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ʇʨʦʬʝʩʩʦʨ ɸ.פ. ɽʨʰʠʥʘʥʳ70 ש ʞʳʣʜʳסʳʥʘ ʞᴅʥʝ  

 ʘʥסʳʥʘ ʘʨʥʘʣסʞʳʣʜʳ-45 שʳʟʤʝʪʽʥʽץ ץʳʣʳʤʠ-ʧʝʜʘʛʦʛʠʢʘʣʳס

çɹɯʃɯʄ ɹɽʈʋɼɯר ʀʅʅʆɺɸʎʀʗʃʓפ ɼɸʄʋʓ, נʓʃʓʄɼʓ פɸɾɽʊ ɽʊɽʊɯʅ 

ᴆʅɼɯʈɯʉ ɾᴄʅɽ ɹɸʃɸʄɸʃʓ ʕʅɽʈɻʀʗ ʂᴆɿɼɽʈɯè ʘʪʪʳ ʭʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ 

ʦʥʣʘʡʥ ʢʦʥʬʝʨʝʥʮʠʷ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ɾʀʅɸנʓ 

 

 

ʉɹʆʈʅʀʂ 

ʤʘʪʝʨʠʘʣʦʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʦʥʣʘʡʥ ʢʦʥʬʝʨʝʥʮʠʠ  

çʀʅʅʆɺɸʎʀʆʅʅʆɽ ʈɸɿɺʀʊʀɽ ʆɹʈɸɿʆɺɸʅʀʗ, ʅɸʋʂʆɽʄʂʀʍ 

ʇʈʆʀɿɺʆɼʉʊɺ ʀ ɸʃʔʊɽʈʅɸʊʀɺʅʓɽ ʀʉʊʆʏʅʀʂʀ ʕʅɽʈɻʀʀè ʧʦʩʚʷʱʝʥʥʦʡ  

70-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʠ 45-ʣʝʪʠʶ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ  
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ʂʆʅʌɽʈɽʅʎʀʗʅʓ ױʁʓʄɼɸʉʊʓʈʋ ʂʆʄʀʊɽʊɯ 

 

ʊᴇʨʘסʘ: ɸʨʰʘʙʝʢʦʚ ʅʫʨʛʘʣʠ ʈʘʭʠʤʛʘʣʠʝʚʠʯ ï פʘʟʘײ ץʣʪʪʳץ ץʳʟʜʘʨ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʫʥʠʚʝʨʩʠʪʝʪʽʥʽס שʳʣʳʤʠ ʞײʤʳʩ ʞᴅʥʝ ʠʥʥʦʚʘʮʠʷ ʞᴇʥʽʥʜʝʛʽ ʧʨʦʨʝʢʪʦʨʳ, ʬʠʣʦʩʦʬʠʷ 

 .ʜʦʢʪʦʨʳ, ʧʨʦʬʝʩʩʦʨ שʳʣʳʤʜʘʨʳʥʳס

ʊᴇʨʘסʘ ʦʨʳʥʙʘʩʘʨʳ: ʉʘʣʛʘʨʘʝʚʘ ɻʫʣʴʥʘʟ ʀʙʨʘʛʠʤʦʚʥʘ ï ʌʠʟʠʢʘ, ʤʘʪʝʤʘʪʠʢʘ ʞᴅʥʝ 

ʮʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʞʦסʘʨʳ ʤʝʢʪʝʙʽʥʽש ʜʝʢʘʥʳ, ʪ.ס.ʢ., ʧʨʦʬʝʩʩʦʨ.  

 

ʂʦʥʬʝʨʝʥʮʠʷʥʳ ײʡʳʤʜʘʩʪʳʨʫ ʢʦʤʠʪʝʪʽʥʽש ʤװʰʝʣʝʨʽ 

ɹʠʡʙʦʩʫʥʦʚ ɹ.ʀ., ʅʫʨʧʝʠʩʦʚʘ ɻ.ɹ., ʄʘʥʘʪʙʘʝʚ ʈ.ʂ., ʂʠʩʝʣʝʚʘ ʉ.ɺ., ʃʝʙʝʜʴ ɸ.ɻ., ʉʘʢʠʧʦʚʘ 

ʉ.ɽ., ʊʫʣʝʧʙʝʨʛʝʥʦʚ ɸ.ʂ., ʄʳʨʟʘײץʣ ʊ.ʈ., ʊʘʪʝʥʦʚ ɸ.ʄ., ʊʫʛʝʣʙʘʝʚʘ ʂ., ʉʘʥʜʠʙʘʝʚʘ ʅ.ɸ., 

ɿʘʫʨʙʝʢʦʚʘ ʅ., פʘʧʪʘסʘʡ ɻ.ᴄ., ʂᴇʧʝʥʙʘʝʚʘ ɸ.ʉ., ɹʘʡʢʘʜʘʤʦʚʘ ʃ.ʉ., ɸʡʜʘʨʙʝʢʦʚʘ ɸ.ɸ., 

ɹʘʡʪײʨʩʳʥ ʅ., ʋʪʝʙʘʝʚʘ ɸ.ɸ., ɹʦʩʪʘʥʦʚ ɽ.ʃ., ɸʢʳʥʦʚ ʄ. 

 

ʈʝʜʘʢʮʠʷʣʳץ ʘʣץʘ 
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ʇʨʦʬʝʩʩʦʨ ɸ.פ. ɽʨʰʠʥʘʥʳ70 ש ʞʳʣʜʳסʳʥʘ ʞᴅʥʝ סʳʣʳʤʠ-ʧʝʜʘʛʦʛʠʢʘʣʳץ ץʳʟʤʝʪʽʥʽש 

45-ʞʳʣʜʳסʳʥʘ ʘʨʥʘʣסʘʥ çɹɯʃɯʄ ɹɽʈʋɼɯר ʀʅʅʆɺɸʎʀʗʃʓפ ɼɸʄʋʓ, נʓʃʓʄɼʓ 

 ɸɾɽʊ ɽʊɽʊɯʅ ᴆʅɼɯʈɯʉ ɾᴄʅɽ ɹɸʃɸʄɸʃʓ ʕʅɽʈɻʀʗ ʂᴆɿɼɽʈɯè ʘʪʪʳפ

ʭʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʦʥʣʘʡʥ ʢʦʥʬʝʨʝʥʮʠʷ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʵʣʝʢʪʨʦʥʜʳ PDF 

ʬʦʨʤʘʪʳʥʜʘסʳ ʞʠʥʘסʳ ï ɸʣʤʘʪʳ: פʘʟʘײ ץʣʪʪʳץ ץʳʟʜʘʨ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ, 

ʌʠʟʠʢʘ ʢʘʬʝʜʨʘʩʳ, 2020 ï 528 ʙʝʪ. 
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ʵʣʝʢʪʨ ʵʥʝʨʛʝʪʠʢʘʩʳ, ʵʥʝʨʛʠʷʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ, ʙʽʣʽʤ ʙʝʨʫʜʽש ʠʥʥʦʚʘʮʠʷʣʳץ ʜʘʤʫʳ, 
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ʌʀɿʀʂɸ-ʄɸʊɽʄɸʊʀʂɸ נʓʃʓʄɼɸʈʓʅʓר ɼʆʂʊʆʈʓ, ʇʈʆʌɽʉʉʆʈ  

ɸ.פ. ɽʈʐʀʅɸʅʓנ רʓʃʓʄʀ ɾᴄʅɽ ʇɽɼɸɻʆɻʀʂɸʃʓפ פʓɿʄɽʊɯ 

 

 
 

ʌʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ ϤʳʣʳʤʜʘʨʳʥʳϬ ʜʦʢʪʦʨʳ, ϧʘʟʘϨ ϰʣʪʪʳϨ Ϩʳʟʜʘʨ ʧʝʜʘʛʦʛʠʢʘʣʳϨ 

ʫʥʠʚʝʨʩʠʪʝʪʽʥʽϬ ʧʨʦʬʝʩʩʦʨʳ, ϧ.ʀ. ʉϸʪʙʘʝʚ ʘʪʳʥʜʘϤʳ ɯ ʩʳʡʣʳϨʪʳϬ ʠʝʛʝʨʽ, ϧʈ ʪʝʦʨʠʷʣʳϨ 

ʞϸʥʝ Ϩʦʣʜʘʥʙʘʣʳ ʤʝʭʘʥʠʢʘ ϯʣʪʪʳϨ ʂʦʤʠʪʝʪʽʥʽϬ ʞϸʥʝ ʈʝʩʝʡ ʌʝʜʝʨʘʮʠʷʩʳ ɾʘϬʘʨʳʧ 

ʪϰʨʘʪʳʥ ʵʥʝʨʛʠʷ ʢϺʟʜʝʨʽʥ ʧʘʡʜʘʣʘʥʫ ʂʦʤʠʪʝʪʽʥʽϬ ʤϮʰʝʩʽ  

ɽʈʐʀʅɸ ɸʁʅɸɻϭʃ ϧɸʇɸʉʆɺʅɸ 70 ɾɸʉʊɸ. 
 

ɽʨʰʠʥʘ ɸʡʥʘʛװʣ פʘʧʘʩʦʚʥʘ 1950 ʞʳʣʳ 30 ץʘʟʘʥʜʘ ɾʘʤʙʳʣ ʦʙʣʳʩʳ, ʐʫ ʘʫʜʘʥʳ 

ɼʘʣʘץʘʡʥʘʨ ʩʪʘʥʮʠʷʩʳʥʜʘ ʜװʥʠʝʛʝ ʢʝʣʜʽ. 

ʐʫ ץʘʣʘʩʳʥʜʘסʳ ˉ308 ʦʨʪʘ ʤʝʢʪʝʧʪʽ ʙʽʪʽʨʛʝʥʥʝʥ ʢʝʡʽʥ 1967 ʞʳʣʳ פʘʟʘץ ʤʝʤʣʝʢʝʪʪʽʢ 

 ʩʽʧ çʬʠʟʠʢʘèװʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ ʬʘʢʫʣʴʪʝʪʽʥʝ ʪ שʳʟʜʘʨ ʧʝʜʘʛʦʛʠʢʘ ʠʥʩʪʠʪʫʪʳʥʳץ

ʤʘʤʘʥʜʳסʳ ʙʦʡʳʥʰʘ ʙʽʣʽʤ ʘʣʳʧ ʰʳץʪʳ. ʀʥʩʪʠʪʫʪʪʳ ץʳʟʳʣ ʜʠʧʣʦʤʤʝʥ ʙʽʪʽʨʛʝʥʥʝʥ ʢʝʡʽʥ 

1971 ʞʳʣʳ ʠʥʩʪʠʪʫʪʪʳש ʞʦʣʜʘʤʘʩʳ ʙʦʡʳʥʰʘ ʉ.ʄ. ʂʠʨʦʚ ʘʪʳʥʜʘסʳ פʘʟʄʋ-ʥʽש ʬʠʟʠʢʘ 

ʬʘʢʫʣʴʪʝʪʽʥʝ 2 ʞʳʣʜʳץ ʩʪʘʞʠʨʦʚʢʘסʘ ʞʽʙʝʨʽʣʝʜʽ. 1973ʞ. ʩʪʘʞʠʨʦʚʢʘʜʘʥ ʢʝʡʽʥ 

ʫʥʠʚʝʨʩʠʪʝʪʪʝ ץʘʣʜʳʨʳʣʳʧ ʣʘʙʦʨʘʥʪ, ʘסʘ ʣʘʙʦʨʘʥʪ, ʘʩʧʠʨʘʥʪ, ʢʽʰʽ סʳʣʳʤʠ ץʳʟʤʝʪʢʝʨ 

ʙʦʣʳʧ ʞײʤʳʩ ʽʩʪʝʜʽ. 

1987 ʞʳʣʳ 01.04.14 ï çɾʳʣʫ ʬʠʟʠʢʘʩʳ ʞᴅʥʝ ʤʦʣʝʢʫʣʘʣʳץ ʬʠʟʠʢʘè ʤʘʤʘʥʜʳסʳ 

ʙʦʡʳʥʰʘ çʊʫʨʙʫʣʝʥʪʪʽʢ ʛʘʟ ʬʘʢʝʣʽʥʽש ʘʵʨʦʜʠʥʘʤʠʢʘʩʳʥʘ ʜʳʙʳʩʪʳש ᴅʩʝʨʽʥ ʟʝʨʪʪʝʫè ʘʪʪʳ 

ʢʘʥʜʠʜʘʪʪʳץ ʜʠʩʩʝʨʪʘʮʠʷʩʳʥ ʧʨʦʬʝʩʩʦʨ ʉʦʚʝʪ ʀʩʘʪʘʝʚʠʯ ʀʩʘʪʘʝʚʪʳש ʞʝʪʝʢʰʽʣʽʛʽʤʝʥ 

 .ʘʜʳסʦʨץ

1987 ʞʳʣʳ ʢʦʥʢʫʨʩץʘ ץʘʪʳʩʳʧ, פʘʟʘץ ʤʝʤʝʣʝʢʝʪʪʽʢ ץʳʟʜʘʨ ʧʝʜʘʛʦʛʠʢʘ ʠʥʩʪʠʪʫʪʳʥʳש 

ʪʝʦʨʠʷʣʳץ ʬʠʟʠʢʘ ʢʘʬʝʜʨʘʩʳʥʘ ʘסʘ ʦץʳʪʫʰʳʣʳץץʘ ץʘʙʳʣʜʘʥʜʳ, ʩʦʜʘʥ ʙʝʨʽ ʦʩʳ ʠʥʩʪʠʪʫʪʪʘ 

ʝשʙʝʢ ʝʪʫʜʝ. 1996 ʞʳʣʳ ʜʦʮʝʥʪ סʳʣʳʤʠ ʘʪʘסʳ ʙʝʨʽʣʜʽ. 

ɸ.פ. ɽʨʰʠʥʘ 1995 ʞʳʣʜʘʥ ʙʝʨʽ ʞʝʣ ʵʥʝʨʛʠʷʩʳʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʘ ʘʡʥʘʣʜʳʨʘʪʳʥ 

ʞʝʣ ʵʣʝʢʪʨ ץʦʥʜʳʨסʳʣʘʨʳʥ ʟʝʨʪʪʝʫʤʝʥ ʰסײʳʣʜʘʥʘʜʳ. ɸʣʜʳʤʝʥ ʦʥʳ ʪʝʦʨʠʷʣʳץ ʪײʨסʳʜʘʥ 

 שʰʘʥʳץʘʣʘץ :ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨʳʥ ץʘʵʨʦʜʠʥʘʤʠʢʘʣʳ שʘʨʘʩʪʳʨʳʧ, ʞʝʣ ʪʫʨʙʠʥʘʣʘʨʳʥʳץ

ʢᴇʪʝʨʫ ʤʝʥ ʤʘשʜʘʡʣʳץ ʢʝʜʝʨʛʽ ʢװʰʪʝʨʽʥ, ʘʡʥʘʣʫ ʤʦʤʝʥʪʽʥ, ʙײʨʳʰʪʳץ ʞʳʣʜʘʤʜʳסʳʥ, 

ʪʫʨʙʠʥʘʥʳץ שʫʘʪʳʥ, ʞʝʣ ʵʥʝʨʛʠʷʩʳʥ ʧʘʡʜʘʣʘʥʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥ ʞᴅʥʝ ʪ.ʙ. ʘʥʳץʪʘʜʳ. 

ʆʩʳʣʘʨʜʳש ʥᴅʪʠʞʝʩʽʥʜʝ ɼʘʨʴʝ ʞʝʣ ʘʛʨʝʛʘʪʳʥʳש ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʞʘשʘ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳש 

ʙʽʨʥʝʰʝ ʤʦʜʝʣʴʜʝʨʽ ײʩʳʥʳʣʜʳ. ɿʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ פʈ ɹʽʣʽʤ ʞᴅʥʝ סʳʣʳʤ 

ʤʠʥʠʩʪʨʣʽʛʽʥʽס שʳʣʳʤʠ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʞװʨʛʽʟʽʣʛʝʥ ʘʰʳץ ʢʦʥʢʫʨʩʳʥʳש 
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 ʘʥ çʆʩʥʦʚʳ ʪʝʦʨʠʠסʘʨʳʣסʘ ʙʘʩʳʧ ʰʳסʘʨʞʳץ ץʦʨʳʪʳʥʜʳʩʳ ʥʝʛʽʟʽʥʜʝ 2001 ʞʳʣʳ ʛʨʘʥʪʪʳץ

ʚʝʪʨʦʪʫʨʙʠʥʳ ɼʘʨʴʝè ʤʦʥʦʛʨʘʬʠʷʩʳʥʘ ʞᴅʥʝ ʜʦʢʪʦʨʣʳץ ʜʠʩʩʝʨʪʘʮʠʷʩʳʥʘ ʝʥʜʽ.  

2001 ʞʳʣʳ 01.02.05 ï çʉײʡʳץʪʘʨ, ʛʘʟʜʘʨ ʞᴅʥʝ ʧʣʘʟʤʘ ʤʝʭʘʥʠʢʘʩʳè ʤʘʤʘʥʜʳסʳ 

ʙʦʡʳʥʰʘ çפʘʟʘץʩʪʘʥ ʵʢʦʣʦʛʠʷʩʳ ʤʦʥʠʪʦʨʠʥʛʽʥʽש ʢʝʡʙʽʨ ʘʵʨʦʜʠʥʘʤʠʢʘʣʳץ ʤᴅʩʝʣʝʣʝʨʽè 

ʘʪʪʳ ʪʘץʳʨʳʧʪʘ ʜʦʢʪʦʨʣʳץ ʜʠʩʩʝʨʪʘʮʠʷʩʳʥ ʪ.ס.ʜ., ʧʨʦʬʝʩʩʩʦʨ ױʟʘפ ץʘʡʳʨʙʝʢʦʚʠʯ 

ɾʘʧʙʘʩʙʘʝʚʪʳש ʢʝשʝʩʰʽʣʽʛʽʤʝʥ ʪʘʙʳʩʪʳ ץʦʨסʘʜʳ. 

2008 ʞʳʣʳ ʬʠʟʠʢʘ ʤʘʤʘʥʜʳסʳ ʙʦʡʳʥʰʘ ʧʨʦʬʝʩʩʦʨ ʘʪʘסʳ ʙʝʨʽʣʽʧ, ʩʦʜʘʥ ʙʝʨʽ ʬʠʟʠʢʘ 

ʢʘʬʝʜʨʘʩʳʥʜʘ ʧʨʦʬʝʩʩʦʨ ץʳʟʤʝʪʽʥ ʘʪץʘʨʫʜʘ. 

2004 ʞʳʣʳ ɸ.פ. ɽʨʰʠʥʘ, פʈ נױɸ-ʥʳש ʘʢʘʜʝʤʠʛʽ ʐ.ɸ. ɽʨʰʠʥ ʤʝʥ ʧʨʦʬʝʩʩʦʨ פ.ױ. 

ɾʘʧʙʘʩʙʘʝʚʧʝʥ ʙʽʨʛʝ ɾʘʨʘʪʳʣʳʩʪʘʥʫ ʩʘʣʘʩʳʥʜʘסʳ װʟʜʽʢ סʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨʽ װʰʽʥ פ.ʀ. 

ʉᴅʪʙʘʝʚ ʘʪʳʥʜʘסʳ ɯ ʩʳʡʣʳץʧʝʥ ʤʘʨʘʧʘʪʪʘʣʜʳ. 

ʇʨʦʬ. ɸ.פ. ɽʨʰʠʥʘ ʤʝʥ ʦʥʳש ʰᴅʢʽʨʪʪʝʨʽʥʽש ʥʝʛʽʟʛʽ ʟʝʨʪʪʝʫʣʝʨʽ ʤʝʥ ʞʝʪʽʩʪʽʢʪʝʨʽʥʝ 

ʢʝʣʝʩʽʣʝʨʜʽ ʞʘʪץʳʟʫסʘ ʙʦʣʘʜʳ:  

ïᴇʥʝʨʢᴅʩʽʧ ʧʝʥ ʞʳʣʫ ʵʣʝʢʪʨ ʩʪʘʥʩʘʣʘʨʳʥʜʘסʳ ʟʠʷʥʜʳ ʰʳסʘʨʳʣʳʤʜʘʨʜʳש ʤᴇʣʰʝʨʽʥ 

ʪᴇʤʝʥʜʝʪʫ ʤʘץʩʘʪʳʥʜʘ ʪʫʨʙʫʣʝʥʪʪʽʢ ʛʘʟ ʬʘʢʝʣʽʥʽש ʞʘʥʫ ʧʨʦʮʝʩʽʥʝ ʜʳʙʳʩʪʳש ᴅʩʝʨʽ 

ʟʝʨʪʪʝʣʜʽ; 

ïᴅʣʝʤʜʝʛʽ ʞᴅʥʝ פʘʟʘץʩʪʘʥʜʘסʳ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʜᴅʩʪװʨʣʽ ʞᴅʥʝ ʘʣʴʪʝʨʥʘʪʠʚʪʽ 

ʵʥʝʨʛʝʪʠʢʘʥʳ ʞװʡʝʣʝʫ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʷʣʘʫ;  

ïʧʝʨʩʧʝʢʪʠʚʪʽ ʞʝʣ ʵʣʝʢʪʨ ץʦʥʜʳʨסʳʩʳʥʳש ʙʽʨʽ ɼʘʨʴʝ ʞʝʣ ʪʫʨʙʠʥʘʩʳ ʪʝʦʨʠʷʩʳʥʳש 

ʥʝʛʽʟʽ ʞʘʩʘʣʜʳ; 

ïʪʝʭʥʠʢʘ-ʵʢʦʥʦʤʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʞʦסʘʨʳ, ʞʘשʘ ʪװʨʜʝʛʽ ʙʽʨʥʝʰʝ ʞʝʣ 

ʘʛʨʝʛʘʪʪʘʨʳʥʳש (ɹʠʜʘʨʴʝ-1, HBI-ʨʦʪʦʨ, ɹʠʜʘʨʴʝ-2) ʞײʤʳʩ ʽʩʪʝʧ ʪײʨסʘʥ ʣʘʙʦʨʘʪʦʨʠʷʣʳץ 

ʤʦʜʝʣʽ ʤʝʥ ʞʘʨʪʳʣʘʡ ᴇʥʜʽʨʽʩʪʽʢ ʥײʩץʘʩʳ ʞʘʩʘʣʳʥʳʧ, ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ ʞװʨʛʽʟʽʣʜʽ;  

ïʩʦʥʳʤʝʥ ץʘʪʘʨ ʞײʤʳʩ ʽʩʪʝʧ ʪײʨסʘʥ ʞʝʣ ʘʛʨʝʛʘʪʪʘʨʳʥ ץʘʪʘʣ ʤʝʪʝʦʞʘסʜʘʡʣʘʨʜʘʥ 

ʞʳʣʫʣʳץ ץʦʨסʘʫ ᴅʜʽʩʽ ʪʘʙʳʣʜʳ.  

ïʞʝʣ ʪʫʨʙʠʥʘʣʘʨʳʥʳש ʙʽʨʥʝʰʝ ʧʝʨʩʧʝʢʪʠʚʪʽ ʞʘשʘ ʥײʩץʘʣʘʨʳʥʘ ʧʘʪʝʥʪʪʝʨ ʙʝʨʽʣʜʽ. 

ɹʽʨʥʝʰʝ ʞʳʣ ᴅʣ ʌʘʨʘʙʠ ʘʪʳʥʜʘסʳ פʘʟʘײ ץʣʪʪʳץ ʫʥʠʚʝʨʩʠʪʝʪʽʥʜʝʛʽ ɹʽʨʽʢʪʽʨʽʣʛʝʥ ʆɼ 

14ɸ.01.08 ʞᴅʥʝ ɸʙʘʡ ʘʪʳʥʜʘסʳ פʘʟʘײ ץʣʪʪʳץ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽʥʜʝʛʽ 

ʞʘʨʘʪʳʣʳʩʪʘʥʫ ʩʘʣʘʩʳ ʙʦʡʳʥʰʘ (ʬʠʣʦʩʦʬʠʷ ʜʦʢʪʦʨʳ PhD) ʜʠʩʩʝʨʪʘʮʠʷʣʳץ ʢʝשʝʩʪʝʨʜʽש 

ʤװʰʝʩʽ ʙʦʣʜʳ. 

ɾʘʣʧʳ ʞᴅʥʝ ʪʝʦʨʠʷʣʳץ ʬʠʟʠʢʘ ʧᴅʥʜʝʨʽʥʝʥ, ʘʨʥʘʡʳ ʢʫʨʩʪʘʨʜʘʥ, ɹʽʨʪײʪʘʩ ʦʨʪʘ 

ʬʠʟʠʢʘʩʳ, ʄʝʭʘʥʠʢʘʣʳץ ץʦʥʜʳʨסʳʣʘʨ, ɸסʳʥ ʪʝʦʨʠʷʩʳ, פʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʬʠʟʠʢʘʥʳש ᴇʟʝʢʪʽ 

ʤᴅʩʝʣʝʣʝʨʽ, נʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨʜʽ ײʡʳʤʜʘʩʪʳʨʫ ʞᴅʥʝ ʞʦʩʧʘʨʣʘʫ, ɾʳʣʫ ʬʠʟʠʢʘʩʳ, 

ɹʘʣʘʤʘʣʳ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽ ʞᴅʥʝ ʪ.ʙ. ʧᴅʥʜʝʨʜʝʥ ʦʨʳʩ ʞᴅʥʝ ץʘʟʘץ ʪʽʣʜʝʨʽʥʜʝ ʩʪʫʜʝʥʪʪʝʨ ʤʝʥ 

ʤʘʛʠʩʪʨʘʥʪʪʘʨסʘ ʜᴅʨʽʩ ʦץʳʧ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦʣʘʨʜʳש ʢʫʨʩʪʳץ, ʜʠʧʣʦʤʜʳץ, ʤʘʛʠʩʪʨʣʽʢ ʞᴅʥʝ 

 .ʞʘʩʘʧ ʢʝʣʝʜʽ ץʤʳʩʪʘʨʳʥʘ ʙʘʩʰʳʣʳײʳʣʳʤʠ ʞס

ʇʨʦʬʝʩʩʦʨ ɸ.פ. ɽʨʰʠʥʘ 2 סʳʣʳʤ ʢʘʥʜʠʜʘʪʳʥ ʞᴅʥʝ 30-סʘ ʞʫʳץ ʬʠʟʠʢʘ ʤʘʛʠʩʪʨʽʥ 

ʜʘʡʳʥʜʘʜʳ. ʆʥʳש ʙʘʩʰʳʣʳסʳʤʝʥ ʜʘʡʳʥʜʘʣסʘʥ ʩʪʫʜʝʥʪʪʝʨ ʤʝʥ ʤʘʛʠʩʪʨʘʥʪʪʘʨʜʳש 

ʦʨʳʥʜʘסʘʥ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳ ʠʥʩʪʠʪʫʪʪʳץ, ʨʝʩʧʫʙʣʠʢʘʣʳץ ʞᴅʥʝ ʭʘʣʳץʘʨʘʣʳץ 

ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʜʘ ʛʨʘʤʦʪʘʣʘʨʤʝʥ, ʜʠʧʣʦʤʜʘʨʤʝʥ ʤʘʨʘʧʘʪʪʘʣʜʳ. ɸʪʘʧ ʘʡʪץʘʥʜʘ 

ɾʘʨʘʪʳʣʳʩʪʘʥʫ, ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ ʛʫʤʘʥʠʪʘʨʣʳס ץʳʣʳʤʜʘʨ ʢʦʥʢʫʨʩʳʥʳש ʞʝשʽʤʧʘʟʳ 

ʬʠʟʠʢʘ ʤʘʤʘʥʜʳסʳʥʳ4 ש ʢʫʨʩ ʩʪʫʜʝʥʪʽ ɹʠʞʘʥʦʚʘ ɸʨʘʡʣʳʤ פʈ ʇʨʝʟʠʜʝʥʪʽ ʩʪʠʧʝʥʜʠʷʩʳʥʳש 

ʠʝʛʝʨʽ ʘʪʘʥʜʳ. ɸʣ çɾʘשʘʨʳʧ ʪײʨʘʪʳʥ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽè ʞᴇʥʽʥʝʥ ʄᴅʩʢʝʫʜʝʛʽ ʃʦʤʦʥʦʩʦʚ 

ʘʪʳʥʜʘסʳ ʄʄʋ-ʜʘ ʭʘʣʳץʘʨʘʣʳס ץʘʣʳʤʜʘʨʜʳץ שʘʪʳʩʫʳʤʝʥ ᴇʪʢʝʥ ʙװʢʽʣʨʝʩʝʡʣʽʢ סʳʣʳʤʠ 

ʞʘʩʪʘʨ ʤʝʢʪʝʙʽʥʜʝʛʽ ʞʘʩ סʘʣʳʤʜʘʨ ʞײʤʳʩʪʘʨʳʥʳש ʢʦʥʢʫʨʩʳʥʜʘ (2010, 2012, 2014 ʞʞ.) 

ʞʝשʽʤʧʘʟ ʘʪʘʥסʘʥ ʤʘʛʠʩʪʨʘʥʪʪʘʨ ɸ.ɼ. ɸץʳʣʙʝʢʦʚʘ, ʂ.ɿ. ʂᴇʣʙʘʝʚʘ, ɾ.ɾ. ʄʘץʘʰʦʚʘ, ɸ. 

ɹʠʞʘʥʦʚʘ, ʉ. ɸʙʠʰʝʚʘ סʳʣʳʤʠ ʞʝʪʝʢʰʽʩʽʤʝʥ ʙʽʨʛʝ ʜʠʧʣʦʤʜʘʨʤʝʥ ʤʘʨʘʧʘʪʪʘʣʜʳ. 

2002-2017 ʞʞ. פʈ ɹנʄ-ʥʳש ʙʽʨʥʝʰʝ ʛʨʘʥʪʪʳץ ץʘʨʞʳʣʘʥʜʳʨʳʣסʘʥ ʞʦʙʘʣʘʨʳʥʜʘ 

-ʳʣʳʤʠס ץʣʪʪʳײ ʤʳʩ ʽʩʪʝʜʽ. çʄʝʤʣʝʢʝʪʪʽʢײʘʨʫʰʳ ʙʦʣʳʧ ʞץʳʣʳʤʠ ʞʝʪʝʢʰʽ, ʞʘʫʘʧʪʳ ʘʪס

ʪʝʭʥʠʢʘʣʳץ ʩʘʨʘʧʪʘʤʘ ʦʨʪʘʣʳסʳè ɸפ-ʥʳש ʛʨʘʥʪʪʳץ ץʘʨʞʳʣʘʥʜʳʨʫ ʢʦʥʢʫʨʩʳ ʘʷʩʳʥʜʘ 

ʢʝʣʽʧ ʪװʩʢʝʥ סʳʣʳʤʠ, סʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʞʦʙʘʣʘʨסʘ סʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʩʘʨʘʧʪʘʤʘ 
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ʞװʨʛʽʟʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 2020ʞ. ʦʨʪʘ ʤʝʢʪʝʧʪʽ11 ש ʩʳʥʳʧʪʘʨʳ װʰʽʥ ʞʘʟʳʣסʘʥ ʌʠʟʠʢʘ 

ʦץʫʣʳץʪʘʨʳʥʳש ʵʢʩʧʝʨʪʽ ʙʦʣʜʳ.  

ɸʢʨʝʜʠʪʪʝʫ ʤʝʥ ʘʪʪʝʩʪʘʪʪʘʫ ʪᴅʫʝʣʩʽʟ ʘʛʝʥʪʪʽʛʽ (ʥʝʟʘʚʠʩʠʤʦʝ ʘʛʝʥʪʩʪʚʦ ʘʢʢʨʝʜʠʪʘʮʠʠ ʠ 

ʨʝʡʪʠʥʛʘ ï ʅɸɸʈ) פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘסʳ ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳ (ɾʆʆ) 

ʦץʳʪʫʰʳʣʘʨʳʥʳש ʘʨʘʩʳʥʜʘ ᴇʪʢʽʟʛʝʥ ʙʘʩ ʨʝʡʪʠʥʛʽʥʜʝ 2014 ʞʳʣʳ פʈ-ʥʳ38 ש ɾʆʆ ץʘʪʳʩץʘʥ 

ʦץʳʪʫʰʳʣʘʨʜʳש ʽʰʽʥʜʝ ʧʨʦʬ. ɸ.פ. ɽʨʰʠʥʘ ʊʆʇ 30-סʘ ʝʥʽʧ 27 ʦʨʳʥʜʳ, ʘʣ 2015 ʞʳʣʳ 55 

ɾʆʆ ʦץʳʪʫʰʳʣʘʨʳʥʳש ʘʨʘʩʳʥʜʘ ʊʆʇ-50-ʛʝ ʝʥʽʧ 45 ʦʨʳʥʜʳ ʠʝʤʜʝʥʜʽ.  

ɸ.פ. ɽʨʰʠʥʘʥʳס שʳʣʳʤʠ ʞײʤʳʩʪʘʨʳ ʉʢʦʧʫʩ ʙʘʟʘʩʳʥʜʘ ʠʥʜʝʢʩʪʝʣʛʝʥ: çMatematics 

and computers in simulationè, çWorld Applied Sciences Journalè, çEurasian physical technical 

journalè, Journal of Engineering and Applied Sciences, ɺɸʂ ʪʽʟʽʤʽʥʝ ʝʥʝʪʽʥ çʄʘʣʘʷ 

ʵʥʝʨʛʝʪʠʢʘè, çʇʨʦʤʳʰʣʝʥʥʘʷ ʪʝʧʣʦʪʝʭʥʠʢʘè, çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʝʭʘʥʠʢʠ 

ʩʧʣʦʰʥʳʭ ʩʨʝʜè, çʄʝʞʜʫʥʘʨʦʜʥʳʡ ʞʫʨʥʘʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷè ʞᴅʥʝ 

çJournal of International Scientific Publications Materials, Metods& Technologiesè ʪ.ʙ. 

ʞʫʨʥʘʣʜʘʨʜʘ ʞʘʨʠʷʣʘʥʜʳ. 

ʇʨʦʬ. ɸ.פ. ɽʨʰʠʥʘ 120-ʜʘʥ ʘʩʘ סʳʣʳʤʠ ʝשʙʝʢʪʽש ʘʚʪʦʨʳ, ʩʦʥʳש ʽʰʽʥʜʝ 1 ʤʦʥʦʛʨʘʬʠʷ, 

1 ʦץʫʣʳ8 ,ץ ʦץʫ ײץʨʘʣʳ, 2- ᴅʜʽʩʪʝʤʝʣʽʢ ʥײʩץʘʫ, 4 ᴇʥʝʨʪʘʙʳʩץʘ ʧʘʪʝʥʪ ʙʘʨ. ʇʨʦʬ. נ.ɹ. 

ʐʝʨʠʘʟʜʘʥʦʚʧʝʥ ʙʽʨʣʝʩʪʽʢʪʝ ʞʘʟʳʣסʘʥ çʊײʪʘʩ ʦʨʪʘ ʤʝʭʘʥʠʢʘʩʳʥʳש ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʜʝʨʽ 

ʞᴅʥʝ ʢʣʘʩʩʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʨʽè ʦץʫʣʳסʳ ɹʽʣʽʤ ʞᴅʥʝ סʳʣʳʤ ʤʠʥʠʩʪʨʣʽʛʽʥʽש ʦץʫ ᴅʜʝʙʠʝʪʪʝʨʽʥ 

ʜʘʡʳʥʜʘʫ, ʰʳסʘʨʫ ʞᴅʥʝ ʩʘʪʳʧ ʘʣʫ ʞᴇʥʽʥʜʝʛʽ ʘʰʳץ ʢʦʥʢʫʨʩʳʥʳץ שʦʨʳʪʳʥʜʳʣʘʨʳ ʙʦʡʳʥʰʘ 

ʰʳסʘʨʳʣʳʧ, פʘʟʘץʩʪʘʥʥʳש ʙʘʨʣʳץ ɾʆʆ-ʥʘ ʪʝʛʽʥ ʪʘʨʘʪʳʣʜʳ. 

ɸʡʥʘʛװʣ פʘʧʘʩʦʚʥʘ ɽʨʰʠʥʘ סʳʣʳʤʠ ʞײʤʳʩʪʳ ײʩʪʘʟʜʳץ ץʳʟʤʝʪʧʝʥ ײʰʪʘʩʪʳʨʳʧ, 

 ʦʩʳʧץ ʣʝʩʽʥװ ʘ ᴇʟסʘʨʳ ʙʽʣʽʤʜʽ, ʙʽʣʽʢʪʽ ʤʘʤʘʥʜʘʨ ʜʘʡʳʥʜʘʫסʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʞʦץʘʟʘפ

ʢʝʣʝʜʽ. ʆʥʳײ שʟʘץ ʞʳʣסʳ סʳʣʳʤʠ-ʧʝʜʘʛʦʛʠʢʘʣʳץ ʝשʙʝʛʽ ʞʦסʘʨʳ ʙʘסʘʣʘʥʳʧ, פʘʟʘײ ץʣʪʪʳץ 

 ʩʪʘʥץʘʟʘפʤʝʨʝʡʪʦʡʳʥʜʘ ç ץʞʳʣʜʳ 70 שʫʥʠʚʝʨʩʠʪʝʪʽʥʽ ץʳʟʜʘʨ ʧʝʜʘʛʦʛʠʢʘʣʳץ

ʈʝʩʧʫʙʣʠʢʘʩʳʥʳס שʳʣʳʤʳʥ ʜʘʤʳʪʫסʘ ʩʽשʽʨʛʝʥ ʝשʙʝʛʽ װʰʽʥè ʪᴇʩʙʝʣʛʽʩʽ ʤʝʥ ʫʥʠʚʝʨʩʠʪʝʪʪʽש 

çױʣʘסʘʪè ʢװʤʽʩ ʤʝʜʘʣʽʥʽש ʠʝʛʝʨʽ ʘʪʘʥʜʳ, ʦʩʳ ʫʥʠʚʝʨʩʠʪʝʪʪʽ75 ש ʞʳʣʜʳץ ʤʝʨʝʡʪʦʡʳʥʜʘ פʈ 

ɾʆʆ ʘʩʩʦʮʠʘʮʠʷʩʳʥʳש çתʟʜʽʢ ײʩʪʘʟè ʤʝʜʘʣʽʤʝʥ ʤʘʨʘʧʘʪʪʘʣʜʳ. 

 ʳʣʳʤʠס ʨʛʽʟʛʝʥװʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʞʝʣ ʵʥʝʨʛʠʷʩʳʥ ʧʘʡʜʘʣʘʥʫ ʩʘʣʘʩʳʥʜʘ ʞץʘʟʘפ

ʟʝʨʪʪʝʫʣʝʨʽ װʰʽʥ ʈʝʩʝʡ ʌʝʜʝʨʘʮʠʷʩʳʥʳש ɾʘשʘʨʳʧ ʪײʨʘʪʳʥ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥ ʧʘʡʜʘʣʘʥʫ 

ʂʦʤʠʪʝʪʽ ײפʨʤʝʪ ʛʨʘʤʦʪʘʩʳʤʝʥ ʤʘʨʘʧʘʪʪʘʜʳ.  

 2013 ,2007 שʫ ʦʨʥʳʥʳץʘʨʳ ʦסʠʝʛʝʨʽ, ɾʦ שʪʳץʳ 1 ʩʳʡʣʳסʀ. ʉᴅʪʙʘʝʚ ʘʪʳʥʜʘ.פ

ʞʳʣʜʘʨʳ װʟʜʽʢ ʦץʳʪʫʰʳʩʳ, çɹʦʣʘʰʘץè ʙʘסʜʘʨʣʘʤʘʩʳ ʙʦʡʳʥʰʘ פʈ ʇʨʝʟʠʜʝʥʪʽ 

ʩʪʠʧʝʥʜʠʷʩʳʥʳש ʠʝʛʝʨʽ, ʬ.-ʤ.ס.ʜ., ʧʨʦʬʝʩʩʦʨ ɽʨʰʠʥʘ ɸʡʥʘʛװʣ פʘʧʘʩץʳʟʳ ʝשʙʝʢ ʞʦʣʳʥ, 

ʘʣסʘʥ ʙʽʣʽʤʜʝʨʽʥ ʞʘʩ ʞʝʪʢʽʥʰʝʢʪʝʨʜʽ ʪᴅʨʙʠʝʣʝʫʛʝ ʘʨʥʘʧ ʢʝʣʝʜʽ. ʆʥʳש ʙʽʣʽʤ ʤʝʥ סʳʣʳʤ 

ʤʝʢʪʝʙʽʥʜʝ ʪᴅʨʙʠʝ ʘʣסʘʥ ʰᴅʢʽʨʪʪʝʨʽ ʝʣʽʤʽʟʜʽש ʪװʧʢʽʨ-ʪװʧʢʽʨʽʥʜʝ ʘʙʳʨʦʡʤʝʥ ץʳʟʤʝʪ ʽʩʪʝʫʜʝ.  

ʇʨʦʬʝʩʩʦʨ ɸ.פ. ɽʨʰʠʥʘ ᴇʟ ʽʩʽʥʽש ʧʨʦʬʝʩʩʠʦʥʘʣʳ, ʬʘʢʫʣʴʪʝʪ, ʫʥʠʚʝʨʩʠʪʝʪ ײʞʳʤʳ ʤʝʥ 

ʩʪʫʜʝʥʪʪʝʨʽ ʘʨʘʩʳʥʜʘ ʙʝʜʝʣʽ ʟʦʨ, ᴅʨץʘʰʘʥʜʘ ʘʜʘʤʛʝʨʰʽʣʽʢ ʧʝʥ ʝשʙʝʢʩװʡʛʽʰʪʽʢʪʽװ שʣʛʽʩʽ 

ʙʦʣʳʧ ʢʝʣʝʜʽ. 

ʋʥʠʚʝʨʩʠʪʝʪ ײʞʳʤʳ ʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ סʳʣʳʤʜʘʨʳʥʳש ʜʦʢʪʦʨʳ, ʧʨʦʬʝʩʩʦʨ 

ɸʡʥʘʛװʣ פʘʧʘʩץʳʟʳ ɽʨʰʠʥʘʥʳ 70-ʞʘʩץʘ ʪʦʣʫʳʤʝʥ ײץʪʪʳץʪʘʧ, סʳʣʳʤʠ-ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʞײʤʳʩʪʘʨʳʥʘ ʪʦʣʘסʘʡ ʪʘʙʳʩʪʘʨ ʪʽʣʝʡʜʽ. 

 

ʌʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ ʞϸʥʝ ʮʠʬʨʣʳϨ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʞʦϤʘʨʳ 

ʤʝʢʪʝʙʽʥʽϬ ʜʝʢʘʥʳ, ʪʝʭ.Ϥ.ʢ., ʧʨʦʬʝʩʩʦʨ ɻ.ʀ. ʉʘʣϤʘʨʘʝʚʘ 
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ʅɸʋʏʅɸʗ ʀ ʇɽɼɸɻʆɻʀʏɽʉʂɸʗ ɼɽʗʊɽʃʔʅʆʉʊʔ ɼʆʂʊʆʈɸ ʌʀɿʀʂʆ-

ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ ʅɸʋʂ, ʇʈʆʌɽʉʉʆʈɸ ɽʈʐʀʅʆʁ ɸ.ʂ. 

 

 
 

ɼʦʢʪʦʨʫ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʫ ʂʘʟʘʭʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʞʝʥʩʢʦʛʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʃʘʫʨʝʘʪʫ 1 ʧʨʝʤʠʠ ʠʤʝʥʠ ʂ.ʀ. ʉʘʪʧʘʝʚʘ,  ʯʣʝʥʫ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʂʦʤʠʪʝʪʘ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʝ ʈʂ ʠ ʂʦʤʠʪʝʪʘ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ  

ɽʈʐʀʅʆʁ ɸʁʅɸʂʋʃʔ ʂɸʇɸʉʆɺʅɽ 70 ʃɽʊ. 

 

ɽʨʰʠʥʘ ɸʡʥʘʢʫʣʴ ʂʘʧʘʩʦʚʥʘ ʨʦʜʠʣʘʩʴ 30 ʦʢʪʷʙʨʷ 1950 ʛʦʜʘ ʥʘ ʩʪʘʥʮʠʠ ɼʘʣʘʢʘʡʥʘʨ 

ʏʫʡʩʢʦʛʦ ʨʘʡʦʥʘ ɾʘʤʙʳʣʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩʨʝʜʥʝʡ ʰʢʦʣʳ ˉ308 ʛ. ʏʫ ʚ 1967 ʛʦʜʫ ʧʦʩʪʫʧʠʣʘ ʚ ʂʘʟʘʭʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʞʝʥʩʢʠʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʥʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʬʠʟʠʢʘè. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʠʥʩʪʠʪʫʪʘ ʩ ʢʨʘʩʥʳʤ ʜʠʧʣʦʤʦʤ ʚ 1971 ʛʦʜʫ 

ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʀʥʩʪʠʪʫʪʘ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 2-ʣʝʪʥʶʶ ʮʝʣʝʚʫʶ ʩʪʘʞʠʨʦʚʢʫ ʥʘ 

ʬʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʂʘʟɻʋ ʠʤ.ʉ.ʄ. ʂʠʨʦʚʘ. ʇʦʩʣʝ ʩʪʘʞʠʨʦʚʢʠ ʩ 1973 ʛʦʜʘ ʚ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʨʘʙʦʪʘʣʘ ʣʘʙʦʨʘʥʪʦʤ, ʩʪʘʨʰʠʤ ʣʘʙʦʨʘʥʪʦʤ, ʘʩʧʠʨʘʥʪʦʤ, ʤʣʘʜʰʠʤ ʥʘʫʯʥʳʤ 

ʩʦʪʨʫʜʥʠʢʦʤ. 

ɺ 1987 ʛʦʜʫ ʟʘʱʠʪʠʣʘ ʢʘʥʜʠʜʘʪʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 01.04.14 ï 

çʊʝʧʣʦʬʠʟʠʢʘ ʠ ʤʦʣʝʢʫʣʷʨʥʘʷ ʬʠʟʠʢʘè ʥʘ ʪʝʤʫ çʀʩʩʣʝʜʦʚʘʥʠʝ ʘʵʨʦʜʠʥʘʤʠʢʠ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʛʘʟʦʚʦʛʦ ʬʘʢʝʣʘ ʙʦʛʘʪʦʡ ʩʤʝʩʠ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷè ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ʀʩʘʪʘʝʚʘ ʉʦʚʝʪʘ ʀʩʘʪʘʝʚʠʯʘ. 

ɺ 1987 ʛʦʜʫ ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʢʦʥʢʫʨʩʝ ʠ ʙʳʣʘ ʧʨʠʥʷʪʘ ʩʪʘʨʰʠʤ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʥʘ 

ʢʘʬʝʜʨʫ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʂʘʟʘʭʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʞʝʥʩʢʦʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ, ʩ ʪʝʭ ʧʦʨ ʨʘʙʦʪʘʝʪ ʚ ʵʪʦʤ ʠʥʩʪʠʪʫʪʝ. ɺ 1996 ʛʦʜʫ ʝʡ ʧʨʠʩʚʦʝʥʦ ʫʯʝʥʦʝ ʟʚʘʥʠʝ 

ʜʦʮʝʥʪʘ. 

ɽʨʰʠʥʘ ɸ.ʂ. ʩ 1995 ʛʦʜʘ ʟʘʥʠʤʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, 

ʧʨʝʦʙʨʘʟʫʶʱʠʭ ʵʥʝʨʛʠʶ ʚʝʪʨʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʦʧʨʝʜʝʣʝʥʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʪʨʦʪʫʨʙʠʥ: ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ʠ ʩʠʣʘ 

ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʣʦʧʘʩʪʠ, ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʤʦʱʥʦʩʪʴ ʪʫʨʙʠʥʳ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʠ ʜʨ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚʝʪʨʦʘʛʨʝʛʘʪʘ ɼʘʨʴʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʰʣʠ ʚ ʜʦʢʪʦʨʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ ʠ ʤʦʥʦʛʨʘʬʠʶ çʆʩʥʦʚʳ 
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ʪʝʦʨʠʠ ʚʝʪʨʦʪʫʨʙʠʥʳ ɼʘʨʴʝè, ʠʟʜʘʥʥʫʶ ʚ 2001 ʛʦʜʫ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʥʢʫʨʩʥʦʛʦ ʦʪʙʦʨʘ 

ʥʘʫʯʥʳʭ ʪʨʫʜʦʚʥʘ ʛʨʘʥʪʦʚʳʝ ʩʨʝʜʩʪʚʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʂ. ɽʨʰʠʥʘ ɸ.ʂ. 

ʚ 2001 ʛʦʜʫ ʫʩʧʝʰʥʦ ʟʘʱʠʪʠʣʘ ʜʦʢʪʦʨʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 01.02.05 ï 

çʄʝʭʘʥʠʢʘ ʞʠʜʢʦʩʪʠ, ʛʘʟʘ ʠ ʧʣʘʟʤʳè ʥʘ ʪʝʤʫ çʅʝʢʦʪʦʨʳʝ ʟʘʜʘʯʠ ʘʵʨʦʛʠʜʨʦʜʠʥʘʤʠʢʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʵʢʦʣʦʛʠʠ ʂʘʟʘʭʩʪʘʥʘè ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨʘ ɾʘʧʙʘʩʙʘʝʚʘ ʋʟʘʢʘ ʂʘʠʨʙʝʢʦʚʠʯʘ. 

ɺ 2008 ʛʦʜʫ ʄʆʅ ʈʂ ʧʨʠʩʚʦʠʣʦ ʟʚʘʥʠʝ ʧʨʦʬʝʩʩʦʨʘ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʬʠʟʠʢʘ, ʩ ʪʝʭ 

ʧʦʨ ʦʥʘ ʨʘʙʦʪʘʝʪ ʚ ʜʦʣʞʥʦʩʪʠ ʧʨʦʬʝʩʩʦʨʘ ʥʘ ʢʘʬʝʜʨʝ ʬʠʟʠʢʠ. 

ɺ 2004 ʛʦʜʫ ɸ.ʂ. ɽʨʰʠʥʘ, ʘʢʘʜʝʤʠʢ ʅɸʅ ʈʂ ɽʨʰʠʥ ʐ.ɸ. ʠ ʧʨʦʬʝʩʩʦʨ ɾʘʧʙʘʩʙʘʝʚ 

ʋ.ʂ. ʩʪʘʣʠ ʦʙʣʘʜʘʪʝʣʷʤʠ I ʧʨʝʤʠʠ ʠʤ. ʂ.ʀ. ʉʘʪʧʘʝʚʘ ʟʘ ʣʫʯʰʠʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ. 

ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ ʧʨʦʬʝʩʩʦʨʘ ɸ.ʂ. ɽʨʰʠʥʦʡ ʩʚʷʟʘʥʳ ʚ ʦʩʥʦʚʥʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʨʦʙʣʝʤʘʤʠ ʤʠʨʘ ʠ ʂʘʟʘʭʩʪʘʥʘ, ʢ ʦʩʥʦʚʥʳʤ ʥʘʫʯʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ ʜʦʩʪʠʞʝʥʠʷʤ ʝʝ 

ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ: 

ïʨʘʙʦʪʳ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʘʵʨʦʜʠʥʘʤʠʢʦʡ ʛʦʨʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʛʘʟʦʚʦʛʦ ʬʘʢʝʣʘ ʧʨʠ ʟʚʫʢʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

ïʪʨʫʜʳ ʧʦ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʪʨʘʜʠʮʠʦʥʥʦʡ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʤʠʨʘ ʠ ʂʘʟʘʭʩʪʘʥʘ; 

ïʧʦʩʪʨʦʝʥʠʝ ʦʩʥʦʚ ʪʝʦʨʠʠ ʚʝʪʨʦʪʫʨʙʠʥʳ ɼʘʨʴʝ, ʢʘʢ ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ɺʕʋ; 

ïʨʘʟʨʘʙʦʪʢʫ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʦʜʝʣʝʡ ʠ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʥʦʚʳʭ ʚʝʨʩʠʡ ʚʝʪʨʦʘʛʨʝʛʘʪʦʚ ʢʘʨʫʩʝʣʴʥʦʛʦ ʪʠʧʘ (ɹʠʜʘʨʴʝ-1, HBI-ʨʦʪʦʨ, ɹʠʜʘʨʴʝ-2) ʩ 

ʚʳʩʦʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʝʪʨʘ; 

ïʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʫ ʩʧʦʩʦʙʘ ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʳ ʨʘʙʦʪʘʶʱʝʛʦ ʚʝʪʨʦʘʛʨʝʛʘʪʘ, ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʪʝʧʣʦʛʦ ʚʦʟʜʫʭʘ ʚ ʧʦʣʳʭ ʵʣʝʤʝʥʪʘʭ ɺʕʋ 

ʚʩʣʝʜʩʪʚʠʝ ʜʝʡʩʪʚʠʷ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ; 

ïʧʘʪʝʥʪʳ ʥʘ ʥʝʩʢʦʣʴʢʦ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʝʨʩʠʡ ʚʝʪʨʦʪʫʨʙʠʥ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʙʳʣʘ ʯʣʝʥʦʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʩʦʚʝʪʦʚ ʆɼ 14ɸ.01.08 ʚ 

ʂʘʟʘʭʩʢʦʤ ʥʘʮʠʦʥʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ ʘʣʴ-ʌʘʨʘʙʠ ʠ ʧʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʥʘʫʢʘʤ 

(ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʠʠ PhD) ʚ ʂʘʟʘʭʩʢʦʤ ʥʘʮʠʦʥʘʣʴʥʦʤ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ 

ɸʙʘʷ. 

ʏʠʪʘʝʪ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪʘʤ ʠ ʤʘʛʠʩʪʨʘʥʪʘʤ ʥʘ ʨʫʩʩʢʦʤ ʠ ʢʘʟʘʭʩʢʦʤ ʷʟʳʢʘʭ: ʧʦ ʦʙʱʝʡ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʝ, ʩʧʝʮʠʘʣʴʥʳʝ ʢʫʨʩʳ, ʧʦ ʬʠʟʠʢʝ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ, ʧʦ ʤʝʭʘʥʠʯʝʩʢʤ 

ʫʩʪʘʥʦʚʢʘʤ, ʧʦ ʪʝʦʨʠʠ ʩʪʨʫʡ, ʧʦ ʘʢʪʫʘʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ, ʦʨʛʘʥʠʟʘʮʠʠ 

ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦ ʪʝʧʣʦʬʠʟʠʢʝ, ʧʦ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʘʤ 

ʵʥʝʨʛʠʠ ʠ ʜʨ., ʘ ʪʘʢʞʝ ʨʫʢʦʚʦʜʠʪ ʠʭ ʢʫʨʩʦʚʳʤʠ, ʜʠʧʣʦʤʥʳʤʠ, ʤʘʛʠʩʪʝʨʩʢʠʤʠ 

ʜʠʩʩʝʨʪʘʮʠʷʤʠ ʠ ʥʘʫʯʥʳʤʠ ʨʘʙʦʪʘʤʠ. 

ʇʨʦʬʝʩʩʦʨ ɽʨʰʠʥʘ ɸ.ʂ. ʧʦʜʛʦʪʦʚʠʣʘ 2 ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ ʠ ʦʢʦʣʦ 30 ʤʘʛʠʩʪʨʦʚ ʬʠʟʠʢʠ. 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʩʪʫʜʝʥʪʘʤʠ ʠ ʤʘʛʠʩʪʨʘʥʪʘʤʠ ʧʦʜ ʝʝ 

ʨʫʢʦʚʦʜʩʪʚʦʤ, ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʛʨʘʤʦʪʘʤʠ, ʜʠʧʣʦʤʘʤʠ ʥʘ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʭ, 

ʨʝʩʧʫʙʣʠʢʘʥʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʙʝʜʠʪʝʣʴʥʠʮʘ ʢʦʥʢʫʨʩʘ 

ɽʩʪʝʩʪʚʝʥʥʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʛʫʤʘʥʠʪʘʨʥʳʭ ʥʘʫʢ ʩʪʫʜʝʥʪʢʘ 4-ʢʫʨʩʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʬʠʟʠʢʘ 

ɹʠʞʘʥʦʚʘ ɸʨʘʡʣʳʤ ʩʪʘʣʘ ʦʙʣʘʜʘʪʝʣʴʥʠʮʝʡ ʩʪʠʧʝʥʜʠʠ ʇʨʝʟʠʜʝʥʪʘ ʈʂ. ʅʘ ɺʩʝʨʦʩʩʠʡʩʢʦʤ 

ʢʦʥʢʫʨʩʝ ʨʘʙʦʪ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʚ ʥʘʫʯʥʦʡ ʤʦʣʦʜʝʞʥʦʡ ʰʢʦʣʝ ʩ ʫʯʘʩʪʠʝʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʫʯʝʥʳʭ ʚ ʄɻʋ ʠʤ.ʃʦʤʦʥʦʩʦʚʘ ʚ ʄʦʩʢʚʝ ʧʦ çɺʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠè 2010, 

2012, 2014 ʛʦʜʘʭ ʧʦʙʝʜʠʪʝʣʷʤʠ ʩʪʘʣʠ ʤʘʛʠʩʪʨʘʥʪʳ ɸ.ɼ. ɸʢʳʣʙʝʢʦʚʘ, ʂ.ɿ. ʂʫʣʴʙʘʝʚʘ, ɾ.ɾ. 

ʄʘʢʘʰʦʚʘ. ʆʥʠ ʚʤʝʩʪʝ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʙʳʣʠ ʥʘʛʨʘʞʜʝʥʳ ʜʠʧʣʦʤʘʤʠ. 

ʉ 2002-2017 ʛʛ. ʨʘʙʦʪʘʣʘ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʠʩʧʦʣʥʠʪʝʣʝʤ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʛʨʘʥʪʦʚʳʭ ʧʨʦʝʢʪʘʭ, ʬʠʥʘʥʩʠʨʫʝʤʳʭ ʄʆʅ ʈʂ. ʇʦ ʧʦʨʫʯʝʥʠʶ ɸʆ 

çʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳè ɽʨʰʠʥʘ ɸ.ʂ. 
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ʚʳʧʦʣʥʷʣʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ ʵʢʩʧʝʨʪʠʟʫ ʥʘʫʯʥʳʭ, ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ, 

ʫʯʘʩʪʚʦʚʘʚʰʠʭ ʚ ʢʦʥʢʫʨʩʝ ʥʘ ʛʨʘʥʪʦʚʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʚ 2020 ʛʦʜʫ ʙʳʣʘ 

ʵʢʩʧʝʨʪʦʤ ʫʯʝʙʥʠʢʦʚ ʧʦ ʬʠʟʠʢʝ, ʥʘʧʠʩʘʥʥʳʭ ʜʣʷ 11 ʢʣʘʩʩʦʚ ʩʨʝʜʥʝʡ ʰʢʦʣʳ. 

ɺ ʛʝʥʝʨʘʣʴʥʦʤ ʨʝʡʪʠʥʛʝ ʅʝʟʘʚʠʩʠʤʦʛʦ ʘʛʝʥʪʩʪʚʘ ʘʢʢʨʝʜʠʪʘʮʠʠ ʠ ʘʪʪʝʩʪʘʮʠʠ (ʅɸɸʈ) 

ʩʨʝʜʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʚ 2014 ʛʦʜʫ 

ʧʨʦʬʝʩʩʦʨ ɽʨʰʠʥʘ ɸ.ʂ. ʚʦʰʣʘ ʚ ʊʆʇ-30 ʠ ʟʘʥʷʣʘ 27 ʤʝʩʪʦ, ʘ ʚ 2015 ʛʦʜʫ ï ʚ ʊʆʇ-50 ʠ 

ʟʘʥʷʣʘ 45 ʤʝʩʪʦ. 

ʅʘʫʯʥʳʝ ʨʘʙʦʪʳ ɸ.ʂ. ɽʨʰʠʥʦʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʝ 

Scopus (ᾴMathematics and computers in simulationᾴ, ᾴWorld Applied Sciences Journalᾴ, ᾴEurasian 

physical technical journalᾴ, ᾴJournal of Engineering and Applied Sciencesᾴ), ʘ ʪʘʢʞʝ ʚ ʞʫʨʥʘʣʘʭ, 

ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ (ᾴʄʘʣʘʷ ʵʥʝʨʛʝʪʠʢʘᾴ, ᾴʇʨʦʤʳʰʣʝʥʥʘʷ ʪʝʧʣʦʪʝʭʥʠʢʘᾴ, 

ᾴʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜᾴ, ᾴʄʝʞʜʫʥʘʨʦʜʥʳʡ ʞʫʨʥʘʣ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷᾴ, ᾴJournal of International Scientific Publications Materials, 

Methods& Technologiesᾴ) ʠ ʚ ʜʨ. ʞʫʨʥʘʣʘʭ. 

ʇʨʦʬʝʩʩʦʨ ɽʨʰʠʥʘ ɸ.ʂ. ʷʚʷʣʝʪʩʷ ʘʚʪʦʨʦʤ ʙʦʣʝʝ 120 ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 1 

ʤʦʥʦʛʨʘʬʠʷ, 1 ʫʯʝʙʥʠʢ, 8 ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ, 2 ʤʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʷ, 4 ʧʘʪʝʥʪʘ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʷ. ʋʯʝʙʥʠʢ çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʦʡ 

ʩʨʝʜʳè, ʥʘʧʠʩʘʥʥʳʡ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʦʬ. ɻ.ɹ. ʐʝʨʠʘʟʜʘʥʦʚʳʤ, ʙʳʣ ʠʟʜʘʥ ʧʦ ʠʪʦʛʘʤ 

ʦʪʢʨʳʪʦʛʦ ʢʦʥʢʫʨʩʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʧʦ ʧʦʜʛʦʪʦʚʢʝ, ʠʟʜʘʥʠʶ ʠ 

ʧʨʠʦʙʨʝʪʝʥʠʶ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʙʳʣ ʙʝʩʧʣʘʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚʦ ʚʩʝ ʚʫʟʳ ʂʘʟʘʭʩʪʘʥʘ. 

ɸʡʥʘʢʫʣʴ ʂʘʧʘʩʦʚʥʘ ʩʦʚʤʝʱʘʝʪ ʥʘʫʯʥʫʶ ʨʘʙʦʪʫ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, 

ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʧʦʜʛʦʪʦʚʢʫ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩ ʚʳʩʰʠʤ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ. ɽʝ ʤʥʦʛʦʣʝʪʥʠʡ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʪʨʫʜ ʙʳʣ 

ʚʳʩʦʢʦ ʦʮʝʥʝʥ: ʢ 70-ʣʝʪʥʝʤʫ ʶʙʠʣʝʶ ʂʘʟʘʭʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʞʝʥʩʢʦʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʦʥʘ ʥʘʛʨʘʞʜʝʥʘ ʥʘʛʨʫʜʥʳʤ ʟʥʘʢʦʤ çɿʘ ʟʘʩʣʫʛʠ ʚ ʨʘʟʚʠʪʠʠ ʥʘʫʢʠ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥè ʠ ʩʝʨʝʙʨʷʥʦʡ ʤʝʜʘʣʴʶ ʫʥʠʚʝʨʩʠʪʝʪʘ çױʣʘסʘʪè; ʢ 75-ʣʝʪʠʶ ʵʪʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʥʘʛʨʘʞʜʝʥʘ ʤʝʜʘʣʴʶ ɸʩʩʦʮʠʘʮʠʠ ʚʫʟʦʚ ʈʂ çתʟʜʽʢ ײʩʪʘʟè. 

ɿʘ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʈʝʩʧʫʙʣʠʢʝ 

ʂʘʟʘʭʩʪʘʥ ʂʦʤʠʪʝʪʦʤ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʥʘʛʨʘʞʜʝʥʘ ʇʦʯʝʪʥʦʡ ʛʨʘʤʦʪʦʡ. 

ʃʘʫʨʝʘʪ 1 ʧʨʝʤʠʠ ʠʤʝʥʠ ʂ.ʀ. ʉʘʪʧʘʝʚʘ, ʃʫʯʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 2007, 2013 ʛʦʜʦʚ, 

ʦʙʣʘʜʘʪʝʣʴ ʩʪʠʧʝʥʜʠʠ ʇʨʝʟʠʜʝʥʪʘ ʈʂ ʧʦ ʧʨʦʛʨʘʤʤʝ çɹʦʣʘʰʘʢè ʧʨʦʬʝʩʩʦʨ ɽʨʰʠʥʘ 

ɸʡʥʘʢʫʣʴ ʂʘʧʘʩʦʚʥʘ ʧʦʩʚʷʱʘʝʪ ʩʚʦʡ ʪʨʫʜʦʚʦʡ ʧʫʪʴ, ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʚʦʩʧʠʪʘʥʠʶ 

ʧʦʜʨʘʩʪʘʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. ʋʯʝʥʠʢʠ, ʚʦʩʧʠʪʘʥʥʳʝ ʚ ʝʝ ʰʢʦʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ, ʩ 

ʯʝʩʪʴʶ ʪʨʫʜʷʪʩʷ ʚ ʨʘʟʥʳʭ ʫʛʦʣʢʘʭ ʩʪʨʘʥʳ. 

ʇʨʦʬʝʩʩʦʨ ɽʨʰʠʥʘ ɸ.ʂ. ʷʚʣʷʝʪʩʷ ʧʨʦʬʝʩʩʠʦʥʘʣʦʤ ʩʚʦʝʛʦ ʜʝʣʘ, ʠʤʝʝʪ ʙʦʣʴʰʦʡ 

ʘʚʪʦʨʠʪʝʪ ʩʨʝʜʠ ʢʦʣʣʝʢʪʠʚʘ ʠ ʩʪʫʜʝʥʪʦʚ ʬʘʢʫʣʴʪʝʪʘ, ʫʥʠʚʝʨʩʠʪʝʪʘ, ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʨʦʤ ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ ʠ ʪʨʫʜʦʣʶʙʠʷ. 

ʂʦʣʣʝʢʪʠʚ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦʟʜʨʘʚʣʷʝʪ ʜʦʢʪʦʨʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨʘ ɽʨʰʠʥʫ ɸʡʥʘʢʫʣʴ ʂʘʧʘʩʦʚʥʫ ʩ 70-ʣʝʪʠʝʤ ʠ ʞʝʣʘʝʪ ʜʘʣʴʥʝʡʰʠʭ ʫʩʧʝʭʦʚ ʚ 

ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʨʘʙʦʪʝ. 

 

ɼʝʢʘʥ ɺʳʩʰʝʡ ʰʢʦʣʳ ʬʠʟʠʢʠ, ʤʘʪʝʤʘʪʠʢʠ ʠ ʮʠʬʨʦʚʳʭ  

ʪʝʭʥʦʣʦʛʠʡ ʢ.ʪʝʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ɻ.ʀ. ʉʘʣʛʘʨʘʝʚʘ 
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ɸʩʘ Ϩϰʨʤʝʪʪʽ ɽʨʰʠʥʘ ɸʡʥʘʛϮʣ ϧʘʧʘʩϨʳʟʳ! 

 

ʉʽʟʜʽ 70 ʞʘʩץʘ ʪʦʣסʘʥ ʪʦʨץʘʣʳ ʪʦʡʳשʳʟʙʝʥ ʰʳʥ ʞװʨʝʢʪʝʥ 

 ץʘʤʜʳסʦץ ,ʡʛʽʰʪʽʢװʙʝʢʩשʪʘʡ ʦʪʳʨʳʧ, ᴇʤʽʨ ʞʦʣʳʥʜʘ ʝץʪʪʳײץ

ʙʝʣʩʝʥʜʽʣʽʢʧʝʥ ʝʨʝʢʰʝʣʝʥʽʧ, ʥʘסʳʟ ʘʟʘʤʘʪʪʳץ ץʘʩʠʝʪʪʝʨʛʝ ʠʝ ʽʨʽ 

ʪײʣסʘ ʨʝʪʽʥʜʝ ʭʘʣץʳשʳʟʜʳש ʠʛʽʣʽʛʽʥʝ ʙᴇʣʝʥʽʧ, ץʳʟʤʝʪʪʽש ʝץ שʳʟʳץʪʳ 

ʜʘ ץʠʳʥ ʩʘʣʘʣʘʨʳʥ ʘʪץʘʨʳʧ ʦʪʳʨסʘʥ ʘʙʳʨʦʡ-ʙʝʜʝʣʽשʽʟʜʽ ʘʪʘʧ ᴇʪʧʝʡ 

ʢʝʪʫʛʝ ʙʦʣʤʘʩ. 

ɹײʣ ʞʳʣʜʘʨ ʩʽʟʜʽץ שʦסʘʤʜʳץ ʞᴅʥʝ ʞʝʤʽʩʪʽ ʝשʙʝʛʽשʽʟʜʽש ʥʘסʳʟ 

ʢʝʤʝʣʽʥʝ ʢʝʣʛʝʥ ʢʝʟʝש ʙʦʣʜʳ. ʉװʡʽʩʧʝʥʰʽʣʽʛʽʥʽʟ ʘʨץʳʣʳ ʧʘʨʘʩʘʪʪʳ 

ʜʘ ʨʫʭʳ ʙʠʽʢ ʽʟʙʘʩʘʨʣʘʨʳשʳʟʜʳ ʪᴅʨʙʠʝʣʝʫ ʞʦʣʳʥʜʘ ʜʘʨʳʥʜʳ 

 ʳʪʪʘʧסʘʤ ʠʛʽʣʽʛʽʥʝ ʙʘסʦפ .ʳʨʳʥʘʥ ʢᴇʨʽʥʽʧ ʢʝʣʝʩʽʟץ ʡʳʤʜʘʩʪʳʨʫʰʳײ

ʦʪʳʨסʘʥ ʝʨʝʥ ʝשʙʝʢʪʝʨʽשʽʟʜʽש ʝʣʽʤʽʟʜʽש ʥʳסʘʶʳʥʘ ᴇʟʽʥʜʽʢ װʣʝʩʽ ʙʘʨ 

ʝʢʝʥʽʥ ʜʝ ʙʽʣʝʤʽʟ. ʆʩʳʥʘʫ ʠʛʽʣʽʢʪʽ ʽʩʪʝ ץʘʥʘʪʳשʳʟ ʪʘʣʤʘʡ, ץʘʞʳʨ-

 !ʘʰʘʥʜʘ ʘʨʪʘ ʙʝʨʩʽʥ ʜʝʛʽʤʽʟ ʢʝʣʝʜʽץ ʳʟשʘʡʨʘʪʳץ

ᴆʟ ʝשʙʝʢ ʞʦʣʳשʳʟʜʘ ʪʘʣʘʡ ʙʝʣʝʩʢʝ ʰʳסʳʧ, ײʞʳʤʥʳש ʞᴅʥʝ 

ʜʦʩʪʘʨʳשʳʟʜʳש ʜʘ ײץʨʤʝʪʽʥʝ ʙᴇʣʝʥʜʽשʽʟ. ʊʘשʜʘסʘʥ ʞʦʣʳשʳʟʜʳ 

ʘʙʳʨʦʡʤʝʥ ʞʘʣסʘʩʪʳʨʳʧ ʢʝʣʝ ʞʘʪץʘʥ ʪʘʤʘʰʘ ʙʘʣʘʣʘʨʜʳ ʪᴅʨʙʠʝʣʝʧ, 

ᴇʩʽʨʜʽשʽʟ. ɽʥʜʽʛʽʜʝ ʦʩʳ ʙʘʣʘʣʘʨʳשʳʟ ʙʝʥ ʥʝʤʝʨʝʣʝʨʽשʽʟʜʽץ שʳʟʳסʳʥ 

ʢᴇʨʽʧ, װʣʢʝʥ ʙᴅʡʪʝʨʝʢʪʝʡ ʞʘʧʳʨʘסʳשʳʟ ʞʘʡʳʣʘ ʙʝʨʩʽʥ ʜʝʡ ʦʪʳʨʳʧ, 

ʦʩʳ ץʫʘʥʳʰʪʳ ʢװʥʽ ʉʽʟʛʝ ʜʝʥʽשʽʟʜʽש ʩʘʫʣʳסʳʥ, ʰʘשʳʨʘסʳשʳʟסʘ 

ʳʨʳʩ ʙʘʡʣʳסʳʥ, ʞװʨʝʛʽשʽʟʛʝ ʤᴅשʛʽ ʞʘʩʪʳץ ʞʘʣʳʥʳʥ, ʢᴇשʽʣʽשʽʟʛʝ 

ʩʝʟʽʤʥʽש ʰʘʣץʳסʘʥ ʰʘʪʪʳסʳʥ ʪʽʣʝʛʽʤʽʟ ʢʝʣʝʜʽ. 

ᴄʨʜʘʡʳʤ ʦʩʳ ʪʳסשʳʣʳץʪʳ ʜʘ ʪʳʥʜʳʨʳʤʜʳ ץʘʣʧʳשʳʟʜʘʥ  

ʪʘʥʙʘʡ, ʪʘʙʳʩʪʘʥ ʪʘʙʳʩץʘ ʞʝʪʝ ʙʝʨʽשʽʟ. ʆʪʙʘʩʳשʳʟʜʘʥ ʳʥʪʳʤʘץ, 

ʙʘʩʳשʳʟʜʘʥ ʙʘץ ʪʘʡʤʘʩʳʥ! ʂᴇשʽʣʽשʽʟ ײסʤʳʨ ʙʦʡʳ ʢᴇʪʝʨʽשʢʽ ʙʦʣʳʧ, 

ᴇʤʽʨ ʘʡʜʳʥʳʥʜʘ ץʘʡסʳ-ʤשײʜʳ ʙʽʣʤʝʡ, ʝʨʢʽʥ ʞװʟʝ ʙʝʨʽשʽʟ. ɼʦʩ-ʞʘʨʘʥ 

ʤʝʥ ʪʫסʘʥ-ʪʫʳʩ ʘʣʜʳʥʜʘ ʘʙʳʨʦʡʳשʳʟ ᴅʨʜʘʡʳʤ ʘʨʪʳʧ, ʘשʩʘסʘʥ 

ʘʨʤʘʥʳשʳʟʜʳש ʘʩʫʣʘʨʳʥʘ ʞʝʪʝ ʙʝʨʽשʽʟ! 

 

ʊʽʣʝʡʤʽʟ ʙʘץʳʪʪʳ ᴇʤʽʨ ʘʰʳץ ʘʩʧʘʥ, 

ɾʘʣסʘʥʜʘ ʪʽʣʝʢ ʙʘʨ ʤʘ ʦʜʘʥ ʘʩץʘʥ. 

ɸʤʘʥ ʙʦʣʧr ʞʘʥײʷ, ʙʘʫʳʨʣʘʨʳשʳʟ, 

ɾʘʣסʘʥʩʳʥ ʘץ ʪʘשʜʘʨʳʥʳʟ ʥײʨʳʥ ʰʘʰץʘʥ! 

 

 
 

ɯʟʛʽ ʥʠʝʪʧʝʥ:    ɽ.ɸ. ɹϺʢʝʪʦʚ ʘʪʳʥʜʘϤʳ ϨʘʨʘϤʘʥʜʳ 

ʫʥʠʚʝʨʩʠʪʝʪʽʥʽϬ ϰʞʳʤʳ 
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ɼɸʅɸ ʍɸʃʓױ פʉʊɸɿʓ ï פɸɿɸפ פʓɿʓ 

 

ɸ. ʐʘϨʘʨʙʝʢϨʳʟʳ ï ʞʘʨʘʪʳʣʳʩʪʘʥʫ ϤʳʣʳʤʜʘʨʳʥʳϬ ʤʘʛʠʩʪʨʽ,  

çɸʡʉʘʬè ɾϧʄ, ʤʘʪʝʤʘʪʠʢʘ ʧϸʥʽʥʽϬ ʤϰϤʘʣʽʤʽ 

 

ᴄʨ ʘʜʘʤסʘ ʜʘʨʳʪץʘʥ ץʘʙʣʝʪʪʽ, 

 .ʦʡ ᴅʜʽʣʝʪʪʽץ ʜʽʨʝʪʪʽ ɸʣʣʘᴃײפ

ᴄʣʩʽʟ ʧʝʥʜʝש ʩʘʤסʘסʘʥ ʘʩץʘʨ ʰʳסשʘ, 

 .ʝʪʪʽ ץʳʣʳʤ ʤʝʥʝʥ ʙʽʣʽʤʜʽ ʘʟʳנ

 

ʊʘʙʠסʘʪʪʳש ʩʘʥ ץʳʨʳ ʞʳʨ ʙʦʧ ʞʘʪʪʳ, 

 .ʦʡʥʳʥʜʘ ʩʳʨ ʙʦʧ ʞʘʪʪʳץ ʧʠʷʩʳײפ

ɹװʢʽʣ ᴅʣʝʤ ʘʣʜʳʥʜʘ ʞʘʫʘʙʳ ʞʦץ, 

ʊʽʨʰʽʣʽʢʪʽש ʪʽʨʝʛʽ ʤשײ ʙʦʧ ʞʘʪʪʳ. 

 

ɸʡʥʘʣʜʳ ʤᴅʩʝʣʝ ʙʦʧ ʦʩʳ ʩײʨʘץ, 

ʆʡʣʘʥʜʳ ץʳʨʘסʳʣʘʨ סʘʩʳʨ ײʟʘץ. 

ɸץʳʨʳ ʞʘʫʘʧ ʘʣʳʧ ʩײʨʘסʳʥʘ, 

ʄʘʟʘʩʳʟʜʳץ ʞʦʡʳʣʜʳ, ץʘʣʤʘʜʳ ʜʘץ. 

 

ʆʡʣʘʥʜʳʨסʘʥ ʙײʣ ᴇʟʽ ץʘʥʜʘʡ ʩײʨʘץ, 

ᴆʤʽʨ ʜʝʛʝʥ ײץʨʘʣסʘʥ ʩʘʥʩʳʟ ײץʨʘץ. 

ʉʦʣ ײץʨʘץʪʳש ʙʽʨʽ ʝʜʽ ʵʥʝʨʛʠʷ, 

ɻʘʟ, ʤײʥʘʡʳ, ʢᴇʤʽʨʽ ʞʝʨʜʝʥ ʞʳʨʘץ. 

 

ɹײʣ ײץʨʘץʪʳײץ שʨʘʤʳ ʪʳʤ ʢᴇʧ ʝʜʽ, 

ɹʽʨʘץ ʩᴅʪʪʝ ʞʦʡʳʣʜʳ ʪʝʟ ײץʣʜʳʨʘʧ. 

ɸʣʘשʜʘʪץʘʥ ʘʜʘʤʟʘʪ ʢʝʣʝʰʝʛʽʥ, 

ʂʝʟʽ ʢʝʣʜʽ ʵʥʝʨʛʠʷ ʝʣʜʝʥ ʞʳʨʘץ. 

 

ɸʪץʘ ץʦʥʜʳ ʝʨʣʝʨʽ ʝʣʽʤʽʟʜʽש, 

ʊ̔ʨʝʛʽ סʦʡ ʞʝʨʜʝʛʽ ʪᴇʨʽʤʽʟʜʽש. 

ʉʦʣ ʘʪʪʳʣʘʨ ʽʰʽʥʝʥ ʞʘʣסʳʟ ʘץץʫ, 

 .שʰʳʧ ᴇʪʪʽ ʞʘʥʳʥʘʥ ʢᴇʣʽʤʽʟʜʽױ

 

ɸץץʫ ʢʝʪʪʽ ײʟʘʧ ײʰʳʧ ʘʡʜʳʥʳʥʘʥ, 

ʂʝʨʝʢ ʜʝʩʝש ʘʩʧʘʥʜʘסʳ ʘʡʜʳ ʜʘ ʘʣʘʤ. 

ɽʡ ʘʜʘʤʟʘʪ ʤשײʘʡʤʘ, ʢשװʽʨʝʥʙʝ, 

ʊʘʫʩʳʣʤʘʡʪʳʥ ʵʥʝʨʛʠʷ ʢᴇʟʽʥ ʪʘʙʘʤ. 

 

ɸʡʪץʘʥ ʩᴇʟʽ ʘʪʳʣסʘʥ ʦץʪʘʡ ʙʦʣʜʳ, 

ʉʘʥʩʳʟ ʞײʣʜʳʟ ʽʰʽʥʜʝ ʰʦץʪʘʡ ʙʦʣʜʳ. 

 ,ʥʜʝʨ ᴇʪʪʽװʥʜʝʨ ʤʝʥʝʥ ʪװʳʩʳʟ ʢץʡױ

ɸʣ ʙʽʟʜʝʨʛʝ ʵʥʝʨʛʠʷ ʢᴇʟʽ ʞʝʪʪʽ. 
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ʊʘʫʩʳʣʤʘʡʪʳʥ װʥʝʤʽ ʞʘשʘʨʘʪʳʥ, 

ʉʘʨץʳʣʤʘʡʪʳʥ, ʩʘʣʤʘסʳ ʩʘʥʘʣʤʘʡʪʳʥ. 

ʂᴇʨʽʥʙʝʡʪʽʥ ʢᴇʟʽשʝ ײʰʳ-ץʠʳʨ, 

 .ʳʨשʦץ ʘ ʞʝʣʽשʦʣʳץ ʩʪʘʣʤʘʡʪʳʥױ

 

ɾʝʣ ʝʢʝʥʽ ʪʘʙʳʣʜʳ ʞʳʣʜʘʤ ץʘʪʪʳ, 

ɾʳʣʜʘʤʜʳסʳ ʘסʳʩʪʳ ʩʫʜʘʥ ץʘʪʪʳ. 

 ,שʳʥ ʙʘʡʣʘʡʪʳʥ ʦʩʳ ʞʝʣʜʽסʦʣ-ʘʷפ

ʊʫʨʙʠʥʘʩʳ ʪʘʙʳʣʜʳ ʢᴇʧ ץʘʥʘʪʪʳ. 

 

ʉʦʣ ʪʫʨʙʠʥʘ ʞʠʥʘʜʳ ʞʝʣʜʝʥ ʘʟʳץ, 

ʕʥʝʨʛʠʷ ʰʳסʘʨʜʳ ʝʣʛʝ ʘʟʳץ. 

ɽʣ ʘʟʳסʳ ʪʦʣʳץʪʳ ץʘʤʙʘʩʳʥʘ, 

ɸץץʫ ץʘʡʪʳʧ ʢʝʣʽʧʪʽ ʢᴇʣ ʙʘʩʳʥʘ. 

 

ʉʦʣ ʘץץʫʜʳ ᴅʡ ʭʘʣץʳʤ ʙʘסʘʣʘʡʳץ, 

ᴆʤʽʨʽʥʝʥ ᴇʥʝʛʝ ʘʧ ʜʘʨʘʣʘʡʳץ. 

ɸʪ ʘʣʫסʘ ʣʘʡʳץʪʳ ʜʝʧ ʙʽʣʝʤʽʥ, 

çɼʘʥʘ ʭʘʣʳײ ץʩʪʘʟʳè - ʜʝʛʝʥ ʣʘʡʳץ. 

 

ɸʥʘʩʳʥʜʘʡ ʘʨʫʣʘʨʜʳש ʘץ ʞװʨʝʢʪʽ, 

ɾʘʥʘʰʳʨʳʥʜʘʡ, ʞʘץʳʥʳʥʜʘʡ ʘץ ʥʠʝʪʪʽ. 

ɾʘʥʳ ʥᴅʟʽʢ ʙʦʣʩʘ ʜʘ ʘץץʫʜʘʡʳʥ, 

ɹʽʣʽʤʽʤʝʥ ʤʳשʜʳ ʞʳסʘʨ ʞʘʫ ʞװʨʝʢʪʽ. 

 

ʐᴅʢʽʨʪʩʽʟ ײʩʪʘʟʜʘʨʜʳש ᴇʤʽʨʽ ʪײʣ, 

ɹײʣ ײʩʪʘʟʜʳש ʰᴅʢʽʨʪʩʽʟ ʤʠʥʫʪʳ ײץʨ. 

ʉʘʥʩʳʟ ײʨʧʘץ ʩʦשʳʥʘʥ ʞʦʣʳʥ ץʫʳʧ, 

ɸʪʪʘʥסʘʥ ʰʘʪ-ʰʘʜʳʤʘʥ ᴇʤʽʨʛʝ ʙײʣ. 

 

ʉʦʣ ʰᴅʢʽʨʪʪʽש ʙʽʨʽ ʝʜʽʤ ץʘʣʤʘʜʳʤ ײץʨ, 

ɸץץʫ ʜʝʛʝʥ ʪʝשʝʫʜʽ ʞʘʟʙʘʜʳʤ ײץʨ. 

ɸʷʫʣʳ ʘʥʘ, ʘʩʳʣ ʞʘʨ, ʘʨʫ ײʩʪʘʟ, 

ʆʪʙʘʩʳ ʤʝʥ ʞײʤʳʩʪʘ ʙʦʣʤʘʜʳ ײץʨ. 

 

 !ʣʳ ʙʦʣʩʳʥײ ʙʠʽʢ שʩʪʘʟʳʤ ʨʫʭʳױ

ɾʘʨʘʪʫʰʳʤ ʞʘʥʳשʳʟʜʳש ʥײʨʳ ʙʦʣʩʳʥ! 

ɽʨʰʠʥʘ ɸʡʥʘʛװʣ פʘʧʘʩץʳʟʳ, 

 !ʳʟʳ ʙʦʣʩʳʥץ ʘ ʞʝʪʧʝʩסʙʘ שʳʤʥʳסʘʟʘפ
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ɯ ʉɽʂʎʀʗ. çGREEN ENERGYè ï ɹʆʃɸʐɸפ ʕʅɽʈɻʀʗ ʂᴆɿɼɽʈɯ 

ɯ ʉɽʂʎʀʗ. çGREEN ENERGYè ï ʀʉʊʆʏʅʀʂʀ ʕʅɽʈɻʀʀ ɹʋɼʋʑɽɻʆ 

ɯ SECTION. çGREEN ENERGYè ï ENERGY SOURCES OF THE FUTURE 

 

ᴄᴆɾ 501 

 

ʂɽרɯʉʊɯʂʊɯ ɾʓʃʓʊʋ ɾᴄʅɽ ʓʉʊʓפ ʉʋʄɽʅ פɸʄʊɸʄɸʉʓɿ ɽʊʋɻɽ 

ɸʈʅɸʃנɸʅ ʂɸʉʂɸɼʊʓ ʊɯʂɽʃɽʁ ʂɽרɽʁɽʊɯʅ ʂתʅ ɾʓʃʋ ʅɸʉʆʉʓʅʓר 

ʊɽʈʄʆɼʀʅɸʄʀʂɸʃʓפ ɸʅɸʃʀɿɯ 

 

ɸʟʘʤʘʪ ɸ.ɸ., 1 ʢʫʨʩ PhD ʜʦʢʪʦʨʘʥʪʳ 
ᴅʣ-ʌʘʨʘʙʠ ʘʪʳʥʜʘסʳ פʘʟʘײ ץʣʪʪʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʣʤʘʪʳ פ ,.ץʘʟʘץʩʪʘʥ 

e-mail: asqar.azamatov@gmail.com 

 

ʂɯʈɯʉʇɽ 

ʂװʥ ʵʥʝʨʛʝʪʠʢʘʩʳ ï ʜᴅʩʪװʨʣʽ ʝʤʝʩ ʵʥʝʨʛʝʪʠʢʘ ʙʘסʳʪʪʘʨʳʥʳש ʙʽʨ ʪװʨʽʥʝ ʞʘʪʘʜʳ. ʂװʥ 

ʩᴅʫʣʝʩʽʥʝʥ 2 ʪװʨʣʽ ʵʥʝʨʛʠʷ ʘʣʫסʘ ʙʦʣʘʜʳ: ʬʦʪʦʵʣʝʤʝʥʪʪʝʨ ʢᴇʤʝʛʽʤʝʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʞᴅʥʝ 

ʪʽʢʝʣʝʡ ʞʳʣʳʪʫסʘ ץʘʞʝʪʪʽ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳ. ɸʣʳʥʘʪʳʥ ʵʥʝʨʛʠʷ ʪװʨʣʝʨʽ ץʦʨʰʘסʘʥ ʦʨʪʘ װʰʽʥ 

ʵʢʦʣʦʛʠʷʣʳץ ʞʘסʳʥʘʥ ʝʰ ʟʠʷʥʳ ʞʦץ. ʂװʥ ץʫʘʪʪʳʣʳסʳʥ ʂװʥ ʪײʨʘץʪʳʩʳʤʝʥ ʘʥʳץʘʪʘʣʘʪʳʥʜʳסʳ 

ʙʝʣʛʽʣʽ. ʂװʥ ʪײʨʘץʪʳʩʳ  ʜʝʛʝʥʽʤʽʟ ï ʢװʥ ʩᴅʫʣʝʩʽʥʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʙʦʣʘʪʳʥ ʙʽʨʣʽʢ ʘʫʜʘʥʥʘʥ ʙʽʨʣʽʢ 

ʫʘץʳʪ ʽʰʽʥʜʝ ᴇʪʝʪʽʥ ʢװʥʥʽש ʩᴅʫʣʝ ʰʳסʘʨʫ ץʘʙʽʣʝʪʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʬʠʟʠʢʘʣʳץ ʰʘʤʘ. ɾʝʨ 

ʦʨʙʠʪʘʩʳʥʜʘסʳ ʙײʣ ʰʘʤʘʥʳש ʤᴅʥʽ ʰʘʤʘʤʝʥ 1370 ɺʪ/ʤĮ-ץʘ ʪʝש. ɾʝʨ ʘʪʤʦʩʬʝʨʘʩʳʥʘʥ ᴇʪʢʝʥ ʢʝʟʜʝ ʦʣ 

ʤᴅʥ 370 ɺʪ/ʤĮ - ץʘ ʢʝʤʠʜʽ.  

ɹײʣ ʞײʤʳʩʪʘ ʟʝʨʪʪʝʫ ʦʙʲʝʢʪʽʩʽ ʨʝʪʽʥʜʝ ʢװʥ ʢʦʣʣʝʢʪʦʨʳ ʘʣʳʥʜʳ. פʘʟʽʨʛʽ ʪʘשʜʘ ʢᴇʧʪʝʛʝʥ ʙʘʪʳʩ 

ʞᴅʥʝ ʰʳסʳʩ-ʘʟʠʷ ʤʝʤʣʝʢʝʪʪʝʨʽ סʘʣʳʤʜʘʨʳ ʪʘʨʘʧʳʥʘʥ ʳʩʪʳץ ʩʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ, ʰʘסʳʥ ʪײʨסʳʥ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴅʥʝ ʪ.ʙץ ʳʥ ʞʳʣʫʤʝʥסʳʥʜʘʪʫ, ʞʳʣʳʞʘʡ ʰʘʨʫʰʘʣʳץʡʣʝʨʜʽ ʞʳʣʳʪʫ ʞᴅʥʝ ʩʘʣװ

ʤʘץʩʘʪʪʘʨʜʘ ץʦʣʜʘʥʫ װʰʽʥ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ʟʝʨʪʪʝʣʫʜʝ. ʊʄɼ ʝʣʜʝʨʽʥʜʝ, ʩʦʥʳש ʽʰʽʥʜʝ פʘʟʘץʩʪʘʥʜʘ 

ʙײʣ ʞװʡʝʛʝ ʞʝʪʢʽʣʽʢʪʽ ʜʝשʛʝʡʜʝ ʢᴇשʽʣ ʙᴇʣʽʥʽʧ ʞʘʪץʘʥ ʞʦץ.  

 

ɽʉɽʇʊɯר ʌʀɿʀʂɸʃʓפ פʆʁʓʃʓʄʓ 

ɾײʤʳʩ ʙʘʨʳʩʳʥʜʘ ʢʝʣʝʩʽ  ʞװʡʝ ץʘʨʘʩʪʳʨʳʣʜʳ: 

1) ʊʽʢʝʣʝʡ ʢʝשʝʡʝʪʽʥ ʢʘʩʢʘʜʪʳ ʢװʥ ʞʳʣʫ ʥʘʩʦʩʳ; 

ɸʫʜʘʥʳ 2,03 ʤ
2
 (2ʭ1 ʤ) ʙʝʪʽ ʰʳʥʳʣʘʥסʘʥ ʢװʥ ʢʦʣʣʝʢʪʦʨʳ  R407C ʞᴅʥʝ R134a ʭʣʘʜʘʛʝʥʪʪʝʨʽ 

 ʪʽʢʰʝʣʝʨʛʝװʽʰʽʥʜʝ ʤʳʩ ʪ שʥ ʢʦʣʣʝʢʪʦʨʳʥʳװʘʨʘʜʳ. ʂץʳʰ ʨʝʪʽʥʜʝ (ʞʳʣʫ ʢᴇʟʽ) ʨᴇʣ ʘʪסʰʽʥ ʙʫʣʘʥʜʳʨװ

ʙʝʢʽʪʽʣʛʝʥ ץʘʣʳשʜʳסʳ 0.8 ʤʤ ʞᴅʥʝ ײʟʳʥʜʳסʳ 10 ʤʤ ʤʳʩ ץʘʙʳʨסʘʣʘʨ ʦʨʥʘʣʘʩץʘʥ. ʂװʥ ʩᴅʫʣʝʩʽʥ 

ʤʘʢʩʠʤʘʣʴʜʽ ץʘʙʳʣʜʘʫ ʤʘץʩʘʪʳʥʜʘ ʢװʥ ʢʦʣʣʝʢʪʦʨʳ-ʙʫʣʘʥʜʳʨסʳʰʳʥʳש ʘʙʩʦʨʙʝʨʽ ץʘʨʘ ʙʦʷʫʤʝʥ 

ʙʦʷʣʳʥʘʜʳ. ɸʙʩʦʨʙʝʨ ʧʣʘʩʪʠʥʢʘʩʳ ʰʳʥʳʣʘʥסʘʥ ʤᴇʣʜʽʨ ʙʝʪʪʽש ʘʩʪʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ ʞᴅʥʝ ʦʣʘʨʜʳש 

ʘʨʘʩʳʥʜʘ ʘʫʘʜʘʥ ʪײʨʘʪʳʥ ʢʝשʽʩʪʽʢ ʙʘʨ. ɾʳʣʫ ʞʦסʘʣʪʧʘʩ װʰʽʥ ʢװʥ ʢʦʣʣʝʢʪʦʨʳʥʳש ʪᴇʤʝʥʛʽ ʙᴇʣʽʛʽ 

 ʥ ʩᴅʫʣʝʩʽʥʝʥװʘʥ ʦʨʪʘʜʘʥ ʞᴅʥʝ ʢסʦʨʰʘץ ʥ ʢʦʣʣʝʢʪʦʨʳװʪʘʤʝʥ ʦʨʘʣʘʜʳ. ʂץʳ 25 ʤʤ ʰʳʥʳʤʘסʜʳשʘʣʳץ

ʤʘʢʩʠʤʘʣʴʜʽ ʞʳʣʫ ʘʣʫ װʰʽʥ ʘʨʥʘʡʳ ʝʨʝʢʰʝ ʪװʨʜʝ ʞʦʙʘʣʘʥסʘʥ, ʞᴅʥʝ ʘʣʳʥʘʪʳʥ ʞʳʣʫ ʤᴇʣʰʝʨʽ 2.8 

ʢɺʪ-ʪʳ ײץʨʘʡʜʳ. R407C ʭʣʘʜʘʛʝʥʪʽʤʝʥ ʞײʤʳʩ ʞʘʩʘʡʪʳʥ ʧʦʨʰʝʥʜʽʢ ʪʠʧʪʝʛʽ ʛʝʨʤʝʪʠʢʘʣʳץ 

ʢʦʤʧʨʝʩʩʦʨ ץʦʣʜʘʥʳʣסʘʥ ʐʘʤʘʜʘʥ ʪʳʩ ʞײʤʳʩ ʞʘʩʘʤʘʩ װʰʽʥ, ʽʰʢʽ ץʳʟʫ ʙʦʣʤʘʩ װʰʽʥ ʢʦʤʧʨʝʩʩʦʨʛʝ 

ᴇʰʽʨʝʪʽʥ ץʦʩץʳʰʪʘʨ ʞʘʣסʘʥסʘʥ.  ɾʳʣʫʣʳץ ʤᴇʣʰʝʨʽ 6,9965 ʢɺʪ ʞᴅʥʝ ʤʘʩʩʘʣʳץ ʰʳסʳʥʳ 0,043ʢʛ/ʩ ï 

 ʘʥ. ʍʣʘʜʘʛʝʥʪ ʨʝʩʠʚʝʨʽ ʞᴅʥʝ ʢᴇʨʫסʦʣʜʘʥʳʣץ ʳʰ (ʢʦʥʜʝʥʩʘʪʦʨ)סʞʳʣʫ ʘʣʤʘʩʪʳʨ ץʧʣʘʩʪʠʥʘʣʳ שʘ ʪʝץ

ʰʳʥʳʩʳ ʢʦʥʜʝʥʩʘʪʦʨ ʞᴅʥʝ ʭʣʘʜʛʝʥʪʪʝʛʽ ʳʣסʘʣʜʳ ʢʝʪʽʨʫ װʰʽʥ ʞᴅʥʝ ʰʳסʳʥʜʳ ᴇʣʰʝʫ װʰʽʥ 

 ʦʨʥʘʪʳʣʘʜʳ. ʊʝʨʤʦʨʝʪʪʝʛʽʰ ʚʝʥʪʠʣʴ שʳʥ ᴇʣʰʝʛʽʰʪʝʥ ʩʦסʦʣʜʘʥʳʣʘʪʳʥ ʢʝʧʪʽʨʫ ʬʠʣʴʪʨʽ ʞᴅʥʝ ʰʳץ

ʢװʥ ʢʦʣʣʝʢʪʦʨʳ-ʙʫʣʘʥʜʳʨסʳʰ ʘʨץʳʣʳ ʭʣʘʜʘʛʝʥʪʪʽש ʘסʳʩʳʥ ʨʝʪʪʝʧ ʦʪʳʨʘʜʳ. 

ʊʽʢʝʣʝʡ ʢʝשʝʡʝʪʽʥ ʢʘʩʢʘʜʪʳ ʢװʥ ʞʳʣʫ ʥʘʩʦʩʳ: ʙײʣ ʞװʡʝ ʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳʥ װʣʢʝʡʪʫ 

ʤʘץʩʘʪʳʥʜʘ ʙʽʨʽʥʝʥ ʢʝʡʽʥ ʙʽʨʽ ʝʢʽ ʞʳʣʫ ʥʘʩʦʩʳ ץʦʩʳʣʘʜʳ. ɹʽʨʽʥʰʽ ʢʦʥʪʫʨʜʘ ʢװʥ ʞʳʣʫ ʥʘʩʦʩʳ 

 .ʦʣʜʘʥʳʣʘʜʳ. (1-ʩʫʨʝʪ)ץ
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1-ʩʫʨʝʪ. ʊʽʢʝʣʝʡ ʢʝשʝʡʝʪʽʥ ʢװʥ ʞʳʣʫ ʥʘʩʦʩʳʥʳש ʩʭʝʤʘʩʳ. 

 

ʄɸʊɽʄɸʊʀʂɸʃʓפ ʄʆɼɽʃɯ 

ʊʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʪʘʣʜʘʫ ʢʝʣʝʩʽ ʞʦʨʘʤʘʣʜʘʨʜʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʞʘʩʘʣʜʳ: 

- ɹʘʨʣʳץ ʧʨʦʮʝʩʩʪʝʨ ʩʪʘʮʠʦʥʘʨ, ʷסʥʠ ʫʘץʳʪʪʘʥ ʪᴅʫʝʣʩʽʟ; 

- ʇʦʪʝʥʮʠʘʣʜʳץ, ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʢʠʥʝʪʠʢʘʣʳץ ʵʬʬʝʢʪʪʝʨʜʽ ʝʩʢʝʨʤʝʫ ʞʦʨʘʤʘʣʳ ʦʨʳʥʜʳ; 

- ʄʝʭʘʥʠʢʘʣʳץ (mechanicalh ) ʞᴅʥʝ ʵʣʝʢʪʨʣʽʢ (electricalh ) ʪʠʽʤʜʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ (ʢʝʡʙʽʨ 

ᴅʜʝʙʠʝʪʪʝʨʜʝ ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʵʣʝʢʪʨʣʽʢ ʇᴄʂ) 0.85 ï ʢʝ ʪʝש ʞʦʨʘʤʘʣʜʘʥʘʜʳ; 

- ʂᴇʣʝʤʜʽʢ ʪʠʽʤʜʽʣʽʢ (ʢʝʡʙʽʨ ᴅʜʝʙʠʝʪʪʝʨʜʝ ʢᴇʣʝʤʜʽʢ ʇᴄʂ) 0.8 ï ʢʝ ʪʝש ʜʝʧ ʞʦʨʘʤʘʣʜʘʥʘʜʳ; 

- ʂʦʤʧʨʝʩʩʦʨ ʞʳʣʜʘʤʜʳסʳ  2900 rpm (8.4 ʤ3
/ʩʘס) ʞᴅʥʝ 3500 rpm (10.1 ʤ

3
/cʘס). 

- ʉʦʨʫ ʪʘʢʪʽʥʽש ʩʦשʳʥʜʘסʳ ʧʦʨʰʝʥʥʽש ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʢᴇʣʝʤʽ (Vdis) 48.06 -ʢʝ ʩʤ
3
/ʘʡʥ 

(cm
3
/rev); 

- ʄʠʥʠʤʘʣʴʜʽ ʢʦʥʚʝʢʪʠʚʪʽ ʵʥʝʨʛʠʷ ʞʦסʘʣʪʘʪʳʥ ʘʫʜʘʥʳ (ɸ) 2 ʤ
2
  ʝʢʽ ʢװʥ ʢʦʣʣʝʢʪʦʨʳ. 

ʄʝʥʰʽʢʪʽ ʵʢʩʝʨʛʠʷ (ʝʭ [ʢɼʞ/ʢʛ]) ʞᴅʥʝ ʪʦʣʳץ ʵʢʩʝʨʛʠʷ (Ex  [ʢɺʪ]) ʢʝʣʝʩʽ ʪʝשʜʝʫʣʝʨʜʽ ץʦʣʜʘʥʘ 

ʦʪʳʨʳʧ ʝʩʝʧʪʝʣʽʥʝʜʽ (1-2): 

),()( 000 ssThh ---=y                                                          (1) 

ymEx &=
¶

                                                                      (2) 

ʂʦʤʧʨʝʩʩʦʨ 

ɾװʡʝʜʝʛʽ ʮʠʨʢʫʣʷʮʠʷʣʘʥʳʧ ʞʘʪץʘʥ  R407C ʞᴅʥʝ R134a ʭʣʘʜʘʛʝʥʪʪʝʨʽʥʽש ʤʘʩʩʘʣʳץ ʰʳסʳʥʳ (

rm&) 0.03429 ʢʛ/ʩ ï ʢʝ ʪʝש. ʂʦʤʧʨʝʩʩʦʨʜʳש  ʞʘʩʘʣʳʥʘʪʳʥ ʞײʤʳʩʳ (compW& ) ʢʝʣʝʩʽ ʬʦʨʤʫʣʘʣʘʨ 

ʘʨץʳʣʳ ʘʥʳץʪʘʣʳʥʘʜʳ  (3-4): 

).( 12comp hhmW r -=&&                                                           (3) 

.
)( 12

eleccomp,

electricalmechanical

r hhm
W

hh ³

-
=

&&                                                (4) 

ʂʦʤʧʨʝʩʦʨʜʳש ʵʢʩʝʨʛʠʷ ʞʦסʘʣʫʳ (
dest(comp)Ex ) ʠ ʵʢʩʝʨʛʝʪʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢ      

(
compe ) ʪᴇʤʝʥʜʝʛʽ ʬʦʨʤʫʣʘʣʘʨ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʣʝʜʽ (5-6): 

eleccomprcompdest WmEx ,21)( )( && +-=
¶

yy                                       (6) 

eleccomp

comp
W

ExEx

,

12

¶¶

-
=e                                                              (7) 

ʂʦʥʜʝʥʩʘʪʦʨ 

ʂʦʥʜʝʥʩʘʪʦʨʜʳש ʵʢʩʝʨʛʝʪʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽ  (Ůcond) ʢʝʣʝʩʽ ץʘʪʳʥʘʩʪʳץ שʦʣʜʘʥʫʳʤʝʥ 

ʘʥʳץʪʘʣʳʥʘʜʳ (7). 

1

2

y

y
e =cond

                                                                  (8) 

ʂʝϬʝʡʪʢʽʰ ʢʣʘʧʘʥ 

ʊʝʨʤʦʨʝʪʪʝʛʽʰ ʚʝʥʪʠʣʴʜʝʛʽ (ʊʈɺ) ʢʝשʝʶ ʧʨʦʮʝʩʽ ʠʟʦʵʥʪʘʣʴʧʠʷʣʳץ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʕʢʩʝʨʛʝʪʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢ (Ů(TEV))  ʪᴇʤʝʥʜʝʛʽ ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʣʽʥʝʜʽ (8). 



27 

1

2

y

y
e =TEV

                                                                      (9) 

ɹʫʣʘʥʜʳʨϤʳʰ (ʢϮʥ ʢʦʣʣʝʢʪʦʨʳ) 

ʂװʥ ʢʦʣʣʝʢʪʦʨʳʥʳש ʵʢʩʝʨʛʝʪʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽ (e(s.collector)) ʢʝʣʝʩʽ ʬʦʨʤʫʣʘ ʘʨץʳʣʳ ʪʘʙʳʣʘʜʳ 

(9). 

.
3

4

3

1
1

)]ln()[(

0
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2
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÷
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÷
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+

--

=

&

&

e
                                            (10) 

ʄײʥʜʘסʳ I& ʧʨʦʮʝʩʩʪʽץ שʘʡʪʳʤʩʳʟʜʳץ ʢᴇʨʩʝʪʢʽʰʽ (ʢɺʪ). 

ɾʘʣʧʳ ʞϮʡʝ 

ɾʘʣʧʳ ʞװʡʝʥʽש ʵʢʩʝʨʛʠʷ ʞʦסʘʣʫʳ ()(systemdestEx
¶

) ʞᴅʥʝ ʵʢʩʝʨʛʝʪʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢ (esystem) 

ʪᴇʤʝʥʜʝʛʽ ʬʦʨʤʫʣʘʣʘʨ ʘʨץʳʣʳ ʝʩʝʧʪʝʣʽʥʝʜʽ (10-11). 

),.().(exp)()()( collectorsdestvalvedestconddestcompdestsystemdest ExExExExEx
¶¶¶¶¶

+++=            (11) 

.1

in

dest

system

Ex

Ex
¶

¶

-=e                                                               (12) 

ʊװʡʽʥʜʝʨʜʝʛʽ ʪʝʧʣʦʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨ REFPROP ʙʘסʜʘʨʣʘʤʘʩʳ ʘʨץʳʣʳ ʘʥʳץʪʘʣʳʥʜʳ. 

 

ʅᴄʊʀɾɽʃɽʈɼɯ ʊɸʃɼɸʋ 

ʂʝʩʪʝ-1.  8Üʉ װʰʽʥ ˉ1 ʢװʥ ʞʳʣʫ ʥʘʩʦʩʳ ʞװʡʝʩʽ װʰʽʥ ʵʢʩʝʨʛʝʪʠʢʘʣʳץ ʪʘʣʜʘʫ. 

ˉ ʕʣʝʤʝʥʪ ʘʪʘʫʳ ʉײʡʳץ 

ʪʳץ 

ʊʝʤʧʝʨʘ

ʪʫʨʘ 

T (K) 

ʄʝʥʰʽʢʪʽ 

ʥɻʪʘʣʴʧʠʷ 

h(ʢɼʞ/ʢʛ) 

ʄʝʥʰʽʢʪʽ 

ʵʥʪʨʦʧʠʷ 

s  (ʢɼʞ/ʢʛ 

ʂ) 

ʄʝʥʰʽ

ʢʪʽ 

ʢɻʩʝʨʛʠ

 ̫ ɣ 

(ʢɼʞ/ʢʛ 

1 ɺʭʦʜ ʚ ʢʦʤʧʨʝʩʩʦʨ 1/ 

ɺʳʭʦʜ ʠʟ ʩʦʣʥʝʯʥʦʛʦ 

ʢʦʣʣʝʢʪʦʨʘ 1 

R407C - - - - 

2 ɺʳʭʦʜ ʠʟ ʢʦʤʧʨʝʩʩʦʨʘ 1/ɺʭʦʜ ʚ 

ʢʦʥʜʝʥʩʘʪʦʨ 1 

R407C - - - - 

3 ɺʳʭʦʜ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʘ 1/  

ɺʭʦʜ ʚ ʨʘʩʰʠʨʠʪʝʣʴʥʳʡ ʢʣʘʧʘʥ 

1 

R407C - - - - 

4 ɺʳʭʦʜ ʠʟ ʨʘʩʰʠʨʠʪʝʣʴʥʦʛʦ 

ʢʣʘʧʘʥʘ 1/ ʚʭʦʜ ʚ ʩʦʣʥʝʯʥʳʡ 

ʢʦʣʣʝʢʪʦʨ 

R407C - - - - 

5 ɺʳʭʦʜ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʘ 1/  

ɺʭʦʜ ʚ ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʥʘʩʦʩ 

1 

ɸʥʪʠ 

ʬʨʠʟ 

- - - - 

6 ɺʳʭʦʜ ʠʟ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ 

ʥʘʩʦʩʘ 1/ɺʭʦʜ ʚ ʢʦʥʜʝʥʩʘʪʦʨ 2 

ɸʥʪʠ 

ʬʨʠʟ  

- - - - 

7 ɺʳʭʦʜ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʘ 2/  

ɺʭʦʜ ʚ ʢʦʥʜʝʥʩʘʪʦʨ 1 

ɸʥʪʠ 

ʬʨʠʟ  

- - - - 

8 ɺʳʭʦʜ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʘ 2/  

ɺʭʦʜ ʚ ʢʦʤʧʨʝʩʩʦʨ 2 

R134ʘ 248,9 257,01 6,237 0,3830 

9 ɺʳʭʦʜ ʠʟ ʢʦʤʧʨʝʩʩʦʨʘ 2/  

ɺʭʦʜ ʚ ʢʦʥʜʝʥʩʘʪʦʨ 3 

R134ʘ 341,7 353,18 6,2933 1,6397 

10 ɺʳʭʦʜ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʘ 3/ ɺʭʦʜ 

ʚ ʨʘʩʰʠʨʠʪʝʣʴʥʳʡ ʢʣʘʧʘʥ 2 

R134ʘ 315,3 325,37 6,2086 0,2273 

11 ɺʳʭʦʜ ʠʟ ʨʘʩʰʠʨʠʪʝʣʴʥʦʛʦ 

ʢʣʘʧʘʥʘ 2/ ɺʭʦʜ ʚ ʢʦʥʜʝʥʩʘʪʦʨ 

2 

R134ʘ 249,2 258,58 7,3368 0,0233 
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12 ɺʳʭʦʜ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʘ 3/ ɺʭʦʜ 

ʚ ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʥʘʩʦʩ 2 

ɸʥʪʠ 

ʬʨʠʟ 

341,7 353,18 6,2933 0,6868 

13 ɺʳʭʦʜ ʠʟ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ 

ʥʘʩʦʩʘ 2/ ɺʭʦʜ ʚ "ʪʝʧʣʳʡ ʧʦʣ" 

ɸʥʪʠ 

ʬʨʠʟ 

339,7 351,89 6,4954 0,7102 

14 ɺʳʭʦʜ ʠʟ "ʪʝʧʣʦʛʦ ʧʦʣʘ" / ɺʭʦʜ 

ʚ ʢʦʥʜʝʥʩʘʪʦʨ 3 

ɸʥʪʠ 

ʬʨʠʟ 

315,2 326,24 6,4170 0,4538 

 

 

 
 

ɼʠʘʛʨʘʤʤʘ-1. ɾװʡʝʣʝʨʜʽש ʵʢʩʝʨʛʝʪʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

ɼʠʘʛʨʘʤʤʘʜʘ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨ ʞװʡʝʣʝʨʽʥʽײץ שʨʳʣʳʩ ʝʨʝʢʰʝʣʽʛʽʥʝ ץʘʪʳʩʪʳ ᴅʨ ʵʣʝʤʝʥʪʽ װʰʽʥ 

ʵʢʩʝʨʛʝʪʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢʪʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ɼʠʘʛʨʘʤʤʘʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʤʘʢʩʠʤʘʣʴʜʽ ʵʬʬʝʢʪʠʚʪʽ, 

ʷסʥʠ ʤʠʥʠʤʘʣʴʜʽ ʞʳʣʫ ʞʦסʘʣʪʘʪʳʥ ʞװʡʝ ˉ1 ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʫʳץ ʢʣʠʤʘʪʪʳץ ʞʘסʜʘʡʣʘʨʜʘ ʢװʥ 

ʢʦʣʣʝʢʪʦʨʳʥʳש ʵʢʩʝʨʛʝʪʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽ 5-27% ʘʨʘʩʳʥʜʘ ᴇʟʛʝʨʽʧ ʦʪʳʨʘʜʳ. ʂʦʥʜʝʥʩʘʪʦʨʣʘʨ 

ʪʠʽʤʜʽʣʽʛʽ 9-15% ʘʨʘʩʳʥʜʘ, ʘʣ ʢʦʤʧʨʝʩʩʦʨ ʪʠʽʤʜʽʣʽʛʽ 10-88% ʘʨʘʩʳʥʜʘ ʘʫʳʩʳʧ ʦʪʳʨʘʜʳ 

 ʪʠʽʤʜʽʣʽʢ ץʡʝʣʝʨʜʽ ʵʢʩʝʨʛʝʪʠʢʘʣʳװʞ ץʤʳʩʪʘ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʳײʣ ʞײʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ ʙפ

ʘʨץʳʣʳ ʙʘסʘ ʙʝʨʫʛʝ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ײץʨʳʣʜʳ. ɽʩʝʧʪʽ ʰʝʰʫ ʙʘʨʳʩʳʥʜʘ ʛʝʣʠʢʦʣʣʝʢʪʦʨ 

ʞװʡʝʩʽʥʽש ᴅʨ ʙᴇʣʰʝʛʽʥʝ ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʘʥʘʣʠʟ ʞʘʩʘʣʳʥʜʳ: ʢװʥ ʢʦʣʣʝʢʪʦʨʳ, ʢʦʤʧʨʝʩʩʦʨ, 

ʞʳʣʫʘʣʤʘʩʪʳʨסʳʰ (ʢʦʥʜʝʥʩʘʪʦʨ), ʢʝשʝʡʪʢʽʰ ʢʣʘʧʘʥ.  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʟʝʤʣʝ ʦʯʝʥʴ ʤʥʦʛʦ ʚʠʜʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʀʭ ʤʦʞʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʩʪʝʧʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘ 2 ʚʠʜʘ: ʠʩʯʝʨʧʘʝʤʳʝ (ʥʝʬʪʴ,ʛʘʟ ʠ ʜʨ.) ʠ 

ʥʝʠʩʯʝʨʧʘʝʤʳʝ (ʩʦʣʥʝʯʥʘʷ, ʚʝʪʨʦʚʘʷ ʵʥʝʨʛʠʷ ʠ ʜʨ.) ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ. ɺ ʪʦʤ ʯʠʩʣʝ, ʠʟʚʝʩʪʥʦ, 

ʯʪʦ ʚ ʤʠʨʝ ʫʨʦʚʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʯʝʨʧʘʝʤʳʭ ʚʠʜʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚʳʰʝ, ʯʝʤ 

ʥʝʠʩʯʝʨʧʘʝʤʳʭ. ʇʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʤ ʧʦʜʩʯʝʪʘʤ ʫʯʝʥʳʭ, ʝʩʣʠ ʪʝʤʧʳ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ 

ʯʝʣʦʚʝʯʝʩʪʚʘ ʧʨʦʜʦʣʞʘʪʩʷ, ʪʦ ʟʘʧʘʩʦʚ ʛʘʟʘ ʚ ʧʨʠʨʦʜʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʭʚʘʪʠʪ ʥʘ 50 ʣʝʪ, ʘ ʟʘʧʘʩʦʚ 

ʥʝʬʪʠ-ʥʘ 40-45 ʣʝʪ. ʇʦʵʪʦʤʫ ʧʝʨʝʭʦʜ ʥʘ ʥʦʚʳʡ ʠʣʠ ʥʝʠʩʯʝʨʧʘʝʤʳʡ ʚʠʜ ʵʥʝʨʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ-ʵʪʦ ʚʳʛʦʜʥʳʡ ʠ ʵʢʦʥʦʤʠʯʥʳʡ ʧʫʪʴ ʜʣʷ ʞʠʪʝʣʝʡ ʟʝʤʥʦʛʦ ʰʘʨʘ. ɺʘʞʥʳʤ 

ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʚ ʜʝʡʩʪʚʠʝ ʪʘʢʠʭ ʚʠʜʦʚ ʵʥʝʨʛʠʠ, ʢʘʢ ʘʪʦʤʥʘʷ, ʚʝʪʨʦʚʘʷ, ʚʦʜʥʘʷ, ʩʦʣʥʝʯʥʘʷ 

ʠ ʜʨ., ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʥʢʫʨʠʨʦʚʘʪʴ. ɺʠʜ ʵʥʝʨʛʠʠ, ʪʨʝʙʫʶʱʠʡ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ - 

ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʠʩʯʝʨʧʘʝʤʘʷ ʵʥʝʨʛʠʷ, ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, ʩʦʣʥʝʯʥʳʡ ʢʦʣʣʝʢʪʦʨ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʦʣʥʝʯʥʳʡ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ 

ɸbstract  

Currently, there are many types of minerals on earth. They can be classified according to the degree 

of recovery into 2 types: exhaustible (oil,gas, etc.) and inexhaustible (solar, wind energy, etc.) minerals. In 

particular, it is known that in the world the level of use of exhaustible types of minerals is higher than 

inexhaustible. According to rough calculations of scientists, if the rate of intensive consumption of 

mankind continues, the natural gas reserves will probably last for 50 years, and oil reserves-for 40-45 

years. Therefore, the transition to a new or inexhaustible type of energy using modern technologies is a 

profitable and economical way for the inhabitants of the globe. An important step is the introduction of 

such types of energy as nuclear, wind, water, solar, etc., which can directly compete. The type of energy 

that requires special attention is solar energy. 
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For the last 5 years, new wind power installations exceeded 50 GW. And it is expected more than 

55GW new installations upcoming five years before declining [1,2]. Consequently, mankind needs to 

install wind turbines in new territories. One of the options is offshore wind turbines. By the end of 2018 

offshore wind turbines represented only 4% of total global wind power capacity. On the other hand, in the 

same year, 8% of new installations accounted for offshore wind turbines [3]. Another option is cold climate 

regions, where increased air density at lower temperatures can offer approximately 10% higher power 

production [4]. At the same time, wind turbines located on cold climate sites are experiencing significant 

periods of icing or temperatures below operational limits. Wind turbine icing creates liability issues such as 

ice throw, increased noise and loads, health and safety risks [5,6].   

There is a high number of studies devoted to ice accretion of HAWT blades, both experimentally and 

numerically [7]. Most of the studies took as a reference NREL Phase VI rotor due to publicly available 

experimental data [8].  

VAWT icing is less studied compared to HAWTs [9,10]. Only a few studies on VAWT icing found 

in the literature. The recent study was conducted by Li et al. [11] and their main finding was that ice covers 

the entire surface of the VAWT blade. Earlier Li et al. tested the effects of rime ice conditions simulated by 

clay attachment [12]. During the icing, the VAWT blade changes its shape from symmetrical to 

asymmetrical. It changes the pressure field and increases the drag force [13ï16].  

Due to rotational speed, relative velocity and AoA depend on the azimuthal angle and unsteady 

simulations must be carried to predict ice shapes. Since the icing events last for several minutes to hours, it 

is difficult to simulate the icing shapes on VAWT.  

This study suggests a quasi-steady approach to predict the ice accretion shapes on VAWT  Airflow 

solution, droplet impingement and ice accretion were obtained using FENSAP-ICE a comprehensive icing 

system for in-flight ice simulations both for 2D and 3D simulations [17]. Comparisons between 2D 

experimental and numerical results show that the FENSAP-ICE results are accurate as first-generation 

icing codes [18ï20]. A static NACA 0018 blade with a cord length of 0.125 m used as a reference to 

validate the present method. 

 

NUMERICAL METHODS 

1. Computational domain and governing equations 

The O-type structured meshes around the airfoil are generated by ANSYS Meshing. The fluid 

domain is extended that they are 50 times the chord length from the airfoil in all directions. To determine 

the flow characteristics near the boundary layer, a y
+
 value was set as 1. Mesh around leading and trailing 

edges were refined. The growth ratio near the airfoil surface is 1.1 [8]. 

Fig. 1 shows local meshes near the airfoil surface, which contain 400 points. The first layer thickness 

is set as 5e-6 m.  

http://buderus-store.ru/
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Fig.1. Local meshes near the airfoil Fig. 2. Fluid domain 

 

Fig.2 shows the fluid domain. The fluid domain contains 50 000 cells. The inlet specified as velocity 

inlet and outlet is specified as a pressure outlet. The top and bottom boundaries are specified as symmetric. 

The blade surface is set as a no-slip wall. 

2. Validation cases  
This section presented validation results of pressure coefficient, droplet collection efficiency and ice 

shapes of fixed NACA0012 airfoil.  

Airflow solution was compared with experimental data available on NASA Turbulence modeling 

resources [25]. Validation cases described in Tab.1. For each validation case, free stream velocity and 

Reynold number kept constant. This numerical results well matched with the experimental results including 

the high AoA. 

 

Table 1. NASA Turbulence modeling resource validation cases 

Name AOA 
Free stream 

velocity 
Re number 

 deg m/s  

Case 1 0 43.8 3 Ĭ 10
6
 

Case 2 10 43.8 3 Ĭ 10
6
 

 

Fig.3-4 demonstrates the comparison between experimental and CFD pressure coefficient curves. 

Excellent agreement between experimental and CFD curves achieved. 

 

  

Fig 3. Pressure coefficient at 0 degree Fig 4. Pressure coefficient at 10 degrees 

 

RESULTS AND DISCUSSION 


