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ʇʦʜ ʨʝʜ. ɺ.ʀ. ʊʨʫʭʠʥʘ, ʖ.ɸ. ʇʠʨʦʛʦʚʘ, ʂ.ɺ. ʇʦʢʘʟʝʝʚʘ. ʄ.: ʌʠʟʠʯʝʩʢʠʡ ʬʘ-
ʢʫʣʴʪʝʪ ʄɻʋ, 2005.ð ʉʪʨ. 200 

 

 
ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʯʝʪʚʝʨʪʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʌʠʟʠʯʝ-

ʩʢʠʝ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠ (ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʬʠʟʠʢʘ)è. 
ɺ ʜʦʢʣʘʜʘʭ ʢʦʥʬʝʨʝʥʮʠʠ ʠʟʣʦʞʝʥʳ ʧʦʩʣʝʜʥʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙ-

ʣʘʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʵʢʦʣʦʛʠʠ, ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ 
ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ, ʠʟʣʦʞʝʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜ rʢ ʜʠʥʘʤʠʢʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
ɼʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʵʢʦʣʦʛʠʠ, ʩʪʫ-

ʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ, ʠʟʫʯʘʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʬʠʟʠʢʫ. 
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ʈɽʐɽʅʀɽ ʊʈɽʊʔɽʁ ɺʉɽʈʆʉʉʀʁʉʂʆʁ ʂʆʅʌɽʈɽʅʎʀʀ 

çʌʀɿʀʏɽʉʂʀɽ ʇʈʆɹʃɽʄʓ ʕʂʆʃʆɻʀʀ  

ʕʂʆʃʆɻʀʏɽʉʂɸʗ ʌʀɿʀʂɸ)è 

 

 
22ï23 ʠʶʥʷ 2004 ʛ. ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʬʘʢʫʣʴʪʝʪʝ ʄɻʋ ʧʨʦʰʣʘ ʏʝʪʚʝʨʪʘʷ ɺʩʝ-

ʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ñʌʠʟʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠ (ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʬʠʟʠ-
ʢʘ)ò. ʂʦʥʬʝʨʝʥʮʠʷ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʬʠʟʠʯʝʩʢʠʤ ʬʘʢʫʣʴʪʝʪʦʤ ʄɻʋ, ʀʥʩʪʠʪʫʪʦʤ 
ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ ʈɸʅ,  ʧʨʠ ʧʦʜʜʝʨʞʢʝ  ʈʌʌʀ, ʌʎʇ çʀʥʪʝʛʨʘʮʠʷè. 
ʂʦʥʬʝʨʝʥʮʠʷ ʧʦʩʚʷʱʘʝʪʩʷ 250-ʣʝʪʠʶ ʄɻʋ ʠ ʧʨʦʚʝʜʝʥʘ ʚʦ ʠʩʧʦʣʥʝʥʠʝ ʨʝʰʝ-

ʥʠʷ ʪʨʝʪʴʝʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ñʌʠʟʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ  ʵʢʦʣʦʛʠʠ (ʕʢʦ-
ʣʦʛʠʯʝʩʢʘʷ ʬʠʟʠʢʘ)ò. 
ʂʦʥʬʝʨʝʥʮʠʷ ʚʳʟʚʘʣʘ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʩʨʝʜʠ ʫʯʝʥʳʭ-ʬʠʟʠʢʦʚ:  ʥʘ ʧʨʠʛʣʘʰʝ-

ʥʠʝ ʦʪʢʣʠʢʥʫʣʠʩʴ ʩʦʪʨʫʜʥʠʢʠ ʜʝʩʷʪʢʦʚ ʅʀʀ ʈɸʅ, ʦʢʦʣʦ 50 ʚʫʟʦʚ, ʜʨʫʛʠʝ ʦʨʛʘʥʠ-

ʟʘʮʠʠ.  ɺ ʨʘʙʦʪʝ ʢʦʥʬʝʨʝʥʮʠʠ  ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʧʨʠʥʷʣʠ ʩʦʪʨʫʜʥʠʢʠ ʥʝʩʢʦʣʴʢʠʭ 
ʬʘʢʫʣʴʪʝʪʦʚ ʄɻʋ: ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ, ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ, ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ, ɺʄʂ, ʤʝʭ-
ʤʘʪʘ ʠ ʜʨʫʛʠʝ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʢʦʥʬʝʨʝʥʮʠʠ. 
ʍʦʪʷ ʢʦʥʬʝʨʝʥʮʠʷ ʥʦʩʠʪ ʩʪʘʪʫʩ ɺʩʝʨʦʩʩʠʡʩʢʦʡ, ʧʦ ʩʫʪʠ,  ʦʥʘ ʙʳʣʘ ɺʩʝʩʦʶʟ-

ʥʦʡ, ʪʘʢ ʢʘʢ ʚ ʝʝ ʨʘʙʦʪʝ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʥʘʫʯʥʳʝ ʨʘʙʦʪʥʠʢʠ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʠʟ 
ʨʷʜʘ ʩʪʨʘʥ ʉʅɻ, ʟʘʨʫʙʝʞʥʳʝ ʛʦʩʪʠ. 
ʈʘʙʦʪʘ ʥʳʥʝʰʥʝʡ ʢʦʥʬʝʨʝʥʮʠʠ  ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ  ʥʘ ʇʣʝʥʘʨʥʦʤ ʟʘʩʝʜʘʥʠʠ (7 

ʜʦʢʣʘʜʦʚ) ʠ ʚ 7 ʩʝʢʮʠʷʭ: 

ʉʝʢʮʠʷ 1.ʕʢʦʣʦʛʠʷ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʘʪʤʦʩʬʝʨʳ 
ʉʝʢʮʠʷ 2.ʌʠʟʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠ ʛʠʜʨʦʩʬʝʨʳ  
ʉʝʢʮʠʷ 3.ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʬʠʟʠʢʠ ɿʝʤʣʠ  
ʉʝʢʮʠʷ 4.ɹʠʦʬʠʟʠʯʝʩʢʘʷ ʵʢʦʣʦʛʠʷ  
ʉʝʢʮʠʷ 5.ʌʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ  
ʉʝʢʮʠʷ 6.ʇʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʬʠʟʠʢʠ  
ʉʝʢʮʠʷ 7.ɺʦʧʨʦʩʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 
ɹʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʩʝʛʦ 262 ʜʦʢʣʘʜʘ. 

ʂ ʥʘʯʘʣʫ ʢʦʥʬʝʨʝʥʮʠʠ ʬʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʠʟʜʘʣ ʪʨʫʜʳ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ 
ʢʦʥʬʝʨʝʥʮʠʠ (ñʌʠʟʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ  ʵʢʦʣʦʛʠʠ (ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʬʠʟʠʢʘ)ò ʪʦʤ ˉ 
6-11).  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʥʘʯʘʣʘ ʧʝʨʚʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʠʟʜʘʥʦ ʫʞʝ 12 ʪʦʤʦʚ. ʉʦʟʜʘʥʘ 

ʩʝʨʠʷ (ñʌʠʟʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ  ʵʢʦʣʦʛʠʠ (ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʬʠʟʠʢʘ)ò.   ʂ ʩʦʞʘʣʝʥʠʶ, 
ʪʠʨʘʞ ʠʟʜʘʥʠʷ ʤʘʣ. 
ʆʩʫʱʝʩʪʚʣʝʥʦ ʚʪʦʨʦʝ ʠʟʜʘʥʠʝ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ çɺʚʝʜʝʥʠʝ ʚ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʛʝʦʬʠʟʠʢʫè (ʘʚʪʦʨʳ ɺ.ʀ. ʊʨʫʭʠʥ, ʂ.ɺ. ʇʦʢʘʟʝʝʚ, ɺ.ɽ. ʂʫʥʠʮʳʥ, ɸ.ɸ. ʐʨʝʡʜʝʨ). 
ʇʨʦʜʦʣʞʝʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ çɺʦʣʛʦ-ɺʝʨʭʦʚʴʝè, 

ʩʦʟʜʘʥʥʦʛʦ ʩʦʚʤʝʩʪʥʦ ʩ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʠ ʊʚʝʨɻʋ. 
ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʨʝʰʝʥʠʷ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʢʦʥʬʝʨʝʥʮʠʠ ʚʳʧʦʣʥʝʥʳ. 
ʋʯʘʩʪʥʠʢʠ ʢʦʥʬʝʨʝʥʮʠʠ ʦʪʤʝʯʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʧʨʦʚʝʜʝ-

ʥʠʷ ʰʠʨʦʢʦʛʦ ʥʘʫʯʥʦʛʦ ʦʙʩʫʞʜʝʥʠʷ ʧʨʦʙʣʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ɸʥʘʣʠʟ ʤʘʪʝ-
ʨʠʘʣʦʚ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʬʝʨʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʫʱʝʩʪʚʫʝʪ 
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ʦʙʰʠʨʥʘʷ ʦʙʣʘʩʪʴ, ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʢʦʪʦʨʦʡ ʬʠʟʠʢʠ ʜʦʣʞʥʳ ʧʨʠʥʠʤʘʪʴ ʘʢʪʠʚʥʦʝ 
ʫʯʘʩʪʠʝ. 
ɺ ʜʦʢʣʘʜʘʭ ʢʦʥʬʝʨʝʥʮʠʠ ʠʟʣʦʞʝʥʳ ʧʦʩʣʝʜʥʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙ-

ʣʘʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʵʢʦʣʦʛʠʠ, ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʥʦʚʳʭ  ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ 
ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ, ʠʟʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʜʠʥʘʤʠʢʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʦʟʚʦʣ̫ -
ʶʱʠʡ  ʥʘʜʝʞʥʦ ʧʨʝʜʩʢʘʟʳʚʘʪʴ  ʵʚʦʣʶʮʠʶ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤ. 
ʋʩʧʝʰʥʦʡ ʨʘʙʦʪʝ ʢʦʥʬʝʨʝʥʮʠʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʙʦʣʴʰʘʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʨʘ-

ʙʦʪʘ ʇʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʠʪʝʪʘ, ʩʦʪʨʫʜʥʠʢʦʚ ʣʘʙʦʨʘʪʦʨʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 
ʛʝʦʬʠʟʠʢʠ, ʧʦʤʦʱʴ ʘʜʤʠʥʠʩʪʨʘʮʠʠ, ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʫʯʝʙʥʳʭ ʩʣʫʞʙ ʬʠ-
ʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ, ʯʝʪʢʘʷ ʨʘʙʦʪʘ ʈʘʙʦʯʝʡ ʛʨʫʧʧʳ. 
ʂʦʥʬʝʨʝʥʮʠʷ ʧʦʩʪʘʥʦʚʠʣʘ: 

ʧʨʦʜʦʣʞʠʪʴ ʨʝʛʫʣʷʨʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʢʦʥʬʝʨʝʥʮʠʡ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʙʣʝʤʘʤ 
ʵʢʦʣʦʛʠʠ, 
ʚʩʝʤʝʨʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʩʰʠʨʝʥʠʶ  ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʩʪʫʜʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ-ʬʠʟʠʢʦʚ,  
ʧʨʦʩʠʪʴ ʬʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʧʨʦʜʦʣʞʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʳ ʧʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʦʙʫʯʝʥʠʶ ʩʪʫʜʝʥʪʦʚ ʬʠʟʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ, 
ʧʨʦʩʠʪʴ ʬʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʚʳʩʪʫʧʠʪʴ ʩ ʠʥʠʮʠʘʪʠʚʦʡ ʧʨʦʚʝʜʝʥʠʷ 

ʩʣʝʜʫʶʱʝʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʬʠʟʠʢʝ ʚ 2006ʛ., 

ʧʨʦʩʠʪʴ ʬʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʦʨʛʘʥʠʟʦʚʘʪʴ ʠʟʜʘʥʠʝ ʠʟʙʨʘʥʥʳʭ ʪʨʫʜʦʚ 
ʢʦʥʬʝʨʝʥʮʠʠ, 
ʧʨʦʩʠʪʴ ʘʜʤʠʥʠʩʪʨʘʮʠʶ ʬʘʢʫʣʴʪʝʪʘ ʚʳʩʪʫʧʠʪʴ ʩ ʠʥʠʮʠʘʪʠʚʦʡ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ 

ʞʫʨʥʘʣʘ ñʌʠʟʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ  ʵʢʦʣʦʛʠʠ (ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʬʠʟʠʢʘ)ò,  
ʧʨʦʩʠʪʴ ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ ʦ ʚʳʜʝʣʝʥʠʠ ʩʨʝʜʩʪʚ ʥʘ ʨʘʟ-

ʚʠʪʠʝ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ çɺʦʣʛʦ-ɺʝʨʭʦʚʴʝè ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʢʘʢ ʦʙʲ-
ʝʢʪʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, 
ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʙʱʝʬʘʢʫʣʴʪʝʪʩʢʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʩʝʤʠʥʘʨ, 

 
 

ʉʦʧʨʝʜʩʝʜʘʪʝʣʴ ʇʨʦʛʨʘʤʤʥʦʛʦ ʂʦʤʠʪʝʪʘ ʢʦʥʬʝʨʝʥʮʠʠ 

ʨʝʢʪʦʨ ʄɻʋ, ʘʢʘʜʝʤʠʢ 

ɺ.ɸ. ʉʘʜʦʚʥʠʯʠʡ 
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ʜʝʢʘʥ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ, ʧʨʦʬʝʩʩʦʨ  
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ʉɽʂʎʀʗ 1 

ʕʂʆʃʆɻʀʗ ʆʂʆʃʆɿɽʄʅʆɻʆ ʂʆʉʄʀʏɽʉʂʆɻʆ  
ʇʈʆʉʊʈɸʅʉʊɺɸ ʀ ɸʊʄʆʉʌɽʈʓ 

ʉɺʗɿʔ ʂʆʃɽɹɸʅʀʁ ʆɿʆʅʆɺʆɻʆ ʉʃʆʗ ɿɽʄʃʀ 

ʉ ʀɿʄɽʅʏʀɺʆʉʊʔʖ  ʄʀʈʆɺʆɻʆ ʆʂɽɸʅɸ 

 

ɹʦʨʠʩʦʚ ʖ.ɸ., ɻʘʣʴʯʝʥʢʦ ɸ.ɸ., ɻʘʣʢʠʥʘ ʀ.ʃ.,  

ʇʝʨʦʚ ʉ.ʇ., ʇʦʢʘʟʝʝʚ ʂ.ɺ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ  

 

ɺɺɽɼɽʅʀɽ 

ɺ 1996 ʛʦʜʫ ɻʝʦʬʠʟʠʯʝʩʢʠʤ ʦʪʜʝʣʝʥʠʝʤ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤ. 
ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʠ ʧʨʦʚʝʜʝʥʘ ʢʦʥʬʝʨʝʥʮʠʷ çɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ 
ʩʠʩʪʝʤʝ ʣʠʪʦʩʬʝʨʘ-ʛʠʜʨʦʩʬʝʨʘ-ʘʪʤʦʩʬʝʨʘè, ʮʝʣʴ ʢʦʪʦʨʦʡ ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦʙʳ 
ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʘ ʥʘʟʨʝʚʰʝʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩ-

ʩʤʦʪʨʝʥʠʷ ʦʙʦʣʦʯʝʢ ɿʝʤʣʠ (ʩʬʝʨ) ʢʘʢ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʧʨʦʮʝʩʩʳ 
ʢʦʥʪʘʢʪʥʳʭ ʟʦʥ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ. ɿʘ ʧʨʦʰʝʜʰʠʝ ʛʦʜʳ ʥʝ ʜʦʩʪʠʛʥʫʪʦ ʩʫ-
ʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʜʚʠʞʝʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʷʚʣʝʥʠʝ ʨʷʜʘ  ʟʘ-
ʩʣʫʞʠʚʘʶʱʠʭ ʚʥʠʤʘʥʠʝ ʨʘʙʦʪ, ʥʘʧʨʠʤʝʨ [8]. 
ɺ ʦʙʱʝʡ ʧʨʦʙʣʝʤʝ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʝʦʩʬʝʨ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʚʘʞʥʦ ʥʘʡʪʠ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʚʷʟʠ ʠ ʠʥʜʠʢʘʠʦʨʳ ʪʘ-
ʢʠʭ ʩʚʷʟʝʡ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʫʥʠʢʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʙʣʘʜʘʝʪ ʦʟʦʥ ʟʝʤʥʦʡ ʘʪ-
ʤʦʩʬʝʨʳ. ʂʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ ʦʟʦʥʘ ʚ ʪʨʦʧʦʩʬʝʨʝ ʠ ʥʠʞʥʝʡ ʩʪʨʘʪʦʩʬʝʨʝ, ʪ.ʝ. ʝʛʦ 

ʙʦʣʴʰʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʚ ʵʪʠʭ ʩʣʦʷʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʨʝʤʝʥʝʤ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʧʨʦ-
ʮʝʩʩʦʚ ʜʝʣʘʝʪ ʝʛʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʪʨʘʩʩʝʨʦʤ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʘʪʤʦʩʬʝʨʥʳʭ ʜʚʠʞʝ-
ʥʠʡ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʟʦʥʦʩʬʝʨʳ (ʩʨʝʜʥʷʷ ʠ ʚʝʨʭʥʷʷ ʩʪʨʘʪʦʩʬʝʨʘ ʠ ʚʩʷ ʤʝʟʦʩʬʝʨʘ) 
ʚʨʝʤʷ ʞʠʟʥʠ ʦʟʦʥʘ ʠʩʯʠʩʣʷʝʪʩʷ ʤʠʥʫʪʘʤʠ ʠ ʯʘʩʘʤʠ, ʠ ʟʜʝʩʴ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʬʦʪʦ-
ʭʠʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ ʩ ʨʘʜʠʘʮʠʦʥʥʳʤ ʧʦʣʝʤ  ʉʦʣʥʮʘ ʠ ɿʝʤʣʠ, ʯʪʦ ʪʘʢʞʝ ʧʦʟʚʦ-
ʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ, ʦʪʨʘ-
ʞʝʥʠʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʥʫʪʨʝʥʥʠʭ ʘʪʤʦʩʬʝʨʥʳʭ  ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ, ʧʦ-
ʩʢʦʣʴʢʫ ʵʪʠ ʜʚʠʞʝʥʠʷ ʚʣʠʷʶʪ ʥʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʟʦʥʦʘʢʪʠʚʥʳʭ ʤʘʣʳʭ ʛʘʟʦ-
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ʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ (ʄɻʉ) ï ʦʢʠʩʣʦʚ ʘʟʦʪʘ, ʚʦʜʦʨʦʜʘ, ʛʘʣʦʛʝʥʦʚ,  ʧʦ-ʨʘʟʥʦʤʫ ʨʝʘ-
ʛʠʨʫʶʱʠʭ ʩ ʦʟʦʥʦʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʵʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʘʥʘʣʠʟʘ ʬʘ-
ʟʳ ʨʘʟʚʠʪʠʷ ʤʦʱʥʦʛʦ ʷʚʣʝʥʠʷ ʕʣʴ-ʅʠʥʴʦ ʚ ʘʚʛʫʩʪʝ 1997 ʛʦʜʘ, ʢʦʛʜʘ ʚ ʬʦʪʦʭʠʤʠ-

ʯʝʩʢʦʤ ʩʣʦʝ ʧʨʦʠʟʦʰʣʦ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚʩʝʭ ʄɻʉ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʘʙʩʦʣʶʪʥʦ ʘʥʦ-
ʤʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ - ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤʫ ʦʪʩʫʪʩʪʚʠʶ ʘʥʪʠʢʦʨʨʝʣʷʮʠʠ ʦʟʦʥʘ ʠ 
ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʛʣʦʙʘʣʴʥʦʡ ʦʟʦʥʦʩʬʝʨʝ (30-50 ʢʤ) (ʨʠʩ. 1). 
ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʦʟʦʥʦʩʬʝʨʝ ʠ ʚʦʟʥʠʢʘʶʱʠʝ 

ʧʨʠ ʵʪʦʤ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ.2) ʠ ʠʭ ʚʦʟʤʦʞʥʘʷ ʩʚʷʟʴ ʩ ʢʦʛʝʨʝʥʪ-
ʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʦʢʝʘʥʝ. ɿʘʤʝʪʠʤ, ʯʪʦ ʪʝʨʤʠʥ çʢʦʛʝʨʝʥʪʥʳʝ ʩʪʨʫʢʪʫʨʳè ʧʨʠ-
ʤʝʥʷʝʪʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʧʦʥʪʘʥʥʦ ʚʦʟʥʠʢʘʶʱʠʭ ʫʩʪʦʡʯʠʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʩʦ-
ʭʨʘʥʷʶʱʠʭ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘ ʬʦʥʝ ʭʘʦʪʠʯʝʩʢʠʭ ʬʣʫʢʪʫʘʮʠʡ. 

ʇʦʷʚʣʝʥʠʝ ʢʦʛʝʨʝʥʪʥʳʭ ʩʪʨʫʢʪʫʨ ʪʠʧʘ ʩʪʦʷʯʠʭ ʚʦʣʥ ʭʦʨʦʰʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ 
ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʣʝʡ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʟʦʥʘ (ʆʉʆ) ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ 
ʥʘʙʣʶʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʫʥʠʢʘʣʴʥʳʭ ʦʨʙʠʪʘʣʴ-
ʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʩ ʧʦʤʦʱʴʶ ʘʧʧʘʨʘʪʫʨʳ CRISTA ʚ ʥʦʷʙʨʝ 1994 ʠ ʘʚʛʫʩʪʝ 1997 
ʛʦʜʦʚ [2, 3-5].  
ɺ ʨʘʙʦʪʝ ʩʦʧʦʩʪʘʚʣʝʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʧʦʣʷʭ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʠ ʫʨʦʚʥʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʧʦʣʷʭ ʆʉʆ ʠ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʘʤʠ ʦʟʦʥʦʩʬʝʨʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʳʩʦʪʥʳʭ ʫʨʦʚʥʷʭ. ʇʨʠ ʵʪʦʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʳ ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚ ASTRO-SPAS-CRISTA-1, -2),  Earth Probe (TOMS), 
TOPEX/POSEYDON, Jasson (Altimeters). ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ 
ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 1997 ʛʦʜ, ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʷʚʣʝʥʠʷ ʕʣʴ-
ʅʠʥʴʦ, ʩʘʤʦʛʦ ʤʦʱʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʷʚʣʝʥʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʚ ʍʍ ʚʝʢʝ, ʧʦʚʣʠʷʚʰʝʛʦ 
ʥʘ ʜʠʥʘʤʠʢʫ ʚʩʝʡ ʦʟʦʥʦʩʬʝʨʳ.   

ʊʈɽʅɼʓ ʀ ʂʆʃɽɹɸʅʀʗ ʆɿʆʅʆɺʆɻʆ ʉʃʆʗ 

ɼʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ (ʙʦʣʝʝ 100) ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʠ ʦʟʦʥʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʦʨʙʠʪʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ (TOMS,  SAGE, BUVS, TOVS), ʚʝʜʫʱʠʭ 
ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʜʠʥʘ-ʤʠʢʦʡ ʦʟʦʥʦʩʬʝʨʳ, ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʟʦʥʘ - ʆʉʆ, ʝʛʦ 
ʚʝʨʪʠʢʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠ ʧʨʠʟʝʤʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʟʦʥʘ ʨʝʛʫʣʷʨʥʦ ʧʫʙ-
ʣʠʢʫʶʪʩʷ ʠ ʦʙʩʫʞʜʘʶʪʩʷ ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʴʶ ʠ ʧʦʟʚʦʣʷʶʪ ʜʝʣʘʪʴ ʦʧʨʝʜʝ-
ʣʝʥʥʳʝ ʚʳʚʦʜʳ ʦʙ ʵʚʦʣʶʮʠʠ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ  ʟʘ  ʧʦʩʣʝʜʥʠʝ 30-40 ʣʝʪ. ʇʝʨʚʳʝ ʨʝ-
ʛʫʣʨ̫ʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʆʉʆ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʩʪʘʥʮʠʷʭ ʥʘʯʘʣʠʩʴ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʘʥ-
ʛʣʠʡʩʢʦʛʦ ʛʝʦʬʠʟʠʢʘ ɼʦʙʩʦʥʘ ʝʱʝ  ʚ  ʢʦʥʮʝ  20-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ,  ʦʜʥʘʢʦ ʜʦ-
ʩʪʘʪʦʯʥʦ ʤʘʩʩʦʚʳʡ ʫʨʦʚʝʥʴ ʦʥʠ ʧʨʠʦʙʨʝʣʠ ʧʦʩʣʝ ʥʘʯʘʣʘ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʛʝʦʬʠ-
ʟʠʯʝʩʢʦʛʦ ʛʦʜʘ ʚ 1957 ʛʦʜʫ.  ɻʝʥʝʨʘʮʠʷ ʦʟʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʪʘʤ, ʛʜʝ ʩʫ-

ʱʝʩʪʚʫʝʪ ʠʟʙʳʪʦʢ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ - ʚ  ʪʨʦʧʠʯʝʩʢʦʡ  ʩʪʨʘʪʦʩʬʝʨʝ  ʥʘ  
ʚʳʩʦʪʘʭ 30-40 ʢʤ, ʛʜʝ ʦʟʦʥ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʬʦʪʦʣʠʟʝ ʤʦʣʝʢʫʣʳ ʢʠʩʣʦʨʦʜʘ. ʈʘʟʨʫ-
ʰʘʝʪʩʷ ʞʝ ʦʟʦʥ ʧʨʠ ʬʦʪʦʣʠʟʝ ʝʛʦ ʤʦʣʝʢʫʣʳ ʩʦʣʥʝʯʥʳʤ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʤʝ-
ʥʝʝ 1 ʤʢʤ ʠ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʠʢʣʘʭ (ʮʝʧʥʳʭ ʨʝʘʢʮʠʷʭ) ʩ ʫʯʘʩʪʠʝʤ ʛʠʜʨʦʢʩʠʣʘ, 
ʦʢʠʩʣʦʚ ʘʟʦʪʘ,  ʭʣʦʨʘ,  ʙʨʦʤʘ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʟ ʪʨʦʧʠʯʝʩʢʦʡ ʩʪʨʘʪʦ-
ʩʬʝʨʳ  ʦʟʦʥ ʨʘʟʥʦʩʠʪʩʷ ʚʦʟʜʫʰʥʳʤʠ ʪʝʯʝʥʠʷʤʠ ʚ ʩʨʝʜʥʠʝ ʠ ʧʦʣʷʨʥʳʝ ʰʠʨʦʪʳ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʦʝʥʠʝ ʠ ʜʠʥʘʤʠʢʘ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʪʦʭʠʤʠʝʡ ʠ 
ʜʠʥʘʤʠʢʦʡ ʘʪʤʦʩʬʝʨʳ.  ʈʘʩʯʝʪʳ ʠ ʥʘʙʣʶʜʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ:  ʚ ʧʦʩʣʝʜʥʠʝ 20-

25 ʣʝʪ ʟʘ ʩʯʝʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʥʘʤʠʢʠ 
ʘʪʤʦʩʬʝʨʳ, ʝʝ ʮʠʨʢʫʣʷʮʠʷ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʘʟʦʚ-ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶ-
ʱʠʭ ʬʦʪʦʭʠʤʠʯʝʩʢʠʡ ʩʪʦʢ ʦʟʦʥʘ, ʠʟʤʝʥʷʶʪʩʷ. ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ, 
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ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʛʣʦʙʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʮʠʨʢʫʣʷʮʠʠ ʚ ʘʪʤʦʩʬʝʨʝ 
[6,7],  ʘ ʯʘʩʪʦʝ ʧʦʷʚʣʝʥʠʝ  ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʦʟʦʥʘ ʚ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ (ʪ.ʥ.  
çʤʠʥʠ-ʜʳʨè) ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʪʦʨʞʝʥʠʷʤʠ ʚʦʟʜʫʭʘ ʥʠʞʥʝʡ  ʪʨʦʧʠʯʝʩʢʦʡ  ʩʪʨʘ-

ʪʦʩʬʝʨʳ, ʦʙʝʜʥʝʥʥʦʡ ʦʟʦʥʦʤ, ʚ ʩʪʨʘʪʦʩʬʝʨʫ ʫʤʝʨʝʥʥʳʭ, ʘ ʠʥʦʛʜʘ ʠ ʧʦʣʷʨʥʳʭ ʰʠ-
ʨʦʪ [1, 3, 4]. 
ɺ ʧʦʣʴʟʫ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ  ʩ  ʢʦʪʦʨʦʡ  ʥʘʙʣʶʜʘʝʤʳʝ  ʠʟʤʝʥʝʥʠʷ  

ʦʟʦʥʦʚʦʛʦ  ʩʣʦʷ ʷʚʣʷʶʪʩʷ  ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʘʪʤʦʩʬʝʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ 
ʯʘʩʪʥʦʩʪʠ, ʛʣʦʙʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʮʠʨʢʫʣʷʮʠʠ,  ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢ-
ʪʳ:  

- ʥʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʟʤʝʥʝʥʠʷʤʠ 
ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ  ʧʘʨʘʤʝʪʨʦʚ  ʢʣʠʤʘʪʦʦʙʨʘʟʫʶʱʠʭ  ʮʝʥʪʨʦʚ  ʜʝʡʩʪʚʠʷ ʘʪʤʦʩʬʝ-

ʨʳ (ɸʟʦʨʩʢʠʡ, ʉʠʙʠʨʩʢʠʡ ʘʥʪʠʮʠʢʣʦʥʳ ʠ ʜʨ.);  
- ʦʟʦʥʦʚʳʝ ʘʥʦʤʘʣʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʉʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ, ʦʪʣʠʯʘʶʪʩʷ ʩʫ-

ʝɦʩʪʚʝʥʥʦʡ ʥʝʟʦʥʘʣʴʥʦʩʪʴʶ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʦʙʲʷʩʥʠʤʳʤ, ʝʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ 
ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʛʣʦʙʘʣʴʥʦʤ ʠʩʪʦʱʝʥʠʠ ʦʟʦʥʦʚʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʬʦʪʦʭʠʤʠʯʝ-
ʩʢʠ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ;  

 - ʧʨʠ ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʟʦʥʘ ʥʘ ʚʩʝʭ ʩʪʘʥ-
ʮʠʷʭ  ʉʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʦʩʥʦʚʥʦʡ ʜʝʬʠʮʠʪ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʟʦʥʘ 
ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʥʠʞʝ ʦʟʦʥʦʚʦʛʦ ʤʘʢʩʠʤʫʤʘ, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʥʦʤ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ  ʩ  ʘʪʤʦʩʬʝʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʭʘʥʠʟʤʦʤ,  ʦʧʠʩʘʥʥʳʤ ʨʘʥʝʝ.   
ʕʪʦʪ ʞʝ ʤʝʭʘʥʠʟʤ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʪʝʤ  ʬʘʢʪʦʤ,  ʯʪʦ  ʚʳʩʦʪʘ  ʦʟʦʥʦʚʦʛʦ 

ʤʘʢʩʠʤʫʤʘ  ʥʘ ʚʩʝʭ ʩʪʘʥʮʠʷʭ ʉʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʠʤʝʝʪ ʟʥʘʯʠʤʳʡ ʧʦʣʦʞʠʪʝʣʴ-
ʥʳʡ ʪʨʝʥʜ.  
ɺ [11] ʤʝʪʦʜʘʤʠ  ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ  ʙʳʣʠ  ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ  ʨʷʜʳ ʆʉʆ ʧʦ 

ʜʘʥʥʳʤ TOMS ʩ 1978 ʧʦ 2000 ʛʦʜ, ʟʦʥʘʣʴʥʦ ʫʩʨʝʜʥʝʥʥʳʝ ʩ ʰʘʛʦʤ 10 ʛʨʘʜʫʩʦʚ ʧʦ 
ʰʠʨʦʪʝ ʠ 1 ʤʝʩʷʮ ʧʦ ʚʨʝʤʝʥʠ. ʎʝʣʴʶ ʘʥʘʣʠʟʘ ʷʚʣʷʣʦʩʴ ʫʪʦʯʥʝʥʠʝ ʧʨʠʨʦʜʳ ʤʝʜ-
ʣʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ (ʪʨʝʥʜʦʚ),  ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʨʷʜʘʭ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʟʦʥʘ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʵʪʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʰʠʨʦʪʥʳʭ ʟʦ-
ʥʘʭ.  ʂʨʦʤʝ ʪʦʛʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ  ʟʥʘʯʠʤʦʩʪʠ  ʨʘʟʣʠʯʥʦʛʦ ʚʠ-
ʜʘ ʪʨʝʥʜʦʚ,  ʯʪʦ ʪʘʢʞʝ ʚʘʞʥʦ ʜʣʷ ʧʨʦʙʣʝʤʳ ʢʣʠʤʘʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʚʝʡʚʣʝʪ-ʦʙʨʘʟʳ 
ʟʦʥʘʣʴʥʳʭ ʨʷʜʦʚ ʠ ʦʩʪʘʪʢʠ ʨʘʟʣʦʞʝʥʠʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʥʘʣʠ-
ʯʠʝ ʣʠʥʝʡʥʳʭ ʠ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʪʨʝʥʜʦʚ.  ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʦʩʪʘʪʢʠ ʨʘʟʣʦʞʝʥʠʷ ʩʪʘ-
ʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʪʨʝʥʜʦʚ ʥʝ  ʠʤʝʶʪ,  ʯʪʦ  ʝʱʝ ʨʘʟ  ʧʦʜʪʚʝʨʜʠʣʦ  ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʨʩʠʠ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʣʫʯʰʝʥʠʷ ʩʦʦʪʥʦʰʝ-
ʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʨʷʜʘʭ ʜʘʥʥʳʭ  ʥʘʙʣʶʜʝʥʠʡ.  ʇʨʠʤʝʥʠʪʝʣʴʥʦ  ʢ ʚʝʡʚʣʝʪ-ʦʙʨʘʟʘʤ 
ʧʘʨʘʙʦʣʠʯʝʩʢʠʝ ʪʨʝʥʜʳ ʦʢʘʟʘʣʠʩʴ ʟʥʘʯʠʤʳʤʠ ʥʘ 95% ʫʨʦʚʥʝ ʜʣʷ ʚʩʝʭ ʰʠʨʦʪʥʳʭ, ʘ 

ʣʠʥʝʡʥʳʝ - ʜʣʷ ʚʩʝʭ ʢʨʦʤʝ ʜʚʫʭ,  ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʵʢʚʘʪʦʨʫ. ɺʨʝʤʝʥʥʦʡ ʭʦʜ ʵʪʦʛʦ 
ʤʠʥʠʤʫʤʘ ʦʪ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʳ ʢ ʧʦʣʶʩʘʤ ʟʘʩʪʘʚʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ,  ʯʪʦ ʚʦʟ-
ʤʦʞʥʳʡ  ʠʩʪʦʯʥʠʢ ʪʘʢʠʭ  ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ  ʠʟʤʝʥʝʥʠʡ  ʦʟʦʥʦʚʦʛʦ  ʩʣʦʷ ʧʣʘʥʝʪʳ 
ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʜʦʣʛʦʚʨʝʤʝʥʥʳʤ ʠʟ-
ʤʝʥʝʥʠʝʤ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ (ʚ ʪ.ʯ. ʠ ʚʦʣʥʦʚʳʭ) ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʦʧʠʯʝʩʢʦʡ ʘʪʤʦ-
ʩʬʝʨʳ [3], ʟʘʚʠʩʷʱʠʭ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʠ ʪʨʦʧʠʯʝʩʢʠʭ ʚʦʜ ʦʢʝʘʥʘ. ʅʘ 
ʙʘʟʝ ʚʝʡʚʣʝʪʥʦʡ ʤʦʜʝʣʠ,  ʫʯʠʪʳʚʘʶʱʝʡ ʥʝʟʦʥʘʣʴʥʳʝ  ʦʩʦʙʝʥʥʦʩʪʠ, ʧʦ  ʪʝʤ  ʞʝ ʩʘ-
ʤʳʤ ʜʘʥʥʳʤ TOMS ɻ.ʄ.ʂʨʫʯʝʥʠʮʢʠʤ ʩʦʟʜʘʥʳ ʜʚʘ ʢʦʤʧʴʶʪʝʨ-ʥʳʭ ʘʥʠʤʘʮʠʦʥʥʳʭ 

ʬʠʣʴʤʘ,  ʚʠʟʫʘʣʠʟʠʨʫʶʱʠʭ ʵʚʦʣʶʮʠʶ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ, ʚ ʢʦʪʦʨʳʭ ʧʦʢʘ-ʟʘʥʘ ʛʣʘʚ-
ʥʘʷ ʨʦʣʴ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ (ʕʣʴ-ʅʠʥʴʦ, ʃʘ-ʅʠʥʴʦ,  ʠʟʚʝʨʞʝʥʠʷ 
ʚʫʣʢʘʥʦʚ) ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ, ʨʘʟʚʠʪʠʠ ʠ ʠʩʯʝʟʥʦʚʝʥʠʠ  ʦʟʦʥʦʚʳʭ ʘʥʦʤʘʣʠʡ ʩ ʚʨʝ-
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ʤʝʥʥʳʤ ʤʘʩʰʪʘʙʦʤ ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ - ʛʦʜ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ ɿʝʤʣʠ.  ʀʭ 
ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʦʟʥʠʢʘʶʱʠʝ ʠ ʠʩʯʝʟʘʶʱʠʝ  ʩʪʦʷʯʠʝ ʚʦʣʥʳ,  ʧʨʠʯʝʤ 
ʭʦʨʦʰʦ ʚʠʜʥʦ ʨʘʟʜʝʣʝʥʠʝ ʦʟʦʥʦ-ʩʬʝʨʳ ʥʘ ʪʨʦʧʠʯʝʩʢʫʶ ʠ ʚʥʝʪʨʦʧʠʯʝʩʢʠʝ ʯʘʩʪʠ. ɺ 

ʪʨʦʧʠʯʝʩʢʦʡ ʯʘʩʪʠ ʭʦʨʦʰʦ ʟʘʤʝʪʥʘ ʜʠʥʘʤʠʢʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ,  ʯʘʩʪʦ ʦʭʚʘʪʚrʘ-
ʶʱʘʷ ʚʩʝ ʜʦʣʛʦʪʳ, ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʪʠʧʘʤʠ  ʧʦʣʦʞʠʪʝʣʴʥʳʭ  ʠ  ʦʪʨʠʮʘʪʝʣʴʥʳʭ  ʚʳ-
ʪʷʥʫʪʳʭ ʚʜʦʣʴ ʵʢʚʘʪʦʨʘ ʚʝʡʚʣʝʪʦʚ: +/-,  -/+, +/-/+, -/+/-, + ʠ -. ʇʨʠ ʵʪʦʤ ʦʪʨʠʮʘʣɹ-
ʥʳʝ ʘʥʦʤʘʣʠʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳ, ʦʩʦʙʝʥʥʦ ʧʦʩʣʝ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʦʚ (ʕʣʴ-
ʏʠʯʦʥ, 1982 ʠ ʇʠʥʘʪʫʙʦ,  1991) ʠ ʩʦʙʳʪʠʡ ʕʣʴ-ʅʠʥʴʦ (1983,  1987),  ʃʘ-ʅʠʥʴʦ 
(1988)  ʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘʜ ʊʠʭʠʤ ʦʢʝʘʥʦʤ.  ʉʠʣʴʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 
ʚʝʡʚʣʝʪʳ ʥʘʙʣʶʜʘʣʠʩʴ ʪʦʣʴʢʦ ʚ ʧʝʨʠʦʜʳ 1978-1982 ʛʛ.  ʠ 1988-93 ʛʛ,  ʪ.ʝ. ʚ ʤʘʢʩʠ-
ʤʫʤʳ 21-ʛʦ  ʠ 22-ʛʦ 11-ʪʠ ʣʝʪʥʠʭ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʦʚ ʠ ʪʦʞʝ ʚ ʦʩʥʦʚʥʦʤ ʥʘʜ ʊʠʭʠʤ 

ʦʢʝʘʥʦʤ.  ʆʪʤʝʪʠʤ,  ʯʪʦ ʜʣʷ ʧʝʨʠʦʜʘ ʤʠʥʠʤʫʤʘ  ʘʢʪʠʚʥʦʩʪʠ ʉʦʣʥʮʘ 1984-1987 ʛʛ.  
ʭʘʨʘʢʪʝʨʥʘ ʚ ʮʝʣʦʤ ʙʦʣʝʝ ʩʧʦ-ʢʦʡʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʩʦ ʩʣʘʙʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʦʙʦʠʭ 
ʟʥʘʢʦʚ,  ʩ  ʧʨʝʦʙʣʘʜʘʥʠʝʤ  ʦʪʨʠʮʘʪʝʣʴʥʳʭ.  ɺʦ ʚʥʝʪʨʦʧʠʯʝʩʢʠʭ  ʰʠʨʦʪʘʭ  
ʥʘʠʙʦʣʴʰʠʝ  ʘʤʧʣʠʪʫʜʳ ʘʥʦʤʘʣʠʡ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʟʠʤʥʝʛʦ ʠ ʥʘʯʘʣʘ ʚʝʩʝʥʥʝʛʦ ʩʝ-
ʟʦʥʦʚ [3]. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ,  ʯʪʦ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ ʵʚʦʣʮʁʠʠ 

ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ɿʝʤʣʠ ʢʘʢ ʯʘʩʪʠ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʢʘʢʦʡ ʷʚʣʷʝʪʩʷ ʘʪʤʦʩʬʝʨʘ,  ʷʚ-
ʣʷʶʪʩʷ ʛʣʦʙʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ,  ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʦʢʝʘʥʝ, ʚʦ ʚʩʝʭ ʛʝʦʩʬʝʨʘʭ ʧʣʘʥʝ-

ʪʳ, ʘ ʪʘʢʞʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ  ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ.  ʇʦʩʣʝʜʥʠʝ, ʭʦʪʷ  ʠ ʤʦʛʫʪ ʙʳʪʴ 
ʩʣʘʙʳʤʠ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ), ʦʜʥʘʢʦ ʤʦ-
ʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʝʘʣʠʟʘʮʠʠ ʫʩʠʣʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩ ʙʦʣʴʰʠʤ ʵʥʝʨʛʦʚʳʜʝʣʝ-
ʥʠʝʤ.  ʆʜʥʠʤ  ʠʟ  ʦʩʥʦʚʥʳʭ  ʬʘʢʪʦʨʦʚ, ʚʦʟʜʝʡʩʪʚʫʶ-ʱʠʭ ʥʘ ʘʪʤʦʩʬʝʨʥʫʶ ʜʠʥʘʤʠ-
ʢʫ ʠ ʵʚʦʣʮʁʠʶ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ ʠ ʩʚʷʟʘʥʥʦʝ 
ʩ ʥʠʤ ʠʟʤʝʥʝʥʠʝ  ʘʪʤʦʩʬʝʨʥʦʡ  ʮʠʨʢʫʣʷʮʠʠ.  ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʠʟʤʝʥʝʥʠʝ ʦʢʝ-
ʘʥʠʯʝʩʢʦʡ ʮʠʨʢʫʣʷʮʠʠ.  ɺʩʝ ʵʪʠ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʠ ʚ ʦʙʱʝʤ  ʩʣʫ-
ʯʘʝ  ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ʧʨʠʚʦʜʷʪ  ʢ  ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʧʝʢʪʨʘ ʢʦʣʝʙʘʥʠʡ 

ʘʪʤʦʩʬʝʨʳ ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʘʢʦʡ ʩʣʦʞʥʦʡ ʩʠʩʪʝ-
ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʨʘʟʨʝʰʠʤʫʶ ʟʘʜʘʯʫ ʠ ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 
ʠʩʢʘʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʘʥʘʣʠʟʫ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʢʘʢʦʡ ʷʚʣʷʝʪʩʷ ʥʘʰʘ  
ɿʝʤʣʷ.  Cʘʤʳʤ  ʫʙʝʜʠʪʝʣʴʥʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʦ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʦʟʤʦʞʥʦ-
ʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ (ʠʥʦʛʜʘ ʝʛʦ ʥʘʟʳʚʘʁ ʪ  
ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ,  ʧʦʩʢʦʣʴʢʫ  ʦʥʦ  ʦʩʥʦʚʘʥʦ ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʷʭ ʛʠʜ-
ʨʦʜʠʥʘʤʠʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʝʨʩʠʡ ʪʝʦʨʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ) ʧʨʦʛʥʦʟʠ-
ʨʦʚʘʥʠʷ ʤʦʞʝʪ  ʩʣʫʞʠʪʴ  ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʨʝʘʣʴʥʳʤ ʠ ʤʦʜʝʣʴ-
ʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʘʪʤʦʩʬʝʨʳ  ʧʨʠ  ʯʠʩʣʝʥʥʦʤ  ʵʢʩʧʝʨʠʤʝʥʪʝ  çʠʟ ʧʨʦʰʣʦʛʦ ʚ ʥʘʩʪʦ-

ʷʱʝʝè,  ʧʨʠʯʝʤ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʢʣʠʤʘʪʘ ʪʨʦʧʦʩʬʝʨʳ,  ʥʦ ʠ ʜʣʷ ʪʘʢʦʡ ʩʨʘʚʥʠʪʝʣʥɹʦ 
ʧʨʦʩʪʦʡ ʩʨʝʜʳ ʢʘʢ ʤʝʟʦʩʬʝʨʘ ʠ ʤʝʟʦʧʘʫʟʘ, ʛʜʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʟʘʨʝʛʠ-
ʩʪʨʠʨʦʚʘʥ ʪʝʤʧ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ ʦʢʦʣʦ 1  ʛʨʘʜʫʩʘ  ʚ  ʛʦʜ  (!) [12].  
ʇʨʠʯʠʥʦʡ ʦʪʢʣʦʥʝʥʠʷ ʧʨʦʛʥʦʟʘ ʦʪ  ʨʝʘʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʘʪʤʦʩʬʝʨʳ ʠ ʛʠʜʨʦ-

ʩʬʝʨʳ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ ʠ ʥʝʧʦʣʥʦʪʘ ʫʯʝʪʘ ʚ ʤʦʜʝʣʷʭ ñʤʘʣʳʭ ʧʘʨʘʤʝʪʨʦʚò, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʨʘ-
ʱʝʥʠʝʤ ɿʝʤʣʠ, ʩʪʨʘʪʠʬʠʢʘʮʠʝʡ ʠ ʜʠʩʩʠʧʘʮʠʝʡ. ɸʥʘʣʠʟ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʣʘ-
ʙʦʨʘʪʦʨʥʳʭ ʤʦʜʝʣʝʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʪʝʯʝʥʠʡ ʠ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʚ ʪʝʯʝʥʠʷʭ ʞʠʜʢʦʩʪʠ ʩʫʱʝʩʪʚʫʶʪ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʠ ʪʦʥ-
ʢʦʩʪʨʫʢʪʫʨʥʳʝ ʩʠʥʛʫʣʷʨʥʳʝ ʵʣʝʤʝʥʪʳ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʠʥʘʤʠʢʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝ-
ʩʢʠʭ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ - ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʤʠ, ʘʪʤʦ-



ʌʠʟʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠ ˉ 13 

 

8 

 

ʩʬʝʨʥʤrʠ, ʛʝʦʩʬʝʨʥʳʤʠ, ʪʘʢ ʥʝʣʠʥʝʡʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚʩʝʭ ʩʪʨʫʢʪʫʨʥʳʭ 
ʵʣʝʤʝʥʪʦʚ ʪʝʯʝʥʠʡ, ʢʘʢ ʨʝʛʫʣʷʨʥʳʭ ï ʚʦʣʥʦʚʳʭ, ʪʘʢ ʠ ʩʠʥʛʫʣʷʨʥʳʭ ï ʧʦʛʨʘʥʠʯʥʳʭ 
ʩʣʦʝʚ. ɺ ʩʠʣʫ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʧʦʛʨʘʥʠʯʥʳʝ 

ʩʣʦʠ (ʪʦʥʢʦʩʪʨʫʢʪʫʨʥʳʝ ʩʠʥʛʫʣʷʨʥʳʝ ʵʣʝʤʝʥʪʳ,  ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʛʝʥʝʨʘ-
ʪʦʨʘʤʠ ʚʠʭʨʝʚʳʭ ʜʚʠʞʝʥʠʡ [9].   
ɺʦʟʤʦʞʥʦ, ʯʪʦ  ʠʟʤʝʥʝʥʠʷ  ʛʣʦʙʘʣʴʥʦʡ  ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ ʠ 

ʩʚ̫ʟʘʥʥʘʷ ʩ ʥʠʤʠ ʵʚʦʣʶʮʠʷ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ʙʫʜʫʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʠ ʚ ʍʍI ʩʪʦʣʝʪʠʠ 
(ʚʝʩʴ ʚʦʧʨʦʩ ï ʚ ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ!). ɺʳʰʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ  ʚʨʝʤʝʥʥʦʡ  ʭʦʜ   
ʤʠʥʠʤʫʤʘ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʪʨʝʥʜʦʚ ʆʉʆ ʧʨʦʠʩʭʦʜʠʪ  ʦʪ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʳ ʢ 
ʧʦʣʶʩʘʤ.  ʕʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʢʣʶʯʝʚʦʡ ʨʦʣʠ  ʵʥʝʨʛʦʥʘʩʳɦ ʝʥʥʦʡ  
ʪʨʦʧʠʯʝʩʢʦʡ  ʘʪʤʦʩʬʝʨʳ ʚ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʮʠʨʢʫʣʷʮʠʠ. 
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ʈʆʃʔ ʄʀʈʆɺʆɻʆ ʆʂɽɸʅɸ 

ʇʦʢʘ ʝʱʝ  ʧʣʦʭʦ  ʠʟʫʯʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʘʧʨʠ-

ʦʨʠ ʠʛʨʘʝʪ  ʦʜʥʫ ʠʟ ʦʩʥʦʚʥʳʭ ʨʦʣʝʡ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ (ʚ ʪ.ʯ. ʦʟʦʥʦʩʬʝʨʝ).  
ʆʩʥʦʚʥʦʝ ʪʝʧʣʦ ʦʢʝʘʥʩʢʦʡ ʚʦʜʳ  ʩʦʩʨʝʜʦʪʦʯʝʥʦ  ʚ  ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ  ʯʘʩʪʠ ʤʝʞʜʫ 
15 ʛʨʘʜʫʩʘʤʠ ʰʠʨʦʪʳ  ʚ ʦʙʦʠʭ ʧʦʣʫʰʘʨʠʷʭ, ʛʜʝ ʭʦʨʦʰʦ ʨʘʟʚʠʪ . ʪʝʨʤʦʢʣʠʥ - ʩʣʦʡ 
ʚʦʜʳ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʛʨʘʜʠʝʥʪʦʤ  ʪʝʤʧʝʨʘʪʫʨʳ  ʙʦʣʴʰʠʤ, ʯʝʤ ʚ ʚʳʰʝ- ʠ ʥʠʞʝʣʝ-
ʞʘʱʠʭ ʩʣʦʷʭ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʣʶʙʦʛʦ ʪʝʨʤʦʢʣʠʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʪʦʢʦʤ ʠʣʠ ʦʪ-
ʜʘʯʝʡ ʪʝʧʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʤʝʩʪʝ ʩ ʧʨʦʮʝʩʩʘʤʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ,  ʜʨʫʛʠʤʠ ʩʣʦʚʘ-
ʤʠ ʥʘ ʥʝʛʦ ʚʣʠʷʶʪ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʧʨʦ-ʮʝʩʩʳ ʚ ʘʪʤʦʩʬʝʨʝ,  
ʛʠʜʨʦʩʬʝʨʝ ʠ ʪʚʝʨʜʦʡ ɿʝʤʣʝ. ʊʝʨʤʦʢʣʠʥ ʧʦʜʚʝʨʞʝʥ ʩʫʪʦʯʥʳʤ, ʩʝʟʦʥʥʳʤ ʠ ʙʦʣʝʝ 

ʜʦʣ-ʛʦʚʨʝʤʝʥʥʳʤ ʚʘʨʠʘʮʠʷʤ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ 
ʤʦʜʝʣʠ ʪʝʨʤʦʭʘʣʠʥʥʦʡ ʮʠʨʢʫʣʷʮʠʠ,  ʚ ʢʦʪʦʨʳʭ ʫʯʠʪʳʚʘʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʮʠʨʢʫ-
ʣʷʮʠʝʡ ʠ ʪʝʨʤʦʢʣʠʥʦʤ.  ɺʘʞʥʳʡ ʨʝʟʫʣʴʪʘʪ  ʤʦʜʝʣʠʨʦʚʘʥʠʷ  ɻʦʣʴʬʩʪʨʠʤʘ  ʙʳʣ 
ʧʨʝʜʩʪʘʚʣʝʥ ʘʢʘʜ. ɸ.ʉ.ʉʘʨʢʠʩʷʥʦʤ ʥʘ ʂʠʙʝʣʝʚʩʢʠʭ ʯʪʝʥʠʷʭ ʚ ʦʢʪʷʙʨʝ 2004 ʛ.: ʩʦʚ-
ʧʘʜʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ  ʥʘʙʣʶʜʝʥʠʷʤʠ  ʚʦʟʥʠʢʘʝʪ  ʩʢʘʯʢʦʤ ʧʨʠ 
ʫʤʝʥʴʰʝʥʠʠ ʰʘʛʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʪʢʠ ʤʝʥʝʝ 100 ʢʤ - ʚʝʩʴʤʘ ʠʥʪʝʨʝʩʥʳʡ ʬʘʢʪ 
ʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ.  ɺʝʜʴ ʜʣʷ  ʢʦʨʨʝʢʪʥʦʛʦ ʫʯʝʪʘ  ʧʦʪʦ-
ʢʦʚ  ʪʝʧʣʘ,  ʠʤʧʫʣʴʩʘ  ʠ ʧʨʠʤʝʩʝʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʝʩʴ ʩʧʝʢʪʨ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ - ʦʪ  ʩʘʤʳʭ ʤʘʣʳʭ ʜʦ ʩʘʤʳʭ 
ʙʦʣhɹʠʭ. 
ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʘʷ ʦʢʝʘʥʠʯʝʩʢʘʷ ʮʠʨʢʫʣʷʮʠʷ ʩʦʩʪʦʠʪ ʠʟ  ʧʦʪʦʢʦʚ,  ʫʧʨʘʚʣʷʝ-

ʤʳʭ ʚʝʪʨʘʤʠ (ʥʝʩʢʦʣʴʢʦ ʩʦʪ ʤʝʪʨʦʚ ʚʝʨʭʥʝʛʦ ʩʣʦʷ), ʪʝʯʝʥʠʷʤʠ, ʫʧʨʘʚʣʷʝʤʳʤʠ ʧʦ-
ʪʦʢʘʤʠ ʪʝʧʣʘ ʠ ʩʚʝʞʝʡ (ʧʨʝʩʥʦʡ)  ʚʦʜʳ  ʯʝʨʝʟ  ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʤʝ-
ʰʝʥʠʝʤ ʪʝʧʣʦʡ ʠ ʩʦʣʝʥʦʡ ʚʦʜ (ʪ.ʥ.  ʪʝʨʤʦʭʘʣʠʥʥʘʷ ʮʠʨʢʫʣʷʮʠʷ), ʠ ʠʟ ʛʨʘʚʠʪʘʮʠ-
ʦʥʥʳʭ ʣʫʥʥʳʭ ʠ ʩʦʣʥʝʯʥʳʭ ʧʨʠʣʠʚʦʚ.  ʕʪʠ ʧʦʪʦʢʠ,  ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʤʝʞʜʫ ʩʦʙʦʡ 
ʥʝʣʠʥʝʡʥʳʤ ʦʙʨʘʟʦʤ (ʪ.ʢ. ʪʝʯʝʥʠʷ ʠʟʤʝʥʷʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʡ,  ʭʦʣʦʜʥʦʡ,  

ʧʨʝʩʥʦʡ ʠ ʩʦʣʝʥʦʡ  ʚʦʜʳ)  ʠ ʬʦʨʤʠʨʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʫʶ ʮʠʨʢʫʣʷʮʠʶ. ʆʜ-
ʥʘʢʦ ʧʨʠ  ʜʦʩʪʘʪʦʯʥʳʭ  ʚʦʟʤʫʱʝʥʠʷʭ  ʚ  ʩʠʩʪʝʤʝ  ʘʪʤʦʩʬʝʨʘ-ʦʢʝʘʥ (ʥʘ-ʧʨʠʤʝʨ, ʷʚ-
ʣʝʥʠʷ ʕʣʴ-ʅʠʥʴʦ,  ʃʘ-ʅʠʥʴʦ,  ʩʚʷʟʘʥʥʳʭ ʩ ʖʞʥʳʤ ʢʦʣʝʙʘʥʠʝʤ [7, 13]) ʫʧʨʘʚʣʷʝ-
ʤʳʝ ʚʝʪʨʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʪʝʯʝʥʠʷ, ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʘʧʚʝʣʣʠʥʛ (ʧʦʜʲʝʤ ʛʣʫʙʠʥ-
ʥʳʭ ʚʦʜ - ʜʠʚʝʨʛʝʥʮʠʷ ʕʢʤʘʥʘ).  ɺʦʟʤʫʱʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʜʝʡʩʪʚʠʝʤ 
ʧʨʝʩʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʳ ʥʘ ʤʝʭʘʥʠʟʤ ʪʝʨʤʦʭʘʣʠʥʥʦʡ  ʮʠʨʢʫʣʷʮʠʠ  (ʩ ʝʝ 
ʩʠʣʴʥʦ ʥʝʣʠʥʝʡʥʦʡ ʨʝʘʢʮʠʝʡ),  ʧʨʠʚʦʜʷʱʝʡ ʢ ʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʪʨʘʥʩʧʦʨʪʝ 
ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ɺʦʟʤʫʱʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʧʨʠʣʠʚʦʚ  ʪʘʢʞʝ  ʥʝʦʙʭʦʜʠʤʦ  ʫʯʝʩʪʴ, 
ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʵʚʦʣʶʮʠʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ,  ʬʦʨʤʠ-

ʨʫʷ ʦʜʠʥ ʠʟ  ʛʣʘʚʥʳʭ  ʠʩʪʦʯʥʠʢʦʚ ʪʫʨʙʫʣʝʥʪʥʦʡ  ʵʥʝʨʛʠʠ  ʜʣʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʦʢʝ-
ʘʥʘ (ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʪʦʤʫ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʝʪʨʦʤ). 
ɻʣʦʙʘʣʴʥʘʷ ʪʝʨʤʦʭʘʣʠʥʥʘʷ ʮʠʨʢʫʣʷʮʠʷ ʚ ʩʠʣʴʥʦ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ ʩʦʩʪʦʠʪ ʠʟ 

ʟʘʤʢʥʫʪʳʭ ʛʣʦʙʘʣʴʥʳʭ ʧʦʪʦʢʦʚ:  ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ, ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ  ʠ  ʧʨʠʜʦʥ-
ʥʦʛʦ  ʠ ʩʚʷʟʘʥʘ ʩ ʤʦʱʥʳʤ ʘʥʪʘʨʢʪʠʯʝʩʢʠʤ ʮʠʨʢʫʤʧʦʣʷʨʥʳʤ ʟʘʧʘʜʥʳʤ ʪʝʯʝʥʠʝʤ, 
ʦʭʚʘʪʳʚʘʶʱʝʤ ʚʩʶ ʛʣʫʙʠʥʫ ʦʢʝʘʥʘ ʚʦʢʨʫʛ ʣʝʜʷʥʦʛʦ ʢʦʥʪʠʥʝʥʪʘ.  ʆʪ ʵʪʦʛʦ ʪʝʯʝʥʠʷ 
ʦʪʚʝʪʚʣʷʝʪʩʷ ʧʦʪʦʢ, ʩʣʝʜʫʶʱʠʡ ʢ ʵʢʚʘʪʦʨʫ ʚʜʦʣʴ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʖʞ-
ʥʦʡ ɸʤʝʨʠʢʠ,  ʜʘʣʝʝ ʧʦ ʵʢʚʘ ʪʦʨʫ ʯʝʨʝʟ ʀʥʜʦʥʝʟʠʡʩʢʠʡ ʘʨʭʠʧʝʣʘʛ ʠ ʀʥʜʠʡʩʢʠʡ 

ʦʢʝʘʥ ʚ ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʦʢʝʘʥ,  ʦʛʠʙʘʷ ɸʬʨʠʢʫ ʠ ʫʩʪʨʝʤʣʷʷʩʴ ʯʝʨʝʟ ʵʢʚʘʪʦʨ  ʚ  
ʄʝʢʩʠʢʘʥʩʢʠʡ ʟʘʣʠʚ,  ʛʜʝ  ʬʦʨʤʠʨʫʪʩʷ ʤʦʱʥʳʡ ɻʦʣʴʬʩʪʨʠʤ.  ʕʪʘ ʩʠʩʪʝʤʘ ʧʦʚʝʨʭ-
ʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚ ʪʨʝʭ ʦʩʥʦ-ʚʥʳʭ ʨʘʡʦʥʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʣʫʙʦʢʦ-
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ʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ  -  ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʝ ʠ ʚ ɸʥʪʘʨ-ʢʪʠʯʝʩʢʠʭ ʤʦʨʷʭ ʈʦʩʩʘ ʠ 
ʋʵʜʜʝʣʣʘ.  ʅʝʢʦʪʦʨʳʝ ʚʘʞʥʳʝ ʦʮʝʥʢʠ ʤʦʱʥʦʩʪʠ  ʵʪʠʭ  ʠʩʪʦʯʥʠʢʦʚ  ʜʘʥʳ  ʚ [14]; 
ʪʘʤ ʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʪʦʢ ʪʝʧʣʘ ʚ ʩʫʙʪʨʦʧʠʯʝʩʢʦʤ ɻʦʣʴʬʩʪʨʠʤʝ  ʫʚʝʣʠʯʠʚʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ  ʚ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʝ ʥʘ 10 ʛʨʘʜʫʩʦʚ. 
ɹʦʣʴʰʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʢʝʘʥʘ ʠ ʢʣʠʤʘʪʘ  ʚʦʦʙʱʝ ʠʛʨʘ-

ʶʪ  ʥʘʙʣʶʜʝʥʠʷ ʚʳʩʦʪʳ ʫʨʦʚʥʷ  ʦʢʝʘʥʘ ʩʦ ʩʧʫʪʥʠʢʘ TOPEX/POSEIDON 
(ʉʐɸ/ʌʨʘʥʮʠʷ),  ʜʦʧʦʣ-ʥʝʥʥʳʤʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʝʥʠʷʤʠ ʩ ʘʥʘʣʦʛʠʯʥʳʭ 
ʩʧʫʪʥʠʢʦʚ Jasson. ʆʥʠ ʟʘʬʠʢʩʠʨʦʚʘʣʠ ʩ 1992 ʛ ʧʦʜʲʝʤ ʫʨʦʚʥʷ ʤʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʥʘ 
ʥʝʩʢʦʣʴʢʦ ʩʘʥʪʠʤʝʪʨʦʚ (ʢʘʢ ʩʯʠʪʘʶʪ ʠʟ-ʟʘ ʛʣʦʙʘʣʴʥʦʛʦ  ʧʦʪʝʧʣʝʥʠʷ). ʅʘʢʦʧʣʝʥ 
ʦʛʨʦʤʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 
ʫʨʦʚʥʷ ʠ ʦʙʥʘʨʫʞʝʥʳ ʤʝʟʦʤʘʩʰʪʘʙʥʳʝ,  ʢʣʘʩʪʝʨʥʳʝ ʠ  ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʩʪʨʫʢ-

ʪʫʨʳ (ʘʥʦʤʘʣʠʠ ʚʳʩʦʪʳ ʦʙʦʠʭ ʟʥʘʢʦʚ ʦʪ - 18 ʩʤ ʜʦ + 14 ʩʤ), ʪ.ʥ. çʭʦʣʤʳè ʠ çʜʦʣʠ-
ʥʳè, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʄʠʨʦʚʦʛʦ  ʦʢʝʘʥʘ ʠ ʠʤʝʶʱʠʝ ʧʨʝʠʤʫ-
ʱʝʩʪʚʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʦʪʢʨʳʪʳʭ ʯʘʩʪʷʭ ʦʢʝʘʥʘ ʥʘ ʟʘʧʘʜ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ 
ʥʝʩʢʦʣʴʢʦ  ʜʝʩʷʪʢʦʚ  ʢʤ  ʚ  ʩʫʪʢʠ. ɺ ʩʫʙʧʦʣʷʨʥʳʭ ʯʘʩʪʷʭ ʦʢʝʘʥʦʚ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ 
ʧʨʦʪʠʚʦʧʦ-ʣʦʞʥʘʷ ʠʣʠ ʥʫʣʝʚʘʷ  ʬʘʟʦʚʘʷ  ʩʢʦʨʦʩʪʴ,  ʪʘʢʞʝ ʢʘʢ ʚ  ʢʨʫʧʥʳʭ ʟʘʣʠʚʘʭ 
ʠʣʠ ʟʘʢʨʳʪʳʭ ʤʦʨʷʭ ʚʠʜʥʳ ʚʨʘɦ ʘʶʱʠʝʩʷ ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʪʨʫʢʪʫʨʳ [15].  ʇʨʠ ʵʪʦʤ 
ʦʥʠ ʤʦʛʫʪ ʚ ʪʝʯʝʥʠʠ ʥʝʜʝʣʴ  ʤʝʥʷʪʴ  ʩʚʦʠ ʧʘʨʘʤʝʪʨʳ, ʠʩʯʝʟʘʪʴ  ʠ ʧʦʷʚʣʷʪʴʩʷ ʚʥʦʚʴ.   
ʆʜʥʘ ʠʟ ʢʣʶʯʝʚʳʭ ʨʦʣʝʡ ʤʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ  ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʦ 

ʢʣʠʤʘʪʝ ʦʙʫʩʣʦʚʣʝʥʘ ʢʦʣʦʩʩʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ,  ʩʦʜʝʨʞʘʱʝʛʦʩʷ 
ʚ ʥʝʤ (ʚ 50 ʨʘʟ ʙʦʣʴʰʝ,  ʯʝʤ ʚ ʘʪʤʦʩʬʝʨʝ), ʘ ʪʘʢʞʝ ʤʝʪʘʥʘ,  ʩʚʷʟʘʥʥʦʛʦ ʚ ʜʦʥʥʳʭ 
ʦʩʘʜʢʘʭ ʚ ʛʘʟʦʛʠʜʨʘʪʳ. ɼʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ (ʠʣʠ ʝʛʦ ʥʘʨʫʰʝʥʠʝ) ʧʦʪʦʢʦʚ 
Cʆ2 ʤʝʞʜʫ ʘʪʤʦʩʬʝʨʦʡ ʠ ʦʢʝʘʥʦʤ, ʘ ʪʘʢʞʝ ʨʦʣʴ ʚ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ ʧʣʘʥʢʪʦʥʘ, ʪʨʝ-
ʙʫʶʪ ʦʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚ ʨʘʤʢʘʭ  ʛʣʦʙʘʣʴʥʦʛʦ  ʫʛʣʝʨʦʜʥʦʛʦ  ʮʠʢʣʘ. (ʆʪʤʝ-
ʪʠʤ,  ʯʪʦ  ʨʝʘʢʮʠʷ ʧʣʘʥʢʪʦʥʘ ʚ  ʦʪʢʨʳʪʳʭ ʘʥʪʘʨʢʪʠʯʝʩʢʠʭ ʚʦʜʘʭ ʥʘ ʚʦʟʨʦʩʰʫʶ 
ʋʌ-ɹ ʨʘʜʠʘʮʠʶ ʠʟ-ʟʘ ʚʦʟʥʠʢʘʶʱʝʡ ʪʘʤ ʚ ʩʝʥʪʷʙʨʝ-ʦʢʪʷʙʨʝ  ʦʟʦʥʦʚʦʡ  ʘʥʦʤʘʣʠʠ  
(çʜʳʨʳè) ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʘ,  ʭʦʪʷ ʠ ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʡ, 

ʢʘʢ ʧʨʝʜʩʢʘʟʳʚʘʣʦʩʴ ʚ 1980 ʛʦʜʳ [3]).  ʇʦ ʧʦʩʣʝʜʥʠʤ  ʜʘʥʥʳʤ  ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ 
Cʆ2   ʚ  ʦʢʝʘʥʝ ʥʘʭʦʜʠʪʩʷ ʚ ʚʦʩʪʦʯʥʦʡ ʪʨʦʧʠʯʝʩʢʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʤʝʞʜʫ 5 
ʛʨʘʜ. ʩ.ʰ. ʠ 15 ʛʨʘʜ. ʶ.ʰ. (ʜʦ 12 ʤʦʣʝʡ/ʤ2ʛʦʜ), ʘ ʝʛʦ  ʩʪʦʢ  -  ʚ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪʘʭ 
ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ,  ʀʥʜʠʡʩʢʦʛʦ ʠ ʊʠʭʦʛʦ ʦʢʝʘʥʦʚ ʚ ʦʙʦʠʭ ʧʦʣʫʰʘʨʠʷʭ (ʜʦ -10 ʤʦ-
ʣʝʡ/ ʤ2ʛʦʜ) [13]. 
ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ʠʛʨʘʶʪ 

ʠʟʤʝʥʝʥʠʷ ʚ ʦʙʣʘʯʥʳʭ ʧʦʣʷʭ: ʚʦ-ʧʝʨʚʳʭ, ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʟʘ ʩʯʝʪ ʘʣʴʙʝʜʦ 
ʫʭʦʜʷʱʝʡ ʬʦʪʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʚʠʜʠʤʦʡ  (ʚ ʦʩʥʦʚʥʦʤ) ʠ ʋʌ-ʨʘʜʠʘʮʠʠ ʉʦʣʥʮʘ 
ʠ, ʚʦ-ʚʪʦʨʳʭ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʵʚʦʣʶʮʠʷ ʦʙʣʘʢʦʚ ʩʚʷʟʘʥʳ ʩ ʚʳʜʝʣʝʥʠʝʤ ʩʢʨʳʪʦʡ 

ʪʝʧʣʦʪʳ ʢʦʥʜʝʥʩʘʮʠʠ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʮʝʣʦ-
ʛʦ ʩʧʝʢʪʨʘ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʦʟʦʥʦʩʬʝʨʫ. ʏʪʦ 
ʢʘʩʘʝʪʩʷ ʧʝʨʚʦʛʦ ʬʘʢʪʦʨʘ, ʪʦ ʦʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘ ʚʳʩʦʪʝ 35-40 ʢʤ ʢʦʥʮʝʥ-
ʪʨʘʮʠʷ ʦʟʦʥʘ  ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴʩʷ ʥʘ 10%, ʘ ʪʝʤʧʝʨʘʪʫʨʘ - ʥʘ 2-3 ʛʨʘʜʫʩʘ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʵʪʦʪ ʩʣʦʡ ʘʪʤʦʩʬʝʨʳ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢ ʪʨʦʧʦʩʬʝʨʥʦʤʫ ʠʩʪʦʯ-
ʥʠʢʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ, ʧʨʠʯʝʤ ʚʩʝʭ ʪʠʧʦʚ ï ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ, 
ʧʨʠʣʠʚʥʳʭ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ (ʝʩʣʠ ʠʭ ʧʝʨʠʦʜ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ ʩ ʚʨʝʤʝʥʝʤ ʩʫʱʝ-
ʩʪʚʦʚʘʥʠʷ ʦʙʣʘʯʥʳʭ ʤʘʩʩ).  ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʙʣʘʢʦʚ ʠ ʦʙʣʘʯʥʳʭ ʤʘʩʩ (ʢʣʘʩʪʝʨʦʚ) 

ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʮʝʩʩʘʤʠ ʢʦʥʚʝʢʮʠʠ (ʦʩʦʙʝʥʥʦ ʚ ʪʨʦʧʠʢʘʭ), ʚ ʪ.ʯ. ʩʚʷ-
ʟʘʥʥʳʤʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʠʩʪʝʤ ʮʠʨ-
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ʢʫʣʷʮʠʠ ʚ ʪʨʦʧʦʩʬʝʨʝ (ʚʥʫʪʨʠʪʨʦʧʠʯʝʩʢʘʷ ʟʦʥʘ ʢʦʥʚʝʨʛʝʥʮʠʠ, ʪʨʦʧʠʯʝʩʢʠʝ ʮʠʢ-
ʣʦʥʳ, ʕʣʴ-ʅʠʥʴʦ ʠ ʪ.ʜ.).  
ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʩʧʝʢʪʨʳ ʆʉʆ ʜʣʷ ʵʢʚʘʪʦʨʠ-

ʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʘʚʛʫʩʪʘ 1997  (ʘ, ʙ) ʠ ʘʚʛʫʩʪʘ 2004 ʛʛ. (ʚ, ʛ), ʠʣʣʩʁʪʨʠʨʫʶʱʠʝ 
ʦʩʥʦʚʥʳʝ çʛʘʨʤʦʥʠʢʠè ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʆʉʆ ʠ ʘʣʴʙʝʜʦ (ʚ ʦʩʥʦʚʥʦʤ ʦʙʣʘʢʦʚ) ʧʦ 
ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʧʨʠʙʦʨʦʤ  TOMS  ʩʦ ʩʧʫʪʥʠʢʘ Earth Probe, ʩʢʘʥʠʨʫʶʱʝʤ ʧʦ-
ʣʝ ʆʉʆ ʠ ʩʫʤʤʘʨʥʦʝ ʘʣʴʙʝʜʦ ʚ ʤʝʩʪʥʳʡ ʧʦʣʜʝʥʴ, ʪʘʢ ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʦʜʥʠʭ ʩʫʪʦʢ 
ʧʦʣʫʯʘʝʪʩʷ 180 ʟʥʘʯʝʥʠʡ (çʤʠʥʫʪè) ʚʜʦʣʴ ʵʢʚʘʪʦʨʘ. ʇʦʣʫʯʝʥʥʳʡ ʟʘ ʤʝʩʷʮ ʨʷʜ ʠʟ 
5400 ʟʥʘʯʝʥʠʡ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʩʢʦʣʴʟʷʱʝʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʢʥʘ  (ʤʝ-
ʪʦʜ ʉɺɸʅ ʜʠʘʛʨʘʤʤ (ʩʤ. [11]). ʆʩʥʦʚʥʘʷ ʛʘʨʤʦʥʠʢʘ ʆʉʆ ʜʣʷ ʘʚʛʫʩʪʘ 1997 ʛ. (ʨʠʩ 
3. ʘ) ʠʤʝʝʪ çʧʝʨʠʦʜè ʦʜʥʠ ʩʫʪʢʠ (0,06. 10(-1)) ʮʠʢʣʦʚ ʚ çʤʠʥʫʪʫè) ʩ ʘʤʧʣʠʪʫʜʦʡ 

ʦʢʦʣʦ 5 ʝ.ɼ., ʘ ʜʨʫʛʠʝ ʛʘʨʤʦʥʠʢʠ ʩ ʘʤʧʣʠʪʫʜʘʤʠ 2 ʠ 1 ʝ.ɼ. ï ʚʩʝʛʦ ʞʝ ʨʝʛʠʩʪʨʠʨʫ-
ʝʪʩʷ 8 ʛʘʨʤʦʥʠʢ; ʢʨʦʤʝ ʪʦʛʦ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʜʠʘʛʨʘʤʤʳ ʚʠʜʥʳ 5-6 ʜʥʝʚʥʳʝ ʧʝʨʠ-
ʦʜʳ ʢʦʣʝʙʘʥʠʡ ʆʉʆ. 9 ʦʩʥʦʚʥʳʭ ʛʘʨʤʦʥʠʢ ʚʠʜʥʳ ʠ ʜʣʷ ʘʣʴʙʝʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʵʪʦʡ ʞʝ ʟʦʥʳ: ʥʘʠʙʦʣʝʝ ʤʦʱʥʘʷ ï ʪʨʝʪʴʷ, ʧʨʠʯʝʤ ʘʤʧʣʠʪʫʜʘ ʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ 
ʚʨʝʤʝʥʠ ʜʣʷ ʚʩʝʭ ʛʘʨʤʦʥʠʢ. ɺ ʮʝʣʦʤ ʚʠʜʥʘ ʭʦʨʦʰʘʷ ʢʦʨʨʝʣʷʮʠʷ ʩʧʝʢʪʨʦʚ ʥʘ ʨʠʩ. 2 
ʙ ʩ ʨʠʩ. 2 ʘ. ɼʨʫʛʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʘʚʛʫʩʪʘ 2004 ʛʦʜʘ (ʨʠʩ 2 ʚ ʠ ʛ): ʥʝ-
ʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʛʘʨʤʦʥʠʢ (11) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʷ ʛʣʦ-
ʙʘʣʴʥʦʡ ʵʢʚʘʪʦʨʠʘʣʥɹʦʡ ʦʙʣʘʯʥʦʩʪʠ, ʚʩʷ ʤʦʱʥʦʩʪʴ ʩʧʝʢʪʨʘ ʆʉʆ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ 

ʦʜʥʦʡ ʛʘʨʤʦʥʠʢʝ ï ʵʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʜʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʠ ʦʜ-
ʥʦʛʦ ʤʠʥʠʤʫʤʘ ʆʉʆ  ʚʜʦʣʴ ʵʢʚʘʪʦʨʘ [5]. 

ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ɻɽʆʉʌɽʈ ʀ ʆɿʆʅʆɺʓʁ ʉʃʆʁ 

ɺ   ʪʨʦʧʠʯʝʩʢʦʡ  ʟʦʥʝ  ʦʙʥʘʨʫʞʝʥʳ  ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʆʉʆ ʤʝʨʠʜʠ-
ʘʥʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (0,180, +/-90  ʛʨʘʜʫʩʦʚ  ʜʦʣʛʦʪʳ).  ʆʥʠ  ʧʨʦʷʚʣʷʁ ʪʩʷ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ  ʚʠʜʝ ʚʦʣʥ ʆʉʆ ʩ ʚʦʣʥʦʚʳʤʠ ʯʠʩʣʘʤʠ 1,  2, 3, 4-7 (ʈʠʩ.9 ʚ [2]). 
ʕʪʠ ʜʘʥʥʳʝ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ   ʢʘʢ ʧʨʦʷʚʣʝʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʝʛʫʣʷʨʥʦʩʪʝʡ ʚ 

ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ɿʝʤʣʠ. 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʝʜʚʝʩʪʥʠʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʣʠ-

ʪʦʩʬʝʨʝ,  ʥʦ ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ,  ʠʦʥʦ- ʠ ʦʟʦʥʦʩʬʝʨʝ. ɺ ʥʠʞʥʝʡ ʘʪʤʦ-
ʩʬʝʨʝ ʥʘʜ ʨʝʛʠʦʥʘʤʠ ʧʦʜʛʦʪʦʚʢʠ (!) ʩʠʣʴʥʳʭ  ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʯʘ-
ʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʦʙʳʯʥʳʝ ʧʝʨʠʩʪʳʝ ʦʙʣʘʢʘ. ʅʝʢʦʪʦʨʳʝ ʩʝʟʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 
ʩʝʡʩʤʦʦʟʦʥʥʳʭ ʵʬʬʝʢʪʦʚ,  ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʳ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝ-
ʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʠ ʘʢʫʩʪʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ (ʠʥʬʨʘʟʚʫʢʦʚʳʭ) 
ʚʦʣʥ. ʦʟʦʥʘ.  
ɿʝʤʣʷ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʩʝʡʩʤʦ-ʘʢʫʩʪʠʯʝʩʢʠʭ ʰʫʤʦʚ 

ʜʘʞʝ ʚ ʜʥʠ, ʢʦʛʜʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 2 ï7 ʤɻʮ). ʋʨʦ-
ʚʝʥʴ ʝʞʝʜʥʝʚʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʵʪʦʛʦ ʛʫʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʝ ʦʢʦʣʦ 6 ʟʝʤʣʝ-
ʪʨʷʩʝʥʠʷʤ ʠ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʚʩʝʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʵʪʦ 
ʚʨʝʤʷ. ʀʩʪʦʯʥʠʢʠ ʵʪʦʛʦ ʛʫʣʘ ʥʘʭʦʜʷʪʩʷ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʟʠʤʦʡ ʠ ʚ 
ʖʞʥʦʤ ʦʢʝʘʥʝ ʪʘʢʞʝ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʵʪʦʪ ʛʫʣ ʛʝʥʝʨʠʨʫʝʪʩʷ ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʪʤʦʩʬʝʨʦʡ, ʦʢʝʘʥʦʤ ʠ ʜʥʦʤ ʦʢʝʘʥʘ ʠʟ-ʟʘ ʧʨʝʦʙ-
ʨʘʟʦʘʥʠʷ ʵʥʝʨʛʠʠ ʰʪʦʨʤʦʚ ʚ ʠʥʬʨʘʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʦʢʝʘʥʠʯʝʩʢʠʝ ʚʦʣʥʳ, ʢʦʪʦʨʳʝ 
ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʪʦʧʦʛʨʘʬʠʝʡ ʜʥʘ [17]. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ʚ ʧʝʨʠʦʜ, ʧʨʝʜʰʝʩʪʚʫʶ-
ʱʠʡ ʜʚʫʤ ʩʘʤʳʤ ʤʦʱʥʳʤ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ ʚ ʀʥʜʠʡʩʢʦʤ 
ʨʝʛʠʦʥʝ (25.01.2001 ʠ 26.12.2004) ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ 
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ʘʥʘʣʠʟʘ ʨʷʜʦʚ ʥʘʙʣʶʜʝʥʠʡ ʆʉʆ ʜʣʷ ʠʭ ʚʦʟʤʦʞʥʦʛʦ ʧʨʦʛʥʦʟʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʣʝ-
ʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʆʉʆ ʜʦ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ʢʘʪʘʩʪʨʦʬʳ ʠ ʚ ʜʝʥʴ ʚʳʙʨʦʩʘ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʦʙʣʘʢʘ ʠʟ 

ʩʘʨʢʦʬʘʛʘ 4-ʛʦ ʙʣʦʢʘ ʏɸʕʉ 25.01.2001 (ʩʦʚʧʘʜʝʥʠʝ ʩ ʤʦʱʥʳʤ ʟʝʤʣʝʪʨʩ̫ʝʥʠʝʤ ʚ 
ʀʥʜʠʠ!): ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʘʢʘʥʫʥʝ ʥʘʜ ʨʘʡʦʥʦʤ ʏʝʨʥʦʙʳʣʷ ʥʘʙʣʶʜʘʣʩʷ ʭʦʨʦʰʦ 
ʚʳʨʘʞʝʥʥʳʡ ʣʦʢʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ ʆʉʆ [3].  
ʅʘ ʨʠʩ. 3  ʭʦʨʦʰʦ ʧʨʦʷʚʣʷʶʪʩʷ ʢʦʛʝʨʝʥʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʦʟʦʥʦʩʬʝʨʝ, ʩʫʱʝ-

ʩʪʚʦʚʘʚʰʠʝ ʧʦ ʜʘʥʥʳʤ CRISTA-2 ʚ ʪʝʯʝʥʠʝ 8 ʜʥʝʡ ʚ ʨʘʡʦʥʝ ʘʚʩʪʨʘʣʠʡʩʢʦʛʦ ʩʝʢʪʦ-
ʨʘ ʶʞʥʦʡ ʯʘʩʪʠ ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʘ: ʜʘʥʘ ʛʣʦʙʘʣʴʥʘʷ ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ 
ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩʤʝʩʠ ʦʟʦʥ/ʚʦʟʜʫʭ (ʰʢʘʣʘ ʚ ʢʤ ʥʘʜ ʫʨʦʚʥʝʤ ʦʢʝʘʥʘ ï 
ʩʧʨʘʚʘ). ʄʠʥʠʤʘʣʴʥʳʝ ʚʳʩʦʪʳ 24-26 ʢʤ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ, ʧʣʘʚ-

ʥʦ ʧʝʨʝʭʦʜʷ ʢ ʟʥʘʯʝʥʠʷʤ 38-40 ʢʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ 
ʩʪʨʫʢʪʫʨ ʚ ʨʘʡʦʥʝ 25-55 ʶ.ʰ. ʠ 80-130 ʚ.ʜ. ʊʨʦʧʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫ-
ʰʘʨʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʦʥʦʤ 30-32 ʢʤ, ʥʘ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʦʤ-
ʙʦʚʠʜʥʳʭ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ (100-500 ʢʤ) ʧʦʥʠʞʝʥʠʡ ʜʦ 28-30 ʢʤ, ʶʞʥʘʷ ʯʘʩʪʴ 
ʪʨʦʧʠʢʦʚ, ʥʘʧʨʦʪʠʚ, ʧʦʢʘʟʳʚʘʝʪ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘ-
ʙʦʚ ʢʘʢ ʚ ʜʦʣʛʦʪʥʦʤ, ʪʘʢ ʠ ʚ ʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 
1000 ʠ ʙʦʣʝʝ ʢʤ. ɸʥʘʣʠʟ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʥʦʰʝʥʠʷ ʩʤʝʩʠ ʦʟʦʥ-ʚʦʟʜʫʭ ʚ 
ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ 20-50 ʢʤ ʩ ʰʘʛʦʤ 5 ʢʤ ʧʦʢʘʟʘʣ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʟʠʤʥʝʤ ʟʦʥʘʣʴʥʦʤ 

ʩʪʨʘʪʦʩʬʝʨʥʦʤ ʟʘʧʘʜʥʦʤ ʧʦʪʦʢʝ  ʖʞʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʚʦ-
ʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʦʣʥ ʩ ʚʦʣʥʦʚʳʤʠ ʯʠʩʣʘʤʠ 1- 3 ʠ 2-ʭ ʢʚʘʟʠʧʦʩʪʦʷʥʥʳʭ ʚʠʭ-
ʨʝʚʳʭ ʩʪʨʫʢʪʫʨ.[1,4]. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʢʚʘʟʠʧʦʩʪʦʷʥʥʳʭ ʤʝʣʢʦ-
ʤʘʩʰʪʘʙʥʳʭ ʩʪʨʫʢʪʫʨ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʵʬʬʝʢʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭ-
ʩʷ ʚ ʚʠʭʨʝ ʚʦʣʥ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ ʘʢʪʠʚʥʳʤʠ ʟʦʥʘʤʠ ʚ ʦʢʝʘʥʝ ʠ ʤʘʥʪʠʠ. ʆʙ ʵʪʦʤ 
ʪʘʢʞʝ ʩʚʠʜʝʝʣʴʩʪʚʫʶʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʷʪʠ, ʯʝʪʳʨʝʭ ʠ ʪʨʝʫʛʦʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʭʦ-
ʨʦʰʦ ʨʘʟʣʠʯʠʤʳʝ ʚ ʘʥʪʘʨʢʪʠ-ʝʩʢʦʤ ʠ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ ɿʝʤʣʠ; ʚʦʟʤʦʞʥʦʡ ʧʨʠʯʠ-
ʥʦʡ ʠʭ ʧʦʷʚʣʝʥʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʬʝʥʦʤʝʥ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʧʦʜʢʦʨʦʚʳʭ ʣʦʢʘʣɹ-

ʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʧʨʝʜʣʦʞʝʥʥʳʡ  ʚ [8].           
ɸʥʘʣʠʟ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ  ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʆʉʆ ʜʣʷ ʘʚʛʫʩʪʘ 1997 ʛ. ʚ ʚʦ-

ʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʶʞʥʝʝ ʵʢʚʘʪʦʨʘ (-90 ʟ.ʜ.- 160 ʟ.ʜ., 0,5 ï 40,5 ʶ.ʰ.) ʧʦ-
ʢʘʟʘʣ ʦʪʩʫʪʩʚʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʘʥʦʤʘʣʠʡ ʵʪʠʭ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ. 
ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 
ʦʢʝʘʥʘ ʥʘʙʣʶʜʘʣʘʩʴ ʚʙʣʠʟʠ ʵʢʚʘʪʦʨʘ (90-120 ʟ.ʜ., 0-5 ʶ.ʰ.) ï ʜʦ 5 ʛʨʘʜʫʩʦʚ, ʘ ʤʘʢ-
ʩʠʤʘʣʴʥʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʆʉʆ (ʜʦ 30 ʝ.ɼ.) ʚ ʦʙʣʘʩʪʠ 90-110 ʟ.ʜ. ʠ 20-35 
ʶ.ʰ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʭʦʨʦʰʦ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʝ (ʚ ʪ.ʯ. ʤʝʟʦʤʘʩ-
ʰʪʘʙʥʳʝ  - ʧʦʨʷʜʢʘ ʩʪʘ ʢʤ ʠ ʜʘʞʝ ʤʝʥʴʰʝ) ʩʪʨʫʢʪʫʨʳ ʚ ʦʙʦʠʭ ʧʦʣʷʭ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʮʠʨʢʫʣʷʮʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʛʠʜʨʦʩʬʝʨʝ ʚ ʜʘʥʥʳʡ ʧʝʨʠʦʜ 

ɺʓɺʆɼʓ 

ɸʥʘʣʠʟ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 1997 ʛ. ʚ ʩʨʝʜʥʝʡ ʘʪʤʦʩʬʝʨʝ ʧʦʢʘʟʘʣ ʤʦʱʥʦʝ 
ʚʦʟʜʝʡʩʪʚʠʝ ʕʣʴ-ʅʠʥʴʦ 1997/98 ʛ.  ʥʘ ʦʟʦʥʦʚʳʡ ʩʣʦʡ, ʥʘʯʠʥʘʷ ʩ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ 
(ʘʧʨʝʣʴ) ʚʧʣʦʪʴ ʜʦ ʦʢʦʥʯʘʥʠʷ ʧʨʦʮʝʩʩʘ. ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʦ (ʚ ʘʚʛʫʩʪʝ 1997 ʛ.) 
ʥʘʨʫʰʝʥʠʝ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʬʦʪʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʤ ʠ ʦʙʳʯʥʦ 
ʨʘʚʥʦʚʝʩʥʦʤ ʩʣʦʝ ʪʨʦʧʠʯʝʩʢʦʡ ʦʟʦʥʦʩʬʝʨʳ (35-50 ʢʤ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʝʦʙʳʯʘʡʥʦ ʩʠʣʴʥʦʡ ʚʦʣʥʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʪʨʦʧʠʯʝʩʢʦʡ ʩʨʝʜʥʝʡ ʘʪʤʦʩʬʝʨʝ  ʚ 
ʵʪʦʪ ʧʝʨʠʦʜ, ʢʘʢ ʚ ʪʨʦʧʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʚ ʩʫʙʧʦʣʷʨʥʦʡ ʠ ʩʨʝʜʥʝʰʠʨʦʪʥʦʡ (ʖʞʥʦʝ 
ʧʦʣʫh ʘʨʠʝ) ʟʦʥʘʭ. 
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ɼʣʷ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʰʠʨʦʪ ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ  (ʚ ʪ.ʯ. 
ʜʦʣʛʦʪʥʳʝ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʆʉʆ ʠ ʩʫʤʤʘʨʥʦʛʦ ʘʣʴʙʝʜʦ ʜʣʷ ʘʚʛʫʩʪʘ 1997 ʛʦʜʘ ʧʦ-
ʢʘʟʳʚʘʶʪ ʭʦʨʦʰʫʶ ʢʦʨʨʝʣʷʮʠʶ ʆʉʆ.   

ʀʩʩʣʝʜʦʚʘʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 
ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʨʦʚʥʝʡ (ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨʤʳ) ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ʠ ʆʉʆ 
ʜʣʷ ʥʝʢʦʪʦʨʳʭ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʨʘʡʦʥʦʚ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠ ʦʧʨʝʜʝʣʝʥʳ ʠʭ 
ʤʘʩʰʪʘʙʳ. ʇʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʤʠ ʤʝʟʦʤʘʩʰʪʘʙʥʳʤʠ 
ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʧʦʣʝ ʦʟʦʥʘ  (ʨʠʩ. 3) ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦ-
ʩʪʠ ʦʢʝʘʥʘ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 
ʤʝʭʘʥʠʟʤʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʝʦʩʬʝʨ, ʯʝʤ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʥʘʤʠ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ 
ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

ȾɎɖɔɘɓɔʐ ʠ ʨ ʦ ʪ ʥ ʦ --Ɉɡɗɔɘɓɡɏ ɖɆɍɖɋɍ ɕɔɑɥ ɐɖɔɗɗʚ ʳ ʩ ʦ ʪ ʥ ʳ ʡ  ʨ ʘ ʟ ʨ ʝ ʟ  ʧ ʦ ʣ ʷ  ʢ ʨ ʦ ʩ ʩ--ɐɔɖɖɋɑɥɜɎɎ ɔɘɓɔɞɋɓɎɥ ʢ ʦ ʨ ʨ ʝ ʣ ʷ ʮ ʠ ʠ  ʦ ʪ ʥ ʦ ʰ ʝ ʥ ʠ ʷ  

ɗɒɋɗɎ ɔɍɔɓɆ Ɏ ɘɋɒɕɋɖɆɘəɖɡʩ ʤ ʝ ʩ ʠ  ʦ ʟ ʦ ʥ ʘ  ʠ  ʪ ʝ ʤ ʧ ʝ ʨ ʘ ʪ ʫ ʨ ʳɈɔɍɊəɛɆ ɕɔ ɊɆɓɓɡɒ ɕɋɖɈɔɏ ʚ ʦ ʟ ʜ ʫ ʭ ʘ  ʧ ʦ  ʜ ʘ ʥ ʥ ʳ ʤ  ʧ ʝ ʨ ʚ ʦ ʡ  

(ɓɔɥɇɖɢ1994) Ɏ Ɉɘɔɖɔɏ (ɆɈɉəɗɘ 1997) ɒɎɗɗɎɎ ( ʥ ʦ ʷ ʙ ʨ ʴ 1 9 9 4 )  ʠ  ʚ ʪ ʦ ʨ ʦ ʡ  ( ʘ ʚ ʛ ʫ ʩ ʪ  1 9 9 7 )  ʤ ʠ ʩ ʩ ʠ ʠ  CRISTA.CRISTA.
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ʈʠʩ.1. ʉʨʝʜʥʝʟʦʥʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʂʂ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʟʦʥʘ 

ʢʘʢ ʬʫʥʢʮʠʷ ʰʠʨʦʪʳ ʠ ʚʳʩʦʪʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ CRISTA-1 (ʥʦʷʙʨʴ 1994 ʛ. ï ʩʧʨʘʚʘ) ʠ   CRISTA-2 (ʘʚʛʫʩʪ 1997 ʛ. ʧʝʨʠʦʜ ʨʘʟʚʠ-

ʪʠʷ ʤʦʱʥʦʛʦ ʕʣʴ-ʅʠʥʴʦ ï ʩʧʨʘʚʘ). ɺ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʩʨʝʜʥʝʡ ʠ ʚʝʨʭʥʝʡ ʩʪʨʘ-

ʪʦʩʬʝʨʝ ʂʂ ʜʦʩʪʠʛʘʝʪ  80-100% (ʩʘʤʳʝ ʪʝʤʥʳʝ ʦʙʣʘʩʪʠ ʥʘ ʨʠʩʫʥʢʝ ʩʣʝʚʘ),  ʧʝʨʝʭʦʜʷ (ʩ 

ʰʘʛʦʤ 25%) ʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʥʘ ʚʳʩʦʪʘʭ 20-30 ʢʤ. ʅʘ ʨʠʩʫʥʢʝ ʩʧʨʘʚʘ 

ʢʦʨʨʝʣʷʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦ ʚʩʝʤ ʩʣʦʝ 20-50 ʢʤ; ʣʠʰʴ ʚ ʦʪʜʝʣʴʥʳʭ ʰʠʨʦʪ-

ʥʦ-ʚʳʩʦʪʥʳʭ ʟʦʥʘʭ ʂʂ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ -25-50% (ʚʳʰʝ 40 ʢʤ) ʠ 25-50 (ʥʠʞʝ 35 ʢʤ). 

ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʶʱʫʶ ʨʦʣʴ ʜʠʥʘʤʠʢʠ ʚ ʦʙʣʘʩʪʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦ-

ʚʝʩʠʷ ʦʟʦʥʘ (ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʦʪ ʯʘʩʘ (ʥʘ ʚʳʩʦʪʝ 50 ʢʤ) ʜʦ ʩʫʪʦʢ (ʥʘ ʚʳʩʦʪʝ 

30 ʢʤ)). ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʦ ʚ [1,4]. 
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  ʘ    ʙ 

 

 
 

  ʚ    ʛ 

ʈʠʩ.2. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʩʧʝʢʪʨʳ ʆʉʆ (2 ʘ, 2ʚ) ʠ ʘʣʴʙʝʜʦ (2ʙ, 2ʛ) ʜʣʷ ʵʢʚʘ-

ʪʦʨʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʘʚʛʫʩʪʘ 1997  (ʘ, ʙ) ʠ ʘʚʛʫʩʪʘ 2004 ʛʛ. (ʚ, ʛ).  
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ʈʠʩ.3. ʂʦʛʝʨʝʥʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʦʟʦʥʦʩʬʝʨʝ, ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʧʦ ʜʘʥʥʳʤ CRISTA-2 ʚ 

ʪʝʯʝʥʠʝ 8 ʜʥʝʡ ʚ ʨʘʡʦʥʝ ʘʚʩʪʨʘʣʠʡʩʢʦʛʦ ʩʝʢʪʦʨʘ ʶʞʥʦʡ ʯʘʩʪʠ ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʘ.  

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ɻʨʘʥʪʳ  01-05-7452, 03-05-64790), 

ʌʎʇ çʄʠʨʦʚʦʡ ʆʢʝʘʥè  ˉ 43.634.11.0001-9. 

ʃʀʊɽʈɸʊʋʈɸ 

1. ɻʘʣʢʠʥʘ ʀ.ʃ., ʂʨʫʯʝʥʠʮʢʠʡ ɻ.ʄ., ʇʝʨʦʚ ʉ.ʇ.  ʊʨʝʭʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʦ-
ʣʝʡ ʦʟʦʥʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʜʘʥʥʳʤ ʣʠʤʙʦʚʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʳ// ɺ 

ʢʥ.: ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʠʟ ʢʦʩʤʦʩʘ. 
ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ, ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 
ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʷʚʣʝʥʠʡ ʠ ʦʙʲʝʢʪʦʚ (ʄʦʩʢʚʘ, 10-12 ʥʦʷʙʨʷ 2003 ʛ.). ʉʙ. 
ʩʪʘʪʝʡ ʧʦʜ ʨʝʜ.  ɽ.ɸ.ʃʫʧʷʥʘ; ʄ.: ʇʦʣʠʛʨʘʬʩʝʨʚʠʩ, 2004, ʩ.409-414. 
2. Stanford J.L., Ziemke J.R., McPeters R.D., Krueger A.J., and Bhartia P.K.  Spec-
tral Analysis,  Climatology, and Interannual Variability of  Nimbus-7  TOMS Ver-
sion 6.   Total Column Ozone,    NASA Reference Publ.  1360, April 1995, 80 p. 
3. ʇʝʨʦʚ ʉ.ʇ., ʇʦʢʘʟʝʝʚ ʂ.ɺ. ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ// ɺ ʢʥ.: ɻʣʦʙʘʣʴʥʳʝ ʠʟʤʩʝʥʝʥʠʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 
ʄɻʋ ʠʤ.   ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ.ʇʦʜ  ʨʝʜ. ʈ.ʂ. ʂʣʠʛʝ (ʚ ʧʝʯʘʪʠ).       
4. ɻʘʣʢʠʥʘ ʀ. ʃ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʨʝʭʤʝʨʥʳʭ ʧʦʣʝʡ  ʦʟʦʥʘ ʠ        
ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʜʘʥʥʳʤ ʣʠʤʙʦʚʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ.   ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ     
ʩʦʠʩʢʘʥʠʝ ʫʯ. ʩʪ. ʢʘʥʜʠʜʘʪʘ ʬʠʟ.-ʤʘʪ.  ʥʘʫʢ. ʎʝʥʪʨʘʣʴʥʘʷ  ʘʵʨʦʣʦʛʠʯʝʩʢʘʷ 
ʦʙʩʝʨʚʘʪʦʨʠʷ, ʛ. ɼʦʣʛʦʧʨʫʜʥʳʡ -  2004, 191 ʩ.      
5. ɻʘʣʴʯʝʥʢʦ ɸ. ɸ. ɺʟʘʠʤʦʩʚʷʟʴ ʚʘʨʠʘʮʠʡ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ         ʩ ʧʘʨʘʤʝʪʨʘʤʠ 
ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ɼʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ.  ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤ.ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ, 2004, 56 ʩ. 
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ʇʆ ʎʀʈʂʋʃʗʎʀʗʄ ɸʊʄʆʉʌɽʈʓ ʀ ʆʂɽɸʅɸ 

 

ɹʳʯʢʦʚ ɺ.ʃ. (1), ʅʠʟʦʚʮʝʚ ɺ.ɺ. (2)  

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ  

(1) ʬʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ; bychvl@orc.ru 

(2) ʬʘʢʫʣʴʪʝʪ ʧʦʯʚʦʚʝʜʝʥʠʷ; latona@pochta.ru 

 

ʅʘ ʢʦʥʬʝʨʝʥʮʠʠ 2001 ʛ. ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʚʠʭʨʝʚʘʷ ʤʦʜʝʣʴ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝ-
ʤʳ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʨʝʛʫʣʷʨʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʙʨʘʱʝʥʠʷ ʥʝʙʝʩʥʳʭ ʪʝʣ ʠ ʚʨʘ-
ʱʝʥʠʝ ʉʦʣʥʮʘ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʚʠʭʨʝʤ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʇʘʨʘʤʝʪ-

ʨʳ ʚʠʭʨʷ: ʜʣʠʥʘ >11 ʩʚ. ʛ. (å700000 ʘ.ʝ.); ʧʦʧʝʨʝʯʥʠʢ ʚ ʟʦʥʝ ʵʢʣʠʧʪʠʢʠ å 100 ʘ.ʝ.; 
ʩʢʦʨʦʩʪʴ ʦʩʝʚʦʛʦ ʪʝʯʝʥʠʷ 215 ʢʤ/ʩ. ɺʠʭʨʴ ʩʦʩʪʦʠʪ ʠʟ ʷʜʨʘ ʩ ʧʨʠʤʝʨʥʦ ʪʚʸʨʜʦʪʝʣʴ-
ʥʳʤ ʚʨʘʱʝʥʠʝʤ ʠ ʟʦʥʳ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʩ ʢʝʧʣʝʨʦʚʳʤ ʧʨʦʬʠʣʝʤ v 
~ r -1/2 (ʨʠʩ. 1). ʂʠʥʝʤʘʪʠʯʝʩʢʠʡ ñʧʨʠʚʦʜò ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʪʠʧʠʯʥʳʡ ʚʷʟʢʠʡ ʚʠʭʨʴ ʆʟʝʝʥʘ, ʥʘʙʣʶʜʘʶʱʠʡʩʷ ʚ ʮʠʢʣʦʥʘʭ [1]. 



ʌʠʟʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠ ˉ 13 

 

18 

 

0

20

40

60

80

100

0 50 100 150 200 250

r  (10
6
 ʢʤ)

v
 (
ʢ
ʤ
/
ʩ
)

v

P0

p

 p

 
ʈʠʩ. 1. ʇʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ (v) ʠ ʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʬʠʣʴ ʜʘʚʣʝʥʠʷ (p) ʚ ʧʣʦʩʢʦ-

ʩʪʠ ʵʢʣʠʧʪʠʢʠ. ʊʦʯʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʣʘʥʝʪʘʤ ʟʝʤʥʦʡ ʛʨʫʧʧʳ. P0 ï ʜʘʚʣʝʥʠʝ ʥʘ ʙʝʩ-

ʢʦʥʝʯʥʦʩʪʠ. ɺ ʤʘʩʰʪʘʙʝ ʨʠʩʫʥʢʘ ʩʢʦʨʦʩʪʴ ʥʘ ʵʢʚʘʪʦʨʝ ʉʦʣʥʮʘ ʥʝ ʧʦʢʘʟʘʥʘ. 

 

ʆʙʨʘʱʝʥʠʝ ʧʣʘʥʝʪ ʠʤʝʝʪ ʜʨʝʡʬʦʚʳʡ ʭʘʨʘʢʪʝʨ, ʧʦʵʪʦʤʫ ʵʬʠʨʥʳʡ ʚʝʪʝʨ ʩʦ 
ʩʢʦʨʦʩʪʴʶ 30 ʢʤ/ʩ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɺ ʥʘʯʘʣʝ 20-ʛʦ ʩʪʦʣʝʪʠʷ ʥʘ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ 
ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʵʬʠʨʥʳʡ ʚʝʪʝʨ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʪ 1 ʜʦ 10 ʢʤ/ʩ ʚ ʦʧʳʪʘʭ ɼ.ʄʠʣʣʝʨʘ ʠ 
ʜʨʫʛʠʭ. ʆʥ ʩʚʷʟʘʥ ʩ ʥʘʣʠʯʠʝʤ ʫ ɿʝʤʣʠ ʚʠʭʨʝʚʦʛʦ ʧʨʠʚʦʜʘ, ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪ 
ʨʦʪʘʮʠʶ ʧʣʘʥʝʪʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘʱʝʥʠʝ ʝʸ ʩʧʫʪʥʠʢʦʚ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʦʥ ʦʪʚʝ-
ʯʘʝʪ ʟʘ ʨʷʜ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ï ʟʘ ʟʦʥʘʣʴʥʳʝ ʤʘʩʩʦʧʝʨʝʥʦʩʳ ʥʘ 
ʧʣʘʥʝʪʝ. ɺ ʜʘʥʥʦʤ ʩʦʦʙʱʝʥʠʠ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʧʨʦʚʝʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʪʝ-
ʯʝʥʠʡ ʵʬʠʨʥʦʛʦ ʚʝʪʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʧʦ ʜʨʝʡʬʦʚʳʤ ʪʝʯʝʥʠʷʤ ʚ ʘʪʤʦʩʬʝʨʝ 

ʠ ʦʢʝʘʥʝ. 
 ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʚʠʭʨʝʡ. ʇʨʠʤʝʨʥʦʝ 

ʨʘʚʝʥʩʪʚʦ ʦʙʲʸʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʥʝʙʝʩʥʳʭ ʪʝʣ (ʪ.ʥ. ʟʘʢʦʥ ʠʟʦʨʦ-
ʪʘʮʠʠ) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠʚʦʜ ʠʭ ʚʨʘʱʝʥʠʷ ʩʚʷʟʘʥ ʩ ʩʘʤʠʤ ʥʘʣʠʯʠʝʤ ʚʝʱʝʩʪʚʘ, ʩʣʘ-
ʛʘʶʱʝʛʦ ʪʝʣʦ. ɻʝʥʝʟʠʩ ʣʦʢʘʣʴʥʳʭ ʚʠʭʨʝʡ, ʚʨʘʱʘʶʱʠʭ ʧʣʘʥʝʪʳ, ʩʪʘʥʦʚʠʪʩʷ ʧʦ-
ʥʷʪʥʳʤ ʚ ʩʚʝʪʝ ʜʚʫʭ ʛʠʧʦʪʝʟ: ʛʠʧʦʪʝʟʳ ʂʝʣʴʚʠʥʘ ʦ ʚʠʭʨʝʚʦʡ ʧʨʠʨʦʜʝ ʘʪʦʤʦʚ, ʬʦʨ-
ʤʠʨʫʶʱʠʭʩʷ ʚ ʵʬʠʨʥʦʡ ʩʨʝʜʝ ʚ ʚʠʜʝ ʜʠʥʘʤʠʯʝʩʢʠʭ (ʩʧʠʥʦʚʳʭ) ʩʪʨʫʢʪʫʨ, ʠ ʛʠʧʦ-
ʪʝʟʳ ɺ.ɸ.ʂʨʠʚʠʮʢʦʛʦ ʦ ʪʦʤ, ʯʪʦ ʛʝʥʝʟʠʩ (ʠ ʵʚʦʣʶʮʠʷ) ʷʜʝʨ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʥʘ ʧʣʘʥʝʪʘʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʭʦʜʝ ʪʝʢʪʦʥʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [2]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ 
ʩ ʪʝʦʨʝʤʦʡ ɻ.ɻʝʣʴʤʛʦʣʴʮʘ ʦ ʩʦʭʨʘʥʝʥʠʠ ʟʘʚʠʭʨʝʥʥʦʩʪʠ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠʟʦʣʠʨʦ-
ʚʘʥʥʳʭ ʚʠʭʨʝʡ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʵʪʦʤʫ ʦʥʠ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʘʨʝ, ʦʙʣʘʜʘʶʱʝʡ ʥʫʣʝ-
ʚʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʴʶ. ɻʝʥʝʟʠʩ in situ ʚʝʱʝʩʪʚʘ, ʩʣʘʛʘʶʱʝʛʦ ʧʣʘʥʝʪʫ, ʩʦʧʨʦʚʦʞʜʘʝʪ-
ʩʷ ʧʦʷʚʣʝʥʠʝʤ ʚʠʭʨʝʚʳʭ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʪʝʯʝʥʠʡ ʚ ʩʨʝʜʝ, ʛʜʝ ʬʦʨʤʠʨʫʶʪʩʷ ʭʠ-
ʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ (ʩʧʠʥʦʚʳʝ ʯʘʩʪʠʮʳ). ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʚʝʱʝʩʪʚʘ 
ʥʘ ʧʣʘʥʝʪʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʧʦʨʦʞʜʘʶʪʩʷ ʚʨʘʱʘʶʱʠʤʠʩʷ ʢʘʢ ʮʝʣʦʝ. ʂʦʤ-
ʧʝʥʩʘʮʠʦʥʥʳʝ ʪʝʯʝʥʠʷ ʜʠʬʬʫʥʜʠʨʫʶʪ ʥʘʨʫʞʫ ʠ ʦʬʦʨʤʣʷʶʪʩʷ ʚ ʚʠʜʝ ʘʚʪʦʥʦʤʥʦʛʦ 

ʧʣʘʥʝʪʥʦʛʦ ʚʠʭʨʷ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʘʙʦ-
ʪʝ [2]. 
ʂʦʩʚʝʥʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʛʠʧʦʪʝʟʳ ʵʥʜʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʣʦʢʘʣɹ-

ʥʳʭ ʚʠʭʨʝʡ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʣʘʥʝʪ ʠ ʦʙʨʘʱʝʥʠʷ 



 

 

19 

 

ʠʭ ʩʧʫʪʥʠʢʦʚ, ʥʝ ʧʦʣʫʯʠʚʰʠʝ ʧʦʢʘ ʨʘʮʠʦʥʘʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʌʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʘʷ ʠ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʚʝʱʝʩʪʚʘ ʧʣʘʥʝʪʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʵʚʦʣʶ-
ʮʠʝʡ ʚʠʭʨʷ. ʀʟʤʝʥʝʥʠʷ ʩʫʤʤʘʨʥʳʭ ʫʛʣʦʚʳʭ ʤʦʤʝʥʪʦʚ ʚʝʱʝʩʪʚʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʦ-

ʨʦʜ ʚʳʟʳʚʘʝʪ ʤʝʜʣʝʥʥʦʝ ï ʠʟ-ʟʘ ʤʘʣʦʡ ʚʷʟʢʦʩʪʠ ï ʠʟʤʝʥʝʥʠʝ ʤʦʤʝʥʪʘ ʣʦʢʘʣʴʥʦʛʦ 
ʚʠʭʨʷ. ʊʘʢ ʧʦʣʫʯʘʶʪ ʝʩʪʝʩʪʚʝʥʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʨʘʟʣʠʯʥʳʝ ʥʘʢʣʦʥʳ ʧʣʘʥʝʪʥʳʭ 
ʦʩʝʡ.  
ʆʩʦʙʝʥʥʦ ʥʘʛʣʷʜʥʦ ʫʧʦʤʷʥʫʪʘʷ ʵʚʦʣʶʮʠʷ ʠ ʝʸ ʪʝʤʧʳ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʢʘʨʪʠʥʝ 

ʦʙʨʘʱʝʥʠʡ ʩʧʫʪʥʠʢʦʚ ʧʣʘʥʝʪ-ʛʠʛʘʥʪʦʚ. ʅʘ ʨʠʩ. 2 ʫʩʣʦʚʥʦ ï ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ï 
ʧʦʢʘʟʘʥʘ ʦʨʠʝʥʪʘʮʠʷ ʦʨʙʠʪ ʩʧʫʪʥʠʢʦʚ ʖʧʠʪʝʨʘ ʠ ʉʘʪʫʨʥʘ, ʛʜʝ ʫʛʦʣ ʥʘʢʣʦʥʘ ʚʝʢ-
ʪʦʨʘ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʦʙʨʘʱʝʥʠʷ ʩʧʫʪʥʠʢʘ ʨʘʚʝʥ ʫʛʣʫ ʥʘʢʣʦʥʘ ʧʣʦʩʢʦʩʪʠ ʝʛʦ ʦʨ-
ʙʠʪʳ ʢ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʣʘʥʝʪʳ. ʉʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʚ ʘʢʢʨʝʮʠʦʥ-

ʥʦʤ ʧʦʜʭʦʜʝ ʪʦʯʢʝ ʟʨʝʥʠʷ, ʚʩʝʛʜʘ, ʚʧʨʦʯʝʤ, ʚʳʟʳʚʘʚʰʝʡ ʚʦʟʨʘʞʝʥʠʷ ʤʝʭʘʥʠʢʦʚ, 
ʥʝʨʝʛʫʣʷʨʥʦʝ ʦʙʨʘʱʝʥʠʝ ʩʧʫʪʥʠʢʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʟʘʭʚʘʪʝ ʠʣʠ ʧʝʨʝʞʠʪʦʤ 
ʩʪʦʣʢʥʦʚʝʥʠʠ ʥʘ ʩʪʘʜʠʠ ʘʢʢʨʝʮʠʠ ʧʨʦʪʦʧʣʘʥʝʪʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʨʘʤʢʘʭ ʧʨʝʜʣʘʛʘ-
ʝʤʦʡ ʤʦʜʝʣʠ ʨʘʟʥʠʮʘ ʚ ʦʨʠʝʥʪʘʮʠʠ ʦʨʙʠʪ ʚʥʫʪʨʝʥʥʠʭ ʠ ʧʝʨʠʬʝʨʠʡʥʳʭ ʩʧʫʪʥʠʢʦʚ 
ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʵʚʦʣʶʮʠʝʡ ʧʣʘʥʝʪʥʦʛʦ ʚʠʭʨʝʚʦʛʦ ʧʨʠʚʦʜʘ, ʧʦʩʣʝʜ-
ʩʪʚʠʷ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʶʪ ʚʥʝʰʥʠʭ ʩʧʫʪʥʠʢʦʚ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʟʘʜʝʨʞʢʦʡ. 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2, ʚ ʧʨʝʜʰʝʩʪʚʦʚʘʚʰʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʵʧʦʭʠ ʣʦʢʘʣʴʥʳʝ 

ʚʠʭʨʠ, ʵʚʦʣʶʮʠʦʥʠʨʫʷ, ʦʢʘʟʳʚʘʣʠ ʚʣʠʷʥʠʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ ʦʙʨʘʱʝʥʠʝ ʙʣʠʞ-

ʥʠʭ ʩʧʫʪʥʠʢʦʚ. ʅʳʥʝ ʚʥʝʰʥʠʝ ʩʧʫʪʥʠʢʠ ʧʣʘʥʝʪ-ʛʠʛʘʥʪʦʚ ʚʩʸ ʝʱʸ ʦʙʨʘʱʘʶʪʩʷ ʚ 
ñʩʪʘʨʦʤò ʥʘʧʨʘʚʣʝʥʠʠ, ʦʜʥʘʢʦ ʜʠʬʬʫʟʠʦʥʥʳʡ ʬʨʦʥʪ ʚʠʭʨʷ ʚ ʝʛʦ ʥʦʚʦʡ ʦʨʠʝʥʪʘ-
ʮʠʠ ʜʦʩʪʠʛ ʟʦʥʳ ʠʭ ʦʙʨʘʱʝʥʠʷ. ʆ ʧʦʩʣʝʜʥʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʦʨ-
ʙʠʪ ʚʥʝʰʥʠʭ ʩʧʫʪʥʠʢʦʚ: ʩʧʫʪʥʠʢʠ 9 (ʗʧʝʪ) ʠ 10 (ʌʝʙʘ) ʉʘʪʫʨʥʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 
ʧʝʨʝʤʝʥʥʳʝ ʥʘʢʣʦʥʝʥʠʷ ʦʨʙʠʪ. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʦʨʙʠʪ ʚ ʩʣʫʯʘʝ ʚʥʝʰʥʠʭ ʩʧʫʪʥʠ-
ʢʦʚ ʖʧʠʪʝʨʘ ʟʘʤʝʪʥʘ ʧʦ ʨʘʟʙʨʦʩʘʤ ʥʘʢʣʦʥʝʥʠʡ ʚ ʧʝʨʝʜʝʣʘʭ ʢʘʞʜʦʡ ʠʟ ʜʚʫʭ ʚʥʝʰ-
ʥʠʭ ʛʨʫʧʧ. ʈʘʟʫʤʝʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʧʣʘʥʝʪʳ ʥʝʧʨʝʨʳʚʥʦ ʦʪʩʣʝʞʠʚʘʶʪ ʧʦʣʦʞʝʥʠʝ ʦʩʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʠʭʨʷ. ɺ ʩʣʫʯʘʝ ɿʝʤʣʠ ʦʙ ʵʪʦʤ, ʚʠʜʠʤʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʯʘʥʜ-

ʣʝʨʦʚʩʢʦʝ ʨʘʩʢʘʯʠʚʘʥʠʝ ʦʩʠ ʚ ʧʨʝʜʝʣʘʭ 9,2ě. ʆʙʥʘʨʫʞʠʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 
ʧʨʠʯʠʥʘ ʥʝʩʦʚʧʘʜʝʥʠʷ ʦʩʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʘʱʝʥʠʷ ʧʣʘʥʝʪʳ ʠ ʤʛʥʦʚʝʥʥʦʡ ʦʩʠ 
ʚʨʘʝɦʥʠʷ, ʥʘ ʯʪʦ ʦʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ ʚ ʨʘʙʦʪʝ [7]. 
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ʈʠʩ. 2. ʅʘʢʣʦʥʝʥʠʝ ʦʨʙʠʪ ʩʧʫʪʥʠʢʦʚ ʖʧʠʪʝʨʘ (a) ʠ ʉʘʪʫʨʥʘ (b) ʢ ʵʢʚʘʪʦʨʠʘʣʥɹʦʡ 

ʧʣʦʩʢʦʩʪʠ ʧʣʘʥʝʪ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʦʪʨʝʟʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʫʣʝʚʦʤʫ ʥʘʢʣʦʥʝʥʠʶ. ɼʣʠʥʘ 
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ʦʪʨʝʟʢʘ ʦʪʨʘʞʘʝʪ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʦʙʨʘʱʝʥʠʷ ʩʧʫʪʥʠʢʘ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘ-

ʙʝ. ʉʧʫʪʥʠʢʠ ʧʨʦʥʫʤʝʨʦʚʘʥʳ ʚ ʧʦʨʷʜʢʝ ʫʜʘʣʝʥʠʷ ʦʪ ʧʣʘʥʝʪʳ. V0 ï ʩʢʦʨʦʩʪʴ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʧʣʘʥʝʪʳ ʥʘ ʵʢʚʘʪʦʨʝ. ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʨʘʪʥʦʤʫ ʦʙʨʘ-

ʱʝʥʠʶ; ʜʘʥʥʳʝ ʚʟʷʪʳ ʠʟ ʨʘʙʦʪ [3ï4]. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʠʥʝʤʘʪʠʢʘ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ 
ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʭʨʷ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʣʦʢʘʣʴʥʳʭ ʚʠʭʨʝʡ, ʛʝʥʝʪʠʯʝ-
ʩʢʠ ʩʚʷʟʘʥʥʳʭ ʩ ʵʣʝʤʝʥʪʦʛʝʥʝʟʦʤ ʥʘ ʥʝʙʝʩʥʳʭ ʪʝʣʘʭ. ɻʣʦʙʘʣʴʥʳʡ ʚʠʭʨʴ ʦʪʚʝʯʘʝʪ 
ʟʘ ʨʝʛʫʣʷʨʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʦʙʨʘʱʝʥʠʷ ʥʝʙʝʩʥʳʭ ʪʝʣ, ʣʦʢʘʣʴʥʳʝ ï ʟʘ ʠʭ ʚʨʘʱʝ-
ʥʠʝ ʠ ʦʙʨʘʱʝʥʠʝ ʩʧʫʪʥʠʢʦʚ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʣʦʢʘʣʴʥʳʝ ʚʠʭʨʠ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ 
ʮʝʣʦʛʦ ʨʷʜʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʦʩʪʘʶʱʠʭʩʷ ʚ ʥʘʫʢʘʭ ʦ ɿʝʤʣʝ ʟʘ ʧʨʝʜʝʣʘʤʠ 
ʧʦʥʠʤʘʥʠʷ: ʛʝʦʤʘʛʥʝʪʠʟʤ, ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʟʦʥʘʣʴʥʳʝ ʪʝʯʝʥʠʷ ʚ ʘʪʤʦʩʬʝ-
ʨʝ ʠ ʦʢʝʘʥʝ.  

ɺ ʛʝʦʬʠʟʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚʳʷʚʣʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ 
ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʦʢʝʘʥʘʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʠʭʨʝʚʳʤ ʧʨʠʚʦʜʦʤ ʚʨʘʱʝ-
ʥʠʷ ɿʝʤʣʠ. ʄʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʪʘʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʙʫʜʫʪ ʠʤʝʪʴ ʦʙʣʠʢ ʟʦʥʘʣʴ-
ʥʳʭ ʮʠʨʢʫʣʷʮʠʡ, ʠʙʦ ʜʝʡʩʪʚʠʝ ʪʝʯʝʥʠʡ ʵʬʝʤʝʨʥʦʡ ʩʨʝʜʳ, ʢʘʢʫʶ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʵʬʠʨ*, ʩʧʦʩʦʙʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʣʠʰʴ ñʜʦʣʛʠʝò ʧʨʦʮʝʩʩʳ. ʂʘʢ ʤʳ ʚʠʜʝʣʠ, ʚ 

ʩʣʫʯʘʝ ʦʙʨʘʱʝʥʠʷ ʠ ʚʨʘʱʝʥʠʷ ʥʝʙʝʩʥʳʭ ʪʝʣ ʵʪʠ ʪʝʯʝʥʠʷ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʥʘ ʢʦʩ-
ʤʦʛʦʥʠʯʝʩʢʠʭ ʚʨʝʤʝʥʘʭ.  
ʅʘʯʥʸʤ ʥʘʰʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʬʠʣʷ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʚʠʭʨʷ 

ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʵʪʦʡ ʟʦʥʝ ʥʘ ɿʝʤʣʝ ʠ ʜʨʫʛʠʭ ʧʣʘʥʝʪʘʭ 
ʥʘʙʣʶʜʘʶʪʩʷ ʫʩʪʦʡʯʠʚʳʝ ʮʠʨʢʫʣʷʮʠʦʥʥʳʝ ʪʝʯʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʦʩʪʦʯʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ. ʕʢʚʘʪʦʨʠʘʣʴʥʳʡ ʧʦʪʦʢ ʦʙʣʘʜʘʝʪ ʙ·ʣʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ ʤʦʤʝʥʪʘ ʢʦ-
ʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ, ʯʝʤ ʚʳʩʦʢʦʰʠʨʦʪʥʳʝ ʩʣʦʠ ʘʪʤʦʩʬʝʨʳ. ɺ ʘʪʤʦʩʬʝʨʝ ʧʣʘʥʝʪ-
ʛʠʛʘʥʪʦʚ ʫʩʪʦʡʯʠʚʳʝ ʵʢʚʘʪʦʨʠʘʣʥɹʳʝ ʪʝʯʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʨʷʜʢʘ ʠ ʙʦʣʝʝ 100 
ʤ/ʩ ʥʘʙʣʶʜʘʶʪʩʷ ʤʥʦʛʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. ʅʘ ɿʝʤʣʝ ʠʟʚʝʩʪʥʳ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʩʪʨʫʠ ʚ 
ʥʠʞʥʝʡ ʩʪʨʘʪʦʩʬʝʨʝ ʠ ʚ ʦʢʝʘʥʝ [8]. ʇʨʝʦʙʣʘʜʘʥʠʝ ʟʘʧʘʜʥʳʭ ʚʝʪʨʦʚ ʥʘ ɿʝʤʣʝ ʦʟʥʘ-
ʯʘʝʪ ʜʚʠʞʝʥʠʝ ʚʩʝʡ ʘʪʤʦʩʬʝʨʳ ʥʘ ʚʦʩʪʦʢ, ʧʦ ʜʘʥʥʳʤ ʇʘʨʠʡʩʢʦʛʦ [9], ʩʦ ʩʢʦʨʦʩʪʴʶ 
46,5 ʤ/ʩ ʥʘ ʵʢʚʘʪʦʨʝ. ʇʦ ʥʦʚʳʤ ʜʘʥʥʳʤ ʧʦʜʦʙʥʳʝ ʪʝʯʝʥʠʷ ʥʝ ʠʩʢʣʶʯʘʶʪʩʷ ʠ ʥʘ 
ʦʩʪʘʣʴʥʳʭ ʧʣʘʥʝʪʘʭ ʟʝʤʥʦʡ ʛʨʫʧʧʳ.  

ʆʙʲʷʩʥʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ ʢʦʥʚʝʢʪʠʚʥʳʤ ʧʝʨʝ-
ʥʦʩʦʤ ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʖʧʠʪʝʨʝ ʩʦ-
ʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʣʠʰʴ 4% ʦʪ ʧʣʦʪʥʦʩʪʠ ʥʘ ɿʝʤʣʝ. ʂ ʪʦʤʫ ʞʝ ʉʘʪʫʨʥ ʧʦʣʫʯʘʝʪ ʵʥʝʨ-
ʛʠʠ ʚ 4 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʖʧʠʪʝʨ, ʘ ʝʛʦ ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ ʪʝʯʝʥʠʝ ʚ 4 ʨʘʟʘ ʩʠʣʴʥʝʝ. ʂ 
ʪʦʤʫ ʞʝ ʢʦʥʚʝʢʮʠʷ, ʥʘʧʨʠʤʝʨ, ʥʘ ɿʝʤʣʝ, ʨʘʟʨʫʰʘʝʪ ʟʦʥʘʣʴʥʳʝ ʪʝʯʝʥʠʷ, ʯʝʛʦ ʥʝ 
ʥʘʙʣʜʁʘʝʪʩʷ ʚ ʩʣʫʯʘʝ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʪʝʯʝʥʠʡ ʥʘ ʧʣʘʥʝʪʘʭ-ʛʠʛʘʥʪʘʭ [10]. ʉʢʘʟʘʥ-
ʥʦʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʘʪʤʦʩʬʝʨʘʭ ʧʣʘʥʝʪ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʚʦʩʪʦʯʥʦ-
ʟʘʧʘʜʥʳʡ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʚʳʰʝʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʤʦʤʝʥʪʘ ʚ 

ʘʪʤʦʩʬʝʨʝ. 

                                                        
*
 ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʠʟ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʛʜʝ ʵʬʠʨ-ʚʘʢʫʫʤ ʠʛʨʘʝʪ ʨʦʣʴ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʯʘʩʪʠʮ ʠ ʘʛʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʜʘʸʪ 

ʩʣʝʜʫʶʱʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: ʢʦʥʪʠʥʫʫʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʫʨʙʫ-

ʣʝʥʪʥʫʶ ʩʨʝʜʫ ʩ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʧʫʣʴʩʘʮʠʡ ʧʦʨʷʜʢʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ; ʥʠʞʥʷʷ ʛʨʘ-

ʥʠʮʘ ʩʧʝʢʪʨʘ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʣʝʞʠʪ ʦʢʦʣʦ 10
-15

 ʤ; ʧʣʦʪʥʦʩʪʴ ʵʬʠʨʘ 3,7Ŀ10 
ï 3

 ʢʛ/ʤ
3
; 

ʜʘʚʣʝʥʠʝ (P0 ʥʘ ʨʠʩ. 1) ï ʦʢʦʣʦ 4Ŀ10
8 
ʘʪ.; ʩʜʚʠʛʦʚʘʷ ʚʷʟʢʦʩʪʴ 2Ŀ10

-7 
ʤ

2
/ʩ [6]. 
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ʆʧʠʨʘʷʩʴ ʥʘ ʵʪʠ ʜʘʥʥʳʝ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʨʦʬʠʣʴ ʪʝʯʝ-
ʥʠʡ ʣʦʢʘʣʴʥʦʛʦ ʚʠʭʨʷ ʥʘ ʥʝʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʝ. ʇʨʠ ʵʪʦʤ 
ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʠʟ-ʟʘ ʥʝʧʨʝʨʳʚʥʦʡ ʵʚʦʣʶʮʠʠ ʚʠʭʨʷ ʩʢʦʨʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʘʥʝʪʳ ʥʘ ʵʢʚʘʪʦʨʝ ʚʩʝʛʜʘ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʡ ʚ ʚʠʭʨʝ. 
ɼʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 
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ʈʠʩ. 3. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʧʨʦʬʠʣʷ ʪʝʯʝʥʠʡ ʵʬʠʨʥʦʛʦ ʧʨʠʚʦʜʘ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʚ ʵʢʚʘʪʦ-

ʨʠʘʣʴʥʦʡ ʟʦʥʝ: 1 ï ʪʚʸʨʜʦʪʝʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ɿʝʤʣʠ; 2 ï ʧʨʦʬʠʣʴ ʚʠʭʨʷ; V0 ï ʩʢʦʨʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʵʢʚʘʪʦʨʝ 0,46 ʢʤ/ʩ; Vv0 ï ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʡ ʥʘ ʵʢʚʘʪʦʨʝ; I ï ʪʦʯʢʘ ʦʙ-

ʨʘʱʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʯʝʥʠʡ ʚ ʪʝʣʝ ʧʣʘʥʝʪʳ.  

 
ʦʩʥʦʚʘʥʦ ʪʘʢʞʝ ʥʘ ʘʥʘʣʠʟʝ ʩʚʷʟʠ ʤʝʞʜʫ ʪʝʯʝʥʠʷʤʠ ʧʨʠʚʦʜʘ ʠ ʛʝʦʤʘʛʥʝʪʠʟ-

ʤʦʤ, ʦʜʥʘʢʦ ʝʸ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʟʘʷʚʣʝʥʥʦʡ ʪʝʤʳ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʬʠʣʷ ʪʝʯʝʥʠʡ. ɺ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ ʧʦʢʦʷʱʝʡʩʷ 
ɿʝʤʣʠ ʥʘ ʛʣʫʙʠʥʘʭ ʧʦʨʷʜʢʘ 10 ʢʤ ʪʝʯʝʥʠʷ ʠʟʤʝʥʷʶʪ ʩʚʦʸ ʥʘʧʨʘʚʣʝʥʠʝ, ʯʪʦ ʩʚʷʟʘʥʦ 
ʩ ñʧʫʩʪʦʪʝʣʦʩʪʴʶò ʣʦʢʘʣʴʥʦʛʦ ʚʠʭʨʷ: ʚʥʫʪʨʝʥʥʠʝ ʩʣʦʠ ʢʦʨʳ ʦʧʝʨʝʞʘʶʪ ʪʝʯʝʥʠʷ. ɺ 
ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ  ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʥʝʩʢʦʣʴʢʦ ʦʪʩʪʘʸʪ ʦʪ ʪʝʯʝʥʠʡ ʚʠʭʨʝʚʦʛʦ ʧʨʠ-
ʚʦʜʘ ï ʵʪʦ, ʩʦʙʩʪʚʝʥʥʦ, ʠ ʚʳʟʳʚʘʝʪ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʪʝʯʝʥʠʷ ʧʨʷʤʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 
ʚ ʘʪʤʦʩʬʝʨʝ. 
ʆ ʥʘʣʠʯʠʠ ʩʜʚʠʛʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠ ʦʢʝʘʥʠʯʝʩʢʠʝ ʪʝʯʝʥʠʷ. 

ʂʘʢ ʟʘʤʝʪʠʣ ʚ ʟʘʢʣʶʯʝʥʠʝ ʤʦʥʦʛʨʘʬʠʠ ñʆʢʝʘʥʩʢʠʝ ʪʝʯʝʥʠʷò ʝʸ ʘʚʪʦʨ ɻ.ʅʝʡʤʘʥ, 
ñʜʠʥʘʤʠʢʘ ʛʣʫʙʠʥʥʳʭ ʠ ʧʨʠʜʦʥʥʳʭ ʪʝʯʝʥʠʡ ʚ ʦʙʱʝʡ ʪʨʸʭʤʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʦʢʝ-

ʘʥʘ ʝʱʸ ʥʝ ʨʘʩʢʨʳʪʘ ʠ ʧʨʝʜʣʘʛʘʝʪ ʤʥʦʛʦ ʥʝʨʝʰʸʥʥʳʭ ʟʘʜʘʯò [11]. ʅʘʤ ʧʨʝʜʩʪʘʚʣʷ-
ʝʪʩʷ, ʯʪʦ ʛʠʜʨʦʜʠʥʘʤʠʢʫ ʪʝʯʝʥʠʡ ʦʢʝʘʥʘ ʥʝʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʙʝʟ ʫʯʸʪʘ ʩʜʚʠʛʦ-
ʚʳʭ ʪʝʯʝʥʠʡ ʚʠʭʨʝʚʦʛʦ ʧʨʠʚʦʜʘ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʢʘʟʘʪʝʣʴʥʳʡ ʧʨʠʤʝʨ. 
ɺʦʢʨʫʛ ɸʥʪʘʨʢʪʠʜʳ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʟʦʥʘʣʴʥʳʭ ʪʝʯʝʥʠʷ: ɸʥʪʘʨʢʪʠʯʝʩʢʦʝ 

ʮʠʨʢʫʤʧʦʣʷʨʥʦʝ ʪʝʯʝʥʠʝ ʚ ʧʨʷʤʦʤ, ʚʦʩʪʦʯʥʦʤ, ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʥʘʧʨʘʚʣʝʥʥʦʝ ʢ ʟʘ-
ʧʘʜʫ ʇʦʣʷʨʥʦʝ ʪʝʯʝʥʠʝ. ʅʝʡʤʘʥ (ʩ. 226) ʦʪʤʝʯʘʝʪ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʝʡʬʦʚʳʭ ʪʝ-
ʯʝʥʠʡ ʪʨʦʧʠʯʝʩʢʦʡ ʠ ʩʫʙʪʨʦʧʠʯʝʩʢʦʡ ʦʙʣʘʩʪʝʡ, ʧʝʨʚʦʝ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʛʣʫʙʦʢʦ ʧʨʦʥʠʢʘʶʱʠʡ ʧʦʪʦʢ (ʜʦ ʛʣʫʙʠʥ 5000 ʤ), ʩʦʭʨʘʥʷʶʱʠʡ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʝ-

ʩʤʦʪʨʷ ʥʘ ʚʣʠʷʥʠʝ ʜʦʥʥʦʡ ʪʦʧʦʛʨʘʬʠʠ. ʎʠʨʢʫʤʧʦʣʷʨʥʦʝ ʪʝʯʝʥʠʝ ʥʝ ʫʜʘʸʪʩʷ ʫʚʷ-
ʟʘʪʴ ʩ ʪʝʯʝʥʠʝʤ ʟʘʧʘʜʥʳʭ ʚʝʪʨʦʚ, ʪʘʢ ʢʘʢ ʧʨʠ ʛʣʫʙʦʢʦʤ ʧʨʦʥʠʢʘʥʠʠ ʦʥʦ, ʪʝʤ ʥʝ 
ʤʝʥʝʝ, ʠʤʝʝʪ ʥʝʙʦʣʴʰʦʡ ʧʝʨʝʥʦʩ. ʈʘʩʩʤʦʪʨʝʚ ʨʷʜ ʧʦʜʭʦʜʦʚ ʢ ʜʠʥʘʤʠʢʝ ʜʘʥʥʦʛʦ 
ʪʝʯʝʥʠʷ, ʅʝʡʤʘʥ ʟʘʢʣʶʯʘʝʪ, ʯʪʦ ñʦʙʲʷʩʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʵʪʦʛʦ ʪʝʯʝʥʠʷ ʝʱʸ ʥʝ ʧʦ-
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ʣʫʯʝʥʦò. ʄʝʞʜʫ ʪʝʤ, ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʘʥʥʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠ ʝʛʦ ʙʦʣʴʰʦʡ 
ʛʣʫʙʠʥʝ ʦʙʲʷʩʥʷʶʪʩʷ ʪʝʤ, ʯʪʦ ʝʛʦ ʧʨʠʯʠʥʦʡ ʷʚʣʷʶʪʩʷ ʪʝʯʝʥʠʷ ʚʠʭʨʝʚʦʛʦ ʧʨʠʚʦʜʘ, 
ʢʦʪʦʨʳʝ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ñʛʣʫʙʦʢʦ ʧʨʦʥʠʢʘʶʪò, ʩ ʜʨʫʛʦʡ ï ʵʬʝʤʝʨʥʳ ʠ ʧʦʪʦʤʫ ʚ 

ʫʩʣʦʚʠʷʭ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ (ʧʨʦʣʠʚ ɼʨʝʡʢʘ, ʤʝʨʠʜʠʦʥʘʣʴʥʳʝ ʪʝʯʝʥʠʷ ʠ ʜʨ.) 
ʩʧʦʩʦʙʥʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʣʠʰʴ ʥʝʙʦʣʴʰʦʡ ʧʝʨʝʥʦʩ.  
ɺʠʜʠʤʦ, ʥʘ ʩʯʸʪ ʪʝʯʝʥʠʡ ʚʠʭʨʝʚʦʛʦ ʧʨʠʚʦʜʘ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʚʩʝ ʛʣʫʙʦʢʠʝ ʧʨʠʜʦʥʥʳʝ ʪʝʯʝʥʠʷ ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪʘʭ 
ʠ ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʪʘʢʦʡ ʛʨʘʜʘʮʠʠ ʦʙ-
ʨʘʪʠʤʩʷ ʢ ʇʦʣʷʨʥʦʤʫ ʪʝʯʝʥʠʶ ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʣʝʞʠʪ ʥʘ ʙʦʣʴʰʠʭ 
ʰʠʨʦʪʘʭ, ʯʝʤ ʨʘʩʩʤʦʪʨʝʥʥʦʝ ʎʠʨʢʫʤʧʦʣʷʨʥʦʝ ʪʝʯʝʥʠʝ ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 
ʅʘʤ ʫʞʝ ʧʨʠʭʦʜʠʣʦʩʴ ʦʪʤʝʯʘʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʭʨʷ ʩʦʣʥʝʯʥʦʡ 

ʩʠʩʪʝʤʳ (ʨʠʩ. 1), ʚ ʣʦʢʘʣʴʥʦʤ ʚʠʭʨʝ ʬʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʷʜʨʦ, ʪʘʢ ʢʘʢ ʝʛʦ ʛʝ-
ʥʝʟʠʩ ʩʚʷʟʘʥ ʩ ʧʨʦʮʝʩʩʘʤʠ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ʇʨʠ ʩʬʝʨʠʯʝʩʢʦʤ ʪʝʣʝ ɿʝʤʣʠ ʠ ʮʠʣʠʥ-
ʜʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ ʚʠʭʨʷ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ ʥʝʧʦʜʚʠʞʥʦʡ 
ɿʝʤʣʠ ʥʘ ʙʦʣʴʰʠʭ ʰʠʨʦʪʘʭ ʙʫʜʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʪʝʯʝʥʠʷ ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 
ʀʤʝʥʥʦ ʩ ʵʪʠʤ ʩʣʫʯʘʝʤ ʤʳ ʚʩʪʨʝʯʘʝʤʩʷ ʚ ʩʣʫʯʘʝ ʫʧʦʤʷʥʫʪʦʛʦ ʪʝʯʝʥʠʷ. ɺʠʜʠʤʦ, 
ʚʦʦʙʱʝ ʜʣʷ ʧʨʠʧʦʣʷʨʥʳʭ ʦʙʣʘʩʪʝʡ ʭʘʨʘʢʪʝʨʥʳ ʵʬʠʨʥʳʝ ʚʝʪʨʳ ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚ-
ʣʝʥʠʷ. ʅʝ ʩʣʫʯʘʡʥʦ ʜʨʝʡʬ ʩʦʚʝʪʩʢʠʭ ʘʨʢʪʠʯʝʩʢʠʭ ʧʦʣʷʨʥʳʭ ʩʪʘʥʮʠʡ ʠʤʝʣ ʦʪʯʸʪ-
ʣʠʚʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʩʫʰʠ ʚʳʰʝ 70Ü ʩ. ʰ. 

ʣʝʜʦʚʳʝ ʧʦʣʷ ʜʨʝʡʬʦʚʘʣʠ ʙʳ ʩʪʨʦʛʦ ʮʠʨʢʫʤʧʦʣʷʨʥʦ ʚ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  
ʇʨʠʚʝʜʸʥʥʳʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʬʘʢʪʳ ʧʦʟʚʦʣʷʶʪ ʥʘʤʝʪʠʪʴ ʢʦʥʪʫʨʳ ʪʝʣʘ ʣʦ-

ʢʘʣʴʥʦʛʦ ʚʠʭʨʷ, ʚʨʘʱʘʶʱʝʛʦ ɿʝʤʣʶ (ʨʠʩ. 4). ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʩʭʝʤʳ ʙʳʣʦ ʫʯʪʝʥʦ, 
ʯʪʦ ʚʥʝʰʥʠʝ ʪʝʯʝʥʠʷ ʦʙʨʳʚʘʶʪʩʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʥʘ ñʨʝʚʫʱʠʭ ʩʦʨʦʢʦʚʳʭò, 
ʛʜʝ ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʟʨʳʚ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʟʘʨʦʞʜʝʥʠʶ 
ʫʨʘʛʘʥʦʚ.  
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ʈʠʩ. 4. ʄʝʨʠʜʠʦʥʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ɿʝʤʣʠ ʩ ʚʨʘʱʘʶʱʠʤ ʝʸ ʚʠʭʨʝʤ: 1 ï ʛʨʘʥʠʮʘ ʚʠʭʨʝʚʦ-

ʛʦ ʷʜʨʘ ʚʥʫʪʨʠ ɿʝʤʣʠ; 2 ï ʪʝʯʝʥʠʷ, ʚʳʟʳʚʘʶʱʠʝ ʧʨʷʤʫʶ ʟʦʥʘʣʴʥʫʶ ʮʠʨʢʫʣʷʮʠʶ ʘʪ-

ʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ; 3ï4é ï ʚʥʝʰʥʠʝ ʪʝʯʝʥʠʷ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʨʝʛʫʣʷʨʥʦʝ ʦʙʨʘʱʝʥʠʝ 

ʩʧʫʪʥʠʢʦʚ. 

 

ɺ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ ʧʦʢʦʷʱʝʡʩʷ ɿʝʤʣʠ ʪʝʯʝʥʠʷ ʚʥʫʪʨʠ ʛʨʘʥʠʮʳ 1 ʠʤʝʶʪ ʦʙʨʘʪ-
ʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ (ʥʘ ʟʨʠʪʝʣʷ). ʅʘ ʩʝʚʝʨʝ ʦʥʠ ʚʳʟʳʚʘʶʪ ʜʨʝʡʬ ʣʝʜʷʥʳʭ ʧʦʣʝʡ ʚ ʟʘ-
ʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʘ ʶʛʝ ï ʇʦʣʷʨʥʦʝ ʪʝʯʝʥʠʝ ʪʘʢʞʝ ʚ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
ʇʦʚʝʨʭʥʦʩʪʠ 2 ï 4 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʷʤʳʤ ʪʝʯʝʥʠʷʤ ʚʠʭʨʷ. 

 

ɿɸʂʃʖʏɽʅʀɽ 

ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʧʘʨʘʜʠʛʤʘ ʜʠʥʘʤʠʢʠ ʧʣʘʥʝʪʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʙʨʘʱʝʥʠʝ 

ʩʧʫʪʥʠʢʦʚ, ʚʨʘʱʝʥʠʝ ʧʣʘʥʝʪʳ ʠ ʟʦʥʘʣʴʥʳʝ ʪʝʯʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ ʫʧʨʘʚʣʷ-
ʶʪʩʷ ʝʜʠʥʳʤ ʚʠʭʨʝʚʳʤ ʧʨʠʚʦʜʦʤ ʵʥʜʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺ ʧʦʩʣʝʜʫʶʱʠʭ 
ʨʘʙʦʪʘʭ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʯʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʚʠʭʨʷ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʛʝʦʪʝʢʪʦ-
ʥʠʢʫ ʠ ʛʝʦʤʘʛʥʝʪʠʟʤ. ʇʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʝʜʚʠʜʝʥʠʝ ɼ.ɺ.ʅʘʣʠʚʢʠʥʘ ʦ ʪʦʤ, ʯʪʦ ñʚ 
ʣʠʪʦʩʬʝʨʝ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʛʠʜʨʦʩʬʝʨʝ ʠ ʘʪʤʦʩʬʝʨʝ, ʛʦʩʧʦʜʩʪʚʫʶʪ ʩʠʩʪʝʤʘ ʚʟʘʠʤʦ-
ʩʚʷʟʘʥʥʳʭ ʠ ʚʟʘʠʤʥʦ ʚʣʠʷʶʱʠʭ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʚʠʭʨʝʡò. 
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ʅɸ ɺʓʉʆʂʆɸʇʆɻɽʁʅʓʍ ʂʆʉʄʀʏɽʉʂʀʍ 

ɸʇʇɸʈɸʊɸʍ ɺ 22-ʄ ʀ 23-ʄ ʎʀʂʃɸʍ ʉʆʃʅɽʏʅʆʁ 

ɸʂʊʀɺʅʆʉʊʀ 

 

ʉʦʩʥʦʚʝʮ ʕ.ʅ. , ɺʝʜʝʥʴʢʠʥ ʅ.ʅ., ɺʣʘʩʦʚʘ ʅ.ɸ., ʀʚʘʥʦʚʘ ʊ.ɸ., 

ʄʘʨʴʠʥ ɹ.ɺ., ʇʘʚʣʦʚ ʅ.ʅ., ʈʝʡʟʤʘʥ ʉ.ʗ., ʈʫʙʠʥʰʪʝʡʥ ʀ.ɸ., 
ʊʚʝʨʩʢʘʷ ʃ.ɺ., ʊʝʣʴʮʦʚ ʄ.ɺ. (1), ɹʘʣʘʰʦʚ ʉ.ɺ., ʀʚʘʥʦʚ ɺ.ɺ., 

ʄʘʢʩʠʤʦʚ ʀ.ɸ., ʍʘʨʪʦʚ ɺ.ɺ. (2) 

(1) ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ  

ʠʤ. ɼ.ɺ.ʉʢʦʙʝʣʴʮʳʥʘ ʄɻʋ 

(2) ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ñʇʨʠʢʣʘʜʥʘʷ ʤʝʭʘʥʠʢʘò 

 ʠʤ. ʄ.ʌ.ʈʝʰʝʪʥʝʚʘ 

 

ʇʦʩʚʷʱʘʝʪʩʷ ʧʘʤʷʪʠ ʕʣʴʤʘʨʘ ʅʠʢʦʣʘʝʚʠʯʘ ʉʦʩʥʦʚʮʘ 

ʜʦʢʪʦʨʘ ʬʠʟ-ʤʘʪ. ʥʘʫʢ, ʟʘʚ. ʆʊʇʂʌ ʅʀʀʗʌ ʄɻʋ 

 

ɼʦʢʪʦʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʟʘʚ. ʦʪʜʝʣʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʢʦʩʤʦʬʠʟʠ-
ʢʠ ʅʀʀʗʌ ʄɻʋ ʕʣʴʤʘʨ ʅʠʢʦʣʘʝʚʠʯ ʉʦʩʥʦʚʝʮ ʙʳʣ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʧʨʦʛʨʘʤʤʳ 
ʛʣʦʙʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʢʦʥʮʝʧʮʠʷ ʢʦʪʦʨʦʡ ʙʳʣʘ 
ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ ʚ ʅʀʀʗʌ ʄɻʋ ʩʦʚʤʝʩʪʥʦ ʩ ʅʇʆ çʇʨʠʢʣʘʜʥʘʷ 
ʤʝʭʘʥʠʢʘè ʠʤ. ʄ.ʌ.ʈʝʰʝʪʥʝʚʘ (ʛ. ɾʝʣʝʟʥʦʛʦʨʩʢ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ) [1].  ʆʩʥʦʚ-
ʥʳʤʠ ʟʘʜʘʯʘʤʠ ʩʣʫʞʙʳ ʤʦʥʠʪʦʨʠʥʛʘ ʷʚʣʷʶʪʩʷ: 

ʆʮʝʥʢʘ ʨʝʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʜʠʘʮʠʠ ʥʘ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ;  
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ɸʧʨʦʙʘʮʠʷ ʠ ʫʪʦʯʥʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ, ʜʠʥʘʤʠʯʝʩʢʠʭ, 
ʤʦʜʝʣʝʡ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʣʝʡ; 
ʇʦʣʫʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʬʠ-

ʟʠʢʠ ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ. 
ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʅʀʀʗʌ ʄɻʋ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘ-

ʥʘ ʠ ʩʦʟʜʘʥʘ ʫʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ (ʢʦʥʪʨʦʣʴʥʦ-ʜʦʟʠʤʝʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ 
ɼʀʕʈɸ) [2]. ʇʦʩʢʦʣʴʢʫ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 
ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʘʢ ʧʦ ʪʠʧʫ ʯʘʩʪʠʮ, ʪʘʢ ʠ ʧʦ ʚʝʣʠʯʠʥʝ 
ʵʥʝʨʛʠʠ ʠ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʦʚ, ʪʦ ʵʪʦ ʧʦʪʨʝʙʦʚʘʣʦ ʚʢʣʶʯʝʥʠʝ ʚ ʩʦʩʪʘʚ ʘʧʧʘʨʘʪʫʨʳ 
ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʜʝʪʝʢʪʦʨʦʚ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʘʧʧʘʨʘʪʫʨʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʩʪʘʚʝ 
ʪʨʝʭ ʧʨʠʙʦʨʦʚ: ʙʣʦʢʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠʟʣʫʯʝʥʠʡ, ʜʦʟʠʤʝʪʨʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʫʧʨʘʚʣʷʶʱʝʛʦ ʙʣʦʢʘ. ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʙʣʦʢʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. 
ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʪʠʧʳ ʜʝʪʝʢʪʦʨʦʚ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʘʧʧʘʨʘʪʫʨʳ 

ɼʀʕʈɸ, ʠ ʜʠʘʧʘʟʦʥʳ ʠʟʤʝʨʷʝʤʳʭ ʵʥʝʨʛʠʡ. ʅʘ ʂɸ çʄʦʣʥʠʷ-3ʂè, ʟʘʧʫʱʝʥʥʦʤ ʚ 
2001 ʛ., ʚ ʩʦʩʪʘʚ ʂɼʄ ɼʀʕʈɸ ʚʭʦʜʠʣʘ ʥʦʚʘʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʫʟ-
ʣʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʘʷ ʕ.ʅ.ʉʦʩʥʦʚʮʦʤ, ʥʘ ʦʩʥʦʚʝ ʩʮʠʥʪʠʣʣʷʮʠ-
ʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʩʚʝʪʦʧʨʠʝʤʥʠʢʘ. 

 
ʈʠʩ. 1 ɹʣʦʢ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ ɼʀʕʈɸ. 

 

ʊʘʙʣʠʮʘ 1. ʉʦʩʪʘʚ ʜʝʪʝʢʪʦʨʦʚ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ɼʀʕʈɸ 

ʊʠʧ ʜʝʪʝʢʪʦʨʘ ɼʠʘʧʘʟʦʥ ʵʥʝʨʛʠʡ 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ ɽi,ʝ=0.1 ï 14 ʢʵɺ 

ʊʦʨʮʦʚʳʡ ʛʘʟʦʨʘʟʨʷʜʥʳʡ ʩʯʝʪʯʠʢ ɽʝ>40 ʢʵɺ, ɽʨ>1 ʄʵɺ 

ʊʝʣʝʩʢʦʧ ʠʟ ʧ/ʧ ʜʝʪʝʢʪʦʨʘʚ ɽʝ=0.1-1.5 ʄʵɺ, ɽʨ=12- 50 ʄʵɺ 

ʊʝʣʝʩʢʦʧ ʠʟ ʩʮʠʥʪ. ʠ ʧ/ʧ. ʜʝʪʝʢʪ. ɽʝ=2-6 ʄʵɺ, ɽʨ=10-300 ʄʵɺ 

ʏʝʨʝʥʢʦʚʩʢʠʡ ʩʯʝʪʯʠʢ ɽʝ>2 ʄʵɺ, ɽʨ>350 ʄʵɺ 

ʀʦʥʠʟʘʮʠʦʥʥʘʷ ʢʘʤʝʨʘ (ʜʦʟʠʤʝʪʨ) ɽʝ>4 ʄʵɺ, ɽʨ>50 ʄʵɺ 
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ɼʣʷ ʙʫʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʕ.ʅ.ʉʦʩʥʦʚʝʮ ʨʘʟʨʘʙʦʪʘʣ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ 
ʪʝʣʝʩʢʦʧ ʥʘ ʦʩʥʦʚʝ 3-ʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦ-ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʫʟʣʦʚ. ʅʦʚʳʡ ʪʝʣʝ-
ʩʢʦʧ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʥʘ ʦʩʥʦʚʝ ʩʮʠʥʪʠʣ-

ʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʠ ʌʕʋ ʚ ʢʘʯʝʩʪʚʝ ʩʚʝʪʦʧʨʠʝʤʥʠʢʘ: 
ʦʪʩʫʪʩʪʚʠʝ ʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʌʕʋ; 
ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʝ ʛʘʙʘʨʠʪʳ; 
ʩʥʠʞʝʥʠʝ ʚʝʩʘ ʟʘ ʩʯʝʪ ʦʪʩʫʪʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʦʢʦʚʦʡ ʟʘʱʠʪʳ. 
ʉʦʟʜʘʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ ʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʢʣʶʯʠʪʴ ʚ ʢʦʤ-

ʧʣʝʢʩ ʘʧʧʘʨʘʪʫʨʳ ʥʘ ʧʣʘʥʠʨʫʝʤʳʝ ʢ ʟʘʧʫʩʢʫ ʂɸ ɻʃʆʅɸʉʉ ʠ çʄʦʣʥʠʷ-3ʂè. 
ʉ 1991 ʛ., ʢʦʛʜʘ ʬʘʢʪʠʯʝʩʢʠ ʥʘʯʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ ʛʣʦʙʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʠ 

ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʘʧʧʘʨʘʪʫʨʘ ɼʀʕʈɸ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʢʦʩʤʠʯʝ-

ʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʩʚʷʟʠ, ʥʘʚʠʛʘʮʠʠ ʠ ʊɺ-ʚʝʱʘʥʠʷ [3-5].  ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʧʝ-
ʨʝʯʝʥʴ ʂɸ, ʧʨʠʚʝʜʝʥʳ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ, ʟʘ ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʧʘ-
ʨʘʤʝʪʨʳ ʦʨʙʠʪ ʠ ʬʘʟʳ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʉɸ), ʥʘ ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʠʣʘʩʴ 
ʨʘʙʦʪʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ). 
ʅʘ ʨʠʩ. 2 ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʳ ʧʨʦʝʢʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʴ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʤʝ-

ʨʠʜʠʘʥʘ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʪʨʘʝʢʪʦʨʠʡ, ʥʘ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʨʦʩʩʠʡ-
ʩʢʠʝ ʂɸ ʩʚʷʟʠ, ʥʘʚʠʛʘʮʠʠ ʠ ʪʝʣʝʚʠʜʝʥʠʷ. 

ʆʨʙʠʪʘ 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʷʨʥʦʡ ʦʨʙʠʪʝ ʩ ʥʘʢʣʦʥʝʥʠʝʤ 73·̄100̄  ʥʘ ʚʳʩʦʪʝ 

~1000 ʢʤ, ʥʘ ʢʦʪʦʨʫʶ ʟʘʧʫʩʢʘʣʠʩʴ ʂɸ ʩʝʨʠʠ çʂʦʩʤʦʩè, çʄʫʩʩʦʥè, çʄʝʪʝʦʨè. ʇʝ-

ʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʵʪʠʭ ʂɸ ʩʦʩʪʘʚʣʷʝʪ ~110·120 ʤʠʥ. ʕʪʘ ʦʨʙʠʪʘ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦ-

ʣʠʨʦʚʘʪʴ ʦʙʣʘʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ, ʥʠʟʢʦʚʳʩʦʪʥʳʝ ʦʪʨʦʛʠ ʚʥʝʰ-
ʥʝʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ ʠ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ, ʘʚʨʦʨʘʣʴʥʫʶ ʟʦʥʫ ʠ ʩʦʣʥʝʯʥʳʝ ʢʦʩ-
ʤʠʯʝʩʢʠʝ ʣʫʯʠ ʚ ʧʦʣʷʨʥʦʡ ʰʘʧʢʝ. 

 
ʊʘʙʣʠʮʘ 2. ʆʩʥʦʚʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʀʉɿ ʇʘʨʘʤʝʪʨʳ  
ʦʨʙʠʪ 

ʀʥʪʝʨʚʘ
ʣ 
ʠʟʤʝʨʝʥ

ʠʡ 

ʇʨʠʤʝʯʘʥʠʝ 

ɻʦʨʠʟʦʥʪ-34 ɻʝʦʩʠʥʭʨʦʥʥ
ʘ ̫
 ʅ=36 600 ʢʤ 

1991-1992 ʉʧʘʜ 22-ʛʦ ʮʠʢʣʘ ʉɸ 

ɻʦʨʠʟʦʥʪ-35 ɻʝʦʩʠʥʭʨʦʥʥ
ʘ ̫
 ʅ=36 600 ʢʤ 

1991-1994  ʉʧʘʜ 22-ʛʦ  ʮʠʢʣʘ 
ʉɸ 

ɻʦʨʠʟʦʥʪ-41 ɻʝʦʩʠʥʭʨʦʥʥ

ʘ ̫
 ʅ=36 600 ʢʤ 

1993 - 1994 ʉʧʘʜ 22-ʛʦ  ʮʠʢʣʘ 

ʉɸ 

ɻʣʦʥʘʩʩ-60 ʂʨʫʛʦʚʘʷ, 
 ʅ=20 000 ʢʤ, 
 i=65Ü 

1994 - 1996 ʉʧʘʜ ʠ ʤʠʥʠʤʫʤ 
 22-ʛʦ ʮʠʢʣʘ ʉɸ 

ʕʣʝʢʪʨʦ ɻʝʦʩʠʥʭʨʦʥʥ
ʘ ̫

 ʅ=36 600 ʢʤ 

1994 - 1998 ʉʧʘʜ ʠ ʤʠʥʠʤʫʤ 
 22-ʛʦ ʮʠʢʣʘ ʉɸ 

ʕʢʩʧʨʝʩʩ-11 ɻʝʦʩʠʥʭʨʦʥʥ 1995 - 1996 ʄʠʥʠʤʫʤ ʉɸ (ʢʦʥʝʮ 
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ʘ ̫
 ʅ=36 600 ʢʤ 

22-ʛʦ ʠ ʥʘʯʘʣʦ 23-ʛʦ ʮʠʢ-
ʣʘ ) 

ʕʢʩʧʨʝʩʩ-ɸ2 ɻʝʦʩʠʥʭʨʦʥʥ
ʘʷ ʅ=36 600 ʢʤ 

2000 - 
ʥ.ʚ. 

ʄʘʢʩʠʤʫʤ ʠ ʩʧʘʜ  
23-ʛʦ ʮʠʢʣʘ ʉɸ 

ʕʢʩʧʨʝʩʩ-ɸ3 ɻʝʦʩʠʥʭʨʦʥʥ
ʘʷ, 
 ʅ=36 600 ʢʤ 

2000 - 
ʥ.ʚ. 

ʄʘʢʩʠʤʫʤ ʠ ʩʧʘʜ 
 23-ʛʦ ʮʠʢʣʘ ʉɸ 

ʄʦʣʥʠʷ-3ʂ ʕʣʣʠʧʪʠʯʝ-

ʩʢʘʷ, 
 i=65Ü,  
ʅʘ=40 000 ʢʤ, 
ʅp=500 ʢʤ,  

2001 - 

ʥ.ʚ. 

ʄʘʢʩʠʤʫʤ ʠ ʩʧʘʜ 

 23-ʛʦ ʮʠʢʣʘ ʉɸ 

ʄʝʪʝʦʨ-3ʄ ʉʦʣʥʝʯʥʦ-
ʩʠʥʭʨʦʥʥʘʷ, 
ʅ=1018 ʢʤ, 
i=99,63Ü 

2001 - 
ʥ.ʚ. 

ʄʘʢʩʠʤʫʤ ʠ ʩʧʘʜ 
 23-ʛʦ ʮʠʢʣʘ ʉɸ 

ʆʨʙʠʪʘ 2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʨʫʛʦʚʫʶ ʦʨʙʠʪʫ ʥʘ ʚʳʩʦʪʝ 20.0 ʪʳʩ. ʢʤ ʩ ʥʘʢʣʦʥʝʥʠ-

ʝʤ 65,̄ ʥʘ ʢʦʪʦʨʦʡ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʂɸ ʩʝʨʠʠ ɻʃʆʅɸʉʉ. ʇʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʂɸ 

ʥʘ ʵʪʦʡ ʦʨʙʠʪʝ ʨʘʚʝʥ  ~12 ʯ. ʕʪʘ ʪʨʘʝʢʪʦʨʠʷ ʧʨʦʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʯʝʨʝʟ ʮʝʥʪʨ 

ʚʥʝhʥʝʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ ʚ ʨʘʡʦʥʝ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʵʢʚʘʪʦʨʘ ʥʘ Lº4.0. ʅʘ ʚʳ-

ʩʦʢʠʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʰʠʨʦʪʘʭ ʦʨʙʠʪʘ ʧʝʨʝʩʝʢʘʝʪ ʘʚʨʦʨʘʣʴʥʫʶ ʟʦʥʫ ʠ ʧʦʣʷʨʥʫʶ 
ʰʘʧʢʫ. 
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ʈʠʩ.2 ʊʠʧʳ ʦʨʙʠʪ ʂɸ ʩʚʷʟʠ, ʥʘʚʠʛʘʮʠʠ ʠ ʊɺ-ʚʝʱʘʥʠʷ. 

 

ʆʨʙʠʪʘ 3 ï ʵʣʣʠʧʪʠʯʝʩʢʘʷ ʦʨʙʠʪʘ ʂɸ ʩʝʨʠʠ çʄʦʣʥʠʷè ʩ ʘʧʦʛʝʝʤ ~39.6 ʪʳʩ. ʢʤ 

ʠ ʥʘʢʣʦʥʝʥʠʝʤ  65.̄ ʕʪʘ ʦʨʙʠʪʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ çʪʨʫʜʥʦʡè, ʪʘʢ ʢʘʢ ʧʝʨʝʩʝʢʘʝʪ ʚʩʝ ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ 
ʦʙʣʘʩʪʠ ʚʥʫʪʨʝʥʥʝʡ  ʤʘʛʥʠʪʦʩʬʝʨʳ: ʮʝʥʪʨ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ ʚ 

ʨʘʡʦʥʝ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʵʢʚʘʪʦʨʘ (L~1.5), ʚʝʩʴ ʚʥʝʰʥʠʡ ʨʘʜʠʘʮʠʦʥʥʳʡ ʧʦʷʩ 

(L~3·7), ʘʚʨʦʨʘʣʴʥʫʶ ʟʦʥʫ (65·̄70̄) ʠ ʧʦʣʷʨʥʫʶ ʰʘʧʢʫ (>70)̄. 

ʆʨʙʠʪʘ 4 ʷʚʣʷʝʪʩʷ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʦʡ (ɻʉʆ) ʥʘ ʚʳʩʦʪʝ 36.6 ʪʳʩ. ʢʤ. 
ɻʝʦʤʘʛʥʠʪʥʘʷ ʰʠʨʦʪʘ, ʥʘ ʢʦʪʦʨʦʡ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʝ ʂɸ, ʟʘʚʠʩʠʪ 

ʦʪ ʜʦʣʛʦʪʳ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ °11̄  ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʵʢʚʘʪʦʨʘ. 

ʕʪʦʪ ʨʘʟʙʨʦʩ ʰʠʨʦʪ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 2 ʦʪʨʝʟʢʦʤ ʜʫʛʠ ʥʘ L=6.6. ɻʝʦʩʪʘʮʠʦʥʘʨʥʘʷ 
ʦʨʙʠʪʘ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʘ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʫʨʦʚʥʝʡ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʡ ʠʟ-ʟʘ 
ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʜʠʥʘʤʠʯʥʦʩʪʠ ʧʝʨʝʩʝʢʘʝʤʳʭ ʝʶ ʦʙʣʘʩʪʝʡ ʤʘʛʥʠʪʦʩʬʝʨʳ: ʧʝʨʠ-
ʬʝʨʠʠ ʚʥʝʰʥʝʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ, ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ ʠ ʙʣʠʞʥʝʡ ʢ ɿʝʤʣʝ (ʚʥʫʪ-
ʨʝʥʥʝʡ) ʢʨʦʤʢʠ ʧʣʘʟʤʝʥʥʦʛʦ ʩʣʦʷ ʭʚʦʩʪʘ ʤʘʛʥʠʪʦʩʬʝʨʳ. ʅʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨ-
ʙʠʪʝ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʂɸ ʩʝʨʠʡ çɻʦʨʠʟʦʥʪè, çʕʢʩʧʨʝʩʩè, çɻʘʣʩè 

ʠ çʕʣʝʢʪʨʦè. 
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ʇʝʨʠʦʜ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʛʣʦʙʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙ-
ʩʪʘʥʦʚʢʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 22-ʦʡ ʠ 23-ʠʡ ʮʠʢʣʳ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʅʘ ʨʠʩ. 3 
ʧʨʝʜʩʪʘʚʣʝʥ ʚʨʝʤʝʥʥʦʡ ʭʦʜ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʯʠʩʣʫ ʧʷʪʝʥ ɺʦʣʴʬʘ.  

 
ʈʠʩ. 3. ɺʨʝʤʝʥʥʦʡ ʭʦʜ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 22 ʠ 23 ʮʠʢʣʘʭ ʧʦ ʯʠʩʣʫ ʩʦʣʥʝʯʥʳʭ ʧʷ-

ʪʝʥ (ʯʠʩʝʣ ɺʦʣʴʬʘ). ʊʦʥʢʘʷ ʢʨʠʚʘʷ ï ʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ Rz. ʊʦʣʩʪʘʷ ʢʨʠʚʘʷ ï ʩʛʣʘ-

ʞʝʥʥʳʝ ʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ Rz. ʊʦʥʢʠʝ ʢʨʠʚʳʝ ʚ 2003-2008 ʛʛ. ï ʧʨʦʛʥʦʟ Rz (ʤʘʢʩʠ-

ʤʘʣʴʥʳʝ, ʧʨʝʜʩʢʘʟʘʥʥʳʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ Rz), ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʚ U.S. Dept. of 

Commerce, NOAA, Space Environment Center. ɻʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʦʪʤʝʯʝʥʳ 

ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʩ ʂɼʄ ɼʀʕʈɸ. 

 

ʉ ʧʦʤʦʱʴʶ ʘʧʧʘʨʘʪʫʨʳ ʂɼʄ ɼʀʕʈɸ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʚʠʜʘ 
ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʦʨʙʠʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʂɸ: ʛʦʨʷʯʘʷ 

ʤʘʛʥʠʪʦʩʬʝʨʥʘʷ ʧʣʘʟʤʘ (ɽ~0.1·10 ʢʵɺ), ʵʥʝʨʛʠʯʥʳʝ  ʵʣʝʢʪʨʦʥʳ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦ-

ʷʩʦʚ ɿʝʤʣʠ (ɽʝ~1·6 ʄʵɺ) ʠ ʧʨʦʪʦʥʳ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ (ɽʨ~10·350 ʄʵɺ). ʅʘ 

ʥʝʢʦʪʦʨʳʭ ʘʧʧʘʨʘʪʘʭ ʠʟʤʝʨʷʣʘʩʴ ʪʘʢʞʝ ʠʥʪʝʛʨʘʣʴʥʘʷ ʜʦʟʘ ʨʘʜʠʘʮʠʠ ʚʥʫʪʨʠ ʛʝʨʤʦ-

ʢʦʥʪʝʡʥʝʨʘ. ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʜʠʘʮʠʦʥʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ 
ʦʨʙʠʪʝ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 2001 ʛ. ʚ ʤʘʢʩʠʤʫʤʝ 23-ʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦ-
ʩʪʠ.  
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ʈʠʩ. 4. ʈʘʜʠʘʮʠʦʥʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 2001 

ʛ. ʚ ʤʘʢʩʠʤʫʤʝ 23-ʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʧʦʪʦʢʘʭ 

ʵʣʝʢʪʨʦʥʦʚ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ, ʚʦʟʨʘʩʪʘʥʠ̫ ʭ ʧʨʦʪʦʥʦʚ ʉʂʃ (ñʕʢʩʧʨʝʩʩ-ɸ2)ò ʠ 

ʤʦʱʥʦʩʪʴ ʜʦʟʳ ʦʪ ʥʠʭ ʚʥʫʪʨʠ ʛʝʨʤʦʢʦʥʪʝʡʥʝʨʘ ʂɸ ñʕʢʩʧʨʝʩʩ-ɸ3ò. 

 

ɻʝʦʩʪʘʮʠʦʥʘʨʥʘʷ ʦʨʙʠʪʘ ʧʨʦʭʦʜʠʪ ʥʘ ʧʝʨʠʬʝʨʠʠ ʚʥʝʰʥʝʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 
ʧʦ̫ ʩʘ,  ʯʝʨʝʟ ʦʙʣʘʩʪʴ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ ʠ ʙʣʠʞʥʶʶ ʯʘʩʪʴ  ʧʣʘʟʤʝʥʥʦʛʦ ʩʣʦʷ. ʀʩʩʣʝ-

ʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ ʤʦʞʝʪ ʧʨʦʣʠʪʴ ʩʚʝʪ 
ʥʘ ʬʠʟʠʢʫ ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ. ʊʘʢ ʧʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʪʝʦʨʠʷʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 
ʧʨʦʠʩʭʦʜʠʪ ʟʘʨʦʞʜʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ: 
ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ. ʅʘ ʵʪʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʛʝʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʫʧʨʘʚʣʷʝʪ 
ʜʚʠʞʝʥʠʝʤ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʘʩʠʤʤʝʪʨʠʶ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 
ʧʦʣʜʝʥʴ-ʧʦʣʥʦʯʴ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤʠ ʬʣʶʢʪʫʘʮʠʷʤʠ ʚʦ ʚʨʝʤʝʥʠ, ʦʙʫ-
ʩʣʦʚʣʝʥʥʳʤʠ ʛʝʦʤʘʛʥʠʪʥʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʵʪʦʡ ʦʨʙʠʪʳ ʭʘʨʘʢʪʝʨ-
ʥʳ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʚʘʨʠʘʮʠʡ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ: ʩʫʪʦʯʥʳʝ ʠ ʛʝʦʤʘʛʥʠʪʥʳʝ. 

ʍʘʨʘʢʪʝʨ ʵʪʠʭ ʚʘʨʠʘʮʠʡ ʚʠʜʝʥ ʥʘ ʨʠʩ. 4. ʅʘ ʩʫʪʦʯʥʳʝ ʚʘʨʠʘʮʠʠ ʥʘʢʣʘʜʳʚʘʶʪʩʷ 
ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʤʘʛʥʠʪ-
ʥʳʤʠ ʙʫʨʷʤʠ (ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ). ɺʪʦʨʳʤ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡ-
ʩʪʚʠʷ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʝ ʀʉɿ ʷʚʣʷʶʪʩʷ ʧʨʦʪʦʥʳ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ  - ʩʦʣʥʝʯ-
ʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ (ʉʂʃ) (ʚʪʦʨʘʷ ʧʘʥʝʣʴ ʥʘ ʨʠʩ.4).  
ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʷʚʣʝʥʠʡ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʷʚʣʷʝʪʩʷ ʛʝʥʝ-

ʨʘʮʠʷ ʧʦʪʦʢʦʚ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ, ʚʦʟʜʝʡʩʪʚʫʁ-
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ʱʠʤ ʥʘ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʠ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʨʝʣʷ-
ʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ ʚʝʜʫʪʩʷ ʩ ʧʝʨʚʳʭ ʣʝʪ ʢʦʩʤʠʯʝʩʢʦʡ 
ʵʨʳ. ʆʜʥʘʢʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʶʪʩʷ ʥʝʨʝʰʝʥʥʳʤʠ ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ, ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʤʝʭʘʥʠʟʤʘʤʠ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʜʦ ʪʘʢʠʭ ʵʥʝʨʛʠʡ. ʊʝʦʨʝ-
ʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʳ, ʫʩʢʦʨʝʥʠʷ ʠ ʜʠʥʘʤʠʢʠ 
ʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʩʚʷʟʴ ʥʘʙʣʶʜʘʝʤʳʭ ʚʦʟʨʘʩʪʘʥʠʡ ʩ ʛʝʦʤʘʛʥʠʪʥʳʤʠ ʚʦʟ-
ʤʫʱʝʥʠʤ̫ʠ ï ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʠ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤ 
çʂʦʩʤʠʯʝʩʢʘʷ ʧʦʛʦʜʘè. 

ʂʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʚʘʨʠʘʮʠʠ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ (5·10 ʜʥʝʡ) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʧʦʪʦʢʘʤʠ ʉʂʃ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʨʦʜʘ ʵʪʠʭ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ 
ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʟʣʠʯʥʘ. ʇʨʦʪʦʥʳ ʉʂʃ, ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʝ (~1010 ʩʤ/ʩ), ʧʨʠʭʦʜʷʪ ʥʘ ɿʝʤʣʶ 

ʨʘʥʴʰʝ, ʯʝʤ ʧʦʪʦʢʠ ʩʦʣʥʝʯʥʦʡ ʧʣʘʟʤʳ (ʩʢʦʨʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ  ~107 ·108 ʩʤ/ʩ) 

ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʜʦ  ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ, ʢʦʪʦʨʘʷ ʥʘʯʠʥʘʝʪ ʨʘʟʚʠ-
ʚʘʪʴʩʷ ʚ ʤʦʤʝʥʪ ʧʨʠʭʦʜʘ ʥʘ ʦʨʙʠʪʫ ɿʝʤʣʠ ʚʩʧʳʰʝʯʥʳʭ ʚʳʙʨʦʩʦʚ ʧʣʘʟʤʳ. ʊʘʢʘʷ 

ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʣʫʯʘʝ ʦʜʠʥʦʯʥʳʭ ʚʩʧʳʰʝʢ.  
ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʜʣʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʦʜʥʦʤ ʂɸ. ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʦʚʦ-
ʢʫʧʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʧʦʪʦʢʘʭ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʝ-
ʨʠʦʜ ʤʘʢʩʠʤʫʤʘ ʠ ʚ ʥʘʯʘʣʝ ʩʧʘʜʘ 23-ʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ 
ʀʉɿ ñʕʢʩʧʨʝʩʩ-ɸ2ò ʠ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ ʨʘʩʯʝʪʘʤʠ ʧʦ ʤʦʜʝʣʷʤ ʅʀʀʗʌ-91 [6] ʠ ɸɽ-8 
[7]. ʆʙʝ ʵʪʠ ʤʦʜʝʣʠ ʜʘʶʪ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ 
ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʳ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʙʣʠʟʢʠʭ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʄʦʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝ ʟʘʥʠʞʘʶʪ ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʝ ʧʦʪʦʢʠ 

ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʢʦʪʦʨʳʡ ʟʘʧʘʩ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʵʣʝʤʝʥʪʦʚ 
ʂɸ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʠʭ ʤʦʜʝʣʝʡ. ʅʘ ʬʘʟʝ ʩʧʘʜʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʙʣʶ-
ʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʙʣʘʩʪʠ ʛʝʦ-
ʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʳ.  ʂʘʞʫʱʝʝʩʷ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʦʙʱʝʧʨʠʥʷʪʦʡ ʪʦʯʢʦʡ ʟʨʝʥʠʷ, 
ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʨʘʜʠʘʮʠʦʥʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʫʭʫʜʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʩʦʣʥʝʯʥʦʡ ʘʢ-
ʪʠʚʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʪʝʤ, ʯʪʦ ʚ ʤʘʢʩʠʤʫʤʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʣʘ-
ʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ ʯʠʩʣʫ ʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ (ʙʫʨʴ) ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʬʣʶʢʪʫʘ-
ʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦ-

ʤʫ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʵʣʝʢʪʨʦʥʦʚ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ ʠ ʫʤʝʥʴʰʝʥʠʶ 
ʩʨʝʜʥʝʛʦ ʧʦʪʦʢʘ ʟʘʭʚʘʯʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 
ʄʘʢʩʠʤʘʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʦʙʳʯʥʦ ʜʦʩʪʠʛʘ-

ʪʁʩʷ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ ʯʝʨʝʟ 3-4 ʛʦʜʘ ʧʦʩʣʝ ʤʘʢʩʠʤʫʤʘ ʩʦʣʥʝʯʥʦʡ ʘʢ-
ʪʠʚʥʦʩʪʠ. ʕʪʠ ʚʦʟʨʘʩʪʘʥʠʷ ʩʚʷʟʘʥʳ ʩ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ ʧʦʪʦʢʘʤʠ ʩʦʣʥʝʯʥʦʛʦ 
ʚʝʪʨʘ [8,9]. ʇʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 5 ʤʦʜʝʣʴʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʚʨʝʤʝʥʥʳʝ ʟʘ-
ʚʠʩʠʤʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ ʥʝ ʦʪʨʘʞʘʶʪ ʜʠʥʘʤʠʢʫ 
ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʥʝ ʪʦʣʴʢʦ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʥʦ ʠ ʚ ʪʝʯʝʥʠʝ 

11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-
ʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʫʪʥʠʢʦʚ ʠ ʀʉɿ ɻʃʆʅɸʉʉ (ʢʨʫʛʦ-
ʚʘʷ ʦʨʙʠʪʘ ʥʘ ʚʳʩʦʪʝ 20.0 ʪʳʩ. ʢʤ),  ʚʳʷʚʠʣ ʨʘʟʣʠʯʠʷ ʚ ʜʠʥʘʤʠʢʝ ʧʦʪʦʢʦʚ ʨʝʣʷʪʠ-
ʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʵʪʠʭ ʦʨʙʠʪʘʭ [10]. ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥ ʚʨʝʤʝʥʥʦʡ ʭʦʜ 
ʧʦʪʦʢʦʚ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚ 1994 ï 1996 ʛʛ. ʚ ʤʠʥʠʤʫʤʝ ʩʦʣʥʝʯʥʦʡ ʘʢ-

ʪʠʚʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʩʦ ʩʧʫʪʥʠʢʦʚ ɻʃʆʅɸʉʉ (ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ) ʥʘ L~4 ʠ çɻʦʨʠ-

ʟʦʥʪ-41è ʠ çʕʢʩʧʨʝʩʩ-11è ʥʘ L~6.6. 
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ʈʠʩ. 5 ɺʨʝʤʝʥʥʦʡ ʭʦʜ ʧʦʪʦʢʦʚ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ  ʩ ʵʥʝʨʛʠʝʡ ɽʝ=0.8·1.0 

ʄʵɺ, 2·4 ʄʵɺ ʠ 4·6 ʄʵɺ ʧʦ ʜʘʥʥʳʤ ʩ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʛʦ ʀʉɿ çʕʢʩʧʨʝʩʩ-ɸ2è.  ʇʫʥʢ-

ʪʠʨʦʤ ʦʙʦʟʥʘʯʝʥʳ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ, ʚʯrʠʩʣʝʥʥʳʝ ʧʦ ʤʦʜʝʣʷʤ  

ʅʀʀʗʌ-91 ʠ ɸɽ-8. 

 

ʇʦʩʢʦʣʴʢʫ ɻʃʆʅɸʉʉ ʧʝʨʝʩʝʢʘʝʪ ʦʙʣʘʩʪʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ ʥʘ L²4, ʪʦ ʜʣʷ 

ʣʫʯʰʝʡ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʬʣʶʝʥʩ (ʠʥʪʝʛʨʘʣ) ʧʦʪʦʢʘ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ɽʝ=0.8·1.2 ʄʵɺ ʟʘ ʦʜʠʥ ʧʨʦʣʝʪ ʯʝʨʝʟ ʧʦʷʩ. ɼʣʷ ʛʝʦʩʪʘʮʠʦ-

ʥʘʨʥʦʡ ʦʨʙʠʪʳ (ʚʪʦʨʘʷ ʠ ʪʨʝʪʴʷ ʧʘʥʝʣʠ) ʧʨʠʚʦʜʷʪʩʷ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦ-

ʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʚʜʦʣʴ ʚʩʝʡ ʦʨʙʠʪʳ ʜʣʷ ʜʚʫʭ ʜʠʘʧʘʟʦʥʦʚ ʵʥʝʨʛʠʡ:  ɽʝ=0.8·1.2 

ʄʵɺ ʠ  
ɽʝ>5 ʄʵɺ. ɻʠʩʪʦʛʨʘʤʤʘʤʠ ʥʘ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝ ʧʘʥʝʣʷʭ ʧʦʢʘʟʘʥʳ ʫʩʨʝʜʥʝʥʥʳʝ 27-
ʜʥʝʚʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ. ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʝʥ ʨʘʟʣʠʯ-
ʥʳʡ ʭʘʨʘʢʪʝʨ ʚʘʨʠʘʮʠʡ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʚ ʮʝʥʪʨʝ ʚʥʝʰʥʝʛʦ ʧʦʷʩʘ ʠ ʥʘ ʝʛʦ ʧʝ-
ʨʠʬʝʨʠʠ. ɼʣʷ ʧʝʨʠʦʜʘ ʩʧʘʜʘ ʠ ʤʠʥʠʤʫʤʘ 22-ʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʮʝʥ-

ʪʨʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʚʥʝʰʥʝʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ (L~4.0) ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨ-

ʛʠʝʡ ɽʝ=0.8·1.2 ʄʵɺ ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʣʫʛʦʜʦʚʘʷ ʚʦʣʥʘ ʩ ʤʘʢʩʠʤʫ-

ʤʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʚʝʩʝʥʥʠʝ ʠ ʦʩʝʥʥʠʝ ʤʝʩʷʮʳ. ʅʘ ʛʝʦʩʪʘʮʠ-

ʦʥʘʨʥʦʡ ʦʨʙʠʪʝ ʚʘʨʠʘʮʠʠ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ɽʝ=0.8·1.2 ʄʵɺ ʥʦʩʷʪ 

ʥʝʨʝʛʫʣʷʨʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʩʚʷʟʘʥʳ, ʚ ʦʩʥʦʚʥʦʤ, ʩ ʛʝʦʤʘʛʥʠʪʥʳʤʠ ʙʫʨʷʤʠ. 
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ʈʠʩ. 6  ɺʨʝʤʝʥʥʦʡ ʭʦʜ ʧʦʪʦʢʦʚ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚ 1994 ï 1996 ʛʛ. ʚ ʤʠʥʠ-

ʤʫʤʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʩʦ ʩʧʫʪʥʠʢʦʚ ɻʃʆʅɸʉʉ (ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ) ʥʘ 

L~4 ʠ çɻʦʨʠʟʦʥʪ-41è ʠ çʕʢʩʧʨʝʩʩ-11è ʥʘ L~6.6 (ʩʤ. ʪʝʢʩʪ), Dst-ʚʘʨʠʘʮʠʠ ʠ ʩʢʦʨʦʩʪʠ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. 

 
ʉʝʟʦʥʥʳʝ ʚʘʨʠʘʮʠʠ ʭʦʨʦʰʦ ʚʠʜʥʳ ʣʠʰʴ ʥʘ ʚʨʝʤʝʥʥʦʤ ʭʦʜʝ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦ-

ʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ɽʝ>5 ʄʵɺ. ɺ 1995-1996 ʛʛ., ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʤʠʥʠʤʫʤ 22-ʛʦ 
ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʘʜ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦ-
ʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʢʘʢ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ, ʪʘʢ ʠ ʚ ʮʝʥʪʨʝ ʚʥʝʰʥʝʛʦ ʧʦʷʩʘ. ɺ 

ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ ʦʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʟʘʪʫʭʘʥʠʝ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 
ʩʧʘʜ ʩʨʝʜʥʝʛʦ ʠ ʧʠʢʦʚʦʛʦ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ.  
ɺ ʛʦʜʳ ʤʠʥʠʤʫʤʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʟʜʘʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʳʭ ʚʦʣʥ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚʥʝʰʥʝʛʦ ʧʦʷʩʘ 
[10]. ʆʜʥʘ ʠʟ ʜʠʬʬʫʟʠʦʥʥʳʭ ʚʦʣʥ ʵʣʝʢʪʨʦʥʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʀʉɿ 
ɻʃʆʅɸʉʉ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 7. ʇʝʨʠʦʜ ʩ 10 ʧʦ 22 ʘʚʛʫʩʪʘ 1994 ʛ. ʙʳʣ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ ʩʣʘʙʦ ʚʦʟʤʫʱʝʥʥʳʤ: ʥʘʠʙʦʣɹh ʘʷ ʘʤʧʣʠʪʫʜʘ Dst-ʚʘʨʠʘʮʠʠ ʩʦʩʪʘʚʠʣʘ 42 ʥʊ. 

çʅʦʚʳʡè ʤʘʢʩʠʤʫʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ʧʦʷʚʠʣʩʷ 12 ʘʚʛʫʩʪʘ ʥʘ L~5.2. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʥʘʙʣʶʜʘʣʘʩʴ ʪʠʧʠʯʥʘʷ ʜʠʬʬʫʟʠʦʥʥʘʷ ʚʦʣʥʘ: ʟʘ ~2 ʥʝʜʝʣʠ ʤʘʢʩʠʤʫʤ 

ʩʤʝʩʪʠʣʩʷ ʥʘ L~4.5, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʟʨʦʩʣʘ ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ. 
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ʈʠʩ. 7. ɼʠʬʬʫʟʠʦʥʥʘʷ ʚʦʣʥʘ ʵʣʝʢʪʨʦʥʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʥʘ ʀʉɿ ɻʃʆʅɸʉʉ ʚ ʤʠ-

ʥʠʤʫʤʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 

ʉʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘʙʣʜʁʘʝʤʳʭ ʚʦʣʥ ʩ ʪʝʦʨʠʝʡ ʜʠʬʬʫʟʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 
ʚʥʝʟʘʧʥʳʭ ʠʤʧʫʣʴʩʦʚ [11] ʜʘʝʪ ʥʘʠʣʫʯʰʝʝ ʩʦʛʣʘʩʠʝ, ʝʩʣʠ ʦʩʥʦʚʥʦʡ ʧʘʨʘʤʝʪʨ ʜʠʬ-

ʬʫʟʠʠ D0=5Ö10-14 c-1. ʕʪʘ ʚʝʣʠʯʠʥʘ D0 ʩʦʚʧʘʣʘ ʩ ʝʝ ʦʮʝʥʢʦʡ ʠʟ ʜʘʥʥʳʭ ʦ ʩʪʨʫʢʪʫ-

ʨʝ ʧʨʦʪʦʥʥʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ [11]. ɺʩʣʝʜʩʪʚʠʝ ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

D0  ʦʪ ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʘ (ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʠʤʧʫʣʴʩʘ ʧʦ ʩʪʘʪʠʩʪʠʢʝ ~10 ʥʊ), 

ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʬʣʫʢʪʫʘʮʠʠ D0 ʠ ʧʨʠ ʘʤʧʣʠʪʫʜʝ ʠʤʧʫʣʴʩʘ, ʥʘʧʨʠ-

ʤʝʨ, ~40 ʥʊ, ʬʨʦʥʪ ʜʠʬʬʫʟʠʦʥʥʦʡ ʚʦʣʥʳ ʤʦʞʝʪ ʩʤʝʩʪʠʪʴʩʷ ʟʘ ʩʫʪʢʠ ʥʘ L~4. 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʚʘʨʠʘʮʠʡ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʩʣʦʞʥʷʝʪʩʷ, ʝʩʣʠ ʧʨʦʠʩʭʦʜʷʪ ʜʚʝ ʠʣʠ ʙʦʣʝʝ ʚʩʧʳʰʢʠ ʚ ʪʝʯʝʥʠʝ 1·2 ʜʥʝʡ: ʧʨʦʠʩ-

ʭʦʜʠʪ ʥʘʣʦʞʝʥʠʝ ʩʦʙʳʪʠʡ. ʅʘ 

ʨʠʩ. 8. ʧʨʝʜʩʪʘʚʣʝʥ ʚʨʝʤʝʥʥʦʡ ʭʦʜ ʧʦʪʦʢʦʚ ʧʨʦʪʦʥʦʚ ʉʂʃ ʩ ɽʨ=12·50 ʄʵɺ ʟʘ ʧʝ-

ʨʠʦʜ 04-08.11.01. ɼʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʩʦ ʩʧʫʪʥʠʢʘ çʄʦʣʥʠʷ-3ʂè ʚʥʝ ʤʘʛʥʠʪʦʩʬʝʨʳ  
(ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʚʳʙʨʦʩʳ ï ʧʨʦʣʝʪʳ ʚʥʫʪʨʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʦʚ), ʘ ʪʘʢʞʝ ʩ ʛʝʦ-
ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʧʫʪʥʠʢʘ çʕʢʩʧʨʝʩʩ-ɸ3è ʚʥʫʪʨʠ ʤʘʛʥʠʪʦʩʬʝʨʳ. ʅʘʯʘʣʦ ʚʦʟʨʘʩʪʘ-

ʥʠʷ ʧʨʦʪʦʥʦʚ ʩʚʷʟʘʥʦ ʩ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʦʡ 04.11.01.  ʕʪʘ ʚʩʧʳʰʢʘ ʥʝ ʚʳʟʚʘʣʘ 
ʛʝʦʤʘʛʥʠʪʥʫʶ ʙʫʨʶ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ. ʅʦ ʵʥʝʨʛʠʯʥʳʝ ʧʨʦʪʦʥʳ ʉʂʃ ʜʘʣʠ ʟʥʘʯʠ-
ʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʝʛʠʩʪʨʠʨʫʝʤʫʶ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ (çʕʢʩʧʨʝʩʩ-ɸ3è) ʜʦ-
ʟʫ. ʇʦʩʣʝ ʚʪʦʨʦʡ ʚʩʧʳʰʢʠ, ʥʘʙʣʶʜʘʚʰʝʡʩʷ 05.11.01, ʥʘʯʘʣʘʩʴ ʛʝʦʤʘʛʥʠʪʥʘʷ ʙʫʨʷ ʩ 

éDst max é~ 250 ʥʊ. 

ʆʩʥʦʚʥʦʝ ʨʘʜʠʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ ʦʢʘʟʳʚʘʶʪ 
ʵʥʝʨʛʠʯʥʳʝ ʵʣʝʢʪʨʦʥʳ ʚʥʝʰʥʝʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ ɿʝʤʣʠ ʠ ʧʨʦʪʦʥʳ ʩʦʣʥʝʯ-
ʥʳʭ ʚʩʧʳʰʝʢ. ɼʦʟʠʤʝʪʨ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚʥʫʪʨʠ ʛʝʨʤʦʢʦʥʪʝʡʥʝʨʘ ʀʉɿ çʕʢʩʧʨʝʩʩ-
ɸ3è, ʵʬʬʝʢʪʠʚʥʦ ʨʝʛʠʩʪʨʠʨʫʝʪ ʯʘʩʪʠʮʳ ʩ ʵʥʝʨʛʠʝʡ ɽʝ>4.0 ʄʵɺ ʠ ɽʨ>50 ʄʵɺ. ɺ 
ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʜʦʟ ʨʘʜʠʘʮʠʠ,  ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʜʦ-

ʟʠʤʝʪʨʘ, ʚʦ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʭ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʚ ʤʘʢʩʠʤʫʤʝ 23-ʛʦ ʮʠʢʣʘ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ.  ɺʦ ʚʨʝʤʷ ʚʩʧʳʰʢʠ 14.07.2000 ʤʦʱʥʦʩʪʴ ʜʦʟʳ ʩʦʩʪʘʚʠʣʘ ~ 
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1 ʨʘʜ/ʯʘʩ, ʘ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʢʠ 08.11.2000 ï ʙʦʣʝʝ 2 ʨʘʜ/ʯʘʩ. ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʜʦ-
ʟʳ ʦʪ ʵʣʝʢʪʨʦʥʦʚ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʦʚ ɿʝʤʣʠ ʠ ʯʘʩʪʠʮ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝ-

ʩʢʠʭ ʣʫʯʝʡ (ɻʂʃ) ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʚʩʧʳʰʢʘʤʠ ʩʦʩʪʘʚʣʷʣʘ ~ 6.5 ʨʘʜ/ʯʘʩ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʜʦʟʝ ~ 50 ʨʘʜ/ʛʦʜ. ʉʫʤʤʘʨʥʘʷ ʜʦʟʘ ʦʪ ʜʚʫʭ ʩʘʤʳʭ 

ʤʦʱʥʳʭ ʚʩʧʳʰʝʢ ʚ 2000-ʦʤ ʛʦʜʫ ʦʢʘʟʘʣʘʩʴ ʩʦʠʟʤʝʨʠʤʘ ʩ ʛʦʜʦʚʦʡ ʜʦʟʦʡ ʦʪ ʵʣʝʢ-
ʪʨʦʥʦʚ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʦʚ ɿʝʤʣʠ (ʈʇ) ʠ  ɻʂʃ. 

 
ʊʘʙʣʠʮʘ 3. ɿʥʘʯʝʥʠʷ ʜʦʟ ʨʘʜʠʘʮʠʠ ʧʦ ʜʘʥʥʳʤ ʀʉɿ çʕʢʩʧʨʝʩʩ-ɸ3è  

ɼʘʪʘ ʚʩʧʳʰʢʠ ɼʦʟʘ  ʄʦʱʥʦʩʪʴ ʜʦʟʳ 

14-17.07.2000 ʛ. 30,4 ʨʘʜ ~1 ʨʘʜ/ʯʘʩ 

08-11.11.2000 ʛ. 28,6 ʨʘʜ > 2 ʨʘʜ/ʯʘʩ 

ʈʇ ʠ ɻʂʃ ~50 ʨʘʜ/ʛʦʜ. ~6,5 ʤʨʘʜ/ʯʘʩ 

 

 
ʈʠʩ.8. ʇʦʪʦʢʠ ʧʨʦʪʦʥʦʚ ʠ ʜʦʟʳ ʨʘʜʠʘʮʠʠ ʦʪ ʜʚʫʭ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʧʦ ʜʘʥʥʳʤ ʛʝʦ-

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʧʫʪʥʠʢʘ çʕʢʩʧʨʝʩʩ-ɸ3è ʠ ʀʉɿ çʄʦʣʥʠʷ-3ʂè ʩ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠ-

ʪʦʡ. 
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ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ 
ɿʝʤʣʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʕ.ʅ.ʉʦʩʥʦʚʮʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʚ 22-ʤ ʠ 23-ʤ 
ʮʠʢʣʘʭ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʩʝʨʠʡ çɻʦʨʠʟʦʥʪè, çʕʢʩ-
ʧʨʝʩʩè, çʄʦʣʥʠʷè ʠ ɻʃʆʅɸʉʉ ʘʧʧʘʨʘʪʫʨʦʡ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠ ʩʦʟʜʘʥʥʦʡ ʚ 
ʆʊʇʂʌ ʅʀʀʗʌ ʄɻʋ.  
ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 
ʩ ʨʦʩʪʦʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʭʫʜʰʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙ-

ʩʪʘʥʦʚʢʠ ʧʦ ʜʘʥʥʳʤ ʩ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʫʪʥʠʢʦʚ, ʯʪʦ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʙʱʝʧʨʠ-

ʥʷʪʦʡ ʪʦʯʢʦʡ ʟʨʝʥʠʷ; 
ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ 

ʦʙʯrʥʦ ʜʦʩʪʠʛʘʶʪʩʷ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ ʯʝʨʝʟ 3-4 ʛʦʜʘ ʧʦʩʣʝ ʤʘʢʩʠʤʫʤʘ 
ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ; 
ʦʙʥʘʨʫʞʝʥʳ ʩʝʟʦʥʥʳʝ ʚʘʨʠʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʦʚ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢ-

ʪʨʦʥʦʚ ʚʦ ʚʥʝʰʥʝʤ ʨʘʜʠʘʮʠʦʥʥʦʤ ʧʦʷʩʝ ɿʝʤʣʠ (L~4) ʚ ʤʠʥʠʤʫʤʝ ʩʦʣʥʝʯʥʦʡ ʘʢ-

ʪʠʚʥʦʩʪʠ; 
ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʳʭ ʚʦʣʥ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ. ʇʘʨʘʤʝʪʨʳ ʜʠʬʬʫʟʠʦʥʥʳʭ ʚʦʣʥ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫ-
ʶʪ ʪʝʦʨʠʠ ʜʠʬʬʫʟʠʠ ʯʘʩʪʠʮ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʟʘʧʥʳʭ ʠʤʧʫʣʴʩʦʚ; 

ʚ ʦʙʣʘʩʪʠ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʳ ʜʦʟʳ ʨʘʜʠʘʮʠʠ ʦʪ ʦʪʜʝʣʴʥʳʭ ʩʦʣʥʝʯʥʳʭ 
ʚʩʧʳʰʝʢ ʤʦʛʫʪ ʙʳʪʴ ʩʦʠʟʤʝʨʠʤʳ ʩʦ ʩʨʝʜʥʝʛʦʜʦʚʳʤʠ ʜʦʟʘʤʠ ʦʪ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦ-
ʥʦʚ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʦʚ ɿʝʤʣʠ; 
ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʪʘʥʜʘʨʪʳ ʠ ʤʦʜʝʣʠ ʨʘʜʠʘʮʠʠ ʥʝ ʦʪʨʘʞʘʶʪ ʜʠʥʘʤʠʢʫ ʢʦʩʤʠ-

ʯʝʩʢʠʭ ʠʟʣʫʯʝʥʠʡ ʠ ʪʨʝʙʫʶʪ ʩʚʦʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 
ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

 
ʆʩʥʦʚʥʳʝ ʠʜʝʠ ʩʪʘʪʴʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʙʝʟʚʨʝʤʝʥʥʦ ʫʰʝʜʰʠʤ ʦʪ ʥʘʩ ʕʣʴ-

ʤʘʨʦʤ ʅʠʢʦʣʘʝʚʠʯʝʤ ʉʦʩʥʦʚʮʦʤ. 
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ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ ʌʆʈʄʀʈʆɺɸʅʀʗ ʗɺʃɽʅʀʗ ʕʃʔ-

ʅʀʅʔʆ / ʃɸ-ʅʀʅʔʗ 

 

ɸ.ʃ. ɹʦʥʜʘʨʝʥʢʦ (1), ɺ.ɺ. ɾʤʫʨ (2) 

(1)ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ,  

(2)ʀʥʩʪʠʪʫʪ ʦʢʝʘʥʦʣʦʛʠʠ ʠʤ. ʇ.ʇ. ʐʠʨʰʦʚʘ  ʈʦʩʩʠʡʩʢʦʡ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ. 

ɺʚʝʜʝʥʠʝ  

ʕʣʴ-ʅʠʥʴʦ (ʕ-ʅ) - ʵʪʦ ʛʣʦʙʘʣʴʥʦʝ ʷʚʣʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʧʣʝ-
ʥʠʝ ʥʘ 4 - 50ʉ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 260ʉ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚʦʜʳ 

ʚʦʩʪʦʯʥʦʡ ʧʦʣʦʚʠʥʳ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʠ ʚʦʜ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʖʞ-
ʥʦʡ ɸʤʝʨʠʢʝ ʚ ʨʘʡʦʥʝ ʛʦʩʫʜʘʨʩʪʚ ʕʢʚʘʜʦʨ, ʇʝʨʫ ʠ ʯʘʩʪʠʯʥʦ ʏʠʣʠ (ʨʠʩ.1). ʃʘ-
ʅʠʥʴʷ (ʃ-ʅ)- ʷʚʣʝʥʠʝ ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʭʦʣʦʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 
ʚʦʜʳ ʵʪʦʛʦ ʨʘʡʦʥʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʪʘʢʫʶ ʞʝ ʚʝʣʠʯʠʥʫ. ʌʘʢʪʠʯʝʩʢʠ ʩʫʱʝʩʪʚʫʝʪ 
ʝʜʠʥʦʝ ʷʚʣʝʥʠʝ - ʕʣʴ-ʅʠʥʴʦ/ʃʘ-ʅʠʥʴʷ (ʕ-ʅ/ʃ-ʅ), ʘ ʦʪʜʝʣʴʥʦ ʕ-ʅ ʠ ʃ-ʅ - ʢʨʘʡʥʠʝ 
ʩʪʘʜʠʠ ʝʛʦ ʨʘʟʚʠʪʠʷ. 
ʇʦ ʤʥʝʥʠʶ [7] ʧʨʠ  ʕ-ʅ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʜʣʠʪʴʩʷ ʙʦʣʝʝ ʦʜʥʦʛʦ ʛʦʜʘ, ʚ ʵʢʚʘʪʦ-

ʨʠʘʣʴʥʦʡ ʟʦʥʝ ʊʠʭʦʛʦ ʦʢʝʘʥʘ  ʥʘʩʪʫʧʘʝʪ ʧʦʜʣʠʥʥʦʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʙʝʜʩʪʚʠʝ: ʛʠʙ-

ʥʝʪ ʨʳʙʘ ʠ ʯʘʩʪʦ ʚ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʨʘʢʦʦʙʨʘʟʥʳʝ, ʤʦʨʩʢʠʝ ʞʠʚʦʪʥʳʝ, 
ʧʪʠʮʳ,  ʦʪ ʯʝʛʦ ʩʪʨʘʜʘʝʪ ʥʘʩʝʣʝʥʠʝ ʧʨʠʙʨʝʞʥʳʭ  ʩʪʨʘʥ ʖʞʥʦʡ ɸʤʝʨʠʢʠ (ʦʩʦʙʝʥʥʦ 
ʕʢʚʘʜʦʨʘ ʠ ʇʝʨʫ), ʘʢʪʠʚʥʦ ʟʘʥʷʪʦʝ ʨʳʙʦʣʦʚʩʪʚʦʤ. ɹʦʣʴʰʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ 
ʥʘʥʦʩʷʪ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʩʪʠʭʠʡʥʳʝ ʙʝʜʩʪʚʠʷ: ʥʘʚʦʜʥʝʥʠʷ, ʰʪʦʨʤʳ, ʛʨʦʟʳ ʠ ʪ.ʜ. ɺ 
ʵʪʠ ʞʝ ʧʝʨʠʦʜʳ ɸʚʩʪʨʘʣʠʷ, ɸʬʨʠʢʘ, ʀʥʜʦʥʝʟʠʷ ʠ ʩʪʨʘʥʳ ʙʘʩʩʝʡʥʘ ʀʥʜʠʡʩʢʦʛʦ 
ʦʢʝʘʥʘ ʩʪʨʘʜʘʶʪ ʦʪ ʟʘʩʫʭʠ. ɼʝʬʠʮʠʪ ʦʩʘʜʢʦʚ ʚ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʚʦʩʪʦʯʥʦʛʦ ʧʦʣʫʰʘ-
ʨʠʷ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʩʥʠʞʝʥʠʶ ʤʠʨʦʚʦʛʦ ʫʨʦʞʘʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʧʦ-
ʩʢʦʣʴʢʫ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʥʘʭʦʜʠʪʩʷ ʠʤʝʥʥʦ ʚ ʵʪʦʤ ʧʦʣʫʰʘʨʠʠ. 
ʇʦ ʥʝʧʦʣʥʳʤ ʜʘʥʥʳʤ, ʫʱʝʨʙ ʦʪ ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʩʠʣʴʥʳʭ ʕ-ʅ 1982 ï 1983 ʛʛ ʦʮʝ-

ʥʝʥ ʙʦʣʝʝ ʯʝʤ ʚ 13 ʤʣʨʜ ʜʦʣʣ. ɺ ʧʝʨʠʦʜʳ ʃ-ʅ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʩʪʘʥʦʚʷʪʩʷ 
ʚʥʦʚʴ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʢʝʘʥʘ ʠ ʤʘʪʝʨʠʢʦʚ ʧʦʩʪʨʘʜʘʚʰʠʭ ʦʪ ʕ-
ʅ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʊʠ-
ʭʦʛʦ ʦʢʝʘʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʙʦʛʘʪʳʭ ʨʳʙʦʡ ʯʘʩʪʝʡ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. 
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ʈʠʩ.1. ʉʭʝʤʘ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ  ʊʠʭʦʛʦ ʦʢʝʘʥʘ. ʇʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʚʳʜʝʣʝʥʘ 

ʦʙʣʘʩʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʦʢʝʘʥʘ, ʚʳʟʚʘʥʥʳʭ 

ʨʘʟʚʠʪʠʝʤ ʕʣʴ-ʅʠʥʴʦ/ʃʘ-ʅʠʥʴʷ, 1, 2, 3 ï ʧʫʥʢʪʳ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʯʝ-

ʥʠʡ. 
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ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 
ʠ ʫʯʸʥʳʤʠ ʥʘʰʝʡ ʩʪʨʘʥʳ, ʫʢʘʟʳʚʘʶʱʠʤʠ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʠʷʥʠʷ ʕ-ʅ/ʃ-ʅ ʥʘ 
ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʢʝʘʥʦʚ, ʤʦʨʝʡ ʠ ʤʘʪʝʨʠʢʦʚ ʥʝ ʪʦʣʴʢʦ ʵʢʚʘʪʦʨʠ-

ʘʣʴʥʦʡ ʟʦʥʳ, ʥʦ ʠ ʚʩʝʛʦ ʟʝʤʥʦʛʦ ʰʘʨʘ [4, 5, 6, 8].  ʊʘʢ ʘʚʪʦʨʳ [8] ʦʪʤʝʯʘʶʪ, ʯʪʦ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʠ ʥʘʠʙʦʣʝʝ ʚʘʞ-
ʥʳʡ ʩʠʛʥʘʣ ʚ ʤʝʞʛʦʜʦʚʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʚʷʟʘʥ ʩ ʷʚʣʝʥʠʝʤ ʕ-ʅ/ʃ-
ʅ.      

 ʀʟʣʦʞʝʥʥʦʝ ʷʚʠʣʦʩʴ ʦʩʥʦʚʘʥʠʝʤ ʦʩʦʙʦʛʦ ʠʥʪʝʨʝʩʘ ʥʘʫʢʠ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ, ʥʘ 
ʯʪʦ ʫʢʘʟʳʚʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʚ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʞʫʨ-
ʥʘʣʘʭ. ʊʘʢ ʚ ʨʘʙʦʪʝ [4] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʦʣʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳ, ʯʪʦ 
ʜʘʞʝ ʧʨʦʩʪʦʝ ʧʝʨʝʯʠʩʣʝʥʠʝ ʠʭ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʆʜʥʘʢʦ ʘʙʩʦʣʶʪʥʦʝ ʙʦʣʴ-

ʰʠʥʩʪʚʦ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥʦ ʚʦʧʨʦʩʘʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʪʘʜʠʠ ʨʘʟʚʠ-
ʪʠʷ ʕ-ʅ/ʃ-ʅ ʠ ʚʣʠʷʥʠʷ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʥʘ ʩʦʩʪʦʷʥʠʝ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ 
ʵʢʦʣʦʛʠʯʝʩʢʠʭ  ʫʩʣʦʚʠʡ ʦʢʝʘʥʦʚ ʠ ʩʫʰʠ ʟʝʤʥʦʛʦ ʰʘʨʘ ʠ ʦʯʝʥʴ ʤʘʣʦ ʚʳʧʦʣʥʝʥʦ ʠʩ-
ʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʝʛʦ ʧʨʠʨʦʜʳ, ʦʩʦʙʝʥʥʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ. 
ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʭ, ʦʙʲʷʩʥʝʥʠʡ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʷ ʷʚʣʝʥʠʷ ʕ-ʅ/ʃ-ʅ, ʜʦʚʦʣʴʥʦ ʧʦʣʥʳʝ ʩʚʝʜʝʥʠʷ, ʦ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘ-
ʙʦʪʘʭ [5, 6, 7].  ʕʪʠ ʦʙʲʷʩʥʝʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʢʣʘʩʩʘ. ɺ 
ʦʙʲʷʩʥʝʥʠʷʭ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ ʕ-ʅ/ʃ-ʅ ʬʦʨʤʠʨʫʝʪʩʷ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤʠ ʢʨʫʧʥʦʤʘʩ-

ʰʪʘʙʥʳʤʠ ʪʝʯʝʥʠʷʤʠ ʠ ʧʨʦʪʠʚʦʪʝʯʝʥʠʷʤʠ, ʘ ʚʪʦʨʦʛʦ ï ʚʦʣʥʘʤʠ ʂʝʣʴʚʠʥʘ ʠ ʈʦʩ-
ʩʙʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚʝʪʨʦʚʦʡ ʘʢ-
ʪʠʚʥʦʩʪʠ ʥʘʜ ʦʢʝʘʥʦʤ. 

 ɺʩʝ ʵʪʠ ʦʙʲʷʩʥʝʥʠʷ ʦʩʥʦʚʘʥʳ  ʙʦʣʴʰʝ ʥʘ ʨʘʩʯʝʪʥʦ-ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚ-
ʣʝʥʠʷʭ  ʠ ʤʝʥʴʰʝ ʥʘ ʥʘʪʫʨʥʦʡ, ʨʝʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʮʝʩʩʘʭ ʢʘʢ-ʪʦ ʩʚʷʟʘʥ-
ʥʳʭ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʕ-ʅ/ʃ-ʅ, ʦʩʦʙʝʥʥʦ  ʦ ʜʠʥʘʤʠʢʠ ʚʦʜ ʦʢʝʘʥʘ.  ɸʥʘʣʠʟ ʨʝʘʣʴ-
ʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʠʚʦʨʝʯʠʷʤ ʩ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤʠ ʦʙʲʷʩʥʝʥʠʷʤʠ. 
ʊʘʢʠʭ ʧʨʦʪʠʚʦʨʝʯʠʡ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ, ʥʦ ʟʜʝʩʴ ʫʢʘʞʝʤ  ʪʦʣʴʢʦ ʥʘ ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʥʠʭ. ʊʘʢ, ʚ ʦʙʲʷʩʥʝʥʠʷʭ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ ʕ-ʅ ʥʘʩʪʫʧʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʫʧʣʝʥʠʡ 
ʪʝʧʣʳʭ ʚʦʜ ʠʟ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʦʢʝʘʥʘ ʚ ʟʘʧʘʜʥʫʶ, ʚʳʟʚʘʥʥʳʭ ʦʙʨʘʟʦʚʘʚʰʠʤʩʷ 
ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʨʦʪʠʚʦʪʝʯʝʥʠʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʢʨʘʱʝʥʠʷ ʜʝʡʩʪʚʠʷ ʚʝʪʨʘ - ʧʘʩ-
ʩʘʪʦʚ. ɺ ʨʘʙʦʪʘʭ [10, 11] ʧʨʠʚʦʜʷʪʩʷ ʫʥʠʢʘʣʴʥʳʝ ʧʦ ʥʘʜʸʞʥʦʩʪʠ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦ-
ʩʪʠ (15 ʣʝʪ) ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʜʘʥʥʳʝ ʦʙ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʪʝʯʝʥʠʷʭ ʠ ʚʦʣʥʘʭ 
ʈʦʩʩʙʠ, ʠʟ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʪʠʚʦʪʝʯʝʥʠʡ ʩʧʦʩʦʙʥʳʭ ʜʦʩʪʘ-
ʚʠʪʴ ʚʦʜʫ ʠʟ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʦʢʝʘʥʘ ʚ ʚʦʩʪʦʯʥʫʶ ʧʨʦʩʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɺʨʝʤʷ ʜʝʡ-
ʩʪʚʠʷ ʪʝʯʝʥʠʡ ʚ ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʦʣʦʚʠʥʳ ʛʦʜʘ ʧʨʠ ʩʨʝʜʥʝʡ 
ʠʭ ʩʢʦʨʦʩʪʠ ʥʝ ʙʦʣʝʝ 0,3 ʤ/ʩ. ɸ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʜʦʩʪʘʚʠʪʴ ʚʦʜʫ ʠʟ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʦʢʝʘʥʘ ʚ ʚʦʩʪʦʯʥʫʶ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʪʨʠ ʨʘʟʘ ʙʦʣʴʰʝ, 1 ʤ/ʩ. 
ɺ ʦʙʲʷʩʥʝʥʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʕ-ʅ/ʃ-ʅ ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙʨʘʟʦʚʘ-

ʥʠʝ ʕ-ʅ ʩʚʷʟʘʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʚʳʟʚʘʥʥʳʭ ʧʘʩʩʘʪʘʤʠ ʚʦʣʥ ʈʦʩʩʙʠ ʚʥʝ ʵʢʚʘʪʦʨʘ, ʩʝ-
ʚʝʨʥʝʝ ʠ ʶʞʥʝʝ ʦʪ ʥʝʛʦ. ɺʦʣʥʳ  ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʟʘʧʘʜ ʠ, ʜʦʩʪʠʛʥʫʚ ʟʘʧʘʜʥʳʭ 
ʛʨʘʥʠʮ ʦʢʝʘʥʘ, ʦʪʨʘʞʘʶʪʩʷ ʦʪ ʥʠʭ ʫʞʝ ʚ ʚʠʜʝ ʚʦʣʥ ʂʝʣʴʚʠʥʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ 
ʥʘ ʚʦʩʪʦʢ ʚʜʦʣʴ ʵʢʚʘʪʦʨʘ. ɼʦʩʪʠʛʥʫʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʦʢʝʘʥʘ, ʦʥʠ ʩʦʟʜʘʶʪ ʕ-ʅ. ʀʟ 
ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʚʝʜʝʥʥʦʡ ʚ [10, 11] ʠ ʚʳʩʢʘʟʳʚʘʥʠʡ ʘʚʪʦʨʘ [11] ʩʣʝʜʫʝʪ ʯʪʦ, ʚ ʵʢ-
ʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʝ ʦʢʝʘʥʘ ʚʦʣʥ ʂʝʣʴʚʠʥʘ ʥʝʪ, ʥʝʪ ʪʘʢʞʝ ʠ ʚʦʣʥ ʈʦʩʩʙʠ.  ɸ ʝʩʪʴ 

ñʩʤʝʰʘʥʥʳʝò ʚʦʣʥʳ, ʦʙʣʘʜʘʶʱʠʝ ʧʨʠʟʥʘʢʘʤʠ ʚʦʣʥ ʈʦʩʩʙʠ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ.  
ʕʪʠ ñʩʤʝʰʘʥʥʳʝò  ʠ ʚʦʣʥʳ ʈʦʩʩʙʠ ʠʤʝʶʪ ʢʘʢ ʩʭʦʞʠʝ ʩʚʦʡʩʪʚʘ, ʪʘʢ ʠ ʨʘʟʣʠʯʠʷ. 
ʊʘʢ, ʪʝ ʠ ʜʨʫʛʠʝ ʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʦ ʦʩʥʦʚʥʘʷ 
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ʜʦʣʷ ʵʥʝʨʛʠʠ ʚʦʣʥ ʈʦʩʩʙʠ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʩʝʚʝʨʥʝʝ ʠ ʶʞʥʝʝ ʦʪ ʵʢʚʘʪʦʨʘ, ʘ ʫ ñʩʤʝ-
ʰʘʥʥʳʭò ʚʦʣʥ ʥʘ ʵʢʚʘʪʦʨʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʠ ñʩʤʝʰʘʥʥʳʝò ʚʦʣʥʳ ʚʩʸ ʞʝ ʙʫʜʝʤ 
ʥʘʟʳʚʘʪʴ ʚʦʣʥʘʤʠ ʈʦʩʩʙʠ, ʧʦʩʢʦʣʴʢʫ ʪʘʢ ʧʨʠʥʷʪʦ. 

ʀʟ ʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʪʠ ʦʙʲʷʩʥʝʥʠʷ ʷʚʣʝʥʠʷ ʕ-ʅ/ʃ-ʅ 
ʪʨʫʜʥʦ ʩʯʠʪʘʪʴ ʧʨʘʚʠʣʴʥʳʤʠ. ʀ ʵʪʦ ʝʩʪʝʩʪʚʝʥʥʦ, ʢʦʛʜʘ ʦʥʠ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ, ʫʯʸ-
ʥʳʝ ʥʝ ʨʘʩʧʦʣʘʛʘʣʠ ʜʦʩʪʘʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʨʝʘʣʴʥʦʡ ʜʠʥʘʤʠʢʝ ʚʦʜ ʵʢʚʘʪʦʨʠ-
ʘʣʴʥʦʡ ʟʦʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʦ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʝʯʝʥʠʷʭ ʠ ʚʦʣʥʘʭ ʈʦʩʩʙʠ, ʘ ʨʫʢʦ-
ʚʦʜʩʪʚʦʚʘʣʠʩʴ ʣʠʰʴ ʥʝʢʠʤʠ ʛʠʧʦʪʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʥʠʭ, ʢʘʢ ʚʳʷʩ-
ʥʠʣʦʩʴ ʥʝ ʩʦʚʩʝʤ ʚʝʨʥʳʤʠ.  
ʊʘʢʘʷ ʨʝʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦʷʚʠʣʘʩʴ ʪʦʣʴʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ 

[10, 11], ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ   ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʯʝʥʠʡ ʵʢʚʘʪʦʨʠ-

ʘʣʴʥʦʡ ʟʦʥʳ ʦʢʝʘʥʘ, ʢʦʪʦʨʦʡ, ʢʩʪʘʪʠ, ʤʳ ʠ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʠ 
ʦʙʦʩʥʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʚʣʝʥʠʷ  ʕ-ʅ/ʃ-ʅ.  
ʅʠʞʝ ʤʳ ʧʨʠʚʝʜʸʤ ʩʚʦʸ ʦʪʣʠʯʥʦʝ ʦʪ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʭ ʦʙʲʷʩʥʝʥʠʝ ʧʨʠʨʦʜʳ 

ʚ̫ʣʝʥʠʷ ʕ-ʅ/ʃ-ʅ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʘʥʘʣʠʟʝ ʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʥʘʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 
ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʝʯʝʥʠʷʭ ʠ ʚʦʣʥʘʭ ʈʦʩʩʙʠ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʬʦʨʤʠʨʦ-
ʚʘʥʠʠ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʚ ʨʝʞʠʤʝ ʚʳʥʫʞʜʝʥʥʦʡ, ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʠʭ ʩʚʷʟʠ.  
ʕʪʦ ʦʪʢʨʳʪʠʝ ʥʝ ʙʳʣʦ ʜʣʷ ʥʘʩ ʩʣʫʯʘʡʥʳʤ. ʆʥʦ ʙʳʣʦ ʧʦʜʩʢʘʟʘʥʦ ʥʘʰʠʤʠ 

ʧʨʝʞʥʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʷʚʣʝʥʠʷ ʩʭʦʞʝʛʦ ʩ ʕ-ʅ/ʃ-ʅ, ʧʨʠʙʨʝʞʥʦʛʦ ʘʧʚʝʣʣʠʥʛʘ ï 

ʜʘʫʥʚʝʣʣʠʥʛʘ, ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʘʥ ʧʦʜʲʸʤ ʛʣʫʙʠʥʥʳʭ ʚʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʝʘʥʘ, 
ʤʦʨʷ ʠ ʦʧʫʩʢʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʥʘ ʛʣʫʙʠʥʫ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-
ʥʦ, ʯʪʦ ʵʪʠ ʷʚʣʝʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝ ʚʝʪʨʦʤ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘ-
ʣʦʩʴ, ʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ ʪʝʯʝʥʠʷʤʠ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʰʝʣʴʬʦʚʳʤʠ ʚʦʣʥʘ-
ʤʠ ʚ ʨʝʞʠʤʝ ʚʳʥʫʞʜʝʥʥʦʡ, ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʠʭ ʩʚʷʟʠ [1]. ʉʦʛʣʘʩʥʦ [3] ʢʦʥʪʠʥʝʥ-
ʪʘʣʴʥʳʝ ʰʝʣʴʬʦʚʳʝ ʚʦʣʥʳ ʠ ʈʦʩʩʙʠ ʙʣʠʟʢʠʝ ʷʚʣʝʥʠʷ, ʠʤʝʶʱʠʝ ʩʭʦʞʫʶ ʜʠʥʘʤʠʢʫ 
ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ. ʌʘʢʪʠʯʝʩʢʠ ʵʪʦ ʦʜʥʠ ʠ ʪʝ ʞʝ ʷʚʣʝʥʠʷ, ʥʦ ʨʘʟʚʠʚʘ-
ʶʱʠʝʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ: ʦʜʥʠ ʫ ʙʝʨʝʛʦʚ ʦʢʝʘʥʦʚ ʠ ʚ ʤʦʨʷʭ, ʜʨʫʛʠʝ ʚ ʦʪʢʨr-

ʪʳʭ ʯʘʩʪʷʭ ʦʢʝʘʥʦʚ. ʅʘʤ ʚʠʜʝʣʦʩʴ, ʯʪʦ ʠ ʷʚʣʝʥʠʝ ʕ-ʅ/ʃ-ʅ ʠʤʝʝʪ ʩʭʦʞʫʶ ʧʨʠʨʦʜʫ 
ʩ ʷʚʣʝʥʠʝʤ ʘʧʚʝʣʣʠʥʛ ï ʜʘʫʥʚʝʣʣʠʥʛ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ  ʘʢʪʠʚʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦ-
ʚʘʥʠʠ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʠʛʨʘʶʪ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʪʝʯʝʥʠʷ ʠ ʚʦʣʥʳ, ʘ ʧʘʩʩʠʚʥʫʶ ï 
ʚʦʩʪʦʯʥʳʡ ʙʝʨʝʛ ʤʦʨʷ ʠʣʠ ʦʢʝʘʥʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʘʧʚʝʣʣʠʥʛʘ ï ʜʘʫʥʚʝʣʣʠʥʛʘ ʠ ʵʢ-
ʚʘʪʦʨ ï ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʕ-ʅ/ʃ-ʅ.  

 ʆʜʥʘʢʦ ʢʦʥʢʨʝʪʥʦ ʦʙʲʷʩʥʠʪʴ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʚʣʝʥʠʷ ʕ-ʅ/ʃ-ʅ ʤʳ 
ʩʤʦʛʣʠ ʪʦʣʴʢʦ ʧʦʩʣʝ ʟʥʘʢʦʤʩʪʚʘ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʧʘʨʘʤʝʪʨʘʭ ʠ ʩʚʦʡʩʪʚʘʭ ʨʝʘʣʴ-
ʥʳʭ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʝʯʝʥʠʡ ʠ ʚʦʣʥ ʈʦʩʩʙʠ, ʢʦʪʦʨʫʶ ʫʜʘʣʦʩʴ 
ʦʙʥʘʨʫʞʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ. 

ʏʪʦʙʳ ʦʙʲʷʩʥʠʪʴ ʯʠʪʘʪʝʣʶ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʚʣʝʥʠʝ ʕ-ʅ/ʃ-ʅ ʥʝʦʙ-
ʭʦʜʠʤʦ ʜʘʪʴ ʥʝʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʘʨʘʤʝʪʨʘʭ ʠ ʩʚʦʡʩʪʚʘʭ ʚʦʣʥ ʈʦʩʩʙʠ ʠ 
ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʝʯʝʥʠʷʭ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʳ ʊʠʭʦʛʦ ʦʢʝʘʥʘ. ʉʬʦʨʤʫʣʠʨʫʝʤ 
ʠʭ ʥʠʞʝ. 
ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʪʝʯʝʥʠʷ ʠ ʚʦʣʥʳ ʈʦʩʩʙʠ ʪʨʦʧʠʯʝʩʢʦʡ ʟʦʥʳ ʊʠʭʦʛʦ ʦʢʝʘ-

ʥʘ. 
ɺ ʧʝʨʠʦʜ ʩ 1979 ʧʦ 1995ʛʛ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʪʝʯʝʥʠʡ ʥʘ ʵʢʚʘʪʦʨʝ 

ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʚ ʧʫʥʢʪʘʭ 3  (1400W), 2 (1240W), 1 (1100W) (ʨʠʩ. 1), ʘ ʪʘʢʞʝ ʩʝʚʝʨ-

ʥʝʝ ʠ ʶʞʥʝʝ ʥʘ 1,50 ʧʫʥʢʪʘ 3 [10, 11], ʧʦ ʢʦʪʦʨʳʤ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ 
ʚʳʩʦʢʦ ʜʦʩʪʦʚʝʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʦʣʥʘʭ ʈʦʩʩʙʠ ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʝʯʝʥʠʷʭ. 
ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦʟʚʦʣʠʣʘ ʠʥʘʯʝ ʧʨʝʜʩʪʘʚʠʪʴ ʵʪʠ ʷʚʣʝʥʠʷ. 



 

 

41 

 

 ɺ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʝ ʦʢʝʘʥʘ, ʚʳʜʝʣʷʶʪʩʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʝ ʧʦʚʝʨʭʥʦʩʪ-
ʥʦʝ ʠ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʝ ʪʝʯʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʳʝ ʚʜʦʣʴ ʵʢʚʘʪʦʨʘ. ʅʘʧʨʘʚʣʝʥʠʝ ʧʦ-
ʚʝʨʭʥʦʩʪʥʦʛʦ ʪʝʯʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩ ʛʦʜʠʯʥʳʤ ʧʝʨʠʦ-

ʜʦʤ ʥʘ ʚʦʩʪʦʢ - ʟʘʧʘʜ - ʚʦʩʪʦʢ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʜʦ ~80 ʩʤ/c. ʅʦ ʩʨʝʜ-
ʥʠʝ ʟʘ ʛʦʜ ʪʝʯʝʥʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʜʳ ʜʦ ʛʦʨʠʟʦʥʪʘ 20-30ʤ  ʩʦ ʩʢʦʨʦʩʪʷʤʠ 
ʧʦʨʷʜʢʘ 20 ʩʤ/c ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʟʘʧʘʜ. ʉʣʝʜʫʝʪ ʦʛʦʚʦʨʠʪʴʩʷ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘ-
ʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʝʯʝʥʠʷ ʥʝ ʥʘ ʟʘʧʘʜ, ʘ ʥʘ ʚʦʩʪʦʢ 
ʠ ʥʘʟʳʚʘʝʪʩʷ ʦʥʦ ʄʝʞʧʘʩʩʘʪʥʳʤ ʧʨʦʪʠʚʦʪʝʯʝʥʠʝʤ. ʅʠʞʝ ʜʦ ʛʦʨʠʟʦʥʪʘ 250-300 ʤ 
ʩʣʦʡ ʚʦʜʳ ʩʦ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʜʦ 90ʩʤ/c ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʚʦ-
ʩʪʦʢ. ʕʪʦ ʟʥʘʤʝʥʠʪʦʝ ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʝ ʧʨʦʪʠʚʦʪʝʯʝʥʠʝ ʂʨʦʤʚʝʣ-
ʣʘ. ʉʢʦʨʦʩʪʠ ʧʨʦʪʠʚʦʪʝʯʝʥʠʷ ʂʨʦʤʚʝʣʣʘ ʪʘʢʞʝ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ʩ ʛʦʜʠʯʥʳʤ ʧʝʨʠʦ-

ʜʦʤ ʠ ʘʤʧʣʠʪʫʜʦʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʦ 60 cʤ/c. ʊʘʢ, ʯʪʦ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʂʨʦʤʚʝʣ-
ʣʘ ʤʦʛʫʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʜʦ 1,5 ʤ/c ʠ ʫʤʝʥʴʰʘʪʴʩʷ ʜʦ 30 ʩʤ/c. ʅʘ ʵʢʚʘʪʦʨʝ ʨʘʩʭʦʜ 
ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʩʪʥʦʛʦ ʪʝʯʝʥʠʷ ʥʘ ʚʦʩʪʦʢ ʚ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʤ ʨʝʞʠʤʝ ʧʨʠʙʣʠ-
ʟʠʪʝʣʴʥʦ ʚ 50 - 100 ʨʘʟ ʙʦʣʴʰʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘ ʟʘʧʘʜ. ɹʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝ-
ʥʠʡ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʫʟʢʦʡ ʜʦ 20 ʢ ʩʝʚʝʨʫ ʠ ʶʛʫ ʧʨʠʵʢʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʝ ʦʢʝʘʥʘ. ɼʘ-
ʣʝʝ ʟʘ ʧʨʝʜʝʣʘʤʠ ʵʪʦʡ ʟʦʥʳ ʦʥʠ ʤʘʣʳ. 
ɺʦʣʥʳ ʈʦʩʩʙʠ ʦʪʢʨʳʪʦʛʦ ʦʢʝʘʥʘ ʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʳ ʦʙʨʘʟʫʶʪ ʥʝʧʨʝʨʳʚ-

ʥʦʝ, ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʝ ʧʦʣʝ ʩʚʦʙʦʜʥʳʭ ʚʦʣʥ, ʦʭʚʘʪʳʚʘʶʱʝʝ ʚʝʩʴ ʄʠʨʦʚʦʡ ʦʢʝʘʥ ʠ 

ʷʚʣʷʶʱʝʝʩʷ  ʵʥʝʨʛʦʸʤʢʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʦʣʥ, ʢʘʢ ʚʦ ʚʨʝʤʝ-
ʥʠ, ʪʘʢ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ 
ʤʦʜʫʣʷʮʠʠ (ʛʨʫʧʧʳ, ʮʫʛʠ, ʙʠʝʥʠʷ) ʤʘʣʳʭ - ʙʦʣʴʰʠʭ ï ʤʘʣʳʭ ʠ ʪ.ʜ. ʚʦʣʥ. ʉʚʦʡʩʪʚʦ 
ʚʦʣʥ ʧʨʠʦʙʨʝʪʘʪʴ ʤʦʜʫʣʷʮʠʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʧʨʠʩʫʱʝ ʤʥʦʛʠʤ ʪʠʧʘʤ ʚʦʣʥ ʠ ʠʛʨʘʝʪ 
ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʜʠʥʘʤʠʢʠ ʚʦʜ ʙʘʩʩʝʡʥʘ. ʆʜʥʘʢʦ ʤʝʭʘʥʠʟʤ ʝʛʦ ʥʝ ʠʟʫʯʝʥ. 
ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʩʪʨʦʝʥʠʝ ʚʦʣʥ ʚ ʤʦʜʫʣʷʮʠʠ ʩʚʷʟʘʥʦ ʩ  ʥʝʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠ-
ʝʤ ʤʝʞʜʫ ʩʦʙʦʡ ʚʦʣʥ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʝʨʠʦʜʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʫʢʘ ʥʝ ʤʦʞʝʪ 
ʜʦʢʘʟʘʪʝʣʴʥʦ ʦʙʲʷʩʥʠʪʴ, ʢʘʢ ʠ ʧʦʯʝʤʫ ʚʦʣʥʳ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʚ ʤʦʜʫʣʷʮʠʠ, ʧʦʯʝʤʫ 

ʠʥʦʛʜʘ ʦʥʠ ʯʸʪʢʠʝ, ʘ ʠʥʦʛʜʘ ʥʝ ʯʸʪʢʠʝ, ʧʦʯʝʤʫ ʵʪʠ ʤʦʜʫʣʷʮʠʠ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥ-
ʥʳʡ ʧʝʨʠʦʜ, ʧʦʯʝʤʫ ʦʥʠ ʠʥʦʛʜʘ ʨʘʟʨʫʰʘʶʪʩʷ.  
ʉ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʫʚʝʨʝʥʥʦʩʪʠ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ  

ʫʨʦʚʝʥʴ ʧʦʣʷ ʚʦʣʥ ʚʦ ʚʨʝʤʝʥʠ ʠʟʤʝʥʷʝʪʩʷ ʛʦʨʘʟʜʦ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʠʟʤʝʥʷʶʪʩʷ ʘʤ-
ʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʷ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚʦʣʥ ʚ ʤʦʜʫʣʷʮʠʷʭ ʠ ʩʤʝʥʘ ʥʘʧʨʘʚʣʝʥʠʡ ʩʚʷ-
ʟʘʥʥʳʭ ʩ ʚʦʣʥʘʤʠ  ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʝʯʝʥʠʡ. ʆ ʩʚʷʟʠ ʚʦʣʥ ʠ ʪʝʯʝʥʠʡ ʙʫʜʝʪ ʩʢʘ-
ʟʘʥʦ ʥʝʤʥʦʛʦ ʧʦʟʞʝ. 

 ɸʚʪʦʨʳ [2] ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʚʨʝʤʷ ʞʠʟʥʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʦʣʥ ʈʦʩʩʙʠ ʠ 
ʩʚ̫ʟʘʥʥʦʡ ʩ ʥʠʤʠ ʧʝʨʝʤʝʥʥʦʡ ʯʘʩʪʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʝʯʝʥʠʡ ʨʘʚʥʦ ʙʦʣʝʝ 102  

ʧʝʨʠʦʜʘ ʚʦʣʥ, ʯʪʦ ʨʘʚʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 10 ʛʦʜʘʤ.  ʕʪʦ ʩʦʚʩʝʤ ʥʝ ʙʦʣʴʰʘʷ ʚʝʣʠ-
ʯʠʥʘ ʠ, ʩʫʜʷ ʧʦ ʚʩʝʤʫ, ʟʘʥʠʞʝʥʥʘʷ. ʊʘʢ, ʚʨʝʤʷ ʞʠʟʥʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʝʪʨʦʚʳʭ 
ʚʦʣʥ ʠ ʟʳʙʠ ʦʙʦʩʥʦʚʘʥʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʘʚʥʦ 103 ï 104 ʠʭ ʧʝʨʠʦʜʘ.   ɺʤʝʩʪʝ 
ʩ ʪʝʤ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʚʦʣʥ ʈʦʩʩʙʠ 
ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʚʨʝʤʷ ʨʘʚʥʦʝ ʦʪ ʦʜʥʦʛʦ ʜʦ ʜʝʚʷʪʠ ʧʝʨʠʦʜʦʚ ʚʦʣʥ, ʘ ʢʨʫʧʥʦ-
ʤʘʩʰʪʘʙʥʳʭ ʪʝʯʝʥʠʡ ï ʟʘ ʧʦʣʦʚʠʥʫ ʛʦʜʘ. ʆʪʩʶʜʘ ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ 
ʩʚʷʟʴ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʦʣʥ ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʝʯʝʥʠʡ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʠʩ-
ʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʘʪʤʦʩʬʝʨʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

- ʚʝʪʝʨ ʠʣʠ (ʠ) ʬʣʫʢʪʫʘʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʜʦʣʞʥʘ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. ɹʦʣʝʝ 
ʧʦʜʨʦʙʥʦ ʦʙ ʵʪʠʭ ʩʚʦʡʩʪʚʘʭ ʚʦʣʥ ʈʦʩʩʙʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʳ ʦʢʝʘʥʘ ʤʦʞʥʦ ʧʨʦ-
ʯʝʩʪʴ ʚ [2].  



ʌʠʟʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠ ˉ 13 
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ʇʦ ʧʘʨʘʤʝʪʨʘʤ ʪʝʯʝʥʠʡ ʩ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʳ [9] ʦʩʥʦʚ-
ʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʦʣʥ ʈʦʩʩʙʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʳ: ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ - 
ʥʘ ʟʘʧʘʜ ʩ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 0,9 ʤ/c, ʧʝʨʠʦʜ ~ 20 ʩʫʪʦʢ, ʜʣʠʥʘ ʚʦʣʥʳ ~ 1600 ʢʤ, 

ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ - ʜʦ 80 
ʩʤ/c. ʋ ʵʪʠʭ ʚʦʣʥ  ʚ ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʨʘʡʦʥʘʭ ʦʢʝʘʥʦʚ ʤʝʨʠʜʠʦʥʘʣʴʥʘʷ ʩʦʩʪʘʚ-
ʣʷʶʱʘʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʟʦʥʘʣʴʥʦʡ. ʊʘʢʠʝ ʙʦʣʴʰʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ 
ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʚʦʣʥ ʈʦʩʩʙʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʫʟʢʦʡ ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʝ ʦʢʝ-
ʘʥʘ. ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʵʢʚʘʪʦʨʘ ʢ ʩʝʚʝʨʫ ʠ ʶʛʫ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʷ ʩʢʦʨʦʩʪʠ 
ʪʝʯʝʥʠʷ ʚʦʣʥ ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʠ ʫʞʝ ʚ ʧʘʩʩʘʪʥʦʡ ʟʦʥʝ ʦʥʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 30 
ʩʤ/c. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʦʣʥ, ʚʧʨʦʯʝʤ, ʢʘʢ ʠ 
ʪʝʯʝʥʠʡ, ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʫ ʵʢʚʘʪʦʨʘ. ʏʘʩʪʦ ʵʪʠ ʚʦʣʥʳ ʠ ʪʝʯʝʥʠʷ ʫ ʵʢʚʘʪʦʨʘ ʨʘʩʩʤʘʪ-

ʨʠʚʘʶʪ, ʢʘʢ ʟʘʭʚʘʯʝʥʥʳʝ ʵʢʚʘʪʦʨʦʤ, ʘ ʥʝʙʦʣʴʰʠʝ ʧʦ ʧʣʦʱʘʜʠ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʠ 
ʟʘʧʘʜʥʳʝ ʟʦʥʳ ʦʢʝʘʥʦʚ, ʢʘʢ ʦʩʦʙʳʝ ʦʙʣʘʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʥʝʨʛʠʠ ʚʦʣʥ ʠ ʪʝʯʝʥʠʡ 
ʦʢʝʘʥʦʚ. ɹʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʫ ʵʢʚʘʪʦʨʘ ʠ ʫ ʟʘʧʘʜʥʳʭ 
ʦʢʨʘʠʥ ʦʢʝʘʥʦʚ. ɺʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʦʢʝʘʥʦʚ ʦʥʠ ʨʝʜʢʦ ʧʨʝʚʳʰʘʶʪ 10 ï 
15 ʩʤ/c.  
ɺʦʣʥʳ ʫ ʵʢʚʘʪʦʨʘ ʟʘʤʝʪʥʦ ʤʦʜʫʣʠʨʫʶʪ, ʠ ʚ ʤʦʜʫʣʷʮʠʷʭ ʫʢʣʘʜʳʚʘʝʪʩʷ ~18 

ʚʦʣʥ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦ ʚʨʝʤʝʥʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʥʦʤʫ ʛʦʜʫ. ɺ ʵʢʚʘʪʦʨʠʘʣʴ-
ʥʦʡ ʟʦʥʝ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʫʢʣʘʜʳʚʘʝʪʩʷ 9 ʚʦʣʥ, ʧʦʣʦʚʠʥʘ ʤʦʜʫʣʷʮʠʠ. ʀʥʦʛʜʘ ʤʦʜʫ-

ʣʷʮʠʠ ʠʤʝʶʪ ʩʪʨʦʡʥʳʡ ʢʚʘʟʠʛʘʨʤʦʥʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʠʥʦʛʜʘ ʦʥʠ ʚʳʨʘʞʝʥʳ ʥʝ 
ʯʝʪʢʦ ʠ ʠʥʦʛʜʘ "ʨʘʟʨʫʰʘʶʪʩʷò ʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʚʦʣʥʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʯʘʩʪʳʤ 
ʯʝʨʝʜʦʚʘʥʠʝʤ ʙʦʣʴʰʠʭ ʠ ʤʘʣʳʭ ʚʦʣʥ ʠʣʠ ʚ ʮʝʣʦʤ ʚʦʣʥʳ ʩʪʘʥʦʚʷʪʩʷ ʤʘʣʳʤʠ. ɺʦʟ-
ʤʦʞʥʦ, ʚ ʤʝʭʘʥʠʟʤʝ ʩʦʟʜʘʥʠʷ ʤʦʜʫʣʷʮʠʡ ʫʯʘʩʪʚʫʶʪ ʢʦʣʝʙʘʥʠʷ ʩʠʩʪʝʤʳ ɿʝʤʣʷ ï 
ʦʢʝʘʥ - ʘʪʤʦʩʬʝʨʘ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʩʚʦʙʦʜʥʳʭ ʥʫʪʘʮʠʦʥʥʳʭ ʜʚʠʞʝʥʠʷʭ 
ʧʦʣʶʩʦʚ ʩ ʪʘʢʠʤ ʞʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʝʨʠʦʜʦʤ, ʢʘʢ ʠ ʧʝʨʠʦʜʦʤ, ʢʘʢ ʠ ʧʝʨʠʦʜ ʤʦ-
ʜʫʣʷʮʠʡ, ʦʢʦʣʦ ʛʦʜʘ, ʖʞʥʦʤ ʢʦʣʝʙʘʥʠʠ ʘʪʤʦʩʬʝʨʳ ʠ  ʷʚʣʝʥʠʠ ʕ-ʅ/ʃ-ʅ ʚ ʦʢʝʘʥʝ 
[9]. ɺʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, ʤʝʞʜʫ ʵʪʠʤʠ ʷʚʣʝʥʠʷʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʭʦʨʦʰʘʷ ʢʦʨʨʝʣʷʮʠ-

ʦʥʥʘʷ ʩʚʷʟʴ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʠʝ ʯʸʪʢʠʝ ʤʦʜʫʣʷʮʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʚʦʣʥʘʭ 
ʪʦʣʴʢʦ ʫ ʵʢʚʘʪʦʨʘ, ʚ ʦʩʪʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʦʢʝʘʥʘ ʦʥʠ ʚʳʨʘʞʝʥʳ ʥʝ ʯʸʪʢʦ ʠ ʧʝʨʠʦʜ 
ʠʭ ʨʘʟʣʠʯʥʳʡ.  

 ʇʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʚʦʣʥʘʤʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ (ʟʘ 0,5 ʛʦʜʘ) ʠʭ ʵʥʝʨʛʠʷ ʠ ʧʘʨʘʤʝʪʨʳ 
ʤʝʥʷʶʪʩʷ ʦʯʝʥʴ ʩʣʘʙʦ. ʊʘʢ, ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʦʣʥ ʤʝʜʫ ʧʫʥʢʪʘʤʠ 3 ʠ 1 (3500 ʢʤ), 
ʬʦʨʤʘ ʠ ʧʘʨʘʤʝʪʨʳ ʚʦʣʥ ʠ ʤʦʜʫʣʷʮʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʣʠʩʴ, ʯʪʦ ʠ ʧʦʟʚʦʣʠ-
ʣʦ ʩ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʦʣʥ: ʬʘʟʦʚʫʶ 
ʩʢʦʨʦʩʪʴ, ʜʣʠʥʫ, ʧʝʨʠʦʜ.  
ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ [2] ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʪʝʯʝʥʠʷ U 

ʚʢʣʶʯʘʶʪ ʧʦʩʪʦʷʥʥʫʶ ʯʘʩʪʴ Uô ʠ ʧʝʨʝʤʝʥʥʫʶ Uò ʠʟʤʝʥʷʶʱʫʶʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 
ʠ ʚ ʦʩʥʦʚʥʦʤ ʩ ʛʦʜʠʯʥʳʤ ʧʝʨʠʦʜʦʤ.  

                                  U = Uô  +  Uò. 
ʋ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ʩʢʦʨʦʩʪʠ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʠ ʪʝʯʝʥʠʡ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ, 

ʨʘʚʥʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 20 ʩʤ/ʩ, ʫ ʧʝʨʝʤʝʥʥʦʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʟʘʧʘʜ ʠ ʚʦʩʪʦʢ ʦʥʠ 
ʜʦʩʪʠʛʘʝʪ 80 ʩʤ/ʩ. ʉʦʛʣʘʩʥʦ ʪʝʤ ʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷʤ [2] ʚʦʣʥʳ ʈʦʩʩʙʠ ʠ ʧʝʨʝʤʝʥʥʘʷ 
ʯʘʩʪʴ ʪʝʯʝʥʠʡ ʬʠʟʠʯʝʩʢʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

                             Uò =  KV0,                                                   (1) 

ʛʜʝ Uò ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʥʥʦʡ  ʯʘʩʪʠ  ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʪʝʯʝʥʠʷ, V0 ï ʘʤ-
ʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʚʦʣʥ ʈʦʩʩʙʠ, ʂ - ʧʦʩʪʦʷʥʥʘʷ  ʚʝʣʠʯʠʥʘ, ʜʣʷ 
ʫʩʣʦʚʠʡ ʚ ʧʫʥʢʪʝ  3, ʂ~1,5, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 0,9.  
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ʅʘʣʠʯʠʝ ʩʚʷʟʠ (1) ʘʚʪʦʨʳ [2] ʦʙʲʷʩʥʷʶʪ ʩ ʧʦʟʠʮʠʠ ʛʠʧʦʪʝʟʳ ʄʘʥʢʘ - ʄʫʨʘ 
[10] ʦʙ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʤ ʧʝʨʝʥʦʩʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʩʩ ʚʦʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʣʠ-
ʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʪʘʢ ʦʙʲʷʩʥʠʣʠ ʙʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ 

ʂʨʦʤʚʝʣʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʝʨʝʤʝʥʥʘʷ ʯʘʩʪʴ ʪʝʯʝʥʠʡ  ʩʬʦʨ-
ʤʠʨʦʚʘʥʘ ʚʦʣʥʘʤʠ ʠʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩ ʥʠʤʠ ʥʝʯʪʦ ʝʜʠʥʦʝ ʮʝʣʦʝ. ʇʦʩʪʦʷʥʥʫʶ 
ʯʘʩʪʴ ʪʝʯʝʥʠʡ, ʚʦʟʤʦʞʥʦ, ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʚʝʪʨʦʚʳʤ ʠʣʠ (ʠ) ʪʝʨʤʦʭʘʣʠʥʥʳʤ ʪʝ-
ʯʝʥʠʷʤ.  
ʌʦʨʤʠʨʦʚʘʚʥʠʝ ʕʣʴ-ʅʠʥʴʦ/ʃʘ-ʅʠʥʴʷ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ, ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʕ-

ʅ/ʃ-ʅ ʫʯʘʩʪʚʫʶʪ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʪʝʯʝʥʠʷ ʠ 
ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʨʦʪʠʚʦʪʝʯʝʥʠʷ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʬʠʟʠʯʝʩʢʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 
ʚʦʣʥʳ ʈʦʩʩʙʠ.  

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʪʝʯʝʥʠʷ ʠ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʨʦʪʠʚʦʪʝʯʝʥʠʷ ʩʦʟʜʘʶʪ ʚʝʨʪʠ-
ʢʘʣʴʥʫʶ ʮʠʨʢʫʣʷʮʠʶ ʚʜʦʣʴ ʵʢʚʘʪʦʨʘ, ʢʦʪʦʨʘʷ ʧʝʨʝʤʝʱʘʝʪ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʪʝʧʣʳʝ 
ʚʦʜʳ ʥʘ ʟʘʧʘʜ ʦʢʝʘʥʘ, ʘ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʝ ʥʘ ʚʦʩʪʦʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʪʝʨʤʦʢʣʠʥ 
ʥʘ ʟʘʧʘʜʝ ʦʢʝʘʥʘ ʦʧʫʱʝʥ ʥʘ ʛʣʫʙʠʥʫ, ʘ ʥʘ ʚʦʩʪʦʢʝ ʦʥ ʧʨʠʧʦʜʥʷʪ ʙʣʠʟʢʦ ʢ ʧʦʚʝʨʭ-
ʥʦʩʪʠ ʦʢʝʘʥʘ. ʊʝʨʤʦʢʣʠʥ ʵʪʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʧʨʦʩʣʦʡʢʘ ʚʦʜʳ ʤʝʞʜʫ ʭʦ-
ʣʦʜʥʳʤʠ ʛʣʫʙʠʥʥʳʤʠ ʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʙʦʣʝʝ ʪʝʧʣʳʤʠ ʚʦʜʘʤʠ. ʋ ʚʦʩʪʦʯʥʳʭ 
ʦʢʨʘʠʥ ʦʢʝʘʥʘ ʮʠʨʢʫʣʷʮʠʷ ʩʦʟʜʘʸʪ ʧʦʜʲʸʤ ʭʦʣʦʜʥʳʭ ʚʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ - ʘʧʚʝʣ-
ʣʠʥʛ, ʘ ʫ ʟʘʧʘʜʥʳʭ ʦʧʫʩʢʘʥʠʝ ʪʝʧʣʳʭ - ʜʘʫʥʚʝʣʣʠʥʛ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʧʨʝʦʙʣʘʜʘʝʪ ʚ 

ʩʨʝʜʥʝʛʦʜʦʚʦʤ ʠ ʤʥʦʛʦʣʝʪʥʝʤ  ʠʟʤʝʥʝʥʠʠ. ʅʦ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʪʝʯʝʥʠʷ  (ʠ ʮʠʨ-
ʢʫʣʷʮʠʷ) ʦʙʳʯʥʦ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʦʜʠʥ ʛʦʜ ʠʟʤʝʥʷʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʦʩʪʦʢ - 
ʟʘʧʘʜ - ʚʦʩʪʦʢ ʠ ʪ.ʜ. ʠ ʚ ʪʘʢʪ ʩ ʵʪʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʥʘ ʢʘʢʦʝ-ʪʦ ʚʨʝʤʷ ʘʧʚʝʣʣʠʥʛ 
ʤʝʥʷʝʪʩʷ ʥʘ ʜʘʫʥʚʝʣʣʠʥʛ ʠ ʥʘʦʙʦʨʦʪ. ʊʝʨʤʦʢʣʠʥ ʙʫʜʝʪ ʧʦʜʥʠʤʘʪʴʩʷ ʠ ʦʧʫʩʢʘʪʴʩʷ ʩ 
ʪʘʢʦʡ ʞʝ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ. 

 ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ ʦʢʝʘʥʘ 
ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʯʝʥʠʡ ʠ ʧʦʣʦʞʝʥʠʷ ʪʝʨʤʦʢʣʠʥʘ. ʋʯʠʪʳʚʘʷ, 
ʯʪʦ ʩʘʤʦ ʧʦʣʦʞʝʥʠʝ ʪʝʨʤʦʢʣʠʥʘ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʯʝʥʠʷ, ʪʦ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, T ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʦʢʝʘʥʘ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 
ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʯʝʥʠʷ Uò (ʚʝʢʪʦʨʘ) ʪ. ʝ.                    

                                            T = ű (Uò).                                           (1)  
ɺʦʣʥʳ ʈʦʩʩʙʠ ʩʦʟʜʘʶʪ ʧʦʧʝʨʝʤʝʥʥʦ ʥʘʧʨʘʚʣʝʥʥʫʶ ʮʠʨʢʫʣʷʮʠʶ ʚ ʧʣʦʩʢʦʩʪʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʵʢʚʘʪʦʨʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʥʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ʛʣʫʙʠʥʥʳʝ ʭʦ-
ʣʦʜʥʳʝ ʠ ʪʝʧʣʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢ. 
ʋʩʪʘʥʦʚʣʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [11], ʯʪʦ ʯʘʩʪʠʮʳ ʚʦʜʳ ʚ ʚʦʣʥʘʭ (ʪʝʯʝʥʠʷ) ʩʦʚʝʨ-
ʘhʁ ʪ ʜʚʠʞʝʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦ ʚʳʪʷʥʫʪʳʤ ʵʣʣʠʧʩʦʚʠʜʥʳʤ ʦʨʙʠ-
ʪʘʤ: ʩʝʚʝʨʥʝʝ ʵʢʚʘʪʦʨʘ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, ʘ ʶʞʥʝʝ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝ-

ʥʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʢʪʦʨʳ ʪʝʯʝʥʠʡ ʩ ʦʛʨʦʤʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ (ʜʦ 80 ʩʤ/ʩ) ʚ ʚʦʣ-
ʥʘʭ ʚʥʝ ʵʢʚʘʪʦʨʘ ʢ ʩʝʚʝʨʫ ʠ ʶʛʫ ʙʫʜʫʪ ʥʘʧʨʘʚʣʝʥʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ, ʚ 
ʧʨʝʜʝʣʘʭ ʧʝʨʚʦʡ ʧʦʣʫʜʣʠʥʳ ʚʦʣʥʳ - ʦʪ ʵʢʚʘʪʦʨʘ ʠ ʚ ʧʨʝʜʝʣʘʭ ʚʪʦʨʦʡ ʧʦʣʫʜʣʠʥʳ - 
ʢ ʢɻʚʘʪʦʨʫ. ʕʪʦ ʦʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʨʘʟʚʠʪʠʷ ʕ-ʅ/ʃ-ʅ. ʊʘʢʠʝ ʜʚʠʞʝʥʠʷ  ʚʦʜʳ ʩʦʟʜʘ-
ʜʫʪ ʧʦʜʲʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʝʘʥʘ ʫ ʵʢʚʘʪʦʨʘ ʙʦʣʝʝ ʭʦʣʦʜʥʳʭ ʛʣʫʙʠʥʥʳʭ ʚʦʜ (ʘʧ-
ʚʝʣʣʠʥʛ) ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʚʦ ʚʪʦʨʦʤ - ʦʧʫʩʢʘʥʠʝ ʥʘ ʛʣʫʙʠʥʫ ʙʦʣʝʝ ʪʝʧʣʳʭ (ʜʘʫʥ-
ʚʝʣʣʠʥʛ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʦʣʦʜʥʳʝ ʛʣʫʙʠʥʥʳʝ ʠ ʪʝʧʣʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʧʝʨʝ-
ʤʝh ʠʚʘʶʪʩʷ ʠ ʚ ʮʝʣʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ʚ ʧʨʠʵʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʝ ʦʢʘʟʳʚʘ-

ʶʪʩʷ ʙʦʣʝʝ ʭʦʣʦʜʥʳʝ ʚʦʜʳ, ʯʝʤ ʟʘ ʝʸ ʧʨʝʜʝʣʘʤʠ, ʢ ʩʝʚʝʨʫ ʠ ʢ ʶʛʫ ʦʪ ʵʢʚʘʪʦʨʘ. 
ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ, ʊ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʨʘʟʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚ 
ʪʝʧʣʘ ʧʦʩʪʫʧʠʚʰʝʛʦ ʠʟ ʘʪʤʦʩʬʝʨʳ ʠ ʛʣʫʙʠʥ ʦʢʝʘʥʘ. ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʧʦʩʪʫʧʠʚ-
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ʰʝʝ ʠʟ ʛʣʫʙʠʥ ʦʢʝʘʥʘ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʦʩʨʝʜʥʝʥʥʦʡ ʟʘ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʘʤʧʣʠʪʫʜ 
ʢʦʣʝʙʘʥʠʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʚʦʣʥ ʈʦʩʩʙʠ, ʩ.ʢ.ʦ.V0 (ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦ-

ʥʝʥʠʝ) ʪ.ʝ. ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʵʪʠʭ ʚʦʣʥ, ʠʭ ʯʘʩʪʦʪʳ 1/t (t - ʧʝʨʠʦʜ ʚʦʣ-

ʥʳ) ʠ ʦʙʨʘʪʥʦʡ ʚʝʣʠʯʠʥʳ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ʜʦ ʪʝʨʤʦʢʣʠʥʘ - 1/H. 

ɽʩʣʠ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʧʦʪʦʢ ʪʝʧʣʘ  ʠʟ ʘʪʤʦʩʬʝʨʳ ʥʝ ʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ, 
ʪʦ ʠʟʣʦʞʝʥʥʳʝ ʩʚʷʟʠ ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʤʝʩʪʘ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʕ-ʅ/ʃ-ʅ ʤʦʞʥʦ 
ʟʘʧʠʩʘʪʴ ʚ ʫʩʣʦʚʥʦʡ ʬʦʨʤʝ: 

                         T = f (ʩ.ʢ.ʦ.Vo,1/t,1/H)                                      (2).      

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩ.ʢ.ʦ.V0 ʠ Uò ʚʟʘʠʤʦʩʚʷʟʘʥʳ (ʩʤ. (1))ʠ ʛʣʫʙʠʥʘ ʪʝʨʤʦʢʣʠʥʘ ʟʘ-

ʚʠʩʠʪ ʦʪ Uò, ʪʦ ʜʣʷ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʳ ʚʦʣʥ, 1/t  (2) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

                          T=g(Uò) = Y (Vo).                                              (3) 

 ɼʣʷ ʧʨʦʚʝʨʢʠ ʠʟʣʦʞʝʥʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʕ-ʅ/ʃ-ʅ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 
ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʊ ʚ ʧʫʥʢʪʝ 1 (ʤʘʪʝʨʠʘʣʳ ʧʨʠʚʝʜʝʥʳ ʚ 
ʠʥʪʝʨʥʝʪʝ), ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʬʘʢʪʠʯʝʩʢʠ ʚʦʣʥ 
ʈʦʩʩʙʠ , ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪ ʝʸ ʦʙʨʘʙʦʪʢʠ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʚʝ-
ʣʠʯʠʥʳ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʷ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʟʘ ʠʥʪʝʨʚʘʣ ʦʩʨʝʜʥʝʥʠʷ İ ʛʦʜʘ, 
ʩ.ʢ.ʦ.Vo (ʨʠʩ 2ʘ,ʙ,ʚ) [10]. ʇʦ ʊ ʠ  ʩ.ʢ.ʦ.Vo  ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩʚʷʟʴ (3). ʉʦʧʦʩʪʘʚʣʷ-

ʣʠʩʴ ʤʘʢʩʠʤʫʤʳ (I, II, III  ʠ ʪ. ʜ.) ʠ ʤʠʥʠʤʫʤʳ (1, 2, 3 ʠ ʪ. ʜ.) ʟʥʘʯʝʥʠʡ ʢʨʠʚʦʡ ʚ) ʩ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʠ ʤʠʥʠʤʫʤʘʤʠ ʢʨʠʚʦʡ ʙ). ʕʪʘ ʩʚʷʟʴ ʠʤʝʝʪ ʢʦʵʬ-
ʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 0,88, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭ-
ʥʦʩʪʠ ʦʢʝʘʥʘ, ʢʦʪʦʨʘʷ ʠ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ  ʨʘʟʚʠʪʠʷ ʕ-ʅ/ʃ-ʅ, ʟʘʚʠʩʠʪ ʦʪ ʘʤ-
ʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʷ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚʦʣʥ ʈʦʩʩʙʠ ʠ, ʝʩʪʝʩʪʚʝʥʥʦ, ʦʪ ʧʘʨʘʤʝʪʨʦʚ 
ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʝʯʝʥʠʡ.  

 
ʈʠʩ.2 ʘ, ʙ, ʚ. ɻʨʘʬʠʢʠ: ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ, ʠʟʤʝʨʝʥʥʳʭ 

ʚ ʧʫʥʢʪʝ 1 ʥʘ ʛʦʨʠʟʦʥʪʝ 25ʤ (ʘ), ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʟʘ ʧʦʣʦʚʠʥʫ ʛʦʜʘ ʚʝʣʠʯʠʥʘ ʵʪʠʭ 

ʟʥʘʯʝʥʠʡ (ʙ), ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ʚ ʧʫʥʢʪʝ 1 (ʚ). ʎʠʬʨʘʤʠ 1, 2, 3 ʠ ʪ. ʜ., I, 

II , III  ʠ ʪ. ʜ. ʦʙʦʟʥʘʯʝʥʳ ʦʙʣʘʩʪʠ ʦʩʦʙʳʭ ʩʦʩʪʦʷʥʠʡ ʧʨʦʮʝʩʩʦʚ (ʩʠʣʴʥʦʛʦ ʃ-ʅ, ʩʠʣʴʥʦ-
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ʛʦ, ʩʣʘʙʦʛʦ ʕ-ʅ), ʯʘʩʪʴ ʛʨʘʬʠʢʘ (ʙ), ʚʳʜʝʣʝʥʥʘʷ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ, ʧʦʩʪʨʦʝʥʘ ʘʚʪʦ-

ʨʘʤʠ ʩʪʘʪʴʠ ʧʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʣʥʘʭ ʈʦʩʩʙʠ ʧʨʠʚʝʜʝʥʥʦʡ ʚ [10, 11]. 
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ʉʚʷʟʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ʩ ʚʦʣʥʘʤʠ ʭʦʨʦʰʦ ʟʘʤʝʪʥʘ 
ʧʨʠ ʚʠʟʫʘʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʦʚʝʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥ ʈʦʩʩʙʠ. ʊʘʢ, ʤʦʤʝʥʪʘʤ 
ʃ-ʅ (1, 2, 3, 4, 5, 6, 7, ʨʠʩ.2ʚ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ 
(~240C) ʠ ʯʝʪʢʠʝ ʚʦʣʥʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʯʝʥʠʡ ʚ ʤʦʜʫʣʷʮʠʷʭ ʩ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫ-
ʜʦʡ (ʨʠʩ.2ʘ). ɺ ʵʪʦ ʚʨʝʤʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʪʝʯʝʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʟʘʧʘʜ ʠ ʠʭ 

ʩʢʦʨʦʩʪʠ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʄʦʤʝʥʪʘʤ ʩʣʘʙʦʛʦ ʕ-ʅ (I, II , III , IV, 
V, ʨʠʩ2ʚ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ  (~270C) ʠ ʚʦʣʥʦ-
ʚʳʝ ʢʦʣʝʙʘʥʠʷ ʚ ʤʦʜʫʣʷʮʠʷʭ ʩ ʤʘʣʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ, ʥʦ ʥʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝ-
ʤʷ.  ɺ ʵʪʦ ʚʨʝʤʝʥʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʪʝʯʝʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʦʩʪʦʢ ʠ ʠʭ ʩʢʦʨʦ-
ʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳ. ʄʦʤʝʥʪʘʤ ʩʠʣʴʥʦʛʦ ɽ-ʅ (VI, VII , VIII,  ʨʠʩ.2ʚ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (~290ʉ) ʠ ʚʦʣʥʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʯʝʥʠʡ ʩ ʤʘʣʳʤʠ ʘʤʧʣʠʪʫ-
ʜʘʤʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠ ʤʘʣʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʝʯʝʥʠʡ. 
ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʤʝʞʜʫ ʤʦʤʝʥʪʘʤʠ ʚʨʝʤʝʥʠ 4 ï 5 (ʨʠʩ. 2ʘ). 

 ɺ ʧʝʨʠʦʜʳ ʃ-ʅ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʢʝʘʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʢʦʣʠʯʝʩʪʚʦ ʨʳʙʳ ʚ ʥʝʤ, ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʥʦ ʚ 
ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘ ʩʯʝʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʝʸ ʜʚʠʞʝʥʠʡ. ɺ ʧʝʨʠʦʜ ʕ-ʅ 
ʚʝʨʪʠʢʘʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʦʩʣʘʙʝʚʘʶʪ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢ 
ʫʤʝʥʴʰʝʥʠʶ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʦʢʝʘʥʘ ʠ ʛʠʙʝʣʠ ʨʳʙʳ ʚ ʥʝʤ.   
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʝ ʦʙʲʷʩʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʷʚʣʝʥʠʷ ʕ-ʅ/ʃ-ʅ  ʭʦʨʦʰʦ ʩʦʛʣʘ-

ʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʘʥʘʣʠʟʘ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
ʗʚʣʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ ʩ ʕ-ʅ/ʃ-ʅ ʊʠʭʦʛʦ ʦʢʝʘʥʘ, ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʚ ɸʪʣʘʥʪʠʯʝ-

ʩʢʦʤ ʠ ʀʥʜʠʡʩʢʦʤ ʦʢʝʘʥʘʭ, ʥʦ ʚ ʤʝʥʝʝ ʟʘʤʝʪʥʳʭ ʤʘʩʰʪʘʙʘʭ.   

ɿʘʢʣʶʯʝʥʠʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʘʟʚʠʪʠʠ ʷʚʣʝʥʠʷ ʕ-ʅ/ʃ-ʅ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʪ 
ʚʦʣʥʳ ʈʦʩʩʙʠ ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʪʝʯʝʥʠʷ ʚ ʨʝʞʠʤʝ ʚʳʥʫʞʜʝʥʥʦʡ ʠʭ ʩʚʷʟʠ. 
ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʪʝʯʝʥʠʷ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʧʦʣʦʞʝʥʠʝ ʪʝʨʤʦʢʣʠʥʘ, ʫʜʘʣʷʷ ʦʪ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ʠʣʠ ʧʨʠʙʣʠʞʘʷ ʢ ʥʝʡ ʭʦʣʦʜʥʳʝ ʛʣʫʙʠʥʥʳʝ ʚʦʜʳ. ɺʦʣʥʳ ʈʦʩʩʙʠ 
ʩʦʟʜʘʶʪ ʧʝʨʝʤʝʥʥʦ ʥʘʧʨʘʚʣʝʥʥʫʶ ʮʠʨʢʫʣʷʮʠʶ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʝʨʧʝʥ-
ʜʠʢʫʣʷʨʥʦʡ ʵʢʚʘʪʦʨʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʥʦʩʪʠ ʚʦʣʥ  ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʰʠʚʘʥʠʝ 
ʧʦ ʚʝʨʪʠʢʘʣʠ ʭʦʣʦʜʥʳʭ ʛʣʫʙʠʥʥʳʭ ʚʦʜ ʩ ʙʦʣʝʝ ʪʸʧʣʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ ʠ 
ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʳ ʦʢʝʘʥʘ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦ-

ʣʝʝ ʭʦʣʦʜʥʘʷ ʚʦʜʘ, ʯʝʤ ʟʘ ʝʸ ʧʨʝʜʝʣʘʤʠ ʢ ʩʝʚʝʨʫ ʠ ʢ ʶʛʫ. ʌʘʢʪʠʯʝʩʢʠ ʕ-ʅ/ʃ-ʅ ʵʪʦ 
ʘʧʚʝʣʣʠʥʛ ï ʜʘʫʥʚʝʣʣʠʥʛ ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚʦʣʥ ʈʦʩʩʙʠ ʠ ʩʚʷʟʘʥʥʳʭ ʩ 
ʥʠʤʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʝʯʝʥʠʡ, ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʚ ʦʙʰʠʨʥʦʡ ʧʨʠʵʢʚʘʪʦʨʠʘʣʴ-
ʥʦʡ ʟʦʥʝ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ. 
ɺ ʵʪʦʤ ʝʜʠʥʦʤ ʷʚʣʝʥʠʠ (ʚʦʣʥʳ ï ʪʝʯʝʥʠʷ) ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʦ ʚʨʝʤʝʥʠ (ʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ) ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥ ʠ ʪʝʯʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥʘ ʜʝʡʩʪʚʠʝʤ ʥʝʢʦʝʛʦ 
ʤʝʭʘʥʠʟʤʘ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʝʣʠʥʝʡʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚʦʣʥ, ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʣʥʳ ʈʦʩʩʙʠ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʦʣʥ ʩ ʤʘʣʳʤʠ 

ï ʙʦʣʴʰʠʤʠ ï ʤʘʣʳʤʠ ʠ ʪ.ʜ. ʘʤʧʣʠʪʫʜʘʤʠ ʪ.ʝ. ʧʨʠʦʙʨʝʪʘʶʪ ʤʦʜʫʣʷʮʠʦʥʥʫʶ 
ʩʪʨʫʢʪʫʨʫ. ʀʥʦʛʜʘ ʵʪʠ ʤʦʜʫʣʷʮʠʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ñʨʘʟʨʫʰʘʶʪʩʷò ʠ ʧʨʝʚʨʘʱʘʶʪʩʷ 
ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʦʣʥ ʩ ʭʘʦʪʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʘʤʧʣʠʪʫʜʘʤʠ ʠ ʚ ʮʝʣʦʤ 
ʤʘʣʳʤʠ ʧʦ ʚʝʣʠʯʠʥʝ. ʇʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠ ʚ ʪʘʢʪ ʩ ʚʝʣʠʯʠʥʦʡ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ 
ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʚʦʣʥ ʈʦʩʩʙʠ ʠʟʤʝʥʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʢʨʫʧʥʦʤʘʩ-
ʰʪʘʙʥʳʭ ʪʝʯʝʥʠʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʪʘʜʠʷ ʨʘʟʚʠʪʠʷ ʕ-ʅ/ʃ-ʅ. ɺ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ 
ʚʦʣʥʳ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʚ ʩʪʨʦʡʥʳʝ ʤʦʜʫʣʷʮʠʠ ʨʘʟʚʠʚʘʝʪʩʷ ʃ-ʅ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ  
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ʚʦʣʥ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʤʦʜʫʣʷʮʠʷʭ ʨʘʟʚʠʚʘʝʪʩʷ ʩʣʘʙʦʝ  ʕ-ʅ, ʘ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʤʦʜʫ-
ʣ̫ ʮʠʡ ï ʩʠʣʴʥʦʝ ʕ-ʅ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʨʠʯʠʥʦʡ ʨʘʟʚʠʪʠʷ ʷʚʣʝʥʠʷ ʕ-ʅ/ʃ-ʅ ʷʚʣʷ-

ʝʪʩʷ ʤʦʜʫʣʷʮʠʦʥʥʳʡ  ʤʝʭʘʥʠʟʤ ʧʝʨʝʩʪʨʦʡʢʠ ʚʦʣʥ ʈʦʩʩʙʠ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ 
ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʝʯʝʥʠʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʚ ʧʨʠʥʷʪʳʭ ʦʙʲʷʩʥʝ-
ʥʠʷʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʝʨʚʦʡ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʘʪʤʦʩʬʝʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʘ ʪʦʯ-
ʥʝʝ ʚʝʪʝʨ ʥʘʜ ʦʢʝʘʥʦʤ. 

 ʀʟʣʦʞʝʥʥʳʝ ʧʦʣʦʞʝʥʠʷ ʥʘʰʝʛʦ ʦʙʲʷʩʥʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʕ-ʅ/ʃ-ʅ ʧʦʜ-
ʪʚʝʨʞʜʘʶʪʩʷ ʫʩʪʦʡʯʠʚʦʡ ʵʤʧʠʨʠʯʝʩʢʦʡ ʣʠʥʝʡʥʦʡ ʩʚʷʟʴʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦ-
ʩʪʠ ʦʢʝʘʥʘ ʩ ʧʦʣʫʛʦʜʦʚʦʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʘʤʧʣʠʪʫʜʦʡ ʢʦʣʝʙʘʥʠʷ ʩʢʦʨʦʩʪʠ 
ʪʝʯʝʥʠʷ ʚʦʣʥ ʈʦʩʩʙʠ. 

ɼʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʷʚʣʝʥʠʷ ʕ-ʅ/ʃ-ʅ ʚʩʪʘʸʪ ʧʝʨʝʜ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʙʦʣʝʝ 
ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʣʥ ʈʦʩʩʙʠ ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ 
ʪʝʯʝʥʠʡ, ʠʭ ʚʟʘʠʤʥʳʭ ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʩʪʨʦʝʥʠʷ 
ʚʦʣʥ ʈʦʩʩʙʠ ʚ ʤʦʜʫʣʷʮʠʠ. 
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ɻɽʆʄɽʊʈʀʗ ɺʆɿʄʋʑɽʅʀʁ ʉɺʆɹʆɼʅʆʁ 

ʇʆɺɽʈʍʅʆʉʊʀ ɺʈɸʑɸʖʑɽʁʉʗ ɾʀɼʂʆʉʊʀ ɺ 

ʎʀʃʀʅɼʈʀʏɽʉʂʆʄ ʂʆʅʊɽʁʅɽʈɽ 
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ɺʚʝʜʝʥʠʝ. 

ɺʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ ï ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʷʚʣʝʥʠʝ. ɺ ʧʨʠʨʦʜ-
ʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʙʣʶʜʘʶʪʩʷ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʚʠʭʨʠ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʦʚ, ʦʪ ʩʠ-
ʥʦʧʪʠʯʝʩʢʦʛʦ  ʜʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʤʘʩʰʪʘʙʥʳʭ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʟʘ ʪʦʧʦʛʨʘʬʠʯʝ-
ʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʃʶʙʳʝ ʠʟ ʵʪʠʭ ʚʠʭʨʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ, ʠ ʚʘʞʥʳʤ ʵʣʝʤʝʥ-
ʪʦʤ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʛʨʘʥʠʮʝʡ ʨʘʟʜʝʣʘ ʩʨʝʜ. ɺʠʭʨʝʚʳʝ ʩʠʩʪʝʤʳ ʥʝ ʷʚ-
ʣʷʶʪʩʷ ʤʦʥʦʪʦʥʥʳʤʠ, ʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʦʷʪ ʠʟ ʦʪʜʝʣʴʥʳʭ ʨʫʢʘʚʦʚ. ɺʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʚʠʭʨʷ ʩ ʛʨʘʥʠʮʝʡ ʨʘʟʜʝʣʘ ʩʨʝʜ ʧʦʨʦʞʜʘʝʪ ʧʦʛʨʘʥʠʯʥʳʝ ʪʝʯʝʥʠʷ. 
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ɺ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʠʭʨʝʚʦʛʦ ʜʚʠʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʙʘʟʦ-
ʚʳʭ ʤʦʜʝʣʠ ʞʠʜʢʦʩʪʠ ï ʦʜʥʦʨʦʜʥʘʷ ʠʜʝʘʣʴʥʘʷ (ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʫʨʘʚʥʝʥʠʠ ʕʡʣʝʨʘ), 
ʦʜʥʦʨʦʜʥʘʷ ʚʷʟʢʘʷ (ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʫʨʘʚʥʝʥʠʠ ʅʘʚʴʝ-ʉʪʦʢʩʘ) ʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥ-

ʥʘʷ. ʈʝʛʫʣʷʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʚʠʞʝʥʠʡ ï ʚʦʣʥʳ ʠ ʚʠʭʨʠ, ï ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦ ʚʩʝʭ 
ʤʦʜʝʣʷʭ. ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʟʘ ʩʠʥʛʫʣʷʨʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚ ʵʪʠʭ ʤʦʜʝʣʷʭ 
ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʜʣʷ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʩ ʛʨʘʥʠʯ-
ʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʨʘʙʦʪʘʪʴ 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʝʛʫʣʷʨʥʳʤʠ ʠ ʩʠʥʛʫʣʷʨʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʝʰʝʥʠʡ. 
ʇʨʠ ʘʥʘʣʠʟʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ ʚʳʜʝʣʝʥʳ 

ʢʘʢ ʨʝʛʫʣʷʨʥʳʝ ʬʦʨʤʳ ʜʚʠʞʝʥʠʡ (ʚʦʣʥʳ ʠ ʚʠʭʨʠ), ʪʘʢ ʠ ʩʝʤʝʡʩʪʚʘ ʧʦʛʨʘʥʠʯʥʳʭ 
ʩʣʦʝʚ. ɺ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ ʩʣʠʚʘʶʪʩʷ ʠ ʦʙʨʘʟʫʶʪ ʚʳʨʦʞ-

ʜʝʥʥʳʡ ʩʣʦʡ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʝʰʝʥʠʡ ʧʨʠʭʦʜʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 
ʫʩʣʦʚʠʷ ʩʠʤʤʝʪʨʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʧʦʨʷʜʢʘ ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʨʘʚʥʝ-
ʥʠʡ.  
ʆʜʥʘʢʦ, ʚ ʧʨʠʨʦʜʝ ʤʘʣʝʡʰʠʝ ʥʘʨʫʰʝʥʠʷ ʬʦʨʤʳ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ. ɿʘʢʨʫʯʝʥʥʳʝ ʧʦʪʦʢʠ ʦʙʣʘʜʘʶʪ ñʫʧʨʫ-
ʛʠʤʠò ʩʚʦʡʩʪʚʘʤʠ ʠ ʜʦʧʫʩʢʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠʥʝʨʮʠʘʣʴʥʳʭ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 
ʧʝʨʝʥʦʩʠʪʴ ʚʦʟʤʫʱʝʥʠʝ ʠʟ ʦʜʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʜʨʫʛʫʶ ʠ ʚʳʟʳʚʘʪʴ ʚʟʘ-
ʠʤʦʜʝʡʩʪʚʠʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʝʯʝʥʠʷ. ʇʦʜʦʙʥʳʝ ʵʬ-

ʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʚʩʝʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʯʝʥʠʷ, ʦʪ-
ʥʦʩʷʪ ʢ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ.  
ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʛʨʫʧʧʳ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʟʘʥʠʤʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʦʪʜʝʣʴ-

ʥʳʭ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʚʠʭʨʝʡ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʦʩʷʤʠ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 
ʚʠʭʨʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʡ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ 
[1] ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ 
ʜʚʠʞʝʥʠʝ ʩ ʢʦʥʝʯʥʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʴʶ, ʧʨʠʯʝʤ ʩʧʠʨʘʣʴʥʦʩʪʴ ʧʨʠʥʠʤʘʝʪ ʣʶʙʳʝ 
ʦʛʨʘʥʠʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ: 

,0

)(

=Ð

-Ð=Ð

u

uu p

  
ʛʜʝ u ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ, p ï ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʜʘʚʣʝʥʠʝ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʩʦ-

ʩʪʦʷʪ ʠʟ ʫʩʣʦʚʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʨʝʜʳ ʠ ʨʘʚʝʥʩʪʚʝ ʥʫʣʶ 
ʥʦʨʤʘʣʴʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ. ʇʦʣʝ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʥʝ 

ʜʦʣʞʥʦ ʦʙʨʘʱʘʪʴʩʷ ʚ ʥʫʣʴ ʚʦ ʚʩʝʤ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ, ʟʘʥʠʤʘʝʤʦʤ ʞʠʜʢʦʡ ʩʨʝʜʦʡ. 
ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʚ ʚʠʜʝ ʚʠʭʨʷ ʈʵʥʢʠʥʘ (ʪʝʯʝ-

ʥʠʝ ʩʯʠʪʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʫʛʣʘ, ʨʘʜʠʘʣʴʥʘʷ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ 
ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʩʨʘʟʫ ʧʦʣʘʛʘʶʪʩʷ ʨʘʚʥʳʤʠ ʥʫʣʶ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘʢʣʘʜʳ-
ʚʘʝʪʩʷ ʫʩʣʦʚʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʩʪʠ). ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʦʧʠʩʘʥʠʷ  ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ 
ʷʚʣ̫ʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ɻʘʫʩʩʘ-ʂʦʜʘʮʮʠ [1], ʢʦʪʦʨʦʝ ʥʝʨʘʟʨʝʰʠʤʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ. ɺ 
ʦʜʥʦʤ ʠʟ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠʥʠʤʘʝʪʩʷ, 
ʯʪʦ ʩʧʠʨʘʣʴʥʦʩʪʴ (ʢʨʫʯʝʥʠʝ) ʨʘʚʥʘ ʥʫʣʶ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʨʝʰʝʥʠʷ ʘʚʪʦʨʳ ʚʦʩ-

ʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʜʚʘ 
ʪʠʧʘ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʪ.ʢ. ʦʧʠʩʳʚʘʝʪ ʦʜ-
ʥʦʨʦʜʥʦʝ ʪʝʯʝʥʠʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʨʠ ʫʩʣʦʚʠʠ ʧʦʩʪʦʷʥʩʪʚʘ ʟʥʘ-
ʯʝʥʠʷ ʚʝʢʪʦʨʘ ʟʘʚʠʭʨʝʥʥʦʩʪʠ, ʧʦʣʫʯʘʝʪʩʷ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ ʚʠʭʨʷ ʈʵʥʢʠʥʘ. ɽʩʣʠ ʥʝ 
ʦʛʨʘʥʠʯʠʚʘʪʴ ʨʘʩʩʤʦʪʨʝʥʠʝ ʥʫʣʝʚʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʴʶ ʚʥʝ ʧʨʝʜʝʣʦʚ ʷʜʨʘ ʚʠʭʨʷ, 
ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʚʠʭʨʷ ʈʵʥʢʠʥʘ: 
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(1) 

ur, uz, uű ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠ-
ʥʘʪ, g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, p ï ʜʘʚʣʝʥʠʝ, ɤ ï ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝ-

ʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʷʜʨʘ ʚʠʭʨʷ, 
)( rq -a

, 
)( a-rq

 ï ʝʜʠʥʠʯʥʘʷ ʬʫʥʢʮʠʷ 
ʍʝʚʠʩʘʡʜʘ, ʘ ï ʨʘʜʠʫʩ ʷʜʨʘ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʯʘʩʪʠ ʚʠʭʨʷ ʈʵʥʢʠʥʘ, ɸ ï ʢʦʥʩʪʘʥʪʘ.  

ɺʝʣʠʯʠʥʫ ʧʘʨʘʤʝʪʨʘ d ʦʧʨʝʜʝʣʠʪʴ ʥʝʚʦʟʤʦʞʥʦ, ʵʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʚʳʨʦʞ-

ʜʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ ʜʣʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʚʠʭʨʷ ʈʵʥʢʠʥʘ ʧʨʠ ʥʫʣʝʚʦʡ ʩʧʠʨʘʣʴ-
ʥʦʩʪʠ ʪʝʯʝʥʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠ ʧʦʤʦʱʠ 
ʧʨʝʜʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʨʝʰʝʥʠʷ ʜʣʷ ʩʣʫʯʘʷ ʥʝʥʫʣʝʚʦʡ ʩʧʠʨʘʣʴʥʦʩʪʴ ʧʨʠ ʩʪʨʝʤʣʝ-
ʥʠʠ ʩʧʠʨʘʣʴʥʦʩʪʠ ʢ ʥʫʣʶ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʝʤʝʡʩʪʚʦ ʬʦʨʤ ʩʚʦʙʦʜʥʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʚʠʭʨʷ ʈʵʥʢʠʥʘ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 
ʨʘʜʠʫʩʘʭ ʚʥʫʪʨʝʥʥʝʛʦ ʷʜʨʘ ʠ ʚʝʣʠʯʠʥʘʭ ʟʘʚʠʭʨʝʥʥʦʩʪʠ (ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʚʠʭʨʶ 

ʈʵʥʢʠʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 2-=d ). ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ d ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʪʥʦʰʝʥʠʝ 
ʛʣʫʙʠʥʳ ʅ2 ʧʝʨʝʩʝʯʝʥʠʷ ʛʨʘʥʠʮʳ ʷʜʨʘ ʚʠʭʨʷ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʛʣʫʙʠ-
ʥʳ ʅ1 ʚʩʝʛʦ ʚʠʭʨʷ. 

 
ʈʠʩ. 1. ʌʦʨʤʳ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʭʨʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ŭ. 



 

 

51 

 

 
ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʣʶʙʳʭ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʧʨʠʥʷʪʦ ʚʚʦʜʠʪʴ ʙʝʟʨʘʟʤʝʨʥʳʝ 

ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ. ʆʜ-

ʥʘʢʦ ʚ ʨʝʘʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʝ, ʛʜʝ ʩʠʣʳ ʠʤʝʶʪ ʥʝ ʪʦʣʴʢʦ ʤʝʭʘʥʠʯʝʩʢʫʶ, ʥʦ ʠ 
ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ (ʛʨʘʜʠʝʥʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʠʣʠ 
ʩʠʣʳ ʧʣʘʚʫʯʝʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ), ʙʝʟ-
ʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʝʩʪʝʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʢʘʢ ʦʪʥʦʰʝʥʠʷ ʤʘʩʰʪʘʙʦʚ ʦʩʥʦʚ-
ʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʝʯʝʥʠʷ. 

ɺ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʵʪʦ ʦʪʥʦʰʝʥʠʝ 

2upEu r=
 ï ʯʠʩʣʦ ʕʡʣʝʨʘ ʠ 

ʪʨʘʜʠʮʠʦʥʥʦʝ ʯʠʩʣʦ ʌʨʫʜʘ 
gHuFr 2=

 (ʦʪʥʦʰʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʠʥʳ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʦʣʥ 
gu22pl=
, ʧʦʨʦʞʜʘʝʤʦʡ ʨʘʚʥʦʤʝʨʥʦ 

ʜʚʠʞʫʱʠʤʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ u  ʠʩʪʦʯʥʠʢʦʤ ʢ ʣʠʥʝʡʥʦʤʫ ʤʘʩʰʪʘʙʫ ʟʘʜʘʯʠH ). 
ʈʝʘʣʴʥʘʷ ʞʠʜʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʷʟʢʦʡ, ʝʝ ʜʠʥʘʤʠʢʘ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ 

ʅʘʚʴʝ-ʉʪʦʢʩʘ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʠʣʠʧʘʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, 
ʩʚʷʟʘʥʥʦʡ ʩ ʦʙʪʝʢʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʤʝʶʪ ʚʠʜ 
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 (2) 

ʋʯʝʪ ʚʷʟʢʦʩʪʠ (ʟʜʝʩʴ n ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ) ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʝʥʷʝʪ 
ʩʪʨʫʢʪʫʨʫ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ ʤʘʣʘ, ʧʦ-
ʵʪʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠ ʩʪʘʨʰʝʡ ʧʨʦʠʟʚʦʜʥʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʦʨʷʜʦʢ ʩʠʩʪʝʤʳ 
(2), ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʤʘʣʳʤ. ʈʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʪʘʢʦʛʦ ʪʠʧʘ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʠʥ-

ʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʤʘʣʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʩʪʘʨʰʠʭ 
ʧʨʦʠʟʚʦʜʥʳʭ) ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʷʟʢʦʩʪʠ ʪʦʣʴʢʦ ʚ ʛʣʫʙʦʢʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ 
ʦʙʣʘʩʪʷʭ, ʪʦʥʢʠʭ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʪʝʢʘʝʤʦʛʦ 
ʧʨʝʧʷʪʩʪʚʠʷ. ʊʨʘʜʠʮʠʦʥʥʦ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʡ ʦʙʣʘʩʪʠ ʪʝʯʝʥʠʷ ʚʷʟʢʦʩʪʴ 
ʧʨʠʚʦʜʠʪ ʪʦʣʴʢʦ ʢ ʟʘʪʫʭʘʥʠʶ ʨʝʛʫʣʷʨʥʳʭ (ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ) ʢʦʤʧʦʥʝʥʪ, ʜʚʠ-
ʞʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʕʡʣʝʨʘ. ʊʦʯʥʳʝ ʨʝʰʝ-
ʥʠʷ ʫʨʘʚʥʝʥʠʷ (2) ʧʦʩʪʨʦʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʨʷʜʘ ʧʨʦʩʪʳʭ ʛʝʦʤʝʪʨʠʡ.  
ʂʦʥʮʝʧʮʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚʧʝʨʚʳʝ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ 

ɼʞ.ɻ. ʉʪʦʢʩʦʤ ʚ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ ʨʘʙʦʪʝ ʧʦ ʪʝʦʨʠʠ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ [2] ʠ ʨʘʟ-
ʚʠʪʘ ʚ ʩʝʨʠʠ ʨʘʙʦʪ ʃ. ʇʨʘʥʜʪʣʝʤ [3, 4]. ʄʘʩʰʪʘʙ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʪʝʯʝʥʠʷ ʉʪʦʢʩʘ nd ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʴʶ ʠ ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘ-

ʥʠʡ w ï 
wndn /2=
. ʉ ʫʯʝʪʦʤ ʚʠʜʘ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

uk=w
 ʤʘʩʰʪʘʙ ʧʦʛʨʘʥʠʯʥʦʛʦ ʪʝʯʝʥʠʷ ʇʨʘʥʜʪʣʷ  

u
p
nd=

 ʥʘ ʧʣʘʩʪʠʥʝ, 
ʦʙʪʝʢʘʝʤʦʡ ʨʘʚʥʦʤʝʨʥʳʤ ʧʦʪʦʢʦʤ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, ʠ ʤʘʩʰʪʘʙ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 
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ʪʝʯʝʥʠʷ ʉʪʦʢʩʘ ʩʦʚʧʘʜʘʶʪ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʥʦʞʠʪʝʣʷ, ʯʪʦ ʠʣʣʶʩʪʨʠ-
ʨʫʝʪ ʦʙʱʫʶ ʧʨʠʨʦʜʫ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʪʝʯʝʥʠʡ.  
ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʙʣʠʞʝʥʠʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʦʙʳʯʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʫʜʦʙʥʦʝ ʫʧʨʦʱʝʥʠʝ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʛʠʜʨʦ-
ʜʠʥʘʤʠʢʠ. ʉʚʷʟʴ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʩ ʨʝʛʫʣʷʨʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 
ʪʝʯʝʥʠʡ (ʚʦʣʥʘʤʠ ʠ ʚʠʭʨʷʤʠ) ʚ ʪʦʣʱʝ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʥʝ ʧʨʦʘʥʘʣʠʟʠʨʦ-
ʚʘʥʘ, ʦʧʠʩʘʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʡ ʥʦʩʠʪ ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. 
ɺ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʢ ʙʝʟʨʘʟʤʝʨʥʳʤ ʦʪʥʦʰʝʥʠʷʤ ï ʯʠʩʣʫ ʕʡʣʝʨʘ 

2upEu r=
 ʠ ʯʠʩʣʫ ʌʨʫʜʘ 

gHuFr 2=
, ʜʦʙʘʚʣʷʝʪʩʷ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜ-

ʩʘ ï 
nuL=Re

, ï ʦʪʥʦʰʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʤʘʩʰʪʘʙʘ ʟʘʜʘʯʠ L, ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʱʝʛʦ ʛʝʦʤʝʪʨʠʶ ʦʙʪʝʢʘʝʤʦʛʦ ʧʨʝʧʷʪʩʪʚʠʷ ʠʣʠ ʧʦʪʦʢʘ ʚ ʮʝʣʦʤ, ʢ 
u

p
nd=

ï 

ʪʦʣʱʠʥʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʇʨʘʥʜʪʣʷ.  
ʇʦʜʭʦʜ ʈʝʡʥʦʣʴʜʩʘ ʩʚʷʟʘʥ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʪʝʯʝʥʠʡ ʧʦ ʟʥʘʯʝʥʠʷʤ ʯʠʩʣʘ 

nuL=Re
. ʇʨʠ ʵʪʦʤ ʤʘʣʳʝ ʯʠʩʣʘ Re ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʘʤʠʥʘʨʥʳʤ ʪʝʯʝʥʠʷʤ, ʘ 

ʙʦʣʴʰʠʝ (ʢʦʥʩʪʘʥʪʘ ʧʝʨʝʭʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʠ ʠ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ) ï 
ʪʫʨʙʫʣʝʥʪʥʳʤ, ʚ ʢʦʪʦʨʳʭ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʣʘʤʠʥʘʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʚʷʟʢʠʡ 
ʧʦʜʩʣʦʡ ʥʘ ʦʙʪʝʢʘʝʤʦʤ ʧʨʝʧʷʪʩʪʚʠʠ ʠʣʠ ʚʷʟʢʦʝ ʷʜʨʦ ʚʠʭʨʷ). 
ʄʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ  ʩʚʷʟʘʥʦ ʩ ʨʘʩʯʝʪʦʤ ʧʦʚʝʜʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʚ ʟʘʤʢʥʫʪʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʢʦʥʪʝʡʥʝʨʝ, ʦʜʥʦ ʠʟ ʦʩʥʦʚʘʥʠʡ ʢʦʪʦʨʦʛʦ 
ʚʨʘʱʘʝʪʩʷ, ʧʨʠʚʦʜʷ ʞʠʜʢʦʩʪʴ ʚ ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ. ɺ ʨʘʙʦʪʝ [5] ʥʘʡʜʝʥʦ ʦʙʦʙʱʝ-
ʥʠʝ ʨʝʰʝʥʠʷ ʂʘʨʤʘʥʘ ʜʣʷ ʧʨʦʬʠʣʷ ʩʢʦʨʦʩʪʝʡ ʚʙʣʠʟʠ ʜʠʩʢʘ: 
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 (3) 

ʛʜʝ d ï ʪʦʣʱʠʥʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, 
b

 ï ʥʝʢʦʪʦʨʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʩ ʢʦ-
ʪʦʨʦʡ ʚʨʘʱʘʝʪʩʷ çʪʚʝʨʜʦʪʝʣʴʥʘʷè ʧʨʦʩʣʦʡʢʘ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʛʨʘʥʠʯʥʳʤʠ ʩʣʦʷʤʠ. 
ɺ ʨʘʙʦʪʝ [6] ʠʩʩʣʝʜʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʦʤ ʢʦʥʪʝʡʥʝʨʝ, ʦʜʠʥ ʠʟ ʪʦʨʮʦʚ ʢʦʪʦʨʦʛʦ ʚʨʘʱʘʝʪʩʷ, ʧʨʠʚʦʜʷ ʚ ʜʚʠʞʝ-
ʥʠʝ ʞʠʜʢʦʩʪʴ. ʀʤʝʶʪʩʷ ʬʦʪʦʛʨʘʬʠʠ, ʥʘ ʢʦʪʦʨʳʭ ʦʪʨʘʞʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ 
ʧʨʝʪʝʨʧʝʚʘʝʪ ʪʝʯʝʥʠʝ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʦʪʥʦʰʝʥʠʷ ʚʳʩʦʪʳ ʢʦʥʪʝʡʥʝʨʘ ʢ ʨʘʜʠʫʩʫ ʠ 
ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʜʥʦʟʥʘʯʥʘʷ ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʫʧʨʘʚʣʷʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʯʠʩʣʦʤ ʈʝʡʥʦʣʴʜʩʘ ʠ ʦʪʥʦʰʝʥʠʝʤ 
ʚʳʩʦʪʳ ʮʠʣʠʥʜʨʘ ʢ ʨʘʜʠʫʩʫ) ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʪʦʢʘ. ɺʤʝʩʪʦ ʨʝʛʫʣʷʨʥʦʛʦ ʚʠʭʨʷ ʤʳ 
ʚʠʜʠʤ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʘ ʦʩʠ ʧʦʪʦʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ, ʪ.ʥ. 
çʚʠʭʨʝʚʳʭ ʧʫʟʳʨʴʢʦʚè. ɺ ʫʩʣʦʚʠʷʭ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʪʤʝʯʝʥʦ ʧʦʷʚ-
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ʣʝʥʠʝ ʦʜʥʦʛʦ, ʜʚʫʭ ʠ ʪʨʝʭ çʧʫʟʳʨʴʢʦʚè, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʘʨʘ-
ʤʝʪʨʦʚ ʧʦʪʦʢʘ, ʥʦ ʠ ʦʪ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʯʠʩ-
ʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʣʠʯʠʝ ʥʝʢʦʪʦʨʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʢʦ-

ʣʠʯʝʩʪʚʦ çʧʫʟʳʨʴʢʦʚè ʥʘ ʦʩʠ ʢʦʥʪʝʡʥʝʨʘ ʠ ʚʨʝʤʷ ʠʭ ʧʦʷʚʣʝʥʠʷ. 
ʏʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ ʧʦʚʝʜʝʥʠʷ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʚʠʭʨʷ ʧʨʦʚʝʜʝʥ ʚ [7]. ʆʪʤʝʯʝ-

ʥʦ ʚʘʞʥʦʝ ʩʚʦʡʩʪʚʦ çʚʠʭʨʝʚʳʭ ʧʫʟʳʨʴʢʦʚè ï ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʩʚʦʡʩʪʚʘ 
ʧʦʧʘʚʰʝʡ ʚ ʥʠʭ ʞʠʜʢʦʩʪʠ, ʪ.ʝ. ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʰʠʚʘʥʠʷ ʞʠʜʢʦʩʪʝʡ ʠʟʥʫʪʨʠ ʠ 
ʩʥʘʨʫʞʠ ʚʠʭʨʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʠʝ ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʞʠʜʢʠ-
ʤʠ ʢʦʥʪʝʡʥʝʨʘʤʠ, ʩʦʭʨʘʥʷʶʱʠʤʠ ʩʚʦʡʩʪʚʘ ʧʦʧʘʚʰʝʡ ʚ ʥʠʭ ʞʠʜʢʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ 
ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʚ [8]. 
ɼʨʫʛʦʤʫ ʘʩʧʝʢʪʫ ʧʨʦʙʣʝʤʳ ʧʦʩʚʷʱʝʥʘ ʨʘʙʦʪʘ [9]. ɸʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʯʠʩʣʝʥʥʳ-

ʤʠ ʤʝʪʦʜʘʤʠ ʧʦʪʝʨʶ ʦʩʝʚʦʡ ʩʠʤʤʝʪʨʠʠ ʚ ʧʦʜʦʙʥʦʤ ʧʦʪʦʢʝ. ɺ ʧʦʪʦʢʝ, ʧʨʠ ʨʦʩʪʝ 
ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʳ, ʧʦʷʚʣʷʶʪʩʷ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʚʦʟʤʦʞ-
ʥʳʭ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʨʝʭ-
ʤʝʨʥʳʤ ʚʦʟʤʫʱʝʥʠʷʤ. 
ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ 

ʞʠʜʢʦʩʪʷʤʠ, ʠ ʜʘʥʳ ʦʩʥʦʚʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ (ʢʨʫʛʦʚʳʭ 
ʢʦʣʝʮ ʩ ʦʩʝʚʦʡ ʩʠʤʤʝʪʨʠʝʡ) [10-12]. ɺ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʙʦʙʱʘʶʪʩʷ ʜʦʩʪʠ-
ʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʥʦʚʳʝ ʧʦʜʭʦʜʳ 

ʢ ʨʝʰʝʥʠʷ ʨʷʜʘ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʩ ʮʠʨʢʫʣʷʮʠʦʥʥʳʤ ʠ ʚʠʥʪʦʚʳʤ ʪʝʯʝʥʠʝʤ ʚʷʟʢʠʭ 
ʞʠʜʢʦʩʪʝʡ [13]. 
ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʤʝʭʘʥʠʢʠ ʚʠʥʪʦʚʳʭ ʠ ʮʠʨ-

ʢʫʣʷʮʠʦʥʥʳʭ ʪʝʯʝʥʠʡ ʜʘʝʪʩʷ ʚ ʤʦʥʦʛʨʘʬʠʠ [14]. ʆʙʟʦʨ ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝ-
ʥʠʡ ʅʘʚʴʝ ï ʉʪʦʢʩʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʚʠʥʪʦʚʳʝ ʪʝʯʝʥʠʷ, ʜʘʥ ʚ [15, 16]. ɺ ʧʦʩʣʝʜ-
ʥʝʝ ʚʨʝʤʷ ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚʠʭʨʝʦʙʨʘʟʦʚʘ-
ʥʠʷ ʚ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ. ʆʙʱʠʝ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʚ ʨʘʟʣʠʯʥʦʡ 
ʧʦʩʪʘʥʦʚʢʝ ʜʘʥʳ ʚ [17]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʠʣʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ 
ʚrʨʘʙʦʪʘʥʦ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʚ ʞʠʜʢʦʩʪʠ. 
ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʝ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʥʝ ʢʦʤʧʝʥʩʠʨʫ-
ʝʪ ʦʪʩʫʪʩʪʚʠʷ ʚʩʝʦʙʲʝʤʣʶʱʝʡ ʪʝʦʨʠʠ, ʢʦʪʦʨʘʷ ʙʳ ʦʩʚʝʱʘʣʘ ʚʩʝ ʘʩʧʝʢʪʳ ʧʦʚʝʜʝʥʠʷ 
ʞʠʜʢʦʩʪʠ ʚ ʟʘʜʘʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ ʠ ʫʜʦʚʣʝʪʚʦʨʷʣʘ ʙʳ ʥʘʠʙʦʣʴʰʝʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ 
ʚʦʟʥʠʢʘʶʱʠʭ ʟʘʜʘʯ. ɺʩʝ ʠʤʝʶʱʠʝʩʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʪʝʦʨʠʠ ʥʝ ʦʧʠʩʳʚʘʶʪ ʩ 
ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦʚʝʜʝʥʠʝ ʞʠʜʢʦʩʪʠ, ʘ ʧʦʩʣʝ ʫʧʨʦʱʝʥʠʷ ʠʩʭʦʜʥʳʭ ʫʨʘʚ-
ʥʝʥʠʡ ʟʘʯʘʩʪʫʶ ʧʦʣʫʯʘʝʪʩʷ ʨʝʰʝʥʠʝ, ʧʣʦʭʦ ʩʦʛʣʘʩʫʶʱʝʝʩʷ ʩ ʨʝʘʣʴʥʦʡ ʢʘʨʪʠʥʦʡ 
ʪʝʯʝʥʠʷ. ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʚʠʭʨʝʚʳʝ ʪʝʯʝʥʠʷ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʦʷʚʣʝʥʠ-

ʝʤ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʥʘ ʪʚʝʨʜʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʟʘʪʨʫʜʥʝʥʦ.  
ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. 
ʅʘʠʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʧʨʝʜʦʩʪʘʚ-

ʣ̫ʶʪʩʷ ʚʙʣʠʟʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. ʀʟʫʯʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ, ʧʦ-
ʩʢʦʣʴʢʫ ʝʝ ʬʦʨʤʘ ʦʪʨʘʞʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʨʝʘʣʴʥʦʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʶ ʪʝʯʝʥʠʡ ʩ ʢʨʫʯʝʥʠʝʤ ʚ ʢʦʥʪʝʡ-
ʥʝʨʝ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʥʠʤʘʥʠʷ ʥʝ ʫʜʝʣʷʣʦʩʴ. ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʘʥʥʦʛʦ ʪʠʧʘ ʪʝʯʝʥʠʡ ʩʦʟʜʘʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʢʦʪʦ-
ʨʘʷ ʧʦʟʚʦʣʷʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʨʘʟʣʠʯʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʩʣʦʚʠʷʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ 
ʚʘʨʴʠʨʦʚʘʪʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʟʥʘʯʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. 



ʌʠʟʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠ ˉ 13 

 

54 

 

ɺ ʃʘʙʦʨʘʪʦʨʠʠ ʤʝʭʘʥʠʢʠ ʞʠʜʢʦʩʪʠ ʀʇʄ ʈɸʅ ʥʘʯʘʪʦ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʞʠʜʢʦʩʪʠ, ʚʨʘʱʘʶʱʝʡʩʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ. 
ʇʨʦʚʝʜʝʥʠʝ ʜʘʥʥʳʭ ʨʘʙʦʪ ʚʳʟʚʘʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʩʨʘʚʥʠʚʘʪʴ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʪʝʦʨʠʷʤʠ. 
ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʧʦʧʳʪʢʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʪʦʥʢʫʶ ʩʪʨʫʢʪʫʨʫ 
ʚʠʭʨʷ ʠ ʚʜrʝʣʠʪʴ ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʢʘʢ ʩʧʠʨʘʣʴʥʳʝ ʚʦʣʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʨʦʥʢʠ 
ʠ ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ ʚ ʪʦʣʱʝ ʞʠʜʢʦʩʪʠ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʷ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦ-
ʩʪʴʶ ʙʳʣʘ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ. ɺ ʩʦʩʪʘʚ ʫʩʪʘʥʦʚʢʠ 

ʚʭʦʜʷʪ: ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʙʘʩʩʝʡʥ ʩ ʢʘʨʢʘʩʦʤ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʨʘʟʤʝʱʘʝʪʩʷ ʮʠʣʠʥ-
ʜʨʠʯʝʩʢʘʷ ʦʙʝʯʘʡʢʘ. 
ʎʠʣʠʥʜʨʠʯʝʩʢʘʷ ʦʙʝʯʘʡʢʘ ʩʣʫʞʠʪ ʜʣʷ ʧʨʠʜʘʥʠʷ ʦʩʝʚʦʡ ʩʠʤʤʝʪʨʠʠ ʦʙʣʘʩʪʠ 

ʛʝʥʝʨʘʮʠʠ ʚʠʭʨʷ. ʆʥʘ ʚʳʧʦʣʥʝʥʘ ʠʟ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʪʦʣʱʠʥʦʡ 4 ʤʤ ʠ ʚʳ-
ʩʦʪʦʡ 800 ʤʤ ʠ ʚʥʝʰʥʠʤ ʜʠʘʤʝʪʨʦʤ 300 ʤʤ. ʇʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʪʨʫʙʳ ʥʘ ʩʪʝʥʢʝ ʟʘ-
ʢʨʝʧʣʝʥʳ ʢʦʨʦʪʢʠʝ ʥʠʪʠ ʩ ʰʘʛʦʤ 1 ʩʤ ʠ ʥʘʥʝʩʝʥʘ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʰʢʘʣʘ ʰʘʛ 5 ʤʤ. 
ɺ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʝʯʘʡʢʝ ʞʠʜʢʦʩʪʴ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʠʚʦʜʠʪ-

ʩʷ ʚ ʜʚʠʞʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʠʥʜʫʢʪʦʨʘ ï ʜʠʩʢʦʚ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ, ʚʨʘʱʘʶʱʠʭʩʷ 

ʚʙʣʠʟʠ ʜʥʘ ʢʦʥʪʝʡʥʝʨʘ (ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʦʪ 0 ʜʦ 3000 ʦʙ/ʤʠʥ). 
ɼʣʷ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʩʝʨʠʷ ʩʤʝʥʥʳʭ ʠʥʜʫʢʪʦʨʦʚ ʜʠʘʤʝʪ-

ʨʘʤʠ 5, 10, 20, 25 ʠ 28 ʩʤ. ɹʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʛʣʘʜʢʠʝ (ʦʜʥʘ ʩʪʦʨʦʥʘ ʩʦʜʝʨʞʠʪ ʢʨʝ-
ʧʝʞʥʫʶ ʰʘʡʙʫ ʜʣʷ ʬʠʢʩʘʮʠʠ ʠʥʜʫʢʪʦʨʘ ʥʘ ʚʘʣʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʜʨʫʛʘʷ ʛʣʘʜʢʘʷ) 
ʠ ʦʨʝʙʨʝʥʥʳʝ (ʦʜʥʘ ʩʪʦʨʦʥʘ ʩʦʜʝʨʞʠʪ ʢʨʝʧʝʞʥʫʶ ʰʘʡʙʫ ʥʘ ʜʨʫʛʦʡ ʟʘʢʨʝʧʣʝʥʳ 
ʪʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʨʝʙʨʘ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʜ ʫʛʣʦʤ 120 ʛʨʘʜʫʩʦʚ ʜʨʫʛ ʢ ʜʨʫʛʫ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ) ʜʠʩʢʠ. 
ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʙʝʯʘʡʢʘ ʟʘʢʣʶʯʝʥʘ ʚ ʧʨʦʟʨʘʯʥʳʡ ʙʘʩʩʝʡʥ. 

ɺʥʝhʥʠʝ ʨʘʟʤʝʨʳ ʙʘʩʩʝʡʥʘ 700³590³410 ʤʤ. ʉʪʝʥʢʠ  ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʧʦʣʠʤʝʪʠʣ-
ʤʝʪʘʢʨʠʣʘʪʘ (ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ) ʪʦʣʱʠʥʦʡ 18 ʤʤ. ʉʪʝʢʣʦ ʩʢʣʝʝʥʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʩʧʝʮʠʘʣʴʥʳʤ ʧʦʣʠʤʝʨʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʜʦʩʪʠʯʴ ʧʦʣʥʦʡ ʛʝʨ-
ʤʝʪʠʟʘʮʠʠ ʰʚʦʚ. ʂʨʦʤʢʘ ʙʘʩʩʝʡʥʘ ʦʭʚʘʯʝʥʘ ʦʙʪʷʞʥʦʡ ʨʘʤʦʡ ʠʟ ʩʪʘʣʴʥʦʛʦ ʫʛʦʣʢʘ 

ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ (ʨʘʟʤʝʨʳ 1445³663³475 ʤʤ). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʠʭʨʝʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʩʚʦʙʦʜ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʙʥʘʨʫʞʠʣʦʩʴ, ʯʪʦ ʧʨʠ ʟʘʢʨʫʯʠʚʘʥʠʠ ʞʠʜʢʦʩʪʠ ʚʦʟʥʠ-
ʢʘʶʪ ʜʚʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʚʠʭʨʝʚʳʭ ʜʚʠʞʝʥʠʷ (ʪʦʨʦʠʜʘʣʴʥʦʝ ʚʠʭʨʝʚʦʝ ʜʚʠʞʝ-
ʥʠʝ ʠ ʜʚʠʞʝʥʠʝ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʴʶ), ʦʭʚʘʪʳʚʘʶʱʠʝ ʚʩʶ ʞʠʜʢʦʩʪʴ ʠ ʚʳʟʳʚʘʶ-
ʱʠʝ ʚʦʟʤʫʱʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʚʦʨʦʥʢʠ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʤʝʣʢʦ-
ʤʘʩʰʪʘʙʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚʙʣʠʟʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦ-

ʩʪʠ. ʇʦ ʬʦʨʤʝ ʠ ʤʘʩʰʪʘʙʫ ʦʥʠ ʤʦʛʫ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʩʧʠ-
ʨʘʣʴʥʳʝ ʚʦʣʥʳ ʠ ʙʦʣʝʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ (ʠʥʝʨʮʠʘʣʴʥʳʝ ʚʦʣʥʳ).  

 
ɼʣʷ ʵʪʠʭ ʩʪʨʫʢʪʫʨ, ʫʩʣʦʞʥʷʶʱʠʭ ʬʦʨʤʫ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʢʘ ʝʱʝ ʥʝ 

ʩʦʟʜʘʥʦ ʘʜʝʢʚʘʪʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ. ʇʨʠʨʦʜʘ ʧʦʷʚʣʝʥʠʷ ʠ ʟʘʢʦʥʦʤʝʨʥʦ-
ʩʪʠ ʨʘʟʚʠʪʠʷ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʨʦʥʢʠ ʦʩʪʘʝʪʩʷ ʜʦ ʢʦʥʮʘ ʥʝ ʠʟʫʯʝʥ-
ʥʦʡ ʠ ʵʪʦ, ʚ ʦʩʥʦʚʥʦʤ, ʦʧʨʝʜʝʣʷʝʪ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʢ ʜʘʥʥʦʡ ʟʘʜʘʯʝ. ʅʘ ʨʠʩ. 2 
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ʧʨʠʚʝʜʝʥʘ ʭʘʨʘʢʪʝʨʥʘʷ ʬʦʨʤʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʥʘʙʣʶʜʘʝʤʘʷ ʚ 
ʵʢʩʧʝʨʠʤʝʥʪʝ. ʄʝʪʦʜ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʝʰʘʪʴ ʠ ʠʥʝʨʮʠʘʣʴʥʳʝ ʠ ʩʧʠ-
ʨʘʣʴʥʳʝ ʚʦʣʥʳ, ʥʦ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʦʩʪʘʚʣʷʝʪ ʚ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʦʣʴ-

ʢʦ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʠʥʝʨʮʠʘʣʴʥʳʝ ʚʦʣʥʳ), ʢʦʪʦʨʳʝ ʯʝʪʢʦ ʚʠʜʥʳ ʥʘ ʨʠʩ. 
2ʙ. 

ʘ)       ʙ)              
ʈʠʩ. 2. ʌʦʪʦʛʨʘʬʠʷ ʚʦʨʦʥʢʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʝʝ ʬʦʨʤʳ (ʜʠʘʤʝʪʨ ʦʙʝʯʘʡʢʠ 200 ʤʤ, 

ʜʠʘʤʝʪʨ ʜʠʢʘ 76 ʤʤ, ʛʣʫʙʠʥʘ ʞʠʜʢʦʩʪʠ 250 ʤʤ, ʛʣʫʙʠʥʘ ʚʦʨʦʥʢʠ 200 ʤʤ).  

 
ʇʨʦʚʝʜʝʥʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʬʦʨʤʳ ʚʦʨʦʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʵʢʩ-

ʧʝʨʠʤʝʥʪʦʚ, ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʦʡ ʬʦʨʤʦʡ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʜʝʘʣʴ-

ʥʦʡ ʞʠʜʢʦʩʪʠ. ɺʳʷʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʩʢʨʳʪʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʪ.ʢ. ʧʨʠ ʨʘʟʣʠʯʥʳʭ 
ʫʩʣʦʚʠ̫ ʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʝʥʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʦʪʢʣʦʥʝʥʠʷ ʬʦʨʤʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-
ʥʦʡ ʬʦʨʤʳ ʚʦʨʦʥʢʠ ʦʪ ʠʜʝʘʣʴʥʦʡ. 
ʇʦʩʣʝ ʩʲʝʤʢʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʚʠʜʝʦʢʘʤʝʨʫ, ʜʘʥʥʳʝ ʧʝʨʝʜʘʚʘ-

ʣʠʩʴ ʚ ʢʦʤʧʴʶʪʝʨ, ʛʜʝ ʠʟ ʚʠʜʝʦʟʘʧʠʩʠ ʚʳʙʠʨʘʣʠʩʴ ʢʘʜʨʳ, ʥʘ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ 
ʯʝʪʢʦ ʚʠʜʥʘ ʬʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʩʦ ʚʩʝʤʠ ʢʨʫʧʥʦ- ʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʤʠ 
ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʩʧʠʨʘʣʴʥʳʝ ʚʦʣʥʳ, 
ʥʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʝʪʦʜʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʠʭ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. 
ɸʥʘʣʠʟʠʨʫʝʤʳʝ ʧʨʦʬʠʣʠ ʚʦʨʦʥʦʢ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ 

(x)y f=
, ʛʜʝ x ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʚʦ-

ʨʦʥʢʠ), y ï ʚʳʩʦʪʘ ʪʦʯʢʠ ʥʘʜ ʮʝʥʪʨʦʤ ʚʦʨʦʥʢʠ. 
ɺ ʨʘʤʢʘʭ ʠʩʧʦʣʴʟʫʝʤʦʡ ʥʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦ-

ʞʝʥʠʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʟʦʥʳ çʪʚʝʨʜʦʪʝʣʴʥʦʛʦè ʚʨʘʱʝʥʠʷ ʟʘʢʨʫʯʠʚʘʝʤʦʡ ʞʠʜʢʦ-
ʩʪʠ ʚʙʣʠʟʠ ʮʝʥʪʨʘ ʙʘʩʩʝʡʥʘ. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʚʦʨʦʥʢʠ, ʩʣʝʜʫʷ ʪʝʦʨʠʠ ʚʠʭʨʷ ʈʵʥ-
ʢʠʥʘ ʠ ʪʝʦʨʠʠ, [1], ʜʦʣʞʥʘ ʠʤʝʪʴ ʧʘʨʘʙʦʣʠʯʝʩʢʫʶ ʬʦʨʤʫ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪ-
ʩʪʚʠʷ ʜʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚ-

ʥʝʥʠʝ ʧʨʦʬʠʣʷ ʚʦʨʦʥʢʠ ʚʙʣʠʟʠ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʩ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʬʦʨʤʦʡ. ʂʨʠʪʝ-
ʨʠʝʤ ʦʮʝʥʢʠ ʨʘʟʤʝʨʦʚ çʪʚʝʨʜʦʪʝʣʴʥʦʡè ʟʦʥʳ ʚʨʘʱʝʥʠʷ ʞʠʜʢʦʩʪʠ ʩʣʫʞʠʪ ʧʨʦʠʟ-

ʚʦʜʥʘʷ ʬʫʥʢʮʠʠ 
(x)y f=
, ʪ.ʢ. ʚ ʪʦʯʢʝ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ çʪʚʝʨʜʦʪʝʣʴʥʦʡè ʠ 

çʠʥʝʨʮʠʦʥʥʦʡè ʟʦʥʘʤʠ ʚʨʘʱʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʟʥʘʢ ʢʨʠʚʠʟʥʳ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʚʦʨʦʥʢʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚ 

ʬʫʥʢʮʠʠ 

2xy k=
 ʧʦʜʙʠʨʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ.  
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ʇʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʦʨʤʝ ʜʘʥʥʦʡ ʚʦʨʦʥʢʠ, 
ʧʨʦʚʦʜʠʣʦʩʴ ʧʣʘʥʠʤʝʪʨʠʨʦʚʘʥʠʝ ʧʨʦʬʠʣʷ ʚʦʨʦʥʢʠ, ʚ ʪʦʡ ʯʘʩʪʠ, ʛʜʝ ʚʨʘʱʝʥʠʝ 
ʤʦʞʥʦ ʩʯʠʪʘʪʴ çʪʚʝʨʜʦʪʝʣʴʥʳʤè. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟ-

ʤʦʞʥʳʤ ʦʮʝʥʠʪʴ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʤʫʱʝʥʠʡ. 
ʕʪʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʤʳ ʥʘʟʳʚʘʝʤ ʠʥʝʨʮʠʘʣʴʥʳʤʠ ʚʦʣʥʘʤʠ.  

ʘ)    ʙ) 
ʈʠʩ.3. ʌʦʪʦʛʨʘʬʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʦʨʤ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ (ʜʠʘʤʝʪʨ ʨʘʙʦʯʝʡ 

ʦʙʣʘʩʪʠ 284 ʤʤ, ʚʳʩʦʪʘ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ 200 ʤʤ; ʘ), ʙ) ʜʠʘʤʝʪʨ ʜʠʩʢʘ-ʘʢʪʠʚʘʪʦʨʘ 50 

ʤʤ, ʚʳʩʦʪʘ ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʨʝʙʨʘ 1 ʤʤ; ʛʣʫʙʠʥʘ ʚʦʨʦʥʢʠ ʘ) 1050 ʤʤ; ʙ) 1350 ʤʤ). 

ʇʦʢʘ ʥʝ ʚʳʷʚʣʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʵʪʠʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦ-
ʩʪʠ ʞʠʜʢʦʩʪʠ. ʆʪʤʝʯʝʥʦ ʪʦʣʴʢʦ ʪʦ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʠ 
ʤʘʣʳʭ ʛʣʫʙʠʥʘʭ ʢʘʚʝʨʥʳ, ʬʦʨʤʘ ʝʝ ʛʣʘʜʢʘʷ, ʙʝʟ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 
ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʦʚʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ-ʘʢʪʠʚʘʪʦʨʘ ʥʘʨʷʜʫ ʩ ʫʛʣʫʙʣʝʥʠ-
ʝʤ ʚʦʨʦʥʢʠ ʩʪʘʥʦʚʷʪʩʷ ʚʠʜʥʳ ʠʥʝʨʮʠʘʣʴʥʳʝ ʚʦʣʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʉ ʜʘʣʴʥʝʡʰʠʤ 

ʫʛʣʫʙʣʝʥʠʝʤ ʚʦʨʦʥʢʠ, ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʠʤʳʭ ʧʝʨʠʦʜʦʚ ʠʥʝʨʮʠʘʣʴʥʳʭ ʚʦʣʥ ʠ ʠʭ ʘʤ-
ʧʣʠʪʫʜʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʅʘ ʨʠʩ.3 ʘ, ʙ ʧʨʠʚʝʜʝʥʳ ʜʚʝ ʬʦʪʦʛʨʘʬʠʠ ʬʦʨʤ ʧʦʚʝʨʭʥʦ-
ʩʪʠ ʞʠʜʢʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. 
ɼʣʷ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʩ ʨʠʩʫʥʢʘ 3 ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʘʧʧʨʦʢʩʠʤʠ-

ʨʫʶʱʠʝ ʪʚʝʨʜʦʪʝʣʴʥʫʶ ʯʘʩʪʴ ʚʠʭʨʝʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʧʘʨʘʙʦʣʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳ-
ʯʠʪʘʥʠʷ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʠʟ ʬʫʥʢʮʠʠ ʫ=f(x), ʦʧʠʩʳʚʘʶʱʝʡ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʫʶ ʬʦʨʤʫ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʢʣʦ-
ʥʝʥʠʷ ʬʦʨʤʳ ʚʦʨʦʥʢʠ ʦʪ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ.4 ʘ, ʙ. 
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ʙ) 
ʈʠʩ.4. ʇʨʠʤʝʨʳ ʧʣʘʥʠʤʝʪʨʠʨʦʚʘʥʠʷ ʢʨʠʚʳʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʬʦʨʤʫ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʞʠʜʢʦʩʪʠ. ɽʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʧʦ ʦʙʝʠʤ ʦʩʷʤ ʥʘ ʦʙʦʠʭ ʛʨʘʬʠʢʘʭ ï ʩʘʥʪʠʤʝʪʨʳ. 

ʅʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʧʦ ʦʩʠ ʭ ï ʩʘʤʘʷ ʛʣʫʙʦʢʘʷ ʪʦʯʢʘ ʚʦʟʤʫʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦ-

ʩʪʠ. ʂʨʠʚʘʷ ʥʘ ʛʨʘʬʠʢʝ ʘ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʪʦʛʨʘʬʠʠ ʥʘ ʨʠʩ.3 ʘ), ʢʨʠʚʘʷ ʥʘ ʛʨʘʬʠʢʝ ʙ) 

ï ʨʠʩ.3 ʙ). 

ʅʘ ʛʨʘʬʠʢʘʭ ʨʠʩ.4 ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʚʦʟʥʠʢʘʶʱʝʛʦ ʚʦʟ-
ʤʫʱʝʥʠʷ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʨʦʥʢʠ. ʅʘ ʨʠʩ.4 (ʘ) ʦʥ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʝʥ 1,53 
ʩʤ, ʘ ʥʘ ʨʠʩ.4 (ʙ) ï 1,60 ʩʤ. ʀ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʛʨʘʬʠʢʦʚ, ʧʝʨʠʦʜ ʚʦʟ-

ʤʫʱʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚ ʧʦ ʚʩʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʦʥʝ çʪʚʝʨʜʦʪʝʣʴʥʦʛʦè 
ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ. 
ʇʦʤʠʤʦ ʠʥʝʨʮʠʘʣʴʥʳʭ ʚʦʣʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʪ ʝʱʝ ʠ ʩʧʠʨʘʣʴʥʳʝ 

ʚʦʣʥʳ. ʀʭ ʘʤʧʣʠʪʫʜʘ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʠʥʝʨʮʠʘʣʴʥʳʭ ʚʦʣʥ, ʧʦʵʪʦʤʫ ʠʭ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʦʞʥʦ ʦʪʩʣʝʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 
ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʬʦʨʤʘ ʚʦʨʦʥʢʠ ʦʪʨʘʞʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝ-

ʥʠʷ ʚ ʞʠʜʢʦʩʪʠ. ʇʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʟʦʙʘʨʦʡ ʩ ʜʘʚʣʝʥʠʝʤ, ʨʘʚ-
ʥʳʤ ʘʪʤʦʩʬʝʨʥʦʤʫ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ [18] ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʜʦʥʥʦʛʦ ʜʘʚʣʝ-

ʥʠʷ ʚ ʟʘʢʨʳʪʦʡ ʚʠʭʨʝʚʦʡ ʢʘʤʝʨʝ, ʛʜʝ ʧʦʪʦʢ ʟʘʢʨʫʯʠʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʪʘʥʛʝʥʮʠʘʣʴ-
ʥʦʛʦ ʧʦʜʚʦʜʘ ʞʠʜʢʦʩʪʠ ʩ ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ ʠʟ ʯʝʪʳʨʝʭ ʥʘʙʦʨʦʚ ʩʦʧʝʣ ʠ ʦʪʚʦʜʘ ʯʝʨʝʟ 
ʮʝʥʪʨʘʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ ʚ ʚʝʨʭʥʝʡ ʢʨʳʰʢʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʠʷ ʚ ʛʝʦʤʝʪʨʠʠ ʪʝ-
ʯʝʥʠʡ, ʚʥʫʪʨʝʥʥʷʷ ʚʠʭʨʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʷʚʣʷʝʪʩʷ ʧʦʜʦʙʥʦʡ (ʩʧʠ-
ʨʘʣʴʥʳʡ ʧʦʪʦʢ ʚ ʢʘʤʝʨʝ ʩ ʪʦʨʦʠʜʘʣʴʥʳʤ ʚʠʭʨʝʤ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʦʙʠʝ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ. 
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ʈʠʩ. 5. ʘ) ʆʙʦʙʱʝʥʥʳʝ ʧʨʦʬʠʣʠ ʜʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ Re ʠ ʫʛʣʘ 

ʧʦʚʦʨʦʪʘ ʩʦʧʝʣ. ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ ʜʘʚʣʝʥʠʝʤ ʥʘ ʦʩʠ ʚʠʭʨʷ ʠ ʜʘʚʣʝʥʠʝʤ ʦʢʦʣʦ ʩʪʝʥʢʠ 

ʢʘʤʝʨʳ, ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʜʘʚʣʝʥʠʝʤ ʚ ʪʝʢʫʱʝʡ ʪʦʯʢʝ ʠ ʜʘʚʣʝʥʠʝʤ ʦʢʦʣʦ ʩʪʝʥʢʠ ʢʘʤʝ-

ʨʳ; ʙ) ʬʦʪʦʛʨʘʬʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʦʨʦʥʢʠ (ʜʠʘʤʝʪʨ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ 292 ʤʤ, ʚʳ-

ʩʦʪʘ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ 200 ʤʤ, ʜʠʘʤʝʪʨ ʜʠʩʢʘ-ʘʢʪʠʚʘʪʦʨʘ 50 ʤʤ, ʚʳʩʦʪʘ ʜʠʘʛʦʥʘʣʴʥʦʛʦ 

ʨʝʙʨʘ 4 ʤʤ, ʛʣʫʙʠʥʘ ʚʦʨʦʥʢʠ 200 ʤʤ). 

 

ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʥʘ ʨʠʩ. 5 ʘ) ʧʨʠʚʝʜʝʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʜʦʥʥʦ-
ʛʦ ʜʘʚʣʝʥʠʷ ʠʟ ʨʘʙʦʪʳ [18]. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʘʪʯʠʢʦʤ ʜʘʚʣʝʥʠʷ ʧʦ ʚʩʝʡ 
ʧʦʚʝʨʭʥʦʩʪʠ ʜʥʘ ʚʠʭʨʝʚʦʡ ʢʘʤʝʨʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʚʘʨʴʠ-
ʨʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ Re ʠ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʩʦʧʝʣ). ɺ ʦʙʦʙʱʝʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪʘʭ (mr /2 ; 0/ pp DD
), ʜʘʥʥʳʝ ʨʘʟʣʠʯʥʳʭ ʦʧʳʪʦʚ ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʧʘʨʘʤʝʪʨʦʤ ʢʨʫʪʢʠ ʠ ʩʢʦʨʦʩʪʴʶ ʪʝʯʝʥʠʷ ʣʦʞʘʪʩʷ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʢʨʠʚʫʶ, ʬʦʨ-
ʤʘ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʨʝʜʥʝʥʥʳʤ ʢʦʥʪʫʨʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʧʨʦʚʝ-

ʜʝʥʥʳʭ ʦʧʳʪʘʭ (ʜʠʘʤʝʪʨ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ 292 ʤʤ, ʚʳʩʦʪʘ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ 200 ʤʤ, 
ʜʠʘʤʝʪʨ ʜʠʩʢʘ-ʘʢʪʠʚʘʪʦʨʘ 50 ʤʤ, ʚʳʩʦʪʘ ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʨʝʙʨʘ 4 ʤʤ, ʛʣʫʙʠʥʘ ʚʦ-
ʨʦʥʢʠ 200 ʤʤ). ʀʟ ʩʨʘʚʥʝʥʠʷ ʨʠʩ. 5 ʘ) ʠ ʙ)  ʩʣʝʜʫʝʪ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʦʝ ʩʭʦʜʩʪʚʦ 
ʧʨʦʬʠʣʝʡ ʜʘʚʣʝʥʠʷ ʠ ʢʦʥʪʫʨʘ ʚʦʨʦʥʢʠ ʦʪʨʘʞʘʝʪ ʧʦʜʦʙʠʝ ʚ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨʘʭ 
ʪʝʯʝʥʠʷ, ʘ ʨʘʟʣʠʯʠʷ ʚ ʪʦʥʢʠʭ ʜʝʪʘʣʷʭ ï ʦʩʦʙʝʥʥʦʩʪʠ ʜʠʥʘʤʠʢʠ ʠ ʧʦʣʦʞʝʥʠʷ ʧʦʛʨʘ-
ʥʠʯʥʳʭ ʩʣʦʝʚ. ʇʨʦʭʦʞʜʝʥʠʝ ʘʥʘʣʦʛʦʚ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʨʝʣʴʝʬʘ ʥʘʜ ʜʘʪʯʠʢʦʤ 
ʜʘʚʣʝʥʠʷ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʜʚʠʞʝʥʠʷ, 
ʢʦʪʦʨʦʝ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʤʦʞʝʪ ʠʤʝʪʴ ʫʧʦʨʜ̫ʦʯʝʥʥʫʶ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʨʤʳ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʧʨʦʚʦʜʠʣʠʩʴ ʪʦʣʴʢʦ ʜʣʷ ʠʜʝʘʣʴʥʦʡ ʙʝʟʛʨʘʥʠʯʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 
ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʪʦʣʴʢʦ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 
ʩʨʘʚʥʝʥʠʷ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ 
ʥʫʞʥʦ ʨʝʰʠʪʴ ʜʨʫʛʫʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ. 

ɺʳʚʦʜʳ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ  ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ 
ʪʠʧʦʚ ʚʦʟʤʫʱʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ.  

ɺʦʨʦʥʢʘ, ʥʘʙʣʶʜʘʝʤʘʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʥʝ ʠʤʝʝʪ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦ-
ʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʨʦʚʥʷʤʠ ʤʘʩʰʪʘ-
ʙʦʚ. 
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ʅʘ ʚʦʟʤʫʱʝʥʥʦʡ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʦʷʚ-
ʣʝʥʠʝ ʢʦʪʦʨʦʡ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʚʦʣʥ. ʕʪʠ ʚʦʟʤʫʱʝʥʠʷ ʧʦʚʝʨʭʥʦ-
ʩʪʠ ʥʘʨʫʰʘʶʪ ʘʢʩʠʘʣʴʥʫʶ ʩʠʤʤʝʪʨʠʶ ʧʦʪʦʢʘ. 

ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ ʧʨʠʷʪʥʳʤ ʜʦʣʛʦʤ ʚʳʨʘʟʠʪʴ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʧʨʦʬʝʩʩʦʨʫ ʖ.ɼ 
ʏʘʰʝʯʢʠʥʫ ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʧʨʦʙʣʝʤʳ ʠ  ʧʦʩʪʦʷʥʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʨʘʙʦʪʝ, ʘ ʧʨʦʬʝʩʩʦ-
ʨʫ ʂ.ɺ. ʇʦʢʘʟʝʝʚʫ ʟʘ ʚʥʠʤʘʥʠʝ ʢ ʨʘʙʦʪʝ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. 
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ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ɼʀʉʉʀʇɸʊʀɺʅʓʍ ʀ 

ʅɽʃʀʅɽʁʅʓʍ ʌɸʂʊʆʈʆɺ ɺ ʉʊʈɸʊʀʌʀʎʀʈʆɺɸʅʅʆʄ 

ʇʆɻʈɸʅʀʏʅʆʄ ʉʃʆɽ ʆʂʆʃʆ ɻʆʈʀɿʆʅʊɸʃʔʅʆʁ 

ʇʃɸʉʊʀʅʂʀ 

 

ʄ.ʇ. ɺʘʩʠʣʴʝʚ 

ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

 

ɺ ʪʝʦʨʠʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʪʝʯʝʥʠʡ ʥʘ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʠ ʚʝ-
ʝɦʩʪʚʘ, ʜʠʥʘʤʠʢʫ ʚʦʣʥ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʵʚʦʣʶʮʠʶ ʚʠʭʨʝʚʳʭ ʜʚʠʞʝʥʠʡ ʟʥʘʯʠ-
ʪʝʣɹʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʝʡ ʧʣʦʪʥʦʩʪʠ ʠ ʩʦʣʝʥʦʩʪʠ. ɽʝ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʘʩʪʦ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚʙʣʠʟʠ ʧʦʚʝʨʭ-

ʥʦʩʪʝʡ ʦʙʪʝʢʘʝʤʳʭ ʪʝʣ, ʪ.ʝ. ʩ ʧʦʛʨʘʥʠʯʥʳʤ ʩʣʦʝʤ, ʚʧʝʨʚʳʝ ʚʚʝʜʝʥʥʳʤ ʜʣʷ ʦʧʠʩʘ-
ʥʠʷ ʪʝʯʝʥʠʡ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʃ. ʇʨʘʥʜʪʣʝʤ. ɿʘʜʘʯʠ ʜʠʥʘʤʠʢʠ ʧʦʛʨʘʥʠʯʥʦʛʦ 
ʩʣʦʷ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʞʠʜʢʦʩʪʷʭ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʠʟʚʝʩʪʥʦʡ ʢʥʠʛʝ [1], ʚ ʪʦʤ ʯʠʩʣʝ ʠ 
ʟʘʜʘʯʘ ʦʙʪʝʢʘʥʠʷ ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʳ ʥʘʛʨʝʪʦʡ ʧʣʘʩʪʠʥʳ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʦʚ ʪʝʤʧʝ-
ʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʈʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠʩʢʘʣʠʩʴ ʚ ʘʚʪʦʤʦ-
ʜʝʣʴʥʦʤ ʚʠʜʝ, ʧʨʠʯʝʤ ʜʝʡʩʪʚʠʝ ʩʠʣ ʧʣʘʚʫʯʝʩʪʠ ʚʥʫʪʨʠ ʩʣʦʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʥʝ-
ʙʨʝʛʘʣʦʩʴ. 
ʋʯʝʪ ʩʠʣ ʧʣʘʚʫʯʝʩʪʠ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʨʘʙʦʪʝ [2] ʜʣʷ ʩʣʫʯʘʷ ʤʘʣʳʭ ʯʠʩʝʣ ʈʝʡ-

ʥʦʣʴʜʩʘ ʩ ʦʪʙʨʘʩʳʚʘʥʠʝʤ ʥʝʣʠʥʝʡʥʳʭ ʯʣʝʥʦʚ ʚ ʫʨʘʚʥʝʥʠʷʭ ʜʚʠʞʝʥʠʷ. ʊʝʦʨʝʪʠʯʝ-
ʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚʷʟʢʦʡ ʚʦʣʥʳ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ 
ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʪʝʣʘ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ 
ʠʥʚʘʨʠʘʥʪʥʳʝ ʨʝʰʝʥʠʷ  ʚʝʨʥʳʝ ʜʣʷ ʪʝʯʝʥʠʷ ʟʘ ʧʨʝʧʷʪʩʪʚʠʝʤ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘ-
ʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʦʪ-
ʤʝʨʷʝʤʦʡ ʚʚʝʨʭ ʧʦ ʪʝʯʝʥʠʶ ʦʪ ʧʨʝʧʷʪʩʪʚʠʷ, ʫʤʝʥʴʰʘʶʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠ 

(
43-x ). ʕʪʦ ʨʝʰʝʥʠʝ ʦʧʠʩʳʚʘʝʪ çʙʣʦʢʠʨʦʚʢʫè ʧʦʪʦʢʘ ʧʝʨʝʜ ʪʝʣʦʤ. 
ɺ ʨʘʙʦʪʘʭ [3, 4] ʙʳʣ ʠʟʫʯʝʥ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʥʘ ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʝ ʜʚʠʞʫ-

ʱʝʡʩʷ ʤʝʜʣʝʥʥʦ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʦʣʱʠʥʘ ʧʦʛʨʘʥʠʯ-
ʥʦʛʦ ʩʣʦʷ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʥʠʟ ʧʦ ʧʦʪʦʢʫ. ɹʳʣʘ ʪʘʢʞʝ ʪʝʦʨʝʪʠʯʝʩʢʠ 
ʦʧʠʩʘʥʘ ʩʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʷ, ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚ ʢʦʪʦʨʳʭ ʧʨʝʥʝ-
ʙʨʝʛʘʣʠʩʴ ʘʜʚʝʢʪʠʚʥʳʝ ʯʣʝʥʳ ʠ ʧʣʦʪʥʦʩʪʥʘʷ ʜʠʬʬʫʟʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʫʯʝʪʝ 
ʧʣʦʪʥʦʩʪʥʦʡ ʜʠʬʬʫʟʠʠ, ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʨʘʩʪʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 
ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ, ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʪʦʢʘ. 
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ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʝʞʠʤʦʚ ʪʝʯʝʥʠʡ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʤ ʩʪʘʮʠʦʥʘʨʥʦʤ ʧʦ-
ʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʘʩʪʠʥʝ ʜʣʷ ʙʦʣʴʰʠʭ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ ʚʳ-
ʧʦʣʥʝʥʘ ʚ [5]. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʠʣ ʧʣʘʚʫʯʝʩʪʠ ʥʘ ʜʠʥʘʤʠʢʫ ʩʢʦʨʦʩʪʥʦʛʦ ʧʦʛʨʘ-

ʥʠʯʥʦʛʦ ʩʣʦʷ. ʉʪʨʫʢʪʫʨʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʜʣʷ ʞʠʜʢʦʩʪʠ ʩ ʙʦʣʴ-
ʰʠʤʠ ʯʠʩʣʘʤʠ ʇʨʘʥʜʪʣʷ, ʧʣʦʪʥʦʩʪʥʦʡ ʜʠʬʬʫʟʠʝʡ ʧʨʝʥʝʙʨʝʛʘʣʦʩʴ. ɸʥʘʣʠʟ, ʦʩʥʦ-
ʚʘʥʥʳʡ ʥʘ ʘʚʪʦʤʦʜʝʣʴʥʳʭ ʨʝʰʝʥʠʷʭ, ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ 
ʪʝʯʝʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ ʠ ʈʘʩʩʝʣʘ. 
ɹʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʩʰʠʚʘʥʠʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠ ʚʥʝʰʥʝʛʦ ʧʦʪʦʢʘ 
ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʚʦʡʩʪʚ ʚʩʝʛʦ ʧʦʪʦʢʘ.  
ʋʢʘʟʘʥʥʳʝ ʨʝʞʠʤʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

()1ORu<
, 

() ( )LRORuO <¢1
, 

 
( )LRORu>

, Ru ï ʯʠʩʣʦ ʈʘʩʩʝʣʘ ʠ LR
 ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʥʫʪʨʝʥʥʠʡ ʧʦʪʦʢ ʦʧʠʩʳʚʘʝʪʩʷ ʨʝʰʝʥʠʝʤ ʐʣʠʭʪʠʥʛʘ ʜʣʷ 
ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʘ ʚʥʝʰʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʧʝʨ-

ʚʠʯʥʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʪʘʢʞʝ ʦʧʠʩʳʚʘʝʪʩʷ ʨʝʰʝʥʠʝʤ ʐʣʠʭʪʠʥʛʘ, ʥʦ ʩʫʱʝ-
ʩʪʚʫʝʪ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʧʦʪʦʢ, ʚʳʟʚʘʥʥʳʡ ʵʬʬʝʢʪʦʤ ʩʤʝʱʝʥʠʷ 
ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʧʦʜʛʦʥʷʝʪʩʷ ʧʦʜ ʧʘʨʘʣʣʝʣʴʥʳʡ ʚʥʝʰʥʠʡ ʧʦʪʦʢ. ɺ ʧʦʩʣʝʜʥʝʤ, 
ʪʨʝʪʝɹʤ ʩʣʫʯʘʝ, ʵʬʬʝʢʪ ʙʣʦʢʠʨʦʚʢʠ ʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʞʝ ʥʘ ʚʥʫʪʨʠ ʧʦ-
ʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ.  
ʋʯʝʪʫ ʵʬʬʝʢʪʦʚ ʜʠʬʬʫʟʠʠ ʧʦʩʚʷʱʝʥʘ ʨʘʙʦʪʘ [6]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʬʬʫʟʠʷ 

ʧʣʦʪʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪ ʨʦʣʴ ʩʠʣ ʧʣʘʚʫʯʝʩʪʠ ʠ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʠʟʤʝʥʝʥʠʡ 
ʩʚʦʡʩʪʚ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ʕʬʬʝʢʪʳ ʧʣʘʚʫʯʝʩʪʠ ʠ ʜʠʬʬʫʟʠʠ ʠʟʫʯʝʥʳ ʧʫʪʝʤ ʯʠʩ-

ʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ. 
ʉʦʚʤʝʩʪʥʳʡ ʵʬʬʝʢʪ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʠ ʧʣʘʚʫʯʝʩʪʠ ʥʘ ʧʦʛʨʘʥʠʯ-

ʥʳʡ ʩʣʦʡ ʥʘʠʙʦʣʝʝ ʚʝʣʠʢ, ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʛʨʝʪʦʡ ʩʪʝʥʢʝ ʠ ʤʘʣʳʭ ʯʠʩʝʣ ʇʨʘʥʜʪʣʷ, 
ʪʘʢ ʢʘʢ ʦʥʠ ʦʧʨʝʜʝʣʷʶʪ ʚʝʨʪʠʢʘʣʴʥʫʶ ʰʢʘʣʫ ʥʘ ʢʦʪʦʨʦʡ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ ʧʣʘʚʫʯʝ-
ʩʪʠ. ʉʪʨʘʪʠʬʠʢʘʮʠʷ ʤʦʞʝʪ, ʢʘʢ ʫʚʝʣʠʯʠʚʘʪʴ, ʪʘʢ ʠ ʫʤʝʥʴʰʘʪʴ ʨʘʟʜʝʣʝʥʠʝ ʚ ʟʘʚʠ-
ʩʠʤʦʩʪʠ ʦʪ ʨʘʟʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʞʜʫ ʛʨʘʥʠʮʝʡ ʠ ʩʚʦʙʦʜʥʳʤ ʧʦʪʦʢʦʤ ʠ ʦʪ ʟʥʘ-
ʯʝʥʠʷ ʯʠʩʣʘ ʌʨʫʜʘ. 
ɼʠʬʬʫʟʠʷ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʚ ʪʦʤ, ʯʪʦ ʩʣʫʞʠʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʘʞʥʦʩʪʠ ʧʣʘʚʫʯʝʩʪʠ ʧʨʠ ʩʰʠʚʘʥʠʠ ʩʢʦʨʦʩʪʥʳʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ. ʕʪʦ ʦʩʦ-

ʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʤʘʣʳʭ ʯʠʩʣʘʭ ʈʘʩʩʝʣʘ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʠʬʬʫʟʠʷ ʤʦʞʝʪ ʟʥʘʯʠ-
ʪʝʣʴʥʦ ʠʟʤʝʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʜʠʬʬʫʟʠʦʥ-
ʥʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʚʩʝʛʜʘ ʨʘʩʪʝʪ ʦʪ ʧʝʨʝʜʥʝʛʦ ʢʨʘʷ, ʚʦʣʥʘ ʤʦʤʝʥʪʘ ʧʦ ʪʝʯʝ-
ʥʠʶ, ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʘʨʠʘʮʠʠ ʧʣʦʪʥʦʩʪʠ, ʜʦʣʞʥʘ ʩʫʱʝʩʪʚʦʚʘʪʴ ʜʘʞʝ ʚ 
ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʷʟʢʦʩʪʥʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʨʘʩʪʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʪʠʚ ʪʝʯʝʥʠʷ. 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʠʟʫʯʘʶʪʩʷ ʪʝʯʝʥʠʷ ʚ ʩʪʨʘʪʠʬʠ-

ʮʠʨʦʚʘʥʥʦʤ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʦʢʦʣʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʦʚ 
ʚʷʟʢʦʩʪʠ, ʜʠʬʬʫʟʠʠ, ʧʣʘʚʫʯʝʩʪʠ ʠ ʥʝʣʠʥʝʡʥʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʘʣʠʟʘ ʧʦʜʦʙʥʳʭ ʪʝʯʝʥʠʡ ʷʚʣʷʶʪʩʷ ʘʚʪʦʤʦʜʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ï 
ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʠʥʚʘʨʠʘʥʪʥʳʭ ʨʝʰʝʥʠʡ ʬʠʟʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʟʘʜʘʯʠ ʧʨʝʜʚʘʨʷʝʪ 
ʛʨʫʧʧʦʚʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ, ʧʨʠʯʝʤ ʥʘʨʷʜʫ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 
ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʛʨʫʧʧʦʚʦʛʦ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥʳ ʧʨʠʙʣʠʞʝʥʥʳʝ ʩʠʤʤʝʪʨʠʠ ʫʨʘʚʥʝʥʠʡ, 
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ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ (ʧʦʠʩʢ ʧʨʠʙʣʠʞʝʥʥʦ 
ʠʥʚʘʨʠʘʥʪʥʳʭ ʨʝʰʝʥʠʡ). 
ʋʨʘʚʥʝʥʠʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠʤʝʶʪ ʚʠʜ 
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 (1) 

ʛʜʝ u  ʠ v  ï ʧʨʦʜʦʣʴʥʘʷ ʠ ʧʦʧʝʨʝʯʥʘʷ ʢ ʧʣʦʩʢʦʩʪʠ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ, S  

ï ʩʦʣʝʥʦʩʪʴ, ʦʩʴ x  ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʣʦʩʢʦʩʪʠ, ʘ ʠ 
y

 ï 

ʥʦʨʤʘʣʴʥʘ ʢ ʥʝʡ, 
g

 ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, a ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʣʦʩʢʦ-

ʩʪʠ ʢ ʛʦʨʠʟʦʥʪʫ, n ʠ k ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʠ ʜʠʬʬʫʟʠʠ 

ʩʦʣʠ, L ï ʤʘʩʰʪʘʙ ʩʪʨʘʪʠʬʠʢʘʮʠʠ. 
 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʡ ʫʨʘʚʥʝʥʠʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. 
ɻʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ ʫʨʘʚʥʝʥʠʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʟʘʚʠʩʠʪ ʦʪ 

ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʥʘʢʣʦʥʘ ʪʝʣʘ ʢ ʛʦʨʠʟʦʥʪʫ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ (0̧a , 
2p̧a
) ʦʥʘ 

ʩʦʩʪʦʠʪ ʠʟ ʛʨʫʧʧʳ ʚʨʝʤʝʥʥʳʭ ʩʜʚʠʛʦʚ tX µ=1 ; ʛʨʫʧʧʳ ʩʜʚʠʛʦʚ ʩʦʣʝʥʦʩʪʠ ʠ 

ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʩʜʚʠʛʦʚ ʜʘʚʣʝʥʠʷ PS gxX µa-µ= sin2 ; ʛʨʫʧʧʳ ʨʘʩʪʷʞʝ-
ʥʠʷ  
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ʠ ʪʨʝʭ ʙʝʩʢʦʥʝʯʥʦʤʝʨʥʳʭ ʛʨʫʧʧ ʩʜʚʠʛʦʚ ʜʘʚʣʝʥʠʷ 
()PtX µp=p ; ʛʨʫʧʧʳ ʧʝʨʝ-

ʭʦʜʘ ʚ ʜʚʠʞʫʱʫʶʩʷ ʚʜʦʣʴ ʦʩʝʡ x ʠ y ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 
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( ) ( ) PSvxty dx
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a
+µh+h+µh= ñh 2sin

2

cos
,

. 
ʆʥʘ ʚʦ ʤʥʦʛʦʤ ʧʦʭʦʞʘ ʥʘ ʛʨʫʧʧʫ ʩʠʤʤʝʪʨʠʠ ʫʨʘʚʥʝʥʠʡ ʥʝʩʞʠʤʘʝʤʦʡ ʩʪʨʘʪʠ-

ʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʦʜʥʘʢʦ ʚ ʥʝʡ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ, ʦʪ-
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ʩʫʪʩʪʚʫʶʪ ʛʨʫʧʧʳ ʚʨʘʱʝʥʠʷ. ʕʪʘ ʘʥʠʟʦʪʨʦʧʠʷ ʟʘʨʘʥʝʝ ʥʘʚʷʟʘʥʘ ʥʝʨʘʚʥʦʧʨʘʚʠʝʤ 
ʦʩʝʡ x ʠ y, ʩʣʝʜʫʶʱʠʤ ʠʟ ʫʩʣʦʚʠʡ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ. ʆʜʥʘʢʦ, ʝʩʣʠ ʥʝʩʞʠʤʘʝ-
ʤʦʩʪʴ ʚʤʝʩʪʝ ʩ ʫʩʣʦʚʠʝʤ ʙʘʨʦʪʨʦʧʥʦʩʪʠ ʧʨʠʚʦʜʷʪ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʵʢʚʠʚʘʣʝʥʪʥʦ-

ʩʪʠ ʚʩʝʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ, ʜʚʠʞʫʱʠʭʩʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʫʩʢʦʨʝʥʠ-
ʝʤ (Ä 3.1), ʪʦ ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʩʢʦʨʦʩʪʠ ʚ ʦʜʥʦʤ ʠʟ ʫʨʘʚ-
ʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʨʘʩʰʠʨʷʝʪ ʢʣʘʩʩ ʪʘʢʠʭ ʩʠʩʪʝʤ. ɺ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʵʢʚʠ-
ʚʘʣʝʥʪʥʳʤʠ ʦʢʘʟʳʚʘʶʪʩʷ ʪʘʢʞʝ ʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʜʚʠʞʫʱʠʝʩʷ ʠ ʩ ʚʨʘʱʝʥʠʝʤ, 
ʠ ʩ ʜʝʬʦʨʤʘʮʠʝʡ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʧʨʠ ʵʪʦʤ ʙʫ-

ʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʦʥʚʝʢʪʠʚʥʳʤ ʧʝʨʝʥʦʩʦʤ ʟʘʢʦʥʘ ʜʚʠʞʝʥʠʷ 
( )xt,h

 ʚʜʦʣʴ ʪʘʥ-

ʛʝʥʮʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, 
ʯʪʦ ʪʘʢʠʤ ʞʝ ʩʚʦʡʩʪʚʦʤ ʦʙʣʘʜʘʶʪ ʠ ʫʨʘʚʥʝʥʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚ ʦʜʥʦʨʦʜʥʦʡ 
ʞʠʜʢʦʩʪʠ. ʆʙʳʯʥʦ ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʟʘʢʦʥʘ ʜʚʠʞʝʥʠʷ ʪʦʣʴʢʦ ʦʪ ʚʨʝʤʝ-

ʥʠ [6], ʠ ʛʝʥʝʨʘʪʦʨ hX
 ʧʨʠʚʦʜʠʪʩʷ ʚ ʚʠʜʝ 

() vtytX µh+µh=h . 

ʇʝʨʝʡʜʝʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ, ʪʦ ʝʩʪʴ ʢʦʛʜʘ ʫʛʦʣ ¯=a 0 , ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʢ ʧʦʣʥʦʡ ʩʦʣʝʥʦʩʪʠ 
L-= ySS

~
 ʚʳʰʝ ʥʘʧʠʩʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʠʦʙʨʝ-

ʪʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 

0

2

2

2

2

=
µ

µ
+

µ

µ

µ

µ
k=

µ

µ
+

µ

µ

µ

µ
=

µ

µ
+

µ

µ

y

v

x

u

y

S

y

S
v

x

S
u

y

u
v

y

u
v

x

u
u

 (2) 

ɿʥʘʢ ʪʠʣʴʜʘ ʟʜʝʩʴ ʜʘʣʝʝ ʦʧʫʩʢʘʝʪʩʷ. 
ɹʘʟʠʩ ʛʝʥʝʨʘʪʦʨʦʚ ʛʨʫʧʧʳ ʨʘʩʪʷʞʝʥʠʡ ʜʣʷ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʚʠʜ 

u
u

x
xX

µ

µ
+

µ

µ
=1

, 
v

v
u

u
y

yX
µ

µ
-

µ

µ
-

µ

µ
= 22

, 
S

SX
µ

µ
=3

. (3) 

ʊʦʛʜʘ ʣʶʙʦʡ ʜʨʫʛʦʡ ʛʝʥʝʨʘʪʦʨ ʛʨʫʧʧʳ ʘʚʪʦʤʦʜʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʦʞʥʦ 
ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʛʝʥʝʨʘʪʦʨʦʚ ʙʘʟʠʩʘ (3), ʪʦ ʝʩʪʴ: 

321 XnXmXlX ++=
, ʛʜʝ l, m ʠ n ʧʨʦʠʟʚʦʣʴʥʳʝ ʢʦʥʩʪʘʥʪʳ. 

ʋʨʘʚʥʝʥʠʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʪʦʢʘ, ʢʦʪʦʨʘʷ ʦʧʨʝ-
ʜʝʣʷʝʪʩʷ ʢʘʢ 

x
v

y
u

µ

yµ
-=

µ

yµ
= ,

   (4) 

ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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y=y
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è
Ð-y
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,, 222

  (5) 
ʈʘʩʩʤʦʪʨʠʤ ʦʙʣʘʩʪʴ ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʙʣʠʟʢʦ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʘʩʪʠʥʳ, ʪʦ ʝʩʪʴ ʪʘʢʫʶ, ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʘʷ ʰʢʘʣʘ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ. ʀ ʪʦʛʜʘ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: 

( )

( ) ( )yxyx

RuRyy L

~,~,

1,,~

ye=y

<<e=ee=

  (6) 
ɼʘʣʝʝ ʜʣʷ ʧʨʦʩʪʦʪʳ ʦʧʫʩʪʠʤ ʪʠʣʴʜʘ ʦʙʦʟʥʘʯʝʥʠʷ ʠ ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʚ ʥʦ-

ʚʳʭ ʧʝʨʝʤʝʥʥʳʭ: 

( ) 0,, 22
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yxL

(7) 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʯʠʩʣʘ ʈʘʩʩʝʣʘ 
eeRuRu=
ʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ 

2

, eeLL RR =
 ʧʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

0
21 4

22

,

=-
ý
ü
û

í
ì
ë

--++-- xxxx

L

xxyy

L

xxyxxxxyxyyyy

L

yyyxxyyy
RR

Ru
R

y
e

yyyyyeyyyyyy e

e (8) 

ʇʦʠʩʢ ʠʥʚʘʨʠʘʥʪʥʳʭ ʨʝʰʝʥʠʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʵʬʬʝʢʪʳ ʧʣʘʚʫʯʝʩʪʠ ʠ ʧʨʠ 
ʫʩʣʦʚʠʠ ʧʦʩʪʦ̫ ʥʥʦʛʦ ʚʥʝʰʥʝʛʦ ʧʦʪʦʢʘ, ʚʦʟʤʦʞʥʦ, ʧʨʦʚʦʜʠʪʴ, ʪʦʣʴʢʦ ʩ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝʤ ʧʨʠʙʣʠʞʝʥʥʳʭ ʛʨʫʧʧ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʛʝʥʝʨʘʪʦʨʳ ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʧʦ e: 
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 (10) 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʠʟ ʩʧʠʩʢʘ ʛʝʥʝʨʘʪʦʨʦʚ (9), (10) ʥʝʦʙʭʦʜʠʤʦ 
ʚʳʙʨʘʪʴ ʪʘʢʫʶ ʢʦʤʙʠʥʘʮʠʶ, ʯʪʦʙʳ ʧʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʨʝʜʫʮʠʨʫʶʱʝʡ ʟʘʤʝʥʳ ʛʨʘ-
ʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʙʳʣʠ ʫʜʦʚʣʝʪʚʦʨʝʥʳ ʚ ʨʘʤʢʘʭ ʥʦʚʳʭ ʟʘʚʠʩʠʤʳʭ ʠ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʝʨʝʤʝʥʥʳʭ. ʏʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʪʘʢʫʶ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʩʠʩʪʝʤʳ (8) ʩ ʫʩʣʦ-
ʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʨʘʩʩʤʦʪʨʠʤ ʢʦʤʙʠʥʘʮʠʶ 

98 XbXaX +=
. ʊʨʝʙʫʝʤʦʝ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʩʚʷʟʠ a = 2b, ʪʦʛʜʘ ʧʦ-

ʣʫʯʘʝʤ 
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ææ
ç

å

µ

µ
+

µ

µ
+

µ

µ
=

y
ye

y
y

x
xbX 2

 (11) 
ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʚʘʨʠʘʥʪʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʘʥʘʣʦ-

ʛʠʯʥʳ ʩʣʫʯʘʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʚ ʨʘʙʦʪʝ [1], ʦʜʥʘʢʦ ʟʜʝʩʴ ʫʯʠʪʚrʘʝʪʩʷ ʚʣʠʷʥʠʝ 
ʧʣʘʚʫʯʝʩʪʠ. 

 
ʈʘʩʩʤʦʪʨʠʤ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ ʜʚʫʭ ʪʠʧʦʚ. ʆʜʥʘ ʠʟ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʟʘʜʘʯ ʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʪʝʧʣʘ ʚʳʟʚʘʥʥʘʷ ʨʘʟʥʦʩʪʴʶ ʪʝʤʧʝʨʘʪʫʨ ʚ ʥʫʣʝ ʠ ʥʘ ʙʝʩʢʦʥʝʯʥʦ-
ʩʪʠ, ʘ ʜʨʫʛʘʷ ʪʠʧʠʯʥʘ ʜʣʷ ʜʠʥʘʤʠʢʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʪʝʯʝʥʠʡ, ʢʦʛʜʘ ʛʨʘʥʠʮʳ 
ʪʝʣ ʷʚʣʷʶʪʩʷ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʜʣʷ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʧʨʠʤʝʩʠ, ʘ ʥʘ ʙʝʩʢʦ-
ʥʝʯʥʦʩʪʠ ʚʦʟʤʫʱʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʜʚʠʞʫʱʠʤʩʷ ʪʝʣʦʤ, ʟʘʪʫʭʘʶʪ, ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʦʣʝʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʙʣʠʟʢʠʤ ʢ ʠʩʭʦʜʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ. 
 
ɿʘʜʘʯʘ ʦʙ ʠʩʪʦʯʥʠʢʝ. 
ʂʨʘʝʚʘʷ ʟʘʜʘʯʘ ʙʝʟ ʫʯʝʪʘ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

¤==

====

¤¤ ySsUu

ySsvu

,,

0,,0 0

 (12) 
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ʈʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʧʝʨʚʦʛʦ ʨʦʜʘ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ ʨʝʰʝʥʠʷ ʠʥʚʘʨʠ-
ʘʥʪʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ ʨʘʩʪʷʞʝʥʠʷ. ɽʝ ʛʝʥʝʨʘʪʦʨ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʛʝʥʝʨʘ-
ʪʦʨʳ ʙʘʟʠʩʘ (3) 

v
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µ
=*+*+*= 2012 321

. (13) 
ʋʩʣʦʚʠʝ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʘʚʪʦʤʦʜʝʣʴʥʳʤ ʧʝʨʝʤʝʥʥʳʤ, 

ʢʦʪʦʨʳʝ ʩ ʫʯʝʪʦʤ ʦʙʝʟʨʘʟʤʝʨʠʚʘʥʠʷ ʟʘʧʠʰʫʪʩʷ ʢʘʢ 
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U
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= ¤

, 
fUu ¡= ¤ , 

( )ffz
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U
v -¡

n
= ¤
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, 

()zfxU¤n=y
, 

()zS s=
,  (14) 

ʛʜʝ ʬʫʥʢʮʠʷ f ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ: 
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=¡¡+¡¡¡
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zff

fff
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 (15) 
ʋʨʘʚʥʝʥʠʝ (15) ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ʩʨʘʱʠʚʘʝʤʳʭ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʨʘʟʣʦʞʝ-

ʥʠʡ. ʈʝʰʝʥʠʝ ʜʣʷ ʤʘʣʳʭ z ʠʱʝʤ ʚ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ ʬʫʥʢʮʠʠ 
f

 ʚ ʩʪʝʧʝʥʥʦʡ ʨʷʜ, 

ʘ ʜʣʷ ʙʦʣʴʰʠʭ z ʚ ʚʠʜʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʨʷʜʘ. ʊʦʛʜʘ ʩ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦ-

ʚʠʡ ʜʣʷ 
f

 ʠʤʝʝʤ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ  
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 (16) 

ʛʜʝ a ï ʩʚʦʙʦʜʥʳʡ ʧʘʨʘʤʝʪʨ. 

ʇʦʜʩʪʘʥʦʚʢʘ (16) ʚ ʫʨʘʚʥʝʥʠʝ (15) ʧʨʠʚʦʜʠʪ ʢ ʨʝʢʫʨʨʝʥʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ 

ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʷ nC
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ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʧʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʯʣʝʥʦʚ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʨʷʜʘ ʜʣʷ 

f
 ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ (

2++= 21 fff
) ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʯʣʝʥʦʚ ʚʪʦʨʦʛʦ ʧʦ-

ʨʷʜʢʘ ʤʘʣʦʩʪʠ ʜʘʝʪ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʠʜʘ 

( )2/erfci
4

exp

z 2z
*)( zzdz

z
dzzf g+=

ö
ö

÷

õ

æ
æ

ç

å
-g+= ññ¤¤

¤

, (18) 

ʛʜʝ 
*2 gp=g

 ï ʩʚʦʙʦʜʥʳʡ ʧʘʨʘʤʝʪʨ, 
()zerfci

 ï ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ ʦʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʚʝʨʦʷʪʥʦʩʪʠ. 
ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʩʚʦʙʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʷʭ 

)0(f
 ʠ 

)(¤f
 ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʨʝʰʝʥʠʝ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ 

ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ. ɼʣʷ ʵʪʦʛʦ ʚ ʥʝʢʦʪʦʨʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʦʯʢʝ 
*z  ʙʫʜʝʤ 

ʪʘʢ ʚʳʙʠʨʘʪʴ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦʙʳ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʣʠ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʬʫʥʢ-

ʮʠʠ 
f

 ʠ ʝʝ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʨʝʰʝʥʠʷ ʚ ñʥʫʣʝò ʢ ʨʝʰʝʥʠʶ ʥʘ 

ñʙʝʩʢʦʥʝʯʥʦʩʪʠò. ɼʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ a ʠ 
g

 

ʧʨʠ ʩʨʘʱʠʚʘʥʠʠ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʯʠʩʣʦ ʯʣʝʥʦʚ ʨʷʜʘ (16), ʤʝʥʷʣʦʩʴ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ 

ʩʨʘʱʠʚʘʥʠʷ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ 
)0(f

 ʥʝ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʟʥʘ-

ʯʝʥʠʝ a ʠ 
g
. ʇʨʠ ʚʳʙʦʨʝ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʩʨʘʱʠʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʠʩ-

ʧʦʣʴʟʦʚʘʣʩʷ 

22
** g¡+a¡=

zz
R

, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ 
*z  ʜʦʣʞʥʦ ʙʳʣʦ ʙʳʪʴ ʤʠʥʠ-

ʤʘʣʴʥʳʤ. 

1.3658

1.36585

1.3659

1.36595

1.366

1.162 1.164 1.166 1.168 1.17
 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ R  ʦʪ 
*z . 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ 167.1* ºz . ʅʘ ʈʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠ-

ʤʦʩʪʴ 
f

 ʦʪ z. 

ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʧʝ-
ʨʝʥʦʩʘ ʩʦʣʝʥʦʩʪʠ ʠ ʛʨʘ-
ʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʦʩʣʝ 

ʟʘʤʝʥʳ (6) ʧʨʠʤʫʪ ʚʠʜ 
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,0,

,0

0

¤=s

==s

=s¡+s¡¡

¤ zS

zS

fA

 (19) 

ʛʜʝ 
kn= 2A

. 
ʈʝʰʝʥʠʝʤ ʢʨʘʝʚʦʡ 

ʟʘʜʘʯʠ (19) ʷʚʣʷʝʪʩʷ 
ʬʫʥʢʮʠʷ  
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0 0

exp dzdzfAI
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. 

ɸʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʧʨʠ ʙʦʣʴʰʠʭ z  ʜʣʷ (20) ʜʘʝʪ 

ö
ö

÷

õ

æ
æ

ç

å
+=s ¤ z

A
CS

2
erfci

 
2. ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʣʘʩʪʠʥʢʘ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʤ ʧʦʪʦʢʝ. 
ʈʘʩʩʤʦʪʨʠʤ ʜʠʥʘʤʠʢʫ ʧʦʛʨʘʥʠʯʥʦʛʦ ʪʝʯʝʥʠʷ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʥʘʪʝʢʘʥʠʠ 

ʧʦʪʦʢʘ ʣʠʥʝʡʥʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʘʩʪʠʥʢʫ. ɺ 
ʵʪʦʤ ʩʣʫʯʘʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠʤʝʶʪ ʚʠʜ 

¤
L
-==

====

¤ y
y

SUu

ySvu y

,,

0,0,0

 (21) 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (21) ʦʧʨʝʜʝʣʷʶʪ ʚʠʜ ʛʝʥʝʨʘʪʦʨʘ ʛʨʫʧʧʳ ʨʘʩʪʷʞʝʥʠʡ, ʩ 
ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʩʠʩʪʝʤʘ (2) ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ ʩʠʩʪʝʤʝ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬ-
ʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

 
ʈʠʩ. 2. ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ f  ʧʦʩʣʝ  

ʩʰʠʚʘʥʠʷ 
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 (22) 
ʊʦʛʜʘ ʨʝʜʫʮʠʨʫʶʱʘʷ ʟʘʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘ-
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, 
()zfxU¤n=y

, (23) 

ʛʜʝ 
y

 ï ʬʫʥʢʮʠʷ ʪʦʢʘ. 

ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʩʠʣʳ ʧʣʘʚʫʯʝʩʪʠ ʥʝ ʚʣʠʷʶʪ ʥʘ 

ʜʠʥʘʤʠʢʫ ʩʢʦʨʦʩʪʠ, ʨʝʜʫʮʠʨʦʚʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ (ʪ.ʝ. ʜʣʷ 
f
) ʦʧʷʪʴ 

ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ (15), ʘ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʜʣʷ s ʟʘʧʠʰʝʪʩʷ ʢʘʢ 
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zz
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ffA

  (24) 

ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ (24) ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ʩʨʘʱʠʚʘʝ-
ʤʳʭ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʨʘʟʣʦʞʝʥʠʡ. ʈʝʰʝʥʠʝ ʚ ʥʫʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʪʝʧʝʥ-
ʥʦʛʦ ʨʷʜʘ 
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nn
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B 3)0(

!32

1

 (25) 

ʛʜʝ a ïʧʘʨʘʤʝʪʨ ʠʟ ʨʘʟʣʦʞʝʥʠʷ 
)0(f
, ʢʨʦʤʝ ʪʦʛʦ ʩʚʦʙʦʜʥʳʤ ʷʚʣʷʝʪʩʷ ʢʦ-

ʬɻʬʠʮʠʝʥʪ 0B
. 

ʇʦʜʩʪʘʥʦʚʢʘ (25) ʚ (24) ʩ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʚʠʜʘ ʬʫʥʢʮʠʠ f ʚ ʥʫʣʝ 

ʧʨʠʚʦʜʠʪ ʢ ʨʝʢʫʨʨʝʥʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ ʜʣʷ nB
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ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʚʳʨʘʞʝʥʠʷ ʧʝʨʚʳʭ ʜʝʩʷʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ nB
 ʦʪʥʝʩʝʥʥʳʝ ʢ 

ʩʚʦʙʦʜʥʦʤʫ ʧʘʨʘʤʝʪʨʫ 0B-
 ʧʨʠ 350=A  (ʚʟʷʪʳ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʦʜʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʠ ʜʠʬ-

ʬʫʟʠʠ). 
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ʅʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʧʨʝʜʩʪʘʚʠʤ ʬʫʥʢʮʠʶ s ʚ ʚʠʜʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʨʷʜʘ 
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)( +s+s=s¤

, ʛʜʝ 12 s<<s
.

...21
)( ++=¤ fff

, ʛʜʝ 

12 ff <<
. (27) 

ʋʯʠʪʳʚʘʷ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʧʦʣʫʯʘʝʤ, ʯʪʦ 
z=s1 . ʇʦ-

ʩʣʝ ʯʝʛʦ, ʟʥʘʷ ʧʦʚʝʜʝʥʠʝ f ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʜʣʷ 2s  ʠʤʝʝʤ ʫʨʘʚʥʝʥʠʝ 
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ʩ ʦʜʥʠʤ ʪʨʠʚʠʘʣʴʥʳʤ ʢʨʘʝʚʳʤ ʫʩʣʦʚʠʝʤ ʚ ʙʝʩʢʦʥʝʯʥʦ ʫʜʘʣʝʥʥʦʡ ʪʦʯʢʝ. ɽʛʦ 
ʨʝʰʝʥʠʝ ʜʘʝʪ ʬʫʥʢʮʠʶ ʩ ʦʜʥʠʤ ʩʚʦʙʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ 
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ʉʰʠʚʘʥʠʝ ʨʘʟʣʦʞʝ-

ʥʠʡ 
)0(s  ʠ 

)(¤s  ʧʨʦʚʦ-
ʜʠʪʩʷ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ 

*z , ʚ ʢʦʪʦʨʦʡ ʧʨʠ ʟʘʜʘʥ-

ʥʦʤ ʟʥʘʯʝʥʠʠ ʢʦʥʩʪʘʥʪʳ 

A  ʚrʧʦʣʥʷʶʪʩʷ ʨʘʚʝʥ-
ʩʪʚʘ 

)()( *)(*)0( zz ¤s=s
, 

)()( *)(*)0( zz ¤s¡=s¡

. (31) 
ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ 
*z  

ʠ ʢʦɻ ʬʬʠʮʠʝʥʪʦʚ 0B
 ʠ 

C  ʘʥʘʣʦʛʠʯʝʥ ʦʧʠʩʘʥʥʦ-
ʤʫ ʚʳʰʝ ʜʣʷ ʬʫʥʢʮʠʠ f. 

ɺ ʨʘʟʤʝʨʥʦʡ ʬʦʨʤʝ 
ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝ-
ʥʠʷ ʜʣʷ ʩʢʦʨʦʩʪʠ ʠ ʩʦʣʝ-
ʥʦʩʪʠ ʠʤʝʶʪ ʚʠʜ 
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ʇʦʚʝʜʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʠ ʩʦʣʝʥʦʩʪʠ 

(ʜʣʷ ʨʘʟʣʠʯʥr ʭ ʟʥʘʯʝʥʠʡ ʦʪʥʦʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʠ 
ʜʠʬʬʫʟʠʠ) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5 ï 9. 

 

 
ʈʠʩ. 4 ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ s ʧʦʩʣʝ  

ʩʰʠʚʘʥʠʷ, 10=A  
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ʈʠʩ. 5 ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ u  

 
ʈʠʩ. 6 ɺʝʨʪʠʢʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ v  


