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ʅʆʈʄɸʊʀɺʊɯʂ ʉɯʃʊɽʄɽʃɽʈ 

 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʘ ʢʝʣʝʩʽʜʝʡ ʤʝʤʣʝʢʝʪʪʽʢ װʣʛʽץʘʣʳʧʪʘʨסʘ 

ʩʽʣʪʝʤʝʣʝʨ ʞʘʩʘʣʜʳ: 

ɻʆʉʊ 30619-98. ʕʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫ. ʊʝʨʤʦʵʣʝʢʪʨʣʽʢ ʞʘʣʧʳ ʤʘץʩʘʪʪʘסʳ 

ʞr ʣʫ ʘסʳʥʳʥʳש ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʽ 

ʉʊ ʈʂ 2.528-2018. ᴆʣʰʝʤ ʙʽʨʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש ʤʝʤʣʝʢʝʪʪʽʢ ʞװʡʝʩʽ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʜʘʪʯʠʢʪʝʨʽʥʽש ʪװʨʽʥ ʙʝʢʽʪʫʛʝ ʘʨʥʘʣסʘʥ ʩʳʥʘץʪʘʨʜʳ ᴇʪʢʽʟʫʜʽש 

 ʜʘʨʣʘʤʘʩʳסʣʛʽʣʽʢ ʙʘװ

ʉʊ ʈʂ 2.727-2019. ʓʣסʘʣʜʳʣʳץ ʧʝʥ ʪʝʤʧʝʨʘʪʫʨʘ ᴇʣʰʝʫ̔ ʰʪʝʨʽ. ʂʘʣʠʙʨʣʝʫ 

ᴅʜʽʩʪʝʤʝʩʽ 

ʉʊ ʈʂ 2.430-2017. ᴆʣʰʝʤ ʙʽʨʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש ʤʝʤʣʝʢʝʪʪʽʢ ʞװʡʝʩʽ. 

ʕʪʘʣʦʥʜʘʨ ʤʝʥ ᴇʣʰʝʫ ײץʨʘʣʜʘʨʳʥ ʢʘʣʠʙʨʣʝʫ ᴅʜʽʩʪʝʤʝʩʽ. ᴄʟʽʨʣʝʫ, ʙʝʢʽʪʫ ʞᴅʥʝ 

 ʦʣʜʘʥʫ ʪᴅʨʪʽʙʽץ

ʉʊ ʈʂ 2.535-2018. ᴆʣʰʝʤ ʙʽʨʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש ʤʝʤʣʝʢʝʪʪʽʢ ʞװʡʝʩʽ. 

ʊʝʤʧʝʨʘʪʫʨʘʥʳ ᴇʣʰʝʫ ײץʨʘʣʜʘʨʳ. ɾʘʣʧʳ ʪʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨ. 

ISO 9869:2007. ײפʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥʳש ʞʳʣʫ ʩʠʧʘʪʪʘʤʘʣʘʨʳ. 

ɹʝʣʛʽʣʝʥʛʝʥ ʞʘסʜʘʡʣʘʨʜʘ ʞʳʣʫ ʙʝʨʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥ ʘʥʳץʪʘʫ 
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ɹɽʃɻɯʃɽʋʃɽʈ ʄɽʅ פʓʉפɸʈʊʋʃɸʈ 

 

q 
 

ï ʞʳʣʫ ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳ, ɺʪ/ʤ
2 

Q  ï ʞʳʣʫ ʘסʳʥʳ, ɺʪ 

ɽ  ï ʰʳסʳʩ ʩʠʛʥʘʣʳ (ʤɺ) 

Ŭ  ï ʪʝʨʤʦʕפʂ-ʥʽש ʢʦʵʬʬʠʮʠʝʥʪʽ (ʤɺ/ęʉ) 

ɚ   ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ (ɺʪ/(ʤῊʂ)) 

k   ʪװʨʣʝʥʜʽʨʫ ʢʦʵʬʬʠʮʠʝʥʪʽ (ɺʪ/ʤ
2
Ὴʤɺ) 

ʊ  ï ʪʝʤʧʝʨʘʪʫʨʘ (ʂ ʥʝʤʝʩʝ ęʉ) 

h, ȹʭ  ï ץʘʣʳשʜʳץ (ʤ) 

gradT  ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʘʜʠʝʥʪʽ (ʂ ʥʝʤʝʩʝ ęʉ) 

S  ï ʪװʨʣʝʥʜʽʨʛʽʰʪʽש ʩʝʟʽʤʪʘʣʜʳסʳ (ʤʢɺ/ɺʪĿʤ
2
) 

ʪʝʨʤʦʕפʂ ï ʪʝʨʤʦʵʣʝʢʪʨ ץʦʟסʘʫʰʳ ʢװʰ 

ɹɹ  ï ʙײʟʙʘʡʪʳʥ ʙʘץʳʣʘʫ 

  ʳʣʳʤ ʘʢʘʜʝʤʠʷʩʳס ץʣʪʪʳױ  ɸנױ

ɼʉʊʋ ï ʋʢʨʘʠʥʘʥʳײ שʣʪʪʳץ ʩʪʘʥʜʘʨʪʳ 

ɾʕʆ  ʞʳʣʫʵʣʝʢʪʨ ʦʨʪʘʣʳסʳ 

ɾɸᴆ  ï ʞʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʛʽʰ 

ʅʉʉ   ʥʦʤʠʥʘʣʜʳ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘ 

ʇᴄʂ  ï ʧʘʡʜʘʣʳ ᴅʨʝʢʝʪ ʢʦʵʬʬʠʮʠʝʥʪʽ (%) 

ʊɹʊ   ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳ ʪװʨʣʝʥʜʽʨʛʽʰʪʽ 

ʊʄʂʥ  ï ʤʳʩ-ʢʦʥʩʪʘʥʪʘʥ ʪʝʨʤʦʞײʙʳ 

ʊʍʂ  ï ʭʨʦʤʝʣʴ-ʢʦʧʝʣʴ ʪʝʨʤʦʞײʙʳ 

ʊʊʂ (ʊɾʂ) ï ʪʝʤʽʨ-ʢʦʥʩʪʘʥʪʘʥ ʪʝʨʤʦʞײʙʳ 

ʍʕʂ  ʍʘʣʳץʘʨʘʣʳץ ʵʣʝʢʪʨʦʪʝʭʥʠʢʘʣʳץ ʢʦʤʠʩʩʠʷ  

NIST  ױʣʪʪʳץ ʩʪʘʥʜʘʨʪʪʘʨ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʠʥʩʪʠʪʫʪʳ 

ASTM   American Society for Testing and Materials/ɸʤʝʨʠʢʘʣʳץ ʩʳʥʘʫʣʘʨ 

ʞᴅʥʝ ʤʘʪʝʨʠʘʣʜʘʨ ץʦסʘʤʳ 
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ʂɯʈɯʉʇɽ 

  

ʕʥʝʨʛʝʪʠʢʘʣʳץ ʦʙʲʝʢʪʽʣʝʨʜʽש ʞʳʣʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ᴇʣʰʝʫ ʞᴅʥʝ ʙʘץʳʣʘʫ 

ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʘ, ʞײʤʳʩʪʳש ʩʝʥʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝ ʞᴅʥʝ 

ʘʧʘʪʪʳץ ʞʘסʜʘʡʣʘʨʜʳש ʘʣʜʳʥ ʘʣʫʜʘ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. פʦʣʜʘʥʳʩʪʘסʳ 

ʞʳʣʫᴇʣʰʝʫ ᴅʜʽʩʪʝʨʽ ʤʝʥ ᴇʣʰʝʫ ײץʨʘʣʜʘʨʳ ʢᴇʙʽʥʝʩʝ ʞʝʪʢʽʣʽʢʩʽʟ ʜᴅʣʜʽʢʢʝ, 

ʩʝʟʽʤʪʘʣʜʳץץʘ ʞᴅʥʝ ʠʥʝʨʮʠʷʣʳʣʳץץʘ ʠʝ, ʙײʣ ʥʘץʪʳ ʞʳʣʫ ʧʨʦʮʝʩʪʝʨʽ 

ʞʘסʜʘʡʳʥʜʘ ᴇʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽʥʽץ שʘʪʝʣʽʢʪʝʨʽʥʝ ᴅʢʝʣʝʜʽ. 

ɾʳʣʫ ʘʣʤʘʩʫ ʧʨʦʮʝʩʪʝʨʽʥ ʙʘץʳʣʘʫ ʝʢʽ ʥʝʛʽʟʛʽ ʰʘʤʘʥʳ, ʷסʥʠ  ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʝʥ ʞʳʣʫ ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳʥ ᴇʣʰʝʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ. ʊʝʤʧʝʨʘʪʫʨʘ ʞʳʣʫ 

 ʪʘʣʘʪʳʥ ʥʝʤʝʩʝץʥʠ ʜʝʥʝʜʝ ʞʠʥʘסʳʥ ʩʠʧʘʪʪʘʡʜʳ, ʷסʞʘ ץʩʘʧʘʣʳ שʙʳʣʳʩʳʥʳײץ

ʙʝʨʽʣʝʪʽʥ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳ ʪײʨסʳʩʳʥʘʥ ʞװʡʝʥʽש ʢװʡʽʥ ʘʥʳץʪʘʡʜʳ. ɸʣ ʞʳʣʫ 

ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳ ʞʳʣʫ ʧʨʦʮʝʩʽʥʽש ʩʘʥʜʳץ ʞʘסʳʥ ʩʠʧʘʪʪʘʡʜʳ, ʷסʥʠ ʙʝʣʛʽʣʽ 

ʙʽʨ ʙʝʪ ʘʨץʳʣʳ ʫʘץʳʪ ʙʽʨʣʽʛʽ ʽʰʽʥʜʝ ץʘʥʰʘ ʵʥʝʨʛʠʷ ʪʘʩʳʤʘʣʜʘʥʘʪʳʥʳʥ 

ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ᴅʨʪװʨʣʽ ʞװʡʝʣʝʨʜʝʛʽ ʞʳʣʫ ʘʣʤʘʩʫ ʧʨʦʮʝʩʪʝʨʽʥ ʪʘʣʜʘʫ ʞᴅʥʝ 

ʦשʪʘʡʣʘʥʜʳʨʫ װʰʽʥ ʤʘשʳʟʜʳ ʧʘʨʘʤʝʪʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊʝʤʧʝʨʘʪʫʨʘʥʳ ᴇʣʰʝʫ 

ʩʘʣʘʩʳ ʞʘץʩʳ ʜʘʤʳסʘʥ, ʩʝʙʝʙʽ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ᴇʣʰʝʫʣʝʨ ץʘʨʘʧʘʡʳʤ ᴅʨʽ 

ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ, ʩʦʥʜʘʡ-ʘץ ʤײʥʜʘʡ ᴇʣʰʝʫʣʝʨʛʝ ʘʨʥʘʣסʘʥ ʘʧʧʘʨʘʪʫʨʘ ʤʝʥ 

ʤʝʪʨʦʣʦʛʠʷ ʞװʡʝʩʽ ʙײʨʳʥʥʘʥ ץʘʣʳʧʪʘʩץʘʥ. ɾʳʣʫ ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳʥʳש 

ʤʘשʳʟʜʳʣʳסʳ ʦʥʳש ᴇʥʝʨʢᴅʩʽʧʪʝ, ʵʥʝʨʛʝʪʠʢʘʜʘ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʩʘʣʘʣʘʨʜʘ ʞʳʣʫ 

ʘʣʤʘʩʫ ʧʨʦʮʝʩʪʝʨʽʥ ʙʘץʳʣʘʫסʘ ʞᴅʥʝ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ᴅʨʪװʨʣʽ 

ʞװʡʝʣʝʨʜʝʛʽ ʵʥʝʨʛʠʷ ʘʣʤʘʩʫ װʜʝʨʽʩʪʝʨʽʥ ʜᴅʣ ʢᴇʨʩʝʪʫʜʝʛʽ ץʘʙʽʣʝʪʽʣʽʛʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʊʝʧʣʦʤʝʪʨʠʷ ʩʘʣʘʩʳʥʜʘסʳ ʦʩʳʥʜʘʡ ʜʘʤʫ ʞʳʣʫ ʧʨʦʮʝʩʪʝʨʽʥ 

ʙʘץʳʣʘʫʜʳש ʜᴅʣʜʽʛʽ ʤʝʥ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʤʽʥʜʝʪʽʥ ʰʝʰʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. ɹײʣ, 

ᴅʩʽʨʝʩʝ, ʞʳʣʫ ʞʦסʘʣʪʫʣʘʨʳʥ ʘʟʘʡʪʫ, ʵʥʝʨʛʝʪʠʢʘʣʳץ ʞװʡʝʣʝʨʜʽש ʞײʤʳʩʳʥ 

ʦשʪʘʡʣʘʥʜʳʨʫ ʞᴅʥʝ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʞʘסʳʤʩʳʟ ᴅʩʝʨʜʽ ʪᴇʤʝʥʜʝʪʫ װʰʽʥ ʘʩʘ 

ʤʘשʳʟʜʳ [1, 2].  

ʊʝʧʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʣʜʘʨʜʳ ᴅʟʽʨʣʝʫʜʽש ʤʘשʳʟʜʳ ʘʩʧʝʢʪʽʣʝʨʽʥʽש ʙʽʨʽ ï 

ᴇʣʰʝʫ ʜᴅʣʜʽʛʽʥ ʘʨʪʪʳʨʫ, ʙײʣ ʞʳʣʫ ʧʨʦʮʝʩʪʝʨʽ ʪʫʨʘʣʳ ʥʝײסʨʣʳʤ ʩʝʥʽʤʜʽ 

ʜʝʨʝʢʪʝʨ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ᴆʥʝʨʢᴅʩʽʧʪʝ, ʵʥʝʨʛʝʪʠʢʘʜʘ ʞᴅʥʝ ʞʳʣʫ 

ʧʨʦʮʝʩʪʝʨʽʥ ʙʘץʳʣʘʫ ץʘʞʝʪ ʙʘʩץʘ ʜʘ ʩʘʣʘʣʘʨʜʘ ʪʠʽʤʜʽ ʞײʤʳʩ ʽʩʪʝʫ װʰʽʥ 

 ,ᴇʟʛʝʨʫʽ שʪʘʧ, ʪʝʤʧʝʨʘʪʫʨʘʥʳץʳʪ ʙʦʡʳ ʜᴅʣʜʽʛʽʥ ʩʘץʫʘ ץʟʘײ ʨʘʣʜʘʨײץ

ʳʣסʘʣʜʳʣʳץ, ʤʝʭʘʥʠʢʘʣʳץ ʞװʢʪʝʤʝʣʝʨ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ᴅʩʝʨʣʝʨ ʩʠʘץʪʳ ᴅʨʪװʨʣʽ 

ʩʳʨʪץʳ ʬʘʢʪʦʨʣʘʨסʘ ʪᴇʟʽʤʜʽ ʙʦʣʫʳ ʢʝʨʝʢ. ײפʨʘʣʜʘʨʜʳש ʩʳʨʪץʳ ʦʨʪʘ 

ʞʘסʜʘʡʣʘʨʳʥʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʤʝʥ ײʟʘץ ʤʝʨʟʽʤʜʽʣʽʛʽ ʦʣʘʨʜʳש ʧʘʡʜʘʣʘʥʫ ײץʥʜʳʣʳסʳ 

ʤʝʥ ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽʥʝ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʜʽ. ɹײʣ ײץʨʳʣסʳʣʘʨʜʳ ʞʠʽ 

ʞᴇʥʜʝʫ ʞᴅʥʝ ʢʘʣʠʙʨʣʝʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʘʟʘʡʪʳʧ, ʧʘʡʜʘʣʘʥʫ ʰʳסʳʥʜʘʨʳʥ 

ʪᴇʤʝʥʜʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʆʩʳʣʘʡʰʘ, ʞʳʣʫᴇʣʰʝʫ ײץʨʘʣʜʘʨʳʥʳש ʢʦʥʩʪʨʫʢʮʠʷʩʳʥ ʦʩʳ ʪʘʣʘʧʪʘʨʜʳ 

ʝʩʢʝʨʝ ʦʪʳʨʳʧ ʞʝʪʽʣʜʽʨʫ ʦʣʘʨʜʳש ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ʧʘʡʜʘʣʘʥʫ ʳסשʘʡʣʳʣʳסʳʥ 

ʘʨʪʪʳʨʫסʘ, ᴅʩʽʨʝʩʝ, ʞʳʣʫ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʞװʡʝʣʝʨʽʥʽש ʪײʨʘץʪʳ ʞײʤʳʩʳʥ 

 ʞʘʣʧʳ ʪʠʽʤʜʽʣʽʛʽʥ שʪʳʥʫʜʳײʨʣʽ ʩʘʣʘʣʘʨʜʘ ʵʥʝʨʛʠʷ ʪװʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴅʥʝ ᴅʨʪץ

ʘʨʪʪʳʨʫ װʰʽʥ ʘʩʘ ʤʘשʳʟʜʳ. 
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ɹײʣ ʜʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʘ, ʞʳʣʫᴇʣʰʝʫ ʩʘʣʘʩʳʥʜʘסʳ ʘʣʜʳסשʳ 

ʟʝʨʪʪʝʫʣʝʨ ʤʝʥ ᴅʟʽʨʣʝʤʝʣʝʨʜʽש ʞʘʣסʘʩʳ ʨʝʪʽʥʜʝ, ʥʝʛʽʟʛʽ ʥʘʟʘʨ ʞʳʣʫ ʘסʳʥʳʥʳש 

ʪʳסʳʟʜʳסʳʥ ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ ײץʨʘʣʜʘʨʜʳץ שʦʣʜʘʥʳʩʪʘסʳ ײץʨʳʣʳʤʜʘʨʳʥ 

ʦʜʘʥ ᴅʨʽ ʞʝʪʽʣʜʽʨʫʛʝ ʞᴅʥʝ ʞʘשʘ ײץʨʳʣʳʤʜʘʨʳʥ ʞʘʩʘʫסʘ ʙʘסʳʪʪʘʣסʘʥ. ɾײʤʳʩʪʘ 

ᴅʩʽʨʝʩʝ ײץʨʘʣʜʳש ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ ʤʝʪʨʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʞʘץʩʘʨʪʫסʘ 

ʙʘʩʘ ʥʘʟʘʨ ʘʫʜʘʨʳʣʘʜʳ. 

ɹסײʘʥ ʜʝʡʽʥ ʞʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʛʽʰʪʽש ʙʽʨ ʤʦʜʠʬʠʢʘʮʠʷʩʳʥ ᴅʟʽʨʣʝʜʽʢ. 

ɸʣʘʡʜʘ, ʙײʣ ײץʨʳʣסʳʥʳש ʥʝʛʽʟʛʽ ʢʝʤʰʽʣʽʛʽ ï ᴇʣʰʝʫ ʜᴅʣʜʽʛʽʥʽש ʪᴇʤʝʥʜʽʛʽ, ʩʝʙʝʙʽ 

 ʨʣʽ ᴅʩʝʨװʩʠʛʥʘʣʳʥʘ ᴅʨʪ שʞʳʣʫᴇʣʰʝʫ ʙʣʦʛʳʥʳ שʘʥ ʦʨʪʘ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽסʦʨʰʘץ

ʝʪʫʽ ʥᴅʪʠʞʝʩʽʥʜʝ ᴇʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙײʨʤʘʣʘʥʘʜʳ. ɸʪʘʣסʘʥ ʢʝʤʰʽʣʽʢʪʝʨʜʽ 

ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʙʽʟ ʞʳʣʫ ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳʥ ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ ʞʘשʘ 

 .ʨʘʣʜʳ ᴅʟʽʨʣʝʜʽʢײץ

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʞʳʣʫʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʙᴇʣʝʪʽʥ ʥʘץʪʳ ʞʳʣʫ ץʫʘʪʳʥ 

ʞᴅʥʝ ʦʥʳש ʙʘʩץʘ ʜʘ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʞʳʣʫ ʞװʡʝʩʽʥʽש ʪײʪʘʩʪʳסʳʥ ʙײʟʙʘʡ ʞʝʜʝʣ 

ᴇʣʰʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʙײʟʙʘʡʪʳʥ ʙʘץʳʣʘʫ ᴅʜʽʩʽʥ ʞᴅʥʝ ʦʥʳ ʽʩʢʝ ʘʩʳʨʘʪʳʥ 

 .ʨʘʣʜʘʨʜʳ ᴅʟʽʨʣʝʫ ᴇʟʝʢʪʽ ʤʽʥʜʝʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳײץ

ɿʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʦʙʲʝʢʪʽʣʝʨʜʽש ʞʳʣʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ʙʘץʳʣʘʫסʘ ʘʨʥʘʣסʘʥ ʞʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʡʪʽʥ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨ 

ʥʝʛʽʟʽʥʜʝʛʽ ʞʳʣʫᴇʣʰʝʫ ײץʨʳʣסʳʩʳʥʳש ʤʝʪʨʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ 

 .ʩʘʨʪʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳץʘʩʠʝʪʪʝʨʽʥ ʞʘץ

 :ʰʽʥ ʢʝʣʝʩʽ ʤʽʥʜʝʪʪʝʨ ʰʝʰʽʣʜʽװ ʘ ʞʝʪʫץʩʘʪץʘʥ ʤʘסʦʡʳʣפ

- çɾʘʨʪʳʣʘʡ ʩʬʝʨʘïʮʠʣʠʥʜʨè ʢװʨʜʝʣʽ ײץʨʳʣʳʤʳʥʜʘסʳ ʩʝʟʽʤʪʘʣ 

ʵʣʝʤʝʥʪʪʽש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ᴇʨʽʩʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʪʝשʜʝʫʽʥʽש 

ʰʝʰʽʤʽʥ ʘʣʫ; 

- ᴅʨʪװʨʣʽ ʬʠʟʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʜʽש (E, Q, Ŭ) ʤᴅʥʜʝʨʽʥʜʝ ʜʝʥʝʥʽש ʢʝʟ 

ʢʝʣʛʝʥ ʥװʢʪʝʩʽʥʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ᴇʨʽʩʪʝʨʜʽ ʩʠʧʘʪʪʘʡʪʳʥ ʘʥʘʣʠʪʠʢʘʣʳץ 

ʰʝʰʽʤʜʝʨʜʽ ʘʣʫ, ʩʦʥʳש ʥʝʛʽʟʽʥʜʝ ᴅʨʪװʨʣʽ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʣʘʨʳʥʜʘ 

ʪʝʨʤʦʜʘʪʯʠʢʪʝʨʜʽ ʞʦʙʘʣʘʫ ʤʝʥ ʢʘʣʠʙʨʣʝʫʜʽ ʞʝשʽʣʜʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʫʛʝ 

  ;ʘʞʝʪʪʽ ᴅʤʙʝʙʘʧ ʝʩʝʧʪʝʫ ʬʦʨʤʫʣʘʣʘʨʳʥ Tϛ(r, ű, z, t) ʞᴅʥʝ TϜ(r, ű, ɛ, t) ʘʣʫץ
- ʩʝʟʽʤʪʘʣʜʳץ ʞᴅʥʝ ʜᴅʣʜʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʞʘץʩʘʨʪʳʣסʘʥ ʞʳʣʫ ʘסʳʥʳʥʳש 

ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʽʥʽײץ שʨʳʣʳʤʳʥ ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʜʝʫ; 

- ʞʳʣʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʙʘץʳʣʘʫסʘ ʘʨʥʘʣסʘʥ ʞʳʣʫᴇʣʰʝʫʽʰ ײץʨʘʣʜʳש 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ װʣʛʽʩʽʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʞʘʩʘʫ; 

- ᴅʟʽʨʣʝʥʛʝʥ ʜʠʘʛʥʦʩʪʠʢʘʣʳײץ ץʨʳʣסʳʥʳ ʪʝʢʩʝʨʫ ʞᴅʥʝ ʦʥʳש ʛʨʘʜʫʠʨʣʝʫ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʟʝʨʪʪʝʫ װʰʽʥ ʘʪʪʝʩʪʘʮʠʷʣʳץ ʩʪʝʥʜʪʽ ᴅʟʽʨʣʝʫ; 

- ᴅʟʽʨʣʝʥʛʝʥ ʞʳʣʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ᴇʣʰʝʫʽʰʪʽש ʜᴅʣʜʽʛʽʥ, ʩʝʥʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ 

ʪײʨʘץʪʳʣʳסʳʥ ʙʘסʘʣʘʫ ʙʦʡʳʥʰʘ ʟʝʨʪʭʘʥʘʣʳץ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽʢ ʞʘסʜʘʡʣʘʨʜʘ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʫ. 

ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ: ʵʥʝʨʛʝʪʠʢʘʣʳץ ʦʙʲʝʢʪʽʣʝʨʜʽש ʞʳʣʫʣʳץ ʰʘʤʘʣʘʨʳ ʤʝʥ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ᴇʣʰʝʫ ʧʨʦʮʝʩʽ. 

ɿʝʨʪʪʝʫ ʧᴅʥʽ: ʞʳʣʫ ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳʥ ᴇʣʰʝʡʪʽʥ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ 

ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨ ʥʝʛʽʟʽʥʜʝʛʽ ʞʳʣʫᴇʣʰʝʫ ᴅʜʽʩʪʝʨʽ ʤʝʥ ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳ, 

ʩʦʥʜʘʡ-ʘץ ʦʣʘʨʜʳש ʤʝʪʨʦʣʦʛʠʷʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞװʡʝʣʝʨʽ. 
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ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʢʝʣʝʩʽ ϸʜʽʩʪʝʨ ץʦʣʜʘʥʳʣʜʳ: ʞʳʣʫ ʘʣʤʘʩʫ ʞᴅʥʝ 

ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʪʝʦʨʠʷʩʳʥʳש ᴅʜʽʩʪʝʨʽ, ʤʘʪʝʤʘʪʠʢʘʣʳץ ʬʠʟʠʢʘ ᴅʜʽʩʪʝʨʽʥʝ 

ʥʝʛʽʟʜʝʣʛʝʥ ʞʳʣʫ ʧʨʦʮʝʩʪʝʨʽʥ ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʫ, ʠʥʞʝʥʝʨʣʽʢ-ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ 

ʝʩʝʧʪʝʫ ʵʢʩʧʝʨʠʤʝʥʪʽʥʽש ᴅʜʽʩʪʝʨʽ, ʤʘʢʝʪʪʽʢ ʞᴅʥʝ ʟʝʨʪʭʘʥʘʣʳװ ץʣʛʽʣʝʨʜʽ 

ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ ʞװʨʛʽʟʽʣʛʝʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨ. 

ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʳס שʳʣʳʤʠ ʞʘשʘʰʳʣʜʳסʳ: 

1. ɸʣסʘʰ ʨʝʪ ɹʝʩʩʝʣʴ ʬʫʥʢʮʠʷʣʘʨʳ ʤʝʥ ʃʝʞʘʥʜʨ ʢᴇʧʤװʰʝʣʝʨʽ ʘʨץʳʣʳ 

ʠʥʪʝʛʨʘʣʜʳץ ʪװʨʣʝʥʜʽʨʫʣʝʨʜʽ ץʦʣʜʘʥʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʞᴅʥʝ ʩʳʨʪץʳ ʞʳʣʫ ʘסʳʥʳ 

ᴅʩʝʨʽʥʝʥ ʞʘʨʪʳʣʘʡ ʩʬʝʨʘ ʪᴇʙʝʩʽ ʤʝʥ ʮʠʣʠʥʜʨ ʪʘʙʘʥʳ ʘʨʘʩʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘ 

ʘʡʳʨʤʘʩʳʥʳש ʜʠʥʘʤʠʢʘʩʳʥ ʜᴅʣ ʩʠʧʘʪʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʩʬʝʨʘʣʳץ ʞᴅʥʝ 

ʮʠʣʠʥʜʨʣʽʢ ʛʝʦʤʝʪʨʠʷʥʳ ʝʩʢʝʨʝʪʽʥ ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ ʝʩʝʙʽʥʽש ʰʝʰʽʤʽ ʘʣʳʥʜʳ; 

2. ɸʣסʘʰ ʨʝʪ ʥᴅʪʠʞʝʥʽ ʨʘʜʠʘʣ ʢʦʦʨʜʠʥʘʪʘסʘ ʪᴅʫʝʣʩʽʟ ʝʪʫ ʞᴅʥʝ ʜʘʪʯʠʢ 

ʩʠʛʥʘʣʳʥʳש ʙʽʨʳסשʘʡ ʤᴅʥʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʤʦʜʝʣʴʜʽש ʥʘץʪʳ ʧʘʡʜʘʣʘʥʫ 

ʞʘסʜʘʡʣʘʨʳʥʜʘסʳ ʜᴅʣʜʽʛʽ ʤʝʥ ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʳʣʫʳʥ ʘʨʪʪʳʨʫ װʰʽʥ 

ʪʝʤʧʝʨʘʪʫʨʘ ʘʡʳʨʳʤʳʥ  ʝʩʝʧʪʝʫ װʰʽʥ ʮʠʣʠʥʜʨ ʪʘʙʘʥʳʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ 

ʘʫʜʘʥ ʙʦʡʳʥʰʘ ʦʨʪʘʰʘ ʘʣʫ ᴅʜʽʩʽ ײʩʳʥʳʣʜʳ; 

3. ʕʪʘʣʦʥʜʳ ʞʳʣʫ ʘסʳʥʳʥ ʪʫʜʳʨʫ װʰʽʥ ʪʝʢ ʢʘʣʠʙʨʣʝʫ ʨʝʞʠʤʽʥʜʝ סʘʥʘ 

ʙʝʣʩʝʥʜʽʨʽʣʝʪʽʥ ʞᴅʥʝ ʩʳʨʪץʳ ײץʨʳʣסʳʣʘʨʜʳ ץʦʣʜʘʥʙʘʡ ײץʨʘʣʜʳש ᴇʟʽʥ-ᴇʟʽ 

ʢʘʣʠʙʨʣʝʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞץײʘ ʤʳʩ ʬʦʣʴʛʘʜʘʥ ʞʘʩʘʣסʘʥ ʢʽʨʽʢʪʽʨʽʣʛʝʥ 

 ;ʳʰ ʵʣʝʤʝʥʪʽ ʧʘʡʜʘʣʘʥʳʣʜʳסʳʟʜʳʨץ

4. ɸʩʧʘʧʪʳש ʞʘʨʳץʰʘץʪʘʨ ʥʝʤʝʩʝ ʞʳʣʫ ʘסʫʳ ʩʠʷץʪʳ ʘץʘʫʣʘʨסʘ 

ʩʝʟʽʤʪʘʣʜʳסʳʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʞʳʣʫ ᴇʪʢʽʟʛʽʰ ʘʣʶʤʠʥʠʡ ʧʣʘʩʪʠʥʘʩʳ ʤʝʥ 

ʞʳʣʫ ᴇʪʢʽʟʛʽʰ ʧʘʩʪʘ ʠʥʪʝʛʨʘʮʠʷʣʘʥʜʳ, ʙײʣ ʞʳʣʫ ʘסʳʥʳʥʳש ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳʥ 

ʞᴅʥʝ ʞʳʣʫ ʰʳסʳʥʜʘʨʳʥʳש ʘʟʘʶʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʪʽ; 

5. ʊʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳץ ʪװʨʣʝʥʜʽʨʛʽʰʪʽ ᴅʟʽʨʣʝʫ ʙʘʨʳʩʳʥʜʘ ʞײʤʳʩ 

ʙʝʪʽʥʝ 5ï10% ʢᴇʤʽʨ ײʥʪʘסʳ ץʦʩʳʣסʘʥ ʵʧʦʢʩʠʜʪʽ ʰʘʡʳʨ ײץʶ, ʞʳʣʫ ʘסʳʥʳʥʘ 

ʩʝʟʽʤʪʘʣʜʳץʪʳ ʘʨʪʪʳʨʘ ʦʪʳʨʳʧ, ʰʘʤʘʤʝʥ 0,9 ʞײʪʳʣʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʪʽץ

6. ʊʝʨʤʦʕפʂ ʢʦʵʬʬʠʮʠʝʥʪʽ 5,415 ʤɺ/Áʉ ʞʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ 

 ʤʳʩ ʪʝʤʧʝʨʘʪʫʨʘײʘ ʜʝʡʽʥʛʽ ʞץ-ᴅʟʽʨʣʝʥʛʝʥ ʤʦʜʝʣʽ -30Áʉ-ʪʘʥ 100Áʉ שʳʥʳסʨʳʣײץ

ʜʠʘʧʘʟʦʥʳʥʜʘ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʘʨ ʤʝʥ ײץʨʳʣʳʤʜʘʨʜʳש ʘץʘʫʣʘʨʳʥ 

ʘʥʳץʪʘʫ ʢʝʟʽʥʜʝ ʞʦסʘʨʳ ʩʝʟʽʤʪʘʣʜʳץ ʧʝʥ ʜᴅʣʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

 ʳʥʳʥ ʪʫʜʳʨʫסʞʳʣʫ ʘ ץʵʪʘʣʦʥʜʳ שʳ ʦʥʳסᴅʤʙʝʙʘʧʪʳ שʳʥʳסʨʳʣײפ

 ʽʰʽʥʜʝ שʜʘʡʜʘ, ʩʦʥʳסʨʣʽ ʞʘװʣ ʦʥʳ ᴅʨʪײʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ, ʙץ ʘʙʽʣʝʪʽʤʝʥץ

ʜʘʣʘʣʳץ ʞʘסʜʘʡʜʘ ʜʘ, ʢʘʣʠʙʨʣʝʫ ʤʝʥ ᴇʣʰʝʫʣʝʨ ʞװʨʛʽʟʫʛʝ ʘʨʥʘʣסʘʥ ʠʢʝʤʜʽ 

 ʳʰ ʵʣʝʤʝʥʪ ʧʝʥ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢסʳʟʜʳʨץ ʨʳʣʳʤʳʥʘײפ .ʘ ʘʡʥʘʣʜʳʨʘʜʳסʨʘʣײץ

ʩʘʣץʳʥʜʘʪץʳʰ ʝʥʝʜʽ, ʦʣʘʨ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳץ ʪװʨʣʝʥʜʽʨʛʽʰ ʘʨץʳʣʳ 

ʙʘʩץʘʨʳʣʘʪʳʥ ʞʳʣʫ ʘסʳʥʳʥ ʪʫʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄײʥʜʘʡ ײץʨʳʣʳʤ 

ʩʪʘʮʠʦʥʘʨʣʳץ ʟʝʨʪʭʘʥʘʣʳץ ʞʘʙʜʳץʪʳ ץʦʣʜʘʥʙʘʡ-ʘײץ ,ץʨʳʣסʳʥʳ ʪʽʢʝʣʝʡ 

ʧʘʡʜʘʣʘʥʫ ʦʨʥʳʥʜʘ ʢʘʣʠʙʨʣʝʫʛʝ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ. 

 :ʠʜʘʪʪʘʨסʘץ ʘʥ ʥʝʛʽʟʛʽסʘʨʳʣסʘ ʰʳסʘʫסʦʨפ

1. çɾʘʨʪʳʣʘʡ ʩʬʝʨʘ-ʮʠʣʠʥʜʨè ʪװʨʽʥʜʝʛʽ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʽ ʙʘʨ ʞʳʣʫ 

ʘסʳʥʳ ʜʘʪʯʠʛʽʥʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘ ʘʡʳʨʳʤʳʥʳש (ȹT(t)) ʘʥʘʣʠʪʠʢʘʣʳץ ʝʩʝʧʪʝʫ 

ᴅʜʽʩʪʝʤʝʩʽ ᴅʟʽʨʣʝʥʜʽ. ɹײʣ ᴅʜʽʩʪʝʤʝ ʞʘʨʪʳʣʘʡ ʩʬʝʨʘ ʤʝʥ ʮʠʣʠʥʜʨ 
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ʰʝʢʘʨʘʩʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʞʳʣʫ ʘסʳʥʳʥʳװ שʟʜʽʢʩʽʟʜʽʛʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, 

ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ ʪʝשʜʝʫʣʝʨʽʥ ʰʝʰʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʞᴅʥʝ ʜʘʪʯʠʢʪʽץ שʳʟʜʳʨʫ 

ʜʠʥʘʤʠʢʘʩʳʥ ʞʦסʘʨʳ ʜᴅʣʜʽʢʧʝʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

2. ɹײʟʙʘʡʪʳʥ ʙʘץʳʣʘʫ ᴅʜʽʩʽʥ ץʦʣʜʘʥʘʪʳʥ, ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳץ 

ʪװʨʣʝʥʜʽʨʛʽʰʽ ʙʘʨ ʞᴅʥʝ ʪʝʨʤʦʕפʂ ʢʦʵʬʬʠʮʠʝʥʪʽ 5,415 ʤB/Áʉ ʙʦʣʘʪʳʥ, 

ᴅʟʽʨʣʝʥʛʝʥ ʞʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ ײץʨʳʣסʳ -30ÁC-ʪʘʥ 100ÁC-ץʘ ʜʝʡʽʥʛʽ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳʥʜʘ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʘסʳ ʘץʘʫʣʘʨʜʳ ʘʥʳץʪʘʫ 

ʢʝʟʽʥʜʝ ʞʦסʘʨʳ ʩʝʟʽʤʪʘʣʜʳץ ʧʝʥ ʜᴅʣʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

3. ᴄʟʽʨʣʝʥʛʝʥ ʞʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʡʪʽʥ ײץʨʘʣ ʞʦסʘʨʳ ʜᴅʣʜʽʢ ʧʝʥ 

ʩʝʥʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʦʣ 10-ʥʘʥ 900 ɺʪ/ʤĮ ʜʝʡʽʥʛʽ ʜʠʘʧʘʟʦʥʜʘ ʞʳʣʫ 

ʘסʳʥʳ ʪʳסʳʟʜʳסʳʥ 2,408 ɺʪ/(ʤĮĿʤɺ) ʪװʨʣʝʥʜʽʨʫ ʢʦʵʬʬʠʮʠʝʥʪʽʤʝʥ ʞᴅʥʝ 3%-ʜʘʥ 

ʘʩʧʘʡʪʳʥ ʞװʡʝʣʽ ץʘʪʝʣʽʢʧʝʥ ᴇʣʰʝʡʜʽ, ʙײʣ ʪᴅʞʽʨʠʙʝʣʽʢ ʟʝʨʪʪʝʫʣʝʨʤʝʥ ʨʘʩʪʘʣʳʧ, 

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʧʘʡʜʘʣʘʥʫ ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ɼʠʩʩʝʨʪʘʥʪʪʳש ʞʝʢʝ װʣʝʩʽ. ɸʚʪʦʨ ʞʳʣʫ ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳʥ 

ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ ײץʨʘʣʜʳ ʞʦʙʘʣʘʧ, ʦʥʳײץ שʨʳʣʳʤʳʥ ᴅʟʽʨʣʝʜʽ. ɾʳʣʫ 

ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳʥ ᴇʣʰʝʡʪʽʥ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʽ ʞʘʩʘʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʜʘʡʳʥʜʘʜʳ. ɾʳʣʫʪʝʭʥʠʢʘʣʳץ ʦʙʲʝʢʪʽʣʝʨʜʽ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫסʘ 

ʘʨʥʘʣסʘʥ ʙײʟʙʘʡʪʳʥ ʙʘץʳʣʘʫ ᴅʜʽʩʪʝʨʽʥ ʟʝʨʪʪʝʜʽ. ʕʢʩʧʝʨʠʤʝʥʪ ʥᴅʪʠʞʝʣʝʨʽʥ 

ʪʝʦʨʠʷʣʳץ ʪײʨסʳʜʘʥ ʪʘʣʜʘʧ, ᴇשʜʝʜʽ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽש ʪʘʣʜʘʫʳ ʤʝʥ 

ʞײʤʳʩʪʳץ שʦʨʳʪʳʥʜʳʣʘʨʳ ʞʘʣʧʳ סʳʣʳʤʠ ʞʝʪʝʢʰʽʣʝʨʤʝʥ ʙʽʨʣʝʩʽʧ ʞʘʩʘʣʜʳ. 

ɾײʤʳʩʪʳס שʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʤʝʥ ʙʘʡʣʘʥʳʩʳ 

ɼʠʩʩʝʨʪʘʮʠʷ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥʳש ʞʦʩʧʘʨʣʘʨʳʥʘ ʩᴅʡʢʝʩ, 

 ʘʨʳ ʙʽʣʽʤ ʤʠʥʠʩʪʨʣʽʛʽ ʪʘʨʘʧʳʥʘʥסʳʣʳʤ ʞᴅʥʝ ʞʦנ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ

 :ʜʘʨʣʘʤʘʩʳ ʙʦʡʳʥʰʘ ʦʨʳʥʜʘʣʜʳסʡʣʝʩʪʽʨʽʣʝʪʽʥ ʽʨʛʝʣʽ ʟʝʨʪʪʝʫʣʝʨ ʙʘװ

çʄʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪʪʳ, ᴇʥʜʽʨʽʩʪʽʢ ʞᴅʥʝ ʪײʨʤʳʩʪʳץ ץʘʣʜʳץʪʘʨʜʳ ᴇשʜʝʫʜʽש 

ʞʦסʘʨʳ ʪʠʽʤʜʽ ʪʝʭʥʦʣʦʛʠʷʩʳè (ˉ0 122ʈʂ00238, 2022-2024) ʞᴅʥʝ çʂᴇʤʽʨ-ʩʫ 

ʦʪʳʥʳ ʰʠʢʽʟʘʪʳʥ ʘʣʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʞʦʙʘʣʘʫ ʞᴅʥʝ ʞʘʩʘʫè (ˉ8837-ʌ-25, 2024-

2026). 

ɾײʤʳʩʪʘʨ ʤʝʥ ʞʘʨʠʷʣʘʥʳʤʜʘʨʜʳש ʘʧʧʨʦʙʘʮʠʷʩʳ. ɾײʤʳʩʪʳש ʥʝʛʽʟʛʽ 

ʥᴅʪʠʞʝʣʝʨʽ ʧʨʦʬʝʩʩʦʨ ɾ.ʉ.ɸץʳʣʙʘʝʚ ʘʪʳʥʜʘסʳ ʠʥʞʝʥʝʨʣʽʢ ʞʳʣʫʬʠʟʠʢʘ 

ʢʘʬʝʜʨʘʩʳʥʳס שʳʣʳʤʠ ʩʝʤʠʥʘʨʣʘʨʳʥʜʘ ʞᴅʥʝ ʢʝʣʝʩʽʜʝʡ ʭʘʣʳץʘʨʘʣʳץ 

ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʜʳ ʙʘʷʥʜʘʣʳʧ, ʪʘʣץʳʣʘʥʜʳ: ɹʝʡʩʳʟʳץ ʞװʡʝʣʝʨʜʝʛʽ ʭʘʦʩ ʞᴅʥʝ 

 .ʳʣ. ʢʦʥʬ. ʤʘʪʝʨס .ץʨʳʣʳʤʜʘʨ. ʊʝʦʨʠʷ ʞᴅʥʝ ʵʢʩʧʝʨʠʤʝʥʪ: 11-ʰʽ ʭʘʣʳײץ

 Ninth International Conference çModern Trends in Scienceè ;(ʘʥʜr, 2019סʘʨʘפ)

FMNS-2021 (ɹʦʣʛʘʨʠʷ, 2021). 

ɹʘʩʳʣʳʤʜʘʨ: ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʳץ שʦʨʳʪʳʥʜʳʩʳ ʙʦʡʳʥʰʘ 11 

ʙʘʩʧʘ ʞײʤʳʩʳ ʞʘʨʠʷʣʘʥʜʳ: Web of Science ʞᴅʥʝ Scopus ʙʘʟʘʩʳʥʘ ʢʽʨʝʪʽʥ 

ʞʫʨʥʘʣʜʘʨʜʘ 4 ʤʘץʘʣʘ; פʈ נɾɹʉʉפʂ ײʩʳʥסʘʥ ʞʫʨʥʘʣʜʘʨʜʘ 3 ʤʘץʘʣʘ; ʈנɼʀ 

ʜʝʨʝʢʪʝʨ ʙʘʟʘʩʳʥʘ ʢʽʨʝʪʽʥ ʞʫʨʥʘʣʜʘʨʜʘ 1 ʤʘץʘʣʘ; ʭʘʣʳץʘʨʘʣʳץ ʢʦʥʬʝʨʝʥʮʠʷʣʘʨ 

ʤʘʪʝʨʠʘʣʜʘʨʳʥʜʘ 4 ʤʘץʘʣʘ ʞʘʨʠʣʘʥʜʳ ʞᴅʥʝ çɾʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ 

 ʳè ʘʪʪʳ ʧʘʡʜʘʣʳ ʤʦʜʝʣʛʝ ʧʘʪʝʥʪ ʘʣʳʥʜʳ (ˉ6393, 03.09.2021)סʨʳʣײץ

 .(ʦʩʳʤʰʘ ɸפ)

ʇʨʘʢʪʠʢʘʣʳײץ ץʥʜʳʣʳסʳ: ᴅʟʽʨʣʝʥʛʝʥ ײץʨʘʣ ʞʳʣʫ ʞʝʣʽʣʝʨʽʥ, ʩʦʥʜʘʡ-ʘץ 

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʞᴅʥʝ ʞʳʣʫʵʥʝʨʛʝʪʠʢʘʣʳץ ʞʘʙʜʳץʪʘʨʜʳ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ װʰʽʥ 
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ʧʘʡʜʘʣʘʥʳʣʫʳ ʤװʤʢʽʥ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʞʘʩʘʣסʘʥ ʟʝʨʪʭʘʥʘʣʳץ ʩʪʝʥʜʪʝʨ 

ʬʠʟʠʢʘ-ʪʝʭʥʠʢʘʣʳץ ʬʘʢʫʣʴʪʝʪʽʥʽש ʩʪʫʜʝʥʪʪʝʨʽ װʰʽʥ ʦץʫ ʙʘʟʘʩʳ ʨʝʪʽʥʜʝ ץʳʟʤʝʪ 

ʝʪʽʧ, ʜʠʧʣʦʤʜʳץ ʞᴅʥʝ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥ ʦʨʳʥʜʘʫʜʘ ץʦʣʜʘʥʳʣʘ 

ʘʣʘʜʳ. 

ɾʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ ײץʨʳʣסʳ ʞʳʣʫ ʞʝʣʽʣʝʨʽʥʜʝ ʞᴅʥʝ 

ʞʳʣʫʪʝʭʥʠʢʘʣʳץ ʦʙʲʝʢʪʽʣʝʨʜʝ ᴇʥʜʽʨʽʩʪʽʢ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʽʣʜʽ. נʳʣʳʤʠ-ʟʝʨʪʪʝʫ 

ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞײʤʳʩʪʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ פʘʨʘסʘʥʜʳ 

 ʘʢʪʽʩʽ ץʳ çʕʥʝʨʛʦʩʝʨʚʠʩ LTDè ɾʐʉ ʢᴅʩʽʧʦʨʳʥʳʥʜʘ ʩʳʥʘסʘʣʘʩʳʥʜʘץ

ʨᴅʩʽʤʜʝʣʜʽ (פʦʩʳʤʰʘ ᴄ). 

ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥrײץ שʨʳʣʳʤʳ ʤʝʥ ʢᴇʣʝʤʽ. ɼʠʩʩʝʨʪʘʮʠʷʣʳץ 

ʞײʤʳʩʪʳײץ שʨʳʣʳʤʳ ץʦʡʳʣסʘʥ ʤʘץʩʘʪʪʘʨʤʝʥ ʘʡץʳʥʜʘʣסʘʥ ʞᴅʥʝ ʢʽʨʽʩʧʝ, ʪᴇʨʪ 

ʙᴇʣʽʤ, ץʦʨʳʪʳʥʜʳʜʘʥ ʪײʨʘʜʳ. ɾײʤʳʩ 115 ʙʝʪ ʙʘʩʳʣסʘʥ ʤᴅʪʽʥʥʝʥ, 42 ʩʫʨʝʪʧʝʥ, 

12 ʢʝʩʪʝʤʝʥ ʙʝʟʝʥʜʽʨʽʣʛʝʥ ʞᴅʥʝ 118 ʘʪʘʫʜʘʥ ʪײʨʘʪʳʥ ʧʘʡʜʘʣʘʥʳʣסʘʥ ᴅʜʝʙʠʝʪʪʝʨ 

ʪʽʟʽʤʽʥ ץʘʤʪʠʜʳ, 2 ץʦʩʳʤʰʘ. 
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1 ɾʓʃʋʃʓפ ʉᴄʋʃɽʃɽʅʋ ʂᴆɿɼɽʈɯʅ ɿɽʈʊʊɽʋ ɾᴄʅɽ ɾʓʃʋ 

ʊɽʍʅʀʂɸʃʓפ ʅʓʉɸʅɼɸʈɼʓ ɹױɿɹɸʁʊʓʅ ɹɸפʓʃɸʋ 

ʄᴄʉɽʃɽʃɽʈɯ 

 

 ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʤᴅʩʝʣʝʣʝʨʽ שʡʝʩʽʥʽװʳ ʞʳʣʫ ʞסʩʪʘʥʜʘץʘʟʘפ 1.1

ɾʳʣʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʢʝʟ ʢʝʣʛʝʥ ʝʣʜʽש ʠʥʬʨʘײץʨʳʣʳʤʳʥʳש ʤʘשʳʟʜʳ 

ʩʘʣʘʣʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣ ʩʫʳץ ʢʣʠʤʘʪ ʞʘסʜʘʡʳʥʜʘ ʞʘʡʣʳ ᴇʤʽʨ 

ʩװʨʫʜʽ ʞᴅʥʝ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳװ שʟʜʽʢʩʽʟ ʞײʤʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. פʳʩץʳ 

ʵʢʩʪʨʝʤʘʣʜʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʞʘסʜʘʡʳʥʘ ʙʘʡʣʘʥʳʩʪʳ פʘʟʘץʩʪʘʥ 

ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʜʘ ʙײʣ ʩʘʣʘ ʝʨʝʢʰʝ ᴇʟʝʢʪʽ. ɼʝʤʝʢ, ʞʳʣʫʤʝʥ ʞʘʙʜʳץʪʘʫ 

ʪʠʽʤʜʽʣʽʛʽʥʽש ʤᴅʩʝʣʝʣʝʨʽ ʪʘʣץʳʣʘʫʜʳ ץʘʞʝʪ ʝʪʝʪʽʥ ᴇʟʝʢʪʽ ʙʦʣʳʧ ץʘʣʘ ʙʝʨʝʜʽ 

ʞᴅʥʝ ʰʝʰʽʤʽʥ ʪʘʙʫסʘ ʢʝʰʝʥʜʽ ʪᴅʩʽʣʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. 

 שʪʘʫ ʤᴅʩʝʣʝʩʽ ʝʣʜʽץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʞʳʣʫʤʝʥ ʞʘʙʜʳץʘʟʘפ

ʢʣʠʤʘʪʪʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʩʪʨʘʪʝʛʠʷʣʳץ ʤʘשʳʟסʘ ʠʝ. ɾʳʣʫʤʝʥ 

ʞʘʶʜʳץʪʘʫ ʤᴅʩʝʣʝʣʝʨʽ פʘʟʘץʩʪʘʥʥʳש ʟʘשʥʘʤʘʣʳץ ʞᴅʥʝ ʩʪʨʘʪʝʛʠʷʣʳץ 

 ʥʝʤʜʝʫ ʞᴅʥʝ ʵʥʝʨʛʠʷװ ʘʥ. çʕʥʝʨʛʠʷסʘʨʘʩʪʳʨʳʣץ ʽʥʝʥשʞʘʪʪʘʨʳʥʜʘ ʢʝײץ

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʪʫʨʘʣʳè פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ɿʘשʳ, ʕʥʝʨʛʝʪʠʢʘʥʳ 

ʜʘʤʳʪʫʜʳש ʤʝʤʣʝʢʝʪʪʽʢ ʙʘסʜʘʨʣʘʤʘʩʳ, çɾʘʩʳʣè ʵʢʦʥʦʤʠʢʘסʘ ʢᴇʰʫ 

ʪײʞʳʨʳʤʜʘʤʘʩʳ ʞᴅʥʝ çפʘʟʘץʩʪʘʥ-2050è ʩʪʨʘʪʝʛʠʷʩʳ ʩʠʷץʪʳ ײץʞʘʪʪʘʨ ʞʳʣʫ 

ʩʘץʪʘʫʜʳש ʤʘשʳʟʜʳʣʳסʳʥ ʞᴅʥʝ ʦʥʳ ʽʩʢʝ ʘʩʳʨʫ ʞʦʣʜʘʨʳʥ ʘʥʳץʪʘʡʜʳ. 

ʊʠ̔ʤʜʽ ʞʳʣʫʤʝʥ ʞʘʙʜʳץʪʘʫ פʘʟʘץʩʪʘʥʥʳש ʪײʨʘץʪʳ ʜʘʤʫʳʥʳש ʘʞʳʨʘʤʘʩ 

ʙᴇʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂʣʠʤʘʪʪʳש ᴇʟʛʝʨʫʽ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʙʝʣʛʽʩʽʟʜʽʢ 

ʞʘסʜʘʡʳʥʜʘ ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʞʘסשʳʨʪʫסʘ ʞᴅʥʝ ʦʟʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

ʝʥʛʽʟʫʛʝ ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʫ ץʘʞʝʪ. ʊʝʢ ʪʝʭʥʠʢʘʣʳײ ,ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ ʞᴅʥʝ 

ʙʽʣʽʤ ʙʝʨʫ ʰʘʨʘʣʘʨʳʥ ץʘʤʪʠʪʳʥ ʢʝʰʝʥʜʽ ʪᴅʩʽʣ סʘʥʘ ʞʳʣʫʤʝʥ ʞʘʙʜʳץʪʘʫʜʳש 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʪʳʨʫסʘ, ʞʳʣʫ ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʫסʘ ʞᴅʥʝ 

ʭʘʣʳץʪʳש ᴇʤʽʨ ʩװʨʫ ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɾʳʣʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʩʘʣʘʩʳʥʜʘסʳ ʥʝʛʽʟʛʽ ʤᴅʩʝʣʝʣʝʨʜʽש ʙʽʨʽ - ʞʳʣʫ 

ʞʝʣʽʣʝʨʽʥʽש ʪʦʟʫʳ. פʘʟʘץʩʪʘʥʜʘסʳ ʞʳʣʫ ʤʘʛʠʩʪʨʘʣʴʜʘʨʳʥʳש ʢᴇʧ ʙᴇʣʽʛʽ ʢʝשʝʩ 

ʟʘʤʘʥʳʥʜʘ ʩʘʣʳʥסʘʥ ʞᴅʥʝ ʦʥʜʘסʘʥ ʞʳʣʜʘʨ ʙʦʡʳ ʢװʨʜʝʣʽ ʞᴇʥʜʝʫʜʝʥ ᴇʪʧʝʛʝʥ. 

ɹײʣ ʢʦʨʨʦʟʠʷ, ʤʝʭʘʥʠʢʘʣʳץ ʟʘץʳʤʜʘʥʫ ʞᴅʥʝ ʦץʰʘʫʣʘʫʜʳש ʪʦʟʫʳ ʩʠʷץʪʳ 

 ʳʥʜʘʨʳʥʘסʪʘʡ ʞʳʣʫ ʰʳץʩʘʣʜʘʨʳʥʘʥ ʘʡʪʘʨʣʳ שʘʫʣʘʨʜʳץʳ ʘסʙʳʨʣʘʨʜʘײץ

ᴅʢʝʣʝʜʽ. ᴄʨʪװʨʣʽ ʟʝʨʪʪʝʫʣʝʨʛʝ ʩᴅʡʢʝʩ, ʞʳʣʫ ʰʳסʳʥʜʘʨʳʥʳש ʜʝשʛʝʡʽ 20-30%-סʘ 

ʞʝʪʫʽ ʤװʤʢʽʥ, ʙײʣ ʞװʡʝʥʽש ʞʘʣʧʳ ʪʠʽʤʜʽʣʽʛʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥʜʝʪʝʜʽ. 

ʂʝʣʝʩʽ ʤᴅʩʝʣʝ - ײץʙʳʨʣʘʨʜʘסʳ ʘץʘʫʣʘʨ. ײפʙʳʨʣʘʨ ʞʳʣʫ ʞʝʣʽʣʝʨʽʥʽש 

ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʽ ʙʦʣʘ ʦʪʳʨʳʧ, ʪײʨʘץʪʳ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽ ʞᴅʥʝ 

ʘʫʳʩʪʳʨʫʜʳ ץʘʞʝʪ ʝʪʝʜʽ. ײפʙʳʨʣʘʨʜʳש ʪʦʟʫʳ, ʢʦʨʨʦʟʠʷ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ 

ʟʘץʳʤʜʘʥʫʣʘʨ ʩʘʣʜʘʨʳʥʘʥ ʘץʘʫʣʘʨ ʧʘʡʜʘ ʙʦʣʳʧ, ʞʳʣʫ ʰʳסʳʥʜʘʨʳ ʘʨʪʘʜʳ 

ʞᴅʥʝ ʘʧʘʪʪʳץ ʞʘסʜʘʡʣʘʨʜʳץ שʘʫʧ̔ʽ ʞʦסʘʨʳʣʘʡʜʳ. ᴄʩʽʨʝʩʝ, ʘʛʨʝʩʩʠʚʪʽ ʦʨʪʘʜʘסʳ 

ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳʥʳש ᴅʩʝʨʽʥʝʥ ʢʦʨʨʦʟʠʷ ʧʨʦʮʝʩʽ ʞʝʜʝʣʜʝʧ, ײץʙʳʨʣʘʨʜʳש 

ʞʘʨʳʣʫʳʥʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. ɹײʣ ʞʳʣʫ ʰʳסʳʥʜʘʨʳʥ ʘʨʪʪʳʨʳʧ ץʘʥʘ ץʦʡʤʘʡ, 

ʘʧʘʪʪʳץ ʞʘסʜʘʡʣʘʨʜʳץ שʘʫʧʽʥ ʪʫʜʳʨʘʜʳ, ʙײʣ ʞʳʣʫʤʝʥ ʞʘʙʜʳץʪʘʫʜʳ ʫʘץʳʪʰʘ 

ʪʦץʪʘʪʫסʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. 
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ʂʝʣʝʩʽ ʤᴅʩʝʣʝ - ʞʳʣʫ ʘסʳʥʳ. ɾʳʣʫ ʘסʳʥʳ, ʷסʥʠ ʞʝʣʽ ʘʨץʳʣʳ ʙʝʨʽʣʝʪʽʥ 

ʞʳʣʫ ʤᴇʣʰʝʨʽ, ʞʳʣʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞװʡʝʩʽ ʪʠʽʤʜʽʣʽʛʽʥʽש ʤʘשʳʟʜʳ ʘʩʧʝʢʪʽʩʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʳʣʫ ʞʝʣʽʣʝʨʽʥʜʝʛʽ ʦץʰʘʫʣʘʫ ʩʘʧʘʩʳʥʳש ʪᴇʤʝʥʜʽʛʽ ʞᴅʥʝ 

 שʪʘʡ ʤᴇʣʰʝʨʽʥʽץʘʡʪʘʨʣʳ שʢʝʤʰʽʣʽʢʪʝʨ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥʳ ץʨʳʣʳʤʜʳײץ

ʞʦסʘʣʫʳʥʘ ᴅʢʝʣʝʜʽ. ɹײʣ ʵʥʝʨʛʠʷ ᴇʥʜʽʨʫʛʝ ʢʝʪʝʪʽʥ ʰʳסʳʥʜʘʨʜʳ ײʣסʘʡʪʳʧ, 

 ʘʨʳʥʜʳʣʘʨʳʥסʰʳ שʘ ʟʠʷʥ ʢʝʣʪʽʨʝʪʽʥ ʧʘʨʥʠʢʪʽʢ ʛʘʟʜʘʨʜʳסʘʥ ʦʨʪʘסʦʨʰʘץ

ʘʨʪʪʳʨʘʜʳ. 

 ʩʝʢʪʦʨʳʥʜʘ ʞʳʣʫ ʵʥʝʨʛʝʪʠʢʘʩʳ ץʘʟʽʨʛʽ ʵʥʝʨʛʝʪʠʢʘʣʳץ שʩʪʘʥʥʳץʘʟʘפ

ʙʘʩʳʤʜʳץץʘ ʠʝ, ʦʣ ʝʣʜʽש ʞʘʣʧʳ ʵʥʝʨʛʠʷ ᴇʥʜʽʨʽʩʽʥʽ91% ש-ʳʥ ײץʨʘʡʜʳ. ʆʩʳסʘʥ 

ʙʘʡʣʘʥʳʩʪʳ, ʞʳʣʫ ʵʥʝʨʛʝʪʠʢʘʩʳʥʳש ʪʠʽʤʜʽ ʞײʤʳʩ ʽʩʪʝʫʽ ʝʣʜʽש ᴅʣʝʫʤʝʪʪʽʢ-

ʵʢʦʥʦʤʠʢʘʣʳץ ʜʘʤʫʳʥʘ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʜʽ. ɸʣʘʡʜʘ, פʘʟʘץʩʪʘʥʜʘסʳ 37 ɾʕʆ-ʥʳש 

ʦʨʪʘʰʘ ʪʦʟʫ ʜʝשʛʝʡʽ 65%-ʜʳ ײץʨʘʡʜʳ, ʙײʣ ʞʳʣʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞװʡʝʩʽʥʽש 

ʪʠʽʤʜʽʣʽʛʽʥ ʪᴇʤʝʥʜʝʪʝʜʽ. ɾʳʣʳʪʫ ʤʘʫʩʳʤʳʥʳײ שʟʘץʪʳסʳ ʦשʪװʩʪʽʢ ʞᴅʥʝ 

ʩʦʣʪװʩʪʽʢ ᴇשʽʨʣʝʨʜʝ ᴅʨʪװʨʣʽ ʙʦʣʳʧ ʢʝʣʝʜʽ, ʙײʣ ʜʘ ʞʳʣʫ ʞװʢʪʝʤʝʩʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ. 

ɽʣʜʽש ʵʣʝʢʪʨʣʽʢ ץʫʘʪʳʥʳ66,2% ש-ʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ɾʕʆ-ʣʘʨʜʳש 

ʤʘשʳʟʜʳʣʳסʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʦʩʳ ʩʝʢʪʦʨʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ᴇʟʝʢʪʽ 

ʤᴅʩʝʣʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [3]. 

 ʪʠʽʤʜʽʣʽʛʽʥ שʡʝʩʽʥʽװʪʘʫ ʞץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʞʳʣʫʤʝʥ ʞʘʙʜʳץʘʟʘפ

ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʞʳʣʫ ʞʝʣʽʣʝʨʽʥʽש ʞʘסʜʘʡʳʥ ʪʘʣʜʘʫ ʞᴅʥʝ ʞʳʣʫ 

ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʫ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʈʝʩʧʫʙʣʠʢʘ ʙʦʡʳʥʰʘ 

ʞʘʣʧʳ ײʟʳʥʜʳסʳ 12680 ʢʤ ײץʨʘʡʪʳʥ ʞʳʣʫ ʞʝʣʽʣʝʨʽʥʽ49,2% ש-ʳ ʘʫʳʩʪʳʨʫʜʳ 

 ʘʣʘʫʣʘʨסʨʣʽ ʙʘװʨʘʡʜʳ. ᴄʨʪײץ ʛʝʡʽ 57%-ʜʳשʘʞʝʪ ʝʪʝʜʽ, ʘʣ ʦʨʪʘʰʘ ʪʦʟʫ ʜʝץ

ʙʦʡʳʥʰʘ, ʞʳʣʫ ʞʝʣʽʣʝʨʽʥʜʝʛʽ ʞʳʣʫ ʰʳסʳʥʜʘʨʳ 20%-ʜʘʥ 30%-סʘ ʜʝʡʽʥ ʞʝʪʝʜʽ, 

ʙײʣ ײץʙʳʨʣʘʨʜʳש ʥʘʰʘʨ ʞʘסʜʘʡʳʤʝʥ, ʞʝʪʢʽʣʽʢʩʽʟ ʦץʰʘʫʣʘʫʤʝʥ ʞᴅʥʝ ʙʘʩץʘ ʜʘ 

ʪʝʭʥʠʢʘʣʳץ ʧʨʦʙʣʝʤʘʣʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 

ɾʳʣʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʩʝʢʪʦʨʳ, ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥ ᴇʥʜʽʨʫʜʝʥ ʪײʪʳʥʫסʘ 

ʜʝʡʽʥʛʽ ʧʨʦʮʝʩʪʝ ʪᴇʤʝʥ ʪʠʽʤʜʽʣʽʢʧʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. פʘʟʘʥʜʳץʪʘʨʜʳש ʦʨʪʘʰʘ 

ʇᴄʂ-ʽ 75%-ʜʳ, ʘʣ ʙװʢʽʣ ʞװʡʝʥʽש ʇᴄʂ-ʽ 58%-ʜʳ ײץʨʘʡʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʞʳʣʫʜʳ ʪʘʩʳʤʘʣʜʘʫ ʞᴅʥʝ ʪʘʨʘʪʫ ʢʝʟʝשʽʥʜʝ ʞʳʣʫ ʰʳסʳʥʜʘʨʳ 18-42% 

ʘʨʘʣʳסʳʥʜʘ ʙʦʣʘʜʳ. ɹײʣ ʬʘʢʪʦʨʣʘʨ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʟʠʷʥʜʳ ᴅʩʝʨ ʝʪʝʪʽʥ ʞʦסʘʨʳ 

ʰʳסʘʨʳʥʜʳʣʘʨסʘ ᴅʢʝʣʝʜʽ. 

ɽʣʽʤʽʟʜʝ 2021-2024 ʞʳʣʜʘʨ ʘʨʘʣʳסʳʥʜʘ ʞʳʣʫʤʝʥ ʞʘʙʜʳץʪʘʫ 

ʩʘʣʘʩʳʥʜʘסʳ ʥʝʛʽʟʛʽ ʧʨʦʙʣʝʤʘʣʘʨʜʳש ʙʽʨʽ ʞʘʙʜʳץʪʘʨʜʳש ʪʦʟʫʳ ʞᴅʥʝ ɾʕʆ-

ʣʘʨʜʘסʳ ʘʧʘʪʪʳץ ʞʘסʜʘʡʣʘʨ ʙʦʣʜʳ. ʕʥʝʨʛʝʪʠʢʘ ʤʠʥʠʩʪʨʣʽʛʽʥʽש ʤᴅʣʽʤʝʪʪʝʨʽʥʝ 

ʩᴅʡʢʝʩ, 2023 ʞʳʣʳ ʝʣʜʽץ 12 שʘʣʘʩʳʥʜʘסʳ ɾʕʆ-ʣʘʨʜʘסʳ ʞʘʙʜʳץʪʘʨʜʳש ʦʨʪʘʰʘ 

ʪʦʟʫ ʜʝשʛʝʡʽ 73%-סʘ ʞʝʪʽʧ, ʠʥʬʨʘײץʨʳʣʳʤʥʳש ʢʨʠʪʠʢʘʣʳץ ʞʘסʜʘʡʳʥ ʢᴇʨʩʝʪʪʽ. 

ɹײʣ ʤᴅʩʝʣʝʥʽ ʰʝʰʫ ʤʘץʩʘʪʳʥʜʘ 2024 ʞʳʣʳ ʞװʨʛʽʟʽʣʛʝʥ ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳ 

ʞʘʙʜʳץʪʘʨʜʳש ʦʨʪʘʰʘ ʪʦʟʫʳʥ 65%-ʜʘʥ 61%-סʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʪʫʛʝ ʙʘסʳʪʪʘʣʜʳ 

[4, 5]. 

 ʪʠʽʤʜʽʣʽʛʽʥ שʡʝʩʽʥʽװʪʘʫ ʞץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʞʳʣʫʤʝʥ ʞʘʙʜʳץʘʟʘפ

ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʢʝʰʝʥʜʽ ʰʘʨʘʣʘʨʜʳ ץʘʙʳʣʜʘʫ ץʘʞʝʪ. ɹײʣ ʰʘʨʘʣʘʨסʘ 

ʠʥʬʨʘײץʨʳʣʳʤʜʳ ʞʘסשʳʨʪʫ, ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʝʥʛʽʟʫ ʞᴅʥʝ ʵʥʝʨʛʠʷ 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʞʘʪʘʜʳ. ɽʩʢʽ ײץʙʳʨʣʘʨʜʳ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽ ʞᴅʥʝ ʞʳʣʫ 

ʦץʰʘʫʣʘʫ ץʘʩʠʝʪʪʝʨʽ ʞʘץʩʳ ʤʘʪʝʨʠʘʣʜʘʨסʘ ʘʫʳʩʪʳʨʫ, ʞʳʣʫ ʞʝʣʽʣʝʨʽʥʽש 
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ʞʘסʜʘʡʳʥ ʙʘץʳʣʘʫ ʞᴅʥʝ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫʜʳש ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

ʧʘʡʜʘʣʘʥʫ, ʵʥʝʨʛʠʷ ʪʠʽʤʜʽ ץʘʟʘʥʜʳץʪʘʨ ʤʝʥ ʩʦʨסʳ ʩʪʘʥʮʠʷʣʘʨʳʥ ʦʨʥʘʪʫ, 

ʩʦʥʜʘʡ-ʘץ ʞʳʣʫ ʧʨʦʮʝʩʪʝʨʽʥ ʘʚʪʦʤʘʪʪʳ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥ ʝʥʛʽʟʫ ʘʨץʳʣʳ 

ʞʳʣʫʤʝʥ ʞʘʙʜʳץʪʘʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʪʳʨʫסʘ ʙʦʣʘʜʳ. 

ɾʳʣʫʤʝʥ ʞʘʙʜʳץʪʘʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥʳש 

ʪʘʧʰʳʣʳסʳʥ ʪᴇʤʝʥʜʝʪʫ ʤʘץʩʘʪʳʥʜʘ ʞʳʣʫ ʪʝʭʥʠʢʘʣʳץ ץʦʥʜʳʨסʳʣʘʨ ʤʝʥ ʞʳʣʫ 

ʞʝʣʽʣʝʨʽʥʽש ʩʘʧʘʩʳʥ ʞʝʜʝʣ ʙʘץʳʣʘʫסʘ ʘʨʥʘʣסʘʥ ʘʩʧʘʧʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫ, ʩʦʥʜʘʡ-

ʘץ ץʦʣʜʘ ʙʘʨ ץʫʘʪʪʘʨʜʘ ᴇʥʜʽʨʽʩʪʽ ʞʘסשʳʨʪʫ ʞᴅʥʝ ʟʘʤʘʥʘʫʠ ʞʳʣʫ ʩʘץʪʘʫ 

ᴅʜʽʩʪʝʨʽʥʽש ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʢʝשʝʡʪʫ ᴇʟʝʢʪʽ ʤʽʥʜʝʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɾʳʣʫ ʞʝʣʽʣʝʨʽ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʦʙʲʝʢʪʽʣʝʨʜʽ ʪʝʭʥʠʢʘʣʳץ 

ʜʠʘʛʥʦʩʪʠʢʘʣʘʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʙײʟʙʘʡ 

ʙʘץʳʣʘʫ ᴅʜʽʩʪʝʨʽ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ʂᴇʧʪʝʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, 

ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʢװʡʜʽש ʧʨʦʮʝʩʪʝʨʽʥ ʙʘץʳʣʘʫסʘ ʞᴅʥʝ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ 

ʪʽʨʢʝʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʙײʟʙʘʡ ʙʘץʳʣʘʫ ᴅʜʽʩʪʝʨʽ ʝץ שʦʣʘʡʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʐʝʪʝʣ ʝʣʜʝʨʽʥʽש ʪᴅʞʽʨʠʙʝʩʽ ʦʙʲʝʢʪʽʣʝʨʜʽש ʞᴅʥʝ ײץʨʳʣʳʩ ײץʨʳʣʳʤʜʘʨʳʥʳש 

ʥʦʨʤʘʪʠʚʪʽʢ ʞʘסʜʘʡʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝ ʙײʟʙʘʡ ʙʘץʳʣʘʫʜʳש ʞʳʣʫ ʘסʳʥʳʥ 

ᴇʣʰʝʫʽʰʪʝʨʽʥ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʜʘʥ ᴅʨʽ ʙײʟʙʘʡ 

ʙʘץʳʣʘʫʜʳש ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʽ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫʜʳש 

 .ʘʨʘʩʪʳʨʳʣʘʜʳץ ʳ ᴅʜʽʩʪʝʨʽ ʤʝʥ ʪᴅʩʽʣʜʝʨʽסʦʣʜʘʥʳʩʪʘץ

 

1.2 ɹײʟʙʘʡʪʳʥ ʙʘץʳʣʘʫ ʞᴅʥʝ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ 

ɹײʟʙʘʡʪʳʥ ʙʘץʳʣʘʫ ᴅʜʽʩʪʝʨʽ ʠʥʞʝʥʝʨʠʷ ʤʝʥ ᴇʥʜʽʨʽʩʪʝʛʽ ʤʘשʳʟʜʳ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʙʘסʳʪʪʘʨʜʳש ʙʽʨʽ ʨʝʪʽʥʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ʆʣʘʨ 

ʤʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ײץʨʳʣʳʤʜʘʨʜʳש ʢװʡʽʥ ʙײʟʙʘʡ ʥʝʤʝʩʝ ʦʣʘʨʜʳש 

ʬʫʥʢʮʠʦʥʘʣʜʳסʳʥʘ ᴅʩʝʨ ʝʪʧʝʡ ʪʝʢʩʝʨʫʛʝ ʞᴅʥʝ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ 

ᴅʜʽʩʪʝʨ ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʜʘ, ʩʦʥʳש ʽʰʽʥʜʝ ʘʚʠʘʮʠʷ, סʘʨʳʰ ᴇʥʝʨʢᴅʩʽʙʽ, ʵʥʝʨʛʝʪʠʢʘ, 

 שʡʳʤʜʘʨʜʳײʡʝʣʝʨ ʤʝʥ ʙװʞ ץʨʳʣʳʩ ʞᴅʥʝ ʢᴇʣʽʢ ʩʘʣʘʣʘʨʳʥʜʘ ʪʝʭʥʠʢʘʣʳײץ

ʩʝʥʽʤʜʽʣʽʛʽʥ, ץʘʫʽʧʩʽʟʜʽʛʽʥ ʞᴅʥʝ ײʟʘץ ʤʝʨʟʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ 

ʙʘסʳʪʪʘʣסʘʥ. ʄʳʩʘʣʳ, ʘʚʠʘʮʠʷʜʘ ײʰʘץ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʩʘשʳʣʘʫʣʘʨʳʥ, 

ʞʘʨʳץʰʘץʪʘʨʳʥ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʘץʘʫʣʘʨʳʥ ʫʘץʳʪʳʥʜʘ ʘʥʳץʪʘʫ ײʰʫ ץʘʫʽʧʩʽʟʜʽʛʽʥ 

ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. ʕʥʝʨʛʝʪʠʢʘʜʘ ɹɹ ᴅʜʽʩʪʝʨʽ ײץʙʳʨ ʞװʡʝʣʝʨʽ ʤʝʥ 

ʞʘʙʜʳץʪʘʨʜʳש ʪײʪʘʩʪʳסʳʥ ʙʘץʳʣʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ, ʙײʣ ʘʧʘʪʪʘʨʜʳש ʘʣʜʳʥ 

ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɹɹ ï ʙʘץʳʣʘʫ ʦʙʲʝʢʪʽʩʽʥʽש ʪײʪʘʩʪʳסʳʥ, ʥʝʛʽʟʛʽ ʞײʤʳʩ ץʘʩʠʝʪʪʝʨʽʥ ʞᴅʥʝ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʙʘץʳʣʘʫ. ɹɹ ᴅʜʽʩʪʝʨʽ ʙʘץʳʣʘʫ ʦʙʲʝʢʪʽʩʽʤʝʥ ʬʠʟʠʢʘʣʳץ ᴇʨʽʩʪʽש 

ʥʝʤʝʩʝ ʟʘʪʪʳש ᴇʟʘʨʘ  ᴅʨʝʢʝʪʪʝʩʫʽ ʘʨץʳʣʳ ʙײʡʳʤʥʳש (ʦʙʲʝʢʪʽʥʽש) ʤʘʪʝʨʠʘʣʳʥʜʘ 

ʦʥʳ ʙײʟʙʘʡ (ץʠʨʘʪʧʘʡ) ʘץʘʫʣʘʨʜʳ ʘʥʳץʪʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɹײʟʙʘʡʪʳʥ 

ʙʘץʳʣʘʫʜʘסʳ ʦʙʲʝʢʪ ʨʝʪʽʥʜʝ ʢᴇʙʽʥʝʩʝ ʙᴇʣʰʝʢ ʥʝʤʝʩʝ ʙᴇʣʰʝʢʪʝʨʜʽץ שʦʩʳʣʫʳ 

(ʜᴅʥʝʢʝʨʣʝʫ, ʞʝʣʽʤʜʽ ץʦʩʳʣʳʩ) ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹɹ ʫʘץʳʪ ᴇʪʝ ʢʝʣʝ 

ʙʘץʳʣʘʥʘʪʳʥ ʦʙʲʝʢʪ ʩʘʧʘʩʳʥʳש ᴇʟʛʝʨʫʽʥ ʪʽʢʝʣʝʡ ʥʝʤʝʩʝ ʞʘʥʘʤʘ ʩʠʧʘʪʪʘʡʪʳʥ 

 ʪʠʤʘʣץʘʫʣʘʨʳ ʙʘʨ ʳץʘ, ᴇʥʜʽʨʽʩʪʝ ʢᴇʟʛʝ ʢᴇʨʽʥʙʝʡʪʽʥ ʘסʧʘʨʘʪ ʘʣʫץʦʩʳʤʰʘ ʘץ

ʩʝʥʽʤʩʽʟ ᴇʥʽʤʜʝʨʜʽ ʘʣʳʧ ʪʘʩʪʘʫסʘ, ʝʨʝʢʰʝ ץʠʳʥ ʞʘסʜʘʡʣʘʨʜʘ ʞײʤʳʩ ʽʩʪʝʫ װʰʽʥ 

ʝש ʩʝʥʽʤʜʽ װʣʛʽʣʝʨʜʽ ʪʘשʜʘʫסʘ, ʦʣʘʨʜʳ ʫʘץʳʪʳʥʜʘ ʞʦʶ װʰʽʥ ʢᴇʟʛʝ ʢᴇʨʽʥʙʝʡʪʽʥ 

ʘץʘʫʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫ ʩʝʙʝʧʪʝʨʽʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʟʙʘʡʪʳʥ 
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ʙʘץʳʣʘʫ ײץʨʳʣסʳʣʘʨʳʥʳש ʢᴇʤʝʛʽʤʝʥ ʩʳʨʪץʳ ʪװʨʽʥ ʙײʟʙʘʡ-ʘץ, ʥʦʨʤʘʪʠʚʪʽʢ 

 ʟʝʛʝװʳʣʘʫʜʳ ʞץʳ ʜʠʘʛʥʦʩʪʠʢʘ ʤʝʥ ʞʝʜʝʣ ʙʘץʘ ʩᴅʡʢʝʩʪʽʛʽʥ ʙʘʩʪʘʧסʞʘʪʪʘʨײץ

ʘʩʳʨʫסʘ ʙʦʣʘʜʳ. ʄײʥʜʘʡ ײץʨʳʣסʳʣʘʨʜʳ ץʦʣʜʘʥʫ ץʘʞʝʪʪʽʣʽʛʽ 

ʞʳʣʫʵʥʝʨʛʝʪʠʢʘʣʳץ ʞʘʙʜʳץʪʘʨʜʳש ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʽʥ, ʞʳʣʫ ʞʝʣʽʣʝʨʽʥʽש 

ʞᴅʥʝ ײץʨʳʣʳʩ ʥʳʩʘʥʜʘʨʳʥʳש ʞʘסʜʘʡʳʥ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʦʙʲʝʢʪʽʣʝʨʜʽ ʙʘץʳʣʘʫ 

ʩʠʷץʪʳ ʙʘʩʪʳ ʤʽʥʜʝʪʪʝʨʜʝ ʪʫʳʥʜʘʡʜʳ [6-9]. 

ɹײʟʙʘʡʪʳʥ ʙʘץʳʣʘʫʜʳש ʥʝʛʽʟʛʽ ᴅʜʽʩʪʝʨʽ ʤʝʥ ʧʨʠʥʮʠʧʪʝʨʽ, ʦʣʘʨʜʳש 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʤʝʥ ʢʝʤʰʽʣʽʢʪʝʨʽʥʝ ץʘʨʘʡ ʢʝʣʝʩʽ ʪװʨʣʝʨʽʥ ץʘʨʘʩʪʳʨʘʤʳʟ. 

ʄʘʛʥʠʪʪʽʢ ʙʘϨʳʣʘʫ ᴅʜʽʩʪʝʨʽ ʙʘץʳʣʘʥʘʪʳʥ ᴇʥʽʤʜʝʨʜʽ ʤʘʛʥʠʪʪʝʫ ʘʨץʳʣʳ 

ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʤʘʛʥʠʪ ᴇʨʽʩʪʝʨʽʥ ʧʘʡʜʘʣʘʥʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ. ʌʠʟʠʢʘʣʳץ ᴇʨʽʩʪʽש 

ʦʙʲʝʢʪʽʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʩʠʧʘʪʳ ʙʦʡʳʥʰʘ ʙʘץʳʣʘʫʜʳש ʙײʣ ʪװʨʽ 

ʩʘʨʘʣʘʥʙʘʡʜʳ, ʷסʥʠ ʙʘʨʣʳץ ʞʘסʜʘʡʣʘʨʜʘ ʦʙʲʝʢʪʽʥʽש ʤʘʛʥʠʪʪʝʣʫʽ ץʦʣʜʘʥʳʣʘʜʳ 

ʞᴅʥʝ ʤʘʛʥʠʪʪʽʢ ᴅʜʽʩʪʝʨʤʝʥ ʙʘץʳʣʘʫʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʧʘʨʘʤʝʪʨʣʝʨ ᴇʣʰʝʥʝʜʽ. 

ʅʝʛʽʟʽʥʝʥ ʤʘʛʥʠʪʪʽʢ ᴅʜʽʩ ʬʝʨʨʦʤʘʛʥʠʪʪʽʢ ʥʝʛʽʟʜʝʛʽ ʬʝʨʨʦʤʘʛʥʠʪʪʽʢ ʝʤʝʩ 

ʞʘʙʳʥʥʳץ שʘʣʳשʜʳסʳʥ ᴇʣʰʝʫ, ʜʝʬʝʢʪʦʩʢʦʧʠʷ ʞᴅʥʝ ʤʘʛʥʠʪ ᴇʨʽʩʽʥʽש 

 ᴇʟʛʝʨʫʽ ʪʫʨʘʣʳ שʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʤʘʛʥʠʪʪʽʢ ᴇʪʢʽʟʛʽʰʪʽʢ ʞᴅʥʝ ʦʥʳסʳʥʜʳʣʳץʘʨץ

ʘץʧʘʨʘʪ ʘʣʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. [10, 11] ʞײʤʳʩʪʘʨʳʥʜʘ ʙײʣ ᴅʜʽʩʪʽש ʥʝʛʽʟʛʽ 

ʢʝʤʰʽʣʽʛʽ - ᴇʣʰʝʫ ʧʨʦʮʝʩʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʳץ שʠʳʥʜʳסʳ ʞᴅʥʝ ᴇʣʰʝʫ 

ʥᴅʪʠʞʝʣʝʨʽʥʽץ שʦʨʰʘסʘʥ ʦʨʪʘ ʞʘסʜʘʡʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ. 

ɹײʟʙʘʡʪʳʥ ʙʘץʳʣʘʫʜʳש ʣɻʝʢʪʨʣʽʢ ϸʜʽʩʽ ʩʳʨʪץʳ ᴅʩʝʨ ʝʪʫ (ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ 

ᴅʜʽʩ) ʥᴅʪʠʞʝʩʽʥʜʝ ʙʘץʳʣʘʥʘʪʳʥ ʦʙʲʝʢʪʽʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʙʘץʳʣʘʥʘʪʳʥ 

ʦʙʲʝʢʪʽʤʝʥ ʥʝʤʝʩʝ ᴇʨʽʩʧʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʝʪʽʥ ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽש ʧʘʨʘʤʝʪʨʣʝʨʽʥ  

ʪʽʨʢʝʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ [8, ʨ. 301-320; 12-14]. ɹײʟʙʘʡʪʳʥ ʙʘץʳʣʘʫʜʳש ʵʣʝʢʪʨʣʽʢ 

ᴅʜʽʩʪʝʨʽ ʜʝʬʝʢʪʦʩʢʦʧʠʷ, ץʘʣʳשʜʳץʪʳ ᴇʣʰʝʫ, ʩʪʨʫʢʪʫʨʦʩʢʦʧʠʷ, ʦʙʲʝʢʪʽʣʝʨʜʽש 

ʪʝʨʤʦʤʝʪʨʠʷʩʳ, ʟʘʪʪʘʨʜʳײץ שʨʘʤʳʥ ʪʘʣʜʘʫ ʤᴅʩʝʣʝʣʝʨʽʥ ʰʝʰʫʜʝ ץʦʣʜʘʥʳʣʘʜʳ. 

ʕʣʝʢʪʨʣʽʢ ᴅʜʽʩʪʝʨʜʽ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ ʙʘסʳʪʪʘʨʳ ʨʝʪʽʥʜʝ ʤʳʥʘʣʘʨʜʳ ʙᴇʣʽʧ 

ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ: ʠʣʝʢʪʝʣʛʝʥ ʞʘʣʧʘץ ʤʝʪʘʣʣʜʘʨʜʘסʳ ץʘʙʘʪʪʘʩʫʣʘʨʜʳ, 

 ,ʘʫʣʳ ʞʘʧʩʘʨʣʘʨʜʳץʘʫʣʘʨʜʳ, ʩʘʧʘʩʳʟ ʜᴅʥʝʢʝʨʣʝʨʜʽ, ʘץʳ ʘסʡʤʘʣʘʨʜʘײץ

ʙʠʤʝʪʘʣʣ ʧʣʘʩʪʠʥʘʣʘʨʜʘסʳ ץʘʙʘʪʪʘʩʫʣʘʨʜʳ, ʤʝʪʘʣʣ ʙײʡʳʤʜʘʨʳʥʜʘסʳ 

ʩʳʟʘʪʪʘʨʜʳ, ʵʤʘʣʴ ʞʘʙʳʥʜʘʨʳʥʳש ʞʘʨʳʣʫʳʥ ʘʥʳץʪʘʫ. ʕʣʝʢʪʨʣʽʢ ʙײʟʙʘʡʪʳʥ 

ʙʘץʳʣʘʫʜʳש ʢʝʤʰʽʣʽʢʪʝʨʽ ʙʘץʳʣʘʫ ʦʙʲʝʢʪʽʩʽʤʝʥ ʙʘʡʣʘʥʳʩʫ ץʘʞʝʪʪʽʣʽʛʽ, ᴇʥʽʤʥʽש 

ʙʝʪʽʥʽש ʪʘʟʘʣʳסʳʥʘ ץʘʪʘש ʪʘʣʘʧʪʘʨ, ᴇʣʰʝʫ ʧʨʦʮʝʩʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʳש 

 ʜʘʡʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽסʘʥ ʦʨʪʘ ʞʘסʦʨʰʘץ שʪʘʨʳ ʞᴅʥʝ ᴇʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽʥʽץʠʳʥʜʳץ

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɹײʟʙʘʡʪʳʥ ʙʘץʳʣʘʫʜʳש Ϩϰʡʳʥʜʳ ʪʦʢ ϸʜʽʩʽ ײץʡʳʥʜʳ ʪʦʢ ʪװʨʣʝʥʜʽʨʛʽʰʽʥʽש 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʽʢ ᴇʨʽʩʽʥʽש ʙʘץʳʣʘʥʘʪʳʥ ʦʙʲʝʢʪʽʜʝ ʢʝʣʪʽʨʽʣʛʝʥ ײץʡʳʥʜʳ 

ʪʦʢʪʘʨʜʳש ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʽʢ ᴇʨʽʩʽʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥ ʪʘʣʜʘʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ 

[15-17]. ʆʣ ʪʝʢ ʵʣʝʢʪʨ ᴇʪʢʽʟʛʽʰ ʤʘʪʝʨʠʘʣʜʘʨʜʘʥ ʞʘʩʘʣסʘʥ ʙײʡʳʤʜʘʨʜʳ, ʩʦʥʳש 

ʽʰʽʥʜʝ ʪװʩʪʽ, ʤʘʛʥʠʪʪʽ ʝʤʝʩ ʤʝʪʘʣʜʘʨʜʳ (ʤʳʩ, ʞʝʟ, ʘʣʶʤʠʥʠʡ ʞᴅʥʝ ʪ.ʙ.) 

ʙʘץʳʣʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʡʳʤʜʘʨʜʳש ʛʝʦʤʝʪʨʠʷʣʳץ ᴇʣʰʝʤʜʝʨʽ 

ʙʘץʳʣʘʥʘʜʳ, ʙײʡʳʤ ʤʘʪʝʨʠʘʣʳʥʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʤʝʥ ײץʨʳʣʳʤʳ, ʽʰʢʽ 

ʢʝʨʥʝʫʣʝʨ, ʤʝʪʘʣʜʘʨʜʳש ʵʣʝʢʪʨ ᴇʪʢʽʟʛʽʰʪʽʛʽʥʽש ᴇʟʛʝʨʫʽ ʞᴅʥʝ ʦʣʘʨʜʳש ʤʘʛʥʠʪʪʽʢ 

 ʘʫʣʘʨʳ (ʙʽʨʥʝʰʝץʢʽʰʢʝʥʪʘʡ ʙʝʪʪʽʢ ʞᴅʥʝ ʞʝʨ ʘʩʪʳ ʘ שʪʘʣʘʜʳ, ʝץʘʩʠʝʪʪʝʨʽ ʘʥʳץ

ʤʤ ʪʝʨʝשʜʽʢʪʝ) ʘʥʳץʪʘʣʘʜʳ. [18, 19] ʞײʤʳʩʪʘʨʳʥʜʘ ײץʡʳʥʜʳ ʪʦʢʪʘʨ ᴅʜʽʩʽʥʽש 
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ʢʝʤʰʽʣʽʛʽ - ʦʥʳש ʪʝʢ ʵʣʝʢʪʨ ᴇʪʢʽʟʛʽʰ ʤʘʪʝʨʠʘʣʜʘʨʤʝʥ ʰʝʢʪʝʣʫʽ. ɹײʣ ᴅʜʽʩ 

ʤʝʪʘʣʜʘʨʜʘʥ, ץʦʨʳʪʧʘʣʘʨʜʘʥ, ʛʨʘʬʠʪʪʝʥ ʞᴅʥʝ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʝʨʜʝʥ 

ʞʘʩʘʣסʘʥ ʙײʡʳʤʜʘʨʜʳ ʙʘץʳʣʘʫ װʰʽʥ סʘʥʘ ץʦʣʘʡʣʳ. 

ɹײʟʙʘʡʪʳʥ ʙʘץʳʣʘʫʜʳש ʦʧʪʠʢʘʣʳϨ ϸʜʽʩʽ ʙʘץʳʣʘʥʘʪʳʥ ʦʙʲʝʢʪʽʤʝʥ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʝʪʽʥ ʦʧʪʠʢʘʣʳץ ʩᴅʫʣʝʣʝʥʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʙʘץʳʣʘʫסʘ ʥʝʤʝʩʝ ʪʽʨʢʝʫʛʝ 

ʥʝʛʽʟʜʝʣʛʝʥ [13, ʩ. 2-11; 20-22]. ɹײʣ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʞײʪʳʣʫ, ʰʘסʳʣʳʩʫ, 

ʰʘʰʳʨʘʫ, ʜʠʩʧʝʨʩʠʷ, ʧʦʣʷʨʠʟʘʮʠʷ ʞᴅʥʝ ʙʘʩץʘ ʦʧʪʠʢʘʣʳץ ᴅʩʝʨʣʝʨʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ. ɹײʣ ᴅʜʽʩ ᴇʥʽʤʥʽש ʛʝʦʤʝʪʨʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ᴇʣʰʝʫ, ʙʝʪʪʽש ʢװʡʽʥ 

ʙʘץʳʣʘʫ ʞᴅʥʝ ʙʝʪʪʽʢ ʘץʘʫʣʘʨʜʳ ʘʥʳץʪʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ ᴅʜʽʩʪʽש 

ʘʨʪʳץʰʳʣʳסʳ ï ʙʘץʳʣʘʥʘʪʳʥ ʥʳʩʘʥʥʳש ʤʘʪʝʨʠʘʣʳʥʘ ʪᴅʫʝʣʩʽʟ ʩʳʨʪץʳ ʙʘץʳʣʘʫ 

ʤװʤʢʽʥʜʽʛʽ. ʆʧʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨ ʤᴇʣʜʽʨ ʦʙʲʝʢʪʽʣʝʨʜʽ ʙʘץʳʣʘʫ װʰʽʥ ʪʠʽʤʜʽ. ɸʪʘʧ 

ʘʡʪץʘʥʜʘ, ʦʣʘʨʜʳש ʢᴇʤʝʛʽʤʝʥ ʤʘʢʨʦ- ʞᴅʥʝ ʤʠʢʨʦʜʝʬʝʢʪʽʣʝʨ, ײץʨʳʣʳʤʜʳץ 

ʙʽʨʪʝʢʪʽʣʽʢ ʙײʟʳʣʳʩʪʘʨʳ, ʩʦʥʜʘʡ-ʘץ ʽʰʢʽ ʢʝʨʥʝʫʣʝʨ ʘʥʳץʪʘʣʘʜʳ. ɼʝʛʝʥʤʝʥ, [22, 

ʨ. 21-23; 23, 24] ʞײʤʳʩʪʘʨʳʥʜʘ ʦʧʪʠʢʘʣʳץ ᴅʜʽʩʪʽש ʙʘץʳʣʘʥʘʪʳʥ ʧʘʨʘʤʝʪʨʣʝʨʜʽש 

ʰʝʢʪʝʫʣʽ ʜʠʘʧʘʟʦʥʳ, ץʦʨʰʘסʘʥ ʦʨʪʘ ʞʘסʜʘʡʳ ʤʝʥ ʙײʡʳʤ ʙʝʪʽʥʽש ʪʘʟʘʣʳסʳʥʘ 

 .ʘʨʳ ʪʘʣʘʧʪʘʨʳ ʙʦʡʳʥʰʘ ʢʝʤʰʽʣʽʢʪʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥסʦʡʳʣʘʪʳʥ ʞʦץ

ɹײʟʙʘʡʪʳʥ ʙʘץʳʣʘʫʜʳש ʨʘʜʠʦʪʦʣϨʳʥʜʳ ϸʜʽʩʽ ʙʘץʳʣʘʥʘʪʳʥ ʦʙʲʝʢʪʽʤʝʥ 

ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʝʪʽʥ ʨʘʜʠʦ ʜʠʘʧʘʟʦʥʳʥʳש ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʽʢ ʪʦʣץʳʥʜʘʨʳ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ᴇʟʛʝʨʫʽʥ ʪʽʨʢʝʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ [13, ʩ. 2-11; 22, ʨ. 21-23; 25]. 

ᴄʜʝʪʪʝ ײʟʳʥʜʳסʳ 1-100 ʤʤ ʘʩʘ ʞʦסʘʨʳ ʞʠʽʣʽʢʪʽ ʜʠʘʧʘʟʦʥʜʘס r ʪʦʣץʳʥʜʘʨ 

 ʘʪʪʳ ᴅʣʩʽʨʝʤʝʡʪʽʥ ʤʘʪʝʨʠʘʣʜʘʨʜʘʥץ ʳʥʜʘʨ ᴇʪʝץʦʣʜʘʥʳʣʘʜʳ. ʈʘʜʠʦʪʦʣץ

ʞʘʩʘʣסʘʥ ʙײʡʳʤʜʘʨʜʳ ʙʘץʳʣʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ, ʷסʥʠ ʜʠʵʣʝʢʪʨʠʢʪʝʨ 

(ʧʣʘʩʪʤʘʩʩʘʣʘʨ, ʢʝʨʘʤʠʢʘ, ʰʳʥʳ ʪʘʣʰʳץ), ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʢʪʝʨ (ʬʝʨʨʠʪʪʝʨ), 

ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʝʨ, ʞץײʘ ץʘʙʳʨסʘʣʳ ʤʝʪʘʣʣ ʟʘʪʪʘʨ. ɹײʣ ᴅʜʽʩ 

ʜʠʵʣʝʢʪʨʠʢʪʝʨʜʽש ʜʝʬʝʢʪʦʩʢʦʧʠʷʩʳʥʜʘ, ʩʦʥʜʘʡ-ʘץ ᴇʪʢʽʟʛʽʰ ʜʝʥʝʣʝʨʜʽש ʙʝʪʢʽ 

ʞʘʟʳץʪʳסʳʥʳש ʢװʡʽʥ ʟʝʨʪʪʝʫʜʝ ץʦʣʜʘʥʳʣʘʜʳ. ʈʘʜʠʦʪʦʣץʳʥʜʳ ᴅʜʽʩʪʽש 

ʢʝʤʰʽʣʽʛʽ ʤʝʪʘʣʜʘʨסʘ ʨʘʜʠʦʪʦʣץʳʥʜʘʨʜʳש ʝʥʫʽʥʽש ᴇʪʝ ʘʟ ʪʝʨʝשʜʽʛʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ʦʩʳ ᴅʜʽʩʪʽ ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ ײץʨʳʣסʳʣʘʨʜʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ 

ʪᴇʤʝʥ ʘʞʳʨʘʪʳʤʜʳʣʳסʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [26, 27]. 

ɹײʟʙʘʡʪʳʥ ʙʘץʳʣʘʫʜʳש ʘʢʫʩʪʠʢʘʣʳϨ ϸʜʽʩʽ ʦʙʲʝʢʪʽʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ 

ʥʝʤʝʩʝ ץʦʟʜʳʨʳʣʘʪʳʥ ʩʝʨʧʽʤʜʽ ʪʦʣץʳʥʜʘʨʜʳש ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʪʽʨʢʝʫʛʝ 

ʥʝʛʽʟʜʝʣʛʝʥ [13, ʩ. 2-11; 28-30]. ɾʦסʘʨʳʜʘ ץʘʨʘʩʪʳʨʳʣסʘʥ ʙʘʨʣʳץ ᴅʜʽʩʪʝʨʜʝʥ 

ʘʡʳʨʤʘʰʳʣʳסʳ, ʤײʥʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʽʢ ʝʤʝʩ, ʩʝʨʧʽʤʜʽ ʪʦʣץʳʥʜʘʨ 

 ʘʥʠʟʦʪʨʦʧʠʷ ,ץʳʟʜʳסʧʘʨʘʤʝʪʨʣʝʨʽ ʪʳ שʦʣʜʘʥʳʣʘʜʳ ʞᴅʥʝ ʪʽʨʢʝʣʝʜʽ, ʦʣʘʨʜʳץ

(ᴅʨʪװʨʣʽ ʙʘסʳʪʪʘʨʜʘסʳ ץʘʩʠʝʪʪʝʨʜʽש ʙʽʨץʘʣʳʧʩʳʟʜʳסʳ) ʞᴅʥʝ ʪ.ʙ. ʩʠʷץʪʳ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳץ שʘʩʠʝʪʪʝʨʽʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳ. ɸʢʫʩʪʠʢʘʣʳץ ᴅʜʽʩʪʽש 

ʢᴇʤʝʛʽʤʝʥ ʞʳʣʫʪʝʭʥʠʢʘʣʳץ ʦʙʲʝʢʪʽʣʝʨʜʝ ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʘʥʳץʪʘʣʘʪʳʥ 

ʘץʘʫʣʘʨʜʳ, ʷסʥʠ ʜᴅʥʝʢʝʨʣʝʫ ʞʽʢʪʝʨʽʥʜʝʛʽ ʞʘʨʳץʪʘʨ, ʢᴇʧץʘʙʘʪʪʳ ʦץʰʘʫʣʘסʳʰ 

ʤʘʪʝʨʠʘʣʜʘʨʜʘסʳ ץʘʪʧʘʨʣʘʨ, ײץʡʤʘ ʙײʡʳʤʜʘʨʜʘסʳ ʢʝʫʝʢʪʽʣʽʢ ʞᴅʥʝ 

ʢʝʨʘʤʠʢʘʣʳץ ʤʘʪʝʨʠʘʣʜʘʨʜʘסʳ ץʦʩʳʥʜʳʣʘʨʜʳ ʘʥʳץʪʘʫʜʘ ץʦʣʜʘʥʳʣʘʜʳ. 

ɹײʟʙʘʡʪʳʥ ʙʘץʳʣʘʫʜʳש ʞʳʣʫʣʳϨ ϸʜʽʩʽ ʙʘץʳʣʘʥʘʪʳʥ ʦʙʲʝʢʪʽʣʝʨʜʽש ʞʳʣʫ 

ʥʝʤʝʩʝ ʪʝʤʧʝʨʘʪʫʨʘ ᴇʨʽʩʪʝʨʽʥʽש ᴇʟʛʝʨʽʩʪʝʨʽʥ ʪʽʨʢʝʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ [13, ʩ. 2-11; 

14, ʨ. 2525-2564; 31-33]. ɾʳʣʫʣʳץ ᴅʜʽʩ: ʪʝʤʧʝʨʘʪʫʨʘʥʳש ᴇʣʰʝʥʛʝʥ 

ʘʡʳʨrʤʜʘʨʳʥ ץʘʡʪʘ ʝʩʝʧʪʝʫ ʘʨץʳʣʳ ʟʝʨʪʪʝʣʝʪʽʥ ʦʙʲʝʢʪʽʥʽש ʞʘסʜʘʡʳʥ 
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ʙʘסʘʣʘʫסʘ, ʦʥʜʘסʳ ʘץʘʫʣʘʨʜʳ ʞᴅʥʝ ʜʘʤʫ ʜᴅʨʝʞʝʩʽʥ ʘʥʳץʪʘʫסʘ; ץʦʨʰʘʫ 

 ץʪʘʨʳʥ ʞᴅʥʝ ʞʦʙʘʣʳץʙʽʨʪʝʢʪʽ ʝʤʝʩ ʘʫʤʘ ץʪʝʨʤʠʷʣʳ שʨʳʣʳʤʜʘʨʳʥʳײץ

ʜʝʨʝʢʪʝʨʤʝʥ ʩʘʣʳʩʪʳʨʫ ʘʨץʳʣʳ ʦʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫ ʩʝʙʝʙʽʥ ʘʥʳץʪʘʫסʘ; 

ʩʧʝʢʪʨʜʽש ʠʥʬʨʘץʳʟʳʣ ʜʠʘʧʘʟʦʥʳʥʜʘסʳ ʦʙʲʝʢʪʽʣʝʨʜʽ ʪʝʢʩʝʨʫ ʞװʨʛʽʟʫʛʝ, 

ʦʣʘʨʜʳש ʢʝʟ-ʢʝʣʛʝʥ ʥװʢʪʝʩʽʥʜʝ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ᴇʣʰʝʫʛʝ, ʞʳʣʫʣʳץ 

ʧʨʦʮʝʩʪʝʨʽʥʽש ʜʠʥʘʤʠʢʘʩʳʥ ʙʘץʳʣʘʫסʘ; ץʘʟʘʥʜʳץʪʘʨ ʤʝʥ ʞʳʣʫ ʩʪʘʥʮʠʷʣʘʨʳʥʘ 

ʪʝʢʩʝʨʫ ʞװʨʛʽʟʫʛʝ, ʷסʥʠ ʦʙʲʝʢʪʽʥʽש ʢʝʟ ʢʝʣʛʝʥ ʥװʢʪʝʩʽʥʜʝ ʞʳʣʫ ʘסʳʧ ʢʝʪʫʣʝʨʽʥ, 

ʘץʘʫʣʘʨ ʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʘʥʳץʪʘʫסʘ; ʙײʡʳʤʜʘʨʜʳש ʛʝʨʤʝʪʠʢʘʣʳץ ʞᴅʥʝ 

ʦץʰʘʫʣʘʫ ʩʘʧʘʩʳʥʘ ʙʘץʳʣʘʫ ʞװʨʛʽʟʫʛʝ, ײץʨʳʣʳʤʜʘסʳ ʳʣסʘʣʜʳ ʘʡʤʘץʪʘʨʜʳ 

ʘʥʳץʪʘʫסʘ; ᴅʨʪװʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ-ʳʣסʘʣʜʳʣʳץ ʰʘʨʪʪʘʨʤʝʥ סʠʤʘʨʘʪʪʳש 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [34]װʨʛʽʟʫʛʝ ʤװʞ ץʨʳʣʤʘʣʘʨʳʥʜʘ ʩʳʥʘײץ ʦʨʰʘʫץ

ɹײʟʙʘʡʪʳʥ ʙʘץʳʣʘʫ ʪװʨʣʝʨʽʥʽש ʽʰʽʥʜʝ ʞʳʣʫʣʳץ ʙʘץʳʣʘʫ ᴅʜʽʩʽʥʝ ʝʨʝʢʰʝ 

ʦʨʳʥ ʙʝʨʽʣʝʜʽ. ʉʝʙʝʙʽ ʵʣʝʢʪʨʦʥʜʳץ ʞʘʙʜʳץʪʘסʳ ʙʘʨ ʵʥʝʨʛʠʷʥʳ65-95% ש-ʳ, 

ʩʦשʳʥʜʘ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥʘ ʘʡʥʘʣʘʜʳ, ʙײʣ ʧʘʨʘʤʝʪʨʜʽש ʩʘʧʘʩʳʥ, ʪʝʭʥʠʢʘʣʳץ 

ʞʘסʜʘʡʳʥ ʞᴅʥʝ ʙᴇʣʽʥʽʧ ʰʳסʘʪʳʥ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥ ʩʠʧʘʪʪʘʡʪʳʥ ʪʘשʜʘʫʜʳש 

ʪʠʽʤʜʽʣʽʛʽʥ ʨʘʩʪʘʡʜʳ. ɾʳʣʫ ᴅʜʽʩʽʤʝʥ ʙʘץʳʣʘʫʜʳש ʙʘʩʪʳ ʘʨʪʳץʰʳʣʳסʳ ï 

ʙʘץʳʣʘʥʘʪʳʥ ʦʙʲʝʢʪʽʥʽש ʙʝʪʢʽ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʤʝʥ ʞʳʣʫ ʘסʳʥʳ ʘʨץʳʣʳ ʘץʘʫʣʘʨ 

ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʘʣʫ ʤװʤʢʽʥʜʽʛʽ. ɹײʣ ʰʘʤʘʣʘʨ ʙײʟʳʣʫʣʘʨʜʳש ʞʳʣʫʬʠʟʠʢʘʣʳץ 

ʞᴅʥʝ ʛʝʦʤʝʪʨʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש ᴇʟʛʝʨʫʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ. ᴄʜʽʩ ʦʙʲʝʢʪʽʥʽ 

ʧʘʡʜʘʣʘʥʫʜʘʥ ʰʳסʘʨʤʘʡ, ʦʥʳש ʪʝʭʥʠʢʘʣʳץ ʞʘסʜʘʡʳʥ ʞʝʜʝʣ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫסʘ 

ʞᴅʥʝ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʞʳʣʫ ᴇʨʽʩʪʝʨʽʥʽש ʙʽʨʢʝʣʢʽ ʝʤʝʩʪʽʛʽʥʽש ʪʘʨʘʣʫʳʥ ʩʘʧʘʣʳ 

ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɾʳʣʫʣʳץ ʙʘץʳʣʘʫ ײץʨʘʣʜʘʨʳʥʳש ʞײʤʳʩ ʧʨʠʥʮʠʧʽ ʦʙʲʝʢʪʽʥʽש ʞʳʣʫ 

ᴇʨʽʩʽʥʽש ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʝʨʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʝ 

ʥʝʛʽʟʜʝʣʛʝʥ, ʥᴅʪʠʞʝʩʽʥʜʝ ᴇʨʽʩ ʧʘʨʘʤʝʪʨʣʝʨʽ (ץʘʨץʳʥʜʳʣʳץ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʨʘʜʠʝʥʪʽ ʞᴅʥʝ ʙʘʩץʘʣʘʨʳ) ʵʣʝʢʪʨʣʽʢ ʩʠʛʥʘʣסʘ ʘʡʥʘʣʘʜʳ. 

 ʘʥ ᴅʜʽʩʪʝʨʽʥ ʟʝʨʪʪʝʫסʩʳʥʳʣײ שʳʣʘʫʜʳץʟʙʘʡʪʳʥ ʙʘײʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʙפ

ʙʘʨʳʩʳʥʜʘ ʙʘʨʣʳץ ʤʘʪʝʨʠʘʣ ʞᴅʥʝ ʘץʘʫ ʪװʨʣʝʨʽʥʝ ʦשʪʘʡʣʳ ʞʘʣʧʳ ᴅʜʽʩ ʞʦץ 

ʝʢʝʥʽʥ ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳ. ᴄʜʽʩʪʽ ʪʘשʜʘʫ ʤʽʥʜʝʪʪʽש ʥʘץʪʳ ʰʘʨʪʪʘʨʳʤʝʥ, ʩʦʥʳש 

ʽʰʽʥʜʝ ʤʘʪʝʨʠʘʣ ʪװʨʽ, ʘץʘʫʜʳש ʩʠʧʘʪʳ ʞᴅʥʝ ʙʦʣʞʘʤʜʳ ʦʨʥʘʣʘʩʫʳ, ץʘʞʝʪʪʽ 

ʪʝʨʝשʜʽʢ, ʞʘʙʜʳץʪʘʨʜʳץ שʦʣʞʝʪʽʤʜʽʣʽʛʽ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʰʝʢʪʝʫʣʝʨʤʝʥ 

ʘʥʳץʪʘʣʘʜʳ. ʂᴇʟʙʝʥ ʙʘץʳʣʘʫ ʞᴅʥʝ ʘʢʫʩʪʠʢʘʣʳץ ʙʘץʳʣʘʫ ʙʝʪʢʽ ʘץʘʫʣʘʨʜʳ 

ʘʥʳץʪʘʫסʘ ʞʘʨʘʤʜʳ ץʘʨʘʧʘʡʳʤ ʞᴅʥʝ ʘʨʟʘʥ ᴅʜʽʩʪʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄʘʛʥʠʪʪʽʢ 

ʞᴅʥʝ ײץʡʳʥʜʳ ʪʦʢ ʙʘץʳʣʘʫ ʩᴅʡʢʝʩʽʥʰʝ ʬʝʨʨʦʤʘʛʥʠʪʪʽ ʞᴅʥʝ ᴇʪʢʽʟʛʽʰ 

ʤʘʪʝʨʠʘʣʜʘʨʜʘסʳ ʘץʘʫʣʘʨʜʳ ʘʥʳץʪʘʫ װʰʽʥ ʪʠʽʤʜʽ, ʙʽʨʘץ ʝʥʫ ʪʝʨʝשʜʽʛʽʤʝʥ 

ʰʝʢʪʝʣʝʜʽ. ʆʧʪʠʢʘʣʳץ ʞᴅʥʝ ʨʘʜʠʦʪʦʣץʳʥʜʳץ ʙʘץʳʣʘʫ ʞʦסʘʨʳ ʩʝʟʽʤʪʘʣʜʳץ ʧʝʥ 

ʝʥʫ ʪʝʨʝשʜʽʛʽʥʝ ʠʝ, ʙʝʪʢʽ ʞᴅʥʝ ʽʰʢʽ ʘץʘʫʣʘʨʜʳ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, 

ʙʽʨʘץ ʦʣʘʨ ʢװʨʜʝʣʽʨʝʢ ʞʘʙʜʳץʪʘʨ ʤʝʥ ʙʽʣʽʢʪʽ ʤʘʤʘʥʜʘʨʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. 

ɸʢʫʩʪʠʢʘʣʳץ ʙʘץʳʣʘʫ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʙʝʣʩʝʥʜʽ ʘץʘʫʣʘʨʜʳ ʘʥʳץʪʘʫ 

 ʳʟʳʣץᴅʜʽʩʪʝʨʽ, ᴅʩʽʨʝʩʝ ʠʥʬʨʘ ץʘʙʽʣʝʪʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. ɾʳʣʫʣʳץ

ʪʝʨʤʦʛʨʘʬʠʷ, ʙʝʪʢʽ ʞᴅʥʝ ʢʝʡʙʽʨ ʽʰʢʽ ʘץʘʫʣʘʨʜʳ ʟʘץʳʤʩʳʟ ʘʥʳץʪʘʫʜʳש 

ʘʨʪʳץʰʳʣʳסʳʥ ײʩʳʥʘʜʳ, ʙʽʨʘץ ʦʣʘʨʜʳש ʩʝʟʽʤʪʘʣʜʳסʳ ʤʘʪʝʨʠʘʣʜʳש ʩᴅʫʣʝʣʝʥʫ 

 ,ʪʘʥץʤʢʽʥ. ʉʦʥʜʳװʜʘʡʣʘʨʳʥʘ ʪᴅʫʝʣʜʽ ʙʦʣʫʳ ʤסʘʥ ʦʨʪʘ ʞʘסʦʨʰʘץ ʘʙʽʣʝʪʽ ʤʝʥץ

ʦשʪʘʡʣʳ ʙײʟʙʘʡʪʳʥ ʙʘץʳʣʘʫ ᴅʜʽʩʽʥ ʪʘשʜʘʫ ʙʘʨʣʳץ ʬʘʢʪʦʨʣʘʨʜʳ ʤץײʠʷʪ 
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ʪʘʣʜʘʫʜʳ ʞᴅʥʝ ᴅʨʪװʨʣʽ ᴅʜʽʩʪʝʨʜʽש ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʥʘץʪʳ ʪʘʣʘʧʪʘʨʤʝʥ 

ʩʘʣʳʩʪʳʨʫʜʳ ץʘʞʝʪ ʝʪʝʜʽ. 

 

1.3 ɾʳʣʫ ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳʥ ᴇʣʰʝʫ ᴅʜʽʩʪʝʨʽ ʞᴅʥʝ 

ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨ 

ɹʘץʳʣʘʫʜʳש ʞr ʣʫʣʳץ ᴅʜʽʩʽʥʜʝʛʽ ײץʨʳʣסʳʣʘʨʜʘ ʘץʘʫʣʘʨ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ 

ʙʘץʳʣʘʥʘʪʳʥ ʥʳʩʘʥʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳ, ʞʳʣʫ ʘסʳʥʳ ʞᴅʥʝ ʞʳʣʫ ʘסʳʥʳ 

ʪʳסʳʟʜʳסʳ ʘʨץʳʣʳ ʪʘʩʳʤʘʣʜʘʡʜʳ. ʆʣʘʨʜʳש ʤᴅʥʜʝʨʽ ʙײʟʳʣʫʣʘʨʜʳש 

ʞʳʣʫʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʛʝʦʤʝʪʨʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ᴇʟʛʝʨʫʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ. 

ɾʳʣʫ ʘסʳʥʳ ץʘʨץʳʥʜʳʣʳסʳ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ סʳʣʳʤ ʤʝʥ ʪʝʭʥʠʢʘʥʳש 

ʙʘʩʳʤ ʙʘסʳʪʪʘʨʳʥʜʘ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʪʳʥ ʢᴇʧʪʝʛʝʥ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫ װʰʽʥ 

ʘʩʘ ʤʘשʳʟʜʳ. ɾʳʣʫ ʞʘסʜʘʡʳʥ ʙʘסʘʣʘʫ ʞᴅʥʝ ᴇʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʩʘʣʳʩʪʳʨʫ 

 שʳ ʝסʳʟʜʳסʙʝʪʪʽʢ ʪʳ שʘʥʜʘ, ʦʥʳץʤʝʥʰʽʢʪʽ ʤᴅʥʽ, ʘʪʘʧ ʘʡʪ שʳʥʳʥʳסʰʽʥ ʞʳʣʫ ʘװ

 ʳʥ, ʢʝʟ ʢʝʣʛʝʥסʳʟʜʳסʙʝʪʪʽʢ ʪʳ שʳʥʳʥʳסʦʣʘʡʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʳʣʫ ʘץ

ʙʘʩץʘ ʬʠʟʠʢʘʣʳץ ʰʘʤʘ ʩʠʷץʪʳ, ᴇʣʰʝʫ ʙʽʨʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ, ʝש ʘʣʜʳʤʝʥ, 

ʥʦʨʤʘʪʠʚʪʽʢ ʙʘʟʘʥʳ (ʩʪʘʥʜʘʨʪʪʘʨ, ᴇʣʰʝʫ ᴅʜʽʩʪʝʤʝʣʝʨʽ ʞᴅʥʝ ʪ.ʙ.) ץʘʤʪʫʳ ʢʝʨʝʢ; 

ʝʢʽʥʰʽ ײץʨʘʤʜʘʩ ʙᴇʣʽʢ ï ᴇʣʰʝʤ ʙʽʨʣʽʛʽʥ ʙʝʣʛʽʣʽ ʰʘʤʘ ʤᴅʥʽʤʝʥ ʞᴅʥʝ ʦʥʳʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ ᴇʣʰʝʫ ץʘʪʝʣʽʛʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ ʞʦסʘʨʳ ʜᴅʣʜʽʢʪʝʛʽ 

ʤʝʪʨʦʣʦʛʠʷʣʳײץ ץʨʘʣʜʘʨʜʳש ï ʵʪʘʣʦʥʜʘʨʜʳש ʙʦʣʫʳ, ʦʣ ᴅʨʽ ץʘʨʘʡ ʩʘʣʳʩʪʳʨʫ 

ʥʝʛʽʟʽ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣʫʳ ʪʠʽʩ.  

ʊʝʧʣʦʤʝʪʨʠʷʥʳש ʥʦʨʤʘʪʠʚʪʽʢ-ᴅʜʽʩʪʝʤʝʣʽʢ ʙʘʟʘʩʳʥʘ ʢʝʣʝʪʽʥ ʙʦʣʩʘץ, ʦʥʳש 

ʽʰʽʥʜʝ ʊʝʭʥʠʢʘʣʳץ ʞʳʣʫʬʠʟʠʢʘ ʠʥʩʪʠʪʫʪʳ ץʳʟʤʝʪʢʝʨʣʝʨʽʥʽש ʜʝ ץʘʪʳʩʫʳʤʝʥ 

ʙʽʨץʘʪʘʨ ײץʞʘʪʪʘʨ, ʩʦʥʳש ʽʰʽʥʜʝ ײʣʪʪʳץ (ɼʉʊʋ 3193-95, ɼʉʊʋ 3401-97, ɼʉʊʋ 

3756-98, ɼʉʊʋ ISO 9869: 2007, ɼʉʊʋ-ʇ CEN / TS 1159-4: 2010 ʞᴅʥʝ ʪ.ʙ.), 

ɻʆʉʊ 30619-98 ʞᴅʥʝ ʤʝʤʣʝʢʝʪʘʨʘʣʳץ ʩʪʘʥʜʘʨʪʪʘʨ, ʩʦʥʜʘʡ-ʘץ ʞʳʣʫ ʰʘʤʘʩʳʥ 

ᴇʣʰʝʫ ᴅʜʽʩʪʝʨʽ ʤʝʥ ײץʨʘʣʜʘʨʳʥʘ ʞʘʣʧʳ ʪʘʣʘʧʪʘʨʜʳ ʨʝʪʪʝʡʪʽʥ ʭʘʣʳץʘʨʘʣʳץ 

(ɼʉʊʋ ISO, ɼʉʊʋ EN) ʩʪʘʥʜʘʨʪʪʘʨʳʤʝʥ װʡʣʝʩʪʽʨʽʣʛʝʥ ʋʢʨʘʠʥʘ ʩʪʘʥʜʘʨʪʪʘʨʳ 

ᴅʟʽʨʣʝʥʛʝʥ [35, 36].  

 ʞʳʣʫ ᴇʣʰʝʤʜʝʨʽ ʩʘʣʘʩʳʥʜʘ ץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʩʦʥʜʘʡ-ʘץʘʟʘפ

 ʘ ʩᴅʡʢʝʩʪʝʥʜʽʨʫסʪʘʣʘʧʪʘʨ ץʘʨʘʣʳץʥʦʨʤʘʪʠʚʪʽʢ-ᴅʜʽʩʪʝʤʝʣʽʢ ʙʘʟʘʥʳ ʭʘʣʳ ץʣʪʪʳײ

ʙʦʡʳʥʰʘ ʙʝʣʩʝʥʜʽ ʞײʤʳʩ ʞװʨʛʽʟʽʣʫʜʝ. ɹסײʘʥ ᴇʥʝʨʢᴅʩʽʧ ʧʝʥ ײץʨʳʣʳʩ 

ʩʘʣʘʣʘʨʳʥʜʘ ʞʳʣʫ ʰʘʤʘʣʘʨʳʥ ʜᴅʣ ʞᴅʥʝ ʩʝʥʽʤʜʽ ᴇʣʰʝʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

ʤʘץʩʘʪʳʥʜʘ ʋʢʨʘʠʥʘ ʤʝʥ ʭʘʣʳץʘʨʘʣʳץ ʩʪʘʥʜʘʨʪʪʘʨסʘ ץײʩʘʩ ʩʪʘʥʜʘʨʪʪʘʨʜʳ 

ʙʝʡʽʤʜʝʫ ʞᴅʥʝ ʝʥʛʽʟʫ ʢʽʨʝʜʽ. פʘʟʘץʩʪʘʥʥʳש ʥʝʛʽʟʛʽ ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨʳʥʘ, 

ʤʳʩʘʣʳ, ʉʊ ʈʂ 2.528-2018, ʉʊ ʈʂ 2.727-2019, ʉʊ ʈʂ 2.430-2017, ʉʊ ʈʂ 2.535-

2018 çʊʝʤʧʝʨʘʪʫʨʘʥʳ ᴇʣʰʝʫ ײץʨʘʣʜʘʨʳ. ɾʘʣʧʳ ʪʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨè ʞᴅʥʝ 

 ʨʳʣʳʩײץ ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ ʕʥʝʨʛʝʪʠʢʘ ʤʠʥʠʩʪʨʣʽʛʽ ʤʝʥ ᴆʥʝʨʢᴅʩʽʧ ʞᴅʥʝץʘʟʘפ

ʤʠʥʠʩʪʨʣʽʛʽ ʙʝʢʽʪʢʝʥ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳ ʤʝʥ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳ ʝʩʝʧʢʝ ʘʣʫ 

ʝʨʝʞʝʣʝʨʽ ʞʘʪʘʜʳ. 

ɾʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫ ײץʨʳʣסʳʩʳʥ ᴅʟʽʨʣʝʫʜʝ ʭʘʣʳץʘʨʘʣʳץ ʩʪʘʥʜʘʨʪʪʘʨ 

ʤʝʥ ʞʳʣʫ ᴇʣʰʝʫ ᴅʜʽʩʪʝʤʝʣʝʨʽʥ, ʤʳʩʘʣʳ, ISO 9869 ʩʪʘʥʜʘʨʪʳʥ, ʩʦʥʜʘʡ-ʘץ ʞʳʣʫ 

ʘסʳʥʳʥ ᴇʣʰʝʫ ᴅʜʽʩʪʝʨʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ᴅʜʽʩʪʝʤʝʣʽʢ ײץʞʘʪʪʘʨʜʳ ʝʩʢʝʨʫ 

 .ʘʞʝʪ [37]ץ
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ɾʳʣʫ ʘסʳʥʳʥʳש ʤʝʪʨʦʣʦʛʠʷʣʳץ ץʘʤʪʘʤʘʩʳʟʜʘʥʜʳʨʳʣʫʳ ʤʝʤʣʝʢʝʪʪʽʢ 

ʜʝשʛʝʡʜʝ ɸפʐ-ʪʘ (ױʣʪʪʳץ ʩʪʘʥʜʘʨʪʪʘʨ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʠʥʩʪʠʪʫʪʳ (NIST)) 

ʞᴅʥʝ ʅʠʜʝʨʣʘʥʜʳʜʘ (TNO ױʣʪʪʳײ ץʡʳʤʳ) ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʫʜʘ 

[37, 2-44; 38-41]. ʄʳʩʘʣʳ, ɸפʐ-ʪʘ ʞʳʣʫ ᴇʣʰʝʫʣʝʨʽʥʽש ʤʝʪʨʦʣʦʛʠʷʣʳץ 

 ʳʥʳ ʜʘʪʯʠʢʪʝʨʽʥ ʢʘʣʠʙʨʣʝʫ ᴅʜʽʩʪʝʨʽʥ ʞᴅʥʝסʙʝʨʽʥʜʝ ʞʳʣʫ ʘשʘʤʪʘʤʘʩʳʟʫ ʰʝץ

ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳʥ ʨʝʪʪʝʡʪʽʥ ʙʽʨץʘʪʘʨ ʩʪʘʥʜʘʨʪʪʘʨ (ʤʳʩʘʣʳ, ASTM ʉ177, 

ASTM C1130, ASTM C1132 ʞᴅʥʝ ʪ.ʙ.) ץʦʣʜʘʥʳʣʘʜʳ. ɾʳʣʫ ʘסʳʥʳ 

ʜʘʪʯʠʢʪʝʨʽʥʽש ʢʘʣʠʙʨʣʝʫʽ ʞʦסʘʨʳ ʜᴅʣʜʽʢʪʽ ʢʨʠʦʛʝʥʜʽʢ ʨʘʜʠʦʤʝʪʨ (High Accuracy 

Cryogenic Radiometer, ʅɸCR) ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ײʣʪʪʳץ ʵʪʘʣʦʥסʘ ʩװʡʝʥʝ 

ʦʪʳʨʳʧ, ɻʘʨʜʦʥ ʞᴅʥʝ ʐʤʠʜʪ-ɹʦʝʣʪʝʨ ʪʠʧʪʝʩ ʨʘʜʠʦʤʝʪʨʣʝʨ ʤʝʥ 

ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʜʽש ᴇʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽʥʽש ᴇʪʢʽʟʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʩʭʝʤʘ 

ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʝʜʽ [41, ʨ. 2-47]. 

ʋʢʨʘʠʥʘʜʘ ʞʳʣʫ ʘסʳʥʳʥ ʙʘץʳʣʘʫ ײץʨʘʣʜʘʨʳʥʳש ʤʝʤʣʝʢʝʪʪʽʢ ʵʪʘʣʦʥʳ 

ʨʝʪʽʥʜʝ נױʆ çʄʝʪʨʦʣʦʛʠʷ ʠʥʩʪʠʪʫʪʳʥʜʘè ʞʘʩʘʣסʘʥ ɼɽʊʋ 11-01-96 ʢʦʛʝʨʝʥʪʩʽʟ 

ʩᴅʫʣʝʣʝʥʫʜʽש ʵʥʝʨʛʝʪʠʢʘʣʳץ ʞʘʨʳץʪʳʣʳסʳʥʳש ʙʘʩʪʘʧץʳ ʵʪʘʣʦʥʳ ʙʝʢʽʪʽʣʛʝʥ 

[42]. ɸʪʘʣסʘʥ ʵʪʘʣʦʥ 10 ɺʪ/ʤĮ ï 105 ɺʪ/ʤĮ ʜʠʘʧʘʟʦʥʳʥʜʘסʳ ʦʧʪʠʢʘʣʳץ ʩᴅʫʣʝ 

ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳʥʳש ʙʽʨʣʽʛʽʥ ᴇʣʰʝʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ʕʪʘʣʦʥ ᴇʣʰʝʫ 

ʥᴅʪʠʞʝʣʝʨʽʥʽש ʦʨʪʘʰʘ ʢʚʘʜʨʘʪʪʳץ ʘʫʳʪץʫʳ 0,25Ā10ϖĮ-ʜʝʥ ʘʩʧʘʡʪʳʥʜʘʡ ʞᴅʥʝ 
ʰʝʢʪʝʣʤʝʛʝʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʞװʡʝʣʽʢ ץʘʪʝʩʽ 0,3Ā10ϖĮ-ʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ, ʙײʣ 

 ʘ ʩᴅʡʢʝʩʪʽʛʽʥ ʨʘʩʪʘʡʜʳ [43]. ʋʢʨʘʠʥʘʜʘסʩʪʘʥʜʘʨʪʪʘʨ ץʤʝʪʨʦʣʦʛʠʷʣʳ ץʣʪʪʳײ

ʞʳʣʫ ʞᴅʥʝ ʢװʥ ʩᴅʫʣʝʣʝʥʫʽʥʽש ʵʥʝʨʛʝʪʠʢʘʣʳץ ʞʘʨʳץʪʳʣʳסʳʥ ᴇʣʰʝʡʪʽʥ 

 ᴇʣʰʝʫʣʝʨ ץʬʠʟʠʢʘʣʳ-ץʤʝʤʣʝʢʝʪʪʽʢ ʪʝʢʩʝʨʫ ʩʭʝʤʘʩʳʥ ʦʧʪʠʢʘʣʳ שʨʘʣʜʘʨʜʳײץ

ʩʘʣʘʩʳʥʜʘסʳ ᴅʣʝʤʜʽʢ ʜʝשʛʝʡʛʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʤʝʪʨʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

ʙʘʨ ʵʪʘʣʦʥ ʙʘʩץʘʨʘʜʳ [44]. ɹײʣ ʵʪʘʣʦʥ ʘʨץʳʣʳ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʞʘʨʳץʪʳʣʳץ 

ʙʽʨʣʽʛʽ ʞʳʣʫ ʩᴅʫʣʝʣʝʥʫʽʥʽש ʘʙʩʦʣʶʪʪʽʢ ץʘʙʳʣʜʘסʳʰʳ ʢᴇʤʝʛʽʤʝʥ ʙʝʨʽʣʝʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙײʣ ʘʪʘʣסʘʥ ʩʪʘʥʜʘʨʪʪʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ᴇʣʰʝʫ 

 ʪʘʣʘʧʪʘʨʜʳ, ʢʘʣʠʙʨʣʝʫ ʞᴅʥʝ ʩʳʥʘʫ ץʦʡʳʣʘʪʳʥ ʞʘʣʧʳ ʪʝʭʥʠʢʘʣʳץ ʨʘʣʜʘʨʳʥʘײץ

ᴅʜʽʩʪʝʤʝʣʝʨʽʥ ʪʽʢʝʣʝʡ ʨʝʪʪʝʡʜʽ, ʙײʣ ʞʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫ ײץʨʳʣסʳʣʘʨʳʥʳש 

ʤʝʪʨʦʣʦʛʠʷʣʳץ ʜײʨʳʩʪʳסʳ ʤʝʥ ʜᴅʣʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʤʘשʳʟʜʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʆʣʘʨ ʞʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫ ᴅʜʽʩʪʝʨʽʥ ʥʘץʪʳ ץʘʤʪʳʤʘʡʜʳ, ʙʽʨʘץ 

ʩʝʥʽʤʜʽ ʞᴅʥʝ ʜײʨʳʩ ᴇʣʰʝʫ ײץʨʘʣʜʘʨʳʥ ᴅʟʽʨʣʝʫʜʽש ʥʝʛʽʟʽ ʨʝʪʽʥʜʝ ץʳʟʤʝʪ ʝʪʝʜʽ. 

ɾʳʣʫ ʘסʳʥʳ ï ʜʝʥʝʣʝʨ ʤʝʥ ʥʳʩʘʥʜʘʨ ʘʨʘʩʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʘʜʠʝʥʪʽ 

ʩʘʣʜʘʨʳʥʘʥ ʙʦʣʘʪʳʥ ʞʳʣʫ ʘʣʤʘʩʫ ʧʨʦʮʝʩʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨ. 

ʊʘʙʠסʘʪʪʘסʳ ʞʳʣʫ ʧʨʦʮʝʩʪʝʨʽ ʤʝʥ ײץʙʳʣʳʩʪʘʨʳʥʳש ʤʘשʳʟʜʳ ʩʠʧʘʪʪʘʤʘʩʳ 

ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʞʳʣʫ ʘסʳʥʳʥ ʙʘץʳʣʘʫ ʞᴅʥʝ ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ ײץʨʘʣʜʘʨ 

ʞʳʣʫ ʰʳסʳʥʜʘʨʳʥʳש ʢᴇʟʜʝʨʽʥ ʘʥʳץʪʘʧ, ʦʣʘʨʜʳש ʩʘʥʜʳץ ʰʘʤʘʣʘʨʳʥ 

ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɾʳʣʫ ʘסʳʥʳ ʞᴅʥʝ ʦʥʳש ʪʳסʳʟʜʳסʳ ʪʫʨʘʣʳ 

ʤᴅʣʽʤʝʪʪʝʨʜʽ ʘʣʫ ʝʢʽ ᴅʜʽʩʧʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ɹʽʨʽʥʰʽʩʽ ï ʘʥʘʣʠʪʠʢʘʣʳץ ᴅʜʽʩ, 

ʪʝʤʧʝʨʘʪʫʨʘʥʳ ᴇʣʰʝʫ ʤʝʥ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʪʝשʜʝʫʣʝʨʽʥʽש ʩʘʥʜʳץ ʰʝʰʽʤʽʥʝ 

ʥʝʛʽʟʜʝʣʛʝʥ. ɽʢʽʥʰʽʩʽ ï ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ᴅʜʽʩ, ʘʨʥʘʡʳ ᴇʣʰʝʫ ײץʨʘʣʜʘʨʳʥʳש 

ʢᴇʤʝʛʽʤʝʥ ʞװʨʛʽʟʽʣʝʪʽʥ ᴇʣʰʝʫʣʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ [45, 46]. 

ɾʳʣʫ ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳʥ ʘʥʳץʪʘʫʜʳש ʪʽʢʝʣʝʡ ʘʥʘʣʠʪʠʢʘʣʳץ ᴅʜʽʩʽ 

ʨʝʪʽʥʜʝ - ʛʨʘʜʠʝʥʪʪʽʢ ᴅʜʽʩ ץʦʣʜʘʥʳʣʘʜʳ, ʦʥʳש ʤᴅʥʽ ʞʳʣʫ ʘʣʤʘʩʫ ʙʝʪʽʥʜʝʛʽ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʘʜʠʝʥʪʽ ʘʨץʳʣʳ ʢʝʣʝʩʽ ץʘʪʳʥʘʩʧʝʥ ʘʥʳץʪʘʣʘʜʳ [47]: 
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ʤײʥʜʘ q ï ʞr ʣʫ ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳ, ɺʪ/ʤ
2
;  

l ï ץʘʙʳʨסʘ ʤʘʪʝʨʠʘʣʳʥʳש ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ, ɺʪ/(ʤῊʂ);  
gradT ï ʠʟʦʪʝʨʤʠʷʣʳץ ʙʝʪʢʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʙʘסʳʪʪʘסʳ ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʨʘʜʠʝʥʪʽ, Áʉ. 

ɻʨʘʜʠʝʥʪʪʽʢ ᴅʜʽʩ ʩʪʘʮʠʦʥʘʨʣʳ ʞᴅʥʝ ʩʪʘʮʠʦʥʘʨʣʳ ʝʤʝʩ ʞʘסʜʘʡʣʘʨʜʘ ʞʳʣʫ 

ʘʣʤʘʩʫ ʙʝʪʽ ʙʦʡʳʥʰʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʞʳʣʫʣʳץ ʞװʢʪʝʤʝ ʝʨʢʽʥ ᴇʟʛʝʨʛʝʥʜʝ 

ʞʳʣʫ ʘסʳʥʳʥʳש ʤᴅʥʜʝʨʽʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʆʥʳש ʥʝʛʽʟʛʽ 

ʢʝʤʰʽʣʽʢʪʝʨʽʥʝ ï ʞײʤʳʩ ʘʡʤʘסʳʥ ʜʘʡʳʥʜʘʫʜʳץ שʠʳʥʜʳסʳ, ʝʩʝʧʪʝʫʣʝʨ 

ʢᴇʣʝʤʽʥʽש ʢᴇʧʪʽʛʽ ʞᴅʥʝ ʘʣʳʥסʘʥ ʘץʧʘʨʘʪʪʳ ʤʝʪʨʦʣʦʛʠʷʣʳץ ʘʪʪʝʩʪʘʪʪʘʫ ʘʨץʳʣʳ 

ʨʘʩʪʘʫ ʤװʤʢʽʥ ʝʤʝʩʪʽʛʽ, ʩʦʥʜʘʡ-ʘץ, ʵʢʩʧʝʨʠʤʝʥʪ ʙʘʨʳʩʳʥʜʘ ʰʝʢʘʨʘʣʳץ 

ʪʝʤʧʝʨʘʪʫʨʘʥʳ ᴇʣʰʝʫ ʞᴅʥʝ ʪʝʤʧʝʨʘʪʫʨʘ ᴇʨʽʩʽʥ ʘʥʳץʪʘʫ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʨʘʜʠʝʥʪʽʥ ʪʝʤʧʝʨʘʪʫʨʘ ʘʡʳʨʳʤʳʥʳש ʞᴅʥʝ ץʘʙʳʨסʘ ץʘʣʳשʜʳסʳʥʳש 

) ʘʪʳʥʘʩʳʤʝʥ ʘʣʤʘʩʪʳʨʫץ /gradT T hºD ), ʩʦʥʳʤʝʥ ץʘʪʘʨ ץʘʙʳʨסʘ ʤʘʪʝʨʠʘʣʳʥʳש 

ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽʥ ʙʽʣʫ ץʘʞʝʪʪʽʣʽʛʽʥʝʥ ʪʫʳʥʜʘʡʪʳʥ ʝʣʝʫʣʽ 

 .ʘʪʝʣʽʢʪʝʨ ʞʘʪʘʜʳץ

ɹʘʩʪʘʧץʳ ᴇʣʰʝʫʰ  ̔ʞʳʣʫ ʘסʳʥʳʥ ʪװʨʣʝʥʜʽʨʛʽʰʽ ʥʝʤʝʩʝ ʘʨʥʘʡʳ ᴇʣʰʝʫ 

 שʧʘʨʘʪ ʘʣʫʜʳץʳʥʳ ʪʫʨʘʣʳ ʘסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʞʳʣʫ ʘסʦʣʜʘʥʫץ ʨʘʣʜʘʨʳʥײץ

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞʦʣʳ ʧʨʘʢʪʠʢʘʜʘ ʪʠʽʤʜʽʨʝʢ ʙʦʣʳʧ ʰʳץʪʳ, ᴇʡʪʢʝʥʽ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ץʘʨʘʧʘʡʳʤ ᴇʣʰʝʫ ᴅʜʽʩʪʝʨʽʤʝʥ ʙײʣ ײץʨʘʣʜʘʨʜʳ ʪʝʢ 

 ʨʣʽװʪ שʳʥʳסʰʘʨʫʘʰʳʣʳ ץʘʪʘʨ ʭʘʣʳץ ʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥס ʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨʜʝס

ʩʘʣʘʣʘʨʳʥʜʘסʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʽ ʙʘץʳʣʘʫ ʞᴅʥʝ ʨʝʪʪʝʫ ʢʝʟʽʥʜʝ ʜʝ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʦʣʜʘʥʫץ

ɾʳʣʫ ʘסʳʥʳʥ ʘʥʳץʪʘʫ װʰʽʥ ʢᴇʧʪʝʛʝʥ ץʦʣʜʘʥʙʘʣʳ ʝʩʝʧʪʝʨʜʽ ʰʝʰʫ 

ʢʝʟʽʥʜʝ ᴅʨʪװʨʣʽ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ᴅʜʽʩʪʝʨ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ʆʣʘʨʜʳש ʞװʡʝʣʽ 

ʩʠʧʘʪʪʘʤʘʩʳ ʘʣסʘʰ ʨʝʪ ʆ.ɸ. ɻʝʨʘʱʝʥʢʘʥʳ44] ש, ʩ. 2-17; 45, ʩ. 2-163; 46, ʨ. 3-

996; 47, ʨ. 114729; 48, 49] ʞײʤʳʩʪʘʨʳʥʜʘ, ʢʝʡʽʥʥʝʥ [50-53] ʘʚʪʦʨʣʘʨʜʳש 

ʞײʤʳʩʪʘʨʳʥʜʘ ײʩʳʥʳʣʜʳ. ɸʣʘʡʜʘ, ʞʳʣʫ ᴇʣʰʝʫʜʽש ʜʘʤʫʳʥʜʘסʳ ʝש ʤʘשʳʟʜʳ 

ʥᴅʪʠʞʝʣʝʨ ʋʢʨʘʠʥʘ נʳʣʳʤ ʘʢʘʜʝʤʠʷʩʳʥʳש ʪʝʭʥʠʢʘʣʳץ ʞʳʣʫʬʠʟʠʢʘʩʳ 

ʠʥʩʪʠʪʫʪʳʥʜʘ ʘʣʳʥʜʳ [54-57]. 

ʆ.ɸ. ɻʝʨʘʱʝʥʢʘʥʳש [48, ʩ. 2-191; 49, ʩ. 2-303] ʝשʙʝʢʪʝʨʽʥʜʝ ʞʳʣʫ ʘסʳʥʳʥ 

ᴇʣʰʝʫ ᴅʜʽʩʪʝʨʽʥʽש ʞʘʣʧʳ ʰʦʣʫʳ ʘʣסʘʰ ʨʝʪ ײʩʳʥʳʣסʘʥ. ɾʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫʜʽש 

ʢʝʣʝʩʽ, ʷסʥʠ ʢʘʣʦʨʠʤʝʪʨʣʽʢ, ʩײʡʳץʪʳץ-ʵʥʪʘʣʧʠʷʣʳץ, ʢʝʜʝʨʛʽʣʽʢ, ʵʣʝʢʪʨʦʤʝʪʨʣʽʢ 

ʞᴅʥʝ ץʦʩʘʣץʳ ץʘʙʳʨסʘ ᴅʜʽʩʪʝʨʽ ʝש ʞʠʽ ץʦʣʜʘʥʳʣʘʪʳʥ ᴅʜʽʩʪʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʂʘʣʦʨʠʤʝʪʨʣʽʢ ᴅʜʽʩ ʩᴅʫʣʝʣʽʢ ʞʳʣʫ ʘסʳʥʜʘʨʳʥ ʟʝʨʪʪʝʫʜʝ ʞʠʽ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʪʘʫץʦʣʜʘʥʳʣʘʜʳ, ʩʝʙʝʙʽ ʦʣ ʩᴅʫʣʝʣʝʥʫ ʵʥʝʨʛʠʷʩʳʥ ʜᴅʣ ʘʥʳץ

ɾʳʣʫ ʘסʳʥʳʥʳש ʙʝʪʪʽʢ ʪʳסʳʟʜʳסʳ ʢʝʣʝʩʽ (1) ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʘʥʘץʪʘʣʘʜʳ 
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ʤײʥʜʘ  ˂ï ʤʳʩʪʳש ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʛʽ. 

ʉײʡʳץʪʳץ-ʵʥʪʘʣʧʠʷʣʳץ ᴅʜʽʩ ʟʝʨʪʪʝʣʝʪʽʥ ʙʝʪʪʽ ʞʫʳʧ ᴇʪʝʪʽʥ ʩײʡʳץʪʳץʪʳש 

ʵʥʪʘʣʧʠʷ ᴇʟʛʝʨʽʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ. ɾʳʣʫ ʘסʳʥʳ ʩײʡʳץʪʳץʪʳש ʵʥʪʘʣʧʠʷʩʳʥ 

ᴇʟʛʝʨʪʝʜʽ. ɹײʣ ᴅʜʽʩ ʢʘʥʘʣʜʘʨ ʤʝʥ ʪװʪʽʢʪʝʨʜʽש ʽʰʢʽ ץʘʙʳʨסʘʣʘʨʳʥʜʘ ᴇʣʰʝʫʣʝʨ 

ʞװʨʛʽʟʫ װʰʽʥ ʳסשʘʡʣʳ. ʆʨʪʘʰʘ ʙʝʪʪʽʢ ʞʳʣʫ ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳ [59] (2) 

ʬʦʨʤʫʣʘʩʳʤʝʥ ʝʩʝʧʪʝʣʝʜʽ: 
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ʤײʥʜʘ ȹh ï ʩײʡʳץʪʳץʪʳש ʵʥʪʘʣʴʧʠʷ ᴇʟʛʝʨʽʩʽ;  

G ï ʦʥʳש ʰʳסʳʥʳ; 

Qn ï ʞʳʣʫʘʣʤʘʩʫ ʙʝʪʽʥʜʝʛʽ ȹF ץʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨסʘʥ ʘʫʤʘסʳʥʜʘסʳ 

ʞʳʣʫ ʰʳסʳʥʳ. 

ʕʣʝʢʪʨʦʤʝʪʨʣʽʢ ᴅʜʽʩ, ᴅʜʝʪʪʝ, ʙʝʪʪʽʢ ʞʳʣʫ ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳ ʵʣʝʢʪʨʣʽʢ 

 ʜʘʡʣʘʨʜʘ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ɯʰʽʥʜʝסʘʥ ʞʘסʳʟʜʳʨʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʧʘʡʜʘ ʙʦʣץ

ʩײʡʳץʪʳץ ץʦʟסʘʣʳʩʪʘ ʙʦʣʘʪʳʥ ʢʘʥʘʣ ץʘʙʳʨסʘʩʳʥ ʪʽʢʝʣʝʡ ʵʣʝʢʪʨʣʽʢ ץʳʟʜʳʨʫ 

ʘʨץʳʣʳ ʞʝʨʛʽʣʽʢʪʽ ʞʳʣʫ ʘסʳʥʳʥʳש ʤᴅʥʽʥ ʝʩʝʧʪʝʫ װʰʽʥ (3) ʬʦʨʤʫʣʘʩʳʥ 

 :ʘ ʙʦʣʘʜʳ [59, ʩ. 15-19]סʦʣʜʘʥʫץ

 
2

C n mq j q qr= - -                                                   (3) 

 

ʤײʥʜʘ ɟ ï ʤʝʥʰ̔ʢʪʽ ʵʣʝʢʪʨ ʢʝʜʝʨʛʽʩʽ; 

j ï ʪʦʢʪʳש ʪʳסʳʟʜʳסʳ; 

j
2
ɟ ï ץʘʙʳʨסʘʜʘסʳ ʞʳʣʫ ʙᴇʣʽʥʫ;  

qn ʞᴅʥʝ qm  ʞʳʣʫʣʳץ ʰʳסʳʥʳʥʳש ʞᴅʥʝ ʞʳʣʫʜʳש ʦʩʴʪʽʢ ʰʳסʳʥʳʥʳש 

ʪʳסʳʟʜʳץʪʘʨʳ. 

ʂʘʥʘʣ ץʘʙʳʨסʘʩʳʥ ʞʘʥʘʤʘ ʵʣʝʢʪʨʣʽʢ ʞʳʣʳʪʫ ʢʝʟʽʥʜʝ ʞʳʣʫ ʘסʳʥʳʥʳש 

ʪʳסʳʟʜʳסʳʥʳש ʢʘʥʘʣ ʙʝʪʽʥʜʝʛʽ ʦʨʪʘʰʘ ʤᴅʥʽʥ סʘʥʘ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ: 
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ʤײʥʜʘ W  ï ʘʫʜʘʥʳ ȹF ץʘʙʳʨסʘ ʘʫʤʘסʳʥʜʘסʳ ץʳʟʜʳʨסʳʰʪʳץ שʫʘʪʳ;   

Qn ï ʞʳʣʫ ʰʳסʳʥʳ [59, ʩ. 15-19]. 

 ʳʥʳʥ ᴇʣʰʝʡʪʽʥ ʜʘʪʯʠʢסʘ ᴅʜʽʩʽ ï ʞʳʣʫ ʢᴇʟʽ ʤʝʥ ʞʳʣʫ ʘסʘʙʳʨץ ʳץʦʩʘʣפ

ʘʨʘʩʳʥʘ ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ ʞץײʘ, ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʛʽ ʞʦסʘʨʳ ʤʘʪʝʨʠʘʣʜʘʥ 

ʞʘʩʘʣסʘʥ çץʦʩʘʣץʳ ץʘʙʳʨסʘʥèr ʧʘʡʜʘʣʘʥʘʪʳʥ ʞʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫ ʪᴅʩʽʣʽ. 

 ʝʩʪʽʨʫʛʝ ʞᴅʥʝ ʜʘʪʯʠʢ ʙʝʪʽʥʜʝ ʞʳʣʫשʘ ʪʝʤʧʝʨʘʪʫʨʘ ᴇʨʽʩʽʥ ʪʝסʘʙʳʨץ ʳץʦʩʘʣפ

ʘסʳʥʳʥʳש ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʘʨʥʘʣסʘʥ. ɹײʣ ᴅʜʽʩ ʙʽʨʪʝʢʪʽ ʝʤʝʩ 

ʥʝʤʝʩʝ ʙʽʨʢʝʣʢʽ ץʳʟʜʳʨʳʣʤʘסʘʥ ʙʝʪʪʝʨʜʝʥ ʞʳʣʫ ʘסʳʥʜʘʨʳʥ ᴇʣʰʝʛʝʥʜʝ ᴇʪʝ 

ʪʠʽʤʜʽ, ᴇʡʪʢʝʥʽ ʦʣ ʜʘʪʯʠʢʢʝ ʞʝʪʢʝʥʜʝ ʞʳʣʫ ʘסʳʥʳʥ ʦʨʪʘʰʘʣʘʡʜʳ. ɹײʣ ᴅʜʽʩ 

ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ װʰʽʥ ʌʫʨʴʝ ʟʘשʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ. ɾʳʣʫ ʢᴇʟʽʥʝʥ ʙᴇʣʽʥʝʪʽʥ 

ʞʳʣʫ ʘסʳʥʳ ץʦʩʘʣץʳ ץʘʙʳʨסʘ ʘʨץʳʣʳ ᴇʪʽʧ, ʩʦʜʘʥ ʢʝʡʽʥ סʘʥʘ ʞʳʣʫ ʘסʳʥʳ 
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ʜʘʪʯʠʛʽʥʝ ʞʝʪʝʜʽ. פʦʩʘʣץʳ ץʘʙʳʨסʘʜʘ ʪʽʨʢʝʣʛʝʥ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʘʜʠʝʥʪʽ ʤʝʥ 

ʦʥʳש ʙʝʣʛʽʣʽ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʤᴅʥʜʝʨʽ ʞʳʣʫ ʘסʳʥʳʥʳש 

ʰʘʤʘʩʳʥ ʝʩʝʧʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. פʦʩʘʣץʳ ץʘʙʳʨסʘ, ᴅʜʝʪʪʝ, ʞʳʣʫ 

ᴇʪʢʽʟʛʽʰʪʽʛʽ ʞʦסʘʨʳ ʞᴅʥʝ ʞʳʣʫ ʩʳʡʳʤʜʳʣʳס  rʪᴇʤʝʥ ʤʘʪʝʨʠʘʣʜʘʥ ʞʘʩʘʣʘʜʳ, 

ʙײʣ ʪʝʟ ʞʳʣʫ ʪʝʧʝ-ʪʝשʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴅʥʝ ʞʳʣʫ ʘסʳʥʳʥʳש ʙײʨʤʘʣʘʥʫʳʥ 

ʘʟʘʡʪʫ װʰʽʥ ץʘʞʝʪ [48, ʩ. 3-191; 53, ʩ. 2-200; 60].  

 ʙʝʪʽʥʝ ʞʳʣʫ שʤᴅʥʽ ʟʝʨʪʪʝʣʝʪʽʥ ʜʝʥʝʥʽ שʘ ᴅʜʽʩʽʥʽסʘʙʳʨץ ʦʩʳʤʰʘפ

ʘסʳʥʳʥʳש ʜʘʪʯʠʢʪʝʨʽʥ ʥʝʤʝʩʝ ʞʳʣʫᴇʣʰʝʛʽʰʪʝʨʜʽ ʦʨʥʘʪʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ 

ʞʘסʜʘʡʜʘ ʜʘʪʯʠʢ ʞʳʣʫ ʘסʳʥʳ ʚʝʢʪʦʨʳ ʜʘʪʯʠʢʪʽש ʞײʤʳʩ ʙʝʪʽʥʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨ 

ʙʦʣʘʪʳʥʜʘʡ ʝʪʽʧ ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ. ᴄʜʝʪʪʝ, ʤײʥʜʘʡ ʞʳʣʫᴇʣʰʝʛʽʰʪʝʨ ʞץײʘ 

ʧʣʘʩʪʠʥʘ ʪװʨʽʥʜʝ ʞʘʩʘʣʘʜʳ. ʇʣʘʩʪʠʥʘ ʤʘʪʝʨʠʘʣʳ ʙʝʣʛʽʣʽ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢʢʝ ʠʝ, 

ʘʣ ʧʣʘʩʪʠʥʘʥʳש ʽʰʽʥʜʝ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʥʝʤʝʩʝ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨ ʘʡʳʨʤʘʩʳʥ 

ᴇʣʰʝʡʪʽʥ ʪʝʨʤʦʞײʧʪʘʨ ʞװʡʝʩʽ ʦʨʥʘʪʳʣʘʜʳ. ɾʳʣʫᴇʣʰʝʛʽʰ ʦʨʥʘʪʳʣסʘʥ ʞʝʨʜʝʛʽ 

ʩʪʘʮʠʦʥʘʨʣʳ ʞʳʣʫ ʘסʳʥʳʥʳש ʙʝʪʪʽʢ ʪʳסʳʟʜʳסʳ ʢʝʣʝʩʽ ᴇʨʥʝʢʧʝʥ ʝʩʝʧʪʝʣʝʜʽ: 

 
t

q
l

d

D
=  

 

ʤײʥʜʘ ȹt ï ʧʣʘʩʪʠʥʘʜʘסʳ ʪʝʤʧʝʨʘʫʨʘ ᴇʟʛʝʨʽʩʽ;  

d ʞᴅʥʝ l ï ʩᴅʡʢʝʩʽʥʰʝ ʜʘʪʯʠʢʪʽץ שʘʣʳשʜʳסʳ ʞᴅʥʝ ʞʘʩʘʣסʘʥ 

ʤʘʪʝʨʠʘʣʳʥʳש ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʛʽ. 

ʐʳסʳʩ ʩʠʛʥʘʣʳ ȹE (ʪʝʨʤʦʕפʂ) ʦʣ ʘʨץʳʣʳ ᴇʪʝʪʽʥ ʞʳʣʫ ʘסʳʥʳʥʘ ʪʫʨʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣ: 

 
E

q k E
l

ad

D
= = D 

 

ʤײʥʜʘ k
l

ad
=  ï ʪʝʨʤʦʞײʧʪʘʨʜʳש ʪʝʨʤʦʕפʂ ʢʦʵʬʬʠʮʠʝʥʪʽ ʞᴅʥʝ ײץʨʳʣʤʘʣʳץ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ʪᴅʫʝʣʜʽ, ʞʳʣʫ ʘסʳʥʳ ʜʘʪʯʠʛʽʥʽש ʪװʨʣʝʥʜʽʨʫ ʢʦʵʬʬʠʮʠʝʥʪʽ. 
1

s
k
=  ʰʘʤʘʩʳ ï ʜʘʯʠʢʪʽש ʚʦʣʴʪ-ʚʘʪʪʳץ ʩʝʟʛʽʰʪʽʢ. ʇʨʘʢʪʠʢʘʜʘ k ʤᴅʥ̔ʥ ʘʨʥʘʡʳ 

ʛʨʘʜʫʠʨʣʽʢ ʪᴅʞʽʨʠʙʝʣʝʨ ʢᴇʤʝʛʽʤʝʥ ʘʥʳץʪʘʡʜʳ [61].    

ʊװʨʣʽ ײץʨʳʣסʳʣʘʨ ʤʝʥ ʤʝʭʘʥʠʟʤʜʝʨʜʽש ʞʳʣʫ ʨʝʞʠʤʜʝʨʽʥ ʙʘץʳʣʘʫ 

ʙʘʨʳʩʳʥʜʘ ʞʳʣʫ ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳʥ ᴇʣʰʝʫ ץʘʞʝʪʪʽʣʽʛʽ, ʞʳʣʫ ʰʳסʘʨʘʪʳʥ 

ʥʝʤʝʩʝ ʞײʪʳʣʘʪʳʥ ʙʝʪʪʝʨʤʝʥ ʞʘʥʘʩʘʪʳʥ ʞʘסʜʘʡʜʘ ʞʳʣʫ ʘסʳʥʜʘʨʳʥ ᴇʣʰʝʫʛʝ 

ʘʨʥʘʣסʘʥ ʞʳʣʫᴇʣʰʝʛʽʰʪʝʨʜʽש ʩʝʟʛʽʰ ʵʣʝʤʝʥʪʽ ʨʝʪʽʥʜʝ ץʦʩʘʣץʳ ץʘʙʳʨסʘ ᴅʜʽʩʽʥ 

 .ʨʣʝʥʜʽʨʛʽʰ ʧʘʡʜʘʣʘʥʳʣʘʜʳװʪ ץʦʣʜʘʥʘʪʳʥ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳץ

ʊʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʜʽש ʢᴇʤʝʛʽʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʞʳʣʫ ʘסʳʥʳʥ 

ᴇʣʰʝʫ ᴅʜʽʩʽ, ᴅʨʪʝʢʪʽ ᴇʪʢʽʟʛʽʰʪʝʨʜʝʥ ʞʘʩʘʣסʘʥ ʪʽʟʙʝʢʪʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ 

ʪʝʨʤʦʵʣʝʢʪʨץʦʟסʘʫʰʳ ʢװʰʪʽש ʰʘʤʘʩʳ ʦʩʳ ᴇʪʢʽʟʛʽʰʪʝʨʜʽש ʪװʡʽʩʢʝʥ ʞʝʨʣʝʨʽʥʽש 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʪᴅʫʝʣʜʽ ʝʢʝʥʜʽʛʽʥʝ ʥʝʛʽʟʜʝʣʝʜʽ. ɹײʣ ײץʙʳʣʳʩ ɿʝʝʙʝʢ ʵʬʬʝʢʪʽʩʽ 

ʨʝʪʽʥʜʝ ʙʝʣʛʽʣʽ [62]. 

[48, ʩ. 2-191; 53, ʩ. 2-201] ʝשʙʝʢʪʝʨʽʥʜʝ ʪʝʨʤʦʞײʧʪʘʨʜʳש ᴇʣʰʝʥʝʪʽʥ ʞʳʣʫ 

ʘסʳʥʳʥʳש ʙʘסʳʪʳʥʘ ץʘʪʳʩʪʳ ʦʨʥʘʣʘʩʫʳʥʘ ץʘʨʘʡ, ʞʳʣʫ ʘסʳʥʳʥʳש 
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ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʽʥ ʞʽʢʪʝʫ ᴅʜʽʩʽ ײʩʳʥʳʣסʘʥ. ʊʝʨʤʦʞײʧʪʘʨʳ 

ʞʳʣʫ ʘסʳʥʳʥʳש ʙʘסʳʪʳʤʝʥ ʙʽʨʜʝʡ ʙʘסʳʪʪʘʣסʘʥ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ 

ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨ çʙʦʡʣʳץ ʪʠʧʪʽè (1ʘ-ʩʫʨʝʪ), ʘʣ ʪʝʨʤʦʞײʧʪʘʨʳ ʞʳʣʫ ʘסʳʥʳʥʳש 

ʙʘסʳʪʳʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʦʨʥʘʣʘʩץʘʥ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨ 

çʢᴇʣʜʝʥʝש ʪʠʧʪʽè (1ᴅ-ʩʫʨʝʪ) ʜʝʧ ʞʽʢʪʝʣʝʜʽ. 

 

 
 

ʉʫʨʝʪ 1 ï פʦʩʘʣץʳ ץʘʙʳʨסʘ ᴅʜʽʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʞʳʣʫ ʘסʳʥʳʥʳש ʙʦʡʣʳץ (ʘ) 

ʞᴅʥʝ ʢᴇʣʜʝʥʝש (ʙ) ʪʠʧʪʽ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨ ̔
 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [63] 

 

ɹʦʡʣʳץ ʪʠʧʪʽ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʞʳʣʫ ʘסʳʥʳ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʽʥʽש ʘʣסʘʰץʳ 

 .ʨʣʝʥʜʽʨʛʽʰʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [64]װʘʥ ʜʘʨʘ ʪסʙʽʨʽ  ʤʝʪʘʣʜʘʥ ʞʘʩʘʣ שʣʛʽʣʝʨʽʥʽװ

ɹײʣ ʪװʨʣʝʥʜʽʨʛʽʰ ᴇʟʽʥʽײץ שʨʳʣʳʤʳ ʙʦʡʳʥʰʘ ʝʨʝʢʰʝ ʞʘʣʧʘץ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ 

ʪʝʨʤʦʞײʧʪʳ ʙʝʡʥʝʣʝʡʪʽʥ ʧʣʘʩʪʠʥʘʜʘʥ ʪײʨʘʜʳ. ʆʥʜʘסʳ ʘʨʘʣʳץ ʪʝʨʤʦʵʣʝʢʪʨʦʜ 

 .ʳʟʤʝʪ ʝʪʝʜʽ [44, ʩ. 2-17; 48, ʩ. 2-191; 49, ʩ. 3-303]ץ ʘ ʨʝʪʽʥʜʝסʘʙʳʨץ ʦʩʳʤʰʘץ

ʉʝʟʽʤʪʘʣʜʳסʳʥʳש ʪᴇʤʝʥ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ (1 ʤʤ ץʘʣʳשʜʳץʪʘ (1ï3)Ŀ                               

10
-9
ɺĿʤ

2
/ɺʪ) ʙײʣ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨ ʪʝʢ ץʘʥʘ ʞʦסʘʨʳ ץʘʨץʳʥʜʳ 

ʞʳʣʫ ʧʨʦʮʝʩʪʝʨʽʥ ʟʝʨʪʪʝʫʜʝ ץʦʣʜʘʥʳʣסʘʥ. 

ᴄʨʪװʨʣʽ ʧʽʰʽʥʽ ʤʝʥ ᴇʣʰʝʤʜʝʨʽ ʙʘʨ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳץ 

ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʜʽש ʞײʤʳʩ ʽʩʪʝʫ ʧʨʠʥʮʠʧʽ, ʙʘץʳʣʘʫ ʥʳʩʘʥʳʥʜʘ ʙʝʣʛʽʣʽ ʙʽʨ 

ʪײʨʘץʪʳ ʪʝʨʤʠʷʣʳץ ʢʝʜʝʨʛʽʜʝ ʞʳʣʫ ʘסʳʥʳ q ʘʨץʳʣʳ ʧʘʡʜʘ ʙʦʣʘʪʳʥ 

ʪʝʤʧʝʨʘʪʫʨʘ ʘʡʳʨʳʤ ʥrʘ ȹʊ ʧʨʦʧʦʨʮʠʦʥʘʣ ʵʣʝʢʪʨʣʽʢ ʩʠʛʥʘʣʳʥ ɽ ʪʫʜʳʨʫסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ. ʊʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳץ ʪװʨʣʝʥʜʽʨʛʽʰʪʽש ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʽ a 

ʨʝʪʽʥʜʝ ץʘʣʳשʜʳסʳ h ʞᴅʥʝ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʛʽ ʙʝʣʛʽʣʽ ʙʽʨ ʤᴅʥʛʝ ʠʝ ʤʘʪʝʨʠʘʣʜʳץ 

 ץʙʝʪʽʥʜʝ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳ שʦʣʜʘʥʳʣʘʜʳ, ʦʥʳץ ʘʙʘʪץ

ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʜʽש ʪװʡʽʥʜʝʨʽ (ʪʝʨʤʦʞײʧʪʘʨ) ʩ ʦʨʥʘʣʘʩʪʨrʣrסʘʥ. פʘʙʳʣʜʘʫ 

ʧʣʘʩʪʠʥʘʩʳ b ʟʝʨʪʪʝʣʝʪʽʥ ʥʳʩʘʥʤʝʥ ʞʳʣʫʣʳץ ʙʘʡʣʘʥʳʩץʘ ʢʝʣʪʽʨʽʣʝʜʽ ʞᴅʥʝ 

ʩʳʨʪץʳ ᴅʩʝʨʣʝʨʜʝʥ ץʦʨסʘʡʜʳ (2-ʩʫʨʝʪ). 
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a ï ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪ, b ï ץʘʙʳʣʘʫ ʧʣʘʩʪʠʥʘʩʳ, c ï ʪʝʨʤʦʞײʧʪʘʨ 
 

ʉʫʨʝʪ 2 ï ʊʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳץ ʪװʨʣʝʥʜʽʨʛʽʰ 
 

ʊʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʜʝ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪ ʨʝʪʽʥʜʝ 

 ʘʥסʡʽʩʢʝʥ ʝʢʽ ᴅʨʪʝʢʪʽ ᴇʪʢʽʟʛʽʰʪʝʥ ʞʘʩʘʣװʧ, ᴇʟʘʨʘ ʪײʦʣʜʘʥʳʣʘʪʳʥ ʪʝʨʤʦʞץ

ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪʽʟʙʝʢʪʝʥ ײץʨʘʣסʘʥ. ʉʪʘʥʜʘʨʪʪʘ ʪʝʨʤʦʞײʧʪʳש ʦʥ ʝʢʽ ʪװʨʽʥʝ 

 ʢʝʡʙʽʨʝʫʽʥ 1-ʢʝʩʪʝʜʝʥ ʢᴇʨʫʛʝ שʘʥ, ʦʣʘʨʜʳסʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨ ʥʦʨʤʘʣʘʥץ

ʙʦʣʘʜʳ [65]. 

 

ʂʝʩʪʝ 1  ʊʝʨʤʦʞײʧʪʳש ʥʝʛʽʟʛʽ ʪʠʧʪʝʨʽʥʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʞᴅʥʝ ᴇʣʰʝʥʝʪʽʥ 

ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʳש ʰʝʢʪʝʨʽ 
 

ʊʝʨʤʦʞײʧʪʳש 

ʪʠʧʪʝʨʽ 

ʍʕʂ 

ʙʦʡʳʥʰʘ 

ʙʝʣʛʽʣʝʥʫʽ 

ʅʉʉ 

ʙʦʡʳʥ

ʰʘ 

ᴅʨʽʧʪʽʢ 

ʙʝʣʛʽʣʝ

ʥʫʽ 

ʊʝʨʤʦʵʣʝʢʪʨʦʜʪʘʨʜʳש 

ʭʠʤʠʷʣʳײץ ץʨʘʤʳ, ʤʘʩ. % 

ᴆʣʰʝʥʝʪʽʥ 

ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʳש 

ʰʝʢʪʝʨʽ, Áʉ 

ʦש ʪʝʨʽʩ 
ʪᴇʤʝʥ

ʛʽ 

ʞʦסʘʨ

ס  r

 ʘץʳʩץ

ʤʝʨʟʽ

ʤʜʽ 

ʄʳʩ-ʢʦʥʩʪʘʥʪʘʥ 

ʊʄʂʥ Cu-CuNi T Cu 

Cu+(40-

45)Ni+1.0Mn+

0.7Fe 

-200 350 400 

ʍʨʦʤʝʣʴ-ʢʦʧʝʣʴ 

ʊʍʂ - L Ni+9,5 Cr 

Cu+(42-

44)Ni+0.5Mn+

0.1Fe 

-200 600 800 

ʍʨʦʤʝʣʴ-

ʢʦʥʩʪʘʥʪʘʥ ʊʍʂʥ 
NiCr-

CuNi 
E Ni+9,5 Cr 

Cu+(40-

45)Ni+1.0Mn+

0.7Fe 

-200 700 900 

ʊʝʤʽʨ-ʢʦʥʩʪʘʥʪʘʥ  

ʊʊʂ (ʊɾʂ) Fe-CuNi J Fe 

Cu+(40-

45)Ni+1.0Mn+

0.7Fe 

-200 750 900 

ʍʨʦʤʝʣʴ-ʘʣʶʤʝʣʴ 

ʊʍɸ 

NiCr-

NiAl  
K Ni+9,5 Cr 

Ni+1Si+2Al+2

.5Mn 
-200 1200 1300 

ʇʣʘʪʠʥʦʨʦʜʠʡ-

ʧʣʘʪʠʥʦʨʦʜʠʡ 
- B Pt+30Rh Pt+6Rh 600 1700 - 

 

2-ʢʝʩʪʝʜʝ ʪʝʨʤʦʞײʧʪʘʨʜʳש ᴅʨʪװʨʣʽ ʪʠʧʪʝʨʽʥʽש ʞײʤʳʩ ʽʩʪʝʫʽ װʰʽʥ 

 ʢᴇʨʩʝʪʽʣʛʝʥ ʪʝʤʧʝʨʘʪʫʨʘ שʜʘʡʣʘʨʳ ʞᴅʥʝ ʦʣʘʨʜʳסʞʘ ץʩʳʥʳʣʘʪʳʥ ʘʪʤʦʩʬʝʨʘʣʳײ

ʘʨʘʣʳץʪʘʨʳʥʜʘסʳ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʩʝʟʽʤʪʘʣʜʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʙʝʨʽʣʛʝʥ [66]. 



24 

 

ʂʝʩʪʝ 2  ױʩʳʥʳʣʘʪʳʥ ʘʪʤʦʩʬʝʨʘʣʳץ ʞʘסʜʘʡʣʘʨʳ 

 

ʊʝʨʤʦʞײʧʪ

ʳש ʪʠʧʪʝʨʽ 

ɸʪʤʦʩʬʝʨʘʣʳץ ʞʘסʜʘʡʣʘʨʳ 
ʊʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳʥ 

ʜʘסʳ ʩʝʟʽʤʪʘʣʜʳץ 

ʪʦʪʳץʪʳʨסʳʰ ʠʥʝʨʪʪʽ ʚʘʢʫʫʤʜʳץ ʜʠʘʧʘʟʦʥ, Áʉ 
dE/dT, 

ʤʢɺ/Áʉ 

ʊʄʂʥ (ʊ) ++ + + 0-400 40-60 

ʊʍʂ ++ + + 0-600 64-88 

ʊʍʂ (ɽ) ++ + + 0-600 59-81 

ʊɾʂ (J) ++ + + 0-800 50-64 

ʊʍɸ (ʂ) ++ + + 0-1300 35-42 

ʊʅʅ (N) ++ + + 0-1300 26-36 

ɽʩʢʝʨʪʫʣʝʨ: 

1. ç++è  ײʩʳʥʳʣʘʪʳʥ ʘʪʤʦʩʬʝʨʘ.  

2. ç+è  ʙʝʨʽʣʛʝʥ ʘʪʤʦʩʬʝʨʘʜʘ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽ.  

3. çïè  ײʩʳʥʳʣʤʘסʘʥ ʘʪʤʦʩʬʝʨʘ.  

4. ʊʦʪʳץʪʳʨסʳʰ ʘʪʤʦʩʬʝʨʘ ʜʝʧ, ᴅʜʝʪʪʝ, ʦʪʪʝʛʽʥʽש ʢᴇʣʝʤʽ 21% (ʆ2) ײץʨʘʡʪʳʥ ʘʫʘ ʥʝʤʝʩʝ 

 ,ʨʝʜʽװʫ ʧʨʦʮʝʩʽ ʞסʪʦʪʳ שʥʜʘʡ ʦʨʪʘʜʘ ʟʘʪʪʳײʩʽʥʝʜʽ. ʄװʦʩʧʘʩʳʥ ʪץ ʦʩʳʤʰʘ ʦʪʪʝʛʽ ʙʘʨ ʛʘʟץ

ʦʥʳש ʤᴅʥʽ ʘʪʦʤʜʘʨ ʤʝʥ ʠʦʥʜʘʨʜʳש ʵʣʝʢʪʨʦʥʜʘʨʜʳ ʞʦסʘʣʪʫʳʥʜʘ. 

5. ʆʪʪʝʛʽ ʘʪʦʤʜʘʨʳʥʳץ שʦʩʳʣʫʳ ʘʨץʳʣʳ ʦʢʩʠʜʪʽש ʧʘʡʜʘ ʙʦʣʫʳ ʪʦʪʳסʫ ʨʝʘʢʮʠʷʩʳʥʳש ʙʽʨ 

ʤʳʩʘʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ᴄʣʩʽʟ ʪʦʪʳסʫ ʘʪʤʦʩʬʝʨʘʩʳ, ʛʘʟ ץʦʩʧʘʩʳʥʜʘ ʦʪʪʝʛʽʥʽש (ʆ2) 2-3% 

ʤᴇʣʰʝʨʽʥʜʝ ʙʦʣʫʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ʊʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰ ʘʪʤʦʩʬʝʨʘʜʘ ʭʠʤʠʷʣʳץ 

ʨʝʘʢʮʠʷʣʘʨ ʙʘʨʳʩʳʥʜʘ ʘʪʦʤʜʘʨ ʤʝʥ ʠʦʥʜʘʨ ʵʣʝʢʪʨʦʥʜʘʨʜʳ ץʘʙʳʣʜʘʡʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ 

ʵʣʝʤʝʥʪʪʽש ʚʘʣʝʥʪʪʽʣʽʛʽʥʽש ʪᴇʤʝʥʜʝʫʽ ʦʨʳʥ ʘʣʘʜʳ. ʊʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰ ʦʨʪʘʣʘʨסʘ 

ʤʳʩʘʣʜʘʨ: ײץʨסʘץ H2, CO, ʢᴇʤʽʨʪʝʛʽ ץʦʩʳʣסʘʥ ʛʘʟʜʘʨ, ʵʥʜʦʛʘʟ, ʵʢʟʦʛʘʟ, ʢʦʢʩʪʽʢ ʞᴅʥʝ ʜʦʤʝʥ 

ʛʘʟʜʘʨʳ, ʜʠʩʩʦʮʠʘʮʠʷʣʘʥסʘʥ ʘʤʤʠʘʢ, ʞʘʥʫ ʢʘʤʝʨʘʩʳʥʘʥ ʰʳסʘʪʳʥ ʛʘʟʜʘʨ.  

ʀʥʝʨʪʪʽ ʘʪʤʦʩʬʝʨʘ ʘʟʦʪ (N2), ʘʨʛʦʥ (Ar), ʛʝʣʠʡ (He) ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʠʥʝʨʪʪʽ ʛʘʟʜʘʨʜʳש 

ʽʰʽʥʜʝ ʙʦʣʘʜʳ 

 

2-ʢʝʩʪʝʜʝ ʙʝʨʽʣʛʝʥ ʤᴅʣʽʤʝʪʪʝʨʜʝʥ ʤʳʩ-ʢʦʥʩʪʘʥʪʘʥ ʞᴅʥʝ ʪʝʤʽʨ-ʢʦʥʩʪʘʥʪʘʥ 

ʪʝʨʤʦʞײʧʪʘʨʳʥʳש ʞʦסʘʨʳ ᴅʤʙʝʙʘʧʪʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʠʝ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʫʛʝ 

ʙʦʣʘʜʳ. ʄʳʩ-ʢʦʥʩʪʘʥʪʘʥ ʪʝʨʤʦʞײʧʪʘʨʳ ʞʳʣʫ ʘסʳʥʳʥ ʪװʨʣʝʥʜʽʨʝʪʽʥ 

ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳץ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʜʝ ץʦʣʜʘʥʫ װʰʽʥ ʙʘʩʳʤ ʪʘשʜʘʫ 

ʙʦʣʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʘʨʪʳץʰʳʣʳץʪʘʨסʘ ʠʝ. ʄʳʩ-ʢʦʥʩʪʘʥʪʘʥ 

ʪʝʨʤʦʞײʙʳʥʳש ʩʝʟʽʤʪʘʣʜʳסʳʥʳש ʞʦסʘʨʳ ʙʦʣʫʳ (40ï60 ʤʢɺ/ÁC) 

ʪʝʤʧʝʨʘʪʫʨʘʥʳש ᴇʟʛʝʨʫʽʥʝ, ʜʝʤʝʢ, ʞʳʣʫ ʘסʳʥʳʥʳש ᴇʟʛʝʨʫʽʥʝ ʪʝʟ ʞᴅʥʝ ʪʠʽʤʜʽ 

ʞʘʫʘʧ ʙʝʨʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ.  

 

1.4 ɾʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫ ײץʨʘʣʜʘʨʳ ʞᴅʥʝ ʞʳʣʫ ʘסʳʥʳʥʳש ʙʘʩʪʘʧץʳ 

ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʽʥʽש ʪװʨʣʝʨʽ 

ɾʳʣʫ ʘסʳʥʳ ʜʘʪʯʠʢʪʝʨʽʥʽײץ שʨʳʣʳʤʳ ʤʝʥ ʞʘʩʘʣʫʳ - ʦʣʘʨʜʳש ʜᴅʣʜʽʛʽʥ, 

ʩʝʟʽʤʪʘʣʜʳסʳʥ ʞᴅʥʝ ץʦʣʜʘʥʳʣʫ ʩʘʣʘʩʳʥ ʘʥʳץʪʘʡʪʳʥ ʤʘשʳʟʜʳ ʘʩʧʝʢʪ. 

ɼʘʪʯʠʢʪʝʨʜʽש ᴅʨʪװʨʣʽ ʪʠʧʪʝʨʽ ᴇʣʰʝʫʜʽש ᴅʨʪװʨʣʽ ʧʨʠʥʮʠʧʪʝʨʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ, ʙײʣ 

ʦʣʘʨʜʳש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ᴅʩʝʨ ʝʪʝʜʽ. 

ʘʟʽʨʛʽ ʢʝʟʜʝ ʞrפ ʣʫ ʘסʳʥʳʥ ᴇʣʰʝʡʪʽʥ ʜʘʪʯʠʢʪʝʨʜʽש ᴅʨʪװʨʣʽ ʪװʨʣʝʨʽʥʽש 

ʙʦʣʫʳ ʦʣʘʨʜʳש ʝʨʝʢʰʝ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʤʝʥ ץʦʣʜʘʥʫ ʘʷʩʳʥʳש ᴅʨʪװʨʣʽʣʽʛʽʤʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ. ɹײʣ ʘʡʳʨʤʘʰʳʣʳץʪʘʨ, ʞʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫ ʧʨʠʥʮʠʧʪʝʨʽʥʽש 

ᴅʨʪװʨʣʽʣʽʛʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. ɾײʤʳʩ ʧʨʠʥʮʠʧʽ ʙʦʡʳʥʰʘ ʜʘʪʯʠʢʪʝʨʜʽ ʢʝʣʝʩʽ 
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ʪʦʧʪʘʨסʘ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ: ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʜʘʪʯʠʢʪʝʨ (ʪʝʨʤʦʞײʧʪʘʨ, 

ʪʝʨʤʦʙʘʪʘʨʝʷʣʘʨ), ʞʳʣʫʣʳץ ʢʝʜʝʨʛʽʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʜʘʪʯʠʢʪʝʨ, 

ʞץײʘץʘʙʳʨʰʘץʪʳ ʜʘʪʯʠʢʪʝʨ ʞᴅʥʝ ʟʘʤʘʥʘʫʠ ʜʘʪʯʠʢʪʝʨ. 

ʊʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨ ʥʝʤʝʩʝ ʪʝʨʤʦʙʘʪʘʨʝʷʣʘʨ, ʙʽʨʥʝʰʝ 

ʪʝʨʤʦʞײʧʪʳש ʪʽʟʙʝʢʪʝʡ ʞʘʣסʘʫʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʞʳʣʫ ʘסʳʥʳʥ 

ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ ʪʠʽʤʜʽ ײץʨʘʣ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʢʦʥʩʪʨʫʢʮʠʷ ʞʘʣסʳʟ 

ʪʝʨʤʦʞײʧʪʳ ʧʘʡʜʘʣʘʥʫʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ᴇʟʛʝʨʽʩʽʥʝ 

ʩʝʟʽʤʪʘʣʜʳץʪʳ ʝʜᴅʫʽʨ ʘʨʪʪʳʨʘʪʳʥ ץʘʩʠʝʪʢʝ ʠʝ. 

ʊʝʨʤʦʵʣʝʢʪʨʣʽʢ ʜʘʪʯʠʢʪʝʨʜʽש ʞײʤʳʩ ʧʨʠʥʮʠʧʽ ɿʝʝʙʝʢ ʵʬʬʝʢʪʽʩʽʥʝ 

ʥʝʛʽʟʜʝʣʛʝʥ. ɿʝʝʙʝʢ ʵʬʬʝʢʪʽʩʽ ʝʢʽ ʪװʨʣʽ ᴇʪʢʽʟʛʽʰʪʝʥ (ʪʝʨʤʦʞײʧ) ʪײʨʘʪʳʥ 

ʪʝʨʤʦʞײʧʪʳש ʜᴅʥʝʢʝʨʣʝʥʛʝʥ (ʪװʡʽʩʢʝʥ) ʞʝʨʣʝʨʽʥʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʘʡʳʨʳʤʳ 

ʧʘʡʜʘ ʙʦʣסʘʥʜʘ ʪײʡʳץ ʪʽʟʙʝʢʪʝ ʪʝʨʤʦʵʣʝʢʪʨ ץʦʟסʘʫʰʳ ʢװʰʽʥʽש (ʪʝʨʤʦ-ʕפʂ) 

ʧʘʡʜʘ ʙʦʣʫ ײץʙʳʣʳʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [67]. ʊʝʨʤʦ-ʕפʂ-ʥʽש ʰʘʤʘʩʳ 

 ʳ ʪʝʤʧʝʨʘʪʫʨʘסʡʽʥʜʝʨ ʘʨʘʩʳʥʜʘװʘʥ ʪסʳʥʜʘʪʳʣץʘʥ ʞᴅʥʝ ʩʘʣסʳʟʜʳʨʳʣץ

ʘʡʳʨʤʘʩʳʥʘ ʪʫʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣ ʞᴅʥʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳש 

ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʘʥʳץʪʘʣʘʜʳ. ɾʝʢʝ 

ʪʝʨʤʦʞײʧʪʘ ʦʩʳ ʪװʡʽʥʜʝʨ ʘʨʘʩʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨ ʘʡrʨrʤʳʥ ᴇʣʰʝʡʜʽ. ɸʣ, 

ʪʝʨʤʦʙʘʪʘʨʝʷʜʘ ʩʝʟʽʤʪʘʣʜʳץʪʳ ʞᴅʥʝ ʰʳסʳʩ ʩʠʛʥʘʣʳʥ ʢװʰʝʡʪʫ װʰʽʥ, ᴅʨʙʽʨ 

ʪʝʨʤʦʞײʧ ʪʫʜʳʨʘʪʳʥ ʪʝʨʤʦ-ʕפʂ ʘʨʪʪʳʨʳʧ, ʪʝʨʤʦʞײʧʪʘʨ ʪʽʟʙʝʢʪʝʡ ʞʘʣסʘʡʜʳ.  

 ʘ ʧʨʠʥʮʠʧʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʞᴅʥʝ ᴇʥʜʽʨʽʩʢʝ ʝʥʛʽʟʽʣʛʝʥסʘʙʳʨץ ʳץʦʩʘʣפ

ʘʣסʘʰץʳ ʞʳʣʫ ᴇʣʰʝʫʽʰ ײץʨʘʣʜʘʨʳʥʳש ʙʽʨʽ ʕ. ʐʤʠʜʪʪʽש ʪʘʩʧʘʣʳ 

ʞʳʣʫᴇʣʰʝʛʽʰʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [68]. ʆʣ ץʘʟʽʨʛʽ ʫʘץʳʪʘ ʜʘ ʞʳʣʫ ʦץʰʘʫʣʘסʳʰ 

ʘʨץʳʣʳ ʞʳʣʫ ʰʳסʳʥʳʥ ᴇʣʰʝʫ װʰʽʥ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ʐʤʠʜʪʪʽש ʪʘʩʧʘʣʳ 

ʞʳʣʫᴇʣʰʝʛʽʰʽʥ ᴅʟʽʨʣʝʫ װʰʽʥ ײʟʳʥʜʳסʳ 600-650 ʤʤ, ʝʥʽ 60-70 ʤʤ ʞᴅʥʝ 

 ʘסʦʣʜʘʥʳʣʘʜʳ. ʊʘʩʧʘʣʘʨץ ʢʝ ʪʘʩʧʘשʳ 3-5 ʤʤ ʙʦʣʘʪʳʥ ʨʝʟʝסʜʳשʘʣʳץ

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʪʝʨʤʦʞײʧʪʘʨ ʙʘʪʘʨʝʷʩʳʥʳש ʰʘʤʘʤʝʥ 200 ʪװʡʽʥʽ ʪʽʟʙʝʢʪʝʡ 

ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ʙʝʪʽ ʙʽʨ ʤʠʣʣʠʤʝʪʨʣʽʢ ʰʠʢʽ ʨʝʟʝשʢʝ ץʘʙʘʪʳʤʝʥ 

ʞʘʙʳʣʳʧ, ʞʝʣʽʤʜʝʣʝʜʽ. ʊʦʢ ʰʳסʘʨʫʰʳ ᴇʪʢʽʟʛʽʰʪʝʨ ʨʝʟʝשʢʝʛʝ ʦʨʥʘʪʳʣסʘʥ 

ʢʣʝʤʤʘʣʘʨ ʘʨץʳʣʳ ʰʳסʘʨʳʣʘʜʳ. ʊʘʩʧʘʥʳש ʢʽʰʽ ʙװʡʽʨʞʘץʪʘʨʳʥʜʘ ʙʝʣʜʫʝʣʝʨ 

ʘʨץʳʣʳ ʦץʰʘʫʣʘסʳʰʪʳש ʜᴇשʝʩ ʙʝʪʽʥʝ ʢʝʨʽʣʫ ʘʨץʳʣʳ ʙʝʢʽʪʽʣʝʪʽʥ ʪʝʪʽʢ 

ʦʨʥʘʣʘʩץʘʥ. ɹʝʣʜʝʫʣʝʨʜʽץ שʦʣʘʡʩʳʟ װʣʢʝʥʜʽʛʽ ʤʝʥ ʠʥʝʨʮʠʷʣʳʣʳסʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʪʘʩʧʘʤʝ ʞײʤʳʩ ʽʩʪʝʫ ʳסשʘʡʩʳʟ, ʜʝʛʝʥʤʝʥʜʝ ʦʣʘʨ ʢʝשʽʥʝʥ 

 .ʦʣʜʘʥʳʣʘʜʳץ

ʊʝʨʤʦʙʘʪʘʨʝʷʣʘʨ ʙʽʨץʘʪʘʨ ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ ʢʝʤʰʽʣʽʢʪʝʨʽʤʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ (3-ʢʝʩʪʝ). 

ʊʽʟʙʝʢʪʝʡ ʞʘʣסʘʥסʘʥ ʪʝʨʤʦʞײʧʪʘʨ ʞʠʳʥʪʳסʳʥʘʥ ʪײʨʘʪʳʥ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ 

ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨ (ʪʝʨʤʦʙʘʪʘʨʝʷʣʘʨ) ʢװʨʜʝʣʽ ʥʝʤʝʩʝ ʪᴇʪʝʥʰʝ ʞʘסʜʘʡʣʘʨʜʘסʳ 

ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʜᴅʣ ᴇʣʰʝʫ ץʘʞʝʪ ʙʦʣʘʪʳʥ ᴅʨ ʪװʨʣʽ ʩʘʣʘʣʘʨʜʘ ץʦʣʜʘʥʳʣʘʜʳ. 

ʄʳʩʘʣʳ: ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳ ʧʝʰʪʝʨʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ᴇʣʰʝʫ, סʠʤʘʨʘʪʪʘʨ 

ʤʝʥ ʠʥʞʝʥʝʨʣʽʢ ײץʨʳʣʳʩʪʘʨʜʳץ שʘʙʳʨסʘʣʘʨʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ 

ʛʨʘʜʠʝʥʪʪʝʨʜʽ ᴇʣʰʝʫ, ʽh ʪʝʥ ʞʘʥʫ ץʦʟסʘʣʪץʳʰʪʘʨʳ ʤʝʥ ʙʘʩץʘ ʞʳʣʫ 

 ʨʣʽ ʞʳʣʫ ʘʣʤʘʩʫװʳʣʘʫ, ᴅʨ ʪץʳʣʘʨʳʥʜʘ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʙʘסʦʥʜʳʨץ

ʞװʡʝʣʝʨʽʥʜʝʛʽ ʞʳʣʫ ʘסʳʥʜʘʨʳʥ ᴇʣʰʝʫ. 
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ʂʝʩʪʝ 3  ʊʝʨʤʦʙʘʪʘʨʝʷʣʘʨʜʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ ʢʝʤʰʽʣʽʢʪʝʨʽ 
 

ʉʠʧʘʪʪʘʤʘʩʳ ɸʨʪʳץʰʳʣʳץʪʘʨʳ ʂʝʤʰʽʣʽʢʪʝʨʽ 

ɾײʤʳʩ ʽʩʪʝʫ 

ʧʨʠʥʮʠʧʽ 

 ʡʽʥʜʽװʪ ץʳ, ʩʫʳסʘʨʘʧʘʡʳʤʜʳʣʳפ

ʜײʨʳʩ ʢʦʤʧʝʥʩʘʮʠʷʣʘʫ ʘʨץʳʣʳ 

ʞʦסʘʨʳ ʜᴅʣʜʽʢʢʝ ץʦʣ ʞʝʪʢʽʟʫ 

ʤװʤʢʽʥʜʽʛʽ ʞᴅʥʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ 

ʘʨʟʘʥʜʳסʳ (ʪʝʨʤʦʞײʧʪʘʨ װʰʽʥ). ɸʣ 

ʪʝʨʤʦʙʘʪʘʨʝʷʣʘʨ, ᴇʟ ʢʝʟʝʛʽʥʜʝ, װʣʢʝʥ 

ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʛʨʘʜʠʝʥʪʪʝʨʜʽ ᴇʣʰʝʫ 

ʤװʤʢʽʥʜʽʛʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. 

ʊʽʢʝʣʝʡ ʞʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫ 

ʢʝʟʽʥʜʝ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש 

(ʩʫʳץ ʪװʡʽʥ) ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ 

ʩʝʟʽʤʪʘʣʜʳסʳ ʞᴅʥʝ ᴇʣʰʝʫ 

ʜᴅʣʜʽʛʽʥʽש ʪᴇʤʝʥʜʽʛʽ, ʩʫʳץ 

ʪװʡʽʥʜʽ ʢʦʤʧʝʥʩʘʮʠʷʣʘʫʜʳ 

ʥʝʤʝʩʝ ʵʪʘʣʦʥʜʳץ ᴇʣʰʝʫʣʝʨʜʽ 

 .ʦʣʜʘʥʫʜʳ ʤʽʥʜʝʪʪʝʡʜʽץ

 שʳ,  ʤʘʪʝʨʠʘʣʜʘʨʜʳסʰʘʤʜʳʣʳץʨʳʣʳʤʳ  ʓײפ

 .ʦʣʞʝʪʽʤʜʽʣʽʛʽץ

ʊʝʨʤʦʙʘʪʘʨʝʷʣʘʨʜʘסʳ ʢװʨʜʝʣʽ 

ʞʘʣסʘʫ ʩʭʝʤʘʩʳ ʞʘʥ-ʞʘץʪʳ 

ʟʝʨʪʪʝʫʜʽ ʪʘʣʘʧ ʝʪʫʽ ʤװʤʢʽʥ. 

ɾʳʣʫ ʘסʳʥʳʥ 

ᴇʣʰʝʫ 

ɽʛʝʨ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨ ʪײʨʘץʪʳ ʞᴅʥʝ 

ᴇʣʰʝʫ ʥװʢʪʝʣʝʨʽ ʜײʨʳʩ ʘʥʳץʪʘʣʩʘ, 

ʦʥʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʘʡʳʨʳʤʳʥ, 

ʩᴅʡʢʝʩʽʥʰʝ ʞʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʦשʘʡ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʜʳ. 

ɾʳʣʫ ʘסʳʥʳʥ ʪʽʢʝʣʝʡ ᴇʣʰʝʫ 

ᴇʣʰʝʫ ʥװʢʪʝʣʝʨʽ ʘʨʘʩʳʥʜʘסʳ 

ʞʳʣʫ ʢʝʜʝʨʛʽʩʽʥʝ ץʦʩʳʤʰʘ 

ʟʝʨʪʪʝʫ ʞװʨʛʽʟʫʜʽ ץʘʞʝʪ ʝʪʝʜʽ. 

ʊʝʤʧʝʨʘʪʫʨʘʣʘʨ 

ʜʠʘʧʘʟʦʥʳ 

ʊʝʨʤʦʞײʧʪʘʨʜʳש ᴅʨʪװʨʣʽ ʤʘʪʝʨʠʘʣ 

ʜʘʨʳ װʰʽʥ ʢʝש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ᴇʣʰʝʫ 

ʜʠʘʧʘʟʦʥʳ (ʤʳʩʘʣʳ, ʭʨʦʤʝʣʴ-

ʘʣʶʤʝʣʴ 1200ÁC-ץʘ ʜʝʡʽʥ ᴇʣʰʝʫ 

ʤװʤʢʽʥʜʽʛʽʥʝ ʠʝ). 

ʄʘʪʝʨʠʘʣʜʘʨʜʳש ʤʝʭʘʥʠʢʘʣʳץ 

 ץʘʩʠʝʪʪʝʨʽ ʞᴅʥʝ ʭʠʤʠʷʣʳץ

ʪᴇʟʽʤʜʽʣʽʛʽ ᴅʩʝʨʽʥʝʥ ʰʝʢʪʝʫʣʝʨ 

ʪʫʳʥʜʘʡʜʳ. 

ʉʝʟʽʤʪʘʣʜʳץ ʊʝʨʤʦʙʘʪʘʨʝʷʣʘʨ ʪʝʨʤʦʞײʧʪʘʨסʘ 

 שʪʳץʘʥʜʘ ʩʝʟʽʤʪʘʣʜʳסʘʨʘץ

ʘʡʪʘʨʣʳץʪʘʡ ʞʦסʘʨʳʣʘʫʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ɾʝʢʝ ʪʝʨʤʦʞײʧʪʘʨʜʳש (ʙʘʩץʘ 

ʜʘʪʯʠʢʪʝʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ)  

ʪᴇʤʝʥ ʩʝʟʽʤʪʘʣʜʳסʳ, ʙײʣ ʞʳʣʫ 

ʘסʳʥʳʥʳש ʪʘʨʘʣʫʳʥʳש ʙʽʨץʘ 

ʣʳʧʪʳ ʝʤʝʩʪʽʛʽʥ ʪװʟʝʪʫʜʽ ʪʘʣʘʧ 

ʝʪʝʜʽ 

 

ʊʝʨʤʦʙʘʪʘʨʝʷʣʘʨ ʞʦסʘʨʳ ʩʝʟʽʤʪʘʣʜʳץ ʧʝʥ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳ 

ʞײʤʳʩ ʤװʤʢʽʥʜʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʞʳʣʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʜᴅʣ ʙʘץʳʣʘʫʜʳ ʪʘʣʘʧ 

ʝʪʝʪʽʥ ᴅʨ ʪװʨʣʽ ʩʘʣʘʣʘʨʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʩ ʪʘʙʘʜʳ. ɸʣʘʡʜʘ, ʞʳʣʫ ʘסʳʥʜʘʨʳʥ 

ʘʥʳץʪʘʫʜʘ ʪʝʨʤʦʙʘʪʘʨʝʷʣʘʨʜʳ ץʦʣʜʘʥʫ ʞװʡʝʥʽש ʛʝʦʤʝʪʨʠʷʩʳʥ ʝʩʢʝʨʫ ʞᴅʥʝ 

ʪʠʽʩʪʽ ʝʩʝʧʪʝʫʣʝʨʜʽ ʞװʨʛʽʟʫ ʤʘשʳʟʜʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʩʳ ʪʠʧʪʝʛʽ 

ʜʘʪʯʠʢʪʝʨʤʝʥ ʞװʨʛʽʟʽʣʝʪʽʥ ᴇʣʰʝʫʣʝʨʜʽש ʜᴅʣʜʽʛʽ ʤʝʥ ʥʘץʪʳʣʳסʳ ʞʦסʘʨʳʜʘ 

ʘʡʪʳʣסʘʥ ʥʝʛʽʟʛʽ ʤʝʪʨʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʤʝʥ ʘʥʳץʪʘʣʘʜʳ. 

ɾʳʣʫ ʘסʳʥʳʥʳש ʞץײʘ ץʘʙʳʨʰʘץʪʳ ʜʘʪʯʠʢʪʝʨʽʥʽש ʞײʤʳʩ ʧʨʠʥʮʠʧʽ, 

ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰ ʤʘʪʝʨʠʘʣʜʘʨʜʘʥ (ʤʳʩʘʣʳ, ʚʠʩʤʫʪ ʪʝʣʣʫʨʠʜʽ, ʥʠʢʝʣʴ) 

ʞʘʩʘʣסʘʥ ʞץײʘ ץʘʙʳʨʰʘץʪʘʨʜʳש ʵʣʝʢʪʨʣʽʢ ʢʝʜʝʨʛʽʩʽʥʽש ʪʝʤʧʝʨʘʪʫʨʘסʘ 

ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʫʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ. ɾʳʣʫ ʘסʳʥʳ ᴅʩʝʨʽʥʝʥ ʧʘʡʜʘ ʙʦʣʘʪʳʥ 

 שʵʣʝʢʪʨʣʽʢ ʢʝʜʝʨʛʽʩʽʥʽ שʪʳץʘʙʳʨʰʘץ ,ᴇʟʛʝʨʫʽ שʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳ ץʘʙʳʨʰʘץ

ᴇʟʛʝʨʽʩʽʥ ʪʫʜʳʨʘʜʳ. ɸʨʥʘʡʳ ʩʭʝʤʘʣʘʨ ʘʨץʳʣʳ ᴇʣʰʝʥʝʪʽʥ ʢʝʜʝʨʛʽ ᴇʟʛʝʨʽʩʽ 

ʘʨץʳʣʳ ʞʳʣʫ ʘסʳʥʳʥʳש ʤᴇʣʰʝʨʽ ʘʥʳץʪʘʣʘʜʳ. ɹʘʩץʘʰʘ ʘʡʪץʘʥʜʘ, ʞײʤʳʩ ʽʩʪʝʫ 

ʧʨʠʥʮʠʧʽ ʞʳʣʫ ʘסʳʥʳʥ ʞʳʣʫ ʘסʳʥʳʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣ ʵʣʝʢʪʨ ʩʠʛʥʘʣʳʥʘ 

ʪװʨʣʝʥʜʽʨʫʛ ʥʝʛʽʟʜʝʣʛʝʥ. ɾץײʘ ץʘʙʳʨʰʘץʪʳ ʜʘʪʯʠʢʪʝʨʜʽש ʙʽʨץʘʪʘʨ 

ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ ʢʝʤʰʽʣʽʢʪʝʨʽ 4-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 
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ʂʝʩʪʝ 4  ɾץײʘ ץʘʙʳʨʰʘץʪʳ ʜʘʪʯʠʢʪʝʨʜʽש ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ ʢʝʤʰʽʣʽʢʪʝʨʽ 
 

ʉʠʧʘʪʪʘʤʘʩʳ ɸʨʪʳץʰʳʣʳץʪʘʨʳ ʂʝʤʰʽʣʽʢʪʝʨʽ 

ɾײʤʳʩ ʽʩʪʝʫ 

ʧʨʠʥʮʠʧʽ 

ɾʝʨʛʽʣʽʢʪʽ ʪʝʤʧʝʨʘʪʫʨʘ ʘʫʳʪץʫʣʘ 

ʨʳʥʘ ʞʦסʘʨʳ ʩʝʟʽʤʪʘʣʜʳץ, ʤʠʢʨʦ 

ʞװʡʝʣʝʨʛʝ ʠʥʪʝʛʨʘʮʠʷʣʘʥʫ ʤװʤʢʽʥ 

ʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ, ʘʫʘ ץʘʙʘʪʳ 

ʘʨץʳʣʳ ʞʳʣʫ ʘסʳʥʳʥ ʞʘʥʘʩʧʘʡʪʳʥ 

ᴅʜʽʩʪʝʨʤʝʥ ᴇʣʰʝʫʜʽש ʤװʤʢʽʥʜʽʛʽ. 

ʊᴅʫʝʣʜʽʣʽʢʪʽש ʩʳʟʳץʪʳ ʝʤʝʩ ʙʦ 

ʣʫʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʤʘʪʝʨʠʘʣʜʳש 

ʙʽʨʪʝʢʪʽ ʙʦʣʤʘʫʳ ʥʝʤʝʩʝ ʛʝʦʤʝʪ 

ʨʠʷʣʳץ ʬʘʢʪʦʨʣʘʨʜʳש ᴅʩʝʨʽʥʝʥ 

ʥᴅ ʪʠʞʝʣʝʨʜʽש ʙײʨʤʘʣʘʥʫ ץʘʫʧʽ, 

ʞᴅʥʝ ʜʝ ʝʥʫ ʪʝʨʝשʜʽʛʽʥʽש 

ʰʝʢʪʝʣʛʝʥʽ. 

 ,ʦʣ ʞʝʪʢʽʟʫץ ʘץץʳʟʜʳסʘʨʳ ʪʳסʨʳʣʳʤʳ  ɾʦײפ

ʙʽʨ ʯʠʧʪʝ ʢᴇʧ ʘʨʥʘʣʳ ʜʘʪʯʠʢʪʝʨʜʽ 

ʦʨʥʘʣʘʩʪʳʨʫ ʤװʤʢʽʥʜʽʛʽʥʽש ʙʦʣʫʳ. 

ɾץײʘ ץʘʙʳʨʰʘץʪʘʨʜʳ ʜʘʡʳʥʜʘʫ 

ʜʳש ʢװʨʜʝʣʽʣʽʛʽ, ʤʝʭʘʥʠʢʘʣʳץ 

ʘץʘʫʣʘʨסʘ ʩʝʟʽʤʪʘʣʜʳץ ץʘʩʠʝʪʽ, 

ʤʘʪʝʨʠʘʣʜʳש ʪʘʟʘ ʙʦʣʫʳʥʘ 

ʞʦסʘʨʳ ʪʘʣʘʧʪʘʨʜʳץ שʦʡʳʣʫʳ. 

ʉʝʟʽʤʪʘʣʜʳץ ɾʳʣʫ ʘסʳʥʳʥʳש ᴇʟʛʝʨʽʩʪʝʨʽʥʝ ʘʩʘ 

ʞʦסʘʨʳ ʩʝʟʽʤʪʘʣʜʳץץʘ ʠʝ ʙʦʣʫʳ. 

ʅʘץʪʳ ʤᴅʥʜʝʨʜʽ ʘʥʳץʪʘʫ װʰʽʥ 

ʩʠʛʥʘʣʜʘʨʜʳ ʢװʨʜʝʣʽ 

ʵʣʝʢʪʨʦʥʜʳץ ᴇשʜʝʫʜʝʥ ᴇʪʢʽʟʫʜʽש 

ʤʽʥʜʝʪʪʽʣʽʛʽ. 

ʊʝʤʧʝʨʘʪʫʨʘʣʘʨ 

ʜʠʘʧʘʟʦʥʳ 

ɾײʤʳʩ ʜʠʘʧʘʟʦʥʳʥʳש ʰʝʢʪʝʫʣʽ 

ʙʦʣʫʳ (ʧʘʡʜʘʣʘʥʳʣסʘʥ ʤʘʪʝʨʠʘʣסʘ 

ʙʘʡʣʘʥʳʩʪʳ).  

ʄʘʪʝʨʠʘʣʜʳש ʢʝʜʝʨʛʽʩʽʥʽש ʢᴇʨʩʝ 

ʪʽʣʛʝʥ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʜʠʘʧʘʟʦʥ 

ʜʘ ʪײʨʘץʪʳ ᴅʨʽ ʙʦʣʞʘʤʜʳ ʪᴅʫʝʣ 

ʜʽʣʽʢ ʩʠʧʘʪʳʥʘ ʠʝ ʙʦʣʫʳ ʤʽʥʜʝʪʪʽ. 

 

ɾʳʣʫ ʘסʳʥʳʥʳש ʞץײʘ ץʘʙʳʨʰʘץʪʳ ʜʘʪʯʠʢʪʝʨʽ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ ʞᴅʥʝ 

ʤʠʢʨʦʞװʡʝʣʝʨʜʽש ᴇʣʰʝʫ ʞװʡʝʣʝʨʽʥʜʝ, ʩʦʥʜʘʡ-ʘץ, ʞʦסʘʨʳ ʜᴅʣʜʽʢʪʽ ʞʳʣʫ ʘʣʤʘʩʫ 

ʞװʡʝʣʝʨʽʥʜʝ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʤʘʪʝʨʠʘʣʜʘʨʜʘסʳ ʞʳʣʫ ʧʨʦʮʝʩʪʝʨʽʥ ʙʘץʳʣʘʫʜʘ 

ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʩ ʪʘʙʘʜʳ.  

ɿʘʤʘʥʘʫʠ ʞʳʣʫ ʘסʳʥʳ ʜʘʪʯʠʢʪʝʨʽ ʠʥʥʦʚʘʮʠʷʣʳץ ʤʘʪʝʨʠʘʣʜʘʨʜʳ, ʤʠʢʨʦ- 

ʞᴅʥʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ, ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʩʭʝʤʘʣʳץ ʰʝʰʽʤʜʝʨʜʽ, ʩʦʥʜʘʡ-ʘץ 

ʠʥʪʝʣʣʝʢʪʫʘʣʜʳץ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ ʘʣʛʦʨʠʪʤʜʝʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʜᴅʩʪװʨʣʽ 

ᴅʜʽʩʪʝʨʜʽש ʵʚʦʣʶʮʠʷʩʳ ʤʝʥ ʠʥʪʝʛʨʘʮʠʷʩʳʥʳש ʥᴅʪʠʞʝʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʆʣʘʨʜʳש ʞײʤʳʩʳ ʢᴇʧ ʥװʢʪʝʣʽ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ᴇʣʰʝʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥ 

ʪᴅʩʽʣʜʝʨʜʽ, ʞʦסʘʨʳ ʩʝʟʽʤʪʘʣʜʳסʳ ʤʝʥ ʪᴇʤʝʥ ʞʳʣʫʣʳץ ʢʝʜʝʨʛʽʩʽ ʙʘʨ ʞץײʘ 

 ʘ ʥʝʛʽʟʜʝʣʛʝʥ ʤʠʢʨʦʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ, ʜᴅʣʜʽʢʪʽסʨʳʣʳʤʜʘʨײץ ʪʳץʘʙʳʨʰʘץ

ʘʨʪʪʳʨʫ װʰʽʥ ʞʳʣʫ ʘסʳʥʳʥ ʞʘʩʘʥʜʳ ʪװʨʜʝ ץʦʟʜʳʨʘʪʳʥ ʙʝʣʩʝʥʜʽ ʞװʡʝʣʝʨʜʽ 

ʞᴅʥʝ ʠʥʬʨʘץʳʟʳʣ ʪʝʨʤʦʛʨʘʬʠʷ ʩʠʷץʪʳ ʞʘʥʘʩʧʘʡʪʳʥ ᴅʜʽʩʪʝʨʜʽ ץʘʤʪʠʜʳ. ʆʩʳ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳװ שʡʣʝʩʽʤʽ ʞʳʣʫ ʘסʳʥʳ ʜʘʪʯʠʢʪʝʨʽʥ סʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨ ʤʝʥ 

ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʳʩʪʘʨ װʰʽʥ ᴇʪʝ ʪʠʽʤʜʽ ײץʨʘʣסʘ ʘʡʥʘʣʜʳʨʜʳ. ɿʘʤʘʥʘʫʠ 

ʜʘʪʯʠʢʪʝʨ ʙʽʨץʘʪʘʨ ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʞᴅʥʝ ʢʝʤʰʽʣʽʢʪʝʨʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ (5-

ʢʝʩʪʝ). 

ɾʳʣʫ ʘסʳʥʳʥʳש ᴅʨʪװʨʣʽ ץʦʣʜʘʥʫ ʩʘʣʘʣʘʨʳʥʘ ʘʨʥʘʣסʘʥ ʢᴇʧʪʝʛʝʥ ʜʘʪʯʠʢʪʝʨʽ 

ʞʘʩʘʣסʘʥ. [69-76] ʞײʤʳʩʪʘʨʳʥʜʘ ʟʘʤʘʥʘʫʠ ʜʘʪʯʠʢʪʝʨʜʽש ʪװʨʣʝʨʽ 

 ,ʪʘʨ ʤʝʥ ʢʝʤʰʽʣʽʢʪʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ʄʳʩʘʣʳץʰʳʣʳץʘʨʘʩʳʪʳʨʳʣʳʧ, ʘʨʪʳץ

ʞʦסʘʨʳ ʞʳʣʫ ʘסʳʥʳ ʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘ ʞʘסʜʘʡʳʥʜʘ [77] ʞײʤʳʩ ʘʚʪʦʨʣʘʨʳ 

1000ÁC ʜʝʡʽʥʛʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞᴅʥʝ ʤʳשʜʘסʘʥ ɺʪ/ʤĮ ʜʝשʛʝʡʽʥʜʝʛʽ ʞʳʣʫ 

ʘסʳʥʳʥʜʘ ʩʝʟʽʤʪʘʣʜʳסʳʥ ʩʘץʪʘʡ ʘʣʘʪʳʥ ʪᴇʟʽʤʜʽ ʜʘʪʯʠʢʪʝʨ ᴅʟʽʨʣʝʜʽ. ɾʦסʘʨʳ 
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ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʢʘʣʠʙʨʣʝʫ ʞװʡʝʩʽʥʽש ʧʨʦʪʦʪʠʧʽ ɺʠʨʜʞʠʥʠʷ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʠʥʩʪʠʪʫʪʳʥʳש HTHFS ʜʘʪʯʠʛʽʥ 900ÁC ʜʝʡʽʥʛʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʩᴅʪʪʽ ʩʳʥʘץʪʘʥ 

ᴇʪʢʽʟʜʽ, ʙײʣ ʦʥʳש ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘ ʞʘסʜʘʡʳʥʜʘ ʞʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫ 

ʜᴅʣʜʽʛʽʥ ʘʨʪʪʳʨʜʳ. 

 

ʂʝʩʪʝ 5  ɿʘʤʘʥʘʫʠ ʜʘʪʯʠʢʪʝʨʜʽש ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʤʝʥ ʢʝʤʰʽʣʽʢʪʝʨʽ  
 

ʉʠʧʘʪʪʘʤʘʩʳ ɸʨʪʳץʰʳʣʳץʪʘʨʳ ʂʝʤʰʽʣʽʢʪʝʨʽ 

ɾײʤʳʩ ʽʩʪʝʫ 

ʧʨʠʥʮʠʧʽ 

 ʨʘʤʘ ʞᴅʥʝ ʟʘʤʘʥʘʫʠ ʪᴅʩʽʣʜʝʨʜʽײפ

 שʦʣʜʘʥʫ ʥᴅʪʠʞʝʩʽʥʜʝ ᴇʣʰʝʫʜʽץ

ʞʦסʘʨʳ ʜᴅʣʜʽʛʽ ʤʝʥ ʩʝʟʽʤʪʘʣʜʳסʳʥʘ 

 ʦʣ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʜʳ, ʩʦʥʳʤʝʥץ

 ʜʘʡʣʘʨʜʘסʨʜʝʣʽ ʞʘװʘʪʘʨ, ʢץ

ʪװʡʽʩʧʝʩʽʟ ᴇʣʰʝʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʳʧ, 

 ʳʥʳʥ ʜᴅʣסʪʘʥ ʞʳʣʫ ʘץʪʳץʘʰʳץ

ʘʥʳץʪʘʫ ʤװʤʢʽʥʜʽʛʽ ʜʝ ʙʘʨ. 

ᴆʥʜʽʨʽʩʪʽʢ ײץʥʳʥʳש ʞʦסʘʨʳ 

ʙʦʣʫʳ, ʢʘʣʠʙʨʣʝʫ װʜʝʨʽʩʽʥʜʝ 

 ʪʘʨ ʙʦʣʫʳ ʞᴅʥʝ ᴅʟʽʨʣʝʫץʠʳʥʜʳץ

ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש 

ʢװʨʜʝʣʽʣʽʛʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. 

 ʨʳʣʳʤʳ) ʄʠʢʨʦʤʠʥʠʘʪʶʨʠʟʘʮʠʷʣʘʫ, ᴇʟʛʝײפ

ʞװʡʝʣʝʨʤʝʥ ʠʥʪʝʛʨʘʮʠʷʣʘʥʫʳ, ᴇʣʰʝʫ 

ʜᴅʣʜʽʛʽ ʤʝʥ ʩʝʟʽʤʪʘʣʜʳסʳʥ ʘʨʪʪʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʪʫסʳʟʘʜʳ. 

 ʨʜʝʣʽʣʽʛʽװʢ שʨʳʣʳʤʥʳײפ

ʩʝʙʝʙʽʥʝʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʪʝʩʪʽʣʝʫ 

ʧʨʦʮʝʩʽʥʜʝ ץʠʳʥʜʳץʪʘʨʜʳש 

ʪʫʳʥʜʘʫʳ. 

ʉʝʟʽʤʪʘʣʜʳץ ʀʥʪʝʣʣʝʢʪʫʘʣʜʳ ʘʣʛʦʨʠʪʤʜʝʨ ʤʝʥ 

ʩʠʛʥʘʣʜʳ ᴇשʜʝʫʜʽש ʞʝʪʽʣʜʽʨʽʣʛʝʥ 

ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ, ʞʳʣʫ 

ʘסʳʥʳʥʳש ʘʟ סʘʥʘ ᴇʟʛʝʨʽʩʪʝʨʽʥʜʝ 

ʞʦסʘʨʳ ʩʝʟʽʤʪʘʣʜʳץץʘ ץʦʣ ʞʝʪʢʽʟʫʛʝ 

ʙʦʣʘʜʳ 

ʅᴅʪʠʞʝʣʝʨʜʽש ʩʳʨʪץʳ 

ʞʘסʜʘʡʣʘʨʜʳש ᴅʩʝʨʽʥʝʥ ʪᴅʫʝʣʜʽ 

ʙʦʣʫʳʥʳש ʤװʤʢʽʥʜʽʛʽ. 

ʊʝʤʧʝʨʘʪʫʨʘʣʘʨ 

ʜʠʘʧʘʟʦʥʳ 

ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʞʳʣʫ ʘסʳʥʳʥ 

ᴇʣʰʝʫ ʜʠʘʧʘʟʦʥʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳש 

ʞᴅʥʝ ᴇʣʰʝʛʽʰʪʽש ʪʠʧʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʢʝש ʜʠʘʧʘʟʦʥʜʳ ץʘʤʪʠʜʳ. 

 שʦʣʜʘʥʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʜʳפ

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʢʝʡʙʽʨ ʜʠʘʧʘʟʦʥʜʘʨʜʘ ʰʝʢʪʝʫ 

ʙʦʣʫʳ ʤװʤʢʽʥ. 

ɹʘסʘʩʳ ʂװʨʜʝʣʽ ʤʘʪʝʨʠʘʣʜʘʨ ʤʝʥ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳץ שʦʣʜʘʥʳʣʫʳʥʘ 

ʦʨʘʡ, ᴇʥʜʽʨʽʩʪʽʢ ײץʥʳʥʳש ʞʦסʘʨʳ 

ʙʦʣʫʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ 

 ʥʳʥʘײץ שʨʳʣʳʤʜʘʨʳʥʳײפ

ʙʘʡʣʘʥʳʩʪʳ ʪᴅʫʝʣʜʽʣʽʛʽ. 

 

ɾʳʣʫ ʘסʳʥʳ ʜʘʪʯʠʢʪʝʨʽʥ ᴇʥʜʽʨʝʪʽʥ ʰʝʪʝʣʜʽʢ ʢʦʤʧʘʥʠʷʣʘʨʜʳש ʽʰʽʥʜʝ 

çVatell Corporationè, çCapt®e Enterpriseè, çHukseflux Thermal Sensorsè, 

çWuntronicè, çOm®gaè ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʙʽʨץʘʪʘʨ ʢʦʤʧʘʥʠʷʣʘʨ ʝʨʝʢʰʝʣʝʥʝʜʽ [78-

81]. ɸʪʘʣסʘʥ ᴇʥʜʽʨʫʰʽʣʝʨʜʽש ʜʘʪʯʠʢʪʝʨʽ ʙʝʪʢʽ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʙʘץʳʣʘʫסʘ 

ʘʨʥʘʣסʘʥ ʢʽʨʽʢʪʽʨʽʣʛʝʥ ײץʨʳʣסʳʣʘʨʤʝʥ, ʘʪʘʧ ʘʡʪץʘʥʜʘ, ʢʝʜʝʨʛʽ ʪʝʨʤʦʤʝʪʨʽʤʝʥ 

ʥʝʤʝʩʝ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʧʝʥ ʞʘʙʜʳץʪʘʣסʘʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢʝʡʙʽʨ 

ʤʦʜʝʣʴʜʝʨʜʝ ʢʽʨʽʢʪʽʨʽʣʛʝʥ ʰʘסʳʥ ץʳʟʜʳʨסʳʰ ʙʘʨ, ʦʣ ʤʝʨʟʽʤʜʽ ᴇʟʽʥ-ᴇʟʽ 

ʜʠʘʛʥʦʩʪʠʢʘ ʞװʨʛʽʟʽʧ, ʛʨʘʜʫʠʨʣʝʫ ʩʠʧʘʪʪʘʤʘʩʳʥ ʪʝʢʩʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 3-

ʩʫʨʝʪʪʝ ʞʳʣʫ ʘסʳʥʳ ʜʘʪʯʠʢʪʝʨʽʥʽש ʩʝʟʽʤʪʘʣʜʳסʳ, ʞʳʣʜʘʤ ᴅʨʝʢʝʪ ʝʪʫʽ ʞᴅʥʝ 

ʞײʤʳʩ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש ʜʠʘʧʘʟʦʥʳ ʙʦʡʳʥʰʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫʳ 

ʢʝʣʪʽʨʽʣʛʝʥ. 

 



29 

 

 
ʘ                                                                            ᴅ 

 

1 ï ʉʇʙɻʇʋ ɾɸɻɼ; 2 ï ʋʢʨʘʠʥʘʥʳנױ שɸ ʊɾʌʀ ʜʘʪʯʠʛʽ; 3 ï çVatellè; 4 ï 

çWuntronicè; 5 ï çCaptecè; 6 ï çHuksefluxè; 7 ï ʐʚʝʡʮʘʨʠʷʥʳש ʬʠʟʠʢʘʣʳץ ʵʣʝʢʪʨʦʥʠʢʘ 

ʟʝʨʪʭʘʥʘʣʘʨʳ; 8 ï çNewportè; 9 ï çTNOè; 10 ï çFORTECH HTSè 
 

ʉʫʨʝʪ 3 ï ɾʳʣʫ ʘסʳʥʳʥ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʜʽש ʩʝʟʽʤʪʘʣʜʳץ ʧʝʥ ʞʝʜʝʣ ᴅʨʝʢʝʪ ʝʪʫʽ 

(a) ʞᴅʥʝ ʞײʤʳʩ ʙʝʪʪʝʨʽʥʽש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʜʠʘʧʘʟʦʥʳ ʙʦʡʳʥʰʘ (ᴅ) 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ 
 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [82] 

 

ɻʨʘʬʠʢʪʝʨʜʝʥ ʢᴇʨʽʥʽʧ ʪײʨסʘʥʜʘʡ, çFORTECH HTSè ʥʝʤʽʩ 

ʢʦʤʧʘʥʠʷʩʳʥʳש ʢʦʤʧʦʟʠʪʪʽʢ ʤʘʪʝʨʠʘʣʜʘʨʜʘʥ ʞʘʩʘʣסʘʥ ʞʳʣʫ ʘסʳʥʳʥʳש 

ʘʥʠʟʦʪʨʦʧʪʳ ʜʘʪʯʠʛʽ ALTP (Atomic Layer Thermo Pile) ʝש ʞʘץʩʳ ʢᴇʨʩʝʪʢʽʰʪʝʨʛʝ 

ʠʝ. ʆʥʳײץ שʨʳʣʳʤʳ 2 ʤʤ ץʘʣʳשʜʳץʪʘסʳ ʥʝʛʽʟʛʝ ʰʘʰʳʨʘʪʳʣסʘʥ ץʘʣʳשʜʳסʳ 

1 ʤʢʤ ʙʦʣʘʪʳʥ ʢʦʤʧʦʟʠʪʪʽʢ ץʘʙʳʨʰʘץʪʘʥ ʪײʨʘʜʳ. [83, 84] ʞײʤʳʩʪʘʨʜʘ 

ʰʘʤʘʤʝʥ 1 ʤʢʩ ʪײʨʘץʪʳ ʫʘץʳʪץʘ ʠʝ ALTP ʜʘʪʯʠʛʽʥʽץ שʘʩʠʝʪʪʝʨʽ ʟʝʨʪʪʝʣʛʝʥ 

ʞᴅʥʝ ʩʦץץʳ ʪװʪʽʛʽʥʜʝʛʽ ʞʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ. ALTP 

ʜʘʪʯʠʛʽʥ ʢʘʣʠʙʨʣʝʫ ʞװʨʛʽʟʽʣʽʧ, ʚʦʣʴʪ-ʚʘʪʪʳץ ʩʝʟ̔ʤʪʘʣʜʳסʳ ʘʥʳץʪʘʣʜʳ, ʦʣ 

69 ʤʢɺ/(ɺʪĿʩʤ
2
 .ʨʘʜʳײץ (

çVatellè ʬʠʨʤʘʩʳʥʳש ʜʘʪʯʠʢʪʝʨʽ ï ʪʝʨʤʠʷʣʳץ ʙװʨʢʫ (ʰʘʰʳʨʘʪʫ) ᴅʜʽʩʪʝʨʽ 

ʘʨץʳʣʳ ʞʘʩʘʣʘʪʳʥ, ץʘʣʳשʜʳסʳ 2 ʤʢʤ ʙʦʣʘʪʳʥ ᴇʪʝ ʞץײʘ ײץʨʳʣʳʤ. ɹײʣ 

ʜʘʪʯʠʢʪʝʨ 800Áʉ-ץʘ ʜʝʡʽʥʛʽ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ ʞʦסʘʨʳ ץʘʨץʳʥʜʳ ʞʳʣʫ ʘʣʤʘʩʫ 

ʞʘסʜʘʡʣʘʨʳʥʜʘסʳ (ʘסʳʥ ʪʳסʳʟʜʳסʳ 1 ʢɺʪ/ʤ-ʜʝʥ ʞʦסʘʨʳ) ᴇʣʰʝʫʣʝʨʜʽ ʞװʨʛʽʟʫʜʝ 

 ʘʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥסʨʛʽʟʫʛʝ ʘʨʥʘʣװᴇʣʰʝʤʜʝʨʜʽ ʞ ץʦʣʜʘʥʳʣʘʜʳ. ʊʝʤʧʝʨʘʪʫʨʘʣʳץ

ʪʝʨʤʦʞײʧ ײץʨʳʣʳʤʥʳש ʝʨʝʢʰʝʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʤײʥʜʘʡ ʜʘʪʯʠʢʪʝʨʜʽש 

ʪײʨʘץʪʳ ʫʘץʳʪʳ 10 ʤʢʩ-ʜʝʥ ʪᴇʤʝʥ. ɼʘʪʯʠʢʪʽש ʤײʥʜʘʡ ʪᴇʤʝʥ ʞʳʣʫʣʳץ 

ʠʥʝʨʮʠʷʩʳ ʦʥʳ ʞʳʣʫʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʘʵʨʦʜʠʥʘʤʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʝʛʽ 

ʪײʨʘץʩʳʟ ʞʳʣʫ ʘסʳʥʜʘʨʳʥ ᴇʣʰʝʫʜʝ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʦʥʳʤʝʥ 

 ʘʪʘʨ, çVatellè ʬʠʨʤʘʩʳ ʘʨʥʘʡʳ ʵʣʝʢʪʨ ᴇʪʢʽʟʛʽʰ ʙʦʷʫʳ ʙʘʨ ʪᴇʩʝʥʽʰʢʝ ʙʘʩʳʧץ

ʰʳסʘʨʫ ʘʨץʳʣʳ ʞʘʩʘʣסʘʥ ʜʘʪʯʠʢʪʝʨʜʽ ײʩʳʥʘʜʳ. ʄײʥʜʘʡ ᴇʣʰʝʫ ײץʨʳʣסʳʣʘʨʳ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʪᴇʤʝʥ (150Áʉ-ץʘ ʜʝʡʽʥ) ʞᴅʥʝ ᴅʣʩʽʟ ץʘʨץʳʥʜʳ (0,1 ɺʪ/ʤ
2
 ʜʝʡʽʥ) 

ᴇʣʰʝʫʣʝʨʛʝ ʘʨʥʘʣסʘʥ. ɹײʣ ʜʘʪʯʠʢʪʝʨʜʽץ שʘʣʳשʜʳסʳʥʳש ʘʟʜʳסʳ ʞᴅʥʝ ʵʣʝʤʝʥʪʘʨ 

ʪʝʨʤʦʞײʧʪʘʨʜʳש ʢᴇʧ ʤᴇʣʰʝʨʽ ʝש ʥʝʛʽʟʛʽ ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 
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ɼʘʪʯʠʢʪʽש ᴇʣʰʝʫ ʜʠʘʧʦʟʦʥʜʘʨʳ: ʞʳʣʫ ʘסʳʥʳ ʪʳסʳʟʜʳסʳ 50é10000 ʢɺʪ/ʤ
2
, 

ʞײʤʳʩ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 620...1070 ʂ, ʘʣ ʩʫʤʝʥ ʩʘʣץʳʥʜʘʪʫ ʜʘʪʯʠʢʪʝʨʽʥʜʝ (TG-

1000 TG-2000, TG-9000, TGH-2000) 470-870 ʂ, ʚʦʣʴʪ-ʚʘʪʪʳץ ʩʝʟʽʤʪʘʣʜʳץ  

10
5
éé1,5Ŀ10

6
 ʤʢɺĿʤ

2
/ɺʪ (TG-1000, TG-2000, TG-9000, TGH-2000 - 

0,0033éé0,2 ʤʢɺĿʤ
2
/ɺʪ) (4-ʩʫʨʝʪ). 

 

 
 

ʘ                                                                                 ᴅ 
 

ʘ ï HFʄ-6D/H,HFʄ-7E/H,HFʄ-7E/L, HFʄ-8E/L,HFʄ-8E/H; ᴅ ï TG-1000, TG-2000, 

TG-9000, TGH-2000 
 

ʉʫʨʝʪ 4 ï çVatellè ᴇʥʜʽʨʫʰʽʩʽʥʽש ʜʘʪʯʠʢʪʝʨʽ 
 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [81] 

 

çCapt®eè ʜʘʪʯʠʢʪʝʨʽ ʠʽʣʛʽʰ ʧʣʘʩʪʠʢ ץʘʙʘʪʪʘʨʳʤʝʥ ʣʘʤʠʥʘʪʪʘʣʳʧ, ʤʝʪʘʣʣ 

ʬʦʣʴʛʘʜʘʥ ʞʘʩʘʣסʘʥ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʢʝ ʠʝ, ʪʽʢʙײʨʳʰʪʳ ʥʝʤʝʩʝ ʜᴇשʛʝʣʝʢ 

ʧʽʰʽʥʜʝ ʙʦʣʫʳ ʤװʤʢʽʥ. ɹײʣ ʜʘʪʯʠʢʪʝʨʜʽש ʝʨʝʢʰʝʣʽʛʽ, ʦʣʘʨʜʳש ᴅʨʪװʨʣʽ 

ᴇʣʰʝʤʜʝʨʜʝ ʰʳסʘʨʳʣʫʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 200Áʉ-ץʘ ʜʝʡʽʥʛʽ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ 

500 ʢɺʪ/ʤ
2
 ʨʛʽʟʫʛʝװʳʥʜʘ ᴇʣʰʝʫʣʝʨ ʞסʳʟʜʳסʪʳ שʳʥʳʥʳסʘ ʜʝʡʽʥʛʽ ʞʳʣʫ ʘץ-

ʤװʤʢʽʥʜʽʢ ʙʝʨʫʽ. çCapt®eè ʜʘʪʯʠʢʪʝʨʽʥʽש ʙײʣ ץʘʩʠʝʪʪʝʨʽ, ʦʣʘʨʜʳ ᴅʨʪװʨʣʽ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʦʣʜʘʥʫץ ʟʝʨʪʪʝʫʣʝʨʜʝ ʪʠʽʤʜʽ ץʳʣʳʤʠ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳס

Hukseflux (ʅʠʜʝʨʣʘʥʜʳ) ʢʦʤʧʘʥʠʷʩʳʥʳש ʞʳʣʫ ʘסʳʥʳ ʜʘʪʯʠʢʪʝʨʽ ᴅʨʪװʨʣʽ 

 .ʘʪʘʨ ʝʨʝʢʰʝʣʽʢʪʝʨʽʤʝʥ ʪʘʥʳʤʘʣץʘ ʠʝ ʝʪʝʪʽʥ ʙʽʨץʨʘʥʳʩײʦʣʜʘʥʫ ʩʘʣʘʣʘʨʳʥʜʘ ʩץ

ʂʦʤʧʘʥʠʷ ᴇʟ ʜʘʪʯʠʢʪʝʨʽʥʽש ʤʝʪʨʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ װʣʢʝʥ ʤᴅʥ ʙʝʨʝʜʽ, 

ʙײʣ ʦʣʘʨʜʳש ʜᴅʣʜʽʛʽʥ ʞᴅʥʝ ʩʝʥʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. Hukseflux 

ʜʘʪʯʠʢʪʝʨʽʥʽש ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʤʝʥ ʤʝʪʨʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ, ʦʣʘʨʜʳ 

 ʘסʨʘʣײץ ʰʽʥ ᴇʪʝ ʪʠʽʤʜʽװ ʦʣʜʘʥʳʩʪʘʨץ ץʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨ ʤʝʥ ʪʝʭʥʠʢʘʣʳס

ʘʡʥʘʣʜʳʨʘʜʳ. 

Hukseflux ʜʘʪʯʠʢʪʝʨʽ ʞʦסʘʨʳ ᴇʣʰʝʫ ʜᴅʣʜʽʛʽʤʝʥ, ʫʘץʳʪ ʙʦʡʳʥʰʘ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʪײʨʘץʪʳʣʳסʳʤʝʥ ʞᴅʥʝ ʪᴇʤʝʥ ץʘʪʝʣʽʢʪʝʨʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. 

ᴆʥʜʽʨʫʰʽ ʢʦʥʩʪʨʫʢʮʠʷʩʳ, ᴇʣʰʝʤʜʝʨʽ, ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʜʠʘʧʘʟʦʥʳ ʞᴅʥʝ ʞײʤʳʩ 

ʞʘסʜʘʡʣʘʨʳ ʙʦʡʳʥʰʘ ʝʨʝʢʰʝʣʝʥʝʪʽʥ ʜʘʪʯʠʢʪʝʨʜʽש ʢʝש ʩʧʝʢʪʨʽʥ ײʩʳʥʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, Hukseflux ʜʘʪʯʠʢʪʝʨʽ ʳסשʘʡʣʳ ʠʥʪʝʨʬʝʡʩʪʝʨʤʝʥ ʞᴅʥʝ ʮʠʬʨʣʳץ 

ʰʳסʳʩʪʘʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ, ʙײʣ ʦʣʘʨʜʳש ᴅʨʪװʨʣʽ ʙʘץʳʣʘʫ ʞᴅʥʝ ʙʘʩץʘʨʫ 

ʞװʡʝʣʝʨʽʥʝ ʦשʘʡ ʠʥʪʝʛʨʘʮʠʷʣʘʥʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ (5-ʩʫʨʝʪ). ɼʘʪʯʠʢʪʽש 
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ᴇʣʰʝʫ ʜʠʘʧʦʟʦʥʳ: HFP01, HFP01SC, HFP03 ʜʘʪʯʠʢʪʝʨʽ װʰʽʥ ʞʳʣʫ ʘסʳʥʳ 

ʪʳסʳʟʜʳסʳ - 2 ʢɺʪ/ʤ
2
, ʞײʤʳʩ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 240é340 ʂ, ʚʦʣʴʪ-ʚʘʪʪʳץ 

ʩʝʟʽʤʪʘʣʜʳ50 ץ ʤʢɺĿʤ
2
/ɺʪ, ʜʘʪʯʠʢʪʽץ שʘʣʳשʜʳסʳ 5 ʤʤ. ʆʩʳ ץʘʩʠʝʪʪʝʨʽʥʽש 

ʘʨץʘʩʳʥʜʘ Hukseflux ʜʘʪʯʠʢʪʝʨʽ סʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨ ʤʝʥ ʪʝʭʥʠʢʘʣʳץ 

 .ʘ ʠʝץʨʘʥʳʩײʩ שʦʣʜʘʥʳʩʪʘʨʜʘ ʢʝץ

 

         
ʘ                                          ᴅ                                          ʙ 

 

ʘ  HFP01, HFP01SC, HFP03; ᴅ  SBG01; ʙ  NF01, NF02 
 

ʉʫʨʝʪ 5 ï çHuksefluxè ᴇʥʜʽʨʫʰʽʩʽʥʽש ʜʘʪʯʠʢʪʝʨʽ 
 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [79]  

 

ʈʝʩʝʡ ʢᴅʩʽʧʦʨʳʥʜʘʨʳ ץʦʨʰʘʫ ײץʨʳʣʳʩ ײץʨʳʣʤʘʣʘʨʳ ʘʨץʳʣʳ ʞʳʣʫ 

ʘסʳʥʳʥʳש ʙʝʪʢʽ ʪʳסʳʟʜʳסʳʥ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʙʽʨʥʝʰʝ ʪʠʧʪʽ ײץʨʳʣסʳʣʘʨʜʳ 

ᴇʥʜʽʨʝʜʽ. ʄײʥʜʘʡ ᴇʣʰʝʫʣʝʨ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʪʝʢʩʝʨʫʣʝʨ ʢʝʟʽʥʜʝ ץʦʨʰʘʫʰʳ 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳש ʞʳʣʫʣʳץ ʢʝʜʝʨʛʽʩʽʥ ʘʥʳץʪʘʫ װʰʽʥ ץʘʞʝʪ. ɹײʣ 

 ʨʣʽװʜʘʪʯʠʢʪʝʨʽ ᴅʨʪ שʳʥʳʥʳסʦʣʜʘʥʳʣʘʪʳʥ ʞʳʣʫ ʘץ ʳʣʘʨʜʘסʨʳʣײץ

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨסʘ, ᴇʣʰʝʤʜʝʨʛʝ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨסʘ ʠʝ. 

[85-87] ᴅʜʝʙʠʝʪʪʝʨʽʥʝ ʩᴅʡʢʝʩ, ᴇʥʜʽʨʽʩʪʝʛʽ ʜʘʪʯʠʢʪʝʨʜʽש ʝʨʝʢʰʝʣʽʢʪʝʨʽ, 

ʦʣʘʨʜʳש ᴅʨʪװʨʣʽ ץʦʣʜʘʥʳʣʫ ʘʷʣʘʨʳʥʘ ʙʝʡʽʤʜʝʣʛʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʄʳʩʘʣʳ, 

çʕʪʘʣʦʥè ʆɸנ פᴆʂ-ʩ  rʝʢʽ ʪʠʧʪʽ ʜʘʪʯʠʢʪʝʨʜʽ ᴅʟʽʨʣʝʜʽ: ʞʳʣʫ ʪʨʘʩʩʘʣʘʨʳʥʜʘ 

ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʫ װʰʽʥ ʨʝʟʝשʢʝ ʥʝʛʽʟʽʥʜʝʛʽ ʠʽʣʛʽʰ ʜʘʪʯʠʢ ʞᴅʥʝ ײץʨʳʣʳʩ 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʪʝʢʩʝʨʫ װʰʽʥ ʜʠʩʢ ʪᴅʨʽʟʜʽ ʜʘʪʯʠʢ (6-ʩʫʨʝʪ). ʀʽʣʛʽʰ ʜʘʪʯʠʢʪʽש 

ʨʝʟʝשʢʝ ʥʝʛʽʟʽ ʦʥʳש ʠʢʝʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙײʣ ʦʥʳ ʢװʨʜʝʣʽ ʛʝʦʤʝʪʨʠʷʣʳ 

ʞʝʨʣʝʨʜʝ ץʦʣʜʘʥʫסʘ ʳסשʘʡʣʳ ʝʪʝʜʽ, ʘʣ ʜʠʩʢ ʪᴅʨʽʟʜʽ ʜʘʪʯʠʢ ײץʨʳʣʳʩ 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥʳש ʙʝʪʽʥʜʝʛʽ ᴇʣʰʝʫʣʝʨ װʰʽʥ ᴇʪʝ ץʦʣʘʡʣʳ. ɼʘʪʯʠʢʪʽש ᴇʣʰʝʫ 

ʜʠʘʧʦʟʦʥʳ: ʞʳʣʫ ʘסʳʥʳ ʪʳסʳʟʜʳסʳ 2000 ɺʪ/ʤ
2
 ʜʝʡʽʥ, ʞײʤʳʩ ʪʝʤʧʝʨʘʪʫʨʘʩʳ -

30...50Áʉ, ʚʦʣʴʪ-ʚʘʪʪʳץ ʩʝʟʽʤʪʘʣʜʳ27 ץ ʤʢɺĿʤ
2
/ɺʪ. ᴆʣʰʝʫ ץʘʪʝʣʽʛʽ  10%.     
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ʉʫʨʝʪ 6  ɼʊʇ 0924 ʜʘʪʯʠʢʪʝʨʽ  
 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [65, ʩ. 4-6] 

 

çʀʥʪʝʨʧʨʠʙʦʨè נᴆʂ (ʏʝʣʷʙʠʥʩʢ) ʟʝʨʪʪʝʣʝʪʽʥ ʥʳʩʘʥʜʘʨʜʳש ʙʝʪʽʥʜʝʛʽ 

ʞʳʣʫ ʘסʳʥʜʘʨʳʥ ʙʘץʳʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ çʊʝʧʣʦʛʨʘʬè ײץʨʳʣסʳʩʳʥ 

ᴇʥʜʽʨʝʜʽ [64, ʩ. 2-10]. çʊʝʧʣʦʛʨʘʬè ײץʨʳʣסʳʩʳʥʘ ɼʊʇ-1ɹ ʜʘʪʯʠʛʽ ʦʨʥʘʪʳʣʘʜʳ, 

ʦʥʳש ʞʳʣʫ ʘסʳʥʳ 1000 ɺʪ/ʤ2-ʛʝ ʜʝʡʽʥ, ʙʝʪʢʽ ʪʝʤʧʝʨʘʪʫʨʘʩʳ -60-ʪʘʥ 80Áʉ-ץʘ 

ʜʝʡʽʥ ʞᴅʥʝ ᴇʣʰʝʫ ץʘʪʝʣʽʛʽ 6% ײץʨʘʡʜʳ. çʊʝʧʣʦʛʨʘʬè ײץʨʳʣסʳʩʳ ʤʝʥ ɼʊʇ-1ɹ 

ʜʘʪʯʠʛʽʥʽש ʙײʣ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʦʣʘʨʜʳ ᴅʨʪװʨʣʽ סʳʣʳʤʠ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳץ 

ʟʝʨʪʪʝʫʣʝʨʜʝ ץʦʣʜʘʥʫסʘ ʳסשʘʡʣʳ ʝʪʝʜʽ. 

ʄײʥʜʘʡ ץײʩʘʩ ײץʨʳʣסʳʣʘʨʜʳ ʈʝʩʝʡʜʽש ʙʘʩץʘ ʜʘ ʢᴅʩʽʧʦʨʳʥʜʘʨʳ ᴇʥʜʽʨʝʜʽ. 

ᴄʜʝʪʪʝ, ʦʣʘʨʜʘ ʞʳʣʫ ʘסʳʥʳʥʳש ʜʘʪʯʠʛʽ ʨʝʪʽʥʜʝ 200Áʉ-ץʘ ʜʝʡʽʥʛʽ 

ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ ᴇʣʰʝʫʣʝʨ ʞװʨʛʽʟʫʛʝ ʞᴅʥʝ 2 ʢɺʪ/ʤ
2
-ʛʝ ʜʝʡʽʥʛʽ ʞʳʣʫ 

ʘסʳʥʜʘʨʳʥ ʪʽʨʢʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ɼʊʇ 0924 ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ ʜʘʪʯʠʢʪʝʨ 

ᴅʨʪװʨʣʽ ʪʠʧʪʽ ᴇʣʰʝʤʜʝʨʜʝ ʞʘʩʘʣʘʜʳ, ʘʣʘʡʜʘ ʦʣʘʨʜʳש ʙʘʨʣʳסʳʥʘ ʜʘ ʞʝʪʢʽʣʽʢʪʽ 

 שʢʝ שʘʨʘʩʳʥʜʘ ʝ שʳʣʘʨʜʳסʨʳʣײץ ʠʥʝʨʮʠʷ ʪᴅʥ. ʆʩʳ ʪʝʢʪʝʩ ץʣʢʝʥ ʞʳʣʫʣʳװ

ʪʘʨʘסʘʥʳ ï ʀʊʇ-ʄɻ4 çʇʦʪʦʢè ײץʨʳʣסʳʩʳ [88].  

ʅʘʨʳץʪʘ ײʩʳʥʳʣסʘʥ ʞʳʣʫ ʘסʳʥʳ ʜʘʪʯʠʢʪʝʨʽʥʽש ʢᴇʧ ʪװʨʣʽʣʽʛʽʥʝ 

 ʜʘʡʣʘʨʳʥʘ ʪʝʢ ʩʘʥʘʫʣʳסʤʳʩ ʽʩʪʝʫ ʞʘײᴅʩʝʨʽʥʝʥ ʞ שʘʨʘʤʘʩʪʘʥ, ʪʽʢʝʣʝʡ ʦʪʪʳץ

 ʳʥʳ ʜʘʪʯʠʢʪʝʨʽ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʤʳʩʘʣʳ, International Thermalסʘʥʘ ʞʳʣʫ ʘס

Instrument Corp ʞᴅʥʝ Vatell Corp ʢʦʤʧʘʥʠʷʣʘʨʳʥʳש ᴇʥʽʤʜʝʨʽ. ɸʪʘʣסʘʥ ʞʳʣʫ 

ʘסʳʥʳ ʜʘʪʯʠʢʪʝʨʽʥ ץʦʣʜʘʥʫ ʦʣʘʨʜʳש ʞʦסʘʨʳ ʙʘסʘʩʳ ʤʝʥ ʠʤʧʦʨʪʪʳ ʘʣʤʘʩʪʳʨʫ 

ʩʘʷʩʘʪʳʤʝʥ ʰʝʢʪʝʣʝʜʽ.  

ɾʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫʜʽץ שʦʣʜʘʥʳʩʪʘסʳ ᴅʜʽʩʪʝʨʽʥʝ ʞװʨʛʽʟʽʣʛʝʥ ʪʘʣʜʘʫ 

ʥᴅʪʠʞʝʩʽʥʜʝ, ץʘʨʘʩʪʳʨʳʣסʘʥ ʜʘʪʯʠʢʪʝʨʜʽש ʝʰʙʽʨʽ ץʦʡʳʣסʘʥ ʟʝʨʪʪʝʫ ʤʽʥʜʝʪʪʝʨʽʥ 

ʰʝʰʫ װʰʽʥ ץʘʞʝʪʪʽ ʜᴅʣʜʽʢ, ʩʝʟʽʤʪʘʣʜʳץ ʞᴅʥʝ ʳץʰʘʤʜʳʣʳץ ʪʘʣʘʧʪʘʨʳʥ ʪʦʣʳץ 

 ʘ ʠʝץץʧʪʘʨ ʞʝʪʢʽʣʽʢʩʽʟ ʩʝʟʽʤʪʘʣʜʳײʪʘʣʜʳ. ʊʝʨʤʦʞץʘʪʪʘʥʜʳʨʤʘʡʪʳʥʳ ʘʥʳסʘʥʘץ

ʙʦʣʩʘ, ʞץײʘ ץʘʙʳʨʰʘץʪʳ ʜʘʪʯʠʢʪʝʨ ʞʦסʘʨʳ ײץʥʳʤʝʥ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ 

ᴅʩʝʨʣʝʨʛʝ ʩʝʟʽʤʪʘʣʜʳסʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ɸʣ ʞʳʣʫ ʢʝʜʝʨʛʽʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ 

ʜʘʪʯʠʢʪʝʨʜʽ ʜʘʡʳʥʜʘʫ ʞᴅʥʝ ʢʘʣʠʙʨʣʝʫ ʧʨʦʮʝʩʪʝʨʽ ʢװʨʜʝʣʽ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ 

ʟʝʨʪʪʝʫ ʤʽʥʜʝʪʪʝʨʽʥʝ ʪʦʣʳץ ʞʘʫʘʧ ʙʝʨʝʪʽʥ ʞʳʣʫ ʘסʳʥʳ ʜʘʪʯʠʛʽʥ ʞʘʩʘʫ 

 .ʘʞʝʪʪʽʣʽʛʽ ʪʫʳʥʜʘʡʜʳץ
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1.5 ɾʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫʽʰʪʝʨʜʽש ʢʦʥʩʪʨʫʢʮʠʷʣʳץ ʪװʨʣʝʨʽ 

ɽ.ɸ. ɹᴇʢʝʪʦʚ ʘʪʳʥʜʘסʳ פʘʨʘסʘʥʜʳ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʬʠʟʠʢʘ-ʪʝʭʥʠʢʘʣʳץ 

ʬʘʢʫʣʴʪʝʪʽʥʽש ʧʨʦʬʝʩʩʦʨ ɾ.ʉ. ɸץʳʣʙʘʝʚ ʘʪʳʥʜʘסʳ ʠʥʞʝʥʝʨʣʽʢ ʞʳʣʫʬʠʟʠʢʘʩʳ 

ʢʘʬʝʜʨʘʩʳʥʜʘ ʞ ʣrʫ ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳʥ ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ ʙʽʨʥʝʰʝ 

 ʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨװʣ ʘʣʜʳʥ ʘʣʘ ʞײʳ ʤʦʜʠʬʠʢʘʮʠʷʣʘʨʳ ᴅʟʽʨʣʝʥʜʽ. ɹסʨʳʣײץ

ʘʪʘʣסʘʥ ʩʘʣʘʜʘסʳ ʪᴅʞʽʨʠʙʝʤʽʟʜʽ ʨʘʩʪʘʧ ץʘʥʘ ץʦʡʤʘʡ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦʩʳ 

ʜʠʩʩʝʨʪʘʮʠʷʜʘ ײʩʳʥʳʣʳʧ ʦʪʳʨסʘʥ ʟʝʨʪʪʝʫʜʽש ʽʨʛʝʪʘʩʳʥ ץʘʣʘʜʳ. ɸʣסʘʰץʳ 

ᴅʟʽʨʣʝʥʛʝʥ ʞr ʣʫ ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳʥ ᴇʣʰʝʛʽʰʽʥʽש ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʽש ʙʽʨʽ ï 

ʦʥʳײץ שʨʘʤʳʥʜʘ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳ ʪװʨʣʝʥʜʽʨʛʽʰ ʧʝʥ ץʘʙʳʣʜʘסʳʰ 

ʧʣʘʩʪʠʥʘʜʘʥ ʙʘʩץʘ, ʪʝʨʤʦʪᴅʫʝʣʜʽ ʞᴅʥʝ ץʳʟʜʳʨסʳʰ ʵʣʝʤʝʥʪʪʝʨʜʽש ʙʦʣʫʳ [89]. 

ʉʦʥʜʘʡ-ʘץ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳ ʪװʨʣʝʥʜʽʨʛʽʰ ץʳʟʜʳʨסʳʰ ʵʣʝʤʝʥʪʧʝʥ 

ʙʽʨʽʢʪʽʨʽʣʽʧ, ʦʥʳש çʘʢʪʠʚʪʽè ʪװʡʽʥʜʝʨʽ ץʘʙʳʣʜʘסʳʰ ʧʣʘʩʪʠʥʘʤʝʥ, ʘʣ çʧʘʩʩʠʚʪʽè 

ʪװʡʽʥʜʝʨʽ ץʳʟʜʳʨסʳʰ ʵʣʝʤʝʥʪʧʝʥ ʞʳʣʫ ʙʘʡʣʘʥʳʩʪʘ ײץʨʘʩʪʳʨʳʣסʘʥ. 7-ʩʫʨʝʪʪʝ 

ʞʳʣʫ ʘסʳʥʳ ʘʩʧʘʙʳʥʳש ʩʭʝʤʘʣʳץ ʙʝʡʥʝʩʽ ʢᴇʨʝʪʽʣʛʝʥ. 

 

 
 

1 ï ץʘʙʳʣʜʘסʳʰ ʧʣʘʩʪʠʥʘ; 2 ï ʞʳʣʫ ʘסʳʥʳʥʳש ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳץ 

 ʨʣʝʥʜʽʨʛʽʰ ʞᴅʥʝװʳʰ ʵʣʝʤʝʥʪ; 4 ï ʪʝʨʤʦʪᴅʫʝʣʜʽ ʵʣʝʤʝʥʪ;  5 ï ʪסʳʟʜʳʨץ ʳʰʳ; 3 ïסʘʙʳʣʜʘץ

ʩʠʛʥʘʣʜʳ ᴇʣʰʝʡʪʽʥ ʵʣʝʢʪʨʦʥʜʳ ʙʣʦʢ 
 

ʉʫʨʝʪ 7  ɾʳʣʫ ʘסʳʥʳ ʘʩʧʘʙʳʥʳש ʩʭʝʤʘʣʳץ ʙʝʡʥʝʩʽ 

 

ɹײʣ ʘʩʧʘʧʪʳש ʞײʤʳʩ ʽʩʪʝʫ ʧʨʠʥʮʠʧʽ ʢʝʣʝʩʽʜʝʡ, ץʘʙʳʣʜʘסʳʰ ʧʣʘʩʪʠʥʘ (1) 

ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳ ʪװʨʣʝʥʜʽʨʛʽʰʪʽ(2) ש çʘʢʪʠʚʪʽè ʪװʡʽʥʜʝʨʽʤʝʥ, ʘʣ 

 (2) שʨʣʝʥʜʽʨʛʽʰʪʽװʳʰ ʵʣʝʤʝʥʪ (3) ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳ ʪסʳʟʜʳʨץ

çʧʘʩʩʠʚʪʽè ʪװʡʽʥʜʝʨʽʤʝʥ ʞʳʣʫʣʳץ ʙʘʡʣʘʥʳʩʪʘ ʙʦʣʘʜʳ. ʊʝʨʤʦʪᴅʫʝʣʜʽ ʵʣʝʤʝʥʪ 

 ʙʘʡʣʘʥʳʩʪʘ ʙʦʣʘʜʳ, ʦʩʳʣʘʡʰʘ ץʳʰ ʵʣʝʤʝʥʪʧʝʥ (3) ʞʳʣʫʣʳסʳʟʜʳʨץ (4)

ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʙʘʡʣʘʥʳʩʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʊʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳ 

ʪװʨʣʝʥʜʽʨʛʽʰʪʝʥ (2) ʞᴅʥʝ ʪʝʨʤʦʪᴅʫʝʣʜʽ ʵʣʝʤʝʥʪʪʝʥ (4) ʰʳסʘʪʳʥ ʩʠʛʥʘʣʜʘʨ 

ʵʣʝʢʪʨʦʥʜʳץ ʙʣʦʢץʘ ʙʝʨʽʣʝʜʽ, ʦʥʜʘ ᴇʣʰʝʫ ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ ʞװʨʛʽʟʽʣʝʜʽ. 

ɹײʣ ᴇʣʰʝʛʽʰʪʽש ʝʨʝʢʰʝʣʽʛʽ  ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʽש ʞʦסʘʨʳ 

ʩʝʟʽʤʪʘʣʜʳסʳʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʜᴅʣ ᴇʣʰʝʫʣʝʨʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ.  
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ɾʳʣʫ ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳ ʜʘʪʯʠʛʽʥʽש ʢʝʣʝʩʽ ʤʦʜʠʬʠʢʘʮʠʷʩʳʥʜʘ, 

 .ʦʣʜʘʥʳʣʘʜʳץ ʳʰץʳʥʜʘʪץʦʨʥʳʥʘ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʩʘʣ שʳʰ ʵʣʝʤʝʥʪʪʽסʳʟʜʳʨץ

ʆʥʳש çʩʫʳץè ʪװʡʽʥʜʝʨʽ ʨʘʜʠʘʪʦʨʤʝʥ, ʘʣ çr ʩʪʳץè ʪװʡʽʥʜʝʨʽ ʞʳʣʫ ʘסʳʥʳʥʳש 

ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʽʤʝʥ ʪʽʢʝʣʝʡ ʞʳʣʫʣʳץ ʙʘʡʣʘʥʳʩʪʘ ʙʦʣʘʜʳ (8-

ʩʫʨʝʪ). ɾʳʣʫ ʘסʳʥʳ ʜʘʪʯʠʛʽʥʽש ʞײʤʳʩ ʧʨʠʥʮʠʧʽ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪʦשʘʟʳʪץʳʰ 

ʘʨץʳʣʳ ʞʽʙʝʨʽʣʝʪʽʥ ʵʣʝʢʪʨ ʪʦʛʳʥʳש ʰʘʤʘʩʳʥ ʨʝʪʪʝʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ. ʊʦʢʪʳש 

ʰʘʤʘʩʳ ץʘʙʳʣʜʘסʳʰ ʧʣʘʩʪʠʥʘʥʳש ʞʳʣʫ ʦץʰʘʫʣʘʫʳʥʜʘ ʘץʘʫʣʘʨ ʞʦץ ʘʡʤʘץʪʘ 

ʟʝʨʪʪʝʣʝʪʽʥ ʦʙʲʝʢʪʽʤʝʥ ʙʘʡʣʘʥʳʩʪʘ ʙʦʣסʘʥʜʘ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʽש 

ʰʳסʳʩʳʥʜʘסʳ ʩʠʛʥʘʣʜʳ ʥᴇʣʛʝ ʪʝשʝʩʪʽʨʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. ʉʦʥʳʤʝʥ, 

ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪʦשʘʟʳʪץʳʰʪʳש ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰ ʙʘסʳʪʳʥʜʘ 

ʪʫʜʳʨʘʪʳʥ ʞʳʣʫ ʘסʳʥʳ ʨʝʧʝʨʣʽʢ ʤᴅʥʛʝ ʠʝ. ɾʳʣʫ ʦץʰʘʫʣʘʫʳʥʜʘ ʘץʘʫʣʘʨ ʙʘʨ 

ʘʡʤʘץʪʘʨʜʘסʳ ʞʳʣʫ ʘסʳʥʜʘʨʳ ʦʩʳ ʨʝʧʝʨʣʽʢ ʘסʳʥʤʝʥ ʩʘʣʳʩʪʳʨʳʣʘʜʳ [90-92]. 

 

 
 

1 ï ץʘʙʳʣʜʘסʳʰ ʧʣʘʩʪʠʥʘ; 2 ï ʞʳʣʫ ʘסʳʥʳʥʳש ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳץ 

 ʨʣʝʥʜʽʨʛʽʰ ʞᴅʥʝװʳʰ; 4 ï ʨʘʜʠʘʪʦʨ; 5 ï ʪץʳʥʜʘʪץʳʰʳ; 3 ï ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʩʘʣסʘʙʳʣʜʘץ

ʩʠʛʥʘʣʜʳ ᴇʣʰʝʡʪʽʥ ʵʣʝʢʪʨʦʥʜʳ ʙʣʦʢ 
 

ʉʫʨʝʪ 8  ɾʳʣʫ ʘסʳʥʳʥʳש ʪʳשʳʟʜʳסʳ ʘʩʧʘʙʳʥʳש ʩʭʝʤʘʣʳץ ʙʝʡʥʝʩʽ 

 

ɾʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ ʙײʣ ʘʩʧʘʧʪʘʨ ʝʢʽ ʘʨʥʘʣʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʩʭʝʤʘ ʙʦʡʳʥʰʘ ʞײʤʳʩ ʽʩʪʝʡʜʽ. ɽʢʽ ʘʨʥʘʣʳ ʩʭʝʤʘʥʳש ʞײʤʳʩ 

ʽʩʪʝʫ ʙʘʨʳʩʳʥʜʘ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰ ʞʳʣʫ ʪʨʘʩʩʘʩʳʥʳש ʞʳʣʫ 

ᴅʩʝʨʽʥʝʥ ʪʳʩ ʞʝʨʜʝʛʽ ʦʙʲʝʢʪ ʙʝʪʽʥʝʥ ʞʳʣʫ ʙʝʨʽʣʫʽʥ ʙʘץʳʣʘʡʜʳ, ʙײʣ ʦʙʲʝʢʪ 

ʙʝʪʽʥʽש ᴇʟʽʥʜʽʢ ʞʳʣʫ ᴇʨʽʩʽʥ ʝʩʢʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɽʛʝʨ ʵʥʝʨʛʝʪʠʢʘʣʳץ 

ʰʳסʳʥʜʘʨʜʳש ʤᴅʥʽ ʘʥʦʤʘʣʴʜʳ ʞʦסʘʨʳ ʙʦʣʩʘ, ʙײʣ ײץʙʳʨʜʳש ʞʳʣʫ 

ʦץʰʘʫʣʘʫʳʥʳש ʪʦʣʳץ ʥʝʤʝʩʝ ʽʰʽʥʘʨʘ ʙײʟʳʣסʘʥʳʥ ʥʝʤʝʩʝ ײץʙʳʨ ʤʘʪʝʨʠʘʣʳʥʳש 

ʤʝʭʘʥʠʢʘʣʳץ ʟʘץʳʤʜʘʣסʘʥʳʥ ʙʽʣʜʽʨʝʜʽ. ʆʩʳʣʘʡʰʘ, ʘץʘʫʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣסʘʥ 

ʞʝʨʽʥ ʜᴅʣ ʘʥʳץʪʘʧ, ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳʥ ʪʠʽʤʜʽ ʞװʨʛʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɸʪʘʣסʘʥ ʘʩʧʘʧ ʘʥʘʣʦʛʪʘʨʳʥʳש ʥʝʛʽʟʛʽ ʢʝʤʰʽʣʽʛʽ, ʦʣʘʨʜʳש ᴇʣʰʝʫ 

ʜᴅʣʜʽʛʽʥʽש ʪᴇʤʝʥʜʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙײʣ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש ᴅʨʪװʨʣʽ 
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ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʞᴅʥʝ ʙʽʨ-ʙʽʨʽʥʝʥ 5 ʤʝʪʨʛʝ ʜʝʡʽʥ ץʘʰʳץʪʳץʪʘ ʦʨʥʘʣʘʩץʘʥ ʞʳʣʫ 

ᴇʣʰʝʫ ʙʣʦʢʪʘʨʳʥʳש ʩʠʛʥʘʣʜʘʨʳʥʘ ᴅʩʝʨʽʥʝʥ ʪʫʳʥʜʘʡʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʘʪʘʣסʘʥ ʘʩʧʘʧʪʘʨ ʝʢʽ ʦʧʝʨʘʪʦʨʤʝʥ ʞײʤʳʩ ʽʩʪʝʫʜʽ ץʘʞʝʪ ʝʪʝʜʽ, ʷסʥʠ, ʝʢʽ ʙʣʦʢʪʳש 

ʙʽʨ-ʙʽʨʽʥʝʥ ʙʝʣʛʽʣʽ ʙʽʨ ץʘʰʳץʪʳץʪʘ ʙʽʨ ʫʘץʳʪʪʘ ץʦʣʜʘʥʳʣʫʳ ᴇʣʰʝʫ ץʘʪʝʣʽʢʪʝʨʽʥ 

ʪʫʜʳʨʫʳ ʤװʤʢʽʥ.  

ʂʝʣʝʩʽ ʤʦʜʠʬʠʢʘʮʠʷ ʀʊʇ-1ʄ ʞʳʣʫ ʘסʳʥʳ ײץʨʳʣסʳʩʳ, ʦʣ ץʘʙʳʣʜʘסʳʰ 

ʧʣʘʩʪʠʥʘʥʳש ʬʫʥʢʮʠʷʩʳʥ ʘʪץʘʨʘʪʳʥ ץʳʟʜʳʨסʳʰ ʵʣʝʤʝʥʪʪʝʥ 1, 

ʪʝʨʤʦʙʘʪʘʨʝʷʜʘʥ 2, ʞʳʣʫ ʘסʳʥʳʥʳש ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳ 

ʪװʨʣʝʥʜʽʨʛʽʰʽʥʝʥ 3, ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʩʘʣץʳʥʜʘʪץʳʰʪʘʥ 4, ʨʘʜʠʘʪʦʨʜʘʥ 5, 

ʵʣʝʢʪʨʦʥʜ  rʙʣʦʢʪʘʥ 6 ʪײʨʘʜʳ (9-ʩʫʨʝʪ) [93, 94].  

 

 
 

1 ï ץʳʟʜʳʨסʳʰ ʵʣʝʤʝʥʪ; 2 ï ʪʝʨʤʦʙʘʪʘʨʝʷ; 3 ï ʞʳʣʫ ʘסʳʥʳʥʳש ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ 

ʙʘʪʘʨʝʷʣʳ ʪװʨʣʝʥʜʽʨʛʽʰʽ; 4 ï ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ  ʩʘʣץʳʥʜʘʪץʳʰ; 5 ï ʨʘʜʠʘʪʦʨ; 6 ï ʵʣʝʢʪʨʦʥʜʳ 

ʙʣʦʢ 
 

ʉʫʨʝʪ 9  ʀʊʇ-1ʄ ʞʳʣʫ ʘסʳʥʳ ײץʨʳʣסʳʩʳʥʳש ʩʭʝʤʘʣʳץ ʙʝʡʥʝʩʽ 

 

 ʳʰ ʵʣʝʤʝʥʪʽ 1 ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳסʳʟʜʳʨץ שʳʥʳסʨʳʣײפ

ʪװʨʣʝʥʜʽʨʛʽʰʪʽ2 ש çʘʢʪʠʚʪʽè ʪװʡʽʥʜʝʨʽʤʝʥ, ʘʣ çʧʘʩʩʠʚʪʽè ʪװʡʽʥʜʝʨʽ 

ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʩʘʣץʳʥʜʘʪץʳʰʪʳ4 ש çʘʢʪʠʚʪʽè ʪװʡʽʥʜʝʨʽʤʝʥ ʞʳʣʫʣʳץ 

ʙʘʡʣʘʥʳʩʪʘ ʙʦʣʘʜʳ. ʊʝʨʤʦʵʣʝʢʪʨʣʽʢ ʩʘʣץʳʥʜʘʪץʳʰʪʳש çʧʘʩʩʠʚʪʽè ʪװʡʽʥʜʝʨʽ 

ʨʘʜʠʘʪʦʨʤʝʥ 5 ʞʳʣʫ ʙʘʡʣʘʥʳʩʳʥʘ ʪװʩʝʜʽ, ʩʦʣ ʤʝʟʝʪʪʝ ʪʝʨʤʦʙʘʪʘʨʝʷʥʳ2 ש 

çʘʢʪʠʚʪʽè ʪװʡʽʥʜʝʨʽ rץ ʟʜʳʨסʳʰ ʵʣʝʤʝʥʪ ʧʝʥ ʞʳʣʫ ʘסʳʥʳʥʳש ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ 

ʪװʨʣʝʥʜʽʨʛʽʰʽʥʽ3 ש ʘʨʘʩʳʥʘ, ʘʣ ʪʝʨʤʦʙʘʪʘʨʝʷʥʳ2 ש çʧʘʩʩʠʚʪʽè ʪװʡʽʥʜʝʨʽ 

 ץʳ ʢʦʨʧʫʩʳʤʝʥ ʪʽʢʝʣʝʡ ʞʳʣʫʣʳסʨʳʣײץ ʳסʘʥ ʦʨʪʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘסʦʨʰʘץ

ʙʘʡʣʘʥʳʩʪʘ ʙʦʣʘʜʳ. ʐʳסʳʩ ʩʠʛʥʘʣ ʪʝʨʤʦʙʘʪʘʨʝʷʜʘʥ 2, ʞʳʣʫ ʘסʳʥʳʥʳש 

ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʽʥʝʥ 3, ץʳʟʜʳʨסʳʰ ʵʣʝʤʝʥʪʪʝʥ 1 ʞᴅʥʝ 

ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʩʘʣץʳʥʜʘʪץʳʰʪʘʥ 4 ʵʣʝʢʪʨʦʥʜʳץ ʙʣʦʢץʘ 6 ʙʝʨʽʣʝʜʽ.  



36 

 

ɹײʣ ʤʦʜʠʬʠʢʘʮʠʷʜʘ ʧʘʡʜʘʣʘʥʫ ʳסשʘʡʣʳʣʳסʳ ʞʘסʳʥʘʥ ʘʣסʘ ץʘʜʘʤ 

ʞʘʩʘʣʜʳ, ʘʣʘʡʜʘ ײץʨʳʣסʳ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽץ שʦʨʰʘסʘʥ ʦʨʪʘ ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ 

ʞʦסʘʨʳ ʪᴅʫʝʣʜʽʣʽʛʽ ʙʘʡץʘʣʜʳ, ʙײʣ ʥᴅʪʠʞʝʣʝʨʜʽש ʜᴅʣʜʽʛʽʥʝ ʪʝʨʽʩ ᴅʩʝʨ ʝʪʪʽ. 

ɾʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ʞʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫ ʘʩʧʘʧʪʘʨʜʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳʥ 

ʝʩʢʝʨʽʧ, ʢʝʤʰʽʣʽʢʪʝʨʽʥ ʞʦʶ ʤʘץʩʘʪʳʥʜʘ, ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳ 

ʪװʨʣʝʥʜʽʨʛʽʰ ʧʝʥ ץʳʟʜʳʨסʳʰ ʵʣʝʤʝʥʪʪʽ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪʦשʘʟʳʪץʳʰץʘ 

ʦʨʥʘʣʘʩʪʳʨʘʪʳʥ ʞʘשʘ ʢʦʥʩʪʨʫʢʮʠʷ ᴅʟʽʨʣʝʫ ʤʘץʩʘʪʳ ץʦʡʳʣʜʳ. ɹײʣ ʝʢʽ ʞʳʣʫ 

ᴇʣʰʝʫ ʙʣʦʛʳʥʳש ʬʫʥʢʮʠʷʣʘʨʳʥ ʙʽʨʽʢʪʽʨʫʛʝ ʞᴅʥʝ ᴇʣʰʝʫ ʜᴅʣʜʽʛʽʥ ʝʜᴅʫʽʨ 

ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 
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2 ɾʓʃʋ ɸנʓʅʓ ױפʈʓʃנʓʃɸʈʓʅʓר ɾױʄʓʉ ɯʉʊɽʋɯʅɯר 

ʊɽʆʈʀʗʃʓפ ʅɽɻɯɿɼɽʈɯ 

 

2.1 ʉʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʝʨʜʽש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ᴇʨʽʩʽ 

ɾʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫʽʰ ʘʩʧʘʧ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʟʝʨʪʪʝʫ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽש 

ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ᴇʨʽʩʽʥ, ʷסʥʠ ʙʝʨʽʣʛʝʥ ʰʝʪʪʽʢ ʰʘʨʪʪʘʨʜʘ ʙʝʣʛʽʣʽ ʙʽʨ ʧʽʰʽʥʜʽ ʜʝʥʝ 

 ʨʜʝװʜʝʫʽʥ ʰʝʰʫʜʽ ʤʽʥʜʝʪʪʽ ʪשʪʝ ץʜʠʬʬʝʨʝʥʮʠʘʣʜʳ שʰʽʥ ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʛʽʥʽװ

 .ʘʨʘʩʪʳʨʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽץ

-ʽʩʪʽʢשʳʥʳ ʢʝסʩʝʪʽʥ ʩᴅʫʣʝʣʝʥʫ ʘװʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʽʥʝ ʪ שʳʰʪʳסʘʙʳʣʜʘפ

ʫʘץʳʪʪʳץ ʙʽʨʪʝʢʪʽ ʝʤʝʩ, ʙײʣ ʝʩʝʧʪʽש ʰʝʪʪʽʢ ʰʘʨʪʪʘʨʳʥʜʘ ʢᴇʨʽʥʽʩ ʪʘʙʫʳ ʢʝʨʝʢ. 

ʉʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽץ שʦʨʰʘסʘʥ ʦʨʪʘʤʝʥ, ץʘʙʳʣʜʘסʳʰ ʢʦʨʧʫʩʳʤʝʥ ʞᴅʥʝ ʪ.ʙ. 

ʞʳʣʫ ʘʣʤʘʩʫʳʥ ʝʩʢʝʨʫ ץʘʞʝʪ. פʘʙʳʣʜʘסʳʰʪʳש ʞײʤʳʩ ʧʨʠʥʮʠʧʽ ʩʝʟʽʤʪʘʣ 

ʵʣʝʤʝʥʪʢʝ ʩᴅʫʣʝʣʝʥʫʜʽש ᴅʩʝʨʽʥ ʵʣʝʢʪʨ ʪʦʛʳʥʳש ᴅʩʝʨʽʤʝʥ ʘʣʤʘʩʪʳʨʫ ᴅʜʽʩʽʥʝ 

ʥʝʛʽʟʜʝʣʛʝʥ. ᴄʟʽʨʣʝʥʛʝʥ ʞʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʛʽʰʪʽש ʥʝʛʽʟʛʽ ʝʨʝʢʰʝʣʽʛʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʪʳʥ ʢʘʣʠʙʨʣʝʫ ʦʨʘʤʘʩʳʥʳש ʙʦʣʫʳ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʛʽʥʽש 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʽʥʜʝ ʝʩʢʝʨʽʣʫʽ ʪʠʽʩ. ɾʘʣʧʳ ʞʘסʜʘʡʜʘ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪ 

ʢᴇʧ ץʘʙʘʪʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙײʣ ʦʥʳש ʞʳʣʫʬʠʟʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש 

ʢʦʦʨʜʠʥʘʪʘʣʘʨסʘ ʪᴅʫʝʣʜʽʣʽʛʽʥ ʙʽʣʜʽʨʝʜʽ. 

ɼʝʥʝʣʝʨʜʽ ʩᴅʫʣʝʣʽʢ ץʳʟʜʳʨʫ ʝʩʝʧʪʝʨʽʥ ʦʨʪʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש 

ʪʝʨʙʝʣʽʩʪʝʨʽʥʽש ᴅʩʝʨʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʝʩʝʧʪʝʨʤʝʥ ʘʫʳʩʪʳʨʫסʘ ʙʦʣʘʜʳ, ʷסʥʠ 

ʜʝʥʝʣʝʨʜʽ ץʦʨʰʘסʘʥ ʦʨʪʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש ʪʝʨʙʝʣʽʩʪʝʨʽʥʽש ᴅʩʝʨʽʥʽש ʜʝʨʙʝʩ 

ʞʘסʜʘʡʳ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʘʡʥʳʤʘʣʳ 

ʦʨʪʘסʘ ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ ʙʝʣʛʽʣʽ ʙʽʨ ʧʽʰʽʥʜʽ ʜʝʥʝʥʽש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ᴇʨʽʩʽʥ 

 שʪʳʣʫʳ ʟʘʪʪʳײʞ שʘʞʝʪʪʽʣʽʛʽ ʪʫʳʥʜʘʡʜʳ. ɼʝʥʝʜʝʛʽ ʥɻʝʨʛʠʷʥʳץ ʘʨʘʩʪʳʨʫץ

ʙʝʣʛʽʣʽ ʙʽʨ ץʘʣʳשʜʳסʳʥʜʘ ʞװʨʝʜʽ. ɹײʣ ʜʝʥʝʣʝʨʜʽ ʩᴅʫʣʝʣʽʢ ץʳʟʜʳʨʫʜʳש 

ʰʝʢʘʨʘʣʳץ ʝʩʝʧʪʝʨʽʥ ʜʝʥʝʜʝ ʙʝʣʛʽʣʽ ʙʽʨ ʪᴅʩʽʣʤʝʥ ʪʘʨʘʣסʘʥ ʽʰʢʽ ʞʳʣʫ ʢᴇʟʜʝʨʽ 

ʙʘʨ ʝʩʝʧʪʝʨʤʝʥ ʘʫʳʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

[95] ʞײʤʳʩʳʥʜʘ ʝʢʽ ʙʝʪʽ ʜʝ ʙʽʨʜʝʡ ʘʡʥʳʤʘʣʳ ʞʳʣʫ ʘסʳʥʳʤʝʥ 

 ʙʽʨ ᴇʣʰʝʤʜʽ שʰʽʥ ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʛʽʥʽװ ʳʟʜʳʨʳʣʘʪʳʥ ʰʝʢʩʽʟ ʧʣʘʩʪʠʥʘץ

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʽʥʽש ʰʝʰʽʤʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. ʐʝʰʫʽ ʌʫʨʴʝʥʽש 

ʢʦʩʠʥʫʩ-ʪװʨʣʝʥʜʽʨʫ ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʛʝʥ. ʇʣʘʩʪʠʥʘ ʙʝʪʽʥʜʝʛʽ ʞʳʣʫ ʘסʳʥʳ 

ʢʦʦʨʜʠʥʘʪʘʣʘʨ ʤʝʥ ʫʘץʳʪ ʬʫʥʢʮʠʷʩʳ ʨʝʪʽʥʜʝ ʙʝʨʽʣʛʝʥ ʞᴅʥʝ ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ 

ʪʝשʜʝʫʽʥʜʝ ʽʰʢʽ ʞʳʣʫ ʢᴇʟʜʝʨʽʥʽש ʪʳסʳʟʜʳסʳ ʙʘʨ ʞײʤʳʩʪʘ ʜʘ ʦʩʳ ʪװʨʣʝʥʜʽʨʫ 

 ʤʳʩʳʥʜʘ ʙʽʨ ʙʝʪʽ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʘʡʥrʤʘʣʳ ʦʨʪʘʤʝʥײʘʥ. [96] ʞסʦʣʜʘʥʳʣץ

ʞʘʥʘʩʘʪʳʥ ʰʝʢʪʝʣʤʝʛʝʥ ʧʣʘʩʪʠʥʘʥʳש ʩʪʘʮʠʦʥʘʨʣʳ ʝʤʝʩ ץʳʟʫʳ ʝʩʝʙʽ 

 ʥʠסʜʘʡʣʘʨʳ, ʷסʢʝʣʝʩʽ ʞʘ שʜʘʡʜʘ ʦʨʪʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳסʣ ʞʘײʘʥ. ɹסʘʨʘʩʪʳʨʳʣץ

ʪײʨʘץʪʳ, ʫʘץʳʪʪʳש ʵʢʩʧʦʥʝʥʮʠʘʣʜʳץ ʬʫʥʢʮʠʷʩʳ, ʫʘץʳʪʪʳש ʩʳʟʳץʪʳץ 

ʬʫʥʢʮʠʷʩʳ, ʫʘץʳʪʪʳץ שʘʨʘʧʘʡʳʤ ʛʘʨʤʦʥʠʢʘʣʳץ ʬʫʥʢʮʠʷʩʳ װʰʥ̔ ʦʩʳ ʝʩʝʧʪʽש 

ʰʝʰʽʤʜʝʨʽ ʘʣʳʥסʘʥ. ʕʢʩʧʦʥʝʥʮʠʘʣʜʳ ʟʘש ʙʦʡʳʥʰʘ ץʳʟʜʳʨʳʣʘʪʳʥ ʦʨʪʘסʘ 

ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ ʞᴅʥʝ ʙʽʨץʘʣʳʧʪʳ ʪʘʨʘʣסʘʥ ʪײʨʘץʪʳ ʽʰʢʽ ʢᴇʟʽ ʙʘʨ ʰʝʢʪʝʣʤʝʛʝʥ 

ʧʣʘʩʪʠʥʘʥʳש ʩʪʘʮʠʦʥʘʨʣʳ ʝʤʝʩ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ᴇʨʽʩʽ [97] ʞײʤʳʩʳʥʜʘ 

 ,ʤʳʩʪʘʨʳʥʜʘײʳʟʜʳʨʫʳ [98, 99] ʞץ ʠʤʧʫʣʴʩʪʽʢ שʘʥ. ʇʣʘʩʪʠʥʘʥʳסʘʨʘʩʪʳʨʳʣץ

ʞʘʟʳץ ʞʳʣʫ ʪʦʣץʳʥʜʘʨʳ ʪʝʦʨʠʷʩʳ ʘʨץʘʣʳ ʢᴇʧ ץʘʙʘʪʪʳ ץʘʙʳʨסʘʥʳש 
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ʩʪʘʮʠʦʥʘʨʣʳ ʝʤʝʩ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ᴇʨʽʩʽ [100] ʞײʤʳʩʳʥʜʘ ʞᴅʥʝ ʝץ שʘʨʘʧʘʡʳʤ 

ʧʽʰʽʥʜʽ ʜʝʥʝʣʝʨʜʽ[102 ,101] ש ʞײʤʳʩʪʘʨʳʥʜʘ ץʘʨʘʩʪʳʨʳʣסʘʥ. 

ɽʛʝʨ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ᴇʨʽʩʽʥ ץʘʨʘʩʪʳʨסʘʥʜʘ ʙװʡʽʨ 

ʙʝʪʽʥʜʝʛʽ ʞʳʣʫ ʘʣʤʘʩʫʜʳ ʝʣʝʤʝʫʛʝ ʙʦʣʤʘʩʘ, ʦʥʜʘ ʝש ʢᴇʧ ʪʘʨʘʣסʘʥ ʩʝʟʽʤʪʘʣ 

ʵʣʝʤʝʥʪ ʧʽʰʽʥʜʝʨʽ ʨʝʪʽʥʜʝ ʰʝʢʪʝʫʣʽ ʮʠʣʠʥʜʨ ʥʝʤʝʩʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ װʰʽʥ 

ʰʝʢʘʨʘʣʳץ ʝʩʝʧʪʽ ʰʝʰʫ ץʘʞʝʪ.  

ʂʘʣʠʙʨʣʝʫ ʢʝʟʽʥʜʝ ʽʰʢʽ ץʳʟʜʳʨʫʳ ʙʘʨ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽש ʢᴇʧ 

 ʳʟʜʳʨʫץ ץʳ ʰʝʪʢʽʣʽʢ ᴅʩʝʨ ʜʝʧ ʘʪʘʣʘʪʳʥ ʞᴅʥʝ ʩᴅʫʣʝʣʽʢ ʧʝʥ ʪʦʢʪʳסʘʙʘʪʪʳʣʳץ

ʢʝʟʽʥʜʝ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽץ שʘʣʳשʜʳסʳ ʙʦʡʳʥʰʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʘʡʳʨʤʘʰʳʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ץʘʪʝʣʽʢ ʩʝʙʝʧʪʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɸʣסʘʰ ʨʝʪ ʙײʣ ץʘʪʝʣʽʢʪʽ ɸ.ʂ. ɸʥʛʩʪʨʝʤ ʧʠʨʛʝʣʠʦʤʝʪʨʣʝʨ װʰʽʥ 

ʘʥʳץʪʘסʘʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʞʘʟʳץ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽ ʩʪʘʮʠʦʥʘʨʣʳ ץʳʟʜʳʨʫ 

 .ʘʥʳʥ ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ [103, 104]סʘʨʘʩʪʳʨʳʣץ ʰʽʥ ʰʝʪʢʽʣʽʢ ᴅʩʝʨװ

ɾʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʛʽʰʪʽש ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʽʥʽש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ᴇʨʽʩʽʥ 

 ,ʘ ᴅʜʽʩʪʝʨʽʥשʞʘ שʧʘʨʘʤʝʪʨʣʝʨʽʥ ᴇʣʰʝʫʜʽ ץʵʥʝʨʛʠʷʣʳ שʘʨʘʩʪʳʨʫ ʩᴅʫʣʝʣʝʥʫʜʽץ

ʦʥʳש ʽʰʽʥʜʝ ץʘʙʳʣʜʘסʳʰʪʳ ʛʨʘʜʫʠʨʣʝʫ ʥʝʤʝʩʝ ʢʘʣʠʙʨʣʝʫ ʞᴅʥʝ ʽʟʜʝʣʽʧ ʦʪʳʨסʘʥ 

ʰʘʤʘʣʘʨʜʳ ʝʩʝʧʪʝʫʛʝ ʘʨʥʘʣסʘʥ ʞײʤʳʩ ʬʦʨʤʫʣʘʣʘʨʳʥ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɾʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʛʽʰʪʝʨʜʽ ʛʨʘʜʫʠʨʣʝʫ ʞᴅʥʝ ʢʘʣʠʙʨʣʝʫ ᴅʜʽʩʪʝʨʽʥʝ ʪʦʣʳסʳʨʘץ 

ʪʦץʪʘʣʘʡʳץ.  

ᴆʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʩʘʥʜʳץ ʙʘסʘʣʘʫ ʪʝʢ ʦʣʘʨ ʘʨʥʘʣסʘʥ ʟʝʨʪʪʝʣʝʪʽʥ 

ʦʙʲʝʢʪʽʣʝʨʜʽש ʩᴅʫʣʝʣʝʥʫʽʥʝ ץʘʙʳʣʜʘסʳʰʪʳש ʩʝʟʽʤʪʘʣʜʳסʳʥ ʘʥʳץʪʘʡʪʳʥ 

ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʝʣʛʽʣʽ ʙʦʣסʘʥʜʘ סʘʥʘ ʤװʤʢʽʥ ʙʦʣʘʜʳ. ʉʝʟʽʤʪʘʣʜʳץʪʳ ʘʥʳץʪʘʫ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ץʘʙʳʣʜʘסʳʰʪʘʨʜʳ ʛʨʘʜʫʠʨʣʝʫ ʢʝʟʽʥʜʝ ʞװʨʛʽʟʽʣʝʜʽ, ʦʥʜʘ 

 ʳסʢᴇʨʩʝʪʢʽʰʽ ʘʨʘʩʳʥʜʘ שʘʥ ʩᴅʫʣʝʣʝʥʫ ʤᴇʣʰʝʨʽ ʤʝʥ ʪʽʨʢʝʫ ʘʩʧʘʙʳʥʳסʘʙʳʣʜʘʥץ

ʙʘʡʣʘʥʳʩ ʦʨʥʘʪʳʣʘʜʳ [105]. ᴄʜʝʪʪʝ ʛʨʘʜʫʠʨʣʝʫ ʥᴅʪʠʞʝʩʽ ʦʣʘʨʜʳש ʩʧʝʢʪʨʣʽʢ 

ʩʝʟʽʤʪʘʣʜʳסʳʥ, ʰʫʣʘʨ ʢʝʨʥʝʫʽ ʤʝʥ ʰʳסʳʩ ʩʠʛʥʘʣʳʥʳש ᴇʣʰʝʥʝʪʽʥ ʰʘʤʘסʘ 

ʪᴅʫʝʣʜʽʣʽʛʽʥ ʞᴅʥʝ ʪ.ʙ. ʘʥʳץʪʘʫʜʘʥ ʪײʨʘʜʳ. 

ɸʩʧʘʧʪʘʨʜʳ ʛʨʘʜʫʠʨʣʝʫ ʢʝʟʽʥʜʝ ʰʳסʳʩ ʢʝʨʥʝʫʽʥʽש ʤᴅʥʜʝʨʽʥʝʥ ʫʘץʳʪץʘ, 

ʪʝʤʧʝʨʘʪʫʨʘסʘ ʞᴅʥʝ ץʦʨʝʢʪʝʥʜʽʨʫʰ  ̔ ʢʝʨʥʝʫʽʥʝ ʬʫʥʢʮʠʷ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ 

ʩᴅʫʣʝʣʝʥʫʜʽש ʵʥʝʨʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ᴇʣʰʝʥʝʪʽʥ ʤᴅʥʜʝʨʽʥʝ ʘʫʳʩʫ װʰʽʥ 

ʪװʨʣʝʥʜʽʨʫ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʥʝʤʝʩʝ ʪװʨʣʝʥʜʽʨʫ ʢᴇʙʝʡʪʢʽʰʪʝʨʽ ʘʥʳץʪʘʣʘʜʳ. 

ɻʨʘʜʫʠʨʣʝʫ ʪᴅʞʽʨʠʙʝ ʞװʟʽʥʜʝ ʞװʨʛʽʟʽʣʝʜʽ, ᴇʡʪʢʝʥʽ ʪװʨʣʝʥʜʽʨʫ 

ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥ ʝʩʝʧʪʝʫ ʘʨץʳʣʳ ʘʥʳץʪʘʫ ʪʝʢ ʰʘʤʘʤʝʥ ʘʣʳʥסʘʥ ʤᴅʥʜʝʨʜ ̔

ʙʝʨʝʜʽ. ɻʨʘʜʫʠʨʣʝʫ ץʠʩʳץʪʘʨʳʥ ʪײʨסʳʟʫ ʞʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʛʽʰʢʝ 

ʙʘסʳʪʪʘʣʘʪʳʥ ʩᴅʫʣʝʣʝʥʫ ʘסʳʥʳʥ, ʞʳʣʫ ʢᴇʟʽʥʽש ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

ᴆʣʰʝʤ ʙʽʨʣʽʛʽʥ ʞʘסשʳʨʪʫ ʞᴅʥʝ ʩʘץʪʘʫ ʵʪʘʣʦʥʜʘʨʜʳש ʢᴇʤʝʛʽʤʝʥ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʪʳʥʳ ʙʝʣʛʽʣʽ. ʉᴅʫʣʝʣʝʥʫ ʵʪʘʣʦʥʳʥ ʞʘʩʘʫʜʳש ʝʢʽ ʞʦʣ ʙʘʨ: ʵʪʘʣʦʥʜʳץ 

ʞʳʣʫ ʢᴇʟ̔ʥ ʞᴅʥʝ ʵʪʘʣʦʥʜʳץ ץʘʙʳʣʜʘסʳʱ ᴅʟʽʨʣʝʫ.ʕʪʘʣʦʥʜʳץ ʞʳʣʫ ʢᴇʟʜʝʨ ̔

ʨʝʪʽʥʜʝ ʩᴅʫʣʝʣʝʥʫ ʘסʳʥʳʥʳש ʪʝʤʧʝʨʘʪʫʨʘסʘ ʙʘʡʣʘʥʳʩʪʳʣʳסʳ ץʘʪʘש ʩʘץʪʘʣʘʪʳʥ 

ʞᴅʥʝ ʩᴅʫʣʝʣʝʥʫʜʽש ʙʝʣʛʽʣʽ ʩʧʝʢʪʨʣʽʢ ʪʘʨʘʣʫʳʥʘ ʠʝ ʘʙʩʦʣʶʪʪʽ çץʘʨʘ ʜʝʥʝè 

ʤʦʜʝʣʴʜʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ. ɸʙʩʦʣʶʪʪʽ çץʘʨʘ ʜʝʥʝè ʤʦʜʝʣʽʥʽץ שʫʳʩʳʥʳש 

ʪʝʩʽʛʽʥʝʥ ʙʝʣʛʽʣʽ ʙʽʨ ץʘʰʳץʪʳץʪʘסʳ ʩᴅʫʣʝʣʝʥʫ ʪʳסʳʟʜʳסʳ ʦʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳ, 
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 ,ʪʳ ʙʝʣʛʽʣʽ ʙʦʣʩʘץʘʙʽʣʝʪʪʽʣʽʛʽ ʥʘץ ʘʫʜʘʥʳ ʞᴅʥʝ ʩᴅʫʣʝʣʝʥʫ שʫʳʩ ʪʝʩʽʛʽʥʽץ

ʘʥʳץʪʘʣʫʳ ʤװʤʢʽʥ [106]. 

 ʘʨʘ ʜʝʥʝè ʤʦʜʝʣʴʜʝʨʽץʨʳʣʳʤʜʳ ʘʙʩʦʣʶʪʪʽ çײץ ʨʣʽװʘʟʽʨʛʽ ʢʝʟʜʝ ᴅʨʪפ

ʘʞʳʨʘʪʳʣʘʜʳ. ʆʣʘʨʜʳש ʽʰʽʥʜʝ ʩᴅʫʣʝʣʝʥʫ ץʘʙʽʣʝʪʪʽʣʽʛʽ ʞʦסʘʨʳ ʢᴇʧ ʢʘʤʝʨʘʣʳ 

ʘʙʩʦʣʶʪʪʽ çץʘʨʘ ʜʝʥʝè ʤʦʜʝʣʴʜʝʨʽ ʝʨʝʢʰʝ ʦʨʳʥ ʘʣʘʜʳ, ᴇʡʪʢʝʥʽ ʦʣʘʨʜʳש ʙʝʪʽ 

ʘʙʩʦʣʶʪʪʽ çץʘʨʘ ʜʝʥʝè ʟʘשʜʘʨʳʥʘ ʩʘʡ ʢʝʣʝʪʽʥ ʞᴅʥʝ ʩᴅʫʣʝʣʝʥʫ ʢʦʵʬʬʠʮʠʝʥʪʽ 

0,995 ʙʦʣʘʪʳʥ ʢᴇʧʪʝʛʝʥ ʞʝʢʝ ʢʘʤʝʨʘʣʘʨʜʘʥ ʪײʨʘʜʳ. ʂʝʡʙʽʨ ץʘʙʳʣʜʘסʳʰʪʘʨʜ  r

ʛʨʘʜʫʠʨʣʝʫ װʰʽʥ ʞʘʨʪʳʣʘʡ ʩʬʝʨʘ ʧʽʰʽʥʜʽ çץʘʨʘ ʜʝʥʝè ץʦʣʜʘʥʳʣʘʜʳ. 

 ʨʣʽ ʞᴅʥʝ ʢᴇʧװʳʥʜʳ ʩᴅʫʣʝʣʝʥʫ ʙʦʡʳʥʰʘ ʛʨʘʜʫʠʨʣʝʫ ᴅʜʽʩʪʝʨʽ ᴇʪʝ ᴅʨʪץʟʳʥʪʦʣױ

ʞʘסʜʘʡʜʘ ʙʝʣʛʽʣʽ ʙʽʨ ʘʩʧʘʧץʘ ʥʝʤʝʩʝ ʘʩʧʘʧ ʪװʨʽʥʝ ʘʨʥʘʣסʘʥ. ɹʘʨʣʳץ ʘʩʧʘʧʪʘʨ 

 ,ʪʘʨʳʥʜʘ ʛʨʘʜʫʠʨʣʝʫ ᴅʜʽʩʽ ʙʽʨ ʪʠʧʪʽץʟʳʥʜʳײ ʳʥʜʳ ʜʠʘʧʘʟʦʥץʘʪʦʣץʳʩץ ʰʽʥװ

ᴇʡʪʢʝʥʽ ʩᴅʫʣʝʣʝʥʫ ʢᴇʟʽ ʨʝʪʽʥʜʝ ᴅʜʝʪʪʝ ʂװʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ʉᴅʫʣʝʣʝʥʫ ץʘʙʳʣʜʘסʳʰʳ ʙʦʡʳʥʰʘ ʛʨʘʜʫʠʨʣʝʫ ʞʳʣʫ ʢᴇʟʽ ʙʦʡʳʥʰʘ 

ʛʨʘʜʫʠʨʣʝʫʛʝ ץʘʨʘסʘʥʜʘ ʘʟ ʪʘʨʘʣסʘʥ, ʙײʣ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽץ שʘʨʘʣʘʥʫ ʪװʨʽʤʝʥ 

ʞᴅʥʝ ץʘʙʳʣʜʘסʳʰʪʘʨʜʳ ʛʨʘʜʫʠʨʣʝʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʩᴅʫʣʝʣʝʥʫ ʢᴇʟʜʝʨʽʥʽש 

 ʨʣʽ ʩʧʝʢʪʨʣʽʢװᴅʨ ʪ שʤʳʩ ʽʩʪʝʫʽʥʽײʞ שʳʰʪʘʨʜʳסʘʙʳʣʜʘץ ʪʘʣʘʪʳʥץʫʘʪʳʤʝʥ ʘʥʳץ

ʘʡʤʘסʳʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. פʘʙʳʣʜʘסʳʰʪʘʨʜʳש ʩʧʝʢʪʨʣʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש ʩʘʥ 

ʘʣʫʘʥʜʳʣʳסʳ, ʦʣʘʨʜʳש ʩᴅʫʣʝʣʝʥʫʛʝ ʞʝʢʝ ᴅʨʝʢʝʪʽʥʝʥ (ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽש 

ʤʘʪʝʨʠʘʣʳ ʤʝʥ ײץʨʳʣʳʤʳʥʘ, ʦʧʪʠʢʘʣʳץ ʩװʟʛʽʣʝʨʜʽש ʙʦʣʫʳʥʘ, ʩʦʥʜʘʡ-ʘץ 

 ʣ ᴅʤʙʝʙʘʧ ʛʨʘʜʫʠʨʣʝʫ ᴅʜʽʩʽʥ ʞʘʩʘʫʜʳײʨʽʥʝ ʪᴅʫʝʣʜʽʣʽʢ) ʪʫʳʥʜʘʡʜʳ, ʙװʘʨʘʡʪʫ ʪץ

 ʨʣʽװʳʥʳʥ ᴅʨ ʪסʳʰʪʘʨ ʙʽʨʜʝʡ ʩᴅʫʣʝʣʝʥʫ ʘסʘʙʳʣʜʘץ ʨʣʽװʠʳʥʜʘʪʘʜʳ. ᴄʨʪץ

 ʩʧʝʢʪʨʣʽʢ ᴅʨʝʢʝʪʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ שʳʰʪʳסʘʙʳʣʜʘץ ʣ ᴅʨʙʽʨײʘʙʳʣʜʘʡʜʳ, ʙץ

ʢʘʣʠʙʨʣʝʫ ʢᴇʟʽʥ ʪʘשʜʘʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. ɹײʣ ʢʝש ʩʧʝʢʪʨʣʽ ʘʩʧʘʧʪʘʨ װʰʽʥ 

ʪᴅʞʽʨʠʙʝʜʝ ץʠʳʥʜʳץ ʪʫʜʳʨʘʜʳ. פʘʞʝʪʪʽ ʪײʨʘץʪʳʣʳץץʘ, ʜᴅʣʜʽʢʢʝ ʞᴅʥʝ 

ʜʠʥʘʤʠʢʘʣʳץ ʜʠʘʧʘʟʦʥסʘ ʠʝ ᴅʤʙʝʙʘʧ ʵʪʘʣʦʥʜʳ ץʘʙʳʣʜʘסʳʰ ʞʘʩʘʫʜʳש 

ʢװʨʜʝʣʽʣʽʛʽ ʜʝ ʦʥʳש ʞʘʩʘʣʫʳʥ ץʠʳʥʜʘʪʘʜʳ. 

ʉᴅʫʣʝʣʝʥʫʜʽש ʵʥʝʨʛʝʪʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʙʩʦʣʶʪʪʽ ᴇʣʰʝʫ ʢʝʟʽʥʜʝʛʽ ʝש 

ʥʘץʪʳ ʥᴅʪʠʞʝʣʝʨ ʩʘʣʳʩʪʳʨʤʘʣʳ ʢʘʣʦʨʠʤʝʪʨʠʷ ᴅʜʽʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʞʳʣʫ 

 ʩʝʟʽʤʪʘʣ שʳʰʪʘʨʜʳסʘʙʳʣʜʘץ ʳʰʪʘʨ ʞʘʩʘʫ ʞʦʣʳʤʝʥ ʘʣʳʥʜʳ. ɾʳʣʫסʘʙʳʣʜʘץ

ʵʣʝʤʝʥʪʪʝʨʽʥʜʝ ʞײʪʳʣסʘʥ ʩᴅʫʣʝʣʝʥʫ ץʫʘʪʳ ʘʨץʳʣʳ ʪװʟʽʣʛʝʥ ʞʳʣʫ ʘסʳʥʜʘʨʳ 

ʩʘʣʳʩʪʳʨʳʣʘʜʳ. ʉʘʣʳʩʪʳʨʤʘʣʳ ʢʘʣʦʨʠʤʝʪʨ ᴅʜʽʩʽʥʽש ʜʝʨʙʝʩ ʞʘסʜʘʡʳ ʨʝʪʽʥʜʝ 

ʩᴅʫʣʝʣʝʥʫʜʽש ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʢʝ ᴅʩʝʨʽʥ ʵʣʝʢʪʨ ʪʦʛʳʥʳש ᴅʩʝʨʽʤʝʥ ʘʫʳʩʪʳʨʫ 

ᴅʜʽʩʽʥ ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳ. ɸʣʤʘʩʪʳʨʫ ᴅʜʽʩʽʥʽש ʙʘʩʪʳ ʘʨʪʳץʰʳʣʳסʳ ï 

ʩᴅʫʣʝʣʝʥʫʜʽש ʵʥʝʨʛʝʪʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ᴇʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʩʝʟʽʤʪʘʣ 

ʵʣʝʤʝʥʪʪʽש ʞʳʣʫʬʠʟʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʞᴅʥʝ ʘʩʧʘʧʪʳש ʙʘʩץʘ ʜʘ 

 ᴅʩʝʨʽʥʝʥ שʙᴇʣʰʝʢʪʝʨʽʥʝ ʪᴅʫʝʣʜʽ ʙʦʣʤʘʡʜʳ. ɾʳʣʫ ʠʤʧʫʣʴʩʽʥʽ ץʨʳʣʳʤʜʳײץ

ʢʘʣʦʨʠʤʝʪʨʣʽʢ ʞװʢʪʝʤʝʥʽש ʤʘʢʩʠʤʘʣʜʳ ץʳʟʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʙᴇʣʽʥʽʧ ʰʳץץʘʥ 

ʵʥʝʨʛʠʷסʘ ʪʫʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣ ʝʢʝʥʽ ʙʝʣʛʽʣʽ. 

ɼʝʤʝʢ, ʩᴅʫʣʝʣʝʥʫʜʽש ʵʥʝʨʛʝʪʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ᴇʣʰʝʫ װʰʽʥ ʢʝʣʝʩʽ 

ʧʽʰʽʥʜʽ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʝʨʽ ʙʘʨ ץʘʙʳʣʜʘסʳʰʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ: ʙʽʨ 

ʪʘʙʘʥʳ ץʘʨʘʣʘʥסʘʥ ʞᴅʥʝ ʝʢʽʥʰʽʩʽʥʝ ʪʝʨʤʦʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʝʨ ʙʝʢʽʪʽʣʛʝʥ 

ʰʝʢʪʝʫʣʽ ʪײʪʘʩ ʥʝʤʝʩʝ ץʫʳʩ ʮʠʣʠʥʜʨ; ʜᴇשʝʩ ʙʝʪʽ ץʘʨʘʣʘʥסʘʥ, ʘʣ ʪʝʨʤʦʩʝʟʽʤʪʘʣ 

ʵʣʝʤʝʥʪʪʝʨ ʮʠʣʠʥʜʨʜʽש ʙʦʡʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʘʜʠʝʥʪʽʥ ʙʘץʳʣʘʡʪʳʥ ʞʘʟʳץ 

ʙʝʪʽ ʰʝʢʪʝʫʣʽ ʪײʪʘʩ ʮʠʣʠʥʜʨʜʽש ʥʝʛʽʟʜʝʨʽʥʽש ʙʽʨʽʤʝʥ ʞʳʣʫʣʳץ ʙʘʡʣʘʥʳʩʪʘ 
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ʙʦʣʘʪʳʥ ʞʘʨʪʳ ʰʘʨ;  ʦʡʳʩ ʙʝʪʽ ץʘʨʘʣʘʥסʘʥ ʞᴅʥʝ ʪʝʨʤʦʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʝʨ 

ʙʝʢʽʪʽʣʛʝʥ ʞʘʨʪʳʣʘʡ ʩʬʝʨʘ ʥʝʤʝʩʝ ʰʘʨ ʪᴅʨʽʟʜʽ ʘʡʤʘץ. 

ɾʘʣʧʳ ʞʘסʜʘʡʜʘ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʝʨ ʢᴇʧ ץʘʙʘʪʪʳ ʙʦʣʳʧ ʢʝʣʝʜʽ: ץʘʨʘʤʝʥ 

ʞʘʙʳʥʜʘʫ, ʢʘʣʦʨʠʤʝʪʨʣʽʢ ʞװʢʪʝʤʝ, ʪʝʨʤʦʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʝʨ, ʢʝʟʝʢʪʝʩʽʧ 

ʦʨʥʘʣʘʩץʘʥ ʣʘʢʪʳ ʞᴅʥʝ ʞʝʣʽʤʜʽ ʘʨʘʣʳץ ץʘʙʘʪʪʘʨ ʦʨʥʘʣʘʩʘʜʳ. ʉʝʟʽʤʪʘʣ 

ʵʣʝʤʝʥʪʪʝʨ ʟʝʨʪʪʝʣʝʪʽʥ ʙʝʪʢʝ ʙʘסʳʪʪʘ ʜʘ, ʧʘʨʘʣʣʝʣʴ ʙʘסʳʪʪʘ ʜʘ ʙʽʨʪʝʢʪʽ ʝʤʝʩ. 

ɹʽʨʽʥʰʽ ʞʘסʜʘʡʜʘ ʙʽʨʪʝʢʪʽ ʝʤʝʩʪʽʢ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽש ʢᴇʧ ץʘʙʘʪʪʳʣʳסʳʥʘʥ 

ʪʫʳʥʜʘʡʜʳ. ʂᴇʧ ץʘʙʘʪʪʳ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽש ʽʰʽʥʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʙʽʣʫ 

ʩᴅʫʣʝʣʝʥʫ ʞᴅʥʝ ʵʣʝʢʪʨ ץʳʟʜʳʨʫ ʢʝʟʽʥʜʝ ʞʳʣʫ ʰʳסʳʥʳʥʳש ʵʢʚʠʚʘʣʝʥʪʪʽ 

ʝʤʝʩʪʽʛʽʥʝʥ ʪʫʳʥʜʘʡʪʳʥ ץʘʪʝʣʽʢʪʽ ʘʥʳץʪʘʫ װʰʽʥ ץʘʞʝʪ, ᴇʡʪʢʝʥʽ ʩᴅʫʣʝʣʝʥʫʜʽש 

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ ʩᴅʫʣʝʣʝʥʙʝʡʪʽʥ ʙʝʪʪʽש ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʙʦʡʳʥʰʘ 

ʪʽʨʢʝʣʝʜʽ. ʉᴅʫʣʝʣʝʥʫʜʽש ʵʥʝʨʛʝʪʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʞײʤʳʩ 

ʬʦʨʤʫʣʘʣʘʨʳʥ ʘʣסʘʥʜʘ ʢᴇʧ ץʘʙʘʪʪʳ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽ ʩᴅʫʣʝʣʝʥʝʪʽʥ ʙʝʪʢʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʙʘסʳʪʪʘ ʙʽʨ ץʘʙʘʪʪʳ ʵʣʝʤʝʥʪʧʝʥ ʘʣʤʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ. ɽʛʝʨ 

ʢʘʣʦʨʠʤʝʪʨʣʽʢ ʞװʢʪʝʤʝʥʽש ʦʨʘʤʜʘʨʳ ʪʳסʳʟ ʦʨʘʣסʘʥ ʙʦʣʩʘ ʞᴅʥʝ ʢᴇʨʰʽ ʦʨʘʤʜʘʨ 

ʘʨʘʩʳʥʜʘסʳ ʞʳʣʫ ʢʝʜʝʨʛʽʩʽ ʤʝʥ ʙʽʨ ʦʨʘʤʥʳש ʞʳʣʫ ʢʝʜʝʨʛʽʩʽ ʙʽʨʜʝʡ ʨʝʪʪʽʣʽʢʪʝ 

ʙʦʣʩʘ, ʦʥʜʘ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽ ʩᴅʫʣʝʣʝʥʝʪʽʥ ʙʝʪʢʝ ʧʘʨʘʣʣʝʣʴ ʙʘסʳʪʪʘ ʙʽʨʪʝʢʪʽ 

ʜʝʧ ʩʘʥʘʫסʘ ʙʦʣʘʜʳ. 

ɼʝʤʝʢ, ʙʽʨʽʥʰʽ ʞʫʳץʪʘʫʜʘ ʘʩʧʘʧʪʳש ʢװʨʜʝʣʽ ʢᴇʧ ץʘʙʘʪʪʳ ʩʝʟʽʤʪʘʣ 

ʵʣʝʤʝʥʪʽʥʽש ʤʦʜʝʣʽʥ ʩᴅʡʢʝʩ ʧʽʰʽʥʜʽ ʙʽʨʪʝʢʪʽ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽץ שʘʨʘʧʘʡʳʤ 

ʤʦʜʝʣʽʤʝʥ ʘʣʤʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ. ɹײʣ ʞʝשʽʣʜʝʪʫ ʢʝʣʝʩʽ ʰʘʨʪʪʘʨ ʦʨʳʥʜʘʣסʘʥʜʘ 

 ʳ ʩʝʟʽʤʪʘʣסʜʳשʘʣʳץ שʘʙʘʪʳʥʳץ ᴅʨʙʽʨ שʘʙʘʪʪʳ ʵʣʝʤʝʥʪʪʽץ ʤʢʽʥ: ʢᴇʧװʘʥʘ ʤס

ʵʣʝʤʝʥʪʪʽש ʩʠʧʘʪʪʘʤʘʣʳ ᴇʣʰʝʤʽʥʝʥ ʘʡʪʘʨʣʳץʪʘʡ ʘʟ ʙʦʣʫʳ ʢʝʨʝʢ; ץʘʙʘʪʪʘʨʜʳש 

ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʪʝʨʤʦʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ (ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʛʽ, ʞʳʣʫ 

ʩʳʡʳʤʜʳʣʳסʳ) ʞʘץʳʥ ʙʦʣʫʳ ʢʝʨʝʢ; ᴅʨʙʽʨ ץʘʙʘʪ ʽʰʽʥʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʘʜʠʝʥʪʽ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʘʟ ʙʦʣʫʳ ʢʝʨʝʢ. ɹײʣ ʰʘʨʪʪʘʨ ʦʨʳʥʜʘʣסʘʥ ʞʘסʜʘʡʜʘ 

ʞʝשʽʣʜʝʪʫʜʝʥ ʪʫʳʥʜʘסʘʥ ץʘʪʝʣʽʢ ʰʝʢʪʝʣʛʝʥ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽ ʥʝʤʝʩʝ ʦסʘʥ ץײʩʘʩ 

ᴅʜʽʩʪʝʨ ʘʨץʳʣʳ ʩʘʥʜʳץ ʪװʨʜʝ ʙʘסʘʣʘʥʫʳ ʤװʤʢʽʥ. ɹײʣ ʞʘסʜʘʡʜʘ ʩᴅʫʣʝʣʝʥʫʜʽש 

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʞײʤʳʩ ʬʦʨʤʫʣʘʣʘʨʳʥ ʙʽʨʪʝʢʪʽ 

ʜʝʥʝʜʝʛʽ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘʫʜʳש ʞʝשʽʣʜʝʪʽʣʛʝʥ ʤʦʜʝʣʽʥ ʧʘʡʜʘʣʘʥʳʧ 

ʘʥʘʣʠʪʠʢʘʣʳץ ʞʦʣʤʝʥ ʥʝʤʝʩʝ ʢᴇʧ ץʘʙʘʪʪʳ ײץʨʳʣʳʤ װʰʽʥ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ 

ʪʝשʜʝʫʽʥ ʪʦʣʳץ ʰʝʰʽʧ, ʩʦʜʘʥ ʢʝʡʽʥ ʥᴅʪʠʞʝʣʝʨʜʽ ʞʝשʽʣʜʝʪʽʣʛʝʥ ʤʦʜʝʣʴʤʝʥ 

ʩʘʣʳʩʪʳʨʫ ʘʨץʳʣʳ ʩʘʥʜʳץ ʞʦʣʤʝʥ ʘʣʫסʘ ʙʦʣʘʜʳ. 

ʉʦʟʳʣʳץשʳ ʢᴇʟʜʝʨʜʝʥ ʰʳסʘʪʳʥ ʩᴅʫʣʝʣʝʥʫʜʽש ʵʥʝʨʛʝʪʠʢʘʣʳץ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ᴇʣʰʝʫʜʽש ʢʝʡʙʽʨ ᴅʜʽʩʪʝʨʽ ʞʘʟʳץ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʽ ʙʘʨ 

 ʤʳʩʳʥʜʘײʘ ʥʝʛʽʟʜʝʣʛʝʥ. [106, ʩ. 257-260] ʞסʳʰʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫסʘʙʳʣʜʘץ

ʤײʥʜʘʡ ץʘʙʳʣʜʘסʳʰʪʳש ᴇʣʰʝʫ ץʘʪʝʣʽʛʽ 75%-סʘ ʜʝʡʽʥ ʞʝʪʫʽ ʤװʤʢʽʥ ʝʢʝʥʽ 

ʢᴇʨʩʝʪʽʣʛʝʥ. פʘʪʝʣʽʢʪʽ ʘʟʘʡʪʫ װʰʽʥ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽש ʦʨʥʘʣʘʩʫ ʩʘʥʳʥ ʢᴇʙʝʡʪʫ 

ʥʝʤʝʩʝ ʩᴅʫʣʝʣʝʥʫ ʢᴇʟ̔ʥʽש ʙײʨʳʰʪʳץ ᴇʣʰʝʤʜʝʨʽʥ ʘʟʘʡʪʫ ץʘʞʝʪ. 

ɸ.ɸ. ɻʝʨʰʫʥ [107] ʞʘʨʳץʪʳ ᴇʪʢʽʟʝʪʽʥ ʦʨʪʘʜʘ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ, ʞʘʨʳץ 

ʰʘʰʳʨʘʪʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʥ ʞʘʩʘʣסʘʥ ʩʬʝʨʘʣʳץ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʽ ʙʘʨ 

 שʳʥ ʪʽʢʝʣʝʡ ᴇʣʰʝʡʪʽʥʽסʳʥʜʳʣʳץʘʨץ ʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫשʳʰ ʢʝסʘʙʳʣʜʘץ

ʢᴇʨʩʝʪʪʽ. ʗסʥʠ, ʩʬʝʨʘʣʳץ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʽ ʙʘʨ ץʘʙʳʣʜʘסʳʰ ʙʽʨ ʨʝʪʪʽʢ ᴇʣʰʝʫ 
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ʙʘʨʳʩʳʥʜʘ ʢʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫ ץʘʨץʳʥʜʳʣʳסʳ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʘʣʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʉʬʝʨʘʣʳץ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʽ ʙʘʨ ץʘʙʳʣʜʘסʳʰʪʳש ʞײʤʳʩʳ 

ʢʘʣʦʨʠʤʝʪʨʠʷʣʳץ ᴅʨʝʢʝʪ ʝʪʫ ʧʨʠʥʮʠʧʽʥʝ ʥʝʛʽʟʜʝʣʫʽ ʤװʤʢʽʥ. ɹײʣ ʞʘסʜʘʡʜʘ 

ʩʬʝʨʘʥʳש ʩᴅʫʣʝʣʝʥʫʛʝ ײʰʳʨʘʡʪʳʥ ʙʝʪʽ ץʘʨʘ ʪװʩʢʝ ʙʦʷʣʫʳ ʪʠʽʩ, ʘʣ ʦʥʳש 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʪʝʨʤʦʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʝʨʤʝʥ (ʤʳʩʘʣʳ, ʪʝʨʤʦʞײʧʪʘʨʤʝʥ) 

ʙʘץʳʣʘʥʫʳ ʤװʤʢʽʥ. פʘʙʳʣʜʘסʳʰʪʳ ʢʘʣʠʙʨʣʝʫ װʰʽʥ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʢʝ 

ʩᴅʫʣʝʣʝʥʫʜʽש ᴅʩʝʨʽʥ ʵʣʝʢʪʨ ʪʦʛʳ ʪʫʜʳʨʘʪʳʥ ʞʳʣʫ ʘסʳʥʳʥʳש ᴅʩʝʨʽʤʝʥ 

ʘʣʤʘʩʪʳʨʫ ᴅʜʽʩʽ ץʦʣʜʘʥʳʣʫʳ ʤװʤʢʽʥ [108]. 

ɼʝʥʝʣʽʢ ʙײʨʳʰʳ 4 ́ʙʦʣʘʪʳʥ ʩʬʝʨʘʣʳץ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽ ʞʘʩʘʫ ץʠʳʥ, 

ᴇʡʪʢʝʥʽ ץʘʙʳʣʜʘסʳʰʪʳש ʢʦʨʧʫʩʳʤʝʥ ʢᴇʣʝשʢʝʣʝʥʫʽ ᴅʨʜʘʡʳʤ ʜʝʨʣʽʢ ʦʨʳʥ ʘʣʘʜʳ. 

ʉʦʥʜʳץʪʘʥ ᴅʨץʘʡʩʳʩʳʥʳש ʜʝʥʝʣʽʢ ʙײʨʳʰʳ 2  ́ ʙʽʨ ʥʝʤʝʩʝ ʝʢʽ ʞʘʨʪʳʣʘʡ 

ʩʬʝʨʘʣʳץ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽ ʧʘʡʜʘʣʘʥʫ ʘʥʘײסʨʣʳʤ ץʦʣʘʡʣʳ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ. 

ɼʝʥʝʣʽʢ ʙײʨʳʰʳ 2-́ʜʝʥ ʘʟ ʩᴅʫʣʝʣʝʥʫʜʽ ᴇʣʰʝʫ װʰʽʥ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪ ʨʝʪʽʥʜʝ 

ʰʘʨ ʪᴅʨʽʟʜʝʩ ʧʽʰʽʥʽʥʜʝʛʽ ʵʣʝʤʝʥʪʪʽ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. 

ɼʝʤʝʢ, ʩʦʟʳʣסʘʥ ʢᴇʟʜʝʨʜʽש ʩᴅʫʣʝʣʝʥʫʽʥʽש ʵʥʝʨʛʝʪʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ᴇʣʰʝʫ hװ ʽʥ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʝʨʽ ʢʝʣʝʩʽ ʧʽʰʽʥʜʝ ʙʦʣʘʪʳʥ ץʘʙʳʣʜʘסʳʰʪʘʨʜʳ 

ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ: ʰʝʢʪʝʣʛʝʥ ʪײʪʘʩ ʥʝʤʝʩʝ ץʫʳʩ ʮʠʣʠʥʜʨ ʧʽʰʽʥʜʽ, ʦʥʳש ʙʽʨ 

ʪʘʙʘʥʳ ץʘʨʘʤʝʥ ʙʦʷʣʳʧ, ʘʣ ʝʢʽʥʰʽʩʽʥʝ ʪʝʨʤʦʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʝʨ 

ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ;  ʞʘʨʪʳʣʘʡ ʰʘʨ ʧʽʰʽʥʜʽ, ʦʥʳש ʜᴇשʝʩ ʙʝʪʽ ץʘʨʘʤʝʥ ʙʦʷʣʳʧ, ʘʣ 

ʞʘʟʳץ ʙʝʪʽ ʞʳʣʫʣʳץ ʙʘʡʣʘʥʳʩʪʘ ʙʦʣʘʪʳʥ ʰʝʢʪʝʣʛʝʥ ʪײʪʘʩ ʮʠʣʠʥʜʨʜʽש ʙʽʨ 

ʪʘʙʘʥʳʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ, ʪʝʨʤʦʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʝʨ ʮʠʣʠʥʜʨ ʙʦʡʳʥʜʘסʳ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʘʜʠʝʥʪʽʥ ʙʘץʳʣʘʡʜʳ; ʞʘʨʪʳʣʘʡ ʩʬʝʨʘ ʥʝʤʝʩʝ ʰʘʨ ʪᴅʨʽʟʜʝʩ 

ʧʽʰʽʥʜʽ, ʦʥʳש ʦʡʳʩ ʙʝʪʽ ץʘʨʘʤʝʥ ʙʦʷʣʳʧ, ʘʣ ʦʡʳʩ ʙʝʪʽʥʝ ʪʝʨʤʦʩʝʟʽʤʪʘʣ 

ʵʣʝʤʝʥʪʪʝʨ ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ, ʞʘʨʪʳʣʘʡ ʩʬʝʨʘ ʥʝʤʝʩʝ ʰʘʨ ʪᴅʨʽʟʜʝʩ ʧʽʰʽʥʜʽ, 

ʦʥʳש ʦʡʳʩ ʙʝʪʽ ץʘʨʘʤʝʥ ʙʦʷʣʳʧ, ʘʣ ʜᴇשʝʩ ʙʝʪʽʥʝ ʪʝʨʤʦʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʝʨ 

ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ. 

ɾʘʣʧʳ ʞʘסʜʘʡʜʘ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʝʨ ʢᴇʧץʘʙʘʪʪʳ, ʷסʥʠ ץʘʨʘ ʞʘʙʳʥ, 

ʢʘʣʦʨʠʤʝʪʨʠʷʣʳץ ʞװʢʪʝʤʝ, ʪʝʨʤʦʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʝʨ, ʙʽʨʽʥʽש ʘʨʪʳʥʘʥ ʙʽʨʽ 

ʦʨʥʘʣʘʩץʘʥ ʣʘʢ ʞᴅʥʝ ʞʝʣʽʤ ץʘʙʘʪʪʘʨʳʥʘʥ ʪײʨʘʜʳ. ɼʝʤʝʢ, ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʝʨ 

ʙʽʨʪʝʢʪʽ ʝʤʝʩ, ʩᴅʫʣʝʣʝʥʝʪʽʥ ʙʝʪʢʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʙʘסʳʪʪʘ ʜʘ,  ʧʘʨʘʣʣʝʣʴ ʙʘסʳʪʪʘ 

ʜʘ ᴅʨʪװʨʣʽ ץʘʩʠʝʪʪʝʨʛʝ ʠʝ. ɹʽʨʽʥʰʽ ʞʘסʜʘʡʜʘסʳ ʙʽʨʪʝʢʪʽ ʝʤʝʩʪʽʛʽ ʩʝʟʽʤʪʘʣ 

ʵʣʝʤʝʥʪʪʽש ʢᴇʧץʘʙʘʪʪʳʣʳסʳʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. ʂᴇʧץʘʙʘʪʪʳ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪ 

ʽʰʽʥʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʙʽʣʫ ʩᴅʫʣʝʣʽʢ ʞᴅʥʝ ʵʣʝʢʪʨʣʽʢ ץʳʟʜʳʨʫ ʢʝʟʽʥʜʝʛʽ 

ʞʳʣʫʣʳץ ʰʳסʳʥʜʘʨʜʳש ʵʢʚʠʚʘʣʝʥʪʩʽʟʜʽʛʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ᴇʣʰʝʫ ץʘʪʝʣʽʛʽʥ 

ʘʥʳץʪʘʫʜʘ ץʘʞʝʪ. ʉʝʙʝʙʽ, ʩᴅʫʣʝʣʝʥʫʜʽש ʵʥʝʨʛʝʪʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʪʽʨʢʝʫ 

ʩᴅʫʣʝʣʝʥʙʝʡʪʽʥ ʙʝʪʪʽש ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʝʪʽʥʜʽʢʪʝʥ, 

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʝʩʝʧʪʝʫʛʝ ʘʨʥʘʣסʘʥ ʞײʤʳʩ ʬʦʨʤʫʣʘʣʘʨʳʥ ʘʣʫ 

ʙʘʨʳʩʳʥʜʘ ʢᴇʧץʘʙʘʪʪʳ ʩʝʟʛʽʰ ʵʣʝʤʝʥʪʪʽ ʩᴅʫʣʝʣʝʥʝʪʽʥ ʙʝʪʢʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨ 

ʙʘסʳʪʪʘ ʙʽʨץʘʙʘʪʪʳ ʩʝʟʛʽʰ ʵʣʝʤʝʥʪʧʝʥ ʘʣʤʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ. 
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2.2 ɾʘʨʪʳʣʘʡ ʩʬʝʨʘʣʳץ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʽ ʙʘʨ ʜʘʪʯʠʢʪʝʛʽ ʞʳʣʫ 

ʧʨʦʮʝʩʪʝʨʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʪʘʣʜʘʫ 

ʉʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽש ʤʦʜʝʣʽʥʽש ʜʝʨʙʝʩ ʞʘסʜʘʡʳ ʨʝʪʽʥʜʝ çʞʘʨʪʳʣʘʡ ʩʬʝʨʘï

ʮʠʣʠʥʜʨè ʞװʡʝʩʽʥ ץʘʨʘʩʪʳʨʘʤʳʟ [109]. çɾʘʨʪʳʣʘʡ ʩʬʝʨʘïʮʠʣʠʥʜʨè 

 ,ʳʥʳ ʜʘʪʯʠʢʪʝʨʽʥʜʝ, ʤʳʩʘʣʳסʞʳʣʫ ʘ שʦʣʜʘʥʫ ʦʥʳץ ʨʳʣʳʤʳʥײץ

ʤʝʪʝʦʨʦʣʦʛʠʷʜʘ, ʵʥʝʨʛʝʪʠʢʘʜʘ ʞᴅʥʝ ᴇʥʝʨʢᴅʩʽʧʪʝ ʨʘʜʠʘʮʠʷʣʳץ ʞᴅʥʝ 

ʢʦʥʚʝʢʪʠʚʪʽʢ ʞʳʣʫ ʘʣʤʘʩʫʜʳ ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ ʜʘʪʯʠʢʪʝʨʜʝ ץʦʣʜʘʥʳʣʫʳʤʝʥ 

ʥʝʛʽʟʜʝʣʛʝʥ. ɾʘʨʪʳʣʘʡ ʩʬʝʨʘ ʪᴅʨʽʟʜʽ ʧʽʰʽʥ ʜʘʪʯʠʢʢʝ ʞʳʣʫ ʘסʳʥʳʥ ʢʝש ʢᴇʨʫ 

ʙײʨʳʰʳʥʘʥ ץʘʙʳʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʘʣ ʮʠʣʠʥʜʨ ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʢʪʽ 

ʞᴅʥʝ ʪײʨʘץʪʳ ʞʳʣʫ ᴅʢʝʪʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɾʘʨʪʳʣʘʡ ʩʬʝʨʘʥʳש ʞʘʟʳץ ʙʝʪʽ 

ʰʝʢʪʝʫʣʽ ʪײʪʘʩ ʮʠʣʠʥʜʨʜʽש ʪʘʙʘʥʜʘʨʳʥʳש ʙʽʨʽʤʝʥ ʞʳʣʫʣʳץ ʙʘʡʣʘʥʳʩץʘ ʠʝ. 

ʄײʥʜʘʡ ʞʘʨʪʳʣʘʡ ʩʬʝʨʘ ʤʝʥ ʮʠʣʠʥʜʨʜʽװ שʡʣʝʩʽʤʽ ᴅʨʪװʨʣʽ ʙʘסʳʪʪʘʨʜʘʥ ʢʝʣʝʪʽʥ 

ʞʳʣʫ ʘסʳʥʜʘʨʳʥ ʪʠʽʤʜʽ ʪʽʨʢʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʳʨʪץʳ ʞʳʣʫ ʘסʳʥʳʥ 

(ɖE+Q) ץʘʙʳʣʜʘʡʪʳʥ ʞʘʨʪʳʣʘʡ ʩʬʝʨʘ ᴇʟʽʥʽש ʛʝʦʤʝʪʨʠʷʣʳץ ʧʽʰʽʥʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ʰʘסʳʥ ʢᴇʣʝʤʜʝ װʣʢʝʥ ʙʝʪ ʘʫʜʘʥʳʥʘ ʠʝ ʙʦʣʘ ʦʪʳʨʳʧ, ʩᴅʫʣʝʣʝʥʫ ʤʝʥ 

ʢʦʥʚʝʢʮʠʷסʘ ʞʦסʘʨʳ ʩʝʟʽʤʪʘʣʜʳץʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʮʠʣʠʥʜʨʣʽʢ ʙᴇʣʽʛʽ ʪʘʙʘʥ ʘʨץʳʣʳ (z=ǎ) ʪײʨʘץʪʳ ʞʳʣʫ ᴅʢʝʪʫʜʽ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ, 

ʙײʣ ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʥʳש ʰʳשʳ ʤʝʥ ʮʠʣʠʥʜʨʜʽש ʪʘʙʘʥʳ ʘʨʘʩʳʥʜʘסʳ 

ʪʝʤʧʝʨʘʪʫʨʘ ʘʡʳʨʤʘʩʳʥ ʪʫʜʳʨʘʜʳ  ʙײʣ ʞʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫ װʰʽʥ ʥʝʛʽʟʛʽ 

ʧʘʨʘʤʝʪʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɾʘʨʪʳʣʘʡ ʩʬʝʨʘ ʩʳʨʪץʳ ʞʳʣʫ ʘסʳʥʳʥ q(ű,ɛ,t)=ɖE(ű,ɛ,t) ʞʳʣʫ ʘסʳʥʳʥʳש 

ʪʳסʳʟʜʳסʳʤʝʥ ʩᴅʫʣʝʣʝʥʫ (ʤײʥʜʘסʳ ɖ  ץʘʨʘʡʪʳʣסʘʥ ʩʬʝʨʘʣʳץ ʙʝʪʪʽש ʞײʪʳʣʫ 

ʢʦʵʬʬʠʮʠʝʥʪʽ) ʞᴅʥʝ ʜʘʪʯʠʢʪʽ ʢʘʣʠʙʨʣʝʫʛʝ ʞʳʣʫ ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳ Q(ű,ɛ,t) 

ʵʣʝʢʪʨ ʪʦʛʳ ʘʨץʳʣʳ ץʘʙʳʣʜʘʡʜʳ. ɹײʣ ʤʦʜʝʣʴʜʝ ʞʘʣʧʳ ʞʳʣʫ ʘסʳʥʳ ʪײʨʘץʪʳ 

ʞᴅʥʝ ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʥʳש ʩʬʝʨʘʣʳץ ʙʝʪʽʥʝ (r R= ) ᴅʩʝʨ ʝʪʝʜʽ ʜʝʧ ʙʦʣʞʘʡʤʳʟ. 

ʎʠʣʠʥʜʨ ʤʝʭʘʥʠʢʘʣʳץ ʪײʨʘץʪʳʣʳץʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʪᴇʩʝʤʝ ʨᴇʣʽʥ ʘʪץʘʨʘʜʳ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦʣ ʞʳʣʫ ᴅʢʝʪʫ ץʳʟʤʝʪʽʥ ʦʨʳʥʜʘʡʜʳ  ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʜʘʥ 

ʞʳʣʫʜʳ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʥʝʤʝʩʝ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʥʳש ʩʫʳץ ʪװʡʽʥʽʥʝ 

ʞʝʪʢʽʟʝʜʽ. ɹײʣ ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʣʽʢ ʩʠʛʥʘʣʜʳ ʪʫʜʳʨʫ װʰʽʥ ץʘʞʝʪʪʽ ʪʝʤʧʝʨʘʪʫʨʘ 

ʘʡʳʨʳʤʳʥ ȹT ʙʝʨʝʜʽ. ʎʠʣʠʥʜʨʜʝ ʽʰʢʽ ʞʳʣʫ ʢᴇʟʜʝʨʽ ʙʦʣʤʘʡʜʳ. ɾʘʨʪʳʣʘʡ 

ʩʬʝʨʘ-ʮʠʣʠʥʜʨ ʘʨʘʩʳʥʜʘסʳ ʰʝʢʘʨʘʜʘסʳ ( 0z= ) ʪװʡʽʩʧʝʣʽʢ ʞʳʣʫʣʳץ ʢʝʜʝʨʛʽ 

ʥᴇʣʛʝ ʪʝש ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ, ʙײʣ ʪʝʤʧʝʨʘʪʫʨʘʥʳש (T2(r,ű,0,t)=T1(r,ű,0,t)) ʞᴅʥʝ ʞʳʣʫ 

ʘסʳʥʳʥʳ2) ש 1

2 1

T T

z
l l
m

µ µ
=

µ µ
 ᴇʨʽʩ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʊʝʤʧʝʨʘʪʫʨʘʣʳץ ʟʜʽʢʩʽʟʜʽʛʽʥװ (

ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʜʘ T2(r,ű,ɛ,t) ʬʫʥʢʮʠʷʩʳʤʝʥ ʞᴅʥʝ ʮʠʣʠʥʜʨʜʝ T1(r,ű,z,t) 

ʬʫʥʢʮʠʷʩʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ (10-ʩʫʨʝʪ). ʉʳʨʪץʳ ʞʳʣʫ ʘסʳʥʳʥʳש ᴅʩʝʨʽʥʝʥ 

ʜʘʪʯʠʢʪʽץ שʳʟʜʳʨʫ ʜʠʥʘʤʠʢʘʩʳʥ ʙʘסʘʣʘʫ װʰʽʥ ʫʘץʳʪץʘ ץʘʪʳʩʪʳ ʪʝʤʧʝʨʘʪʫʨʘ 

ʘʡʳʨʳʤʳʥ ʝʩʝʧʪʝʡʤʽʟ.  

ɽʩʝʧʪʝʫʣʝʨ ʞװʨʛʽʟʫ װʰʽʥ ʢʝʣʝʩʽ ʙʝʣʛʽʣʝʫʣʝʨʜʽ ʝʥʛʽʟʝʡʽʢ: ( ), ,Q tj m  ï 

ʵʣʝʢʪʨʣʽʢ ץʳʟʜʳʨʫʜʘʥ ʪʫʳʥʜʘʡʪʳʥ ʞʳʣʫ ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳ; ( ), ,q tj m  ï 

ʞײʪʳʣסʘʥ ʩᴅʫʣʝʣʝʥʫʜʝʥ ʪʫʳʥʜʘʡʪʳʥ ʞʳʣʫ ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳ; ( ), ,E tj m - 

ʪװʩʢʝʥ ʩᴅʫʣʝʣʝʥʫ ץʘʨץʳʥʜʳʣʳסʳ; ( )tzrT ,,,1 j  ï ( )0 ;  0 2 ;  0 z ; t 0r R j p¢ ¢ ¢ ¢ ¢ ¢ ² 
ʘʡʥʳʤʘʣʳʣʘʨʜʳש ᴇʟʛʝʨʫ ʦʙʣʳʩʳʥʘ ʠʝ ʮʠʣʠʥʜʨʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘʥr  ʪʘʨʘʣʫʳʥ ש
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ʩʠʧʘʪʪʘʡʪʳʥ ʬʫʥʢʮʠʷ (r (ʨʘʜʠʫʩ), ű (ʘʟʠʤʫʪʪʳץ ʙײʨʳʰ), z (ʙʠʽʢʪʽʢ) ʞᴅʥʝ t 

(ʫʘץʳʪ) ʢʦʦʨʜʠʥʘʪʘʣʘʨʳ); ( )2 r, , ,T tj m  ï ( )0 ;   0 2 ;   0 /2; t 0r R j p m p¢ ¢ ¢ ¢ ¢ ¢ ² 

ʘʡʥʳʤʘʣʳʣʘʨʜʳש ᴇʟʛʝʨʫ ʦʙʣʳʩʳʥʘ ʠʝ ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘʥʳש 

ʪʘʨʘʣʫʳʥ ʩʠʧʘʪʪʘʡʪʳʥ ʬʫʥʢʮʠʷ, ʤײʥʜʘסʳ cosm q=  (r (ʨʘʜʠʫʩ), ű (ʘʟʠʤʫʪʪʳץ 

ʙײʨʳʰ), q (ʧʦʣʷʨʣʳץ ʙײʨʳʰ) ʞᴅʥʝ t (ʫʘץʳʪ) ʢʦʦʨʜʠʥʘʪʘʣʘʨʳ); 
CT  ʘʥסʦʨʰʘץ - 

ʦʨʪʘʥʳש ʪʝʤʧʝʨʘʫʨʘʩʳ; 
1 2, ,R Ra a a - ʞʳʣʫ ʘʣʤʘʩʫ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ.  

 

      
ʘ                                                              ᴅ 

 

ʉʫʨʝʪ 10 ï ɾʘʨʪʳʣʘʡ ʩʬʝʨʘ ʞᴅʥʝ ʮʠʣʠʥʜʨ ʩʭʝʤʘʩʳ 

 

ɹײʣ ʘʡʥʳʤʘʣʳ ʪʝשʜʝʫʣʝʨʜʝ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʧʝʥ ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨ 

ʢʝʣʝʩʽ ʪװʨʛʝ ʠʝ ʙʦʣʘʜʳ. 

ʎʠʣʠʥʜʨ װʰʽʥ ʮʠʣʠʥʜʨʣʽʢ ʢʦʦʨʜʠʥʘʪʘʣʘʨ ʞװʡʝʩʽʥʜʝʛʽ ʩʪʘʥʜʘʨʪʪʳ ʞʳʣʫ 

ᴇʪʢʽʟʛʽʰʪʽʢ ʪʝשʜʝʫʽ: 

 
2 2( , , , ) ( , , , ) ( , , , ) ( , , , )1 1 11 1 1 1( )

2 2 2
1

T r z t T r z t T r z t T r z t
r

a t r r r r z

j j j j

j

µ µ µ µµ
= + +

µ µ µ µ µ
         (2.1) 

 

ʤײʥʜʘ 1

1

1 1

a
c

l

r
=   ʪʝʤʧʝʨʘʪʫʨʘ ᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪ (ʪʝʨʤʠʷʣʳץ ʜʠʬʬʫʟʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʽ) ( 1l -  ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ, 1r- ʪʳסʳʟʜʳ1 ,ץc  - ʤʝʥʰʽʢʪʽ 

ʞʳʣʫʩʳʡʳʤʜʳʣʳץ); 

r   ʨʘʜʠʘʣʜʳץ ʢʦʦʨʜʠʥʘʪʘ (ʮʠʣʠʥʜʨʜʽש ʦʩʽʥʝʥ ץʘʰʳץʪʳץ); 

ű ï ʘʟʠʤʫʪʪʳץ ʙװʨʳʰ; 

z ï ʮʠʣʠʥʜʨ ʦʩʽʥʽש ʙʦʡʳʥʜʘסʳ ʢʦʦʨʜʠʥʘʪʘ;  

t  ʫʘץʳʪ. 

ɹʘʩʪʘʧץʳ ʰʘʨʪ (ʙʘʩʪʘʧץʳ ʫʘץʳʪ ʤʝʟʝʪʽʥʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʙʽʨʪʝʢʪʽ 

ʪʘʨʘʣʫʳ):  

 

( , , ,0)
1 cT r z Tj =                                                   (2.2) 



44 

 

r=R ʰʝʢʘʨʘʣʳץ ʰʘʨʪ:r 

 

1

1 1 1

( , , , )
[ ( , , , ) ]R c

T R z t
T R z t T

r

j
l a j
µ

=- -
µ

                            (2.4) 

 

z=ǎ ʰʝʢʘʨʘʣʳץ ʰʘʨʪ:r 

 

1

1 1

( , , , )
[ ( , , , ) ]c

T r t
T r t T

z

j
l a j
µ

=- -
µ

                           (2.3) 

 

ɾʘʨʪʳʣʘʡ ʩʬʝʨʘ װʰʽʥ: 

 
2

2 22 2 2 2

2 2 2

2

(r, , , ) (r, , , ) (r, , , ) (r, , , )1 1 1
{ [r ] [(1 ) ] }

1

T t T t T t T t

a t r r

j m j m j m j m
m

m mr m j

µ µ µ µµ µ
= + - +

µ µ µ µ µ - µ
 (2.5) 

 

ʤײʥʜʘ 2

2

2 2

a
c

l

r
=   ʪʝʤʧʝʨʘʪʫʨʘ ᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪ (ʪʝʨʤʠʷʣʳץ ʜʠʬʬʫʟʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʽ) ( 2l - ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ, 2r- ʪʳסʳʟʜʳ2 ,ץc  - ʤʝʥʰʽʢʪʽ 

ʞʳʣʫʩʳʡʳʤʜʳʣʳץ); 

r  ʨʘʜʠʘʣʜʳץ ʢʦʦʨʜʠʥʘʪʘ (ʩʬʝʨʘʥʳש ʦʩʽʥʝʥ ץʘʰʳץʪʳץ); 

ű ï ʘʟʠʤʫʪʪʳץ ʙװʨʳʰ; 

cosm q=  ï ɗ ʧʦʣʷʨʣʳץ ʙײʨʳʰ rװʰʽʥ ʘʫʳʩʪʳʨʳʣסʘʥ ʘʡʥʳʤʘʣʳ (ʪʝשʜʝʫʜʽ 

ʳץʰʘʤʜʘʫ װʰʽʥ); 

t  ʫʘץʳʪ. 

ɹײʣ ʪʝשʜʝʫʜʝ ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʥʳש ʩʬʝʨʘʣʳץ ʛʝʦʤʝʪʨʠʷʩ rʝʩʢʝʨʽʣʧ̔, ʞʳʣʫ 

ʙᴇʣʽʥʫʽ ʪʝʢ ʙʝʪʽʥʜʝ ʰʦסʳʨʣʘʥסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ɹʘʩʪʘʧץʳ ʰʘʨʪ: 

  

2(r, , ,0) cT Tj m =  (2.6) 

 

ʉʬʝʨʘʣʳץ ʙʝʪʪʝʛʽ ʰʝʢʘʨʘʣʳץ ʰʘʨʪ (r R= ): 

 

]2

2 2 2

( , , , )
[ ( , , , ) ( , , t) Q( , , t)R c

T R t
T R t T E

r

j m
l a j m h j m j m
µ

- = - + +
µ

 (2.7) 

 

ɾʘʨʪʳʣʘʡ ʩʬʝʨʘ-ʮʠʣʠʥʜʨ ʰʝʢʘʨʘʩʳʥʜʘסʳ ʰʝʢʘʨʘʣʳץ ʰʘʨʪ ( 0m= , 
2

p
q= ): 

ʊʝʤʧʝʨʘʪʫʨʘʥʳװ שʟʽʣʽʩʩʽʟʜʽʛʽ:  

 

2 1(r, ,0, ) ( , ,0, ),T t T r tj j=  rr =  (2.8) 

 

ɾʳʣʫ ʘסʳʥʳʥʳװ שʟʽʣʽʩʩʽʟʜʽʛʽ:  
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2 1

2 1

(r, ,0, ) ( , ,0, )
,

T t T r t

r z

j j
l l
µ µ

- =
µ µ

 rr =   (2.9) 

 

ʊʝשʜʝʫʣʝʨʜʽ ʰʝʰʫ װʰʽʥ ɹʝʩʩʝʣʴ ʬʫʥʢʮʠʷʣʘʨʳ ʤʝʥ ʃʝʞʘʥʜʨ 

ʢᴇʧʤװʰʝʣʽʢʪʝʨʽʥ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʠʥʪʝʛʨʘʣʜʳץ ʪװʨʣʝʥʜʽʨʫʣʝʨ ץʦʣʜʘʥʳʣʜʳ. 

ʎʠʣʠʥʜʨ װʰʽʥ 
1( , , , )T r z tj  ʬʫʥʢʮʠʷʩʳʥʘ ʠʥʪʝʛʨʘʣʜʳץ ʪװʨʣʝʥʜʽʨʫ 

 :ʦʣʜʘʥʘʤʳʟץ

 
2

1 1

0 0 0

( , , , )cos ( ' ) cos ( )

R

n k

z r
U T r z t b J rdrdzd

R

p

Jj J j j h j= - Öñññ          (2.10) 

 

ʢʝʨʽ ʘʡʥʘʣʜʳʨʫ (2.11) ʬʦʨʤʫʣʘʩʳ: 

 

1,

1

0 1 1

(t)1
( , , , ) cos ( ' )cos ( )

n k nk

n k

n k

A B U z r
T r z t b J

N R
J

J J

j J j j h
p

¤ ¤ ¤

= = =

= -äää           (2.11) 

 

ʤײʥʜʘ 0J=  ʙʦʣסʘʥʜʘ 2NJ p= , 1u²  ʙʦʣסʘʥʜʘ Nu p= .  

,n kA B  ʥʦʨʤʘʣʘʫ ʢᴇʙʝʡʪʢʽʰʪʝʨʽ  

 
2 22

2 2 21

2 2

1

1
( sin cos )[ ( )] ( )

4

R

n n n k k

n k n k

RR
b b b J

A B b
J

a
h J h

h l
= + + -               (2.12) 

 

ɾʘʨʪʳʣʘʡ ʩʬʝʨʘ װʰʽʥ ( )2 r, , ,T tj m ʬʫʥʢʮʠʷʩʳʥʘ ʠʥʪʝʛʨʘʣʜʳץ  ʪװʨʣʝʥʜʽʨʫ 

 :ʦʣʜʘʥʘʤʳʟץ

 
2 1

2 /2 2

2 2 1
2

0 0 0

(r, , , )cosp( ' ) ( )(1 ) ( ) r '

R

p p

m sm

r
U T t P J drd d

R

p

j m j j m m w m j
+

= - -ñññ     (2.13) 

 

ʢʝʨʽ ʘʡʥʘʣʜʳʨʫ (2.14) ʬʦʨʤʫʣʘʩʳ: 

 

2 /2

2 2, 0 1
20 1

1
(r, , , ) (t)cosp( ) ( )(1 ) ( )p p

ms ms m sm
p m p s

r
T t c U P J

R
j m j j m m w

p

¤ ¤ ¤

+
= = =

= - -äää    (2.14) 

 

ʤײʥʜʘסʳ ʥʦʨʤʘʣʘʫ ʢᴇʙʝʡʪʢʽʰ ̔

 
1

2 2

1
2

0 0

1
[ ( )] [ ( )]

R

p

m s sm
m s

r
P d J dr

c D R
m m u w

+
=ñ ñ   (2.15) 

 

n,  b ,  m  kh ʞᴅʥʝ sw ʤʝʥʰʽʢʪʽ ʰʘʤʘʣʘʨʳ ʩᴅʡʢʝʩʽʥʰʝ ʢʝʣʝʩʽ ʪʝשʜʝʫʣʝʨʜʝʥ 

ʘʥʳץʪʘʣʘʜʳ: 
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' 1

1

( ) ( ) 0R

k k kJ R JJ J

a
h h h

l
+ =                            (2.16) 

 

nn bctgb =
1l

â
^                                                      (2.17) 

 

0)()
2

1
()(

2
1

2

2'

2
1 =-+

++ sm

R
sms JRJ w

l

a
ww                                 (2.18) 

 

ʊ1 װʰʽʥ ʝʩʝʧʪʝʫ: 

 

                         

2 2

1 1 2 2
0 1 1

2

0 0 0

2 2

1

1 1 2 2

1 0

1
( , , , ) { [exp( ( ) )

' '
T cos ( ' )cos ' ( ) ' ' '

( )exp( ( )( )) ]} ( )cos

n k

n k

n k

R

c n k

t

n k

k n

b
T r z t A B a t

R

z r
b r J d dz dr

R

ba r z
c a t d J b

RR

J

p

J

J

h
j

p

J j j h j

h
t t t h

l

¤ ¤ ¤

= = =

= - + ³

³ - +

+ - + -

äää

ñññ

ñ

    (2.19) 

 

ʤײʥʜʘ  

 
2

1 1

0 0

2

0 0

( ) ( ) cos ( ' )cos '

[ cos cos ( ' ) ( ) '

R k c n

R

n c k

z
c t R J T b d dz

r
b T rJ drd

R

p

J

p

J

a h J j j j

a J j j h j

= - +

+ -

ññ

ññ

     (2.20) 

 

ʋʘץʳʪʪʳץ ʠʥʪʝʛʨʘʣ 

 
2 2

1 1 2 2

0

( )exp( ( )(t ))d

t

n kb
c a

R

h
t t t- + -ñ     (2.21) 

ɽʛʝʨ 1(t) constc =  ʙʦʣʩʘ,  

 
2 2

2 2 1 2 2

1 1 12 2 2 2

0
1 2 2

1 exp( ( ) )

( )exp( ( )(t ))d

( )

n k
t

n k

n k

b
a t

b Rc a c
R b

a
R

h

h
t t t

h

- - +

- + - = Ö

+
ñ    (2.22) 

 
2

1 0 1

1
2

1 1

2 ( ) sin cos ( ) , 0

(t)

cos ( ) sin cos ( ) , 1

R k n n k

n k

c

R k n n k

n k

R
R J b b J

b
c T

R
R J b b J

b

J

J J

p a h a h J
h

p Jj a h a h J
h

+

+

ë è ø
+ =î é ù

î ê ú
= Öì

è øî
+ ²é ùî

ê úí

     (2.23) 

 



47 

 

ʊ2 װʰʽʥ ʝʩʝʧʪʝʫ: 

 
2

2 2 2
0 1

2 1

2

1
2

0 0 0

2

2

2 2 12
2

2 0

1
(r, , , ) {C D [exp( )

r'
T cos ( ' ) ( ') ' ( ) ' ' '

( )exp( ( )) ]} ( ) ( )

s

m s

p m p s

R

p

c m sm

t

ps

m sm

T t a t
R

p P J d d dr
R

a r
c a t d P J

RR

p

w
j m

p

j j m r w j m

w
t t t m w

l

¤ ¤ ¤

= = =

+

+

= - ³

³ - +

+ - -

äää

ñññ

ñ

 (2.24) 

 

ʤײʥʜʘ 

 

 

[ ]
1 2

3
2

2 2

0 0

( ) E( ', , t) ( ', , t) cos ( ' ) ( ) 'dp

R c mc t R T Q p P d

p

a h j m j m j j m j m= + + -ññ     (2.25) 

 

ɽʛʝʨ 2(t) constc =  ʙʦʣʩʘ, 

 
2

2 2 2

2 2 22 2

0
2 2

1 exp( )

( )exp( ( ))

s
t

s

s

a t
Rc a t d c

R
a

R

w

w
t t t

w

- -

- - =ñ    (2.26) 

 

[ ]

[ ]

1

0

2

03/2

2 1

2

0

2 ( ', , t) Q( ', , t) ( )d ,p 0

(t)

cos ( ', , t) Q( ', , t) ( )d ,p 1

R c m

p

R c m

a T E P

c R

p a T E P

p h j m j m m m

p j h j m j m m m

ë
+ + =î

î
= Öì

î + + ²
î
í

ñ

ñ

   (2.27) 

 

ɾʘʨʪʳʣʘʡ ʩʬʝʨʘʤʝʥ ʮʠʣʠʥʜʨ ʘʨʘʩʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʳש ʘʡʳʨʳʤʳʥ 

ȹT(t) ʝʩʝʧʪʝʫ װʰʽʥ ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʜʘסʳ 2(r, , , )T tj m  ʞᴅʥʝ ʮʠʣʠʥʜʨʜʝʛʽ 1( , , , )T r z tj  

ʪʝʤʧʝʨʘʪʫʨʘ ᴇʨʽʩʪʝʨʽ װʰʽʥ ײʩʳʥʳʣסʘʥ ʰʝʰʽʤʜʽ ʧʘʡʜʘʣʘʥʘʤʳʟ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʘʡʳʨʳʤʳ 2 1(t) T (r, , , t) T (r, ,z, t)T j m jD = -  ʘʨץʳʣʳ ʘʥʳץʪʘʣʘʜʳ. ʄײʥʜʘסʳ 

2(r R, 1, , t)T m j= = - ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʥʳש ʰʳשʳʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳ ( cos 1m q= = 

ʷסʥʠ 0q= ), 1T (r, ,z , t)j =  - ʮʠʣʠʥʜʨʜʽש ʪʘʙʘʥʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘ. 

(2.24) ʪʝשʜʝʫʽʥʝ R, 1r m=    ʦʷʤʳʟץ =

 
2

2 2 22
0 1

2
1

02 2
2 2 12

2
2 0

1
(R, , 1, ) { [exp( )

( )exp( ( )) ]} (1)R ( )

s

m s

m s

t

s

m sm

T t c D a t I
R

a
c a t d P J

R

w
j m

p

w
t t t w

l

¤ ¤

= =

-

+

= = - ³ +

+ - -

ää

ñ

       (2.28) 
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ʤײʥʜʘ 0(1) P (1) 1m mP = =, I2  - ʙʘʩʪʘʧץʳ ʠʥʪʝʛʨʘʣ. 

 
2 1

2

2 1
2

0 0 0

r'
T cosp( ' ) ( ') r' ( ) ' ' '

R

p

c m sm
I P J d dr d

R

p

j j m w j m
+

= -ñññ   (2.29) 

 

ᴆʨʥʝʢʪʽ ʳץʰʘʤʜʘʡʳץ: 

ʘʟʠʤʫʪʪʳץ ʙᴇʣʽʢ: 
2

0

2 , 0
cos ( ' ) '

0, 1

p
p d

p

p p
j j j

=ë
- =ì

²í
ñ ; 

 

ʙײʨʳʰʪʳץ ʙᴇʣʽʢ (0p=  :(ʰʽʥװ 
1 1

0

0 0

2, 0
( ')d ' ( ')d '

0, 1
m m

m
P P

m
m m m m

=ë
= =ì

²í
ñ ñ ; 

 

ʨʘʜʠʘʣʜʳץ ʙᴇʣʽʢ (0m= ʰʽʥ): 1/2װ

2
(x) sinJ x

xp
=  

1/2

r' 2 r'
( ) sin( )

r'
s s

s

R
J

R R
w w

pw
=  

2 2

1/2

r' 2 r'
r' ( ) ' sin( )

r'
s s

s

R
J r

R R
w w

pw
=  

2 3/2

1/2

0 0

r' 2 r'
r' ( ) ' r' sin( ) '

R R

s s

s

R
J dr dr

R R
w w

pw
=ñ ñ  

 
r'

, r' , 'u Ru dr Rdu
R
= = =  ʜʝʧ ʘʣʤʘʩʪʳʨʩʘץ, ʦʥʜʘ 

1

3/2 5/2 3/2

0 0

r'
r' sin( ) ' sin( u)du

R

s sdr R u
R

w w=ñ ñ . 

1

3/2

0

sin( u)dusu wñ  ʠʥʪʝʛʨʘʣʳ ( )sI w  ʜʝʧ ʙʝʣʛʽʣʝʥʛʝʥ, ʩʦʥʜʘ  

3

2

2
4 ( )c s

s

R
I T R I

R
p w

pw
= , 20; 0; 1m I m= = ².      (2.30) 

 

ʎʠʣʠʥʜʨʜʝʛʽ 1T (r, ,z , t)j =  ʪʝʤʧʝʨʘʪʫʨʘʩʳ װʰʽʥ, (2.19) ᴇʨʥʝʛʽʥʝ z=  

ʦʷʤʳʟ: cosץ cosn n

z
b b=  

ɹʘʩʪʘʧץʳ ʠʥʪʝʛʨʘʣʜʳ ɯ1 ʜʝʧ ᴇʨʥʝʢʪʝʡʤʽʟ: 

 
2

1

0 0 0

' '
T cos ( ' ) ' cos ' ' ( ) '

R

c n k

z r
I d b dz r J dr

R

p

JJ j j j h= -ñ ñ ñ   (2.31) 

 

ᴆʨʥʝʢʪʽ ʳץʰʘʤʜʘʡʳץ: 
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ʘʟʠʤʫʪʪʳץ ʙᴇʣʽʢ: 
2

0

2 , 0
cos ( ' ) '

0, 1
d

p p J
J j j j

J

=ë
- =ì

²í
ñ ; 

ʙײʨʳʰʪʳץ ʙᴇʣʽʢ:
1

0 0

sin'
cos ' cos(b )du n

n n

n

bz
b dz

b
= =ñ ñ ; 

ʨʘʜʠʘʣʜʳץ ʙᴇʣʽʢ (0J=  :(ʰʽʥװ
1

2 2 1

0 0

0 0

( )'
' ( ) ' ( u)du R

R

k

k k

k

Jr
r J dr R uJ

R

h
h h

h
= =ñ ñ . 

ʉʦʥʜʘ 

 

2 1

1

sin ( )
2 T Rn k

c

n k

b J
I

b

h
p

h
= Ö Ö , 0J= ; 

1 0, 1I J= ².  (2.32) 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʘʡʳʨʳʤʳ ȹʊ: 

 
2

2 2 2
3 2

0 2 2 1/22 2
1 2

2 2

2 2

1 2 2
1

1 02 2
1 1 1

1 2 2

1 exp( )
1 2

(t) { 4 ( )exp( ) ( )

1 exp( ( ) )
1

( )cos

( )

s

s

s c s s

s s s

n k

n k k n

n k n k

a t
aR RT c D T R I a t c J

R R
a

R

b
a t

a rRA B c J b
Rb

a
R

w

w
p w w

p pw l w

h

h
p l h

¤

=

¤ ¤

= =

è ø
- -é ù

D = é - + Ö Ö ù -
é ù
é ùê ú

- - +

- Ö Ö Ö

+

ä

ää

(2.33) 

 

2.3 ɼʘʪʯʠʢʪʽש ʞʳʣʫ ʧʨʦʮʝʩʪʝʨʽʥ ʤʦʜʝʣʴʜʝʫʜʽש ʩʘʥʜʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʤʝʥ ʥᴅʪʠʞʝʣʝʨʽ  

(2.33) ᴇʨʥʝʢʪʽש ʝʢʽʥʰʽ ץʦʩʳʣסʳʰ r(T1) r-ʛʝ ʪᴅʫʝʣʜʽ, ʘʣ ʙײʣ ȹT-ʥʳ ʨʘʜʠʫʩ 

ʬʫʥʢʮʠʷʩʳʥʘ ʘʡʥʘʣʜʳʨʘʜʳ. ɹײʣ ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʫ װʰʽʥ ᴅʨʜʘʡʳʤ ʳסשʘʡʣʳ 

ʝʤʝʩ, ʩʝʙʝʙʽ ʞʳʣʫ ʘסʳʥʳʥʳש ʜʘʪʯʠʛʽ ᴅʜʝʪʪʝ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨ ʘʡʳʨʤʘʩʳʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ ʦʨʪʘʰʘ ʩʠʛʥʘʣ ʙʝʨʝʜʽ. ʉʦʥʜʳץʪʘʥ T1-ʜ ̔ r ʙʦʡʳʥʰʘ (ʮʠʣʠʥʜʨ 

ʪʘʙʘʥʳʥʳש ʘʫʜʘʥʳ ʙʦʡʳʥʰʘ) ʦʨʪʘʰʘʣʘʫ  ʙײʣ ʪᴅʫʝʣʜʽʣʽʢʪʽ ʞʦʷʜʳ ʞᴅʥʝ ʙʽʨrסשʘʡ 

ȹT(t) ʤᴅʥʽʥ ʙʝʨʝʜʽ. 

ʎʠʣʠʥʜʨ ʪʘʙʘʥʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘ (z=ǎ): 

 
2 2

1 2 2
1

1 1 02 2
1 1 1

1 2 2

1 exp( ( ) )
1

T (r, ,z , t) ( )cos , 0

( )

n k

n k k n

n k n k

b
a t

a rRA B c J b
Rb

a
R

h

j h J
p l h

¤ ¤

= =

- - +

= = Ö Ö Ö =

+

ää  (2.34) 

 

ʎʠʣʠʥʜʨ ʪʘʙʘʥʳʥʳש ʘʫʜʘʥʳ ʙʦʡʳʥʰʘ ʦʨʪʘʰʘʣʘʡʤʳʟ (0 r R,0 2 )j p¢ ¢ ¢ ¢: 

 
2

1 12

0 0

1
T (r, ,z , t) (r, , , t) rdrd

R

T
R

p

j j j
p

= = ññ   (2.35) 
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 :ʪʘʥ, ű ʙʦʡʳʥʰʘ ʠʥʪʝʛʨʘʣץʘʥʜʳסʰʽʥ T1 ű-ʛʝ ʪᴅʫʝʣʩʽʟ ʙʦʣװ 0 = ◒

 
2

0

2d

p

j p=ñ  

 

ʈʘʜʠʘʣʜʳץ ʙᴇʣʽʢ: 

 

1 1 12 2

0 0

2 2
T (z , t) (r, , t) rdr (r, , t) rdr

R R

T T
R R

p

p
= = =ñ ñ  

 

T1-ʜʽ ץʦʷʤʳʟ: 

 
2 2

1 2 2
1

1 1 02 2
1 1 1

1 2 2

1 exp( ( ) )
1

T (r, , t) ( )cos

( )

n k

n k k n

n k n k

b
a t

a rRA B c J b
Rb

a
R

h

h
p l h

¤ ¤

= =

- - +

= Ö Ö Ö

+

ää  

 

ʆʥʜʘ 

 
2 2

1 2 2
1

1 1 02 2 2
1 1 10

1 2 2

1 exp( ( ) )
2 1

T (z , t) ( )cos rdr

( )

n k
R

n k k n

n k n k

b
a t

a rRA B c J b
RR b

a
R

h

h
p l h

¤ ¤

= =

è ø
- - +é ù

= = é Ö Ö Ö ù
é ù

+é ùê ú

ääñ  

 

 :ʨʝʪʽʥ ʘʫʳʩʪʳʨʘʤʳʟ שʦʩʫ ʤʝʥ ʠʥʪʝʛʨʘʣʜʘʫʜʳפ

 
2 2

1 2 2
1

1 1 02 2 2
1 1 1 0

1 2 2

1 exp( ( ) )
2

T (z , t) cos ( ) rdr

( )

n k
R

n k n k

n k n k

b
a t

a rRA B c b J
RR b

a
R

h

h
lp h

¤ ¤

= =

- - +

= = Ö Ö Ö Ö

+

ää ñ  

 

ʀʥʪʝʛʨʘʣʜʳ ʝʩʝʧʪʝʡʤʽʟ: 

 

0

0

( ) rdr

R

k

r
J

R
hñ  

, ,
r

u r Ru dr Rdu
R
= = =  ʘʣʤʘʩʪʳʨʩʘץ, 

1 1

2

0 0 0

0 0 0

( ) rdr ( u)(Ru)Rdr R ( u)du

R

k k k

r
J J uJ

R
h h h= =ñ ñ ñ  

1

1

0

0

( )
( u)du k

k

k

J
uJ

h
h

h
=ñ  
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ʆʥʜʘ 

 

2 1

0

0

( )
( ) rdr

R

k

k

k

Jr
J R

R

h
h

h
=ñ  

 
ἂT1ἃ ̨̙̎ ̜̜̜̏̑̓̎̅ ̑̎̆̋: 

 
2 2

1 2 2
2 11

1 12 2 2
1 1 1

1 2 2

2 2

1 2 2
11

1 2 2
1 1 1

1 2 2

1 exp( ( ) )
( )2

T (z , t) cos

( )

1 exp( ( ) )
( )2

cos

( )

n k

k

n k n

n k kn k

n k

k

n k n

n k kn k

b
a t

Ja RA B c b R
R b

a
R

b
a t

Ja RA B c b
b

a
R

h

h

l hp h

h

h

p l hh

¤ ¤

= =

¤ ¤

= =

- - +

= = Ö Ö Ö Ö =

+

- - +

= Ö Ö Ö Ö

+

ää

ää

(2.36) 

 

ʆʨʪʘʰʘ ʘʣʳʥסʘʥ ȹT(t) ʢʝʣʝʩʽʜʝʡ ᴇʨʥʝʢʪʝʣʝʜʽ: 

2 1(t) T (r, , 1, t) T (z , t)T j mD = = - = 

 
2

2 2 2
3 2

0 2 2 1/22 2
1 2

2 2

2 2

1 2 2
11

1 2 2
1 1 1

1 2 2

1 exp( )
1 2

(t) { 4 ( )exp( ) ( )

1 exp( ( ) )
( )2

cos

( )

s

s

s c s s

s s s

n k

k

n k c n

n k kn k

a t
aR RT c D T R I a t c J

R R
a

R

b
a t

Ja RA B T c b
b

a
R

w

w
p w w

p pw l w

h

h

p l hh

¤

=

¤ ¤

= =

è ø
- -é ù

D = é - + Ö Ö ù -
é ù
é ùê ú

è ø
- - +é ù

- é + Ö Ö Ö ù
é ù

+é ùê ú

ä

ää

(2.37)

  

sw  :ʘ ʙʦʣʘʜʳסʰʘʤʜʘʫץʨʜʝ ʳװʰʽʥ ʤᴅʥʜʽ ʢʝʣʝʩʽ ʪװ 

 

2

2

cos 1 sin 0R

s s sR
a

w w w
l

å õ
+ - =æ ö
ç ÷

.     (2.38) 

 

   ʘ ʙʦʣʘʜʳסʨʜʝ ʞʘʟʫװʳʣʳ ᴇʨʥʝʢʪʝʩʝʢ ʢʝʣʝʩʽ ʪץʘʪʘʨʣʘʨ ʘʨפ

  
2

2 2
0 2

2 1/22
1 2

2 2

2 2

1 2 2
11

1 2 2
1 1 1

1 2 2

1 exp( )

(t) ( )

1 exp( ( ) )
2 ( )

cos

( )

s

s

c s

s s

n k

n k k

c n

n k kn k

a t
c D a RT T c J

a
R

b
a t

A B Ja RT c b
b

a
R

w

w
p l w

h
h

p l hh

¤

=

¤ ¤

= =

è ø
- -é ù

D = é + Ö Ö ù -
é ù
é ùê ú

è ø
- - +é ù

- Öé + Ö Ö Ö ù
é ù

+é ùê ú

ä

ää

 (2.39) 
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  ʰʽʥ (Tʩ ʰʝʛʝʨʽʣʝʜʽ), ʦʥʜʘװ ʜʘʡʳסʳʟʜʳʨʫ ʞʘפ

 
2

2 2
0 2

2 1/22
1 2

2 2

2 2

1 2 2
11

1 2 2
1 1 1

1 2 2

1 exp( )

(t) ( )

1 exp( ( ) )
2 ( )

cos

( )

s

s

s

s s

n k

n k k

n

n k kn k

a t
c D a RT c J

a
R

b
a t

A B Ja Rc b
b

a
R

w

w
p l w

h

h

p l hh

¤

=

¤ ¤

= =

- -

D = Ö Ö -

- - +

- Ö Ö Ö Ö

+

ä

ää

  (2.40) 

 

ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ ʪʝʢʩʝʨʫ ʤʘץʩʘʪʳʥʜʘ ʤʳʩʪʘʥ ʞʘʩʘʣסʘʥ ʞʳʣʫ ʘסʳʥʳ 

ʜʘʪʯʠʛʽʥ ץʘʨʘʩʪʳʨʘʡʳץ. ʂʝʣʝʩʽ ᴇʣʰʝʤʜʝʨ װʰʽʥ ץʘʨʘʩʪʳʨʘʡʳץ: ʨʘʜʠʫʩʳ 

R=23 ʤʤ, ʮʠʣʠʥʜʨʜʽש ʙʠʽʢʪʽʛʽ 0,05ʤ= , ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʛʽ 1 2 400 / (ʤ ʂ)ɺʪl l= = Ö, 

ʪʳסʳʟʜʳסʳ 3

1 2 8930 /ʢʛ ʤr r= = , ʤʝʥʰʽʢʪʽ ʞʳʣʫ ʩʳʡʳʤʜʳʣʳסʳ 

1 2 385 /c c ɼʞ ʢʛ ʂ= = Ö, ʪʝʤʧʝʨʘʪʫʨʘ ᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪ ̔

4 2

1 2

400
1,163 10 /ʩ

8930 385
a a ʤ

c

l

r

-= = = º Ö
Ö

 ʪʝʤʧʝʨʘʪʫʨʘʩʳ שʘʥ ʦʨʪʘʥʳסʦʨʰʘץ ,

293 (20 C)cT K= ¯, ʞʳʣʫ ʘסʳʥʳ 210000 /ʤE Q ɺʪh + = , ʞʳʣʫ ʘʣʤʘʩʫ ʢʦʵʬʬʠʮʠʝʥʪʽ 
2

1 2 5 /R R ɺʪ ʤ ʂa a a= = = . 

ʄʝʥʰʽʢʪʽ ʰʘʤʘʣʘʨʳ: 

kh ʰʽʥ (2.16) ᴇʨʥʝʛʽ ʙʦʡʳʥʰʘ, 1װ 

1

0,0002875RR
a

l
º  ʢʝʟʽʥʜʝ ʪװʙʽʨʣʝʨ ʥᴇʣʛʝ 

ʞʘץʳʥ 1( )kJ h : 5,1356;8.4172;11,6198khº . 

nb  ,ʰʽʥ (2.17) ᴇʨʥʝʛʽ ʙʦʡʳʥʰʘװ
1

0,000625
a

l
º  ʢʝʟʽʥʜʝ, ʪװʙʽʨʣʝʨʽ 

1,5708;4,7124;7,8540nb º . 

swװʰʽʥ (2.38) ᴇʨʥʝʛʽ ʙʦʡʳʥʰʘ, 1

1

0,0002875RR
a

l
º  ʢʝʟʽʥʜʝ, ʪװʙʽʨʣʝʨʽ 

2,405;5,520;8,654swº . 

ʅʦʨʤʘʣʘʫ ʢᴇʙʝʡʪʢʽʰʪʝʨʽ 6

0 2 10sc D º Ö ; 59,35 10n kA B º Ö . 

ʆʩʳ ʤᴅʣʽʤʝʪʪʝʨ ʥʝʛʽʟʽʥʜʝ Phyton ʙʘסʜʘʨʣʘʤʘʣʘʫ ʪʽʣʽʥʽש ʢᴇʤʝʛʽʤʝʥ 

ʨᴅʩʽʤʜʝʣʽʧ, ʪʝʤʧʝʨʘʪʫʨʘ ʘʡʳʨʳʤʳʥʳש ʫʘץʳʪץʘ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ ʪײʨסʳʟʳʣʜʳ 

(11-ʩʫʨʝʪ). 

ɻʨʘʬʠʢ ʙʦʡʳʥʰʘ (0) 0TD º, (t)TD  ʩɻʧʦʥʝʥʪʘʣʳ ʘʨʪʳʧ, ʩʪʘʮʠʦʥʘʨʣʳץ 

ȹTʩʪʘʪå0,11 ʂ ʤᴅʥʛʝ 3ï4 ʩʝʢʫʥʜʪʘ ʞʝʪʝʜʽ, ʘʣ   4t c> ʢʝʡʽʥ ȹT ʪײʨʘץʪʳ ʪװʨʜʝ 

ᴇʟʛʝʨʝʜʽ. T1(r,ű,z,0) = T2(ɟ,ű,ɛ,0)= Tʩ ʙʦʣסʘʥʜʳץʪʘʥ ʛʨʘʬʠʢ 0 ʤᴅʥʽʥʝʥ ʙʘʩʪʘʣʳʧ, 

ʜײʨʳʩʪʳסʳʥ ʨʘʩʪʘʡʜʳ. ɾʘʨʪʳʣʘʡ ʩʬʝʨʘ q E Qh= +  ʞʳʣʫ ʘסʳʥʳ ᴅʩʝʨʽʥʝʥ 

 ʳ ʦʨʪʘʰʘסʳ ʪʝʤʧʝʨʘʪʫʨʘ ʮʠʣʠʥʜʨ ʪʘʙʘʥʳʥʜʘסʳʥʜʘשʰʳ שʳʟʘʜʳ, ʞᴅʥʝ ʦʥʳץ

ʪʝʤʧʝʨʘʪʫʨʘʜʘʥ ʞʳʣʜʘʤ ʘʨʪʘʜʳ, ʩʝʙʝʙʽ ʮʠʣʠʥʜʨ ʘʨץʳʣʳ ʞʳʣʫ ʰʳסʘʨʘʜʳ. ȹT 

ʪײʨʘץʪʳ ʤᴅʥʛʝ ʞʝʪʝʜʽ, ʙײʣ ʪײʨʘץʪʳ ʞʳʣʫ ʨʝʞʠʤʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 
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ʉʫʨʝʪ 11 ï ʊʝʤʧʝʨʘʪʫʨʘ ʘʡʳʨʳʤʳʥʳש ʫʘץʳʪץʘ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ  

 

ʊʝʦʨʠʷʣʳץ ʤᴅʥʽʥ ʙʘסʘʣʘʩʘץ, 
2 2

10000 0,0023
0,115

5 400R

q R
T K
a l

D = Ö º Ö º . 

ȹTʩʪʘʪå0,11 ʂ ʥᴅʪʠʞʝʩʽ ʙʘסʘʣʘʫʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʜʝʤʝʢ ʙײʣ ʝʩʝʧʪʝʫʣʝʨʜʽש 

ʜײʨʳʩʪʳסʳʥ ʨʘʩʪʘʡʜʳ. ɼʝʤʝʢ, ȹTʩʪʘʪ ʤᴅʥʽ ʤʳʩ װʰʽʥ  ʙʝʨʽʣʛʝʥ 210000 /ʤq ɺʪ= , 
2

2 5 /R ɺʪ ʤ ʂa =  ʘhʨʪʪʘʨʳʥʜʘ ʰʳʥʘʡʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙײʣ ʤʦʜʝʣʴʜʽש 

ʜײʨʳʩʪʳסʳʥ ʞᴅʥʝ ʧʘʨʘʤʝʪʨʣʝʨʜʽש ʩᴅʡʢʝʩʪʽʛʽʥ ʨʘʩʪʘʡʜʳ. 

 

2.4 ʂʝשʽʩʪʽʢʪʽʢ ʞᴅʥʝ ʞʘʨʪʳʣʘʡ ʢʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫ ᴇʨʽʩʽʥʽש 

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ ʞᴅʥʝ ʦʣʘʨʜʳ ᴇʣʰʝʫ ᴅʜʽʩʪʝʨʽ 

ɼʘʪʯʠʢʪʽש ʙײʨʳʰʪʳץ ʦʨʥʘʣʘʩʫʳ ʤʝʥ ʢʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫ ʢᴇʟʽʥʽש 

ʙײʨʳʰʪʳץ ᴇʣʰʝʤʜʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʦʥʳש ʩᴅʫʣʝʣʝʥʫ ᴇʨʽʩʽ ᴅʨʪװʨʣʽ 

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʤʝʥ ʩʠʧʘʪʪʘʣʫʳ ʤװʤʢʽʥ. ʂʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫ 

ʢᴇʟʽʥʽש ᴇʨʽʩʽʥʽש ʘʣסʘʰץʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʙʽʨʽ ʥװʢʪʝʥʽש ʢʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫʽ 

ʢE  ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʦʣ ʙʝʨʽʣʛʝʥ ʥװʢʪʝʜʝʛʽ ʮʝʥʪʨʜʝʛʽ, ʙʽʨ ʘʫʜʘʥסʘ ʪʝש 

ʵʢʚʘʪʦʨʣʳץ ץʠʤʘʩʳ ʙʘʨ ʩʬʝʨʘ ʘʨץʳʣʳ ʙʘʨʣʳץ ʙʘסʳʪʪʘʨʜʘ ᴇʪʝʪʽʥ ʩᴅʫʣʝʣʽʢ ʘסʳʥ 

ʨʝʪʽʥʜʝ ʘʥʳץʪʘʣʘʜʳ. ɽʛʝʨ ʩʬʝʨʘʥʳ ץʦʨʰʘʧ ʪײʨסʘʥ ʢʝשʽʩʪʽʢ ʞʘʨץʳʨʘʫʳʤʝʥ ɺ 

ʩʠʧʘʪʪʘʣʩʘ, ʦʥʜʘ: 

 
4

0

ʢE Bd

p

w=ñ                 (2.41) 

 

ʤײʥʜʘ dw- ʵʣʝʤʝʥʪʘʨ ʜʝʥʝʣʽʢ ʙײʨʳʰ.  

ɾʘʟʳץʪʳץʪʘסʳ ץʘʣʳʧʪʳ ʩᴅʫʣʝʣʝʥʫ 1E  ʥװʢʪʝ ʤʝʥ ʙʘסʳʪʪʳש ʬʫʥʢʮʠʷʩʳ 

ʙʦʣʩʘ, ʘʣ ʢʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫ ʪʝʢ ʥװʢʪʝʥʽש ʬʫʥʢʮʠʷʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 
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ʂʝשʽʩʪʽʢʪʽʢ ʞᴅʥʝ ץʘʣʳʧʪʳ ʩᴅʫʣʝʣʝʥʫʣʝʨʜʽש ʘʨʘʩʳʥʜʘסʳ ץʘʪʳʥʘʩ ʢʝʣʝʩʽ ʪװʨʛʝ ʠʝ 

[110]: 

 
2

1

0

ʢE d

p

= Eñ       (2.42) 

 

ʆʩʳ ᴇʨʥʝʢʪʝʥ ʢʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫ 2  ́ ʩʬʝʨʘʣʳץ ʜʝʥʝʣʽʢ ʙײʨʳʰʳ 

ʰʝʛʽʥʜʝ ᴇʣʰʝʥʛʝʥ ʢʝשʽʩʪʽʢʪʽש ʙʝʨʽʣʛʝʥ ʥװʢʪʝʩʽʥʜʝʛʽ ץʘʣʳʧʪʳ ʩᴅʫʣʝʣʝʥʫʣʝʨʜʽש 

 .ʝʢʝʥʜʽʛʽ ʢᴇʨʽʥʝʜʽ שʦʩʳʥʜʳʩʳʥʘ ʪʝץ

ʂʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫʜʝʥ ʙʘʩץʘ, ʦʥʳש ʩᴅʫʣʝʣʝʥʫ ʵʥʝʨʛʠʷʩʳʤʝʥ 

 ʩᴅʫʣʝʣʝʥʫ ʞᴅʥʝ ץʳʥ ʩʠʧʘʪʪʘʡʪʳʥ ʧʘʨʘʤʝʪʨʣʝʨʛʝ ʦʨʪʘʰʘ ʩʬʝʨʘʣʳסʪʳʣʳץʘʥʳץ

ʩᴅʫʣʝʣʽʢ ʵʥʝʨʛʠʷʥʳש ʢᴇʣʝʤʜʽʢ ʪʳסʳʟʜʳסʳ ʞʘʪʘʜʳ. ʆʨʪʘʰʘ ʩʬʝʨʘʣʳץ ʩᴅʫʣʝʣʝʥʫ 

ɽ4  ́ʙʝʨʽʣʛʝʥ ʥװʢʪʝʜʝ ʦʨʥʘʣʘʩץʘʥ, ʨʘʜʠʫʩʳ ᴇʪʝ ʢʽʰʽ ʩʬʝʨʘʥʳש ʩʳʨʪץʳ ʙʝʪʽʥʽש 

ʦʨʪʘhʘ ʩᴅʫʣʝʣʝʥʫʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [111]: 
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E d

p

p w= Bñ
     

(2.43) 

 

ʉᴅʫʣʝʣʽʢ ʵʥʝʨʛʠʷʥʳש ʢᴇʣʝʤʜʽʢ ʪʳסʳʟʜʳסʳ ɤ4  ́ʜʝʧ ʢᴇʣʝʤ ʥᴇʣʛʝ ײʤʪʳʣסʘʥ 

ʞʘסʜʘʡʜʘ, ʩᴅʫʣʝʣʝʥʫ ʵʥʝʨʛʠʷʩʳʥʳש W ʰʘʤʘʩʳʥʳש, ʦʥʳ ץʘʤʪʠʪʳʥ ʢᴇʣʝʤʛʝ 

 :ʩʽʥʝʤʽʟװʰʝʛʽʥ ʪ שʘʪʳʥʘʩʳʥʳץ

 
2

4

0

1dx
d

dv c

p

pw w= = Bñ       (2.44) 

 

ʤײʥʜʘ dx ï ʵʣʝʤʝʥʪʘʨ ʢᴇʣʝʤ; 

ʩ ï ʞʘʨʳץ ʞʳʣʜʘʤʜʳסʳ. 

ʀʟʦʪʨʦʧʪʳ ʦʨʪʘʜʘ Eʢ, ɽ4  ́ʞᴅʥʝ ɤ4  ́ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ 

ʢʝʣʝʩʽʜʝʡ ʙʦʣʘʜʳ: 

 

ɽʧ= 4ɽ4  ́= ʩɤ4  ́       (2.45) 

 

ɹײʣ ʰʘʤʘʣʘʨʜʳש ʙʽʨ-ʙʽʨʽʥʝʥ ʪʝʢ ʪײʨʘץʪʳ ʢʦʵʬʬʠʮʠʝʥʪʧʝʥ סʘʥʘ 

ʝʨʝʢʰʝʣʝʥʝʪʽʥʽʥʝ ץʘʨʘʤʘʩʪʘʥ, ʩᴅʫʣʝʣʝʥʫ ᴇʨʽʩʽʥʽש ʥʝʛʽʟʛʽ ʥװʢʪʝʣʽʢ ʬʫʥʢʮʠʷʩʳ 

ʨʝʪʽʥʜʝ ʢʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫʜʽ ʪʘשʜʘʫ ץʘʞʝʪ. ɹײʣ ʢʝʣʝʩʽ ʩʝʙʝʧʪʝʨʤʝʥ 

ʥʝʛʽʟʜʝʣʛʝʥ: 

ï ʦʨʪʘʰʘ ʩʬʝʨʘʣʳץ ʩᴅʫʣʝʣʝʥʫ (ɽ4 )́ ʪʝʢ ʝʩʝʧʪʝʫʣʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ סײʳʤ 

ʙʦʣʩʘ, ʘʣ ʢʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫ ʪʘʙʠסʘʪʪʘ ʰʳʥʘʡʳ ʙʘʨ ʞᴅʥʝ ʙʝʨʽʣʛʝʥ ʥװʢʪʝʜʝ 

ʢʝשʽʩʪʽʢʪʽש ʩᴅʫʣʝʣʝʥʫ (ɽʢ) ʵʥʝʨʛʠʷʩʳʤʝʥ ʞʘʣʧʳ ץʘʥʳץʪʳʣʳסʳʥ ʩʠʧʘʪʪʘʡʜʳ; 

ï ʢʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫʜʽ ʪʽʢʝʣʝʡ ᴇʣʰʝʫʛʝ ʙʦʣʘʜʳ. ʌʦʪʦʤʝʪʨʠʷʣʳץ 

ʰʘʨʜʘסʳ ץʘʙʳʣʜʘסʳʰʪʘʨʜʳש ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʝʨʽ ʜᴅʣ ʦʩʳסʘʥ ʞʘʫʘʧ ʙʝʨʝʜʽ; 
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ï ʢʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫ ʰʘʤʘʩʳ ʰʘʰʳʨʘʪʘʪʳʥ ʦʨʪʘʥʳש 

ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ ᴇʨʥʝʢʪʝʨʜʽײץ שʨʘʤʳʥʘ 

ʢʽʨʝʜʽ; 

ï ʩᴅʫʣʝʣʽʢ ʵʥʝʨʛʠʷʥʳש ʢᴇʣʝʤʜʽʢ ʪʳסʳʟʜʳסʳʥ ץʦʣʜʘʥʫסʘ ʳסשʘʡʩʳʟ, 

ᴇʡʪʢʝʥʽ ʦʣ ʞʘʨʳץ ʞʳʣʜʘʤʜʳסʳʥʳװ שʣʢʝʥʜʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ᴇʪʝ ʢʽʰʽ ʩʘʥʜʘʨʤʝʥ 

ᴇʨʥʝʢʪʝʣʝʜʽ. 

ɾʘʨʪʳʣʘʡ ʩʬʝʨʘʣʳץ ʩᴅʫʣʝʣʝʥʫ ʜʝʧ ʞײʪʳʣʘʪʳʥ ʞᴅʥʝ ץʘʨʘʩʪʳʨʳʣʘʪʳʥ 

ʦʨʪʘ ʵʣʝʤʝʥʪʽ ʰʳסʘʨʘʪʳʥ, 2  ́ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʣʳץ ʜʝʥʝʣʽʢ ʙײʨʳʰ  ʰʝʛʽʥʜʝ 

ᴅʨʪװʨʣʽ ʙʘסʳʪʪʘʨʜʘ ʪʘʨʘʣʘʪʳʥ ʩᴅʫʣʝʣʝʥʫ ʘʪʘʣʘʜʳ, ʘʣ ʢᴇʣʝʤʜʽʢ ʜʝʧ 4  ́ʩʬʝʨʘʣʳץ 

ʜʝʥʝʣʽʢ ʙײʨʳʰ ʰʝʛʽʥʜʝ ᴅʨʪװʨʣʽ ʙʘסʳʪʪʘʨʜʘ ʪʘʨʘʣʘʪʳʥ ʩᴅʫʣʝʣʝʥʫ ʘʪʘʣʘʜʳ. 

ʂʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫ ʨʝʪʽʥʜʝ ʞײʪʳʣʘʪʳʥ ʞᴅʥʝ ʰʘʰʳʨʘʪʘʪʳʥ ʦʨʪʘʥʳש 

ʵʣʝʤʝʥʪʽʥʝ ᴇʪʝʪʽʥ 4  ́ʩʬʝʨʘʣʳץ ʙײʨʳʰ ʰʝʛʽʥʜʝʛʽ ʩᴅʫʣʝʣʝʥʫʜʽ ʪװʩʽʥʝʤʽʟ. 

ʂʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫʛʝ ץײʩʘʩ, ʞʘʨʪʳʢʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫ סײʳʤʳʥ 

ʝʥʛʽʟʝʤʽʟ, ʦʥʳ ʩʽשʽʨʝʪʽʥ ʞᴅʥʝ ʰʘʰʳʨʘʪʘʪʳʥ ʦʨʪʘʥʳש ʵʣʝʤʝʥʪʽʥʝ ʢʝʣʝʪʽʥ 2  ́

ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʣʳץ ʜʝʥʝʣʽʢ  ʙײʨʳʰ ʰʝʛʽʥʜʝ ʩᴅʫʣʝʣʝʥʫ ʨʝʪʽʥʜʝ ʘʥʳץʪʘʡʤʳʟ. 

ʂʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫʛʝ ץײʩʘʩ, ʞʘʨʪʳʣʘʡ ʢʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫ סײʳʤʳʥ 

ʝʥʛʽʟʝʤʽʟ, ʦʥʳ ʞײʪʳʣʘʪʳʥ ʞᴅʥʝ ʰʘʰʳʨʘʪʘʪʳʥ ʦʨʪʘʥʳש ʵʣʝʤʝʥʪʽʥʝ ʢʝʣʝʪʽʥ 2 ́

ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʣʳץ ʜʝʥʝʣʽʢ  ʙײʨʳʰ ʽʰʽʥʜʝ ʩᴅʫʣʝʣʝʥʫ ʨʝʪʽʥʜʝ ʘʥʳץʪʘʡʤʳʟ. 

ʅװʢʪʝʥʽש ʞʘʨʪʳʣʘʡ ʢʝשʽʩʪʽʢʪʽʢ  ʩᴅʫʣʝʣʝʥʫʽ ʞʢE  ʜʝʧ, ʙʝʨʽʣʛʝʥ ʥװʢʪʝʜʝ 

ʮʝʥʪʨʽʤʝʥ ʝװ שʣʢʝʥ ץʠʤʘʩʳ ʙʽʨʣʽʢ ʘʫʜʘʥסʘ ʪʝש ʞʘʨʪʳʣʘʡ ʩʬʝʨʘ ʘʨץʳʣʳ 2 ́

ʜʝʥʝʣʽʢ ʙײʨʳʰ ʰʝʛʽʥʜʝ ᴇʪʝʪʽʥ ʩᴅʫʣʝʣʽʢ ʘסʳʥʜʳ ʘʡʪʘʤʳʟ: 

 
2

0

ʞʢE d

p

w= Bñ .     (2.46) 

 

ɾʘʨʪʳʣʘʡ ʢʝשʽʩʪʽʢʪʽʢ ʞᴅʥʝ ץʘʣʳʧʪʳ ʩᴅʫʣʝʣʝʥʫʣʝʨʜʽש ʘʨʘʩʳʥʜʘסʳ ץʘʪʳʥʘʩ 

ʢʝʣʝʩʽ ʪװʨʛʝ ʠʝ: 

 
2

1
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ʞʢE d

p

= B Eñ ,     (2.47) 

 

ʜʝʤʝʢ ʞʘʨʪʳʣʘʡ ʢʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫ 2  ́ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʣʳץ ʜʝʥʝʣʽʢ ʙײʨʳʰʳ 

ʰʝʛʽʥʜʝ ᴇʣʰʝʥʛʝʥ ʢʝשʽʩʪʽʢʪʽש ʙʝʨʽʣʛʝʥ ʥװʢʪʝʩʽʥʜʝʛʽ ץʘʣʳʧʪʳ ʩᴅʫʣʝʣʝʥʫʣʝʨʜʽש 

 .ʝʢʝʥʜʽʛʽ ʢᴇʨʽʥʝʜʽ שʦʩʳʥʜʳʩʳʥʘ ʪʝץ

ɹʝʨʽʣʛʝʥ ʥװʢʪʝʜʝ ʦʨʥʘʣʘʩץʘʥ, ʨʘʜʠʫʩʪʳ ʢʽʰʽ ʩʬʝʨʘ ʙʝʪʽʥʽש ʦʨʪʘʰʘ 

ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʣʳץ ʩᴅʫʣʝʣʝʥʫʽ: 
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1
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ɽ ɺd

p

p w= ñ .     (2.48) 

       

 

ɾʘʨʪʳʣʘʡ ʢʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʽʢ ʵʥʝʨʛʠʷʥʳש ʪʳסʳʟʜʳסʳ ɤ2  ́ʜʝʧ ʢᴇʣʝʤ 

ʥᴇʣʛʝ ײʤʪʳʣסʘʥ ʞʘסʜʘʡʜʘ, ʞʘʨʪʣrʘʡ ʩʬʝʨʘסʘ ʢʝʣʝʪʽʥ ʩᴅʫʣʝʣʝʥʫ ʵʥʝʨʛʠʷʩʳʥʳש 

W ʰʘʤʘʩʳʥʳש, ʦʩʳ ʵʥʝʨʛʠʷʥʳ ץʘʤʪʠʪʳʥ ʢᴇʣʝʤʛʝ ץʘʪʳʥʘʩʳʥʳש ʰʝʛʽ 
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2

2
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1dW
Bd

dV C

p

pw w= = ñ .     (2.49) 

 

ʞʢE , ɽ2  ́ʞᴅʥʝ ɤ2  ́ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʘʨʘʩʳʥʜʘסʳ ץʘʪʳʥʘʩ: 

 

2 22ʞʢɽ ɽ cp pw= = .              (2.50) 

 

ɾʘʨʪʳʣʘʡ ʢʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫʜʽש ʤʘשʳʟʜʳ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʽ 

ʞʝʨʛʽʣʽʢʪʽ ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʣʳץ ʩᴅʫʣʝʣʝʥʫ ɽ(ű,ɛ,t) ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣ 

ʞʘʨʪʳʣʘʡ ʩʬʝʨʘ ʙʝʪʽʥʝ ʪװʩʝʪʽʥ ʩᴅʫʣʝʣʝʥʫ ʘסʳʥʳ ʪʳסʳʟʜʳסʳʥʳש ʞʝʨʛʽʣʽʢʪʽ 

ʤᴅʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ɾʝʨʛʽʣʽʢʪʽ ʞʘʨʪʣrʘʡ ʩʬʝʨʘʣʳץ ʩᴅʫʣʝʣʝʥʫ ɽ(ű,ɛ,t) ʞᴅʥʝ dt ʫʘץʳʪʳʥʜʘ dS 

ʘʫʜʘʥʳʥʘ ʪװʩʢʝʥ ʩᴅʫʣʝʣʝʥʫ ʵʥʝʨʛʠʷʩʳʥʳש dW ʤᴇʣʰʝʨʽ ʘʨʘʩʳʥʜʘסʳ ץʘʪʳʥʘʩ 

ʢʝʣʝʩʽ ᴇʨʥʝʢʧʝʥ ʩʠʧʘʪʪʘʣʘʜʳ: 

 

   
( ), ,

dW
ɽ t

dSdt
j m = .    (2.51) 

 

ʆʥʜʘ 

 

 2 2sindS Rd rd R d dd R d du j J J j m j= = =   (2.52) 

 

ʤײʥʜʘ J ʞᴅʥʝ j  ʘʟʠʤʫʪʪʳץ ʞᴅʥʝ ʦʨʙʠʪʘʣʳץ ʙײʨʳʰ; 

R ï ʞʘʨʪʳʣʘʡ ʩʬʝʨʘ ʨʘʜʠʫʩ;r 

r ï ץʠʤʘʥʳש ʨʘʜʠʫʩ;r 

(0 1)ʩosm J m= ¢ ¢.  

ɼʝʤʝʢ:  

 

   ( )
2

, ,
dW

ɽ t
R d d dt

j m
m j

=    (2.53) 

 

ʆʩʳʜʘʥ ʞʘʨʪʳʣʘʡ ʢʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫʜʽש ʞʢW  t ʫʘץʳʪ ʽʰʽʥʜʝ ʞʘʨʪʳʣʘʡ 

ʩʬʝʨʘסʘ ʪװʩʢʝʥ ʪʦʣʳץ ʵʥʝʨʛʠʷʩʳ װʰʽʥ ʢʝʣʝʩʽ ᴇʨʥʝʢʪʽ ʘʣʘʤʳʟ: 

 

( )
2 1

2

0 0 0

, ,
t

ʞʢW R E t t
p

kj m j m= ñ ññ µ µ µ
                    

(2.54) 

 

ɾʝʨʛʽʣʽʢʪʽ ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʣʳץ ʩᴅʫʣʝʣʝʥʫʜʽש ᴇʨʥʝʛʽʥ ʪʠʽʩʪʽ 

ʘʡʥʳʤʘʣʳʣʘʨסʘ ʪᴅʫʝʣʜʽ ʬʫʥʢʮʠʷʣʘʨʜʳש ʢᴇʙʝʡʪʽʥʜʽʩʽ ʪװʨʽʥʜʝ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ 

ʜʝʧ ʙʦʣʞʘʡʳץ: 

 

( ) () ()()0, ,ɽ t ɽʌ ʄ F tj m j m=
             

(2.55) 
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ʤײʥʜʘ ɽ0 ï ʞʝʨʛʽʣʽʢʪʽ ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʣʳץ ʩᴅʫʣʝʣʝʥʫʜʽש ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥʽ;  

ʌ(ű), M(ɛ) ʞᴅʥʝ F(t) ï [0...1] ʠʥʪʝʨʚʘʣʳʥʜʘ ᴇʟʛʝʨʝʪʽʥ ʪʠʽʩʪʽ 

ʘʡʥʳʤʘʣʳʣʘʨʜʳש  ᴇʣʰʝʤʩʽʟ ʬʫʥʢʮʠʷʣʘʨʳ. 

ʆʥʜʘ ʦʨʪʘʰʘ ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʣʳץ ʞᴅʥʝ ʞʘʨʪʳʣʘʡ ʢʝשʽʩʪʽʢʪʽʢ 

ʩᴅʫʣʝʣʝʥʫʣʝʨʜʽ ʢʝʣʝʩʽ ʪװʨʜʝ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ: 

 

() ()
02 2ɽ t E F tp p=

    
(2.56) 

 

() ()
0ʞʢ ʞʢE t E F t=

    
(2.57) 

        

ʤײʥʜʘ 
02ɽp  ʞᴅʥʝ 

0ʞʢɽ   ʦʩʳ ʬʫʥʢʮʠʷʣʘʨʜʳש ʤʘʢʩʠʤʘʣ ʤᴅʥʜʝʨʽ. 

ɾʘʨʪʳʣʘʡ ʢʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫʜʽש ʪʦʣʳץ ʵʥʝʨʛʠʷʩʳ ʞʢW  ʤʝʥ ʦʨʪʘʰʘ 

ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʣʳץ ʩᴅʫʣʝʣʝʥʫ 
2ɽpʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ ʤʳʥʘ ץʘʪʳʥʘʩ ʘʨץʳʣʳ 

ʙʝʨʽʣʝʜʽ: 

 

()2

2

0

2

t

ʞʢW R Epp t t= µñ .   (2.58) 

 

(2.55)-ʜʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, (2.54) ᴇʨʥʝʛʽʥʝʥ Wʞʢ ʤᴅʥʽʥ ʦʩʳ ᴇʨʥʝʢʢʝ ץʦʶ 

ʘʨץʳʣʳ, ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥʜʝʨ ʤʝʥ ʞʝʨʛʽʣʽʢʪʽ ʞʘʨʪʣrʘʡ ʩʬʝʨʘʣʳץ ʩᴅʫʣʝʣʝʥʫ 

ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ ʬʦʨʤʫʣʘʩʳʥ ʘʣʘʤʳʟ: 

 

0

2 1

0

2

0

( ) ( )
2

d d

p

p j m j m
p

µ

E
E = F Mññ    (2.59) 

 

ʊװʩʢʝʥ ʩᴅʫʣʝʣʝʥʫ ʢᴇʟʽʥʽש ʤʘשʳʟʜʳ ʧʘʨʘʤʝʪʨʽ ʨʝʪʽʥʜʝ ʞʝʨʛʽʣʽʢʪʽ ʞʘʨʪʳʣʘʡ 

ʩʬʝʨʘʣʳץ ʩᴅʫʣʝʣʝʥʫ ɽ(ű,ɛ,t) ץʘʨʘʩʪʳʨʳʣʘʜʳ, ʦʣ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽש 

ʩᴅʫʣʝʣʝʥʝʪʽʥ ʙʝʪʽʥʽש ʙʝʣʛʽʣʽ ʙʽʨ ʥװʢʪʝʩʽʥʜʝʛʽ ʪװʩʝʪʽʥ ʩᴅʫʣʝʣʝʥʫ ʪʳסʳʟʜʳסʳʥʳש 

ʞʝʨʛʽʣʽʢʪʽ ʤᴅʥʽʥ ʙʽʣʜʽʨʝʜʽ ʞᴅʥʝ (2.55) ᴇʨʥʝʛʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ɾʝʨʛʽʣʽʢʪʽ 

ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʣʳץ ʩᴅʫʣʝʣʝʥʫʜʽש ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥʽ ɽ0 ʩʬʝʨʘ, ʞʘʨʪʳʣʘʡ ʩʬʝʨʘ, 

ʩʬʝʨʘʣʳץ ʘʡʤʘץ ʥʝʤʝʩʝ ʩʬʝʨʘʣʳץ ʩʝʛʤʝʥʪʪʽץ שʠʩʳץ ʙʝʪʽ ʪװʨʽʥʜʝ ʙʦʣʘʜʳ. 

ʊʝʨʤʦʵʣʝʢʪʨʣʽʢ ʩᴅʫʣʝ ץʘʙʳʣʜʘסʳʰʳʥʳש ʩᴅʫʣʝʣʝʥʜʽʨʫ ʞᴅʥʝ ʵʣʝʢʪʨ 

ʪʦʛʳʤʝʥ ʢʘʣʠʙʨʣʝʫ ʢʝʟʽʥʜʝʛʽ ʨʝʘʢʮʠʷʩʳʥ 0( , , ) ( ) ( ) ( )n n nE t E M F tj m j m= F  ʞᴅʥʝ 

( , ) ( ) ( )

0

Q r t A r H t J q
ʵ ʵ Iʵ Iʵ IIʵ IIʵ

y y
u

=  ᴇʨʥʝʢʪʝʨʽ ʥʝʛʽʟʽʥʜʝ, () ()0c IcU t CH t E=  ʞᴅʥʝ 

() ()0ʕ Iʕ

A
U t CH t q

h
=  ᴇʨʥʝʢʪʝʨʽʥʝ ץײʩʘʩ ʢʝʣʝʩʽ ʪװʨʜʝ ʞʘʟʫסʘ ʙʦʣʘʜʳ: 

 

0c Ic Ic IIc IcU CH I E= Y Y     (2.60) 

 

0I I II II

A
U CH I q

h
' ' ' ' '= Y Y     (2.61) 
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ʤײʥʜʘ ʉ  ʧʨʦʧʦʨʮʠʦʥʘʣʜʳץ ʢʦʵʬʬʠʮʠʝʥʪ;  

ɸ ï ʢʘʣʠʙʨʣʝʫ ʢʝʟʽʥʜʝ ʩᴅʫʣʝʣʝʥʫʜʽ ʵʣʝʢʪʨ ʪʦʛʳʤʝʥ ʘʣʤʘʩʪʳʨʫʜʳש 

ʵʢʚʠʚʘʣʝʥʪʩʽʟʜʽʛʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʢʦʵʬʬʠʮʠʝʥʪ, 
)( 12

0

0

0

0
RRq

E

qq

E
A

-
==

u

hh
;  

h  ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽץ שʘʨʘʤʝʥ ʞʘʙʳʣסʘʥ ʙʝʪʽʥʽש  ʞײʪʳʣʫ 

ʢʦʵʬʬʠʮʠʝʥʪʽ; 

0q   ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽ ʵʣʝʢʪʨ ʪʦʛʳʤʝʥ ץʳʟʜʳʨʫ ʢʝʟʽʥʜʝʛʽ ʵʢʚʠʚʘʣʝʥʪʪʽ 

ʞʳʣʫ ʘסʳʥʳʥʳש ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥʽ, ʩᴅʫʣʝʣʝʥʫʜʽש ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥʜʝʨʽʥ 

0E ʩʘʣʳʩʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʝʥʛʽʟʽʣʛʝʥ; çʉè ʞᴅʥʝ çʕè ʠʥʜʝʢʩʪʝʨʽ, ʙʝʨʽʣʛʝʥ 

ʰʘʤʘʥʳש ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽש ʢʘʣʠʙʨʣʝʫ ʢʝʟʽʥʜʝʛʽ ʩᴅʫʣʝʣʝʥʫʤʝʥ ʥʝʤʝʩʝ ʵʣʝʢʪʨ 

ʪʦʛʳʤʝʥ ץʳʟʜʳʨʳʣʫʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʽʥ ʙʽʣʜʽʨʝʜʽ. 

ɹײʣ ᴇʨʥʝʢʪʝʨʜʽץ שʘʪʳʥʘʩʳʥʘʥ ʞʝʨʛʽʣʽʢʪʽ ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʣʳץ 

ʩᴅʫʣʝʣʝʥʫʜʽש ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥʽ װʰʽʥ ʢʝʣʝʩʽ (2.62) ʬʦʨʤʫʣʘʥʳ ʘʣʘʤʳʟ: 

 

0 0

I I II II c

Ic Ic IIc Ic ʕ

AH I U
E q

H I Uh
' ' ' 'Y Y

=
Y Y

                                      (2.62) 

 

ʉʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽש ʢᴇʣʝʤʽ ʙʦʡʳʥʰʘ ʽʰʢʽ ʢᴇʟʜʝʨʜʽש ʪʘʨʘʣʫʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ, (2.62) ᴇʨʥʝʛʽʥʽש ʞʝʢʝ ʞʘסʜʘʡʣʘʨʳʥ ץʘʨʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ. 

ɽʛʝʨ ʽʰʢʽ ʢᴇʟʜʝʨʜʽש ʪʘʨʘʣʫʳ ű, ɛ ʞᴅʥʝ r-ʛʝ ʪᴅʫʝʣʩʽʟ ʙʦʣʩʘ, ʙײʣ ʪʳסʳʟ 

ʦʨʘʣסʘʥ ʩʧʠʨʘʣʴ ʞʘסʜʘʡʳʥʜʘ ʦʨʳʥ ʘʣʫʳ ʳץʪʠʤʘʣ, ʦʥʜʘ Ɋɻ(ű)=ɯ,  ʄ (ɻɛ)=I ʞᴅʥʝ 

F(r)=I ʰʘʨʪʪʘʨʳ ʦʨʳʥʜʘʣʘʜʳ. ʆʥʜʘ ʙʽʨʽʥʰʽ ʞᴅʥʝ ʝʢʽʥʰʽ ʙײʨʳʰʪʳץ 

ʠʥʪʝʛʨʘʣʜʘʨ, ʩʦʥʜʘʡ-ʘץ ʝʢʽʥʰʽ ʨʘʜʠʘʣʜʳ ʠʥʪʝʛʨʘʣ ʙʽʨʜʝʡ ʤᴅʥʛʝ ʠʝ ʙʦʣʘʜʳ: 

 

ɣȽɻ=2 ;́ ɣȽI =ɻɛ2 ï ɛ1; ȽȽɻ=ȽȽʩ    (2.63) 

 

ɯʰʢʽ ʢᴇʟʜʝʨʜʝʥ ʪʫʳʥʜʘʡʪʳʥ ʞʳʣʫ ʘסʳʥʳʥʳש ʙʝʪʪʽʢ ʪʳסʳʟʜʳסʳʥʳש 

ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥʽʥ ʤʳʥʘ ʪװʨʜʝ ʞʘʟʫסʘ ʙʦʣʘʜʳ: 

 
2 2

0 2

2

R R
q

S R

I I
= =

W
     (2.64) 

 

ʤײʥʜʘ S=ɋR2

2   ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽש ʢʘʣʠʙʨʣʝʥʝʪʽʥ ʙʝʪʽʥʽש ʘʫʜʘʥʳ; 

ɋ ï ʦʥʳש ʙײʨʳʰʪʳץ ᴇʣʰʝʤʜʝʨʽ;  

I ï ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽ ʵʣʝʢʪʨ ʪʦʛʳʤʝʥ ʢʘʣʠʙʨʣʝʫ ʢʝʟʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ 

 ʨʘʜʠʫʩʳ (R2-R1)¢R2 שʰʘʤʘʩʳ. ʂʘʣʠʙʨʣʝʥʛʝʥ ʦʨʘʤʥʳ שʫʘʪ ʙʝʨʫ ʪʦʛʳʥʳץ

ʘʨʘʣʳסʳʥʜʘ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽש ʩʳʨʪץʳ ʨʘʜʠʫʩʳʥʘ R2 ʪʝש ʜʝʧ ʝʩʧʪʝʡʤʽʟ, 

ʤײʥʜʘסʳ R1 ï ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽש ʽʰʢʽ ʨʘʜʠʫʩʳ. 

(2.63) ʞᴅʥʝ (2.64) ᴇʨʥʝʢʪʝʨʽʥʜʝʛʽ ɣIʵ, ɣIIʵ  ʞᴅʥʝ IIʵ ʤᴅʥʜʝʨʽʥ (2.62) ᴇʨʥʝʢʢʝ 

 :ʦʡʳʧ, ʢʝʣʝʩʽʥʽ ʘʣʘʤʳʟץ

 

2 1

0 1 2

( ) I

Ic Ic IIc

H
E b b

H

m m '-
=

Y Y
            (2.65) 
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ʤײʥʜʘ 

 

1 2

2

2 AR
b

R

p

h
=
W

           (2.66) 

 
2

2

I
b

U'
=                   (2.67) 

 

ʂʘʣʠʙʨʣʝʥʛʝʥ ʵʣʝʢʪʨʣʽʢ ʠʤʧʫʣʴʩʽʥʽײ שʟʘץʪʳסʳ ʤʝʥ ʧʽʰʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

(2.62) ʞᴅʥʝ (2.65) ᴇʨʥʝʢʪʝʨʽʥ ʦʜʘʥ ʘʨʳ ʞʝשʽʣʜʝʪʫʛʝ ʙʦʣʘʜʳ. ɽʛʝʨ ʢʘʣʠʙʨʣʝʫ  

()
îí

î
ì
ë

<<+-

+-¢¢-
=

NtN

NtN
tF

ʀ

H

0

)1(,0

)1()1(,1

0

00

ttt

ttt
 ᴇʨʥʝʛʽʤʝʥ ʩʠʧʘʪʪʘʣʘʪʳʥ ʞʝʢʝ ʪʽʢ ʙײʨʳʰʪʳ 

ʠʤʧʫʣʴʩʧʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʩʘ, ʦʥʜʘ ץʘʙʳʣʜʘסʳʰʪʳש ʤʘʢʩʠʤʘʣʜʳ ʨʝʘʢʮʠʷʩʳʥʘ 

ʥʝʛʽʟʜʝʣʽʧ, ( )01 CN t t- +ʫʘץʳʪ ʤʝʟʝʪʽʥʜʝ ʘʥʳץʪʘʣʘʪʳʥ ʞᴅʥʝ 
*

* *

*

1 exp( )
( , , ) 1 exp( )

1 exp(

H

I ʀ H

H

Q N QN
Q

t
t t t

t

è ø- -
è øH = - -é ùê ú- -ê ú

 ʪװʨʽʥʜʝʛʽ ʫʘץʳʪ ʠʥʪʝʛʨʘʣʤʝʥ 

ʩʠʧʘʪʪʘʣʘʪʳʥ ʙʽʨʽʥʰʽ ʫʘץʳʪʪʳץ ʠʥʪʝʛʨʘʣʜʳש ʤᴅʥʽʥ ʪʘʙʫסʘ ʙʦʣʘʜʳ 

 

( )*1 expIʕ CʕH t tè ø= - -
ê ú                                             

(2.68) 

 

ʤײʥʜʘ N ï ʠʤʧʫʣʴʩʪʽש ʩʘʥʳ;  

Q ï ʠʤʧʫʣʴʩ ʧʨʦʮʝʩʽʥʽץ שʫʳʩʪʳʣʳסʳ;  
*

Ct   ʢʝʣʪʽʨʽʣʛʝʥ ʠʤʧʫʣʴʩ ײʟʘץʪʳסʳ; 

Ű  ײץʨʳʣסʳʥʳש ʫʘץʳʪ ʪײʨʘץʪʳʣʳסʳ. 
* 1Cʕt =  ʥʝʤʝʩʝ *

Cʕt ¤ʢʘʣʠʙʨʣʝʥʛʝʥ ʠʤʧʫʣʴʩ ײʟʘץʪʳסʳʥʜʘ (2.68) ᴇʨʥʝʛʽ 

ʩᴅʡʢʝʩʽʥʰʝ 0,63IʕH t=  ʥʝʤʝʩʝ * ;Cʕ Iʕt t¤ H = ʪװʨʛʝ ʠʝ ʙʦʣʘʜʳ. 

ʆʩʴʢʝ ʩʠʤʤʝʪʨʠʷʣʳ ʩᴅʫʣʝʣʽʢ ʘסʳʥʳ װʰʽʥ:( ) 1C jF =. ʆʥʜʘ ʙʽʨʽʥʰʽ 

ʙײʨʳʰʪʳץ ʠʥʪʝʛʨʘʣ  

 

2ICy p=                    (2.69) 

 

ʪʝש. 

ɽʛʝʨ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽש ʙʝʪʽʥʝ ʩᴅʫʣʝʣʽʢ ʘסʳʥ ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʩʘ, ʦʥʜʘ ʙʽʨ 

ʤʝʟʛʽʣʜʝ ʢʝʣʝʩʽ ʰʘʨʪʪʘʨ ʦʨʳʥʜʘʣʘʜʳ: 

 

() 1C jF =  ʞᴅʥʝ ( ) 1Cʄ m=  

 

ʆʥʜʘ: 

 

2ICy p= ;  12IH m-m=y                                        (2.70) 
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ɽʛʝʨ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪ ʧʝʥ ʢʘʣʠʙʨʣʝʫ ʦʨʘʤʘʩʳ ʙʽʨʽʢʪʽʨʽʣʽʧ, ʞʘʨʪʳʣʘʡ 

ʩʬʝʨʘʣʳץ ʧʽʰʽʥʜʝ ʞʘʩʘʣʩʘ, ʦʥʜʘ: 

 

p=W=m=m 2;1;0 21  (2.71) 

 

ʆʥʜʘ:        

 

1IIʕ IICy y= =    (2.72) 

 

(2.54), (2.55) ʞᴅʥʝ (2.62) ᴇʨʥʝʢʪʝʨʽʥʽש ʥʝʛʽʟʽʥʜʝ ʝʩʝʧʪʝʣʛʝʥ ʞʘʨʪʳʣʘʡ 

ʢʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫʜʽש ʞʠʳʥʪʳץ ʵʥʝʨʛʠʷʩʳ ʤʳʥʘסʘʥ ʪʝש: 
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(2.73) 

 

ʥʝʤʝʩʝ (2.63) ʰʘʨʪʳ ʦʨʳʥʜʘʣסʘʥʜʘ: 

 

ʕ ʵ

2 3

I II

ʞʢ ʉ

Iʉ

H H
W b b U

H
=

                
(2.74) 

 

ʤײʥʜʘ  
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(2.75) 

 

(2.58) ᴇʨʥʝʛʽʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʦʨʪʘʰʘ ʞʘʨʪʳʣʘʡ ʩʬʝʨʘʣʳץ 

ʩᴅʫʣʝʣʝʥʫʜʽש ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥʽʥ ʘʥʳץʪʘʫ װʰʽʥ ץʘʞʝʪʪʽ ʞײʤʳʩ (2.76) 

ʬʦʨʤʫʣʘʩʳʥ ʘʣʘʤʳʟ: 
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ʥʝʤʝʩʝ (2.63) ʰʘʨʪʳ ʦʨʳʥʜʘʣסʘʥʜʘ: 
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(2.77) 

 

(2.50), (2.57) ʞᴅʥʝ (2.76) ᴇʨʥʝʢʪʝʨʽʥʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʞʘʨʪʳʣʘʡ 

ʢʝשʽʩʪʽʢʪʽʢ ʩᴅʫʣʝʣʝʥʫʜʽש ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʞײʤʳʩ (2.78) 

ʬʦʨʤʫʣʘʩʳʥ ʘʣʘʤʳʟ: 
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ʥʝʤʝʩʝ (2.63) ʰʘʨʪʳ ʦʨʳʥʜʘʣסʘʥʜʘ: 
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(2.79) 

 

 ,ʪʘʨʳʥץʰʦ ץʳʰʪʘʨ ʤʝʥ ᴅʜʽʩʪʝʨʜʽ ɻʘʫʩʩ ʞʘʨʳסʘʙʳʣʜʘץ ʘʥסʩʳʥʳʣױ

ʤʳʩʘʣʳ, ʦʧʪʠʢʘʣʳץ ʢʚʘʥʪʪʳץ ʛʝʥʝʨʘʪʦʨʣʘʨʜʳש ʪʘʨ ʩᴅʫʣʝʣʝʥʫ ʰʦץʪʘʨʳʥ 

ᴇʣʰʝʫʛʝ ץʦʣʜʘʥʫ ץʳʟʳסʫʰʳʣʳץ ʪʫʜʳʨʘʜʳ. 

ɻʘʫʩʩ ʩᴅʫʣʝʣʝʥʫ ʰʦסʳʥʳש ʞʘʟʳץ ʙʝʪʽʥʜʝʛʽ ʪʘʨʘʣʫʳ ʤʳʥʘ ᴇʨʥʝʢ ʘʨץʳʣʳ 

ʩʠʧʘʪʪʘʣʘʜʳ: 
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(2.80) 

 

ʤײʥʜʘ r0  ʦhץʪʳש ʮʝʥʪʨʽʥʝʥ ʙʝʪʪʽץ שʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨסʘʥ ʥװʢʪʝʩʽʥʝ ʜʝʡʽʥʛʽ 

ʨʘʜʠʫʩ-ʚʝʢʪʦʨ;  

r  ʮʝʥʪʨʜʽʛʽ ʩᴅʫʣʝʣʝʥʫʜʝʥ e ʝʩʝ ʢʝʤ ʩᴅʫʣʝʣʝʥʫ ʤᴅʥʽ ʙʘʡץʘʣʘʪʳʥ ʥװʢʪʝʛʝ 

ʜʝʡʽʥʛʽ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ. 

ɽʛʝʨ ʩʝʟʛʽʰ ʵʣʝʤʝʥʪʪʽש ʩᴅʫʣʝʣʝʥʝʪʽʥ ʙʝʪʽ ʞʘʨʪʳʣʘʡ ʩʬʝʨʘ ʧʽʰʽʥʜʽ ʙʦʣʩʘ, 

ʦʥʜʘ: 
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ʷסʥʠ 2sin 1r R Rn m= = - , ʤײʥʜʘסʳ R ï ʩᴅʫʣʝʣʝʥʝʪʽʥ ʙʝʪʪʽש ʨʘʜʠʫʩʳ, cosm n= , n - 

ʘʟʠʤʫʪʪʳץ ʙײʨʳʰ.  

ɹײʣ ʞʘסʜʘʡʜʘסʳ ʢʝʟ ʢʝʣʛʝʥ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʜʽ ᴇʣʰʝʫ ʝʨʝʢʰʝʣʽʛʽ 
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ʘʥʳץʪʘʫסʘ ʙʘʡʣʘʥʳʩʪʳ. (2.81) ᴇʨʥʝʛʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ 

 

( )2 2

2

0

1
( ) exp

R
M

r

m
m

è ø-
é ù= -
é ùê ú

                                             (2.82) 

 

ʦʥʜʘ   

 

( )

2
2

2
0 00

1
exp( )

2 1

K

IC

K

R R

K K rr
y

¤

=

å õ
= - æ ö

+ ç ÷
ä

                                    

(2.83) 

 

ɽʛʝʨ ץʘʪʘʨ n ʤװʰʝʤʝʥ ʰʝʢʪʝʣʩʝ, ʦʥʜʘ: 
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 :שʘʥ ʪʝסʰʝʩʽ ʤʳʥʘװʤ ץʘʣʜʳץ שʘʪʘʨʜʳפ
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ʤײʥʜʘ 0Ò ɝÒ1. 

  ʘʪʝʣʽʛʽפ
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(2.86) 

 

ʰʘʤʘʩʳʥʘ ʪʝש. 

 ʩʘʥʳ ʤʝʥ ʰʘʤʘʩʳ שʰʝʣʝʨʽʥʽװʘʥ ʤסʝʩʝʧʢʝ ʘʣʳʥ שʘʪʘʨʜʳפ
0

R
r
ʘʨʪץʘʥ 

ʩʘʡʳʥ ץʘʪʝʣʽʛʽ ŭ ʘʟʘʷʜʳ. 

 

2-ʙᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ  

çɾʘʨʪʳʣʘʡ ʩʬʝʨʘ-ʮʠʣʠʥʜʨè ʪװʨʽʥʜʝʛʽ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʪʽײץ שʨʳʣʳʩʳ 

ʞʘʨʪʳʰʘʨʜʳװ שʣʢʝʥ ʙʝʪʢʽ ʘʫʜʘʥʳ ʝʩʝʙʽʥʝʥ ʞʳʣʫ ʘסʳʥʳʥʘ ʞʦסʘʨʳ 

ʩʝʟʽʤʪʘʣʜʳץʪʳ ʞᴅʥʝ ʮʠʣʠʥʜʨʣʽʢ ʙᴇʣʽʢ ʘʨץʳʣʳ ʪʠʽʤʜʽ ʞʳʣʫ ᴅʢʝʪʫʜʽ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ, ʙײʣ ʜʘʪʯʠʢʪʽ ʤʝʪʝʦʨʦʣʦʛʠʷʜʘ, ʵʥʝʨʛʝʪʠʢʘʜʘ ʞᴅʥʝ ᴇʥʝʨʢᴅʩʽʧʪʝ ץʦʣʜʘʥʫסʘ 

 .ʦʣʘʡʣʳ ʝʪʝʜʽץ

ɸʣסʘʰ ʨʝʪ ʥʘץʪʳ ʞʳʣʫʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ʤʝʥ ʧʘʡʜʘʣʘʥʫ ʰʘʨʪʪʘʨʳʥ 

ʝʩʢʝʨʝ ʦʪʳʨʳʧ, çʞʘʨʪʳʣʘʡ ʩʬʝʨʘ-ʮʠʣʠʥʜʨè ײץʨʳʣʳʤʜʳ ʞʳʣʫ ʘסʳʥʳ ʜʘʪʯʠʛʽ 

 ʨʜʝװʪ ץʤʦʜʝʣʽ ʞʘʩʘʣʳʧ, ʘʥʘʣʠʪʠʢʘʣʳ ץʤʘʪʝʤʘʪʠʢʘʣʳ שʰʽʥ ʞʳʣʫʘʣʤʘʩʫʜʳװ

ʰʝʰʽʣʜʽ. 

ɾʘʨʪʳʣʘʡ ʩʬʝʨʘ ʙʝʪʽʥʜʝ ʩᴅʫʣʝʣʝʥʫ (ɖE) ʤʝʥ ʵʣʝʢʪʨʣʽʢ ץʳʟʜʳʨʫʜʳש (Q) 

ᴅʩʝʨʽʥ, ʩʦʥʜʘʡ-ʘץ ʮʠʣʠʥʜʨ ʘʨץʳʣʳ ʞʳʣʫ ᴅʢʝʪʫʜʽ (ʪʝʨʩʦʵʣʝʢʪʨʣʽʢ ʜʘʪʯʠʢʪʽש 

ʩʫʳץ ʪװʡʽʥʽʥʝ) ʝʩʢʝʨʝʪʽʥ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨ ʘʡʳʨʳʤʳʥʳש ȹT(t) ʘʥʘʣʠʪʠʢʘʣʳץ 

ʰʝʰʫʽ ʘʣʳʥʜʳ. 

ɾʘʨʪʳʣʘʡ ʩʬʝʨʘ ʧʽʰʽʥʜʽ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʽ ʙʘʨ ʩᴅʫʣʝʣʝʥʫ ʜʘʪʯʠʢʪʝʨʽʥʽש 

ʢʝשʽʩʪʽʢʪʽʢ ʙʽʨʪʝʢʪʽ ʝʤʝʩ ʩᴅʫʣʝʣʝʥʫ, ʤʳʩʘʣʳ, ɻʘʫʩʩ ʰʦסʳ ʩʠʷץʪʳ ʞʘסʜʘʡʣʘʨʜʘ 

ʜʘ ץʦʣʜʘʥʫסʘ ʙʦʣʘʪʳʥʳ ʢᴇʨʩʝʪʽʣʜʽ. ɻʘʫʩʩ ʰʦסʳʥ ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʞʝʨʛʽʣʽʢʪʽ 

ʩᴅʫʣʝʣʝʥʫ ץʘʨץʳʥʜʳʣʳסʳʥ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʞײʤʳʩ ʬʦʨʤʫʣʘʩʳ ʘʣʳʥʜʳ. 

ɸʥʘʣʠʪʠʢʘʣʳץ ʰʝʰʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ T1(r,ű,z,t) ʞᴅʥʝ T2(r,ű,ɛ,t) 

ʬʦʨʤʫʣʘʣʘʨʳ ʢʝʟ ʢʝʣʛʝʥ ʥװʢʪʝʜʝʛʽ ʞᴅʥʝ ʢʝʟ ʢʝʣʛʝʥ ʧʘʨʘʤʝʪʨʣʝʨ (E, Q, Ŭ) 

ʞʘסʜʘʡʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ᴇʨʽʩʪʝʨʜʽ ʩʠʧʘʪʪʘʡʜʳ, ʙײʣ ʦʣʘʨʜʳ ʜʘʪʯʠʢʪʝʨʜʽ 

ʞʦʙʘʣʘʫʜʘ ᴅʤʙʝʙʘʧ ʝʪʝʜʽ. ɹײʣ ʬʦʨʤʫʣʘʣʘʨ ʜʘʪʯʠʢʪʝʨʜʽ ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʫʩʽʟ-ʘץ 

ʞʦʙʘʣʘʫʜʳ ʞᴅʥʝ ʢʘʣʠʙʨʣʝʫʜʽ ʞʝשʽʣʜʝʪʝʜʽ. 
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3 ɾʓʃʋ ɸנʓʅʓʅ ᴆʃʐɽʋ ױפʈʓʃנʓʉʓʅ ᴄɿɯʈʃɽʋ ɾᴄʅɽ 

ɾɸʉɸʋ 

 

3.1 ʊʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣ  rʪװʨʣʝʥʜʽʨʛʽʰʽʥʽש ʥʝʛʽʟʛʽ ײץʨʳʣʳʤʳ 

ɼʠʩʩʝʨʪʘʮʠʷʥʳש ʘʣʜʳסשʳ ʙᴇʣʽʤʜʝʨʽʥʜʝ ʞʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫʜʽש 

 ,ʘʥʜʘץʪʠʧʪʝʨʽʥʝ, ʘʪʘʧ ʘʡʪ שʳ ᴅʜʽʩʪʝʨʽ ʤʝʥ ʜʘʪʯʠʢʪʝʨʽʥʽסʦʣʜʘʥʳʩʪʘץ

ʪʝʨʤʦʞײʧʪʘʨ, ʪʝʨʤʦʙʘʪʘʨʝʷʣʘʨ, ʞץײʘ ץʘʙʳʨʰʘץʪʳ ʞᴅʥʝ ʞʳʣʫʣʳץ ʢʝʜʝʨʛʽʛʝ 

ʥʝʛʽʟʜʝʣʛʝʥ ʜʘʪʯʠʢʪʝʨʛʝ ʞʘʥ-ʞʘץʪʳ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ. ʊʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ, 

ʘʪʘʣסʘʥ ʪʠʧʪʝʨʜʽש ᴅʨץʘʡʩʳʩʳʥʳש ᴇʟʽʥʜʽʢ ʘʨʪʳץʰʳʣʳץʪʘʨʳʤʝʥ ץʘʪʘʨ, ʥʘץʪʳ 

ʞײʤʳʩ ʞʘסʜʘʡʣʘʨʳ ʤʝʥ ʟʝʨʪʪʝʫ ʤʽʥʜʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ץʦʣʜʘʥʳʣʫʳʥ 

ʰʝʢʪʝʡʪʽʥ ʝʣʝʫʣʽ ʢʝʤʰʽʣʽʢʪʝʨʽ ʘʥʳץʪʘʣʜʳ. ɹײʣ ʪʘʣʜʘʫʜʳש ʥᴅʪʠʞʝʩʽ ʢʝʣʝʩʽ 

ʟʝʨʪʪʝʫʜʽש ʙʘסʳʪʳʥ ʘʥʳץʪʘʫסʘ ʥʝʛʽʟ ʙʦʣʜʳ. 

ɾʳʣʫ ʞʝʣʽʣʝʨʽʥʽש ʘʡʤʘץʪʘʨʳʥʜʘסʳ ʞʳʣʫ ʰʳסʳʥʜʘʨʳʥ ʙʘץʳʣʘʫ װʰʽʥ 

ʞʦסʘʨʳ ʜᴅʣʜʽʢʪʽ ʞᴅʥʝ ʩʝʥʽʤʜʽ ʞʳʣʫ ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳʥ ᴇʣʰʝʫʽʰʽʥ ʞʘʩʘʫ 

ʤʽʥʜʝʪʽʥ ʦʨʳʥʜʘʫ ʤʘץʩʘʪʳʥʜʘ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰ (ʪʝʨʤʦʙʘʪʘʨʝʷ) 

ʥʝʛʽʟʛʽ ᴇʣʰʝʫ ʵʣʝʤʝʥʪʽ ʨʝʪʽʥʜʝ ʪʘשʜʘʣʳʧ ʘʣʳʥʜʳ. ɹʽʨʥʝʰʝ ʪʝʨʤʦʞײʧʪʘʨʜʳש 

ʪʽʟʙʝʢʪʝʡ ʞʘʣסʘʥʫʳ ʥʝʛʽʟʽʥʜʝ ᴅʟʽʨʣʝʥʛʝʥ ʪʝʨʤʦʙʘʪʘʨʝʷʥʳש ʞʦסʘʨʳ 

ʩʝʟʽʤʪʘʣʜʳסʳ, ʩʠʧʘʪʪʘʤʘʩʳʥʳש ʩʳʟʳץʪʳʣʳסʳ ʞᴅʥʝ ʩʝʥʽʤʜʽʣʽʛʽ ʦʥʳ ʞʳʣʫ 

ʘסʳʥʳʥ ᴇʣʰʝʫ ײץʨʳʣסʳʣʘʨʳ װʰʽʥ ʝש ʦשʪʘʡʣʳ ʪʘשʜʘʫסʘ ᴅʢʝʣʝʜʽ. ʊʝʨʤʦ-ʕפʂ-ʪʽ 

 ʪʳץʘʥʘ ᴇʟʛʝʨʽʩʪʝʨʽʥʝ ʩʝʟʽʤʪʘʣʜʳס ʘʟ שʳʥʳʥʳסʦʩʫ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʞʳʣʫ ʘץ

ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʘʣ ʰʳסʳʩ ʩʠʛʥʘʣʳʥʳש ʪʝʤʧʝʨʘʪʫʨʘסʘ 

ʙʘʡʣʘʥʳʩʪʳʣʳסʳʥʳש ʩʳʟʳץʪʳץ ʙʦʣʫʳ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ ʤʝʥ ʢʘʣʠʙʨʣʝʫʜʽ 

ʞʝשʽʣʜʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʪʝʨʤʦʙʘʪʘʨʝʷʥʳש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש 

ʪײʨʘץʪʳʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ײʟʘץ ʤʝʨʟʽʤʜʽʣʽʛʽ ᴇʣʰʝʛʽʰʪʽש 

ʞʦסʘʨʳ ʜᴅʣʜʽʛʽʥ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʣʘʨʳʥʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ. ʊʝʨʤʦʙʘʪʘʨʝʷʥʳש ʦʩʳ ץʘʩʠʝʪʪʝʨʽ ʦʥʳ ʟʝʨʪʪʝʫ ʞײʤʳʩʳ װʰʽʥ ʪʠʽʤʜʽ 

ʪʘשʜʘʫ ʝʪʝʜʽ.  

ɽ.ɸ. ɹᴇʢʝʪʦʚ ʘʪʳʥʜʘסʳ פʘʨʘסʘʥʜʳ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʬʠʟʠʢʘ-ʪʝʭʥʠʢʘʣʳץ 

ʬʘʢʫʣʴʪʝʪʽʥʽש ʧʨʦʬʝʩʩʦʨ ɾ.ʉ. ɸץʳʣʙʘʝʚ ʘʪʳʥʜʘסʳ ʠʥʞʝʥʝʨʣʽʢ ʞʳʣʫʬʠʟʠʢʘ 

ʢʘʬʝʜʨʘʩʳʥʳש çɾʳʣʫʬʠʟʠʢʘʣʳץ ʰʘʤʘʣʘʨʜʳ ᴇʣʰʝʫè ʟʝʨʪʭʘʥʘʩʳʥʜʘ ʞʳʣʫ 

ʘסʳʥʳʥʳש ʪʳסʳʟʜʳסʳʥʳש ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʽ ᴅʟʽʨʣʝʥʜʽ [112]. ɹײʣ 

ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰ ᴇʥʜʽʨʽʣʝʪʽʥ ʵʣʝʢʪʨʣʽʢ ʩʠʛʥʘʣ ʙʦʡʳʥʰʘ ʪʽʟʙʝʢʪʝʡ, 

ʘʣ ʘʥʳץʪʘʣʘʪʳʥ ʞʳʣʫ ʘסʳʥʳ ʙʦʡʳʥʰʘ ʧʘʨʘʣʣʝʣʴ ʞʘʣסʘסʘʥ ʞᴅʥʝ ʵʣʝʢʪʨ 

ʦץʰʘʫʣʘסʳʰ ʢʦʤʧʘʫʥʜʧʝʥ ײץʡʳʣסʘʥ ʙʽʨʜʝʡ ʪʝʨʤʦʵʣʝʤʝʥʪʪʝʨʜʝʥ ʪײʨʘʜʳ. ɾʳʣʫ 

ʘסʳʥʳ ʪװʨʣʝʥʜʽʨʛʽʰʽʥʽש ʰʳסʳʩ ʩʠʛʥʘʣʳ ʞʳʣʫ ʘסʳʥʳʥʳש ᴇʪʫʽ ʢʝʟʽʥʜʝ ʧʘʡʜʘ 

ʙʦʣʘʪʳʥ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ץʦʟסʘʫʰʳ ʢװʰ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

ɾʦסʘʨʳ ʜᴅʣʜʽʢ ʞᴅʥʝ ʪײʨʘץʪʳʣʳץʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʙʘסʳʪʪʘʣסʘʥ 

ʛʘʣʴʚʘʥʠʢʘʣʳץ ץʘʙʘʪʪʳ ʜʘʪʯʠʢʪʝʨʜʽ ʞʘʩʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳ ʜʠʘʤʝʪʨʽ 0,07 ʤʤ ʝʢʽ 

ʤʳʩ-ʢʦʥʩʪʘʥʪʘʥ ʩʳʤʜʳ ʮʝʣʣʫʣʦʠʜʪʳ ʞʦʣʘץץʘ ʞʽʧʪʽʢ ʦץʰʘʫʣʘʫʤʝʥ ʦʨʘʫ 

ʩʪʘʥʦʛʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ɽʥʽ 1,2ï1,5 ʤʤ ʮʝʣʣʫʣʦʠʜʪʳ ʞʦʣʘץ ʫʘץʳʪʰʘ 

ʪᴇʩʝʤʝ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ, ʦʣ ʢʝʡʽʥʽʨʝʢ ʝʨʽʪʢʽʰʧʝʥ ʞʦʡʳʣʘʜʳ. ʉr ʤ 

ʮʝʣʣʫʣʦʠʜʪʽ ʞʦʣʘץʪʳש ʘʡʥʘʣʘʩʳʥʜʘ ʘʡʥʘʣʘʪʳʥ ʰʘʨʳץץʘ ʦʥʳ ʟʘץʳʤʜʘʤʘʫ װʰʽʥ 

ʝʢʽ ʩʳʤʜʳ ʙʝʨʫ ʤʠʥʠʤʘʣʜʳ ץʳʩʳʤʤʝʥ ʨʝʟʝשʢʝ ʙʽʣʽʢʪʝʨ ʢᴇʤʝʛʽʤʝʥ ʦʨʘʣʘʜʳ. 

ʆʨʘʫ ץʘʜʘʤʳ 0,12ï0,14 ʤʤ ײץʨʘʡʜʳ. ɼʠʘʤʝʪʨʽ 46 ʤʤ ʞᴅʥʝ ץʘʣr  ʳ 18 ʤʤסʜʳש
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ʙʦʣʘʪʳʥ ʜʘʪʯʠʢ ᴅʟʽʨʣʝʫ װʰʽʥ ʜʘʡʳʥʜʘʤʘʥʳײ שʟʳʥʜʳסʳ 20-25 ʤ, ʷסʥʠ ʙײʣ 150 

ʵʣʝʤʝʥʪʘʨ ʪװʡʽʥʜʝʨ ʞײʙʳʥ ײץʨʘʜʳ. ʆʨʘʤʘ ʘʷץʪʘʣסʘʥʥʘʥ ʢʝʡʽʥ ʩʳʤʥʳש 

ʪײʪʘʩʪʳסʳ װʟʽʣʫʣʝʨʜʽ ʘʥʳץʪʘʫ װʰʽʥ ʟʫʤʤʝʨʽ ʙʘʨ ʘʥʘʣʦʛʪʳ ʤʫʣʴʪʠʤʝʪʨ ʘʨץʳʣʳ 

ʪʝʢʩʝʨʽʣʝʜʽ. ʊװʡʽʥʜʝʨʜʽש ᴇʪʢʽʟʛʽʰʪʽʛʽʥ ʞᴅʥʝ ʙʝʨʽʢʪʽʛʽʥ ʞʘץʩʘʨʪʫ ʤʘץʩʘʪʳʥʜʘ 

ʩʳʤʥʳש ʙʝʪʽʥʝ ʤʳʩ ץʘʙʘʪʳʥ ʪײʥʜʳʨʫ װʰʽʥ ʜʘʡʳʥʜʘʤʘ ʘʨʥʘʡʳ ʨʘʤʢʘסʘ 

ʙʝʢʽʪʽʣʽʧ, ʤʳʩ ʢʫʧʦʨʦʩʳ (CuSOϞ), ʢװʢʽʨʪ ץʳʰץʳʣʳ (HϜSOϞ) ʞᴅʥʝ 2% ʠʟʦʧʨʦʧʠʣ 
ʩʧʠʨʪʽ ʙʘʨ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʵʣʝʢʪʨʦʣʠʪʧʝʥ ʪʦʣʪʳʨʳʣסʘʥ ʛʘʣʴʚʘʥʠʢʘʣʳץ 

ʚʘʥʥʘסʘ ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ. ʕʣʝʢʪʨʦʣʠʪʪʽש ʪʝʤʧʝʨʘʪʫʨʘʩʳ 25ï30Áʉ ʘʨʘʣʳסʳʥʜʘ 

 ʘ ʩʦʟʳʣʘʜʳ. ʄʳʩץʥʜʳʨʫ ʧʨʦʮʝʩʽ 0,5ï1 ɸ/ʜʤĮ ʪʦʢʪʘ 5ï10 ʤʠʥʫʪײʩʪʘʣʘʜʳ, ʘʣ ʪײ

 ʰʽʥ ʞʝʪʢʽʣʽʢʪʽ. ʄʳʩװ ʘ ʩʳʤץײʣ ʞײʨʘʡʜʳ, ʙײץ ʳ 5 ʤʢʤסʜʳשʘʣʳץ שʘʙʘʪʳʥʳץ

ʪײʥʜʳʨʳʣסʘʥʥʘʥ ʢʝʡʽʥ ʮʝʣʣʫʣʦʠʜʪʳ ʪᴇʩʝʤʝ ʪʘʟʘ ʘʮʝʪʦʥʥʳש (ʪʝʭʥʠʢʘʣʳץ, ɻʆʉʊ 

2768-84) ʢᴇʤʝʛʽʤʝʥ ʞʦʡʳʣʘʜʳ, ʷסʥʠ ʜʘʡʳʥʜʘʤʘ 200ï300 ʤʣ ʘʮʝʪʦʥסʘ ʞʘʙʳץ 

ʳʜʳʩʪʘ 10ï15 ʤʠʥʫʪץʘ ʙʘʪʳʨʳʣʘʜʳ, ʙײʣ ʮʝʣʣʫʣʦʠʜʪʳש ʪʝʟ ʞᴅʥʝ ʙʽʨʢʝʣʢʽ ʝʨʫʽʥ 

 .ʳʤ ʢʝʣʪʽʨʤʝʡʜʽץʡʽʥʜʝʨʽʥʝ ʟʘװʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ʤʳʩ-ʢʦʥʩʪʘʥʪʘʥ ʪץ

ʎʝʣʣʫʣʦʠʜ ʞʦʡʳʣסʘʥʥʘʥ ʢʝʡʽʥ ʘʣʳʥסʘʥ ʩʧʠʨʘʣʴ ʩʳʨʪץʳ ᴅʩʝʨʣʝʨʜʝʥ ץʦʨסʘʫ 

ʞᴅʥʝ -20é250Áʉ ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳʥʜʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʞᴅʥʝ ʞʦסʘʨʳ ʵʣʝʢʪʨʜʽ 

ʦץʰʘʫʣʘʫʜ  rץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʇʀ-ʃʂ-1 ʧʦʣʠʠʤʠʜʪʽ ʣʘʢ ʞץײʘ ץʘʙʘʪʧʝʥ 

ʞʘסʳʣʳʧ, ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 60 ʤʠʥʫʪ ʙʦʡʳ ײʩʪʘʣʘʜʳ. ʃʘʢʧʝʥ ץʘʧʪʘʣסʘʥ 

ʩʧʠʨʘʣʴ ʢʝʧʪʽʨʫ ʰʢʘʬʳʥʘ ʦʨʥʘʣʘʩʪʳʨʳʣʳʧ, ʘʣʜʳʤʝʥ 100Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 1 

ʩʘסʘʪ ʢʝʧʪʽʨʽʣʝʜʽ, ʦʜʘʥ ʢʝʡʽʥ ʞʦסʘʨʳ ʞʳʣʫ ʪᴇʟʽʤʜʽʣʽʢʢʝ ʞʝʪʫ װʰʽʥ 30 ʤʠʥʫʪ 

ʙʦʡʳ 150Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʧʦʣʠʤʝʨʣʝʥʝʜʽ. 

ʂʝʣʝʩʽ ʢʝʟʝשʜʝ ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʠʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʢ ʧʝʥ ʞʦסʘʨʳ 

ʞʳʣʫ ʪᴇʟʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʩʧʠʨʘʣʴ ʘʣʶʤʠʥʠʡ ʦʢʩʠʜʽʤʝʥ (ʤʘʩʩʘʩʳ 

ʙʦʡʳʥʰʘ 20ï30%) ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʵʧʦʢʩʠʜʪʽ ʰʘʡʳʨʤʝʥ (ʕɼ-20 ʩ ʇʕʇɸ, 

10:1) ʞʘʙʳʣʘʜʳ. ɼʘʡʳʥʜʘʤʘ ʘʨʥʘʡʳ ʩʠʣʠʢʦʥʜʳ ʧʨʝʩʩ-ץʘʣʳʧץʘ ʩʘʣʳʥʳʧ, 

ʙʘʨʣʳץ ʞʘסʳʥʘʥ ʥʳסʳʟʜʘʣʘʜʳ (0,5ï1 ʢʛ/ʩʤĮ), ʩʦʜʘʥ ʢʝʡʽʥ ʢʝʧʪʽʨʫ ʰʢʘʬʳʥʘ 

  .ʘʪ ʙʦʡʳ ʧʦʣʠʤʝʨʣʝʥʝʜʽסʦʡʳʣʳʧ, ʰʘʡʳʨ 80ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 2,5 ʩʘץ

ʇʦʣʠʤʝʨʣʝʥʛʝʥʥʝʥ ʢʝʡʽʥ ʥʳסʳʟʜʘʣסʘʥ ץʘʙʘʪʪʳ ʜʠʩʢ ʽʰʢʽ ʦʡʳסʳ ʙʘʨ 

ʘʣʶʤʠʥʠʡ ʩʘץʠʥʘʩʳʥʘ ʦʨʥʘʪʳʣʘʜʳ. ɾʳʣʫ ʘסʳʥʜʘʨʳʥ ᴇʣʰʝʫ װʰʽʥ ץʘʞʝʪʪʽ 

ʞʳʣʫʜʳ ʞײʪʫʜʳ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʜʘʪʯʠʢʪʽש ʞײʤʳʩ ʙʝʪʽ 5ï10% ʢᴇʤʽʨ 

 ʳסʥʪʘײ ʡʳʣʘʜʳ. ʂᴇʤʽʨײץ ʘʥ ʵʧʦʢʩʠʜʪʽ ʰʘʡʳʨʤʝʥסʳʤʝʥ ʘʨʘʣʘʩʪʳʨʳʣסʥʪʘײ

ʞʦסʘʨʳ ץʘʨʘʣʳץ ʜᴅʨʝʞʝʩʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ (ʞײʪʫ ʢʦʵʬʬʠʮʠʝʥʪʽ ~0,9), ʙײʣ 

ʞʳʣʫ ʘסʳʥʜʘʨʳʥʘ ʩʝʟʽʤʪʘʣʜʳץʪʳ ʞʘץʩʘʨʪʘʜʳ. ײפʶ ʪʝʢ ʜʠʩʢʽʥʽש ʙʽʨ ʞʘסʳʥʘ 

ʦʨʳʥʜʘʣʘʜʳ, ʘʣ ʝʢʽʥʰʽ ʞʘסʳ ʪʝʤʧʝʨʘʪʫʨʘ ʘʡʳʨʤʘʰʳʣʳסʳʥ ʞʘʩʘʫ װʰʽʥ 

ʦץʰʘʫʣʘʥסʘʥ ʢװʡʜʝ ץʘʣʘʜʳ. ᴄʟʽʨʣʝʥʛʝʥ ʜʠʩʢʪʽש ʩʳʨʪץʳ ʪװʨʽ 12-ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 
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ʘ ï ʜʘʪʯʠʢʪʝʛʽ ʪʝʨʤʦʞײʧʪʘʨʜʳש ʦʨʥʘʣʘʩʫʳ 
 

ʉʫʨʝʪ 12  ʊʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳ ʪװʨʣʝʥʜʽʨʛʽʰʪʽש ʩʳʨʪץʳ ʪװʨʽ 

 

ʂʝש ʩʧʝʢʪʨʘʣʜʳ ʜʠʘʧʘʟʦʥʜʘ ʵʥʝʨʛʠʷ ʘסʳʥʳ ʪʦʣʳסʳʤʝʥ çץʘʨʘ ʜʝʥʝè 

ʥʝʤʝʩʝ ʦסʘʥ ʤװʤʢʽʥʜʽʛʽʥʰʝ ʞʘץʳʥ ʩʝʟʽʤʪʘʣ ʵʣʝʤʝʥʪʽ ʙʘʨ ץʘʙʳʣʜʘסʳʰ ʘʨץʳʣʳ 

ʪʽʨʢʝʣʝʜʽ. ʄײʥʜʘʡ ץʘʙʳʣʜʘסʳʰʪʘסʳ ʪװʩʝʪʽʥ ʩᴅʫʣʝ ʪʦʣץʳʥ ײʟʳʥʜʳסʳʥʘ ʪᴅʫʝʣʩʽʟ 

ʩʽשʽʨʽʣʽʧ, ʦʥʳש ʽʰʽʥʜʝ ʩʽשʽʨʽʣʛʝʥ ʠʥʪʝʛʨʘʣʜʳץ ʩᴅʫʣʝʣʽʢ ʵʥʝʨʛʠʷסʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ʩʠʛʥʘʣ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ. ɾʦסʘʨʳ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢʢʝ ʠʝ ʞᴅʥʝ 

ʞʳʣʫ ʩʳʡʳʤʜʳʣʳסʳ ʪᴇʤʝʥ ץʘʨʘ ʪװʩʧʝʥ ʞʘʙʜʳץʪʘʣסʘʥ ʤʘʪʝʨʠʘʣʜʳ ʪʘשʜʘʫ 

ʘʨץʳʣʳ ץʘʙʳʣʜʘסʳʰʪʳש ʞʳʣʫ ʠʥʝʨʮʠʷʩʳʥ ʘʟʘʡʪʫסʘ ץʦʣ ʞʝʪʢʽʟʽʣʝʜʽ. 

 

3.2 ɾʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ ײץʨʣrס r

1.5-ʙᴇʣʽʤʜʝ ץʘʨʘʩʪʳʨʳʣסʘʥ ʞʳʣʫ ʘסʳʥʳ ʘʩʧʘʧʘʪʘʨʳʥʳש ʙʽʨʥʝh ʝ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʨʳʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳʥ ʝʩʢʝʨʽʧ, ʢʝʤʰʽʣʽʢʪʝʨʽʥ ʞʦʶ ʞᴅʥʝ 

ᴇʣʰʝʫ ʜᴅʣʜʽʛʽʥ ʘʨʪʪʳʨʫ ʥʝʛʽʟʽʥʜʝ ʞʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ ײץʨʳʣסʳ 

ᴅʟʽʨʣʝʥʜʽ. ɹײʣ ײץʨʳʣסʳʥʳש ʥʝʛʽʟʛʽ ʤʘץʩʘʪʳ ʙʝʪʪʽʢ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʘʜʠʝʥʪʽʥ 

ᴇʣʰʝʫʜʽש ʜᴅʣʜʽʛʽ ʤʝʥ ʞʳʣʜʘʤʜʳסʳʥ ʘʨʪʪʳʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [113, 114].  

ɾʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ ײץʨʳʣסʳ ʞʳʣʫ ᴇʣʰʝʫ ʙʣʦʛʳʥʘʥ ʞᴅʥʝ 

ʘʚʪʦʥʦʤʜʳ ʙʘʪʘʨʝʷʣʳץ ץʦʨʝʢʪʝʥʜʽʨʫʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ, ʰʘסʳʥ ᴇʣʰʝʤʜʽ 

ʵʣʝʢʪʨʦʥʜʳץ ʢᴇʨʩʝʪʢʽʰ ײץʨʳʣסʳʩʳʥʘʥ ʪײʨʘʜʳ. ɾʳʣʫ ʘסʳʥʳʥʳש 

ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʽ ʞʳʣʫ ᴇʣʰʝʫ ʙʣʦʛʳʥʘʥ ʪײʨʘʜʳ, ʘʣ ʦʥʳש ʥʝʛʽʟʽʥ 

ʙʘʪʘʨʝʷʣʳ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰ ײץʨʘʡʜʳ. ɹײʣ ʢʦʥʩʪʨʫʢʮʠʷ 

ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʵʬʬʝʢʪʪʽ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫסʘ ʞᴅʥʝ ʞʳʣʫ ʘסʳʥʳʥ ʜᴅʣ ᴇʣʰʝʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʊʝʨʤʦʵʣʝʢʪʨʣʽʢ ʜʘʪʯʠʢ ײץʨʳʣסʳʥʳש ʢʦʥʩʪʨʫʢʮʠʷʣʳץ 

ʪײʨʘץʪʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʆʥʳש ʙʽʨ ʪʘʙʘʥʳ ᴇʣʰʝʥʝʪʽʥ ʞʳʣʫ ʘסʳʥʳʤʝʥ 

ʞʘʥʘʩʘʪʳʥ ʞײʤʳʩ ʙʝʪʽ ʨʝʪʽʥʜʝ ץʳʟʤʝʪ ʝʪʩʝ, ʝʢʽʥʰʽ ʪʘʙʘʥʳ ץʦʨʰʘסʘʥ ʦʨʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘסʳ ʜʝʥʝʤʝʥ ʞʳʣʫʣʳץ ʙʘʡʣʘʥʳʩʪʘ ʙʦʣʘʜʳ. ʂʽʨʽʢʪʽʨʽʣʛʝʥ 

 ʥʝʛʽʟʜʝʨʽʥʝ שʳʣʳ ʦʥʳץʳʰ ʵʣʝʤʝʥʪ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʜʘʪʯʠʢ ʘʨסʳʟʜʳʨץ

ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʙʘסʳʪʪʘ ʞʳʣʫ ʘסʳʥʳʥ ʪʫʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɾʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ ײץʨʳʣסʳ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʧʣʘʩʪʠʥʘʜʘʥ, 

 ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳ שʳʥʳʥʳסʳʰ ʵʣʝʤʝʥʪʪʝʥ, ʞʳʣʫ ʘסʳʟʜʳʨץ

ʪװʨʣʝʥʜʽʨʛʽʰʽʥʝʥ, ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʩʘʣץʳʥʜʘʪץʳʰʪʘʥ, ʨʘʜʠʘʪʦʨʜʘʥ ʞᴅʥʝ 

ᴇʣʰʝʫʰʽ ʙʣʦʢʪʘʥ ʪײʨʘʜʳ. ɾʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ ײץʨʳʣסʳʥʳש 

 ʣʙʘʩʳ ʥʝʛʽʟʛʽײʩ ץʠʜʘʣʳסʘפ .ʣʙʘʩʳ 13-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥײʩ ץʠʜʘʣʳסʘץ

ʵʣʝʤʝʥʪʪʝʨʜʽ, ʦʣʘʨʜʳש ʬʫʥʢʮʠʦʥʘʣʜʳץ ʤʘץʩʘʪʪʘʨʳʥ ʞᴅʥʝ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʳʥ 

ʢᴇʨʩʝʪʝʜʽ. 
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1  ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʧʣʘʩʪʠʥʘ; 2  ץʳʟʜʳʨסʳʰ ʵʣʝʤʝʥʪ; 3 ï ʞʳʣʫ ʘסʳʥʳʥʳש 

ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳ ʪװʨʣʝʥʜʽʨʛʽʰʽ; 4 ï ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʩʘʣץʳʥʜʘʪץʳʰ; 5 ï ʨʘʜʠʘʪʦʨ; 6 

ï ᴇʣʰʝʫʰʽ ʙʣʦʢ; 7, 8 ï ʢʽʣʪʪʝʨ; ɯ ï ʞʳʣʫ ʘסʳʥʳʥʳש ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳ 

ʪװʨʣʝʥʜʽʨʛʽʰʽʥʽש çʳʩʪʳץè ʪװʡʽʥʜʝʨʽ; ɯɯ  ʞʳʣʫ ʘסʳʥʳʥʳש ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳ 

ʪװʨʣʝʥʜʽʨʛʽʰʽʥʽש çʩʫʳץè ʪװʡʽʥʜʝʨʽ; ɯɯɯ  ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʩʘʣץʳʥʜʘʪץʳʰʪʳש çʳʩʪʳץè 

ʪװʡʽʥʜʝʨʽ; ɯV  ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʩʘʣץʳʥʜʘʪץʳʰʪʳש çʩʫʳץè ʪװʡʽʥʜʝʨʽ 
 

ʉʫʨʝʪ 13  ɾʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ ײץʨʳʣסʳʥʳץ שʘסʠʜʘʣʳץ ʩʭʝʤʘʩʳ 

 

 ʳʰ ʵʣʝʤʝʥʪʽסʳʟʜʳʨץ ʳ ʵʣʝʢʪʨʣʽʢ ʙʘʡʣʘʥʳʩʳסʨʘʫʰʳʣʘʨ ʘʨʘʩʳʥʜʘײפ

ʙʝʨʽʣʝʪʽʥ ץʫʘʪʪʳ ʨʝʪʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ץʫʘʪ ʢᴇʟʽʥʝ ץʦʩʳʣʫʳ ʞᴅʥʝ 

ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʥ, ץʳʟʜʳʨסʳʰ ʵʣʝʤʝʥʪʽʥʝʥ ʞᴅʥʝ ʪʦשʘʟʳʪץʳʰʪʘʥ 

ʢʝʣʝʪʽʥ ʩʠʛʥʘʣʜʘʨ ᴇʣʰʝʫʰʽ ʙʣʦʢץʘ ʙʘסʳʪʪʘʣʫʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʣ, ʞʳʣʫʣʳץ 

ʙʘʡʣʘʥʳʩʳ ץʳʟʜʳʨסʳʰ ʵʣʝʤʝʥʪʽʥʽש ʪװʨʣʝʥʜʽʨʛʽʰʧʝʥ ʪʽʢʝʣʝʡ ʞʳʣʫʣʳץ 

ʙʘʡʣʘʥʳʩʪʘ ʙʦʣʫʳ ʞʳʣʫʜʳש ʪʠʽʤʜʽ ʙʝʨʽʣʫʽʥ ʞᴅʥʝ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʥ 

ʪʦשʘʟʳʪץʳʰץʘ, ʩʦʜʘʥ ʢʝʡʽʥ ʨʘʜʠʘʪʦʨסʘ ʞʳʣʫʜʳש ʙʝʨʽʣʫʽ ʞװʡʝʥʽש ʪʠʽʤʜʽ 

ʩʘʣץʳʥʜʘʪʳʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʆʩʳ ץʘסʠʜʘʣʳץ ʩײʣʙʘʥʳש ʥʝʛʽʟʽʥʜʝ ʞʳʣʫ ʘסʳʥʳʥʳש ʪʳסʟrʜʳסʳʥ ᴇʣʰʝʫʛʝ 

ʘʨʥʘʣסʘʥ ײץʨʳʣסʳʥʳש ʩʭʝʤʘʣʳץ ʙʝʡʥʝʩʽ ᴅʟʽʨʣʝʥʜʽ (14-ʩʫʨʝʪ). 

 ʳʥʳʥ ʞʘʩʘʫסʞʳʣʫ ʘ ץʵʪʘʣʦʥʜʳ שʳ ʦʥʳסᴅʤʙʝʙʘʧʪʳ שʳʥʳסʨʳʣײפ

 ʽʰʽʥʜʝ שʜʘʡʣʘʨʜʘ, ʩʦʥʳסʨʣʽ ʞʘװʘʩʠʝʪ ʦʥʳ ᴅʨʪץ ʣײʘʙʽʣʝʪʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ. ɹץ

ʜʘʣʘʣʳץ ʞʘסʜʘʡʜʘ ʜʘ, ʢʘʣʠʙʨʣʝʫ ʤʝʥ ᴇʣʰʝʫʣʝʨ ʞװʨʛʽʟʫʛʝ ʙʝʡʽʤʜʝʣʛʝʥ ʠʢʝʤʜʽ 

 ʳʰ ʵʣʝʤʝʥʪʽ ʤʝʥסʳʟʜʳʨץ ʨʳʣʳʤʳʥʘײץ שʳʥʳסʨʳʣײפ .ʘ ʘʡʥʘʣʜʳʨʘʜʳסʨʘʣײץ

ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʩʘʣץʳʥʜʘʪץʳʰ ʝʥʛʽʟʽʣʛʝʥ, ʙײʣ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳ 

ʪװʨʣʝʥʜʽʨʛʽʰ ʘʨץʳʣʳ ʙʘץʳʣʘʥʘʪʳʥ ʞʳʣʫ ʘסʳʥʳʥ ʪʫʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʄײʥʜʘʡ ʞװʡʝ ײץʨʳʣסʳʥʳ ʦʥʳש ʧʘʡʜʘʣʘʥʫ ʦʨʥʳʥʜʘ ʪʽʢʝʣʝʡ ʢʘʣʠʙʨʣʝʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʞʘʩʘʡʜʳ, ʷסʥʠ ʩʪʘʮʠʦʥʘʨʣʳץ ʟʝʨʪʭʘʥʘʣʳץ ʞʘʙʜʳץʪʳ ʧʘʡʜʘʣʘʥʫʜʳ 

 ,ʳʥʳʥ ʪʫʜʳʨʘʜʳסʞʳʣʫ ʘ ץʘʞʝʪ ʝʪʧʝʡʜʽ. ʄʳʩʘʣʳ, ʞʳʣʳʪʫ ʵʣʝʤʝʥʪʽ ʵʪʘʣʦʥʜʳץ
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ʘʣ ʩʘʣץʳʥʜʘʪץʳʰ ʩʫʳץ ʪװʡʽʥʜʝʨʜʽש ʪײʨʘץʪʳ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ײʩʪʘʧ ʪײʨʘʜʳ. ɹײʣ 

ʪʝʤʧʝʨʘʪʫʨʘʣʘʨ ʘʡʳʨʳʤʳʥ ʜᴅʣ ʙʘץʳʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʥᴅʪʠʞʝʩʽʥʜʝ 

ʪʝʨʤʦʕפʂ ʜᴅʣ ᴇʣʰʝʥʝʜʽ. ʄײʥʜʘʡ ʪᴅʩʽʣ ײץʨʳʣסʳʥʳ ᴅʨʪװʨʣʽ ʙʝʪʪʝʨʛʝ ʞᴅʥʝ 

ʞʘסʜʘʡʣʘʨסʘ ʙʝʡʽʤʜʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʙײʣ ʞʳʣʫ ʞʝʣʽʣʝʨʽʥ 

ʜʠʘʛʥʦʩʪʠʢʘʣʘʫʜʘ ʪʠʽʤʜʽ ץʦʣʜʘʥʫסʘ ʞʦʣ ʘʰʘʜʳ. 

 

 
 

1 ï ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʧʣʘʩʪʠʥʘ; 2 ï ץʳʟʜʳʨסʳʰ ʵʣʝʤʝʥʪ; 3 ï ʞʳʣʫ ʘסʳʥʳʥʳש 

ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳ ʪװʨʣʝʥʜʽʨʛʽʰʽ; 4 ï ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ  ʩʘʣץʳʥʜʘʪץʳʰ; 5 ï ʨʘʜʠʘʪʦʨ; 6 

ï ᴇʣʰʝʫʰʽ ʙʣʦʢ 
 

ʉʫʨʝʪ 14  ɾʳʣʫ ʘסʳʥʳʥ ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʘʥ ײץʨʳʣסʳʥʳש ʩʭʝʤʘʣʳץ ʙʝʡʥʝʩʽ 

 

 ʘʥסʘ (1) ʦʨʥʘʪʳʣסʳʰ ʵʣʝʤʝʥʪ (2) ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʧʣʘʩʪʠʥʘסʳʟʜʳʨפ

ʞᴅʥʝ ʦʣ ʢʘʣʠʙʨʣʝʫ ʨʝʞʠʤʽʥʜʝ ʙʝʣʩʝʥʜʽ ʙʦʣʳʧ, ʙʘץʳʣʘʥʘʪʳʥ ʞʳʣʫ ʘסʳʥʳʥ 

ʪʫʜʳʨʘʜʳ. ɾʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʧʣʘʩʪʠʥʘ ʞʳʣʫʜʳ ʞʳʣʳʪʫ ʵʣʝʤʝʥʪʽʥʝʥ (2) ʥʝʤʝʩʝ 

ᴇʣʰʝʥʝʪʽʥ ʦʙʲʝʢʪʽʜʝʥ ʊɹʊ-ʥʳ(3) ש ʳʩʪʳץ ʪװʡʽʥʜʝʨʽʥʝ ʞʝʪʢʽʟʝʜʽ, ʘʣ ᴇʣʰʝʫ 

ʢʝʟʽʥʜʝ ץʳʟʜʳʨסʳʰ ʵʣʝʤʝʥʪ (2) ᴇʰʽʨʽʣʝʜʽ, ʘʣ ʧʣʘʩʪʠʥʘ (1) ʦʙʲʝʢʪʽʤʝʥ ʪʽʢʝʣʝʡ 

ʞʘʥʘʩʘʜʳ. ɾʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʛʽ ʰʘʤʘʤʝʥ 200 ɺʪ/ʤῊʂ ʙʦʣʘʪʳʥ ʘʣʶʤʠʥʠʡʜʝʥ 

ʞʘʩʘʣסʘʥ ʞʳʣʫ ᴇʪʢʽʟʛʽʰ ʧʣʘʩʪʠʥʘ (1) ʙʽʨʢʝʣʢʽ ʞʳʣʫʣʳץ ʙʘʡʣʘʥʳʩʪʳ 

 ʳʟʳʧ ʢʝʪʫʜʽ ʘʟʘʡʪʘʜʳ. ʇʣʘʩʪʠʥʘ (2) ᴇʣʰʝʥʝʪʽʥץ ʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʞʝʨʛʽʣʽʢʪʽץ

ʦʙʲʝʢʪʽʜʝʥ ʘʣסʘʥ ʞʳʣʫʜʳ ʙʽʨʢʝʣʢʽ ʪʘʨʘʪʘʜʳ ʞᴅʥʝ ʞʳʣʫ ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʘ 

ʦʪʳʨʳʧ, ʦʥʳ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʛʽ 15 ɺʪ/ʤῊʂ ʞᴅʥʝ ץʘʣʳשʜʳסʳ 0,05 ʤʤ ʞʳʣʫ 

ᴇʪʢʽʟʛʽʰ ʧʘʩʪʘ ץʘʙʘʪʳ ʘʨץʳʣʳ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳץ ʪװʨʣʝʥʜʽʨʛʽʰʪʽ(3) ש 

ʳʩʪʳץ ʪװʡʽʥʜʝʨʽʥʝ ʙʝʨʝʜʽ. ʊʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳ ʪװʨʣʝʥʜʽʨʛʽʰʪʽ(3) ש 

çʩʫʳץè ʪװʡʽʥʜʝʨʽ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪʦשʘʟʳʪץʳʰʪʳ(4) ש çʳʩʪʳץè ʪװʡʽʥʜʝʨʽʤʝʥ, ʘʣ 

ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪʦשʘʟʳʪץʳʰʪʳ(4) ש çʩʫʳץè ʪװʡʽʥʜʝʨʽ ʨʘʜʠʘʪʦʨʤʝʥ (5) ʞʳʣʫʣʳץ 

ʙʘʡʣʘʥʳʩץʘ ʪװʩʝʜʽ. ɹײʣ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪʦשʘʟʳʪץʳʰʪʳ(4) ש çʳʩʪʳץè ʪװʡʽʥʜʝʨʽ 

 ʨʣʝʥʜʽʨʛʽʰ (3)װʳʰ ʵʣʝʤʝʥʪ (2) ʧʝʥ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʙʘʪʘʨʝʷʣʳ ʪסʳʟʜʳʨץ


