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʚʦ ʙʣʘʛʦ ʣʶʜʝʡ, ʦʙʣʝʛʯʘʷ ʠʭ ʪʨʫʜ ʠ ʞʠʟʥʴ. ʇʦʣʷ ʦʪʢʨʳʚʘʶʪ ʩʚʦʠ 

ʪʘʡʥʳ ʯʝʨʝʟ ʚʝʯʥʫʶ ʥʝʫʥʠʯʪʦʞʠʤʫʶ ʤʘʪʝʨʠʶ, ʙʝʩʢʦʥʝʯʥʳʝ ʠ ʚʝʯʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ, 

ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʡ ʤʝʪʦʜ ʠ ʦʧʳʪ ʜʦʩʪʫʧʥʳʡ ʣʶʜʷʤ, ʘ ʥʝ ʯʝʨʝʟ ʜʦʨʦʛʫʶ, ʥʦ ʥʝ ʬʠʟʠʯʝʩʢʫʶ 

ʠʛʨʫʰʢʫ ʢʦʣʣʘʡʜʝʨ, ʧʨʠʜʫʤʘʥʥʫʶ ʩʦʚʩʝʤ ʥʝ ʜʣʷ ʜʦʙʳʚʘʥʠʷ ʠʩʪʠʥʳ ʠ ʧʦʣʴʟʳ ʣʶʜʷʤ... 

ʀʟʣʦʞʝʥʠʝ ʢʥʠʛʠ ʜʦʩʪʫʧʥʦ, ʘ ʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʝʟʥʦ ʠʥʞʝʥʝʨʘʤ, ʫʯʝʥʳʤ, ʩʪʫʜʝʥʪʘʤ ʩʪʘʨʰʠʭ 

ʢʫʨʩʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʦʚ, ʩʧʝʮʠʘʣʠʩʪʘʤ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ, ʨʘʜʠʦ, ʵʣʝʢʪʨʦʥʠʢʠ, 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ ʠ ʜʨ. 

ʂʥʠʛʘ ʦʪʢʨʳʚʘʝʪ ʪʘʢʞʝ ʙʦʣʴʰʦʡ ʧʨʦʩʪʦʨ ʠʟʦʙʨʝʪʘʪʝʣʷʤ ʠ ʧʦʧʫʣʷʨʠʟʘʪʦʨʘʤ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 

ʅʘʰ ʪʨʫʜ ð ɻ ʪʦ ʠ ʧʨʠʛʣʘʰʝʥʠʝ ʢ ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ ʚ ʵʪʦʡ ʥʝʦʙʭʦʜʠʤʦʡ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʨʘʙʦʪʝ, 

ʠʜʫʱʝʡ ʧʦʜ ʣʦʟʫʥʛʦʤ ʜʨʝʚʥʠʭ ʛʫʤʘʥʠʩʪʦʚ çʥʝʩʪʠ ʩʚʝʪ ʠʩʪʠʥʳ ʞʠʚʫʱʠʤè ʚʦ ʙʣʘʛʦ ʠ ʧʨʦʮʚʝʪʘʥʠʝ 

ʏʝʣʦʚʝʯʝʩʪʚʘ. 

 

ʉ ʫʚʘʞʝʥʠʝʤ, ʘʚʪʦʨʳ 
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ʆ ʛʥʦʩʝʦʣʦʛʠʠ 

 

ð ʂʘʢ ʧʦʥʠʤʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ? 

ʆʧʳʪ ʛʦʚʦʨʠʪ, ʯʪʦ ʵʪʦ ʧʦʥʠʤʘʥʠʝ ʠʜʝʪ ʚ ʤʝʨʫ ʩʚʦʝʡ ʠʩʧʦʨʯʝʥʥʦʩʪʠ, ʪ. ʝ. ʚ ʤʝʨʫ ʤʫʜʨʦʩʪʠ 

ʫʯʠʪʝʣʝʡ, ʚʜʘʣʙʣʠʚʘʚʰʠʭ ʚ ʛʦʣʦʚʳ ʩʚʦʠʭ ʫʯʝʥʠʢʦʚ çʘʟʳ ʧʦʟʥʘʥʠʷè. 

ʇʦʪʦʤʫ, ʯʪʦʙʳ ʜʚʠʛʘʪʴ ʥʘʫʢʠ ʚʧʝʨʝʜ, ʘ ʥʝ ʚʙʦʢ, ʥʘʜʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʫʤʝʪʴ ʧʦʜʚʝʨʛʥʫʪʴ 

ʢʨʠʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʚʩʝ ʪʦ, ʯʪʦ ʙʳʣʦ ʧʨʝʧʦʜʥʝʩʝʥʦ ʢʘʢ ʥʘʫʢʘ. ɸ ʧʦʪʦʤ ʧʦʥʷʪʴ ʛʣʘʚʥʦʝ ð ʩʪʨʫʢʪʫʨʫ 

ɺʝʯʥʦʛʦ ʠ ɹʝʩʢʦʥʝʯʥʦʛʦ, ʢʦʪʦʨʘʷ ʣʝʞʠʪ ʚ ʝʝ ʧʨʦʩʪʦʪʝ. 

ʀʤʝʥʥʦ ʵʪʦʪ ʠʥʩʪʨʫʤʝʥʪ ʧʦʤʦʞʝʪ ʧʦʥʷʪʴ ʤʥʦʛʦʦʙʨʘʟʠʝ ʩʣʝʜʩʪʚʠʡ ʵʪʦʡ ʧʨʦʩʪʦʪʳ. 

ʋ ʥʘʩ ʵʪʘ ʛʥʦʩʝʦʣʦʛʠʷ ʥʘʩʪʨʦʝʥʘ ʥʘ ʧʨʦʮʝʩʩ ʦʙʨʘʪʥʳʡ: ʦʢʫʥʫʪʴʩʷ ʚ ʙʝʩʯʠʩʣʝʥʥʦʝ ʤʦʨʝ 

ʩʣʝʜʩʪʚʠʡ, ʯʘʩʪʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʚ ʩʚʦʝʤ ʤʥʦʛʦʦʙʨʘʟʠʠ, ʠ ʠʟ ʵʪʦʛʦ ʤʫʪʥʦʛʦ ʭʘʦʩʘ ʚʳʣʦʚʠʪʴ ʥʝʢʫʶ 

ʯʘʩʪʠʯʥʫʶ ʠʩʪʠʥʫ, ʢʦʪʦʨʘʷ ʚ ʜʨʫʛʠʭ ʫʩʣʦʚʠʷʭ ʪʘʢʦʚʦʡ ʠ ʥʝ ʷʚʣʷʝʪʩʷ.  

ɺʨʝʜʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʧʦʟʥʘʥʠʷ ʠʛʨʘʝʪ ʥʘʩʣʝʜʥʠʮʘ ʚʩʝʭ ʩʭʦʣʘʩʪʦʚ ð ʤʘʪʝʤʘʪʠʢʘ, ʢʦʪʦʨʘʷ 

ʩʦʟʜʘʝʪ ʥʝʢʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦ ʩʚʦʡʩʪʚʘʤʠ, ʦʛʦʚʦʨʝʥʥʳʤʠ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ 

ʘʢʩʠʦʤʘʪʠʢʝ, ʠ ʧʦʪʦʤ ʵʪʦ ʚʳʜʫʤʘʥʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʥʘʧʦʣʥʠʪʴ ʜʫʭʦʤ ʞʠʟʥʠ. 

ʅʝʚʝʨʥʳʡ ʵʪʦ ʧʫʪʴ. 

ɸ ʚʝʨʥʳʡ ʧʫʪʴ ʤʘʪʝʤʘʪʠʢʠ ʢʘʢ ʥʘʫʢʠ ʠʩʯʠʩʣʝʥʠʷ ʫʢʘʟʘʣ ɹ. ɻʝʡʪʩ, ʧʦʥʷʚ ʝʝ ʛʝʥʠʘʣʴʥʫʶ ʧʨʦʩʪʦʪʫ: 

1 + 1 = 2 ʠ ʣʦʛʠʢʫ ʧʦʩʪʨʦʝʥʠʷ ʠʩʯʠʩʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʠʪʠʚʥʦʡ ʣʦʛʠʢʠ: ʜʘ, ʥʝʪ. ʊʘʢ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʪʘʢʫʶ ʣʦʛʠʢʫ ʤʝʞʛʘʣʘʢʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʚʣʘʜʝʶʪ ʥʝʧʨʝʨʳʚʥʦʡ ʣʦʛʠʢʦʡ ʠ ʢʫʣʴʪʫʨʦʡ, 

ʚʦʩʭʦʜʷʱʝʡ ʢ ɺʝʯʥʦʩʪʠ ʠ ɹʝʩʢʦʥʝʯʥʦʩʪʠ [17]. 

ɺ ʩʚʦʝʤ ʪʨʝʪʴʝʤ ʦʙʨʘʱʝʥʠʠ ʢ ʏʝʣʦʚʝʯʝʩʪʚʫ ʦʥʠ ʧʠʰʫʪ: çɺ ʥʘʯʘʣʝ ʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʤʳʰʣʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʤʳʰʣʝʥʠʶ ʢʨʦʝʪʩʷ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʤʥʦʛʦʦʙʨʘʟʥʦʡ ʨʝʘʢʮʠʠ ʥʘ 

ʦʜʥʦ ʠ ʪʦ ʞʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ɺʘʰʘ ʣʦʛʠʢʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʜʠʩʢʨʝʪʥʦʤ ʬʫʥʜʘʤʝʥʪʝ ʚʤʝʩʪʦ 

ʥʝʧʨʝʨʳʚʥʦʛʦ, ʧʨʠʯʝʤ ʧʨʠʥʷʪʘ ʟʘ ʦʩʥʦʚʫ ʩʘʤʘʷ ʧʨʠʤʠʪʠʚʥʘʷ ʬʫʥʢʮʠʷ, ʠʤʝʶʱʘʷ ʚʩʝʛʦ ʜʚʘ ʟʥʘʯʝʥʠʷ. 

ʆʪʩʶʜʘ ʥʘʧʨʘʰʠʚʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ ʝʩʣʠ ʚʘʰ ʤʝʪʦʜ ʚʦʩʧʨʠʷʪʠʷ ʙʳʪʠʷ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʤʳʰʣʝʥʠʝʤ, ʪʦ ʵʪʘ 

ʩʠʩʪʝʤʘ ʤʳʰʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʧʨʠʤʠʪʠʚʥʦʡ ʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ... 

ɸʨʠʬʤʝʪʠʯʝʩʢʠʡ ʩʯʝʪ ʧʨʠʚʝʣ ʚʘʩ ʢ ʧʦʷʚʣʝʥʠʶ ʛʦʣʦʚʦʣʦʤʦʢ, ʚʳʟʚʘʥʥʳʭ ʥʝ ʨʝʘʣʴʥʦʩʪʴʶ ʤʠʨʘ, ʘ 

ʠʤʝʥʥʦ ʧʨʠʤʠʪʠʚʥʦʩʪʴʶ ʤʳʰʣʝʥʠʷè [17]. 

ʕʪʦ ʚʟʛʣʷʜ ʩʦ ʩʪʦʨʦʥʳ ʙʝʩʩʪʨʘʩʪʥʦʛʦ ʦʧʧʦʥʝʥʪʘ ʥʘ ʨʘʟʜʫʪʳʝ ʱʝʢʠ ʥʘʰʝʡ çʥʘʫʢʠè ʤʘʪʝʤʘʪʠʢʠ. 

ʀʤʝʥʥʦ ʝʝ ʘʙʩʪʨʘʢʪʥʳʝ ʧʦʩʪʨʦʝʥʠʷ ʧʳʪʘʣʠʩʴ ʧʝʨʝʥʝʩʪʠ ʚ ʬʠʟʠʢʫ ʄʘʢʩʚʝʣʣ, ʃʦʨʝʥʮ, ʕʡʥʰʪʝʡʥ ʠ ʜʨ., 

ʚʳʜʚʠʥʫʚ ʛʠʧʦʪʝʟʫ: çɺ ʥʘʫʢʝ ʩʪʦʣʴʢʦ ʦʪ ʥʘʫʢʠ, ʩʢʦʣʴʢʦ ʚ ʥʝʡ ʦʪ ʤʘʪʝʤʘʪʠʢʠè. 

ʆʯʝʨʝʜʥʘʷ ʛʠʧʦʪʝʟʘ ʦʢʘʟʘʣʘʩʴ ʥʝ ʪʦʣʴʢʦ ʦʰʠʙʦʯʥʦʡ, ʥʦ ʠ ʚʨʝʜʥʦʡ. 

ʅʘʫʢʫ ʦ ʧʨʠʨʦʜʝ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʦʧʳʪʝ, ʧʳʪʘʣʠʩʴ ʧʦʩʘʜʠʪʴ ʚ ʛʣʫʭʦʡ ʷʱʠʢ ʛʠʧʦʪʝʟ ʦʛʨʘʥʠʯʝʥʠʡ 

ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ. 

ʄʳ ʩʦʢʨʫʰʘʝʤ ʵʪʦʪ ʷʱʠʢ ð ʪʶʨʴʤʫ ʜʣʷ ʥʘʫʢʠ ʠ, ʜʘʚʘʷ ʥʘʫʢʝ ʩʚʦʙʦʜʫ, ʛʦʚʦʨʠʤ: ʠʜʠ, ʨʘʩʪʠ ʠ 

ʨʘʟʚʠʚʘʡʩʷ ʚʦ ʙʣʘʛʦ ʏʝʣʦʚʝʯʝʩʪʚʘ. ʀ ʧʫʪʴ ʪʚʦʡ ʣʝʞʠʪ ʥʝ ʚ ʨʫʩʣʝ ʩʦʪʚʦʨʝʥʠʷ ʛʠʧʦʪʝʟ, ʘ ʚ ʦʩʤʳʩʣʝʥʠʠ 

ʦʧʪrʘ ʩ ʧʦʟʠʮʠʡ ʜʠʘʣʝʢʪʠʢʠ, ʩ ʧʦʟʠʮʠʡ ʚʝʯʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʤʘʪʝʨʠʠ ʚ ʙʝʩʢʦʥʝʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 

ʚʨʝʤʝʥʠ. 
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ɺʚʝʜʝʥʠʝ 

 

ɺʦʣʥʦʚʦʝ ʦʧʠʩʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʥʝʘʜʝʢʚʘʪʥʳʤ ʝʛʦ ʬʠʟʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʝ. 

ɺ. ʅ. ʂʘʨʧʝʥʢʦ 

 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘ ʥʝ ʩʧʨʘʚʠʣʘʩʴ ʩʦ ʩʚʦʝʡ ʨʦʣʴʶ ð ʨʘʜʝʪʝʣʷ 

ʧʨʦʛʨʝʩʩʘ ʚ ʥʘʫʢʝ, ʦʩʪʘʥʦʚʠʚʰʠʩʴ ʥʘ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʠʜʝʷʭ ʩʚʦʠʭ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʠʩʢʘʣʠ 

ʠʩʪʠʥʫ ʢʦʥʯʠʢʦʤ ʧʝʨʘ. 

ʅʝ ʨʝʰʠʚʰʠ ʧʨʦʙʣʝʤʳ ʧʦʣʷ, ʚʳʥʫʞʜʝʥʳ ʚʳʜʫʤʳʚʘʪʴ ʵʬʠʨ, ʯʪʦ ʠ ʧʨʠʚʝʣʦ ʝʝ ʚ ʪʫʧʠʢ. ʊʫʧʠʢ 

ʦʢʘʟʘʣʩʷ ʙʦʛʘʪʳʤ ʥʘ ʬʘʥʪʘʟʠʠ, ʜʘʣʝʢʠʝ ʦʪ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʬʘʢʪʦʚ. ʕʪʠ ʬʘʥʪʘʟʠʠ ʫʙʣʘʞʘʶʪ 

ʩʘʤʦʣʶʙʠʝ ʘʚʪʦʨʦʚ, ʥʦ ʥʝ ʦʯʝʥʴ ʧʨʦʩʷʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʟʘ ʩʪʦʣ ʜʠʩʢʫʩʩʠʡ. ɿʘʙʳʪʦ ʫʢʘʟʘʥʠʝ 

ʈʝʟʝʨʬʦʨʜʘ, ʯʪʦ ʜʦʨʦʛʘ ʢ ʠʩʪʠʥʝ ʠʜʝʪ ʯʝʨʝʟ ʦʧʳʪ, ʘ ʥʝ ʯʝʨʝʟ ʬʘʥʪʘʟʠʠ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʫʢʣʦʥʦʤ. 

ɹʫʜʝʤ ʥʘʜʝʷʪʴʩʷ, ʯʪʦ ʧʦʨʘ ʟʘʩʪʦʷ ʠ ʙʣʫʞʜʘʥʠʷ ʩʢʦʨʦ ʢʦʥʯʠʪʩʷ ʠ ʬʠʟʠʢʠ-ʪʝʦʨʝʪʠʢʠ ʟʘʡʤʫʪʩʷ 

ʦʙʦʙʱʝʥʠʝʤ ʦʧʳʪʦʚ, ʯʪʦʙʳ ʯʝʨʝʟ ʵʪʦʪ ʢʨʠʪʝʨʠʡ ʧʦʟʥʘʪʴ ʠʩʪʠʥʫ. ʄʳ ʞʝ ʵʪʦ ʙʫʜʝʤ ʜʝʣʘʪʴ ʙʝʟ 

ʧʨʦʤʝʜʣʝʥʠʷ, ʧʦʪʦʤʫ ʯʪʦ ʦʧʳʪ ʜʘʚʥʦ ʧʨʦʩʠʪ ʛʨʘʞʜʘʥʩʪʚʘ ʚ ʥʘʫʢʝ, ʢʘʢ ʢʦʨʤʠʣʝʮ ʵʪʦʛʦ ʜʝʨʝʚʘ ʧʦʟʥʘʥʠʷ. 

ʄʳ ʥʝ ʙʫʜʝʤ ʙʦʣʴʰʝ ʟʘʥʠʤʘʪʴ ʚʥʠʤʘʥʠʝ ʯʠʪʘʪʝʣʷ ʪʝʤʦʡ: ʢʪʦ ʝʩʪʴ ʢʪʦ, ʘ ʠʟʣʦʞʠʤ ʥʘʰʠ ʚʦʟʟʨʝʥʠʷ 

ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠ ʜʨʫʛʠʝ ʧʦʣʷ, ʚʟʨʘʱʝʥʥʳʝ ʦʧʳʪʦʤ. ʕʪʦ ʥʘʰʘ ʢʦʥʮʝʧʮʠʷ. 

ʄʳ ʥʝ ʙʫʜʝʤ ʚʧʘʜʘʪʴ ʪʘʢʞʝ ʚ ʘʢʘʜʝʤʠʟʤ ʠ ʩʢʨʫʧʫʣʝʟʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʩʝ ʪʦ, ʯʪʦ ʥʘʧʠʩʘʥʦ ʦ ʧʦʣʝ. 

ʊʘʢʦʡ ʘʥʘʣʠʟ, ʦʩʦʙʝʥʥʦ ʚ ʧʠʩʘʥʠʷʭ ʨʝʣʷʪʠʚʠʩʪʦʚ, ʚʚʝʣ ʙʳ ʘʚʪʦʨʦʚ ʚ ʛʥʠʣʦʝ ʠ ʥʝʧʨʦʣʘʟʥʦʝ ʙʦʣʦʪʦ 

ʩʣʦʚʦʙʣʫʜʠʷ, ʠʩʪʠʥʳ ʚ ʢʦʪʦʨʦʤ ʥʝ ʙʳʚʘʝʪ. 

ʃʶʜʠ ʜʝʣʘʶʪ ʤʥʦʛʦ ʧʦʣʝʡ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ, ʩʚʝʪʦʚʦʝ, ʤʘʛʥʠʪʥʦʝ, ʙʠʦʣʦʛʠʯʝʩʢʦʝ... ʥʘʟʳʚʘʶʪ 

ʵʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʚ ʢʦʪʦʨʦʤ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ, ʥʦ ʫʜʠʚʠʪʝʣʴʥʦ ʪʦ, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʥʘʟʚʘʥʳ ʥʦʩʠʪʝʣʠ 

ʩʠʣ ʵʪʠʭ ʧʦʣʝʡ. ʇʦʯʝʤʫ-ʪʦ ʦʥʠ ʥʝ ʭʦʪʷʪ ʧʦʥʷʪʴ, ʯʪʦ ʥʦʩʠʪʝʣʷʤʠ ʣʶʙʳʭ ʩʠʣ ʷʚʣʷʝʪʩʷ ʤʘʩʩʘ, ʪ. ʝ. ʚʪʦʨʦʡ 

ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʚ ʧʦʣʷʭ ʨʘʙʦʪʘʝʪ ʩʦ ʚʩʝʡ ʩʚʦʝʡ ʟʘʢʦʥʥʦʡ ʩʠʣʦʡ. 

ʅʦ ʛʜʝ ʪʘ ʤʘʩʩʘ, ʯʪʦ ʥʝʩʝʪ ʩʠʣʳ ʧʦʣʝʡ? ʂʘʢ ʝʝ ʥʘʡʪʠ? ɻʜʝ ʦʥʘ ʧʨʷʯʝʪʩʷ? 

ʕʪʠ ʚʦʧʨʦʩʳ ʤʳ ʙʫʜʝʤ ʨʝʰʘʪʴ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʠ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʧʦʩʪʨʦʝʥʠʡ, ʛʦʜʥʳʭ 

ʜʣʷ ʪʚʝʨʜʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 
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ɻʣʘʚʘ 1 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ 
 

ʕʪʦ ʧʦʣʝ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ. ɽʩʣʠ ʧʦ ʧʨʦʚʦʜʥʠʢʫ ʧʨʦʧʫʩʪʠʪʴ ʪʦʢ, ʪʦ ʚʦʢʨʫʛ ʥʝʛʦ 

ʦʙʨʘʟʫʝʪʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʢʦʪʦʨʦʛʦ ʧʨʦʭʦʜʷʪ ʧʦ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʤ ʦʢʨʫʞʥʦʩʪʷʤ ʩ 

ʮʝʥʪʨʦʤ ʚ ʮʝʥʪʨʝ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ. ʕʪʦʪ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʡ ʬʘʢʪ ʜʘʣ ʦʩʥʦʚʘʥʠʝ ʣʶʜʷʤ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʨʦʞʜʘʝʪ ʪʝʢʫʱʠʡ ʪʦʢ. ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ ʭʦʨʦʰʦ ʙʳʣʦ ʙʳ ʧʦʩʪʘʚʠʪʴ 

ʪʘʢʦʡ ʦʧʳʪ: ʧʦʤʝʩʪʠʪʴ ʥʘ ʢʝʨʘʤʠʯʝʩʢʠʡ ʰʘʨʠʢ (ʧʣʘʩʪʠʥʢʫ) ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʠ ʧʨʠʚʝʩʪʠ ʝʛʦ ʚʦ 

ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʠʟʤʝʥʷʷ ʝʛʦ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ, ʢʘʞʜʳʡ ʨʘʟ ʦʪʳʩʢʠʚʘʷ ʝʛʦ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. (ɼʣʷ ʯʠʩʪʦʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʰʘʨʠʢ ʥʘʜʦ ʚʨʘʱʘʪʴ ʚ ʚʘʢʫʫʤʝ.) 

ʅʦ ʥʠʢʪʦ ʥʝ ʨʘʩʩʢʘʟʳʚʘʣ ʦ ʪʘʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

ʂʘʢʦʡ ʙʳ ʟʘʨʷʜ ʥʠ ʚʨʘʱʘʣʠ ʩ ʣʶʙʦʡ ʜʦʧʫʩʪʠʤʦʡ ʩʢʦʨʦʩʪʴʶ, ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʝ ʙʫʜʝʪ! 

ʄʦʞʝʪ, ʧʨʦʱʝ ʧʦʩʪʘʚʠʪʴ ʜʨʫʛʦʡ ʵʢʩʧʝʨʠʤʝʥʪ: ʚʟʷʪʴ ʜʚʘ ʧʨʦʚʦʜʥʠʢʘ, ʦʜʠʥ ʩ ʙʦʣʴʰʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʥʘʧʨʠʤʝʨ, ʥʠʭʨʦʤ, ʜʨʫʛʦʡ ʩ ʤʘʣʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʥʘʧʨʠʤʝʨ, ʤʝʜʴ, 

ʧʨʦʧʫʩʪʠʪʴ ʧʦ ʥʠʤ ʦʜʠʥʘʢʦʚʳʝ ʪʦʢʠ ʠ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʠʭ ʧʦʣʷ. ɹʫʜʫʪ ʣʠ ʠʭ ʧʦʣʷ ʦʜʠʥʘʢʦʚʳʤʠ ʠʣʠ 

ʨʘʟʥʳʤʠ? ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʫ ʥʠʭ ʙʫʜʫʪ ʨʘʟʥʳʤʠ. ɹʦʣʴʰʝ ʫ ʪʦʛʦ, ʫ ʢʦʪʦʨʦʛʦ 

ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʫʜʝʪ ʙʦʣʴʰʝ [1]. 

ɸ ʯʪʦ ʙʫʜʝʪ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʪʦʢʘ, ʝʩʣʠ ʦʥ ʪʝʯʝʪ ʧʦ ʧʨʦʚʦʜʥʠʢʫ, ʥʘʭʦʜʷʱʝʤʫʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ? ʋ ʪʘʢʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʯʝʥʴ ʤʘʣʦ ʠ ʪʦʢ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʛʨʦʤʥʳʡ. ɸ 

ʧʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʥʘʫʯʥʳʤ ʚʦʟʟʨʝʥʠʷʤ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʙʫʜʝʪ ʪʦʞʝ ʦʯʝʥʴ ʙʦʣʴʰʠʤ (ʩʤ. ʟʘʢʦʥ 

ɹʠʦðʉʘʚʘʨʘðʃʘʧʣʘʩʘ): 

 
ʛʜʝ dB ð ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ; ʩ ð ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ; J ðʪʦʢ, ʪʝʢʫʱʠʡ ʧʦ ʧʨʦʚʦʜʥʠʢʫ; 

r ð ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ʧʨʦʚʝʜʝʥʥʳʡ ʠʟ ʵʣʝʤʝʥʪʘ ʧʨʦʚʦʜʥʠʢʘ ʚ ʜʘʥʥʫʶ ʪʦʯʢʫ ʧʦʣʷ; 

dű ð ʫʛʦʣ, ʧʦʜ ʢʦʪʦʨʳʤ ʚʠʜʝʥ ʵʣʝʤʝʥʪ ʧʨʦʚʦʜʥʠʢʘ ʠʟ ʜʘʥʥʦʡ ʪʦʯʢʠ ʧʦʣʷ. 

 

çɿʘʢʦʥ ɹʠʦðʉʘʚʘʨʘðʃʘʧʣʘʩʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚʝʣʠʯʠʥʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ dB ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚ ʚʘʢʫʫʤʝ ʵʣʝʤʝʥʪʦʤ ʧʨʦʚʦʜʥʠʢʘ ʩ 

ʪʦʢʦʤ Jè [2]. 

ʅʦ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʟʘʢʦʥ ɹʠʦðʉʘʚʘʨʘðʃʘʧʣʘʩʘ ʚ ʩʫʱʝʩʪʚʫʶʱʝʤ ʚʠʜʝ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ. ɺ ʩʦʩʪʦʷʥʠʠ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʪʦʢ, ʪʝʢʫʱʠʡ ʧʦ ʧʨʦʚʦʜʥʠʢʫ, ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʝ 

ʩʦʟʜʘʝʪ. 

 

ʅʘ ʨʠʩ. 1, ʚʟʷʪʦʤ ʠʟ [3], ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ ʪʦʢʘ ʚ ʟʦʥʝ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʪʦʢʘʭ, ʙʣʠʟʢʠʭ ʢ 10
6
 ɸ/ʩʤ, ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ð ʥʫʣʴ, ʠ 

ʪʦʣʴʢʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ~ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʠ ʧʦʷʚʣʷʝʪʩʷ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 12 ʊʣ ʠ ʙʦʣʴʰʝ. 
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ɺʳ ʩʢʘʞʝʪʝ: ʇʘʨʘʜʦʢʩ! 

ɸ ʤʳ, ʢʘʢ ʪʦʣʴʢʦ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʘʚʠʩʠʪ ʦʪ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʨʦʚʦʜʥʠʢʘ, ʧʦʩʪʘʚʠʣʠ ʧʨʦʛʥʦʟ, ʯʪʦ ʧʨʠ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʝ ʙʫʜʝʪ. 

ɸ ʚʩʝ ʧʦʪʦʤʫ, ʯʪʦ ʚ ʵʣʝʢʪʨʦʥʠʢʝ ʟʥʘʶʪ, ʯʪʦ ʜʚʠʞʫʱʠʡʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʝ 

ʩʦʟʜʘʝʪ. ɸ ʢʦʛʜʘ ʵʪʦʪ ʟʘʨʷʜ ʪʦʨʤʦʟʠʪʩʷ, ʪ. ʝ. ʢʦʛʜʘ ʥʘ ʥʝʛʦ ʥʘʯʠʥʘʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʩʠʣʘ ʠʥʝʨʮʠʠ, ʚʦʪ ʪʦʛʜʘ 

ʵʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ (ʵʣʝʢʪʨʦʥʳ) ʩʦʟʜʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʟʘʢʦʥʘ ɹʠʦðʉʘʚʘʨʘðʃʘʧʣʘʩʘ, ʪʦ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʠʩʧʨʘʚʣʝʥ, ʚʚʝʜʝʥʠʝʤ ʚ ʬʦʨʤʫʣʫ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɟ, ʩ ʦʜʥʦʡ ʦʛʦʚʦʨʢʦʡ, ʯʪʦ ɟ = 0 ʚ ʩʦʩʪʦʷʥʠʠ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʦʚʦʜʥʠʢʘ. 

 
ʆʪʤʝʪʠʚ ʧʦʢʘ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʦʙʨʘʪʠʤʩʷ ʪʝʧʝʨʴ ʢ ʚʳʷʩʥʝʥʠʶ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʪʦʤʫ ʯʪʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʪʦʢ ʚ ʧʨʦʚʦʜʥʠʢʝ ʩʦʟʜʘʝʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʵʪʦ ð ʥʘʟʚʘʪʴ 

ʩʣʝʜʩʪʚʠʝ ʙʝʟ ʧʨʠʯʠʥʳ, ʪ. ʝ. ʚʧʘʩʪʴ ʚ ʤʝʪʘʬʠʟʠʢʫ ʠ ʥʝ ʧʦʥʷʪʴ ʜʠʘʣʝʢʪʠʢʫ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʅʦ ʥʘʯʥʝʤ ʩ ʧʨʦʩʪʦʛʦ. ʆʙʨʘʪʠʤʩʷ ʪʝʧʝʨʴ ʢ ʧʦʥʷʪʠʶ çʪʦʢ ʠʜʝʪ ʧʦ ʧʨʦʚʦʜʥʠʢʫ...è 

ɺ ʢʥʠʞʢʘʭ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʜʣʷ ʵʪʦʛʦ ʥʘʜʦ çʚ ʧʨʦʚʦʜʥʠʢʝ ʩʦʟʜʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ...è ɺ 

ʥʦʚʝʡʰʝʤ ʩʧʨʘʚʦʯʥʠʢʝ ʧʦ ʬʠʟʠʢʝ [15] ʪʦʢʦʤ ʥʘʟʚʘʥʦ çʫʧʦʨʷʜʦʯʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʟʘʨʷʜʦʚ, 

ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʧʨʦʚʦʜʥʠʢʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷè. 

ʆʙʨʘʪʠʤ ʚʘʰʝ ʚʥʠʤʘʥʠʝ ʥʘ ʚʳʨʘʞʝʥʠʝ çʩʚʦʙʦʜʥʳʭ ʟʘʨʷʜʦʚ ʧʨʦʚʦʜʥʠʢʘè. ʊʘʢʠʤʠ ʟʘʨʷʜʘʤʠ 

ʩʯʠʪʘʶʪʩʷ ʚʘʣʝʥʪʥʳʝ ʵʣʝʢʪʨʦʥʳ ʘʪʦʤʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʩʚʷʟʘʥʳ ʩ ʷʜʨʦʤ ʘʪʦʤʘ, ʥʘʭʦʜʷʪʩʷ çʚ ʩʚʦʙʦʜʥʦʤ 

ʧʦʣʝʪʝè. 

ʅʘʜʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʝʩʣʠ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʙʦʣʴʰʝ, ʪʦ çʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷè 

ʠ ʪʦʢ ʙʫʜʝʪ ʙʦʣʴʰʝ. 

ɸ ʯʪʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ? 

ʋ ʚʩʝʭ ʤʝʪʘʣʣʦʚ ʩ ʭʦʨʦʰʝʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ (ɸl, ʉu, Ag, ɸu) ʩʪʨʫʢʪʫʨʳ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ 

ʧʦʭʦʞʠ ð ʥʘ ʥʘʨʫʞʥʦʡ ʦʨʙʠʪʝ ʧʦ ʦʜʥʦʤʫ ʵʣʝʢʪʨʦʥʫ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʵʪʠ ʤʝʪʘʣʣʳ ʠʤʝʶʪ ʧʦ ʦʜʥʦʤʫ 

ʩʚʦʙʦʜʥʦʤʫ ʵʣʝʢʪʨʦʥʫ ʦʪ ʢʘʞʜʦʛʦ ʘʪʦʤʘ. 

ʋ ʧʨʠʟʥʘʥʥʳʭ ʠʟʦʣʷʪʦʨʦʚ (ʈ, S, j) ʩ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 10
5
 ʆʤĿʤ, 2x10

21
 ʆʤĿʤ ʠ 1,3x10

13
 

ʆʤĿʤ ʩʦʦʪʚʝʪʩʪʚʠʶ ʥʘ ʥʘʨʫʞʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʝ ʥʘʭʦʜʷʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 3,4 ʠ 5 ʩʚʦʙʦʜʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʢʘʞʜʳʡ ʘʪʦʤ. 

ɺʳʚʦʜ ʥʘʧʨʘʰʠʚʘʝʪʩʷ ʩʘʤ: ʥʝ ʚ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʘʭ ʤʝʣʦ, ʘ ʚ ʪʦʤ, ʯʪʦ ʘʚʪʦʨʳ ʧʦʣʴʟʫʶʪʩʷ 

ʢʘʪʝʛʦʨʠʷʤʠ, ʠʤʠ ʥʝ ʧʦʥʷʪʳʤʠ. ɿʜʝʩʴ ʨʝʯʴ ʠʜʝʪ ʦ ʚʳʨʘʞʝʥʠʠ çʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷè. 

ʉʪʨʘʥʥʳʝ ʣʶʜʠ ʵʪʦ ʧʠʰʫʪ. ʅʝ ʟʥʘʷ, ʯʪʦ ʪʘʢʦʝ ʧʦʣʝ, ʦʥʠ ʝʛʦ ʫʞʝ ʩʦʟʜʘʶʪ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ 

ʧʨʦʚʦʜʥʠʢʝ, ʚ ʢʦʪʦʨʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʵʢʨʘʥʠʨʫʝʪʩʷ ʥʘ ʛʣʫʙʠʥʫ ʚʩʝʛʦ ʣʠʰʴ 10
-7

 ʩʤ. ɸ ʚʥʫʪʨʠ-ʪʦ ʢʘʢ? 

ɽʩʣʠ ʚʥʠʤʘʪʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ ʧʦ ʧʨʦʚʦʜʥʠʢʫ, ʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘʜʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʧʨʦʚʦʜʥʠʢʘ ʧʦʭʦʞʘ ʥʘ ʧʫʩʪʫʶ ʪʨʫʙʢʫ, ʢʦʪʦʨʫʶ ʯʘʩʪʠʯʥʦ ʧʝʨʝʩʝʢʘʶʪ ʵʣʝʢʪʨʦʥʳ ʠ ʦʯʝʥʴ 

ʨʝʜʢʦ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʝʡ ʷʜʨʘ ʘʪʦʤʦʚ, ʩʦʙʨʘʥʥʳʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ. ʉʚʦʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʳ 

ʢʫʣʦʥʦʚʩʢʠʤʠ ʩʠʣʘʤʠ ʚʳʙʨʦʰʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʚʦʜʥʠʢʘ ʠ ʥʝ ʤʝʰʘʶʪ ʧʨʦʪʝʢʘʥʠʶ ʪʦʢʘ. 

ʀʟ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʝʯʝʥʠʝ ʟʘʭʚʘʪʘ ʷʜʝʨ ʪʘʢʠʭ ʘʪʦʤʦʚ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 10
-24

 ʩʤ
2
 ʜʣʷ 

ʥʝʡʪʨʦʥʦʚ [2]. ɼʣʷ ʵʣʝʢʪʨʦʥʦʚ ʩʝʯʝʥʠʝ ʟʘʭʚʘʪʘ ʙʫʜʝʪ ʤʝʥʴʰʝ ʥʘ ʪʨʠ-ʯʝʪʳʨʝ ʧʦʨʷʜʢʘ. ʕʪʦ ʛʦʚʦʨʠʪ ʣʠʰʴ ʦ 

ʪʦʤ, ʯʪʦ ʦʙʨʘʟ ʧʨʦʚʦʜʥʠʢʘ ʢʘʢ ʧʫʩʪʦʡ ʪʨʫʙʢʠ, ʚ ʢʦʪʦʨʦʡ ʤʥʦʛʦ ʧʫʩʪʦʪʳ ʠ ʣʠʰʴ ʢʦʝ-ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚʦʢʨʫʛ ʷʜʝʨ ʵʣʝʢʪʨʦʥʳ, ʙʣʠʟʦʢ ʢ ʨʝʘʣʴʥʦʤʫ. ʕʣʝʢʪʨʦʥ ð ʦʯʝʥʴ ʤʘʣʘʷ ʯʘʩʪʠʮʘ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʩʦʙʨʘʪʴ 

1,6x10
19

 ʰʪ. ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʧʣʦʪʥʦ ʧʨʠʩʦʝʜʠʥʠʪʴ ʠʭ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʪʦ ʦʥʠ ʟʘʡʤʫʪ 

ʧʣʦʱʘʜʢʫ S= 10
-4

 ʤʤ
2
. ʅʦ ʦʥʠ ʥʝ ʣʝʪʷʪ ʢʫʯʢʦʡ, ʧʦʪʦʤʫ ʤʝʩʪʘ ʜʣʷ ʧʨʦʣʝʪʘ ʚ ʧʨʦʚʦʜʥʠʢʝ ʠʤ ʤʥʦʛʦ ʥʝ ʥʘʜʦ. 

ʊʦʢ ʚ ʪʘʢʦʡ ʪʨʫʙʢʝ ʧʨʦʚʦʜʥʠʢʘ ʦʙʨʘʟʫʝʪʩʷ, ʝʩʣʠ ʚ ʦʜʥʦʤ ʢʦʥʮʝ ʝʛʦ ʩʦʟʜʘʪʴ ʠʟʙʳʪʦʢ ʵʣʝʢʪʨʦʥʦʚ (ʠʩʪʦʯʥʠʢ 

ʪʦʢʘ) ʠ ʦʪʢʨʳʪʴ ʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦʯʪʠ ʧʦ ʧʫʩʪʦʤʫ ʢʘʥʘʣʫ ʧʨʦʚʦʜʥʠʢʘ ʧʦ ʠʥʝʨʮʠʠ ʩʦ 

ʩʢʦʨʦʩʪʴʶ, ʢʦʪʦʨʫʶ ʵʣʝʢʪʨʦʥʳ ʧʦʣʫʯʘʶʪ ʟʘ ʩʯʝʪ ʢʫʣʦʥʦʚʩʢʠʭ ʩʠʣ ʨʘʩʪʘʣʢʠʚʘʥʠʷ. ɹʦʣʴʰʝ ʠʭ ʥʠʯʝʛʦ ʧʦ 

ʧʨʦʚʦʜʥʠʢʫ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪ. ʇʨʦʪʠʚʦʜʝʡʩʪʚʫʶʪ ʜʚʠʞʝʥʠʶ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʧʨʦʚʦʜʥʠʢʫ ʪʦʣʴʢʦ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʵʣʝʢʪʨʦʥʘʤʠ ʧʨʦʚʦʜʥʠʢʘ, ʨʘʩʧʦʣʘʛʘʶʱʠʤʠʩʷ ʚʦʢʨʫʛ ʩʚʦʠʭ ʷʜʝʨ. ɹʦʣʴʰʝ ʩʪʦʣʢʥʦʚʝʥʠʡ 

ð ʙʦʣʴʰʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ð ʥʘʧʨʘʚʣʝʥʥʦʤʫ ʜʚʠʞʝʥʠʶ ʵʣʝʢʪʨʦʥʦʚ. ʕʪʦ 

ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ ʝʱʝ ʠ ʧʦʪʦʤʫ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʨʦʚʦʜʥʠʢʝ ʤʦʞʥʦ ʩʦʩʯʠʪʘʪʴ ʪʘʢ, ʢʘʢ ʩʯʠʪʘʶʪ 

ʝʝ ʚ ʚʘʢʫʫʤʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʘʭ ʧʦ ʬʦʨʤʫʣʝ: 



10 

 

 
ʛʜʝ Ve ð ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ (ʥʘʯʘʣʴʥʘʷ); 

U ð ʘʥʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ; 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ 220 ɺ ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ ʙʫʜʝʪ 8,6x10
7
 

ʤ/ʩ (86 000 ʢʤ/ʩ). ɽʩʣʠ ʞʝ ʚʟʷʪʴ ʥʘʧʨʷʞʝʥʠʝ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʛʜʝ U = 500 000 ɺ, ʪʦ 

ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʚ ʥʝʡ ʙʫʜʝʪ 4,12x10
8
 ʤ/ʩ (ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʩ = 2,99x10

8
 ʤ/ʩ). 

ʋ ʥʘʩ ʥʝʪ ʦʩʥʦʚʘʥʠʡ ʩʦʤʥʝʚʘʪʴʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʬʦʨʤʫʣʝ. ɺ ʵʣʝʢʪʨʦʥʠʢʝ ʝʶ ʫʩʧʝʰʥʦ 

ʧʦʣʴʟʫʶʪʩʷ ʜʘʚʥʦ, ʥʦ ʥʠʢʪʦ ʥʠʢʦʛʜʘ ʥʝ ʦʪʤʝʯʘʣ, ʯʪʦ ʵʣʝʢʪʨʦʥʳ ʚ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʮʝʧʷʭ ʧʨʠʦʙʨʝʣʠ 

ʙʝʩʢʦʥʝʯʥʫʶ ʤʘʩʩʫ ʠ ʚʩʝ ʧʨʦʚʦʜʘ ʵʪʠʭ ʮʝʧʝʡ ʤʛʥʦʚʝʥʥʦ ʣʦʧʥʫʣʠ ʦʪ ʵʪʦʡ ʩʚʝʨʭʪʷʞʝʩʪʠ. 

ʊʘʢʦʚʘ ʧʨʘʢʪʠʢʘ, ʠ çʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè ʚ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʊʘʢ ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩ ʵʣʝʢʪʨʦʥʘʤʠ ʚ ʧʨʦʚʦʜʥʠʢʝ, ʢʦʛʜʘ ʤʳ ʬʠʢʩʠʨʫʝʤ ʠʜʫʱʠʡ ʚ ʥʝʤ ʪʦʢ? 

ʅʠʯʝʛʦ, ʢʨʦʤʝ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩ ʵʣʝʢʪʨʦʥʘʤʠ ʨʘʩʧʦʣʘʛʘʶɦʠʭʩʷ ʚʦʢʨʫʛ ʷʜʝʨ ʘʪʦʤʦʚ. ɼʘ, ʥʦ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʵʪʠ ʧʨʦʠʩʭʦʜʷʪ ʩʦ ʩʢʦʨʦʩʪʷʤʠ, ʙʣʠʟʢʠʤʠ ʢ ʩʚʝʪʦʚʳʤ ʠ ʜʘʞʝ ʙʦʣʴʰʝ ʩʚʝʪʦʚʳʭ, ʧʦʵʪʦʤʫ ʥʘ 

ʵʣʝʢʪʨʦʥ, ʢʘʢ ʥʘ ʧʝʨʚʦʧʨʠʯʠʥʫ ʧʨʦʮʝʩʩʘ, ʥʘʜʦ ʧʦʩʤʦʪʨʝʪʴ ʚʥʠʤʘʪʝʣʴʥʝʡ. 

ɺ ʨʘʙʦʪʝ [1] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʢ, ʪʝʢʫʱʠʡ ʧʦ ʧʨʦʚʦʜʥʠʢʫ, ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʦʢʨʫʛ ʧʨʦʚʦʜʥʠʢʘ, ʥʦ, ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʪʦʢʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ, ʪʦ ʩʦʟʜʘʝʪʩʷ ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʜʠʦʘʥʪʝʥʥʝ ʠʣʠ ʚ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʯʪʦ ʤʳ ʥʝʦʜʥʦʢʨʘʪʥʦ ʥʘʙʣʶʜʘʝʤ, ʧʨʦʝʟʞʘʷ ʧʦʜ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʣʠʥʠʝʡ ʥʘ ʘʚʪʦʤʦʙʠʣʝ 

ʩ ʚʳʢʣʶʯʝʥʥʳʤ ʨʘʜʠʦʧʨʠʝʤʥʠʢʦʤ. ʇʦʤʝʭʠ ʚʦʟʥʠʢʘʶʪ ʦʛʨʦʤʥʳʝ. 

ɿʜʝʩʴ ʚʩʝ ʜʝʣʦ ʚ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ, ʚʳʙʠʚʘʝʤʳʭ ʠʟ ʵʣʝʢʪʨʦʥʘ ʩʠʣʦʡ ʠʥʝʨʮʠʠ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʩ 

ʜʨʫʛʠʤʠ ʵʣʝʢʪʨʦʥʘʤʠ. 

ɼʘʣʝʝ ʤʳ ʵʪʫ ʢʘʨʪʠʥʫ ʧʨʦʩʣʝʜʠʤ ʥʘ ʤʥʦʛʠʭ ʠʟʚʝʩʪʥʳʭ ʠ ʤʘʣʦʠʟʚʝʩʪʥʳʭ ʧʨʠʤʝʨʘʭ ʧʦʣʫʯʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. 

ʇʦʩʢʦʣʴʢʫ ʩ ʵʣʝʢʪʨʦʥʦʤ ʤʳ ʙʫʜʝʤ ʠʤʝʪʴ ʤʥʦʛʦ ʜʝʣ, ʚʩʧʦʤʥʠʤ ʝʛʦ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʕʣʝʢʪʨʦʥ ʠʤʝʝʪ ʤʘʩʩʫ m = 9,1x10
-31

 ʢʛ, ʨʘʜʠʫʩ r = 2,82x10
-15

 ʤ, ʝʛʦ ʟʘʨʷʜ q = 1,6x10
-19

 ʂʣ. ɽʩʣʠ 

ʧʨʝʜʩʪʘʚʠʪʴ ʵʣʝʢʪʨʦʥ ʚ ʚʠʜʝ ʰʘʨʠʢʘ, ʪʦ ʣʝʛʢʦ ʥʘʡʪʠ ʧʣʦʪʥʦʩʪʴ ʝʛʦ ʤʘcʩʳ. ʆʥʘ ʦʢʘʟʘʣʘʩʴ d å 1,5x10
7 

ʢʛ/ʩʤ
3
 . 

ʕʪʦ ð 15 000 ʪ/ʩʤ
3
! ʇʨʠʨʦʜʝ ʟʘʯʝʤ-ʪʦ ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʪʘʢʘʷ ʦʛʨʦʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʘʪʝʨʠʠ. ɸ 

ʵʪʘ ʤʘʩʪʝʨʩʢʘʷ ʟʨʷ ʥʠʯʝʛʦ ʥʝ ʜʝʣʘʝʪ. 

 

 

* * *  

ʆʙʨʘʪʠʤʩʷ ʪʝʧʝʨʴ ʢ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʘʤ ʠ ʛʠʧʦʪʝʟʝ ɸʤʧʝʨʘ, ʢʦʪʦʨʦʡ ʫʞʝ ʙʦʣʴʰʝ ʜʚʫʭʩʦʪ ʣʝʪ, 

ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʝ ʦʙʨʘʟʫʝʪʩʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʢʦʣʴʮʝʚʳʤʠ ʪʦʢʘʤʠ. 

ʄʳ ʚʠʜʠʤ, ʯʪʦ ʢʦʣʴʮʝʚʦʡ ʠ ʣʶʙʦʡ ʜʨʫʛʦʡ ʪʦʢ ʩʦʟʜʘʝʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʝʩʣʠ ʝʩʪʴ ʩʦʫʜʘʨʝʥʠʝ 

ʵʣʝʢʪʨʦʥʦʚ, ʪ. ʝ. ʧʨʦʚʦʜʥʠʢ ʠʤʝʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ɸ ʪʘʤ, ʛʜʝ ʪʦʢ ʧʨʦʭʦʜʠʪ ʙʝʟ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

(ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ), ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʝʪ. ʕʪʦʪ ʬʘʢʪ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ, ʯʪʦ ʤʘʪʝʨʠʷ, ʥʝʩʫʱʘʷ 

ʤʘʛʥʠʪʥʳʝ ʩʠʣʳ, ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʵʣʝʢʪʨʦʥʘ ʩ ʵʣʝʢʪʨʦʥʦʤ. ɺʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʵʪʦʤ ʩʠʣʘ 

ʠʥʝʨʮʠʠ ʚʝʣʠʢʘ (ʦʮʝʥʢʘ ʙʫʜʝʪ ʜʘʥʘ ʥʠʞʝ) ʠ ʚ ʤʘʣʦʤ ʦʙʲʝʤʝ çʧʦʢʘ ʥʝʜʝʣʠʤʦʛʦ ʵʣʝʢʪʨʦʥʘè [3] ʚʦʟʥʠʢʘʶʪ 

ʩʠʣʳ, ʦʪʨʳʚʘʶʱʠʝ ʦʪ ʥʝʛʦ ʢʫʩʢʠ ʤʘʩʩʳ, ʠʤʝʶʱʠʝ ʦʜʥʠ ð ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ, ʜʨʫʛʠʝ ð ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ. ʂʘʢ ʚʝʣʠʢʠ ʵʪʠ ʢʫʩʢʠ ʤʘʩʩʳ, ʧʦʛʦʚʦʨʠʤ ʥʠʞʝ. ʕʪʦʛʦ ʘʢʪʘ ʙʦʷʪʴʩʷ ʥʝ ʥʘʜʦ. 

ʋʞʝ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ ʩʫʱʝʩʪʚʫʝʪ ʦʙʦʩʥʦʚʘʥʥʦʝ ʤʥʝʥʠʝ [4], ʯʪʦ ɹʦʣʴʰʦʡ ʄʠʨ ʩʫʱʝʩʪʚʫʝʪ ʚʝʯʥʦ. 

ʏʘʩʪʥʳʝ ʄʠʨʳ ʠʤʝʶʪ ʵʚʦʣʶʮʠʦʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʇʨʦʮʝʩʩ ʠʭ ʵʚʦʣʶʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʩʫʱʠʤ 

ɹʦʣʴʰʦʤʫ ʄʠʨʫ ʩʚʦʡʩʪʚʦʤ ʚʦʩʭʦʜʷʱʝʡ ʠʥʪʝʛʨʘʮʠʠ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʯʘʩʪʠʮʳ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʏʘʩʪʥʦʛʦ ʄʠʨʘ ʦʢʘʟʳʚʘʶʪʩʷ ʩʛʫʱʝʥʠʷʤʠ ʯʘʩʪʠʮ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦ ʠʝʨʘʨʭʠʠ ʏʘʩʪʥʦʛʦ ʄʠʨʘ. 

ʋ ʥʘʩ ʥʝʪ ʦʩʥʦʚʘʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʣʝʢʪʨʦʥ ʢʘʢ ʥʝʢʫʶ ʥʘʯʘʣʴʥʫʶ ʯʘʩʪʠʮʫ ʏʘʩʪʥʦʛʦ ʄʠʨʘ, 

ʥʘʦʙʦʨʦʪ, ʵʚʦʣʶʮʠ̫ ʪʨʝʙʫʝʪ ʩʯʠʪʘʪʴ ʵʣʝʢʪʨʦʥ ʯʘʩʪʠʮʝʡ ʩʣʦʞʥʦʡ ʩ ʥʝʠʩʯʝʨʧʘʝʤʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 

ʕʚʦʣʶʮʠʦʥʥʦ ʠ ʜʠʘʣʝʢʪʠʯʝʩʢʠ ʵʪʦ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʘʷ ʢʦʥʮʝʧʮʠʷ. 

ð ʅʫ, ʘ ʢʘʢ ʞʝ ʩʧʠʥ ʵʣʝʢʪʨʦʥʘ ʠ ʝʛʦ ʚʦʣʥʦʚʳʝ ʩʚʦʡʩʪʚʘ? 
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ʋ ʵʣʝʢʪʨʦʥʘ ʝʩʪʴ ʤʘʛʥʠʪʥʘʷ ʤʘʩʩʘ, ʧʦʪʦʤʫ ʵʣʝʢʪʨʦʥ ʥʝʩʝʪ ʥʝ ʪʦʣʴʢʦ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ, ʥʦ ʠ 

ʟʘʨʷʜ ʤʘʛʥʠʪʥʳʡ. ɸ ʧʦʩʢʦʣʴʢʫ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʭʘʦʪʠʯʥʦʤ ʪʝʧʣʦʚʦʤ ʜʚʠʞʝʥʠʠ, ʪʦ ʩʧʠʥʦʚ ʫ ʥʝʛʦ ʤʦʞʝʪ 

ʙʳʪʴ ʪʦʣʴʢʦ ʜʚʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʤ ʧʦʣʶʩʦʤ ʦʥ ʧʦʚʝʨʥʫʣʩʷ ʢ ʠʩʩʣʝʜʦʚʘʪʝʣʶ. 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʝʦʨʝʤʘ ʃʘʨʤʦʨʘ: çɽʜʠʥʩʪʚʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʵʣʝʢʪʨʦʥʥʫʶ ʦʨʙʠʪʫ ʷʚʣʷʝʪʩʷ ʧʨʝʮʝʩʩʠʷ ʦʨʙʠʪʳ ʚʦʢʨʫʛ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʝʝ ʮʝʥʪʨ ʠ ʧʘʨʘʣʣʝʣʴʥʦ 

ʚʝʢʪʦʨʫ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷè [2]. ɸ ʧʨʝʮʝʩʩʠʷ ʚʦ ʤʥʦʛʠʭ ʚʨʘʱʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʷʭ 

ʬʠʟʠʯʝʩʢʠʭ ʪʝʣ ð ʷʚʣʝʥʠʝ ʦʙʳʯʥʦʝ. 

ɿʜʝʩʴ ʙʫʜʝʪ ʫʤʝʩʪʥʦ ʦʪʤʝʪʠʪʴ, ʠ ʵʪʦ ʧʦʢʘʟʳʚʘʝʪ ʩʪʨʫʢʪʫʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʩʠʣʦʚʳʤʠ ʣʠʥʠʷʤʠ, 

ʥʘʯʠʥʘʶʱʠʤʠʩʷ ʥʘ N-ʧʦʣʶʩʝ ʠ ʦʢʘʥʯʠʚʘʶʱʠʤʠʩʷ ʥʘ S- ʧʦʣʶʩʝ, ʯʪʦ ʪʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ 

ʜʣʷ ʜʠʧʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩʪʨʫʢʪʫʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʤʘʪʝʨʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʏʪʦʙʳ ʭʦʪʴ ʯʘʩʪʠʯʥʦ ʦʢʦʥʯʠʪʴ ʨʘʟʛʦʚʦʨ ʦ ʤʘʛʥʝʪʠʟʤʝ, ʥʘʜʦ ʩʢʘʟʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʣʦʚ ʦʙ ʦʜʥʦʤ 

ʩʪʘʨʦʤ ʟʘʙʣʫʞʜʝʥʠʠ. 

ɻʠʧʦʪʝʟʘ ɸʤʧʝʨʘ ð ʘʨʭʘʠʟʤ, ʢʦʪʦʨʳʡ ʢʦʯʫʝʪ ʧʦ ʫʯʝʙʥʠʢʘʤ ʬʠʟʠʢʠ ʧʦʯʪʠ ʪʨʠ ʩʪʦʣʝʪʠʷ. 

ʅʦ ʤʳ ʚʠʜʠʤ, ʯʪʦ ʥʝʪ ʚ ʤʘʛʥʠʪʘʭ ʥʠʢʘʢʠʭ ʢʦʣʴʮʝʚʳʭ ʪʦʢʦʚ, ʘ ʝʩʪʴ ʧʦʩʪʦʷʥʥʦʝ ʩʦʫʜʘʨʝʥʠʝ 

ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʪʝʣʝ ʤʝʪʘʣʣʘ. ʕʪʦ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʘʪʦʤʦʚ ʞʝʣʝʟʘ, ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ ʠ ʨʷʜʘ ʠʭ ʩʧʣʘʚʦʚ, ʥʘʧʨʠʤʝʨ, ʩʘʤʘʨʠʡ-ʢʦʙʘʣʴʪ. 

ʋ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʦʯʝʥʴ ʙʣʠʟʢʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʘʪʦʤʦʚ, ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʩʚʦʙʦʜʥʳʭ ʘʪʦʤʦʚ, ʠʜʝʥʪʠʯʥʳʝ (ʢʫʙʠʯʝʩʢʠʝ) ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩ ʦʯʝʥʴ ʙʣʠʟʢʠʤʠ ʧʝʨʠʦʜʘʤʠ 

ʨʝʰʝʪʢʠ [5]. 

ʕʪʦ ʤʘʣʦ ʧʦʭʦʞʝ ʥʘ ʩʣʫʯʘʡʥʦʩʪʴ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʪʦʤʘ ʩʘʤʘʨʠʷ, ʪʦ, ʠʤʝʷ ʚ ʥʝʡ ʰʝʩʪʴʜʝʩʷʪ ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʢʫʙʠʯʝʩʢʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʙʣʠʟʢʠʤ ʧʝʨʠʦʜʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʦʥ ʧʨʠʚʥʦʩʠʪ ʚ 

ʟʦʥʫ ʩʦʫʜʘʨʝʥʠʷ ʘʪʦʤʦʚ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʙʦʣʴʰʦʤʫ ʚʳʭʦʜʫ ʤʘʛʥʠʪʥʦʡ 

ʤʘʪʝʨʠʠ ʠʟ ʵʣʝʢʪʨʦʥʦʚ. 

ʉʦʚʧʘʜʝʥʠʝ ʵʪʦ ʠʣʠ ʥʝʪ, ʥʦ ʩʧʣʘʚ ʵʪʦʪ ʩʦʟʜʘʝʪ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʕʪʦ ʙʫʜʝʪ ʠ ʚ 

ʩʧʣʘʚʝ ʚʥʝʜʨʝʥʠʷ, ʠ ʚ ʩʧʣʘʚʝ ʟʘʤʝʱʝʥʠʷ. 

ʅʝʙʦʣʴʰʦʝ ʧʦʷʩʥʝʥʠʝ. 

ʋ ʞʝʣʝʟʘ, ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ ʢʫʙʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ. ɸʪʦʤʳ ʠʭ ʥʝʩʫʪ 26, 27 ʠ 28 

ʵʣʝʢʪʨʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʷʩʴ ʚ ʩʦʩʪʦʷʥʠʠ ʩʦʫʜʘʨʝʥʠʡ ʵʣʝʢʪʨʦʥʦʚ. ɸ ʪʝʧʝʨʴ ʚʤʝʩʪʦ 

ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʧʦʤʝʱʘʝʪʩʷ ʘʪʦʤ ʩʘʤʘʨʠʷ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʦʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ 62 ʵʣʝʢʪʨʦʥʦʚ. 

ʂʦʥʝʯʥʦ, ʢʦʣʠʯʝʩʪʚʦ ʩʦʫʜʘʨʝʥʠʡ ʚʦʟʨʘʩʪʝʪ, ʤʘʛʥʠʪʥʦʡ ʤʘʩʩʳ ʚʳʩʚʦʙʦʜʠʪʩʷ ʙʦʣʴʰʝ. 

ɺ ʵʪʦʤ ʚʩʝ ʜʝʣʦ! 

ʆ ʚʦʣʥʦʚʳʭ ʩʚʦʡʩʪʚʘʭ ʵʣʝʢʪʨʦʥʘ ʥʘʧʠʩʘʥʦ ʤʥʦʛʦ, ʥʦ ʠʩʪʠʥʘ ʦʢʘʟʘʣʘʩʴ ʦʧʷʪʴ ʚ ʩʪʦʨʦʥʝ. 

ɺ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ çʊʨʫʜʘʭ ʂʦʥʛʨʝʩʩʘ-98è [3] ʝʩʪʴ ʩʪʘʪʴʷ ʘʢʘʜʝʤʠʢʘ ʄɸʅ ɺʕ ɺ. ʂ. ʂʦʥʦʚʘʣʦʚʘ 

çʅʦʚʳʡ ʚʠʜ ʩʚʷʟʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʝʣʝʧʦʨʪʘʮʠʠ ʬʦʪʦʥʦʚè, ʚ ʢʦʪʦʨʦʡ ʘʚʪʦʨ, ʩʩʳʣʘʷʩʴ ʥʘ [6], ʫʪʚʝʨʞʜʘʝʪ, 

ʯʪʦ ʚ ʫʧʦʤʷʥʫʪʳʡ ʤʦʥʦʛʨʘʬʠʠ çʫʙʝʜʠʪʝʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʩʚʦʙʦʜʥʳʝ ʪʝʣʘ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʤʠʨʘ 

ʜʚʠʞʫʪʩʷ ʥʝ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ, Åʤʠ ʧʨʝʜʧʠʩʳʚʘʝʪ ʟʘʢʦʥ ʅʴʶʪʦʥʘ, ʘ ʧʦ ʚʠʥʪʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʧ 

ʧʝʨʚʳʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʩʧʨʘʚʝʜʣʠʚ ʜʣʷ ʦʩʠ ʵʪʦʡ ʪʨʘʝʢʪʦʨʠʠ ɼʣʠʥʘ ʦʢʨʫʞʥʦʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ ʨʘʚʥʘ ʝʝ ʰʘʛʫ ʠ ʜʣʷ ʤʠʢʨʦʯʘʩʪʠʮ ʩ ʤʦʤʝʥʪʦʤ ʠʤʧʫʣʴʩʘ 

ʛʜʝ h ð ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ ʚʦʣʥʳ ʜʝɹʨʦʡʣʷ... ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʜʠʫʩ ʠ ʰʘʛ ʚʠʥʪʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ ʝʛʦè. 

ɿʜʝʩʴ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʦʜʥʦ ʩʪʘʨʦʝ ʟʘʙʣʫʞʜʝʥʠʝ ʬʠʟʠʢʦʚ ð ʜʚʠʞʫʱʠʡʩʷ ʟʘʨʷʜ ʩʦʟʜʘʝʪ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ. ʂʘʢʦʚ ʤʝʭʘʥʠʟʤ ʵʪʦʛʦ çʩʦʟʜʘʥʠʷè, ʩʦʚʨʝʤʝʥʥʘʷ ʥʘʫʢʘ ʥʝ ʦʙʲʷʩʥʷʝʪ. ɸ ʜʝʣʦ ʩʦʚʩʝʤ ʥʝ ʚ ʜʚʠʞʝʥʠʠ. 

ɼʚʠʞʫʱʠʡʩʷ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ ʟʘʨʷʜ ʥʠʯʝʛʦ ʥʝ ʩʦʟʜʘʝʪ, ʢʨʦʤʝ ʜʚʠʞʫʱʝʛʦʩʷ ʩ ʥʠʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʅʘʯʠʥʘʝʪ çʩʦʟʜʘʚʘʪʴè ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ, ʪ. ʝ. ʧʨʠ ʧʦʷʚʣʝʥʠʠ 

ʫʩʢʦʨʝʥʠʷ ʚ ʜʚʠʞʝʥʠʠ, ʘ ʟʥʘʯʠʪ, ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ ʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʩʠʣʳ ʠʥʝʨʮʠʠ. 

ɺʩʝ ʵʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʨʘʙʦʪʝ ʵʣʝʢʪʨʦʚʘʢʫʫʤʥʳʭ ʧʨʠʙʦʨʦʚ (ʕɺʇ) ʩʚʝʨʭʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ (ʉɺʏ) 

ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʠʤʠ ʩʦʟʜʘʝʪʩʷ. 
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ɻʣʘʚʘ 2. 

ʈʝʥʪʛʝʥʦʚʩʢʦʝ ʧʦʣʝ 

 
ʉʪʨʫʢʪʫʨʘ ʤʠʨʘ ʘʥʠʟʦʪʨʦʧʥʘ. ʕʪʦ ʧʦʣʦʞʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʩʦʦʙʱʝʩʪʚʫ ʣʶʜʝʡ, 

ʟʘʥʠʤʘʶʱʠʭʩʷ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʬʠʣʦʩʦʬʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ. 

ʃʘʢʤʫʩʦʚʘʷ ʙʫʤʘʛʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʪʘʥʘ 

ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʝʡ, ʵʪʦ ð ʇʦʣʝ. 

ʂʘʪʝʛʦʨʠʷ ʵʪʘ ʚʘʞʥʝʡʰʘʷ. ʇʦʣʝʡ ʤʥʦʛʦ. ɺʩʝʤ ʭʦʯʝʪʩʷ ʩʦ ʚʨʝʤʝʥ ʕʡʥʰʪʝʡʥʘ ʩʦʟʜʘʪʴ ʝʜʠʥʫʶ 

ʪʝʦʨʠʶ ʧʦʣʷ, ʥʦ... ʥʝ ʥʘʰʣʠ ʜʦ ʩʠʭ ʧʦʨ ʥʦʩʠʪʝʣʷ ʩʠʣ ʧʦʣʷ. çʀʩʢʘʣʠ ʥʝ ʪʘʤ, ʛʜʝ ʫʧʘʣʦ, ʘ ʪʘʤ, ʛʜʝ ʩʚʝʪʣʦè. 

ʆʜʥʠʤ ʢʘʞʝʪʩʷ, ʯʪʦ ʪʘʢʠʤ ʥʦʩʠʪʝʣʝʤ ʩʠʣ ʧʦʣʷ ʷʚʣʷʶʪʩʷ ʢʘʢʠʝ-ʪʦ ʚʦʣʥʳ, ʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʵʪʠʭ 

ʚʦʣʥ ʦʥʠ ʚʳʜʫʤʘʣʠ ʵʬʠʨ. 

ʄʦʜʠʬʠʢʘʮʠʡ ʵʪʦʡ ʚʳʜʫʤʘʥʥʦʡ çʤʠʨʦʚʦʡ ʩʨʝʜʳè ʧʦʣʫʯʠʣʦʩʴ ʤʥʦʛʦ. 

ʆʜʥʠ ʩʯʠʪʘʶʪ ʵʬʠʨ ʩʨʝʜʦʡ, ʟʘʧʦʣʥʷʶʱʝʡ ʚʝʩʴ ʤʠʨ ʠ ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʨʦʟʨʘʯʥʳʭ ʘʙʩʦʣʶʪʥʦ 

ʫʧʨʫʛʠʭ ʰʘʨʠʢʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʥʝ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ ʛʨʘʚʠʪʘʮʠʠ, ʠ ʵʪʘ ʩʨʝʜʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʙʦʣʴʰʠʤ ʢʦʩʤʠʯʝʩʢʠʤ ʪʝʣʘʤ ʠ ʤʘʣʳʤ ʵʣʝʤʝʥʪʘʨʥʳʤ ʯʘʩʪʠʮʘʤ... ʀ ʠʟ ʵʪʠʭ çʰʘʨʠʢʦʚè ʧʦʩʪʨʦʝʥ ʚʝʩʴ 

ʤʠʨ, ʚ ʢʦʪʦʨʦʤ ʚʝʟʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʠʣʳ ʛʨʘʚʠʪʘʮʠʠ... ɿʜʝʩʴ ʤʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʫʧʨʘʞʥʝʥʠʡ ʚ 

ʨʝʰʝʥʠʠ ʠʟʚʝʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʬʠʟʠʢʠ, ʘ ʪʘʢʞʝ ʤʥʦʛʦ ʠ ʥʘʜʝʞʜ ʥʘ ʤʝʪʘʬʠʟʠʯʝʩʢʠʡ ʤʝʪʦʜ. (ʆʪʩʫʪʩʪʚʠʝ 

ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ.) 

ɼʨʫʛʠʝ ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʠ ʩʪʨʫʢʪʫʨʫ ʵʬʠʨʘ ʩʯʠʪʘʶʪ ʰʢʦʣʴʥʦʡ ð ʥʝʢʦʝ ʫʜʣʠʥʝʥʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ, ʦʜʠʥ ʢʦʥʝʮ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʜʨʫʛʦʡ ð ʧʦʣʦʞʠʪʝʣʴʥʳʡ [14]. ɸ n+1 

ʩʯʠʪʘʶʪ ʵʬʠʨ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʦʡ ʩʨʝʜʦʡ, ʥʦ ʥʝ ʠʤʝʶʱʝʡ ʤʘʩʩʳ. ʕʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʩʯʠʪʘʶʪ 

ʛʨʘʚʠʪʘʮʠʶ ʢʦʣʝʙʘʥʠʝʤ ʚʘʢʫʫʤʘ, ʘ ʧʨʠʟʥʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʫʙʩʪʘʥʮʠʝʡ ð ʛʣʘʚʥʳʤ 

ʟʘʙʣʫʞʜʝʥʠʝʤ ʚʩʝʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ [10]. 

ʇʨʦʭʦʜʠʪʴ ʤʦʣʯʘ ʤʠʤʦ ʪʘʢʠʭ ʠʟʳʩʢʦʚ ʥʝʣʴʟʷ. ʕʪʦ ʥʝ ʰʘʣʦʩʪʠ ʠ ʙʘʣʦʚʩʪʚʦ, ʘ ʟʘʜʫʙʝʣʳʡ ʠʜʠʦʪʠʟʤ 

ʨʚʝʪʩʷ ʚ ʝʩʪʝʩʪʚʦʟʥʘʥʠʝ ʩʦ ʩʚʦʝʡ ʩʪʘʨʦʡ ʢʦʥʮʝʧʮʠʝʡ, ʥʦ ʚ ʥʦʚʳʭ ʚʳʯʫʨʥʳʭ ʥʘʨʷʜʘʭ. ʀ ʢʦʤʫ-ʪʦ ʥʘʜʦ ʞʝ 

ʩʪʘʚʠʪʴ ʧʨʝʧʦʥʳ ʵʪʦʤʫ ʤʨʘʢʦʙʝʩʠʶ. 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʠʱʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʦʧʠʨʘʶʱʝʝʩʷ ʥʘ ʦʧʳʪ. ʅʘʯʥʝʤ ʩ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʕʪʠ ʥʦʣʷ ʩʦʟʜʘʶʪ ʣʶʜʠ ʜʣʷ ʩʚʷʟʠ, ʨʘʜʠʦʣʦʢʘʮʠʠ, ʪʝʣʝʚʠʜʝʥʠʷ, ʨʝʥʪʛʝʥʘ... 

ʂʘʢ ʩʦʟʜʘʶʪʩʷ ʵʪʠ ʧʦʣʷ? 

ɺ ʚʘʢʫʫʤʥʦʤ ʦʙʲʝʤʝ ʧʦʣʫʯʘʶʪ ʧʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ, ʩʦʙʠʨʘʶʪ ʠʭ ʚ ʫʟʢʠʡ ʞʛʫʪʠʢ, ʫʩʢʦʨʷʶʪ ʜʦ 

ʩʢʦʨʦʩʪʝʡ, ʙʣʠʟʢʠʭ ʢ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʘ ʧʦʪʦʤ ʪʦʨʤʦʟʷʪ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʪʦʨʤʦʟʷʪ ʦ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʣʘʩʪʠʥʫ, ʪ. ʝ. ʨʝʟʢʦ. 

ʋʩʢʦʨʝʥʠʝ ʟʜʝʩʴ ʙʦʣʴʰʦʝ, ʩʠʣʘ ʠʥʝʨʮʠʠ ð ʦʛʨʦʤʥʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʣʫʯʝʥʠʡ ʜʣʷ ʨʘʜʠʦ, ʪʝʣʝʚʠʜʝʥʠʷ, 

ʣʦʢʘʮʠʠ, ʩʚʷʟʠ... ʪʦʨʤʦʞʝʥʠʝ ʜʝʣʘʶʪ ʤʷʛʢʠʤ, ʪ. ʝ. ʫʩʢʦʨʝʥʠʝ ʤʝʥʴʰʝ, ʟʥʘʯʠʪ ʠ ʩʠʣʘ ʠʥʝʨʮʠʠ F=ʪĀʘ, 

ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʢʘʞʜʳʡ ʵʣʝʢʪʨʦʥ, ʙʫʜʝʪ ʤʝʥʴʰʝ. 

ʅʠʞʝ ʤʳ ʧʦʜʩʯʠʪʘʝʤ ʵʪʫ ʩʠʣʫ ʚ ʚʠʜʝ ʜʘʚʣʝʥʠʷ ʥʘ ʢʘʞʜʳʡ ʵʣʝʢʪʨʦʥ. ʆʥʘ ʦʢʘʞʝʪʩʷ ʦʛʨʦʤʥʦʡ ~ 10
10
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. ʕʪʦ ʜʘʝʪ ʥʘʤ ʦʩʥʦʚʘʥʠʝ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʠʯʪʦ ʥʝʜʝʣʠʤʦʝ ʧʝʨʝʜ ʪʘʢʦʡ ʩʠʣʦʡ ʥʝ ʫʩʪʦʠʪ ʠ 

ʚʳʙʨʦʩʠʪ ʚ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʘʣʳʝ ʢʫʩʦʯʢʠ ʩʚʦʝʡ ʤʘʪʝʨʠʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴ 

ʤʘʪʝʨʠʥʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪ. ʝ. ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʠ ʦʪʜʝʣʴʥʦ ʦʪ ʥʠʭ ð ʢʫʩʦʯʢʠ ʤʘʛʥʠʪʥʦʡ ʤʘʪʝʨʠʠ. 

ɺʳ ʩʢʘʞʝʪʝ: çʆʪʢʫʜʘ ʚʠʜʥʦ, ʯʪʦ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩʫʱʝʩʪʚʫʶʪ ʦʪʜʝʣʴʥʦ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʝ ʢʫʩʦʯʢʠ ʤʘʪʝʨʠʠ ʠ ʢʫʩʦʯʢʠ ʤʘʛʥʠʪʥʦʡ ʤʘʪʝʨʠʠ?è 

ʕʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚ. ʇʦ ʭʦʜʫ ʠʟʣʦʞʝʥʠʷ ʤʳ ʙʫʜʝʤ ʢ ʥʠʤ 

ʦʙʨʘʱʘʪʴʩʷ ʥʝ ʦʜʠʥ ʨʘʟ, ʥʦ ʦʙ ʦʜʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʢʘʟʘʪʴ ʥʘʜʦ ʩʨʘʟʫ. 

ɸʚʪʦʨ [7] ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ð ʨʘʜʠʩʪ. ʂ ʩʚʦʝʤʫ ʧʝʨʝʜʘʪʯʠʢʫ ʦʥ ʧʨʠʩʦʝʜʠʥʠʣ ʘʥʪʝʥʥʫ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩ. 2, ʠ ʟʘʢʨʳʣ ʝʝ ʵʢʨʘʥʦʤ ʠʟ ʤʝʜʠ ʠʣʠ ʘʣʶʤʠʥʠʷ. ɸʥʪʝʥʥʘ ʧʨʦʜʦʣʞʘʣʘ ʠʟʣʫʯʘʪʴ. ʇʦ 

ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʦʥ ʧʦʣʫʯʠʣ çʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ?è ʀʤ ʥʘ ʵʪʫ ʪʝʤʫ ʥʘʧʠʩʘʥʦ 8 ʩʪʘʪʝʡ. 

ʆʪʢʨʳʣʘʩʴ ʜʠʩʢʫʩʩʠʷ. ʆʜʥʘ ʩʪʦʨʦʥʘ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʘʚʪʦʨ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝ ʦʙʣʘʜʘʝʪ 

ʜʦʩʪʘʪʦʯʥʳʤʠ ʟʥʘʥʠʷʤʠ, ʘ ʜʨʫʛʘʷ ʩʪʦʨʦʥʘ ʩʯʠʪʘʝʪ ʩʚʦʠʭ ʦʧʧʦʥʝʥʪʦʚ ʦʪʫʧʝʣʦʡ ʟʘʤʰʝʣʦʩʪʴʶ. ʅʦ ʵʪʦʪ 

ʪʝʭʥʘʨʩʢʠʡ ʬʦʢʫʩ ʥʘʜʦ ʦʙʲʷʩʥʠʪʴ. 

ʆʙʲʷʩʥʝʥʠʝ ʧʨʦʩʪʦʝ. ʉʪʨʫʢʪʫʨʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʘʥʪʝʥʥʳ ʪʘʢʘʷ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ ʠ ʚ [1]. 

ɸ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʣʷ ʧʦʛʣʦʱʘʝʪʩʷ ʵʢʨʘʥʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ 

ɼʝʙʘʷðɻʶʢʢʝʣʷ, ʘ ʤʘʛʥʠʪʥʘʷ ʣʝʛʢʦ ʝʛʦ ʧʨʝʦʜʦʣʝʚʘʝʪ. 
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ɸʚʪʦʨ [7] ʪʘʢʞʝ ʫʚʠʜʝʣ, ʯʪʦ ʵʪʦʪ ʵʬʬʝʢʪ ʠʟʤʝʥʷʝʪʩʷ, ʝʩʣʠ ʫʩʪʨʦʡʩʪʚʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʩʪʘʣʴʥʦʤ 

ʣʠʩʪʝ. ʉʪʘʣʴʥʦʡ ʣʠʩʪ ʧʨʠʪʷʛʠʚʘʝʪ ʤʘʛʥʠʪʥʳʝ ʢʫʩʦʯʢʠ ʧʦʣʷ ʠ ʠʩʢʘʞʘʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʭ ʚ 

ʦʢʨʫʞʘʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʄʳ ʞʝ ʚ ʦʧʠʩʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʠʜʠʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʪʦʤʫ, ʯʪʦ 

ʣɻʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʦʩʪʦʠʪ ʠʟ ʥʝʟʘʚʠʩʠʤʳʭ ʯʘʩʪʠʮ ʤʘʪʝʨʠʠ ʵʣʝʢʪʨʦʥʘ, ʦʜʥʠ ʠʟ ʢʦʪʦʨʳʭ ʥʝʩʫʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʜʨʫʛʠʝ ð ʤʘʛʥʠʪʥʫʶ ʤʘʩʩʫ. 

ʂʩʪʘʪʠ ʩʢʘʟʘʪʴ. 

ɻʠʧʦʪʝʟʘ ʦ ʤʘʛʥʠʪʥʦʤ ʩʚʦʡʩʪʚʝ ʵʣʝʢʪʨʦʥʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʚʨʘʱʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ, ʢʘʢ-ʪʦ 

ʧʣʦʭʦ ʩʤʦʪʨʠʪʩʷ ʥʘ ʬʦʥʝ ʧʨʦʰʝʜʰʝʛʦ ʘʥʘʣʠʟʘ. 

ɸ ʪʝʧʝʨʴ ʧʨʝʜʳʜʫʱʫʶ ʤʳʩʣʴ (ʤʳʩʣʴ ʧʨʝʜʳʜʫʱʝʛʦ ʘʙʟʘʮʘ) ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʘʢ: ʥʠʢʘʢʦʡ 

ʜʚʠʞʫʱʠʡʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʝ ʩʦʟʜʘʝʪ! ʄʘʪʝʨʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʥʝʜʨʘʭ ʵʣʝʢʪʨʦʥʘ. 

ɸ ʢʘʢ ʞʝ ʙʳʪʴ ʩ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʦʡ? ɼʦʣʞʥʳ ʩʨʘʟʫ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʰʠ ʟʥʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʦʩʷʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ð ʜʝʣʘʡ, ʢʘʢ ʥʘʧʠʩʘʥʦ, ʠ ʚʩʝ ʧʦʣʫʯʠʪʩʷ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʩʝ ʦʥʠ ʜʦʙʳʪʳ 

ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʠ ʘʚʪʦʨʳ ʪʝʭʥʦʣʦʛʠʡ ʥʝ ʚʩʝʛʜʘ ʤʦʛʣʠ ʦʙʲʷʩʥʠʪʴ ʧʨʘʚʠʣʴʥʦ ʬʠʟʠʯʝʩʢʫʶ 

ʩʫʪʴ ʠʟʫʯʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʦʧʳʪʢʠ ʧʨʠʚʣʝʯʝʥʠʷ ʢ ʵʪʦʤʫ ʧʨʦʮʝʩʩʫ ʤʘʪʝʤʘʪʠʢʠ ʙʝʟ ʟʥʘʥʠʷ ʩʫʱʝʩʪʚʘ ʷʚʣʝʥʠʷ ʪʦʣʴʢʦ 

ʧʨʠʚʦʜʠʣʠ ʢ ʙʦʣʴʰʠʤ ʧʦʪʝʤʢʘʤ. 

ʊʘʢ ʠ ʟʜʝʩʴ, ʥʠʢʪʦ ʥʝ ʟʥʘʝʪ, ʯʪʦ ʪʘʢʦʝ ʧʦʣʝ, ʘ ʚ ʣʶʙʦʡ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʬʠʟʠʯʝʩʢʦʡ ʨʘʙʦʪʝ ʵʪʦʪ 

ʪʝʨʤʠʥ ʢʦʯʫʝʪ ʠʟ ʩʪʨʘʥʠʮʳ ʚ ʩʪʨʘʥʠʮʫ ʩʪʘʪʝʡ ʠ ʤʦʥʦʛʨʘʬʠʡ. 

ɺʦʪ ʥʝʩʢʦʣʴʢʦ ʚʳʜʝʨʞʝʢ ʠʟ [8]: ç...ʃ.ɹ.ɿʝʣʴʜʦʚʠʯ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʚ ʚʘʢʫʫʤʝ ʧʨʦʠʩʭʦʜʠʪ ʨʦʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦ-ʧʦʟʠʪʨʦʥʥʳʭ ʧʘʨè. 

ʀʟ ʥʠʯʝʛʦ ʨʦʞʜʘʝʪʩʷ ʥʝʯʪʦ. ɺʨʷʜ ʣʠ ʵʪʦ ʚʦʟʤʦʞʥʦ. 

ç...ʢʣʘʩʩʠʯʝʩʢʦʝ ʧʦʣʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʦʩʪʦʷʥʠʝ ʚʘʢʫʫʤʘè. 

ʄʦʞʝʪ ʤʦʞʥʦ, ʘ ʤʦʞʝʪ ʠ ʥʝʣʴʟʷ. ɺʩʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʯʪʦ ʝʩʪʴ ʧʦʣʝ. 

ç...ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʪʦʢʦʚ, ʩʦʟʜʘʶʱʠʭ ʧʝʨʚʠʯʥʳʝ 

ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ. ʕʪʦ ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷè. 

ʕʪʦ ʩʪʘʨʘʷ ʛʠʧʦʪʝʟʘ ɸʤʧʝʨʘ ʩ ʧʦʥʠʤʘʥʠʝʤ ʷʚʣʝʥʠʷ ʢʦʥʮʘ XVIII ʠ ʥʘʯʘʣʘ XIX ʚʝʢʦʚ. ʆ ʥʝʡ ʤʳ ʫʞʝ 

ʛʦʚʦʨʠʣʠ. 

çʌʠʟʠʢʠ ʩʪʦʷʪ ʥʘ ʧʨʦʯʥʦʤ ʬʫʥʜʘʤʝʥʪʝ ʬʘʢʪʦʚ, ʘ ʥʝ ʥʘ ʩʳʧʫʯʝʤ ʧʝʩʢʝ ʚʦʦʙʨʘʞʘʝʤʳʭ ʛʠʧʦʪʝʟè, ð 

ʕ. ʈʝʟʝʨʬʦʨʜ. 

ʀʟʨʝʯʝʥʠʝ ʕʨʥʝʩʪʘ ʈʝʟʝʨʬʦʨʜʘ ʚʦʟʥʠʢʣʦ ʠʟ ʪʨʫʜʥʳʭ ʦʧʳʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʜʘʣʠ ʚ ʨʫʢʠ ʬʠʟʠʢʘ ʪʦʯʥʝʡʰʠʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʨʝʧʘʨʠʨʦʚʘʥʠʷ ʘʪʦʤʘ ï Ŭ-ʯʘʩʪʠʮʳ (ʜʚʘʞʜʳ 

ʠʦʥʠʟʦʚʘʥʥʳʝ ʷʜʨʘ ʛʝʣʠʷ ʅʝ
+2
), ʢʦʪʦʨʳʤʠ ʦʥ ʙʦʤʙʘʨʜʠʨʦʚʘʣ ʪʦʥʢʠʝ ʧʣʘʩʪʠʥʢʠ ʤʝʪʘʣʣʦʚ ʠ ʠʟʫʯʘʣ 

ʪʨʘʝʢʪʦʨʠʠ Ŭ-ʯʘʩʪʠʮ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʪʦʥʢʦʡ ʧʣʘʩʪʠʥʢʦʡ. ʆʜʥʠ ʠʟ ʥʠʭ ʧʨʦʣʝʪʘʣʠ, ʥʝ  ʠʟʤʝʥʷʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʜʨʫʛʠʝ ʦʪʢʣʦʥʷʣʠʩʴ ʥʘ ʨʘʟʥʳʝ ʫʛʣʳ ʠ ʩʦʚʩʝʤ ʨʝʜʢʦ Ŭ-ʯʘʩʪʠʮʳ 

ʦʪʩʢʘʢʠʚʘʣʠ ʦʪ ʪʦʥʢʦʡ ʧʣʘʩʪʠʥʢʠ ʢʘʢ ʙʫʜʪʦ ʦʥʘ ʙʳʣʘ ʤʦʥʦʣʠʪʦʤ ð ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʷʤʦʝ ʧʦʧʘʜʘʥʠʝ ʚ 

ʷʜʨʦ ʚʝʱʝʩʪʚʘ ʤʠʰʝʥʠ. 

ʇʦʯʪʠ ʯʝʪʳʨʝ ʛʦʜʘ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʕ. ʈʝʟʝʨʬʦʨʜʫ, ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʨʘʟʤʝʨ ʷʜʨʘ ʘʪʦʤʘ (3ʭ10
-12

 ʩʤ) 

ʠ ʨʘʟʤʝʨ ʘʪʦʤʘ, ʢʦʪʦʨʳʡ ʦʢʘʟʘʣʩʷ ʥʘ ʯʝʪʳʨʝ ʧʦʨʷʜʢʘ ʙʦʣʴʰʝ ʩʚʦʝʛʦ ʷʜʨʘ. 
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ʅʝ ʢʦʥʯʠʢʦʤ ʧʝʨʘ, ʘ ʜʣʠʪʝʣʴʥʳʤʠ ʦʧʳʪʘʤʠ ʠ ʠʟʥʫʨʠʪʝʣʴʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʬʠʟʠʢʘ ʠ ʭʠʤʠʷ 

ʧʦʣʫʯʠʣʠ ʚʘʞʥʝʡʰʫʶ ʠʩʪʠʥʫ. ʕʪʦ ʙʳʣʦ ʧʦʯʪʠ 100 ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ. ʀ ʤʳ ʪʝʧʝʨʴ ʧʦʥʠʤʘʝʤ, ʯʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʥʪʛʝʥʦʚʩʢʠʭ I ʨʫʙʢʘʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʤʝʪʘʣʣʘ ʘʥʦʜʘ ʵʣʝʢʪʨʦʥʘʤʠ. 

ʆʩʥʦʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʠʩʭʦʜʠʪ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʘʤʠ ʫʩʢʦʨʝʥʥʦʛʦ ʧʫʯʢʘ ʠ ʵʣʝʢʪʨʦʥʘʤʠ 

ʤʝʪʘʣʣʘ. ɼʨʫʛʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ~ ʥʘ ʯʝʪʳʨʝ ʧʦʨʷʜʢʘ ʨʝʞʝ ʠ ʥʝ ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤʠ. 

ɸ ʫʢʘʟʘʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ð ʵʪʦ ʨʝʟʢʦʝ ʪʦʨʤʦʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʧʫʯʢʘ ʠ ʨʝʟʢʦʝ ʫʩʢʦʨʝʥʠʝ 

ʵʣʝʢʪʨʦʥʦʚ ʤʝʪʘʣʣʘ. ɼʨʫʛʠʭ ʘʢʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. 

ʉʪʘʣʢʠʚʘʶʪʩʷ ʜʚʘ ʵʣʝʢʪʨʦʥʘ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ. ʉʪʦʣʢʥʦʚʝʥʠʝ ʧʦʣʫʯʘʝʪʩʷ ʫʧʨʫʛʠʤ, ʪʘʢ ʢʘʢ, 

ʠʤʝʷ ʦʜʥʦʠʤʝʥʥʳʝ ʟʘʨʷʜʳ, ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʠʭ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʨʘʚʥʦʝ ʜʠʘʤʝʪʨʫ ʵʣʝʢʪʨʦʥʘ, ʚʦʟʥʠʢʘʝʪ 

ʢʫʣʦʥʦʚʩʢʘʷ ʩʠʣʘ ʦʪʪʘʣʢʠʚʘʥʠʷ: 

 

ʛʜʝ ʝ = 1,6 ʭ 10
-19

 ʂʣ ð ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ; r ð ʨʘʜʠʫʩ ʵʣʝʢʪʨʦʥʘ; 

2r ð ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʧʨʠʪʷʞʝʥʠʷ ʰʘʨʦʚ = 5,62x10
-15
ʤ. 

 

ʊʘʢʦʚʘ ʩʠʣʘ ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʘʤʠ. 

ʆʧʨʝʜʝʣʠʤ ʪʝʧʝʨʴ ʩʠʣʫ ʠʥʝʨʮʠʠ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʫʩʢʦʨʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ: 

 

ð ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ; Vð ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʘ = 0,5 ʩ, ʩ ð ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ;  

dt -ð ʚʨʝʤʷ ʪʦʨʤʦʞʝʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ dt ʚʦʟʴʤʝʤ ʧʫʪʴ ʪʦʨʤʦʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ, ʨʘʚʥʳʡ 10r, ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʵʪʦ 

ʨʘʩʩʪʦʷʥʠʝ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ Vcp = 0,5ʩ:2 = 0,25ʩ. 

ʇʦʣʫʯʠʤ: 

 

ɸ ʩʠʣʘ ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʵʣʝʢʪʨʦʥ, ʙʫʜʝʪ:   

 
ʕʪʦ ʦʯʝʥʴ ʙʦʣʴʰʘʷ ʩʠʣʘ. 

ɻʣʘʚʥʘʷ ʦʰʠʙʢʘ ʟʜʝʩʴ ʤʦʞʝʪ ʙʳʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʫʩʢʦʨʝʥʠʷ. ʇʫʩʪʴ ʪʦʨʤʦʞʝʥʠʝ ʠʜʝʪ ʥʘ ʫʯʘʩʪʢʝ ʥʝ 

10r, ʘ 1000r, ʪʦʛʜʘ 

 
ʋʩʢʦʨʝʥʠʝ ʠ ʚʩʝ ʦʩʪʘʣʴʥʦʝ ʫʤʝʥʴʰʠʪʩʷ ʥʘ ʧʦʨʷʜʦʢ: 

 
ʀ ʪʦʣʴʢʦ ʝʩʣʠ ʪʦʨʤʦʞʝʥʠʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10

7
r, ʪʦʛʜʘ ʩʠʣʘ ʪʦʨʤʦʞʝʥʠʷ 

 

ʇʦʜʩʪʘʚʠʚ ʵʪʠ ʜʘʥʥʳʝ, ʧʦʣʫʯʠʤ: 

 

 

ʊʝʧʝʨʴ ʥʘʡʜʝʤ ʫʩʢʦʨʝʥʠʝ: 

 



15 

 

 
cʨʘʚʥʠʚʘʝʪʩʷ ʩ ʩʠʣʦʡ ʢʫʣʦʥʦʚʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2r. 

ɸ ʢʘʢ ʚʝʣʠʢʠ ʧʨʠ ʵʪʦʤ ʙʫʜʫʪ ʢʫʣʦʥʦʚʩʢʠʝ ʩʠʣʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10
7
r? 

 

ʅʘ 15 ʧʦʨʷʜʢʦʚ ʤʝʥʴʰʝ. 

ɿʥʘʯʠʪ, ʫʩʢʦʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ, ʠʤʝʷ ʩʠʣʫ ʠʥʝʨʮʠʠ ʥʘ ʤʥʦʛʦ ʧʦʨʷʜʢʦʚ ʙʦʣʴʰʝ, ʧʨʝʦʜʦʣʝʝʪ 

ʢʫʣʦʥʦʚʩʢʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ ʠ ʩ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʩʠʣʦʡ ʫʜʘʨʠʪʩʷ ʦʙ ʵʣʝʢʪʨʦʥ. 

ʆʮʝʥʠʤ ʜʘʚʣʝʥʠʝ ʵʪʦʡ ʩʠʣʳ F =  1,8x10 
7
 ʅ ʥʘ ʵʣʝʢʪʨʦʥ. 

 

ɽʩʣʠ                                               ð ʧʣʦʱʘʜʴ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ ʵʣʝʢʪʨʦʥʘ, ʪʦʛʜʘ ʜʘʚʣʝʥʠʝ 

 

 
ʠʣʠ 

ʊʘʢʦʝ ʜʘʚʣʝʥʠʝ ʚ ʥʘʰʝʤ ʤʘʢʨʦʤʠʨʝ ʨʝʘʣʠʟʦʚʘʪʴ ʥʝʣʴʟʷ, ʪʘʢ ʦʥʦ ʚʝʣʠʢʦ. 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʠʣʦʡ ʚ ʧʨʦʮʝʩʩʝ ʛʝʥʝʨʘʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʠʣʘ ʠʥʝʨʮʠʠ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʜʣʷ ʢʦʪʦʨʦʡ ʢʫʣʦʥʦʚʩʢʠʝ ʩʠʣʳ ʦʪʪʘʣʢʠʚʘʥʠʷ 

ʠʤʝʶʪ ʧʷʪʠʧʦʨʷʜʢʦʚʳʡ ʫʨʦʚʝʥʴ ʤʘʣʦʩʪʠ. 

ʕʣʝʢʪʨʦʥʳ ʫʩʢʦʨʝʥʥʦʛʦ ʧʫʯʢʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ ʙʫʢʚʘʣʴʥʦ ʚʨʳʚʘʶʪʩʷ ʚ ʵʣʝʢʪʨʦʥʥʳʡ 

ʨʝʟʝʨʚʫʘʨ ʘʥʪʠʘʥʦʜʘ, ʨʘʟʨʳʚʘʶʪ ʝʛʦ ʵʣʝʢʪʨʦʥʳ ʥʘ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʧʨʠʜʘʶʪ ʠʤ ʝʱʝ ʩʢʦʨʦʩʪʠ ʦʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʜʦ ʩʚʝʪʦʚʳʭ. 

ʊʘʢ ʩʦʟʜʘʝʪʩʷ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. 

ʇʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʦʥ ʩʦʜʝʨʞʠʪ ʤʘʪʝʨʠʶ ʜʚʫʭ ʩʦʨʪʦʚ ð ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠ ʤʘʛʥʠʪʥʫʶ, ʪʦ ʚ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʘʭ ʵʪʠ ʯʘʩʪʠʮʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʧʨʦʧʦʨʮʠʷʭ. 

ʉʧʣʦʰʥʦʡ ʩʧʝʢʪʨ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ (ʪʦʨʤʦʟʥʦʛʦ) ʠʟʣʫʯʝʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʠʟ-ʟʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʩʠʣ 

ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʵʣʝʢʪʨʦʥʘ ʩ ʵʣʝʢʪʨʦʥʦʤ. ʆʥʦ ʣʝʞʠʪ ʦʪ ʩʪʦʣʢʥʦʚʝʥʠʷ ʥʘ ʚʩʪʨʝʯʥʳʭ ʢʫʨʩʘʭ ʜʦ ʩʣʘʙʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ ʥʠ ʠ ʬʦʥʘ, ʘ ʵʥʝʨʛʠʷ ʚʳʙʠʪʳʭ ʠʟ ʵʣʝʢʪʨʦʥʦʚ ʯʘʩʪʠʮ ʙʫʜʝʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʥʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʥʦʤʫ 

ʧʨʝʚʨʘʱʝʥʠʶ ʪʝʤ ʨʦʤʦʚ ʚ ʯʘʩʪʠʮʳ ʧʦʣʷ, ʠʣʠ ʢ ʯʘʩʪʠʯʥʦʤʫ, ʪʦʛʜʘ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʫʡʜʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʠʰʝʥʠ. 

ʊʘʢ ʯʪʦ ʵʪʦ ʟʘ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʚʳʙʠʚʘʶʪʩʷ ʠʟ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʠʭ ʩʪʦʣʢʥʦʚʝʥʠʠ ʥʘ ʙʦʣʴʰʠʭ 

ʩʢʦʨʦʩʪʷʭ? 

ʄʳ ʩʯʠʪʘʝʤ ʠʭ ʩʪʨʫʢʪʫʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʕʪʠ ʯʘʩʪʠʮʳ, ʠʤʝʷ ʤʘʩʩʫ, 

ʥʝʩʫʪ ʩʠʣʳ ʧʦʣʝʡ. 

ɺ ʨʘʙʦʪʝ [3] ʵʪʠ ʯʘʩʪʠʮʳ ʥʘʟʳʚʘʶʪ ʬʦʪʦʥʘʤʠ: çʕʥʝʨʛʠ ̫ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʠʭ ʨʝʟʢʦʤ ʪʦʨʤʦʞʝʥʠʠ ʚ 

ʚʝʱʝʩʪʚʝ ʘʥʦʜʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʬʦʪʦʥʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʠè. 

ɺ ʩʘʤʦʤ ʜʝʣʝ, ʧʨʠʨʦʜʘ ʥʝ ʠʟʣʠʰʝʩʪʚʫʝʪ ʚ ʩʚʦʠʭ ʚʘʨʠʘʮʠʷʭ, ʠ ʚʨʷʜ ʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʦʪ 

ʨʘʜʠʦ ʜʦ ҫ-ʠʟʣʫʯʝʥʠʷ ʠʤʝʶʪ ʨʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ. ɺʦʪ ʵʥʝʨʛʠʷ ʵʪʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʣʝʡ ʨʘʟʥʘʷ, ʘ 

ʠʭ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪ ʟʘʢʦʥ ʧʝʨʝʭʦʜʘ ʢʦʣʠʯʝʩʪʚʘ ʚ ʢʘʯʝʩʪʚʦ. ʕʪʦ ʚʝʣʠʢʠʡ ʟʘʢʦʥ ʧʦʩʪʨʦʝʥʠʷ 

ɺʩʝʣʝʥʥʦʡ, ʠ ʥʘʧʨʘʩʥʦ ʦ ʥʝʤ ʟʘʙʳʚʘʶʪ ʚ ʬʠʟʠʢʝ. ʀ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʩʣʦʚ ʧʦ ʧʦʚʦʜʫ ʧʦʩʣʝʜʥʝʡ ʮʠʪʘʪʳ ð 

çʵʥʝʨʛʠʷ... ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʬʦʪʦʥʳ...è ʕʥʝʨʛʠʷ ð ɻ ʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʪʝʣʘ ʩʦʚʝʨʰʘʪʴ ʨʘʙʦʪʫ ʠʣʠ ʩʦʟʜʘʚʘʪʴ 

ʪʝʧʣʦ, ʘ ʬʦʪʦʥ ð ɻ ʪʦ ʩʛʫʩʪʦʢ ʤʘʪʝʨʠʠ ʵʣʝʢʪʨʦʥʘ. ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʧʨʦʜʫʢʪʦʤ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʪʝʣʘ, ʘ 

ʥʝ ʧʨʦʜʫʢʪʦʤ ʩʫʧʝʨʧʦʟʠʮʠʠ ʪʝʣ. 

ʊʘʢʘʷ ʧʦʟʠʮʠʷ ʝʩʪʴ ʯʠʩʪʳʡ ʠʜʝʘʣʠʟʤ, ʙʘʟʘ ʢʦʪʦʨʦʛʦ ʧʨʠʶʪʠʣʘʩʴ ʚ ʬʠʟʠʢʝ ʠʟ-ʟʘ ʥʝʧʦʥʠʤʘʥʠʷ ʇʦʣʷ 

ð ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ɺʩʝʣʝʥʥʦʡ. 
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çʊʦʨʩʠʦʥʥʦʝè ʧʦʣʝ 

 
ʌʠʟʠʢʘ, ʢʘʢ ʥʘʫʢʘ, ʙʳʣʘ ʠ ʦʩʪʘʝʪʩʷ ʧʫʪʝʚʦʜʥʦʡ ʟʚʝʟʜʦʡ ʪʝʭʥʠʢʠ. ʀ ʚʩʝʤ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

ʩʚʝʪ ʣʫʯʝʡ ʵʪʦʡ ʟʚʝʟʜʳ ʙʳʣ ʷʨʢʠʤ, ʧʦʪʦʤʫ ʚʩʷʢʦʝ ʜʝʡʩʪʚʠʝ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʩʚʝʪʠʤʦʩʪʠ ʥʘʰʝʡ ʟʚʝʟʜʳ 

ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʙʣʘʛʦʞʝʣʘʪʝʣʴʥʳʤ ʘʢʪʦʤ. ʀ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʥʘʜʦ ʫʚʝʣʠʯʠʪʴ ʝʝ ʩʠʷʥʠʝ, ʤʦʞʥʦ 

ʧʦʧʳʪʘʪʴʩʷ ʨʘʩʩʝʷʪʴ ʪʫʤʘʥ, ʦʢʨʫʞʘʶʱʠʡ ʝʝ. ʕʪʦʪ ʪʫʤʘʥ, ʦʢʘʟʳʚʘʝʪʩʷ, ʥʝ ʷʚʣʷʝʪʩʷ ʟʣʦʥʘʤʝʨʝʥʥʳʤ 

ʜʝʡʩʪʚʠʝʤ, ʘ ʝʩʪʴ ʧʨʦʜʫʢʪ ʥʝʦʙʲʷʪʥʦʩʪʠ ʧʨʝʜʤʝʪʘ. ʌʠʟʠʢʘ ð ʵʪʦ ʠ ʤʝʪʘʣʣʫʨʛʠʷ, ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, 

ʚʢʣʶʯʘʷ ʠ ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʝ, ʨʘʟʚʝʜʢʘ ʥʝʜʨ, ʨʘʜʠʦʩʪʨʦʝʥʠʝ ʠ ʵʣʝʢʪʨʦʥʠʢʘ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʜʨ. 

ʀ ʚʦʪ ʧʨʝʜʩʪʘʚʴʪʝ ʩʝʙʝ, ʯʪʦ ʦʯʝʥʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠ ʣʶʙʦʟʥʘʪʝʣʴʥʳʡ ʯʝʣʦʚʝʢ ʚʟʷʣ ʉɺʏ ʕɺʇ ʠ 

ʩʪʘʣ ʦʙʣʫʯʘʪʴ ʧʦʣʝʤ ʵʪʦʛʦ ʧʨʠʙʦʨʘ, ʥʘʧʨʠʤʝʨ, ʨʘʩʧʣʘʚʣʝʥʥʳʡ ʤʝʪʘʣʣ. 

ʀ ʚʜʨʫʛ ʫʚʠʜʝʣ, ʯʪʦ ʵʪʦʪ ʤʝʪʘʣʣ ʠʟʤʝʥʠʣ ʩʚʦʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʜʦ ʪʘʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, 

ʯʪʦ ʦʥʘ ʧʦʪʝʨʷʣʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. ʉʝʥʩʘʮʠʷ! ɻʦʣʦʚʘ ʢʨʫʛʦʤ, ʢʘʢ ʫ ʙʝʨʝʤʝʥʥʦʡ ʞʝʥʱʠʥʳ 

ʧʦʩʣʝ ʩʦʣʝʥʳʭ ʦʛʫʨʮʦʚ, ʘ ʩ ʪʘʢʦʡ ʛʦʣʦʚʦʡ ʧʨʦʚʝʩʪʠ ʥʘʫʯʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʵʬʬʝʢʪʘ ʥʝʚʦʟʤʦʞʥʦ, 

ʪʝʤ ʙʦʣʝʝ ʯʪʦ ʧʦʷʚʣʷʶʪʩʷ ʜʦʙʨʦʭʦʪʳ ʩ ʪʘʨʝʣʦʯʢʦʡ, ʥʘ ʢʦʪʦʨʦʡ ʜʠʧʣʦʤ ʜʦʢʪʦʨʘ ʥʘʫʢ, ʘ ʪʦ ʠ ʘʢʘʜʝʤʠʢʘ 

ʈɸɽʅ. 

ʊʫʪ ʫʞʝ ʥʘʫʢʘ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʥʦ ʥʘʯʠʥʘʶʪ ʨʘʟʜʫʚʘʪʴʩʷ ʱʸʢʠ, ʠ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʙʳʣʠ ʚʠʜʥʳ ʠʟ-ʟʘ 

ʫʰʝʡ. ʊʘʢʠʤʠ ʩʪʨʫʢʪʫʨʘ ʞʠʟʥʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʛʨʦʤʥʦʤ ʥʘʫʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʬʠʟʠʢʠ, ʢʨʦʤʝ ʪʦʛʦ, 

ʟʘʩʦʨʝʥʥʦʛʦ ʜʦ ʯʨʝʟʤʝʨʥʦʩʪʠ ʧʦ ʨʝʟʘʤʠ ʠ ʜʦʤʳʩʣʘʤʠ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʚ. 

ɸ ʥʘʰ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠ ʣʶʙʦʟʥʘʪʝʣʴʥʳʡ ʛʝʨʦʡ, ʤʘʣʦ ʨʘʟʙʠʨʘ̫ʩʴ ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʩʪʦʣʴʢʦ ʞʝ ʚ 

ʵʣʝʢʪʨʦʥʠʢʝ, ʠ ʩʦʚʩʝʤ ʥʝ ʟʥʘʷ, ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʘʢ ʠ ʚʩʝ ʜʨʫʛʠʝ ʘʢʘʜʝʤʠʢʠ ʦʪ ʬʠʟʠʢʠ, 

ʜʘʝʪ ʚʦʣʶ ʩʚʦʝʡ ʬʘʥʪʘʟʠʠ ʥ ʧʦʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʘ ʥʦʚʘʷ ʩʫʙʩʪʘʥʮʠʷ ð ʊʦʨʩʠʦʥʥʦʝ ʧʦʣʝ. ʆʪʢʨʳʪʠʝ! 

ʅʦ ʧʦ ʟʘʢʦʥʫ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʙ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʪʘʢʦʡ ʢʘʪʝʛʦʨʠʠ, ʢʘʢ 

ʦʪʢʨʳʪʠʝ, ʥʝʪ, ʘ ʚʦʪ ʟʘʷʚʣʝʥʥʳʡ ʵʬʬʝʢʪ çʟʘʱʠʱʘʝʪʩʷè ʧʘʪʝʥʪʦʤ. ʀ ʷ ʜʫʤʘʶ, ʯʪʦ ʜʝʣʘʝʪʩʷ ʵʪʦ ʟʘʢʦʥʥʦ ʠ 

ʧʨʘʚʠʣʴʥʦ. 

ɸ ʥʘʤ, ʧʦʥʠʤʘʶʱʠʤ, ʯʪʦ ʪʘʢʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʠ ʫʤʝʶʱʠʤ ʠʭ ʧʦʣʫʯʘʪʴ ʚ ʤʘʩʩʦʚʦʤ 

ʢʦʣʠʯʝʩʪʚʝ, ʧʦʥʷʪʥʦ ɻ ʪʦ ʦʪʢʨʳʪʠʝ. ʆʥʦ ʧʦʭʦʞʝ ʥʘ ʦʪʢʨʳʪʠʝ ʦʜʥʦʛʦ ʛʝʨʦʷ ʄʦʣʴʝʨʘ: çʉʦʨʦʢ ʣʝʪ ʛʦʚʦʨʶ, ʠ 

ʪʦʣʴʢʦ ʪʝʧʝʨʴ ʫʟʥʘʶ, ʯʪʦ ʥʝʝ ʵʪʠ ʩʦʨʦʢ ʣʝʪ ʛʦʚʦʨʶ ʧʨʦʟʦʡè. 

ʉʣʝʛʢʘ ʨʘʟʚʣʝʢʰʠʩʴ, ʧʦʷʩʥʷʝʤ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʩʦʩʪʦʷʪ ʠʟ ʯʘʩʪʠʮ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʯʘʩʪʠʮ ʤʘʛʥʠʪʥʳʭ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʣʝʛʢʦ ʧʦʛʣʦʱʘʶʪʩʷ ʤʝʪʘʣʣʘʤʠ (ʟʘʢʦʥ ɼʝʙʘʷðɻʶʢʢʝʣʷ), ʪʘʤ 

ʤʥʦʛʦ ʥʦʩʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʘ ʤʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ ʣʝʛʯʝ ʧʨʝʦʜʦʣʝʚʘʶʪ ʨʘʟʥʳʝ ʩʨʝʜʳ, ʛ. ʢ. ʚ ʥʠʭ ʥʝʪ 

ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤʘʛʥʠʪʥʦʡ ʤʘʪʝʨʠʠ. ʆʥʘ ʚʩʷ ʩʦʜʝʨʞʠʪʩʷ ʚ ʥʝʜʨʘʭ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʪʦʤʫ ʚʩʝ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʪʦʨʩʠʦʥʥʳʝ ʧʦʣʷ, ʧʦʣʫʯʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʕɺʇ ʉɺʏ (ʢʣʠʩʪʨʦʥʳ, ʃɹɺ ʠ ʜʨ.), ʩʫʪʴ ʫʩʝʯʝʥʥʳʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʜʦ ʯʠʩʪʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

ɸ ʫʩʝʯʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʠʩʭʦʜʠʪ, ʢʘʢ ʧʦʥʷʪʥʦ ʤʥʦʛʠʤ, ʧʦ ʥʝʚʝʜʦʤʳʤ çʘʚʪʦʨʘʤè 

ʪʦʨʩʠʦʥʥʳʭ ʧʦʣʝʡ ʟʘʢʦʥʦʤ. 

ɺʩʝ ʞʝ ʧʦʣʝʟʥʳʝ ʩʚʝʜʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʯʘʩʪʠʮ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʘʚʪʦʨʘʤʠ [8; 12] ʧʨʝʜʤʝʪʳ ʠ ʧʨʦʮʝʩʩʳ, ʥʘʜʦ ʩʯʠʪʘʪʴ ʟʘʩʣʫʞʠʚʘʶʱʠʤʠ ʦʯʝʥʴ ʩʝʨʴʝʟʥʦʛʦ 

ʚʥʠʤʘʥʠʷ. 

ʉʘʤʠ ʘʚʪʦʨʳ ʠʟʦʙʨʝʪʝʥʠʷ ʪʦʨʩʠʦʥʥʳʭ ʧʦʣʝʡ [13] ʩʯʠʪʘʶʪ, ʯʪʦ çʩʧʠʥ ʯʘʩʪʠʮʳ ʷʚʣʷʝʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʧʦʣʷ, ʥʘʟʳʚʘʝʤʦʛʦ ʪʦʨʩʠʦʥʥʳʤ ʠ ʠʤʝʶʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʨʦʷʚʣʝʥʠʝè [8]. 

ʀ ʜʘʣʝʝ [13] ʧʠʰʝʪ: çɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ 

ʵʣʝʢʪʨʦʪʦʨʩʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʣʠʩʪʨʦʥʳ...è 

ʈʘʙʦʪʘ ʘʤʝʨʠʢʘʥʩʢʠʭ ʢʦʣʣʝʛ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʦʚ, ʩʦʣʝʡ, 

ʢʝʨʘʤʠʢʠ ʧʨʦʠʩʭʦʜʷʪ ʢʘʢ ʨʘʟ ʚ ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [13]. 

ʊʘʢʠʝ ʩʪʨʘʥʥʦʩʪʠ ʩ çʦʪʢʨʳʪʠʷʤʠè ʧʨʦʷʚʣʷʶʪʩʷ ʩʝʛʦʜʥʷ ʚ ʦʢʦʣʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʉʨʝʜʠ ʵʪʠʭ ʨʘʙʦʪ ʟʘʤʝʪʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ [16], ʘʚʪʦʨ, ʢʦʪʦʨʦʡ ʧʠʰʝʪ, ʯʪʦ ɽʅ-ʘʥʪʝʥʥʘ çʠʤʝʝʪ 

ʦʯʝʥʴ ʤʘʣʝʥʴʢʠʝ ʨʘʟʤʝʨʳ, ʢʦʪʦʨʳʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʦʣʥʦʚʳʤ ʨʘʟʤʝʨʘʤ, ʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʜʦʚʦʣʴʥʦ 

ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪè. ʆʥ ʪʚʝʨʜʦ ʩʪʦʠʪ ʥʘ ʧʣʘʪʬʦʨʤʝ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ, ʥʦ, ʥʝ ʧʦʥʠʤʘʷ ʧʦʣʷ, 

ʜʘʣʝʝ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ɽʅ-ʘʥʪʝʥʥʘ ʨʝʘʣʠʟʫʝʪ çʥʝʠʟʚʝʩʪʥʫʶ ʨʘʜʠʦʩʚʷʟʴ ʥʘ ʩʧʠʥʦʚʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝè. 

ʆʧʷʪʴ ʦʪʢʨʳʪʠʝ. 



17 

 

ʊʷʞʝʣʦ ʠ ʙʦʣʴʥʦ ʨʘʟʦʯʘʨʦʚʳʚʘʪʴ ʪʘʢʠʭ ʣʶʜʝʡ ʚ ʠʭ ʦʰʠʙʢʘʭ, ʩʜʝʣʘʥʥʳʭ ʥʝ ʧʦ ʩʚʦʝʡ ʚʠʥʝ. ʕʪʦ 

ʦʰʠʙʢʠ ʬʠʟʠʢʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʦʰʠʙʢʘʤ ʜʦʙʨʦʩʦʚʝʩʪʥʳʭ ʝʝ ʧʨʠʚʝʨʞʝʥʮʝʚ. ʄʘʣʦ ʪʦʛʦ, ʘʚʪʦʨ [16] 

ʩʫʤʝʣ ʫʙʝʜʠʪʴ ʜʘʞʝ ʊʝʜʘ ʍʘʨʪʘ (ʊʝʦʨʠʷ ʘʥʪʝʥʥ, ʉʐɸ). çĂʂʘʣʝʥʳʤ ʞʝʣʝʟʦʤ" ʚʳʞʠʛʘʣ ʫ ʥʝʛʦ ʚ ʤʦʟʛʘʭ 

ʢʣʘʩʩʠʯʝʩʢʫʶ ʪʝʦʨʠʶ ʘʥʪʝʥʥ, ʢʦʪʦʨʘʷ ʥʝ ʨʘʙʦʪʘʝʪ ʚ ɽʅ-ʘʥʪʝʥʥʘʭè. 

ɽʩʣʠ ʩʜʝʣʘʪʴ ʢʦʨʦʪʢʦʝ ʨʝʟʶʤʝ ʧʦ ʵʪʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʤr ʬʘʢʪʘʤ, ʪʦ ʦʥʦ ʜʦʣʞʥʦ ʧʨʦʟʚʫʯʘʪʴ ʢʘʢ 

ʩʪʨʦʛʦʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʥʘʫʢʝ ʦ ʥʘʩʪʦʷʪʝʣʴʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ pʝʰʘʪʴ ʧʨʦʙʣʝʤʫ ʧʦʣʷ, ʝʩʣʠ 

ʦʥʘ ʥʝ ʞʝʣʘʝʪ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʤʫʟʝʡ ʠʩʪʦʨʠʠ, ʥʘ ʛʣʘʚʥʳʭ ʩʪʝʥʜʘʭ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʚʳʩʚʝʯʠʚʘʪʴʩ̫ 

ʛʠʧʦʪʝʟʳ ʠ ʜʦʤʳʩʣʳ, ʪʦʨʤʦʟʠʚʰʠʝ ʥʘʫʢʫ ʠ ʪʝʭʥʠʢʫ. 

ʇʦʯʝʤʫ ʢʠʥʝʪʠʯʝʩʢʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ (ʧʦʣʝ ɽʅ-ʘʥʪʝʥʥ) ʦʙʣʘʜʘʝʪ ʪʘʢʦʡ ʙʦʣʴʰʦʡ ʩʠʣʦʡ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʚʳ ʫʟʥʘʝʪʝ ʚ ʜʘʣʴʥʝʡʰʠʭ ʛʣʘʚʘʭ, ʧʦʪʦʤʫ ʯʪʦ ʜʣʷ ʵʪʦʛʦ ʥʘʜʦ ʧʦʥʷʪʴ, ʢʘʢ ʩʦʟʜʘʥʳ 

ʦʢʨʫʞʘʶʱʠʝ ʥʘʩ ʪʝʣʘ. 

ʀ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʨʦʙʥʝʝ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ çʪʦʨʩʠʦʥʥʳʭè 

ʧʦʣʝʡ ʧʦ [13]. 

ʈʫʩʪʘʤ ʈʦʡ (ʧʨʦʬʝʩʩʦʨ ʇʝʥʩʠʣʴʚʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ) ʦʪʤʝʯʘʝʪ, ʯʪʦ 

ʤʥʦʛʦʣʝʪʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ 

ʧʦʥʷʪʴ ʠ ʦʙʲʷʩʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʄʘʢʩʚʝʣʣʘðʃʦʨʝʥʮʘ. 

ʕʪʦ ʩʣʝʜʫʶʱʠʝ ʥʝʦʙʳʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ:  

1. ɸʥʦʤʘʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ 

(ʥʘʨʫʰʝʥʠʝ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ). 

 

2. ʋʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʨʘʟ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

3. ʉʦʟʜʘʥʠʝ ʘʤʦʨʬʥʳʭ ʤʝʪʘʣʣʦʚ (ʪʘʢʠʝ ʞʝ ʤʝʪʘʣʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʈʦʩʩʠʠ). 

4. ʉʦʟʜʘʥʠʝ ʘʤʦʨʬʥʳʭ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ. 

5. ʆʪʢʨʳʪʠʝ ʘʥʠʟʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʥʠʢʦʛʜʘ ʧʨʝʞʜʝ ʥʝ ʥʘʙʣʶʜʘʣʠʩʴ. 

6. ʈʘʟʣʠʯʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟʜʝʣʝʥʥʳʭ ʧʦʣʝʡ ɽ ʠ ʅ ʥʘ ʤʘʪʝʨʠʘʣʳ (ʩʤ. ʨʠʩ. 3). 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʤʠʢʨʦʰʣʠʬʦʚ ʦʢʠʩʠ ʞʝʣʝʟʘ, ʢʦʪʦʨʘʷ ʟʘʪʚʝʨʜʝʚʘʣʘ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ (ɽ) ʠ ʤʘʛʥʠʪʥʳʭ (ʅ) ʧʦʣʷʭ. ʅʘ ʩʥʠʤʢʝ ʚʠʜʥʳ ʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ ʫ ʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʊʘʤ, 

ʛʜʝ ʜʝʡʩʪʚʦʚʘʣʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʩʪʨʫʢʪʫʨʘ ʥʝ ʠʟʤʝʥʝʥʘ. ʅʦ ʩʦʚʝʨʰʝʥʥʦ ʜʨʫʛʦʡ ʚʠʜ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʘ 

Fʝ3O4 ʪʘʤ, ʛʜʝ ʜʝʡʩʪʚʦʚʘʣʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʕʪʦ ʩʪʨʫʢʪʫʨʘ ʘʤʦʨʬʥʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʟʜʝʩʴ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʬʝʩʩʦʨʘ ʈʦʷ - ʝʩʪʴ ʦʙʲʝʢʪʠʚʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʥʦ 

çʘʤʝʨʠʢʘʥʩʢʦʝ ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʥʘ 100 % ʠʛʥʦʨʠʨʫʝʪ ʥʦʚʳʝ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʘʤʝʨʠʢʘʥʩʢʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʥʘ 95 %, ʟʘʪʦ ʤʘʣʳʡ ʙʠʟʥʝʩ ʚʦʩʧʨʠʥʷʣ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʫʨʘ!!! 

ɸʤʝʨʠʢʘʥʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʩʳʣʘʷʩʴ ʥʘ ʤʥʝʥʠʝ ʫʯʝʥʳʭ, ʧʦʣʘʛʘʶʪ, ʯʪʦ ʵʪʦʛʦ 

ʙʳʪʴ ʥʝ ʤʦʞʝʪè [13]. 

ɸ ʪʝʧʝʨʴ ʧʨʝʜʩʪʘʚʴʪʝ ʩʝʙʝ, ʢʘʢ ʪʷʞʝʣʦ ʥʘʤ ʰʝʚʝʣʠʪʴ ʥʘʰʠ ʥʘʫʯʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʝʩʣʠ ʤʳ ʟʥʘʝʤ, ʯʪʦ 

ʤʥʦʛʠʝ ʫʩʪʦʷʚʰʠʝʩʷ ʧʦʣʦʞʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʜʘʚʥʦ ʫʩʪʘʨʝʣʠ ʠ ʥʝ ʦʪʨʘʞʘʪʁ ʨʝʘʣʴʥʳʭ ʟʘʢʦʥʦʚ 

ʧʨʠʨʦʜʳ, ʘ ʨʝʣʷʪʠʚʠʟʤ, ʩ ʝʛʦ ʙʦʣʴʰʠʤ ʢʨʫʛʦʤ ʧʨʠʚʝʨʞʝʥʮʝʚ, ʝʩʪʴ ʦʯʝʨʝʜʥʦʝ ʥʝʚʝʨʥʦʝ ʙʦʢʦʚʦʝ 

ʦʪʚʝʪʚʣʝʥʠʝ ʥʘʫʢʠ. 

 
ʈʠʩ. 3. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ Fe304 ʚ ɽ ʠ ʅ ʧʦʣʷʭ 

[13]. ɿʜʝʩʴ ʨʘʟʥʦʝ ʫʚʝʣʠʯʝʥʠʝ: ʩʣʝʚʘ ð ʤʘʣʦʝ, 

ʩʧʨʘʚʘ ð ʙʦʣʴʰʦʝ. 
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ʅʘʙʣʶʜʘʝʤʳʝ ʵʬʬʝʢʪʳ ʪʦʨʩʠʦʥʥʳʭ ʧʦʣʝʡ ʩʣʦʞʥʳ, ʜʣʷ ʠʭ ʧʦʥʠʤʘʥʠʷ ʥʘʜʦ ʧʦʟʥʘʪʴ ʧʨʠʨʦʜʫ 

ʧʦʣʝʡ, ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʷ ʘʪʦʤʘ ʈʝʟʝʨʬʦʨʜʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʦʪʚʝʨʛʥʫʪʴ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʫ ʄʘʢʩʚʝʣʣʘ, ʧʦʢʘʟʘʪʴ ʥʘ ʦʧʳʪʝ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨ̫ʜʦʚ ʥʝʪ, ʧʦʥʷʪʴ 

ɺʝʯʥʦʝ ʠ ɹʝʩʢʦʥʝʯʥʦʝ... 

ʇʦʩʣʝ ʪʘʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʵʬʬʝʢʪʳ çʪʦʨʩʠʦʥʥʳʭè ʧʦʣʝʡ ʧʝʨʝʩʪʘʶʪ ʙʳʪʴ ʟʘʛʘʜʢʦʡ ʠ ʧʝʨʝʭʦʜʷʪ ʚ 

ʨʘʟʨʷʜ ʧʨʦʩʪʳʭ. 

ʆʙʦ ʚʩʝʤ ʵʪʦʤ ʥʘʧʠʩʘʥʦ ʥʠʞʝ, ʥʦ ʯʠʪʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʡʪʠ ʵʪʦʪ ʧʫʪʴ, ʯʪʦʙʳ ʦʩʚʦʙʦʜʠʪʴʩʷ ʦʪ 

ʧʫʪ ʜʦʤʳʩʣʦʚ-ʛʠʧʦʪʝʟ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʪʨʘʰʠʣʦʢ, ʧʨʠʚʥʝʩʝʥʥʳʭ ʥʝ ʨʘʜʠ ʀʩʪʠʥʳ. 
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ɻʣʘʚʘ 4. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʩʚʝʨʭʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ 
 

ʕʪʠ ʧʦʣʷ ʠʩʧʦʣʴʟʫʶʪ ʪʝʣʝʚʠʜʝʥʠʝ, ʩʚʷʟʴ, ʨʘʜʠʦʣʦʢʘʮʠʷ, ʧʝʯʠ ʉɺʏ ʠ ʜʨ., ʘ ʩʦʟʜʘʶʪʩʷ ʦʥʠ 

ʵʣʝʢʪʨʦʚʘʢʫʫʤʥʳʤʠ ʧʨʠʙʦʨʘʤʠ (ʕɺʇ) ʩʚʝʨʭʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ (ʉɺʏ), ʦʩʦʙʝʥʥʦ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. 

ʀʭ ʥʘʟʳʚʘʶʪ: ʤʘʛʥʝʪʨʦʥʳ, ʢʣʠʩʪʨʦʥʳ, ʣʘʤʧʳ ʙʝʛʫʱʝʡ ʚʦʣʥʳ (ʃɹɺ) ʠ ʜʨ. 

ʅʘʠʙʦʣʝʝ ʩʪʘʨʳʝ ʠʟ ʥʠʭ ð ʤʘʛʥʝʪʨʦʥʳ. 

ʂʘʢ ʩʦʟʜʘʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʤʘʛʥʝʪʨʦʥʝ? 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʤʘʛʥʝʪʨʦʥʘ ð ʝʛʦ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ. 

ʄʘʛʥʝʪʨʦʥ ʠʤʝʝʪ ʧʦʜʦʛʨʝʚʥʳʡ ʢʘʪʦʜ (4), ʥʘ ʢʦʪʦʨʳʡ ʧʦʜʘʝʪʩʷ ʚʳʩʦʢʦʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʠ ʘʥʦʜ (5) ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʟʝʤʣʠ ʩ ʨʝʟʦʥʘʪʦʨʥʳʤʠ ʧʦʣʦʩʪʷʤʠ (3). ɺʜʦʣʴ ʦʩʠ ʢʘʪʦʜʘ ʩʦʟʜʘʝʪʩʷ 

ʤʘʛʥʠʪʥʦʝ ʦʜʥʦʨʦʜʥʦʝ ʧʦʣʝ. ʈʘʟʦʛʨʝʪʳʡ ʧʦʜʦʛʨʝʚʘʪʝʣʝʤ (6) ʢʘʪʦʜ ʠʤʠʪʠʨʫʝʪ ʵʣʝʢʪʨʦʥʳ, ʢʦʪʦʨʳʝ 

ʫʩʪʨʝʤʣʷʶʪʩʷ ʢ ʘʥʦʜʫ, ʥʦ ʦʥʠ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʧʦʚʦʨʘʯʠʚʘʶʪʩʷ, ʧʨʠʦʙʨʝʪʘʷ ʪʨʘʝʢʪʦʨʠʶ ʵʧʠʮʠʢʣʦʠʜʳ 

(7). ʂʘʞʜʳʡ ʚʳʣʝʪʘʶʱʠʡ ʩ ʢʘʪʦʜʘ ʵʣʝʢʪʨʦʥ ʜʘʝʪ ʥʘʯʘʣʦ ʩʚʦʝʡ 

 

ʵʧʠʮʠʢʣʦʠʜʳ (8), ʢʦʪʦʨʳʝ ʤʥʦʛʦʢʨʘʪʥʦ ʧʝʨʝʩʝʢʘʶʪʩʷ, ʩʦʟʜʘʚʘʷ ʭʦʨʦʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʦʫʜʘʨʝʥʠʡ 

ʵʣʝʢʪʨʦʥʦʚ, ʜʚʠʞʫʱʠʭʩʷ ʧʦ pʘʟʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. ʅʝʢʦʪʦʨʳʝ ʵʣʝʢʪʨʦʥʳ ʧʦ ʩʚʦʠʤ ʢʠʥʝʪʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʜʦʩʪʠʛʘʶʪ ʠ ʢʘʪʦʜʘ, ʠʤʝʷ ʩʢʦʨʦʩʪʠ ʦʪ ʥʫʣʝʚʦʡ ʜʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ, ʯʪʦʙʳ ʚʳʟʚʘʪʴ 

ʚʪʦʨʠʯʥʫʶ ʵʤʠʩʩʠʶ, ʪʦʛʜʘ ʦʜʠʥ ʫʧʘʚʰʠʡ ʥʘ ʢʘʪʦʜ ʵʣʝʢʪʨʦʥ ʚʳʙʠʚʘʝʪ ʩ ʢʘʪʦʜʘ ʜʚʘ ʠ ʙʦʣʝʝ ʵʣʝʢʪʨʦʥʦʚ, 

ʯʝʤ ʫʚʝʣʠʯʠʚʘʝʪ ʭʘʦʩ ʩʪʦʣʢʥʦʚʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʢʘʪʦʜʦʤ ʠ ʘʥʦʜʦʤ. 

ʅʠʢʘʢʠʭ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʘʛʥʝʪʨʦʥʘ ʤʝʞʜʫ ʢʘʪʦʜʦʤ ʠ ʘʥʦʜʦʤ, ʢʨʦʤʝ 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʵʣʝʢʪʨʦʥʦʚ, ʥʝ ʧʨʦʠʩʭʦʜʠʪ! 

ʀ ʢʘʢ ʧʠʩʘʣʦʩʴ ʚʳʰʝ, ʩʪʦʣʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠʚʦʜʷʪ ʢ ʚʳʙʨʘʩʳʚʘʥʠʶ ʠʟ ʥʠʭ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʤʘʪʝʨʠʠ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʤʘʛʥʠʪʥʳʤ ʟʘʨʷʜʘʤʠ. ʕʪʦ ʠ 

ʝʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʆʥʦ ʟʘʧʦʣʥʷʝʪ ʚʩʶ ʧʦʣʦʩʪʠ ʤʘʛʥʝʪʨʦʥʘ ʠ ʦʪʩʦʨʪʠʨʦʚʳʚʘʝʪʩʷ ʧʦ 

ʵʥʝʨʛʠʷʤ ʚ ʨʝʟʦʥʘʪʦʨʥʳʭ ʧʦʣʦʩʪʷʭ (3), ʦʪʢʫʜʘ ʦʪʙʠʨʘʝʪʩʷ ʯʝʨʝʟ ʱʝʣʴ ʩʚʷʟʠ (2) ʠ ʚʦʣʥʦʚʦʜ ʚʳʭʦʜʥʦʡ (1) ʢ 

ʧʦʪʨʝʙʠʪʝʣʷʤ: ʧʝʨʝʜʘʪʯʠʢʘʤ, ʧʝʯʘʤ ʉɺʏ ʠ ʜʨ. 

ʈʘʥʝʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʢʠʥʝʪʠʢʫ ʩʪʦʣʢʥʦʚʝʥʠʡ ʵʣʝʢʪʨʦʥʦʚ. ɺʩʧʦʤʥʠʣʠ, ʯʪʦ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʵʪʦʤ ʩʠʣʳ ʠʥʝʨʮʠʠ ʚʝʣʠʢʠ, ʭʦʪʷ ʭʘʦʩ ʩʪʦʣʢʥʦʚʝʥʠʡ ʥʝ ʚʩʝʛʜʘ ʥʫʞʝʥ ʧʨʠ ʨʝʰʝʥʠʠ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ 

ʵʣʝʢʪʨʦʥʠʢʠ. ʀʥʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʚʘʪʴ ʤʦʥʦʩʢʦʨʦʩʪʥʦʡ ʧʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ, ʠ ʪʦʨʤʦʟʷʪ ʵʪʦʪ ʧʫʯʦʢ 

ʵʣʝʢʪʨʦʥʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʩʨʘʟʫ ʚʩʝ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʠʣʦʡ. ʊʘʢʦʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʣʝʚʳʤ 

ʪʦʨʤʦʞʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʥʘ ʢʘʞʜʳʡ ʵʣʝʢʪʨʦʥ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʕʪʦ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʵʣʝʢʪʨʦʥ 

ʧʦʧʘʜʘʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʛʫʩʪʦ ʟʘʧʦʣʥʝʥʥʦʝ ʯʘʩʪʠʮʘʤʠ ʧʦʣʷ, ʥʝʩʫʱʠʤʠ ʟʘʨʷʜʳ ʤʘʛʥʠʪʥʳʡ ʠ 

 
ʈʠʩ 4.  

1. ʚʦʣʥʦʚʦʜ ʚʳʭʦʜʥʦʡ;  

2. ʱʝʣʴ ʩʚʷʟʠ;  

3. ʨʝʟʦʥʘʪʦʨ; 4.ʢʘʪʦʜ;  

5. ʘʥʦʜ; 6. ʧʦʜʦʛʨʝʚʘʪʝʣʴ;  

7. ʪʨʘʝʢʪʦʨʠʷ ʵʣʝʢʪʨʦʥʘ; 

8. ʧʝʨʝʩʝʯʝʥʠʝ ʪʨʘʝʢʪʦʨʠʡ 

ʣɻʝʢʪʨʦʥʦʚ 
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ʵʣʝʢʪʨʠʯʝʩʢʠʡ. ʕʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʪʦʨʤʦʟʷʱʝʡ ʩʨʝʜʦʡ, ʢʦʣʴ ʩʢʦʨʦ ʵʣʝʢʪʨʦʥ ʩʥʠʞʘʝʪ ʩʚʦʶ 

ʩʢʦʨʦʩʪʴ, ʙʣʠʟʢʫʶ ʢ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʚ 1,5... 2 ʨʘʟʘ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʤ ʨʘʩʩʪʦʷʥʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʘʢʦʡ ʉɺʏ ʕɺʇ, ʛʜʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʦʟʜʘʝʪʩʷ ʧʦʣʝʚʳʤ ʪʦʨʤʦʞʝʥʠʝʤ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ. ʕʪʦʪ ʧʨʠʙʦʨ ʥʘʟʳʚʘʝʪʩʷ ʠʩʪʨʦʥ ʠ ʚʟʷʪ ʠʟ [9]. 

ʉʭʝʤʘ ʵʪʦʛʦ ʧʨʠʙʦʨʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 5. 

ɿʜʝʩʴ ʪʝʨʤʦʵʤʠʩʩʠʦʥʥʳʡ ʢʘʪʦʜ (1) ʠʤʝʝʪ ʤʥʦʛʦʣʫʯʝʚʫʶ ʩʪʨʫʢʪʫʨʫ (2) ʠ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʤʦʜʫʣʷʮʠʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ð ʩʝʪʢʫ (3), ʥʘ ʢʦʪʦʨʫʶ ʧʦʜʘʝʪʩʷ ʫʧʨʘʚʣʷʶʱʠʡ ʧʦʪʝʥʮʠʘʣ. ʕʣʝʢʪʨʦʥʥʘʷ ʧʫʰʢʘ 

ʧʨʠʙʦʨʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʘʥʦʜʦʤ (6) ʩ ʜʣʠʥʥʳʤʠ ʧʨʦʣʝʪʥʳʤʠ ʪʨʫʙʘʤʠ (7), ʧʦ ʢʘʥʘʣʘʤ (8) ʦʥʠ ʚʳʚʦʜʷʪ 

ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ ʧʫʯʢʠ ʚ ʟʦʥʫ ʠʭ ʪʦʨʤʦʞʝʥʠʷ (10). ɿʜʝʩʴ ʜʚʠʞʝʥʠʶ ʧʫʯʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʩʝʚʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʢʦʣʣʝʢʪʦʨʫ (17) ʧʨʝʧʷʪʩʪʚʫʶʪ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʘʥʦʜʘ, ʠʤʝʶʱʝʛʦ ʧʦʣʦʞʠʪʝʣʴʥʳʡ, ʠ ʩʠʣʳ 

ʦʪʪʘʣʢʠʚʘʥʠʷ ʢʦʣʣʝʢʪʦʨʘ, ʠʤʝʶʱʝʛʦ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣʳ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʵʪʠʭ ʜʚʫʭ ʩʠʣ ʩʢʦʨʦʩʪʴ ʧʫʯʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʨʝʟʢʦ ʧʘʜʘʝʪ, ʩʦʟʜʘʚʘʷ ʦʛʨʦʤʥʳʝ ʩʠʣʳ 

ʠʥʝʨʮʠʠ. ʕʪʠ ʩʠʣʳ ʨʘʟʨʫʰʘʶʪ ʯʘʩʪʠʯʥʦ ʵʣʝʢʪʨʦʥ, ʚʳʙʨʘʩʳʚʘʷ ʠʟ ʥʝʛʦ ʯʘʩʪʠʮʳ ʤʘʪʝʨʠʠ, ʠʤʝʶʱʠʝ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠʣʠ ʤʘʛʥʠʪʥʳʡ ʟʘʨʷʜʳ. ʇʦʩʢʦʣʴʢʫ ʪʦʨʤʦʞʝʥʠʝ ʧʨʦʭʦʜʠʣʦ ʧʦʣʝʚʳʤ 

ʩʧʦʩʦʙʦʤ, ʤʦʥʦʩʢʦʨʦʩʪʥʳʝ ʧʫʯʢʠ ʚʳʙʨʦʩʠʣʠ ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʞʝ ʯʘʩʪʠʮʳ ʩʚʦʠʭ ʤʘʩʩ, ʢʦʪʦʨʳʝ 

ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʢʘʢ ʚʦʣʥʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɿʜʝʩʴ ʪʦʨʤʦʞʝʥʠʝ ʦʩʫʱʝʩʪʚʠʣʦʩʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ. 

 

 

ɺ ʢʣʠʩʪʨʦʥʘʭ ʠ ʃɹɺ ʪʦʨʤʦʞʝʥʠʝ ʧʫʯʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ. 

ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʠ ʚʝʟʜʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʦʟʜʘʝʪʩʷ ʧʫʪʝʤ ʪʦʨʤʦʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʠ ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʟʜʝʩʴ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ. 

ʊʝʧʝʨʴ ʤʳ ʧʦʜʦʰʣʠ ʢ ʝʱʝ ʦʜʥʦʤʫ ʚʘʞʥʦʤʫ ʤʦʤʝʥʪʫ ʥʘʰʝʛʦ ʠʟʣʦʞʝʥʠʷ. ʅʘʤ ʥʘʜʦ ʦʮʝʥʠʪʴ 

ʚʝʣʠʯʠʥʫ ʤʘʩʩʳ ʠ ʟʘʨʷʜʘ ʯʘʩʪʠʮ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʵʤʠʪʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʤ. 

ɺ [3] ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʵʣʝʢʪʨʦʥ ʩʤʦʪʨʠʪʩʷ ʥʝʜʝʣʠʤʳʤ ʧʨʠ ʨʘʟʨʝʰʠʤʦʩʪʠ ʤʝʪʦʜʘ 10
-16

 ʩʤ. 

ʉʦʩʯʠʪʘʝʤ ʤʘʩʩʫ ʯʘʩʪʠʮʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʃɹɺ ʧʷʪʠʢʠʣʦʚʘʪʪʥʦʡ 

ʤʦʱʥʦʩʪʠ, ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 5 ʩʤ. ʏʘʩʪʦʪʘ ʪʘʢʦʡ çʚʦʣʥʳè ʨʘʚʥʘ 2x10
9
 ɻʮ ð ᾇ, ʵʥʝʨʛʠʷ ʵʪʦʡ ʯʘʩʪʠʮʳ ɽ 

ʨʘʚʥʘ 
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ʛʜʝ h = 6,62x10
-34

 ɼʞ ʩʝʢ ð ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ. 

 
ʊʝʧʝʨʴ, ʟʥʘʷ ʩʢʦʨʦʩʪʴ ʵʪʦʡ ʯʘʩʪʠʮʳ (ʵʪʦ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ), ʥʘʡʜʝʤ ʝʝ ʤʘʩʩʫ: 

 

ɸ ʚ ʵʣʝʢʪʨʦʥʝ, ʤʘʩʩʘ ʢʦʪʦʨʦʛʦ 9,1x10
-31

 ʢʛ, ʪʘʢʠʭ ʯʘʩʪʠʮ ʙʫʜʝʪ 

 
ʕʪʦ ʠ ʤʘʛʥʠʪʥʳʭ, ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʧʦʣʷ, ʩʯʠʪʘʷ ʠʭ ʦʜʠʥʘʢʦʚʳʤʠ ʧʦ ʛʘʙʘʨʠʪʘʤ ʠ ʤʘʩʩʘʤ. 

ɽʩʣʠ ʧʦʤʝʩʪʠʪʴ ʵʪʠ ʯʘʩʪʠʮʳ ʚ ʢʫʙ ʩʦ ʩʪʦʨʦʥʦʡ 10
3
 ʰʪ. ʯʘʩʪʠʮ, ʪʦ ʯʪʦʙʳ ʨʘʟʛʣʷʜʝʪʴ ʠʭ, ʥʫʞʥʘ 

ʨʘʟʨʝʰʠʤʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʥʝ 10
-16

 ʩʤ, ʘ 10
-18

 ʩʤ. 

ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ [10] ʟʘʧʦʣʥʷʶʪ ʧʦʣʦʩʪʴ ʵʣʝʢʪʨʦʥʘ 1,23565004332x10
20

 ʰʪ. ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʯʘʩʪʠʮ. 

ʄʝʥʷ ʯʘʩʪʦ ʫʜʠʚʣʷʝʪ ʛʣʫʙʦʢʠʡ çʵʥʪʫʟʠʘʟʤè ʘʚʪʦʨʦʚ, ʩ ʠʥ ʢʦʩʪʴʶ ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ ʧʠʰʫʱʠʭ ʚ 

ʩʚʦʠʭ ʨʘʩʯʝʪʘʭ ʜʝʪʠ. .1 ʪʦ ʠ ʧʷʪʥʘʜʮʘʪʴ ʟʥʘʢʦʚ ʧʦʩʣʝ ʟʘʧʷʪʦʡ. 

ʌʠʰʢʘ ʧʨʠʝʤʣʝʪ ʨʝʟʫʣʴʪʘʪ, ʝʩʣʠ ʝʛʦ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 90%, ʪ. ʝ. ʦʰʠʙʢʘ ð 10 %. ʕʪʦ ʚʪʦʨʦʡ ʟʥʘʢ 

ʧʦʩʣʝ ʟʘʧʷʪʦʡ. ɿʘʯʝʤ ʞʝ ʠʭ ʧʠʩʘʪʴ 12? ɼʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʚʦʡ ʛʣʫʙʦʢʠʡ çʵʥʪʫʟʠʘʟʤè? 

ʅʫ, ʢʘʢ ʛʦʚʦʨʷʪ, ʙʦʛ ʚʘʤ ʩʫʜʴʷ. ɸ ʤʥʝ ʩʪʳʜʥʦ ʟʘ ʪʘʢʠʭ ʘʚʪʦʨʦʚ ʝʱʝ ʠ ʧʦʪʦʤʫ, ʯʪʦ ʫʤʫʜʨʷʶʪʩʷ ʥʘ 

ʦʜʥʦʡ ʩʪʨʘʥʠʮʝ ʢʥʠʛʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʷʪʴ ʛʠʧʦʪʝʟ, ʘ ʥʘ ʩʦʩʝʜʥʝʡ ð ʝʱʝ ʪʨʠ ʩʚʦʠʭ ʚʳʜʫʤʢʠ ʦʙ ʵʬʠʨʝ ʠ 

ʢʘʢʠʝ-ʪʦ ʫʱʝʨʙʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʝʛʦ ʩʚʦʡʩʪʚʘʭ [10]. 

ʅʦ ʵʪʦ ʣʠʨʠʢʘ. ɼʝʣʘ ʪʨʝʙʫʶʪ, ʯʪʦʙʳ ʤʳ ʝʱʝ ʨʘʟ ʫʧʦʤʷʥʫʣʠ ʦ ʪʦʤ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʧʦʜʩʯʝʪʘ ʧʦʣʝʚʳʭ 

ʯʘʩʪʠʮ ʚ ʵʣʝʢʪʨʦʥʝ ʦʯʝʥʴ ʫʩʣʦʚʥʘ. ɿʜʝʩʴ ʠʤʝʶʪ ʧʨʘʚʦ ʥʘ ʦʰʠʙʢʫ ʤʥʦʛʠʝ ʵʣʝʤʝʥʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [11] ʫʪʚʝʨʞʜʘʝʪʩʷ ç...ʯʪʦ ʚ ʢʦʨʧʫʩʢʫʣʷʨʥʦʡ ʢʦʥʮʝʧʮʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʩʪʦʷʥʥʘ ̫ʇʣʘʥʢʘ ʚʦʦʙʱʝ ʥʝ ʠʤʝʝʪ ʤʝʩʪʘ...è ɸʚʪʦʨ ʧʨʝʜʣʘʛʘʝʪ ʩʚʦʡ 

ʚʘʨʠʘʥʪ ʧʦʩʪʦʷʥʥʦʡ ʇʣʘʥʢʘðʂʘʨʧʝʥʢʦ h': 

 
ʛʜʝ h ð ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ, ʩ ð ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ 

 
ɽʩʣʠ ʵʥʝʨʛʠʶ ʯʘʩʪʠʮʳ ʧʦʣʷ ʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ ʇʣʘʥʢʘðʂʘʨʧʝʥʢʦ 

ʛʜʝ ɚ ð ʜʣʠʥʘ ʚʦʣʥʳ (ʤ). ɺ ʥʘʰʝʤ ʨʘʩʯʝʪʝ ɚ = 0,05 ʤ. ʀʪʘʢ, 

 
ɺʳʰʝ ʵʪʫ ʵʥʝʨʛʠʶ ʤʳ ʥʘʭʦʜʠʣʠ ʨʘʚʥʦʡ 1,3x10

-24
 ɼʞ. ʕʪʦ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ. ɸ ʤʳ ʠʤʝʝʤ ʧʨʘʚʦ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʵʣʝʢʪʨʦʥʝ ʩʦʜʝʨʞʠʪʩʷ ~ 3x10
10

 ʪh. ʯʘʩʪʠʮ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɺ [1] ʙʳʣʦ ʧʦʜʩʯʠʪʘʥʦ, ʯʪʦ ʃɹɺ ʩ 30 % ʂʇɼ ʤʦʱʥʦʩʪʴʶ 5 ʢɺʪ ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʵʣʝʢʪʨʦʥʳ ʪʝʨʷʶʪ 0,1% ʩʚʦʝʡ ʤʘʩʩʳ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʠʟ ʚʩʝʭ ʯʘʩʪʠʮ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʵʣʝʢʪʨʦʥʝ (3 ʭ 

10
10

 ʰʪ.), ʚʳʣʝʪʘʝʪ ~ 3 ʭ 107 ʰʪ/ʩʝʢ. 

 

ʇʦʜʩʪʘʚʠʤ ʜʘʥʥʳʝ: 

 


