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ʅʆʈʄɸʊʀɺʊɯʂ ʉɯʃʊɽʄɽʃɽʈ 

 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʘ ʢʝʣʝʩʽʜʝʡ ʤʝʤʣʝʢʝʪʪʽʢ װʣʛʽץʘʣʳʧʪʘʨסʘ 

ʩʽʣʪʝʤʝʣʝʨ ʞʘʩʘʣʜʳ 

ʄɽʉʊ 9466-75. ɹʦʣʘʪʪʘʨ ץʦʣʤʝʥ ʜʦסʘʣʳץ ʜᴅʥʝʢʝʨʣʝʫʛʝ ʞᴅʥʝ ʙʘʣץʳʤʘ 

 .ʘʥ ʵʣʝʢʪʨʦʜʪʘʨסʘʧʪʘʣץ ʘʥ ʤʝʪʘʣʤʝʥסʘ ʘʨʥʘʣסʘʧʪʘʤʘ ʞʘʩʘʫץ

ʄɽʉʊ 28714-2007. פʘʪʪʳ ʤʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʝʥʛʽʟʫʛʝ ʘʨʥʘʣסʘʥ 

ʤʘʰʠʥʘʣʘʨ. 

ʄɽʉʊ 31345-2007. ʊʨʘʢʪʦʨ ʩʝʧʢʽʰʪʝʨʽ. ʉʳʥʘʫ ᴅʜʽʩʪʝʨʽ. 

ʆʉʊ 70.5.1-83. ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʪʝʭʥʠʢʘʩʳʥ ʩʳʥʘʫ. ɽʛʽʩ ʤʘʰʠʥʘʣʘʨʳ. 

ʄɽʉʊ-20915-2011. ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʪʝʭʥʠʢʘʩʳʥ ʩʳʥʘʫ. ʉʳʥʘץ 

ʰʘʨʪʪʘʨʳʥ ʘʥʳץʪʘʫ ᴅʜʽʩʪʝʨʽ. 

ʄɽʉʊ 23728-88. ʄɽʉʊ 23730-88. ɸʫʳʣ ʰʘʨʫʘʰʳʣʳץ ʪʝʭʥʠʢʘʩʳ. 

ʕʢʦʥʦʤʠʢʘʣʳץ ʙʘסʘʣʘʫ ᴅʜʽʩʪʝʨʽ. 

ʄɽʉʊ 23729-88. ɸʫʳʣ ʰʘʨʫʘʰʳʣʳץ ʪʝʭʥʠʢʘʩʳ. ʄʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ 

ʤʘʰʠʥʘʣʘʨʜʳ ʵʢʦʥʦʤʠʢʘʣʳץ ʙʘסʘʣʘʫ ᴅʜʽʩʪʝʨʽ. 

  



5 
 

ɸʅʓפʊɸʄɸʃɸʈ 

 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʘ ʪᴇʤʝʥʜʝʛʽʜʝʡ ʘʥʳץʪʘʤʘʣʘʨסʘ ʩᴅʡʢʝʩ ʪʝʨʤʠʥʜʝʨ 

 :ʦʣʜʘʥʳʣʜʳץ

ʉʝʧʢʽʰ ï ʪʦʧʳʨʘץץʘ ʪץײʳʤ ʩʝʙʫʛʝ ʘʨʥʘʣסʘʥ ʤʘʰʠʥʘ. 

ʉʽשʽʨʫʰʽ ï ʪʦʧʳʨʘץʪʳ ץʦʧʩʳʪʫסʘ ʘʨʥʘʣסʘʥ ʩʦץʘ, ץʦʧʩʳʪץʳʰ ʞᴅʥʝ ʙʘʩץʘ ʜʘ 

ʘʫʳʣʰʘʨʫʘʰʳʣʳײץ ץʨʘʣʜʘʨʳʥʳש ʢʝʩʝʪʽʥ ʞײʤʳʩ ʦʨʛʘʥʳ. ɽʛʽʩʪʽʢ ʘʣץʘʧʪʘ ץʘʨʳץ 

ʞʘʩʘʣʘʪʳʥ, ʪץײʳʤ ʩʝʙʫ ʥʝʤʝʩʝ ᴇʩʽʤʜʽʢʪʝʨʜʽ ʦʪʳʨסʳʟʫ ʞᴅʥʝ ʪץײʳʤʜʘʨʜʳ 

ʪʦʧʳʨʘץʧʝʥ ʪʦʣʪʳʨʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʩʝʧʢʽʰ ײץʨʳʣסʳʩʳ. 

ɹʘʣץʳʤʘʣʘʫ ץʘʧʪʘʤʘʩ  r ï ʙʘʣץʳʪʫ ʘʨץʳʣʳ ʙײʡʳʤʥʳש ʙʝʪʽʥʝ ʤʝʪʘʣʣ 

ʥʝʤʝʩʝ ץʦʨʳʪʧʘ ץʘʙʘʪʳʥ ʞʘסʫ. 

ʉʦסשʳ ʵʣʝʤʝʥʪ ᴅʜʽʩʽ ï ʞʘʨʪʳʣʘʡ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨʜʽ, ʩʦʥʜʘʡ-

ʘץ ץʦʣʜʘʥʙʘʣʳ ʬʠʟʠʢʘ ʝʩʝʧʪʝʨʽʥ ʰʝʰʫʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʠʥʪʝʛʨʘʣʜʳץ 

ʪʝשʜʝʫʣʝʨʜʽ ʰʝʰʫʜʽש ʩʘʥʜʳץ ᴅʜʽʩʽ. 

ʊʝʛʽʩ ʙᴇʣʰʝʢʪʝʨʜʽש ʛʠʜʨʦʜʠʥʘʤʠʢʘʩʳ ᴅʜʽʩʽ ï ʩײʡʳץʪʳץ ʜʠʥʘʤʠʢʘʩʳ ʤʝʥ 

 .ʪʦʨʩʳʟ ᴅʜʽʩ שʨʜʝʣʽ ʤᴅʩʝʣʝʣʝʨʽʥ ʰʝʰʫʜʽװʢ שʘʪʪʳ ʜʝʬʦʨʤʘʮʠʷʣʘʥʘʪʳʥ ʜʝʥʝʣʝʨʜʽץ

ʊʦʟʫ ï ʙʝʪʢʽ ץʘʙʘʪʪʳש ʙײʟʳʣʫʳʥʘ (ʪʦʟʫʳʥʘ) ʙʘʡʣʘʥʳʩʪʳ ʙײʡʳʤʥʳש ʥʝʤʝʩʝ 

 .ʡʽʥ ᴇʟʛʝʨʪʫװʤᴇʣʰʝʨʽʥ, ʧʽʰʽʥʽʥ, ʤʘʩʩʘʩʳʥ ʥʝʤʝʩʝ ʢ שʙʝʪʽʥʽ שʨʳʣʳʤʥʳײץ

ɸʙʨʘʟʠʚʪʽ ʪʦʟʫ  ץʘʪʪʳ ʘʙʨʘʟʠʚʪʽ ʜᴅʥʜʝʨʤʝʥ ʙʝʪʪʽש ʙײʟʳʣʫʳ. 

ɾײʤʳʩ ץʦʨʳ ï ײץʨʳʣסʳʥʳ (ʤʝʭʘʥʠʟʤʜʽ) ʧʘʡʜʘʣʘʥʫ ʙʘʩʪʘʣסʘʥʥʘʥ ʙʘʩʪʘʧ 

ʥʝʤʝʩʝ ʞᴇʥʜʝʫʜʝʥ ʢʝʡʽʥ ʞᴅʥʝ ʦʣ ʥʦʨʤʘʪʠʚʪʽʢ-ʪʝʭʥʠʢʘʣʳײץ ץʞʘʪʪʘʤʘʜʘ 

ʘʡץʳʥʜʘʣʘʪʳʥ ʰʝʢʪʽ ʢװʡʛʝ ʞʝʪʢʝʥʛʝ ʜʝʡʽʥ ᴅʟʽʨʣʝʫ. 

ɹʝʪʪʝʨʜʽ ʙʝʨʽʢʪʝʥʜʽʨʫ ï ʙʝʪʢʽ ץʘʙʘʪʪʳש ʙʝʨʽʢʪʽʛʽʥ ʘʨʪʪʳʨʫ ʥʝʤʝʩʝ ʙʝʪʽʥʝ 

 שʜʝʫʜʽשʙʝʪʪʝʨʽʥ ᴇ שʩʘʪʳʥʜʘ ʤʘʪʝʨʠʘʣʜʘʨʜʳץʫ ʤʘסʘʪʘʡʪʘʪʳʥ ʞʘʙʳʥʜʳ ʞʘץ

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʽ. 

ʄʘʢʨʦײץʨʳʣʳʤʜʳץ ʪʘʣʜʘʫ (ʥʝʤʝʩʝ ʤʘʢʨʦʘʥʘʣʠʟ) ï ʤʝʪʘʣʜʘʨ ʤʝʥ 

 ʣʢʝʡʪʢʽʰ ᴅʡʥʝʢ ʧʝʥװ ʘʨʘʧʘʡʳʤ ʢᴇʟʙʝʥ ʥʝʤʝʩʝץ ʨʳʣʳʤʳʥײץ שʦʨʳʪʧʘʣʘʨʜʳץ

ʙʠʥʦʢʫʣʷʨʣʳץ ʤʠʢʨʦʩʢʦʧ ʘʨץʳʣʳ 30-40 ʝʩʝʛʝ ʜʝʡʽʥ ײʣסʘʡʪʫ ʘʨץʳʣʳ ʟʝʨʪʪʝʫ ᴅʜʽʩʽ 

ʜʝʧ ʘʪʘʣʘʜʳ. 

ʄʠʢʨʦײץʨʳʣʳʤʜʳץ ʪʘʣʜʘʫ ï ʤʝʪʘʣʜʘʨ ʤʝʥ ץʦʨʳʪʧʘʣʘʨʜʳש ʜʠʬʬʫʟʠʷ 

ʪʝʨʝשʜʽʛʽʥ ʘʥʳץʪʘʫ װʰʽʥ װʣʛʽʥʽש ʙʝʪʽʥʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʝʪʘʣʣʦʛʨʘʬʠʷʣʳץ 

ʤʠʢʨʦʩʢʦʧ ʧʝʥ ʘʨʥʘʡʳ ʠʥʜʠʢʘʪʦʨʣʘʨʜʳ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, 50-ʜʝʥ 2000 ʝʩʝʛʝ 

ʜʝʡʽʥ ײʣסʘʡʪʫ ʘʨץʳʣʳ ʟʝʨʪʪʝʣʝʪʽʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʪʝʨʝש ʟʝʨʪʪʝʫ 

ʄʝʪʘʣʜʳץ שʘʪʪʳʣʳסʳ ï ʙײʣ ץʘʪʪʳ ʵʣʝʤʝʥʪʧʝʥ ʞʘʥʘʩʫ ʢʝʟʽʥʜʝ ʦʥʳש 

ʩʳʥʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʩʠʧʘʪʪʘʤʘ. 

ʊʘʨʪʫ ʢʝʜʝʨʛʽʩʽ ï ʢᴇʣʽʢ ʤʘʰʠʥʘʩʳ ʞʝשʝʪʽʥ ץʦʟסʘʣʳʩץʘ ʪᴇʟʽʤʜʽʣʽʢ ʢװʰʽʥʽש 

ʢᴇʣʜʝʥʝײץ שʨʘʤʜʘʩ ʙᴇʣʽʛʽ. 
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ɹɽʃɻɯʃɽʋʃɽʈ ʄɽʅ פʓʉפɸʈʊʋʃɸʈ 

 

FEM ï ʩʦסשʳ ʵʣʝʤʝʥʪ ᴅʜʽʩʽ 

SPH ï ʪʝʛʽʩ ʙᴇʣʰʝʢʪʝʨʜʽש ʛʠʜʨʦʜʠʥʘʤʠʢʘʩʳ 

ɸᴆʂ ï ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʝʰʝʥ 

 ʳ ʤʠʥʠʩʪʨʣʽʛʽסʘʫʳʣ ʰʘʨʫʘʰʳʣʳ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ ʈ ɸʐʄ ïפ

 ʳʣʳʤ ʤʠʥʠʩʪʨʣʽʛʽס ʙʽʣʽʤ ʞᴅʥʝ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ ʄ ïנʈ ɹפ

 ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽ ץʘʛʨʦʪʝʭʥʠʢʘʣʳ ץʘʟʘפ ɸʊɿʋ ïפ

SAS ï ʩʪʘʪʠʩʪʠʢʘʣʳץ ʘʥʘʣʠʪʠʢʘʣʳץ ʙʘסʜʘʨʣʘʤʘ 

DOE ï ʕʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽ ʞʦʙʘʣʘʫ 

ɾɾʊ ï ʞʦסʘʨʳ ʞʠʽʣʽʢʪʽ ʪʦʢ 

ʄʄʈ ï ʙʠʥʦʢʫʣʷʨʣʳץ ʤʝʪʘʣʣʦʛʨʘʬʠʷʣʳץ ʤʠʢʨʦʩʢʦʧ 

HRC ï ʈʦʢʚʝʣʣ ʙʦʡʳʥʰʘ ץʘʪʪʳʣʳסʳ, ʉ ʰʢʘʣʘʩʳ 

AISI ï ɸʤʝʨʠʢʘʥʜʳץ ʙʦʣʘʪ ʞᴅʥʝ ץʦʨʳʪʧʘʣʘʨ ʠʥʩʪʠʪʫʪʳ 

ʉɿ  ï ʘʩʪʳץ ʩʝʧʢʽʰʽ 

ʉɼʂ(ʇ) ïʪץײʳʤʜʳ ʰʳʤסʘ ʞʦʣʘץʪʳ ʩʝʙʫʛʝ ʘʨʥʘʣסʘʥ ʩʝʧʢʽʰ 

ɸפʐ ï ɸʤʝʨʠʢʘ ײץʨʘʤʘ ʰʪʘʪʪʘʨʳ 

ɸʇʃ  ï ʰʘʣסʳʥʜʳ ʪʦʧʳʨʘץ ᴇשʜʝʫ ʘʛʨʝʛʘʪʳ 

ʋʕʉ  ï ᴅʤʙʝʙʘʧ ʵʥʝʨʛʦײץʨʳʣסʳ 

ʉɿʊ ï ʘʩʪʳץ-ʪʳשʘʡʪץʳʰ-ʰᴇʧ ʩʝʧʢʽʰʽ 

 ʫʘʪ ʘʣʫ ʙʽʣʽʛʽץ ɸɹ ïפ

ʇʂʀ ʞᴅʥʝ 

ɺʀʉʍʆʄ 

ʅʇʆ  

ï ɺ.ʇ. ɻʦʨʷʯʢʠʥ ʘʪʳʥʜʘסʳ ɹװʢʽʣʦʜʘץʪʳץ ʘʫʳʣʰʘʨʫʘʰʳʣʳץ 

ʤʘʰʠʥʘ ʞʘʩʘʫ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʠʥʩʪʠʪʫʪʳ 

ʉɿʇʇ-4 ï ʘʩʪʳץ-ʪʳשʘʡʪץʳʰ-ʰᴇʧ ʩʝʧʢʽʰʽ 

ʉɼʂʇ ï ʰᴇʧ ʪץײʳʤʳʥ ʰʳʤסʘ ʩʝʙʫʛʝ ʘʨʥʘʣסʘʥ ʘʨʘʣʘʩ ʩʝʧʢʽʰ 

ʉɿʉ  ï ʘʩʪʳץ ʘשʳʟʜʳץ ʩʝʧʢʽʰʽ 

ʉʂ ïʢʫʣʴʪʠʚʘʪʦʨ ʩʝʧʢʽʰʽ 

ʂʉʊ  ï ʘʫʳʨ ʘשʳʟʜʳץ ʢʫʣʴʪʠʚʘʪʦʨʳ 

ʇʇɼ  ï ʙʝʪʪʽʢ ʧʣʘʩʪʠʢʘʣʳץ ʜʝʬʦʨʤʘʮʠʷ 

MAG  ï ʙʝʣʩʝʥʜʽ ʛʘʟʙʝʥ, ʤʳʩʘʣʳ, ʘʟʦʪʧʝʥ, ʢᴇʤʽʨץʳʰץʳʣ ʛʘʟʳʤʝʥ ʞᴅʥʝ 

ʪ.ʙ. ʜᴅʥʝʢʝʨʣʝʫ ʪװʨʽ 

PVD  ï ʙʫʜʳ ʪײʥʜʳʨʫ ʘʨץʳʣʳ ʞʘʙʳʥʜʳ ʬʠʟʠʢʘʣʳץ ץʦʣʜʘʥʫ 

SEM  ï ʩʢʘʥʝʨʣʝʡʪʽʥ ʵʣʝʢʪʨʦʥʜ  rʤʠʢʨʦʩʢʦʧ 

ɺʂ  ï ɺʦʣʴʬʨʘʤ-ʢʦʙʘʣʴʪʪʳ ץʘʪʪʳ ץʦʨʳʪʧʘʣʳ ʙʦʣʘʪ 

ʊʂ  ï ʊʠʪʘʥ-ʚʦʣʴʬʨʘʤ-ʢʦʙʘʣʴʪʪʳ ץʘʪʪʳ ץʦʨʳʪʧʘʣʳ ʙʦʣʘʪ 

ʕʂʇ  ï ʵʣʝʢʪʨ ʢʦʥʪʘʢʪʽʣʽ ʜᴅʥʝʢʝʨʣʝʫ 

ʍʊᴆ (ʍʊʆ)  ï ʭʠʤʠʷʣʳץ-ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ 

ʕʀʅ  ï ʵʣʝʢʪʨ ײʰץʳʥʜʳ ʙʘʣץʳʣʘʤʘʣʘʫ 
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ʂɯʈɯʉʇɽ 

 

ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ᴇʟʝʢʪʽʣʽʛʽ 

ɾʘʡʳʣʳʤʜʘʨʜʳש ʪʦʟʫʳ ʞᴅʥʝ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʞʘʥʫʘʨʣʘʨʳʥ ʩʘʧʘʣʳ 

ʘʟʳץʧʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤᴅʩʝʣʝʩʽ פʘʟʘץʩʪʘʥʥʳש ʙʘʨʣʳץ ᴇשʽʨʣʝʨʽ װʰʽʥ ᴇʟʝʢʪʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄᴅʜʝʥʠ-ʪʝʭʥʠʢʘʣʳץ ʞʘʡ-ʢװʡʽ ʙʦʡʳʥʰʘ ʞʘʡʳʣʳʤʜʘʨʜʳ30 ש-

35%-ʜʘʥ ʘʩʪʘʤʳ ʙײʪʘ ï 23,5 ʤʣʥ. ʛʘ, ʞʝʨ װʩʪʽ ï 1,4 ʤʣʥ. ʛʘ, ʦʨʤʘʥ ï 3,6 ʤʣʥ. ʛʘ, 

ʪʘʩ ï 4,7 ʤʣʥ. ʛʘ, ץʳʣץʘʥʙʦʟ ï 7,7 ʤʣʥ. ʛʘ, ʞʘʧʳʨʳʣסʘʥ ï 26,6 ʤʣʥ. ʛʘ. 

ɾʘʡʳʣʳʤʜʘʨʜʳש ʪʦʟסʘʥ ʘʣץʘʧʪʘʨʳ: ʪʘʫ ʙᴇʢʪʝʨʽʥʜʝʛʽ ʞʘʟʳץʪʘ ï 3,8 ʤʣʥ. ʛʘ, 

ʰᴇʣʜʽ ʘʡʤʘץʪʘ ï 13,2 ʤʣʥ. ʛʘ, ʦʨʤʘʥʜʳ ʜʘʣʘ ʞᴅʥʝ ʜʘʣʘ ʘʡʤʘץʪʘʨʳʥʜʘ ï 5,6 ʤʣʥ. 

ʛʘ ײץʨʘʡʜʳ. ɸʨʘʤʰᴇʧ ʙʘʩץʘʥ ʞʘʧʳʨʳʣסʘʥ ʞʘʡʳʣʳʤʜʘʨʜʳש ʩʘʥʳ 8,3 ʤʣʥ. ʛʘ [1-

3]. ɾʝʤʰᴇʧ ʘʣץʘʧʪʘʨʳʥʳש ᴇʥʽʤʜʽʣʽʛʽʥʽש ʪᴇʤʝʥʜʽʛʽ, ᴅʩʽʨʝʩʝ ײץʨסʘץʰʳʣʳץ 

ʞʳʣʜʘʨʳ, ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘסʳ ʤʘʣ ʙʘʩʳʥ ʪʦʣʳץץʘʥʜʳ ʘʟʳץʧʝʥ ʞʝʪʢʽʣʽʢʪʽ 

ʤᴇʣʰʝʨʜʝ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʡʜʽ. ɾʘʡʳʣʳʤʜʘʨʜʳ ץʘʣʧʳʥʘ 

ʢʝʣʪʽʨʫ ʞᴅʥʝ ʞʘץʩʘʨʪʫ װʰʽʥ ʘʨʥʘʡʳ ʪʝʭʥʠʢʘʥʳש ʙʦʣʤʘʫʳ ʞʘסʜʘʡʜʳ ʦʜʘʥ ʩʘʡʳʥ 

ʫʰʳץʪʳʨʫʜʘ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʦʪʘʥʜʳץ ᴇʥʝʨʢᴅʩʽʧ ײʩʘץ ʪץײʳʤʜʳ ʜʘץʳʣʜʘʨʜʳ 

ʩʝʙʫʛʝ ʘʨʥʘʣסʘʥ ʩʝʧʢʽʰʪʝʨ ʰʳסʘʨʤʘʡʜʳ. ʐᴇʧ ʪץײʳʤʜʘʨʳʥ ʩʝʙʫ װʰʽʥ ʰᴇʧʪʝʨʛʝ 

ʙʝʡʽʤʜʝʣʤʝʛʝʥ ʘʩʪʳץ ʩʝʧʢʽʰʪʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ, ʦʣʘʨ ץʘʞʝʪʪʽ ʤᴇʣʰʝʨʤʝʥ ʩʝʙʫʜʽ 

 ʳʥʳ ʧʘʡʜʘסʰʳ ץʝʜᴅʫʽʨ ʘʨʪʳ שʳʤʥʳץײʘʤʪʘʤʘʩʳʟ ʝʪʝ ʘʣʤʘʡʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ʪץ

ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʞʘʙʳץ ʜʘץʳʣʜʘʨ ʤʝʥ ʰʳʤסʘ ʩʝʙʫ ʢʝʟʽʥʜʝ ʩʝʧʢʽʰʪʝʨʜʽש 

ʩʽשʽʨʫʰʽʣʝʨʽ ʪʦʧʳʨʘץ-ʰᴇʧ ʞʘʤʳʣסʳʩʳʥʳש ʪʳסʳʟʜʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ץʘʨץʳʥʜʳ 

ʪʦʟʫסʘ ײʰʳʨʘʡʜʳ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʤʝʨʟʽʤʽ ץʳʩץʘ ʙʦʣʘʜʳ. 

ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʪʝʭʥʠʢʘʩʳʥʳץ שʘʞʝʪʪʽ ʞʠʳʥʪʳסʳʥʳש ʙʦʣʫʳ ï פʈ 

ɸᴆʂ-ʥʽש ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽ ʜʘʤʫʳʥʳש ʥʝʛʽʟʛʽ ʰʘʨʪʳ. ɹװʛʽʥʛʽ ʪʘשʜʘ ʨʝʩʧʫʙʣʠʢʘʜʘ 

149,8 ʤʳש ʪʨʘʢʪʦʨ, 38 ʤʳש ʢʦʤʙʘʡʥ, 4,9 ʤʳש ʝʛʽʩ ʢʝʰʝʥʽ ʞᴅʥʝ 76,3 ʤʳש ʩʝʧʢʽʰ, 

ʩʦʥʜʘʡ-ʘ219 ץ ʤʳסשʘ ʞʫʳץ ʪװʨʣʽ ʪʦʧʳʨʘץ ᴇשʜʝʫ ײץʨʘʣʜʘʨʳ ʙʘʨ. ʄᴅʩʝʣʝʥ, 

 ʜʝʨʝʢʪʝʨʽ שʳ ʤʠʥʠʩʪʨʣʽʛʽʥʽסʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ ɸʫʳʣ ʰʘʨʫʘʰʳʣʳץʘʟʘפ

ʙʦʡʳʥʰʘ ʤʘʰʠʥʘ-ʪʨʘʢʪʦʨ ʧʘʨʢʽʥʽש ʦʨʪʘʰʘ ʪʦʟʫʳ ʰʘʤʘʤʝʥ 80%-ʜʳ ײץʨʘʡʜʳ. 

ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʪʝʭʥʠʢʘʩʳʥʳש ᴇʪʝ ʪʦʟסʘʥ ʥʝʛʽʟʛʽ ʪװʨʣʝʨʽʥʽ15) ש ʞʳʣʜʘʥ 

ʘʩץʘʥ) װʣʝʩʽ: ʪʨʘʢʪʦʨʣʘʨ - 79%, ʢʦʤʙʘʡʥʜʘʨ - 54%, ʩʝʧʢʽʰʪʝʨ - 86%, ʦʨʘץʪʘʨ - 

 ʛʝʡʽ ʞʳʣʳʥʘ 10 õ 12,5%שʘʨʪʫ ʜʝשʞʘ ץʘʞʝʪʪʽ ʪʝʭʥʦʣʦʛʠʷʣʳפ .ʨʘʡʜʳײץ 63%

ʙʦʣʩʘ, ʙװʛʽʥʛʽ ʢװʥʽ ʞʘשʘʨʪʫ ʪʝʢ 1õ3% ʘʨʘʣʳסʳʥʜʘ ʙʦʣʘʜʳ. ɽʩʢʽʨʛʝʥ ʞʘʙʜʳץʪʳ 

ʧʘʡʜʘʣʘʥʫ ʞʘʥʘʨʤʘʡ ʰʳסʳʥʜʘʨʳʥʳס-20% שʘ ʘʨʪʫʳʥʘ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽס-14% שʘ 

ʪᴇʤʝʥʜʝʫʽʥʝ ᴅʢʝʣʝʜʽ [1; 2]. 

 ʛʝʡʜʝ ʞʘʥʜʘʥʜʳʨʫ ʪʫʨʘʣʳשʘ ʜʝשʈ ɸʐʄ ʩʘʣʘʥʳ ʞʘפ ʳʪʪʘץʘʟʽʨʛʽ ʫʘפ

ʙʽʨץʘʪʘʨ ʰʝʰʽʤʜʝʨ ץʘʙʳʣʜʘסʘʥ ʞʘʡʳʣʳʤʜʳץ ʤʘʣ ʰʘʨʫʘʰʳʣʳסʳʥʘ ʘʨʥʘʣסʘʥ 

ʤʘʰʠʥʘʣʘʨ ʞװʡʝʩʽʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ץʘʣʳʧʪʘʩʪʳʨʫ ʙʦʡʳʥʰʘ ʟʝʨʪʪʝʫʣʝʨ ʩײʨʘʥʳʩץʘ 

ʠʝ ʙʦʣʳʧ ʦʪʳʨ. ɿʝʨʪʪʝʫʜʽϬ ʤʘϬʳʟʜʳʣʳϤʳ ʪʦʟʫסʘ ײʰʳʨʘסʘʥ ʞʘʡʳʣʳʤʜʘʨʜʳ 

 ,ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ʪʝʭʥʠʢʘʥʳ ʝʥʛʽʟʫ ץʰʽʥ ʠʥʥʦʚʘʮʠʷʣʳװ ʘʣʧʳʥʘ ʢʝʣʪʽʨʫץ

ʰʘʙʳʥʜʳץʪʘʨʜʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ, ʞʘʡʳʣʳʤʜʳץ ʤʘʣ ʰʘʨʫʘʰʳʣʳסʳ 

ʧʨʦʮʝʩʪʝʨʽʥ ʙʘץʳʣʘʫ ʞᴅʥʝ ʙʘʩץʘʨʫ װʰʽʥ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫ 

ʩʠʷץʪʳ ʙʽʨץʘʪʘʨ ʥʝʛʽʟʛʽ ʤᴅʩʝʣʝʣʝʨ ʙʦʡʳʥʰʘ ʩʪʨʘʪʝʛʠʷʣʳס ץʳʣʳʤʠ ʥʝʛʽʟʜʝʣʛʝʥ 

ʰʝʰʽʤʜʝʨ ץʘʙʳʣʜʘʫ ץʘʞʝʪʪʽʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʷסʥʠ ᴅʣʝʤʜʽʢ ʜʝשʛʝʡʛʝ ʩʘʡ 



8 
 

ʢʝʣʝʪʽʥ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʟʘʤʘʥʘʫʠ, סʳʣʳʤʠ ʥʝʛʽʟʜʝʣʛʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ 

ʤʘʰʠʥʘʣʘʨʜʳש ʞװʡʝʩʽʥ ᴅʟʽʨʣʝʫʜʽ ץʘʞʝʪ ʝʪʝʜʽ. 

ɼʝʤʝʢ, ʰʘʙʳʥʜʳץʪʘʨ ʤʝʥ ʞʘʡʳʣʳʤʜʘʨʜʳ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʞᴅʥʝ ʞʘץʩʘʨʪʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʞᴅʥʝ ʪʘʧʪʘʣסʘʥ ʞʘʡʳʣʳʤʜʘʨʜʳ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ, ʘʫʳʣ 

ʰʘʨʫʘʰʳʣʳסʳ ʘʡʥʘʣʳʤʳʥʘʥ ʰʳסʘʨʳʣסʘʥ ʪʳשʘʡסʘʥ ʞʝʨʣʝʨʜʽ ʠʛʝʨʫ ʤʝʥ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʘʫ ʞᴅʥʝ ʢᴇʧʞʳʣʜʳץ ʰᴇʧʪʝʨʜʽש ʝʩʢʽ ʝʛʽʩʪʽʢʪʝʨʽʥʽש ᴇʥʽʤʜʽʣʽʛʽʥ 

ʞʘץʩʘʨʪʫ װʰʽʥ ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʜʳ ᴅʟʽʨʣʝʫ פʈ ɸᴆʂ ʘʣʜʳʥʜʘ ʪײʨסʘʥ ʘʩʘ 

ʤʘשʳʟʜʳ ʤᴅʩʝʣʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɾײʤʳʩ פʈ ɹנʄ נʳʣʳʤ ʢʦʤʠʪʝʪʽʥʽש ʛʨʘʥʪʳ ʙʦʡʳʥʰʘ ˉAP05134800 

çɸʫʳʣ ʰʘʨʫʘʰʳʣʳץ ʜʘץʳʣʜʘʨʳʥ ʞʘʤʳʣסʳ ʜʘץʳʣʜʘʨ ʤʝʥ ʰʳʤסʘ ʩʘʨʘʣʘʧ 

ʪʽʢʝʣʝʡ ʝʥʛʽʟʫʤʝʥ ץʦʩʘ ʙʽʨ ʤʝʟʛʽʣʜʝ ʤʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʝʥʛʽʟʝʪʽʥ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʘʩʪʳץ-ʪʳשʘʡʪץʳʰ-ʰᴇʧ ʩʝʧʢʽʰʪʽ ʞʘʩʘʫè ʞʦʙʘʩʳʥ ʽʩʢʝ 

ʘʩʳʨʫ ʰʝשʙʝʨʽʥʜʝ ʦʨʳʥʜʘʣʜʳ. 

ɿʝʨʪʪʝʫ ʤʘץʩʘʪʳ 

ʉʝʙʫ ʩʘʧʘʩʳ ʤʝʥ ʩʝʧʢʽʰʪʽש ʞײʤʳʩ ץʦʨʳʥ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʜʘץʳʣʜʘʨʳʥ 

ʞʘʤʳʣסʳ ʜʘץʳʣʜʘʨ ʤʝʥ ʰʳʤסʘ ʪʽʢʝʣʝʡ ʝʥʛʽʟʝʪʽʥ ʩʽשʽʨʫʰʽʥʽײץ שʨʳʣʳʤʜʳץ 

ʩײʣʙʘʩʳ ʤʝʥ ʦשʪʘʡʣʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʥʝʛʽʟʜʝʫ ʘʨץʳʣʳ ʘʨʪʪʳʨʫ. 

ɿʝʨʪʪʝʫ ʤʽʥʜʝʪʪʝʨʽ: 

 ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʽ ʟʝʨʪʪʝʧ, ʞʘʤʳʣסʳ ʜʘץʳʣʜʘʨʳ ʤʝʥ ʰʳʤסʘ 

ʪʽʢʝʣʝʡ ʩʝʙʫ ʩʘʧʘʩʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʬʘʢʪʦʨʣʘʨʜʳ, ʞײʤʳʩ ץʦʨʳʥ ʘʥʳץʪʘʫ ʞᴅʥʝ 

ʩʽשʽʨʫʰʽʥʽײץ שʨʳʣʳʤʜʳץ-ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩײʣʙʘʩʳʥ ʥʝʛʽʟʜʝʫ; 

 ʩʽשʽʨʫʰʽʥʽײ שʪʳʤʜʳ ײץʨʳʣʳʤʜʳץ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʥʝʛʽʟʜʝʫ; 

 ʩʽשʽʨʫʰʽ ץʘʰʘʫʳʥʳש ʙʝʪʢʽ ץʘʙʘʪʳʥ ʙʘʣץʳʤʘʣʘʫʤʝʥ ץʘʧʪʘʤʘ ʞʘʩʘʫ 

ʨʝʞʠʤʽʥʽש ʦשʪʘʡʣʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʥʝʛʽʟʜʝʫ ʞᴅʥʝ ʘʩʪʳץ-ʰᴇʧ-ʪrשʘʡʪץʳʰ 

ʩʝʧʢʽʰʪʽש ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ ץʘʰʘʫʳʥʳש ʞײʤʳʩ ץʦʨʳʥ ʟʝʨʪʪʝʫ; 

 ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʜʘץʳʣʜʘʨʳʥ ʞʘʤʳʣסʳ ʜʘץʳʣʜʘʨʳʥʳש ʘʩʪʳʥʘ ʞᴅʥʝ 

ʰʳʤסʘ ʪʽʢʝʣʝʡ ʩʝʙʝʪʽʥ ʩʽשʽʨʫʰʽʥʽש ʞײʤʳʩ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ᴇʥʜʽʨʽʩʪʽʢ ʞʘסʜʘʡʜʘ 

ʪʝʢʩʝʨʽʧ, ʦʥʳ ץʦʣʜʘʥʫ ʪʠʽʤʜʽʣʽʛʽʥʝ ʪʝʭʥʠʢʘʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ ʙʘסʘ ʙʝʨʫ. 

ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ ï ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʜʘץʳʣʜʘʨʳʥ ʰʳʤסʘ ʪʽʢʝʣʝʡ 

ʩʝʙʫʜʽש ʞᴅʥʝ ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʪʽש ʩʽשʽʨʫʰʽ ץʘʰʘʫʳʥʳש ʞײʤʳʩ 

ʙʝʪʽʥ ʙʝʨʽʢʪʝʥʜʽʨʫʜʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʽ. 

ɿʝʨʪʪʝʫ ʧᴅʥʽ ï ʩʽשʽʨʫʰʽʥʽײץ שʨʳʣʳʤʜʳץ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʩʝʙʫ ʩʘʧʘʩʳʥʘ ʞᴅʥʝ ʞʘʙʳʥʜʘʨ ץʘʩʠʝʪʪʝʨʽʥʽש ʩʽשʽʨʫʰʽʥʽש ʞײʤʳʩ 

 .ʪʘʨʳץʜʳʣʳשʦʨʳʥʘ ᴅʩʝʨ ʝʪʫ ʟʘץ

ɿʝʨʪʪʝʫ ᴅʜʽʩʪʝʤʝʩʽ: 

1. ʊʝʦʨʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨ ʢʣʘʩʩʠʢʘʣʳץ ʞᴅʥʝ ʞᴅʥʝ ʞʝʨ ᴇשʜʝʫ 

ʤʝʭʘʥʠʢʘʩʳʥʳש, ʪʨʠʙʦʣʦʛʠʷʥʳש, ʤʘʰʠʥʘ ʞʘʩʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʞᴅʥʝ 

ʤʘʪʝʨʠʘʣʪʘʥʫ, ʤʝʪʘʣʜʘʨ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʥʝʛʽʟʛʽ ʝʨʝʞʝʣʝʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ 

ʞװʨʛʽʟʽʣʜʽ. 

2. ʄʘʪʝʤʘʪʠʢʘʣʳץ ʞᴅʥʝ ʢʦʤʧʴʶʪʝʨʣʽʢ ʤʦʜʝʣʴʜʝʫ çʉ. ʉʝʡʬʫʣʣʠʥ 

ʘʪʳʥʜʘסʳ פɸʊɿʋè ʂʝɸפ çʊʝʭʥʦʣʦʛʠʷʣʳץ ʤʘʰʠʥʘʣʘʨ ʤʝʥ ʞʘʙʜʳץʪʘʨè 

ʢʘʬʝʜʨʘʩʳʥʳש ʟʝʨʪʭʘʥʘʣʘʨʳʥʜʘ ʦʨʳʥʜʘʣʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽ ʞʦʩʧʘʨʣʘʫ ɹʦʢʩ-

ʋʠʣʩʦʥ ᴅʜʽʩʽ ʙʦʡʳʥʰʘ ʝʢʽʥʰʽ ʨʝʪʪʽ ʦʨʪʘʣʳץ ʢʦʤʧʦʟʠʮʠʷʣʳץ ʨʦʪʘʪʘʙʝʣʴʜʽ 
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ʞʦʩʧʘʨʣʘʫ ʙʘסʜʘʨʣʘʤʘʩʳ ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʜʽ ʞᴅʥʝ ʦשʪʘʡʣʳ ʘʡʤʘץʪʳ 

ʩʠʧʘʪʪʘʡʪʳʥ ʝʢʽʥʰʽ ʜᴅʨʝʞʝʣʽ ʢᴇʧʤװʰʝʣʝʨ ʘʣʳʥʜʳ. ʌʘʢʪʦʨʣʘʨʜʳש ʤᴅʥʜʝʨʽ ʤʝʥ 

 ʘʞʝʪʪʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʵʢʩʧʝʨʠʤʝʥʪʪʝ (DOE) Statistica 10 ʞᴅʥʝץ

Statistical Analysis Software (SAS) ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʜʘ (SAS Institute, Cary, NC 

27513, ɸפʐ) ʘʥʳץʪʘʣʜʳ. ʊᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʢʪʝʨʽ ʞᴅʥʝ ʬʘʢʪʦʨʣʘʨʜʳש ʝש ʦשʪʘʡʣʳ 

ʤᴅʥʜʝʨʽ ɹʦʢʩ-ɹʝʥʢʝʥ ᴅʜʽʩʽʤʝʥ ʘʣʳʥʜʳ. 

3. ɸʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʽ ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʘʥʳץʪʘʣסʘʥ 

ʧʘʨʘʤʝʪʨʣʝʨʽ ʤʝʥ ʪʦʟʫʳ SolidWorks ʞᴅʥʝ ANSYS ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʜʘ ʩʦסשʳ 

ʵʣʝʤʝʥʪ ᴅʜʽʩʽʤʝʥ (FEM), ʩʦʥʜʘʡ-ʘץ LS-DYNA ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ SPH ᴅʜʽʩʽʤʝʥ 

ʢʦʤʧʴʶʪʝʨʣʽʢ ʤʦʜʝʣʴʜʝʫʤʝʥ ʥʝʛʽʟʜʝʣʜʽ. 

 ʟʝʨʪʪʝʫʣʝʨ ץʨʳʣʳʤʜʳײץʣʛʽʣʝʨʜʽ ʙʝʨʽʢʪʝʥʜʽʨʫ, ʤʘʢʨʦ-ʞᴅʥʝ ʤʠʢʨʦת .4

çʉ.ʉʝʡʬʫʣʣʠʥ ʘʪʳʥʜʘסʳ פɸʊɿʋè ʂʝɸפ, çʊʝʭʥʦʣʦʛʠʷʣʳץ ʤʘʰʠʥʘʣʘʨ ʤʝʥ 

ʞʘʙʜʳץʪʘʨè ʢʘʬʝʜʨʘʩʳʥʳש ʟʝʨʪʭʘʥʘʣʘʨʳ ʙʘʟʘʩʳʥʜʘ ʦʨʳʥʜʘʣʜʳ. ʊʦʟʫסʘ 

ʪᴇʟʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫʜʳש ʧʘʡʜʘʣʘʥʳʣסʘʥ ᴅʜʽʩʪʝʨʽ: ʊ590 ʞᴅʥʝ ʎʉ-1 ץʘʪʪʳ 

 ʳʣʳץʜᴅʥʝʢʝʨʣʝʫ ʘʨ ץʘʣʳסʦʨʳʪʧʘʣʳ ʵʣʝʢʪʨʦʜʪʘʨʳʤʝʥ ɺɼʄ-2ʭ313 ʋ3 ʜʦץ

ʙʘʣץʳʤʘʣʘʫʤʝʥ ץʘʧʪʘʤʘ ʞʘʩʘʫ; 12/12-ɺ ʉʅʆʃ ʤʦʜʝʣʜʽ ʢʘʤʝʨʘʣʳץ ʟʝʨʪʭʘʥʘʣʳץ 

ʵʣʝʢʪʨ ʧʝʰʽʥʜʝ ʰʳʥʳץʪʳʨʫ װʰʽʥ ץʘʰʘʫʜʳ ɾɾʊ-ץʳʟʜʳʨʫ. ɸ1212 MASTER 

ʤʦʜʝʣʴʜʽ ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ʜʝʬʝʢʪʦʩʢʦʧʧʝʥ ʩʽשʽʨʫʰʽ ץʘʰʘʫʣʘʨʳʥʜʘ ʪʦʟסʘʥ ʙʝʪʢʽ 

 ʪʘʣʜʘʫ ץʨʳʣʳʤʜʳײץʙʦʣʫʳ ʟʝʨʪʪʝʣʜʽ. ʄʠʢʨʦ שʘʫʣʘʨʜʳץʡʽ, ʘװʢ שʘʙʘʪʪʘʨʳʥʳץ

 שʦʣʜʘʥʳʣʜʳ ʞᴅʥʝ ʟʝʨʪʪʝʣʝʪʽʥ ʙʝʪʪʝʨʜʽץ ʰʽʥ ʄʄʈ-1 ɹʠʦʤʝʜ ʤʠʢʨʦʩʢʦʙʳװ

 .ʦʣʜʘʥʳʣʜʳץ ʪʳ ᴇʣʰʝʫ ʘʩʧʘʙʳץʘʪʪʳʣʳץ ʰʽʥ ʄɽʊ ʋ1װ ʪʘʫץʳʥ ʘʥʳסʘʪʪʳʣʳץ

5. ʉʝʨʠʷʣʳ ʜʘʡʳʥʜʘʣסʘʥ ʞᴅʥʝ ᴅʟʽʨʣʝʥʛʝʥ ץʘʰʘʫ װʣʛʽʣʝʨʽʥ ʜʘʣʘʣʳץ ʩʳʥʘʫ 

2019-2020 ʞʳʣʜʘʨʳ ɸץʤʦʣʘ ʦʙʣʳʩʳʥʳש ʪʦʧʳʨʘץ-ʢʣʠʤʘʪʪʳץ ʞʘסʜʘʡʣʘʨʳʥʜʘ 

 ʪʘ ʦʨʪʘʰʘ ʜʠʘʤʝʪʨʽץʳ 25-45%, ʪʦʧʳʨʘסʘʣʜʳʣʳסʪʘ (ʳʣץʘʨʘ ʪʦʧʳʨʘץ ʘʨʘʧʘʡʳʤץ

0,05 ʤ ʪʘʩʪʘʨʜʳש ʙʦʣʫʳ 0,6-1,5 ʜʘʥʘ/ʤ2) ᴇʪʢʽʟʽʣʜʽ; ʝʛʽʩʪʽʢ (ʞʘʟʜʳץ) ʚʠʢʘ, 

ʩʫʩʳʤʘʣʳ ʙʝʜʝ ʞᴅʥʝ ʞʦשʳʰץʘ ʝʛʫ ʢʝʟʽʥʜʝ ʞװʨʛʽʟʽʣʜʽ; ʤʘʰʠʥʘ-ʪʨʘʢʪʦʨ 

ʘʛʨʝʛʘʪʳʥʳײץ שʨʘʤʳ 2 ʪʘʨʪʫ ʢʣʘʩʳʥʳש ʜʦסשʘʣʘץʪʳ ʪʨʘʢʪʦʨʳ + ʘʩʪʳץ-ʰᴇʧ-

ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʽʥʝʥ ʪײʨʜʳ. 

6. ɸʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʽ ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥ 

ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʟʝʨʪʭʘʥʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ ʪʦʧʳʨʘץ ʘʨʥʘʩʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ 

 ʰʽʥ Tï350 Aquaterr ʘʩʧʘʙʳװ ʪʘʫץʳʥ ʘʥʳסʘʣʜʳʣʳסʳʣ שʪʳץʊʦʧʳʨʘ .(ʦʩʳʤʰʘ ɸפ)

ʞᴅʥʝ ʪʦʧʳʨʘץʪʳש ʪʳסʳʟʜʳסʳ װʰʽʥ ï Wile ʤʘʨʢʘʣʳ ʪʳסʳʟʜʳץ ᴇʣʰʝʛʽʰ (ASAES 

 .ʦʣʜʘʥʳʣʜʳץ (313.3

 :ʳסʘʣʳשʳʣʳʤʠ ʞʘנ

 ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʜʘץʳʣʜʘʨʳʥ ʞʘʤʳʣסʳ ʜʘץʳʣʜʘʨʳʥʳש ʘʩʪʳʥʘ ʞᴅʥʝ 

ʰʳʤסʘ ʪʽʢʝʣʝʡ ʩʝʙʫʛʝ ʘʨʥʘʣסʘʥ ץʘʰʘʫʳ ʙʘʨ ʩʽשʽʨʫʰʽʥʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ 

 ̔;ʧʘʨʘʤʝʪʨʣʝʨʽ ʥʝʛʽʟʜʝʣʜ ץʨʳʣʳʤʜʳײץ

 ʩʽשʽʨʝʪʽʥ ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ װʣʛʽʩʽʥʽש ʪʦʧʳʨʘץʧʝʥ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫ ʟʘשʜʳʣʳץʪʘʨʳ ʘʥʳץʪʘʣʜʳ; 

 ʩʽשʽʨʫʰʽʥʽש ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ᴇשʜʝʣʝʪʽʥ ʪʦʧʳʨʘץ ץʘʙʘʪʳʥʳש 

ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ʞᴅʥʝ ʦʥʳש ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ, ʞײʤʳʩ 

ʦʨʛʘʥʳʥʳש ʽʣʛʝʨʽʣʝʤʝʣʽ ʞʳʣʜʘʤʜʳסʳʥʘ ʞᴅʥʝ ʦʥʳ ʦʨʥʘʪʫ, ʘʰʳʣʫ ʞᴅʥʝ װʡʢʝʣʫ 

ʙײʨʳʰʪʘʨʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ ʘʣʳʥʜʳ; 

 ʩʽשʽʨʫʰʽ ץʘʰʘʫʳʥʳש ʙʝʪʢʽ ץʘʙʘʪʳʥʳש ʦשʪʘʡʣʳ ʧʘʨʘʤʝʪʨʣʝʨʽ ʥʝʛʽʟʜʝʣʜ.̔ 
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 :ʘʨʳʣʘʪʳʥ ʥʝʛʽʟʛʽ ʝʨʝʞʝʣʝʨסʘ ʰʳסʘʫסʦʨפ

 ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰ ʩʽשʽʨʫʰʽʩʽʥʽש ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ װʣʛʽʩ̔ ʥʽש 

ʢʦʥʩʪʨʫʢʮʠʷʣʳץ-ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩײʣʙʘʩr; 

 ʩʽשʽʨʫʰʽ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʦʥʳײץ שʨʳʣʳʤʜʳץ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ʞᴅʥʝ ʪʦʧʳʨʘץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʪʝʦʨʠʷʣʳץ ʪᴅʫʝʣʜʽʣʽʛʽ; 

 ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ ץʘʰʘʫʜʳץ שʘʙʘʪ ץʘʪʪʳʣʳסʳʥʳש 

ʢʦʥʩʪʨʫʢʮʠʷʣʳץ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʵʢʩʧʣʫʘʪʘʮʠʷʣʳץ ʬʘʢʪʦʨʣʘʨʳʥʘ 

ʪᴅʫʝʣʜʽʣʽʢ ʪʝשʜʝʫʽ, ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ ץʘʙʘʪ ץʘʣʳשʜʳסʳ ʤʝʥ ʤʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʫ 

ᴅʜʽʙʽʥʽש ʙʘʣץʳʪʘ ץʘʧʪʘʤʘʣʘʫ ʨʝʞʠʤʜʝʨʽʥʝ ʪᴅʫʝʣʜʽʣʽʢ ʪʝשʜʝʫʽ; 

 ʩʽשʽʨʫʰʽ ץʘʰʘʫʳʥʜʘ ʞᴅʥʝ ʪʦʧʳʨʘץʪʘ ʞʠʳʥʪʳץ ʢʝʨʥʝʫʣʝʨʜʽש ʪʘʨʘʣʫ, 

ʞײʤʳʩ ʙᴇʣʽʛʽʥʽש ʪʦʟʫ ʤʦʜʝʣʴʜʝʨ̔. 

ʇʨʘʢʪʠʢʘʣʳײץ ץʥʜʳʣʳסʳ ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʪʽש 

 ʣʛʽʣʝʨʽʥװ ʤʘʢʝʪʪʽʢ ʞᴅʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ שʨʳʣʳʤʳʥ ʞʦʙʘʣʘʫ ʞᴅʥʝ ʦʥʳײץ

ʜʘʡʳʥʜʘʫ, ʩʽשʽʨʫʰʽʥʽש ʦשʪʘʡʣʳ ײץʨʳʣʳʤʜʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ, ץʘʰʘʫʜʳש ʞײʤʳʩ 

 ,ʪʘʫץʪʘʡʣʳ ʤᴅʥʜʝʨʽʥ ʘʥʳשʦ שʘʧʪʘʤʘ ʞʘʩʘʫ ʨʝʞʠʤʜʝʨʽʥʽץ ʰʽʥװ ʘʡʪʫסʣײ ʦʨʳʥץ

ʘʨʥʘʡʳ ʢʦʤʧʴʶʪʝʨʣʽʢ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʘ ץʘʰʘʫʜʳש ʘʙʨʘʟʠʚʪʽ ʪʦʟʫʳʥ ʟʝʨʪʪʝʫ 

ᴅʜʽʩʪʝʤʝʩʽʥ ᴅʟʽʨʣʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ᴆʥʜʽʨʽʩʢʝ ʝʥʜʽʨʫ ʞᴅʥʝ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʷ 

ʤʘץʩʘʪʳʥʜʘ ʩʝʧʢʽʰ ʩʳʟʙʘʣʘʨʳ çAGRITECH-KATUè ɾʐʉ ʤʘʰʠʥʘ ʞʘʩʘʫ 

ʢʦʤʧʘʥʠʷʩʳʥʘ ʙʝʨʽʣʜʽ. ɸʩʪʳץ-ʪʳשʘʡʪץʳʰ-ʰᴇʧ ʩʝʧʢʽʰʽ ʞײʤʳʩ ʦʨʛʘʥʳʥ 

ʙʝʨʽʢʪʝʥʜʽʨʫ ʤʝʥ ʞײʤʳʩ ץʦʨʳʥ ʘʨʪʪʳʨʫ ᴅʜʽʩʽ, ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫ װʰʽʥ 

ʞײʤʳʩ ʙʝʪʽʥʽש ʙʝʪʢʽ ץʘʙʘʪʳʥ ʪʘשʜʘʫ ʙʦʡʳʥʰʘ ײʩʳʥʳʩʪʘʨ çʎʝʣʠʥʩʝʣʴʤʘʰ 

ɸʩʪʘʥʘè ɾʐʉ ʝʥʜʽʨʽʣʜʽ.  

 ʥʝʛʽʟʜʽʣʽʛʽ שʞʳʨʳʤʜʘʨʳʥʳײʪ שʥᴅʪʠʞʝʣʝʨʜʽ ,שʳʣʳʤʠ ʝʨʝʞʝʣʝʨʜʽנ

ʤʝʥ ʜײʨʳʩʪʳסʳ ʤʘץʩʘʪʪʘʨʜʳש ʞװʡʝʣʽ ץʦʡʳʣʫʳʤʝʥ, ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨʜʽש ʞʝʪʢʽʣʽʢʪʽ ʜʝשʛʝʡʜʝʛʽ ʩᴅʡʢʝʩʪʽʛʽʤʝʥ ʨʘʩʪʘʣʘʜʳ. 

ɸʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʪʽײץ שʨʳʣʳʤʳʥʘ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש 

(ˉ34241 ʞᴅʥʝ ˉ34242) ʞᴅʥʝ ɽʫʨʘʟʠʷʣʳץ ʧʘʪʝʥʪʪʽʢ ײʡʳʤʳʥʳ(38584ˉ) ש 

ʧʘʪʝʥʪʪʝʨ ̔(פʦʩʳʤʰʘ ᴄ) ʘʣʳʥʜʳ. 

ɾײʤʳʩʪʳש ʦʨʳʥʜʘʣʫr  

ɼʠʩʩʝʨʪʘʮʠʷ ʙʦʡʳʥʰʘ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳ ˉAP05134800 çɸʫʳʣ 

ʰʘʨʫʘʰʳʣʳץ ʜʘץʳʣʜʘʨʳʥ ʞʘʤʳʣסʳ ʜʘץʳʣʜʘʨ ʤʝʥ ʰʳʤסʘ ʩʘʨʘʣʘʧ ʪʽʢʝʣʝʡ 

ʝʥʛʽʟʫʤʝʥ ץʦʩʘ ʙʽʨ ʤʝʟʛʽʣʜʝ ʤʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʝʥʛʽʟʝʪʽʥ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʘʩʪʳץ-ʪʳשʘʡʪץʳʰ-ʰᴇʧ ʩʝʧʢʽʰʪʽ ʞʘʩʘʫè ʛʨʘʥʪʪʳץ 

ʪʘץʳʨʳʙʳ ʰʝשʙʝʨʽʥʜʝ ʦʨʳʥʜʘʣʜʳ. ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʳש ʥᴅʪʠʞʝʣʝʨʽ 

ɸץʤʦʣʘ ʦʙʣʳʩʳ ʎʝʣʠʥʦʛʨʘʜ ʘʫʜʘʥʳʥʳש çɸץʤʦʣʘ-ʌʝʥʠʢʩè ɸ(2020) פ ʞᴅʥʝ 

çʎʝʣʠʥʩʝʣʴʤʘʰ-ɸʩʪʘʥʘè ɾʐʉ (ɸʩʪʘʥʘ, 2024) ʝʥʛʽʟʽʣʜʽ (פʦʩʳʤʰʘ ɹ).  

ɸʚʪʦʨʜʳש ʞʝʢʝ װʣʝʩʽ ʤʽʥʜʝʪʪʝʨʜʽ ץʦʶʜʘʥ ʞᴅʥʝ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʤʝʩʽʥ 

ᴅʟʽʨʣʝʫʜʝʥ; ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʪʽײץ שʨʳʣʳʤʳʥ ᴅʟʽʨʣʝʫʜʝʥ ʞᴅʥʝ 

ʤʘʢʝʪʪʽʢ ʧʝʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ װʣʛʽʣʝʨʽʥ ʜʘʡʳʥʜʘʫʜʘʥ, ʩʽשʽʨʫʰʽ ץʘʰʘʫʳʥʳש 

ʦשʪʘʡʣʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʞᴅʥʝ ʦʥʳ ʙʝʨʽʢʪʝʥʜʽʨʫ ᴅʜʽʩʽʥ ʘʥʳץʪʘʫʜʘʥ, ʙʽʨʪײʪʘʩ 

ʢʝʨʥʝʫʣʝʨʜʽ ʙᴇʣʽʩʪʽʨʫʛʝ ʞᴅʥʝ ʞײʤʳʩ ʙᴇʣʽʛʽʥʽש ʪʦʟʫʳʥʘ ʦשʪʘʡʣʳ ʧʘʨʘʤʝʪʨʣʝʨʽ 

ʙʘʨ ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʪʽש ʩʽשʽʨʫʰʽ ץʘʰʘʫʳʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʟʝʨʪʪʝʫʜʽ ʞʦʩʧʘʨʣʘʫʜʘʥ ʞᴅʥʝ ʞװʨʛʽʟʫʜʝʥ ʪײʨʘʜʳ (פʦʩʳʤʰʘ ɺ). 

ɾײʤʳʩʪʳ ʘʧʨʦʙʘʮʠʷʣʘʫ 
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ɼʦʢʪʦʨʣʳץ ʜʠʩʩʝʨʪʘʮʠʷʥʳש ʥʝʛʽʟʛʽ ʝʨʝʞʝʣʝʨʽ ʙʘʷʥʜʘʣʜʳ ʞᴅʥʝ ʪʘʣץʳʣʘʥʜʳ 

  :(ʦʩʳʤʰʘ ɻפ)

1. çɸᴆʂ װʰʽʥ ʠʥʥʦʚʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ʞʘʩ סʘʣʳʤʜʘʨʜʳץ שʦʩץʘʥ 

 ,ʢʦʥʬʝʨʝʥʮʠʷʩʳʥʜʘ (ʐʦʨʪʘʥʜʳ ץʳʣʳʤʠ-ʧʨʘʢʪʠʢʘʣʳס שʘʣʳʤʜʘʨʜʳס ʣʝʩʽè ʞʘʩװ

2019). 

2. çVII International scientific congress. Agricultural machinery 2019è 

ʭʘʣʳץʘʨʘʣʳץ ʢʦʥʛʨʝʩʩʥ̔ʜʝ (Burgas, 2019). 

3. çɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘסʳ ʠʥʥʦʚʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

ʪʝʭʥʠʢʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫè ʭʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ-ʧʨʘʢʪʠʢʘʣʳץ 

ʢʦʥʬʝʨʝʥʮʠʷʩʳʥʜʘ (ʄʠʥʩʢ, 2020).  

4. çʉʝʡʬʫʣʣʠʥ ʦץʫʣʘʨʳè ʨʝʩʧʫʙʣʠʢʘʣʳץ ʞᴅʥʝ ʭʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ-

ʪʝʦʨʠʷʣʳץ ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʳʥʜʘ (2018, 2021). 

5. çʉ. ʉʝʡʬʫʣʣʠʥ ʘʪʳʥʜʘסʳ פʘʟʘץ ʘʛʨʦʪʝʭʥʠʢʘʣʳץ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽè 

ʂʝɸפ, ʊʄɾ ʢʘʬʝʜʨʘʩʳʥʳש ʦʪʳʨʳʩʳʥʜʘ (2023).  

6. ɹʝʣʘʨʫʩʴ ʤʝʤʣʝʢʝʪʪʽʢ ʘʛʨʘʨʣʳץ ʪʝʭʥʠʢʘʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש çɸᴆʂ 

ʪʝʭʥʠʢʘʣʳץ ʩʝʨʚʠʩʽè ʬʘʢʫʣʴʪʝʪʽʥʽש ʢʝשʝʩʽʥʜʝ (ʄʠʥʩʢ, 2020). 

ɾʘʨʠʷʣʘʥʳʤʜʘʨ 

ɼʦʢʪʦʨʣʳץ ʜʠʩʩʝʨʪʘʮʠʷʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʦʨʳʩ, ץʘʟʘץ ʞᴅʥʝ 

ʘסʳʣʰʳʥ ʪʽʣʜʝʨʽʥʜʝ 17 ʞײʤʳʩ ʞʘʨʠʷʣʘʥʜʳ, ʦʥʳש ʽʰʽʥʜʝ: Clarivate ʙʘʟʘʩʳʥʳש 

ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ ʥʝʤʝʩʝ Scopus ʙʘʟʘʩʳʥʘ ʢʽʨʝʪʽʥ ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ 

ʙʘʩʳʣʳʤʜʘ 2 ʤʘץʘʣʘ, פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ נʳʣʳʤ ʞᴅʥʝ ʞʦסʘʨʳ ʙʽʣʽʤ 

ʤʠʥʠʩʪʨʣʽʛʽʥʽנ שʳʣʳʤ ʞᴅʥʝ ʞʦסʘʨʳ ʙʽʣʽʤ ʩʘʣʘʩʳʥʜʘסʳ ʩʘʧʘʥʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

ʂʦʤʠʪʝʪʽ ײʩʳʥסʘʥ ʙʘʩʳʣʳʤʜʘʨʜʘ 5 ʤʘץʘʣʘ, 1 ʤʘץʘʣʘ ʈʀʅʎ ʙʘʟʘʩʳʥʜʘ. 

 ץʞᴅʥʝ ʨʝʩʧʫʙʣʠʢʘʣʳ ץʘʨʘʣʳץʙʘʷʥʜʘʤʘʣʘʨʳ 6 ʭʘʣʳ שʤʳʩʪʳײʘʥ ʞסʩʳʥʳʣױ

ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʜʘ ץʘʨʘʣʜʳ. ᴆʥʝʨʪʘʙʳʩץʘ פʈ 2 ʧʘʪʝʥʪʽ, 1 ɽʫʨʘʟʠʷʣʳץ ʧʘʪʝʥʪ 

ʘʣʳʥʜʳ. 

ɾײʤʳʩʪʳש ʢᴇʣʝʤʽ ʤʝʥ ײץʨʳʣʳʤʳ 

ɼʦʢʪʦʨʣʳץ ʜʠʩʩʝʨʪʘʮʠʷ ʤʘʰʠʥʘʤʝʥ ʙʘʩʳʣסʘʥ ʤᴅʪʽʥʥʽ175 ש ʙʝʪʪʝʨʽʥʜʝ 

ʙʘʷʥʜʘʣסʘʥ ʢʽʨʽʩʧʝʜʝʥ, 5 ʙᴇʣʽʤʥʝʥ ʞᴅʥʝ ץʦʨʳʪʳʥʜʳʜʘʥ ʪײʨʘʜʳ, ʦʣʘʨ 92 

ʩʫʨʝʪʪʝʨʤʝʥ, 30 ʢʝʩʪʝʣʝʨʤʝʥ, 134 ʘʪʘʫʜʘʥ ʪײʨʘʪʳʥ ᴅʜʝʙʠʝʪʪʝʨ ʪʽʟʽʤʽʤʝʥ ʞᴅʥʝ 6 

 .ʩʽʥʜʽʨʽʣʝʜʽװʦʩʳʤʰʘʣʘʨʤʝʥ ʪץ
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1 ʄᴄʉɽʃɽʅɯר ɾɸנɼɸʁʓ ʄɽʅ ɿɽʈʊʊɽʋ ʄɯʅɼɽʊʊɽʈɯ 

 

1.1 ʊʝʭʥʦʣʦʛʠʷʣʘʨ, ʩʝʙʫ ᴅʜʽʩʪʝʨʽ ʞᴅʥʝ ʩʽשʽʨʫʰʽʥʽש ʪװʨʣʝʨʽ 

ɼʘץʳʣʜʘʨʜʳ ᴇʩʽʨʫ ʧʨʦʮʝʩʽʥʜʝ ʝʛʫ ʤʘשʳʟʜʳ ʞᴅʥʝ ʞʘʫʘʧʪʳ, ᴇʡʪʢʝʥʽ ʝʛʫ 

ʢʝʟʽʥʜʝ ʙʦʣʘʰʘץ ʝʛʽʥʥʽש ʥʝʛʽʟʽ ץʘʣʘʥʘʜʳ. ɾʦסʘʨʳ ᴇʥʽʤ ʘʣʫʜʳש ʥʝʛʽʟʛʽ ʰʘʨʪʳ ï 

ʪʘשʜʘʣסʘʥ ʩʝʙʫ ᴅʜʽʩʽ ʤʝʥ ʦʥʳ ʞװʟʝʛʝ ʘʩʳʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ᴇʩʽʤʜʽʢʪʝʨʜʽ ᴇʤʽʨ 

ʬʘʢʪʦʨʣʘʨʳʤʝʥ ʪʦʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤװʤʢʽʥʜʽʛʽ. ɽʛʫ ᴅʜʽʩʽ ʢᴇʙʽʥʝʩʝ ʜʘץʳʣʜʳש 

ʪװʨʽʥʝ, ʪץײʳʤʥʳש ʩʝʙʫ ʩʘʧʘʩʳʥʘ ʞᴅʥʝ ʪʦʧʳʨʘץ-ʢʣʠʤʘʪʪʳץ ʞʘסʜʘʡʣʘʨסʘ 

ʙʘʡʣʘʥʳʩʪʳ. ɽʛʽʩʪʽש ʥʝʛʽʟʛʽ ʤʽʥʜʝʪʽ ï ʪץײʳʤʥʳש ᴇʥʫʽʥʝ ʞᴅʥʝ ʙʦʣʘʰʘץʪʘ 

ᴇʩʽʤʜʽʢʪʝʨʜʽש ʜʘʤʫʳʥʘ ʞʘץʩʳ ʞʘסʜʘʡ ʞʘʩʘʫ, ʩʦʥʜʘʡ-ʘץ ץʘʪʘʨʣʘʨסʘ ʙʽʨʢʝʣʢʽ 

ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ ʢʝʟʜʝ ʦʣʘʨʜʳש ʦשʪʘʡʣʳ ʪʳסʳʟʜʳסʳʥ ʘʣʫ [4]. 

 ʦʣʜʘʥʫץ ʜʝʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥשʪʳ ʤʠʥʠʤʘʣʜʳ ᴇץʳʪʪʘ ʪʦʧʳʨʘץʘʟʽʨʛʽ ʫʘפ

ʥʝʛʽʟʽʥʜʝ ʪʘʙʠסʠ ʞʝʤ-ʰᴇʧ ʘʣץʘʧʪʘʨʳʥʳש ᴇʥʽʤʜʽʣʽʛʽʥ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʝש 

ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʝʜʝʣʜʝʪʽʣʛʝʥ ʰʘʣʰʳץʪʘʥʜʳʨʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʽʨ ʞײʤʳʩ ᴇʪʽʣʽʤʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥ ʤʳʥʘʜʘʡ 

ʘʛʨʦʪʝʭʥʠʢʘʣʳץ ʦʧʝʨʘʮʠʷʣʘʨʜʘʥ ʪײʨʘʜʳ: ʬʨʝʟʝʨʣʝʫ ʘʨץʳʣʳ ʰʳʤʜ  rװʟʜʽʢʩʽʟ 

ʤʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʫ, ʢᴇʙʽʥʝʩʝ ʞʘʣʧʘץ ʢʝʩʢʽʰ ᴇשʜʝʫʤʝʥ ʥʝʤʝʩʝ ʪʦʧʳʨʘץʪʳ 

 ʳʰʪʘʨʜʳ ʙʽʨ ʤʝʟʛʽʣʜʝ ʝʥʛʽʟʝץʘʡʪשʦʧʩʳʪʫʤʝʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥ, ʤʠʥʝʨʘʣʜʳ ʪʳץ

ʦʪʳʨʳʧ, ᴇשʜʝʣʛʝʥ ʪʦʧʳʨʘץץʘ ʰᴇʧ ʪץײʳʤʳʥ ʩʝʙʫ ʞᴅʥʝ ʝʛʽʩʪʝʥ ʢʝʡʽʥʛʽ 

ʪʳסʳʟʜʘʫ [5]. 

ɾʦʣʘץʪʳ ʝʛʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʘ ʰᴇʧ ʪץײʳʤʳʥ ʩʝʙʫ ʘʨץʳʣʳ, ʢᴇʙʽʥʝʩʝ 

ʤʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨʤʝʥ ʞᴅʥʝ ʝʛʽʩʪʝʥ ʢʝʡʽʥʛʽ ʪʳסʳʟʜʘʫ ʘʨץʳʣʳ ʰʳʤʥʳש 

ʤʝʭʘʥʠʢʘʣʳץ ʞʦʣʘץʪʳ ʙײʟʳʣʫʳ ʞʘʪʘʜʳ. 

ɸʟʳץ-ʪװʣʽʢ ᴇʥʜʽʨʽʩʽʥʜʝʛʽ ʤʠʥʠʤʘʣʜʳ ᴇשʜʝʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʪװʙʝʛʝʡʣʽ 

ʞᴅʥʝ ʙʝʪʪʽʢ ʞʘץʩʘʨʪʫʜʳש ʙʘʣʘʤʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʣʘ ʦʪʳʨʳʧ, ʞʝʨ װʩʪʽ 

ʞʘץʩʘʨʪʫʜʳ ʞװʨʛʽʟʫʛʝ ʞײʤʩʘʣʘʪʳʥ ʪᴇʤʝʥ ʵʥʝʨʛʠʷ ʰʳסʳʥʜʘʨʳʥ ʞʦסʘʨʳ 

ʪװʙʝʛʝʡʣʽ ʞʘץʩʘʨʪʫʜʳש ʪʠʽʤʜʽʣʽʛʽʤʝʥ ʙʽʨʽʢʪʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ᴇʥʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʞʝʤ ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫ ʢʝʟʽʥʜʝ ʪץײʳʤ 

ʤʘʪʝʨʠʘʣʳʥ (2 ʝʩʝ ʞᴅʥʝ ʦʜʘʥ ʜʘ ʢᴇʧ) ʞᴅʥʝ ʞʘʥʘʨʤʘʡʜʳ (5 ʝʩʝʛʝ ʜʝʡʽʥ) 

ʘʡʪʘʨʣʳץʪʘʡ װʥʝʤʜʝʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [5, ʩ. 9]. 

 

ʂʝʩʪʝ 1.1 ï ʐᴇʧʪʝʨʜʽ ᴇʩʽʨʫʜʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ᴅʜʽʩʪʝʨʽ  
 

ʊᴅʩʽʣʜʝʨ ʊʘʧʩʳʨʤʘʣʘʨ 

1 2 

ʂᴇʧʞʳʣʜʳץ ʰᴇʧʪʝʨ 

ʜʽ ʢᴇʢʪʝʤʛʽ ʪʳʨʤʘʣʘʫ 

ʂᴇʧʞʳʣʜʳץ ʰᴇʧʪʝʨʜʽש ʢװʟʛʽ ᴇʩʫʽ ʢʝʟʽʥʜʝ ᴇʩʫ ʥװʢʪʝʩʽʥ ʞʝשʽʣʜʝʪʫ 

ʊץײʳʤ ʩʝʙʫʛʝ 

ʜʘʡʳʥʜʘʫ 

ʊץײʳʤʜʘʨʜʳ ʤᴇʣʰʝʨʽ ʙʦʡʳʥʰʘ ʬʨʘʢʮʠʷʣʘʫ; ʦʣʘʨʜʳ ʞʦסʘʨʳ ʩʝʙʫ 

ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ ʜʝʡʽʥ ʞʝʪʢʽʟʫ; ʧʘʪʦʛʝʥʜʽʢ ʤʠʢʨʦʬʣʦʨʘʜʘʥ 

ʜʝʟʠʥʬʝʢʮʠʷʣʘʫ; ᴇʥʛʽʰʪʽʛʽ ʤʝʥ ᴇʥʫ ʵʥʝʨʛʠʷʩʳʥ ʘʨʪʪʳʨʫ 

ɽʛʽʩ ʊץײʳʤʜʘʨʜʳ (ʪץײʳʤ ʤʘʪʝʨʠʘʣʳʥ) ʙʽʨʜʝʡ ʪʝʨʝשʜʽʢʢʝ, ʙʽʨ-ʙʽʨʽʥʝʥ 

ʙʽʨʜʝʡ ץʘʰʳץʪʳץץʘ ʙᴇʣʫ 

ɽʛʽʩʪʝʥ ʢʝʡʽʥʛʽ 

ʜʦʤʘʣʘʫ 

 ʢʘʧʠʣʣʷʨʣʘʨʳʤʝʥ ʙʘʡʣʘʥʳʩʳʥ ʦʨʥʘʪʫ ץʪʦʧʳʨʘ שʳʤʜʘʨʜʳץײʪ ץʩʘױ

ɼʘץʳʣʜʘʨʜʳ 

ʧʝʩʪʠʮʠʜʪʝʨʤʝʥ 

ᴇשʜʝʫ 

ɸʫʨʫʣʘʨʜʳש (ʬʫʥʛʠʮʠʜʪʝʨ, ʙʘʢʪʝʨʠʮʠʜʪʝʨ) ʜʘʤʫʳʥ ʙʦʣʜʳʨʤʘʫ 

ʥʝʤʝʩʝ ʟʠʷʥʜʳʣʳסʳʥ ʪᴇʤʝʥʜʝʪʫ; ʟʠʷʥʜʳ ʞᴅʥʜʽʢʪʝʨʤʝʥ 

ᴇʩʽʤʜʽʢʪʝʨʜʽש ʟʘץʳʤʜʘʥʫʳʥ ʘʟʘʡʪʫ (ʀʥʩʝʢʪʠʮʠʜʪʝʨ) 
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1.1-ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 
 

1 2 

ɾʠʥʘʫ ᴆʥʽʤ ʩʘʥʳ ʤʝʥ ʩʘʧʘʩʳʥʳש ʝש ʘʟ ʰʳסʳʥʳ ʙʘʨ ʝʛʽʩʪʽʢʪʝʥ ʝʛʽʥ ʞʠʥʘʫ 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [6] 

 

ɹʝʣʛʽʣʽ ʙʽʨ ʞʘסʜʘʡʣʘʨʜʘ ʜʘץʳʣʜʘʨʜʳ ᴇʩʽʨʫʜʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩײʣʙʘʩʳʥ 

 ʘʞʝʪ. 1.1-ʢʝʩʪʝʜʝץ ʤʽʥʜʝʪʪʝʨʽʥ ʝʩʢʝʨʫ שᴅʜʽʩʪʝʨʜʽ ץʰʽʥ ʞʝʢʝ ʪʝʭʥʦʣʦʛʠʷʣʳװ ʨʫײץ

ʪʘʧʩʳʨʤʘʣʘʨ ʤʝʥ ᴅʨʪװʨʣʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ ᴅʜʽʩʪʝʨ ʢʝʣʪʽʨʽʣʛʝʥ. ɽʛʝʨ ʦʣ ʫʘץʳʪʳʥʜʘ 

ʞᴅʥʝ ץʘʞʝʪʪʽ ʩʘʧʘʜʘ ʦʨʳʥʜʘʣʩʘ, ᴅʨʙʽʨ ʪʝʭʥʦʣʦʛʠʷʣʳץ ᴅʜʽʩ ʙʝʣʛʽʣʽ ʙʽʨ 

ʪʘʧʩʳʨʤʘʥʳ ʦʨʳʥʜʘʫ װʰʽʥ ץʘʞʝʪ [6, ʩ. 28].  

ɸʛʨʦʮʝʥʦʟʜʳש ᴇʥʽʤʜʽʣʽʛʽ ʢᴇʙʽʥʝʩʝ ʩʝʙʫ ᴅʜʽʩʽʥʝ ʞᴅʥʝ ץʘʪʘʨ ʘʨʘʣʳץʪʘʨʳʥʳש 

ʝʥʽʥʝ ʙʘʡʣʘʥʳʩʪʳ, ʦʣʘʨʜʳ ʪʘשʜʘʫ ᴇʩʽʤʜʽʢʪʽש ʤʦʨʬʦʣʦʛʠʷʩʳʤʝʥ, ᴇʩʽʨʫ 

ʤʘץʩʘʪʳʤʝʥ, ʪʠʽʩʪʽ ʪʝʭʥʠʢʘʥʳש ʙʦʣʫʳʤʝʥ ʘʥʳץʪʘʣʘʜʳ (1.2-ʩʫʨʝʪ). 

 

ʂʝʩʪʝ 1.2 ï ʐᴇʧʪʝʨʜʽ ʩʝʙʫ ᴅʜʽʩʪʝʨʽ  
 

ʉʝʙʫ ᴅʜʽʩʽ פʘʪʘʨ ʘʨʘʣʳץʪʘʨʳʥʳש ʝʥʽ, ʤ ɼʘץʳʣʜʘʨ 

ʂʝץ שʘʪʘʨʣʳ 0,45 ʊץײʳʤסʘ ʘʨʥʘʣסʘʥ ʰᴇʧʪʝʨ 

 ʰᴇʧʪʝʨʽ ץʨʰʘײʳʨʙʘʩ ʞᴅʥʝ ʙשʦפ ʳ 0,15סʘʪʘʨʜʘפ

ʊʘʨ ץʘʪʘʨʣʳ 0,075 ʞᴅʥʝ 0,1 פʦשʳʨʙʘʩ ʞᴅʥʝ ʙײʨʰʘץ ʰᴇʧʪʝʨʽ 

ɸʡץʘʩ (ץʘʪʘʨʜʘסʳ 

ʤʦʜʠʬʠʢʘʮʠʷ) 

 ʰᴇʧʪʝʨʽ ץʨʰʘײʳʨʙʘʩ ʞᴅʥʝ ʙשʦפ -

 ʟʜʽʢʩʽʟת

(ʰʘʰʳʨʘץשʳ) 

 ʰᴇʧʪʝʨʽ ץʨʰʘײʳʨʙʘʩ ʞᴅʥʝ ʙשʦפ -

ɾʦʣʘץʪʳ - ᴄʨ ʪװʨʣʽ ʪץײʳʤʜʘʩ ʞʝʤʰᴇʧ 

ʜʘץʳʣʜʘʨʳ 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [6, ʩ. 29] 

 

 :ʽʨʫʰʽ ʧʽʰʽʥʛʝ ʠʝשʰʽʥ ʩʽװ ʪʘʥʜʳʨʫץʨʳײ ʳʤ ʩʝʙʫ ʞᴅʥʝץײʘʙʘʪʪʳ ʪפ

1) ʩʳʨסʳʤʘʣʳ ײץʨʘʤʘʣʳ ץʘʪʘʨʣʳ ʜʘץʳʣʜʘʨ, ʢᴇʢᴇʥʽʩ ʜʘץʳʣʜʘʨʳ װʰʽʥ ʝʛʫ 

ʤʘʰʠʥʘʣʘʨʳʥʜʘ ץʦʣʜʘʥʳʣʘʜʳ; 

2) ʜᴅʥʜʽ ʩʝʧʢʽʰʪʝʨʜʝ ץʳʨʪᴇʩʪʽ; 

3) ʢʘʨʪʦʧ ʦʪʳʨסʳʟסʳʰʪʘʨʜʘסʳ ʞʝʙʝ ʪᴅʨʽʟʜʽ ץʳʨʪᴇʩʽ ʙʘʨ ʩʽשʽʨʫʰʽ; 

4) ʜᴅʥʜʽ ʜʘץʳʣʜʘʨʜʳש ʪץײʳʤʳʥ ʩʝʙʫʛʝ ʘʨʥʘʣסʘʥ ץʘʰʘʫʳ ʙʘʨ ʩʽשʽʨʫʰʽ; 

5) ʞʝʨ ץʦʡʥʘʫʳʥ ʩʝʙʫʛʝ ʘʨʥʘʣסʘʥ ʪʘʙʘʥʜʳ (ʞʝʙʝ) ʩʽשʽʨʫʰʽ. 

ʉʳʨסʳʤʘʣʳ ʩʽשʽʨʫʰʽʣʝʨ ʠʢʝʤʜʽʣʽʛʽ ʪᴇʤʝʥ ʞᴅʥʝ װʡʢʝʣʽʩ ʢʦʵʬʬʠʮʠʝʥʪʽ 

ʞʦסʘʨʳ ʪץײʳʤʜʘʨʜʳ ʩʝʙʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ץʳʨʪᴇʩ ײʟʘʨʪʳʣסʘʥ 

ʧʳʰʘץ ʪᴅʨʽʟʜʽ [7, 8] ʙʦʣʘʜʳ. 

 ʳʨʪᴇʩʪʝʥ, ʢʦʨʧʫʩʪʘʥ ʞᴅʥʝץ ʽʨʫʰʽʣʝʨשʪʳ ʩʽץʘʨʥʘץ ʳʨʪᴇʩʪʽ ʥʝʤʝʩʝפ

ʞʝʪʝʢʪʝʤʝʜʝʥ ʪײʨʘʜʳ. פʳʨʪᴇʩ װʰʙײʨʳʰ ʪᴅʨʽʟʜʽ, ʦʥʳש ʪᴇʤʝʥʛʽ ʙᴇʣʽʛʽ װʰʢʽʨ 

ʢʠʣʴʤʝʥ ʘʷץʪʘʣʘʜʳ. ʆʣʘʨ ʰᴇʧ, ʟʳסʳʨ ʞᴅʥʝ ʙʘʩץʘ ʜʘץʳʣʜʘʨʜʳש ʪץײʳʤʳʥ ʩʝʙʫ 

 ʦʣʜʘʥʳʣʘʜʳ. ʈʦʩʪʩʝʣʴʤʘʰ, Amazone Primera DMC (ɻʝʨʤʘʥʠʷ), Amazoneץ ʰʽʥװ

AD3 Special (ɻʝʨʤʘʥʠʷ) ʢʦʤʧʘʥʠʷʩʳʥʳש Versatile ʝʛʫ ʩʝʧʢʽʰʪʝʨʽ ץʳʨʪᴇʩʪʽ 

ʩʽשʽʨʫʰʽʣʝʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ. פʳʨʪᴇʩʪʽ ʩʽשʽʨʫʰʽʣʝʨ ײץʨסʘץ ʢʣʠʤʘʪʳ ʙʘʨ 

ʘʡʤʘץʪʘʨʜʘ ץʦʣʜʘʥʳʣʘʜʳ. פʘʨʥʘץʪʳ ʩʽשʽʨʫʰʽʣʝʨ Amazon AD3 Special 

ʩʝʧʢʽʰʪʝʨʽʥʝ ʦʨʥʘʪʳʣסʘʥ. 
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 ʽʨʫʰʽʣʝʨʜʽ çHorschè (ɻʝʨʤʘʥʠʷ) ʢʦʤʧʘʥʠʷʩʳ ʤʝʥ çɸʛʨʦ ïשʘʰʘʫ ʪᴅʨʽʟʜʽ ʩʽפ

ʉʦʶʟè (ʋʢʨʘʠʥʘ) ʢʦʨʧʦʨʘʮʠʷʩʳʥʳש ʙʽʨʣʝʩʢʝʥ ᴇʥʜʽʨʽʩʽʥʽש çHorsch-ɸʛʨʦ-ʉʦʶʟè 

ʢʝש ʘʫץʳʤʜʳ ʝʛʽʩ ʢʝʰʝʥʽ ʙʘʨ. çɼʫʵʪè ʞײʧʪʘʩץʘʥ ʩʽשʽʨʫʰʽ (1.1-ʩʫʨʝʪ) [9] ʩʝʙʫ 

ʪʝʨʝשʜʽʛʽ 0,18-0,2 ʤ-ʜʝʥ 0,07 ʤ-ʛʝ ʜʝʡʽʥ ʜᴅʣ ʞᴅʥʝ ʙʽʨʢʝʣʢʽ ʢʝש ʞʦʣʘץʪʳ ʝʛʫʜʽ 

 ʡʽʨʰʽʢʪʽװʥʝʤʝʩʝ ʪ ץʡʳײʳʪʪʘ ʩץʽʨʫʰʽ ʙʽʨ ʫʘשʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʉʽץ

ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʝʥʛʽʟʝ ʘʣʘʜʳ. ʊʳשʘʡʪץʳʰʪʘʨ ʝʛʫ ʞʦʣʘץʪʘʨʳʥʳש ʘʩʪʳʥʜʘ ʦʥʳש 

ʢᴇʢʞʠʝʛʽʥʝʥ 0,04-0,05 ʤ-ʛʝ ʪᴇʤʝʥ ʪʝʨʝשʜʽʢʪʝ ʞװʨʝʜʽ. ɹײʣ ʞʘסʜʘʡʜʘ ʪץײʳʤʥʳש 

ʭʠʤʠʷʣʳץ ʢװʡʽʧ ץʘʣʫ ʳץʪʠʤʘʣʜʳסʳ ʞʦסʘʣʘʜʳ. ʉʦʥʜʘʡ-ʘץ, ʦʥʳש ʢᴇʤʝʛʽʤʝʥ 

ʝʛʽʩʪʽʢ ʜʘץʳʣʜʘʨʳ ʤʝʥ ʪװʡʽʨʰʽʢʪʽ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʙʽʨ ʫʘץʳʪʪʘ ץʦʣʜʘʥʫסʘ 

ʙʦʣʘʜʳ. ʂʝʤʰʽʣʽʛʽ ï ʞʦסʘʨʳ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ. 

 

 
 

ʉʫʨʝʪ 1.1 ï çɼʫʵʪè ʩʽשʽʨʫʰʽʩʽʥʽש ʞײʤʳʩ ʩײʣʙʘʩʳ  
 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [9, ʩ. 14] 

 

Horsch Sprinter ST (ɻʝʨʤʘʥʠʷ), Morris Concept 2000 (ʂʘʥʘʜʘ), ʉɿ-3,6 A 

ʩʝʧʢʽʰʪʝʨʽʥʜʝ ʪʘʙʘʥʜʳ (ʞʝʙʝ) ʩʽשʽʨʫʰʽʣʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ. Horsch Sprinter ST 

ʩʝʧʢʽʰ ʩʽשʽʨʫʰʽʩʽ ʘʫʳʨ ʪʦʧʳʨʘץʪʘʨʜʘ ʞʦʣʘץʪʳ ʩʝʙʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ʆʣ 

ʩʝʨʽʧʧʝʣʽ ʩʘץʪʘʥʜʳʨʫ ײץʨʳʣסʳʩʳʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ. Morris Concept 2000 ʩʝʧʢʽʰ 

ʩʽשʽʨʫʰʽʩʽ (ʝʥʽ 0,15 ʤ-ʛʝ ʜʝʡʽʥ) װʟʜʽʢʩʽʟ ʩʝʙʫʜʽ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ. ʊץײʳʤʥʘʥ ʙᴇʣʝʢ 

ʪװʡʽʨʰʽʢʪʽ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʙʽʨ ʫʘץʳʪʪʘ ʝʥʛʽʟʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʊʘʙʘʥʜʳ (ʞʝʙʝ) ʩʽשʽʨʫʰʽʣʝʨʜʽש ʘʨʪʳץʰʳʣʳסʳ ï ʦʣʘʨ ץʦʨʝʢʪʝʥʜʽʨʫʜʽש 

 ,ʳʟ ʪʘʙʘʥ ʜʘʡʳʥʜʘʡʜʳסʰʽʥ ʪʳװ ʳʤʜʘʨץײʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʪץ ʳʥסʪʳʤʜʳ ʘʡʤʘײ

ʦʣʘʨʜʳ ʙʽʨʜʝʡ ʪʝʨʝשʜʽʢʪʝ ʩʝʙʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʉʽשʽʨʫʰʽʥʽש ʢʝʤʰʽʣʽʛʽʥʝ 

ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʞʦסʘʨʳ ʤᴅʥʜʝ ʙʦʣʫr  ʞʘʪʘʜʳ. 
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 ʨʛʽʟʜʽ, ʝʛʝʨװʘʣʳʤʜʘʨ ɸ.ʃ. ʉʠʤʩ, ɻ.ɺ. ʈʝʤ, ɼʞ.ɸ. ʃʘʤʙ ʝʢʽ ʟʝʨʪʪʝʫ ʞנ

ʙʽʨʽʥʰʽ ʞʘסʜʘʡʜʘ ʯʠʟʝʣʴ ʩʽשʽʨʫʰʽʩʽ ץʦʣʜʘʥʳʣʩʘ, ʘʣ ʝʢʽʥʰʽ ʵʢʩʧʝʨʠʤʝʥʪʪʝ ᴅʨʪװʨʣʽ 

ʪʦʧʳʨʘץ ᴇשʜʝʫ ʞװʡʝʣʝʨʽʥʜʝ ץʘʪʪʳ ץʳʟʳʣ ʞʘʟʜʳץ ʙʠʜʘʡ ᴇʥʜʽʨʽʩʽʥʝ ʪʳשʘʡʪץʳʰ 

ʝʥʛʽʟʫ װʰʽʥ װʡʽʥʜʽ ʩʦץʘ, ץʘʰʘʫ ʪᴅʨʽʟʜʽ ʩʦץʘ ʞᴅʥʝ ʥᴇʣʜʽʢ ᴇשʜʝʫ ʞװʡʝʩʽ 

 ʡʝʩʽʥʜʝװʜʝʫ ʞשʪʳ ᴇץʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʪʦʧʳʨʘװʞ ץʘʥ. ɹʽʨʘסʦʣʜʘʥʳʣץ

 שʳʰʪʳץʘʡʪשʘʥʜʘ ʪʳסʘʨʘץ ʘץץʳ ʘʡʳʨʤʘʰʳʣʳסʨʘʣʜʘʨ ʘʨʘʩʳʥʜʘײץ ʦʣʜʘʥʳʣʘʪʳʥץ

ʝʥʛʽʟʽʣʛʝʥ ʤᴇʣʰʝʨʽʥʽש ᴇʥʽʤʜʽʣʽʢʢʝ ᴅʩʝʨʽʥ ʢᴇʙʽʨʝʢ ץʘʨʘʩʪʳʨʘʜʳ [10]. 

ɿʝʨʪʪʝʫʰʽʣʝʨ ʅʘʦʷ ʂʘʚʘʨʘʜʘ, ʉʠʛʵʢʠ ʊʘʙʘʪʘ ʞᴅʥʝ ʖʩʫʢʝ ʋʪʠʷʤʘ ʪʝʨʝש 

ᴇשʜʝʫ ʯʠʟʝʣʴ ʞװʡʝʩʽʥʜʝ ʝʛʽʩ ʞײʤʳʩʪʘʨʳʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʪʦʧʳʨʘץ ʳʣסʘʣʜʳʣʳסʳ 

ʪᴇʤʝʥʜʝʡʜʽ, ʪʦʧʳʨʘץʪʳײ שʩʘץʪʘʣʫ ʞʳʣʜʘʤʜʳסʳ, ʢʝʫʝʢʪʽʣʽʛʽ, ʛʘʟ ʬʘʟʘʣʳץ 

 שʘʙʘʪʳʥʳץ ʪᴇʤʝʥʛʽ שʪʳץʜʝʣʛʝʥ ʪʦʧʳʨʘשʳ ʞᴅʥʝ ᴇסʘʣʜʳʣʳסʨʘʤʳ, ʪʠʽʤʜʽ ʳʣײץ

 ,ʘʪʘʨץ ʩʘʨʘʜʳ ʜʝʧ ʤᴅʣʽʤʜʝʡʜʽ. ʉʦʥʳʤʝʥץʘʥ ʛʠʜʨʦᴇʪʢʽʟʛʽʰʪʽʛʽ ʞʘץץʘʥʳץ

ʙʠʜʘʡʜʳש ʚʝʛʝʪʘʮʠʷʣʳץ ʢʝʟʝשʽʥʜʝ ᴇשʜʝʣʛʝʥ ʪʦʧʳʨʘץʪʳש ʪᴇʤʝʥʛʽ ץʘʙʘʪʪʘסʳ 

ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʫ ʘʨץʳʣʳ ʞʳʨʪʳʣסʘʥ ץʘʙʘʪʪʳש ʩʘץʪʘʣʫ ʫʘץʳʪʳ 

 ʘʰʘʫʤʝʥץ ʪʳץʪʦʧʳʨʘ שʩʘʨʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʪʝʨʝץʘʨʘʜʳ ʞᴅʥʝ ʜʨʝʥʘʞ ʞʘץʳʩץ

ᴇשʜʝʫ ʞװʡʝʩʽʥʜʝ ᴇʥʽʤʜʽʣʽʢ 12-13%-סʘ ʘʨʪʘʜʳ [11]. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ [12] ʝʢʽ ײץʨʘʣʤʝʥ (ʜʠʩʢ ʞᴅʥʝ ץʘʰʘʫ ʪᴅʨʽʟʜʽ cʽשʽʨʫʰʽ) 

ᴇשʜʝʫʜʽש ʪʠʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʢ ʧʝʥ ʘסʳʧ ʢʝʪʫ ʞʳʣʜʘʤʜʳסʳʥʘ, ʩʦʥʜʘʡ-ʘץ 

ʜʠʩʢ ʩʽשʽʨʫʰʽʩʽʥʜʝʛʽ ʝש ʘʟ ʦʪʳʥ ʰʳסʳʥʳʥʘ ץʘʨʘʤʘʩʪʘʥ, ʯʠʟʝʣʴ (ץʘʰʘʫ ʪᴅʨʽʟʜʽ) 

ʩʽשʽʨʫʰʽʩʽ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʜʘʣʘʣʳץ ᴇʥʽʤʜʽʣʽʢ ʧʝʥ ʪʦʧʳʨʘץ ʳʣסʘʣʜʳʣʳסʳʥʳש 

ʞʦסʘʨʳ ʤᴅʥʜʝʨʽʥʝ ʞᴅʥʝ ʪʦʧʳʨʘץʪʳש ʢᴇʣʝʤʜʽʢ ʪʳסʳʟʜʳסʳʥʳש ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʪװʨʜʝ ʪᴇʤʝʥ ʤᴅʥʽʥʝ ʠʝ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. 

ɸפʐ סʘʣʳʤʜʘʨʳ Mahdi Al-Kaisy ʞᴅʥʝ Mark A. Licht ʞװʛʝʨʽ ᴇʥʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʫ װʰʽʥ װ  hʪʦʧʳʨʘץ ᴇשʜʝʫ ʞװʡʝʩʽʥʽש ᴅʩʝʨʽʥ ʟʝʨʪʪʝʜʽ, ʤʳʩʘʣʳ, ʞʦʣʘץʪʳ 

ᴇשʜʝʫ, ץʘʡʳʨʤʘʩʳʟ ʞᴅʥʝ ʯʠʟʝʣʴʜʽ ʩʽשʽʨʫʰʽʤʝʥ ᴇשʜʝʫ. ɾʘʣʧʳ, ʙײʣ ʞײʤʳʩʪʘ 

ᴇשʜʝʫʜʽװ שʰ ᴅʜʽʩʽʥ ʩʘʣʳʩʪʳʨʫ ʢʝʣʪʽʨʽʣʛʝʥ, ʙʽʨʘץ ʢᴇʙʽʥʝʩʝ ʝʢʽ ʪʳשʘʡʪץʳʰʪʳ 

ʩʘʣʳʩʪʳʨʫ, ʝʥʛʽʟʽʣʛʝʥ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢᴇʣʝʤʽ, ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʘʩʪʳץʧʝʥ ʩʽשʽʨʫ 

ʞᴅʥʝ ʢᴇʢʪʝʤ ʤʝʥ ʢװʟ ʤʝʟʛʽʣʽʥʜʝ ʪʦʧʳʨʘץʪʘ ץʘʣʜʳץʪʳש ʞʠʥʘץʪʘʣʫr 

 .ʘʥ [13]סʘʨʘʩʪʳʨʳʣץ

 ʞᴅʥʝ ץʨʣʽ, ʩʪʘʪʠʩʪʠʢʘʣʳװʳʟʜʳ ʟʝʨʪʪʝʫʣʝʨʽ ʜᴅʩʪשʤʘ [14-20] שʘʣʳʤʜʘʨʜʳנ

ʟʘʤʘʥʘʫʠ ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʨʽʥʽש ʰʝʰʽʤʜʝʨʽʥ ʥʝʤʝʩʝ ʢʦʤʙʠʥʘʮʠʷʩʳʥ ץʦʣʜʘʥʘ 

ʦʪʳʨʳʧ, ʪʘשʜʘʣסʘʥ ʘʡʤʘץʪʘʨʜʘ ʘʥʢʝʨʣʽʢ ʩʽשʽʨʫʰʽʤʝʥ (ץʘʰʘʫ) ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʦʪʳʥ 

ʰʳסʳʥʳʥ ʙʦʣʞʘʫʜʳ ץʘʨʘʩʪʳʨסʘʥ. פʘʰʘʫ ʪʦʧʳʨʘץʪʳ ᴇשʜʝʫʜʽש ʥʝʛʽʟʛʽ ײץʨʘʣʳ 

ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ, ᴇʡʪʢʝʥʽ ʦʣ ʥʝʛʽʟʽʥʝʥ ʙʘʩʪʘʧץʳ ᴇשʜʝʫ ʞײʤʳʩʪʘʨʳʥʜʘ 

 ᴇʥʽʤʜʽʣʽʢ ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ʪʘʨʪʫ שʘʰʘʫʣʘʨʳʥʳץ ʽʨʫʰʽשʦʣʜʘʥʳʣʘʜʳ [21]. ʉʽץ

ʢʝʜʝʨʛʽʩʽʥ, ʪʘʨʪʫ ץʫʘʪʳʥ, ʥʘץʪʳ ʝʛʽʩ ץʫʘʪʳʥ, ʝʛʽʩ ʪʠʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʦʪʳʥ 

ʰʳסʳʥʳʥʳש ʢʦʵʬʬʠʮʠʝʥʪʽʥ ᴇʣʰʝʫ ʢʽʨʝʜʽ [22]. 

ʀʨʘʢ סʘʣʳʤʜʘʨʳ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳץ ʝʛʽʩʽʥʜʝ ץʘʪʪʳʣʳסʳ 31,14 HRC 1084 

AISI (ʘʥʘʣʦʛʪʳץ ʙʦʣʘʪ 85 ï ײץʨʳʣʳʤʜʳץ ʨʝʩʩʦʨʣʳ-ʩʝʨʽʧʧʝʣʽ ʙʦʣʘʪ) 

ʤʘʪʝʨʠʘʣʳʥʘʥ ʞʘʩʘʣסʘʥ ץʘʰʘʫ ײʰʳʥʳװ שʰ ʬʦʨʤʘʩʳʥ (ʩʪʘʥʜʘʨʪʪʳ ï 1.2-ʩʫʨʝʪ, 

 ʪᴇʤʝʥʛʽ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥ שʰʢʽʨ ï 1.3-ʩʫʨʝʪ ʞᴅʥʝ ʢʝʩʽʣʛʝʥ ï 1.4-ʩʫʨʝʪ) ʟʝʨʪʪʝʜʽ. ɽװ

ʘʣʫ ʙʘʨʳʩʳʥʜʘ ʢʝʩʽʣʛʝʥ ײʰʳ ʙʘʨ ץʘʰʘʫ ʩʪʘʥʜʘʨʪʪʳ ʞᴅʥʝ װʰʢʽʨ ʧʽʰʽʥʜʽ 

 ʧʝʥ ʝʥʫץʘʨʩʳʣʳץ ʘʟ שʣ ʝײʪʘʣʜʳ. ɹץʩʢʝʥʽ ʘʥʳװʪʘʡ ʘʩʳʧ ʪץʘʰʘʫʜʘʥ ʘʡʪʘʨʣʳץ

ʘʨץʳʣʳ ʢʝʩʽʣʛʝʥ ץʘʰʘʫ ʙʝʪʽʥʽץ שʘʨʘʤʘ-ץʘʡʰʳʣʳסʳʥʳש ʙʦʣʤʘʫʳʥʘ, ʜʝʤʝʢ, ʝש 
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ʪᴇʤʝʥʛʽ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʜʳ. ɹײʣ ʥᴅʪʠʞʝʣʝʨ [23] ץʦʣ 

ʞʝʪʢʽʟʽʣʛʝʥʛʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʦʥʜʘ ʦʣʘʨ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ ץʘʰʘʫʜʳש ʝʥʽʥʝ ץʘʨʘʡ 

ʘʨʪʘʪʳʥʳʥ ʨʘʩʪʘʜʳ [24, 25]. 

 

 
 

ʉʫʨʝʪ 1.2 ï ʉʪʘʥʜʘʨʪʪʳ ץʘʰʘʫʜʳש ʙװʡʽʨʣʽʢ, ʘʨʪץʳ ʞᴅʥʝ ʘʣʜʳסשʳ ʢᴇʨʽʥʽʩʽ 

 

 
 

ʉʫʨʝʪ 1.3 ï תʰʢʽʨ ץʘʰʘʫʜʳש ʙװʡʽʨ, ʘʨʪץʳ ʞᴅʥʝ ʘʣʜʳסשʳ ʢᴇʨʽʥʽʩʽ 

 

 
 

ʉʫʨʝʪ 1.4 ï ʂʝʩʽʣʛʝʥ ץʘʰʘʫʜʳש ʙװʡʽʨ, ʘʨʪץʳ ʞᴅʥʝ ʘʣʜʳסשʳ ʢᴇʨʽʥʽʩʽ 

 

 שʳʰ ʩʝʧʢʽʰʪʝʨʜʽ ʞᴅʥʝ ʦʣʘʨʜʳץʘʡʪשʰᴇʧ-ʪr-ץʳ ʘʩʪʳסʦʣʜʘʥʳʩʪʘפ 1.1.1

ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥ ʪʘʣʜʘʫ 

ʐʳʤסʘ ʪʽʢʝʣʝʡ ʩʝʙʫ װʰʽʥ ᴅʨ ʪװʨʣʽ ʰʝʪʝʣʜʽʢ ʬʠʨʤʘʣʘʨ ʢʝʣʝʩʽ ʤʦʜʝʣʴʜʝʨʜʽ 

ʰʳסʘʨʘʜʳ: 90-ʰʳ ʞʳʣʜʘʨʳ ʪʘʥʳʤʘʣ Huard SD 300 ʩʝʧʢʽʰ (ʌʨʘʥʮʠʷ); SIMA-
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2000 Kuhn-Huard ʬʠʨʤʘʩʳ; Gaspardo ʬʠʨʤʘʩʳ (ʀʪʘʣʠʷ); Vaderstad (ʐʚʝʮʠʷ-

ʌʨʘʥʮʠʷ) Rapid super ʩʝʧʢʽʰʪʝʨʽ; ʜʘʥʠʷʣʳץ Kongskide ʬʠʨʤʘʩʳ; ɸmazonen 

Werke ʬʠʨʤʘʩʳ (ɻʝʨʤʘʥʠʷ); John Deere ʬʠʨʤʘʩʳ (ɸפʐ); Great Planis ʬʠʨʤʘʩʳ 

(ɸפʐ); ʩʦʥʜʘʡ-ʘץ ʩʦסשʳ ʞʳʣʜʘʨʳ ʞʘʩʘʣסʘʥ ʩʝʧʢʽʰʪʝʨʜʽש ʧʨʦʪʦʪʠʧʪʝʨʽ ʨʝʪʽʥʜʝ 

 ʳʤץײʣʛʽʩʽʥʜʝʛʽ ʪװ 5400 שʳʟʤʝʪ ʝʪʢʝʥ Case ʞᴅʥʝ Marliss Monsanto ʬʠʨʤʘʣʘʨʳʥʳץ

ʩʝʙʫ ʤʘʰʠʥʘʣʘʨʳ. ʆʣʘʨʜʳש ʽʰʽʥʜʝ ʰʝʪʝʣʜʽʢ ʰʳʤסʘ ʪץײʳʤ ʩʝʙʫʛʝ ʘʨʥʘʣסʘʥ ʝש 

ʪʘʥʳʤʘʣ ʩʝʧʢʽʰʪʝʨ ï VREDO (ɻʦʣʣʘʥʜʠʷ), Mossey Ferguson 130, Bettinson DD 

(ɸʥʛʣʠʷ), Huard SD-300 (ʌʨʘʥʮʠʷ), Horsch (ɻʝʨʤʘʥʠʷ), John Deere 1550 (ɸפʐ). 

ɾʘץʳʥ ʰʝʪʝʣʜʝʛʽ ʘʥʘʣʦʛʪʘʨʜʘʥ ʉɼʂ-2,8 ʪʠʧʪʽ ʩʝʧʢʽʰʪʝʨʜʽ ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳ; 

ɸʇʇ-2,8 ʞᴅʥʝ ʢʝʡʙʽʨ ʙʦʣʞʘʤʜʘʨʤʝʥ ʉɼʇʇ-4 (ʋʢʨʘʠʥʘ) [26-29]. 

ɸʪʘʣסʘʥ ʤʘʰʠʥʘʣʘʨʜʳש ʢʝʤʰʽʣʽʢʪʝʨʽ ʤʳʥʘʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ: ʩʝʙʫ 

ʤʘʪʝʨʠʘʣʳʥ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʙʽʨץʘʣʳʧʩʳʟʜʳסʳʥʳש ʞʦסʘʨʳ; ᴇשʜʝʫ ʞʦʣʘסʳʥ 

ʜʘʡʳʥʜʘʫ ʩʘʧʘʩʳʥʳש ʪᴇʤʝʥ (ʪʦʧʳʨʘץʪʳש ʞʦסʘʨסʳ ʞᴅʥʝ ʪᴇʤʝʥʛʽ ץʘʙʘʪʪʘʨʳ ʤʝʥ 

ᴇʩʽʤʜʽʢ ץʘʣʜʳץʪʘʨʳʥ ʘʨʘʣʘʩʪʳʨʫ), ʵʥʝʨʛʠʷ ʩʳʡʳʤʜʳʣʳסʳʥʳש ʞʦסʘʨʳ ʞᴅʥʝ 

ᴇʥʽʤʜʽʣʽʢʪʽש ʪᴇʤʝʥ ʙʦʣʫʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʞʘץʩʘʨʪʳʣסʘʥ ʞʝʨʣʝʨʜʽ ʘʣʜʳʥ-ʘʣʘ 

ʭʠʤʠʷʣʳץ ᴇשʜʝʫ, ʦʥʩʳʟ ʪʘʙʠסʠ ʰᴇʧʪʽש ʪʽʨʰʽʣʽʢ ʝʪʫ ʜʝשʛʝʡʽʥʽש ʞʦסʘʨʳ ʙʦʣʫʳ, 

ʢᴇʙʽʥʝʩʝ, ʵʢʦʣʦʛʠʷסʘ ʪʝʨʽʩ ᴅʩʝʨ ʝʪʝʜʽ. 

ʐʝʪʝʣʜʽʢ ʩʝʧʢʽʰʪʝʨʜʽש ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʪʘʣʜʘʫ ʙʘʨʳʩʳʥʜʘ ʦʣʘʨʜʳש 

ʘʨʪʳץʰʳʣʳץʪʘʨʳʥʘ ץʘʨʘʤʘʩʪʘʥ, ʦʣʘʨ ʙʽʟʜʽש ʘʛʨʦʪʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨʳʤʳʟסʘ 

 ʳ ʪʨʘʢʪʦʨʣʘʨʤʝʥסʳʰ ʢʣʘʩʪʘץʨʣʽ ʪʘʨʪװʳʥʘʥ ʞᴅʥʝ ᴅʨ ʪסʝʥʽ ʞʘ שʘʪʘʨ ʘʨʘʩʳʥʳץ

ʘʛʨʝʛʘʪʪʘʫ ʞʘסʳʥʘʥ ʪʦʣʳץ ʩᴅʡʢʝʩ ʢʝʣʤʝʡʜʽ. ɹײʜʘʥ ʙʘʩץʘ, ʦʣʘʨʜʳש ʞʦסʘʨʳ ײץʥʳ 

ʦʪʘʥʜʳץ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ᴇʥʜʽʨʫʰʽʣʝʨʽʥ ʘʪʘʣסʘʥ ʤʘʰʠʥʘʣʘʨʤʝʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫʛʝ ʘʡʪʘʨʣʳץʪʘʡ ʢʝʜʝʨʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʐᴇʧʪʝʨʜʽ ʪʽʢʝʣʝʡ ʩʝʙʫʛʝ ʘʨʥʘʣסʘʥ ʤʘʰʠʥʘʣʘʨʜʳש ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳש 

ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟ ʩʝʙʫ ᴅʜʽʩʪʝʨʽ ʤʝʥ ײץʨʳʣʳʤʜʳץ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʽʟʜʝʫ, ʪץײʳʤʜʘʨʜʳ ʩʝʙʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ, ʪʘʤʘץʪʘʥʫ ʘʡʤʘסʳʥʘ 

ʙʽʨʢʝʣʢʽ ʙᴇʣʫ ʩʠʷץʪʳ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʛʝ ɺ.ɺ. ʄʷʣʝʥʢʦ, ʉ.ʃ. ɼʝʤʰʠʥ, 

ʆ.ʉ. ʄʘʨʯʝʥʢʦ, ɺ.ʇ. ʂʦʩʴʷʥʝʥʢʦ, ɺ.ʀ. ɺʦʨʦʙʴʝʚ, ʃ.ʕ. ʇʦʧʦʚ, ɸ.ɼ. ʂʦʨʤʱʠʢʦʚ, 

ɻ.ɼ. ʇʦʨʪʥʦʚ, ɸ.ʉ. ʂʘʙʘʯʝʥʢʦ, ɺ.ɽ. ʍʦʨʦʥʞʝʥʢʦ, ɸ.ɽ. ʄʦʨʜʫʭʦʚʠʯ, A.M. 

ɼʤʠʪʨʠʝʚ, ɺ.ɺ. ʄʳʟʛʘʝʚ, ɺ.ɸ. ʉʳʩʫʝʚ, ʄ.ʌ. ʉʠʥʠʥ, ɸ.ʇ. ʐʝʚʯʝʥʢʦ, 

ɺ.ɸ. ɹʘʭʤʫʪʦʚ, ɺ.ɸ. ʃʶʙʯʠʯ ʞᴅʥʝ ʪ. ʙ. ʩʠʷץʪʳ ʢᴇʧʪʝʛʝʥ ʘʚʪʦʨʣʘʨ ץʘʪʳʩʪʳ. 

ʊʽʢʝʣʝʡ ʩʝʙʝʪʽʥ ʩʝʧʢʽʰʪʝʨʜʽש ʢʝʣʝʩʽ ʪװʨʣʝʨʽ ʙʘʨ (ʪʦʧʳʨʘץ ᴇשʜʝʫ ʞײʤʳʩ 

ʦʨʛʘʥʜʘʨʳʥʳש ʪװʨʽʥʝ ץʘʨʘʡ ʞʽʢʪʝʣʫʽ ʙʦʡʳʥʰʘ): ʜʠʩʢ, ʯʠʟʝʣʴ ʞᴅʥʝ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʪʦʧʳʨʘץ ʬʨʝʟʘʣʘʨʳ. 

ɸʣסʘʰץʳ ץʘʨʥʘץʪʳ ʩʝʧʢʽʰʪʝʨ (1.5-ʩʫʨʝʪ) ɸפʐ-ʪʘ [30] ʍʍ סʘʩʳʨʜʳ70 ש-ʰʽ 

ʞʳʣʜʘʨʳ ʩʝʧʢʽʰʪʽ ץʘʨʘʧʘʡʳʤ ʢʫʣʴʪʠʚʘʪʦʨסʘ ʦʨʥʘʪʳʧ, ᴇשʜʝʣʤʝʛʝʥ ʪʦʧʳʨʘץץʘ 

ʪץײʳʤ ʩʝʙʫ ץʘʞʝʪʪʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʧʘʡʜʘ ʙʦʣʜʳ. ɹײʣ ᴅʜʽʩ ᴇשʜʝʣʤʝʛʝʥ 

ʪʦʧʳʨʘץץʘ ʢʝʩʫʛʝ ʞᴅʥʝ ʪʦʧʳʨʘץʪʳ ʘʣʜʳʥ-ʘʣʘ ᴇשʜʝʧ, ʩʝʙʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ, 

ʩʦʜʘʥ ʢʝʡʽʥ ʪץײʳʤʜʘʨ ʦʥʳש ʘʨʪʳʥʘ ץʦʡʳʣʜʳ. ʉʝʧʢʽʰʪʽש ʢʝʣʝʩʽ 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥʜʘ ץʦʧʩʳʪץʳʰ ʪʘʙʘʥʳʥʳש ᴇʣʰʝʤʜʝʨʽʥ ʘʟʘʡʪʪʳ ʥʝʤʝʩʝ ʦʥʳ 

ʦʨʛʘʥʥʘʥ ʪʦʣʳסʳʤʝʥ ʘʣʳʧ ʪʘʩʪʘʜʳ, ʪʦʧʳʨʘץʪʳש ʟʘץʳʤʜʘʥʫʳʥ ʪᴇʤʝʥʜʝʪʫ װʰʽʥ 

ʪʝʢ ʪʽʨʝʫʜ̔ ץʘʣʜʳʨʜʳ. 
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ʉʫʨʝʪ 1.5 ï פʘʨʥʘץʪʳ ʩʽשʽʨʫʰʽ  
 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [30] 

 

ʄײʥʜʘʡ ʩʝʧʢʽʰʪʝʨʜʽש ʢʝʤʰʽʣʽʢʪʝʨʽʥʝ ʪʦʧʳʨʘץץʘ װʣʢʝʥ ᴅʩʝʨ ʝʪʫ ʞᴅʥʝ 

ʩʦץʘʥʳש ʪʘʙʘʥʳʥ ʞʘʩʘʫ ʞʘʪʘʜʳ; ʦשʪʘʡʣʘʥʜʳʨʫ ʩʘʣʘʩʳʥʜʘ ץʘʨʥʘץʪʳ ʥʝʤʝʩʝ 

çʪʘʙʘʥʜʳè ʩʽשʽʨʫʰʽʣʝʨ ᴇʟ ʰʝʛʽʥʝ ʞʝʪʪʽ, ʩʦʥʜʳץʪʘʥ ʪʦʧʳʨʘץץʘ ᴅʩʝʨʜʽ ʘʟʘʡʪʫ װʰʽʥ 

ʦʥʳץ שʘʣʳשʜʳסʳʥ ʘʟʘʡʪʫ ʤװʤʢʽʥ ʝʤʝʩ. 

 ץʩʘײ ʳʰ ʙʫʥʢʝʨʽ, ʝʛʫ ʘʧʧʘʨʘʪʪʘʨʳ ʙʘʨ ʽʨʽ ʞᴅʥʝץʘʡʪשʨʘʤʳʥʜʘ ʬʨʝʟʘ, ʪʳײפ

ʰᴇʧ ʪץײʳʤʜʘʨʳʥʘ ʘʨʥʘʣסʘʥ ʙʫʥʢʝʨʣʝʨ, ʪץײʳʤ ʪװʪʽʛʽ, ץʳʨʪᴇʩʪʽ ʩʽשʽʨʫʰʽʣʝʨ, 

ʪʘʧʪʘסʳʰ ʞᴅʥʝ ʪʽʨʝʢ ʜᴇשʛʝʣʝʢʪʝʨʽ ʙʘʨ ɸʇʃ-1,5 ʰʘʙʳʥʜʳץ ץʦʥʜʳʨסʳʩʳ ʪʘʥʳʤʘʣ 

[31]. 

ɹײʣ ײץʨʳʣסʳʥʳש ʢʝʤʰʽʣʽʛʽ ï ʞʦסʘʨʳ ʵʥʝʨʛʠʷ ʩʳʡʳʤʜʳʣʳסʳ ʞᴅʥʝ ʤʝʪʘʣʣ 

ʩʳʡʳʤʜʳʣʳסʳ, ᴇʡʪʢʝʥʽ ץʦʥʜʳʨסʳ ʙʽʨʥʝʰʝ ʙʽʨʜʝʡ ʦʧʝʨʘʮʠʷʣʳץ ʤʘʰʠʥʘʣʘʨʜʳ 

ʙʽʨʽʢʪʽʨʫ ʘʨץʳʣʳ ʞʘʩʘʣסʘʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢʝʤʰʽʣʽʛʽ ï ʙײʣ ᴇשʜʝʣʛʝʥ ʪʦʧʳʨʘץ 

 שʳ ʤᴇʣʰʝʨʽʥ ʪʘʨʘʪʫʜʘ ʣʦʢʘʣʠʟʘʮʠʷʥʳץʙʘʩʪʘʧ שʳʰʪʘʨʜʳץʘʡʪשʘʙʘʪʳʥʜʘ ʪʳץ

 ʙʝʪʽʥʝ ץʘʣʜʳʥʜʘ ʪʦʧʳʨʘ שʳ, ᴇʡʪʢʝʥʽ ʦʣʘʨ ʬʨʝʟʘʥʳסʪʳץʳʥʳ ʤʝʥ ʞʦסʣʢʝʥ ʰʳװ

ʝʥʛʽʟʽʣʝʜʽ ʞᴅʥʝ ᴇשʜʝʣʝʪʽʥ ץʘʙʘʪʪʳץ שʘʣʳשʜʳסʳʥʘ ʪʘʨʘʣʘʜʳ. 

ʐʳʤ ʢʝʩʫʛʝ ʘʨʥʘʣסʘʥ ʞʘץʪʘʫʜʘ ʦʨʥʘʣʘʩץʘʥ ʞײʤʳʩ ʦʨʛʘʥʳ ʙʘʨ ײץʨʘʤʘʣʳ 

ʩʝʧʢʽʰ ʪʘʥʳʤʘʣ [31, ʩ. 195]. ɹײʣ ײץʨʘʤʘʣʳ ʰʳʤ ʩʝʧʢʽʰʽʥʽש ʢʝʤʰʽʣʽʛʽ ï ᴅʨ ʪװʨʣʽ 

ʪʝʨʝשʜʽʢʪʝ ʪץײʳʤʜʘʨ ʤʝʥ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʩʝʙʫ ʰʘʨʪʪʘʨʳʥʳש ʩʘץʪʘʣʫʳʥ 

 שʪʳץʳ ʪʦʧʳʨʘסʳʥʜʘסʩʝʙʫ ʘʡʤʘ שʘʤʪʘʤʘʩʳʟ ʝʪʧʝʡʜʽ, ᴇʡʪʢʝʥʽ ʦʣʘʨʜʳץ

ʜʝʬʦʨʤʘʮʠʷ ʘʡʤʘץʪʘʨʳ ץʠʳʣʳʩʘʜʳ ʞᴅʥʝ ʪʳשʘʡʪץʳʰʪʘʨ ʤʝʥ ʪץײʳʤʜʘʨ ʙʽʨ-

ʙʽʨʽʤʝʥ ʘʨʘʣʘʩʘʜʳ, ʘʣ ʦʣʘʨʜʳש ʞʘץʳʥʜʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʪʳשʘʡʪץʳʰʪʘʨ 

ʪץײʳʤʜʘʨסʘ ʘʫʳʨ ᴅʩʝʨ ʝʪʝʜʽ, ʘʣ ʪʦʧʳʨʘץʪʳש ʙײʣ ʵʨʦʟʠʷסʘ ץʘʨʩʳ ץʦʨסʘʥʳʩʳ 

ʞʝʪʢʽʣʽʢʩʽʟ. 

ʋʕʉ-250/280 ʙʘʟʘʩʳʥʘ ʞʝʜʝʣʜʝʪʽʣʛʝʥ ʰʘʣסʳʥʜʘʥʜʳʨʫסʘ ʘʨʥʘʣסʘʥ ײץʨʘʤʘ 

ʘʛʨʝʛʘʪץʘ ʙʘʪʧʘץʪʳ ʬʨʦʥʪʘʣʴʜʳ ʬʨʝʟʘ, ʙʝʣʩʝʥʜʽ ʪʦʧʳʨʘץ ʪʝʛʽʩʪʝʛʽʰʽ ʙʘʨ ʪʦʧʩʘʣʳ 

ʘʨʪץʳ ʘʛʨʝʛʘʪʪʘʣʘʪʳʥ ʪʘʧʪʘסʳʰ ʞᴅʥʝ ʪʽʨʢʝʤʝʣʽ ʉɿʊ-3,6 ʩʝʨʠʷʣʳץ ʩʝʧʢʽʰ ʢʽʨʝʜʽ. 

ʌʨʦʥʪʘʣʴʜʳ ʬʨʝʟʘʥʳש ʞײʤʳʩ ʦʨʛʘʥʳʥʜʘ ʘʣʜʳסשʳ ץʫʘʪ ʘʣʫ ʙʽʣʽʢʪʝʥ ʰʳסʘʪʳʥ 

 ɸɹ-ʥʝʥ ʞʝʪʝʢʪʝʣʝʪʽʥ ʝʢʽפ ʳץʘʨʪ שʳʰʪʘ ʪʨʘʢʪʦʨʜʳסʞʝʪʝʢ ʙʘʨ. ʊʘʧʪʘ (ɸɹפ)
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ʩʝʢʮʠʷʣʳ ʜʠʩʢʽʣʽ ʨʦʪʦʨ ʙʘʨ. ɼʠʩʢʽʣʝʨ ʨʦʪʦʨ ʦʩʽʥʝ 66Á ʢᴇʣʙʝʫ ʙײʨʳʰʧʝʥ 

ʦʨʥʘʣʘʩץʘʥ. ʋʕʉ ʜᴇשʛʝʣʝʢʪʝʨʽʥʽש ʽʟʽʤʝʥ ʪʦʧʳʨʘץʪʳש ʪʳסʳʟʜʘʣʫʳʥ 

ʙʦʣʜʳʨʤʘʡʪʳʥ ץʦʧʩʳʪץʳʰ ʢʫʣʴʪʠʚʘʪʦʨ ʪʘʙʘʥʜʘʨ r ʦʨʥʘʪʳʣʜʳ. ɹײʣ 

ʤʘʰʠʥʘʣʘʨʜʳש ʢʝʤʰʽʣʽʢʪʝʨʽʥʝ ʬʨʝʟʝʨʣʽʢ ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʤʝʥ ʪʦʧʳʨʘץʪʳ 

ᴇשʜʝʫʜʽש ʞʦסʘʨʳ ʵʥʝʨʛʠʷ ʩʳʡʳʤʜʳʣʳסʳʥ, ײץʨʳʣʳʤʥʳש ʢװʨʜʝʣʽʣʽʛʽʥʝ, ʤʝʪʘʣʣ 

ʩʳʡʳʤʜʳʣʳסʳʥʘ ʞᴅʥʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʪᴇʤʝʥ ᴇʥʽʤʜʽʣʽʢʢʝ ʙʘʡʣʘʥʳʩʪʳ 

ʥʳʥ ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ. ʐʳʤʜײץ ʘʨʳסʞʦ שʨʘʤʘʣʳ ʤʘʰʠʥʘʥʳײץ  r ʰʘʰʳʨʘʪʳʧ 

 ʘʧʪʘʨʳʥʜʘץʠ ʞʝʤ-ʰᴇʧ ʘʣסʜʝʫ ʢᴇʣʙʝʫ ʞʘʡʳʣʤʘʣʳ ʪʘʙʠשʘʪʘʨʩʳʟ ᴇץ

ʞʝʜʝʣʜʝʪʽʣʛʝʥ ʰᴇʛʽʥʜʽʣʝʨʜʽ ץʦʣʜʘʥʫʜʳ ʰʝʢʪʝʡʜʽ. ʊʽʨʢʝʤʝʣʽ ײץʨʘʤʘ 

ʘʛʨʝʛʘʪʪʘʨʜʳש ʤʘʥʝʚʨʣʽʢ ץʘʙʽʣʝʪʽ ʪᴇʤʝʥ ʙʦʣʘʜʳ. ɸʛʨʝʛʘʪʪʘʨʜʳש ʝʜᴅʫʽʨ ʤʘʩʩʘʩʳ 

ʦʣʘʨʜʳ ʦʨʤʘʥ ʘʡʤʘסʳʥʳש ʞʦסʘʨʳ ʳʣסʘʣʜʳʣʳסʳ ʞʘסʜʘʡʳʥʜʘ ʧʘʡʜʘʣʘʥʫ 

ʤװʤʢʽʥʜʽʛʽʥ ʪᴇʤʝʥʜʝʪʝʜʽ [32, 33]. 

ʆ.ʉ. ʄʘʨʯʝʥʢʦ ʤʝʥ ɺ.ʅ. ɺʝʨʰʠʥʠʥ ײʩʳʥסʘʥ ʰʳʤʜ  rᴇשʜʝʫ ᴅʜʽʩʽ ʢᴇʣʜʝʥʝש 

ʞʘʟʳץʪʳץʪʘסʳ ʪʦʧʳʨʘץ ץʘʙʘʪʳʥ ʞʘʣʧʘץ ʢʝʩʝʪʽʥ ʪʘʙʘʥʤʝʥ ʢʝʩʫʜʽ ʞᴅʥʝ ʦʥʳ 

ʙʽʣʽʢʢʝ ʙʝʣʛʽʣʽ ʙʽʨ ʙײʨʳʰʧʝʥ ץʘʪʘש ʙʝʢʽʪʽʣʛʝʥ ʞʘʣʧʘץ ʜʠʩʢʽʣʝʨ ʞʠʳʥʪʳסʳ 

ʪװʨʽʥʜʝ ʞʘʩʘʣסʘʥ ʞʝʪʝʢ ʜʠʩʢ ʨʦʪʦʨʳʤʝʥ ײʩʘץʪʘʫʜʳ ʙʽʨʽʢʪʽʨʫʜʝʥ ʪײʨʘʜʳ. 

ɸʡʥʘʣʤʘʣʳ ʞʳʣʜʘʤʜʳץʪʳש (12õ16 ʤ/ʩ) ʞᴅʥʝ ʜʠʩʢʽʣʝʨʜʽש ᴇשʜʝʫ ʙײʨʳʰʳʥʳש 

(66Á ʜʝʡʽʥ) ʞʦסʘʨʳ ʤᴅʥʜʝʨʽʥʽש ʘʨץʘʩʳʥʜʘ ʵʥʝʨʛʠʷ ʩʳʡʳʤʜʳʣʳסʳ 1,2õ1,5 ʨʝʪ 

ʪᴇʤʝʥʜʝʛʝʥʜʝ ʞᴅʥʝ ʪʘʩʪʘʨʤʝʥ ʙʽʪʝʣʛʝʥ ʪʦʧʳʨʘץʪʘ ʞײʤʳʩ ʽʩʪʝʫ ʙʘʨʳʩʳʥʜʘ, 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʽש ʩʘʧʘʣʳ ʦʨʳʥʜʘʣʫʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. ʐʳʤʤʝʥ 

ʞײʤʳʩ ʽʩʪʝʫ ʢʝʟʽʥʜʝ ʜʠʩʢ ʪװʨʽʥʜʝʛʽ ʩʽשʽʨʫʰʽʣʝʨʜʽש ʢʝʤʰʽʣʽʛʽ ï ᴇʪʝ ʪʘʨ 

 ʜʘʡסᴇʥʫʽʥʝ ʞʘ שʳʤʜʘʨʜʳץײʣ ʝʛʽʣʛʝʥ ʪײʰʘʥʳ ʪᴇʩʝʫ (0,018 ʤ ʜʝʡʽʥ), ʙץʘʨʳץ

ʞʘʩʘʤʘʡʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʩʝʧʢʽʰʪʝʨʜʽש ʦʩʳ ʪװʨʽʤʝʥ ʪץײʳʤ ʩʝʙʫʜʽש ʪײʨʘץʪʳ 

ʧʨʦʮʝʩʽ ʪʦʧʳʨʘײץ ץʥʘʨʣʳʣʳסʳ ʞʦסʘʨʳ ʞʘʡʳʣʳʤʜʘʨʜʘ סʘʥʘ ʤװʤʢʽʥ ʙʦʣʘʜʳ [34, 

35]. 

ʂʠʨʦʚʦʛʨʘʜ ʇʂʀ ʞᴅʥʝ ɺʀʉʍʆʄ ʅʇʆ ᴅʟʽʨʣʝʛʝʥ ʉɿʇʇ-4 ʘʩʪʳץ-ʰᴇʧ-

ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʽ ʩʽשʽʨʫʰʽ ʪʦʙʳʥʘʥ (װʰ ʜʠʩʢʽʣʽ ʩʽשʽʨʫʰʽʣʝʨ) ʪײʨʘʜʳ: ʜʠʩʢʽʣʽ 

ʧʳʰʘץʪʘʨʜʘʥ ʞᴅʥʝ ʞʘʙʫʰʳʣʘʨ rʙʘʨ ʝʢʽ ʜʠʩʢʽʣʽ ʩʽשʽʨʫʰʽʣʝʨ. פʠʩʳץ-ʛʦʬʨʣʝʥʛʝʥ 

ʙʝʪʽ ʙʘʨ ʜʠʩʢʽʣʽ ʧʳʰʘץʪʘʨ ʘʨץʳʣʳ ץʘʨʳץʰʘ ץʘʣʳʧʪʘʩʘʜʳ. ɽʢʽ ʜʠʩʢʽʣʽ 

ʩʽשʽʨʫʰʽʣʝʨ ץʘʨʳץʰʘʥʳ ʪʦʣʳסʳʤʝʥ ץʘʣʳʧʪʘʩʪʳʨʳʧ, ʦʣʘʨסʘ ʪץײʳʤʜʘʨ ʤʝʥ 

ʪʳשʘʡʪץʳʰʪʘʨ ʩʘʣʘʜʳ. ᴄʨʽ ץʘʨʘʡ, ʞʘʙʫʰʳʣʘʨ ץʘʨʳץʰʘʥʳ ʞʘʙʘʜʳ. ɹײʣ ʪװʨʜʝʛʽ 

ʩʝʧʢʽʰʪʝʨʜʽש ʘʨʪʳץʰʳʣʳסʳ ï ײץʨʳʣʳʤʳʥʳץ שʘʨʘʧʘʡʳʤʜʳʣʳסʳ, ʢᴇʧ 

ʬʫʥʢʮʠʷʣʳסʳ, ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʛʽ. פʘʞʝʪʪʽ ʪʽʢ ץʳʩʳʤʥʘʥ ʙʘʩץʘ, ʢʝʤʰʽʣʽʢʪʝʨʛʝ 

ʩʳʨסʳʧ ʢʝʪʧʝʩʪʝʥ ʘʡʥʘʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ᴇʩʽʤʜʽʢ ʜʘץʳʣʜʘʨʳʥʳץ שʘʣʜʳץʪʘʨʳʥ 

ʢʝʩʫ ʜʠʩʢʽʣʝʨʽʤʝʥ ץʘʨʳץʰʘסʘ ʪʘʨʪʫ ʞʘʪʘʜʳ. ʓʣסʘʣʜʳ ʞʘסʜʘʡʜʘ ʞײʤʳʩ ʽʩʪʝʛʝʥʜʝ, 

 ʳʟʜʘʡʜʳסʘʪʪʳ ʪʳץ ʘʣʘʨʳʥסʘʙʳʨץ שʰʘʣʘʨʳʥʳץʘʨʳץ ʽʨʫʰʽʣʝʨ ʩʝʙʫשʰ ʜʠʩʢʽʣʽ ʩʽװ

[36]. 
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ʘ ï ʙװʡʽʨʣʽʢ ʢᴇʨʽʥʽʩ; ʙ ï ʞʦסʘʨʳʜʘʥ ʢᴇʨʽʥʽʩ: 1 ï ʪʽʨʝʫ ʜʦסשʘʣʘסʳ, 2 ï ץʦʨסʘʥʳʩ 

 ʳʤץײʳʰ, 6 ï ʪסʳʪʪʘסʳʤ ʙʘץײʳʟʜʘʫʳʰ ʢʘʪʦʢ, 5 ï ʪסʽʨʫʰʽ, 4 ï ʥʳשʘʧʪʘʤʘʩʳ, 3 ï ʬʨʝʟʝʣʽʢ ʩʽץ

ʪװʪʽʛʽ, 7 ï ʩʝʙʫ ʘʧʧʘʨʘʪʳ, 8 ï ʪץײʳʤ ʞᴅʰʽʛʽ, 9 ï ʩʝʙʫ ʘʧʧʘʨʘʪʳ ʙʽʣʽʛʽʥʽש ʙʝʨʽʣʽʩ ץʦʨʘʙʳ, 10 ï 

ʘʩʧʘʣʳ ʤʝʭʘʥʠʟʤ, 11 ï ʞʘץʪʘʫ 
 

ʉʫʨʝʪ 1.6 ï ʐʳʤ ʪץײʳʤʳʥ ʞʦʣʘץʪʳ ʩʝʙʫʛʝ ʘʨʥʘʣסʘʥ ʩʝʧʢʽʰʪʽש ʩײʣʙʘʩʳ  

(ʉɼʂ 2.8) 

 

ʐᴇʧ ʪץײʳʤʳʥ ʰʳʤסʘ ʞʦʣʘץʪʳ ʩʝʙʫʛʝ ʘʨʥʘʣסʘʥ ʩʝʧʢʽʰ (1.6-ʩʫʨʝʪ) 14 ʢʅ 

ʢʣʘʩʪʳ ʪʨʘʢʪʦʨʣʘʨʤʝʥ ʘʛʨʝʛʘʪʪʘʣʘʪʳʥ ʘʩʧʘʣʳ ʤʘʰʠʥʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ᴆʥʜʽʨʽʩʪʽʢ ʧʘʡʜʘʣʘʥʫ ʧʨʦʮʝʩʽʥʜʝ ʝʢʽ ʞʘץʪʳ ʦʨʥʘʣʘʩץʘʥ ɻ-ʪᴅʨʽʟʜʽ ʧʳʰʘץʪʘʨʳ ʙʘʨ 

ʜʠʩʢʽʣʽ ʢʝʩʢʽʰʪʝʨʜʽש ʥʝʛʽʟʛʽ ʢʝʤʰʽʣʽʢʪʝʨʽ ʘʥʳץʪʘʣʜʳ. ʆʣʘʨ ᴇשʜʝʣʝʪʽʥ ʪʦʧʳʨʘץ 

ʞʦʣʘסʳʥʳש ʪײʨʘץʩʳʟ ʝʥʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙײʣ ɻ-ʪᴅʨʽʟʜʽ ʧʳʰʘץʪʘʨʜʳץ שʘʥʘʪʪʘʨʳ 

ʪʦʟסʘʥ ʢʝʟʜʝ ʞᴅʥʝ ץʘʪʪʳ ʪװʡʽʨʰʽʢʪʝʣʛʝʥ ʞʝʨʣʝʨʜʝ ʧʘʡʜʘ ʙʦʣʘʜʳ. ʇʳʰʘץʪʘʨʜʳש 

ʰʝʪʢʽ ʥװʢʪʝʣʝʨʽʥʜʝ ʰʳʤʥʳש ʪʦʣʳץ ʝʤʝʩ ʙײʟʳʣʫʳ ʙʘʡץʘʣʘʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ 

ʪʦʧʳʨʘץʪʳש ʙᴇʣʽʥʫʽ ᴇשʜʝʣʤʝʛʝʥ ʙʝʪʢʝʡʜʝ ʞװʨʝʜʽ, ʙײʣ ʩʝʙʫ ʩʘʧʘʩʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ, 

ᴇʡʪʢʝʥʽ ʜʦʤʘʣʘץ ʪʘʧʪʘסʳʰʪʘʨ ᴇשʜʝʣʤʝʛʝʥ ʙʝʪ ʙʦʡʳʤʝʥ ץʦʟסʘʣʘʜʳ. ɸʥʳץʪʘʣסʘʥ 

ʢʝʤʰʽʣʽʢʪʝʨʜʽ ʙʽʨ ʘʡʥʘʣʫ ʦʩʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ ʞᴅʥʝ ʙʽʨ-ʙʽʨʽʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳ 

ʝʢʽ ʢʝʩʫ ʜʠʩʢʽʩʽʥʝʥ ʞʘʩʘʣסʘʥ ʝʢʽ ʜʠʩʢʽʣʽ ʬʨʝʟʝʨʣʽʢ ʩʽשʽʨʫʰʽʥʽ ץʦʣʜʘʥʫ ʘʨץʳʣʳ 

ʞʦʷʜʳ. ɼʠʩʢʽʣʝʨʜʽש ʩʳʨʪץʳ ʞʘסʳʥʜʘ, ʘʣʳʤ ʝʥʽ ʜʠʩʢʘʨʘʣʳץ ץʘʰʳץʪʳץץʘ ʪʝש, ɻ-

ʪᴅʨʽʟʜʽ ʧʳʰʘץʪʘʨʜʳץ שʘʥʘʪʪʘʨʳ ʢʝʟʝʢʪʝʩʽʧ ʽʰʢʝ ץʘʨʘʡ ʦʨʥʘʪʳʣʘʜʳ. ɼʠʩʢʽʥʽש 
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ʩʳʨʪץʳ ʜʠʘʤʝʪʨʽʥʝʥ ʪʳʩ ʞײʤʳʩ ʙᴇʣʽʛʽʥʽש ʰʳסʳʧ ʢʝʪʫʽ ʧʳʰʘץ ץʘʥʘʪʳʤʝʥ 

ʢʝʩʽʣʛʝʥ ʪʦʧʳʨʘץ ʞʘץשʘʣʘʨʳʥʳץ שʘʣʳשʜʳסʳʥʘ ʪʝש. ɸʡʥʘʣʫ ʢʝʟʽʥʜʝ ɻ-ʪᴅʨʽʟʜʽ 

ʧʳʰʘץʪʘʨ ʞʦʣʘץʪʘʨʜʳש ʰʝʪʪʝʨʽʥʜʝʛʽ ץʦʧʩʳʪץʳʰʪʳ ʧʳʰʘץʪʘʨʤʝʥ ʢʝʩʽʧ 

ʪʘʩʪʘʡʜʳ, ʦʩʳʣʘʡʰʘ ʞʦʣʘץʪʳץ שʘʙʳʨסʘʣʘʨʳ ʩʘʧʘʣʳ ʪװʨʜʝ ץʘʣʳʧʪʘʩʘʜʳ, ʘʣ 

ʧʳʰʘץʪʘʨʜʳץ שʘʥʘʪʪʘʨʳ ʞʦʣʘץʪʘסʳ ʪʦʧʳʨʘץʪʳ ץʘʨץʳʥʜʳ ʪװʨʜʝ ײʥʪʘץʪʘʡʜʳ. 

ɹײʣ ʞʘסʜʘʡʜʘ ʪʦʧʳʨʘץ ʞʘץשʘʣʘʨʳʥʳץ שʘʣʳשʜʳסʳ, ɻ-ʪᴅʨʽʟʜʽ ʧʳʰʘץʪʘʨʳ ʙʘʨ 

ʜʠʩʢʽʣʽ ʢʝʩʢʽʰʧʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ, ʝʢʽ ʜʠʩʢʽʣʽ ʬʨʝʟʝʨʣʽʢ ʩʽשʽʨʫʰʽʥʽש ʞײʤʳʩ 

ʨʝʞʠʤʽ ʙʽʨʜʝʡ ʙʦʣʩʘ, ʝʢʽ ʝʩʝ ʘʟ ʙʦʣʘʜʳ. ɸʣʘʡʜʘ, ʪʽʢ ʘʡʥʘʣʫ ʦʩʽ ʙʘʨ ʢʝʩʢʽʰʪʝʨ, 

ʪʦʧʳʨʘץʪʳש ʞʘץʩʳ ײʥʪʘץʪʘʣʫʳʥʘ ץʘʨʘʤʘʩʪʘʥ, ʙʽʨץʘʪʘʨ ʤʘשʳʟʜʳ ʢʝʤʰʽʣʽʢʪʝʨʛʝ 

ʠʝ: ץʘʨʘʤʘ-ץʘʨʩʳ ʘʡʥʘʣʫ ʙʘסʳʪʳ ʙʘʨ ʝʢʽ ʬʨʝʟʝʨʣʽʢ ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳ ʘʨʘʩʳʥʜʘסʳ 

ʞʦʣʜʘʨʜʘ ʩʝʧʢʽʰʪʝʥ ʢʝʡʽʥ ʪʦʧʳʨʘץ ʦʨʘʤʳʥʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ, ᴇʩʽʤʜʽʢ 

 ʪʘʨʳʥ ʬʨʝʟʘ ʙʽʣʽʛʽʥʝ ʦʨʘʫʳʥʘ, ʨʝʣʴʝʬʪʽ ʥʘʰʘʨ ʢᴇʰʽʨʫʽʥʝ, ɻ-ʪᴅʨʽʟʜʽץʘʣʜʳץ

ʧʳʰʘץʪʘʨʜʳש ᴇʟʛʝʨʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ץʘʪʪʳ ʪװʡʽʨʰʽʢʪʽ ʪʦʧʳʨʘץʪʘʨסʘ ʘʨʥʘʣסʘʥ 

[37]. 

 

 
 

1 ï ʞʘץʪʘʫ; 2 ï ʠʽʥʜʽ ʙʽʣʽʢ; 3 ï ʩʝʙʫ ʘʧʧʘʨʘʪʪʘʨʳʥʘ ʞʙ̔ʝʨʫ ʤʝʭʘʥʠʟʤʽ; 4 ï ʨʝʜʫʢʪʦʨ; 5 ï 

ʪʳשʘʡʪץʳʰ ʪװʪʽʛʽ; 6 ï ʪʳשʘʡʪץʳʰ ʩʝʙʝʪʽʥ ʘʧʧʘʨʘʪʳ; 7 ï ʪʳשʘʡʪץʳʰʪʘʨסʘ ʘʨʥʘʣסʘʥ ʳʜʳʩ; 8 ï 

ʰᴇʧ ʪץײʳʤʜʘʨʳʥʘ ʘʨʥʘʣסʘʥ ʳʜʳʩ; 9 ï ʪץײʳʤ ʩʝʙʝʪʽʥ ʘʧʧʘʨʘʪ; 10 ï ʪץײʳʤ ʪװʪʽʛʽ; 11 ï 

ʛʠʜʨʦʮʠʣʠʥʜʨ; 12 ï ʠʽʥʪʽʨʝʢ; 13 ï ʢᴇʪʝʨʛʽʰ ʜʦסשʘʣʘ14 ;ץ ï ʪʘʧʪʘסʳʰ; 15 ï ʪץײʳʤ-ʪʳשʘʡʪץʳʰ 

ʙʘסʳʪʪʘסʳʰʳ; 16 ï ʬʨʝʟʘ; 17 ï ץʘʧʪʘʤʘ; 18 ï ʬʨʝʟʘ ʞʝʪʝʛʽ; 19 ï ʦʨʪʘʣʳץ ʨʝʜʫʢʪʦʨ; 20 ï ʤʫʬʪʘ; 

21 ï ʪʽʨʝʢ-ʞʝʪʝʢʪʽ ʜʦסשʘʣʘץ 
 

ʉʫʨʝʪ 1.7 ï ʐᴇʧʪʽש ʪץײʳʤʳʥ ʰʳʤסʘ ʩʝʙʫʛʝ ʘʨʥʘʣסʘʥ ʉɼʂʇ-2,8 ʞʘʨʪʳʣʘʡ 

ʘʩʧʘʣʳ ײץʨʘʤʘʣʳ ʩʝʧʢʽʰʪʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩײʣʙʘʩʳ 

 

ʌʨʝʟʝʨʣʽʢ ʞײʤʳʩ ʦʨʛʘʥʳ 16 ץʦʟסʘʣʳʩ ʢʝʟʽʥʜʝ ʝʥʽ 0,11 ʤ ʰʳʤ ʞʦʣʘסʳʥ 

 ʪʘʨץʨʜʝ ʬʨʝʟʝʨʣʝʡʪʽʥ ʉɼʂʇ-2,8 ʩʝʧʢʽʰʽ ʙʝʣʛʽʣʽ (1.7-ʩʫʨʝʪ). ʉʳʥʘװʳʥʜʳ ʪץʘʨץ

ʢᴇʨʩʝʪʢʝʥʜʝʡ, ץʘʪʪʳ ץʦʧʩʳʪʳʣסʘʥ ʪʦʧʳʨʘץʪʘʨʜʘ ʬʨʝʟʝʨʣʽʢ ʞײʤʳʩ ʦʨʛʘʥʳʥʳש 

-ʝʥʽ 0,036-ʜʘʥ 0,110 ʤ שʪʳץʟʽʣʝʪʽʥ ʞʦʣʘװʘʞʝʪ, ᴇʡʪʢʝʥʽ ʪץ ʪʳʣʘʫץʨʳʣʳʤʳʥ ʥʘײץ

ʛʝ ʜʝʡʽʥ. ɾʦʣʘץʪʳש ʝʥʽʥʽש ʘʟʘʶʳ ʪʦʧʳʨʘץʪʳש ʙᴇʣʽʥʫʽ ᴇשʜʝʣʤʝʛʝʥ ʙʝʪʢʝʡʜʝ 

ʙʦʣʘʪʳʥ ʞʝʨʣʝʨʜʝ ʬʨʝʟʝʨʣʽʢ ʙᴇʣʽʤʜʝʨʜʽש ʧʳʰʘץʪʘʨʳʤʝʥ ʰʳʤʥʳש ʪʦʣʳץ 

ʞʦʡʳʣʤʘʫʳʥʳש ʩʘʣʜʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʩʝʧʢʽʰ ʞײʤʳʩ ʽʩʪʝʧ 

ʪײʨסʘʥ ʢʝʟʜʝ, ɻ-ʪᴅʨʽʟʜʽ ʧʳʰʘץʪʘʨʤʝʥ ʞʦʣʘץʪʘʨʜʳש ʰʝʪʪʝʨʽʥʝʥ ʰʳʤ ʢʝʩʝʢʪʝʨʽʥ 
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ʞײʣʳʧ ʘʣʳʧ, ʩʦʜʘʥ ʢʝʡʽʥ ʦʣʘʨʜʳ ᴇשʜʝʣʛʝʥ ʞʦʣʘץץʘ ʩʳʨסʳʪʘʜʳ, ʙײʣ ʩʝʙʫ ʤʝʥ 

ʪʳסʳʟʜʘʫ ʩʘʧʘʩʳʥ ʥʘʰʘʨʣʘʪʘʜʳ. ɹײʣ ʤᴅʩʝʣʝʥʽ ʰʝʰʫ װʰʽʥ ʩʝʧʢʽʰʪʽש ʬʨʝʟʝʨʣʽʢ 

ʩʽשʽʨʫʰʽʣʝʨʽʥʜʝ ץʘʥʘʪʪʳש ʠʽʣʫʽʥʝ ʞᴅʥʝ ʧʳʰʘץʪʳש ʪʽʨʝʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ɻ-ʪᴅʨʽʟʜʽ 

ʧʳʰʘץʪʘʨʜʳ L - ʥʝʤʝʩʝ S-ʪᴅʨʽʟʜʽ ʧʳʰʘץʪʘʨʜʳ ʘʫʳʩʪʳʨʫ ײʩʳʥʳʣʜʳ. ʌʨʝʟʝʨʣʽʢ 

ʩʽשʽʨʫʰʽʣʝʨʤʝʥ ᴇשʜʝʫ ʪʝʨʝשʜʽʛʽ 0,054õ0,065ʤ ײץʨʘʡʜʳ, ʘʣ 0,05õ0,10 ʤ ᴇʣʰʝʤʜʽ 

ʰʳʤ ʢʝʩʝʢʪʝʨʽʥʽש ʤʘʩʩʘʣʳװ ץʣʝʩʽ 40,90% ʞʝʪʝʜʽ. ɹʝʜʝ ʪץײʳʤʳʥ ʦʪʳʨסʳʟʫ 

ʪʝʨʝשʜʽʛʽ 0,017õ0,020ʤ, ʙʝʪʝʛʝʥʽʢʽ ï 0,020õ0,021 ʤ, ʘʣ ʪʳשʘʡʪץʳʰʪʽʢʽ 

0,024õ0,037ʤ ʙʦʣʜʳ. ɼʝʛʝʥʤʝʥ, ʉɼʂʇï2,8 ʦʨʪʘʰʘ ʳʣסʘʣʜʳʣʳסʳ 14,90õ16,20% 

ʞᴅʥʝ ץʘʪʪʳʣʳסʳ 1,21õ2,67 ʄʇʘ ʙʦʣʘʪʳʥ ʪʠʧʪʽʢ ʰʳʤʜʳ-ʩʘʨסʳʰ ײץʤʜʳ ʞᴅʥʝ 

ʩʘʟʜʳ ʪʦʧʳʨʘץʪʘʨסʘ ʘʨʥʘʣסʘʥʳʥ ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ. ɹײʣ ʩʝʧʢʽʰʪʽש ʢʝʤʰʽʣʽʢʪʝʨʽʥʝ 

ʞʦʣʘץʪʳ ʩʝʙʫ ʩʝʧʢʽʰʪʝʨʽʥʽש ʩʝʥʽʤʜʽʣʽʛʽʥʽש ʪᴇʤʝʥʜʽʛʽ ʞʘʪʘʜʳ, ʙײʣ ʞʝʪʝʢʪʝʨʜʽש 

ʞᴅʥʝ ʬʨʝʟʝʨʣʽʢ ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳש ɻ-ʪᴅʨʽʟʜʽ ʧʳʰʘץʪʘʨʳʥʳש ʰʘʤʘʜʘʥ ʪʳʩ 

ʞװʢʪʝʣʫʽʥʝʥ ʞʝʢʝ ץʦʨסʘʥʳʩʪʳש ʙʦʣʤʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʽʩʪʝʥ ʰʳסʫ ʢᴇʧ 

ʙʦʣʘʜʳ [38]. 

 ʪʘʨʳ ʙʘʨ ʬʨʝʟʝʨʣʽʢ ʙᴇʣʽʤʜʝʨץʜʝʡʪʽʥ ʧʳʰʘשᴇ ץʪʘʫ, ʪʦʧʳʨʘץʨʘʤʳʥʜʘ ʞʘײפ

ʞᴅʥʝ ʞʘʙʳץ ץʘʧʪʘʤʘʣʘʨ, ʪʳשʘʡʪץʳʰ ʞᴅʥʝ ʪץײʳʤ ʙʘסʳʪʪʘסʳʰʪʘʨʳ ʙʘʨ ʰʳʤ 

ʩʝʧʢʽʰʽ [39] ʙʝʣʛʽʣʽ. ʉʝʧʢʽʰ ʞײʤʳʩ ʽʩʪʝʛʝʥ ʢʝʟʜʝ ʬʨʝʟʝʨʣʽʢ ʙᴇʣʽʤʥʽש ʪʦʧʳʨʘץ 

ᴇשʜʝʡʪʽʥ ʧʳʰʘץʪʘʨʳ ʰʳʤ ʞʦʣʘץʪʘʨʳʥ ʤʝʭʘʥʠʢʘʣʳץ ʪװʨʜʝ ʙײʟʘʜʳ. ʉɼʂ 

ʪʦʙʳʥʳש ʩʝʧʢʽʰʪʝʨʽʥ [40] ʈʝʩʝʡ ʌʝʜʝʨʘʮʠʷʩʳʥʳ35 ש ʘʡʤʘסʳʥʜʘ ᴇʥʜʽʨʽʩʪʽʢ 

ʩʳʥʘץʪʘʫ ʢʝʟʽʥʜʝ ʬʨʝʟʝʨʣʽʢ ʩʽשʽʨʫʰʽʩʽʥʽש ʞײʤʳʩʳʥʜʘ ʙʽʨץʘʪʘʨ ʢʝʤʰʽʣʽʢʪʝʨ 

ʘʥʳץʪʘʣʜʳ. ʐᴇʧ ʪץײʳʤʳʥ ʰʳʤסʘ ʩʝʙʫ ʪʝʨʝשʜʽʛʽ ᴅʨʜʘʡʳʤ ʘʛʨʦʪʝʭʥʠʢʘʣʳץ 

ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝ ʙʝʨʤʝʡʜʽ. ɹײʣ ʤᴅʩʝʣʝʥʽ ʰʝʰʫ װʰʽʥ ʙᴇʣʛʽʰ ץʘʣץʘʥ 

ʞʘʩʘʣʜʳ (1.8-ʩʫʨʝʪ), ʦʣ ʬʨʝʟʝʨʣʽʢ ʙᴇʣʽʤʥʽש ʢʦʨʧʫʩʳʥʳש ʽʰʽʥʝ, ʞײʤʳʩ 

ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʘʨʪʳʥʘ, ʪץײʳʤ ʙʘסʳʪʪʘʫʰʳʣʘʨʜʳש ʘʩʪʳʥʘ ץʦʡʳʣʜʳ. ʐʳʤ 

ʩʝʧʢʽʰʪʽש ʞʘץʪʘʫʳʥʘ ʦʨʥʘʪʳʣסʘʥ ʬʨʝʟʝʨʣʽʢ ʙᴇʣʽʤ ʰʳʤʜ  rʤʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʡʜʽ, 

ʦʥʳ ץʘʨץʳʥʜʳ ʪװʨʜʝ ײʥʪʘץʪʘʡʜʳ. ɹᴇʣʛʽʰ-ץʘʣץʘʥ, ʧʳʰʘץʧʝʥ ᴇשʜʝʣʛʝʥ 

ʪʦʧʳʨʘץʪʳ ʝʢʽ ʘסʳʥסʘ ʙᴇʣʝʜʽ, ʰʘסʳʣʳʩץʘʥ ʪʦʧʳʨʘץ ʘסʳʥʳ ײʰʫ ʞʦʣʳʥ ᴇʟʛʝʨʪʝʜʽ 

ʞᴅʥʝ ץʘʨʳץ ʪװʙʽʥʝ ʙʘסʳʪʪʘʣʘʜʳ, ʦʥʜʘ ʙᴇʣʛʽʰ ץʘʣץʘʥʥʳש ʩʝʨʧʽʤʜʽ ʤʘʪʝʨʠʘʣʳ ʦʥʳ 

ʪʝʛʽʩʪʝʡʜʽ ʞᴅʥʝ ʪʳסʳʟʜʘʡʜʳ. ʊʦʧʳʨʘץ ץʘʧʪʘʤʘʤʝʥ ʪʝʛʽʩʪʝʣʝʜʽ ʞᴅʥʝ ʜʦʤʘʣʘץ 

ʨʦʣʠʢʪʝʨʤʝʥ ʪʳסʳʟʜʘʣʘʜʳ. ɸʣʘʡʜʘ, ʰᴇʧ ʪץײʳʤʳʥ ʩʝʙʫ ʪʝʨʝשʜʽʛʽ 

ʘʛʨʦʪʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʫʽ װʰʽʥ, ʙᴇʣʫ ʰʝʢʘʨʘʩʳʥ ʙʝʣʛʽʣʝʫ ʢʝʟʽʥʜʝ 

ʤʘʰʠʥʘ-ʪʨʘʢʪʦʨ ץʦʥʜʳʨסʳʩʳʥʳש ʽʣʛʝʨʽʣʝʤʝʣʽ ʞʳʣʜʘʤʜʳסʳ 0,47ʤ/ʩ ʘʩʧʘʫʳ 

ʢʝʨʝʢ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʉɼʂʇ-2,8 ץʘʣץʘʥʜʳ-ʙᴇʣʛʽʰʧʝʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʩʘʟʜʳ 

ʩʝʧʢʽʰ ʰʳʤʜʳ-ʩʘʨסʳʰ ʙʘʪʧʘץʪʳ ʪʦʧʳʨʘץʪʘ ʞײʤʳʩ ʽʩʪʝʫʛʝ ʘʨʥʘʣסʘʥ. 

 



23 
 

 
 

1 ï ץʘʧʪʘʤʘʤʝʥ ʰʘסʳʣʳʩץʘʥ ʪʦʧʳʨʘ2 ,ץ ï ʙᴇʣʛʽʰ ץʘʣץʘʥʤʝʥ ʰʘסʳʣʳʩץʘʥ ʪʦʧʳʨʘ3 ,ץ ï 

ʧʳʰʘץʪʘʨ, 4 ï ץʘʣץʘʥʜʳ ʙᴇʣʛʽʰ, 5 ï ץʘʧʪʘʤʘ 
 

ʉʫʨʝʪ 1.8 ï ʉɼʂʇ-2,8 ץʘʣץʘʥʜʳ ʙᴇʣʛʽʰʽ ʙʘʨ ײץʨʘʤʘʣʳ ʰʳʤ ʩʝʧʢʽʰʽ 

 

ɾʦʣʘץʪʳ-ʰʘʰʳʧ ʩʝʙʫʜʽײ שʩʳʥʳʣסʘʥ ᴅʜʽʩʽʥʜʝ ʝʥʽ 0,10 ʤ ᴇשʜʝʣʛʝʥ ʞʦʣʘץץʘ 

ʰᴇʧ ʪץײʳʤʜʘʨʳ, ʙʝʨʽʣʛʝʥ ᴇשʜʝʫ ʞʦʣʘסʳʥʘ ץʳʩץʘʨʪʳʣסʘʥ ʉɿʉ-2,1 ʞʝʙʝ 

ʪʘʙʘʥʜʘʨʳ ץʦʣʜʘʥʳʣʜʳ. ʉɿʉ-2,1ʊ ʝʛʫ ʩʝʧʢʽʰʽʥʽש ʩʽשʽʨʫʰʽʩʽ (1.9-ʩʫʨʝʪ) 

 ʤʳʩ ʽʩʪʝʡʜʽ: ʞʝʙʝײʘ ʩᴅʡʢʝʩ ʢʝʣʝʩʽʜʝʡ ʞסʣʙʘײʩ ץʪʝʭʥʦʣʦʛʠʷʣʳ-ץʨʳʣʳʤʜʳײץ

ʪʘʙʘʥʳ ץʦʟסʘʣסʘʥʜʘ, ʪץײʳʤ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʜʝ ʪʦʧʳʨʘץ ʪװʙʽʥʝʥ ʢʝʩʽʣʽʧ, 

 .ʨʘʧ, ʦʜʘʥ ᴅʨʽ ʢᴇʪʝʨʽʣʝʜʽײץ ʳʤ ʩʝʙʫ ʢʘʤʝʨʘʩʳʥץײʪʘʣʳʧ, ʪʘʙʘʥʳʤʝʥ ʪץʩʘײ

ʊץײʳʤʜʘʨ ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴅʜʽʩʧʝʥ ʪץײʳʤ ʪʘʨʘʪץʳʰץʘ ʪץײʳʤ ʪװʪʽʛʽ ʘʨץʳʣʳ 

ʞʝʪʢʽʟʽʣʝʜʽ. ʉʽשʽʨʫʰʽ ʪʦʙʳʥʳש ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳש ʥʝʛʽʟʛʽ ײץʨʳʣʳʤʜʳץ-

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ ʞᴅʥʝ ʰᴇʧʪʝʨʜʽ ʞʦʣʘץʪʳ ʩʝʙʫʛʝ ʘʨʥʘʣסʘʥ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʤʘʰʠʥʘʥʳש ʞײʤʳʩ ʨʝʞʠʤʜʝʨʽ: ʞʝʨ ʘʩʪʳ ʧʳʰʘסʳʥʳש ʙʠʽʢʪʽʛʽ 

hi=0,055õ0,060 ʤ; ʩʽשʽʨʫʰʽʥʽש ʘʰʳʣʫ ʙײʨʳʰʳ ʫ=55õ60Á; ʩʽשʽʨʫʰʽ ʪʘʙʘʥʳʥʳש 

ʞװʨʫ ʪʝʨʝשʜʽʛʽ ï 0,05õ0,08 ʤ; ʪʘʙʘʥ-װʡʽʥʜʽʥʽש ʞװʨʫ ʪʝʨʝשʜʽʛʽ ï 0,04õ0,07 ʤ; 

ʧʳʰʘץ ʜʠʘʤʝʪʨʽ 0,43 ʤʤ, ץʘʣʳשʜʳסʳ 0,003 ʤ [6, ʩ. 88]. ʉʽשʽʨʫʰʽʣʝʨ ʙʦʡʳʥʰʘ, 

ʜʘʣʘʣʳץ ʩʳʥʘץʪʘʨʜʘסʳ ᴇʣʰʝʫʣʝʨʜʽ ʪʘʣʜʘʫ ʙʘʨʳʩʳʥʜʘ, ʩʝʙʫ ץʘʨʳסʳʥʳש ʘʰʳʣʫ 

ʜᴅʨʝʞʝʩʽ ʰʘʤʘʤʝʥ 97õ99,5% ײץʨʘʡʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ, ʷסʥʠ ʙʝʣʛʽʣʝʥʛʝʥ 

ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʘʨ ʩʝʙʫ ʙᴇʣʽʤʜʝʨʽ ʙװʢʽʣ ᴇשʜʝʫ ʞʦʣʘסʳʥʳש ʰʳʤʪʝʟʝʛʽʥʝʥ ʽʩ 

ʞװʟʽʥʜʝ ʪʦʣʳץ ʙʦʩʘʪʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [6, ʩ. 90]. ʉʳʥʘץʪʘʨ ʢʝʟʽʥʜʝ 

ʞʳʣʜʘʤʜʳץʪʳ 2,5 ʤ/ʩ ï ץʘ ʜʝʡʽʥ ײʣסʘʡʪʳʧ ʤʘʰʠʥʘʥʳש ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ ᴇʩʽʨʽʧ 

ʦʪʳʨʜʳ: 1,54 ʤ/ʩ ï 11,1 ʢʅ; 2,09 ʤ/ʩ ï 11,54 ʢʅ, ʘʣ 2,5 ʤ/ʩ ï 10,7 ʢʅ ײץʨʘʜʳ. 

 ʜʝʡשʤʳʩ ʦʨʛʘʥʜʘʨʳ ʪʝʨʝײʘʥ ʢʝʟʜʝ ʞץʳ 2,54 ʤ/ʩ-ʪʘʥ ʘʩסʘʣʳʩ ʞʳʣʜʘʤʜʳסʦʟפ

ʪװʩʝʜʽ ʞᴅʥʝ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ ʪᴇʤʝʥʜʝʡʜʽ [6, ʩ. 96]. ɸʣʘʡʜʘ, ץʦʟסʘʣʳʩ ʞʳʣʜʘʤʜʳסʳ 

ʘʨʪץʘʥ ʩʘʡʳʥ ʦʪʳʥ ʰʳסʳʥʳ ʜʘ ʘʨʪʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙײʣ ʩʽשʽʨʫʰʽ ײץʨʳʣʳʤʳ 

ʳʣסʘʣʜʳʣʳסʳ 29,5õ35,6% ʘʫʳʨ ʩʘʟʜʘץ (ʦʨʪʘʰʘ ץʫʘʪʪʳ ץʘʨʘ ʪʦʧʳʨʘץ) ʪʦʧʳʨʘץץʘ 

ʘʨʥʘʣסʘʥ [6, ʩ. 94]. 
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1 ï ʞʘץʪʘʫ; 2 ï ʩʝʙʫ ʘʧʧʘʨʘʪʳ ʙʘʨ ʪץײʳʤʜʳץ ʙʫʥʢʝʨ; 3 ï ʪץײʳʤ ʪװʪʽʛʽ; 4 ï ʜʠʩʢʽʣʽ ʧʳʰʘץ; 

5 ï ʪʘʙʘʥʜʳ ʩʽשʽʨʫʰʽ; 6 ï ʞʝʨ ʘʩʪʳ ʧʳʰʘסʳ; 7 ï װʡʽʥʜʽ-ʪʘʙʘʥ; 8 ï ʪʳסʳʟʜʘʫ ʪʘʧʪʘסʳʰʳ; h1 ï 

ʜʠʩʢʽʣʽ ʧʳʰʘץʪʳש ʞװʨʽʩ ʪʝʨʝשʜʽʛʽ; h2 ï ʩʽשʽʨʫʰʽ-ʪʘʙʘʥ ʞװʨʽʩʽʥʽש ʪʝʨʝשʜʽʛʽ; h3 ï ץʘʡʳʨʤʘʰʳ-

ʪʘʙʘʥ ʞװʨʽʩʽʥʽש ʪʝʨʝשʜʽʛʽ; h4 ï ʩʝʙʫ ʪʝʨʝשʜʽʛʽ 
 

ʉʫʨʝʪ 1.9 ï ʉɿʉ-2,1ʊ ʩʝʙʫ ʩʝʢʮʠʷʩʳʥʳײץ שʨʳʣʳʤʜʳץ-ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩײʣʙʘʩʳ 

 

ʉʝʧʢʽʰʪʝʨʜʽש ʩʽשʽʨʫʰʽʣʝʨʽ ʪץײʳʤʜʘʨʜʳש ʞʘץʩʳ ʞʘʙʳʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫʽ ʢʝʨʝʢ, ʦʣʘʨʜʳש ᴇʥʛʽʰʪʽʛʽ ʤʝʥ ᴇʩʽʤʜʽʢʪʝʨʜʽש ʜʘʤʫʳ ʦʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ. 

ʊʳשʘʡʪץʳʰʪʘʨʜʳ ʪץײʳʤʥʘʥ 0,02õ0,03 ʤ ʪᴇʤʝʥ ʦʨʥʘʣʘʩʪʳʨʫ ᴇʩʽʤʜʽʢʪʝʨʜʽ 

 ʧʘʣ ʝʪʝʜʽ, ᴇʡʪʢʝʥʽ ʦʣʘʨץʜʘʤʫʳʥʘ ʳ שʡʝʩʽʥʽװʪʘʤʳʨ ʞ שʦʨʝʢʪʝʥʜʽʨʝʜʽ, ʦʣʘʨʜʳץ

ʳʣסʘʣʜʳ ʪʦʧʳʨʘץ ץʘʙʘʪʳʥʜʘ ʢʝʟʜʝʩʝʜʽ. 

ʊʳשʘʡʪץʳʰ ʧʝʥ ʪץײʳʤʜʳ ץʘʙʘʪʪʳ ʩʝʙʫʛʝ ʘʨʥʘʣסʘʥ ײץʨʘʤʘʣʳ ʩʝʧʢʽʰʪʝʨ 

ʙʘʨ. ʆʣʘʨסʘ ʙʽʨ ʤʝʟʛʽʣʜʝ ʩʝʙʽʣʝʪʽʥ ץʘʪʘʨʣʘʨסʘ ʪʳשʘʡʪץʳʰ ʪץײʳʤʳʥ ʙʘʩʪʘʧץʳ 

ʤᴇʣʰʝʨʜʝ (25õ200 ʢʛ/ʛʘ), ʘʣ ץʘʪʘʨ ʘʨʘʣʳץʪʘʨʳʥʜʘ ʥʝʛʽʟʛʽ ʤᴇʣʰʝʨʜʝ (100õ1000 

ʢʛ/ʛʘ) ʩʝʙʝʪʽʥ C3-3,6 ײץʨʘʤʘʣʳ ʩʝʧʢʽʰʽ ʞʘʪʘʜʳ. ʊʳשʘʡʪץʳʰʪʘʨ ʙʽʨ ʜʠʩʢʽʣʽ 

ʩʽשʽʨʫʰʽʣʝʨʤʝʥ 0,079õ0,115ʤ ʪʝʨʝשʜʽʢʢʝ ʜʝʡʽʥ, ʘʣ ʪץײʳʤʜʘʨ ʝʢʽ ʜʠʩʢʽʣʽ ʥʝʤʝʩʝ 

 ʣײʳʟʜʘʣʘʜʳ. ɹסʜʽʢʢʝ ʜʝʡʽʥ ʪʳשʽʨʫʰʽʣʝʨʤʝʥ 0,035õ0,089ʤ ʪʝʨʝשʳʨʪᴇʩʪʽ ʩʽץ

ʞʘסʜʘʡʜʘ ʪץײʳʤʜʘʨ ʤʝʥ ʪʳשʘʡʪץʳʰʪʘʨ ʘʨʘʩʳʥʜʘ ʪʦʧʳʨʘץ ץʘʙʘʪʳ ʧʘʡʜʘ ʙʦʣʘʜʳ 

[9, ʩ. 12]. 

ʉʂ-3,6 ʩʝʧʢʽʰ-ʢʫʣʴʪʠʚʘʪʦʨʳ ʙʽʨ ʤʝʟʛʽʣʜʝ ʪץײʳʤ ʩʝʙʫ ʜʝשʛʝʡʽʥʝʥ ʪᴇʤʝʥ 

ʤʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʝʥʛʽʟʝ ʦʪʳʨʳʧ, ʜᴅʥʜʽ ʜʘץʳʣʜʘʨʜʳש ʪץײʳʤʳʥ 

ʩʝʙʫʛʝ ʘʨʥʘʣסʘʥ. ʂʫʣʴʪʠʚʘʪʦʨ ʪʘʙʘʥʳ ʪװʨʽʥʜʝʛʽ ʩʽשʽʨʫʰʽʜʝ ʪʳשʘʡʪץʳʰ ʞᴅʥʝ 

ʪץײʳʤ ʪװʪʽʛʽ ʙʘʨ. ʊץײʳʤʜʳ 0,02õ0,05 ʤ ʪʝʨʝשʜʽʢʢʝ ʩʝʙʝʜʽ ʞᴅʥʝ ʪʳשʘʡʪץʳʰʪʳ 

0,08õ0,1 ʤ ʪʝʨʝשʜʽʢʢʝ ʝʥʛʽʟʝʜʽ. ɸʣʘʡʜʘ, ʙײʣ ʩʝʧʢʽʰ ʪʝʢ ʪʘʩʧʘʣʳ ʩʝʙʫ װʰʽʥ 

 .ʦʣʜʘʥʳʣʘʜʳ (1.10-ʩʫʨʝʪ) [41]ץ
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1 ï ʪʳסʳʟʜʘʫ ʪʘʧʪʘסʳʰʳ, 2 ï ʪץײʳʤ ʪװʪʽʛʽ, 3 ï ʪʳשʘʡʪץʳʰ ʪװʪʽʛʽ, 4 ï ʢʫʣʴʪʠʚʘʪʦʨ ʪʘʙʘʥʳ 

ʪװʨʽʥʜʝʛʽ ʩʽשʽʨʫʰʽ 
 

ʉʫʨʝʪ 1.10 ï ʉʂ-3,6 ʩʝʧʢʽʰʪʽש ʩʽשʽʨʫʰʽʩʽʤʝʥ ʜᴅʥʜʽ ʜʘץʳʣʜʘʨʜʳ ʩʝʙʫ ʩײʣʙʘʩʳ 

 

ɹʘʰײץʨʪ ʄɸʋ-ʜʘ ʉɿʉ-2,1 ʩʝʧʢʽʰ װʰʽʥ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʪʝʨʝשʜʝʪʽʧ 

ʝʥʛʽʟʫʜʽ ʞᴅʥʝ ʪץײʳʤ ʩʝʙʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ, ץʘʰʘʫʳ ʙʘʨ ʞʝʙʝ ʪʘʙʘʥ ʪװʨʽʥʜʝʛʽ 

 ʘʰʘʫ ʪᴅʨʽʟʜʽפ .ʤʳʩ ʦʨʛʘʥʳ (1.11-ʩʫʨʝʪ) ᴅʟʽʨʣʝʥʜʽ [9, ʩ. 12]ײʨʘʤʘʣʳ ʞײץ

ʩʽשʽʨʫʰʽʣʝʨʜʽ ץʦʣʜʘʥʫʜʳש ʢʝʤʰʽʣʽʛʽ ï ʞʘץʪʘʫʣʳײץ ץʨʳʣʳʤʳ ʙʘʨ ʤʘʰʠʥʘʣʘʨʜʳ 

 ʘ ʩʝʙʫ ʢʝʟʽʥʜʝסʩʳ ʪʫʨʘʣʘʥʫʳ ʢʝʨʝʢ, ʤʫʣʴʯʘץʙʝʪʽ ʞʘ שʘʥ ʢʝʟʜʝ ʝʛʽʩʪʽʢʪʽסʦʣʜʘʥץ

ʢʫʣʴʪʠʚʘʪʦʨʤʝʥ ʘʣʜʳʥ-ʘʣʘ ᴇשʜʝʫ ץʘʞʝʪ [28, ʩ. 3-50; 29, ʩ. 3-80]. 

 

 
 

1 ï ץʘʰʘʫ; 2, 3 ï ʩʘשʳʣʘʫʪʽʣʛʽʰ; 4 ï ʧʳʰʘ5 ;ץ ï ʢᴇʣʙʝʫ ʪʳשʘʡʪץʳʰ; 6 ï ʪʳשʘʡʪץʳʰ 

ʪװʪʽʢʪʝʨʽ 
 

ʉʫʨʝʪ 1.11 ï ײפʨʘʤʘʣʳ ʞײʤʳʩ ʦʨʛʘʥʳʥʳײץ שʨʳʣʳʤʳ 

 

ʊʦʧʳʨʘץʪʳ ץʦʧʩʳʪʫ װʰʽʥ ʦʣ ʙʘʰʤʘʢץʘ 3 ʤʳץʪʘʧ ʙʝʢʽʪʽʣʛʝʥ ץʘʰʘʫ r2 ʙʘʨ 

1 ʪʽʨʝʫʜʝʥ ʪײʨʘʪʳʥ ʞײʤʳʩ ʦʨʛʘʥʳ ᴅʟʽʨʣʝʥʛʝʥ (1.12-ʩʫʨʝʪ) [42]. ʉʝʨʽʧʧʝʣʽ 

ʙʦʣʘʪʪʘʥ ʞʦʣʘץ ʪװʨʽʥʜʝ ʞʘʩʘʣסʘʥ ʜʝʤʧʬʝʨʣʽʢ ʵʣʝʤʝʥʪ 4 ʙʘʰʤʘʢʧʝʥ 3 ʪʳסʳʟ 

ʙʘʡʣʘʥʳʩץʘʥ. ɼʝʤʧʬʝʨʣʽʢ ʵʣʝʤʝʥʪʪʝ 4 ʙʽʨ-ʙʽʨʽʥʝ ץʘʨʘʤʘ-ץʘʨʩʳ ʦʨʥʘʣʘʩץʘʥ ʞʝʙʝ 

ʪʘʙʘʥʳʥʳץ שʘʥʘʪʪʘʨʳ 5, 6 ץʘʪʪʳ ʙʝʢʽʪʽʣʛʝʥ. ɹʽʨ ץʘʥʘʪ 5 ʙʘʰʤʘʢʧʝʥ 3, ʘʣ ʝʢʽʥʰʽʩʽ 
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6 ï ʜʝʤʧʬʝʨʣʽʢ ʵʣʝʤʝʥʪʪʽ4 ש ʩʦשʳʥʜʘ ʙʝʢʽʪʽʣʛʝʥ. ɹʽʨ ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʞײʤʳʩ 

ʝʥʽ ʩʪʘʥʜʘʨʪʪʳ ʞʝʙʝ ʪʘʙʘʥʜʘʨʳ ʩʠʷץʪʳ 0,330 ʤ. ʉʝʨʧʽʤʜʽ ʞʦʣʘץʪʘʨ ʘʨʘʩʳʥʜʘסʳ 

 שʪʳץʳ 0,83 ʤ. ʪʦʧʳʨʘסʟʳʥʜʳײ שʪʽʨʝʛʽʥʽ שʤʳʩ ʦʨʛʘʥʳʥʳײʤ. ɾ 0,037 ץʪʳץʘʰʳץ

ʩʳʥʫ (ץʦʧʩʳʪʫ) ʙײʨʳʰʳ 20Ü ײץʨʘʡʜʳ. ʂʝʩʫ ʙײʨʳʰʳ 2ɔ=60õ65Ü ʘʨʘʣʳסʳʥʜʘ 

ᴇʟʛʝʨʝʜʽ. פʘʰʘʫʜʳײ שʟʳʥʜʳסʳ ʤʝʥ ʝʥʽ: lץʘ=h0,15 ʤ ʞᴅʥʝ bץʘ=h 0,06 ʤ. ɾײʤʳʩ 

ʦʨʛʘʥʳ (1.12-ʩʫʨʝʪ) ץʘʰʘʫʜʳש ʦʨʥʳʥ ᴇʟʛʝʨʪʧʝʩʪʝʥ ʦשʪʘʡʣʳ ײʩʘץʪʘʫ ʙײʨʳʰʳʥʳש 

ʤʠʥʠʤʘʣʜʳ ʞᴅʥʝ ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥʜʝʨʽʥʜʝ ʪʦʧʳʨʘץʪʳ ᴇשʜʝʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ, 

ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʦשʪʘʡʣʳʣʳסʳʥ ʘʨʪʪʳʨʫסʘ, ʪʦʧʳʨʘץ ץʘʙʘʪʳʥʳש ʢʝʜʝʨʛʽʩʽʥ 

ʘʟʘʡʪʫסʘ ʞᴅʥʝ ʩʦʣ ʘʨץʳʣʳ ʪʦʧʳʨʘץʪʳץ שʦʧʩʳʪʫ ʜᴅʨʝʞʝʩʽʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ [42, ʩ. 90-91]. ɹײʣ ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʢʝʤʰʽʣʽʛʽʥʝ: ʪʦʧʳʨʘץʪʘסʳ 

ʩʘשʳʣʘʫʜʳ ʢʝʩʫ ʢʝʟʽʥʜʝ ײʩʘץʪʘʫ ʤʝʥ ʢʝʩʫʜʽש ʙײʨʳʰʪʘʨʳ ʢʝʩʽʣʛʝʥ ʞᴅʥʝ 

ʢʝʧʪʽʨʽʣʛʝʥ ʪʦʧʳʨʘץ ץʘʙʳסʳʥ ʢᴇʪʝʨʽʧ, ʰʝʪʢʝ ʞʳʣʞʳʪʘʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

 .ʘʣʜʳʨʘʜʳץ ץʘʨʳץ שʙʝʣʛʽʣʝʥʛʝʥ ʝʥʽ ʽʟʜʝ ʢʝ שʘʰʘʫʜʳץ

 

 
 

1 ï ʪʽʨʝʫ; 2 ï ץʘʰʘʫ; 3 ï ʜʝʤʧʬʝʨʣʽʢ ʵʣʝʤʝʥʪʪʝʨ; 4 ï ʪʝʩʽʢʪʝʨ; 5 ï ץʘʥʘʪ; 6 ï ʘʣʳʤ ʝʥʽʥ 

ʨʝʪʪʝʡʪʽʥ ʵʣʝʤʝʥʪ; 7 ï ʪʽʨʝʫʜ̔ ʳ ʙᴇʣʽʛʽ; 8-ʪʽʨʝʫʜ̔סשʘʣʜʳ ש  ץʤʩʳײʙᴇʣʽʛʽ; 9 ï ʪ שʪᴇʤʝʥʛʽ ʢᴇʣʜʝʥʝ ש
 

ʉʫʨʝʪ 1.12 ï ʊʦʧʳʨʘץʪʳ ץʦʧʩʳʪʫסʘ ʘʨʥʘʣסʘʥ ʞײʤʳʩ ʦʨʛʘʥʳ 

 

ʕʢʩʧʣʫʘʪʘʮʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽ [43] ʞװʨʛʽʟʫ ʢʝʟʽʥʜʝ ʀʩʧʘʥʠʷʥʳש "Bellota" 

ʬʠʨʤʘʩʳʥʳש ʘשʳʟʜʳץ ʘʫʳʨ ʢʫʣʴʪʠʚʘʪʦʨʜʳש (ʂʉʊ) ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʟʝʨʪʪʝʫ 

ʦʙʲʝʢʪʽʩʽ ʨʝʪʽʥʜʝ ץʘʰʘʫ ץʘʨʘʩʪʳʨʳʣʜʳ (1.13-ʩʫʨʝʪ). ɸʣʘʡʜʘ, ʙײʣ ʟʝʨʪʪʝʫʜʝ 

ʩʝʨʠʷʣʳײץ ץʨʳʣʳʤʜʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʘʨ ץʘʰʘʫʣʘʨ ץʘʙʳʣʜʘʥʜʳ, ʷסʥʠ ʙײʣ ʞײʤʳʩ 
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ʦʨʛʘʥʳʥʳש ʝʥʽ 0,07 ʤ, ʙײʣ ײץʨʳʣʳʤʥʳש ʢʝʤʰʽʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ᴇʡʪʢʝʥʽ ʦʣ 

ʢʝץ שʘʨʳץ ץʘʣʜʳʨʘʜʳ. 

 

 
 

ʘ ï ʩײʣʙʘ; ʙ ï ʩʳʨʪץʳ ʪװʨʽ; 1 ï ʪʽʨʝʫ; 2 ï ץʘʰʘʫ; 3 ï ץʘʥʘʪ ʪᴅʨʽʟʜʽ ʪװʨʝʥ; 4 ï ʙײʨʘʥʜʘ; 5 ï 

  ʳʰ ʛʘʡʢʘץʳʩץ
 

ʉʫʨʝʪ 1.13 ï ʂʫʣʴʪʠʚʘʪʦʨʜʳש ʞײʤʳʩ ʦʨʛʘʥʳ (ʂʉʊ-3,8) 

 

ɼᴅʥʜʽ ʜʘץʳʣʜʘʨʜʳ, ʰᴇʧ ʪץײʳʤʜʘʨʳʥ, ʩʦʥʜʘʡ-ʘץ ᴅʨʪװʨʣʽ ʪץײʳʤʜʘʨʜʳ 

ᴇʩʽʨʫʛʝ ʘʨʥʘʣסʘʥ ʩʽשʽʨʫʰʽʣʝʨʜʽ ʪʽʢʝʣʝʡ ʩʝʙʫʛʝ ʘʨʥʘʣסʘʥ ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ 

ʩʝʧʢʽʰʪʝʨʜʽװ שʣʢʝʥ ʥʦʤʝʥʢʣʘʪʫʨʘʩʳ ʙʘʨ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ʐᴇʧ ʪץײʳʤʳʥ ʰʳʤסʘ 

ʜʠʩʢʽʣʽ ʩʽשʽʨʫʰʽʣʝʨʽ ʙʘʨ ʩʝʧʢʽʰʪʝʨʤʝʥ ʩʝʙʫ ᴅʨʝʢʝʪʪʝʨʽ ץʘʥʘסʘʪʪʘʥʘʨʣʳץ ʥᴅʪʠʞʝ 

ʙʝʨʤʝʡʜʽ, ᴇʡʪʢʝʥʽ ʙײʣ ʩʽשʽʨʫʰʽʣʝʨ ʪץײʳʤʥʳש ᴇʥʫʽʥʝ ʞᴅʥʝ ʢᴇʰʝʪʪʝʨʜʽש ᴇʤʽʨ 

ʩװʨʫʽʥʝ ʞʘסʜʘʡ ʞʘʩʘʤʘʡʜʳ, ᴇʡʪʢʝʥʽ ʦʣʘʨ ʞʝʪʢʽʣʽʢʪʽ ʳʣסʘʣʜʳʣʳסʳ ʙʘʨ 

ʪʦʧʳʨʘץʪʘʨסʘ ʘʨʥʘʣסʘʥ ʞᴅʥʝ ײץʨסʘץ ʢʣʠʤʘʪʪʘ ʧʘʡʜʘʣʘʥʳʣסʘʥ ʢʝʟʜʝ ץʘʨץʳʥʜʳ 

ʪʦʟʘʜʳ ʞᴅʥʝ ʪײʨʘץʪʳ ץʦʣʜʘʥʫ ʪʝʨʝשʜʽʛʽʥ ʩʘץʪʘʫ װʰʽʥ, ץʘʨʳץʪʳ ʞʘʙʫ ʞᴅʥʝ ʪ. ʙ. 

ʘʛʨʦʪʝʭʥʦʣʦʛʠʷʣʳץ ʪʘʣʘʧʪʘʨʜʳ ʙײʟʘʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ ʞʘʨʳץ, ʳʣסʘʣ ʞᴅʥʝ 

 ʘʥ ʢᴇʰʝʪʪʝʨʛʝסᴇʩʽʤʜʽʢʪʝʨʜʝʥ ʧʘʡʜʘ ʙʦʣ (ʠסʪʘʙʠ) ʰʽʥ ʞʝʨʛʽʣʽʢʪʽװ ʦʨʝʢʪʽʢ ʟʘʪʪʘʨץ

ʙᴅʩʝʢʝʣʝʩʪʽʢ ᴇʪʝ ʞʦסʘʨʳ. 

 ʩʪʽʢװʨʳʣʳʤʳʥ ʪʘʣʜʘʫ ʉʦʣʪײץ שʨʘʤʘʣʳ ʤʘʰʠʥʘʣʘʨ ʤʝʥ ʩʝʧʢʽʰʪʝʨʜʽײפ

 ʘʥסʳʤʳʥ ʩʝʙʫʛʝ ʘʨʥʘʣץײʜʘʡʳʥʘ ʙʝʡʽʤʜʝʣʛʝʥ ʰᴇʧʪʝʨʛʝ ʰᴇʧ ʪסʞʘ שʩʪʘʥʥʳץʘʟʘפ

 ʦʡʳʣʘʪʳʥ ʥʝʛʽʟʛʽץ ʣʙʘʩʳʥʘײʩ ץï ʪʝʭʥʦʣʦʛʠʷʣʳ ץʨʳʣʳʤʜʳײץ שʨʘʤʘ ʩʝʧʢʽʰʪʽײץ

ʪʘʣʘʧʪʘʨʜʳ ʪײʞʳʨʳʤʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

 

1.2 ʊʦʟʫʜʳש ʧʘʡʜʘ ʙʦʣʫ ʬʘʢʪʦʨʣʘʨʳʥ ʪʘʣʜʘʫ ʞᴅʥʝ ʦʥʳש ʪװʨʣʝʨʽ  

 שʤʳʩ ʙʝʪʪʝʨʽʥʽײʢᴇʧʰʽʣʽʛʽ ʞ שʜʘ ʤʘʰʠʥʘʣʘʨ ʤʝʥ ʤʝʭʘʥʠʟʤʜʝʨʜʽשʘʟʽʨʛʽ ʪʘפ

ʪʝʟ ʪʦʟʫʳʥʘʥ ʪʫʳʥʜʘסʘʥ ʙײʟʳʣʫʣʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ ʽʩʪʝʥ ʰʳסʘʜʳ. ʊʦʟʫ ʙײʣ 

ʢᴇʧʪʝʛʝʥ ʬʘʢʪʦʨʣʘʨʜʳש ᴅʩʝʨʽʥʝʥ ʞײʤʳʩ ʢʝʟʽʥʜʝ ʙᴇʣʰʝʢʪʽש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש 
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ʥʘʰʘʨʣʘʫʳʥʳש ʪʘʙʠסʠ ʧʨʦʮʝʩʽ, ʤʳʩʘʣʳ: װʡʢʝʣʽʩ, ʩʦץץʳʣʳץ ʞװʢʪʝʤʝʣʝʨ, 

ʢʦʨʨʦʟʠʷ, ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʝʩʢʽʨʫʽ ʞᴅʥʝ ʪ.ʙ. [44]. ʊʦʟʫʜʳש ᴇʩʫʽ ʪʦʧʳʨʘץʪʳש 

ʩʘʧʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש ʪᴇʤʝʥʜʝʫʽʥʝ ᴅʢʝʣʝʜʽ, ʙײʣ ʝʛʽʥʥʽש ʞʦסʘʣʫʳʥʘ ʞᴅʥʝ 

ʵʢʦʥʦʤʠʢʘʣʳץ ʰʳסʳʥʜʘʨסʘ ᴅʢʝʣʝʜʽ. 

ʌʠʟʠʢʘʣʳץ ʪʦʟʫ ʢʝʣʝʩʽ ʪװʨʣʝʨʛʝ ʞʽʢʪʝʣʝʜʽ: ʤʝʭʘʥʠʢʘʣʳץ ʪʦʟʫ 

(ʧʘʨʘʣʣʝʣʴʜʽʢ ʧʝʥ ʮʠʣʠʥʜʨʣʽʢʪʝʥ ʘʫʳʪץʳʧ, ʜᴅʣʜʽʛʽ ʪᴇʤʝʥʜʝʡʜʽ), ʘʙʨʘʟʠʚʪʽ ʪʦʟʫ 

(ʞʘʥʘʩʘʪʳʥ ʙʝʪʪʝʨʜʝ ʩʳʟʘʪʪʘʨ ʤʝʥ ץʘʞʘʣʫʣʘʨ ʧʘʡʜʘ ʙʦʣʘʜʳ), ʩʳסʳʣʫ 

(ʞʘʟʳץʪʳץʪʘʥ ʘʫʳʪץʫ), ץʘʞʫʣʳץ ʪʦʟʫʳ (ʞʘʨʳץʰʘץʪʘʨ ʧʘʡʜʘ ʙʦʣʘʜʳ, 

ʙᴇʣʰʝʢʪʝʨʜʽש ʩʳʥʫʳ), ʘʡץʘʩʳʧ ץʘʣʫʳ (ʞʘʥʘʩʘʪʳʥ ʙʝʪʪʝʨʜʽש ʞʘʙʳʩʳʧ ץʘʣʫʳ) 

ʞᴅʥʝ ʢʦʨʨʦʟʠʷʣʳץ ʪʦʟʫ (ʪʦʟסʘʥ ʙʝʪʪʝʨʜʽש ʪʦʪʳסʫʳ). 

ɾײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳץ שʘʨץʳʥʜʳ ʘʙʨʘʟʠʚʪʽ, ʩʦץץʳʣʳץ ʞᴅʥʝ ʢʦʨʨʦʟʠʷʣʳץ 

ʪʦʟʫʳ ʙʘʨʣʳץ ʪʦʧʳʨʘץ ᴇשʜʝʫ ʢʝʰʝʥʜʝʨʽʥʽש ʞᴅʥʝ ʘʫʳʣʰʘʨʫʘʰʳʣʳץ 

ʤʘʰʠʥʘʣʘʨʳʥʳש ᴇʟʝʢʪʽ ʤᴅʩʝʣʝʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [45]. ɾʝʨ ʤʝʥ ʪʦʧʳʨʘץʪʘʨʜʳש 

ʘʙʨʘʟʠʚʪʽʣʽʛʽ (ʪʦʟʫ ץʘʙʽʣʝʪʽ) ʦʣʘʨʜʳײץ שʨʘʤʳʥʜʘסʳ ʘʙʨʘʟʠʚʪʽ ʙᴇʣʰʝʢʪʝʨʜʽש 

(ʥʝʛʽʟʽʥʝʥ ʢʚʘʨʮ) ʢᴇʙʝʶʽʤʝʥ, ʦʣʘʨʜʳש ʰʳסʳץשʳ ʞʝʨʣʝʨʽʥʽש ʜᴇשʛʝʣʝʢʪʝʥʫ 

ʨʘʜʠʫʩʪʘʨʳʥʳש ʘʟʘʶʳʤʝʥ, ʢᴇʣʝʤʜʽʢ ᴇʣʰʝʤʜʝʨʽʥʽש ʞʦסʘʨʳʣʘʫʳʤʝʥ ʞᴅʥʝ 

ʦʣʘʨʜʳש ʙʝʢʽʪʽʣʫ ʜᴅʨʝʞʝʩʽʥʽש ᴇʩʫʽʥʝʥ ʞʦסʘʨʳʣʘʡʜʳ. ɹᴇʣʰʝʢʪʝʨʜʽש ʙʝʨʽʢʪʽʛʽ 

ʪʦʧʳʨʘץʪʳש ʪʳסʳʟʜʳסʳ ʘʨʪץʘʥ ʩʘʡʳʥ ʘʨʪʘʜʳ. ɹײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʳʣסʘʣʜʳʣʳץץʘ, 

ʩʦʥʜʘʡ-ʘץ ʢʝʩʫ ʜᴅʨʝʞʝʩʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ᴄʨ ʪװʨʣʽ ʪʦʧʳʨʘץʪʘʨʜʘ ʢʝʣʝʩʽ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʦʟʫ ץʘʙʽʣʝʪʽ ʙʘʨ: ʩʘʟʜʳ 1,0; ײץʤʜʳ 1,5; ʩʘʟʜʘײץ ;1,9 ץʤʘʡʪ 2,3 [46]. 

ʊʦʟʫ ʙʘʨʳʩʳʥʜʘ ʞʝʨ ʤʝʥ ʪʦʧʳʨʘץʪʳש ʭʠʤʠʷʣʳץ ʙʝʣʩʝʥʜʽʣʽʛʽ ʜʝ ʤʘשʳʟʜʳ ʨᴇʣ 

ʘʪץʘʨʫʳ ʤװʤʢʽʥ. פʘʰʘʫʜʳש ʢʝʩʫ ʞʠʝʢʪʝʨʽʥʽש ʘʨʪץʳ ʞʘסʳʥʜʘסʳ ץʳʩʳʤʥʳש, 

ʞװʢʪʝʤʝʥʽש ʞʦסʘʨʳʣʘʫʳʥʘʥ ʪʦʟʫ ʩʳʟʳץʪʳ ʪװʨʜʝ ʘʨʪʘʜʳ. 

ɾײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳש ʪʦʟʫ ʩʠʧʘʪʳʥʘ ʦʪʳʟסʘ ʞʫʳץ ʬʘʢʪʦʨ ᴅʩʝʨ ʝʪʝʜʽ. 

ɾײʤʳʩʪʘʨʜʳ [47-49] ʪʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝ ʤʝʪʘʣʜʘʨʜʳש ʘʙʨʘʟʠʚʪʽ ʪʦʟʫʳʥʳש 

 ʳʩʳʤʳʥʘ ʞᴅʥʝץ ץʳʥʘ, ʧʳʰʘסʘʣʳʩ ʞʳʣʜʘʤʜʳסʦʟץ ʳ ʤʝʥ ʩʠʧʘʪʳסʳʥʜʳʣʳץʘʨץ

ʪʦʧʳʨʘײץ ץʨʘʤʳʥʘ ʢᴇʙʽʨʝʢ ʪᴅʫʝʣʜʽ ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ.  

ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʜʘץʳʣʜʘʨʳʥʳש ʞʦסʘʨʳ ᴇʥʽʤʽʥ ʘʣʫסʘ ᴅʩʝʨ ʝʪʝʪʽʥ 

ʬʘʢʪʦʨʣʘʨʜʳש ʙʽʨʽ ʪʦʧʳʨʘץʪʘ ʪץײʳʤʥʳש ᴇʥʫʽʥʝ ץʦʣʘʡʣʳ ʞʘסʜʘʡ ʞʘʩʘʫ ʘʨץʳʣʳ 

ʦʨʳʥʜʘʣʘʪʳʥ ʝʛʽʩ ʞײʤʳʩʪʘʨʳʥʳש ʩʘʧʘʩʳ ʝʢʝʥʽ ʙʝʣʛʽʣʽ. ʊץײʳʤ ʩʝʙʫ 

ʪʝʭʥʠʢʘʩʳʥʳש ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳ, ᴅʨʪװʨʣʽ ײץʨʳʣʳʤʜʘʨʜʘסʳ ʩʽשʽʨʫʰʽʣʝʨ [50], 

ʪץײʳʤʜʘʨʜʳ ʝʥʛʽʟʫ ʞᴅʥʝ ʩʝʙʫ ʧʨʦʮʝʩʽʥʜʝ ʪʦʧʳʨʘץץʘ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ ʘʪʘʧ 

ᴇʪʢʝʥ ʞᴇʥ. 

ʉʽשʽʨʫʰʽʣʝʨʜʽש ʪʦʟʫ ʞʳʣʜʘʤʜʳסʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʤʘשʳʟʜʳ ʬʘʢʪʦʨʣʘʨʜʳש 

ʙʽʨʽ ʙʝʪʪʽש ʪʝʛʽʩʩʽʟʜʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ᴄʨʪװʨʣʽ ײץʨʳʣʳʤʜʘסʳ, ʧʽʰʽʥʜʝʛʽ, 

ᴇʣʰʝʤʜʝʛʽ ʞᴅʥʝ ץʘʪʪʳʣʳץʪʘסʳ ʘʙʨʘʟʠʚʪʽ ʙᴇʣʰʝʢʪʝʨʤʝʥ ʙᴇʣʰʝʢʪʽש ʞײʤʳʩ 

ʙʝʪʽʥʽש ᴅʨʝʢʝʪʪʝʩʫ ʧʨʦʮʝʩʽʥʜʝ, ʙײʣ ʙʘʩץʘ ʬʘʢʪʦʨʣʘʨʤʝʥ ʙʽʨʛʝ ʘʙʨʘʟʠʚʪʽ ʪʦʟʫ ʤʝʥ 

ʢʦʨʨʦʟʠʷ ᴅʩʝʨʽʥ ʙʝʨʝʜʽ, ʩʦʥʜʳץʪʘʥ ʙʝʪ ʪʝʛʽʩʩʽʟʜʽʛʽʥʽש ʤʘʩʰʪʘʙʳ װʣʢʝʥ 

ʘʡʳʨʤʘʰʳʣʳץʪʳ ʪʫʜʳʨʘʜʳ. ʆʩʳʣʘʡʰʘ, ʧʘʡʜʘʣʘʥʫ ʧʨʦʮʝʩʽʥʜʝ ʩʦץץʳʣʳץ 

ʞװʢʪʝʤʝʣʝʨʽʥʽש, ʘʙʨʘʟʠʚʪʽ ʪʦʟʫʜʳש ʞᴅʥʝ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש ᴅʩʝʨʽʥʝʥ ʦʣʘʨʜʳש 

ʙʝʪʽʥʜʝʛʽ ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʪʝʨʜʽש ʞײʤʳʩ ʽʩʪʝʫ ײʟʘץʪʳסʳ ײʣסʘʡסʘʥ 

ʩʘʡʳʥ, ʩʽשʽʨʫʰʽʣʝʨʜʽש ʞײʤʳʩ ʙʝʪʪʝʨʽʥʽש ᴇʣʰʝʤʜʝʨʽ ʤʝʥ ʧʽʰʽʥʽ (ʛʝʦʤʝʪʨʠʷʥʳש 

ʙײʟʳʣʫʳ) ᴇʟʛʝʨʝʜʽ, ʢʦʨʨʦʟʠʷʣʳץ ʧʨʦʮʝʩʪʝʨ ץʘʨץʳʥʜʳʣʳסʳ ʘʨʪʘʜʳ ʞᴅʥʝ 
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ʥᴅʪʠʞʝʩʽʥʜʝ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʵʢʩʧʣʫʘʪʘʮʠʷʣʳץ 

 .ʘʩʠʝʪʪʝʨʽ ʪᴇʤʝʥʜʝʡʜʽץ

ɸʙʨʘʟʠʚʪʽ ʙᴇʣʰʝʢʪʝʨʽ ʙʘʨ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʦʨʪʘʜʘ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ 

ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʤʘʰʠʥʘʣʘʨʳʥʳש ʪʦʟʫ ʞʳʣʜʘʤʜʳסʳ 2,78Ĭ10-11 ʤ/ʩ-ʪʘʥ 

2,78Ĭ10-11 ʤ/ʩ-ץʘ ʜʝʡʽʥ ʞʦסʘʨʳ [46, ʩ. 323] ʙʦʣʘʜʳ. ʊʦʧʳʨʘץ-ʢʣʠʤʘʪʪʳץ 

ʞʘסʜʘʡʣʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ ʙʽʨ ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʞײʤʳʩʳ ʦʨʪʘ ʝʩʝʧʧʝʥ 60-200 ʛʘ 

 .ʨʘʡʜʳ [45, ʩ. 125]ײץ

 ʤʳʩײʞ שʘʥ ʘʫʜʘʥʜʘʨʜʘ ʩʝʧʢʽʰʪʽסʰʳʨʘײ ʞᴅʥʝ ʞʝʣ ʵʨʦʟʠʷʩʳʥʘ ץʘסʨײפ

ʦʨʛʘʥʜʘʨʳʥʳש ʪʦʟʫʳʥʳש ʥʝʛʽʟʛʽ ʩʝʙʝʧʪʝʨʽ ʪץײʳʤʜʘʨʜʳ ʩʝʙʫ ʪʝʨʝשʜʽʛʽ, 

ʪʦʧʳʨʘץʪʳש ʞײʤʳʩʰʳ ʦʨʛʘʥסʘ ᴅʩʝʨ ʝʪʫ ץʘʨץʳʥʜʳʣʳסʳ, ʝʛʽʩʪʽʢʪʝʨ ʙʦʡʳʥʰʘ 

ʪʦʧʳʨʘץ ᴇשʜʝʫ ʘʛʨʝʛʘʪʪʘʨʳʥʳש ᴇʪʫ ʩʘʥʳ, ʙʽʨ ʤʘʰʠʥʘʜʘ ʙʽʨʥʝʰʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʦʧʝʨʘʮʠʷʣʘʨʜʳש ʙʽʨʛʝ ʦʨʳʥʜʘʣʫʳ ʞᴅʥʝ ʞײʤʳʩ ʦʨʛʘʥʳ ʞʘʩʘʣסʘʥ ʤʘʪʝʨʠʘʣʜʳש 

 ,ʳסʘʣʜʳʣʳסʙʝʨʽʢʪʝʥʜʽʨʫ ʜᴅʨʝʞʝʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʓʣ שʨʘʤʳ ʤʝʥ ʦʥʳײץ

 ʨʳʣʳʤʜʘʨ ʤʝʥײץ ʨʣʽװʳ ᴅʨʪסʪʘʨʜʘץʨʣʽ ʪʦʧʳʨʘװʳ ᴅʨʪסʳ ʞᴅʥʝ ʪʘʩʪʳʣʳסʘʪʪʳʣʳץ

ʤʘʪʝʨʠʘʣʜʘʨʜʘסʳ ʩʝʧʢʽʰ ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳש ʪʦʟʫʳ ʟʝʨʪʪʝʣʜʽ [51]. ɾʝʨ ʞʳʨʪʫ 

ʢʝʟʽʥʜʝ, ʜʝʬʦʨʤʘʮʠʷʣʳץ ץʘʪʘʶ ʥᴅʪʠʞʝʩʽʥʜʝ, ʤʘʨʪʝʥʩʠʪʢʝ ʘʡʥʘʣʫʳʥʘ (RA) r  ʧʘʣץ

ʝʪʝʪʽʥ ʤʘʪʝʨʠʘʣ ץʘʪʪʳʣʳסʳʥʳש ʞʦסʘʨʳ ʙʦʣʫʳ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʢʪʽש ʞʦסʘʨʳʣʘʫʳʥ 

 ʘץץʪʳץʘʰʳץ ʰʽ ʤʝʥװʘʥʘʫ ʢסʪʦʟʫʳ ʩʳʨ שʤʳʩ ʙᴇʣʽʛʽʥʽײʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [52]. ɾץ

ʪʫʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣ ʞᴅʥʝ ʙᴇʣʰʝʢ ʤʘʪʝʨʠʘʣʳʥʳץ שʘʪʪʳʣʳסʳʥʘ ʢʝʨʽ 

ʧʨʦʧʦʨʮʠʦʥʘʣ [53]. ɽʩʝʧʪʝʣʛʝʥ ʞᴅʥʝ ᴇʣʰʝʥʛʝʥ ʥᴅʪʠʞʝʣʝʨʜʽ ʤץײʠʷʪ ʟʝʨʪʪʝʫ 

ʙʘʨʳʩʳʥʜʘ ץʘʪʪʳ ʩʳʨסʘʥʘʫ ʤʝʥ װʡʢʝʣʽʩ, ʛʨʘʜʠʝʥʪ ʞᴅʥʝ ʢװʨʪ ʢʝʨʥʝʫʜʽש ᴅʩʝʨʽʥʝʥ 

ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʞʳʣʜʘʤ ʪʦʟʘʪʳʥʳ ʨʘʩʪʘʣʜʳ [54]. 

ʉʦʥʜʘʡ-ʘץ, ʪʦʧʳʨʘץ ᴇשʜʝʡʪʽʥ ʤʘʰʠʥʘʣʘʨʜʳש ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳש 

ʪʦʟʫʳʥ ʘʥʳץʪʘʡʪʳʥ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨ ʨʝʪʽʥʜʝ ʙᴇʣʰʝʢʪʝʨʜʽש ʙʝʪʪʝʨʽʥ ʘʙʨʘʟʠʚʪʽ 

ʪװʡʽʨʰʽʢʪʝʨʜʽש ʰʳשʜʘʨʳʤʝʥ ʢʝʩʫ ʧʨʦʮʝʩʽ, ʙʝʪʪʝʨʜʽש ᴇʪʢʽʨʣʽʛʽ ʞᴅʥʝ ʦʣʘʨʜʳש 

ʩʘʥʳ, ʪʦʧʳʨʘץ ʤʘʩʩʘʩʳʥʜʘ ץʘʪʪʳ ʘʙʨʘʟʠʚʪʽ ʙᴇʣʰʝʢʪʝʨʜʽש ʙʦʣʫʳ, ʪʦʧʳʨʘץʪʳש 

ʤʝʭʘʥʠʢʘʣʳײץ ץʨʘʤʳ ʤʝʥ ʳʣסʘʣʜʳʣʳסʳ, ʦʥʜʘסʳ ʪʘʩʪʳ ץʦʩʧʘʣʘʨʜʳש ʙʦʣʫʳ, 

ʪʦʧʳʨʘץʪʳש ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ʞᴅʥʝ ʤʘʪʝʨʠʘʣʜʘʨʜʳש 

 ʩʘʣʳʩʪʳʨʤʘʣʳ שʘʨʘʩʪʳʨʳʣʜʳ. ɸʙʨʘʟʠʚʪʽ ʤʘʩʩʘʥʳץ ʤʳʩʪʘײʘʩʠʝʪʪʝʨʽ [55] ʞץ

 ʦʨʥʘʣʘʩʫʳ ʞᴅʥʝ ʤʝʥʰʽʢʪʽ ץʨʳʣʳʤʜʳײץ שʳ, ʙʝʪʪʝʨʜʽסʘʣʫ ʞʳʣʜʘʤʜʳסʦʟץ

 ʘסʪʦʟʫ שʙᴇʣʰʝʢʪʝʨʽʥʽ שʜʝʫ ʢʝʰʝʥʜʝʨʽʥʽשᴇ ץʪʳ ʪʦʧʳʨʘץʩʠʷ ץʘʨʩʳʣʳץ

ʪᴇʟʽʤʜʽʣʽʛʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʪʽʥ ʩʳʨʪץʳ ʵʢʩʧʣʫʪʘʮʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ [56] 

ʞᴅʥʝ [57] ʞײʤʳʩʪʘʨʳʥʜʘ ʟʝʨʪʪʝʣʛʝʥ. 

ɹʝʨʽʢʪʝʥʜʽʨʫʜʽש ʥʝʛʽʟʛʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʬʘʢʪʦʨʣʘʨʳ ʨʝʪʽʥʜʝ ʙʝʪʢʽ ץʘʙʘʪץʘ 

 ʜʝʫ [48, ʩ. 93]שᴇ ץʳʪʳ ʞᴅʥʝ ʢʝʡʽʥʛʽ ʪʝʨʤʠʷʣʳץʩʪʘʫ ʫʘײ ,ʘʧʪʘʤʘ ʞʘʩʘʫ ᴅʜʽʩʽץ

ʞײʤʳʩʪʘ ʟʝʨʪʪʝʣʜʽ. ɾײʤʳʩ ʦʨʛʘʥʳʥʳש ʛʝʦʤʝʪʨʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ ʜʝ 

ʝʩʢʝʨʽʣʜʽ [58]. 

 שʜʝʫ ʢʝʰʝʥʜʝʨʽʥʽשᴇ ץʽʨʫʰʽʣʝʨʽ ʙʘʨ, ʪʦʧʳʨʘשʪʳ ʩʽץʘʨʥʘץ ʳסʘʟʽʨʛʽ ʟʘʤʘʥפ

ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʢʝש ʪʘʨʘʣסʘʥ ʪװʨʽ ץʘʰʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʦʥʳש 

ʪʦʟʫʳʥʳש ʥʝʛʽʟʛʽ ʩʘʣʜʘʨʳ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʞʦסʘʨʳʣʘʫʳ ʞᴅʥʝ ʦʪʳʥ 

ʰʳסʳʥʳʥʳש ʩᴅʡʢʝʩʽʥʰʝ ʘʨʪʫʳ ʝʤʝʩ, ʪץײʳʤ ʩʝʙʫ ʩʘʧʘʩʳʥʳש ʥʘʰʘʨʣʘʫʳ ʞᴅʥʝ 

ʩʦʥʳש ʩʘʣʜʘʨʳʥʘʥ ʜʘץʳʣʜʘʨʜʳש ᴇʥʽʤʜʽʣʽʛʽʥʽש ʪᴇʤʝʥʜʝʫʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [45, ʩ. 

126]. 
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 ץʦʨʳʪʧʘʣ rʧʣʘʩʪʠʥʘʩʳ ʞʦץ ʘʪʪʳץ ʳ ʙʝʪʽʥʜʝ, ᴅʩʽʨʝʩʝסשʘʣʜʳ שʘʰʘʫʜʳפ

ʞʝʨʣʝʨʜʝ ʞᴅʥʝ ʪʦʧʳʨʘץ ץʘʙʘʪʳʥʳש ʰʝʢʘʨʘʩʳʥʜʘ ʪʦʟʫ ʧʘʡʜʘ ʙʦʣʘʜʳ. ʉʦʥʜʘʡ-ʘץ, 

ʪʦʧʳʨʘץʪʘסʳ ʦʨʛʘʥʥʳץ שʦʟסʘʣʳʩ ʪʨʘʝʢʪʦʨʠʷʩʳʥʳש ʥʦʨʤʘʩʳʥʘ ʙײʨʳʰʪʘ 

ʦʨʥʘʣʘʩץʘʥ ʞᴅʥʝ ʪץײʳʤ ʩʝʙʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʙװʡʽʨʣʽʢ 

 .ʰʳʨʘʡʜʳײ ʘסʳ ʪʦʟʫסʜʳשʘʣʳץ

ʉʽשʽʨʫʰʽʥʽץ שʘʰʘʫʳ ʘʙʨʘʟʠʚʪʽ ʪʦʟʫʜʘʥ ʪʫʳʥʜʘסʘʥ ʘץʘʫʣʘʨסʘ ʢᴇʧ 

 ,ʘʣʫʳץײʤ שʟʽʥʽװʳ ʞסשʘʣʜʳ שʘʰʘʫʜʳץ ,ʧʘʡʜʘ ʙʦʣʫʳ שʰʳʨʘʡʜʳ: ʬʘʩʢʘʥʳײ

 ,ʪᴇʤʝʥʜʝʫʽ שʳ ʤʝʥ ʝʥʽʥʽסʜʳשʘʣʳץ ,ʘʞʘʣʫʳץ ,ʜʘʫʳשʘʣʳץ ʡʽʨʣʽʢװʙ שʘʰʘʫʜʳץ

ʩʳʥʳץʪʘʨ, ʠʽʣʫʣʝʨ, ʩʳʟʘʪʪʘʨ. 

ɸʣʪʘʡ ᴇʣʢʝʩʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ Primera DMC-9000 ʩʝʧʢʽʰ 

 .ʪʠʧʪʽʢ ʩʠʧʘʪʳ 1.14-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ שʪʦʟʫʳʥʳ שʘʰʘʫʣʘʨʳʥʳץ

ɹʦʡʣʳץ ʞᴅʥʝ ʢᴇʣʜʝʥʝץ שʠʤʘʣʘʨʜʘסʳ ʪʦʟʫ ʧʽʰʽʥʜʝʨʽ ʩᴅʡʢʝʩʽʥʰʝ ʦʨʘץ 

ʪᴅʨʽʟʜʽ ʞᴅʥʝ ʩʳʥʘ ʪᴅʨʽʟʜʽ ʙʦʣʘʜʳ. פʘʰʘʫʜʳש ʘʣʜʳסשʳ ʞʠʝʛʽ ʜʝ, ʙװʡʽʨʣʽʢ 

 ʳסשʰʳʨʘʡʜʳ. ɸʣ ʝʛʝʨ ʘʣʜʳײ ʘסʧʝʥ ʪʦʟʫץʨʣʽ ʞʳʣʜʘʤʜʳװʜʘʫʳ ʜʘ ᴅʨʪשʘʣʳץ

ʞʠʝʢʪʽש ʪʦʟʫʳ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥ, ʦʪʳʥ ʰʳסʳʥʳʥ ʘʨʪʪʳʨʩʘ ʞᴅʥʝ ʪץײʳʤʥʳש 

ʪʳסʳʟʜʘʣʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ᴇʟʛʝʨʪʩʝ, ʦʥʜʘ ʙװʡʽʨʣʽʢ ץʘʣʳשʜʘʫʜʳש ʪʦʟʫʳ ʩʝʙʫ 

ʞʦʣʘסʳʥʳש ʝʥʽʥ ʘʟʘʡʪʘʜʳ, ʪʳשʘʡʪץʳʰʪʘʨ ʤʝʥ ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨʜʳ ʩʝʙʫ ʩʘʧʘʩʳʥʘ 

ᴅʩʝʨ ʝʪʝʜʽ ʞᴅʥʝ ᴇʥʽʤʜʽʣʽʢʪʽ ʪᴇʤʝʥʜʝʪʝʜʽ [45, ʩ. 127]. 

 

        
ʘ      ʙ 

 

ʘ ï ʩʝʧʢʽʰʪʝ ʦʨʥʘʪʳʣסʘʥ ʪʦʟסʘʥ ץʘʰʘʫʜʳש ʙװʡʽʨʣʽʢ ʢᴇʨʽʥʽʩʽ; ʙ ï ᴇʥʜʽʨʽʩʪʝ ץʦʩʳʤʰʘ 

 שʘʰʘʫʣʘʨʜʳץ ʘʥסʘʥ, ʪʦʟסʳʣʳ ʙʝʨʽʢʪʽʛʽ ʘʨʪʪʳʨʳʣץʦʨʳʪʧʘʣʳ ʧʣʘʩʪʠʥʘʣʘʨʜʳ ʦʨʥʘʪʫ ʘʨץ ʘʪʪʳץ

ʘʣʜʳסשʳ ʢᴇʨʽʥʽʩʽ 
 

ʉʫʨʝʪ 1.14 ï Primera DMC-9000 ʩʝʧʢʽʰ ץʘʰʘʫʣʘʨʳʥʳש ʰʝʢʪʽ ʞײʤʳʩץʘ ץʦʣ 

ʞʝʪʢʽʟʛʝʥ ʢʝʟʜʝʛʽ ʪʦʟʫ ʧʽʰʽʥʜʝʨʽ  
 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [59] 

 

ʊʦʟʫʜʳש ʩʠʧʘʪʳ ʤʝʥ ץʘʨץʳʥʜʳʣʳסʳ 1.14ʘ ʞᴅʥʝ 1.14ʙ ʩʫʨʝʪʪʝʨʽʥʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. פʘʪʪʳ ץʦʨʳʪʧʘʣʳ ʧʣʘʩʪʠʥʘ ʦʨʥʘʪʳʣʤʘסʘʥ ץʘʰʘʫ ʙʝʪʽʥʜʝʛʽ 

(ʘʣʜʳסשʳ ʙʝʪʽ) ʪʦʟʫ ʧʨʦʮʝʩʽ ʩʫʨʝʪʪʝʨʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ʊʦʟʫ ʦʨʘץ ʪᴅʨʽʟʜʽ (1.14ʘ-

ʩʫʨʝʪ) ʞᴅʥʝ ʩʳʥʘ ʪᴅʨʽʟʜʽ (1.15ʙ-ʩʫʨʝʪ) ʩʠʧʘʪʪʘ ʙʦʣʘʜʳ [59, ʩ. 128-131]. 

ʉʝʧʢʽʰʪʝʨ ʤʝʥ ʙʘʩץʘ ʜʘ ʪʦʧʳʨʘץ ᴇשʜʝʫ ʤʘʰʠʥʘʣʘʨʳʥʳש ʞײʤʳʩ 

ʦʨʛʘʥʜʘʨʳʥʜʘ [60-68] ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʭʘʥʘʣʳץ ʞᴅʥʝ ʜʘʣʘʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש 
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ʥᴅʪʠʞʝʣʝʨʽ ᴅʨʪװʨʣʽ ʪᴅʩʽʣʜʝʨʤʝʥ ʙʝʨʽʢʪʽʛʽ ʘʨʪʪʳʨʳʣסʘʥ ʩʽשʽʨʫʰʽʣʝʨʜʽש ʙʝʪʢʽ 

 שʪʳץʤʳʩ ʨʝʞʠʤʽʥʝ, ʪʦʧʳʨʘײʘʩʠʝʪʪʝʨʽʥʝ, ʞץ שʪʦʟʫ ʜᴅʨʝʞʝʩʽ ʙʦʣʘʪʪʳ שʘʙʘʪʳʥʳץ

ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʞᴅʥʝ ʪ.ʙ. ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. 

ʊʦʧʳʨʘץ ᴇשʜʝʫ ʤʘʰʠʥʘʣʘʨʳʥʳש ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳש ʪʦʟʫʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ 

ʬʘʢʪʦʨʣʘʨʜʳ ʪʘʣʜʘʫ ʙʘʨʳʩʳʥʜʘ ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳש ʘʙʨʘʟʠʚʪʽ ʪʦʟʫʳʥʳש 

 ʘʣʳʩסʦʟץ ,ʧʘʨʘʤʝʪʨʣʝʨʛʝ ץʳ ʤʝʥ ʩʠʧʘʪʳ ʢᴇʙʽʥʝʩʝ ʛʝʦʤʝʪʨʠʷʣʳסʳʥʜʳʣʳץʘʨץ

ʞʳʣʜʘʤʜʳסʳʥʘ, ʞװʟʽʥʝ ʪװʩʝʪʽʥ ץʳʩʳʤסʘ, ʪʦʧʳʨʘץʪʳײץ שʨʘʤʳʥʘ ʞᴅʥʝ ʙʝʪʽʥʽש 

ʪʦʧʦʛʨʘʬʠʷʩʳʥʘ, ʞײʤʳʩ ʦʨʛʘʥʳ ʞʘʩʘʣסʘʥ ʤʘʪʝʨʠʘʣʜʳײץ שʨʘʤʳʥʘ ʞᴅʥʝ ʦʥʳש 

ʙʝʨʽʢʪʝʥʜʽʨʫ ʜᴅʨʝʞʝʩʽʥʝ, ʙʝʪʽʥʝ ץʘʧʪʘʤʘ ʞʘʩʘʫ ᴅʜʽʩʽʥʝ, ײʩʪʘʫ ʫʘץʳʪʳʥʘ ʞᴅʥʝ 

ʢʝʡʽʥʛʽ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ. ɹʘʩץʘ ʬʘʢʪʦʨʣʘʨ, 

ʤʳʩʘʣʳ, ʳʣסʘʣʜʳʣʳץ ,ץʘʪʪʳʣʳץ ʞᴅʥʝ ʪʘʩʪʳʣʳץ, ʪʦʧʳʨʘץʪʳש ʬʠʟʠʢʘ-

ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ, װʡʢʝʣʽʩ ʢʦʵʬʬʠʮʠʝʥʪʽ, ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʥʝʛʽʟʛʽ 

ʩʳʟʳץʪʳץ ᴇʣʰʝʤʜʝʨʽ ʞᴅʥʝ ᴇשʜʝʫ ʪʝʨʝשʜʽʛʽ, ʝʛʽʩʪʽʢʪʝʨʜʝʛʽ ʪʦʧʳʨʘץ ᴇשʜʝʫ 

 ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʙʽʨ ץᴇʪʫ ʩʘʥʳ, ʙʽʨʥʝʰʝ ʪʝʭʥʦʣʦʛʠʷʣʳ שʳʣʘʨʳʥʳסʦʥʜʳʨץ

ʤʘʰʠʥʘʜʘ ʙʽʨʽʢʪʽʨʫ ʝʢʽʥʰʽ ʨʝʪʪʽʢ ʜʝʧ ʩʘʥʘʫסʘ ʙʦʣʘʜʳ. ɸʣʘʡʜʘ, ʙײʣ ʞײʤʳʩʪʘʨʜʘ 

ʪʦʟסʘʥ ʙʝʪʪʝʨʜʝ ʘץʘʫʣʘʨʜʳש ʙʦʣʫʳ ʙʦʡʳʥʰʘ ʞʘʡ-ʢװʡʽ ʟʝʨʪʪʝʣʤʝʛʝʥ 

(ʪײʥʜʳʨʳʣסʘʥ ץʘʙʘʪʪʘʨʜʘ ʢʝʫʝʢʪʽʣʽʢ ʧʝʥ ʤʠʢʨʦʩʳʟʘʪʪʘʨʜʳש ʙʦʣʫʳ, ʦʣʘʨʜʳש 

 ,(.ʘʨʳ ʙʦʣʫʳ, ʢʦʨʨʦʟʠʷ ʦʨʳʥʜʘʨʳ ʞᴅʥʝ ʪ.ʙסʞʦ שʪʳץʜʳʨʣʳײʳʨʪʳʩʪʘʥʫʳ, ʢʝʜʽʨ-ʙץ

ʩʦʥʜʘʡ-ʘץ ʩʝʧʢʽʰʪʽש ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥ ʙʝʪʪʽʢ ʙʝʨʽʢʪʝʥʜʽʨʫʜʽײ שʪʳʤʜʳ ᴅʜʽʩʽ 

 ʰʽʥװ ʩʝʙʫ (ʘסʰʳʤ) ʘץץʜʝʣʤʝʛʝʥ ʪʦʧʳʨʘשʘʪʳʥʳ, ᴇסʜʘʥ ʰʳײʘʥ. ɹסʩʳʥʳʣʤʘײ

ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʞʘץʩʘʨʪʳʣסʘʥ ײץʨʳʣʳʤʳʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʦʥʳש ʞײʤʳʩ ʙʝʪʽʥ 

ʙʝʨʽʢʪʝʥʜʽʨʫ, ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʤᴅʥʜʝʨʽʥ ʪᴇʤʝʥʜʝʪʫ ʞᴅʥʝ ʦʩʳʣʘʡʰʘ ʘʩʪʳץ-ʰᴇʧ-

ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʽʥʽש ʵʢʩʧʣʫʪʘʮʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʞʘץʩʘʨʪʫ ץʘʞʝʪ. 

 

 שʤʳʩ ʦʨʛʘʥʳʥʳײʞ שʳʣʳ ʩʝʧʢʽʰʪʽץʘʰʘʫ ʙʝʪʽʥ ʙʝʨʽʢʪʝʥʜʽʨʫ ʘʨפ 1.3

ʞײʤʳʩ ץʦʨʳʥ ʟʝʨʪʪʝʫʜʽ ʪʘʣʜʘʫ 

ʊʦʟסʘʥ ʙʝʪʪʝʨ ʥʦʤʠʥʘʣʜʳ ʤᴇʣʰʝʨʛʝ ʜʝʡʽʥ ʙʘʣץʳʪʫ, ʤʝʪʘʣʜʘʥʜʳʨʫ, ᴅʨ ʪװʨʣʽ 

ʞʘʙʳʥʜʘʨ, ʧʣʘʩʪʠʢʘʣʳץ ʜʝʬʦʨʤʘʮʠʷ ᴅʜʽʩʽ ʘʨץʳʣʳ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʽʣʝʜʽ [69]. 

ɾʝʢʝʣʝʛʝʥ ʙᴇʣʰʝʢʪʝʨʜʽץ שʦʨʳʥ ʘʨʪʪʳʨʫ װʰʽʥ ʦʣʘʨʜʳ ʙʝʨʽʢʪʝʥʜʽʨʫʜʽש 

ᴅʨʪװʨʣʽ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ: ʞʦסʘʨʳ ʞʠʽʣʽʢʪʽ ʪʦʢʪʘʨʤʝʥ (ɾɾʊ) ʰʳʥʳץʪʳʨʫ, 

ʛʘʣʴʚʘʥʠʢʘʣʳץ ʞʘʙʳʥʜʘʨʜʳ ץʦʣʜʘʥʫ, ɹʇɼ (ʙʝʪʪʽʢ ʧʣʘʪʠʢʘʣʳץ ʜʝʬʦʨʤʘʮʠʷ) 

ʘʨץʳʣʳ ʙʝʨʽʢʪʝʥʜʽʨʫ ʞᴅʥʝ ʪ.ʙ. 

ɹᴇʣʰʝʢʪʝʨ ʪʦʙʳʥʘ ʩᴅʡʢʝʩ ʙʝʪʪʽʢ ʧʣʘʩʪʠʢʘʣʳץ ʜʝʬʦʨʤʘʮʠʷ ᴅʜʽʩʽ ʪʘשʜʘʣʫʳ 

ʢʝʨʝʢ. ʉʦʥʜʳץʪʘʥ ʦʣʘʨʜʳש ʙʝʨʽʢʪʽʛʽ ʤʝʥ ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʘʫʳʣ 

ʰʘʨʫʘʰʳʣʳסʳ ʤʘʰʠʥʘʣʘʨʳʥʳש ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʙʦʡʳʥʰʘ 

ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʫ ץʘʞʝʪ. 

ʄʘʰʠʥʘ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʙʝʨʽʢʪʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ ᴅʨ ʪװʨʣʽ ʙʝʨʽʢʪʝʥʜʽʨʫ 

ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʩʘʣʘʣʘʨʳ 1.3-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ [70]. 

ɹᴇʣʰʝʢʪʝʨʜʽש ʙʝʪʢʽ ץʘʙʘʪʳʥʳץ שʘʩʠʝʪʪʝʨʽʥ ʦʨʥʘʪʫ ʘʨץʳʣʳ, ʩʘʡʳʧ 

ʢʝʣʛʝʥʜʝ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʽש ʤʘשʳʟʜʳ ʰʳסʳʩ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʙʘʩץʘʨʫסʘ 

ʙʦʣʘʜʳ, ʦʩʳʣʘʡʰʘ ʜʘʡʳʥʜʘʣסʘʥ (ץʘʣʧʳʥʘ ʢʝʣʪʽʨʽʣʛʝʥ) ʙᴇʣʰʝʢʪʝʨʜʽש ʙʝʪʢʽ 

 ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ שʧʨʦʮʝʩʪʽ ץʩʘʧʘʩʳʥ ʘʨʪʪʳʨʘʜʳ. ʊʝʭʥʦʣʦʛʠʷʣʳ שʘʙʘʪʳʥʳץ

ʙʝʣʛʽʣʽ ʙʽʨ ʜᴅʨʝʞʝʜʝ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʢ ʧʝʥ ʰʘʨʰʘʫ ʙʝʨʽʢʪʽʛʽʥ ʘʨʪʪʳʨʘʪʳʥ ʘʨʥʘʡʳ 

ᴇשʜʝʫ ʪװʨʣʝʨʽʥ ʝʥʛʽʟʫ ʘʨץʳʣʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʫʽ ʤװʤʢʽʥ. ʆʩʳ ʤʘץʩʘʪʪʘʨ װʰʽʥ 
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ʙʝʪʢʽ ץʘʙʘʪʪʳ ʙʝʨʽʢʪʝʥʜʽʨʝʪʽʥ, ʦסʘʥ ʝʨʝʢʰʝ ץʘʩʠʝʪʪʝʨ ʙʝʨʝʪʽʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʨʦʮʝʩʪʝʨ ץʦʣʜʘʥʳʣʘʜʳ. 

 

ʂʝʩʪʝ 1.3 ï ʊʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫסʘ ʘʨʥʘʣסʘʥ ʙʝʨʽʢʪʝʥʜʽʨʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ 
 

ɾײʤʳʩ ʙʝʪʪʝʨʽʥ ʙʝʨʽʢʪʝʥʜʽʨʫ ᴅʜʽʩʪʝʨʽ 

ʊʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫ 

ʘʙʨʘʟʠʚʪʽ ץʘʞʫʣʳץ 
ʢʦʨʨʦʟʠʷʣʳץ 
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ʊʝʨʤʦʭʠʤʠʷʣʳץ ᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ ʙᴇʣ 

ʰʝʢʪʝʨʜʽ ʪʦʡʪʘʨʤʘʤʝʥ ʙʝʨʽʢʪʝʥʜʽʨʫ 
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ʌʣʶʩ ץʘʙʘʪʳʥʳש ʘʩʪʳʥʜʘסʳ ץʘʧʪʘʤʘ + - + 

ɼʽʨʽʣ ʜʦסʘʩʳʥʳץ שʘʧʪʘʤʘʩʳ + - + 

ɹװʨʽʢʢʽʰʧʝʥ ʙʝʨʽʢʪʝʥʜʽʨʫ - - + 

 

ɹʝʨʽʢʪʽʛʽʥ ʘʨʪʪʳʨʘʪʳʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫʜʽש 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʽʥʽש ʩʝʥʽʤʜʽʣʽʢ ץʦʨʳʥ ײץʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ, ᴇʡʪʢʝʥʽ ʘʫʳʣ 

ʰʘʨʫʘʰʳʣʳץ ʪʝʭʥʠʢʘʩʳʥʳץ שʘʣʧʳʥʘ ʢʝʣʪʽʨʽʣʝʪʽʥ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʞʦסʘʨʳ 

ʧʘʡʜʘʣʘʥʫ ץʘʩʠʝʪʪʝʨʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʜʽʨʽʣʜʽ 

ʜʝʬʦʨʤʘʮʠʷʣʘʫ ᴅʜʽʩʽʤʝʥ ץʘʪʘʡʪʫסʘ ʙʘʡʣʘʥʳʩʪʳ ᴅʟʽʨʣʝʤʝʣʝʨ ʝʨʝʢʰʝ 

 .ʪʫʜʳʨʘʜʳ ץʫʰʳʣʳסʳʟʳץ

ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʪʝʭʥʠʢʘʩʳ ʤʝʥ ʞʝʤ-ʰᴇʧ ᴇʥʜʽʨʫʛʝ ʘʨʥʘʣסʘʥ 

ʞʘʙʜʳץʪʘʨʜʳש ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳץ) שʘʰʘʫ, ʪװʨʝʥ, ʢʫʣʴʪʠʚʘʪʦʨ ʪʘʙʘʥʳ, 

ʩʽשʽʨʫʰʽʣʝʨ ʜʠʩʢʽʣʝʨʽ ʤʝʥ ʩʝʧʢʽʰʪʝʨʜʽש ʤʘʨʢʸʨʣʝʨʽ, ʪʳʨʤʘʣʘʨ, ʩʠʣʦʩ 

ʢʦʤʙʘʡʥʜʘʨʳʥʳש ʧʳʰʘץʪʘʨʳ, ʞʝʤ ײʩʘץʪʘסʳʰʪʘʨ ʞᴅʥʝ ʪ.ʙ.), ʷסʥʠ ʞװʟʽ ʙʘʨ 

ʙᴇʣʰʝʢʪʝʨʜʽש (ʢʝʩʢʽʰ ʞײʤʳʩ ʙʝʪʽ) ʪʦʟʫ ʞᴅʥʝ ʞᴇʥʜʝʫ ʧʨʦʮʝʩʪʝʨʽʥ ץʘʨʘʩʪʳʨʘ 

ʦʪʳʨʳʧ, ʙײʣ ʙᴇʣʰʝʢʪʝʨʜʽש ʢᴇʧʰʽʣʽʛʽ ʣʝʛʨ̔ʣʝʥʛʝʥ ʙʦʣʘʪʪʘʨʜʘʥ (ʃ53, 60ɻ, 65ɻ, 

70ɻ ʞᴅʥʝ ʪ.ʙ.) ʞʘʩʘʣסʘʥʳʥ ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳ. ʄײʥʜʘʡ ʙʦʣʘʪʪʘʨʜʳײץ שʥʳ 

ʞʦסʘʨʳ, ʩʦʥʜʳץʪʘʥ ʪʦʟסʘʥ ʙᴇʣʰʝʢʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ʜʝ, ʞᴇʥʜʝʫ ʢʝʟʽʥʜʝ ʜʝ 

ʤʝʪʘʣʣ ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʫ ʢʝʨʝʢ. 

ɸʫʳʣ h ʘʨʫʘʰʳʣʳץ ʪʝʭʥʠʢʘʩʳʥʳש ʞײʤʳʩʰʳ ʦʨʛʘʥʳʥʳש ʞװʟʽʥʽש ʙʘʩʪʘʧץʳ 

ʧʽʰʽʥʽ 1.15ʘ-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ʆʥʳץ שʘʡʨʘʫ ʙײʨʳʰʳ Ŭ ʞᴅʥʝ ʬʘʩʢʘ ʝʥʽ ʙʘʨ Lʬ 

ʩʳʥʘ ʪᴅʨʽʟʜʽ ʧʽʰʽʥʽ ʙʘʨ. ɾײʤʳʩ ʙʘʨʳʩʳʥʜʘ ᴇʩʽʤʜʽʢʪʝʨ ʪʦʧʳʨʘץʧʝʥ ʙʘʡʣʘʥʳʩʪʘ 

ʙʦʣסʘʥ ʢʝʟʜʝ, ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ᴇʪʢʽʨ ʞװʟʽ ʙʘʩץʘ ʙʝʪʪʝʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 

ʘʥʘײסʨʣʳʤ ץʘʨץʳʥʜʳ ʪʦʟʘʜʳ ʞᴅʥʝ ʞᴇʥʜʝʫʛʝ ʪװʩʢʝʥʜʝ ʜᴇשʛʝʣʝʢ ʪװʨʛʝ ʠʝ ʙʦʣʘʜʳ 

(1.15ʙ-ʩʫʨʝʪ). ɼᴇשʛʝʣʝʢ ʙʝʪʽ ru ʨʘʜʠʫʩʳʤʝʥ (ʪʦʟʫ ʨʘʜʠʫʩʳ) ʰʘʤʘʩʳ ʙʦʡʳʥʰʘ 

ʩʠʧʘʪʪʘʣʫʳ ʤװʤʢʽʥ. ɾײʤʳʩ ʦʨʛʘʥʳʥ ʞᴇʥʜʝʫ ʢʝʟʽʥʜʝ ʞװʟʽʥʽש ᴇʪʢʽʨʣʽʛʽ ץʘʣʧʳʥʘ 

ʢʝʣʪʽʨʽʣʝʜʽ, ʢᴇʙʽʥʝʩʝ ʧʳʰʘץʪʘʥ ʤʝʪʘʣʜʳ ʤʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʫʤʝʥ (ʞʦʥʫ, ʘʞʘʨʣʘʫ) 

[71, 72] ʥʝʤʝʩʝ ʵʣʝʢʪʨ-ʢʦʥʪʘʢʪʽʣʽ ץʘʡʨʘʫ ʘʨץʳʣʳ ʘʣʳʧ ʪʘʩʪʘʡʜʳ. ʇʳʰʘץʪʳש 

 ʣ ʩʭʝʤʘ ᴇʪʝײʘʡʨʘʫʳʥ ʜʠʘʛʨʘʤʤʘʤʝʥ ʩʫʨʝʪʪʝʫʛʝ ʙʦʣʘʜʳ (1.15ʚ-ʩʫʨʝʪ). ɹץ

ʞʝשʽʣʜʝʪʽʣʛʝʥ ʞᴅʥʝ ʧʳʰʘץʪʳש ʪʦʟʫʳ ʤʝʥ ᴇשʜʝʫ ʧʨʦʮʝʩʪʝʨʽʥʽש ʢװʨʜʝʣʽʣʽʛʽʥ 
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ʢᴇʨʩʝʪʧʝʡʜʽ. ɸʣʘʡʜʘ, ʙʽʟʜʽש ʞʘסʜʘʡʜʘ ʙײʣ ᴇʪʝ ץʦʣʘʡʣʳ. ױʩʳʥʳʣסʘʥ ʵʩʢʠʟʜʝʨʜʝʥ 

(1.15-ʩʫʨʝʪ) ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʪʦʟʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʞʦסʘʣʪץʘʥ ʤʝʪʘʣʣ ʤᴇʣʰʝʨʽ ʦʥʳ 

ʞᴇʥʜʝʫ ʢʝʟʽʥʜʝ ʞʦסʘʣסʘʥ ʤʝʪʘʣʣ ʤᴇʣʰʝʨʽʥʝʥ ʝʜᴅʫʽʨ ʘʟ ʝʢʝʥʽʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ [73].  

 

  
ʘ ʙ 

 
ʚ 

 

ʘ ï ʞʘשʘ ʞװʟ; ʙ ï ʪʦʟסʘʥ ʞװʟ; ʚ ï ץʘʡʨʘʫ ʢʝʟʽʥʜʝ ʧʳʰʘץʪʳש ᴇʟʛʝʨʫʽ 
 

ʉʫʨʝʪ 1.15 ï ɾװʟʜʽ ץʘʡʨʘʫ ʢʝʟʽʥʜʝ ʘʣʳʥʘʪʳʥ ʤʝʪʘʣʣ ʢᴇʣʝʤʽʥ ʝʩʝʧʪʝʫ  
 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [73, ʩ. 56] 

 

ɾײʤʳʩ ʦʨʛʘʥʳʥ ʧʘʡʜʘʣʘʥʫ ʙʘʨʳʩʳʥʜʘ ʞװʟʽ ʪʦʟסʘʥ ʢʝʟʜʝʛʽ ʤʝʪʘʣ ʤʘʩʩʘʩʳ 

ʢʝʣʝʩʽ ᴇʨʥʝʢ ʘʨץʳʣʳ ʘʥʳץʪʘʣʘʜʳ: 

 

ά̓ ‎̂Ͻὒ̋ϽὛ̓     (1.1) 

 

ʤײʥʜʘ ‎̂ ï ʙʦʣʘʪʪʳש ʢᴇʣʝʤʜʽʢ ʪʳסʳʟʜʳסʳ, ʢʛ/ʤ3; 

ὒ̋ ï ʞײʤʳʩ ʦʨʛʘʥ ʞװʟʽʥʽש ʢʝʩʫ ʞʠʝʛʽʥʽײ שʟʳʥʜʳסʳ, ʤ; 

Ὓ̓ ï ʞײʤʳʩ ʦʨʛʘʥ ʞװʟʽʥʽש ʪʦʟסʘʥ ʙᴇʣʽʛʽʥʽש ʢᴇʣʜʝʥʝץ שʠʤʘʩʳʥʳש ʘʫʜʘʥʳ, 

ʤ2. 

 :ʘʥ ʤʝʪʘʣ ʤʘʩʩʘʩʳסʘʣʪʳʣסʳ ʞʦסʘʡʨʘʫ ʙʘʨʳʩʳʥʜʘפ

 

ά ‎̂Ͻὒ̋ϽὛ     (1.2) 

 

ʤײʥʜʘ Ὓ̓  ï ץʘʡʨʘʫ ʙʘʨʳʩʳʥʜʘ ʞײʤʳʩ ʦʨʛʘʥ ʙʝʪʽʥʝʥ ʘʣʳʥסʘʥ ʢᴇʣʜʝʥʝש 

 .ʘʫʜʘʥʳ, ʤ2 שʠʤʘʩʳʥʳץ

ɾײʤʳʩ ʦʨʛʘʥ ʞװʟʽʥʽש ʪʦʟʫ ʧʨʦʮʝʩʽʥʜʝʛʽ ʰʳסʳʥʜʘʨסʘ ץʘʪʳʩʪʳ ץʘʡʨʘʫ 

ʢʝʟʽʥʜʝ ʤʝʪʘʣʜʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʞʦסʘʣʫʳʥ ʢʝʣʝʩʽʜʝʡ ᴇʨʥʝʢʪʝʫʛʝ ʙʦʣʘʜʳ: 

 

˜
̓
                (1.3) 
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ʆʩʳ ʟʝʨʪʪʝʫʜʽש ʘʚʪʦʨʣʘʨʳ ʘʪʘʣסʘʥ ʰʘʤʘʣʘʨʜʳ ʘʥʳץʪʘʜʳ ʞᴅʥʝ ʞײʤʳʩ 

ʦʨʛʘʥʳʥʳש ʞװʟʽʥ ץʘʡʨʘʫ ʢʝʟʽʥʜʝ ʤʝʪʘʣʜʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʰʳסʳʥʳ (1.3) 

ʬʦʨʤʫʣʘ) ʧʳʰʘץ ʘʡʤʘסʳʥʜʘסʳ ʞײʤʳʩ ʦʨʛʘʥʳʥʳץ שʘʣʳשʜʳסʳʥʘ (1.2) ʬʦʨʤʫʣʘ 

ʪʽʢʝʣʝʡ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ʞᴅʥʝ ʧʳʰʘץʪʳש ʪʦʟʫʳʥʘ (1.1) ʬʦʨʤʫʣʘ ʢʝʨʽ 

ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ʝʢʝʥʽʥ ʘʥʳץʪʘʜʳ. ɹʘʩץʘʰʘ ʘʡʪץʘʥʜʘ, ʞײʤʳʩ ʦʨʛʘʥʳʥʳש 

ʞײʤʳʩʳ ʢʝʟʽʥʜʝ ʞװʟʽʥʽש ʪʦʟʫʳ ʥʝײסʨʣʳʤ ʢᴇʧ ʙʦʣʩʘ ʥʝʤʝʩʝ ʦʥʳץ שʘʣʳשʜʳסʳ 

ʥʝײסʨʣʳʤ ʘʟ ʙʦʣʩʘ, ʪʦʟʫ ʙʘʨʳʩʳʥʜʘ ץʘʡʨʘʫ ʢʝʟʽʥʜʝ ʤʝʪʘʣʜʳש ʞʦסʘʣʫʳʥʘ ʤʝʪʘʣʣ 

ʰʳסʳʥʳʥʳש ʘʨʘץʘʪʳʥʘʩʳ ʩʦײסʨʣʳʤ ʘʟ ʙʦʣʘʜʳ [73, ʩ. 55]. 

ʇʝʨʣʠʪʪʽ ʞᴅʥʝ ʤʘʨʪʝʥʩʠʪʪʽ ʙʦʣʘʪʪʘʥ ʞʘʩʘʣסʘʥ ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳש 

ʪʨʠʙʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ ʪᴇʤʝʥʜʝʛʽʣʝʨʜʽ ʢᴇʨʩʝʪʝʜʽ: 

ʧʝʨʣʠʪʪʽ ʙʦʣʘʪʪʘʥ ʞʘʩʘʣסʘʥ ʙᴇʣʰʝʢʪʝʨʜʽש ʘʣʜʳסשʳ ʙʝʪʪʝʨʽʥʽש ʢʝʜʽʨ-ʙײʜʳʨʣʳסʳ 

ʤʘʨʪʝʥʩʠʪʪʽ ʙʦʣʘʪץʘ ץʘʨʘסʘʥʜʘ װʣʢʝʥ ʙʦʣʜʳ, ʦʥʳ ʙʽʨʽʥʰʽʩʽʥʽץ שʘʪʪʳʣʳסʳʥʳש 

ʪᴇʤʝʥʜʽʛʽʤʝʥ ʪװʩʽʥʜʽʨʫʛʝ ʙʦʣʘʜʳ. ᴆשʜʝʫ ʢʝʟʽʥʜʝ ʧʝʨʣʠʪʪʽ ʙʦʣʘʪʪʘʥ ʞʘʩʘʣסʘʥ 

 ʙʘʩʪʳ שʣ ʙᴇʣʰʝʢʪʝʨʜʽײʘʥ. ɸʣʘʡʜʘ, ʙסʟ̔ ʩʳʥװʘʥʘ ʞס שʙʽʨʝʫʽʥʽ שʘʰʘʫʣʘʨʳʜʳץ

ʢʝʤʰʽʣʽʛʽ ʧʝʨʣʠʪʪʽ ʙʦʣʘʪʪr  ʪᴇʤʝʥʜʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ שʙʝʨʽʢʪʽʛʽʥʽ ץʤʝʭʘʥʠʢʘʣʳ ש

ʦʣʘʨʜʘ ʠʽʣʫ ʙʦʣʜʳ [60, ʨ. 139-9]. ʉʦʥʜʘʡ-ʘץ, ʪʦʧʳʨʘץ ᴇשʜʝʫ ײץʨʘʣʜʘʨʳʥ ʞʘʩʘʫ 

 ʘʥ ʙʦʣʘʪסʪʳʨʳʣץʡʜʽʨʽʣʛʝʥ ʪʝʤʽʨ ʞᴅʥʝ ʰʳʥrװʘʥ ʢסʦʣʜʘʥʳʣʘʪʳʥ ʙʦʨʣʘʥץ ʰʽʥװ

30ɻɹ5, 28ɻʍɹ5 ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʤʠʢʨʦײץʨʳʣʳʤʳʥʘ, ʬʘʟʘʣʳײץ ץʨʘʤʳʥʘ, 

 .ʨʛʽʟʽʣʜʽװʳʥʘ ʞᴅʥʝ ʙʝʨʽʢʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ [62, ʨ. 753] ʟʝʨʪʪʝʫ ʞסʘʪʪʳʣʳץ

ʊᴇʤʝʥ ʢᴇʤʽʨʪʝʢʪʽ (ʧʝʨʣʠʪʪʽ) ʙʦʣʘʪʪʳ (ʙʦʣʘʪ 20) ʞᴅʥʝ ʞʦסʘʨʳ ʢᴇʤʽʨʪʝʢʪʽ 

(ʤʘʨʪʝʥʩʠʪʪʽ) ʙʦʣʘʪʪʳ (ʙʦʣʘʪ 70 ʞᴅʥʝ 65ɻ) ʤʝʪʘʣʣʦʛʨʘʬʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש 

ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ [63, ʨ. 160] ʢᴇʤʽʨʪʝʢʪʝʥʜʽʨʫ, ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʞᴅʥʝ 

ʣʘʟʝʨʣʽʢ ʰʳʥʳץʪʳʨʫ ʢʝʟʽʥʜʝ ʙʦʣʘʪʪʘʨʜʳש ʙʝʪʢʽ ץʘʙʘʪʳʥʳש ʪʝʨʝשʜʽʛʽ ʙʦʡʳʥʰʘ 

ʤʠʢʨʦץʘʪʪʳʣʳץʪʳש ᴇʟʛʝʨʫʽ (HRC 45 ʧʝʥ HRC 60 ʘʨʘʣʳסʳʥʜʘ) ʞᴅʥʝ ʦʣʘʨʜʳש 

ᴅʨʪװʨʣʽ ʞʘסʜʘʡʣʘʨʜʘ ʰʳʥʳץʪʳʨʫ ʢʝʟʽʥʜʝ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ᴇʣʰʝʥʜʽ. ʊʦʧʳʨʘץ 

ᴇשʜʝʫ ʤʘʰʠʥʘʣʘʨʳʥʳש ʢʝʩʢʽʰ ʧʳʰʘץʪʘʨʳʥʳש ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʪʽʥ ʙʦʣʘʪʪʘʨʜʳ ʰʳʥʳץʪʳʨʫʜʳש ʦשʪʘʡʣʳ ʰʘʨʪʪʘʨʳ ײʩʳʥʳʣסʘʥ. ʊʦʧʳʨʘץ 

ʤʘʩʩʠʚʽʥʜʝ ʪʦʟʫסʘ ʙʝʡʽʤ ʞײʤʳʩ ʙᴇʣʽʢʪʝʨʽʥ ʞʘʩʘʫסʘ ʘʨʥʘʣסʘʥ, ʘʙʨʘʟʠʚʪʽ ʪʦʟʫסʘ 

ʪᴇʟʽʤʜʽ ʙʦʣʘʪʪʳש ʪᴇʨʪ ʤʘʨʢʘʩʳ (Hardox 500, XAR 600, TBL Plus ʞᴅʥʝ B27) 

ʢʝשʝʡʪʽʣʛʝʥ ʩʳʥʘץʪʘʨסʘ ײʰʳʨʘʜʳ. TBL Plus ʙʦʣʘʪʳ ʪʦʧʳʨʘץ ʪװʨʽʥʝ ץʘʨʘʤʘʩʪʘʥ 

ʝש ʘʟ ʪʦʟʫʤʝʥ ʩʠʧʘʪʪʘʣʜʳ. ᴆʟ ʢʝʟʝʛʽʥʜʝ, ʪʦʟʫʜʳש ʝש ʞʦסʘʨʳ ʤᴅʥʽ Hardox 500 װʰʽʥ 

ʞʝשʽʣ ʪʦʧʳʨʘץʪʘ, XAR 600 װʰʽʥ ʦʨʪʘʰʘ ʪʦʧʳʨʘץʪʘ ʞᴅʥʝ B27 װʰʽʥ ʘʫʳʨ 

ʪʦʧʳʨʘץʪʘ ʙʘʡץʘʣʜʳ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʙʦʡʳʥʰʘ ʞʦסʘʨʳ ʢʦʨʨʝʣʷʮʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʽ ʘʪʘʧ ᴇʪʽʣʜʽ, ʝש ʞʦסʘʨʳ ʤᴅʥʜʝʨ ʞʝשʽʣ ʞᴅʥʝ ʘʫʳʨ ʪʦʧʳʨʘץʪʘʨ װʰʽʥ 

ʘʣʳʥʜʳ [74]. 

ʊʦʧʳʨʘץ ᴇשʜʝʫ ʤʘʰʠʥʘʣʘʨʳʥʳש ʞײʤʳʩ ʦʨʛʘʥʳʥ ʙʝʪʪʽʢ ʙʝʨʽʢʪʝʥʜʽʨʫʜʽש 

ʟʝʨʪʪʝʣʛʝʥ ᴅʜʽʩʪʝʨʽ ʢʝʣʝʩʽ ʥᴅʪʠʞʝʣʝʨʜʽ ʢᴇʨʩʝʪʪʽ: ʛʘʟʜʳ ʘʟʦʪʪʘʫ ʧʨʦʮʝʩʪʝʨʽʥʽ30 ש 

ɻɹ5 ʙʦʣʘʪʪʳש ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥʝ ᴅʩʝʨʽ [68, ʨ. 250]; ʢᴇʤʽʨʪʝʢʪʝʥʜʽʨʫ ʤʝʥ 

 AISI 8620 ʢᴇʤʽʨʪʝʢʪʽ שʜʝʫ ᴅʜʽʩʪʝʨʽʥʽשᴇ ץʘʤʪʠʪʳʥ ʪʝʨʤʠʷʣʳץ ʘʪʘʡʪʫʜʳץ

ʙʦʣʘʪʳʥʳש ʪʨʠʙʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽ [52, ʨ. 236]; ץʘʰʘʫʣʘʨ װʰʽʥ ʝש ʘʟ 

ʪʦʟʫ (1,51%) ʘʣʳʥʜʳ, ʪʦʣʪʳʨסʳʰ ʨʝʪʽʥʜʝ ײʥʪʘץ ʩʳʤʜʳ ץʦʣʜʘʥʘʪʳʥ MAG 

ᴅʜʽʩʽʤʝʥ ץʘʪʘʡʪʳʣסʘʥ ʞᴅʥʝ ʝש ʞʦסʘʨʳ ʪʦʟʫ (4,11%) ʚʦʣʴʬʨʘʤ ʢʘʨʙʠʜʽʤʝʥ 

 ʰʽʥ ʘʣʳʥʜʳ [64, ʨ. 135]; ʞʳʨʪʫװ ʘʰʘʫʣʘʨץ ʘʥסʘʥ ʵʣʝʢʪʨʦʜʧʝʥ ʪʦʣʪʳʨʳʣסʘʧʪʘʣץ

ᴅʩʝʨʽ ץʦʨʝʢʪʝʥʫ ʢװʰʽʥʝ װʣʢʝʥ ᴅʩʝʨ ʝʪʝʜʽ ʞᴅʥʝ ʰʳʥʳץʪʳʨʳʣסʘʥ AISI D2 ʘʩʧʘʧʪʳץ 
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ʙʦʣʘʪʳ װʰʽʥ (ʘʩʧʘʧʪʳץ ʙʦʣʘʪ, ʘʥʘʣʦʛ - X12Mʌ) 30 ʛʨʘʜʫʩ ʪʦץʳʨʘʫ ʙײʨʳʰʳ 

 ʘʥץʘʣʳʧʪʘʩץ ʘʣʳ PVD ʞʘʙʳʥʳ ᴅʜʽʩʽʤʝʥסʦʣʘʡʣʳ [65, ʨ. 2035]; ʵʣʝʢʪʨ ʜʦץ

ʢʨʠʩʪʘʣʜʳ TiN ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʢᴇʨʩʝʪʪʽ [62, ʨ. 755]; ץʘʪʪʳ ץʦʨʳʪʧʘʣʳ 

ʧʣʘʩʪʠʥʘʣʘʨʜʳש ʙʝʪʢʽ ץʘʙʘʪʳ ʟʘץʳʤʜʘʥסʘʥʥʘʥ ʢʝʡʽʥ ʩʦץʘʣʘʨʜʳײ שʰʪʘʨʳ 

ʦʣʘʨʜʳש ʤʘʩʩʘʩʳ, ײʟʳʥʜʳסʳ ʤʝʥ ʝʥʽ ʙʦʡʳʥʰʘ ʪʝʟ ʪʦʟʘʜʳ, ʦʣʘʨʜʳש ʞײʤʳʩʳ 

ʘʛʨʦʪʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʤʝʡʜʽ ʞᴅʥʝ ʪʝʢ ײץʤʜʳ ʞᴅʥʝ ʩʘʟʜʳ 

ʪʦʧʳʨʘץʪʘʨʜʘ ʪʠʽʤʜʽ ʙʦʣʘʜʳ [51, ʨ. 80]; ʙʝʪʪʽʢ ʞʘʙʳʥסʘ ʘʨʥʘʣסʘʥ ʜᴅʩʪװʨʣʽ 

ʤʘʪʝʨʠʘʣʜʘʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ, ʥʘʥʦʙᴇʣʰʝʢʪʝʨʜʽ ʝʥʛʽʟʫ ʧʨʦʮʝʩʽ ʢʦʨʨʦʟʠʷ 

ʞʳʣʜʘʤʜʳסʳ ʞᴅʥʝ ʪʦʟʫ ʜʝשʛʝʡʽ ʪᴇʤʝʥ, ᴇʪʝ ץʘʪʪʳ ʞʘʙʳʥסʘ ᴅʢʝʣʝʜʽ [66, ʨ. 3087]. 

ɼʘʣʘʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʝ ʞײʤʳʩ ʦʨʛʘʥ װʣʛʽʣʝʨʽʥ ʩʳʥʘʫ װʰʽʥ 

ʥʠʪʨʦʮʝʤʝʥʪʧʝʥ ᴇשʜʝʫ ʘʨץʳʣʳ ʙʝʨʽʢʪʝʥʜʽʨʫ ʪʘשʜʘʣʜʳ. 105 ʤʠʥʫʪ ʽʰʽʥʜʝ 860ÁC, 

0,9% C ʞᴅʥʝ 0,6 ʤ3/ʩʘס NH(3) ʥʠʪʨʦ ʮʝʤʝʥʪʪʝʫ ʧʨʦʮʝʩʽ ʞᴅʥʝ 60ÁC ʪʝʭʥʠʢʘʣʳץ 

ʤʘʡʜʘ ʰʳʥʳץʪʳʨʫ, 140ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 60 ʤʠʥʫʪʪʳץ ʙʦʩʘʪʫ ʧʨʦʮʝʩʽʥʝʥ ʢʝʡʽʥ 

ʜᴅʩʪװʨʣʽ ʜʘʣʘʣʳץ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʧʨʦʮʝʩʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʞײʤʳʩ ʦʨʛʘʥ 

                                            ʘʣʫʳסʞʦ שʘ, ʞʘʣʧʳ ʪʦʟʫʳʥʳס-ʞʘʣʧʳ ʪʦʟʫ ʤʘʩʩʘʩʳ 14,65% שʣʛʽʣʝʨʽʥʽװ

 ʧʝʥ ץʘʪʪʳʣʳץ ʘʨʳסʘʥ ʥᴅʪʠʞʝʣʝʨ ʞʦסʘ ʪᴇʤʝʥʜʝʜʽ [68, ʨ. 252-253]. ɸʣʳʥס-26,47%

ʦʨʪʘʰʘ ʞʦסʘʨʳ RA ʜʝשʛʝʡʣʝʨʽʥʽװ שʡʣʝʩʫʽʥʝ ᴅʢʝʣʝʪʽʥ ʙʝʪʪʽʢ ᴇשʜʝʫ AISI 8620 

ʙʦʣʘʪʳʥʳש ʘʙʨʘʟʠʚʪʽ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥʽש ʞʦסʘʨʳʣʘʫʳʥʘ ᴅʢʝʣʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ 

(ʧʝʨʣʠʪʪʽ ʙʦʣʘʪ, ʝש ʞʘץʳʥ ʘʥʘʣʦʛʳ ï ʙʦʣʘʪ 20ʍɻʅʄ) [52, ʨ. 238]. 

ʉʪʘʥʜʘʨʪʪʳ ʰʳʥʳץʪʳʨʳʣʤʘסʘʥ ʩʽשʽʨʫʰʽʣʝʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ᴅʨʪװʨʣʽ 

ᴅʜʽʩʪʝʨʤʝʥ ʰʳʥʳץʪʳʨʳʣסʘʥ ʩʽשʽʨʫʰʽʣʝʨʜʽ ʟʝʨʪʪʝʫ ʢʝʟʽʥʜʝ ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥ 

ᴇʣʰʝʫ ʘʨץʳʣʳ (ʞײʤʳʩʪʳש ʙʘʩʳʥʜʘ, ʙᴇʣʰʝʢʪʝʛʝʥʜʝ ʞᴅʥʝ ʤʘʢʩʠʤʘʣʜʳ ʪʦʟʫסʘ 

ʞʝʪʢʝʥʜʝ ᴇʣʰʝʫ) ʪʦʟʫ ʜʝשʛʝʡʣʝʨʽ ʘʥʳץʪʘʣʜʳ [67, ʨ. 158]. ɸʣ [62, ʨ. 757] 

ʟʝʨʪʪʝʫʣʝʨʜʝ ʘʙʨʘʟʠʚʪʽ ʪʦʟʫ ʰʳסʳʥʜʘʨʳ ʘʙʨʘʟʠʚʪʽ ʪʦʧʳʨʘװ ץʣʛʽʩʽ ʙʘʨ ʘʨʥʘʡʳ 

ʙʫʥʢʝʨʽ ʙʘʨ ײץʨʘʣʜʳש ʢᴇʤʝʛʽʤʝʥ ʙʘסʘʣʘʥʘʜʳ. ʊʦʟʫ ʞʳʣʜʘʤʜʳסʳʥ ʜᴅʣʽʨʝʢ ᴇʣʰʝʫ 

 .ʦʣʜʘʥʳʣʜʳץ ʰʽʥ [61, ʨ. 1410] ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧ (SEM)װ

 ʪʘʡʣʳשʦ שʘʰʘʫ ʞʠʝʛʽʥʽץ ʨʘʡʪʳʥײץ ʩʳʥʘʩʳʥ ץʳʪʪʘ ʪʦʧʳʨʘץʘʟʽʨʛʽ ʫʘפ

ʧʽʰʽʥʽ ʤʝʥ ʢװʡʽʥ ʩʘץʪʘʫ װʰʽʥ ʦʥʳ ᴇʥʜʽʨʫʰʽ ʬʠʨʤʘ ץʘʣʳשʜʳסʳ 0,001-0,0015 ʤʤ 

ɺʂ ʪʠʧʪʽ ץʘʪʪʳ ץʦʨʳʪʧʘʣʳ ʧʣʘʩʪʠʥʘʥʳ ʜᴅʥʝʢʝʨʣʝʫ ʘʨץʳʣʳ ʙʝʨʽʢʪʝʥʜʽʨʝʜʽ. 

ʊʦʟʫʜʳ ʘʟʘʡʪʫ װʰʽʥ ʜᴅʣ ʦʩʳʥʜʘʡ ʧʣʘʩʪʠʥʘʣʘʨʜʳ ץʘʰʘʫʜʳש ʙʘʩץʘ ʙᴇʣʽʢʪʝʨʽʥʝ 

ʦʨʥʘʪʫסʘ ʙʦʣʘʜʳ, ʙʽʨʘץ ʙײʣ ᴇʟʽʥʜʽʢ ײץʥʳʥ ʘʨʪʪʳʨʘʜʳ ʞᴅʥʝ ʙװʡʽʨʣʽʢ 

 ʦʣʜʘʥʫץ ʦʩʳʤʰʘ ʧʣʘʩʪʠʥʘʣʘʨʜʳץ ʪʘʥץʘʥʜʳסʳʟʜʳ ʙʦʣשʪʦʟʫʳ ʤʘ שʳʥʳסʜʳשʘʣʳץ

ʪʠʽʤʜʽ ʝʤʝʩ [45, ʩ. 131]. ʉʦʥʜʳץʪʘʥ, ʦʥʳש ʞʠʝʛʽʥ ץʘʪʪʳ ץʦʨʳʪʧʘʣʳ ʧʣʘʩʪʠʥʘʤʝʥ 

ʙʝʨʽʢʪʝʥʜʽʨʫʜʽש ʦץ שʘʩʠʝʪʪʝʨʽʥʝʥ ʪײʨʘʪʳʥ, ʞײʤʳʩ ʙʝʪʽʥʽש ʙʘʩץʘ ʵʣʝʤʝʥʪʪʝʨʽʥ 

ʟʘʤʘʥʘʫʠ ʞʦסʘʨʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ᴅʜʽʩʪʝʨʤʝʥ ʙʝʨʽʢʪʝʥʜʽʨʫʤʝʥ ʙʽʨʽʢʪʽʨʝʪʽʥ 

 ʪʳץʨʘʤʘʣʳ ʙʝʨʽʢʪʝʥʜʽʨʫ ʞʘʙʳʥʳʥ ʞʘʩʘʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʥʘײץ ʘשʞʘ שʘʰʘʫʜʳץ

ʪʦʧʳʨʘץ-ʢʣʠʤʘʪʪʳץ ʘʡʤʘץʪʘ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʳʥʜʘ ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ 

 .ʪʦʟʫʳʥ ʟʝʨʪʪʝʫ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ שʘʰʘʫʣʘʨʜʳץ

-ʦʨʳʪʧʘʤʝʥ, ɾɾʊץ ʘʪʪʳץ ʞʠʝʛʽ ɺʂ, ʊʂ ʪʠʧʪʽ שʘʰʘʫʜʳץ ʳʪʪʘץʘʟʽʨʛʽ ʫʘפ

ʙʘʣץʳʪʫ, ʞʳʣʜʘʤʜʳץʧʝʥ ɾɾʊ-ʙʦʨʣʘʫ ʥʝʤʝʩʝ ʤʝʪʘʣʣ ʢʝʨʘʤʠʢʘʤʝʥ ʵʣʝʢʪʨ-ʜʽʨʽʣ-

ʜʦסʘʣʳץ ʞʘʙʳʥ ʞʘʩʘʫ ʩʠʷץʪʳ ᴅʜʽʩʪʝʨʤʝʥ ʙʝʨʽʢʪʝʥʜʽʨʽʣʝʜʽ, ʘʣʘʡʜʘ ʤײʥʜʘʡ ʞײʤʳʩ 

ʦʨʛʘʥʜʘʨʳʥʳש ʪʦʟʫ ʩʠʧʘʪʳ ʤʝʥ ʰʘʤʘʩʳ ʙʝʨʽʢʪʝʥʜʽʨʽʣʤʝʛʝʥ ץʘʰʘʫʣʘʨʤʝʥ ץײʩʘʩ 

ʢʝʣʝʜʽ. ʉʦʥʜʘʡ-ʘץ, ʪʦʟʫʜʳ ʘʟʘʡʪʫ װʰʽʥ ץʘʰʘʫʜʳש ʙʘʩץʘ ʙᴇʣʽʢʪʝʨʽʥʝ ץʦʩʳʤʰʘ 
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ʧʣʘʩʪʠʥʘʣʘʨ ʦʨʥʘʪʳʣʘʜʳ, ʙʽʨʘץ ʙײʣ ʦʥʳש ᴇʟʽʥʜʽʢ ײץʥʳʥ ʘʡʪʘʨʣʳץʪʘʡ 

ʞʦסʘʨʳʣʘʪʘʜʳ. 

ɸʩʪʳץ ʩʝʧʢʽʰʪʝʨʜʽש ʪʦʟʫ ʘסʳʥʳʥʳש ʩʠʧʘʪʳʥ ʟʝʨʪʪʝʫ ʘʙʨʘʟʠʚʪʽ ʦʨʪʘʥʳש 

ʩʝʧʢʽʰʪʝʨʜʽש ʙʝʨʽʢʪʽʛʽ ʤʝʥ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥʝ ʪʝʨʽʩ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʉʽשʽʨʫʰʽ ʜʠʩʢʽʣʝʨʽʥʽש ʞװʟʽʥʽש ʪʦʟʫ ץʘʨץʳʥʜʳʣʳסʳ ʪʦʧʳʨʘץʪʳש ʤʝʭʘʥʠʢʘʣʳץ 

 ʣײʳ ʘʨʪʘʜʳ, ʙסʜʳשʘʣʳץ שʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʢʝʩʫ ʞʠʝʛʽʥʽסʘʣʜʳʣʳסʨʘʤʳ ʤʝʥ ʳʣײץ

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʩ ʩʘʧʘʩʳʥʳש ʥʘʰʘʨʣʘʫʳʥʘ ᴅʢʝʣʝʜʽ [48, ʩ. 95]. ɼʠʩʢʽʣʝʨʜʽ 

 ʪʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʵʣʝʢʪʨʤʝʥץʥʪʘײ ʪᴅʩʽʣʽ ץʧʝʨʩʧʝʢʪʠʚʘʣʳ שʘʪʘʡʪʫʜʳץ

ʞʘʥʘʩʘʪʳʥ ʜᴅʥʝʢʝʨʣʝʫ (ʕɾɼ) ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. פʘʪʪʳʣʳסʳ 

ʞʦסʘʨʳ ʙᴇʣʰʝʢʪʝʨʽ ץʦʩʳʣסʘʥ, ʤʝʪʘʣʣ ʤʘʪʨʠʮʘʜʘʥ ʪײʨʘʪʳʥ ʞʘʙʳʥ ײץʨʳʣʳʤʳʥʳש 

 ʘʨʳסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʞʦסʘʙʘʪ ʪʦʟʫץ ʘʣʳʧʪʘʩʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʜᴅʥʝʢʝʨʣʝʥʛʝʥץ

ʙʦʣʘʜʳ ʞᴅʥʝ ʘʣʶʤʠʥʠʡ ʦʢʩʠʜʽ, ʚʦʣʴʬʨʘʤ ʢʘʨʙʠʜʽ ʞᴅʥʝ ʪʠʪʘʥ ʙᴇʣʰʝʢʪʝʨʽʥ 

 ʣײʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙסʘʨʳʣʳסʞʦ שʥʳʥʳײץ ʤʢʽʥ. ɸʣʘʡʜʘ, ʤʘʪʝʨʠʘʣװʦʣʜʘʥʫʳ ʤץ

ᴅʜʽʩʪʽ ʙʝʨʽʢʪʝʥʜʽʨʫ װʰʽʥ ץʦʣʜʘʥʫʜʘ ץʠʳʥʜʳץ ʪʫʜʳʨʘʜʳ. 

ɹʝʪʪʽʢ ץʘʪʘʡʪʳʣסʘʥ ʞʝʙʝ ʪʘʙʘʥʜʘʨʳʥʳש ʪʦʟʫʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʬʘʢʪʦʨʣʘʨ ʨʝʪʽʥʜʝ: ʪʘʙʘʥʥʳש ʙʝʪʽʥʝ ʞʘסʫ ᴅʜʽʩʽ, ʙʝʪʪʽ ʘʣʜʳʥ ʘʣʘ 

ʜʘʡʳʥʜʘʫ, ʦשʪʘʡʣʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʠʥʜʫʢʪʦʨʜʘ ײʩʪʘʫ ʫʘץʳʪʳ, ʢʝʡʽʥʛʽ ʪʝʨʤʠʷʣʳץ 

ᴇשʜʝʫ. ʊʦʟʫ ʢʝʟʽʥʜʝ ʙʘץʳʣʘʥʘʪʳʥ ʧʘʨʘʤʝʪʨʣʝʨ ï ʪʘʙʘʥ ץʘʤʪʫ ʝʥʽ, ʪʘʙʘʥ 

 ʦʨʪʘʰʘ שʪʳץʳ, ʩʘʣʤʘסʘʙʘʪʪʘʩʫ ʘʡʤʘץ שʳ, ʪʘʙʘʥʥʳסʟʳʥʜʳײ ʝʥʽ ʤʝʥ שʘʥʘʪʳʥʳץ

ʪʦʟʫʳ, ʩʦʥʜʘʡ-ʘץ ʪʘʙʘʥ ʙʝʪʽʥʽש ʞᴅʥʝ ʦʣʘʨʜʳש ʞʝʢʝ ʙᴇʣʽʢʪʝʨʽʥʽש ʪʦʟʫʳʥʳש 

ʩʘʧʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ. ʊʦʧʳʨʘץ ᴇשʜʝʫʜʽש ʥʝʤʝʩʝ ʩʝʙʫʜʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʨʦʮʝʩʽʥ ʦʨʳʥʜʘʫ ʢʝʟʽʥʜʝ ʧʳʰʘץʪʳש ʘʨʪץʳ ʞʘסʳʥʜʘ ʪʦʟʫ ʘʣʘשʜʘʨʳ ʧʘʡʜʘ 

ʙʦʣʘʜʳ, ʙײʣ ʧʳʰʘץʧʝʥ ʙײʨʳʰ ʞʘʩʘʡʜʳ. ʂʝʩʫ ʙᴇʣʽʛʽ ʪʦʧʳʨʘץʪʘ ʢᴇʣʜʝʥʝש 

 ʤʳʩײʠʜʳ ʞᴅʥʝ ʞץʘʨʘʡ ʘʫʳʪץ ʘץʘ Ŭ ʘʨʪץʨʳʰײʙʝʣʛʽʣʽ ʙʽʨ ʙ ץʘʣʤʘʡʜʳ, ʙʽʨʘסʦʟץ

ʦʨʛʘʥʳʥʳש ʪʝʨʙʝʣʽʩʽ ʦʩʳ ʧʦʟʠʮʠʷסʘ ץʘʪʳʩʪʳ ʙʦʣʘʜʳ. ʂʝʨʽ ץʠסʘʰ ʙײʨʳʰ 

ʪʦʧʳʨʘץʪʳץ שʘʩʠʝʪʪʝʨʽʥʝ ʞᴅʥʝ ʪʘʙʘʥʥʳש ʛʝʦʤʝʪʨʠʷʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. ʍʊᴆ 

ʧʨʦʮʝʩʪʝʨʽʥʽש ʘʨʘʩʳʥʜʘ ײץʨʳʣʳʤʜʳץ ʞᴅʥʝ ʣʝʛʨ̔ʣʝʥʛʝʥ ʙʦʣʘʪʪʘʨʜʳש ʙʝʪʢʽ 

 ʪʳʨʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʝʨʝʢʰʝ ʦʨʳʥ ʘʣʘʜʳ. ɾʝʙʝץʘʥʳץ ʳʣʳץʘʙʘʪʳʥ ʙʦʨ ʘʨץ

ʪʘʙʘʥʜʘʨʳʥʳש ʙʝʪʽʥ ʙʦʨʣʘʫ ʢʝʟʽʥʜʝ ץʘʣʳשʜʳסʳ 300-600Ĭ10-6 ʤ ץʘʙʘʪʪʘʨ ʘʣʫסʘ 

ʙʦʣʘʜʳ, ʦʣʘʨ ʞʦסʘʨʳ ץʘʪʪʳʣʳץ ʧʝʥ ʙʝʨʽʢʪʽʢʧʝʥ, ʘʙʨʘʟʠʚʪʽ ʞᴅʥʝ ʢʦʨʨʦʟʠʷסʘ 

ʪᴇʟʽʤʜʽʣʽʢʧʝʥ, ʪʦʟʫסʘ ʞʦסʘʨʳ ץʘʨʩʳʣʳץʧʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ɹʦʨʠʜʪʽ ʞʘʙʳʥʜʘʨʜʳש 

ʤײʥʜʘʡ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʦʣʘʨʜʳ ʪʘʙʘʥʜʘʨʜʳ ʙʝʨʽʢʪʝʥʜʽʨʫ װʰʽʥ ʧʝʨʩʧʝʢʪʠʚʘʣʳ 

ʝʪʝʜʽ, ʙʽʨʘץ ʧʨʦʮʝʩʪʽײ שʟʘץʪʳסʳ ʦʥʳ ץʦʣʜʘʥʫʜʳ ʘʡʪʘʨʣʳץʪʘʡ ʪʝʞʝʡʜʽ [48, ʩ. 96]. 

ɹװʛʽʥʛʽ ʪʘשʜʘ Amazone ʢʦʤʧʘʥʠʷʩʳ DMS 9000 ʩʝʧʢʽʰ ץʘʰʘʫʣʘʨʳʥ 

ʞʦʙʘʣʘʫʜʳװ שʰ ʥײʩץʘʩʳʥ ײʩʳʥʘʜʳ: 

 ;ʘץʩײʘʰʘʫ, ʩʪʘʥʜʘʨʪʪʳ ʥץ ʙʽʨ ʧʣʘʩʪʠʥʘʩʳ ʙʘʨ שʦʨʳʪʧʘʥʳץ ʘʪʪʳץ 

 ;(ʜʘʫ ʙʦʡʳʥʰʘשʪʘ) ʘʰʘʫץ ʘʥ ʝʢʽ ʧʣʘʩʪʠʥʘʣʳסʦʨʳʪʧʘʜʘʥ ʞʘʩʘʣץ ʘʪʪʳץ 

 .(ʜʘʫ ʙʦʡʳʥʰʘשʪʘ) ʘʰʘʫץ ʰ ʧʣʘʩʪʠʥʘʩʳ ʙʘʨװ שʦʨʳʪʧʘʥʳץ ʘʪʪʳץ 

ɽʢʽ ʞᴅʥʝ װʰ ʧʣʘʩʪʠʥʘʩʳ ʙʘʨ ץʘʰʘʫʣʘʨ ʙʝʨʽʢ, ʙʽʨʘץ ʙʘסʘ ʘʡʳʨʤʘʰʳʣʳסʳ 

 ʘʰʘʫץ ʦʣʘʡʣʳ ʝʤʝʩ. ɹʽʨ ʧʣʘʩʪʠʥʘʩʳ ʙʘʨץ ʽʥʝʥ ʝʥʛʽʟʫʛʝ ᴅʣʽשʰʽʥ ʦʣʘʨ ʢʝװ

ʥײʩץʘʩʳʥʘ ʪʦץʪʘʣʫ ʢʝʨʝʢ [59, ʩ. 129]. 

ɹʽʨ ץʘʪʪʳ ץʦʨʳʪʧʘʣʳ ʧʣʘʩʪʠʥʘʩʳ ʙʘʨ ץʘʰʘʫʜʳ ʟʝʨʪʪʝʫ ʪᴅʞʽʨʠʙʝʩʽ [59, 

ʩ. 129] ʦʣʘʨʜʳש ʪץײʳʤʜʘʨʜʳ ʙʽʨʢʝʣʢʽ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʢʝʧʽʣʽ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. 

ɼʝʛʝʥʤʝʥ, ץʘʪʪʳ ץʦʨʳʪʧʘʣʳ ʧʣʘʩʪʠʥʘʥʳש ʜᴅʥʝʢʝʨʣʝʫ ʩʘʧʘʩʳʥʘ ᴅʩʝʨ ʝʪʧʝʡʪʽʥ 
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 ʘʰʘʫץ ʘʨʘʡ 1.16-ʩʫʨʝʪʪʝ ʙʝʣʛʽʣʝʥʛʝʥץ ʜʘʫ ʢʝʨʝʢ. ʊʦʟʫ ʩʠʧʘʪʳʥʘשʘʪʘʡʪʫ ᴅʜʽʩʽʥ ʪʘץ

ʢʦʨʧʫʩʳʥʳש ʙװʡʽʨ ʞᴅʥʝ ʘʣʜʳסשʳ ʘʡʤʘץʪʘʨʳ ʙʝʨʽʢʪʝʥʜʽʨʫʛʝ ʞʘʪʘʜʳ. פʘʰʘʫʜʳש 

ʪᴇʤʝʥʛʽ ʞᴅʥʝ ʘʨʪץʳ ʙᴇʣʽʢʪʝʨʽ ץʘʪʘʶʜʳ ץʘʞʝʪ ʝʪʧʝʡʜʽ, ᴇʡʪʢʝʥʽ ʙײʣ ʞʘץʪʘʨ ʪץײʳʤ 

ʩʝʙʫ ʨʝʪʽʥʜʝ װʣʢʝʥ ʨᴇʣ ʘʪץʘʨʤʘʡʜʳ. ᴆʣʰʝʤʜʝʨʽ 0,035ʭ0,045 ʤ ʜʘʡʳʥʜʘʣסʘʥ 

 :ʨʛʽʟʽʣʜʽװʘʪʘʡʪʫ ʢʝʣʝʩʽ ʪᴅʩʽʣʜʝʨʤʝʥ ʞץ-ʣʛʽʣʝʨʜʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ɾɾʊװ

 ;ʳʪʫץʨʣʝʨʽʤʝʥ ʙʘʣװʨʣʽ ʪװᴅʨʪ שʪʳ ʰʠʭʪʘʥʳץʥʪʘײ 

 ɾɾʊ-ʙʦʨʣʘʫ; 

 ɾɾʊ ʰʳʥʳץʪʳʨʫ. 

 

 
 

ʉʫʨʝʪ 1.16 ï ɼʄʉ 9000 ʩʝʧʢʽʰ ץʘʰʘʫʳʥ ץʘʪʘʡʪʫ ʘʡʤʘסʳʥʳש ʩʳʟʙʘʩʳ  
 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [59, ʩ. 129] 

 

ʊʦʟʫ ʩʳʥʘץʪʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʜʘʣʘʣʳץ ʞʘסʜʘʡʣʘʨʜʘ ʪʝʢʩʝʨʫ 

 ʳʥʳʤʝʥץʰײ ʩʳʥʳʣʜʳ: ʵʣʝʢʪʨײ ʘʣʘʨʳץʩײʪʠʤʘʣ ʥץʤʳʥʘʜʘʡ ʳ שʘʪʘʡʪʫʜʳץ ʰʽʥװ

ʊ15ʂ6 ʙʝʨʽʢʪʝʥʜʽʨʫ ʘʨץʳʣʳ ʩʦʣ ʞʘץ ץʘʣʳשʜʘʫʳ ʢʝʟʽʥʜʝ ʬʘʩʢʘ ʵʣʝʢʪʨ 

 ץʘʣʳ ʛʨʘʬʠʪʧʝʥ ʙʝʨʽʢʪʝʥʜʽʨʽʣʝʜʽ; ʩʦʣ ʞʘסʳʥʳʤʝʥ ʊ15ʂ6 ʞᴅʥʝ ʜʽʨʽʣ ʜʦץʰײ

 ʦʨʳʪʧʘʤʝʥץ ʘʪʪʳץ ʳʥʳʤʝʥ ʊ15ʂ6, ʬʘʩʢʘץʰײ ʜʘʫʳ ʢʝʟʽʥʜʝ ï ʵʣʝʢʪʨשʘʣʳץ

ʙʝʨʽʢʪʝʥʜʽʨʽʣʝʜʽ; ʵʣʝʢʪʨ ײʰץʳʥʳʤʝʥ ʊ15ʂ6 ʩʦʣ ʞʘץ ץʘʣʳשʜʘʫʳ ʢʝʟʽʥʜʝ ʬʘʩʢʘ ʦʣ 

ʊ15ʂ6 ʵʣʝʢʪʨ ײʰץʳʥʳʤʝʥ ʞᴅʥʝ ʜʽʨʽʣ ʜʦסʘʣʳ ʛʨʘʬʠʪʧʝʥ ʙʝʨʽʢʪʝʥʜʽʨʽʣʝʜʽ, 

ʩʦʥʜʘʡ-ʘץ ʦש ʞʘץ ץʘʣʳשʜʘʫʳ ʢʝʟʽʥʜʝ ʵʣʝʢʪʨ ײʰץʳʥʳʤʝʥ T15K6 ʙʝʨʽʢʪʝʥʜʽʨʽʣʝʜʽ; 

ʵʣʝʢʪʨ ײʰץʳʥʳʤʝʥ ʊ15ʂ6 ʙʝʨʽʢʪʝʥʜʽʨʫ ʘʨץʳʣʳ ʩʦʣ ʞʘץ ץʘʣʳשʜʘʫʳ ʢʝʟʽʥʜʝ 

ʬʘʩʢʘ ʵʣʝʢʪʨ ײʰץʳʥʳʤʝʥ ʊ15ʂ6 ʞᴅʥʝ ʜʽʨʽʣ ʜʦסʘʣʳ ʛʨʘʬʠʪʧʝʥ ʙʝʨʽʢʪʝʥʜʽʨʽʣʝʜʽ, 

ʵʣʝʢʪʨ ײʰץʳʥʳʤʝʥ ʊ15ʂ6 ʦש ʞʘץ ץʘʣʳשʜʘʪʳʣʘʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ 750-800ÁC 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʞװʨʛʽʟʽʣʝʜʽ [59, ʩ. 130]. 

ᴄʨ ʪװʨʣʽ ʪᴅʩʽʣʜʝʨʤʝʥ ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ ץʘʰʘʫʣʘʨʜʳש ʧʽʰʽʥʜʝʨʽ ʤʝʥ ʪʦʟʫ 

ʩʠʧʘʪʳ ʞʝʢʝ ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳש ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ ʦשʘʡ ʘʥʳץʪʘʣʘʜʳ. 

 .ʪʦʟʫ ʩʠʧʘʪʳ 1.17-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʬʦʪʦʩʫʨʝʪʪʝʨʜʝʥ ʢᴇʨʽʥʝʜʽ שʘʰʘʫʣʘʨʜʳפ

1.17-ʩʫʨʝʪʪʝʥ ʢᴇʨʽʥʽʧ ʪײʨסʘʥʜʘʡ, ʪʦʟסʘʥ ʢʝʟʜʝ ץʘʰʘʫʜʳש ʙʘʩʪʘʧץʳ ʧʽʰʽʥʽ 

ʪʦʧʳʨʘץ ʰʝʢʘʨʘʩʳ ʘʡʤʘסʳʥʜʘ ʦʨʘץ ʪᴅʨʽʟʜʽ ʙʦʣʘʜʳ, ʘʣ ץʘʰʘʫʜʳש ʘʣʜʳסשʳ ʞᴅʥʝ 

ʙװʡʽʨ ʙʝʪʪʝʨʽ ʝש ʢᴇʧ ʪʦʟʫסʘ ײʰʳʨʘʡʜʳ, ʙײʣ ʙײʨʳʥ ʘʣʳʥסʘʥ ʤᴅʣʽʤʝʪʪʝʨʛʝ ʩᴅʡʢʝʩ 

ʢʝʣʝʜʽ. 
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ʘ ʙ 

  
ʚ ʛ 

ʘ ï ʘʣʜʳסשʳ ʙʝʪʪʽ ʞʳʣʜʘʤʜʳץʧʝʥ ʊɺʏ ï ʙʦʨʣʘʫ ʞᴅʥʝ ʙװʡʽʨ ʙʝʪʪʝʨʽʥ ʕʀɼ ʞʘʩʘʫ, ʙ ï 

ʘʣʜʳסשʳ ʙʝʪʪʽ ʇʉ-14-60 ץʦʨʳʪʧʘʩʳʤʝʥ ץʘʧʪʘʤʘ ʞᴅʥʝ ʙװʡʽʨ ʙʝʪʪʝʨʽʥ ʕʀɼ ʞʘʩʘʫ, ʚ ï ʘʣʜʳסשʳ 

ʙʝʪʪʽ ʙʦʨʣʘʥסʘʥ ʇɻ-ʉ27 ץʦʨʳʪʧʘʩʳʤʝʥ ץʘʧʪʘʤʘ ʞᴅʥʝ ʙװʡʽʨ ʙʝʪʪʝʨʜʽש ʕʀɼ ʞʘʩʘʫ, ʛ ï ʙʘץʳʣʘʫ 

 ʪʦʟʫ ʩʠʧʘʪʳ שʘʰʘʫʣʘʨʳʥʳץ
 

ʉʫʨʝʪ 1.17 ï Primera DMC-9000 ᴅʨ ʪװʨʣʽ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳײץ שʨʤʘʣʘʩ 

ʞʘʙʳʥʜʘʨʳʤʝʥ ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ ʩʝʧʢʽʰ ץʘʰʘʫʣʘʨʳʥʳש ʪʦʟʫ ʩʠʧʘʪʳ  
 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [59, ʩ. 129-130] 

 

ʊʦʟסʘʥ ץʘʰʘʫʣʘʨʜʳש ʬʦʪʦʩʫʨʝʪʪʝʨʽʥ, ʵʢʩʧʝʨʠʤʝʥʪ ʜʝʨʝʢʪʝʨʽʥ, ʞʘʙʳʥʥʳש 

 ʨʳʣʳʤʳ ʤʝʥ ʙʝʨʽʢʪʝʥʜʽʨʫ ᴅʜʽʩʽ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʩᴅʡʢʝʩʪʝʥʜʽʨʫ [75] ʢʝʣʝʩʽײץ

  :ʦʨʳʪʳʥʜʳʣʘʨʜʳ ʘʣʜʳץ

 ʢʝʟ ʢʝʣʛʝʥ ʟʝʨʪʪʝʣʛʝʥ ᴅʜʽʩʧʝʥ ץʘʰʘʫʜʳש ʪʝʢ ʙʽʨ ʘʣʜʳסשʳ ʙʝʪʽʥ 

ʙʝʨʽʢʪʝʥʜʽʨʫ ʪʠʽʤʩʽʟ. ɹʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ ץʘʙʘʪ ʽʩʢʝ ץʦʩʳʣסʘʥ ʢʝʟʜʝ װʣʢʝʥ ʤʘʩʩʘʩʳ 

ʙʘʨ ʙװʡʽʨ ʙʝʪʪʝʨʜʽץ שʘʨץʳʥʜʳ ʪʦʟʫʳ ʙʘʩʪʘʣʘʜʳ, ʙײʣ ʙװʢʽʣ ʞײʤʳʩ ʦʨʛʘʥʳʥʳש 

ʢװʨʪ (ʘʧʘʪʪʳ) ʪʦʟʫʳʥʘ ᴅʢʝʣʝʜʽ. פʘʰʘʫ ʦʨʘץ ʪᴅʨʽʟʜʽ ʞᴅʥʝ ʩʳʥʘ ʪᴅʨʽʟʜʽ ʙʦʣʘʜʳ; 

 ʜʘʣʘʣʳץ ʵʢʩʧʝʨʠʤʝʥʪ ʞʘסʜʘʡʳʥʜʘ ʤʘʢʩʠʤʘʣʜʳ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʢ 4-ʰʽ 

ʞᴅʥʝ 5-ʰʽ ײץʨʳʣʳʤʜʘʨʜʳײץ שʨʤʘʣʘʩ ʞʘʙʳʥʳʤʝʥ ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ ץʘʰʘʫʣʘʨ 

ʢᴇʨʩʝʪʽʣʜʽ: ʇʉ-14-60 ץʦʨʳʪʧʘʩʳʤʝʥ ʘʣʜʳסשʳ ʙʝʪʪʽ ɾɾʊ-ץʘʧʪʘʤʘ ʞʘʩʘʫ + ɺʂ8 

 ʳסשʦʨʳʪʧʘʩʳʤʝʥ ʘʣʜʳץ ʕʀʅ ʞᴅʥʝ ʇɻ-ʉ27 שʡʽʨ ʙʝʪʪʝʨʽʥʽװʦʨʳʪʧʘʩʳʤʝʥ ʙץ

ʙʝʪʪʽש ɾɾʊ-ʙʘʣץʳʪʫʳ, ʙװʡʽʨ ʙʝʪʪʝʨʽʥʽש ɺʂ8 ץʦʨʳʪʧʘʩʳʤʝʥ + ʕʀʅ ʙʦʨʣʘʫʤʝʥ 

ʙʽʨʽʢʪʽʨʽʣʛʝʥ. ɹײʣ ץʘʰʘʫʣʘʨʜʳש ʩʘʣʤʘץʪʳץ ʪʦʟʫʳ 6,9%-ʜʘʥ 8,3%-סʘ ʜʝʡʽʥ ʙʦʣʜʳ; 

 ʵʣʝʤʝʥʪʪʝʨʽ ץʙʘʨʣʳ שʙʝʪʽʥʽ שʪʳʨʫ ʪʝʢ ʦʣʘʨʜʳץʘʰʘʫʜʳ ɾɾʊ-ʰʳʥʳץ 

ʙʦʡʳʥʰʘ ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʜʘ ʦש ᴅʩʝʨ ʝʪʝʜʽ. ɹʽʨʽʢʪʽʨʽʣʛʝʥ 
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ʞʘʙʳʥʤʝʥ ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ ʞᴅʥʝ ʰʳʥʳץʪʳʨʳʣסʘʥ ץʘʰʘʫʣʘʨ 1,5-2 ʝʩʝ ʞʦסʘʨʳ 

ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʢᴇʨʩʝʪʝʜʽ. 

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ 

ʩʝʧʢʽʰʪʝʨʜʽש ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳש ʞײʤʳʩ ʞʘסʜʘʡʣʘʨʳʥʘ ʪᴅʥ ʩʦץץʳ-ʘʙʨʘʟʠʚʪʽ 

ʪʦʟʫ ʢʝʟʽʥʜʝ ʞײʤʳʩ ץʦʨʣʘʨʳʥ ʘʨʪʪʳʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

ʙʝʨʽʢʪʝʥʜʽʨʝʪʽʥ ʩʳʤʪʝʤʽʨ ײץʨʘʤʳʥʳש ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʞᴅʥʝ ʙʘʣץʳʪʫ ʨʝʞʠʤʜʝʨʽʥ 

 .ʘʞʝʪץ ʘʨʘʩʪʳʨʫץ

 

1-ʙᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

ɿʝʨʪʪʝʣʝʪʽʥ ʤᴅʩʝʣʝʥʽץ שʘʟʽʨʛʽ ʞʘסʜʘʡʳʥʘ ʞװʨʛʽʟʽʣʛʝʥ ʪʘʣʜʘʫ ʤʳʥʘʣʘʨʜʳ 

ʢᴇʨʩʝʪʪʽ: 

1. ʉʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫʣʘʨʜʘ ץʘʰʘʫ ʩʽשʽʨʫʰʽʣʝʨʽʥʽש ᴇʥʽʤʜʽʣʽʢ 

ʧʘʨʘʤʝʪʨʣʝʨʽ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥ, ʪʘʨʪʫ ץʫʘʪʳʥ ʞᴅʥʝ ʢʦʵʬʬʠʮʠʝʥʪʽʥ ᴇʣʰʝʫʜʽ 

 ʪʘʫ ʞᴅʥʝ ʢʝʩʫץʩʘײ ʳʣʘʫʜʳ ʢʝʩʫ ʢʝʟʽʥʜʝשʳ ʩʘסʪʘץʪʘʣʜʳ. ʊʦʧʳʨʘץʘʤʪʠʪʳʥʳ ʘʥʳץ

ʙײʨʳʰʪʘʨʳ ʞᴅʥʝ ץʘʰʘʫʜʳש ʝʥʽ ʥʝʛʽʟʛʽ ײץʨʳʣʳʤʜʳץ ʧʘʨʘʤʝʪʨʣʝʨ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

2. ɾײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳש ʘʙʨʘʟʠʚʪʽ ʪʦʟʫʳʥʳץ שʘʨץʳʥʜʳʣʳסʳ ʤʝʥ ʩʠʧʘʪʳ 

ʢᴇʙʽʥʝʩʝ ʛʝʦʤʝʪʨʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʛʝ, ץʦʟסʘʣʳʩ ʞʳʣʜʘʤʜʳסʳʥʘ, ʧʳʰʘץץʘ 

ʪװʩʝʪʽʥ ץʳʩʳʤסʘ, ʪʦʧʳʨʘץʪʳײץ שʨʘʤʳʥʘ ʞᴅʥʝ ʙʝʪʽʥʽש ʪʝʛʽʩʩʽʟʜʽʛʽ, ʞײʤʳʩ ʦʨʛʘʥʳ 

ʞʘʩʘʣסʘʥ ʤʘʪʝʨʠʘʣʜʳײץ שʨʘʤʳʥʘ ʞᴅʥʝ ʦʥʳש ʙʝʨʽʢʪʝʥʜʽʨʫ ʜᴅʨʝʞʝʩʽʥʝ, ʙʝʪʽʥʝ 

ʞʘסʫ ᴅʜʽʩʽʥʝ, ײʩʪʘʫ ʫʘץʳʪʳʥʘ ʞᴅʥʝ ʢʝʡʽʥʛʽ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫʛʝ ʙʘʡʣʘʥʳʩʪʳ 

ʝʢʝʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ. ɹײʜʘʥ ʰʳסʘʪʳʥʳ, ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʢʦʥʩʪʨʫʢʮʠʷʩʳʥ 

ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʤᴅʥʜʝʨʽʥ ʪᴇʤʝʥʜʝʪʫ װʰʽʥ ʦʥʳש ʞײʤʳʩ ʙʝʪʽʥ 

ʙʝʨʽʢʪʝʥʜʽʨʫ ʞᴅʥʝ ʩʦʣ ʘʨץʳʣʳ ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʽʥʽש ʧʘʡʜʘʣʘʥʫ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʞʘץʩʘʨʪʫ ץʘʞʝʪ. 

3. ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ 

ʩʝʧʢʽʰʪʝʨʜ̔  ʳ-ʘʙʨʘʟʠʚʪʽץץʜʘʡʣʘʨʳʥʘ ʪᴅʥ ʩʦסʤʳʩ ʞʘײʞ שʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳײʞ ש

ʪʦʟʫ ʢʝʟʽʥʜʝ ʞײʤʳʩ ץʦʨʳʥ ʘʨʪʪʳʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

 ʳʪʫ ʨʝʞʠʤʜʝʨʽʥץʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʞᴅʥʝ ʙʘʣ שʨʘʤʳʥʳײץ ʘʪʘʡʪʘʪʳʥ ʩʳʤʪʝʤʽʨץ

 .ʘʞʝʪץ ʘʨʘʩʪʳʨʫץ
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2 ʊɽʆʈʀʗʃʓפ ɿɽʈʊʊɽʋ 

 

2.1 ʉʝʧʢʽʰʪʽש ʪʝʭʥʦʣʦʛʠʷʩʳ ʤʝʥ ײץʨʳʣʳʤʜʳץ-ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʩײʣʙʘʩʳʥ ʥʝʛʽʟʜʝʫ 

 ʦʣʘʨ ץʨʳʣʳʤʜʘʨʳʥ, ʩʦʥʜʘʡ-ʘײץ שʨʤʘʣʘʩ ʤʘʰʠʥʘʣʘʨ ʤʝʥ ʩʝʧʢʽʰʪʝʨʜʽײפ

ʦʨʳʥʜʘʡʪʳʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʽ ʪʘʣʜʘʫ ʉʦʣʪװʩʪʽʢ פʘʟʘץʩʪʘʥʥʳש 

ʞʘסʜʘʡʳʥʘ ʙʝʡʽʤʜʝʣʛʝʥ ʰᴇʧʪʝʨʛʝ ʰᴇʧ ʪץײʳʤʳʥ ʩʝʙʫʛʝ ʘʨʥʘʣסʘʥ ʩʝʧʢʽʰʪʽש 

 ʦʡʳʣʘʪʳʥ ʥʝʛʽʟʛʽ ʪʘʣʘʧʪʘʨʜʳץ ʣʙʘʩʳʥʘײʩ ץʪʝʭʥʦʣʦʛʠʷʣʳ-ץʨʳʣʳʤʜʳײץ

ʪײʞʳʨʳʤʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ: 

 ʰᴇʧ ʪץײʳʤʳʥ ʰʳʤסʘ ʩʝʙʫʜʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʽ ʤʳʥʘʜʘʡ 

ʦʧʝʨʘʮʠʷʣʘʨʜʳ ץʘʤʪʫʳ ʪʠʽʩ: ʰʳʤʜʘסʳ ʝʥʽ 0,02 ʤ-ʛʝ ʜʝʡʽʥʛʽ ʪʽʢ ʩʘשʳʣʘʫʜʳ ʞᴅʥʝ 

ʙװʡʽʨʽʥʜʝʛʽ ʢᴇʣʜʝʥʝש ʩʘשʳʣʘʫʜʳ ʢʝʩʫ, ʙʽʨ ʤʝʟʛʽʣʜʝ ʪץײʳʤ ʩʝʙʫ ʞᴅʥʝ ʤʠʥʝʨʘʣʜʳ 

ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʝʥʛʽʟʫ ʞᴅʥʝ ʩʝʙʫʜʝʥ ʢʝʡʽʥʛʽ ʪʳסʳʟʜʘʫ; 

 ʩʝʧʢʽʰʪʽש ʞײʤʳʩ ʦʨʛʘʥʳ (ʩʽשʽʨʫʰʽ) ʘʛʨʦʪʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ 

ᴇשʜʝʣʛʝʥ ʞʦʣʘץʪʘסʳ ʪʦʧʳʨʘײץ ץʨʳʣʳʤʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʪʠʽʩ; 

 ʩʝʧʢʽʰʪʽש ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳ ʪץײʳʤʜʘʨʜʳ ʜʘʤʳʪʫ װʰʽʥ ʥʝײסʨʣʳʤ 

 ʜʝʣʛʝʥשʥʠ ᴇסʣʙʘʩʳʥʘ ʩᴅʡʢʝʩ, ʷײʘʪʪʘʥʜʳʨʘʪʳʥ ʩʝʙʫ ʩסʘʥʘץ ʜʘʡʣʘʨʜʳסʦʣʘʡʣʳ ʞʘץ

ʞʦʣʘץʪʳש ʝʥʽ ʢʝʤʽʥʜʝ 0,2 ʤ ʰʳʤסʘ ʩʝʙʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʪʠʽʩ; 

 ʩʝʧʢʽʰ ײץʨʳʣʳʤʳʥʘ ץʦʡʳʣʘʪʳʥ ʪᴇʤʝʥʜʝʛʽ ʪʘʣʘʧʪʘʨʜʳ ʩʘץʪʘʡ ʦʪʳʨʳʧ, 

ʰᴇʧ ʪץײʳʤʳʥ ʰʳʤסʘ ʩʝʙʫʜʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʽʥʽש ʩʘʧʘʣʳ ʦʨʳʥʜʘʣʫʳʥ 

 ʘʥʜʘסʘʨʳ ʙʦʣסʩʝʥʽʤʜʽʣʽʢ ʜᴅʨʝʞʝʩʽ ʞʦ ,ץʰʘʤʜʳʣʳץʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʪʠʽʩ: ʳץ

ʤʝʪʘʣʜʳש ʪᴇʤʝʥ ʩʳʡʳʤʜʳʣʳסʳ, ץʦʣʜʘʥʳʩʪʘסʳ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʵʥʝʨʛʠʷ ʰʳסʳʥʜʘʨʳʥ, ʪץײʳʤ ʤʝʥ ʞײʤʳʩ 

ʫʘץʳʪʳʥ ʘʟʘʡʪʫ ʞᴅʥʝ ʪʘʙʠסʠ ʞʝʤʰᴇʧ ʘʣץʘʧʪʘʨʳʥʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ; 

 ʩʝʧʢʽʰʪʽש ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ ʞײʤʳʩ ʦʨʛʘʥʳ ʞʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥ 

ʪʘʣʘʧʪʘʨʜʳ, ʩʦʥʜʘʡ-ʘץ ץʦʣʜʘʥʳʩʪʘסʳ ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʜʳ ʪʘʣʜʘʫ ʧʨʦʮʝʩʽʥʜʝ 

ʘʥʳץʪʘʣסʘʥ ʪʘʣʘʧʪʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʝʟʝשʽʥʜʝ ʘʙʨʘʟʠʚʪʽ ʦʨʪʘʜʘ 

ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʪʠʽʩ. 

ʆʣʘʨʜʳ ʽʩʢʝ ʘʩʳʨʫʜʳש ʙʝʣʛʽʣʽ ʪᴅʩʽʣʜʝʨʽ ʤʝʥ ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳʥʘ 

ʞװʨʛʽʟʽʣʛʝʥ ʞװʡʝʣʽ ʪʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝ ʞʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ ʪʘʣʘʧʪʘʨ ʞʝʤʜʽʢ ʞᴅʥʝ 

ʞʘʡʳʣʳʤʜʳץ ʞʝʨʣʝʨʜʽ ʞʘץʩʘʨʪʫʜʳש ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʞᴅʥʝ ʤʠʥʝʨʘʣʜʳ 

ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʙʽʨ ʤʝʟʛʽʣʜʝ ʝʥʛʽʟʝ ʦʪʳʨʳʧ, ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʜʘץʳʣʜʘʨʳʥ 

ʞʘʤʳʣסʳ ʜʘץʳʣʜʘʨʳʥʳש ʘʩʪʳʥʘ ʞᴅʥʝ ʰʳʤסʘ ʩʘʨʘʣʘʥסʘʥ ʪʽʢʝʣʝʡ ʩʝʙʫʛʝ ʘʨʥʘʣסʘʥ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʪʽײץ שʨʳʣʳʤʳʥ ײʩʳʥʜʳ. 

ɾʘשʘ ʪʝʭʥʦʣʦʛʠʷ ʙʽʨ ʤʝʟʛʽʣʜʝ ʰᴇʧ ʪץײʳʤʳʥ ʩʝʙʫʜʝʥ ʞᴅʥʝ ʤʠʥʝʨʘʣʜʳ 

ʪʳשʘʡʪץʳʰʪʳ ʪʦʧʳʨʘץ ʢᴇʢʞʠʝʛʽʥʽש ʝʢʽ ʜʝשʛʝʡʽʥʝ ʝʥʛʽʟʫʜʝʥ ʪײʨʘʜʳ, ʞʝʤ-ʰᴇʧ 

ʘʣץʘʧʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫʜʘʥ ʰʳסʘʨʤʘʡʜʳ. ɹʽʨʽʥʰʽ ʜʝשʛʝʡʜʝ ï 0,04 ʤ ʪʝʨʝשʜʽʢʢʝ 

ʰᴇʧ ʪץײʳʤʳ ʩʝʙʽʣʝʜʽ, ʝʢʽʥʰʽ ʜʝשʛʝʡʜʝ ï 0,12 ʤ ʪʝʨʝשʜʽʢʢʝ ʤʠʥʝʨʘʣʜʳ 

ʪʳשʘʡʪץʳʰʪʘʨ ʝʥʛʽʟʽʣʝʜʽ. ʊץײʳʤ ʩʝʙʫ ʞᴅʥʝ ʪʳשʘʡʪץʳʰ ʝʥʛʽʟʫ ʪʝʨʝשʜʽʛʽ 

ʨʝʪʪʝʣʝʜʽ, ʘʣ ʦʣʘʨʜʳש ʩʝʙʫ ʝʥʽ 0,04 ʤ-ʛʝ ʜʝʡʽʥ. ʊr  ʳʰʪʘʨʜʳ ʝʥʛʽʟʫ ʞᴅʥʝץʘʡʪש

ʪץײʳʤ ʩʝʙʫ ʥʦʨʤʘʣʘʨʳ ץʘʙʳʣʜʘʥסʘʥ ʧʦʟʠʮʠʷʣʘʫ ʞװʡʝʩʽʥʜʝ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ 

ʙʘץʳʣʘʥʘʜʳ ʞᴅʥʝ ʞʝʤʰᴇʧ ʘʣץʘʙʳʥʳש ʘסʳʤʜʘסʳ ʞʘʡ-ʢװʡʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ 

ʩʘʨʘʣʘʥסʘʥ ʪװʨʜʝ ʙʝʣʛʽʣʝʥʝʜʽ [76-79]. 
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ᴄʟʽʨʣʝʥʽʧ ʞʘʪץʘʥ ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʪʝ [80-84] ʪץײʳʤסʘ 

ʘʨʥʘʣסʘʥ ʙʫʥʢʝʨ 2 ʞᴅʥʝ ʪʳשʘʡʪץʳʰʪʘʨסʘ ʘʨʥʘʣסʘʥ ʙʫʥʢʝʨ 3, ʪץײʳʤסʘ ʘʨʥʘʣסʘʥ 

ʩʝʙʝʪʽʥ ʘʧʧʘʨʘʪ 4, ʞʘʧʳʨʘץʰʘʣʳ ʘʨʘʣʘʩʪʳʨʳʧ ץʦʧʩʳʪץʳʰ 6, ʪʳשʘʡʪץʳʰʪʘʨסʘ 

ʘʨʥʘʣסʘʥ ʩʝʙʝʪʽʥ ʘʧʧʘʨʘʪ 5, ʪץײʳʤ ʪװʪʽʛʽ 7, ʪʳשʘʡʪץʳʰ ʪװʪʽʛʽʥʝʥ 8 ʪײʨʘʪʳʥ 

ʪץײʳʤ-ʪʳשʘʡʪץʳʰ ץʦʨʘʙʳ ʦʨʥʘʣʘʩץʘʥ 1 ʞʘץʪʘʫ; ʞײʤʳʩ ʦʨʛʘʥʳ ʪʽʨʝʫ̔ ʙʘʨ 

ʩʽשʽʨʫʰʽʜʝʥ 9 ʞᴅʥʝ ʩʝʧʢʽʰʪʽץ שʦʟסʘʣʳʩ ʙʘʨʳʩʳ ʙʦʡʳʥʰʘ ʦסʘʥ ʘʩʪʳסש rʞʘסʳʥʜʘ 

 ץʨʘʜʳ, ʩʦʥʜʘʡ-ʘײʘʰʘʫʜʘʥ 10 ʪץ ʨʳʰʧʝʥ ʙʝʢʽʪʽʣʛʝʥײʰʢʽʨʣʝʥʛʝʥ ʞʠʝʛʽ ʙʘʨ, 60Á ʙװ

ʪʦʧʳʨʘץץʘ ץʳʩʳʤʳ ʩʝʨʽʧʧʝʤʝʥ 14 ʨʝʪʪʝʣʝʪʽʥ, ʩʝʧʢʽʰʪʽץ שʦʟסʘʣʳʩ ʙʘʨʳʩʳ 

ʙʦʡʳʥʰʘ ʪʽʨʝʫʜ̔ש ʘʨʪʳʥʜʘ ʪʳסʳʟʜʘʫ ʪʘʧʪʘסʳʰʳ 13 ʦʨʥʘʣʘʩץʘʥ (2.1-ʩʫʨʝʪ). 

ʉʽשʽʨʫʰʽʥʽש ʝʥʽ 0,02 ʤ-ʛʝ ʜʝʡʽʥ. 

 

 
 

ʉʫʨʝʪ 2.1 ï ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʪʽײץ שʨʳʣʳʤʜʳץ-

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩײʣʙʘʩʳ 

 

ʉʝʧʢʽʰʪʽץ שʦʟסʘʣʳʩʳ ʢʝʟʽʥʜʝ ʘʨʪץʳ ʦש ʞʘץʪʘסʳ ʨʝʪʪʝʣʝʪʽʥ ʙʠʽʢʪʽʢʪʝ 

ʩʽשʽʨʫʰʽ ʪʽʨʝʛʽʥʜʝ 9 ʘʣʜʳסשʳ ʢʝʩʫ ʞʠʝʛʽ ʪᴇʤʝʥ ץʘʨʘʡ ʛʦʨʠʟʦʥʪץʘ ʙʝʢʽʪʽʣʛʝʥ 

ʙʦʣʘʪʪʳש ʪʦʧʳʨʘץץʘ װʡʢʝʣʽʩ ʙײʨʳʰʳ ʪᴇʤʝʥ 30Á ʙײʨʳʰʳ ʪʽʨʝʫʜ̔9 ש ʙװʡʽʨ ʙʝʪʽʥʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʧʳʰʘס r12 ʙʘʨ. ʆסʘʥ ʙʝʢʽʪʽʣʛʝʥ ʪʽʨʝʫʜ̔9 ש ʘʨʪץʳ ʙʝʪʽʥʜʝʛʽ ʪץײʳʤ 

ʪװʪʽʛʽʥʝ 7 ʦʥʳש ʪʝʩʽʛʽʥʽש ʘʩʪʳʥʜʘ ʧʳʰʘץץʘ 12 ץʘʨʘʤʘ-ץʘʨʩʳ, ʪץײʳʤ ʪװʪʽʛʽ 7 

ʙʝʪʽʥʽש ʰʝʪʢʽ ʞʘסʳʥʳש ʞʦסʘʨסʳ ʤʘשʜʘʡʰʘʩʳ 11 ʙʝʢʽʪʽʣʛʝʥ. ʄʘשʜʘʡʰʘʥʳש 

ʞʦסʘʨסʳ ʞʘʟʳץʪʳסʳ ʩʝʧʢʽʰʪʽץ שʦʟסʘʣʳʩ ʙʘסʳʪʳʥʘ ʧʘʨʘʣʣʝʣʴ, ʧʳʰʘץʪʳ12 ש 
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ʘʩʪʳסשʳ ʞʘסʳʥʜʘ ʞᴅʥʝ ʘʩʪʳסשʳ ʞʘסʳʤʝʥ ʪץײʳʤ ʪװʪʽʛʽʥʝ 7 ʙʝʢʽʪʫ ʦʨʥʳʥʘ ץʘʨʘʤʘ-

 ʡʢʝʣʽʩװ שʳʤʥʳץײʳ ʙʦʣʘʪ ʙʝʪʽʥʜʝʛʽ ʪסʘʨסʞʦ שʘʥ ʞᴅʥʝ ʦʥʳץʘʨʩʳ ʦʨʥʘʣʘʩץ

ʙײʨʳʰʳʥʘʥ װʣʢʝʥ ʢᴇʣʜʝʥʝש ʞʘʟʳץʪʳץʧʝʥ ᴇʪʢʽʨ ʙײʨʳʰ ʞʘʩʘʡʜʳ, 2.1-ʩʫʨʝʪ. 

ʊ̔ ʨʝʫʜ̔9 ש ʘʨʪץʳ ʪᴇʤʝʥʛʽ ʞʘסʳʥʜʘ ʘʨʪץʳ ʞʘסʳʤʝʥ ʦʨʥʘʣʘʩץʘʥ ʪʳשʘʡʪץʳʰ 

ʪװʪʽʛʽʥʽש ʘʩʪʳʥʜʘ ʪᴇʤʝʥʛʽ ʤʘשʜʘʡʰʘ 15 ʙʝʢʽʪʽʣʛʝʥ, ʦʣ ʦʥʳש ʞʦסʘʨסʳ ʙʦʣʘʪ 

ʙʝʪʽʥʜʝʛʽ װʡʢʝʣʽʩ ʙײʨʳʰʳ ʢᴇʣʜʝʥʝש ʞʘʟʳץʪʳץʧʝʥ ᴇʪʢʽʨ ʙײʨʳʰ ʞʘʩʘʡʜʳ. 

ɾʘʧʳʨʘץʰʘʣʳ ʘʨʘʣʘʩʪʳʨʳʧ ץʦʧʩʳʪץʳʰ 6 ʞʝʪʝʛʽ ʪʳסʳʟʜʘʫ ʪʘʧʪʘסʳʰ 13 

ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ (2.1-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʤʝʛʝʥ). 

ʊ rrס ʟʜʘʫ ʪʘʧʪʘסʳʰʪʘʨʜʘʥ 13 ʘʡʥʘʣʤʘʣʳ ץʦʟסʘʣʳʩʪʳ ץʘʙʳʣʜʘʡ ʦʪʳʨʳʧ, 

ʞʘʧʳʨʘʰʘʣʳ ʘʨʘʣʘʩʪʳʨʳʧ ץʦʧʩʳʪץʳʰ 6 ʪץײʳʤ ʤʘʪʝʨʠʘʣʳʥ ץʦʟʫ ʢװʡʽʥʜʝ 

 ʘʥ ʩʝʙʫ ʘʧʧʘʨʘʪʳʥʘ 4סʳʤ ʙʫʥʢʝʨʽʥʝʥ 2 ʜᴅʥʛʝ ʘʨʥʘʣץײʩʪʘʡʜʳ ʞᴅʥʝ ʦʥʳ ʪײ

ʙʘסʳʪʪʘʡʜʳ, ʦʣ ᴅʣʩʽʟ ʞᴅʥʝ ץʘʪʪʳ ʩʫʩʳʤʘʣʳ ʪץײʳʤʜʘʨ װʰʽʥ ʙʝʡʽʤʜʝʣʛʝʥ ʞᴅʥʝ 

ʦʜʘʥ ᴅʨʽ ʪץײʳʤ ʪװʪʽʛʽ ʙʦʡʳʥʰʘ ʪץײʳʤʜʘʨ 7 ʞʦסʘʨסʳ ʤʘשʜʘʡʰʘסʘ 11 ʙʝʨʽʣʝʜʽ, 2.2-

ʩʫʨʝʪ.  

ʉʽשʽʨʫʰʽ 9 ʰʳʤʜʘ ʝʥʽ 0,02 ʤ-ʛʝ ʜʝʡʽʥ ʪʽʢ ʩʘשʳʣʘʫʜʳ, ʘʣ ʧʳʰʘ12 ץ ʦש 

ʞʘץʪʘסʳ ʢᴇʣʜʝʥʝש ʩʘשʳʣʘʫʜʳ ʢʝʩʽʧ ʪʘʩʪʘʡʜʳ, ץʦʥʜʳʨסʳʥʳץ שʦʟסʘʣʳʩʳ ʢʝʟʽʥʜʝ 

ʪʽʢ ʩʘשʳʣʘʫʜʳש ʙװʡʽʨ ץʘʙʳʨסʘʩʳʥ ʝʩʝʧʪʝʡʜʽ, ʘʣ ʪץײʳʤʜʘʨ ʞʦסʘʨסʳ ʤʘשʜʘʡʰʘʜʘʥ 

11 ʜʦʤʘʣʘʧ, ʦʩʳ ʢᴇʣʜʝʥʝש ʩʘשʳʣʘʫʜʘ 0,04õ0,06 ʤ ʪʝʨʝשʜʽʢʪʝ ʦʨʥʘʣʘʩץʘʥ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʪʳשʘʡʪץʳʰʪʘʨסʘ ʘʨʥʘʣסʘʥ ʙʫʥʢʝʨʜʝʥ 3 ʤʠʥʝʨʘʣʜʳ 

ʪʳשʘʡʪץʳʰʪʘʨ ʪʳשʘʡʪץʳʰʪʘʨסʘ ʘʨʥʘʣסʘʥ ʩʝʙʫ ʘʧʧʘʨʘʪʳ 5 ʘʨץʳʣʳ ʪʳשʘʡʪץʳʰ 

ʪװʪʽʛʽʥʝʥ 8 ʪᴇʤʝʥʛʽ ʤʘשʜʘʡʰʘסʘ 15 ʙʝʨʽʣʝʜʽ, ʩʽשʽʨʫʰʽ 9 ץʘʰʘʫʳʥʳ10 ש ʽʟʽʥʝ 

ʙʽʨʢʝʣʢʽ ʰʘʰʳʨʘʡʜʳ ʞᴅʥʝ ʘʛʨʝʛʘʪʪʳץ שʦʟסʘʣʳʩ ʙʘʨʳʩʳ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʡ 

ʦʪʳʨʳʧ, ʪץײʳʤʥʳש ʩʦʣ ʞʘסʳʥʜʘ 0,08õ0,12 ʤ ʪʝʨʝשʜʽʢʪʝ ʦʨʥʘʣʘʩʘʜʳ. ʉʽשʽʨʫʰʽʜʝʥ 

ʢʝʡʽʥ ʧʘʡʜʘ ʙʦʣסʘʥ ʩʘשʳʣʘʫʜʳ ץʳʩʘʪʳʥ 13 ʪʳסʳʟʜʘʫ ʪʘʧʪʘסʳʰʳ ʞװʨʝʜʽ. 

ɹʝʣʛʽʣʝʥʛʝʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝ ʧʘʡʜʘ ʙʦʣסʘʥ ʩʘשʳʣʘʫʣʘʨ ʞʝʤ-ʰᴇʧ 

ʘʣץʘʙʳʥʳש ʪʦץʳʨʘסʘʥ ʞᴅʥʝ ʪʳסʳʟʜʘʣסʘʥ ʪʦʧʳʨʘץ ץʘʙʘʪʳʥ ץʦʧʩʳʪʫסʘ ʳץʧʘʣ 

ʝʪʝʜʽ, ʢᴇʢʞʠʝʢʪʝʨ ʘʨʘʩʳʥʜʘסʳ ʘʫʘ ʤʝʥ ʳʣסʘʣ ʘʡʥʘʣʳʤʳʥ ʢװʰʝʡʪʝʜʽ ʞᴅʥʝ 

ʢᴇʢʪʝʤʛʽ-ʢװʟʛʽ, ʞʘשʙʳʨʣʳ ʢʝʟʝשʜʝ ʳʣסʘʣʜʳש ʞʠʥʘʣʫʳʥʘ ʞᴅʥʝ ײץʨסʘץ, ʞʘʟסʳ 

ʢʝʟʝשʜʝ ᴇʩʽʤʜʽʢʪʽש ʪʘʤʳʨ ʞװʡʝʩʽʥʝ ʳʣסʘʣʜʳש ʢᴇʪʝʨʽʣʫʽʥʝ ʳץʧʘʣ ʝʪʝʜʽ. 

ʊץײʳʤʥʳש ʪʳשʘʡʪץʳʰ ʛʦʨʠʟʦʥʪʳʥʘʥ ʞʦסʘʨʳ ʞᴅʥʝ ʩʦʣ ʞʘץʪʘ ʦʨʥʘʣʘʩʫʳ 

ʦʣʘʨʜʳש ʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷʣʘʨʤʝʥ ʪʝʞʝʣʫʽʥ ʙʦʣʜʳʨʤʘʡʜʳ ʞᴅʥʝ ᴇʩʽʤʜʽʢʪʽש 

ʪʘʤʳʨ ʞװʡʝʩʽʥ ʙʽʨʪʽʥʜʝʧ ץʦʨʝʢʪʝʥʜʽʨʫʛʝ ʳץʧʘʣ ʝʪʝʜʽ, ʘʣ ʪᴇʤʝʥʛʽ, ʜʳʤץʳʣ 

ʢᴇʢʞʠʝʢʢʝ ʞʘץʳʥ, ʪʳשʘʡʪץʳʰʪʘʨʜʳש ʦʨʥʘʣʘʩʫʳ ï ʦʣʘʨʜʳש ʪʦʧʳʨʘץ ʦʨʪʘʩʳʥʜʘ 

ʞʘץʩʳ ʝʨʫʽ ʞᴅʥʝ ץʦʥʳʩ ʘʫʜʘʨʫʳ. ʉʘשʳʣʘʫʣʘʨʜʳ ʘʨʥʘʡʳ ʪʳסʳʟʜʘʫ ʪʘʧʪʘסʳʰʳ 

 ʙʫʣʘʥʫʳʥ, ʞʝʨʜʽ ʞʝʤ ʘʡʥʘʣʳʤʳʥʘʥ שʘʣʜʳסʳʣʳ ʳʣץʳʣʘʫʣʘʨ ʘʨשʦʥʜʳʨʫ ʩʘץ

ʰʳסʘʨʫʜʳ, ʞʘʡʳʣʳʤ ʢʝʟʽʥʜʝ ʤʘʣʜʳש ʳץʪʠʤʘʣ ʞʘʨʘץʘʪʪʘʨʳʥ ʞᴅʥʝ ʤʘʰʠʥʘʣʘʨ 

 .ʘʨʘʡ ᴇʪʫʽʥʝ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʫʜʽ ʙʦʣʜʳʨʤʘʡʜʳץ ʘʨʳ שʨʘʣʳʥʳײץ

ɾʝʤʰᴇʧ ʘʣץʘʙʳʥ ץʘʡʪʘ ʞʘץʩʘʨʪʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʙʘסʳʪʪʘ ʞװʨʛʽʟʽʣʫʽ ʢʝʨʝʢ. 

ʄʘʰʠʥʘʥʳש ʥʝʛʽʟʛʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳ: 

ʈʘʤʘʣʳץ ,ץʦʩ ʪʽʨʝʢ, ʪʽʨʢʝʤʝ. 

ʉʽשʽʨʫʰʽ ʝʢʽ ץʘʪʘʨʣʳ, ʪʽʨʝʢʪʝʨ. 

ʉʝʧʢʽʰʪʽש ʘʣʳʤ ʝʥʽ ï 3,6 ʤ. 

 ;ʘʪʘʨʣʳ ʦʨʳʥʜʘʫ ʢʝʟʽʥʜʝ 0,3 ʤץ ʳ: 12סʘʪʘʨ ʘʨʘʣʳפ

  ;ʘʪʘʨʣʳ ʦʨʳʥʜʘʫ ʢʝʟʽʥʜʝ 0,36 ʤץ 10
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 .ʘʪʘʨʣʳ ʦʨʳʥʜʘʫ ʢʝʟʽʥʜʝ 0,4 ʤץ 9

ʉʝʙʫ ʪʝʨʝשʜʽʛʽ: 0,04 ʤ ʜʝʡʽʥ ï ʰᴇʧ ʪץײʳʤʜʘʨʳ װʰʽʥ; 

0,08 ʤ ʜʝʡʽʥ ï ʘʩʪʳץ ʪץײʳʤʜʘʨʳ װʰʽʥ; 

0,12 ʤ ʜʝʡʽʥ ï ʤʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨ װʰʽʥ. 

 

 
ʘ 

 
ʙ 

 

ʉʫʨʝʪ 2.2 ï ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʽשʽʨʫʰʽ 

 

ʉʝʧʢʽʰʪʽש ʞײʤʳʩ ʦʨʛʘʥʳʥʳײץ שʨʳʣʳʤʳʥ ʘʥʳץʪʘסʘʥ ʢʝʟʜʝ ʰᴇʧ ʪץײʳʤʳʥ 

ʰʳʤסʘ ʩʝʙʫʛʝ ץʦʡʳʣʘʪʳʥ ʘʛʨʦʪʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨʜʳ ʝʩʢʝʨʫ ץʘʞʝʪ. ɹʝʜʝ 



44 
 

(ʪװʡʝʞʦשʳʰץʘ), ʝʨʢʝʢʰᴇʧ, ʞʦשʳʰץʘ, ʘʨʧʘʙʘʩ ʞᴅʥʝ ʵʩʧʘʨʮʝʪ ʩʠʷץʪʳ ʰᴇʧʪʝʨʜʽש 

 ץʰʽʥ, ʞʘʙʳװ ʜʘʡ ʞʘʩʘʫסʦʣʘʡʣʳ ʞʘץ ᴇʥʫʽʥʝ שʳʤʜʘʨʳʥʳץײʠʳʥ ʩʫʩʳʤʘʣʳ ʪץ

ʜʘץʳʣʜʘʨʜʳש ʘʩʪʳʥʘʥ ʪʽʢʝʣʝʡ ʩʝʙʫ ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʦʡʳʥʰʘ ʞᴅʥʝ ʤʠʥʝʨʘʣʜʳ 

ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʙʽʨ ʤʝʟʛʽʣʜʝ ʩʘʨʘʣʘʥסʘʥ ʝʥʛʽʟʫʤʝʥ ʰʳʤסʘ ʩʝʙʽʣʛʝʥ, ʪʝʨʝשʜʽʛʽ 1-

6% ʰʝʛʽʥʜʝ ʙʽʨʢʝʣʢʽ ʝʤʝʩ ʞᴅʥʝ ʪײʨʘץʩʳʟ ʩʝʙʫʤʝʥ 0,018-0,06 ʤ ʙʦʣʫʳ ʢʝʨʝʢ ʞᴅʥʝ 

ʩʘʨʘʣʘʥסʘʥ ʝʥʛʽʟʫ 0,08-0,12 ʤ ʪʝʨʝשʜʽʢʪʝʛʽ ʪʳשʘʡʪץʳʰʪʘʨ, ʘʣ ץʘʪʘʨ ʘʨʘʣʳסʳʥʳש 

ʝʥʽ 12 ץʘʪʘʨʣʳ ʦʨʳʥʜʘʫʜʘ 0,30 ʤ, 10 ץʘʪʘʨʣʳ ʦʨʳʥʜʘʫʜʘ 0,36 ʤ, 9 ץʘʪʘʨʣʳ 

ʦʨʳʥʜʘʫʜʘ 0,40 ʤ ʙʦʣʫʳ ʢʝʨʝʢ [76, ʩ. 91]. 

 

2.2 Aʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʪʽש ʩʽשʽʨʫʰʽ ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ʥʝʛʽʟʜʝʫ 
 

2.2.1 ʉʽשʽʨʫʰʽ ץʘʰʘʫʳʥʳש ʝʥʽ ʤʝʥ ʘʰʳʣʫ ʙײʨʳʰʳʥ ʥʝʛʽʟʜʝʫ 

ʉ̔  ʘʰʘʫʳץ ʳסʧʣʘʥʜʘ שʤʳʩ ʦʨʛʘʥʳ 2.3ʘ-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ʆʥʳײʽʨʫʰʽ ʞש

2.3ʙ-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ʆʣ ʂʄʄ ʝʢʽ ץʳʨʣʳ ʙײʨʳʰ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄײʥʜʘ װʰ 

ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʽ ʘʞʳʨʘʪʫסʘ ʙʦʣʘʜʳ ï TKT ʞװʟʽʥʽץ שʳʨʳ, ʂʄ, ʂʄ1 ʬʘʩʢʘʣʘʨʳ 

ʞᴅʥʝ M ץʘץשʘʩʳ. ʊʦʧʳʨʘץ ᴇשʜʝʫ ײץʨʘʣʜʘʨʳʥʳש ʢʝʩʫ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʝʨʝʢʰʝʣʽʛʽ 

ï ʂ ʰʳשʳʥʜʘסʳ ʧʳʰʘץ ʝʢʽ ץʳʨʣʳ ʙײʨʳʰץʘ ʪʝʟ ʪʝʛʽʩʪʝʣʽʧ, ʜᴇשʛʝʣʝʢʪʝʣʛʝʥ 

ʧʽʰʽʥʛʝ ʠʝ ʙʦʣʘʜʳ. ɸʢʘʜʝʤʠʢ ɺ.ɸ. ɾʝʣʠʛʦʚʩʢʠʡ ʪʦʧʳʨʘץʪʳש ʙײʟʳʣʫʳʥʘ ʪʽʢʝʣʝʡ 

 ʩʳʥʜʳ [85]. ʂʄ ʞᴅʥʝ ʂʄ1ײ ʜʝʧ ʩʘʥʘʫʜʳ ץʘʩʳʥ ʧʳʰʘסʘʪʳʩʘʪʳʥ ʊʂʊ ʜʦץ

ʬʘʩʢʘʣʘʨʳ ץʘʟʽʨʜʽש ᴇʟʽʥʜʝ ʢʝʩʽʣʛʝʥ ʤʘʪʝʨʠʘʣʜʳ ʙװʡʽʨʽʥʝ ץʘʨʘʡ ʠʪʝʨʝʜʽ. 

ʂʄ ʬʘʩʢʘʩʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ ʪʦʧʳʨʘץ ʙᴇʣʰʝʛʽʥ ץʘʨʘʩʪʳʨʘʡʳץ. ʆסʘʥ ʬʘʩʢʘ 

ʞʘץʪʘʥ ʝʢʽ ʢװʰ ᴅʩʝʨ ʝʪʝʜʽ: ץʘʰʘʫʜʳץ שʘʣʳʧʪʳ ץʳʩʳʤʳ Nd ʞᴅʥʝ װʡʢʝʣʽʩ ʢװʰʽ Fd. 

ɽʛʝʨ ɸ ʙᴇʣʰʝʢʪʽש ʩʘʣʳʩʪʳʨʤʘʣʳ ץʦʟסʘʣʳʩʳ ʞʦץ ʙʦʣʩʘ, ʦʥʜʘ ʙʽʨʘʟ ʫʘץʳʪʪʘʥ 

ʢʝʡʽʥ ʦʣ ʽʣʛʝʨʽʣʝʤʝʣʽ ʞʳʣʜʘʤʜʳץ ɡ ʩʳʟʳסʳʥʜʘ ʉ ʧʦʟʠʮʠʷʥʳ ʘʣʘʜʳ. ɹᴇʣʰʝʢʪʽש 

ʙײʣ ᴅʨʝʢʝʪʽ ʪʦʧʳʨʘץ ʧʝʥ ץʘʰʘʫ ʤʝʪʘʣʳ Fd ʘʨʘʩʳʥʜʘסʳ װʡʢʝʣʽʩ ʢװʰʽ ʙʦʣʩʘ ʤװʤʢʽʥ 

ʙʦʣʘʜʳ ʞᴅʥʝ ץʘʣʳʧʪʳ ץʳʩʳʤʥʳש ʪʘʥʛʝʥʮʠʘʣʜʳ ʢʦʤʧʦʥʝʥʪʽ Ndt ʪʝש ʙʦʣʘʜʳ [86]: 

 

Ὂ ὔ       (2.1) 

 

ʆʣʘʨ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʪʝש: 

 

& . ϽὸὫ•     (2.2) 

 

. . ϽὧὸὫ•     (2.3) 

 

ɽʢʽʥʰʽ ʪʝשʜʽʢʪʽ ʙʽʨʽʥʰʽʩʽʥʝ ʘʫʳʩʪʳʨʘ ʦʪʳʨʳʧ, ʪᴇʤʝʥʜʝʛʽʥʽ ʘʣʘʤʳʟ: 

 

• ‌Ƞ     (2.4) 
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a 

 
ʙ 

 

Cʫʨʝʪ 2.3 ï ʉ̔  ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʥʝʛʽʟʜʝʫʛʝ שʘʰʘʫʳʥʳץ ʽʨʫʰʽש

 

ɻ̐ ̑ •ȟ      (2.5) 

 

ʤײʥʜʘ ű ï çʪʦʧʳʨʘץ-ʤʝʪʘʣʣè װʡʢʝʣʽʩ ʙײʨʳʰʳ;  

ɻ̐  ̑ï ץʘʰʘʫ ʞװʟʽʥʽש ʰʝʢʪʽ ʘʰʳʣʫ ʙײʨʳʰʳ. 
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(2.3) ʞʘסʜʘʡʳʥʜʘ ʪʦʧʳʨʘץ ʙᴇʣʰʝʛʽ ץʘʰʘʫʤʝʥ ʙʽʨʛʝ ץʦʟסʘʣʘʜʳ. 

ʊʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʽש ʩᴅʪʪʽ ᴇʪʫʽ ʞᴅʥʝ ʦʥʳש ʵʥʝʨʛʠʷ ʰʳסʳʥʳʥ ʘʟʘʡʪʫ װʰʽʥ 

ʢʝʣʝʩʽ ʞʘסʜʘʡ ʩʘץʪʘʣʫʳ ʢʝʨʝʢ: 

 

ɻ̐ ̑ •Ȣ       (2.6) 

 

ɹײʣ ʙײʨʳʰʪʳץ ʘʨʘץʘʪʳʥʘʩʪʘ, ץʘʰʘʫ ʪʦʧʳʨʘץʪʘ ץʦʟסʘʣסʘʥ ʢʝʟʜʝ, ɸ ʙᴇʣʰʝʛʽ 

ʉ ʥװʢʪʝʩʽʥʝ ʘʫʳʩʧʘʡʜʳ, ʙʽʨʘץ ʘʣʳʥסʘʥ ʢװʰ ʙʘסʳʪʳʥʜʘ ץʦʟסʘʣʘʜʳ, ʉd ʧʦʟʠʮʠʷʩʳʥ 

ʘʣʘʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ ʙᴇʣʰʝʢʪʽש ʘʙʩʦʣʶʪʪʽ ץʦʟסʘʣʳʩʳ ʩʳʨסʘʥʘʫ ʙʦʣʤʘסʘʥ ʢʝʟʜʝ 

ɸʉ ʦʨʥʳʥʘ ARd ʢʝʩʽʥʜʽʩʽʥʝʥ ʘʟ ʞᴅʥʝ ʦסʘʥ ʪʝש ʙʦʣʘʜʳ. 

ʆʩʳʣʘʡʰʘ, ʪʦʧʳʨʘץ ʙᴇʣʰʝʢʪʝʨʽ ʦʥʜʘסʳ ץʘʰʘʫ ץʦʟסʘʣסʘʥ ʢʝʟʜʝ ʢװʨʜʝʣʽ 

ʜʝʬʦʨʤʘʮʠʷʣʘʨסʘ (ʩʳסʳʣʳʧ ʩʳʨסʘʥʘʫסʘ) ײʰʳʨʘʡʪʳʥʳ ʘʥʳץ. ARC 

 ʳʤʝʥסʘʪʳʥʘʩʳʥ ʪʦʣʳץ שʣ ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳײʥʝʛʽʟʽ ʙ שʨʳʰʳʥʳײʰʙװ

ʩʠʧʘʪʪʘʡʜʳ. ʉʦʥʳʤʝʥ, ɸ1 ʢʝʩʽʥʜʽʩʽ ʪʦʧʳʨʘץʪʳש ʩʳסʳʣʫ ʜʝʬʦʨʤʘʮʠʷʩʳʥ, ʘʣ ʉ1 

ʢʝʩʽʥʜʽʩʽ ʩʳʨסʘʥʘʫ ʜʝʬʦʨʤʘʮʠʷʩʳʥ ʩʠʧʘʪʪʘʡʜʳ. ʆʣʘʨʜʳץ שʘʪʳʥʘʩʳʥ ʞʘʣʧʳ 

ʜʝʬʦʨʤʘʮʠʷ ᴇʣʰʝʤʽ ʨʝʪʽʥʜʝ ץʘʙʳʣʜʘʫסʘ ʙʦʣʘʜʳ: 

 

ʀ
˞

ˍ
Ȣ       (2.7) 

 

ɸʉʉ' װʰʙײʨʳʰʳʥʘʥ ʩʠʥʫʩ ʪʝʦʨʝʤʘʩʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʘʣʘʤʳʟ: 

 

˞ρ ˞ρ Ƞ    (2.8) 

 

!ρ ὅρ Ƞ    (2.9) 

 

ʊ Ƞ     (2.10) 

 

ʊ
Ͻ

Ȣ     (2.11) 

 

(2.6) ʬʦʨʤʫʣʘʜʘʥ ץʘʰʘʫʜʳש ᴅʩʝʨʽʥʝʥ ʪʦʧʳʨʘץ ʜʝʬʦʨʤʘʮʠʷʩʳʥʳש ᴇʣʰʝʤʽ 

ʝʢʽ ʰʘʤʘסʘ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ץʘʰʘʫ ʧʳʰʘסʳʥʳש ʘʰʳʣʫ ʙײʨʳʰʪʘʨʳʥʘ ʞᴅʥʝ ʩʳʨʪץʳ 

 ʣ ʪᴅʫʝʣʜʽʣʽʢ ʢʝʨʽײʘʪʘʨ, ʙץ ʡʢʝʣʽʩʢʝ, ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʽʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥװ

ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ï ʘʰʳʣʫ ʙײʨʳʰʳʥʳש ʞʦסʘʨʳʣʘʫʳʤʝʥ ʩʳʨסʘʥʘʫ ʘʟʘʷʜʳ, ʘʣ 

ʩʳסʳʣʫ ʜʝʬʦʨʤʘʮʠʷʩʳ ʘʨʪʘʜʳ. 

ʊʄ ץʠסʘʰ ʩʳʟʳץʪʳ ʫʯʘʩʢʝʩʽʥʜʝ ʪʦʧʳʨʘץ ʜʝʬʦʨʤʘʮʠʷʩʳʥʳש ʩʠʧʘʪʳ 

ᴇʟʛʝʨʤʝʡʜʽ. ʉʳʨסʘʥʘʫ ʰʘʤʘʣʘʨʳ ʉ1 ʤʝʥ ʩʳסʳʣʫ ʰʘʤʘʣʘʨʳʥʳש ɸ1 ʘʨʘץʘʪʳʥʘʩʳ 

ʪײʨʘץʪʳ ʥʝʤʝʩʝ ʪײʨʘץʪʳסʘ ʞʘץʳʥ. 

ɸʣʘʡʜʘ, T-T ץʠʩʳץ ʩʳʟʳץʪʳ ʙᴇʣʽʛʽʥʜʝ ʦʣ ʙײʟʳʣʘʜʳ. ɼʦסʘʥʳש ʦʨʪʘʩʳʥʜʘ 

ʽʣʛʝʨʽʣʝʤʝʣʽ ʞʳʣʜʘʤʜʳץʪʳש ɡ ʙʘסʳʪʪʘʨʳ ʞᴅʥʝ ץʘʣʳʧʪʳ ץʳʩʳʤʳ ʈd ʩᴅʡʢʝʩ 

ʢʝʣʝʜʽ. ɹײʣ ʞʘסʜʘʡʜʘ ʩʳʨסʘʥʘʫ ʙʦʣʤʘʡʜʳ, ʪʦʧʳʨʘץʪʳש ʪʘʟʘ ʩʳסʳʣʫʳ ʦʨʳʥ 

ʘʣʘʜʳ. 
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ɹᴇʣʰʝʢʪʽש ʩʳʨסʘʥʘʫʳ ʊ ʥװʢʪʝʩʽʥʝʥ ʢʝʡʽʥ ʙʘʩʪʘʣʘʜʳ, ʘʣ ʪʦʧʳʨʘץʪʳש 

ʩʳסʳʣʫʳ ʪᴇʤʝʥʜʝʡʜʽ. ʆʣʘʨʜʳץ שʘʪʳʥʘʩʳ (ʉ1 ʞᴅʥʝ ɸ1) ʦʨʥʘʪʳʣʘʜʳ. ʕʥʝʨʛʠʷ 

ʰʳסʳʥʜʘʨʳʥ ʤʘʢʩʠʤʘʣʜʳ װʥʝʤʜʝʫ ʪʦʧʳʨʘץʪʳ ʪʘʟʘ ʩʳʨסʘʥʘʫʤʝʥ ᴇשʜʝʫ ʢʝʟʽʥʜʝ 

ʧʘʡʜʘ ʙʦʣʘʜʳ. ʄײʥʜʘʡ ʞʘסʜʘʡ ŬŸ0 ʢʝʟʽʥʜʝ ʙʦʣʫʳ ʤװʤʢʽʥ ʞᴅʥʝ ʙײʣ ʰʳʥʜʳץץʘ 

ʞʘʥʘʩʧʘʡʜʳ, ᴇʡʪʢʝʥʽ ʙײʣ ʞʘסʜʘʡʜʘ ʪʦʧʳʨʘץʪʳ ץʦʧʩʳʪʫ ʙʦʣʤʘʡʜʳ. ʉʦʥʜʳץʪʘʥ 

ʤײʥʜʘʡ ᴇשʜʝʫ ʝʰʪʝשʝ ʙʝʨʤʝʡʜʽ. ʉʳסʳʣʫ ʞᴅʥʝ ʩʳʨסʘʥʘʫ ʰʘʤʘʣʘʨʳ ʪʝש ʙʦʣʘʪʳʥ 

ʥʝʤʝʩʝ ʙʽʨʽʥʰʽʩʽ ʝʢʽʥʰʽʩʽʥʝʥ ʩᴅʣ ʘʟ ʙʦʣʘʪʳʥ ʧʦʟʠʮʠʷʥʳ ʘʥʳץʪʘʡʪʳʥ ʙʦʣʘʜʳ ʜʝʧ 

ʙʦʣʞʘʫסʘ ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʵʥʝʨʛʠʷ ʰʳסʳʥʜʘʨʳ ʤʠʥʠʤʘʣʜʳ ʙʦʣʘʜʳ ʞᴅʥʝ 

ʪʦʧʳʨʘץ ᴇשʜʝʫʛʝ ʙʦʣʘʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ: 

 

˞ρ ˍρȢ     (2.12) 

 

ɹײʣ ʰʘʨʪ Aʉʉ' װʰʙײʨʳʰʳ ʪʝץ שʘʙʳʨסʘʣʳ ʙʦʣʩʘ ʦʨʳʥʜʘʣʘʜʳ. ɹײʣ 

ʞʘסʜʘʡʜʘ ʙײʨʳʰʪʘʨ 

 

᷁˞ ˞ˍ ᷁˞ ᴂ̱ Ȣ˞     (2.13) 
 

ʄײʥʜʘ: 

 

᷁˞ ˞ˍ ɻȢ     (2.14) 
 

᷁˞ !˞ ‌ •Ȣ     (2.15) 

 

ʉʦסשʳ װʰ ʪʝשʜʽʢʪʽש ʽʰʽʥʝʥ ʘʣʘʤʳʟ: 

 

ɻ Ȣ     (2.16) 

 

ʉʳʨסʘʥʘʫ ץʘʞʝʪ ʙʦʣסʘʥʥʘʥ ʛᴇʨʽ ʢᴇʙʽʨʝʢ ʙʦʣʘʪʳʥʳ ʘʥʳץ: 

 

ɻ Ȣ      (2.17) 

 

ʆʩʳʣʘʡʰʘ, (2.6) ʞᴅʥʝ (2.17) ʪʝשʜʝʫʽ ʪʦʧʳʨʘץʪʳ ᴇשʜʝʡʪʽʥ ʞײʤʳʩ 

ʦʨʛʘʥʳʥʳש ʘʰʳʣʫ ʙײʨʳʰʳʥ ï ץʘʰʘʫʜʳ, ʦʥʳש ʪᴇʤʝʥʛʽ ʞᴅʥʝ ʞʦסʘʨסʳ ʰʝʢʪʝʨʽʥ 

ʪʘשʜʘʫ ʰʘʨʪʳʥ ʙʝʨʝʜʽ, ʙײʣ ʪʦʧʳʨʘץʪʳ ʩʳʨסʘʥʘʫ ʞᴅʥʝ ʩrrס ʣʫ ʘʨץʳʣʳ ᴇשʜʝʫʜʽ 

 :ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ

 

ɻ •Ȣ     (2.18) 

 

2.4-ʩʫʨʝʪʪʝ ʪʦʧʳʨʘץ-ʤʝʪʘʣʣ װʡʢʝʣʽʩ ʙײʨʳʰʳʥʘʥ ʩʘשʳʣʘʫʣʳ ʢʝʩʫ 

ʙײʨʳʰʳʥʳש ʝʩʝʧʪʝʣʛʝʥ ʞᴅʥʝ ʛʨʘʬʠʢʘʣʳץ ʪᴅʫʝʣʜʽʣʽʛʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ʂᴇʨʽʧ 

ʦʪʳʨסʘʥʳשʳʟʜʘʡ, ʙײʣ ʪᴅʫʝʣʜʽʣʽʢ ʢʝʨʽ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ. תʡʢʝʣʽʩ ʙײʨʳʰʳʥʳש 

ʞʦסʘʨʳʣʘʫʳʤʝʥ ʢʝʩʫ ʙײʨʳʰʳʥ ʘʟʘʡʪʫ ʢʝʨʝʢ. 

 



48 
 

 
 

ʉʫʨʝʪ 2.4 ï ʉʽשʽʨʫʰʽ ʢʝʩʫ ʙײʨʳʰʳʥʳװ שʡʢʝʣʽʩ ʙײʨʳʰʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ 

 

ʉʽשʽʨʫʰʽʥʽש ʞװʟʽ ï 2ɔ ʰʳשʳʥʜʘ ʙײʨʳʰʳ ʙʘʨ ʊʂ ʜʦסʘʩʳ. ʇʳʰʘץʪʳש 

 :ʳʥ (2.19) ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʜʳסʜʳשʘʣʳץ

 

‏ ςὶÓÉÎ•ȟ     (2.19) 

 

ʤײʥʜʘ r = 0,002õ0,003 ʤ ï ʧʳʰʘץʪʳש ʰʘʨʪʪʳ ʜᴇשʛʝʣʝʢʪʝʫ ʨʘʜʠʫʩʳ. 

ʄʝʪʘʣʣסʘ װʡʢʝʣʽʩ ʙײʨʳʰʪʘʨʳ ʞʝשʽʣ ʞᴅʥʝ ʦʨʪʘʰʘ ʩʘʟʜʳ ʪʦʧʳʨʘץʪʘʨ 25-35Á 

ʘʨʘʣʳסʳʥʜʘ, ʘʣ ʘʫʳʨ ʪʦʧʳʨʘץʪʘʨ 40Áʜʝʡʽʥ. ɽʛʝʨ ʧʳʰʘץʪʳש ʜᴇשʛʝʣʝʢʪʝʫ ʨʘʜʠʫʩʳ 

r=0,0025 ʤ, װʡʢʝʣʽʩ ʙײʨʳʰʳ ʪʦʧʳʨʘץ-ʤʝʪʘʣʣ ű=34Á ʙʦʣʩʘ, (2.17) ʞᴅʥʝ (2.19) 

ʘʣʘʤʳʟ: 

 

‏ ςϽςȟυϽÓÉÎστЈπȟππςψ ̍Ȣ 
 

‎
“

τ

στ

ς
ςψЈȢ 

 

2.2.2 ʊʽʢ ʞʘʟʳץʪʳץʪʘ ʩʽשʽʨʫʰʽ ץʘʰʘʫʳʥʳש ʦʨʥʘʪʫ ʙײʨʳʰʳʥ ʥʝʛʽʟʜʝʫ 

ʊʽʢ ʞʘʟʳץʪʳץʪʘ ʞײʤʳʩ ʦʨʛʘʥʳʥ ʦʨʥʘʪʫ ʙײʨʳʰʳʥ ʥʝʛʽʟʜʝʫ װʰʽʥ 2.3ʘ-

ʩʫʨʝʪʪʽ ץʘʨʘʩʪʳʨʘʤʳʟ. ɸ ʙᴇʣʰʝʛʽʥʝ Rd ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʠʪʝʨʛʽʰ ʢװʰʽ ᴅʩʝʨ 

ʝʪʝʜʽ. ʆʥʳ ץʘʣʳʧʪʳ Nd ʞᴅʥʝ ʞʘʥʘʤʘ ײץʨʘʫʰʳʣʘʨʳʥʘ Fʜ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ. ʊʽʢ 

ʞʘʟʳץʪʳץʪʘסʳ ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʙײʨʳʰʳ ɓ ᴅʨʧʽʤʝʥ ʢᴇʨʩʝʪʽʣʛʝʥ. ɹײʣ ʞʘסʜʘʡʜʘ 

 ʘʣʳʧʪʳ ʞᴅʥʝ ʪʽʢ ʦʩʴץ ʨʳʰ ű, ʘʣײʳ ʙסʰʪʝʨ ʘʨʘʩʳʥʜʘװʘʣʳʧʪʳ ʞᴅʥʝ ʩʘʣʜʘʨʣʳ ʢץ

ʘʨʘʩʳʥʜʘ ɓ ʙʦʣʘʜʳ. ʉʳʨʪץʳ, ʠʪʝʨʛʽʰ ʢװʰʢʝ ʘʫʳʨʣʳץ ʢװʰʽ G ʞᴅʥʝ ʪʦʧʳʨʘץʪʳש 

ʽʰʢʽ ʽʣʽʥʽʩʫ ʢװʰʽ Fs ʞᴅʥʝ װʡʢʝʣʽʩ ʢװʰʽ F ᴅʩʝʨ ʝʪʝʜʽ. ʉʦסשʳ ʢװʰʪʽ ʽʰʢʽ װʡʢʝʣʽʩ 

ʢʦʵʬʬʠʮʠʝʥʪʽ ʘʨץʳʣʳ ץʘʨʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ. ʄʝʭʘʥʠʢʘʥʳ3 ש-ʰʽ ʟʘשʳʥʘ ʩᴅʡʢʝʩ, Rd 

ʞᴅʥʝ Nd. ʩʳʨʪץʳ ʢװʰʪʝʨʛʝ Rʨ ʞᴅʥʝ Nʨ ᴅʩʝʨ ʝʪʝʜʽ. 

 שʰʪʝʨʜʽװʠ ʦʩʴʪʝʛʽ ʙʝʣʩʝʥʜʽ ʢסʳʪʳ ʙʦʡʳʥʰʘ ʪʘʙʠסʘʰ ʙʘסʠץ שʘʰʘʫʜʳפ

ᴅʩʝʨʽʥ ץʘʨʘʩʪʳʨʘʤʳʟ [86, ʨ. 542]. 

&̅ Ὂ ὋίὭὲ‍π    (2.20) 

24
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. Ὃὧέί‍      (2.21) 

 

ʄײʥʜʘ ʪʦʧʳʨʘץ ʵʣʝʤʝʥʪʽʥʽש ʩʘʣʤʘסʳ Ὃ άὫ, ʘʣ װʡʢʝʣʽʩ ʢװʰʪʝʨʽ 

ʩᴅʡʢʝʩʽʥʰʝ f1 ʞᴅʥʝ f ʽʰʢʽ ʞᴅʥʝ ʩʳʨʪץʳ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ, 

ʤײʥʜʘ: 

 

ὪάὫὧέί‍ὪάὫὧέί‍άὫίὭὲ‍    (2.22) 

 

Ὢ Ὢ ὸὫ‍Ƞ     (2.23) 

 

ʂʦʵʬʬʠʮʠʝʥʪʪʝʨʜʽש ʤᴅʥʽʥ ץʘʙʳʣʜʘʡʤʳʟ Ὢ πȟψτȠὪ πȟυψȢ 
ɹײʣ ʞʘסʜʘʡʜʘ ɓ᷁=15Á. 

m ï ᴇשʜʝʣʝʪʽʥ ʪʦʧʳʨʘץ ʵʣʝʤʝʥʪʽʥʽש ʤʘʩʩʘʩʳ; 

g ï ʝʨʢʽʥ ʪװʩʫ װʜʝʫʽ. 

ʄײʥʜʘʡ ץʦʥʜʳʨסʳʜʘ ʩʽשʽʨʫʰʽ ץʘʥʘסʘʪʪʘʥʘʨʣʳץʩʳʟ ʞײʤʳʩ ʽʩʪʝʡʜʽ, ᴇʡʪʢʝʥʽ 

 ʘʥסʤʳʩ ʽʩʪʝʡʜʽ. ɼʝʬʦʨʤʘʮʠʷʣʘʥʙʘײʰʽʥ ʞװ ʘʙʘʪʪʳ ʢᴇʪʝʨʫץ ,ʰʽʥ ʝʤʝʩװ ʘʰʘʫ ʢʝʩʫץ

 .ʪʘʨ ʧʘʡʜʘ ʙʦʣʘʜʳץʘʨʳץ ʡʽʥʜʽʣʝʨʜʝʥ ʙᴇʣʛʽʰװ

ɽʛʝʨ ʦʥʳש ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ ʢᴇʣʜʝʥʝש ʥʝʤʝʩʝ ʦסʘʥ ʞʘץʳʥ ʙʦʣʩʘ, ʩʽשʽʨʫʰʽ 

ʪײʨʘץʪʳ ʞײʤʳʩ ʽʩʪʝʡʪʽʥʽ ʘʥʳץ. ʉʦʥʜʳץʪʘʥ ʢᴇʣʜʝʥʝש ʦʩʴ ʙʘסʳʪʳ ʙʦʡʳʥʰʘ 

ʙʝʣʩʝʥʜʽ ʢװʰʪʝʨʜʽש ʪʝʧʝ ʪʝשʜʽʛʽʥ ץʘʨʘʩʪʳʨʘʤʳʟ: 

 

Ὂ ὊϽὧέί‍ὔὧέί•πȢ    (2.24) 

 

 :ʳʣʳ ʪᴇʤʝʥʜʝʛʽʥʽ ʘʣʘʤʳʟץʨʘʫʰ rʤᴅʥʜʝʨʽʥ ʘʫʳʩʪʳʨʫ ʘʨײץ (2.16)

 

ὧέί•Ὢ Ὢὧέί‍,    (2.25) 

 

ʦʜʘʥ: 

 

ὧέί‍ .      (2.26) 

 

f=tgű ʝʢʝʥʽʥ ʝʩʢʝʨʽʧ, ʞʦסʘʨʳʜʘ ץʘʙʳʣʜʘʥסʘʥ ʤᴅʥʜʝʨʜʽ ʧʘʡʜʘʣʘʥʳʧ 

ʪᴇʤʝʥʜʝʛʽʥʽ ʘʣʘʤʳʟ: 

 

ὧέί‍
πȟψφ

πȟςφ
σȟσȠ     ‍ χσЈ 

 

ɸʣʳʥסʘʥ ʙײʨʳʰ ץʦʡʳʣסʘʥ ʤʽʥʜʝʪʪʝʨʜʽ ʪʦʣʳסʳʤʝʥ ץʘʥʘסʘʪʪʘʥʜʳʨʘʜʳ. 

ʐʳʤʜʘסʳ ץʘʰʘʫ ʪץײʳʤʜʘʨ ʤʝʥ ʪʳשʘʡʪץʳʰʪʘʨ ץʦʣʜʘʥʳʣʘʪʳʥ ײץʣʘʤʘסʘʥ 

ʞʘʨʳץʪʘʨʜʳ ʢʝʩʽʧ ʪʘʩʪʘʡʜʳ. 
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2.2.3 ʉʽשʽʨʫʰʽʥʽש ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥ ʘʥʳץʪʘʫ 

ʉʽשʽʨʫʰʽʥʽש ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʢᴇʣʜʝʥʝש ʞᴅʥʝ ʪʽʢ ʦʩʴʪʝʨʜʽש 

ʙʘסʳʪʪʘʨʳ ʙʦʡʳʥʰʘ ʦסʘʥ ᴅʩʝʨ ʝʪʝʪʽʥ ʩʳʨʪץʳ ʢװʰʪʝʨʜʽש ʪʝʧʝ-ʪʝשʜʽʛʽʥ 2.3-ʩʫʨʝʪ 

ʙʦʡʳʥʰʘ ץʘʨʘʩʪʳʨʘʤʳʟ: 

 

ὙίὭὲ— • ὗίὭὲ‌ • ὙίὭὲ‌ • ὖȠ (2.27) 

 

Ὑὧέί— • ὗὧέί‌ • Ὑὧέί‌ • π ,  (2.28) 

 

ʤײʥʜʘ Ὑ ï LK ʳסʳʩʫ ʞʘʟʳץʪʳסʳʥʜʘסʳ ʳסʳʩʫסʘ ʢʝʜʝʨʛʽ ʢװʰʽ; 

ὗ  ʪʦʧʳʨʘץ ʵʣʝʤʝʥʪʪʝʨʽʥʽץ שʦʟסʘʣסʘʥ ʢʝʟʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʠʥʝʨʮʠʷ ʢװʰʽ; 

Ὑ  ʢʝʜʝʨʛʽ שʵʣʝʤʝʥʪʪʝʨʽʥʽ ץʫ ʜʝʬʦʨʤʘʮʠʷʩʳʥʘ ʪʦʧʳʨʘסʘʰʘʫʤʝʥ ʩʳץ 

ʢװʰʽ; 

ς‌ ï ʩʽשʽʨʫʰʽʥʽש ʘʰʳʣʫ ʙײʨʳʰʳ; 

ςὦï ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʝʥʽ; 

 ̋ï ʞײʤʳʩ ʦʨʛʘʥʳʥʘ ʪװʩʝʪʽʥ ʢװʰ; 

ὶ  ʩ̔  ;ʨʳʰʳײʽʨʫʰʽʥʽ ʦʨʥʘʪʫ ʙש

•  ʤʝʪʘʣ ʤʝʥ ʪʦʧʳʨʘץ ʘʨʘʩʳʥʜʘסʳ װʡʢʝʣʽʩ ʙײʨʳʰʳ; 

• ï ʪʦʧʳʨʘץʪʳש ʽʰʢʽ װʡʢʝʣʽʩ ʙײʨʳʰʳ; 

—  ʪʦʧʳʨʘץʪʳש ʳסʳʩʫ ʙײʨʳʰʳ. 

ɽʢʽʥʰʽ ʪʝשʜʝʫʜʝʥ (2.28) ʘʥʳץʪʘʡʤʳʟ: 

 

Ὑ Ὑ ὗ .    (2.29) 

 

ɹʽʨʽʥʰʽ (2.27) ʪʝשʜʝʫʛʝ (2.29) ץʦʶ ʘʨץʳʣʳ: 

 

ὖ Ὑ ίὭὲ— •
ὧέί— • ϽίὭὲ‌ •

ὧέί‌ •
 

ὗίὭὲ‌ • ὧέί‌ • ϽὸὫ‌ •   (2.30) 

 

ʉʦסשʳ ʪʝשʜʝʫʜʽש ʞʝשʽʣʜʝʪʽʣʛʝʥ ʪװʨʽ: 

 

ὖ Ὑ ˍ ˏ ὗˍ ˏ     (2.31) 

 

ʤײʥʜʘ ˍ ÓÉÎ— • ; ̱ ÓÉÎ‌ • Ƞ ὄ
Ͻ

; 

ὄ ὧέί‌ • ϽὸὫ‌ • . 

(2.31)-ʜʘʥ ʩʽשʽʨʫʰʽʥʽש ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ ʝʢʽ ʪᴅʫʝʣʩʽʟ ʰʘʤʘʜʘʥ ʪײʨʘʪʳʥʜʳסʳʥ 

ʢᴇʨʫʛʝ ʙʦʣʘʜʳ: ʙʽʨʽʥʰʽʩʽ ï ʪʦʧʳʨʘץʪʳש ʳסʳʩʫ ʜʝʬʦʨʤʘʮʠʷʩʳʥʘ ʢʝʜʝʨʛʽʩʽ, 

ʝʢʽʥʰʽʩʽ ï ʪʦʧʳʨʘץ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʢʠʥʝʪʠʢʘʣʳץ ʵʥʝʨʛʠʷʥʳ ʘʣʫסʘ, ʷסʥʠ 

 ʤʳʩײʨʳʰʪʘʨʳʥʘ ʞᴅʥʝ ʞײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʘʰʳʣʫ ʙײʘ ʢʝʜʝʨʛʽʩʽ, ʙץʘʣʳʩסʦʟץ

ʦʨʛʘʥʳʥʳש ʦʨʥʘʣʘʩʫʳʥʘ, ʩʦʥʜʘʡ-ʘץ ʪʦʧʳʨʘץʪʳש ʩʳʨʪץʳ ʞᴅʥʝ ʽʰʢʽ װʡʢʝʣʽʩ 

ʙײʨʳʰʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. 
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 ʳʩʫסʨʝʘʢʮʠʷʩʳ ʳ שʘʙʘʪʪʳץ ʘʥסʳ ʜʝʬʦʨʤʘʮʠʷʣʘʥʙʘסʘʣʜʳʥʜʘ שʘʰʘʫʜʳפ

ʢʝʜʝʨʛʽʩʽʥʝʥ ʪװʟʽʣʝʜʽ, ʦʣ: 

 

Ὑ ςὒὑϽὬϽ†̒  ̇,     (2.32) 

 

ʤײʥʜʘסʳ: 

 

ὒὑ . 

 

ɹײʣ ʞʘסʜʘʡʜʘ: 

 

Ὑ „  ̇.     (2.33) 

 

ʅʴʶʪʦʥʥʳ2 ש-ʟʘשʳʥʘ ʩᴅʡʢʝʩ, ʞʳʣʞʳסʘʥ ʪʦʧʳʨʘץ ʵʣʝʤʝʥʪʪʝʨʽ ʠʥʝʨʮʠʷ 

ʢװʰʽʥʝ ʠʝ ʙʦʣʘʜʳ: 

 

ὗ ‫ά,    (2.34) 

 

ʤײʥʜʘ ‫  ʞʳʣʞʳʤʘʣʳ ʵʣʝʤʝʥʪʪʝʨʜʽװ שʜʝʫʽ; 

ά  ʞʳʣʞʳʤʘʣʳ ʵʣʝʤʝʥʪʪʝʨʜʽש ʤʘʩʩʘʩʳ. 

ɾʳʣʞʳʤʘʣʳ ʵʣʝʤʝʥʪʪʝʨʜʽװ שʜʝʫʽ :שʪʝ ‫ 

 

‫  ,    (2.35) 

 

ʤײʥʜʘ ʙʘʩʪʘʧץʳ ʞʳʣʜʘʤʜʳץ ‮ π ʞᴅʥʝ ʙʘʩʪʘʧץʳ ʫʘץʳʪ ὸ π; 
‮  ʪʦʧʳʨʘץ ʵʣʝʤʝʥʪʽʥʽש ʘʙʩʦʣʶʪʪʽ ʞʳʣʜʘʤʜʳסʳ; 

 ὸ  ʵʣʝʤʝʥʪʪʽש ʬʘʩʢʘʜʘסʳ ʞʦʣ ʞװʨʫ ʫʘץʳʪʳ. 

ʂʄ ʬʘʩʢʘʩʳʥʜʘסʳ ʞʦʣ ʞװʨʫ ʫʘץʳʪʳ ʪʝש: 

 

ὸ
˗˙

 .     (2.36) 

 

ʊʦʧʳʨʘץ ʵʣʝʤʝʥʪʽʥʽש ʞʳʣʜʘʤʜʳסʳʥ ʘʥʳץʪʘʫ װʰʽʥ 2.5-ʩʫʨʝʪʪʝʛʽ 

ʞʳʣʜʘʤʜʳץ ʞʦʩʧʘʨʳʥ ץʘʨʘʩʪʳʨʘʤʳʟ [86, ʨ. 543]: 

 

σ᷁ρς ‌Ƞ     (2.37) 

 

τ᷁ρς ‌ •Ƞ    (2.38) 

 

ς᷁τρ •Ȣ     (2.39) 
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ʉʫʨʝʪ 2.5 ï ʊʦʧʳʨʘץʪʳש ʞʳʣʞʳʤʘʣʳ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʞʳʣʜʘʤʜʳסʳʥ ʥʝʛʽʟʜʝʫʛʝ 

 

ɹײʣ ʞʘסʜʘʡʜʘ: 

 

́‮ ‮  ;      (2.40) 

 

‮ ‮  .    (2.41) 

 

(2.36) ʞᴅʥʝ (2.39) ʪʝשʜʝʫʣʝʨʜʽ (2.35) ʪʝשʜʝʫʛʝ ץʦʶ ʘʨץʳʣʳ ʘʥʳץʪʘʡʤʳʟ: 

 

‫ ‮   .    (2.42) 

 

(2.34) ʪʝשʜʝʫʜʝʥ ʜʝʬʦʨʤʘʮʠʷʣʘʥʘʪʳʥ ʪʦʧʳʨʘץ ץʘʙʘʪʳʥʳש ʤʘʩʩʘʩʳʥ 

ʘʥʳץʪʘʡʤʳʟ 

 

ά ὑὓϽὑὒϽὬϽὫ , 

 

ʤײʥʜʘ ὑὓ ;   ὑὒ  

 

ά
ϽϽ

Ͻ
 Ȣ        (2.43) 

 

(2.42) ʞᴅʥʝ (2.43) ʝʩʢʝʨʝ ʦʪʳʨʳʧ, (2.34) ʪʝשʜʝʫ ʢʝʣʝʩʽ ʪװʨʜʝ ʙʦʣʘʜʳ 

 

ὗ ‮
ϽϽ Ͻ

Ͻ
    (2.44) 

 

(2.33) ʞᴅʥʝ (2.44) ʪʝשʜʝʫʣʝʨʜʽ ץʦʶ ʘʨץʳʣʳ (2.45) ʘʣʘʤʳʟ: 
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ὖ ̇ ὃ ὄ ‮
ϽϽ Ͻ

Ͻ
ὃ ὄ   (2.45) 

 

(2.45) ʪʝשʜʝʫʜʝʥ ʩʽשʽʨʫʰʽ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʙʽʨʽʥʰʽ ʤװʰʝʩʽ ᴇשʜʝʣʝʪʽʥ 

ʪʦʧʳʨʘץ ץʘʙʘʪʳʥʳש ʧʘʨʘʤʝʪʨʣʝʨʽʥʝʥ ʞᴅʥʝ ʦʥʳש ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘʥ ʦʨʪʘʰʘʣʘʥסʘʥ ʢʝʜʝʨʛʽʣʝʨʜʝʥ ʪײʨʘʪʳʥʳʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. 

ʄʳʩʘʣʳ, ʳסʳʩʫ ʜʝʬʦʨʤʘʮʠʷʩʳʥʳש ʙײʨʳʰʳ ʞᴅʥʝ ʩʳסʳʣʫʜʳש ʰʝʢʪʽ ʢʝʜʝʨʛʽʩʽ. 

ɸʣ ʝʢʽʥʰʽ ʤװʰʝʩʽ ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʽʣʛʝʨʽʣʝʤʝʣʽ ʞʳʣʜʘʤʜʳסʳʥʘ ʞᴅʥʝ ʦʥʳ 

ʦʨʥʘʪʫ, ʘʰʳʣʫ ʞᴅʥʝ װʡʢʝʣʽʩ ʙײʨʳʰʪʘʨʳʥʘ ʪᴅʫʝʣʜʽ ʪʦʧʳʨʘץ ʵʣʝʤʝʥʪʪʝʨʽʥʽש 

 .ʢʝʜʝʨʛʽʣʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ץʘʣʳʩʳʥʘ ʠʥʝʨʮʠʷʣʳסʦʟץ

ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ ʝʩʝʧʪʽʢ ʪʝʢʩʝʨʫ װʰʽʥ ᴅʜʝʙʠ ʢᴇʟʜʝʨ ʥʝʛʽʟʽʥʜʝ ʘʣʳʥסʘʥ 

ʬʦʨʤʫʣʘʣʘʨסʘ ʢʽʨʝʪʽʥ ʘʡʥʳʤʘʣʳʣʘʨʜʳש ʦʨʪʘʰʘ ʩʘʥʜʳץ ʤᴅʥʜʝʨʽʥ ץʘʙʳʣʜʘʡʤʳʟ: 

‌ σπЈ ï ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʘʰʳʣʫ ʙײʨʳʰʳ; ű=30Á ï ʪʦʧʳʨʘץʪʳש ʽʰʢʽ װʡʢʝʣʽʩ 

ʙײʨʳʰʳ; • τπЈ ï ʪʦʧʳʨʘץʪʳש ʩʳʨʪץʳ װʡʢʝʣʽʩ ʙײʨʳʰʳ; — τυЈ ï 
ʪʦʧʳʨʘץʪʳש ʳסʳʩʫ ʙײʨʳʰʳ; ɓ=75Á ï ץʘʰʘʫʜʳ ʦʨʥʘʪʫ ʙײʨʳʰʳ; 2b = 0,03 ʤ ï 

ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʝʥʽ; h=0,1 ʤ ï ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʞװʨʽʩʽʥʽש ʪʝʨʝשʜʽʛʽ;  ᵻ= 2,77 

ʤ/ʩ ï ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʽʣʛʝʨʽʣʝʤʝʣʽ ʞʳʣʜʘʤʜʳסʳ; „̒ ̇  150000 ʢʛ/ʤ2 ï 

ʪʦʧʳʨʘץʪʳש ʩʳסʳʣʫסʘ ʰʝʢʪʽ ʢʝʜʝʨʛʽʩʽ; ɟ = ρπʢʛ/ʤ3 ï ʪʦʧʳʨʘץʪʳש ʢᴇʣʝʤʜʽʢ 

ʩʘʣʤʘסʳ [86, ʨ. 544]. 

ɹײʣ ʤᴅʥʜʝʨʜʝ ʤʳʥʘʣʘʨʜʳ ʘʣʘʤʳʟ: ὃ πȟπψχȠὃ πȟωωφȠˏ πȟςςȠˏ
πȟυωςȠ Ὑ χτψ˚; ὗ ςψ.̊ ɾײʤʳʩ ʦʨʛʘʥʳʥʳש ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ: ʈ=720ʅ. 

ɸʣʳʥסʘʥ ʥᴅʪʠʞʝ ʢװʪʽʣʝʪʽʥ ʥᴅʪʠʞʝʛʝ ʞʘץʳʥ. ɼʠʥʘʤʦʤʝʪʨʤʝʥ ʪʝʢʩʝʨʫ ץʘʞʝʪ. 

MathCAD ʙʘסʜʘʨʣʘʤʘʩʳʥʳש ʢᴇʤʝʛʽʤʝʥ (2.45) ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʪʘʨʪʫ 

ʢʝʜʝʨʛʽʩʽʥʽש (2.10 ,2.9 ,2.8 ,2.7 ,2.6-ʩʫʨʝʪʪʝʨ) ץʘʰʘʫʜʳש ʦʨʥʘʪʫ ʙײʨʳʰʳʥʘ, ʞײʤʳʩ 

ʦʨʛʘʥʳʥʳש ʝʥʽʥʝ, ᴇשʜʝʫ ʪʝʨʝשʜʽʛʽʥʝ ʞᴅʥʝ ʞʳʣʜʘʤʜʳסʳʥʘ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʢʪʝʨʽ 

ʘʣʳʥʜʳ [87]. 

 ᴇʟʛʝʨʫʽ שʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽסʘʣʳʩ ʞʳʣʜʘʤʜʳסʦʟפ

ʧʘʨʘʙʦʣʘʣʳץ ʩʠʧʘʪץʘ ʠʝ (2.6-ʩʫʨʝʪ). ʊʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽץ שʦʥʜʳʨסʳʥʳש ᴅʨʪװʨʣʽ 

ʦʨʥʘʪʫ ʙײʨʳʰʪʘʨʳʥʜʘסʳ ʞʳʣʜʘʤʜʳץץʘ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽʥʜʝ, ʩʝʧʢʽʰʪʽש ʞײʤʳʩ 

ʞʳʣʜʘʤʜʳסʳ ʞʦסʘʨʳʣʘסʘʥ ʢʝʟʜʝ, ʞײʤʳʩ ʦʨʛʘʥʳʥʘ ʪװʩʝʪʽʥ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש 

ʤᴅʥʽ ʘʨʪʘʜʳ, ʙʽʨʘץ ʦʨʥʘʪʫ ʙײʨʳʰʳʥʳש ʤᴅʥʜʝʨʽ ʞʦסʘʨʳʣʘסʘʥ ʢʝʟʜʝ ʪᴇʤʝʥʜʝʡʜʽ. 

ɹײʣ ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʪʦʧʳʨʘץʧʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʽש ʙʘʩʪʘʧץʳ ʩᴅʪʽʥʜʝ 

ʠʥʝʨʮʠʷʣʳץ ʢװʰʪʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ, ᴇʡʪʢʝʥʽ ʦʩʳ ʫʘץʳʪʪʘ 

ʪʦʧʳʨʘץʪʳש ʪʳʥʳʰʪʳץ ʠʥʝʨʮʠʷʩʳ ʙײʟʳʣʘʜʳ, ʦʥʳש ʙᴇʣʰʝʢʪʝʨʽ ʙʝʣʛʽʣʽ ʙʽʨ 

 ʘ ʠʝץץʘ ʩᴅʡʢʝʩ ʢʝʣʤʝʡʪʽʥ ʘʙʩʦʣʶʪʪʽ ʞʳʣʜʘʤʜʳץץʜʝʫʣʝʨʛʝ ʞᴅʥʝ ʢᴇʣʙʝʫ ʩʳʟʳװ

ʙʦʣʘʜʳ. ʀʥʝʨʮʠʷʣʳץ ʢװʰ ʙᴇʣʰʝʢʪʝʨʜʽש ʘʙʩʦʣʶʪʪʽ ʞʳʣʜʘʤʜʳץ ʩʳʟʳסʳ 

ʙʦʡʳʥʰʘ, ʪʝʢ ʢʝʨʽ ʙʘסʳʪʪʘ ʙʘסʳʪʪʘʣʘʪʳʥʳ ʘʥʳץ. ʊʦʧʳʨʘץʪʳ ʙײʟʫʜʳש ʪײʨʘץʪʳ 

ʧʨʦʮʝʩʽʥʜʝ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ ʘʟ ʙʦʣʘʜʳ. ɸʣʘʡʜʘ, ʽʣʛʝʨʽʣʝʤʝʣʽ ʞʳʣʜʘʤʜʳץ ʦʜʘʥ ᴅʨʽ 

ʞʦסʘʨʳʣʘסʘʥ ʩʘʡʳʥ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ ʜʝ ʘʨʪʘʜʳ [87, ʨ. 2333-2334]. 
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ʘ ʙ 
 

ʘ ïɡ =1õ15 ʤ/ʩ ʙʦʣסʘʥʜʘ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʞʳʣʜʘʤʜʳץץʘ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ; ʙ ïɡ 

=1,67õ3,33 ʤ/ʩ ʙʦʣסʘʥʜʘ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʞʳʣʜʘʤʜʳץץʘ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ  
 

ʉʫʨʝʪ 2.6 ï ᴄʨ ʪװʨʣʽ ʦʨʥʘʪʫ ʙײʨʳʰʪʘʨʳʥʜʘסʳ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʞʳʣʜʘʤʜʳץץʘ 

ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ 

 

  
ʘ ʙ 

ʘ ïb=0,015õ0,035 ʤ ʙʦʣסʘʥʜʘ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʦʨʥʘʪʫ ʙײʨʳʰʳʥʘ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ; ʙ 

ïb=0,02õ0,06 ʤ ʙʦʣסʘʥʜʘ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʦʨʥʘʪʫ ʙײʨʳʰʳʥʘ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ 
 

ʉʫʨʝʪ 2.7 ï פʘʰʘʫ ʝʥʽʥʽש ᴅʨ ʪװʨʣʽ ʤᴅʥʽʥʜʝ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʦʨʥʘʪʫ ʙײʨʳʰʳʥʘ 

ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ 

 

 ץʪʳץʨʳʰʳʥʘ ʩʳʟʳײʨʣʽ ʤᴅʥʽʥʜʝ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ ʦʨʥʘʪʫ ʙװᴅʨ ʪ שʘʰʘʫ ʝʥʽʥʽפ

ʪᴅʫʝʣʜʽʣʽʢʢʝ ʠʝ, 2.7ʘ-ʩʫʨʝʪ ʞᴅʥʝ 2.7ʙ-ʩʫʨʝʪ. ʊʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʦʨʥʘʪʫ ʙײʨʳʰʳʥʘ 
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ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽʥʝʥ ʦʨʥʘʪʫ ʙײʨʳʰʳ ײʣסʘʡסʘʥ ʢʝʟʜʝ ʞײʤʳʩ ʦʨʛʘʥʳʥʘ ʪװʩʝʪʽʥ 

ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʰʘʤʘʣʳ ʪᴇʤʝʥʜʝʫʽʥ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ. ɸʣʘʡʜʘ ץʘʰʘʫʜʳש ʝʥʽ 

0,005 ʤ-ʛʝ ײʣסʘʡסʘʥ ʢʝʟʜʝ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʤᴅʥʽ ʰʘʤʘʤʝʥ 300ʅ-סʘ ʘʨʪʘʜʳ. 

ʉʝʧʢʽʰʪʽש ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʘʨʪʫʳ ץʘʰʘʫʜʳש ʞײʤʳʩ ʙʝʪʽʥʽש ʝʥʽʥʽײ שʣסʘʶʳʤʝʥ, 

ʘʣ ʩʝʧʢʽʰʪʽש ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʪᴇʤʝʥʜʝʫʽ ʦʥʳש ʛʦʨʠʟʦʥʪץʘ ץʘʪʳʩʪʳ ʦʨʥʘʪʫ 

ʙײʨʳʰʳʥʳש ᴇʟʛʝʨʫʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ [87, ʨ. 2335-2337]. 

 

 
 

ʘ ʙ 

ʘ ï ʉʝʙʫ ʪʝʨʝשʜʽʛʽ h=0,02õ0,12 ʤ ʙʦʣסʘʥʜʘ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʝ ʪᴅʫʝʣʜʽʣʽʢ 

ʛʨʘʬʠʛʽ; ʙ ï ʉʝʙʫ ʪʝʨʝשʜʽʛʽ h=0,09õ0,12 ʤ ʙʦʣסʘʥʜʘ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʝ 

ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ  
 

ʉʫʨʝʪ 2.8 ï ʊʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ᴅʨ ʪװʨʣʽ ʞʳʣʜʘʤʜʳץʪʘסʳ ʪץײʳʤʜʘʨʜʳ ʩʝʙʫ 

ʪʝʨʝשʜʽʛʽʥʝ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ 

 

2.8-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʛʨʘʬʠʢʪʽ ʪʘʣʜʘʫ ץʘʙʳʣʜʘʥסʘʥ ʪץײʳʤ ʩʝʙʫ ʪʝʨʝשʜʽʛʽ 

ʩʽשʽʨʫʰʽ ʤʝʥ ʩʝʧʢʽʰʪʽש ʢʝʨʥʝʫ ʢʝʜʝʨʛʽʩʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ ʞᴅʥʝ ʪʽʢʝʣʝʡ 

ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ʢʚʘʜʨʘʪʪʳץ ʪᴅʫʝʣʜʽʣʽʢʢʝ ʠʝ ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʤᴅʥʽ ʞʦסʘʨʳʣʘסʘʥ ʢʝʟʜʝ ʞײʤʳʩ ʦʨʛʘʥʳʥʘ 

ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ ʝʢʽ ʝʩʝ ʘʨʪʘʜʳ, ʙʽʨʘץ ʩʝʧʢʽʰʪʽש ʞײʤʳʩ ʞʳʣʜʘʤʜʳסʳ ʞʦסʘʨʳʣʘסʘʥ 

ʢʝʟʜʝ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ ʪᴇʤʝʥʜʝʡʜʽ. 

 ʜʽʛʽʥʝשʩʝʙʫ ʪʝʨʝ שʨʣʽ ʤᴅʥʽʥʜʝ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽװᴅʨ ʪ שʘʰʘʫ ʝʥʽʥʽפ

ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽʥʝʥ (2.9-ʩʫʨʝʪ) ʩʝʙʫ ʪʝʨʝשʜʽʛʽ ײʣסʘʡסʘʥ ʢʝʟʜʝ, ʞײʤʳʩ ʦʨʛʘʥʳʥʘ 

ʪװʩʝʪʽʥ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʤᴅʥʽ ʝʜᴅʫʽʨ ʘʨʪʘʪʳʥʳʥ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ץʘʰʘʫʜʳש ʝʥʽ 

0,005 ʤ-ʛʝ ײʣסʘʡסʘʥ ʢʝʟʜʝ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʤᴅʥʽ ʰʘʤʘʤʝʥ                               300ʅ-

 .ʘ ʙʦʣʘʜʳ [87, ʨ. 2335]סʘʫץʘ ʘʨʪʘʪʳʥʳ ʙʘʡס
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ʘ ʙ 

ʘ ï פʘʰʘʫ ʝʥʽ b=0,02=0,06 ʤ ʙʦʣסʘʥʜʘ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʝ ʪᴅʫʝʣʜʽʣʽʢ 

ʛʨʘʬʠʛʽ; ʙ ï פʘʰʘʫ ʝʥʽ b=0,015õ0,035 ʤ ʙʦʣסʘʥʜʘ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʝ ʪᴅʫʝʣʜʽʣʽʢ 

ʛʨʘʬʠʛʽ 
 

ʉʫʨʝʪ 2.9 ï פʘʰʘʫ ʝʥʽʥʽש ᴅʨ ʪװʨʣʽ ʤᴅʥʽʥʜʝ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʪץײʳʤʜʘʨʜʳ 

ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʝ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ 

 

  
ʘ ʙ 

 

ʘ ï ʉʝʙʫ ʪʝʨʝשʜʽʛʽ h=0,02õ0,12 ʤ ʙʦʣסʘʥʜʘ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʝ ʪᴅʫʝʣʜʽʣʽʢ 

ʛʨʘʬʠʛʽ; ʙ ï ʉʝʙʫ ʪʝʨʝשʜʽʛʽ h=0,1õ0,102 ʤ ʙʦʣסʘʥʜʘ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʝ 

ʪᴅʫʝʣʜʽʣʽʛʽʥʽש ʛʨʘʬʠʛʽ  
 

ʉʫʨʝʪ 2.10 ï ᴄʨʪװʨʣʽ ʦʨʥʘʪʫ ʙײʨʳʰʪʘʨʳʥʜʘסʳ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʪץײʳʤ ʩʝʙʫ 

ʪʝʨʝשʜʽʛʽʥʝ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ 

 

2.10-ʩʫʨʝʪʪʝ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ᴅʨ ʪװʨʣʽ ʦʨʥʘʪʫ ʙײʨʳʰʪʘʨʳʥʜʘסʳ ʪץײʳʤ 

ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʝ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽʥʝʥ ʩʝʙʫ ʪʝʨʝשʜʽʛʽ ײʣסʘʡסʘʥ ʢʝʟʜʝ ʞײʤʳʩ 

ʦʨʛʘʥʳʥʘ ʪװʩʝʪʽʥ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʤᴅʥʽ ʞʦסʘʨʳʣʘʡʪʳʥʳʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ, ʙʽʨʘץ 

ʦʨʥʘʪʫ ʙײʨʳʰʳʥʳש ʤᴅʥʜʝʨʽ ʞʦסʘʨʳʣʘסʘʥ ʢʝʟʜʝ ʘʡʳʨʤʘʰʳʣʳץ ʘʡʪʘʨʣʳץʪʘʡ 

ʝʤʝʩ, ᴅʩʽʨʝʩʝ ɓ=60Á-ʧʝʥ ɓ=70Áõ85Á-ʪʳ ʩʘʣʳʩʪʳʨסʘʥʜʘ. 
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(2.45) ʬʦʨʤʫʣʘʩʳʥʘʥ ʘʣʳʥסʘʥ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʢʪʝʨʽʥʝʥ ʪץײʳʤʥʳש ʝʥʽʥʽש, 

ʪʝʨʝשʜʽʛʽʥʽש ʘʨʪʫʳ ʞײʤʳʩ ʦʨʛʘʥʳʥʘ ʪװʩʝʪʽʥ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʤᴅʥʽʥʽש ʘʨʪʫʳʥʘ 

ᴅʢʝʣʝʜʽ ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. ɸʣ ʢʝʨʽ ʞʘסʜʘʡʜʘ, ʞײʤʳʩ 

ʞʳʣʜʘʤʜʳסʳ ʞʦסʘʨʳʣʘסʘʥʜʘ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʤᴅʥʽ ʪᴇʤʝʥʜʝʡʜʽ. ʆʨʥʘʪʫ 

ʙײʨʳʰʳ ײʣסʘʡסʘʥ ʩʘʡʳʥ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ ʜʝ ʘʨʪʘʜʳ, ʘʣʘʡʜʘ ɓ=70Áõ85Á ʘʨʘʩʳʥʜʘסʳ 

ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʘʡʳʨʤʘʰʳʣʳסʳ ʘʡʪʘʨʣʳץʪʘʡ ʝʤʝʩ. 

 

2.3 SolidWorks ʞᴅʥʝ ANSYS ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʜʘ ץʘʰʘʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ʩʦסשʳ ʵʣʝʤʝʥʪ ʞᴅʥʝ SPH ᴅʜʽʩʽʤʝʥ ʤʦʜʝʣʴʜʝʫ 

ʊʦʧʳʨʘץʪʳ ʪʝʨʝץ שʦʧʩʳʪʫ ï ץʘʪʪʳ ץʘʙʘʪʪʘʨʜʳ ʙײʟʫ ʞᴅʥʝ ʪʦʧʳʨʘץʪʳש 

ʪʳסʳʟʜʘʣʫ ʰʝʢʪʝʫʣʝʨʽʥ ʞʝשʫ װʰʽʥ ʪʦʧʳʨʘץʪʳ ᴇשʜʝʫʜʽש ʤʘשʳʟʜʳ ᴅʜʽʩʽ. תʰ 

ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨ (ʢᴇʪʝʨʫ ʙײʨʳʰʳ ű, ʦʨʥʘʪʫ ʙʠʽʢʪʽʛʽ h ʞᴅʥʝ ʦʨʥʘʪʫ ʙײʨʳʰʳ ɓ) 

ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʤʘʰʠʥʘʣʘʨʳʥʳש ʞײʤʳʩʳʥʘ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ. [88-90] 

ʟʝʨʪʪʝʫʣʝʨʜʝ ʪʦʧʳʨʘץʪʳץ שʦʧʩʳʪʫ ʪʠʽʤʜʽʣʽʛʽʥʝ ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʜʽש ᴅʩʝʨʽʥ 

ʙʘסʘʣʘʫ װʰʽʥ ʜʠʩʢʨʝʪʪʽ ʵʣʝʤʝʥʪʪʝʨʜʽ (DEM) ץʦʣʜʘʥʘʪʳʥ ʤʦʜʝʣʴʜʝʨ ᴅʟʽʨʣʝʥʜʽ 

ʞᴅʥʝ ʥʝʛʽʟʜʝʣʜʽ. ʅᴅʪʠʞʝʣʝʨ ű-ʛʝ ʝש ʢᴇʧ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ, ʩʦʜʘʥ ʢʝʡʽʥ h ʞᴅʥʝ 

ɓ. ɾײʤʳʩ ʦʨʛʘʥʳʥʳש ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ə-ʛʝ ᴅʩʝʨ ʝʪʫʽʥʽש ʤʘשʳʟʜʳʣʳסʳ ʢʝʣʝʩʽʜʝʡ 

ʙʦʣʜʳ: h, ű ʞᴅʥʝ ɓ; ű ʞᴅʥʝ h ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʽש ə-ʛʝ ᴅʩʝʨʽ ʜʝ ʤʘשʳʟʜʳ ʙʦʣʜʳ. 

ɾײʤʳʩ ʦʨʛʘʥʳʥʳש ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ ʞᴅʥʝ ʪʽʢ ʢװʰʽ ʢᴇʣʙʝʫ ʙײʨʳʰʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʩʳʟʳץʪʳץ ʞᴅʥʝ ʩʳʟʳץʪʳץ ʝʤʝʩ ᴇʟʛʝʨʝʜʽ. ʂᴇʣʙʝʫ ʙײʨʳʰʳ ʪᴇʤʝʥʜʝʛʝʥ ʩʘʡʳʥ 

ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ ʘʡʪʘʨʣʳץʪʘʡ ᴇʩʪʽ. [91] ʟʝʨʪʪʝʫʜʝ ʞײʤʳʩ ʦʨʛʘʥʳʥʳש 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ ʘʨץʳʣʳ ʢᴇʣʜʝʥʝש ʞᴅʥʝ ʪʽʢ ʢװʰʪʝʨ ʪʦʧʳʨʘץʪʳש 

 ,ʪʳ ʰᴇʛʽʥʜʽʣʝʨʜʽץʥʘ ץʳʥ ʘʨʪʪʳʨʜʳ, ʙʽʨʘסʦʧʩʳʪʫʳʥ ʞᴅʥʝ ʢᴇʪʝʨʽʣʫ ʘʡʤʘץ

ʪʦʧʳʨʘץʪʳש ʢᴇʣʝʤʜʽʢ ʪʳסʳʟʜʳסʳʥ ʞᴅʥʝ ʝʥʫʛʝ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʘʟʘʡʪʪʳ. ɸʣʘʡʜʘ, ʙײʣ 

ʞײʤʳʩʪʘʨ ʪʘʨʪʳʣʳʩ ʢװʰʽ ʤʝʥ ᴇʥʽʤʜʽʣʽʢʪʽש ʪʝʨʝץ-שʦʧʩʳʪץʳʰʪʳײץ שʨʳʣʳʤʜʳץ 

ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ʪᴅʫʝʣʜʽʣʽʛʽʥ ʟʝʨʪʪʝʜʽ [87, ʨ. 2327]. 

ɾʽשʽʰʢʝ ʩʽשʽʨʫʰʽʣʝʨ ʪʦʧʳʨʘץʪ r ᴇשʜʝʫʩʽʟ ʩʝʙʫ ʢʝʟʽʥʜʝ ץʘʨʳץʪʘʨסʘ 

ʪץײʳʤʜʘʨʜʳ ʞᴅʥʝ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʩʝʙʫ װʰʽʥ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ, ʙʽʨʘץ 

ʪʦʧʳʨʘץʪʳ ʰʘʤʘʜʘʥ ʪʳʩ ʘʨʘʣʘʩʪʳʨʫ ʢᴇʙʽʥʝʩʝ ʦʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʰʝʢʪʝʡʜʽ. [92] 

ʞײʤʳʩʪʘ ʩʽשʽʨʫʰʽʥʽ ʦʨʥʘʪʫ ʙײʨʳʰʳʥʳש (35-90Á) ᴅʩʝʨʽ ʤʦʜʝʣʴʜʝʥʽʧ, ʘʣʜʳסשʳ 

ʟʝʨʪʪʝʫʣʝʨʤʝʥ ʩʘʣʳʩʪʳʨʳʣʜʳ. ײפʤʜʳ-ʩʘʟʜʳ ʪʦʧʳʨʘץʪʘ ץʘʨʳץ ʧʨʦʬʠʣʽʥʽש 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ, ץʦʧʩʳʪʫ ʘʡʤʘסʳʥ, ʞʦʪʘʥʳש ʙʠʽʢʪʽʛʽʥ, ʦʡʳץ ʘʡʤʘסʳʥ, ץʘʨʳץʪʳ 

ʪʦʣʪʳʨʫʜʳ ʞᴅʥʝ ʪʦʧʳʨʘץʪʳש ʙװʡʽʨʣʽʢ ʰʳסʘʨʳʣʫʳʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ץʘʪʝʣʽʢʧʝʥ 

(9, 16, 14, 0.8 ʞᴅʥʝ 9%) ʙʦʣʞʘʥʘʜʳ. ʆʨʥʘʪʫ ʙײʨʳʰʳ ײʣסʘʡסʘʥ ʢʝʟʜʝ ʪʘʨʪʫ 

ʢʝʜʝʨʛʽʩʽʥʽש h ʘʤʘʤʝʥ ʝʢʽ ʝʩʝ ʪᴇʤʝʥʜʝʫʽʥ, ʩʦʥʜʘʡ-ʘ71 ץÁ ʪʽʢ ʢװʰʪʽש ᴇʟʛʝʨʫʽʥ DEM 

ᴅʜʽʩʽʤʝʥ ʙʦʣʞʘʥʜ ,r ʙײʣ ʪʝʥʜʝʥʮʠʷסʘ ʪʦʣʳסʳʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. פʦʣʜʘʥʳʣסʘʥ 

DEM ʤʦʜʝʣʴʜʝʫ ʪᴅʩʽʣʽ ײץʤʜʳ-ʩʘʟʜʳ ʪʦʧʳʨʘץʪʘסʳ ʪʘʨ ʢʦʥʪʫʨʣʳ ʩʽשʽʨʫʰʽ 

ᴇʥʽʤʜʽʣʽʛʽʥ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʘʨʥʘʣסʘʥ. 

90Á (ʜʦסʘʣ ʞᴅʥʝ ץʠסʘʰ ʙʝʪʽ) ʞᴅʥʝ 53Á ʦʨʥʘʪʫ ʙײʨʳʰʪʘʨʳ ʙʘʨ װʰ ʩʽשʽʨʫʰʽ 

ʝʛʽʩʪʽʢʪʽײץ שʨסʘץ ʩʘʟʜʳ-ʩʘʟʜʳ ʪʦʧʳʨʘסʳʥʜʘסʳ ʝʢʽ ץʠʩʳץ ʧʳʰʘץ ʛʝʦʤʝʪʨʠʷʩʳʤʝʥ 

(0,045 ʞᴅʥʝ 0,095 ʤ-ʛʝ ʳסʳʩʫ) ʩʘʣʳʩʪʳʨʳʣʜʳ [93-97]. 53Á ʢᴇʣʙʝʫ ʙײʨʳʰʳ ʙʘʨ ʪʽʢ 

ʩʽשʽʨʫʰʽ ʞʳʣʜʘʤʜʳץץʘ ʝװ שʣʢʝʥ ʨʝʘʢʮʠʷʥʳ ʢᴇʨʩʝʪʪʽ, ץʘʨʳץ ʪʦʣʪʳʨʫʜʳ ʘʟʘʡʪʪʳ 

ʞᴅʥʝ ʪʦʧʳʨʘץʪʳש (ץʘʨʳץ ʦʨʪʘʩʳʥʘʥ) ʙװʡʽʨʣʽʢ ʰʳסʘʨʳʣʫʳʥ ʘʨʪʪʳʨʜʳ. ɽʢʽ ʞʘץʪʳ 

ʬʘʩʢʘʥʳ ץʦʩʫ ʪʦʧʳʨʘץʪʳש ʙװʡʽʨʣʽʢ ʪʘʨʘʣʫʳʥ ʘʟʘʡʪʳʧ, 2,22 ʤ/ʩ ʞʳʣʜʘʤʜʳץʧʝʥ 
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ʪʦʣʪʳʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʪʽ, ʙʽʨʘץ ʪʦʧʳʨʘץʪʳש ʪʘʨʘʣʫʳ 3,33 ʞᴅʥʝ 4,44 ʤ/ʩ-ʪʘ 

ᴇʩʪʽ. ɸʣʘʡʜʘ, 0,045 ʤ-ʛʝ ʳסʳʩץʘʥ ץʠʩʳץ ʘʷסʳ ʙʘʨ ʩʽשʽʨʫʰʽ ʞʳʣʜʘʤʜʳץʪʘ 

ʪʦʧʳʨʘץʪʳש ʢᴇʙʽʨʝʢ ʪʘʨʘʣʫʳʥʘ ʠʝ ʙʦʣʜʳ. ɹײʣ ץʘʨʳץ ʪʦʣʪʳʨʫʜʳש ʘʟʘʶʳʥʘ ʞᴅʥʝ 

4,44 ʤ/ʩ ʞʳʣʜʘʤʜʳץʧʝʥ ʪʦʧʳʨʘץʪʳש ʙװʡʽʨʣʽʢ ʪʘʨʘʣʫʳʥʳש ʞʦסʘʨʳʣʘʫʳʥʘ ᴅʢʝʣʜʽ 

(ʪʽʢ ʩʘסʘʣʳ ʩʽשʽʨʫʰʽʛʝ ץײʩʘʩ). [98] ʞײʤʳʩʳʥʜʘ ץʘʨʳץʪʳש ʤᴇʣʰʝʨʽ ʙװʡʽʨʣʽʢ 

ʘʷץʪʳש ʘʣסʘ ץʘʨʘʡ ץʠʩʘʶ ʙײʨʳʰʳʥʘ (>90Á) ץʘʨʘסʘʥʜʘ ʘʷץʪʳש ʙװʡʽʨʣʽʢ ʳסʳʩʫʳʥʘ 

ʞᴅʥʝ ʙװʡʽʨʣʽʢ ʘʷץʪʳש ʠʽʣʫ ʙײʨʳʰʳʥʘ ʢᴇʙʽʨʝʢ ʪᴅʫʝʣʜʽ ʝʢʝʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ. 

ʅᴅʪʠʞʝʣʝʨ ʪʦʧʳʨʘץʪʳש ʪʘʨʘʣʫʳʥ ʞᴅʥʝ ʪʘʨʪʳʣʫʳʥ ʘʟʘʡʪʫ ʘʨץʳʣʳ ʪʽʢʝʣʝʡ ʩʝʙʫ 

ʞʳʣʜʘʤʜʳסʳʥ ʘʨʪʪʳʨʫ װʰʽʥ ʞʘשʘ ʩʽשʽʨʫʰʽ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ᴅʣʝʫʝʪʽʥ ʢᴇʨʩʝʪʝʜʽ, 

ʦʩʳʣʘʡʰʘ ʩʝʙʫ ʩʘʧʘʩʳ ʤʝʥ ʩʝʧʢʽʰʪʽש ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ [87, ʨ. 2343]. 

ɾײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʘ ᴅʩʝʨ ʝʪʢʝʥ ʢʝʟʜʝ ʪʦʧʳʨʘץʪʳש ʞʘסʜʘʡʳʥ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫ ᴇʪʝ ץʠʳʥ ʥʝʤʝʩʝ ʤװʤʢʽʥ ʝʤʝʩ. ʉʦʥʜʳץʪʘʥ ʢᴇʧʪʝʛʝʥ 

ʟʝʨʪʪʝʫʰʽʣʝʨ [99-100] ײץʨʘʣʜʘʨסʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʢװʰʪʝʨʜʽ, ʪʦʧʳʨʘץʪʘסʳ 

ʢʝʨʥʝʫʣʝʨʜʽש ʪʘʨʘʣʫʳʥ ʞᴅʥʝ ʪʦʧʳʨʘץʪʳש ʙײʟʳʣʫ ʩʠʧʘʪʳʥ ʟʝʨʪʪʝʫ װʰʽʥ 

ʪʦʧʳʨʘץʪʳש ʬʠʟʠʢʘʣʳץ ʢװʡ-ᴇʟʛʝʨʽʩʽʥ ʩʦסשʳ ʵʣʝʤʝʥʪʪʝʨʤʝʥ (FEM) ʪʳסʳʟʜʘʣסʘʥ 

ʢʝʟʜʝ ʤʦʜʝʣʴʜʝʫʜʽ ץʦʣʜʘʥʜʳ. 

ɿʝʨʪʪʝʫʣʝʨʜʝ [101-106] ʪʦʧʳʨʘץ ʧʝʥ װʡʽʥʜʽ ʩʦץʘʥʳש ʪʦʧʳʨʘץʪʳש 

 ʰʽʥװ ʰʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥ ʤʦʜʝʣʴʜʝʫװʜʝʫ ʢשʘʣʫʳʥʘ, ᴇסʦʟץ

ʜʠʩʢʨʝʪʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽ (DEM) ץʦʣʜʘʥʳʣʜʳ. DEM ʙʦʣʞʘסʘʥ ʪʘʨʪʫ ʢʝʜʝʨʛʽʣʝʨʽ 

ᴅʨʪװʨʣʽ ʪʦʧʳʨʘץ ʪװʨʣʝʨʽʥʝ ʝʩʝʧʪʝʣʛʝʥʜʝʨʛʝ ץײʩʘʩ ʙʦʣʜʳ. ᴆשʜʝʫ ʪʝʨʝשʜʽʛʽʥʽש 

ʘʨʪʫʳ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʘʨʪʫʳʥʘ ᴅʢʝʣʜʽ. 

ɸʣʘʡʜʘ, ʢʝʡʙʽʨ ʞʘסʜʘʡʣʘʨʜʘ ʜᴅʩʪװʨʣʽ ʩʦסשʳ ʵʣʝʤʝʥʪʪʝʨʜʽ ʥʝʤʝʩʝ ʪʦʨʣʳ 

ʽʨʽʢʪʝʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʙʘʩץʘ ᴅʜʽʩʪʝʨʜʽ ץʦʣʜʘʥʫ ʤװʤʢʽʥ ʝʤʝʩ. [107] ʞײʤʳʩʪʘ 

ʞʦסʘʨʳ ץʳʩʳʤʜʳ ʪʦʧʳʨʘץʪʳ ʙײʟʫ ʧʨʦʮʝʩʪʝʨʽʥ ʤʦʜʝʣʴʜʝʫ װʰʽʥ ʪʝʛʽʩ 

ʙᴇʣʰʝʢʪʝʨʜʽש ʛʠʜʨʦʜʠʥʘʤʠʢʘʩʳʥʳש ʃʘʛʨʘʥʞʜʳ ʪʦʨʣʳ ʝʤʝʩ ᴅʜʽʩʪʝʨʽʥ ʪʦʧʳʨʘץ 

ʦʨʪʘʩʳʥʘ ץʦʣʜʘʥʫסʘ ʰʦʣʫ ʙʝʨʽʣʛʝʥ. 

ɼʘʣʘʣʳץ ʩʳʥʘץʪʳש ʘʥʳץʪʘʣסʘʥ ʢʝʤʰʽʣʽʢʪʝʨʽ ʤʦʜʝʣʴʜʝʫ ʢʝʟʽʥʜʝ 

ʥʘץʪʳʣʘʥסʘʥʥʘʥ ʢʝʡʽʥ ץʘʰʘʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥʜʝ ʩʽשʽʨʫʰʽ ײץʨʳʣʳʤʳʥʳש ᴇʟʛʝʨʫʽʥ 

ʙʦʣʞʘʡʜʳ. ʉʝʧʢʽʰʪʽש ʞײʤʳʩ ʦʨʛʘʥʳʥʳײץ שʨʳʣʳʤʳʥ ʞʘʩʘʫ ʢʝʟʽʥʜʝ ץʘʰʘʫ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ ʤʘשʳʟʜʳ ʤᴅʩʝʣʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʉʽשʽʨʫʰʽ ץʘʰʘʫʳʥʳש ʙʝʣʛʽʣʝʥʛʝʥ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽץ שʘʫʽʧʩʽʟʜʽʢ ץʦʨʳʥ 

ʘʥʳץʪʘʫ װʰʽʥ ʢʝʨʥʝʫʣʽ ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʜʽ ʘʣʜʳʥ-ʘʣʘ ʝʩʝʧʪʝʫ ʞװʨʛʽʟʽʣʜʽ. 

SolidWorks Simulation ʙʘסʜʘʨʣʘʤʘ ʢʝʰʝʥʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣסʘʥ ʩʦסשʳ 

ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽ ץʦʣʜʘʥʳʣʜʳ. 

ʉʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ װʰʽʥ ץʘʰʘʫʜʳש ʥʝʛʽʟʛʽ ᴇʣʰʝʤʜʝʨʽ ʨʝʪʽʥʜʝ ʝʥʽ 0,02ʤ, 

0,025 ʤ ʞᴅʥʝ 0,03 ʤ, ʘʣ ײʟʳʥʜʳסʳ 0,145 ʤ ץʘʙʳʣʜʘʥʜʳ. 

2.11-ʩʫʨʝʪʪʝ ץʘʰʘʫʣʘʨʜʳש ʞʠʳʥʪʳץ ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʵʧʶʨʘʣʘʨʳ 

ʢᴇʨʩʝʪʽʣʛʝʥ. ɽʩʝʧʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʤʦʜʝʣʴʜʽש ʘʫʜʘʥʳ ײʣסʘʡסʘʥ ʢʝʟʜʝ 

 ʘסʤᴅʥʽ ʜʝ ʘʨʪʘʜʳ ʜʝʧ ʘʡʪʫ שʘʣʳʩʪʳסʦʟץ ʢʝʩʫ ʙᴇʣʽʛʽʥʜʝʛʽ ʤʘʢʩʠʤʘʣʜʳ שʘʰʘʫʜʳץ

ʙʦʣʘʜʳ. ɽʥʽ 0,02 ʤ ץʘʰʘʫ װʰʽʥ ʦʥʳש ʤᴅʥʽ 1,645Ĭ105 ʅ/ʤ2, 0,025 ʤ ï 2,411Ĭ105 

ʅ/ʤ2, ʘʣ 0,03 ʤ ï 2,450Ĭ105 ʅ/ʤ2. 2.6ʘ, 2.6ʙ, 2.6ʚ-ʩʫʨʝʪʪʝʥ ʢʝʜʝʨʛʽ ʤʝʥ 

ʜʝʬʦʨʤʘʮʠʷʥʳץ שʘʰʘʫ ʝʥʽʥʝ ʪᴅʫʝʣʜʽʣʽʛʽʥʽש ʪʫʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳסʳʥ ʘʪʘʧ ᴇʪʫʛʝ 

ʙʦʣʘʜʳ. פʘʰʘʫ ʥʝײסʨʣʳʤ ʢʝש ʙʦʣʩʘ, ʩʦײסʨʣʳʤ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ ʤʝʥ ʪײʤʩʳץ 

ʙᴇʣʽʛʽʥʽש ʜʝʬʦʨʤʘʮʠʷʩʳ ʘʨʪʘʜʳ. 
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ɽʥʽ 0,02 ʤ ץʘʰʘʫסʘ ʫʥʠʪʘʨʣʳץ ʢʝʨʥʝʫʣʝʨʜʽש ʪʘʨʘʣʫʳʥ ʪʘʣʜʘʫ װʰʽʥ ANSYS-

ʪʝ ʤʦʜʝʣʴʜʝʫ ʞװʨʛʽʟʽʣʜʽ. פʘʰʘʫʜʳש ʩʠʧʘʪʪʘʤʘʩʳʥ ʟʝʨʪʪʝʫʛʝ ʘʨʥʘʣסʘʥ 

 ᴇʣʰʝʤʜʝʨ ʨʝʪʽʥʜʝ SOLIDWORKS ʤʦʜʝʣʴʜʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ץʨʳʣʳʤʜʳײץ

ʦשʪʘʡʣʳ ʧʘʨʘʤʝʪʨʣʝʨ ץʘʙʳʣʜʘʥʜʳ: ʝʥʽ 0,02 ʤ, ײʟʳʥʜʳסʳ 0,145 ʤ, ʦʨʥʘʪʫ ʙײʨʳʰʳ 

75Á. פʘʰʘʫʜʳץ שʦʟסʘʣʳʩʳ OX ʦʩʽ ʙʦʡʳʤʝʥ ʞװʨʝʜʽ, OZ ʦʩʽ ʞʘʟʳץ ʙʝʪʽʥʝ ץʘʪʳʩʪʳ 

ʞײʤʳʩ ʙᴇʣʽʛʽʥʽש ʢᴇʣʙʝʫ ʙײʨʳʰʳʥ ʘʥʳץʪʘʡʜʳ. ʄʦʜʝʣʴʜʝʫ ץʘʨʘʧʘʡʳʤ ץʘʨʘ 

ʪʦʧʳʨʘװ ץʰʽʥ ʞװʨʛʽʟʽʣʜʽ (ʳʣסʘʣʜʳʣʳסʳ 25-45%, ʪʦʧʳʨʘץʪʳש ʦʨʪʘʰʘ ʜʠʘʤʝʪʨʽ 

0,050 ʤ ʪʘʩʪʘʨʤʝʥ ʣʘʩʪʘʥʫʳ 0,6-1,5 ʜʘʥʘ/ʤ2). 

 

  
ʘ ʙ 

 
ʚ 

 
a  ʝʥʽ 0,02 ʤ: max 1.645Ĭ10-8 ʤ; ʙ ʝʥʽ 0,025 ʤ: max 2.179Ĭ10-8 ʤ;  ʚ  ʝʥʽ 0,03 ʤ: max 

2.450Ĭ10-8 ʤ 
 

ʉʫʨʝʪ 2.11 ï URES: ɾʠʳʥʪʳץ ʦʨʳʥ ʘʫʳʩʪʳʨʫ 

 

ʄʘʢʩʠʤʘʣʜʳ ʜʝʬʦʨʤʘʮʠʷ ʞᴅʥʝ ץʘʫʽʧʪʽ ʪʦʟʫ ʘʡʤʘסʳ 2.12ʘ-ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ץʘʰʘʫʜʳש ʪײʤʩʳץ ʙᴇʣʽʛʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ. ɹײʣ ʞʘסʜʘʡʜʘ ץʳʟʳʣ 

ʪװʩʧʝʥ ץʘʫʽʧʪʽ ʘʡʤʘץ ʢᴇʨʩʝʪʽʣʛʝʥ, ʙײʣ ץʘʰʘʫʜʘ ʩʳʟʘʪʪʘʨ ʤʝʥ ʞʘʨʳץʰʘץʪʘʨʜ  r

ʪʫʜʳʨʫʳ ʤװʤʢʽʥ. ʄʦʜʝʣʴʜʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʞײʤʳʩ ʙᴇʣʽʛʽʥʜʝ ץʘʨʘ 

ʪʦʧʳʨʘץ (ʦשʪװʩʪʽʢ ʢʘʨʙʦʥʘʪ, ʘʫʳʨ ʩʘʟʜʘץ, ʰʳʤ) װʰʽʥ ʤʘʢʩʠʤʘʣʜʳ ץʘʣʳʧʪʳ 

ʢʝʨʥʝʫ 65,038 ʄʇʘ (2.12ʙ-ʩʫʨʝʪ), ʘʣ ʳסʳʩʫ ʢʝʨʥʝʫʽ 22,601 ʄʇʘ (2.12ʛ-ʩʫʨʝʪ) 

ʝʢʝʥʽʥ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ. פʘʰʘʫ ʞװʢʪʝʤʝʩʽ ᴇשʜʝʫ ʪʝʨʝשʜʽʛʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ 

 .ʰʽʥ Pmax=2,00 ʄʇʘ, Pmin=0,7 ʄʇʘװ ץʘʨʘ ʪʦʧʳʨʘץ :ʳʩʳʤʤʝʥ ʪʽʢʝʣʝʡ ʦʨʳʥʜʘʣʜʳץ

 ʪʘʨʘʣʫʳ שʘʥ ʤʦʜʝʣʴʜʝʛʽ von Mises ʵʢʚʠʚʘʣʝʥʪʪʽ ʢʝʨʥʝʫʣʝʨʽʥʽסʰʳʨʘײ ʘסʳʩʳʤפ

2.12-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ, ʙ-ʛ. ʪʦʧʳʨʘץʪʳ ʪʳסʳʟʜʘʫ ʢʝʟʽʥʜʝ ʞײʤʳʩ ʙᴇʣʽʛʽʥʽש ʪʦʟʫ 

ʤᴇʣʰʝʨʽ ʪʽʨʝʫʜʝʛʽ ʙʝʢʽʪʫ ʥװʢʪʝʩʽʥʝʥ ʝʨʢʽʥ ʽʣʽʥʝʪʽʥ ʢʦʥʩʦʣʴ ʙᴇʣʽʛʽʥʜʝ ʙʦʣʘʜʳ. 
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ʘ ʙ 

  

ʚ ʛ 
 

a ï ץʘʰʘʫʜʘסʳ ʞʘʣʧʳ ʜʝʬʦʨʤʘʮʠʷ; ʙ ï OX ʙʘסʳʪʳʥʜʘסʳ ץʘʣʳʧʪʳ ץʦʟסʘʣʳʩ; ʚ ï 

ʵʢʚʠʚʘʣʝʥʪʪʽ (von Mises) ʢʝʨʥʝʫ; ʛ ï ʳסʳʩʫ ʢʝʨʥʝʫʽ 
 

ʉʫʨʝʪ 2.12 ï ɹʽʨʣʽʢ ʞᴅʥʝ ʞʘʥʘʤʘ ʢʝʨʥʝʫʣʝʨ 

 

ANSYS-ʪʝʛʽ ʤʦʜʝʣʴʜʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ץʘʨʘ ʪʦʧʳʨʘץ ʙᴇʣʰʝʢʪʝʨ 

ʘʨʘʩʳʥʜʘסʳ ʥʝʤʝʩʝ ʙᴇʣʰʝʢʪʝʨ ʤʝʥ ʘʛʨʝʛʘʪʪʘʨ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳש 

ʙʝʨʽʢʪʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʩײʡʳץʪʳץʪʳש ʥʝʤʝʩʝ ʳסʳʩʫʜʳװ שʣʢʝʥ ʢʝʨʥʝʫʣʝʨʽʥ 

 ʘ ᴅʢʝʣʝʜʽסʨʣʝʨʽʥ ʘʟʜʘʧ ʜʝʬʦʨʤʘʮʠʷװʦʩʳ ʪ שʣ ʪʝʢʩʪʫʨʘʥʳײʘʙʳʣʜʘʡ ʘʣʘʜʳ, ʙץ

ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. ʉʝʧʢʽʰʪʽש ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʟʝʨʪʪʝʣʝʪʽʥ ʝʥʽ 

 .ʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽסʳʩʳʤץ ʨʽʥʝ ʞᴅʥʝװʪ ץʘʥ ʪʦʧʳʨʘסʩʳʥʳʣײ

ʄʦʜʝʣʴʜʝʫʜʝʛʽ ʢʝʣʝʩʽ ʤʽʥʜʝʪ ï ʩʝʧʢʽʰ ᴇʪʢʝʥʥʝʥ ʢʝʡʽʥ ʰʳʤʥrץ שʦʧʩʫʳʥ 

ʙʦʣʜʳʨʤʘʫ ʞᴅʥʝ ץʘʰʘʫʜʳ ʦʨʥʘʪʫʜʳש ʛʝʦʤʝʪʨʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ ʤʝʥ 

ʙײʨʳʰʪʘʨʳʥ ʥʝʛʽʟʜʝʫ. ʄʦʜʝʣʴʜʝʫʜʝ ʦʩʳ ʤᴅʩʝʣʝʥʽ ʰʝʰʫ װʰʽʥ LS-DYNA-ʜʘ SPH 

ᴅʜʽʩʽ ץʦʣʜʘʥʳʣʜʳ (2.13-ʩʫʨʝʪ).  

 

  
ʘ  ʙ  
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ʚ  ʛ  

ʊʽʨʝʫʛʝ 75Á-ʧʝʥ ʙʝʢʽʪʽʣʛʝʥ, ʝʥʽ 0,02 ʤ ץʘʰʘʫ: ʘ ï ʙװʡʽʨʣʽʢ ʢᴇʨʽʥʽʩ; ʙ ï ץʘʰʘʫ ʽʟʽ; ʊʽʨʝʫʛʝ 

60Á-ʧʝʥ ʙʝʢʽʪʽʣʛʝʥ, ʝʥʽ 0,03 ʤ ץʘʰʘʫ: ʚ ï ʙװʡʽʨʣʽʢ ʢᴇʨʽʥʽʩ; ʛ ï ץʘʰʘʫ ʽʟʽ 
 

ʉʫʨʝʪ 2.13 ï ʊʠʽʤʜʽ ʢʝʨʥʝʫ  

 

 ,ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ ץʨʳʣʳʤʜʳײץ ʳסשʘʣʜʳ שʘʰʘʫʜʳפ

ʤʦʜʝʣʴʜʝʫ ʧʘʨʘʤʝʪʨʣʝʨʽ ʘʣʳʥʜʳ: ʝʥʽ 0,02 ʤ ʞᴅʥʝ ʦʨʥʘʪʫ ʙײʨʳʰʳ 75Á, ʝʥʽ 0,02 ʤ 

ʞᴅʥʝ ʦʨʥʘʪʫ ʙײʨʳʰʳ 45Á, ʝʥʽ 0,03 ʤ ʞᴅʥʝ ʦʨʥʘʪʫ ʙײʨʳʰʳ 60Á [87, ʨ. 2340]. 

ʊʦʧʳʨʘץʪʳ ʢʝʩʫ ʧʨʦʮʝʩʽʥʜʝ ץʘʰʘʫ ʤʝʥ ʪʦʧʳʨʘץ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ 

ʘʡʤʘסʳ ײʣסʘʡסʘʥ ʩʘʡʳʥ ʪʦʧʳʨʘץʪʘסʳ ʪʠʽʤʜʽ ʢʝʨʥʝʫ ʘʨʪʘʜʳ. ʊʦʧʳʨʘץ ʪʦʣʳסʳʤʝʥ 

ʙײʟʳʣסʘʥ ʢʝʟʜʝ ʪʠʽʤʜʽ ʢʝʨʥʝʫ ʪײʨʘץʪʳ ʤᴅʥʛʝ ʞʝʪʝʜʽ. ʊʦʧʳʨʘץʪʳ ʢʝʩʫ ʧʨʦʮʝʩʽʥʜʝ 

75Á ʙײʨʳʰʧʝʥ ʪʽʨʝʫʛʝ ʙʝʢʽʪʽʣʛʝʥ, ʝʥʽ 0,02 ʤ ץʘʰʘʫ װʰʽʥ ʪʦʧʳʨʘץʪʘסʳ 

ʤʘʢʩʠʤʘʣʜʳ ʪʠʽʤʜʽ ʢʝʨʥʝʫ 2,788 ʇʘ (2.13ʘ, 2.13ʙ-ʩʫʨʝʪ) ʞᴅʥʝ 60Á ʙײʨʳʰʧʝʥ 

ʙʝʢʽʪʽʣʛʝʥ, ʝʥʽ 0,03 ʤ ץʘʰʘʫ װʰʽʥ 2,018 ʇʘ (2.8ʚ, 2.8ʛ-ʩʫʨʝʪ). 2.13-ʩʫʨʝʪʪʝ 

 ʰʳʨʘʡʪʳʥʳʥײ ʘ ʢᴇʙʽʨʝʢסʙʦʩ ʙᴇʣʽʛʽ ʝʛʫ ʢʝʟʜʝ ʜʝʬʦʨʤʘʮʠʷ ʤʝʥ ʪʦʟʫ שʘʰʘʫʜʳץ

ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳ. ɾײʤʳʩ ʦʨʛʘʥʳʥ ʪʦʧʳʨʘץץʘ ʘʣסʘʰץʳ ʝʥʛʽʟʫ ʢʝʟʽʥʜʝ ץʘʨʳץʪʘ 

ʞᴅʥʝ ʘʣʜʳסשʳ ʢʦʥʩʦʣʴ ʙᴇʣʽʛʽʥʜʝ ʪʦʧʳʨʘץʪʳש ʪʳסʳʟʜʘʣʫʳʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. 

 

  
ʘ ʙ 

 

ʘ ï ʦʨʥʘʪʫ ʙײʨʳʰʳ 60Á, ʝʥʽ 0,03 ʤ; ʙ ï ʦʨʥʘʪʫ ʙײʨʳʰʳ 75Á, ʝʥʽ 0,02 ʤ 
 

ʉʫʨʝʪ 2.14 ï ɾʳʣʜʘʤʜʳץʪʳץ שʦʨʳץʪʳ ʚʝʢʪʦʨʳ 

 

2.14-ʩʫʨʝʪʪʝ ץʘʰʘʫʜʳץ שʦʟסʘʣʳʩʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʙʽʨʥʝʰʝ ʢװʰʪʝʨ ʪʫʜʳʨסʘʥ 

ʞʘʣʧʳ ᴅʩʝʨʜʽ ʘʥʳץʪʘʡʪʳʥ ʤʦʜʝʣʴʜʝʫ װʰʽʥ ץʘʙʳʣʜʘʥסʘʥ ʧʘʨʘʤʝʪʨʣʝʨʜʽש 

 ʪʳ ʢʝʩʫ ʧʨʦʮʝʩʽʥʜʝץʥᴅʪʠʞʝʣʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ. ʊʦʧʳʨʘ שʪʳ ʚʝʢʪʦʨʳʥʳץʦʨʳץ
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ʪʽʨʝʫʛʝ 75Á-ʧʝʥ ʙʝʢʽʪʽʣʛʝʥ, ʝʥʽ 0,02 ʤ ץʘʰʘʫ װʰʽʥ ʞʳʣʜʘʤʜʳץʪʳץ שʦʨʳץʪʳ 

ʚʝʢʪʦʨʳ 2,371Ĭ103, (2.14ʘ-ʩʫʨʝʪ) ʞᴅʥʝ 60Á-ʧʝʥ ʙʝʢʽʪʽʣʛʝʥ, 0,03 ʤ ץʘʰʘʫ װʰʽʥ 

2,362Ĭ103 (2.14ʙ-ʩʫʨʝʪ). פʦʨʳץʪʳ ʚʝʢʪʦʨ ʝʥʽ ײʣסʘʡסʘʥʜʘ ʞᴅʥʝ ʦʨʥʘʪʫ ʙײʨʳʰʳ 

ʘʟʘʡסʘʥʜʘ װʡʢʝʣʽʩʪʽש ʞʘʣʧʳ ʢװʰʽ ʤʝʥ ʦʥʳש ᴅʨʝʢʝʪ ʝʪʫ ʙʘסʳʪʳ ʞʦסʘʨʳʣʘʡʪʳʥʳʥ, 

ʘʣ ʝʥʽ ʘʟʘʡʳʧ, ʦʨʥʘʪʫ ʙײʨʳʰʳ ײʣסʘʡסʘʥʜʘ ʞʳʣʜʘʤʜʳץʪʳץ שʦʨʳץʪʳ ʚʝʢʪʦʨʳʥʳש 

ʤᴅʥʽ ʪᴇʤʝʥʜʝʡʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʗסʥʠ, ʦʩʳ ʧʘʨʘʤʝʪʨʜʽש ʤᴅʥʽʥ ײʣסʘʡʪʫ ʢʝʟʽʥʜʝ ʪʘʨʪʫ 

ʢʝʜʝʨʛʽʩʽ ʘʨʪʘʜʳ, ʩʦʥʜʳץʪʘʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ װʣʛʽ װʰʽʥ ץʘʰʘʫʜʳש ʢʝʣʝʩʽ 

ʧʘʨʘʤʝʪʨʣʝʨʽ ץʘʙʳʣʜʘʥʜʳ: ʦʨʥʘʪʫ ʙײʨʳʰʳ 75Á, ʝʥʽ 0,02 ʤ ʞᴅʥʝ ײʟʳʥʜʳסʳ 0,145 

ʤ. 

 

 ʳסʳʥʜʳʣʳץʘʨץ ʪʦʟʫ ʩʠʧʘʪʳ ʤʝʥ שʘʰʘʫʜʳפ 2.4

 ʳ ʤʝʥ ʩʠʧʘʪʳ ʪʝʦʨʠʷʜʘ ʙᴇʣʝʢסʳʥʜʳʣʳץʘʨץ ʪʦʟʫ שʘʰʘʫʜʳפ

 ʪʘʥ ʦʥʳץʩʘʩ, ʩʦʥʜʳץײ ʨʝʥʛʝװʨʳʣʳʤʳ ʪײץ שʘʰʘʫʜʳץ ,ʘʨʘʩʪʳʨʳʣʤʘʡʜʳ. ɸʣʘʡʜʘץ

ʪװʨʝʥʥʽש ʪʦʟʫ ץʘʨץʳʥʜʳʣʳסʳ ʪʝʦʨʠʷʩʳ ʙʦʡʳʥʰʘ ʟʝʨʪʪʝʡʤʽʟ. פʘʰʘʫʜʳש ʪʦʟʫ 

 ʳ 3סשʳ 2 ʞᴅʥʝ ʦʨʪʘסשʘʣʜʳ ,1 ץʤʩʳײʘ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ: ʪץץʳʥ 3 ʘʡʤʘסʳʥʜʳʣʳץʘʨץ

ʙᴇʣʽʢ (2.15-ʩʫʨʝʪ). 

ʐʳסʳץשʳ ʪײʤʩʳסʳ ʘʣʜʳʤʝʥ ʪʦʧʳʨʘץץʘ ʝʥʽʧ, ʞʝʨ ʞʳʨʪʫ ʢʝʟʽʥʜʝ ץʘʰʘʫʜʳש 

ʪʝʨʝשʜʝʫʽ ʤʝʥ ץʘʰʘʫʜʳש ʪײʨʘץʪʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ, ʪײʤʩʳץ 

ʘʡʤʘסʳʥʜʘ ץʳʩʳʤ ʧʘʡʜʘ ʙʦʣʘʜʳ, ʙײʣ ʦʥʳש ʧʳʰʘץץʘ ץʘʪʳʩʪʳ ʘʣʜʳʥ-ʘʣʘ ʪʦʟʫʳʥʘ 

ᴅʢʝʣʝʜʽ. ʪײʤʩʳץ ʘʡʤʘסʳʥʜʘסʳ ʦʨʪʘʰʘ ץʳʩʳʤ ʦʥʳש ʦʨʪʘʣʳץ ʙᴇʣʽʛʽʥʜʝʛʽ ʦʨʪʘʰʘ 

 .ʳʩʳʤʥʘʥ 2,8ï4,6 ʝʩʝ ʢᴇʧ [108]ץ

ʂᴇʣʙʝʫ ʙײʨʳʰʳ, ʰװʡʜʝ ʬʘʩʢʘʩʳʥʳש ʢʦʥʬʠʛʫʨʘʮʠʷʩʳ ʞᴅʥʝ ʙʝʪʽʥʽש ʪʦʟʫʳ 

[108, ʩ. 13] ץʘʰʘʫʣʘʨ ʪʦʧʳʨʘץ ʪװʨʽʥʝ (ʤʝʭʘʥʠʢʘʣʳײץ ץʨʘʤʳ) ʞᴅʥʝ ʦʣʘʨʜʳש 

ʘʛʨʝʛʘʪʪʳץ ʢװʡʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. 

 
 

1 ï ʪײʤʩʳץ ʙᴇʣʽʛʽ; 2 ï ʙװʡʽʨ ʙᴇʣʽʛʽ 
 

ʉʫʨʝʪ 2.15 ï פʘʰʘʫʜʳש ʪʦʟʫ ʘʡʤʘץʪʘʨʳ 

 

ʉʘʟʜʳ ʪʦʧʳʨʘץʪʳ ʞʳʨʪʫ ʢʝʟʽʥʜʝ ɔ 35Á-ץʘ ʞʝʪʝʜʽ, ʞװʟʽ ʜʦסʘʣʳʨʘ2.16) ץ-

ʩʫʨʝʪ) ʙʦʣʘʜʳ. ʄײʥʜʘʡ ʞװʟʜʽץ שʘʪʪʳ ʪʦʧʳʨʘץʪʘ ʞײʤʳʩ ʽʩʪʝʫ ʧʨʦʮʝʩʽʥʜʝ ʦʩʳ 
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ʬʘʩʢʘʜʘ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʈʚ ʪʽʢ ʢʦʤʧʦʥʝʥʪʽ ץʘʰʘʫʜʳ ʪʦʧʳʨʘץʪʘʥ ʠʪʝʨʽʧ ʞʽʙʝʨʝʜʽ, 

ʙײʣ ʦʥʳ ץʘʰʘʫʜʳש ʝʥʽ ʙʦʡʳʥʰʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʘʟ ʪʦʟʫ ʢʝʟʽʥʜʝ ʤʘץʩʘʪʳʥʘ 

ʩʘʡ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥ ʝʤʝʩ, ʘʣ ʢᴇʣʜʝʥʝש ʢװʰ ʈʛ ʢʝʩʫ ʢװʰʽ ʤʝʥ ʩʦץʘʥʳש ʢʝʜʝʨʛʽʩʽʥ 

ʘʨʪʪʳʨʘʜʳ. ʉʘʟʜʳ ʪʦʧʳʨʘץʪʳ ʞʳʨʪʫ ʢʝʟʽʥʜʝ ɔ = 8-15Á (2.16-ʩʫʨʝʪ); ײץʤʜʳ ʞᴅʥʝ 

 ʨʘʡʪʳʥײץ ʟʜʽװᴇʪʢʽʨ ʞ שʪʳ ʞʳʨʪʫ ʢʝʟʽʥʜʝ ɔ = 5-10Á, ʬʘʩʢʘ ʝץʤʜʳ-ʩʘʟʜʳ ʪʦʧʳʨʘײץ

ʞᴅʥʝ ʝʥʽ ʙʦʡʳʥʰʘ ʰʝʢʪʽ ʪʦʟʫסʘ ʜʝʡʽʥ ʦʥʳש ʞײʤʳʩ ʢװʡʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ 

ʞʘʟʳץ ʘʣʘש [108, ʩ. 13] ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 

 
ʘ                                                      ʙ                                          ʚ 

 

ʘ ï ʩʘʟʜʳ; ʙ ï ʩʘʟʜʘץ; ʚ ï ײץʤʜʳ ʞᴅʥʝ ײץʤʜʳ-ʩʘʟʜʳ ʪʦʧʳʨʘץ 
 

ʉʫʨʝʪ 2.16 ï פʘʰʘʫ ʞװʟʽʥʽש ʪʦʟʫʳ ʞᴅʥʝ ʪʦʧʳʨʘץץʘ ʙʘʡʣʘʥʳʩʪʳ ʰװʡʜʝ 

ʬʘʩʢʘʩʳʥʳש ʧʘʡʜʘ ʙʦʣʫ ʩʠʧʘʪʳ 

 

ʆʩʳ ʤʘץʩʘʪʪʘ ץʘʰʘʫʜʳש ʞʝʢʝʣʝʛʝʥ ʙᴇʣʽʢʪʝʨʽʥʽש ʪʦʟʫ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

ʙʦʣʫʳ ʢʝʨʝʢ. 

 ʘסʳʥʜʳ ʪʦʟʫץʘʨץ ʳ ᴅʩʽʨʝʩʝסʳ ʞʘסשʘʣʜʳ שʙᴇʣʽʛʽʥʽ ץʤʩʳײʪ שʘʰʘʫʜʳפ

 שʰʽʥʽװʜʝʪʫ ʢשʘʣʪʘʜʳ ʞᴅʥʝ ʪʝʨʝסʙʝʨʽʢʪʽʛʽʥ ʞʦ ץʤʩʳײʰʳʨʘʡʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ʪײ

ᴅʩʝʨʽʥʝʥ ץʘʨʳץʪʳש ʪװʙʽʥʝ ץʘʨʘʡ ʪᴇʤʝʥ ץʘʨʘʡ ʠʽʣʝʜʽ, ʙײʣ ʜʘ ץʘʰʘʫʜʳ ʞʦʶʜʳש ʪᴅʥ 

ʩʝʙʝʧʪʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʆʩʳʣʘʡʰʘ, ʦʥʳש ᴇʥʽʤʜʽʣʽʛʽ ʤʝʥ ʙʝʨʽʢʪʽʛʽʥ ʘʥʳץʪʘʡʪʳʥ ץʘʰʘʫʜʳש ʥʝʛʽʟʛʽ 

ʛʝʦʤʝʪʨʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ ï ʪײʤʩʳץʪʳש ʙʠʽʢʪʽʛʽ (2.17-ʩʫʨʝʪ), ץʘץשʘ ʝʥʽ (ʞװʟʽ) h, 

ʞװʟʽʥʽץ שʘʣʳשʜʳסʳ b. 

 
 

ʅ, ʅʧʨ ï ʪײʤʩʳץ ʙᴇʣʽʛʽʥʽש ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʘץʘʫ ʢᴇʨʩʝʪʢʽʰ (ʰʝʢʪʽ) ʙʠʽʢʪʽʛʽ; h, hʧʨ ï ʧʳʰʘץ 

ʙᴇʣʽʛʽʥʽש ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʘץʘʫ ʢᴇʨʩʝʪʢʽʰ (ʰʝʢʪʽ) ʝʥʽ 
 

ʉʫʨʝʪ 2.17 ï פʘʰʘʫʜʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʘʥʳץʪʘʡʪʳʥ ʥʝʛʽʟʛʽ ʛʝʦʤʝʪʨʠʷʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ 
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ɹײʣ ʧʘʨʘʤʝʪʨʣʝʨ ץʘʰʘʫ װʰʽʥ ʜʝ ʘץʘʫ ʢᴇʨʩʝʪʢʽʰʽ ʙʦʣʘʜʳ. ʆʣʘʨʜʳש 

ᴅʨץʘʡʩʳʩʳʥʘ ʞʝʪʢʝʥʜʝ ץʘʰʘʫ ʘʫʳʩʪʳʨʳʣʘʜʳ, ᴇʡʪʢʝʥʽ [108, ʩ. 14]: 

ï ʩʳʟʳץʪʳץ ʪʦʟʫ ʥᴅʪʠʞʝʩʽʥʜʝ (W1 =0,022 ʤ) ʪײʤʩʳץʪʳש ʙʠʽʢʪʽʛʽ ʙʦʡʳʥʰʘ 

ʩʽשʽʨʫʰʽʥʽש ʪʝʨʝשʜʝʪʫ ץʘʙʽʣʝʪʽ ʪᴇʤʝʥʜʝʡʜʽ, ʞʝʨ ʞʳʨʪʫ ʪʝʨʝשʜʽʛʽ ʪᴇʤʝʥʜʝʡʜʽ, 

ʘʣʳʤ ʝʥʽ ʘʟʘʷʜʳ; 

ï ʙᴇʣʰʝʢʪʽש ʝʥʽ ʙʦʡʳʥʰʘ ʩʳʟʳץʪʳץ ʪʦʟʫ ʥᴅʪʠʞʝʩʽʥʜʝ ײʩʪʘʫ ʝʥʽ ʘʟʘʷʜʳ, 

ʪʦʧʳʨʘץʪʳש ʩʳʥʫ ʩʘʧʘʩʳ ʪᴇʤʝʥʜʝʡʜʽ, ʩʽשʽʨʫʰʽʥʽש ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ ʘʨʪʘʜʳ; 

ï ʞװʟʽʥʽץ שʘʣʳשʜʳסʳʥʘ ʘ ʜʝʡʽʥ ʪʦʟʫʳ ʥᴅʪʠʞʝʩʽʥʜʝ ʰװʡʜʝ ʬʘʩʢʘʩʳʥʳש 

ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ ʝʛʽʩʪʽʢʪʽץ שʘʪʪʳ ʙᴇʣʽʢʪʝʨʽʥʜʝ ʩʽשʽʨʫʰʽʥʽ ʪʝʨʝשʜʝʪʫ ʘʨץʳʣʳ ʞʝʨ 

ʞʳʨʪʫʜʳש ʪײʨʘץʪʳ ʪʝʨʝשʜʽʛʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʤʝʡʜʽ. 

 

2.5 ɹʝʨʽʢʪʝʥʜʽʨʫ ʘʨץʳʣʳ ץʘʰʘʫʜʳש ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ 

ɾײʤʳʩ ʙʝʪʪʝʨʽʥʝ ץʘʧʪʘʤʘ ʞʘʩʘʫʜʳ ץʦʣʜʘʥʫ [109, 110] ʪʠʽʩʪʽ ʭʠʤʠʷʣʳץ 

 ʳʣʳץʦʣʜʘʥʫ ʘʨץ ʘʩʠʝʪʪʝʨʽ ʙʘʨ ʤʝʪʘʣʜʳץ ץʨʘʤʳ ʤʝʥ ʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳײץ

ʦʣʘʨʜʳש ʙʝʨʽʢʪʽʛʽ ʤʝʥ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 ʙʽʨʽ ï ʥʝʛʽʟʛʽ שʳʟʜʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽשʤʘ שʘʧʪʘʤʘ ʞʘʩʘʫ ʧʨʦʮʝʩʽʥʽפ

ʤʝʪʘʣʜʳש ʙʘʣץʫ ʪʝʨʝשʜʽʛʽ: ץʘʧʪʘʤʘ ʪʝʨʝשʜʽʛʽ ʥʝײסʨʣʳʤ ʘʟ ʙʦʣʩʘ, ץʘʧʪʘʤʘ 

ʞʘʩʘʣסʘʥ ʤʝʪʘʣʜʘסʳ ʥʝʛʽʟʛʽ ʤʝʪʘʣʣ ʩʦײסʨʣʳʤ ʘʟ ʙʦʣʘʜʳ. ɹʘʣץʳʪʳʣסʘʥ ʤʝʪʘʣʜʳש 

ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ץʦʩʧʘ ʤʝʪʘʣסʘ ʞʘץʳʥ ʙʦʣʘʜʳ. ᴄʜʝʪʪʝ ץʦʩʧʘ ʤʝʪʘʣ ʤʝʥ ʙʝʪʢʽ 

ʤʝʪʘʣʜʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʝʢʽʥʰʽ ʥʝʤʝʩʝ װʰʽʥʰʽ ץʘʙʘʪʪʘ ʪʝʛʽʩʪʝʣʝʜʽ. 

 ʘ ʘʫʳʩʫץʘʙʘʪץ ʘʥסʘʧʪʘʤʘ ʞʘʩʘʣץ ʜʽʛʽʥʜʝ ʥʝʛʽʟʛʽ ʤʝʪʘʣʜʘʥשʘʧʪʘʤʘ ʪʝʨʝפ

ʘʡʤʘסʳ ʦʨʥʘʣʘʩץʘʥ. ɹײʣ ʘʡʤʘץ ʤʝʪʘʣʜʳ ʙײʟʫ ʪײʨסʳʩʳʥʘʥ ʝץ שʘʫʽʧʪʽ ʙʦʣʳʧ 

ʩʘʥʘʣʘʜʳ. ᴆʪʧʝʣʽ ʘʡʤʘץʪʳש ʤʝʪʘʣʳ ʪʽʛʽʩ ʤʝʪʘʣʳʥʳש ʩʘʣץʳʥʜʘʪʫ 

ʞʳʣʜʘʤʜʳסʳʥʳש ʞʦסʘʨʳʣʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʩʳʥסʳʰ, ʤʝʪʘʣʣ ʭʠʤʠʷʩʳʥʳש 

 ʣʢʝʥװ שʝʶ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽשʢʝ ץʪʳץʣʢʝʥ ᴅʨʪʝʢʪʽ ʞᴅʥʝ ʩᴅʡʢʝʩʽʥʰʝ ʩʳʟʳװ

ʘʡʳʨʤʘʰʳʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʩʫʳץ ʩʳʟʘʪʪʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫ װʨʜʽʩʽ 

ʞʦסʘʨʳʣʘʡʜʳ. ɼʝʤʝʢ, ץʘʧʪʘʤʘ ʪʝʨʝשʜʽʛʽ ʥʝײסʨʣʳʤ ʪʝʨʝש ʙʦʣʩʘ, ᴅʣʩʽʨʝʛʝʥ ʘʡʤʘץ 

ʩʦײסʨʣʳʤ װʣʢʝʥ ʙʦʣʘʜʳ ʞᴅʥʝ ʙᴇʣʰʝʢʪʽש ʙʝʨʽʢʪʽʛʽ ʩʦײסʨʣʳʤ ʪᴇʤʝʥ ʙʦʣʘʜʳ. 

ʂʝʨʽʩʽʥʰʝ, ץʘʧʪʘʤʘ ʪʝʨʝשʜʽʛʽ ʥʝײסʨʣʳʤ ʘʟ ʙʦʣʩʘ, ʩʦײסʨʣʳʤ ʙᴇʣʰʝʢʪʽש ʙʝʨʽʢʪʽʛʽ 

ʞʦסʘʣʘʜʳ. ʍʠʤʠʷʣʳײץ ץʨʘʤʳ ʙʦʡʳʥʰʘ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ ʤʝʪʘʣ ץʦʩʧʘʩʳʥʘ 

ʞʘץʳʥʜʘʡʜʳ, ʘʣ ʝʢʽʥʰʽ ץʘʙʘʪʪʳ ץʦʣʜʘʥʫ ץʘʞʝʪʪʽʣʽʛʽ ʞʦסʘʣʘʜʳ [111]. 

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʨסʘ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʙʘʣץʳʪʫסʘ ʘʨʥʘʣסʘʥ ʞʘʙʜʳץʪʳ, 

ʨʝʞʠʤʜʝʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʥʳ ʪʘשʜʘʫ ʥʝʛʽʟʛʽ ʤʝʪʘʣ ץʘʧʪʘʤʘʩʳʥʳש ʤʠʥʠʤʘʣʜʳ 

ʪʝʨʝשʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʰʘʨʪʳʥʘʥ ʞװʨʛʽʟʽʣʫʽ ʢʝʨʝʢ. 

 ʳʥʘסʜʳשʘʣʳץ שʘʙʘʪʪʳץ ʘʥסʳʪʳʣץʜʘʫ ʙʘʣשʘʧʪʘʤʘ ʞʘʩʘʫ ʨʝʞʠʤʜʝʨʽʥ ʪʘפ

ʙʘʡʣʘʥʳʩʪʳ. 

ɹʝʪʢʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʪʘשʜʘʫ ʪʦʟʫ ʪװʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ װʡʢʝʣʝʪʽʥ ʙʝʪʪʝʨʜʽש 

ʤʝʪʘʣʳʥʘ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨסʘ ʥʝʛʽʟʜʝʣʝʜʽ. ʄʳʩʘʣʳ, ʘʙʨʘʟʠʚʪʽ ʪʦʟʫ 

ʞʘסʜʘʡʣʘʨʳ ʢᴇʤʽʨʪʝʛʽ, ʭʨʦʤ, ʤʘʨʛʘʥʝʮ, ʚʦʣʴʬʨʘʤ ʤᴇʣʰʝʨʽ ʞʦסʘʨʳ ʙʝʪʢʽ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʪʽʥ ʙʘʣץʳʪʳʣסʘʥ ʤʝʪʘʣʜʳש 

ʞʦסʘʨʳ ץʘʪʪʳʣʳסʳʥ ץʘʞʝʪ ʝʪʝʜʽ [111, ʩ. 40]. 

ʂʦʨʨʦʟʠʷʣʳץ ʪʦʟʫ ʞʘסʜʘʡʣʘʨʳ װʰʽʥ ʪᴇʟʽʤʜʽʣʽʢʢʝ ʤʝʪʘʣʜʳ ʭʨʦʤʤʝʥ 12%-

ʜʘʥ ʢᴇʧ ʤᴇʣʰʝʨʜʝ ʣʝʛʽʨʣʝʫ ʘʨץʳʣʳ ץʦʣ ʞʝʪʢʽʟʽʣʝʜʽ (ʪʦʪ ʙʘʩʧʘʡʪʳʥ ʙʦʣʘʪʪʘʨ). 
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ɹʝʨʽʢʪʽʛʽʥʽש ʞʦסʘʨʳʣʘʫʳʤʝʥ ʩʠʧʘʪʪʘʣʘʪʳʥ ʙʝʪʢʽ ץʘʙʘʪʪʳץ שʘʪʘʶʳ 

(ʪʦʡʪʘʨʤʘ) ץʘʞʫʜʘʥ ʞʘʨʣrʫʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥ ʞᴅʥʝ ʜʘʤʫʳʥ ץʠʳʥʜʘʪʘʜʳ, ʙײʣ 

ʤʘʰʠʥʘ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʪᴇʟʽʤʜʽʣʽʢ ʰʝʛʽʥ ʘʨʪʪʳʨʘʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ ʪʦʡʪʘʨʤʘʥʳש 

ʪʠʽʤʜʽʣʽʛʽ ʙᴇʣʰʝʢʪʽש ʞײʤʳʩ ʞʘסʜʘʡʳʥʘ, ʦʥʳײץ שʨʳʣʳʤ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʞᴅʥʝ 

ʤʘʪʝʨʠʘʣʜʳץ שʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ʀʽʣʛʽʰʪʽʛʽ ʘʟ ʙʦʣʘʪʪʘʨʜʘʥ ʞʘʩʘʣסʘʥ 

ʙᴇʣʰʝʢʪʝʨʜʝ ʪʦʡʪʘʨʤʘʥʳש ʪʠʽʤʜʽʣʽʛʽ ʪᴇʤʝʥʜʝʡʜʽ. ɹʝʪʢʽ ץʘʙʘʪ ץʘʪʪʳʣʳסʳʥʳש 

ʞʦסʘʨʳʣʘʫʳ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʘʜʳ, ᴇʡʪʢʝʥʽ װʡʢʝʣʝʪʽʥ ʙʝʪʪʝʨʜʽש ʪʦʟʫ 

 ʜʘʡʜʘסʘʥ ʞʘסʙʳʣʳʩʳ ʙʦʣʤʘײץ ʘʡʪʘ ʪʦʡʪʘʨʤʘ ʞʘʩʘʫפ .ʘʙʽʣʝʪʽ ʪᴇʤʝʥʜʝʡʜʽץ

ʙʝʨʽʢʪʝʥʜʽʨʫ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʘʜʳ. פʘʡʪʘ ʪʦʡʪʘʨʤʘ ʞʘʩʘʫ ʞʘסʜʘʡʳʥʜʘ, 

ʤʝʪʘʣʜʳש ʪײʪʘʩʪʳסʳʥʳש ʤʠʢʨʦʩʢʦʧʠʷʣʳץ ʙײʟʳʣʫʳʥʳץ שʘʡʪʳʤʩʳʟ ʧʨʦʮʝʩʪʝʨʽ 

ʞᴅʥʝ ʩʳʨסʘʥʘʫ ʞʘʟʳץʪʳץʪʘʨʳʥʜʘסʳ ʘʪʦʤʘʨʘʣʳץ ʙʘʡʣʘʥʳʩʪʘʨʜʳװ שʟʽʣʫʽ 

ʙʘʩʪʘʣסʘʥ ʢʝʟʜʝ, ʪʽʧʪʽ ץʘʪʘʶ ʤʝʥ ץʘʪʪʳʣʳץʪʳש ʞʦסʘʨʳʣʘʫʳʤʝʥ ʜʝ, ʪʦʟʫסʘ 

ʪᴇʟʽʤʜʽʣʽʢ ʪᴇʤʝʥʜʝʡ ʙʘʩʪʘʡʜʳ [112]. 

 ʟʝʛʝװʨʣʽ ʪᴅʩʽʣʜʝʨʤʝʥ ʞװʤʳʩʪʘʨʳʥ ʦʨʳʥʜʘʫ ᴅʨʪײʘʧʪʘʤʘ ʞʘʩʘʫ ʞפ

ʘʩʳʨʳʣʘʜʳ, ʦʣʘʨʜʳש ʥʝʛʽʟʛʽʣʝʨʽ ץʦʣʤʝʥ ʜʦסʘʣʳץ ʙʘʣץʳʪʫ, ʘסʳʥ ʘʩʪʳʥʜʘ 

ʘʚʪʦʤʘʪʪʳ ʜʦסʘʣʳץ ץʘʧʪʘʤʘ ʞʘʩʘʫ, ʢᴇʤʽʨץʳʰץʳʣ ʛʘʟʳʥʳש ʦʨʪʘʩʳʥʜʘ ץʘʧʪʘʤʘ 

ʞʘʩʘʫ, ʜʽʨʽʣ ʜʦסʘʩʳ, ʧʣʘʟʤʘʣʳץ ʞᴅʥʝ ʛʘʟʙʝʥ ʙʘʣץʳʪʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 ʞʝʢʝ שʨʛʽʟʫʜʽװʤʳʩʪʘʨʳʥ ʞײʘʧʪʘʤʘ ʞʘʩʘʫ ʞᴇʥʜʝʫ ʞץ ץʘʣʳסʦʣʤʝʥ ʜʦפ

ᴅʜʽʩʽʤʝʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ת  hʥʝʤʝʩʝ ʦʜʘʥ ʜʘ ʢᴇʧ ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʝʨʜʝʥ ʪײʨʘʪʳʥ ʢʦʤʧʦʟʠʮʠʷʣʳץ 

ʢװʨʜʝʣʽ ץʦʨʳʪʧʘʣʘʨ, ʢᴇʙʽʥʝʩʝ ʞʦסʘʨʳ ʵʥʪʨʦʧʠʷʣʳץ ץʦʨʳʪʧʘʣʘʨ ʜʝʧ ʘʪʘʣʘʜʳ, 

ʩʦסשʳ ʙʽʨʥʝʰʝ ʞʳʣʜʘ ʤʘʰʠʥʘ ʞʘʩʘʫʜʘ ʘʡʪʘʨʣʳץʪʘʡ ʥʘʟʘʨ ʘʫʜʘʨʜʳ. ʄײʥʜʘʡ 

 ʦʨʳʪʧʘץ ʘ ʙʝʩץʘʪʘʨ ʙʘʩץ ʘ ʍ25ʉ2ɻʈ ʞᴅʥʝ ʍ28ʅ4ʉ4, ʩʦʥʳʤʝʥסʦʨʳʪʧʘʣʘʨץ

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʝʥ ʪײʨʘʪʳʥ CoCrFeMnNi ʩʠʷץʪʳ ץʦʨʳʪʧʘʣʘʨ ʙʘʨ. ʆʣʘʨ 

ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʪᴇʤʝʥʜʝʫʽʤʝʥ ʩײʡʳץʪʳץʪʳש, ʙʝʨʽʢʪʽʢʪʽש ʞᴅʥʝ ʠʢʝʤʜʽʣʽʢʪʽש 

ʘʡʪʘʨʣʳץʪʘʡ ᴇʩʫʽʥ ʢᴇʨʩʝʪʝʜʽ [113, 114]. 

ʂᴇʧʪʝʛʝʥ ʘʚʪʦʨʣʘʨ [115-120] ʭʨʦʤʥʳש ʙᴇʣʰʝʢʪʝʨʜʽש ʤʝʭʘʥʠʢʘʣʳץ 

 שʦʨʳʪʧʘʣʘʨʜʳץ ʨʜʝʣʽװʢ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽʥ ʟʝʨʪʪʝʜʽ. ɸʣʘʡʜʘ, ʢʦʤʧʦʟʠʮʠʷʣʳץ

ʘʙʨʘʟʠʚʪʽ ʪᴇʟʽʤʜʽʣʽʢ ʩʠʷץʪʳ ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʛʝ ᴅʩʝʨʽ, ᴅʩʽʨʝʩʝ ʘʫʳʣ 

ʰʘʨʫʘʰʳʣʳץ ʤʘʰʠʥʘʣʘʨʳʥʳש ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳש ʙᴇʣʰʝʢʪʝʨʽ ʟʝʨʪʪʝʣʤʝʛʝʥ. 

ʍ25ʉ2ɻʈ ʪᴇʨʪ ʢʦʤʧʦʥʝʥʪʪʽ ץʦʨʳʪʧʘʩʳʥʳײץ שʨʘʤʳʥʜʘ ʙʦʨ ʙʘʨ, ʦʣ ʙʽʨʝʛʝʡ 

ʤʠʢʨʦʣʝʛʽʨʣʝʫʰʽ ʵʣʝʤʝʥʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʭʠʤʠʷʣʳץ ʵʣʝʤʝʥʪ ʙʦʣʘʪʪʳש 

 ʟʜʝʥ ʞᴅʥʝװʞ שʘʩʠʝʪʪʝʨʽʥʝ ᴇʪʝ ʪᴇʤʝʥ ʢʦʥʮʝʥʪʨʘʮʠʷʜʘ ᴅʩʝʨ ʝʪʝ ʘʣʘʜʳ (ʧʘʡʳʟʜʳץ

ʤʳשʥʘʥ ʙʽʨ ʙᴇʣʽʛʽ). ɹʦʨʜʳ ʤʠʢʨʦʣʝʛʽʨʣʝʫʰʽ ץʦʩʧʘ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫ ʦʥʳש 

ʢᴇʧʪʝʛʝʥ ʘʣʳʥסʘʥ ʙʦʣʘʪʪʘʨסʘ ʦש ᴅʩʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ [121]. ɸʣ ʢʦʤʧʦʟʠʮʠʷʣʳץ 

ʢװʨʜʝʣʽ ʍ28ʅ4ʉ4 ץʦʨʳʪʧʘʩʳʥʜʘ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ, ʙʝʨʽʢʪʽʢʪʽ ʞᴅʥʝ 

ʠʢʝʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʘʪʳʥ ʥʠʢʝʣʴʜʽ ʣʝʛʽʨʣʝʫʰʽ ʵʣʝʤʝʥʪ ʙʘʨ, ʙʽʨʘץ ʦʣ ץʳʤʙʘʪ 

ʤʝʪʘʣʣ, ʩʦʥʜʳץʪʘʥ ʦʥʳ ʘʨʟʘʥ ʵʣʝʤʝʥʪʢʝ ʘʫʳʩʪʳʨʘʜʳ. ᴆʥʜʽʨʫʰʽʣʝʨʜʝʥ 

 ,ʍ25ʉ2ɻʈ ï 57õ63 HRC, ʘʣ ʍ28ʅ4ʉ4 ï 53õ57 HRC [114 ץʘʪʪʳʣʳץ ʩʳʥʳʣʘʪʳʥײ

ʩ. 50]. 

ɾʦסʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʘץʧʘʨʘʪʪʘʥ ʘʙʨʘʟʠʚʪʽ ʪʦʟʫ ʞʘסʜʘʡʣʘʨʳ װʰʽʥ 

ʢᴇʤʽʨʪʝʛʽ, ʭʨʦʤ, ʤʘʨʛʘʥʝʮ, ʚʦʣʴʬʨʘʤ ʤᴇʣʰʝʨʽ ʞʦסʘʨʳ ʙʝʪʢʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳ 

 ʳסʘʪʪʳʣʳץ ʘʨʳסʞʦ שʘʥ ʤʝʪʘʣʜʳסʳʪʳʣץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʪʽʥ ʙʘʣץ ʳʣʳץʦʣʜʘʥʫ ʘʨץ

 ʨʜʝʣʽװʢ ץʢʦʤʧʦʟʠʮʠʷʣʳ ץʘ ʙʦʣʘʜʳ. ʉʦʥʜʘʡ-ʘסʦʨʳʪʳʥʜʳ ʞʘʩʘʫץ ʘʞʝʪ ʜʝʛʝʥץ
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 ʨʘʤʳ, ᴅʩʽʨʝʩʝ ʙʦʨ ʤʝʥ ʥʠʢʝʣʴײץ שʳ ʣʝʛ̔ʨʣʝʫʰʽ ʵʣʝʤʝʥʪʪʝʨʜʽסʦʨʳʪʧʘʣʘʨʜʘץ

 ʙʦʣʫʳ (ʎʉ-1) שʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ. ɸʣʘʡʜʘ, ʥʠʢʝʣʴʜʽץʘ ʘʡʪʘʨʣʳץץʘʪʪʳʣʳץ

ʢװʰʝʡʪʽʣʛʝʥ ʙᴇʣʰʝʢʪʽײץ שʥʳʥ ץʳʤʙʘʪʪʘʪʘʜʳ, ʩʦʥʜʳץʪʘʥ ʦʥʳ ʙʦʨ ʥʝʛʽʟʽʥʜʝʛʽ 

ʪᴇʨʪ ʢʦʤʧʦʥʝʪʪʽ ץʦʨʳʪʧʘסʘ ʘʫʳʩʪʳʨʫ ײʩʳʥʳʣʘʜʳ (T590). 

 

2.6 ɸʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʽʥʽש ʙʽʨʽʢʪʝʥʜʽʨʽʣʛʝʥ ץʘʰʘʫʳʥʳש 

ʞײʤʳʩ ץʦʨʳʥ ʟʝʨʪʪʝʫ 

ɾײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳץ שʦʨʳʥ ʢʝʣʝʩʽ ʥʝʛʽʟʛʽ ᴇʟʛʝʨʤʝʣʽ ʧʘʨʘʤʝʪʨʣʝʨʜʽש 

ʬʫʥʢʮʠʷʩʳ ʨʝʪʽʥʜʝ ײʩʳʥʫסʘ ʙʦʣʘʜʳ [122]: 

 

˟ Ὢ ȟ̞άȟὴȟὺȟ–ȟ–ȣ–     (2.46) 

 

ʤײʥʜʘ ʊ ï ʞײʤʳʩ ץʦʨr, ʛʘ;  

ʀ ï ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳש ʤʘʪʝʨʠʘʣʳʥʳש ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽ, ʩʘס/ʛʘ; 

ά ï ʪʦʧʳʨʘץʪʳש ʪʦʟʫ ץʘʙʽʣʝʪʽ, ʩʤ/ʩʘס;  

ὴ ï ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʞײʤʳʩ ʙʝʪʽʥʝ ʪʦʧʳʨʘץ ץʳʩʳʤʳ, ʄʇʘ;  

ὺ ï ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʪʦʧʳʨʘץץʘ ץʘʪʳʩʪʳ ץʦʟסʘʣʫ ʞʳʣʜʘʤʜʳסʳ, ʢʤ/ʩʘס; 

–ȟ–ȣ–  ï ʪʦʧʳʨʘץʪʳש ʢװʡʽʥʝ, ʞײʤʳʩ ʦʨʛʘʥʥʳש ʤʘʪʝʨʠʘʣʳʥʳש 

 שʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳײʜʝʫ ʨʝʞʠʤʜʝʨʽʥʝ, ʞשᴇ ץʨʘʤʳʥʘ ʞᴅʥʝ ʦʥʳ ʪʝʨʤʠʷʣʳײץ

 שʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ʞᴅʥʝ ʪ. ʙ. ʙʘʡʣʘʥʳʩʪʳ ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ץʨʳʣʳʤʜʳײץ

ᴇʟʛʝʨʫʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨ. 

ʊײʤʩʳץ ʙᴇʣʽʛʽʥʽש ʪʦʟʫʳ ʙʦʡʳʥʰʘ ᴇשʜʝʣʛʝʥ ʘʫʤʘץ ʙʦʡʳʥʰʘ ץʘʰʘʫʜʳש 

ʪᴇʟʽʤʜʽʣʽʛʽ, ʛʘ [122, ʩ. 145]: 

 

ὡ̎ ̞̓

̞̓ ̐
     (2.47) 

 

ʤײʥʜʘὯ̞ ̓  ï ʵʪʘʣʦʥʜʳץ ʰʘʨʪʪʘʨʜʘ ʵʪʘʣʦʥʜʳװ ץʣʛʽʥʽש ʪʦʟʫʳʥʳש 

ʧʨʦʧʦʨʮʠʦʥʘʣʜʳʣʳץ ʢʦʵʬʬʠʮʠʝʥʪʽ: Ὧ̞  ̓= 0,016ʩʤ/(ʄʇʘĿʢʤ); 

m ï ʘʙʨʘʟʠʚʪʽש ʵʪʘʣʦʥʜʳץ ץʳʩʳʤʳʥʜʘסʳ ʪʦʧʳʨʘץʪʳש ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʪʦʟʫ ץʘʙʽʣʝʪʽ (ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤʳ ʙʦʡʳʥʰʘ), m=0,022 (2.1-ʢʝʩʪʝ); 

– ï ץʳʩʳʤסʘ ʙʘʡʣʘʥʳʩʪʳ ʪʦʧʳʨʘץʪʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʦʟʫ ץʘʙʽʣʝʪʽʥʽש 

ᴇʟʛʝʨʫʽʥ ʝʩʢʝʨʝʪʽʥ ʢʦʵʬʬʠʮʠʝʥʪ, – =62,584;  

ὴ ï ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʝש ʪʦʟסʘʥ ʫʯʘʩʢʝʩʽʥʜʝʛʽ ʪʦʧʳʨʘץʪʳש (ʘʙʨʘʟʠʚʪʽש) 
  ;ʳʩʳʤʳ, ʄʇʘ, p=6,515 ʄʇʘץ

‡̐ ï ʞײʤʳʩ ʦʨʛʘʥʳʥʳץ שʦʟסʘʣʳʩʳʥʳש ʽʣʛʝʨʽʣʝʤʝʣʽ ʞʳʣʜʘʤʜʳסʳ, 
‡̐ ʢʤ/ʩʘס, ï 8ʢʤ/ʩʘס;  

‐̞ ï̓ ʵʪʘʣʦʥʜʳץ ʩʳʥʘץ ʞʘסʜʘʡʳʥʜʘ ʤʘʪʝʨʠʘʣʜʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʦʟʫסʘ 

ʪᴇʟʽʤʜʽʣʽʛʽ, 65ɻ ʙʦʣʘʪ װʰʽʥ ‐̞  ̓= 1,7, ʊ590  ɻʣʝʢʪʨʦʜ rװʰʽʥ ‐̞  ̓= 4,1;  

–  ï ץʳʩʳʤסʘ ʙʘʡʣʘʥʳʩʪʳ ʤʘʪʝʨʠʘʣʜʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʦʟʫסʘ 

ʪᴇʟʽʤʜʽʣʽʛʽʥʽש ᴇʟʛʝʨʫʽʥ ʝʩʢʝʨʝʪʽʥ ʢʦʵʬʬʠʮʠʝʥʪ, –=12,226;  

ɢ ï ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʙʝʪʽʥʜʝʛʽ ʪʦʧʳʨʘץ ץʘʙʘʪʳʥʳץ שʦʟסʘʣʫ 

ʞʳʣʜʘʤʜʳסʳʥʳש ʦʥʳש ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʞʳʣʜʘʤʜʳסʳʥʘ ץʘʪʳʥʘʩʳ, ɢ =1; 

ɸ ï ʩʝʧʢʽʰ ʢʦʨʧʫʩʳʥʳש ᴇʥʽʤʜʽʣʽʛʽ, ʛʘ/ʩʘס, ɸ=2,88 ʛʘ/ʩʘס; 
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ὡ  ï ʙʠʽʢʪʽʛʽ ʙʦʡʳʥʰʘ ʪײʤʩʳסʳʥʳש ʰʝʢʪʽ ʪʦʟʫʳ, ʤ, ὡ =0,022 ʤ. 

ɖ1 ʞᴅʥʝ ɖ2 ʪװʟʝʪʫ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽש ʤᴅʥʜʝʨʽ ʵʤʧʠʨʠʢʘʣʳ(2.48) ץ 

ʬʦʨʤʫʣʘʣʘʨʤʝʥ ʘʥʳץʪʘʣʘʜʳ: 

 

ɖ1 = 9,6ʨ+ 0,04;      

ɖ2 = 1,75ʨ+ 0,825,     (2.48) 

 

ʤײʥʜʘ ʨ ï ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʝש ʪʦʟסʘʥ ʫʯʘʩʢʝʩʽʥʝ ʪװʩʝʪʽʥ ʪʦʧʳʨʘץ ץʳʩʳʤʳ, 

ʄʇʘ. 

 

ʂʝʩʪʝ 2.1 ï ʊʦʧʳʨʘץʪʳש ʬʨʘʢʮʠʷʣʳײץ ץʨʘʤʳ ʙʦʡʳʥʰʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʦʟʫ 

 (ʳʩʳʤ 0,1 ʄʇʘץ ,ʵʪʘʣʦʥ ï ʢʚʘʨʮ) ʘʙʽʣʝʪʽץ
 

ʊʦʧʳʨʘץ ʪװʨʽ 
ʆʨʪʘʰʘ ײץʨʘʤʳ, % ʉʘʣʳʩʪʳʨʤʘʣʳ ʪʦʟʫ ץʘʙʽʣʝʪʽ, m 

(ʤʤ/ʩʘס) ײץʤ ʩʘʟ 

 ʤʜʳ 95 5 0,87ײפ

 ʤʜʳ ʩʘʟ 85 15 0,62ײפ

ʉʘʟʜʘץ (ʞʝשʽʣ) 75 25 0,42 

ʉʘʟʜʘץ (ʦʨʪʘʰʘ) 65 35 0,32 

ʉʘʟʜʘץ (ʘʫʳʨ, ʰʳʤ) 50 50 0,22 

ʉʘʟ (ʞʝשʽʣ) 35 65 0,15 

ʉʘʟ (ʦʨʪʘʰʘ) 25 75 0,10 

ʉʘʟ (ʘʫʳʨ) 10 90 0,06 

ʂʚʘʨʮ ʙᴇʣʰʝʢʪʝʨʽ - - 1 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [123] 

 

 ʳʥʘסʘʪʪʳʣʳץ שʪʳץʳʩʳʤʳ ʪʦʧʳʨʘץ שʪʳץʤʳʩ ʙʝʪʽʥʝ ʪʦʧʳʨʘײʞ שʘʰʘʫʜʳפ

ʊ, ץʘʰʘʫʜʳץ שʘʨʳץ ʪװʙʽʥʝ ץʘʨʘʡ ʢᴇʣʙʝʫ ʙײʨʳʰʳʥʘ ɓ ʞᴅʥʝ ʞײʤʳʩ ʦʨʛʘʥʳʥʳש 

ʽʣʛʝʨʽʣʝʤʝʣʽ ʞʳʣʜʘʤʜʳסʳʥʘ ʥʽʪʝʪʝ ʨʝʩᴅ ʘʥʳסʳʩʤײʪ שʳʜʫʘʰʘפ .ʳʪʩʳʥʘʣʡʘʙ ̐‮ 

ʤʘʢʩʠʤʘʣʜʳ ʞʘʣʧʳ ץʳʩʳʤʜʳ ʢʝʣʝʩʽ ʵʤʧʠʨʠʢʘʣʳץ ʪᴅʫʝʣʜʽʣʽʢʪʝʨ ʘʨץʳʣʳ 

ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ: 

 

ὴ πȟπφπȟπφυρ πȟπςψ̐‮ Ͻρ πȟπρ‍ ρȟτυ˟ πȟυ˟ ȟ           (2.49) 

 

ʤײʥʜʘ ʨ ï ץʘʰʘʫʜʳש ʪײʤʩʳץ ʙᴇʣʽʛʽʥʜʝʛʽ ץʳʩʳʤ, ʄʇʘ;  

ɡʧ ï ʞײʤʳʩ ʦʨʛʘʥʳʥʳץ שʦʟסʘʣʳʩ ʞʳʣʜʘʤʜʳסʳ, ʢʤ/ʩʘס;  

ɓ ï ץʘʰʘʫʜʳץ שʘʨʳץ ʪװʙʽʥʝ ץʘʨʘʡ ʢᴇʣʙʝʫ ʙײʨʳʰʳ, ʛʨʘʜʫʩ.; 

ʊ ï ʪʦʧʳʨʘץʪʳץ שʘʪʪʳʣʳסʳ, ʄʇʘ. 

ʊʦʧʳʨʘץ ᴇשʜʝʫ ʤʘʰʠʥʘʣʘʨʳʥʳש ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳ ʞʘʩʘʣʘʪʳʥ 

ʙʦʣʘʪʪʘʨʜʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥʽש ʦʣʘʨʜʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ 

ʤʝʥ ץʘʪʪʳʣʳסʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ ʵʤʧʠʨʠʢʘʣʳץ ʪʝשʜʝʫ ʪװʨʽʥʜʝ ײʩʳʥʳʣסʘʥ [122, 

ʩ. 145]: 

 

Ů = 0,24ʍ1 + 0,07ʍ2 + 0,11ʍ3 ï 3,54   (2.50) 
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ʤײʥʜʘ Ů ï ʙʦʣʘʪʪʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽ (ʵʪʘʣʦʥ ï 65ɻ ʙʦʣʘʪʪʳש 

 ʳ 52 HRC, ʘʙʨʘʟʠʚ ï 0,16...0,32Ĭ10-6 ʤ ʙᴇʣʰʝʢʪʝʨʽ ʙʘʨ ʢʚʘʨʮ, ʘʙʨʘʟʠʚסʘʪʪʳʣʳץ

 ;(ʳʩʳʤʳ ʨ =0,33 ʄʇʘץ

X1 ï ʢᴇʤʽʨʪʝʛʽ ʤᴇʣʰʝʨʽ, %;  

X2 ï ʭʨʦʤ ʤᴇʣʰʝʨʽ, %;  

ʍ3 ï ץʘʪʪʳʣʳץ, HRC. 

 ʞʝʢʝ שʘ ʪᴇʟʽʤʜʽʣʽʛʽʥʽסʩʘʣʳʩʪʳʨʤʘʣʳ ʪʦʟʫ שʘʧʪʘʤʘ ʞʘʩʘʫ ʤʘʪʝʨʠʘʣʜʘʨʜʳפ

ʵʣʝʤʝʥʪʪʝʨ ʤʝʥ ץʘʪʪʳʣʳץʪʳש ʤʘʟʤײʥʳʥʘ ʢʦʨʨʝʣʷʮʠʷʣʳץ ʪᴅʫʝʣʜʽʣʽʛʽʥʽש 

ʘʥʘʣʠʪʠʢʘʣʳץ ʢᴇʨʽʥʽʩʽ: 

 

Ů= 0,018ʍ1+ 0,0023ʍ2 + 0,15ʍ4 + 0,076ʍ5 + 0,3ʍ6 + 0,4ʍ7 + 0,21ʍ3 ï 7,47, (2.51) 

 

ʤײʥʜʘ ὑ ï ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʢ; 

X1, X2, X4, X5, X6, X7 ï ʩᴅʡʢʝʩʽʥʰʝ ʢᴇʤʽʨʪʝʛʽ, ʭʨʦʤ, ʙʦʨ, ʤʦʣʠʙʜʝʥ, 

ʚʦʣʴʬʨʘʤ ʞᴅʥʝ ʪʠʪʘʥ, %; 

X3 ï ʙʝʪʢʽ ʤʘʪʝʨʠʘʣʜʳש HRC ʙʽʨʣʽʢʪʝʨʽʥʜʝʛʽ ץʘʪʪʳʣʳץ. 

ɽʛʝʨ ʵʪʘʣʦʥʜʳץ ץʳʩʳʤ ʢʝʟʽʥʜʝ ʙʦʣʘʪʪʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʦʟʫסʘ 

ʪᴇʟʽʤʜʽʣʽʛʽʥʽש ʤᴅʥʽ ʙʝʣʛʽʩʽʟ ʙʦʣʩʘ, ʦʥʜʘ ʦʣ (2.52) ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʘʜʳ: 

 

‐̞̓                         (2.52) 

 

ʤײʥʜʘ Ů ï ץʳʩʳʤʜʘסʳ ʙʦʣʘʪʪʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʨ=0,33 ʄʇʘ. 

ʉʝʧʢʽʰʪʽש ᴇʥʽʤʜʽʣʽʛʽ ʢʝʣʝʩʽ (2.53) ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʘʜʳ: 

 

ˍ πȟρϽ(35.2)     ὦϽ̨‮ 

 

ʤײʥʜʘ ὦ ï ʩʝʧʢʽʰʪʽש ʞײʤʳʩ ʘʣʳʤ ʝʥʽ, ʤ; 

.סʘʩ/ʤʢ ,ʳסʳʜʤʘʜʣʳʞ ʽʣʝʤʝʣʽʨʝʛʣʽ שʽʪʰʽʢʧʝʩ ï ̐‮ 

(2.47) ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ 65ɻ ʨʝʩʩʦʨʣʳ-ʩʝʨʽʧʧʝʣʽ ʙʦʣʘʪʪʘʥ ʞʘʩʘʣסʘʥ 

çץʘʰʘʫʜʳש ʪײʤʩʳץ ʙᴇʣʽʛʽʥʽש ʪʦʟʫʳ ʙʦʡʳʥʰʘ ᴇשʜʝʣʛʝʥ ʘʡʤʘץ ʙʦʡʳʥʰʘ ʙʝʨʽʢʪʽʛʽ 

 

ὡ̎
ρȟχϽρςȟςςφϽρϽςȟψψϽςȟς

πȟπρφϽπȟπςςϽφςȟυψτϽφȟυρυϽψ
ρρτȟφ̄ Ȣ́ 

 

(2.47) ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʊ590 ʵʣʝʢʪʨʦʜʳʤʝʥ ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ ʪײʤʩʳץ 

ʙᴇʣʽʛʽʥʽש ʪʦʟʫʳ ʙʦʡʳʥʰʘ ᴇשʜʝʣʛʝʥ ʘʡʤʘץ ʙʦʡʳʥʰʘ ץʘʰʘʫʜʳש ʙʝʨʽʢʪʽʛʽ 

 

ὡ̎
τȟρϽρςȟςςφϽρϽςȟψψϽςȟς

πȟπρφϽπȟπςςϽφςȟυψτϽφȟυρυϽψ
ςχφȟφ̄ Ȣ́ 

 

65ɻ ʙʦʣʘʪʪʘʥ ʞʘʩʘʣסʘʥ ʞᴅʥʝ ʊ590 ʵʣʝʢʪʨʦʜʳʤʝʥ ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ 

 ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ שʝʩʝʧʪʝʫʣʝʨʜʽ ץʙʝʨʽʢʪʽʛʽʥ ʘʥʘʣʠʪʠʢʘʣʳ שʘʰʘʫʜʳץ

ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ ʪײʤʩʳץ ʙᴇʣʽʛʽʥʝʥ ץʘʰʘʫʜʳש ʙʝʨʽʢʪʽʛʽ ʰʘʤʘʤʝʥ 2 ʝʩʝ ʘʨʪʘʪʳʥʳʥ 

ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳ. 
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2.18-ʩʫʨʝʪʪʝ ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʪʽש ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ 

 ʳʥʘ ʞᴅʥʝסʽʣʛʝʨʽʣʝʤʝʣʽ ʞʳʣʜʘʤʜʳ שʘʛʨʝʛʘʪʪʳ שʦʨʳʥʳץ ʤʳʩײʞ שʘʰʘʫʳʥʳץ

ʪʦʧʳʨʘץʪʳץ שʘʪʪʳʣʳסʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ ʢʝʣʪʽʨʽʣʛʝʥ. ɹײʣ ʪᴅʫʝʣʜʽʣʽʢ ʧʘʨʘʙʦʣʘʣʳץ 

ʩʠʧʘʪץʘ ʠʝ. ɸʣʳʥסʘʥ ʢʝʩʪʝʜʝʥ ʪʳסʳʟʜʘʣסʘʥ ʪʦʧʳʨʘץʪʘ ʞײʤʳʩ ʽʩʪʝʛʝʥ ʢʝʟʜʝ 

 ץʘ ʙʦʣʘʜʳ, ʘʣ ʞʳʣʜʘʤʜʳסʘʫץʪᴇʤʝʥʜʝʫʽʥ ʙʘʡ שʦʨʳʥʳץ ʤʳʩײʞ שʘʰʘʫʜʳץ

ʙʝʨʽʢʪʽʢʢʝ ʢʝʨʽʩʽʥʰʝ ᴅʩʝʨ ʝʪʝʜʽ. ɹײʣ ץʘʰʘʫʜʳש ʪײʤʩʳץ ʙᴇʣʽʛʽ ץʘʪʪʳʣʳסʳ 4,6 ʄʇʘ 

ʰʳʤʜʳ ʪʦʧʳʨʘץץʘ ʝʥʛʝʥ ʢʝʟʜʝ ʪʦʟʫ ʧʨʦʮʝʩʽ ץʘʪʪʳʣʳסʳ 2,4 ʄʇʘ ʰʳʤʜʳ 

ʪʦʧʳʨʘץץʘ ץʘʨʘסʘʥʜʘ ʞʳʣʜʘʤʳʨʘץ ʞװʨʝʜʽ, ʘʣ ʝʛʝʨ ʞʳʣʜʘʤʜʳ6 ץ ʢʤ/ʩʘס-ʪʘʥ 10 

ʢʤ/ʩʘץ-סʘ ʢᴇʪʝʨʽʣʩʝ, ʦʥʜʘ ʩʝʧʢʽʰʪʝʛʽ ʩʽשʽʨʫʰʽʥʽש ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʪᴇʟʽʤʜʽʣʽʛʽ 

ʰʘʤʘʤʝʥ 4 ʛʘ-סʘ ץʳʩץʘʨʘʜʳ. ʊᴇʟʽʤʜʽʣʽʛʽʥ ʩʘץʪʘʫ װʰʽʥ ץʦʥʜʳʨסʳ ʝʛʽʩʪʽʢʪʽץ שʘʪʪʳ 

ʪʳסʳʟʜʘʣסʘʥ ʘʡʤʘץʪʘʨʳʥʜʘ ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץʧʝʥ ʞײʤʳʩ ʽʩʪʝʫʽ ʢʝʨʝʢ. 

 

 
 

ʉʫʨʝʪ 2.18 ï ɹʝʨʽʢʪʝʥʜʽʨʽʣʽʛʝʥ ץʘʰʘʫʜʳש ʞײʤʳʩ ץʦʨʳʥʳש ʩʝʧʢʽʰ 

ʞʳʣʜʘʤʜʳסʳʥʘ ʞᴅʥʝ ʪʦʧʳʨʘץʪʳץ שʘʪʪʳʣʳסʳʥʘ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ 

 

2.19-ʩʫʨʝʪʪʝ ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʪʽש ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ 

 ʳʥʘ ʞᴅʥʝסʽʣʛʝʨʽʣʝʤʝʣʽ ʞʳʣʜʘʤʜʳ שʘʛʨʝʛʘʪʪʳ שʦʨʳʥʳץ ʤʳʩײʞ שʘʰʘʫʳʥʳץ

ʦʨʥʘʪʫ ʙײʨʳʰʳʥʘ ʩʳʟʳץʪʳץ ʪᴅʫʝʣʜʽʣʽʛʽ ʩʫʨʝʪʪʝʣʛʝʥ. ɹײʣ ʛʨʘʬʠʢʪʝ ʘʛʨʝʛʘʪʪʳש 

ʞʳʣʜʘʤʜʳסʳ ʞʦסʘʨʳʣʘסʘʥ ʢʝʟʜʝ ʞᴅʥʝ ʦʨʥʘʪʫ ʙײʨʳʰʳ ײʣסʘʡסʘʥ ʢʝʟʜʝ ץʘʰʘʫ 

 ,ʪᴇʤʝʥʜʝʫʽʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ʆʩʳ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽʥ ʪʘʣʜʘʡ ʦʪʳʨʳʧ שʦʨʳʥʳץ

 שʘʰʘʫʜʳץ ʰʽʥװ ʘʡʪʫסʣײ ʘ ʜʝʡʽʥץ-ʨʳʰʳʥ 75Áײʜʘʡʜʘ ʦʨʥʘʪʫ ʙסʘʥ ʞʘסʘʞʝʪ ʙʦʣץ

ʪײʤʩʳץ ʙᴇʣʽʛʽʥ ץʘʪʘʡʪʫ ץʘʞʝʪ ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ, ᴇʡʪʢʝʥʽ ʙײʣ 

ʘʡʤʘײץ ץʨʳʣסʳʥʳש ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳסʳʤʝʥ ʞײʤʳʩ ʽʩʪʝʛʝʥʜʝ ʪʦʟʫסʘ ʢᴇʙʽʨʝʢ 

 .ʰʳʨʘʡʜʳײ
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ʉʫʨʝʪ 2.19 ï ɹʝʨʽʢʪʝʥʜʽʨʽʣʽʛʝʥ ץʘʰʘʫʜʳש ʞײʤʳʩ ץʦʨʳʥʳש ʦʨʥʘʪʫ ʙײʨʳʰʳʥʘ 

ʞᴅʥʝ ʩʝʧʢʽʰ ʞʳʣʜʘʤʜʳסʳʥʘ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ 

 

 
 

ʉʫʨʝʪ 2.20 ï ɹʝʨʽʢʪʝʥʜʽʨʽʣʽʛʝʥ ץʘʰʘʫʜʳש ʞײʤʳʩ ץʦʨʳʥʳש ʪʦʧʳʨʘץʪʳש 

 ʤᴇʣʰʝʨʽʥʝ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ שʳ ʭʨʦʤʥʳסʨʘʤʳʥʜʘײץ ʳʥʘ ʞᴅʥʝסʘʪʪʳʣʳץ

 

2.20-ʩʫʨʝʪʪʝ ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʪʽץ שʘʰʘʫʳʥ ʙʝʨʽʢʪʝʥʜʽʨʛʝʥʥʝʥ 

ʢʝʡʽʥ ʞײʤʳʩ ץʦʨʳʥʳש ʪʦʧʳʨʘץʪʳץ שʘʪʪʳʣʳסʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ɹײʣ 

ʪᴅʫʝʣʜʽʣʽʢ ʧʘʨʘʙʦʣʘʣʳץ ʩʠʧʘʪץʘ ʠʝ. ɸʣʳʥסʘʥ ʢʝʩʪʝʜʝʥ ʪʳסʳʟʜʘʣסʘʥ ʪʦʧʳʨʘץʪʘ 

ʞײʤʳʩ ʽʩʪʝʛʝʥ ʢʝʟʜʝ ץʘʰʘʫʜʳש ʞײʤʳʩ ץʦʨʳʥʳש ʪᴇʤʝʥʜʝʫʽʥ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ, 

ʙʽʨʘץ ץʘʰʘʫʜʳץ שʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ ץʘʙʘʪʳʥʳײץ שʨʘʤʳʥʜʘסʳ ʭʨʦʤ ʥʝײסʨʣʳʤ ʢᴇʧ 

ʙʦʣʩʘ, ʞײʤʳʩ ץʦʨʳ ʩʦײסʨʣʳʤ ʢᴇʧ ʙʦʣʘʜʳ. ɽʛʝʨ 1,9 ʄʇʘ ץʘʪʪʳʣʳץʪʘסʳ 

ʪʦʧʳʨʘץʪʳ ʞʳʨʪʫ ʢʝʟʽʥʜʝ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ ץʘʙʘʪʪʘ 5% ʭʨʦʤ ʙʦʣʩʘ, ʦʥʜʘ ʞײʤʳʩ 

ʦʨʛʘʥʳʥʳץ שʦʨʳ 240 ʛʘ ʙʦʣʘʜʳ. ɸʣʘʡʜʘ, ʝʛʝʨ ʭʨʦʤʥʳש ʤᴇʣʰʝʨʽ 25%-סʘ ʜʝʡʽʥ 

ʘʨʪʩʘ, ʦʥʜʘ ץʘʰʘʫʜʳש ʞײʤʳʩ ץʦʨʳ 2 ʝʩʝʛʝ ʜʝʡʽʥ ʘʨʪʘʜʳ. ʉʝʙʝʙʽ, ʭʨʦʤ ï ʙײʣ 

ʤʘʪʝʨʠʘʣʜʳש ʙʝʨʽʢʪʽʛʽ ʤʝʥ ץʘʪʪʳʣʳסʳʥ ʞᴅʥʝ ʘʙʨʘʟʠʚʢʝ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʪʳʥ 

ʣʝʛʽʨʣʝʫʰʽ ʵʣʝʤʝʥʪ. ʗסʥʠ, ץʘʰʘʫʜʳש ʪײʤʩʳץ ʙᴇʣʽʛʽ ʰʳʤʤʝʥ ʪʳסʳʟʜʘʣסʘʥ 

ʪʦʧʳʨʘץץʘ ʝʥʛʝʥ ʢʝʟʜʝ, ʣʝʛʽʨʣʝʫʰʽ ʵʣʝʤʝʥʪʪʽײץ שʨʘʤʳʥʜʘסʳ ʭʨʦʤʥʳש ʝש ʢᴇʧ 

ʧʘʡʳʟʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʪʦʟʫ ʧʨʦʮʝʩʽ ʙʘʷʫ ʞװʨʝʜʽ. ʆʩʳ ʛʨʘʬʠʢʪʝʥ ʰʳʤʤʝʥ 
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ʪʳסʳʟʜʘʣסʘʥ ʪʦʧʳʨʘץʪʘ ʞײʤʳʩ ʽʩʪʝʛʝʥʜʝ, ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʪʽש 

ʩʽשʽʨʫʰʽ ץʘʰʘʫʳʥʳש ʞײʤʳʩ ʙᴇʣʽʛʽʥ ʙʝʨʽʢʪʝʥʜʽʨʫ װʰʽʥ ʞʦסʘʨʳ ʭʨʦʤʜʳ (25% 

ʞᴅʥʝ ʦʜʘʥ ʞʦסʘʨʳ) ץʘʧʪʘʤʘ ʞʘʩʘʫ ʤʘʪʝʨʠʘʣʜʘʨʳ ײʩʳʥʳʣʘʜʳ ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳ 

ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. 

ʊ590 ʵʣʝʢʪʨʦʜʳʤʝʥ ʙʝʽʨʢʪʝʥʜʽʨʽʣʛʝʥ ץʘʰʘʫ ʪᴇʟʽʤʜʽʣʽʛʽʥʽש ʪʝʦʨʠʷʣʳץ 

ʥᴅʪʠʞʝʣʝʨʽ LS-DYNA ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘסʳ SPH ᴅʜʽʩʧʝʥ ʤʦʜʝʣʴʜʝʫ ʘʨץʳʣʳ 

ʪʝʢʩʝʨʽʣʜʽ. 2.21 ï ʩʫʨʝʪʪʝ ʤʦʜʝʣʴ ײץʨʫסʘ ʘʨʥʘʣסʘʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʪװʨʣʝʨʽ ʤʝʥ 

 .ʢᴇʨʩʝʪʽʣʛʝʥ (ʘʰʘʫץ-ʙ ,ץɸ ï ʪʦʧʳʨʘ) ʘʩʠʝʪʪʝʨʽץ

 

 
ʘ 

 
ʙ 

 

ʘ ïʪʦʧʳʨʘץ; ʙ ï ץʘʰʘʫ 
 

ʉʫʨʝʪ 2.21 ï ʄʦʜʝʣʜʝʫʛʝ ʘʨʥʘʣסʘʥ ʪʦʧʳʨʘץ ʧʝʥ ץʘʰʘʫʜʳש ʙʘʩʪʘʧץʳ 

ʤᴅʣʽʤʝʪʪʝʨʽ 

 ʧʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʘ ʙʦʣʘʜʳ ʞᴅʥʝץʙᴇʣʽʛʽ ʪʦʧʳʨʘ ץʤʩʳײʪ שʘʰʘʫʜʳפ

ʦʩʳʣʘʡʰʘ ʪʦʟʫסʘ ײʰʳʨʘʡʜʳ. ɼʝʤʝʢ, ʞײʤʳʩ ץʦʨʳʥ ʞᴅʥʝ ʪʦʟʫ ʪʝʨʝשʜʽʛʽʥ ʟʝʨʪʪʝʫ 
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 .ʘʥסʤʦʜʝʣʴʜʝʨʽ ʢʽʰʽʨʝʡʪʽʣʛʝʥ ʤʘʩʰʪʘʙʧʝʥ ʩʘʣʳʥ ץʘʰʘʫ ʤʝʥ ʪʦʧʳʨʘץ ʰʽʥװ

ʂʽʰʽʨʝʡʪʽʣʛʝʥ ʤʘʩʰʪʘʙʪʘ ʞװʨʛʽʟʽʣʛʝʥ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ ʩʝʥʽʤʜʽ 

ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʝʜʽ, ʘʣ ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʨ ʜᴅʣ ʢʘʣʠʙʨʣʝʥʝʜʽ ʞᴅʥʝ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪײʨסʳʜʘʥ ʪʝʢʩʝʨʽʣʝʜʽ. 2.22-ʩʫʨʝʪʪʝ ʪʦʧʳʨʘ2 ץ ʞᴅʥʝ ץʘʰʘʫʜr  2 ש

ʩʘʣʳʥסʘʥ ʤʦʜʝʣʴʜʝʨʽ (ɸ), ʦʣʘʨʜʳש ʝʩʝʧʪʝʫ ᴇʣʰʝʤʜʝʨʽ (ʙ) ʞᴅʥʝ ץʘʰʘʫʜr  SHELL ש

 SHELL ʤʦʜʝʣʽ שʘʰʘʫʜʳץ ʰʽʥװ ʤʦʜʝʣʽ (ʚ) ʢᴇʨʩʝʪʽʣʛʝʥ. ʊʦʟʫʜʳ ʤʦʜʝʣʴʜʝʫ (ץʘʙʳץ)

 ,ʤʳʩ ʽʩʪʝʛʝʥʜʝײʤʦʜʝʣʴʜʝʨʽʤʝʥ ʞ ץʘʙʳץ ,ʳʩʳʥʘʥסʨײʦʣʜʘʥʳʣʜʳ. ɼᴅʣʜʽʢ ʪץ

ʵʣʝʤʝʥʪ ʥʝʛʽʟʩʽʟ ʙײʨʤʘʣʘʥʙʘʡʜʳ ʞᴅʥʝ ץʠʩʳץ ʛʝʦʤʝʪʨʠʷ װʰʽʥ ʜײʨʳʩ ʰʝʰʽʤ 

ʙʝʨʝʜʽ. 

 

 

 
ʘ ʙ 

 
ʚ 

 

ʘ ï ʪײʨסʳʟʳʣסʘʥ ʤʦʜʝʣʴ: 1 ï ץʘʰʘʫ, 2 ï ʪʦʧʳʨʘץ; ʙ ï ʝʩʝʧʪʝʫ ᴇʣʰʝʤʜʝʨʽ; ʚ ï ץʘʰʘʫʜʳש 

SHELL (ץʘʙʳץ) ʤʦʜʝʣʽ 
 

ʉʫʨʝʪ 2.22 ï ɽʩʝʧʪʝʫʛʝ ʘʨʥʘʣסʘʥ ʪײʨסʳʟʳʣסʘʥ ʤʦʜʝʣʴ 

ʉʝʧʢʽʰʪʽץ שʘʨʤʘʫ ʝʥʽ 3,6 ʤ ʙʦʣסʘʥʜʘ, 276,6 ʛʘ ʞʝʨʜʽ ʞʳʨʪʫ ʢʝʟʽʥʜʝʛʽ ʪʦʟʫ 

ʘʡʤʘסʳ ʤʦʜʝʣʴʜʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥʜʳ. ʄʦʜʝʣʴʜʝʫ ʙʘʨʳʩʳʥʜʘ ʪʦʟʫ ʪʝʨʝשʜʽʛʽ 
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ʢʝʣʝʩʝʜʝʡ ʞװʨʛʽʟʽʣʜʽ: 276,6 ʛʘ ʞʝʨʜʽ ʞʳʨʪʫ װʰʽʥ 0,009 ʤ ʪʦʧʳʨʘײ ץʟʳʥʜʳסʳʥ 

85 370 370 ʨʝʪ ʮʠʢʣʜʘ ʰʝʢʪʽ ʪʦʟʫ ʤᴇʣʰʝʨʽʥʝ ʞʝʪʝʜʽ. ʄʦʜʝʣʜʝʫ ʢʝʟʽʥʜʝ 0,009 ʤ 

ʪʦʧʳʨʘץʪʳ ʞʳʨʪʫ ʙʘʨʳʩʳʥʜʘ ץʘʰʘʫ ʪʦʟʫ ʪʝʨʝשʜʽʛʽ 2,108Ĭ10-10ʤ, ʘʣ 276,6 ʛʘ ʞʝʨʜʽ 

ʞʳʨʪʫ ʙʘʨʳʩʳʥʜʘ ʰʝʢʪʽ ʪʦʟʫ ʤᴇʣʰʝʨʽ 0,018 ʤ ʪʝש ʙʦʣʜʳ (2.23-ʩʫʨʝʪ). 

 

 
 

ʉʫʨʝʪ 2.23 ï פʘʰʘʫ ʪʦʟʫʳʥʳש ʪʝʨʝשʜʽʛʽ 

 

2.23-ʩʫʨʝʪʢʝ ʞᴅʥʝ (2.47) ʬʦʨʤʫʣʘסʘ ʩᴅʡʢʝʩ ʘʣʳʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ 

ʪʝʦʨʠʷʣʳץ ʜʝʨʝʢʪʝʨʜʽש (ʰʝʢʪʽ ʪʦʟʫʳ 0,022 ʤ) ʤʦʜʝʣʴʜʝʫ ʘʨץʳʣʳ ʘʣʳʥסʘʥ 

ʤᴅʣʽʤʝʪʪʝʨʤʝʥ (0,018 ʤ) ʞʝʪʢʽʣʽʢʪʽ ʪװʨʜʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. 

 

 ʪʘʡʣʳשʦ שʘʧʪʘʤʘʩʳʥ ʞʘʩʘʫ ʨʝʞʠʤʽʥʽץ ʳʤʘץʘʰʘʫ ʙʝʪʽʥ ʙʘʣפ 2.7

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʥʝʛʽʟʜʝʫ  

ɼᴅʥʝʢʝʨʣʝʫʜʽש ʪײʨʘץʪʳ ʧʨʦʮʝʩʽ ʞᴅʥʝ ʜᴅʥʝʢʝʨʣʝʫʜʽש ʞʘץʩʳ ʩʘʧʘʩʳ 

ʜᴅʥʝʢʝʨʣʝʫ ʨʝʞʠʤʽʥʽש ʦשʪʘʡʣʳ ʪʘשʜʘʣסʘʥ ʧʘʨʘʤʝʪʨʣʝʨʽʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ, 

ʦʣʘʨסʘ Iʩʚ ʜᴅʥʝʢʝʨʣʝʫ ʪʦʛʳʥʳש ʢװʰʽ, Uʜ ʜʦסʘʩʳʥʳש ʢʝʨʥʝʫʽ ʞᴅʥʝ ɡʥ ʜᴅʥʝʢʝʨʣʝʫ 

ʞʳʣʜʘʤʜʳסʳ ʞʘʪʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʜᴅʥʝʢʝʨʣʝʫ ʰʘʨʪʪʘʨʳ ʙʽʨץʘʪʘʨ ץʦʩʳʤʰʘ 

ʬʘʢʪʦʨʣʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ: ʵʣʝʢʪʨʦʜʪʳש ʜʠʘʤʝʪʨʽ, ʪʦʢʪʳש ʪװʨʽ ʤʝʥ ʧʦʣʷʨʣʳסʳ, 

ʵʣʝʢʪʨʦʜʪʳש ʚʘʥʥʘסʘ ץʘʪʳʩʪʳ ʦʨʥʘʣʘʩʫʳ ʞᴅʥʝ ʙʘʩץʘʣʘʨʳ [124]. 

ɹײʣ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʜײʨʳʩ ʦʨʥʘʪʳʧ ץʘʥʘ ץʦʡʤʘʡ, ʦʣʘʨʜʳ ʜᴅʥʝʢʝʨʣʝʫ 

ʧʨʦʮʝʩʽʥʜʝ װʥʝʤʽ ײʩʪʘʧ ʪײʨʫ ʢʝʨʝʢ. ɹʘʣץʠʪʳʥ ʵʣʝʢʪʨʦʜʧʝʥ ʜᴅʥʝʢʝʨʣʝʫ ʢʝʟʽʥʜʝ 

ʜʦסʘʥʳײ שʟʳʥʜʳסʳʥʳש ʪײʨʘץʪʳʣʳסʳ ʵʣʝʢʪʨʦʜ ʩʳʤʳʥ ʜᴅʥʝʢʝʨʣʝʫ ʘʡʤʘסʳʥʘ 

ʙʝʨʽʣʽʩ ʞʳʣʜʘʤʜʳסʳ ɡɻ ʤʝʥ ʦʥʳ ʙʘʣץʳʪʫ ʞʳʣʜʘʤʜʳסʳ ɡʧ ʪʝש ʙʦʣסʘʥ ʢʝʟʜʝ 

 ʳ ʘʟʘʷʜʳסʟʳʥʜʳײ שʘʥʳסʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ: ɡɻ = ɡʧ. ɽʛʝʨ ɡɻ > ɡʧ ʙʦʣʩʘ, ʦʥʜʘ ʜʦץ

ʞᴅʥʝ ʙᴇʣʰʝʢ ʧʝʥ ʵʣʝʢʪʨʦʜʪʳץ שʳʩץʘ ʪײʡʳץʪʘʣʫʳ ʤװʤʢʽʥ. ɽʛʝʨ ɡɻ < ɡʧ ʙʦʣʩʘ, ʦʥʜʘ 

ʜʦסʘʣʘʨ װʟʽʣʽʩʢʝ ʞᴅʥʝ ʧʨʦʮʝʩʪʽש ʘʷץʪʘʣʫʳʥʘ ʜʝʡʽʥ ʩʦʟʳʣʘʜʳ. ʕʣʝʢʪʨʦʜʪʳש ʙʘʣץʫ 

ʞʳʣʜʘʤʜʳסʳ ʪʦʢ ʢװʰʽʥʝ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ [124, ʩ. 121]. 
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ɼʦסʘʥʳש ʪʦʢ ʢװʰʽ ʘʨʪץʘʥ ʩʘʡʳʥ ʜᴅʥʝʢʝʨʣʝʫ ʚʘʥʥʘʩʳʥʳײ שʟʳʥʜʳסʳ, ʝʥʽ 

ʞᴅʥʝ ᴅʩʽʨʝʩʝ ʙʘʣץʫ ʪʝʨʝשʜʽʛʽ ʘʨʪʘʜʳ [124, ʩ. 46].  

ɼʦסʘʥʳש ʪײʨʘץʪʳ ʞʳʣʫ ץʫʘʪʳʤʝʥ ʜᴅʥʝʢʝʨʣʝʫ ʞʳʣʜʘʤʜʳסʳʥʳש ᴇʟʛʝʨʫʽ 

ʜᴅʥʝʢʝʨʣʝʫ ʚʘʥʥʘʩʳ ʤʝʥ ʪʽʛʽʩʪʽש ʤᴇʣʰʝʨʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ. 

ɾʳʣʜʘʤʜʳץʪʳש ʞʦסʘʨʳʣʘʫʳʤʝʥ ʙʘʣץʫ ʪʝʨʝשʜʽʛʽ ʤʝʥ ʚʘʥʥʘʥʳש ʝʥʽ ʘʟʘʷʜʳ, ʘʣ 

 .ʳ ʙʽʨʰʘʤʘ ʘʨʪʘʜʳ [124, ʩ. 47]סʟʳʥʜʳײ

ɼᴅʥʝʢʝʨʣʝʫʜʽש (ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʫ) ʝʩʝʧʪʝʣʛʝʥ ʞʳʣʜʘʤʜʳסʳ: 

 

̎‮
Ͻ̎̒ ̃

Ͻ̎
, ʤ/ʩ     (2.54) 

 

ʤײʥʜʘ ὑ̎ ï ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʫ ʢʦʵʬʬʠʮʠʝʥʪʽ, ʢʛ/(ɸĿʩ); 

Ὅ̒  ̃ï ʜᴅʥʝʢʝʨʣʝʫ ʪʦʢ ʢװʰʽ, ɸ; 

” ï ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ ʤʝʪʘʣ ʪʳסʳʟʜʳסʳ, ʢʛ/ʤ3; 

Ὓ̎  ï ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ ʤʝʪʘʣʣ ʞʽʢ ʩʳʤʳʥʳש ʢᴇʣʜʝʥʝש 

 .ʤʤ2 ,שʠʤʘʩʳʥʳץ

ɹʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ ʤʝʪʘʣʣ ʞʽʢ ʩʳʤʳʥʳש ʢᴇʣʜʝʥʝץ שʠʤʘʩʳʥʳש:  

 

Ὓ̎ πȟχυϽὦϽὥ ᾀȟ ʤ2   (2.55) 

 

ʤײʥʜʘ ὦ ï ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ ʙʝʪʪʽש ʝʥʽ, ʤ; 

ὥ ï ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ ץʘʙʘʪʪʳץ שʘʣʳשʜʳסʳ, ʤ; 

ᾀ ï ʤʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʫ ᴅʜʽʙʽ, ʤʤ. 

Ὓ̎ ʤᴅʥʽʥ (2.55) ᴇʨʥʝʛʽʥʝ (2.54) ʬʦʨʤʫʣʘסʘ ץʦʡʳʧ, ʘʣʘʤʳʟ 

 

̒‮ ̃
Ͻ̎̒ ̃

Ͻȟ ϽϽ
   , ʤ/ʩ    (2.56) 

 

ʕʣʝʢʪʨʦʜ ʩʳʤʳʥʳש ʝʩʝʧʪʝʣʛʝʥ ʙʝʨʽʣʽʩʽʥʽש ʞʳʣʜʘʤʜʳסʳ 

 

̞‮
Ͻ Ͻ̑̒ ̃

Ͻ Ͻ
, ʤ/ʩ     (2.57) 

 

ʤײʥʜʘ ὑ̑ ρȟπσϽὑ̎ ï ʙʘʣץʫ ʢʦʵʬʬʠʮʠʝʥʪʽ, ʢʛ/(ɸĿʩ); 

Ὅ̒  ̃ï ʜᴅʥʝʢʝʨʣʝʫ ʪʦʢ ʢװʰʽ, ɸ; 

Ὠ ï ʜᴅʥʝʢʝʨʣʝʫ ʩʳʤʳʥʳש ʜʠʘʤʝʪʨʽ, ʤ; 

” ï ʜᴅʥʝʢʝʨʣʝʫ ʩʳʤʳʥʳש ʪʳסʳʟʜʳסʳ, ʢʛ/ʤ3. 

MathCAD ʙʘסʜʘʨʣʘʤʘʩʳʥʳש ʢᴇʤʝʛʽʤʝʥ (2.56) ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ᴅʨ ʪװʨʣʽ 

ʪʦʢ ʢᴇʟʽʥʽש ʤᴅʥʜʝʨʽʥʜʝ ʙʘʣץʳʤʘʤʝʥ ץʘʧʪʘʤʘ ʞʘʩʘʫ ʞʳʣʜʘʤʜʘʤʜʳסʳʥʳש 

 ʘʥ ᴅʜʽʧʢʝסʜʝʫʛʝ ʘʨʥʘʣשᴇ ץʳʥʘ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳסʜʳשʘʣʳץ ʘʥ ʙʝʪסʘʧʪʘʤʣץ

ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʢʪʝʨʽ ʘʣʳʥʜʳ. 

ɹʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ ץʘʙʘʪ ץʘʣʳשʜʳסʳʥʘ (2.24ʘ-ʩʫʨʝʪ) ʞᴅʥʝ 

ʤʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʫ ᴅʜʽʙʽʥʝ (2.24ʙ-ʩʫʨʝʪ) ʙʘʡʣʘʥʳʩʪʳ ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʫ 

ʞʳʣʜʘʤʜʳסʳʥʳש ᴇʟʛʝʨʫʽ ʧʘʨʘʙʦʣʘʣʳץ ʩʠʧʘʪץʘ ʠʝ. ɹʘʣץʳʪʳʣסʘʥ ץʘʙʘʪʪʳש 

 ʜʝʫ ᴅʜʽʙʽʥʝ ʙʘʡʣʘʥʳʩʪʳשʨʣʽ ʤᴅʥʜʝʨʽʥʜʝʛʽ ᴇװᴅʨʪ שʳʥʘ ʞᴅʥʝ ʪʦʢ ʢᴇʟʽʥʽסʜʳשʘʣʳץ
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ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʫ ʞʳʣʜʘʤʜʳסʳʥʳש ʛʨʘʬʠʢʪʝʨʽʥʜʝ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ ץʘʙʘʪ 

 ʤᴅʥʽ ʪᴇʤʝʥʜʝʡʪʽʥʽʥ ʘʪʘʧ שʪʳץʘʥ ʢʝʟʜʝ ʞʳʣʜʘʤʜʳסʘʡסʣײ ʳ ʤʝʥ ᴅʜʽʙʽסʜʳשʘʣʳץ

ᴇʪʫʛʝ ʙʦʣʘʜʳ, ʙʽʨʘץ ʪʦʢ ʢᴇʟʽʥʽש ʤᴅʥʜʝʨʽ ʘʨʪץʘʥ ʩʘʡʳʥ ʞʦסʘʨʳʣʘʡʜʳ. ɹײʣ ʪʦʢʪʳש 

ʞʦסʘʨʳʣʘʫʳʥʘʥ ʢʝʡʽʥ ʜʘʡʳʥʜʘʤʘʥʳש ʜʦסʘʣʳץ ʢװʰʽ ʤʝʥ ʞʳʣʫ ʘʣʤʘʩʫʳ ʘʨʪʘʜʳ, 

ʞʳʣʫ ʢᴇʟʽʥʽש ʦʨʥʳ ʪᴇʤʝʥ ץʘʨʘʡ ʞʳʣʞʠʜʳ, ʘʣ ץʳʟʜʳʨʫ ʪʝʨʝשʜʽʛʽ ʘʨʪʘʜʳ. 

ɼᴅʥʝʢʝʨʣʝʫ ʪʝʨʝשʜʽʛʽ ʜᴅʥʝʢʝʨʣʝʫ ʪʦʛʳʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ. ɼᴅʥʝʢʝʨʣʝʫ 

ʞʳʣʜʘʤʜʳסʳ ʞʦסʘʨʳʣʘסʘʥ ʩʘʡʳʥ ʵʥʝʨʛʠʷ ʘʟʘʷʜʳ, ʩʦʥʜʘʡ-ʘץ ʙʘʣץʫ ʪʝʨʝשʜʽʛʽ ʤʝʥ 

ʝʥʽ ʘʟʘʷʜʳ. פʘʣʜʳץ ʙʠʽʢʪʽʛʽ ʜʝ ʘʟʘʷʜʳ, ᴇʡʪʢʝʥʽ ײʟʳʥʜʳץ ʙʽʨʣʽʛʽʥʝ ʜᴅʥʝʢʝʨʣʝʫʛʝ 

ʩʳʤ ʤʝʪʘʣʳʥʳש ʪײʥʜʳʨʫ ʤᴇʣʰʝʨʽ ʜᴅʥʝʢʝʨʣʝʫ ʞʳʣʜʘʤʜʳסʳʥʘ ʢʝʨʽ 

ʧʨʦʧʦʨʮʠʦʥʘʣ, ʘʣ ʙʘʣץʫ ʝʥʽ ʜᴅʥʝʢʝʨʣʝʫ ʞʳʣʜʘʤʜʳסʳʥʳש ʢʚʘʜʨʘʪʳʥʘ ʢʝʨʽ 

ʧʨʦʧʦʨʮʠʦʥʘʣ. 

 

     
ʘ ʙ 

 

ʉʫʨʝʪ 2.24 ï ᴄʨ ʪװʨʣʽ ʪʦʢ ʢᴇʟʽʥʽש ʤᴅʥʜʝʨʽʥʜʝ ʙʘʣץʳʤʘʤʝʥ ץʘʧʪʘʤʘ ʞʘʩʘʫ 

ʞʳʣʜʘʤʜʘʤʜʳסʳʥʳץ שʘʧʪʘʣסʘʥ ʙʝʪ ץʘʣʳשʜʳסʳʥʘ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʫʛʝ 

ʘʨʥʘʣסʘʥ ᴅʜʽʧʢʝ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʢʪʝʨʽ 

 

ɹʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ ץʘʙʘʪʪʳץ שʘʣʳשʜʳסʳ ʧʨʦʮʝʩʩ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש 

ʤᴅʥʜʝʨʽʥʽש ʪʽʨʢʝʩʽʤʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ. ɹʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ ץʘʙʘʪʪʳש 

ʙʽʨʜʝʡ ץʘʣʳשʜʳסʳʥ ᴅʨ ʪװʨʣʽ ʙʘʣץʳʤʘʣʘʫ ʧʘʨʘʤʝʪʨʣʝʨʽ ʤᴅʥʜʝʨʽʥʽש ʪʽʨʢʝʩʽʤʜʝʨʽ 

ʘʨץʳʣʳ ʘʣʫסʘ ʙʦʣʘʜʳ. ɼʝʛʝʥʤʝʥ, ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ ץʘʙʘʪʪʳץ שʘʣסʘʥ 

ʛʝʦʤʝʪʨʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ: ʤʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʫ ᴅʜʽʙʽ z, ʙʘʣץʫ ʪʝʨʝשʜʽʛʽ h, 

ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʫ ʘʫʜʘʥʳ ʞᴅʥʝ ʙʘʣץʫ ʘʡʤʘסʳ ᴅʨʪװʨʣʽ ʙʦʣʘʜʳ. ʄʠʥʠʤʘʣʜʳ 

ʤʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʫ ᴅʜʽʙʽ ʙʦʣסʘʥʜʘ, ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ ץʘʙʘʪʪʳש ʙʝʨʽʣʛʝʥ 

ʘ ʘʡʥʘʣʘʪʳʥ ɻסʘץשʜʘʫ ʞʦשʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʨʝʞʠʤʜʽ ʪʘץ ʳʥסʜʳשʘʣʳץ ʣʝʢʪʨʦʜ ʧʝʥ 

ʤʝʪʘʣʜʳש ʰʳסʳʥʳʥ ʝʜᴅʫʽʨ ʘʟʘʡʪʘʜʳ. ʄײʥʳש ʩʘʣʜʘʨʳʥʘʥ ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ 

ʞʘʩʘʫ ʞᴅʥʝ ʢʝʡʽʥʛʽ ᴇשʜʝʫ ʰʳסʳʥʜʘʨʳ ʪᴇʤʝʥʜʝʫ ʙʦʣʘʜʳ. 

ɹʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ ץʘʙʘʪʪʳץ שʘʣʳשʜʳסʳʥ ʘʥʳץʪʘʡʪʳʥ ʥʝʛʽʟʛʽ 

ʙʘʣץʳʤʘʣʘʫ ʧʘʨʘʤʝʪʨʣʝʨʽ ʵʣʝʢʪʨʦʜʪʳש ʜʠʘʤʝʪʨʽ, ʦʥʳש ʙʝʨʽʣʽʩ ʞʳʣʜʘʤʜʳסʳ, 

ʙʘʣץʳʤʘʣʘʫ ʞʳʣʜʘʤʜʳסʳ ʞᴅʥʝ ʪײʨʘץʪʳ ʪʦʢ ʢװʰʽ. 
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ʕʣʝʢʪʨʦʜʪʳש ʜʠʘʤʝʪʨʽ ʜᴅʥʝʢʝʨʣʝʥʛʝʥ ʤʝʪʘʣʜʳץ שʘʣʳשʜʳסʳʥʘ, 

ʜᴅʥʝʢʝʨʣʝʥʛʝʥ ץʦʩʳʣʳʩʪʳש ʪװʨʽʥʝ ʞᴅʥʝ ʢʝשʽʩʪʽʢʪʝʛʽ ʪʽʛʽʩʪʽש ʦʨʥʘʣʘʩʫʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʪʘשʜʘʣʘʜʳ. ʕʣʝʢʪʨʦʜʪʳש ʜʠʘʤʝʪʨʽʥ ʪʘשʜʘסʘʥʜʘ ʄɽʉʊ 9466-75 [125] 

ʙʦʡʳʥʰʘ 2.2-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ ʥʝʤʝʩʝ (2.58) ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʰʘʤʘʤʝʥ 

ʝʩʝʧʪʝʣʛʝʥ ʜʝʨʝʢʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ: 

 

Ὠ̞ ρȟρσ̒̃, ʤ     (2.58) 

 

ʤײʥʜʘ Ὦ ï ʵʣʝʢʪʨʦʜʪʘסʳ ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʪʦʢ ʪʳסʳʟʜʳסʳ, ɸ/ʤ2; 

Ὅ̒  ̃ï ʜᴅʥʝʢʝʨʣʝʫ ʪʦʢ ʢװʰʽ, ɸ. 

 

ʂʝʩʪʝ 2.2 ï ʕʣʝʢʪʨʦʜ ʜʠʘʤʝʪʨʽʥʽש ʤʝʪʘʣʜʳץ שʘʣʳשʜʳסʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ  
 

ʇʣʘʩʪʠʥʘ ץʘʣʳשʜʳסʳ,  

10-3ʤ 
3-5 6-10 10-16 14-20 20-25 25-30 

ʕʣʝʢʪʨʦʜ ʜʠʘʤʝʪʨʽ, 10-3ʤ 1,6 

2,0 

2,5 

3,0 

3,15 

4,0 5,0 

6,0 

6,3 

8,0 10,0 

12,0 

12,5 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ[125, ʩ. 22] 

 

ɹʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ װʣʛʽʣʝʨʜʽץ שʘʣʳשʜʳסʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʄɽʉʊ 

9466-75 ʩᴅʡʢʝʩ, ʵʣʝʢʪʨʦʜʪʳש ʜʠʘʤʝʪʨʽ 0,004 ʤ ʜʝʧ ץʘʙʳʣʜʘʡʤʳʟ. 

ɼʠʘʤʝʪʨʽ 0,004 ʤ ʊ590 ʵʣʝʢʪʨʦʜʳʤʝʥ ʜᴅʥʝʢʝʨʣʝʫʜʽש ʪᴇʤʝʥʛʽ ʧʦʟʠʮʠʷʩʳ 

 .ʤᴇʣʰʝʨʽ ï 120 õ 160 ɸ שʩʳʥʘʪʳʥ ʜᴅʥʝʢʝʨʣʝʫ ʪʦʛʳʥʳײ ʰʽʥ ᴇʥʜʽʨʫʰʽװ

ʂᴇʤʽʨʪʝʢʪʽ ʞᴅʥʝ ʣʝʛʽʨʣʝʥʛʝʥ ײץʨʳʣʳʤʜʳץ ʙʦʣʘʪʪʘʨʜʳ ʜᴅʥʝʢʝʨʣʝʫʜʝ 

 ʳ ʢʝʨʥʝʫסʘʜʘסʰʽʥ ʜʦװ ʢᴇʧʪʝʛʝʥ ʤʘʨʢʘʣʘʨʳ שʦʣʜʘʥʳʣʘʪʳʥ ʵʣʝʢʪʨʦʜʪʘʨʜʳץ

ʤᴇʣʰʝʨʽ 22 õ 28 ɺ ײץʨʘʡʜʳ. 

ʊʝʛʽʩ ʙʝʪʪʽ ʩװʨʛʽʣʝʫʜʽשʤʘʰʠʥʘʣʳץ ʫʘץʳʪʳ ʦʩʳ ʙʝʪʪʽ ʪʝʛʽʩʪʝʫ ʢʝʟʽʥʜʝʛʽ 

ʤʘʰʠʥʘʣʳץ ʫʘץʳʪ ʬʦʨʤʫʣʘʩʳʥʘ ץײʩʘʩ (2.59) ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʘʜʳ 

 

Ű=b/nt       (2.59) 

 

ʤײʥʜʘ b ï ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʣʘʪʳʥ ʙʝʪ ʝʥʽ, ʤ; 

n ï ʙᴇʣʰʝʢʪʽש ʘʡʥʘʣʫ ʞʠʽʣʽʛʽ, ʘʡʥ/ʤʠʥ; 

t ï ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʫ ץʘʜʘʤʳ, ʤ. 

2.25-ʩʫʨʝʪʪʝ ץʘʰʘʫʜʳ ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɾײʤʳʩ ʢʝʟʽʥʜʝ ɸ ʙʝʪʽ ʪʦʟʫסʘ ʢᴇʙʽʨʝʢ ײʰʳʨʘʡʜʳ, ʩʦʥʜʳץʪʘʥ ץʘʰʘʫʜʳש ʢʦʥʩʦʣʴ 

ʙᴇʣʽʛʽ ʵʣʝʢʪʨʦʜʧʝʥ ʙʝʨʽʢʪʝʥʜʽʨʽʣʝʜʽ. 
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ɸ ï ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʣʘʪʳʥ ʙʝʪ  

 

ʉʫʨʝʪ 2.25 ï פʘʰʘʫʜʳש ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʩײʣʙʘʩʳ 

 

ɹᴇʣʰʝʢʪʽש ʘʡʥʘʣʫ ʞʠʽʣʽʛʽ  

 

ὲ ̎       (2.60) 

 

ʤײʥʜʘ .ʩ/ʤ ,ʳסʳʜʤʘʜʣʳʞ ʫʘʩʘʞ ʘʤʘʪʧʘץ ʘʤʳץʣʘʙ ï ̎‮ 

(2.60) ᴇʨʥʝʢʪʝʛʽ ὲ ʤᴅʥʽʥ (2.61) ʬʦʨʤʫʣʘʩʳʥʘ ץʦʶ ʘʨץʳʣʳ, ʢʝʣʝʩʽʥʽ ʘʣʘʤʳʟ 

 

†
̎

      (2.61) 

 

ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ ʝʩʝʧʪʽʢ ʪʝʢʩʝʨʫ ʤʘץʩʘʪʳʥʜʘ ᴅʜʝʙʠ ʜʝʨʝʢʢᴇʟʜʝʨ 

ʥʝʛʽʟʽʥʜʝ ʘʣʳʥסʘʥ (2.56) ʞᴅʥʝ (2.57) ʬʦʨʤʫʣʘʣʘʨʳʥʘ ʢʽʨʝʪʽʥ ʘʡʥʳʤʘʣʳʣʘʨʜʳש 

ʦʨʪʘʰʘ ʩʘʥʜʳץ ʤᴅʥʜʝʨʽʥ ץʘʙʳʣʜʘʡʤʳʟ: ὑ̎ πȟςχψρπ ̋ Ⱦ̄ˍ  ̒ï ʙʘʣץʳʤʘ 

ʘʧʪʘʤʘ ʞʘʩʘʫ ʢʦʵʬʬʠʮʠʝʥʪʽ; ὦץ πȟπςπ̍ ï ʙʘʣץʳʪʳʣʘʪʳʥ ʙʝʪʪʽש ʝʥʽ; ”
χψυπ ̋̄ Ⱦ̍ ïʙʘʣץʳʪʳʣסʘʥ ʤʝʪʘʣʜʳש ʪʳסʳʟʜʳסʳ; Ὅ̒̃ ρςπρφπˍ ï ʜᴅʥʝʢʝʨʣʝʫ 

ʪʦʛʳʥʳש ʢװʰʽ; ὥ ρ τȟυ ρπ̍  ï ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ ץʘʙʘʪ 

ʳ; ᾀסʜʳשʘʣʳץ πȟσ ρȟφωρπ  ̍ï ʤʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʫ ᴅʜʽʙʽ; Ὠ πȟππτ̍ ï 
ʜᴅʥʝʢʝʨʣʝʫ ʩʳʤʳʥʳש ʜʠʘʤʝʪʨʽ; Ὗ̅ ςς ςψ ˏ ï ʜʦסʘʜʘסʳ ʢʝʨʥʝʫ; t=0,004 ʤ ï 

ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʫ ץʘʜʘʤʳ. 

ʆʩʳ ʤᴅʥʜʝʨʤʝʥ ʢʝʣʝʩʽʥʽ ʘʣʘʤʳʟ: ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʫ ʞʳʣʜʘʤʜʳסʳ 

̎‮ πȟπππυωπȟππρσ̍Ⱦ̒  ʞᴅʥʝ ʵʣʝʢʪʨʦʜ ʩʳʤʳʥʳש ʞʳʣʜʘʤʜʳסʳ ̞‮
πȟππσυπȟππτφ̍Ⱦ̒. ʊʘשʜʘʣסʘʥ ʨʝʞʠʤʜʝʨʛʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʵʢʩʧʝʨʠʤʝʥʪʪʽ 
ʞʦʩʧʘʨʣʘʫ ʞᴅʥʝ ʩʽשʽʨʫʰʽ ץʘʰʘʫʳʥʳש ʞײʤʳʩ ʙʝʪʽʥ ʙʝʨʽʢʪʝʥʜʽʨʫ ץʘʞʝʪ. 

 

2-ʙᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʨʜʘʥ ʢʝʣʝʩʽ ʪײʞʳʨʳʤʜʘʨ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ: 
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1. ʂʝשʽʥʝʥ ʪʘʨʘʣסʘʥ ᴅʜʽʩʪʝʨ ʤʝʥ ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʜʳ ʪʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝ 

ʦʣʘʨʜʳ ʽʩʢʝ ʘʩʳʨʫ װʰʽʥ ʙʽʨ ʤʝʟʛʽʣʜʝ ʰᴇʧ ʪץײʳʤʳʥ ʩʝʙʫʜʽש (0,04ʤ-ʛʝ ʜʝʡʽʥ) ʞᴅʥʝ 

ʪʦʧʳʨʘץ ʛʦʨʠʟʦʥʪʳʥʳש ʝʢʽ ʜʝשʛʝʡʽʥʝ ʤʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʳ (0,12 ʤ-ʛʝ ʜʝʡʽʥ) 

ʝʥʛʽʟʫʜʽש ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʩʳ, ʞʝʤʰᴇʧ ʘʣץʘʧʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫʜʘʥ ʞᴅʥʝ ʘʫʳʣ 

ʰʘʨʫʘʰʳʣʳסʳ ʜʘץʳʣʜʘʨʳʥ ʪʽʢʝʣʝʡ ʩʝʙʫʛʝ ʘʨʥʘʣסʘʥ ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ 

ʩʝʧʢʽʰʪʽײץ שʨʳʣʳʤʳ ײʩʳʥʳʣʜʳ. ʊץײʳʤ ʩʝʙʫ ʞᴅʥʝ ʪʳשʘʡʪץʳʰ ʝʥʛʽʟʫ ʪʝʨʝשʜʽʛʽ 

ʨʝʪʪʝʣʝʜʽ, ʘʣ ʦʣʘʨʜʳש ʩʝʙʫ ʝʥʽ 0,04 ʤ-ʛʝ ʜʝʡʽʥ. 

2. ʊʝʦʨʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥʝʛʽʟʽʥʜʝ ʘʰʳʣʫ (25Á-45Á) ʞᴅʥʝ ʩʽשʽʨʫʰʽʥʽ 

ʦʨʥʘʪʫ (73Á-76Á) ʙײʨʳʰʪʘʨʳʥʳש, ʩʦʥʜʘʡ-ʘץ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʦʥʳש 

 ̔.ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ (759 ʅ) ʪᴅʫʝʣʜʽʣʽʛʽ ʥʝʛʽʟʜʝʣʜ ץʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳ ץʨʳʣʳʤʜʳײץ

3. ɸʙʨʘʟʠʚʪʽ ʪʦʟʫ ʞʘסʜʘʡʣʘʨʳ װʰʽʥ ײץʨʘʤʳʥʜʘ ʢᴇʤʽʨʪʝʛʽ, ʭʨʦʤ, ʤʘʨʛʘʥʝʮ, 

ʚʦʣʴʬʨʘʤ ʞᴅʥʝ ץʳʤʙʘʪ ʣʝʛʽʨʣʝʫʰʽ ʵʣʝʤʝʥʪʪʝʨʽ ʙʘʨ ʙʝʪʢʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳ 

ʧʘʡʜʘʣʘʥʫ ʩʝʧʢʽʰʪʽש ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʞײʤʳʩ ץʦʨʳʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʪʽʥʽ ʘʥʳץʪʘʣʜʳ. ʂʦʤʧʦʟʠʮʠʷʣʳץ ʢװʨʜʝʣʽ ץʦʨʳʪʧʘʣʘʨʜʘ, ᴅʩʽʨʝʩʝ ʙʦʨ ʤʝʥ 

ʥʠʢʝʣʴ ץʘʪʪʳʣʳץץʘ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ. ɸʣʘʡʜʘ, ʥʠʢʝʣʴʜʽש ʙʦʣʫʳ (ʎʉ-1) 

ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ ʙᴇʣʰʝʢʪʽײץ שʥʳʥ ץʳʤʙʘʪʪʘʪʘʜʳ, ʩʦʥʜʳץʪʘʥ ʦʥʳ ʙʦʨ ʥʝʛʽʟʽʥʜʝʛʽ 

ʪᴇʨʪ ʢʦʤʧʦʥʝʥʪʪʽʢ ץʦʨʳʪʧʘסʳ ʘʫʳʩʪʳʨʫ ײʩʳʥʳʣʘʜʳ (T590). 

4. 65ɻ ʙʦʣʘʪʪʘʥ ʞʘʩʘʣסʘʥ ץʘʰʘʫʜʳש ʪᴇʟʽʤʜʽʣʽʛʽ 114,6 ʛʘ ʞᴅʥʝ ʵʣʝʢʪʨʦʜʧʝʥ 

ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ ʊ590 ï 276,6 ʛʘ ײץʨʘʡʜʳ. ʊײʤʩʳץ ʙᴇʣʽʛʽ ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ 

 ʙʦʣʫʳʥʘ שʨʘʤʳʥʜʘ ʭʨʦʤ, ʤʘʨʛʘʥʝʮ ʞᴅʥʝ ʙʦʨʜʳײץ ʪᴇʟʽʤʜʽʣʽʛʽ שʘʰʘʫʜʳץ

ʙʘʡʣʘʥʳʩʪʳ ʰʘʤʘʤʝʥ 2,4 ʝʩʝ ʘʨʪʘʜʳ. 

5. ʊʝʦʨʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥʝʛʽʟʽʥʜʝ ʙʘʣץʳʤʘʣʘʫʤʝʥ ץʘʧʪʘʤʘ ʞʘʩʘʫʜʳש 

ʥʝʛʽʟʛʽ ʨʝʞʠʤʜʝʨʽ ʪʘשʜʘʣʜʳ: Ὅ̒̃ ρςπρφπˍ ï ʜᴅʥʝʢʝʨʣʝʫ ʪʦʢ ʢװʰʽ; ὥ ρ
τȟυ ρπ  ̍ï ʙʘʣץʳʤʘ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ ץʘʙʘʪ ץʘʣʳשʜʳסʳ; ᾀ πȟσ ρȟφω
ρπ̍ï ʤʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʫ ᴅʜʽʙʽ;  Ὠ πȟππτ̍̍ ï ʜᴅʥʝʢʝʨʣʝʫ ʩʳʤʳʥʳש 

ʜʠʘʤʝʪʨʽ;  Ὗ̅ ςςςψ ˏï ʜʦסʘʜʘסʳ ʢʝʨʥʝʫ; ὸ πȟππτ̍̍ ï ʙʘʣץʳʤʘ 

̎‮ ;ʘʜʘʤʳץ שʘʧʪʘʤʘʩʳʥʳץ πȟπππυωπȟππρσ̍Ⱦ̒  ï ʙʘʣץʳʤʘ ץʘʧʪʘʤʘʩʳʥʳש 
ʞʳʣʜʘʤʜʳסʳ ʞᴅʥʝ ̞‮ πȟππσυπȟππτφ̍Ⱦ̒ . ï ʵʣʝʢʪʨʦʜ ʩʳʤʳʥʳש 

ʞʳʣʜʘʤʜʳסʳ.  
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3 ɿɽʈʊʊɽʋ ɾᴄʅɽ ʉʓʅɸʋ ɹɸנɼɸʈʃɸʄɸʉʓ, ᴄɼɯʉʊɽʄɽʉɯ 

 

3.1 ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨʜʽש ʤʽʥʜʝʪʪʝʨʽ ʤʝʥ ʙʘסʜʘʨʣʘʤʘʩʳ 

ʆʩʳ ʞײʤʳʩʪʳש ʙʽʨʽʥʰʽ ʪʘʨʘʫʳʥʜʘ ץʦʡʳʣסʘʥ ʤʽʥʜʝʪʪʝʨʜʽ ʞᴅʥʝ ʟʝʨʪʪʝʫʜʽש 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʙᴇʣʽʤʽʥʜʝ ʩʽשʽʨʫʰʽʥʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʥʝʛʽʟʜʝʫʜʽש ʪʝʦʨʠʷʣʳץ ʘʣסʳ ʰʘʨʪʪʘʨʳʥ ʽʩʢʝ ʘʩʳʨʫ װʰʽʥ: 

 ʪץײʳʤ ʩʝʙʫʛʝ ʞᴅʥʝ ʪʦʧʳʨʘץץʘ ʪʳשʘʡʪץʳʰ ʝʥʛʽʟʫʛʝ ʘʨʥʘʣסʘʥ ʩʽשʽʨʫʰʽʥʽש 

ʞײʤʳʩʳʥ ʪʝʢʩʝʨʫ; 

 ʪᴅʞʽʨʠʙʝʣʽ ʩʽשʽʨʫʰʽʥʽש ʩʘʧʘʣʳץ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ 

ʘʨʘʩʳʥʜʘסʳ ʥʝʛʽʟʛʽ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʜʽ ʦʨʥʘʪʫ; 

 ʩʽשʽʨʫʰʽʥʽײץ שʨʳʣʳʤʜʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʦשʪʘʡʣʳ ʤᴅʥʜʝʨʽʥ ʘʥʳץʪʘʫ; 

 ʩʽשʽʨʫʰʽ ʞײʤʳʩʳʥʳש ʩʘʧʘʩʳʥ ʞᴅʥʝ ʝʛʽʩʪʽʢ ʞʘסʜʘʡʳʥʜʘ ʩʽשʽʨʫʰʽ 

 .ʪʦʟʫ ʜᴅʨʝʞʝʩʽʥ ʪʝʢʩʝʨʫ שʘʰʘʫʳʥʳץ

 ʜʘʨʣʘʤʘʩʳסʤʳʩʪʘʨ ʙʘײʘʥ ʤʽʥʜʝʪʪʝʨʛʝ ʩᴅʡʢʝʩ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞסʦʡʳʣפ

 :ʘʨʘʩʪʳʨʳʣʜʳץ

 ʟʝʨʪʭʘʥʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ; 

 ʝʛʽʩʪʽʢ ʩʳʥʘץʪʘʨ.r 

 

3.2 ɸʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʽʥ̔ש ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʽשʽʨʫʰʽʩʥ̔ʽש 

  ʝʨʝʢʰʝʣʽʢʪʝʨʽ ץʨʳʣʳʤʜʳײץ

ʊץײʳʤ ʩʝʙʫʛʝ ʞᴅʥʝ ʪʦʧʳʨʘץ ʽʰʽʥʝ ʪʳשʘʡʪץʳʰ ʝʥʜʽʨʫʛʝ ʘʨʥʘʣסʘʥ ʩʽשʽʨʫʰʽ 

(2.1, 2.2, 3.1-ʩʫʨʝʪʪʝʨ), ʪᴇʤʝʥʛʽ ʞʘסʳ ץʘʰʘʫʤʝʥ ʘʷץʪʘʣʘʪʳʥ ʪʽʨʝʫʜʝʥ ʪײʨʘʜʳ, ʩʦʣ 

ʞʘסʳʥʜʘ ʨʝʪʪʝʣʝʪʽʥ ʝʥʽ 0,04 ʤ ʜʝʡʽʥʛʽ ʙʠʽʢʪʽʢʪʝ ʧʳʰʘץ, ʘʣ ʘʨʪץʳ ʞʘסʳʥʜʘ ʝʢʽ 

ʪװʪʽʢ, ʪץײʳʤ ʞᴅʥʝ ʪʳשʘʡʪץʳʰ ʪװʪʽʛʽ ʙʘʨ. 

ʪʽʨʝʫ̔ שʤʳʩ ʦʨʛʘʥʳʥʳײʘʰʘʫʳ 10 ʙʘʨ ʞפ  9 ʝʥʽ 0,02 ʤ ʪʽʢ ʩʘשʳʣʘʫʜʳ ʢʝʩʝʜʽ, 

ʘʣ ʧʳʰʘ12 ץ ʪʦʧʳʨʘץʪʳ ʥʝʤʝʩʝ ץʦʧʩʳʪץʳʰʪʳ ץʘʙʘʪʪʳש ʘʡʥʘʣʫʳʥʩʳʟ ʙʦʩʘʪʘʜʳ 

(2.2-ʩʫʨʝʪ). ʉʦʥʳʤʝʥ ʙʽʨ ʤʝʟʛʽʣʜʝ ʪʳשʘʡʪץʳʰʪʘʨסʘ ʘʨʥʘʣסʘʥ ʙʫʥʢʝʨʜʝʥ 

ʤʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨ 3 ʪʳשʘʡʪץʳʰʪʘʨסʘ ʘʨʥʘʣסʘʥ ʩʝʙʫ ʘʧʧʘʨʘʪʳ ʘʨץʳʣʳ 5 

ʪʳשʘʡʪץʳʰ ʪװʪʽʛʽ 8 ʘʨץʳʣʳ װʣʝʩʪʽʨʛʽʰʪʽ14 ש ʢʦʥʫʩʪʳץ ʙʝʪʽʥʝ ʙʝʨʽʣʝʜʽ ʞᴅʥʝ 

0,08õ0,12 ʤ ʪʝʨʝשʜʽʢʪʝ ʦʨʥʘʣʘʩץʘʥ ץʘʰʘʫ 10 ʤʝʥ ʧʳʰʘץʪʳ11 ש ʽʟʽʥʝ ʙʽʨʢʝʣʢʽ 

ʰʘʰʳʨʘʡʜʳ. ʊʘʧʪʘסʳʰ ʢʘʪʦʢʪʘʨʜʘʥ 15 ʘʡʥʘʣʤʘʣʳ ץʦʟסʘʣʳʩʪʳ ץʘʙʳʣʜʘʡ 

ʦʪʳʨʳʧ, ץʦʧʩʳʪץʳʰ 6 ʪץײʳʤʜʘʨʜʳ ʙʫʥʢʝʨʜʝʥ 2 ʩʝʙʫ ʘʧʧʘʨʘʪʳʥʘ 4 ʞʽʙʝʨʝʜʽ, 

ʩʦʜʘʥ ʢʝʡʽʥ ʜᴅʥ ʪװʪʽʛʽ 7 ʙʦʡʳʥʰʘ ʪץײʳʤʜʘʨ ʪʦʧʳʨʘץץʘ 0,04õ0,06 ʤ ʪʝʨʝשʜʽʢʢʝ 

ʪʳשʘʡʪץʳʰ ץʘʙʘʪʳʥʳװ שʩʪʽʥʝ ʙʝʨʽʣʝʜʽ. ʊʘʧʪʘסʳʰ ʢʘʪʦʢ 13 ʧʘʡʜʘ ʙʦʣסʘʥ 

ʩʘשʳʣʘʫʜʳ ץʳʩʘʜʳ (2.1-ʩʫʨʝʪ). 

ɾʦסʘʨʳʜʘ ʪʝʦʨʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨ ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʙʝʣʛʽʣʝʡʜʽ: ʞװʟʽʥʽש 

 ʝʥʽ שʽʨʫʰʽʥʽשʨʳʰ ‎=28Á. ʉʽײʳ ʙסʳʥʜʘסʳ ʞʘסʘʨסʳ ï 0,0028 ʤ, ʞʦסʜʳשʘʣʳץ

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ 0,02 ʤ-ʛʝ ʜʝʡʽʥ ʦʨʥʘʪʳʣסʘʥ. ʆʩʳ ʧʘʨʘʤʝʪʨʣʝʨ 

ʥʝʛʽʟʽʥʜʝ ʩʽשʽʨʫʽʰʽʥʽש ʤʘʢʝʪ װʣʛʽʩʽ ʞʘʩʘʣʜʳ, 3.1-ʩʫʨʝʪ. 

ɿʝʨʪʭʘʥʘʣʳץ ʩʳʥʘץʪʘʨʜʳ ʞװʨʛʽʟʫ װʰʽʥ ʟʝʨʪʭʘʥʘʣʳץ ץʦʥʜʳʨסʳ ʞʘʩʘʣʜʳ. 

ɿʝʨʪʭʘʥʘʣʳץ ץʦʥʜʳʨסʳ ʙʫʥʢʝʨʜʽש ʬʨʘʛʤʝʥʪʽ, ʩʽשʽʨʫʰʽ ʞᴅʥʝ ʞʳʣʞʳʤʘʣʳ ʪʘʩʧʘ 

ʦʨʥʘʪʳʣסʘʥ ʞʘץʪʘʫʜʘʥ ʪײʨʘʜʳ (3.2-ʩʫʨʝʪ). ʊʳשʘʡʪץʳʰ ʩʝʙʝʪʽʥ ʘʧʧʘʨʘʪʪʘʨ 

ʞʝʪʝʢʪʽ ʉʊʕʋ-10ʄ-1000-ɻʆʉʅʀʊʀ ʩʪʝʥʜʽʥʝʥ ʘʣʘʜʳ, ʙײʣ ʘʡʥʘʣʫ ʞʠʽʣʽʛʽʥ 

ʩʘʪʳʩʳʟ ᴇʟʛʝʨʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʐʝʢʩʽʟ ʪʘʩʧʘ װʰʽʥ ʞʝʢʝ ʞʝʪʝʢ ʦʨʥʘʪʳʣסʘʥ. 
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ʉʫʨʝʪ 3.1 ï ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʽשʽʨʫʰʽ ʉʫʨʝʪ 3.2 ï ɿʝʨʪʭʘʥʘʣʳץ ץʦʥʜʳʨסʳ 

 

3.3 ʅʝʛʽʟʛʽ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʜʽ ʘʥʳץʪʘʫ ʙʦʡʳʥʰʘ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʫ ᴅʜʽʩʪʝʤʝʩʽ ʞᴅʥʝ ʥᴅʪʠʞʝʣʝʨʜʽ ʩʪʘʪʠʩʪʠʢʘʣʳץ ᴇשʜʝʫ 
 

3.3.1 ɯʟʜʝʫ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʽ 

ɯʟʜʝʫ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʽʥʽש ʤʘץʩʘʪʳ ï ʪᴅʞʽʨʠʙʝʣʽʢ ץʦʥʜʳʨסʳʥʳ ʙʘʧʪʘʫ, 

ʤװʤʢʽʥ ʘץʘʫʣʘʨʜʳ ʘʥʳץʪʘʫ, ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ ʞװʨʛʽʟʫ ʪᴅʨʪʽʙʽʥ ʧʳʩʳץʪʘʫ, ʢʽʨʽʩ 

ʞᴅʥʝ ʰʳסʳʩ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʞᴅʥʝ ʦʣʘʨʜʳש ʜʝשʛʝʡʣʝʨʽʥ ʥʝʛʽʟʜʝʫ ʞᴅʥʝ ʪʘשʜʘʫ. 

ʆשʪʘʡʣʘʥʜʳʨʫ ʢʨʠʪʝʨʠʡʣʝʨʽ װʰʽʥ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ, ʙʦʡʣʳץ ʩʝʙʫ ʞᴅʥʝ 

ʪץײʳʤʥʳש ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʙʽʨץʘʣʳʧʩʳʟʜʳסʳ ץʘʙʳʣʜʘʥʜʳ. ʆʣʘʨ ʩʽשʽʨʫʰʽ 

ʞײʤʳʩʳʥʳש ʩʘʧʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʩʠʧʘʪʪʘʡʜʳ. 

ʊᴅʞʽʨʠʙʝ ʞװʟʽʥʜʝ ʞײʤʳʩ ʩʘʧʘʩʳ ʦʥʳש ʥʝʛʽʟʛʽ ʙʘʩץʘʨʳʣʘʪʳʥ ʬʘʢʪʦʨʣʘʨ 

ʨʝʪʽʥʜʝ ʪʘשʜʘʣסʘʥ ײץʨʳʣʳʤʜʳץ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʽ ʙʝʣʛʽʣʽ: ץʘʰʘʫʜʳש ʝʥʽ b ʤʝʥ ײʟʳʥʜʳסʳ l ʞᴅʥʝ ʘʨʪץʳ ʞʘסʳʥ 

ʛʦʨʠʟʦʥʪץʘ ʦʨʥʘʪʫ ʙײʨʳʰʳ ɓ. 

ʊᴅʞʽʨʠʙʝʣʝʨʜʽ ʞװʨʛʽʟʫ װʰʽʥ ʢʝʣʝʩʽ ᴇʣʰʝʤʜʝʨʽ ʙʘʨ 27 ץʘʰʘʫ (ײץʨʳʣʳʤʜʳץ 

ʨʝʩʩʦʨʣʳ-ʩʝʨʽʧʧʝʣʽ 65ɻ ʙʦʣʘʪʪʘʥ ʜʘʡʳʥʜʘʣסʘʥ) ʞʘʩʘʣʜʳ: ʝʥʽ b ï 0,015; 0,020; 

0,025ʤ ײʟʳʥʜʳסʳ l ï 0,130; 0,145; 0,160ʤ; ʘʨʪץʳ ʞʘסʳʥ ʛʦʨʠʟʦʥʪץʘ ʦʨʥʘʪʫ 

ʙײʨʳʰʳ ɓ ï 60; 75; 90Á. 

ʊץײʳʤʜʘʨ ʤʝʥ ʪʳשʘʡʪץʳʰʪʘʨʜʳש ʤʝʭʘʥʠʢʘʣʳץ ʩʝʙʽʣʫʽʥʝ װʣʢʝʥ ᴅʩʝʨ ʝʪʝʪʽʥ 

ʙʘʩץʘ ʜʘ ʤʘשʳʟʜʳ ʬʘʢʪʦʨʣʘʨ ʙʘʨ. ɹײʣ ʳʣסʘʣʜʳʣʳץ, ʤʘʪʝʨʠʘʣʜʘʨʜʳש 

ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤʳ. ʆʣʘʨʜʳ ᴇʥʜʽʨʫʰʽ ʙʝʣʛʽʣʝʡʜʽ, ʦʣʘʨʜʳש ʜʝשʛʝʡʣʝʨʽ 

ʩʘץʪʘʫ ʞʘסʜʘʡʣʘʨʳʥʘ ʞᴅʥʝ ʙʘʩץʘ ʩʝʙʝʧʪʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ. ɹײʣ ʬʘʢʪʦʨʣʘʨʜʳ 

ʙʘʩץʘʨʫ ץʠʳʥ, ʩʦʥʜʳץʪʘʥ ʵʢʩʧʝʨʠʤʝʥʪ ʢʝʟʽʥʜʝ ʦʣʘʨ ʩʪʘʥʜʘʨʪʪʳ ʜʝשʛʝʡʜʝ 

ʪײʨʘץʪʘʥʜʳʨʳʣʜʳ. 
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3.3.2 ʅʝʛʽʟʛʽ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ ʞᴅʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽ ʞʦʩʧʘʨʣʘʫ ʪʫʨʘʣʳ 

ʕʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽש ʩʪʨʘʪʝʛʠʷʩʳ ʢʝʣʝʩʽʜʝʡ. ɿʝʨʪʪʝʣʝʪʽʥ ʩʽשʽʨʫʰʽ ʘʣʜʳʥ-ʘʣʘ 

ʞʘʩʘʣסʘʥ ʞʦʩʧʘʨ ʙʦʡʳʥʰʘ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʳʥʘץʪʘʨʜʘʥ ᴇʪʝʜʽ. ɹʝʣʛʽʣʝʥʛʝʥ 

ʪᴅʞʽʨʠʙʝʣʝʨʜʽ ʞװʟʝʛʝ ʘʩʳʨסʘʥʥʘʥ ʢʝʡʽʥ, ʤʘʪʝʤʘʪʠʢʘʣʳץ ʘʧʧʘʨʘʪʧʝʥ ʞײʤʳʩ 

ʞʘʩʘʡ ʦʪʳʨʳʧ, ʟʝʨʪʪʝʣʝʪʽʥ ʧʨʦʮʝʩʪʝʨʜʽש ʤʦʜʝʣʴʜʝʨʽ ʞʘʩʘʣʘʜʳ. ɸʣʳʥסʘʥ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʨ ʽʟʜʝʣʝʪʽʥ ʪᴅʫʝʣʜʽʣʽʢʪʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ 

ʤʦʜʝʣʴʜʝʨʜʽ ʪʘʣʜʘʫ ʦשʪʘʡʣʳ ʘʡʤʘץʪʳ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʆʩʳ 

ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʝ ץʦʡʳʣסʘʥ ʤʽʥʜʝʪʪʝʨ ʵʢʩʧʝʨʠʤʝʥʪʪʽ ʙʝʣʩʝʥʜʽ ʞʦʩʧʘʨʣʘʫ 

ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʰʝʰʽʣʜʽ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽ ʞʦʩʧʘʨʣʘʫ ʤʘʪʨʠʮʘʩʳ 4-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ (4-ʪʘʨʘʫ). 

ʕʢʩʧʝʨʠʤʝʥʪ ʥᴅʪʠʞʝʣʝʨʽʥ ʪװʩʽʥʜʽʨʫ ʙʘʨʘʙʘʨ ʤʦʜʝʣʴʜʝʨʜʽ ʩʪʘʥʜʘʨʪʪʳ ʪװʨʛʝ 

ʪװʨʣʝʥʜʽʨʫʜʝʥ, ʞʘʫʘʧ ʙʝʪʽʥʽש ʪװʨʽʥ ʘʥʳץʪʘʫʜʘʥ ʞᴅʥʝ ʦʥʳ ʪʘʣʜʘʫʜʘʥ ʪײʨʘʜʳ, ʦʥʳ 

ʝʢʽ ᴇʣʰʝʤʜʽ ץʠʤʘʤʝʥ ʞװʨʛʽʟʫʛʝ ʳסשʘʡʣʳ. 

 

3.3.3 ʕʢʩʧʝʨʠʤʝʥʪʪʝʨ ʞװʨʛʽʟʫ ʪᴅʨʪʽʙʽ ʞᴅʥʝ ʥᴅʪʠʞʝʣʝʨʜʽ ʩʪʘʪʠʩʪʠʢʘʣʳץ 

ᴇשʜʝʫ 

ʉʽשʽʨʫʰʽʥʽש ʞײʤʳʩʳʥ ʘʥʳץʪʘʫ ʤʽʥʜʝʪʽʥʝ ʩᴅʡʢʝʩ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʟʝʨʪʪʝʫʣʝʨ ʄɽʉʊ 28714-2007 çפʘʪʪʳ ʤʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʝʥʛʽʟʫʛʝ 

ʘʨʥʘʣסʘʥ ʤʘʰʠʥʘʣʘʨè [126] ʩᴅʡʢʝʩ ʞװʨʛʽʟʽʣʜʽ. ʉʳʥʘץ ᴅʜʽʩʪʝʨʽ, ʄɽʉʊ 31345-2007 

çʊʨʘʢʪʦʨ ʩʝʧʢʽʰʪʝʨʽ. ʉʳʥʘʫ ᴅʜʽʩʪʝʨʽè [127], ʆʉʊ 70.5.1-83 çɸʫʳʣ 

ʰʘʨʫʘʰʳʣʳסʳ ʪʝʭʥʠʢʘʩʳʥ ʩʳʥʘʫ. ɽʛʽʩ ʤʘʰʠʥʘʣʘʨʳè [128]. ɿʝʨʪʭʘʥʘʣʳץ-ʝʛʽʩʪʽʢ 

ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ 2018-2020 ʞʳʣʜʘʨʳ ʪʝʭʥʠʢʘʣʳץ ʬʘʢʫʣʴʪʝʪʪʽש ʟʝʨʪʭʘʥʘʣʘʨʳʥʜʘ 

ʞᴅʥʝ çʉ.ʉʝʡʬʫʣʣʠʥ ʘʪʳʥʜʘסʳ פʘʟʘץ ʘʛʨʦʪʝʭʥʠʢʘʣʳץ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽè 

ʂʝɸפ ʢʘʤʧʫʩʳʥʳש (ʎʝʣʠʥʦʛʨʘʜ ʘʫʜʘʥʳ, ɸץʤʦʣʘ ʦʙʣʳʩʳ) ʘʣʘשʜʘʨʳʥʜʘ 

ʞװʨʛʽʟʽʣʜʽ. 

ɿʝʨʪʭʘʥʘʣʳץ ʪᴅʞʽʨʠʙʝʣʝʨʜʝ ʪʳשʘʡʪץʳʰ ʩʝʙʝʪʽʥ ʢʘʪʫʰʢʘ ʤʝʥ ʞʳʣʞʳʤʘʣʳ 

ʪʘʩʧʘ ʙʘʨʘʙʘʥʳʥʳש ʘʡʥʘʣʫ ʞʠʽʣʽʛʽ ʉʂ ʪʘʭʦʤʝʪʨʽʤʝʥ ᴇʣʰʝʥʜʽ, ʩʝʢʫʥʜʦʤʝʨʤʝʥ 

ʫʘץʳʪ ʞᴅʥʝ ʝʥʛʽʟʽʣʝʪʽʥ ʤʘʪʝʨʠʘʣ 0,01 ʛʨ ʜᴅʣʜʽʢʧʝʥ CASMW-II ï 300 BR ʪʘʨʘʟʳ 

ʘʨץʳʣʳ ᴇʣʰʝʥʜʽ. 

ʆשʪʘʡʣʘʥʜʳʨʫ ʢʨʠʪʝʨʠʡʣʝʨʽʥʽש ʙʽʨʽ ʨʝʪʽʥʜʝ ʞײʤʳʩʪʳש ʩʘʧʘʣʳץ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʪץײʳʤʜʘʨʜʳ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʙʽʨץʘʣʳʧʩʳʟʜʳסʳ 

 ʙʽʨʽ שʰ ʪᴅʩʽʣʜʽװ ʜʽʛʽשʳʤ ʩʝʙʫ ʪʝʨʝץײʘʙʳʣʜʘʥʜʳ. ʄɽʉʊ 31345-2007 ʩᴅʡʢʝʩ ʪץ

ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʘʜʳ: 

1. ʊʦʧʳʨʘץʪʳ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʝ ʜʝʡʽʥ ץʘʙʘʪʪʳ ʘʣʳʧ ʪʘʩʪʘʫסʘ ʘʨʥʘʣסʘʥ 

 .ʨʘʣײץ

2. ᴆʩʽʤʜʽʢʪʽש ʵʪʠʦʣʜʘʥסʘʥ ʙᴇʣʽʛʽʥ ᴇʣʰʝʫ ʘʨץʳʣʳ. 

 .(ʘʟʫץ) ʳʤʜʘʨʜʳ ʪʽʢʝʣʝʡ ʪʘʙʫץײʳ ʪסʘʪʘʨʜʘפ .3

ɿʝʨʪʪʝʫ װʰʽʥ ץʘʪʘʨʜʘסʳ ʪץײʳʤʜʘʨʜʳ ʪʽʢʝʣʝʡ ʪʘʙʫ (ץʘʟʫ) ᴅʜʽʩʽʥ ץʦʣʜʘʥʜʳץ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳ ʙʘʨ ʝʛʫ ʘʛʨʝʛʘʪʪʘʨʳ ʙʽʨ ʪᴅʞʽʨʠʙʝʥʽש ʝʢʽ 

ʽʨʛʝʣʝʩ ʩʝʧʢʽʰ ᴇʪʫ ʞʦʣʜʘʨʳʥʜʘסʳ ʝʢʽ ʞʦʣʘץ ʙʦʡʳʥʰʘ ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳש 

ᴅʨʙʽʨ ץʘʪʘʨʳ װʰʽʥ (ʘʣʜʳסשʳ ʞᴅʥʝ ʘʨʪץʳ) ʘʥʳץʪʘʣʘʜʳ. ɸʩʪʳץʪʳ ʝʥʜʽʨʫ 

ʪʝʨʝשʜʽʛʽʥʽש ʢᴇʨʩʝʪʢʽʰʽ ʘʩʪʳץʪʘʥ ʢʝʩʽʣʛʝʥ ʞʝʨʛʝ ʜʝʡʽʥʛʽ ʘʨʘץʘʰʳץʪʳץ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ, ʜᴅʣʽʨʝʢ ʘʡʪʩʘץ, ᴇʣʰʝʫ ʩʳʟסʳʰʳʥʳש ʢᴇʤʝʛʽʤʝʥ ʞʝʨ ʘʩʪʳ ʙᴇʣʽʛʽʥʽש 
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ʞʦסʘʨסʳ ʥװʢʪʝʩʽʥʝʥ ʘʩʪʳץʪʳש ʦʨʪʘʩʳʥʘ ʜʝʡʽʥʛʽ ʘʨʘץʘʰʳץʪʳ1 ץ ʤʤ ʜᴅʣʜʽʢʧʝʥ 

ᴇʣʰʝʥʝʜʽ. 

ʊᴅʞʽʨʠʙʝʣʝʨ ʘʷץʪʘʣסʘʥʥʘʥ ʢʝʡʽʥ ʙʘʨʣʳץ ץʘʞʝʪʪʽ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʘʣʳʥʳʧ, 

ʙʝʣʛʽʣʝʥʛʝʥ ʥʳʩʘʥסʘ ʩᴅʡʢʝʩ ʙʘץʳʣʘʫ ʞʫʨʥʘʣʳʥʘ ʝʥʛʽʟʽʣʜʽ. 

ʅᴅʪʠʞʝʣʝʨʜʽ ᴇשʜʝʫ ʚʘʨʠʘʮʠʷʣʳץ ʩʪʘʪʠʩʪʠʢʘ ᴅʜʽʩʽʤʝʥ ʪץײʳʤʜʘʨʜʳ ʩʝʙʫ 

ʪʝʨʝשʜʽʛʽʥʽש ʙʽʨץʘʣʳʧʩʳʟʜʳסʳʥ ʘʥʳץʪʘʫʜʘʥ ʪײʨʜʳ. ʊץײʳʤ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש 

ʙʽʨץʘʣʳʧʩʳʟʜʳסʳ ʨʝʪʽʥʜʝ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʚʘʨʠʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʽ 

 :ʜʝʣʝʜʽשʘʙʳʣʜʘʥʘʜʳ. ɼʝʨʝʢʪʝʨ ʢʝʣʝʩʽ ʨʝʪʧʝʥ ᴇץ

1. ʉʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʦʨʪʘʰʘ ʤᴅʥʽʥ q¡ ʢʝʣʝʩʽ (3.1) ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ 

ʝʩʝʧʪʝʡʜʽ: 
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ʤײʥʜʘ iq  ʧ ï ʩʝʙʫʜʽש ʦʨʪʘʰʘ ʪʝʨʝשʜʽʛʽ, ʩʤ; 

n¡ï ᴇʣʰʝʫ ʩʘʥʳ; 

2. ʉʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʩʪʘʥʜʘʨʪʪʳ ʘʫʳʪץʫʳ ů, ʩʤ, (3.2) ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ: 
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ʤײʥʜʘ iqD  ï i-ʰʽ ᴇʣʰʝʤʜʝʛʽ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʦʨʪʘʰʘ ʤᴅʥʥʝʥ ʘʫʳʪץʫʳ, ʩʤ. 

3. ʉʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʙʽʨץʘʣʳʧʩʳʟʜʳסʳ ʫH  (ʚʘʨʠʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʽʫV ), 

(3.3) ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʣʝʜʽ: 
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ɽʛʽʩ ʘʣʜʳʥʜʘ ʪʦʧʳʨʘץʪʳש ʳʣסʘʣʜʳʣʳסʳ ʤʝʥ ץʘʪʪʳʣʳסʳ ʘʥʳץʪʘʣʜʳ. 

ʊʦʧʳʨʘץʪʳש ʳʣסʘʣʜʳʣʳסʳ ʄɽʉʊ-20915 [129] ʩᴅʡʢʝʩ ʝʛʽʩʪʽʢ r ʣסʘʣʜʳʣʳס r

ʤʝʥ ᴇʥʽʤʜʽ ʳʣסʘʣʜʳʣʳץʪʳש ʪʦʧʳʨʘץ ʩʳʥʘʤʘʣʘʨʳʥ ʘʣʫ ʘʨץʳʣʳ ʘʥʳץʪʘʣʜʳ. 

ʋʯʘʩʢʝʥʽש ʜʠʘʛʦʥʘʣʽ ʙʦʡʳʥʰʘ ʦʨʥʘʣʘʩץʘʥ 0,05 ʤ ʩʘʡʳʥ (ʩᴅʡʢʝʩʽʥʰʝ 0-0,05, 0,05-

0,1, 0,1-0,15 ʤ) 3 ʝʩʝ ץʘʡʪʘʣʘʧ, ʛʦʨʠʟʦʥʪ ץʘʙʘʪʳ ʙʦʡʳʥʰʘ ʪᴇʨʪ ʞʝʨʜʝʥ ʘʣʶʤʠʥʠʡ 

ʙʶʢʩʪʝʨʛʝ ʩʳʥʘʤʘʣʘʨ ʘʣʳʥʜʳ, 3.3ʘ-ʩʫʨʝʪ. 
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ʘ ʙ 

 

ʘ ï ʳʣסʘʣʜʳʣʳץʪʳ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʙʶʢʩʪʘʨ, ʙ ï ץʘʪʪʳʣʳץʪʳ ᴇʣʰʝʫ  
 

ʉʫʨʝʪ 3.3 ï ʊʦʧʳʨʘץʪʳש ʳʣסʘʣʜʳʣʳסʳ ʤʝʥ ץʘʪʪʳʣʳסʳʥ ʘʥʳץʪʘʫ  

 

ʊʦʧʳʨʘץʪʳץ שʘʪʪʳʣʳסʳ ʤʦʜʝʣʽ 41010 WileSoil ï ʪʦʧʳʨʘץ ʪʳסʳʟʜʳסʳʥ 

ᴇʣʰʝʛʽʰ ʧʝʥʝʪʨʦʤʝʪʨʜʽ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʘʥʳץʪʘʣʜʳ, ʩʫʨʝʪ 3.3ʙ. ᴆʣʰʝʫ 

ʜʠʘʧʘʟʦʥʳ 0-ʜʝʥ 500 psi-ʛʝ ʜʝʡʽʥ, ʩᴅʡʢʝʩʽʥʰʝ 0-3500 ʢʇʘ ʥʝʤʝʩʝ ʢʅ/ʤ2. 

ʊʳסʳʟʜʳץ ʤᴅʥʽ: 

ɾʘʩʳʣ ʩʝʛʤʝʥʪ (0-14Ĭ104 ʢʛ/ʤ2): ץʦʣʘʡʣʳ ᴇʩʫ ʞʘסʜʘʡʣʘʨʳ. 

ʉʘʨʳ ʩʝʛʤʝʥʪ (14Ĭ104 -21Ĭ104 ʢʛ/ʤ2): ʞʘʨʘʤʜʳ ᴇʩʫ ʞʘסʜʘʡʣʘʨʳ. 

 ʦʣʘʡʩʳʟץ ʰʽʥװ ᴇʩʫ :(ʘʨʳס21Ĭ104 ʢʛ/ʤ2 ʞᴅʥʝ ʦʜʘʥ ʞʦ) ʳʟʳʣ ʩʝʛʤʝʥʪפ

ʞʘסʜʘʡʣʘʨ. 

ʊʳשʘʡʪץʳʰʪʳש ʩʫʩʳʤʘʣʳ ʪʳסʳʟʜʳסʳ ʪʳשʘʡʪץʳʰʪʳש ʙʝʩ ʩʳʥʘʤʘʩʳʥʳש 

ʩʘʣʤʘסʳ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʘʜʳ, ʦʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳ ʽʰʢʽ ᴇʣʰʝʤʜʝʨʽ 

0,25ʭ0,25ʭ0,25 ʤ ᴇʣʰʝʫʽʰ ץʦʨʘʧץʘ ʪʳסʳʟʜʘʣʤʘʡ (ץʦʨʘʧʪʳש ʰʝʪʪʝʨʽʤʝʥ ʙʽʨʜʝʡ) 

ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ ʞᴅʥʝ ᴇʣʰʝʥʝʜʽ. ᴆʣʰʝʫ ץʘʪʝʣʽʛʽ Ñ10 ʛ. ʪʳשʘʡʪץʳʰʪʳש 

ʩʫʩʳʤʘʣʳ ʪʳסʳʟʜʳסʳ r, ʢʛ/ʤ3, (3.4) ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʣʝʜʽ: 

 

” ,                                                                   (3.4) 

 

ʤײʥʜʘ m ï ᴇʣʰʝʫʽʰ ץʦʨʘʧʪʘסʳ ʪʳשʘʡʪץʳʰʪʳש ʤʘʩʩʘʩʳ, ʢʛ;  

V ï ᴇʣʰʝʫʽʰ ץʦʨʘʧʪʳש ʢᴇʣʝʤʽ, ʤ. 

ʆʨʪʘʰʘ ʤᴅʥ ʙʽʨʽʥʰʽ ʦʥʜʳץ ʙᴇʣʰʝʢʢʝ ʜʝʡʽʥ ʜᴇשʛʝʣʝʢʪʝʫ ʘʨץʳʣʳ 

ʝʩʝʧʪʝʣʝʜʽ. 

ɽʛʽʩʪʽʢ ʙʝʪʽʥʽש ʞʦʪʘʩʳ ʞʦʪʘʣʘʨʜʳש ʙʠʽʢʪʽʛʽʥ ᴇʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ 

ʘʥʳץʪʘʣʘʜʳ. ɽʛʽʩʪʽʢ ʙʝʪʽʥʽש ʞʦʪʘʩʳ ײʟʳʥʜʳץ ʙʦʡʳʥʰʘ ʘʣʳʤʥʳש ʙװʢʽʣ ʝʥʽʥʝʥ 3 

ʞʝʨʜʝʥ ʪʝʢʩʝʨʽʣʝʜʽ. ɾʦʪʘʣʘʨʜʳש ʙʠʽʢʪʽʛʽ ʨʝʡʢʘ ʧʝʥ ʩʳʟסʳʰʪʳש ʢᴇʤʝʛʽʤʝʥ ʪᴇʨʪ 

ʨʝʪ ץʘʡʪʘʣʘʥʳʧ ᴇʣʰʝʥʝʜʽ. ʄʘʰʠʥʘʥʳ ʙʘʩʳʧ ʘʣʫ ʝʥʽ ʙʦʡʳʥʰʘ ᴇʪʢʝʥʥʝʥ ʢʝʡʽʥ, 

ʨʝʡʢʘʥʳ ʢʝʟʜʝʡʩʦץ ʪʘשʜʘʣסʘʥ ʞʝʨʣʝʨʜʝ ʞʦʪʘʣʘʨʜʳש ʞʦסʘʨסʳ ʞʘסʳʥʘ ץʦʡʳʣʘʜʳ. 

ᴆʣʰʝʤʜʝʨ ʞʦʪʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ץʘʨʳץʪʳש ʪװʙʽʥʝʥ ʨʝʡʢʘʥʳש ʪᴇʤʝʥʛʽ 

ʞʘʟʳץʪʳסʳʥʘ ʜʝʡʽʥ ʞװʨʛʽʟʽʣʝʜʽ. ᴆʣʰʝʫ ץʘʪʝʣʽʛʽ Ñ 5 ʤʤ. ɹʘʨʣʳץ ᴇʣʰʝʫʣʝʨ 40-ʪʘʥ 

ʢʝʤ ʝʤʝʩ (10 ᴇʣʰʝʤʥʽש ᴅʨ ץʘʡʪʘʣʘʥʫʳʥʜʘ), 3.4-ʩʫʨʝʪ. 
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ʉʫʨʝʪ 3.4 ï ʊʦʧʳʨʘץ ʙʝʪʽʥʽש ʞʦʪʘʩʳ 

 

ʊϰϨʳʤ ʩʝʙʫ ʙʘʨʳʩʳʥʜʘ ʪϰϨʳʤʥʳϬ ʙʽʨϨʘʣʳʧʩʳʟ Ϯʣʝʩʪʽʨʽʣʫʽ. ʆʥʳ ʘʥʳץʪʘʫ 

 ʘʣʘʪʳʥ ʪʘʩʧʘסʦʟץ ʧʝʥץʘʥ 0,61 ʤ/ʩ ʞʳʣʜʘʤʜʳסʘʩʪʳʥʘ ʦʨʥʘʪʳʣ שʽʨʫʰʽʥʽשʰʽʥ ʩʽװ

-ʘʥ 0,05 ʤסʳʤʜʘʨ ʪʘʩʧʘ ʙʦʡʳʤʝʥ ʦʨʥʘʪʳʣץײʳʰʪʘʨ ʤʝʥ ʪץʘʡʪשʦʣʜʘʥʳʣʜʳ. ʊʳץ

ʣʽʢ ʢʦʥʪʝʡʥʝʨʣʝʨʛʝ ʩʝʙʽʣʜʽ, 3.5-ʩʫʨʝʪ. ᴄʨ 0,05 ʤ-ʣʽʢ ʫʯʘʩʢʝʜʝʥ ʪʳשʘʡʪץʳʰ 

ʪʘʩʧʘʣʘʨʳ ʤʝʥ ʪץײʳʤʜʘʨʳ ᴇʣʰʝʥʜʽ. ɹʽʨϨʘʣʳʧʩʳʟ Ϯʣʝʩʪʽʨʽʣʫ ʚʘʨʠʘʮʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʽʤʝʥ ʘʥʳץʪʘʣʜʳ. ʊʳשʘʡʪץʳʰ ʪץײʳʤʜʘʨʳ ʤʝʥ ʪװʡʽʨʰʽʢʪʝʨʽʥʽש 

ʪʘʨʘʣʫʳʥ ʙʘץʳʣʘʫ װʰʽʥ ʞʘʙʳʩץʘץ ʪʘʩʧʘ ץʦʣʜʘʥʳʣʜʳ, 3.6-ʩʫʨʝʪ. ɸʡץʳʥʜʳץʪʳ 

 ʤʢʽʥ ʥʦʨʤʘʣʘʨʳ ʞᴅʥʝװʘʨʳ ʤסʞʦ שʝ שʳʤ ʩʝʙʫʜʽץײʰʽʥ ʪװ ʘʤʪʘʤʘʩʳʟ ʝʪʫץ

ʤʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʝʥʛʽʟʫ ʜʦʟʘʣʘʨʳ ʙʝʣʛʽʣʝʥʜʽ. 

 

  
ʘ                                                                         ʙ 

 

ʉʫʨʝʪ 3.5 ï ʊץײʳʤʜʘʨ ʤʝʥ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ץʘשʳʣʪʳʨ ʪʘʙʘסʘ ʩʝʙʫ 

 

ɿʝʨʪʭʘʥʘʣʳץ ʪᴅʞʽʨʠʙʝʣʝʨʜʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʽשʽʨʫʰʽʥʽש ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥ 

ʘʥʳץʪʘʫ װʰʽʥ ʪʦʧʳʨʘץ ʘʨʥʘʩʳ (ײʟʳʥʜʳסʳ 3,63ʤ, ʙʠʽʢʪʽʛʽ 0,63ʤ ʞᴅʥʝ ʝʥʽ 0,85ʤ) 

 ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ שʘʨʥʘʩʳʥʳ ץʪʦʧʳʨʘ ץʦʣʜʘʥʳʣʜʳ. 3.7-ʩʫʨʝʪʪʝ ʟʝʨʪʭʘʥʘʣʳץ

ʢᴇʨʩʝʪʽʣʛʝʥ. 
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ʉʫʨʝʪ 3.6 ï ɾʘʙʳʩץʘץ ʪʘʩʧʘסʘ ʝʥʛʽʟʫ ʬʨʘʛʤʝʥʪʪʝʨʽ 

 

ʩ   

ʘ ʙ  

  
ʚ ʛ 

   
ʜ ʝ ʞ 

a ï ʘɹʣʜʳסשʳ ʢᴇʨʽʥʽʩ; ʙ ï ʪʦʧʳʨʘץ ʘʨʥʘʩʳʥʜʘסʳ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩʰʳ ʦʨʛʘʥ; ʚ ï 

 ץʳ ʢᴇʨʽʥʽʩ; ʜ ï ʠʥʜʠʢʘʪʦʨ R320 (1); ʝ ï ʞʳʣʜʘʤʜʳסʘʥʜʘשʘʨʘץ ʡʽʨʽʥʝʥװʛʽ ʢᴇʨʽʥʽʩ; ʛ ï ʙשʩʪʽװ

ʜʘʪʯʠʛʽ; ʞ ï ʜʠʥʘʤʦʤʝʪʨ: 1 ï ʵʣʝʢʪʨ ץʦʟסʘʣʪץʳʰ; 2 ï ʪʦʧʳʨʘץ ʘʨʥʘʩʳ; 3 ï ץʘʰʘʫ; 4 ï 

ʜʠʥʘʤʦʤʝʪʨ; 5 ï ʞʳʣʜʘʤʜʳץ ʜʘʪʯʠʛ;̔ 6 ï ʪʦʨʥʘʪʳʣסʘʥ ʘʨʙʘ; 7 ï ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʪʽʨʝʫʽ; 8 ï 

ʚʝʢʪʦʨʣʳץ ʞʳʣʜʘʤʜʳץ ʢʦʥʚʝʨʪʝʨʽ; 9 ï ʵʣʝʢʪʨʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʱʠʪʽ 
 

ʉʫʨʝʪ 3.7 ï ɿʝʨʪʭʘʥʘʣʳץ ץʦʥʜʳʨrס ʥrש ʪʦʧʳʨʘץ ʘʨʥʘʩʳʥʜʘסʳ ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ 
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ʊʦʧʳʨʘץ ʘʨʥʘʩʳ ʨʝʣʴʩʪʝʨʜʝʥ, ʣʝʙʝʜʢʘʜʘʥ, ʵʣʝʢʪʨ ʞʝʪʝʛʽʥʝʥ, ʘʨʙʘʜʘʥ, 

ʞʳʣʜʘʤʜʳץ ʜʘʪʯʠʛʽʥʝʥ ʞᴅʥʝ ʜʠʥʘʤʦʤʝʪʨʜʝʥ ʪײʨʘʜʳ. ɾײʤʳʩ ʦʨʛʘʥʳ (3.7ʙ-

ʩʫʨʝʪ) ʞʳʣʞʳʤʘʣʳ ʞʘץʪʘʫסʘ ʦʨʥʘʪʳʣʘʜʳ. ʉʽשʽʨʫʰʽʥʽש ʞװʨʽʩ ʪʝʨʝשʜʽʛʽ ʪʽʢ 

ʪʽʨʝʫʜ̔ש ʩʘשʳʣʘʫʳ ʘʨץʳʣʳ ʨʝʪʪʝʣʝʜʽ. פʦʟסʘʣʳʩ ʵʣʝʢʪʨ ץʦʟסʘʣʪץʳʰʳʥʘʥ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʜʳ ʞᴅʥʝ ʞʳʣʜʘʤʜʳץ ʞʠʽʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʽʤʝʥ ʨʝʪʪʝʣʝʜʽ. 

 

 
 

1 ï ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʪʽʨʝʫʣʝʨʽ; 2 ï ץʘʰʘʫ; 3 ï ʧʳʰʘ4 ;ץ ï ʪץײʳʤ ʙʘסʳʪʪʘʫʰʳ; 5 ï 

ʪʳשʘʡʪץʳʰ ʙʘסʳʪʪʘסʳʰ;6 ï װʣʝʩʪʽʨʛʽʰ; 7 ï ʰʧʣʠʥʪ; b ï ʩʽשʽʨʫʰʽʥʽץ שʘʰʘʫ ʝʥʽ; l ï ʩʽשʽʨʫʰʽʥʽש 

 ʨʳʰʳײʘ ʦʨʥʘʪʫ ʙץʳʥ ʛʦʨʠʟʦʥʪסʳ ʞʘץʳ; ɓ ï ʘʨʪסʟʳʥʜʳײ ʘʰʘʫץ
 

ʉʫʨʝʪ 3.8 ï ʅʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʩײʣʙʘʩʳ 

 

ʊʘʨʪʫ ʢʝʜʝʨʛʽʩʽ ʤʝʥ ʪץײʳʤ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʙʽʨץʘʣʳʧʩʳʟʜʳסʳʥʳש ʘʩʪʳץ-

ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰ ץʘʰʘʫʳʥʳש ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ʪᴅʫʝʣʜʽʣʽʛʽʥ ʟʝʨʪʪʝʫ װʰʽʥ 

ʵʢʩʧʝʨʠʤʝʥʪ ɹʦʢʩ-ʋʠʣʩʦʥ ᴅʜʽʩʽ ʙʦʡʳʥʰʘ ʝʢʽʥʰʽ ʨʝʪʪʽ ʦʨʪʘʣʳץ ʢʦʤʧʦʟʠʮʠʷʣʳץ 

ʘʡʥʘʣʤʘʣʳ ʞʦʩʧʘʨʣʘʫ ʙʘסʜʘʨʣʘʤʘʩʳ ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʜʽ ʞᴅʥʝ ʦשʪʘʡʣʳ ʘʡʤʘץʪʳ 

ʩʠʧʘʪʪʘʡʪʳʥ ʝʢʽʥʰʽ ʜᴅʨʝʞʝʣʽ ʢᴇʧʤװʰʝʤʝʥ ʘʣʳʥʜʳ. ᴄʩʝʨ ʝʪʫʰʽ ʬʘʢʪʦʨʣʘʨ 

ʨʝʪʽʥʜʝ ʢʝʣʝʩʽ ʧʘʨʘʤʝʪʨʣʝʨ ץʘʨʘʩʪʳʨʳʣʜʳ: ץʘʰʘʫ ʝʥʽ b ʞᴅʥʝ ײʟʳʥʜʳסʳ l ʞᴅʥʝ 

ʘʨʪץʳ ʞʘסʳʥ ʛʦʨʠʟʦʥʪץʘ ʦʨʥʘʪʫ ʙײʨʳʰʳ ɓ (3.8-ʩʫʨʝʪ). 

ʌʘʢʪʦʨʣʘʨ ʤʝʥ ץʘʞʝʪʪʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳʥʳש ʤᴅʥʜʝʨʽ Statistica 10 

ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘסʳ DOE ᴅʜʽʩʽʤʝʥ ʘʥʳץʪʘʣʜʳ. ʊᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʢʪʝʨʽ ʞᴅʥʝ 

ʬʘʢʪʦʨʣʘʨʜʳש ʝש ʦשʪʘʡʣʳ ʤᴅʥʜʝʨʽ ɹʦʢʩ-ɹʝʥʢʝʥ ᴅʜʽʩʽʤʝʥ ʘʣʳʥסʘʥ. 
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ʄʘʪʝʤʘʪʠʢʘʣʳץ ʞᴅʥʝ ʢʦʤʧʴʶʪʝʨʣʽʢ ʤʦʜʝʣʴʜʝʫ ʉ. ʉʝʡʬʫʣʣʠʥ ʘʪʳʥʜʘסʳ 

ʂɸʊɿʋ çʊʝʭʥʦʣʦʛʠʷʣʳץ ʤʘʰʠʥʘʣʘʨ ʤʝʥ ʞʘʙʜʳץʪʘʨè ʢʘʬʝʜʨʘʩʳʥʳש 

ʟʝʨʪʭʘʥʘʣʘʨʳʥʜʘ ʦʨʳʥʜʘʣʜʳ. 

 

3.4 ɸʩʪʳץ-ʰᴇʧ-ʪ rשʘʡʪץʳʰ ʩʝʧʢʽʰ ץʘʰʘʫʳʥʳץ שʘʪʪʳʣʳסʳʥʳש 

 ʨʘʤʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽʥ ʟʝʨʪʪʝʫײץ ץʭʠʤʠʷʣʳ שʘʙʘʪʪʳץ ʘʥסʘʧʪʘʤʘ ʞʘʩʘʣץ

ɿʝʨʪʪʝʫ ʞװʨʛʽʟʫ װʰʽʥ ʙʝʨʽʢʪʽʛʽ, ʪײʪץʳʨʣʳסʳ ʞᴅʥʝ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽ, ʰʘסʳʥ 

ʧʣʘʩʪʠʢʘʣʳץ ʜʝʬʦʨʤʘʮʠʷʣʘʨסʘ ʞʦסʘʨʳ ʪᴇʟʽʤʜʽʣʽʛʽ ʞᴅʥʝ ʨʝʣʘʢʩʘʮʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽ 

ʞʦסʘʨʳ, ʞʝʪʢʽʣʽʢʪʽ ʞʦסʘʨʳ ʰʳʥʳץʪʳʨʫ ʪʝʨʝשʜʽʛʽʥʝ ʠʝ, ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ 

ʪᴇʤʝʥ ײץʥʳ ʙʘʨ ײץʨʳʣʳʤʜʳץ ʨʝʩʩʦʨʣʳ-ʩʝʨʽʧʧʝʣʽ 65ɻ ʙʦʣʘʪʪʘʥ ʞʘʩʘʣסʘʥ ʘʩʪʳץ-

ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰ ץʘʰʘʫʣʘʨʳʥʳװ שʣʛʽʣʝʨʽ ʧʘʡʜʘʣʘʥʳʣʜʳ [130]. 

 

 
 

1 ï ʊ590 ץʘʪʪʳ ץʦʨʳʪʧʘʣʳ ʵʣʝʢʪʨʦʜʧʝʥ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ װʣʛʽ; 3 ï ɾɾʊ 

ʰʳʥʳץʪʳʨʳʣסʘʥ װʣʛʽ; 6 ï ʎʉ-1 ʩʦʨʤʘʡʪʳʤʝʥ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ װʣʛʽ; 7 ï ʪʝʨʤʠʷʣʳץ ᴇשʜʝʣʛʝʥ 

ʪʠʧʪʽʢ (ʟʘʫʳʪʪʳץ) ᴅʜʽʩʪʝʛʽ װʣʛʽ 
 

ʉʫʨʝʪ 3.9 ï ᴄʨʪװʨʣʽ ᴅʜʽʩʧʝʥ ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ ʤʠʢʨʦײץʨʳʣʳʤʜʘʨ ʤʝʥ 

ʤʠʢʨʦץʘʪʪʳʣʳץʪʳ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʩʳʥʘʣʘʪʳʥ װʣʛʽʣʝʨ 

 

ʄʠʢʨʦײץʨʳʣʳʤʜʳץ ʪʘʣʜʘʫʜʳ ʞᴅʥʝ ʭʠʤʠʷʣʳײץ ץʨʘʤʥʳש 

ʤʠʢʨʦץʘʪʪʳʣʳץץʘ ᴅʩʝʨʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʤʳʥʘʜʘʡ ᴅʜʽʩʧʝʥ ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ ץʘʰʘʫ 

-ᴅʜʽʩʽ (3.9-ʩʫʨʝʪ, 7 (ץʟʘʫʳʪʪʳ) ʣʛʽʣʽʢװ שʜʝʫʜʽשᴇ ץʣʛʽʣʝʨʽ ʽʨʽʢʪʝʣʜʽ: ʪʝʨʤʠʷʣʳװ

 ʳʣʳץʪʳʨʫ ʘʨץʤʘʡʜʘ ɾɾʊ ʰʳʥʳ ץʣʛʽ), 800-820Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪʝʭʥʠʢʘʣʳװ

ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ (3.9-ʩʫʨʝʪ, 3-װʣʛʽ), ʜʠʘʤʝʪʨʽ 0,004 ʤ ʕï320ʍ25ʉ2ɻʈ ʪʠʧʪʽ ʊ590 

(Mn 1,0-1,5%, Si 2,0-2,5%, C 2,9-3,5%, P Ò 0,04,  S Ò 0,035, Cr22,0- 27,0, B 0,5-1,5) 

(3.9-ʩʫʨʝʪ, 1-װʣʛʽ) ʞᴅʥʝ ʕ-300ʍ28ʅ4ʉ4 (Cr=27,5%, Ni=2,98-4,0% ʞᴅʥʝ Si=2,0-4, 

0%) ʪʠʧʪʽ ʎʉ-1 (ˉ1 ʩʦʨʤʘʡʪ) (3.9-ʩʫʨʝʪ, 6-װʣʛʽ) ץʘʪʪʳ ץʦʨʳʪʧʘʣʳ 

ʵʣʝʢʪʨʦʜʪʘʨʳʤʝʥ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ. 

ʄʠʢʨʦϨϰʨʳʣʳʤʜʳϨ ʪʘʣʜʘʫ. ʉʽשʽʨʫʰʽ ʞײʤʳʩ ʦʨʛʘʥʳʥʳש ʪᴅʞʽʨʠʙʝʣʽʢ 

 ʨʛʽʟʽʣʜʽ. ʄʠʢʨʦʰʣʠʬʪʝʨ ʙʽʨʥʝʰʝװʪʘʣʜʘʫ ʞ ץʨʳʣʳʤʜʳײץʣʛʽʣʝʨʽʥʝ ʤʠʢʨʦװ
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ʢʝʟʝשʤʝʥ ʞʘʩʘʣʜʳ: ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ װʣʛʽʣʝʨ ʝש ʘʟ ʤᴇʣʰʝʨʜʝ 0,012x0,01 ʤ, 

0,01x0,01 ʤ ʢʝʩʽʣʽʧ, P100, P600 ʞᴅʥʝ P 1200 ʘʙʨʘʟʠʚʪʽ ʧʘʨʘץʪʘʨʤʝʥ ʘʞʘʨʣʘʥʜʳ. 

ɹʝʪʢʽ ץʘʙʘʪ ʘʣʜʳסשʳ ʘʙʨʘʟʠʚʪʽ ʧʘʨʘץʪʳש ʽʟʜʝʨʽʥ ʘʣʳʧ ʪʘʩʪʘסʘʥסʘ ʜʝʡʽʥ 

ʘʞʘʨʣʘʥʜʳ, ʘʞʘʨʣʘʫ ʙʘסʳʪʳ 90Á ᴇʟʛʝʨʽʧ, M-2 Pre-grinder ʘʣʜʳʥ ʘʣʘ ʘʞʘʨʣʘʫ 

ʤʘʰʠʥʘʩʳʥʜʘ ʦʨʳʥʜʘʣʜʳ. תʣʛʽʥʽש ʙʝʪʽʥ ʞr ʣʪʳʨʘʪʫ ɻʆʁ ʧʘʩʪʘʩʳʤʝʥ ץʦʣʤʝʥ 

ʞᴅʥʝ ʢʝʡʽʥ M-2 Pre-grinder ʤʘʰʠʥʘʩʳʥʜʘ (3.10-ʩʫʨʝʪ) ʤʝʪʘʣʣʦʛʨʘʬʠʷʣʳץ 

ʰʣʠʬʪʝʨʜʽ ʜʘʡʳʥʜʘʫסʘ ʘʨʥʘʣסʘʥ ץʦʥʜʳʨסʳʜʘ ʩʫʢʥʦʥʳ ʧʘʡʜʘʣʘʥʳʧ ʞװʨʛʽʟʽʣʜʽ. 

ɾʳʣʪʳʨʘʪץʘʥʥʘʥ ʢʝʡʽʥ װʣʛʽ ʩʫʤʝʥ ʞʫʳʣʳʧ, ʘʣʢʦʛʦʣʴʛʝ ʤʘʣʳʥסʘʥ ʪʘʤʧʦʥʤʝʥ 

ʤʘʡʩʳʟʜʘʥʜʳʨʳʣʜʳ ʞᴅʥʝ ʩװʟʛʽ ץʘסʘʟʳʤʝʥ ʢʝʧʪʽʨʽʣʜʽ. ʄʠʢʨʦײץʨʳʣʳʤʜʳ 

ʘʥʳץʪʘʫ װʰʽʥ ʤʠʢʨʦʰʣʠʬʪʝʨ 20-30 ʩʘסʘʪ ʙʦʡʳ ץʦʣʜʘʥʘʨ ʘʣʜʳʥʜʘ ʪײʟ 

 ʙᴇʣʽʛʽ ʧʨʦʧʦʨʮʠʷʩʳʥʜʘ çʧʘʪʰʘ 1 שʳʣʳʥʳץʳʰץ ʙᴇʣʽʛʽ ʤʝʥ ʘʟʦʪ 3 שʳʣʳʥʳץʳʰץ

ʘʨʘסʳʤʝʥè ᴇשʜʝʣʜʽ. 

 

 
 

ʉʫʨʝʪ 3.10 ï ʄʝʪʘʣʣʦʛʨʘʬʠʷʣʳװ ץʣʛʽʣʝʨʜʽ ʘʣʜʳʥ ʘʣʘ ʘʞʘʨʣʘʫסʘ ʘʨʥʘʣסʘʥ ʩʪʘʥʦʢ 

 

 
 

ʉʫʨʝʪ 3.11 ï ʄʠʢʨʦʩʢʦʧ ɹʠʦʤʝʜ ʄʄʈ-1 
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3.11-ʩʫʨʝʪʪʝ, ʤʠʢʨʦײץʨʳʣʳʤʜʳץ ʪʘʣʜʘʫ װʰʽʥ 40-ʪʘʥ 1250 ʝʩʝʛʝ ʜʝʡʽʥ 

 ʣʛʽʣʝʨ EAת .ʦʣʜʘʥʳʣʜʳץ ʘʡʪʫ ʜʠʘʧʘʟʦʥʳ ʙʘʨ ʄʄʈ-1 ɹʠʦʤʝʜ ʤʠʢʨʦʩʢʦʧʳסʣײ

10x/0,25/160/0,17 ʦʙʲʝʢʪʠʚʽʤʝʥ ʟʝʨʪʪʝʣʜʽ. 

ɺʠʢʢʝʨʩʪʽϬ ϨʘʪʪʳʣʳϤʳʥ Ϻʣʰʝʫ. ɹʨʠʥʝʣʣ ʥʝʤʝʩʝ ʈʦʢʚɻ ʣʣ ʠʥʜʝʥʪʦʨʳʥʜʘ 

ʟ̔ʽʥʽץ שʘʣʜʳʨʫ ʰʘʤʘʩʳ ʞʦסʘʨʳ ʙʦʣסʘʥʜʳץʪʘʥ, װʣʛʽʥʽץ שʘʪʪʳʣʳסʳʥ ɺʠʢʢʝʨʩ 

ʤʠʢʨʦץʘʪʪʳʣʳץʪʳ ᴇʣʰʝʫ ᴅʜʽʩʽʥ ץʦʣʜʘʥʘʜʳ. ɻʘʫᴃʘʨ ʧʠʨʘʤʠʜʘ ʠʥʜʝʥʪʦʨ ʨʝʪʽʥʜʝ 

 .ʦʣʜʘʥʳʣʘʜʳץ

ʄɽʊ-ʋ1ɸ ץʘʪʪʳʣʳץʪʳ ᴇʣʰʝʛʽʰ (3.12ʘ-ʩʫʨʝʪ) ɹʨʠʥʝʣʣ (ʅɺ), ʈʦʢʚɻ ʣʣ 

(HRC), ɺʠʢʢʝʨʩ (HV), ʐʦʨ çDè (HSD) ʰʢʘʣʘʣʘʨʳ ʙʦʡʳʥʰʘ ʫʣʴʪʨʘʜʳʙʳʩʪʳץ 

ʢʦʥʪʘʢʪʽʣʽ ʠʤʧʝʜʘʥʩ (UCI) ᴅʜʽʩʽʤʝʥ ᴅʨʪװʨʣʽ ʙײʡʳʤʜʘʨʜʳץ שʘʪʪʳʣʳסʳʥ 

ʞʝʨʛʽʣʽʢʪʽ ᴇʣʰʝʫʛʝ, ʩʦʥʜʘʡ-ʘץ ʢᴇʤʽʨʪʝʢʪʽ ʧʝʨʣʠʪ ʢʣʘʩʳʥʜʘסʳ ʙʦʣʘʪʪʘʨʜʘʥ 

ʞʘʩʘʣסʘʥ ʙײʡʳʤʜʘʨʜʳש ʩʦʟʳʣʫ ʙʝʨʽʢʪʽʛʽʥʽש ʰʝʛʽʥ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ. 

 

              
ʘ                                                                         ʙ 

 

ʘ ï ʄɽʊ-ʋ1ɸ ʧʦʨʪʘʪʠʚʪʽ ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ץʘʪʪʳʣʳץʪʳ ᴇʣʰʝʛʽʰ; ʙ ï ɺʠʢʢʝʨʩ 

ʰʢʘʣʘʩʳʤʝʥ ץʘʪʪʳʣʳץʪʳ ᴇʣʰʝʫ ʧʨʦʮʝʩ 
 

ʉʫʨʝʪ 3.12 ï ɺʠʢʢʝʨʩ ʰʢʘʣʘʩʳʤʝʥ ץʘʪʪʳʣʳץʪʳ ᴇʣʰʝʫ 

 

ɼʠʥʘʤʠʢʘʣʳץ ᴅʜʽʩʢʝ ץʘʨʘסʘʥʜʘ, ʫʣʴʪʨʘʜʳʙʳʩʧʝʥ ʙᴇʣʰʝʢʪʝʨʜʽש 

 ʦʡʤʘʡʜʳ ʞᴅʥʝץ ʰʝʢʪʝʫʣʝʨ שʘʪʘץ ʤʘʩʩʘʩʳʥʘ שʳʥ ᴇʣʰʝʫ ʙᴇʣʰʝʢʪʽסʘʪʪʳʣʳץ

ʙʘץʳʣʘʫ ʦʙʲʝʢʪʽʩʽʥʽש ʙʝʪʽʥʜʝ ʽʟ ץʘʣʜʳʨʤʘʡʜʳ. ʋʣʴʪʨʘʜʳʙʳʩʪʳץ ʜʘʪʯʠʢʧʝʥ 

ᴇʣʰʝʫ ʞװʨʛʽʟʫ ʩᴅʪʽʥʜʝ ʜʳʙʳʩʪʳץ ʩʠʛʥʘʣ ʰʳץץʘʥסʘ ʜʝʡʽʥ ʜʘʪʯʠʢ ʢʦʨʧʫʩʳʥʘ 

ʪײʨʘץʪʳ ʪʽʢ ʢװʰ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ (3-4 ʩʝʢ ʙʦʡʳ ʢʝʤʽʥʜʝ 1,5 ʢʛ) (3.12ʙ-ʩʫʨʝʪ). 

ɹײʣ ʵʢʩʧʝʨʠʤʝʥʪʪʝ ʩʝʧʢʽʰʪʽש ʞײʤʳʩ ʦʨʛʘʥʳ ʩʽשʽʨʫʰʽ ץʘʰʘʫʳʥ 

ʙʝʨʽʢʪʝʥʜʽʨʫ װʰʽʥ ʵʣʝʢʪʨʦʜ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣסʘʥ ʢʦʤʧʦʟʠʮʠʷʣʳץ ʢװʨʜʝʣʽ 

ʤʳʩ ʦʨʛʘʥ rײʘʨʘʩʪʳʨʳʣʘʜʳ. ɾץ ʦʨʳʪʧʘʣʘʨʜʳ ʩʘʣʳʩʪʳʨʫʜʳץ ʪʦʧʳʨʘץʧʝʥ 

ᴅʩʝʨʣʝʩʢʝʥʜʝ ʘʙʨʘʟʠʚʪʽ ʪʦʟʫʜʳ ʘʟʘʡʪʫ ʞᴅʥʝ ʤʘʪʝʨʠʘʣʜʳץ שʘʪʪʳʣʳסʳʥ ʘʨʪʪʳʨʫ 

 ʘʥ ʞᴅʥʝ ᴅʨסʣ ʟʝʨʪʪʝʫ 65 ɻ ʙʦʣʘʪʪʘʥ ʞʘʩʘʣײʘʥ. ɹסʘʨʘʩʪʳʨʳʣץ ʰʽʥ ʙʝʨʽʢʪʝʥʜʽʨʫװ

ʪװʨʣʽ ʙʝʨʽʢʪʝʥʜʽʨʫ ᴅʜʽʩʽʤʝʥ ʞʘʩʘʣסʘʥ ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰ 
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 ʘסʪʘʫץʘ ʪᴅʫʝʣʜʽʣʽʛʽʥ ʘʥʳסʨʘʤײץ ץʭʠʤʠʷʣʳ שʳʥʳסʘʪʪʳʣʳץ שʘʰʘʫʣʘʨʳʥʳץ

ʘʨʥʘʣסʘʥ. 

 

3.4.1 ʂʨʝʤʥʠʡ-ʤʘʨʛʘʥʝʮ-ʭʨʦʤ ʥʝʛʽʟʽʥʜʝʛʽ ץʘʧʪʘʤʘ ʞʘʩʘʫ ʘʨץʳʣʳ 

ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ ץʘʰʘʫʜʳש ʤʘʢʨʦײץʨʳʣʳʤʜʳץ ʪʘʣʜʘʫʳ 

 ᴅʜʽʩʽ ʦʣʘʨʜʳ (ץʟʘʫʳʪʪʳ) ʪʠʧʪʽʢ שʜʝʫʜʽשᴇ ץʘʰʘʫʣʘʨʜʳ ʪʝʨʤʠʷʣʳפ

ʪʝʭʥʠʢʘʣʳץ ʤʘʡʜʘ ʢᴇʣʝʤʜʽʢ ʰʳʥʳץʪʳʨʫ (ʪʝʤʧʝʨʘʪʫʨʘʩʳ 800-830Áʉ 

ʜʠʘʧʘʟʦʥʳʥʜʘ) ʞᴅʥʝ ʘʫʘʜʘ ʙʦʩʘʪʫ (ʪʝʤʧʝʨʘʪʫʨʘʩʳ 300-350Áʉ ʰʝʛʽʥʜʝ) ʘʨץʳʣʳ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

ʉʝʨʠʷʣʳץ ᴇʥʜʽʨʽʣʛʝʥ ץʘʰʘʫʣʘʨʜʳ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʉʅʆʃ 12/12-ɺ 

ʤʦʜʝʣʜʽ ʢʘʤʝʨʘʣʳץ ʟʝʨʪʭʘʥʘʣʳץ ʵʣʝʢʪʨ ʧʝʰʽʥʜʝ ʞװʨʛʽʟʽʣʜʽ. ɽʥʽ 0,020 ʤ ץʘʰʘʫ 

 ʫץʳʪʳʣʜʳ. ɹʘʣץʢᴇʤʝʛʽʤʝʥ ʙʘʣ שʟʝʪʢʽʰʽʥʽװʣʛʽʣʝʨʽ ɺɼʄ-2ʭ313 ʋ3 ʜᴅʥʝʢʝʨʣʝʫ ʪװ

ʢʦʵʬʬʠʮʠʝʥʪʽ ï πȟςχψρπ ̋ Ⱦ̄ˍ ̒ (3.13ʘ, 3.13ʙ-ʩʫʨʝʪ). ɹʘʣץʫ ʰʘʨʪʪʘʨʳ 

ʢʝʣʝʩʽ ʤᴅʥʜʝʨʤʝʥ ʩʠʧʘʪʪʘʣʜʳ: ʞײʤʳʩ ʢʝʨʥʝʫʽ 28 ɺ, ʵʣʝʢʪʨʦʜʪʳש ʜʽʨʽʣ ʞʠʽʣʽʛʽ ï 

50ɻʮ. 

 

  
ʘ ʙ 

 

ʘ ï ɺɼʄ-2ʭ313 ʋ3 ʜᴅʥʝʢʝʨʣʝʫ ʪװʟʝʪʢʽʰʽ; ʙ ï ɼʠʘʤʝʪʨʽ 4 ʤʤ ʊ590 ʵʣʝʢʪʨʦʜ r
 

ʉʫʨʝʪ 3.13 ï ɼᴅʥʝʢʝʨʣʝʫ ʘʧʧʘʨʘʪʳ ʞᴅʥʝ ʙʘʣץʳʪʫסʘ ʘʨʥʘʣסʘʥ ʵʣʝʢʪʨʦʜ 

 

ʉʽשʽʨʫʰʽ ץʘʰʘʫʣʘʨʳʥrװ שʣʛʽʣʝʨʽ 800õ820Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪʝʭʥʠʢʘʣʳץ 

ʤʘʡʜʘ ɾɾʊ ʰʳʥʳץʪʳʨʳʣʜʳ, ʊ590 ʞᴅʥʝ ʎʉ-1 (ˉ1 ʩʦʨʤʘʡʪ) ʵʣʝʢʪʨʦʜʪʘʨʳʤʝʥ 

 ʰʽװʢ שʳʪʫ ʪʦʛʳʥʳץʪʘʡʣʳ ʨʝʞʠʤʜʝʨʜʝ ʦʨʳʥʜʘʣʜʳ: ʙʘʣשʘʧʪʘʤʘ ʞʘʩʘʫ ʧʨʦʮʝʩʽ ʦץ

I = 120õ160 ɸ (ʢʝʨʽ ʧʦʣʷʨʣʳץ ʪײʨʘץʪʳ), ʢʝʨʥʝʫ U = 50õ70 ɺ. 

ʄʘʢʨʦײץʨʳʣʳʤʜʳץ ʪʘʣʜʘʫ ʢʝʟʽʥʜʝ ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ʜʝʬʝʢʪʦʩʢʦʧʧʝʥ 

ʘץʘʫʜʘʥ ʞᴅʥʝ ʪװʙʽʥʝʥ ʰʘסʳʣʳʩץʘʥ ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ʠʤʧʫʣʴʩ ʢװʰʝʡʽʧ, 

ʠʥʜʠʢʘʪʦʨ ʵʢʨʘʥʳʥʜʘ ʞʘʟʳʣʘʜʳ. ɼʝʬʝʢʪʦʩʢʦʧʪʘסʳ ʠʥʜʠʢʘʪʦʨ ʵʣʝʢʪʨʦʥʜʳ 

ʩᴅʫʣʝʣʽʢ ʪװʪʽʢ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʥʳש ʵʢʨʘʥʳʥʜʘ ʘʨʥʘʡʳ ʦʨʥʘʣʘʩʪʳʨʫ 

 ʪʘʨʘʣʫʳʥʘ שʠʤʧʫʣʴʩʪʽ ץʢᴇʤʝʛʽʤʝʥ ʤʝʪʘʣʜʘ ʫʣʴʪʨʘʜʳʙʳʩʪʳ שʳʩʳʥʳסʨʳʣײץ

ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʫʘץʳʪ ʢʝʩʪʝʩʽ ʧʘʡʜʘ ʙʦʣʘʜʳ. ʕʢʨʘʥʜʘסʳ ʢᴇʣʜʝʥʝש ʩʳʟʳץʪʘʨ ʫʘץʳʪ 

ʦʩʽʥ ʙʽʣʜʽʨʝʜʽ. ʋʣʴʪʨʘʜʳʙʳʩʪʳץ ʠʤʧʫʣʴʩʪʽ ʟʝʨʪʪʝʣʝʪʽʥ ʤʝʪʘʣסʘ ʞʽʙʝʨʫ ʧʝʨʠʦʜʪʳ 

ʪװʨʜʝ ʞʘʩʘʣʘʜʳ, ʦʩʳ ʤʝʪʘʣʜʘ ʫʣʴʪʨʘʜʳʙʳʩ ʪײʨʘץʪʳ ʞʳʣʜʘʤʜʳץʧʝʥ ʪʘʨʘʣʘʜʳ: 
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T

S
=J       (3.5) 

 

ʤײʥʜʘ J ï ʜʳʙʳʩ ʞʳʣʜʘʤʜʳסʳ;  

S ï ץʘʰʳץʪʳץ;  

T ï ʫʘץʳʪ. 

ʄʝʪʘʣʜʳש ʽʰʽʥʜʝʛʽ ʘץʘʫʜʳ ʵʢʨʘʥʜʘ ʪʽʨʢʝʣʛʝʥ ʠʤʧʫʣʴʩʪʽʢ ʞʘʨץʳʣ ʘʨץʳʣʳ 

ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ, ʤײʥʜʘ ʙʘʩʪʘʧץʳ ʠʤʧʫʣʴʩ ʧʝʥ ʘץʘʫʜʘʥ ʰʘסʳʣʳʩץʘʥ ʠʤʧʫʣʴʩ 

ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץ ʘץʘʫʜʳש ʧʘʡʜʘ ʙʦʣʫ ʪʝʨʝשʜʽʛʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ɸ1212 MASTER ʤʦʜʝʣʽʥʽש ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ʜʝʬʝʢʪʦʩʢʦʧʳ ʪʦʟסʘʥ ʙʝʪʪʽʢ 

 ʙʦʣʫʳʥ (ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ ʙʝʪʪʝʨʜʝʛʽ שʘʫʣʘʨʜʳץʡʽʥ ʦʣʘʨʜʘ ʘװʢ שʘʙʘʪʪʘʨʜʳץ

ʤʠʢʨʦʩʳʟʘʪʪʘʨ, ʢʝʫʝʢʪʽʣʽʢ, ʪײʪʘʩʪʳץ ʞᴅʥʝ ʙʘʣץʳʪʳʣסʘʥ ץʘʙʘʪʪʘʨʜʳש ʽʰʢʽ 

 ץʳ ʫʣʴʪʨʘʜʳʙʳʩʪʳסʨʳʣײפ .ʪʘʨʳ) ʟʝʨʪʪʝʜʽץʪʘʥʫʳ, ʢʦʨʨʦʟʠʷ ʦʰʘץʘʙʳʨʰʘץ

ʙʘץʳʣʘʫʜʳש ʪʠʧʪʽʢ ʞᴅʥʝ ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ᴅʜʽʩʪʝʨʽʥ, ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʢ ʧʝʥ 

ᴇʣʰʝʫ ʜᴅʣʜʽʛʽʥ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ [130, ʩ. 118]. A1212 MASTER 

ʤʦʜʝʣʴʜʽ ʜʝʬʝʢʪʦʩʢʦʧʪʳש "ʘʤʧʣʠʪʫʜʘ-ץʘʰʳץʪʳץ-ʪװʟʝʪʫ" ʜʠʘʛʨʘʤʤʘʣʘʨʳ (ɸפɼ-

ʜʠʘʛʨʘʤʤʘʣʘʨ) (3.14ʚ-ʩʫʨʝʪ) ʵʢʨʘʥʜʘסʳ ץʠʩʳץʪʘʨ ʙʦʡʳʥʰʘ ʙʘץʳʣʘʫʜʳװ שʰ 

ʜʝשʛʝʡʽʥ (ʘץʘʫ, ʙʘץʳʣʘʫ ʞᴅʥʝ ʽʟʜʝʫ) ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʐʘסʳʣʳʩʪʳʨסʳʰʪʳש ʵʢʚʠʚʘʣʝʥʪʪʽ ʰʳסʘʨʳʣʘʪʳʥ ʘʫʜʘʥʳʥ ʝʩʝʧʪʝʫ ʘʚʪʦʤʘʪʪʳ 

ʪװʨʜʝ ʞװʨʛʽʟʽʣʝʜʽ. ɹײʣ ʬʫʥʢʮʠʷ ʘץʘʫʣʘʨʜʳש ʵʢʚʠʚʘʣʝʥʪʪʽ ʘʡʤʘסʳʥ ץʦʣʤʝʥ 

ʝʩʝʧʪʝʫʜʝʥ ʙʘʩ ʪʘʨʪʫסʘ ʞᴅʥʝ ʙʘץʳʣʘʫ ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

 
ʘ                                                ʙ                                        ʚ 

 

ʘ ï װʣʛʽʥʽש ʞײʤʳʩ ʙʝʪʽʥ ʜʝʬʝʢʪʦʩʢʦʧ ʜʘʪʯʠʛʽʤʝʥ ᴇʣʰʝʫ ʧʨʦʮʝʩʽ; ʙ ï ʘʩʧʘʧʪʳש ʞײʤʳʩ 

ʽʩʪʝʫ ʧʨʠʥʮʠʧʽ; ʚ ï ʤʦʜʝʣʽ ɸ1212 MASTER ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ʜʝʬʝʢʪʦʩʢʦʧ: 1 ï ʜʝʬʝʢʪʦʩʢʦʧʪʳש 

ʵʣʝʢʪʨʦʥʜʳץ ʙʣʦʛʳ; 2 ï ʧʴʝʟʦ ʪװʨʣʝʥʜʽʨʛʽʰ; 3 ï ʙʘץʳʣʘʥʘʪʳʥ ʦʙʲʝʢʪ 
 

ʉʫʨʝʪ 3.14 ï ʉʽשʽʨʫʰʽ ץʘʰʘʫʳʥʳש ʪʦʟסʘʥ ʙʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫʛʝ ʘʨʥʘʣסʘʥ 

ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ʜʝʬʝʢʪʦʩʢʦʧ 

 

3.14-ʩʫʨʝʪʪʝ ᴇʣʰʝʫ ʧʨʦʮʝʩʽ ʙʝʡʥʝʣʝʥʛʝʥ ʙʦʣʘʪ 65ɻ, T590 ɻ ʣʝʢʪʨʦʜʳʤʝʥ 

ʘʣʜʳסשʳ ʞᴅʥʝ ʘʨʪץʳ ʞʘסʳ ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ (ʘ), S5182 ʜʘʪʯʠʛʽʥʽש ʢᴇʤʝʛʽʤʝʥ 

ʟʝʨʪʪʝʫ ʧʨʦʮʝʩʽʥʜʝ (ʙ) ײץʨʳʣסʳʥʳש ʞײʤʳʩ ʽʩʪʝʫ ʧʨʠʥʮʠʧʽ ʞᴅʥʝ A1212 MASTER 

(ʚ) ʤʦʜʝʣʽʥʽש ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ʜʝʬʝʢʪʦʩʢʦʧʳ. 

ʕʭʦ-ʩʠʛʥʘʣʜʳש ʘʤʧʣʠʪʫʜʘʩʳ ʝץ שʘʨʘʧʘʡʳʤ ᴇʣʰʝʥʝʪʽʥ ʩʠʧʘʪʪʘʤʘ, ʦʣ 

ʙʘʩץʘʣʘʨʤʝʥ ʪʝש ʞʘסʜʘʡʜʘ ʰʘסʳʣʳʩʘʪʳʥ ʙʝʪʪʽש ᴇʣʰʝʤʽʤʝʥ, ʙʘסʳʪʳʤʝʥ, 
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ʢʦʥʬʠʛʫʨʘʮʠʷʩʳʤʝʥ ʞᴅʥʝ ʢʝʜʽʨ-ʙײʜʳʨʣʳסʳrʤʝʥ, ʦʥʳש ʦʨʥʘʣʘʩʫ ʪʝʨʝשʜʽʛʽʤʝʥ 

ʘʥʳץʪʘʣʘʜʳ. ɸץʘʫʣʘʨ ʤᴇʣʰʝʨʽʥʽײ שʣסʘʶʳʤʝʥ ʵʭʦ ʘʤʧʣʠʪʫʜʘʩʳ ʘץʘʫ ᴇʣʰʝʤʜʝʨʽ 

ʘץʘʫ ʦʨʥʘʣʘʩץʘʥ ʙᴇʣʽʤʜʝʛʽ ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ʩᴅʫʣʝʜʝʥ ʘʩʳʧ ʢʝʪʢʝʥʰʝ ᴇʩʝʜʽ [130, 

ʩ. 118]. 

ʆʨʪʘʜʘ ʩʝʨʧʽʤʜʽ ץʘʩʠʝʪʪʝʨʜʽש ʙʦʣʫʳ ʦʥʜʘסʳ ʩʝʨʧʽʤʜʽ ʪʦʣץʳʥʜʘʨʜʳש ʧʘʡʜʘ 

ʙʦʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. פʘʪʪʳ ʜʝʥʝʜʝ ץʘʙʘʪʪʘסʳ r  ʳסʘʙʘʪʪʘʨʜʘץ ʳʩʫʣʘʨ ʢᴇʨʰʽס

ʢʝʨʥʝʫʣʝʨʜʽ ʪʫʜʳʨʘʜʳ. ɹײʣ ʢʝʨʥʝʫʣʝʨ ʽʨʛʝʣʝʩ ץʘʙʘʪʪʘʨʜʘ ʦʨʳʥ ʘʫʳʩʪʳʨʫʜʳ 

ʪʫʜʳʨʘʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ʢᴇʣʜʝʥʝש ʪʦʣץʳʥʜʘʨʜʳ ʘʣʘʤʳʟ [130, ʩ. 118]. 

ʊʘʙʠסʠ ʘץʘʫʣʘʨ ᴅʨʪװʨʣʽ ʧʽʰʽʥʛʝ, ᴇʣʰʝʤʛʝ, ʙʘסʳʪץʘ ʞᴅʥʝ ʘʢʫʩʪʠʢʘʣʳץ 

 ץᴇʣʰʝʤʜʝʨʽ ʫʣʴʪʨʘʜʳʙʳʩʪʳ שʘʫʣʘʨʜʳץʤʢʽʥ. ɽʛʝʨ ʘװʘʩʠʝʪʪʝʨʛʝ ʠʝ ʙʦʣʫʳ ʤץ

ʪʦʣץʳʥ ײʟʳʥʜʳסʳʥʘʥ װʣʢʝʥ ʙʦʣʩʘ, ʘץʘʫʣʘʨʜʘʥ ʵʭʦ ʘʤʧʣʠʪʫʜʘʩʳ ʘʟ ʝʨʝʢʰʝʣʝʥʝʜʽ. 

 ʧʘʨʘʪʪʳ ʪʘʣʜʘʡץʦʣʜʘʥʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨ ʪʫʨʘʣʳ ʘץ ʘʪʘʡʪʫ ᴅʜʽʩʽ ʤʝʥפ

ʦʪʳʨʳʧ, ʢʝʣʝʩʽ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ: ʩʽשʽʨʫʰʽ ץʘʰʘʫʣʘʨʳʥʳש ʪʦʟסʘʥ ʙʝʪʢʽ 

 ץʳʥ ʫʣʴʪʨʘʜʳʙʳʩʪʳסʙʘʨ-ʞʦ שʘʫʣʘʨʜʳץʡʽʥ ʦʣʘʨʜʘ ʘװʢ שʘʙʘʪʪʘʨʳʥʳץ

ʜʝʬʝʢʪʦʩʢʦʧʪʳש ʢᴇʤʝʛʽʤʝʥ ʟʝʨʪʪʝʫʛʝ ʙʦʣʘʜʳ. 

 

 ʪʘʫץʙʝʪʪʽʢ ʙʝʨʽʢʪʝʥʜʽʨʫ ʪᴅʩʽʣʽʥʝ ʪᴅʫʝʣʜʽʣʽʛʽʥ ʘʥʳ שʪʳץʘʪʪʳʣʳפ 3.4.2

ᴅʜʽʩʪʝʤʝʩʽ 

ʆʨʥʘʪʫ ʘʥʘʣʠʪʠʢʘʣʳץ ʤʘʢʩʠʤʘʣʜʳ ץʘʪʪʳʣʳץʪʳש ʙʝʪʪʽʢ ʙʝʨʽʢʪʝʥʜʽʨʫ 

ᴅʜʽʩʽʥʝ ʪᴅʫʝʣʜʽʣʽʛʽ ᴇʪʝ ʢװʨʜʝʣʽ ʙʦʣʳʧ ʢᴇʨʽʥʝʜʽ. ʉʦʥʜʳץʪʘʥ ʦʥʳ ʪʦʣʳץ ʬʘʢʪʦʨʣʳץ 

ʵʢʩʧʝʨʠʤʝʥʪ ᴅʜʽʩʽʤʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʘʨץʳʣʳ ʘʥʳץʪʘʫ ʢʝʨʝʢ. ʂʽʨʽʩ ʬʘʢʪʦʨʣʘʨʳʥʳש 

ʘʡʥʳʤʘʣʳʣʘʨʳ ʨʝʪʽʥʜʝ ʤʳʥʘʣʘʨ ץʘʙʳʣʜʘʥʘʜʳ: ʤʘʪʝʨʠʘʣʜʳײץ שʨʘʤʳ, ʘʪʘʧ 

ʘʡʪץʘʥʜʘ ײץʨʘʤʳʥʜʘסʳ ʭʨʦʤʥʳץ שʘʪʪʳʣʳץץʘ ᴅʩʝʨʽ, ᴇשʜʝʫ ʧʨʦʮʝʩʽʥʜʝ ײʩʪʘʫ 

ʫʘץʳʪʳ ʞᴅʥʝ ץʘʪʘʡʪʘʪʳʥ ʤʘʪʝʨʠʘʣʜʳש ʤʝʥʰʽʢʪʽ ʢʝʜʝʨʛʽʩʽ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʝʢʽʥʰʽ ʨʝʪʪʽ ʦʨʪʘʣʳץ ʢʦʤʧʦʟʠʮʠʷʣʳץ ʘʡʥʘʣʤʘʣʳ ʞʦʩʧʘʨʣʘʫ 

ʙʘסʜʘʨʣʘʤʘʩʳ ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʜʽ [124, ʩ. 78-82] ʟʝʨʪʪʝʫʣʝʨʜʝ ץʘʙʳʣʜʘʥסʘʥ 

ʬʘʢʪʦʨʣʘʨʜʳש ᴇʟʛʝʨʫ ʜʝשʛʝʡʣʝʨʽ ʤʝʥ ʘʨʘʣʳץʪʘʨʳ (פʦʩʳʤʰʘ ɼ) ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɸʣʳʥסʘʥ ץʘʪʪʳʣʳץ ʪʝשʜʝʫʽʥʽש ʙʝʪʪʽʢ ץʘʪʘʶ ᴅʜʽʩʽʥʝ ʩᴅʡʢʝʩʪʽʛʽʥ ʪʝʢʩʝʨʫ 

 ʰʽʥ ʦʩʳ ʟʝʨʪʪʝʫʜʝ SASװ ʳʪʳʥ ʽʟʜʝʫסʪʘʡʣʳ ʞʘʫʘʧ ʙʝʨʫ ʙʘשʦ ץʰʽʥ, ʩʦʥʜʘʡ-ʘװ

ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪʘʣʜʘʫ ʙʘסʜʘʨʣʘʤʘʩʳ ץʦʣʜʘʥʳʣʘʜʳ. SAS ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪʘʣʜʘʫ 

ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ ʞʘʫʘʧ ʙʝʪʽʥʽש ʨʝʛʨʝʩʩʠʷʩʳ RSREG ʧʨʦʮʝʜʫʨʘʩʳ ʞʘʫʘʧʪʳ 

ʦשʪʘʡʣʘʥʜʳʨʘʪʳʥ ʬʘʢʪʦʨʣʘʨʜʳש ʤᴅʥʜʝʨʽʥ ʽʟʜʝʫʜʝ ʧʘʡʜʘʣʳ ʞʘʫʘʧ ʙʝʪʽʥʽש 

ʢʚʘʜʨʘʪʪʳץ ʤʦʜʝʣʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ʂʝʣʝʩʽ PROC RSREG ʬʫʥʢʮʠʷʣʘʨʳ ʦʥʳ 

ʞʘʫʘʧ ʙʝʪʪʝʨʽʥ ʪʘʣʜʘʫ װʰʽʥ ʙʘʩץʘ ʨʝʛʨʝʩʩʠʷ ʧʨʦʮʝʜʫʨʘʣʘʨʳʥʘ ץʘʨʘסʘʥʜʘ 

 :ʦʣʘʡʣʳ ʝʪʝʜʽץ

- ʢʚʘʜʨʘʪʪʳץ ʵʬʬʝʢʪʽʣʝʨʜʽ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ײץʨʫ; 

- ʩᴅʡʢʝʩʩʽʟʜʽʢ ʩʳʥʘסʳ; 

- ʙʝʪʽʥʽש ʢʨʠʪʠʢʘʣʳץ ʤᴅʥʜʝʨʽʥʝ ʘʨʥʘʣסʘʥ ʰʝʰʽʤ; 

- ʙʘʡʣʘʥʳʩʪʳ ʢʚʘʜʨʘʪʪʳץ ʬʦʨʤʘʥʳש ʤʝʥʰʽʢʪʽ ʤᴅʥʜʝʨʽ; 

- ʦשʪʘʡʣʳ ʞʘʫʘʧ ʙʝʨʫ ʙʘסʳʪʳʥ ʽʟʜʝʫ װʰʽʥ ʞʦʪʘʣʘʨʜʳ ʪʘʣʜʘʫ. 

ʅᴅʪʠʞʝʩʽʥʜʝ ʪʘʣʜʘʫ װʰʽʥ ʨʝʛʨʝʩʩʠʷ ʜʠʘʛʥʦʩʪʠʢʘʩʳʥʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʩʝʛʽʟ 

ʛʨʘʬʠʢʪʽ 5 ʪʦʧץʘ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ:  

- ʙʘץʳʣʘʥʘʪʳʥ ʞᴅʥʝ ʙʦʣʞʘʥʘʪʳʥ ʞʘʫʘʧʪʘʨ ʢʝʩʪʝʩʽ; 

- ʙʦʣʞʘʣʜʳ ʞʘʫʘʧʪʘʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ץʘʣʜʳץ ʤᴅʥʜʝʨʜʽש ʝʢʽ ʛʨʘʬʠʛʽ; 
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- ʰʳסʘʨʳʥʜʳʣʘʨʜʳ, ʞʦסʘʨʳ ʠʽʥʜʽ ʙʘץʳʣʘʫʣʘʨʜʳ ʞᴅʥʝ ʳץʧʘʣʜʳ 

ʙʘץʳʣʘʫʣʘʨʜʳ ʢᴇʨʩʝʪʝʪʽʥ ʝʢʽ ʛʨʘʬʠʢ; 

 ;ʘʣʘʡʪʳʥ ʝʢʽ ʛʨʘʬʠʢסʳʥ ʙʘסʘʣʳʧʪʳʣʳץ שʪʘʨʜʳץʘʣʜʳץ -

- ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ʙʦʣʞʘʤʜʳ ʤᴅʥʜʝʨ ʤʝʥ ץʘʣʜʳץʪʘʨʜʳש ʢʫʤʫʣʷʪʠʚʪʽ 
ʪʘʨʘʣʫʳʥ ʩʘʣʳʩʪʳʨʘʪrʥ ʛʨʘʬʠʢ. 

 

 ʪʘʡʣʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥשʦ שʘʧʪʘʤʘ ʞʘʩʘʫ ʨʝʞʠʤʽʥʽץ ʘʰʘʫ ʙʝʪʽʥʝפ 3.5

ʘʥʳץʪʘʫ ᴅʜʽʩʪʝʤʝʩʽ 

 ʘʥסʘʧʪʘʤʘ ʞʘʩʘʣץ שʪʘʡʣʳ ʤᴅʥʽ ʞᴅʥʝ ʙᴇʣʰʝʢʪʽשʦ שʳʥʳסʜʳשʘʣʳץ ʘʧʪʘʤʘפ

ʙʝʪʪʝʨʽʥʜʝ ʢʝʡʽʥʛʽ ᴇשʜʝʫʜʽ ʘʟʘʡʪʫ ʙᴇʣʰʝʢʪʽש ᴇʥʜʽʨʽʩ ײץʥʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ ʙʝʪ ʞײʤʳʩ ʦʨʛʘʥʳʥʳץ שʦʨʳʥ ʘʨʪʪʳʨʘʜʳ, 

ʩʦʥʜʳץʪʘʥ ʙʘʣץʳʪʫ ʨʝʞʠʤʜʝʨʽʥ ʦʨʥʘʪʫ ץʘʞʝʪ. ɹʘʣץʳʪʳʣסʘʥ ץʘʙʘʪʪʳש 

 ,ʜʠʘʤʝʪʨʽ שʳʪʫ ʧʘʨʘʤʝʪʨʣʝʨʽ ʵʣʝʢʪʨʦʜʪʳץʪʘʡʪʳʥ ʥʝʛʽʟʛʽ ʙʘʣץʳʥ ʘʥʳסʜʳשʘʣʳץ

ʦʥʳש ʙʝʨʽʣʽʩ ʞʳʣʜʘʤʜʳסʳ, ʙʘʣץʫ ʞʳʣʜʘʤʜʳסʳ, ʙʘʣץʫ ץʘʜʘʤʳ, ʞײʤʳʩ ʢʝʨʥʝʫʽ 

ʞᴅʥʝ ʪʦʢ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɿʝʨʪʪʝʫʜʝ ץʘʙʳʣʜʘʥסʘʥ ʘʡʥʳʤʘʣʳ ʬʘʢʪʦʨʣʘʨʜʳש 

ᴇʟʛʝʨʫ ʜʝשʛʝʡʣʝʨʽ ʤʝʥ ʘʨʘʣʳץʪʘʨʳ (פʦʩʳʤʰʘ ɼ)-ʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʆשʪʘʡʣʘʥʜʳʨʫ ʧʘʨʘʤʝʪʨʽ ʨʝʪʽʥʜʝ ץʘʧʪʘʤʘ ʞʘʩʘʣסʘʥ ץʘʙʘʪʪʳץ שʘʣʳשʜʳסʳ 

ya ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʫ ᴅʜʽʙʽ yz ץʘʙʳʣʜʘʥʜʳ. ɹʘʣץʳʪʫ ʜʠʘʤʝʪʨʽ 0,004 ʤ ʊ590 

ʵʣʝʢʪʨʦʜʳʤʝʥ ʞʘʩʘʣʜʳ. ɽʥʽ 0,02 ʤ ץʘʰʘʫ ɺɼʄ-2ʭ313 ʋ3 ʤʦʜʝʣʴʜʽ ʜᴅʥʝʢʝʨʣʝʫ 

ʪװʟʝʪʢʽʰʽʥʽש ʢᴇʤʝʛʽʤʝʥ ʙʘʣץʳʪʳʣʜʳ. ɹʘʣץʫ ʢʦʵʬʬʠʮʠʝʥʪʽ ï πȟςχψρπ ̋ Ⱦ̄
ˍ ̒. ɹʘʣץʫ ʰʘʨʪʪʘʨʳ ʢʝʣʝʩʽ ʤᴅʥʜʝʨʤʝʥ ʩʠʧʘʪʪʘʣʜʳ: ʞײʤʳʩ ʢʝʨʥʝʫʽ 29ɺ, 

ʵʣʝʢʪʨʦʜʪʳש ʜʽʨʽʣ ʞʠʽʣʽʛʽ ï 50ɻʮ. 

ɾʦʩʧʘʨʣʘʫ ʤʘʪʨʠʮʘʩʳ ʞᴅʥʝ ʪᴅʞʽʨʠʙʝ ʥᴅʪʠʞʝʣʝʨʽ (פʦʩʳʤʰʘ ɼ)-ʜʘ 

ʢʝʣʪʽʨʽʣʛʝʥ. ʕʢʩʧʝʨʠʤʝʥʪ ʝʢʽʥʰʽ ʨʝʪʪʽ ʦʨʪʘʣʳץ ʢʦʤʧʦʟʠʮʠʷʣʳץ ʘʡʥʘʣʤʘʣʳ 

ʞʦʩʧʘʨʣʘʫ ʙʘסʜʘʨʣʘʤʘʩʳ ʙʦʡʳʥʰʘ ʞʘʩʘʣʜʳ. ʕʢʩʧʝʨʠʤʝʥʪ ʜʝʨʝʢʪʝʨʽʥ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ᴇשʜʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʨʝʛʨʝʩʩʠʷ ʪʝשʜʝʫʽʥʽש ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ 

ʘʥʳץʪʘʣʜʳ. 

ʌʘʢʪʦʨʣʘʨ ʤʝʥ ץʘʞʝʪʪʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳʥʳש ʤᴅʥʜʝʨʽ Statistica 10 

ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘסʳ DOE ᴅʜʽʩʽʤʝʥ ʘʥʳץʪʘʣʜʳ. ʊᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʢʪʝʨʽ ʞᴅʥʝ 

ʬʘʢʪʦʨʣʘʨʜʳש ʝש ʦשʪʘʡʣʳ ʤᴅʥʜʝʨʽ ɹʦʢʩ-ɹʝʥʢʝʥ ᴅʜʽʩʽʤʝʥ ʘʣʳʥסʘʥ. 

 

3-ʙᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

1 ɿʝʨʪʪʝʫ ʞװʨʛʽʟʫ װʰʽʥ ʙʝʨʽʢʪʽʛʽ, ʪײʪץʳʨʣʳסʳ ʞᴅʥʝ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽ, 

ʰʘסʳʥ ʧʣʘʩʪʠʢʘʣʳץ ʜʝʬʦʨʤʘʮʠʷʣʘʨסʘ ʞʦסʘʨʳ ʪᴇʟʽʤʜʽʣʽʛʽ ʞᴅʥʝ ʨʝʣʘʢʩʘʮʠʷסʘ 

ʪᴇʟʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ, ʞʝʪʢʽʣʽʢʪʽ ʞʦסʘʨʳ ʢʘʣʴʮʠʥʘʮʠʷסʘ ʠʝ, ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ 

ʪᴇʤʝʥ ײץʥʳ ʙʘʨ 65ɻ ʙʦʣʘʪʪʘʥ ʞʘʩʘʣסʘʥ [23, ʨ. 269-277; 24, ʨ. 30-42, 25, ʨ. 10-18] 

ʩʝʧʢʽʰ ץʘʰʘʫʣʘʨʳʥʳװ שʣʛʽʣʝʨʽ ʧʘʡʜʘʣʘʥʳʣʜʳ. 

2 ʕʢʩʧʝʨʠʤʝʥʪ ʝʢʽʥʰʽ ʨʝʪʪʽ ʦʨʪʘʣʳץ ʢʦʤʧʦʟʠʮʠʷʣʳץ ʘʡʥʘʣʤʘʣʳ 

ʞʦʩʧʘʨʣʘʫ ʙʘסʜʘʨʣʘʤʘʩʳ ʙʦʡʳʥʰʘ ʞʘʩʘʣʜʳ. ʕʢʩʧʝʨʠʤʝʥʪ ʜʝʨʝʢʪʝʨʽʥ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ᴇשʜʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʨʝʛʨʝʩʩʠʷ ʪʝשʜʝʫʽʥʽש ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ 

ʘʥʳץʪʘʣʜʳ. 

3 ʉʝʨʠʷʣʳ ʜʘʡʳʥʜʘʣסʘʥ ʞᴅʥʝ ʙʝʨʽʢʪʝʥʜʽʨʽʣʛʝʥ ʩʽשʽʨʫʰʽ ץʘʰʘʫʣʘʨʳʥʳש 

-ץʪʦʧʳʨʘ שʤʦʣʘ ʦʙʣʳʩʳʥʳץɸ שʩʪʘʥʥʳץʘʟʘפ ʩʳʥʘʫ 2019 ʞʳʣʳ ץʣʛʽʣʝʨʽʥ ʜʘʣʘʣʳװ

ʢʣʠʤʘʪʪʳץ ʞʘסʜʘʡʣʘʨʳʥʜʘ ʢᴅʜʽʤʛʽ ץʘʨʘ ʪʦʧʳʨʘץ ʙʦʡʳʥʰʘ (ʳʣסʘʣʜʳʣʳסʳ 25-



94 
 

45%, ʪʦʧʳʨʘץʪʳש ʦʨʪʘʰʘ ʜʠʘʤʝʪʨʽ 0,05 ʤ ʪʘʩʪʘʨʤʝʥ ʣʘʩʪʘʥʫʳ 0,6-1,5 ʜʘʥʘ/ʤ2) 

ʝʛʽʩʪʽʢ (ʞʘʟʜʳץ) ʚʠʢʠ, ʙʝʜʝ ʝʛʫ ʢʝʟʽʥʜʝ ʞװʨʛʽʟʽʣʜʽ 2 + ʪʘʨʪץʳʰ ʢʣʘʩʪʳ ʜʦסשʘʣʘץʪʳ 

ʪʨʘʢʪʦʨ ײץʨʘʤʳʥʜʘסʳ ʤʘʰʠʥʘ-ʪʨʘʢʪʦʨ ʘʛʨʝʛʘʪʳʥʜʘסʳ ʩʫʩʳʤʘʣʳ ʞᴅʥʝ ʞʦשʳʰץʘ 

ʜᴅʥʜʽ-ʰᴇʧʪʽ ʩʝʧʢʽʰ [23, ʨ. 269-277; 24, ʨ. 30-42; 25, ʨ. 10-18; 26, ʩ. 3-100]. 
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4 ɿɽʈʊʊɽʋ ɾᴄʅɽ ʉʓʅɸפ ʅᴄʊʀɾɽʃɽʈɯʅ ʊɸʃɼɸʋ 

 

4.1 ʉʽשʽʨʫʰʽʥʽש ʦשʪʘʡʣʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʪʘשʜʘʫ 

ʊʘʨʪʫ ʢʝʜʝʨʛʽʩʽ ʤʝʥ ʪץײʳʤʜʘʨʜʳ ʩʝʙʫʜʽש ʪʝʨʝשʜʽʛʽʥʽש ʙʽʨץʘʣʳʧʩʳʟʜʳסʳʥ 

ʘʥʳץʪʘʫ ʢʝʟʽʥʜʝ ʩʽשʽʨʫʰʽʥʽש ʦשʪʘʡʣʳ ײץʨʳʣʳʤʜʳץ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʪʘשʜʘʫ װʰʽʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨ ʪʦʧʳʨʘץ ʘʨʥʘʩʳʥʜʘ 

ʞװʨʛʽʟʽʣʜʽ. ʊᴅʞʽʨʠʙʝ ɹʦʢʩ-ʋʠʣʩʦʥ ᴅʜʽʩʽ ʙʦʡʳʥʰʘ ʝʢʽʥʰʽ ʨʝʪʪʽ ʦʨʪʘʣʳץ 

ʢʦʤʧʦʟʠʮʠʷʣʳץ ʨʦʪʘʪʘʙʝʣʴʜʽ ʞʦʩʧʘʨʣʘʫ ʙʘסʜʘʨʣʘʤʘʩʳ ʙʦʡʳʥʰʘ ʪʘʨʪʫ ʢװʰʽʥʽש 

ʈ ʞᴅʥʝ ʪץײʳʤʜʘʨʜʳ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʙʽʨץʘʣʳʧʩʳʟʜʳסʳʥʳש ɜʛʙ (ʞʠʪʥʷʢ ʞᴅʥʝ 

ʪװʡʝʞʦשʳʰץʘ) ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʪʽש ʩʽשʽʨʫʰʽʩʽʥʽײץ שʨʳʣʳʤʜʳץ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ʪᴅʫʝʣʜʽʣʽʛʽʥ ʘʥʳץʪʘʫ װʰʽʥ ץʦʡʳʣʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨʜʽ 

ᴇשʜʝʫ STATISTICA 10 ʙʘסʜʘʨʣʘʤʘʣʳץ ʧʘʢʝʪʽʥʽש çDesign of Experimentsè (DoE) 

 ʟʝʛʝ ʘʩʳʨʳʣʜʳ. ʊᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʢʪʝʨʽ ʞᴅʥʝװʢᴇʤʝʛʽʤʝʥ ʞ שʨʘʣʳʥʳײץ

ʬʘʢʪʦʨʣʘʨʜʳש ʝש ʦשʪʘʡʣʳ ʤᴅʥʜʝʨʽ ɹʦʢʩ-ɹʝʥʢʝʥ ᴅʜʽʩʽʤʝʥ ʘʣʳʥʜ .r 

ʊᴅʫʝʣʜʽʣʽʢʪʝʨ P=f(b, ɓ, l)  ʞᴅʥʝ ɜʛʙ =f(b, ɓ, l) ʝʢʽʥʰʽ ʜᴅʨʝʞʝʣʽ ʢᴇʧʤװʰʝʤʝʥ 

ʞʫʳץʪʘʫ ʪʫʨʘʣʳ ʰʝʰʽʤ ץʘʙʳʣʜʘʥʜʳ. ɿʝʨʪʪʝʫʜʝ ץʘʙʳʣʜʘʥסʘʥ ʬʘʢʪʦʨʣʘʨʜʳש 

ᴇʟʛʝʨʫ ʜʝשʛʝʡʣʝʨʽ ʤʝʥ ʘʨʘʣʳץʪʘʨʳ (פʦʩʳʤʰʘ ɸ)-ʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɾʦʩʧʘʨʣʘʫ ʤʘʪʨʠʮʘʩʳ ʞᴅʥʝ ʪᴅʞʽʨʠʙʝ ʥᴅʪʠʞʝʣʝʨʽ (פʦʩʳʤʰʘ ɼ)-ʜʘ 

ʢʝʣʪʽʨʽʣʛʝʥ. תʰ ʬʘʢʪʦʨסʘ ʘʨʥʘʣסʘʥ ʝʢʽʥʰʽ ʨʝʪʪʽ ʦʨʪʘʣʳץ ʢʦʤʧʦʟʠʮʠʷʣʳץ 

ʘʡʥʘʣʤʘʣʳ ʞʦʩʧʘʨ 23 ʪʠʧʪʽ ʪʦʣʳץ ʬʘʢʪʦʨʣʳץ ʵʢʩʧʝʨʠʤʝʥʪ ʞʦʩʧʘʨʳʥʘʥ (3.2-

ʢʝʩʪʝ, 1-8 ʪᴅʞʽʨʠʙʝʣʝʨ), çʞײʣʜʳʟʜʳ ʥװʢʪʝʣʝʨʜʝʛʽè ʘʣʪʳ ʪᴅʞʽʨʠʙʝʜʝʥ (9-14 

ʪᴅʞʽʨʠʙʝʣʝʨ) ʞᴅʥʝ ʞʦʩʧʘʨ ʦʨʪʘʣʳסʳʥʜʘסʳ ʘʣʪʳ ʪᴅʞʽʨʠʙʝʜʝʥ (15-20 

ʪᴅʞʽʨʠʙʝʣʝʨ) ʪײʨʘʜʳ. 

 שʨʛʽʟʽʣʛʝʥ ʪᴅʞʽʨʠʙʝʣʝʨʜʽװʘʥ ʵʢʩʧʝʨʠʤʝʥʪ ʞʦʩʧʘʨʳʥʘ ʩᴅʡʢʝʩ ʞסʘʙʳʣʜʘʥפ

ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʨʝʛʨʝʩʩʠʷ ʪʝשʜʝʫʽʥʽש ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥ ʢʝʣʝʩʽ ʪװʨʜʝ 

ʙʘסʘʣʘʫסʘ ʙʦʣʘʜʳ [124, ʩ. 79]: 
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k=3 ʢʝʟʽʥʜʝ (4.1) ʪʝשʜʝʫʽʥʽש ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥ ʝʩʝʧʪʝʫ װʰʽʥ (4.2)-(4.5) 

ʬʦʨʤʫʣʘʣʘʨʳ ʢʝʣʝʩʽʜʝʡ ʙʦʣʘʜʳ: 
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ί  שʳ ʪᴅʞʽʨʠʙʝʣʝʨʜʽסʳʥʜʘסʦʨʪʘʣʳ שʘʡʪʘʣʘʥʫ ʜʠʩʧʝʨʩʠʷʩʳ ʞʦʩʧʘʨʜʳץ 

ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʜʳ. ɽʩʝʧʪʝʫ װʰʽʥ ί ʢᴇʤʝʢʰʽ ʢʝʩʪʝʣʝʨ ʞʘʩʘʣʜʳ 

 .(ʦʩʳʤʰʘ ɼפ)

ʈʝʛʨʝʩʩʠʷ ʪʝשʜʝʫʽʥʽש ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥ ʘʥʳץʪʘʫʜʘסʳ ץʘʪʝʣʽʢʪʝʨʜʽ 

ʩʠʧʘʪʪʘʡʪʳʥ ʜʠʩʧʝʨʩʠʷʣʘʨ (4.6)-(4.9) ʬʦʨʤʫʣʘʣʘʨʳ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʣʜʽ. 
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ί́  ̅ʝʩʝʧʪʝʫ װʰʽʥ ʢᴇʤʝʢʰʽ ʢʝʩʪʝʣʝʨ ʞʘʩʘʣʜʳ (פʦʩʳʤʰʘ ɼ)). 

ɸʣʳʥסʘʥ ʨʝʛʨʝʩʩʠʷ ʪʝשʜʝʫʽʥʽש ʩᴅʡʢʝʩʪʽʛʽʥ ʪʝʢʩʝʨʫ װʰʽʥ ʌʠʰʝʨ ʢʨʠʪʝʨʠʡʽ 

 :ʦʣʜʘʥʳʣʘʜʳץ

 

Ὂ ́̅
      (4.10) 

 

ɽʛʝʨ ʢʝʣʝʩʽ ʰʘʨʪ ʦʨʳʥʜʘʣʩʘ: 

 

Ὂ Ὂ̓      (4.11) 

 

ʩʳʟʳץʪʳץ ʨʝʛʨʝʩʩʠʷ ʪʝשʜʝʫʽ ʙʘʨʘʙʘʨ ʜʝʧ ʪʘʥʳʣʘʜʳ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʜʝʨʝʢʪʝʨʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʧʳʩʳץʪʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʨʝʛʨʝʩʩʠʷ 

ʪʝשʜʝʫʽʥʽש ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʘʥʳץʪʘʣʜʳ, P=f(b, ɓ, l) װʰʽʥ: 

 
639,0=ʦb ; ;028,01 -=b ;041,02 =b ;007,03 =b ;028,012 -=b ;015,013 -=b  

;0025,023=b ;0254,011=b ;0271,022 =b .0153,033 -=b  

 

ɜʛʙ=f(b, ɓ, l) hװ ʽʥ ʨʝʛʨʝʩʩʠʷ ʪʝשʜʝʫʽʥʽש ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ: 

 
837,10=ʦb ; ;072,11 =b ;43,02 =b ;109,03 =b ;6,012=b ;1,013 -=b  

;475,123 =b ;0686,111 -=b ;895,022 =b .036,133 =b  

 

P=f(b, ɓ, l) װʰʽʥ ʨʝʛʨʝʩʩʠʷ ʪʝשʜʝʫʽʥʽש ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽש ʜʠʩʧʝʨʩʠʷʩʳ: 

 

{} ;0002,00

2 =bs {} ;000089,02 =ibs  
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{} ;00015,02 =ilbs {} .000085,02 =iibs  

 

ɜʛʙ=f(b, ɓ, l) hװ ʽʥ ʨʝʛʨʝʩʩʠʷ ʪʝשʜʝʫʽʥʽש ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽש ʜʠʩʧʝʨʩʠʷʣʘʨʳ: 

 

{} ;38665,00

2 =bs {} ;16987,02 =ibs  

{} ;29,02 =ilbs {} .16124,02 =iibs  

 

P=f(b, ɓ, l) װʰʽʥ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʜ̔  ʪʘʨʳ ʢʝʣʝʩʽץʩʝʥʽʤʜʽʣʽʢ ʘʨʘʣʳ ש

ʤᴅʥʜʝʨʛʝ ʠʝ: 

 

{} 0367,000 °=°=D btsb ;  {} 0244,0°=°=D ii btsb  

{} 032,0°=°=D ilil btsb ;  {} 0237,0°=°=D iiii btsb  

 

ɜʛʙ=f(b, ɓ, l) װʰʽʥ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʜʽש ʩʝʥʽʤʜʽʣʽʢ ʘʨʘʣʳץʪʘʨʳ ʢʝʣʝʩʽ ʤᴅʥʜʝʨʛʝ ʠʝ: 

 

{} 598,100 °=°=D btsb ;  {} 059,1°=°=D ii btsb  

{} 384,1°=°=D ilil btsb ;  {} 032,1°=°=D iiii btsb  

 

ʤײʥʜʘ t ï 5% ʤʘשʳʟʜʳʣʳץ ʜʝשʛʝʡʽʥʜʝʛʽ ʉʪʴʶʜʝʥʪ ʢʨʠʪʝʨʠʡʽʥ̔ש ʢʝʩʪʝʣʽʢ ʤᴅʥʽ. 

ɼʠʩʧʝʨʩʠʷʥʳש ʤᴅʥʜʝʨʽ ʝʩʝʧʪʝʫʣʝʨ ʥᴅʪʠʞʝʩʽʥʜʝ ί́̅ πȟπρφ (פʦʩʳʤʰʘ ɼ 

5% ʤʘשʳʟʜʳʣʳץ ʜʝשʛʝʡʽʥʜʝ ʞᴅʥʝ ʝʨʢʽʥʜʽʢ ʜᴅʨʝʞʝʣʝʨʽʥʽש ʩʘʥʳ f=8, t=5,41 

ʙʦʣסʘʥʜʘ) ʘʥʳץʪʘʣʜʳ. ɸʣʳʥסʘʥ ʤʦʜʝʣʴʜʽ ʪʝʢʩʝʨʫ ʙʘʨʳʩʳʥʜʘ ʤʦʜʝʣʴ 5% 

ʤʘשʳʟʜʳʣʳץ ʜʝשʛʝʡʽʥʜʝ ʙʘʨʘʙʘʨ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ, ʙײʣ (4.10) ʞᴅʥʝ (4.11) 

ʬʦʨʤʫʣʘʣʘʨʳ ʙʦʡʳʥʰʘ F-ʢʨʠʪʝʨʠʡʽʥʽש ʝʩʝʧʪʽʢ ʞᴅʥʝ ʢʝʩʪʝʣʽʢ ʤᴅʥʜʝʨʽʥ 

ʩʘʣʳʩʪʳʨʫ ʘʨץʳʣʳ ʜᴅʣʝʣʜʝʥʜʽ: 

 

Ὂ
πȟπρφ

πȟππφσυψ
ςȟυς Ὂ̓ 

ςȟυς υȟτρȢ 

Ὂ
ρςȟωψ

ςȟωρχ
τȟτυ Ὂ̓ 

τȟτυ υȟτρȢ 
 

P=f(b, ɓ, l) ʢʝʟʽʥʜʝ b3, b12, b13, b23 ʞᴅʥʝ b33 ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʩʝʥʽʤʜʽʣʽʢ 

ʘʨʘʣʳץʪʘʨʳʥʘʥ ʘʟ ʙʦʣʘʜʳ, ʩʦʥʜʳץʪʘʥ ʦʣʘʨʜʳ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʤʘשʳʟʜʳ 

ʝʤʝʩ ʜʝʧ ʪʘʥʫסʘ ʞᴅʥʝ ʨʝʛʨʝʩʩʠʷ ʪʝשʜʝʫʽʥʝʥ ʰʳסʘʨʫסʘ ʙʦʣʘʜʳ. ʄʘשʳʟʜʳ ʝʤʝʩ 

ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʜʽ ʘʣʳʧ ʪʘʩʪʘסʘʥʥʘʥ ʢʝʡʽʥ (4.1) ʪʝשʜʝʫ ʢʝʣʝʩʽʜʝʡ ʙʦʣʘʜʳ 

 
2

222

2

1112211 xbxbxbxbby ʦ ++++=    (4.12) 
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ɜʛʙ=f(b, ɓ, l) ʢʝʟʽʥʜʝ b2, b3, b12, b13, ʞᴅʥʝ b22 ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʩʝʥʽʤʜʽʣʽʢ 

ʘʨʘʣʳץʪʘʨʳʥʘʥ ʘʟ, ʩʦʥʜʳץʪʘʥ ʦʣʘʨʜʳ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʤʘשʳʟʜʳ ʝʤʝʩ 

ʜʝʧ ʪʘʥʫסʘ ʞᴅʥʝ ʨʝʛʨʝʩʩʠʷ ʪʝשʜʝʫʽʥʝʥ ʰʳסʘʨʫסʘ ʙʦʣʘʜʳ. ʄʘשʳʟʜʳ ʝʤʝʩ 

ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʜʽ ʘʣʳʧ ʪʘʩʪʘסʘʥʥʘʥ ʢʝʡʽʥ (4.1) ʪʝשʜʝʫ ʢʝʣʝʩʽʜʝʡ ʙʦʣʘʜʳ 

 
2

333

2

111322311 xbxbxxbxbby ʦ ++++=    (4.13) 

 

ʆʩʳʣʘʡʰʘ, ʝʢʽʥʰʽ ʨʝʪʪʽ ʘʡʥʘʣʤʘʣʳ ʞʦʩʧʘʨʣʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ (4.12) 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ʢʝʣʝʩʽʜʝʡ ʙʦʣʜʳ 

 
2

2

2

121 0271,00254,0041,0028,0639,0 xxxxy +++-=  

 

(4.13) ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ʢʝʣʝʩʽ ʪװʨʜʝ ʙʦʣʘʜʳ 

 
2

3

2

1321 036,10686,1475,1072,1837,10 xxxxxy +-++=  

 

ʂʚʘʜʨʘʪʪʳץ ʤװʰʝʜʝʛʽ ʤʘסʳʥʘʣʳ ʝʤʝʩ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨ ʙʦʣסʘʥʜʳץʪʘʥ, 

(4.12) ʪʝשʜʝʫʜʽש ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʝש ʢʽʰʽ ʢʚʘʜʨʘʪʪʘʨ ᴅʜʽʩʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ 

 .ʘʡʪʘ ʝʩʝʧʪʝʣʜʽץ

ʅʦʨʤʘʣʴʜʳ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʰʝʰʽʧ, P=f(b, ɓ, l) ʙʦʣסʘʥʜʘ b0=0,632; b1=ï

0,003; b2=ï0,041; b3=0,027; b22=0,029 װʰʽʥ ʢʦʵʬʬʠʮʠʝʥʪ ʤᴅʥʜʝʨʽʥ ʘʥʳץʪʘʡʤʳʟ. 

ɜʛʙ=f(b, ɓ, l) ʙʦʣסʘʥʜʘ b0=ï0,349; b1=1,022; b23=ï0,409; b11=ï7,398; b33=9,499. 

ɽʢʽʥʰʽ ʨʝʪʪʽ ʨʦʪʘʪʘʙʝʣʴʜʽ ʞʦʩʧʘʨʣʘʫʜʳ (4.12) ץʦʣʜʘʥʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʢʝʣʝʩʽ 

ʨʝʛʨʝʩʩʠʷ ʪʝשʜʝʫʽ ʘʣʳʥʜʳ: 

 
2

2

2

121 029,0027,0041,0003,0632,0 xxxxy ++--=   (4.14) 

 

(4.13) ʬʦʨʤʫʣʘʜʘʥ ʢʝʣʝʩʽ ʨʝʛʨʝʩʩʠʷ ʪʝשʜʝʫʽ ʘʣʳʥʜʳ: 

 

ώ ρȟπςςὼ πȟτπωὼὼ χȟσωψὼ ωȟτωωὼ πȟστω  (4.15) 

 

(4.10) ʪʝשʜʝʫʽ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʣʛʝʥ ʤᴅʥʜʝʨ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʤᴅʥʜʝʨʜʝʥ 

ʪᴅʞʽʨʠʙʝ ץʘʪʝʣʽʛʽʥʝʥ ʘʩʧʘʡʪʳʥ ʰʘʤʘʣʘʨסʘ ʝʨʝʢʰʝʣʝʥʝʜʽ.  

ʌʘʢʪʦʨʣʘʨʜʳש ʢʦʜʪʘʣסʘʥ ʤᴅʥʜʝʨʽ ʪʘʙʠסʠ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ: 

 

ὼ
ὦ ὦ

‐

ὦ ςπ

υ
Ƞ  ὼ

‍ ‍

‐

‍ χυ

ρυ
Ƞὼ

ὰ ὰ

‐

ὰ ρτυ

ρυ
 

 

ʤײʥʜʘ b0, l0, ‍  ï ʥʘʪʫʨʘʣ ᴇʨʥʝʢʪʝʨʜʝʛʽ ʬʘʢʪʦʨʣʘʨʜʳש ʥʝʛʽʟʛʽ ʜʝשʛʝʡʣʝʨʽ; 

‐, ‐, ‐ ï ʬʘʢʪʦʨʣʘʨʜʳש ᴇʟʛʝʨʫ ʠʥʪʝʨʚʘʣʳ. 

ʂʦʜʪʘʣסʘʥ ʭ1, ʭ2, ʭ3 ʬʘʢʪʦʨ ʤᴅʥʜʝʨʽʥʝʥ ʥʘʪʫʨʘʣ ʤᴅʥʜʝʨʛʝ b, l, ‍ ʘʫʳʩʘ 

ʦʪʳʨʳʧ, ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥ̔  ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ʪᴅʫʝʣʜʽʣʽʛʽʥ ץʛʝʦʤʝʪʨʠʷʣʳ שʘʰʘʫʜʳץ ש

ʘʣʘʤʳʟ: 
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ὖ πȟφσςπȟππσ
ὦ πȟπς

υ
πȟπτρ

‍ χυ

ρυ
πȟπςχ

ὦ πȟπς

υ

πȟπςω
‍ χυ

ρυ
Ȣ 

 

ʊװʨʣʝʥʜʽʨʫʜʝʥ ʢʝʡʽʥ 

 

ὖ ρȟυφςπȟπππφτσὦ πȟππρρὦ πȟπςρχ‍ πȟπππρσ‍  (4.16) 

 

ʊץײʳʤ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʙʽʨץʘʣʳʧʩʳʟʜʳסʳʥʳץ שʘʰʘʫʜʳש ʛʝʦʤʝʪʨʠʷʣʳץ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ʪᴅʫʝʣʜʽʣʽʛʽ: 

 

’̄̂ ρȟπςς
ὦ πȟπς

υ
πȟτπω

‍ χυ

ρυ

ὰ πȟρτυ

ρυ
χȟσωψ

ὦ πȟπς

υ

ωȟτωω
ὰ πȟρτυ

ρυ
πȟστωȢ 

 

ʊװʨʣʝʥʜʽʨʫʜʝʥ ʢʝʡʽʥ 

 

’̄̂ πȟςωτπȟςρφςὦ πȟςωφὦ πȟππρψὦὰπȟπππψ‍  πȟπτσὰ πȟπσχὰ          (4.17) 

 

(4.12) ʞᴅʥʝ (4.13) ʪʝשʜʝʫʽ ʙʘʨʘʙʘʨ, ʩʦʥʜʳץʪʘʥ (4.12) ʪʝשʜʝʫʜʽ ʪʘʨʪʫ 

ʢʝʜʝʨʛʽʩʽʥʽש P ʰʘʤʘʩʳʥ ʝʩʝʧʪʝʫ װʰʽʥ ʞᴅʥʝ (4.13) ʪʝשʜʝʫʜʽ ʪץײʳʤ ʩʝʙʫ 

ʪʝʨʝשʜʽʛʽʥʽש ʙʽʨץʘʣʳʧʩʳʟʜʳסʳʥ ’̄  ̂ʝʩʝʧʪʝʫ װʰʽʥ ʠʥʪʝʨʧʦʣʷʮʠʷʣʳץ ʬʦʨʤʫʣʘ 

ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. (4.16) ʪʝשʜʝʫ ʙʦʡʳʥʰʘ ʢʝʣʝʩʽʜʝʡ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ 

ʙʦʣʘʜʳ: ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʝ ʘʥʘײסʨʣʳʤ ʢᴇʧ ᴅʩʝʨ ʝʪʝʪʽʥ ʧʘʨʘʤʝʪʨʣʝʨ ï ץʘʰʘʫʜʳש 

ʝʥʽ ʭ1(b) ʞᴅʥʝ ʘʨʪץʳ ʞʘסʳʥ ʛʦʨʠʟʦʥʪץʘ ʦʨʥʘʪʫ ʙײʨʳʰʳ ʭ2(ɓ). (4.17) ʪʝשʜʝʫʽʥʝʥ 

ʢʝʣʝʩʽʥ ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳ: ץʘʰʘʫ ʝʥʽ ʭ1(b) ʞᴅʥʝ ײʟʳʥʜʳסʳ ʭ3(l) ʪץײʳʤʥʳש ʩʝʙʫ 

ʪʝʨʝשʜʽʛʽʥʽש ʙʽʨץʘʣʳʧʩʳʟʜʳסʳʥʘ ʝװ שʣʢʝʥ ᴅʩʝʨ ʝʪʝʜʽ. ʌʘʢʪʦʨʣʘʨʜʳ ʩʘʨʘʣʘʫ 

 ʤᴅʥʽʥ ʘʟʘʡʪʫ שʘʥ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʨʝʪʪʝʫʛʝ ʞᴅʥʝ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽסʘʨʘʩʪʳʨʳʣץ

ʢʝʟʽʥʜʝ ʦʣʘʨʜʳײ שʪʳʤʜʳ ʤᴅʥʜʝʨʽʥ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

4.1.1 ʌʘʢʪʦʨʣʘʨʜʳש ʤᴅʥʽʥ ʞᴅʥʝ ץʘʞʝʪʪʽʣʽʢ ʬʫʥʢʮʠʷʩʳʥ ʘʥʳץʪʘʫ װʰʽʥ 

Statistica ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ ʵʢʩʧʝʨʠʤʝʥʪʪʽ ʞʦʩʧʘʨʣʘʫ  

ʄʘʪʨʠʮʘʣʳץ ʢʦʤʧʦʟʠʮʠʷʥʳש ᴅʩʝʨʽʥ ʥʘץʪʳʣʘʫ ʘʨץʳʣʳ P = f(ɓ, b), P = f(l, b) 

ʞᴅʥʝ P = f(l, ɓ) ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽʥʽ3 שD ʛʨʘʬʠʢʪʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʞʘʫʘʧ ʙʝʪʪʝʨʽʥ 

ʪʘʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ (4.1-ʩʫʨʝʪ). ʆʩʳʣʘʡʰʘ, ʦʨʥʘʪʫ ʙײʨʳʰʳʥʳײ שʣסʘʶʳ 

ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʞʦסʘʨʳʣʘʫʳʥʘ ᴅʢʝʣʝʜʽ, ʜʠʘʛʨʘʤʤʘʜʘʥ ײץʨʳʣʳʤʜʘסʳ 

 ʪʘʡʣʳשʦ שʨʳʰʳʥʳײʘʥʜʘ ʦʨʥʘʪʫ ʙסʝʥʽ 0,016-ʜʘʥ 0,024 ʤ-ʛʝ ʜʝʡʽʥ ʙʦʣ שʘʰʘʫʜʳץ

ʤᴅʥʽʥ 78Á ʝʢʝʥʽʥ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ (4.1ʘ-ʩʫʨʝʪ). ʊץײʳʤ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש 

ʙʽʨץʘʣʳʧʩʳʟʜʳסʳ (4.1ʛ-ʩʫʨʝʪ) ʦʨʥʘʪʫ ʙײʨʳʰʳʥʘ ʞᴅʥʝ ʩʽשʽʨʫʰʽ ץʘʰʘʫʳʥʳש 

ʝʥʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣסʘʥʜʘ, ײץʨʳʣʳʤʜʘסʳ ʦʨʥʘʪʫ ʙײʨʳʰʳ ʥʝײסʨʣʳʤ װʣʢʝʥ 

ʙʦʣʩʘ, ץʘʰʘʫʜʳש ʝʥʽ ʩʦײסʨʣʳʤ ʘʟ ʙʦʣʫʳ ʢʝʨʝʢ. ɹײʣ ʞʘסʜʘʡʜʘ ץʘʰʘʫʜʳש ʝʥʽ 0,015-



100 
 

ʪʝʥ 0,026 ʤ-ʛʝ ʜʝʡʽʥ ʙʦʣסʘʥʜʘ ʦʨʥʘʪʫ ʙײʨʳʰʳʥʳש ʦשʪʘʡʣʳ ʤᴅʥʽ 72Á. ʊʘʨʪʫ 

ʢʝʜʝʨʛʽʩʽ ץʘʰʘʫʜʳײ שʟʳʥʜʳסʳ ʤʝʥ ʝʥʽʥʝ ʪᴅʫʝʣʜʽ ʙʦʣסʘʥ ʢʝʟʜʝ, ʪʨʝʥʜ ʧʘʨʘʙʦʣʘ 

ʪװʨʽʥʜʝ ʞװʨʝʜʽ, ץʘʰʘʫ ײʟʳʥʜʳסʳʥʳש ʤʠʥʠʤʘʣʜʳ ʞᴅʥʝ ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥʽ ʪʘʨʪʫ 

ʢʝʜʝʨʛʽʩʽʥʽש ʞʦסʘʨʳʣʘʫʳʥʘ ᴅʢʝʣʝʜʽ (4.1ʙ-ʩʫʨʝʪ). ɹײʣ ʛʨʘʬʠʢʪʝ P=f(l, b) 

ʪᴅʫʝʣʜʽʣʽʢʪʝ ץʘʰʘʫʜʳש ʦשʪʘʡʣʳ ײʟʳʥʜʳסʳ 0,140õ0,145 ʤʤ, ʘʣ ʝʥʽ 0,017õ0,024 ʤ. 

ɸʣʘʡʜʘ, ʪץײʳʤ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʙʽʨץʘʣʳʧʩʳʟʜʳסʳʥʳש ʪᴅʫʝʣʜʽʣʽʛʽʥʜʝ (4.1ʜ-

ʩʫʨʝʪ), ײʟʳʥʜʳץʪʳײ שʣסʘʶʳ ʦʡʳʩ ץʠʩʳץ ʙʦʡʳʤʝʥ ʪץײʳʤ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש 

ʪᴇʤʝʥʜʝʫʽʥʝ ᴅʢʝʣʝʜʽ, ʦʣ 0,130 ʤ ʤᴅʥʽʤʝʥ ʤʠʥʠʤʫʤסʘ ʞʝʪʝʜʽ. ױʟʳʥʜʳץʪʳש ʦʜʘʥ 

ᴅʨʽ ײʣסʘʶʳʤʝʥ ʪץײʳʤ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʘʨʪʫʳ ʙʘʩʪʘʣʘʜʳ.  

 

   
ʘ  ʙ  ʚ  

   
ʛ  ʜ  ʝ  

 

ʘ ï P=f(ɓ, b); ʙ ï P=f(l, b); ʚ ï P=f(l, ɓ); ʛ ï ’̄ =̂f(ɓ, b); ʜ ï ’̄ =̂f(l, b); ʝ ï ’̄ =̂f(l, ɓ) 
 

ʉʫʨʝʪ 4.1 ï ʊʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥ̔  שʜʽʛʽʥʽשʳʤʜʘʨʜʳ ʩʝʙʫ ʪʝʨʝץײʈ ʞᴅʥʝ ʪ ש

ʙʽʨץʘʣʳʧʩʳʟʜʳסʳʥʳש ’̄  ̂ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʪʽש ʩʽשʽʨʫʰʽ 

װh שʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ʪᴅʫʝʣʜʽʣʽʛʽʥʽ ץʨʳʣʳʤʜʳײץ שʘʰʘʫʳʥʳץ  ᴇʣʰʝʤʜʽ ʛʨʘʬʠʛʽ 

 

ʉʦʥʜʘʡ-ʘץ, ʝʥʽ ʘʟʘʷ ʦʪʳʨʳʧ, ʪץײʳʤʜʘʨʜʳ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש 

ʙʽʨץʘʣʳʧʩʳʟʜʳסʳ ʪᴇʤʝʥʜʝʡʪʽʥʽ ʘʥʳץʪʘʣʜʳ. ɸʣ ץʘʰʘʫʜʳײ שʟʳʥʜʳסʳʥʘ ʞᴅʥʝ 

ʘʨʪץʳ ʞʘסʳʥ ʛʦʨʠʟʦʥʪץʘ ʦʨʥʘʪʫ ʙײʨʳʰʳʥʘ ʪᴅʫʝʣʜʽ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ, ײʟʳʥʜʳץʪʳ 

 ʤᴅʥʽʥ ʘʟʘʡʪʫʜʳ ʪʘʣʘʧ שʨʳʰʳʥʳײʰʽʥ ʦʨʥʘʪʫ ʙװ ʘʡʪʫ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥ ʘʟʘʡʪʫסʣײ

ʝʪʝʜʽ (4.1ʚ-ʩʫʨʝʪ). ɹײʣ ʦשʪʘʡʣʳ ʤᴅʥ ʪʝʢ 0,135õ0,155 ʤ ײʟʳʥʜʳץʪʘ ʞᴅʥʝ 55õ78Á 

ʦʨʥʘʪʫ ʙײʨʳʰʳʥʜʘ ʤװʤʢʽʥ ʙʦʣʘʪʳʥʜʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. ʅ=f(l, ɓ) ʙʦʣסʘʥ 

ʞʘסʜʘʡʜʘ (4.1ʝ-ʩʫʨʝʪ) ʛʠʧʝʨʙʦʣʘʥʳש ʛʨʘʬʠʛʽ ʤʠʥʠʤʘʢʩ ʪʠʧʪʽש ʞʘʫʘʧ ʙʝʪʽʥʝ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ᴇʡʪʢʝʥʽ ʬʘʢʪʦʨʣʘʨʜʳץ שʘʨʘʤʘ-ץʘʨʩʳ ʤᴅʥʜʝʨʽ ʙʘʨ. ײפʨʳʣʳʤʜʘסʳ 

ʪץײʳʤʜʘʨʜʳ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʙʽʨץʘʣʳʧʩʳʟʜʳסʳʥ ʪᴇʤʝʥʜʝʪʫ װʰʽʥ ײʟʳʥʜʳסʳ 

0,135õ0,150 ʤ ʞᴅʥʝ ʦʨʥʘʪʫ ʙײʨʳʰʳ 55õ65Á ʙʦʣʫ ץʘʞʝʪ. ʆʩʳ ʧʘʨʘʤʝʪʨʣʝʨʜʽ 

ʦʨʥʘʪʫ ʦשʪʘʡʣʘʥʜʳʨʫ ʢʨʠʪʝʨʠʡʽʥʽש ʪᴇʤʝʥʜʝʫʽʥʝ ᴅʢʝʣʝʜʽ [87, ʨ. 2336]. 
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ʘ  ʙ ʚ 

   
ʛ ʜ ʝ 

 

ʘ ï l=0,130 ʤ ʙʦʣסʘʥʜʘ P=f(b, ɓ); ʙ) l=0,145 ʤ ʙʦʣסʘʥʜʘ P=f(b, ɓ); ʚ) l=0,160 ʤ ʙʦʣסʘʥʜʘ 

P=f(b, ɓ); ʛ) l=0,130 ʤ ʙʦʣסʘʥʜʘ ’̄ =̂ f(b, ɓ); ʜ) l=0,145 ʤ ʙʦʣסʘʥʜʘ ’̄ =̂ f(b, ɓ); ʝ) l=0,160ʤ 

ʙʦʣסʘʥʜʘ ’̄ =̂ f(b, ɓ) 
 

ʉʫʨʝʪ 4.2 ï ʊʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥ̔  שʜʽʛʽʥʽשʩʝʙʫ ʪʝʨʝ שʳʤʥʳץײʈ ʞᴅʥʝ ʪ ש

ʙʽʨץʘʣʳʧʩʳʟʜʳסʳʥʳש ʅ ᴅʨ ʪװʨʣʽ ץʘʰʘʫ ײʟʳʥʜʳסʳʥʜʘסʳ (l) ʘʨʪץʳ ʞʘסʳʥ 

ʛʦʨʠʟʦʥʪץʘ ʦʨʥʘʪʫ ʙײʨʳʰʳʥʘ (ɓ) ʞᴅʥʝ ץʘʰʘʫʜʳש ʝʥʽʥʝ (b) ʪᴅʫʝʣʜʽʣʽʛʽʥʽ3 שD-

ʛʨʘʬʠʛʽ 

 

P = f(ɓ, b) ʪᴅʫʝʣʜʽʣʽʛʽʥʽ3 שD ʛʨʘʬʠʢʪʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʞʘʫʘʧ ʙʝʪʪʝʨʽʥ 

ʪʘʣʜʘʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ץʘʰʘʫʜʳײ שʟʳʥʜʳסʳ 0,130 ʤ (4.2ʘ-ʩʫʨʝʪ) ʙʦʣסʘʥʜʘ, 

ʤʘʢʩʠʤʘʣʜʳ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ 0,8 ʢʅ, ʘʣ ʤʠʥʠʤʫʤ 0,65 ʢʅ. ɹײʣ ʪᴅʫʝʣʜʽʣʽʢʪʝ 

 ʘʡʪʫ ʢʝʟʽʥʜʝ (4.2ʙ-ʩʫʨʝʪ), ʤʘʢʩʠʤʘʣʜʳסʣײ ʳʥ 0,145 ʤ-ʛʝ ʜʝʡʽʥסʟʳʥʜʳײ שʘʰʘʫʜʳץ

ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ 0,76 ʢʅ-ʜʝʥ װʣʢʝʥ, ʘʣ ʤʠʥʠʤʘʣʜʳ ʤᴅʥʽ 0,57 ʢʅ-ʜʝʥ ʘʟ. ɸʣ 

 ʜʠʘʧʘʟʦʥʳ ʤʘʢʩʠʤʫʤ שʘʥʜʘ, ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽסʳ 0,160 ʤ (4.2ʚ-ʩʫʨʝʪ) ʙʦʣסʟʳʥʜʳײ

1,1 ʢʅ-ʜʝʥ ʞʦסʘʨʳ ʞᴅʥʝ ʤʠʥʠʤʫʤ 0,95 ʢʅ-ʜʝʥ ʘʟ ʙʦʣʘʜʳ. ɹײʣ ײʟʳʥʜʳסʳ 0,160 ʤ-

ʛʝ ʜʝʡʽʥ ʥʝʤʝʩʝ 0,130 ʤ-ʛʝ ʜʝʡʽʥ ʘʟʘʡסʘʥ ʢʝʟʜʝ, ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʘʨʪʫʳ 

ʙʘʩʪʘʣʘʜʳ. פʘʞʝʪʪʽ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ װʰʽʥ ʦשʪʘʡʣʳ ʦʨʥʘʪʫ ʙײʨʳʰʳ 55õ70Á, 

 ʛ-ʝ שʳ 0,130õ0,145 ʤ. 4.2-ʩʫʨʝʪʪʽסʟʳʥʜʳײ ʝʥʽ 0,019õ0,023 ʤ ʞᴅʥʝ שʘʰʘʫʜʳץ

ʛʨʘʬʠʢʪʝʨʽʥ ץʘʨʘʩʪʳʨסʘʥ ʢʝʟʜʝ, ץʘʰʘʫʜʳײ שʟʳʥʜʳסʳ ײʣסʘʡסʘʥ ʢʝʟʜʝ (4.2ʝ-ʩʫʨʝʪ), 

ʪץײʳʤ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʙʽʨץʘʣʳʧʩʳʟʜʳסʳʥʳש ʦʨʥʘʪʫ ʙײʨʳʰʳʥʘ ʞᴅʥʝ 

 .ʘʥʳʥ ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳץʝʥʽʥʝ ʪᴅʫʝʣʜʽʣʽʛʽ ʜʝ ʘʨʪʳʧ ʢʝʣʝ ʞʘʪ שʘʰʘʫʜʳץ

ɻʠʧʝʨʙʦʣʘʥʳש ʛʨʘʬʠʢʪʝʨʽ ʤʠʥʠʤʘʢʩ ʪʠʧʪʽ ʞʘʫʘʧ ʙʝʪʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ ʞᴅʥʝ 

ʪץײʳʤʥʳש ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ᴇʟʛʝʨʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʦשʪʘʡʣʳ ʤᴅʥʜʝʨʽʥ 

ʤʘʢʩʠʤʘʣʜʳ ʝʥʽ 25 ʤʤ, ʩʦʥʜʘʡ-ʘץ ʤʠʥʠʤʘʣʜʳ ʤᴅʥʽ 0,015õ0,016 ʤ-ʜʝ ʘʣʫסʘ 

ʙʦʣʘʜʳ. ʘʣʘʡʜʘ, ʙײʣ ʞʘסʜʘʡʜʘ ʦʨʥʘʪʫ ʙײʨʳʰʳʥʳש ʤᴅʥʽʥ 70Á-ʪʘʥ 90Á-ץʘ ʜʝʡʽʥ 

ʘʨʪʪʳʨʫ ץʘʞʝʪ [87, ʨ. 2337]. 
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P=f(ɓ, b) ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽʥ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ 4.2ʘ, 4ʙ, 4ʚ-ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ ʛʨʘʬʠʢʪʝʨ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ: ץʘʰʘʫʜʳש 

 שʳ ʙᴇʣʽʢʪʽץʘʨʪ שʙʦʣʩʘ, ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽ ץʟʳʥrʨʘײ ʨʣʳʤײסʳ ʥʝסʟʳʥʜʳײ

ʛʦʨʠʟʦʥʪץʘ ʦʨʥʘʪʫ ʙײʨʳʰʳʥʘ (ɓ) ʞᴅʥʝ ʩʽשʽʨʫʰʽ ץʘʰʘʫʳʥʳש ʝʥʽʥʝ (b) 

ʪᴅʫʝʣʜʽʣʽʛʽʥʽש ʤᴅʥʽ ʩʦײסʨʣʳʤ װʣʢʝʥ ʙʦʣʘʜʳ. ɸʣ ʝʛʝʨ ’̄ =̂f(b, ɓ) (4.2ʛ, 4.2ʜ, 4.2ʝ-

ʩʫʨʝʪ) ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ, ץʘʰʘʫʜʳײ שʟʳʥʜʳסʳ ʥʝײסʨʣʳʤ ײʟʳʥrʨʘץ ʙʦʣʩʘ, ʪץײʳʤ 

ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʙʽʨץʘʣʳʧʩʳʟʜʳסʳʥʳש ʘʨʪץʳ ʞʘסʳʥ ʛʦʨʠʟʦʥʪץʘ ʦʨʥʘʪʫ 

ʙײʨʳʰʳʥʘ (ɓ) ʞᴅʥʝ ʩʽשʽʨʫʰʽ ץʘʰʘʫʳʥʳש ʝʥʽʥʝ (b) ʪᴅʫʝʣʜʽʣʽʛʽʥʽש ʤᴅʥʽ ʩʦײסʨʣʳʤ 

ʘʟ ʙʦʣʘʜʳ. ʆʩʳʣʘʡʰʘ, ʝʛʝʨ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥ ʘʟʘʡʪʫ װʰʽʥ 0,130õ0,145 ʤ ײʟʳʥʜʳץ 

 ᴇʟʛʝʨʫ שʳʥʳסʘʣʳʧʩʳʟʜʳץʙʽʨ שʜʽʛʽʥʽשʳʤ ʩʝʙʫ ʪʝʨʝץײʘʞʝʪ ʙʦʣʩʘ, ʪץ

ʢʦʵʬʬʠʮʠʝʥʪʽʥ ʘʟʘʡʪʫ װʰʽʥ ײʟʳʥʜʳסʳ 0,130 ʤ ʞᴅʥʝ 0,160 ʤ ʙʦʣʫ ץʘʞʝʪ. 

 

   

ʘ  ʙ ʚ 

   
ʛ  ʜ ʝ 

 

ʘ ï ɓ=60Á P=f(l,b); ʙ ï ɓ=75Á P=f(l,b); ʚ ï ɓ=90Á ʙʦʣסʘʥʜʘ P=f(l,b); ʛ ï ɓ=60Á ʙʦʣסʘʥʜʘ 

ʉ̄ =̂f(l,b); ʜ ï ɓ=75Á ʙʦʣסʘʥʜʘ ʉ̄ =̂f(l,b); ʝ ï ɓ=90Á ʙʦʣסʘʥʜʘ ʉ̄ =̂f(l,b) 
 

ʉʫʨʝʪ 4.3 ï ʊʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥ̔ש ʈ ʞᴅʥʝ ʪץײʳʤ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש 

ʙʽʨץʘʣʳʧʩʳʟʜʳסʳʥʳש ’̄  ̂ʘʨʪץʳ ʞʘסʳʥ ʛʦʨʠʟʦʥʪץʘ ʦʨʥʘʪʫʜʳש (ɓ) ᴅʨ ʪװʨʣʽ 

ʙײʨʳʰʳʥʜʘ ʩʽשʽʨʫʰʽ ץʘʰʘʫʳʥʳײ שʟʳʥʜʳסʳʥʘ (l) ʞᴅʥʝ ʝʥʽʥʝ (b) ʪᴅʫʝʣʜʽʣʽʛʽʥʽש 

3D-ʛʨʘʬʠʛʽ  

 

4.3-ʩʫʨʝʪʪʝ P=f(l, b) ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽʥʽש ʙʝʪʪʽʢ ʞʘʫʘʧʪʘʨʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɻʨʘʬʠʢʪʝʨʜʝʥ ʘʨʪץʳ ʞʘסʳʥ ʛʦʨʠʟʦʥʪץʘ ʦʨʥʘʪʫ ʙײʨʳʰʳʥ ײʣסʘʡʪʫ ʢʝʟʽʥʜʝ ʪʘʨʪʫ 

ʢʝʜʝʨʛʽʩʽʥʽש ʝʥʽ (b) ʤʝʥ ײʟʳʥʜʳסʳʥʘ (l) ʪᴅʫʝʣʜʽʣʽʛʽʥʽש ʤʘʢʩʠʤʘʣʜʳ ʞᴅʥʝ 

ʤʠʥʠʤʘʣʜʳ ʤᴅʥʽ ʜʝ ᴇʩʝʪʽʥʽʥ ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳ. ɸʨʪץʳ ʞʘסʳʥ ʛʦʨʠʟʦʥʪץʘ ʦʨʥʘʪʫ 

ʙײʨʳʰʳʥʳש ʤᴅʥʽ ɓ=70Áõ75Á ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ 0,6õ0,7 ʢʅ ʘʨʘʩʳʥʜʘסʳ ʦשʪʘʡʣʳ 

ʤᴅʥʜʝʨʛʝ ʠʝ, ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥʽ 0,8 ʢʅ. 4.3-ʩʫʨʝʪʪʝʛʽ ʘ-ʚ ʛʨʘʬʠʢʪʝʨʜʝʥ ʢᴇʨʽʥʽʧ 

ʪײʨסʘʥʜʘʡ, ץʘʰʘʫ ʝʥʽ 0,018õ0,024 ʤ ʞᴅʥʝ ײʟʳʥʜʳסʳ 0,140õ0,150 ʤ ʙʦʣסʘʥʜʘ ʪʘʨʪʫ 
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ʢʝʜʝʨʛʽʩʽ ʪᴇʤʝʥʜʝʡʜʽ. ɸʨʪץʳ ʞʘסʳʥ ʛʦʨʠʟʦʥʪץʘ ʦʨʥʘʪʫ ʙײʨʳʰʳ ײʣסʘʡסʘʥ ʢʝʟʜʝ, 

ʪץײʳʤ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ’̄  ̂ʩʽשʽʨʫʰʽ ץʘʰʘʫʳʥʳש ʝʥʽʥʝ (b) ʞᴅʥʝ ײʟʳʥʜʳסʳʥʘ (l) 

ʪᴅʫʝʣʜʽʣʽʛʽʥʽש ʤᴅʥʽ ʪᴇʤʝʥʜʝʡʜʽ. ɸʨʪץʳ ʞʘסʳʥ ʛʦʨʠʟʦʥʪץʘ ʦʨʥʘʪʫ ʙײʨʳʰʳʥʳש 

ʤᴅʥʽ ɓ=75Áõ90Á ʪץײʳʤ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʙʽʨץʘʣʳʧʩʳʟʜʳסʳ ʙʽʨʜʝʡ ʤᴅʥʜʝʨʛʝ ʠʝ. 

ʆʨʥʘʪʫ ʙײʨʳʰʳʥʳש ʙʘʨʣʳץ ʜʠʘʧʘʟʦʥʜʘʨʳʥʜʘ ʚʘʨʠʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש 

ʦשʪʘʡʣʳ ʤᴅʥʽ 0,125õ0,130 ʤ ײʟʳʥʜʳץʪʘ ʙʦʣʘʜʳ. ʆʩʳסʘʥ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʪʘʨʪʫ 

ʢʝʜʝʨʛʽʩʽʥ ʘʟʘʡʪʫ װʰʽʥ 75õ90Á ʦʨʥʘʪʫ ʙײʨʳʰʳʥʜʘ ʝʥʽ ʤʝʥ ײʟʳʥʜʳסʳʥʳש ʦʨʪʘʰʘ 

ʤᴅʥʜʝʨʽ ץʘʞʝʪ ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. ɼʝʛʝʥʤʝʥ, ʙʝʨʽʣʛʝʥ ʦʨʥʘʪʫ 

ʙײʨʳʰʳʥʜʘ ʪץײʳʤʜʘʨʜʳ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʙʽʨץʘʣʳʧʩʳʟʜʳסʳʥ ʘʟʘʡʪʫ װʰʽʥ 

 שʘʰʘʫ ʝʥʽʥʽץ ʜʘʡʜʘסʣ ʞʘײʘ ʜʝʡʽʥ ʘʟʘʡʪʫ ʢʝʨʝʢ. ɹסʤᴅʥʽʥ ʤʠʥʠʤʫʤ ץʟʳʥʜʳײ

ʜʠʘʧʘʟʦʥʳ ʤʘשʳʟʜʳ ʝʤʝʩ [87, ʨ. 2338]. 

 

   
ʘ ʙ ʚ 

   

ʛ ʜ ʝ 
 

ʘ ï b=0,015 ʤ ʙʦʣסʘʥʜʘ P=f(l, ɓ); ʙ ï b=0,020 ʤ ʙʦʣסʘʥʜʘ P=f(l, ɓ); ʚ ï b=0,025 ʤ ʙʦʣסʘʥʜʘ 

P=f(l, ɓ); ʛ ï b=0,015 ʤ ʙʦʣסʘʥʜʘ ’̄ =̂ f(l, ɓ); ʜ ï b=0,020 ʤ ʙʦʣסʘʥʜʘ ’̄ =̂ f(l, ɓ): ʝ ï b=0,025 ʤ 

ʙʦʣסʘʥʜʘ ’̄ =̂ f(l, ɓ) 
 

ʉʫʨʝʪ 4.4 ï ʊʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥ̔  שʜʽʛʽʥʽשʳʤ ʩʝʙʫ ʪʝʨʝץײʈ ʞᴅʥʝ ʪ ש

ʙʽʨץʘʣʳʧʩʳʟʜʳסʳʥʳש ʩʽשʽʨʫʰʽ ץʘʰʘʫʳʥʳש ᴅʨ ʪװʨʣʽ ʝʥʽʥʜʝ (b) ײʟʳʥʜʳסʳʥʘ (l) 

ʞᴅʥʝ ʘʨʪץʳ ʞʘסʳʥ ʛʦʨʠʟʦʥʪץʘ ʦʨʥʘʪʫ ʙײʨʳʰʳʥʘ (ɓ) ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽʥʽ3 שD-

ʛʨʘʬʠʢʪʝʨʽ 

4.4-ʩʫʨʝʪʪʝ P = f(l, ɓ) ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽʥʽש ʙʝʪʪʽʢ ʞʘʫʘʧʪʘʨʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɻʨʘʬʠʢʪʝʨʛʝ ʩᴅʡʢʝʩ, ץʘʰʘʫʜʳש ʝʥʽ 0,015ʤ ʞᴅʥʝ 0,025ʤ ʙʦʣסʘʥʜʘ ʪʘʨʪʫ 

ʢʝʜʝʨʛʽʩʽʥ̔  ʽʨʫʰʽשʨʳʰʳʥʘ ʞᴅʥʝ ʩʽײʘ (ɓ) ʦʨʥʘʪʫ ʙץʳʥ ʛʦʨʠʟʦʥʪסʳ ʞʘץʘʨʪ ש

 ʳʥʘ (l) ʪᴅʫʝʣʜʽʣʽʛʽ ʘʨʪʘʜʳ, ʤʘʢʩʠʤʫʤ 0,86õ0,9 ʢʅ ʞᴅʥʝסʟʳʥʜʳײ שʘʰʘʫʳʥrץ

ʤʠʥʠʤʫʤ 0,58 ʢʅ-ʜʝʥ ʘʩʘʜʳ. פʘʰʘʫ ʝʥʥ̔ʽש ʤᴅʥʽ b = 0,019õ0,020 ʤ ʙʦʣסʘʥʜʘ, ʪʘʨʪʫ 

ʢʝʜʝʨʛʽʩʽ 0,57õ0,7 ʢʅ ʘʨʘʩʳʥʜʘסʳ ʦשʪʘʡʣʳ ʤᴅʥʜʝʨʛʝ ʠʝ, ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥʽ 0,86 

ʢʅ. ɹײʣ ץʘʰʘʫʜʳש ʝʥʽ ʥʝײסʨʣʳʤ װʣʢʝʥ ʙʦʣʩʘ, ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽץ שʘʰʘʫ 
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 ,ʩʽʥʜʽʨʝʜʽ (4.4ʙװʨʳʰʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ ʪᴇʤʝʥʜʝʡʪ̔ʥʽʥ ʪײʳʥʘ ʞᴅʥʝ ʦʨʥʘʪʫ ʙסʟʳʥʜʳײ

474ʚ-ʩʫʨʝʪ). פʘʰʘʫ ʝʥʽ 0,020 ʤ ʙʦʣסʘʥʜʘ ץʘʞʝʪʪʽ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʜʠʘʧʘʟʦʥʳʥ 

ʘʣʫ װʰʽʥ ײʟʳʥʜʳסʳ 0,140õ0,150 ʤ ʞᴅʥʝ ʦʨʥʘʪʫ ʙײʨʳʰʳ 60õ65Á, ʘʣ ʝʥʽ 0,025 ʤ 

ʙʦʣסʘʥʜʘ ײʟʳʥʜʳסʳ 0,142õ0,148 ʤ ʞᴅʥʝ ʦʨʥʘʪʫ ʙײʨʳʰʳ 60Á ʙʦʣʫ ץʘʞʝʪ. 

ɼʝʛʝʥʤʝʥ, ʪץײʳʤʥʳש ʩʝʙʫ ʪʝʨʝשʜʽʛʽ ʙʽʨץʘʣʳʧʩʳʟʜʳסʳʥʳש ’̄ ʦ̂ʨʥʘʪʫ ʙײʨʳʰʳʥʘ 
(ɓ) ʞᴅʥʝ ʩʽשʽʨʫʰʽ ץʘʰʘʫʳʥʳײ שʟʳʥʜʳסʳʥʘ (l) ʪᴅʫʝʣʜʽʣʽʛʽ ʙʘʨʣʳץ ץʘʨʘʩʪʳʨʳʣסʘʥ 

 ʳʤץײʜʠʘʧʘʟʦʥʜʘʨʳʥʜʘ ʰʘʤʘʤʝʥ ʙʽʨʜʝʡ ʤᴅʥʜʝʨʛʝ ʠʝ. ɹʝʨʽʣʛʝʥ ʪ שʘʰʘʫ ʝʥʽʥʽץ

ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʙʽʨץʘʣʳʧʩʳʟʜʳסʳʥʳש ʬʫʥʢʮʠʷʩʳ װʰʽʥ ’̄ =̂f(l, ɓ) ץʘʰʘʫ 

 ʡʝʥʝװɻʨʘʬʠʢʪʝʨʛʝ ʩ .ץʳʟʜʳʨʘשʘʥʜʘ ʤʘסʘʨʘץ ʨʳʰʳʥʘײʳ ʦʨʥʘʪʫ ʙסʟʳʥʜʳײ

ʦʪʳʨʳʧ (4.4ʛ, 4.4ʜ, 4.4ʝ-ʩʫʨʝʪ), ץʘʰʘʫʜʳײ שʟʳʥʜʳסʳ ʥʝײסʨʣʳʤ ʘʟ ʙʦʣʩʘ, 

ʩᴅʡʢʝʩʽʥʰʝ ʪץײʳʤ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʚʘʨʠʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʽ ʩʦײסʨʣʳʤ ʘʟ ʙʦʣʘʜʳ 

ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. 

ʉʦʥʜʘʡ-ʘץ, Statistica ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ ʙʦʣʞʘʤʜʳ ʤᴅʥʜʝʨ ʤʝʥ ץʘʞʝʪʪʽʣʽʢ 

ʬʫʥʢʮʠʷʣʘʨʳʥʳש ʧʨʦʬʠʣʴʜʝʨʽ ʘʣʳʥʜʳ (4.5-ʩʫʨʝʪ). ɼʠʘʛʨʘʤʤʘʣʘʨ ʙʦʡʳʥʰʘ 

-ʪʘʡʣʳ ʤᴅʥʜʝʨʽʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ (4.5שʘʞʝʪʪʽ ʦץ שʧʘʨʘʤʝʪʨʣʝʨʜʽ ץʨʳʣʳʤʜʳײץ

ʩʫʨʝʪ) [87, ʨ. 2338]. 

 

 
 

ʉʫʨʝʪ 4.5 ï ɹʦʣʞʘʤʜʳ ʤᴅʥʜʝʨ ʤʝʥ ץʘʞʝʪʪʽʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳʥʳש ʧʨʦʬʠʣʴʜʝʨʽ 

 
ʉʫʨʝʪ 4.6 ï ɸʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʪʽץ שʘʰʘʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʦשʪʘʡʣʳ 

ʤᴅʥʜʝʨʽ 
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ɽʛʝʨ ʝʥʽ 0,015 ʤ ʞᴅʥʝ 0,025 ʤ ʙʦʣʩʘ, ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʤᴅʥʽ ʘʨʪʘʜʳ (4.5-

ʩʫʨʝʪ), ʦʥʜʘ ʪץײʳʤ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʚʘʨʠʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʤᴅʥʽ 

ʪᴇʤʝʥʜʝʡʜʽ, ʩʦʥʜʳץʪʘʥ ץʘʰʘʫ ʝʥʽʥʽש ʦשʪʘʡʣʳ ʤᴅʥʽ 0,02097 ʤ (4.6-ʩʫʨʝʪ). ʆʨʥʘʪʫ 

ʙײʨʳʰʳʥʳש ʛʨʘʬʠʢʪʝʨʽ ʙʦʡʳʥʰʘ ʦʩʳ ʬʘʢʪʦʨʜʳש ʤᴅʥʽ ᴇʩʢʝʥ ʢʝʟʜʝ, ʝʛʝʨ ʪʘʨʪʫ 

ʢʝʜʝʨʛʽʩʽʥʽש ʤᴅʥʽ ʪᴇʤʝʥʜʝʩʝ, ʦʥʜʘ ʪץײʳʤ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש ʚʘʨʠʘʮʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʛʨʘʬʠʢʪʝʨʽ ʪᴇʤʝʥʜʝʡʜʽ. ʆʨʥʘʪʫ ʙײʨʳʰʳʥʳש ʦשʪʘʡʣʳ ʤᴅʥʽ 

81,6Á ʢᴇʨʩʝʪʝʜʽ (4.6-ʩʫʨʝʪ). פʘʰʘʫ ײʟʳʥʜʳסʳ ʧʘʨʘʙʦʣʘ ʪװʨʽʥʜʝ ץʠʩʳץʪʘʨʜʳש 

ʠʽʣʫʽʥʝ ʠʝ, 0,130 ʤ ʞᴅʥʝ 0,145 ʤ-ʜʝ ץʘʰʘʫʜʳײ שʟʳʥʜʳסʳ, ʝʛʝʨ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש 

ʤᴅʥʽ ʞʦסʘʨʳʣʘʩʘ, ʦʥʜʘ ʦʩʳ ʜʠʘʧʘʟʦʥʜʘʨʜʘסʳ ʚʘʨʠʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʽ 

ʪᴇʤʝʥʜʝʡʜʽ, ʦשʪʘʡʣʳ ײʟʳʥʜʳסʳ 0,1489 ʤ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. ʆʩ rʛʨʘʬʠʢʪʝʨʛʝ 

ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʬʘʢʪʦʨʣʘʨʜʳש ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʝ ʞᴅʥʝ ʪץײʳʤ ʩʝʙʫ ʪʝʨʝשʜʽʛʽʥʽש 

ʚʘʨʠʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʽʥʝ ʢʝʨʽ ᴅʩʝʨʽʥ ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳ. 

ɿʝʨʪʪʝʫʣʝʨʜʝ [93, ʨ7 53-63: 94, ʨ7 1-14; 95, ʨ. 99-114; 96, ʨ. 259-265; 97, 

ʨ. 65-72] ʝʛʽʩʪʽʢʪʽײץ שʨסʘץ ʩʘʟʜʘץ ʪʦʧʳʨʘסʳʥʜʘ 90Á ʞᴅʥʝ 53Á ʩʽשʽʨʫʰʽʥʽ ץʘʨʤʘʫ 

ʙײʨʳʰʪʘʨʳ ץʘʙʳʣʜʘʥʜʳ. ʉʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫʣʘʨʜʘ 53Á ʢᴇʣʙʝʫ ʙײʨʳʰʳ ʙʘʨ 

ʪʽʢ ʩʽשʽʨʫʰʽ ץʘʨʳץʪʳ ʪʦʣʪʳʨʫʜʳש ʪᴇʤʝʥʜʝʫʽʥ ʞᴅʥʝ ʪʦʧʳʨʘץʪʳש ʙװʡʽʨʣʽʢ 

ʰʳסʘʨʳʣʫʳʥʳש ʞʦסʘʨʳʣʘʫʳʥ ʢᴇʨʩʝʪʪʽ. ɸʣʘʡʜʘ, 60Á ʪʽʨʝʫʛʝ ʦʨʥʘʪʫ ʙײʨʳʰʳ ʙʘʨ 

-ʣʛʽʩʽ [80, ʩ. 1װ ʤʘʢʝʪ שʳʰ ʩʝʧʢʽʰʪʽץʘʡʪשʰᴇʧ-ʪr-ץʘʰʘʫʜʳ ʩʳʥʘʫ ʢʝʟʽʥʜʝ, ʘʩʪʳץ

4; 81; 82; 83, ʩ. 318-327; 84, ʨ. 83-85; 86, ʨ. 536-547; 87, ʨ. 2326-2350], ʩʘשʳʣʘʫ 

ʢʝʩʽʣʛʝʥ ʢʝʟʜʝ ʰʳʤʥrץ שʦʧʩʫʳʥ ʢᴇʨʩʝʪʪʽ. ɸʣ [90, ʨ. 1529-1536] ʞײʤʳʩʪʘ 

 ʨʳʰʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʜʽʛʽײʢᴇʣʙʝʫ ʙ שʪʳץʡʽʨʣʽʢ ʘʷװʤᴇʣʰʝʨʽ ʙ שʪʳץʘʨʳץ

ʘʥʳץʪʘʣʜʳ. 

ɹײʣ [97, ʨ. 65-72] ʞײʤʳʩʪʳש ʘʚʪʦʨʣʘʨʳ ʩʽשʽʨʫʰʽʥʽץ שʘʨʤʘʫ ʙײʨʳʰʳʥʳש 

ᴅʩʝʨʽʥ (35-90Á) ʤʦʜʝʣʴʜʝʜʽ ʞᴅʥʝ ײץʤʘʡʪ ʪʦʧʳʨʘץʪʘסʳ ʘʣʜʳסשʳ ʟʝʨʪʪʝʫʣʝʨʤʝʥ 

ʩʘʣʳʩʪʳʨʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ 71Á ץʘʨʤʘʫ ʙײʨʳʰʳʥʳש ʪʘʨʪʳʣʫʳʥʳש ʝʢʽ ʝʩʝ 

ʪᴇʤʝʥʜʝʫʽʥ ʘʥʳץʪʘʜʳ. 

ʉʦʥʜʳץʪʘʥ, ʦʩʳ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫʜʝ ʘʨʪץʳ ʞʘסʳʥ ʛʦʨʠʟʦʥʪץʘ 

ʦʨʥʘʪʫ ʙײʨʳʰʪʘʨʳ 60Á, 75Á ʞᴅʥʝ 90Á ʜʝʧ ץʘʙʳʣʜʘʥʜʳ. 

 ;ʝʥʽ [80, ʩ. 1-4; 81; 82; 83, ʩ. 318-327; 84, ʨ. 83-85; 86, ʨ. 536-547 שʘʰʘʫʜʳפ

87, ʨ. 2326-2350] 0,030 ʤ ʙʦʣʜʳ ʞᴅʥʝ ʙײʣ ץʘʰʘʫ ʝʥʽ ʘʨʪץʳ ʽʟʽʥʝʥ ʘʰʳץ ץʘʨʳץ 

 ʰʽʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽ ʞʦʩʧʘʨʣʘʫʜʘ ʝʥʽװ ʥʝʛʽʟʜʝʤʝ ץʪʘʥ, ʪʝʦʨʠʷʣʳץʘʥʜʳסʘʣʜʳʨץ

0,015, 0,020, 0,025 ʤ ʞᴅʥʝ ײʟʳʥʜʳסʳ 0,130 ʤ, 0,145 ʤ ʞᴅʥʝ 0,160 ʤ ץʘʙʳʣʜʘʥʜʳ. 

 ʨʳʰʪʘʨʳײʘʥ ʤᴅʥʜʝʨʜʝ ʝʥʽ 0,020ʤõ0,025ʤ ʞᴅʥʝ ʦʨʥʘʪʫ ʙסʘʙʳʣʜʘʥפ

60Áõ75Á ʙʦʣʩʘ, ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ 0,62õ0,8 ʢʅ ʙʦʣʜʳ. ʊʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽײ שʟʳʥʜʳץץʘ 

ʪᴅʫʝʣʜʽʣʽʛʽʥʽש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʦʣ ײʟʳʥʜʳץ ʥʝײסʨʣʳʤ װʣʢʝʥ ʙʦʣʩʘ, 

ʩʦײסʨʣʳʤ ʢᴇʧ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥ ץʘʞʝʪ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. 

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʨʜʘʥ ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʪʽש ʩʽשʽʨʫʰʽ 

ʧʘʨʘʤʝʪʨʣʝʨʽ ʢʝʣʝʩʽ ʤᴅʥʜʝʨʛʝ ʠʝ ʙʦʣʫʳ ʢʝʨʝʢ: ʩʽשʽʨʫʰʽ ץʘʰʘʫʳʥʳש ʝʥʽ 

b=0,020õ0,021ʤ, ʘʨʪץʳ ʞʘסʳʥ ʛʦʨʠʟʦʥʪץʘ ʦʨʥʘʪʫ ʙײʨʳʰʳ b= 70õ800; ʩʽשʽʨʫʰʽ 

 .ʳ l =0,140õ0,150 ʤסʟʳʥʜʳײ שʘʰʘʫʳʥʳץ

ʂᴇʨʩʝʪʽʣʛʝʥ ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʘʨ ʩʽשʽʨʫʰʽʣʝʨ ʞʘʩʘʣʜʳ. ɽʛʽʩʪʽʢʪʝʛʽ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʪʽש ʞʘʣʧʳ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥ 

ʘʥʳץʪʘʫ (4.7 ï ʩʫʨʝʪ) ʙʘʨʳʩʳʥʜʘ 8,28õ8,63 ʢʅ ʘʨʘʣʳסʳʥʜʘ ᴇʟʛʝʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ. 
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ʉʫʨʝʪ 4.7 ï ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʘʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰʽʥʽש 

ʞʘʣʧʳ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥ ʘʥʳץʪʘʫ 

 

ʊᴅʞʽʨʠʙʝʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ץʦʥʜʳʨסʳʥʳץ שʦʟסʘʣʳʩ ʞʳʣʜʘʤʜʳסʳ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʤʝʥ ʩʝʧʢʽʰʪʽש ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʤᴇʣʰʝʨʽʥʝ 

ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ. 4.8-ʩʫʨʝʪʢʝ ʩᴅʡʢʝʩ ʘʣʳʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʪʝʦʨʠʷʣʳץ 

ʤᴅʣʽʤʝʪʪʝʨ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʤᴅʣʽʤʝʪʪʝʨʤʝʥ ʞʝʪʢʽʣʽʢʪʽ ʪװʨʜʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʜʽʛʽʥ 

ʢᴇʨʩʝʪʝʜʽ. 1,028-ʜʝʥ 2,22 ʤ/ʩ-ץʘ ʜʝʡʽʥʛʽ ץʦʟסʘʣʳʩ ʞʳʣʜʘʤʜʳסʳʥʳש 

ʞʦסʘʨʳʣʘʫʳʤʝʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʝʧʢʽʰ װʣʛʽʩʽʥʽש ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽ 4õ4,5%-סʘ 

ʘʨʪʘʜʳ. ʊᴅʞʽʨʠʙʝʣʽʢ ʩʝʧʢʽʰ װʣʛʽʩʽʥʜʝʛʽ ʪʘʨʪʫ ʢʝʜʝʨʛʽʩʽʥʽש ʪᴇʤʝʥʜʝʫʽ ʞײʤʳʩ 

ʙʝʪʽʥʽײ שʟʳʥʜʳסʳʥʳץ ,שʘʰʘʫʜʳש ʝʥʽʥʽש ʘʟʘʶʳʤʝʥ ʞᴅʥʝ ʦʥʳ ʛʦʨʠʟʦʥʪץʘ ץʘʪʳʩʪʳ 

ʦʨʥʘʪʫ ʙײʨʳʰʳʥʳ75 שÁ ʜʝʡʽʥ ᴇʟʛʝʨʫʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʝʧʢʽʰʪʽ ʩʳʥʘʫ ʢʝʟʽʥʜʝ ץʘʙʳʣʜʘʥסʘʥ ʧʘʨʘʤʝʪʨʣʝʨ 

ʙʦʡʳʥʰʘ ʪʦʧʳʨʘץ ʧʝʥ ץʘʨʳץʪʳץ שʦʧʩʫʳʥʳש ʪᴇʤʝʥʜʝʫʽ, ʩʦʥʜʘʡ-ʘץ ʪʘʨʪʫ 

ʢʝʜʝʨʛʽʩʽ ʙʘʡץʘʣʜʳ. ɸʩʪʳץ-ʰᴇʧ-ʪʳשʘʡʪץʳʰ ʩʝʧʢʽʰ ʞװʨʽʩʪʝʥ ʢʝʡʽʥ ʝʛʽʩʪʽʢʪʽש 

ʙʝʪʽ ʞײʤʳʩ ʦʨʛʘʥʜʘʨʳʥʳש ï ʩʽשʽʨʫʰʽʥʽש ʪʽʨʝʫʣʝʨʽʥʽש ʽʟʜʝʨʽ (ʝʥʽ 20 ʤʤ) ʙʘʨ 

ʰʳʤʥʳש ʪʝʛʽʩ ʨʝʣʴʝʬʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ, 4.9ʘ, 4.9ʙ-ʩʫʨʝʪ ʞᴅʥʝ ʪ.ʙ. ɾʘשʘ ʞײʤʳʩ 

ʦʨʛʘʥʳʥʳש ʞײʤʳʩʳʥ ʪᴇʤʝʥ ʞʳʣʜʘʤʜʳץʧʝʥ ʙʘץʳʣʘʫ ʙʘʨʳʩʳʥʜʘ ʧʳʰʘץʪʳש 

ʪʦʧʳʨʘץʪʳ ʥʝʤʝʩʝ ʰʳʤʜʳ ץʘʙʘʪʪʳש ʘʡʥʘʣʫʳʥʩʳʟ ץʦʧʩʳʪʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʣ ʝʩʢʽ ʰᴇʧʪʝʨʜʽש ʪʘʤʳʨʣʘʨʳʥ ʢʝʩʽʧ ʪʘʩʪʘʡʜʳ ʞᴅʥʝ 

ʪʳשʘʡʪץʳʰʪʘʨ ʤʝʥ ʪץײʳʤʜʘʨ ʘʨʘʩʳʥʜʘ ʪʦʧʳʨʘץ ץʘʙʘʪʳʥʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ 

ʳץʧʘʣ ʝʪʝʜʽ. פʘʰʘʫʜʳ ʦʥʳש ʘʨʪץʳ ʞʘסʳʥ ʛʦʨʠʟʦʥʪץʘ 75Á ʙײʨʳʰʧʝʥ ʦʨʥʘʪʫ 

 .ʘʡʥʘʣʫʳʥ ʙʦʣʜʳʨʤʘʡʜʳ שʘʙʘʪʪʳץ

 

 


