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ʌʠʟʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠ (ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʬʠʟʠʢʘ). ˉ 12 

ʇʦʜ ʨʝʜ. ɺ.ʀ. ʊʨʫʭʠʥʘ, ʖ.ɸ. ʇʠʨʦʛʦʚʘ, ʂ.ɺ. ʇʦʢʘʟʝʝʚʘ. ʄ.: ʌʠʟʠʯʝʩʢʠʡ ʬʘ-

ʢʫʣʴʪʝʪ ʄɻʋ, 2004.ð ʉʪʨ.  
 
 
ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʯʝʪʚʝʨʪʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʌʠʟʠʯʝ-

ʩʢʠʝ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠ (ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʬʠʟʠʢʘ)è. ɺ ʥʘʩʪʦʷʱʝʤ ʩʙʦʨʥʠʢʝ ʨʘʩ-
ʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʵʢʦʣʦʛʠʠ ɿʝʤʣʠ, ʵʢʦʣʦʛʠʠ ʛʠʜʨʦʩʬʝʨʳ ɿʝʤʣʠ ʠ ʬʠʟʠʯʝʩʢʠʭ ʤʝ-
ʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ. 
ɼʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʵʢʦʣʦʛʠʠ, ʩʪʫ-

ʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ, ʠʟʫʯʘʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʬʠʟʠʢʫ. 
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2 

 

 

ʈɽʐɽʅʀɽ ʊʈɽʊʔɽʁ ɺʉɽʈʆʉʉʀʁʉʂʆʁ ʂʆʅʌɽʈɽʅʎʀʀ 

çʌʀɿʀʏɽʉʂʀɽ ʇʈʆɹʃɽʄʓ ʕʂʆʃʆɻʀʀ 
(ʕʂʆʃʆɻʀʏɽCʂɸʗ 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 ʩʦʚʤʝʩʪʥʦʄɻʋ 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 



 

 

3 

 

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, 
ʧʦʟʚʦʣʷʶʱʠʡ  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 
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ɺ ʧʨʝʩʥʳʭ ʚʦʜʦʝʤʘʭ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪ ʚ ʧʝʨʠʦʜʳ ʚʝʩʝʥʥʝʛʦ ʧʨʦʛʨʝʚʘ ʠ ʦʩʝʥ-

ʥʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʬʨʦʥʪʘʣʴʥʳʡ ʨʘʟʜʝʣ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʜʳ ʦʪ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʜʦ ʜʥʘ 40ʉ (ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʝʩʥʦʡ ʚʦʜʳ). ʕʪʦʪ 
ʬʨʦʥʪʘʣʴʥʳʡ ʨʘʟʜʝʣ ʥʘʟʳʚʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʠʤ ʙʘʨʦʤ (ʊɹ). ɺʧʝʨʚʳʝ ʚʝʩʝʥʥʠʡ ʪʝʨ-
ʤʠʯʝʩʢʠʡ ʙʘʨ ʙʳʣ ʦʧʠʩʘʥ ʌʦʨʝʣʝʤ ʚ 1880 ʛʦʜʫ, ʘ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥ ʣʠʰʴ ʚ ʩʝʨʝ-
ʜʠʥʝ 50-ʭ ʛʦʜʦʚ 20 ʚʝʢʘ ʊʠʭʦʤʠʨʦʚʳʤ ɸ.ʀ.[1]. ʇʦʩʢʦʣʴʢʫ ʚʝʩʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 
ʚʦʜʳ ʫ ʙʝʨʝʛʘ ʙʳʩʪʨʝʝ ʜʦʩʪʠʛʘʶʪ ʪʝʤʧʝʨʘʪʫʨʳ 40ʉ, ʪʦ ʊɹ ʟʘʨʦʞʜʘʝʪʩʷ ʫ ʙʝʨʝʛʘ ʠ 
ʧʦ ʤʝʨʝ ʧʨʦʛʨʝʚʘʥʠʷ ʚʦʜʦʝʤʘ ʧʨʦʜʚʠʛʘʝʪʩʷ ʢ ʝʛʦ ʮʝʥʪʨʫ. ʉʧʨʘʚʘ ʠ ʩʣʝʚʘ ʦʪ ʊɹ ʦʙ-
ʨʘʟʦʚʘʥʠʶ ʜʚʫʭ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʷʯʝʝʢ ʩ ʟʦʥʦʡ ʩʭʦʞʜʝʥʠʷ  ʚ ʨʘʡʦʥʝ ʠʟʦʪʝʨʤʳ 
40ʉ. ʊɹ ʧʨʝʧʷʪʩʪʚʫʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʚʦʜ ʤʝʞʜʫ ʜʚʫʤʷ ʮʠʨʢʫ-

ʣ̫ ʮʠʦʥʥʳʤʠ ʷʯʝʡʢʘʤʠ ʠ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʧʨʠʙʨʝʞʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʮʝʥʪʨʘʣʴʥʫʶ 
ʯʘʩʪʴ ʚʦʜʦʝʤʘ. ʊɹ ʠʩʯʝʟʘʝʪ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʧʦ ʚʩʝʡ ʘʢʚʘʪʦ-
ʨʠʠ ʚʦʜʦʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ 40ʉ. 
ʈʘʥʝʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʙʦʪʳ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʷʚʣʝʥʠʷ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʙʘʨʘ ʚ ʙʦʣʴʰʠʭ ʦʟʝʨʘʭ, ʚ ʢʦʪʦʨʳʭ ʵʬʬʝʢʪʳ ʩʚʷʟʘʥʥʳʝ ʩ ʜʝʡʩʪʚʠʝʤ 
ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ ʊɹ [2-5]. ʆʜʥʘʢʦ 
ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʚʠʞʝʥʠʷ ʞʠʜ-
ʢʦʩʪʠ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʫʯʘʩʪʢʝ ʚʦʜʦʝʤʘ ʦʢʦʣʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʙʘʨʘ ʠ ʥʝ ʠʩʩʣʝʜʫʝʪʩʷ 

ʚʣʠʷʥʠʝ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ ʥʘ ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʚʦʜʦʝʤʝ ʥʘ ʧʨʦ-
ʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʊɹ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʚ ʨʘʙʦʪʘʭ [4, 5] ʙʳʣʦ ʧʦ-
ʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʯʠʩʣʘ ʈʦʩʩʙʠ ï ʆʙʫʭʦʚʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʢʣʘʜ ʥʝʣʠʥʝʡ-
ʥʳʭ ʵʬʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʨʘʱʝʥʠʝʤ ɿʝʤʣʠ.  
ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʦʙʣʘʩʪʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʡ ʧʦʣʦʚʠʥʝ çʚʦʜʦʝʤʘè ʩ ʥʘʢʣʦʥʥʳʤ ʧʨʘʚʳʤ ʙʝʨʝʛʦʤ, ʠʤʝʶɦ ʠʤ ʚʳʩʦʪʫ H, 
ʰʠʨʠʥʫ ʧʦ ʜʥʫ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʝʤʘ L ʠ L1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʙʝʩʢʦʥʝʯʥʫʶ ʜʣʠ-
ʥʫ. ɼʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 
ʆʍ1,ʍ2,ʍ3. ʊʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ 

ʦʧʠʩʳʚʘʶʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ɹʫʩ-
ʩʠʥʝʩʢʘ ʩ ʫʨʘʚʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʚ ʨʘʡʦʥʝ 40ʉ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ 
ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʢʦʥʚʝʢʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʧʨʘʚʘ ʠ ʩʣʝʚʘ ʦʪ ʊɹ ʬʦʨʤʠʨʫʝʪʩʷ ʚ 
ʪʫʨʙʫʣʝʥʪʥʦʡ ʩʨʝʜʝ, ʘ ʚʜʦʣʴ ʦʩʠ ʭ1 (ʜʣʠʥʘ ʚʦʜʦʝʤʘ) ʩʚʦʡʩʪʚʘ ʢʦʥʚʝʢʪʠʚʥʳʭ ʚʘʣʠ-
ʢʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʦʩʪʘʶʪʩʷ ʦʜʥʦʨʦʜʥʳʤʠ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ 
ʩʪʨʫʢʪʫʨ ʚ ʪʫʨʙʫʣʝʥʪʥʦʡ ʩʨʝʜʝ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʚ ʧʨʠʙʣʠʞʝʥʠʠ 
ɹʫʩʩʠʥʝʩʢʘ ʠ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, 
ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [7]. ʇʦʜʨʦʙʥʦ ʚʳʚʦʜ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 
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ʜʘʥ ʚ ʨʘʙʦʪʝ [6]. ʆʢʦʥʯʘʪʝʣʴʥʦ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ ʚ ʧʝʨʝʤʝʥʥʳʭ ʬʫʥʢʮʠʠ ʪʦʢʘ 

(y) ʠ ʚʠʭʨʷ (j)ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ  ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ 

ʩʪʨʫʢʪʫʨ ʚ ʧʝʨʠʦʜ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ çʚʦʜʦʝʤʝè ʊɹ ʧʨʠʥʠʤʘʝʪ ʚʠʜ:  
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 - ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʚʜʦʣʴ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʢʦʦʨʜʠʥʘʪ ʠ ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ, nʊ ʠ m - ʢʦʵʬʬʠ-

ʮʠʝʥʪʳ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ ʚ ʨʘʟʤʝʨʥʦʤ ʠ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ ʩʦʦʪʚʝʪʩʚʝʥʥʦ, 
ʊ4 ï ʙʝʟʨʘʟʤʝʨʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʝʩʥʦʡ ʚʦʜʳ, 
Ý - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ, Ŭ ï ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʰʠʨʦʪʘ, S ï ʧʣʦʱʘʜʴ 
ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (S = HĬL+0.5ĬHĬ(L1-L), c ï ʵʤʧʠʨʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ (c = 0.3). ɺ 
ʢʘʯʝʩʪʚʝ ʤʘʩʰʪʘʙʘ ʧʨʠʥʷʪʳ: ʜʣʷ ʨʘʩʩʪʦʷʥʠʡ X- ʛʣʫʙʠʥʘ ʚʦʜʦʝʤʘ H, ʪʝʤʧʝʨʘʪʫʨ ʊ - 

g

1

, ʩʢʦʨʦʩʪʝʡ U - 
gH
, ʚʨʝʤʝʥʠ t - g

H

 
ʇʨʠ ʚʳʚʦʜʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) ʫʯʠʪʳʚʘʣʘʩʴ ʢʚʘʜʨʘʪʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʣʦʪʥʦʩʪʠ ʧʨʝʩʥʦʡ ʚʦʜʳ (r) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʡʦʥʝ 40ʉ:  
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0 -g-r=r
, (g  = 0,000085 ʛʨʘʜ-2) 

ʇʦʚʝʨʭʥʦʩʪʴ çʚʦʜʦʝʤʘè ʩʯʠʪʘʝʪʩʷ ʩʚʦʙʦʜʥʦʡ. ʅʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ (ʭ3 = H) ʟʘ-
ʜʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʚʦ ʚʨʝʤʝʥʠ ʠ ʘʢʚʘʪʦʨʠʠ ʚʦʜʦʝʤʘ ʙʘʣʘʥʩʦʚʳʡ ʨʘʜʠʘʮʠʦʥʥʳʡ 
ʧʦʪʦʢ ʪʝʧʣʘ Q. ʅʘ ʜʥʝ (ʭ3 = 0) çʚʦʜʦʝʤʘè ʠ ʧʨʘʚʦʡ ʥʘʢʣʦʥʥʦʡ ʙʦʢʦʚʦʡ ʛʨʘʥʠʮʝ ʟʘ-
ʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʧʨʠʣʠʧʘʥʠʷ ʠ ʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʩʢʦʨʦʩʪʠ ʠ ʧʦʪʦʢʠ ʪʝʧʣʘ, ʩʦ-
ʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʪʦʢʘʤ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝ-
ʥʠʡ. ʅʘ ʣʝʚʦʡ (ʭ2 = 0) ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ ʟʘʜʘʝʪʩʷ ʫʩʣʦʚʠʝ ʩʠʤʤʝʪʨʠʠ ʜʣʷ ʚʩʝʭ ʧʝ-
ʨʝʤʝʥʥʳʭ. ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʚʦʜʦʝʤʝ ʦʪʩʫʪʩʪʚʫ-
ʝʪ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʜʥʝ ʟʘʜʘʝʪʩʷ ʨʘʚʥʦʡ 4Á. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʚ 

ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ ʦʪ 0Áʉ ʥʘ ʣʝʚʦʡ ʛʨʘ-
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ʥʠʮʝ ( ʮʝʥʪʨ  çʚʦʜʦʝʤʘè) ʜʦ 3.6Áʉ  ʥʘ ʧʨʘʚʦʡ ʛʨʘʥʠʮʝ (çʙʝʨʝʛè), ʪ.ʝ. ʊɹ ʦʪʩʫʪʩʪʚʫ-
ʝʪ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʚ ʪʦʣʱʝ ʚʦʜʳ ʠ ʥʘ ʙʦʢʦʚʳʭ ʛʨʘʥʠʮʘʭ ʦʪ ʜʥʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ 
ʪʝʤʧʝʨʘʪʫʨʘ ʠʤʝʝʪ ʣʠʥʝʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ʋʨʘʚʥʝʥʠʷ (1) ʚʤʝʩʪʝ ʩ ʛʨʘʥʠʯʥʳʤʠ ʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʦʙʨʘʟʫʶʪ ʟʘ-
ʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʜʚʠʞʝ-
ʥʠʷ ʚʦʜʥʳʭ ʤʘʩʩ ʚ ʚʦʜʦʝʤʝ ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ. ʈʘʩʩʤʘʪʨʠʚʘʣʩʷ çʚʦʜʦʝʤè, ʥʘʭʦʜʷ-
ʱʠʡʩʷ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ɿʝʤʣʠ ʥʘ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʝ Ŭ = 600. ʈʘʩʯʝʪʳ 
ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ ʈʦʩʩʙʠ ï ʆʙʫʭʦʚʘ. ʇʦʣʦʚʠʥʘ ʤʦʜʝ-
ʣʠʨʫʝʤʦʛʦ ʚʦʜʦʝʤʘ ʠʤʝʣʘ ʜʣʠʥʫ L1 = 9000 ʢʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʚʦʜʦʝʤʘ H 
ʟʘʜʘʚʘʣʘʩʴ ʨʘʚʥʦʡ 150 ʤ. ɹʘʣʘʥʩʦʚʳʡ ʧʦʪʦʢ ʪʝʧʣʘ, ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ Q 
= 210 ɺʪ/ʤ2. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʝʷʚʥʘʷ ʢʦʥʝʯʥʦ 
ï ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ. ɿʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʤʝʪʦʜʦʤ ʯʝʨʝʜʫʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ [9] ʥʘ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʪʢʝ, ʩʦʜʝʨʞʘʱʝʡ 17ʭ97 ʫʟʣʦʚ ʩ ʙʝʟʨʘʟʤʝʨʥʳʤ ʰʘʛʦʤ ʧʦ ʚʨʝ-
ʤʝʥʠ Ű = 2. ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʚʳʯʠʩʣʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʬʫʥʢʮʠʡ ɣ ʠ 
ű ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʭʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ [9]. 
ʆʧʠʰʝʤ ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʙʘʨʘ. ʅʘ ʈʠʩ. 1. ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʷ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʊ (ɸ) ʠ ʬʫʥʢʮʠʠ ʪʦʢʘ ɣ (ɺ) ʩ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ t=7,25 
ʩʫʪʦʢ. ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʩʯʝʪʘʤ ʙʝʟ ʚʣʠʷʥʠʷ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ (Ý 

= 0) ʚ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ (1). ʅʘʣʦʞʝʥʥʳʝ ʩʚʝʨʭʫ ʧʦʣʷ, ʧʦʩʪʨʦʝʥʥʳʝ ʩʧʣʦʰʥʳʤʠ 
ʣʠʥʠʷʤʠ, ʧʦʣʫʯʝʥʳ ʩ ʫʯʝʪʦʤ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ. ʇʨʠʪʦʢ ʪʝʧʣʘ ʢ ʧʦʚʝʨʭʥʦ-
ʩʪʠ ʚʦʜʳ ʧʨʠʚʝʣ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʚʙʣʠʟʠ ʙʝʨʝʛʘ ʜʦʩʪʠʛʣʠ ʪʝʤʧʝʨʘ-
ʪʫʨʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ (4ʆʉ). ʅʘʯʠʥʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʨʦʥʪʘʣʴʥʦʛʦ 
ʨʘʟʜʝʣʘ (ʊɹ). ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʧʫʩʢʘʥʠʝ ʪʝʧʣʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʠʥʠʮʠ-
ʠʨʫʶʱʝʝ ʥʠʩʭʦʜʷʱʝʝ ʪʝʯʝʥʠʝ ʚ ʫʟʢʦʡ ʧʦʣʦʩʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʜʥʘ ʚʦʜʦʝʤʘ. ʆʜ-
ʥʦʚʨʝʤʝʥʥʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʚʦʜʦʝʤʘ ʠʜʝʪ ʧʦʜʲʝʤ ʭʦʣʦʜʥʳʭ ʛʣʫʙʠʥʥʳʭ 
ʚʦʜ, ʢʦʪʦʨʳʝ, ʥʘʛʨʝʚʘʷʩʴ, ʩʤʝʱʘʶʪʩʷ ʢ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʬʨʦʥʪʫ ʩ ʚʦʜʘʤʠ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ (ʈʠʩ. 1., 1t). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʜʦʝʤ ʦʢʘʟʳʚʘʝʪʩʷ, ʨʘʟʜʝʣʝʥ ʥʘ 
ʜʚʝ ʦʙʣʘʩʪʠ. ʌʨʦʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʙʘʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʧʘʨʘʣʣʝʣʴʥʦ ʙʝʨʝʛʦʚʦʡ 
ʣʠʥʠʠ ʧʦʩʪʝʧʝʥʥʦ ʧʦʜʚʠʛʘʝʪʩʷ ʢ ʮʝʥʪʨʫ ʦʟʝʨʘ (ʈʠʩ 1., 1t ï 6t). ɺ ʧʨʠʙʨʝʞʥʦʡ ʷʯʝʡ-
ʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʘ ʚ ʛʣʫʙʠʥʥʦʡ - ʧʦ 
ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. ɺ ʥʘʯʘʣʝ ʧʨʦʛʨʝʚʘ ʚʦʜʦʝʤʘ ʛʣʫʙʠʥʥʳʡ ʢʦʥʚʝʢʪʠʚʥʳʡ ʚʠʭʨʴ ʦʭʚʘ-
ʪʳʚʘʝʪ ʚʝʩʴ ʚʦʜʦʝʤ. ʇʦ ʤʝʨʝ ʧʨʦʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʝʤʘ ʩʢʦʨʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ 
ʞʠʜʢʦʩʪʠ ʚ ʛʣʫʙʠʥʥʦʡ ʷʯʝʡʢʝ ʩʥʠʞʘʝʪʩʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʛʣʫʙʠʥʥʘʷ ʷʯʝʡʢʘ ʫʤʝʥʴ-
ʰʘʝʪʩʷ ʚ ʨʘʟʤʝʨʝ. ʇʨʠʙʨʝʞʥʘʷ ʷʯʝʡʢʘ ʥʘʧʨʦʪʠʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʘʟʤʝʨʝ, ʟʘʤʝʱʘʷ 
ʩʦʙʦʡ ʛʣʫʙʠʥʥʫʶ ʮʠʨʢʫʣʷʮʠʶ. ʉʢʦʨʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ ʚ ʧʨʠʙʨʝʞʥʦʡ ʷʯʝʡʢʝ 

ʨʘʩʪʝʪ ʧʦ ʤʝʨʝ ʧʦʩʪʫʧʣʝʥʠʷ ʪʝʧʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʦʝʤʘ. ʊʝʨʤʠʯʝʩʢʠʡ ʙʘʨ ʠʩʯʝ-
ʟʘʝʪ (ʈʠʩ 1, 7t), ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ ʚʦʜʦʝʤʘ ʩʪʘʥʦʚʠʪʴʩʷ ʙʦʣʴʰʝ 
40ʉ, ʧʨʠ ʵʪʦʤ ʧʨʠʙʨʝʞʥʘʷ ʷʯʝʡʢʘ ʟʘʥʠʤʘʝʪ ʚʩʶ ʦʙʣʘʩʪʴ ʦʪ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʜʦ ʮʝʥ-
ʪʨʘ ʚʦʜʦʝʤʘ.  
ɺ ʧʨʠʨʦʜʥʳʭ ʚʦʜʦʝʤʘʭ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʙʘʨʘ ʟʘʥʠʤʘʝʪ ʦʪ ʥʝ-

ʩʢʦʣʴʢʠʭ ʜʥʝʡ ʜʦ ʪʨʝʭ ʤʝʩʷʮʝʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʚʦʜʦʝʤʘ ʠ ʛʠʜʨʦʤʝʪʝʦʨʦ-
ʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. ɸʥʘʣʠʟ ʧʨʦʜʚʠʞʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʙʘʨʘ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʦ-
ʢʘʟʘʣ, ʯʪʦ ʦʪ ʚʨʝʤʝʥʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʬʨʦʥʪʘ ʜʦ ʝʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ 

ʧʨʦʰʣʦ ʦʢʦʣʦ 58 ʩʫʪʦʢ (ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚʦʜʦʝʤ ʧʨʦʛʨʝʚʘʣʩʷ ʢʨʫʛʣʳʝ ʩʫʪʢʠ). 
ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʨʤʦʙʘʨʘ ʨʘʚʥʘ 155 ʤ/ʩ. ʆʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʙʘʨʘ ʚ ʤʝʣʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʩʜʝʣʘʥʥʳʝ ʚ 
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ʨʘʙʦʪʝ [8], ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 500 ʤ/ʩʫʪʢʠ. ʆʮʝʥʢʠ, ʧʦ-
ʣʫʯʝʥʥʳʝ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʧʨʦʱʝʥʠʷ ʚ 
ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʙʣʠʟʢʠ ʢ ʜʘʥʥʳʤ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ [2 ï 5, 6]. 

 

 
ʈʠʩ 1. ʇʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ T (ɸ) ʠ ʬʫʥʢʮʠʠ ʪʦʢʘ ɣ (ɺ) ʚ ʧʣʦʩʢʦʩʪʠ (ʭ2, 

ʭ3) ʩ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ t= 7,25 ʩʫʪʦʢ. ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʩʠʣʘ ʂʦʨʠʦʣʠʩʘ ʥʝ ʫʯʠʪʳ-

ʚʘʝʪʩʷ, ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ (1). ɹʣʠʞʘʡʰʠʝ ʜʨʫʛ ʢ 

ʜʨʫʛʫ ʧʫʥʢʪʠʨʥʳʝ ʠ ʩʧʣʦʰʥʳʝ ʠʟʦʣʠʥʠʠ ʬʫʥʢʮʠʠ ʪʦʢʘ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʯʠʩʣʦʚʳʝ 

ʟʥʘʯʝʥʠʷ.  
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ʆʩʪʘʥʦʚʠʤʩʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʥʘ ʦʮʝʥʢʝ ʚʢʣʘʜʘ ʯʣʝʥʦʚ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) , 
ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʜʝʡʩʪʚʠʝ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ, ʚ ʜʠʥʘʤʠʢʫ ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ ʚ çʚʦʜʦʝʤʝè.  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʢʣʘʜ ʚʥʦ-
ʩʠʤʳʡ ʵʪʠʤʠ ʯʣʝʥʘʤʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʨʤʠʯʝ-
ʩʢʦʛʦ ʙʘʨʘ ʢ ʮʝʥʪʨʫ ʚʦʜʦʝʤʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ 
ʷʯʝʡʢʘʭ. ʅʘ ʈʠʩ.2 ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʪʝʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʝʤʘ ʚ ʨʘʡʦʥʝ 
ʪʝʨʤʠʯʝʩʢʦʛʦ ʙʘʨʘ (ʚʠʜ ʩʚʝʨʭʫ). ɾʠʨʥʳʤʠ ʠ ʪʦʥʢʠʤʠ ʩʪʨʝʣʦʯʢʘʤʠ ʧʦʢʘʟʘʥʦ 
ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ çʚʦʜʦʝʤʘè ʚ ʦʜʠ-
ʥʘʢʦʚʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʠ ʦʪʩʫʪʩʪʚʠʷ ʵʬʬʝʢʪʘ ʂʦʨʠʦʣʠʩʘ. ʅʘ 
ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ ʚʳʨʘʞʘʝʪʩʷ ʚ ʦʪʢʣʦʥʝʥʠʠ ʚʧʨʘʚʦ ʚʝʢ-

ʪʦʨʦʚ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʢ ʣʠʥʠʠ 
ʢʦʥʚʝʨʛʝʥʮʠʠ ʚʦʜʥʳʭ ʤʘʩʩ (ʦʙʣʘʩʪʴ ʪʝʨʤʦʙʘʨʘ). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 
ʙʦʢʦʚʦʛʦ ʪʝʯʝʥʠʷ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʙʘʨʘ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɺ 
ʧʨʠʙʨʝʞʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ çʚʦʜʦʝʤʘè ʵʪʦ ʪʝʯʝʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʚ ʦʪʨʠʮʘ-
ʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʭ1, ʚ ʛʣʫʙʠʥʥʦʡ ʯʘʩʪʠ ʚʦʜʦʝʤʘ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
ɺ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ ʥʘʧʨʘʚʣʝʥʠʷ ʙʦʢʦʚʳʭ ʪʝʯʝʥʠʡ ʠʟʤʝʥʷʶʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ 
ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʩʣʦʶ çʚʦʜʦʝʤʘè. ʉʦʩʪʘʚʣʷʶʱʘʷ ʪʝʯʝʥʠʷ ʚʜʦʣʴ 
ʣʠʥʠʠ  

 
ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʝʣʠʨʫʝʤʦʛʦ çʚʦʜʦʝ-

ʤʘè U(x1,x2) ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t=21.75 ʩʫʪʦʢ ʧʦʩʣʝ ʥʘʯʘʣʘ ʧʨʦʛʨʝʚʘ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ 

(ʞʠʨʥʳʝ ʩʪʨʝʣʢʠ) ʠ ʚ ʦʪʩʫʪʩʪʚʠʷ (ʪʦʥʢʠʝ ʩʪʨʝʣʢʠ) ʵʬʬʝʢʪʘ ʂʦʨʠʦʣʠʩʘ. ɺʠʜ ʩʚʝʨʭʫ. 

 

ʪʝʨʤʦʙʘʨʘ ʚ ʧʨʠʙʨʝʞʥʦʡ ʠ ʛʣʫʙʠʥʥʦʡ ʦʙʣʘʩʪʷʭ çʚʦʜʦʝʤʘè ʨʘʚʥʘ 2 ʩʤ/ʩ ʠ 0,5 ʩʤ/ʩ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʩʢʦʨʦʩʪʠ ʩʨʘʚʥʠʤʳ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʛʝʦʩʪʨʦʬʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ 
15-20 ʩʤ/c ʠ 5-10 ʩʤ/ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ [8]. 
ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʛʨʝʚʘ ʚʦʜʦʝʤʘ ʠʟʦʪʝʨʤʘ 40ʉ, ʦʙʦʟʥʘʯʝʥʥʘʷ ʩʧʣʦʰʥʦʡ 

ʣʠʥʠʝʡ ʥʘ ʈʠʩ.1. ʙʳʩʪʨʝʝ ʧʨʦʜʚʠʛʘʝʪʩʷ ʚʜʦʣʴ ʦʩʠ ʭ2 ʢ ʮʝʥʪʨʫ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʚʦ-
ʜʦʝʤʘ, ʯʝʤ ʠʟʦʪʝʨʤʘ 40ʉ, ʦʙʦʟʥʘʯʝʥʥʘʷ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ, ʪʦ ʝʩʪʴ ʩʢʦʨʦʩʪʴ ʩʤʝ-
ʱʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩ ʫʯʝʪʦʤ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ (ʈʠʩ. 1., 1t ï 3t) ʠ 
(ʈʠʩ. 3., ɸ, t = 200 ʯʘʩʦʚ). ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʂʦ-

ʨʠʦʣʠʩʘ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ʞʠʜʢʦʩʪʠ ʚ ʛʣʫʙʠʥʥʦʡ ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ 
ʷʯʝʡʢʝ (ʈʠʩ. 3., ʉ, t = 200 ʯʘʩʦʚ). ʂʦʛʜʘ ʪʝʨʤʠʯʝʩʢʠʡ ʙʘʨ ʧʨʦʭʦʜʠʪ ʧʦʣʦʚʠʥʫ ʨʘʩ-
ʩʪʦʷʥʠʷ ʜʦ ʮʝʥʪʨʘ ʚʦʜʦʝʤʘ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ʞʠʜʢʦʩʪʠ ʚ ʦʙʝʠʭ ʷʯʝʡ-
ʢʘʭ ʩʪʘʥʦʚʠʪʴʩʷ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ (ʈʠʩ. 1., 4t) ʠ (ʈʠʩ. 3., ɸ, t = 700 ʯʘʩʦʚ). ɿʘʪʝʤ, 
ʩʢʦʨʦʩʪʴ ʩʤʝʱʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚ ʩʣʫʯʘʝ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ ʩʪʘʥʦʚʠʪʩʷ 
ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ (ʈʠʩ. 1., 5t ï 7t) ʠ (ʈʠʩ. 3., ɸ, t = 1000 ʯʘʩʦʚ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʤʝʥʴ-
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ʰʝʡ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʮʠʨʢʫʣʷʮʠʠ ʞʠʜʢʦʩʪʠ ʚ ʧʨʠʙʨʝʞʥʦʡ ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ 
ʷʯʝʡʢʝ, ʦʭʚʘʪʳʚʘʶʱʝʡ ʚʝʩʴ ʤʦʜʝʣʠʨʫʝʤʳʡ ʚʦʜʦʝʤ (ʈʠʩ. 3., B, t = 1000 ʯʘʩʦʚ). 

 

 
ʈʠʩ.3. ɸ - ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʠʟʦʪʝʨʤʳ 40ʉ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʝʤʘ 

ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʛʨʝʚʘ ʚʦʜʦʝʤʘ. ɺ - ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʮʠʨʢʫʣʮ̫ʠʠ ʞʠʜʢʦʩʪʠ 

ʩʧʨʘʚʘ ʦʪ ʠʟʦʪʝʨʤʳ 40ʉ (ʧʨʠʙʨʝʞʥʘʷ ʮʠʨʢʫʣʷʮʠʦʥʥʘʷ ʷʯʝʡʢʘ) ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʛʨʝʚʘ 

ʚʦʜʦʝʤʘ. ʉ - ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ʞʠʜʢʦʩʪʠ ʩʣʝʚʘ ʦʪ ʠʟʦʪʝʨʤʳ 

40ʉ (ʛʣʫʙʠʥʥʘʷ ʮʠʨʢʫʣʷʮʠʦʥʥʘʷ ʷʯʝʡʢʘ) ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʛʨʝʚʘ ʚʦʜʦʝʤʘ. ʇʫʥʢʪʠʨʥʳʝ 

ʣʠʥʠʠ ï ʩʠʣʘ ʂʦʨʠʦʣʠʩʘ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ, ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʩʠʩʪʝʤʝ 

ʫʨʘʚʥʝʥʠʡ (1). 

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʮʝʥʦʢ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʚ çʚʦʜʦʝʤʝè ʠ ʚʨʝʤʝ-

ʥʠ ʫʩʪʦʡʯʠʚʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʙʘʨʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʯʝʪ ʵʬʬʝʢʪʘ 
ʂʦʨʠʦʣʠʩʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ʞʠʜʢʦʩʪʠ ʚ ʚʦʜʦʝʤʝ 
ʧʨʠʤʝʨʥʦ ʥʘ 20% ʠ ʧʨʦʜʣʝʚʘʝʪ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʙʘʨʘ ʚ çʚʦʜʦʝ-
ʤʝè ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 5% ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʧʨʦʛʨʝʚ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʚʦʜʦʝʤʘ ʠʜʝʪ 

ʚ ʪʝʯʝʥʠʝ ʧʦʣʥʳʭ ʩʫʪʦʢ ʙʝʟ ʫʯʝʪʘ ʩʫʪʦʯʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ.  
 

ʃʠʪʝʨʘʪʫʨʘ 
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ʇʦʜ ʩʪʦʢʦʚʳʤʠ ʬʨʦʥʪʘʤʠ ʧʨʠʥʷʪʦ ʧʦʥʠʤʘʪʴ ʤʝʟʦʤʘʩʰʪʘʙʥʳʝ ʬʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ ʚ ʦʢʝʘ-

ʥʘʭ ʠ ʤʦʨʷʭ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʠʣʠ ʜʨʫʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦ ʪʠʧʫ 
ʠ ʤʘʩʰʪʘʙʘʤ ʧʨʦʮʝʩʩʦʚ (ʌʝʜʦʨʦʚ, 1982). ʆʯʝʚʠʜʥʘ ʚʘʞʥʦʩʪʴ ʧʦʥʠʤʘʥʠʷ  ʜʠʥʘʤʠʢʠ ʠ ʦʩʦ-
ʙʝʥʥʦʩʪʝʡ ʵʚʦʣʶʮʠʠ ʩʪʦʢʦʚʳʭ ʬʨʦʥʪʦʚ ʜʣʷ ʤʝʣʢʦʚʦʜʥʦʛʦ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʩ ʦʙʠʣʴʥʳʤ 
ʨʝʯʥʳʤ ʩʪʦʢʦʤ ʠ ʟʘʪʦʢʘʤʠ ʚʦʜ ʉʝʚʝʨʥʦʛʦ ʤʦʨʷ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦ-
ʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʥʘʤʠʢʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ 
ʦʢʨʝʩʪʥʦʩʪʠ ɹʘʣʪʠʡʩʢʦʛʦ ʧʨʦʣʠʚʘ (ʂʘʣʠʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ), ʩʦʝʜʠʥʷʶʱʝʛʦ ɹʘʣʪʠʡʩʢʦʝ 
ʤʦʨʝ ʠ ɺʠʩʣʠʥʩʢʫʶ ʣʘʛʫʥʫ (ʨʠʩ. 1). ɺʦʜʦʦʙʤʝʥ ʯʝʨʝʟ ʵʪʦʪ ʧʨʦʣʠʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 
ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʦ ʧʨʝʩʥʦʡ ʚʦʜʳ ʚ ʣʘʛʫʥʝ ʠ ʥʠʟʦʚʴʷʭ ʨʝʢʠ ʇʨʝʛʦʣʠ, ʠ ʯʝʨʝʟ ʥʠʭ ï ʢʘʯʝʩʪʚʦ 
ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚ ʛ. ʂʘʣʠʥʠʥʛʨʘʜʝ.  

ɺʚʝʜʝʥʠʝ 

ɻʠʜʨʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ, ʚʳʧʦʣʥʷʝʤʳʝ ʚ ʨʘʡʦʥʝ ɹʘʣ-
ʪʠʡʩʢʦʛʦ ʧʨʦʣʠʚʘ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ (ʨʠʩ.1) ʧʦʜʪʚʝʨʜʠʣʠ ʩʣʦʞʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ 
ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʜʚʫʭ ʨʘʟʥʦʨʦʜʥʳʭ ʚʦʜʥʳʭ ʤʘʩʩ ï ʨʘʩʧʨʝʩʥʝʥʥʦʡ 
ʣʘʛʫʥʥʦʡ ʠ ʩʦʣʝʥʦʡ ʤʦʨʩʢʦʡ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ, ʙʘʪʠʤʝʪ-
ʨʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʢʚʘʪʦʨʠʠ, ʠʟʤʝʥʯʠʚʦʩʪʴ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʦʦʙʨʘʟʫʶʱʠʭ 
ʬʘʢʪʦʨʦʚ (ʚʝʪʨʘ, ʧʝʨʝʧʘʜʘ ʫʨʦʚʥʷ ʚʦʜ ʤʝʞʜʫ ʣʘʛʫʥʦʡ ʠ ʤʦʨʝʤ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʨʝʩʥʦʚʦʜʥʦʛʦ ʩʪʦʢʘ) ï ʚʩʝ ʵʪʦ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʧʦʨʷʜʢʘ ʝʜʠʥʠʮ ʢʠ-
ʣʦʤʝʪʨʦʚ ʠ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʡ ʚʨʝʤʝʥʥʦʡ ʤʘʩʰʪʘʙ ʦʪ ʯʘʩʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ. 
ʇʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ, ʚʦʟʥʠʢʘʶʱʠʝ ʬʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʪʠʧʫ 
ʩʪʦʢʦʚʳʭ (ʣʠʥʟʘ ʨʘʩʧʨʝʩʥʝʥʥʳʭ ʚʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʝʝ ʩʦʣʝʥʳʭ ʚʦʜ ʤʦʨʷ), ʠʥ-
ʪʨʫʟʠʦʥʥʳʭ (ʧʨʠ ʟʘʪʦʢʝ ʙʦʣʝʝ ʪʷʞʝʣʳʭ ʤʦʨʩʢʠʭ ʚʦʜ ʥʘ ʘʢʚʘʪʦʨʠʶ ʧʨʝʩʥʦʚʦʜʥʦʡ 
ʣʘʛʫʥʳ) ʠʣʠ ʵʩʪʫʘʨʠʡʥʳʭ (ʩʦʣʝʥʦʩʪʥʳʡ ʢʣʠʥ). ɼʣʷ ʩʪʦʢʦʚʳʭ ʬʨʦʥʪʦʚ ʭʘʨʘʢʪʝʨʥʳʝ 
ʛʨʘʜʠʝʥʪʳ ʩʦʣʝʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʶʪ  0.025 psu m-1 ʠ 0.02 ęʉ m-1 ʧʦ 
ʛʦʨʠʟʦʥʪʘʣʠ ʠ 1.5-2 psu m-1 ʠ 2-3 ęʉ m-1  ʧʦ ʚʝʨʪʠʢʘʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʧʨʦʪʷ-

ʞʝʥʥʦʩʪʠ, ʣʠʥʟʘ ʩʪʦʢʦʚʳʭ ʚʦʜ ʚ ʤʦʨʝ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 ʢʤ, ʠ ʨʝʛʠʩʪʨʠʨʫ-
ʝʪʩʷ ʚ ʧʦʣʷʭ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʣʝʥʦʩʪʠ,  
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ʈʠʩ. 1. ʉʣʦʞʥʦʩʪʴ ʙʘʪʠʤʝʪʨʠʠ ʚ ʨʘʡʦʥʝ ɹʘʣʪʠʡʩʢʦʛʦ ʧʨʦʣʠʚʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʣʠʷ-

ʥʠʝ ʥʘ ʚʦʜʦʦʙʤʝʥ ʚʝʪʨʘ, ʭʦʜʘ ʫʨʦʚʥʷ ʤʦʨʷ ʠ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʚʦʧʨʦʩʦʚ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘ ʤʝʟʦʤʘʩʰʪʘʙʥʦʤ ʫʨʦʚʥʝ 

   

ʧʨʦʟʨʘʯʥʦʩʪʠ ʜʦ ʛʣʫʙʠʥʳ ʧʦʨʷʜʢʘ 10 ʤ. ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʣʠʥʟʝ ʩʪʦʢʦʚʳʭ ʚʦʜ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ɹʘʣʪʠʢʠ, ʢʦʛʜʘ 
ʚʦʜʳ ʣʘʛʫʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʫʧʝʨʧʦʟʠʮʠʠ ʨʝʞʠʤʦʦʙʨʘʟʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʩʪʝʢʘʶʪ 
ʯʝʨʝʟ ʧʨʦʣʠʚ ʚ ʤʦʨʝ. ʊʘʢʦʡ ʨʝʞʠʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʦʣʠʚʝ ʪʦʣʴʢʦ ʚ 55% ʩʣʫʯʘʝʚ, ʘ 
ʚ ʦʩʪʘʣʴʥʳʭ 45% ʩʣʫʯʘʝʚ, ʥʘʧʨʦʪʠʚ, ʤʦʨʩʢʠʝ ʚʦʜʳ ʧʨʦʥʠʢʘʶʪ ʚ ʘʢʚʘʪʦʨʠʶ ʣʘʛʫ-
ʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʢʘʶʱʠʭ ʚ ʤʦʨʝ ʚʦʜ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʪʦʣʴ-
ʢʦ ʧʘʨʘʤʝʪʨʘʤʠ ʩʦʙʩʪʚʝʥʥʦ ʚʦʜ ʣʘʛʫʥʳ, ʥʦ ʠ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʧʨʝʜʩʢʘʟʫʝʤʳʤʠ ʦʩʦ-
ʙʝʥʥʦʩʪʷʤʠ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʨʘʡʦʥʝ ɹʘʣʪʠʡʩʢʦʛʦ ʧʨʦʣʠʚʘ. ʕʪʦ ʧʨʠʚʝ-
ʣʦ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʫʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʨʤʦʭʘʣʠʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚʦʜ ʦʙʦʠʭ ʚʦʜʦ-

ʝʤʦʚ, ʥʦ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʯʝʨʪʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʦʜʥʳʭ ʤʘʩʩ ʚ ʦʙʣʘʩʪʷʭ ʬʨʦʥ-
ʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ.   
ʂʘʢ ʠ ʚʦ ʚʩʝʭ ʚʦʜʦʝʤʘʭ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪ, ʚʦʜʳ ʚ ɺʠʩʣʠʥʩʢʦʡ ʣʘʛʫʥʝ ʧʦʜʚʝʨ-

ʞʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʝʟʦʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʚʦʧʨʦʩʘʭ 
ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʦʜʥʳʭ ʤʘʩʩ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʘʥʠʤʘʝʪ ʵʬʬʝʢʪ 
ʫʧʣʦʪʥʝʥʠʷ ʧʨʠ ʩʤʝʰʝʥʠʠ ʠ ʧʨʦʭʦʞʜʝʥʠʝ ʚʦʜʥʦʡ ʤʘʩʩʳ ʯʝʨʝʟ ʪʝʤʧʝʨʘʪʫʨʫ ʤʘʢ-
ʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʦʨʦʞʜʘʶʱʝʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʨʦʥʪʘ. ɺ ʧʨʝʜ-
ʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʘʥʘʣʠʟʠʨʫʝʤ ʥʘ ʙʘʟʝ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʚʨʝʤʝʥʥʳʝ ʨʘʤʢʠ, 



 

 

13 

 

ʢʦʛʜʘ ʵʪʠ ʧʨʦʮʝʩʩʳ ʜʦʣʞʥʳ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʨʘʡʦʥʝ ɹʘʣʪʠʡʩʢʦʛʦ ʧʨʦʣʠʚʘ, ʦʩʦʙʝʥ-
ʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʨʦʥʪʘ ʥʘ ʦʩʥʦʚʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥ-
ʪʦʚ, ʘ ʪʘʢʞʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʚʦʜʳ ʣʘʛʫʥʳ ʩʪʘʥʦʚʷʪʩʷ 

ʪʷʞʝʣʝʝ ʚʦʜ ʚʝʨʭʥʝʛʦ ʧʝʨʝʤʝʰʘʥʥʦʛʦ ʩʣʦʷ ʠ ʩʦʩʢʘʣʴʟʳʚʘʶʪ ʚʥʠʟ ʧʦ ʙʝʨʝʛʦʚʦʤʫ 
ʩʢʣʦʥʫ ʥʘ ʛʣʫʙʠʥʫ 40-60 ʤ.      

 

ɻʠʜʨʦʬʠʟʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʚ ʨʘʡʦʥʝ ɹʘʣʪʠʡʩʢʦʛʦ ʧʨʦʣʠʚʘ ʚ ʦʩʝʥʥʝʝ-

ʟʠʤʥʠʡ ʧʝʨʠʦʜ 

ɺ ʧʝʨʝʭʦʜʥʳʝ ʩʝʟʦʥʳ ï ʚʝʩʥʦʡ ʠ ʦʩʝʥʴʶ ï ʙʦʣʝʝ ʤʝʣʢʠʝ, ʨʘʩʧʨʝʩʥʝʥʥʳʝ ʚʦʜʳ 
ɺʠʩʣʠʥʩʢʦʡ ʣʘʛʫʥʳ ʧʦʜʚʝʨʞʝʥʳ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʝʨʝʧʘʜʘʤ ʪʝʤʧʝʨʘʪʫʨʳ. 
ʆʩʝʥʴʶ, ʦʥʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ ʚʳʭʦʣʘʞʠʚʘʶʪʩʷ, ʠ ʚ ʪʝʯʝʥʠʝ ʥʦʷʙʨʷ-ʤʘʨʪʘ ʦʥʠ 
ʫʩʪʦʡʯʠʚʦ ʭʦʣʦʜʥʝʝ ʚʦʜ ɹʘʣʪʠʢʠ (ʏʫʙʘʨʝʥʢʦ ʠ ʜʨ., 2004). ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʣʘ-
ʛʫʥʝ ʨʘʡʦʥʝ ʧʨʦʣʠʚʘ, ʧʦ ʤʥʦʛʦʣʝʪʥʠʤ ʜʘʥʥʳʤ, ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ï0.3ęʉ. ʇʨʠ 
ʥʘʙʣʶʜʘʶʱʠʭʩʷ ʚʝʣʠʯʠʥʘʭ ʩʦʣʝʥʦʩʪʠ ʚ ʣʘʛʫʥʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪ-
ʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 3-3.9ęʉ. ʕʪʦ ʦʙʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʘʢʚʘʪʦʨʠʠ ʜʚʘʞʜʳ ʚ ʛʦʜ ï 
ʦʩʝʥʴʶ ʠ ʚʝʩʥʦʡ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʢʘʢ ʚ ʣʘʛʫʥʝ, ʪʘʢ ʠ ʚ ʤʦʨʝ ʧʝʨʝʭʦʜʠʪ ʯʝʨʝʟ 

ʪʝʤʧʝʨʘʪʫʨʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʩʦʣʝʥʦʩʪʠ ʚʦʜ ʣʘʛʫʥʳ ʠ ʤʦʨʷ, ʘ, 
ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʨʘʟʣʠʯʥʳ, ʪʦ ʧʨʦʮʝʩʩ 
ʧʝʨʝʭʦʜʘ ʨʘʩʪʷʥʫʪ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʘʟʜʝʣʘ, 
ʠʟʚʝʩʪʥʦʛʦ ʢʘʢ ʩʪʨʫʢʪʫʨʥʳʡ ʬʨʦʥʪ (ʨʠʩ. 2). ʅʘʟʚʘʥʠʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʨʘʟʥʠʮʫ ʚ ʨʝ-
ʞʠʤʘʭ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʬʨʦʥʪʘ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʚʦʜʳ ʠʤʝʶʪ 
ʫʩʪʦʡʯʠʚʫʶ ʩʪʨʘʪʠʬʠʢʘʮʠʶ (ʧʨʷʤʫʶ ʠʣʠ ʠʥʚʝʨʩʥʫʶ), ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʦʙʨʘʟʫʝʪ-
ʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʝʨʝʤʝʰʘʥʥʳʡ ʩʣʦʡ, ʠ ʥʝʫʩʪʦʡʯʠʚʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ 
ʚʝʜʝʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʧʦ ʚʝʨʪʠʢʘʣʠ. 

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
ʈʠʩ. 2. ʐʪʨʠʭ-ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʧʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʜʣʷ ʩʦʣʝʥʦʛʦ ʙʘʩʩʝʡʥʘ. ʇʨʷʤʳʝ ʣʠʥʠʠ ï ʧʨʦʬʠʣʠ ʫʩʪʦʡʯʠʚʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʟʦ-

ʥʳ, ʢʨʠʚʳʝ ʣʠʥʠʠ ï ʧʨʦʬʠʣʠ ʥʝʫʩʪʦʡʯʠʚʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʟʦʥʳ. ʉʪʨʝʣʦʯʢʘʤʠ 

ʠʟʦʙʨʘʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʣʝʡ ʪʝʯʝʥʠʡ. ɻʨʘʜʠʝʥʪʥʘʷ ʟʘʣʠʚʢʘ ï ʭʘʣʦʢʣʠʥ. 
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ʉʦʣʝʥʦʩʪʴ ʚʦʜ ʚ ʘʢʚʘʪʦʨʠʠ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʦʙʫʩʣʦʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʫʩʠʣʝʥʠʝʤ 
ʚʣʠʷʥʠʷ ʤʦʨʩʢʠʭ ʚʦʜ ʚ ʩʚʷʟʠ ʩ ʩʝʟʦʥʥʳʤ ʫʩʠʣʝʥʠʝʤ ʚʝʪʨʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɽʱʝ 
ʦʜʠʥ ʥʝʤʘʣʦʚʘʞʥʳʡ ʜʣʷ ʙʦʣʴʰʦʡ ʠ ʤʝʣʢʦʚʦʜʥʦʡ ʘʢʚʘʪʦʨʠʠ ʬʘʢʪʦʨ ï ʦʙʨʘʟʦʚʘʥʠʝ 

ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ï ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʩʦʣʝʥʦʩʪʴ ʝʝ ʚʦʜ. ʇʦʢʘʟʘʥʦ (ʏʫʙʘʨʝʥʢʦ ʠ ʜʨ., 
2004), ʯʪʦ ʨʘʩʩʦʣ, ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʚʦʜʳ ʣʘʛʫʥʳ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ 
ʣʴʜʘ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʦʩʪʫ ʝʝ ʩʦʣʝʥʦʩʪʠ ʜʦ 20%. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ʩʠʪʫʘʮʠʠ 
(ʩʤ. ʨʠʩ. 3), ʢʦʛʜʘ ʚʦʜʳ ʣʘʛʫʥʳ ʩʪʘʥʦʚʷʪʩʷ ʪʷʞʝʣʝʝ ʚʦʜ ʚʝʨʭʥʝʛʦ ʧʝʨʝʤʝʰʘʥʥʦʛʦ 
ʩʣʦʷ ʤʦʨʷ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʥʘʪʫʨʥʳʝ ʜʘʥʥʳʝ, ʚʦʜʳ ʣʘʛʫʥʳ ʩʪʘʥʦʚʷʪʩʷ ʪʷʞʝʣʝʝ ʚʦʜ 
ʚʝʨʭʥʝʛʦ ʧʝʨʝʤʝʰʘʥʥʦʛʦ ʩʣʦʷ ʚ ʪʝʯʝʥʠʝ ʜʦʚʦʣʴʥʦ ʢʦʨʦʪʢʠʭ ʧʝʨʠʦʜʦʚ ʚʨʝʤʝʥʠ (1-3 
ʜʥʷ), ʦʜʥʘʢʦ ʦʥʠ ʚʦʟʥʠʢʘʶʪ ʨʝʛʫʣʷʨʥʦ, ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚ ʤʝʩʷʮ ʚ ʪʝʯʝʥʠʝ ʟʠʤʳ. 
ʀʤʝʶʱʠʝʩʷ ʥʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʭʦʜʫ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 17 ʟʠʤ 

ʧʦʜʪʚʝʨʜʠʣʠ ʪʠʧʠʯʥʦʩʪʴ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʜʣʷ ɹʘʣʪʠʡʩʢʦʛʦ ʧʨʦʣʠʚʘ. ʍʦʨʦʰʦ ʠʟʚʝʩʪ-
ʥʦ, ʯʪʦ ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ ʚ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʭʥʠʡ ʧʝʨʝʤʝ-
ʰʘʥʥʳʡ ʩʣʦʡ, ʛʣʫʙʠʥʘ ʢʦʪʦʨʦʛʦ ʚ ʨʘʡʦʥʝ ʧʨʦʣʠʚʘ ʠʤʝʝʪ ʧʦʨʷʜʦʢ 40 ʤʝʪʨʦʚ. ɺ ʪʘ-
ʢʦʡ ʩʠʪʫʘʮʠʠ, ʙʦʣʝʝ ʪʷʞʝʣʳʝ ʚʦʜʳ, ʠʩʪʝʢʘʶʱʠʝ ʠʟ ɹʘʣʪʠʡʩʢʦʛʦ ʧʨʦʣʠʚʘ, ʜʦʣʞʥʳ 
ʦʧʫʩʢʘʪʴʩʷ ʧʦ ʙʝʨʝʛʦʚʦʤʫ ʩʢʣʦʥʫ ʥʘ ʛʣʫʙʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʚʦʝʡ ʧʣʦʪʥʦʩʪʠ, 
ʪ.ʝ. ʛʣʫʙʞʝ 40 ʤ. ɽʩʣʠ ʦʙʲʝʤ ʠʥʪʨʫʟʠʠ ʠ ʝʝ ʵʥʝʨʛʠʷ ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ 
ʩʠʣ ʪʨʝʥʠʷ, ʦʥʘ ʨʘʩʧʨʦʩʪʨʘʥʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʦʢʦʣʦ 15 ʢʤ ʦʪ ʙʝʨʝʛʘ, ʛʜʝ ʛʣʫʙʠʥʘ 
ʚʦʜʳ ʜʦʩʪʠʛʘʝʪ ʛʣʫʙʠʥʳ ʧʝʨʝʤʝʰʘʥʥʦʛʦ ʩʣʦʷ. ɼʠʥʘʤʠʢʘ ʝʝ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʜʚʠ-

ʞʝʥʠʷ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ. 
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ʈʠʩ.3. ʍʦʜ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʚʦʜ ɺʠʩʣʠʥʩʢʦʡ ʣʘʛʫʥʳ ʠ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʚ ʪʝ-

ʯʝʥʠʝ ʟʠʤʳ 1985-86 ʛʛ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʠʠ ʧʦʢʘʟʳʚʘʶʪ ʜʘʪʳ, ʢʦʛʜʘ ʧʣʦʪʥʦʩʪʴ ʚʦʜ 

ʣʘʛʫʥʳ ʧʨʝʚʳʰʘʣʘ ʧʣʦʪʥʦʩʪʴ ʧʨʠʙʨʝʞʥʳʭ ʤʦʨʩʢʠʭ ʚʦʜ 

 

ʉʪʨʫʢʪʫʨʥʳʡ ʬʨʦʥʪ ʧʦ ʜʘʥʥʳʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʎʝʣʴʶ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ 
ʬʨʦʥʪʘ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʣʦʪʢʝ ʠ ʠʟʤʝʨʝʥʠʝ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
ʃʘʙʦʨʘʪʦʨʥʳʡ ʣʦʪʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʙʘʩʩʝʡʥ ʠʟ ʦʨʛʩʪʝʢʣʘ 

ʜʣʠʥʦʡ 2.5 ʤ, ʰʠʨʠʥʦʡ 0.35 ʤ (ʩʤ. ʬʦʪʦ ʥʘ ʨʠʩ. 4), ʩ ʥʘʢʣʦʥʥʳʤ ʚ ʧʨʦʜʦʣʴʥʦʤ 
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ʥʘʧʨʘʚʣʝʥʠʠ ʜʥʦʤ (ʫʛʦʣ ʥʘʢʣʦʥʘ ï 6Ü). ɼʥʦ ʩʤʦʥʪʠʨʦʚʘʥʦ ʪʘʢ, ʯʪʦ ʟʘʣʠʪʘʷ ʚʦʜʘ ʦʙ-
ʨʘʟʫʝʪ ʢʣʠʥ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʛʦ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 0 ʫ ʦʜʥʦʡ ʩʪʝʥʢʠ ʜʦ 0.15 ʤ ʫ ʧʨʦʪʠ-
ʚʦʧʦʣʦʞʥʦʡ ʢʦʥʮʝʚʦʡ ʩʪʝʥʢʠ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʢʘʞʜʦʛʦ ʦʧʳʪʘ ʙʘʩʩʝʡʥ ʥʘʧʦʣʥʷʝʪʩʷ 

ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʦʡ, ʚ ʢʦʪʦʨʫʶ ʜʦʙʘʚʣʷʝʪʩʷ ʩʥʝʛ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʧʦʥʠʞʘʣʘʩʴ 

ʜʦ ʚʝʣʠʯʠʥʳ mTT <0 . ɼʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚʦʜʘ 
ʚ ʙʘʩʩʝʡʥʝ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʠ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ (~15ï20 ʤʠʥʫʪ) ʦʪʩʪʘʠʚʘʣʘʩʴ. ʊʝʤ-
ʧʝʨʘʪʫʨʘ ʚʦʜʳ ʠʟʤʝʨʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʦʪʛʨʘʜʫʠʨʦʚʘʥʥʳʭ ʛʨʘʜʫʩʥʠʢʦʚ. ʆʜʥʦʚʨʝ-
ʤʝʥʥʦ ʧʨʦʚʦʜʠʣʦʩʴ ʬʦʪʦʨʝʛʠʩʪʨʘʮʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʜʚʠʞʝʥʠʡ. ɺ 
ʢʘʯʝʩʪʚʝ ʪʨʘʩʩʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʦʯʪʠ ʧʨʷʤʳʝ ʪʨʝʢʠ ʦʪ ʢʨʠ-
ʩʪʘʣʣʠʢʦʚ ʤʘʨʛʘʥʮʝʚʦïʢʠʩʣʦʛʦ ʢʘʣʠʷ, ʜʝʬʦʨʤʠʨʫʶʱʠʝʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʪʝʯʝʥʠʡ. 
ʃʦʪʦʢ ʦʙʦʨʫʜʦʚʘʥ ʣʠʥʝʡʢʦʡ, ʟʘʢʨʝʧʣʝʥʥʦʡ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪʳ ʛʨʘʥʠʮʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʨʦʥʪʘ, ʘ ʪʘʢʞʝ ʩʝʢʫʥʜʦʤʝʨʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝ-
ʥʠʷ ʚʨʝʤʝʥʠ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʠʟʤʝʨʝʥʠʷ.  

 
ʈʠʩ. 4. ʆʙʱʠʡ ʚʠʜ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ʇʨʠ mTT <0   ʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ ʩʣʝʜʫʶʱʘʷ: ʢʨʠʩʪʘʣʣʳ, ʧʘʜʘʷ ʥʘ ʜʥʦ ʙʘʩ-
ʩʝʡʥʘ, ʤʘʨʢʠʨʫʶʪ ʚʝʨʪʠʢʘʣʴʥʫʶ ʢʦʣʦʥʢʫ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʥʘʯʠʥʘʝʪ ʠʩʢʨʠʚʣʷʪʴʩʷ 
ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʯʝʥʠʡ: ʩʚʝʨʭʫ ï ʚʧʨʘʚʦ-ʚʥʠʟ ʧʦ ʩʢʣʦʥʫ (ʩʤ. ʬʦʪʦ 5ʘ,ʙ,ʚ), ʩʥʠʟʫ ï 
ʚʣʝʚʦ, ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ ʚʦʜʘ 
ʥʘʛʨʝʚʘʝʪʩʷ ʙʳʩʪʨʝʝ, ʩʪʘʥʦʚʠʪʩʷ ʪʷʞʝʣʝʝ (ʥʝʣʠʥʝʡʥʳʡ ʵʬʬʝʢʪ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷ-
ʥʠʷ) ʠ ʩʧʫʩʢʘʝʪʩʷ ʧʦ ʩʢʣʦʥʫ. ʅʘ ʝʝ ʤʝʩʪʦ ʧʦʩʪʫʧʘʝʪ ʩʣʝʜʫʶʱʘʷ ʚʦʜʥʘʷ ʧʦʨʮʠʷ, ʠ 
ʥʝʧʨʝʨʳʚʥʳʡ ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʦʭʚʘʪʳʚʘʝʪ ʚʝʩʴ ʣʦʪʦʢ.  
ʏʝʨʝʟ 10-15 ʤʠʥʫʪ ʯʝʪʢʠʝ ʩʣʝʜʳ ʪʨʘʩʩʝʨʦʚ ʢʨʠʩʪʘʣʣʦʚ ʤʘʨʛʘʥʮʝʚʦ-ʢʠʩʣʦʛʦ ʢʘ-

ʣʠʷ ʨʘʟʤʳʚʘʶʪʩʷ ʜʠʬʬʫʟʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʠ ʦʙʨʘʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 
çʷʟʳʢè, ʤʘʨʢʠʨʫʶʱʠʡ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʦʙʣʘʩʪʷʤʠ, ʛʜʝ ʪʝʯʝʥʠʷ ʥʘʧʨʘʚʣʝʥʳ 
ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ. ʇʦ ʮʠʬʨʦʚʳʤ ʬʦʪʦʛʨʘʬʠʷʤ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʫʛʦʣ ʥʘʢʣʦʥʘ ʛʨʘ-
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ʥʠʮʳ ʨʘʟʜʝʣʘ: ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ,  ʨʘʚʥʳʡ 20 ʤʠʥʫʪʘʤ, ʦʥ ʠʟʤʝʥʠʣʩʷ  ʦʪ 12
0

 

ʜʦ 0,5
0

. 
 

                                                  
ʘ) t=12:56:26                         ʙ) t=12:56:54                     ʚ) t=12:57:06 
ʈʠʩ. 5.  ʄʘʨʢʠʨʦʚʦʯʥʳʝ ʢʨʠʚʳʝ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʜʠʥʘʤʠʢʫ ʜʚʠʞʝʥʠʷ ʧʨʠʧʦʚʝʨʭʥʦʩʪ-

ʥʳʭ ʠ ʧʨʠʜʦʥʥʳʭ ʩʣʦʝʚ ʚʦʜʳ. ʄʘʣʝʥʴʢʠʤʠ ʩʪʨʝʣʦʯʢʘʤʠ ʧʦʢʘʟʘʥʘ ʜʝʬʦʨʤʘʮʠʷ ʪʨʝʢʘ 

ʢʨʘʩʠʪʝʣʷ ʥʘ  h=1 ʩʤ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʫʥʢʪʠʨʥʳʤʠ - ʥʘ h=3 ʩʤ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

 
ʆʮʝʥʢʘ ʩʢʦʨʦʩʪʝʡ ʧʦ ʵʪʦʡ ʩʝʨʠʠ ʬʦʪʦʛʨʘʬʠʡ ʩʦʩʪʘʚʣʷʝʪ 0.1 ʤʤ/ʩ ʥʘ h=1 ʩʤ ʧʦʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ (ʥʘʜ ʛʣʫʙʠʥʦʡ d=7,5 ʩʤ); 0.7 ʤʤ/ʩ ʥʘ h=3 ʩʤ (ʥʘʜ ʛʣʫʙʠʥʦʡ d=17-
20ʩʤ). 
ʂʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʣʦʪʢʝ ʜʦʩʪʠʛʘʝʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

mT
, ʥʘʯʠʥʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʨʦʥʪʘ. 
ʅʘʯʠʥʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʨʦʥʪʘ, ʦʪʯʝʪʣʠʚʦ ʨʘʟʣʠʯʠʤʦʝ ʧʦ ʜʝ-

ʬʦʨʤʘʮʠʠ ʪʨʝʢʦʚ ʢʨʘʩʠʪʝʣʷ.  

 
ʈʠʩ.6. ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʨʦʥʪʘ 
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ʉʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʵʚʦʣʶʮʠʷ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʦʬʠʣʝʡ ʪʨʝʢʦʚ ʢʨʘʩʠ-
ʪʝʣʷ ʤʘʨʢʠʨʫʶʪ ʦʪʯʝʪʣʠʚʦ ʚʠʜʠʤʫʶ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʫʩʪʦʡʯʠʚʦ ʠ ʥʝʫʩʪʦʡʯʠʚʦ 
ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʣʦʪʢʝ. 

 
ʈʠʩ. 7. ʃʠʥʠʷ ʪʨʘʩʩʝʨʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, ʦʙʥʘʨʫʞʠʚʘʶʱʘʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʙʘʨʘ. ʉʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʘ ʣʠʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʙʘʨʘ. 

 

ʏʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʨʘʟʤʳʚʘʶʪ ʯʝʪʢʠʝ ʧʨʦʬʠʣʠ, ʠ 
ʭʦʨʦʰʦ ʚʠʜʥʦ, ʢʘʢ ʚ ʪʝʧʣʦ-ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʝʜʠʥʘʷ ʮʠʨʢʫʣʷʮʠʦʥʥʘʷ 
ʷʯʝʡʢʘ,  ʘ ʪʨʘʩʩʝʨʳ, ʢʦʪʦʨʳʝ ʙʨʦʰʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʣʳʚʘʶʱʝʡ ʛʨʘʥʠʮʝ, 
ʦʪʯʝʪʣʠʚʦ ʤʘʨʢʠʨʫʶʪ ʝʝ ʬʦʨʤʫ. 

 
ʈʠʩ. 8. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʙʘʨʘ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʥʳʡ ʬʨʦʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʦʙʣʘ-
ʩʪʷʤʠ ʫʩʪʦʡʯʠʚʦʡ ʠ ʥʝʫʩʪʦʡʯʠʚʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ,  ʧʨʦʜʚʠʛʘʶʱʫʶʩʷ ʧʦ ʣʦʪʢʫ ʠ 
ʦʭʚʘʪʳʚʘʶʱʫʶ ʚʩʝ ʥʦʚʳʝ ʚʦʜʥʳʝ ʤʘʩʩʳ. ʉʢʦʨʦʩʪʴ ʧʨʦʜʚʠʞʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʬʨʦʥʪʘ ʥʘʜ ʫʢʣʦʥʦʤ ʜʥʘ ʚ 6Ü ʩʦʩʪʘʚʠʣʘ ʧʦʨʷʜʢʘ 1 ʤʤ/ʩ. ʇʦʣʫʯʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʠʤʝ-
ʝʪ ʪʦʪ ʞʝ ʧʦʨʷʜʦʢ, ʯʪʦ ʠ ʠʟʚʝʩʪʥʳʝ ʧʨʠʤʝʨʳ ʠʟ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ: ʜʣʷ ʃʘʜʦʞ-

ʩʢʦʛʦ ʦʟʝʨʘ (ʫʢʣʦʥ ʜʥʘ ï 2
310-Ö ) ʩʢʦʨʦʩʪʴ ʪʝʨʤʦʙʘʨʘ ʩʦʩʪʘʚʣʷʣʘ 5 ʤʤ/ʩ (ɿʠʣʠʥʪʠ-

ʢʝʚʠʯ, ʊʝʨʞʝʚʠʢ, 1987); ʜʣʷ ʦʟʝʨʘ ʆʥʪʘʨʠʦ (ʫʢʣʦʥ ʜʥʘ ï3
310-Ö ) ï 12.7 ʤʤ/ʩ (ɿʠ-

ʣʠʥʪʠʢʝʚʠʯ, ʊʝʨʞʝʚʠʢ, 1987). 
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ʈʠʩ. 9. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʦʨʜʠʥʘʪʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʨʦʥʪʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʦʪ ʚʨʝʤʝ-

ʥʠ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ ʧʨʠʚʝʜʝʥʦ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ,  2R - ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ. 

 

ʏʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. 

ʈʘʩʯʝʪʳ ʥʘ ʤʦʜʝʣʷʭ ʧʦʟʚʦʣʠʣʠ ʫʪʦʯʥʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʮʝʩʩʘ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʙʨʝʞʥʳʭ ʚʦʜʥʳʭ ʤʘʩʩ ʩ ʟʘʧʘʩʦʤ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʣʘʚʫʯʝʩʪʠ. 
ʏʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʤʦʱʠ XZï ʤʦʜʝʣʠ ʧʣʦʪʥʦʩʪʥʳʭ 
ʪʝʯʝʥʠʡ (ɻʨʠʮʝʥʢʦ, ʖʨʦʚʘ, 1999; ɽʤʝʣʴʷʥʦʚ, ɻʨʠʮʝʥʢʦ, ɽʛʦʨʠʭʠʥ, 2004). ʄʦʜʝʣʴ 
ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʥʳʭ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝïʉʪʦʢʩʘ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʧʨʠʙʣʠʞʝʥʠʠ 

ɹʫʩʩʠʥʝʩʢʘ, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʙ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʯʝʥʠʷ ʧʦ ʦʜʥʦʡ ʠʟ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ. ɼʠʩʢʨʝʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʤʦʜʝʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦ-
ʤʦʱʠ ʚʪʦʨʦʡ ʩʭʝʤʳ ʩ ʨʘʟʥʦʩʪʷʤʠ ʧʨʦʪʠʚ ʧʦʪʦʢʘ (ʈʦʫʯ, 1980). ʊʫʨʙʫʣʝʥʪʥʦʝ ʧʝʨʝ-
ʤʝʰʠʚʘʥʠʝ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʡ ʚʷʟʢʦʩʪʠ.  

 
ʉʝʨʠʠ ʨʘʩʯʝʪʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʜʦʥʥʳʭ ʪʝʯʝʥʠʷ ʚ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ 

ʥʘ XZ ï ʤʦʜʝʣʠ (ɻʨʠʮʝʥʢʦ, ʖʨʦʚʘ, 1997; Chubarenko, Gritsenko, 2002) ʧʦʢʘʟʘʣʠ 
ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʯʝʪʥʳʭ ʪʝʯʝʥʠʡ ʫʞʝ ʠʤʝʶʱʠʤʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʠ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʦ ʪʘʢʦʛʦ ʨʦʜʘ ʪʝʯʝʥʠʷʭ (ʉʘʤʦʣʶʙʦʚ, 2001; Simpson, 
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1987). ʆʜʥʘʢʦ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʜʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠ 
ʧʦʛʨʫʞʝʥʠʠ ʧʨʠʙʨʝʞʥʳʭ ʚʦʜ ʚʜʦʣʴ ʩʢʣʦʥʘ ʜʥʘ ʩʠʪʫʘʮʠʷ ʦʩʣʦʞʥʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠ-
ʝʤ ʚ ɹʘʣʪʠʢʝ ʥʝʩʢʦʣʢɹʠʭ ʩʢʘʯʢʦʚ ʧʣʦʪʥʦʩʪʠ ï ʜʥʝʚʥʦʡ ʪʝʨʤʦʢʣʠʥ, ʩʝʟʦʥʥʳʡ ʠ ʪ.ʜ. 

ʈʘʩʯʝʪʳ ʥʘ ʤʦʜʝʣʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ 
ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ. ɺ ʧʝʨʚʦʤ ʠʟ ʥʠʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦ ʩʣʦʝʤ ʩʢʘʯʢʘ ʧʣʦʪʥʦ-
ʩʪʠ ʚʦʟʤʦʞʝʥ ʦʪʨʳʚ ʚʦʜʥʦʡ ʤʘʩʩʳ ʧʨʠʜʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʦʪ ʣʠʥʠʠ ʜʥʘ ʠ ʧʨʝʚʨʘʱʝ-
ʥʠʝ ʝʛʦ ʚ ʠʪʨʫʟʠʦʥʥʦʝ (ɻʨʠʮʝʥʢʦ, ʖʨʦʚʘ, 1999). ʇʨʠʤʝʨ ʪʘʢʦʛʦ ʨʦʜʘ ʩʦʙʳʪʠʷ ʧʨʠ-
ʚʝʜʝʥ ʥʘ ʨʠʩ. 7. ɼʣʷ ʣʫʯʰʝʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʯʝʥʠʷ ʚʦʜʥʘʷ ʤʘʩʩʘ ʚʪʝ-
ʢʘʶʱʝʛʦ ʚ ʤʦʜʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʪʝʯʝʥʠʷ çʧʦʜʢʨʘʰʠʚʘʝʪʩʷè ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 
ʧʘʨʘʤʝʪʨʦʤ ï ʪʨʘʩʩʝʨʦʤ (çʢʨʘʩʢʦʡè), ʵʚʦʣʶʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʢʦʪʦʨʦʛʦ ʚʦ ʚʨʝʤʝ-
ʥʠ ʦʧʠʩʳʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʥɹʳʤ ʫʨʘʚʥʝʥʠʝʤ. ʈʘʟʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʩʝʪʢʠ ï 201 

x 111, ʨʘʟʤʝʨ ʚʭʦʜʥʦʛʦ ʩʪʚʦʨʘ ʧʦ ʚʝʨʪʠʢʘʣʠ ï 21, ʚʝʣʠʯʠʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʩ-

ʢʨʝʪʠʟʘʮʠʠ ʚ ʤʦʜʝʣʠ ï 05.0=D=D zx .  
 

 
ʈʠʩ. 10.   ʂʘʨʪʠʥʘ ʦʪʨʳʚʘ ʧʨʠʜʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʦʪ ʩʢʣʦʥʘ ʜʥʘ. ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʦʣʠʥʠʡ ʪʨʘʩʩʝʨʘ ʥʘ ʬʦʥʝ ʠʟʦʣʠʥʠʡ ʠʟʙʳʪʦʯʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʀʟʦʣʠʥʠʠ 

ʪʨʘʩʩʝʨʘ (çʢʨʘʩʢʠè, ʙʦʣʝʝ ʪʦʣʩʪʳʝ ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ) ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ 0.2, 0.4 ʠ 

0.6 ; ʠʟʦʣʠʥʠʠ ʧʣʦʪʥʦʩʪʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʟʥʘʯʝʥʠʡ ʦʪ 0.25 ʜʦ 1.5 ʩ ʰʘʛʦʤ 0.25 (ʩ ʩʝʨʦʡ 

ʟʘʣʠʚʢʦʡ). ɺʝʨʭʥʠʡ ʩʣʦʡ ʚʦʜʳ (
r
=1.0 ʛ/ʩʤ3) ʚʳʜʝʣʝʥ ʚʝʨʪʠʢʘʣʴʥʦʡ ʰʪʨʠʭʦʚʢʦʡ, 

ʥʠʞʥʠʡ, ʧʦʜ ʩʣʦʝʤ ʩʢʘʯʢʘ (
r
=1.002 ʛ/ʩʤ3) ï ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ. ʂʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʨʘʟ-

ʤʝʯʝʥʳ ʩ ʰʘʛʦʤ 5.0. 
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ʈʠʩ. 11. ʇʨʦʮʝʩʩ ʦʪʨʳʚʘ ʧʨʠʜʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʦʪ ʩʢʣʦʥʘ ʜʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʘʙʦʨʘʪʦʨ-

ʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʣʦʪʢʝ. ʊʦʣʩʪʦʡ ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥ ʫʢʣʦʥ ʜʥʘ. ʊʦʥʢʘʷ ʣʠʥʠʷ ʫʢʘ-

ʟʳʚʘʝʪ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʠʥʪʨʫʟʠʠ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ.  

  
ʇʨʠ ʥʝ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʠʟʙʳʪʦʯʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʚʦʜʥʦʡ ʤʘʩ-

ʩʳ ʧʨʠʜʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʠ ʩʣʦʷ ʚʦʜʳ ʧʦʜ ʩʢʘʯʢʦʤ ʧʣʦʪʥʦʩʪʠ ʚʦʟʤʦʞʝʥ ʠ ʙʦʣʝʝ 
ʩʣʦʞʥʳʡ ʚʘʨʠʘʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʚʠʜʝ ʨʘʩʩʣʦʝʥʠʷ ʪʝʯʝʥʠʷ ʥʘ ʠʥʪʨʫʟʠʦʥʥʦʝ ʠ 
ʥʦʚʦʝ ʧʨʠʜʦʥʥʦʝ. ʅʘ ʨʠʩ. 8 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʪʘʢʦʛʦ ʨʦʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʍʘʨʘʢ-

ʪʝʨʥʳʝ ʤʘʩʰʪʘʙʳ ʪʝʯʝʥʠʷ: U0= 2 ʩʤ/ʩ, H0= 50 ʩʤ, 0rD = 1.0 ʛ/ʩʤ3. ɺʝʨʭʥʠʡ ʩʣʦʡ 

ʚʦʜʳ ʚ ʤʦʜʝʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʤʝʝʪ ʧʣʦʪʥʦʩʪʴ 1.0 ʛ/ʩʤ3, ʥʠʞʥʠʡ, ʧʦʜ ʩʣʦʝʤ 
ʩʢʘʯʢʘ ʧʣʦʪʥʦʩʪʴ 1.0016 ʛ/ʩʤ3, ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ ʚʪʝʢʘʶʱʝʛʦ ʪʝʯʝʥʠʷ ï 1.0015 ʛ/ʩʤ3. 

ʈʘʟʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʩʝʪʢʠ ʫʚʝʣʠʯʝʥ ʜʦ 351 x 161. 
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ʈʠʩ. 12.  ʇʨʠʤʝʨ ʩʝʧʘʨʘʮʠʠ ʪʝʯʝʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʀʟʦʣʠʥʠʠ ʪʨʘʩʩʝʨʘ 

(çʢʨʘʩʢʠè, ʙʦʣʝʝ ʪʦʣʩʪʳʝ ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ) ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʟʥʘʯʝʥʠʡ 0.2, 0.4 ʠ 0.6; 

ʠʟʦʣʠʥʠʠ ʧʣʦʪʥʦʩʪʠ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ ʦʪ 0.25 ʜʦ 1.5 ʯʝʨʝʟ 0.25 (ʩ ʩʝʨʦʡ ʟʘʣʠʚʢʦʡ). 

ɺʝʨʭʥʠʡ ʩʣʦʡ ʚʦʜʳ ʚ ʤʦʜʝʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (
r
=1.0 ʛ/ʩʤ3) ʚʳʜʝʣʝʥ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʰʪʨʠʭʦʚʢʦʡ, ʥʠʞʥʠʡ, ʧʦʜ ʩʣʦʝʤ ʩʢʘʯʢʘ (
r

=1.0016 ʛ/ʩʤ3) ï ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ. ʗʟʳʢ ʥʦ-

ʚʦʛʦ ʧʨʠʜʦʥʥʦʛʦ ʪʝʯʝʥʠʷ (ʙʦʣʝʝ ʪʝʤʥʘʷ ʩʝʨʘʷ ʟʘʣʠʚʢʘ) ʚʳʜʝʣʷʝʪʩʷ ʠʟʦʣʠʥʠʝʡ 1,55. 

ʂʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʨʘʟʤʝʯʝʥʳ ʯʝʨʝʟ 5.0. 

 
ʀʪʘʢ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦʡ ʧʣʘʚʫʯʝʩʪʠ ʧʨʠʙʨʝʞʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ ʠ ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ ʧʦʜ ʩʣʦʝʤ ʩʢʘʯʢʘ 

ʧʣʦʪʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʪʝʯʝʥʠʡ.  
 

ʆʙʱʠʡ ʚʳʚʦʜ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʛʠʜʨʦ-ʤʝʪʝʦʫʩʣʦʚʠʡ ʚ ʨʘʡʦʥʝ ɹʘʣʪʠʡ-
ʩʢʦʛʦ ʧʨʦʣʠʚʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʚʘʞʜʳ ʚ ʛʦʜ ï ʚʝʩʥʦʡ ʠ ʦʩʝʥʴʶ - ʚ ʧʨʠʙʨʝʞʥʦʡ   ʟʦʥʝ 
ʤʦʨʷ  ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʩʷ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠʙʨʝʞʥʳʝ ʩʪʦʢʦʚʳʝ 

ʬʨʦʥʪʳ ʠʟ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʠʟ-ʟʘ ʦʭʣʘʞʜʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʙʦ-
ʣʝʝ ʪʷʞʝʣʦʡ. 
ʃʘʙʦʨʘʪʦʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʟʚʦʣʠʣʠ ʧʨʦʥʘʙʣʶʜʘʪʴ ʵʪʦʪ ʵʬʬʝʢʪ ʠ ʧʦʢʘʟʘʣʠ 

ʭʦʨʦʰʫʶ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʢʘʨʪʠʥʫ: ʧʦʨʷʜʦʢ ʩʢʦʨʦʩʪʝʡ ʦʢʘʟʘʣʩʷ 
ʨʘʚʥʳʤ 1ʤʤ/c, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. ʋʜʘʣʦʩʴ ʚʦʩʧʨʦʠʟ-
ʚʝʩʪʠ ʢʘʢ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʙʩʪʚʝʥʥʦ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʘʟʜʝʣʘ, ʪʘʢ ʠ ʧʨʦʮʝʩʩ ʦʪʨʳʚʘ 
ʦʪ ʩʢʣʦʥʘ ʠ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʠʥʪʨʫʟʠʠ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ ʚʦʜʥʳʭ ʤʘʩʩ ʣʦʪʢʘ.   
ʈʘʩʯʝʪʳ ʥʘ ʤʦʜʝʣʠ ʧʦʟʚʦʣʠʣʠ ʫʪʦʯʥʠʪʴ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ ʪʝʯʝʥʠʡ, ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʜʠʣʘ ʬʘʢʪ ʦʪʨʳʚʘ ʧʨʠʜʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʦʪ ʩʢʣʦʥʘ ʜʥʘ ʠ ʧʦʢʘʟʘʣʘ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʨʘʩʩʣʦʝʥʠʷ ʧʦʪʦʢʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ.  
ʀʪʘʢ, ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʧʨʠʙʨʝʞʥʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʧʦʟʚʦ-

ʣʠʣ ʩʦʟʜʘʪʴ ʝʜʠʥʳʡ ʦʙʨʘʟ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʧʦʣʫʯʠʪʴ ʝʛʦ ʚʘʞʥʝʡʰʠʝ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʠ.  
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ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʀʅʊɸʉ, ʧʨʦʝʢʪ ˉ 460/01 
ʠ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ 03-05-65136. 
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ɺʚʝʜʝʥʠʝ 

ʎʫʥʘʤʠ ʚ ʏʝʨʥʦʤ ʤʦʨʝ - ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʝʜʢʦʝ ʷʚʣʝʥʠʝ. ʀʟʚʝʩʪʥʦ 22 ʩʦʙʳʪʠʷ ʚ 

ʙʘʩʩʝʡʥʝ ʏʝʨʥʦʛʦ ʤʦʨʷ ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʫʨʦʚʥʷ ʫ ʙʝʨʝʛʘ, ʢʦʪʦʨʳʝ 
ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʷʚʣʝʥʠʶ ʮʫʥʘʤʠ [1-7]. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʪʳʩʷʯʝʣʝʪʠʷ ʦʥʦ ʥʘʙʣʶ-
ʜʘʣʦʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʜʦʣʴ ʚʩʝʛʦ ʧʦʙʝʨʝʞʴʷ ʏʝʨʥʦʛʦ ʤʦʨʷ ʠ ʚʳʟʳʚʘʣʦʩʴ ʟʝʤʣʝʪʨʷ-
ʩʝʥʠʷʤʠ ʚ ʤʦʨʝ ʠ ʥʘ ʩʫʰʝ. ɼʣʷ ʯʝʪʳʨʝʭ ʩʣʫʯʘʝʚ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ʍʍ ʚʝʢʝ, ʧʦʣʫ-
ʯʝʥʳ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʧʘʨʘʤʝʪʨʘʭ ʚʦʣʥ ʮʫʥʘʤʠ ʚʜʦʣʴ ʧʦʙʝʨʝʞʴʷ ʤʦʨʷ, 
ʢʦʪʦʨʳʝ ʦʙʦʙʱʝʥʳ ʚ ʨʘʙʦʪʘʭ [1,2,7]. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦ ʯʝʨʥʦʤʦʨʩʢʠʭ 
ʮʫʥʘʤʠ ʦʮʝʥʝʥʘ ʚ ʨʘʙʦʪʝ [4] ʧʦ ʰʢʘʣʝ ʥʘʜʝʞʥʦʩʪʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ [8].  
ʉʢʨʦʤʥʳʡ ʦʙʲʝʤ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʦ ʮʫʥʘʤʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʧʨʦʮʝʩʩ 

ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʚ ʙʘʩʩʝʡʥʝ ʏʝʨʥʦʛʦ ʤʦʨʷ ʠ ʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ 
ʦʮʝʥʢʠ ʮʫʥʘʤʠʦʧʘʩʥʦʩʪʠ ʯʝʨʥʦʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ. ɺ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʷʭ ʜʣʷ ʘʥʘ-
ʣʠʟʘ ʷʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ. ɼʣʷ 
ʦʧʠʩʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʮʫʥʘʤʠ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʧʨʠʤʝʥʷʣʠʩʴ ʪʨʠ ʨʘʟʥʦ-
ʚʠʜʥʦʩʪʠ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ: ʤʦʜʝʣʴ ʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ [2,9], ʤʦʜʝ-
ʣʠ ʦʜʥʦʤʝʨʥʦʛʦ [10] ʠ ʜʚʫʤʝʨʥʦʛʦ [7,11-13] ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʣʠʥʥʳʭ ʚʦʣʥ ʚ ʙʘʩ-
ʩʝʡʥʘʭ ʧʝʨʝʤʝʥʥʦʡ ʛʣʫʙʠʥʳ.  
ʅʠʞʝ ʜʘʥʘ ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʮʫʥʘʤʠ ʚʜʦʣʴ ʶʞʥʦʛʦ ʧʦʙʝ-

ʨʝʞʴʷ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʠ ʠʟʣʘʛʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩ-
ʧʨʦʩʪʨʘʥʝʥʠʷ ʮʫʥʘʤʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʣʦʢʘʣʴʥʘʷ ʤʦ-
ʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʥ 
ʮʫʥʘʤʠ ʚʜʦʣʴ ʚʳʜʝʣʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ. ʇʘʨʘʤʝʪʨʳ ʵʣʣʠʧʪʠʯʝ-
ʩʢʦʡ ʟʦʥʳ ʚʦʟʤʫʱʝʥʠʡ ʫʨʦʚʥʷ ʏʝʨʥʦʛʦ ʤʦʨʷ ʟʘʜʘʚʘʣʠʩʴ ʧʦ ʵʤʧʠʨʠʯʝʩʢʠʤ ʬʦʨʤʫ-
ʣʘʤ, ʥʘʡʜʝʥʥʳʤ ʨʘʥʝʝ ʜʣʷ ʝʚʨʘʟʠʡʩʢʦʛʦ ʠ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʦʚ [14,15]. ʆʧʠ-
ʩʘʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʟʥʠʢʘʶʱʠʭ ʚʦʣʥ ʠ ʧʦʣʫʯʝʥʳ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠ-
ʢʠ ʥʘ ʰʝʣʴʬʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʛʥʠʪʫʜʳ ʠ ʧʦʣʦʞʝʥʠʷ ʟʦʥ ʩʝʡʩʤʠʯʝʩʢʦʡ ʛʝʥʝʨʘ-
ʮʠʠ ʮʫʥʘʤʠ. ʅʘʢʦʥʝʮ, ʚ ʨʘʤʢʘʭ ʥʝʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʜʣʠʥʥʳʭ ʚʦʣʥ ʚʳʧʦʣʥʝʥ ʯʠʩ-

ʣʝʥʥʳʡ ʘʥʘʣʠʟ ʦʜʥʦʤʝʨʥʦʛʦ ʥʘʢʘʪʘ ʦʜʠʥʦʯʥʳʭ ʮʫʥʘʤʠ ʥʘ ʥʘʢʣʦʥʥʳʡ ʧʣʦʩʢʠʡ ʙʝ-
ʨʝʛ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʟʘʧʣʝʩʢʦʚ ʚʦʣʥ ʮʫʥʘʤʠ ʚ ʩʣʫ-
ʯʘʝ ʨʝʣʴʝʬʘ ʜʥʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ.  
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʮʫʥʘʤʠ ʚʜʦʣʴ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʨʳʤʩʢʦʛʦ 

ʧʦʣʫʦʩʪʨʦʚʘ  
ɺʩʝ ʠʟʚʝʩʪʥʳʝ ʯʝʨʥʦʤʦʨʩʢʠʝ ʮʫʥʘʤʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʇʝʨʚʘʷ 

ʚʢʣʶʯʘʝʪ ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʚ ʩʠʣʫ ʠʩʪʦʨʠʯʝʩʢʦʡ ʜʘʚʥʦʩʪʠ ʠʣʠ ʠʥʳʭ ʧʨʠʯʠʥ ʥʝ 
ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦ, ʥʦ ʦʧʠʩʘʥʳ ʦʯʝʚʠʜʮʘʤʠ, ʦʪʤʝʯʝʥʳ ʢʘʢ 

ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʷʚʣʝʥʠʷ ʚ ʣʝʪʦʧʠʩʷʭ ʠ ʣʝʛʝʥʜʘʭ. ɺʦ ʚʪʦʨʫʶ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʩʦʙʳ-
ʪʠʷ, ʢʦʛʜʘ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ ʧʦʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʫʜʘʣʦʩʴ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʤʘ-
ʨʝʦʛʨʘʬʘʤʠ ʩ ʧʨʠʝʤʣʝʤʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʜʠʩʢʨʝʪʥʦʩʪʴʶ.  
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ʇʫʥʢʪʳ ʧʨʦʷʚʣʝʥʠʷ ʠʩʪʦʨʠʯʝʩʢʠʭ ʮʫʥʘʤʠ ʚʜʦʣʴ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʨʳʤʩʢʦ-
ʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1. ʎʫʥʘʤʠ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʨʘʡʦʥʘʭ ɽʚʧʘʪʦʨʠʠ 
(1341, 1802, 1927), ʉʝʚʘʩʪʦʧʦʣʷ (103, 1650, 1869, 1875, 1027, 1939), ʌʦʨʦʩʘ (1427), 

ʗʣʪʳ (1427, 1869, 1927, 1939, 1966), ʉʫʜʘʢʘ (1869), ʌʝʦʜʦʩʠʠ (1615, 1927, 1939, 
1966) ʠ ʂʝʨʯʠ (1927, 1939, 1966). ʕʪʠ ʜʘʥʥʳʝ ʦ ʮʫʥʘʤʠ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ 
[2,3,4-7,16-19]. ʉʦʙʳʪʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʘ 
ʠʤʝʥʥʦ, ʦʪ ʚʦʟʤʦʞʥʳʭ, ʦʩʦʙʝʥʥʦ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʜʨʝʚʥʠʤ ʚʨʝʤʝʥʘʤ, ʜʦ ʥʝ ʚʳʟʳ-
ʚʘʶʱʠʭ ʩʦʤʥʝʥʠʷ.  

 
ʈʠʩ. 1. ʇʫʥʢʪʳ ʧʨʦʷʚʣʝʥʠʷ ʠʩʪʦʨʠʯʝʩʢʠʭ ʮʫʥʘʤʠ ʥʘ ʧʦʙʝʨʝʞʴʝ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦ-

ʚʘ: ¶ - ʧʫʥʢʪʳ ʥʘʙʣʶʜʝʥʠʷ ʮʫʥʘʤʠ ʙʝʟ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʣʝʙʘʥʠʡ 

ʫʨʦʚʥʷ; + - ʧʫʥʢʪʳ, ʚ ʢʦʪʦʨʳʭ ʮʫʥʘʤʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʤʘʨʝʦʛʨʘʬʘʤʠ.  

 

ʎʫʥʘʤʠ ʥʘʙʣʶʜʘʣʠʩʴ ʚʜʦʣʴ ʚʩʝʛʦ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʨʳʤʘ. ʇʦʜʘʚʣʷʶʱʘʷ 
ʯʘʩʪʴ ʠʟ ʥʠʭ ʩʦʧʫʪʩʪʚʦʚʘʣʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ ʩ ʵʧʠʮʝʥʪʨʘʤʠ ʚ ʤʦʨʝ ʠʣʠ ʥʘ ʩʫʰʝ. 
ʀʩʪʦʨʠʯʝʩʢʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʮʫʥʘʤʠ 
ʜʨʝʚʥʠʭ ʚʨʝʤʝʥ ʤʦʛʣʠ ʠʤʝʪʴ ʚʳʩʦʪʳ ʜʦ 2-3 ʤ [4]. ʆʥʠ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴ-

ʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʫʨʦʚʥʷ ʤʦʨʷ ʫ ʙʝʨʝʛʘ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʟʘʪʦʧʣʝʥʠʶ ʦʙʰʠʨʥʳʭ 
ʪʝʨʨʠʪʦʨʠʡ ʠ ʦʱʫʪʠʤʦʤʫ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʫʱʝʨʙʫ.  
ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥ 

ʮʫʥʘʤʠ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʪʦʨʘʷ ʛʨʫʧʧʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. ɺ ʨʘʙʦ-
ʪʘʭ [16-19] ʦʧʠʩʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʝʪʳʨʝʭ ʮʫʥʘʤʠ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʧʦ ʤʘʨʝʦʛʨʘ-
ʬʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. ʆʥʠ ʦʙʦʙʱʝʥʳ ʚ ʨʘʙʦʪʘʭ [1,2]. ʎʫʥʘʤʠ ʙʳʣʠ ʚʳʟʚʘʥʳ ʧʦʜʚʦʜ-
ʥʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ 26.06.1927 ʛ. ʠ 11-12.09.1927 ʛ. ʩ ʤʘʛʥʠʪʫʜʘʤʠ ʄ = 5,5 ʠ 
6,5 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ ʶʛʫ ʦʪ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ, ʨʘʟʨʫʰʠʪʝʣʴʥʳʤ ʟʝʤʣʝʪʨʷ-
ʩʝʥʠʝʤ 26.12.1939 ʛ. (ʄ = 7,9-8,0) ʩ ʵʧʠʮʝʥʪʨʦʤ ʥʘ ʩʫʰʝ ʚ 150 ʢʤ ʦʪ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʊʫʨʮʠʠ ʠ ʧʦʜʚʦʜʥʳʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ 12.06.1966 ʛ. (ʄ = 
5,8) ʚ ʨʘʡʦʥʝ ɸʥʘʧʳ ʫ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʙʝʨʝʛʘ ʤʦʨʷ.  
ʎʫʥʘʤʠ ʧʨʠ ʵʪʠʭ ʩʦʙʳʪʠʷʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʝʩʢʦʣʴʢʠʤʠ ʤʘʨʝʦʛʨʘʬʘʤʠ 

ʚʜʦʣʴ ʢʨʳʤʩʢʦʛʦ ʠ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʤʦʨʷ. ʊʦʯʢʠ ʨʝʛʠʩʪʨʘʮʠʠ ʮʫʥʘʤʠ ʥʘ 
ʶʞʥʦʤ ʧʦʙʝʨʝʞʴʝ ʂʨʳʤʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1. ʄʘʨʝʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ 
ʚʳʩʦʪʳ ʮʫʥʘʤʠ (ʚʦʟʚʳʰʝʥʠʷ ʛʨʝʙʥʝʡ ʥʘʜ ʩʦʩʝʜʥʠʤʠ ʧʦʜʦʰʚʘʤʠ) ʠ ʭʘʨʘʢʪʝʨʥʳʝ 
ʧʝʨʠʦʜʳ ʚʦʣʥ ʚ ʧʫʥʢʪʘʭ ʥʘʙʣʜʁʝʥʠʷ, ʥʘʡʪʠ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʜʦ ʥʠʭ ʠʟ 
ʟʦʥ ʛʝʥʝʨʘʮʠʠ.  
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ɺʳʩʦʪʳ ʮʫʥʘʤʠ ʜʣʷ ʯʝʪʳʨʝʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʦʙʳʪʠʡ, ʥʘʡʜʝʥʥʳʝ ʧʦ ʜʘʥ-
ʥʳʤ ʦ ʢʦʣʝʙʘʥʠʷʭ ʫʨʦʚʥʷ ʠʟʤʝʥʷʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 0,03-0,53 ʤ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳ-
ʩʦʪ ʯʝʨʥʦʤʦʨʩʢʠʭ ʮʫʥʘʤʠ ʚʜʦʣʴ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʦʯʝʥʴ 

ʥʝʨʘʚʥʦʤʝʨʥʦ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʙʝʨʝʛʦʚʳʭ ʧʫʥʢʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʘʷ ʪʝʥʜʝʥ-
ʮʠʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʚʳʩʦʪ ʚʦʣʥ ʩ ʨʦʩʪʦʤ ʤʘʛʥʠʪʫʜʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ M, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
ʧʦʩʪʨʦʠʪʴ ʜʣʷ ʥʠʭ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʛʥʠʪʫʜʳ [6]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 
ʩʣʫʯʘʝʚ ʮʫʥʘʤʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʧʦʜʲʝʤʦʤ ʫʨʦʚʥʷ ʤʦʨʷ, ʘ ʧʝʨ-
ʚʘʷ ʚʦʣʥʘ ʥʝ ʷʚʣʷʣʘʩʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦ ʚʳʩʦʪʝ. ʎʫʥʘʤʠ ʠʤʝʣʠ ʧʘʢʝʪʥʫʶ ʩʪʨʫʢʪʫ-
ʨʫ. ʍʦʪʷ ʚʳʩʦʪʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚʦʣʥ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʪʦʯʢʘʭ 
ʥʘʙʣʶʜʝʥʠʷ ʥʝ ʧʨʝʚʳʩʠʣʠ 0,53 ʤ, ʚ ʥʝʢʦʪʦʨʳʭ ʙʫʭʪʘʭ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʨʳʤʘ 
ʧʦ ʚʠʟʫʘʣʥɹʳʤ ʦʮʝʥʢʘʤ ʦʥʠ ʜʦʩʪʠʛʘʣʠ 1-2 ʤ [4,7,16].  

ʉʨʝʜʥʠʝ ʧʝʨʠʦʜʳ ʚʦʣʥ ʮʫʥʘʤʠ ʠʟʤʝʥʷʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 8-107 ʤʠʥ ʠ ʥʝ ʩʦʚʧʘ-
ʜʘʣʠ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʧʫʥʢʪʘʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʦʙʳʪʠʡ. ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʚʨʝʤʝʥ-
ʥʳʭ ʨʷʜʦʚ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʜʦʤʠʥʠʨʫʶʱʠʭ ʧʝʨʠʦʜʘʭ ʚʦʣʥ 
ʮʫʥʘʤʠ 20-30 ʤʠʥ [20]. ɺʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʮʫʥʘʤʠ ʜʦ ʙʣʠʞʘʡʰʠʭ ʢ ʦʯʘʛʫ 
ʫʯʘʩʪʢʦʚ ʧʦʙʝʨʝʞʴʷ ʩʦʩʪʘʚʠʣʦ 5-8 ʤʠʥ.  

 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʘ ʮʫʥʘʤʠ 

ɼʣʷ ʧʨʦʛʥʦʟʘ ʚʳʩʦʪ ʮʫʥʘʤʠ ʫ ʧʦʙʝʨʝʞʴʷ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʥʝʣʠʥʝʡʥʦʡ ʤʦʜʝʣʴʶ 
ʜʣʠʥʥʳʭ ʙʘʨʦʪʨʦʧʥʳʭ ʚʦʣʥ ʩ ʧʘʨʘʤʝʪʨʠʟʘʮʠʝʡ ʜʦʥʥʦʛʦ ʪʨʝʥʠʷ ʧʦ ʢʚʘʜʨʘʪʠʯʥʦʤʫ 
ʟʘʢʦʥʫ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʵʚʦʣʶʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʦʪʢʣʠʢ ʤʦʨʷ 
ʥʘ ʧʦʜʚʦʜʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʥʘʯʘʣʴʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠ 
ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʝʛʦ ʨʘʟʚʠʪʠʝ ʚʦ ʚʨʝʤʝʥʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʩʝʡʩʤʠʯʝʩʢʦʝ ʚʦʟʤʫʱʝʥʠʝ 
ʤʦʨʷ, ʟʘʜʘʚʘʝʤʦʝ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ï ʵʪʦ ʩʤʝʱʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʧʨʠ ʥʫʣʝʚʦʤ ʧʦʣʝ ʩʢʦʨʦʩʪʠ. ʅʠʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʣʘʩʪʴ 

ʏʝʨʥʦʛʦ ʤʦʨʷ, ʧʨʠʤʳʢʘʶʱʘʷ ʢ ʶʞʥʦʤʫ ʧʦʙʝʨʝʞʴʶ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ, ʧʦ-
ʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ.2. ʆʥʘ ʚʢʣʶʯʘʝʪ ʦʪʢʨʳʪʫʶ ʯʘʩʪʴ ʙʘʩʩʝʡʥʘ ʩ ʛʣʫʙʠʥʘʤʠ ʜʦ 2000 ʤ, 
ʤʘʪʝʨʠʢʦʚʳʡ ʩʢʣʦʥ ʩ ʧʝʨʝʧʘʜʦʤ ʛʣʫʙʠʥ ʦʪ 2000 ʜʦ 100 ʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʙʝʨʝʛʘ ʠ 
ʰʝʣʴʬʦʚʫʶ ʟʦʥʫ ʛʣʫʙʠʥʦʡ 100 ʤ ʠ ʤʝʥʝʝ. ɻʨʘʥʠʮʘ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚʢʣʶʯʘʝʪ 
ʢʘʢ ʙʝʨʝʛʦʚʳʝ, ʪʘʢ ʠ ʩʚʦʙʦʜʥʳʝ ʫʯʘʩʪʢʠ. 

  
ʈʠʩ. 2. ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʚʢʣʶʯʘʶʱʠʡ ʶʞʥʦʝ ʧʦʙʝʨʝʞʴʝ ʂʨʳʤʩʢʦʛʦ 

ʧʦʣʫʦʩʪʨʦʚʘ, ʠ ʨʝʣʴʝʬ ʤʦʨʩʢʦʛʦ ʜʥʘ ʚ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ.  



ʌʠʟʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠ ˉ 12 

 

26 

 

 

ɹʘʨʦʪʨʦʧʥʳʝ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʦʧʠʩʳʚʘʶʪʩʷ ʩʠʩʪʝʤʦʡ 
ʪʨʝʭ ʫʨʘʚʥʝʥʠʡ [21]  
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ʩ ʟʘʜʘʥʠʝʤ ʫʩʣʦʚʠʷ ʩʢʦʣʴʞʝʥʠʷ ʥʘ ʙʝʨʝʛʦʚʳʭ ʫʯʘʩʪʢʘʭ ʛʨʘʥʠʮʳ, ʫʩʣʦʚʠʝʤ ʩʚʦ-

ʙʦʜʥʦʛʦ ʚʳʭʦʜʘ ʚʦʣʥ ʠʟ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʯʝʨʝʟ ʞʠʜʢʠʝ ʫʯʘʩʪʢʠ ʛʨʘʥʠʮʳ [22] ʠ 
ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ  

U = V = 0,  = 0(x,y) (t = 0).                                     (2) 
ɿʜʝʩʴ x, y - ʟʦʥʘʣʴʥʘʷ ʠ ʤʝʨʠʜʠʦʥʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʳ; t - ʚʨʝʤʷ; {U,V} (x,y,t) - 

ʧʦʣʥʳʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʦʪʦʢʠ ʞʠʜʢʦʩʪʠ ʚʜʦʣʴ ʦʩʝʡ x ʠ y ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; (x,y,t) 
- ʩʤʝʱʝʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ; 0(x,y) - ʥʘʯʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʫʨʦʚʥʷ; D = H(x,y) + 

(x,y,t)>0 - ʧʦʣʥʘʷ ʛʣʫʙʠʥʘ ʙʘʩʩʝʡʥʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʢʘʢ ʛʣʫʙʠʥʫ ʤʦʨʷ H(x,y) ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʚʦʣʥ, ʪʘʢ ʠ ʩʤʝʱʝʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ; g - ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ; 

K = 2.6Ö10ï3 - ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʥʥʦʛʦ ʪʨʝʥʠʷ.  

ɼʣʷ ʟʘʜʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʤʦʨʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ 
ʧʦʜʭʦʜʳ, ʚʢʣʶʯʘʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʛʠʜʨʦʫʧʨʫʛʦʩʪʠ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʨʘʟʨʳʚʘ ʟʝʤʥʦʡ 
ʢʦʨʳ [22]. ʆʛʨʘʥʠʯʠʤʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʦʜʭʦʜʦʤ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʨʝʘʣʴʥʳʝ 
ʦʯʘʛʠ ʛʝʥʝʨʘʮʠʠ ʮʫʥʘʤʠ ʧʦʜʚʦʜʥʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʵʣʣʠʧ-
ʩʘʤʠ ʩ ʙʦʣʴʰʦʡ ʠ ʤʘʣʦʡ ʦʩʷʤʠ L ʠ W ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [23].   
ɼʣʠʥʳ ʦʩʝʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʫʨʦʚʥʷ ʤʦʨʷ a0 ʟʘʚʠʩʷʪ ʦʪ ʤʘʛʥʠʪʫʜʳ 

ʧʦʜʚʦʜʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʄ. ɺ ʨʘʙʦʪʝ [15] ʧʫʪʝʤ ʦʙʦʙʱʝʥʠʷ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ 
ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʨʝʘʣʴʥʳʭ ʦʯʘʛʘʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʨʝʜʣʦʞʝʥʳ ʧʨʠʙʣʠ-

ʞʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʝʡ L ʠ W ʦʪ ʤʘʛʥʠʪʫʜʳ ʄ ʜʣʷ ʝʚʨʘʟʠʡʩʢʦʛʦ ʨʝʛʠʦʥʘ.  ʆʥʠ 
ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ  

    
).5.6(  42.015.0lg  ,5.26.0lg

),5.6(  16.024.0lg  ,

²+=-=

<-==

MMWML

MMLWL

                 (3) 

ɺʝʣʠʯʠʥʳ L ʠ W ʟʘʜʘʶʪʩʷ ʚ ʢʠʣʦʤʝʪʨʘʭ. ɿʦʥʘ ʛʝʥʝʨʘʮʠʠ ʮʫʥʘʤʠ ʷʚʣʷʝʪʩʷ ʢʨʫ-
ʛʦʚʦʡ ʜʣʷ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʥʦ ʦʥʦ ʧʨʠʥʠʤʘʝʪ ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʝʩʣʠ ʄ 
> 6.5. ɼʣʷ ʟʘʜʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʚ ʟʦʥʝ ʧʦʜʚʦʜʥʦʛʦ 
ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʵʤʧʠʨʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ 

6.58.0lg 0 -= Ma
.                                             (4) 

ʆʥʘ ʧʦʣʫʯʝʥʘ ʚ ʨʘʙʦʪʝ [14] ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʤʘʛʥʠʪʫʜ 6.7¢ M ¢ 8.5 ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʦ 28 ʧʦʜʚʦʜʥʳʭ ʮʫʥʘʤʠʛʝʥʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ. ɺ 
ʬʦʨʤʫʣʝ (4) ʩʤʝʱʝʥʠʝ a0 ʟʘʜʘʝʪʩʷ ʚ ʤʝʪʨʘʭ.  
ʅʘʡʜʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (3) ʠ (4) ʧʘʨʘʤʝʪʨʳ ʥʘʯʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʫʨʦʚʥʷ ʤʦ-

ʨʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʛʥʠʪʫʜʳ ʧʦʜʚʦʜʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ 
ʪʘʙʣʠʮʝ.               
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ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʯʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ ʧʨʠ  
ʨʘʟʣʠʯʥʦʡ ʤʘʛʥʠʪʫʜʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʥʘʡʜʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (3), (4) 

M L, ʢʤ W, ʢʤ a0, ʤ 

6.0 19.0 19.0 0.16 
6.5 25.1 25.1 0.40 
7.0 50.1 29.5 1.00 

7.5 100.0 35.1 2.51 
8.0 199.5 41.7 6.31 

ʅʘʯʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʫʨʦʚʥʷ ʤʦʨʷ 0(x,y) ʚ ʫʩʣʦʚʠʠ (2), ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʝ ʚ ʵʣ-
ʣʠʧʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ (ʦʯʘʛ ʮʫʥʘʤʠ) ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ (x0,y0), 
ʟʘʜʘʚʘʣʦʩʴ ʧʦ ʬʦʨʤʫʣʘʤ  

() )5.0(  0),(  ),5.0(  cos),( 0

2

00 >=¢= ryxrrayx zpz
,                  (5) 

22

1

22

1 // WyLxr +=
,   

ʛʜʝ x1 = ( 0) + ( 0) ,  y1 = ( 0) ( 0) ,  - 

ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʙʦʣʴʰʦʡ ʦʩʠ ʵʣʣʠʧʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʭ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ.  
ɿʘʜʘʯʘ (1), (2) ʩ ʧʦʜʭʦʜʷʱʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʨʝʰʘʣʘʩʴ ʤʝʪʦʜʦʤ ʢʦ-

ʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʥʘ ʢʚʘʜʨʘʪʥʦʡ ʩʝʪʢʝ ʩ ʨʘʟʥʝʩʝʥʥʳʤʠ ʫʟʣʘʤʠ ʜʣʷ ʧʦʣʝʡ U, V ʠ . 
ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʰʘʛ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʩʝʪʢʝ ʛʣʫʙʠʥ ʠ ʨʘʚʥʷʣʩʷ 2,5 ʢʤ ʇʨʠʤʝ-
ʥʝʥʘ ʷʚʥʦ-ʥʝʷʚʥʘʷ ʦʜʥʦʰʘʛʦʚʘʷ ʧʦ ʚʨʝʤʝʥʠ ʩʭʝʤʘ [21,22] ʩ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ 2 ʩ.  
ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʮʫʥʘʤʠ 
ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʣʥ ʮʫʥʘʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʨʝʣʴʝʬʘ ʜʥʘ ʙʘʩʩʝʡʥʘ, ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ ʮʫʥʘʤʠ ʧʦ ʦʪʥʦʰʝ-

ʥʠʶ ʢ ʠʟʦʙʘʪʘʤ, ʜʣʠʥ ʝʛʦ ʦʩʝʡ ʠ ʥʘʯʘʣʴʥʦʛʦ (ʩʝʡʩʤʠʯʝʩʢʦʛʦ) ʩʤʝʱʝʥʠʷ ʫʨʦʚʥʷ 
ʤʦʨʷ. ʅʘ ʤʝʣʢʦʚʦʜʴʝ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʥʝʣʠʥʝʡ-
ʥʦʡ ʚʦʣʥʳ ʮʫʥʘʤʠ ʦʪ ʘʤʧʣʠʪʫʜʳ a0 ʥʘʯʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ.  

 ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʫʥʘʤʠ ʚʳʧʦʣʥʝʥ ʜʣʷ ʯʝʪʳʨʝʭ ʚʦʟʤʦʞ-
ʥʳʭ ʧʦʣʦʞʝʥʠʡ ʦʯʘʛʦʚ ʮʫʥʘʤʠ A, B, C ʠ D ʚ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦ-
ʨʳʭ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.  

 
ʈʠʩ. 3. ʕʣʣʠʧʪʠʯʝʩʢʠʝ ʦʯʘʛʠ ʛʝʥʝʨʘʮʠʠ A-D ʠ ʧʫʥʢʪʳ ʧʦʙʝʨʝʞʴʷ 1-11, ʚ ʢʦʪʦʨʳʭ ʦʮʝ-

ʥʠʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʮʫʥʘʤʠ. ʇʫʥʢʪʳ: 1 - ʤʳʩ ʍʝʨʩʦʥʝʩ, 2 - ʤʳʩ ʌʠʦʣʝʥʪ, 3 - ʤʳʩ ʉʘ-
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ʨʳʯ, 4 - ɸʣʫʧʢʘ, 5 - ʤʳʩ ɸʡʪʦʜʦʨ, 6 - ʗʣʪʘ, 7 - ɻʫʨʟʫʬ, 8 - ɸʣʫʰʪʘ, 9 - ʤʳʩ ɹʘʰʝʥʥʳʡ, 

10 - ʅʦʚʳʡ ʉʚʝʪ, 11 - ʤʳʩ ʄʝʛʘʥʦʤ.  

 

ʄʦʜʝʣʴʥʳʝ ʦʯʘʛʠ ʮʫʥʘʤʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʖʞʥʦʙʝʨʝʞʥʦʡ ʩʝʡʩʤʦʘʢʪʠʚʥʦʡ 
ʟʦʥʝ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʙʦʣʴʰʠʤ ʚʜrʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʚ 
ʚʝʨʭʥʝʤ 15-ʢʠʣʦʤʝʪʨʦʚʦʤ ʩʣʦʝ ʣʠʪʦʩʬʝʨʳ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʢʣʘʜʦʤ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʡ ʩ ʤʘʛʥʠʪʫʜʦʡ ʦʪ ʄ = 5 ʜʦ ʄ = 8 [24,25]. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʦʯʘʛ B ʨʘʩʧʦʣʦʞʝʥ ʚ 
ʟʦʥʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʮʫʥʘʤʠ 26 
ʠʶʥʷ 1927 ʛ., ʘ ʦʯʘʛ C ï ʚ ʟʦʥʝ ʚʦʟʙʫʞʜʝʥʠʷ ʮʫʥʘʤʠ 12 ʩʝʥʪʷʙʨʷ 1927 ʛ. ɹʦʣʴʰʠʝ 
ʦʩʠ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ ʮʫʥʘʤʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚʜʦʣʴ ʠʟʦʙʘʪ.  
ʊʠʧʠʯʥʳʡ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʜʲʝʤʘ ʫʨʦʚʥʷ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʣʦʢʘʣʠʟʦ-

ʚʘʥʥʦʛʦ ʚ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 4. 

 
ʈʠʩ. 4. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥʳ ʮʫʥʘʤʠ ʠʟ ʟʦʥʳ ʛʝʥʝʨʘʮʠʠ B ʧʨʠ ʤʘʛʥʠʪʫʜʝ ʄ = 7.0: ʘ - 

t = 0, ʙ - t = 2 ʤʠʥ, ʚ - t = 5 ʤʠʥ, ʛ - t = 12 ʤʠʥ. ʀʟʦʣʠʥʠʠ ʩʤʝʱʝʥʠʡ ʫʨʦʚʥʷ ʤʦʨʷ ʜʘʥʳ ʩ 

ʠʥʪʝʨʚʘʣʦʤ 0.1 ʤ. ʐʪʨʠʭʦʚʳʝ ʢʨʠʚʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ  = 0, ʟʘʪʝʥʝʥʥʳʝ ʦʙʣʘʩʪʠ - 

ʧʦʜʲʝʤʘʤ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.   

 

ʅʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢʘʯʝʩʪʚʝʥʥʦ ʪʘʢʘʷ ʞʝ, ʢʘʢ ʠ ʚ ʙʘʩ-
ʩʝʡʥʝ ʧʦʩʪʦʷʥʥʦʡ ʛʣʫʙʠʥʳ [26]. ʇʨʠ ʦʧʫʩʢʘʥʠʠ ʥʘʯʘʣʴʥʦʛʦ ʧʦʜʥʷʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʨʷ (ʨʠʩ. 4,ʘ) ʦʙʨʘʟʫʶʪʩʷ ʜʚʝ ʥʘʧʨʘʚʣʝʥʥʳʝ ʚʦʣʥʳ ʩʝʨʧʦʚʠʜʥʦʡ ʬʦʨʤʳ, ʨʘʩʧ-
ʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ 
ʟʦʥʳ ʛʝʥʝʨʘʮʠʠ (ʨʠʩ. 4,ʙ). ɺʦʣʥʘ, ʠʟʣʫʯʝʥʥʘʷ ʚ ʦʪʢʨʳʪʫʶ ʯʘʩʪʴ ʙʘʩʩʝʡʥʘ, ʚʳʭʦʜʠʪ 
ʯʝʨʝʟ ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʫʯʘʩʪʢʠ ʦʪʢʨʳʪʦʡ ʛʨʘʥʠʮʳ ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʥʝ ʦʢʘʟʳʚʘʝʪ 
ʚʣʠʷʥʠʷ ʥʘ ʚʦʣʥʦʚʫʶ ʜʠʥʘʤʠʢʫ ʤʦʨʷ ʚ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɺʦʣʥʘ, ʨʘʩʧʨʦʩʪʨʘʥ̫ -
ʶʱʘʷʩʷ ʢ ʙʝʨʝʛʫ, ʫʩʠʣʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʙʝʨʝʛʫ ʠ ʧʦʜʚʝʨʞʝʥʘ ʟʥʘʯʠ-
ʪʝʣʴʥʦʡ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘ ʤʘʪʝʨʠʢʦʚʦʤ ʩʢʣʦʥʝ ʠ ʰʝʣʴʬʝ. ʕʪʦ 
ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʩʝʨʧʦʚʠʜʥʦʛʦ ʛʨʝʙʥʷ ʚʦʣʥʳ ʚ ʧʨʷʤʦʣʠʥʝʡʥʳʡ, ʨʦ-

ʩʪʝ ʚʳʩʦʪʳ ʠ ñʩʞʘʪʠʠò ʚʦʣʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʙʝʨʝʛʘ (ʨʠʩ. 4, ʚ, ʛ). ʇʨʠ ʦʪʨʘʞʝʥʠʠ 
ʚʦʣʥʳ ʦʪ ʙʝʨʝʛʘ ʦʙʨʘʟʫʶʪʩʷ ʟʘʭʚʘʯʝʥʥʳʝ ʰʝʣʴʬʦʤ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʝ ʚʦʣʥʳ, ʨʘʩ-
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ʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʚʜʦʣʴ ʙʝʨʝʛʦʚʦʡ ʯʝʨʪʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʪ ʟʦ-
ʥʳ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʥʘʢʘʪʘ ʚʦʣʥʳ ʥʘ ʙʝʨʝʛ (ʨʠʩ. 4,ʛ). ʕʪʦ ʩʚʦʡʩʪʚʦ ʚʦʣʥ ʦʧʠʩʘʥʦ ʚ 
ʨʘʙʦʪʝ [27] ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʵʚʦʣʶʮʠʠ ʥʘʯʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ 

ʫʨʦʚʥʷ ʚ ʙʘʩʩʝʡʥʝ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʙʘʪʠʤʝʪʨʠʝʡ, ʤʦʜʝʣʠʨʫʶʱʝʡ ʦʪʢʨʳʪʫʶ ʯʘʩʪʴ 
ʏʝʨʥʦʛʦ ʤʦʨʷ, ʤʘʪʝʨʠʢʦʚʳʡ ʩʢʣʦʥ ʠ ʰʝʣʴʬ.  
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʤʦʨʷ ʫ ʧʦʙʝʨʝʞʴʷ ʧʨʠ ʮʫʥʘʤʠ ʜʣʷ ʚʩʝʭ ʟʦʥ 

ʛʝʥʝʨʘʮʠʠ A-D ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʨʘʩʯʝʪʥʳʤ ʤʘʨʝʦʛʨʘʤʤʘʤ ʚ ʦʜʠʥʥʘʜʮʘʪʠ 
ʧʫʥʢʪʘʭ ʧʦʙʝʨʝʞʴʷ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ, ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ 
ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʜʣʷ ʤʘʛʥʠʪʫʜʳ ʄ = 7.0 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 5. 

 
ʈʠʩ. 5.  ʂʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ ʚ ʧʫʥʢʪʘʭ 1-11 ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫ-

ʦʩʪʨʦʚʘ ʚ ʩʣʫʯʘʝ ʦʯʘʛʘ ʮʫʥʘʤʠ ɺ (ʨʠʩ. 3) ʧʨʠ ʤʘʛʥʠʪʫʜʝ ʄ = 7.0.   

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʧʦʜʲʝʤʳ ʠ ʧʦʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ ʚ ʰʝʣʬɹʦʚʦʡ ʟʦʥʝ 
ʤʦʨʝ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʥʝ ʧʨʝʚʳʰʘʶʪ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʚʳʩʦʪʫ ʥʘʯʘʣʴʥʦ-
ʛʦ ʧʦʜʥʷʪʠʷ ʫʨʦʚʥʷ ʤʦʨʷ a0. ʇʨʠ ʤʘʛʥʠʪʫʜʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʄ = 7.0 ʚʨʝʤʷ ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʠʷ ʮʫʥʘʤʠ ʠʟ ʯʝʪʳʨʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʟʦʥ ʛʝʥʝʨʘʮʠʠ ʜʦ ʚʩʝʭ ʚʳʜʝʣʝʥʥʳʭ 
ʧʫʥʢʪʦʚ ʧʦʙʝʨʝʞʴʷ (ʚʨʝʤʷ ʧʨʠʭʦʜʘ ʛʨʝʙʥʷ ʛʦʣʦʚʥʦʡ ʚʦʣʥʳ) ʩʦʩʪʘʚʣʷʝʪ 4.5-31.9 
ʤʠʥ, ʘ ʧʝʨʠʦʜʳ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʤʦʨʷ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 10-15 ʤʠʥ. ʂʘʢ ʧʨʘʚʠʣʦ, 
ʧʝʨʚʳʝ ʠʟ ʧʨʠʰʝʜʰʠʭ ʢ ʙʝʨʝʛʫ ʚʦʣʥ ʠʤʝʶʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʚʳʩʦʪʳ.   

ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʦʣʦʞʝʥʠʠ ʠ ʦʨʠʝʥʪʘʮʠʠ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʦʯʘʛʘ ʮʫʥʘʤʠ 
ʧʘʨʘʤʝʪʨʳ ʚʦʣʥ ʫ ʙʝʨʝʛʘ ʟʘʚʠʩʷʪ ʦʪ ʤʘʛʥʠʪʫʜʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʇʨʠ ʟʘʜʘʥʠʠ ʧʘʨʘ-
ʤʝʪʨʦʚ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʤʦʨʷ ʧʦ ʬʦʨʤʫʣʘʤ (3) ʠ (4) ʜʣʷ ʚʩʝʭ ʦʯʘʛʦʚ ʮʫ-
ʥʘʤʠ A-D ʧʨʦʠʩʭʦʜʠʪ ʤʦʥʦʪʦʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʳʩʦʪ ʛʦʣʦʚʥʳʭ ʚʦʣʥ h ʩ ʨʦʩʪʦʤ 
ʤʘʛʥʠʪʫʜʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʄ (ʨʠʩ. 6).  
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ʈʠʩ. 6. ʄʘʢʩʠʤʘʣʴʥʳʝ ʧʦʜʲʝʤʳ ʫʨʦʚʥʷ ʤʦʨʷ h ʚ ʧʫʥʢʪʘʭ 1-11 ʧʦʙʝʨʝʞʴʷ, ʚʳʟʚʘʥʥʳʝ 

ʚʦʣʥʘʤʠ ʮʫʥʘʤʠ, ʠʟʣʫʯʝʥʥʳʤʠ ʠʟ ʟʦʥ ʛʝʥʝʨʘʮʠʠ ɸ-D. ɼʣʷ ʢʨʠʚʳʭ 1,2 ʠ 3 ʤʘʛʥʠʪʫʜʘ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʨʘʚʥʘ 6.5, 7.0 ʠ 7.5 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʠʩ. 3 ʠ 6 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʦʜʲʝʤʳ ʫʨʦʚʥʷ ʤʦʨʷ 
ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʙʣʠʞʘʡʰʠʭ ʢ ʦʯʘʛʘʤ ʮʫʥʘʤʠ ʫʯʘʩʪʢʘʭ ʧʦʙʝʨʝʞʴʷ. ʇʨʠ ʤʘʛʥʠʪʫ-
ʜʘʭ ʄ=6.5, 7.0 ʠ 7.5 ʚʳʩʦʪʳ ʚʦʣʥ ʥʘ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʙʝʨʝʛʘ ʜʦʩʪʠʛʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥ-
ʥʦ 0.27, 1.21 ʠ 3.58 ʤ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʦʮʝʥʢʘʤ ʩ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʫʚʝʨʝʥʥʦʩʪʠ 
ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʨʝʘʣʴʥʦʡ ʮʫʥʘʤʠʦʧʘʩʥʦʩʪʠ ʜʣʷ ʧʨʠʙʨʝʞʥʦʡ ʟʦ-
ʥʳ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʧʨʠ ʧʦʜʚʦʜʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʩ 

ʤʘʛʥʠʪʫʜʘʤʠ ʄ = 7.0 ʠ ʙʦʣʝʝ. 
 

ʅʘʢʘʪ ʚʦʣʥʳ ʮʫʥʘʤʠ ʥʘ ʙʝʨʝʛ  

ʅʘʢʘʪ ʚʦʣʥ ʥʘ ʙʝʨʝʛ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ''ʞʠʟʥʠò ʮʫʥʘʤʠ ʚ ʦʢʝ-
ʘʥʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʮʫʥʘʤʠʦʧʘʩʥʦʩʪʠ ʧʦʙʝʨʝʞʴʷ. ʉʣʦʞʥʦʩʪʴ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʠ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʦ ʩʫʭʦʤʫ ʙʝʨʝʛʫ. ʆʩʥʦʚ-
ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʠʥʘʤʠʢʠ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʳ ʚ ʨʘʤʢʘʭ 
ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʣʠʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ. ʊʦʯʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 
ʦʜʥʦʤʝʨʥʦʡ ʟʘʜʘʯʠ ʥʘʢʘʪʘ ʚʦʣʥʳ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʟʘʧʣʝʩʢʦʚ 
ʚʦʣʥ ʪʠʧʘ ʮʫʥʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ [28-31]. ʏʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʦʜʥʦʤʝʨʥʦ-
ʛʦ ʠ ʜʚʫʤʝʨʥʦʛʦ ʥʘʢʘʪʘ ʜʣʠʥʥʳʭ ʚʦʣʥ ʧʨʝʜʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ [32-36] ʠ ʜʨ. ʕʢʩʧʝ-
ʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʥʘʢʘʪʘ ʚʦʣʥ ʥʘ ʙʝʨʝʛ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
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ʜʘʥʥʳʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʘʙʦʪʘʭ 
[29,30,34,37,38].  
ɺ ʨʘʤʢʘʭ ʥʝʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʜʣʠʥʥʳʭ ʚʦʣʥ ʨʘʩʩʤʦʪʨʠʤ ʦʜʥʦʤʝʨʥʦʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʚʦʣʥʳ ʮʫʥʘʤʠ ʥʘ ʰʝʣʴʬʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʢʘʪʦʤ ʥʘ ʧʣʦʩʢʠʡ ʥʘʢʣʦʥ-
ʥʳʡ ʙʝʨʝʛ ʜʣʷ ʫʩʣʦʚʠʡ, ʠʤʠʪʠʨʫʶʱʠʭ ʶʞʥʦʝ ʧʦʙʝʨʝʞʴʝ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ 
ʚ ʨʘʡʦʥʝ ʛ. ʗʣʪʳ. ʆʮʝʥʢʠ ʚʳʩʦʪ ʚʝʨʪʠʢʘʣʴʥʳʭ ʟʘʧʣʝʩʢʦʚ ʚʦʣʥ ʮʫʥʘʤʠ ʧʨʠ ʦʜʥʦ-
ʤʝʨʥʦʤ ʥʘʢʘʪʝ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʩʪʝʥʢʫ,  ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʏʝʨ-
ʥʦʛʦ ʤʦʨʷ,  ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʝ [39]. ʇʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 6 ʧʦʜʲʝʤʳ ʫʨʦʚʥʷ ʤʦʨʷ ʚ 
ʙʝʨʝʛʦʚʳʭ ʧʫʥʢʪʘʭ 1-11 ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʨʘʞʝʥʠʶ ʚʦʣʥʳ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʡ 
ʧʨʝʛʨʘʜʳ.  
ʈʘʩʩʤʦʪʨʠʤ ʙʘʩʩʝʡʥ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩ. 7. ʆʜʠʥʦʯʥʘʷ ʚʦʣʥʘ ʚʭʦʜʠʪ ʚ 

ʰʝʣʴʬʦʚʫʶ ʟʦʥʫ 0 ¢ x ¢ L ʯʝʨʝʟ ʦʪʢʨʳʪʫʶ ʣʝʚʫʶ ʛʨʘʥʠʮʫ x = 0, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʚ ʙʘʩʩʝʡʥʝ ʧʝʨʝʤʝʥʥʦʡ ʛʣʫʙʠʥʳ H = H(x) ʢ ʙʝʨʝʛʫ, ʟʘʪʝʤ ʥʘʜ ʧʦʜʚʦʜʥʳʤ ʫʯʘʩʪʢʦʤ 

ʦʪʢʦʩʘ, ʥʘʢʘʪʳʚʘʝʪʩʷ ʥʘ ʧʣʦʩʢʠʡ ʙʝʨʝʛ ʧʨʠ x > L ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ a ʢ ʛʦʨʠʟʦʥʪʫ ʠ, 

ʥʘʢʦʥʝʮ, ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʙʝʨʝʛʘ. ʊʨʝʙʫʝʪʩʷ ʦʧʠʩʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥʳ ʢ ʙʝʨʝ-
ʛʫ, ʧʨʦʮʝʩʩʳ ʝʝ ʥʘʢʘʪʘ ʥʘ ʙʝʨʝʛ ʠ ʦʪʢʘʪʘ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʪʠʢʘʣʴʥʳʝ 
ʟʘʧʣʝʩʢʠ ʚʦʣʥ, ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʚʳʩʦʪʘ ʠ ʜʣʠʥʘ ʚʦʣʥʳ ʥʘ ʣʝʚʦʡ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ x = 
0.   

 
ʈʠʩ. 7. ʐʝʣʴʬʦʚʘʷ ʟʦʥʘ ʩ ʧʣʦʩʢʠʤ ʙʝʨʝʛʦʚʳʤ ʦʪʢʦʩʦʤ. 

 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʜʠʥʦʯʥʦʡ ʚʦʣʥʳ ʥʘ ʰʝʣʴʬʝ ʠ 

ʝʝ ʚʳʭʦʜʘ ʥʘ ʩʫʭʦʡ ʙʝʨʝʛ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʦʜʥʦʤʝʨʥʳʤ ʚʘʨʠʘʥʪʦʤ ʤʦʜʝʣʠ (1) ʙʝʟ 

ʫʯʝʪʘ ʜʦʥʥʦʛʦ ʪʨʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʦʙʣʘʩʪʠ x²0 ʦʧʠʩʳʚʘ-

ʝʪʩʷ ʩʠʩʪʝʤʦʡ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ  
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.                          (6) 
ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (6) ʧʨʠʤʝʤ  
U = 0,  = 0 (t = 0),                                              (7) 

ʦʟʥʘʯʘʶʱʠʝ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʫʱʝʥʠʡ ʤʦʨʷ ʚ ʦʙʣʘʩʪʠ x²0 ʧʨʠ t ¢ 0.  

ɼʣʷ ʟʘʜʘʥʠʷ ʚʭʦʜʷʱʝʡ ʚ ʟʦʥʫ ʰʝʣʴʬʘ ʦʜʠʥʦʯʥʦʡ ʚʦʣʥʳ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʭʦʜʘ 
ʯʝʨʝʟ ʣʝʚʫʶ ʛʨʘʥʠʮʫ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ ʧʨʠ  x = 0 ʟʘʜʘʚʘʣʠʩʴ 
ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

z = z0(t) , U = C0z0(t)  (0 ¢ t ¢ T0), 
)(  0// 00 TtxUCtU >=µµ-µµ

,        (8) 

ʛʜʝ ʉ0 = (gH0)1/2 - ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʣʠʥʥʳʭ ʚʦʣʥ ʜʣʠʥʳ 0 ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʣʝʚʦʡ ʛʨʘʥʠʮʳ ʙʘʩʩʝʡʥʘ ʛʣʫʙʠʥʳ H0, T0 = l0/ʉ0 - ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦ-
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ʭʦʞʜʝʥʠʷ ʦʜʠʥʦʯʥʦʡ ʚʦʣʥʦʡ ʛʨʘʥʠʮʳ x = 0. ʇʝʨʚʳʝ ʜʚʘ ʫʩʣʦʚʠʷ (8) ʟʘʜʘʶʪ ʠʟʤʝ-
ʥʝʥʠʷ ʧʦ t ʫʨʦʚʥʷ ʤʦʨʷ ʠ ʧʦʣʥʦʛʦ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ, ʚʳʟʚʘʥʥʳʝ ʠʟʚʝʩʪʥʦʡ ʚʭʦʜʷ-
ʱʝʡ ʚʦʣʥʦʡ, ʘ ʧʦʩʣʝʜʥʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʦʙʦʜʥʳʡ ʚʳʭʦʜ ʦʪʨʘʞʝʥ-

ʥʳʭ ʚʦʣʥ ʯʝʨʝʟ ʣʝʚʫʶ ʛʨʘʥʠʮʫ. 

ʅʘ ʦʪʨʝʟʢʝ 0 ¢ x ¢ L ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ (6)-(8) ʨʝʰʘʣʘʩʴ ʤʝʪʦʜʦʤ ʥʘʧʨʘʚ-

ʣʝʥʥʳʭ ʨʘʟʥʦʩʪʝʡ ʧʦ ʷʚʥʦ-ʥʝʷʚʥʦʡ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʝ, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚ 
ʨʘʙʦʪʘʭ [34-36].  ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʥʘʢʘʪʘ ʚʦʣʥʳ ʥʘ ʩʫʭʦʡ ʙʝʨʝʛ ʠ ʝʝ ʦʪʢʘ-
ʪʘ ʙʳʣ ʧʨʠʤʝʥʝʥ ʘʣʛʦʨʠʪʤ, ʙʣʠʟʢʠʡ ʢ ʠʟʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [34]. ʉʤʝʱʝʥʠʷ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ z0(t) ʚ (8) ʥʘ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʝ x = 0, ʤʦʜʝʣʠʨʫʶʱʠʝ ʧʨʦ-

ʭʦʞʜʝʥʠʝ ʥʘ ʰʝʣʴʬ ʦʜʠʥʦʯʥʦʡ ʚʦʣʥʳ ʚʳʩʦʪʳ ʘ0 ʠ ʜʣʠʥʳ l0, ʟʘʜʘʚʘʣʠʩʴ ʚ ʚʠʜʝ  

( ) ).  ,0(  0  ),0(  2//cos 0000

2

00 TttTttCa ²¢=¢¢-= zplpz
           (9)  

ʌʦʨʤʫʣʳ (9) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚʧʨʘʚʦ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ 
ʚ ʙʘʩʩʝʡʥʝ ʧʦʩʪʦʷʥʥʦʡ ʛʣʫʙʠʥʳ H0 ʦʜʠʥʦʯʥʦʡ ʚʦʣʥʳ ʧʦʚʳʰʝʥʠʷ 

[ ]2//)(cos 00

2

0 plpz --= xtCa
  (C0tï 0 ¢ x ¢ C0t).    

ʈʘʩʩʤʦʪʨʠʤ ʙʘʩʩʝʡʥ, ʛʣʫʙʠʥʘ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ 

H = H0 (x<x0), H = H0 ï k(x ï x0) (x²x0),                        (10) 

ʛʜʝ H0 = 100 ʤ, x0 = 40 ʢʤ, k =  = 0,01. ʆʥ ʤʦʜʝʣʠʨʫʝʪ ʰʝʣʴʬʦʚʫʶ ʟʦʥʫ ʧʦ-
ʩʪʦʷʥʥʦʡ ʛʣʫʙʠʥʳ H0, ʧʝʨʝʭʦʜʷʱʫʶ ʚ ʧʣʦʩʢʠʡ ʙʝʨʝʛʦʚʦʡ ʦʪʢʦʩ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ 
ʚʦʣʥ ʙʝʨʝʛʦʚʘʷ ʣʠʥʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʪʦʯʢʝ x = 50 ʢʤ.  

ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʚʦʣʥʳ ʮʫʥʘʤʠ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʝʝ ʵʚʦʣʶʮʠʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 8. 
ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʦʜʚʦʜʥʦʛʦ ʩʢʣʦʥʘ ʚʦʣʥʘ ʥʘʯʠʥʘʝʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ, ʙʣʘʛʦ-
ʜʘʨʷ ʨʝʣʴʝʬʫ ʜʥʘ ʙʘʩʩʝʡʥʘ ʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʚʦʣʥ. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʚʦʣʥʳ ʚʳʨʘʞʘʝʪ-
ʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʝʝ ʚʳʩʦʪʳ, ʫʤʝʥʴʰʝʥʠʠ ʜʣʠʥʳ, ʟʘʤʝʜʣʝʥʠʠ ʚʦʣʥʳ ʠ ʨʦʩʪʝ ʢʨʫ-
ʪʠʟʥʳ ʧʝʨʝʜʥʝʛʦ ʩʢʣʦʥʘ. ʅʝʣʠʥʝʡʥʳʝ ʵʬʬʝʢʪʳ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳ ʚʙʣʠʟʠ ʙʝ-
ʨʝʛʦʚʦʡ ʯʝʨʪʳ (ʨʠʩ. 8,ʘ).  
ʉʪʘʜʠʶ ʥʘʢʘʪʘ ʚʦʣʥʳ ʥʘ ʥʘʢʣʦʥʥʳʡ ʙʝʨʝʛ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 8,ʙ. ʇʦʩʣʝ ʤʘʢ-

ʩʠʤʘʣʴʥʦʛʦ ʧʦʜʲʝʤʘ ʫʨʦʚʥʷ ʚʜʦʣʴ ʙʝʨʝʛʦʚʦʛʦ ʦʪʢʦʩʘ, ʥʘʯʠʥʘʝʪʩʷ ʦʪʢʘʪ ʮʫʥʘʤʠ ʦʪ 

ʙʝʨʝʛʘ (ʨʠʩ. 8,ʚ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪʨʘʞʝʥʠʷ (ʨʠʩ. 8,ʛ) ʟʥʘʢʦʧʦʩʪʦʷʥʥʘʷ ʚʦʣʥʘ ʪʨʘʥʩ-
ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʟʥʘʢʦʧʝʨʝʤʝʥʥʫʶ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ ʦʪ ʥʘʢʣʦʥ-
ʥʳʭ ʙʝʨʝʛʦʚ [40]. ʈʠʩ. 8,ʛ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʢʨʘʝʚʦʝ ʫʩʣʦʚʠʝ (9) ʧʨʘʚʠʣʴʥʦ ʤʦʜʝ-
ʣʠʨʫʝʪ ʩʚʦʙʦʜʥʳʡ ʚʳʭʦʜ ʜʣʠʥʥʳʭ ʥʝʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʚʦʣʥ ʠʟ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ.   



 

 

33 

 

 
ʈʠʩ. 8. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʚʦʣʥʳ ʚʳʩʦʪʳ ʘ0 = 1 ʤ ʠ ʜʣʠʥʳ 0 = 30 ʢʤ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʠ ʢ ʙʝʨʝʛʫ (ʘ), ʥʘʢʘʪʝ ʥʘ ʙʝʨʝʛ (ʙ), ʦʪʢʘʪʝ (ʚ) ʠ ʚʳʭʦʜʝ ʯʝʨʝʟ ʣʝʚʫʶ ʛʨʘʥʠʮʫ (ʛ). ɻʝ-

ʥʝʨʘʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʫʢʘʟʘʥʳ ʩʪʨʝʣʢʘʤʠ.  

 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʦʜʲʝʤ ʫʨʦʚʥʷ ʚʜʦʣʴ ʦʪʢʦʩʘ - ʚʝʨʪʠʢʘʣʴʥʳʡ ʟʘʧʣʝʩʢ ʚʦʣʥʳ ʮʫ-
ʥʘʤʠ h. ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʚʳʩʦʪʳ ʚʦʣʥʳ 
ʠ ʫʤʝʥʴʰʝʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʙʝʨʝʛʘ ʧʨʠʚʦʜʷʪ ʢ ʨʦʩʪʫ ʚʝʨʪʠʢʘʣʴʥʳʭ ʟʘʧʣʝʩʢʦʚ ʚʦʣʥ 
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ʮʫʥʘʤʠ [29,32,37]. ɼʣʷ ʢʨʫʪʳʭ ʙʝʨʝʛʦʚ ʚʝʨʪʠʢʘʣʴʥʳʡ ʟʘʧʣʝʩʢ ʚʦʣʥ ʙʣʠʟʦʢ ʢ ʫʜʚʦ-
ʝʥʥʦʡ ʚʳʩʦʪʝ ʚʦʣʥʳ ʮʫʥʘʤʠ ʥʘ ʧʦʜʭʦʜʝ ʢ ʙʝʨʝʛʫ [39-41]. ɿʘʚʠʩʠʤʦʩʪʴ ʟʘʧʣʝʩʢʦʚ ʦʪ 
ʜʣʠʥʳ ʚʦʣʥʳ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʘ ʜʣʷ ʢʨʫʪʳʭ ʢʦʨʦʪʢʠʭ ʚʦʣʥ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ h ʩ ʨʦʩʪʦʤ 0.  
ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʥʘʢʘʪ ʚʦʣʥʳ ʮʫʥʘʤʠ ʥʘ ʙʝʨʝʛ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʠʙʨʝʞ-

ʥʦʡ ʟʦʥʝ ʛ. ʗʣʪʳ ʥʘ ʶʞʥʦʤ ʧʦʙʝʨʝʞʴʝ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ɿʘʜʘʥʥʦʝ ʪʘʙʣʠʯ-
ʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʣʫʙʠʥʳ ʙʘʩʩʝʡʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʙʝʨʝʛʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 9,ʘ. 
ʃʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʵʪʦʛʦ ʨʝʣʝɹʬʘ ʜʥʘ, ʥʘʡʜʝʥʥʘʷ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ 
ʢʚʘʜʨʘʪʦʚ, ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ  

H = 179.97 ï 0.013Öx,                                          (11) 

ʛʜʝ H ʠ ʭ ʟʘʜʘʶʪʩʷ ʚ ʤʝʪʨʘʭ. ʇʨʠ ʨʘʩʯʝʪʘʭ ʥʘʢʘʪʘ ʥʘ ʧʦʙʝʨʝʞʴʝ ʦʜʠʥʦʯʥʳʭ 
ʚʦʣʥ ʨʘʟʣʠʯʥʦʡ ʚʳʩʦʪʳ ʠ ʜʣʠʥʳ ʙʝʨʝʛ ʩʯʠʪʘʣʩʷ ʧʣʦʩʢʠʤ, ʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʚʳ-

ʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʪʘʢʞʝ ʟʘʜʘʚʘʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ (11), ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 
ʛʨʫʙʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʢ ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ. 

 
ʈʠʩ. 9.  ʃʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ (Ǐ) ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʣʫʙʠʥʳ ʤʦʨʷ (ƴ) ʚ ʨʘʡʦʥʝ ʛ. ʗʣ-

ʪʳ (ʘ) ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʟʘʧʣʝʩʢʠ ʮʫʥʘʤʠ (ʙ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥ l0 ʠ ʚʳ-

ʩʦʪ a0 ʥʘʙʝʛʘʶʱʠʭ ʥʘ ʙʝʨʝʛ ʦʜʠʥʦʯʥʳʭ ʚʦʣʥ. 

 

ʅʘʡʜʝʥʥʳʝ ʯʠʩʣʝʥʥʦ ʚʝʨʪʠʢʘʣʴʥʳʝ ʟʘʧʣʝʩʢʠ ʜʣʠʥʥʳʭ ʚʦʣʥ ʪʠʧʘ ʮʫʥʘʤʠ ʜʣʷ 
ʵʪʦʛʦ ʩʣʫʯʘʷ ʜʘʥʳ ʥʘ ʨʠʩ. 9,ʙ. ʆʥʠ ʧʨʝʚʳʰʘʶʪ ʧʝʨʚʦʥʘʯʘʣʥɹʳʝ ʚʳʩʦʪʳ ʚʦʣʥ ʚ 4-6 
ʨʘʟ ʠ ʚʦʟʨʘʩʪʘʶʪ ʢʘʢ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʩʦʪʳ ʚʦʣʥʳ ʥʘ ʚʭʦʜʝ ʚ ʰʝʣʴʬʦʚʫʶ ʟʦʥʫ, 
ʪʘʢ ʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʝʝ ʜʣʠʥʳ.  
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʳ ʟʘʧʣʝʩʢʘ h ʫʝʜʠʥʝʥʥʦʡ ʚʦʣʥʳ ʥʘ ʧʣʦʩʢʠʡ ʙʝʨʝʛ ʚ ʨʘ-

ʙʦʪʝ [29] ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ   
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.                                      (12) 
ʈʠʩ. 10 ʧʦʟʚʦʣʷʝʪ ʩʦʧʦʩʪʘʚʠʪʴ ʥʘʡʜʝʥʥʳʝ ʯʠʩʣʝʥʥʦ ʠ ʧʦ ʬʦʨʤʫʣʝ (12) ʚʝʨʪʠ-

ʢʘʣʴʥʳʝ ʟʘʧʣʝʩʢʠ ʚʦʣʥ ʮʫʥʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ 0.1 ¢ ʘ0 ¢ 0.5 ʤ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʭ ʯʝʨʥʦʤʦʨʩʢʠʭ ʮʫʥʘʤʠ. ʌʦʨʤʫʣʘ (12) ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝ-
ʤʘ ʜʣʷ ʦʮʝʥʢʠ ʟʘʧʣʝʩʢʦʚ ʥʘ ʙʝʨʝʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʭ ʚʦʣʥ ʮʫʥʘʤʠ (0 = 5 ʢʤ), 
ʥʦ ʦʥʘ ʜʘʝʪ ʟʘʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ h ʧʨʠ ʥʘʢʘʪʝ ʙʦʣʝʝ ʜʣʠʥʥʳʭ ʚʦʣʥ. 
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ʈʠʩ. 10. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʟʘʧʣʝʩʢʦʚ ʮʫʥʘʤʠ ʚ ʨʘʡʦʥʝ ʛ. ʗʣʪʳ, ʥʘʡʜʝʥʥʳʭ 

ʯʠʩʣʝʥʥʦ ʜʣʷ ʦʜʠʥʦʯʥʳʭ ʚʦʣʥ ʜʣʠʥʳ 0 = 5,10,15,20,25,30 ʢʤ (ʢʚʘʜʨʘʪʳ 1) ʠ ʧʦ ʬʦʨ-

ʤʫʣʝ (12) ʨʘʙʦʪʳ [29], ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʫʝʜʠʥʝʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʚʦʣʥʘʤ (ʢʨʠʚʘʷ 

2). 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʮʫʥʘʤʠ ʧʨʠʙʨʝʞʥʳʝ ʠ ʦʩʪʨʦʚʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʊʠʭʦʛʦ 
ʦʢʝʘʥʘ, ʉʨʝʜʠʟʝʤʥʦʛʦ ʤʦʨʷ, ɺʦʩʪʦʯʥʦʡ ɸʪʣʘʥʪʠʢʠ, ʂʘʨʠʙʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʨʷʜʘ 

ʜʨʫʛʠʭ ʨʘʡʦʥʦʚ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʤʠ ʮʫʥʘʤʠʦʧʘʩʥʦʩʪʴ ʄʨʘ-
ʤʦʨʥʦʛʦ, ʏʝʨʥʦʛʦ, ɸʟʦʚʩʢʦʛʦ ʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. ɺ ʵʪʠʭ ʤʦ-
ʨʷʭ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʣʴʥʳʤʠ ʩʦʙʳʪʠʷʤʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʥʝʩʢʦʣʢɹʠʭ 
ʜʝʩʷʪʢʦʚ ʜʦ ʩʦʪʝʥ ʣʝʪ, ʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʦ-
ʵʪʦʤʫ ʠʟʫʯʝʥʥʦʩʪʴ ʷʚʣʝʥʠʷ ʮʫʥʘʤʠ ʜʣʷ ʥʠʭ ʥʝʜʦʩʪʘʪʦʯʥʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʣʴʟʷ 
ʠʩʢʣʶʯʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʜʝʩʴ ʩʠʣʥɹʳʭ ʮʫʥʘʤʠ ʚ ʙʫʜʫʱʝʤ.  
ʀʟ 22 ʘʥʦʤʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 

ʮʫʥʘʤʠ, 13 ʦʪʤʝʯʝʥʳ ʥʘ ʧʦʙʝʨʝʞʴʝ ʂʨʳʤʘ. ʊʦʣʴʢʦ ʜʣʷ ʯʝʪʳʨʝʭ ʩʦʙʳʪʠʡ ʧʨʦʰʣʦʛʦ 
ʚʝʢʘ ʧʦʣʫʯʝʥʳ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʮʫʥʘʤʠ ʚʜʦʣʴ ʧʦʙʝʨʝʞʴʷ. ʕʪʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʦʧʠʩʘʪʴ ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʮʫʥʘʤʠ ʚ ʏʝʨʥʦʤʦʨʩʢʦʤ 
ʙʘʩʩʝʡʥʝ ʠ ʜʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʦʮʝʥʢʠ ʮʫʥʘʤʠʦʧʘʩʥʦʩʪʠ ʨʝʛʠʦʥʘ. ɼʣʷ ʨʝʰʝʥʠʷ 
ʵʪʠʭ ʟʘʜʘʯ ʧʨʝʜʣʦʞʝʥʘ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʮʫʥʘʤʠ ʚ ʟʦʥʝ ʤʦʨʷ, 
ʧʨʠʤʳʢʘʶʱʝʡ ʢ ʶʞʥʦʤʫ ʧʦʙʝʨʝʞʴʶ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ʈʘʟʤʝʨʳ ʵʣʣʠʧʪʠ-
ʯʝʩʢʦʛʦ ʦʯʘʛʘ ʮʫʥʘʤʠ ʠ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʤʝʱʝʥʠʷ ʫʨʦʚʥʷ ʟʘʜʘʚʘʣʠʩʴ ʧʦ ʵʤʧʠʨʠʯʝ-
ʩʢʠʤ ʬʦʨʤʫʣʘʤ ʜʣʷ ʝʚʨʘʟʠʡʩʢʦʛʦ ʠ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʦʚ.  
ɺʳʧʦʣʥʝʥ ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʤʝʥʪʦʚ ʜʣʠʥ-

ʥʳʭ ʚʦʣʥ ʥʘ ʰʝʣʴʬʝ ʠ ʫ ʙʝʨʝʛʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʫʜʘʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʯʝʪʳ-

ʨʝʭ ʧʦʣʦʞʝʥʠʡ ʦʯʘʛʦʚ ʮʫʥʘʤʠ ʚ ʂʨʳʤʩʢʦʡ ʩʝʡʩʤʦʘʢʪʠʚʥʦʡ ʟʦʥʝ. ʆʮʝʥʢʠ ʚʳʩʦʪ 
ʚʦʣʥ ʧʦʣʫʯʝʥʳ ʜʣʷ 11 ʧʫʥʢʪʦʚ ʧʦʙʝʨʝʞʴʷ ʥʘ ʫʯʘʩʪʢʝ ʤʳʩ ʍʝʨʩʦʥʝʩ ï ʤʳʩ ʄʝʛʘ-
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ʥʦʤ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʰʘʛ ʩʝʪʢʠ 2.5 ʢʤ. ʈʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʦʛʨʘʥʠʯʝʥʘ ʢʘʢ ʪʚʝʨ-
ʜʳʤʠ, ʪʘʢ ʠ ʦʪʢʨʳʪʳʤʠ ʛʨʘʥʠʮʘʤʠ.  
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʦʜʚʦʜʥʦʤ ʟʝʤʣʝʪʨʷʩʝʥʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʘʷ ʢ ʙʝ-

ʨʝʛʫ ʚʦʣʥʘ ʮʫʥʘʤʠ. ʅʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚʦʣʥ ʦʙʫʩʣʦʚʣʝʥʘ ʵʣʣʠʧʪʠʯʥʦʩʪʴʶ ʦʯʘʛʘ ʠ ʙʘ-
ʪʠʤʝʪʨʠʝʡ ʙʘʩʩʝʡʥʘ. ʅʘ ʶʞʥʦʤ ʰʝʣʴʬʝ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʚʦʣʥʘ ʫʩʠʣʠʚʘʝʪ-
ʩʷ, ʘ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʦʪ ʙʝʨʝʛʘ ʦʥʘ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʜʚʝ ʟʘʭʚʘʯʝʥʥʳʝ ʰʝʣʴʬʦʤ 
ʠʥʪʝʥʩʠʚʥʳʝ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʪ 
ʟʦʥʳ ʥʘʢʘʪʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʚʳʩʦʪ ʮʫʥʘʤʠ ʚʜʦʣʴ ʧʦʙʝʨʝʞʴʷ ʟʘʚʠʩʠʪ 
ʦʪ ʧʦʣʦʞʝʥʠʷ ʵʧʠʮʝʥʪʨʘ ʠ ʤʘʛʥʠʪʫʜʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ɺʦʣʥʳ ʥʘʠʙʦʣʴʰʝʡ ʚʳʩʦʪʳ 
ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʙʣʠʞʘʡʰʝʤ ʢ ʟʦʥʝ ʧʦʜʚʦʜʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʫʯʘʩʪʢʝ ʰʝʣʴʬʘ. ʉ 
ʨʦʩʪʦʤ ʤʘʛʥʠʪʫʜʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʮʫʥʘʤʠ ʚʦʟʨʘʩʪʘʝʪ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʧʦʙʝʨʝʞʴʷ. 
ʇʨʠ ʤʘʛʥʠʪʫʜʝ 7.0 ʚʨʝʤʷ ʧʨʠʭʦʜʘ ʛʨʝʙʥʷ ʛʦʣʦʚʥʦʡ ʚʦʣʥʳ ʮʫʥʘʤʠ ʠʟ ʯʝʪʳʨʝʭ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʟʦʥ ʛʝʥʝʨʘʮʠʠ ʜʦ ʚʩʝʭ ʧʫʥʢʪʦʚ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʨʳʤʘ ʩʦʩʪʘʚ-
ʣʷʝʪ 4.5-31.9 ʤʠʥ, ʧʝʨʠʦʜʳ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʫ ʧʦʙʝʨʝʞʴʷ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 10-15 
ʤʠʥ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʧʦʜʭʦʜʝ ʢ ʙʝʨʝʛʫ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʳʩʦʪʫ ʠʤʝʝʪ ʦʜʥʘ ʠʟ ʧʝʨ-
ʚʳʭ ʚʦʣʥ. 
ʅʝʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʜʣʠʥʥʳʭ ʚʦʣʥ ʧʨʠʤʝʥʝʥʘ ʪʘʢʞʝ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʦʜʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʜʠʥʦʯʥʳʭ ʚʦʣʥ ʮʫʥʘʤʠ ʥʘ ʰʝʣʴʬʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʥʘʢʘʪʦʤ ʥʘ ʧʣʦʩʢʠʡ ʥʘʢʣʦʥʥʳʡ ʙʝʨʝʛ. ʆʥʘ ʦʧʠʩʳʚʘʝʪ ʚʳʭʦʜ ʚʦʣʥʳ ʥʘ ʩʫʭʦʡ ʙʝʨʝʛ 
ʠ ʦʩʫʰʝʥʠʝ ʜʥʘ ʧʨʠ ʦʪʢʘʪʝ ʚʦʣʥʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʚʳ-
ʩʦʪʳ ʚʦʣʥʳ ʠ ʫʤʝʥʴʰʝʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʙʝʨʝʛʘ ʧʨʠʚʦʜʷʪ ʢ ʨʦʩʪʫ ʚʝʨʪʠʢʘʣʴʥʳʭ ʟʘ-
ʧʣʝʩʢʦʚ ʚʦʣʥ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ.  
ʄʦʜʝʣʴ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʮʝʥʢʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʟʘʧʣʝʩʢʦʚ 

ʚʦʣʥ ʜʣʷ ʫʩʣʦʚʠʡ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ʆʥʠ ʧʨʝʚʳʰʘʶʪ 
ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʚʳʩʦʪʳ ʚʦʣʥ ʚ 4-6 ʨʘʟ ʠ ʚʦʟʨʘʩʪʘʶʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʩʦʪʳ ʠ 
ʫʤʝʥʴʰʝʥʠʠ ʜʣʠʥʳ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʮʫʥʘʤʠ. ʇʦʣʫʯʝʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʦʪ-

ʚʝʪʩʪʚʠʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʟʘʧʣʝʩʢʦʚ ʧʨʠ ʥʘʢʘʪʝ ʥʘ ʙʝʨʝʛ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʢʨʫʪʳʭ ʦʜʠʥʦʯʥʳʭ ʚʦʣʥ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʦʮʝʥʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ ʫʝʜʠʥʝʥ-
ʥʳʭ ʚʦʣʥ.   
ʇʨʠ ʤʘʛʥʠʪʫʜʘʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 6.5, 7.0 ʠ 7.5 ʚʳʩʦʪʳ ʮʫʥʘʤʠ ʥʘ ʙʣʠʞʘʡʰʠʭ ʢ 

ʟʦʥʘʤ ʛʝʥʝʨʘʮʠʠ ʫʯʘʩʪʢʘʭ ʧʦʙʝʨʝʞʴʷ ʜʦʩʪʠʛʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0.27, 1.21 ʠ 3.58 ʤ. 
ʉ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʫʚʝʨʝʥʥʦʩʪʠ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʨʝʘʣʴʥʦʡ ʮʫʥʘʤʠʦʧʘʩʥʦʩʪʠ 
ʜʣʷ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʧʨʠ ʧʦʜʚʦʜʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʩ 
ʤʘʛʥʠʪʫʜʘʤʠ 7.0 ʠ ʙʦʣʝʝ. 
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ʄʳ ʞʠʚʝʤ ʚ ʵʧʦʭʫ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ, ʢʦʛʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʫʶʱʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʚʦʟʥʠʢʣʠ ʛʣʦʙʘʣʴʥʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ 
ʵʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʝʝ çʧʦʣʝʟʥʳʤʠè ʠ çʚʨʝʜʥʳʤʠè ʧʦʩʣʝʜʩʪʚʠʷʤʠ. ʇʨʠʯʝʤ ʟʘʯʘ-
ʩʪʫʶ ʥʝʧʦʥʷʪʥʦ, ʚʦ ʠʤʷ ʯʝʛʦ (ʥʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ ʠʣʠ 
ʧʨʦʤʳʰʣʝʥʥʦ-ʬʠʥʘʥʩʦʚʳʭ ʛʨʫʧʧʠʨʦʚʦʢ, ʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʚ ʮʝʣʦʤ) 
ʩʪʦʠʪ ʤʠʨʠʪʴʩʷ ʩ ʤʫʪʘʛʝʥʥʳʤ, ʢʘʥʮʝʨʦʛʝʥʥʳʤ ʠ ʜʨʫʛʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʥʘ ʩʨʝʜʫ 
ʦʙʠʪʘʥʠʷ, ʢʦʪʦʨʳʝ ʫʢʦʨʘʯʠʚʘʶʪ çʚʝʢ ʩʝʡè ʦʪʜʝʣʴʥʳʭ ʣʶʜʝʡ, ʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʚ ʮʝ-

ʣʦʤ. ʈʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ 
ʟʘʥʠʤʘʝʪʩʷ ʵʢʦʣʦʛʠʷ, ʟʘʥʠʤʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʥʘʫʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʞʜʠʩʮʠʧʣʠ-
ʥʘʨʥʦʛʦ ʧʦʜʭʦʜʘ. ʕʢʦʣʦʛʠʷ ʠʱʝʪ ʧʫʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʠ 
ʧʨʠʨʦʜʳ, ʧʦʣʫʯʘʝʪ ʥʦʚʳʝ ʟʥʘʥʠʷ ʠ, ʠʩʧʦʣʴʟʫʷ ʠʭ, ʩʦʟʜʘʝʪ ʥʦʚʳʝ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘ-
ʶʱʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʥʦʚʳʝ ʧʨʠʥʮʠʧʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦ-
ʜʦʧʦʣʴʟʦʚʘʥʠʷ. 
ʅʦ ʚʦʟʤʦʞʥʦ ʣʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ çʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʙʳʪʠʷè ʚ ʧʨʠʥʮʠʧʝ, ʠ 

ʝʩʣʠ ʚʦʟʤʦʞʥʦ, ʪʦ ʜʦʩʪʘʪʦʯʥʦ ʣʠ ʜʣʷ ʵʪʦʛʦ ʦʜʥʠʭ ʥʘʫʯʥʳʭ ʤʝʪʦʜʦʚ? ʕʢʦʣʦʛʠʯʝ-

ʩʢʘʷ ʧʨʦʙʣʝʤʘ ʩʪʘʨʘ ʢʘʢ ʤʠʨ, ʠ ʚʩʷ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʝʚʨʦʧʝʡʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ 
ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʥʠʩʢʦʣʴʢʦ ʥʝ ʫʣʫʯʰʘʝʪ ʵʢʦʣʦʛʠʯʝ-
ʩʢʫʶ ʩʠʪʫʘʮʠʶ, ʚʝʜʴ ʠʤʝʥʥʦ ʦʥ ʠ ʩʦʟʜʘʣ ʚʩʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʠ ʜʝʣʘʝʪ ʠʭ 
ʚʩʝ ʙʦʣʝʝ ʦʩʪʨʳʤʠ ʠ ʤʘʩʰʪʘʙʥʳʤʠ. ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʚʝʨʰʠʪʩʷ ʨʫʢʘ-
ʤʠ ʣʶʜʝʡ, ʪ.ʝ. ʯʝʣʦʚʝʯʝʩʪʚʦ ʩʘʤʦ ʩʦʟʜʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʘ ʟʘʪʝʤ ʧʳʪʘ-
ʝʪʩʷ ʠʭ ʨʝʰʘʪʴ, ʥʦ ʩʠʣʳ, ʙʨʦʰʝʥʥʳʝ ʥʘ ʩʦʟʜʘʥʠʝ ʠ ʦʙʫʟʜʘʥʠʝ ʷʚʥʦ ʥʝ ʨʘʚʥʳ. 
ɺ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʦʜʭʦʜʘ ï ʯʝʣʦʚʝʢ ʠ ʯʝʣʦʚʝʯʝʩʪʚʦ ʚ ʮʝʣʦʤ ʩʘʤʠ ʷʚʣʷʶʪʩʷ 

ʣʠʰʴ ʦʙʲʝʢʪʘʤʠ ʧʨʠʨʦʜʳ, ʦʙʲʝʢʪʘʤʠ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʤʠʨʘ ʠ ʧʦʜʯʠʥʷʶʪʩʷ ʝʛʦ ʟʘ-

ʢʦʥʘʤ. ʉ ʥʘʫʯʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʝ ʵʚʦʣʶʮʠʠ ʧʨʠʨʦʜʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘ-
ʢʦʥʦʤ ʫʚʝʣʠʯʝʥʠʷ ʵʥʪʨʦʧʠʠ, ʠ ʚ ʵʪʦʤ ʯʝʣʦʚʝʯʝʩʪʚʦ, ʥʝʩʦʤʥʝʥʥʦ, ʧʨʝʫʩʧʝʣʦ. ʅʦ 
ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦ ʜʨʫʛʦʝ ï ʚ ʙʦʨʴʙʝ ʯʝʣʦʚʝʯʝʩʪʚʘ ʩ ʩʠʣʘʤʠ ʧʨʠʨʦʜʳ ʚʦʟʤʦʞ-
ʥʳ ʣʠʰʴ ʣʦʢʘʣʴʥʳʝ ʫʩʧʝʭʠ (ʥʘ ʬʦʥʝ ʥʝʠʟʤʝʥʥʦʛʦ ʨʦʩʪʘ ʵʥʪʨʦʧʠʠ). ʉʦʙʩʪʚʝʥʥʦ ʩʝ-
ʛʦʜʥʷ ʙʦʣʴʰʠʥʩʪʚʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʧʝʰʥʳʭ ʧʨʦʝʢʪʦʚ ʥʘ ʵʪʦʤ ʠ ʦʩʥʦʚʘʥʦ: ʪʘʢ 
ʥʘʟʳʚʘʝʤʳʝ çʮʠʚʠʣʠʟʦʚʘʥʥʳʝè ʜʝʤʦʢʨʘʪʠʯʝʩʢʠʝ ʛʦʩʫʜʘʨʩʪʚʘ ʧʦʪʨʝʙʣʷʶʪ ʵʢʦʣʦ-
ʛʠʯʝʩʢʠ ʯʠʩʪʫʶ ʧʨʦʜʫʢʮʠʶ, ʢʦʪʦʨʘʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʛʨʷʟʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʚ ʩʪʨʘ-
ʥʘʭ çʥʝʮʠʚʠʣʠʟʦʚʘʥʥʳʭè ʠ ʥʝʜʝʤʦʢʨʘʪʠʯʝʩʢʠʭ. ʀʣʠ ʞʝ ʚ çʥʝʮʠʚʠʣʠʟʦʚʘʥʥʳʝ, ʥʝ-

ʜʝʤʦʢʨʘʪʠʯʝʩʢʠʝè ʩʪʨʘʥʳ ʩʚʦʟʷʪ ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʘʜʠʦʘʢʪʠʚ-
ʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʈʦʩʩʠʶ. 
ʗʩʥʦ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʦʜʭʦʜʘ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʧʦʣʥʦʩʪʴʶ ʥʝ 

ʨʝʰʘʶʪʩʷ, ʠʭ ʥʘʨʘʩʪʘʥʠʝ ʤʦʞʥʦ ʟʘʤʝʜʣʠʪʴ ʠʣʠ ʚʨʝʤʝʥʥʦ ʣʦʢʘʣʠʟʦʚʘʪʴ. ʇʦʵʪʦʤʫ 
ʥʝ ʤʝʥʝʝ ʚʘʞʥʦ ʥʘʫʯʠʪʴ ʯʝʣʦʚʝʢʘ çʧʨʘʚʠʣʴʥʦ ʞʠʪʴè, ʪ.ʝ.  ʪʘʢ, ʯʪʦʙʳ ʵʢʦʣʦʛʠʯʝ-
ʩʢʠʝ ʠʟʜʝʨʞʢʠ ʙʳʣʠ ʤʠʥʠʤʘʣʴʥʳ. ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʪʘʢʦʛʦ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʨʦʚʦʟʟʨʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʜʫʭʦʚʥʳʝ ʮʝʥʥʦʩʪʠ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʤʘ-
ʪʝʨʠʘʣʴʥʳʤʠ.  

ɺʦʧʨʦʩʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʨʦʚʦʟʟʨʝʥʠʷ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʚʦ ʤʥʦʛʠʭ ʝʩʪʝ-
ʩʪʚʝʥʥʦʥʘʫʯʥʳʭ ʠ ʛʫʤʘʥʠʪʘʨʥʳʭ ʢʫʨʩʘʭ  [1], ʦʜʥʘʢʦ, ʩʘʤʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʠʷʥʠʷ 
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ʥʘ ʤʠʨʦʚʦʟʟʨʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʩʠʣʴʥʦ ʧʨʝʫʚʝʣʠʯʝʥʘ. ɺ XXI  ʚʝʢʝ ʢ ʤʦʤʝʥʪʫ ʥʘʯʘʣʘ 
ʦʙʫʯʝʥʠʷ ʚ ʚʫʟʝ ʣʶʜʠ ʠʤʝʶʪ ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʠ ʜʦʚʦʣʴʥʦ ʫʩʪʦʡʯʠʚʦʝ ʤʠʨʦʚʦʟʟʨʝ-
ʥʠʝ, ʧʝʨʝʩʪʨʦʠʪʴ ʢʦʪʦʨʦʝ ʢʨʘʡʥʝ ʩʣʦʞʥʦ. ɺ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ 

ʫʪʦʯʥʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʤʦʤʝʥʪʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʴ-
ʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʞʠʟʥʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʠ ʵʪʘ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʥʝʧʨʦʩʪʦʡ, ʦʩʦ-
ʙʝʥʥʦ ʩ ʫʯʝʪʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʉʄʀ. 
ʄʠʨʦʚʦʟʟʨʝʥʯʝʩʢʠʝ ʚʦʧʨʦʩʳ ʥʝ ʨʝʰʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʟʥʘʥʠʷ, ʠ ʪʨʝʙʫ-

ʶʪ ʧʨʠʚʣʝʯʝʥʠʷ ʢʘʪʝʛʦʨʠʡ ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʥʝʠʟʙʝʞʥʦ ʧʨʠʜʝʪʩʷ ʦʧʠ-
ʨʘʪʴʩʷ ʥʘ ʢʘʢʫʶ-ʪʦ ʢʦʥʢʨʝʪʥʫʶ ʩʠʩʪʝʤʫ ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʩ ʧʦʥʠ-
ʤʘʥʠʝʤ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʙʦʣʴʰʠʥʩʪʚʦʤ ʯʣʝʥʦʚ ʦʙʱʝʩʪʚʘ, ʙʳʪʴ ʠʩʪʦʨʠʯʝʩʢʠ 
ʦʧʨʘʚʜʘʥʥʦʡ ï ʧʦʢʘʟʘʪʴ ʩʚʦʠ ʚʦʟʤʦʞʥʦʩʪʠ, ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʠ ʦʙʲʝʢʪʠʚʥʦʩʪʴ. ʇʦ-

ʩʢʦʣʴʢʫ ʥʝ ʩʫʱʝʩʪʚʫʝʪ çʦʙʱʝʯʝʣʦʚʝʯʝʩʢʠʭè ʥʨʘʚʩʪʚʝʥʥʳʭ ʮʝʥʥʦʩʪʝʡ, ʥʘʠʙʦʣʝʝ 
ʧʨʠʝʤʣʝʤʦʡ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʭʨʠʩʪʠʘʥʩʢʫʶ ʩʠʩʪʝʤʫ ʥʨʘʚʩʪʚʝʥʥʳʭ ʮʝʥʥʦʩʪʝʡ, ʢʦ-
ʪʦʨʦʡ ʜʦʣʛʠʝ ʚʝʢʘ ʩʣʝʜʦʚʘʣʠ ʥʘʨʦʜʳ ɽʚʨʦʧʳ, ʉʝʚʝʨʥʦʡ ʠ ʖʞʥʦʡ ɸʤʝʨʠʢʠ, ɸʚ-
ʩʪʨʘʣʠʠ. ʍʨʠʩʪʠʘʥʩʢʘʷ ʥʨʘʚʩʪʚʝʥʥʦʩʪʴ ʦʪʢʨʳʪʘ ʚ ʉʚʷʱʝʥʥʦʤ ʇʠʩʘʥʠʠ ʠ, ʯʪʦ 
ʦʯʝʥʴ ʚʘʞʥʦ, ʥʝ ʧʦʜʣʝʞʠʪ ʨʝʚʠʟʠʠ (ʥʘʧʨʠʤʝʨ, ʚ ʫʛʦʜʫ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʦʤʳʰʣʝʥʥʳʭ 
ʠʣʠ ʬʠʥʘʥʩʦʚʳʭ ʛʨʫʧʧʠʨʦʚʦʢ, ʢʦʪʦʨʳʝ ʚʤʝʩʪʦ ʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ 
ʧrʪʘʶʪʩʷ ʦʪʢʫʧʠʪʴʩʷ ʦʪ ʤʠʨʦʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘ). ɺʝʜʴ ʥʝ ʟʨʷ ʌʝʜʦʨ ʄʠʭʘʡʣʦʚʠʯ 
ɼʦʩʪʦʝʚʩʢʠʡ ʝʱʝ ʧʦʣʪʦʨʘ ʚʝʢʘ ʥʘʟʘʜ ʫʢʘʟʘʣ ʦʩʥʦʚʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ ï 

çɽʩʣʠ ɹʦʛʘ ʥʝʪ, ʪʦ ʚʩʝ ʜʦʟʚʦʣʝʥʦè. 
ʅʦ çʉʚʷʱʝʥʥʦʝ ʇʠʩʘʥʠʝè ʩʝʛʦʜʥʷ ʥʘʭʦʜʠʪʩʷ ʟʘ ʨʘʤʢʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʩʪʴ, ʥʘʧʨʠʤʝʨ, ʘʪʝʠʟʤʫ ï ʪʦʡ ʞʝ ʚʝʨʝ, ʥʦ ʚʝʨʝ ʯʠʩʪʦ ʥʝʛʘʪʠʚʥʦʡ, ʥʠʯʝʛʦ 
ʥʝ ʧʨʠʚʥʦʩʷʱʝʡ ʚ ʥʘʰʠ ʟʥʘʥʠʷ, ʥʘʰʫ ʢʫʣʴʪʫʨʫ, ʢʨʦʤʝ ʦʪʨʠʮʘʥʠʷ ɹʦʛʘ. ʇʦʵʪʦʤʫ 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʠʟʫʯʝʥʠʝ ʦʩʥʦʚ ʭʨʠʩʪʠʘʥʩʪʚʘ, ʭʨʠʩʪʠʘʥʩʢʦʡ ʥʨʘʚ-
ʩʪʚʝʥʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʩʚʝʪʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʥʢʨʝʪʥʦ ʠ ʚ ʢʫʨʩʝ ʵʢʦʣʦʛʠʠ, ʥʝ ʢʘʢ 
ʨʝʣʠʛʠʦʟʥʦʡ ʢʦʥʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʚ ʧʣʘʥʝ ʬʠʣʦʩʦʬʩʢʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ 
ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʠʤʝʪʴ ʦʜʥʦʟʥʘʯʥʳʡ ʚʟʛʣʷʜ ʥʘ ʚʩʝ ʛʣʘʚʥʳʝ ʜʣʷ ʯʝʣʦʚʝʯʝ-

ʩʪʚʘ ʚʦʧʨʦʩʳ.  
ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʥʠʤʘʥʠʝ ʚʘʞʥʦʩʪʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʮʝʣʦʤ ʠ ʜʣʷ 

ʵʢʦʣʦʛʠʠ ʚ ʯʘʩʪʥʦʩʪʠ ʤʠʨʦʚʦʟʟʨʝʥʯʝʩʢʠʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʨʘʚʩʪʚʝʥʥʳʭ ʚʦʧʨʦʩʦʚ, 
ʙʝʟʫʩʣʦʚʥʦ, ʝʩʪʴ ʠ ʚʩʝʛʜʘ ʙʳʣʦ ʫ ʤʥʦʛʠʭ ʫʯʝʥʳʭ [2], ʥʦ ʯʝʛʦ ʥʝʪ ï ʪʘʢ ʵʪʦ ʝʜʠʥʩʪʚʘ 
ʚ ʧʦʥʠʤʘʥʠʠ, ʢʘʢ ʪʘʢʠʝ ʚʦʧʨʦʩʳ ʨʝʰʘʪʴ. ʊʫʪ ʩʢʦʣʴʢʦ ʣʶʜʝʡ ï ʩʪʦʣʴʢʦ ʠ ʤʥʝʥʠʡ. ɸ 
ʚʝʜʴ ʧʦ ʩʫʱʝʩʪʚʫ ʜʦʩʪʦʡʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʭʨʠʩʪʠʘʥʩʢʦʡ ʩʠʩʪʝʤʝ ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ 
ʥʠʢʦʛʜʘ ʥʝ ʙʳʣʦ, ʢʘʢ ʥʝʪ ʠ ʩʝʡʯʘʩ. ʅʝ ʟʨʷ ʜʘʞʝ ʘʪʝʠʩʪʠʯʝʩʢʘʷ ʢʦʤʤʫʥʠʩʪʠʯʝʩʢʘʷ 
ʠʜʝʦʣʦʛʠʷ ʚ ʢʘʯʝʩʪʚʝ ʣʦʟʫʥʛʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘ ʤʥʦʛʠʝ ʙʠʙʣʝʡʩʢʠʝ ʪʝʢʩʪʳ ï çʢʪʦ ʥʝ 
ʨʘʙʦʪʘʝʪ, ʪʦʪ ʥʝ ʝʩʪè, ʠ ʪ.ʜ., ʜʘ ʠ ʚʝʩʴ çʢʦʜʝʢʩ ʩʪʨʦʠʪʝʣʷ ʢʦʤʤʫʥʠʟʤʘè, ʧʦ ʩʫʱʝ-

ʩʪʚʫ, ʟʘʠʤʩʪʚʦʚʘʥ ʠʟ ʅʦʚʦʛʦ ɿʘʚʝʪʘ.  
ʀʩʪʦʨʠʠ ʠʟʚʝʩʪʥʳ ʧʦʧʳʪʢʠ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ, ʦʪʣʠʯʥʳʭ ʦʪ 

ʭʨʠʩʪʠʘʥʩʢʦʡ ï ʦʥʠ ʦʙʳʯʥʦ ʚʦʟʥʠʢʘʣʠ ʚʦ ʚʨʝʤʝʥʘ ʚʝʣʠʢʠʭ ʨʝʚʦʣʶʮʠʡ ʠ ʦʪʨʘʞʝʥʳ 
ʚ ʜʝʢʣʘʨʘʮʠʠ ʥʝʟʘʚʠʩʠʤʦʩʪʠ, ʜʝʢʣʘʨʘʮʠʠ ʧʨʘʚ ʯʝʣʦʚʝʢʘ ʠ ʛʨʘʞʜʘʥʠʥʘ, ʠ ʪ.ʜ. ʅʦ 
ʧʨʦʚʝʨʢʠ ʚʨʝʤʝʥʝʤ ʵʪʠ ʩʠʩʪʝʤʳ ʥʝ ʚʳʜʝʨʞʘʣʠ, ʙʦʣʝʝ ʪʦʛʦ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʚʦ-
ʧʣʦʱʝʥʠʝ ʧʨʠʚʦʜʠʣʦ ʢ ʪʨʘʛʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʊʘʢ ɺʝʣʠʢʘʷ ʌʨʘʥʮʫʟʩʢʘʷ ʈʝ-
ʚʦʣʶʮʠʷ 1789 ʛ., ʘ ʧʦ ʩʫʱʝʩʪʚʫ ʤʘʩʦʥʩʢʘʷ ʨʝʚʦʣʶʮʠʷ ʨʘʟʫʤʘ, ʚ ʤʛʥʦʚʝʥʠʝ ʦʢʘ ʧʝ-
ʨʝʚʝʣʘ ʌʨʘʥʮʠʶ ʦʪ ʭʨʠʩʪʠʘʥʩʪʚʘ (ʙʦʣʴʰʠʥʩʪʚʦ ʥʘʩʝʣʝʥʠʝ ʌʨʘʥʮʠʠ ï ʢʘʪʦʣʠʢʠ, 

ʭʦʪʷ ʜʦʣʷ ʧʨʦʪʝʩʪʘʥʪʦʚ ï ʛʫʛʝʥʦʪʦʚ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ) ʢ ʘʪʝʠʟʤʫ, ʘ ʟʘʪʝʤ ʠ 
ʢ ʷʟʳʯʝʩʢʦʤʫ ʧʦʢʣʦʥʝʥʠʶ çʠʜʦʣʘʤ ʨʝʚʦʣʶʮʠʠè. ʉʧʫʩʪʷ ʜʚʘ ʚʝʢʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ 
ʧʦʩʣʝʜʩʪʚʠʷ ɺʝʣʠʢʦʡ ʌʨʘʥʮʫʟʩʢʦʡ ʨʝʚʦʣʶʮʠʠ - ʙʝʩʯʠʩʣʝʥʥʳʝ ʧʦʣʠʪʠʯʝʩʢʠʝ ʧʦ-
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ʪʨʷʩʝʥʠʷ, ʨʝʢʠ ʢʨʦʚʠ ʠ ʜʝʛʨʘʜʘʮʠʷ ʥʘʮʠʠ. ʉʦʚʩʝʤ ʩʢʦʨʦ ʦʪ ʝʝ ʠʜʝʘʣʦʚ - ʩʚʦʙʦʜʳ, 
ʨʘʚʝʥʩʪʚʘ, ʙʨʘʪʩʪʚʘ, ʥʝ ʦʩʪʘʣʦʩʴ ʠ ʩʣʝʜʘ, ʜʘ ʠʭ, ʩʦʙʩʪʚʝʥʥʦ, ʥʝ ʙʳʣʦ ʠ ʚʦ ʚʨʝʤʝʥʘ 
ʨʝʚʦʣʶʮʠʠ. ʇʨʠʯʠʥʘ, ʧʦ ʢʦʪʦʨʦʡ ʩʪʘʣ ʚʦʟʤʦʞʝʥ ʪʘʢʦʡ ʭʦʜ ʠʩʪʦʨʠʠ, ʣʝʞʠʪ ʚ ʦʪʢʘʟʝ 

ʦʪ ʭʨʠʩʪʠʘʥʩʢʦʡ ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ.  
ɺ ʢʦʥʮʝʧʮʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʫʤʘʥʠʟʤʘ (ʦʬʠʮʠʘʣʴʥʘʷ ʠʜʝʦʣʦʛʠʷ ʖʅɽʉʂʆ) 

ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʩʦʮʠʘʣʴʥʘʷ ʵʚʦʣʶʮʠʷ ʜʦʣʞʥʘ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʵʚʦʣʶʮʠʝʡ ʥʨʘ-
ʚʦʚ, ʪ.ʝ. ʥʨʘʚʩʪʚʝʥʥʳʝ ʧʨʠʥʮʠʧʳ ʥʦʩʷʪ ʥʝ ʘʙʩʦʣʶʪʥʳʡ, ʘ ʵʚʦʣʶʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. 
ʆʜʥʘʢʦ ʢʘʢ-ʪʦ ʩʪʨʘʥʥʦ ʠʟʤʝʥʠʣʘʩʴ ʥʨʘʚʩʪʚʝʥʥʦʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʦʝʡ ʵʚʦʣʶʮʠʠ - 
ʚʦʧʠʶʱʠʝ ʧʨʠʤʝʨʳ ʙʝʟʥʨʘʚʩʪʚʝʥʥʦʩʪʠ (ʛʦʤʦʩʝʢʩʫʘʣʠʟʤ, ʘʙʦʨʪʳ, ʵʚʪʘʥʘʟʠʷ, ʫʟʘ-
ʢʦʥʝʥʥʳʝ ʧʨʦʩʪʠʪʫʮʠʷ ʠ ʫʧʦʪʨʝʙʣʝʥʠʝ ʥʘʨʢʦʪʠʢʦʚ) ʧʝʨʝʩʪʘʣʠ ʩʯʠʪʘʪʴʩʷ ʪʘʢʦʚʳʤʠ 
ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ çʩʦʚʝʨʰʝʥʥʦʤʫ ʚʩʝʤʠʨʥʦʤʫ ʦʙʱʝʩʪʚʫè. ɻʫʤʘʥʠʩʪʳ ʩʯʠʪʘ-

ʝʪ, ʯʪʦ ʤʦʛʫʪ ʠʟʦʙʨʝʩʪʠ ʥʝʯʪʦ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ, ʯʝʤ ʦʪʢʨʳʪʦ ʚ ʉʚʷʱʝʥʥʦʤ ʧʠʩʘʥʠʠ. 
ʅʦ ʟʜʝʩʴ ʠʭ ʧʦʜʩʪʝʨʝʛʘʶʪ ʤʥʦʛʠʝ ʪʨʫʜʥʦ ʨʘʟʨʝʰʠʤʳʝ ʚʦʧʨʦʩʳ, ʥʘʧʨʠʤʝʨ:  
ʗʚʣʷʝʪʩʷ ʣʠ ʤʝʨʦʡ ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ ʝʝ ʧʦʣʴʟʘ ʜʣʷ ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘ ʠʣʠ ʜʣʷ ʯʝ-

ʣʦʚʝʯʝʩʪʚʘ ʚ ʮʝʣʦʤ? 
ʗʚʣʷʝʪʩʷ ʣʠ ʛʦʩʫʜʘʨʩʪʚʦ ʚʳʩʰʠʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʢʦʥʘ? 
ɺʩʝʛʜʘ ʣʠ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʠʥʠʤʘʝʪ ʥʨʘʚʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ? ʊ.ʝ. ʩʦʚʤʝʩʪʠʤʳ ʣʠ 

ʧʨʠʥʮʠʧʳ ʜʝʤʦʢʨʘʪʠʠ ʩ ʥʨʘʚʩʪʚʝʥʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʛʫʤʘʥʠʩʪʦʚ? 
ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʥʝʨʘʟʨʝʰʠʤʳʤ ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ ʦʙ ʦʙʲʝʢʪʠʚʥʦʤ ʢʨʠʪʝʨʠʠ 

ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʧʨʘʚʠʣʴʥʦʩʪʠ ʥʨʘʚʩʪʚʝʥʥʳʭ ʫʩʪʘ-
ʥʦʚʦʢ, ʝʩʣʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʚʳʩʰʝʛʦ ʟʘʢʦʥʘ, ʠʣʠ ʭʦʪʷ ʙʳ ʦʙʲʝʢʪʠʚʥʦʛʦ ʢʨʠʪʝʨʠʷ? 
ʉʧʨʘʰʠʚʘʝʪʩʷ, ʯʝʤ ʥʝʫʛʦʜʥʳ ʤʠʨʦʚʦʤʫ ʩʦʦʙʱʝʩʪʚʫ ʭʨʠʩʪʠʘʥʩʢʠʝ ʥʨʘʚʩʪʚʝʥ-

ʥʳʝ ʮʝʥʥʦʩʪʠ? ʆʪʚʝʪ ʥʝ ʩʣʦʞʝʥ - ʚʝʜʴ ʯʝʣʦʚʝʢ, ʠʭ ʠʩʧʦʚʝʜʳʚʘʶʱʠʡ, ʥʠʢʦʛʜʘ ʥʝ 
ʫʜʦʚʣʝʪʚʦʨʠʪʩʷ ʦʪʚʝʜʝʥʥʦʡ ʝʤʫ ʚ ʢʦʥʮʝʧʮʠʠ ʛʣʦʙʦʣʠʟʤʘ ʨʦʣʴʶ çʩʚʦʙʦʜʥʦʛʦ ʧʦ-
ʪʨʝʙʠʪʝʣʷè.  
ʏʝʣʦʚʝʢ ʚʝʜʴ ʩʫʱʝʩʪʚʦ ʜʫʭʦʚʥʦʝ. ʕʪʦʪ ʪʝʟʠʩ ʠʟʚʝʩʪʝʥ ʚʩʝʤ, ʥʦ ʧʦʥʠʤʘʥʠʝ ʜʫ-

ʭʦʚʥʦʩʪʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ʠʩʢʘʞʝʥʦ. ɺʳʜʘʶʱʠʡʩʷ ʨʫʩʩʢʠʡ ʬʠʣʦʩʦʬ, ʨʝ-

ʣʠʛʠʦʟʥʳʡ ʤʳʩʣʠʪʝʣʴ ʠ ʦʙʱʝʩʪʚʝʥʥʳʡ ʜʝʷʪʝʣʴ ʀ. ɸ. ʀʣʴʠʥ ʚ ʦʜʥʦʤ ʠʟ ʩʘʤʳʭ ʟʥʘ-

ʯʠʪʝʣʴʥʳʭ ʜʫʭʦʚʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʍʍ ʚʝʢʘ ±ɸʢʩʠʦʤʳ ʨʝʣʠʛʠʦʟʥʦʛʦ ʦʧʳʪʘ± ʦʧʨʝ-

ʜʝʣʷʝʪ ʜʫʭ ʢʘʢ ʧʦʪʨʝʙʥʦʩʪʴ ʩʚʷʱʝʥʥʦʛʦ, ʜʘʨ ʤʦʣʠʪʚʳ, ʩʠʣʫ ʧʦʶʱʝʛʦ ʩʝʨʜʮʘ ʠ ʞʠ-
ʣʠʱʝ ʩʦʚʝʩʪʠ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʠʩʢʫʩʩʪʚʘ, ʠʩʪʦʯʥʠʢ ʧʨʘʚʦʩʦʟʥʘ-
ʥʠʷ, ʠʩʪʠʥʥʦʛʦ ʧʘʪʨʠʦʪʠʟʤʘ ʠ ʥʘʮʠʦʥʘʣʠʟʤʘ, ʛʣʘʚʥʫʶ ʦʩʥʦʚʫ ʟʜʦʨʦʚʦʡ ʛʦʩʫʜʘʨ-
ʩʪʚʝʥʥʦʩʪʠ ʠ ʚʝʣʠʢʦʡ ʢʫʣʴʪʫʨʳ. 
ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʠ ʚʦʧʨʦʩʳ ʢʫʣʴʪʫʨʳ, ʧʨʘʚʦʩʦʟʥʘʥʠʷ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʠ ʠ 

ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʥʠʤ ʚʦʧʨʦʩʳ ʜʝʤʦʢʨʘʪʠʠ, ʧʨʘʚʦʟʘʱʠʪʳ, ʵʢʦʣʦʛʠʠ, ʛʝʥʥʦʡ ʠʥʞʝʥʝ-
ʨʠʠ, ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʪ.ʧ. ʤʦʛʫʪ ʨʝʰʘʪʴʩʷ ʪʦʣʴʢʦ ʩ ʧʦʟʠʮʠʡ ʜʫʭʦʚʥʦʩʪʠ ʯʝʣʦ-
ʚʝʢʘ ʠ ʭʨʠʩʪʠʘʥʩʢʦʡ ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ. ʀ ʥʠʢʘʢʠʝ ʜʦʩʪʠʞʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ 

ʥʝ ʩʤʦʛʫʪ ʥʘʡʪʠ ʚʝʨʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʵʪʠʭ ʚʦʧʨʦʩʘʭ, ʠʙʦ ʥʘʫʢʝ ʥʝ ʚʝʜʦʤʳ ʥʨʘʚ-
ʩʪʚʝʥʥʳʝ ʢʘʪʝʛʦʨʠʠ, ʚ ʥʝʡ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʥʷʪʠʷ ʜʦʙʨʘ ʠ ʟʣʘ.  
ʅʦ ʩʦʚʩʝʤ ʥʝʧʦʥʷʪʥʦ ʨʘʜʠ ʯʝʛʦ ʥʘʤ ʚ ʈʦʩʩʠʠ, ʩʪʨʘʥʝ ʩ ʪʳʩʷʯʝʣʝʪʥʝʡ ʭʨʠʩʪʠʘʥ-

ʩʢʦʡ ʠʩʪʦʨʠʝʡ, ʦʪʢʘʟʳʚʘʪʴʩʷ ʦʪ ʩʚʦʠʭ ʪʨʘʜʠʮʠʡ? ʂʦʤʫ ʤʦʞʝʪ ʧʦʚʨʝʜʠʪʴ ʠʟʫʯʝʥʠʝ 
ʭʨʠʩʪʠʘʥʩʢʦʡ ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ, ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʠʩʪʝʤʳ ʜʫʭʦʚʥʦʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷ?  
ʈʝʰʝʥʠʝ ʤʥʦʛʠʭ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʥʨʘʚʩʪʚʝʥʥʳʭ 

ʦʮʝʥʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʦʧʨʦʩʦʚ ʵʢʦʣʦʛʠʯʝʩʢʠʭ. ʉʦʚʨʝʤʝʥʥʦʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʜʦʣʞʥʦ ʩʦʜʝʨʞʘʪʴ ʜʚʝ ʢʦʤʧʦʥʝʥʪʳ: ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʠ ʤʠʨʦʚʦʟʟʨʝʥʯʝ-
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ʩʢʫʶ. ʀ ʝʩʣʠ ʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʧʨʝʜʤʝʪʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʚ ʮʝʣʦʤ ʠʤʝʝʪʩʷ ʷʩ-
ʥʦʩʪʴ, ʪʦ ʤʠʨʦʚʦʟʟʨʝʥʯʝʩʢʘʷ ʢʦʤʧʦʥʝʥʪʘ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ.  
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ɺʚʝʜʝʥʠʝ 

ɺʦʧʨʦʩ ʦ ʨʦʣʠ ʵʬʬʝʢʪʘ ʩʞʠʤʘʝʤʦʩʪʠ ʚʦʜʳ ʚ ʟʘʜʘʯʝ ʮʫʥʘʤʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʜ-
ʥʠʤʘʣʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ [Sells, 1965; Kajiura, 1970; ʇʦʜʲʷʧʦʣʴʩʢʠʡ, 1978; ʗʥʫʰʘʫʩ-
ʢʘʩ, 1981; ɹʫʨʳʤʩʢʘʷ ʠ ʜʨ., 1981; ʃʝʚʠʥ, 1981; ʉʝʣʝʟʦʚ ʠ ʜʨ., 1982; ɻʘʨʙʝʨ, 1984; 

ɾʤʫʨ, 1987]. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚʦʣʥ ʮʫʥʘʤʠ 
ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ [ʄʘʨʯʫʢ ʠ ʜʨ., 1983; ɼʦʮʝʥ-
ʢʦ, 1995; Titov, Synolakis, 1998; Titov, Gonzalez, 1997; ʇʝʣʠʥʦʚʩʢʠʡ, 1996; 
Takahashi et al., 1995]. ʉ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʜʚʫʤʷ 
ʧʨʠʯʠʥʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʪʩʫʪʩʪʚʦʚʘʣ ʩʪʨʦʛʠʡ ʬʠʟʠʯʝʩʢʠʡ 
ʘʥʘʣʠʟ ʨʦʣʠ ʩʞʠʤʘʝʤʦʩʪʠ ʚʦʜʳ ʚ ʟʘʜʘʯʝ ʮʫʥʘʤʠ. ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʫʩʪʨʘʥʝʥ ʩ ʧʦʷʚ-
ʣʝʥʠʝʤ ʥʘʰʠʭ ʨʘʙʦʪ [ʅʦʩʦʚ, 1998, 2000], ʚ ʢʦʪʦʨʳʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʞʠʤʘʝ-
ʤʦʩʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʦʷʚʣʷʝʪʩʷ, ʥʦ ʪʦʣʴʢʦ ʥʘ ʩʪʘʜʠʠ ʛʝʥʝʨʘʮʠʠ ʮʫʥʘʤʠ, ʚ ʪʦ 
ʚʨʝʤʷ ʢʘʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʥʘʢʘʪ ʚʦʣʥ ʥʘ ʙʝʨʝʛ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʢʘʢ ʜʚʠʞʝ-

ʥʠʝ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ. ɺʦ-ʚʪʦʨʳʭ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ ʧʨʷʤʦʡ ʘʧʧʘ-
ʨʘʪʫʨʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʷʚʣʝʥʠʡ ʵʬʬʝʢʪʘ ʩʞʠʤʘʝʤʦʩʪʠ ʚ ʦʯʘʛʝ ʮʫʥʘʤʠ. ɿʜʝʩʴ ʤʳ 
ʥʝ ʠʤʝʝʤ ʚ ʚʠʜʫ ʷʚʣʝʥʠʝ, ʠʤʝʥʫʝʤʦʝ ʊ-ʬʘʟʘ [ʉʦʣʦʚʴʝʚ ʠ ʜʨ. 1980], ī ʦʥʦ ʤʥʦʛʦ-
ʢʨʘʪʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʧʣʦʭʦ ʠʟʫʯʝʥʦ. ʈʝʯʴ ʠʜʝʪ ʦ ʥʠʟʢʦʯʘ-
ʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʚʦʜʥʦʛʦ ʩʣʦʷ (~0.1 ɻʮ), ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 
ʙʣʠʟʦʩʪʠ ʦʯʘʛʘ ʮʫʥʘʤʠ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʪʠʧʠʯʥʳʡ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʊ-ʬʘʟʳ 
ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʠʥʪʝʨʚʘʣ 1-100 ɻʮ. ɺʦʟʤʦʞʥʦʩʪʴ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʚʪʦʨʦʡ ʥʝʜʦʩʪʘʪʦʢ 
ʧʦʷʚʠʣʘʩʴ ʪʦʣʴʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʚʙʣʠʟʠ ʗʧʦʥʩʢʠʭ ʦ-ʚ 

ʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʪʦʨʦʚ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʜʘʪʯʠʢʠ ʧʨʠʜʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. 
ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʦ ʚʘʨʠʘʮʠʷʭ ʧʨʠʜʦʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʨʠ ʩʠʣʴʥʦʤ ʧʦʜʚʦʜʥʦʤ ʟʝʤʣʝʪʨʷʩʝʥʠʠ ʚʙʣʠʟʠ ʦʩʪʨʦʚʘ ʍʦʢʢʘʡʜʦ ʦʪ 
25.09.2003, ʚ ʧʣʝʡʩʪʦʩʝʡʩʪʦʚʦʡ ʟʦʥʝ ʢʦʪʦʨʦʛʦ ʦʢʘʟʘʣʠʩʴ ʜʘʪʯʠʢʠ ʦʟʥʘʯʝʥʥʦʡ ʩʠ-
ʩʪʝʤʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʳʷʚʣʝʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʫʧʨʫʛʠʭ ʢʦ-
ʣʝʙʘʥʠʡ ʚʦʜʥʦʛʦ ʩʣʦʷ, ʚʳʟʚʘʥʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ. 
 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʜʘʥʥʳʝ 

ʅʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦ ʚʘʨʠʘʮʠʷʭ ʜʘʚʣʝʥʠʷ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʜʦʥʥʳʭ ʜʘʪʯʠ-
ʢʦʚ JAMSTEC (Japan Marine Science & Technology Center). ɼʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ PG1 
ʠ PG2 (Tsunami Sensors) ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʪʦʯʢʘʭ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 41Á42.076'N, 
144Á26.486'E ʠ 42Á14.030'N, 144Á51.149'E. ɻʣʫʙʠʥʳ ʦʢʝʘʥʘ ʚ ʫʢʘʟʘʥʥʳʭ ʪʦʯʢʘʭ ʩʦ-
ʩʪʘʚʣʷʶʪ HPG1=2340 ʤ ʠ HPG2=2227 ʤ. ʉ ʧʫʥʢʪʦʤ ʨʝʛʠʩʪʨʘʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ 
ʥʘ ʙʝʨʝʛʫ, ʜʘʪʯʠʢʠ ʩʦʝʜʠʥʝʥʳ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʝʡ. ʆʩʥʦʚʥʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʦʧʠ-

ʩʘʥʥʦʡ ʩʠʩʪʝʤʳ ï ʨʝʛʠʩʪʨʘʮʠʷ ʚʦʣʥ ʮʫʥʘʤʠ. ʆʜʥʘʢʦ, ʯʘʩʪʦʪʘ ʦʧʨʦʩʘ ʜʘʪʯʠʢʦʚ 
(1 ɻʮ) ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʷʭ 
ʚʦʜʥʦʛʦ ʩʣʦʷ ʚ ʠʥʪʝʨʝʩʫʶʱʝʤ ʥʘʩ ʜʠʘʧʘʟʦʥʝ. ʀʟ ʪʝʦʨʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʠʟ-
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ʚʝʩʪʥʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʥʦʨʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʚʦʜʥʦʛʦ ʩʣʦʷ 
ʪʦʣʱʠʥʳ H~2.2 ʢʤ ʩʦʩʪʘʚʣʷʝʪ ʩ/4ʅ~0.17 ɻʮ [ʊʦʣʩʪʦʡ, ʂʣʝʡ, 1969]. ʉʣʝʜʫʝʪ ʪʘʢʞʝ 
ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʡ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʬʘʢʪ: ʠʤʝʥʥʦ ʚ ʧʨʠʜʦʥʥʦʡ ʦʙʣʘʩʪʠ ʘʤʧʣʠʪʫ-

ʜʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʫʧʨʫʛʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ, ʜʦʩʪʠʛʘʝʪ ʤʘʢ-
ʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ [Nosov, Kolesov, 2003]. 

 

 
ʈʠʩ. 1. ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʧʠʮʝʥʪʨʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 25.09.2003 (ʟʚʝʟʜʦʯʢʘ) ʠ ʜʘʪ-

ʯʠʢʦʚ ʜʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ PG1 ʠ PG2 (ʪʨʝʫʛʦʣʴʥʠʢʠ). 

 

ʉʦʛʣʘʩʥʦ ʩʝʡʩʤʠʯʝʩʢʦʤʫ ʢʘʪʘʣʦʛʫ NEIC ʧʦʜʚʦʜʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʦʪ 
25.09.2003 ʧʨʦʠʟʦʰʣʦ ʚ 19:50:06 UTC, ʢʦʦʨʜʠʥʘʪʳ ʵʧʠʮʝʥʪʨʘ 41.78 N 143.86 E, 

ʛʣʫʙʠʥʘ ʛʠʧʦʮʝʥʪʨʘ 27 ʢʤ, ʤʘʛʥʠʪʫʜʘ 8.3 MwHRV. ʇʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʠ ʦʙʨʘʟʦʚʘ-
ʣʘʩʴ ʚʦʣʥʘ ʮʫʥʘʤʠ, ʚʳʩʦʪʘ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʣʘ 4 ʤ ʚʜʦʣʴ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝ-
ʞʴʷ ʦ-ʚʘ ʍʦʢʢʘʡʜʦ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʩʪʘʪʦʯʥʳʭ ʚʝʨʪʠʢʘʣʴ-
ʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʜʥʘ. ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʘʪʯʠʢʦʚ ʠ ʵʧʠʮʝʥʪʨʘ ʟʝʤʣʝʪʨʷʩʝ-
ʥʠʷ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 1. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʇʝʨʝʜ ʘʥʘʣʠʟʦʤ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʣʝʟʥʦ ʦʙʨʘʪʠʪʴʩʷ ʢ ʥʝ-
ʢʦʪʦʨʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ. 
ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʣʦʩʢʘʷ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ [Nosov, 

Kolesov, 2003], ʦʧʠʩʳʚʘʶʱʘʷ ʚʦʣʥʦʚʳʝ ʜʚʠʞʝʥʠʷ ʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʚʦʟʙʫʞ-
ʜʘʝʤʳʝ ʤʘʣʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʜʥʘ ʚ ʙʘʩʩʝʡʥʝ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʧʦʛʨʘʬʠʠ. ɼʥʦ 
ʙʘʩʩʝʡʥʘ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʤ. ʅʘʯʘʣʦ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦ-
ʦʨʜʠʥʘʪ ʨʘʩʧʦʣʘʛʘʣʦʩʴ ʥʘ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. ʆʩʴ 
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Ox ʥʘʧʨʘʚʣʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʦʩʴ Oz ï ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ. ʄʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪ 
ʩʣʝʜʫʶʱʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʧʦʩʪʘʥʦʚʢʫ: 

tt
2

zzxx c j=j+j -

,     (1) 

0z,g ztt =j-=j
,     (2) 

( ) )x(Hz),t,x(U)x(n,n/ 0 -=a=µjµ
CCC

,   (3) 

ʛʜʝ ű ï ʧʦʪʝʥʮʠʘʣ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ, ʩ ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʚʦʜʝ, g ï ʫʩʢʦʨʝʥʠʝ 
ʩʠʣʳ ʪʷʞʝʩʪʠ, H(x) ï ʛʣʫʙʠʥʘ ʙʘʩ-

ʩʝʡʥʘ, 0a
C

 ï ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʜʚʠʞʢʠ, 

n
C

 ï ʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʜʥʘ. 
ʏʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʧʨʝʜʧʦ-

ʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʯʝʪʥʦʡ ʦʙ-
ʣʘʩʪʠ ʢʦʥʝʯʥʳʭ ʨʘʟʤʝʨʦʚ. ɺ ʵʪʦʡ 
ʩʚʷʟʠ, ʧʦʤʠʤʦ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ (2) ʠ ʥʘ ʜʥʝ (3), ʥʘ ʣʝ-
ʚʦʡ ʠ ʧʨʘʚʦʡ ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʠ ʩʪʘ-
ʚʠʣʠʩʴ ʫʩʣʦʚʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʭʦʜʘ 
ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (ʜʣʷ ʫʧʨʫʛʠʭ ʚʦʣʥ) 

[ʄʘʨʯʫʢ ʠ ʜʨ., 1983]. 

ʋʨʘʚʥʝʥʠʝ (1) ʠ ʚʩʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʚʦʜʠʣʠʩʴ ʢ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʠʜʫ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ 

,ctHt,H)x,z()z,x(
1

max
1

max
-*-** ==

   (4) 

ʛʜʝ maxH
 ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʙʘʩʩʝʡʥʘ. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʥʘ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 
ʩʝʪʢʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʰʘʛʘʤʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʠ ʚʝʨʪʠʢʘʣʠ. ʅʘ çʚʭʦʜʝè ʤʦʜʝʣʴ 
ʠʤʝʣʘ ʜʚʘ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʘ, ʢʦʪʦʨʳʝ ʟʘʜʘʚʘʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʣʫʙʠʥ ʠ ʧʨʦʩʪʨʘʥ-
ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʜʥʘ. ʉʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘ-
ʮʠʠ ʜʥʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ: 

[ ]2)/t(375sin)/t()L/x()t,x(U tthh=
,   (5) 

( )2/)]85.0(20[th)]15.0(20[th)( -a--a=ah
,  (6) 

ʛʜʝ L ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʦʙʣʘʩʪʠ ʜʝʬʦʨʤʘʮʠʠ, t ï ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʘʮʠʠ. ɺʠʜ ʬʫʥʢʮʠʠ 
)(ah
ʧʦʢʘʟʘʥ ʥʘ ʈʠʩ. 2. ɺʘʞʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʠʛʥʘʣʘ ʵʪʦʛʦ ʚʠʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʠʥʪʝʨʝʩʫʶʱʝʤ ʥʘʩ ʜʠʘʧʘʟʦʥʝ 
ʯʘʩʪʦʪ ʦʥ ʠʤʝʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʩʧʝʢʪʨ, ʙʣʠʟʢʠʡ ʢ ʩʧʝʢʪʨʫ ʙʝʣʦʛʦ ʰʫʤʘ. 
ʅʘ çʚʳʭʦʜʝè ʤʦʜʝʣʠ ʧʦ ʧʦʪʝʥʮʠʘʣʫ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʚʨʝʤʝʥ-

ʥʦʡ ʭʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ (
t/p µjµr-=
) ʚ ʟʘʜʘʥʥʳʭ ʧʨʠʜʦʥʥʳʭ ʪʦʯʢʘʭ. 

 

 
ʈʠʩ. 2. ɺʠʜ ʬʫʥʢʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʝʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʟʘʢʦʥ 

ʜʝʬʦʨʤʘʮʠʠ ʜʥʘ. 
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ʈʠʩ. 3. ʏʘʩʪʦʪʥʳʝ ʩʧʝʢʪʨʳ ʚʘʨʠʘʮʠʡ ʧʨʠʜʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʟʘʢʦʥʘ 

ʜʝʬʦʨʤʘʮʠʠ ʜʥʘ (ʧʫʥʢʪʠʨ). ʈʘʩʯʝʪ ʚʳʧʦʣʥʝʥ ʜʣʷ ʩʣʫʯʘʷ ʧʣʦʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʜʥʘ.n
n

- ʥʦʨʤʘʣʴʥʳʝ ʯʘʩʪʦʪʳ. 

 

ɺ ʥʘʯʘʣʝ ʠʩʩʣʝʜʦʚʘʣʩʷ ʩʣʫʯʘʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʣʦʩʢʦʛʦ ʜʥʘ. ʈʘʩʯʝʪʥʘʷ ʦʙ-
ʣʘʩʪʴ ʠʤʝʣʘ ʜʣʠʥʫ 400 ʢʤ, ʛʣʫʙʠʥʘ ʦʢʝʘʥʘ H ʩʦʩʪʘʚʣʷʣʘ 4 ʢʤ. ʀʩʪʦʯʥʠʢ ʜʣʠʥʦʡ 

L=50 ʢʤ ʨʘʩʧʦʣʘʛʘʣʩʷ ʚ ʮʝʥʪʨʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɺʨʝʤʝʥʥʦʡ ʭʦʜ ʧʨʠʜʦʥʥʦʛʦ 
ʜʘʚʣʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʚ ʮʝʥʪʨʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. 
ʅʘ ʈʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʝʢʪʨ ʢʦʣʝʙʘʥʠʡ ʜʥʘ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʠ ʩʧʝʢʪʨ ʚʘ-

ʨʠʘʮʠʡ ʧʨʠʜʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ). ɺʠʜʥʦ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦʪ ʬʘʢʪ, 
ʯʪʦ ʩʧʝʢʪʨ ʠʩʪʦʯʥʠʢʘ ʷʚʣʷʝʪʩʷ ʩʧʣʦʰʥʳʤ, ʢʦʣʝʙʘʥʠʷ ʚʦʜʥʦʛʦ ʩʣʦʷ ʧʨʦʠʩʭʦʜʷʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʥʦʨʤʘʣʴʥʳʭ ʯʘʩʪʦʪʘʭ 
H4/)1n2(cn +=n
, ʛʜʝ 

,...2,1,0n=
. 

ʉʣʝʜʫʶʱʘʷ ʩʝʨʠʷ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʦʙʣʘʩʪʠ ʩ ʥʘʢʣʦʥ-
ʥʳʤ ʜʥʦʤ (ʫʢʣʦʥ 1/100). ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʨʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʠʤʝʣʘ 
ʜʣʠʥʫ 400 ʢʤ, ʠ ʚ ʝʝ ʮʝʥʪʨʝ ʨʘʩʧʦʣʘʛʘʣʩʷ ʠʩʪʦʯʥʠʢ ʜʣʠʥʦʡ L=50 ʢʤ. ʄʠʥʠʤʘʣʴʥʘʷ 

ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʳ ʩʦʩʪʘʚʣʷʣʠ 
2.0Hmin =  ʢʤ ʠ 

4Hmax=  ʢʤ. 

 
ʈʠʩ.4. ʏʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ʚʘʨʠʘʮʠʡ ʧʨʠʜʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʮʝʥʪʨʝ ʠʩʪʦʯʥʠʢʘ (ʘ), ʚ ʪʦʯ-

ʢʝ ʥʠʞʝ ʧʦ ʩʢʣʦʥʫ (ʙ), ʚ ʜʚʫʭ ʪʦʯʢʘʭ ʚʳʰʝ ʧʦ ʩʢʣʦʥʫ (ʚ, ʛ). ʇʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘ-

ʟʘʥʘ ʯʘʩʪʦʪʘ ʦʪʩʝʯʢʠ. nn - ʥʦʨʤʘʣʴʥʳʝ ʯʘʩʪʦʪʳ. 
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ʅʘ ʈʠʩ. 4 ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʳ ʚʘʨʠʘʮʠʡ ʧʨʠʜʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʚ 
ʮʝʥʪʨʝ ʠʩʪʦʯʥʠʢʘ (ʘ), ʥʠʞʝ ʧʦ ʩʢʣʦʥʫ ʦʪ ʠʩʪʦʯʥʠʢʘ (ʙ) ʠ ʚ ʜʚʫʭ ʪʦʯʢʘʭ ʚʳʰʝ ʧʦ 
ʩʢʣʦʥʫ (ʚ, ʛ). ɺʠʜʥʦ, ʯʪʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʧʣʦʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʜʥʘ, ʦʩʥʦʚʥʘʷ 

ʵʥʝʨʛʠʷ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʚʦʜʥʦʛʦ ʩʣʦʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʥʦʨʤʘʣʴʥʳʝ ʯʘʩʪʦʪʳ, ʨʘʩ-
ʩʯʠʪʘʥʥʳʝ ʠʩʭʦʜʷ ʠʟ ʛʣʫʙʠʥʳ ʦʢʝʘʥʘ ʚ ʮʝʥʪʨʝ ʠʩʪʦʯʥʠʢʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘ-
ʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʜʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʦʝ ʫʰʠʨʝʥʠʝ ʧʠʢʦʚ, ʢʦʪʦʨʦʝ ʩʚʷʟʘʥʦ ʩ 
ʢʦʥʝʯʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʠʩʪʦʯʥʠʢʘ ʚʜʦʣʴ ʩʢʣʦʥʘ. ʊʘʢ ʞʝ ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ 
ʵʥʝʨʛʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʥʫʣʝʚʫʶ ʥʦʨʤʘʣʴʥʫʶ ʯʘʩʪʦʪʫ, ʘ ʤʦʜʳ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ 
ʚʦʟʙʫʞʜʘʶʪʩʷ ʩʣʘʙʦ. ʇʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʫʧʨʫʛʠʭ ʚʦʣʥ ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʛʣʫ-
ʙʠʥ (ʚʥʠʟ ʧʦ ʩʢʣʦʥʫ) ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤ. ʅʦ 
ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʦʣʥ ʚʚʝʨʭ ʧʦ ʩʢʣʦʥʫ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʫ-

ʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʯʘʩʪʦʪʳ ʦʪʩʝʯʢʠ, ʦʛʨʘʥʠʯʠ-

ʚʘʶʱʝʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʦʣʝʙʘʥʠʡ ʩʥʠʟʫ ʚʝʣʠʯʠʥʦʡ H4/c*=n , ʛʜʝ H ï 
ʛʣʫʙʠʥʘ ʙʘʩʩʝʡʥʘ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ. ʀʟ ʈʠʩ. 4 ʚ ʠ ʈʠʩ. 4 ʛ ʚʠʜʥʦ, ʯʪʦ ʯʝʤ ʚʳʰʝ ʧʦ 
ʩʢʣʦʥʫ ʨʘʩʧʦʣʦʞʝʥʘ ʪʦʯʢʘ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, ʪʝʤ 
ʙʝʜʥʝʝ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʯʘʩʪʴ ʩʧʝʢʪʨʘ. 
ʀʟ ʧʨʦʜʝʣʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʪʝʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ɽʩʣʠ ʜʘʪʯʠʢ ʧʨʠʜʦʥ-

ʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʧʘʜʘʝʪ ʚ ʦʙʣʘʩʪʴ ʠʩʪʦʯʥʠʢʘ (ʧʦʜʚʠʞʢʠ ʜʥʘ), ʪʦ ʚ ʯʘʩʪʦʪʥʦʤ ʩʧʝʢ-

ʪʨʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʠʤ ʩʠʛʥʘʣʘ ʜʦʣʞʥʘ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʥʫʣʝʚʘʷ ʥʦʨʤʘʣʴʥʘʷ 

ʯʘʩʪʦʪʘ 
H4/c0=n , ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʛʣʫʙʠʥʝ ʦʢʝʘʥʘ ʚ ʪʦʯʢʝ ʧʦʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʘ. 

ʇʨʠ ʵʪʦʤ ʩʧʝʢʪʨ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʛʘʱʝʥ ʯʘʩʪʦʪʘʤʠ 0n>n  ʟʘ ʩʯʝʪ ʛʠʜʨʦʘʢʫʩʪʠʯʝ-

ʩʢʠʭ ʚʦʣʥ, ʧʨʠʰʝʜʰʠʭ ʠʟ ʤʝʣʢʦʚʦʜʥʳʭ ʦʙʣʘʩʪʝʡ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʯʘ-

ʩʪʠ ʩʧʝʢʪʨʘ 0n<n , ʪʦ ʦʥʘ ʙʫʜʝʪ ʣʠʙʦ ʦʙʝʜʥʝʥʘ, ʣʠʙʦ ʦʙʷʟʘʥʘ ʩʚʦʠʤ ʩʫʱʝʩʪʚʦʚʘ-

ʥʠʝʤ ʥʝ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʤ, ʘ ʩʝʡʩʤʠʯʝʩʢʠʤ ʚʦʣʥʘʤ. 
ʉʣʝʜʫʶʱʠʡ ʥʝʦʙʭʦʜʠʤʳʡ ʰʘʛ ï ʦʮʝʥʢʘ ʭʘʨʘʢʪʝʨʘ ʚʣʠʷʥʠʷ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ 

ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʨʦʮʝʩʩ. ʉʢʦʨʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠ 
ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʦʪʣʠʯʘʶʪʩʷ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʦ, ʥʦ ʚʩʝ ʞʝ ʤʝʥʝʝ, ʯʝʤ 
ʥʘ ʧʦʨʷʜʦʢ. ʊʦʞʝ ʚʝʨʥʦ ʠ ʜʣʷ ʧʣʦʪʥʦʩʪʝʡ ʧʦʨʦʜ, ʩʣʘʛʘʶʱʠʭ ʜʥʦ, ʠ ʤʦʨʩʢʦʡ ʚʦʜʳ. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʪʦʠʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʢʦʥʝʯʥʘʷ ʫʧʨʫʛʦʩʪʴ ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥ-
ʩʪʚʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʧʨʫʛʠʝ ʢʦʣʝʙʘʥʠʷ ʚʦʜʥʦʛʦ ʩʣʦʷ. 

ʕʪʘ ʯʘʩʪʴ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚ ʨʘʤʢʘʭ ʧʨʦʩʪʦʡ ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ, ʩʬʦʨ-
ʤʫʣʠʨʦʚʘʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʪʝʥʮʠʘʣʘ ʩʢʦʨʦʩʪʠ. ʅʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʨʘʩʧʦʣʘʛʘ-
ʣʦʩʴ ʥʘ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. ʆʩʴ Oz ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ 
ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʩʨʝʜʘ ʩʦʩʪʦʠʪ ʠʟ N ʩʣʦʝʚ. ʉʚʝʨʭʫ ʨʘʩʧʦʣʘ-

ʛʘʝʪʩʷ ʚʦʜʥʳʡ ʩʣʦʡ ʪʦʣʱʠʥʳ 
1H  ʩ ʧʣʦʪʥʦʩʪʴʶ 

1r
 ʠ ʩʢʦʨʦʩʪʴʶ ʛʠʜʨʦʘʢʫʩʪʠʯʝ-

ʩʢʠʭ ʚʦʣʥ 
1c . ʅʠʞʝ ï ʩʣʦʠ ʧʦʨʦʜ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʦʣʱʠʥʘʤʠ 

iH , ʧʣʦʪʥʦʩʪʷʤʠ 
ir
 

ʠ ʩʢʦʨʦʩʪʷʤʠ ʫʧʨʫʛʠʭ ʚʦʣʥ 
ic . ʇʨʠʚʝʜʝʥʥʳʝ ʢ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʠʜʫ ʩ ʫʯʝʪʦʤ ʬʦʨ-

ʤʫʣ (4) (ʟʥʘʢ ç*è ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʧʫʱʝʥ), ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 
ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

i
zz

21ii
tt )c/c( j=j

,     (7) 

0z,01
t ==j

,    (8) 
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i
1i
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i
z zz, =j=j +

,    (9) 

i
1i

t
1ii

t
i zz, =jr=jr ++

,    (10) 

N
N
z

1NN
t zz,)c/c( =j-=j

,    (11) 

ʛʜʝ 
ij
ïʧʦʪʝʥʮʠʘʣ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚ i-ʤ ʩʣʦʝ. ɺ ʢʘʞʜʦʤ ʩʣʦʝ ʨʝʰʘʣʦʩʴ ʦʜʥʦ-

ʤʝʨʥʦʝ ʚʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ. ʅʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʩʪʘʚʠʣʦʩʴ ʫʩʣʦʚʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ, ʥʘ ʥʠʞʥʝʡ ï ʫʩʣʦʚʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʭʦʜʘ, ʥʘ ʛʨʘʥʠʮʘʭ ʤʝʞʜʫ ʩʣʦʷʤʠ ï 
ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʜʘʚʣʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ. ʇʘʨʘʤʝʪʨʳ N-1 ʠ N ʩʣʦʝʚ ʙʳʣʠ ʠʜʝʥʪʠʯ-
ʥʳ. ʀʩʪʦʯʥʠʢ ʚʦʟʤʫʱʝʥʠʷ (çʟʝʤʣʝʪʨʷʩʝʥʠʝè) ʨʘʩʧʦʣʘʛʘʣʩʷ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ N-1 

ʠ N ʩʣʦʷʤʠ. ʀʩʪʦʯʥʠʢ ʟʘʜʘʚʘʣʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʢʘʢ ʧʨʠʥʫʜʠʪʝʣʴʥʦʝ ʢʦʣʝʙʘʥʠʝ 
ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʩʣʦʷʤʠ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʠʟʤʝʥʷʶʱʝʡʩʷ ʧʦ ʟʘʢʦʥʫ 

[ ]2)/t(30sin)/t()t,x(U tth=
.    (12) 

ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʡ ʤʦʜʝʣʠ (5), ʠʩʪʦʯʥʠʢ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦ-
ʢʠʤ ʠ ʥʝʧʨʝʨʳʚʥʳʤ ʯʘʩʪʦʪʥʳʤ ʩʧʝʢʪʨʦʤ. ʀʩʪʦʯʥʠʢ ʜʝʡʩʪʚʦʚʘʣ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ Ű, 
ʢʦʪʦʨʦʝ ʚʳʙʠʨʘʣʦʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʠʛʥʘʣ, ʦʪʨʘʞʝʥʥʳʡ ʩʚʦʙʦʜʥʦʡ ʚʦʜʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʴʶ, ʥʝ ʫʩʧʝʚʘʣ ʚʝʨʥʫʪʴʩʷ ʢ ʠʩʪʦʯʥʠʢʫ ʦʙʨʘʪʥʦ. ʅʘ ʚʳʭʦʜʝ ʤʦʜʝʣʠ 
ʠʤʝʣʩʷ ʚʨʝʤʝʥʥʦʡ ʨʷʜ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʚʘʨʠʘʮʠʠ ʜʘʚʣʝʥʠʷ ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ 
ʚʦʜʥʦʛʦ ʩʣʦʷ (ʧʨʠʜʦʥʥʦʝ ʜʘʚʣʝʥʠʝ). ɿʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʯʠʩʣʝʥʥʦ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 
ʨʘʟʥʦʩʪʝʡ. 

ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ 3N=  ʩʣʦʝʚ. 
ʇʝʨʚʳʡ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʚʦʜʥʫʶ ʩʨʝʜʫ. ɺʪʦʨʦʡ ʠ ʪʨʝʪʠʡ ʩʣʦʠ ʭʘʨʘʢʪʝʨʠʟʦ-

ʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʝʥʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʧʦʨʦʜʘʤ 
4/ 12 =rr

, 

4/ 13 =rr
, 4c/c 12 = , 4c/c 13 = . ʊʦʣʱʠʥʳ ʩʣʦʝʚ ʙʳʣʠ ʩʣʝʜʫʶʱʠʝ: 

20H/H 12 = , 5H/H 13 = . 
ʈʝʟʫʣʴʪʘʪ ʧʝʨʚʦʡ ʩʝʨʠʠ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩ. 5 ʘ ʚ ʚʠʜʝ ʯʘʩʪʦʪʥʦʛʦ 

ʩʧʝʢʪʨʘ ʠʩʪʦʯʥʠʢʘ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʠ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʧʨʠʜʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 

(ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ). ɺʠʜʥʦ, ʯʪʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʛʦ ʜʥʘ, ʥʝʚʟʠʨʘʷ ʥʘ 
ʪʦ, ʯʪʦ ʩʧʝʢʪʨ ʠʩʪʦʯʥʠʢʘ ʙʳʣ ʥʝʧʨʝʨʳʚʥʳʤ, ʫʧʨʫʛʠʝ ʢʦʣʝʙʘʥʠʷ ʚʦʜʥʦʛʦ ʩʣʦʷ ʧʨʦ-

ʠʩʭʦʜʷʪ ʥʘ ʜʠʩʢʨʝʪʥʦʤ ʥʘʙʦʨʝ ʥʦʨʤʘʣʴʥʳʭ ʯʘʩʪʦʪ 
1

n H4/)1n2(c +=n
. ʆʪʩʶʜʘ 

ʩʣʝʜʫʝʪ ʚʳʚʦʜ, ʯʪʦ ʫʯʝʪ ʫʧʨʫʛʦʩʪʠ ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 
ʢʘʨʪʠʥʫ ʥʝ ʤʝʥʷʝʪ. 
ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʦʜʥʳʡ ʩʣʦʡ ʨʝʜʢʦ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦ-

ʨʦʜʘʤʠ ʥʘʧʨʷʤʫʶ, ʦʙʳʯʥʦ ʠʤʝʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ (ʦʩʘʜʢʠ), 
ʢʦʪʦʨʦʤʫ ʩʚʦʡʩʪʚʝʥʥʳ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʫʧʨʫʛʠʭ ʚʦʣʥ ʥʝ ʩʠʣʴʥʦ ʦʪ-
ʣʠʯʘʶʱʠʝʩʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʨʩʢʦʡ ʚʦʜʳ. ɼʣʷ ʚʦʩʧʨʦʠʟʚʝ-
ʜʝʥʠʷ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʯʝʪʳʨʝʭʩʣʦʡʥʘʷ ʤʦʜʝʣʴ ʩʨʝʜʳ. ʇʝʨʚʳʡ 

ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʚʦʜʥʫʶ ʩʨʝʜʫ. ɺʪʦʨʦʡ ʩʣʦʡ ï ʩʣʦʡ ʦʩʘʜʢʦʚ 
5.1/ 12 =rr

, 

5.1c/c 12 = . ʊʨʝʪʠʡ ʠ ʯʝʪʚʝʨʪʳʡ ʩʣʦʠ ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʜʳ 
4/ 13 =rr

, 
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4/ 14 =rr
, 4c/c 13 = , 4c/c 14 = . ʊʦʣʱʠʥʳ ʩʣʦʝʚ ʙʳʣʠ ʩʣʝʜʫʶʱʠʝ: 

5.0H/H 12 = , 20H/H 13 = , 5H/H 14 = . 

ʅʘ ʈʠʩ. 5 ʙ ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʳ ʚʘʨʠʘʮʠʡ ʧʨʠʜʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʝ 
ʙʝʟ ʫʯʝʪʘ ʩʣʦʷ ʦʩʘʜʢʦʚ (ʪʦʣʩʪʘʷ ʣʠʥʠʷ) ʠ ʩ ʫʯʝʪʦʤ ʩʣʦʷ ʦʩʘʜʢʦʚ (ʪʦʥʢʘʷ ʣʠʥʠʷ). 
ʍʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʩʣʦʷ ʦʩʘʜʢʦʚ, ʧʨʠʚʦʜʠʪ ʢ ʥʝʙʦʣʴh ʦʤʫ ʩʜʚʠʛʫ ʯʘʩʪʦʪ 
ʥʦʨʤʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚʦʜʥʦʛʦ ʩʣʦʷ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ. ʌʠʟʠʯʝʩʢʠ ʵʪʦʪ 
ʬʘʢʪ ʣʝʛʢʦ ʦʙʲʷʩʥʠʪʴ. ʀʩʪʠʥʥʘʷ ʪʦʯʢʘ ʦʪʨʘʞʝʥʠʷ ʫʧʨʫʛʦʛʦ ʩʠʛʥʘʣʘ ʩʤʝʩʪʠʣʘʩʴ 
ʥʠʞʝ ï ʢ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʩʣʦʝʤ ʦʩʘʜʢʦʚ ʠ ʩʣʦʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʯʪʦ ʠ ʧʨʠ-

ʚʝʣʦ ʢ ʥʝʙʦʣʴʰʦʤʫ ʫʤʝʥʴh ʝʥʠʶ ʯʘʩʪʦʪʳ ʥʦʨʤʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

 
ʈʠʩ.5. ʏʘʩʪʦʪʥʳʝ ʩʧʝʢʪʨʳ ʚʘʨʠʘʮʠʡ ʧʨʠʜʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ çʩʝʡ-

ʩʤʠʯʝʩʢʦʛʦè ʠʩʪʦʯʥʠʢʘ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ): ʘ - ʚʦʜʥʳʡ ʩʣʦʝ ʥʘ ʫʧʨʫʛʦʤ ʧʦʣʫʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʙʝʟ ʩʣʦʷ ʦʩʘʜʢʦʚ, ʙ ï ʧʦʣʦʞʝʥʠʝ ʥʫʣʝʚʦʡ ʥʦʨʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʙʝʟ ʩʣʦʷ 

ʦʩʘʜʢʦʚ (ʪʦʣʩʪʘʷ ʣʠʥʠʷ) ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʩʣʦʷ ʦʩʘʜʢʦʚ (ʪʦʥʢʘʷ ʣʠʥʠʷ). 
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ɺʳʜʝʣʠʤ ʜʚʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʨʝʟʫʣʴʪʘʪʘ. ɺʦ-ʧʝʨʚʳʭ, ʫʯʝʪ ʫʧʨʫʛʠʭ 
ʩʚʦʡʩʪʚ ʜʥʘ çʥʝ ʦʪʤʝʥʷʝʪè ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʫʧʨʫʛʠʝ ʢʦʣʝʙʘʥʠʷ ʚʦʜʥʦʛʦ ʩʣʦʷ ʧʨʦʠʩ-
ʭʦʜʷʪ ʥʘ ʜʠʩʢʨʝʪʥʦʤ ʥʘʙʦʨʝ ʥʦʨʤʘʣʴʥʳʭ ʯʘʩʪʦʪ. ɺʦ-ʚʪʦʨʳʭ, ʥʘʣʠʯʠʝ ʩʣʦʷ ʦʩʘʜʢʦʚ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʤʝʱʝʥʠʶ ʥʦʨʤʘʣʴʥʳʭ ʯʘʩʪʦʪ ʚ ʥʠʟʢʦʯʘ-
ʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ. 

 

ɸʥʘʣʠʟ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ 

ʅʘ ʈʠʩ. 6 ʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚʨʝʤʝʥʥʦʡ ʭʦʜ ʚʘʨʠʘʮʠʡ ʧʨʠʜʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʟʘʨʝʛʠ-

ʩʪʨʠʨʦʚʘʥʥʳʭ ʜʘʪʯʠʢʦʤ PG1 ʧʨʠ ʜʚʫʭ ʧʦʜʚʦʜʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ 25.09.2003 (ʧʝʨ-
ʚʦʝ ʩʦʙʳʪʠʝ ï ʛʣʘʚʥʦʝ ʩ Mw=8.3). ʈʠʩ. 6 ʙ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʦʪ ʞʝ ʩʠʛʥʘʣ, ʧʨʠʚʝ-
ʜʝʥʥʳʡ ʢ ʥʫʣʝʚʦʤʫ ʫʨʦʚʥʶ (ʚʳʯʪʝʥʳ ʧʦʩʪʦʷʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʠ ʧʨʠʣʠʚʥʦʡ ʪʨʝʥʜ). 
ʅʘ ʈʠʩ. 6 ʚ ʧʦʢʘʟʘʥ ʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʢ ʥʫʣʝʚʦʤʫ ʫʨʦʚʥʶ. 

 

 
ʈʠʩ. 6. ɺʘʨʠʘʮʠʠ ʧʨʠʜʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʜʘʪʯʠʢʘʤʠ PG1 ʠ PG2 

25.09.2003: ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ (ʘ), ʜʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʢ ʥʫʣʝʚʦʤʫ ʫʨʦʚʥʶ (ʙ), ʯʘ-

ʩʪʦʪʥʳʡ ʩʧʝʢʪʨ (ʚ). 
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ʈʠʩ. 7. ɺʘʨʠʘʮʠʠ ʧʨʠʜʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʜʘʪʯʠʢʘʤʠ PG1 ʠ PG2. 

 
ʀʟ ʈʠʩ. 6 ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʥʘ ʜʘʪʯʠʢʝ PG1 ʜʦʩʪʠʛʘʣʘ  (ʥʘ PG2 ī ). ʇʨʝʜ-

ʧʦʣʘʛʘʷ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʝʩʪʴ ʨʝʟʫʣʴʪʘʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʜʚʠʞʢʠ ʜʥʘ, 

ʦʮʝʥʠʤ ʩʢʦʨʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʜʥʘ V ʠʟ ʬʦʨʤʫʣʳ , 

ʛʜʝ  ī ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ,  ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʚʦʜʝ. 

ʆʮʝʥʢʘ ʪʘʢʦʛʦ ʨʦʜʘ ʷʚʣʷʝʪʩʷ, ʙʝʟʫʩʣʦʚʥʦ, ʟʘʚʳʰʝʥʥʦʡ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʘ ʜʘʝʪ 

ʚʧʦʣʥʝ ʨʘʟʫʤʥʦʝ ʟʥʘʯʝʥʠʝ . 

ʅʘ ʈʠʩ. 7 ʚʘʨʠʘʮʠʠ ʧʨʠʜʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʛʣʘʞʝʥʥʳʝ ʩʢʦʣʴ-
ʟʷʱʠʤ ʩʨʝʜʥʠʤ ʩ ʦʢʥʦʤ 30 c, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʢʨʫʧʥʦʤ ʤʘʩʰʪʘʙʝ, ʧʦʟʚʦʣʷʶʱʝʤ 
ʚʠʜʝʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʩʤʝʱʝʥʠʡ ʜʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 
ʀʟ ʈʠʩ. 7 ʚʠʜʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʢʦʪʦʨʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʨʝʜʥʝʝ 

ʜʘʚʣʝʥʠʝ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʝ ʜʘʪʯʠʢʦʤ PG1, ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 4 ʢʇʘ, ʘ ʜʘʪʯʠʢʦʤ PG2 ī 
ʥʘ 1.5 ʢʇʘ, ʯʪʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʫʨʦʚʥʷ ʚʦʜʳ (ʧʦʜʥʷ-
ʪʠʶ ʜʥʘ) ʥʘ 0.4 ʤ ʠ 0.15 ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʠʜʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʜʘʚ-
ʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ 700-900 ʩ (19:50-20:05 ī PG1, 19:50-20:02 ī PG2). ʉʦ-
ʛʣʘʩʥʦ ɻʘʨʚʘʨʜʩʢʦʤʫ ʢʘʪʘʣʦʛʫ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (Harvard CMT Catalog) ʧʨʦʜʦʣʞʠ-
ʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚ ʦʯʘʛʝ (Half duration) ʦʮʝʥʠʚʘʝʪʩʷ ʚ 33.5 ʩ, ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʥʘ 
ʧʦʨʷʜʦʢ ʫʩʪʫʧʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʬʠʢʩʠʨʫʝʤʦʛʦ ʜʘʪ-
ʯʠʢʘʤʠ ʜʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʘʪʯʠʢʠ ʨʝʛʠʩʪʨʠʨʫʝʪ ʥʝ ʩʘʤʫ ʜʝʬʦʨʤʘ-
ʮʠʶ ʜʥʘ, ʥʦ ʨʝʣʘʢʩʘʮʠʶ ʚʦʜʥʦʛʦ ʩʣʦʷ, çʧʨʠʧʦʜʥʷʪʦʛʦè ʵʪʦʡ ʜʝʬʦʨʤʘʮʠʝʡ (ʪ.ʝ. 

ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʫʥʘʤʠ). ʆʮʝʥʠʤ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫ-

ʣʝ: , ʛʜʝ  ï ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ʦʯʘʛʘ ʮʫʥʘʤʠ 
[ɼʦʮʝʥʢʦ, ʉʦʣʦʚʴʝʚ, 1990], H ï ʛʣʫʙʠʥʘ ʦʢʝʘʥʘ ʚ ʦʯʘʛʝ ʮʫʥʘʤʠ, g ï ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ 

ʪʷʞʝʩʪʠ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ (ʧʨʠ ʤʘʛʥʠʪʫʜʝ M=8.3) ʠʤʝʝʤ  ʢʤ. 


