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1. ɺʚʝʜʝʥʠʝ. ʅʝʦʙʳʯʥʦʝ ʠ ʚʦ ʤʥʦʛʦʤ ʟʘʛʘʜʦʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ (10 ʤɺʪ) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʟʢʠʭ ʥʝʨʘʩʭʦʜʷʱʠʭʩʷ ʪʨʝʢʦʚ (30 ʤʢʤ) ʚ ʤʳʣʴʥʦʡ ʧʣʝʥʢʝ (ʪʦʣʱʠʥʦʡ 1-10 

ʤʢʤ), ʢʨʘʪʢʦ ʦʧʠʩʘʥʥʦʝ ʥʘʤʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʦʙʟʦʨʝ [1], ʚʳʟʚʘʣʦ ʰʠʨʦʢʠʡ ʠʥʪʝʨʝʩ ʩʨʝʜʠ 

ʤʦʣʦʜʳʭ ʠ ʟʨʝʣʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʠʩʩʣʝʜʫʶʱʠʭ ʥʝʣʠʥʝʡʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʚʦʡʩʪʚʘ 

ʪʨʝʢʦʚ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʩ ʨʘʟʥʳʭ ʪʦʯʝʢ ʟʨʝʥʠʷ.  

ʈʘʟʙʠʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʥʘ ʪʦʥʢʠʝ ʪʨʝʢʠ ʣʝʛʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ ʚʦ 

ʚʩʝʭ ʤʳʣʴʥʳʭ ʧʣʝʥʢʘʭ ʣʶʙʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʚʩʝʭ ʧʨʠʤʝʥʷʚʰʠʭʩʷ ʥʝʧʨʝʨʳʚʥʳʭ ʠ 

ʠʤʧʫʣʴʩʥʳʭ (ʥʘʥʦ-, ʬʝʤʪʦ-ʩʝʢʫʥʜʥʳʭ) ʣʘʟʝʨʘʭ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 0.4 - 1.1 ʤʢʤ ʠ ʩ 

ʤʦʱʥʦʩʪʷʤʠ 10 ʤʢɺ - 10 ʢɺʪ (ʩ ʢʨʘʡʥʝ ʥʝʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʣʘʙʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʠʜʘ ʪʨʝʢʦʚ ʦʪ ʤʦʱʥʦʩʪʠ [1]) (ʈʠʩ. 1).  

 
˾͙ͫΦ 1. ˹ ͊͋͡Ό͔͙͔͒ͤ ͔͊ͪͤ͘͡·ͻ ͔͍ͭͪͦ͟ ͍ ͣ·͡Έ͚ͤͦ ͔͔ͨͤ͟͡ ͨͦ͒ ͪ͊ͤ͘·͙ͣ ͎͙ͯ͊ͣ͡Φ 

ʉʚʝʞʘʷ ʤʳʣʴʥʘʷ ʧʣʝʥʢʘ ʦʙʳʯʥʦ ʠʤʝʝʪ ʪʦʣʱʠʥʫ 5-10 ʤʢʤ, ʥʦ ʩʦ ʚʨʝʤʝʥʝʤ ʝʝ ʪʦʣʱʠʥʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʯʪʠ ʚ ʪʳʩʷʯʫ ʨʘʟ ʜʦ 5-10 ʥʤ (ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʪʦʣʱʠʥʳ ʜʚʫʭ ʤʦʣʝʢʫʣ ʤʳʣʘ). 

ʈʘʩʪʚʦʨ ʠʟ ʩʚʝʞʝʡ ʧʣʝʥʢʠ ʧʦʩʪʦʷʥʥʦ ʩʪʝʢʘʝʪ ʚ ʢʨʘʡ ʧʣʝʥʢʠ, ʚ ʨʝʙʨʦ, ʠ ʦʪ ʩʢʦʨʦʩʪʠ ʩʪʝʢʘʥʠʷ 

ʟʘʚʠʩʠʪ ʚʨʝʤʷ ʞʠʟʥʠ ʧʣʝʥʢʠ. ɺ ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʘ ʪʘʢʠʝ ʪʨʝʢʠ ʥʝ ʦʙʨʘʟʫʶʪʩʷ. ʅʦ ʧʦʯʝʤʫ ʦʥʠ 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʣʝʥʢʝ? ʀ ʧʨʠ ʵʪʦʤ ʥʝʪ ʢʘʢʠʭ-ʣʠʙʦ ʥʝʣʠʥʝʡʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʯʘʩʪʦʪʳ, ʧʦʩʢʦʣʴʢʫ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0.001 ʥʤ ʜʣʠʥʘ ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʩʚʝʪʘ, 

ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʪʨʝʢʦʚ, ʩʦʚʧʘʜʘʝʪ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ (632.8 ʥʤ).  

ʇʨʝʜʣʘʛʘʣʦʩʴ ʤʥʦʛʦ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʢʦʚ, ʢʦʪʦʨʳʝ ʠʟ-ʟʘ ̫ʚʥʦʛʦ 

ʥʝʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʩʪʝʧʝʥʥʦ ʦʪʢʣʦʥʷʣʠʩʴ. ɺ ʯʘʩʪʥʦʩʪʠ 

ʦʙʩʫʞʜʘʣʩʷ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʢʦʚ ʟʘ ʩʯʝʪ ʜʠʬʨʘʢʮʠʠ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʧʣʝʥʢʠ 

[2], ʥʦ ʦʥ ʩʦʚʩʝʤ ʥʝ ʦʙʲʷʩʥʷʣ, ʧʦʯʝʤʫ ʨʘʩʭʦʜʠʤʦʩʪʴ ʜʠʬʨʘʛʠʨʫʶʱʠʭ ʣʫʯʝʡ ʦʢʘʟʳʚʘʝʪʩʷ 
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ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʫʛʣʘ ʬʦʢʫʩʠʨʦʚʢʠ ʚʚʦʜʠʤʦʛʦ ʚ ʧʣʝʥʢʫ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠ ʪʦʞʝ 

ʙʳʣ ʦʪʚʝʨʛʥʫʪ. ʇʦʩʣʝ ʧʝʨʝʙʦʨʘ ʠ ʦʪʩʫʪʩʪʚʠʷ ʧʦʜʭʦʜʷʱʠʭ ʧʨʠʯʠʥ ʩʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʩʪʘʣʦ 

ʧʦʥʷʪʥʦ, ʯʪʦ ʧʨʠ ʧʦʣʥʦʡ ʥʝʷʩʥʦʩʪʠ ʧʦʪʨʝʙʫʶʪʩʷ ʢʨʦʧʦʪʣʠʚʳʝ ʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʝr 

ʠʩʩʣʝʜʦʚʘʥʠ ̫ʩʚʦʡʩʪʚ ʵʪʠʭ ʥʝʦʙʳʯʥʳʭ ʪʨʝʢʦʚ, ʧʦʠʩʢ ʧʦ ʢʨʫʧʠʮʘʤ ʟʘʮʝʧʦʢ, ʢʦʪʦʨʝr ʤʦʛʣʠ 

ʙʳ ʧʦʤʦʯ ɹʥʘʱʫʧʘʪʴ ʭʦʪʷ ʙʳ ʥʘʤʝʢ ʥʘ ʧʨʠʯʠʥʫ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ.  

 

2. ʂʨʘʪʢʘʷ ʠʩʪʦʨʠʷ ʠ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʂ ʧʨʝʧʨʠʥʪʘʤ ʚ ʩʩʳʣʢʘʭ ʧʨʠʣʘʛʘʶʪʩʷ ʢʦʨʦʪʢʠʝ ʢʠʥʦʬʠʣʴʤʳ, ʮʝʥʥʦʩʪʴ ʢʦʪʦʨʳʭ ʚ 

ʥʘʛʣʷʜʥʦʩʪʠ ʥʝʦʙʳʯʥʦʡ ʜʠʥʘʤʠʢʠ ʣʘʟʝʨʥʳʭ ʪʨʝʢʦʚ, ʥʝʧʝʨʝʜʘʚʘʝʤʦʡ ʩʣʦʚʝʩʥʳʤ ʦʧʠʩʘʥʠʝʤ 

ʠ ʨʠʩʫʥʢʘʤʠ. 

2.1. ʆ ʜʚʦʡʥʦʤ ʣʫʯʝʧʨʝʣʦʤʣʝʥʠʠ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʘʣʠʯʠʝ 

ʜʚʦʡʥʦʛʦ ʣʫʯʝʧʨʝʣʦʤʣʝʥʠ ̫ʣʘʟʝʨʥʳʭ ʪʨʝʢʦʚ ʚ ʦʙʳʯʥʳʭ ʤʳʣʴʥʳʭ ʧʣʝʥʢʘʭ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 

1 ʤʢʤ [3]. ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʜʣʷ ʪʨʝʢʦʚ ʩ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʧʣʝʥʢʝ ʧʦʣʷʨʠʟʘʮʠʝʡ 

ʧʦ ʦʮʝʥʢʘʤ ʨʘʚʝʥ np=1.25+-0.03, ʘ ʜʣʷ ʪʨʝʢʦʚ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢ ʧʣʝʥʢʝ ʧʦʣʷʨʠʟʘʮʠʝʡ 

ng=1.045+-0.03. ʕʪʦ ʩʚʦʡʩʪʚʦ ʧʦʟʚʦʣʠʣʦ ʦʙʲʷʩʥʠʪʴ ʦʜʥʫ ʠʟ ʟʘʛʘʜʦʢ ʪʨʝʢʦʚ ï ʚʝʩʴʤʘ 

ʩʪʨʘʥʥʫʶ ʰʪʨʠʭʦʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʥʘʙʣʶʜʘʚʰʫʶʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʪʨʝʢʘʭ [1]. ʇʦʤʦʱʴ ʚ ʵʪʦʤ 

ʦʢʘʟʘʣʠ ʥʘʡʜʝʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʠ ʘʥʘʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʥʘʤ ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʫʶ ʚ ʪʨʝʢʘʭ 

ʰʪʨʠʭʦʚʫʶ ʩʪʨʫʢʪʫʨʘ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ  ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʧʣʝʥʢʘʭ ʩ ʜʚʦʡʥʳʤ 

ʣʫʯʝʧʨʝʣʦʤʣʝʥʠʝʤ [3]. ʈʘʩʩʝʷʥʥʳʡ ʩʚʝʪ ʣʘʟʝʨʘ ʥʘ ʫʯʘʩʪʢʘʭ ʪʨʝʢʘ, ʛʜʝ ʚʝʢʪʦʨ ʧʦʣʷʨʠʟʘʮʠʠ 

ʥʘʧʨʘʚʣʝʥ ʢ ʥʘʙʣʶʜʘʪʝʣʶ, ʦʢʘʟʳʚʘʶʪʩʷ ʜʣʷ ʥʝʛʦ ʥʝʚʠʜʠʤʳʤʠ, ʪʝʤʥʳʤʠ (ʈʠʩ. 2).  

 
˾͙ͫΦ 2. ̊ ͙ͭͪͻ͍ͦ͊Ύ ͫͭͪͯͭͯͪ͊͟ ͤ͊ ͊͘͡ ͔ͪͤͦ ͣͭ ͔͔ͪ͟ ό͔͎ͦ ͙͚͒ͤͦ͡ ~р ͫͣ) ͍  ͍͔͙ͪͭ͊͟͡Έ͚ͤͦ ͔͔ͨͤ͟͡ όͦ͋ΆΎ͔͙͔ͫͤͤ ͍ ͫͭ͊ͭΈ͔ύ, 

ͭͦ͡΅͙ͤ͊ ͚ͦͭͦͪͦ͟ ͫ ͍·͚ͫͦͭͦ ͔ͯͣͤΈ΄͔͊ͭͫΎΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͫͦͪ͊͟΅͔͙ͤΌ ͙͒ͤ͡· ΄͙ͭͪͻ͍ͦ ͨͦ;͙ͭ ͍ мл ͪ͊͘Φ 

ʅʘ ʈʠʩ.2 ʚʠʜʥʦ, ʯʪʦ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʝʥʢʝ ʚ ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʪʦʥʢʦʛʦ ʫʯʘʩʪʢʘ ʜʣʠʥʘ 

ʰʪʨʠʭʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʯʪʠ ʚ 10 ʨʘʟ [9]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʝʤʳʝ ʪʝʤʥʳʝ ʫʯʘʩʪʢʠ ʥʘ 

ʪʨʝʢʝ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʘʣʠʯʠʷ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʥʘʤʠ ʜʚʦʡʥʦʛʦ ʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ ʠ 
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ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʧʣʝʥʢʘʭ, ʥʦ ʢ ʧʨʠʯʠʥʝ ʦʙʨʘʟʦʚʘʥʠʷ ʫʟʢʠʭ ʪʨʝʢʦʚ ʦʥʦ 

ʥʘʩ ʥʝ ʧʨʠʙʣʠʞʘʝʪ. 

2.2. ʆ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʠ ʩʦʩʪʘʚʝ ʧʣʝʥʢʠ. ʄʦʞʝʪ ʙʳʪʴ, ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʪʨʝʢʦʚ ʚʘʞʥʘ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʩʪʴ ʣʘʟʝʨʘ? ʅʝʪ, ʦʢʘʟʘʣʦʩ,ɹ ʯʪʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʢʦʚ 

ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʩʪʴ ʠʟʣʫʯʝʥʠ ̫ʥʝ ʥʫʞʥʘ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ [3], 

ʫʟʢʠʝ ʪʨʝʢʠ ʚ ʧʣʝʥʢʘʭ ʦʙʨʘʟʫʶʪʩʷ ʠ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʝʧʨʝʨʳʚʥʳʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ 

(Dl~20 ʥʤ) ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ. ɺʘʞʝʥ ʩʦʩʪʘʚ ʩʘʤʦʡ ʧʣʝʥʢʠ? ʅʝʪ, ʠ ʩʦʩʪʘʚ ʧʣʝʥʢʠ ʥʝʚʘʞʝʥ, 

ʧʦʩʢʦʣʴʢʫ ʪʨʝʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʤʳʣʴʥʳʭ, ʥʦ ʠ ʚ ʜʨʫʛʠʭ ʧʣʝʥʢʘʭ, ʪʘʢʠʭ ʢʘʢ ʚ 

ʧʣʝʥʢʝ ʠʟ ʜʘʤʤʘʨʥʦʛʦ ʣʘʢʘ [1],  ʚ ʩʚʦʙʦʜʥʳʭ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ ʜʠʘʤʝʪʨʦʤ ~ 8 ʤʤ ʠʟ ʞʠʜʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ɾʂ-807 [9], ʚ ʧʣʝʥʢʘʭ ʠʟ ʨʘʩʪʚʦʨʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʥʝ ʠʦʥʥʦʛʦ ʤʳʣʘ çʊʨʠʪʦʥ-

405è ʚ ʛʣʠʮʝʨʠʥʝ ʠ ʜʨʫʛʠʭ ʧʣʝʥʢʘʭ. ɺ ʥʠʭ ʧʦʚʝʜʝʥʠʝ ʪʨʝʢʦʚ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʚʝʜʝʥʠʷ ʚ 

ʦʙʳʯʥʳʭ ʤʳʣʴʥʳʭ ʧʣʝʥʢʘʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʢʦʚ ʚ 

ʧʣʝʥʢʘʭ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʙʝʟ ʚʦʜʳ. ʇʦʟʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʨʝʢʠ ʚ ʙʝʥʟʠʥʦʚʳʭ ʧʣʝʥʢʘʭ ʥʘ 

ʚʦʜʝ ʙʝʟ ʤʳʣʘ (ʦʙ ʵʪʦʤ ʥʠʞʝ). ɽʩʣʠ ʪʨʝʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʩʦʩʪʘʚʦʤ ʩʨʝʜʳ ʠ ʥʝ ʚʠʜʦʤ 

ʩʚʝʪʘ, ʪʦ ʯʝʤ? ɺʝʜʴ ʚ ʪʨʝʢʘʭ-ʪʦ ʙʦʣʴʰʝ ʥʠʯʝʛʦ ʥʝʪ. ʏʪʦ ʠʩʩʣʝʜʦʚʘʪʴ? ʏʪʦ ʤʝʥʷʪʴ? 

ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʜʣʷ ʦʧʳʪʦʚ ʥʘʜʦ ʠʤʝʪʴ ʧʨʦʯʥʳʝ (ʜʦʣʛʦʞʠʚʫʱʠʝ) ʤʳʣʴʥʳʝ ʧʣʝʥʢʠ. 

ʇʨʦʙʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʧʣʝʥʦʢ ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ ʚ ʚʦʜʥʳʝ 

ʤʳʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ (ɼʄʉʆ), (CH3)2SO ʚ ʦʙʲʝʤʥʳʭ ʜʦʣʷʭ 1-50%, 

ʢʦʪʦʨʳʡ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʤʳʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ. ɺ ʟʘʢʨʳʪʦʤ 

ʦʙʲʝʤʝ ʧʣʝʥʢʘ ʠʟ ʪʘʢʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʭʨʘʥʷʝʪʩʷ ʩʫʪʢʘʤʠ [3].  

2.3. ʇʦʨʦʛ ʜʣʷ ʪʨʝʢʦʚ. ɹʳʣʘ ʦʮʝʥʝʥʘ ʧʦʨʦʛʦʚʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʵʥʝʨʛʠʷ ʥʘʢʘʯʢʠ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʢʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ (680 

ʥʤ) [4]. ʆʥʘ ʦʢʘʟʘʣʘʩʴ ʩʣʠʰʢʦʤ ʥʠʟʢʦʡ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʯʠʥʳ ʢʘʢʠʭ-ʣʠʙʦ 

ʠʟʚʝʩʪʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ 0.1 ʤʢʩ ʧʦʨʦʛʦʚʘʷ ʤʦʱʥʦʩʪʴ 

ʥʘʢʘʯʢʠ ʩʦʩʪʘʚʣʷʣʘ 0.2 ʤɺʪ (ʵʥʝʨʛʠʷ 2 10
-11

 ɼʞ), ʠ ʧʦʵʪʦʤʫ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʪʨʝʢʦʚ 

ʪʨʝʙʦʚʘʣʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʥʝʣʠʥʝʡʥʦʩʪʠ.  

2.4. ʈʝʟʦʥʘʥʩʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʪʨʝʢʠ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ [1], ʪʨʝʢʠ ʚ ʧʣʝʥʢʝ ʧʦʣʫʯʘʶʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʚʚʦʜʝ ʠʟʣʫʯʝʥʠʷ ʯʝʨʝʟ ʢʨʘʡ (ʨʝʙʨʦ) ʧʣʝʥʢʠ, ʥʦ ʠ ʩʚʝʨʭʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʣʝʥʢʠ. ʂʦʛʜʘ ʥʘ ʩʚʝʞʫʶ ʧʣʝʥʢʫ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʝ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʘʜʘʝʪ ʧʦʜ 

ʩʢʦʣʴʟʷʱʠʤ ʫʛʣʦʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ (~ 5
0
) ʚ ʩʚʝʞʝʡ ʧʣʝʥʢʝ ʠʥʦʛʜʘ ʧʦʷʚʣʷʝʪʩʷ ʪʨʝʢ, ʠ ʝʩʣʠ 

ʪʨʝʢ ʧʦʷʚʠʣʩʷ, ʪʦ ʧʨʠ ʵʪʦʤ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ, ʧʨʦʭʦʜʷʱʝʛʦ (!) 

ʯʝʨʝʟ ʧʣʝʥʢʫ (ʚʤʝʩʪʦ 5% ʜʦ 50%) [4].  

ʀ ʝʱʝ ʚʦʪ ʪʘʢʦʝ ʥʘʙʣʶʜʝʥʠʝ. ɽʩʣʠ ʧʷʪʥʦ ʬʦʢʫʩʠʨʦʚʢʠ ʣʘʟʝʨʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʫʛʣʘ 

ʧʘʜʝʥʠʷ ʧʣʘʚʥʦ ʦʧʫʩʢʘʝʪʩʷ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʝʥʢʝ ʩʚʝʨʭʫ ʚʥʠʟ, ʧʝʨʝʩʝʢʘʷ ʥʘ ʥʝʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʧʦʣʦʩʳ, ʪʦ ʪʨʝʢʠ ʚʦʟʥʠʢʘʶʪ ʪʦʣʴʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ ʧʣʝʥʢʠ, 

ʪʦʯʥʝʝ, ʚ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ ʢʘʞʜʦʡ ʠʟ ʧʝʨʝʩʝʢʘʝʤʳʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʧʣʝʥʢʠ. ʀ, 

ʯʪʦ ʠʥʪʝʨʝʩʥʦ, ʚʦʟʥʠʢʘʶʪ ʚ ʵʪʠʭ ʤʝʩʪʘʭ ʪʦʛʜʘ, ʢʦʛʜʘ ʧʷʪʥʦ ʧʝʨʝʩʝʢʘʶʱʝʛʦ ʧʣʝʥʢʫ ʩʚʝʪʘ 

ʣʘʟʝʨʘ  (ʝʛʦ ʥʘʠʙʦʣʴʰʠʡ ʨʘʟʤʝʨ ʥʘ ʧʣʝʥʢʝ ʤʝʥʴʰʝ ʤʠʣʣʠʤʝʪʨʘ ʠ ʷʨʢʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ 
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ʤʝʥʴʰʝ, ʯʝʤ ʫ ʥʠʞʝ ʨʦʞʜʘʶʱʠʭʩʷ ʪʨʝʢʦʚ) ʝʱʝ ʥʝ ʜʦʭʦʜʠʪ ʜʦ ʵʪʠʭ ʚʳʜʝʣʝʥʥʳʭ ʟʦʥ ʧʣʝʥʢʠ 

ʧʦʯʪʠ ʥʘ ʩʘʥʪʠʤʝʪʨ [12] (ʈʠʩ.3). 

 

 
 
 
 
 
 
 
 
 

˾͙ͫΦ 3. ˿ ͺ͙͍ͦͯͫͪͦ͊ͤͤ͟·͚ ͔͊ͪͤ͘͡·͚ ͯ͡; ͔ͨ͊͒͊ͭ ͍͔ͫͪͻͯ 
ͤ͊ ͍͔ͨͦͪͻͤͦͫͭΈ ͍͔͙ͪͭ͊͟͡Έ͚ͤͦ ͣ·͡Έ͚ͤͦ ͔͙ͨͤ͟͡ ͨͦ͒ 
ͫͦ͟͡Έ͘Ύ΅͙ͣ ͎ͯͦͣ͡ όϤ рo) (ͣ ͔ͫͭͦ ͺ͙͍͙ͦͯͫͪͦ͟͟ ~ 1 ͣ ͣ 
ͦͭ ͔ͣ;͔ͤͦ ͫͨͦ͡΄͚ͤͦ ͔͚ͫͭͪͦ͟͡ύ ͙ ͔͔͔͔ͨͪͫ͊ͭ͟ ͔͔Φ ̉͊ͫͭΈ 
͙ͯ͘͡;͔͙ͤΎ ͔ͦͫͭ͊ͭͫΎ ͍ ͔͔ͨͤ͟͡ ͙ ͙͔͒ͭ ͨͦ ͔͚ͤ ͍͙ͤ͘ ό͔ͫ͒͡ 
͔͍͒͊ ͔͔͊ͣͭͤ͘ύ ͒ͦ ͔ͣͫͭ͊Σ ͎͔͒ ͙͘-͊͘ ͔ͪͦͤ͊ͤͫͤ͘·ͻ ͍͚͍ͫͦͫͭ 
͔͙ͨͤ͟͡ ͍  ͔͚ͤ ͔ͪͦ͗͒͊ͭͫΎ ͨͯ;ͦ͟ Ύ͙ͪ͟ͻ ͔͍ͭͪͦ͟Φ ˽͙ͪ 

͙͙ͦͨͯͫ͊ͤ͟ ͨΎͭͤ͊ ͺ͙͍͙ͦͯͫͪͦ͟͟ ;ͯͭΈ ͙͔ͤ͗ ό͍ͨͪ͊͊Ύ ;͊ͫͭΈ 
͙ͪͫͯͤ͊͟ύ ͔͙ͭͪ͟ ͤ͊;͙ͤ͊Ό ͪͦ͗͒͊ͭΈͫΎ ͨͪΎͣͦ ͦͭ ͔ͣͫͭ͊ 

ͺ͙͍͙ͦͯͫͪͦ͟͟Φ 

 

 

 

 

 

 

 

 

 

ʀ ʩʥʦʚʘ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʪʨʝʢʦʚ ʨʝʟʢʦ (ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʧʣʝʥʢʫ ʩʚʝʪʘ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ.  

ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʨʝʢ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʨʝʟʦʥʘʪʦʨʥʳʭ ʩʚʦʡʩʪʚʘʭ 

ʧʣʝʥʢʠ, ʪ.ʝ. ʢʦʛʜʘ ʧʣʝʥʢʘ ʩ ʜʚʫʤʷ ʦʪʨʘʞʘʶʱʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʢʘʢ ʨʝʟʦʥʘʪʦʨ ʌʘʙʨʠ-

ʇʝʨʨʦ, ʥʘʯʠʥʘʝʪ ʠʥʪʝʥʩʠʚʥʦ ʥʘʢʘʧʣʠʚʘʪʴ ʠ ʧʨʦʧʫʩʢʘʪʴ ʧʘʜʘʶʱʝʝ ʥʘ ʥʝʝ ʠʟʣʫʯʝʥʠʝ. ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʧʨʠ ʚʳʩʦʢʦʤ ʦʪʨʘʞʝʥʠʠ ʟʝʨʢʘʣ ʨʝʟʦʥʘʪʦʨ ʌʘʙʨʠ-ʇʝʨʨʦ ʠʤʝʝʪ ʚʥʫʪʨʝʥʥʝʝ ʧʦʣʝ ʚ 

ʜʦʙʨʦʪʥʦʩʪʴ ʨʘʟ ʧʨʝʚʳʰʘʶʱʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʜʘʶʱʝʛʦ ʥʘ ʥʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʢʘ. (ʊʘʢ, ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʜʦʙʨʦʪʥʦʩʪʠ ʚ ʨʝʟʦʥʘʪʦʨʝ LIGO, 

ʠʩʧʦʣʴʟʫʝʤʦʤ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ, ʧʦʣʝ ʚʥʫʪʨʠ ʨʝʟʦʥʘʪʦʨʘ ʚ ʩʪʦ ʨʘʟ 

ʙʦʣʝʝ ʤʦʱʥʦʝ, ʯʝʤ ʫ ʦʩʚʝʱʘʶʱʝʛʦ ʝʛʦ ʣʘʟʝʨʘ [6]).  

ɿʝʨʢʘʣʴʥʦʝ ʦʪʨʘʞʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʣʝʥʦʯʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʧʦ ʤʝʨʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʢʘ ʥʘʨʘʩʪʘʝʪ ʜʦ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ, ʠ ʧʦʧʘʚʰʘʷ ʚ 

ʦʙʨʘʟʦʚʘʥʥʳʡ ʪʨʝʢ ʵʥʝʨʛʠʷ ʜʘʣʝʝ ʠʜʝʪ ʧʦ ʥʝʤʫ, ʯʫʪʴ ʨʘʩʩʝʠʚʘʷʩʴ, ʢʘʢ ʧʦ ʢʘʥʘʣʫ ʩ ʠʜʝʘʣʴʥʦ 
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ʦʪʨʘʞʘʶʱʠʤʠ ʩʪʝʥʢʘʤʠ. ɺ ʧʣʝʥʢʝ ʠʟ ʧʨʦʟʨʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʚʥʫʪʨʝʥʥʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʣʘʟʝʨʥʳʝ ʪʨʝʢʠ ʚʩʝʛʜʘ ʚʳʛʣʷʜʷʪ ʟʥʘʯʠʪʝʣʴʥʦ ʷʨʯʝ, ʯʝʤ ʩʣʝʜ ʦʪ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʚ ʦʙʲʝʤʝ ʪʦʛʦ ʞʝ ʨʘʩʪʚʦʨʘ.  

2.5. ʆ ʚʳʭʦʜʥʦʤ ʠʟʣʫʯʝʥʠʠ ʠʟ ʪʨʝʢʦʚ ʠ ʦ ʪʨʝʢʘʭ ʩ ʩʦʣʥʮʝʤ. ɺr ʭʦʜʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠʟ 

ʪʨʝʢʦʚ ʥʘ ʵʢʨʘʥʝ ʠʤʝʝʪ ʚʠʜ ʫʟʢʠʭ, ʚʳʪʷʥʫʪʳʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʝʥʢʝ ʧʦʣʦʩ. ʇʦʩʢʦʣʴʢʫ 

ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʘʝʤʳʡ ʧʦʣʦʩ ʥʘ ʵʢʨʘʥʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʢʦʣʠʯʝʩʪʚʦʤ 

ʷʨʢʠʭ ʧʷʪʝʥ ʥʘ ʚʳʭʦʜʥʦʤ ʨʝʙʨʝ, ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʵʪʠ ʧʦʣʦʩʳ ʥʝ ʩʚʷʟʘʥʳ ʩ 

ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ. ʂʘʞʜʘʷ ʚʳʪʷʥʫʪʘʷ ʷʨʢʘʷ ʧʦʣʦʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʝʡ ʷʨʢʦʡ ʪʦʯʢʝ ʥʘ 

ʚʳʭʦʜʥʦʤ ʨʝʙʨʝ ʧʣʝʥʢʠ [4], ʠ ʝʝ ʫʛʣʦʚʳʝ ʨʘʟʤʝʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʥʘʧʨʘʚʣʝʥʠʷ ʣʫʯʝʡ ʩʚʝʪʘ ʚ 

ʪʨʝʢʝ. 

ʀʩʧʦʣʴʟʫʷ ʩʚʝʪ ʜʫʛʦʚʦʡ ʣʘʤʧʳ (ʢʘʢ ʘʥʘʣʦʛ ʩʦʣʥʮʘ), ʤʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʣʷ ʪʨʝʢʦʚ ʧʷʪʥʘ ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʧʣʝʥʢʝ ʚʦʟʥʠʢʘʪʴ ʠ ʩ ʪʘʢʠʤ ʥʝʢʦʛʝʨʝʥʪʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ. ʎʚʝʪ ʚʳʭʦʜʥʳʭ ʧʦʣʦʩʦʢ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʝʣʦʝ ʠʟʣʫʯʝʥʠʝ ʣʘʤʧʳ ʥʝ ʠʜʝʪ ʧʦ 

ʦʜʥʦʤʫ ʢʘʥʘʣʫ, ʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʪʨʝʢʠ ʨʘʟʥʦʛʦ ʮʚʝʪʘ. ʉʪʘʣʦ ʧʦʥʷʪʥʦ, ʯʪʦ, 

ʠʩʧʦʣʴʟʫʷ ʠʟʣʫʯʝʥʠʝ ʩʦʣʥʮʘ, ʪʘʢʠʝ ʚʳʪʷʥʫʪʳʝ ʚʳʭʦʜʥʳʝ ʧʷʪʥʳʰʢʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʪʨʝʢʦʚ, ʧʨʠ ʞʝʣʘʥʠʠ ʤʦʛ ʙʳ ʥʘʙʣʶʜʘʪʴ ʫʞʝ ʅʴʶʪʦʥ ʚ ʩʚʦʠʭ ʦʧʳʪʘʭ ʩ ʤʳʣʴʥʳʤʠ ʧʣʝʥʢʘʤʠ, 

ʚ ʢʦʪʦʨʳʭ ʦʥ ʦʪʤʝʪʠʣ ʧʦʷʚʣʝʥʠʝ ʪʦʥʢʠʭ ʯʝʨʥʳʭ ʦʙʣʘʩʪʝʡ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʥʘʟʚʘʥʥʳʭ 

çʯʝʨʥʳʤʠ ʥʴʶʪʦʥʦʚʩʢʠʤʠ ʧʣʝʥʢʘʤʠè [4]. 

2.6. ʆ ʥʘʛʨʝʚʝ ʧʣʝʥʦʢ. ʂʦʛʜʘ ʨʘʥʴʰʝ ʤʳ ʦʪʤʝʯʘʣʠ ʨʝʛʠʩʪʨʠʨʫʝʤʫʶ ʛʣʘʟʦʤ ʧʦʨʦʛʦʚʫʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʪʨʝʢʦʚ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʡ ʥʘʢʘʯʢʝ ʥʘ ʫʨʦʚʥʝ 10 ʤʢɺʪ (ʧʨʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʪʦʯʢʝ ʬʦʢʫʩʠʨʦʚʢʠ ʦʢʦʣʦ 4 ɺʪ/ʩʤ2 [4]), ʪʦʛʜʘ ʙʳʣʘ ʚʳʩʢʘʟʘʥʘ ʛʠʧʦʪʝʟʘ ʦ 

ʪʦʤ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʢʦʚ ʤʦʛ ʙʳ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʠʩʧʘʨʝʥʠʝʤ ʚʦʜʳ ʠʟ ʪʦʥʢʦʡ 

ʧʣʝʥʢʠ. ʂ ʩʣʫʯʘʡʥʦʤʫ ʯʫʪʴ ʙʦʣʝʝ ʪʝʧʣʦʤʫ ʤʝʩʪʫ ʥʘ ʧʣʝʥʢʝ, ʥʘʛʨʝʪʦʤʫ ʠʟʣʫʯʝʥʠʝʤ, ʩ ʙʦʢʦʚ 

ʧʦʜʭʦʜʠʪ ʤʳʣʴʥʳʡ ʨʘʩʪʚʦʨ, ʚʦʜʘ ʠʩʧʘʨʷʝʪʩʷ, ʘ ʤʳʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ ʦʩʪʘʶʪʩʷ. ʀʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʟʦʥʝ ʠʩʧʘʨʝʥʠʷ ʧʦʩʪʝʧʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʣʥʦʚʦʜʘ ʠ ʪʨʝʢʘ.  

ʆʜʥʘʢʦ ʠʟʤʝʨʝʥʥʘʷ ʩ ʢʦʨʦʪʢʠʤʠ ʠʤʧʫʣʴʩʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʘʷ ʧʦʨʦʛʦʚʘʷ 

ʤʦʱʥʦʩʪʴ ʧʦʪʦʢʘ ʠ ʤʘʣʘʷ ʵʥʝʨʛʠʷ, ʚʳʟʳʚʘʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʢʦʚ, ʠ ʧʦʜʪʚʝʨʞʜʝʥʥʘʷ ʚ 

ʦʧʳʪʘʭ ʩ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʠ ʥʝʢʦʛʝʨʝʥʪʥʦʡ ʥʘʢʘʯʢʦʡ, ʦʢʘʟʳʚʘʪʁʩʷ ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ 

ʜʣʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʟʘʤʝʪʥʦʛʦ ʨʘʟʦʛʨʝʚʘ ʧʣʝʥʢʠ ʜʘʞʝ ʧʨʠ ʧʦʣʥʦʤ ʧʦʛʣʦʱʝʥʠʠ ʧʘʜʘʶʱʝʛʦ 

ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʧʦʨʦʛʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʥʘʣʦʚ ʪʝʧʣʦʚʦʡ ʥʘʛʨʝʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʙʦʪʘʝʪ, ʠ ʵʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʷʪʴ ʪʘʢʦʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʢʦʚ.  

ʅʦ ʤʳ ʚʩʝ-ʪʘʢʠ ʧʦʧʳʪʘʣʠʩʴ ʠʟʤʝʥʠʪʴ ʫʩʣʦʚʠʷ ʠʩʧʘʨʝʥʠʷ ʪʘʢ, ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ, ʥʝ ʙʫʜʝʪ 

ʣʠ ʦʪʣʠʯʠʡ ʚ ʧʦʚʝʜʝʥʠʠ ʪʨʝʢʦʚ, ʝʩʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ ʤʳʣʴʥʦʡ ʧʣʝʥʢʠ ʥʝ 

ʙʫʜʝʪ ʚʦʟʜʫʭʘ, ʦʭʣʘʞʜʘʶʱʝʛʦ ʧʣʝʥʢʫ ʠ ʤʝʰʘʶʱʝʛʦ ʠʩʧʘʨʝʥʠʶ ʚʦʜʳ. ɺʦʟʜʫʭ ʠʟ 

ʛʝʨʤʝʪʠʯʥʦʛʦ ʩʦʩʫʜʘ ʩ ʤʳʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ ʙʳʣ ʫʜʘʣʝʥ, ʠ ʚ ʩʦʟʜʘʥʥʫʶ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʧʣʝʥʢʫ ʟʘʧʫʩʢʘʣʩʷ ʣʘʟʝʨʥʳʡ ʣʫʯ. ʅʝʪ, ʚ ʧʣʝʥʢʘʭ, ʚ ʦʢʨʫʞʝʥʠʠ ʢʦʪʦʨʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʙʳʣʦ ʚʦʟʜʫʭ, ʘ ʙʳʣʠ ʪʦʣʴʢʦ ʥʘʩʳʱʝʥʥʳʝ ʧʘʨʳ ʚʦʜʳ, ʢʘʢʠʭ ʣʠʙʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʪʣʠʯʠʡ ʚ 
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ʧʦʚʝʜʝʥʠʠ ʪʨʝʢʦʚ ʤʳ ʥʝ ʟʘʤʝʪʠʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʢʦʚ ʯʝʨʝʟ 

ʠʩʧʘʨʝʥʠʝ ʥʝ ʧʦʜʪʚʝʨʜʠʣʩʷ.  

2.7. ʆʭʣʘʞʜʝʥʠʝ ʧʣʝʥʦʢ ʠʩʧʘʨʝʥʠʝʤ. ʇʨʠ ʚʳʩʦʢʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ ʥʘʢʘʯʢʠ ʚʣʠʷʥʠʷ 

ʠʩʧʘʨʝʥʠʷ ʩ ʧʣʝʥʢʠ ʤʦʞʝʪ ʧʨʦʷʚʠʪʴʩʷ, ʠ ʵʪʦ ʠʤʝʝʪ ʦʪʥʦʰʝʥʠʝ ʢ ʣʘʟʝʨʘʤ ʥʘ ʤʳʣʴʥʳʭ 

ʧʣʝʥʢʘʭ [4]. ʂʘʢ ʤʳ ʫʞʝ ʦʪʤʝʯʘʣʠ [1], ʧʨʠ ʥʘʣʠʯʠʠ ʣʘʟʝʨʥʦʛʦ ʢʨʘʩʠʪʝʣʷ ʠ ʤʦʱʥʦʛʦ 

ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʧʣʝʥʢʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʣʘʟʝʨʥʫʶ ʛʝʥʝʨʘʮʠʶ, ʜʣʷ ʢʦʪʦʨʦʡ 

ʠʟʚʝʩʪʥʳ ʂʇɼ ʛʝʥʝʨʘʮʠʠ ʦʢʦʣʦ 50%. ʊʘʢ ʚʦʪ, ʠʥʪʝʨʝʩʥʦ ʪʦ, ʯʪʦ ʪʦʥʢʘʷ ʧʣʝʥʢʘ ʚʝʩʴʤʘ 

ʵʬʬʝʢʪʠʚʥʦ ʩʝʙʷ ʦʭʣʘʞʜʘʝʪ ʠʩʧʘʨʝʥʠʝʤ ʠ ʦʭʣʘʞʜʘʝʪ ʩ ʨʝʢʦʨʜʥʦʡ ʜʣʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʣʘʟʝʨʥʳʭ ʩʨʝʜ ʩʢʦʨʦʩʪʴʶ ʦʪʚʦʜʘ ʪʝʧʣʘ ï ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʠʩʧʘʨʝʥʠʝ ʤʦʞʝʪ ʫʥʦʩʠʪ ɹ

ʧʦʪʦʢ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʦʢʦʣʦ 10 ʢɺʪ/ʩʤ
2
.  

ɼʠʥʘʤʠʯʝʩʢʠʡ ʦʙʤʝʥʥʳʡ ʧʦʪʦʢ ʤʦʣʝʢʫʣ ʚʦʜʳ Z ʩ ʝʜʠʥʠʮʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʝʢʫʥʜʫ, 

ʢʦʪʦʨʳʝ ʧʦʩʪʦʷʥʥʦ ʫʣʝʪʘʶʪ ʠ ʩʘʜʷʪʩʷ ʥʘ ʧʣʝʥʢʫ, ʚ ʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ [7]  

Z = p/(2ˊmkT)
0.5               

(1), 

 ʛʜʝ p ï ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ, m ï ʤʘʩʩʘ ʤʦʣʝʢʫʣ, T ï ʪʝʤʧʝʨʘʪʫʨʘ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʢʦʛʜʘ p = 3 kPa, ʧʦʪʦʢ Z= 3.3 x 10
21 
ʩʤ

-2
ʩ, ʠ ʢʘʞʜʘʷ ʤʦʣʝʢʫʣʘ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʚ 

ʩʨʝʜʥʝʤ ʞʠʚʝʪ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʩʝʢʫʥʜ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ 

ʧʘʨʦʚ ʨʘʩʪʝʪ ʠ ʦʭʣʘʞʜʘʶʱʠʡ ʧʦʪʦʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  

ɹʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʧʣʝʥʢʠ ʚʳʜʝʨʞʠʚʘʪʴ ʥʘʛʨʝʚ ʥʘ ʜʝʩʷʪʢʠ 

ʛʨʘʜʫʩʦʚ ʦʧʨʝʜʝʣʷʝʪ ʠ ʫʜʠʚʣʷʚʰʫʶ ʥʘʩ ʩʪʦʡʢʦʩʪʴ ʧʣʝʥʦʢ ʢ ʙʦʣʴʰʠʤ ʧʦʪʦʢʘʤ, ʢʦʛʜʘ ʤʳ 

ʧʨʠʤʝʥʷʣʠ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʣʘʟʝʨʳ ʩʦ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʴʶ ʚ 

ʥʝʩʢʦʣʴʢʦ ʚʘʪʪ ʠ ʥʘʙʣʶʜʘʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʥʠʭ ʪʨʝʢʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʩʦʢʠʭ 

ʤʦʱʥʦʩʪʝʡ ʚʦʟʙʫʞʜʘʶʱʠʭ ʣʘʟʝʨʦʚ [1]. ʇʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʧʝʨʝʯʥʦʡ ʟʘʤʝʥʝ ʧʣʝʥʢʠ ʚ 

ʥʘʢʘʯʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ʪʨʝʢʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 1 ʤ/ʩ ʠ ʧʨʠ ʜʦʧʫʩʪʠʤʦʤ ʥʘʛʨʝʚʝ ʩʨʝʜʳ ʥʘ 10 

ʛʨʘʜʫʩʦʚ ʚ ʦʜʥʦʤ ʪʨʝʢʝ ʰʠʨʠʥʦʡ 30 ʤʢʤ ʠ ʜʣʠʥʦʡ 10 ʩʤ ʧʨʠ ʦʪʚʦʜʝ ʪʝʧʣʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 

ʢɺʪ/ʩʤ
2
 ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʧʦʣʫʯʝʥʠʝ ʩ ʦʜʥʦʛʦ ʢʘʥʘʣʘ ʪʨʝʢʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʩʦʪʥʠ ʚʘʪʪ ʧʨʠ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ 10 ʄɺʪ/ʩʤ
3
. ʕʪʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʠʥʪʝʨʝʩ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʦʪʚʦʜʘ ʪʝʧʣʘ ʩ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 10 ʢɺʪ/ʩʤ
2
 ʩ ʧʦʤʦʱʴʶ, ʩʢʘʞʝʤ, ʠʟʣʫʯʝʥʠʷ ʯʝʨʥʦʛʦ ʪʝʣʘ ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʙʳ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʝʝ 6000 ʛʨʘʜʫʩʦʚ [4].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʞʠʜʢʦʡ ʣʘʟʝʨʥʦʡ ʧʣʝʥʢʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘ ʩʯʝʪ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ 

ʠʤʝʪʴ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʜʦʩʪʠʞʠʤʫʶ ʜʣʷ ʜʨʫʛʠʭ ʣʘʟʝʨʥʳʭ 

ʩʨʝʜ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʪʘʢʠʭ ʣʘʟʝʨʦʚ ʥʦʚʳʝ ʮʚʝʪʥʳʝ ʤʳʣʴʥʳʝ 

ʤʦʣʝʢʫʣ ʩ ʚʥʝʜʨʝʥʠʝʤ ʚ ʥʠʭ ʣʘʟʝʨʥʳʭ ʢʨʘʩʠʪʝʣʝʡ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ çʮʚʝʪʥʦʝ ʤʳʣʦè, ʦ 

ʩʦʟʜʘʥʠʠ ʢʦʪʦʨʳʭ ʩʦʦʙʱʘʝʪʩʷ ʚ [8].  

2.8. ɺʷʟʢʠʝ ʨʘʩʪʚʦʨʳ, ʤʦʜʳ. ɼʣʷ ʟʘʤʝʜʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʦʙʳʯʥʳʭ ʤʳʣʴʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʙʳʩʪʨʦʡ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʪʨʝʢʦʚ ʤʳ ʧʦʰʣʠ ʧʦ ʧʫʪʠ ʟʘʤʝʜʣʝʥʠʷ 

ʠʭ ʜʚʠʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʦʚʳʰʝʥʠ ̫ ʚ̫ ʟʢʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʧʣʝʥʦʢ. ɹʳʣʠ ʩʦʟʜʘʥʳ ʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ʛʣʠʮʝʨʠʥʘ ʠ ʚʷʟʢʦʛʦ ʤʝʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦ 



8 

ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʧʣʝʥʢʠ ʠʟ ʥʠʭ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʪʨʝʢʦʚ ʚ ʛʣʠʮʝʨʠʥʦʚʦʡ 

ʧʣʝʥʢʝ ʦʧʠʩʘʥʦ ʚ [9]. (ɼʣʷ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʜʠʥʘʤʠʢʦʡ ʠʩʩʣʝʜʫʝʤʳʭ ʪʨʝʢʦʚ 

ʨʝʢʦʤʝʥʜʫʝʤ  ʜʚʘ ʥʝʙʦʣʴʰʠʭ ʬʨʘʛʤʝʥʪʘ ʦʪʩʥʷʪʦʛʦ ʥʘʤʠ ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ ʬʠʣʴʤʘ [10, 11].)  

ʉʚʝʞʘʷ ʛʣʠʮʝʨʠʥʦʚʘʷ ʧʣʝʥʢʘ ʞʠʚʝʪ ʥʘ ʚʦʟʜʫʭʝ ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ 

ʝʝ ʦʭʣʘʞʜʝʥʠʝ ʠ ʥʘʙʣʶʜʘʪʴ ʚ ʥʝʡ ʦʙʳʯʥʳʝ ʪʨʝʢʠ ʧʨʠ ʤʠʥʫʩʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ï80
ʦ
 ʉ, 

ʢʦʛʜʘ ʚʷʟʢʦʩʪʴ ʛʣʠʮʝʨʠʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʪʳʩʷʯʫ ʨʘʟ. ʊʨʝʢʠ ʧʨʠ ʵʪʦʤ ʚʝʜʫʪ ʩʝʙʷ ʚ ʥʝʡ 

ʦʙʳʯʥʳʤ ʦʙʨʘʟʦʤ, ʥʦ ʚ ʟʘʤʝʨʟʰʝʡ, ʦʩʪʝʢʣʦʚʘʥʥʦʡ ʛʣʠʮʝʨʠʥʦʚʦʡ ʧʣʝʥʢʝ ʪʨʝʢʦʚ ʥʝʪ. 

ʅʘʢʣʦʥʥʳʝ ʪʨʝʢʠ ʚ ʩʚʝʞʝʡ, ʦʩʚʝʱʘʝʤʦʡ ʩʥʠʟʫ ʣʘʟʝʨʦʤ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʝʥʢʝ 

ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʛʨʫʧʧʳ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʜʝʪ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ ʠ 

ʚʳʭʦʜʠʪ ʠʟ ʥʝʝ. ʄ  rʩʚʷʟʳʚʘʝʤ ʵʪʠ ʛʨʫʧʧʳ ʩ ʪʠʧʘʤʠ ʢʦʣʝʙʘʥʠʡ, ʩ ʤʦʜʘʤʠ, ʠʤʝʶʱʠʤʠ ʚ 

ʧʣʝʥʢʝ ʨʘʟʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ [12, 17]. 

2.9. ʅʘʣʦʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɺ ʧʦʠʩʢʝ ʧʨʠʯʠʥ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʧʦ 

ʚʦʟʜʝʡʩʪʚʠʶ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʢ ʧʣʝʥʢʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʪʨʝʢʠ ʚ ʥʝʡ. ʆʢʘʟʘʣʦʩʴ, 

ʯʪʦ ʣʘʟʝʨʥʳʝ ʪʨʝʢʠ ʚ ʤʳʣʴʥʳʭ ʧʣʝʥʢʘʭ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʨʝʘʛʠʨʫʶʪ ʥʘ ʥʘʣʠʯʠʝ ʜʘʞʝ 

ʢʠʣʦʚʦʣʴʪʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʢ ʧʣʝʥʢʝ ʠʤʧʫʣʴʩʥʦʛʦ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪ 

ʙʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʢʦʣʦ ʧʣʝʥʢʠ ʵʣʝʢʪʨʦʜʦʚ ʚʧʣʦʪʴ ʜʦ ʧʨʦʙʦʷ, ʢʦʛʜʘ ʧʣʝʥʢʘ ʨʚʝʪʩʷ.  

ʄʦʞʥʦ ʚʚʝʩʪʠ ʚ ʧʣʝʥʢʫ ʜʚʝ ʧʨʦʚʦʣʦʯʢʠ ʠ, ʨʘʟʜʚʠʛʘʷ ʠʭ, ʤʝʥʷʪʴ ʪʦʣʱʠʥʫ ʧʣʝʥʢʠ ʥʘ ʧʫʪʠ 

ʪʨʝʢʘ ʤʝʞʜʫ ʥʠʤʠ, ʥʘ ʯʪʦ ʪʨʝʢ ʩʣʘʙʦ ʨʝʘʛʠʨʫʝʪ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʣʝʥʢʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩ ʥʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʦʞʥʦ ʧʦʜʘʪʴ ʥʘ ʧʨʦʚʦʣʦʯʢʠ ʚʳʩʦʢʦʝ 

ʥʘʧʨʷʞʝʥʠʝ 30 ʢɺ ʠʣʠ ʨʘʟʨʷʜ ʦʪ ʠʩʢʨʦʚʦʛʦ ʪʝʯʝʠʩʢʘʪʝʣʷ ʊʝʩʣʳ (ʈʠʩ.4).  

 
˾͙ͫΦ 4. ʕ  ͔ͨͤͯ͟͡ ͍ ͊͟;͔͍͔ͫͭ Ή͔͍ͭͪͦ͒ͦ͟͡ ͍͍͔͔͒ͤ· ͍͔͒ ͍ͨͪͦͦͦ͡;͙͟ ό͙͚͒ͤͦ͡ ~ 1 ͫ ͣύΣ ͔ͣ͗͒ͯ ͦͭͦͪ͟·͙ͣ ͨͪͦͨͯͫ͊͟ΌͭͫΎ 
͔͊ͪͤ͘͡·͔ ͔͙ͭͪ͟Φ ˽͙ͪ ͨͦ͒͊;͔ ͔ͣ͗͒ͯ ͍ͨͪͦͦͦ͡;͙͊ͣ͟ ͍·͎ͫͦͦͦ͟ ͨͦͫͭͦΎ͎ͤͤͦͦ ͙͙͡ ͔͔͔͎ͨͪͣͤͤͦͦ ͤ͊ͨͪΎ͔͙͗ͤΎ όͦͭ 

͔ͭ;͔͙͔ͫ͊ͭ͟͡Ύ ͔́ͫ͊͡ύ ͍ͨͦͭ͡Έ ͒ͦ ͨͪͦ͋ͦΎ ͙͊ͪͭͤ͊͟ ͔͍ͭͪͦ͟ ͔ͤ ͔ͣͤΎ͔ͭͫΎΦ 

ɼʦ ʧʨʦʙʦʷ ʧʦ ʚʦʟʜʫʭʫ ʪʨʝʢʠ ʥʘ ʪʘʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʨʝʘʛʠʨʫʶʪ, ʧʦʢʘ ʧʣʝʥʢʘ ʥʝ 

ʧʦʨʚʝʪʩʷ. ʊʨʘʝʢʪʦʨʠʷ ʪʨʝʢʘ ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʪʘʢʠʤ ʥʘʰʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʩʦʚʝʨʰʝʥʥʦ 

ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʢ ʧʣʝʥʢʝ ʥʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ, ʥʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʠʣʦʚʦʣʴʪʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚʧʣʦʪʴ ʜʦ ʧʨʦʙʦʷ ʧʣʝʥʢʠ [12].  
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2.10. ʆʜʠʥʦʯʥʳʡ ʪʨʝʢ. ʄʝʥʷʷ ʚ ʧʣʦʩʢʦʩʪʠ ʧʣʝʥʢʠ ʫʛʦʣ ʚʚʦʜʘ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʚ 

ʚʝʨʪʠʢʘʣʴʥʫʶ ʚʷʟʢʫʶ ʤʝʜʦʚʫʶ ʧʣʝʥʢʫ, ʠʥʦʛʜʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʥʝʡ ʦʜʠʥ ʩʪʘʮʠʦʥʘʨʥʳʡ 

ʪʨʝʢ ʰʠʨʠʥʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʥ, ʠʜʫʱʠʡ ʙʝʟ ʨʘʩʰʠʨʝʥʠʷ ʧʦ ʧʣʝʥʢʝ ʨʘʟʥʦʡ 

ʪʦʣʱʠʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 7 ʩʤ (ʈʠʩ.5).  

 
˾͙ͫΦ 5. ˿ ͙ͭ͊͋͡Έͤ·͚ ͙ͦ͒ͤͦ;ͤ·͚ ͔ͭͪ͟ ͙͚͒ͤͦ͡ т ͫͣ ͙ ΄͙͙͚ͪͤͦ ͦͦͦ͟͡ ол ͣͣ͟ ͍ ͍͔͙ͪͭ͊͟͡Έ͚ͤͦ ͣ·͡Έͤͦ-͔͍͚ͣ͒ͦͦ 

 ͨ ͔͔ͤ͟͡ ό͙͔͒͊ͣͭͪͦͣ мл ͫͣύΣ ͔͔͔ͨͪͫ͊͟Ό΅͙͚ т ͙͔ͤͭͪͺ͔͔ͪͤͼ͙ͦͤͤ·ͻ ͨͦͦͫ͡Φ 

ʇʨʠ ʵʪʦʤ ʦʥ ʧʝʨʝʩʝʢʘʝʪ ʥʘ ʧʣʝʥʢʝ ʦʢʦʣʦ 7 ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʠ ʩʦʭʨʘʥʷʝʪ ʪʘʢʫʶ 

ʬʦʨʤʫ ʯʘʩʘʤʠ [12].  

ʅʝ ʧʦʥʷʪʥʦ ʚ ʵʪʠʭ ʦʧʳʪʘʭ ʩʣʝʜʫʶʱʝʝ - ʝʩʣʠ ʩʣʘʙʳʡ ʩʚʝʪ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ, ʤʝʥʷʝʪ ʩʨʝʜʫ 

ʠ ʩʦʟʜʘʝʪ ʚ ʥʝʡ ʪʨʝʢ, ʪʦ ʧʦʯʝʤʫ ʥʘ ʪʨʝʢ ʥʝ ʚʦʟʜʝʡʩʪʚʫʝʪ ʩʠʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʷ ʦʪ 

ʊʝʩʣʳ? ʂʘʢ ʵʪʦ ʧʦʥʠʤʘʪʴ? ʏʪʦ ʬʠʟʠʯʝʩʢʠ ʜʝʡʩʪʚʫʝʪ ʥʘ ʧʣʝʥʢʫ? ʅʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʥʝ 

ʪʝʧʣʦ. ɸ ʯʪʦ? ʊʨʝʢʠ ʝʩʪʴ ʧʨʠ ʣʶʙʦʤ ʩʦʨʪʝ ʇɸɺ ʠʣʠ ʤʳʣʘ, ʣʶʙʳʭ ʧʨʦʭʦʜʷʱʠʭ ʚ ʧʣʝʥʢʘʭ 

ʜʣʠʥʘʭ ʚʦʣʥ ʠʟʣʫʯʝʥʠʷ, ʧʨʠ ʣʶʙʦʡ ʠʭ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʰʠʨʠʥʝ ʩʧʝʢʪʨʘ. ʉʫʤʤʘ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ ʬʘʢʪʦʚ ʠʥʪʝʨʝʩʥʘ, ʥʦ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʨʘʩʭʦʜʷʱʠʭʩʷ ʪʨʝʢʦʚ 

ʥʝ ʦʪʢʨʳʚʘʝʪ. ɻʜʝ ʠʩʢʘʪʴ ʧʨʠʯʠʥʫ? ʇʦʣʥʘʷ ʥʝʠʟʚʝʩʪʥʦʩʪʴ. ʈʫʢʠ ʦʧʫʩʢʘʶʪʩʷ. ʊʫʧʠʢ. 

2.11. ʊʫʧʠʢ ʠʜʝʡ. ʆʙʱʝʧʨʠʥʷʪʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʧʦʷʚʣʝʥʠʷ ʚʦʣʥʦʚʦʜʥʳʭ 

ʢʘʥʘʣʦʚ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ. ɺ 

ʪʨʝʢʝ, ʧʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤ, ʵʪʦ ʤʦʛʣʦ ʙʳ ʙʳʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʨʪʠʨʦʚʢʠ ʤʦʣʝʢʫʣ ʚ ʧʣʝʥʢʝ 

ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ, ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʠʣʠ ʧʦʣʷʨʠʪʦʥʦʚ, ʠʟ-ʟʘ ʚʣʠʷʥʠʷ, 

ʫʧʣʦʪʥʝʥʠʷ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʩʣʦʝʚ ʠʣʠ ʦʨʠʝʥʪʠʨʦʚʢʠ ʤʦʣʝʢʫʣ. ʅʦ ʵʪʠ ʠ ʜʨʫʛʠʝ 

ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʥʘʤʠ ʠ ʧʨʝʜʣʘʛʘʚʰʠʝʩʷ ʜʨʫʛʠʤʠ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝ ʜʘʶʪ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʚʩʝʭ ʩʚʦʡʩʪʚ ʪʨʝʢʦʚ ʠ ʠʭ ʫʜʠʚʠʪʝʣʴʥʦʡ ʢʨʘʡʥʝ ʩʣʘʙʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʥʝʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʠʟʚʝʩʪʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

ʄʦʥʫʤʝʥʪʘʣʴʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʪʨʫʜʳ ʧʦ ʩʚʦʡʩʪʚʘʤ ʩʣʦʠʩʪʳʭ ʩʨʝʜ ʠ ʧʣʦʩʢʠʭ 

ʚʦʣʥʦʚʦʜʦʚ [13-15] ʠ ʢʦʥʩʫʣʴʪʘʮʠʠ ʩʦ ʟʥʘʶʱʠʤʠ ʦʧʪʠʢʫ ʪʝʦʨʝʪʠʢʘʤʠ ʟʜʝʩʴ ʥʝ ʧʦʤʦʛʘʪʁ. ɺ 

ʵʪʠʭ ʨʘʙʦʪʘʭ ʥʝʪ ʫʧʦʤʠʥʘʥʠʡ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʡ ʫʟʢʠʭ ʩʚʝʪʦʚʳʭ ʢʘʥʘʣʦʚ ʧʨʠ 

ʪʘʢʠʭ ʤʦʱʥʦʩʪʷʭ.  
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ʅʦ ʤʦʞʝʪ ʙʳʪʴ, ʫ ʩʚʝʪʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʨʘʤʢʘʭ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʫʟʢʠʡ ʢʘʥʘʣ ʚ ʧʣʝʥʢʝ ʠ ʙʝʟ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʜʣʷ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʫʚʝʣʠʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ? ɸʙʩʫʨʜ? ɺʝʜʴ, ʝʩʣʠ ʥʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ, ʪʦ ʯʪʦ ʞʝ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʫʜʝʨʞʠʚʘʪʴ ʩʚʝʪ ʚ ʢʘʥʘʣʝ? ʅʦʚʘʷ ʬʠʟʠʢʘ, ʩʣʠʧʘʥʠʝ ʬʦʪʦʥʦʚ?  

ɸ ʯʪʦ, ʝʩʣʠ ʩʚʝʪ ʤʝʥʷʝʪ ʥʝ ʩʨʝʜʫ, ʘ ʧʣʦʩʢʫ  ʁʬʦʨʤʫ ʧʣʝʥʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʦʚʦʛʦ 

ʜʘʚʣʝʥʠʝ? ʄʦʞʝʪ ʣʠ ʩʚʝʪ ʧʨʦʜʘʚʣʠʚʘʪʴ ʪʨʝʢ ʚ ʧʣʝʥʢʝ? 

3. ʉʚʝʪʦʚʦʝ ʜʘʚʣʝʥʠʝ.  

3.1. ʆʮʝʥʢʠ ʠ ʜʠʥʘʤʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ. ɼʘ, ʦʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ [16,17], ʯʪʦ 

ʧʨʦʜʘʚʣʠʚʘʪʴ ʤʦʞʝʪ. ʈʘʜʠʫʩ ʚʦʟʥʠʢʘʶʱʝʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ R ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝʤ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ů 

ʧʣʝʥʢʠ ʩʚʝʪʦʚʦʤʫ ʜʘʚʣʝʥʠʶ ʨ ʧʦ 

ʬʦʨʤʫʣʝ  

R= ů/p.                 (2)  

ʇʨʠ ʦʙʳʯʥʦʡ ʜʣʷ ʥʘʰʠʭ 

ʧʣʝʥʦʢ ʚʝʣʠʯʠʥʝ ů ~ 40 ʜʠʥ/ʩʤ 

ʧʨʠ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʘ 10 ʤɺʪ ʧʨʠ 

ʦʪʨʘʞʝʥʠʠ ʧʦʜ ʫʛʣʦʤ ʦʢʦʣʦ 45
ʦ
 

ʦʪ ʜʚʫʭ ʩʪʦʨʦʥ ʧʣʝʥʢʠ ʚ ʥʝʡ ʜʨʫʛ 

ʧʨʦʪʠʚ ʜʨʫʛʘ ʚʦʟʥʠʢʘʶʪ ʜʚʘ 

ʚʳʧʫʢʣʳʭ ʟʝʨʢʘʣʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʪʦʨʘ (ʩ 

ʧʦʣʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʦʪʨʘʞʝʥʠʝʤ) 

ʠ ʨʘʜʠʫʩʦʤ R=5 ʩʤ, ʨʘʟʥʝʩʝʥʥʳʝ 

ʥʘ ʪʦʣʱʠʥʫ ʧʣʝʥʢʠ L (ʈʠʩ.6). 

 

˾͙ͫΦ 6. ˿ ͻ͔ͣ͊ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͼ͙͙͙ͤ͒ͪ͡;͔͙ͫ͟ͻ 
͍·͔͚ͨͯͦͫͭ͟͡ ͤ͊ ͚ͨͦͫͦ͟͡ ͣ·͡Έ͚ͤͦ ͔͔ͨͤ͟͡ 
͊͘ ͫ;͔ͭ ͍͔͍͎ͫͭͦͦͦ ͍͔͙͒͊ͤ͡Ύ ͍ ͔͔ͭͪ͟Φ 

 

 

 

ɼʣʷ ʭʦʨʜʳ 0.1 ʤʤ ʧʨʠ ʪʘʢʦʤ ʨʘʜʠʫʩʝ ʚʦʟʚʳʰʝʥʠʝ ʥʘʜ ʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʣʝʥʢʠ 

ʩʦʩʪʘʚʣʷʝʪ 2.5 ʥʤ. ʆʪʤʝʪʠʤ, ʯʪʦ 2.5 ʥʤ - ʵʪʦ ʤʘʣʘʷ ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ 

ʥʘʥʦʫʩʪʨʦʡʩʪʚ, ʜʣʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʥʦ ʦʥʘ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ ʘʤʧʣʠʪʫʜ ʭʘʦʪʠʯʝʩʢʠʭ 

ʪʝʧʣʦʚʳʭ ʢʘʧʠʣʣʷʨʥʳʭ ʚʦʣʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʚʳʩʦʪʘ ʢʦʪʦʨʳʭ ʦʙʳʯʥʦ ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʦ ʘʥʛʩʪʨʝʤ [19].  

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʜʦʣʴ ʪʨʝʢʘ ʧʦ ʧʣʝʥʢʠ ʪʨʝʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʣʘʟʝʨʥʳʡ ʨʝʟʦʥʘʪʦʨ ʩ 

ʠʜʝʘʣʴʥʦ ʦʪʨʘʞʘʶʱʠʤʠ ʚʦʛʥʫʪʳʤʠ ʟʝʨʢʘʣʘʤʠ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤ ʚʳʰʝ ʨʘʜʠʫʩʦʤ ʠ 

ʨʘʟʥʝʩʝʥʥʳʤʠ ʥʘ ʪʦʣʱʠʥʫ ʧʣʝʥʢʠ. ʇʦ ʠʟʚʝʩʪʥʳʤ ʬʦʨʤʫʣʘʤ ʜʣʷ ʪʘʢʠʭ ʣʘʟʝʨʥʳʭ 
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ʨʝʟʦʥʘʪʦʨʦʚ [ʥʘʧʨʠʤʝʨ, 14] ʩʚʝʪ ʬʦʢʫʩʠʨʫʝʪʩʷ ʚʦʛʥʫʪʳʤʠ ʟʝʨʢʘʣʘʤʠ ʚ ʧʝʨʝʪʷʞʢʫ, ʚ 

ʢʘʫʩʪʠʢʫ ʰʠʨʠʥʦʡ w0:  

w0
4
ɓ

2
= {L(4f ï L)}              (3),  

ʛʜʝ ɓ = (ˊ/ɚ), ɚ- ʜʣʠʥʘ ʚʦʣʥʳ (532 ʥʤ), L ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʝʨʢʘʣʘʤʠ, f ïʬʦʢʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʟʝʨʢʘʣ (f=R/2). ʇʨʠ R=5 ʩʤ ʠ L=10 ʤʢʤ ʚʝʣʠʯʠʥʘ w0 ~ 18.4 ʤʢʤ. ʇʦ ʵʪʦʡ ʞʝ 

ʬʦʨʤʫʣʝ ʧʨʠ R=1 ʩʤ ʠ L= 1 ʤʢʤ w0 ~ 7 ʤʢʤ. ʇʨʠ R=1 ʤʤ ʠ L= 1 ʤʢʤ w0~ 4 ʤʢʤ.  

ʀʟ-ʟʘ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ ʦʙʨʘʟʫʶʱʠʡʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʟʝʨʢʘʣʴʥʳʡ 

ʨʝʟʦʥʘʪʦʨ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʜʦʙʨʦʪʥʦʩʪʴ, ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʷ ʚ ʥʝʤ ʤʦʞʝʪ ʚ ʜʦʙʨʦʪʥʦʩʪʴ 

ʨʘʟ, ʪ.ʝ. ʚ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʨʘʟ, ʧʨʝʚʳʰʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʭʦʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɼʣʷ ʛʝʦʤʝʪʨʠʠ ʪʨʝʢʘ ʪʘʢʫʶ ʜʦʙʨʦʪʥʦʩʪʴ ʨʝʟʦʥʘʪʦʨʘ ʪʨʫʜʥʦ ʦʮʝʥʠʪʴ, ʥʦ ʦʞʠʜʘʝʤʳʡ ʨʦʩʪ 

ʩʚʝʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʜʦʣʞʝʥ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʪ ɹ ʚʦʟʚʳʰʝʥʠʝ ʧʣʝʥʢʠ ʚ ʦʙʣʘʩʪʠ ʪʨʝʢʘ ʠ 

ʫʤʝʥʴʰʠʪʴ ʨʘʜʠʫʩ ʚʳʧʫʢʣʦʩʪʠ.  

ʅʝʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʝʨʢʘʣʘʤʠ, ʨʘʟʥʝʩʝʥʥʳʤʠ ʥʘ ʪʦʣʱʠʥʫ ʧʣʝʥʢʠ L, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʢʨʦʥʥʳʝ ʨʘʟʤʝʨʳ ʧʝʨʝʪʷʞʢʠ ʠ ʪʘʢʠʝ ʞʝ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʩʚʝʪʦʚʦʡ 

ʟʦʥʳ ʥʘ ʟʝʨʢʘʣʘʭ, ʠ, ʯʪʦ ʚʘʞʥʦ (!), ʯʝʪʚʝʨʪʘʷ ʩʪʝʧʝʥʴ ʚ ʫʨʘʚʥʝʥʠʠ (3) ʜʝʣʘʝʪ ʧʝʨʝʪʷʞʢʫ ʤʘʣʦ 

ʟʘʚʠʩʷʱʝʡ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʘʟʝʨʘ ʠ ʨʘʜʠʫʩʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʟʝʨʢʘʣ (ʪʘʢʘʷ ʩʣʘʙʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʦʡʩʪʚ ʪʨʝʢʘ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʳʣʘ ʢʨʘʡʥʝ ʥʝʧʦʥʷʪʥʦʡ). ʈʘʩʩʯʠʪʳʚʘʝʤʳʝ 

ʨʘʟʤʝʨʳ ʧʝʨʝʪʷʞʝʢ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʥʘʙʣʶʜʘʝʤʳʭ ʪʨʝʢʦʚ ʚ ʧʣʝʥʢʘʭ.  

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʧʫʢʣʦʩʪʠ ʠ ʩʪʷʛʠʚʘʥʠʠ ʚ ʥʝʝ ʨʘʩʪʚʦʨʘ, ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʟʤʝʨʘ ʪʨʝʢʘ ʪʨʝʙʫʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ. ʀʜʝʪ ʧʨʦʮʝʩʩ ʩʦʛʣʘʩʦʚʘʥʠʷ ï ʯʝʤ 

ʫʞʝ ʧʝʨʝʪʷʞʢʘ, ʪʝʤ ʚʳʰʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʪʝʤ ʙʦʣʴʰʝ ʝʛʦ ʜʘʚʣʝʥʠʝ, 

ʪʝʤ ʤʝʥʴʰʝ ʨʘʜʠʫʩ ʟʝʨʢʘʣ, ʪʝʤ ʣʫʯʰʝ ʠʭ ʬʦʢʫʩʠʨʦʚʢʘ ʠ ʤʝʥʴʰʝ ʧʝʨʝʪʷʞʢʘ ʠ ʪʘʢ ʜʘʣʝʝ ʜʦ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʡ ʬʦʨʤʳ ʪʨʝʢʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʘʚʣʝʥʠʝ ʩʚʝʪʘ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ 

ʥʘʪʷʞʝʥʠʝʤ ʧʣʝʥʢʠ. ʊʘʢʫʶ ʜʠʥʘʤʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʢʘ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ ʈʠʩ.7. 

 
˾͙ͫΦ 7. ˨ ͙͙ͤ͊ͣ͊͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͔͎͊ͪͤͦͦ͘͡ ͔ͭͪ͊͟ ͍ ͍Ύ͚ͦ͘͟ ͔͔ͨͤ͟͡ ό͔ͣ͗͒ͯ ͭͦ;͙͊ͣ͟ ͙ͫͤͯ͘ лΦм ͫύΦ 



12 

ʅʘ ʈʠʩ.8 ʧʦʢʘʟʘʥʦ, ʢʘʢ 

ʩʪʘʮʠʦʥʘʨʥʘʷ ʰʠʨʠʥʘ 

ʪʨʝʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 

ʨʦʩʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʇʨʘʚʘʷ ʧʦʣʦʚʠʥʘ ʨʠʩʫʥʢʘ 

ʧʦʢʘʟʳʚʘʝʪ ʚʠʜ ʪʨʝʢʘ ʧʨʠ 

ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ 2 

ʤɺʪ, ʣʝʚʘʷ ï ʧʨʠ 20 ʤɺʪ. 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʧʦʣʦʩʢʘ ï 1 

ʤʤ. 

˾͙ͫΦ 8. ˮ ͔͔͙͔ͣͤͤ͘ ͫͭ͊ͼ͙͚ͦͤ͊ͪͤͦ 
΄͙͙ͪͤ· ͔ͭͪ͊͟ ͙ͨͪ ͙͔͔͙͙ͣͤͤ͘ 
ͣͦ΅͙ͤͦͫͭ ͙ͯ͘͡;͔͙ͤΎ ͔͊ͪ͊͘͡Φ  
˽͍ͪ͊͊Ύ ;͊ͫͭΈ ς ͨ ͙ͪ ͣͦ΅͙ͤͦͫͭ н 
ͣˤͭΣ ͔͍͊͡Ύ ς ͨ ͙ͪ нл ͣˤͭΦ 

 

3.2. ʆʮʝʥʢʘ ʧʦʨʦʛʘ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʢʘ. ʄʠʥʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ Iʤʠʥ, 

ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʥʘʣʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʨʦʛʦʚʦʡ ʚʝʣʠʯʠʥʦʡ ʚʳʧʷʯʠʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʦ ʚʳʩʦʪʝ ʜʦʣʞʥʘ ʧʨʝʚʦʩʭʦʜʠʪʴ ʘʤʧʣʠʪʫʜʳ ʘʦ ʦʙʳʯʥʳʭ ʢʘʧʠʣʣʷʨʥʳʭ 

ʚʦʣʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʨʦʞʜʘʝʤʳʭ ʪʝʧʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʤʦʣʝʢʫʣ ʞʠʜʢʦʩʪʠ,  

ʘʦ ~ (kT/ů)
0.5

,                       (4) 

ʛʜʝ k ð ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, ʊ ð ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʩʪʠ) [19]. ʇʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʨʦʛʦʚʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ Iʤʠʥ ʧʦʥʠʞʘʝʪʩʷ, ʠ ʚ ʵʪʦʤ ʩʤʳʩʣʝ ʵʬʬʝʢʪ 

ʧʦʷʚʣʝʥʠʷ ʪʨʝʢʦʚ ʷʚʣʷʝʪʩʷ ʙʝʩʧʦʨʦʛʦʚʳʤ ï ʧʣʝʥʢʘ ʨʝʘʛʠʨʫʝʪ ʥʘ ʣʶʙʦʡ ʩʚʝʪ [14].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ çʟʝʨʢʘʣʴʥʦʛʦè ʚʦʣʥʦʚʦʜʘ 

ʦʜʥʦʨʦʜʥʳʤ ʧʦʪʦʢʦʤ ʣʶʙʦʛʦ ʧʨʦʭʦʜʷʱʝʛʦ ʚ ʧʣʝʥʢʝ ʠʟʣʫʯʝʥʠʷ (ʚʢʣʶʯʘʷ ʥʝ ʪʦʣʴʢʦ 

ʩʚʝʪʦʚʦʝ, ʥʦ, ʢʘʢ ʤʳ ʧʦʥʠʤʘʝʤ, ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʠʟʣʫʯʝʥʠʝ) ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ ʜʘʝʪ ʢʣʶʯ ʢ ʨʘʟʛʘʜʢʝ ʬʠʟʠʢʠ ʪʨʝʢʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʦʩʥʦʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʛʦ, ʢʘʢ ʤʳ ʥʘʟʚʘʣʠ ʝʛʦ ʚ ʥʘʰʝʡ ʧʝʨʚʦʡ ʨʘʙʦʪʝ [5], çʯʫʜʘè.  

ʉʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʦ, ʩ ʯʝʤ ʩʚʷʟʘʥʳ ʦʪʤʝʯʝʥʥʳʝ ʚ ʦʙʟʦʨʘʭ ʩʚʦʡʩʪʚʘ ʪʨʝʢʦʚ, ʪʘʢʠʝ ʢʘʢ 

ʦʪʩʫʪʩʪʚʠʝ ʫ ʥʠʭ ʨʘʩʭʦʜʠʤʦʩʪʠ, ʩʣʘʙʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʠʜʘ ʪʨʝʢʦʚ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ, ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʦʪ ʩʦʩʪʘʚʘ ʞʠʜʢʦʡ 

ʧʣʝʥʢʠ, ʜʠʘʧʘʟʦʥʘ ʠ ʩʧʝʢʪʨʘ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʠʯʠʥʘ ʷʨʢʦʩʪʠ ʩʘʤʠʭ ʪʨʝʢʦʚ ʚ ʩʘʤʳʭ 

ʧʨʦʟʨʘʯʥʳʭ ʧʣʝʥʢʘʭ, ʠʭ ʷʚʥʘʷ ʩʚʷʟʴ ʩ ʤʦʜʘʤʠ, ʩʧʦʩʦʙʥʦʩʪʴ ʠʜʪʠ ʧʨʷʤʦ ʯʝʨʝʟ ʫʯʘʩʪʢʠ 

ʧʣʝʥʢʠ ʨʘʟʥʦʡ ʪʦʣʱʠʥʳ, ʥʝ ʟʘʤʝʯʘʪʴ ʤʝʣʢʠʭ ʧʳʣʠʥʦʢ ʚ ʧʣʝʥʢʝ, ʠʭ ʩʢʣʦʥʥʦʩʪʴ 

ʨʘʩʱʝʧʣʷʪʴʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʫʟʢʠʭ ʪʨʝʢʦʚ ʥʘ ʢʨʫʧʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩ ʦʜʠʥʦʯʥʳʤʠ ʥʘʥʦʩʝʢʫʥʜʥʳʤʠ ʠ ʩʝʨʠʝʡ ʬʝʤʪʦʩʝʢʫʥʜʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʤʘʣʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʨʝʢʦʚ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʦʙʥʳʭ ʪʨʝʢʦʚ ʚ ʩʧʣʦʰʥʦʡ ʩʨʝʜʝ.  

ʇʦʥʷʪʥʦ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʩʚʝʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ  ʦʞʠʜʘʪʴ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʪʨʝʢʠ ʥʝ 

ʪʦʣʴʢʦ ʚ ʧʣʦʩʢʠʭ ʠʣʠ ʠʟʦʛʥʫʪʳʭ ʧʣʝʥʢʘʭ ʠʟ ʣʶʙʳʭ ʞʠʜʢʦʩʪʝʡ ʩ ʛʠʙʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘ 
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ʚʦʟʜʫʭʝ, ʥʦ ʠ ʚ ʠʭ ʪʦʥʢʦʤ ʩʣʦʝ, ʥʘʭʦʜʷʱʝʤʩʷ ʚ ʦʢʨʫʞʝʥʠʠ ʜʨʫʛʠʭ ʞʠʜʢʦʩʪʝʡ ʠʣʠ ʥʘ 

ʧʦʜʣʦʞʢʝ ʩ ʤʝʥʴʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ, ʠʣʠ ʚ ʩʣʦʝ ʞʠʜʢʦʩʪʠ ʥʘ ʠʜʝʘʣʴʥʦʡ 

ʟʝʨʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʢʘʤʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʟʜʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʥʘʧʨʠʤʝʨ, ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʨʫʛʠʤ ʣʘʟʝʨʦʤ ʠʣʠ ʥʘʛʨʝʚʦʤ 

ʫʯʘʩʪʢʘ ʧʣʝʥʢʠ ʥʘ ʧʫʪʠ ʪʨʝʢʘ ʧʦʛʣʦʱʘʝʤʳʤ ʚ ʞʠʜʢʦʩʪʠ ʠʟʣʫʯʝʥʠʝ, ʥʘʧʨʠʤʝʨ, CO2 ʣʘʟʝʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʝʢʠ ʚ ʧʣʝʥʢʘʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʩʪʦʛʦ, ʠ ʥʘʛʣʷʜʥʦʛʦ 

ʟʥʘʢʦʤʩʪʚʘ ʰʢʦʣʴʥʠʢʦʚ ʩ ʨʝʟʫʣʴʪʘʪʦʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʩʚʝʪʘ ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʩ ʨʘʟʲʷʩʥʝʥʠʝʤ ʪʨʫʜʥʳʭ 

ʦʧʳʪʦʚ ʃʝʙʝʜʝʚʘ ʇ.ʅ. ʩ ʚʨʘʱʝʥʠʝʤ ʢʨʳʣʴʯʘʪʠ. ʌʠʟʠʢʘ ʦʧʪʠʯʝʩʢʠʭ ʪʨʝʢʦʚ ʚʝʩʴʤʘ ʙʦʛʘʪʘ, 

ʧʦʩʢʦʣʴʢʫ ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʢʦʩʤʦʩʘ ʩʚʝʪʦʚʦʝ ʜʘʚʣʝʥʠʝ, ʦʪʢʣʦʥʷʶʱʝʝ 

ʭʚʦʩʪʳ ʢʦʤʝʪ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʶ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʝʨʢʘʣ, ʠʩʪʦʨʠʶ ʌʀɸʅ ʩ ʠʟʤʝʨʝʥʠʝʤ 

ʩʚʝʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʝʛʦ ʣʘʟʝʨʥʦʝ ʥʘʩʪʦʷʱʝʝ ʠ ʬʦʪʦʥʠʢʫ ʙʫʜʫʱʝʛʦ.  

ʀʪʘʢ, ʤʝʭʘʥʠʟʤ ʧʨʦʷʩʥʠʣʩʷ, ʥʦ ʥʘʩ ʦʞʠʜʘʣʦ ʝʱʝ ʥʝʤʘʣʦ ʠʥʪʝʨʝʩʥʳʭ ʥʘʭʦʜʦʢ. 

3.3. ʆ ʜʠʥʘʤʠʢʝ ʧʦʣʦʩ ʪʨʝʢʦʚ ʥʘ ʵʢʨʘʥʝ. ʂʘʨʪʠʥʘ ʧʦʷʚʣʝʥʠʷ ʦʜʥʠʭ ʠ ʠʩʯʝʟʥʦʚʝʥʠʷ 

ʜʨʫʛʠʭ ʧʦʣʦʩʦʢ ʥʘ ʵʢʨʘʥʝ ʩʚʷʟʘʥʘ ʩ ʜʠʥʘʤʠʢʦʡ ʪʨʝʢʦʚ ʚ ʧʣʝʥʢʝ, ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʳʭ 

ʫʩʢʦʨʷʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʥʘʢʘʯʢʠ. ʍʘʨʘʢʪʝʨʥʘʷ ʩʭʝʤʘ ʦʧʳʪʦʚ 

ʧʦ ʥʘʙʣʶʜʝʥʠʶ ʧʦʣʦʩ ʥʘ ʵʢʨʘʥʝ ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩ.9,  

 
˾͙ͫΦ 9. ˻ ͔͙ͫͦ͋ͤͤͦͫͭ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͙ͦ͒ͤͦ;͎ͤͦͦ ͔ͭͪ͊͟ ͫ ͍·ͻͦ͒ͤ·ͣ ͔ͪ͋ͪͦͣ ͔͙ͨͤ͟͡Φ ˻͙͒ͤͦ;ͤ·͚ ͔ͭͪ͟ ͤ͊ ͍·ͻͦ͒ͤͦͣ 
͔͔ͪ͋ͪ ͙͍͔ͪ͊͋͊ͭͫ͘Ύ ͤ͊ ͔͒ͫΎͭͦ͟ ͔ͦͭ͒͡Έͤ·ͻ ͔͙ͤͫͭ͊͋͡Έͤ·ͻ ͔͙ͣ͟͡ͻ ͟ ͍͊ͤ͊ͦ͡Σ ͊͗͒͟·͚ ͙͘ ͦͭͦͪ͟·ͻ ͔͒͊ͭ ͤ͊ Ή͔ͪ͊ͤ͟ ͍ͫͦΌ 
ͨͦͦͫͯ͟͡Φ ˭͔͒ͫΈ м- ͣ ·͡Έͤ͊Ύ ͔ͨͤ͊͟͡ ͙͔͒͊ͣͭͪͦͣ мл ͫͣ ͍ ͟Ό͍͔͔ͭ ͤ͊ ͪ͊ͫͫͭͦΎ͙͙ͤ м ͫͣ ͦͭ ͦͤ͊͟ ͒͡Ύ ͤ͊͋͡Ό͔͙͒ͤΎΣ н- 
͔͊ͪͤ͊͘͡Ύ ͯ͊͊͘͟͟ ͫ ͺ͙͔ͦͯͫͪͯͣ͟·ͣ ͙ͯ͘͡;͔͙͔ͤͣ ;͔͔ͪ͘ ͨͪͦͪ͊͘;ͤͯΌ ͔ͫͭͤͯ͟ ͟Ό͍͔ͭ·Σ о- ͦ ͙͒ͤͦ;ͤ·͚ ͔ͭͪ͟Σ п- ͣ ͍͊ͭͦ·͚ 
ͨͪͦͪ͊͘;ͤ·͚ Ήͪ͊ͤ͟ ͤ͊ ͪ͊ͫͫͭͦΎ͙͙ͤ с ͫͣ ͦͭ ͟Ό͍͔ͭ· ό͍·ͻͦ͒ͤ·͔ ͙ͨͦͦͫ͟͡ ͍͙͒ͤ· ͫ ͭ·͡Έ͚ͤͦ ͫͭͦͪͦͤ· Ήͪ͊ͤ͊͟ύΦ  

˨͙͙ͤ͊ͣ͊͟ ͨͦͦͫͦ͟͡ ͒͊ͤ͊ ͍ ͔͙͙͒ͦͨͦͤͤ͡ ͟ [20]. 
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ʛʜʝ 1- ʢʶʚʝʪʘ ʜʠʘʤʝʪʨʦʤ 10 ʩʤ ʩʦ ʩʪʝʢʣʷʥʥʳ ʦʢʥʦʤ, ʚ ʢʦʪʦʨʦʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʩʤ ʦʪ 

ʦʢʥʘ ʥʘʭʦʜʠʪʩʷ ʧʘʨʘʣʣʝʣʴʥʘʷ ʦʢʥʫ ʚʝʨʪʠʢʘʣʴʥʘʷ ʤʝʜʦʚʘʷ ʧʣʝʥʢʘ (1), ʚ ʨʝʙʨʦ ʢʦʪʦʨʦʡ ʯʝʨʝʟ 

ʧʨʦʟʨʘʯʥʫʶ ʙʦʢʦʚʫʶ ʩʪʝʥʢʫ ʢʶʚʝʪʳ ʬʦʢʫʩʠʨʫʝʪʩʷ ʠʟʣʫʯʝʥʠʝ ʣʘʟʝʨʘ (2). ɺ ʧʣʝʥʢʝ 

ʨʦʞʜʘʝʪʩʷ ʦʜʠʥʦʯʥʳʡ ʪʨʝʢ (3) ʰʠʨʠʥʦʡ 20-30 ʤʢʤ, ʢʦʪʦʨʳʡ ʙʝʟ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʭʦʜʠʪ ʧʦ 

ʧʣʝʥʢʝ, ʟʘʪʝʤ ʧʝʨʝʩʝʢʘʝʪ ʨʝʙʨʦ, ʠ ʝʛʦ ʚʳʭʦʜʥʦʝ ʠʟʣʫʯʝʥʠʝ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʧʨʦʟʨʘʯʥʦʤ 

ʤʘʪʦʚʦʤ ʵʢʨʘʥʝ (4), ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 6 ʩʤ ʦʪ ʢʶʚʝʪʳ. ʅʘ ʈʠʩ.9 ʵʪʦ ʠʟʣʫʯʝʥʠʝ 

ʚʠʜʥʦ ʩ ʪʳʣʴʥʦʡ ʩʪʦʨʦʥʳ ʧʨʦʟʨʘʯʥʦʛʦ ʵʢʨʘʥʘ. ʇʦʣʷʨʠʟʘʮʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʵʪʠʭ ʧʦʣʦʩʢʘʭ 

ʦʙʳʯʥʦ ʠʤʝʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦ ʧʣʝʥʢʝ. 

ʂʘʞʜʳʡ ʪʨʝʢ ʜʘʝʪ ʥʘ ʵʢʨʘʥʝ ʩʚʦʶ ʫʟʢʫʶ ʧʦʣʦʩʢʫ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʙʦʣʴʰʦʡ ʫʛʣʦʚʦʡ 

ʨʘʩʭʦʜʠʤʦʩʪʴʶ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʝʥʢʠ ʠ ʤʘʣʦʡ ʧʦ ʧʣʝʥʢʝ. (ʉʤ. ʧʨʠʣʦʞʝʥʥʳʡ ʢʠʥʦʬʠʣʴʤ 

[20]). ʈʘʩʭʦʜʠʤʦʩʪʠ ʟʘʚʠʩʷʪ ʦʪ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ ʠ ʤʝʥʷʶʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. ʋʛʣʦʚʘʷ 

ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʪʨʝʢʦʚ ʠʟ ʨʝʙʨʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʢ ʧʣʝʥʢʝ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 1-2 ʨʘʜʠʘʥʘ, ʘ ʚʜʦʣʴ ʧʦ ʧʣʝʥʢʝ 0.003ï0.03 ʨʘʜʠʘʥʘ [19]. ʇʝʨʝʤʝʱʝʥʠʡ 

ʧʦʣʦʩʦʢ ʥʘ ʵʢʨʘʥʝ ʥʝ ʟʘʤʝʪʥʦ, ʦʥʠ ʧʦʩʪʦʷʥʥʦ ʚʩʧʳʭʠʚʘʶʪ, ʠʩʯʝʟʘʶʪ ʠ ʧʦʷʚʣʷʶʪʩʷ ʚ ʥʦʚʦʤ 

ʤʝʩʪʝ.  

 3.4. ʇʝʨʝʩʪʨʦʡʢʘ ʪʨʝʢʦʤ ʨʝʙʨʘ ʧʣʝʥʢʠ. ʆ ʩʣʦʞʥʦʤ ʚʟʘʠʤʥʦ-ʥʝʣʠʥʝʡʥʦʤ (ʙʫʢʚʘʣʴʥʦ 

ʠʛʨʦʚʦʤ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʪʨʝʢʘ ʩ ʨʝʙʨʦʤ ʧʣʝʥʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ [19, 

20] ʧʦ ʥʘʙʣʶʜʝʥʠʶ ʨʘʩʱʝʧʣʝʥʠʷ ʦʜʠʥʦʯʥʦʛʦ ʪʨʝʢʘ ʧʨʠ ʧʦʯʪʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʥʘ 

ʚʳʭʦʜʥʦʝ ʨʝʙʨʦ ʫʩʪʦʷʚʰʝʡʩʷ ʧʣʝʥʢʠ (ʈʠʩ.9). ʕʪʦ ʨʘʩʱʝʧʣʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʦʥʘ 

ʧʝʨʝʭʦʜʘ ʠʟ ʧʣʝʥʢʠ ʚ ʨʝʙʨʦ ʥʝ ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʦʡ ʛʣʘʜʢʦʡ ʨʦʚʥʦʡ ʛʨʘʥʠʮʝʡ, ʘ ʧʦʩʪʦʷʥʥʦ 

ʩʘʤʠʤ ʪʨʝʢʦʤ ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ (!), ʠ ʚ ʵʪʦʡ ʚʟʘʠʤʥʦʡ ʠʛʨʝ ʜʠʥʘʤʠʢʘ ʛʨʘʥʠʮʳ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʠʟʤʝʥʝʥʠʷʭ ʨʘʩʱʝʧʣʝʥʠʷ ʦʜʠʥʦʯʥʦʛʦ ʪʨʝʢʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʠʟʤʝʥʝʥʠʠ ʧʦʣʦʞʝʥʠʡ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʷʨʢʠʭ ʚʩʧʳʭʠʚʘʶʱʠʭ ʧʦʣʦʩʦʢ ʥʘ ʵʢʨʘʥʝ.  

ʈʘʥɹhʝ ʤr ʦʪʤʝʯʘʣʠ ʥʘ ʵʢʨʘʥʝ ʧʪ̫ʥʠʩʪʫʶ, ʤʠʛʘʶʱʫʶ ʩʪʨʫʢʪʫʨʫ ʩʚʝʪʘ, ʚʳʭʦʜʷʱʝʛʦ ʥʝ 

ʠʟ ʧʣʝʥʢʠ, ʘ ʠʟ ʨʝʙʨʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʤʝʞʜʫ ʪʨʝʭ ʧʣʝʥʦʢ [9 ʈʠʩ.2]. ʇʨʦʭʦʜʷʱʠʡ ʧʦ 

ʪʦʣʩʪʦʤʫ ʨʝʙʨʫ ʩ ʧʦʣʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʦʪʨʘʞʝʥʠʝʤ ʣʘʟʝʨʥʳʡ ʩʚʝʪ ʟʜʝʩʴ, ʢʘʢ ʤʳ ʧʦʥʠʤʘʝʤ, 

ʪʦʞʝ ʜʠʥʘʤʠʯʥʦ ʤʝʥʷʝʪ ʬʦʨʤʫ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʨʝʙʝʨ ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʠ ɻʪʠ ʚʘʨʠʘʮʠʠ 

ʧʨʦʷʚʣʷʶʪʩʷ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʷʨʢʦʩʪʠ ʜʚʫʤʝʨʥʦʡ ʢʘʨʪʠʥʳ ʧʪ̫ʝʥ ʚʳʭʦʜʥʦʛʦ 

ʩʚʝʪʘ ʥʘ ʵʢʨʘʥʝ. ʉʚʝʪ ʤʝʭʘʥʠʯʝʩʢʠ ʧʝʨʝʩʪʨʘʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʝʥʢʠ ʚ ʦʙʣʘʩʪʠ 

ʪʨʝʢʘ, ʥʦ ʠ ʛʨʘʥʠʮʫ ʩ ʨʝʙʨʦʤ ʧʣʝʥʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʱʝʧʣʝʥʠʶ ʠ ʤʝʪʘʥʠʶ ʪʨʝʢʘ ʫ 

ʨʝʙʨʘ.  

ʂʘʢʦʝ-ʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʝʙʨʦ, ʚʦʟʤʦʞʥʦ, ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʛʦ, ʥʦ 

ʥʝʦʞʠʜʘʥʥʦʛʦ ʠ ʧʦʢʘ ʥʝʧʦʥʷʪʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʪʨʝʢʘ ʦʪ ʫʪʦʣʱʝʥʠʷ (ʨʝʙʨʘ) ʧʣʝʥʢʠ, ʚ ʢʦʪʦʨʦʤ 

ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʜʣʷ ʩʚʝʪʘ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʣʝʥʢʝ. ʊʘʢʦʝ ʦʪʨʘʞʝʥʠʝ ʚʠʜʥʦ ʥʘ 

ʈʠʩ.10,11, ʛʜʝ 1- ʣʘʟʝʨʥʳʡ ʪʨʝʢ, 2 ï ʫʪʦʣʱʝʥʠʝ ʧʣʝʥʢʠ ʫ ʚʚʝʜʝʥʥʦʡ ʚ ʥʝʝ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʢʠ 

ʜʠʘʤʝʪʨʦʤ 5 ʤʤ [19].  

ɿʜʝʩʴ ʪʨʝʢʠ ʦʪʨʘʞʘʶʪʩʷ ʦʪ ʛʨʘʥʠʮʳ ʧʝʨʝʭʦʜʘ ʦʪ ʪʦʥʢʦʛʦ ʫʯʘʩʪʢʘ ʧʣʝʥʢʠ ʢ ʧʨʦʟʨʘʯʥʦʤʫ 

ʪʦʣʩʪʦʤʫ(!) ʨʝʙʨʫ, ʢʘʢ ʦʪ ʟʝʨʢʘʣʘ ʧʨʠ ʫʛʣʘʭ ʧʘʜʝʥʠʷ ʚʧʣʦʪʴ ʜʦ 45 ʛʨʘʜʫʩʦʚ! ʆʪʨʘʞʘʶʪʩʷ 

ʪʘʢ, ʢʘʢ ʝʩʣʠ ʙʳ ʚ ʪʦʥʢʦʡ ʧʣʝʥʢʝ ʦʥʠ ʰʣʠ ʧʦ ʩʪʝʢʣʫ, ʘ ʪʦʣʩʪʦʝ ʨʝʙʨʦ ʙʳʣʦ ʙʳ ʜʣʷ ʥʠʭ 
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ʚʦʟʜʫʭʦʤ. ʅʦ ʪʘʢʦʡ ʨʘʟʥʠʮʳ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʥʘ ʵʪʦʡ ʛʨʘʥʠʮʝ ʥʝʪ. ɺ ʧʣʝʥʢʝ 

ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʨʝʙʨʝ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ. ɸ ʦʥʦ ʝʩʪʴ! ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ (ʈʠʩ.11) ʚʠʜʥʦ, ʯʪʦ ʦʪʨʘʞʝʥʠʝ 

ʪʨʝʢʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʨʝʟʢʦ, ʘ ʜʫʛʦʡ, ʩ ʥʝʢʦʪʦʨʳʤ ʟʘʛʠʙʦʤ, ʨʘʩʪʷʥʫʪʳʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʅʝ 

ʩʚʷʟʘʥ ʣʠ ʵʪʦʪ ʟʘʛʘʜʦʯʥʳʡ ʟʘʛʠʙ ʩ ʜʠʥʘʤʠʢʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʢʘ, ʢʦʛʜʘ ʠʟ ʙʦʣʝʝ ʪʦʣʩʪʦʡ 

ʯʘʩʪʠ ʧʣʝʥʢʠ ʚ ʥʝʛʦ ʙʳʩʪʨʝʝ ʧʦʩʪʫʧʘʝʪ ʨʘʩʪʚʦʨ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʦʪʢʣʦʥʝʥʠʶ ʚ ʩʪʦʨʦʥʫ 

ʤʝʥʴʰʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʨʘʩʪʚʦʨʘ [21]?  

ʆʧʪʦʤʝʭʘʥʠʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʪʨʝʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʢʨʘʷʤʠ ʤʳʣʴʥʦʡ 

ʧʣʝʥʢʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʘʪʴ ʨʘʥʝʝ ʫʩʢʦʣʴʟʘʚʰʠʝ ʦʪ ʥʘʙʣʶʜʘʪʝʣʝʡ ʤʘʣʦ 

ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚʦʟʜʝʡʩʪʚʠʷ ʩʚʝʪʘ ʥʘ ʩʨʝʜʫ. 

 
˾͙ͫΦмлΦ ˤ ͍͔͙ͪͭ͊͟͡ΈͤͯΌ ͔ͨͤͯ͟͡ ͍͍͔͔͒ͤ͊ ͔ͫͭ͟͡Ύͤͤ͊Ύ ͭͪͯ͋ͦ;͊͟ όмύ ͙͔͒͊ͣͭͪͦͣ с ͣͣΣ 

ͦͭ ͯͭͦ͡΅͔͙ͤΎ ό͔ͪ͋ͪ͊) ͦ ͦͦ͟͡ ͚ͦͭͦͪͦ͟ ͔ͦͭͪ͊͗͊ͭͫΎ ͔͊ͪͤ͘͡·͚ ͔ͭͪ͟ όнύΦ 
 

 
˾͙ͫΦ ммΦ ˿ͤΎ͔ͭͦ ͫ ͍͔͙ͯ͡;͔͙͔ͤͣ ͔ͣͫͭͦ ͔͙ͦͭͪ͊͗ͤΎ ͔ͭͪ͊͟ ͤ͊ ˾͙ͫΦмл ͦͭ ͔ͪ͋ͪ͊ ͔͙ͨͤ͟͡Φ ˻͔͙͔ͭͪ͊͗ͤ ͙͔͔ͣͭ ͺͦͪͣͯ ͎͙͒ͯΦ 


