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I     ɸʫʪʦʨ 

ʀʤʝ ʠ ʧʨʝʟʠʤʝ ɸʥʜʨʝʿʘ ɹ. ʀʣʠ˂ 

ɼʘʪʫʤ ʠ ʤʝʩʪʦ ʨʦʹʝˁʘ 26. 07. 1972. ʛʦʜ., ʂʨʘʛʫʿʝʚʘʮ 

ʉʘʜʘʰˁʝ ʟʘʧʦʩʣʝˁʝ ɻʨʘʜʩʢʘ ʫʧʨʘʚʘ ʂʨʘʛʫʿʝʚʘʮ 

II       ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ʅʘʩʣʦʚ 

ʋʪʠʮʘʿ ʩʣʦʞʝʥʦʩʪʠ ʦʙʣʠʢʘ, ʤʘʪʝʨʠʿʘʣʘ, 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 

ʧʨʦʿʝʢʪʦʚʘˁʝ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ 

ɹʨʦʿ ʩʪʨʘʥʠʮʘ 244 

ɹʨʦʿ ʩʣʠʢʘ 233 

ɹʨʦʿ ʙʠʙʣʠʦʛʨʘʬʩʢʠʭ ʧʦʜʘʪʘʢʘ 146 

ʋʩʪʘʥʦʚʘ ʠ ʤʝʩʪʦ ʠʟʨʘʜʝ ʨʘʜʘ ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 

ʅʘʫʯʥʘ ʦʙʣʘʩʪ ʄʘʰʠʥʩʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʠ ʤʝʭʘʥʠʟʘʮʠʿʘ 

ʄʝʥʪʦʨ 
ɼʨ ʃʦʟʠʮʘ ʀʚʘʥʦʚʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, 

ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 

III     ʆʮʝʥʘ ʠ ʦʜʙʨʘʥʘ 

ɼʘʪʫʤ ʧʨʠʿʘʚʝ ʪʝʤʝ 16. 06. 2011. ʛʦʜʠʥʝ 

ɹʨʦʿ ʦʜʣʫʢʝ ʠ ʜʘʪʫʤ ʧʨʠʭʚʘʪʘˁʘ 

ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ 
  

ʂʦʤʠʩʠʿʘ ʟʘ ʦʮʝʥʫ ʧʦʜʦʙʥʦʩʪʠ ʪʝʤʝ 

ʠ ʢʘʥʜʠʜʘʪʘ 

ɼʨ ʃʦʟʠʮʘ ʀʚʘʥʦʚʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, 

ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ  

ɼʨ ɺʫʢʠ˂ ʃʘʟʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ 

ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ  

ɼʨ ɼʦʙʨʠʚʦʿʝ ɴʘʪʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ, 

ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 

ɼʨ ʄʠʨʦʩʣʘʚ ɾʠʚʢʦʚʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ, 

ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 

ɼʨ ɿʚʦʥʠʤʠʨ ɱʫʛʦʚʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ, 

ʊʝʭʥʠʯʢʠ ʌʘʢʫʣʪʝʪ ʫ ʏʘʯʢʫ 

ʂʦʤʠʩʠʿʘ ʟʘ ʦʮʝʥʫ ʠ ʦʜʙʨʘʥʫ 

ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ  

ɼʨ ʃʦʟʠʮʘ ʀʚʘʥʦʚʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, 

ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ  

ɼʨ ɺʫʢʠ˂ ʃʘʟʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ 

ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ  

ɼʨ ɼʦʙʨʠʚʦʿʝ ɴʘʪʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ, 

ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 

ɼʨ ʄʠʨʦʩʣʘʚ ɾʠʚʢʦʚʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ, 

ʌʘʢʫʣʪʝʪ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ 

ɼʨ ɸʣʝʢʩʘʥʜʘʨ ʄʘʨʠʥʢʦʚʠ˂, ʚʘʥʨʝʜʥʠ 

ʧʨʦʬʝʩʦʨ, ʄʘʰʠʥʩʢʠ ʬʘʢʫʣʪʝʪ ʫ ɹʝʦʛʨʘʜʫ 

ɼʘʪʫʤ ʦʜʙʨʘʥʝ ʜʠʩʝʨʪʘʮʠʿʝ  
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ʆʚʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʨʝʟʫʣʪʘʪ ʤʦʛ 

ʜʫʛʦʛʦʜʠʰˁʝʛ ʠʥʪʝʨʝʩʦʚʘˁʘ ʠ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʙʣʘʩʪʠ 

ʩʣʦʞʝʥʦʩʪʠ ʦʙʣʠʢʘ, ʫʪʠʮʘʿʘ ʤʘʪʝʨʠʿʘʣʘ, ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʦʜʛʦʚʦʨʥʠʭ ʟʘʚʘʨʝʥʠʭ 

ʢʦʥʩʪʨʫʢʮʠʿʘ, ʰʪʦ ʿʝ ʨʝʟʫʣʪʠʨʘʣʦ ʙʨʦʿʥʠʤ ʨʘʜʦʚʠʤʘ ʦʙʿʘʚˀʝʥʠʤ ʫ 

ʤʝʹʫʥʘʨʦʜʥʠʤ ʠ ʜʦʤʘ˂ʠʤ ʥʘʫʯʥʠʤ ʯʘʩʦʧʠʩʠʤʘ ʠ ʩʘʦʧʰʪʝʥʠʤ ʥʘ 

ʩʠʤʧʦʟʠʿʫʤʠʤʘ ʠ ʢʦʥʛʨʝʩʠʤʘ. ɸʥʘʣʠʟʘ ʥʘʚʝʜʝʥʠʭ ʬʝʥʦʤʝʥʘ 

ʠʟʚʨʰʝʥʘ ʿʝ ʦʙʠʤʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ, ʢʘʦ ʠ 

ʘʥʘʣʠʟʦʤ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʿʦʤ ʙʨʦʿʥʠʭ ʣʠʪʝʨʘʪʫʨʥʠʭ ʨʝʬʝʨʝʥʮʠ 

ʫʟ ʢʦʨʠʰ˂ʝˁʝ ʩʘʚʨʝʤʝʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʦʧʨʝʤʝ.  

ʅʘʿʧʨʝ ʞʝʣʠʤ ʜʘ ʠʟʨʘʟʠʤ ʧʦʩʝʙʥʫ ʟʘʭʚʘʣʥʦʩʪ ʧʨʦʬʝʩʦʨʢʠ ʜʨ 

ɱʦʩʠʬʦʚʠ˂ ɼʘʥʠʮʠ ʥʘ ʫʢʘʟʘʥʦʤ ʧʦʚʝʨʝˁʫ, ʥʝʩʝʙʠʯʥʦʿ ʧʦʤʦ˂ʠ, 

ʢʦʨʠʩʥʠʤ ʩʘʚʝʪʠʤʘ ʠ ʥʘʿʠʩʢʨʝʥʠʿʠʤ ʩʫʛʝʩʪʠʿʘʤʘ, ʢʘʦ ʠ ʚʝʣʠʢʦʿ 

ʧʦʜʨʰʮʠ ʪʦʢʦʤ ʠʟʨʘʜʝ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

ʅʘʿʠʩʢʨʝʥʠʿʝ ʩʝ ʟʘʭʚʘˀʫʿʝʤ ʩʚʦʤ ʤʝʥʪʦʨʫ, ʧʨʦʬʝʩʦʨʢʠ ʜʨ 

ʀʚʘʥʦʚʠ˂ ʃʦʟʠʮʠ, ʯʠʿʝ ʩʫ ʤʝ ʣʠʯʥʦ ʘʥʛʘʞʦʚʘˁʝ, ʢʦʨʠʩʥʝ ʩʫʛʝʩʪʠʿʝ 

ʠ ʩʘʚʝʪʠ ʧʨʘʪʠʣʠ ʟʘ ʚʨʝʤʝ ʠʟʨʘʜʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʧʨʦʬʝʩʦʨʫ ʜʨ ʃʘʟʠ˂ ɺʫʢʠ˂ʫ ʠ ʧʨʦʬʝʩʦʨʫ ʜʨ 

ɸʣʝʢʩʘʥʜʨʦʚʠ˂ ʉʨʙʦˀʫʙʫ, ʢʘʦ ʠ ˁʠʭʦʚʠʤ ʩʘʨʘʜʥʠʮʠʤʘ ʥʘ ʧʦʤʦ˂ʠ ʠ 

ʣʠʯʥʦʤ ʘʥʛʘʞʦʚʘˁʫ ʪʦʢʦʤ ʠʟʚʦʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʝʣʘ 

ʠʩʪʨʘʞʠʚʘˁʘ, ʢʦʨʠʩʥʠʤ ʩʘʚʝʪʠʤʘ, ʧʨʠʤʝʜʙʘʤʘ ʠ ʩʚʝʩʨʜʥʦʿ 

ʧʦʤʦ˂ʠ ʧʨʠ ʠʟʨʘʜʠ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʧʨʦʬʝʩʦʨʫ ʜʨ ɾʠʚʢʦʚʠ˂ ʄʠʨʦʩʣʘʚʫ ʠ ɾʠʚʢʦʚʠ˂ 

ɱʝʣʝʥʠ ʥʘ ʢʦʨʠʩʥʠʤ ʩʫʛʝʩʪʠʿʘʤʘ ʠ ʧʦʤʦ˂ʠ ʦʢʦ ʥʫʤʝʨʠʯʢʝ ʘʥʘʣʠʟʝ 

ʨʘʟʤʘʪʨʘʥʠʭ ʬʝʥʦʤʝʥʘ. 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʧʨʦʬʝʩʦʨʫ ʜʨ ʄʘʢʩʠʤʦʚʠ˂ ʉʪʝʚʘʥʫ ʠ ˁʝʛʦʚʠʤ 

ʩʘʨʘʜʥʠʮʠʤʘ ʥʘ ʧʦʤʦ˂ʠ ʧʨʠ ʠʟʚʦʹʝˁʫ ʿʝʜʥʝ ʬʘʟʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʃʘʙʦʨʘʪʦʨʠʿʠ ʟʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʫ ʯʚʨʩʪʦ˂ʫ ɺʦʿʥʦʪʝʭʥʠʯʢʦʛ ʠʥʩʪʠʪʫʪʘ ʫ 

ɹʝʦʛʨʘʜʫ - ɾʘʨʢʦʚʦ. ɳʠʭʦʚʘ ʧʦʤʦ˂ ʠ ʣʠʯʥʦ ʘʥʛʘʞʦʚʘˁʝ ʙʠʣʠ ʩʫ 

ʜʨʘʛʦʮʝʥʠ.   

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʂʦʥʄʘʪ ʜʦʦ, ɹʝʦʛʨʘʜ, ʧʨʝʜʫʟʝ˂ʫ ʢʦʿʝ ʩʝ ʙʘʚʠ 

ʠʩʧʠʪʠʚʘˁʝʤ ʤʘʪʝʨʠʿʘʣʘ, ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ, ʝʥʝʨʛʝʪʩʢʝ ʠ 

ʧʨʦʮʝʩʥʝ ʦʧʨʝʤʝ ʥʘ ˀʫʙʘʟʥʦʩʪʠ ʠ ʧʦʤʦ˂ʠ ʧʨʠ ʠʟʚʦʹʝˁʫ 

ʤʝʪʘʣʦʛʨʘʬʩʢʠʭ ʠʩʧʠʪʠʚʘˁʘ. 

ʅʘ ʢʨʘʿʫ, ʞʝʣʠʤ ʜʘ ʠʟʨʘʟʠʤ ʩʚʦʿʝ ʥʘʿʠʩʢʨʝʥʠʿʫ ʟʘʭʚʘʣʥʦʩʪ ʤʦʿʦʿ 

ʩʫʧʨʫʟʠ ɼʨʘʛʘʥʠ, ʩʠʥʫ ɹʨʘʥʢʫ ʢʘʦ ʠ ʮʝʣʦʿ ʧʦʨʦʜʠʮʠ ʥʘ ʙʝʩʢʨʘʿʥʦʿ 

ʧʦʜʨʰʮʠ, ʨʘʟʫʤʝʚʘˁʫ ʠ ʩʪʨʧˀʝˁʫ. ɳʠʭʦʚ ʫʜʝʦ ʫ ʦʚʦʤ ʨʘʜʫ ʿʝ 

ʥʝʤʝʨˀʠʚ ʿʝʨ ʩʫ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʙʠʣʠ ʫʟ ʤʝʥʝ ʢʘʦ ʤʦʿʘ ʥʘʿʚʝ˂ʘ 

ʧʦʜʨʰʢʘ. 

ɸʥʜʨʝʿʘ ʀʣʠ˂  
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ʋʊʀʎɸɱ ʉʃʆɾɽʅʆʉʊʀ ʆɹʃʀʂɸ, ʄɸʊɽʈʀɱɸʃɸ,  

ʂʆʅʎɽʅʊʈɸʎʀɱɽ ʅɸʇʆʅɸ ʀ ʊɽʄʇɽʈɸʊʋʈɽ ʅɸ  

ʇʈʆɱɽʂʊʆɺɸɳɽ ɿɸɺɸʈɽʅʀʍ ʂʆʅʉʊʈʋʂʎʀɱɸ 

 

 

  ʈʝʟʠʤʝ 

 

  

 ʋ ʦʚʦʿ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʟʘʚʘʨʝʥʘ ʢʦʥʩʪʨʫʢʮʠʿʘ ʿʝ ʧʦʩʤʘʪʨʘʥʘ ʢʘʦ 

ʩʣʦʞʝʥ ʩʠʩʪʝʤ ʝʣʝʤʝʥʘʪʘ ʩʘ ʢʦʤʧʣʝʢʩʥʠʤ ʠʥʪʝʨʘʢʮʠʿʘʤʘ ʢʦʿʠ ʩʫ ʭʝʪʝʨʦʛʝʥʠ ʠʟ 

ʘʩʧʝʢʪʘ ʤʘʪʝʨʠʿʘʣʘ, ʦʙʣʠʢʘ ʠ ʜʠʤʝʥʟʠʿʘ, ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʢʘʦ ʠ 

ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʫʩʣʦʚʘ. ʍʝʪʝʨʦʛʝʥʦʩʪ ʝʣʝʤʝʥʘʪʘ ʟʘʚʘʨʝʥʝ 

ʢʦʥʩʪʨʫʢʮʠʿʝ ʫʩʣʦʚˀʘʚʘ ˁʠʭʦʚʝ ʨʘʟʣʠʯʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʦʜʛʦʚʦʨʝ ʥʘ 

ʦʧʪʝʨʝ˂ʝˁʝ, ʜʦʢ ʥʝʭʦʤʦʛʝʥʦʩʪ ˁʠʭʦʚʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʫʩʣʦʚˀʘʚʘ ʠ ʜʦʜʘʪʥʦ 

ʫʩʣʦʞˁʘʚʘ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦ ʩʪʘˁʝ. ʉʧʝʮʠʬʠʯʥʦʩʪʠ ʧʨʦʿʝʢʪʦʚʘˁʘ 

ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʩʘʛʣʝʜʘʥʝ ʩʫ ʠʟ ʘʩʧʝʢʪʘ ʩʣʦʞʝʥʦʩʪʠ ʦʙʣʠʢʘ, 

ʤʘʪʝʨʠʿʘʣʘ, ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ 

ʦʜʨʝʹʠʚʘˁʝ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʘʥʘʣʠʟʘ ʧʦʥʘʰʘˁʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʤ 

ʫʩʣʦʚʠʤʘ, ʥʘ ʩʦʙʥʦʿ ʠ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʠʟʚʝʜʝʥʘ ʿʝ ʥʘ ʤʦʜʝʣʠʤʘ ʦʜ 

ʤʠʢʨʦʣʝʛʠʨʘʥʦʛ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ. ʀʩʧʠʪʠʚʘʥʠ ʤʦʜʝʣʠ ʧʦʨʝʜ ʟʦʥʝ 

ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʩʘʜʨʞʝ ʠ ʟʦʥʫ ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʜʠʩʢʦʥʪʠʥʫʠʪʝʪʘ ʢʘʦ ʜʦʜʘʪʥʠ ʠʟʚʦʨ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʰʪʦ ʿʝ ʯʝʩʪ ʩʣʫʯʘʿ ʢʦʜ ʝʣʝʤʝʥʘʪʘ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. 

ʉʢʫʧ ʬʘʢʪʦʨʘ ʢʦʿʠ ʫʩʣʦʚˀʘʚʘʿʫ ʧʨʦʿʝʢʪʦʚʘˁʝ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ 

ʠʜʝʥʪʠʬʠʢʦʚʘʥ ʿʝ ʩʚʝʦʙʫʭʚʘʪʥʦʤ ʘʥʘʣʠʟʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠ 

ʚʝʨʠʬʠʢʦʚʘʥ ʿʝ  ʪʝʦʨʠʿʩʢʠʤ ʨʘʟʤʘʪʨʘˁʝʤ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ ʢʦʿʝ 

ʥʘʩʪʘʿʝ ʢʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʤʦʜʝʣʘ. ʇʦʩʝʙʥʘ ʧʘʞˁʘ ʿʝ ʧʦʩʚʝ˂ʝʥʘ ʘʥʘʣʠʟʠ ʤʝʭʘʥʠʯʢʠʭ 

ʦʩʦʙʠʥʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʟʘ ʠʟʨʘʜʫ 

ʚʝʦʤʘ ʦʜʛʦʚʦʨʥʠʭ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ, ʢʘʦ ʩʘʚʨʝʤʝʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, 

ʯʠʿʘ ʫʧʦʪʨʝʙʘ ʦʤʦʛʫ˂ʘʚʘ ʦʩʪʚʘʨʠʚʘˁʝ ʥʠʟʘ ʧʨʝʜʥʦʩʪʠ, ʘʣʠ ʩʘ ʩʦʙʦʤ ʜʦʥʦʩʠ ʠ 

ʩʧʝʮʠʬʠʯʥʝ ʧʨʦʙʣʝʤʝ ʢʦʿʠ ʤʦʨʘʿʫ ʙʠʪʠ ʘʜʝʢʚʘʪʥʦ ʨʝʰʝʥʠ ʪʦʢʦʤ ʧʨʦʮʝʩʘ 

ʧʨʦʿʝʢʪʦʚʘˁʘ ʦʚʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. 

 ʀʜʝʥʪʠʬʠʢʦʚʘˁʝʤ ʬʘʢʪʦʨʘ ʢʦʿʠ ʦʜʨʝʹʫʿʫ ʢʦʥʩʪʨʫʢʮʠʦʥʦ ʨʝʰʝˁʝ ʟʘʚʘʨʝʥʠʭ 

ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʠ ʫʪʚʨʹʠʚʘˁʝʤ ˁʠʭʦʚʦʛ ʫʪʠʮʘʿʘ ʜʘʪʝ ʩʫ ʧʨʝʧʦʨʫʢʝ 

ʢʦʿʠʤʘ ʩʝ ʫʪʝʤʝˀʫʿʝ ʨʘʮʠʦʥʘʣʥʦ ʢʦʨʠʰ˂ʝˁʝ ʤʘʪʝʨʠʿʘʣʘ ʠ ʝʥʝʨʛʠʿʝ, ʦʩʪʚʘʨʫʿʝ 

ʩʤʘˁʝˁʝ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʫʟ ʧʨʠʭʚʘʪˀʠʚʝ ʝʢʦʣʦʰʢʝ ʝʬʝʢʪʝ ʠ ʠʩʪʦʚʨʝʤʝʥʦ 

ʫʥʘʧʨʝʹʫʿʝ ʩʠʛʫʨʥʦʩʪ ʠ ʧʦʫʟʜʘʥʦʩʪ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ.   

 

 

ʂˀʫʯʥʝ ʨʝʯʠ: ɿʘʚʘʨʠʚʘˁʝ, ʯʝʣʠʮʠ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ, ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ, 

ʧʨʦʿʝʢʪʦʚʘˁʝ, ʥʘʧʦʥʩʢʦ ʩʪʘˁʝ. 
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INFLUENCE OF SHAPE COMPLEXITY, MATERIAL,  

STRESS CONCENTRATION AND TEMPERATURE  

TO DESIGNING OF WELDED CONSTRUCTIONS  

 

 

 Summary  

 

 

 In this dissertation welded constructions are analyzed as complex systems of 

elements with complex mechanisms of interactions that are heterogeneous from the 

aspects of materials, shape and dimensions, mechanical properties, so as exploitation and 

functional conditions. Heterogeneity of elements of welded constructions cause their 

different characteristics and their different response to load, while inhomogeneity of their 

microstructure cause complex stress-strain state so as additional complication of this 

state.  The specific characteristics of welded constructions design are highlighted from 

the aspect of shape complexity, material, stress concentrations and exploitation 

temperature. Experimental determination of mechanical properties and analysis of 

mechanical response to load during exploitation at room and elevated temperatures were 

done at models made of low alloyed high strength steel.   Tested models besides zone of 

welded joint have zone of geometrical discontinuities as additional source of stress 

concentration that is common case at elements of welded mechanical constructions. Set 

of parameters that influent to design of welded constructions is identificated by analysis 

of experimental results and verified by theoretical considerations of stress-strain state at 

tested models. Special focus is put on analysis of characteristics and mechanical 

properties of low alloyed high strength steels for welded mechanical constructions as 

present material with usage that obtain number of advances, but also bring some specific 

problems that must be solved during process of design of those constructions.  

 By identification of factors that influent to constructional solution of welded 

construction and determination of their influence, recommendations are given to 

establish rational usage of material and energy, obtained reduction of total costs with 

minimal ecological impact and with simultaneous improve of safety and reliability of 

welded constructions.  

 

 

 

Key words: Welding, high strength steels, stress concentration, design, stress state, 

influence of temperature 

  



6 

 

ʉɸɼʈɾɸɱ 

ʋɺʆɼʅA ʈɸɿʄɸʊʈɸɳɸ 21 

ʇʈɽɻʃɽɼ ʀʉʊʈɸɾʀɺɸɳɸ 25 

1 ʄɸʊɽʈʀɱɸʃʀ ɿɸ ʀɿʈɸɼʋ ɿɸɺɸʈɽʅʀʍ ʄɸʐʀʅʉʂʀʍ ʂʆʅʉʊʈʋʂʎʀɱɸ 34 

1.1 ʋʚʦʜ 34 

1.2 ʀʩʪʦʨʠʿʩʢʠ ʧʨʝʛʣʝʜ ʨʘʟʚʦʿʘ ʛʚʦʞʹʘ ʠ ʯʝʣʠʢʘ 34 

1.3 ʋʛˀʝʥʠʯʥʠ ʯʝʣʠʮʠ 35 

1.4 ʋʛˀʝʥʠʯʥʦ-ʤʘʥʛʘʥʩʢʠ ʯʝʣʠʮʠ 36 

1.5 ʋʤʠʨʝʥʠ ʯʝʣʠʮʠ 36 

1.6 ʄʠʢʨʦʣʝʛʠʨʘʥʠ ʯʝʣʠʮʠ 37 

1.7 ʊʝʨʤʦʤʝʭʘʥʠʯʢʠ ʢʦʥʪʨʦʣʠʩʘʥʦ ʧʨʝʨʘʹʝʥʠ ʯʝʣʠʮʠ 37 

1.8 ʄʠʢʨʦʣʝʛʠʨʘʥʠ ʯʝʣʠʮʠ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ 39 

1.8.1 ʈʘʟʚʦʿ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ 40 

1.8.2 ʇʨʠʤʝʥʘ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ 41 

1.9 ʄʠʢʨʦʣʝʛʠʨʘʥʠ ʯʝʣʠʢ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ - S690QL 44 

1.9.1 ʇʨʦʮʝʩ ʧʨʦʠʟʚʦʜˁʝ ʤʠʢʨʦʣʝʛʠʨʘʥʦʛ ʯʝʣʠʢʘ - S690QL 46 

2 ɿɸɺɸʈʀɺɸɳɽ ʄʀʂʈʆʃɽɻʀʈɸʅʀʍ ʏɽʃʀʂɸ ʇʆɺʀʐɽʅɽ ɱɸʏʀʅɽ 50 

2.1 ʋʚʦʜ ʠ ʨʘʟʚʦʿ ʤʝʪʦʜʘ ʟʘʚʘʨʠʚʘˁʘ 50 

2.2 ʆʮʝʥʘ ʟʘʚʘʨˀʠʚʦʩʪʠ ʯʝʣʠʢʘ 52 

2.2.1 ɸʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʦʮʝʥʝ ʟʘʚʘʨˀʠʚʦʩʪʠ 53 

2.2.2 ʇʘʨʘʤʝʪʘʨʩʢʝ ʿʝʜʥʘʯʠʥʝ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ 55 

2.2.3 ʇʘʨʘʤʝʪʘʨʩʢʝ ʿʝʜʥʘʯʠʥʝ ʪʦʧʣʠʭ ʧʨʩʣʠʥʘ 59 

2.2.4 ʇʘʨʘʤʝʪʘʨʩʢʝ ʿʝʜʥʘʯʠʥʝ ʣʘʤʝʣʘʨʥʠʭ ʧʨʩʣʠʥʘ 61 

2.2.5 ʇʘʨʘʤʝʪʘʨʩʢʝ ʿʝʜʥʘʯʠʥʝ ʧʨʩʣʠʥʘ ʞʘʨʝˁʘ 62 

2.2.6 ʆʩʪʘʣʠ ʧʦʢʘʟʘʪʝˀʠ ʟʘʚʘʨˀʠʚʦʩʪʠ ʯʝʣʠʢʘ 63 

2.2.7 ɿʘʚʘʨˀʠʚʦʩʪ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ 64 

2.3 ɿʘʚʘʨʠʚʘˁʝ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL 65 

2.3.1 ʋʥʦʩ ʪʦʧʣʦʪʝ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL 67 

2.3.2 ʋʢʫʧʥʠ ʭʝʤʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪ ʫʛˀʝʥʠʢʘ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL 68 

2.3.3 ʆʜʨʝʹʠʚʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʛʨʝʚʘˁʘ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL 69 

2.3.4 ʆʮʝʥʘ ʩʢʣʦʥʦʩʪʠ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL ʢʘ ʦʙʨʘʟʦʚʘˁʫ ʧʨʩʣʠʥʘ 71 

2.3.5 ʇʨʠʧʨʝʤʘ ʧʣʦʯʘ ʦʜ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL ʟʘ ʟʘʚʘʨʠʚʘˁʝ 73 

2.3.6 ʄʝʪʦʜʝ ʫʢʣʘˁʘˁʘ ʜʠʬʫʟʥʦʛ ʚʦʜʦʥʠʢʘ 74 

2.3.7 ɼʦʜʘʪʥʠ ʤʘʪʝʨʠʿʘʣ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL 75 

2.3.8 ɼʦʜʘʪʥʠ ʤʘʪʝʨʠʿʘʣʠ ʦʜ ʥʝʨʹʘʿʫ˂ʝʛ ʯʝʣʠʢʘ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL 76 

2.3.9 ɿʘʰʪʠʪʥʠ ʛʘʩ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL 76 



7 

 

2.4 ʅʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦ ʩʪʘˁʝ ʫ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʚʠʤʘ 77 

2.5 ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ ʫ ʟʦʥʠ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ 81 

2.6 ɼʝʬʝʢʪʠ ʫ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʠ ˁʠʭʦʚʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 82 

2.7 ʄʝʪʦʜʝ ʨʝʣʘʢʩʘʮʠʿʝ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ ʫ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʚʠʤʘ 82 

2.8 ʊʝʭʥʦʣʦʛʠʿʘ ʠ ʧʘʨʘʤʝʪʨʠ ʟʘʚʘʨʠʚʘˁʘ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL 85 

2.8.1 ʊʝʭʥʦʣʦʛʠʿʘ ʠ ʧʘʨʘʤʝʪʨʠ ʈɽʃ/ʄɸɻ ʚʘʨʠʿʘʥʪʝ ʟʘʚʘʨʠʚʘˁʘ 86 

2.8.2 ʊʝʭʥʦʣʦʛʠʿʘ ʠ ʧʘʨʘʤʝʪʨʠ ʄʀɻ/ʄɸɻ ʚʘʨʠʿʘʥʪʝ ʟʘʚʘʨʠʚʘˁʘ 88 

3 ʂʆʅʎɽʅʊʈɸʎʀɱɸ ʅɸʇʆʅA ʂʆɼ ɿɸɺɸʈɽʅʀʍ ʄɸʐʀʅʉʂʀʍ ʂʆʅʉʊʈʋʂʎʀɱɸ 91 

3.1 ʋʚʦʜʥʘ ʨʘʟʤʘʪʨʘˁʘ 91 

3.2 ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʢʘʦ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʧʨʦʙʣʝʤ 91 

3.3 ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʢʘʦ ʧʨʦʩʪʦʨʥʠ ʧʨʦʙʣʝʤ 93 

3.4 ʃʦʢʘʣʥʘ ʠ ʩʪʨʫʢʪʫʨʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ 94 

3.5 ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʫ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ 94 

3.6 ʆʩʝʪˀʠʚʦʩʪ ʥʘ ʟʘʨʝʟ 98 

4 ʊɽʆʈʀɱɽ ʅʆʉʀɺʆʉʊʀ ʀ ʃʆʄɸ 104 

4.1 ʋʚʦʜʥʘ ʨʘʟʤʘʪʨʘˁʘ 104 

4.1 ʂʨʠʪʝʨʠʿʫʤ ʤʘʢʩʠʤʘʣʥʦʛ ʥʦʨʤʘʣʥʦʛ ʥʘʧʦʥʘ 104 

4.2 ʄʦʨʦʚʘ ʪʝʦʨʠʿʘ ʣʦʤʘ ʢʨʪʠʭ ʤʘʪʝʨʠʿʘʣʘ 105 

4.3 ʂʨʠʪʝʨʠʿʫʤ ʤʘʢʩʠʤʘʣʥʦʛ ʩʤʠʮʘʿʥʦʛ ʥʘʧʦʥʘ 107 

4.4 ʄʠʟʝʩʦʚ ʢʨʠʪʝʨʠʿʫʤ 107 

5 ɸʅɸʃʀɿɸ ʂʆʅʉʊʈʋʂʎʀʆʅʆɻ ʈɽʐɽɳɸ ʀ ɼʀɿɸɱʅɸ ɽʃɽʄɽʅɸʊɸ ɿɸɺɸʈɽʅʀʍ 

ʂʆʅʉʊʈʋʂʎʀɱɸ 110 

5.1 ʋʚʦʜ 110 

5.2 ʆʩʥʦʚʥʝ ʨʝʣʘʮʠʿʝ 110 

5.3 ʄʝʪʦʜʝ ʨʝʰʘʚʘˁʘ ʧʨʦʙʣʝʤʘ ʫ ʘʥʘʣʠʟʠ ʟʘʚʠʩʥʦʩʪʠ ʨʝʰʝˁʘ ʜʠʟʘʿʥʘ 112 

5.3.1 ʂʦʥʘʯʥʝ ʨʘʟʣʠʢʝ 112 

5.3.2 ɼʠʩʢʨʝʪʥʠ ʩʠʩʪʝʤʠ 113 

5.4 ʄʝʪʦʜʘ   ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ 116 

5.4.1 ʆʩʥʦʚʥʠ ʧʨʠʥʮʠʧʠ ʧʨʠʤʝʥʝ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ 116 

6 ɽʂʉʇɽʈʀʄɽʅʊɸʃʅɸ ʀʉʇʀʊʀɺɸɳɸ ɿɸɺɸʈɽʅʀʍ ʉʇʆɱɽɺɸ 120 



8 

 

6.1 ʋʚʦʜ 120 

6.2 ʄʝʪʘʣʦʛʨʘʬʩʢʘ ʠʩʧʠʪʠʚʘˁʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ 120 

6.2.1 ʄʝʪʦʜʦʣʦʛʠʿʘ, ʧʦʩʪʫʧʘʢ ʠ ʫʨʝʹʘʿʠ ʟʘ ʠʩʧʠʪʠʚʘˁʝ 121 

6.2.2 ʄʝʪʘʣʦʛʨʘʬʩʢʦ ʠʩʧʠʪʠʚʘˁʝ ʚʘʨʠʿʘʥʪʝ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ 122 

6.2.3 ʄʝʪʘʣʦʛʨʘʬʩʢʦ ʠʩʧʠʪʠʚʘˁʝ ʚʘʨʠʿʘʥʪʝ ʄʀɻ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ 128 

6.3 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʠʚʘˁʝ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ 133 

6.3.1 ʄʝʪʦʜ ʠʩʧʠʪʠʚʘˁʘ ʠ ʢʨʠʚʝ ʦʿʘʯʘˁʘ 133 

6.3.2 ʆʜʨʝʹʠʚʘˁʝ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ 136 

6.3.3 ʆʜʨʝʹʠʚʘˁʝ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʧʨʫʚʝʪʘ ʩʘ V-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ 144 

6.3.4 ʆʜʨʝʹʠʚʘˁʝ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʧʨʫʚʝʪʘ ʩʘ ʦʪʚʦʨʠʤʘ 155 

6.3.5 ʆʜʨʝʹʠʚʘˁʝ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʧʨʫʚʝʪʘ ʩʘ U-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ 158 

6.4 ʆʜʨʝʹʠʚʘˁʝ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʧʨʫʚʝʪʘ ʥʘ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ 170 

6.4.1 ʄʝʪʦʜʦʣʦʛʠʿʘ, ʧʦʩʪʫʧʘʢ ʠ ʫʨʝʹʘʿʠ ʟʘ ʠʩʧʠʪʠʚʘˁʝ 170 

6.4.2 ʆʜʨʝʹʠʚʘˁʝ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʧʨʫʚʝʪʘ ʩʘ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʤ ʥʘ ʧʦʚʠʰʝʥʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ 172 

6.4.3 ʆʜʨʝʹʠʚʘˁʝ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʧʨʫʚʝʪʘ ʩʘ ʤʠʤʦʠʣʘʟʥʠʤ ʦʪʚʦʨʠʤʘ ʥʘ ʧʦʚʠʰʝʥʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ 184 

6.4.4 ʆʜʨʝʹʠʚʘˁʝ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʧʨʫʚʝʪʘ ʩʘ U-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ ʥʘ ʧʦʚʠʰʝʥʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ 187 

6.5 ʆʜʨʝʹʠʚʘˁʝ ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ ʝʧʨʫʚʝʪʘ ʩʘ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʤ 192 

6.5.1 ʋʚʦʜʥʘ ʨʘʟʤʘʪʨʘˁʘ 192 

6.5.2 ʄʝʪʦʜʦʣʦʛʠʿʘ ʠ ʫʨʝʹʘʿ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ 193 

6.5.3 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʠʚʘˁʝ ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ ʯʝʣʠʢʘ S690QL 194 

6.5.4 ʆʜʨʝʹʠʚʘˁʝ ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ ʝʧʨʫʚʝʪʘ ʩʘ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʤ 196 

6.5.5 ʆʜʨʝʹʠʚʘˁʝ ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ ʝʧʨʫʚʝʪʘ ʩʘ ʚʘʨʠʿʘʥʪʦʤ ʄʀɻ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ 196 

6.5.6 ʆʜʨʝʹʠʚʘˁʝ ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ ʝʧʨʫʚʝʪʘ ʩʘ ʚʘʨʠʿʘʥʪʦʤ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ 204 

7 ɸʅɸʃʀɿɸ ʈɽɿʋʃʊɸʊɸ ʀ ɼʀʉʂʋʉʀɱɸ 216 

7.1 ɸʥʘʣʠʟʘ ʠ ʜʠʩʢʫʩʠʿʘ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʪʦʢʦʤ ʠʩʧʠʪʠʚʘˁʘ ʟʘʪʝʟʘˁʝʤ 216 

7.2 ɸʥʘʣʠʟʘ ʠ ʜʠʩʢʫʩʠʿʘ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʪʦʢʦʤ ʠʩʧʠʪʠʚʘˁʘ ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ 224 

7.3  ɸʥʘʣʠʟʘ ʠ ʜʠʩʢʫʩʠʿʘ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʥʫʤʝʨʠʯʢʦʤ ʤʝʪʦʜʦʤ 226 

8 ɿɸʂɲʋʏɸʂ 228 

ʃʀʊɽʈɸʊʋʈɸ 237 

 

 

 

  



9 

 

ʇʈɽɻʃɽɼ ʆɿʅɸʂɸ ʀ ʉʂʈɸɴɽʅʀʎɸ 

 

ʆɿʅɸʂɸ ɿʅɸʏɽɳɽ 

ʈɽʃ - ʨʫʯʥʦ ʝʣʝʢʪʨʦʣʫʯʥʦ ʟʘʚʘʨʠʚʘˁʝ 

ʄʀɻ - ʝʣʝʢʪʨʦʣʫʯʥʦ ʟʘʚʘʨʠʚʘˁʝ ʫ ʟʘʰʪʠʪʥʦʿ ʘʪʤʦʩʬʝʨʠ ʠʥʝʨʪʥʦʛ ʛʘʩʘ 

ʄɸɻ - ʝʣʝʢʪʨʦʣʫʯʥʦ ʟʘʚʘʨʠʚʘˁʝ ʫ ʟʘʰʪʠʪʥʦʿ ʘʪʤʦʩʬʝʨʠ ʘʢʪʠʚʥʦʛ ʛʘʩʘ 

CAMS - ʢʦʤʧʿʫʪʝʨʩʢʠ ʧʦʪʧʦʤʦʛʥʫʪ ʠʟʙʦʨ ʤʘʪʝʨʠʿʘʣʘ 

ISSB - ɹʠʨʦ ʟʘ ʩʪʘʪʠʩʪʠʢʫ ʯʝʣʠʢʘ ʠ ʛʚʦʞʹʘ 

Ac1, Ac3 - ʜʦˁʘ ʠ ʛʦʨˁʘ ʪʝʤʧʝʨʘʪʫʨʘ ʘʫʩʪʝʥʠʪʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ 

TMCP - ʪʝʨʤʦ-ʤʝʭʘʥʠʯʢʠ ʢʦʥʪʨʦʣʠʩʘʥʘ ʧʨʝʨʘʜʘ 

SSC - ʢʦʥʪʨʦʣʘ ʥʝʤʝʪʘʣʥʠʭ ʫʢˀʫʯʘʢʘ 

ASM - ɸʤʝʨʠʯʢʦ ʫʜʨʫʞʝˁʝ ʟʘ ʤʘʪʝʨʠʿʘʣʝ 

ʉʈʇʉ - ʅʘʮʠʦʥʘʣʥʠ ʩʪʘʥʜʘʨʜ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ 

EN - ɽʚʨʦʧʩʢʝ ʥʦʨʤʝ 

TWIP - ʠʟʘʟʠʚʘˁʝ ʧʣʘʩʪʠʯʥʦʩʪʠ ʜʫʧʣʠʮʠʨʘˁʝʤ ʟʨʥʘ 

DP - ʜʚʦʬʘʟʥʠ 

CP - ʢʦʤʧʣʝʢʩʥʘ ʬʘʟʘ 

ISO - ʄʝʹʫʥʘʨʦʜʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʟʘ ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʫ 

AFNOR - ʅʘʮʠʦʥʘʣʥʠ ʩʪʘʥʜʘʨʜ ʈʝʧʫʙʣʠʢʝ ʌʨʘʥʮʫʩʢʝ 

DIN - ʅʘʮʠʦʥʘʣʥʠ ʩʪʘʥʜʘʨʜ ʈʝʧʫʙʣʠʢʝ ʅʝʤʘʯʢʝ 

Rm - ʟʘʪʝʟʥʘ ʿʘʯʠʥʘ ʤʘʪʝʨʠʿʘʣʘ 

Rp0,2 - ʥʘʧʦʥ ʪʝʯʝˁʘ ʤʘʪʝʨʠʿʘʣʘ 

IIW - ʄʝʹʫʥʘʨʦʜʥʠ ʠʥʩʪʠʪʫʪ ʟʘ ʟʘʚʘʨʠʚʘˁʝ 

CE - ʭʝʤʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪ ʫʛˀʝʥʠʢʘ 

CEIIW 
- ʭʝʤʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪ ʫʛˀʝʥʠʢʘ ʧʨʝʤʘ  

ʄʝʹʫʥʘʨʦʜʥʦʤ ʠʥʩʪʠʪʫʪʫ ʟʘ ʟʘʚʘʨʠʚʘˁʝ 

HVmin, HVmax - ʤʠʥʠʤʘʣʥʘ ʠ ʤʘʢʩʠʤʘʣʥʘ ʪʚʨʜʦ˂ʘ ʫ ʟʦʥʠ ʩʧʦʿʘ 

[C]  - ʫʢʫʧʘʥ ʝʢʚʠʚʘʣʝʥʪ ʫʛˀʝʥʠʢʘ ʧʨʝʤʘ ʉʝʬʝʨʠʿʘʥʫ 

s - ʜʝʙˀʠʥʘ ʫ ʟʦʥʠ ʩʧʦʿʘ 

Tp - ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʜʛʨʝʚʘˁʘ 

PCM - ʧʘʨʘʤʝʪʘʨ ʟʘ ʦʮʝʥʫ ʩʢʣʦʥʦʩʪʠ ʢʘ ʭʣʘʜʥʠʤ ʧʨʩʣʠʥʘʤʘ  

Pc 
- ʧʘʨʘʤʝʪʘʨ ʟʘ ʦʮʝʥʫ ʩʢʣʦʥʦʩʪʠ ʥʠʩʢʦʣʝʛʠʨʘʥʠʭ  

ʯʝʣʠʢʘ ʢʘ ʦʙʨʘʟʦʚʘˁʫ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ  

Q +T - ʢʘˀʝˁʝ ʠ ʦʪʧʫʰʪʘˁʝ 

PX - ʧʘʨʘʤʝʪʘʨ ʢʦʿʠʤ ʩʝ ʧʨʦʮʝˁʫʿʝ ʜʝʙˀʠʥʘ ʧʣʦʯʘ ʢʦʿʝ ʩʝ ʟʘʚʘʨʫʿʫ 

hv  - ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ 

minhv , maxhv  - ʤʠʥʠʤʘʣʥʘ ʠ ʤʘʢʩʠʤʘʣʥʘ ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ 

hdv  - ʜʦʟʚʦˀʝʥʘ ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ 

krv  - ʢʨʠʪʠʯʥʘ ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ 

300v  - ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ ʜʦ 300ÁC 

t8/5 - ʚʨʝʤʝ ʭʣʘʹʝˁʘ ʦʜ 800 ʜʦ 500ÁC 

PS - ʧʘʨʘʤʝʪʘʨ ʟʘ ʦʮʝʥʫ ʩʢʣʦʥʦʩʪʠ ʢʘ ʥʘʩʪʘʥʢʫ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ  

Ms - ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʝʪʢʘ ʨʘʟʣʘʛʘˁʘ ʧʦʜʭʣʘʹʝʥʦʛ ʘʫʩʪʝʥʠʪʘ 

CEm - ʤʦʜʠʬʠʢʦʚʘʥʠ ʝʢʚʠʚʘʣʝʥʪ ʫʛˀʝʥʠʢʘ 

H. C. S. - ʦʩʝʪˀʠʚʦʩʪ ʥʘ ʪʦʧʣʝ ʧʨʩʣʠʥʝ 
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ʊD  - ʪʝʤʧʝʨʘʪʫʨʥʠ ʠʥʪʝʨʚʘʣ ʨʝʢʨʠʩʪʘʣʠʟʘʮʠʿʝ 

T1 - ʣʠʢʚʠʜʫʩ ʪʝʤʧʝʨʘʪʫʨʘ 

TS - ʩʦʣʠʜʫʩ ʪʝʤʧʝʨʘʪʫʨʘ 

krʜv  - ʢʨʠʪʠʯʥʘ ʙʨʟʠʥʘ ʜʝʬʦʨʤʠʩʘˁʘ 

Pl - ʧʘʨʘʤʝʪʘʨ ʟʘ ʦʮʝʥʫ ʩʢʣʦʥʦʩʪʠ ʢʘ ʥʘʩʪʘʥʢʫ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ 

GD  
- ʧʘʨʘʤʝʪʘʨ ʟʘ ʦʮʝʥʫ ʩʢʣʦʥʦʩʪʠ ʢʘ ʥʘʩʪʘʥʢʫ ʧʨʩʣʠʥʘ ʞʘʨʝˁʘ  

ʢʦʜ ʥʠʩʢʦʫʛˀʝʥʠʯʥʠʭ ʯʝʣʠʢʘ 

PĢ - ʧʘʨʘʤʝʪʘʨ ʟʘ ʦʮʝʥʫ ʩʢʣʦʥʦʩʪʠ ʢʘ ʧʨʩʣʠʥʘʤʘ ʞʘʨʝˁʘ 

TTT - ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʠ ʜʠʿʘʛʨʘʤ ʪʝʤʧʝʨʘʪʫʨʘ-ʚʨʝʤʝ 

CCT - ʜʠʿʘʛʨʘʤ ʢʦʥʪʠʥʫʘʣʥʦʛ ʭʣʘʹʝˁʘ 

ql, kJ/cm - ʧʦʛʦʥʩʢʘ ʝʥʝʨʛʠʿʘ ʟʘʚʘʨʠʚʘˁʘ 

U, V - ʥʘʧʦʥ ʟʘʚʘʨʠʚʘˁʘ 

Iz, A - ʿʘʯʠʥʘ ʩʪʨʫʿʝ ʟʘʚʘʨʠʚʘˁʘ 

vz, mm/min - ʙʨʟʠʥʘ ʟʘʚʘʨʠʚʘˁʘ 

k 
- ʙʝʟʜʠʤʝʥʟʠʿʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʝʨʤʠʯʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʧʦʩʪʫʧʢʘ 

ʟʘʚʘʨʠʚʘˁʘ 

CEV, CET - ʭʝʤʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪ ʫʛˀʝʥʠʢʘ ʟʘ ʯʝʣʠʢ WELDOX 700 

d - ʜʝʙˀʠʥʘ ʧʣʦʯʘ ʢʦʿʝ ʩʝ ʟʘʚʘʨʫʿʫ 

HD - ʩʘʜʨʞʘʿ ʚʦʜʦʥʠʢʘ ʫ ʤʝʪʘʣʫ ʰʘʚʘ 

Tinterpas - ʤʝʹʫʩʣʦʿʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʠʟ ʚʠʰʝ ʧʨʦʣʘʟʘ 

C - ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʚʦʜʦʥʠʢʘ ʫ ʯʝʣʠʢʫ 

t - ʚʨʝʤʝ 

D - ʢʦʝʬʠʮʠʿʝʥʪ ʜʠʬʫʟʠʿʝ 

E - ʤʦʜʫʣ ʝʣʘʩʪʠʯʥʦʩʪʠ 

S - ʢʨʫʪʦʩʪ ʢʦʤʧʦʥʝʥʪʝ 

Ŭ - ʢʦʝʬʠʮʠʿʝʥʪ ʪʝʨʤʠʯʢʦʛ ʰʠʨʝˁʘ 

ŭ - ʜʫʙʠʥʘ ʫʚʘʨʠʚʘˁʘ 

,
x
s ,

y
s

z
s   

- ʢʦʤʧʦʥʝʥʪʝ ʥʦʨʤʘʣʥʦʛ ʥʘʧʦʥʘ ʫ ʧʨʘʚʮʠʤʘ ʦʩʘ  

ɼʝʢʘʨʪʦʚʦʛ ʢʦʦʨʜʠʥʘʪʥʦʛ ʩʠʩʪʝʤʘ 

Vxp , Vyp    
- ʢʦʤʧʦʥʝʥʪʝ ʩʧʦˀʘʰˁʝʛ ʦʧʪʝʨʝ˂ʝˁʘ  

ʧʦ ʿʝʜʠʥʠʮʠ ʟʘʧʨʝʤʠʥʝ ʫ ʧʨʘʚʮʠʤʘ ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʘ 

,xp  yp    
- ʢʦʤʧʦʥʝʥʪʝ ʩʧʦˀʘʰˁʠʭ ʧʦʚʨʰʠʥʩʢʠʭ ʩʠʣʘ  

ʧʦ ʿʝʜʠʥʠʮʠ ʧʦʚʨʰʠʥʝ ʫ ʧʨʘʚʮʠʤʘ ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʘ 

txK   - ʬʘʢʪʦʨ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʫ ʧʨʘʚʮʫ ʫʟʜʫʞʥʝ ʦʩʝ 

tKq  - ʬʘʢʪʦʨ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʫ ʧʨʘʚʮʫ ʪʘʥʛʝʥʪʝ  

noms  - ʨʝʬʝʨʝʥʪʥʠ ʥʦʤʠʥʘʣʥʠ ʥʘʧʦʥ 

eʂ   - ʬʘʢʪʦʨ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʬʝʢʪʠʚʥʦʛ ʥʘʧʦʥʘ 

tʂ  - ʪʝʦʨʠʿʩʢʠ ʬʘʢʪʦʨ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ 

q - ʬʘʢʪʦʨ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʟʘʨʝʟ 

tfK   
- ʬʘʢʪʦʨ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʟʘʨʝʟ ʧʨʠ ʦʧʪʝʨʝ˂ʝˁʫ  

ʥʘ ʟʘʤʦʨ ʫ ʩʣʫʯʘʿʫ ʥʦʨʤʘʣʥʠʭ ʥʘʧʦʥʘ 

tsfK   
- ʬʘʢʪʦʨ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʟʘʨʝʟ ʧʨʠ ʦʧʪʝʨʝ˂ʝˁʫ  

ʥʘ ʟʘʤʦʨ ʫ ʩʣʫʯʘʿʫ ʩʤʠʮʘʿʥʠʭ ʥʘʧʦʥʘ 

1
,s  

2
,s 3s    - ʛʣʘʚʥʠ ʥʦʨʤʘʣʥʠ ʥʘʧʦʥʠ 

1,t  2,t  3t  - ʛʣʘʚʥʠ ʩʤʠʮʘʿʥʠ ʥʘʧʦʥʠ 
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,xt ,yt zt 
- ʢʦʤʧʦʥʝʥʪʝ ʩʤʠʮʘʿʥʦʛ ʥʘʧʦʥʘ ʫ ʧʨʘʚʮʠʤʘ ʦʩʘ  

ɼʝʢʘʨʪʦʚʦʛ ʢʦʦʨʜʠʥʘʪʥʦʛ ʩʠʩʪʝʤʘ 

eqs   - ʝʢʚʠʚʘʣʝʥʪʥʠ ʥʘʧʦʥ 

ny   - ʫʢʫʧʘʥ ʙʨʦʿ ʬʫʥʢʮʠʿʘ ʦʜʛʦʚʦʨʘ ʢʦʥʩʪʨʫʢʮʠʿʝ 

b   - ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʘʨʘ ʜʠʟʘʿʥʘ 

bn   - ʙʨʦʿ ʧʘʨʘʤʝʪʘʨʘ ʜʠʟʘʿʥʘ 

,i jy   - ʬʫʥʢʮʠʿʝ ʦʜʛʦʚʦʨʘ ʢʦʥʩʪʨʫʢʮʠʿʝ 

ia  - ʧʨʠʜʨʫʞʝʥʝ ʚʨʝʜʥʦʩʪʠ 

, jx   - ʧʦˀʝ ʙʨʟʠʥʝ ʜʠʟʘʿʥʘ ʢʦʥʩʪʨʫʢʮʠʿʝ 

  



12 

 

ʉʇʀʉɸʂ ʀʃʋʉʊʈɸʎʀɱɸ 

ʉʣʠʢʘ 1. ʄʘʪʝʨʠʿʘʣʠ ʧʦʿʝʜʠʥʠʭ ʜʝʣʦʚʘ ʢʘʨʦʩʝʨʠʿʝ ʧʫʪʥʠʯʢʦʛ ʘʫʪʦʤʦʙʠʣʘ .............................................. 42 

ʉʣʠʢʘ 2. ʉʪʨʫʢʪʫʨʘ ʫʧʦʪʨʝʙʝ ʤʘʪʝʨʠʿʘʣʘ ʫ ʘʫʪʦʤʦʙʠʣʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʩʘ ʧʨʦʿʝʢʮʠʿʦʤ  ......................... 43 

ʉʣʠʢʘ 3. ʄʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʛʝʥʝʨʘʮʠʿʘ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ............................................... 43 

ʉʣʠʢʘ 4. ʉʭʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʧʨʦʮʝʩʘ ʧʨʦʠʟʚʦʜˁʝ ʯʝʣʠʢʘ WELDOX 700 ʫ ʞʝʣʝʟʘʨʠ SSAB .................... 47 

ʉʣʠʢʘ 5. ɿʘʚʘʨˀʠʚʦʩʪ ʢʘʦ ʩʣʦʞʝʥ ʧʨʦʙʣʝʤ .................................................................................................. 52 

ʉʣʠʢʘ 6. ɺʦʜʦʥʠʯʥʘ ʧʨʩʣʠʥʘ ʬʦʨʤʠʨʘʥʘ ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʩʘ ʩʪʨʘʥʝ ʢʦʨʝʥʘ ................................. 55 

ʉʣʠʢʘ 7. ʄʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʘ ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ  ʦʜ 
60CM

HP +  ʠ ʜʝʙˀʠʥʝ s ............... 57 

ʉʣʠʢʘ 8. ʊʦʧʣʘ ʧʨʩʣʠʥʘ ʢʦʜ ʫʛʘʦʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ .................................................................................. 60 

ʉʣʠʢʘ 9. ʇʦʚʨʰʠʥʘ ʣʦʤʘ ʫʩʣʝʜ ʨʘʟʚʦʿʘ ʣʘʤʝʣʘʨʥʠʭ ʧʨʩʣʠʥʘ ʢʦʜ ʫʛʘʦʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ .................... 61 

ʉʣʠʢʘ 10. ʀʥʪʝʨʢʨʠʩʪʘʣʥʘ ʧʨʩʣʠʥʘ ʞʘʨʝˁʘ ................................................................................................. 62 

ʉʣʠʢʘ 11. ʇʨʝʧʦʨʫʯʝʥʝ ʚʨʝʜʥʦʩʪʠ ʤʘʢʩʠʤʘʣʥʝ ʧʦʛʦʥʩʢʝ ʝʥʝʨʛʠʿʝ 

ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʯʝʣʠʢʘ WELDOX 700 ............................................................................................ 67 

ʉʣʠʢʘ 12. ʇʨʝʧʦʨʫʯʝʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʛʦʥʩʢʝ ʝʥʝʨʛʠʿʝ ʟʘ ʟʘʚʘʨʠʚʘˁʝ 

ʩʘ ʧʨʝʜʛʨʝʚʘˁʝʤ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 125 ʠ 1750C ........................................................................ 67 

ʉʣʠʢʘ 13. ʇʨʝʧʦʨʫʯʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʛʨʝʚʘˁʘ  ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʯʝʣʠʢʘ WELDOX 700 .................... 70 

ʉʣʠʢʘ 14. ʇʨʠʥʮʠʧ ʦʜʨʝʹʠʚʘˁʘ ʝʢʚʠʚʘʣʝʥʪʥʝ ʜʝʙˀʠʥʝ ............................................................................. 71 

ʉʣʠʢʘ 15. ʇʦʣʦʞʘʿʠ ʤʝʨʝˁʘ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʜ ʫʛʘʦʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ..................................................... 71 

ʉʣʠʢʘ 16. ʆʙʣʠʢ ʠ ʜʠʤʝʥʟʠʿʝ ʞʣʝʙʘ ʟʘ ʩʫʯʝʦʥʦ ʟʘʚʘʨʠʚʘˁʝ ʧʣʦʯʘ ʚʘʨʠʿʘʥʪʦʤ ʈɽʃ/ʄɸɻ ..................... 73 

ʉʣʠʢʘ 17. ʆʙʣʠʢ ʠ ʜʠʤʝʥʟʠʿʝ ʞʣʝʙʘ ʟʘ ʩʫʯʝʦʥʦ ʟʘʚʘʨʠʚʘˁʝ ʧʣʦʯʘ ʚʘʨʠʿʘʥʪʦʤ ʄʀɻ/ʄɸɻ .................... 73 

ʉʣʠʢʘ 18. ʀʟʛʣʝʜ ʞʣʝʙʘ ʟʘ ʩʫʯʝʦʥʦ ʟʘʚʘʨʠʚʘˁʝ ʧʣʦʯʘ ʧʦʩʪʫʧʢʦʤ ʄʀɻ/ ʄɸɻ ........................................ 74 

ʉʣʠʢʘ 19. ʇʨʝʧʦʨʫʢʝ ʟʘ ʠʟʙʦʨ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʯʝʣʠʢʘ WELDOX 700. ..................... 75 

ʉʣʠʢʘ 20. ɿʘʚʘʨʠʚʘˁʝ ʜʦʜʘʪʥʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ ʨʘʟʣʠʯʠʪʠʭ ʿʘʯʠʥʘ ............................................................ 76 

ʉʣʠʢʘ 21. ʇʨʝʧʦʨʫʢʝ ʟʘ ʠʟʙʦʨ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʦʜ ʥʝʨʹʘʿʫ˂ʠʭ ʯʝʣʠʢʘ 

ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʯʝʣʠʢʘ WELDOX 700 ............................................................................................ 76 

ʉʣʠʢʘ 22. ɿʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʬʘʟʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ  ʧʨʠ ʭʣʘʹʝˁʫ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ....... 80 

ʉʣʠʢʘ 23. ʋʪʠʮʘʿ ʫʥʦʩʘ ʪʦʧʣʦʪʝ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʫ ʪʝʤʧʝʨʘʪʫʨʫ .......................................................... 80 

ʉʣʠʢʘ 24. ɿʘʦʩʪʘʣʝ ʜʝʬʦʨʤʘʮʠʿʝ ʢʦʜ ʫʛʘʦʥʠʭ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ............................................................... 83 

ʉʣʠʢʘ 25. ɿʘʦʩʪʘʣʝ ʜʝʬʦʨʤʘʮʠʿʝ ʟʘʚʘʨʝʥʠʭ ʜʝʣʦʚʘ ..................................................................................... 83 

ʉʣʠʢʘ 26. ʂʦʥʩʪʨʫʢʮʠʦʥʘ ʨʝʰʝˁʘ ʫʛʘʦʥʠʭ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ: 

ʘ) ʠ ʚ) - ʥʝʠʩʧʨʘʚʥʦ; ʙ), ʛ) ʠ ʜ) -  ʠʩʧʨʘʚʥʦ .................................................................................. 84 

ʉʣʠʢʘ 27. ʀʩʧʨʝʢʠʜʘʥʠ ʰʘʚ: ʘ) ʥʘʯʠʥ ʠʟʚʦʹʝˁʘ ʥʝʧʦʚʦˀʘʥ ʟʘ ʜʠʥʘʤʠʯʢʘ ʦʧʪʝʨʝ˂ʝˁʘ  

ʠ ʩʢʣʦʥ ʢʦʨʦʟʠʿʠ; ʙ) ʙʦˀʠ ʥʘʯʠʥ ʠʟʚʦʹʝˁʘ ʰʘʚʦʚʠʤʘ ʩʘ ʟʘʪʚʦʨʝʥʦʤ ʢʦʥʪʫʨʦʤ ..................... 84 

ʉʣʠʢʘ 28. ʈʘʩʧʦʨʝʜ ʟʘʚʘʨʠʚʘˁʘ ʢʦʜ ʜʫʛʘʯʢʠʭ ʰʘʚʦʚʘ:  ʘ) ʟʘʚʘʨʠʚʘˁʝ ʫ ʿʝʜʥʦʤ ʧʦʪʝʟʫ ʥʝʧʦʚʦˀʥʦ; 

ʙ) ʟʘʚʘʨʠʚʘˁʝ ʪʝʭʥʠʢʦʤ ʫʥʘʟʘʜ -ʧʦʚʦˀʥʠʿʝ; ʚ) ʟʘʚʘʨʠʚʘˁʝ ʥʘ ʧʨʝʩʢʦʢ - ʥʘʿʧʦʚʦˀʥʠʿʝ ......... 84 

ʉʣʠʢʘ 29. ʇʦʟʠʮʠʦʥʠʨʘˁʝ ʧʣʦʯʘ ʦʜ ʯʝʣʠʢʘ S690QL ʥʘ ʟʘʚʘʨʠʚʘʯʢʦʤ ʩʪʦʣʫ ........................................... 85 

ʉʣʠʢʘ 30. ʀʟʛʣʝʜ ʧʨʠʧʦʿʥʠʭ ʩʧʦʿʝʚʘ ʜʦʜʘʪʥʠʤ ʤʘʪʝʨʠʿʘʣʦʤ ʥʠʞʝ ʿʘʯʠʥʝ ................................................ 85 

ʉʣʠʢʘ 31. ɺʘʨʠʿʘʥʪʘ ʟʘʚʘʨʠʚʘˁʘ ʈɽʃ/ʄɸɻ - ʢʦʨʝʥʩʢʠ ʧʨʦʣʘʟ ʈɽʃ ʠ ʧʨʦʣʘʟʠ ʧʦʧʫʥʝ ʄɸɻ.................. 86 

ʉʣʠʢʘ 32. ʄʘʢʨʦʬʦʪʦʛʨʘʬʠʿʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʈɽʃ/ʄɸɻ ........................................... 86 

ʉʣʠʢʘ 33. ʇʦʣʘʛʘˁʝ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ ʈɽʃ ʧʦʩʪʫʧʢʦʤ (ʣʝʚʦ) ʠ 

ʠʟʛʣʝʜ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ ʧʦʩʣʝ ʧʦʣʘʛʘˁʘ (ʜʝʩʥʦ) ..................................................................... 87 

ʉʣʠʢʘ 34. ʋʨʝʹʘʿ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʠ ʠʟʚʦʹʝˁʝ ʧʨʦʣʘʟʘ ʧʦʧʫʥʝ ʄɸɻ ʧʦʩʪʫʧʢʦʤ ......................................... 88 

ʉʣʠʢʘ 35. ɺʘʨʠʿʘʥʪʘ ʟʘʚʘʨʠʚʘˁʘ ʄʀɻ/ʄɸɻ - ʢʦʨʝʥʩʢʠ ʧʨʦʣʘʟ ʄʀɻ ʠ ʧʨʦʣʘʟʠ ʧʦʧʫʥʝ ʄɸɻ ............... 88 

ʉʣʠʢʘ 36. ʄʘʢʨʦʬʦʪʦʛʨʘʬʠʿʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʩʧʦʿʘ ʄʀɻ/ʄɸɻ ........................................................... 88 

ʉʣʠʢʘ 37. ʉʭʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʧʦʩʪʫʧʢʘ ʞʣʝʙˀʝˁʘ ʠ ʧʦʥʦʚʥʦʛ ʧʦʣʘʛʘˁʘ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ .................. 89 

ʉʣʠʢʘ 38. ɿʘʚʘʨʝʥʠ ʩʧʦʿ ʚʘʨʠʿʘʥʪʦʤ ʄʀɻ/ʄɸɻ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʫʨʝʹʘʿ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ............................ 90 

ʉʣʠʢʘ 39. ʈʘʚʘʥʩʢʦ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦ ʩʪʘˁʝ: ................................................................................... 92 

ʉʣʠʢʘ 40. ʅʘʧʦʥʠ ʢʦʜ ʟʘʪʝʛʥʫʪʝ ʰʠʧʢʝ ʢʨʫʞʥʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʩʘ ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ ..................... 93 

ʉʣʠʢʘ 41. ɿʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʢʦʜ ʟʘʚʘʨʝʥʦʛ ʩʫʯʝʦʥʦʛ V-ʩʧʦʿʘ ...................................................................... 95 

ʉʣʠʢʘ 42. ʈʘʩʧʦʜʝʣʘ ʥʘʧʦʥʘ ʢʦʜ ʟʘʚʘʨʝʥʦʛ ʩʫʯʝʦʥʦʛ V-ʩʧʦʿʘ ʧʨʠ ʟʘʪʝʟʘˁʫ ............................................. 95 



13 

 

ʉʣʠʢʘ 43. ʈʘʩʧʦʜʝʣʘ ʥʘʧʦʥʘ ʢʦʜ ʿʝʜʥʦʩʪʨʘʥʦʛ ʠ ʜʚʦʩʪʨʘʥʦʛ ʫʛʘʦʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ............................. 96 

ʉʣʠʢʘ 44. ʈʘʩʧʦʜʝʣʘ ʥʘʧʦʥʘ ʧʨʠ ʟʘʪʝʟʘˁʫ ʢʦʜ: ʘ) ʩʠʤʝʪʨʠʯʥʦʛ ʩʫʯʝʦʥʦʛ ʩʧʦʿʘ; 

ʙ) ʢʨʩʪʘʩʪʦʛ ʜʦʙʨʦ ʧʨʦʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠ ʚ) ʢʨʩʪʘʩʪʦʛ ʩʧʦʿʘ ʩʘ ʦʪʚʦʨʠʤʘ .................................... 96 

ʉʣʠʢʘ 45. ʈʘʩʧʦʜʝʣʘ ʥʘʧʦʥʘ ʢʦʜ ʧʨʝʢʣʦʧʥʠʭ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʧʨʠ ʟʘʪʝʟʘˁʫ ........................................ 97 

ʉʣʠʢʘ 46. ʄʝʩʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʠ ʨʘʟʘʨʘˁʘ  ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʠ ʦʙʨʘʜʘ ʣʠʮʘ ʩʧʦʿʘ .................. 97 

ʉʣʠʢʘ 47. ʅʘʩʪʘʥʘʢ ʠ ʰʠʨʝˁʝ ʧʨʩʣʠʥʝ ʫ ʩʫʯʝʦʥʠʤ ʠ ʫʛʘʦʥʠʤ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʚʠʤʘ .............................. 98 

ʉʣʠʢʘ 48. ʐʠʨʝˁʝ ʠ ʧʨʦʩʪʠʨʘˁʝ ʧʨʩʣʠʥʝ ʢʦʜ ʩʫʯʝʦʥʠʭ ʠ ʫʛʘʦʥʠʭ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ........................... 98 

ʉʣʠʢʘ 49. ʇʨʠʥʮʠʧ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʦʜʨʝʹʠʚʘˁʘ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʬʝʢʪʠʚʥʦʛ ʥʘʧʦʥʘ ........... 99 

ʉʣʠʢʘ 50. ʈʘʩʧʦʨʝʜ ʥʘʧʦʥʘ ʫ ʟʦʥʠ ʟʘʨʝʟʘ ʢʦʜ ʜʫʢʪʠʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ  ..................................................... 100 

ʉʣʠʢʘ 51. ʆʩʝʪˀʠʚʦʩʪ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʟʘʨʝʟ ʧʨʠ ʟʘʤʦʨʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ  .................................................. 102 

ʉʣʠʢʘ 52. ʅʘʧʦʥʠ ʢʦʜ ʟʘʪʝʛʥʫʪʝ ʰʠʧʢʝ ...................................................................................................... 104 

ʉʣʠʢʘ 53. ʂʨʠʪʝʨʠʿʫʤʠ ʣʦʤʘ ʢʦʜ ʢʨʪʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫ ʨʘʚʥʠ  .................................................................... 105 

ʉʣʠʢʘ 54. ʄʦʨʦʚʘ ʪʝʦʨʠʿʘ ʣʦʤʘ ʢʨʪʠʭ ʤʘʪʝʨʠʿʘʣʘ ..................................................................................... 105 

ʉʣʠʢʘ 55. ʇʨʦʩʪʦʨʥʠ ʫʩʣʦʚʠ ʟʘ ʢʨʠʪʝʨʠʿʫʤʝ ʣʦʤʘ ʢʦʜ ʜʫʢʪʠʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ....................................... 106 

ʉʣʠʢʘ 56. ʄʦʜʠʬʠʢʘʮʠʿʝ ʜʠʟʘʿʥʘ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ........................................................................ 114 

ʉʣʠʢʘ 57. ʄʝʪʘʣʦʛʨʘʬʩʢʠ ʤʠʢʨʦʩʢʦʧ ʪʠʧ JENAVERT ʧʨʦʠʟʚʦʹʘʯʘ Carl Zeiss - Jena............................ 121 

ʉʣʠʢʘ 58. ʋʨʝʹʘʿ ʟʘ ʤʝʨʝˁʝ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʪʠʧ HPO - 250KR/AQ ........................................................... 122 

ʉʣʠʢʘ 59. ʇʨʘʚʮʠ ʤʝʨʝˁʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʥʘ ʫʟʦʨʢʫ ʩʘ ʩʧʦʿʝʤ ʈɽʃ/ʄɸɻ ................................................ 122 

ʉʣʠʢʘ 60. ʄʝʩʪʘ ʤʝʨʝˁʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʥʘ ʤʝʪʘʣʦʛʨʘʬʩʢʦʤ ʫʟʦʨʢʫ  

ʩʘ ʈɽʃ/ʄɸɻ ʚʘʨʠʿʘʥʪʦʤ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ................................................................................... 123 

ʉʣʠʢʘ 61. ʈʘʩʧʦʜʝʣʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʿʝʜʠʥʠʭ ʟʦʥʘ  

ʧʦ ʧʨʘʚʮʫ I-I  ʟʘ ʚʘʨʠʿʘʥʪʫ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ .............................................................. 124 

ʉʣʠʢʘ 62. ʈʘʩʧʦʜʝʣʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʿʝʜʠʥʠʭ ʟʦʥʘ ʧʦ ʧʨʘʚʮʫ II -II  ........................ 125 

ʉʣʠʢʘ 63. ʈʘʩʧʦʜʝʣʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʿʝʜʠʥʠʭ ʟʦʥʘ ʧʦ ʧʨʘʚʮʫ III -III  ..................... 127 

ʉʣʠʢʘ 64. ʄʝʩʪʘ ʤʝʨʝˁʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʥʘ ʤʝʪʘʣʦʛʨʘʬʩʢʦʤ ʫʟʦʨʢʫ 

ʩʘ ʄʀɻ/ʄɸɻ ʚʘʨʠʿʘʥʪʦʤ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ................................................................................. 128 

ʉʣʠʢʘ 65. ʈʘʩʧʦʜʝʣʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʿʝʜʠʥʠʭ ʟʦʥʘ ʧʦ ʧʨʘʚʮʫ I-I ............................ 129 

ʉʣʠʢʘ 66. ʈʘʩʧʦʜʝʣʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʿʝʜʠʥʠʭ ʟʦʥʘ ʧʦ ʧʨʘʚʮʫ II -II  

ʟʘ ʚʘʨʠʿʘʥʪʫ ʄʀɻ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ .................................................................................... 130 

ʉʣʠʢʘ 67. ʈʘʩʧʦʜʝʣʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʿʝʜʠʥʠʭ ʟʦʥʘ ʧʦ ʧʨʘʚʮʫ III-III  

ʟʘ ʚʘʨʠʿʘʥʪʫ ʄʀɻ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ .................................................................................... 132 

ʉʣʠʢʘ 68. ʋʥʠʚʝʨʟʘʣʥʠ ʫʨʝʹʘʿ ʟʘ ʠʩʧʠʪʠʚʘˁʝ Zwick Roell z100 .............................................................. 133 

ʉʣʠʢʘ 69. ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʦʙʣʠʮʠ ʜʠʿʘʛʨʘʤʘ ʟʘʚʠʩʥʦʩʪʠ ʩʠʣʘ - ʠʟʜʫʞʝˁʝ .......................................... 134 

ʉʣʠʢʘ 70. ʆʙʣʠʢ, ʜʠʤʝʥʟʠʿʝ ʠ ʠʟʛʣʝʜ ʝʧʨʫʚʝʪʝ .......................................................................................... 136 

ʉʣʠʢʘ 71. ɿʘʚʠʩʥʦʩʪ ʩʠʣʘ - ʠʟʜʫʞʝˁʝ ʟʘ ʠʩʧʠʪʠʚʘʥʫ ʝʧʨʫʚʝʪʫ 1-1 .......................................................... 137 

ʉʣʠʢʘ 72. ɿʘʚʠʩʥʦʩʪʠ ʩʠʣʘ - ʠʟʜʫʞʝˁʝ ʦʜʨʝʹʝʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠ ʥʫʤʝʨʠʯʢʠ .................................. 138 

ʉʣʠʢʘ 73. ʇʦˀʝ ʝʬʝʢʪʠʚʥʝ ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʘʮʠʿʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 20ÁC ........................................ 138 

ʉʣʠʢʘ 74. ʇʦˀʝ ʝʬʝʢʪʠʚʥʝ ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʘʮʠʿʝ ʫ ʟʦʥʠ ʥʘʩʪʘʥʢʘ ʧʨʝʣʦʤʘ ʝʧʨʫʚʝʪʝ ....................... 139 

ʉʣʠʢʘ 75. ʇʦˀʝ ʝʬʝʢʪʠʚʥʦʛ ʥʘʧʦʥʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 20ÁC ................................................................... 139 

ʉʣʠʢʘ 76. ʇʦˀʝ ʝʬʝʢʪʠʚʥʦʛ ʥʘʧʦʥʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 20ÁC ................................................................... 140 

ʉʣʠʢʘ 77. ɿʘʚʠʩʥʦʩʪ ʩʠʣʘ - ʠʟʜʫʞʝˁʝ ʟʘ ʝʧʨʫʚʝʪʝ ʩʘ ʚʘʨʠʿʘʥʪʦʤ ʈɽʃ/ʄɸɻ ʠʣʠ ʄʀɻ/ʄɸɻ 

ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ............................................................................................................................. 141 

ʉʣʠʢʘ 78. ʍʠʩʪʦʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʚʨʝʜʥʦʩʪʠ ʟʘʪʝʟʥʝ ʿʘʯʠʥʝ ʠ ʥʘʧʦʥʘ ʪʝʯʝˁʘ ʢʦʜ ʝʧʨʫʚʝʪʘ ʦʜ ʆʄ  

ʠ ʩʘ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʤ ʦʩʪʚʘʨʝʥʠʤ ʚʘʨʠʿʘʥʪʦʤ ʄʀɻ/ʄɸɻ ʠʣʠ ʈɽʃ/ʄɸɻ ............................. 142 

ʉʣʠʢʘ 79. ʍʠʩʪʦʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʚʨʝʜʥʦʩʪʠ ʠʟʜʫʞʝˁʘ ʜʦ ʢʠʜʘˁʘ ʢʦʜ ʝʧʨʫʚʝʪʘ ʦʜ ʆʄ  

ʠ ʩʘ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʤ ʦʩʪʚʘʨʝʥʠʤ ʚʘʨʠʿʘʥʪʦʤ ʄʀɻ/ʄɸɻ ʠʣʠ ʈɽʃ/ʄɸɻ ............................. 143 

ʉʣʠʢʘ 80. ʀʟʛʣʝʜ ʝʧʨʫʚʝʪʘ ʩʘ ʚʘʨʠʿʘʥʪʦʤ ʄʀɻ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʧʦʩʣʝ ʢʠʜʘˁʘ ............................ 143 

ʉʣʠʢʘ 81. ʀʟʛʣʝʜ ʝʧʨʫʚʝʪʘ ʩʘ ʚʘʨʠʿʘʥʪʦʤ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʧʦʩʣʝ ʢʠʜʘˁʘ ............................. 143 

ʉʣʠʢʘ 82. ʆʙʣʠʢ, ʜʠʤʝʥʟʠʿʝ ʠ ʠʟʛʣʝʜ ʝʧʨʫʚʝʪʝ ʩʘ   V-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ ʥʘ ʧʦʣʦʚʠʥʠ ʤʝʨʥʦʛ ʜʝʣʘ ..... 144 

ʉʣʠʢʘ 83. ɼʠʿʘʛʨʘʤʠ ʩʠʣʘ - ʠʟʜʫʞʝˁʝ ʟʘ ʝʧʨʫʚʝʪʫ 4-1  

ʩʘ V-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ ʥʘ ʧʦʣʦʚʠʥʠ ʤʝʨʥʦʛ ʜʝʣʘ ..................................................................... 145 



14 

 

ʉʣʠʢʘ 84. ʍʠʩʪʦʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʚʨʝʜʥʦʩʪʠ ʟʘʪʝʟʥʝ ʯʚʨʩʪʦ˂ʝ ʠ ʥʘʧʦʥʘ ʪʝʯʝˁʘ  

ʢʦʜ  ʝʧʨʫʚʝʪʘ ʦʜ ʆʄ ʠ ʩʘ V-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ .......................................................................... 145 

ʉʣʠʢʘ 85. ʀʟʛʣʝʜ ʝʧʨʫʚʝʪʘ ʩʘ V-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ ʧʦʩʣʝ ʠʟʚʝʜʝʥʦʛ ʠʩʧʠʪʠʚʘˁʘ .................................. 146 

ʉʣʠʢʘ 86. ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʟʘʚʠʩʥʦʩʪʠ ʩʠʣʘ - ʠʟʜʫʞʝˁʝ ʢʦʜ ʝʧʨʫʚʝʪʘ 

ʩʘ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʤ ʠ V-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ ............................................................................... 147 

ʉʣʠʢʘ 87. ʍʠʩʪʦʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʚʨʝʜʥʦʩʪʠ ʟʘʪʝʟʥʝ ʯʚʨʩʪʦ˂ʝ ʠ ʥʘʧʦʥʘ ʪʝʯʝˁʘ ʢʦʜ ʝʧʨʫʚʝʪʘ  

ʩʘ V-ʞʣʝʙʦʤ ʦʜ ʆʄ ʠ ʩʘ ʚʘʨʠʿʘʥʪʦʤ ʄʀɻ/ʄɸɻ ʠʣʠ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ .................. 147 

ʉʣʠʢʘ 88. ʀʟʛʣʝʜ ʝʧʨʫʚʝʪʘ ʩʘ ʚʘʨʠʿʘʥʪʦʤ ʄʀɻ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠ 

V-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ ʯʠʿʝ ʩʝ ʦʩʝ ʧʦʢʣʘʧʘʿʫ ʧʦʩʣʝ ʠʩʧʠʪʠʚʘˁʘ ................................................. 148 

ʉʣʠʢʘ 89. ʀʟʛʣʝʜ ʝʧʨʫʚʝʪʘ ʩʘ ʚʘʨʠʿʘʥʪʦʤ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ 

ʠ V-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ ʯʠʿʝ ʩʝ ʦʩʝ ʧʦʢʣʘʧʘʿʫ ʧʦʩʣʝ ʠʩʧʠʪʠʚʘˁʘ .............................................. 148 

ʉʣʠʢʘ 90. ʆʙʣʠʢ, ʜʠʤʝʥʟʠʿʝ ʠ ʠʟʛʣʝʜ ʝʧʨʫʚʝʪʝ ʩʘ V-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ ʥʘ 5 mm  

ʦʜ ʦʩʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʚʘʨʠʿʘʥʪʝ ʈɽʃ/ʄɸɻ ʠʣʠ ʄʀɻ/ʄɸɻ .................................................... 149 

ʉʣʠʢʘ 91. ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʟʘʚʠʩʥʦʩʪʠ ʩʠʣʘ - ʠʟʜʫʞʝˁʝ ʢʦʜ ʝʧʨʫʚʝʪʘ ʩʘ ʚʘʨʠʿʘʥʪʦʤ  

ʈɽʃ/ʄɸɻ ʠʣʠ ʄʀɻ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠ V-ʞʣʝʙʦʤ ʥʘ 5 mm ʦʜ ʦʩʝ ʦʚʦʛ ʩʧʦʿʘ............... 150 

ʉʣʠʢʘ 92. ʍʠʩʪʦʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʟʘʪʝʟʥʝ ʯʚʨʩʪʦ˂ʝ ʠ ʥʘʧʦʥʘ ʪʝʯʝˁʘ ʢʦʜ ʝʧʨʫʚʝʪʘ ʦʜ ʆʄ ʠ ʩʘ  

ʚʘʨʠʿʘʥʪʦʤ ʄʀɻ/ʄɸɻ ʠʣʠ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠ V-ʞʣʝʙʦʤ ʥʘ 5 mm ʦʜ ʦʩʝ ʩʧʦʿʘ ... 150 

ʉʣʠʢʘ 93. ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʟʘʚʠʩʥʦʩʪʠ ʩʠʣʘ - ʠʟʜʫʞʝˁʝ ʢʦʜ ʝʧʨʫʚʝʪʘ ʩʘ ʚʘʨʠʿʘʥʪʦʤ  

ʈɽʃ/ʄɸɻ ʠʣʠ ʄʀɻ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠ V-ʞʣʝʙʦʤ ʥʘ 10 mm ʦʜ ʦʩʝ ʦʚʦʛ ʩʧʦʿʘ............. 151 

ʉʣʠʢʘ 94. ʍʠʩʪʦʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʟʘʪʝʟʥʝ ʯʚʨʩʪʦ˂ʝ ʠ ʥʘʧʦʥʘ ʪʝʯʝˁʘ ʢʦʜ ʝʧʨʫʚʝʪʘ ʦʜ ʆʄ ʠ ʩʘ  

ʚʘʨʠʿʘʥʪʦʤ ʄʀɻ/ʄɸɻ ʠʣʠ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠ V-ʞʣʝʙʦʤ ʥʘ 10 mm ʦʜ ʦʩʝ ʩʧʦʿʘ . 152 

ʉʣʠʢʘ 95. ʀʟʛʣʝʜ ʝʧʨʫʚʝʪʝ ʩʘ ʚʘʨʠʿʘʥʪʦʤ ʄʀɻ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠ V-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ  

ʥʘ 10 mm ʦʜ ʦʩʝ ʩʧʦʿʘ ʧʦʩʣʝ ʠʟʚʝʜʝʥʦʛ ʠʩʧʠʪʠʚʘˁʘ................................................................. 152 

ʉʣʠʢʘ 96. ɽʧʨʫʚʝʪʘ ʩʘ ʚʘʨʠʿʘʥʪʦʤ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠ  V-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ  

ʥʘ 10 mm ʦʜ ʦʩʝ ʩʧʦʿʘ ʧʦʩʣʝ ʠʟʚʝʜʝʥʦʛ ʠʩʧʠʪʠʚʘˁʘ................................................................. 153 

ʉʣʠʢʘ 97. ʍʠʩʪʦʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʚʨʝʜʥʦʩʪʠ ʟʘʪʝʟʥʝ ʿʘʯʠʥʝ ʠ ʥʘʧʦʥʘ ʪʝʯʝˁʘ ʢʦʜ ʝʧʨʫʚʝʪʘ ʦʜ ʆʄ ʠ ʩʘ 

ʚʘʨʠʿʘʥʪʦʤ ʄʀɻ/ʄɸɻ ʠʣʠ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠ V-ʞʣʝʙʦʤ ʯʠʿʝ ʩʝ ʦʩʝ ʧʦʢʣʘʧʘʿʫ... 153 

ʉʣʠʢʘ 98. ʍʠʩʪʦʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʚʨʝʜʥʦʩʪʠ ʟʘʪʝʟʥʝ ʿʘʯʠʥʝ ʠ ʥʘʧʦʥʘ ʪʝʯʝˁʘ ʢʦʜ ʝʧʨʫʚʝʪʘ  

ʩʘ ʚʘʨʠʿʘʥʪʦʤ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠ V-ʞʣʝʙʦʤ ............................................................. 154 

ʉʣʠʢʘ 99. ʍʠʩʪʦʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʚʨʝʜʥʦʩʪʠ ʟʘʪʝʟʥʝ ʿʘʯʠʥʝ ʠ ʥʘʧʦʥʘ ʪʝʯʝˁʘ ʢʦʜ ʝʧʨʫʚʝʪʘ  

ʩʘ ʚʘʨʠʿʘʥʪʦʤ ʄʀɻ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠ V-ʞʣʝʙʦʤ ............................................................ 155 

ʉʣʠʢʘ 100. ʆʙʣʠʮʠ ʠ ʜʠʤʝʥʟʠʿʝ ʝʧʨʫʚʝʪʘ ʩʘ ʦʪʚʦʨʠʤʘ ............................................................................. 156 

ʉʣʠʢʘ 101. ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʠʭ ʟʘʚʠʩʥʦʩʪʠ ʩʠʣʘ - ʠʟʜʫʞʝˁ ʝ  

ʢʦʜ ʝʧʨʫʚʝʪʘ ʩʘ ʦʪʚʦʨʠʤʘ ......................................................................................................... 157 

ʉʣʠʢʘ 102. ʍʠʩʪʦʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʚʨʝʜʥʦʩʪʠ ʟʘʪʝʟʥʝ ʿʘʯʠʥʝ ʠ ʥʘʧʦʥʘ ʪʝʯʝˁʘ  

ʢʦʜ ʝʧʨʫʚʝʪʘ ʩʘ ʦʪʚʦʨʠʤʘ ......................................................................................................... 157 

ʉʣʠʢʘ 103. ʀʟʛʣʝʜ ʩʝʨʠʿʝ ʝʧʨʫʚʝʪʘ ʩʘ ʤʠʤʦʠʣʘʟʥʠʤ ʦʪʚʦʨʠʤʘ  

ʥʘ ʨʘʩʪʦʿʘˁʫ 5 mm ʧʦʩʣʝ ʠʩʧʠʪʠʚʘˁʘ ..................................................................................... 158 

ʉʣʠʢʘ 104. ʀʟʛʣʝʜ ʩʝʨʠʿʝ ʝʧʨʫʚʝʪʘ ʩʘ ʤʠʤʦʠʣʘʟʥʠʤ ʦʪʚʦʨʠʤʘ  

ʥʘ ʨʘʩʪʦʿʘˁʫ 10 mm ʧʦʩʣʝ ʠʩʧʠʪʠʚʘˁʘ ................................................................................... 158 

ʉʣʠʢʘ 105. ʀʟʛʣʝʜ ʩʝʨʠʿʝ ʝʧʨʫʚʝʪʘ ʩʘ ʤʠʤʦʠʣʘʟʥʠʤ ʦʪʚʦʨʠʤʘ  

ʥʘ ʨʘʩʪʦʿʘˁʫ 15 mm ʧʦʩʣʝ ʠʩʧʠʪʠʚʘˁʘ ................................................................................... 158 

ʉʣʠʢʘ 106. ʆʙʣʠʢ ʠ ʜʠʤʝʥʟʠʿʝ ʝʧʨʫʚʝʪʝ ʩʘ U-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ ʨʘʜʠʿʫʩʘ 10 mm .................................. 159 

ʉʣʠʢʘ 107. ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʠʭ ʟʘʚʠʩʥʦʩʪʠ ʩʠʣʘ - ʠʟʜʫʞʝˁʝ   

ʢʦʜ ʝʧʨʫʚʝʪʘ ʩʘ U-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ ʨʘʜʠʿʫʩʘ 10 mm ............................................................ 160 

ʉʣʠʢʘ 108. ʍʠʩʪʦʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʚʨʝʜʥʦʩʪʠ ʟʘʪʝʟʥʝ ʿʘʯʠʥʝ ʠ ʥʘʧʦʥʘ ʪʝʯʝˁʘ  

ʢʦʜ ʝʧʨʫʚʝʪʘ ʩʘ U-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ ʨʘʜʠʿʫʩʘ 10 mm ............................................................ 160 

ʉʣʠʢʘ 109. ʀʟʛʣʝʜ ʝʧʨʫʚʝʪʘ ʦʜ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʩʘ U-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ ʨʘʜʠʿʫʩʘ 10 mm  

ʥʘ ʧʦʣʦʚʠʥʠ ʤʝʨʥʦʛ ʜʝʣʘ ʧʦʩʣʝ ʠʩʧʠʪʠʚʘˁʘ .......................................................................... 161 

ʉʣʠʢʘ 110. ɽʧʨʫʚʝʪʝ ʩʘ ʈɽʃ/ʄɸɻ ʚʘʨʠʿʘʥʪʦʤ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ  ʠ U-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ  

ʨʘʜʠʿʫʩʘ 10 mm ʯʠʿʝ ʩʝ ʦʩʝ ʧʦʢʣʘʧʘʿʫ ʧʦʩʣʝ ʠʩʧʠʪʠʚʘˁʘ ..................................................... 161 



15 

 

ʉʣʠʢʘ 111. ɽʧʨʫʚʝʪʝ ʩʘ ʄʀɻ/ʄɸɻ ʚʘʨʠʿʘʥʪʦʤ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ  ʠ U-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ  

ʨʘʜʠʿʫʩʘ 10 mm ʯʠʿʝ ʩʝ ʦʩʝ ʧʦʢʣʘʧʘʿʫ ʧʦʩʣʝ ʠʩʧʠʪʠʚʘˁʘ ..................................................... 161 

ʉʣʠʢʘ 112. ʆʙʣʠʢ ʠ ʜʠʤʝʥʟʠʿʝ ʝʧʨʫʚʝʪʝ ʩʘ U-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ ʨʘʜʠʿʫʩʘ 20 mm .................................. 162 

ʉʣʠʢʘ 113. ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʠʭ ʟʘʚʠʩʥʦʩʪʠ ʩʠʣʘ - ʠʟʜʫʞʝˁʝ   

ʢʦʜ ʝʧʨʫʚʝʪʘ ʩʘ U-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ ʨʘʜʠʿʫʩʘ 20 mm ............................................................ 163 

ʉʣʠʢʘ 114. ʍʠʩʪʦʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʚʨʝʜʥʦʩʪʠ ʟʘʪʝʟʥʝ ʿʘʯʠʥʝ ʠ ʥʘʧʦʥʘ ʪʝʯʝˁʘ   

ʢʦʜ ʝʧʨʫʚʝʪʘ ʩʘ U-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ ʨʘʜʠʿʫʩʘ 20 mm ............................................................ 163 

ʉʣʠʢʘ 115. ʀʟʛʣʝʜ ʝʧʨʫʚʝʪʘ ʦʜ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʩʘ U-ʞʣʝʙʦʤ  ʧʦ ʦʙʠʤʫ  
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ʋɺʆɼʅA ʈɸɿʄɸʊʈɸɳɸ 

  ʌʣʝʢʩʠʙʠʣʥʦʩʪ ʧʦʩʪʫʧʢʘ ʟʘʚʘʨʠʚʘˁʘ, ʢʘʦ ʠ ʝʢʦʥʦʤʩʢʠ ʘʩʧʝʢʪʠ ʦʚʦʛ ʧʦʩʪʫʧʢʘ ʩʧʘʿʘˁʘ, 

ʫʩʣʦʚʠʣʠ ʩʫ ʜʘ ʦʥ ʧʦʩʪʘʥʝ ʿʝʜʘʥ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʤʝʪʦʜʘ ʩʧʘʿʘˁʘ ʧʨʠ ʬʦʨʤʠʨʘˁʫ ʤʘʰʠʥʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʿʘ. ʈʘʟʚʦʿ ʥʦʚʠʭ ʠ ʫʥʘʧʨʝʹʝˁʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʩʪʦʿʝ˂ʠʭ ʯʝʣʠʢʘ ʟʘ ʠʟʨʘʜʫ 

ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʦʤʦʛʫ˂ʠʣʠ ʩʫ ʚʝʦʤʘ ʰʠʨʦʢʫ ʦʙʣʘʩʪ ʧʨʠʤʝʥʝ ʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʠʿʘ, ʢʘʦ ʰʪʦ ʩʫ ʤʦʩʪʦʚʠ, ʜʠʟʘʣʠʮʝ, ʢʨʦʚʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ, ʟʛʨʘʜʝ, ʨʝʟʝʨʚʦʘʨʠ, 

ʝʣʝʤʝʥʪʠ ʤʘʰʠʥʘ (ʟʫʧʯʘʥʠʮʠ, ʨʝʤʝʥʠʮʝ, ʧʦʩʪʦˀʘ, ʢʫ˂ʠʰʪʘ, ...) ʠ ʜʨ. ʊʝʭʥʦʣʦʛʠʿʘ ʟʘʚʘʨʠʚʘˁʘ 

ʩʝ ʥʘʛʣʦ ʨʘʟʚʠʣʘ ʫ ʧʦʩʣʝʜˁʠʭ ʧʝʜʝʩʝʪʘʢ ʛʦʜʠʥʘ ʫʟ ʠʟʜʚʘʿʘˁʝ ʠ ʜʝʬʠʥʠʩʘˁʝ ʚʝʣʠʢʦʛ ʙʨʦʿʘ 

ʨʘʟʣʠʯʠʪʠʭ ʧʦʩʪʫʧʘʢʘ ʟʘʚʘʨʠʚʘˁʘ. 

 ɿʘʭʪʝʚʠ ʟʘ ʧʦʚʝ˂ʘˁʝʤ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ, ʢʘʦ ʠ ʨʘʩʪʫ˂ʘ ʮʝʥʘ ʤʘʪʝʨʠʿʘʣʘ ʫʩʣʦʚˀʘʚʘʿʫ 

ʩʤʘˁʝˁʝ ʤʘʩʝ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ, ʰʪʦ ʩʝ ʯʝʩʪʦ ʧʦʩʪʠʞʝ ʫʧʦʪʨʝʙʦʤ 

ʢʦʥʩʪʨʫʢʮʠʦʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʧʦʙʦˀʰʘʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʦʩʦʙʠʥʘ. ʂʦʥʩʪʨʫʢʮʠʦʥʘ ʨʝʰʝˁʘ 

ʩʘ ʩʤʘˁʝʥʦʤ ʤʘʩʦʤ ʥʠʩʫ ʠʩʪʦʛ ʦʙʣʠʢʘ ʠ ʜʠʤʝʥʟʠʿʘ ʢʘʦ ʢʦʥʩʪʨʫʢʮʠʿʝ ʢʦʿʝ ʬʫʥʢʮʠʦʥʘʣʥʦ 

ʤʝˁʘʿʫ ʧʘ ʿʝ ʥʘʧʦʥʩʢʦ ʩʪʘˁʝ ʢʦʿʝ ʫ ˁʠʤʘ ʚʣʘʜʘ, ʥʘʿʯʝʰ˂ʝ, ʤʥʦʛʦ ʩʣʦʞʝʥʠʿʝ. ɸʥʘʣʠʟʘ ʩʣʦʞʝʥʠʭ 

ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʩʪʘˁʘ ʫ ʟʘʚʘʨʝʥʠʤ ʤʘʰʠʥʩʢʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ ʫʟ ʥʝʠʟʙʝʞʥʫ 

ʥʝʭʦʤʦʛʝʥʦʩʪ  ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʿʘʣʘ, ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚ ʦʮʝʥʝ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʨʝʰʝˁʘ ʠ  

ʘʥʘʣʠʟʝ ʠʥʪʝʛʨʠʪʝʪʘ ʘʥʘʣʠʟʠʨʘʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ.   

  ʉʘʛʣʘʩʥʦ ʪʝʞˁʠ ʟʘ ʩʤʘˁʝˁʝʤ ʤʘʩʝ, ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʩʘʚʨʝʤʝʥʠʭ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʿʘ ʧʦʩʪʦʿʠ ʪʨʝʥʜ ʩʤʘˁʝˁʘ ʜʠʤʝʥʟʠʿʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ˁʠʭʦʚʠʭ ʝʣʝʤʝʥʘʪʘ, ʰʪʦ 

ʫʩʣʦʚˀʘʚʘ ʨʘʩʪ ʥʠʚʦʘ ʥʘʧʦʥʘ ʠ ʫʩʣʦʞʘʚʘˁʝ ʥʘʧʦʥʩʢʦʛ ʩʪʘˁʘ. ʄʝʭʘʥʠʯʢʘ ʦʧʪʝʨʝ˂ʝˁʘ 

ʦʜʛʦʚʦʨʥʠʭ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʪʦʢʦʤ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʩʫ ʥʘʿʯʝʰ˂ʝ ʚʝʦʤʘ 

ʧʨʦʤʝʥˀʠʚʦʛ ʢʘʨʘʢʪʝʨʘ. ʇʦʚʝ˂ʘˁʝ ʫʯʝʩʪʘʣʦʩʪʠ ʧʨʦʤʝʥʘ ʢʘʨʘʢʪʝʨʘ ʥʘʧʦʥʘ, ʢʘʦ ʠ ʩʘʤʦ 

ʧʦʚʝ˂ʘˁʝ ʥʘʧʦʥʘ ʫʩʣʦʚˀʘʚʘʿʫ ʚʝ˂ʫ ʦʧʘʩʥʦʩʪ ʦʜ ʟʘʤʦʨʘ ʤʘʪʝʨʠʿʘʣʘ, ʢʘʦ ʠ ʥʘʩʪʘʥʢʘ ʠ ʨʘʟʚʦʿʘ 

ʟʘʤʦʨʥʠʭ ʧʨʩʣʠʥʘ. ʋʟʨʦʢ ʧʦʚʝ˂ʘˁʘ ʥʠʚʦʘ ʥʘʧʦʥʘ ʫ ʩʘʚʨʝʤʝʥʠʤ ʟʘʚʘʨʝʥʠʤ ʤʘʰʠʥʩʢʠʤ 

ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ ʿʝʩʪʝ ʠ ʩʥʠʞʘʚʘˁʝ ˁʠʭʦʚʦʛ ʩʪʝʧʝʥʘ ʩʠʛʫʨʥʦʩʪʠ. ʋʟʨʦʮʠ ʩʥʠʞʘʚʘˁʘ ʩʪʝʧʝʥʘ 

ʩʠʛʫʨʥʦʩʪʠ ʩʫ ʩʤʘˁʝˁʝ ʤʘʩʝ ʠ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ, ʧʦʙʦˀʰʘˁʝ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ, ʘʣʠ 

ʠʩʪʦʚʨʝʤʝʥʦ ʫʩʣʦʚˀʝʥ ʨʘʩʪ ʩʠʛʫʨʥʦʩʥʠʭ ʨʠʟʠʢʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʦʛʨʘʥʠʯʝˁʝ ʧʨʠ 

ʧʨʦʿʝʢʪʦʚʘˁʫ ʢʦʥʩʪʨʫʢʮʠʿʝ.  

 ʉʘʚʨʝʤʝʥʠ ʟʘʭʪʝʚʠ ʢʦʿʠ ʩʝ ʧʦʩʪʘʚˀʘʿʫ ʧʨʝʜ ʦʜʛʦʚʦʨʥʝ ʟʘʚʘʨʝʥʝ ʤʘʰʠʥʩʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ 

ʠʤʧʣʠʮʠʨʘʿʫ ʨʘʟʚʦʿ ʠ ʫʧʦʪʨʝʙʫ ʥʦʚʠʭ ʢʣʘʩʘ ʯʝʣʠʢʘ ʯʠʿʝ ʩʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʧʦʥʘʰʘˁʘ ʤʦʨʘʿʫ 

ʘʥʘʣʠʟʠʨʘʪʠ ʫ ʨʝʘʣʥʠʤ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʤ ʫʩʣʦʚʠʤʘ. ʇʨʝʜʥʦʩʪʠ ʫʧʦʪʨʝʙʝ ʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ 

ʫʪʝʤʝˀʫʿʫ ʩʝ ʪʦʢʦʤ ʧʨʦʿʝʢʪʦʚʘˁʘ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʀʩʪʦʚʨʝʤʝʥʦ, ʩʚʝ ʚʝ˂ʘ ʧʘʞˁʘ 

ʧʦʢʣʘˁʘ ʩʝ ʢʦʥʪʨʦʣʠ ʫʣʘʟʥʠʭ ʩʠʨʦʚʠʥʘ (ʨʝʧʨʦ ʤʘʪʝʨʠʿʘʣʘ), ʪʝʭʥʦʣʦʛʠʿʠ ʧʨʠʤʘʨʥʝ ʧʨʝʨʘʜʝ ʠ 

ʢʦʥʪʨʦʣʠ ˁʠʭʦʚʦʛ ʢʚʘʣʠʪʝʪʘ.  

 ɿʘʭʪʝʚʠ ʠ ʦʯʝʢʠʚʘˁʘ ʜʨʫʰʪʚʘ ʟʘ ʧʦʚʝ˂ʘʚʘˁʝʤ ʩʠʛʫʨʥʦʩʪʠ ʠ ʧʦʫʟʜʘʥʦʩʪʠ ʫʟ ʠʩʪʦʚʨʝʤʝʥʠ 

ʨʘʩʪ ʙʝʟʙʝʜʥʦʩʥʠʭ ʨʠʟʠʢʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʟʥʘʯʘʿʥʝ ʘʩʧʝʢʪʝ ʧʨʦʿʝʢʪʦʚʘˁʘ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʿʘ. 

ʌʝʥʦʤʝʥ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʫ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʿʝ ʠʟʫʟʝʪʥʦ 

ʚʘʞʘʥ ʬʘʢʪʦʨ ʧʨʠ ʘʥʘʣʠʟʠ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ ʫ ʟʘʚʘʨʝʥʠʤ ʤʘʰʠʥʩʢʠʤ 

ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ. ʆʜʨʝʹʠʚʘˁʝ ʫʪʠʮʘʿʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʥʘ ʧʦʥʘʰʘˁʝ ʠ ʥʦʩʠʚʦʩʪ 

ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ 

ʬʘʢʪʦʨʘ ʢʦʿʠ ʪʨʝʙʘ ʨʘʟʤʦʪʨʠʪʠ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʦʜʛʦʚʦʨʥʠʭ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʿʘ. 

ʋʟʨʦʮʠ ʛʫʙʠʪʢʘ ʠʥʪʝʛʨʠʪʝʪʘ ʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʿʘ ʩʫ ʧʨʝʜʤʝʪ ʨʘʟʤʘʪʨʘˁʘ ʚʝ˂ 

ʚʠʰʝ ʦʜ 150 ʛʦʜʠʥʘ. ʃʦʤʦʚʠ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʫ ʤʘʪʝʨʠʿʘʣʫ ʠ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʫʩʣʝʜ 

ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʿʘ ʩʫ ʥʘʠʟʛʣʝʜ ʫ ʧʨʝʜʚʠʹʝʥʠʤ ʛʨʘʥʠʮʘʤʘ, ʩʪʘʣʥʠ ʩʫ ʧʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ 
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ʢʦʥʩʪʨʫʢʪʦʨʘ ʠ ʤʝʪʘʣʫʨʛʘ ʚʝ˂ ʜʫʞʝ ʚʨʝʤʝ. ʍʘʿʥʨʠʭ ɻʝʨʙʝʨ (Heinrich Gerber) ʿʝ 1865. ʛʦʜʠʥʝ 

ʨʘʟʤʘʪʨʘʦ ʦʚʘʿ ʬʝʥʦʤʝʥ ʧʨʠʣʠʢʦʤ ʜʦʢʘʟʘ ʥʦʩʠʚʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʿʝ ʤʦʩʪʘ ʥʘ ʨʝʮʠ ʈʘʿʥʠ 

(Mainzer Rheinbrücke), ʿ ʦʰ ʧʨʝ ʦʙʿʘʚˀʠʚʘˁʘ ʠʩʪʨʘʞʠʚʘˁʘ ɸʚʛʫʩʪʘ ɺʝʣʝʨʘ (Augusta Wöhlera) ʦ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʥʘʧʦʥʘ ʠ ʟʘʤʦʨʫ ʤʘʪʝʨʠʿʘʣʘ ʦʜ 1877. ʛʦʜʠʥʝ. ʋ ʧʨʚʠʤ ʧʨʦʧʠʩʠʤʘ ʟʘ ʞʝʣʝʟʥʠʯʢʝ 

ʤʦʩʪʦʚʝ (Vorshrift für Eisenbahnbrücken) ʢʦʿʠ ʩʫ ʠʟʜʘʪʠ 1922. ʛʦʜʠʥʝ ʧʨʦʙʣʝʤ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʥʘʧʦʥʘ ʿʝ ʦʙʫʭʚʘ˂ʝʥ ʫʚʦʹʝˁʝʤ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʬʘʢʪʦʨʘ [18, 20, 41]. ɸʢʪʫʝʣʥʝ ʧʨʦʮʝʜʫʨʝ ʟʘ 

ʘʥʘʣʠʟʫ ʥʘʧʦʥʩʢʦʛ ʩʪʘˁʘ ʫ ʟʘʚʘʨʝʥʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ ʧʨʦʧʠʩʫʿʝ ɽʚʨʦʧʩʢʠ ʢʦʤʠʪʝʪ ʟʘ 

ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʫ (European Committee for Standardization) ʫ ʩʪʘʥʜʘʨʜʫ EN 1993-1-1(2005): 

Eurocode 3 ʢʦʿʠ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʫ ʚʝ˂ʠʥʠ ʥʘʮʠʦʥʘʣʥʠʭ ʩʪʘʥʜʘʨʜʘ ʟʝʤʘˀʘ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ ʢʘʦ 

ʠ ʫ ʥʘʮʠʦʥʘʣʥʦʤ ʩʪʘʥʜʘʨʜʫ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ SRPS ɽʅ 1993-1-1:2012 ɽʚʨʦʢʦʜ 3 - 

ʇʨʦʿʝʢʪʦʚʘˁʝ ʯʝʣʠʯʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ [30].  

 ʇʨʦʿʝʢʪʦʚʘˁʝ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʜʝʬʠʥʠʩʘˁʫ ˁʠʭʦʚʦʛ 

ʛʨʘʥʠʯʥʦʛ ʩʪʘˁʘ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʩʢʫʧ ʬʘʢʪʦʨʘ (ʦʧʪʝʨʝ˂ʝˁʝ, ʜʝʬʦʨʤʘʮʠʿʝ, ʠʪʜ.) ʠ ʯʠʿʠʤ 

ʧʨʝʢʦʨʘʯʝˁʝʤ ʢʦʥʩʪʨʫʢʮʠʿʘ ʚʠʰʝ ʥʝ ʟʘʜʦʚʦˀʘʚʘ ʟʘʜʘʪʝ ʟʘʭʪʝʚʝ (ʥʧʨ. ʦʧʪʝʨʝ˂ʝˁʝ ʚʝ˂ʝ ʦʜ 

ʥʦʩʠʚʦʩʪʠ ʠʣʠ ʜʝʬʦʨʤʘʮʠʿʝ ʚʝ˂ʝ ʦʜ ʜʦʟʚʦˀʝʥʠʭ ʢʦʿʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʬʫʥʢʮʠʿʫ). ɻʨʘʥʠʯʥʘ ʩʪʘˁʘ 

ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʤʦʛʫ ʩʝ ʦʜʥʦʩʠʪʠ ʢʘʢʦ ʥʘ ʛʨʘʥʠʯʥʘ ʩʪʘˁʘ ʥʦʩʠʚʦʩʪʠ (ʜʝʣʠʤʠʯʥʠ ʠʣʠ 

ʧʦʪʧʫʥʠ ʦʪʢʘʟ, ʦʜʥʦʩʥʦ ʪʨʘʿʥʦ ʦʰʪʝ˂ʝˁʝ  ʢʦʥʩʪʨʫʢʮʠʿʝ), ʪʘʢʦ ʠ ʥʘ ʛʨʘʥʠʯʥʘ ʩʪʘˁʘ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ.  

 ʇʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʠʟʜʚʦʿʠʣʘ ʩʫ ʩʝ ʜʚʘ ʦʩʥʦʚʥʘ 

ʧʨʠʩʪʫʧʘ: ʢʣʘʩʠʯʥʠ - ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠ ʠ ʧʨʠʩʪʫʧ ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʚʝʨʦʚʘʪʥʦ˂ʠ ʧʨʘʚʠʣʥʦʛ 

ʬʫʥʢʮʠʦʥʠʩʘˁʘ - ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ.  

ʆʩʥʦʚʘ ʢʣʘʩʠʯʥʦʛ ʧʨʠʩʪʫʧʘ ʧʨʦʿʝʢʪʦʚʘˁʫ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʿʝ 

ʫʩʧʦʩʪʘʚˀʘˁʝ ʦʜʥʦʩʘ ʠʟʤʝʹʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʥʩʪʨʫʢʮʠʿʝ (ʤʘʪʝʨʠʿʘʣ, ʦʙʣʠʢ, ʜʠʤʝʥʟʠʿʝ, ʠʪʜ.) 

ʠ ʦʧʪʝʨʝ˂ʝˁʘ (ʪʠʧ, ʢʘʨʘʢʪʝʨ ʠ ʠʥʪʝʥʟʠʪʝʪ), ʘ ʩʚʝ ʫ ʦʢʚʠʨʫ ʪʘʯʥʦ ʦʜʨʝʹʝʥʠʭ ʜʦʟʚʦˀʝʥʠʭ 

ʚʨʝʜʥʦʩʪʠ.  

ʇʨʠʩʪʫʧ ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʚʝʨʦʚʘʪʥʦ˂ʠ ʧʨʘʚʠʣʥʦʛ ʬʫʥʢʮʠʦʥʠʩʘˁʘ (ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ) 

ʦʙʫʭʚʘʪʘ ʩʪʘʪʠʩʪʠʯʢʫ ʦʙʨʘʜʫ ʧʦʜʘʪʘʢʘ ʜʦʙʠʿʝʥʠʭ ʝʢʩʧʣʦʘʪʘʮʠʿʦʤ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʿʘ, ʧʨʦʮʝʥʫ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʥʦʩʠʚʦʩʪ ʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʠ ʘʥʘʣʠʟʫ 

ʩʠʛʫʨʥʦʩʥʠʭ ʨʠʟʠʢʘ. ʆʚʘʿ ʧʨʠʩʪʫʧ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʦʜʛʦʚʦʨʥʠʭ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʿʘ ʟʘʭʪʝʚʘ ʩʣʦʞʝʥʘ ʠ ʩʢʫʧʘ ʠʩʧʠʪʠʚʘˁʘ ʠ ʧʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ ʧʘ ʩʝ ʟʘ ʫʦʙʠʯʘʿʝʥʝ 

ʠʥʞʝˁʝʨʩʢʝ ʧʨʦʙʣʝʤʝ ʫ ʧʨʘʢʩʠ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ ʩʝʤʠ-ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ ʧʨʠʩʪʫʧ. ʂʦʜ  

ʩʝʤʠ-ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʛ ʧʨʠʩʪʫʧʘ ʧʨʦʿʝʢʪʦʚʘˁʫ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ 

ʨʝʬʝʨʝʥʪʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʩʘʜʨʞʠ ʧʘʨʮʠʿʘʣʥʝ ʢʦʝʬʠʮʠʿʝʥʪʝ ʩʠʛʫʨʥʦʩʪʠ ʟʘ ʧʦʿʝʜʠʥʘʯʥʘ 

ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʫʪʠʮʘʿʝ. ʆʚʠ ʧʘʨʮʠʿʘʣʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʩʠʛʫʨʥʦʩʪʠ ʩʫ ʤʝʨʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʜʘ 

ʧʦʿʝʜʠʥʘʯʥʘ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʫʪʠʮʘʿʠ ʥʘ ʢʦʥʩʪʨʫʢʮʠʿʫ ʥʘʩʪʫʧʝ ʿʝʜʥʦʚʨʝʤʝʥʦ. ʂʦʝʬʠʮʠʿʝʥʪ 

ʩʠʛʫʨʥʦʩʪʠ ʥʘ ʢʦʤʝ ʩʝ ʟʘʩʥʠʚʘ ʦʚʘʿ ʧʨʠʩʪʫʧ ʿʝ ʤʝʨʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʜʘ ʩʝ ʧʦʿʝʜʠʥʠ ʬʘʢʪʦʨʠ 

(ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʫʪʠʮʘʿʠ) ʥʘʹʫ ʚʘʥ ʧʨʝʜʚʠʹʘʥʠʭ, ʥʘ ʦʩʥʦʚʫ ʛʨʘʥʠʯʥʦʛ ʩʪʘˁʘ ʫʥʘʧʨʝʜ 

ʜʝʬʠʥʠʩʘʥʠʭ ʛʨʘʥʠʮʘ [34, 35, 39]. 

 ʀʟʙʦʨ ʧʨʠʩʪʫʧʘ ʠ ʤʝʪʦʜʦʣʦʛʠʿʝ ʧʨʦʿʝʢʪʦʚʘˁʘ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʫ 

ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ ʧʨʝʜʩʪʘʚˀʘ ʢʦʤʧʣʝʢʩʘʥ ʧʨʦʙʣʝʤ ʦʜ ʯʠʿʝʛ ʨʝʰʝˁʘ, ʜʘˀʝ ʟʘʚʠʩʠ ʠ 

ʨʝʣʝʚʘʥʪʥʦʩʪ ʜʦʙʠʿʝʥʦʛ ʧʨʦʿʝʢʪʘ. ʆʜʛʦʚʘʨʘʿʫ˂ʠ ʩʪʘʥʜʘʨʜʠ, ʢʘʦ ʧʨʘʚʥʠ ʦʢʚʠʨ ʧʨʦʿʝʢʪʦʚʘˁʘ, 

ʙʘʟʠʨʘʿʫ ʩʝ ʫ ʦʩʥʦʚʠ ʥʘ ʩʝʤʠ-ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʦʤ ʧʨʠʩʪʫʧʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʧʦʥʘʰʘˁʘ ʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʠ ʫʪʚʨʹʠʚʘˁʝ ʢʦʨʝʣʘʮʠʿʝ ʩʘ 

ʪʝʦʨʠʿʩʢʠʤ ʘʥʘʣʠʟʘʤʘ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ ʠ ʦʩʦʙʠʥʘʤʘ, ʢʘʢʦ ʤʘʪʝʨʠʿʘʣʘ ʟʘʚʘʨʝʥʝ 

ʤʘʰʠʥʩʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ, ʪʘʢʦ ʠ ʩʘʤʠʭ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʩʥʦʚʫ ʧʨʦʿʝʢʪʦʚʘˁʘ 

ʦʚʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʀʟ ʦʚʦʛ ʨʘʟʣʦʛʘ ʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʠʚʘˁʝ ʤʝʭʘʥʠʯʢʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʘʥʘʣʠʟʘ ʧʦʥʘʰʘˁʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʤ ʫʩʣʦʚʠʤʘ ʧʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʦʚʝ 

ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. ʇʨʦʿʝʢʪʦʚʘˁʝ ʦʜʛʦʚʦʨʥʝ ʟʘʚʘʨʝʥʝ ʤʘʰʠʥʩʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ, ʘ ʥʘʨʦʯʠʪʦ 
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ʟʦʥʘ ʩʧʦʿʝʚʘ ʦʚʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʨʘʟʤʘʪʨʘʥʦ ʿʝ ʠʟ ʚʠʰʝ ʘʩʧʝʢʘʪʘ ʦʜ ʢʦʿʠʭ ʩʫ ʥʘʿʚʘʞʥʠʿʠ: ʫʪʠʮʘʿ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʦʙʣʠʢʘ, ʤʘʪʝʨʠʿʘʣʘ, ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ.  

 ʅʘ ʧʦʯʝʪʢʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʠʢʘʟʘʥʦ ʿʝ ʪʨʝʥʫʪʥʦ ʩʪʘˁʝ ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʟʘʥʠʭ ʟʘ 

ʧʨʦʙʣʝʤʝ ʧʨʦʿʝʢʪʦʚʘˁʘ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʢʘʦ ʠ ʫʪʚʨʹʠʚʘˁʝ ˁ ʠʭʦʚʦʛ ʧʦʥʘʰʘˁʘ ʟʘ ʚʨʝʤʝ 

ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ʇʨʠʢʘʟʘʥʘ ʩʫ ʪʝʦʨʠʿʩʢʘ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʨʘʟʤʘʪʨʘˁʘ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʿʘ ʥʘ ʚʠʰʝ ʥʠʚʦʘ ʨʘʟʤʘʪʨʘˁʘ, ʧʨʦʮʝʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʩʪʘˁʘ ʫ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʠʭ 

ʩʧʦʿʝʚʘ, ʣʦʢʘʣʥʘ ʠ ʩʪʨʫʢʪʫʨʥʘ ʘʥʘʣʠʟʘ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ 

ʫʩʣʦʚʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ.  

 ʋ ʧʨʚʦʿ ʛʣʘʚʠ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʠʢʘʟʘʥʝ ʩʫ ʦʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ 

ʯʝʣʠʢʘ ʟʘ ʟʘʚʘʨʝʥʝ ʤʘʰʠʥʩʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʠ ʧʨʠʥʮʠʧʠ ˁʠʭʦʚʦʛ ʨʘʟʚʦʿʘ. ʀʩʪʦʨʠʿʩʢʠ ʧʨʝʛʣʝʜ 

ʨʘʟʚʦʿʘ ʧʦʿʝʜʠʥʠʭ ʢʣʘʩʘ ʯʝʣʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘ ˁʠʭʦʚʝ ʧʨʦʠʟʚʦʜˁʝ, ʩʘ ʦʩʚʨʪʦʤ ʥʘ ʟʘʚʘʨˀʠʚʦʩʪ 

ʠ ˁʝʥʝ ʩʧʝʮʠʬʠʯʥʦʩʪʠ, ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ. ʇʦʩʝʙʥʘ ʚʘʞʥʦʩʪ ʧʦʩʚʝ˂ʝʥʘ ʿʝ 

ʯʝʣʠʮʠʤʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʢʘʦ ʤʘʪʝʨʠʿʘʣʠʤʘ ʯʠʿʝ ʢʦʨʠʰ˂ʝˁʝ ʟʘ ʠʟʨʘʜʫ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʿʘ ʦʙʝʟʙʝʹʫʿʝ ʤʥʦʛʝ ʧʨʝʜʥʦʩʪʠ, ʘʣʠ ʠ ʫʩʣʦʚˀʘʚʘ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʧʨʠ ˁʠʭʦʚʦʤ 

ʟʘʚʘʨʠʚʘˁʫ. ʇʦʟʥʘʚʘˁʝ ʦʩʦʙʠʥʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʯʝʣʠʢʘ ʿʝ ʦʩʥʦʚʥʠ ʫʩʣʦʚ ʟʘ ʧʨʦʿʝʢʪʦʚʘˁʝ 

ʦʜʛʦʚʦʨʥʠʭ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʦʩʦʙʠʥʝ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʯʝʣʠʢʘ 

ʫʪʝʤʝˀʫʿʫ ʫ ʧʨʦʮʝʩʫ ʧʨʠʤʘʨʥʝ ʧʨʦʠʟʚʦʜˁʝ ʯʝʣʠʢʘ, ʦʚʘʿ ʧʨʦʮʝʩ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʢʨʘʿʫ ʧʨʚʝ ʛʣʘʚʝ 

ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

 ɼʨʫʛʘ ʛʣʘʚʘ ʦʙʨʘʹʫʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʪʝʭʥʦʣʦʰʢʦʛ ʧʦʩʪʫʧʢʘ ʟʘʚʘʨʠʚʘˁʘ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ 

ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ. ʇʦʩʪʫʧʘʢ ʟʘʚʘʨʠʚʘˁʘ ʿʝ ʫ ʦʢʚʠʨʫ ʦʚʝ ʛʣʘʚʝ ʢʨʠʪʠʯʢʠ ʩʘʛʣʝʜʘʥ ʠʟ 

ʚʠʰʝ ʘʩʧʝʢʘʪʘ. ʇʦʩʣʝ ʧʨʠʢʘʟʘ ʠʩʪʦʨʠʿʩʢʦʛ ʨʘʟʚʦʿʘ ʧʦʩʪʫʧʘʢʘ ʟʘʚʘʨʠʚʘˁʘ, ʧʨʠʢʘʟʘʥʘ ʿʝ 

ʤʝʪʦʜʦʣʦʛʠʿʘ ʦʮʝʥʝ ʟʘʚʘʨˀʠʚʦʩʪʠ ʯʝʣʠʢʘ. ʋ ʦʢʚʠʨʫ ʦʚʝ ʛʣʘʚʝ ʧʦʩʝʙʘʥ ʟʥʘʯʘʿ ʿʝ ʜʘʪ ʦʮʝʥʠ 

ʟʘʚʘʨˀʠʚʦʩʪʠ ʠ ʧʨʝʧʦʨʫʢʘʤʘ ʧʨʦʠʟʚʦʹʘʯʘ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʦʩʪʫʧʢʝ ʠ ʧʘʨʘʤʝʪʨʝ ʟʘʚʘʨʠʚʘˁʘ 

ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʢʣʘʩʝ S690QL. ʊʘʢʦʹʝ, ʦʚʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʢʨʠʪʠʯʢʠ ʫʧʦʨʝʹʠʚʘʥʝ ʩʘ 

ʚʨʝʜʥʦʩʪʠʤʘ ʦʜʨʝʹʝʥʠʤ ʘʥʘʣʠʪʠʯʢʠ ʥʘ ʦʩʥʦʚʫ ʨʘʟʤʘʪʨʘˁʘ ʣʠʪʝʨʘʪʫʨʥʠʭ ʠʟʚʦʨʘ ʢʦʿʠ ʩʝ ʙʘʚʝ 

ʟʘʚʘʨʠʚʘˁʝʤ ʦʚʝ ʢʣʘʩʝ ʯʝʣʠʢʘ.  

 ʈʘʟʤʘʪʨʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʢʦʜ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ, ʥʘʨʦʯʠʪʦ ʫ 

ʟʦʥʘʤʘ ʩʧʦʿʝʚʘ ʧʨʠʢʘʟʘʥʘ ʿʝ ʫ ʦʢʚʠʨʫ ʪʨʝ˂ʝ ʛʣʘʚʝ. ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʧʨʚʦ ʿʝ ʧʦʩʤʘʪʨʘʥʘ 

ʢʘʦ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠ, ʘ ʟʘʪʠʤ ʠ ʢʘʦ ʧʨʦʩʪʦʨʥʠ ʧʨʦʙʣʝʤ. ʇʨʠʨʦʜʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠʟʘʟʠʚʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʥʘʧʦʥʘ ʠ ʟʘʿʝʜʥʦ ʩʘ ʢʦʥʮʝʥʪʨʘʮʠʿʦʤ ʥʘʧʦʥʘ ʢʦʿʫ ʠʟʘʟʠʚʘ ʩʘʤ ʦʙʣʠʢ ʠ 

ʛʝʦʤʝʪʨʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʟʦʥʝ ʩʧʦʿʘ ʜʦʚʦʜʠ ʜʦ ʧʨʝʨʘʩʧʦʜʝʣʝ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʛ 

ʩʪʘˁʘ. ʆʚʘʢʦ ʫʩʣʦʚˀʝʥʘ ʧʨʝʨʘʩʧʦʜʝʣʘ ʥʘʧʦʥʘ ʘʥʘʣʠʟʠʨʘʥʘ ʿʝ ʫ ʦʢʚʠʨʫ ʦʚʝ ʛʣʘʚʝ, ʢʘʦ ʣʦʢʘʣʥʘ 

ʠ ʩʪʨʫʢʪʫʨʥʘ, ʙʫʜʫ˂ʠ ʜʘ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚ ʬʦʨʤʠʨʘˁʘ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʘ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ 

ʢʦʥʩʪʨʫʢʮʠʿʝ. ʅʘ ʢʨʘʿʫ ʪʨʝ˂ʝ ʛʣʘʚʝ ʧʨʠʢʘʟʘʥ ʿʝ ʧʨʠʩʪʫʧ ʨʘʟʤʘʪʨʘˁʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ 

ʧʨʝʢʦ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʟʘʨʝʟ. 

 ʋ ʦʢʚʠʨʫ ʯʝʪʚʨʪʝ ʛʣʘʚʝ ʜʘʪ ʿʝ ʧʨʠʢʘʟ ʪʝʦʨʠʿʘ ʣʦʤʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʘʥʘʣʠʟʠ ʥʘʧʦʥʩʢʦ-

ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʉʧʝʮʠʬʠʯʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝˁʘ 

ʧʦʿʝʜʠʥʠʭ ʪʝʦʨʠʿʘ ʥʦʩʠʚʦʩʪʠ ʠ ʣʦʤʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʠʟ ʘʩʧʝʢʪʘ ʧʨʘʢʪʠʯʥʝ ʧʨʠʤʝʥʝ ʧʨʠ 

ʧʨʦʿʝʢʪʦʚʘˁʫ ʦʜʛʦʚʦʨʥʠʭ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʇʨʠʨʦʜʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ 

ʫʩʣʦʚˀʘʚʘ ʚʝʣʠʢʘ ʦʛʨʘʥʠʯʝˁʘ ʫ ʧʨʠʤʝʥʠ ʧʨʠʢʘʟʘʥʠʭ ʪʝʦʨʠʿʘ ʥʦʩʠʚʦʩʪʠ ʠ ʣʦʤʘ ʪʘʢʦ ʜʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʝ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʧʦʥʘʰʘˁʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʤ 

ʫʩʣʦʚʠʤʘ ʦʚʠʭ ʩʧʦʿʝʚʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʩʥʦʚ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʛʨʘʥʠʯʥʠʭ ʩʪʘˁʘ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ 

ʦʜʛʦʚʦʨʥʠʭ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. 

    ʋ ʧʝʪʦʿ ʛʣʘʚʠ ʧʨʠʢʘʟʘʥʝ ʩʫ ʩʘʚʨʝʤʝʥʝ ʤʝʪʦʜʝ  ʘʥʘʣʠʟʝ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʨʝʰʝˁʘ ʠ ʜʠʟʘʿʥʘ 

ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʥʘ ʢʦʿʠʤʘ ʩʝ ʙʘʟʠʨʘ ʥʫʤʝʨʠʯʢʠ ʧʨʠʩʪʫʧ  ʨʝʘhʚʘˁʫ ʧʨʦʙʣʝʤʘ ʧʨʠ 

ʧʨʦʿʝʢʪʦʚʘˁʫ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ.  

  ʐʝʩʪʘ ʛʣʘʚʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʠʢʘʟʫʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʝʧʨʫʚʝʪʘ ʩʘ 

ʩʠʤʫʣʘʮʠʿʦʤ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʭ ʫʩʣʦʚʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʠʟʚʨʰʝʥʦ ʿʝ ʠʟ ʚʠʰʝ 
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ʬʘʟʘ. ʋ ʦʢʚʠʨʫ ʦʚʝ ʛʣʘʚʝ, ʧʨʚʦ  ʩʫ ʧʨʠʢʘʟʘʥʘ ʨʘʟʤʘʪʨʘˁʘ ʟʘʪʝʯʝʥʦʛ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛ ʩʪʘˁʘ 

ʢʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʪʠʧʦʚʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʩʘ ʤʝʨʝˁʝʤ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʫ ʪʨʠ ʨʘʟʣʠʯʠʪʘ ʧʨʘʚʮʘ 

ʧʦ ʧʦʧʨʝʯʥʦʤ ʧʨʝʩʝʢʫ ʤʝʪʘʣʦʛʨʘʬʩʢʠʭ ʫʟʦʨʘʢʘ ʩʧʦʿʝʚʘ. ɿʘʪʠʤ, ʘʥʘʣʠʟʠʨʘʥʦ ʿʝ ʤʝʭʘʥʠʯʢʦ 

ʧʦʥʘʰʘˁʝ ʩʝʨʠʿʝ ʝʧʨʫʚʝʪʘ ʧʨʠ ʢʚʘʟʠ-ʩʪʘʪʠʯʢʦʤ ʟʘʪʝʟʘˁʫ ʜʦ ʢʠʜʘˁʘ ʠ ʦʜʨʝʹʝʥʝ ʩʫ ˁʠʭʦʚʝ 

ʦʩʥʦʚʥʝ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʠʟʚʝʜʝʥʘ ʥʘ ʩʦʙʥʦʿ, ʘ 

ʟʘʪʠʤ ʠ ʥʘ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʥʘ ʝʧʨʫʚʝʪʘʤʘ ʩʘ ʨʘʟʤʘʪʨʘʥʠʤ ʪʠʧʦʤ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠ 

ʨʘʟʣʠʯʠʪʠʤ ʢʦʥʬʠʛʫʨʘʮʠʿʘʤʘ ʠʟʚʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ, ʢʦʿʝ ʩʝ ʿʘʚˀʘʿʫ ʠ ʢʦʜ ʨʝʘʣʥʠʭ 

ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʅʘ ʢʨʘʿʫ ʦʚʝ ʛʣʘʚʝ ʧʨʠʢʘʟʘʥʦ ʿʝ ʠʩʧʠʪʠʚʘˁʝ ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ ʠ 

ʧʨʦʤʝʥʝ ʝʥʝʨʛʠʿʝ ʜʦ ʣʦʤʘ ʢʦʜ ʝʧʨʫʚʝʪʘ ʩʘ ʨʘʟʤʘʪʨʘʥʠʤ ʪʠʧʦʚʠʤʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ. ɿʘʨʝʟ ʟʘ 

ʠʩʧʠʪʠʚʘˁʝ ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ ʥʘ ʝʧʨʫʚʝʪʘʤʘ ʧʦʩʪʘʚˀʝʥ ʿʝ ʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʦʥʝ 

ʨʘʟʤʘʪʨʘʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. 

 ʋ ʩʝʜʤʦʿ ʛʣʘʚʠ ʧʨʠʢʘʟʘʥʘ ʿʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʪʘʪʘ ʩʘ ʜʠʩʢʫʩʠʿʦʤ. ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ 

ʜʦʙʠʿʝʥʠ ʠʩʧʠʪʠʚʘˁʝʤ ʧʦʿʝʜʠʥʘʯʥʠʭ ʛʨʫʧʘ ʝʧʨʫʚʝʪʘ ʫʧʦʨʝʹʠʚʘʥʠ ʩʫ ʤʝʹʫʩʦʙʥʦ ʫ ʮʠˀʫ 

ʩʘʛʣʝʜʘʚʘˁʘ ʫʪʠʮʘʿʘ ʧʦʿʝʜʠʥʘʯʥʠʭ ʘʩʧʝʢʘʪʘ ʥʘ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ.   

 ʆʩʤʘ ʛʣʘʚʘ ʜʠʩʝʨʪʘʮʠʿʝ ʜʦʥʦʩʠ ʟʘʢˀʫʯʢʝ ʩʘ ʧʨʝʜʣʦʟʠʤʘ ʟʘ ʤʦʜʠʬʠʢʦʚʘˁʝ ʧʨʦʮʝʜʫʨʘ 

ʧʨʦʿʝʢʪʦʚʘˁʘ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʥʘ ʦʩʥʦʚʫ ʩʚʝʦʙʫʭʚʘʪʥʝ ʘʥʘʣʠʟʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʫ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʪʝʦʨʠʿʩʢʠʤ ʨʘʟʤʘʪʨʘˁʠʤʘ ʠ 

ʥʫʤʝʨʠʯʢʦʤ ʘʥʘʣʠʟʦʤ. ʊʘʢʦʹʝ, ʦʮʝˁʝʥʘ ʿʝ ʘʢʪʫʝʣʥʦʩʪ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ 

ʫʧʦʨʝʹʝʥʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʧʨʠʢʘʟʘʥʠʤ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʣʠʪʝʨʘʪʫʨʥʠʤ ʨʝʬʝʨʝʥʮʘʤʘ. ʋ ʦʚʦʿ 

ʛʣʘʚʠ ʧʨʠʢʘʟʘʥʝ ʩʫ ʠ ʧʨʘʢʪʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʢʨʦʟ ʤʦʛʫ˂ʥʦʩʪ ʧʨʠʤʝʥʝ ʧʨʠ 

ʧʨʦʿʝʢʪʦʚʘˁʫ ʦʜʛʦʚʦʨʥʠʭ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ.  
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ʇʈɽɻʃɽɼ ʀʉʊʈɸɾʀɺɸɳɸ  

 ʇʨʝʛʣʝʜ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ ʦʜʥʦʩʠ ʩʝ ʥʘ ʩʘʚʨʝʤʝʥʝ ʨʝʬʝʨʝʥʮʝ ʢʦʿʝ ʨʘʟʤʘʪʨʘʿʫ 

ʫʪʠʮʘʿ ʧʦʿʝʜʠʥʠʭ ʬʘʢʪʦʨʘ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʧʦʥʘʰʘˁʝ ʪʦʢʦʤ ʝʢʩʧʣʦʘʪʘʮʠʿʝ, ʢʘʦ ʠ ʩʠʛʫʨʥʦʩʪ 

ʠ ʧʦʫʟʜʘʥʦʩʪ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ, ʘ ʪʠʤʝ ʜʝʬʠʥʠʰʫ ʤʝʪʦʜʦʣʦʛʠʿʫ, ʟʘʭʪʝʚʝ ʠ 

ʦʛʨʘʥʠʯʝˁʘ ʧʨʠ ˁʠʭʦʚʦʤ ʧʨʦʿʝʢʪʦʚʘˁʫ. 

 ʄʠʢʨʦʣʝʛʠʨʘʥʠ ʯʝʣʠʮʠ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʝʜʤʝʪ ʠʩʧʠʪʠʚʘˁʘ ʤʥʦʛʠʭ 

ʘʫʪʦʨʘ ʿʦʰ ʪʦʢʦʤ ˁʠʭʦʚʦʛ ʨʘʟʚʦʿʘ. ʇʨʚʘ ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʟʘʥʘ ʟʘ ʤʠʢʨʦʣʝʛʠʨʘʥʝ ʯʝʣʠʢʝ 

ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʚʝʟʫʿʫ ʩʝ ʟʘ ʂʦʨʭʠʥʩʢʦʛ (Korchynsky), ʢʦʿʠ ʿʝ ʠ ʿʝʜʘʥ ʦʜ ʥʦʩʠʣʘʮʘ ʧʘʪʝʥʪʘ  

US3666452 A ʢʦʿʠʤ ʿʝ ʧʘʪʝʥʪʠʨʘʥʘ ʦʚʘ ʢʣʘʩʘ ʯʝʣʠʢʘ [67].  

 ʇʠʢʝʨʠʥʛ (Pickering) ʿʝ ʫ [95] ʧʨʠʢʘʟʘʦ ʠʩʪʨʘʞʠʚʘˁʝ ʦʩʦʙʠʥʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʠʟ ʚʠʰʝ ʘʩʧʝʢʘʪʘ. ʇʦʨʝʜ ʜʝʪʘˀʥʦʛ ʧʨʠʢʘʟʘ ʨʘʟʚʦʿʘ 

ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʜʘʪ ʿʝ ʫʧʦʨʝʜʦ ʠ ʧʨʠʢʘʟ ʨʘʟʚʦʿʘ ʧʨʦʮʝʩʘ ʧʨʦʠʟʚʦʜˁʝ ʦʚʠʭ ʯʝʣʠʢʘ. 

ʊʘʢʦʹʝ, ʦʩʦʙʠʥʝ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʦʿʝʜʠʥʠʭ ʢʣʘʩʘ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ 

ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ˁʠʭʦʚʠʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʠʤ ʩʪʘˁʝʤ ʠ ʭʝʤʠʿʩʢʠʤ ʩʘʩʪʘʚʦʤ ʢʦʿʠ 

ʩʫ ʫʩʧʦʩʪʘʚˀʝʥʠ ʟʘ ʚʨʝʤʝ ʧʨʦʠʟʚʦʜˁʝ.  

 ɺʝʠ ʐʘ (Wei Sha) ʿʝ ʫ ʢˁʠʟʠ [111] ʧʨʠʢʘʟʘʦ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ 

ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʚʨʩʪʝ ʯʝʣʠʢʘ. ʊʘʢʦʹʝ, ʫ ʢˁʠʟʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʩʧʝʮʠʬʠʯʥʠ 

ʬʘʢʪʦʨʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʠʟʙʦʨ ʧʦʿʝʜʠʥʠʭ ʢʣʘʩʘ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʟʘ 

ʢʦʥʢʨʝʪʥʫ ʧʨʠʤʝʥʫ.  

 ʄʠʛʣʠʥ (Miglin) ʿʝ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʠʩʪʨʘʞʠʚʘʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ ʯʝʣʠʢʘ ʢʦʿʠ ʩʫ 

ʧʨʦʠʟʚʝʜʝʥʠ ʢʘˀʝˁʝʤ ʠ ʦʪʧʫʰʪʘˁʝʤ ʢʘʦ ʠ ʫʪʠʮʘʿ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʥʘ ˁʠʭʦʚʦ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ, ʘ ʪʠʤʝ ʥʘ ˁʠʭʦʚʝ ʦʩʦʙʠʥʝ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ [86].  

 ʃʠ (Lee) ʿʝ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʘʥʘʣʠʟʠʨʘʦ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦ 

ʩʪʘˁʝ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʠ ʫʩʧʦʩʪʘʚʠʦ ʢʦʨʝʣʘʮʠʿʫ ʠʟʤʝʹʫ ˁʠʭ, ʰʪʦ ʿʝ 

ʧʨʠʢʘʟʘʥʦ ʫ [70].  

 ʐʨʦʪ (Schroth) ʿʝ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʨʘʟʤʘʪʨʘʦ ʤʝʭʘʥʠʟʤʝ ʥʘʩʪʘʥʢʘ ʣʦʤʘ ʢʦʜ 

ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ [109].  

 ʈʘʰʠʜ (Rashid) ʿʝ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʠʩʪʨʘʞʠʚʘʦ ʫʪʠʮʘʿ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʥʘ ʦʙʨʘʜʠʚʦʩʪ ʢʦʜ 

ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ [91]. ʋ ʨʘʜʫ ʿʝ ʨʘʟʤʘʪʨʘʥ ʠ ʫʪʠʮʘʿ ʧʘʨʘʤʝʪʘʨʘ ʦʙʨʘʜʝ 

ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʢʦʜ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ.  

 ʃʘʤʙʝʨʪ-ʇʝʨʣʝʿʜ (Lambert - Perlade) ʿ ʝ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʘʥʘʣʠʟʠʨʘʦ ʬʘʟʥʫ ʪʨʘʥʩʬʦʨʤʘʮʠʿʫ 

ʘʫʩʪʝʥʠʪʘ ʫ ʙʝʿʥʠʪ ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ [68].  

 ʄʠʭʢʠʥʝʥ (Miihkinen) ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʿʝ ʘʥʘʣʠʟʠʨʘʦ ʜʝʬʦʨʤʠʩʘˁʝ ʧʨʠ ʟʘʪʝʟʘˁʫ ʢʦʜ 

ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ, ʩʘ ʠʟʦʪʝʨʤʠʯʥʦʤ ʙʝʿʥʠʪʥʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ [87].  

 ʄʦʭʘʥʜʘʩ (Mohandas) ʿʝ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʠʩʧʠʪʠʚʘʦ ʫʪʠʮʘʿ ʧʨʦʮʝʩʘ ʟʘʚʘʨʠʚʘˁʘ ʠ 

ʭʝʤʠʿʩʢʦʛ ʩʘʜʨʞʘʿʘ ʥʘ ʦʤʝʢʰʘʚʘˁʝ ʫ ʟʦʥʠ ʫʪʠʮʘʘʿ ʪʦʧʣʦʪʝ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʢʦʜ 

ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ [88]. ʅʘ ʦʩʥʦʚʫ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʝ ʿʝ ʧʨʠʢʘʟʘʥʦ 

ʟʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʩʘ ʚʠʩʦʢʠʤ ʫʥʦʩʦʤ ʪʦʧʣʦʪʝ ʚʝ˂ʠ ʩʪʝʧʝʥ ʦʤʝʢʰʘʚʘˁʘ ʿʘʚˀʘ ʩʝ 

ʢʦʜ ʯʝʣʠʢʘ ʩʘ ʚʠʰʠʤ ʭʝʤʠʿʩʢʠʤ ʝʢʚʠʚʘʣʝʥʪʦʤ ʫʛˀʝʥʠʢʘ.  

 ʄʘʜʭʫʩʫʪʭʘʥ (Madhusudhan) ʿʝ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʪʨʘʞʠʚʘʦ ʫʪʠʮʘʿ 

ʥʘʯʠʥʘ ʠ ʧʘʨʘʤʝʪʘʨʘ ʟʘʚʘʨʠʚʘˁʘ ʥʘ ʙʘʣʠʩʪʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʦʿʝʜʠʥʠʭ ʟʦʥʘ ʦʩʪʚʘʨʝʥʦʛ 

ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ [75].  ʄʘʜʭʫʩʫʪʭʘʥ ʿʝ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʫ ʨʘʜʫ [76] ʧʨʠʢʘʟʘʦ ʟʘʚʘʨˀʠʚʦʩʪ 

ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʩʘ ʘʫʩʪʝʥʠʪʥʠʤ ʜʦʜʘʪʥʠʤ ʤʘʪʝʨʠʿʘʣʦʤ.  

 ʐʠ (Shi) ʿʝ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʠʩʪʨʘʞʠʚʘʦ ʫʪʠʮʘʿ ʪʝʤʧʝʨʘʪʫʨʩʢʦʛ ʮʠʢʣʫʩʘ ʧʨʠʣʠʢʦʤ 

ʟʘʚʘʨʠʚʘˁʘ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ ʠ ʞʠʣʘʚʦʩʪ ʣʦʤʘ ʫ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʢʦʜ 

ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ [112].  
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 ʂʦʦ (Koo) ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʿʝ ʘʥʘʣʠʟʠʨʘʦ ʤʝʪʘʣʫʨʰʢʠ ʘʩʧʝʢʪ ʨʘʟʚʦʿʘ ʥʘʧʨʝʜʥʠʭ 

ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ [66].  

 ʂʦʣʠʥʩ (Collins) ʿʝ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʠʩʪʨʘʞʠʚʘʦ ʪʠʧʦʚʝ ʦʪʢʘʟʘ ʢʦʿʠ ʥʘʩʪʘʿʫ ʫ ʤʘʰʠʥʩʢʠʤ 

ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ ʩ ʮʠˀʝʤ ˁʠʭʦʚʦʛ ʧʨʝʜʚʠʹʘˁʘ ʠ ʠʟʙʝʛʘʚʘˁʘ [14]. ʈʘʟʤʘʪʨʘʦ ʿʝ ʫʣʦʛʫ ʠ ʚʘʞʥʦʩʪ 

ʘʥʘʣʠʟʝ ʦʪʢʘʟʘ ʫ ʬʘʟʠ ʢʦʥʩʪʨʫʠʩʘˁʘ ʠ ʧʨʠʢʘʟʘʦ ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʦʪʢʘʟʘ ʢʦʿʠ ʥʘʩʪʘʿʫ ʫ 

ʤʘʰʠʥʩʢʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ. ʋ ʨʝʬʝʨʝʥʮʠ [14] ʜʘʪʠ ʩʫ ʦʩʥʦʚʥʠ ʧʘʨʘʤʝʪʨʠ ʠʟʜʨʞˀʠʚʦʩʪʠ ʠ 

ʜʝʬʦʨʤʘʮʠʿʘ ʤʘʰʠʥʩʢʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠ ʘʥʘʣʠʟʠʨʘʥʘ ʥʘʧʦʥʩʢʘ ʩʪʘˁʘ ʢʦʿʘ ʩʝ ʿʘʚˀʘʿʫ ʧʨʠ ʨʘʟʥʠʤ 

ʚʨʩʪʘʤʘ ʦʧʪʝʨʝ˂ʝˁʘ. ʊʘʢʦʹʝ, ʫʩʧʦʩʪʘʚˀʝʥʝ ʩʫ ʚʝʟʝ ʠʟʤʝʹʫ ʥʘʧʦʥʩʢʦʛ ʠ ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ 

ʢʦʥʩʪʨʫʢʮʠʿʝ ʠ ʨʘʟʤʘʪʨʘʥʦ ʿʝ ʘʢʫʤʫʣʠʨʘˁʝ ʦʰʪʝ˂ʝˁʘ, ʧʨʝʜʚʠʹʘˁʝ ʚʝʢʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʠ 

ʢʦʥʪʨʦʣʫ ʣʦʤʘ. ʇʨʠʢʘʟʘʥʘ ʿʝ ʩʪʘʪʠʩʪʠʯʢʘ ʤʝʪʦʜʘ ʫ ʘʥʘʣʠʟʠ ʦʪʢʘʟʘ. ʋ ʢˁʠʟʠ [14] ʿ ʝ ʘʥʘʣʠʟʠʨʘʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʫ ʤʘʰʠʥʩʢʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ, ʧʫʟʘˁʝ ʤʘʪʝʨʠʿʘʣʘ, ʟʘʤʦʨ ʤʘʪʝʨʠʿʘʣʘ ʠ 

ʣʦʤ.  

 ɸ. ʌʘʪʝʤʠ (A. Fatemi) ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʫ ʢˁʠʟʠ [32] ʿʝ ʨʘʟʤʘʪʨʘʦ ʟʘʤʦʨ ʤʝʪʘʣʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ. ʋ ʢˁʠʟʠ ʩʫ ʘʥʘʣʠʟʠʨʘʥʝ ʤʝʪʦʜʝ ʢʦʥʩʪʨʫʠʩʘˁʘ ʩ ʦʙʟʠʨʦʤ ʥʘ ʟʘʤʦʨʥʘ ʦʧʪʝʨʝ˂ʝˁʘ, 

ʢʘʦ ʠ ʤʠʢʨʦ ʠ ʤʘʢʨʦ ʘʩʧʝʢʪʠ ʟʘʤʦʨʘ ʤʝʪʘʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʊʘʢʦʹʝ, ʧʨʠʢʘʟʘʥʘ ʩʫ ʠʩʧʠʪʠʚʘˁʘ 

ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠ ʦʧʪʝʨʝ˂ʝˁʫ ʥʘ ʟʘʤʦʨ ʠ ʦʜʨʝʹʠʚʘˁʝ ʠʟʜʨʞˀʠʚʦʩʪʠ ʥʘ ʟʘʤʦʨ ʠ 

ʘʥʘʣʠʟʠʨʘʥʘ ʿʝ ʜʝʬʦʨʤʘʮʠʿʘ ʧʨʠ ʮʠʢʣʠʯʥʠʤ ʦʧʪʝʨʝ˂ʝˁʠʤʘ. ʋ ʢˁʠʟʠ ʿʝ ʨʘʟʚʠʿʝʥ ʧʨʠʩʪʫʧ 

ʝʣʘʩʪʦ - ʣʠʥʝʘʨʥʝ ʤʝʭʘʥʠʢʝ ʣʦʤʘ ʥʘ ʦʜʨʝʹʠʚʘˁʝ ʙʨʟʠʥʝ ʨʘʩʪʘ ʟʘʤʦʨʥʝ ʧʨʩʣʠʥʝ. ʇʨʠʢʘʟʘʥʠ ʩʫ 

ʟʘʨʝʟʠ ʠ ˁʠʭʦʚ ʫʪʠʮʘʿ ʥʘ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦ ʩʪʘˁʝ ʠ ʨʘʟʤʘʪʨʘʥʠ ʩʫ ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʠ 

ˁʠʭʦʚ ʫʪʠʮʘʿ ʥʘ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ.  

 ɸ. ʌʨʠʢ (A. Fricke) ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʫ ʨʘʜʫ [34] ʿʝ ʨʘʟʤʘʪʨʘʦ ʤʝʪʦʜ ʦʜʨʝʹʠʚʘˁʘ ʥʘʧʦʥʩʢʦʛ 

ʩʪʘˁʘ ʥʘ ʦʩʥʦʚʫ ʩʪʨʫʢʪʫʨʥʦʛ ʥʘʧʦʥʘ ʨʘʟʤʘʪʨʘʿʫ˂ʠ ʧʦʨʘʩʪ ʥʘʧʦʥʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʩʪʨʫʢʪʫʨʝ ʟʘʚʘʨʝʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ. ʈʘʟʤʘʪʨʘʥʠ ʤʝʪʦʜ ʦʤʦʛʫ˂ʘʚʘ ʠ ʫʪʚʨʹʠʚʘˁʝ 

ʟʘʤʦʨʥʝ ʠʟʜʨʞˀʠʚʦʩʪʠ ʟʘʚʘʨʝʥʠʭ ʙʨʦʜʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʨʘʟʣʠʯʠʪʠʭ ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʦʙʣʠʢʘ 

ʧʦʤʦ˂ʫ ʬʫʥʢʮʠʿʘ ʟʘʚʠʩʥʦʩʪʠ ʥʘʧʦʥʘ ʠ ʙʨʦʿʘ ʮʠʢʣʫʩʘ ʦʧʪʝʨʝ˂ʝˁʘ (ɺʝʣʝʨʦʚʘ ʢʨʠʚʘ) ʥʘ ʦʩʥʦʚʫ 

ʪʠʧʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. ʄʝʹʫʪʠʤ, ʪʘʯʥʦ ʜʝʬʠʥʠʩʘˁʝ ʠ ʥʫʤʝʨʠʯʢʦ ʦʜʨʝʹʠʚʘˁʝ ʩʪʨʫʢʪʫʨʥʠʭ 

ʥʘʧʦʥʘ ʿʝ ʩʣʦʞʝʥʦ ʧʘ ʿʝ ʨʘʟʚʠʿʝʥ ʚʝʣʠʢʠ ʙʨʦʿ ʨʘʟʣʠʯʠʪʠʭ ʚʘʨʠʿʘʮʠʿʘ ʦʚʦʛ ʧʨʠʩʪʫʧʘ. ʈʘʟʣʠʯʠʪʠ 

ʤʝʪʦʜʠ ʧʨʦʮʝʥʝ ʠʟʜʨʞˀʠʚʦʩʪʠ ʩʫ ʘʥʘʣʠʟʠʨʘʥʠ ʠ ʤʝʹʫʩʦʙʥʦ ʫʧʦʨʝʹʠʚʘʥʠ ʫ ʦʚʦʤ ʨʘʜʫ. ʊʘʢʦʹʝ, 

ʫ ʨʘʜʫ ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʠʤʝʥʘ ʥʘ ʪʨʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʧʨʘʢʪʠʯʥʘ ʧʨʠʤʝʨʘ, ʘ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ 

ʩʫ ʫʧʦʨʝʹʠʚʘʥʠ ʢʘʢʦ ʤʝʹʫʩʦʙʥʦ, ʪʘʢʦ ʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ. ʀʩʪʠ 

ʘʫʪʦʨ ʫ ʨʘʜʫ [35] ʿʝ ʧʨʠʢʘʟʘʦ ʧʨʝʛʣʝʜ ʩʘʚʨʝʤʝʥʝ ʣʠʪʝʨʘʪʫʨʝ ʢʦʿʘ ʩʝ ʙʘʚʠ ʘʥʘʣʠʟʦʤ ʟʘʚʘʨʝʥʠʭ 

ʩʧʦʿʝʚʘ ʫ ʫʩʣʦʚʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʟʘʤʦʨ. ʋ ʨʘʜʫ ʿʝ ʨʘʟʤʦʪʨʝʥʦ ʚʠʰʝ ʤʝʪʦʜʘ ʘʥʘʣʠʟʝ ʧʦʥʘʰʘˁʘ 

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʢʦʿʠ ʩʫ ʦʧʪʝʨʝ˂ʝʥʠ ʥʘ ʟʘʤʦʨ. ʊʘʢʦʹʝ, ʧʨʠʢʘʟʘʥʦ ʿʝ ʠ ʢʨʠʪʠʯʢʦ ʫʧʦʨʝʹʠʚʘˁʝ 

ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʨʘʟʣʠʯʠʪʠʤ ʤʝʪʦʜʘʤʘ. ʋ ʨʘʜʫ ʿʝ ʜʝʪʘˀʥʦ ʘʥʘʣʠʟʠʨʘʥʦ ʧʦʥʘʰʘˁʝ ʰʘʚʥʠʭ 

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ. 

 ɸ. ʍʦʙʘʭʝʨ (A. Hobbacher) ʫ ʨʘʜʫ [40] ʿʝ ʧʨʠʢʘʟʘʦ ʧʨʝʧʦʨʫʢʝ ʟʘ ʢʦʥʩʪʨʫʠʩʘˁʝ ʟʘʚʘʨʝʥʠʭ 

ʩʧʦʿʝʚʘ ʢʦʜ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʢʦʿʝ ʩʫ ʦʧʪʝʨʝ˂ʝʥʝ ʥʘ ʟʘʤʦʨ.  

 ɸ. ʇʫʪʠʘʠʥʝʥ (A. Poutiainen) ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʫ ʨʘʜʫ [100] ʿʝ ʨʘʟʤʘʪʨʘʦ ʤʦʛʫ˂ʥʦʩʪ 

ʧʨʦʜʫʞʝˁʘ ʨʘʜʥʦʛ ʚʝʢʘ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʫ ʫʩʣʦʚʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʟʘʤʦʨ. 

ʄʝʪʦʜ ʧʨʦʮʝʥʝ ʟʘʤʦʨʥʝ ʠʟʜʨʞˀʠʚʦʩʪʠ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʥʘ ʦʩʥʦʚʫ ʥʘʧʦʥʘ ʥʝ ʨʘʟʤʘʪʨʘ 

ʫʪʠʮʘʿ ʜʠʤʝʥʟʠʿʝ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʠ ʫʪʠʮʘʿ ʦʧʪʝʨʝ˂ʝˁʘ ʫʛʘʦʥʠʭ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ. ʋ ʨʘʜʫ ʿʝ 

ʠʟʚʨʰʝʥʘ ʣʠʥʝʘʨʠʟʘʮʠʿʘ ʨʘʩʧʦʨʝʜʘ ʥʘʧʦʥʘ ʜʫʞ ʜʝʙˀʠʥʝ ʟʘʚʘʨʝʥʠʭ ʧʣʦʯʘ, ʯʠʤʝ ʩʝ ʜʝʣʠʤʠʯʥʦ 

ʦʙʫʭʚʘʪʘ ʫʪʠʮʘʿ ʣʦʢʘʣʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʦʥʝ ʰʘʚʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ. ʋ ʨʘʜʫ ʿʝ, ʪʘʢʦʹʝ, 

ʠʟʚʝʜʝʥʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʩʪʚʘʨʥʠʭ ʫʩʣʦʚʘ ʦʧʪʝʨʝ˂ʝˁʘ ʧʦʤʦ˂ʫ ʜʚʝ ʣʠʥʝʘʨʥʝ ʬʫʥʢʮʠʿʝ.  

 ʋ ʢˁʠʟʠ [5] ʿʝ ʨʘʟʤʘʪʨʘʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʥʘ ʟʘʤʦʨ ʫ ʫʩʣʦʚʠʤʘ ʧʦʚʠʰʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʆʚʘʿ ʥʘʯʠʥ ʦʧʪʝʨʝ˂ʝˁʘ ʧʨʝʜʩʪʘʚˀʘ ʫʦʙʠʯʘʿʝʥ ʪʠʧ ʦʧʪʝʨʝ˂ʝˁʘ, ʧʘ ʩʝ ʠ ʿʘʚʠʣʘ 

ʧʦʪʨʝʙʘ ʟʘ ʫʚʦʹʝˁʝʤ ʢʨʠʪʝʨʠʿʫʤʘ ʢʦʥʩʪʨʫʠʩʘˁʘ ʢʦʿʠ ʨʘʟʤʘʪʨʘʿʫ ʥʘʚʝʜʝʥʝ ʨʘʜʥʝ ʫʩʣʦʚʝ. ʂˁʠʛʘ 
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ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʫ ʦʜ ʧʨʚʠʭ ʢʦʤʧʣʝʪʥʠʭ ʨʝʬʝʨʝʥʮʠ ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʟʘʤʦʨʥʦ ʧʦʥʘʰʘˁʝ 

ʢʦʥʩʪʨʫʢʮʠʿʘ ʫ ʫʩʣʦʚʠʤʘ ʧʦʚʠʰʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ.  

 ɺʫʥʜ (Wundt) ʿ ʝ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʫ ʢˁʠʟʠ [121] ʨʘʟʤʘʪʨʘʦ ʧʨʦʙʣʝʤ ʥʠʩʢʦʮʠʢʣʠʯʥʦʛ ʟʘʤʦʨʘ 

ʫ ʫʩʣʦʚʠʤʘ ʧʦʚʠʰʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ. ʅʘʚʝʜʝʥʠ ʧʨʦʙʣʝʤ ʿʝ ʨʘʟʤʘʪʨʘʥ ʢʨʦʟ ʧʨʠʤʝʥʫ ʥʘ 

ʢʦʥʩʪʨʫʢʮʠʿʝ ʢʘʢʚʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʝʣʝʢʪʨʘʥʘʤʘ, ʭʝʤʠʿʩʢʠʤ ʧʦʩʪʨʦʿʝˁʠʤʘ ʠ ʧʦʩʪʨʦʿʝˁʠʤʘ ʟʘ 

ʪʝʭʥʦʣʦʰʢʫ ʧʨʝʨʘʜʫ ʩʠʨʦʚʝ ʥʘʬʪʝ. ʈʘʟʤʘʪʨʘˁʝ ʢʦʿʝ ʿʝ ʧʨʠʢʘʟʘʥʦ ʠʟʚʨʰʝʥʦ ʿʝ ʥʘ ʤʦʜʝʣʠʤʘ 

ʢʨʠʪʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʩʠʤʫʣʠʨʘʿʫ˂ʠ ʨʝʘʣʥʝ ʫʩʣʦʚʝ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. 

 ʉ. ɼʝʿʚʠʩ (C. Davies) ʫ ʢˁʠʟʠ [20] ʿʝ ʨʘʟʤʘʪʨʘʦ ʪʝʭʥʦʣʦʰʢʠ ʧʨʦʮʝʩ ʟʘʚʘʨʠʚʘˁʘ ʠʟ 

ʪʝʦʨʠʿʩʢʦʛ ʠ ʧʨʘʢʪʠʯʥʦʛ ʘʩʧʝʢʪʘ.  ʇʨʠʢʘʟʘʦ ʿ ʝ ʚʝʣʠʢʠ ʙʨʦʿ ʧʦʩʪʫʧʘʢʘ ʟʘʚʘʨʠʚʘˁʘ ʩʘ ʧʨʠʤʝʨʠʤʘ 

ʧʨʠʤʝʥʝ ʫʟ ʤʝʹʫʩʦʙʥʦ ʢʨʠʪʠʯʢʦ ʫʧʦʨʝʹʠʚʘˁʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʧʨʝʜʥʦʩʪʠ ʠ ʤʘʥʘ ʧʦʿʝʜʠʥʠʭ 

ʧʦʩʪʫʧʘʢʘ. 

 ɼ. ɱʦʩʠʬʦʚʠ˂ ʿʝ ʫ ʢˁʠʟʠ [141] ʧʨʠʢʘʟʘʣʘ ʤʝʪʦʜʦʣʦʛʠʿʫ ʠʩʧʠʪʠʚʘˁʘ ʤʘʰʠʥʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʿʘ. ʉʘʚʨʝʤʝʥʝ ʤʘʰʠʥʩʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʢʘʦ ʩʣʦʞʝʥʠ ʩʠʩʪʝʤʠ ʝʣʝʤʝʥʘʪʘ ʩʝ ʤʦʛʫ 

ʩʘʛʣʝʜʘʪʠ ʠʟ ʚʠʰʝ ʘʩʧʝʢʘʪʘ. ʉʚʘʢʠ ʦʜ ʦʚʠʭ ʘʩʧʝʢʘʪʘ ʚʝʟʘʥ ʿʝ ʟʘ ʦʜʨʝʹʝʥʫ ʤʝʪʦʜʦʣʦʛʠʿʫ 

ʠʩʧʠʪʠʚʘˁʘ ʢʘʢʦ ʩʘʤʠʭ ʦʩʦʙʠʥʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʥʩʪʨʫʢʮʠʿʘ ʪʘʢʦ ʠ ˁʠʭʦʚʝ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ, ʩʠʛʫʨʥʦʩʪʠ ʠ ʧʦʫʟʜʘʥʦʩʪʠ.  

 ʈʘʜʘʿ (Radaj) ʠ ʉʦʥʟʠʥʦ (Sonsino) ʫ ʢˁʠʟʠ [102] ʩʫ ʨʘʟʤʘʪʨʘʣʠ ʦʜʨʝʹʠʚʘˁʝ ʟʘʤʦʨʥʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʣʦʢʘʣʥʠʤ ʧʨʠʩʪʫʧʦʤ. ʇʨʠʢʘʟʘʣʠ ʩʫ ʩʣʝʜʝ˂ʝ ʤʝʪʦʜʝ: ʤʝʪʦʜ 

ʥʦʤʠʥʘʣʥʦʛ ʠ ʣʦʢʘʣʥʦʛ ʥʘʧʦʥʘ, ʤʝʪʦʜ ʣʦʢʘʣʥʦʛ ʥʘʧʦʥʘ ʫ ʩʣʫʯʘʿʫ ʪʘʯʢʘʩʪʦ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ, 

ʤʝʪʦʜ ʦʜʨʝʹʠʚʘˁʘ ʥʘʧʦʥʘ ʠ ʜʝʬʦʨʤʘʮʠʿʘ ʫʩʣʝʜ ʟʘʨʝʟʘ ʠ ʦʜʨʝʹʠʚʘˁʝ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʫʪʠʮʘʿ 

ʟʘʨʝʟʘ. ʊʘʢʦʹʝ, ʧʨʠʢʘʟʘʥ ʿʝ ʤʝʪʦʜ ʦʜʨʝʹʠʚʘˁʘ ʟʘʤʦʨʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʦʩʥʦʚʫ ʨʘʩʪʘ 

ʠʥʠʮʠʿʘʣʥʝ ʟʘʤʦʨʥʝ ʧʨʩʣʠʥʝ, ʧʨʠʥʮʠʧ ʦʜʨʝʹʠʚʘˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʢʦʜ ʧʨʝʢʣʦʧʥʠʭ 

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ, ʢʘʦ ʠ ʣʦʢʘʣʥʠ ʧʨʠʩʪʫʧ ʢʦʜ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʮʝʚʠ. ʋ ʧʦʩʣʝʜˁʝʤ ʜʝʣʫ 

ʨʘʟʤʘʪʨʘʥ ʿʝ ʟʥʘʯʘʿ, ʦʛʨʘʥʠʯʝˁʘ ʠ ʧʦʪʝʥʮʠʿʘʣʥʝ ʤʦʛʫ˂ʥʦʩʪʠ ʥʘʚʝʜʝʥʠʭ ʣʦʢʘʣʥʠʭ ʤʝʪʦʜʘ ʟʘ 

ʦʜʨʝʹʠʚʘˁʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʟʘʤʦʨ ʢʦʜ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. 

 ʈʘʜʘʿ (Radaj) ʫ ʢˁʠʟʠ [103] ʿʝ ʧʨʝʜʩʪʘʚʠʦ ʠʥʪʝʛʨʘʮʠʿʫ ʪʝʦʨʠʿʩʢʦʛ ʨʘʟʤʘʪʨʘˁʘ ʠ 

ʢʦʥʢʨʝʪʥʠʭ ʢʦʥʩʪʨʫʢʮʠʦʥʠʭ ʨʝʰʝˁʘ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʢʦʿʝ ʩʫ ʦʪʧʦʨʥʝ ʥʘ ʦʧʪʝʨʝ˂ʝˁʘ 

ʥʝ ʟʘʤʦʨ. ʋ ʢˁʠʟʠ ʿʝ ʧʨʠʢʘʟʘʥʦ ʚʠʰʝ ʤʝʪʦʜʘ ʢʦʥʩʪʨʫʠʩʘˁʘ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʠ 

ʧʨʝʜʣʦʞʝʥʘ ʩʫ ʢʦʥʢʨʝʪʥʘ ʢʦʥʩʪʨʫʢʮʠʦʥʘ ʨʝʰʝˁʘ ʩ ʦʙʟʠʨʦʤ ʥʘ ʟʘʤʦʨʥʘ ʦʧʪʝʨʝ˂ʝˁʘ. 

 ɻ. ʍʠʢʩ (G. Hicks) ʿʝ ʩʚʦʿʘ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʝʜʩʪʘʚʠʦ ʫ ʢˁʠʟʠ [39] ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʦʙʠʤʘʥ 

ʠʟʚʦʨ ʧʦʜʘʪʘʢʘ ʠ ʧʦʩʪʫʧʘʢʘ ʟʘ ʢʦʥʩʪʨʫʠʩʘˁʝ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ. ʇʨʚʦ ʩʫ ʨʘʟʤʦʪʨʝʥʝ ʦʩʥʦʚʥʝ 

ʪʝʦʨʠʿʝ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ, ʘ ʟʘʪʠʤ ʩʫ ʘʥʘʣʠʟʠʨʘʥʠ ʥʘʧʦʥʠ ʫ ʟʦʥʠ ʟʘʚʘʨʝʥʠʭ 

ʩʧʦʿʝʚʘ. ʈʘʟʤʘʪʨʘʥʘ ʿʝ ʪʝʦʨʠʿʘ ʩʘʚʠʿʘˁʘ ʠ ʫʚʠʿʘˁʘ, ʘ ʟʘʪʠʤ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʦʩʥʦʚʝ 

ʢʦʥʩʪʨʫʠʩʘˁʘ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʇʨʠʢʘʟʘʥʠ ʩʫ ʦʩʥʦʚʥʠ ʧʦʩʪʫʧʮʠ ʢʦʥʩʪʨʫʠʩʘˁʘ ʩʘʤʠʭ 

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʠ ʧʨʠʥʮʠʧʠ ʦʜʨʝʹʠʚʘˁʘ ˁʠʭʦʚʠʭ ʦʩʥʦʚʥʠʭ ʜʠʤʝʥʟʠʿʘ. ɸʥʘʣʠʟʠʨʘʥʦ ʿʝ 

ʧʦʥʘʰʘˁʝ ʥʘ ʟʘʤʦʨ ʢʦʜ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʠ ʢʨʪʠ ʣʦʤ ʦʚʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʇʦʩʣʝʜˁʠ ʜʝʦ 

ʢˁʠʛʝ ʨʘʟʤʘʪʨʘ ʦʜʨʝʹʠʚʘˁʝ ʩʪʨʫʢʪʫʨʥʦʛ ʠʥʪʝʛʨʠʪʝʪʘ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. 

 ɻ. ʄʘʨʢʠʟ (G. Marquis) ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʿʝ ʫ ʨʘʜʫ [82] ʧʨʠʢʘʟʘʦ ʧʨʝʜʣʦʛʝ ʟʘ ʫʥʘʧʨʝʹʝˁʝ 

ʢʦʥʩʪʨʫʠʩʘˁʘ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʫ ʫʩʣʦʚʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʟʘʤʦʨ. ʋ ʨʘʜʫ ʩʫ ʘʥʘʣʠʟʠʨʘʥʠ 

ʢʨʠʪʝʨʠʿʫʤʠ ʢʚʘʣʠʪʝʪʘ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʠ ˁʠʭʦʚ ʫʪʠʮʘʿ ʥʘ ʟʘʤʦʨʥʫ ʠʟʜʨʞˀʠʚʦʩʪ ʠ 

ʤʝʪʦʜʠ ʦʜʨʝʹʠʚʘˁʘ ʛʝʦʤʝʪʨʠʿʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʧʦʤʦ˂ʫ ʨʘʯʫʥʘʨʘ. ʇʨʠʢʘʟʘʥʝ ʩʫ ʤʦʜʠʬʠʢʘʮʠʿʝ 

ʧʨʦʮʝʩʘ ʟʘʚʘʨʠʚʘˁʘ ʜʝʣʦʚʘ ʦʜ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ, ʤʝʪʦʜʝ ʦʜʨʝʹʠʚʘˁʘ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ 

ʠ ʧʨʝʜʣʦʞʝʥʝ ʩʫ ˁʠʭʦʚʝ ʤʦʜʠʬʠʢʘʮʠʿʝ. ʊʘʢʦʹʝ ʩʫ ʦʙʨʘʹʝʥʠ ʧʦʿʘʚʘ ʛʨʝʰʘʢʘ ʠ ʘʣʘʪʠ ʟʘ 

ʩʠʤʫʣʘʮʠʿʫ ʧʨʝʜʚʠʹʘˁʘ ˁʠʭʦʚʦʛ ʧʦʿʘʚˀʠʚʘˁʘ. ʈʘʟʤʘʪʨʘʥʠ ʩʫ ʥʦʚʠ ʥʘʯʠʥʠ ʩʝʯʝˁʘ ʤʝʪʘʣʘ ʫ 

ʮʠˀʫ ʫʩʧʦʩʪʘʚˀʘˁʘ ʫʪʠʮʘʿʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʙʠʿʝʥʝ ʧʦʚʨʰʠʥʝ ʥʘ ʟʘʤʦʨʥʫ ʠʟʜʨʞˀʠʚʦʩʪ 

ʟʘʚʘʨʝʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ. 

 ɻ. ʇʣʫʚʠʥʘʞ (G. Pluvinage) ʿʝ ʫ ʢˁʠʟʠ [98] ʧʨʠʢʘʟʘʦ ʘʥʘʣʠʟʫ ʣʦʤʘ ʠ ʟʘʤʦʨʘ ʤʘʪʝʨʠʿʘʣʘ ʫ 

ʟʦʥʘʤʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ. ʋ ʧʨʚʦʿ ʛʣʘʚʠ ʥʘʚʝʜʝʥʝ ʢˁʠʛʝ ʧʦʩʤʘʪʨʘʥʠ ʩʫ ʝʬʝʢʪʠ ʟʘʨʝʟʘ ʠ 
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ʟʘʤʦʨ ʤʘʪʝʨʠʿʘʣʘ, ʜʦʢ ʿʝ ʫ ʜʨʫʛʦʿ ʛʣʘʚʠ ʨʘʟʤʘʪʨʘʥʘ ʨʘʩʧʦʜʝʣʘ ʥʘʧʦʥʘ ʫ ʟʦʥʠ ʚʨʭʘ ʧʨʩʣʠʥʝ. ʋ 

ʪʨʝ˂ʦʿ ʛʣʘʚʠ ʘʥʘʣʠʟʠʨʘʥʘ ʿʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ. ʋ ʯʝʪʚʨʪʦʿ ʛʣʘʚʠ ʿ ʝ ʦʙʨʘʹʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʥʘʧʦʥʘ ʫʩʣʝʜ ʟʘʨʝʟʘ ʠ ʥʘʧʦʥʩʢʠ ʢʨʠʪʝʨʠʿʫʤʠ ʣʦʤʘ ʫ ʟʦʥʠ ʟʘʨʝʟʘ. ʇʝʪʘ ʛʣʘʚʘ ʢˁʠʛʝ ʿʝ ʧʨʠʢʘʟʘʣʘ 

ʨʘʟʤʘʪʨʘˁʝ ʝʥʝʨʛʝʪʩʢʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʫ ʟʦʥʠ ʟʘʨʝʟʘ ʢʘʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘʧʦʥʘ. ʋ ʰʝʩʪʦʿ ʛʣʘʚʠ 

ʘʥʘʣʠʟʠʨʘʥʠ ʩʫ ʢʨʠʪʝʨʠʿʫʤʠ ʜʝʬʦʨʤʘʮʠʿʘ ʫ ʟʦʥʠ ʟʘʨʝʟʘ. ʉʝʜʤʘ ʛʣʘʚʘ ʥʘʚʝʜʝʥʝ ʢˁʠʛʝ ʿʝ 

ʧʨʠʢʘʟʘʣʘ ʪʝʩʪʠʨʘˁʝ ʫʟʦʨʘʢʘ ʩʘ ʟʘʨʝʟʦʤ ʫ ʮʠˀʫ ʦʜʨʝʹʠʚʘˁʝ ʛʨʘʥʠʯʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʢʨʪʦʛ ʣʦʤʘ. 

ʋ ʦʩʤʦʿ ʛʣʘʚʠ ʩʫ ʧʦʩʤʘʪʨʘʥʠ ʧʨʦʙʣʝʤʠ ʚʝʟʘʥʠ ʟʘ ʫʪʠʮʘʿ ʟʘʨʝʟʘ ʥʘ ʟʘʤʦʨ ʤʘʪʝʨʠʿʘʣʘ. ʋ ʜʝʚʝʪʦʿ 

ʛʣʘʚʠ ʿʝ ʨʘʟʤʘʪʨʘʥ ʫʪʠʮʘʿ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʫ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʚʠʤʘ ʥʘ ˁʠʭʦʚʫ ʟʘʤʦʨʥʫ 

ʠʟʜʨʞˀʠʚʦʩʪ. ʋ ʜʝʩʝʪʦʿ ʛʣʘʚʠ ʦʙʨʘʹʝʥ ʿʝ ʥʘʩʪʘʥʘʢ ʠ ʨʘʟʚʦʿ ʟʘʤʦʨʥʝ ʧʨʩʣʠʥʝ ʫʩʣʝʜ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʫ ʟʦʥʠ ʧʣʠʪʢʦʛ ʟʘʨʝʟʘ. 

 ɻ. ʉ. ʍʦʣʠʩʪʝʨ (G. S. Holister) ʿʝ ʫ ʩʚʦʿʦʿ ʢˁʠʟʠ [41] ʧʨʠʢʘʟʘʦ ʦʩʥʦʚʥʝ ʧʨʠʥʮʠʧʝ ʠ ʤʝʪʦʜʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʦʜʨʝʹʠʚʘˁʘ ʥʘʧʦʥʘ. ʇʨʠʢʘʟʘʥʝ ʩʫ ʦʩʥʦʚʝ ʪʝʦʨʠʿʝ ʝʣʘʩʪʠʯʥʦʩʪʠ ʚʝʟʘʥʝ ʟʘ 

ʨʘʟʫʤʝʚʘˁʝ ʧʨʠʥʮʠʧʘ ʠ ʤʝʪʦʜʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʦʜʨʝʹʠʚʘˁʘ ʥʘʧʦʥʘ. ɿʘʪʠʤ ʩʫ ʧʨʠʢʘʟʘʥʠ 

ʝʣʝʢʪʨʦʦʪʧʦʨʥʠ ʜʘʚʘʯʠ, ʧʦʩʝʙʥʦ ʤʝʨʥʝ ʪʨʘʢʝ, ʢʘʦ ʚʝʦʤʘ ʢʦʨʠʰ˂ʝʥʠ ʪʠʧ ʜʘʚʘʯʘ. ʊʘʢʦʹʝ, ʫ 

ʦʢʚʠʨʫ  ʥʘʚʝʜʝʥʝ ʢˁʠʛʝ ʨʘʟʤʘʪʨʘʥʝ ʩʫ ʤʝʪʦʜʝ ʬʦʪʦʝʣʘʩʪʠʯʥʝ ʘʥʘʣʠʟʝ ʥʘʧʦʥʘ ʠ ʧʨʠʢʘʟʘʥʘ ʿʝ 

ʄʦʘʨʝ ʤʝʪʦʜʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʦʜʨʝʹʠʚʘˁʘ ʥʘʧʦʥʘ.  

 ɷ. ɼʝʨʢ (J. Doerk) ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʿʝ ʫ ʨʘʜʫ [21] ʧʨʠʢʘʟʘʦ ʧʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʨʘʟʣʠʯʠʪʠʭ 

ʤʝʪʦʜʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʥʘʧʦʥʘ ʫ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʫ ʮʠˀʫ ʫʪʚʨʹʠʚʘˁʘ ˁʠʭʦʚʝ 

ʧʨʠʤʝʥˀʠʚʦʩʪʠ ʠ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʫ ʢʦʥʢʨʝʪʥʦʿ ʩʠʪʫʘʮʠʿʠ. 

 ɷ. ʃʫʜʚʠʛ (J. Ludwig) ʿʝ ʧʨʠʢʘʟʘʦ ʠ ʜʝʪʘˀʥʦ ʨʘʟʨʘʜʠʦ ʪʝʭʥʠʯʢʠ ʫʩʣʦʚ ʟʘ ʟʘʚʘʨʠʚʘˁʝ 

ʙʨʦʜʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ [72]. ʇʨʠʢʘʟʘʥʠ ʪʝʭʥʠʯʢʠ ʫʩʣʦʚ ʥʘʨʦʯʠʪʫ ʧʘʞˁʫ ʧʦʢʣʘˁʘ ʢʚʘʣʠʪʝʪʫ  

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʠ ʛʨʝʰʢʘʤʘ ʢʦʿʝ ʥʘʩʪʘʿʫ ʧʨʠʣʠʢʦʤ ʟʘʚʘʨʠʚʘˁʘ. ʇʦʩʝʙʥʦ ʩʫ ʨʘʟʤʦʪʨʝʥʠ 

ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʠ ʜʝʬʦʨʤʘʮʠʿʝ, ʦʪʧʦʨʥʦʩʪ ʥʘ ʢʦʨʦʟʠʿʫ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʢʦʜ ʟʘʚʘʨʝʥʠʭ 

ʩʧʦʿʝʚʘ ʧʨʠ ʟʘʤʦʨʥʠʤ ʦʧʪʝʨʝ˂ʝˁʠʤʘ. 

 ɷ. ʄʝʢʜʦʥʘʣʜ (J. MacDonald) ʿʝ ʫ ʢˁʠʟʠ [73] ʘʥʘʣʠʟʠʨʘʦ ʣʦʤ ʠ ʟʘʤʦʨ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʢʦʜ 

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʠ ʢʦʥʩʪʨʫʢʮʠʿʘ ʫ ʮʠˀʫ ʦʜʨʝʹʠʚʘˁʘ ʦʥʠʭ ʨʝʰʝˁʘ ʢʦʿʠʤʘ ʩʝ ʧʦʩʪʠʞʝ 

ʧʦʚʝ˂ʘˁʝ ʥʦʩʠʚʦʩʪʠ ʠ ʩʤʘˁʝˁʝ ʦʧʘʩʥʦʩʪʠ ʦʜ ʣʦʤʘ. ʇʦʩʤʘʪʨʘʥʝ ʩʫ ʤʝʪʦʜʝ ʦʜʨʝʹʠʚʘˁʘ 

ʠʟʜʨʞˀʠʚʦʩʪʠ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʠ ʢʦʥʩʪʨʫʢʮʠʿʘ ʥʘ ʟʘʤʦʨʥʘ ʦʧʪʝʨʝ˂ʝˁʘ, ʢʘʦ ʠ ʤʝʪʦʜʝ 

ʢʦʥʩʪʨʫʠʩʘˁʘ ʩ ʦʙʟʠʨʦʤ ʥʘ ʦʪʧʦʨʥʦʩʪ ʧʨʝʤʘ ʦʧʪʝʨʝ˂ʝˁʫ ʥʘ ʟʘʤʦʨ. ʇʨʠʢʘʟʘʥ ʿʝ ʧʨʠʩʪʫʧ 

ʤʝʭʘʥʠʢʝ ʣʦʤʘ ʟʘ ʥʘʩʪʘʥʘʢ ʠ ʨʘʟʚʦʿ ʟʘʤʦʨʥʠʭ ʧʨʩʣʠʥʘ ʫ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʚʠʤʘ ʠ 

ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ. ʋ ʜʨʫʛʦʤ ʜʝʣʫ ʢˁʠʛʝ ʘʥʘʣʠʟʠʨʘʥ ʿʝ ʧʨʦʮʝʩ ʟʘʤʦʨʘ ʤʘʪʝʨʠʿʘʣʘ ʢʦʜ ʦʩʦʚʠʥʘ ʠ 

ʫʪʠʮʘʿʥʠ ʬʘʢʪʦʨʠ ʦʚʦʛ ʧʨʦʮʝʩʘ. ʅʘ ʢʨʘʿʫ ʦʚʦʛ ʜʝʣʘ ʢˁʠʛʝ ʜʘʪʠ ʩʫ ʢʦʥʢʨʝʪʥʠ ʧʨʠʤʝʨʠ 

ʢʦʥʩʪʨʫʢʮʠʦʥʠʭ ʨʝʰʝˁʘ, ʢʦʿʠʤʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʦʪʧʦʨʥʦʩʪ ʦʩʦʚʠʥʘ ʧʨʠ ʦʧʪʝʨʝ˂ʝˁʫ ʥʘ ʟʘʤʦʨ. 

 ɷ. ʄʘʛʘʟʜʠ (J. Magasdi) ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʿʝ ʫ ʨʘʜʫ [77] ʥʘʚʝʦ ʜʘ ʩʝ ʫ ʠʥʜʫʩʪʨʠʿʠ ʦʙʨʘʜʝ 

ʜʨʚʝʪʘ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʥʠʩʢʦʣʝʛʠʨʘʥʠ ʘʣʘʪʥʠ ʯʝʣʠʮʠ ʢʦʿʠ ʩʘʜʨʞʝ ʥʠʢʣ ʠ ʭʨʦʤ. ʆʚʘʢʚʠ 

ʯʝʣʠʮʠ ʫ ʪʝʨʤʠʯʢʠ ʦʙʨʘʹʝʥʦʤ ʩʪʘˁʫ ʠʤʘʿʫ ʚʠʩʦʢʫ ʟʘʪʝʟʥʫ ʯʚʨʩʪʦ˂ʫ  

(1200 ʜʦ 1400 MPa). ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʿʝ ʛʣʘʚʥʠ ʫʟʨʦʢ ʦʪʢʘʟʘ ʠ ʦʰʪʝ˂ʝˁʘ ʫ ʦʚʘʢʚʠʤ 

ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʤ ʫʩʣʦʚʠʤʘ ʟʘʤʦʨʥʦ ʦʰʪʝ˂ʝˁʝ. ʉʣʦʞʝʥʠ ʫʩʣʦʚʠ ʝʢʩʧʣʦʘʪʘʮʠʿʝ, ʨʝʟʘˁʝ ʠ 

ʩʘʚʠʿʘˁʝ ʘʣʘʪʘ ʠʟʘʟʠʚʘʿʫ ʦʧʪʝʨʝ˂ʝˁʝ ʥʘ ʟʘʤʦʨ ʥʘʨʦʯʠʪʦ ʫ ʟʦʥʠ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. ʋ ʨʘʜʫ ʿʝ ʜʘʪ 

ʟʘʢˀʫʯʘʢ ʜʘ ʿʝ ʟʘʚʘʨʠʚʘˁʝ ʫ ʧʨʦʮʝʩʫ ʧʨʦʠʟʚʦʜˁʝ ʧʦʩʪʫʧʘʢ ʩʘ ʥʘʿʚʠʰʝ ʫʪʠʮʘʿʘ ʥʘ ʧʦʫʟʜʘʥʦʩʪ 

ʪʨʘʢʘʩʪʠʭ ʪʝʩʪʝʨʘ ʟʘ ʦʙʨʘʜʫ ʜʨʚʝʪʘ.   

 ɷ. ʄʘʨʪʠʥʩʦʥ ( J. Martinsson) ʿʝ ʫ ʩʚʦʿʦʿ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ [83] ʘʥʘʣʠʟʠʨʘʦ ʧʨʦʮʝʩʝ 

ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʫ ʩʣʦʞʝʥʠʤ ʟʘʚʘʨʝʥʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ ʢʦʿʝ ʩʫ ʠʟʣʦʞʝʥʝ ʦʧʪʝʨʝ˂ʝˁʫ ʥʘ ʟʘʤʦʨ. 

ʈʘʟʫʤʝʚʘˁʝ ʤʝʭʘʥʠʟʘʤʘ ʟʘʤʦʨʘ ʢʦʜ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ, ʢʦʿʝ ʩʫ ʭʝʪʝʨʦʛʝʥʝ ʠʟ 

ʘʩʧʝʢʪʘ ʤʘʪʝʨʠʿʘʣʘ, ʿ ʝ ʫʩʣʦʚ ˁʠʭʦʚʦʛ ʘʜʝʢʚʘʪʥʦʛ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʨʝʰʝˁʘ. ʊʘʢʦʹʝ, ʧʨʠʢʘʟʘʥ ʿʝ 

ʦʨʠʛʠʥʘʣʥʦ ʨʘʟʚʠʿʝʥ ʤʝʪʦʜ ʧʨʦʨʘʯʫʥʘ ʠʟʜʨʞˀʠʚʦʩʪʠ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʥʘ ʟʘʤʦʨʥʘ 

ʦʧʪʝʨʝ˂ʝˁʘ, ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʧʨʠʤʝʥʠ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ. 
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 ɷ. ɺ. ɼʝʿʣʠ (J. W. Dally) ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʿʝ ʫ ʢˁʠʟʠ [18] ʧʨʠʢʘʟʘʦ ʧʨʠʥʮʠʧʝ ʠ ʤʝʪʦʜʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʦʜʨʝʹʠʚʘˁʘ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ. ʇʦʩʝʙʥʦ ʿʝ ʘʥʘʣʠʟʠʨʘʥʦ 

ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦ ʩʪʘˁʝ ʫ ʟʦʥʘʤʘ ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʜʠʩʢʦʥʪʠʥʫʠʪʝʪʘ. 

 ʂ. ʍ. ɻʨʦʪ (K. H. Grote) ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʿʝ ʫ ʢˁʠʟʠ [38] ʧʨʠʢʘʟʘʦ ʩʚʦʿʘ ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʟʘʥʘ 

ʟʘ ʤʝʪʦʜʝ ʠ ʧʨʦʮʝʜʫʨʝ ʦʜʨʝʹʠʚʘˁʘ ʥʘʿʧʦʚʦˀʥʠʿʝʛ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʨʝʰʝˁʘ. ʂʨʦʟ ʥʠʟ 

ʧʨʘʢʪʠʯʥʠʭ ʧʨʠʤʝʨʘ ʧʨʠʢʘʟʘʥ ʿʝ ʤʝʪʦʜ ʦʜʨʝʹʠʚʘˁʘ ʥʘʿʧʦʚʦˀʥʠʿʝʛ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʨʝʰʝˁʘ ʫ 

ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ. 

 ʂ. ʃ. ɱʝʨʠʥʘ (K. L. Jerina) ʿʝ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʠʩʪʨʘʞʠʚʘʦ ʦʩʥʦʚʝ ʤʝʭʘʥʠʢʝ ʟʘʤʦʨʘ ʠ ʣʦʤʘ 

[63]. ɸʥʘʣʠʟʠʨʘʥʠ  ʩʫ ʤʝʭʘʥʠʟʤʠ ʧʨʦʮʝʩʘ ʟʘʤʦʨʘ ʢʨʦʟ ʥʘʩʪʘʥʘʢ ʠ ʨʘʟʚʦʿ ʟʘʤʦʨʥʝ ʧʨʩʣʠʥʝ ʫ 

ʤʘʰʠʥʩʢʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ. ʈʘʟʤʘʪʨʘʥʝ ʩʫ ʤʝʪʦʜʝ ʦʜʨʝʹʠʚʘˁʘ ʟʘʤʦʨʥʝ ʠʟʜʨʞˀʠʚʦʩʪʠ ʠ 

ʦʜʨʝʹʠʚʘˁʝ ʙʨʟʠʥʝ ʨʘʩʪʘ ʧʨʩʣʠʥʝ. 

 ʃ. ʌ. ʂʦʬʠʥ (L. F. Coffin) ʿʝ ʩʚʦʿʘ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʝʜʩʪʘʚʠʦ ʫ ʢˁʠʟʠ [13]. ʂˁʠʛʘ 

ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʫ ʦʜ ʧʨʚʠʭ ʢʦʤʧʣʝʪʥʠʭ ʨʝʬʝʨʝʥʮʠ ʢʦʿʘ ʨʘʟʤʘʪʨʘ ʟʘʤʦʨ ʢʦʥʩʪʨʫʢʮʠʿʘ ʫ 

ʫʩʣʦʚʠʤʘ ʧʦʚʠʰʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ. 

 ʃ. ʃʠʚʠʝʨʠ (L. Livieri) ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʿʝ ʫ ʨʘʜʫ [71] ʧʨʠʢʘʟʘʦ ʘʥʘʣʠʟʫ ʟʘʤʦʨʥʝ 

ʠʟʜʨʞˀʠʚʦʩʪʠ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʦʜ ʯʝʣʠʢʘ ʠ ʘʣʫʤʠʥʠʿʫʤʘ ʧʦʤʦ˂ʫ ʛʝʥʝʨʘʣʠʟʦʚʘʥʦʛ ʬʘʢʪʦʨʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʠ ʧʦʤʦ˂ʫ ʣʦʢʘʣʥʝ ʜʝʬʦʨʤʘʮʠʦʥʝ ʝʥʝʨʛʠʿʝ. 

 ʃ. ʇ. ʇʫʢ (L. P. Pook) ʫ ʢˁʠʟʠ [99] ʿʝ ʨʘʟʤʘʪʨʘʦ ʟʘʤʦʨ ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʫ ʤʝʪʘʣʥʠʤ 

ʤʘʪʝʨʠʿʘʣʠʤʘ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʘʩʧʝʢʘʪʘ. ʇʨʚʦ ʿʝ ʧʨʠʢʘʟʘʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʫ 

ʦʙʣʘʩʪʠ ʠʩʧʠʪʠʚʘˁʘ ʟʘʤʦʨʘ, ʘ ʟʘʪʠʤ ʿʝ ʘʥʘʣʠʟʠʨʘʥ ʤʝʭʘʥʠʟʘʤ ʥʘʩʪʘʥʢʘ ʟʘʤʦʨʘ. ɼʘˀʝ, 

ʨʘʟʤʦʪʨʝʥʘ ʩʫ ʢʦʥʢʨʝʪʥʘ ʢʦʥʩʪʨʫʢʮʠʦʥʘ ʨʝʰʝˁʘ ʢʦʿʠʤʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʟʘʤʦʨ ʠ 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʢʦʥʢʨʝʪʥʠ ʧʨʠʤʝʨʠ ʦʚʘʢʚʠʭ ʨʝʰʝˁʘ.  

 ʃ. ɱʦʢʦʪʘ (L. Yokota) ʠ ʂ. ɸʥʘʤʠ (K. Anami) ʩʫ ʫ ʨʘʜʫ [123] ʧʨʠʢʘʟʘʣʠ ʤʝʪʦʜ ʣʦʢʘʣʥʦʛ 

ʥʘʧʦʥʘ ʢʘʦ ʧʨʠʩʪʫʧ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʟʘʤʦʨʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʢʦʜ ʯʝʣʠʯʥʠʭ 

ʢʦʥʩʪʨʫʢʮʠʿʘ ʤʦʩʪʦʚʘ. ʋ ʥʘʚʝʜʝʥʦʤ ʨʘʜʫ, ʧʦʨʝʜ ʧʨʠʢʘʟʘ ʦʚʝ ʤʝʪʦʜʦʣʦʛʠʿʝ, ʧʨʠʢʘʟʘʥʘ ʿʝ ʠ 

ʘʥʘʣʠʟʘ ʩʘʤʝ ʤʝʪʦʜʦʣʦʛʠʿʝ. ʋ ʨʘʜʫ ʩʫ ʘʥʘʣʠʟʠʨʘʥʝ ʩʧʝʮʠʬʠʯʥʦʩʪʠ, ʧʨʝʜʥʦʩʪʠ ʠ ʤʘʥʝ, ʦʚʝ 

ʤʝʪʦʜʦʣʦʛʠʿʝ ʦʜʨʝʹʠʚʘˁʘ ʟʘʤʦʨʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

 ʄ. ɸʣʘʤ (M. Alam) ʿ ʝ ʫ ʩʚʦʿʦʿ  ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ [2] ʧʨʠʢʘʟʘʦ ʘʥʘʣʠʟʫ ʨʘʩʪʘ ʟʘʤʦʨʥʝ 

ʧʨʩʣʠʥʝ ʫ ʟʘʚʘʨʝʥʠʤ ʠ ʨʝʧʘʨʘʪʫʨʥʦ ʥʘʚʘʨʝʥʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ. ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʥʘʚʝʜʝʥʦ ʜʘ 

ʤʝʪʦʜʦʣʦʛʠʿʘ ʦʜʨʝʹʠʚʘˁʘ ʩʪʨʫʢʪʫʨʥʦʛ ʠʥʪʝʛʨʠʪʝʪʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʦʙʫʭʚʘʪʘ ʩʪʨʫʢʪʫʨʥʫ 

ʘʥʘʣʠʟʫ, ʘʥʘʣʠʟʫ ʦʪʢʘʟʘ, ʠʩʧʠʪʠʚʘˁʝ ʙʝʟ ʨʘʟʘʨʘˁʘ, ʨʘʟʤʘʪʨʘˁʝ ʟʘʤʦʨʘ ʠ ʧʫʟʘˁʘ, ʤʝʪʘʣʫʨʛʠʿʫ 

ʠ ʤʘʪʝʨʠʿʘʣʝ, ʤʝʭʘʥʠʢʫ ʣʦʤʘ, ʦʮʝʥʫ ʠʟʜʨʞˀʠʚʦʩʪʠ ʥʘ ʟʘʤʦʨʥʘ ʦʧʪʝʨʝ˂ʝˁʘ, ʤʝʪʘʣʫʨʛʠʿʫ 

ʟʘʚʘʨʠʚʘˁʘ, ʧʨʘ˂ʝˁʝ ʧʦʥʘʰʘˁʘ ʩʪʨʫʢʪʫʨʝ ʠʪʜ. ʇʨʠʢʘʟʘʥ ʿʝ ʤʝʪʦʜ ʩʠʤʫʣʘʮʠʿʝ ʨʘʩʪʘ ʟʘʤʦʨʥʝ 

ʧʨʩʣʠʥʝ ʫ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʝʣʘʩʪʠʯʥʘ ʤʘʪʝʨʠʿʘʣʘ, ʢʦʿʠ ʿʝ ʟʘʪʠʤ ʧʨʠʤʝˁʝʥ ʥʘ ʩʫʯʝʦʥʠ ʟʘʚʘʨʝʥʠ 

ʩʧʦʿ ʨʘʚʥʠʭ ʧʣʦʯʘ ʠ ʮʝʚʠ. ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʧʨʠʢʘʟʘʥ ʠ ʥʫʤʝʨʠʯʢʠ ʧʨʦʨʘʯʫʥ ʟʘ ʨʘʟʤʘʪʨʘʥʝ 

ʩʣʫʯʘʿʝʚʝ ʟʘʚʘʨʝʥʠʭ ʠ ʨʝʧʘʨʘʪʫʨʥʦ ʥʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ.  

  ʄ. ɹʠʦʪ (M. Biot) ʿʝ ʫ ʩʚʦʤ ʨʘʜʫ [9] ʧʨʠʢʘʟʘʦ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʥʘʧʦʥʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ 

ʧʦʨʝʤʝ˂ʘʿʝ ʫ ʥʘʧʦʥʩʢʠʤ ʣʠʥʠʿʘʤʘ ʫ ʟʦʥʘʤʘ ʩʪʨʫʢʪʫʨʥʠʭ ʜʠʩʢʦʥʪʠʥʫʠʪʝʪʘ ʠ ʫʩʣʦʚˀʘʚʘ 

ʧʦʚʝ˂ʘˁʝ ʥʠʚʦʘ ʥʘʧʦʥʩʢʦʛ ʩʪʘˁʘ ʫ ʩʚʠʤ ʧʨʘʚʮʠʤʘ ʢʘʦ ʠ ʩʪʝʧʝʥʘ ʝʣʘʩʪʦ - ʧʣʘʩʪʠʯʥʦʛ ʩʪʘˁʘ 

ʜʝʬʦʨʤʘʮʠʿʘ. ʂʦʥʚʝʥʮʠʦʥʘʣʥʝ ʤʝʪʦʜʝ ʘʥʘʣʠʟʝ ʥʠʿʝ ʤʦʛʫ˂ʝ ʧʨʠʤʝʥʠʪʠ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʿʘ ʟʘ 

ʚʠʩʦʢʝ ʩʪʝʧʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ, ʢʘʦ ʠ ʫ ʩʣʫʯʘʿʫ ʧʦʥʦʚˀʝʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʠʿʘ 

ʩʘʤʦʛ ʤʘʪʝʨʠʿʘʣʘ. ʋ ʨʘʜʫ ʿʝ ʥʘʚʝʜʝʥʦ ʜʘ ʿʝ ʧʨʠʩʪʫʧ ʟʘʩʥʦʚʘʥ ʥʘ ʥʘʧʦʥʩʢʦʤ ʩʪʘˁʫ ʫʩʪʘʥʦʚʠʦ 

ʈʘʜʘʿ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ (2006) ʢʘʦ ʠ ɺʘʥʛ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʠʩʪʝ ʛʦʜʠʥʝ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʥʘʧʦʥʩʢʘ 

ʩʪʘˁʘ ʫ ʩʚʠʤ ʧʨʘʚʮʠʤʘ ʤʦʛʫ ʩʝ ʘʥʘʣʠʟʠʨʘʪʠ ʧʦʤʦ˂ʫ ʜʨʫʛʦʛ ʢʨʠʪʝʨʠʿʫʤʘ, ʢʦʿʠ ʿʝ ʛʝʥʝʨʘʣʥʦ 

ʦʨʠʿʝʥʪʠʩʘʥ ʢʘ ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ ʢʫʤʫʣʘʪʠʚʥʦʤ ʟʘʤʦʨʥʦʤ ʦʰʪʝ˂ʝˁʫ ʤʘʪʝʨʠʿʘʣʘ ʠ ʢʦʿʘ ʩʝ 

ʟʘʩʥʠʚʘ ʥʘ ʢʦʨʠʰ˂ʝˁʫ ɺʝʣʝʨʦʚʠʭ ʢʨʠʚʠʭ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʪʝʭʥʠʯʢʦʤ ʠʟʚʝʰʪʘʿʫ ISSC 

Committee III.2 - ɿʘʤʦʨ ʠ ʣʦʤ ʦʜ 2009. ʛʦʜʠʥʝ. ʈʘʜ ʧʨʠʢʘʟʫʿʝ ʘʥʘʣʠʟʫ, ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ, 

ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʪʘˀʘ, ʦʜʥʦʩʥʦ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʢʦʿʠ ʩʫ ʦʧʪʝʨʝ˂ʝʥʠ ʧʨʦʤʝʥˀʠʚʠʤ 
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ʦʧʪʝʨʝ˂ʝˁʝʤ ʫ ʜʚʝ ʦʩʝ ʜʦ ʥʠʚʦʘ ʢʦʿʠ ʠʟʘʟʠʚʘ ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʘʮʠʿʝ ʚʠʩʦʢʦʛ ʩʪʝʧʝʥʘ. ʋ ʨʘʜʫ 

ʩʫ ʧʨʠʢʘʟʘʥʝ ʠ ʘʥʘʣʠʟʠʨʘʥʝ ʤʦʜʠʬʠʢʘʮʠʿʝ ʢʨʠʚʠʭ ʜʠʥʘʤʠʯʢʝ ʠʟʜʨʞˀʠʚʦʩʪʠ ʢʦʿʝ ʪʨʝʙʘ 

ʠʟʚʨʰʠʪʠ ʫ ʮʠˀʫ ˁʠʭʦʚʝ ʧʨʠʤʝʥʝ ʢʦʜ ʦʧʪʝʨʝ˂ʝˁʘ ʫ ʚʠʰʝ ʧʨʘʚʘʮʘ.   

 ʄ. ɹʨʘʥʢʦ ( M. Branco) ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʿʝ ʫ ʢˁʠʟʠ [10] ʨʘʟʤʘʪʨʘʦ ʤʝʭʘʥʠʯʢʦ ʧʦʥʘʰʘˁʝ 

ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ. ʇʨʚʦ ʿʝ ʘʥʘʣʠʟʠʨʘʥʦ ʧʦʥʘʰʘˁʝ ʤʝʪʘʣʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʰʠʨʦʢʦ ʢʦʨʠʩʪʝ ʫ ʤʘʰʠʥʩʢʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ ʧʨʠ ʧʦʚʠʰʝʥʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ. ɿʘʪʠʤ ʿʝ ʘʥʘʣʠʟʠʨʘʥʦ ʧʫʟʘˁʝ, ʢʘʦ ʠ ʧʫʟʘˁʝ ʫ ʩʧʨʝʟʠ ʩʘ ʟʘʤʦʨʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ. 

ʇʦʥʘʰʘˁʝ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʫ ʫʩʣʦʚʠʤʘ ʧʦʚʠʰʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʨʘʟʣʠʯʠʪʠʭ ʦʧʪʝʨʝ˂ʝˁʘ 

ʧʨʠʢʘʟʘʥʦ ʿʝ ʫ ʜʨʫʛʦʤ ʜʝʣʫ ʢˁʠʛʝ. 

 ʄ. ʌʘʨʢʘʰ (M. Farkas), ʫ ʨʘʜʫ [31] ʿʝ ʧʨʠʢʘʟʘʦ ʣʠʪʝʨʘʪʫʨʥʠ ʧʨʝʛʣʝʜ ʢʦʿʠ ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ 

ʧʨʦʠʟʚʦʜʥʠ ʘʩʧʝʢʪ ʚʝʦʤʘ ʚʘʞʘʥ ʟʘ ʝʢʦʥʦʤʠʯʥʦ ʦʙʣʠʢʦʚʘˁʝ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʋʢʫʧʥʠ 

ʪʨʦʰʢʦʚʠ ʧʨʦʠʟʚʦʜˁʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʝʦʤʘ ʚʘʞʘʥ ʬʘʢʪʦʨ ʟʘ ʝʢʦʥʦʤʠʯʥʦʩʪ ʟʘʚʘʨʝʥʝ 

ʢʦʥʩʪʨʫʢʮʠʿʝ. ʋ ʨʘʜʫ ʿʝ ʧʨʠʢʘʟʘʥ ʜʝʪʘˀʘʥ ʧʨʦʨʘʯʫʥ ʥʘ ʧʨʠʤʝʨʫ ʟʘʚʘʨʝʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʢʦʿʘ ʿʝ 

ʦʧʪʝʨʝ˂ʝʥʘ ʥʘ ʟʘʤʦʨ. ʇʨʠʥʮʠʧ ʦʜʨʝʹʠʚʘˁʘ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʢʦʿʠ ʿʝ ʧʨʠʢʘʟʘʥ ʫ ʨʘʜʫ ʦʙʫʭʚʘʪʘ 

ʚʝʦʤʘ ʚʝʣʠʢʠ ʙʨʦʿ ʬʘʢʪʦʨʘ.  

 ʄ. ɱʦʚʘʥʦʚʠ˂ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʿʝ ʫ ʨʘʜʦʚʠʤʘ [133, 135, 136, 137, 139, 140] ʩʚʝʦʙʫʭʚʘʪʥʦ 

ʧʨʠʢʘʟʘʦ ʪʝʭʥʦʣʦʛʠʿʫ ʟʘʚʘʨʠʚʘˁʘ, ʧʨʠʥʮʠʧʝ ʠʟʙʦʨʘ ʥʘʿʧʦʚʦˀʥʠʿʝ ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʤʝʪʦʜʦʣʦʛʠʿʫ 

ʦʜʨʝʹʠʚʘˁʘ ʥʘʿʧʦʚʦˀʥʠʿʠʭ ʧʘʨʘʤʝʪʘʨʘ ʟʘʚʘʨʠʚʘˁʘ. 

 ɺ. ʃʘʟʠ˂ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʿʝ ʫ ʨʘʜʫ [142] ʜʝʪʘˀʥʦ ʧʨʠʢʘʟʘʦ ʤʝʪʦʜʦʣʦʛʠʿʫ ʜʝʬʠʥʠʩʘˁʘ 

ʛʨʘʥʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʟʘʚʘʨʠʚʘˁʘ ʢʦʥʩʪʨʫʢʮʠʦʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ. 

 ʄ. ʄʘʣʠʢʫʪʩʘʢʠʩ ( M. Malikoutsakis) ʠ ɻ. ʉʘʚʘʠʜʠʩ (G. Savaidis) ʫ ʨʘʜʫ [78] ʩʫ ʥʘʚʝʣʠ ʜʘ 

ʩʫ ʝʣʝʤʝʥʪʠ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ ʥʘʿʯʝʰ˂ʝ ʦʧʪʝʨʝ˂ʝʥʠ ʥʘ ʟʘʤʦʨ. ʀʩʪʦʚʨʝʤʝʥʦ ʦʚʠ ʝʣʝʤʝʥʪʠ ʩʫ, 

ʟʙʦʛ ʩʚʦʿʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʠ ʫʩʣʦʚʘ ʦʧʪʝʨʝ˂ʝˁʘ ʚʝʦʤʘ ʦʩʝʪˀʠʚʠ ʥʘ ʦʚʘʿ ʪʠʧ ʦʧʪʝʨʝ˂ʝˁʘ. ʋ ʨʘʜʫ 

ʩʫ, ʢʘʦ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʝʣʝʤʝʥʪʠ, ʘʥʘʣʠʟʠʨʘʥʝ ʦʩʦʚʠʥʝ ʪʝʨʝʪʥʠʭ ʚʦʟʠʣʘ. ɿʘʚʘʨʝʥʝ 

ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʝ ʬʦʨʤʠʨʘʿʫ ʩʨʝʜʠʰˁʠ ʜʝʦ ʦʩʦʚʠʥʝ, ʟʙʦʛ ʩʚʦʿʠʭ ʜʠʤʝʥʟʠʿʘ ʧʨʠʧʘʜʘʿʫ 

ʪʘʥʢʦʟʠʜʥʠʤ ʝʣʝʤʝʥʪʠʤʘ ʠ ʧʦʩʝʙʥʦ ʩʫ ʘʥʘʣʠʟʠʨʘʥʠ ʫ ʦʚʦʤ ʨʘʜʫ. ʆʩʦʙʠʥʝ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʨʘʟʤʘʪʨʘʥʠʭ ʝʣʝʤʝʥʘʪʘ ʠʤʘʿʫ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʫʢʫʧʥʫ ʩʠʛʫʨʥʦʩʪ ʠ ʧʦʫʟʜʘʥʦʩʪ ʪʝʨʝʪʥʠʭ 

ʚʦʟʠʣʘ. ʆʙʟʠʨʦʤ ʜʘ ʣʦʤ ʥʘʩʪʘʿʝ ʫ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʦʚʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ʜʘ ʿʝ ʦʚʝ ʟʦʥʝ 

ʪʝʰʢʦ ʧʦʫʟʜʘʥʦ ʘʥʘʣʠʟʠʨʘʪʠ ʧʦʩʪʦʿʝ˂ʠʤ ʤʝʪʦʜʘʤʘ, ʧʨʠʢʘʟʘʥ ʿʝ ʤʦʜʠʬʠʢʦʚʘʥ ʧʨʠʩʪʫʧ 

ʝʬʝʢʪʠʚʥʦʛ ʣʦʢʘʣʥʦʛ ʥʘʧʦʥʘ. ʇʦʩʝʙʥʘ ʚʘʞʥʦʩʪ ʧʦʢʣʦˁʝʥʘ ʿʝ ʪʝʭʥʠʮʠ ʤʦʜʝʣʠʨʘˁʘ ʠ 

ʧʨʝʜʣʦʞʝʥʘ ʩʫ ʢʦʥʩʪʨʫʢʮʠʦʥʘ ʨʝʰʝˁʘ ʩʘ ʩʤʘˁʝʥʠʤ ʙʨʦʿʝʤ ʝʣʝʤʝʥʘʪʘ. ʊʘʢʦʹʝ, ʧʨʠʢʘʟʘʥʦ ʿʝ 

ʧʦʨʝʹʝˁʝ ʘʥʘʣʠʪʠʯʢʠ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʧʨʠ ʩʪʘʪʠʯʢʠʤ ʠ ʜʠʥʘʤʠʯʢʠʤ 

ʫʩʣʦʚʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ.  

 ʊ. ʀʨʘʥʤʘʥʝʰ ( T. Iranmanesh) ʠ ɸ. ʈ. ɼʘʨʚʘʟʠ (A. R. Darvazi) ʩʫ ʫ ʨʘʜʫ [58] ʧʨʠʢʘʟʘʣʠ 

ʘʥʘʣʠʪʠʯʢʠ ʠ ʥʫʤʝʨʠʯʢʠ ʧʨʠʩʪʫʧ ʘʥʘʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʩʢʠʭ ʮʠʢʣʫʩʘ ʫ ʟʦʥʠ ʩʫʯʝʦʥʦʛ ʟʘʚʘʨʝʥʦʛ 

ʩʧʦʿʘ ʢʦʿʠ ʩʝ ʯʝʩʪʦ ʢʦʨʠʩʪʠ ʫ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ ʙʨʦʜʦʚʘ. ʇʨʠʢʘʟʘʥʘ ʥʫʤʝʨʠʯʢʘ ʘʥʘʣʠʟʘ ʿʝ 

ʫʨʘʹʝʥʘ ʧʦʤʦ˂ʫ ANSYS ʧʨʦʛʨʘʤʩʢʦʛ ʧʘʢʝʪʘ ʢʦʨʠʰ˂ʝˁʝʤ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʛ ʪʝʨʤʦ-

ʤʝʭʘʥʠʯʢʦʛ ʤʦʜʝʣʘ, ʜʦʢ ʿʝ ʟʘ ʘʥʘʣʠʪʠʯʢʦ ʨʝʰʝˁʝ ʥʘʧʦʥʩʢʦʛ ʩʪʘˁʘ ʢʦʨʠʰ˂ʝʥ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʤʦʜʝʣ ʠ ʧʨʦʛʨʘʤʩʢʠ ʧʘʢʝʪ MATHLAB. ʄʦʜʝʣ ʨʘʟʚʠʿʝʥ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʝ 

ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʿʝ ʫʧʦʪʨʝʙˀʝʥ ʟʘ ʘʥʘʣʠʟʫ ʪʝʨʤʠʯʢʠʭ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ, ʧʨʚʦ ʟʘ 

ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ, ʘ ʟʘʪʠʤ ʠ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʘʥʘʣʠʟʫ. ʈʝʟʫʣʪʘʪʠ ʢʦʿʠ ʩʫ ʧʨʠʢʘʟʘʥʠ 

ʧʦʢʘʟʫʿʫ ʜʘ ʩʝ ʫ ʩʣʫʯʘʿʫ ʧʦʩʤʘʪʨʘʥʦʛ ʩʫʯʝʦʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʜʦʙʠʿʘʿʫ ʩʘʛʣʘʩʥʠ ʨʝʟʫʣʪʘʪʠ ʟʘ 

ʦʙʘ ʥʫʤʝʨʠʯʢʘ ʤʦʜʝʣʘ, ʩ ʪʠʤ ʰʪʦ ʩʝ ʢʦʨʠʰ˂ʝˁʝʤ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʦʛ ʤʦʜʝʣʘ ʟʥʘʪʥʦ ʩʢʨʘ˂ʫʿʝ 

ʧʦʪʨʝʙʥʦ ʚʨʝʤʝ ʠʟʨʘʯʫʥʘʚʘˁʘ.    

 ʊ. ʂʦʙʘʿ ʘʰʠ ( T. Kobayashi) ʿʝ ʫ ʢˁʠʟʠ [65] ʦʙʨʘʜʠʦ ʧʦʥʘʰʘˁʝ ʤʘʪʝʨʠʿʘʣʘ ʫ ʫʩʣʦʚʠʤʘ 

ʩʪʘʪʠʯʢʦʛ ʠ ʜʠʥʘʤʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. ʇʦʩʝʙʥʦ ʿʝ ʨʘʟʤʘʪʨʘʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʿʘʣʘ ʠ ˁʝʥ 

ʫʪʠʮʘʿ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʪʝʨʠʿʘʣʘ. ʅʘʿʚʝ˂ʠ ʜʝʦ ʢˁʠʛʝ ʧʦʩʚʝ˂ʝʥ ʿʝ ʤʝʪʘʣʥʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ, 

ʜʦʢ ʿʝ ʧʦʩʣʝʜˁʝ ʧʦʛʣʘʚˀʝ ʧʦʩʚʝ˂ʝʥʦ ʘʥʘʣʠʟʠ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠ ˁʠʭʦʚʠʭ 
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ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʅʘʚʝʜʝʥʘ ʢˁʠʛʘ ʧʨʠʢʘʟʫʿʝ ʘʥʘʣʠʪʠʯʢʠ ʧʨʠʩʪʫʧ ʫ ʤʝʭʘʥʠʮʠ ʣʦʤʘ, ʤʝʭʘʥʠʟʤʝ 

ʥʘʩʪʘʥʢʘ ʠ ʨʘʟʚʦʿʘ ʟʘʤʦʨʥʝ ʧʨʩʣʠʥʝ. ʋ ʢˁʠʟʠ ʩʫ ʪʝʦʨʠʿʩʢʠ ʨʘʟʤʘʪʨʘʥʠ ʤʝʭʘʥʠʟʤʠ ʥʘʩʪʘʥʢʘ 

ʢʨʪʦʛ ʣʦʤʘ ʠ ʫʩʧʦʩʪʘʚˀʝʥ ʿʝ ʘʥʘʣʠʪʠʯʢʠ ʤʦʜʝʣ ʦʚʠʭ ʧʦʿʘʚʘ. ʊʘʢʦʹʝ, ʧʨʠʢʘʟʘʥʠ ʩʫ ʧʨʠʤʝʨʠ 

ʧʨʠʤʝʥʝ ʤʝʭʘʥʠʢʝ ʣʦʤʘ ʥʘ ʨʝʘʣʥʝ ʤʘʰʠʥʩʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʫ ʮʠˀʫ ʘʥʘʣʠʟʝ ˁʠʭʦʚʦʛ ʧʦʥʘʰʘˁʘ 

ʠ ʦʜʨʝʹʠʚʘˁʘ ʠʟʜʨʞˀʠʚʦʩʪʠ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ. 

 ʊ. ʇʝʨʠʰʠ˂ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʫ ʨʘʜʫ [93] ʿ ʝ ʧʨʠʢʘʟʘʦ ʘʥʘʣʠʟʫ ʨʘʩʧʦʜʝʣʝ ʥʘʧʦʥʘ ʫ ʟʘʚʘʨʝʥʠʤ 

ʩʧʦʿʝʚʠʤʘ. ʋ ʨʘʜʫ ʿʝ ʟʘʢˀʫʯʝʥʦ ʜʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʤʝʪʦʜ ʦʜʨʝʹʠʚʘˁʘ ʟʘʤʦʨʥʝ ʠʟʜʨʞˀʠʚʦʩʪʠ 

ʥʘ ʦʩʥʦʚʫ ɺʝʣʝʨʦʚʠʭ ʢʨʠʚʠʭ ʥʠʿʝ ʧʦʫʟʜʘʥ ʫ ʩʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ. ʈʘʩʧʦʜʝʣʘ ʥʘʧʦʥʘ ʫ ʟʦʥʘʤʘ 

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʢʦʿʘ ʿʝ ʫʩʣʦʚˀʝʥʘ ʛʝʦʤʝʪʨʠʿʩʢʠʤ ʜʠʩʢʦʥʪʠʥʫʠʪʝʪʠʤʘ ʠ ʩʪʨʫʢʪʫʨʦʤ 

ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʿʝ ʚʝʦʤʘ ʩʣʦʞʝʥʘ, ʪʘʢʦ ʜʘ ʿʝ ʧʨʠʥʮʠʧ ʦʜʨʝʹʠʚʘˁʘ ʣʦʢʘʣʥʦʛ ʥʘʧʦʥʘ ʤʥʦʛʦ 

ʧʨʝʮʠʟʥʠʿʠ ʧʨʠ ʦʜʨʝʹʠʚʘˁʫ ʥʘʧʦʥʩʢʦʛ ʩʪʘˁʘ ʫ ʦʚʠʤ ʟʦʥʘʤʘ.      

 ʊ. ɺʫʭʝʨʝʨ (T. Vuherer) ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʫ ʨʘʜʫ [120] ʿʝ ʘʥʘʣʠʟʠʨʘʦ ʯʚʨʩʪʦ˂ʫ ʧʨʠ 

ʦʧʪʝʨʝ˂ʝˁʫ ʥʘ ʟʘʤʦʨ ʢʦʜ ʩʫʯʝʦʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʫ ʧʨʠʩʫʩʪʚʫ ʧʦʚʨʰʠʥʩʢʝ ʛʨʝʰʢʝ, ʯʠʿʝ ʩʫ 

ʜʠʤʝʥʟʠʿʝ ʨʝʜʘ ʜʠʤʝʥʟʠʿʘ  ʤʝʪʘʣʥʠʭ ʟʨʥʘ. ʆʚʘ ʯʚʨʩʪʦ˂ʘ ʿʝ ʫ ʨʘʜʫ ʫʧʦʨʝʹʝʥʘ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ 

ʟʘʤʦʨʥʦʤ ʯʚʨʩʪʦ˂ʦʤ ʩʧʦʿʘ ʢʘʜʘ ʦʚʘʢʚʘ ʛʨʝʰʢʘ ʥʝ ʧʦʩʪʦʿʠ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʢʨʠʪʠʯʥʘ ʟʦʥʘ 

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʢʨʫʧʥʦʟʨʥʘ ʟʦʥʘ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʚʝ ʟʦʥʝ ʢʦʜ ʩʧʦʿʘ 

ʨʘʟʤʘʪʨʘʥʦʛ ʫ ʨʘʜʫ ʿʝ ʦʩʪʚʘʨʝʥʘ ʩʠʤʫʣʘʮʠʿʦʤ ʪʝʤʧʝʨʘʪʫʨʩʢʦʛ ʮʠʢʣʫʩʘ ʧʨʠʣʠʢʦʤ ʟʘʚʘʨʠʚʘˁʘ. 

ɿʘʪʠʤ, ʩʣʠʯʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʿʝ ʦʩʪʚʘʨʝʥʘ ʫ ʧʝ˂ʠ, ʨʘʩʪʦʤ ʤʝʪʘʣʥʠʭ ʟʨʥʘ ʥʘ ʚʠʩʦʢʦʿ 

ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʢʘˀʝˁʝʤ. ʏʚʨʩʪʦ˂ʘ ʧʨʠ ʟʘʤʦʨʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ ʦʜʨʝʹʝʥʘ ʿʝ ʟʘʪʠʤ ʥʘ ʝʧʨʫʚʝʪʘʤʘ 

ʩʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʠʤ ʩʪʘˁʝʤ ʦʩʪʚʘʨʝʥʠʤ ʥʘ ʦʙʘ ʥʘʯʠʥʘ. ɻʨʝʰʢʘ ʫ ʟʘʚʘʨʝʥʦʤ ʩʧʦʿʫ, ʯʠʿʝ ʩʫ  

ʜʠʤʝʥʟʠʿʝ ʙʣʠʩʢʝ ʜʠʤʝʥʟʠʿʘʤʘ ʤʝʪʘʣʥʠʭ ʟʨʥʘ, ʩʠʤʫʣʠʨʘʥʘ ʿʝ ʫʪʠʩʢʠʚʘˁʝʤ ʫʪʠʩʢʠʚʘʯʘ ʢʦʿʠ ʩʝ 

ʢʦʨʠʩʪʠ ʧʨʠ ʤʝʨʝˁʫ ʪʚʨʜʦ˂ʝ ɺʠʢʝʨʩ ʤʝʪʦʜʦʤ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʫʪʠʩʢʠʚʘˁʝ ʠʟʘʟʠʚʘ ʟʘʦʩʪʘʣʝ 

ʥʘʧʦʥʝ ʫ ʤʘʪʝʨʠʿʘʣʫ, ʫ ʨʘʜʫ ʿʝ ʨʘʟʤʘʪʨʘʥ ʠ ʫʪʠʮʘʿ ʦʚʠʭ ʥʘʧʦʥʘ ʥʘ ʟʘʤʦʨʥʫ ʯʚʨʩʪʦ˂ʫ. ʋʪʠʮʘʿ 

ʦʚʘʢʦ ʠʟʘʟʚʘʥʠʭ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʘʥʘʣʠʟʠʨʘʥ ʿʝ ʧʦʨʝʹʝˁʝʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʠʭ 

ʚʨʝʜʥʦʩʪʠ ʟʘʤʦʨʥʠʭ ʯʚʨʩʪʦ˂ʘ ʝʧʨʫʚʝʪʘ ʩʘ ʠ ʙʝʟ ʛʨʝʰʘʢʘ. ʇʦʩʪʦʿʝ˂ʠ ʧʨʠʪʠʩʥʠ ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ 

ʥʘ ʝʧʨʫʚʝʪʘʤʘ ʩʘ ʛʨʝʰʢʘʤʘ, ʫʪʠʯʫ ʥʘ ʚʨʝʤʝ ʠʥʠʮʠʿʘʮʠʿʝ ʟʘʤʦʨʥʝ ʧʨʩʣʠʥʝ. 

 ʄ. ʄʝʿʝʨʩ (M. Meyers) ʠ ʂ. ʐʘʚʣʘ (K. Chawla) ʫ ʢˁʠʟʠ [85] ʩʫ ʦʙʨʘʜʠʣʠ ʧʦʥʘʰʘˁʝ 

ʤʘʰʠʥʩʢʠʭ ʤʘʪʝʨʠʿʘʣʘ: ʤʝʪʘʣʘ, ʧʦʣʠʤʝʨʘ, ʢʝʨʘʤʠʢʝ ʠ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʇʦʩʣʝ 

ʛʝʥʝʨʘʣʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʦʩʦʙʠʥʘʤʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʤʘʪʝʨʠʿʘʣʘ, ʨʘʟʤʘʪʨʘʥʘ ʿʝ ˁʠʭʦʚʘ 

ʝʣʘʩʪʠʯʥʦʩʪ, ʜʝʬʦʨʤʘʮʠʿʝ ʠ ʪʝʯʝˁʝ, ʢʘʦ ʠ ʢʨʠʪʝʨʠʿʫʤʠ ʣʦʤʘ. ʊʘʢʦʹʝ, ʘʥʘʣʠʟʠʨʘʥʝ ʩʫ ʛʨʝʰʢʝ ʫ 

ʤʘʪʝʨʠʿʘʣʠʤʘ ʠ ʧʨʠʢʘʟʘʥʠ ʩʫ ʦʩʥʦʚʠ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʠʨʘˁʘ ʦʚʠʭ ʛʨʝʰʘʢʘ. ʇʨʠʢʘʟʘʥ ʿʝ 

ʧʨʠʥʮʠʧ ʢʨʝʪʘˁʘ ʜʠʩʣʦʢʘʮʠʿʘ ʧʨʠ ʜʝʬʦʨʤʠʩʘˁʫ ʠ ʘʥʘʣʠʟʠʨʘʥʠ ʩʫ ʤʝʭʘʥʠʟʤʠ ʣʦʤʘ ʥʘ 

ʤʠʢʨʦʩʢʦʧʩʢʦʤ ʠ ʤʘʢʨʦʩʢʦʧʩʢʦʤ ʥʠʚʦʫ. ʋ ʢˁʠʟʠ ʩʫ ʧʨʠʢʘʟʘʥʝ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʤʘʪʝʨʠʿʘʣʘ. 

 ɿ. ɹʘʨʟʫʤ ( Z. Barsoum) ʫ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ [7] ʿʝ ʨʘʟʤʘʪʨʘʦ ʠʟʜʨʞˀʠʚʦʩʪ ʟʘʚʘʨʝʥʠʭ 

ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʧʨʠ ʦʧʪʝʨʝ˂ʝˁʠʤʘ ʥʘ ʟʘʤʦʨ. ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʩʫ ʘʥʘʣʠʟʠʨʘʥʝ ʛʨʝʰʢʝ 

ʢʦʿʝ ʩʝ ʿʘʚˀʘʿʫ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʢʘʦ ʠ ˁʠʭʦʚ ʫʪʠʮʘʿ ʥʘ ʟʘʤʦʨʥʫ ʠʟʜʨʞˀʠʚʦʩʪ. ʊʘʢʦʹʝ, ʧʨʠʢʘʟʘʥʦ 

ʿʝ ʘʥʘʣʠʪʠʯʢʦ ʦʜʨʝʹʠʚʘˁʝ ʟʘʤʦʨʥʝ ʠʟʜʨʞˀʠʚʦʩʪʠ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʧʨʠʩʪʫʧʦʤ 

ʣʠʥʝʘʨʥʦ ʝʣʘʩʪʠʯʥʝ ʤʝʭʘʥʠʢʝ ʣʦʤʘ. ʇʨʠʢʘʟʘʥʘ ʿʝ ʩʠʤʫʣʘʮʠʿʘ ʪʝʤʧʝʨʘʪʫʨʩʢʠʭ ʮʠʢʣʫʩʘ ʪʦʢʦʤ 

ʟʘʚʘʨʠʚʘˁʘ, ʦʜʨʝʹʠʚʘˁʝ ʠ ʤʝʨʝˁʝ ʥʠʚʦʘ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ, ʢʘʦ ʠ ˁʠʭʦʚ ʫʪʠʮʘʿ ʥʘ ʟʘʤʦʨʥʫ 

ʠʟʜʨʞˀʠʚʦʩʪ. 

 ʈ. ɹʘʜʠʥʘʩ (R. Budynas) ʝʿ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʫ ʢˁʠʟʠ [11] ʨʘʟʤʘʪʨʘʦ ʦʩʥʦʚʝ ʠʥʞʝˁʝʨʩʢʦʛ 

ʜʠʟʘʿʥʘ. ʂˁʠʛʘ ʧʨʠʢʘʟʫʿʝ ʦʩʥʦʚʝ ʠʥʞʝˁʝʨʩʢʦʛ ʜʠʟʘʿʥʘ ʠʟ ʘʩʧʝʢʪʘ ʧʨʠʤʝʥʝ ʠʥʞʝˁʝʨʩʢʝ 

ʤʝʭʘʥʠʢʝ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʤʝˁʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʊʘʢʦʹʝ, ʫ ʢˁʠʟʠ ʩʫ ʘʥʘʣʠʟʠʨʘʥʝ ʤʝʪʦʜʝ 

ʜʠʟʘʿʥʘ ʫ ʮʠˀʫ ʧʨʝʚʝʥʮʠʿʝ ʦʪʢʘʟʘ ʧʨʠ ʩʪʘʪʠʯʢʠʤ ʠ ʜʠʥʘʤʠʯʢʠʤ ʦʧʪʝʨʝ˂ʝˁʠʤʘ. ʂˁʠʛʘ 

ʧʨʠʢʘʟʫʿʝ ʧʨʘʢʪʠʯʘʥ ʧʨʠʩʪʫʧ ʥʘʚʝʜʝʥʠʤ ʧʨʦʙʣʝʤʠʤʘ ʢʦʿʠ ʿʝ ʠʣʫʩʪʨʦʚʘʥ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ 

ʧʨʘʢʪʠʯʥʠʭ ʧʨʠʤʝʨʘ. ʊʘʢʦʹʝ, ʫ ʢˁʠʟʠ ʩʫ ʧʨʠʢʘʟʘʥʝ ʦʩʥʦʚʝ ʧʦʚʝʟʠʚʘˁʘ ʘʥʘʣʠʟʝ ʤʘʪʝʤʘʪʠʯʢʦʛ 

ʤʦʜʝʣʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʠ ˁʝʥʦʛ ʜʠʟʘʿʥʘ. 
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 ʄ. ʂʫʰʦ (M. Couchaux) ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʫ ʨʘʜʫ [16] ʧʨʠʢʘʟʘʦ ʿʝ ʤʝʪʦʜ ʥʘʧʦʥʩʢʝ ʪʘʯʢʝ ʥʘ 

ʧʨʠʤʝʨʫ ʢʦʥʩʪʨʫʠʩʘˁʘ ʩʧʦʿʝʚʘ ʮʝʚʠ ʢʨʫʞʥʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʦʙʟʠʨʦʤ ʥʘ ʨʘʩʪ ʟʘʤʦʨʥʝ 

ʧʨʩʣʠʥʝ. ʆʚʘʿ ʤʝʪʦʜ ʟʘʭʪʝʚʘ ʧʦʟʥʘʚʘˁʝ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ 

ʪʘʯʢʘʤʘ. ʌʘʢʪʦʨ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʜʘʪ ʿʝ ʧʘʨʘʤʝʪʘʨʩʢʠʤ ʠʟʨʘʟʠʤʘ 

ʨʘʟʚʠʿʝʥʠʤ ʥʘ ʦʩʥʦʚʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʘʥʘʣʠʟʝ. ʊʘʢʦʹʝ, ʫ ʨʘʜʫ ʿʝ ʧʨʠʢʘʟʘʥ ʘʥʘʣʠʪʠʯʢʠ 

ʧʨʠʩʪʫʧ ʦʜʨʝʹʠʚʘˁʘ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʧʨʠʤʝʥʦʤ ʟʘʢʦʥʠʪʦʩʪʠ ʨʘʟʚʠʿʝʥʠʭ ʫ 

ʦʢʚʠʨʫ ʪʝʦʨʠʿʝ ʝʣʘʩʪʠʯʥʦʩʪʠ. ʇʦʨʝʹʝˁʝʤ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʧʦʩʪʦʿʠ 

ʩʘʛʣʘʩʥʦʩʪ ʠʟʤʝʹʫ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʦʜʨʝʹʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠ 

ʘʥʘʣʠʪʠʯʢʠ ʫʧʦʪʨʝʙʦʤ ʧʘʨʘʤʝʪʘʨʩʢʠʭ ʠʟʨʘʟʘ. 

 ʄ. ʌ. ʍʘʥʘʤʝx (M. F. Ghanameh) ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ ʫ ʨʘʜʫ [36] ʨʘʟʤʘʪʨʘ ʫʪʠʮʘʿ 

ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʠ ʚʨʩʪʝ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʥʘʧʦʥʘ ʢʦʜ ʟʘʚʘʨʝʥʠʭ ʮʝʚʥʠʭ ʩʧʦʿʝʚʘ. 

ʅʘʚʝʜʝʥʠ ʨʘʜ ʨʘʟʤʘʪʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʥʘʧʦʥʘ ʢʦʜ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʮʝʚʠ ʢʦʿʠ ʩʫ ʠʟʣʦʞʝʥʠ 

ʨʘʟʥʠʤ ʪʠʧʦʚʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ: ʘʢʩʠʿʘʣʥʦʤ, ʨʘʚʘʥʩʢʦʤ ʠ ʩʣʦʞʝʥʦʤ. ʋ ʦʚʦʤ ʨʘʜʫ ʿʝ ʜʘʪ ʧʨʠʢʘʟ 

ʤʝʪʦʜʝ ʨʝʟʫʣʪʫʿʫ˂ʝʛ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʫ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʮʝʚʠ. 

 ʇʨʠʢʘʟʘʥʠ ʧʨʝʛʣʝʜ ʨʝʬʝʨʝʥʮʠ ʧʨʝʜʩʪʘʚˀʘ ʪʝʦʨʠʿʩʢʫ ʦʩʥʦʚʫ ʟʘ ʨʘʟʤʘʪʨʘˁʝ ʧʦʥʘʰʘˁʘ 

ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʤ ʫʩʣʦʚʠʤʘ, ʥʘ ʦʩʥʦʚʫ ʢʦʿʝ ʩʝ 

ʠʜʝʥʪʠʬʠʢʫʿʫ ʠ ʜʝʬʠʥʠʰʫ ʤʝʪʦʜʝ ʧʨʦʿʝʢʪʦʚʘˁʘ ʦʚʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʚʝʦʤʘ 

ʰʠʨʦʢʫ ʦʙʣʘʩʪ ʧʨʠʤʝʥʝ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʠ ˁʠʭʦʚʝ ʬʫʥʢʮʠʦʥʘʣʥʝ ʦʩʦʙʠʥʝ 

ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʪʝʦʨʠʿʩʢʘ ʦʩʥʦʚʘ ʧʨʦʿʝʢʪʦʚʘˁʘ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʿʝ ʚʝʦʤʘ 

ʚʝʣʠʢʘ. ʇʦʨʝʜ ʦʚʦʛ, ʫʧʨʢʦʩ ʪʝʥʜʝʥʮʠʿʠ ʢʘ ʩʚʝʦʙʫʭʚʘʪʥʦʩʪʠ ʨʘʟʤʘʪʨʘˁʘ, ʭʝʪʝʨʦʛʝʥʦʩʪ 

ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʠʟ ʘʩʧʝʢʪʘ ʤʘʪʝʨʠʿʘʣʘ, ʩʣʦʞʝʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʿʝ 

ʟʘʚʘʨʠʚʘˁʘ ʠ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʭ ʫʩʣʦʚʘ, ʫʩʣʦʚˀʘʚʘʿʫ ʠ ʨʘʟʣʠʯʠʪʝ ʥʠʚʦʝ ʘʥʘʣʠʟʝ ʟʘʚʘʨʝʥʠʭ 

ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. 

 ɺʝʣʠʢʠ ʙʨʦʿ ʨʝʬʝʨʝʥʮʠ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʨʦʿʝʢʪʦʚʘˁʝ ʦʜʛʦʚʦʨʥʠʭ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʿʘ ʙʘʚʠ ʩʝ ʜʦʙʨʦ ʟʘʚʘʨˀʠʚʠʤ ʢʦʥʩʪʨʫʢʮʠʦʥʠʤ ʯʝʣʠʮʠʤʘ ʦʧʰʪʝ ʥʘʤʝʥʝ. ʋ 

ʩʘʚʨʝʤʝʥʦʤ ʧʨʦʿʝʢʪʦʚʘˁʫ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʧʦʩʪʦʿʠ ʪʨʝʥʜ ʟʘʤʝʥʝ ʦʚʘʢʚʠʭ 

ʤʘʪʝʨʠʿʘʣʘ ʥʠʩʢʦʣʝʛʠʨʘʥʠʤ ʯʝʣʠʮʠʤʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ. ʆʚʘ ʢʣʘʩʘ ʯʝʣʠʢʘ ʩʚʦʿʦʤ ʧʨʠʤʝʥʦʤ 

ʜʦʥʦʩʠ ʥʦʚʝ ʤʦʛʫ˂ʥʦʩʪʠ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʘʣʠ ʜʦʥʦʩʠ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʩʚʝʦʙʫʭʚʘʪʥʦ ʧʦʟʥʘʚʘˁʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʦʩʦʙʠʥʘ ʦʚʠʭ 

ʤʘʪʝʨʠʿʘʣʘ.  

 ɿʙʦʛ ʫʩʣʦʚʥʝ ʟʘʚʘʨˀʠʚʦʩʪʠ ʦʚʠʭ ʯʝʣʠʢʘ ˁʠʭʦʚʠ ʧʨʦʠʟʚʦʹʘʯʠ ʧʨʦʧʠʩʫʿʫ ʠ ʪʝʭʥʦʣʦʛʠʿʫ 

ˁʠʭʦʚʦʛ ʟʘʚʘʨʠʚʘˁʘ. ʆʚʠ ʯʝʣʠʮʠ ʩʫ ʦʩʝʪˀʠʚʠ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʢʦʿʝ 

ʠʟʘʟʠʚʘʿʫ ʧʦʩʪʫʧʮʠ ʟʘʚʘʨʠʚʘˁʘ. ʀʘʢʦ ʩʫ ʧʦʟʥʘʪʠ ʫʟʨʦʮʠ ʠ ʤʝʭʘʥʠʟʤʠ ʦʚʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ, 

ʪʘʯʥʦ ʦʜʨʝʹʠʚʘˁʝ ˁʠʭʦʚʦʛ ʩʪʝʧʝʥʘ ʫʪʠʮʘʿʘ ʥʘ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʟʘʚʘʨʝʥʠʭ 

ʢʦʥʩʪʨʫʢʮʠʿʘ ʿʦʰ ʫʚʝʢ ʥʠʿʝ ʤʦʛʫ˂ʝ, ʪʘʢʦ ʜʘ ʿʝ  ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʨʠʩʪʫʧ ʦʜʨʝʹʠʚʘˁʫ ʦʚʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʿʨʝʣʝʚʘʥʪʥʠʿʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʨʠʩʪʫʧ ʟʘ ʘʥʘʣʠʟʫ ʤʝʭʘʥʠʯʢʦʛ ʧʦʥʘʰʘˁʘ 

ʠ ʦʜʨʝʹʠʚʘˁʘ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʿʝ ʧʨʠʤʘʨʘʥ. 

 ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʢʦʿʫ ʠʟʘʟʠʚʘʿʫ ʩʘʤʠ ʟʘʚʘʨʝʥʠ ʩʧʦʿʝʚʠ ʢʘʦ ʠ ʦʙʣʠʢ ʟʦʥʝ ʟʘʚʘʨʝʥʠʭ 

ʩʧʦʿʝʚʘ ʦʜʨʝʹʝʥ ʿʝ ʟʘ ʤʘʪʝʨʠʿʘʣʝ ʢʦʿʠ ʩʫ ʜʦʙʨʦ ʟʘʚʘʨˀʠʚʠ ʠ ʢʦʿʠ ʩʫ ʧʦ ʩʚʦʿʦʿ ʧʨʠʨʦʜʠ ʤʘˁʝ 

ʦʩʝʪˀʠʚʠ ʥʘ ʦʚʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ. ʇʨʠʤʝʥʦʤ ʩʘʚʨʝʤʝʥʠʭ ʧʨʠʩʪʫʧʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʤʝʪʦʜʠ 

ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʦʤʦʛʫ˂ʝʥʦ ʿʝ ʦʜʨʝʹʠʚʘˁʝ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʠ ʢʦʜ ʩʣʦʞʝʥʠʭ 

ʦʙʣʠʢʘ. ʄʝʹʫʪʠʤ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʭʝʪʝʨʦʛʝʥʦʩʪ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛ ʩʪʘˁʘ ʫ ʟʦʥʠ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ 

ʦʚʘʢʦ ʦʜʨʝʹʝʥʝ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʪʨʝʙʘ ʫʟʝʪʠ ʫʩʣʦʚʥʦ. ʆʩʝʪˀʠʚʦʩʪ 

ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʥʘʧʦʥʘ ʜʦʜʘʪʥʦ ʢʦʤʧʣʠʢʫʿʝ 

ʨʘʟʤʘʪʨʘˁʝ ʦʚʦʛ ʘʩʧʝʢʪʘ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ, ʢʦʿʝ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ 

ʜʠʩʝʨʪʘʮʠʿʠ. 

 ɽʢʩʧʣʦʘʪʘʮʠʦʥʠ ʫʩʣʦʚʠ ʢʦʿʠ ʩʫ ʘʥʘʣʠʟʠʨʘʥʠ ʫ ʧʨʠʢʘʟʘʥʠʤ ʨʝʬʝʨʝʥʮʘʤʘ ʧʨʚʝʥʩʪʚʝʥʦ ʩʝ 

ʦʜʥʦʩʝ ʥʘ ʥʠʚʦ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʧʪʝʨʝ˂ʝˁʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʨʘʟʤʘʪʨʘʥʘ ʿʝ ʢʦʜ 
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ʟʥʘʪʥʦ ʤʘˁʝʛ ʙʨʦʿʘ ʨʝʬʝʨʝʥʮʠ ʠ ʪʦ ʘʥʘʣʠʟʠʨʘʥʦ ʿʝ ʧʦʥʘʰʘˁʝ ʠ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʥʘ ʩʥʠʞʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʟʙʦʛ ʦʧʘʩʥʦʩʪʠ ʦʜ ʢʨʪʦʛ ʣʦʤʘ. ʄʘˁʠ ʙʨʦʿ 

ʨʝʬʝʨʝʥʮʠ ʧʨʠʢʘʟʫʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʧʦʥʘʰʘˁʝ ʤʘʪʝʨʠʿʘʣʘ ʠ ʩʘʤʠʭ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʥʘ 

ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʠ ʪʦ ʧʨʚʝʥʩʪʚʝʥʦ ʢʦʜ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ 

ʩʧʝʮʠʿʘʣʥʠʭ ʥʘʤʝʥʘ ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʢʦʿʠ ʩʫ ʙʣʠʩʢʝ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʟʘ ʢʦʥʢʨʝʪʥʠ ʤʘʪʝʨʠʿʘʣ. ʄʝʹʫʪʠʤ, ʚʝʣʠʢʠ ʙʨʦʿ ʢʦʥʩʪʨʫʢʮʠʿʘ ʦʧʰʪʝ ʥʘʤʝʥʝ ʢʦʿʝ 

ʩʫ ʠʟʨʘʹʝʥʝ ʦʜ ʦʧʰʪʠʭ ʢʦʥʩʪʨʫʢʮʠʦʥʠʭ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʨʘʜʝ ʥʘ 

ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʫ ʠʥʪʝʨʚʘʣʫ ʦʜ 200 ʜʦ 500ÁC. ʉ ʦʙʟʠʨʦʤ ʥʘ ʦʩʝʪˀʠʚʦʩʪ 

ʿʝʜʠʥʩʪʚʝʥʦʛ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛ ʩʪʘˁʘ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ, ʥʘʨʦʯʠʪʦ ʫ 

ʟʦʥʠ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ, ʦʚʘʿ ʪʝʤʧʝʨʘʪʫʨʩʢʠ ʠʥʪʝʨʚʘʣ ʿʝ ʠʟʘʙʨʘʥ ʟʘ ʨʘʟʤʘʪʨʘˁʝ ʫʪʠʮʘʿʘ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʧʨʦʿʝʢʪʦʚʘˁʝ ʟʘʚʘʨʝʥʝ ʤʘʰʠʥʩʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ. 
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1 ʄɸʊɽʈʀɱɸʃʀ ɿɸ ʀɿʈɸɼʋ ɿɸɺɸʈɽʅʀʍ ʄɸʐʀʅʉʂʀʍ 

ʂʆʅʉʊʈʋʂʎʀɱɸ 

 1.1 ʋɺʆɼ  

ʄʘʪʝʨʠʿʘʣ ʤʘʰʠʥʩʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ ʯʚʨʩʪʘ ʤʘʪʝʨʠʿʘ ʦʜʨʝʹʝʥʝ ʤʘʩʝ 

ʠ ʜʠʤʝʥʟʠʿʘ ʩʘ ʿʝʜʥʦʤ ʠʣʠ ʚʠʰʝ ʩʧʝʮʠʬʠʯʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʿʝ ʛʘ ʯʠʥʝ ʧʦʛʦʜʥʠʤ ʟʘ 

ʢʦʥʢʨʝʪʥʫ ʧʨʠʤʝʥʫ. ʆʚʘʢʦ ʛʝʥʝʨʘʣʠʟʦʚʘʥʘ ʜʝʬʠʥʠʮʠʿʘ ʙʘʟʠʨʘ ʩʝ ʥʘ ʦʩʦʙʠʥʘʤʘ ʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʝ ʩʫ ʨʝʟʫʣʪʘʪ ˁʝʛʦʚʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ, ʰʪʦ ʧʦʥʝʢʘʜ ʟʘʭʪʝʚʘ 

ʨʘʟʤʘʪʨʘˁʝ ʠ ʥʘ ʘʪʦʤʩʢʦʤ ʥʠʚʦʫ. ʄʘʪʝʨʠʿʘʣʠ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʩʫ ʤʝʪʘʣʥʠ 

ʤʘʪʝʨʠʿʘʣʠ ʢʦʠʿ ʧʨʝʤʘ ʧʦʨʝʢʣʫ ʧʨʠʧʘʜʘʿʫ ʧʨʠʨʦʜʥʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ 

ʤʘʪʝʨʠʿʘʣ ʤʘʰʠʥʩʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʢʦʥʪʠʥʫʫʤ ʫ ʢʦʤʝ ʩʝ ʦʩʪʚʘʨʫʿʫ ʥʘʿʧʦʚʦˀʥʠʿʝ 

ʬʠʟʠʯʢʝ ʠ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʠʟʙʦʨ ʤʘʪʝʨʠʿʘʣʘ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʫ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʬʘʟʘ 

ʫ ʧʨʦʿʝʢʪʦʚʘˁʫ ʦʜʛʦʚʦʨʥʠʭ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʆʩʥʦʚʥʠ ʮʠˀ ʧʨʠ ʠʟʙʦʨʫ ʤʘʪʝʨʠʿʘʣʘ 

ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʿʝʩʪʝ ʦʙʝʟʙʝʹʠʚʘˁʝ ʧʦʪʨʝʙʥʠʭ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠ 

ʧʨʝʜʚʠʹʝʥʠʤ ʫʩʣʦʚʠʤʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ɿʘ ʠʟʙʦʨ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʟʘʚʘʨʝʥʝ ʤʘʰʠʥʩʢʝ 

ʢʦʥʩʪʨʫʢʮʠʿʝ ʧʦʩʪʦʿʠ ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʘ: ʫʧʦʪʨʝʙʘ ʠ ʘʥʘʣʠʟʘ ʧʦʜʘʪʘʢʘ ʠʟ ʢʘʪʘʣʦʛʘ 

ʧʨʦʠʟʚʦʹʘʯʘ ʤʘʪʝʨʠʿʘʣʘ, ʢʦʨʠʰ˂ʝˁʝʤ ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʩʠʩʪʝʤʘ ʟʘ ʤʘʪʝʨʠʿʘʣʝ 

ʢʘʦ ʠ ʢʦʨʠʰ˂ʝˁʝʤ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤʘ ʢʘʦ ʧʦʜʨʰʢʝ ʧʨʠ ʦʜʣʫʯʠʚʘˁʫ (Computer Aided 

Materials Selection - CAMS). ʉʚʝ ʚʝ˂ʠ ʙʨʦʿ ʤʘʪʝʨʠʿʘʣʘ ʠ ˁʠʭʦʚʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʦʪʨʝʙʘ ʟʘ 

ʙʨʟʦʤ ʠ ʝʬʠʢʘʩʥʦʤ ʧʨʝʪʨʘʛʦʤ ʠʥʬʦʨʤʘʮʠʿʘ ʫʟ ʠʩʪʦʚʨʝʤʝʥʝ ʢʦʤʧʣʝʢʩʥʝ ʘʥʘʣʠʟʝ ʠ ʧʦʨʝʹʝˁʘ 

ʫʧʫ˂ʫʿʫ ʥʘ ʢʦʨʠʰ˂ʝˁʝ ʨʘʯʫʥʘʨʩʢʠʭ ʩʠʩʪʝʤʘ, ʢʦʿʠ ʦʙʨʘʹʫʿʫ, ʯʫʚʘʿʫ ʠ ʧʨʦʮʝʩʠʨʘʿʫ ʠʥʬʦʨʤʘʮʠʿʝ 

ʦ ʤʘʪʝʨʠʿʘʣʠʤʘ ʠ ˁʠʭʦʚʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʤʦʜʝʣʠʨʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʫ 

ʧʦʥʘʰʘˁʘ ʤʘʪʝʨʠʿʘʣʘ ʫ ʢʦʥʢʨʝʪʥʠʤ ʫʩʣʦʚʠʤʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ʇʨʦʛʨʘʤʩʢʠ ʧʘʢʝʪʠ ʦʚʠʭ 

ʨʘʯʫʥʘʨʩʢʠʭ ʩʠʩʪʝʤʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʩʘʩʪʦʿʝ ʦʜ ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʦ ʤʘʪʝʨʠʿʘʣʠʤʘ, ʙʘʟʝ ʟʥʘˁʘ ʠ 

ʤʦʜʫʣʘ ʟʘ ʦʜʣʫʯʠʚʘˁʝ, ʢʘʦ ʠ ʤʦʜʫʣʘ ʟʘ ʤʦʜʝʣʠʨʘˁʘ ʠ ʘʥʘʣʠʟʝ [84, 85].  

ʂʘʦ ʤʘʪʝʨʠʿʘʣʠ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʥʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʝ ʯʝʣʠʮʠ, ʢʘʦ ʠ 

ʘʣʫʤʠʥʠʿʫʤ, ʦʜʥʦʩʥʦ ˁʝʛʦʚʝ ʣʝʛʫʨʝ. ʄʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʜʦʩʪʫʧʥʦʩʪ, ʮʝʥʘ ʠ ʧʨʠʨʦʜʘ 

ʪʝʭʥʦʣʦʛʠʿʝ ʟʘʚʘʨʠʚʘˁʘ ʫʩʣʦʚʠʣʠ ʩʫ ʜʘ ʯʝʣʠʮʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥ ʤʘʪʝʨʠʿʘʣ ʟʘ 

ʟʘʚʘʨʝʥʝ ʤʘʰʠʥʩʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ. ʋʢʫʧʥʘ ʧʨʦʠʟʚʦʜˁʘ ʯʝʣʠʢʘ ʫ ʩʚʝʪʫ ʿʝ ʫ 2013. ʛʦʜʠʥʠ 

ʠʟʥʦʩʠʣʘ 1832 ʤʠʣʠʦʥʘ ʪʦʥʘ ʧʨʝʤʘ ʧʦʜʘʮʠʤʘ ɹʠʨʦʘ ʟʘ ʩʪʘʪʠʩʪʠʢʫ ʯʝʣʠʢʘ ʠ ʛʚʦʞʹʘ (Iron & 

Steel Statistic Bureau - ISSB). ʆʜʥʦʩ ʮʝʥʝ ʠ ʢʚʘʣʠʪʝʪʘ ʿʝ ʢʦʜ ʯʝʣʠʢʘ, ʢʘʦ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ 

ʤʘʪʝʨʠʿʘʣʘ, ʚʝʦʤʘ ʧʦʚʦˀʘʥ ʫʟ ʠʩʪʦʚʨʝʤʝʥʫ ʜʦʩʪʫʧʥʦʩʪ ʠ ʧʦʚʦˀʘʥ ʝʢʦʣʦʰʢʠ ʦʜʨʘʟ. 

ʆʩʪʚʘʨʠʚʘˁʝ, ʨʘʟʚʦʿ ʠ ʧʨʠʤʝʥʘ ʥʦʚʠʭ ʟʥʘˁʘ ʠʟ ʤʝʪʘʣʫʨʛʠʿʝ ʠ ʪʝʭʥʦʣʦʛʠʿʝ, ʢʘʦ ʠ ʨʘʟʚʦʿ ʦʧʨʝʤʝ 

ʠ ʪʝʭʥʦʣʦʛʠʿʝ ʜʦʙʠʿʘˁʘ ʯʝʣʠʢʘ ʦʤʦʛʫ˂ʠʣʠ ʩʫ ʧʦʩʪʠʟʘˁʝ ʦʚʘʢʚʦʛ ʦʜʥʦʩʘ [84]. 

 1.2 ʀʉʊʆʈʀɱʉʂʀ ʇʈɽɻʃɽɼ ʈɸɿɺʆɱɸ ɻɺʆɾɫɸ ʀ ʏɽʃʀʂɸ  

ʇʦʯʝʮʠ ʫʧʦʪʨʝʙʝ ʛʚʦʞʹʘ ʜʘʪʠʨʘʿʫ ʿʦʰ ʠʟ ʧʨʘʠʩʪʦʨʠʿʩʢʦʛ ʧʝʨʠʦʜʘ, ʤʘʜʘ ʥʝ ʧʦʩʪʦʿʝ 

ʧʨʝʮʠʟʥʠ ʧʦʜʘʮʠ ʦ ʥʘʯʠʥʫ ʦʪʢʨʠʚʘˁʘ ʛʚʦʞʹʘ: ʩʣʫʯʘʿʥʦ, ʣʦʞʝˁʝʤ ʚʘʪʨʝ ʥʘ ʤʝʪʘʣʥʦʿ ʨʫʜʠ ʠ 

ʪʠʤʝ ˁʝʥʠʤ ʪʦʧˀʝˁʝʤ ʠʣʠ ʧʨʠʤʝʥʦʤ ʟʥʘˁʘ ʦ ʪʦʧˀʝˁʫ ʙʘʢʘʨʥʝ ʨʫʜʝ ʥʘ ʪʦʧˀʝˁʝ ʛʚʦʟʜʝʥʝ 

ʨʫʜʝ. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʚʠʭ ʛʚʦʟʜʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʩʫ ʙʠʣʝ ʚʝʦʤʘ ʩʢʨʦʤʥʝ, ʯʘʢ ʣʦʰʠʿʝ ʦʜ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘʜʘʰˁʝ ʙʨʦʥʟʝ ʠ ʙʘʢʨʘ. ɻʚʦʞʹʝ ʿʝ ʙʠʣʦ ʚʝʦʤʘ ʧʦʨʦʟʥʦ ʩʘ ʩʫʥʹʝʨʘʩʪʦʤ 

ʩʪʨʫʢʪʫʨʦʤ. ʆʚʦ ʪʟʚ. ʩʫʥʹʝʨʘʩʪʦ ʛʚʦʞʹʝ ʿʝ ʢʘʩʥʠʿʝ ʧʦʥʦʚʦ ʟʘʛʨʝʚʘʥʦ ʠ ʩʘʙʠʿʘʥʦ ʫʜʘʨʮʠʤʘ 

ʯʝʢʠ˂ʘ ʢʘʢʦ ʙʠ ʩʝ ʧʦʩʪʠʛʣʘ ʰʪʦ ʢʦʤʧʘʢʪʥʠʿʘ ʩʪʨʫʢʪʫʨʘ ʠ ʫʢʣʦʥʠʦ ʜʝʦ ʰˀʘʢʝ. ɼʦʩʪʘ ʢʘʩʥʠʿʝ, 

ʫ ʥʝʧʨʝʢʠʜʥʦʿ ʪʝʞˁʠ ʜʘ ʩʝ ʦʩʪʚʘʨʝ ʧʦʚʦˀʥʠʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʛʚʦʞʹʝ ʿʝ ʟʘʛʨʝʚʘʥʦ ʜʦ ʩʚʝ 

ʚʠʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʚʝ ʜʦ ʦʢʦ 1200°C, ʧʘ ʟʘʪʠʤ ʢʦʚʘʥʦ, ʜʘ ʙʠ ʩʝ ʩʘʙʠʣʦ ʠ ʫʢʣʦʥʠʣʘ ʰˀʘʢʘ. 
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ɿʘ ʚʨʝʤʝ ʦʚʦʛ ʧʦʩʪʫʧʢʘ ʟʘʛʨʝʿʘʥʦ ʛʚʦʞʹʝ ʿʝ ʜʦʣʘʟʠʣʦ ʫ ʜʦʜʠʨ ʩʘ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʦʤ ʢʦʿʠ ʩʝ 

ʩʪʚʘʨʘ ʢʘʦ ʧʨʦʜʫʢʪ ʥʝʧʦʪʧʫʥʦʛ ʩʘʛʦʨʝʚʘˁʘ ʫʛˀʘ ʧʨʠ ʟʘʛʨʝʚʘˁʫ ʯʠʤʝ ʿʝ ʦʩʪʚʘʨʝʥʘ ʜʠʬʫʟʠʿʘ 

ʫʛˀʝʥʠʢʘ ʧʦ ʧʦʚʨʰʠʥʠ ʛʚʦʞʹʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʟʥʘʪʥʦ ʩʫ ʧʦʙʦˀʰʘʥʝ ʤʝʭʘʥʠʯʢʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʛʚʦʞʹʘ ʯʘʢ ʠ ʧʨʠ ʩʘʜʨʞʘʿʫ ʫʛˀʝʥʠʢʘ ʦʜ ʦʢʦ 5% ʯʠʤʝ ʿʝ ʦʪʢʨʠʚʝʥ ʯʝʣʠʢ.  ɼʘˀʝ, 

ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʩʫ ʤʦʛʣʘ ʙʠʪʠ ʧʦʙʦˀʰʘʥʘ ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʠʩʘˁʝʤ. ʇʦʨʝʜ ʪʦʛʘ, 

ʧʦʚʨʰʠʥʩʢʦʤ ʜʠʬʫʟʠʿʦʤ ʫʛˀʝʥʠʢʘ, ʦʛʨʘʥʠʯʝʥʦʤ ʩʘʤʦ ʥʘ ʩʧʝʮʠʬʠʯʥʝ ʜʝʣʦʚʝ ʧʦʚʨʰʠʥʝ (ʥʧʨ. 

ʦh ʪʨʠʮʝ ʦʨʫʞʿʘ ʠ ʦʨʫʹʘ) ʜʦʙʠʿʝʥʘ ʿʝ ʧʦʚʦˀʥʘ ʢʦʤʙʠʥʘʮʠʿʘ ʧʦʚʨʰʠʥʩʢʝ ʪʚʨʜʦ˂ʝ ʠ ʞʠʣʘʚʦʩʪʠ 

ʿʝʟʛʨʘ. ʅʘʚʝʜʝʥʘ ʪʝʭʥʦʣʦʰʢʘ ʟʥʘˁʘ ʠ ʚʝʰʪʠʥʝ ʫ ʧʨʦʠʟʚʦʜˁʠ ʠ ʦʙʨʘʜʠ ʛʚʦʞʹʘ ʩʪʠʮʘʥʘ ʩʫ 

ʠʩʢʫʩʪʚʦʤ ʠ ʫʩʤʝʥʦ ʧʨʝʥʦʰʝʥʘ.  

ʊʝʭʥʦʣʦʛʠʿʘ ʜʦʙʠʿʘˁʘ ʛʚʦʞʹʘ ʠ ʯʝʣʠʢʘ ʩʝ ʨʝʣʘʪʠʚʥʦ ʩʣʘʙʦ ʨʘʟʚʠʿʘʣʘ ʩʚʝ ʜʦ ʧʦʩʣʝ  

1100. ʛʦʜʠʥʝ. ʌʨʘʥʮʫʩʢʠ ʩʚʝʰʪʝʥʠʢ ɸʥʨʠ ʇʫʘʪʠʝ (Henry de Poitier) ʿʝ 1371. ʛʦʜʠʥʝ ʧʨʚʠ 

ʧʨʠʢʘʟʘʦ ʜʝʪʘˀʘʥ ʦʧʠʩ ʪʦʧˀʝˁʘ ʛʚʦʞʹʘ. ʉʨʝʜʠʥʦʤ ʧʝʪʥʘʝʩʪʦʛ ʚʝʢʘ ʫ ɽʚʨʦʧʠ ʿʝ ʢʦʥʩʪʨʫʠʩʘʥʘ 

ʧʨʚʘ ʚʠʩʦʢʘ ʧʝ˂. ʃʝʦʥʘʨʜʦ ʜʘ ɺʠʥʯʠ (Leonardo da Vinci - Leonardo di ser Piero da Vinci,  

1452 - 1519) ʿʝ ʠʟʨʘʜʠʦ ʜʝʪʘˀʥʝ ʮʨʪʝʞʝ ʚʘˀʘʦʥʠʮʝ ʟʘ ʦʙʨʘʜʫ ʛʚʦʞʹʘ ʜʝʬʦʨʤʠʩʘˁʝʤ ʢʦʿʘ ʥʠʿʝ 

ʧʨʘʢʪʠʯʥʦ ʨʝʘʣʠʟʦʚʘʥʘ. ɺʘʥʦʢʠʦ ɹʠʨʠʥʛʫʢʠʦ (Vannoccio Biringuccio, 1480- 1539), ʠʪʘʣʠʿʘʥʩʢʠ 

ʤʝʪʘʣʫʨʛ, ʫ ʩʚʦʤ ʜʝʣʫ ʇʠʨʦʪʝʭʥʠʢʘ (De la pirotechnica) ʧʦʩʪʭʫʤʥʦ ʦʙʿʘʚˀʝʥʦʤ 1540. ʛʦʜʠʥʝ 

ʜʝʪʘˀʥʦ ʿʝ ʦʧʠʩʘʦ ʨʝʜʫʢʮʠʿʫ ʛʚʦʟʜʝʥʝ ʨʫʜʝ. ʅʘʨʝʜʥʝ ʚʝʢʦʚʝ ʢʘʨʘʢʪʝʨʠʰʝ ʥʘʛʣʠ ʨʘʟʚʦʿ ʥʘʫʢʝ ʠ 

ʰʠʨʝˁʝ ˀʫʜʩʢʠʭ ʟʥʘˁʘ, ʰʪʦ ʩʝ ʦʜʨʘʞʘʚʘ ʠ ʥʘ ʪʝʭʥʦʣʦʰʢʘ ʟʥʘˁʘ ʦ ʜʦʙʠʿʘˁʫ ʠ ʧʨʝʨʘʜʠ ʛʚʦʞʹʘ 

ʠ ʯʝʣʠʢʘ.  

ɼʘʜ ɼʘʜʣʠ (Dudd Dudley, 1600 - 1684), ʝʥʛʣʝʩʢʠ ʤʝʪʘʣʫʨʛ ʿʝ 1619. ʛʦʜʠʥʝ ʠʟʛʨʘʜʠʦ ʧʨʚʫ 

ʚʠʩʦʢʫ ʧʝ˂ ʟʘ ʪʦʧˀʝˁʝ ʩʘ ʧʦʩʝʙʥʦ ʧʨʠʧʨʝʤˀʝʥʠʤ ʫʛˀʝʤ. ʄʝʪʘʣʫʨʰʢʠ ʧʦʩʪʫʧʘʢ ʜʦʙʠʿʘˁʘ 

ʛʚʦʞʹʘ ʫ ʚʠʩʦʢʦʿ ʧʝ˂ʠ ʩʝ ʩʪʘʣʥʦ ʫʩʘʚʨʰʘʚʘʦ. ʍʝʥʨʠ ɹʝʩʝʤʝʨ (Sir Henry Bessemer, 1813 - 1898), 

ʠʥʞʝˁʝʨ, ʧʨʦʥʘʣʘʟʘʯ ʠ ʙʠʟʥʠʩʤʝʥ ʿʝ 1856. ʛʦʜʠʥʝ ʦʧʠʩʘʦ ʧʨʦʮʝʩ ʜʦʙʠʿʘˁʘ ʯʝʣʠʢʘ ʧʦʩʝʙʥʠʤ 

ʢʦʥʚʝʨʪʦʨʠʤʘ ʢʦʿʠ ʿʝ ʧʦ ˁʝʤʫ ʢʘʩʥʠʿʝ ʠ ʜʦʙʠʦ ʠʤʝ. ʉʠʜʥʠ ʊʦʤʘʩ (Sidney Gilchrist Thomas,  

1850 - 1885) ʿʝ 1878. ʛʦʜʠʥʝ ʫʩʘʚʨʰʠʦ ɹʝʩʝʤʝʨʦʚ ʧʦʩʪʫʧʘʢ ʯʠʤʝ ʿʝ ʧʦʩʪʠʛʥʫʪʦ ʩʤʘˁʝˁʝ 

ʩʘʜʨʞʘʿʘ ʬʦʩʬʦʨʘ ʫ ʧʨʦʠʟʚʝʜʝʥʦʤ ʯʝʣʠʢʫ.   

ʇʿʝʨ ʄʘʨʪʠʥ (Pierre-Émile Martin, 1824 - 1915) ʠ ʏʘʨʣʩ ʉʠʤʝʥʩ (Charles William Siemens, 

1823 - 1883) ʠʟʛʨʘʜʠʣʠ ʩʫ ʧʨʚʫ ʧʝ˂ ʟʘ ʜʦʙʠʿʘˁʝ ʠ ʪʦʧˀʝˁʝ ʯʝʣʠʢʘ. ʀʘʢʦ ʿʝ ʦʚʘʿ ʧʦʩʪʫʧʘʢ 

ʜʦʙʠʿʘˁʘ ʯʝʣʠʢʘ ʙʠʦ ʩʧʦʨʠʿʠ ʠ ʤʘˁʝ ʝʢʦʥʦʤʠʯʘʥ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʚʝʨʪʦʨʩʢʠ ʧʦʩʪʫʧʘʢ ʜʦʙʠʿʘˁʘ 

ʯʝʣʠʢʘ, 80% ʫʢʫʧʥʝ ʧʨʦʠʟʚʦʜˁʝ ʯʝʣʠʢʘ ʫ ʧʨʚʦʿ ʧʦʣʦʚʠʥʠ ʜʚʘʜʝʩʝʪʦʛ ʚʝʢʘ ʧʨʦʠʟʚʝʜʝʥʦ ʿ ʝ ʦʚʠʤ 

ʧʦʩʪʫʧʢʦʤ.   

ʇʨʠʤʝˁʝʥʘ ʪʝʭʥʦʣʦʛʠʿʘ ʫ ʧʨʦʮʝʩʫ ʧʨʦʠʟʚʦʜˁʝ ʯʝʣʠʢʘ ʫʩʣʦʚˀʘʚʘ ˁʠʭʦʚ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ 

ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ ʘ ʪʠʤʝ ʠ ʧʨʝʩʫʜʥʦ ʫʪʠʯʝ ʥʘ ˁʝʛʦʚʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. ʏʝʣʠʢʝ, ʢʘʦ 

ʤʘʪʝʨʠʿʘʣʝ ʟʘ ʤʘʰʠʥʩʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ, ʢʘʨʘʢʪʝʨʠʰʝ ʚʝʦʤʘ ʰʠʨʦʢ ʜʠʿʘʧʘʟʦʥ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʰʪʦ ʿʝ ʦʤʦʛʫ˂ʠʦ ʨʘʟʚʦʿ ʪʝʭʥʦʣʦʛʠʿʝ ˁʠʭʦʚʝ ʧʨʦʠʟʚʦʜˁʝ. ʏʝʣʠʮʠ ʜʘʥʘʩ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʥʘʿʚʘʞʥʠʿʠ ʠ ʥʘʿʨʘʩʧʨʦʩʪʨʘˁʝʥʠʿʠ ʢʦʥʩʪʨʫʢʮʠʦʥʠ ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ʩʝ ʥʝʧʨʝʢʠʜʥʦ ʨʘʟʚʠʿʘ ʪʘʢʦ 

ʜʘ ʮʝʣʦʢʫʧʥʘ ʩʚʝʪʩʢʘ ʠʥʜʫʩʪʨʠʿʘ ʠ ʧʨʠʚʨʝʜʘ ʫ ʚʠʩʦʢʦʤ ʩʪʝʧʝʥʫ ʟʘʚʠʩʝ ʦʜ ʜʦʩʪʫʧʥʦʩʪʠ ʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʯʝʣʠʢʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʯʝʣʠʢ ʿʝ ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ʩʝ ʜʘʥʘʩ ʥʘʿʚʠʰʝ ʨʝʮʠʢʣʠʨʘ 

ʠ ʠʩʪʦʚʨʝʤʝʥʦ ʧʨʝʜʩʪʘʚˀʘ ʤʘʪʝʨʠʿʘʣ ʩʘ ʧʦʟʠʪʠʚʥʠʤ ʝʬʝʢʪʦʤ ʥʘ ʦʯʫʚʘˁʝ ʠ ʨʘʮʠʦʥʘʣʥʦ 

ʢʦʨʠʰ˂ʝˁʝ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʘ [11, 19, 65, 85].   

 1.3 ʋɻɲɽʅʀʏʅʀ ʏɽʃʀʎʀ 

 ɼʦʜʘʚʘˁʝ ʫʛˀʝʥʠʢʘ ʛʚʦʞʹʫ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʥʘʿʩʪʘʨʠʿʠʭ ʤʝʪʘʣʫʨʰʢʠʭ ʧʦʩʪʫʧʘʢʘ 

ʫʥʘʧʨʝʹʝˁʘ ʠ ʧʦʙʦˀʰʘˁʘ ˁʝʛʦʚʠʭ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʋʛˀʝʥʠʢ ʢʦʿʠ ʩʝ ʜʦʜʘʿʝ 

ʛʚʦʞʹʫ ʠʟʘʟʠʚʘ ʝʬʝʢʘʪ ʨʘʩʪʚʘʨʘʿʫ˂ʝʛ ʦʿʘʯʘˁʘ ʿʝʨ, ʟʙʦʛ ʩʚʦʛ ʧʦʣʦʞʘʿʘ ʫ ʢʨʠʩʪʘʣʥʦʿ ʨʝʰʝʪʢʠ 

ʛʚʦʞʹʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʧʨʝʢʫ ʢʨʝʪʘˁʫ ʜʠʩʣʦʢʘʮʠʿʘ ʧʨʠ ʜʝʬʦʨʤʠʩʘˁʫ ʫʩʣʝʜ ʩʧʦˀʘʰˁʝʛ 

ʦʧʪʝʨʝ˂ʝˁʘ. ɼʘʥʘʩ, ʥʠʩʢʦ ʫʛˀʝʥʠʯʥʠ ʯʝʣʠʮʠ ʩʘʜʨʞʝ ʜʦ 0,25% ʫʛˀʝʥʠʢʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʫ 
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ʠʥʪʝʨʩʪʠʮʠʿʩʢʦʤ ʯʚʨʩʪʦʤ ʨʘʩʪʚʦʨʫ ʛʚʦʞʹʝ - ʬʝʨʠʪ, ʢʘʦ ʠ ʫ ʦʙʣʠʢʫ ʮʝʤʝʥʪʠʪʘ. ɼʘˀʝ ʧʦʚʝ˂ʘˁʝ 

ʩʘʜʨʞʘʿʘ ʫʛˀʝʥʠʢʘ ʦʜʨʘʞʘʚʘ ʩʝ ʜʚʦʿʘʢʦ ʥʘ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʦʩʦʙʠʥʝ ʛʚʦʞʹʘ. ʉʘ 

ʿʝʜʥʝ ʩʪʨʘʥʝ, ʧʦʚʝ˂ʘˁʝ ʩʘʜʨʞʘʿʘ ʫʛˀʝʥʠʢʘ ʫʪʠʯʝ ʥʘ ʧʦʚʝ˂ʘˁʝ ʿʘʯʠʥʝ ʠ ʪʚʨʜʦ˂ʝ ʯʝʣʠʢʘ, ʘ ʩ 

ʜʨʫʛʝ ʩʪʨʘʥʝ, ʫʪʠʯʝ ʥʘ ʩʤʘˁʝˁʝ ˁʝʛʦʚʝ ʜʫʢʪʠʣʥʦʩʪʠ. ʇʦʚʝ˂ʘˁʝ ʩʘʜʨʞʘʿʘ ʫʛˀʝʥʠʢʘ ʫ 

ʯʝʣʠʮʠʤʘ, ʪʘʢʦʹʝ, ʫʪʠʯʝ ʠ ʥʘ ʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʢʨʪʦʛ ʣʦʤʘ ʠ ʧʦʛʦʨʰʘʚʘ ʟʘʚʘʨˀʠʚʦʩʪ ʦʚʠʭ 

ʯʝʣʠʢʘ. ʇʨʠ ʧʦʚʝ˂ʘˁʫ ʩʘʜʨʞʘʿʘ ʫʛˀʝʥʠʢʘ, ʚʝ˂ ʧʨʝʢʦ 0,8%, ʧʦʨʝʜ ʮʝʤʝʥʪʠʪʘ ʩʘʜʨʞʘʥʦʛ ʫ 

ʧʝʨʣʠʪʫ, ʠʟʜʚʘʿʘ ʩʝ ʠ ʩʣʦʙʦʜʥʠ ʮʝʤʝʥʪʠʪ ʥʘ ʛʨʘʥʠʮʘʤʘ ʤʝʪʘʣʥʠʭ ʟʨʥʘ, ʯʠʤʝ ʩʝ ʬʦʨʤʠʨʘ 

ʢʘʨʙʠʜʥʘ ʤʨʝʞʘ ʫ ʦʙʣʠʢʫ ʣʘʤʝʣʘ ʩʘ ʦʰʪʨʠʤ ʠʚʠʮʘʤʘ. ʆʚʘʢʦ ʬʦʨʤʠʨʘʥʝ ʣʘʤʝʣʝ ʩʣʦʙʦʜʥʦʛ 

ʮʝʤʝʥʪʠʪʘ ʩʘ ʦʰʪʨʠʤ ʠʚʠʮʘʤʘ ʜʝʣʫʿʫ ʢʘʦ ʢʦʥʮʝʥʪʨʘʪʦʨʠ ʥʘʧʦʥʘ ʯʠʤʝ ʩʝ ʟʥʘʪʥʦ ʩʤʘˁʫʿʝ 

ʞʠʣʘʚʦʩʪ ʯʝʣʠʢʘ ʠ ʧʦʚʝ˂ʘʚʘ ʦʧʘʩʥʦʩʪ ʦʜ ʢʨʪʦʛ ʣʦʤʘ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ ʫʛˀʝʥʠʯʥʠʭ 

ʯʝʣʠʢʘ ʿʝ ʫʛʣʘʚʥʦʤ ʬʝʨʠʪʥʦ ʠʣʠ ʬʝʨʠʪʥʦ-ʧʝʨʣʠʪʥʦ. ʏʝʣʠʮʠ ʦʚʝ ʢʣʘʩʝ, ʧʦʨʝʜ ʫʛˀʝʥʠʢʘ, ʢʘʦ 

ʧʨʠʤʝʩʝ ʩʘʜʨʞʝ ʩʠʣʠʮʠʿʫʤ ʠ ʤʘʥʛʘʥ, ʢʘʦ ʠ ʩʫʤʧʦʨ ʠ ʬʦʩʬʦʨ ʢʘʦ ʥʝʯʠʩʪʦ˂ʝ.  

 1.4 ʋɻɲɽʅʀʏʅʆ-ʄɸʅɻɸʅʉʂʀ ʏɽʃʀʎʀ 

 ʋʛˀʝʥʠʯʥʦ-ʤʘʥʛʘʥʩʢʠ ʯʝʣʠʮʠ ʩʫ ʨʘʟʚʠʿʝʥʠ ʢʘʦ ʨʝʟʫʣʪʘʪ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʪʝʞˁʠ ʟʘ 

ʧʦʙʦˀʰʘˁʝʤ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʛˀʝʥʠʯʥʠʭ ʯʝʣʠʢʘ ʠ ʧʦʚʝ˂ʘˁʝʤ ˁʠʭʦʚʝ 

ʞʠʣʘʚʦʩʪʠ, ʥʘʨʦʯʠʪʦ ʧʨʠ ʥʠʩʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ. ʄʘʥʛʘʥ ʩʘ ʯʝʣʠʢʦʤ ʛʨʘʜʠ ʯʚʨʩʪʠ ʨʘʩʪʚʦʨ 

ʟʘʧʨʝʤʠʥʩʢʦʛ ʪʠʧʘ (ʩʫʧʩʪʠʪʫʮʠʿʩʢʠ ʯʚʨʩʪʠ ʨʘʩʪʚʦʨ) ʠ ʠʤʘ ʜʚʦʿʘʢ ʤʝʭʘʥʠʟʘʤ ʜʝʣʦʚʘˁʘ ʥʘ 

ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. ʄʘʥʛʘʥ ʧʦʙʦˀʰʘʚʘ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʯʝʣʠʢʘ, ʢʘʦ 

ʧʨʝʧʨʝʢʘ ʢʨʝʪʘˁʫ ʜʠʩʣʦʢʘʮʠʿʘ ʫ ʢʨʠʩʪʘʣʥʦʿ ʨʝʰʝʪʢʠ ʧʨʠ ʜʝʬʦʨʤʠʩʘˁʫ, ʩʣʠʯʥʦ ʢʘʦ ʠ ʫʛˀʝʥʠʢ. 

ʊʘʢʦʹʝ, ʤʘʥʛʘʥ ʫ ʯʝʣʠʢʫ ʩʚʦʿʠʤ ʧʨʠʩʫʩʪʚʦʤ  ʩʧʨʝʯʘʚʘ ʥʝʧʦʚʦˀʘʥ ʫʪʠʮʘʿ ʩʫʤʧʦʨʘ ʥʘ ʤʝʭʘʥʠʯʢʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. ʉʪʝʧʝʥ ʦʿʘʯʘˁʘ ʧʨʠ ʜʝʬʦʨʤʠʩʘˁʫ ʧʨʠ ʩʧʦˀʘʰˁʝʤ ʦʧʪʝʨʝ˂ʝˁʫ ʫʩʣʝʜ 

ʦʤʝʪʘʥʦʛ ʢʨʝʪʘˁʘ ʜʠʩʣʦʢʘʮʠʿʘ ʟʙʦʛ ʧʨʠʩʫʩʪʚʘ ʤʘʥʛʘʥʘ ʫ ʛʚʦʞ́ʫ ʥʠʿʝ ʟʥʘʯʘʿʘʥ, ʙʫʜʫ˂ʠ ʜʘ ʩʫ 

ʛʚʦʞʹʝ ʠ ʤʘʥʛʘʥ ʩʫʩʝʜʥʠ ʝʣʝʤʝʥʪʠ ʫ ʧʝʨʠʦʜʥʦʤ ʩʠʩʪʝʤʫ. ʉʧʨʝʯʘʚʘˁʝ ʥʝʛʘʪʠʚʥʦʛ ʫʪʠʮʘʿʘ 

ʩʫʤʧʦʨʘ ʥʘ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʯʝʣʠʢʘ ʦʩʪʚʘʨʫʿʝ ʩʝ ʦʙʨʘʟʦʚʘˁʝʤ ʤʘʥʛʘʥ ʩʫʣʬʠʜʘ ʯʠʤʝ 

ʩʝ ʩʤʘˁʫʿʝ ʩʘʜʨʞʘʿ ʩʫʤʧʦʨʘ ʫ ʯʝʣʠʢʫ, ʩʘʛʣʘʩʥʦ ʚʠʩʦʢʦʤ ʘʬʠʥʠʪʝʪʫ ʤʘʥʛʘʥʘ ʧʨʝʤʘ ʩʫʤʧʦʨʫ. 

ʅʝʛʘʪʠʚʥʠ ʫʪʠʮʘʿ ʩʫʤʧʦʨʘ ʫ ʯʝʣʠʢʫ ʫʩʣʦʚˀʝʥ ʿʝ ʦʙʨʘʟʦʚʘˁʝʤ ʥʠʩʢʦʪʦʧˀʠʚʦʛ ʝʫʪʝʢʪʠʢʫʤʘ 

ʢʦʿʠ ʩʝ ʫ ʦʙʣʠʢʫ ʬʠʣʤʘ ʨʘʩʧʦʨʝʹʫʿʝ ʧʦ ʛʨʘʥʠʮʘʤʘ ʤʝʪʘʣʥʠʭ ʟʨʥʘ (ʩʝʛʨʝʛʘʮʠʿʘ ʩʫʣʬʠʜʘ) ʠ 

ʧʨʝʜʩʪʘʚˀʘ ʦʧʘʩʥʦʩʪ ʦʜ ʥʘʩʪʘʥʢʘ ʪʦʧʣʠʭ ʧʨʩʣʠʥʘ ʠ ʢʨʪʦʛ ʣʦʤʘ. ʊʘʢʦʹʝ, ʩʘʜʨʞʘʿ ʩʫʤʧʦʨʘ ʫ 

ʯʝʣʠʢʫ ʧʨʝʢʦ 0,055% ʯʠʥʠ ʯʝʣʠʢ ʢʨʪʠʤ ʧʨʠ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠ ʩʤʘˁʫʿʝ ˁʝʛʦʚʫ 

ʟʘʚʘʨˀʠʚʦʩʪ.  

 ʄʝʹʫʪʠʤ, ʧʦʨʝʜ ʧʦʟʠʪʠʚʥʦʛ ʝʬʝʢʪʘ ʥʘ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʬʦʨʤʠʨʘʥʠ ʫʢˀʫʯʮʠ 

ʤʘʥʛʘʥ ʩʫʣʬʠʜʘ (MnS) ʫ ʯʝʣʠʢʫ ʩʝ ʜʘˀʦʤ ʧʨʝʨʘʜʦʤ ʚʘˀʘˁʝʤ ʠʟʜʫʞʫʿʫ ʠʣʠ ʩʠʪʥʝ ʠ ʣʦʤʝ ʫʩʣʝʜ 

ʜʘˀʝ ʧʨʝʨʘʜʝ ʢʦʚʘˁʝʤ ʠ ʠʟʘʟʠʚʘʿʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʥʘʧʦʥʘ, ʯʠʤʝ ʠʟʘʟʠʚʘʿʫ ʥʝʛʘʪʠʚʘʥ ʝʬʝʢʘʪ ʥʘ 

ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. ʄʘʥʛʘʥ ʫ ʯʝʣʠʢʫ, ʧʦʨʝʜ ʦʧʠʩʘʥʝ ʫʣʦʛʝ ʜʝʩʫʣʬʠʟʘʪʦʨʘ ʠʤʘ ʠ ʫʣʦʛʫ 

ʜʝʟʦʢʩʠʜʘʪʦʨʘ. ʇʨʠʩʫʩʪʚʦʤ ʤʘʥʛʘʥʘ ʫ ʯʝʣʠʢʫ ʦʩʪʚʘʨʫʿʝ ʩʝ ʧʨʦʰʠʨʝˁʝ ʟʦʥʝ ʩʪʘʙʠʣʥʦʩʪʠ 

ʘʫʩʪʝʥʠʪʘ ʫ ʧʦʜʨʫʯʿʝ ʥʠʞʠʭ ʪʝʤʧʝʨʘʪʫʨʘ, ʦʜʥʦʩʥʦ ʩʥʠʞʘʚʘˁʝ Ac1 ʠ Ac3 ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʦʜʥʦʩʫ 

ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʜ ʫʛˀʝʥʠʯʥʠʭ ʯʝʣʠʢʘ.  ʋʛˀʝʥʠʯʥʦ-ʤʘʥʛʘʥʩʢʠ ʯʝʣʠʮʠ ʢʘʦ 

ʥʝʯʠʩʪʦ˂ʫ ʥʘʿʯʝʰ˂ʝ ʩʘʜʨʞʝ ʬʦʩʬʦʨ. ʉʘʜʨʞʘʿ ʬʦʩʬʦʨʘ ʦʜ ʧʨʝʢʦ 0,045% ʯʠʥʠ ʯʝʣʠʢ ʢʨʪʠʤ ʧʨʠ 

ʥʠʩʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ.  

 1.5 ʋʄʀʈɽʅʀ ʏɽʃʀʎʀ 

 ʋʤʠʨʝʥʠ ʠʣʠ ʜʝʟʦʢʩʠʜʠʩʘʥʠ ʯʝʣʠʮʠ ʜʦʙʠʿʘʿʫ ʩʝ ʧʦʩʪʝʧʝʥʠʤ ʭʣʘʹʝˁʝʤ ʨʘʩʪʦʧˀʝʥʦʛ 

ʯʝʣʠʢʘ ʢʦʤʝ ʿʝ ʜʦʜʘʪʦ ʩʨʝʜʩʪʚʦ ʟʘ ʜʝʟʦʢʩʠʜʘʮʠʿʫ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʯʝʣʠʢ ʧʦʩʪʝʧʝʥʦ ʦʯʚʨʰ˂ʘʚʘ 

ʙʝʟ ʚʠʜˀʠʚʦʛ ʠʟʜʚʘʿʘˁʘ ʛʘʩʦʚʘ ʿʝʨ ʩʝ ʦʥʠ ʚʝʟʫʿʫ ʩʘ ʩʨʝʜʩʪʚʦʤ ʟʘ ʜʝʟʦʢʩʠʜʘʮʠʿʫ ʫ ʪʨʦʩʢʫ ʫʩʣʝʜ 

ʯʝʛʘ ʩʣʦʙʦʜʥʘ ʧʦʚʨʰʠʥʘ ʨʘʩʪʦʧˀʝʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʦʩʪʘʿʝ ʤʠʨʥʘ, ʟʙʦʛ ʯʝʛʘ ʩʫ ʦʚʠ ʯʝʣʠʮʠ ʠ 
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ʜʦʙʠʣʠ ʥʘʟʠʚ ʫʤʠʨʝʥʠ. ʂʠʩʝʦʥʠʢ ʩʝ ʫ ʯʝʣʠʮʠʤʘ ʿʘʚˀʘ ʢʘʦ ʩʣʦʙʦʜʘʥ ʠʣʠ ʭʝʤʠʿʩʢʠ ʚʝʟʘʥ ʫ 

ʦʙʣʠʢʫ ʥʠʪʨʘʪʘ. ʉʣʦʙʦʜʘʥ ʢʠʩʝʦʥʠʢ ʫ ʯʝʣʠʢʫ ʠʟʘʟʠʚʘ ʩʥʠʞʘʚʘˁʝ ˁʝʛʦʚʝ ʞʠʣʘʚʦʩʪʠ, ʧʦʚʝ˂ʘʚʘ 

ʩʢʣʦʥʦʩʪ ʢʘ ʢʨʪʦʤ ʣʦʤʫ ʠ ʫʙʨʟʘʚʘ ʩʪʘʨʝˁʝ ʤʘʪʝʨʠʿʘʣʘ. ʍʝʤʠʿʩʢʠ ʚʝʟʘʥ ʢʠʩʝʦʥʠʢ ʫ ʦʙʣʠʢʫ 

ʥʠʪʨʘʪʘ ʧʦʚʦˀʥʦ ʫʪʠʯʝ ʥʘ ʤʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ ʯʝʣʠʢʘ. ʍʝʤʠʿʩʢʠ ʦʙʣʠʢ ʫ ʢʦʤʝ ʩʝ ʢʠʩʝʦʥʠʢ 

ʿʘʚˀʘ ʫ ʯʝʣʠʢʫ ʚʝʦʤʘ ʿʝ ʪʝʰʢʦ ʫʪʚʨʜʠʪʠ ʧʘ ʩʝ ʢʠʩʝʦʥʠʢ ʫ ʯʝʣʠʢʫ ʩʤʘʪʨʘ ʥʝʧʦʞʝˀʥʦʤ 

ʝʣʝʤʝʥʪʦʤ. ʋ ʮʠˀʫ ʢʦʥʪʨʦʣʝ ʩʘʜʨʞʘʿʘ ʢʠʩʝʦʥʠʢʘ, ʯʝʣʠʢʫ ʩʝ ʜʦʜʘʿʫ ʝʣʝʤʝʥʪʠ, ʥʘʿʯʝʰ˂ʝ 

ʘʣʫʤʠʥʠʿʫʤ ʠ ʩʠʣʠʮʠʿʫʤ, ʢʦʿʠ ʧʨʝʤʘ ʢʠʩʝʦʥʠʢʫ ʠʤʘʿʫ ʚʠʩʦʢ ʭʝʤʠʿʩʢʠ ʘʬʠʥʠʪʝʪ ʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʜʝʟʦʢʩʠʜʘʮʠʿʩʢʘ ʩʨʝʜʩʪʚʘ. ʋ ʩʣʫʯʘʿʫ ʜʘ ʯʝʣʠʢ ʩʘʜʨʞʠ ʚʠʩʦʢʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʘʟʦʪʘ ʠ ʢʘʜʘ ʩʝ ʢʘʦ ʩʨʝʜʩʪʚʦ ʟʘ ʜʝʟʦʢʩʠʜʘʮʠʿʫ ʢʦʨʠʩʪʠ ʘʣʫʤʠʥʠʿʫʤ ʜʦʣʘʟʠ ʜʦ ʩʪʚʘʨʘˁʘ 

ʘʣʫʤʠʥʠʿʫʤ ʥʠʪʨʠʜʘ ʢʦʿʠ ʩʝ ʠʟʜʚʘʿʘ ʫ ʦʙʣʠʢʫ ʫʢˀʫʯʘʢʘ ʠ ʪʠʤʝ ʤʝʭʘʥʠʯʢʠ ʙʣʦʢʠʨʘ ʨʘʩʪ 

ʤʝʪʘʣʥʠʭ ʟʨʥʘ. ʇʦʟʠʪʠʚʘʥ ʝʬʝʢʘʪ ʘʣʫʤʠʥʠʿʫʤʘ, ʢʘʦ ʣʝʛʠʨʘʿʫ˂ʝʛ ʝʣʝʤʝʥʪʘ, ʫ ʯʝʣʠʢʫ ʿʝ ʜʚʦʿʘʢ. 

ʉ ʿʝʜʥʝ ʩʪʨʘʥʝ, ʘʣʫʤʠʥʠʿʫʤ ʜʝʣʫʿʝ ʢʘʦ ʩʨʝʜʩʪʚʦ ʟʘ ʜʝʟʦʢʩʠʜʘʮʠʿʫ ʠ ʚʝʟʫʿʝ ʢʠʩʝʦʥʠʢ, ʘ ʩʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ʘʣʫʤʠʥʠʿʫʤ ʫ ʯʝʣʠʢʫ ʤʝʭʘʥʠʯʢʠ ʙʣʦʢʠʨʘ ʨʘʩʪ ʤʝʪʘʣʥʠʭ ʟʨʥʘ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʩʫ 

ʪʝʭʥʠʯʢʝ ʤʦʛʫ˂ʥʦʩʪʠ ʦʙʝʟʙʝʹʠʚʘˁʘ ʨʘʚʥʦʤʝʨʥʝ ʨʘʩʧʦʜʝʣʝ ʘʣʫʤʠʥʠʿʫʤʘ ʫ ʯʝʣʠʢʫ ʦʛʨʘʥʠʯʝʥʝ, 

ʝʬʝʢʘʪ ʢʦʥʪʨʦʣʝ ʨʘʩʪʘ ʤʝʪʘʣʥʠʭ ʟʨʥʘ ʥʠʿʝ ʟʥʘʯʘʿʥʠʿʝ ʠʩʢʦʨʠʰ˂ʝʥ ʫ ʜʦʩʘʜʘʰˁʠʤ ʤʝʪʘʣʫʨʰʢʠʤ 

ʧʦʩʪʫʧʮʠʤʘ ʧʨʦʠʟʚʦʜˁʝ ʯʝʣʠʢʘ. 

 1.6 ʄʀʂʈʆʃɽɻʀʈɸʅʀ ʏɽʃʀʎʀ 

 ɻʝʥʝʨʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ, ʩʚʠ ʯʝʣʠʮʠ ʩʫ ʣʝʛʫʨʝ, ʘʣʠ ʩʝ ʩʚʠ ʯʝʣʠʮʠ ʥʝ ʥʘʟʠʚʘʿʫ ʣʝʛʠʨʘʥʠʤ 

ʯʝʣʠʮʠʤʘ. ʃʝʛʠʨʘʥʠ ʯʝʣʠʮʠ ʩʫ ʯʝʣʠʮʠ ʢʦʜ ʢʦʿʠʭ ʩʫ, ʫ ʮʠˀʫ ʧʦʩʪʠʟʘˁʘ ʧʦʚʦˀʥʠʿʠʭ ʦʩʦʙʠʥʘ ʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʜʦʜʘʪʠ ʣʝʛʠʨʘʿʫ˂ʠ ʝʣʝʤʝʥʪʠ. ʇʨʝʤʘ ʩʘʜʨʞʘʿʫ ʣʝʛʠʨʘʿʫ˂ʠʭ ʝʣʝʤʝʥʘʪʘ ʯʝʣʠʮʠ 

ʩʝ ʤʦʛʫ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʥʘ ʥʠʩʢʦʣʝʛʠʨʘʥʝ ʠ ʚʠʩʦʢʦʣʝʛʠʨʘʥʝ. ʋ ʛʨʫʧʠ ʥʠʩʢʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ 

ʠʟʜʚʘʿʘ ʩʝ ʧʦʩʝʙʥʘ ʚʨʩʪʘ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ. ʄʠʢʨʦʣʝʛʠʨʘʥʠ ʯʝʣʠʮʠ ʥʘʩʪʘʣʠ ʩʫ ʢʘʦ 

ʨʝʟʫʣʪʘʪ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʮʠˀʫ ʧʨʦʥʘʣʘʞʝˁʘ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʙʠ ʤʦʛʣʠ ʜʘ ʟʘʤʝʥʝ ʘʣʫʤʠʥʠʿʫʤ 

ʢʘʦ ʩʨʝʜʩʪʚʦ ʟʘ ʜʝʟʦʢʩʠʜʘʮʠʿʫ ʯʝʣʠʢʘ, ʘ ʯʠʿʠ ʙʠ ʩʝ ʝʬʝʢʪʠ ʤʦʛʣʠ ʣʘʢʰʝ ʢʦʥʪʨʦʣʠʩʘʪʠ. 

ʄʠʢʨʦʣʝʛʠʨʘʿʫ˂ʠ ʝʣʝʤʝʥʪʠ ʫ ʯʝʣʠʮʠʤʘ ʩʪʚʘʨʘʿʫ ʢʘʨʙʠʜʝ, ʥʠʪʨʠʜʝ ʠ ʢʘʨʙʦʥʠʪʨʠʜʝ ʢʦʿʠ 

ʦʤʝʪʘʿʫ ʨʘʩʪ ʘʫʩʪʝʥʠʪʥʠʭ ʤʝʪʘʣʥʠʭ ʟʨʥʘ. ʌʦʨʤʠʨʘʥʠ ʢʘʨʙʠʜʠ, ʥʠʪʨʠʜʠ ʠ ʢʘʨʙʦʥʠʪʨʠʜʠ ʩʫ 

ʬʠʥʦ ʜʠʩʧʝʨʛʦʚʘʥʠ ʫ ʯʝʣʠʢʫ, ʩʠʪʥʠ ʩʫ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦ ʩʪʘʙʠʣʥʠ ʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʝʧʨʝʢʝ 

ʢʨʝʪʘˁʫ ʜʠʩʣʦʢʘʮʠʿʘ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʮʠʧʠʪʘʮʠʿʩʢʦ (ʪʘʣʦʞʥʦ) ʠʣʠ ʜʠʩʧʝʨʟʠʦʥʦ  ʦʿʘʯʘʚʘˁʝ 

ʯʝʣʠʢʘ. ʊʘʢʦʹʝ, ʦʚʘ ʿʝʜʠˁʝˁʘ ʠʟʘʟʠʚʘʿʫ ʫʩʠʪˁʘʚʘˁʝ ʤʝʪʘʣʥʠʭ ʟʨʥʘ.  

 ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʩʣʝ ʧʨʠʤʘʨʥʝ ʧʨʝʨʘʜʝ ʢʘʨʘʢʪʝʨʠʰʝ ʩʠʪʥʦʟʨʥʘ 

ʩʪʨʫʢʪʫʨʘ ʬʝʨʠʪʥʠʭ ʟʨʥʘ ʤʘʣʠʭ ʜʠʤʝʥʟʠʿʘ ʢʦʿʘ ʩʫ ʭʦʤʦʛʝʥʘ ʧʦ ʜʠʤʝʥʟʠʿʘʤʘ ʠ ʧʦ ʦʙʣʠʢʫ, ʩʘ 

ʧʨʠʤʝʩʘʤʘ ʮʝʤʝʥʪʠʪʘ ʠ ʬʠʥʦ ʜʠʩʧʝʨʛʦʚʘʥʠʤ ʯʝʩʪʠʮʘʤʘ ʢʘʨʙʦʥʠʪʨʠʜʘ. ʉʠʪʥʦʟʨʥʠ 

ʤʠʢʨʦʣʝʛʠʨʘʥʠ ʯʝʣʠʮʠ ʥʝ ʧʦʢʘʟʫʿʫ ʦʩʝʪˀʠʚʦʩʪ ʧʨʝʤʘ ʢʨʪʦʤ ʣʦʤʫ.  

 1.7 ʊɽʈʄʆʄɽʍɸʅʀʏʂʀ ʂʆʅʊʈʆʃʀʉɸʅʆ ʇʈɽʈɸɫɽʅʀ ʏɽʃʀʎʀ 

 ʊʝʨʤʦʤʝʭʘʥʠʯʢʠ ʢʦʥʪʨʦʣʠʩʘʥʦʤ ʧʨʝʨʘʜʦʤ ʜʦʙʠʿʝʥʠ ʩʫ ʩʧʝʮʠʿʘʣʥʠ ʯʝʣʠʮʠ (Thermo-

Mechanical Control Processing - TMCP) ʯʠʿʝ ʿʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʩʘʥʦ. 

ʇʨʦʮʝʩ ʪʝʨʤʦʤʝʭʘʥʠʯʢʠ ʢʦʥʪʨʦʣʠʩʘʥʝ ʧʨʝʨʘʜʝ ʦʙʫʭʚʘʪʘ ʧʦʪʧʫʥʦ ʢʦʥʪʨʦʣʠʩʘʥʦ ʟʘʛʨʝʚʘˁʝ 

ʩʣʘʙʘ, ʪʦʧʣʦ ʚʘˀʘˁʝ ʠ ʢʦʥʪʨʦʣʠʩʘʥʦ ʭʣʘʹʝˁʝ, ʦʜʥʦʩʥʦ ʫʙʨʟʘʥʦ ʭʣʘʹʝˁʝ.  ʆʚʘʿ ʪʝʭʥʦʣʦʰʢʠ 

ʧʨʦʮʝʩ ʧʨʝʨʘʜʝ ʯʝʣʠʢʘ ʨʘʟʚʠʿʝʥ ʿʝ ʫ ɱʘʧʘʥʫ ʦʩʘʤʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʜʚʘʜʝʩʝʪʦʛ ʚʝʢʘ.  

 ʏʝʣʠʮʠ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ, ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʟʘʚʘʨʝʥʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ, ʧʨʦʠʟʚʦʜʝ ʩʝ 

ʩʧʝʮʠʿʘʣʥʠʤ ʧʦʩʪʫʧʮʠʤʘ ʪʝʨʤʦʤʝʭʘʥʠʯʢʝ ʧʨʝʨʘʜʝ ʯʠʤʝ ʩʝ ʦʙʝʟʙʝʹʫʿʫ ˁʠʭʦʚʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. ʇʦʪʧʫʥʝ ʧʨʝʜʥʦʩʪʠ ʧʨʠʤʝʥʝ ʦʚʠʭ ʯʝʣʠʢʘ ʥʘ ʦʩʥʦʚʫ ʧʦʚʦˀʥʠʭ 

ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʪʝʤʝˀʝʥʠʭ ˁʠʭʦʚʠʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʠʤ ʩʪʘˁʝʤ ʢʘʦ ʨʝʟʫʣʪʘʪʦʤ 

ʧʨʠʤʝˁʝʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʧʨʦʠʟʚʦʜˁʝ, ʤʦʛʫ˂ʝ ʿʝ ʦʩʪʚʘʨʠʪʠ ʿʝʜʠʥʦ ʧʦʰʪʦʚʘˁʝʤ ʠ ʢʦʥʪʨʦʣʦʤ 
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ʩʚʠʭ ʧʨʦʧʠʩʘʥʠʭ ʫʩʣʦʚʘ ʟʘ ʚʨʝʤʝ ʧʨʝʨʘʜʝ, ʠʟʨʘʜʝ ʝʣʝʤʝʥʘʪʘ, ˁʠʭʦʚʦʛ ʟʘʚʘʨʠʚʘˁʘ ʠ 

ʬʦʨʤʠʨʘˁʘ ʟʘʚʘʨʝʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ. ʆʚʘʿ ʧʨʦʮʝʩ ʿʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʧʦʟʥʘʪ ʢʘʦ ʧʦʪʧʫʥʘ 

ʪʝʨʤʦʤʝʭʘʥʠʯʢʠ ʢʦʥʪʨʦʣʠʩʘʥʘ ʧʨʝʨʘʜʘ [4, 65, 111]. ʇʦʪʧʫʥʘ ʪʝʨʤʦʤʝʭʘʥʠʯʢʠ ʢʦʥʪʨʦʣʠʩʘʥʘ 

ʧʨʝʨʘʜʘ ʿʝ ʩʣʦʞʝʥ ʪʝʭʥʦʣʦʰʢʠ ʧʨʦʮʝʩ ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʧʦʩʪʫʧʘʢʘ ʠ ʫʪʠʮʘʿʥʠʭ ʬʘʢʪʦʨʘ, ʦʜ 

ʢʦʿʠʭ ʿʝ ʧʦʩʝʙʥʫ ʧʘʞˁʫ ʧʦʪʨʝʙʥʦ ʧʦʩʚʝʪʠʪʠ ʩʣʝʜʝ˂ʠʤ: 

¶ ʂʦʥʪʨʦʣʘ ʯʠʩʪʦ˂ʝ ʯʝʣʠʢʘ ʩʧʨʦʚʦʜʠ ʩʝ ʫ ʮʠˀʫ ʫʪʚʨʹʠʚʘˁʘ ʫʢʫʧʥʦʛ ʩʘʜʨʞʘʿʘ ʥʝʯʠʩʪʦ˂ʘ. 

ʉʘʚʨʝʤʝʥʘ ʪʝʭʥʦʣʦʛʠʿʘ ʧʨʦʠʟʚʦʜˁʝ ʯʝʣʠʢʘ ʦʤʦʛʫ˂ʘʚʘ ʜʦʙʠʿʘˁʝ ʚʝʦʤʘ ʯʠʩʪʠʭ ʯʝʣʠʢʘ 

ʩʘ ʫʢʫʧʥʠʤ ʩʘʜʨʞʘʿʝʤ ʥʝʯʠʩʪʦ˂ʘ ʤʘˁʠʤ ʦʜ 0,005%. ʂʦʥʪʨʦʣʘ ʯʠʩʪʦ˂ʝ ʯʝʣʠʢʘ ʩʝ ʠʟʚʦʜʠ 

ʟʙʦʛ ʚʝʣʠʢʦʛ ʩʪʝʧʝʥʘ ʫʪʠʮʘʿʘ ʯʠʩʪʦ˂ʝ ʯʝʣʠʢʘ ʥʘ ˁʝʛʦʚʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ, 

ʧʨʚʝʥʩʪʚʝʥʦ ʞʠʣʘʚʦʩʪ, ʢʘʢʦ ʫ ʦʩʥʦʚʥʦʤ ʤʘʪʝʨʠʿʘʣʫ, ʪʘʢʦ ʠ ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʧʨʠ 

ʟʘʚʘʨʠʚʘˁʫ. 

¶ ʂʦʥʪʨʦʣʘ ʦʙʣʠʢʘ ʥʝʤʝʪʘʣʥʠʭ ʫʢˀʫʯʘʢʘ, ʧʨʚʝʥʩʪʚʝʥʦ ʩʫʤʧʦʨʘ (Sulphur Shape Control - 

SSC) ʩʧʨʦʚʦʜʠ ʩʝ ʫ ʮʠˀʫ ʩʫʟʙʠʿʘˁʘ ˁʠʭʦʚʦʛ ʠʟʨʘʟʠʪʦ ʥʝʛʘʪʠʚʥʦʛ ʫʪʠʮʘʿʘ  ʥʘ 

ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʯʝʣʠʢʘ. ʉʫʤʧʦʨ ʫ ʯʝʣʠʢʫ ʩʤʘˁʫʿʝ ʩʘʜʨʞʘʿ ʤʘʥʛʘʥʘ 

ʨʝʘʛʫʿʫ˂ʠ ʩʘ ˁʠʤ, ʯʠʤʝ ʩʝ ʛʨʘʜʠ ʿʝʜʠˁʝˁʝ ʩʫʣʬʠʜ ʤʘʥʛʘʥʘ (MnS). ʆʚʘʢʦ ʬʦʨʤʠʨʘʥʠ 

ʫʢˀʫʯʮʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʛʨʫʧʠʰʫ ʫ ʮʝʥʪʨʘʣʥʦʿ ʟʦʥʠ ʩʣʘʙʘ, ʪʘʢʦ ʜʘ ʩʝ ʧʨʠ ʥʘʢʥʘʜʥʦʿ 

ʦʙʨʘʜʠ ʚʘˀʘˁʝʤ ʠʟʜʫʞʫʿʫ ʫ ʪʨʘʢʝ. ʆʚʘʢʦ ʬʦʨʤʠʨʘʥʠ ʠ ʦʙʣʠʢʦʚʘʥʠ ʫʢˀʫʯʮʠ, ʦʰʪʨʠʭ 

ʠʚʠʮʘ ʜʝʣʫʿʫ ʢʘʦ ʢʦʥʮʝʥʪʨʘʪʦʨʠ ʥʘʧʦʥʘ ʠ ʜʦʜʘʪʥʦ ʩʤʘˁʫʿʫ ʞʠʣʘʚʦʩʪ ʯʝʣʠʢʘ. 

ʉʧʨʝʯʘʚʘˁʝ ʥʝʛʘʪʠʚʥʦʛ ʫʪʠʮʘʿʘ ʦʚʠʭ ʫʢˀʫʯʘʢʘ ʠʟʚʦʜʠ ʩʝ ʢʦʥʪʨʦʣʦʤ ˁʠʭʦʚʦʛ ʦʙʣʠʢʘ 

ʦʜʥʦʩʥʦ ʬʦʨʤʠʨʘˁʝʤ ʩʬʝʨʠʯʥʠʭ ʫʤʝʩʪʦ ʪʨʘʢʘʩʪʠʭ ʫʢˀʫʯʘʢʘ ʢʦʿʠ ʩʫ ʤʘˁʝ ʧʦʜʣʦʞʥʠ 

ʜʝʬʦʨʤʠʩʘˁʫ ʠ ʠʟʘʟʠʚʘʿʫ ʟʥʘʪʥʦ ʤʘˁʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʥʘʧʦʥʘ. ʈʘʜʠ ʩʪʚʘʨʘˁʘ ʤʝʩʪʘ ʦʢʦ 

ʢʦʿʠʭ ʩʝ ʬʦʨʤʠʨʘʿʫ ʠ ʨʘʩʪʫ ʩʬʝʨʠʯʥʠ ʫʢˀʫʯʮʠ, ʯʝʣʠʢʫ ʩʝ ʜʦʜʘʿʫ ʢʘʣʮʠʿʫʤ, ʣʘʥʪʘʥʦʠʜʠ 

ʠʣʠ ʘʢʪʘʥʦʠʜʠ ʫ ʥʦʚʠʿʝ ʚʨʝʤʝ. 

¶ ʂʦʥʪʨʦʣʠʩʘˁʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛ ʩʪʘˁʘ ʟʦʥʝ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʚʨʰʠ ʩʝ 

ʟʙʦʛ ʦʧʘʩʥʦʩʪʠ ʦʜ ʧʦʿʘʚʝ ʧʨʝʛʨʝʿʘʥʝ ʢʨʫʧʥʦʟʨʥʝ ʩʪʨʫʢʪʫʨʝ ʩʘ ʥʝʧʦʚʦˀʥʠʤ ʤʝʭʘʥʠʯʢʠʤ 

ʦʩʦʙʠʥʘʤʘ. ʋʩʣʝʜ ʫʪʠʮʘʿʘ ʫʥʝʪʝ ʪʦʧʣʦʪʝ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʫʟ ʛʨʘʥʠʮʫ ʠʩʪʦʧˀʝʥʦʛ ʠ 

ʥʝʠʩʪʦʧˀʝʥʦʛ ʜʝʣʘ, ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʿʘʚˀʘ ʩʝ ʢʨʫʧʥʦʟʨʥʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦ 

ʩʪʘˁʝ, ʯʠʿʝ ʬʦʨʤʠʨʘˁʝ ʠʟʘʟʠʚʘ ʧʘʜ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʪʚʘʨʝʥʦʛ ʩʧʦʿʘ. ʋ 

ʮʠˀʫ ʢʦʥʪʨʦʣʠʩʘˁʘ ʨʘʩʪʘ ʤʝʪʘʣʥʠʭ ʟʨʥʘ ʫ ʦʚʦʿ ʟʦʥʠ, ʯʝʣʠʢʫ ʩʝ ʜʦʜʘʿʝ ʩʪʘʙʠʣʠʟʠʨʘʿʫ˂ʠ 

ʝʣʝʤʝʥʪ ʪʠʪʘʥ (Ti) ʜʦ 0,015% ʿʝʨ ʩʝ ʬʦʨʤʠʨʘˁʝʤ ʪʠʪʘʥʥʠʪʨʠʜʘ (TiN) ʤʝʭʘʥʠʯʢʠ 

ʙʣʦʢʠʨʘ ʨʘʩʪ ʤʝʪʘʣʥʠʭ ʟʨʥʘ ˁʝʛʦʚʠʤ ʪʘʣʦʞʝˁʝʤ ʥʘ ʛʨʘʥʠʮʘʤʘ ʤʝʪʘʣʥʠʭ ʟʨʥʘ. 

¶ ʉʤʘˁʝˁʝ ʩʝʛʨʝʛʘʮʠʿʘ ʫ ʮʝʥʪʨʘʣʥʠʤ ʟʦʥʘʤʘ ʩʣʘʙʘ ʧʨʝʜʫʟʠʤʘ ʩʝ ʟʙʦʛ ʦʧʘʩʥʦʩʪʠ ʦʜ 

ʩʪʚʘʨʘˁʘ ʟʦʥʘ ʩʘ ʧʦʛʦʨʰʘʥʠʤ ʤʝʭʘʥʠʯʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʫʩʣʝʜ ʧʦʚʝ˂ʘˁʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʤʘʥʛʘʥʘ, ʫʛˀʝʥʠʢʘ, ʬʦʩʬʦʨʘ ʠ ʩʫʤʧʦʨʘ. ʌʦʨʤʠʨʘˁʝ ʮʝʥʪʨʘʣʥʠʭ ʟʦʥʘ ʩʘ 

ʧʦʛʦʨʰʘʥʠʤ ʤʝʭʘʥʠʯʢʠʤ ʩʚʦʿʩʪʚʠʤʘ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʣʘʙʦʚʘ ʜʦʙʠʿʝʥʠʭ 

ʢʦʥʪʠʥʫʘʣʥʠʤ ʣʠʚʝˁʝʤ. ʇʨʘʚʠʣʥʠʿʘ ʨʘʩʧʦʜʝʣʘ ʩʝʛʨʝʛʘʪʘ ʫ ʚʘˀʘʥʠʤ ʯʝʣʠʮʠʤʘ ʧʦʩʪʠʞʝ 

ʩʝ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ: ʧʨʦʠʟʚʦʜˁʦʤ ʯʝʣʠʢʘ ʩʘ ʤʘˁʠʤ ʩʘʜʨʞʘʿʝʤ ʥʝʯʠʩʪʦ˂ʘ, 

ʩʤʘˁʝˁʝʤ ʜʝʙˀʠʥʝ ʩʣʘʙʘ, ʙʨʞʠʤ ʭʣʘʹʝˁʝʤ ʠʣʠ ʢʦʤʙʠʥʘʮʠʿʦʤ ʥʘʚʝʜʝʥʠʭ ʧʦʩʪʫʧʘʢʘ. 

¶ ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʛʨʝʚʘˁʘ ʧʨʝ ʪʦʧʣʦʛ ʚʘˀʘˁʘ ʩʝ ʢʦʥʪʨʦʣʠʰʝ ʜʘ ʙʠ ʩʝ ʪʝʨʤʦʤʝʭʘʥʠʯʢʦʤ 

ʧʨʝʨʘʜʦʤ ʜʦʙʠʦ ʯʝʣʠʢ ʩʘ ʭʦʤʦʛʝʥʠʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʠʤ ʩʪʘˁʝʤ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ 

ʫʿʝʜʥʘʯʝʥʘ ʚʝʣʠʯʠʥʘ ʠ ʦʙʣʠʢ ʤʝʪʘʣʥʠʭ ʟʨʥʘ. ʊʝʤʧʝʨʘʪʫʨʫ ʫ ʧʝ˂ʠʤʘ, ʧʨʠ ʧʨʦʠʟʚʦʜˁʠ, 

ʪʨʝʙʘ ʢʦʥʪʨʦʣʠʩʘʪʠ ʜʘ ʩʝ ʥʝ ʜʦʟʚʦʣʠ ʨʘʩʪ ʠʣʠ ʧʨʝʚʝʣʠʢʠ ʨʘʩʪ ʤʝʪʘʣʥʠʭ ʟʨʥʘ ʫ ʯʝʣʠʢʫ. 

ʇʦʨʝʜ ʢʦʥʪʨʦʣʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʫʟʙʠʿʘˁʝ ʨʘʩʪʘ ʟʨʥʘ ʧʦʩʪʠʞʝ ʩʝ ʠ ʜʦʜʘʚʘˁʝʤ ʪʠʪʘʥʘ ʜʦ 

0,015%. 

¶ ʎʠˀ ʢʦʥʪʨʦʣʠʩʘʥʦʛ ʚʘˀʘˁʘ ʿʝ ʜʦʙʠʿʘˁʝ ʯʝʣʠʢʘ ʩʘ ʫʥʠʬʦʨʤʥʠʤ ʩʠʪʥʠʤ ʬʝʨʠʪʥʠʤ 

ʟʨʥʦʤ. ʇʦʩʣʝ ʧʨʝʜʚʘˀʘˁʘ ʯʝʣʠʢ ʪʨʝʙʘ ʜʘ ʠʤʘ ʭʦʤʦʛʝʥʫ ʩʠʪʥʦʟʨʥʫ ʨʝʢʨʠʩʪʘʣʠʩʘʥʫ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʢʦʿʫ ʪʨʝʙʘ ʜʘ ʟʘʜʨʞʠ ʜʦ ʧʦʯʝʪʢʘ ʟʘʚʨʰʥʦʛ ʚʘˀʘˁʘ, ʪʦ ʿʝʩʪ ʪʨʝʙʘ 
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ʢʦʥʪʨʦʣʠʩʘʪʠ ʨʘʩʪ ʤʝʪʘʣʥʠʭ ʟʨʥʘ.  ɿʘ ʚʨʝʤʝ ʟʘʚʨʰʥʦʛ ʚʘˀʘˁʘ, ʩʘ ʚʝ˂ʠʤ ʩʪʝʧʝʥʦʤ 

ʜʝʬʦʨʤʘʮʠʿʝ ʧʦ ʧʨʦʚʣʘʢʫ ʥʘʩʪʘʿʝ ʧʦʚʝ˂ʘˁʝ ʛʫʩʪʠʥʝ ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʪʨʘʢʘ. ʆʚʘʢʦ 

ʬʦʨʤʠʨʘʥʝ ʜʝʬʦʨʤʘʮʠʦʥʝ ʪʨʘʢʝ ʩʣʫʞʝ ʢʘʦ ʜʦʜʘʪʥʘ ʤʝʩʪʘ ʬʦʨʤʠʨʘˁʘ ʬʝʨʠʪʥʠʭ ʟʨʥʘ, 

ʪʘʢʦ ʜʘ ʿʝ ʢʦʥʘʯʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʠʟʚʝʜʝʥʦʛ ʯʝʣʠʢʘ ʩʠʪʥʦʟʨʥʠʿʘ ʫ ʦʜʥʦʩʫ ʥʘ ʯʝʣʠʢ ʢʦʿʠ 

ʥʠʿʝ ʚʘˀʘʥ. 

¶ ʇʨʠʣʠʢʦʤ ʟʘʚʨʰʥʦʛ ʚʘˀʘˁʘ ʯʝʣʠʢʘ ʜʦʣʘʟʠ ʜʦ ʫʩʤʝʨʝˁʘ ʤʝʪʘʣʥʠʭ ʟʨʥʘ ʠ ʬʦʨʤʠʨʘˁʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛ ʩʪʘˁʘ ʪʦʧʣʦʛ ʚʘˀʘˁʘ ʯʠʤʝ ʩʝ ʠʟʘʟʠʚʘ ʘʥʠʟʦʪʨʦʧʠʿʘ ʯʝʣʠʢʘ. 

ʇʦʿʝʜʠʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʘ ʩʪʘˁʘ ʯʝʣʠʢʘ ʟʥʘʪʥʦ ʩʤʘˁʫʿʫ ˁʝʛʦʚʫ ʞʠʣʘʚʦʩʪ ʫ 

ʧʦʧʨʝʯʥʦʤ ʧʨʘʚʮʫ, ʫʪʠʯʫ ʥʘ ʧʨʦʩʪʠʨʘˁʝ ʫʣʪʨʘʟʚʫʢʘ ʠ ʪʠʤʝ ʥʘ ʧʦʫʟʜʘʥʦʩʪ ʦʚʝ ʤʝʪʦʜʝ 

ʠʩʧʠʪʠʚʘˁʘ ʙʝʟ ʨʘʟʘʨʘˁʘ ʧʘ ʩʝ ˁʠʭʦʚʦ ʬʦʨʤʠʨʘˁʝ ʤʦʨʘ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʩʘʪʠ. 

¶ ʋʙʨʟʘʥʦ ʭʣʘʹʝˁʝ ʫʟʨʦʢʫʿʝ ʩʤʘˁʝˁʝ ʬʝʨʠʪʥʦʛ ʟʨʥʘ ʿʝʨ ʠʟʘʟʠʚʘ ʚʝ˂ʝ ʧʦʜʭʣʘʹʝˁʝ ʠ ʚʝ˂ʫ 

ʙʨʟʠʥʫ ʩʪʚʘʨʘˁʘ ʢʣʠʮʘ. ʊʘʢʦʹʝ, ʫʙʨʟʘʥʦ ʭʣʘʹʝˁʝ ʠʟʘʟʠʚʘ ʠʟʦʩʪʘʿʘˁʝ ʿʘʩʥʦ ʠʟʨʘʞʝʥʝ 

ʛʨʘʥʠʮʝ ʪʝʯʝˁʘ ʯʝʣʠʢʘ ʫʩʣʝʜ ʬʦʨʤʠʨʘˁʘ ʙʝʿʥʠʪʘ ʫ ˁʠʭʦʚʦʿ ʤʠʢʨʦʩʪʨʫʢʪʫʨʠ. 

¶ ʄʦʜʠʬʠʢʘʮʠʿʘʤʘ ʢʦʥʪʨʦʣʠʩʘʥʦʛ ʚʘˀʘˁʘ ʧʦʩʪʠʞʝ ʩʝ ʜʠʥʘʤʠʯʢʘ ʨʝʢʨʠʩʪʘʣʠʟʘʮʠʿʘ 

ʯʝʣʠʢʘ. ɼʦʩʪʠʟʘˁʝʤ ʢʨʠʪʠʯʥʦʛ ʩʪʝʧʝʥʘ ʜʝʬʦʨʤʘʮʠʿʝ ʯʝʣʠʢʘ ʪʦʢʦʤ ʧʨʝʨʘʜʝ ʿʘʚˀʘ ʩʝ 

ʜʠʥʘʤʠʯʢʘ ʨʝʢʨʠʩʪʘʣʠʟʘʮʠʿʘ ʯʠʤʝ ʩʝ ʧʦʩʪʠʞʝ ʥʘʿʠʥʪʝʥʟʠʚʥʠʿʘ ʨʘʬʠʥʘʮʠʿʘ 

ʘʫʩʪʝʥʠʪʥʦʛ ʟʨʥʘ. ʂʨʠʪʠʯʥʠ ʩʪʝʧʝʥ ʜʝʬʦʨʤʘʮʠʿʝ ʫʩʣʦʚˀʘʚʘ ʧʦʚʝ˂ʘˁʝ ʫʢʫʧʥʝ 

ʧʦʚʨʰʠʥʝ ʛʨʘʥʠʮʝ ʟʨʥʘ. ʆʚʘʢʦ ʧʦʚʝ˂ʘʥʝ ʛʨʘʥʠʮʝ ʟʨʥʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʤʝʩʪʘ ʥʘ ʢʦʿʠʤʘ ʩʝ 

ʬʦʨʤʠʨʘʿʫ ʥʦʚʘ ʬʝʨʠʪʥʘ ʟʨʥʘ. 

 1.8 ʄʀʂʈʆʃɽɻʀʈɸʅʀ ʏɽʃʀʎʀ ʇʆɺʀʐɽʅɽ ɱɸʏʀʅɽ 

 ʄʠʢʨʦʣʝʛʠʨʥʠ ʯʝʣʠʮʠ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʩʫ ʨʘʟʚʠʿʝʥʠ ʠ ʧʨʦʠʟʚʝʜʝʥʠ ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ 

ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʘʪʤʦʩʬʝʨʩʢʫ ʢʦʨʦʟʠʿʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ 

ʫʛˀʝʥʠʯʥʠʭ ʠ ʫʛˀʝʥʠʯʥʦ-ʤʘʥʛʘʥʩʢʠʭ ʯʝʣʠʢʘ ʫʟ ʧʨʠʭʚʘʪˀʠʚʫ ʟʘʚʘʨˀʠʚʦʩʪ. ʄʠʢʨʦʣʝʛʠʨʘʥʠ 

ʯʝʣʠʮʠ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʧʨʠʤʘʨʥʦ ʦʙʝʟʙʝʹʫʿʫ ʜʝʬʠʥʠʩʘʥʝ ʤʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ ʘ ʥʝ ʦʜʨʝʹʝʥ 

ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ. ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʯʘʢ ʤʦʞʝ ʠ ʜʘ 

ʚʘʨʠʨʘ ʧʦ ʜʝʙˀʠʥʠ ʧʨʦʠʟʚʝʜʝʥʝ ʧʣʦʯʝ ʫ ʮʠˀʫ ʜʘ ʙʠ ʩʝ ʚʘʨʠʿʘʮʠʿʦʤ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ 

ʦʙʝʟʙʝʜʠʣʝ ʠʩʪʝ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʦ ʯʠʪʘʚʦʿ ʜʝʙˀʠʥʠ. ʂʘʜʘ ʩʝ ʯʝʣʠʮʠ ʧʦʚʠʰʝʥʝ 

ʿʘʯʠʥʝ ʧʨʦʠʟʚʦʜʝ ʫ ʦʙʣʠʢʫ ʣʠʤʦʚʘ ʠ ʧʣʦʯʘ ʠʤʘʿʫ ʥʠʟʘʢ ʩʘʜʨʞʘʿ ʫʛˀʝʥʠʢʘ (0,05% ʜʦ 0,2%), ʘ 

ʩʘʜʨʞʘʿ ʤʘʥʛʘʥʘ ʥʠʿʝ ʚʠʰʠ ʦʜ 2,0%. ʆʚʠ ʯʝʣʠʮʠ, ʪʘʢʦʹʝ, ʩʘʜʨʞʝ ʠ ʤʘʣʝ ʢʦʣʠʯʠʥʝ ʥʠʢʣʘ, 

ʤʦʣʠʙʜʝʥʘ, ʙʘʢʨʘ, ʘʟʦʪʘ, ʚʘʥʘʜʠʿʫʤʘ, ʥʠʦʙʠʿʫʤʘ, ʪʠʪʘʥʘ, ʮʠʨʢʦʥʠʿʫʤʘ ʠ ʙʦʨʘ. ʆʚʘʢʚʠʤ 

ʠʟʙʦʨʦʤ ʣʝʛʠʨʘʿʫ˂ʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ˁʠʭʦʚʠʤ ʢʦʣʠʯʠʥʘʤʘ ʦʩʪʚʘʨʫʿʫ ʩʝ ˁʠʭʦʚʝ ʧʦʚʦˀʥʝ 

ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʦʩʦʙʠʥʝ ʯʝʣʠʢʘ ʫʟ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʟʘʚʘʨˀʠʚʦʩʪ ʠ ʜʝʬʦʨʤʘʙʠʣʥʦʩʪ. 

  ʄʠʢʨʦʣʝʛʠʨʘʥʠ ʯʝʣʠʮʠ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʩʝ ʢʣʘʩʠʬʠʢʫʿʫ ʫ ʧʦʩʝʙʥʫ ʛʨʫʧʫ ʢʦʿʘ ʿʝ ʩʣʠʯʥʘ 

ʚʘˀʘʥʠʤ, ʩʨʝʜˁʝʫʛˀʝʥʠʯʥʠʤ ʯʝʣʠʮʠʤʘ ʩʘ ʧʦʙʦˀʰʘʥʠʤ ʤʝʭʘʥʠʯʢʠʤ ʩʚʦʿʩʪʚʠʤʘ ʢʦʿʘ ʩʝ 

ʦʙʝʟʙʝʹʫʿʫ ʜʦʜʘʚʘˁʝʤ ʤʘʣʠʭ ʢʦʣʠʯʠʥʘ ʣʝʛʠʨʘʿʫ˂ʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ʧʦʩʝʙʥʠʤ ʪʝʭʥʠʢʘʤʘ ʧʨʝʨʘʜʝ 

(ʢʦʥʪʨʦʣʠʩʘʥʦ ʚʘˀʘˁʝ ʠ ʠʥʪʝʥʟʠʚʥʦ ʭʣʘʹʝˁʝ). ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ 

ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʫ ʧʦʩʝʙʥʫ ʛʨʫʧʫ ʦʧʨʘʚʜʘʚʘ ʠ ʯʠˁʝʥʠʮʘ ʜʘ ʩʝ ʮʝʥʘ ʦʚʠʭ ʯʝʣʠʢʘ ʦʜʨʝʹʫʿʝ ʥʘ 

ʦʩʥʦʚʫ ʮʝʥʝ ʫʛˀʝʥʠʯʥʠʭ, ʘ ʥʝ ʮʝʥʝ ʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ. ʀʟʙʦʨ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ 

ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʟʘ ʢʦʥʢʨʝʪʥʫ ʧʨʠʤʝʥʫ ʠʟʚʦʜʠ ʩʝ ʧʨʝʤʘ ʧʦʪʨʝʙʥʠʤ ʤʝʭʘʥʠʯʢʠʤ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ, ʜʦʢ ˁʠʭʦʚ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʜʝʬʠʥʠʰʝ ʧʨʦʠʟʚʦʹʘʯ.  

ʇʨʝʤʘ ɸʤʝʨʠʯʢʦʤ ʫʜʨʫʞʝˁʫ ʟʘ ʤʝʪʘʣʝ (American Society for Metals) ʤʠʢʨʦʣʝʛʠʨʘʥʠ 

ʯʝʣʠʮʠ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʢʣʘʩʠʬʠʢʫʿʫ ʩʝ ʫ ʰʝʩʪ ʛʨʫʧʘ [4, 65, 84, 85, 111]: 

¶ ɻʨʫʧʘ ʢʦʨʦʟʠʦʥʦ ʦʪʧʦʨʥʠʭ ʯʝʣʠʢʘ ʦʙʫʭʚʘʪʘ ʯʝʣʠʢʝ ʩʘ ʧʦʚʝ˂ʘʥʦʤ ʦʪʧʦʨʥʦʰ˂ʫ ʥʘ 

ʘʪʤʦʩʬʝʨʩʢʫ ʢʦʨʦʟʠʿʫ ʠʣʠ ʧʦʙʦˀʰʘʥʦʤ ʦʪʧʦʨʥʦʰ˂ʫ ʥʘ ʢʦʨʦʟʠʚʥʦ ʘʛʨʝʩʠʚʥʝ ʩʨʝʜʠʥʝ. 

ʆʚʠ ʯʝʣʠʮʠ ʩʘʜʨʞʝ, ʧʦʨʝʜ ʦʩʪʘʣʠʭ ʣʝʛʠʨʘʿʫ˂ʠʭ ʝʣʝʤʝʥʘʪʘ, ʤʘʣʝ ʢʦʣʠʯʠʥʝ ʙʘʢʨʘ ʠ 

ʬʦʩʬʦʨʘ ʯʠʤʝ ʩʝ ʧʦʩʪʠʞʝ ˁʠʭʦʚʘ ʧʦʚʝ˂ʘʥʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʢʦʨʦʟʠʿʫ. 
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¶ ɻʨʫʧʫ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʬʝʨʠʪʥʦ-ʧʝʨʣʠʪʥʠʭ ʯʝʣʠʢʘ ʯʠʥʝ ʯʝʣʠʮʠ ʢʦʿʠ ʩʘʜʨʞʝ ʚʝʦʤʘ 

ʤʘʣʝ ʢʦʣʠʯʠʥʝ ʣʝʛʠʨʘʿʫ˂ʠʭ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʦʙʨʘʟʫʿʫ ʢʘʨʙʠʜʝ ʠ ʢʘʨʙʦʥʠʪʨʠʜʝ, ʢʘʦ ʰʪʦ 

ʩʫ: ʥʠʦʙʠʿʫʤ, ʚʘʥʘʜʠʿʫʤ ʠ ʪʠʪʘʥ, ʯʠʤʝ ʩʝ ʦʩʪʚʘʨʫʿʝ ʪʘʣʦʞʥʦ ʦʿʘʯʘˁʝ, ʨʘʬʠʥʘʮʠʿʘ ʟʨʥʘ 

ʠ ʢʦʥʪʨʦʣʘ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʝ ʪʝʤʧʝʨʘʪʫʨʝ. 

¶ ɻʨʫʧʘ ʚʘˀʘʥʠʭ ʧʝʨʣʠʪʥʠʭ ʯʝʣʠʢʘ ʦʙʫʭʚʘʪʘ ʫʛˀʝʥʠʯʥʦ-ʤʘʥʛʘʥʩʢʝ ʯʝʣʠʢʝ ʢʦʿʠ ʩʘʜʨʞʝ 

ʠ ʤʘʣʝ ʢʦʣʠʯʠʥʝ ʜʨʫʛʠʭ ʣʝʛʠʨʘʿʫ˂ʠʭ ʝʣʝʤʝʥʘʪʘ ʨʘʜʠ ʧʦʙʦˀʰʘˁʘ ʿʘʯʠʥʝ, ʞʠʣʘʚʦʩʪʠ, 

ʜʝʬʦʨʤʘʙʠʣʥʦʩʪʠ ʠ ʟʘʚʘʨˀʠʚʦʩʪʠ. 

¶ ʏʝʣʠʮʠ ʩʘ ʘʮʠʢʣʠʯʥʠʤ ʬʝʨʠʪʦʤ (ʥʠʩʢʦʫʛˀʝʥʠʯʥʠ ʙʝʿʥʠʪ) ʩʘʜʨʞʝ ʤʘˁʝ ʦʜ 0,05% 

ʫʛʝˀʥʠʢʘ ʠ ʧʦʩʝʜʫʿʫ ʠʟʫʟʝʪʥʦ ʧʦʚʦˀʥʝ ʦʩʦʙʠʥʝ: ʚʠʩʦʢʠ ʥʘʧʦʥ ʪʝʯʝˁʘ, ʜʦʙʨʫ 

ʟʘʚʘʨˀʠʚʦʩʪ, ʜʝʬʦʨʤʘʙʠʣʥʦʩʪ ʠ ʜʦʙʨʫ ʞʠʣʘʚʦʩʪ. 

¶ ɻʨʫʧʘ ʜʚʦʬʘʟʥʠʭ ʯʝʣʠʢʘ ʦʙʫʭʚʘʪʘ ʯʝʣʠʢʝ ʯʠʿʫ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʢʘʨʘʢʪʝʨʠʰʝ ʤʘʨʪʝʥʟʠʪ 

ʨʘʩʫʪ ʫ ʬʝʨʠʪʥʦʿ ʦʩʥʦʚʠ, ʫʩʣʝʜ ʯʝʛʘ ʧʦʩʝʜʫʿʫ ʜʦʙʨʫ ʢʦʤʙʠʥʘʮʠʿʫ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ 

ʚʠʩʦʢʝ ʟʘʪʝʟʥʝ ʿʘʯʠʥʝ. 

¶ ʏʝʣʠʮʠ ʩʘ ʢʦʥʪʨʦʣʠʩʘʥʠʤ ʦʙʣʠʢʦʤ ʫʢˀʫʯʘʢʘ ʢʦʜ ʢʦʿʠʭ ʩʝ ʦʙʣʠʢ ʩʫʣʬʠʜʥʠʭ ʫʢˀʫʯʘʢʘ 

ʤʝˁʘ ʦʜ ʠʟʜʫʞʝʥʠʭ ʜʦ ʛʣʦʙʫʣʘʨʥʠʭ ʜʦʜʘʚʘˁʝʤ ʤʘʣʠʭ ʢʦʣʠʯʠʥʘ ʢʘʣʮʠʿʫʤʘ, 

ʮʠʨʢʦʥʠʿʫʤʘ, ʪʠʪʘʥʘ ʠʣʠ ʝʣʝʤʝʥʘʪʘ ʨʝʪʢʠʭ ʟʝʤʘˀʘ. ʆʚʫ ʛʨʫʧʫ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ 

ʢʘʨʘʢʪʝʨʠʰʝ ʧʦʙʦˀʰʘʥʘ ʧʣʘʩʪʠʯʥʦʩʪ ʠ ʞʠʣʘʚʦʩʪ ʧʦ ʮʝʣʦʿ ʜʝʙˀʠʥʠ ʤʘʪʝʨʠʿʘʣʘ. 

 ʇʨʠʢʘʟʘʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʿʝ ʫʩʣʦʚʥʘ ʿʝʨ ʚʝʣʠʢʠ ʙʨʦʿ ʦʚʠʭ ʯʝʣʠʢʘ 

ʧʦʩʝʜʫʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʦʿʝ ʩʫ ʟʘʿʝʜʥʠʯʢʝ ʠʣʠ ʩʣʠʯʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʯʝʣʠʢʘ ʠʟ ʚʠʰʝ 

ʥʘʚʝʜʝʥʠʭ ʛʨʫʧʘ. ʅʘʮʠʦʥʘʣʥʠ ʩʪʘʥʜʘʨʜʠ ʢʣʘʩʠʬʠʢʫʿʫ ʤʠʢʨʦʣʝʛʠʨʘʥʝ ʯʝʣʠʢʝ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ 

ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ, ʟʘʚʠʩʥʦ ʦʜ ʩʪʝʧʝʥʘ ʨʘʟʚʦʿʘ ʠ ʨʘʩʧʨʦʩʪʨʘˁʝʥʦʩʪʠ ˁʠʭʦʚʝ ʧʨʠʤʝʥʝ. 

 ʇʨʝʤʘ ʩʪʘʥʜʘʨʜʫ ʉʈʇʉ ɽʅ 10020:2003 ʯʝʣʠʢ ʿʝ ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ʠʤʘ ʥʘʿʚʝ˂ʠ ʤʘʩʝʥʠ ʫʜʝʦ 

ʛʚʦʞʹʘ ʦʜ ʙʠʣʦ ʢʦʛ ʜʨʫʛʦʛ ʝʣʝʤʝʥʪʘ ʠ ʩʘʜʨʞʠ, ʤʘˁʝ ʦʜ 2% ʫʛˀʝʥʠʢʘ, ʢʘʦ ʠ ʜʨʫʛʝ ʝʣʝʤʝʥʪʝ. 

ʆʚʠʤ ʩʪʘʥʜʘʨʜʦʤ, ʧʦʨʝʜ ʜʝʬʠʥʠʩʘˁʘ ʪʝʨʤʠʥʘ Ăʯʝʣʠʢñ, ʯʝʣʠʮʠ ʩʝ ʠ ʢʣʘʩʠʬʠʢʫʿʫ ʢʘʦ: 

ʥʝʣʝʛʠʨʘʥʠ, ʥʝʨʹʘʿʫ˂ʠ ʠ ʦʩʪʘʣʠ ʣʝʛʠʨʘʥʠ ʯʝʣʠʮʠ. ʏʝʣʠʮʠ ʩʝ ʢʣʘʩʠʬʠʢʫʿʫ ʧʦ ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ 

ʢʨʠʪʝʨʠʿʫʤʘ, ʧʨʝʤʘ ʭʝʤʠʿʩʢʦʤ ʩʘʩʪʘʚʫ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʤ ʩʪʘˁʫ, ʤʝʭʘʥʠʯʢʠʤ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʠ ʧʨʝʤʘ ʢʣʘʩʘʤʘ ʢʚʘʣʠʪʝʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʛʣʘʚʥʝ ʦʩʦʙʠʥʝ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ 

ˁʠʭʦʚʫ ʧʨʠʤʝʥʫ: ʣʝʛʠʨʘʥʠ, ʥʝʨʹʘʿʫ˂ʠ ʠ ʜʨʫʛʠ ʣʝʛʠʨʘʥʠ ʯʝʣʠʮʠ.  

 ʄʠʢʨʦʣʝʛʠʨʘʥʠ ʯʝʣʠʮʠ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʟʙʦʛ ʧʦʚʦˀʥʦʛ ʦʜʥʦʩʘ ʤʝʭʘʥʠʯʢʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʤʘʩʝ ʠʤʘʿʫ ʰʠʨʦʢʫ ʦʙʣʘʩʪ ʧʨʠʤʝʥʝ: ʥʘʬʪʦʚʦʜʠ ʠ ʛʘʩʦʚʦʜʠ, ʪʝʰʢʘ ʜʨʫʤʩʢʘ ʠ 

ʪʝʨʝʥʩʢʘ ʚʦʟʠʣʘ, ʰʠʥʩʢʘ ʠ ʨʫʜʘʨʩʢʘ ʚʦʟʠʣʘ, ʢʦʤʧʦʥʝʥʪʝ ʧʫʪʥʠʯʢʠʭ ʘʫʪʦʤʦʙʠʣʘ, ʠʥʜʫʩʪʨʠʿʩʢʘ 

ʦʧʨʝʤʘ ʠ ʧʦˀʦʧʨʠʚʨʝʜʥʘ ʤʝʭʘʥʠʟʘʮʠʿʘ, ʨʘʟʥʝ ʚʨʩʪʝ ʧʣʦʚʠʣʘ ʠ ʧʦʜʤʦʨʥʠʮʘ, ʚʦʿʥʘ ʦʨʫʹʘ ʠ 

ʦʨʫʞʿʘ ʠ ʩʣʠʯʥʦ. ʄʦʩʪʦʚʠ, ʜʫʙʠʥʩʢʝ ʧʣʘʪʬʦʨʤʝ ʨʘʟʥʠʭ ʬʫʥʢʮʠʿʘ, ʩʪʫʙʦʚʠ ʜʘʣʝʢʦʚʦʜʘ, ʥʦʩʘʯʠ 

ʠ ʧʣʦʯʝ ʫ ʟʛʨʘʜʘʤʘ, ʚʠʩʦʢʠ ʩʪʫʙʦʚʠ ʫʣʠʯʥʝ ʨʘʩʚʝʪʝ, ʪʘʢʦʹʝ, ʩʝ ʫ ʥʦʚʠʿʝ ʚʨʝʤʝ ʧʨʘʚʝ ʦʜ 

ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ. 

ʀʟʙʦʨ ʯʝʣʠʢʘ ʠʟ ʛʨʫʧʝ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʟʘ ʢʦʥʢʨʝʪʥʫ ʧʨʠʤʝʥʫ 

ʟʘʚʠʩʠ ʦʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʬʘʢʪʦʨʘ ʢʘʦ ʰʪʦ ʩʫ ʩʪʝʧʝʥ ʩʤʘˁʝˁʘ ʤʘʩʝ, ʦʪʧʦʨʥʦʩʪ ʥʘ ʢʦʨʦʟʠʿʫ, 

ʤʦʛʫ˂ʥʦʩʪ ʦʙʣʠʢʦʚʘˁʘ ʠ ʟʘʚʘʨˀʠʚʦʩʪ.  

 1.8.1 ʈʘʟʚʦʿ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ 

 ʄʝʭʘʥʠʟʤʠ ʜʝʣʦʚʘˁʘ ʠ ʝʬʝʢʪʠ ʜʦʜʘʚʘˁʘ ʤʠʢʨʦʣʝʛʠʨʘʿʫ˂ʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ʯʝʣʠʮʠʤʘ 

ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʩʫ ʚʝʦʤʘ ʢʦʤʧʣʝʢʩʥʠ. ʀʩʪʨʘʞʠʚʘˁʘ ʝʬʝʢʘʪʘ ʜʦʜʘʚʘˁʘ ʥʠʦʙʠʿʫʤʘ ʠ 

ʚʘʥʘʜʠʿʫʤʘ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʯʝʣʠʢʘ, ʢʦʿʘ ʩʫ ʩʧʨʦʚʝʜʝʥʘ ʪʦʢʦʤ 60-ʪʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ, 

ʩʤʘʪʨʘʿʫ ʩʝ ʧʦʯʝʮʠʤʘ ʨʘʟʚʦʿʘ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ. ʆʚʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ 

ʧʦʢʘʟʘʣʘ ʜʘ ʩʝ ʜʦʜʘʚʘˁʝʤ ʦʚʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ʤʘʣʠʤ ʢʦʣʠʯʠʥʘʤʘ (<0,01% ʟʘ ʩʚʘʢʠ ʝʣʝʤʝʥʪ 

ʧʦʿʝʜʠʥʘʯʥʦ) ʧʦʙʦˀʰʘʚʘʿʫ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʛˀʝʥʠʯʥʦ-ʤʘʥʛʘʥʩʢʠʭ ʯʝʣʠʢʘ. ʅʘ 

ʦʩʥʦʚʫ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʩʘʜʘ ʿʝ ʙʠʣʦ ʤʦʛʫ˂ʝ ʩʥʠʟʠʪʠ ʩʘʜʨʞʘʿ ʫʛˀʝʥʠʢʘ ʫ ʦʚʠʤ ʯʝʣʠʮʠʤʘ 
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ʯʠʤʝ ʙʠ ʩʝ ʧʦʙʦˀʰʘʣʘ ˁʠʭʦʚʘ ʟʘʚʘʨˀʠʚʦʩʪ ʠ ʞʠʣʘʚʦʩʪ. ʅʘʨʫʰʘʚʘˁʝ ʤʝʭʘʥʠʯʢʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʩʣʝʜ ʩʥʠʞʘʚʘˁʘ ʩʘʜʨʞʘʿʘ ʫʛˀʝʥʠʢʘ ʢʦʤʧʝʥʟʦʚʘʥ ʿʝ, ʜʘʢʣʝ, ʜʦʜʘʚʘˁʝʤ 

ʥʠʦʙʠʿʫʤʘ ʠ ʚʘʥʘʜʠʿʫʤʘ. ʄʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ 

ʩʫ, ʤʝʹʫʪʠʤ, ʨʝʟʫʣʪʘʪ ʤʥʦʛʦ ʯʠʥʠʣʘʮʘ ʘ ʥʝ ʩʘʤʦ ʧʨʠʩʫʩʪʚʘ ʤʠʢʨʦʣʝʛʠʨʘʿʫ˂ʠʭ ʝʣʝʤʝʥʘʪʘ.  

ʇʦʩʪʠʟʘˁʝ ʧʦʚʦˀʥʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʟʘʚʠʩʠ ʦʜ ʢʦʤʧʣʝʢʩʥʠʭ ʝʬʝʢʘʪʘ ʤʠʢʨʦʣʝʛʠʨʘˁʘ ʠ 

ʪʝʭʥʠʢʝ ʚʘˀʘˁʘ. ʈʘʬʠʥʘʮʠʿʦʤ ʘʫʩʪʝʥʠʪʥʠʭ ʟʨʥʘ ʫʟ ʢʦʥʪʨʦʣʠʩʘʥʦ ʚʘˀʘˁʝ ʧʦʩʪʠʞʝ ʩʝ 

ʧʦʙʦˀʰʘʥʘ ʞʠʣʘʚʦʩʪ ʠ ʚʠʩʦʢʠ ʥʘʧʦʥ ʪʝʯʝˁʘ ʯʝʣʠʢʘ ʫ ʦʙʣʘʩʪʠ ʦʜ 345 ʜʦ 620 MPa. ʈʘʟʚʦʿʝʤ 

ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʧʨʦʮʝʩʘ ʚʘˀʘˁʘ ʫʧʦʨʝʜʦ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʪʝʭʥʦʣʦʛʠʿʦʤ ʣʝʛʠʨʘˁʘ ʦʩʪʚʘʨʝʥ ʿʝ 

ʧʦʨʘʩʪ ʥʘʧʦʥʘ ʪʝʯʝˁʘ ʢʦʜ ʦʚʠʭ ʯʝʣʠʢʘ ʫʟ ʠʩʪʦʚʨʝʤʝʥʦ ʩʥʠʞʘʚʘˁʝ ʩʘʜʨʞʘʿʘ ʫʛˀʝʥʠʢʘ. ʄʥʦʛʠ 

ʨʝʛʠʩʪʨʦʚʘʥʠ ʤʠʢʨʦʣʝʛʠʨʘʥʠ ʯʝʣʠʮʠ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʠʤʘʿʫ ʩʘʜʨʞʘʿ ʫʛˀʝʥʠʢʘ ʥʠʞʠ ʦʜ 0,06% 

ʠ ʠʩʪʦʚʨʝʤʝʥʦ ʥʘʧʦʥ ʪʝʯʝˁʘ ʦʜ ʦʢʦ 485 MPa. ɺʠʩʦʢ ʥʘʧʦʥ ʪʝʯʝˁʘ ʿʝ ʨʝʟʫʣʪʘʪ ʬʠʥʝ ʩʠʪʥʦʟʨʥʝ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʦʚʠʭ ʯʝʣʠʢʘ ʢʦʿʘ ʩʝ ʦʩʪʚʘʨʫʿʝ ʢʦʥʪʨʦʣʠʩʘʥʠʤ ʧʦʩʪʫʧʮʠʤʘ ʪʦʧʣʦʛ ʚʘˀʘˁʘ ʠ 

ʪʘʣʦʞʥʠʤ ʦʿʘʯʘˁʝʤ ʫʟ ʧʨʠʩʫʩʪʚʦ ʚʘʥʘʜʠʿʫʤʘ, ʥʠʦʙʠʿʫʤʘ ʠ ʪʠʪʘʥʘ. ʄʠʢʨʦʣʝʛʠʨʘʥʠ ʬʝʨʠʪʥʦ-

ʧʝʨʣʠʪʥʠ ʯʝʣʠʮʠ ʤʦʛʫ ʩʝ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʧʨʝʤʘ ʚʠʰʝ ʢʨʠʪʝʨʠʿʫʤʘ, ʥʘʿʯʝʰ˂ʝ ʧʨʝʤʘ 

ʜʦʤʠʥʘʥʪʥʦʤ ʣʝʛʠʨʘʿʫ˂ʝʤ ʝʣʝʤʝʥʪʫ: ʚʘʥʘʜʠʿʫʤʩʢʠ, ʥʠʦʙʠʿʫʤʩʢʠ, ʥʠʦʙʠʿʫʤ-ʤʦʣʠʙʜʝʥʩʢʠ, 

ʚʘʥʘʜʠʿʫʤ-ʥʠʦʙʠʿʫʤʩʢʠ, ʚʘʥʘʜʠʿʫʤ-ʘʟʦʪʥʠ, ʪʠʪʘʥʩʢʠ, ʥʠʦʙʠʿʫʤ-ʪʠʪʘʥʩʢʠ ʠ ʚʘʥʘʜʠʿʫʤ-

ʪʠʪʘʥʩʢʠ. ʄʠʢʨʦʣʝʛʠʨʥʠ ʯʝʣʠʮʠ, ʧʦʨʝʜ ʜʦʤʠʥʘʥʪʥʠʭ ʣʝʛʠʨʘʿʫ˂ʠʭ ʝʣʝʤʝʥʘʪʘ ʩʘʜʨʞʝ ʠ ʜʨʫʛʝ 

ʝʣʝʤʝʥʪʝ ʟʘ ʧʦʙʦˀʰʘˁʝ ʢʦʨʦʟʠʦʥʝ ʦʪʧʦʨʥʦʩʪʠ, ʦʯʚʨʰ˂ʘʚʘˁʝ ʯʚʨʩʪʦʛ ʨʘʩʪʚʦʨʘ ʠ ʫʥʘʧʨʝʹʝˁʝ 

ʧʨʦʢʘˀʠʚʦʩʪʠ ʯʝʣʠʢʘ.   

 ɺʘʥʘʜʠʿʫʤʩʢʠ ʤʠʢʨʦʣʝʛʠʨʘʥʠ ʯʝʣʠʮʠ ʩʫ ʦʪʢʨʠʚʝʥʠ ʦʜʤʘʭ ʧʦʩʣʝ ʨʘʟʚʦʿʘ ʢʦʨʦʟʠʦʥʦ 

ʦʪʧʦʨʥʠʭ ʯʝʣʠʢʘ. ʄʠʢʨʦʣʝʛʠʨʘʥʠ ʯʝʣʠʮʠ ʩʘ ʚʘʥʘʜʠʿʫʤʦʤ ʧʨʦʠʟʚʦʜʝ ʩʝ ʢʦʥʪʨʦʣʠʩʘʥʠʤ 

ʚʘˀʘˁʝʤ, ʢʘʦ ʥʦʨʤʘʣʠʟʦʚʘʥʠ, ʢʘˀʝʥʠ ʠ ʦʪʧʫʰʪʝʥʠ. ɺʘʥʘʜʠʿʫʤ ʫ ʯʝʣʠʮʠʤʘ ʧʦʙʦˀʰʘʚʘ 

ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘʢʦ ʰʪʦ  ʬʦʨʤʠʨʘ ʬʠʥʝ ʯʝʩʪʠʮʝ ʪʘʣʦʛʘ (ʫ ʧʨʝʯʥʠʢʫ ʦʜ 5 ʜʦ  

100 nm) ʫ ʬʝʨʠʪʫ ʧʨʠʣʠʢʦʤ ʭʣʘʹʝˁʘ ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʫʢʣʝʫʩʝ ʬʦʨʤʠʨʘˁʘ ʤʝʪʘʣʥʠʭ ʟʨʥʘ 

ʯʠʤʝ ʩʝ ʦʩʪʚʘʨʫʿʝ ʬʠʥʘ ʩʠʪʥʦʟʨʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ. ʊʘʢʦʹʝ, ʚʘʥʘʜʠʿʫʤ ʢʘʦ ʣʝʛʠʨʘʿʫ˂ʠ ʝʣʝʤʝʥʪ 

ʫʪʠʯʝ ʠ ʥʘ ʧʦʚʝ˂ʘˁʝ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʭʘʙʘˁʝ, ʠʤʘ ʧʦʚʦˀʘʥ ʫʪʠʮʘʿ ʥʘ ʧʨʦʮʝʩ ʦʪʧʫʰʪʘˁʘ ʠ 

ʧʦʟʠʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʯʝʣʠʢʘ ʥʘ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ. 

 1.8.2 ʇʨʠʤʝʥʘ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ  

 ʋʧʦʪʨʝʙʘ ʥʠʩʢʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʦʪʧʦʯʝʪʘ ʿʝ 70-ʪʠʭ ʛʦʜʠʥʘ ʜʚʘʜʝʩʝʪʦʛ 

ʚʝʢʘ ʫ ʅʝʤʘʯʢʦʿ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʢʦʣʝʥʘʩʪʠʭ ʚʨʘʪʠʣʘ ʘʫʪʦʤʦʙʠʣʩʢʠʭ ʤʦʪʦʨʘ. ʐʠʨʝˁʝ ʧʨʠʤʝʥʝ 

ʠ ʧʦʙʦˀʰʘˁʝ ʦʩʦʙʠʥʘ ʠ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʦʤʦʛʫ˂ʠʣʠ ʩʫ 

ʜʘˀʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ ʢʦʿʘ ʩʫ ʩʧʨʦʚʝʜʝʥʘ ʫ ɺʝʣʠʢʦʿ ɹʨʠʪʘʥʠʿʠ ʠ ʉʿʝʜʠˁʝʥʠʤ 

ɸʤʝʨʠʯʢʠʤ ɼʨʞʘʚʘʤʘ.  

 ɻʦʜʠʰˁʘ ʧʨʦʠʟʚʦʜˁʘ ʯʝʣʠʢʘ ʫ 2013. ʛʦʜʠʥʠ ʦʜ 1832 ʤʠʣʠʦʥʘ ʪʦʥʘ ʿʝ ʜʦʩʘʜʘ ʥʘʿʚʠʰʘ ʠ 

ʧʨʝʜʩʪʘʚˀʘ ʧʦʚʝ˂ʘˁʝ ʦʜ ʧʨʝʢʦ 85% ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʠʟʚʦʜˁʫ ʫ 1999. ʛʦʜʠʥʠ. ɺʝʣʠʢʘ ʫʧʦʪʨʝʙʘ, 

ʧʨʦʠʟʚʦʜˁʘ ʠ ʧʦʪʨʘʞˁʘ ʟʘ ʯʝʣʠʢʦʤ ʿʝ ʠʟʘʟʚʘʣʘ ʠʥʪʝʥʟʠʚʥʠ ʨʘʟʚʦʿ ʨʘʟʣʠʯʠʪʠʭ ʢʣʘʩʘ ʠ 

ʢʚʘʣʠʪʝʪʘ ʯʝʣʠʢʘ. ʈʝʟʫʣʪʘʪ ʦʚʦʛ ʠʥʪʝʥʟʠʚʥʦʛ ʨʘʟʚʦʿʘ ʿʝ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘˁʝ ʯʚʨʩʪʦ˂ʝ ʠ 

ʞʠʣʘʚʦʩʪʠ, ʩʤʘˁʝˁʝ ʤʘʩʝ ʢʦʥʩʪʨʫʢʮʠʿʘ ʠʣʠ ʧʦʚʝ˂ʘˁʝ ʥʦʩʠʚʦʩʪʠ [4, 31, 48, 80, 84].  

 ʅʘʿʙʦˀʠ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝ ʥʦʚʠʭ ʢʣʘʩʘ ʯʝʣʠʢʘ ʿʝ ʘʫʪʦʤʦʙʠʣʩʢʘ ʠʥʜʫʩʪʨʠʿʘ ʟʙʦʛ ʚʝʦʤʘ 

ʦʰʪʨʠʭ ʟʘʭʪʝʚʘ ʢʦʿʠ ʩʝ ʧʦʩʪʘʚˀʘʿʫ ʧʨʠ ʠʟʙʦʨʫ ʤʘʪʝʨʠʿʘʣʘ. ʇʨʠʤʝʥʘ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ, 

ʘ ʥʘʨʦʯʠʪʦ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʫ ʘʫʪʦʤʦʙʠʣʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʟʘʫʟʠʤʘ 

ʚʝʦʤʘ ʟʥʘʯʘʿʥʦ ʤʝʩʪʦ. ɿʘ ʠʟʨʘʜʫ ʢʘʨʦʩʝʨʠʿʘ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ, ˁ ʠʭʦʚʠʭ ʦʩʦʚʠʥʘ, ʜʝʣʦʚʘ  ʤʦʪʦʨʘ 

ʢʦʨʠʩʪʝ ʩʝ ʤʠʢʨʦʣʝʛʠʨʘʥʠ ʯʝʣʠʮʠ ʙʝʿʥʠʪʥʝ ʠʣʠ ʬʝʨʠʪʥʦ-ʧʝʨʣʠʪʥʝ ʩʪʨʫʢʪʫʨʝ. ʏʝʣʠʮʠ 

ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʩʘ ʥʘʧʦʥʦʤ ʪʝʯʝˁʘ ʦʜ ʦʢʦ 600 MPa ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʠʟʨʘʜʫ ʩʧʝʮʠʬʠʯʥʠʭ 

ʝʣʝʤʝʥʘʪʘ ʢʘʨʦʩʝʨʠʿʝ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ. ʂʘʦ ʠʣʫʩʪʨʘʪʠʚʥʠ ʧʨʠʤʝʨ ʚʘʞʥʦʩʪʠ ʠʟʙʦʨʘ ʤʘʪʝʨʠʿʘʣʘ 

ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʫʟʝʪʘ ʿʝ ʢʘʨʦʩʝʨʠʿʘ ʧʫʪʥʠʯʢʦʛ ʘʫʪʦʤʦʙʠʣʘ ʤʘʨʢʝ 

FORD ʪʠʧ Fiesta 2011, ʢʦʿʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 1 [42, 47, 49].   



42 

 

 

ʉʣʠʢʘ 1. ʄʘʪʝʨʠʿʘʣʠ ʧʦʿʝʜʠʥʠʭ ʜʝʣʦʚʘ ʢʘʨʦʩʝʨʠʿʝ ʧʫʪʥʠʯʢʦʛ ʘʫʪʦʤʦʙʠʣʘ [33]  

 ʉʧʝʮʠʬʠʯʥʠ ʝʣʝʤʝʥʪʠ ʢʘʨʦʩʝʨʠʿʝ ʠʟʨʘʹʝʥʠ ʩʫ ʦʜ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʠ ʯʝʣʠʢʘ 

ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʨʘʜʠ ʦʙʝʟʙʝʹʠʚʘˁʘ ʧʦʪʨʝʙʥʠʭ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʟ ʠʩʪʦʚʨʝʤʝʥʦ 

ʩʤʘʝˁˁʝ ˁʝʥʝ ʤʘʩʝ. ʅʘ ʦʚʦʤ ʤʝʩʪʫ ʪʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʫ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʢʘʨʦʩʝʨʠʿʝ, ʢʦʿʘ ʠʟ ʘʩʧʝʢʪʘ ʥʘʯʠʥʘ ʦʩʪʚʘʨʠʚʘˁʘ ʩʧʦʿʝʚʘ ʝʣʝʤʝʥʘʪʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʪʝʞʥʦ 

ʟʘʚʘʨʝʥʫ ʢʦʥʩʪʨʫʢʮʠʿʫ, ʧʦʩʪʠʛʥʫʪʝ ʠ ʩʧʝʮʠʬʠʯʥʠʤ ʦʙʣʠʢʦʚʘˁʝʤ ˁʝʥʠʭ ʝʣʝʤʝʥʘʪʘ. ʀʟʙʦʨʦʤ 

ʤʘʪʝʨʠʿʘʣʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʟʦʥʘ ʢʘʨʦʩʝʨʠʿʝ ʠ ˁʠʭʦʚʠʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʦʙʣʠʢʦʚʘˁʝʤ (ʩʣ. 1) 

ʧʦʩʪʠʛʥʫʪʝ ʩʫ ʧʦʪʨʝʙʥʝ ʦʩʦʙʠʥʝ ʫ ʟʦʥʘʤʘ ʘʧʩʦʨʧʮʠʿʝ ʝʥʝʨʛʠʿʝ ʫʜʘʨʘ ʠ ʫʥʘʧʨʝʹʝˁʝ ʧʘʩʠʚʥʝ 

ʙʝʟʙʝʜʥʦʩʪʠ ʚʦʟʠʣʘ. ʇʦʚʦˀʥʝ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠʟʘʙʨʘʥʠʭ ʤʘʪʝʨʠʿ ʘʣʘ ʦʤʦʛʫ˂ʠʣʝ ʩʫ 

ʩʤʘˁʝˁʝ ʜʠʤʝʥʟʠʿʘ ʢʨʠʪʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʢʘʨʦʩʝʨʠʿʝ ʠ ʧʦʚʝ˂ʘʣʝ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ˁʝʥʦʛ 

ʜʠʟʘʿʥʘ. ʉʤʘˁʝˁʝʤ ʫʢʫʧʥʝ ʤʘʩʝ ʚʦʟʠʣʘ ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʤʘˁʘ ʧʦʪʨʦʰˁʘ ʛʦʨʠʚʘ ʠ ʝʤʠʩʠʿʘ 

ʰʪʝʪʥʠʭ ʛʘʩʦʚʘ, ʘ ʪʠʤʝ ʩʤʘˁʝʥ ʿʝ ʫʢʫʧʥʠ ʝʢʦʣʦʰʢʠ ʦʜʨʘʟ, ʢʘʢʦ ʟʘ ʚʨʝʤʝ ʝʢʩʧʣʦʘʪʘʮʠʿʝ, ʪʘʢʦ 

ʠ ʧʨʠʣʠʢʦʤ ʧʨʦʠʟʚʦʜˁʝ ʘʫʪʦʤʦʙʠʣʘ. ɿʥʘʯʘʿʥʘ ʨʝʜʫʢʮʠʿʘ ʤʘʩʝ, ʦʩʪʚʘʨʝʥʘ ʧʨʠʤʝʥʦʤ ʥʘʧʨʝʜʥʠʭ 

ʢʣʘʩʘ ʯʝʣʠʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʦʿʤ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʨʝʰʝˁʘ, ʧʨʝʜʩʪʘʚˀʘ ʿ ʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ ʟʘʭʪʝʚʘ 

ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʩʘʚʨʝʤʝʥʠʭ ʧʫʪʥʠʯʢʠʭ ʚʦʟʠʣʘ. ʇʨʠʥʮʠʧ ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʥʦʛ 

ʧʨʦʿʝʢʪʦʚʘˁʘ ʧʦʜʨʘʟʫʤʝʚʘ ʘʥʘʣʠʟʫ ʝʥʝʨʛʝʪʩʢʦʛ ʙʠʣʘʥʩʘ ʪʦʢʦʤ ʚʝʢʘ ʚʦʟʠʣʘ, ʘʥʘʣʠʟʫ ʫʢʫʧʥʝ 

ʫʧʦʪʨʝʙˀʝʥʝ ʝʥʝʨʛʠʿʝ ʫ ʧʦʿʝʜʠʥʘʯʥʠʤ ʬʘʟʘʤʘ ʠ ʧʦʩʪʫʧʢʝ ʟʘ ʩʤʘˁʝˁʝ ʧʦʪʨʝʙʥʝ ʝʥʝʨʛʠʿʝ ʠ ʫ 

ʜʠʨʝʢʪʥʦʿ ʿʝ ʚʝʟʠ ʩʘ ʫʢʫʧʥʦʤ ʝʤʠʩʠʿʦʤ ʰʪʝʪʥʠʭ ʛʘʩʦʚʘ ʟʘ ʚʨʝʤʝ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʚʦʟʠʣʘ. 

ʈʘʟʤʘʪʨʘˁʘ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʝʤʠʩʠʿʝ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʧʨʠʣʠʢʦʤ ʝʢʩʧʣʦʘʪʘʮʠʿʝ 

ʚʦʟʠʣʘ ʫʧʫ˂ʫʿʫ ʥʘ ʢʦʨʠʰ˂ʝˁʝ ʣʘʢʰʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʥʘ ʧʨʠʤʝʨ, ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. 

ʄʝʹʫʪʠʤ, ʧʨʠʤʝʥʘ ʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʦʚʘʢʚʠʭ ʨʘʟʤʘʪʨʘˁʘ ʠʤʘ ʟʘ ʧʦʩʣʝʜʠʮʫ 

ʧʦʨʘʩʪ ʫʢʫʧʥʝ ʢʦʣʠʯʠʥʝ ʝʤʠʪʦʚʘʥʠʭ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʠ ʩʤʘˁʫʿʝ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ 

ʪʦʢʦʤ ʫʢʫʧʥʦʛ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʚʦʟʠʣʘ ʿʝʨ ʿʝ ʪʝʭʥʦʣʦʛʠʿʘ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʨʝʨʘʜʝ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ ʿʦʰ ʫʚʝʢ ʝʥʝʨʛʝʪʩʢʠ ʟʘʭʪʝʚʥʠʿʘ ʠ ʝʢʦʣʦʰʢʠ ʤʘˁʝ ʧʨʠʭʚʘʪˀʠʚʘ ʦʜ ʧʨʦʠʟʚʦʜˁʝ 

ʯʝʣʠʢʘ. ɱʝʜʠʥʦ ʿʝ ʟʘʭʚʘˀʫʿʫ˂ʠ ʥʦʚʠʤ ʚʨʩʪʘʤʘ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʤʦʛʫ˂ʝ 

ʦʩʪʚʘʨʠʪʠ ʧʨʝʜʥʦʩʪʠ ʩʤʘˁʠʚʘˁʘ ʤʘʩʝ ʫʟ ʠʩʪʦʚʨʝʤʝʥʦ ʩʤʘˁʠʚʘˁʝ ʝʤʠʩʠʿʝ ʰʪʝʪʥʠʭ ʛʘʩʦʚʘ ʠ 

ʧʦʙʦˀʰʘˁʝ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʪʦʢʦʤ ʯʠʪʘʚʦʛ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʚʦʟʠʣʘ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʘ 

ʫʟʠʤʘˁʝʤ ʫ ʦʙʟʠʨ ʨʘʟʚʦʿ ʥʦʚʠʭ, ʩʚʝ ʝʬʠʢʘʩʥʠʿʠʭ ʧʦʛʦʥʩʢʠʭ ʛʨʫʧʘ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ, ʫʢʫʧʘʥ 

ʝʢʚʠʚʘʣʝʥʪ ʝʤʠʩʠʿʝ ʫʛˀʝʥ-ʜʠʦʢʩʠʜʘ ʩʚʝ ʚʠʰʝ ʟʘʚʠʩʠ ʦʜ ʫʜʝʣʘ ˁʝʛʦʚʝ ʝʤʠʩʠʿʝ ʟʘ ʚʨʝʤʝ ʧʨʦʮʝʩʘ 

ʧʨʦʠʟʚʦʜˁʝ. ʉʤʘˁʝˁʝ ʝʤʠʩʠʿʝ ʰʪʝʪʥʠʭ ʛʘʩʦʚʘ ʫ ʚʝʣʠʢʦʤ ʜʝʣʫ ʚʝʟʘʥʦ ʿʝ ʟʘ ʫʧʦʪʨʝʙʫ ʜʨʫʛʠʭ, 

ʣʘʢʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʘʦ ʰʪʦ ʩʫ ʘʣʫʤʠʥʠʿʫʤ, ʤʘʛʥʝʟʠʿʫʤ ʠ ʨʘʟʥʝ ʚʨʩʪʝ ʧʣʘʩʪʠʢʘ. ʄʝʹʫʪʠʤ, ʿʝʜʠʥʦ 

ʯʝʣʠʮʠ ʠ ʪʦ ʢʦʥʢʨʝʪʥʦ ʤʠʢʨʦʣʝʛʠʨʘʥʠ ʯʝʣʠʮʠ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʦʙʝʟʙʝʹʫʿʫ ʩʤʘˁʝˁʝ ʫʢʫʧʥʝ 
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ʝʤʠʩʠʿʝ ʰʪʝʪʥʠʭ ʛʘʩʦʚʘ ʙʝʟ ʢʦʤʧʨʦʤʠʩʘ ʫ ʧʦʛʣʝʜʫ ʩʠʛʫʨʥʦʩʪʠ, ʧʦʫʟʜʘʥʦʩʪʠ ʠ ʧʨʠʩʪʫʧʘʯʥʦʩʪʠ 

ʠʟ ʘʩʧʝʢʪʘ ʮʝʥʝ. ʄʠʢʨʦʣʝʛʠʨʘʥʠ ʯʝʣʠʮʠ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʩʫ ʪʨʝʥʫʪʥʦ ʤʘʪʝʨʠʿʘʣʠ ʩʘ ʥʘʿʙʨʞʦʤ 

ʩʪʦʧʦʤ ʨʘʩʪʘ ʧʨʠʤʝʥʝ ʫ ʘʫʪʦʤʦʙʠʣʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ. ʋʜʝʦ ʢʦʨʠʰ˂ʝˁʘ ʧʦʿʝʜʠʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʟʘ 

ʧʨʦʠʟʚʦʜˁʫ ʧʫʪʥʠʯʢʠʭ ʚʦʟʠʣʘ ʫ ʉʿʝʜʠˁʝʥʠʤ ɸʤʝʨʠʯʢʠʤ ɼʨʞʘʚʘʤʘ ʧʨʝʤʘ ʧʦʜʘʮʠʤʘ 

ʦʨʛʘʥʠʟʘʮʠʿʝ Ducker WorldWide ʠʟ 2007. ʛʦʜʠʥʝ, ʢʘʦ ʠ ʧʨʝʜʚʠʹʘˁʘ ʦʚʠʭ ʫʜʝʣʘ ʟʘ 2015. ʛʦʜʠʥʫ 

ʠʟʨʘʞʝʥʠ ʫ ʧʨʦʮʝʥʪʠʤʘ ʜʠʿʘʛʨʘʤʦʤ ʩʫ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 2 [84]. ʄʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ 

ʫʧʦʪʨʝʙʘ ʣʘʢʠʭ ʤʘʪʝʨʠʿʘʣʘ ʧʦʢʘʟʫʿʝ ʨʘʩʪʫ˂ʠ ʪʨʝʥʜ ʘ ʜʘ ʥʘʿʚʝ˂ʠ ʪʨʝʥʜ ʨʘʩʪʘ ʫʜʝʣʘ ʠʤʘʿʫ ʫʧʨʘʚʦ 

ʤʠʢʨʦʣʝʛʠʨʘʥʠ ʯʝʣʠʮʠ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ. 

 

 

ʉʣʠʢʘ 2. ʉʪʨʫʢʪʫʨʘ ʫʧʦʪʨʝʙʝ ʤʘʪʝʨʠʿʘʣʘ ʫ ʘʫʪʦʤʦʙʠʣʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʩʘ ʧʨʦʿʝʢʮʠʿʦʤ [84]  

 ʇʨʦʿʝʢʮʠʿʝ Ducker WorldWide ʛʦʚʦʨʝ ʜʘ ˂ʝ ʫʜʝʦ ʢʦʨʠʰ˂ʝˁʘ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ 

ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʫ ʧʨʦʠʟʚʦʜˁʠ ʣʘʢʠʭ ʚʦʟʠʣʘ ʫ ʉʿʝʜʠˁʝʥʠʤ ɸʤʝʨʠʯʢʠʤ ɼʨʞʘʚʘʤʘ ʩʘ 9% ʫ 

2007. ʛʦʜʠʥʠ ʧʦʨʘʩʪʠ ʥʘ 42% ʫ 2015. ʛʦʜʠʥʠ [84]. ʀʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ ʩʝ ʥʘʩʪʘʚˀʘʿʫ 

ʩ ʮʠˀʝʤ ʜʦʙʠʿʘˁʘ ʥʦʚʠʭ ʚʨʩʪʘ ʦʚʠʭ ʯʝʣʠʢʘ ʩʘ ʿʦʰ ʙʦˀʠʤ ʤʝʭʘʥʠʯʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ. 

ʄʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʦʿʝʜʠʥʠʭ ʢʣʘʩʘ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ, ʢʦʿʝ ʩʫ 

ʩʚʨʩʪʘʥʝ ʫ ʪʨʠ ʛʝʥʝʨʘʮʠʿʝ, ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʩʣʠʮʠ 3 [95, 111].  

 

ʉʣʠʢʘ 3. ʄʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʛʝʥʝʨʘʮʠʿʘ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ [95]  

 ʈʘʟʤʘʪʨʘˁʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʦʜʥʦʩʝ ʩʝ ʩʘʤʦ ʥʘ ʧʨʚʫ ʛʝʥʝʨʘʮʠʿʫ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ 

ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʟʙʦʛ ˁʠʭʦʚʝ ʨʘʩʧʨʦʩʪʨʘˁʝʥʦʩʪʠ ʫ ʧʨʠʤʝʥʠ ʟʘ ʠʟʨʘʜʫ ʦʜʛʦʚʦʨʥʠʭ ʟʘʚʘʨʝʥʠʭ 

ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ɼʨʫʛʘ ʛʝʥʝʨʘʮʠʿʘ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʿʝ ʫ 
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ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʿ ʬʘʟʠ ʠʩʪʨʘʞʠʚʘˁʘ. ʉʪʨʫʢʪʫʨʘ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʜʨʫʛʝ ʛʝʥʝʨʘʮʠʿʝ ʿʝ 

ʫ ʦʩʥʦʚʠ ʘʫʩʪʝʥʠʪʥʘ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʟʙʦʛ ʚʝʦʤʘ ʚʠʩʦʢʦʛ ʩʘʜʨʞʘʿʘ ʤʘʥʛʘʥʘ. ʅʘʿʚʝ˂ʠ 

ʠʩʢʦʨʘʢ ʿʝ ʥʘʧʨʘʚˀʝʥ ʫ ʦʙʣʠʢʦʚʘˁʫ ʦʚʠʭ ʯʝʣʠʢʘ ʫʧʦʪʨʝʙʦʤ ʧʦʩʝʙʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʠʟʘʟʠʚʘˁʘ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʜʫʧʣʠʮʠʨʘˁʝʤ ʤʝʪʘʣʥʠʭ ʟʨʥʘ (Twinning Induced Plasticity - TWIP). ʇʨʦʮʝʩ 

ʜʝʬʦʨʤʠʩʘˁʘ ʦʚʠʭ ʯʝʣʠʢʘ ʜʦʚʦʜʠ ʜʦ ʜʫʧʣʠʮʠʨʘˁʘ ʤʝʪʘʣʥʠʭ ʟʨʥʘ, ʯʠʤʝ ʩʪʨʫʢʪʫʨʘ ʧʦʩʪʘʿʝ ʩʚʝ 

ʬʠʥʠʿʘ ʠ ʬʠʥʠʿʘ, ʰʪʦ ʜʘˀʝ ʫʩʣʦʚˀʘʚʘ ʚʝʣʠʢʦ ʜʝʬʦʨʤʘʮʠʦʥʦ ʦʿʘʯʘˁʝ ʦʚʠʭ ʯʝʣʠʢʘ. ɿʘʪʝʟʥʘ 

ʿʘʯʠʥʘ ʦʚʝ ʚʨʩʪʝ ʯʝʣʠʢʘ ʿʝ ʧʨʝʢʦ 1000 MPa ʩʘ ʫʢʫʧʥʦʤ ʜʝʬʦʨʤʘʮʠʿʦʤ ʜʦ 60%, ʘʣʠ ʿʝ ʮʝʥʘ ʦʚʠʭ 

ʯʝʣʠʢʘ ʚʝʦʤʘ ʚʠʩʦʢʘ ʟʙʦʛ ʚʠʩʦʢʝ ʮʝʥʝ ʧʨʦʠʟʚʦʜˁʝ ʪʿ. ʚʠʩʦʢʝ ʮʝʥʝ ˁʠʭʦʚʠʭ ʣʝʛʠʨʘʿʫ˂ʠʭ 

ʝʣʝʤʝʥʘʪʘ. ʊʘʢʦʹʝ, ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʠ ʢʦʤʧʣʝʢʩʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʚʠʭ ʯʝʣʠʢʘ ʫʩʣʦʚˀʘʚʘ 

ˁʠʭʦʚʫ ʫʩʣʦʚʥʫ ʠ ʦʪʝʞʘʥʫ ʟʘʚʘʨˀʠʚʦʩʪ. ʄʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ 

ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʜʨʫʛʝ ʛʝʥʝʨʘʮʠʿʝ ʥʘʿʯʝʰ˂ʝ ʧʨʝʚʘʟʠʣʘʟʝ ʟʘʭʪʝʚʝ ʧʨʠʤʝʥʝ ʫ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ 

ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ, ʘ ʩ ʦʙʟʠʨʦʤ ʥʘ ʫʩʣʦʚʥʫ ʠ ʦʪʝʞʘʥʫ ʟʘʚʘʨˀʠʚʦʩʪ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ 

ʥʘʩʪʘʚˀʝʥʘ ʩ ʮʠˀʝʤ ʨʘʟʚʦʿʘ ʪʨʝ˂ʝ ʛʝʥʝʨʘʮʠʿʝ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ. ʆʜ 

ʪʨʝ˂ʝ ʛʝʥʝʨʘʮʠʿʝ ʦʚʠʭ ʯʝʣʠʢʘ ʦʯʝʢʫʿʝ ʩʝ ʤʘˁʝ ʩʣʦʞʝʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʫ 

ʛʝʥʝʨʘʮʠʿʫ, ʯʠʤʝ ˂ʝ ʩʝ ʧʦʙʦˀʰʘʪʠ ˁʠʭʦʚʘ ʟʘʚʘʨˀʠʚʦʩʪ ʩʘ ʧʨʠʭʚʘʪˀʠʚʠʤ ʩʥʠʞʘʚʘˁʝʤ 

ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ.  

 1.9 ʄʀʂʈʆʃɽɻʀʈɸʅʀ ʏɽʃʀʂ ʇʆɺʀʐɽʅɽ ɱɸʏʀʅɽ - S690QL  

 ʂʘʨʘʢʪʝʨʠʩʪʠʯʘʥ ʧʨʝʜʩʪʘʚʥʠʢ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʿʝ ʦʧʰʪʠ 

ʢʦʥʩʪʨʫʢʮʠʦʥʠ ʯʝʣʠʢ S690QL. ʏʝʣʠʢ ʟʘʜʦʚʦˀʘʚʘ ʩʪʘʥʜʘʨʜ EN 10025-6:2004 - ʊʝʭʥʠʯʢʠ ʫʩʣʦʚʠ 

ʠʩʧʦʨʫʢʝ ʚʘˀʘʥʠʭ ʧʨʦʠʟʚʦʜʘ ʦʜ ʢʦʥʩʪʨʫʢʮʠʦʥʠʭ ʯʝʣʠʢʘ ʚʠʩʦʢʦʛ ʥʘʧʦʥʘ ʪʝʯʝˁʘ, ʢʘˀʝʥʠʭ ʠ 

ʦʪʧʫʰʪʝʥʠʭ [24] ʠ EN 10137-2:1996 - ʇʣʦʯʝ ʠ ʚʘˀʘʥʠ ʧʨʦʠʟʚʦʜʠ ʦʜ ʢʦʥʩʪʨʫʢʮʠʦʥʠʭ ʯʝʣʠʢʘ 

ʚʠʩʦʢʦʛ ʥʘʧʦʥʘ ʪʝʯʝˁʘ, ʢʘˀʝʥʠʭ ʠ ʦʪʧʫʰʪʝʥʠʭ ʠʣʠ ʪʘʣʦʞʥʦ ʦʿʘʯʘʥʠʭ [26]. ʄʠʢʨʦʣʝʛʠʨʘʥʠ 

ʯʝʣʠʢ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ S690QL ʿʝ ʨʘʟʚʠʿʝʥ ʧʨʚʝʥʩʪʚʝʥʦ ʩ ʮʠˀʝʤ ʜʘ ʟʘʜʦʚʦˀʠ ʚʠʩʦʢʝ ʟʘʭʪʝʚʝ 

ʠ ʩʪʘʥʜʘʨʜʝ ʫ ʦʙʣʘʩʪʠ ʥʦʩʝ˂ʠʭ ʚʠʩʦʢʦ ʦʜʛʦʚʦʨʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʦʩʦʙʠʥʝ ʠ 

ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʚʦʛ ʯʝʣʠʢʘ, ʘ ʥʘʨʦʯʠʪʦ ʚʠʩʦʢʠ ʥʘʧʦʥ ʪʝʯʝˁʘ ʦʤʦʛʫ˂ʫʿʫ ʩʤʘˁʝˁʝ 

ʤʘʩʝ ʙʝʟ ʩʥʠʞʘʚʘˁʘ ʥʦʩʠʚʦʩʪʠ ʬʦʨʤʠʨʘʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʫʧʦʪʨʝʙʘ ʦʚʦʛ ʯʝʣʠʢʘ 

ʢʘʦ ʤʘʪʝʨʠʿʘʣʘ ʦʙʝʟʙʝʹʫʿʝ ʚʝ˂ʫ ʥʦʩʠʚʦʩʪ ʠ ʚʝ˂ʝ ʨʘʩʧʦʥʝ ʧʨʠ ʥʝʧʨʦʤʝˁʝʥʦʿ ʤʘʩʠ ʢʦʥʩʪʨʫʢʮʠʿʝ. 

ʉʪʨʦʛʘ ʢʦʥʪʨʦʣʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʯʝʣʠʢʘ, ʢʘʦ ʠ ʧʦʛʦʜʥʦʩʪ ʫ ʩʤʠʩʣʫ ʜʘˀʠʭ ʨʘʜʠʦʥʠʯʢʠʭ 

ʧʦʩʪʫʧʘʢʘ ʦʙʨʘʜʝ ʦʤʦʛʫ˂ʘʚʘ ʧʦʚʝ˂ʘˁʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʟʥʘʪʥʦ ʩʢʨʘ˂ʝˁʝ ʚʨʝʤʝʥʘ ʢʦʿʝ ʿʝ 

ʧʦʪʨʝʙʥʦ ʟʘ ʬʦʨʤʠʨʘˁʘ ʢʦʥʩʪʨʫʢʮʠʿʝ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʧʦʩʝʙʥʦ ʨʘʟʚʠʿʝʥʦʤ ʪʝʭʥʦʣʦʰʢʦʤ ʧʨʦʮʝʩʫ 

ʧʨʦʠʟʚʦʜˁʝ ʧʦʩʪʠʛʥʫʪ ʿʝ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʩʘʥ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ, ʯʠʤʝ 

ʩʫ ʧʦʩʪʠʛʥʫʪʝ ʧʦʚʦˀʥʝ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫ ʫʩʢʠʤ ʛʨʘʥʠʮʘʤʘ.  

 ʋ ʦʢʚʠʨʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʨʘʟʤʘʪʨʘʥ ʿʝ ʤʠʢʨʦʣʝʛʠʨʘʥʠ ʯʝʣʠʢ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ 

ʢʦʤʝʨʮʠʿʘʣʥʦʛ ʥʘʟʠʚʘ WELDOX 700 ʢʦʿʠ ʧʨʦʠʟʚʦʜʠ ʢʦʤʧʘʥʠʿʘ SSAB Oxelösund AB, 613 80 

Oxelösund, ʐʚʝʜʩʢʘ. ʆʚʘʿ ʯʝʣʠʢ ʥʦʩʠ ʦʟʥʘʢʫ S690 ʠ ʠʩʧʫˁʘʚʘ ʫʩʣʦʚʝ ʜʝʬʠʥʠʩʘʥʝ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ EN ʩʪʘʥʜʘʨʜʠʤʘ. ɽʢʚʠʚʘʣʝʥʪʥʘ ʦʟʥʘʢʘ ʥʘʚʝʜʝʥʝ ʢʣʘʩʝ ʯʝʣʠʢʘ ʫ 

ʠʥʪʝʨʥʘʮʠʦʥʘʣʥʦʤ ʩʪʘʥʜʘʨʜʫ ISO je E690 (1.8928), ʧʨʝʤʘ ʥʝʤʘʯʢʦʤ ʥʘʮʠʦʥʘʣʥʦʤ ʩʪʘʥʜʘʨʜʫ 

DIN je TStE690V, ʧʨʝʤʘ ʬʨʘʥʮʫʩʢʦʤ ʥʘʮʠʦʥʘʣʥʦʤ ʩʪʘʥʜʘʨʜʫ AFNOR ʿʝ E690T, ʧʨʝʤʘ 

ʚhʝʜʩʢʦʤ ʥʘʮʠʦʥʘʣʥʦʤ ʩʪʘʥʜʘʨʜʫ ʿʝ 2625 ʠ ʧʨʝʤʘ ʅʘʮʠʦʥʘʣʥʦʤ ʩʪʘʥʜʘʨʜʫ ʉʿʝʜʠˁʝʥʠʭ 

ɸʤʝʨʠʯʢʠʭ ɼʨʞʘʚʘ ʿʝ A709-100. ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʤʠʢʨʦʣʝʛʠʨʘʥʦʛ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ 

ʢʦʤʝʨʮʠʿʘʣʥʦʛ ʥʘʟʠʚʘ WELDOX 700, ʧʨʝʤʘ ʧʦʜʘʮʠʤʘ ʧʨʦʠʟʚʦʹʘʯʘ SSAB Oxelösund, ʐʚʝʜʩʢʘ, 

ʧʨʠʢʘʟʘʥ ʿʝ ʫ ʪʘʙʝʣʠ 1 [114]. 
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ʊʘʙʝʣʘ 1. ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʯʝʣʠʢʘ WELDOX 700 

 ʏʝʣʠʢ WELDOX 700 ʧʨʦʠʟʚʦʜʠ ʩʝ ʫ ʜʚʝ ʢʣʘʩʝ ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ ʢʦʿʝ ʩʫ ʦʟʥʘʯʝʥʝ 

ʩʫʬʠʢʩʠʤʘ E ʠ F. ʉʫʬʠʢʩʠ ʫ ʦʟʥʘʮʠ ʯʝʣʠʢʘ E ʠ F ʦʜʥʦʩʝ ʩʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠ ʢʦʿʦʿ ʩʝ 

ʛʘʨʘʥʪʫʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʤʠʥʠʤʘʣʥʘ ʫʜʘʨʥʘ ʞʠʣʘʚʦʩʪ ʠ ʪʦ ʥʘ -40 ʠ -60ºC, ʨʝʩʧʝʢʪʠʚʥʦ. ʅʘʚʝʜʝʥʝ 

ʜʚʝ ʛʨʫʧʝ ʯʝʣʠʢʘ WELDOX 700E ʠ WELDOX 700F ʦʜʛʦʚʘʨʘʿʫ ʟʘʭʪʝʚʠʤʘ EN ʩʪʘʥʜʘʨʜʘ ʦʟʥʘʢʘʤʘ 

S690QL ʠ S690QL1, ʨʝʩʧʝʢʪʠʚʥʦ. 

 ɺʨʝʜʥʦʩʪʠ ʫʜʘʨʥʝ ʝʥʝʨʛʠʿʝ ʟʘ ʯʝʣʠʢ WELDOX 700 ʦʜʨʝʹʝʥʝ ʐʘʨʧʠʿʝʚʦʤ ʤʝʪʦʜʦʤ ʥʘ 

ʝʧʨʫʚʝʪʘʤʘ ʩʘ V ʟʘʨʝʟʦʤ, ʜʠʤʝʥʟʠʿʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ 10 x 10 mm ʧʨʠ ʩʥʠʞʝʥʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 2 [114].  

ʊʘʙʝʣʘ 2. ʋʜʘʨʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʯʝʣʠʢʘ WELDOX 700 

 
WELDOX 700E 

-40°C 

WELDOX 700F 

 -60°C 

ʄʠʥʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʝʥʝʨʛʠʿʝ ʫʜʘʨʘ ʤʝʨʝʥʘ ʥʘ ʝʧʨʫʚʝʪʘʤʘ 

ʩʘ V ʟʘʨʝʟʦʤ ʜʠʤ. 10 Ĭ 10 mm 
69 ɱ 27 ɱ 

ʀʩʧʫˁʘʚʘ ʫʩʣʦʚʝ ʜʝʬʠʥʠʩʘʥʝ ʩʪʘʥʜʘʨʜʦʤ  

EN 10025-6:2004 ʟʘ ʢʣʘʩʫ ʯʝʣʠʢʘ ʦʟʥʘʢʝ  
S690QL S690QL1 

  ʂʦʥʪʨʦʣʘ ʢʚʘʣʠʪʝʪʘ ʠ ʠʩʧʠʪʠʚʘˁʝ ʯʝʣʠʢʘ WELDOX 700 ʠʟʚʦʜʠ ʩʝ ʧʨʝʤʘ ʫʩʣʦʚʠʤʘ ʠ ʥʘ 

ʥʘʯʠʥ ʧʨʦʧʠʩʘʥ ʩʪʘʥʜʘʨʜʦʤ EN 10025:2004. ʏʝʣʠʢ WELDOX 700 ʩʝ ʧʨʦʠʟʚʦʜʠ ʫ ʦʙʣʠʢʫ ʧʣʦʯʘ 

ʜʝʙˀʠʥʘ 4 ʜʦ 130 mm ʧʨʠ ʯʝʤʫ ʜʠʤʝʥʟʠʿʝ ʧʨʦʠʟʚʝʜʝʥʠʭ ʧʣʦʯʘ ʟʘʜʦʚʦˀʘʚʘʿʫ ʫʩʣʦʚʝ ʧʨʦʧʠʩʘʥʝ 

ʩʪʘʥʜʘʨʜʦʤ EN  10029:2010 [23]. ʄʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʦʿʝ ʧʨʦʠʟʚʦʹʘʯ SSAB Oxelösund 

AB ʧʨʦʧʠʩʫʿʝ ʟʘ ʨʘʟʤʘʪʨʘʥʠ ʯʝʣʠʢ WELDOX 700 ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 3 [114].  

ʊʘʙʝʣʘ 3. ʄʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʯʝʣʠʢʘ WELDOX 700 

ɼʝʙˀʠʥʘ ʧʣʦʯʝ, mm 
ʄʠʥʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʥʘʧʦʥʘ 

ʪʝʯʝˁʘ, Rp0,2, MPa 

ɿʘʪʝʟʥʘ ʿʘʯʠʥʘ,  

Rm, MPa 

ʀʟʜʫʞʝˁʝ  

ɸ11,3, % 

4,0 ʜʦ 53,0 700 780 ʜʦ 930 14 

53,1 ʜʦ 100,0 650 780 ʜʦ 930 14 

100,1 ʜʦ 130,0 630 710 ʜʦ 900 14 

 ɱʝʜʠʥʩʪʚʝʥʠ ʥʘʯʠʥ ʧʨʦʠʟʚʦʜˁʝ ʠ ʢʦʥʪʨʦʣʝ ʜʠʤʝʥʟʠʿʘ ʢʦʿʠ ʿʝ ʨʘʟʚʠʿʝʥ ʠ ʟʘʰʪʠ˂ʝʥ ʦʜ 

ʩʪʨʘʥʝ SSAB Oxelösund AB ʦʤʦʛʫ˂ʘʚʘ ʧʨʦʠʟʚʦʜˁʫ ʯʝʣʠʯʥʠʭ ʧʣʦʯʘ ʩʘ ʪʦʣʝʨʘʥʮʠʿʘʤʘ ʜʠʤʝʥʟʠʿʘ 

ʢʦʿʝ ʩʫ ʟʥʘʪʥʦ ʫʞʝ ʦʜ ʪʦʣʝʨʘʥʮʠʿʘ ʜʦʟʚʦˀʝʥʠʭ ʩʪʘʥʜʘʨʜʦʤ. ʇʨʠ ʚʘˀʘˁʫ ʢʦʥʪʨʦʣʘ ʜʝʙˀʠʥʝ 

ʧʣʦʯʘ ʠʟʚʦʜʠ ʩʝ ʢʦʤʧʿʫʪʝʨʩʢʠ ʦʢʦ 100 ʧʫʪʘ ʫ ʩʝʢʫʥʜʠ ʧʨʠ ʩʚʘʢʦʤ ʧʨʦʣʘʟʫ. ɺʘˀʮʠ ʩʝ 

ʧʦʜʝʰʘʚʘʿʫ ʘʫʪʦʤʘʪʩʢʠ ʪʘʢʦ ʜʘ ʢʦʤʧʝʥʟʫʿʫ ʩʚʘʢʫ ʟʘʦʩʪʘʣʫ ʜʝʬʦʨʤʘʮʠʿʫ ʧʨʦʠʟʚʝʜʝʥʠʭ ʧʣʦʯʘ. 

ɿʘʭʚʘˀʫʿʫ˂ʠ ʫʩʢʠʤ ʪʦʣʝʨʘʥʮʠʿʘʤʘ ʜʝʙˀʠʥʝ ʧʨʦʠʟʚʝʜʝʥʠʭ ʯʝʣʠʯʥʠʭ ʧʣʦʯʘ ʦʤʦʛʫ˂ʝʥʠ ʩʫ 

ʢʦʥʢʨʝʪʥʠʿʠ ʧʨʦʨʘʯʫʥʠ ʤʘʩʘ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ, ʰʪʦ ʿʝ ʥʘʨʦʯʠʪʦ ʚʘʞʥʦ ʫ ʩʣʫʯʘʿʫ 

ʤʘʩʠʚʥʠʭ ʥʦʩʝ˂ʠʭ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʢʦʜ ʢʦʿʠʭ ʤʘʣʘ ʦʜʩʪʫʧʘˁʘ ʫ ʜʝʙˀʠʥʠ ʧʣʦʯʘ ʤʦʛʫ ʜʘ 

ʨʝʟʫʣʪʠʨʘʿʫ ʧʨʦʤʝʥʦʤ ʤʘʩʝ ʦʜ ʯʘʢ ʥʝʢʦʣʠʢʦ ʪʦʥʘ. ʊʘʢʦʹʝ, ʫʩʣʝʜ ʚʝʦʤʘ ʫʩʢʠʭ ʪʦʣʝʨʘʥʮʠʿʘ 

ʧʨʦʠʟʚʝʜʝʥʠʭ ʧʣʦʯʘ ʦʜ ʯʝʣʠʢʘ WELDOX 700 ʤʦʛʫ˂ʝ ʿʝ ʩʤʘˁʝˁʝ ʢʣʘʩʠʯʥʦʛ ʩʪʝʧʝʥʘ ʩʠʛʫʨʥʦʩʪʠ 

ʃʝʛʠʨʘʿʫ˂ʠ ʝʣʝʤʝʥʪ 
ʉ
ʘ
ʜ
ʨ
ʞ
ʘ
ʿ
,
 

%
 C Si Mn P S B Nb Cr V Cu Ti Al Mo Ni N 

max max max max max max max max max max max 
ʫʢʫʧ. 

min 
max max max 

0,20 0,60 1,6 0,020 0,010 0,0005 0,04 0,70 0,09 0,30 0,04 0,015 0,70 2,0 0,010 
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ʰʪʦ ʜʘˀʝ ʚʦʜʠ ʝʢʦʥʦʤʠʯʥʠʿʝʤ ʢʦʨʠʰ˂ʝˁʫ ʤʘʪʝʨʠʿʘʣʘ ʠ ʦʧʪʠʤʠʟʘʮʠʿʠ ʜʠʟʘʿʥʘ ʟʘʚʘʨʝʥʝ 

ʢʦʥʩʪʨʫʢʮʠʿʝ. ʊʦʣʝʨʘʥʮʠʿʝ ʧʨʦʠʟʚʝʜʝʥʠʭ ʧʣʦʯʘ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʦʙʣʠʢ ʟʘʜʦʚʦˀʘʚʘʿʫ ʢʣʘʩʫ 

ʥʦʨʤʘʣʥʠʭ ʪʦʣʝʨʘʥʮʠʿʘ ʦʙʣʠʢʘ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʨʘʚʥʦʤʝʨʥʦʤ ʭʣʘʹʝˁʫ ʧʨʠʣʠʢʦʤ ʧʨʦʠʟʚʦʜʥʦʛ 

ʧʨʦʮʝʩʘ ʧʣʦʯʝ ʦʜ ʯʝʣʠʢʘ WELDOX 700 ʩʫ ʠʟʫʟʝʪʥʦ ʨʘʚʥʝ ʠ ʟʘʜʨʞʘʚʘʿʫ ʦʚʘʿ ʦʙʣʠʢ ʟʘ ʚʨʝʤʝ 

ʯʠʪʘʚʦʛ ʧʨʦʮʝʩʘ ʧʨʦʠʟʚʦʜˁʝ ʯʠʤʝ ʿʝ ʦʣʘʢʰʘʥʦ ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʠ ʬʠʢʩʠʨʘˁʝ ʧʣʦʯʘ ʧʨʠ 

ʩʧʘʿʘˁʫ ʠ ʤʦʥʪʘʞʠ ʢʦʥʩʪʨʫʢʮʠʿʝ h ʪʦ ʟʥʘʪʥʦ ʫʪʠʯʝ ʥʘ ʧʦʚʝ˂ʘˁʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ɿʘʭʚʘˀʫʿʫ˂ʠ 

ʚʝʦʤʘ ʨʘʚʥʦʤ ʦʙʣʠʢʫ ʧʣʦʯʘ ʨʝʜʫʢʦʚʘʥ ʿʝ ʠ ʫʪʠʮʘʿ ʪʝʨʤʠʯʢʠʭ ʥʘʧʦʥʘ ʧʨʠ ˁʠʭʦʚʦʤ ʟʘʚʘʨʠʚʘˁʫ. 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʦʚʨʰʠʥʘ ʧʨʦʠʟʚʝʜʝʥʠʭ ʧʣʦʯʘ ʟʘʜʦʚʦˀʘʚʘʿʫ ʩʪʘʥʜʘʨʜ EN 10163:2004-2, Class 

A, Subclass 1 ʢʦʿʠ ʜʦʟʚʦˀʘʚʘ ʧʦʧʨʘʚʢʝ ʥʘʚʘʨʠʚʘˁʝʤ [27]. ʉʚʘʢʘ ʬʘʟʘ ʫ ʧʨʦʠʟʚʦʜʥʦʤ ʧʨʦʮʝʩʫ 

ʦʚʠʭ ʯʝʣʠʢʘ ʩʝ ʥʝʧʨʝʩʪʘʥʦ ʫʥʘʧʨʝʹʫʿʝ ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ ʢʚʘʣʠʪʝʪʘ ʜʦʙʠʿʝʥʠʭ ʧʦʚʨʰʠʥʘ. 

ʅʝʧʨʝʩʪʘʥʠʤ ʫʥʘʧʨʝʹʠʚʘˁʝʤ ʧʨʦʮʝʩʘ ʚʘˀʘˁʘ ʧʦʩʪʠʞʝ ʩʝ ʩʤʘˁʝˁʝ ʜʝʙˀʠʥʝ ʦʢʩʠʜʥʦʛ ʩʣʦʿʘ ʥʘ 

ʧʦʚʨʰʠʥʠ ʧʨʦʠʟʚʝʜʝʥʠʭ ʧʣʦʯʘ. ʄʦʜʝʨʥʠ ʝʩʪʝʪʩʢʠ ʟʘʭʪʝʚʠ ʩʫ ʩʚʝ ʩʪʨʦʞʠ ʠ ʚʠʰʝ ʥʠʩʫ ʚʝʟʘʥʠ 

ʩʘʤʦ ʟʘ ʨʦʙʫ ʰʠʨʦʢʝ ʧʦʪʨʦʰˁʝ ʪʘʢʦ ʜʘ ʩʝ ʟʘʚʨʰʥʦʿ ʦʙʨʘʜʠ ʧʦʚʨʰʠʥʘ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ 

ʧʦʩʚʝ˂ʫʿʝ ʩʚʝ ʚʝ˂ʘ ʧʘʞˁʘ. ʇʦʚʨʰʠʥʝ ʧʨʦʠʟʚʝʜʝʥʠʭ ʧʣʦʯʘ ʩʫ ʟʘʰʪʠ˂ʝʥʝ ʧʦʩʝʙʥʠʤ ʩʣʦʿʝʤ 

ʟʘʰʪʠʪʝ ʧʨʠʣʠʢʦʤ ʩʢʣʘʜʠʰʪʝˁʘ ʠ ʠʩʧʦʨʫʢʝ. ʅʘʥʦʰʝˁʝ ʦʚʦʛ ʩʣʦʿʘ ʦʙʝʟʙʝʹʫʿʝ ʦʯʫʚʘˁʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʚʨʰʠʥʝ ʧʨʦʠʟʚʝʜʝʥʠʭ ʧʣʦʯʘ ʠ ʝʢʦʣʦʰʢʠ ʿʝ ʧʨʠʭʚʘʪˀʠʚʦ. ʇʨʦʠʟʚʦʹʘʯ 

ʦʛʨʘʥʠʯʘʚʘ ʧʨʠʤʝʥʫ ʯʝʣʠʢʘ WELDOX 700 ʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʧʦʜ 580ÁC ʿʝʨ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʤʘ 

ʢʦʿʝ ʩʫ ʚʠʰʝ ʦʜ ʥʘʚʝʜʝʥʝ ʦʚʘʿ ʯʝʣʠʢ ʛʫʙʠ ʧʨʦʧʠʩʘʥʘ ʩʚʦʿʩʪʚʘ ʠ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

[114]. 

 1.9.1 ʇʨʦʮʝʩ ʧʨʦʠʟʚʦʜˁʝ ʤʠʢʨʦʣʝʛʠʨʘʥʦʛ ʯʝʣʠʢʘ - S690QL 

 ʇʨʦʠʟʚʦʹʘʯ SSAB Oxelösund AB ʐʚʝʜʩʢʘ, ʧʨʦʠʟʚʦʜʠ ʯʝʣʠʯʥʝ ʧʣʦʯʝ ʨʘʟʣʠʯʠʪʠʭ ʢʣʘʩʘ ʠ ʟʘ 

ʨʘʟʣʠʯʠʪʝ ʥʘʤʝʥʝ, ʧʦʚʦˀʥʠʭ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ, ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʭʘʙʘˁʝ ʠ ʦʙʨʘʜʠʚʦʩʪʠ. ʆʚʘ 

ʢʦʤʧʘʥʠʿʘ ʫʟ ʧʨʦʠʟʚʝʜʝʥʝ ʯʝʣʠʢʝ ʦʙʝʟʙʝʹʫʿʝ  ʠ ʧʨʝʧʦʨʫʢʝ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ˁʠʭʦʚʫ ʜʘˀʫ 

ʦʙʨʘʜʫ ʠ ʝʢʩʧʣʦʘʪʘʮʠʿʫ ʫ ʮʠˀʫ ʘʜʝʢʚʘʪʥʦʛ ʠʩʢʦʨʠʰ˂ʝˁʘ ˁʠʭʦʚʠʭ ʦʩʦʙʠʥʘ ʠ ʤʝʭʘʥʠʯʢʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ʉʭʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʧʨʦʮʝʩʘ ʧʨʦʠʟʚʦʜˁʝ 

ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 4. ʋ ʞʝʣʝʟʘʨʠ SSAB Oxelösund AB ʐʚʝʜʩʢʘ 

ʢʦʨʠʩʪʠ ʩʝ ʫʛʘˀ ʢʦʿʠ ʩʝ ʫ ʧʦʩʪʨʦʿʝˁʫ ʟʘ ʢʦʢʩʦʚʘˁʝ ʧʨʝʪʚʘʨʘ ʫ ʢʦʢʩ ʠ ʛʘʩ. ɻʘʩ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʧʨʦʠʟʚʦʜˁʫ ʝʥʝʨʛʠʿʝ, ʜʦʢ ʩʝ ʢʦʢʩ ʢʦʨʠʩʪʠ ʫ ʚʠʩʦʢʠʤ ʧʝ˂ʠʤʘ. ʋ ʚʠʩʦʢʝ ʧʝ˂ʠ ʩʝ ʥʝʧʨʝʢʠʜʥʦ 

ʜʦʧʨʝʤʘ ʢʦʢʩ, ʛʚʦʟʜʝʥʘ ʨʫʜʘ, ʢʨʝʯˁʘʢ ʠ ʘʜʠʪʠʚʠ. ɿʘ ʧʨʦʠʟʚʦʜˁʫ ʧʦʨʝʜ ʨʫʜʝ ʛʚʦʞʹʘ ʢʦʨʠʩʪʠ ʩʝ 

ʤʣʝʚʝʥʠ ʫʛʘˀ ʠ ʢʦʢʩ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʠʩʪʦʧˀʝʥʦʛ ʤʝʪʘʣʘ. ʄʣʝʚʝʥʠ ʫʛʘˀ ʠ ʢʦʢʩ ʩʫ ʩʨʝʜʩʪʚʘ ʢʦʿʠ 

ʩʝ ʢʦʨʠʩʪʝ ʫ ʧʨʦʮʝʩʫ ʦʙʨʘʜʝ ʫ ʚʠʩʦʢʠʤ ʧʝ˂ʠʤʘ. ʂʦʢʩ ʩʝ ʜʦʙʠʿʘ ʠʟ ʫʛˀʘ ʫ ʙʘʪʝʨʠʿʘʤʘ ʢʦʿʝ ʯʠʥʝ 

ʥʠʟʦʚʠ ʚʠʩʦʢʠʭ, ʫʩʢʠʭ ʧʝ˂ʠ ʫ ʢʦʿʠʤ  ʩʝ ʦʜʚʠʿʘ ʩʫʚʘ ʜʝʩʪʠʣʘʮʠʿʘ ʫʛˀʘ, ʪʿ. ʩʘʛʦʨʝʚʘˁʝ ʙʝʟ 

ʧʨʠʩʪʫʧʘ ʢʠʩʝʦʥʠʢʘ. ɿʘ ʚʨʝʤʝ ʦʚʦʛ ʧʨʦʮʝʩʘ ʢʘʦ ʩʧʦʨʝʜʘʥ ʧʨʦʠʟʚʦʜ ʠʟʜʚʘʿʘ ʩʝ ʮʨʥʠ ʫʛʘˀ. 

ʋʢʫʧʘʥ ʧʨʦʮʝʩ ʪʨʘʿʝ ʦʢʦ 18 ʯʘʩʦʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʦʢʦ 100ÁC ʠ ʧʨʠ ʪʦʤʝ ʩʝ ʫʛʘˀ ʢʦʥʚʝʨʪʫʿʝ 

ʜʦ 75% ʢʦʢʩʘ ʠ 25% ʛʘʩʘ. ʇʨʦʠʟʚʝʜʝʥʠ ʛʘʩ ʧʨʝʯʠʰ˂ʘʚʘ ʩʝ ʫ ʥʝʢʦʣʠʢʦ ʬʘʟʘ ʠ ʢʦʨʠʩʪʠ ʩʝ ʟʘ 

ʧʨʦʠʟʚʦʜˁʫ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʪʦʢʦʤ ʧʨʦʠʟʚʦʜʥʦʛ ʧʨʦʮʝʩʘ. ʇʨʠʣʠʢʦʤ ʢʦʢʩʦʚʘˁʘ 

ʧʨʦʠʟʚʦʜʠ ʩʝ ʥʠʟ ʩʧʦʨʝʜʥʠʭ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʝ ʜʘˀʝ ʢʦʨʠʩʪʝ ʢʘʦ ʩʠʨʦʚʠʥʝ ʫ ʭʝʤʠʿʩʢʦʿ 

ʠʥʜʫʩʪʨʠʿʠ ʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʚʝʰʪʘʯʢʠʭ ʹʫʙʨʠʚʘ [114].  

 ɿʘ ʧʨʦʠʟʚʦʜˁʫ ʩʠʨʦʚʦʛ ʛʚʦʞʹʘ ʢʦʨʠʩʪʠ ʩʝ ʨʫʜʘ ʤʘʛʥʝʪʠʪ ʢʦʿʘ ʠʤʘ ʚʠʩʦʢ ʩʘʜʨʞʘʿ ʛʚʦʞʹʘ 

(ʚʠʰʝ ʦʜ  66%). ʈʫʜʘ ʩʝ ʫʩʠʪˁʘʚʘ ʪʘʢʦ ʜʘ ʙʠ ʟʘ ʧʨʝʨʘʜʫ ʫ ʚʠʩʦʢʠʤ ʧʝ˂ʠʤʘ ʙʠʣʘ ʧʦʪʨʝʙʥʘ ʤʘˁʘ 

ʝʥʝʨʛʠʿʘ, ʩʤʘˁʠʣʘ ʧʦʪʨʦʰˁʘ ʣʝʛʠʨʘʿʫ˂ʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ʩʥʠʟʠʦ ʩʘʜʨʞʘʿ ʢʠʩʝʦʥʠʢʘ. ʊʦʢʦʤ 

ʧʨʦʮʝʩʘ ʫ ʚʠʩʦʢʦʿ ʧʝ˂ʠ ʚʨʰʠ ʩʝ ʨʝʜʫʢʮʠʦʥʠ ʧʨʦʮʝʩ ʪʦʧˀʝˁʘ. ʋ ʨʫʜʠ ʛʚʦʞʹʘ, ʛʚʦʞʹʝ ʿʝ ʚʝʟʘʥʦ 

ʩʘ ʢʠʩʝʦʥʠʢʦʤ ʢʘʦ ʤʘʛʥʝʪʠʪ, ʩʘ ʭʝʤʠʿʩʢʦʤ ʬʦʨʤʫʣʦʤ Fe3ʆ4. ʇʨʠʣʠʢʦʤ ʧʨʝʨʘʜʝ ʫ ʚʠʩʦʢʦʿ ʧʝ˂ʠ 

ʩʝ ʠʩʪʦʧˀʝʥʦʿ ʨʫʜʠ ʜʦʜʘʿʫ ʠ ʨʝʜʫʢʮʠʦʥʘ ʩʨʝʜʩʪʚʘ ʢʦʿʘ ʥʘ ʚʠʩʦʢʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʚʝʟʫʿʫ ʢʠʩʝʦʥʠʢ. 

ʂʘʦ ʨʝʜʫʢʮʠʦʥʦ ʩʨʝʜʩʪʚʦ ʢʦʨʠʩʪʠ ʩʝ ʫʛˀʝʥʠʢ ʢʦʿʠ ʩʝ ʫ ʦʙʣʠʢʫ ʢʦʢʩʘ ʠ ʤʣʝʚʝʥʦʛ ʫʛˀʘ ʫʙʘʮʫʿʝ 

ʫ ʚʠʩʦʢʫ ʧʝ˂. ʀʩʪʦʧˀʝʥʠ ʤʝʪʘʣ ʥʝʧʨʝʢʠʜʥʦ ʮʠʨʢʫʣʠʰʝ ʫ ʚʠʩʦʢʦʿ ʧʝ˂ʠ. 
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 ʋ ʚʠʩʦʢʫ ʧʝ˂ ʩʝ ʩʘ ʚʨʭʘ ʩʪʘʣʥʦ ʜʦʜʘʿʝ ʛʚʦʟʜʝʥʘ ʨʫʜʘ, ʢʦʢʩ, ʢʨʝʯˁʘʢ (ʪʦʧʠʪʝˀ), ʤʣʝʚʝʥʠ 

ʫʛʘˀ ʠ ʘʜʠʪʠʚʠ. ɺʠʩʦʢʝ ʧʝ˂ʠ ʫ ʞʝʣʝʟʘʨʠ SSAB ʩʫ ʫ ʩʘʤʦʤ ʚʨʭʫ ʧʦ ʝʥʝʨʛʝʪʩʢʦʿ ʝʬʠʢʘʩʥʦʩʪʠ. 

ʊʘʢʦʹʝ, ʦʚʝ ʚʠʩʦʢʝ ʧʝ˂ʠ ʠʤʘʿʫ ʤʠʥʠʤʘʣʘʥ ʝʢʦʣʦʰʢʠ ʫʪʠʮʘʿ, ʦʙʟʠʨʦʤ ʥʘ ʨʝʮʠʢʣʠʨʘˁʝ ʯʘʹʠ, ʫ 

ʦʜʥʦʩʫ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʚʠʩʦʢʝ ʧʝ˂ʠ ʫ ɽʚʨʦʧʠ. ʋ ʥʘʿʪʦʧʣʠʿʠʤ ʟʦʥʘʤʘ ʚʠʩʦʢʝ ʧʝ˂ʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʜʦʩʪʠʞʝ ʯʘʢ ʜʦ 2200ÁC. ɻʚʦʟʜʝʥʘ ʨʫʜʘ ʩʝ ʪʦʧʠ ʥʘ ʦʢʦ 1500ÁC ʠ ʢʘʦ ʠʩʪʦʧˀʝʥ ʤʝʪʘʣ ʜʦʩʧʝʚʘ ʠ 

ʩʢʫʧˀʘ ʩʝ ʥʘ ʜʥʫ ʚʠʩʦʢʝ ʧʝ˂ʠ ʢʦʿʠ ʩʝ ʥʘʟʠʚʘ ʦʛˁʠʰʪʝ. ɿʘ ʚʨʝʤʝ ʦʚʦʛ ʧʨʦʮʝʩʘ ʢʠʩʝʦʥʠʢ ʠ 

ʫʛˀʝʥʠʢ ʩʝ ʫʢʣʘˁʘʿʫ ʫ ʦʙʣʠʢʫ ʛʘʩʦʚʘ, ʫʛˀʝʥ-ʜʠʦʢʩʠʜʘ ʠ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʢʦʿʠ ʩʝ ʫʢʣʘˁʘʿʫ ʠʟ 

ʚʠʩʦʢʝ ʧʝ˂ʠ ʠ ʜʘˁʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʫ ʩʘʤʦʿ ʞʝʣʝʟʘʨʠ ʢʘʦ ʠ ʫ 

ʦʙʣʠʢʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʜʘˀʠʥʩʢʦʛ ʛʨʝʿʘˁʘ. ʀʩʪʦʧˀʝʥʠ ʤʝʪʘʣ ʢʦʿʠ ʩʝ ʠʩʧʫʰʪʘ ʠʟ 

ʚʠʩʦʢʠʭ ʧʝ˂ʠ ʩʘʜʨʞʠ ʧʨʠʤʝʩʝ ʢʦʿʠ ʩʝ ʠʟʜʚʘʿʘʿʫ ʫ ʦʙʣʠʢʫ ʰˀʘʢʝ. ʐˀʘʢʫ ʯʠʥʝ ʧʨʝʪʝʞʥʦ 

ʩʠʣʠʮʠʿʫʤ ʠ ʢʨʝʯ, ʢʘʦ ʠ ʜʨʫʛʝ ʥʝʯʠʩʪʦ˂ʝ. ʐˀʘʢʘ ʧʣʠʚʘ ʧʦ ʧʦʚʨʰʠʥʠ ʠʩʪʦʧˀʝʥʦʛ ʚʨʝʣʦʛ 

ʤʝʪʘʣʘ ʦʜʘʢʣʝ ʩʝ ʫʢʣʘˁʘ. ʇʦʩʣʝ ʭʣʘʹʝˁʘ ʠ ʦʯʚʨʰ˂ʘʚʘˁʘ h ˀʘʢʘ ʩʝ ʨʝʮʠʢʣʠʨʘ. ʂʘʜʘ ʠʩʪʦʧˀʝʥʠ 

ʤʝʪʘʣ ʜʦʩʪʠʛʥʝ ʧʦʪʨʝʙʥʠ ʥʠʚʦ ʦʥ ʩʝ ʠʩʪʘʯʝ ʫ ʧʦʩʝʙʥʝ ʚʘʛʦʥʝ ʢʦʿʠʤʘ ʩʝ ʜʘˀʝ ʪʨʘʥʩʧʦʨʪʫʿʝ. 

ʀʩʪʦʧˀʝʥʠ ʤʝʪʘʣ ʩʝ ʩʘʜʘ ʧʦʜʚʨʛʘʚʘ ʪʝʭʥʦʣʦʰʢʦʤ ʧʦʩʪʫʧʢʫ ʫʢʣʘˁʘˁʘ ʩʫʤʧʦʨʘ. ʀʩʪʦʧˀʝʥʠ 

ʤʝʪʘʣ ʩʝ ʪʨʘʥʩʧʦʨʪʫʿʝ ʫ ʪʝʯʥʦʤ ʩʪʘˁʫ ʫ ʢʝʨʘʤʠʢʦʤ ʦʙʣʦʞʝʥʠʤ ʮʠʩʪʝʨʥʘʤʘ ʜʦ ʧʦʩʪʨʦʿʝˁʘ 

ʞʝʣʝʟʘʨʝ ʟʘ ʨʘʬʠʥʘʮʠʿʫ. ʋ ʦʚʦʿ ʬʘʟʠ ʠʩʪʦʧˀʝʥʠ ʤʝʪʘʣ ʿʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ ʦʢʦ 1500ÁC ʠ 

ʩʘʜʨʞʠ ʦʢʦ 4,5% ʫʛˀʝʥʠʢʘ, 0,1% ʩʫʤʧʦʨʘ ʠ 0,5% ʩʠʣʠʮʠʿʫʤʘ. ʋ ʧʨʚʦʿ ʬʘʟʠ ʬʠʥʘʣʠʟʘʮʠʿʝ, 

ʩʫʤʧʦʨ ʩʝ ʫʢʣʘˁʘ ʜʦʜʘʚʘˁʝʤ ʤʘʛʥʝʟʠʿʫʤ-ʦʢʩʠʜʘ ʠʣʠ ʢʘʣʮʠʿʫʤ ʢʘʨʙʠʜʘ ʫ ʠʩʪʦʧˀʝʥʠ ʤʝʪʘʣ 

ʢʦʿʠ ʚʝʟʫʿʫ ʩʫʤʧʦʨ ʠ ʬʦʨʤʠʨʘʿʫ ʪʝʯʥʫ ʰˀʘʢʫ ʢʦʿʘ ʩʝ ʫʢʣʘˁʘ ʩʘ ʧʦʚʨʰʠʥʝ ʠʩʪʦʧˀʝʥʦʛ ʤʝʪʘʣʘ, 

ʢʦʿʠ ʩʝ ʜʘˀʝ ʪʨʘʥʩʧʦʨʪʫʿʝ ʫ ʢʝʨʘʤʠʢʦʤ ʦʙʣʦʞʝʥʠʤ ʢʦʥʪʝʿʥʝʨʠʤʘ [114].  

 ʋ ʥʘʨʝʜʥʦʿ ʬʘʟʠ ʧʨʦʮʝʩʘ ʧʨʦʠʟʚʦʜˁʝ ʠʩʪʦʧˀʝʥʠ ʤʝʪʘʣ ʠ ʦʧʠˀʮʠ ʤʝʪʘʣʘ ʢʦʿʠ ʩʫ ʜʦʙʠʿʝʥʠ 

ʠʟ ʧʦʩʪʨʦʿʝˁʘ ʟʘ ʨʝʮʠʢʣʘʞʫ ʦʙʨʘʹʫʿʫ ʩʝ ʫ LD ʢʦʥʚʝʨʪʦʨʠʤʘ ʛʜʝ ʩʝ  ʫʙʘʮʫʿʝ ʢʠʩʝʦʥʠʢ. 

ʀʩʪʦʧˀʝʥʦ ʛʚʦʞʹʝ ʩʝ ʩʤʘʪʨʘ ʢʦʥʚʝʨʪʦʚʘʥʠʤ ʫ ʯʝʣʠʢ ʢʘʜʘ ʿʝ ʩʘʜʨʞʘʿ ʫʛˀʝʥʠʢʘ ʤʘˁʠ ʦʜ 1,7%. 

ʊʦʢʦʤ ʧʨʝʨʘʜʝ ʠʩʪʦʧˀʝʥʦʛ ʛʚʦʞʹʘ ʫ LD ʢʦʥʚʝʨʪʦʨʠʤʘ ʚʨʰʠ ʩʝ ʫʢʣʘˁʘˁʝ ʫʛˀʝʥʠʢʘ 

ʫʜʫʚʘʚʘˁʝʤ ʢʠʩʝʦʥʠʢʘ ʢʨʦʟ ʠˁʝʢʪʦʨ ʢʦʿʠ ʩʝ ʭʣʘʜʠ ʚʦʜʦʤ, ʯʠʤʝ ʩʝ ʜʦʙʠʿʘ ʯʝʣʠʢ. ɿʘ ʚʨʝʤʝ 

ʧʨʝʨʘʜʝ ʫ LD ʢʦʥʚʝʨʪʦʨʠʤʘ ʠʩʪʦʧˀʝʥʦʤ ʤʝʪʘʣʫ ʩʝ ʜʦʜʘʿʫ ʦʧʠˀʮʠ ʨʝʮʠʢʣʠʨʘʥʦʛ ʯʝʣʠʢʘ ʯʠʤʝ 

ʩʝ ʧʦʩʪʠʞʝ ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʘʥ ʧʨʦʮʝʩ ʠ ʩʥʠʞʘʚʘ ʩʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʢʦʿʦʿ ʨʝʘʛʫʿʝ ʢʠʩʝʦʥʠʢ ʩʘ 

ʫʛˀʝʥʠʢʦʤ ʠ ʩʠʣʠʮʠʿʫʤʦʤ. ʂʠʩʝʦʥʠʢ ʩʘ ʫʛˀʝʥʠʢʦʤ ʬʦʨʤʠʨʘ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜ, ʜʦʢ ʩʘ ʜʨʫʛʠʤ 

ʝʣʝʤʝʥʪʠʤʘ ʬʦʨʤʠʨʘ ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʩʝ ʫʢʣʘˁʘʿʫ ʫ ʦʙʣʠʢʫ ʰˀʘʢʝ. ʇʨʠʣʠʢʦʤ ʦʚʦʛ ʧʨʦʮʝʩʘ 

ʠʩʪʦʧˀʝʥʦʤ ʤʝʪʘʣʫ ʩʝ ʜʦʜʘʿʝ ʠ ʛʘʰʝʥʠ ʢʨʝʯ ʢʦʿʠ ʨʝʘʛʫʿʝ ʩʘ ʩʠʣʠʮʠʿʫʤʦʤ ʠ ʜʨʫʛʠʤ ʧʨʠʤʝʩʘʤʘ, 

ʯʠʤʝ ʩʝ ʬʦʨʤʠʨʘ ʰˀʘʢʘ ʢʦʿʘ ʩʝ ʫʢʣʘˁʘ. 

 LD ʢʦʥʚʝʨʪʦʨʠ ʠʤʘʿʫ ʜʝʙʝʣʝ ʦʙʣʦʛʝ ʦʜ ʢʝʨʘʤʠʯʢʠʭ ʮʠʛʘʣʘ ʢʦʿʝ ʩʝ ʭʘʙʘʿʫ ʠ ʪʨʦʰʝ ʟʘ ʚʨʝʤʝ 

ʧʨʦʮʝʩʘ ʧʨʦʠʟʚʦʜˁʝ ʧʘ ʩʝ ʤʦʨʘʿʫ ʤʝˁʘʪʠ ʫ ʨʝʜʦʚʥʠʤ ʠʥʪʝʨʚʘʣʠʤʘ. ʃʝʛʠʨʘʿʫ˂ʠ ʝʣʝʤʝʥʪʠ ʩʝ 

ʜʦʜʘʿʫ ʢʘʜʘ ʩʝ ʯʝʣʠʢ ʠʩʧʫʰʪʘ ʠʟ LD ʢʦʥʚʝʨʪʦʨʘ ʫ ʢʘʣʫʧʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ ʦʢʦ 1700ÁC. 

ɿʘʚʨʰʥʘ ʢʦʥʪʨʦʣʘ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʨʦʚʦʜʠ ʩʝ ʧʨʠ ʩʝʢʫʥʜʘʨʥʦʤ 

ʤʝʪʘʣʫʨʰʢʦʤ ʧʨʦʮʝʩʫ. ʇʨʠʣʠʢʦʤ ʦʚʦʛ ʧʦʩʪʫʧʢʘ ʠʟʚʦʜʠ ʩʝ ʬʠʥʦ ʧʦʜʝʰʘʚʘˁʝ ʭʝʤʠʿʩʢʦʛ 

ʩʘʩʪʘʚʘ ʯʝʣʠʢʘ, ʢʦʥʪʨʦʣʦʤ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʘʜʨʞʘʿʘ ʣʝʛʠʨʘʿʫ˂ʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ʥʝʯʠʩʪʦ˂ʘ. 

ɸʥʘʣʠʪʠʯʢʝ ʛʨʘʥʠʮʝ ʩʘʜʨʞʘʿʘ ʧʦʿʝʜʠʥʠʭ ʝʣʝʤʝʥʘʪʘ ʩʫ ʪʘʯʥʦ ʦʜʨʝʹʝʥʝ ʩʘ ʫʩʢʠʤ ʪʦʣʝʨʘʥʮʠʿʘʤʘ. 

ʊʦʢʦʤ ʦʚʝ ʬʘʟʝ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠ ʩʝ ʢʦʥʪʨʦʣʠʰʝ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʯʝʣʠʢʘ ʠ ʧʦʩʪʠʞʝ ʩʝ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʩʘʥ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ. ʏʝʣʠʢ ʤʦʞʝ ʜʘ ʩʝ ʨʘʬʠʥʠʰʝ ʫ ʚʘʢʫʫʤʫ ʫ 

ʮʠˀʫ ʫʢʣʘˁʘˁʘ ʚʦʜʦʥʠʢʘ ʠ ʘʟʦʪʘ, ʘʢʦ ʿʝ ʧʦʪʨʝʙʥʦ. ɿʘʚʨʰʥʘ ʢʦʥʪʨʦʣʘ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʨʦʚʦʜʠ ʩʝ ʧʨʠ ʩʝʢʫʥʜʘʨʥʦʤ ʤʝʪʘʣʫʨʰʢʦʤ ʧʨʦʮʝʩʫ [114].  

 ʂʦʥʪʠʥʫʘʣʥʦ ʣʠʚʝˁʝ ʿʝ ʧʨʦʮʝʩ ʟʘ ʚʨʝʤʝ ʢʦʛʘ ʩʝ ʠʩʪʦʧˀʝʥʠ ʤʝʪʘʣ ʩʘ ʪʝʤʧʝʨʘʪʫʨʦʤ ʦʢʦ 

1600ÁC ʣʠʿʝ ʫ ʧʣʦʯʝ. ʃʠʚʘʯʢʠ ʣʦʥʘʮ ʢʦʿʠ ʩʘʜʨʞʠ ʠʩʪʦʧˀʝʥʠ ʯʝʣʠʢ ʧʦʩʪʘʚˀʘ ʩʝ ʫ ʜʨʞʘʯ ʦʜʘʢʣʝ 

ʩʝ ʠʩʪʦʧˀʝʥʠ ʯʝʣʠʢ ʢʨʦʟ ʮʝʚʠ ʧʨʝʙʘʮʫʿʝ ʫ ʩʨʝʜˁʫ ʧʦʩʫʜʫ ʯʠʤʝ ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʥʝʧʨʝʢʠʜʥʦʩʪ 

ʧʨʦʮʝʩʘ ʧʨʠʣʠʢʦʤ ʟʘʤʝʥʝ ʣʠʚʘʯʢʠʭ ʣʦʥʘʮʘ.  ʂʦʥʪʠʥʫʘʣʥʦ ʣʠʚʝˁʝ ʩʝ ʠʟʚʦʜʠ ʫ ʚʦʜʦʤ ʭʣʘʹʝʥʠʤ 

ʢʘʣʫʧʠʤʘ ʢʦʿʠ ʩʫ ʦʪʚʦʨʝʥʠ ʥʘ ʚʨʭʫ ʠ ʜʥʫ, ʪʘʢʦ ʜʘ ʯʝʣʠʢ ʥʝʧʨʝʢʠʜʥʦ ʛʣʘʪʢʦ ʢʣʠʟʠ ʢʨʦʟ ʢʘʣʫʧ 



49 

 

ʦʜ ʙʘʢʘʨʥʠʭ ʧʣʦʯʘ ʢʦʿʝ ʩʝ ʠʥʪʝʥʟʠʚʥʦ ʭʣʘʜʝ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʥʘ ʩʧʦˀʘʰˁʠʤ ʧʦʚʨʰʠʥʘʤʘ 

ʠʩʪʦʧˀʝʥʦʛ ʤʝʪʘʣʘ ʬʦʨʤʠʨʘ ʦʯʚʨʩʣʠ ʩʣʦʿ, ʢʦʿʠ ʩʝ ʩʢʫʧˀʘ ʩʘ ʭʣʘʹʝˁʝʤ ʢʘʢʦ ʧʨʦʣʘʟʠ ʢʨʦʟ 

ʣʫʯʥʠ ʜʝʦ ʢʘʣʫʧʘ ʜʦ ʧʦʩʪʨʦʿʝˁʘ ʛʜʝ ʩʝ ʦʚʘʢʦ ʜʦʙʠʿʝʥʘ ʤʘʩʠʚʥʘ ʪʨʘʢʘ ʩʝʯʝ ʥʘ ʧʣʦʯʝ ʜʫʞʠʥʝ ʦʢʦ 

11 m [114].  

 ʏʝʣʠʯʥʝ ʧʣʦʯʝ ʧʨʦʠʟʚʝʜʝʥʝ ʫ ʧʨʝʪʭʦʜʥʠʤ ʬʘʟʘʤʘ ʟʘʛʨʝʚʘʿʫ ʩʝ ʫ ʧʝ˂ʠ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʘˀʘˁʘ. ɺʦʜʦʤ ʧʦʜ ʚʠʩʦʢʠʤ ʧʨʠʪʠʩʢʦʤ ʫʢʣʘˁʘ ʩʝ ʧʦʚʨʰʠʥʩʢʠ ʩʣʦʿ ʩʘ ʟʘʛʨʝʿʘʥʠʭ 

ʧʣʦʯʘ. ʇʣʦʯʝ ʩʝ ʜʘˀʝ ʚʘˀʘʿʫ ʫ ʜʚʘ ʩʤʝʨʘ ʥʘ ʞʝˀʝʥʫ ʜʝʙˀʠʥʫ ʠ ʰʠʨʠʥʫ ʫ ʚʘˀʘʦʥʠʮʠ ʥʘ 

ʫʜʚʦʿʝʥʠʤ ʚʘˀʮʠʤʘ ʢʦʿʠ ʨʘʜʝ ʩʘ ʩʠʣʘʤʘ ʜʦ 100 MN [114].  

 ʊʦʧʣʝ ʯʝʣʠʯʥʝ ʧʣʦʯʝ ʩʝ ʧʦʩʣʝ ʚʘˀʘˁʘ ʩʝʢʫ ʥʘ ʦʜʨʝʹʝʥʫ ʜʫʞʠʥʫ ʫ ʮʠˀʫ ʣʘʢʰʝʛ ʨʫʢʦʚʘˁʘ. 

ʂʘˀʝˁʝ ʯʝʣʠʯʥʠʭ ʧʣʦʯʘ ʩʝ ʠʟʚʦʜʠ ʙʨʟʠʤ ʠ ʨʘʚʥʦʤʝʨʥʠʤ ʭʣʘʹʝˁʝʤ ʚʦʜʦʤ (ʯʘʢ ʜʦ 100ÁC/s), 

ʯʠʤʝ ʩʝ ʜʦʙʠʿʘ ʚʝʣʠʢʘ ʿʘʯʠʥʘ ʘʣʠ ʠ ʣʦʰʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʠ ʜʝʬʦʨʤʠʩʘˁʫ. ʆʪʧʫʰʪʘˁʝ 

ʯʝʣʠʯʥʠʭ ʧʣʦʯʘ ʚʨʰʠ ʩʝ ʟʘʛʨʝʚʘˁʝʤ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʦʜ 200 ʜʦ 700ÁC. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʧʦʩʪʠʞʝ 

ʩʝ ʧʦʚʦˀʥʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ ʠ ʧʦʙʦˀʰʘʚʘʿʫ ʩʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʠ ʜʝʬʦʨʤʠʩʘˁʫ ʫʟ 

ʤʠʥʠʤʘʣʥʝ ʥʝʛʘʪʠʚʥʝ ʝʬʝʢʪʝ ʥʘ ʿʘʯʠʥʫ ʯʝʣʠʢʘ ʠʟ ʧʨʝʪʭʦʜʥʝ ʬʘʟʝ [114].  
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2 ɿɸɺɸʈʀɺɸɳɽ ʄʀʂʈʆʃɽɻʀʈɸʅʀʍ ʏɽʃʀʂɸ 

ʇʆɺʀʐɽʅɽ ɱɸʏʀʅɽ 

 2.1 ʋɺʆɼ ʀ ʈɸɿɺʆɱ ʄɽʊʆɼɸ ɿɸɺɸʈʀɺɸɳɸ 

 ɿʘʚʘʨʠʚʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʪʝʭʥʦʣʦʰʢʠ ʧʦʩʪʫʧʘʢ ʢʦʿʠʤ ʩʝ ʦʩʪʚʘʨʫʿʝ ʥʝʨʘʟʜʚʦʿʠʚʘ ʚʝʟʘ 

ʝʣʝʤʝʥʘʪʘ, ʥʘʿʯʝʰ˂ʝ ʫʥʦʰʝˁʝʤ ʪʦʧʣʦʪʝ, ʩʘ ʠʣʠ ʙʝʟ ʧʨʠʪʠʩʢʘ, ʢʘʦ ʠ ʩʘ ʠʣʠ ʙʝʟ ʜʦʜʘʪʥʦʛ 

ʤʘʪʝʨʠʿʘʣʘ. ʆʚʘʿ ʪʝʭʥʦʣʦʰʢʠ ʧʦʩʪʫʧʘʢ ʩʝ ʫʧʦʪʨʝʙˀʘʚʘ ʟʘ ʦʩʪʚʘʨʠʚʘˁʝ ʩʧʦʿʝʚʘ ʧʨʠ ʬʦʨʤʠʨʘˁʫ 

ʠʣʠ ʨʝʧʘʨʘʮʠʿʠ ʤʝʪʘʣʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. 

 ʅʘʿʩʪʘʨʠʿʠ ʜʦʢʘʟʠ ʦ ʧʨʠʤʝʥʠ ʧʦʩʪʫʧʢʘ ʟʘʚʘʨʠʚʘˁʘ ʩʫ ʟʣʘʪʥʝ ʢʫʪʠʿʝ ʠʟ ʙʨʦʥʟʘʥʦʛ ʜʦʙʘ. 

ʉʪʘʨʠ ɽʛʠʧ˂ʘʥʠ ʩʫ ʧʦʟʥʘʚʘʣʠ ʚʝʰʪʠʥʫ ʟʘʚʘʨʠʚʘˁʘ ʿʝʨ ʿʝ ʥʝʢʦʣʠʢʦ ʚʨʩʪʘ ˁʠʭʦʚʦʛ ʦʨʫʹʘ 

ʠʟʨʘʹʠʚʘʥʦ ʟʘʚʘʨʠʚʘˁʝʤ. ʊʦʢʦʤ ʩʨʝʜˁʝʛ ʚʝʢʘ, ʚʠʰʝ ʚʨʩʪʘ ʛʚʦʞʹʘ ʟʘʚʘʨʠʚʘʥʦ ʿʝ ʢʦʚʘˁʝʤ. 

ʇʦʩʪʫʧʘʢ ʟʘʚʘʨʠʚʘˁʘ ʩʚʝ ʜʦ ʜʝʚʝʪʥʘʝʩʪʦʛ ʚʝʢʘ ʩʝ ʥʠʿʝ ʟʥʘʯʘʿʥʠʿʝ ʫʥʘʧʨʝʹʠʚʘʦ ʢʘʜʘ ʿʝ ʜʦʰʣʦ 

ʜʦ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʦʪʢʨʠ˂ʘ ʠ ʨʘʟʚʦʿʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ. ɽʜʤʫʥʜ ɼʝʿʚʠ (Edmund Davy, 1785 - 1857), 

ʝʥʛʣʝʩʢʠ ʭʝʤʠʯʘʨ ʿʝ 1836. ʛʦʜʠʥʝ ʦʪʢʨʠʦ ʘʮʝʪʠʣʝʥ ʢʦʿʠ ʿʝ ʚʨʣʦ ʙʨʟʦ ʧʨʠʤʝˁʝʥ ʫ ʟʘʚʘʨʠʚʘˁʫ. 

ʋʧʦʪʨʝʙʘ ʦʪʚʦʨʝʥʦʛ ʘʮʝʪʠʣʝʥʩʢʦʛ ʧʣʘʤʝʥʘ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʙʠʣʘ ʿʝ ʧʨʝʢʨʝʪʥʠʮʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ 

ʿʝʨ ʿʝ ʦʤʦʛʫ˂ʠʣʘ ʠʟʨʘʜʫ ʩʣʦʞʝʥʠʭ ʤʝʪʘʣʥʠʭ ʘʣʘʪʘ. ʍʝʤʬʨʠ ɼʝʿʚʠ (Sir Humphrey Davy,  

1778 - 1829), ʝʥʛʣʝʩʢʠ ʭʝʤʠʯʘʨ ʿʝ ʨʘʟʚʠʦ ʘʣʘʪ ʢʦʿʠʤ ʿʝ ʙʠʣʦ ʤʦʛʫ˂ʝ ʧʨʦʠʟʚʝʩʪʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ 

ʠʟʤʝʹʫ ʫʛˀʝʥʠʯʥʠʭ ʝʣʝʢʪʨʦʜʘ ʩʘ ʙʘʪʝʨʠʿʦʤ ʢʘʦ ʠʟʚʦʨʦʤ ʝʣʝʢʪʨʠʯʥʝ ʩʪʨʫʿʝ. ʌʨʘʥʮʫʩʢʠ 

ʠʥʞʝˁʝʨ ʆʛʠʩʪ ʜ ʄʝʨʠʪʝʥ (Auguste De Meritens) ʿʝ ʩʧʦʿʠʦ ʦʣʦʚʥʝ ʧʣʦʯʝ ʧʦʤʦ˂ʫ ʪʦʧʣʦʪʝ 

ʩʪʚʦʨʝʥʝ ʝʣʝʢʪʨʠʯʥʠʤ ʣʫʢʦʤ. ʅʠʢʦʣʘʿ ʅʠʢʦʣʘʿʝʚʠʯ ɹʝʥʘʨʜʦʩ (ʅʠʢʦʣʘ͕ʡ ʅʠʢʦʣʘ͕ʝʚʠʯ ɹʝʥʘʨʜʦ͕ʩ, 

1842 - 1905), ʨʫʩʢʠ ʧʨʦʥʘʣʘʟʘʯ ʠ ʉʪʘʥʠʩʣʘʚ ʆʣʟʝʚʩʢʠ (Stanislaus Olszewski, 1891 - 1918) 

ʧʘʪʝʥʪʠʨʘʣʠ ʩʫ ʧʨʦʮʝʩ ʠ ʫʨʝʹʘʿ ʟʘ ʝʣʝʢʪʨʦʣʫʯʥʦ ʟʘʚʘʨʠʚʘˁʝ ʩʘ ʫʛˀʝʥʦʤ ʛʨʘʬʠʪʥʦʤ 

ʝʣʝʢʪʨʦʜʦʤ ʠ ʩʤʘʪʨʘʿʫ ʩʝ ʧʨʦʥʘʣʘʟʘʯʠʤʘ ʤʦʜʝʨʥʠʭ ʫʨʝʹʘʿʘ ʟʘ ʟʘʚʘʨʠʚʘˁʝ. ɼʝʚʝʜʝʩʝʪʠʭ ʛʦʜʠʥʘ 

ʜʝʚʝʪʥʘʝʩʪʦʛ ʚʝʢʘ ʥʘʿʚʠʰʝ ʿʝ ʢʦʨʠʰ˂ʝʥ ʧʦʩʪʫʧʘʢ ʝʣʝʢʪʨʦʣʫʯʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʩʘ ʫʛˀʝʥʦʤ 

ʝʣʝʢʪʨʦʜʦʤ. ʏʘʨʣʩ ʂʦʬʠʥ (Charles L. Coffin) ʿʝ ʫ ʠʩʪʦ ʚʨʝʤʝ ʧʘʪʝʥʪʠʨʘʦ ʝʣʝʢʪʨʦʣʫʯʥʦ 

ʟʘʚʘʨʠʚʘˁʝ ʤʝʪʘʣʥʦʤ ʝʣʝʢʪʨʦʜʦʤ. ʆʚʠʤ ʿʝ ʧʦ ʧʨʚʠ ʧʫʪ ʠʩʪʦʧˀʝʥ ʤʝʪʘʣ ʝʣʝʢʪʨʦʜʝ ʧʨʝʢʦ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʧʨʝʥʦʰʝʥ ʫ ʰʘʚ. ʉʣʠʯʘʥ ʧʦʩʪʫʧʘʢ ʧʨʝʥʦʰʝˁʘ ʠʩʪʦʧˀʝʥʦʛ ʤʝʪʘʣʘ ʢʨʦʟ 

ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʧʨʠʤʝʥʠʦ ʿʝ ʠ 1888. ʛʦʜʠʥʝ ʨʫʩʢʠ ʧʨʦʥʘʣʘʟʘʯ ʅʠʢʦʣʘʿ ɻʘʚʨʠʣʦʚʠʯ ʉʣʘʚʿʘʥʦʚ 

(ʅʠʢʦʣʘ͕ʡ ɻʘʚʨʠ͕ʣʦʚʠʯ ʉʣʘʚ̫͕ʥʦʚ, 1854 - 1897) ʘʣʠ ʟʘ ʣʠʚʝˁʝ ʤʝʪʘʣʘ ʫ ʢʘʣʫʧʠʤʘ. ʆʙʣʦʞʝʥʫ 

ʤʝʪʘʣʥʫ ʝʣʝʢʪʨʦʜʫ, ʢʦʿʘ ʿʝ ʧʨʚʠ ʧʫʪ ʫʧʦʪʨʝʙˀʝʥʘ 1900. ʛʦʜʠʥʝ ʧʨʦʥʘʰʣʠ ʩʫ ʠ ʨʘʟʚʠʣʠ ɸ. ʇ. 

ʐʪʨʦʤʝʥʛʝʨ (A. P. Strohmenger) ʠ ʆʩʢʘʨ ʂʿʝʣʙʝʨʛ (Oscar Kjellberg, 1870 - 1931), h ʚʝʜʩʢʠ 

ʧʨʦʥʘʣʘʟʘʯ ʠ ʠʥʜʫʩʪʨʠʿʘʣʘʮ. ʇʨʚʘ ʦʙʣʦʞʝʥʘ ʤʝʪʘʣʥʘ ʝʣʝʢʪʨʦʜʘ ʧʨʦʠʟʚʝʜʝʥʘ ʿʝ ʫʨʘˁʘˁʝʤ 

ʯʠʩʪʝ ʛʚʦʟʜʝʥʝ ʞʠʮʝ ʫ ʛʫʩʪʫ ʩʤʝʰʫ ʢʘʨʙʦʥʘʪʘ ʠ ʩʠʣʠʢʘʪʘ. ʋ ʠʩʪʦ ʚʨʝʤʝ ʦʪʢʨʠʚʝʥʠ ʩʫ ʠ 

ʝʣʝʢʪʨʦʦʪʧʦʨʥʠ ʧʦʩʪʫʧʮʠ ʟʘʚʘʨʠʚʘˁʘ ʢʘʦ ʰʪʦ ʩʫ ʪʘʯʢʘʩʪʦ ʠ ʰʘʚʥʦ ʟʘʚʘʨʠʚʘˁʝ, ʧʨʦʿʝʢʮʠʦʥʦ 

ʟʘʚʘʨʠʚʘˁʝ ʠ ʜʨ. ɷʦʥ ɺʠʣʭʝʣʤ ɻʦʣʜʩʤʠʪ (Johannes Wilhelm Goldschmidt, 1861 - 1923), ʥʝʤʘʯʢʠ 

ʭʝʤʠʯʘʨ ʦʪʢʨʠʦ ʿʝ ʘʣʫʤʠʥʦʪʝʨʤʠʩʿʢʫ ʨʝʘʢʮʠʿʫ ʯʠʿʦʤ ʧʨʠʤʝʥʦʤ ʿʝ ʠʟʚʨʰʝʥʦ ʧʨʚʦ ʪʝʨʤʠʪʥʦ 

ʟʘʚʘʨʠʚʘˁʝ ʞʝʣʝʟʥʠʯʢʠʭ ʰʠʥʘ. ɸʫʪʦʤʘʪʠʟʦʚʘʥʦ ʟʘʚʘʨʠʚʘˁʝ ʿʝ ʦʪʢʨʠʦ ʇ. ʆ. ʅʦʙʝʣ (P. O. 

Nobel)  

1920. ʛʦʜʠʥʝ. ʊʘʢʦʹʝ, ʪʦʢʦʤ ʜʚʘʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʜʚʘʜʝʩʝʪʦʛ ʚʝʢʘ ʦʪʢʨʠʚʝʥʦ ʿʝ ʚʠʰʝ ʚʨʩʪʘ 

ʝʣʝʢʪʨʦʜʘ ʠ ʨʝʛʠʩʪʨʦʚʘʥʦ ʿʝ ʚʠʰʝ ʫʨʝʹʘʿʘ ʟʘ ʝʣʝʢʪʨʦʦʪʧʦʨʥʦ ʟʘʚʘʨʠʚʘˁʝ. ʀʟ ʘʩʧʝʢʪʘ 

ʧʨʦʿʝʢʪʦʚʘˁʘ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʟʥʘʯʘʿʘʥ ʿʝ ʩʝʧʪʝʤʙʘʨ 1918. ʛʦʜʠʥʝ ʢʘʜʘ ʿʝ 

ɸʜʤʠʨʘʣʠʪʝʪ ʝʥʛʣʝʩʢʝ ʢʨʘˀʝʚʩʢʝ ʤʦʨʥʘʨʠʮʝ ʧʨʚʠ ʧʫʪ ʠʟʚʝʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʪʝʩʪʠʨʘˁʝ 

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʠʟʚʝʜʝʥʠʭ ʥʘ ʙʘʨʞʠ ʩʘ  ʦʟʥʘʢʦʤ AC 1320. ʆʚʦ ʿʝ ʩʪʚʦʨʠʣʦ ʫʩʣʦʚʝ ʟʘ ʰʠʨʫ 

ʧʨʠʤʝʥʫ ʠ ʚʝʨʠʬʠʢʘʮʠʿʫ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʢʦʿʝ ʿʝ ʢʘʩʥʠʿʝ ʩʪʘʥʜʘʨʜʠʟʦʚʘʣʘ ʠ ʧʨʦʧʠʩʘʣʘ 

ʦʩʠʛʫʨʘʚʘʿʫ˂ʘ ʢʦʤʧʘʥʠʿʘ  ʃʦʿʜ (Lloyd's Register). ɿʘ ʚʨʝʤʝ ʇʨʚʦʛ ʩʚʝʪʩʢʦʛ ʨʘʪʘ, ɸʥʪʦʥ ʌʦʢʝʨ 

(Anton Herman Gerard Fokker, 1890 - 1939) ʧʨʚʠ ʿʝ ʧʦʯʝʦ ʜʘ ʧʨʠʤʝˁʫʿʝ ʧʦʩʪʫʧʘʢ ʟʘʚʘʨʠʚʘˁʘ ʫ 
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ʠʟʨʘʜʠ ʦʧʣʘʪʝ ʘʚʠʦʥʘ. ʇʨʚʠ ʙʨʦʜ ʩʘ ʪʨʫʧʦʤ ʢʦʿʠ ʿʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʟʨʘʹʝʥ ʟʘʚʘʨʠʚʘˁʝʤ ʙʠʦ ʿʝ  

ʙʨʦʜ ʢʦʿʠ ʿʝ ʥʘʟʚʘʥ Fulagar, ʚʣʘʩʥʠʰʪʚʦ ʢʦʤʧʘʥʠʿʝ H. M. S. ʫ ʯʠʿʝʤ ʿʝ ʚʣʘʩʥʠʰʪʚʫ ʙʠʦ ʧʦ 

ʪʨʘʛʝʜʠʿʠ ʧʦʟʥʘʪ ʙʨʦʜ ʊʠʪʘʥʠʢ. ʅʝʰʪʦ ʨʘʥʠʿʝ, 1924. ʛʦʜʠʥʝ ʢʦʤʧʘʥʠʿʘ ɽ. ɻ. ɹʘʜ (E. G. Budd) 

ʠʟ ʌʠʣʘʜʝʣʬʠʿʝ, ʇʝʥʩʠʣʚʘʥʠʿʘ, ʧʨʚʠ ʧʫʪ ʿʝ ʫʧʦʪʨʝʙʠʣʘ ʪʘʯʢʘʩʪʦ ʟʘʚʘʨʠʚʘˁʝ ʟʘ ʠʟʨʘʜʫ 

ʢʘʨʦʩʝʨʠʿʘ ʘʫʪʦʤʦʙʠʣʘ, ʘ ʢʘʩʥʠʿʝ 1932. ʛʦʜʠʥʝ ʠ ʟʘ ʠʟʨʘʜʫ ʞʝʣʝʟʥʠʯʢʠʭ ʣʦʢʦʤʦʪʠʚʘ. ʇʨʚʫ 

ʟʛʨʘʜʫ ʩʘ ʥʦʩʝ˂ʦʤ ʢʦʥʩʪʨʫʢʮʠʿʦʤ ʢʦʿʘ ʿʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʟʚʝʜʝʥʘ ʟʘʚʘʨʠʚʘˁʝʤ ʠʟʛʨʘʜʠʣʘ ʿʝ 

1924. ʛʦʜʠʥʝ ʢʦʤʧʘʥʠʿʘ General Boiler Co. ʇʨʚʠ ʞʝʣʝʟʥʠʯʢʠ ʤʦʩʪ ʠʟʛʨʘʜʠʣʘ ʿʝ 1928. ʛʦʜʠʥʝ 

ʢʦʤʧʘʥʠʿʘ ɺʝʩʪʠʥʛʭʘʫʩ (Westinghouse Electric and Manufacturing Company) ʫ ʇʠʪʩʙʫʨʛʫ, 

ʇʝʥʩʠʣʚʘʥʠʿʘ. ʇʦʯʝʮʠ ʧʨʦʧʠʩʠʚʘˁʘ ʧʘʨʘʤʝʪʘʨʘ ʟʘʚʘʨʠʚʘˁʘ ʠ ʧʨʦʿʝʢʪʦʚʘˁʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ 

ʚʝʟʘʥʠ ʩʫ ʟʘ ʨʘʜʦʚʝ  J. C. Lincoln, S. W.  Miller, C. J. Holslag, H. A. Woofter ʠ J. H. Deppler. ʇʨʚʠ 

ʤʦʩʪ ʢʦʿʠ ʿʝ ʠʟʨʘʹʝʥ ʟʘʚʘʨʠʚʘˁʝʤ ʧʦʜʠʛʥʫʪ ʿʝ 1929. ʛʦʜʠʥʝ ʥʘ ʨʝʮʠ Sludwie ʫ ʤʝʩʪʫ Lowicza ʫ 

ʇʦˀʩʢʦʿ ʧʦ ʧʨʦʿʝʢʪʫ ʧʨʦʬʝʩʦʨʘ Stefana Bryly ʠ ʙʠʦ ʿʝ ʫ ʫʧʦʪʨʝʙʠ ʜʦ 1977. ʛʦʜʠʥʝ ʢʘʜʘ ʿʝ 

ʟʘʤʝˁʝʥ ʚʝ˂ʠʤ ʤʦʩʪʦʤ ʟʙʦʛ ʠʟʛʨʘʜˁʝ ʘʫʪʦʧʫʪʘ. H. M. Hobart ʿʝ 1930. ʛʦʜʠʥʝ ʧʘʪʝʥʪʠʨʘʦ 

ʝʣʝʢʪʨʦʣʫʯʥʦ ʟʘʚʘʨʠʚʘˁʝ ʤʝʪʘʣʘ ʫ ʟʘʰʪʠʪʥʦʿ ʘʪʤʦʩʬʝʨʠ ʛʘʩʦʚʘ. ʂʦʤʧʘʥʠʿʘ Lincoln Electric Co. 

ʿʝ 1933. ʛʦʜʠʥʝ ʰʪʘʤʧʘʣʘ ʧʨʚʦ ʠʟʜʘˁʝ ʫʧʫʪʩʪʚʘ ʟʘ ʠʟʨʘʜʫ ʠ ʧʨʦʿʝʢʪʦʚʘˁʝ ʝʣʝʢʪʨʦʣʫʯʥʦʛ 

ʟʘʚʘʨʠʚʘˁʘ ʫ ʮʠˀʫ ʝʬʠʢʘʩʥʠʿʝʛ ʢʦʨʠʰ˂ʝˁʘ ʦʚʦʛ ʤʝʪʦʜʘ ʟʘʚʘʨʠʚʘˁʘ. ʆʩʠʛʫʨʘʚʘʿʫ˂ʘ ʢʦʤʧʘʥʠʿʘ 

ʃʦʿʜ ʿ ʝ 1934. ʛʦʜʠʥʝ ʧʨʦʧʠʩʘʣʘ ʠʩʧʠʪʠʚʘˁʝ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʧʫʪʝʤ ʨʝʥʜʛʝʥʩʢʠʭ ʟʨʘʢʘ.   V. H. 

Pavlecka, ʠʥʞʝˁʝʨ ʠ ʠʩʪʨʘʞʠʚʘʯ ʫ ʢʦʤʧʘʥʠʿʠ Russ Meredith of Northrup Aircraft Inc. ʦʧʠʩʘʦ ʿʝ 

ʧʦʩʪʫʧʘʢ ʟʘʚʘʨʠʚʘˁʘ ʥʝʪʦʧˀʠʚʦʤ ʚʦʣʬʨʘʤʩʢʦʤ ʝʣʝʢʪʨʦʜʦʤ ʫ ʟʘʰʪʠʪʥʦʿ ʘʪʤʦʩʬʝʨʠ ʠʥʝʨʪʥʠʭ 

ʛʘʩʦʚʘ 1942. ʛʦʜʠʥʝ. ʆʚʘʿ ʤʝʪʦʜ ʟʘʚʘʨʠʚʘˁʘ ʙʠʦ ʿʝ ʩʚʝ ʜʦ 90-ʪʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ ʰʠʨʦʢʦ 

ʧʨʠʤʝˁʠʚʘʥ ʫ ʘʚʠʦʥʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʢʘʜʘ ʛʘ ʿʝ ʟʘʤʝʥʠʦ ʧʦʩʪʫʧʘʢ ʟʘʚʘʨʠʚʘˁʘ ʪʨʝˁʝʤ. ʊʘʢʦʹʝ 

1942. ʛʦʜʠʥʝ ʫ ʯʘʩʦʧʠʩʫ Welding Journal, ʫ ʠʟʜʘˁʫ ɸʤʝʨʠʯʢʦʛ ʜʨʫʰʪʚʘ ʟʘ ʟʘʚʘʨʠʚʘˁʝ, 

ʥʘʛʣʘʰʝʥʦ ʿʝ ʜʘ ʩʝ ʧʦʪʧʫʥʘ ʚʘʞʥʦʩʪ ʝʣʝʢʪʨʦʣʫʯʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʫ ʪʦʤ ʪʨʝʥʫʪʢʫ ʥʠʿʝ ʤʦʛʣʘ 

ʩʘʛʣʝʜʘʪʠ, ʘʣʠ ʜʘ ʿʝ ˁʝʛʦʚʘ ʫʧʦʪʨʝʙʘ ʚʝʦʤʘ ʚʘʞʥʘ, ʥʘʨʦʯʠʪʦ ʢʦʜ ʤʘʥʛʘʥʩʢʠʭ ʯʝʣʠʢʘ ʢʦʿʠ ʩʫ ʫ 

ʪʦ ʚʨʝʤʝ ʙʠʣʠ ʥʘʧʨʝʜʘʥ ʤʘʪʝʨʠʿʘʣ ʩʘ ʚʝʣʠʢʠʤ ʧʦʪʝʥʮʠʿʘʣʦʤ ʟʘ ʠʟʨʘʜʫ ʣʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. 

ʊʘʢʦʹʝ, ʥʘʛʣʘʰʝʥʦ ʿʝ ʜʘ ʟʘʚʘʨʠʚʘˁʝ ʦʤʦʛʫ˂ʘʚʘ ʧʦʿʝʜʥʦʩʪʘʚˀʝˁʝ ʢʦʥʩʪʨʫʢʮʠʿʝ, ʦʣʘʢʰʘʚʘ ʠ 

ʦʤʦʛʫ˂ʘʚʘ ʙʨʞʝ ʬʦʨʤʠʨʘˁʝ ʢʦʥʩʪʨʫʢʮʠʿʘ ʫʟ ʧʦʟʠʪʠʚʘʥ ʝʢʦʥʦʤʩʢʠ ʝʬʝʢʘʪ. ʇʦʩʪʫʧʘʢ 

ʟʘʚʘʨʠʚʘˁʘ ʧʨʠʪʠʩʢʦʤ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʪʝʥʪʠʨʘʥ ʿʝ 1946. ʛʦʜʠʥʝ. ʂʦʤʧʘʥʠʿʘ Air 

Reduction Company ʿʝ 1948. ʛʦʜʠʥʝ ʨʘʟʚʠʣʘ ʧʦʩʪʫʧʘʢ ʟʘʚʘʨʠʚʘˁʘ ʪʦʧˀʠʚʦʤ ʝʣʝʢʪʨʦʜʥʦʤ 

ʞʠʮʦʤ ʫ ʟʘʰʪʠʪʥʦʿ ʘʪʤʦʩʬʝʨʠ ʠʥʝʨʪʥʠʭ ʛʘʩʦʚʘ. ɿʘʚʘʨʠʚʘˁʝ ʝʣʝʢʪʨʦʥʩʢʠʤ ʩʥʦʧʦʤ ʦʪʢʨʠʦ ʿ ʝ J. 

A. Stohr 1950. ʛʦʜʠʥʝ ʫ ʌʨʘʥʮʫʩʢʦʿ.  ɽʣʝʢʪʨʦʣʫʯʥʦ ʟʘʚʘʨʠʚʘˁʝ ʧʦʜ ʪʨʦʩʢʦʤ ʜʝʪʘˀʥʦ ʿʝ ʦʧʠʩʘʥʦ 

ʦʜ ʩʪʨʘʥʝ ʀʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ.ɭ.ʆ.ʇʘʪʦʥʘ ʫ ʂʠʿʝʚʫ, ʉʉʉʈ. ʇʦʩʪʫʧʘʢ 

ʝʣʝʢʪʨʦʣʫʯʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʧʦʜ ʟʘʰʪʠʪʥʠʤ ʧʨʘʰʢʦʤ ʦʪʢʨʠʚʝʥ ʿʝ 1954. ʛʦʜʠʥʝ. ɿʘʚʘʨʠʚʘˁʝ 

ʪʨʝˁʝʤ ʦʪʢʨʠʚʝʥʦ ʿʝ 1956. ʛʦʜʠʥʝ ʫ ʪʘʜʘʰˁʝʤ ʉʉʉʈ-ʫ. ɽʣʝʢʪʨʦʣʫʯʥʦ ʟʘʚʘʨʠʚʘˁʝ ʧʣʘʟʤʦʤ 

ʧʨʚʠ ʧʫʪ ʿʝ ʧʨʠʤʝˁʝʥʦ 1957. ʛʦʜʠʥʝ. ʊʦʢʦʤ 60-ʪʠʭ ʛʦʜʠʥʘ 20-ʪʦʛ ʚʝʢʘ ʦʪʢʨʠʚʝʥʦ ʿʝ ʧʫʣʩʥʦ 

ʝʣʝʢʪʨʦʣʫʯʥʦ ʟʘʚʘʨʠʚʘˁʝ ʢʘʦ ʠ ʟʘʚʘʨʠʚʘˁʝ ʝʢʩʧʣʦʟʠʚʦʤ. ʇʦʩʪʫʧʘʢ ʤʘʛʥʝʪʥʦʛ ʧʫʣʩʥʦʛ 

ʟʘʚʘʨʠʚʘˁʘ ʜʝʪʘˀʥʦ ʿʝ ʦʧʠʩʘʥ 2000. ʛʦʜʠʥʝ, ʢʘʦ ʠ ʧʦʩʪʫʧʘʢ ʟʘʚʘʨʠʚʘˁʘ ʜʠʦʜʥʠʤ ʣʘʩʝʨʦʤ. 

ɽʣʝʢʪʨʦʦʪʧʦʨʥʦ ʟʘʚʘʨʠʚʘˁʝ ʿʝ ʪʘʢʦʹʝ ʦʧʠʩʘʥʦ 2000. ʛʦʜʠʥʝ. ʄʦʜʠʬʠʢʘʮʠʿʘ ʦʚʦʛ ʧʦʩʪʫʧʢʘ 

ʧʦʟʥʘʪʘ ʢʘʦ ʦʪʧʦʨʥʦ ʟʘʚʘʨʠʚʘˁʝ ʧʨʠ ʧʨʩʪʝʥʘʩʪʠʤ ʜʝʬʦʨʤʘʮʠʿʘʤʘ ʿʝ ʨʘʟʚʠʣʘ ʢʦʤʧʘʥʠʿʘ Delphi 

ʪʦʢʦʤ 2004. ʛʦʜʠʥʝ [3, 19, 20, 38, 39].  

 ɿʘʚʘʨʠʚʘˁʝ ʤʝʪʘʣʘ ʧʨʘʪʠ ʥʝʧʨʝʢʠʜʘʥ ʨʘʟʚʦʿ ʢʘʢʦ ʩʘʤʝ ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʧʦʩʪʫʧʘʢʘ, ʪʘʢʦ ʠ 

ʨʘʟʚʦʿ ʦʧʨʝʤʝ ʠ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ. ʇʨʘʚʮʠ ʨʘʟʚʦʿʘ ʟʘʚʘʨʠʚʘˁʘ ʢʨʝ˂ʫ ʩʝ ʧʨʝʤʘ ʥʦʚʠʤ 

ʭʠʙʨʠʜʥʠʤ ʧʨʦʮʝʩʠʤʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʦʤʙʠʥʘʮʠʿʝ ʟʘʚʘʨʠʚʘˁʘ ʠ ʣʝʤˀʝˁʘ, ʩʚʝ ʫ ʮʠˀʫ 

ʦʩʪʚʘʨʠʚʘˁʘ ʧʦʪʨʝʙʥʠʭ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʦʩʦʙʠʥʘ ʦʩʪʚʘʨʝʥʦʛ ʩʧʦʿʘ ʫ ʩʚʝ 

ʢʦʤʧʣʠʢʦʚʘʥʠʿʠʤ ʫʩʣʦʚʠʤʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ.  
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 2.2 ʆʎɽʅɸ ɿɸɺɸʈɲʀɺʆʉʊʀ ʏɽʃʀʂɸ  

 ʆʩʪʚʘʨʠʚʘˁʝ ʩʧʦʿʝʚʘ ʟʘʚʘʨʠʚʘˁʝʤ, ʥʘʨʦʯʠʪʦ ʫ ʩʣʫʯʘʿʫ ʩʧʘʿʘˁʘ ʜʝʣʦʚʘ ʠʟʨʘʹʝʥʠʭ ʦʜ 

ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʧʨʝʜʩʪʘʚˀʘ ʢʦʤʧʣʝʢʩʘʥ ʧʨʦʮʝʩ ʩʘ ʚʝʦʤʘ ʚʝʣʠʢʠʤ 

ʙʨʦʿʝʤ ʫʪʠʮʘʿʥʠʭ ʬʘʢʪʦʨʘ. ʈʘʟʚʦʿʝʤ ʥʘʧʨʝʜʥʠʭ ʚʨʩʪʘ ʯʝʣʠʢʘ ʢʘʢʚʠ ʩʫ ʤʠʢʨʦʣʝʛʠʨʘʥʠ ʯʝʣʠʮʠ 

ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʜʦʣʘʟʠ ʜʦ ʠʥʪʝʥʟʠʚʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʙʣʘʩʪʠʤʘ ʚʝʟʘʥʠʤ ʟʘ ˁʠʭʦʚʦ 

ʟʘʚʘʨʠʚʘˁʝ. ʇʨʦʠʟʚʦʹʘʯʠ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʚʘʞʥʦʩʪ ʠ 

ʩʣʦʞʝʥʦʩʪ ʟʘʚʘʨʠʚʘˁʘ ʧʨʦʧʠʩʫʿʫ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʪʝʭʥʦʣʦʛʠʿʫ ʟʘʚʘʨʠʚʘˁʘ ʦʚʠʭ ʯʝʣʠʢʘ.  ʉ 

ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʟʘʚʘʨˀʠʚʦʩʪ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʧʨʝʜʩʪʘʚˀʘ ʚʝʦʤʘ 

ʢʦʤʧʣʝʢʩʘʥ ʧʨʦʙʣʝʤ, ʫ ʦʢʚʠʨʫ ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʦʩʪʚʘʨʠʚʘˁʝ ʩʧʦʿʝʚʘ ʟʘʚʘʨʠʚʘˁʝʤ ʙʠ˂ʝ 

ʧʦʩʤʘʪʨʘʥʦ ʠʟ ʚʠʰʝ ʘʩʧʝʢʘʪʘ. ʇʦʩʝʙʘʥ ʦʩʚʨʪ ʙʠ˂ʝ ʧʦʩʚʝ˂ʝʥ ʦʮʝʥʠ ʟʘʚʘʨˀʠʚʦʩʪʠ ʯʝʣʠʢʘ 

ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʢʣʘʩʝ S690QL.  

 ɿʘʚʘʨˀʠʚʦʩʪ ʿʝ ʩʣʦʞʝʥʘ ʪʝʭʥʦʣʦʰʢʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʦʤ ʩʝ ʠʟʨʘʞʘʚʘ ʫʪʠʮʘʿ 

ʧʦʩʪʫʧʘʢʘ ʠ ʧʘʨʘʤʝʪʘʨʘ ʟʘʚʘʨʠʚʘˁʘ ʥʘ ʟʘʚʘʨʝʥʠ ʩʧʦʿ, ˁʝʛʦʚʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʧʦʥʘʰʘˁʝ ʟʘ 

ʚʨʝʤʝ ʠ ʧʦʩʣʝ ʟʘʚʘʨʠʚʘˁʘ ʫ ʪʦʧʣʦʪʥʦʤ ʠ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʤ ʩʤʠʩʣʫ. ɿʘʚʘʨˀʠʚʦʩʪ ʝʿ 

ʤʝʨʘ ʨʝʣʘʪʠʚʥʝ ʧʦʛʦʜʥʦʩʪʠ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʩʪʚʘʨʘˁʝ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʦʜʨʝʹʝʥʦʤ ʪʝʭʥʦʣʦʛʠʿʦʤ 

ʟʘʚʘʨʠʚʘˁʘ ʪʘʢʦ ʜʘ ʦʩʪʚʘʨʝʥʠ ʩʧʦʿʝʚʠ ʟʘʜʦʚʦˀʘʚʘʿʫ ʧʨʦʧʠʩʘʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʩʚʦʿʩʪʚʘ ʫ 

ʧʨʝʜʚʠʹʝʥʠʤ ʫʩʣʦʚʠʤʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ʆʮʝʥʘ ʟʘʚʘʨˀʠʚʦʩʪʠ ʧʦʜʨʘʟʫʤʝʚʘ ʘʥʘʣʠʟʫ 

ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ ʨʝʰʝˁʘ, ʤʘʪʝʨʠʿʘʣʘ ʠ ʧʨʠʤʝˁʝʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʠ ˁʠʭʦʚʝ ʤʝʹʫʩʦʙʥʝ 

ʠʥʪʝʨʘʢʮʠʿʝ, ʰʪʦ ʿʝ ʠʣʫʩʪʨʘʪʠʚʥʦ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 5. 

  

ʉʣʠʢʘ 5. ɿʘʚʘʨˀʠʚʦʩʪ ʢʘʦ ʩʣʦʞʝʥ ʧʨʦʙʣʝʤ 

 ʇʨʦʧʠʩʘʥʝ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʦʩʦʙʠʥʝ ʦʩʪʚʘʨʝʥʠʭ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʫ ʩʤʠʩʣʫ 

ʟʘʚʘʨˀʠʚʦʩʪʠ ʦʜʥʦʩʝ ʩʝ ʥʘ ʤʝʭʘʥʠʯʢʝ, ʩʪʨʫʢʪʫʨʥʝ ʠ ʭʝʤʠʿʩʢʝ ʦʩʦʙʠʥʝ ʢʘʢʦ ʤʝʪʘʣʘ ʰʘʚʘ ʪʘʢʦ 

ʠ ʟʦʥʝ ʦʢʦ ˁʝʛʘ. ʂʘʦ ʩʣʦʞʝʥ ʧʦʿʘʤ, ʟʘʚʘʨˀʠʚʦʩʪ ʩʝ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ ʠʟ ʚʠʰʝ ʘʩʧʝʢʘʪʘ. ʀʟ 

ʤʝʪʘʣʫʨʰʢʦʛ ʘʩʧʝʢʪʘ ʟʘʚʘʨˀʠʚʠ ʩʫ ʭʦʤʦʛʝʥʠ ʤʝʪʘʣʥʠ ʤʘʪʝʨʠʿʘʣʠ ʢʦʿʠ ʦʙʨʘʟʫʿʫ ʯʚʨʩʪʝ 

ʨʘʩʪʚʦʨʝ ʠ ʥʝʝʫʪʝʢʪʠʯʢʝ ʠ ʝʫʪʝʢʪʠʯʢʝ ʩʤʝʰʝ, ʦʜʥʦʩʥʦ ʩʚʠ ʤʘʪʝʨʠʿʘʣʠ ʢʦʿʠ ʧʦʩʝʜʫʿʫ 

ʤʝʪʘʣʫʨʰʢʫ ʟʘʚʘʨˀʠʚʦʩʪ ʠ ʢʦʿʠ ʩʝ ʤʦʛʫ ʫʩʧʝʰʥʦ ʟʘʚʘʨʠʚʘʪʠ ʧʨʠʤʝʥʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ 

ʧʦʩʪʫʧʘʢʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘ ʟʘʚʘʨʠʚʘˁʘ. ʀʟ ʤʝʪʘʣʫʨʰʢʦʛ ʘʩʧʝʢʪʘ ʥʝʟʘʚʘʨˀʠʚʠ ʩʫ ʦʥʠ ʤʘʪʝʨʠʿʘʣʠ 

ʯʠʿʠ ʩʝ ʩʘʩʪʘʚʥʠ ʭʝʤʠʿʩʢʠ ʝʣʝʤʝʥʪʠ ʥʝ ʨʘʩʪʚʘʨʘʿʫ ʫ ʯʚʨʩʪʦʤ ʘʛʨʝʛʘʪʥʦʤ ʩʪʘˁʫ, ʚʝ˂ ʦʙʨʘʟʫʿʫ 

ʪʚʨʜʘ ʠ ʢʨʪʘ ʭʝʤʠʿʩʢʘ ʿʝʜʠˁʝˁʘ. ʄʝʪʘʣʫʨʰʢʘ ʟʘʚʘʨˀʠʚʦʩʪ ʦʙʫʭʚʘʪʘ ʩʚʝ ʤʝʪʘʣʫʨʰʢʝ ʧʨʦʤʝʥʝ 

ʫ ʤʘʪʝʨʠʿʘʣʫ ʢʦʿʝ ʩʫ ʠʟʘʟʚʘʥʝ ʪʦʧʣʦʪʦʤ ʫʥʝʪʦʤ ʟʘ ʚʨʝʤʝ ʟʘʚʘʨʠʚʘˁʘ.  

 ʂʦʥʩʪʨʫʢʮʠʦʥʠ ʘʩʧʝʢʪ ʟʘʚʘʨˀʠʚʦʩʪʠ ʦʙʫʭʚʘʪʘ ʥʠʟ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʝ ʫʩʣʦʚˀʘʚʘʿʫ 

ʢʦʥʩʪʨʫʢʮʠʿʩʢʘ ʨʝʰʝˁʘ ʝʣʝʤʝʥʘʪʘ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʠ ʩʘʤʠʭ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʫ 

ʧʨʝʜʚʠʹʝʥʠʤ ʫʩʣʦʚʠʤʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ.  

 ʊʝʭʥʦʣʦʰʢʠ ʘʩʧʝʢʪ ʟʘʚʘʨˀʠʚʦʩʪʠ ʧʦʜʨʘʟʫʤʝʚʘ ʘʥʘʣʠʟʫ ʫʪʠʮʘʿʘ ʪʝʭʥʦʣʦʰʢʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʥʘ ʦʩʦʙʠʥʝ ʠ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ (ʧʦʩʪʫʧʘʢ ʠ ʠʟʚʦʹʝˁʝ ʟʘʚʘʨʠʚʘˁʘ, 

ʚʨʩʪʫ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʫʧʦʪʨʝʙˀʝʥʫ ʣʠʥʠʿʩʢʫ ʝʥʝʨʛʠʿʫ ʟʘʚʘʨʠʚʘˁʘ, 

ʙʨʟʠʥʫ ʭʣʘʹʝˁʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠ ʪʩʣ.).  
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 ʆʧʝʨʘʪʠʚʥʠ ʘʩʧʝʢʪ ʦʙʫʭʚʘʪʘ ʧʦʥʘʰʘˁʝ ʤʘʪʝʨʠʿʘʣʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʠʣʠ ʥʘʚʘʨʠʚʘˁʫ. ʀʟ 

ʦʚʦʛ ʘʩʧʝʢʪʘ ʤʘʪʝʨʠʿʘʣ ʿʝ ʜʦʙʨʦ ʟʘʚʘʨˀʠʚ ʢʘʜʘ ʩʝ ʩʘ ʜʦʜʘʪʥʠʤ ʤʘʪʝʨʠʿʘʣʦʤ ʩʿʝʜʠˁʫʿʝ ʫ 

ʭʦʤʦʛʝʥʫ ʣʝʛʫʨʫ ʠ ʪʦʧʠ ʙʝʟ ʪʝʰʢʦ˂ʘ, ʧʦʿʘʚʝ ʧʨʩʣʠʥʘ, ʛʘʩʥʠʭ ʤʝʭʫʨʦʚʘ ʠ ʪʩʣ.  

 ʇʦʿʘʤ ʟʘʚʘʨˀʠʚʦʩʪ ʥʝʤʘ ʛʝʥʝʨʘʣʥʫ, ʝʢʩʧʣʠʮʠʪʥʫ ʠ ʫʥʠʬʦʨʤʥʫ ʜʝʬʠʥʠʮʠʿʫ ʩ ʦʙʟʠʨʦʤ ʥʘ 

ˁʝʛʦʚʫ ʩʣʦʞʝʥʦʩʪ ʠ ʚʝʣʠʢʠ ʙʨʦʿ ʘʩʧʝʢʘʪʘ ʨʘʟʤʘʪʨʘˁʘ. ʅʘʿʨʘʩʧʨʦʩʪʨʘˁʝʥʠʿʘ ʜʝʬʠʥʠʮʠʿʘ 

ʟʘʚʘʨˀʠʚʦʩʪʠ ʿʝ ʜʝʬʠʥʠʮʠʿʘ ʟʘʚʘʨˀʠʚʦʩʪʠ ʄʝʹʫʥʘʨʦʜʥʦʛ ʠʥʩʪʠʪʫʪʘ ʟʘ ʟʘʚʘʨʠʚʘˁʝ 

(Interntional Institute of Welding - IIW): ʄʝʪʘʣʥʠ ʤʘʪʝʨʠʿʘʣ ʩʝ ʩʤʘʪʨʘ, ʥʘ ʦʜʨʝʹʝʥʠ ʥʘʯʠʥ 

ʟʘʚʘʨˀʠʚʠʤ, ʘʢʦ ʧʦʤʦ˂ʫ ʟʘʚʘʨʠʚʘˁʘ, ʧʨʠ ʢʦʨʠʰ˂ʝˁʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʪʝʭʥʠʢʝ ʩʧʘʿʘˁʘ, ʥʘʩʪʘʿʫ 

ʿʝʜʠʥʩʪʚʝʥʠ ʤʝʪʘʣʥʠ ʩʧʦʿʝʚʠ, ʢʦʿʠ ʠʩʧʫˁʘʚʘʿʫ ʧʦʩʪʘʚˀʝʥʝ ʟʘʭʪʝʚʝ ʫ ʩʤʠʩʣʫ ʣʦʢʘʣʥʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ˁʠʭʦʚʦʛ ʫʪʠʮʘʿʘ ʥʘ ʯʚʨʩʪʦ˂ʫ ʢʦʥʩʪʨʫʢʮʠʿʝ. ʅʘʚʝʜʝʥʘ ʜʝʬʠʥʠʮʠʿʘ 

ʟʘʚʘʨˀʠʚʦʩʪʠ ʢʘʦ ʠ ʜʨʫʛʝ ʜʝʬʠʥʠʮʠʿʝ ʢʦʿʝ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʫ ʣʠʪʝʨʘʪʫʨʠ ʩʫ ʥʝʜʦʚʦˀʥʝ ʠ 

ʥʝʧʦʪʧʫʥʝ ʥʘʨʦʯʠʪʦ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʧʨʘʢʪʠʯʥʦʛ ʨʘʟʤʘʪʨʘˁʘ ʟʘʚʘʨˀʠʚʦʩʪʠ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ 

ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ, ʰʪʦ ʫʧʫ˂ʫʿʝ ʥʘ ʥʝʦʧʭʦʜʥʦʩʪ ʜʘˀʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ, 

ʧʦʩʝʙʥʦ ʠʟ ʘʩʧʝʢʪʘ ʧʦʫʟʜʘʥʦʩʪʠ ʦʩʪʚʘʨʝʥʠʭ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ [133, 134, 140, 142]. 

 ʆʮʝʥʘ ʟʘʚʘʨˀʠʚʦʩʪʠ ʦʙʫʭʚʘʪʘ ʜʚʘ ʧʦʩʪʫʧʢʘ: ʧʨʦʮʝʥʫ ʚʨʝʜʥʦʩʪʠ ʧʦʢʘʟʘʪʝˀʘ ʟʘʚʘʨˀʠʚʦʩʪʠ 

ʟʘ ʠʩʧʠʪʠʚʘʥʠ ʦʙʣʠʢ ʩʧʦʿʘ, ʤʘʪʝʨʠʿʘʣʘ ʠ ʥʘʯʠʥʘ ʟʘʚʘʨʠʚʘˁʘ (ʪʝʩʪʠʨʘˁʝ ʤʘʪʝʨʠʿʘʣʘ), ʢʘʦ ʠ 

ʠʟʙʦʨ ʫʩʣʦʚʘ ʠ ʜʨʫʛʠʭ ʤʝʨʘ ʜʘ ʙʠ ʩʝ ʨʝʘʣʠʟʦʚʘʣʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ (ʧʦʪʚʨʜʘ 

ʪʝʭʥʦʣʦʛʠʿʝ). ʅʘʿʚʘʞʥʠʿʠ ʢʨʠʪʝʨʠʿʫʤ ʧʨʠ ʦʮʝʥʠ ʟʘʚʘʨˀʠʚʦʩʪʠ ʿʝ ʥʝʧʨʝʢʠʜʥʦʩʪ ʦʩʪʚʘʨʝʥʦʛ 

ʩʧʦʿʘ, ʦʜʥʦʩʥʦ ʤʝʪʘʣʥʠ ʢʦʥʪʠʥʫʠʪʝʪ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. ɹʫʜʫ˂ʠ ʜʘ ʩʝ ʤʝʪʘʣʥʠ ʢʦʥʪʠʥʫʠʪʝʪ 

ʥʘʨʫʰʘʚʘ ʫʢˀʫʯʮʠʤʘ ʠ ʬʦʨʤʠʨʘˁʝʤ ʧʨʩʣʠʥʘ, ʧʨʠ ʨʘʟʤʘʪʨʘˁʫ ʟʘʚʘʨˀʠʚʦʩʪʠ ʧʦʩʝʙʥʫ ʧʘʞˁʫ 

ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʩʚʝʪʠʪʠ ʤʝʭʘʥʠʟʤʠʤʘ ˁʠʭʦʚʦʛ ʥʘʩʪʘʥʢʘ. ʇʨʩʣʠʥʝ ʫ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʚʠʤʘ ʩʝ 

ʧʨʝʤʘ ʤʝʭʘʥʠʟʤʠʤʘ ʥʘʩʪʘʥʢʘ ʤʦʛʫ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʢʘʦ ʪʦʧʣʝ, ʭʣʘʜʥʝ, ʣʘʤʝʣʘʨʥʝ ʠ ʧʨʩʣʠʥʝ 

ʞʘʨʝˁʘ. ʇʦʩʝʙʥʫ ʚʘʞʥʦʩʪ ʧʨʠ ʨʘʟʤʘʪʨʘˁʫ ʟʘʚʘʨˀʠʚʦʩʪʠ, ʧʦʨʝʜ ʤʝʪʘʣʥʦʛ ʢʦʥʪʠʥʫʠʪʝʪʘ 

ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʩʚʝʪʠʪʠ ʦʮʝʥʠ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʢʘʦ ʰʪʦ 

ʩʫ ʯʚʨʩʪʦ˂ʘ, ʫʜʘʨʥʘ ʞʠʣʘʚʦʩʪ ʠ ʨʘʩʧʦʜʝʣʘ ʪʚʨʜʦ˂ʘ ʫ ʧʦʿʝʜʠʥʠʤ ʟʦʥʘʤʘ ʩʧʦʿʝʚʘ. 

 2.2.1 ɸʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʦʮʝʥʝ ʟʘʚʘʨˀʠʚʦʩʪʠ 

 ʇʨʠ ʟʘʚʘʨʠʚʘˁʫ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʫʦʙʠʯʘʿʝʥ ʿʝ ʧʦʩʪʫʧʘʢ ʧʨʝʜʛʨʝʚʘˁʘ ʫ ʮʠˀʫ 

ʠʟʙʝʛʘʚʘˁʘ ʥʘʩʪʘʥʢʘ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ, ʠʟʙʝʛʘʚʘˁʘ ʧʦʨʘʩʪʘ ʪʚʨʜʦ˂ʝ ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ, ʢʘʦ 

ʠ ʨʘʜʠ ʦʙʝʟʙʝʹʠʚʘˁʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ ʫ ʟʦʥʠ ʩʧʦʿʝʚʘ. ʇʦʪʨʝʙʘʥ ʥʠʚʦ 

ʧʨʝʜʛʨʝʚʘˁʘ ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ ʥʘ ʚʠʰʝ ʥʘʯʠʥʘ ʦʜ ʢʦʿʠʭ ʩʝ ʥʘʿʚʝ˂ʠ ʙʨʦʿ ʦʜʥʦʩʠ ʥʘ ʝʤʧʠʨʠʿʩʢʠ 

ʦʜʥʦʩ ʠʟʤʝʹʫ ʩʘʩʪʘʚʘ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʦʜʥʦʩʥʦ ʭʝʤʠʿʩʢʦʛ ʝʢʚʠʚʘʣʝʥʪʘ ʫʛˀʝʥʠʢʘ, 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠ ʙʨʟʠʥʝ ʭʣʘʹʝˁʘ. ʅʘ ʧʨʠʤʝʨ, ʩʪʘʥʜʘʨʜ EN 1011-2:2001 

ʧʨʦʧʠʩʫʿʝ ʦʜʨʝʹʠʚʘˁʝ ʤʠʥʠʤʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʛʨʝʚʘˁʘ ʩ ʦʙʟʠʨʦʤ ʥʘ ʥʘʩʪʘʥʘʢ ʭʣʘʜʥʠʭ 

ʧʨʩʣʠʥʘ ʢʘʦ ʬʫʥʢʮʠʿʫ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʯʝʣʠʢʘ, ʜʝʙˀʠʥʝ ʧʣʦʯʘ ʫ ʦʙʣʠʢʫ ʢʦʤʙʠʥʦʚʘʥʝ 

ʜʝʙˀʠʥʝ ʧʣʦʯʘ, ʥʠʚʦʘ ʩʘʜʨʞʘʿʘ ʫʛˀʝʥʠʢʘ ʫ ʜʦʜʘʪʥʦʤ ʤʘʪʝʨʠʿʘʣʫ ʠ ʫʥʦʩʘ ʪʦʧʣʦʪʝ [25]. 

ʇʨʦʙʣʝʤ ʫ ʧʨʠʤʝʥʠ ʫʩʧʦʩʪʘʚˀʝʥʠʭ ʨʝʣʘʮʠʿʘ ʿʝ ʫ ʪʦʤʝ ʰʪʦ ʩʫ ʦʥʝ ʨʘʟʚʠʿʝʥʝ ʠʟʤʝʹʫ 1950. ʠ 

1980. ʛʦʜʠʥʝ, ʧʘ ʩʝ ʩ ʪʦʛʘ ʠ ʦʜʥʦʩʝ ʧʨʚʝʥʩʪʚʝʥʦ ʥʘ ʯʝʣʠʢʝ ʢʦʿʠ ʩʫ ʙʠʣʠ ʫ ʰʠʨʦʢʦʿ ʫʧʦʪʨʝʙʠ ʫ 

ʥʘʚʝʜʝʥʦʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ. 

 ɸʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʩʝ ʧʨʚʝʥʩʪʚʝʥʦ ʦʜʥʦʩʝ ʥʘ ʧʨʦʮʝʥʫ ʟʘʚʘʨˀʠʚʦʩʪʠ ʧʨʝʤʘ ʭʝʤʠʿʩʢʦʤ 

ʩʘʩʪʘʚʫ ʯʝʣʠʢʘ ʥʘ ʦʩʥʦʚʫ ʠʟʨʘʯʫʥʘʚʘˁʘ ʭʝʤʠʿʩʢʦʛ ʝʢʚʠʚʘʣʝʥʪʘ ʫʛˀʝʥʠʢʘ - CE. ʍʝʤʠʿʩʢʠ 

ʝʢʚʠʚʘʣʝʥʪ ʫʛˀʝʥʠʢʘ ʩʝ ʢʦʜ ʟʘʢʘˀʠʚʠʭ ʯʝʣʠʢʘ ʠʟʨʘʯʫʥʘʚʘ ʧʨʝʤʘ ʠʟʨʘʟʫ:  

,
4 4

Si Mn
CE C= + + %,  (1) 

ʛʜʝ ʩʫ ʭʝʤʠʿʩʢʠʤ ʩʠʤʙʦʣʠʤʘ ʝʣʝʤʝʥʘʪʘ ʦʟʥʘʯʝʥʠ ˁʠʭʦʚʠ ʧʨʦʮʝʥʪʫʘʣʥʠ ʩʘʜʨʞʘʿʠ ʫ ʯʝʣʠʢʫ, ʘ 

CE ʿ ʝ ʭʝʤʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪ ʫʛˀʝʥʠʢʘ ʠʟʨʘʞʝʥ ʫ ʧʨʦʮʝʥʪʠʤʘ. ʇʨʠʢʘʟʘʥʠ ʠʟʨʘʟ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ 

ʭʝʤʠʿʩʢʦʛ ʝʢʚʠʚʘʣʝʥʪʘ ʫʛˀʝʥʠʢʘ ʫʢʘʟʫʿʝ ʜʘ ʧʦʚʝ˂ʘˁʝ ʩʘʜʨʞʘʿʘ ʫʛˀʝʥʠʢʘ ʧʦʛʦʨʰʘʚʘ 

ʟʘʚʘʨˀʠʚʦʩʪ ʯʝʣʠʢʘ ʟʥʘʪʥʦ ʚʠʰʝ (ʯʘʢ ʯʝʪʠʨʠ ʧʫʪʘ) ʦʜ ʩʠʣʠʮʠʿʫʤʘ ʠ ʤʘʥʛʘʥʘ. ʍʝʤʠʿʩʢʠ 



54 

 

ʝʢʚʠʚʘʣʝʥʪ ʫʛˀʝʥʠʢʘ ʩʝ, ʟʘ ʯʝʣʠʢʝ ʩʘ ʜʦʜʘʪʢʦʤ ʤʘʥʛʘʥʘ ʠ ʦʩʪʘʣʠʭ ʣʝʛʠʨʘʿʫ˂ʠʭ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ 

ʧʦʚʝ˂ʘʚʘʿʫ ʩʢʣʦʥʦʩʪ ʢʘ ʟʘʢʘˀʠʚʘˁʫ ʘ ʧʦʛʦʨʰʘʚʘʿʫ ʟʘʚʘʨˀʠʚʦʩʪ, ʠʟʨʘʯʫʥʘʚʘ ʧʨʝʤʘ ʠʟʨʘʟʫ: 

,
6 5 4

Mn Cr Mo
CE C= + + +  %, (2) 

ʛʜʝ ʩʫ, ʢʘʦ ʠ ʫ ʧʨʝʪʭʦʜʥʦʤ ʠʟʨʘʟʫ, ʭʝʤʠʿʩʢʠʤ ʩʠʤʙʦʣʠʤʘ ʝʣʝʤʝʥʘʪʘ ʦʟʥʘʯʝʥʠ ˁʠʭʦʚʠ 

ʧʨʦʮʝʥʪʫʘʣʥʠ ʩʘʜʨʞʘʿʠ ʫ ʯʝʣʠʢʫ ʘ ʩʘ CE ʭʝʤʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪ ʫʛˀʝʥʠʢʘ ʠʟʨʘʞʝʥ ʫ 

ʧʨʦʮʝʥʪʠʤʘ. ɿʘ ʧʨʦʮʝʥʫ ʟʘʚʘʨˀʠʚʦʩʪʠ ʥʘ ʦʩʥʦʚʫ ʢʚʘʣʠʪʘʪʠʚʥʦ - ʢʚʘʥʪʠʪʘʪʠʚʥʦʛ ʩʘʩʪʘʚʘ 

ʤʘʪʝʨʠʿʘʣʘ ʥʘʿʚʠʰʝ ʩʝ ʢʦʨʠʩʪʠ  ʠʟʨʘʟ ʢʦʿʠ ʿʝ ʧʨʝʜʣʦʞʝʥ ʦʜ ʩʪʨʘʥʝ ʄʝʹʫʥʘʨʦʜʥʦʛ ʠʥʩʪʠʪʫʪʘ ʟʘ 

ʟʘʚʘʨʠʚʘˁʝ [56]: 

, 
6 5 15

IIW

Mn Cr Mo V Ni Cu
CE C

+ + +
= + + + %. (3) 

 ʅʘ ʦʩʥʦʚʫ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʯʝʣʠʢʘ ʢʦʿʠ ʿʝ ʠʟʨʘʞʝʥ ʧʨʝʢʦ ʭʝʤʠʿʩʢʦʛ ʝʢʚʠʚʘʣʝʥʪʘ ʤʦʞʝ ʩʝ 

ʧʨʦʮʝʥʠʪʠ ʤʘʢʩʠʤʘʣʥʘ ʠ ʤʠʥʠʤʘʣʥʘ ʪʚʨʜʦ˂ʘ ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ - minHV ʠ maxHV ʧʨʝʤʘ 

ʩʣʝʜʝ˂ʠʤ ʨʝʣʘʮʠʿʘʤʘ: 

min 1200 260HV CE= Ö -  ʠ 

max 1200 200HV CE= Ö -. 
(4) 

 ʇʨʠʢʘʟʘʥʝ ʢʦʨʝʣʘʮʠʦʥʝ ʚʝʟʝ ʭʝʤʠʿʩʢʦʛ ʝʢʚʠʚʘʣʝʥʪʘ ʫʛˀʝʥʠʢʘ ʠ ʪʚʨʜʦ˂ʝ ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ 

ʪʦʧʣʦʪʝ ʚʘʞʝ ʢʘʜʘ ʩʝ ʚʨʝʜʥʦʩʪʠ ʭʝʤʠʿʩʢʦʛ ʝʢʚʠʚʘʣʝʥʪʘ ʫʛˀʝʥʠʢʘ ʥʘʣʘʟʝ ʩʝ ʫ ʛʨʘʥʠʮʘʤʘ 0,2 < 

CE < 0,6%. ɹʫʜʫ˂ʠ ʜʘ ʩʝ ʩʤʘʪʨʘ ʜʘ ʩʝ ʫ ʩʣʫʯʘʿʫ ʧʦʿʘʚʝ ʪʚʨʜʦ˂ʝ ʠʟʥʘʜ 350 HV ʬʦʨʤʠʨʘ 

ʤʘʨʪʝʥʟʠʪʥʘ ʩʪʨʫʢʪʫʨʘ, ʠ ʜʘ ʦʚʦʿ ʪʚʨʜʦ˂ʠ ʦʜʛʦʚʘʨʘ ʚʨʝʜʥʦʩʪ CE = 0,45%, ʫʟ ʚʝʣʠʢʘ 

ʫʧʨʦʰ˂ʘʚʘˁʘ ʠ ʟʘʥʝʤʘʨʠʚʘˁʝʤ ʥʠʟʘ ʜʨʫʛʠʭ ʬʘʢʪʦʨʘ ʫʩʚʘʿʘ ʩʝ ʜʘ ʩʫ ʯʝʣʠʮʠ ʩʘ CE < 0,45% 

ʟʘʚʘʨˀʠʚʠ ʙʝʟ ʧʨʠʤʝʥʝ ʜʦʜʘʪʥʠʭ ʤʝʨʘ. ʏʝʣʠʮʠ ʩʘ CE > 0,45% ʩʫ ʥʝʟʘʚʘʨˀʠʚʠ ʠʣʠ ʫʩʣʦʚʥʦ 

ʟʘʚʘʨˀʠʚʠ ʫʟ ʧʨʠʤʝʥʫ ʜʦʜʘʪʥʠʭ ʤʝʨʘ (ʧʨʝʜʛʨʝʚʘˁʝ, ʞʘʨʝˁʝ ʠ ʪʩʣ.).  

 ʇʨʝʧʦʨʫʯʝʥʝ ʚʨʝʜʥʦʩʪʠ ʭʝʤʠʿʩʢʦʛ ʝʢʚʠʚʘʣʝʥʪʘ ʫʛˀʝʥʠʢʘ ʩʫ: CE = 0,38% ʜʦ 0,43% ʟʘ 

ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʯʝʣʠʢʝ; CE = 0,34% ʜʦ 0,40% ʟʘ ʢʦʥʪʨʦʣʠʩʘʥʦ ʭʣʘʹʝʥʝ ʯʝʣʠʢʝ ʠ CE = 0,30% ʜʦ 

0,36% ʟʘ ʫʙʨʟʘʥʦ ʭʣʘʹʝʥʝ ʯʝʣʠʢʝ. 

 ʍʝʤʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪ ʫʛˀʝʥʠʢʘ ʩʝ ʟʘ ʦʮʝʥʫ ʟʘʚʘʨˀʠʚʦʩʪʠ ʫʩʣʦʚʥʦ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʥʘ 

ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

¶ ʢʘʜʘ ʿʝ CE > 0,50% ʤʦʛʫ˂ʥʦʩʪ ʜʦʙʠʿʘˁʘ ʭʦʤʦʛʝʥʠʭ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʿʝ ʤʘʣʘ ʠ ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʠʤʝʥʠʪʠ ʥʠʟ ʜʦʜʘʪʥʠʭ ʪʝʭʥʦʣʦʰʢʠʭ ʤʝʨʘ 

ʟʘ ʧʦʙʦˀʰʘˁʝ ʟʘʚʘʨˀʠʚʦʩʪʠ; 

¶ ʢʘʜʘ ʿʝ 0,30 < CE < 0,50% ʭʦʤʦʛʝʥʠ ʟʘʚʘʨʝʥʠ ʩʧʦʿʝʚʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʢʚʘʣʠʪʝʪʘ ʜʦʙʠʿʘʿʫ 

ʩʝ ʧʨʠʤʝʥʦʤ ʫʦʙʠʯʘʿʝʥʠʭ ʪʝʭʥʦʣʦʰʢʠʭ ʤʝʨʘ (ʥʘ ʧʨʠʤʝʨ ʧʨʝʜʛʨʝʚʘˁʝ) ʠ 

¶ ʢʘʜʘ ʿʝ CE < 0,30% ʯʝʣʠʢ ʿʝ ʜʦʙʨʦ ʟʘʚʘʨˀʠʚ, ʜʘʢʣʝ ʤʦʛʫ˂ʝ ʿʝ ʦʩʪʚʘʨʠʪʠ ʭʦʤʦʛʝʥʝ 

ʟʘʚʘʨʝʥʝ ʩʧʦʿʝʚʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʝʟ ʧʨʠʤʝʥʝ ʜʦʜʘʪʥʠʭ ʤʝʨʘ. 

 ʆʮʝʥʘ ʟʘʚʘʨˀʠʚʦʩʪʠ ʯʝʣʠʢʘ ʥʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ʭʝʤʠʿʩʢʦʛ ʝʢʚʠʚʘʣʝʥʪʘ ʫʛˀʝʥʠʢʘ 

ʟʘʥʝʤʘʨʫʿʝ ʥʠʟ ʜʨʫʛʠʭ ʫʪʠʮʘʿʥʠʭ ʬʘʢʪʦʨʘ: ʜʝʙˀʠʥʫ ʩʧʦʿʝʚʘ, ʢʨʫʪʦʩʪ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠ ʜʨ. 

 ʇʨʠʤʝʥʘ ʧʘʨʘʤʝʪʘʨʩʢʠʭ ʿʝʜʥʘʯʠʥʘ ʦʤʦʛʫ˂ʘʚʘ ʟʥʘʪʥʦ ʧʨʝʮʠʟʥʠʿʫ ʦʮʝʥʫ ʟʘʚʘʨˀʠʚʦʩʪʠ 

ʯʝʣʠʢʘ. ʇʘʨʘʤʝʪʘʨʩʢʝ ʿʝʜʥʘʯʠʥʝ ʟʘ ʦʮʝʥʫ ʟʘʚʘʨˀʠʚʦʩʪʠ ʧʨʠʤʝˁʫʿʫ ʩʝ ʟʘ ʯʝʣʠʢʝ ʜʦ ʜʝʙˀʠʥʝ ʦʜ 

60 mm ʠ ʯʠʿʠ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚʠ ʟʘʜʦʚʦˀʘʚʘʿʫ ʩʣʝʜʝ˂ʝ ʫʩʣʦʚʝ: 0,07% ʜʦ 0,22% C; <1,2% Ni; 

<0,5% Cu; <0,03% P; S<0,03% S; 0,4% ʜʦ 1,4% Mn; 0 ʜʦ 0,7% Mo ; <1,25% Cr; <0,6% Si;  

<1,2% V; <0,005% B ʠ 1 ml/100g ʜʦ 5 ml/100g H.  

 ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʯʝʣʠʢʘ, ʢʘʨʘʢʪʝʨʠʩʘʥ ʧʨʝʢʦ ʭʝʤʠʿʩʢʦʛ ʝʢʚʠʚʘʣʝʥʪʘ ʫʛˀʝʥʠʢʘ ʿʝ ʩʘʤʦ 

ʿʝʜʘʥ ʦʜ ʬʘʢʪʦʨʘ ʢʦʿʠ ʫʪʠʯʝ ʥʘ ʟʘʚʘʨˀʠʚʦʩʪ ʯʝʣʠʢʘ ʧʘ ʩʫ ʨʘʟʚʠʿʝʥʠ ʤʝʪʦʜʠ ʢʦʿʠ ʨʘʟʤʘʪʨʘʿʫ ʠ 

ʜʨʫʛʝ ʬʘʢʪʦʨʝ. ɱʝʜʘʥ ʦʜ ʥʘʿʟʥʘʯʘʿʥʠʿʠʭ ʦʚʘʢʚʠʭ ʧʦʩʪʫʧʘʢʘ ʦʮʝʥʝ ʟʘʚʘʨˀʠʚʦʩʪʠ ʯʝʣʠʢʘ ʿʝʩʪʝ 
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ʤʝʪʦʜ ʉʝʬʝʨʠʿʘʥʘ [110]. ʉʝʬʝʨʠʿʘʥ ʿʝ ʨʘʟʚʠʦ ʠʟʨʘʟ ʟʘ ʫʢʫʧʥʠ ʝʢʚʠʚʘʣʝʥʪ ʫʛˀʝʥʠʢʘ ʢʘʦ ʟʙʠʨ 

ʭʝʤʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʫʛˀʝʥʠʢʘ ʠ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʫʛˀʝʥʠʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʜʝʙˀʠʥʫ ʫ ʦʙʣʠʢʫ: 

[][] [],
h s

C C C= +   (5) 

ʛʜʝ ʩʫ: 

[]
7

,
9 18 90h

Mn Cr Ni Mo
C C

+ Ö
= + + +  % (6) 

 []
h

C  - ʭʝʤʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪ ʫʛˀʝʥʠʢʘ, 

 []
s

C  - ʝʢʚʠʚʘʣʝʥʪ ʫʛˀʝʥʠʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʜʝʙˀʠʥʫ,  

[] []( )1 0,005 ,
s h

C C s= Ö + Ö % ʠ (7) 

 s, mm - ʜʝʙˀʠʥʘ ʜʝʣʦʚʘ ʢʦʿʠ ʩʝ ʟʘʚʘʨʫʿʫ. 

 ʉʝʬʝʨʠʿʘʥ ʿʝ ʧʨʝʜʣʦʞʠʦ ʠ ʝʤʧʠʨʠʿʩʢʠ ʠʟʚʝʜʝʥ ʠʟʨʘʟ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʨʝʜʛʨʝʚʘˁʘ - Tp , ʢʘʦ ʨʝʟʫʣʪʘʪ ʠʩʪʨʘʞʠʚʘˁʘ ʨʘʩʧʦʜʝʣʝ ʪʚʨʜʦ˂ʝ ʫ ʟʦʥʠ ʠʩʧʦʜ ʥʘʚʘʨʘ ʢʦʜ 

ʫʩʣʦʚʥʦ ʟʘʚʘʨˀʠʚʠʭ ʯʝʣʠʢʘ ʫ ʦʙʣʠʢʫ: 

[]T 350 0,25,p C= Ö -  °C, 

ʛʜʝ ʿʝ: []C   - ʫʢʫʧʥʠ ʝʢʚʠʚʘʣʝʥʪ ʫʛˀʝʥʠʢʘ. 
(8) 

 2.2.2 ʇʘʨʘʤʝʪʘʨʩʢʝ ʿʝʜʥʘʯʠʥʝ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ 

 ʇʨʩʣʠʥʝ ʢʦʿʝ ʥʘʩʪʘʿʫ ʧʦʩʣʝ ʟʘʚʘʨʠʚʘˁʘ ʠʣʠ ʧʦʩʣʝ ʧʦʣʘʛʘˁʘ ʧʦʿʝʜʠʥʠʭ ʧʨʦʣʘʟʘ ʧʨʠʣʠʢʦʤ 

ʚʠʰʝʧʨʦʣʘʟʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʭʣʘʜʥʝ ʠʣʠ ʚʦʜʦʥʠʯʥʝ ʧʨʩʣʠʥʝ ʠ ʥʘʩʪʘʿʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʥʠʞʠʤ ʦʜ 300ÁC.  ʆʚʝ ʧʨʩʣʠʥʝ ʤʦʛʫ ʥʘʩʪʘʪʠ ʠ ʜʦ 48 ʩʘʪʠ ʧʦʩʣʝ ʟʘʚʘʨʠʚʘˁʘ ʠ 

ʤʦʛʫ ʠʤʘʪʠ ʨʘʟʣʠʯʠʪʝ ʧʦʣʦʞʘʿʝ, ʦʨʠʿʝʥʪʘʮʠʿʫ ʠ ʤʝʹʫʩʦʙʥʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ. ʋʟʨʦʮʠ ʥʘʩʪʘʿʘˁʘ 

ʦʚʠʭ ʧʨʩʣʠʥʘ ʩʫ ʬʦʨʤʠʨʘˁʝ ʤʘʨʪʝʥʟʠʪʥʝ ʠʣʠ ʜʦˁʝ ʙʝʿʥʠʪʥʝ ʩʪʨʫʢʪʫʨʝ, ʧʨʠʩʫʩʪʚʦ 

ʜʠʬʫʥʜʦʚʘʥʦʛ ʚʦʜʦʥʠʢʘ, ʢʘʦ ʠ ʫʪʠʮʘʿ ʥʘʧʦʥʘ ʥʘ ʧʨʠʪʠʩʘʢ. ʅʘ ʩʣʠʮʠ 6 ʧʨʠʢʘʟʘʥ ʿʝ ʧʨʠʤʝʨ 

ʭʣʘʜʥʝ ʧʨʩʣʠʥʝ ʢʦʿʘ ʩʝ ʬʦʨʤʠʨʘʣʘ ʢʦʜ ʩʫʯʝʦʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠʟʚʝʜʝʥʦʛ ʠʟ ʚʠʰʝ ʧʨʦʣʘʟʘ 

ʢʦʜ ʟʘʚʘʨʠʚʘˁʘ ʧʣʦʯʘ ʦʜ ʢʘˀʝʥʦʛ ʠ ʦʪʧʫʰʪʘʥʦʛ ʯʝʣʠʢʘ. 

 

ʉʣʠʢʘ 6. ɺʦʜʦʥʠʯʥʘ ʧʨʩʣʠʥʘ ʬʦʨʤʠʨʘʥʘ ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʩʘ ʩʪʨʘʥʝ ʢʦʨʝʥʘ [101] 

 ʆʮʝʥʘ ʟʘʚʘʨˀʠʚʦʩʪʠ ʩ ʦʙʟʠʨʦʤ ʥʘ ʦʧʘʩʥʦʩʪ ʦʜ ʥʘʩʪʘʥʢʘ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ ʚʨʰʠ ʩʝ ʧʨʝʢʦ 

ʝʤʧʠʨʠʿʩʢʠ ʨʘʟʚʠʿʝʥʠʭ ʠʟʨʘʟʘ ʢʦʿʠ ʨʘʟʤʘʪʨʘʿʫ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʯʝʣʠʢʘ, ʢʦʣʠʯʠʥʫ 

ʜʠʬʫʥʜʦʚʘʥʦʛ ʫʛˀʝʥʠʢʘ ʠ ʜʝʙˀʠʥʫ ʤʘʪʝʨʠʿʘʣʘ ʫ ʟʦʥʠ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. ɿʘ ʦʮʝʥʫ ʩʢʣʦʥʦʩʪʠ 

ʯʝʣʠʢʘ ʢʘ ʥʘʩʪʘʥʢʫ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ ʫ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʢʦʨʠʩʪʝ ʚʠʰʝ ʠʟʨʘʟʘ. ʇʨʝʤʘ ʯʝʰʢʠʤ 

ʘʫʪʦʨʠʤʘ ʟʘ ʦʮʝʥʫ ʩʢʣʦʥʦʩʪʠ ʢʘ ʭʣʘʜʥʠʤ ʧʨʩʣʠʥʘʤʘ ʢʦʨʠʩʪʝ ʩʝ ʩʣʝʜʝ˂ʠ ʠʟʨʘʟʠ: 

5
30 20 20 60 20 15 15

CM

Si Mn Cu Ni Cr Mo V
P C B= + + + + + + + + (9) 
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0,015log ,
40000 2,77

hp CM

K H
P P= + +  ʢʘʜʘ ʿʝ ʂ Ò 1300 ʠ 

(10) 

0,075log ,
40000 2,77

hp CM

K H
P P= + +  ʢʘʜʘ ʿʝ ʂ ι 1300, 

ʛʜʝ ʿʝ: ʂ = 70·s - ʬʘʢʪʦʨ ʢʨʫʪʦʩʪʠ ʩʫʯʝʦʥʠʭ ʩʧʦʿʝʚʘ; s, mm - ʜʝʙˀʠʥʘ ʤʘʪʝʨʠʿʘʣʘ ʠ H - ʩʘʜʨʞʘʿ 

ʜʠʬʫʥʜʦʚʘʥʦʛ ʚʦʜʦʥʠʢʘ ʠʟʨʘʞʝʥ ʫ ml/100g ʤʝʪʘʣʘ ʰʘʚʘ. ʂʘʜʘ ʿʝ ʚʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʨʘ ʩʢʣʦʥʦʩʪʠ 

ʢʘ ʭʣʘʜʥʠʤ ʧʨʩʣʠʥʘʤʘ - hpP  Ò 0,24 ʦʩʥʦʚʥʠ ʤʘʪʝʨʠʿʘʣ ʩʝ ʩʤʘʪʨʘ ʦʪʧʦʨʥʠʤ ʧʨʝʤʘ ʥʘʩʪʘʥʢʫ 

ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ. ʂʘʜʘ ʿʝ hpP ι 0,24 ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʿʝ ʧʦʪʨʝʙʥʦ ʧʨʠʤʝʥʠʪʠ ʧʦʩʪʫʧʘʢ 

ʧʨʝʜʛʨʝʚʘˁʘ ʫ ʮʠˀʫ ʠʟʙʝʛʘʚʘˁʘ ʥʘʩʪʘʥʢʘ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʝʜʛʨʝʚʘˁʘ ʩʝ ʦʜʨʝʹʫʿʝ ʧʨʝʤʘ ʩʣʝʜʝ˂ʝʤ ʠʟʨʘʟʫ: 

1600· 308,p hpT P= -  °C.   
(11) 

 ʉʧʨʝʯʘʚʘˁʝ ʥʘʩʪʘʥʢʘ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʯʝʣʠʢʘ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ 

ʥʘʿʚʘʞʥʠʿʠʭ ʬʘʢʪʦʨʘ ʘʜʝʢʚʘʪʥʦʛ ʩʧʘʿʘˁʘ ʠ ʦʙʝʟʙʝʹʠʚʘˁʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʩʘ ʧʨʝʜʚʠʹʝʥʠʤ 

ʦʩʦʙʠʥʘʤʘ ʠ ʤʝʭʘʥʠʯʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ. ʋ ʮʠˀʫ ʠʟʙʝʛʘʚʘˁʘ ʥʘʩʪʘʥʢʘ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ 

ʟʘʚʘʨʠʚʘˁʝ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʚʝʩʪʠ ʪʝʭʥʦʣʦʛʠʿʦʤ ʠ ʧʘʨʘʤʝʪʨʠʤʘ ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʫ ʧʦʚʦˀʥʫ ʙʨʟʠʥʫ 

ʭʣʘʹʝˁʘ ʩʧʦʿʝʚʘ ʫ ʪʝʤʧʝʨʘʪʫʨʩʢʦʿ ʦʙʣʘʩʪʠ ʥʘʿʚʝ˂ʝ ʥʝʩʪʘʙʠʣʥʦʩʪʠ ʘʫʩʪʝʥʠʪʘ ʠ ˁʝʛʦʚʦʛ 

ʧʨʝʦʙʨʘʞʘʿʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʥʝ ʜʦʟʚʦˀʘʚʘ ʧʨʝʜʫʛʦ ʟʘʜʨʞʘʚʘˁʝ ʠʟʥʘʜ Ac3 ʪʝʤʧʝʨʘʪʫʨʝ ʜʘ ʙʠ ʩʝ 

ʠʟʙʝʛʘʦ ʥʝʢʦʥʪʨʦʣʠʩʘʥʠ ʨʘʩʪ ʤʝʪʘʣʥʠʭ ʟʨʥʘ. ʄʘʢʩʠʤʘʣʥʘ ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ ʟʘʚʠʩʠ ʦʜ ʭʝʤʠʿʩʢʦʛ 

ʩʘʩʪʘʚʘ ʯʝʣʠʢʘ, ˁ ʝʛʦʚʝ ʜʝʙˀʠʥʝ, ʢʘʦ ʠ ʦʜ ʩʘʜʨʞʘʿʘ ʚʦʜʦʥʠʢʘ ʫ ʨʘʩʪʦʧˀʝʥʦʤ ʤʝʪʘʣʫ ʰʘʚʘ. 

 ʇʘʨʘʤʝʪʘʨ ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʝ ʩʢʣʦʥʦʩʪ ʥʠʩʢʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʢʘ ʦʙʨʘʟʦʚʘˁʫ ʭʣʘʜʥʠʭ 

ʧʨʩʣʠʥʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʧʨʝʤʘ ʿʘʧʘʥʩʢʠʤ ʘʫʪʦʨʠʤʘ (Ito ʠ Bessyo) ʦʜʨʝʹʫʿʝ ʩʝ ʧʨʝʤʘ ʨʝʣʘʮʠʿʠ 

[59]: 
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ʛʜʝ ʩʫ: ,CMP  % - ʧʦʢʘʟʘʪʝˀ ʢʦʿʠ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʦʜʨʝʹʝʥ 

ʧʨʝʤʘ ʧʨʠʢʘʟʘʥʦʿ ʨʝʣʘʮʠʿʠ ʥʘ ʦʩʥʦʚʫ ʩʘʜʨʞʘʿʘ ʧʦʿʝʜʠʥʠʭ ʝʣʝʤʝʥʘʪʘ ʠʟʨʘʞʝʥʠʭ ʫ ʧʨʦʮʝʥʪʠʤʘ, 

s, mm - ʜʝʙˀʠʥʘ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʠ H - ʩʘʜʨʞʘʿ ʜʠʬʫʥʜʦʚʘʥʦʛ ʚʦʜʦʥʠʢʘ ʠʟʨʘʞʝʥ ʫ ml/100g 

ʤʝʪʘʣʘ ʰʘʚʘ. 

 ʇʦʨʝʜ ʛʦʨʝ ʥʘʚʝʜʝʥʠʭ ʠʟʨʘʟʘ ʫ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʠ ʠʟʨʘʟ ʧʨʝʜʣʦʞʝʥ ʦʜ ʩʪʨʘʥʝ 

ʨʫʩʢʠʭ ʘʫʪʦʨʘ ʄʠʩʠja˂ʝʥʢʘ ʠ ʂaʩʘʪʢʠʥʘ ʫ ʦʙʣʠʢʫ [64]: 

0,0024· ,
6 24 40 5 4 14 13 2

Cɽ

Mn Si Ni Cr Mo V Cu P
P C s= + + + + + + + + +% (14) 

 ʂʘʜ ʩʫ ʚʨʝʜʥʦʩʪʠ ʦʜʨʝʹʝʥʝ ʧʘʨʘʤʝʪʘʨʩʢʠʤ ʿʝʜʥʘʯʠʥʘʤʘ ʫ ʠʥʪʝʨʚʘʣʫ CɽP = 0,25% ʜʦ 

0,40%, ʪʘʜʘ ʩʝ ʧʨʝʧʦʨʫʯʫʿʝ ʧʨʝʜʛʨʝʚʘˁʝ ʢʘʦ ʤʝʨʘ ʟʘ ʩʧʨʝʯʘʚʘˁʝ ʧʦʿʘʚʝ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʝʜʛʨʝʚʘˁʘ ʩʝ ʦʜʨʝʹʫʿʝ ʧʨʝʤʘ ʨʝʣʘʮʠʿʠ: 

1440· 392,p cT P= -  °C. (15) 

 ʇʨʠʢʘʟʘʥʘ ʨʝʣʘʮʠʿʘ ʚʘʞʠ ʫ ʨʝʣʘʪʠʚʥʦ ʫʩʢʦʤ ʦʧʩʝʛʫ ʚʨʝʜʥʦʩʪʠ cP, ʦʜʥʦʩʥʦ ʟʘ  

0,25< cP  <0,40 ʠ ʟʘ ʫʦʙʠʯʘʿʝʥʝ ʧʦʩʪʫʧʢʝ ʟʘʚʘʨʠʚʘˁʘ.  

 ʋ ʩʣʫʯʘʿʫ ʟʘʚʘʨʠʚʘˁʘ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʠʟʨʘʟ (15) ʤʦʞʝ ʩʝ ʧʨʠʤʝʥʠʪʠ ʟʘ ʚʨʝʜʥʦʩʪʠ 

0,25 < cP  < 0,50. ɿʘʚʠʩʥʦʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʛʨʝʚʘˁʘ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʥʠʿʝ ʣʠʥʝʘʨʥʘ, ʚʝ˂ ʠʤʘ 

ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠ ʢʘʨʘʢʪʝʨ, ʠ ʦʜʨʝʹʫʿʝ ʩʝ ʧʨʝʤʘ ʩʣʝʜʝ˂ʦʿ ʨʝʣʘʮʠʿʠ: 
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( ){ }5· 0,27
350· 1 ,cP

pT ʝ
è ø- -ê ú= - °C. (16) 

 ɹʫʜʫ˂ʠ ʜʘ ʩʘʜʨʞʘʿ ʚʦʜʦʥʠʢʘ, ʪʚʨʜʦ˂ʘ, ʜʝʙˀʠʥʘ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʠ ʢʨʫʪʦʩʪ ʫʪʠʯʫ ʥʘ 

ʧʦʿʘʚʫ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ, ʟʙʦʛ ˁʠʭʦʚʝ ʤʝʹʫʩʦʙʥʝ ʠʥʪʝʨʘʢʮʠʿʝ, ʤʘʢʩʠʤʘʣʥʘ ʪʚʨʜʦ˂ʘ ʢʦʿʘ ʩʝ 

ʿʘʚˀʘ ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʢʦʜ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʧʦʚʝʟʫʿʝ ʩʝ ʩʘ ʩʘʜʨʞʘʿʝʤ 

ʜʠʬʫʥʜʦʚʘʥʦʛ ʚʦʜʦʥʠʢʘ. ʉʘʜʨʞʘʿ ʟʘʦʩʪʘʣʦʛ ʚʦʜʦʥʠʢʘ ʩʝ ʦʜʨʝʹʫʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ 

ʛʣʠʮʝʨʠʥʩʢʦʤ ʧʨʦʙʦʤ ʠʣʠ ʩʝ ʫʩʚʘʿʘ ʠʟ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʪʘʙʝʣʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʩʪʫʧʢʘ 

ʟʘʚʘʨʠʚʘˁʘ ʠ ʫʧʦʪʨʝʙˀʝʥʦʛ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ.  

 ʄʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʘ ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ ʧʨʚʦʛ ʧʨʦʣʘʟʘ - hdv  ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʢʘˀʝʥʠʭ ʠ 

ʦʪʧʫʰʪʘʥʠʭ ʯʝʣʠʢʘ  (Q+T) ʦʜʨʝʹʫʿʝ ʩʝ ʪʝʭʥʦʣʦʰʢʠʤ ʠʩʧʠʪʠʚʘˁʝʤ ʧʦ ʤʝʪʦʜʠ ʊʝʢʝʥ (Tekken) 

ʠʟ ʫʩʣʦʚʘ ʜʘ ʩʝ ʥʝ ʧʦʿʘʚʝ ʭʣʘʜʥʝ ʧʨʩʣʠʥʝ ʫ ʟʘʚʘʨʝʥʦʤ ʩʧʦʿʫ. ɿʘʚʠʩʥʦʩʪ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠʭ 

ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ, ʦʜʨʝʹʝʥʠʭ ʠʟ ʫʩʣʦʚʘ ʜʘ ʥʝ ʜʦʹʝ ʜʦ ʧʦʿʘʚʝ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ ʦʜ ʚʨʝʜʥʦʩʪʠ 

ʧʘʨʘʤʝʪʨʘ CMP + H/60 ʠ ʜʝʙˀʠʥʝ ʤʘʪʝʨʠʿʘʣʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʩʣʠʮʠ 7. 

 

ʉʣʠʢʘ 7. ʄʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʘ ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ  

ʦʜ 
60CM

HP +  ʠ ʜʝʙˀʠʥʝ s [126, 128]  

 ʅʘ ʦʩʥʦʚʫ ʦʜʨʝʹʝʥʝ ʤʘʢʩʠʤʘʣʥʝ ʜʦʟʚʦˀʝʥʝ ʙʨʟʠʥʝ ʭʣʘʹʝˁʘ ʠ ʢʘʜʘ ʩʝ ʫʩʚʦʿʠ ʜʘ ʿʝ  

Tk = 500ÁC ʢʦʨʠʰ˂ʝˁʝʤ ʚʝ˂ ʦʜʨʝʹʝʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʦʛʦʥʩʢʫ ʝʥʝʨʛʠʿʫ ʟʘʚʘʨʠʚʘˁʘ ʤʦʛʫ˂ʝ ʿʝ 

ʦʜʨʝʜʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʝʜʛʨʝʚʘˁʘ.  

 ʇʨʦʨʘʯʫʥ ʙʨʟʠʥʝ ʭʣʘʹʝˁʘ ʥʘ ʦʩʥʦʚʫ ʘʥʘʣʠʪʠʯʢʠʭ ʠʟʨʘʟʘ ʧʦʣʘʟʠ ʦʜ ʧʘʨʘʤʝʪʨʘ XP  ʢʦʿʠʤ 

ʩʝ ʧʨʦʮʝˁʫʿʝ ʜʝʙˀʠʥʘ ʧʣʦʯʘ ʢʦʿʝ ʩʝ ʟʘʚʘʨʫʿʫ ʧʨʝʤʘ ʠʟʨʘʟʫ [126, 128]: 
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 ʂʘʜ ʿʝ ʚʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʨʘ XP  ι 0,90 ʧʣʦʯʝ ʢʦʿʝ ʩʝ ʟʘʚʘʨʫʿʫ ʩʤʘʪʨʘʿʫ ʩʝ ʜʝʙʝʣʠʤ ʠ ʙʨʟʠʥʘ 

ʭʣʘʹʝˁʘ ʩʝ ʦʜʨʝʹʫʿʝ ʧʨʝʤʘ ʠʟʨʘʟʫ [126, 128]: 
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 ʋ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʿʝ XP < 0,33 ʨʝʯ ʿʝ ʦ ʪʘʥʢʠʤ ʣʠʤʦʚʠʤʘ ʟʘ ʢʦʿʝ ʩʝ ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ 

ʦʜʨʝʹʫʿʝ ʧʨʝʤʘ ʠʟʨʘʟʫ [126, 128]: 
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 ʂʘʜʘ ʿʝ ʚʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʨʘ 0,33 < XP  < 0,90 ʧʣʦʯʝ ʩʫ ʩʨʝʜˁʠʭ ʜʝʙˀʠʥʘ ʠ ʪʘʜʘ ʩʝ ʙʨʟʠʥʘ 

ʭʣʘʹʝˁʘ ʦʜʨʝʹʫʿʝ ʧʨʝʤʘ ʠʟʨʘʟʫ [126, 128]:  
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 ɹʨʟʠʥʘ ʭʣʘʹʝˁʘ ʩʝ ʤʦʞʝ ʢʦʥʪʨʦʣʠʩʘʪʠ ʨʘʟʣʠʯʠʪʠʤ ʢʦʤʙʠʥʘʮʠʿʘʤʘ ʧʦʛʦʥʩʢʠʭ ʝʥʝʨʛʠʿʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʜʛʨʝʚʘˁʘ. ʀʘʢʦ ʩʫ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʛʨʝʚʘˁʘ ʦʜʨʝʹʝʥʝ ʥʘ ʦʧʠʩʘʥ ʥʘʯʠʥ ʥʠʞʝ 

ʦʜ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʢʦʿʝ ʩʫ ʦʜʨʝʹʝʥʝ ʧʨʝʤʘ ʧʨʝʪʭʦʜʥʠʤ ʠʟʨʘʟʠʤʘ, ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ ʩʫ 

ʩʘʩʚʠʤ ʜʦʚʦˀʥʝ ʟʘ ʩʧʨʝʯʘʚʘˁʝ ʧʦʿʘʚʘ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ, ʫʟ ʦʙʘʚʝʟʥʫ ʫʧʦʪʨʝʙʫ 

ʥʠʩʢʦʚʦʜʦʥʠʯʥʠʭ ʜʦʜʘʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. 

 ʇʦʨʝʜ ʟʘʭʪʝʚʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʤʘʪʝʨʠʿʘʣʥʠ ʢʦʥʪʠʥʫʠʪʝʪ ʟʦʥʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ, ˁʠʭʦʚʝ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʫ ʦʩʥʦʚʥʠ ʫʩʣʦʚ ʩʧʘʿʘˁʘ ʟʘʚʘʨʠʚʘˁʝʤ, ʥʘʨʦʯʠʪʦ ʫ 

ʩʣʫʯʘʿʫ ʟʘʚʘʨʠʚʘˁʘ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ. ʅʘʿʙʦˀʠ ʧʦʢʘʟʘʪʝˀ ʫʩʧʝʰʥʦʛ 

ʟʘʚʘʨʠʚʘˁʘ ʠ ʦʩʪʚʘʨʝʥʠʭ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʿʝʩʪʝ ʧʦʣʦʞʘʿ ʟʦʥʝ ʣʦʤʘ ʚʘʥ ʟʦʥʘ 

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ. ʋ ʮʠˀʫ ʦʯʫʚʘˁʘ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʠʩʢʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ 

ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʟʥʘʚʘʪʠ ʠ ʤʠʥʠʤʘʣʥʫ ʜʦʧʫʰʪʝʥʫ ʙʨʟʠʥʫ 

ʭʣʘʹʝˁʘ ʟʦʥʝ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ, ʧʨʠ ʯʝʤʫ ʩʝ ʧʦʣʘʟʠ ʦʜ ʚʝʣʠʯʠʥʝ ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ, ʢʦʿʘ ʩʝ 

ʧʨʦʧʠʩʫʿʝ ʟʘ ʦʜʨʝʹʝʥʠ ʪʠʧ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. ʋ ʩʣʫʯʘʿʫ ʥʠʩʢʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʠ ʢʘʜʘ ʿʝ 

ʚʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʨʘ 0,19 < XP < 0,31 ʤʠʥʠʤʘʣʥʘ ʜʦʧʫʰʪʝʥʘ ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ ʟʦʥʝ ʫʪʠʮʘʿʘ 

ʪʦʧʣʦʪʝ ʿʝ minhv = 0,8°C/s ʜʦ 3,5°C/s ʠ ʨʘʩʪʝ ʩʘ ʧʦʨʘʩʪʦʤ ʩʪʝʧʝʥʘ ʣʝʛʠʨʘʥʦʩʪʠ ʯʝʣʠʢʘ. 

ʂʦʨʝʣʘʮʠʦʥʘ ʚʝʟʘ ʫʩʪʘʥʦʚˀʝʥʘ ʠʟʤʝʹʫ ʤʠʥʠʤʘʣʥʝ ʙʨʟʠʥʝ ʭʣʘʹʝˁʘ minhv  ʧʨʠ ʢʦʿʦʿ ʩʝ ʛʘʨʘʥʪʫʿʝ 

ʫʜʘʨʥʘ ʞʠʣʘʚʦʩʪ ʥʘ ʥʠʚʦʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʟʘʭʪʝʚʘ ʟʘ ʦʩʥʦʚʥʠ ʤʘʪʝʨʠʿʘʣ ʧʨʠ -40°C ʦʜʨʝʹʫʿʝ ʩʝ 

ʧʨʝʤʘ ʠʟʨʘʟʫ [126, 128]: 

min 3,1 19,2 ,h CMPv =- + Ö °C/s. (21) 

 ʅʘ ʦʩʥʦʚʫ ʦʜʨʝʹʝʥʝ ʤʠʥʠʤʘʣʥʝ ʠ ʤʘʢʩʠʤʘʣʥʝ ʙʨʟʠʥʝ ʭʣʘʹʝˁʘ minhv  ʠ maxhv  ʤʦʛʫ˂ʝ ʿʝ 

ʦʜʨʝʜʠʪʠ ʦʧʪʠʤʘʣʥʝ ʨʝʞʠʤʝ ʟʘʚʘʨʠʚʘˁʘ, ʢʘʢʦ ʫ ʧʦʛʣʝʜʫ ʩʧʨʝʯʘʚʘˁʘ ʥʘʩʪʘʥʢʘ ʭʣʘʜʥʠʭ 

ʧʨʩʣʠʥʘ, ʪʘʢʦ ʠ ʫ ʧʦʛʣʝʜʫ ʦʯʫʚʘˁʘ ʧʦʚʦˀʥʦʛ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛ ʩʪʘˁʘ ʦʜʥʦʩʥʦ ʤʝʭʘʥʠʯʢʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʯʝʣʠʢʘ ʢʦʿʠ ʩʝ ʟʘʚʘʨʫʿʝ.  

 ʂʨʠʪʠʯʥʘ ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ ʜʦ 300ÁC ʧʨʝʤʘ ʄʘʿʥʝʨʫ (Meynier) ʦʜʨʝʹʫʿʝ ʩʝ ʧʨʝʤʘ ʠʟʨʘʟʫ 

[126, 128]: 

( )log 4,62 C 1,05 Mn 0,54 0,5 0,66 ,krv k Ni Cr Mo= - Ö + Ö + Ö + Ö + Ö  (22) 

ʛʜʝ ʿʝ: k = 3,38 - ʫ ʩʣʫʯʘʿʫ ʜʝʙʝʣʠʭ ʧʣʦʯʘ, ʢʘʜʘ ʿʝ s Ó sgr ʠ k = 3,00 - ʫ ʩʣʫʯʘʿʫ ʪʘʥʢʠʭ ʣʠʤʦʚʘ, 

ʢʘʜʘ ʿʝ s < sgr. 

 ɹʨʟʠʥʘ ʭʣʘʹʝˁʘ ʜʦ 300°C ( 300v ) ʩʝ, ʧʨʝʤʘ ʂʦʪʨʝʣʫ, ʦʜʨʝʹʫʿʝ ʧʨʝʤʘ ʠʟʨʘʟʫ [126, 128]: 
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 ʆʚʘʢʦ ʦʜʨʝʹʝʥʘ ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ ʧʦʨʝʜʠ ʩʝ ʩʘ ʢʨʠʪʠʯʥʦʤ ʙʨʟʠʥʦʤ ʭʣʘʹʝˁʘ  ( krv ). ʋ ʩʣʫʯʘʿʫ 

ʢʘʜʘ ʿ ʝ 300v  > krv  ʥʘʩʪʘʿʝ ʤʘʨʪʝʥʟʠʪʥʘ ʩʪʨʫʢʪʫʨʘ, ʘ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ 300v < krv  ʥʘʩʪʘʿʝ ʤʝʰʦʚʠʪʘ 

ʤʘʨʪʝʥʟʠʪʥʦ - ʙʝʿʥʠʪʥʘ ʠʣʠ ʯʠʩʪʦ ʙʝʿʥʠʪʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ. ɿʘ ʢʨʠʪʝʨʠʿʫʤ ʢʦʿʠ ʦʜʨʝʹʫʿʝ 

ʬʦʨʤʠʨʘˁʝ ʧʦʿʝʜʠʥʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʩʪʘˁʘ ʢʦʨʠʩʪʝ ʩʝ: ʚʨʝʤʝ ʭʣʘʹʝˁʘ ʦʜ 800 ʜʦ 500°C  

- t8/5 , ʢʘʦ ʠ ʚʨʝʤʝ ʭʣʘʹʝˁʘ ʜʦ 100ÁC - t100. 

 ʇʘʨʘʤʝʪʘʨʩʢʘ ʿʝʜʥʘʯʠʥʘ ʟʘ ʦʮʝʥʫ ʩʢʣʦʥʦʩʪʠ ʢʘ ʥʘʩʪʘʥʢʫ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʦʜʥʦʩʘ 300v / krv , ʩʘʜʨʞʘʿʘ ʜʠʬʫʥʜʦʚʘʥʦʛ ʚʦʜʦʥʠʢʘ ʫ ʟʦʥʠ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠ ˁʝʛʦʚʝ ʢʨʫʪʦʩʪʠ 

ʧʨʠʢʘʟʘʥʘ ʿʝ ʠʟʨʘʟʦʤ [126, 128]: 
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ʛʜʝ ʩʫ: H - ʩʘʜʨʞʘʿ ʜʠʬʫʥʜʦʚʘʥʦʛ ʚʦʜʦʥʠʢʘ ʠʟʨʘʞʝʥ ʫ ml/100g ʤʝʪʘʣʘ ʰʘʚʘ, K = 66Ös - ʢʨʫʪʦʩʪ 

ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ , ʘ s, mm - ʜʝʙˀʠʥʘ ʜʝʣʦʚʘ ʢʦʿʠ ʩʝ ʟʘʚʘʨʫʿʫ (ʦʙʠʯʥʦ s = 5  ʜʦ 50 mm). ʂʘʜʘ ʿʝ SP

< -0,5 ʥʝ ʿʘʚˀʘʿʫ ʩʝ ʭʣʘʜʥʝ ʧʨʩʣʠʥʝ. ʂʘʜʘ ʿʝ SP = 0,3 ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʘʩʪʘʥʢʘ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ ʿʝ 

50%, ʜʦʢ ʧʨʠ SPι 1,0 ʫʚʝʢ ʥʘʩʪʘʿʫ ʭʣʘʜʥʝ ʧʨʩʣʠʥʝ. ʂʘʜʘ ʩʝ ʢʘʦ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʫʩʚʦʿʠ  

SP = -0,5 ʠ ʫ ʧʨʝʪʭʦʜʥʠ ʠʟʨʘʟ ʟʘʤʝʥʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ ʟʘ krv , H ʠ K ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ 

ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ 300v  ʧʨʠ ʢʦʿʦʿ ʩʝ ʥʝ˂ʝ ʧʦʿʘʚʠʪʠ ʭʣʘʜʥʝ ʧʨʩʣʠʥʝ. ɼʘˀʝ, ʙʫʜʫ˂ʠ ʜʘ ʿʝ

( )300 0, ,lv f q T N= , ʤʦʛʫ ʩʝ ʦʜʨʝʜʠʪʠ ʦʧʪʠʤʘʣʥʠ ʧʘʨʘʤʝʪʨʠ ʟʘʚʘʨʠʚʘˁʘ ʢʦʿʠʤ ʩʝ ʦʩʪʚʘʨʫʿʝ 

ʦʧʪʠʤʘʣʥʘ ʧʦʛʦʥʩʢʘ ʝʥʝʨʛʠʿʘ. ʇʨʦʨʘʯʫʥʘʪʘ ʧʦʛʦʥʩʢʘ ʝʥʝʨʛʠʿʘ ʩʝ ʥʝ ʤʦʞʝ ʫʚʝʢ ʦʩʪʚʘʨʠʪʠ ʫ 

ʩʣʫʯʘʿʫ ʨʫʯʥʦʛ ʝʣʝʢʪʨʦʣʫʯʥʦʛ ʧʦʩʪʫʧʢʘ ʟʘʚʘʨʠʚʘˁʘ ʟʙʦʛ ˁʠʭʦʚʝ ʦʛʨʘʥʠʯʝʥʦʩʪʠ ʫ ʧʦʛʣʝʜʫ 

ʤʘʢʩʠʤʘʣʥʠʭ ʿʘʯʠʥʘ ʩʪʨʫʿʘ, ʜʦʢ ʩʝ ʢʦʜ ʧʦʩʪʫʧʘʢʘ ʟʘʚʘʨʠʚʘˁʘ ʫ ʟʘʰʪʠʪʥʦʿ ʘʪʤʦʩʬʝʨʠ ʧʨʦʙʣʝʤ 

ʨʝʰʘʚʘ ʠʟʙʦʨʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʦʛʦʥʩʢʝ ʝʥʝʨʛʠʿʝ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʘ 

ʦʛʨʘʥʠʯʝˁʘ ʟʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʩʝ ʪʨʘʞʝʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʝ ʤʦʞʝ ʫʚʝʢ ʦʙʝʟʙʝʜʠʪʠ ʩʘʤʦ 

ʠʟʙʦʨʦʤ ʧʘʨʘʤʝʪʘʨʘ ʟʘʚʘʨʠʚʘˁʘ, ʚʝ˂ ʩʝ ʤʦʨʘ ʧʨʠʤʝʥʠʪʠ ʧʨʝʜʛʨʝʚʘˁʝ, ʘ ʫ ʥʘʿʥʝʧʦʚʦˀʥʠʿʝʤ 

ʩʣʫʯʘʿʫ ʪʨʘʞʝʥʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ ʥʠʿʝ ʤʦʛʫ˂ʝ ʦʩʪʚʘʨʠʪʠ. 

 ʇʨʠ ʟʘʚʘʨʠʚʘˁʫ ʥʠʩʢʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʠ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʝʜʛʨʝʚʘˁʘ ʦʜʨʝʹʝʥʘ ʧʨʝʪʭʦʜʥʦ ʧʨʠʢʘʟʘʥʠʤ ʥʘʯʠʥʠʤʘ ʥʝ ʪʨʝʙʘ ʜʘ ʥʘʜʤʘʰʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʯʝʪʢʘ ʨʘʟʣʘʛʘˁʘ ʧʦʜʭʣʘʹʝʥʦʛ ʘʫʩʪʝʥʠʪʘ, ʪʿ.: 

T ,p sM¢ °C (25) 

ʛʜʝ ʿʝ: sM - ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʝʪʢʘ ʨʘʟʣʘʛʘˁʘ ʧʦʜʭʣʘʹʝʥʦʛ ʘʫʩʪʝʥʠʪʘ ʫ ʤʘʨʪʝʥʟʠʪ ʧʘ ʙʠ ʫ 

ʩʫʧʨʦʪʥʦʤ ʤʦʛʣʦ ʜʘ ʜʦʹʝ ʜʦ ʥʘʩʪʘʥʢʘ ʪʦʧʣʠʭ ʧʨʩʣʠʥʘ. ʊʝʤʧʝʨʘʪʫʨʝ ʧʦʯʝʪʢʘ ʨʘʟʣʘʛʘˁʘ 

ʧʦʜʭʣʘʹʝʥʦʛ ʘʫʩʪʝʥʠʪʘ  ʩʝ, ʫ ʥʝʜʦʩʪʘʪʢʫ ʜʠʿʘʛʨʘʤʘ ʢʦʥʪʠʥʫʘʣʥʦʛ ʭʣʘʹʝˁʘ ʟʘ ʦʩʥʦʚʥʠ 

ʤʘʪʝʨʠʿʘʣ, ʤʦʛʫ ʦʜʨʝʜʠʪʠ ʧʨʠʙʣʠʞʥʦ ʧʨʝʤʘ ʠʟʨʘʟʠʤʘ [126, 128, 136, 138]: 

¶ ʟʘ ʫʛˀʝʥʠʯʥʝ ʠ ʥʠʩʢʦʣʝʛʠʨʘʥʝ ʯʝʣʠʢʝ 

539 423 30,4 17,7 12,1 7,5 ,sM C Mn Ni Cr Mo= - Ö - Ö - Ö - Ö - Ö°C ʠ (26) 

¶ ʟʘ ʯʝʣʠʢʝ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ 

561 474 33 17 17 21 ,sM C Mn Ni Cr Mo= - Ö - Ö - Ö - Ö - Ö°C. (27) 

 ʇʘʨʘʤʝʪʨʠ ʟʘʚʘʨʠʚʘˁʘ, ʢʘʦ ʠ ʧʘʨʘʤʝʪʨʠ ʜʦʜʘʪʥʠʭ ʧʦʩʪʫʧʘʢʘ ʠ ʤʝʨʘ ʢʦʿʠʤʘ ʩʝ ʧʦʙʦˀʰʘʚʘ 

ʟʘʚʘʨˀʠʚʦʩʪ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʝʜʛʨʝʚʘˁʝ, ʦʜʨʝʹʫʿʫ ʩʝ ʟʘ ʪʝʭʥʦʣʦʛʠʿʫ ʟʘʚʘʨʠʚʘˁʘ ʠ ʢʦʥʢʨʝʪʥʠ ʩʧʦʿ 

ʧʨʝʤʘ ʝʢʚʠʚʘʣʝʥʪʫ ʫʛˀʝʥʠʢʘ, ʧʘʨʘʤʝʪʘʨʩʢʠʤ ʿʝʜʥʘʯʠʥʘʤʘ, ʜʠʿʘʛʨʘʤʠʤʘ ʢʦʥʪʠʥʫʘʣʥʦʛ 

ʭʣʘʹʝˁʘ ʠ ʪʩʣ. ʄʝʹʫʪʠʤ, ʦʚʘʢʦ ʦʜʨʝʹʝʥ ʨʝʞʠʤ ʟʘʚʘʨʠʚʘˁʘ ʿʝ ʫʩʣʦʚʘʥ. ʇʨʦʧʠʩʘʥʘ ʪʝʭʥʦʣʦʛʠʿʘ 

ʩʝ ʤʦʨʘ ʠʩʧʠʪʘʪʠ ʥʘ ʫʟʦʨʮʠʤʘ ʩʘ ʩʠʤʫʣʘʮʠʿʦʤ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʭ ʫʩʣʦʚʘ, ʧʦʩʣʝ ʯʝʛʘ ʩʝ ʧʨʠʭʚʘʪʘ 

ʢʘʦ ʘʜʝʢʚʘʪʥʘ ʠʣʠ ʩʝ ʦʜʙʘʮʫʿʝ. 

 2.2.3 ʇʘʨʘʤʝʪʘʨʩʢʝ ʿʝʜʥʘʯʠʥʝ ʪʦʧʣʠʭ ʧʨʩʣʠʥʘ 

 ʊʦʢʦʤ ʭʣʘʹʝˁʘ ʯʝʣʠʢʘ ʧʦʩʣʝ ʟʘʚʘʨʠʚʘˁʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʦʢʦ ʩʦʣʠʜʫʩ ʪʝʤʧʝʨʘʪʫʨʝ (ʦʜ 

800 ʜʦ 900°C) ʥʘʩʪʘʿʫ ʪʦʧʣʝ ʧʨʩʣʠʥʝ ʢʦʿʝ ʤʦʛʫ ʙʠʪʠ ʢʨʠʩʪʘʣʠʟʘʮʠʦʥʝ, ʫʢʦʣʠʢʦ ʩʝ ʿʘʚʝ ʫ ʤʝʪʘʣʫ 

ʰʘʚʘ ʠʣʠ ʣʠʢʚʘʮʠʦʥʝ ʢʘʜʘ ʩʝ ʿʘʚʝ ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ. ʋʟʨʦʢ ʥʘʩʪʘʥʢʘ ʪʦʧʣʠʭ ʧʨʩʣʠʥʘ ʿʝ 

ʤʘʣʘ ʜʝʬʦʨʤʘʮʠʦʥʘ ʩʧʦʩʦʙʥʦʩʪ ʠ ʥʠʩʢʘ ʪʝʭʥʦʣʦʰʢʘ ʦʪʧʦʨʥʦʩʪ ʤʝʪʘʣʘ ʟʘ ʚʨʝʤʝ ʭʣʘʹʝˁʘ, ʜʦʢ 

ʿʝ ʫ ʜʚʦʬʘʟʥʦʤ ʯʚʨʩʪʦ-ʪʝʯʥʦʤ ʩʪʘˁʫ ʧʦ ʛʨʘʥʠʮʘʤʘ ʤʝʪʘʣʥʠʭ ʟʨʥʘ. ʊʦʧʣʝ ʧʨʩʣʠʥʝ ʥʘʩʪʘʿʫ ʢʘʜʘ 

ʫ ʤʝʪʘʣʫ ʰʘʚʘ ʧʦʩʪʦʿʝ ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʩʫ ʩʢʣʦʥʘ ʬʦʨʤʠʨʘˁʫ ʥʠʩʢʦʪʦʧˀʠʚʠʭ ʝʫʪʝʢʪʠʢʘ ʠ 



60 

 

ʭʝʤʠʿʩʢʠʭ ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʩʝ ʠʟʜʚʘʿʘʿʫ ʧʦ ʛʨʘʥʠʮʘʤʘ ʤʝʪʘʣʥʠʭ ʟʨʥʘ. ʂʘʨʘʢʪʝʨʠʩʪʠʯʘʥ ʧʦʣʦʞʘʿ 

ʪʦʧʣʠʭ ʧʨʩʣʠʥʘ ʢʦʿʝ ʩʝ ʿʘʚˀʘʿʫ ʢʦʜ ʩʫʯʝʦʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 8. 

 
ʉʣʠʢʘ 8. ʊʦʧʣʘ ʧʨʩʣʠʥʘ ʢʦʜ ʫʛʘʦʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ [15]  

 ʇʘʨʘʤʝʪʘʨʩʢʝ ʿʝʜʥʘʯʠʥʝ ʪʦʧʣʠʭ ʧʨʩʣʠʥʘ ʟʘ ʦʮʝʥʫ ʩʢʣʦʥʦʩʪʠ ʯʝʣʠʢʘ ʢʘ ʥʘʩʪʘʿʘˁʫ ʦʚʠʭ 

ʧʨʩʣʠʥʘ ʩʫ ʜʦʙʠʿʝʥʝ ʨʝʛʨʝʩʠʦʥʦʤ ʘʥʘʣʠʟʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʥʘ 

ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʝʧʨʫʚʝʪʘ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʫʛʣʘʚʥʦʤ ʥʘ ʤʝʪʘʣ ʰʘʚʘ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʩʝ ʤʦʛʫ 

ʧʨʠʤʝʥʠʪʠ ʠ ʟʘ ʦʮʝʥʫ ʩʢʣʦʥʦʩʪʠ ʯʝʣʠʢʘ ʢʘ ʧʨʩʣʠʥʘʤʘ ʢʦʿʝ ʥʘʩʪʘʿʫ ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ, 

ʦʜʥʦʩʥʦ ʣʠʢʚʘʮʠʦʥʠʤ ʧʨʩʣʠʥʘʤʘ. ʄʝʹʫʪʠʤ, ʨʝʟʫʣʪʘʪʝ ʦʮʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʢʘ ʪʦʧʣʠʤ ʧʨʩʣʠʥʘʤʘ 

ʥʘ ʦʩʥʦʚʫ ʦʚʠʭ ʧʘʨʘʤʝʪʘʨʩʢʠʭ ʿʝʜʥʘʯʠʥʘ ʪʨʝʙʘ ʫʟʝʪʠ ʫʩʣʦʚʥʦ, ʢʘʦ ʠ ʫ ʩʣʫʯʘʿʫ ʦʮʝʥʝ 

ʦʪʧʦʨʥʦʩʪʠ ʢʘ ʭʣʘʜʥʠʤ ʧʨʩʣʠʥʘʤʘ ʥʘ ʦʩʥʦʚʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʿʝʜʥʘʯʠʥʘ. ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ 

ʘʥʘʣʠʟʝ ʦʪʧʦʨʥʦʩʪʠ ʢʘ ʪʦʧʣʠʤ ʧʨʩʣʠʥʘʤʘ ʚʨʰʠ ʩʝ ʠʟʙʦʨ ʧʦʩʪʫʧʘʢʘ ʠ ʧʘʨʘʤʝʪʘʨʘ ʟʘʚʘʨʠʚʘˁʘ, 

ʘʣʠ ʩʝ ʫʩʚʦʿʝʥʠ ʧʘʨʘʤʝʪʨʠ ʠ ʧʦʩʪʫʧʮʠ ʚʝʨʠʬʠʢʫʿʫ ʪʝʢ ʧʦʩʣʝ ʠʟʚʝʜʝʥʠʭ ʪʝʭʥʦʣʦʰʢʠʭ ʧʨʦʙʘ. 

 ʋ ʣʠʪʝʨʘʪʫʨʠ ʧʦʩʪʦʿʠ ʚʝ˂ʠ ʙʨʦʿ ʠʟʨʘʟʘ ʚʝʟʘʥʠʭ ʟʘ ʘʥʘʣʠʟʫ ʦʪʧʦʨʥʦʩʪʠ ʢʘ ʪʦʧʣʠʤ 

ʧʨʩʣʠʥʘʤʘ. ʇʨʝʤʘ ʨʫʩʢʠʤ ʘʫʪʦʨʠʤʘ, ʩʢʣʦʥʦʩʪ ʥʠʩʢʦʫʛˀʝʥʠʯʥʠʭ ʯʝʣʠʢʘ ʢʘ ʪʦʧʣʠʤ ʧʨʩʣʠʥʘʤʘ 

ʩʝ ʤʦʞʝ ʦʮʝʥʠʪʠ ʧʦʤʦ˂ʫ ʤʦʜʠʬʠʢʦʚʘʥʦʛ ʝʢʚʠʚʘʣʝʥʪʘ ʫʛˀʝʥʠʢʘ - mCE  ʢʦʿʠ ʩʝ ʠʟʨʘʯʫʥʘʚʘ 

ʧʨʝʤʘ ʠʟʨʘʟʫ [126, 128, 136, 138]: 

0,4 0,8 0,8
2 ,
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ʂʘʜʘ ʿʝ ʚʨʝʜʥʦʩʪ mCE > 0,45% ʯʝʣʠʮʠ ʩʫ ʩʢʣʦʥʠ ʢʘ ʥʘʩʪʘʥʢʫ ʪʦʧʣʠʭ ʧʨʩʣʠʥʘ ʠ ʦʙʨʥʫʪʦ. 

 ʇʨʝʤʘ ɱʘʧʘʥʩʢʠʤ ʘʫʪʦʨʠʤʘ ʟʘ ʦʮʝʥʫ ʦʪʧʦʨʥʦʩʪʠ ʧʨʝʤʘ ʥʘʩʪʘʥʢʫ ʪʦʧʣʠʭ ʧʨʩʣʠʥʘ ʢʦʨʠʩʪʠ 

ʩʝ ʧʘʨʘʤʝʪʘʨ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʪʦʧʣʝ ʧʨʩʣʠʥʝ - H. C. S. (Hot Crack Sensitivity) ʢʦʿʠ ʩʝ ʠʟʨʘʯʫʥʘʚʘ 

ʧʨʝʤʘ ʩʣʝʜʝ˂ʝʤ ʠʟʨʘʟʫ[126, 128, 136, 138] 

310
2 0

.
5 1 0

3
.

Si Ni
C S P

Mn C
H S

r Mo
C

V

å õ
Ö + + + Öæ ö
ç ÷

=
Ö + + +

. 
(29) 

 ʋʛˀʝʥʠʯʥʠ ʠ ʥʠʩʢʦʣʝʛʠʨʘʥʠ ʯʝʣʠʮʠ ʩʫ ʩʢʣʦʥʠ ʢʘ ʥʘʩʪʘʥʢʫ ʪʦʧʣʠʭ ʧʨʩʣʠʥʘ ʘʢʦ ʿʝ 

H. C. S > 4, ʜʦʢ ʿʝ ʟʘ ʯʝʣʠʢʝ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʢʦʜ ʢʦʿʠʭ ʿʝ ʥʘʧʦʥ ʪʝʯʝˁʘ Rm > 700 MPa ʦʚʘ 

ʛʨʘʥʠʮʘ ʟʥʘʪʥʦ ʥʠʞʘ, ʦʜʥʦʩʥʦ: ʯʝʣʠʮʠ ʩʫ ʩʢʣʦʥʠ ʥʘʩʪʘʥʢʫ ʪʦʧʣʠʭ ʧʨʩʣʠʥʘ ʢʘʜʘ ʿʝ H. C. S > 2 

ʟʘ ʪʘʥʢʝ ʣʠʤʦʚʝ ʠ ʢʘʜʘ ʿʝ H. C. S > 1,6 ʟʘ ʜʝʙʝʣʝ ʧʣʦʯʝ. 

 ʇʦʨʝʜ ʦʧʰʪʝ ʦʮʝʥʝ ʩʢʣʦʥʦʩʪʠ ʯʝʣʠʢʘ ʢʘ ʪʦʧʣʠʤ ʧʨʩʣʠʥʘʤʘ ʧʦʤʦ˂ʫ ʧʘʨʘʤʝʪʘʨʘ mCE  ʠ  

H. C. S, ʦʜʨʝʹʫʿʝ ʩʝ ʠ ʪʝʤʧʝʨʘʪʫʨʩʢʠ ʠʥʪʝʨʚʘʣ ʢʨʠʩʪʘʣʠʟʘʮʠʿʝ - ʊD  ʥʘ ʦʩʥʦʚʫ ʣʠʢʚʠʜʫʩ - 1ʊ ʠ 

ʩʦʣʠʜʫʩ - Sʊ  ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʦ 1 Sʊ ʊ ʊD = -. ʋ ʮʠˀʫ ʦʮʝʥʝ ʩʢʣʦʥʦʩʪʠ ʢʘ ʪʦʧʣʠʤ ʧʨʩʣʠʥʘʤʘ 

ʦʜʨʝʹʫʿʝ ʩʝ ʠ ʢʨʠʪʠʯʥʘ ʙʨʟʠʥʘ ʜʝʬʦʨʤʠʩʘˁʘ - krdv . ʂʘʜʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʩʢʠ ʠʥʪʝʨʚʘʣ 

ʢʨʠʩʪʘʣʠʟʘʮʠʿʝ ʊD  ʫʟʘʢ, ʯʝʣʠʮʠ ʩʝ ʜʦʙʨʦ ʟʘʚʘʨʫʿʫ ʝʣʝʢʪʨʦʜʘʤʘ ʩʣʠʯʥʦʛ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʢʘʦ 

ʠ ʦʩʥʦʚʥʠ ʤʘʪʝʨʠʿʘʣ ʧʨʠ ʯʝʤʫ ʩʝ ʬʦʨʤʠʨʘ ʭʦʤʦʛʝʥ ʩʧʦʿ. ʄʝʹʫʪʠʤ, ʚʝʣʠʢʠ ʙʨʦʿ 
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ʚʠʩʦʢʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʠ ʚʝ˂ʠʥʘ ʥʝʞʝʣʝʟʥʠʭ ʣʝʛʫʨʘ ʠʤʘ ʚʝʣʠʢʫ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʣʠʢʚʠʜʫʩ ʠ 

ʩʦʣʠʜʫʩ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʠʟʘʙʨʘʪʠ ʜʦʜʘʪʥʠ ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ˂ʝ ʩʤʘˁʠʪʠ ,ʊD ʯʠʤʝ 

ʩʝ ʩʪʚʘʨʘ ʪʟʚ. Ăʝʫʪʝʢʪʠʯʢʘ ʠʩʧʫʥʘñ ʢʦʿʘ ʠʩʧʫˁʘʚʘ ʠ Ăʟʘʮʝˀʫʿʝñ ʧʦʯʝʪʥʝ ʧʨʩʣʠʥʝ. 

 ʊʝʤʧʝʨʘʪʫʨʩʢʠ ʠʥʪʝʨʚʘʣ ʢʨʠʩʪʘʣʠʟʘʮʠʿʝ - ʊD  ʠ ʢʨʠʪʠʯʥʘ ʙʨʟʠʥʘ ʜʝʬʦʨʤʠʩʘˁʘ - krdv  

ʦʜʨʝʹʫʿʫ ʩʝ ʥʘ ʦʩʥʦʚʫ ʩʣʝʜʝ˂ʠʭ ʠʟʨʘʟʘ [126, 128, 136, 138]: 

¶ ʢʦʜ ʫʛˀʝʥʠʯʥʠʭ ʯʝʣʠʢʘ 

238 53,7 3,6 ,ʊ S C MnD = Ö + Ö - Ö°C,  (30) 

27,2 76 184 24 ,krdv C S Mn= - Ö - Ö + Ö mm/min,  (31) 

¶ ʢʦʜ ʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ 

609 113 20 8,7 14 ,ʊ S C Si Mn MoD = Ö + Ö + Ö - Ö - Ö°C,  (32) 

27,7 42 411 3,3 5,6 6,7 ,krdv C S Si Mn Mo= - Ö - Ö - Ö + Ö + Ö   mm/min,  (33) 

¶ ʢʦʜ ʚʠʩʦʢʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ 

609 113 20 8,7 14 ,ʊ S C Si Mn MoD = Ö + Ö + Ö - Ö - Ö°C,  (34) 

27,7 42 411 3,3 5,6 6,7 ,krdv C S Si Mn Mo= - Ö - Ö - Ö + Ö + Ö  mm/min,  (35) 

 ʇʨʠʢʘʟʘʥʠ ʠʟʨʘʟʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʦʨʝʹʝˁʝ ʯʝʣʠʢʘ ʠʩʪʝ ʢʣʘʩʝ ʫ ʦʜʥʦʩʫ ʥʘ ʩʢʣʦʥʦʩʪ ʢʘ 

ʥʘʩʪʘʥʢʫ ʪʦʧʣʠʭ ʧʨʩʣʠʥʘ. ʏʝʣʠʮʠ ʩʘ ʤʘˁʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʊD  ʠ ʚʠʰʠʤ ʚʨʝʜʥʦʩʪʠʤʘ krdv  ʩʫ 

ʦʪʧʦʨʥʠʿʠ ʥʘ ʥʘʩʪʘʥʘʢ ʢʨʠʩʪʘʣʠʟʘʮʠʦʥʠʭ ʧʨʩʣʠʥʘ. 

 2.2.4 ʇʘʨʘʤʝʪʘʨʩʢʝ ʿʝʜʥʘʯʠʥʝ ʣʘʤʝʣʘʨʥʠʭ ʧʨʩʣʠʥʘ 

 ʃʘʤʝʣʘʨʥʝ ʧʨʩʣʠʥʝ ʥʘʩʪʘʿʫ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʜʝʣʦʚʘˁʘ ʩʠʣʘ ʥʦʨʤʘʣʥʠʭ ʥʘ ʟʘʚʘʨʝʥʝ ʧʣʦʯʝ 

ʚʝʣʠʢʠʭ ʜʝʙˀʠʥʘ ʢʦʿʝ ʩʘʜʨʞʝ ʪʨʘʢʘʩʪʝ ʩʫʣʬʠʜʥʝ ʫʢˀʫʯʢʝ. ʇʘʨʘʤʝʪʘʨ ʟʘ ʦʮʝʥʫ ʩʢʣʦʥʦʩʪʠ 

ʯʝʣʠʢʘ ʢʘ ʥʘʩʪʘʥʢʫ ʣʘʤʝʣʘʨʥʠʭ ʧʨʩʣʠʥʘ - lP, ʧʨʝʤʘ ʿʘʧʘʥʩʢʠʤ ʘʫʪʦʨʠʤʘ ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʫ 

ʦʙʣʠʢʫ [59]: 
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 ʏʝʣʠʢ ʿʝ ʦʪʧʦʨʘʥ ʧʨʝʤʘ ʥʘʩʪʘʥʢʫ ʣʘʤʝʣʘʨʥʠʭ ʧʨʩʣʠʥʘ ʢʘʜʘ ʿʝ lP  < 0,40. ʆʮʝʥʘ ʦʪʧʦʨʥʦʩʪʠ 

ʯʝʣʠʢʘ ʧʨʝʤʘ ʥʘʩʪʘʥʢʫ ʣʘʤʝʣʘʨʥʠʭ ʧʨʩʣʠʥʘ ʥʠʿʝ ʜʦʚʦˀʥʦ ʧʨʝʮʠʟʥʘ ʥʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦʛ 

ʠʟʨʘʟʘ ʿʝʨ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʩʘʤʦ ʫʪʠʮʘʿ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʯʝʣʠʢʘ, ʩʘʜʨʞʘʿ ʜʠʬʫʥʜʦʚʘʥʦʛ 

ʚʦʜʦʥʠʢʘ ʠ ʩʘʜʨʞʘʿ ʥʝʯʠʩʪʦ˂ʘ, ʘ ʥʝ ʦʙʫʭʚʘʪʘ ʥʝʢʝ ʜʨʫʛʝ ʙʠʪʥʝ ʬʘʢʪʦʨʝ ʢʘʦ ʰʪʦ ʩʫ: ʦʙʣʠʢ 

ʩʫʣʬʠʜʥʠʭ ʫʢˀʫʯʘʢʘ ʫ ʯʝʣʠʢʫ, ʢʨʫʪʦʩʪ ʩʣʦʿʘ ʠ ʪʩʣ. ʇʨʝʮʠʟʥʠʿʘ ʦʮʝʥʘ ʩʢʣʦʥʦʩʪʠ ʢʘ 

ʣʘʤʝʣʘʨʥʠʤ ʧʨʩʣʠʥʘʤʘ ʩʝ ʩʧʨʦʚʦʜʠ ʪʝʭʥʦʣʦʰʢʠʤ ʧʨʦʙʘʤʘ. ʂʘʨʘʢʪʝʨʠʩʪʠʯʘʥ ʠʟʛʣʝʜ ʧʦʚʨʰʠʥʝ 

ʧʦ ʢʦʿʦʿ ʿʝ ʥʘʩʪʘʦ ʣʦʤ ʫʩʣʝʜ ʨʘʟʚʦʿʘ ʣʘʤʝʣʘʨʥʠʭ ʧʨʩʣʠʥʘ ʢʦʜ ʫʛʘʦʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʧʨʠʢʘʟʘʥ 

ʿʝ ʥʘ ʩʣʠʮʠ 9. 

 

ʉʣʠʢʘ 9. ʇʦʚʨʰʠʥʘ ʣʦʤʘ ʫʩʣʝʜ ʨʘʟʚʦʿʘ ʣʘʤʝʣʘʨʥʠʭ ʧʨʩʣʠʥʘ ʢʦʜ ʫʛʘʦʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ [117] 
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 2.2.5 ʇʘʨʘʤʝʪʘʨʩʢʝ ʿʝʜʥʘʯʠʥʝ ʧʨʩʣʠʥʘ ʞʘʨʝˁʘ 

 ʇʨʩʣʠʥʝ ʞʘʨʝˁʘ ʥʘʩʪʘʿʫ ʢʦʜ ʧʦʩʪʫʧʘʢʘ ʥʘʢʥʘʜʥʝ ʪʝʨʤʠʯʢʝ ʦʙʨʘʜʝ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʢʘʜʘ 

ʩʝ ʦʚʠ ʩʧʦʿʝʚʠ ʧʦʜʚʨʛʘʚʘʿʫ ʞʘʨʝˁʫ ʫ ʮʠˀʫ ʦʪʢʣʘˁʘˁʘ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ. ʇʨʩʣʠʥʝ ʞʘʨʝˁʘ ʩʝ 

ʤʦʛʫ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʫ ʜʚʝ ʛʨʫʧʝ: ʧʨʩʣʠʥʝ ʥʘʩʪʘʣʝ ʫ ʥʠʩʢʦ ʪʝʤʧʝʨʘʪʫʨʩʢʦʿ ʦʙʣʘʩʪʠ (200 ʜʦ 

300ÁC) ʪʦʢʦʤ ʟʘʛʨʝʚʘˁʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʝ ʞʘʨʝˁʘ ʠ ʧʨʩʣʠʥʝ ʥʘʩʪʘʣʝ ʟʘ ʚʨʝʤʝ ʩʘʤʦʛ ʞʘʨʝˁʘ. 

ʇʨʩʣʠʥʝ ʞʘʨʝˁʘ ʥʘʿʯʝʰ˂ʝ ʥʘʩʪʘʿʫ ʧʨʠʣʠʢʦʤ ʧʦʯʝʪʥʦʛ ʟʘʛʨʝʚʘˁʘ, ʥʘʨʦʯʠʪʦ ʧʨʠ ʚʠʩʦʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʟʘʛʨʝʚʘˁʘ. ʇʨʠ ʟʘʛʨʝʚʘˁʫ ʩʪʚʘʨʘ ʩʝ ʥʝʭʦʤʦʛʝʥʦ ʪʝʨʤʠʯʢʦ ʧʦˀʝ, ʯʠʤʝ ʥʘʩʪʘʿʫ 

ʪʝʨʤʠʯʢʠ ʥʘʧʦʥʠ ʢʦʿʠ ʟʘʿʝʜʥʦ ʩʘ ʩʪʨʫʢʪʫʨʥʠʤ ʥʘʧʦʥʠʤʘ ʧʨʝʚʘʟʠʣʘʟʝ ʿʘʯʠʥʫ ʤʘʪʝʨʠʿʘʣʘ ʪʘʢʦ 

ʜʘ ʩʝ ʩʪʚʘʨʘʿʫ ʧʨʩʣʠʥʝ. ʅʘ ʩʣʠʮʠ 10 ʧʨʠʢʘʟʘʥʘ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʠʥʪʝʨʢʨʠʩʪʘʣʥʘ ʧʨʩʣʠʥʘ 

ʞʘʨʝˁʘ.  

 

ʉʣʠʢʘ 10. ʀʥʪʝʨʢʨʠʩʪʘʣʥʘ ʧʨʩʣʠʥʘ ʞʘʨʝˁʘ [118] 

 ʇʨʩʣʠʥʝ ʞʘʨʝˁʘ ʯʝʩʪʦ ʥʘʩʪʘʿʫ ʥʘ ʤʝʩʪʠʤʘ ʠʥʠʮʠʿʘʣʥʦʛ ʨʘʟʚʦʿʘ ʚʦʜʦʥʠʯʥʠʭ ʧʨʩʣʠʥʘ ʢʘʜʘ 

ʟʙʦʛ ʚʠʩʦʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦʣʘʟʠ ʜʦ ˁʠʭʦʚʦʛ ʰʠʨʝˁʘ. ʅʘʩʪʘʥʘʢ ʧʨʩʣʠʥʘ ʞʘʨʝˁʘ ʩʝ ʩʧʨʝʯʘʚʘ 

ʤʘʣʠʤ ʙʨʟʠʥʘʤʘ ʟʘʛʨʝʚʘˁʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʝ 300°C, ʢʦʿʘ ʟʘ ʜʝʣʦʚʝ ʚʝ˂ʠʭ ʜʠʤʝʥʟʠʿʘ ʠʟʥʦʩʠ ʦʢʦ 

ʦʜ 15 ʜʦ 20°C/h.  

 ʆʮʝʥʘ ʩʢʣʦʥʦʩʪʠ ʯʝʣʠʢʘ ʢʘ ʦʙʨʘʟʦʚʘˁʫ ʧʨʩʣʠʥʘ ʞʘʨʝˁʘ ʠʟʚʦʜʠ ʩʝ ʧʨʝʢʦ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ 

ʩʣʫʞʝ ʠ ʟʘ ʤʝʹʫʩʦʙʥʦ ʧʦʨʝʹʝˁʝ ʯʝʣʠʢʘ ʧʨʝʤʘ ʦʚʦʿ ʩʢʣʦʥʦʩʪʠ. ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʥʘʣʘʟʠ ʚʝ˂ʠ 

ʙʨʦʿ ʠʟʨʘʟʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʦʚʠʭ ʧʘʨʘʤʝʪʘʨʘ. ɿʘ ʯʝʣʠʢʝ ʢʦʿʠ ʩʘʜʨʞʝ  C Ò 0,18% ʠ Cr Ò 1,55% 

ʧʘʨʘʤʝʪʘʨ ʟʘ ʦʮʝʥʫ ʩʢʣʦʥʦʩʪʠ ʢʘ ʧʨʩʣʠʥʘʤʘ ʞʘʨʝˁʘ ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʧʨʝʤʘ ʠʟʨʘʟʫ [126, 128, 136, 

138]: 

3,3 8,1 2.G Cr Mo VD = + Ö + Ö -  (37) 

 ʂʘʜʘ ʿʝ ʚʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʨʘ GD  Ó 0, ʯʝʣʠʢ ʿʝ ʩʢʣʦʥ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʩʢʠʤ ʧʨʩʣʠʥʘʤʘ 

ʞʘʨʝˁʘ, ʜʦʢ ʢʘʜʘ ʿʝ GD  = 0 ʜʦ 1, ʨʘʟʤʘʪʨʘʥʠ ʯʝʣʠʢ ʿʝ ʥʘʤʝˁʝʥ ʚʠʰʝʩʣʦʿʥʦʤ ʟʘʚʘʨʠʚʘˁʫ ʠ  

ʩʤʘʪʨʘ ʩʝ ʩʢʣʦʥʠʤ ʥʘʩʪʘʥʢʫ ʧʨʩʣʠʥʘ ʞʘʨʝˁʘ ʠʩʧʦʜ ʥʘʚʘʨʘ. 

 ɿʘ ʯʝʣʠʢʝ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ: 0,1 % ʜʦ 0,25% C; 0% ʜʦ 1,5% Cr; 0% ʜʦ 0,2% Mo;  

0,2% Cu  ʠ 0% ʜʦ 0,15% (V, Ti, Nb), ʧʘʨʘʤʝʪʘʨ ʟʘ ʦʮʝʥʫ ʩʢʣʦʥʦʩʪʠ ʢʘ ʥʘʩʪʘʥʢʫ ʧʨʩʣʠʥʘ ʞʘʨʝˁʘ 

ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʧʨʝʤʘ ʠʟʨʘʟʫ [126, 128]: 

2 10 7 5 2.
Ģ

P Cr Cu Mo V Nb Ti= + + Ö + Ö + Ö + Ö -  (38) 

ʏʝʣʠʢ ʿʝ ʩʢʣʦʥ ʢʘ ʥʘʩʪʘʥʢʫ ʧʨʩʣʠʥʘ ʞʘʨʝˁʘ ʢʘʜʘ ʿʝ ʚʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʨʘ 
Ģ

P > 0. 

 ʇʦʨʝʹʝˁʝ ʯʝʣʠʢʘ ʧʨʝʤʘ ʦʩʝʪˀʠʚʦʩʪʠ ʢʘ ʥʘʩʪʘʥʢʫ ʧʨʩʣʠʥʘ ʞʘʨʝˁʘ ʚʨʰʠ ʩʝ ʧʦʨʝʹʝˁʝʤ 

ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʨʘ ʢʦʿʠ ʩʝ ʠʟʨʘʯʫʥʘʚʘʿʫ ʧʨʝʤʘ ʠʟʨʘʟʫ [126, 128]: 

( )0.4 5 3 .SP Mn Cu Al Ti Sn= Ö + + Ö - Ö +  (39) 

ʏʝʣʠʮʠ ʩʘ ʚʠʰʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʧʘʨʘʤʝʪʘʨʘ SP ʩʫ ʦʩʝʪˀʠʚʠʿʠ ʥʘ ʧʦʿʘʚʫ ʧʨʩʣʠʥʘ ʞʘʨʝˁʘ. ʆʮʝʥʘ 

ʩʢʣʦʥʦʩʪʠ ʯʝʣʠʢʘ ʢʘ ʧʦʿʘʚʠ ʧʨʩʣʠʥʘ ʞʘʨʝˁʘ ʿʝ ʫʩʣʦʚʥʘ, ʘ ʢʦʥʘʯʥʘ ʚʝʨʠʬʠʢʘʮʠʿʘ ʪʝʭʥʦʣʦʛʠʿʝ 

ʟʘʚʘʨʠʚʘˁʘ ʦʙʘʚˀʘ ʩʝ ʧʦʩʣʝ ʠʟʚʝʜʝʥʠʭ ʪʝʭʥʦʣʦʰʢʠʭ ʧʨʦʙʘ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ. 
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 2.2.6 ʆʩʪʘʣʠ ʧʦʢʘʟʘʪʝˀʠ ʟʘʚʘʨˀʠʚʦʩʪʠ ʯʝʣʠʢʘ 

 ʇʦʨʝʜ ʥʘʚʝʜʝʥʠʭ ʧʦʢʘʟʘʪʝˀʘ ʠ ʧʦʩʪʫʧʘʢʘ ʦʮʝʥʝ ʟʘʚʘʨˀʠʚʦʩʪʠ ʧʦʩʪʦʿʝ ʠ ʜʨʫʛʠ ʧʦʢʘʟʘʪʝˀʠ 

ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʠʟʚʦʜʠ ʦʮʝʥʘ ʟʘʚʘʨˀʠʚʦʩʪʠ ʯʝʣʠʢʘ. ʊʚʨʜʦ˂ʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ ʢʘʦ 

ʢʦʥʪʨʦʣʥʘ ʚʝʣʠʯʠʥʘ ʢʦʿʘ ʿʝ ʫ ʧʦʟʠʪʠʚʥʦʿ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʿʘʯʠʥʦʤ, ʘ ʫ ʥʝʛʘʪʠʚʥʦʿ ʩʘ ʦʩʦʙʠʥʘʤʘ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʜʝʬʦʨʤʠʩʘˁʘ. ʄʘʢʩʠʤʘʣʥʘ ʜʦʟʚʦˀʝʥʘ ʪʚʨʜʦ˂ʘ ʿʝ ʫ ʢʦʨʝʣʘʮʠʿʠ ʿ ʝ ʩʘ ʩʘʜʨʞʘʿʝʤ 

ʜʠʬʫʥʜʦʚʘʥʦʛ ʚʦʜʦʥʠʢʘ ʠ ʧʦʚʝʟʘʥʘ ʿʝ ʩʘ ʥʘʩʪʘʥʢʦʤ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ. ʇʨʦʨʘʯʫʥ ʤʘʢʩʠʤʘʣʥʝ 

ʪʚʨʜʦ˂ʝ  - maxHV  ʢʦʿʘ ʩʝ ʿʘʚˀʘ ʫ ɿʋʊ-ʫ ʠʟʚʦʜʠ ʩʝ ʧʨʝʤʘ ʩʣʝʜʝ˂ʠʤ ʠʟʨʘʟʠʤʘ [126, 128]: 

¶ ʟʘ ʥʠʩʢʦʫʛˀʝʥʠʯʥʝ ʯʝʣʠʢʝ ʩʘ ʟʘʪʝʟʥʦʤ ʿʘʯʠʥʦʤ Rm < 300 MPa: 

max 90 1050 47 75 30 31 40 ,HV C Si Mn Ni Cr V= + Ö + Ö + Ö + Ö + Ö + Ö  (40) 

¶ ʟʘ ʤʠʢʨʦʣʝʛʠʨʘʥʝ ʠ ʥʠʩʢʦʣʝʛʠʨʘʥʝ ʯʝʣʠʢʝ ʠ ʧʦʩʪʫʧʢʝ ʟʘʚʘʨʠʚʘˁʘ ʢʦʜ ʢʦʿʠʭ ʿʝ ʧʦʛʦʥʩʢʘ 

ʝʥʝʨʛʠʿʘ q = 17 kJ/cm: 

max 1450 5 ,
30 20 60 15

Si Mn Cu Cr Ni Mo V
HV C B

+ + +å õ
= Ö + + + + + Öæ ö

ç ÷
  (41) 

¶ ʢʘʜ ʿʝ ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ ʚʝ˂ʘ ʦʜ ʢʨʠʪʠʯʥʝ ʙʨʟʠʥʝ ʭʣʘʹʝˁʘ, ʦʜʥʦʩʥʦ ʢʘʜʘ ʿʝ 8/5t Ò100t  

ʜʦʣʘʟʠ ʜʦ ʥʘʩʪʘʥʢʘ ʯʠʩʪʦ ʤʘʨʪʝʥʟʠʪʥʝ ʩʪʨʫʢʪʫʨʝ ʠ ʪʘʜʘ ʿʝ ʤʘʢʩʠʤʘʣʥʘ ʧʨʦʨʘʯʫʥʩʢʘ 

ʪʚʨʜʦ˂ʘ: 

max 812 293.HV C= Ö -  (42) 

 ʆʮʝʥʘ ʟʘʚʘʨˀʠʚʦʩʪʠ ʯʝʣʠʢʘ ʥʘ ʦʩʥʦʚʫ ʤʘʢʩʠʤʘʣʥʝ ʪʚʨʜʦ˂ʝ ʫ ɿʋʊ-ʫ ʿʝ ʦʨʠʿʝʥʪʘʮʠʦʥʘ. ʂʦʜ 

ʫʛˀʝʥʠʯʥʦ-ʤʘʥʛʘʥʩʢʠʭ ʯʝʣʠʢʘ ʩʤʘʪʨʘ ʩʝ ʜʘ ʪʚʨʜʦ˂ʘ ʜʦ 350 HV ʫ ɿʋʊ-ʫ ʥʠʿʝ ʦʧʘʩʥʘ ʠʟ ʘʩʧʝʢʪʘ 

ʧʦʿʘʚʝ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ. ʂʦʜ ʥʠʩʢʦʣʝʛʠʨʘʥʠʭ ʠ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʜʦʟʚʦˀʝʥʘ ʪʚʨʜʦ˂ʘ ʩʝ 

ʧʦʚʝʟʫʿʝ ʩʘ ʩʘʜʨʞʘʿʝʤ ʜʠʬʫʥʜʦʚʘʥʦʛ ʚʦʜʦʥʠʢʘ. ɺʨʝʜʥʦʩʪʠ ʤʘʢʩʠʤʘʣʥʠʭ ʜʦʟʚʦˀʝʥʠʭ ʪʚʨʜʦ˂ʘ 

ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʘʜʨʞʘʿʘ ʟʘʦʩʪʘʣʦʛ ʚʦʜʦʥʠʢʘ  ʫ ʤʝʪʘʣʫ 

ʰʘʚʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 4 [126, 128, 136, 138]. 

ʊʘʙʝʣʘ 4. ʄʘʢʩʠʤʘʣʥʘ ʜʦʟʚʦˀʝʥʘ ʪʚʨʜʦ˂ʘ ʫ ɿʋʊ-ʫ 

 ʇʦʨʘʩʪ ʪʚʨʜʦ˂ʝ, ʧʦʨʝʜ ʧʦʨʘʩʪʘ ʢʨʪʦʩʪʠ ʠ ʩʢʣʦʥʦʩʪʠ ʢʘ ʭʣʘʜʥʠʤ ʧʨʩʣʠʥʘʤʘ, ʫʩʣʦʚˀʘʚʘ 

ʧʦʚʝ˂ʘʥʫ ʦʩʝʪˀʠʚʦʩʪ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʥʘʧʦʥʘ, ʧʘ ʩʝ ʢʘʦ ʜʦʧʫʥʩʢʦ ʦʛʨʘʥʠʯʝˁʝ ʫʚʦʜʠ 

ʢʨʠʪʝʨʠʿʫʤ: 

maxHV =(1,2 ʜʦ 1,3)OMHVÖ , (43) 

ʛʜʝ ʿʝ: ʆʄHV - ʪʚʨʜʦ˂ʘ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ. 

 ʇʨʘʢʪʠʯʥʠ ʟʘʭʪʝʚʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ 

ʧʨʝʪʧʦʩʪʘʚˀʘʿʫ ʜʘ ʩʫ ʦʥʝ ʠʩʪʝ ʠʣʠ ʚʠʰʝ ʦʜ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, 

ʰʪʦ ʩʝ ʧʦʩʪʠʞʝ ʧʨʠʤʝʥʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʪʝʭʥʦʣʦʛʠʿʝ, ʧʘʨʘʤʝʪʘʨʘ ʠ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʧʨʠ 

ʟʘʚʘʨʠʚʘˁʫ. ʇʦʨʝʜ ʟʘʭʪʝʚʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʿʘʯʠʥʫ ʠ ʪʚʨʜʦ˂ʫ ʚʝʦʤʘ ʚʘʞʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʿʝ 

ʠ ʫʜʘʨʥʘ ʞʠʣʘʚʦʩʪ, ʥʘʨʦʯʠʪʦ ʢʦʜ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʥʘ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ ʢʦʿʝ ʨʘʜʝ ʫ ʫʩʣʦʚʠʤʘ 

ʧʨʦʤʝʥˀʠʚʠʭ ʦʧʪʝʨʝ˂ʝˁʘ. ɱʘʯʠʥʘ, ʪʚʨʜʦ˂ʘ ʠ ʫʜʘʨʥʘ ʞʠʣʘʚʦʩʪ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʘʢʪʠʯʥʝ 

ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʝʟʫʣʪʘʪ ʧʨʠʤʝˁʝʥʝ 

ʪʝʭʥʦʣʦʛʠʿʝ ʟʘʚʘʨʠʚʘˁʘ. ʆʙʝʟʙʝʹʠʚʘˁʝ ˁʠʭʦʚʦʛ ʦʩʪʚʘʨʠʚʘˁʘ, ʛʝʥʝʨʘʣʥʦ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ 

ʥʘʿʚʘʞʥʠʿʠʭ ʬʘʢʪʦʨʘ ʢʦʿʝ ʪʨʝʙʘ ʦʙʫʭʚʘʪʠʪʠ ʧʨʦʿʝʢʪʦʚʘˁʝʤ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ɳʠʭʦʚʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʠʚʘˁʝ ʧʨʠ ʨʘʟʣʠʯʠʪʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠ ʫ ʫʩʣʦʚʠʤʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʥʘʧʦʥʘ ʧʨʠʢʘʟʘʥʦ ʿʝ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ.   

H, ml/100g > 20 10 ʜʦ 20 5 ʜʦ 10 1 ʜʦ 5 

HVmax, HV 250 375 400 450 



64 

 

 2.2.7 ɿʘʚʘʨˀʠʚʦʩʪ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ 

 ʄʠʢʨʦʣʝʛʠʨʘʥʠ ʯʝʣʠʮʠ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʤʦʛʫ ʩʝ ʩʤʘʪʨʘʪʠ ʫʩʣʦʚʥʦ ʟʘʚʘʨˀʠʚʠʤ, ʧʨʠ ʯʝʤʫ 

ʩʝ ʦʚʘ ʫʩʣʦʚʥʦʩʪ ʦʜʥʦʩʠ ʥʘ ʧʨʠʤʝʥʫ ʤʝʨʘ ʢʦʿʠʤʘ ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʫʩʧʝʰʥʦ ʠʟʚʦʹʝˁʝ ʩʧʘʿʘˁʘ 

ʟʘʚʘʨʠʚʘˁʝʤ. ʄʝʹʫʪʠʤ, ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʦʚʠʭ ʯʝʣʠʢʘ ʜʦʣʘʟʠ ʜʦ ʜʝʛʨʘʜʘʮʠʿʝ ʤʝʭʘʥʠʯʢʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʨʫʰʘʚʘˁʝʤ ˁʠʭʦʚʦʛ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛ ʩʪʘˁʘ, ʥʘʨʦʯʠʪʦ ʫ ʟʦʥʘʤʘ ʫʪʠʮʘʿʘ 

ʪʦʧʣʦʪʝ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ, ʢʘʦ ʰʪʦ ʩʫ: ʧʦʨʘʩʪ ʪʚʨʜʦ˂ʝ, ʩʤʘˁʝˁʝ ʞʠʣʘʚʦʩʪʠ, ʧʦʚʝ˂ʘˁʝ 

ʧʨʝʣʘʟʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʢʨʪʦʩʪʠ, ʧʦʿʘʚʘ ʨʘʟʥʠʭ ʚʨʩʪʘ ʤʘʪʝʨʠʿʘʣʥʠʭ ʜʠʩʢʦʥʪʠʥʫʠʪʝʪʘ ʠ ʜʨ. ʇʦʿʘʚʘ 

ʧʨʩʣʠʥʘ ʠ ʢʨʪʠʭ ʬʘʟʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʧʦʚʝʟʘʥʘ ʿʝ ʩʘ ʙʨʟʠʤ ʭʣʘʹʝˁʝʤ 

ʰʘʚʘ ʠ ˁʝʛʦʚʝ ʦʢʦʣʠʥʝ ʫ ʜʠʿʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʥʘʿʚʝ˂ʘ ʥʝʩʪʘʙʠʣʥʦʩʪ 

ʘʫʩʪʝʥʠʪʘ. ʋ ʮʠˀʫ ʠʟʙʝʛʘʚʘˁʘ ʥʘʩʪʘʥʢʘ ʦʚʠʭ ʜʝʬʝʢʘʪʘ ʧʨʝʜʫʟʠʤʘʿʫ ʩʝ ʤʝʨʝ ʢʦʿʠʤʘ ʩʝ ʩʤʘˁʫʿʝ 

ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ, ʪʿ. ʧʨʦʜʫʞʘʚʘ ʚʨʝʤʝ ʭʣʘʹʝˁʘ ʬʘʟʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ. ɹʨʟʠʥʘ ʭʣʘʹʝˁʘ ʠʟʥʘʜ 

ʢʦʿʝ ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʢʨʪʠʭ ʬʘʟʘ ʥʘʟʠʚʘ ʩʝ ʢʨʠʪʠʯʥʘ ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ ʠ ʜʝʬʠʥʠʩʘʥʘ ʿʝ ʟʘ ʩʚʘʢʠ 

ʯʝʣʠʢ. ʂʘʜʘ ʿʝ ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ ʠʟʥʘʜ ʢʨʠʪʠʯʥʝ ʙʨʟʠʥʝ ʜʦʣʘʟʠ ʜʦ ʬʦʨʤʠʨʘˁʘ ʤʘʨʪʝʥʟʠʪʥʝ ʬʘʟʝ 

ʯʠʤʝ ʩʝ ʫʟʨʦʢʫʿʝ ʥʘʩʪʘʥʘʢ ʧʨʩʣʠʥʘ. ʂʦʥʪʨʦʣʘ ʠ ʩʥʠʞʘʚʘˁʝ ʙʨʟʠʥʝ ʭʣʘʹʝˁʘ ʧʦʩʪʠʞʝ ʩʝ 

ʧʨʝʜʛʨʝʚʘˁʝʤ ʜʝʣʦʚʘ ʢʦʿʠ ʩʝ ʟʘʚʘʨʫʿʫ ʢʘʦ ʠ ʧʨʠʤʝʥʦʤ ʧʘʨʘʤʝʪʘʨʘ ʟʘʚʘʨʠʚʘˁʘ ʢʦʿʠʤʘ ʩʝ 

ʦʙʝʟʙʝʹʫʿʝ ʜʦʚʦˀʥʘ ʪʦʧʣʦʪʘ, ʥʝ ʩʘʤʦ ʟʘ ʪʦʧˀʝˁʝ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʠ ʩʪʨʘʥʠʮʝ ʦʩʥʦʚʥʦʛ 

ʤʘʪʝʨʠʿʘʣʘ, ʚʝ˂ ʠ ʟʘ ʟʘʛʨʝʚʘˁʝ ʰʠʨʝ ʟʦʥʝ ʜʝʣʦʚʘ ʢʦʿʠ ʩʝ ʟʘʚʘʨʫʿʫ. ʅʘʚʝʜʝʥʝ ʤʝʪʦʜʝ ʩʝ ʢʦʜ 

ʥʘʿʚʝ˂ʝʛ ʙʨʦʿʘ ʧʦʩʪʫʧʘʢʘ ʟʘʚʘʨʠʚʘˁʘ ʢʦʤʙʠʥʦʚʘʥʦ ʧʨʠʤʝˁʫʿʫ. ʇʦʚʝ˂ʘˁʝ ʪʚʨʜʦ˂ʝ ʠʟʘʟʚʘʥʦ 

ʩʪʨʫʢʪʫʨʥʠʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘʤʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʫʥʝʪʝ ʪʦʧʣʦʪʝ ʥʘʿʯʝʰ˂ʝ ʩʝ ʫ 

ʥʘʿʚʠʰʝʤ ʩʪʝʧʝʥʫ ʿʘʚˀʘ ʫ ʛʨʫʙʦʟʨʥʦʿ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ. ʇʨʝʩʫʜʘʥ ʫʪʠʮʘʿ ʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ, ʘ ʪʠʤʝ ʠ ʥʘ ʩʚʦʿʩʪʚʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʠʤʘ ʚʨʝʤʝ ʭʣʘʹʝˁʘ ʯʝʣʠʢʘ ʫ 

ʪʝʤʧʝʨʘʪʫʨʩʢʦʤ ʦʧʩʝʛʫ ʦʜ 800 ʜʦ 500ÁC (8/5t ), ʢʘʜʘ ʩʝ ʦʜʚʠʿʘ ʥʘʿʚʝ˂ʠ ʜʝʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ. ɿʘ ʦʜʨʝʹʠʚʘˁʝ ʦʯʝʢʠʚʘʥʦʛ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛ ʩʪʘˁʘ ʢʦʨʠʩʪʝ ʩʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʠ ʜʠʿʘʛʨʘʤʠ ʦʜ ʢʦʿʠʭ ʩʫ ʫ ʥʘʿʰʠʨʦʿ ʧʨʠʤʝʥʠ ʊʊʊ (Time - Temperature - 

Transformation) ʜʠʿʘʛʨʘʤʠ ʢʦʿʠʤʘ ʩʝ ʦʜʨʝʹʫʿʫ ʦʯʝʢʠʚʘʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʘ ʩʪʘˁʘ ʠ ʪʚʨʜʦ˂ʝ ʧʨʠ 

ʭʣʘʹʝˁʫ ʯʝʣʠʢʘ, ʢʘʦ ʠ CCT (Contineous Cooling Transformation) ʜʠʿʘʛʨʘʤʠ ʯʠʿʘ ʿʝ ʫʧʦʪʨʝʙʘ 

ʧʨʠʢʣʘʜʥʠʿʘ ʠ ʤʝʨʦʜʘʚʥʠʿʘ ʟʘ ʧʨʘ˂ʝˁʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ. 

 ʂʘˀʝʥʠ ʠ ʦʪʧʫʰʪʝʥʠ ʯʝʣʠʮʠ (Q+T) ʤʝʹʫ ʢʦʿʝ ʩʧʘʜʘ ʠ ʯʝʣʠʢ S690 ʩʫ ʥʠʩʢʦʣʝʛʠʨʘʥʠ 

(ʩʘʜʨʞʘʿ ʫʛˀʝʥʠʢʘ ʤʘˁʠ ʦʜ 0,2%) ʘʣʠ ʠ ʧʦʨʝʜ ʦʚʝ ʯʠˁʝʥʠʮʠ ʩʢʣʦʥʠ ʩʫ ʟʘʢʘˀʠʚʘˁʫ, ʯʘʢ ʠ ʧʨʠ 

ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʠʤ ʙʨʟʠʥʘʤʘ ʭʣʘʹʝˁʘ. ɿʙʦʛ ʦʚʘʢʚʠʭ ʦʩʦʙʠʥʘ ʦʚʝ ʢʣʘʩʝ ʯʝʣʠʢʘ ʥʠʿʝ ʜʦʚʦˀʥʦ 

ʩʘʤʦ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʦ ʪʝʭʥʦʣʦʰʢʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʟʘʚʘʨʠʚʘˁʘ ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʫ ʧʨʘʚʠʣʥʦ 

ʬʦʨʤʠʨʘˁʝ ʰʘʚʘ, ʚʝ˂ ʠ ʦ ʫʥʦʩʫ ʪʦʧʣʦʪʝ ʩ ʦʙʟʠʨʦʤ ʜʘ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ, ʦʜʥʦʩʥʦ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ, ʢʘʦ ʠ 

ʦʩʝʪˀʠʚʦʩʪ ʧʨʝʤʘ ʥʘʩʪʘʥʢʫ ʧʨʩʣʠʥʘ ʢʦʜ ʦʚʝ ʚʨʩʪʝ ʯʝʣʠʢʘ ʟʘʚʠʩʝ ʦʜ ʪʝʨʤʠʯʢʠʭ ʮʠʢʣʫʩʘ ʢʨʦʟ 

ʢʦʿʝ ʦʚʠ ʯʝʣʠʮʠ ʧʨʦʣʘʟʝ ʧʨʠʣʠʢʦʤ ʟʘʚʘʨʠʚʘˁʘ. ʊʝʤʧʝʨʘʪʫʨʩʢʝ ʮʠʢʣʫʩʝ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʟʘ ʚʨʝʤʝ 

ʟʘʚʘʨʠʚʘˁʘ ʢʘʨʘʢʪʝʨʠʰʫ: ʤʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʨʝʤʝ ʟʘʜʨʞʘʚʘˁʘ ʠʟʥʘʜ ʛʦʨˁʝ ʛʨʘʥʠʮʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʘʫʩʪʝʥʠʪʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ - Ac3 ʠ ʙʨʟʠʥʝ ʭʣʘʹʝˁʘ ʫ ʪʝʤʧʝʨʘʪʫʨʩʢʦʤ ʠʥʪʝʨʚʘʣʫ 

ʥʘʤʿʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʘʫʩʪʝʥʠʪʘ (800 ʜʦ 500ÁC). ʇʘʨʘʤʝʪʨʠ ʟʘʚʘʨʠʚʘˁʘ ʩʝ ʦʜʨʝʹʫʿʫ ʪʘʢʦ ʜʘ 

ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ ʠ ʚʨʝʤʝ ʟʘʜʨʞʘʚʘˁʘ ʠʟʥʘʜ Ac3 ʪʝʤʧʝʨʘʪʫʨʝ ʙʫʜʫ ʫ ʛʨʘʥʠʮʘʤʘ ʫ ʢʦʿʠʤʘ ʩʝ 

ʦʯʝʢʫʿʝ ʥʘʿʧʦʚʦˀʥʠʿʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ ʦʜʥʦʩʥʦ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʟʘʚʘʨʝʥʠʭ 

ʩʧʦʿʝʚʘ. ʇʨʠ ʟʘʚʘʨʠʚʘˁʫ ʢʘˀʝʥʠʭ ʠ ʦʪʧʫʰʪʝʥʠʭ ʯʝʣʠʢʘ ʧʘʨʘʤʝʪʨʝ ʟʘʚʘʨʠʚʘˁʘ ʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʨʝʜʛʨʝʚʘˁʘ ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʘʙʨʘʪʠ ʪʘʢʦ ʜʘ ʪʝʤʧʝʨʘʪʫʨʩʢʠ ʮʠʢʣʫʩ ʢʨʦʟ ʢʦʿʠ ʧʨʦʣʘʟʠ ʤʝʪʘʣ ʰʘʚʘ 

ʠ ʟʦʥʘ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʙʫʜʝ ʪʘʢʘʚ ʜʘ ʩʧʨʝʯʠ ʥʘʩʪʘʥʘʢ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ ʠ ʜʘ ʠʩʪʦʚʨʝʤʝʥʦ ʥʝ 

ʫʩʣʦʚʠ ʥʘʨʫʰʘʚʘˁʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛ ʩʪʘˁʘ ʯʝʣʠʢʘ.  

 ɿʘʚʘʨʝʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʬʦʨʤʠʨʘʥʝ ʦʜ ʜʝʣʦʚʘ ʠʟʨʘʹʝʥʠʭ ʦʜ ʢʘˀʝʥʠʭ ʠ ʦʪʧʫʰʪʝʥʠʭ ʯʝʣʠʢʘ 

ʤʦʛʫ ʧʦʢʘʟʘʪʠ ʩʢʣʦʥʦʩʪ ʢʘ ʥʘʩʪʘʥʢʫ ʧʨʩʣʠʥʘ ʫʩʣʝʜ ʧʦʥʦʚʥʦʛ ʟʘʛʨʝʚʘˁʘ (ʦʪʧʫʰʪʘˁʘ), ʩ 

ʦʙʟʠʨʦʤ ʥʘ ʥʝʩʪʘʙʠʣʥʦ ʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ ʦʚʠʭ ʯʝʣʠʢʘ ʠ ʪʝʞˁʫ ʪʘʢʚʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʜʘ ʧʨʝʹʝ 
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ʫ ʩʪʘʙʠʣʥʠʿʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ ʠ ʪʠʤʝ ʩʤʘˁʠ ʥʠʚʦ ʝʥʝʨʛʠʿʝ. ʇʨʠ ʨʘʟʤʘʪʨʘˁʫ ʟʘʚʘʨʠʚʘˁʘ 

ʢʦʜ ʦʚʝ ʚʨʩʪʝ ʯʝʣʠʢʘ ʧʦʪʨʝʙʥʦ ʿʝ ʫʢʘʟʘʪʠ ʥʘ ʩʣʝʜʝ˂ʝ ʩʧʝʮʠʬʠʯʥʦʩʪʠ: 

¶ ʦʛʨʘʥʠʯʝʥʘ ʨʝʟʝʨʚʘ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʟʙʦʛ ʚʝʣʠʢʝ ʿʘʯʠʥʝ ʯʝʣʠʢʘ, 

¶ ʤʦʛʫ˂ʥʦʩʪ ʧʦʩʪʦʿʘˁʘ ʣʦʢʘʣʥʠʭ ʟʦʥʘ ʤʘˁʝ ʧʣʘʩʪʠʯʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʪʘʢ 

ʢʦʥʩʪʨʫʢʮʠʿʝ ʠ 

¶ ʤʦʛʫ˂ʥʦʩʪ ʥʘʩʪʘʿʘˁʘ ʧʨʩʣʠʥʘ (ʧʨʚʝʥʩʪʚʝʥʦ ʭʣʘʜʥʠʭ) ʫ ʧʨʦʮʝʩʫ ʟʘʚʘʨʠʚʘˁʘ ʫ ʤʝʪʘʣʫ 

ʰʘʚʘ ʠ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʢʦʿʝ ʤʦʛʫ ʧʨʝʜʩʪʘʚˀʘʪʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʤʝʩʪʦ ʟʘ ʥʘʩʪʘʥʘʢ 

ʢʨʪʦʛ ʣʦʤʘ. 

 ʇʨʠ ʟʘʚʘʨʠʚʘˁʫ ʥʠʩʢʦʣʝʛʠʨʘʥʠʭ ʧʦʙʦˀʰʘʥʠʭ ʯʝʣʠʢʘ ʧʨʝʜʥʦʩʪ ʠʤʘʿʫ ʧʦʩʪʫʧʮʠ ʩʘ ʥʠʞʠʤ 

ʧʦʛʦʥʩʢʠʤ ʝʥʝʨʛʠʿʘʤʘ ʢʘʦ ʰʪʦ ʩʫ ʨʫʯʥʦ ʝʣʝʢʪʨʦʣʫʯʥʦ ʟʘʚʘʨʠʚʘˁʝ ʠ ʟʘʚʘʨʠʚʘˁʝ ʫ ʟʘʰʪʠʪʥʦʿ 

ʘʪʤʦʩʬʝʨʠ ʛʘʩʦʚʘ. ʉʘʤʘ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʪʝʭʥʦʣʦʰʢʠ ʧʘʨʘʤʝʪʨʠ ʟʘʚʘʨʠʚʘˁʘ ʢʦʜ ʦʚʝ ʛʨʫʧʝ ʯʝʣʠʢʘ 

ʧʨʦʧʠʩʫʿʫ ʩʝ ʫ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʦʩʪʚʘʨʠʚʘˁʝʤ ʠʟʣʘʟʥʠʭ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʚʘʨʝʥʠʭ 

ʩʧʦʿʝʚʘ.  

 ʋʥʦʩ ʪʦʧʣʦʪʝ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ, ʦʜʥʦʩʥʦ ʩʘ ˁʦʤ ʫ ʚʝʟʠ ʧʦʛʦʥʩʢʘ ʝʥʝʨʛʠʿʘ ʟʘʚʘʨʠʚʘˁʘ 

ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʬʘʢʪʦʨʘ ʢʦʿʠ ʫʪʠʯʝ ʥʘ ʦʩʪʚʘʨʠʚʘˁʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʩʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʤʝʭʘʥʠʯʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ. ʇʦʛʦʥʩʢʘ ʝʥʝʨʛʠʿʘ ʟʘʚʘʨʠʚʘˁʘ ʦʜʨʝʹʫʿʝ ʩʝ 

ʧʨʝʤʘ ʩʣʝʜʝ˂ʦʿ ʨʝʣʘʮʠʿʠ [25, 114, 126, 128, 134, 135, 136, 137, 138, 139, 140, 143]: 
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ʛʜʝ ʩʫ: ql, kJ/cm - ʧʦʛʦʥʩʢʘ ʝʥʝʨʛʠʿʘ ʟʘʚʘʨʠʚʘˁʘ, U, V - ʥʘʧʦʥ ʟʘʚʘʨʠʚʘˁʘ, Iz, A - ʿʘʯʠʥʘ ʩʪʨʫʿʝ 

ʟʘʚʘʨʠʚʘˁʘ, zv , mm/min - ʙʨʟʠʥʘ ʟʘʚʘʨʠʚʘˁʘ ʠ k - ʙʝʟʜʠʤʝʥʟʠʿʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʦʧʣʦʪʥʝ 

ʝʬʠʢʘʩʥʦʩʪʠ ʧʦʩʪʫʧʢʘ ʟʘʚʘʨʠʚʘˁʘ, ʢʦʿʠ ʟʘ ʨʫʯʥʦ ʝʣʝʢʪʨʦʣʫʯʥʦ ʟʘʚʘʨʠʚʘˁʝ ʠʟʥʦʩʠ k = 0,8; ʟʘ 

ʧʦʩʪʫʧʢʝ ʟʘʚʘʨʠʚʘˁʘ ʫ ʟʘʰʪʠʪʥʦʿ ʘʪʤʦʩʬʝʨʠ ʘʢʪʠʚʥʠʭ ʛʘʩʦʚʘ ʠʟʥʦʩʠ k = 0,8; ʟʘ ʟʘʚʘʨʠʚʘˁʝ 

ʧʦʜ ʧʨʘʭʦʤ k = 1,0 ʠ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʫ ʟʘʰʪʠʪʥʦʿ ʘʪʤʦʩʬʝʨʠ ʠʥʝʨʪʥʠʭ ʛʘʩʦʚʘ k = 0,6. ʉʤʘˁʠʚʘˁʝ 

ʫʥʦʩʘ ʪʦʧʣʦʪʝ ʫʧʦʪʨʝʙʦʤ ʥʠʞʠʭ ʧʦʛʦʥʩʢʠʭ ʝʥʝʨʛʠʿʘ ʦʩʪʚʘʨʫʿʝ ʩʝ ʙʦˀʘ ʞʠʣʘʚʦʩʪ, ʧʦʨʘʩʪ 

ʿʘʯʠʥʝ, ʩʤʘˁʝˁʝ ʜʝʬʦʨʤʘʮʠʿʘ ʠ ʩʥʠʞʘʚʘˁʝ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʠ ʩʫʞʘʚʘˁʝ ʟʦʥʝ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ. 

ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʧʦʚʝ˂ʘˁʝ ʫʥʦʩʘ ʪʦʧʣʦʪʝ ʫʧʦʪʨʝʙʦʤ ʚʠʰʠʭ ʧʦʛʦʥʩʢʠʭ ʝʥʝʨʛʠʿʘ ʦʤʦʛʫ˂ʫʿʝ ʩʝ 

ʧʦʚʝ˂ʘˁʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʦʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʤʝʪʦʜʘ ʟʘʚʘʨʠʚʘˁʘ. ʂʦʜ ʨʫʯʥʦʛ 

ʝʣʝʢʪʨʦʣʫʯʥʦʛ ʧʦʩʪʫʧʢʘ ʧʨʝʧʦʨʫʯʝʥʘ ʧʦʛʦʥʩʢʘ ʝʥʝʨʛʠʿʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʫ ʛʨʘʥʠʮʘʤʘ ʦʜ  

8 ʜʦ 12 kJ/cm ʠ ʟʘ ʝʣʝʢʪʨʦʣʫʯʥʠ ʧʦʩʪʫʧʘʢ ʟʘʚʘʨʠʚʘˁʘ ʧʦʜ ʧʨʘʭʦʤ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʫ ʛʨʘʥʠʮʘʤʘ  

13 ʜʦ 30 kJ/cm.   

 2.3 ɿɸɺɸʈʀɺɸɳɽ ʏɽʃʀʂɸ ʂʃɸʉɽ S690QL 

 ʏʝʣʠʢʝ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ, ʫ ʢʦʿʝ ʩʧʘʜʘ ʠ ʯʝʣʠʢ ʢʦʤʝʨʮʠʿʘʣʥʝ ʦʟʥʘʢʝ WELDOX 700, 

ʢʘʨʘʢʪʝʨʠʰʫ ʧʦʚʦˀʥʘ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ, ʤʝʹʫʪʠʤ, ʧʫʥʦ ʦʩʪʚʘʨʠʚʘˁʝ ʧʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʚʦʿʦʤ 

ʫʧʦʪʨʝʙʦʤ ʧʨʫʞʘ ʦʚʘ ʢʣʘʩʘ ʯʝʣʠʢʘ ʤʦʛʫ˂ʝ ʿʝ ʧʦʩʪʠ˂ʠ ʿʝʜʠʥʦ ˁʠʭʦʚʠʤ ʘʜʝʢʚʘʪʥʠʤ 

ʟʘʚʘʨʠʚʘˁʝʤ. ʆʧʪʠʤʘʣʥʘ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʧʘʨʘʤʝʪʨʠ ʟʘʚʘʨʠʚʘˁʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʫʩʣʦʚ ʦʯʫʚʘˁʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛ ʩʪʘˁʘ ʢʦʿʠʤ ʩʫ ʫʪʝʤʝˀʝʥʝ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. ʇʨʝʛʣʝʜ ʣʠʪʝʨʘʪʫʨʝ 

ʢʦʿʘ ʦʙʨʘʹʫʿʝ ʟʘʚʘʨʠʚʘˁʝ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʧʦʢʘʟʫʿʝ ʜʘ ʧʦʩʪʦʿʝ˂ʝ ʧʨʝʧʦʨʫʢʝ ʥʠʩʫ 

ʜʦʚʦˀʥʦ ʿʘʩʥʝ ʠ ʧʨʝʮʠʟʥʝ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʫʧʦʪʨʝʙʘ ʦʚʠʭ ʯʝʣʠʢʘ ʟʘ ʠʟʨʘʜʫ ʟʘʚʘʨʝʥʠʭ 

ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʿʝ ʦʧʨʘʚʜʘʥʘ ʿʝʜʠʥʦ ʘʢʦ ʩʝ ʦʩʪʚʘʨʠ ʢʚʘʣʠʪʝʪʥʦ ʩʧʘʿʘˁʝ ʝʣʝʤʝʥʘʪʘ 

ʟʘʚʘʨʠʚʘˁʝʤ. ʂʚʘʣʠʪʝʪ ʦʩʪʚʘʨʝʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʟʘʚʠʩʠ ʦʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʬʘʢʪʦʨʘ ʦʜ ʢʦʿʠʭ 

ʩʫ ʥʘʿʚʘʞʥʠʿʠ: ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʩʥʦʚʥʦʛ ʠ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʦʙʣʠʢ ʠ ʜʠʤʝʥʟʠʿʝ ʞʣʝʙʘ, 

ʧʦʩʪʫʧʘʢ ʠ ʧʘʨʘʤʝʪʨʠ ʟʘʚʘʨʠʚʘˁʘ, ʠʟʚʦʹʝˁʝ ʠ ʚʝʰʪʠʥʘ ʟʘʚʘʨʠʚʘʯʘ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʩʪʘˁʝ 

ʦʧʨʝʤʝ ʟʘ ʟʘʚʘʨʠʚʘˁʝ. ʀʥʪʝʥʟʠʚʘʥ ʨʘʟʚʦʿ ʥʦʚʠʭ ʚʨʩʪʘ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʤʦʨʘ ʙʠʪʠ 

ʧʨʘ˂ʝʥ ʪʘʢʦʹʝ ʠʥʪʝʥʟʠʚʥʠʤ ʨʘʟʚʦʿʝʤ ʠ ʫʥʘʧʨʝʹʝˁʝʤ ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʧʦʩʪʫʧʘʢʘ ʟʘʚʘʨʠʚʘˁʘ.  
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 ʊʝʭʥʦʣʦʛʠʿʘ ʟʘʚʘʨʠʚʘˁʘ ʨʘʟʤʘʪʨʘ ʯʠʪʘʚ ʥʠʟ ʧʘʨʘʤʝʪʘʨʘ ʠ ˁʠʭʦʚʠʭ ʝʬʝʢʘʪʘ ʠ ʪʦ ʠʟ 

ʨʘʟʣʠʯʠʪʠʭ, ʯʝʩʪʦ ʩʫʧʨʦʪʩʪʘʚˀʝʥʠʭ ʘʩʧʝʢʘʪʘ ʦʜ ʢʦʿʠʭ ˂ʝ ʥʘ ʦʚʦʤ ʤʝʩʪʫ ʙʠʪʠ ʧʦʤʝʥʫʪʠ ʩʘʤʦ 

ʥʘʿʚʘʞʥʠʿʠ. ʈʝʣʘʪʠʚʥʦ ʚʠʩʦʢ ʩʪʝʧʝʥ ʦʯʚʨʰ˂ʘʚʘˁʘ ʢʦʿʠ ʿʝ ʨʝʟʫʣʪʘʪ ʦʩʪʚʘʨʠʚʘˁʘ ʧʦʙʦˀʰʘʥʠʭ 

ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʯʠʥʠ ʦʚʝ ʯʝʣʠʢʝ ʦʩʝʪˀʠʚʠʿʠʤ ʥʘ ʪʦʧʣʦʪʥʝ ʫʪʠʮʘʿʝ ʟʘʚʘʨʠʚʘˁʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʫʛˀʝʥʠʯʥʝ ʠ ʫʛˀʝʥʠʯʥʦ-ʤʘʥʛʘʥʩʢʝ ʯʝʣʠʢʝ. ɿʘʚʠʩʥʦ ʦʜ 

ʪʝʤʧʝʨʘʪʫʨʩʢʦʛ ʮʠʢʣʫʩʘ ʟʘʚʘʨʠʚʘˁʘ ʜʦʣʘʟʠ ʜʦ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʤʝʥʘ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʫ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʠ ʢʦʿʝ ʜʦʚʦʜʝ ʜʦ ʧʘʜʘ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ, ʧʦʚʝ˂ʘˁʘ ʪʚʨʜʦ˂ʝ ʠ ʢʨʪʦʩʪʠ ʫ ʟʦʥʠ 

ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ. ɿʘʚʘʨʠʚʘˁʝ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʿʝ ʦʜ ʦʩʥʦʚʥʦʛ ʟʥʘʯʘʿʘ ʟʘ ʢʚʘʣʠʪʝʪ 

ʦʩʪʚʘʨʝʥʦʛ ʩʧʘʿʘˁʘ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʯʝʣʠʮʠ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʤʦʛʫ ʟʘʚʘʨʠʚʘʪʠ ʩʚʠʤ ʫʦʙʠʯʘʿʝʥʠʤ 

ʧʦʩʪʫʧʮʠʤʘ ʟʘʚʘʨʠʚʘˁʘ. ʂʘʢʦ ʩʝ ʯʝʣʠʮʠ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʨʘʟʣʠʢʫʿʫ ʦʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ 

ʯʝʣʠʢʘ ʪʦ ʿʝ ʧʨʦʮʝʩ ʠ ʠʟʚʦʹʝˁʝ ʟʘʚʘʨʠʚʘˁʘ ʟʘʭʪʝʚʥʠʿʝ ʩ ʦʙʟʠʨʦʤ ʥʘ ʦʛʨʘʥʠʯʝˁʘ ʚʝʟʘʥʘ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʦʪʧʫʰʪʘˁʘ ʢʦʿʘ ʜʘˀʝ ʤʦʞʝ ʠʟʘʟʚʘʪʠ ʧʘʜ ʩʚʦʿʩʪʘʚʘ ʿʘʯʠʥʝ ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ.  

 ɺʝʦʤʘ ʿʝ ʟʥʘʯʘʿʥʦ ʨʘʟʫʤʝʚʘˁʝ ʤʝʭʘʥʠʟʘʤʘ ʜʝʣʦʚʘˁʘ ʧʦʿʝʜʠʥʠʭ ʬʘʢʪʦʨʘ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʢʦʜ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ. ɸʥʘʣʠʟʦʤ ʤʝʭʘʥʠʟʘʤʘ ʜʝʣʦʚʘˁʘ ʦʚʠʭ ʬʘʢʪʦʨʘ 

ʤʦʛʫ˂ʝ ʿʝ ʫʥʘʧʨʝʜʠʪʠ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʧʦʿʝʚʘ ʠ ʦʩʪʚʘʨʠʚʘˁʝ ʩʧʦʿʝʚʘ ʩʘ ʥʠʞʠʤ 

ʥʠʚʦʠʤʘ ʛʨʝʰʘʢʘ. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʩʪʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʤʦʛʫ ʩʝ ʛʨʫʙʦ ʜʝʛʨʘʜʠʨʘʪʠ, ʫʦʧʰʪʝʥʦ 

ʧʦʩʤʘʪʨʘʥʦ ʥʘ ʪʨʠ ʥʘʯʠʥʘ. ʇʨʚʠ ʥʘʯʠʥ ʿʝ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʚʠʩʦʢʘ ʧʦʛʦʥʩʢʘ ʝʥʝʨʛʠʿʘ 

ʟʘʚʘʨʠʚʘˁʘ ʠʣʠ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʜʛʨʝʚʘˁʘ ʢʦʿʝ ʩʫ ʠʟʥʘʜ ʜʦʟʚʦˀʝʥʠʭ. ɼʨʫʛʠ ʥʘʯʠʥ ʿʝ 

ʢʘʜʘ ʿʝ ʧʦʛʦʥʩʢʘ ʝʥʝʨʛʠʿʘ ʟʘʚʘʨʠʚʘˁʘ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʜʛʨʝʚʘˁʘ ʥʠʩʢʘ ʠ ʠʩʧʦʜ ʜʦʟʚʦˀʝʥʠʭ 

ʚʨʝʜʥʦʩʪʠ. ʊʨʝ˂ʠ ʥʘʯʠʥ ʿʝ ʢʘʜʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʩʢʠ ʮʠʢʣʫʩ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʧʨʠʙʣʠʞʘʥ 

ʪʝʤʧʝʨʘʪʫʨʩʢʦʤ ʮʠʢʣʫʩʫ ʧʨʠ ʢʦʤʝ ʩʝ ʧʦʿʝʜʠʥʠ ʝʣʝʤʝʥʪʠ ʠʟʜʚʘʿʘʿʫ ʧʦ ʛʨʘʥʠʮʘʤʘ ʤʝʪʘʣʥʠʭ 

ʟʨʥʘ, ʯʠʤʝ ʩʝ ʠʟʘʟʠʚʘ ʧʦʚʝ˂ʘʥʘ ʦʧʘʩʥʦʩʪ ʦʜ ʧʘʜʘ ʞʠʣʘʚʦʩʪʠ. ʅʘ ʧʨʠʤʝʨ, ʧʦʟʥʘʪʦ ʿʝ ʜʘ ʩʝ 

ʬʦʩʬʦʨ ʠʟʜʚʘʿʘ ʧʦ ʛʨʘʥʠʮʘʤʘ ʤʝʪʘʣʥʠʭ ʟʨʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠʟʤʝʹʫ 450 ʠ 550°C. ʉʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ʜʠʿʘʧʘʟʦʥ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʟʘʚʘʨʠʚʘˁʘ ʩʝ ʩʫʞʘʚʘ ʩʘ ʧʦʨʘʩʪʦʤ ʿʘʯʠʥʝ ʦʩʥʦʚʥʦʛ 

ʤʘʪʝʨʠʿʘʣʘ. ʉʘ ʧʦʨʘʩʪʦʤ ʿʘʯʠʥʝ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʩʫʞʘʚʘ ʩʝ ʜʠʿʘʧʘʟʦʥ ʚʨʝʜʥʦʩʪʠ 

ʧʘʨʘʤʝʪʘʨʘ ʟʘʚʘʨʠʚʘˁʘ, ʘ ʪʠʤʝ ʠ ʦʧʘʩʥʦʩʪ ʜʘ ʩʝ ʧʘʨʘʤʝʪʨʠ ʟʘʚʘʨʠʚʘˁʘ ʥʘʹʫ ʚʘʥ ʦʚʦʛ ʩʫʞʝʥʦʛ 

ʜʠʿʘʧʘʟʦʥʘ. ʅʘ ʧʨʠʤʝʨ, ʧʨʠ ʨʫʯʥʦʤ-ʝʣʝʢʪʨʦʣʫʯʥʦʤ ʟʘʚʘʨʠʚʘˁʫ ʫ ʧʦʣʦʞʘʿʫ ʠʟʥʘʜ ʛʣʘʚʝ 

ʫʦʙʠʯʘʿʝʥ ʿʝ ʧʦʩʪʫʧʘʢ ʦʩʮʠʣʘʪʦʨʥʦʛ ʢʨʝʪʘˁʘ ʚʨʭʘ ʝʣʝʢʪʨʦʜʝ ʧʨʠ ʯʝʤʫ ʿʝ ʿʝʜʠʥʦ ʦʛʨʘʥʠʯʝˁʝ ʜʘ 

ʘʤʧʣʠʪʫʜʘ ʦʚʦʛ ʢʨʝʪʘˁʘ ʙʫʜʝ ʤʘˁʝ ʦʜ ʪʨʦʩʪʨʫʢʦʛ ʧʨʝʯʥʠʢʘ ʢʦʨʠʰ˂ʝʥʝ ʝʣʝʢʪʨʦʜʝ. ʄʝʹʫʪʠʤ, 

ʦʚʘʿ ʧʦʩʪʫʧʘʢ ʫʪʠʯʝ ʥʘ ʧʦʿʘʯʘʚʘˁʝ ʝʬʝʢʪʘ ʫʥʝʪʝ ʪʦʧʣʦʪʝ ʟʘ ʚʨʝʤʝ ʟʘʚʘʨʠʚʘˁʘ ʠ ʧʦʚʝ˂ʘʚʘ 

ʙʨʟʠʥʫ ʪʦʧˀʝˁʘ ʝʣʝʢʪʨʦʜʝ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʘʢʦ ʩʝ ʥʘʚʝʜʝʥʠ ʝʬʝʢʪʠ ʦʩʮʠʣʘʪʦʨʥʦʛ ʢʨʝʪʘˁʘ 

ʚʨʭʘ ʝʣʝʢʪʨʦʜʝ ʘʜʝʢʚʘʪʥʦ ʥʝ ʨʘʟʤʦʪʨʝ ʜʦʣʘʟʠ ʜʦ ʜʝʛʨʘʜʘʮʠʿʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛ ʩʪʘˁʘ ʫ ʟʦʥʠ 

ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ, ʥʘʨʦʯʠʪʦ ʩʤʘˁʝˁʘ ʞʠʣʘʚʦʩʪʠ ʠ ʧʘʜʘ ʤʝʭʘʥʠʯʢʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʧʦʿʘ.  

 ʋ ʩʣʫʯʘʿʫ ʥʠʩʢʝ ʝʥʝʨʛʠʿʝ ʟʘʚʘʨʠʚʘʯʢʦʛ ʣʫʢʘ ʨʘʩʪʝ ʦʧʘʩʥʦʩʪ ʦʜ ʥʘʩʪʘʥʢʘ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ 

ʫ ʧʦʧʨʝʯʥʦʤ ʧʨʘʚʮʫ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʘʚʘʮ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ, ʥʘʨʦʯʠʪʦ ʘʢʦ ʿʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʝʜʛʨʝʚʘˁʘ ʥʠʩʢʘ. ʋ ʩʣʫʯʘʿʫ ʫʧʦʪʨʝʙʝ ʭʣʘʜʥʝ ʞʠʮʝ ʠʣʠ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʠ ʤʝʪʘʣʥʠ ʧʨʘʭ 

ʧʦʚʝ˂ʘʚʘ ʩʝ ʜʠʤʝʥʟʠʿʘ ʰʘʚʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ, ʰʪʦ ʜʘˀʝ ʫʪʠʯʝ ʥʘ ʧʦʚʝ˂ʘˁʝ ʦʧʘʩʥʦʩʪʠ ʦʜ 

ʥʘʩʪʘʥʢʘ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ ʟʙʦʛ ʦʪʝʞʘʥʦʛ ʫʢʣʘˁʘˁʘ ʚʦʜʦʥʠʢʘ ʜʠʬʫʟʠʿʦʤ. ɼʦʜʘʚʘˁʝ ʭʣʘʜʥʝ 

ʞʠʮʝ ʠʟʘʟʠʚʘ ʠʩʪʦʚʨʝʤʝʥʦ ʧʦʚʝ˂ʘˁʝ ʩʘʜʨʞʘʿʘ ʚʦʜʦʥʠʢʘ, ʧʦʪʨʝʙʥʦ ʚʨʝʤʝ ˁʝʛʦʚʝ ʜʠʬʫʟʠʿʝ ʠ 

ʦʪʝʞʘʚʘ ˁʝʛʦʚʦ ʫʢʣʘˁʘˁʝ ʜʠʬʫʟʠʿʦʤ. ʊʘʢʦʹʝ, ʩʘʜʨʞʘʿ ʚʦʜʦʥʠʢʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʠ ʘʢʦ ʩʠʩʪʝʤ ʟʘ 

ʜʦʪʫʨʘˁʝ ʞʠʮʝ ʩʪʚʘʨʘ ʩʣʦʿ ʥʝʯʠʩʪʦ˂ʝ ʥʘ ʞʠʮʠ. ɾʠʮʝ ʦʜ ʯʝʣʠʢʘ ʩʘ ʚʠʩʦʢʠʤ ʩʘʜʨʞʘʿʝʤ 

ʣʝʛʠʨʘʿʫ˂ʠʭ ʝʣʝʤʝʥʘʪʘ ʟʘʭʪʝʚʘʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʧʦʚʨʰʠʥʩʢʫ ʟʘʰʪʠʪʫ ʟʘ ʚʨʝʤʝ ʧʨʦʮʝʩʘ 

ʧʨʦʠʟʚʦʜˁʝ. ʋ ʩʣʫʯʘʿʫ ʟʘʚʘʨʠʚʘˁʘ ʧʦʜ ʤʝʪʘʣʥʠʤ ʧʨʘʭʦʤ ʟʙʦʛ ʚʝʣʠʢʝ ʩʣʦʙʦʜʥʝ ʧʦʚʨʰʠʥʝ ʨʘʩʪʝ 

ʩʘʜʨʞʘʿ ʚʦʜʦʥʠʢʘ.  
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 2.3.1 ʋʥʦʩ ʪʦʧʣʦʪʝ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL 

 ʇʨʝʧʦʨʫʢʘ ʧʨʦʠʟʚʦʹʘʯʘ ʟʘ ʧʦʛʦʥʩʢʫ ʝʥʝʨʛʠʿʫ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL 

ʟʘʩʥʦʚʘʥʘ ʿʝ ʥʘ ʦʙʝʟʙʝʹʠʚʘˁʫ ʧʦʪʨʝʙʥʝ ʞʠʣʘʚʦʩʪʠ ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. 

ʇʦʛʦʥʩʢʘ ʝʥʝʨʛʠʿʘ ʟʘʚʘʨʠʚʘˁʘ ʿʝ ʫ ʜʠʨʝʢʪʥʦʿ ʚʝʟʠ ʩʘ ʪʝʤʧʝʨʘʪʫʨʩʢʠʤ ʮʠʢʣʫʩʠʤʘ ʢʨʦʟ ʢʦʿʝ 

ʧʨʦʣʘʟʝ ʧʦʿʝʜʠʥʝ ʟʦʥʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ, ʦʜʥʦʩʥʦ ʩʘ ʥʝʛʘʪʠʚʥʠʤ ʝʬʝʢʪʠʤʘ ʢʦʿʝ ʦʚʠ 

ʪʝʤʧʝʨʘʪʫʨʩʢʠ ʮʠʢʣʫʩʠ ʠʟʘʟʠʚʘʿʫ. ʂʦʥʪʨʦʣʘ ʦʚʠʭ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʘʪʘ ʠʟʚʦʜʠ ʩʝ ʫʧʨʘʚʦ ʧʨʝʢʦ 

ʤʠʥʠʤʘʣʥʝ ʧʦʪʨʝʙʥʝ ʞʠʣʘʚʦʩʪʠ ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ. ɿʘʭʪʝʚʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʞʠʣʘʚʦʩʪ ʫ 

ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʢʦʜ ʜʨʫʛʠʭ ʚʨʩʪʘ ʯʝʣʠʢʘ ʩʫ ʦʙʠʯʥʦ ʥʠʞʠ. ʋ ʩʣʫʯʘʿʫ ʟʘʚʘʨʠʚʘˁʘ ʧʣʦʯʘ 

ʨʘʟʣʠʯʠʪʠʭ ʜʝʙˀʠʥʘ ʧʨʝʧʦʨʫʯʝʥʠ ʫʥʦʩ ʪʦʧʣʦʪʝ ʩʝ ʦʜʨʝʹʫʿʝ ʧʨʝʤʘ ʜʝʙˀʠʥʠ ʥʘʿʪʘˁʝ ʧʣʦʯʝ. ʅʘ 

ʩʣʠʮʠ 11 ʧʨʠʢʘʟʘʥʠ ʩʫ ʜʠʿʘʛʨʘʤʠ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʦʜʨʝʹʫʿʫ ʧʨʝʧʦʨʫʯʝʥʝ ʚʨʝʜʥʦʩʪʠ 

ʤʘʢʩʠʤʘʣʥʝ ʧʦʛʦʥʩʢʝ ʝʥʝʨʛʠʿʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʜʝʙˀʠʥʝ ʧʣʦʯʘ ʠ ʤʠʥʠʤʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʨʝʜʛʨʝʚʘˁʘ.   

 

ʉʣʠʢʘ 11. ʇʨʝʧʦʨʫʯʝʥʝ ʚʨʝʜʥʦʩʪʠ ʤʘʢʩʠʤʘʣʥʝ ʧʦʛʦʥʩʢʝ ʝʥʝʨʛʠʿʝ 

 ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʯʝʣʠʢʘ WELDOX 700 [114] 

 ʇʦʚʠʰʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ, ʥʘ ʧʨʠʤʝʨ ʢʦʜ ʚʠʰʝʧʨʦʣʘʟʥʦʛ ʟʘʚʘʨʠʚʘˁʘ, ʫʪʠʯʝ 

ʥʘ ʧʨʝʧʦʨʫʯʝʥ ʫʥʦʩ ʪʦʧʣʦʪʝ. ʅʘ ʩʣʠʮʠ 12 ʧʨʠʢʘʟʘʥʠ ʩʫ ʜʠʿʘʛʨʘʤʠ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʧʨʝʤʘ 

ʜʝʙˀʠʥʠ ʧʣʦʯʝ ʦʜʨʝʹʫʿʫ ʧʨʝʧʦʨʫʯʝʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʛʦʥʩʢʝ ʝʥʝʨʛʠʿʝ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʩʘ 

ʧʨʝʜʛʨʝʚʘˁʝʤ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ 125 ʠ 175°C.  

 

ʉʣʠʢʘ 12. ʇʨʝʧʦʨʫʯʝʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʛʦʥʩʢʝ ʝʥʝʨʛʠʿʝ ʟʘ ʟʘʚʘʨʠʚʘˁʝ  

ʩʘ ʧʨʝʜʛʨʝʚʘˁʝʤ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 125 ʠ 1750C [114] 
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 2.3.2 ʋʢʫʧʥʠ ʭʝʤʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪ ʫʛˀʝʥʠʢʘ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL   

 ɿʘ ʯʝʣʠʢ ʢʦʤʝʨʮʠʿʘʣʥʦʛ ʥʘʟʠʚʘ WELDOX 700 ʧʨʦʠʟʚʦʹʘʯ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʭʝʤʠʿʩʢʦʛ 

ʝʢʚʠʚʘʣʝʥʪʘ ʫʛˀʝʥʠʢʘ ʧʨʝʧʦʨʫʯʫʿʝ ʠʟʨʘʟʝ ʧʨʝʜʣʦʞʝʥʝ ʦʜ ʩʪʨʘʥʝ ʄʝʹʫʥʘʨʦʜʥʦʛ ʠʥʩʪʠʪʫʪʘ ʟʘ 

ʟʘʚʘʨʠʚʘˁʝ ʫ ʦʙʣʠʢʫ [25, 114, 126, 128]:  

 ,
6 5 15

Mn Cr Mo V Ni Cu
CEV C

+ + +
= + + + %  ʠ (45) 

2
, 

10 0 40

Mn Mo Cr Cu Ni
CET C

+ +
= + + +%. (46) 

 ɺʨʝʜʥʦʩʪʠ ʝʢʚʠʚʘʣʝʥʪʘ ʫʛˀʝʥʠʢʘ ʟʘ ʯʝʣʠʢ ʢʦʤʝʨʮʠʿʘʣʥʦʛ ʥʘʟʠʚʘ WELDOX 700 ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʜʝʙˀʠʥʝ ʧʣʦʯʘ  ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 5. 

ʊʘʙʝʣʘ 5. ɺʨʝʜʥʦʩʪʠ CEV ʠ CET ʟʘ ʯʝʣʠʢʝ WELDOX 700E ʠ WELDOX 700F [114]  

ɼʝʙˀʠʥʘ, mm 

ʆʟʥʘʢʘ ʯʝʣʠʢʘ 

WELDOX 700E WELDOX 700F 

CET CEV CET CEV 

ʜʦ 5 0,34 0,48 0,38 0,57 

5 ʜʦ 10 0,31 0,48 0,38 0,57 

10 ʜʦ 20 0,31 0,48 0,38 0,57 

20 ʜʦ 40 0,34 0,48 0,38 0,57 

40 ʜʦ 80 0,39 0,58 0,39 0,58 

80 ʜʦ 100 0,39 0,58 0,39 0,58 

100 ʜʦ 150 0,41 0,67 0,41 0,67 

 ʇʘʨʘʤʝʪʘʨ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ ʨʘʟʚʠʿʝʥ ʿʝ ʥʘ ʦʩʥʦʚʫ ʧʨʠʢʘʟʘʥʠʭ ʨʝʣʘʮʠʿʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ 

ʭʝʤʠʿʩʢʦʛ ʝʢʚʠʚʘʣʝʥʪʘ ʫʛˀʝʥʠʢʘ. ʇʘʨʘʤʝʪʘʨ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ ʟʘ ʯʝʣʠʢʝ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ 

ʨʘʟʚʠʿʝʥ ʿʝ ʥʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʝ ʫʟʨʦʢʘ ʥʘʩʪʘʥʢʘ ʚʦʜʦʥʠʯʥʠʭ ʧʨʩʣʠʥʘ ʫ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʚʠʤʘ 

ʤʝʪʦʜʦʤ ʊʝʢʝʥ (Tekken) ʧʨʦʙʘ. ʊʘʢʦʹʝ, ʦʜʨʝʹʝʥʝ ʩʫ ʢʨʠʪʠʯʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʛʨʝʚʘˁʘ ʢʦʿʝ ʩʫ 

ʧʦʪʨʝʙʥʝ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʥʘʩʪʘʥʘʢ ʧʨʩʣʠʥʘ ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʠ ʫ ʟʦʥʠ ʢʦʨʝʥʘ ʟʘʚʘʨʝʥʠʭ 

ʩʧʦʿʝʚʘ. ʂʘʦ ʛʝʥʝʨʘʣʥʦ ʧʨʘʚʠʣʦ, ʢʘʢʦ ʢʦʜ ʫʛˀʝʥʠʯʥʦ-ʤʘʥʛʘʥʩʢʠʭ ʯʝʣʠʢʘ ʪʘʢʦ ʠ ʢʦʜ 

ʥʠʩʢʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ, ʧʦʨʘʩʪ ʪʚʨʜʦ˂ʝ ʫʩʣʦʚˀʘʚʘ ʧʦʚʝ˂ʘˁʝ ʦʧʘʩʥʦʩʪʠ ʦʜ ʥʘʩʪʘʥʢʘ ʧʨʩʣʠʥʘ. 

ʈʘʟʚʠʿʝʥ ʿʝ ʚʝʣʠʢʠ ʙʨʦʿ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʤʝʪʦʜʘ ʟʘ ʦʮʝʥʫ ʦʧʘʩʥʦʩʪʠ ʦʜ ʥʘʩʪʘʥʢʘ ʭʣʘʜʥʠʭ 

ʧʨʩʣʠʥʘ ʫ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠ ʦʮʝʥʫ ʪʚʨʜʦ˂ʝ.  ʍʝʤʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪ ʫʛˀʝʥʠʢʘ ʢʦʿʠ 

ʢʘʨʘʢʪʝʨʠʰʝ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʯʝʣʠʢʘ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʫ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʦʮʝʥʫ 

ʩʢʣʦʥʦʩʪʠ ʢʘ ʧʦʿʘʚʠ ʧʨʩʣʠʥʘ. ʋ ʩʣʫʯʘʿʫ ʜʘ ʿʝ ʭʝʤʠʿʩʢʠ ʝʢʚʠʚʘʣʝʥʪ ʫʛˀʝʥʠʢʘ ʦʩʥʦʚʥʦʛ 

ʤʘʪʝʨʠʿʘʣʘ ʚʝ˂ʠ ʦʜ ʭʝʤʠʿʩʢʦʛ ʝʢʚʠʚʘʣʝʥʪʘ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʚʠʰʝ ʦʜ 0,03%, ʭʝʤʠʿʩʢʘ 

ʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʩʝ ʫʟʠʤʘ ʢʘʦ ʨʝʣʝʚʘʥʪʥʘ ʟʘ ʜʘˀʝ ʨʘʟʤʘʪʨʘˁʝ. ʋ ʩʫʧʨʦʪʥʦʤ, 

ʠʟʨʘʯʫʥʘʚʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʛʨʝʚʘˁʘ ʠʟʚʦʜʠ ʩʝ ʥʘ ʦʩʥʦʚʫ CET ʟʘ ʜʦʜʘʪʥʠ ʤʘʪʝʨʠʿʘʣ ʫʚʝ˂ʘʥ 

ʟʘ 0,03%. ʈʝʣʘʮʠʿʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʭʝʤʠʿʩʢʦʛ ʝʢʚʠʚʘʣʝʥʪʘ ʫʛˀʝʥʠʢʘ ʩʫ ʧʦʩʝʙʥʦ ʨʘʟʚʠʿʝʥʝ ʟʘ 

ʦʜʨʝʹʠʚʘˁʝ ʧʦʚʝ˂ʘˁʘ ʪʚʨʜʦ˂ʝ ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ. ɳʠʭʦʚʦ ʜʘˀʝ ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʟʘ 

ʨʘʟʤʘʪʨʘˁʝ ʥʘʩʪʘʥʢʘ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ ʫ ʰʘʚʫ ʠ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʩʫ ʨʝʟʫʣʪʘʪ ʨʘʟʚʦʿʘ ʫ 

ʠʥʞʝˁʝʨʩʢʦʿ ʧʨʘʢʩʠ. ʆʚʝ ʬʦʨʤʫʣʝ ʥʝ ʤʦʛʫ ʙʠʪʠ ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʜʨʫʛʝ ʤʘʪʝʨʠʿʘʣʝ, ʚʝ˂ ʩʘʤʦ ʟʘ 

ʦʥʝ ʢʦʜ ʢʦʿʠʭ ʩʫ ʨʘʟʚʠʿʝʥʝ. 
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 2.3.3 ʆʜʨʝʹʠʚʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʛʨʝʚʘˁʘ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL   

 ʆʜʨʝʹʠʚʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʛʨʝʚʘˁʘ ʠʟʚʦʜʠ ʩʝ ʧʨʝʤʘ ʦʜʨʝʜʙʘʤʘ ʩʪʘʥʜʘʨʜʘ EN 1011-2 

Ăɿʘʚʘʨʠʚʘˁʝ - ʧʨʝʧʦʨʫʢʝ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʤʝʪʘʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ - ʜʨʫʛʠ ʜʝʦ: ɿʘʚʘʨʠʚʘˁʝ ʣʫʢʦʤ 

ʬʝʨʠʪʥʠʭ ʯʝʣʠʢʘñ ʠ ʜʦʜʘʪʢʘ ʎ ʦʚʦʛ ʩʪʘʥʜʘʨʜʘ Ăʀʟʙʝʛʘʚʘˁʝ ʥʘʩʪʘʥʢʘ ʚʦʜʦʥʠʯʥʠʭ ʧʨʩʣʠʥʘñ. 

ʇʦʤʝʥʫʪʠ ʩʪʘʥʜʘʨʜ ʠ ʧʨʝʧʦʨʫʢʝ ʧʨʦʠʟʚʦʹʘʯʘ ʯʝʣʠʢʘ ʩʫ, ʜʦ ʩʘʜʘ, ʿʝʜʠʥʠ ʤʝʪʦʜ ʦʜʨʝʹʠʚʘˁʘ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʛʨʝʚʘˁʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ [25].  

 ʋʪʠʮʘʿ ʣʝʛʠʨʘʿʫ˂ʠʭ ʝʣʝʤʝʥʘʪʘ ʥʘ ʠʟʙʦʨ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʛʨʝʚʘˁʘ ʠ ʜʦʟʚʦˀʝʥʫ ʚʨʝʜʥʦʩʪ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʤʝʹʫ ʧʨʦʣʘʟʘ ʘʥʘʣʠʟʠʨʘ ʩʝ ʧʨʝʢʦ ʭʝʤʠʿʩʢʦʛ ʝʢʚʠʚʘʣʝʥʪʘ ʫʛˀʝʥʠʢʘ. ʇʨʠ 

ʟʘʚʘʨʠʚʘˁʫ ʯʝʣʠʢʘ ʩʘ ʚʠʰʠʤ ʫʢʫʧʥʠʤ ʭʝʤʠʿʩʢʠʤ ʝʢʚʠʚʘʣʝʥʪʦʤ ʫʛˀʝʥʠʢʘ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʨʝʜʛʨʝʚʘˁʘ ʠ ʤʝʹʫʧʨʦʣʘʟʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʩʫ ʚʠʰʝ.  

 ʂʘʜʘ ʩʝ ʦʙʫʭʚʘʪʝ ʝʬʝʢʪʠ ʭʝʤʠʿʩʢʦʛ ʩʘʜʨʞʘʿʘ, ʢʘʨʘʢʪʝʨʠʩʘʥʠ ʧʨʝʢʦ ʫʢʫʧʥʦʛ ʭʝʤʠʿʩʢʦʛ 

ʝʢʚʠʚʘʣʝʥʪʘ ʫʛˀʝʥʠʢʘ, ʜʝʙˀʠʥʘ ʧʣʦʯʘ - s, ʩʘʜʨʞʘʿ ʚʦʜʦʥʠʢʘ ʫ ʤʝʪʘʣʫ ʰʘʚʘ  - H ʠ ʧʦʛʦʥʩʢʘ 

ʝʥʝʨʛʠʿʘ ʟʘʚʘʨʠʚʘˁʘ - ql, ʦʜʨʝʹʠʚʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʛʨʝʚʘˁʘ ʚʨʰʠ ʩʝ ʧʨʝʤʘ ʨʝʣʘʮʠʿʠ [114, 

133, 134, 140]: 
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  (47) 

ʛʜʝ ʿʝ: CET - ʚʨʝʜʥʦʩʪ ʝʢʚʠʚʘʣʝʥʪʘ ʫʛˀʝʥʠʢʘ ʦʜ 0,2% ʜʦ 0,5%; s - ʜʝʙˀʠʥʘ ʧʣʦʯʘ ʦʜ 10 ʜʦ 90 

mm; H - ʩʘʜʨʞʘʿ ʚʦʜʦʥʠʢʘ ʫ ʤʝʪʘʣʫ ʰʘʚʘ ʦʜ 1 ʜʦ 20 ml/100 g; ql - ʧʦʛʦʥʩʢʘ ʝʥʝʨʛʠʿʘ ʦʜ 0,5 ʜʦ 

4,0 kJ/mm. ʈʝʣʘʮʠʿʘ (47) ʿʝ ʧʨʠʤʝʥˀʠʚʘ ʥʘ ʯʝʣʠʢʝ ʩʘ ʥʘʧʦʥʦʤ ʪʝʯʝˁʘ ʜʦ  

1000 MPa. 

 ʇʨʝʤʘ ʧʦʜʘʮʠʤʘ ʠʟ ʧʨʘʢʩʝ ʦʜʨʝʹʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʜʛʨʝʚʘˁʘ ʿʝ ʘʜʝʢʚʘʪʥʘ ʢʘʜʘ ʩʫ 

ʠʩʧʫˁʝʥʠ ʩʣʝʜʝ˂ʠ ʫʩʣʦʚʠ [25, 133, 134, 140]: 

¶ ʝʢʚʠʚʘʣʝʥʪ ʫʛˀʝʥʠʢʘ - CET ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʧʨʝʤʘʰʫʿʝ ʚʨʝʜʥʦʩʪ ʝʢʚʠʚʘʣʝʥʪʘ 

ʫʛˀʝʥʠʢʘ ʤʝʪʘʣʘ ʰʘʚʘ ʟʘ ʚʠʰʝ ʦʜ 0,3%; 

¶ ʧʦʧʫˁʘʚʘˁʝ ʫ ʿʝʜʥʦʤ ʧʨʦʣʘʟʫ ʩʘ ʜʫʞʠʥʦʤ ʰʘʚʦʚʘ ʚʝ˂ʦʤ ʦʜ 50 mm. ɸʢʦ ʿʝ ʜʝʙˀʠʥʘ 

ʧʣʦʯʘ ʚʝ˂ʘ ʦʜ 25 mm, ʢʦʨʝʥʩʢʠ ʠ ʧʨʦʣʘʟʠ ʧʦʧʫʥʝ ʧʦʣʘʞʫ ʩʝ ʠʟ ʜʚʘ ʩʣʦʿʘ ʢʦʨʠʩʪʝ˂ʠ 

ʜʦʜʘʪʥʠ ʤʘʪʝʨʠʿʘʣ ʩʘ ʩʨʝʜˁʝ ʠʟʨʘʞʝʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʧʣʘʩʪʠʯʥʦʩʪʠ; 

¶ ʫ ʩʣʫʯʘʿʫ ʚʠʰʝʧʨʦʣʘʟʥʦʛ ʧʦʧʫˁʘʚʘˁʘ ʞʣʝʙʘ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʥʝ ʪʨʝʙʘ ʜʦʟʚʦʣʠʪʠ ʭʣʘʹʝˁʝ 

ʠʟʤʝʹʫ ʧʨʦʣʘʟʘ ʩʚʝ ʜʦʢ ʜʝʙˀʠʥʘ ʦʩʪʚʘʨʝʥʦʛ ʟʘʚʘʨʘ ʥʘ ʙʫʜʝ ʚʝ˂ʘ ʦʜ ʪʨʝ˂ʠʥʝ ʜʝʙˀʠʥʝ 

ʧʣʦʯʘ ʢʦʿʝ ʩʝ ʟʘʚʘʨʫʿʫ. ʋ ʩʫʧʨʦʪʥʦʤ ʧʦʪʨʝʙʥʦ ʿʝ ʩʤʘˁʠʪʠ ʩʘʜʨʞʘʿ ʚʦʜʦʥʠʢʘ ʫ ʟʦʥʠ 

ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʥʘʢʥʘʜʥʠʤ ʪʝʨʤʠʯʢʠʤ ʪʨʝʪʤʘʥʠʤʘ; 

¶ ʪʝʭʥʦʣʦʛʠʿʫ, ʤʝʪʦʜ ʠ ʧʘʨʘʤʝʪʨʝ ʟʘʚʘʨʠʚʘˁʘ ʪʨʝʙʘ ʠʟʘʙʨʘʪʠ ʪʘʢʦ ʜʘ ʩʝ ʠʟʙʝʛʥʫ ʚʝʣʠʢʝ 

ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʘʮʠʿʝ ʜʝʣʠʤʠʯʥʦ ʧʦʧʫˁʝʥʦʛ ʞʣʝʙʘ ʢʦʜ ʚʠʰʝʧʨʦʣʘʟʥʦʛ ʟʘʚʘʨʠʚʘˁʘ.  

 ʇʦʩʪʫʧʘʢ ʘʜʝʢʚʘʪʥʦʛ ʧʨʝʜʛʨʝʚʘˁʘ ʠ ʢʦʥʪʨʦʣʘ ʤʝʹʫʧʨʦʣʘʟʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʝʬʠʢʘʩʘʥ ʤʝʪʦʜʝ ʩʧʨʝʯʘʚʘˁʘ ʥʘʩʪʘʥʢʘ ʚʦʜʦʥʠʯʥʠʭ ʧʨʩʣʠʥʘ ʢʦʜ ʦʚʝ ʢʣʘʩʝ ʯʝʣʠʢʘ.  

 ɺʦʜʦʥʠʯʥʝ ʧʨʩʣʠʥʝ ʠ ʧʦʚʠʰʝˁʝ ʢʨʪʦʩʪʠ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʯʝʣʠʢʘ ʿʘʚˀʘʿʫ ʩʝ ʠ ʥʘ ʩʦʙʥʦʿ 

ʪʝʤʧʝʨʘʪʫʨʠ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʤʦʛʫ˂ʝ ʠʟʙʝʛʘʚʘˁʝ ʥʘʩʪʘʥʢʘ ʦʚʠʭ ʧʨʩʣʠʥʘ ʫ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʠʭ 

ʩʧʦʿʝʚʘ ʥʘ ʪʘʿ ʥʘʯʠʥ ʰʪʦ ʩʝ ʟʘʚʘʨʝʥʠ ʧʨʝʜʤʝʪʠ ʜʨʞʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʢʦʿʝ ʩʫ ʜʦʚʦˀʥʦ ʚʠʩʦʢʝ 

ʜʘ ʦʙʝʟʙʝʹʫʿʫ ʜʠʬʫʟʥʦ ʦʩʣʦʙʘʹʘˁʝ ʚʦʜʦʥʠʢʘ. ʉʚʘʢʠ ʧʦʩʪʫʧʘʢ ʢʦʿʠ ʩʤʘˁʫʿʝ ʙʨʟʠʥʫ ʭʣʘʹʝˁʘ 

ʠʟʚʝʜʝʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʧʦʚʦˀʥʦ ʫʪʠʯʝ ʥʘ ʩʤʘˁʝˁʝ ʩʘʜʨʞʘʿʘ ʚʦʜʦʥʠʢʘ. ɹʨʟʠʥʘ ʭʣʘʹʝˁʘ 

ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʩʝ ʢʦʥʪʨʦʣʠʰʝ ʧʨʝʢʦ ʧʦʛʦʥʩʢʝ ʝʥʝʨʛʠʿʝ ʟʘʚʘʨʠʚʘˁʘ, ʦʜʥʦʩʥʦ ʧʨʝʢʦ ʫʥʝʪʝ 

ʪʦʧʣʦʪʝ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʠ ʪʝʤʧʝʨʘʪʫʨʦʤ ʧʨʝʜʛʨʝʚʘˁʘ. ʇʦʩʣʝ ʟʘʚʘʨʠʚʘˁʘ, ʦʪʧʫʰʪʘˁʝ ʩʝ 

ʥʘʿʯʝʰ˂ʝ ʠʟʚʦʜʠ ʢʘʦ ʥʘʢʥʘʜʥʘ ʪʝʨʤʠʯʢʘ ʦʙʨʘʜʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ. ʇʨʠ ʠʟʚʦʹʝˁʫ 

ʚʠʰʝʧʨʦʣʘʟʥʠʭ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ, ʥʘ ʧʨʠʤʝʨ, ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʪʝʭʥʠʢʘʤʘ ʧʦʩʪʠʞʫ ʩʝ ʝʬʝʢʪʠ 

ʦʪʧʫʰʪʘˁʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. ʆʪʚʨʜˁʘʚʘˁʝ ʯʝʣʠʢʘ ʠ ʟʦʥʝ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʫʩʣʦʚˀʘʚʘ ˁʠʭʦʚʘ 
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ʩʪʨʫʢʪʫʨʘ ʠ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ, ʰʪʦ ʩʝ ʤʦʞʝ ʢʘʨʘʢʪʝʨʠʩʘʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʝʢʚʠʚʘʣʝʥʪʦʤ 

ʫʛˀʝʥʠʢʘ. ʉʠʪʫʘʮʠʿʘ ʿʝ ʤʥʦʛʦ ʩʣʦʞʝʥʠʿʘ ʢʘʜʘ ʿ ʝ ʨʝʯ ʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʘ ʰʘʚʘ ʿʝʨ ˁʝʛʦʚʘ 

ʞʠʣʘʚʦʩʪ ʥʝ ʟʘʚʠʩʠ ʦʜ ʪʚʨʜʦ˂ʝ ʥʘ ʥʘʯʠʥ ʢʘʢʦ ʿʝ ʪʦ ʫ ʩʣʫʯʘʿʫ ʟʦʥʝ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʘ ʰʘʚʘ ʢʦʿʘ ʿʝ ʞʠʣʘʚʠʿʘ, ʦʪʧʦʨʥʠʿʘ ʿʝ ʥʘ ʥʘʩʪʘʥʘʢ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ ʦʜ 

ʤʘˁʝ ʞʠʣʘʚʝ ʩʪʨʫʢʪʫʨʝ ɿʋʊ-ʘ. ʋ ʩʣʫʯʘʿʫ ʨʝʣʘʪʠʚʥʦ ʪʚʨʜʠʭ, ʣʝʛʠʨʘʥʠʭ ʤʝʪʘʣʘ ʰʘʚʘ ʧʨʩʣʠʥʝ 

ʩʫ ʦʙʠʯʥʦ ʪʨʘʥʩʚʝʨʟʘʣʥʝ ʠ ʥʦʨʤʘʣʥʝ ʥʘ ʯʝʦʥʫ ʧʦʚʨʰʠʥʫ ʟʘʚʘʨʘ. 

 ɿʘʭʚʘˀʫʿʫ˂ʠ ʥʠʩʢʦʤ ʝʢʚʠʚʘʣʝʥʪʫ ʫʛˀʝʥʠʢʘ ʯʝʣʠʢ WELDOX 700 ʿʝ ʦʪʧʦʨʥʠʿʠ ʥʘ ʥʘʩʪʘʥʘʢ 

ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ ʦʜ ʜʨʫʛʠʭ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ. ʆʧʘʩʥʦʩʪ ʦʜ ʥʘʩʪʘʥʢʘ 

ʚʦʜʦʥʠʯʥʠʭ ʧʨʩʣʠʥʘ ʩʝ ʩʤʘˁʫʿʝ ʥʘ ʜʚʘ ʥʘʯʠʥʘ: ʩʤʘˁʝˁʝʤ ʩʘʜʨʞʘʿʘ ʚʦʜʦʥʠʢʘ ʫ ʟʦʥʠ ʟʘʚʘʨʝʥʠʭ 

ʩʧʦʿʝʚʘ ʠ ʩʤʘˁʝˁʝʤ ʥʘʧʦʥʘ ʢʦʿʠ ʜʝʣʫʿʫ ʫ ʟʦʥʠ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. ʉʤʘˁʝˁʝ ʢʦʣʠʯʠʥʝ ʚʦʜʦʥʠʢʘ 

ʫ ʟʦʥʠ  ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʚʨʰʠ ʩʝ ʥʘ ʩʣʝʜʝ˂ʝ ʥʘʯʠʥʝ: ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʧʦʩʪʫʧʮʠʤʘ ʧʨʝʜʛʨʝʚʘˁʘ, 

ʢʦʥʪʨʦʣʦʤ ʠ ʦʜʨʞʘʚʘˁʝʤ ʤʝʹʫʧʨʦʣʘʟʥʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʢʦʨʠʰ˂ʝˁʝʤ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʩʘ 

ʥʠʩʢʠʤ ʩʘʜʨʞʘʿʝʤ ʚʦʜʦʥʠʢʘ ʠ ʫʢʣʘˁʘˁʝʤ ʥʝʯʠʩʪʦ˂ʘ ʠʟ ʟʦʥʝ ʟʘʚʘʨʠʚʘˁʘ. ʉʤʘˁʝˁʝ ʟʘʦʩʪʘʣʠʭ 

ʥʘʧʦʥʘ ʠ ʜʝʬʦʨʤʘʮʠʿʘ ʫ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʚʨʰʠ ʩʝ ʩʣʝʜʝ˂ʠʤ ʧʦʩʪʫʧʮʠʤʘ: ʠʟʙʝʛʘʚʘˁʝʤ 

ʫʧʦʪʨʝʙʝ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʯʠʿʘ ʿʝ ʿʘʯʠʥʘ ʚʠʰʘ ʦʜ ʧʦʪʨʝʙʥʝ, ʧʨʘʚʠʣʥʠʤ ʨʝʜʦʩʣʝʜʦʤ 

ʟʘʚʘʨʠʚʘˁʘ, ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʫ ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʠ ʜʝʬʦʨʤʘʮʠʿʝ, ʢʦʨʠʰ˂ʝˁʝʤ ʟʘʟʦʨʘ ʫ ʩʧʦʿʫ ʢʦʿʠ 

ʿʝ ʤʘˁʠ ʦʜ 3 mm ʫ ʩʣʫʯʘʿʫ ʩʫʯʝʦʥʦʛ ʠ ʫʛʘʦʥʦʛ ʩʧʦʿʘ ʠ ʪʩʣ. ʇʨʝʧʦʨʫʢʘ ʧʨʦʠʟʚʦʹʘʯʘ ʿʝ ʜʘ ʩʝ 

ʥʝʧʦʩʨʝʜʥʘ ʟʦʥʘ ʩʧʦʿʘ ʠ ˁʝʥʘ ʦʢʦʣʠʥʘ ʧʘʞˀʠʚʦ ʟʘʛʨʝʿʫ ʚʦʜʝ˂ʠ ʨʘʯʫʥʘ ʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ 

ʥʘʜʤʘʰʠ ʧʨʝʧʦʨʫʯʝʥʫ. ʄʘʢʩʠʤʘʣʥʘ ʤʝʹʫʩʣʦʿʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʿʝ Tinterpas å 200 ʜʦ 225ÜC ʟʘʚʠʩʥʦ 

ʦʜ ʜʝʙˀʠʥʝ ʜʝʣʦʚʘ ʢʦʿʠ ʩʝ ʟʘʚʘʨʫʿʫ. ʂʘʜʘ ʿʝ ʚʣʘʞʥʦʩʪ ʦʢʦʣʠʥʝ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʧʦʚʠʰʝʥʘ ʠʣʠ 

ʿʝ ʩʧʦˀʘʰˁʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʦʜ 5ÜC ʦʥʜʘ ʿʝ ʥʘʿʥʠʞʫ ʧʨʝʧʦʨʫʯʝʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʝʜʛʨʝʚʘˁʘ 

ʧʦʪʨʝʙʥʦ ʧʦʚʝ˂ʘʪʠ ʟʘ 25ÜC. ʇʨʝʧʦʨʫʯʝʥʫ ʪʝʤʧʝʨʘʪʫʨʫ, ʪʘʢʦʹʝ, ʪʨʝʙʘ ʧʦʚʝ˂ʘʪʠ ʠ ʧʨʠ ʠʟʚʦʹʝˁʫ 

ʧʨʠʧʦʿʥʠʭ ʩʧʦʿʝʚʘ ʢʦʿʠ ʩʝ ʠʟʚʦʜʝ ʩʘ ʧʦʛʦʥʩʢʦʤ ʝʥʝʨʛʠʿʦʤ ʟʘʚʘʨʠʚʘˁʘ ʦʢʦ  

10 kJ/cm (ʤʘʢʩʠʤʘʣʥʦ ʜʦ 17 kJ/cm). ʅʘ ʩʣʠʮʠ 13 ʧʨʠʢʘʟʘʥʘ ʿʝ ʚʨʝʜʥʦʩʪ ʧʨʝʧʦʨʫʯʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʛʨʝʚʘˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʝʢʚʠʚʘʣʝʥʪʥʝ ʜʝʙˀʠʥʝ ʧʣʦʯʘ ʟʘ ʟʘʚʘʨʠʚʘˁʝ 

ʧʦʛʦʥʩʢʦʤ ʝʥʝʨʛʠʿʦʤ ʜʦ 17 kJ/cm, ʫʟ ʧʨʝʪʧʦʩʪʘʚʢʫ ʜʘ ʩʝ ʠʟʚʝʜʝʥʠ ʩʧʦʿʝʚʠ ʭʣʘʜʝ ʥʘ ʚʘʟʜʫʭʫ. 

ʅʘʿʚʠʰʘ ʜʦʟʚʦˀʝʥʘ ʤʝʹʫʩʣʦʿʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʤʘ ʧʨʝʧʦʨʫʢʘʤʘ ʧʨʦʠʟʚʦʹʘʯʘ ʟʘ ʦʚʘʿ ʯʝʣʠʢ ʿʝ 

300ºC [25, 114, 133, 134, 140].  

 

ʉʣʠʢʘ 13. ʇʨʝʧʦʨʫʯʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʛʨʝʚʘˁʘ  

ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʯʝʣʠʢʘ WELDOX 700 [114] 

 ʇʨʝʧʦʨʫʯʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʜʛʨʝʚʘˁʘ ʦʜʨʝʹʫʿʝ ʩʝ ʧʨʝʤʘ ʝʢʚʠʚʘʣʝʥʪʥʦʿ ʜʝʙˀʠʥʠ ʧʣʦʯʘ 

ʢʦʿʝ ʩʝ ʟʘʚʘʨʫʿʫ. ɽʢʚʠʚʘʣʝʥʪʥʘ ʜʝʙˀʠʥʘ ʿʝʜʥʘʢʘ ʿʝ ʜʝʙˀʠʥʠ ʜʝʙˀʝ ʧʣʦʯʝ, ʫ ʩʣʫʯʘʿʫ ʟʘʚʘʨʠʚʘˁʘ 

ʧʣʦʯʘ ʨʘʟʣʠʯʠʪʠʭ ʜʝʙˀʠʥʘ. ʇʦʪʨʝʙʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʛʨʝʚʘˁʘ ʠ ʤʝʹʫʩʣʦʿʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʩʪʚʘʨʫʿʫ ʩʝ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ, ʥʘ ʧʨʠʤʝʨ ʝʣʝʢʪʨʠʯʥʠʤ ʛʨʝʿʘʯʠʤʘ, ʛʘʩʥʠʤ ʛʨʝʿʘʯʠʤʘ ʠ ʪʩʣ. 

ɽʣʝʢʪʨʠʯʥʠ ʛʨʝʿʥʠ ʝʣʝʤʝʥʪʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʨʘʚʥʦʤʝʨʥʦ ʟʘʛʨʝʚʘˁʝ ʩʚʠʭ ʧʦʚʨʰʠʥʘ ʫ ʟʦʥʠ 



71 

 

ʧʨʠʧʨʝʤˀʝʥʦʛ ʩʧʦʿʘ ʠ ʯʝʩʪʦ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʿʙʦˀʝ ʨʝʰʝˁʝ ʧʨʦʙʣʝʤʘ ʧʨʝʜʛʨʝʚʘˁʘ. ʇʨʠʥʮʠʧ 

ʦʜʨʝʹʠʚʘˁʘ ʝʢʚʠʚʘʣʝʥʪʥʝ ʜʝʙˀʠʥʝ ʟʘ ʪʨʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʩʣʫʯʘʿʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 14.  

  

 ʉʣʠʢʘ 14. ʇʨʠʥʮʠʧ ʦʜʨʝʹʠʚʘˁʘ ʝʢʚʠʚʘʣʝʥʪʥʝ ʜʝʙˀʠʥʝ  

 ʂʦʥʪʨʦʣʘ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʧʨʝʜʛʨʝʚʘˁʫ ʠ ʢʦʥʪʨʦʣʘ ʤʝʹʫʩʣʦʿʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʚʦʜʠ ʩʝ 

ʧʦʤʦ˂ʫ ʢʦʥʪʘʢʪʥʦʛ ʠʣʠ ʙʝʩʢʦʥʪʘʢʪʥʦʛ ʪʝʨʤʦʤʝʪʨʘ ʥʘ ʨʝʬʝʨʝʥʪʥʠʤ ʤʝʩʪʠʤʘ. 

 ʂʦʥʪʨʦʣʘ ʪʝʤʧʝʨʘʪʫʨʝ ʚʨʰʠ ʩʝ ʥʘ ʜʝʣʫ ʩʘ ʥʘʿʤʘˁʦʤ ʜʝʙˀʠʥʦʤ ʫ ʩʧʦʿʫ. ʂʘʜʘ ʿʝ ʜʝʙˀʠʥʘ 

ʨʝʬʝʨʝʥʪʥʝ ʧʣʦʯʝ 25 mm, ʤʝʨʝˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʩʝ ʠʟʚʦʜʠ 2 min ʧʦʩʣʝ ʛʨʝʿʘˁʘ. ɸʢʦ ʿʝ ʜʝʙˀʠʥʘ 

ʧʣʦʯʝ 12,5 mm ʤʝʨʝˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʩʝ ʠʟʚʦʜʠ 1 min ʧʦʩʣʝ ʛʨʝʿʘˁʘ ʠ ʪʩʣ. ʄʝʨʝˁʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʠʟʤʝʹʫ ʧʨʦʣʘʟʘ ʢʦʜ ʚʠʰʝʧʨʦʣʘʟʥʦʛ ʟʘʚʘʨʠʚʘˁʘ ʚʨʰʠ ʩʝ ʫ ʤʝʪʘʣʫ ʰʘʚʘ ʠʣʠ ʫ ʦʩʥʦʚʥʦʤ 

ʤʘʪʝʨʠʿʘʣʫ ʥʝʧʦʩʨʝʜʥʦ ʫʟ ʰʘʚ [25, 114]. ʇʦʣʦʞʘʿʠ ʤʝʩʪʘ ʟʘ ʤʝʨʝˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʛʨʝʚʘˁʘ 

ʫ ʩʣʫʯʘʿʫ ʫʛʘʦʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 15. 

 

ʉʣʠʢʘ 15. ʇʦʣʦʞʘʿʠ ʤʝʨʝˁʘ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʜ ʫʛʘʦʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ 

 2.3.4 ʆʮʝʥʘ ʩʢʣʦʥʦʩʪʠ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL ʢʘ ʦʙʨʘʟʦʚʘˁʫ ʧʨʩʣʠʥʘ  

 ʇʦʿʘʚʘ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ ʢʘʦ ʰʪʦ ʿʝ, ʥʘʧʨʝʜ ʥʘʚʝʜʝʥʦ, ʟʘʚʠʩʠ ʦʜ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʯʝʣʠʢʘ, 

ʩʘʜʨʞʘʿʘ ʜʠʬʫʥʜʦʚʘʥʦʛ ʚʦʜʦʥʠʢʘ ʠ ʢʨʫʪʦʩʪʠ ʠʣʠ ʜʝʙˀʠʥʝ ʜʝʣʦʚʘ ʢʦʿʠ ʩʝ ʟʘʚʘʨʫʿʫ. ʇʨʦʮʝʥʘ 

ʩʢʣʦʥʦʩʪʠ ʯʝʣʠʢʘ ʢʘ ʥʘʩʪʘʥʢʫ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ ʠʟʚʦʜʠ ʩʝ ʧʦʤʦ˂ʫ ʧʘʨʘʤʝʪʘʨʩʢʠʭ ʿʝʜʥʘʯʠʥʘ 

ʢʦʿʝ ʩʫ ʧʨʠʢʘʟʘʥʝ ʫ ʧʦʛʣʘʚˀʫ 2.2.3. ʋ ʪʘʙʝʣʠ 6 ʧʨʠʢʘʟʘʥʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʦʮʝʥʫ 

ʩʢʣʦʥʦʩʪʠ ʢʘ ʥʘʩʪʘʥʢʫ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ ʟʘ ʯʝʣʠʢ ʢʣʘʩʝ S690QL ʢʦʿʠ ʩʫ ʦʜʨʝʹʝʥʠ ʧʨʝʤʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʠʟʨʘʟʠʤʘ. 

ʊʘʙʝʣʘ 6. ʇʘʨʘʤʝʪʨʠ ʭʣʘʜʥʠʭ ʧʨʩʣʠʥʘ ʟʘ ʯʝʣʠʢ S690QL       

ʂʨʠʪʝʨʠʿʫʤ ʀʟʨʘʟ ɺʨʝʜʥʦʩʪ 
ʈʝʬʝʨʝʥʪʥʘ 

ʚʨʝʜʥʦʩʪ  
ʆʮʝʥʘ 

ʀʟʨʘʟ ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

ʪʝʤʧ. ʧʨʝʜʛʨʝʚʘˁʘ 
Tp, ºC 

IIWCE  CE - (3) 0,48 CE > 0,45% ʉʢʣʦʥ   

ʌʦʨʤʫʣʘ 

ʉʝʬʝʨʠʿʘʥʘ 
[C]  - (5) 0,645 [C]  > 0,45% ʉʢʣʦʥ (8) 220ºC 

ɱʘʧʘʥʩʢʠ ʘʫʪʦʨʠ 
PC - (12) 0,529 

PC > 0,3 ʉʢʣʦʥ (15) 247ºC 
PCM - (13) 0,438 

ʏʝʰʢʠ ʘʫʪʦʨʠ 
Php - (10) 0,484 

Php > 0,24 ʉʢʣʦʥ (11) 257ºC 
PCʄ - (9) 0,456 
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  ʋ ʮʠˀʫ ʦʯʫʚʘˁʘ ʧʦʚʦˀʥʦʛ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛ ʩʪʘˁʘ, ʦʩʪʚʘʨʝʥʦʛ ʧʨʦʮʝʩʦʤ ʧʨʦʠʟʚʦʜˁʝ 

ʦʚʝ ʢʣʘʩʝ ʯʝʣʠʢʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʜʛʨʝʚʘˁʘ ʩʝ ʤʦʞʝ ʫʩʚʦʿʠʪʠ ʫ ʦʧʩʝʛʫ 150 ʜʦ 200ºC, ʩ ʦʙʟʠʨʦʤ 

ʥʘ ʢʦʨʠʰ˂ʝˁʝ ʚʠʩʦʢʦʧʣʘʩʪʠʯʥʠʭ ʘʫʩʪʝʥʠʪʥʠʭ ʝʣʝʢʪʨʦʜʘ ʟʘ ʠʟʚʦʹʝˁʝ ʢʦʨʝʥʩʢʠʭ ʧʨʦʣʘʟʘ ʠ 

ʧʦʚʝ˂ʘʥ ʫʥʦʩ ʪʦʧʣʦʪʝ ʟʘ ʚʨʝʤʝ ʟʘʚʘʨʠʚʘˁʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʦʚʘˁʘ ʤʘʨʪʝʥʟʠʪʥʝ ʩʪʨʫʢʪʫʨʝ  - 

Ms (martenzite start) ʦʜʨʝʹʫʿʝ ʩʝ ʧʨʝʤʘ ʠʟʨʘʟʫ [126, 128]: 

550 361 39 20 39 28 ,sM C Mn Ni Cr Mo= - Ö - Ö - Ö - Ö - ÖºC. (48) 

 ʂʦʨʠʰ˂ʝˁʝʤ ʧʨʝʪʭʦʜʥʦʛ ʠʟʨʘʟʘ ʠ ʩʤʝʥʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʨʦʮʝʥʪʫʘʣʥʠ 

ʩʘʜʨʞʘʿ ʭʝʤʠʿʩʢʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ʯʝʣʠʢʫ S690QL ʜʦʙʠʿʘ ʩʝ ʨʘʯʫʥʩʢʘ ʚʨʝʜʥʦʩʪ ʪʝʤʧʝʨʘʪʫʨʝ 

Ms = 332,4ºC ʟʘ ʦʚʫ ʢʣʘʩʫ ʯʝʣʠʢʘ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʿʝ ʦʚʘ ʚʨʝʜʥʦʩʪ ʜʘʣʝʢʦ ʚʠʰʘ ʦʜ ʫʩʚʦʿʝʥʦʛ 

ʪʝʤʧʝʨʘʪʫʨʩʢʦʛ ʦʧʩʝʛʘ ʧʨʝʜʛʨʝʚʘˁʘ ʟʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʫʩʚʦʿʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ˂ʝ ʫʪʠʮʘʪʠ ʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʯʝʣʠʢʘ ʠʘʢʦ ʩʫ ʧʨʝʧʦʨʫʢʝ ʧʨʦʠʟʚʦʹʘʯʘ ʜʘ ʟʘ ʜʝʙˀʠʥʫ ʦʜ  

15 mm ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʜʛʨʝʚʘˁʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ 70ºC, ʜʦʢ ʿʝ ʥʘʿʚʠʰʘ ʜʦʟʚʦˀʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʝʜʛʨʝʚʘˁʘ ʟʘ ʦʚʘʿ ʯʝʣʠʢ 300ºC.  

 ʇʨʦʮʝʥʘ ʩʢʣʦʥʦʩʪʠ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL ʧʨʝʤʘ ʥʘʩʪʘʥʢʫ ʪʦʧʣʠʭ ʧʨʩʣʠʥʘ ʠʟʚʦʜʠ ʩʝ ʧʨʝʤʘ 

ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʪʦʧʣʠʭ ʧʨʩʣʠʥʘ ʢʦʿʝ ʩʫ ʧʨʠʢʘʟʘʥʝ ʫ ʪʘʙʝʣʠ 7. 

ʊʘʙʝʣʘ 7. ʇʘʨʘʤʝʪʨʠ ʪʦʧʣʠʭ ʧʨʩʣʠʥʘ ʟʘ ʯʝʣʠʢ S690QL 

ʂʨʠʪʝʨʠʿʫʤ ʀʟʨʘʟ ɺʨʝʜʥʦʩʪ 
ʈʝʬʝʨʝʥʪʥʘ 

ʚʨʝʜʥʦʩʪ  
ʆʮʝʥʘ 

ʄʦʜʠʬʠʢʦʚʘʥʠ ʝʢʚʠʚʘʣʝʥʪ 

ʫʛˀʝʥʠʢʘmCE  mCE - (28) 0,485  > 0,45% ʉʢʣʦʥ 

ʆʩʝʪˀʠʚʦʩʪ ʥʘ ʪʦʧʣʝ 

ʧʨʩʣʠʥʝ H. C. S. 
H. C. S. - (29) 2,47 > 2 ʅʠʿʝ ʩʢʣʦʥ 

 ʉ ʦʙʟʠʨʦʤ ʥʘ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʨʘ ʪʦʧʣʠʭ ʧʨʩʣʠʥʘ ʜʦʙʠʿʝʥʠʭ ʫ ʪʘʙʝʣʠ 7 ʤʦʞʝ ʩʝ 

ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʦʚʘ ʢʣʘʩʘ ʯʝʣʠʢʘ ʫʩʣʦʚʥʦ ʩʢʣʦʥʘ ʢʘ ʥʘʩʪʘʥʢʫ ʪʦʧʣʠʭ ʧʨʩʣʠʥʘ. ʉʢʣʦʥʦʩʪ ʦʚʝ 

ʢʣʘʩʝ ʯʝʣʠʢʘ ʧʨʝʤʘ ʥʘʩʪʘʥʢʫ ʧʨʩʣʠʥʘ ʞʘʨʝˁʘ ʫʪʚʨʹʫʿʝ ʩʝ ʥʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʝ 

ʩʫ ʧʨʠʢʘʟʘʥʝ ʫ ʪʘʙʝʣʠ 8, ʜʦʢ ʿʝ ʚʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʨʘ ʟʘ ʦʮʝʥʫ ʩʢʣʦʥʦʩʪʠ ʧʨʝʤʘ ʥʘʩʪʘʥʢʫ 

ʣʘʤʝʣʘʨʥʠʭ ʧʨʩʣʠʥʘ ʧʨʠʢʘʟʘʥʘ ʫ ʪʘʙʝʣʠ 9. ɺʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʦʮʝʥʫ ʩʢʣʦʥʦʩʪʠ ʯʝʣʠʢʘ 

ʢʣʘʩʝ S690QL ʫʢʘʟʫʿʫ ʥʘ ʩʢʣʦʥʦʩʪ ʦʚʝ ʢʣʘʩʝ ʯʝʣʠʢʘ ʢʘ ʥʘʩʪʘʥʢʫ ʧʨʩʣʠʥʘ, ʪʘʢʦ ʜʘ ʿʝ ʥʝʦʧʭʦʜʥʦ 

ʧʨʠʤʝʥʠʪʠ ʜʦʜʘʪʥʝ ʤʝʨʝ ʧʦʙʦˀʰʘˁʘ ʟʘʚʘʨˀʠʚʦʩʪʠ ʠ ʠʟʙʝʛʘʚʘˁʘ ʥʘʩʪʘʥʢʘ ʧʨʩʣʠʥʘ. 

ʊʘʙʝʣʘ 8. ʇʘʨʘʤʝʪʨʠ ʧʨʩʣʠʥʘ ʞʘʨʝˁʘ ʟʘ ʯʝʣʠʢ S690QL 

ʊʘʙʝʣʘ 9. ʇʘʨʘʤʝʪʘʨ ʟʘ ʦʮʝʥʫ ʩʢʣʦʥʦʩʪʠ ʢʘ ʥʘʩʪʘʥʢʫ ʣʘʤʝʣʘʨʥʠʭ ʧʨʩʣʠʥʘ ʟʘ ʯʝʣʠʢ S690QL  

ʂʨʠʪʝʨʠʿʫʤ ʀʟʨʘʟ ɺʨʝʜʥʦʩʪ 
ʈʝʬʝʨʝʥʪʥʘ 

ʚʨʝʜʥʦʩʪ  
ʆʮʝʥʘ 

ʇʘʨʘʤʝʪʘʨ ȹG   (37) 1,739  > 0 ʉʢʣʦʥ 

ʇʘʨʘʤʝʪʘʨ PĢ (38) 1,15 > 0 ʉʢʣʦʥ 

ʂʨʠʪʝʨʠʿʫʤ ʀʟʨʘʟ ɺʨʝʜʥʦʩʪ 
ʈʝʬʝʨʝʥʪʥʘ 

ʚʨʝʜʥʦʩʪ  
ʆʮʝʥʘ 

ʇʘʨʘʤʝʪʘʨ Pl   (36) 0,63 Ò 0,40 ʉʢʣʦʥ 
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 ʇʦʪʧʫʥʘ ʚʝʨʠʬʠʢʘʮʠʿʘ ʧʦʩʪʫʧʢʘ ʟʘʚʘʨʠʚʘˁʘ ʠ ʩʘʤʠʭ ʧʘʨʘʤʝʪʘʨʘ ʟʘʚʘʨʠʚʘˁʘ ʧʨʦʚʝʨʘʚʘ ʩʝ 

ʪʝʭʥʦʣʦʰʢʠʤ ʧʨʦʙʘʤʘ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʦʜʨʝʹʠʚʘˁʝʤ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ.  

 2.3.5 ʇʨʠʧʨʝʤʘ ʧʣʦʯʘ ʦʜ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL ʟʘ ʟʘʚʘʨʠʚʘˁʝ 

 ʇʣʦʯʝ ʜʝʙˀʠʥʝ 15 mm ʦʜ ʯʝʣʠʢʘ WELDOX 700F ʢʦʿʠ ʧʨʠʧʘʜʘ ʢʣʘʩʠ ʯʝʣʠʢʘ ʜʝʬʠʥʠʩʘʥʦʿ 

ʩʪʘʥʜʘʨʜʥʦʤ ʦʟʥʘʢʦʤ S690QL ʧʨʝ ʠʟʚʦʹʝˁʘ ʟʘʚʘʨʠʚʘˁʘ ʧʨʠʧʨʝʤʘʿʫ ʩʝ ʩʧʨʦʚʦʹʝˁʝʤ 

ʧʨʦʧʠʩʘʥʠʭ ʪʝʭʥʦʣʦʰʢʠʭ ʦʧʝʨʘʮʠʿʘ. ʀʚʠʮʝ ʠ ʦʢʦʣʠʥʘ ʞʣʝʙʘ ʥʘ ʨʘʩʪʦʿʘˁʫ ʥʘʿʤʘˁʝ 30 mm 

ʤʦʨʘʿʫ ʙʠʪʠ ʦʯʠʰ˂ʝʥʠ ʜʦ ʤʝʪʘʣʥʦʛ ʩʿʘʿʘ, ʙʝʟ ʧʨʠʩʫʩʪʚʘ ʤʘʩʥʦ˂ʘ, ʧʨˀʘʚʰʪʠʥʝ, ʦʢʩʠʜʘ ʠ ʜʨʫʛʠʭ 

ʥʝʯʠʩʪʦ˂ʘ. ɿʘʚʘʨʠʚʘˁʝ ʿʝ ʠʟʚʝʜʝʥʦ ʧʨʝʤʘ ʧʣʘʥʫ ʟʘʚʘʨʠʚʘˁʘ ʢʦʤʙʠʥʦʚʘˁʝʤ ʪʨʠ ʤʝʪʦʜʘ 

ʟʘʚʘʨʠʚʘˁʘ:  

¶ ʈɽʃ/ʄɸɻ ʚʘʨʠʿʘʥʪʘ: ʢʦʨʝʥʩʢʠ ʧʨʦʣʘʟ ʧʦʩʪʫʧʢʦʤ ʨʫʯʥʦʛ ʝʣʝʢʪʨʦʣʫʯʥʦʛ ʟʘʚʘʨʠʚʘˁʘ 

(ʈɽʃ-ʦʤ), ʘ ʧʨʦʣʘʟʠ ʧʦʧʫʥʝ ʧʦʩʪʫʧʢʦʤ ʟʘʚʘʨʠʚʘˁʘ ʫ ʟʘʰʪʠʪʥʦʿ ʘʪʤʦʩʬʝʨʠ ʤʝʰʘʚʠʥʝ  

ʛʘʩʦʚʘ (ʄɸɻ-ʦʤ) ʠ  

¶ ʄʀɻ/ʄɸɻ ʚʘʨʠʿʘʥʪʘ: ʢʦʨʝʥʩʢʠ ʧʨʦʣʘʟ ʧʦʩʪʫʧʢʦʤ ʟʘʚʘʨʠʚʘˁʘ ʫ ʟʘʰʪʠʪʥʦʿ ʘʪʤʦʩʬʝʨʠ 

ʘʨʛʦʥʘ (ʄʀɻ-ʦʤ), ʘ ʧʨʦʣʘʟʠ ʧʦʧʫʥʝ ʧʦʩʪʫʧʢʦʤ ʟʘʚʘʨʠʚʘˁʘ ʫ ʟʘʰʪʠʪʥʦʿ ʘʪʤʦʩʬʝʨʠ 

ʤʝʰʘʚʠʥʝ ʛʘʩʦʚʘ (ʄɸɻ-ʦʤ).  

 ʂʦʨʝʥʩʢʠ ʧʨʦʣʘʟʠ ʩʝ, ʜʘʢʣʝ ʠʟʚʦʜʝ ʥʘ ʜʚʘ ʥʘʯʠʥʘ: ʧʦʩʪʫʧʢʦʤ ʨʫʯʥʦʛ ʝʣʝʢʪʨʦʣʫʯʥʦʛ 

ʟʘʚʘʨʠʚʘˁʘ, ʝʣʝʢʪʨʦʜʦʤ INOX B 18/8/6 ʧʨʝʯʥʠʢʘ Ø 3,25 mm ʫ ʧʨʚʦʿ ʚʘʨʠʿʘʥʪʠ, ʘ ʫ ʜʨʫʛʦʿ 

ʚʘʨʠʿʘʥʪʠ ʟʘʚʘʨʠʚʘˁʝʤ ʄʀɻ ʧʦʩʪʫʧʢʦʤ ʫ ʟʘʰʪʠʪʥʦʿ ʘʪʤʦʩʬʝʨʠ 100% Ar ʝʣʝʢʪʨʦʜʥʦʤ ʞʠʮʦʤ  

MIG 18/8/6 Si ʧʨʝʯʥʠʢʘ Ø 1,2 mm. ʇʨʦʣʘʟʠ ʧʦʧʫʥʝ, ʢʘʦ ʠ ʧʦʢʨʠʚʥʠ ʧʨʦʣʘʟʠ ʠʟʚʦʜʝ ʩʝ 

ʟʘʚʘʨʠʚʘˁʝʤ ʄɸɻ ʧʦʩʪʫʧʢʦʤ ʫ ʩʤʝʰʠ ʛʘʩʦʚʘ (82% Ar + 18% CO2), ʝʣʝʢʪʨʦʜʥʦʤ ʞʠʮʦʤ  

MIG 75 ʧʨʝʯʥʠʢʘ Ï 1,2 mm. ʏʝʣʠʯʥʝ ʧʣʦʯʝ ʩʝ ʟʘʚʘʨʫʿʫ ʩʫʯʝʦʥʦ ʫʟ ʧʦʧʫʥʫ V-ʞʣʝʙʘ ʧʦ 

ʜʝʬʠʥʠʩʘʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʟʘʚʘʨʠʚʘˁʘ. ʇʨʝ ʟʘʚʘʨʠʚʘˁʘ ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʝʩʪʠ ʧʨʠʧʨʝʤʘˁʝ 

ʞʣʝʙʘ ʟʘ ʟʘʚʘʨʠʚʘˁʝ. ʆʙʣʠʢ ʠ ʜʠʤʝʥʟʠʿʝ ʞʣʝʙʘ ʟʘ ʚʘʨʠʿʘʥʪʫ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʠʚʘˁʘ ʧʨʠʢʘʟʘʥ ʿʝ 

ʥʘ ʩʣʠʮʠ 16, ʜʦʢ ʿʝ ʟʘ ʄʀɻ/ʄɸɻ ʚʘʨʠʿʘʥʪʫ ʞʣʝʙ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 17. 

 

ʉʣʠʢʘ 16. ʆʙʣʠʢ ʠ ʜʠʤʝʥʟʠʿʝ ʞʣʝʙʘ ʟʘ ʩʫʯʝʦʥʦ ʟʘʚʘʨʠʚʘˁʝ ʧʣʦʯʘ ʚʘʨʠʿʘʥʪʦʤ ʈɽʃ/ʄɸɻ 

 

ʉʣʠʢʘ 17. ʆʙʣʠʢ ʠ ʜʠʤʝʥʟʠʿʝ ʞʣʝʙʘ ʟʘ ʩʫʯʝʦʥʦ ʟʘʚʘʨʠʚʘˁʝ ʧʣʦʯʘ ʚʘʨʠʿʘʥʪʦʤ ʄʀɻ/ʄɸɻ 

 ʀʟʛʣʝʜ ʧʣʦʯʘ ʩʘ ʧʨʠʧʨʝʤˀʝʥʠʤ ʞʣʝʙʦʤ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʟʘ ʚʘʨʠʿʘʥʪʫ ʄʀɻ/ʄɸɻ ʧʨʠʢʘʟʘʥ 

ʿʝ ʥʘ ʩʣʠʮʠ 18. 
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ʉʣʠʢʘ 18. ʀʟʛʣʝʜ ʞʣʝʙʘ ʟʘ ʩʫʯʝʦʥʦ ʟʘʚʘʨʠʚʘˁʝ ʧʣʦʯʘ ʧʦʩʪʫʧʢʦʤ ʄʀɻ/ ʄɸɻ  

 2.3.6 ʄʝʪʦʜʝ ʫʢʣʘˁʘˁʘ ʜʠʬʫʟʥʦʛ ʚʦʜʦʥʠʢʘ   

 ɼʠʬʫʟʠʿʘ ʚʦʜʦʥʠʢʘ ʠʟ ʤʝʪʘʣʘ ʰʘʚʘ ʫ ʦʩʥʦʚʥʠ ʤʘʪʝʨʠʿʘʣ ʠ ʫ ʘʪʤʦʩʬʝʨʫ ʟʘʚʠʩʠ ʦʜ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʘʩʪʘʚʘ ʯʝʣʠʢʘ. ʇʨʠ ʟʘʚʘʨʠʚʘˁʫ ʠʟ ʚʠʰʝ ʧʨʦʣʘʟʘ ʫʢʣʘˁʘˁʝ ʜʠʬʫʟʥʦʛ ʚʦʜʦʥʠʢʘ 

ʿʝ ʦʪʝʞʘʥʦ ʠ ʦ ʪʦʤʝ ʪʨʝʙʘ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʧʨʠ ʧʦʣʘʛʘˁʫ ʩʚʘʢʦʛ ʩʣʝʜʝ˂ʝʛ ʧʨʦʣʘʟʘ. ʇʨʠ 

ʚʠʰʝʧʨʦʣʘʟʥʦʤ ʟʘʚʘʨʠʚʘˁʫ ʤʦʛʫ˂ʝ ʿʝ ʧʨʠʩʫʩʪʚʦ ʚʦʜʦʥʠʢʘ ʯʘʢ ʠ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʝ ʜʦʜʘʪʥʠ 

ʤʘʪʝʨʠʿʘʣʠ ʩʘ ʥʠʩʢʠʤ ʩʘʜʨʞʘʿʝʤ ʚʦʜʦʥʠʢʘ. ʉʪʝʧʝʥ ʜʠʬʫʟʠʿʝ ʚʦʜʦʥʠʢʘ ʿʝ ʥʠʞʠ ʦʜ ʢʦʣʠʯʠʥʝ 

ʢʦʿʘ ʩʝ ʫʥʦʩʠ ʫ ʤʝʪʘʣ ʰʘʚʘ ʧʨʠ ʩʚʘʢʦʤ ʧʨʦʣʘʟʫ. ɺʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʜʠʬʫʟʠʿʫ ʚʦʜʦʥʠʢʘ ʩʝ 

ʦʜʨʝʹʫʿʝ ʧʨʝʤʘ ʜʨʫʛʦʤ ʌʠʢʦʚʦʤ ʟʘʢʦʥʫ ʢʦʿʠ ʿʝ ʤʘʪʝʤʘʪʠʯʢʠ ʠʟʨʘʞʝʥ ʿʝʜʥʘʯʠʥʦʤ [8]: 
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ʛʜʝ ʩʫ: C - ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʚʦʜʦʥʠʢʘ ʫ ʯʝʣʠʢʫ, t - ʚʨʝʤʝ, D - ʢʦʝʬʠʮʠʿʝʥʪ ʜʠʬʫʟʠʿʝ ʠ  
2Ð - ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʩʪʦʨʥʝ ʜʠʩʪʨʠʙʫʮʠʿʝ.  

 ʂʦʨʠʰ˂ʝˁʝʤ ʧʨʠʢʘʟʘʥʝ ʨʝʣʘʮʠʿʝ ʤʦʛʫ˂ʝ ʿʝ ʦʜʨʝʜʠʪʠ ʬʫʥʢʮʠʦʥʘʣʥʝ ʟʘʚʠʩʥʦʩʪʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʚʦʜʦʥʠʢʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʛʝʦʤʝʪʨʠʿʝ ʟʦʥʝ ʩʧʦʿʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘ ʦʧʠʩʠʚʘˁʝ 

ʛʝʦʤʝʪʨʠʿʝ ʟʦʥʝ ʫʛʘʦʥʠʭ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʢʦʨʠʩʪʠ ʩʝ ʧʦʣʘʨʥʦ ʮʠʣʠʥʜʨʠʯʥʠ ʢʦʦʨʜʠʥʘʪʥʠ 

ʩʠʩʪʝʤ. ʊ-ʟʘʚʘʨʝʥʠ ʩʧʦʿʝʚʠ, ʢʨʩʪʘʩʪʠ ʩʧʦʿʝʚʠ, ʤʦʛʫ ʩʝ ʨʘʟʤʘʪʨʘʪʠ ʢʘʦ ʩʧʝʮʠʬʠʯʥʠ ʩʣʫʯʘʿʝʚʠ 

ʫʛʘʦʥʠʭ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʠ ʤʦʛʫ ʩʝ ʨʘʟʤʘʪʨʘʪʠ ʫ ʧʦʣʘʨʥʦ ʮʠʣʠʥʜʨʠʯʥʠʤ ʢʦʦʨʜʠʥʘʪʥʠʤ 

ʩʠʩʪʝʤʠʤʘ, ʜʦʢ ʩʝ ʩʫʯʝʦʥʠ ʩʧʦʿʝʚʠ ʧʦʩʤʘʪʨʘʿʫ ʢʘʦ ʨʘʚʘʥʩʢʠ ʧʨʦʙʣʝʤʠ ʫ ɼʝʢʘʨʪʦʚʦʤ 

ʢʦʦʨʜʠʥʘʪʥʦʤ ʩʠʩʪʝʤʫ.  

 ɺʦʜʦʥʠʢ ʠʟ ʤʝʪʘʣʘ ʰʘʚʘ ʜʠʬʫʥʜʫʿʝ ʫ ʦʢʦʣʥʫ ʟʦʥʫ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ, ʥʘʨʦʯʠʪʦ ʟʘ ʚʨʝʤʝ 

ʬʘʟʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʫ ʤʝʪʘʣʫ ʰʘʚʘ ʪʦʢʦʤ ʢʦʿʠʭ ʩʝ ʟʥʘʯʘʿʥʦ ʤʝˁʘ ˁʝʛʦʚʘ ʨʘʩʪʚʦʨˀʠʚʦʩʪ. 

ɿʘ ʚʨʝʤʝ ʟʘʚʘʨʠʚʘˁʘ ʬʘʟʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʫ ʰʘʚʫ ʩʫ ʟʘʚʨʰʝʥʝ ʜʦʢ ʿʝ ʫ ʟʦʥʠ ʫʪʠʮʘʿ ʪʦʧʣʦʪʝ 

ʿʦʰ ʫʚʝʢ ʘʫʩʪʝʥʠʪʥʝ ʩʪʨʫʢʪʫʨʘ, ʟʙʦʛ ʯʝʛʘ ʚʝʣʠʢʠ ʜʝʦ ʚʦʜʦʥʠʢʘ ʜʠʬʫʥʜʫʿʝ ʫ ʦʚʫ ʟʦʥʫ. ʇʨʠ 

ʚʠʰʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʚʦʜʦʥʠʢ ʿʝ ʫ ʜʠʩʦʮʠʨʘʥʦʤ ʩʪʘˁʫ, ʜʦʢ ʭʣʘʹʝˁʝʤ ʧʨʝʣʘʟʠ ʫ ʤʦʣʝʢʫʣʘʨʥʠ 

ʦʙʣʠʢ ʠ ʠʟʜʚʘʿʘ ʩʝ ʥʘ ʤʝʩʪʠʤʘ ʧʦʨʘ ʠ ʫʢˀʫʯʘʢʘ ʪʨʦʩʢʝ ʫ ʤʝʪʘʣʫ. ʇʨʦʮʝʩ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ 

ʚʦʜʦʥʠʢʘ ʠʟ ʜʠʩʦʮʠʨʘʥʦʛ ʫ ʤʦʣʝʢʫʣʘʨʥʠ ʦʙʣʠʢ ʧʨʠ ʭʣʘʹʝˁʫ ʧʨʘ˂ʝʥ ʿʝ ʨʘʟʚʦʿʝʤ ʚʠʩʦʢʠʭ 

ʣʦʢʘʣʥʠʭ ʥʘʧʦʥʘ ʥʘ ʧʨʠʪʠʩʘʢ ʢʦʿʠ ʧʨʝʚʘʟʠʣʘʟʝ ʣʦʢʘʣʥʫ ʟʘʪʝʟʥʫ ʯʚʨʩʪʦ˂ʫ ʤʘʪʝʨʠʿʘʣʘ ʧʘ ʜʦʣʘʟʠ 

ʜʦ ʧʦʿʘʚʝ ʧʨʩʣʠʥʘ. ʆʚʝ ʧʨʩʣʠʥʝ ʥʘʟʠʚʘʿʫ ʩʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʿʦʰ ʠ ʭʣʘʜʥʠʤ ʠʣʠ ʟʘʢʘʩʥʝʣʠʤ ʿʝʨ 

ʥʘʩʪʘʿʫ ʧʦʩʣʝ ʟʘʚʘʨʠʚʘˁʘ ʠʣʠ ʧʦʩʣʝ ʧʦʣʘʛʘˁʘ ʧʦʿʝʜʠʥʠʭ ʧʨʦʣʘʟʘ ʧʨʠ ʚʠʰʝʧʨʦʣʘʟʥʦʤ 

ʟʘʚʘʨʠʚʘˁʫ. ɺʦʜʦʥʠʯʥʝ ʠʣʠ ʭʣʘʜʥʝ ʧʨʩʣʠʥʝ ʩʫ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʿʝʨ ʤʦʛʫ ʥʘʩʪʘʪʠ ʧʦʩʣʝ 

ʟʘʚʨʰʥʝ ʢʦʥʪʨʦʣʝ ʟʘ ʚʨʝʤʝ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ɺʦʜʦʥʠʯʥʝ ʧʨʩʣʠʥʝ ʥʘʩʪʘʿʫ ʫ ʤʝʪʘʣʫ ʰʘʚʘ ʠ ʟʦʥʠ 

ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʠ ʤʦʛʫ ʠʤʘʪʠ ʨʘʟʣʠʯʠʪʫ ʦʨʠʿʝʥʪʘʮʠʿʫ ʫ ʦʜʥʦʩʫ ʥʝ ʧʨʘʚʘʮ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. 
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ɺʦʜʦʥʠʯʥʝ ʧʨʩʣʠʥʝ ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʥʘʩʪʘʿʫ ʧʦ ʧʨʘʚʠʣʫ ʫ ʦʥʠʤ ʟʦʥʘʤʘ ʢʦʿʝ ʩʫ ʧʨʠʣʠʢʦʤ 

ʟʘʚʘʨʠʚʘˁʘ ʟʘʛʨʝʿʘʥʝ ʠʟʥʘʜ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘʚʨʰʝʪʢʘ ʬʘʟʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ. ʇʦʿʘʚʘ 

ʚʦʜʦʥʠʯʥʠʭ ʧʨʩʣʠʥʘ ʫʩʣʦʚˀʝʥʘ ʿʝ ʩʣʝʜʝ˂ʠʤ ʬʘʢʪʦʨʠʤʘ: ʤʘʨʪʝʥʟʠʪʥʦʤ ʠʣʠ ʜʦˁʦ ʙʝʿʥʠʪʥʦʤ 

ʩʪʨʫʢʪʫʨʦʤ ʤʝʪʘʣʘ ʰʘʚʘ ʠ ʟʦʥʝ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ (ʟʘ ʯʝʣʠʢʝ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ), ʚʝʣʠʢʦʤ 

ʢʦʣʠʯʠʥʦʤ ʜʠʬʫʥʜʦʚʘʥʦʛ ʚʦʜʦʥʠʢʘ ʠ ʜʦʚʦˀʥʠʤ ʥʘʧʦʥʠʤʘ ʥʘ ʧʨʠʪʠʩʘʢ.  

 ɺʦʜʦʥʠʢ ʫ ʟʦʥʠ ʟʘʚʘʨʠʚʘˁʘ ʧʦʪʠʯʝ ʠʟ  ʘʪʤʦʩʬʝʨʝ ʫ ʢʦʿʦʿ ʩʝ ʟʘʚʘʨʠʚʘˁʝ ʠʟʚʦʜʠ, ʟʘʪʠʤ ʠʟ 

ʥʝʯʠʩʪʦ˂ʘ ʠ ʚʣʘʛʝ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʥʘ ʧʦʚʨʰʠʥʘʤʘ ʤʝʪʘʣʘ ʢʦʿʠ ʩʝ ʟʘʚʘʨʫʿʫ ʠ ʠʟ ʫʧʦʪʨʝʙˀʝʥʠʭ 

ʜʦʜʘʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʋ ʧʦʨʝʹʝˁʫ ʩʘ ʜʨʫʛʠʤ ʝʣʝʤʝʥʪʠʤʘ ʢʦʿʠ ʩʝ ʠʥʪʝʨʩʪʠʮʠʿʩʢʠ ʨʘʩʪʚʘʨʘʿʫ, 

ʢʘʦ ʰʪʦ ʩʫ ʫʛˀʝʥʠʢ ʠ ʘʟʦʪ, ʚʦʜʦʥʠʢ ʤʥʦʛʦ ʣʘʢʰʝ ʜʠʬʫʥʜʫʿʝ ʢʨʦʟ ʢʨʠʩʪʘʣʥʫ ʨʝʰʝʪʢʫ 

ʟʘʭʚʘˀʫʿʫ˂ʠ ʩʚʦʤ ʤʘʣʦʤ ʨʘʜʠʿʫʩʫ ʘʪʦʤʘ. ɺʦʜʦʥʠʢ ʜʠʬʫʥʜʫʿʝ ʠʟ ʤʝʪʘʣʘ ʰʘʚʘ ʙʨʟʠʥʘʤʘ ʢʦʿʝ 

ʟʘʚʠʩʝ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʿʝʜʠʥʠʭ ʟʦʥʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ.  ɼʠʤʝʥʟʠʿʝ ʞʣʝʙʘ ʟʘ ʟʘʚʘʨʠʚʘˁʝ, 

ʪʘʢʦʹʝ, ʫʪʠʯʝ ʥʘ ʩʪʝʧʝʥ ʧʨʠʩʫʩʪʚʘ ʚʦʜʦʥʠʢʘ ʫ ʤʝʪʘʣʫ ʰʘʚʘ. ʄʝʪʘʣ ʰʘʚʘ ʢʦʜ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ 

ʚʝ˂ʠʭ ʜʠʤʝʥʟʠʿʘ ʠʤʘ ʚʠʰʠ ʩʘʜʨʞʘʿ ʚʦʜʦʥʠʢʘ ʦʜ ʦʥʦʛ ʢʦʜ ʩʧʦʿʝʚʘ ʩʘ ʤʘˁʠʤ ʜʠʤʝʥʟʠʿʘʤʘ. 

 ɺʦʜʦʥʠʯʥʝ ʧʨʩʣʠʥʝ ʥʝ ʠʟʣʘʟʝ ʫʚʝʢ ʥʘ ʧʦʚʨʰʠʥʫ ʜʝʣʦʚʘ ʢʦʿʠ ʩʝ ʟʘʚʘʨʫʿʫ ʰʪʦ ʦʪʝʞʘʚʘ 

ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ. 

 2.3.7 ɼʦʜʘʪʥʠ ʤʘʪʝʨʠʿʘʣ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL 

 ɿʘ ʟʘʚʘʨʠʚʘˁʝ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ WELDOX 700 ʩʝ, ʧʨʝʤʘ ʧʨʝʧʦʨʫʢʘʤʘ ʧʨʦʠʟʚʦʹʘʯʘ, 

ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʨʘʟʥʝ ʚʨʩʪʝ ʜʦʜʘʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ: ʥʝʣʝʛʠʨʘʥʠ, ʥʠʩʢʦʣʝʛʠʨʘʥʠ ʠ 

ʚʠʩʦʢʦʣʝʛʠʨʘʥʠ. ʇʨʝʧʦʨʫʢʝ ʟʘ ʠʟʙʦʨ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʝ ʯʝʣʠʢʘ WELDOX 

700 ʨʘʟʣʠʯʠʪʠʤ ʤʝʪʦʜʘʤʘ, ʫ ʩʢʣʘʜʫ ʩʘ ʥʦʨʤʘʤʘ EN ʠ ʧʨʝʧʦʨʫʢʘʤʘ ʧʨʦʠʟʚʦʹʘʯʘ ʧʨʠʢʘʟʘʥʝ ʩʫ 

ʥʘ ʩʣʠʮʠ 19. 

 

ʉʣʠʢʘ 19. ʇʨʝʧʦʨʫʢʝ ʟʘ ʠʟʙʦʨ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʯʝʣʠʢʘ WELDOX 700 [114]. 

 ʋʧʦʪʨʝʙʘ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʩʤʘˁʝʥʝ ʿʘʯʠʥʝ ʠʤʘ ʚʠʰʝʩʪʨʫʢʝ ʧʦʟʠʪʠʚʥʝ ʝʬʝʢʪʝ, ʢʘʦ ʰʪʦ 

ʩʫ: ʧʦʚʝ˂ʘʥʘ ʞʠʣʘʚʦʩʪ ʤʝʪʘʣʘ ʰʘʚʘ, ʧʦʚʝ˂ʘʥʘ ʦʪʧʦʨʥʦʩʪ ʧʨʝʤʘ ʥʘʩʪʘʥʢʫ ʚʦʜʦʥʠʯʥʠʭ ʧʨʩʣʠʥʘ 

ʠ ʥʠʞʠ ʥʠʚʦ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʫ ʟʘʚʘʨʝʥʦʤ ʩʧʦʿʫ. ʂʦʜ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʯʝʣʠʢʘ WELDOX 700 

ʢʦʿʠ ʩʝ ʠʟʚʦʜʝ ʠʟ ʚʠʰʝ ʧʨʦʣʘʟʘ ʧʨʝʧʦʨʫʯʫʿʝ ʩʝ ʫʧʦʪʨʝʙʘ ʜʦʜʘʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʨʘʟʣʠʯʠʪʠʭ 

ʿʘʯʠʥʘ ʧʨʠ ʠʟʚʦʹʝˁʫ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʣʘʟʘ. ʇʨʠʧʦʿʥʠ ʟʘʚʘʨʠ ʠ ʢʦʨʝʥʩʢʠ ʧʨʦʣʘʟ ʩʝ ʠʟʚʦʜʝ 

ʜʦʜʘʪʥʠʤ ʤʘʪʝʨʠʿʘʣʦʤ ʥʠʞʝ ʿʘʯʠʥʝ, ʜʦʢ ʩʝ ʟʘ ʠʟʚʦʹʝˁʝ ʦʩʪʘʣʠʭ ʧʨʦʣʘʟʘ ʢʦʨʠʩʪʠ ʜʦʜʘʪʥʠ 

ʤʘʪʝʨʠʿʘʣ ʚʠʰʝ ʿʘʯʠʥʝ (ʩʣ. 20). ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʠʩʪʦʚʨʝʤʝʥʦ ʩʝ ʧʦʚʝ˂ʘʚʘ ʞʠʣʘʚʦʩʪ ʠ ʦʪʧʦʨʥʦʩʪ 

ʥʘ ʭʣʘʜʥʝ ʧʨʩʣʠʥʝ ʠ ʩʥʠʞʘʚʘ ʥʠʚʦ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ. ɽʢʚʠʚʘʣʝʥʪ ʫʛˀʝʥʠʢʘ ʟʘ ʜʦʜʘʪʥʠ 

ʤʘʪʝʨʠʿʘʣ ʩʘ ʿʘʯʠʥʦʤ ʦʜ ʧʨʝʢʦ 700 MPa  ʤʦʞʝ ʙʠʪʠ ʚʠʰʠ ʦʜ ʝʢʚʠʚʘʣʝʥʪʘ ʫʛˀʝʥʠʢʘ ʦʩʥʦʚʥʦʛ 
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ʤʘʪʝʨʠʿʘʣʘ. ʂʘʜʘ ʩʫ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʛʨʝʚʘˁʘ ʦʩʥʦʚʥʦʛ ʠ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʨʘʟʣʠʯʠʪʝ ʢʘʦ 

ʨʝʣʝʚʘʥʪʥʫ ʪʨʝʙʘ ʫʟʝʪʠ ʚʠʰʫ ʚʨʝʜʥʦʩʪ.  

 

ʉʣʠʢʘ 20. ɿʘʚʘʨʠʚʘˁʝ ʜʦʜʘʪʥʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ ʨʘʟʣʠʯʠʪʠʭ ʿʘʯʠʥʘ 

 ʉʘʜʨʞʘʿ ʚʦʜʦʥʠʢʘ ʫ ʤʝʪʘʣʫ ʰʘʚʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʤʘˁʠ ʠʣʠ ʿʝʜʥʘʢ ʦʜ 5 ml/100 g ʤʝʪʘʣʘ ʰʘʚʘ 

ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʥʝʣʝʛʠʨʘʥʠʤ ʠʣʠ ʥʠʩʢʦʣʝʛʠʨʘʥʠʤ ʜʦʜʘʪʥʠʤ ʤʘʪʝʨʠʿʘʣʦʤ. ʆʚʘʿ ʥʠʚʦ ʩʘʜʨʞʘʿʘ 

ʚʦʜʦʥʠʢʘ ʫ ʰʘʚʫ ʜʦʙʠʿʘ ʩʝ ʢʦʨʠʰ˂ʝˁʝʤ ʧʫʥʠʭ ʞʠʮʘ ʟʘ ʄɸɻ ʧʦʩʪʫʧʘʢ ʠ ʧʦʩʪʫʧʘʢ ʟʘʚʘʨʠʚʘˁʘ 

ʚʦʣʬʨʘʤʩʢʦʤ ʝʣʝʢʪʨʦʜʦʤ ʫ ʟʘʰʪʠʪʥʦʿ ʘʪʤʦʩʬʝʨʠ. ʆʜʛʦʚʘʨʘʿʫ˂ʠ ʩʘʜʨʞʘʿ ʚʦʜʦʥʠʢʘ ʫ ʤʝʪʘʣʫ 

ʰʘʚʘ ʟʘ ʜʨʫʛʝ ʚʨʩʪʝ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʦʙʝʟʙʝʹʫʿʝ ʩʝ ʢʦʨʠʰ˂ʝˁʝʤ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ 

ʧʦʟʥʘʪʠʭ ʧʨʦʠʟʚʦʹʘʯʘ ʠ ˁʠʭʦʚʠʤ ʧʨʝʧʦʨʫʢʘʤʘ.  

 2.3.8 ɼʦʜʘʪʥʠ ʤʘʪʝʨʠʿʘʣʠ ʦʜ ʥʝʨʹʘʿʫ˂ʝʛ ʯʝʣʠʢʘ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʯʝʣʠʢʘ ʢʣʘʩʝ 

S690QL  

 ɿʘ ʟʘʚʘʨʠʚʘˁʝ ʩʚʠʭ ʚʨʩʪʘ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ, ʧʨʦʠʟʚʦʹʘʯʘ SSAB Oxelösund AB, ʤʦʛʫ 

ʩʝ ʢʦʨʠʩʪʠʪʠ ʘʫʩʪʝʥʠʪʥʠ ʜʦʜʘʪʥʠ ʤʘʪʝʨʠʿʘʣʠ ʦʜ ʥʝʨʹʘʿʫ˂ʝʛ ʯʝʣʠʢʘ. ʆʚʠ ʜʦʜʘʪʥʠ ʤʘʪʝʨʠʿʘʣʠ 

ʦʤʦʛʫ˂ʘʚʘʿʫ ʟʘʚʘʨʠʚʘˁʝ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʙʝʟ ʧʨʝʜʛʨʝʚʘˁʘ. ʇʨʦʠʟʚʦʹʘʯ ʯʝʣʠʢʘ 

ʧʨʚʝʥʩʪʚʝʥʦ ʧʨʝʧʦʨʫʯʫʿʝ ʜʦʜʘʪʥʠ ʤʘʪʝʨʠʿʘʣ ʧʨʝʤʘ ɸʤʝʨʠʯʢʦʤ ʜʨʫʰʪʚʫ ʟʘ ʟʘʚʘʨʠʚʘˁʝ 

(American welding society) - AWS 307, ʘ ʟʘʪʠʤ ʜʦʜʘʪʥʠ ʤʘʪʝʨʠʿʘʣ ʧʨʝʤʘ AWS 309. ɼʦʜʘʪʥʠ 

ʤʘʪʝʨʠʿʘʣʠ ʪʠʧʘ AWS 307 ʩʫ ʦʪʧʦʨʥʠʿʠ ʧʨʝʤʘ ʥʘʩʪʘʥʢʫ ʚʨʫ˂ʠʭ ʧʨʩʣʠʥʘ ʦʜ ʪʠʧʘ AWS 309. 

ʇʨʦʠʟʚʦʹʘʯʠ ʜʦʜʘʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʨʝʪʢʦ ʜʝʬʠʥʠʰʫ ʩʘʜʨʞʘʿ ʚʦʜʦʥʠʢʘ ʟʘ ʜʦʜʘʪʥʝ ʤʘʪʝʨʠʿʘʣʝ 

ʦʜ ʥʝʨʹʘʿʫ˂ʝʛ ʯʝʣʠʢʘ, ʿʝʨ ʚʦʜʦʥʠʢ ʥʝ ʫʪʠʯʝ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʧʦʿʘ ʫ ʩʪʝʧʝʥʫ ʢʘʦ ʢʦʜ 

ʥʝʣʝʛʠʨʘʥʠʭ ʠ ʥʠʩʢʦʣʝʛʠʨʘʥʠʭ ʜʦʜʘʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʇʨʝʧʦʨʫʢʝ ʧʨʦʠʟʚʦʹʘʯʘ ʟʘ ʠʟʙʦʨ 

ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʦʜ ʥʝʨʹʘʿʫ˂ʝʛ ʯʝʣʠʢʘ ʧʨʝʤʘ ʥʦʨʤʘʤʘ EN ʠ AWS ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʩʣʠʮʠ 21. 

 

ʉʣʠʢʘ 21. ʇʨʝʧʦʨʫʢʝ ʟʘ ʠʟʙʦʨ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʦʜ ʥʝʨʹʘʿʫ˂ʠʭ ʯʝʣʠʢʘ  

ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʯʝʣʠʢʘ WELDOX 700 [114]  

 2.3.9 ɿʘʰʪʠʪʥʠ ʛʘʩ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL  

 ɺʝʦʤʘ ʚʘʞʥʫ ʫʣʦʛʫ ʥʘ ʦʩʦʙʠʥʝ ʠ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠʤʘʿʫ 

ʟʘʰʪʠʪʥʠ ʛʘʩʦʚʠ ʠ ˁʠʭʦʚʝ ʤʝʰʘʚʠʥʝ, ʟʙʦʛ ʯʝʛʘ ʿʝ ʟʥʘʯʘʿʥʦ ʨʘʟʤʦʪʨʠʪʠ ʠ ˁʠʭʦʚ ʫʪʠʮʘʿ. ʋʣʦʛʘ 
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ʟʘʰʪʠʪʥʠʭ ʛʘʩʦʚʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʿʝ ʟʘʰʪʠʪʘ ʤʝʪʘʣʥʦʛ ʢʫʧʘʪʠʣʘ ʦʜ ʫʪʠʮʘʿʘ ʢʠʩʝʦʥʠʢʘ, ʘʟʦʪʘ ʠ 

ʚʦʜʦʥʠʢʘ ʠʟ ʘʪʤʦʩʬʝʨʝ, ʢʘʦ ʠ ʦʣʘʢʰʘʚʘˁʝ ʫʩʧʦʩʪʘʚˀʘˁʘ ʟʘʚʘʨʠʚʘʯʢʦʛ ʣʫʢʘ ʠ ˁʝʛʦʚʘ 

ʩʪʘʙʠʣʠʟʘʮʠʿʘ, ʧʦʚʝ˂ʘˁʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʘ ʟʘʚʘʨʠʚʘˁʘ ʠ ʦʙʝʟʙʝʹʠʚʘˁʝ ʞʝˀʝʥʝ ʜʫʙʠʥʝ 

ʫʚʘʨʠʚʘˁʘ.  

 ɿʘʰʪʠʪʥʠ ʛʘʩʦʚʠ ʩʝ ʤʦʛʫ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʢʘʦ ʠʥʝʨʪʥʠ, ʘʢʪʠʚʥʠ ʠ ˁʠʭʦʚʝ ʤʝʰʘʚʠʥʝ. ʂʘʦ 

ʠʥʝʨʪʘʥ ʟʘʰʪʠʪʥʠ ʛʘʩ ʫ ɽʚʨʦʧʠ ʢʦʨʠʩʪʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʘʨʛʦʥ (Ar) ʢʦʿʠ ʭʝʤʠʿʩʢʠ ʥʝ ʨʝʘʛʫʿʝ ʩʘ 

ʨʘʩʪʦʧˀʝʥʠʤ ʤʝʪʘʣʦʤ ʫ ʤʝʪʘʣʥʦʤ ʢʫʧʘʪʠʣʫ, ʦʣʘʢʰʘʚʘ ʫʩʧʦʩʪʘʚˀʘˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, 

ʫʤʘˁʫʿʝ ʧʨʩʢʘˁʝ ʤʝʪʘʣʥʠʭ ʢʘʧˀʠʮʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʠ ʩʤʘˁʫʿʝ ʫʜʝʦ ʦʢʩʠʜʘ ʫ ʤʝʪʘʣʫ ʰʘʚʘ. 

ɸʨʛʦʥ je ʪʝʞʠ ʦʜ ʚʘʟʜʫʭʘ ʰʪʦ ʿʝ ʥʘʨʦʯʠʪʦ ʧʦʚʦˀʥʦ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʫ ʭʦʨʠʟʦʥʪʘʣʥʦʤ ʧʦʣʦʞʘʿʫ. 

  ʇʨʝʜʥʦʩʪʠ ʫʧʦʪʨʝʙʝ ʠʥʝʨʪʥʠʭ ʛʘʩʦʚʘ ʩʫ: 

¶ ʣʘʢʰʝ ʫʩʧʦʩʪʘʚˀʘˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, 

¶ ʤʘˁʝ ʧʨʰʪʘˁʝ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ, 

¶ ʩʤʘˁʝʥʘ ʦʢʩʠʜʘʮʠʿʘ ʠ 

¶ ʝʬʠʢʘʩʥʘ ʟʘʰʪʠʪʘ ʤʝʪʘʣʥʦʛ ʢʫʧʘʪʠʣʘ. 

 ʂʘʦ ʘʢʪʠʚʥʠ ʟʘʰʪʠʪʥʠ ʛʘʩ ʜʦʥʝʜʘʚʥʦ ʥʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʠ ʫʛˀʝʥ-ʜʠʦʢʩʠʜ ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʝ 

ʩʪʘʙʠʣʘʥ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ, ʩʤʘˁʫʿʝ ʧʦʨʦʟʥʦʩʪ ʰʘʚʘ, ʧʦʚʝ˂ʘʚʘ ʜʫʙʠʥʫ ʫʚʘʨʠʚʘˁʘ ʘʣʠ ʧʦʚʝ˂ʘʚʘ 

ʧʨʩʢʘˁʝ ʤʘʪʝʨʠʿʘʣʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʢʘʦ ʠ  ʤʦʛʫ˂ʥʦʩʪ ʟʘʧʫʰʝˁʘ ʤʣʘʟʥʠʮʝ ʟʘ ʟʘʚʘʨʠʚʘˁʝ. 

ʀʟʙʦʨ ʤʝʰʘʚʠʥʝ ʟʘʰʪʠʪʥʦʛ ʛʘʩʘ ʟʘʚʠʩʠ ʦʜ ʢʦʥʢʨʝʪʥʝ ʧʨʠʤʝʥʝ. ɻʝʥʝʨʘʣʥʘ ʧʨʝʧʦʨʫʢʘ ʿʝ ʜʘ 

ʧʨʦʪʦʢ ʟʘʰʪʠʪʥʦʛ ʛʘʩʘ ʠʟʨʘʞʝʥ ʫ l/min ʠʤʘ ʠʩʪʫ ʚʨʝʜʥʦʩʪ ʢʘʦ ʠ ʫʥʫʪʨʘʰˁʠ ʧʨʝʯʥʠʢ ʤʣʘʟʥʠʮʝ 

ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʠʟʨʘʞʝʥ ʫ mm ʠ ʢʨʝ˂ʝ ʩʝ ʫ ʛʨʘʥʠʮʘʤʘ ʦʜ 15 ʜʦ 20 l/min.  

 2.4 ʅɸʇʆʅʉʂʆ-ɼɽʌʆʈʄɸʎʀʆʅʆ ʉʊɸɳɽ ʋ ɿɸɺɸʈɽʅʀʄ 

ʉʇʆɱɽɺʀʄɸ 

 ɿʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʫ ʟʘʚʘʨʝʥʠʤ ʤʘʰʠʥʩʢʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʫʥʫʪʨʘʰˁʝ 

ʥʘʧʦʥʝ ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʫ ʥʘʧʦʥʩʢʘ ʩʪʘˁʘ ʢʦʿʘ ʧʦʩʪʦʿʝ ʫ ʝʣʝʤʝʥʪʠʤʘ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʿʘ ʙʝʟ ʜʝʣʦʚʘˁʘ ʩʧʦˀʘʰˁʠʭ ʦʧʪʝʨʝ˂ʝˁʘ. ʋʟʨʦʮʠ ʥʘʩʪʘʥʢʘ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʢʦʜ 

ʝʣʝʤʝʥʘʪʘ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʩʫ ʙʨʦʿʥʠ ʠ ʨʘʟʥʦʨʦʜʥʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʦʿʫ 

ʧʨʠʨʦʜʫ ʠ ʤʝʭʘʥʠʟʤʝ ʜʝʣʦʚʘˁʘ: ʥʝʨʘʚʥʦʤʝʨʥʠ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʧʨʠ ʩʝʛʨʝʛʘʮʠʿʠ; ʥʝʿʝʜʥʘʢʝ 

ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʘʮʠʿʝ ʧʨʠ ʧʨʦʤʝʥʠ ʪʝʤʧʝʨʘʪʫʨʝ; ʩʪʨʫʢʪʫʨʥʝ ʜʝʬʦʨʤʘʮʠʿʝ ʢʦʿʝ ʩʫ ʧʦʚʝʟʘʥʝ 

ʩʘ ʧʨʦʤʝʥʦʤ ʟʘʧʨʝʤʠʥʝ ʬʘʟʘ ʢʦʜ ʧʨʦʮʝʩʘ ʦʯʚʨʰ˂ʘʚʘˁʘ ʯʝʣʠʢʘ; ʥʝʨʘʚʥʦʤʝʨʥʝ ʧʣʘʩʪʠʯʥʝ 

ʜʝʬʦʨʤʘʮʠʿʝ ʫ ʧʦʧʨʝʯʥʦʤ ʧʨʝʩʝʢʫ ʠ ʜʨ. ɿʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʢʦʿʠ ʜʝʣʫʿʫ ʫ ʝʣʝʤʝʥʪʠʤʘ ʟʘʚʘʨʝʥʠʭ 

ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʦʥʘʯʥʘ ʩʪʘˁʘ ʪʦʧʣʦʪʥʠʭ, ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʠʭ ʧʨʦʮʝʩʘ 

ʠ ʧʨʦʮʝʩʘ ʩʪʨʫʢʪʫʨʥʠʭ ʧʨʝʦʙʨʘʞʘʿʘ. ɸʥʘʣʠʟʘ ʫʟʨʦʢʘ ʥʘʩʪʘʥʢʘ ʠ ʤʝʭʘʥʠʟʘʤʘ ʜʝʣʦʚʘˁʘ 

ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʫ ʟʘʚʘʨʝʥʠʤ ʤʘʰʠʥʩʢʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ ʜʦʙʠʣʠ ʩʫ ʥʘ ʟʥʘʯʘʿʫ ʫ ʧʦʩʣʝʜˁʠʭ 

ʥʝʢʦʣʠʢʦ ʜʝʩʝʪʠʥʘ ʛʦʜʠʥʘ. ʆʜʨʝʹʝʥʠ ʙʨʦʿ ʠʩʪʨʘʞʠʚʘˁʘ ʠʟ ʦʚʝ ʦʙʣʘʩʪʠ ʜʦʧʨʠʥʝʦ ʿʝ ʨʘʟʚʦʿʫ 

ʦʩʥʦʚʥʠʭ ʪʝʦʨʠʿʩʢʠʭ ʩʘʟʥʘˁʘ ʦ ʦʚʦʿ ʦʙʣʘʩʪʠ ʘʣʠ ʛʝʥʝʨʘʣʥʠ ʘʩʧʝʢʪʠ ʦ ʫʟʨʦʢʫ ʠ ʜʠʩʪʨʠʙʫʮʠʿʠ 

ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʥʠʩʫ ʿʦʰ ʫʚʝʢ ʢʣʘʩʠʬʠʢʦʚʘʥʠ. ʇʦʿʘʯʘʥʦ ʠʥʪʝʨʝʩʦʚʘˁʝ ʟʘ ʦʚʫ ʦʙʣʘʩʪ 

ʫʩʣʦʚˀʘʚʘ ʠ ʯʠˁʝʥʠʮʘ ʜʘ ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʫʩʣʝʜ ʟʘʚʘʨʠʚʘˁʘ ʠʤʘʿʫ ʨʘʟʣʠʯʠʪʝ ʝʬʝʢʪʝ ʥʘ 

ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʧʦʥʘʰʘˁʝ ʟʘ ʚʨʝʤʝ ʦʧʪʝʨʝ˂ʝˁʘ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʿʘ: ʚʠʩʦʢ ʥʠʚʦ ʫʢʫʧʥʠʭ ʣʦʢʘʣʥʠʭ ʥʘʧʦʥʘ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʩʫʧʝʨʧʦʟʠʮʠʿʝ ʟʘʦʩʪʘʣʠʭ ʠ 

ʥʘʧʦʥʘ ʫʩʣʝʜ ʩʧʦˀʘʰˁʝʛ ʦʧʪʝʨʝ˂ʝˁʘ; ʫʪʠʮʘʿ ʥʘ ʣʦʢʘʣʥʠ ʥʘʧʦʥ ʪʝʯʝˁʘ ʟʘʚʠʩʥʦ ʦʜ ʟʥʘʢʘ ʠ ʪʠʧʘ 

ʥʘʧʦʥʩʢʦʛ ʩʪʘˁʘ; ʥʘʩʪʘʥʘʢ ʧʨʩʣʠʥʘ ʙʝʟ ʜʝʣʦʚʘˁʘ ʩʧʦˀʘʰˁʝʛ ʦʧʪʝʨʝ˂ʝˁʘ; ʧʦʚʝ˂ʘʥʘ ʦʧʘʩʥʦʩʪ 

ʦʜ ʢʨʪʦʛ ʣʦʤʘ ʫʩʣʝʜ ʬʦʨʤʠʨʘˁʘ ʩʣʦʞʝʥʦʛ ʥʘʧʦʥʩʢʦʛ ʩʪʘˁʘ ʩʘ ʚʠʩʦʢʠʤ ʣʦʢʘʣʥʠʤ ʥʘʧʦʥʠʤʘ; 

ʫʪʠʮʘʿ ʨʘʩʧʦʜʝʣʝ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʥʘ ʪʠʧ ʦʧʪʝʨʝ˂ʝˁʘ ʧʦʩʪʦʿʝ˂ʠʭ ʧʨʩʣʠʥʘ; ʫʪʠʮʘʿ ʥʘ ʟʘʤʦʨʥʫ 

ʯʚʨʩʪʦ˂ʫ ʠ ʠʟʜʨʞˀʠʚʦʩʪ; ʫʪʠʮʘʿ ʥʘ ʝʣʘʩʪʠʯʥʫ ʩʪʘʙʠʣʥʦʩʪ, ʥʘ ʧʨʠʤʝʨ ʠʟʚʠʿʘˁʝ; ʫʪʠʮʘʿ ʥʘ 

ʦʩʝʪˀʠʚʦʩʪ ʧʨʝʤʘ ʢʦʨʦʟʠʿʠ ʫ ʩʣʫʯʘʿʫ ʢʦʨʦʟʠʦʥʝ ʩʨʝʜʠʥʝ ʠ ʫʪʠʮʘʿ ʧʦʩʪʦʿʝ˂ʝʛ ʨʘʩʧʦʨʝʜʘ 

ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʥʘ ʜʝʬʦʨʤʠʩʘˁʝ ʝʣʝʤʝʥʘʪʘ ʟʘʚʘʨʝʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ. ɿʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʩʫ 
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ʧʦʩʣʝʜʠʮʘ ʥʝʭʦʤʦʛʝʥʠʭ ʝʣʘʩʪʠʯʥʠʭ ʠʣʠ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʠʿʘ ʥʘ ʤʘʢʨʦʩʢʦʧʩʢʦʤ ʠʣʠ 

ʤʠʢʨʦʩʢʦʧʩʢʦʤ ʥʠʚʦʫ. ʋ ʮʠˀʫ ʘʥʘʣʠʟʝ ʥʘʩʪʘʥʢʘ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʫ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʚʠʤʘ 

ʧʦʪʨʝʙʥʦ ʿʝ ʨʘʟʤʦʪʨʠʪʠ ʩʚʝ ʧʨʦʮʝʩʝ ʠʣʠ ʧʘʨʘʤʝʪʨʝ ʧʨʦʮʝʩʘ ʢʦʿʠ ʫʪʠʯʫ ʠʣʠ ʜʦʚʦʜʝ ʜʦ 

ʥʝʭʦʤʦʛʝʥʠʭ ʜʝʬʦʨʤʘʮʠʿʘ. ʋ ʦʚʦʤ ʜʝʣʫ ʙʠ˂ʝ ʨʘʟʤʦʪʨʝʥʠ ʩʘʤʦ ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʥʘ 

ʤʘʢʨʦʩʢʦʧʩʢʦʤ ʥʠʚʦʫ, ʯʠʿʝ ʿʝ ʜʝʣʦʚʘˁʝ ʫ ʟʘʚʘʨʝʥʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ ʩʨʦʜʥʦ ʜʝʣʦʚʘˁʫ 

ʩʧʦˀʘʰˁʠʭ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʠʤʘ ʥʘʿʚʝ˂ʠ ʧʨʘʢʪʠʯʥʠ ʟʥʘʯʘʿ. 

 ɿʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʩʫ ʧʦʩʣʝʜʠʮʘ ʥʝʭʦʤʦʛʝʥʝ ʠ ʚʨʝʤʝʥʩʢʠ ʧʨʦʤʝʥˀʠʚʝ ʜʠʩʪʨʠʙʫʮʠʿʝ 

ʪʦʧʣʦʪʝ ʧʨʠʣʠʢʦʤ ʟʘʚʘʨʠʚʘˁʘ. ʇʝʨʠʦʜ ʟʘʛʨʝʚʘˁʘ ʠ ʭʣʘʹʝˁʘ ʩʫ ʦʜ ʧʦʩʝʙʥʝ ʚʘʞʥʦʩʪʠ ʟʘ ʨʘʟʚʦʿ 

ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ. ʅʘ ʦʚʦʤ ʤʝʩʪʫ ʙʠ˂ʝ ʨʘʟʤʦʪʨʝʥʠ ʨʘʟʣʠʯʠʪʠ ʘʩʧʝʢʪʠ ʠ ʬʘʢʪʦʨʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ 

ʚʝʣʠʯʠʥʫ ʠ ʨʘʩʧʦʜʝʣʫ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʫʩʣʝʜ ʟʘʚʘʨʠʚʘˁʘ. 

 ʊʝʤʧʝʨʘʪʫʨʩʢʠ ʮʠʢʣʫʩ ʟʘ ʚʨʝʤʝ ʟʘʚʘʨʠʚʘˁʘ ʠʟʘʟʠʚʘ ʦʤʝʪʝʥʝ ʢʦʥʪʨʘʢʮʠʿʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ, 

ʰʪʦ ʜʘˀʝ ʠʟʘʟʠʚʘ ʟʘʦʩʪʘʣʝ ʥʘʧʦʥʝ ʠ ʜʝʬʦʨʤʘʮʠʿʝ ʫʩʣʝʜ ʪʝʨʤʠʯʢʦʛ ʰʠʨʝˁʘ ʠ ʩʢʫʧˀʘˁʘ. 

ʊʘʢʦʹʝ, ʥʘʧʦʥʝ ʠ ʜʝʬʦʨʤʘʮʠʿʝ ʠʟʘʟʠʚʘʿʫ ʠ ʬʘʟʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʘʫʩʪʝʥʠʪʥʝ ʩʪʨʫʢʪʫʨʝ ʫ 

ʙʝʿʥʠʪʥʫ ʠʣʠ ʤʘʨʪʝʥʟʠʪʥʫ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ ʦʢʦ 700ºC ʥʘʧʦʥʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʦʩʪʦʿʝ, ʚʝ˂ ʩʝ 

ʤʦʛʫ ʨʘʟʤʘʪʨʘʪʠ ʩʘʤʦ ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʘʮʠʿʝ. ʉʥʠʞʘʚʘˁʝʤ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʦʩʪʠʟʘˁʝʤ ʩʦʙʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʿʘʚˀʘʿʫ ʩʝ ʧʨʠʪʠʩʥʠ ʥʘʧʦʥʠ ʫ ʝʣʘʩʪʠʯʥʦʿ ʦʙʣʘʩʪʠ. ɿʘʚʠʩʥʦ ʦʜ ʢʨʫʪʦʩʪʠ 

ʩʪʨʫʢʪʫʨʝ, ʥʠʚʦ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʧʦʥʝʢʘʜ ʜʦʩʪʠʞʝ ʥʘʧʦʥ ʪʝʯʝˁʘ ʤʘʪʝʨʠʿʘʣʘ. ʂʦʤʙʠʥʘʮʠʿʘ 

ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʠ ʟʘʦʩʪʘʣʠʭ ʜʝʬʦʨʤʘʮʠʿʘ ʢʦʿʝ ʫʩʣʦʚˀʘʚʘ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝ ʜʦʚʝʩʪʠ 

ʯʘʢ ʠ ʜʦ ʛʫʙʠʪʢʘ ʠʥʪʝʛʨʠʪʝʪʘ ʢʦʥʩʪʨʫʢʮʠʿʝ. ʂʦʜ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʚʝʣʠʢʝ ʢʨʫʪʦʩʪʠ 

ʧʨʠʪʠʩʥʠ ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʩʫ ʠʥʪʝʥʟʠʚʥʠʿʠ ʟʙʦʛ ʥʘʩʪʘʥʢʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʧʘʩʥʝ ʩʪʨʫʢʪʫʨʝ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʜʝʣʦʚʠʤʘ ʟʦʥʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. ɿʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʩʫ ʥʘʿʯʝʰ˂ʝ ʣʦʢʘʣʠʟʦʚʘʥʠ ʫ 

ʟʦʥʘʤʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ. ʋʢˀʫʯʮʠ, ʜʝʬʝʢʪʠ ʠ ʨʘʟʥʝ ʥʝʭʦʤʦʛʝʥʦʩʪʠ ʜʝʣʫʿʫ ʢʘʦ 

ʢʦʥʮʝʥʪʨʘʪʦʨʠ ʥʘʧʦʥʘ. ʅʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦ ʩʪʘˁʝ ʫ ʟʦʥʠ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ, ʜʘʢʣʝ ʟʘʚʠʩʠ 

ʦʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʬʘʢʪʦʨʘ, ʢʘʦ ʰʪʦ ʩʫ ʥʘ ʧʨʠʤʝʨ: ʜʠʤʝʥʟʠʿʘ ʠ ʛʝʦʤʝʪʨʠʿʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ, 

ʢʚʘʣʠʪʝʪ ʠ ʩʪʘˁʝ ʩʧʦʿʘ, ʥʘʩʪʘʥʘʢ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʧʘʩʥʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʥʘʧʦʥʘ ʪʝʯʝˁʘ 

ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʠ ʰʘʚʘ, ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʠ ʪʩʣ. 

 ɺʝʦʤʘ ʚʘʞʘʥ ʫʟʨʦʢ ʥʘʩʪʘʥʢʘ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʢʦʜ ʟʘʚʘʨʠʚʘˁʘ ʿʝ ʧʨʦʮʝʩ ʦʤʝʪʝʥʦʛ 

ʩʢʫʧˀʘˁʘ, ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʢʘʜʘ ʩʫ ʟʘʛʨʝʿʘʥʘ ʠ ʦʭʣʘʹʝʥʘ ʦʙʣʘʩʪ ʫ ʙʣʠʟʠʥʠ. ʆʩʥʦʚʥʠ ʧʨʠʥʮʠʧ ʿʝ 

ʩʤʘˁʝˁʝ ʟʘʧʨʝʤʠʥʝ ʟʘʛʨʝʿʘʥʝ ʦʙʣʘʩʪʠ ʟʘ ʚʨʝʤʝ ʭʣʘʹʝˁʘ ʫ ʩʢʣʘʜʫ ʩʘ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʪʝʨʤʠʯʢʦʛ 

ʰʠʨʝˁʘ ʠ ʪʨʝʥʫʪʥʝ ʪʝʤʧʝʨʘʪʫʨʥʝ ʨʘʟʣʠʢʝ. ʇʨʠ ʦʚʦʤ ʨʘʟʤʘʪʨʘˁʫ ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ 

ʨʘʩʪʦʧˀʝʥʝ ʟʦʥʝ ʤʝʪʘʣʥʦʛ ʢʫʧʘʪʠʣʘ ʥʝ ʜʝʣʫʿʫ ʩʠʣʘʤʘ ʥʘ ʩʫʩʝʜʥʝ ʟʦʥʝ ʤʘʪʝʨʠʿʘʣʘ. ʇʦʩʣʝʜʠʯʥʦ, 

ʨʘʩʪʦʧˀʝʥʠ ʤʝʪʘʣ ʰʘʚʘ ʠ ʩʫʩʝʜʥʝ ʟʦʥʝ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʝ ʥʠʩʫ ʦʪʦʧˀʝʥʝ ʪʦʢʦʤ 

ʟʘʚʘʨʠʚʘˁʘ ʪʨʧʝ ʨʘʟʣʠʯʠʪʝ ʪʝʨʤʠʯʢʝ, ʘ ʫʩʣʝʜ ʪʦʛʘ ʠ ʟʘʦʩʪʘʣʝ ʥʘʧʦʥʝ. ʂʘʜ ʩʢʫʧˀʘˁʝ ʥʠʿʝ 

ʦʤʝʪʝʥʦ ʪʝʨʤʠʯʢʠ ʥʘʧʦʥʠ ʩʝ ʧʦʪʧʫʥʦ ʫʨʘʚʥʦʪʝʞʫʿʫ ʪʘʢʦ ʜʘ ʥʝ ʜʦʣʘʟʠ ʜʦ ʩʪʚʘʨʘˁʘ ʟʘʦʩʪʘʣʠʭ 

ʥʘʧʦʥʘ ʧʨʠ ʭʣʘʹʝˁʫ ʜʦ ʩʦʙʥʝ ʪʝʤʧʝʨʘʪʫʨʝ. ʄʝʪʘʣ ʰʘʚʘ ʧʨʦʣʘʟʠ ʢʨʦʟ ʨʘʟʣʠʯʠʪʘ ʩʪʘˁʘ ʧʦʣʘʟʝ˂ʠ 

ʦʜ ʠʩʪʦʧˀʝʥʦʛ, ʢʘʜ ʿʝ ʧʦʪʧʫʥʦ ʨʘʩʪʝʨʝ˂ʝʥ ʥʘʧʦʥʘ, ʧʨʝʢʦ ʪʝʨʤʠʯʢʠʭ ʟʘʪʝʟʥʠʭ ʥʘʧʦʥʘ ʢʦʿʠ 

ʥʘʩʪʘʿʫ ʧʨʠ ʭʣʘʹʝˁʫ ʠ ʢʦʿʠ ʧʦʥʝʢʘʜ ʤʦʛʫ ʜʦʩʪʠ˂ʠ ʥʘʧʦʥ ʪʝʯʝˁʘ ʦʩʥʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ. ʅʘ ʢʨʘʿʫ 

ʧʝʨʠʦʜʘ ʭʣʘʹʝˁʘ ʦʩʪʘʿʫ ʟʘʦʩʪʘʣʠ ʟʘʪʝʞʫ˂ʠ ʥʘʧʦʥʠ ʫ ʟʘʚʘʨʝʥʦʤ ʩʧʦʿʫ. ʂʘʜʘ ʿʝ ʥʠʚʦ ʦʤʝʪʝʥʦʛ 

ʩʢʫʧˀʘˁʘ ʜʦʚʦˀʥʦ ʚʠʩʦʢ ʦʚʠ ʥʘʧʦʥʠ ʤʦʛʫ ʜʦʩʪʠ˂ʠ ʥʘʧʦʥ ʪʝʯʝˁʘ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ. ɿʦʥʝ 

ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʥʘ ʜʦʚʦˀʥʦʤ ʨʘʩʪʦʿʘˁʫ ʦʜ ʤʝʪʘʣʘ ʰʘʚʘ ʥʝ ʪʦʧʝ ʩʝ ʧʨʠʣʠʢʦʤ 

ʟʘʚʘʨʠʚʘˁʘ. ʆʚʝ ʟʦʥʝ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʪʘʢʦʹʝ, ʧʨʦʣʘʟʝ ʢʨʦʟ ʪʝʨʤʠʯʢʠ ʫʩʣʦʚˀʝʥʘ ʩʪʘˁʘ 

ʦʤʝʪʝʥʠʭ ʜʝʬʦʨʤʘʮʠʿʘ ʧʨʠʣʠʢʦʤ ʧʨʦʤʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʠ ʦʚʦʤ ʥʘʩʪʘʿʫ ʧʨʠʪʠʩʥʠ ʪʝʨʤʠʯʢʠ 

ʥʘʧʦʥʠ ʠ ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʘʮʠʿʝ ʫ ʤʘʪʝʨʠʿʘʣʫ ʢʘʜʘ ʥʘʧʦʥʠ ʜʦʩʪʠʛʥʫ ʛʨʘʥʠʮʫ ʪʝʯʝˁʘ ʢʦʿʘ ʿʝ 

ʟʘʚʠʩʥʘ ʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘʧʨʝʤʠʥʩʢʦ ʩʢʫʧˀʘˁʝ ʦʚʠʭ ʜʝʣʦʚʘ ʤʘʪʝʨʠʿʘʣʘ ʜʦʚʦʜʠ ʜʦ 

ʟʘʪʝʞʫ˂ʠʭ ʪʝʨʤʠʯʢʠʭ ʥʘʧʦʥʘ ʢʘʜʘ ʿʝ ʩʢʫʧˀʘˁʝ ʧʨʠʣʠʢʦʤ ʭʣʘʹʝˁʘ ʦʤʝʪʝʥʦ. ɺʝʣʠʯʠʥʘ 

ʟʘʦʩʪʘʣʠʭ ʟʘʪʝʟʥʠʭ ʥʘʧʦʥʘ ʿʝ, ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʫ ʜʠʨʝʢʪʥʦʿ ʚʝʟʠ ʩʘ ʜʝʬʦʨʤʘʮʠʿʘʤʘ ʥʘ ʧʨʠʪʠʩʘʢ 

ʧʨʠʣʠʢʦʤ ʟʘʛʨʝʚʘˁʘ. ɿʙʦʛ ʨʘʚʥʦʪʝʞʝ, ʫʟʜʫʞʥʠ ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʤʝˁʘʿʫ ʟʥʘʢ ʧʦ ʰʠʨʠʥʠ ʠ ʢʘʦ 

ʧʦʩʣʝʜʠʮʘ ʩʝ ʿʘʚˀʘ ʥʝʭʦʤʦʛʝʥ ʨʘʩʧʦʨʝʜ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʧʦ ʰʠʨʠʥʠ ʧʣʦʯʝ. ɼʦ ʩʘʜʘ ʩʫ 
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ʨʘʟʤʘʪʨʘʥʝ ʩʘʤʦ ʫʟʜʫʞʥʝ ʢʦʤʧʦʥʝʥʪʝ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ. ɸʣʠ, ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʥʝʭʦʤʦʛʝʥʠʭ 

ʫʟʜʫʞʥʠʭ ʥʘʧʦʥʘ ʿʘʚˀʘ ʩʝ ʠ ʥʝʭʦʤʦʛʝʥʘ ʧʦʧʨʝʯʥʘ ʜʝʬʦʨʤʘʮʠʿʘ ʢʦʜ ʝʣʝʤʝʥʘʪʘ ʫ ʟʘʚʘʨʝʥʦʤ 

ʩʧʦʿʫ. ʂʘʢʦ ʥʝʭʦʤʦʛʝʥʝ ʜʝʬʦʨʤʘʮʠʿʝ ʫʩʣʦʚˀʘʚʘʿʫ ʦʤʝʪʘˁʝ, ʪʿ. ʩʧʨʝʯʘʚʘˁʝ ʜʝʬʦʨʤʘʮʠʿʘ ʜʦʣʘʟʠ 

ʜʦ ʥʘʩʪʘʥʢʘ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʫ ʧʦʧʨʝʯʥʦʤ ʧʨʘʚʮʫ ʯʘʢ ʠ ʢʘʜʘ ʩʧʦˀʘʰˁʝ ʦʧʪʝʨʝ˂ʝˁʝ ʥʝ ʦʤʝʪʘ 

ʜʝʬʦʨʤʠʩʘˁʝ ʫ ʧʦʧʨʝʯʥʦʤ ʧʨʘʚʮʫ. ʄʝʹʫʪʠʤ, ʚʝʣʠʯʠʥʘ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʫ ʧʦʧʨʝʯʥʦʤ ʧʨʘʚʮʫ 

ʜʦʩʪʠʞʝ ʦʢʦ ʿʝʜʥʝ ʪʨʝ˂ʠʥʝ ʚʨʝʜʥʦʩʪʠ ʦʚʠʭ ʥʘʧʦʥʘ ʫ ʫʟʜʫʞʥʦʤ ʧʨʘʚʮʫ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʫ ʧʦʧʨʝʯʥʦʤ ʧʨʘʚʮʫ ʤʦʛʫ, ʪʘʢʦʹʝ, ʜʦʩʪʠ˂ʠ ʥʘʧʦʥ ʪʝʯʝˁʘ ʤʘʪʝʨʠʿʘʣʘ, ʥʘ 

ʧʨʠʤʝʨ ʧʨʠ ʚʠʰʝʧʨʦʣʘʟʥʦʤ ʟʘʚʘʨʠʚʘˁʫ. ʆʙʟʠʨʦʤ ʜʘ ʿʝ ʦʤʝʪʘˁʝ ʜʝʬʦʨʤʘʮʠʿʘ ʦʙʠʯʥʦ ʚʝ˂ʝ ʧʨʠ 

ʧʦʧʨʘʚʢʘʤʘ ʠ ʥʘʚʘʨʠʚʘˁʫ ʥʘ ʚʝ˂ ʠʟʚʝʜʝʥʠʤ ʟʘʚʘʨʝʥʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ ʪʦ ʿʝ ʫ ʦʚʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʠ ʚʝ˂ʘ ʦʧʘʩʥʦʩʪ ʦʜ ʥʘʩʪʘʥʢʘ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ. 

 ʋ ʩʣʫʯʘʿʫ ʜʝʙʝʣʠʭ ʧʣʦʯʘ, ʿʘʚˀʘ ʩʝ ʟʥʘʪʥʘ ʪʝʤʧʝʨʘʪʫʨʩʢʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʩʧʦˀʘʰˁʠʭ 

ʩʣʦʿʝʚʘ ʠ ʩʣʦʿʝʚʘ ʫ ʮʝʥʪʨʘʣʥʦʿ ʟʦʥʠ ʜʝʙˀʠʥʝ ʧʣʦʯʝ ʟʘ ʚʨʝʤʝ ʭʣʘʹʝˁʘ. ʈʝʟʫʣʪʫʿʫ˂ʠ ʪʝʨʤʠʯʢʠ 

ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʤʦʛʫ ʥʘʜʤʘʰʠʪʠ ʥʘʧʦʥ ʪʝʯʝˁʘ ʤʘʪʝʨʠʿʘʣʘ, ʰʪʦ ʫʩʣʦʚˀʘʚʘ ʧʣʘʩʪʠʯʥʝ 

ʜʝʬʦʨʤʘʮʠʿʝ. ʆʚʝ ʥʝʭʦʤʦʛʝʥʝ ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʘʮʠʿʝ ʜʦʚʦʜʝ ʜʦ ʧʦʿʘʚʝ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ 

ʧʦʩʣʝ ʭʣʘʹʝˁʘ. ʂʘʜʘ ʩʝ ʟʘʥʝʤʘʨʠ ʫʪʠʮʘʿ ʜʨʫʛʠʭ ʩʨʦʜʥʠʭ ʧʨʦʮʝʩʘ, ʫ ʧʦʩʤʘʪʨʘʥʦʿ ʟʦʥʠ ʫ 

ʩʣʦʿʝʚʠʤʘ ʤʘʪʝʨʠʿʘʣʘ ʙʣʠʟʫ ʧʦʚʨʰʠʥʝ ʙʠ ʩʝ ʿʘʚʠʣʠ ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʥʘ ʧʨʠʪʠʩʘʢ, ʜʦʢ ʙʠ ʩʝ ʫ 

ʮʝʥʪʨʘʣʥʦʿ ʟʦʥʠ ʿʘʚʠʣʠ ʟʘʪʝʞʫ˂ʠ ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ. ʄʝʹʫʪʠʤ, ʦʚʘ ʚʨʩʪʘ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʩʝ 

ʿʘʚˀʘ ʟʘʿʝʜʥʦ ʟʘ ʦʩʪʘʣʠʤ ʚʨʩʪʘʤʘ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ. 

 ɿʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʬʘʟʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʚʨʝʤʝ ʟʘʚʘʨʠʚʘˁʘ 

ʿʘʚˀʘʿʫ ʩʝ ʢʘʜʘ ʧʨʠʣʠʢʦʤ ʭʣʘʹʝˁʘ ʤʘʪʝʨʠʿʘʣʘ ʰʘʚʘ ʜʦʣʘʟʠ ʜʦ ʣʦʢʘʣʥʠʭ ʬʘʟʥʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʢʦʿʝ ʩʫ ʧʦʚʝʟʘʥʝ ʩʘ ʧʨʦʤʝʥʦʤ ʟʘʧʨʝʤʠʥʝ. ʅʝʭʦʤʦʛʝʥʦʩʪ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʠʭ 

ʧʨʦʮʝʩʘ, ʰʪʦ ʿʝ ʧʨʝʜʫʩʣʦʚ ʥʘʩʪʘʥʢʘ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ, ʧʦʩʣʝʜʠʮʘ ʿʝ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʮʝʩʘ, ʥʘ 

ʧʨʠʤʝʨ, ʨʘʟʣʠʯʠʪʦʛ ʪʝʤʧʝʨʘʪʫʨʩʢʦʛ ʧʦˀʘ ʟʘ ʚʨʝʤʝ ʟʘʚʘʨʠʚʘˁʘ, ʨʘʟʣʠʯʠʪʝ ʙʨʟʠʥʝ ʭʣʘʹʝˁʘ ʠʣʠ 

ʣʦʢʘʣʥʘ ʧʨʦʤʝʥʘ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ. ʇʨʠ ʪʦʤʝ ʜʦʣʘʟʠ ʜʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ, 

ʥʘ ʧʨʠʤʝʨ, ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʠʟ ʘʫʩʪʝʥʠʪʥʝ ʫ ʬʝʨʠʪʥʫ, ʙʝʿʥʠʪʥʫ ʠʣʠ ʤʘʨʪʝʥʟʠʪʥʫ ʬʘʟʫ ʰʪʦ ʿʝ 

ʧʨʘ˂ʝʥʦ ʧʨʦʤʝʥʦʤ ʟʘʧʨʝʤʠʥʝ. ʂʘʦ ʧʦʩʣʝʜʠʮʘ, ʣʦʛʠʯʥʦ ʿʝ ʦʯʝʢʠʚʘʪʠ ʟʘʦʩʪʘʣʝ ʥʘʧʦʥʝ ʥʘ 

ʧʨʠʪʠʩʘʢ ʫ ʟʦʥʘʤʘ ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʪʨʘʥʩʬʦʨʤʠʩʘʥʦʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʤ, ʠ ʠʩʪʦʚʨʝʤʝʥʦ 

ʫʨʘʚʥʦʪʝʞʘʚʘʿʫ˂ʝ ʟʘʪʝʞʫ˂ʝ ʟʘʦʩʪʘʣʝ ʥʘʧʦʥʝ ʫ ʦʢʦʣʥʠʤ ʟʦʥʘʤʘ. ʄʝʹʫʪʠʤ, ʦʚʦ ʥʠʿʝ ʩʣʫʯʘʿ ʫ 

ʧʨʘʢʩʠ.  ɿʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʢʦʿʝ ʠʟʘʟʠʚʘʿʫ ʦʤʝʪʝʥʦ ʪʝʨʤʠʯʢʦ ʰʠʨʝˁʝ ʠ ʩʢʫʧˀʘˁʝ ʠ ʟʘʦʩʪʘʣʠ 

ʥʘʧʦʥʠ ʢʦʿʝ ʠʟʘʟʠʚʘʿʫ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʠ ʧʨʦʮʝʩʠ ʜʝʣʫʿʫ ʠʩʪʦʚʨʝʤʝʥʦ, ʧʘ ʢʘʨʘʢʪʝʨ ʠ ʚʝʣʠʯʠʥʘ 

ʨʝʟʫʣʪʫʿʫ˂ʠʭ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʥʘʿʚʠʰʝ ʟʘʚʠʩʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʩʢʦʛ ʮʠʢʣʫʩʘ ʧʨʠ ʢʦʤ ʩʝ 

ʦʜʠʛʨʘʚʘʿʫ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʠ ʧʨʦʮʝʩʠ. ʅʘ ʩʣʠʮʠ 22 ʠʣʫʩʪʨʘʪʠʚʥʦ ʩʫ ʧʨʠʢʘʟʘʥʠ ʨʝʟʫʣʪʫʿʫ˂ʠ 

ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʢʦʿʠ ʥʘʩʪʘʿʫ ʢʘʦ ʩʫʧʝʨʧʦʟʠʮʠʿʘ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʫʩʣʝʜ ʦʤʝʪʝʥʦʛ ʰʠʨʝˁʘ ʠ 

ʩʢʫʧˀʘˁʘ ʩʘ ʟʘʦʩʪʘʣʠʤ ʥʘʧʦʥʠʤʘ ʫʩʣʝʜ ʬʘʟʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʯʝʣʠʢʘ. ʅʘ 

ʩʣʠʮʠ 22, ʧʨʠʢʘʟʘʥ ʿʝ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʠʪʠʩʥʠ ʠʣʠ ʟʘʪʝʞʫ˂ʠ ʥʘʧʦʥ ʪʝʯʝˁʘ ʟʘ 

ʬʝʨʠʪʥʦ-ʧʝʨʣʠʪʥʫ ʠʣʠ ʙʝʿʥʠʪʥʫ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ.  

 ʇʨʠ ʭʣʘʹʝˁʫ ʦʜ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʚʦ ʥʘʩʪʘʿʫ ʟʘʪʝʞʫ˂ʠ ʥʘʧʦʥʠ ʫʩʣʝʜ ʦʤʝʪʝʥʦʛ 

ʰʠʨʝˁʘ ʠ ʩʢʫʧˀʘˁʘ ʫ ʩʢʣʘʜʫ ʩʘ ʪʝʤʧʝʨʘʪʫʨʥʦ ʟʘʚʠʩʥʠʤ ʥʘʧʦʥʦʤ ʪʝʯʝˁʘ ʘʫʩʪʝʥʠʪʥʝ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ. ɸʢʦ ʩʝ ʬʘʟʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʿʘʚʠ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʧʦʨʘʩʪʘ ʟʘʧʨʝʤʠʥʝ, 

ʟʘʪʝʞʫ˂ʠ ʥʘʧʦʥʠ ʩʝ ʙʨʟʦ ʩʤʘˁʫʿʫ ʠ ʥʘʧʦʥʠ ʧʦʩʪʘʿʫ ʧʨʠʪʠʩʥʠ. ɸʢʦ ʫ ʪʨʘʥʩʬʦʨʤʠʩʘʥʦʿ 

ʟʘʧʨʝʤʠʥʠ ʥʘʩʪʘʥʝ ʬʝʨʠʪʥʦ-ʧʝʨʣʠʪʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʘʢʩʠʤʘʣʥʠ ʧʨʠʪʠʩʥʠ ʥʘʧʦʥʠ ʩʫ 

ʦʛʨʘʥʠʯʝʥʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʥʘʧʦʥʠʤʘ ʪʝʯʝˁʘ ʧʨʠ ʧʨʠʪʠʩʢʫ ʟʘ ʥʦʚʦʬʦʨʤʠʨʘʥʫ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ 

(ʩʣʫʯʘʿ ʧʨʝʜʩʪʘʚˀʝʥ ʣʠʥʠʿʦʤ 1 ʥʘ ʩʣʠʮʠ 22). ʂʘʜʘ ʥʘʩʪʘʥʝ ʤʘʨʪʝʥʟʠʪʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, 

ʟʘʭʚʘˀʫʿʫ˂ʠ ʚʠʩʦʢʦʤ ʥʘʧʦʥʫ ʪʝʯʝˁʘ ʤʦʛʫ ʩʝ ʿʘʚʠʪʠ ʥʘʿʚʠʰʠ ʧʨʠʪʠʩʥʠ ʥʘʧʦʥʠ. ʅʘ ʢʨʘʿʫ 

ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʠʭ ʧʨʦʮʝʩʘ, ʧʨʠʪʠʩʥʠ ʟʘʪʝʞʫ˂ʠ ʥʘʧʦʥʠ ʦʧʘʜʘʿʫ ʫʩʣʝʜ ʥʝʧʨʝʩʪʘʥʦʛ ʧʘʜʘ 

ʪʝʤʧʝʨʘʪʫʨʝ ʟʘʿʝʜʥʦ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʢʦʥʪʨʘʢʮʠʿʦʤ (ʩʣʫʯʘʿ ʧʨʝʜʩʪʘʚˀʝʥ ʣʠʥʠʿʦʤ 2 ʥʘ ʩʣʠʮʠ 

22). 
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ʉʣʠʢʘ 22. ɿʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʬʘʟʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ 

 ʧʨʠ ʭʣʘʹʝˁʫ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ [122] 

 ɿʘʚʠʩʥʦ ʦʜ ʚʨʝʜʥʦʩʪʠ ʤʦʜʫʣʘ ʝʣʘʩʪʠʯʥʦʩʪʠ, ʢʨʫʪʦʩʪʠ, ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʝʨʤʠʯʢʦʛ ʰʠʨʝˁʘ, 

ʠ ʧʨʝʦʩʪʘʣʝ ʪʝʤʧʝʨʘʪʫʨʩʢe ʨʘʟʣʠʢe ʜʦ ʩʦʙʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʩʪʘʿʫ ʧʨʠʪʠʩʥʠ ʠʣʠ ʟʘʪʝʞʫ˂ʠ 

ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ. ʅʘʩʪʘʥʘʢ ʥʘʿʚʝ˂ʠʭ ʟʘʪʝʞʫ˂ʠʭ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʣʦʛʠʯʥʦ ʿʝ ʦʯʝʢʠʚʘʪʠ ʢʘʜʘ ʩʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʠ ʧʨʦʮʝʩʠ ʟʘʚʨʰʘʚʘʿʫ ʥʘ ʨʝʣʘʪʠʚʥʦ ʚʠʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ, 

ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʤʦʛʫ ʜʦʩʪʠ˂ʠ ʚʨʝʜʥʦʩʪ ʥʘʧʦʥʘ ʪʝʯʝˁʘ ʧʨʠ ʟʘʪʝʟʘˁʫ ʟʘ ʬʝʨʠʪʥʦ-ʧʝʨʣʠʪʥʫ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ. ʉʘ ʜʠʿʘʛʨʘʤʘ ʧʨʠʢʘʟʘʥʦʛ ʥʘ ʩʣʠʮʠ 23 ʟʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʰʪʦ ʿʝ ʥʠʞʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʬʘʟʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʚʝ˂ʠ ʿʝ ʫʪʠʮʘʿ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʠʭ ʧʨʦʮʝʩʘ ʥʘ ʨʝʟʫʣʪʫʿʫ˂ʝ 

ʟʘʦʩʪʘʣʝ ʥʘʧʦʥʝ. ʇʦʩʣʝʜʠʯʥʦ, ʝʬʝʢʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʠʭ ʧʨʦʮʝʩʘ ʥʘ ʨʝʟʫʣʪʫʿʫ˂ʫ ʨʘʩʧʦʜʝʣʫ 

ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʤʦʛʫ ʩʝ ʦʯʝʢʠʚʘʪʠ ʢʦʜ ʯʝʣʠʢʘ ʩʘ ʚʠʩʦʢʠʤ ʥʘʧʦʥʠʤʘ ʪʝʯʝˁʘ ʧʨʠ ʚʠʩʦʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʠʣʠ ʟʘ ʝʢʩʪʨʝʤʥʦ ʚʝʣʠʢʝ ʙʨʟʠʥʝ ʭʣʘʹʝˁʘ.  

 

ʉʣʠʢʘ 23. ʋʪʠʮʘʿ ʫʥʦʩʘ ʪʦʧʣʦʪʝ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʫ ʪʝʤʧʝʨʘʪʫʨʫ 

 ʠ ʨʝʟʫʣʪʫʿʫ˂ʝ ʟʘʦʩʪʘʣʝ ʥʘʧʦʥʝ [122] 

 ʋ ʩʣʫʯʘʿʫ ʥʠʩʢʦʛ ʫʥʦʩʘ ʪʦʧʣʦʪʝ (ʢʨʠʚʘ 3, ʩʣ. 23) ʟʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʦʤʝʪʝʥʦ ʩʢʫʧˀʘˁʝ ʠ 

ʰʠʨʝˁʝ ʠ ʥʘʨʦʯʠʪʦ ʧʨʦʮʝʩʠ ʬʘʟʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʜʦʚʦʜʝ ʜʦ ʩʤʘˁʝˁʘ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʥʘ 

ʟʘʪʝʟʘˁʝ ʠ ʧʨʠʪʠʩʘʢ. ʋ ʩʣʫʯʘʿʫ ʧʦʚʝ˂ʘʥʦʛ ʫʥʦʩʘ ʪʦʧʣʦʪʝ (ʢʨʠʚʘ 1, ʩʣ. 23) ʦʜʤʘʭ ʧʦʩʣʝ ʬʘʟʥʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʫ ʟʘʛʨʝʿʘʥʦʤ ʤʝʪʘʣʫ ʰʘʚʘ ʿʘʚˀʘʿʫ ʩʝ ʧʨʠʪʠʩʥʠ ʥʘʧʦʥʠ ʘ ʩʘ ʭʣʘʹʝˁʝʤ ʜʦ ʩʦʙʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʩʪʘʿʫ ʚʠʩʦʢʠ ʟʘʪʝʞʫ˂ʠ ʥʘʧʦʥʠ ʫ ʤʝʪʘʣʫ ʰʘʚʫ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. ʂʦʜ ʤʘʩʠʚʥʠʭ 

ʝʣʝʤʝʥʘʪʘ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʟʥʘʪʘʥ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʿʝ ʧʦʪʨʝʙʘʥ ʧʨʝ ʥʝʛʦ ʰʪʦ ʩʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʠ ʧʨʦʮʝʩʠ ʟʘʚʨʰʝ ʫ ʩʧʦˀʘʰˁʠʤ ʩʣʦʿʝʚʠʤʘ ʢʦʿʠ ʩʝ ʙʨʟʦ ʭʣʘʜʝ ʢʘʦ ʠ ʫ 

ʫʥʫʪʨʘʰˁʠʤ ʩʣʦʿʝʚʠʤʘ ʢʦʿʠ ʩʝ ʩʧʦʨʠʿʝ ʭʣʘʜʝ. ɸʢʦ ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʠʟʘʟʚʘʥʠ 
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ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʠʤ ʧʨʦʮʝʩʠʤʘ ʨʝʟʫʣʪʫʿʫ ʠʟ ʥʝʭʦʤʦʛʝʥʠʭ ʧʨʦʤʝʥʘ ʟʘʧʨʝʤʠʥʝ ʢʦʿʝ ʜʦʚʦʜʝ ʜʦ 

ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʠʿʘ, ʧʦʩʣʝ ʪʝʤʧʝʨʘʪʫʨʩʢʝ ʢʦʤʧʝʥʟʘʮʠʿʝ ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʩʝ ʿʘʚˀʘʿʫ ʩʘ 

ʧʦʟʠʪʠʚʥʠʤ ʟʥʘʢʦʤ ʫ ʜʝʣʦʚʠʤʘ ʢʦʿʠ ʩʫ ʨʘʥʠʿʝ ʧʨʦʰʣʠ ʢʨʦʟ ʬʘʟʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ, ʘ ʩʘ 

ʥʝʛʘʪʠʚʥʠʤ ʟʥʘʢʦʤ ʢʦʜ ʜʝʣʦʚʘ ʢʦʿʠ ʩʫ ʪʨʘʥʩʬʦʨʤʠʩʘʥʠ ʢʘʩʥʠʿʝ. ʋ ʧʨʘʢʪʠʯʥʦʤ ʩʣʫʯʘʿʫ, 

ʤʝʹʫʪʠʤ, ʦʚʘʿ ʝʬʝʢʘʪ ʩʝ ʿʘʚˀʘ ʫ ʚʝʟʠ ʩʘ ʟʘʦʩʪʘʣʠʤ ʥʘʧʦʥʠʤʘ ʦʜ ʧʦʤʝʥʫʪʦʛ ʪʝʤʧʝʨʘʪʫʨʩʢʦʛ 

ʛʨʘʜʠʿʝʥʪʘ ʫ ʧʨʘʚʮʫ ʥʦʨʤʘʣʥʦʤ ʥʘ ʦʩʫ ʟʘʚʘʨʘ. ʂʘʦ ʧʦʩʣʝʜʠʮʘ, ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʢʦʿʝ ʫʟʨʦʢʫʿʫ 

ʬʘʟʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʫ ʩʣʦʿʝʚʠʤʘ ʙʣʠʟʫ ʧʦʚʨʰʠʥʝ ʩʫ ʤʘˁʝ ʚʨʝʜʥʦʩʪʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʥʘʧʦʥʠʤʘ ʫ ʮʝʥʪʨʘʣʥʠʤ ʩʣʦʿʝʚʠʤʘ.  

 ɿʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʩʫ ʧʦʩʣʝʜʠʮʘ ʠʥʪʝʨʘʢʮʠʿʝ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʮʝʩʘ ʢʘʦ ʰʪʦ ʩʫ: ʦʤʝʪʝʥʦ 

ʩʢʫʧˀʘˁʝ ʠ ʰʠʨʝˁʝ ʢʘʦ ʨʝʟʫʣʪʘʪ ʥʝʭʦʤʦʛʝʥʝ ʨʘʩʧʦʜʝʣʝ ʪʝʤʧʝʨʘʪʫʨʝ; ʬʘʟʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ 

ʠ ʝʬʝʢʪʠ ʫʤʠʨʠʚʘˁʘ. ʂʘʨʘʢʪʝʨ ʦʚʠʭ ʥʘʧʦʥʘ ʠ ˁʠʭʦʚʘ ʚʝʣʠʯʠʥʘ ʫ ʤʝʪʘʣʫ ʰʘʚʘ ʠ ʟʦʥʠ ʫʪʠʮʘʿʘ 

ʪʦʧʣʦʪʝ ʟʘʚʠʩʠ ʦʜ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʝ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʘʢʦʹʝ, ʚʝʦʤʘ ʚʘʞʥʫ ʫʣʦʛʫ ʠʤʘ ʠ ʣʦʢʘʣʥʠ 

ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʤʘʪʝʨʠʿʘʣʘ. ɼʦʜʘʪʥʦ, ʣʦʢʘʣʥʘ ʚʨʝʜʥʦʩʪ ʥʘʧʦʥʘ ʪʝʯʝˁʘ ʢʦʿʘ ʟʘʚʠʩʠ ʦʜ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʪʝʧʝʥ ʢʨʫʪʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʿʝ ʠʤʘʿʫ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ. ʆʩʥʦʚʥʠ ʧʨʦʮʝʩʠ ʥʘʩʪʘʥʢʘ 

ʠ ʨʘʟʚʦʿʘ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʫ ʟʘʚʘʨʝʥʠʤ ʤʘʰʠʥʩʢʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ ʩʫ ʧʦʟʥʘʪʠ. ʄʝʹʫʪʠʤ, 

ʧʨʝʜʚʠʹʘˁʝ ʚʝʣʠʯʠʥʝ ʠ ʨʘʩʧʦʜʝʣʝ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʫ ʟʘʚʘʨʝʥʠʤ ʤʘʰʠʥʩʢʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ 

ʫ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ ʿʝ ʚʝʦʤʘ ʩʣʦʞʝʥʦ ʟʙʦʛ ʨʝʣʘʪʠʚʥʦ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʬʘʢʪʦʨʘ ʠ ˁʠʭʦʚʝ 

ʤʝʹʫʩʦʙʥʝ ʟʘʚʠʩʥʦʩʪʠ. 

 2.5 ʄʀʂʈʆʉʊʈʋʂʊʋʈʅʆ ʉʊɸɳɽ ʋ ɿʆʅʀ ɿɸɺɸʈɽʅʆɻ ʉʇʆɱɸ 

 ʇʨʦʮʝʩ ʦʯʚʨʰ˂ʘʚʘˁʘ, ʦʜʥʦʩʥʦ ʧʨʦʮʝʩ ʬʘʟʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʟʘ ʚʨʝʤʝ ʪʝʤʧʝʨʘʪʫʨʩʢʠʭ 

ʮʠʢʣʫʩʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʿʝ ʥʘʿʚʘʞʥʠʿʠ ʬʘʢʪʦʨ ʢʦʿʠ ʫʪʠʯʝ ʥʘ ʢʦʥʘʯʥʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ 

ʤʘʪʝʨʠʿʘʣʘ ʫ ʟʦʥʠ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. ʌʘʢʪʦʨʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ ʩʫ ʙʨʦʿʥʠ ʩʘ 

ʩʣʦʞʝʥʠʤ ʤʝʭʘʥʠʟʤʠʤʘ ʜʝʣʦʚʘˁʘ: 

¶ ʧʨʦʮʝʩ ʟʘʚʘʨʠʚʘˁʘ ʢʦʿʠ ʩʝ ʙʘʟʠʨʘ ʥʘ ʭʝʤʠʿʩʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʠ 

ʩʧʝʮʠʬʠʯʥʠʭ ʟʦʥʘ ʩʧʦʿʘ, ˁʝʛʦʚʫ ʛʝʦʤʝʪʨʠʿʫ, ʢʘʦ ʠ ʩʘʤ ʤʝʪʦʜ ʠ ʧʘʨʘʤʝʪʨʝ ʟʘʚʘʨʠʚʘˁʘ, 

¶ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʫ ʟʦʥʠ ʩʧʦʿʘ ʢʦʿʠ ʨʝʟʫʣʪʫʿʝ ʠʟ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʦʩʥʦʚʥʦʛ ʠ ʜʦʜʘʪʥʦʛ 

ʤʘʪʝʨʠʿʘʣʘ, ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʘʪʤʦʩʬʝʨʝ ʫ ʢʦʿʦʿ ʩʝ ʠʟʚʦʜʠ ʟʘʚʘʨʠʚʘˁʝ, ʚʣʘʞʥʦʩʪʠ ʠ 

ʧʨʠʩʫʩʪʚʘ ʥʝʯʠʩʪʦ˂ʘ ʫ ʟʦʥʠ ʟʘʚʘʨʠʚʘˁʘ, 

¶ ʙʨʟʠʥʘ ʠʟʚʦʹʝˁʘ ʟʘʚʘʨʠʚʘˁʘ ʠ ʩʘ ˁʦʤ ʫ ʚʝʟʠ ʥʠʚʦ ʫʥʝʪʝ ʢʦʣʠʯʠʥʝ ʪʦʧʣʦʪʝ, ʢʘʦ ʠ ˁʝʥ 

ʫʪʠʮʘʿ ʥʘ ʙʨʟʠʥʫ ʦʯʚʨʰ˂ʘʚʘˁʘ, ʨʘʩʪ ʤʝʪʘʣʥʠʭ ʟʨʥʘ ʠ ʩʝʛʨʝʛʘʮʠʿʫ, 

¶ ʪʝʤʧʝʨʘʪʫʨʩʢʠ ʮʠʢʣʫʩ ʟʘʚʘʨʠʚʘˁʘ ʠ ˁʝʛʦʚ ʫʪʠʮʘʿ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ ʟʦʥʝ 

ʟʘʚʘʨʠʚʘˁʘ ʟʘ ʚʨʝʤʝ ʠ ʧʦʩʣʝ ʭʣʘʹʝˁʘ ʠ 

¶ ʫʪʠʮʘʿ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʤʝʪʘʣʘ ʰʘʚʘ ʥʘ ʧʨʦʮʝʩʝ ʪʘʣʦʞʝˁʘ, ʥʘʨʦʯʠʪʦ ʢʦʜ ʟʘʚʘʨʠʚʘˁʘ 

ʢʦʿʝ ʩʝ ʠʟʚʦʜʠ ʠʟ ʚʠʰʝ ʧʨʦʣʘʟʘ.  

 ʇʨʠ ʟʘʚʘʨʠʚʘˁʫ ʥʠʩʢʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʢʦʥʪʨʦʣʘ ʙʨʟʠʥʝ ʭʣʘʹʝˁʘ ʫ 

ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ (ʤʘʪʝʨʠʿʘʣ, ʛʝʦʤʝʪʨʠʿʘ ʩʧʦʿʘ, ʧʦʩʪʫʧʘʢ) ʠʟʚʦʜʠ ʩʝ ʢʦʥʪʨʦʣʦʤ ʫʥʝʪʝ 

ʢʦʣʠʯʠʥʝ ʪʦʧʣʦʪʝ ʠ ʧʦʩʪʫʧʮʠʤʘ ʧʨʝʜʛʨʝʚʘˁʘ. ʂʦʜ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʤʘʣʠʭ ʜʝʙˀʠʥʘ, 

ʙʨʟʠʥʘ ʭʣʘʹʝˁʘ ʿʝ ʦʙʠʯʥʦ ʤʘʣʘ, ʰʪʦ ʠʤʘ ʧʦʟʠʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʟʦʥʝ 

ʩʧʦʿʝʚʘ. ʇʨʠ ʢʦʨʠʰ˂ʝˁʫ ʘʫʩʪʝʥʠʪʥʠʭ ʜʦʜʘʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʟʙʦʛ ˁʠʭʦʚʝ ʚʝʣʠʢʝ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʥʠʿʝ ʧʦʪʨʝʙʥʦ ʧʨʝʜʛʨʝʚʘˁʝ. ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ ʟʦʥʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʘʞʥʝ ʬʘʢʪʦʨʝ ʢʦʿʠʤʘ ʩʝ, ʧʦʨʝʜ ʦʩʪʘʣʦʛ, ʢʦʥʪʨʦʣʠʰʝ ʧʦʚʝ˂ʘˁʝ ʪʚʨʜʦ˂ʝ ʦʚʠʭ 

ʟʦʥʘ. ʂʦʥʚʝʥʮʠʦʥʘʣʥʘ ʘʥʘʣʠʪʠʯʢʘ ʧʨʦʚʝʨʘ ʩʢʣʦʥʦʩʪʠ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʢʘ ʧʦʚʝ˂ʘˁʫ ʪʚʨʜʦ˂ʝ 

ʚʨʰʠ ʩʝ ʧʨʝʢʦ ʝʤʧʠʨʠʿʩʢʠ ʨʘʟʚʠʿʝʥʠʭ ʬʦʨʤʫʣʘ ʩʘ ʭʝʤʠʿʩʢʠʤ ʝʢʚʠʚʘʣʝʥʪʦʤ ʫʛˀʝʥʠʢʘ ʢʘʦ 

ʛʣʘʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ. ʈʝʣʘʮʠʿʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʝʢʚʠʚʘʣʝʥʪʘ ʫʛˀʝʥʠʢʘ ʩʫ ʨʘʟʚʠʿʝʥʝ ʟʘ ʦʩʥʦʚʥʠ 

ʤʘʪʝʨʠʿʘʣ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ. ɼʦ ʩʘʜʘ, ʟʘ ʤʝʪʘʣ ʰʘʚʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʟʙʦʛ ʙʨʦʿʥʦʩʪʠ ʠ 



82 

 

ʩʣʦʞʝʥʦʩʪʠ ʬʘʢʪʦʨʘ ʦʚʝ ʨʝʣʘʮʠʿʝ ʥʠʩʫ ʨʘʟʚʠʿʝʥʝ ʠʘʢʦ ʿʝ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʤʝʪʘʣʘ ʰʘʚʘ, 

ʢʘʨʘʢʪʝʨʠʩʘʥ ʧʨʝʢʦ ʭʝʤʠʿʩʢʦʛ ʝʢʚʠʚʘʣʝʥʪʘ ʫʛˀʝʥʠʢʘ ʤʝʪʘʣʘ ʰʘʚʘ, ʧʨʝʩʫʜʘʥ. 

 2.6 ɼɽʌɽʂʊʀ ʋ ɿʆʅɸʄɸ ɿɸɺɸʈɽʅʀʍ ʉʇʆɱɽɺɸ ʀ ɳʀʍʆɺɽ 

ʂɸʈɸʂʊɽʈʀʉʊʀʂɽ  

 ʇʦʪʝʥʮʠʿʘʣʥʦ ʥʘʿʦʧʘʩʥʠʿʠ ʜʝʬʝʢʪʠ ʫ ʟʦʥʠ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʥʠʩʢʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ 

ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʩʫ ʭʣʘʜʥʝ ʧʨʩʣʠʥʝ ʧʦʧʨʝʯʥʝ ʦʨʠʿʝʥʪʘʮʠʿʝ. ʅʝʤʠʥʦʚʥʦʩʪ ʧʨʠʩʫʩʪʚʘ ʜʝʬʝʢʘʪʘ, 

ʪʝʰʢʦ˂ʝ ʧʨʠ ˁʠʭʦʚʦʿ ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ ʠ ʦʜʨʝʹʠʚʘˁʫ ˁʠʭʦʚʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʜʠʤʝʥʟʠʿʘ 

ʫʩʣʦʚʠʣʠ ʩʫ ʧʨʠʩʪʫʧ ʨʘʟʤʘʪʨʘˁʫ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʢʦʿʠ ʧʦʜʨʘʟʫʤʝʚʘ ʠ ʪʦʣʝʨʠʰʝ ˁʠʭʦʚʦ 

ʧʨʠʩʫʩʪʚʦ ʜʦ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʥʠʚʦʘ. ɺʝʣʠʯʠʥʘ ʜʠʤʝʥʟʠʿʘ ʜʦʧʫʰʪʝʥʠʭ ʜʝʬʝʢʘʪʘ ʟʘʚʠʩʠ ʢʘʢʦ ʦʜ 

ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʿʘʣʘ ʪʘʢʦ ʠ ʦʜ ʥʠʚʦʘ ʜʝʬʦʨʤʘʮʠʿʘ ʢʦʿʝ ʩʫ ʧʨʝʜʚʠʹʝʥʝ ʫ 

ʝʢʩʧʣʦʘʪʘʮʠʿʠ ʟʘʚʘʨʝʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ. ɺʝʣʠʢʠ ʙʨʦʿ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʤʝʪʦʜʘ ʿʝ ʨʘʟʚʠʿʝʥ ʟʘ 

ʢʦʥʪʨʦʣʫ ʠ ʘʥʘʣʠʟʫ ʜʝʬʝʢʘʪʘ ʫ ʟʦʥʠ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʦʜ ʢʦʿʠʭ ʩʫ ʥʘʿʚʘʞʥʠʿʝ ʦʥʝ ʩʘ 

ʥʝʠʥʚʘʟʠʚʥʠʤ ʧʨʠʩʪʫʧʦʤ: ʨʘʜʠʦʛʨʘʬʩʢʘ ʠ ʫʣʪʨʘʟʚʫʯʥʘ. ʄʝʹʫʪʠʤ, ʯʘʢ ʧʨʝʢʦ 50% ʜʝʬʝʢʘʪʘ 

ʢʦʿʠ ʩʫ ʧʨʠʩʫʪʥʠ ʤʦʞʝ ʦʩʪʘʪʠ ʥʝʦʪʢʨʠʚʝʥʦ ʟʘ ʚʨʝʤʝ ʫʦʙʠʯʘʿʝʥʠʭ ʧʦʩʪʫʧʘʢʘ ʠʩʧʠʪʠʚʘˁʘ ʙʝʟ 

ʨʘʟʘʨʘˁʘ. ʆʨʠʿʝʥʪʘʮʠʿʘ ʜʝʬʝʢʘʪʘ ʿʝ ʦʜ ʟʥʘʯʘʿʥʦʛ ʫʪʠʮʘʿʘ ʥʘ ʦʩʝʪˀʠʚʦʩʪ ʨʘʜʠʦʛʨʘʬʩʢʠʭ ʠ 

ʫʣʪʨʘʟʚʫʯʥʠʭ ʤʝʪʦʜʘ ʠʩʧʠʪʠʚʘˁʘ. ʂʘʜʘ ʿʝ ʦʨʠʿʝʥʪʘʮʠʿʘ ʜʝʬʝʢʪʘ ʧʘʨʘʣʝʣʥʘ ʧʨʘʚʮʫ ʧʨʦʩʪʠʨʘˁʘ 

ʫʣʪʨʘʟʚʫʯʥʦʛ ʪʘʣʘʩʘ ʧʨʠ ʫʣʪʨʘʟʚʫʯʥʦʤ ʠʩʧʠʪʠʚʘˁʫ ʠʣʠ ʧʘʨʘʣʝʣʥʘ ʩʘ ʩʥʦʧʦʤ ʟʨʘʯʝˁʘ ʧʨʠ 

ʨʘʜʠʦʛʨʘʬʩʢʦʤ ʠʩʧʠʪʠʚʘˁʫ, ʦʚʘʢʚʠ ʜʝʬʝʢʪʠ ʤʦʛʫ ʦʩʪʘʪʠ ʥʝʨʝʛʠʩʪʨʦʚʘʥʠ. ʆʩʝʪˀʠʚʦʩʪ 

ʫʣʪʨʘʟʚʫʯʥʠʭ ʤʝʪʦʜʘ ʠʩʧʠʪʠʚʘˁʘ ʟʥʘʯʘʿʥʦ ʟʘʚʠʩʠ ʦʜ ʫʧʦʪʨʝʙʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʪʠʧʘ ʫʣʪʨʘʟʚʫʯʥʝ 

ʩʦʥʜʝ, ˁʝʥʦʛ ʧʨʘʚʠʣʥʦʛ ʦʨʠʿʝʥʪʠʩʘˁʘ ʢʘʢʦ ʙʠ ʩʝ ʟʚʫʢ ʧʨʘʚʠʣʥʦ ʝʤʠʪʦʚʘʦ ʠ ʨʝʬʣʝʢʪʦʚʘʦ ʦʜ 

ʜʝʬʝʢʘʪʘ. ʇʨʠ ʫʣʪʨʘʟʚʫʯʥʦʤ ʠʩʧʠʪʠʚʘˁʫ ʥʘʨʦʯʠʪʫ ʧʘʞˁʫ ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʩʚʝʪʠʪʠ ʠʩʧʠʪʠʚʘˁʫ 

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʢʦʜ ʜʝʙʝʣʠʭ ʧʣʦʯʘ. ʋʣʪʨʘʟʚʫʯʥʘ ʤʝʪʦʜʘ ʠʩʧʠʪʠʚʘˁʘ ʟʘʭʪʝʚʘ ʫʢʣʘˁʘˁʝ 

ʥʘʜʚʠʰʝˁʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠ ʧʦʨʘʚʥʘʚʘˁʝ ʟʦʥʝ ʠʩʧʠʪʠʚʘˁʘ. ʊʘʢʦʹʝ, ʦʪʢʨʠʚʘˁʝ ʜʝʬʝʢʘʪʘ ʫ 

ʙʣʠʟʠʥʠ ʧʦʚʨʰʠʥʝ ʿʝ ʦʪʝʞʘʥʦ ʢʘʦ ʠ ʦʜʨʝʹʠʚʘˁʝ ʜʠʤʝʥʟʠʿʘ ʩʘʤʠʭ ʜʝʬʝʢʘʪʘ, ʘ ʩʚʝ ʦʚʦ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʝʣʘʪʠʚʥʝ ʦʨʠʿʝʥʪʘʮʠʿʝ ʜʝʬʝʢʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʘʚʘʮ ʧʨʦʩʪʠʨʘˁʘ ʫʣʪʨʘʟʚʫʢʘ ʧʨʠ 

ʠʩʧʠʪʠʚʘˁʫ.  ʊʨʘʥʩʚʝʨʟʘʣʥʦ ʦʨʠʿʝʥʪʠʩʘʥʝ ʛʨʝʰʢʝ ʪʝʰʢʦ ʩʝ ʦʪʢʨʠʚʘʿʫ ʨʘʜʠʦʛʨʘʬʩʢʦʤ ʤʝʪʦʜʦʤ 

ʠʩʧʠʪʠʚʘˁʘ ʙʝʟ ʨʘʟʘʨʘˁʘ. ʅʘʜʚʠʰʝˁʘ ʿʝ ʧʦʪʨʝʙʥʦ ʫʢʣʦʥʠʪʠ ʙʨʫʰʝˁʝʤ ʪʘʢʦ ʜʘ ʥʘʣʝʧˀʝˁʘ ʥʝ 

ʙʠ ʩʘʢʨʠʣʘ ʜʝʬʝʢʪʝ. ʋ ʩʣʫʯʘʿʫ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʥʘ ʧʣʦʯʘʤʘ ʜʝʙˀʠʥʝ ʚʝ˂ʝ ʦʜ ʦʢʦ 40 mm ʥʠʿʝ 

ʤʦʛʫ˂ʝ ʦʪʢʨʠʚʘˁʝ ʦʚʠʭ ʪʨʘʥʩʚʝʨʟʘʣʥʦ ʦʨʠʿʝʥʪʠʩʘʥʠʭ ʧʨʩʣʠʥʘ. ɼʘʢʣʝ, ʥʠʿʝ ʚʝʨʦʚʘʪʥʦ ʜʘ ˂ʝ ʩʚʝ 

ʛʨʝʰʢʝ ʙʠʪʠ ʦʪʢʨʠʚʝʥʝ. ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʝ ʨʘʟʤʘʪʨʘˁʝ ʛʨʝʰʘʢʘ ʦʜʥʦʩʠ ʥʘ ʥʠʚʦ 

ʜʦʧʫʰʪʝʥʠʭ ʛʨʝʰʘʢʘ ʠ ˁʠʭʦʚʝ ʜʦʧʫʰʪʝʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ.  

 2.7 ʄɽʊʆɼɽ ʈɽʃɸʂʉɸʎʀɱɽ ʅɸʇʆʅʉʂʆ-ɼɽʌʆʈʄɸʎʀʆʅʆɻ 

ʉʊɸɳɸ ʋ ɿɸɺɸʈɽʅʀʄ ʉʇʆɱɽɺʀʄɸ 

 ʈʝʣʘʢʩʘʮʠʿʫ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ ʫ ʧʦʿʝʜʠʥʠʤ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ 

ʤʦʛʫ˂ʝ ʿʝ ʠʟʚʨʰʠʪʠ ʥʘ ʚʠʰʝ ʥʘʯʠʥʘ. ɿʘʦʩʪʘʣʝ ʥʘʧʦʥʝ ʫ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʚʠʤʘ ʥʠʿʝ ʤʦʛʫ˂ʝ 

ʧʦʪʧʫʥʦ ʫʢʣʦʥʠʪʠ ʘʣʠ ʿʝ ʦʜʨʝʹʝʥʠʤ ʤʝʪʦʜʘʤʘ ʤʦʛʫ˂ʝ ʟʥʘʪʥʦ ʫʤʘˁʠʪʠ ˁʠʭʦʚ ʥʠʚʦ. ʄʝʪʦʜʝ 

ʨʝʣʘʢʩʘʮʠʿʝ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʫ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʚʠʤʘ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʤʦʛʫ˂ʝ ʿʝ 

ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʫ ʜʚʝ ʚʝʣʠʢʝ ʛʨʫʧʝ: ʤʝʭʘʥʠʯʢʝ ʤʝʪʦʜʝ ʠ ʪʝʨʤʠʯʢʝ ʤʝʪʦʜʝ. ʄʝʭʘʥʠʯʢʝ ʤʝʪʦʜʝ 

ʦʙʫʭʚʘʪʘʿʫ ʧʦʩʪʫʧʢʝ ʠʩʢʠʚʘˁʘ, ʥʘʢʥʘʜʥʦ ʣʦʢʘʣʥʦ ʟʘʛʨʝʚʘˁʝ ʛʘʩʥʠʤ ʧʣʘʤʝʥʦʤ, ʤʝʭʘʥʠʯʢʦ 

ʧʨʝʦʧʪʝʨʝ˂ʝˁʝ ʩʪʘʪʠʯʢʠʤ ʟʘʪʝʟʘˁʝʤ ʜʦ ʥʘʧʦʥʘ ʪʝʯʝˁʘ ʠ ʚʠʙʨʘʮʠʦʥʠ ʤʝʪʦʜ. 

 ʋ ʧʨʘʢʩʠ ʩʝ ʦʜ ʪʝʨʤʠʯʢʠʭ ʤʝʪʦʜʘ ʟʘ ʩʥʠʞʘʚʘˁʝ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ  

ʞʘʨʝˁʝ. ɿʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʢʦʜ ʢʦʿʠʭ ʿʝ ʧʦʪʨʝʙʥʦ ʦʜʨʞʘʪʠ ʜʠʤʝʥʟʠʦʥʫ ʩʪʘʙʠʣʥʦʩʪ ʧʦʛʦʜʘʥ ʿʝ 

ʚʠʙʨʘʮʠʦʥʠ ʤʝʪʦʜ. ɺʠʙʨʘʮʠʦʥʠ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚˀʘ ʤʝʪʦʜ ʠʟʣʘʛʘˁʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ 
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ʦʩʮʠʣʘʪʦʨʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ ʧʨʦʤʝʥˀʠʚʝ ʬʨʝʢʚʝʥʮʠʿʝ ʜʦ ʠʟʿʝʜʥʘʯʘʚʘˁʘ ʬʨʝʢʚʝʥʮʠʿʝ 

ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʩʦʧʩʪʚʝʥʝ ʬʨʝʢʚʝʥʮʠʿʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ.  

 ʇʦʨʝʜ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʧʦʩʪʫʧʢʘ ʟʘʚʘʨʠʚʘˁʘ ʿʘʚˀʘʿʫ ʩʝ ʠ ʟʘʦʩʪʘʣʝ 

ʜʝʬʦʨʤʘʮʠʿʝ. ɿʘʦʩʪʘʣʝ ʜʝʬʦʨʤʘʮʠʿʝ ʤʘʥʠʬʝʩʪʫʿʫ ʩʝ ʫ ʧʦʧʨʝʯʥʦʤ ʠ ʧʦʜʫʞʥʦʤ ʩʢʫʧˀʘˁʫ ʢʦʿʝ 

ʩʝ ʤʦʛʫ ʢʦʤʧʝʥʟʦʚʘʪʠ ʜʦʜʘʮʠʤʘ. ʋʛʘʦʥʝ ʜʝʬʦʨʤʘʮʠʿʝ ʿʘʚˀʘʿʫ ʩʝ ʢʦʜ ʥʝʩʠʤʝʪʨʠʯʥʠʭ V, U ʠ 

ʫʛʘʦʥʠʭ ʰʘʚʦʚʘ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʥʝʨʘʚʥʦʤʝʨʥʦʛ ʧʦʧʨʝʯʥʦʛ ʩʢʫʧˀʘˁʘ. 

 

ʉʣʠʢʘ 24. ɿʘʦʩʪʘʣʝ ʜʝʬʦʨʤʘʮʠʿʝ ʢʦʜ ʫʛʘʦʥʠʭ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ 

 ʋʛʘʦʥʝ ʜʝʬʦʨʤʘʮʠʿʝ ʢʦʤʧʝʥʟʫʿʫ ʩʝ ʬʠʢʩʠʨʘˁʝʤ ʜʝʣʦʚʘ ʧʨʝ ʟʘʚʘʨʠʚʘˁʘ, ʩʫʧʨʦʪʥʠʤ 

ʩʘʚʠʿʘˁʝʤ ʦʜ ʦʯʝʢʠʚʘʥʝ ʜʝʬʦʨʤʘʮʠʿʝ ʠ ʥʘʢʥʘʜʥʠʤ ʠʩʧʨʘʚˀʘˁʝʤ. ɿʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʠ ʟʘʦʩʪʘʣʝ 

ʜʝʬʦʨʤʘʮʠʿʝ ʤʝʹʫʩʦʙʥʦ ʩʫ ʧʦʚʝʟʘʥʝ ʠ ˁʠʭʦʚʦ ʜʝʿʩʪʚʦ ʩʝ ʠʜʝʥʪʠʬʠʢʫʿʝ ʢʨʦʟ ˁʠʭʦʚʝ ʧʦʩʣʝʜʠʮʝ.  

 ʅʘ ʩʣʠʮʠ 25 ʧʨʠʢʘʟʘʥʝ ʩʫ ʟʘʦʩʪʘʣʝ ʜʝʬʦʨʤʘʮʠʿʝ ʥʘ ʟʘʚʘʨʝʥʠʤ ʜʝʣʦʚʠʤʘ: ʘ) ʫʟʜʫʞʥʦ 

ʩʪʝʟʘˁʝ ʊ-ʥʦʩʘʯʘ ʩʘ ʧʨʠʚʘʨʝʥʦʤ ʣʠʤʝʥʦʤ ʪʨʘʢʦʤ ʠ ʙ) ʧʦʧʨʝʯʥʦ ʠ ʫʟʜʫʞʥʦ ʩʪʝʟʘˁʝ ʯʝʦʥʦ 

ʟʘʚʘʨʝʥʠʭ ʣʠʤʦʚʘ. 

 

ʉʣʠʢʘ 25. ɿʘʦʩʪʘʣʝ ʜʝʬʦʨʤʘʮʠʿʝ ʟʘʚʘʨʝʥʠʭ ʜʝʣʦʚʘ 

 ɸʢʦ ʩʫ ʜʝʣʦʚʠ ʧʦʩʣʝ ʟʘʚʘʨʠʚʘˁʘ ʜʝʬʦʨʤʠʩʘʥʠ ʦʥʠ ʥʝ ʩʘʜʨʞʝ ʟʘʦʩʪʘʣʝ ʥʘʧʦʥʝ, ʘ ʫ ʩʣʫʯʘʿʫ 

ʜʘ ʜʝʣʦʚʠ ʧʦʩʣʝ ʟʘʚʘʨʠʚʘˁʘ ʥʠʩʫ ʜʝʬʦʨʤʠʩʘʥʠ ʦʥʜʘ ʫ ˁʠʤʘ ʜʝʣʫʿʫ ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ. ʇʨʠ 

ʠʟʚʦʹʝˁʫ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʜʘʢʣʝ, ʙʠʨʘ ʩʝ ʜʘ ʣʠ ʜʘ ʩʝ ʧʨʠʭʚʘʪʝ ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʠʣʠ 

ʟʘʦʩʪʘʣʝ ʜʝʬʦʨʤʘʮʠʿʝ. ʇʨʠ ʢʦʨʠʰ˂ʝˁʫ ʜʦʙʨʦ ʟʘʚʘʨˀʠʚʠʭ ʤʘʪʝʨʠʿʘʣʘ (ʚʠʩʦʢʘ ʧʣʘʩʪʠʯʥʦʩʪ 

ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʠ ʟʦʥʝ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ) ʪʝʞʠ ʩʝ ʜʦʙʠʿʘˁʫ ʪʘʯʥʦʛ ʦʙʣʠʢʘ ʠ ʜʠʤʝʥʟʠʿʘ, ʜʦʢ 

ʩʝ ʤʘˁʘ ʧʘʞˁʘ ʧʦʩʚʝ˂ʫʿʝ ʟʘʦʩʪʘʣʠʤ ʥʘʧʦʥʠʤʘ. ʋ ʩʣʫʯʘʿʫ ʟʘʚʘʨʠʚʘˁʘ ʪʝʞʝ ʟʘʚʘʨˀʠʚʠʭ ʯʝʣʠʢʘ 

ʢʦʿʠ ʩʫ ʩʢʣʦʥʠ ʟʘʢʘˀʠʚʘˁʫ ʟʦʥʝ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʤʦʨʘ ʩʝ ʦʩʠʛʫʨʘʪʠ ʩʣʦʙʦʜʥʦ ʰʠʨʝˁʝ ʠ ʤʦʨʘʿʫ 

ʩʝ ʧʨʝʜʫʟʝʪʠ ʠ ʜʨʫʛʝ ʤʝʨʝ ʟʘ ʩʤʘˁʝˁʝ ʥʠʚʦʘ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ. ʅʘʿʯʝʰ˂ʝ ʩʝ ʙʠʨʘʿʫ ʪʘʢʚʘ 

ʢʦʥʩʪʨʫʢʮʠʦʥʦ-ʪʝʭʥʦʣʦʰʢʘ ʨʝʰʝˁʘ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʢʦʜ ʢʦʿʠʭ ʩʫ ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʫ 

ʜʦʧʫʰʪʝʥʠʤ ʛʨʘʥʠʮʘʤʘ ʠ ʧʨʠʭʚʘʪˀʠʚʝ ʜʝʬʦʨʤʘʮʠʿʝ. ɿʘ ʦʚʘʢʚʝ ʩʣʫʯʘʿʝʚʝ ʙʠʪʘʥ ʬʘʢʪʦʨ ʿʝ ʠ 

ʜʝʙˀʠʥʘ ʟʘʚʘʨʝʥʠʭ ʜʝʣʦʚʘ. ʂʦʜ ʪʘʥʢʦʟʠʜʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʨʝʣʝʚʘʥʪʥʝ ʩʫ ʜʦʟʚʦˀʝʥʝ 

ʜʝʬʦʨʤʘʮʠʿʝ, ʜʦʢ ʢʦʜ ʢʦʥʩʪʨʫʢʮʠʿʘ ʦʜ ʜʝʣʦʚʘ ʚʝʣʠʢʝ ʜʝʙˀʠʥʝ ʠʣʠ ʚʝʣʠʢʝ ʢʨʫʪʦʩʪʠ ʨʝʣʝʚʘʥʪʘʥ 

ʿʝ ʥʠʚʦ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ. ʋʦʧʰʪʝʥʦ ʧʦʩʤʘʪʨʘʥʦ, ʚʝʣʠʯʠʥʘ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʠ ʜʝʬʦʨʤʘʮʠʿʘ 

ʩʫ ʫʩʣʦʚˀʝʥʠ ʢʦʥʩʪʨʫʢʮʠʿʦʤ, ʪʝʭʥʦʣʦʛʠʿʦʤ ʠ ʧʦʩʪʫʧʢʦʤ ʟʘʚʘʨʠʚʘˁʘ. ʇʨʠ ʢʦʥʩʪʨʫʠʩʘˁʫ 

ʟʘʚʘʨʝʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʪʨʝʙʘ ʙʠʨʘʪʠ ʜʦʙʨʦ ʠʣʠ ʫʩʣʦʚʥʦ ʟʘʚʘʨˀʠʚʝ ʤʘʪʝʨʠʿʘʣʝ, ʤʠʥʠʤʘʣʥʫ 

ʧʦʪʨʝʙʥʫ ʜʝʙˀʠʥʫ, ʥʘʿʤʘˁʠ ʙʨʦʿ ʰʘʚʦʚʘ ʫʟ ʧʨʠʤʝʥʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʧʦʜʩʢʣʦʧʦʚʘ. ʇʦʞʝˀʥʦ ʿʝ 

ʧʨʦʿʝʢʪʦʚʘʪʠ ʩʠʤʝʪʨʠʯʥʝ ʰʘʚʦʚʝ, ʫʩʢʝ ʞʣʝʙʦʚʝ ʠ ʥʘʠʟʤʝʥʠʯʥʦ ʧʦʧʫˁʘʚʘˁʝ ʦʙʝ ʩʪʨʘʥʝ ʞʣʝʙʘ 

ʫ ʮʠˀʫ ʫʨʘʚʥʦʪʝʞʘʚʘˁʘ ʫʛʘʦʥʠʭ ʜʝʬʦʨʤʘʮʠʿʘ (ʩʣ. 26 ʠ ʩʣ. 27). 
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ʉʣʠʢʘ 26. ʂʦʥʩʪʨʫʢʮʠʦʥʘ ʨʝʰʝˁʘ ʫʛʘʦʥʠʭ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ:  

ʘ) ʠ ʚ) - ʥʝʠʩʧʨʘʚʥʦ; ʙ), ʛ) ʠ ʜ) -  ʠʩʧʨʘʚʥʦ 

 

ʉʣʠʢʘ 27. ʀʩʧʨʝʢʠʜʘʥʠ ʰʘʚ: ʘ) ʥʘʯʠʥ ʠʟʚʦʹʝˁʘ ʥʝʧʦʚʦˀʘʥ ʟʘ ʜʠʥʘʤʠʯʢʘ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʩʢʣʦʥ ʢʦʨʦʟʠʿʠ; 

ʙ) ʙʦˀʠ ʥʘʯʠʥ ʠʟʚʦʹʝˁʘ ʰʘʚʦʚʠʤʘ ʩʘ ʟʘʪʚʦʨʝʥʦʤ ʢʦʥʪʫʨʦʤ 

 ʇʨʘʚʠʣʥʦ ʠʟʘʙʨʘʥʘ ʪʝʭʥʦʣʦʛʠʿʘ ʠʟʚʦʹʝˁʘ ʟʘʚʘʨʠʚʘˁʘ ʦʙʫʭʚʘʪʘ ʧʨʠʧʨʝʤʫ ʜʝʣʦʚʘ, a 

ʧʨʘʚʠʣʥʦ ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʠ ʠʟʚʦʹʝˁʝ ʤʦʞʝ ʜʦʧʨʠʥʝʪʠ ʨʝʣʘʢʩʘʮʠʿʠ ʟʘʦʩʪʘʣʦʛ ʥʘʧʦʥʩʢʦ-

ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ. ʋ ʪʝʭʥʦʣʦʰʢʝ ʤʝʨʝ ʟʘ ʩʤʘˁʝˁʝ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʫʙʨʘʿʘ ʩʝ ʠ ʧʨʘʚʠʣʘʥ 

ʨʝʜʦʩʣʝʜ ʟʘʚʘʨʠʚʘˁʘ ʢʦʿʠ ʩʝ ʙʠʨʘ ʧʨʝʤʘ ʜʫʞʠʥʠ ʠ ʜʝʙˀʠʥʠ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ, ʰʪʦ ʿʝ 

ʠʣʫʩʪʨʘʪʠʚʥʦ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 28 [133, 134, 140, 143]. 

 

ʉʣʠʢʘ 28. ʈʘʩʧʦʨʝʜ ʟʘʚʘʨʠʚʘˁʘ ʢʦʜ ʜʫʛʘʯʢʠʭ ʰʘʚʦʚʘ:  

ʘ) ʟʘʚʘʨʠʚʘˁʝ ʫ ʿʝʜʥʦʤ ʧʦʪʝʟʫ ʥʝʧʦʚʦˀʥʦ;  

ʙ) ʟʘʚʘʨʠʚʘˁʝ ʪʝʭʥʠʢʦʤ ʫʥʘʟʘʜ -ʧʦʚʦˀʥʠʿʝ; ʚ) ʟʘʚʘʨʠʚʘˁʝ ʥʘ ʧʨʝʩʢʦʢ - ʥʘʧʿʦʚʦˀʥʠʿʝ 

 ʅʘʩʪʘʥʘʢ ʧʨʩʣʠʥʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL, ʧʨʚʝʥʩʪʚʝʥʦ ʭʣʘʜʥʠʭ, ʤʦʞʝ ʩʝ 

ʫʤʘˁʠʪʠ ʧʨʘʢʪʠʯʥʠʤ ʤʝʪʦʜʘʤʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ: 

¶ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʝʣʝʤʝʥʘʪʘ ʧʦʚʝ˂ʘʥʝ ʢʨʫʪʦʩʪʠ ʧʨʝʧʦʨʫʯʫʿʝ ʩʝ ʧʦʣʘʛʘˁʝ ʜʦʜʘʪʥʠʭ 

ʟʘʚʘʨʘ ʥʘ ʫʛʣʦʚʠʤʘ, 

¶ ʫ ʮʠˀʫ ʠʟʙʝʛʘʚʘˁʘ ʜʦʜʘʪʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ, ʧʦʯʝʪʘʢ ʠ ʢʨʘʿ ʟʘʚʘʨʠʚʘˁʘ ʥʝ ʪʨʝʙʘ 

ʠʟʚʦʜʠʪʠ ʥʘ ʫʛʣʦʚʠʤʘ,  

¶ ʢʦʥʩʪʨʫʢʮʠʿʩʢʘ ʨʝʰʝˁʘ ʪʨʝʙʘ ʦʜʨʝʜʠʪʠ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʝʧʦʨʫʢʘʤʘ, ʘ ʟʘʚʘʨʠʚʘˁʝ ʥʘ 

ʤʝʩʪʠʤʘ ʧʨʦʤʝʥʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʪʨʝʙʘ ʠʟʙʝʛʘʚʘʪʠ ʢʘʜ ʛʦʜ ʿʝ ʪʦ ʤʦʛʫ˂ʝ ʠ 

¶ ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʢʦʤʘʜʘ ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʪʨʝʙʘ ʠʟʚʝʩʪʠ ʧʨʝʤʘ ʧʨʝʧʦʨʫʢʘʤʘ ʪʘʢʦ ʜʘ 

ʟʘʢʨʠʚˀʝˁʝ ʢʦʤʧʝʥʟʫʿʝ ʜʝʬʦʨʤʘʮʠʿʝ ʫʩʣʝʜ ʟʘʚʘʨʠʚʘˁʘ. 

 ʇʦʟʠʮʠʦʥʠʨʘˁʝ ʧʣʦʯʘ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʧʨʝ ʠʟʚʦʹʝˁʘ ʟʘʚʘʨʠʚʘˁʘ ʧʣʦʯʘ ʪʦʢʦʤ ʠʟʨʘʜʝ ʤʦʜʝʣʘ 

ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʧʨʠʢʘʟʘʥʦ ʿʝ ʥʘ ʩʣʠʮʠ 29. 
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 ʉʣʠʢʘ 29. ʇʦʟʠʮʠʦʥʠʨʘˁʝ ʧʣʦʯʘ ʦʜ ʯʝʣʠʢʘ S690QL ʥʘ ʟʘʚʘʨʠʚʘʯʢʦʤ ʩʪʦʣʫ 

 ʀʟʚʦʹʝˁʝ ʧʨʠʧʦʿʥʠʭ ʟʘʚʘʨʘ ʠʟʚʦʜʠ ʩʝ ʜʦʜʘʪʥʠʤ ʤʘʪʝʨʠʿʘʣʦʤ ʥʠʞʠʭ ʿʘʯʠʥʘ ʠ ʫ ʩʢʣʘʜʫ ʩʘ 

ʧʨʝʧʦʨʫʢʘʤʘ ʫ ʮʠˀʫ ʩʥʠʞʘʚʘˁʘ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ. ʀʟʚʦʹʝˁʝ ʧʨʠʧʦʿʥʠʭ ʟʘʚʘʨʘ ʢʦʜ 

ʨʘʟʤʘʪʨʘʥʠʭ ʧʣʦʯʘ ʦʜ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL ʜʝʙˀʠʥʝ 15 mm ʜʦʜʘʪʥʠʤ ʤʘʪʝʨʠʿʘʣʦʤ ʥʠʞʝ ʿʘʯʠʥʝ 

ʧʨʠ ʟʘʚʘʨʠʚʘˁʫ ʧʣʦʯʘ ʟʘ ʠʟʨʘʜʫ ʤʦʜʝʣʘ ʩʧʦʿʝʚʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʧʨʠʢʘʟʘʥʦ ʿʝ ʥʘ ʩʣʠʮʠ 30. 

 

ʉʣʠʢʘ 30. ʀʟʛʣʝʜ ʧʨʠʧʦʿʥʠʭ ʩʧʦʿʝʚʘ ʜʦʜʘʪʥʠʤ ʤʘʪʝʨʠʿʘʣʦʤ ʥʠʞʝ ʿʘʯʠʥʝ 

  2.8 ʊɽʍʅʆʃʆɻʀɱɸ ʀ ʇɸʈɸʄɽʊʈʀ ɿɸɺɸʈʀɺɸɳɸ ʏɽʃʀʂɸ ʂʃɸʉɽ 

S690QL 

 ʏʝʣʠʮʠ ʢʣʘʩʝ S690QL ʩʫ ʟʘʚʘʨˀʠʚʠ ʫʦʙʠʯʘʿʝʥʠʤ ʧʦʩʪʫʧʮʠʤʘ ʝʣʝʢʪʨʦʣʫʯʥʦʛ ʟʘʚʘʨʠʚʘˁʘ 

ʪʦʧˀʝˁʝʤ, ʤʝʹʫʪʠʤ, ʦʧʰʪʘ ʟʘʚʘʨˀʠʚʦʩʪ ʩʝ ʥʝ ʤʦʞʝ ʧʨʝʪʧʦʩʪʘʚʠʪʠ, ʚʝ˂ ʩʝ ʤʦʨʘ ʧʨʦʚʝʨʠʪʠ 

ʥʝʦʧʭʦʜʥʦʩʪ ʧʨʠʤʝʥʝ ʜʦʜʘʪʥʠʭ ʤʝʨʘ ʠ ʧʨʝʜʦʩʪʨʦʞʥʦʩʪʠ ʟʘ ʧʦʙʦˀʰʘˁʝ ʟʘʚʘʨˀʠʚʦʩʪʠ, ʧʦʯʝʚ 

ʦʜ ʠʟʙʦʨʘ ʧʦʩʪʫʧʘʢʘ ʟʘʚʘʨʠʚʘˁʘ ʠ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʩʘʥʦʛ ʫʥʦʩʘ ʪʦʧʣʦʪʘ.  ɼʦʜʘʪʥʝ ʤʝʨʝ ʠʤʘʿʫ 

ʟʘ ʮʠˀ ʩʧʨʝʯʘʚʘˁʝ ʥʘʩʪʘʥʢʘ ʧʨʩʣʠʥʘ ʠ ʧʦʩʪʠʟʘˁʝ ʧʨʦʧʠʩʘʥʠʭ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ: ʿʘʯʠʥʘ, ʧʦʚʦˀʥʘ ʞʠʣʘʚʦʩʪ ʟʦʥʝ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʠ ʪʩʣ. 

 ɿʘ ʟʘʚʘʨʠʚʘˁʝ ʦʚʝ ʢʣʘʩʝ ʯʝʣʠʢʘ ʧʨʝʜʥʦʩʪ ʧʨʠ ʠʟʙʦʨʫ ʧʦʩʪʫʧʢʘ ʟʘʚʘʨʠʚʘˁʘ ʩʝ ʜʘʿʝ 

ʝʣʝʢʪʨʦʣʫʯʥʠʤ ʧʦʩʪʫʧʮʠʤʘ ʟʙʦʛ ʥʠʞʠʭ ʧʦʛʦʥʩʢʠʭ ʝʥʝʨʛʠʿʘ ʟʘʚʘʨʠʚʘˁʘ, ʠ ʪʦ ʧʨʚʝʥʩʪʚʝʥʦ 

ʨʫʯʥʦʤ-ʝʣʝʢʪʨʦʣʫʯʥʦʤ ʟʘʚʘʨʠʚʘˁʫ ʠ ʝʣʝʢʪʨʦʣʫʯʥʦʤ ʟʘʚʘʨʠʚʘˁʫ ʫ ʟʘʰʪʠʪʥʠʤ ʘʪʤʦʩʬʝʨʘʤʘ 

ʠʥʝʨʪʥʠʭ ʠʣʠ ʘʢʪʠʚʥʠʭ ʛʘʩʦʚʘ. ʇʨʝʜʥʦʩʪʠ ʝʣʝʢʪʨʦʣʫʯʥʠʭ ʧʦʩʪʫʧʘʢʘ ʟʘʚʘʨʠʚʘˁʘ ʫ ʟʘʰʪʠʪʥʠʤ 

ʘʪʤʦʩʬʝʨʘʤʘ ʩʫ ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʫʧʨʘʚˀʘˁʝ ʧʨʦʮʝʩʦʤ ʠ ʚʝ˂ʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ, ʿʝʨ ʩʝ ʟʘʚʘʨʠʚʘˁʝ 

ʤʦʞʝ ʘʫʪʦʤʘʪʠʟʦʚʘʪʠ ʠ ʪʘʢʦ ʧʦʚʝ˂ʘʪʠ ʙʨʟʠʥʘ ʟʘʚʘʨʠʚʘˁʘ, ʪʿ. ʧʨʦʜʫʢʪʠʚʥʦʩʪ.  

 ʇʨʦʧʠʩʠʚʘˁʝ ʪʝʭʥʦʣʦʛʠʿʝ ʟʘʚʘʨʠʚʘˁʘ ʧʦʜʨʘʟʫʤʝʚʘ ʜʝʬʠʥʠʩʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʪʝʭʥʦʣʦʰʢʦʛ 

ʧʦʩʪʫʧʢʘ ʟʘʚʘʨʠʚʘˁʘ ʢʦʿʠʤʘ ʩʝ ʫʩʪʘʥʦʚˀʘʚʘ ʫʩʧʝʰʥʦ ʟʘʚʘʨʠʚʘˁʝ.  
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 2.8.1 ʊʝʭʥʦʣʦʛʠʿʘ ʠ ʧʘʨʘʤʝʪʨʠ ʈɽʃ/ʄɸɻ ʚʘʨʠʿʘʥʪʝ ʟʘʚʘʨʠʚʘˁʘ  

 ɺʘʨʠʿʘʥʪʘ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠʟʚʝʜʝʥʘ ʿʝ ʩʫʯʝʦʥʠʤ ʟʘʚʘʨʠʚʘˁʝʤ ʧʣʦʯʘ ʜʝʙˀʠʥʝ 

15 mm ʦʜ ʨʘʟʤʘʪʨʘʥʦʛ ʯʝʣʠʢʘ WELDOX 700F ʩʪʘʥʜʘʨʜʥʝ ʦʟʥʘʢʝ S690QL ʪʘʢʦ ʰʪʦ ʿʝ ʢʦʨʝʥʩʢʠ 

ʧʨʦʣʘʟ ʠʟʚʝʜʝʥ ʈɽʃ ʧʦʩʪʫʧʢʦʤ ʜʦʜʘʪʥʠʤ ʤʘʪʝʨʠʿʘʣʦʤ ʥʠʞʝ ʿʘʯʠʥʝ, ʜʦʢ ʩʫ ʧʨʦʣʘʟʠ ʧʦʧʫʥʝ 

ʠʟʚʝʜʝʥʠ ʄɸɻ ʧʦʩʪʫʧʢʦʤ ʜʦʜʘʪʥʠʤ ʤʘʪʝʨʠʿʘʣʦʤ ʚʠʰʝ ʿʘʯʠʥʝ. ɿʘ ʟʘʚʘʨʠʚʘˁʝ ʯʝʣʠʯʥʠʭ ʧʣʦʯʘ 

ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʜʦʜʘʪʥʠ ʤʘʪʝʨʠʿʘʣʠ:  

¶ ʢʦʨʝʥʩʢʠ ʧʨʦʣʘʟ - ʝʣʝʢʪʨʦʜʘ INOX B 18/8/6, ʧʦʩʪʫʧʘʢ ʟʘʚʘʨʠʚʘˁʘ ʈɽʃ ʠ  

¶ ʧʨʦʣʘʟʠ ʧʦʧʫʥʝ - ʝʣʝʢʪʨʦʜʥʘ ʞʠʮʘ MIG 75, ʧʦʩʪʫʧʘʢ ʄɸɻ ʫ ʟʘʰʪʠʪʥʦʿ ʘʪʤʦʩʬʝʨʠ 

ʩʤʝʰʝ ʛʘʩʦʚʘ 82% Ar + 18% CO2 (ʧʨʝʤʘ EN 439). 

 ʅʘ ʩʣʠʮʠ 31 ʧʨʠʢʘʟʘʥ ʿʝ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʠʟʚʝʜʝʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ, ʜʦʢ ʿʝ 

ʤʘʢʨʦʬʦʪʦʛʨʘʬʠʿʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʠʟʚʝʜʝʥʦʛ ʩʧʦʿʘ ʧʦʩʣʝ ʤʝʪʘʣʦʛʨʘʬʩʢʝ ʧʨʠʧʨʝʤʝ, ʢʦʿʦʤ 

ʩʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʦʥʝ ʠ ʧʨʦʣʘʟʠ ʫʯʠˁʝʥʠ ʚʠʜˀʠʚʠʤ, ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 32. 

 

ʉʣʠʢʘ 31. ɺʘʨʠʿʘʥʪʘ ʟʘʚʘʨʠʚʘˁʘ ʈɽʃ/ʄɸɻ - ʢʦʨʝʥʩʢʠ ʧʨʦʣʘʟ ʈɽʃ ʠ ʧʨʦʣʘʟʠ ʧʦʧʫʥʝ ʄɸɻ  

 

ʉʣʠʢʘ 32. ʄʘʢʨʦʬʦʪʦʛʨʘʬʠʿʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʈɽʃ/ʄɸɻ  

 ʋ ʪʘʙʝʣʠ 10 ʩʫ ʧʨʠʢʘʟʘʥʝ ʥʘʿʚʘʞʥʠʿʝ ʭʝʤʠʿʩʢʝ ʠ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʧʦʪʨʝʙˀʝʥʠʭ 

ʜʦʜʘʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ [22], ʘ ʧʘʨʘʤʝʪʨʠ ʟʘʚʘʨʠʚʘˁʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 11. 

ʊʘʙʝʣʘ 10. ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʠ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʜʦʜʘʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʚʘʨʠʿʘʥʪʫ 

ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ 

ʊʠʧ  ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ, % ʄʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ  

 C Si Mn Cr Ni Mo 
Rm, 

MPa 

Rp0,2, 

MPa 
A5, % KV, J 

INOX B18/8/6* 0,12 0,8 7 19 9 - 
590 ʜʦ 

690 
> 350 > 40 > 80 (+ 20ºC) 

MIG 75**  0,08 0,6 1,7 0,25 1,5 0,5 
770 ʜʦ 

940 
> 690 > 17 > 47 (-40ºC) 

INOX B 

18/8/6* 

ʇʨʠʤʝˁʫʿʝ ʩʝ ʢʘʦ ʤʝʹʫʩʣʦʿʥʘ ʟʘ ʥʘʥʦʰʝˁʝ ʢʦʨʝʥʩʢʠʭ ʟʘʚʘʨʘ ʫ ʮʠˀʫ 

ʩʤʘˁʠʚʘˁʘ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ, ʧʦʚʝ˂ʘˁʘ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʞʠʣʘʚʦʩʪʠ ʩʧʦʿʘ 

MIG 75**  
ɿʘ ʟʘʚʘʨʠʚʘˁʝ ʩʠʪʥʦʟʨʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʩʘ  

ʥʘʧʦʥʦʤ ʪʝʯʝˁʘ ʜʦ 690 MPa 
*) INOX B 18/8/6 (ʉɾ ʌʠʧʨʦʤ ɱʝʩʝʥʠʮʝ, ʉʣʦʚʝʥʠʿʘ) = E 18 8 Mn B 22 (EN 1600); 
** ) MIG 75 (ʉɾ ʌʠʧʨʦʤ ɱʝʩʝʥʠʮʝ, ʉʣʦʚʝʥʠʿʘ) = Mn3Ni1CrMo (EN 12534); 
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ʊʘʙʝʣʘ 11. ʇʘʨʘʤʝʪʨʠ ʟʘʚʘʨʠʚʘˁʘ ʟʘ ʈɽʃ/ʄɸɻ ʚʘʨʠʿʘʥʪʫ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ 

ʇʘʨʘʤʝʪʘʨ ʂʦʨʝʥʩʢʠ ʧʨʦʣʘʟ ʇʨʦʣʘʟʠ ʧʦʧʫʥʝ 

ɼʦʜʘʪʥʠ ʤʘʪʝʨʠʿʘʣ 
INOX B 18/8/6; ʧʨʝʯʥʠʢ 

ʝʣʝʢʪʨʦʜʝ Ï 3,25 mm 

MIG 75; ʧʨʝʯʥʠʢ  

ʝʣʝʢʪʨʦʜʥʝ ʞʠʮʝ Ï 1,2 mm 

ʉʪʨʫʿʘ ʟʘʚʘʨʠʚʘˁʘ, I
z

 
1

I
z

 å 120 A , ,
2 3 4

I I I
z z z

å 250 A 

ʈʘʜʥʠ ʥʘʧʦʥ, U
z

 
1

U
z
å 24 V , ,

2 3 4
U U U

z z z
 å 25 V 

ɹʨʟʠʥʘ ʟʘʚʘʨʠʚʘˁʘ, v
z

 
1

v
z

 å 0,2 cm/s , ,
32 4

v v v
z z z

 å 0,35 cm/s 

ʇʦʛʦʥʩʢʘ ʝʥʝʨʛʠʿʘ, q
l
 

1
q
l

 å 12 kJ/cm , ,
2 3 4

q q q
l l l

 å 15 kJ/cm 

ɼʫʙʠʥʘ ʫʚʘʨʠʚʘˁʘ, d   1
d å 1,8 mm , ,

2 3 4
d d d å 1,9 mm 

ɹʨʟʠʥʘ ʜʦʜʘʚʘˁʘ ʞʠʮʝ - 8 m/min 

ɿʘʰʪʠʪʥʠ ʛʘʩ - 
ʉʤʝʰʘ ʛʘʩʦʚʘ ʄ21 -  

82% Ar + 18% CO2 

ʇʨʦʪʦʢ ʟʘʰʪʠʪʥʦʛ ʛʘʩʘ - 14 l/min 

 ʇʘʨʘʤʝʪʨʠ ʪʝʨʤʠʯʢʝ ʦʙʨʘʜʝ ʟʘ ʟʘʚʘʨʝʥʠ ʩʧʦʿ ʠʟʚʝʜʝʥ ʧʦʩʪʫʧʢʦʤ ʈɽʃ/ʄɸɻ ʧʨʠʢʘʟʘʥʠ ʩʫ 

ʫ ʪʘʙʝʣʠ 12. 

ʊʘʙʝʣʘ 12. ʇʘʨʘʤʝʪʨʠ ʪʝʨʤʠʯʢʝ ʦʙʨʘʜʝ ʟʘ ʟʘʚʘʨʝʥʠ ʩʧʦʿ ʠʟʚʝʜʝʥ ʚʘʨʠʿʘʥʪʦʤ ʈɽʃ/ʄɸɻ 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʝʜʛʨʝʚʘˁʘ Tp = 150 ʜʦ 200°C 

ʄʝʹʫʩʣʦʿʥʘ ʪʝʤʧʝʨʘʪʫʨʘ Tinterpass = 200 ʜʦ 225°C (max) 

ɹʨʟʠʥʘ ʧʨʦʛʨʝʚʘˁʘ 2 ʜʦ 5 min/mm ʜʝʙˀʠʥʝ ʧʣʦʯʝ 

 ʀʟʚʦʹʝˁʝ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ ʈɽʃ ʧʦʩʪʫʧʢʦʤ ʠ ʠʟʛʣʝʜ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʧʦʩʣʝ ʧʦʣʘʛʘˁʘ 

ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 33. 

  

ʉʣʠʢʘ 33. ʇʦʣʘʛʘˁʝ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ ʈɽʃ ʧʦʩʪʫʧʢʦʤ (ʣʝʚʦ) ʠ  

ʠʟʛʣʝʜ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ ʧʦʩʣʝ ʧʦʣʘʛʘˁʘ (ʜʝʩʥʦ) 

 ʇʦʩʪʫʧʘʢ ʟʘʚʘʨʠʚʘˁʘ ʠ ʫʨʝʹʘʿ ʢʦʿʠ ʿʝ ʫʧʦʪʨʝʙˀʝʥ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʄɸɻ ʧʦʩʪʫʧʢʦʤ ʧʨʠ 

ʠʟʚʦʹʝˁʫ ʧʨʦʣʘʟʘ ʧʦʧʫʥʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 34.  
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ʉʣʠʢʘ 34. ʋʨʝʹʘʿ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʠ ʠʟʚʦʹʝˁʝ ʧʨʦʣʘʟʘ ʧʦʧʫʥʝ ʄɸɻ ʧʦʩʪʫʧʢʦʤ  

 2.8.2 ʊʝʭʥʦʣʦʛʠʿʘ ʠ ʧʘʨʘʤʝʪʨʠ ʄʀɻ/ʄɸɻ ʚʘʨʠʿʘʥʪʝ ʟʘʚʘʨʠʚʘˁʘ 

 ʉʫʯʝʦʥʦ ʟʘʚʘʨʠʚʘˁʝ ʧʣʦʯʘ ʜʝʙˀʠʥʝ 15 mm ʦʜ ʨʘʟʤʘʪʨʘʥʦʛ ʯʝʣʠʢʘ WELDOX 700F ʢʣʘʩʝ 

S690QL ʚʘʨʠʿʘʥʪʦʤ ʄʀɻ/ʄɸɻ ʠʟʚʝʜʝʥʦ ʿʝ ʪʘʢʦ ʰʪʦ ʿʝ ʢʦʨʝʥʩʢʠ ʧʨʦʣʘʟ ʠʟʚʝʜʝʥ ʄʀɻ 

ʧʦʩʪʫʧʢʦʤ ʘʫʩʪʝʥʠʪʥʠʤ ʜʦʜʘʪʥʠʤ ʤʘʪʝʨʠʿʘʣʦʤ ʥʠʞʝ ʿʘʯʠʥʝ, ʜʦʢ ʩʫ ʧʨʦʣʘʟʠ ʧʦʧʫʥʝ ʠʟʚʝʜʝʥʠ 

ʄɸɻ ʧʦʩʪʫʧʢʦʤ ʜʦʜʘʪʥʠʤ ʤʘʪʝʨʠʿʘʣʦʤ ʚʠʰʝ ʿʘʯʠʥʝ. ɿʘ ʟʘʚʘʨʠʚʘˁʝ ʯʝʣʠʯʥʠʭ ʧʣʦʯʘ 

ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʜʦʜʘʪʥʠ ʤʘʪʝʨʠʿʘʣʠ: 

¶ ʢʦʨʝʥʩʢʠ ʧʨʦʣʘʟ - ʝʣʝʢʪʨʦʜʥʘ ʞʠʮʘ  ʄʀɻ 18/8/6 Si, ʧʦʩʪʫʧʘʢ ʄʀɻ ʫ ʟʘʰʪʠʪʥʦʿ 

ʘʪʤʦʩʬʝʨʠ 100% Ar ʠ  

¶ ʧʨʦʣʘʟʠ ʧʦʧʫʥʝ - ʝʣʝʢʪʨʦʜʥʘ ʞʠʮʘ Mʀɻ 75, ʧʦʩʪʫʧʘʢ ʄɸɻ ʫ ʟʘʰʪʠʪʥʦʿ ʘʪʤʦʩʬʝʨʠ 

ʩʤʝʰʝ ʛʘʩʦʚʘ 82% Ar + 18% CO2 (ʧʨʝʤʘ EN 439). 

 ʉʭʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʠʟʚʝʜʝʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʨʘʟʣʠʯʠʪʠʤ ʧʦʩʪʫʧʮʠʤʘ 

ʨʘʟʣʠʯʠʪʠʤ ʜʦʜʘʪʥʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ ʟʘ ʢʦʨʝʥʩʢʠ ʠ ʧʨʦʣʘʟʝ ʧʦʧʫʥʝ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 35. 

ʄʘʢʨʦʬʦʪʦʛʨʘʬʠʿʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʠʟʚʝʜʝʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʧʦʩʣʝ ʤʝʪʘʣʦʛʨʘʬʩʢʝ 

ʧʨʠʧʨʝʤʝ, ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 36. 

 

ʉʣʠʢʘ 35. ɺʘʨʠʿʘʥʪʘ ʟʘʚʘʨʠʚʘˁʘ ʄʀɻ/ʄɸɻ - ʢʦʨʝʥʩʢʠ ʧʨʦʣʘʟ ʄʀɻ ʠ ʧʨʦʣʘʟʠ ʧʦʧʫʥʝ ʄɸɻ  

 

ʉʣʠʢʘ 36. ʄʘʢʨʦʬʦʪʦʛʨʘʬʠʿʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʩʧʦʿʘ ʄʀɻ/ʄɸɻ  

 ʇʦʩʣʝ ʧʦʣʘʛʘˁʘ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ ʠʟʚʨʰʝʥʦ ʿʝ ʞʣʝʙˀʝˁʝ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ ʠ ʧʦʥʦʚʦ 

ʧʦʣʘʛʘˁʝ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. ɾʣʝʙˀʝˁʝ ʠ ʧʦʥʦʚʥʦ ʧʦʣʘʛʘˁʝ ʠʟʚʝʜʝʥʦ ʿʝ ʩ ʮʠˀʝʤ 

ʘʜʝʢʚʘʪʥʦʛ ʧʦʣʘʛʘˁʘ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ, ʦʜʥʦʩʥʦ ʩʥʠʞʘʚʘˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʢʦʿʫ 

ʠʟʘʟʠʚʘ ʥʝʧʨʦʚʘʨʝʥ ʢʦʨʝʥʩʢʠ ʧʨʦʣʘʟ ʢʦʜ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʧʨʠ ʚʠʰʝʧʨʦʣʘʟʥʦʤ ʟʘʚʘʨʠʚʘˁʫ. 

ʇʦʥʦʚʥʦ ʧʦʣʘʛʘˁʝ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ ʠʟʚʝʜʝʥʦ ʿʝ ʠʩʪʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʠ ʜʦʜʘʪʥʠʤ ʤʘʪʝʨʠʿʘʣʦʤ 

ʩʘʤʦ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʧʣʦʯʘ ʢʦʿʝ ʩʝ ʟʘʚʘʨʫʿʫ, ʰʪʦ ʿʝ ʩʭʝʤʘʪʩʢʠ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 37. 
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ʉʣʠʢʘ 37. ʉʭʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʧʦʩʪʫʧʢʘ ʞʣʝʙˀʝˁʘ ʠ ʧʦʥʦʚʥʦʛ ʧʦʣʘʛʘˁʘ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ 

 ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʠ ʦʩʥʦʚʥʝ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʧʦʪʨʝʙˀʝʥʠʭ ʜʦʜʘʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 13 . 

ʊʘʙʝʣʘ 13. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʜʦʜʘʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʚʘʨʠʿʘʥʪʫ ʄʀɻ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ 

ʩʧʦʿʘ 

ʊʠʧ  ʍʝʤʠʿʩʢʠ ʩʘʩʪʘʚ, % ʄʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ  

 C Si Mn Cr Ni Mo Rm, MPa Rp0,2, MPa A5, % KV, J 

MIG 18/8/6 Si* 0,08 0,80 7 18,5 9 - 560 ʜʦ 660 > 380 > 35 > 40 (+ 20ºC) 

MIG 75**  0,08 0,6 1,7 0,25 1,5 0,5 770 ʜʦ 940 > 690 > 17 > 47 (-40ºC) 

MIG 18/8/6 Si 

ʇʨʠʤʝˁʫʿʝ ʩʝ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʘʫʩʪʝʥʠʪʥʠʭ ʤʘʥʛʘʥʩʢʠʭ ʯʝʣʠʢʘ ʩʘ ʦʪʝʞʘʥʦʤ 

ʟʘʚʘʨˀʠʚʦʰ˂ʫ. ʆʤʦʛʫ˂ʘʚʘ ʘʧʩʦʨʧʮʠʿʫ ʚʠʩʦʢʠʭ ʥʘʧʦʥʘ ʫʩʣʝʜ ʟʘʚʘʨʠʚʘˁʘ, ʰʪʦ ʿʝ 

ʥʘʨʦʯʠʪʦ ʚʘʞʥʦ ʢʦʜ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʧʦʚʠʰʝʥʝ ʢʨʫʪʦʩʪʠ. 

*) MIG 18/8/6 Si (ʉɾ ʌʠʧʨʦʤ ɱʝʩʝʥʠʮʝ, ʉʣʦʚʝʥʠʿʘ) = E 18 8 Mn B 22 (EN 1600 [29]); 
** ) MIG 75 (ʉɾ ʌʠʧʨʦʤ ɱʝʩʝʥʠʮʝ, ʉʣʦʚʝʥʠʿʘ) = Mn3Ni1CrMo (EN 12534 [28]); 

 ʇʘʨʘʤʝʪʨʠ ʟʘʚʘʨʠʚʘˁʘ ʟʘ ʩʧʦʿ ʈɽʃ/ʄɸɻ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 14.  

ʊʘʙʝʣʘ 14. ʇʘʨʘʤʝʪʨʠ ʟʘʚʘʨʠʚʘˁʘ ʟʘ ʚʘʨʠʿʘʥʪʫ ʄʀɻ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ 

ʇʘʨʘʤʝʪʘʨ ʂʦʨʝʥʩʢʠ ʧʨʦʣʘʟ ʇʨʦʣʘʟʠ ʧʦʧʫʥʝ 

ɼʦʜʘʪʥʠ ʤʘʪʝʨʠʿʘʣ 
MIG 18/8/6 Si; ʧʨʝʯʥʠʢ  

ʝʣʝʢʪʨʦʜʥʝ ʞʠʮʝ Ï 1,2 mm 

MIG 75; ʧʨʝʯʥʠʢ ʝʣʝʢʪʨʦʜʥʝ  

ʞʠʮʝ Ï 1,2 mm 

ʉʪʨʫʿʘ ʟʘʚʘʨʠʚʘˁʘ, I
z

 
1

I
z

 å 110 A , ,
2 3 4

I I I
z z z

å 250 A 

ʈʘʜʥʠ ʥʘʧʦʥ, U
z

 
1

U
z
å 24 V , ,

2 3 4
U U U

z z z
å 25 V 

ɹʨʟʠʥʘ ʟʘʚʘʨʠʚʘˁʘ, v
z

 vz1 å 0,35 cm/s , ,
32 4

v v v
z z z

å 0,35 cm/s 

ʇʦʛʦʥʩʢʘ ʝʥʝʨʛʠʿʘ, q
l
 

1
q
l
å 13 kJ/cm , ,

2 3 4
q q q
l l l

å 15 kJ/cm 

ɼʫʙʠʥʘ ʫʚʘʨʠʚʘˁʘ, d 1
då 1,8 mm , ,

2 3 4
d d då 1,9 mm 

ɹʨʟʠʥʘ ʜʦʜʘʚʘˁʘ ʞʠʮʝ - 8 m/min 

ɿʘʰʪʠʪʥʠ ʛʘʩ 100% Ar (M11) 
ʉʤʝʰʘ (ʄ21):  

82% Ar + 18% CO2 

ʇʨʦʪʦʢ ʟʘʰʪʠʪʥʦʛ ʛʘʩʘ 14 l/min 14 l/min 

 ʇʘʨʘʤʝʪʨʠ ʪʝʨʤʠʯʢʝ ʦʙʨʘʜʝ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʠʟʚʝʜʝʥʠʭ ʧʦʩʪʫʧʢʦʤ ʄʀɻ/ʄɸɻ ʩʫ ʠʩʪʠ 

ʢʘʦ ʫ ʩʣʫʯʘʿʫ ʧʦʩʪʫʧʢʘ ʈɽʃ/ʄɸɻ ʠ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 12. ʀʟʛʣʝʜ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ 

ʚʘʨʠʿʘʥʪʦʤ ʄʀɻ/ʄɸɻ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʫʨʝʹʘʿ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 38.  
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ʉʣʠʢʘ 38. ɿʘʚʘʨʝʥʠ ʩʧʦʿ ʚʘʨʠʿʘʥʪʦʤ ʄʀɻ/ʄɸɻ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʫʨʝʹʘʿ ʟʘ ʟʘʚʘʨʠʚʘˁʝ 
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3 ʂʆʅʎɽʅʊʈɸʎʀɱɸ ʅɸʇʆʅA ʂʆɼ ɿɸɺɸʈɽʅʀʍ 

ʄɸʐʀʅʉʂʀʍ ʂʆʅʉʊʈʋʂʎʀɱɸ 

 3.1 ʋɺʆɼʅɸ ʈɸɿʄɸʊʈɸɳɸ 

 ʊʝʦʨʠʿʩʢʘ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʘʥʘʣʠʟʘ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʩʪʘˁʘ ʫ ʝʣʝʤʝʥʪʠʤʘ 

ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʧʦʢʘʟʫʿʝ ʜʘ ʩʝ ʩʪʚʘʨʥʠ ʥʘʧʦʥʠ ʠ ˁʠʭʦʚʘ ʨʘʩʧʦʜʝʣʘ 

ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʫʿʫ ʦʜ ʥʦʤʠʥʘʣʥʠʭ ʫ ʟʦʥʘʤʘ ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʠʭ ʜʠʩʢʦʥʪʠʥʫʠʪʝʪʘ. 

ɿʦʥʝ ʜʠʩʢʦʥʪʠʥʫʠʪʝʪʘ ʫ ʝʣʝʤʝʥʪʠʤʘ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʟʚʦʨʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʠ ʫʩʣʦʚˀʘʚʘʿʫ ʧʨʝʨʘʩʧʦʜʝʣʫ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ. ʋ ʟʦʥʘʤʘ 

ʦʢʦ ʠʟʚʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʚʨʝʜʥʦʩʪ ʥʘʧʦʥʘ ʟʥʘʯʘʿʥʦ ʦʜʩʪʫʧʘ ʦʜ ʥʦʤʠʥʘʣʥʝ ʚʨʝʜʥʦʩʪʠ 

ʜʦʢ ʩʝ ʥʠʚʦ ʥʘʧʦʥʘ ʙʨʟʦ ʧʨʠʙʣʠʞʘʚʘ ʥʦʤʠʥʘʣʥʦʤ ʥʠʚʦʫ ʫʜʘˀʘʚʘˁʝʤ ʦʜ ʦʚʠʭ ʟʦʥʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ, ʥʘʿʯʝʰ˂ʝ ʜʦʚʦʜʠ ʜʦ ʧʦʚʝ˂ʘˁʘ ʩʪʚʘʨʥʠʭ ʥʘʧʦʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʥʦʤʠʥʘʣʥʝ.  

ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʧʨʝʜʩʪʘʚˀʘ ʚʝʦʤʘ ʟʥʘʯʘʿʘʥ ʬʘʢʪʦʨ ʧʨʠ ʨʘʟʤʘʪʨʘˁʫ ʥʘʧʦʥʩʢʦ-

ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʩʪʘˁʘ ʫ ʝʣʝʤʝʥʪʠʤʘ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʇʨʠʨʦʜʘ ʩʧʦʿʝʚʘ 

ʢʦʿʠ ʩʫ ʦʩʪʚʘʨʝʥʠ ʟʘʚʘʨʠʚʘˁʝʤ ʢʦʜ ʦʚʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʠʟʘʟʠʚʘ ʚʠʰʝʩʪʨʫʢʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ 

ʥʘʧʦʥʘ. ʀʟʚʦʨʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʫ ʟʦʥʠ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʩʫ ʨʘʟʥʦʨʦʜʥʠ, ʰʪʦ ʜʦʜʘʪʥʦ 

ʫʩʣʦʞˁʘʚʘ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦ ʩʪʘˁʝ. ʅʘ ʦʩʥʦʚʫ ʥʘʚʝʜʝʥʠʭ ʯʠˁʝʥʠʮʘ ʟʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʿʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʢʦʜ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʚʝʦʤʘ ʢʦʤʧʣʝʢʩʘʥ ʬʝʥʦʤʝʥ 

ʢʦʿʠ ʩʝ ʤʦʨʘ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʧʨʠ ˁʠʭʦʚʦʤ ʧʨʦʿʝʢʪʦʚʘˁʫ. ɺʘʞʥʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʧʨʠ 

ʧʨʦʿʝʢʪʦʚʘˁʫ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʧʨʝʧʦʟʥʘʪʘ ʿʝ ʦʜ ʩʪʨʘʥʝ ʢʦʥʩʪʨʫʢʪʦʨʘ ʿʦʰ ʢʨʘʿʝʤ 

ʜʝʚʝʪʥʘʝʩʪʦʛ ʚʝʢʘ. ʅʘʿʟʥʘʯʘʿʥʠʿʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠʟ ʦʙʣʘʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʢʦʜ ʝʣʝʤʝʥʘʪʘ 

ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʩʧʨʦʚʝʜʝʥʘ ʩʫ ʧʦʯʝʪʢʦʤ ʜʚʘʜʝʩʝʪʦʛ ʚʝʢʘ. ʈʘʟʚʦʿʝʤ ʪʝʭʥʠʢʘ 

ʟʘʚʘʨʠʚʘˁʘ ʦʚʘʿ ʧʦʩʪʫʧʘʢ ʩʧʘʿʘˁʘ ʧʦʩʪʘʿʝ ʜʦʤʠʥʘʥʪʘʥ ʠ ʨʘʩʪʝ ʧʦʪʨʝʙʘ ʟʘ ʘʥʘʣʠʟʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʢʦʜ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʆʚʘʿ ʧʝʨʠʦʜ ʨʘʟʚʦʿʘ ʟʥʘˁʘ ʦ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʥʘʧʦʥʘ ʚʝʟʘʥ ʿʝ ʠʩʢˀʫʯʠʚʦ ʟʘ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʨʝʰʘʚʘˁʘ ʧʨʦʙʣʝʤʘ ʟʘ 

ʩʣʫʯʘʿʝʚʝ ʿʝʜʥʦʩʪʘʚʥʝ ʛʝʦʤʝʪʨʠʿʝ. ʂʘʩʥʠʿʝ ʩʫ ʟʘ ʘʥʘʣʠʟʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʢʦʨʠʰ˂ʝʥʝ 

ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʟʘ ʩʣʫʯʘʿʝʚʝ ʩʣʦʞʝʥʠʿʝ ʛʝʦʤʝʪʨʠʿʝ ʩʘ ʢʦʤʧʣʝʢʩʥʠʤ ʚʝʣʠʯʠʥʘʤʘ ʢʘʦ 

ʥʝʟʘʚʠʩʥʦ ʧʨʦʤʝʥˀʠʚʠʤ ʫ ʨʘʜʦʚʠʤʘ Kolosov, Inglis, Mushkelisvili, Savin ʠ ʜʨʫʛʠʭ [107, 108]. 

ɸʥʘʣʠʪʠʯʢʠ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʫʧʦʨʝʹʠʚʘʥʠ ʩʫ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʢʦʿʠ ʩʫ ʜʦʙʠʿʝʥʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʝʢʩʪʝʥʟʠʦʤʝʪʘʨʩʢʠʤ ʧʦʩʪʫʧʢʦʤ ʠʩʧʠʪʠʚʘˁʘ, ʤʝʪʦʜʦʤ ʤʝʨʥʠʭ ʪʨʘʢʘ ʠ 

ʬʦʪʦʝʣʘʩʪʠʯʥʦʤ ʤʝʪʦʜʦʤ. ʅʘʧʨʝʜʘʢ ʫ ʨʘʟʤʘʪʨʘˁʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʦʤʦʛʫ˂ʠʦ ʿʝ ʨʘʟʚʦʿ 

ʥʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʪʝʭʥʠʢʘ, ʨʘʟʚʦʿ ʥʫʤʝʨʠʯʢʝ ʘʥʘʣʠʟʝ ʥʘʧʦʥʘ, ʢʘʦ ʠ ʨʘʟʚʦʿ ʨʘʯʫʥʘʨʘ ʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʩʦʬʪʚʝʨʘ ʟʘ ʘʥʘʣʠʟʫ ʠ ʩʠʤʫʣʘʮʠʿʫ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʩʪʘˁʘ.  

 ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ, ʢʘʦ ʢʦʤʧʣʝʢʩʘʥ ʬʝʥʦʤʝʥ, ʢʦʜ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʤʦʞʝ ʩʝ 

ʧʦʩʤʘʪʨʘʪʠ ʠʟ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʘʩʧʝʢʘʪʘ. ʅʘ ʧʨʠʤʝʨ, ʤʦʞʝ ʩʝ ʧʦʩʤʘʪʨʘʪʠ ʣʦʢʘʣʥʦ ʠ ʩʪʨʫʢʪʫʨʥʦ 

ʟʘʚʠʩʥʦ ʦʜ ʜʠʤʝʥʟʠʦʥʦʛ ʥʠʚʦʘ ʘʥʘʣʠʟʝ. ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʩʝ ʤʦʞʝ ʨʘʟʤʘʪʨʘʪʠ ʠʟ ʘʩʧʝʢʪʘ 

ʧʨʠʨʦʜʝ ʠʟʚʦʨʘ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘʧʦʥʘ ʠʣʠ ʠʟ ʘʩʧʝʢʪʘ ʢʦʥʢʨʝʪʥʠʭ ʬʘʢʪʦʨʘ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ˁʝʥ 

ʩʪʝʧʝʥ. ʅʘ ʦʚʦʤ ʤʝʩʪʫ ʨʘʟʤʦʪʨʠ˂ʝ ʩʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʧʨʚʦ ʢʘʦ ʨʘʚʘʥʩʢʠ, ʘ ʢʘʩʥʠʿʝ ʠ ʢʘʦ 

ʧʨʦʩʪʦʨʥʠ ʬʝʥʦʤʝʥ. ʇʨʠʨʦʜʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʫʩʣʦʚˀʘʚʘ ʟʥʘʯʘʿʥʝ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʧʨʠ 

ʘʥʘʣʠʪʠʯʢʦʤ ʠ ʥʫʤʝʨʠʯʢʦʤ ʧʨʠʩʪʫʧʫ ʨʝʰʘʚʘˁʘ ʧʨʦʙʣʝʤʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ. 

 3.2 ʂʆʅʎɽʅʊʈɸʎʀɱɸ ʅɸʇʆʅɸ ʂɸʆ ɼɺʆɼʀʄɽʅɿʀʆʅɸʃʅʀ 

ʇʈʆɹʃɽʄ 

 ɿʘʚʘʨʝʥʝ ʤʘʰʠʥʩʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʤʦʨʘʿʫ ʩʝ ʧʦʩʤʘʪʨʘʪʠ ʧʨʦʩʪʦʨʥʦ, ʘʣʠ ʨʘʜʠ ʘʥʘʣʠʟʝ 

ʫʪʠʮʘʿʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʥʘ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦ ʩʪʘˁʝ ʧʦʣʘʟʠ ʩʝ ʦʜ ʿʝʜʥʦʩʪʘʚʥʠʿʠʭ 
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ʩʣʫʯʘʿʝʚʘ. ʊʘʢʦʹʝ, ʚʝʦʤʘ ʯʝʩʪʦ, ʤʦʛʫ˂ʝ ʿʝ ʘʥʘʣʠʟʫ ʧʨʦʩʪʦʨʥʠʭ ʧʨʦʙʣʝʤʘ ʩʚʝʩʪʠ ʥʘ ʨʘʟʤʘʪʨʘˁʝ 

ʫ ʨʘʚʥʠ ʩʘ ʜʦʚʦˀʥʦʤ ʪʘʯʥʦʰ˂ʫ ʠ ʙʝʟ ʛʫʙʠʪʢʘ ʦʧʰʪʦʩʪʠ. 

 ʈʘʟʤʘʪʨʘ ʩʝ ʪʘʥʘʢ ʝʣʝʤʝʥʪ ʫ Oxy ʨʘʚʥʠ ʢʦʿʠ ʿʝ ʩʧʦˀʘ ʦʧʪʝʨʝ˂ʝʥ ʩʠʣʘʤʘ ʫ ʠʩʪʦʿ ʨʘʚʥʠ (ʩʣ. 

39ʘ) ʫʟ ʧʨʝʪʧʦʩʪʘʚʢʫ  ʜʘ ʩʫ ʢʦʤʧʦʥʝʥʪʝ ʥʘʧʦʥʘ ʫ ʧʨʘʚʮʫ ʦʩʝ z ʿʝʜʥʘʢʝ ʥʫʣʠ ʠʣʠ ʩʫ ʢʦʥʩʪʘʥʪʥʝ. 

ʆʚʘʢʚʦ ʩʧʝʮʠʿʘʣʥʦ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦ ʩʪʘˁʝ ʥʘʟʠʚʘ ʩʝ ʨʘʚʘʥʩʢʠʤ. ʂʦʤʧʦʥʝʥʪʝ ʥʘʧʦʥʘ ʫ 

ʧʨʘʚʮʠʤʘ ʦʩʘ ɼʝʢʘʨʪʦʚʦʛ ʢʦʦʨʜʠʥʘʪʥʦʛ ʩʠʩʪʝʤʘ 
x
s , 

y
s  ʠ xyt  ʟʘʚʠʩʝ ʦʜ ʢʦʦʨʜʠʥʘʪʘ x ʠ y. ʂʘʜʘ 

ʩʫ ʜʠʤʝʥʟʠʿʝ ʪʝʣʘ ʫ ʧʨʘʚʮʫ  ʦʩʝ z ʤʥʦʛʦ ʚʝ˂ʝ ʦʜ ˁ ʝʛʦʚʠʭ ʦʩʪʘʣʠʭ ʜʠʤʝʥʟʠʿʘ ʫ Oxy ʨʘʚʥʠ ʠ ʢʘʜʘ 

ʩʫ ʩʠʣʝ ʢʦʿʝ ʥʘ ˁʝʛʘ ʜʝʣʫʿʫ ʫʧʨʘʚʥʝ ʥʘ ʫʟʜʫʞʥʠ ʧʨʘʚʘʮ (z ʧʨʘʚʘʮ) ʤʦʞʝ ʩʝ ʫʟʝʪʠ ʜʘ ʩʫ 

ʜʝʬʦʨʤʘʮʠʿʝ ʫ ʧʨʘʚʮʫ z ʦʩʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ze, xzg  ʠ yzg  ʿʝʜʥʘʢʝ ʥʫʣʠ ʧʘ ʩʝ ʦʚʘʢʚʦ 

ʩʧʝʮʠʿʘʣʥʦ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦ ʩʪʘˁʝ ʥʘʟʠʚʘ ʨʘʚʘʥʩʢʦ ʩʪʘˁʝ ʜʝʬʦʨʤʘʮʠʿʘ (ʩʣ. 39ʙ). ʆʙʘ 

ʥʘʚʝʜʝʥʘ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʘ ʩʪʘˁʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʦʙʣʝʤʝ ʢʦʿʠ ʩʝ ʨʘʟʤʘʪʨʘʿʫ ʫ ʨʘʚʥʠ. 

ɼʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ ʨʘʚʥʦʪʝʞʝ ʟʘ ʥʘʧʦʥʝ xs , ys  ʠ xyt , ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʠ ʫʩʣʦʚʝ 

ʢʦʤʧʘʪʠʙʠʣʥʦʩʪʠ ʧʦʤʝʨʘˁʘ ʫ ʨʘʚʘʥʩʢʦʤ ʝʣʘʩʪʠʯʥʦʤ ʪʝʣʫ ʜʘʪʝ ʩʫ ʨʝʣʘʮʠʿʘʤʘ [96, 97]: 

 0
xyx

Vxp
x y

ts µµ
+ + =

µ µ
 

(50) 

 0
xy y

Vyp
x y

t sµ µ
+ + =

µ µ
 

 ( ) ()
2 2

2 2
,

VyVx
x y
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f

x y x y
s s n

µå õå õ µµ µ
+ + =- +æ öæ ö

µ µ µ µç ÷ ç ÷
 (51) 

ʛʜʝ ʩʫ: Vxp , Vyp - ʢʦʤʧʦʥʝʥʪʝ ʩʧʦˀʘʰˁʝʛ ʦʧʪʝʨʝ˂ʝˁʘ ʧʦ ʿʝʜʠʥʠʮʠ ʟʘʧʨʝʤʠʥʝ ʫ ʧʨʘʚʮʠʤʘ 

ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʘ x ʠ y, ʠ f(ɜ) - ʬʫʥʢʮʠʿʘ ʇʦʘʩʦʥʦʚʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʦʿʘ ʿʝ ʦʜʨʝʹʝʥʘ ʨʝʣʘʮʠʿʦʤ: 
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ʟʘ ʨʘʚʘʥʩʢʦ ʩʪʘˁʝ ʥʘʧʦʥʘ 

(52) 
ʟʘ ʨʘʚʘʥʩʢʦ ʩʪʘˁʝ ʜʝʬʦʨʤʘʮʠʿʘ. 

 

ʘ) 

ʙ) 

ʉʣʠʢʘ 39. ʈʘʚʘʥʩʢʦ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦ ʩʪʘˁʝ: 

ʘ) ʨʘʚʘʥʩʢʦ ʩʪʘˁʝ ʥʘʧʦʥʘ; ʙ) ʨʘʚʘʥʩʢʦ ʩʪʘˁʝ ʜʝʬʦʨʤʘʮʠʿʘ 

 ʋʩʣʦʚʠ ʨʘʚʥʦʪʝʞʝ ʥʘ ʧʦʚʨʰʠʥʠ ʨʘʟʤʘʪʨʘʥʦʛ ʝʣʝʤʝʥʪʘ ʠʟʨʘʞʝʥʠ ʩʫ ʨʝʣʘʮʠʿʘʤʘ [96, 97, 

116, 146]: 

 x x xyp l ms t= +   
(53) 

 ,y xy yp l mt s= +  
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ʛʜʝ ʩʫ: xp , yp  - ʢʦʤʧʦʥʝʥʪʝ ʩʧʦˀʘʰˁʠʭ ʧʦʚʨʰʠʥʩʢʠʭ ʩʠʣʘ ʧʦ ʿʝʜʠʥʠʮʠ ʧʦʚʨʰʠʥʝ ʫ ʧʨʘʚʮʠʤʘ 

ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʘ x ʠ y, l ʠ m - ʚʨʝʜʥʦʩʪʠ ʢʦʩʠʥʫʩʘ ʫʛʣʦʚʘ ʢʦʿʝ ʩʘ ʥʦʨʤʘʣʦʤ ʥʘ ʧʦʚʨʰʠʥʫ ʛʨʘʜʝ 

ʦʚʠ ʧʨʘʚʮʠ. ʋ ʩʣʫʯʘʿʫ ʢʦʥʩʪʘʥʪʥʠʭ ʟʘʧʨʝʤʠʥʩʢʠʭ ʩʠʣʘ, ʪʿ. 0
VyVx

pp

x y

µµ
= =

µ µ
, ʨʝʣʘʮʠʿʘ (51) 

ʧʦʩʪʘʿʝ: 
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2 2

2 2
0x y

x y
s s

å õµ µ
+ + =æ ö

µ µç ÷
. (54) 

 ʀʟʨʘʟʠ (50), (53) ʠ (54) ʩʫ ʜʦʚʦˀʥʠ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʜʠʩʪʨʠʙʫʮʠʿʝ ʥʘʧʦʥʘ ʢʦʜ ʦʧʪʝʨʝ˂ʝʥʠʭ 

ʪʝʣʘ ʫ ʨʘʚʘʥʩʢʠʤ ʧʨʦʙʣʝʤʠʤʘ ʢʘʜʘ ʩʫ ʟʘʧʨʝʤʠʥʩʢʝ ʩʠʣʝ ʢʦʥʩʪʘʥʪʥʝ, ʘʣʠ ʧʨʠʢʘʟʘʥʝ ʨʝʣʘʮʠʿʝ 

ʥʝ ʩʘʜʨʞʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʪʝʨʠʿʘʣʘ. ɼʘʢʣʝ, ʫ ʩʣʫʯʘʿʫ ʨʘʚʘʥʩʢʠʭ ʧʨʦʙʣʝʤʘ ʢʘʜʘ ʩʫ 

ʟʘʧʨʝʤʠʥʩʢʝ ʩʠʣʝ ʢʦʥʩʪʘʥʪʥʝ, ʨʘʩʧʦʨʝʜ ʥʘʧʦʥʘ ʿʝ ʫ ʬʫʥʢʮʠʦʥʘʣʥʦʿ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʦʙʣʠʢʘ 

ʧʦʩʤʘʪʨʘʥʦʛ ʪʝʣʘ ʠ ʩʧʦˀʘʰˁʝʛ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʿʝ ʥʘ ˁʝʛʘ ʜʝʣʫʿʝ ʘʣʠ ʥʝ ʠ ʦʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʤʘʪʝʨʠʿʘʣʘ. ʆʚʘ ʯʠˁʝʥʠʮʘ ʿʝ ʦʤʦʛʫ˂ʠʣʘ ʨʘʟʚʦʿ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʩʪʫʧʘʢʘ ʟʘ ʧʨʘʢʪʠʯʥʦ 

ʦʜʨʝʹʠʚʘˁʝ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʠʩʧʠʪʠʚʘˁʝʤ ʥʘ ʤʦʜʝʣʠʤʘ ʢʦʿʠ ʩʫ ʠʟʨʘʹʝʥʠ ʦʜ 

ʬʦʪʦʝʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʨʘʟʣʠʢʫʿʫ ʦʜ ʤʘʪʝʨʠʿʘʣʘ ʨʘʟʤʘʪʨʘʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ.  

 3.3 ʂʆʅʎɽʅʊʈɸʎʀɱɸ ʅɸʇʆʅɸ ʂɸʆ ʇʈʆʉʊʆʈʅʀ ʇʈʆɹʃɽʄ 

 ɸʥʘʣʠʟʘ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ ʫ ʝʣʝʤʝʥʪʠʤʘ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʿʘ ʥʘʿʯʝʰ˂ʝ ʫʩʣʦʚˀʘʚʘ ʨʘʟʤʘʪʨʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʢʘʦ ʧʨʦʩʪʦʨʥʦʛ 

ʬʝʥʦʤʝʥʘ ʢʘʜʘ ʩʝ ʥʝ ʤʦʛʫ ʧʨʠʤʝʥʠʪʠ ʿʝʜʥʦʩʪʘʚʥʝ ʨʝʣʘʮʠʿʝ ʧʨʠʢʘʟʘʥʝ ʠʟʨʘʟʠʤʘ (50), (53) ʠ (54) 

ʢʦʿʝ ʚʘʞʝ ʟʘ ʨʘʟʤʘʪʨʘˁʝ ʫ ʨʘʚʥʠ. ʌʘʢʪʦʨ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʧʨʠ ʦʚʘʢʚʠʤ ʨʘʟʤʘʪʨʘˁʠʤʘ 

ʟʘʚʠʩʠ ʦʜ ʤʘʪʝʨʠʿʘʣʘ, ʦʜʥʦʩʥʦ ˁʝʛʦʚʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʇʦʘʩʦʥʦʚ ʢʦʝʬʠʮʠʿʝʥʪ, ʢʘʦ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʿʘʣʘ ʿʝ ʫʢˀʫʯʝʥ ʫ ʧʨʦʩʪʦʨʥʝ ʘʥʘʣʠʟʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ. ʋʪʠʮʘʿ 

ʇʦʘʩʦʥʦʚʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʥʘ ʬʘʢʪʦʨʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʚʘʨʠʨʘ ʟʘʚʠʩʥʦ ʦʜ ʦʙʣʠʢʘ ʠ 

ʦʧʪʝʨʝ˂ʝˁʘ ʨʘʟʤʘʪʨʘʥʦʛ ʧʨʦʙʣʝʤʘ. ʅʘ ʧʨʠʤʝʨ, ʫ ʩʣʫʯʘʿʫ ʞʣʝʙʘ ʧʦ ʦʙʠʤʫ ʥʘ ʰʠʧʢʠ ʢʨʫʞʥʦʛ 

ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʨʘʩʧʦʜʝʣʘ ʥʘʧʦʥʘ ʠ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʫʩʣʝʜ ʩʧʦˀʘʰˁʝʛ 

ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʫʚʠʿʘˁʝ ʥʝ ʟʘʚʠʩʝ ʦʜ ʇʦʘʩʦʥʦʚʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ. ʆʚʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʯʠˁʝʥʠʮʝ ʜʘ 

ʩʤʠʮʘˁʝ ʫʩʣʝʜ ʪʦʨʟʠʿʝ ʥʝ ʤʝˁʘ ʝʣʝʤʝʥʪʘʨʥʫ ʟʘʧʨʝʤʠʥʫ, ʦʜʥʦʩʥʦ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʮʠ 

ʨʘʟʤʘʪʨʘʥʦʛ ʪʝʣʘ ʦʩʪʘʿʫ ʥʝʧʨʦʤʝˁʝʥʠ. ʂʘʦ ʧʨʠʤʝʨ ʚʠʩʦʢʦʛ ʩʪʝʧʝʥʘ ʫʪʠʮʘʿʘ ʇʦʘʩʦʥʦʚʦʛ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʥʘ ʬʘʢʪʦʨ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʨʘʟʤʘʪʨʘ ʩʝ ʩʣʫʯʘʿ ʨʘʩʧʦʜʝʣʝ ʥʘʧʦʥʘ ʢʦʜ ʰʠʧʢʝ 

ʢʨʫʞʥʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʩʘ ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ ʭʠʧʝʨʙʦʣʠʯʥʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʢʦʿʘ ʿʝ 

ʦʧʪʝʨʝ˂ʝʥʘ ʥʘ ʠʩʪʝʟʘˁʝ (ʩʣ. 40) [96]. 

 

ʉʣʠʢʘ 40. ʅʘʧʦʥʠ ʢʦʜ ʟʘʪʝʛʥʫʪʝ ʰʠʧʢʝ ʢʨʫʞʥʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʩʘ ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ 

 ʌʘʢʪʦʨ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʫ ʧʨʘʚʮʫ ʫʟʜʫʞʥʝ ʦʩʝ ʦʜʨʝʹʝʥ ʿʝ ʠʟʨʘʟʦʤ [96]: 
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(55) 

ʜʦʢ ʿʝ ʫ ʧʨʘʚʮʫ ʪʘʥʛʝʥʪʝ ʥʘ ʦʙʠʤʥʫ ʧʦʚʨʰʠʥʫ ʰʠʧʢʝ ʥʘʧʦʥ ʦʜʨʝʹʝʥ ʠʟʨʘʟʦʤ [96]:  
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ʛʜʝ ʿʝ r - ʧʨʝʯʥʠʢ ʢʨʠʚʠʥʝ ʜʥʘ ʞʣʝʙʘ 1
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= . ʀʟ 

ʠʟʨʘʟʘ (55) ʠ (56) ʟʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʩʫ ʬʘʢʪʦʨʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʫ ʬʫʥʢʮʠʦʥʘʣʥʦʿ ʚʝʟʠ ʩʘ 

ʇʦʘʩʦʥʦʚʠʤ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʢʘʦ ʢʘʨʘʢʪʝʨʠʩʪʠʢʦʤ ʤʘʪʝʨʠʿʘʣʘ.  

 3.4 ʃʆʂɸʃʅɸ ʀ ʉʊʈʋʂʊʋʈʅɸ ʂʆʅʎɽʅʊʈɸʎʀɱɸ ʅɸʇʆʅɸ  

 ʂʘʜ ʩʫ ʜʠʤʝʥʟʠʿʝ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘʧʦʥʘ ʟʥʘʪʥʦ ʤʘˁʝ ʦʜ ʜʠʤʝʥʟʠʿʝ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʠʿʝ 

ʫ ʢʦʤʝ ʦʥ ʜʝʣʫʿʝ ʦʥʜʘ ʿʝ ˁʝʛʦʚ ʫʪʠʮʘʿ ʦʙʠʯʥʦ ʣʦʢʘʣʠʟʦʚʘʥ ʥʘ ʦʙʣʘʩʪ ʫ ˁʝʛʦʚʦʿ ʥʝʧʦʩʨʝʜʥʦʿ 

ʙʣʠʟʠʥʠ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʨʘʩʧʦʨʝʜ ʥʘʧʦʥʘ ʫ ʝʣʝʤʝʥʪʫ ʢʦʥʩʪʨʫʢʮʠʿʝ, ʠʟʫʟʝʚ ʦʛʨʘʥʠʯʝʥʝ ʦʙʣʘʩʪʠ 

ʦʢʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘʧʦʥʘ ʦʩʪʘʿʝ ʠʩʪʠ ʢʘʦ ʠ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʢʦʥʮʝʥʪʨʘʪʦʨ ʥʘʧʦʥʘ ʥʠʿʝ ʧʨʠʩʫʪʘʥ. 

ʆʚʘʢʚʠ ʩʣʫʯʘʿʝʚʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʣʫʯʘʿʝʚʝ ʣʦʢʘʣʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ. ʅʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠ 

ʥʘʯʠʥ ʨʝʰʘʚʘˁʘ ʦʚʠʭ ʧʨʦʙʣʝʤʘ ʿʝ ʣʦʢʘʣʠʟʦʚʘˁʝ ʟʦʥʝ ʫ ʙʣʠʟʠʥʠ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘʧʦʥʘ ʠ 

ʦʜʨʝʹʠʚʘˁʝ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʥʘ ʦʩʥʦʚʫ ʧʦʟʥʘʪʠʭ ʬʦʨʤʫʣʘ ʠ ʟʘʚʠʩʥʦʩʪʠ ʜʘʪʠʭ 

ʜʠʿʘʛʨʘʤʠʤʘ ʟʘ ʿʝʜʥʦʩʪʘʚʥʝ ʩʣʫʯʘʿʝʚʝ ʩʘ ʩʣʠʯʥʠʤ ʦʙʣʠʢʦʤ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘʧʦʥʘ ʠ ʪʠʧʦʤ 

ʦʧʪʝʨʝ˂ʝˁʘ. ʂʘʜʘ ʩʝ ʨʘʟʤʘʪʨʘ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦ ʩʪʘˁʝ ʫ ʰʠʨʦʿ ʟʦʥʠ ʧʨʦʙʣʝʤ ʚʠʰʝ ʥʠʿʝ 

ʣʦʢʘʣʥʝ ʧʨʠʨʦʜʝ, ʚʝ˂ ʿʝ ʤʥʦʛʦ ʩʣʦʞʝʥʠʿʠ. ʋ ʩʣʫʯʘʿʫ ʘʥʘʣʠʟʝ ʧʨʝʨʘʩʧʦʜʝʣʝ ʥʘʧʦʥʩʢʦʛ ʩʪʘˁʘ ʫ 

ʠhʨʦʿ ʟʦʥʠ ʬʝʥʦʤʝʥ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʧʦʢʘʟʫʿʝ ʩʚʫ ʩʚʦʿʫ ʩʣʦʞʝʥʦʩʪ ʠ ʫ ʪʘʢʚʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʥʘʿʯʝʰ˂ʝ ʩʝ ʨʝʰʘʚʘ ʧʨʠʤʝʥʦʤ ʩʘʚʨʝʤʝʥʠʭ ʧʨʦʛʨʘʤʩʢʠʭ ʧʘʢʝʪʘ ʟʘ ʩʪʨʫʢʪʫʨʘʣʥʫ 

ʘʥʘʣʠʟʫ ʥʘʧʦʥʘ. ʂʘʜ ʩʝ ʫ ʠʩʪʦʿ ʟʦʥʠ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʿʘʚʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʦʜ ʜʚʘ 

ʠʣʠ ʚʠʰʝ ʠʟʚʦʨʘ ʨʝʯ ʿʝ ʦ ʚʠʰʝʩʪʨʫʢʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʥʘʧʦʥʘ. ɺʠʰʝʩʪʨʫʢʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʥʘʧʦʥʘ ʿʝ ʥʘʿʯʝʰ˂ʠ ʚʠʜ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʢʦʿʠ ʪʨʝʙʘ ʨʘʟʤʦʪʨʠʪʠ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ 

ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʉʪʚʘʨʥʦ ʥʘʧʦʥʩʢʦ ʩʪʘˁʝ ʫ ʟʦʥʘʤʘ ʨʝʘʣʥʠʭ ʝʣʝʤʝʥʘʪʘ 

ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʥʘʿʯʝʰ˂ʝ ʧʨʝʜʩʪʘʚˀʘ ʩʫʧʝʨʧʦʟʠʮʠʿʫ ʧʨʝʨʘʩʧʦʜʝʣʝ ʥʘʧʦʥʘ ʫʩʣʝʜ 

ʜʝʣʦʚʘˁʘ ʚʠʰʝ ʨʘʟʥʦʨʦʜʥʠʭ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘʧʦʥʘ.  

 3.5 ʂʆʅʎɽʅʊʈɸʎʀɱɸ ʅɸʇʆʅɸ ʋ ɿʆʅɸʄɸ ɿɸɺɸʈɽʅʀʍ ʉʇʆɱɽɺɸ 

 ʂʦʥʩʪʨʫʢʮʠʦʥʘ ʮʝʣʠʥʘ ʢʦʿʫ ʯʠʥʠ ʤʘʰʠʥʩʢʠ ʩʧʦʿ ʥʘʩʪʘʦ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʟʘʚʘʨʠʚʘˁʘ ʫ 

ʬʫʥʢʮʠʦʥʘʣʥʦʤ ʩʤʠʩʣʫ ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʣʘʟ ʠʟʤʝʹʫ ʟʘʚʘʨʝʥʠʭ ʜʝʣʦʚʘ ʢʦʿʠ ʪʨʧʠ ʦʧʪʝʨʝ˂ʝˁʝ. 

ʇʦʚʨʰʠʥʘ ʧʨʝʢʦ ʢʦʿʝ ʩʝ ʧʨʝʥʦʩʠ ʦʧʪʝʨʝ˂ʝˁʝ ʿʝ ʧʨʝʩʝʢ ʰʘʚʘ ʠ ʥʘʿʯʝʰ˂ʝ ʿʝ ʨʘʟʣʠʯʠʪʘ ʫ ʦʜʥʦʩʫ 

ʥʘ ʜʠʤʝʥʟʠʿʝ ʠ ʦʙʣʠʢ ʧʦʚʨʰʠʥʝ ʧʨʝʩʝʢʘ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʧʘ ʩʘʤʠʤ ʪʠʤ ʧʨʝʜʩʪʘʚˀʘ ʠʟʚʦʨ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ. ɼʘˀʝ, ʦʚʘ ʨʝʬʝʨʝʥʪʥʘ ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʰʘʚʘ ʧʨʝʥʦʩʠ 

ʥʘʧʦʥʝ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʦʙʣʠʢʫ ʠ ˁʝʥʦʤ ʧʦʣʦʞʘʿʫ ʫ ʦʜʥʦʩʫ ʥʘ ʤʝʩʪʦ ʜʝʣʦʚʘˁʘ ʦʧʪʝʨʝ˂ʝˁʘ. ʂʘʦ 

ʧʦʩʣʝʜʠʮʘ ʧʨʠʤʝˁʝʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʟʘʚʘʨʠʚʘˁʘ ʫ ʤʝʪʘʣʫ ʰʘʚʘ ʠ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʿʘʚˀʘʿʫ 

ʩʝ ʠ ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʢʦʿʠ ʜʦʜʘʪʥʦ ʫʩʣʦʚˀʘʚʘʿʫ ʫʩʣʦʞʘʚʘˁʝ ʥʘʧʦʥʩʢʦʛ ʩʪʘˁʘ.  

 ɿʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʟʘʚʘʨʠʚʘˁʘ ʟʘʿʝʜʥʦ ʩʘ ʥʘʧʦʥʠʤʘ ʢʦʿʝ 

ʠʟʘʟʠʚʘ ʩʧʦˀʘʰˁʝ ʦʧʪʝʨʝ˂ʝˁʝ ʤʦʛʫ ʥʘʜʤʘʰʠʪʠ ʥʘʧʦʥ ʥʘ ʛʨʘʥʠʮʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʦʩʥʦʚʥʦʛ 

ʤʘʪʝʨʠʿʘʣʘ ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʪʨʘʿʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʠʿʘ. ʇʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʘʮʠʿʝ ʩʝ 
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ʠʩʧʦˀʘʚʘʿʫ ʢʨʦʟ ʧʨʦʤʝʥʫ ʦʙʣʠʢʘ ʠ ʜʠʤʝʥʟʠʿʘ. ɿʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʫ ʧʦʿʝʜʠʥʠʤ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʦʛ 

ʩʧʦʿʘ ʤʦʛʫ ʫʪʠʮʘʪʠ ʠ ʥʘ ʩʥʠʞʘʚʘˁʝ ʨʝʟʫʣʪʫʿʫ˂ʠʭ ʥʘʧʦʥʘ. ɿʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʫ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʠʭ 

ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʤʦʛʫ ʩʝ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʥʘ ʪʝʨʤʠʯʢʝ ʠ ʩʪʨʫʢʪʫʨʥʝ. ɼʝʬʦʨʤʘʮʠʿʝ ʢʦʿʝ 

ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʠʟʘʟʠʚʘʿʫ ʤʦʛʫ ʙʠʪʠ ʝʣʘʩʪʠʯʥʝ, ʝʣʘʩʪʦ-ʧʣʘʩʪʠʯʥʝ ʠ ʧʣʘʩʪʠʯʥʝ, ʟʘʚʠʩʥʦ ʦʜ 

ʦʜʥʦʩʘ ʚʝʣʠʯʠʥʝ ʦʚʠʭ ʥʘʧʦʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʥʘʧʦʥ ʥʘ ʛʨʘʥʠʮʠ ʝʣʘʩʪʠʯʥʦʩʪʠ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ. 

ʋʪʠʮʘʿ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʠ ˁʠʭʦʚʘ ʚʝʣʠʯʠʥʘ ʟʘʚʠʩʝ ʦʜ ʧʨʦʤʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʬʘʟʥʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʧʘ ʩʝ ʧʨʝʤʘ ʚʨʝʤʝʥʫ ʪʨʘʿʘˁʘ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ ʧʨʦʣʘʟʥʝ ʠ ʪʨʘʿʥʝ. ʇʨʦʣʘʟʥʦ 

ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦ ʩʪʘˁʝ ʠʤʘ ʥʘʿʚʝ˂ʠ ʫʪʠʮʘʿ ʥʘ ʧʦʿʘʚʫ ʧʨʩʣʠʥʘ ʫ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʚʠʤʘ, 

ʥʘʨʦʯʠʪʦ ʪʦʧʣʠʭ. ʇʦʩʣʝ ʭʣʘʹʝˁʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʦʩʪʘʿʫ ʪʨʘʿʥʠ ʟʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʢʦʿʠ ʠʤʘʿʫ 

ʨʘʟʣʠʯʠʪʝ ʦʨʠʿʝʥʪʘʮʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʟʘʚʘʨʝʥʠ ʩʧʦʿ. ɿʘʚʘʨʠʚʘˁʝ ʠ ʠʟʨʘʜʘ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʿʘ ʠʟʚʦʜʠ ʩʝ ʥʘ ʥʘʯʠʥ ʢʦʿʠʤ ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʧʦʚʦˀʘʥ ʩʪʝʧʝʥ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ. ʂʘʜʘ 

ʪʝʭʥʦʣʦʰʢʦ-ʢʦʥʩʪʨʫʢʮʠʦʥʠʤ ʤʝʨʘʤʘ ʥʠʿʝ ʤʦʛʫ˂ʝ ʦʩʪʚʘʨʠʪʠ ʧʦʚʦˀʘʥ ʥʠʚʦ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ 

ʜʦʣʘʟʠ ʜʦ ʣʦʢʘʣʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʠʿʘ ʢʦʿʝ ʩʫ ʧʨʘ˂ʝʥʝ ʧʨʦʤʝʥʦʤ ʜʠʤʝʥʟʠʿʘ ʠ ʦʙʣʠʢʘ 

ʟʦʥʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ. ʇʨʠʤʝʨ ʨʘʩʧʦʜʝʣʝ ʟʘʦʩʪʘʣʠʭ ʥʘʧʦʥʘ ʢʦʜ ʟʘʚʘʨʝʥʦʛ ʩʫʯʝʦʥʦʛ V-ʩʧʦʿʘ 

ʧʦʩʣʝ ʩʧʦʥʪʘʥʦʛ ʭʣʘʹʝˁʘ ʜʦ ʩʦʙʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 41. 

  

ʉʣʠʢʘ 41. ɿʘʦʩʪʘʣʠ ʥʘʧʦʥʠ ʢʦʜ ʟʘʚʘʨʝʥʦʛ ʩʫʯʝʦʥʦʛ V-ʩʧʦʿʘ 

 ʇʨʠ ʩʫʯʝʦʥʦʤ ʟʘʚʘʨʠʚʘˁʫ ʧʣʦʯʘ ʚʝʣʠʢʝ ʜʝʙˀʠʥʝ, ʟʙʦʛ ʚʝʣʠʢʝ ʢʨʫʪʦʩʪʠ ʥʝ ʜʦʣʘʟʠ ʜʦ 

ʢʨʠʚˀʝˁʘ. ʋʩʣʝʜ ʪʦʛʘ, ʧʦʩʣʝ ʭʣʘʹʝˁʘ ʫ ʩʨʝʜˁʝʤ ʜʝʣʫ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʧʦʿʘʚˀʫʿʫ ʩʝ ʟʘʪʝʟʥʠ 

ʧʦʧʨʝʯʥʠ ʥʘʧʦʥʠ. ʆʚʠ ʧʦʧʨʝʯʥʠ ʟʘʦʩʪʘʣʠ ʟʘʪʝʟʥʠ ʥʘʧʦʥʠ ʫʨʘʚʥʦʪʝʞʝʥʠ ʩʫ ʧʦʧʨʝʯʥʠʤ 

ʟʘʦʩʪʘʣʠʤ ʥʘʧʦʥʠʤʘ ʥʘ ʧʨʠʪʠʩʘʢ ʫ ʢʨʘʿˁʠʤ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ.   

 ɿʘʚʘʨʝʥʠ ʩʧʦʿʝʚʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʘʢʝ ʠʟʚʦʨʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʠ ʩʘʤʠʤ ʪʠʤ ʠ 

ʨʝʬʝʨʝʥʪʥʘ ʤʝʩʪʘ ʟʘ ʨʘʟʤʘʪʨʘˁʝ ʠʥʪʝʛʨʠʪʝʪʘ ʟʘʚʘʨʝʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ. ʆʜʨʝʹʠʚʘˁʝ ʥʘʧʦʥʩʢʦʛ 

ʩʪʘˁʘ ʫ ʟʘʚʘʨʝʥʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʫ ʨʘʟʤʘʪʨʘˁʘ ʠʟʜʨʞˀʠʚʦʩʪʠ ʟʘʚʘʨʝʥʝ 

ʢʦʥʩʪʨʫʢʮʠʿʝ. ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʢʦʿʫ ʠʟʘʟʠʚʘʿʫ ʟʘʚʘʨʝʥʠ ʩʧʦʿʝʚʠ ʧʨʝʜʩʪʘʚˀʘ ʩʣʦʞʝʥ 

ʬʝʥʦʤʝʥ ʢʦʿʠ ʟʘʚʠʩʠ ʦʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʬʘʢʪʦʨʘ (ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʪʝʨʠʿʘʣʘ, ʧʦʩʪʫʧʘʢ ʠ 

ʧʘʨʘʤʝʪʨʠ ʟʘʚʘʨʠʚʘˁʘ, ʢʘʨʘʢʪʝʨ ʠ ʚʝʣʠʯʠʥʘ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʪʩʣ.). ʇʨʠʤʝʨ ʨʘʩʧʦʜʝʣʝ ʥʘʧʦʥʘ ʢʦʜ 

ʟʘʚʘʨʝʥʦʛ ʩʫʯʝʦʥʦʛ V-ʩʧʦʿʘ ʦʧʪʝʨʝ˂ʝʥʦʛ ʥʘ ʟʘʪʝʟʘˁʝ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 42. 

 

ʉʣʠʢʘ 42. ʈʘʩʧʦʜʝʣʘ ʥʘʧʦʥʘ ʢʦʜ ʟʘʚʘʨʝʥʦʛ ʩʫʯʝʦʥʦʛ V-ʩʧʦʿʘ ʧʨʠ ʟʘʪʝʟʘˁʫ [37]  
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 ʂʘʦ ʧʦʩʣʝʜʠʮʘ ʧʨʠʤʝˁʝʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʟʘʚʘʨʠʚʘˁʘ ʪʦʧˀʝˁʝʤ, ʧʨʝʣʘʟ ʠʟʤʝʹʫ ʟʦʥʘ ʰʘʚʘ 

ʢʦʿʠ ʿʝ ʙʠʦ ʫ ʨʘʩʪʦʧˀʝʥʦʤ ʩʪʘˁʫ ʠ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʦʰʪʘʨ ʿʝ ʠ ʧʨʝʜʩʪʘʚˀʘ ʠʟʚʦʨ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ. ʂʘʢʦ ʿʝ ʩʘʤ ʟʘʚʘʨʝʥʠ ʩʧʦʿ ʚʝ˂ʝ ʜʝʙˀʠʥʝ ʦʜ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʥʘʧʦʥ 

ʫ ʧʦʧʨʝʯʥʦʤ ʧʨʝʩʝʢʫ ʫ ʦʩʠ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʥʠʞʠ ʿʝ ʦʜ ʥʘʧʦʥʘ ʫ ʧʨʝʩʝʮʠʤʘ ʢʦʿʠ ʩʫ ʥʝʰʪʦ ʜʘˀʠ 

ʦʜ ʦʩʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ (ʩʣ. 42). 

 ʅʘ ʩʣʠʮʠ 43 ʧʨʠʢʘʟʘʥʘ ʿʝ ʨʘʩʧʦʜʝʣʘ ʥʘʧʦʥʘ ʢʦʜ ʫʛʘʦʥʠʭ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ. ʈʘʟʤʘʪʨʘ ʩʝ 

ʿʝʜʘʥ ʦʜ ʜʚʘ ʩʠʤʝʪʨʠʯʥʦ ʨʘʩʧʦʨʝʹʝʥʘ ʟʘʚʘʨʝʥʘ ʩʧʦʿʘ ʢʦʿʠ ʩʫ ʦʧʪʝʨʝ˂ʝʥʠ ʪʘʢʦ ʜʘ ʧʨʝʥʦʩʝ 

ʟʘʪʝʞʫ˂ʫ ʩʠʣʫ. ʋʛʘʦʥʠ ʟʘʚʘʨʝʥʠ ʩʧʦʿ ʿ ʝ ʧʦ ʦʙʣʠʢʫ ʩʣʦʞʝʥ ʠ ʧʦʤʝʨʝʥ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʝ ʟʘʚʘʨʝʥʠʭ 

ʜʝʣʦʚʘ. ʇʦʩʤʘʪʨʘʥʠ ʧʨʠʤʝʨ ʜʝʣʦʚʘ ʢʦʿʠ ʩʝ ʟʘʚʘʨʫʿʫ ʿʝ ʩʠʤʝʪʨʠʯʘʥ ʠ ʦʧʪʝʨʝ˂ʝˁʝ ʿʝ ʚʨʣʦ 

ʧʦʚʦˀʥʦ ʘʣʠ ʿʝ ʨʘʩʧʦʜʝʣʘ ʥʘʧʦʥʘ ʚʝʦʤʘ ʩʣʦʞʝʥʘ (ʩʣ. 43). ʂʘʜʘ ʙʠ ʧʨʠʢʘʟʘʥʠ ʟʘʚʘʨʝʥʠ ʩʧʦʿ ʙʠʦ 

ʦʩʪʚʘʨʝʥ ʩʘʤʦ ʧʨʝʢʦ ʿʝʜʥʦʛ ʫʛʘʦʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ, ʧʨʝʥʦʰʝˁʝ ʦʧʪʝʨʝ˂ʝˁʘ ʙʠʣʦ ʙʠ 

ʥʝʩʠʤʝʪʨʠʯʥʦ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʙʠʣʘ ʙʠ ʟʥʘʪʥʦ ʠʟʨʘʞʝʥʠʿʘ, ʧʘ ʦʚʘʢʘʚ ʩʣʫʯʘʿ ʪʨʝʙʘ 

ʠʟʙʝʛʘʚʘʪʠ, ʩʣʫʯʘʿ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 43 ʣʝʚʦ. ʂʘʜʘ ʙʠ ʫʤʝʩʪʦ ʟʘʪʝʞʫ˂ʝ ʩʠʣʝ ʜʝʣʦʚʘʦ ʤʦʤʝʥʪ 

ʩʘʚʠʿʘˁʘ ʩʪʘˁʝ ʥʘʧʦʥʘ ʙʠ ʙʠʣʦ ʟʥʘʪʥʦ ʥʝʧʦʚʦˀʥʠʿʝ ʧʘ ʙʠ ʠʟ ʘʩʧʝʢʪʘ ʦʧʪʝʨʝ˂ʝˁʘ ʦʚʘʿ ʥʘʯʠʥ 

ʠʟʚʦʹʝˁʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʪʨʝʙʘʣʦ  ʟʘʤʝʥʠʪʠ ʧʦʚʦˀʥʠʿʠʤ ʩ ʦʙʟʠʨʦʤ ʥʘ ʚʨʩʪʫ ʦʧʪʝʨʝ˂ʝˁʘ. 

 

ʉʣʠʢʘ 43. ʈʘʩʧʦʜʝʣʘ ʥʘʧʦʥʘ ʢʦʜ ʿʝʜʥʦʩʪʨʘʥʦʛ ʠ ʜʚʦʩʪʨʘʥʦʛ ʫʛʘʦʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ [106] 

 ʉʪʝʧʝʥ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʩʝ ʧʦʚʠʰʘʚʘ ʠ ʩʘ ʧʦʨʘʩʪʦʤ ʩʣʦʞʝʥʦʩʪʠ ʦʙʣʠʢʘ ʩʧʦʿʝʚʘ, 

ʥʘʨʦʯʠʪʦ ʫ ʩʣʫʯʘʿʫ ʥʝʧʦʚʦˀʥʠʭ ʦʧʪʝʨʝ˂ʝˁʘ, ʢʘʦ ʰʪʦ ʿʝ ʠʣʫʩʪʨʘʪʠʚʥʦ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 44. 

ʅʘ ʩʣʠʮʠ 44 ʧʨʠʢʘʟʘʥʠ ʩʫ ʨʘʩʧʦʨʝʜʠ ʥʦʨʤʘʣʥʠʭ ʥʘʧʦʥʘ ʧʦ ʧʦʧʨʝʯʥʠʤ ʧʨʝʩʝʮʠʤʘ ʫ ʟʦʥʘʤʘ 

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ, ʧʘ ʩʝ ʟʘʢˀʫʯʫʿʝ ʜʘ ʿʝ ʢʦʜ ʧʨʠʢʘʟʘʥʠʭ ʧʨʠʤʝʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʢʦʜ 

ʢʨʩʪʘʩʪʠʭ ʜʦʙʨʦ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʚʠʰʘ ʥʝʛʦ ʢʦʜ ʩʫʯʝʦʥʠʭ, ʘ ʟʥʘʪʥʦ ʥʠʞʘ ʥʝʛʦ ʢʦʜ ʩʣʘʙʦ 

ʧʨʦʚʘʨʝʥʠʭ ʢʨʩʪʘʩʪʠʭ ʩʧʦʿʝʚʘ, ʦʜʥʦʩʥʦ ʢʨʩʪʘʩʪʠʭ ʩʧʦʿʝʚʘ ʩʘ ʦʪʚʦʨʠʤʘ. 

 

ʉʣʠʢʘ 44. ʈʘʩʧʦʜʝʣʘ ʥʘʧʦʥʘ ʧʨʠ ʟʘʪʝʟʘˁʫ ʢʦʜ: ʘ) ʩʠʤʝʪʨʠʯʥʦʛ ʩʫʯʝʦʥʦʛ ʩʧʦʿʘ;  

ʙ) ʢʨʩʪʘʩʪʦʛ ʜʦʙʨʦ ʧʨʦʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠ ʚ) ʢʨʩʪʘʩʪʦʛ ʩʧʦʿʘ ʩʘ ʦʪʚʦʨʠʤʘ [90]  
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 ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʩʝ ʿʘʚˀʘ ʢʘʢʦ ʫ ʧʦʧʨʝʯʥʠʤ ʧʨʝʩʝʮʠʤʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ, ʪʘʢʦ ʠ 

ʜʫʞ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ. ʆʚʘ ʧʦʿʘʚʘ ʥʘʨʦʯʠʪʦ ʿʝ ʠʟʨʘʞʝʥʘ ʢʦʜ ʧʨʝʢʣʦʧʥʠʭ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ. ʅʘ 

ʩʣʠʮʠ 45 ʠʣʫʩʪʨʘʪʠʚʥʦ ʿʝ ʧʨʠʢʘʟʘʥʘ ʨʘʩʧʦʜʝʣʘ ʥʘʧʦʥʘ ʢʦʜ ʧʨʝʢʣʦʧʥʦʛ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʢʦʿʠ ʿʝ 

ʠʟʣʦʞʝʥ ʟʘʪʝʟʘˁʫ ʫ ʧʨʘʚʮʫ ʰʘʚʘ. ʊʘʥʛʝʥʮʠʿʘʣʥʠ ʥʘʧʦʥ ʥʘ ʩʤʠʮʘˁʝ ʿʝ ʥʘʿʚʝ˂ʠ ʥʘ ʢʨʘʿʝʚʠʤʘ 

ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. ʅʘʧʦʥ ʫ ʦʩʥʦʚʥʦʤ ʤʘʪʝʨʠʿʘʣʫ ʪʘʢʦʹʝ ʿʝ ʣʦʢʘʣʠʟʦʚʘʥ ʫ ʦʢʦʣʠʥʠ ʮʝʥʪʨʘʣʥʝ ʟʦʥʝ 

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ, ʜʦʢ ʿʝ ʩʨʝʜʠʥʘ ʨʘʩʪʝʨʝ˂ʝʥʘ. ʇʨʝʢʣʦʧʥʠ ʟʘʚʘʨʝʥʠ ʩʧʦʿʝʚʠ ʩʫ ʟʘʚʘʨʝʥʠ 

ʩʧʦʿʝʚʠ ʩʘ ʥʘʿʚʝ˂ʦʤ ʢʦʥʮʝʥʪʨʘʮʠʿʦʤ ʥʘʧʦʥʘ, ʜʦʢ ʿʝ ʥʘʿʤʘˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʢʦʜ 

ʩʫʯʝʦʥʠʭ ʩʧʦʿʝʚʘ ʩʘ ʩʠʤʝʪʨʠʯʥʠʤ ʰʘʚʦʤ.  

 

ʉʣʠʢʘ 45. ʈʘʩʧʦʜʝʣʘ ʥʘʧʦʥʘ ʢʦʜ ʧʨʝʢʣʦʧʥʠʭ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʧʨʠ ʟʘʪʝʟʘˁʫ [105] 

 ʀʟ ʘʩʧʝʢʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʚʝʦʤʘ ʿʝ ʚʘʞʥʦ ʘʜʝʢʚʘʪʥʦ ʠʟʚʦʹʝˁʝ ʟʘʚʘʨʠʚʘˁʘ, ʙʝʟ 

ʧʨʠʩʫʩʪʚʘ ʤʘʪʝʨʠʿʘʣʥʠʭ ʜʠʩʢʦʥʪʠʥʫʠʪʝʪʘ ʫʟ ʦʙʨʘʜʫ ʣʠʮʘ ʰʘʚʘ ʯʠʤʝ ʩʝ ʩʥʠʞʘʚʘ ʩʪʝʧʝʥ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ, ʥʘʨʦʯʠʪʦ ʢʦʜ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʢʦʿʝ ʩʫ ʠʟʣʦʞʝʥʝ ʜʠʥʘʤʠʯʢʠʤ 

ʦʧʪʝʨʝ˂ʝˁʠʤʘ ʟʘ ʚʨʝʤʝ ʝʢʩʧʣʦʘʪʘʮʠʿʝ (ʩʣ. 46). ɸʥʘʣʠʟʝ ʨʘʟʘʨʘˁʘ ʢʦʿʘ ʩʫ ʥʘʩʪʘʣʘ ʥʘ ʠʟʚʝʜʝʥʠʤ 

ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ ʫʢʘʟʫʿʝ ʜʘ ʩʫ ʤʝʩʪʘ ʨʘʟʘʨʘˁʘ ʫʧʨʘʚʦ ʤʝʩʪʘ ʥʘʿʚʝ˂ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ, 

ʤʝʩʪʘ ʦʰʪʝ˂ʝʥʝ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʿʘʣʘ, ʦʜʥʦʩʥʦ ʛʨʝʰʢʝ ʫ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʚʠʤʘ ʢʘʦ ʰʪʦ ʩʫ 

ʤʠʢʨʦʧʨʩʣʠʥʝ, ʫʢˀʫʯʮʠ ʠʣʠ ʥʘʣʝʧˀʠʚʘˁʘ. 

 

ʉʣʠʢʘ 46. ʄʝʩʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʠ ʨʘʟʘʨʘˁʘ  

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʠ ʦʙʨʘʜʘ ʣʠʮʘ ʩʧʦʿʘ [143] 

 ʂʘʜʘ ʩʝ ʛʨʝʰʢʝ ʠ ʜʨʫʛʠ ʤʘʪʝʨʠʿʘʣʥʠ ʜʠʩʢʦʥʪʠʥʫʠʪʝʪʠ ʢʘʦ ʫʟʨʦʢ ʨʘʟʘʨʘˁʘ ʠʩʢˀʫʯʝ, ʢʦʜ 

ʩʫʯʝʦʥʠʭ ʩʧʦʿʝʚʘ, ʧʦʣʦʞʘʿ ʠʟʚʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʫʩʣʝʜ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʧʦʢʣʘʧʘ ʩʝ ʩʘ 

ʟʦʥʦʤ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ. ʋ ʢʨʫʧʥʦʟʨʥʦʿ ʠ ʢʨʪʦʿ ʩʪʨʫʢʪʫʨʠ ɿʋʊ-ʘ ʥʘʩʪʘʿʫ ʠʥʠʮʠʿʘʣʥʝ ʧʨʩʣʠʥʝ 



98 

 

ʢʦʿʝ ʩʝ ʜʘˀʝ ʫʩʣʝʜ ʦʧʪʝʨʝ˂ʝˁʘ h ʠʨʝ ʢʘ ʫʥʫʪʨʘʰˁʠʤ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ [6, 69, 89, 93]. ʂʘʦ 

ʰʪʦ ʿʝ ʨʘʥʠʿʝ ʥʘʧʦʤʝʥʫʪʦ ʫ ʟʦʥʠ ʧʨʝʣʘʟʘ ʠʟʤʝʹʫ ʟʦʥʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʢʦʿʘ ʿʝ ʙʠʣʘ ʨʘʩʪʦʧˀʝʥʘ 

ʪʦʢʦʤ ʟʘʚʘʨʠʚʘˁʘ ʠ ʟʦʥʘ ʢʦʿʝ ʥʠʩʫ ʙʠʣʝ ʨʘʩʪʦʧˀʝʥʝ ʧʦʩʪʦʿʠ ʦʰʪʘʨ ʧʨʝʣʘʟ ʢʦʿʠ ʿʝ ʿʘʢ ʠʟʚʦʨ 

ʣʦʢʘʣʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʠ ʤʝʩʪʦ ʬʦʨʤʠʨʘˁʘ ʧʨʩʣʠʥʘ, ʢʘʦ ʰʪʦ ʿʝ ʩʭʝʤʘʪʩʢʠ ʧʨʠʢʘʟʘʥʦ 

ʥʘ ʩʣʠʮʠ 47. 

 

ʉʣʠʢʘ 47. ʅʘʩʪʘʥʘʢ ʠ ʰʠʨʝˁʝ ʧʨʩʣʠʥʝ ʫ ʩʫʯʝʦʥʠʤ ʠ ʫʛʘʦʥʠʤ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʚʠʤʘ  

 ʋ ʧʨʠʣʦʛ ʦʚʦʿ ʯʠˁʝʥʠʮʠ ʛʦʚʦʨʝ ʠ ʧʨʘʚʮʠ ʬʦʨʤʠʨʘˁʘ ʠ ʰʠʨʝˁʘ ʧʨʩʣʠʥʘ ʨʘʟʤʘʪʨʘʥʠ ʫ 

ʧʨʦʩʪʦʨʫ, ʰʪʦ ʿʝ ʠʣʫʩʪʨʘʪʠʚʥʦ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 48. ʇʨʩʣʠʥʘ ʥʘʩʪʘʿʝ ʠ ʰʠʨʠ ʩʝ ʦʜ ʥʝʢʦʛ 

ʪʝʤʝʥʘ ʪʨʦʫʛʘʦʥʦʛ ʧʨʦʬʠʣʘ ʛʜʝ ʩʫ ʥʘʧʦʥʠ ʥʘʿʚʝ˂ʠ, ʧʦʩʪʦʿʠ ʦʰʪʘʨ ʧʨʝʣʘʟ ʢʦʿʠ ʠʤʘ ʫʣʦʛʫ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘʧʦʥʘ. ʋ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʿʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʟʦʥʝ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʦʰʪʝ˂ʝʥʘ 

ʠ ʧʦʩʪʘʣʘ ʢʨʫʪʘ, ʪʚʨʜʘ ʠ ʢʨʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʫ ʦʚʦʿ ʟʦʥʠ ʿʝ ʿʦʰ ʚʠʰʝ ʠʟʨʘʞʝʥʘ. 

ɼʦʤʠʥʘʥʪʥʠ ʧʨʘʚʮʠ ʰʠʨʝˁʘ ʧʨʩʣʠʥʘ ʢʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʪʠʧʦʚʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʦʟʥʘʯʝʥʠ ʩʫ 

ʩʪʨʝʣʠʮʘʤʘ ʥʘ ʩʣʠʮʠ 48.   

 

ʉʣʠʢʘ 48. ʐʠʨʝˁʝ ʠ ʧʨʦʩʪʠʨʘˁʝ ʧʨʩʣʠʥʝ ʢʦʜ ʩʫʯʝʦʥʠʭ ʠ ʫʛʘʦʥʠʭ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ 

 3.6 ʆʉɽʊɲʀɺʆʉʊ ʅɸ ɿɸʈɽɿ 

 ʂʘʦ ʰʪʦ ʿʝ ʥʘʚʝʜʝʥʦ ʨʘʥʠʿʝ ʫ ʦʢʚʠʨʫ ʧʦʛʣʘʚˀʘ ʢʦʿʝ ʨʘʟʤʘʪʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʥʘʧʦʥʘ ʢʦʜ 

ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ, ʪʝʦʨʠʿʩʢʘ ʨʘʟʤʘʪʨʘˁʘ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ 

ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʭʦʤʦʛʝʥʝ, ʠʟʦʪʨʦʧʥʝ ʠ ʠʜʝʘʣʥʦ ʝʣʘʩʪʠʯʥʝ ʤʘʪʝʨʠʿʘʣʝ. ʆʚʘʢʦ ʦʜʨʝʹʝʥʠ ʬʘʢʪʦʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ  ʟʘʚʠʩʝ ʧʨʚʝʥʩʪʚʝʥʦ ʦʜ ʦʙʣʠʢʘ ʠ ʜʠʤʝʥʟʠʿʘ ʝʣʝʤʝʥʪʘ. ʇʨʝʨʘʩʧʦʜʝʣʘ 

ʥʘʧʦʥʩʢʦʛ ʩʪʘˁʘ ʠʟʘʟʚʘʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʦʤ ʥʘʧʦʥʘ ʟʘʚʠʩʠ ʦʜ ʢʘʨʘʢʪʝʨʘ ʠ ʚʝʣʠʯʠʥʝ ʩʧʦˀʘʰˁʝʛ 

ʦʧʪʝʨʝ˂ʝˁʘ. ʄʝʹʫʪʠʤ, ʨʘʟʤʘʪʨʘˁʝ ʧʦʥʘʰʘˁʘ ʟʘʚʘʨʝʥʝ ʤʘʰʠʥʩʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʫ ʨʝʘʣʥʠʤ 

ʫʩʣʦʚʠʤʘ ʟʘʭʪʝʚʘ ʫʧʦʪʨʝʙʫ ʤʥʦʛʦ ʨʝʘʣʥʠʿʠʭ ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʦʜʝʣʘ. ʂʘʜʘ ʩʧʦˀʘʰˁʝ 

ʦʧʪʝʨʝ˂ʝˁʝ ʜʦʩʪʠʛʥʝ ʦʜʨʝʹʝʥʠ ʥʠʚʦ, ʜʦʣʘʟʠ ʜʦ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʠʿʘ. ʉʪʚʘʨʥʘ ʿʘʯʠʥʘ 

ʧʦʩʤʘʪʨʘʥʦʛ ʝʣʝʤʝʥʪʘ ʟʘʚʘʨʝʥʝ ʤʘʰʠʥʩʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʤʦʞʝ ʙʠʪʠ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʯʠʪʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʦʥʫ ʦʜʨʝʹʝʥʫ ʢʦʨʠʰ˂ʝˁʝʤ ʪʝʦʨʠʿʩʢʦʛ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ, ʥʘʨʦʯʠʪʦ ʫ 

ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʫʜʘʨʥʠʭ ʠ ʧʨʦʤʝʥˀʠʚʠʭ ʦʧʪʝʨʝ˂ʝˁʘ.  

 ʄʥʦʛʦ ʨʝʘʣʥʠʿʝ ʨʘʟʤʘʪʨʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʢʦʜ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʧʦʩʪʠʞʝ 

ʩʝ ʫʚʦʹʝˁʝʤ ʧʨʠʩʪʫʧʘ ʢʦʿʠ ʨʘʟʤʘʪʨʘ ʬʘʢʪʦʨ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʬʝʢʪʠʚʥʦʛ ʥʘʧʦʥʘ - eʂ. ʆʚʘʿ 

ʧʨʠʩʪʫʧ ʿʝ ʧʦʟʥʘʪ ʧʦ ʫʚʦʹʝˁʫ ʬʘʢʪʦʨʘ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʟʘʨʝʟ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ ʿʘʯʠʥʝ 

ʢʠʜʘˁʘ ʩʘ ʠ ʙʝʟ ʟʘʨʝʟʘ. ɺʝʣʠʯʠʥʘ eʂ  ʩʝ ʦʜʨʝʹʫʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ. ʅʘ ʧʨʠʤʝʨ, eʂ  ʟʘ ʰʪʘʧ 
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ʦʢʨʫʛʣʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʩʘ ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ ʢʦʿʠ ʿʝ ʠʟʣʦʞʝʥ ʘʢʩʠʿʘʣʥʦʤ ʟʘʪʝʟʥʦʤ 

ʦʧʪʝʨʝ˂ʝˁʫ Fô ʦʜʨʝʹʫʿʝ ʩʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: ʧʨʠʧʨʝʤʝ ʩʝ ʫʟʦʨʮʠ ʦʜ ʨʘʟʤʘʪʨʘʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʠ 

ʪʦ ʧʨʚʘ ʛʨʫʧʘ ʫʟʦʨʘʢʘ ʩʫ ʰʪʘʧʦʚʠ ʢʨʫʞʥʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʩʘ ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ ʢʦʿʠ ʫ ʩʚʦʤ 

ʢʦʨʝʥʫ ʠʤʘ ʧʨʝʯʥʠʢ d, ʜʦʢ ʜʨʫʛʘ ʛʨʫʧʘ ʦʚʠʭ ʫʟʦʨʘʢʘ ʥʝʤʘ ʦʚʘʿ ʞʣʝʙ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ 

ʠʩʧʠʪʠʚʘˁʘ ʟʘʪʝʟʘˁʝʤ ʜʦ ʢʠʜʘˁʘ ʩʝ ʟʘʪʠʤ ʠʟʚʦʜʝ ʧʨʠ ʯʝʤʫ ʩʝ ʨʝʛʠʩʪʨʫʿʫ ʥʘʧʦʥʠ ʧʨʠ ʢʠʜʘˁʫ 

ʟʘ ʦʙʝ ʛʨʫʧʝ ʫʟʦʨʘʢʘ. ɿʘ ʧʨʚʫ ʛʨʫʧʫ ʫʟʦʨʘʢʘ ʥʘʧʦʥ ʧʨʠ ʢʠʜʘˁʫ ʿ ʝ s¡, ʜʦʢ ʿʝ ʟʘ ʜʨʫʛʫ ʛʨʫʧʫ ʦʚʘʿ 

ʥʘʧʦʥ s (ʩʣ. 49). 

 

ʉʣʠʢʘ 49. ʇʨʠʥʮʠʧ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʦʜʨʝʹʠʚʘˁʘ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʬʝʢʪʠʚʥʦʛ ʥʘʧʦʥʘ 

 ʌʘʢʪʦʨ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʬʝʢʪʠʚʥʦʛ ʥʘʧʦʥʘ ʜʝʬʠʥʠʩʘʥ ʿʝ ʦʜʥʦʩʦʤ [17, 96, 97]: 

'
eʂ
s

s
=  (57) 

 ɻʝʥʝʨʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ, ʥʘʧʦʥ ʧʨʠ ʢʠʜʘˁʫ ʩʘ ʟʘʨʝʟʦʤ ʿʝ ʥʠʞʠ ʦʜ ʥʘʧʦʥʘ ʧʨʠ ʢʠʜʘˁʫ ʙʝʟ 

ʟʘʨʝʟʘ, ʦʜʥʦʩʥʦ s s¡<  ʪʘʢʦ ʜʘ ʿʝ ʬʘʢʪʦʨ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʬʝʢʪʠʚʥʦʛ ʥʘʧʦʥʘ - 1eʂ> . ʆʚʘʢʦ 

ʜʝʬʠʥʠʩʘʥ ʬʘʢʪʦʨ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʬʝʢʪʠʚʥʦʛ ʥʘʧʦʥʘ ʿʝ ʫ ʬʫʥʢʮʠʦʥʘʣʥʦʿ ʚʝʟʠ ʥʘ ʩʘʤʦ ʩʘ 

ʦʙʣʠʢʦʤ ʚʝ˂ ʠ ʩʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʤʘʪʝʨʠʿʘʣʘ. ʅʝʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʝʬʝʢʪʠʚʥʦʛ ʥʘʧʦʥʘ eʂ  ʫ ʫʩʣʦʚʠʤʘ ʩʪʘʪʠʯʢʠʭ ʦʧʪʝʨʝ˂ʝˁʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʤʘʪʝʨʠʿʘʣʝ ˂ʝ ʥʘ ʦʚʦʤ 

ʤʝʩʪʫ ʙʠʪʠ ʫʢʨʘʪʢʦ ʦʧʠʩʘʥʝ. 

 ʈʘʟʤʘʪʨʘ ʩʝ ʨʘʚʘʥʩʢʠ ʝʣʝʤʝʥʪ ʦʧʪʝʨʝ˂ʝʥ ʥʘ ʟʘʪʝʟʘˁʝ ʩʘ ʟʘʨʝʟʦʤ ʫ ʦʙʣʠʢʫ ʩʣʦʚʘ U ʢʦʜ 

ʜʫʢʪʠʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʈʘʩʧʦʨʝʜ ʥʘʧʦʥʘ ʫ ʙʣʠʟʠʥʠ ʟʘʨʝʟʘ ʢʦʜ ʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ 

ʩʣʠʮʠ 50. ɸʢʦ ʿʝ ʤʘʢʩʠʤʘʣʥʠ ʥʘʧʦʥ ʫ ʢʦʨʝʥʫ ʟʘʨʝʟʘ ʤʘˁʠ ʦʜ ʥʘʧʦʥʘ ʥʘ ʛʨʘʥʠʮʠ ʪʝʯʝˁʘ 

max ys s<   ʨʘʩʧʦʜʝʣʘ ʥʘʧʦʥʘ ʫ ʙʣʠʟʠʥʠ ʟʘʨʝʟʘ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 50, ʢʨʠʚʘ 1 ʠ 2. ɺʨʝʜʥʦʩʪ 

ʤʘʢʩʠʤʘʣʥʦʛ ʥʘʧʦʥʘ ʠʟʥʦʩʠ: 

max t nomKs s= . (58) 

 ʂʘʜʘ maxs  ʥʘʜʤʘʰʠ ʚʨʝʜʥʦʩʪ ys  ʜʝʬʦʨʤʘʮʠʿʝ ʫ ʢʦʨʝʥʫ ʟʘʨʝʟʘ ʥʘʩʪʘʚˀʘʿʫ ʜʘ ʨʘʩʪʫ ʘʣʠ 

ʤʘʢʩʠʤʘʣʥʠ ʥʘʧʦʥ ʩʧʦʨʠʿʝ ʨʘʩʪʝ. ʈʘʩʧʦʜʝʣʘ ʥʘʧʦʥʘ ʧʦ ʧʦʧʨʝʯʥʦʤ ʧʨʝʩʝʢʫ ʙʠ˂ʝ ʫ ʦʙʣʠʢʫ ʢʦʿʠ 

ʿʝ ʧʨʠʢʘʟʘʥ ʢʨʠʚʠʤ ʣʠʥʠʿʘʤʘ 3 ʠ 4 ʥʘ ʩʣʠʮʠ 50. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʥʝ ʚʘʞʠ ʠʟʨʘʟ (58). ʂʘʢʦ ʥʘʧʦʥ 

maxs    ʥʘʩʪʘʚˀʘ ʜʘ ʨʘʩʪʝ, ʨʘʩʧʦʜʝʣʘ ʦʢʦ ʟʘʨʝʟʘ ʧʦʩʪʘʿʝ ʨʘʚʥʦʤʝʨʥʠʿʘ ʠ ʬʘʢʪʦʨ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʝʬʝʢʪʠʚʥʦʛ ʥʘʧʦʥʘ - eʂ  ʧʨʠʙʣʠʞʘʚʘ ʩʝ  ʿʝʜʠʥʠʮʠ.  
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ʉʣʠʢʘ 50. ʈʘʩʧʦʨʝʜ ʥʘʧʦʥʘ ʫ ʟʦʥʠ ʟʘʨʝʟʘ ʢʦʜ ʜʫʢʪʠʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ [96]  

 ɺʝ˂ʠʥʘ ʝʣʝʤʝʥʘʪʘ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʩʝ ʤʦʛʫ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʝʣʘʩʪʠʯʥʘ 

ʪʝʣʘ ʫ ʫʦʙʠʯʘʿʝʥʠʤ ʘʥʘʣʠʟʘʤʘ ʚʝʟʘʥʠʤ ʟʘ ʧʨʦʿʝʢʪʦʚʘˁʝ ʦʚʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʄʝʹʫʪʠʤ, ʦʚʘʢʚʦ 

ʛʝʥʝʨʘʣʠʟʦʚʘʥʦ ʧʦʩʤʘʪʨʘˁʝ ʜʦʚʦʜʠ ʜʦ ʨʝʟʫʣʪʘʪʘ ʢʦʿʠ ʩʝ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʫʿʫ ʦʜ ʩʪʚʘʨʥʦʛ 

ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ ʫ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ. ʅʘʿʯʝʰ˂ʝ, ʢʦʜ ʟʘʚʘʨʝʥʠʭ 

ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʩʘ ʧʦʨʘʩʪʦʤ ʥʠʚʦʘ ʩʧʦˀʘʰˁʝʛ ʦʧʪʝʨʝ˂ʝˁʘ, ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦ 

ʩʪʘˁʝ ʤʝˁʘ ʩʚʦʿ ʢʘʨʘʢʪʝʨ ʩʚʝ ʜʦ ʥʘʩʪʘʥʢʘ ʣʦʤʘ. ʌʘʢʪʦʨ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʬʝʢʪʠʚʥʦʛ ʥʘʧʦʥʘ - 

eʂ  ʩʝ ʢʦʜ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ, ʥʘʨʦʯʠʪʦ ʧʨʠ ʨʘʟʤʘʪʨʘˁʫ ʟʦʥʘ ʟʘʚʘʨʝʥʠʭ 

ʩʧʦʿʝʚʘ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʫʿʝ ʦʜ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʪʝʦʨʠʿʩʢʦʛ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ  - tʂ. 

 ʋ ʩʣʫʯʘʿʫ ʠʟʨʘʟʠʪʦ ʢʨʪʦʛ ʧʦʥʘʰʘˁʘ ʟʦʥʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʜʦʣʘʟʠ ʜʦ ʤʥʦʛʦ ʚʝ˂ʝʛ ʩʪʝʧʝʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʯʝʢʠʚʘʥ ʩʪʝʧʝʥ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʩ ʦʙʟʠʨʦʤ ʥʘ 

ʛʝʦʤʝʪʨʠʿʫ ʜʠʩʢʦʥʪʠʥʫʠʪʝʪʘ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʢʦʨʠʰ˂ʝˁʝ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ tʂ  

ʜʦʚʦʜʠ ʜʦ ʟʥʘʯʘʿʥʠʭ ʛʨʝʰʘʢʘ ʠ ʦʯʝʢʠʚʘʥʦ ʿʝ ʜʘ ʩʝ ʬʘʢʪʦʨ eʂ  ʧʨʠʙʣʠʞʘʚʘ ʿʝʜʠʥʠʮʠ, ʩ ʦʙʟʠʨʦʤ 

ʜʘ ʢʦʥʮʝʥʪʨʘʪʦʨ ʥʘʧʦʥʘ ʠʤʘ ʤʘˁʠ ʫʪʠʮʘʿ ʥʘ ʿʘʯʠʥʫ ʧʦʩʤʘʪʨʘʥʦʛ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʦʜ 

ʥʝʭʦʤʦʛʝʥʦʩʪʠ ʩʘʤʦʛ ʤʘʪʝʨʠʿʘʣʘ ʨʘʟʤʘʪʨʘʥʝ ʟʦʥʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ (ʫʢˀʫʯʮʠ, ʧʨʩʣʠʥʝ ʠ ʪʩʣ.).  

 ʅʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʘ ʪʨʠ ʩʣʫʯʘʿʘ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʬʘʢʪʦʨ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʝʬʝʢʪʠʚʥʦʛ ʥʘʧʦʥʘ ʟʘʚʠʩʠ ʦʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʿʘʣʘ ʠ ʧʨʠʨʦʜʝ ʩʧʦˀʘʰˁʝʛ ʦʧʪʝʨʝ˂ʝˁʘ 

ʢʘʦ ʠ ʛʝʦʤʝʪʨʠʿʝ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘʧʦʥʘ. ʊʘʢʦʹʝ, ʟʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʿʝ 1 teʂ ʂ¢ ¢ . ʄʘʢʩʠʤʘʣʥʠ 

ʥʘʧʦʥ ʧʨʠ ʢʠʜʘˁʫ ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ ʢʘʦ: 

max e nomKs s= . (59) 

 ʂʦʥʮʝʧʪ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʟʘʨʝʟ ʧʨʠ ʨʘʟʤʘʪʨʘˁʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʫʩʪʘʥʦʚˀʝʥ ʿʝ ʫ 

ʮʠˀʫ ʦʜʨʝʹʠʚʘˁʘ ʦʜʥʦʩʘ ʠʟʤʝʹʫ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʬʝʢʪʠʚʥʦʛ ʥʘʧʦʥʘ - eʂ  ʠ ʪʝʦʨʠʿʩʢʦʛ 

ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ - tʂ [96, 97]: 

1

1

e

t

ʂ
q

K

-
=

-
, (60) 

ʦʜʥʦʩʥʦ: 

( )1 1e tK q K= - +. (61) 

 ʋʥʦʰʝˁʝʤ ʠʟʨʘʟʘ (61) ʫ ʠʟʨʘʟ (59) ʜʦʙʠʿʘ ʩʝ: 

( )( )1 .1max t nomq Ks s= - +   (62) 
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 ʂʘʜʘ ʿʝ q = 0, ʦʥʜʘ ʿʝ 1eʂ=, ʟʥʘʯʠ ʜʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʫʪʠʯʝ ʥʘ ʯʚʨʩʪʦ˂ʫ. ʋ ʜʨʫʛʦʤ 

ʛʨʘʥʠʯʥʦʤ ʩʣʫʯʘʿʫ, ʢʘʜʘ ʿʝ q = 1, ʦʥʜʘ ʿʝ e tʂ ʂ= , ʧʦʪʨʝʙʥʦ ʿʝ ʢʦʨʠʩʪʠʪʠ ʪʝʦʨʠʿʩʢʠ ʬʘʢʪʦʨ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ. ʆʩʝʪˀʠʚʦʩʪ ʥʘ ʟʘʨʝʟ ʿʝ ʤʝʨʘ ʩʘʛʣʘʩʥʦʩʪʠ ʠʟʤʝʹʫ ʬʘʢʪʦʨʘ eʂ  ʠ tʂ. 

ʇʨʠʩʪʫʧ ʨʘʟʤʘʪʨʘˁʘ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʝʬʝʢʪʠʚʥʦʛ ʥʘʧʦʥʘ ʧʨʠʤʘʨʥʦ ʩʝ ʢʦʨʠʩʪʠ ʫ 

ʧʨʦʿʝʢʪʦʚʘˁʫ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʢʦʿʝ ʩʫ ʠʟʣʦʞʝʥʝ ʟʘʤʦʨʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ, 

ʤʝʹʫʪʠʤ, ʩʚʝ ʚʠʰʝ ʩʝ ʢʦʨʠʩʪʠ ʠ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʢʦʿʝ ʩʫ 

ʠʟʣʦʞʝʥʝ ʩʪʘʪʠʯʢʠʤ ʦʧʪʝʨʝ˂ʝˁʠʤʘ ʟʙʦʛ ʦʩʝʪˀʠʚʦʩʪʠ ʦʚʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ 

ʥʘʧʦʥʘ. ʋ ʩʣʫʯʘʿʫ ʟʘʤʦʨʥʠʭ ʦʧʪʝʨʝ˂ʝˁʘ, ʫ ʠʟʨʘʟʫ (57), ʧʦʪʨʝʙʥʦ ʿʝ ʟʘʤʝʥʠʪʠ ʬʘʢʪʦʨ eʂ  ʩʘ fK    

ʠʣʠ fsK  ʢʦʿʠ ʩʝ ʜʝʬʠʥʠʰʫ ʢʘʦ [96, 97]: 

( )
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ů
      ʠ

ů

K

 

ʟʘʤʦʨʥʘʠʟʜʨʞˀʠʚʦʩʪʙʝʟʢʦʥʮʝʥʪʨʘʪʦʨʘʥʘʧʦʥʘ

ʟʘʤʦʨʥʘʠʟʜʨʞˀʠʚʦʩʪʩʘʢʦʥʮʝʥʪʨʘʪʦʨʦʤʥʘʧʦʥʘ

ʘʢʩʠʿʘʣʥʦʦʧʪʝʨʝ˂ʝˁʝʠʣʠʩʘʚʠʿʘˁʝ

= =

=

  (63) 

f
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ɜf

       
K

       

ʟʘʤʦʨʥʘʠʟʜʨʞˀʠʚʦʩʪʙʝʟʢʦʥʮʝʥʪʨʘʪʦʨʘʥʘʧʦʥʘ

ʟʘʤʦʨʥʘʠʟʜʨʞˀʠʚʦʩʪʩʘʢʦʥʮʝʥʪʨʘʪʦʨʦʤʥʘʧʦʥʘ

t

t
= = (ʩʤʠʮʘʿʥʠ ʥʘʧʦʥ)  

(64) 

 ʌʘʢʪʦʨ fK  ʿ ʝ ʬʘʢʪʦʨ ʟʘʨʝʟʘ ʧʨʠ ʟʘʤʦʨʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ ʫ ʩʣʫʯʘʿʫ ʥʦʨʤʘʣʥʠʭ ʥʘʧʦʥʘ, ʠ fsK  

je ʬʘʢʪʦʨ ʟʘʨʝʟʘ ʧʨʠ ʦʧʪʝʨʝ˂ʝˁʫ ʥʘ ʟʘʤʦʨ ʫ ʩʣʫʯʘʿʫ ʩʤʠʮʘʿʥʠʭ ʥʘʧʦʥʘ, ʥʘ ʧʨʠʤʝʨ ʫ ʩʣʫʯʘʿʫ 

ʪʦʨʟʠʦʥʠʭ ʦʧʪʝʨʝ˂ʝˁʘ. ɿʘ ʦʚʘʢʘʚ ʢʘʨʘʢʪʝʨ ʩʧʦˀʘʰˁʝʛ ʦʧʪʝʨʝ˂ʝˁʘ, ʬʘʢʪʦʨ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ 

ʟʘʨʝʟ ʜʝʬʠʥʠʰʝ ʩʝ ʢʘʦ [96, 97]: 
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, (65) 

ʦʜʥʦʩʥʦ, ʫ ʩʣʫʯʘʿʫ ʩʤʠʮʘʿʥʠʭ ʥʘʧʦʥʘ: 
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. (66) 

 ʀ ʢʦʜ ʨʘʟʤʘʪʨʘˁʘ ʢʦʥʩʪʨʫʢʮʠʿʘ ʠʟʣʦʞʝʥʠʭ ʦʧʪʝʨʝ˂ʝˁʫ ʥʘ ʟʘʤʦʨ ʚʨʝʜʥʦʩʪ ʬʘʢʪʦʨʘ 

ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʟʘʨʝʟ q ʚʘʨʠʨʘ ʦʜ q = 0 ʫ ʩʣʫʯʘʿʫ ʜʘ ʥʝʤʘ ʝʬʝʢʪʘ ʟʘʨʝʟʘ ( )1fʂ =  ʜʦ q = 1 ʫ 

ʩʣʫʯʘʿʫ ʧʫʥʦʛ ʪʝʦʨʠʿʩʢʦʛ ʝʬʝʢʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ( )f tʂ ʂ= . ʀʟʨʘʟʠ (65) ʠ (66) ʤʦʛʫ ʩʝ 

ʥʘʧʠʩʘʪʠ ʫ ʦʙʣʠʢʫ ʢʦʿʠ ʩʫ ʧʦʛʦʜʥʠʿʠ ʟʘ ʫʧʦʪʨʝʙʫ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʠ ʢʦʥʩʪʨʫʠʩʘˁʫ ʟʘʚʘʨʝʥʠʭ 

ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ: 

( )1 1tf tK q K= - + ʠ (67) 

( )1 1tsf tsK q K= - +, (68) 

ʛʜʝ ʿʝ: tfK  - ʬʘʢʪʦʨ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʟʘʨʝʟ ʧʨʠ ʦʧʪʝʨʝ˂ʝˁʫ ʥʘ ʟʘʤʦʨ ʫ ʩʣʫʯʘʿʫ ʥʦʨʤʘʣʥʠʭ ʥʘʧʦʥʘ 

ʦʜʨʝʹʝʥ ʥʘ ʦʩʥʦʚʫ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ή ʠʟ ʟʘʚʠʩʥʦʩʪʠ ʢʦʿʝ ʩʫ ʜʠʿʘʛʨʘʤʠʤʘ ʧʨʠʢʘʟʘʥʝ ʥʘ ʩʣʠʮʠ 

51, ʜʦʢ ʿʝ tsfK - ʬʘʢʪʦʨ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʟʘʨʝʟ ʧʨʠ ʦʧʪʝʨʝ˂ʝˁʫ ʥʘ ʟʘʤʦʨ ʫ ʩʣʫʯʘʿʫ ʩʤʠʮʘʿʥʠʭ 

ʥʘʧʦʥʘ. 
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ʉʣʠʢʘ 51. ʆʩʝʪˀʠʚʦʩʪ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʟʘʨʝʟ ʧʨʠ ʟʘʤʦʨʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ [96]  

 ɸʢʦ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʢʦʥʩʪʨʫʢʮʠʿʝ ʥʠʩʫ ʜʦʩʪʫʧʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʚʨʝʜʥʦʩʪʠ 

ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʟʘʨʝʟ q, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʩʣʫʯʘʿ ʩʘ ʥʦʚʦʨʘʟʚʠʿʝʥʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ ʧʨʝʧʦʨʫʯʫʿʝ ʩʝ 

ʢʦʨʠʰ˂ʝˁʝ ʚʨʝʜʥʦʩʪʠ ʪʝʦʨʠʿʩʢʠʭ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ 
tʂ ʠ 

tsʂ . ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ 

ʜʘ, ʢʘʜʘ ʩʝ ʬʘʢʪʦʨ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʫʦʧʰʪʝ ʥʘ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʧʨʠ ʢʦʥʩʪʨʫʠʩʘˁʫ, ʛʨʝʰʢʘ 

ʦʩʪʘʿʝ ʫ ʛʨʘʥʠʮʘʤʘ ʩʠʛʫʨʥʦʩʪʠ (
tf tʂ ʂ=  ʫ ʠʟʨʘʟʫ (67)). 

 ʇʨʠ ʦʜʨʝʹʠʚʘˁʫ ʪʝʦʨʠʿʩʢʦʛ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ - 
fʂ  ʢʦʜ ʛʝʦʤʝʪʨʠʿʩʢʠ 

ʩʣʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ, ʧʦʩʪʦʿʠ ʪʝʥʜʝʥʮʠʿʘ ʜʘ ʦʚʘʿ ʬʘʢʪʦʨ ʦʧʘʜʘ ʩʝ ʩʤʘˁʝˁʝʤ ʜʠʤʝʥʟʠʿʘ [17, 96, 

97]. ʆʚʘ ʯʠˁʝʥʠʮʘ ʿʝ ʿʝʜʘʥ ʦʜ ʨʘʟʣʦʛʘ ʟʙʦʛ ʢʦʛʘ ʥʠʿʝ ʤʦʛʫ˂ʝ ʫʩʪʘʥʦʚʠʪʠ ʨʝʣʝʚʘʥʪʥʝ 

ʢʦʤʧʘʨʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ q ʟʘ ʨʘʟʣʠʯʠʪʝ ʤʘʪʝʨʠʿʘʣʝ ʥʘ ʦʩʥʦʚʫ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʠʭ ʠʩʧʠʪʠʚʘˁʘ 

ʥʘ ʤʦʜʝʣʠʤʘ. ʂʘʢʦ ʥʘ ʜʠʩʪʨʠʙʫʮʠʿʫ ʥʘʧʦʥʘ ʟʥʘʯʘʿʥʠʿʝ ʫʪʠʯʝ ʨʘʜʠʿʫʩ ʚʨʭʘ ʟʘʨʝʟʘ ʦʜ ʜʨʫʛʠʭ 

ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʮʠʦʥʘʣʥʠʿʝ ʿʝ ʧʨʠʢʘʟʠʚʘʪʠ ʚʝʟʫ ʚʨʝʜʥʦʩʪʠ q ʦʜ ʨʘʜʠʿʫʩʘ ʚʨʭʘ 

ʟʘʨʝʟʘ r, ʧʨʝ ʥʝʛʦ ʚʝʟʫ ʚʨʝʜʥʦʩʪʠ q ʦʜ ʧʨʝʯʥʠʢʘ d [96] . ɿʘʚʠʩʥʦʩʪ ʚʨʝʜʥʦʩʪʠ q ʦʜ ʨʘʜʠʿʫʩʘ ʚʨʭʘ 

ʟʘʨʝʟʘ r ʟʘ ʫʧʦʪʨʝʙʫ ʫ ʢʦʥʩʪʨʫʠʩʘˁʫ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 51. ʧʨʠ ʟʘʤʦʨʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ. 

ʇʨʠʢʘʟʘʥʝ ʚʨʝʜʥʦʩʪʠ ʥʝ ʚʘʞʝ ʟʘ ʩʣʫʯʘʿʝʚʝ ʢʦʜ ʢʦʿʠʭ ʜʫʙʠʥʘ ʟʘʨʝʟʘ ʧʨʝʣʘʟʠ ʯʝʪʚʨʪʠʥʫ ʚʝʣʠʯʠʥʝ 

ʧʨʝʯʥʠʢʘ ʥʘ ʧʦʩʤʘʪʨʘʥʦʤ ʤʝʩʪʫ.  

 ʌʘʢʪʦʨ ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʟʘʨʝʟ ʢʘʜʘ ʩʝ ʧʨʝʯʥʠʢ ʚʨʭʘ ʟʘʨʝʟʘ ʧʨʠʙʣʠʞʘʚʘ ʥʫʣʠ ʿʦʰ ʫʚʝʢ ʥʠʿʝ 

ʜʝʪʘˀʥʦ ʨʘʩʚʝʪˀʝʥ. ɻʝʥʝʨʘʣʠʟʦʚʘʥʦ ʧʦʩʤʘʪʨʘˁʝ ʢʘʜʘ ʩʝ ʩʤʘʪʨʘ ʜʘ ʤʘʣʠ ʦʪʚʦʨʠ ʠ ʧʣʠʪʢʠ 

ʟʘʨʝʟʠ ʥʝ ʫʪʠʯʫ ʥʘ ʩʤʘˁʝˁʝ ʥʦʩʠʚʦʩʪʠ ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʝʦʨʠʿʩʢʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʥʘʧʦʥʘ ʜʦʚʦʜʠ 

ʜʦ ʧʦʛʨʝʰʥʠʭ ʨʝʟʫʣʪʘʪʘ ʥʘʨʦʯʠʪʦ ʢʦʜ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʦʜ ʥʠʩʢʦʣʝʛʠʨʘʥʠʭ 

ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ. ʋ ʩʪʚʘʨʠ, ʫ ʩʣʫʯʘʿʫ ʯʝʣʠʢʘ ʥʠʩʢʠʭ ʟʘʪʝʟʥʠʭ ʯʚʨʩʪʦ˂ʘ ʝʬʝʢʪʠ ʤʘʣʠʭ 

ʦʪʚʦʨʘ ʠ ʧʣʠʪʢʠʭ ʟʘʨʝʟʘ ʩʫ ʤʠʥʠʤʘʣʥʠ, ʜʦʢ ʫ ʩʣʫʯʘʿʫ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʦʜ 

ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʝʬʝʢʪʠ ʤʘʣʠʭ ʦʪʚʦʨʘ ʠ ʧʣʠʪʢʠʭ ʟʘʨʝʟʘ ʩʫ ʤʥʦʛʦ 

ʟʥʘʯʘʿʥʠʿʠ, ʥʘʨʦʯʠʪʦ ʢʘʜʘ ʩʝ ʦʚʠ ʥʘʣʘʟʝ ʫ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ.  

 ʋ ʣʠʪʝʨʘʪʫʨʠ ʧʦʩʪʦʿʠ ʚʠʰʝ ʠʟʨʘʟʘ ʢʦʿʠ ʜʝʬʠʥʠʰʫ ʟʘʚʠʩʥʦʩʪ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ 

ʦʩʝʪˀʠʚʦʩʪʠ ʥʘ ʟʘʨʝʟ q ʦʜ ʨʘʜʠʿʫʩʘ ʚʨʭʘ ʟʘʨʝʟʘ - r ʿʝʨ ʩʝ ʦʚʝ ʬʦʨʤʫʣʝ ʢʦʨʠʩʪʝ ʫ ʧʨʦʛʨʘʤʠʤʘ ʟʘ 

ʢʦʤʧʿʫʪʝʨʩʢʠ ʧʦʜʨʞʘʥʦ ʢʦʥʩʪʨʫʠʩʘˁʝ. ʅʘʩʪʘʥʘʢ ʣʦʤʘ ʥʠʿʝ ʨʝʘʣʥʦ ʦʯʝʢʠʚʘʪʠ ʥʘ ʩʘʤʦʿ 

ʧʦʚʨʰʠʥʠ ʨʘʟʤʘʪʨʘʥʦʛ ʝʣʝʤʝʥʪʘ. ʀʟʨʘʟ ʟʘ ʪʝʦʨʠʿʩʢʠ ʬʘʢʪʦʨ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ - fʂ   

ʨʘʟʚʠʿʝʥ ʿʝ ʥʘ ʦʩʥʦʚʫ ʣʦʤʘ ʢʦʿʠ ʥʘʩʪʘʿʝ ʠʩʧʦʜ ʧʦʚʨʰʠʥʝ ʨʘʟʤʘʪʨʘʥʦʛ ʝʣʝʤʝʥʪʘ [96, 97]. ʅʘ 

ʦʩʥʦʚʫ ʠʟʨʘʟʘ ʟʘ fʂ  ʦʜʨʝʹʝʥʝ ʩʫ ʟʘʚʠʩʥʦʩʪʠ ʚʨʝʜʥʦʩʪʠ q ʦʜ ʨʘʜʠʿʫʩʘ ʚʨʭʘ ʟʘʨʝʟʘ - r. ʄʝʹʫʪʠʤ, 

ʪʨʝʙʘ ʠʤʘʪʠ ʥʘ ʫʤʫ ʜʘ ʩʫ ʩʚʝ ʚʨʝʜʥʦʩʪʠ ʧʨʠʢʘʟʘʥʠʭ ʚʝʣʠʯʠʥʘ ʦʨʠʿʝʥʪʘʮʠʦʥʦʛ ʢʘʨʘʢʪʝʨʘ, ʘʣʠ 

ʜʘ ʟʘʜʦʚʦˀʘʚʘʿʫ ʛʝʥʝʨʘʣʥʝ ʢʨʠʪʝʨʠʿʫʤʝ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. 

ɿʘ ʜʝʬʠʥʠʩʘˁʝ ʟʘʚʠʩʥʦʩʪʠ ʢʦʿʘ ʿʝ ʠʣʫʩʪʨʘʪʠʚʥʦ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 51. ʢʦʨʠʰ˂ʝʥ ʿʝ ʩʣʝʜʝ˂ʠ 

ʿʝʜʥʦʩʪʘʚʘʥ ʠʟʨʘʟ [96, 97]:  
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ʛʜʝ ʩʫ: Ŭ - ʢʦʥʩʪʘʥʪʘ ʤʘʪʝʨʠʿʘʣʘ ʠ r - ʨʘʜʠʿʫʩ ʚʨʭʘ ʟʘʨʝʟʘ. 

 ɺʨʝʜʥʦʩʪʠ ʧʨʠʢʘʟʘʥʝ ʥʘ ʩʣʠʮʠ 51 ʦʜʨʝʹʝʥʝ ʩʫ ʥʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ Ŭ = 0,0025 ʟʘ ʢʘˀʝʥʝ 

ʯʝʣʠʢʝ, Ŭ = 0,01 ʟʘ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʯʝʣʠʢʝ ʠ Ŭ = 0,02 ʟʘ ʘʣʫʤʠʥʠʿʫʤʩʢʝ ʣʠʤʦʚʝ ʠ ʤʝʢʝ ʯʝʣʠʢʝ. 

ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʪʘʢʦʹʝ ʤʦʛʫ ʥʘ˂ʠ ʧʨʠʙʣʠʞʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʩʪʘʥʪʝ Ŭ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʟʘʪʝʟʥʝ 

ʿʘʯʠʥʝ ʯʝʣʠʢʘ ʢʦʿʝ ʩʫ ʦʨʠʿʝʥʪʘʮʠʦʥʦʛ ʢʘʨʘʢʪʝʨʘ ʠ ʤʦʛʫ ʩʝ ʧʨʠʤʝʥʠʪʠ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ 

ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʦʜ ʤʠʢʨʦʣʝʛʠʨʘʥʠʭ ʯʝʣʠʢʘ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ ʿʝʨ ʥʘʿʯʝʰ˂ʝ 

ʟʘʜʦʚʦˀʘʚʘʿʫ ʛʝʥʝʨʘʣʥʝ ʫʩʣʦʚʝ. ɱʝʜʠʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ ʥʘ ʤʦʜʝʣʠʤʘ ʤʦʛʫ˂ʝ 

ʿʝ ʪʘʯʥʠʿʝ ʦʜʨʝʜʠʪʠ ʚʨʝʜʥʦʩʪʠ ʦʚʝ ʢʦʥʩʪʘʥʪʝ ʟʘ ʤʠʢʨʦʣʝʛʠʨʘʥʝ ʯʝʣʠʢʝ ʧʦʚʠʰʝʥʝ ʿʘʯʠʥʝ.   
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4 ʊɽʆʈʀɱɽ ʅʆʉʀɺʆʉʊʀ ʀ ʃʆʄɸ 

 4.1 ʋɺʆɼʅɸ ʈɸɿʄɸʊʈɸɳɸ 

 ʂʘʜʘ ʿʝ ʢʦʥʩʪʨʫʢʮʠʦʥʠ ʟʘʜʘʪʘʢ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʟʘʚʘʨʝʥʝ ʤʘʰʠʥʩʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʤʦʛʫ˂ʝ 

ʩʚʝʩʪʠ ʥʘ ʨʘʚʘʥʩʢʦ ʨʘʟʤʘʪʨʘˁʝ, ʪʘʜʘ ʿʝ ʟʘ ʘʥʘʣʠʟʫ ʥʦʩʠʚʦʩʪʠ ʠ ʣʦʤʘ ʜʦʚʦˀʥʦ ʦʛʨʘʥʠʯʝʥʦ 

ʧʦʩʤʘʪʨʘˁʝ ʢʦʤʧʣʝʢʩʥʦʛ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ. ʄʝʹʫʪʠʤ, ʯʘʢ ʠ ʟʘ ʿʝʜʥʦʩʪʘʚʥʝ 

ʩʣʫʯʘʿʝʚʝ ʦʧʪʝʨʝ˂ʝˁʘ ʧʦ ʿʝʜʥʦʤ ʧʨʘʚʮʫ ʨʝʟʫʣʪʫʿʫ˂ʝ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦ ʩʪʘˁʝ ʫ ʟʦʥʘʤʘ 

ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʿʝ ʩʣʦʞʝʥʦ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʥʘ ʧʨʠʤʝʨ, ʫ ʩʣʫʯʘʿʫ ʘʥʘʣʠʟʝ ʥʘʧʦʥʩʢʦ-

ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ ʜʝʣʘ ʧʦʩʫʜʘ ʧʦʜ ʧʨʠʪʠʩʢʦʤ ʜʦʚʦˀʥʦ ʿʝ ʨʘʚʘʥʩʢʦ ʧʦʩʤʘʪʨʘˁʝ ʧʨʦʙʣʝʤʘ 

ʚʝʟʘʥʦ ʟʘ ʟʘʪʝʟʘˁʝ ʧʦ ʜʚʝ ʦʩʝ ʫ ʨʘʚʥʠ. ʀʟ ʘʩʧʝʢʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ, ʪʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ 

ʯʘʢ ʠ ʿʝʜʥʦʩʪʘʚʥʘ ʦʧʪʝʨʝ˂ʝˁʘ ʢʘʦ h ʪʦ ʿʘ ʘʢʩʠʿʘʣʥʦ ʟʘʪʝʟʘˁʝ ʜʦʚʦʜʝ ʜʦ ʨʘʚʘʥʩʢʦʛ ʩʪʘˁʘ ʥʘʧʦʥʘ 

ʢʘʦ ʥʘ ʧʨʠʤʝʨ ʢʦʜ ʰʠʧʢʝ ʢʨʫʞʥʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʩʘ ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ. ɸʢʩʠʿʘʣʥʦ 

ʦʧʪʝʨʝ˂ʝˁʝ ʜʦʚʦʜʠ ʜʦ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ ʢʦʿʝ ʩʝ ʦʛʣʝʜʘ ʫ ʘʢʩʠʿʘʣʥʦʤ ʟʘʪʝʟʘˁʫ ʠ 

ʧʨʠʪʠʩʢʫ ʫ ʨʘʜʠʿʘʣʥʦʤ ʧʨʘʚʮʫ ʫ ʧʦʚʨʰʠʥʩʢʦʤ ʝʣʝʤʝʥʪʫ ʞʣʝʙʘ (ʩʣ. 52). 

 

ʉʣʠʢʘ 52. ʅʘʧʦʥʠ ʢʦʜ ʟʘʪʝʛʥʫʪʝ ʰʠʧʢʝ 

ʢʨʫʞʥʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʩʘ U-ʞʣʝʙʦʤ ʧʦ ʦʙʠʤʫ 

 ɼʦ ʩʘʜʘ ʿʝ ʨʘʟʚʠʿʝʥ ʚʝʣʠʢʠ ʙʨʦʿ ʪʝʦʨʠʿʘ ʟʘ ʘʥʘʣʠʟʫ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʩʪʘˁʘ, ʘʣʠ 

ʦʚʜʝ ˂ʝ ʙʠʪʠ ʧʨʠʢʘʟʘʥʝ ʩʘʤʦ ʦʥʝ ʢʦʿʝ ʠʤʘʿʫ ʧʨʘʢʪʠʯʘʥ ʪʝʦʨʠʿʩʢʠ ʟʥʘʯʘʿ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ 

ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʂʨʠʪʝʨʠʿʫʤʠ ʟʘ ʘʥʘʣʠʟʫ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʩʪʘˁʘ 

ʢʦʜ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʩʥʦʚ ʜʝʬʠʥʠʩʘˁʘ ʛʨʘʥʠʯʥʠʭ ʩʪʘˁʘ 

ʦʚʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʂʨʠʪʝʨʠʿʫʤʠ ʣʦʤʘ ʩʫ ʧʨʚʝʥʩʪʚʝʥʦ ʨʘʟʚʠʿʝʥʠ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʥʘʰʘˁʝ 

ʤʘʪʝʨʠʿʘʣʘ ʧʨʠ ʦʧʪʝʨʝ˂ʠʚʘˁʫ ʠ ʢʦʨʠʩʪʝ ʩʝ ʧʨʠ ʜʝʬʠʥʠʩʘˁʫ ʠʟʣʘʟʥʠʭ ʚʝʣʠʯʠʥʘ ʢʦʤʧʿʫʪʝʨʩʢʠʭ 

ʧʨʦʛʨʘʤʘ ʟʘ ʥʫʤʝʨʠʯʢʫ ʩʠʤʫʣʘʮʠʿʫ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʨʘʟʣʠʯʠʪ ʢʘʨʘʢʪʝʨ 

ʧʦʥʘʰʘˁʘ ʤʘʪʝʨʠʿʘʣʘ ʢʘʦ ʠ ʥʘ ʟʘʚʠʩʥʦʩʪ ʢʘʨʘʢʪʝʨʘ ʧʦʥʘʰʘˁʘ ʦʜ ʢʦʥʢʨʝʪʥʠʭ ʫʩʣʦʚʘ ʥʠʿʝ 

ʤʦʛʫ˂ʝ ʫʪʚʨʜʠʪʠ ʛʝʥʝʨʘʣʥʠ ʢʨʠʪʝʨʠʿʫʤ ʣʦʤʘ. ʀʟʙʦʨ ʢʨʠʪʝʨʠʿʫʤʘ ʣʦʤʘ ʟʘʚʠʩʠ ʦʜ ʢʦʥʢʨʝʪʥʦʛ 

ʩʣʫʯʘʿʘ, ʧʨʚʝʥʩʪʚʝʥʦ ʦʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʪʝʨʠʿʘʣʘ ʠ ʩʧʦˀʘʰˁʝʛ ʦʧʪʝʨʝ˂ʝˁʘ. ɿʘ ʢʨʪʝ 

ʤʘʪʝʨʠʿʘʣʝ ʨʘʟʚʠʿʝʥʠ ʩʫ ʢʨʠʪʝʨʠʿʫʤ ʤʘʢʩʠʤʘʣʥʦʛ ʥʘʧʦʥʘ ʠ ʄʦʨʦʚʘ ʪʝʦʨʠʿʘ, ʘ ʟʘ ʜʫʢʪʠʣʥʝ 

ʤʘʪʝʨʠʿʘʣʝ ʪʝʦʨʠʿʘ ʤʘʢʩʠʤʘʣʥʦʛ ʩʤʠʮʘʿʥʦʛ ʥʘʧʦʥʘ ʠ ʢʨʠʪʝʨʠʿʫʤ ʄʠʟʝʩʘ. ʂʦʜ ʥʘʚʝʜʝʥʠʭ 

ʪʝʦʨʠʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʩʝ ʜʘ ʩʫ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʪʝʨʠʿʘʣʘ ʧʦʟʥʘʪʝ. ʊʘʢʦʹʝ, ʥʘʚʝʜʝʥʝ 

ʪʝʦʨʠʿʝ ʥʘʧʦʥʩʢʦ ʩʪʘˁʝ ʫ ʩʚʘʢʦʿ ʪʘʯʢʠ ʦʧʪʝʨʝ˂ʝʥʦʛ ʪʝʣʘ ʢʘʨʘʢʪʝʨʠʰʫ ʧʨʝʢʦ ʛʣʘʚʥʠʭ ʥʘʧʦʥʘ. 

 4.1 ʂʈʀʊɽʈʀɱʋʄ ʄɸʂʉʀʄɸʃʅʆɻ ʅʆʈʄɸʃʅʆɻ ʅɸʇʆʅɸ  

 ʂʨʠʪʝʨʠʿʫʤ ʤʘʢʩʠʤʘʣʥʦʛ ʥʘʧʦʥʘ ʠʣʠ ʢʘʢʦ ʩʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʿʦʰ ʯʝʩʪʦ ʥʘʟʠʚʘ ʠ ʈʘʥʢʠʥʦʚ 

ʢʨʠʪʝʨʠʿʫʤ ʜʝʬʠʥʠʰʝ ʜʘ ʣʦʤ ʫʩʣʝʜ ʩʣʦʞʝʥʦʛ ʥʘʧʦʥʩʢʦʛ ʩʪʘˁʘ ʥʘʩʪʘʿʝ ʢʘʜʘ ʛʣʘʚʥʠ ʟʘʪʝʞʫ˂ʠ 

ʥʘʧʦʥ ʥʘʜʤʘʰʠ ʚʨʝʜʥʦʩʪ ʟʘʪʝʟʥʝ ʯʚʨʩʪʦ˂ʝ ʤʘʪʝʨʠʿʘʣʘ ʠʣʠ ʢʘʜʘ ʛʣʘʚʥʠ ʧʨʠʪʠʩʥʠ ʥʘʧʦʥʠ 

ʥʘʜʤʘʰʝ ʯʚʨʩʪʦ˂ʫ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʧʨʠʪʠʩʘʢ [6, 37, 146]. ʂʦʜ ʢʨʪʠʭ ʤʘʪʝʨʠʿʘʣʘ ʯʚʨʩʪʦ˂ʘ ʥʘ 



105 

 

ʧʨʠʪʠʩʘʢ ʿʝ ʟʥʘʪʥʦ ʚʝ˂ʘ ʦʜ ʯʚʨʩʪʦ˂ʝ ʥʘ ʟʘʪʝʟʘˁʝ. ʅʘ ʩʣʠʮʠ 53 ʧʨʠʢʘʟʘʥ ʿʝ ʢʨʠʪʝʨʠʿʫʤ ʣʦʤʘ 

ʧʨʝʤʘ ʤʘʢʩʠʤʘʣʥʦʤ ʥʦʨʤʘʣʥʦʤ ʥʘʧʦʥʫ ʢʦʜ ʢʨʪʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫ ʨʘʚʥʠ. 

 

ʉʣʠʢʘ 53. ʂʨʠʪʝʨʠʿʫʤʠ ʣʦʤʘ ʢʦʜ ʢʨʪʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫ ʨʘʚʥʠ [146] 

 ʅʘ ʩʣʠʮʠ 53 ʧʨʠʢʘʟʘʥ ʿʝ ʢʨʠʪʝʨʠʿʫʤ ʤʘʢʩʠʤʘʣʥʦʛ ʥʦʨʤʘʣʥʦʛ ʥʘʧʦʥʘ ʫ ʨʘʚʥʠ 

ʧʨʘʚʦʫʛʘʦʥʠʢʦʤ CFHJ, ʛʜʝ ʩʫ ʩʘ 
1s ʠ 

2s   ʧʨʠʢʘʟʘʥʠ ʛʣʘʚʥʠ ʥʘʧʦʥʠ, ʜʦʢ ʿʝ ʪʨʝ˂ʠ ʛʣʘʚʥʠ ʥʘʧʦʥ 

ʿʝʜʥʘʢ ʥʫʣʠ ( )3 0s= . ɿʘʪʝʟʥʘ ʿʘʯʠʥʘ ʤʘʪʝʨʠʿʘʣʘ ʧʨʠ ʘʢʩʠʿʘʣʥʦʤ ʟʘʪʝʟʘˁʫ ʿʝ ʧʨʠʢʘʟʘʥʘ ʩʘ OB. 

ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʧʨʝʤʘ ʢʨʠʪʝʨʠʿʫʤʫ ʤʘʢʩʠʤʘʣʥʦʛ ʥʘʧʦʥʘ ʜʝʣʦʚʘˁʝ ʥʘʧʦʥʘ 
2s  ʧʦʜ 

ʦʜʨʝʹʝʥʠʤ ʫʛʣʦʤ ʥʝ ʫʪʠʯʝ ʥʘ ʯʚʨʩʪʦ˂ʫ ʨʘʟʤʘʪʨʘʥʦʛ ʦʧʪʝʨʝ˂ʝʥʦʛ ʝʣʝʤʝʥʪʘ. ʇʨʠ ʪʦʨʟʠʦʥʦʤ 

ʦʧʪʝʨʝ˂ʝˁʫ ʫ ʧʦʧʨʝʯʥʦʤ ʧʨʝʩʝʢʫ ʿʘʚˀʘʿʫ ʩʝ ʩʘʤʦ ʥʘʧʦʥʠ ʩʤʠʮʘˁʘ (0, x ys s= = xyt t=  ), ʜʦʢ 

ʩʫ ʛʣʘʚʥʠ ʥʘʧʦʥʠ 
1 2s s t=- = ʧʨʠʢʘʟʘʥʠ ʣʠʥʠʿʦʤ AOE. ʂʘʢʦ ʩʫ ʛʣʘʚʥʠ ʥʘʧʦʥʠ ʿʝʜʥʘʢʠ ʧʦ 

ʚʨʝʜʥʦʩʪʠ ʩʧʦˀʘʰˁʝʤ ʩʤʠʮʘʿʥʦʤ ʥʘʧʦʥʫ ʪʦ ʙʠ ʧʦ ʢʨʠʪʝʨʠʿʫʤʫ ʤʘʢʩʠʤʘʣʥʦʛ ʥʘʧʦʥʘ ˁʠʭʦʚʝ 

ʚʝʣʠʯʠʥʝ ʧʨʠ ʪʦʨʟʠʿʠ ʠ ʟʘʪʝʟʘˁʫ ʙʠʣʝ ʿʝʜʥʘʢʝ.  

 4.2 ʄʆʈʆɺɸ ʊɽʆʈʀɱɸ ʃʆʄɸ ʂʈʊʀʍ ʄɸʊɽʈʀɱɸʃɸ 

 ʂʨʠʪʝʨʠʿʫʤ ʣʦʤʘ ʧʨʝʤʘ ʄʦʨʦʚʦʿ ʪʝʦʨʠʿʠ (Christian Otto Mohr, 1835 - 1918) ʠʣʫʩʪʨʘʪʠʚʥʦ 

ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 54. ʆʚʘʿ ʢʨʠʪʝʨʠʿʫʤ ʩʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʿʦʰ ʥʘʟʠʚʘ ʠ ʢʨʠʪʝʨʠʿʫʤ ʫʥʫʪʨʘʰˁʝʛ 

ʪʨʝˁʘ [6, 37, 146]. ʅʘ ʩʣʠʮʠ 54 ʯʚʨʩʪʦ˂ʝ ʤʘʪʝʨʠʿʘʣʘ ʧʨʠ ʟʘʪʝʟʘˁ ʫ ʠ ʧʨʠʪʠʩʢʫ ʧʨʠʢʘʟʘʥʝ ʩʫ 

ʢʨʫʛʦʚʠʤʘ ʨʘʟʣʠʯʠʪʠʭ ʧʨʝʯʥʠʢʘ. ʅʘʧʦʥʩʢʦ ʩʪʘˁʝ ʟʘ ʢʦʿʝ ʄʦʨʦʚ ʢʨʫʛ ʥʘʧʦʥʘ ʜʦʜʠʨʫʿʝ 

ʟʘʿʝʜʥʠʯʢʫ ʪʘʥʛʝʥʪʫ ʦʚʠʭ ʢʨʫʛʦʚʘ ʧʨʝʜʩʪʘʚˀʘ ʄʦʨʦʚ ʢʨʠʪʝʨʠʿʫʤ ʣʦʤʘ ʤʘʪʝʨʠʿʘʣʘ. ʄʦʨʦʚ ʢʨʫʛ 

ʥʘʧʦʥʘ ʧʨʝʯʥʠʢʘ 
1 2s s-  ʧʨʠʢʘʟʘʥ ʿʝ ʠʩʧʨʝʢʠʜʘʥʦʤ ʣʠʥʠʿʦʤ. ʏʚʨʩʪʦ˂ʝ ʤʘʪʝʨʠʿʘʣʘ ʧʨʠ 

ʟʘʪʝʟʘˁʫ ʠ ʧʨʠʪʠʩʢʫ ʦʙʝʣʝʞʝʥʝ ʩʫ ʩʘ 
ucs  ʠ 

uts . 

  

ʉʣʠʢʘ 54. ʄʦʨʦʚʘ ʪʝʦʨʠʿʘ ʣʦʤʘ ʢʨʪʠʭ ʤʘʪʝʨʠʿʘʣʘ [6]  
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 ʅʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ʛʣʘʚʥʠʭ ʥʘʧʦʥʘ ʧʨʠ ʨʘʟʤʘʪʨʘˁʫ ʧʨʝʤʘ ʢʨʠʪʝʨʠʿʫʤʫ ʣʦʤʘ ʠ ʄʦʨʦʚʦʿ 

ʪʝʦʨʠʿʠ ʤʦʛʫ ʥʘʩʪʘʪʠ ʩʣʝʜʝ˂ʠ ʩʣʫʯʘʿʝʚʠ: 

¶ ʟʘ 
1 0s²   ʠ 

2 0s² , ʨʘʟʤʘʪʨʘˁʝ ʿʝ ʚʝʟʘʥʦ ʟʘ ʧʨʚʠ ʢʚʘʜʨʘʥʪ ʠ ʢʘʜʘ ʿʝ 
1 2s s²  ʦʥʜʘ ʣʦʤ 

ʥʘʩʪʘʿʝ ʢʘʜʘ ʿʝ 
1 uts s² ; 

¶ ʢʘʜʘ ʿʝ 
1 0s²  ʠ 

2 0s< , ʨʘʟʤʘʪʨʘˁʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʜʨʫʛʠ ʢʚʘʜʨʘʥʪ ʠ ʪʘʜʘ ʿʝ ʢʨʠʪʝʨʠʿʫʤ 

ʣʦʤʘ ʧʦ ʄʦʨʦʚʦʿ  ʪʝʦʨʠʿʠ ʜʘʪ ʠʟʨʘʟʦʤ 1 2 1
ut uc

s s

s s
- =; 

¶ ʟʘ 
1 0s<  ʠ 

2 0s< , ʨʘʟʤʘʪʨʘˁʝ ʩʝ ʩʚʦʜʠ ʥʘ ʪʨʝ˂ʠ ʢʚʘʜʨʘʥʪ ʠ ʪʘʜʘ ʧʨʝʤʘ ʄʦʨʦʚʦʿ 

ʪʝʦʨʠʿʠ ʣʦʤ ʥʘʩʪʘʿʝ ʢʘʜʘ ʿʝ 
2 ucs s=-  ʠ 

¶ ʢʘʜʘ ʿʝ 
1 0s<   ʠ 

2 0s² , ʨʘʟʤʘʪʨʘˁʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʯʝʪʚʨʪʠ ʢʚʘʜʨʘʥʪ ʧʘ ʿʝ ʢʨʠʪʝʨʠʿʫʤ 

ʣʦʤʘ ʜʝʬʠʥʠʩʘʥ ʢʘʦ 1 2 1
uc ut

s s

s s
- + =.  

 ʂʘʦ ʰʪʦ ˂ʝ ʙʠʪʠ ʢʘʩʥʠʿʝ ʦʙʿʘʰˁʝʥʦ ʦʚʘʿ ʢʨʠʪʝʨʠʿʫʤ ʿʝ ʩʣʠʯʘʥ ʢʨʠʪʝʨʠʿʫʤʫ ʤʘʢʩʠʤʘʣʥʦʛ 

ʩʤʠʮʘʿʥʦʛ ʥʘʧʦʥʘ, ʠʟʫʟʝʚ ʫ ʩʣʫʯʘʿʫ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʧʨʦʙʣʝʤʘ (ʩʣ. 55).  

 

ʉʣʠʢʘ 55. ʇʨʦʩʪʦʨʥʠ ʫʩʣʦʚʠ ʟʘ ʢʨʠʪʝʨʠʿʫʤʝ ʣʦʤʘ ʢʦʜ ʜʫʢʪʠʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ [6]  

 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʧʠʪʠʚʘˁʘ ʧʦʥʘʰʘˁʘ ʢʨʪʠʭ ʤʘʪʝʨʠʿʘʣʘ ʧʦʢʘʟʫʿʫ ʙʦˀʫ ʩʘʛʣʘʩʥʦʩʪ ʩʘ 

ʢʨʠʪʝʨʠʿʫʤʦʤ ʤʘʢʩʠʤʘʣʥʦʛ ʥʘʧʦʥʘ ʜʦʢ ʜʨʫʛʠ ʬʘʚʦʨʠʟʫʿʫ ʄʦʨʦʚʫ ʪʝʦʨʠʿʫ. ʂʨʠʪʝʨʠʿʫʤ 

ʤʘʢʩʠʤʘʣʥʦʛ ʥʘʧʦʥʘ ʠ ʢʨʠʪʝʨʠʿʫʤ ʣʦʤʘ ʧʨʝʤʘ ʄʦʨʦʚʦʿ ʪʝʦʨʠʿʠ ʜʘʿʫ ʠʩʪʝ ʨʝʟʫʣʪʘʪʝ ʟʘ 

ʩʣʫʯʘʿʝʚʝ ʦʧʪʝʨʝ˂ʝˁʘ ʧʨʠʢʘʟʘʥʝ ʫ ʧʨʚʦʤ ʠ ʪʨʝ˂ʝʤ ʢʚʘʜʨʘʥʪʫ. ʋ ʩʣʫʯʘʿʫ ʪʦʨʟʠʦʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ

( )2 1s s=- , ʄʦʨʦʚ ʢʨʠʪʝʨʠʿʫʤ ʜʘʿʝ ʨʝʟʫʣʪʘʪʝ ʢʦʿʠ ʟʘʜʦʚʦˀʘʚʘʿʫ ʢʨʠʪʝʨʠʿʫʤʝ ʩʠʛʫʨʥʦʩʪʠ, ʩ 

ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʢʘʦ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʩʤʠʮʘʿʥʦʛ ʥʘʧʦʥʘ - 
ut ʢʦʨʠʩʪʠ ʫʩʣʦʚ ʧʨʠʢʘʟʘʥ ʣʠʥʠʿʦʤ 

MôAô ʫʤʝʩʪʦ ʣʠʥʠʿʦʤ MA. ʉʘ ʩʣʠʢʝ 55 ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ: 

1

ut
u

ut

uc

ů

ů

ů

t=
å õ
+æ ö
ç ÷

 

(70) 
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 4.3 ʂʈʀʊɽʈʀɱʋʄ ʄɸʂʉʀʄɸʃʅʆɻ ʉʄʀʎɸɱʅʆɻ ʅɸʇʆʅɸ 

 ʂʨʠʪʝʨʠʿʫʤ ʤʘʢʩʠʤʘʣʥʦʛ ʩʤʠʮʘʿʥʦʛ ʥʘʧʦʥʘ, ʫ ʣʠʪʝʨʘʪʫʨʠ ʿʝ ʧʦʟʥʘʪ ʢʘʦ ʊresca - Gassen 

ʢʨʠʪʝʨʠʿʫʤ ʠ ʫʩʪʘʥʦʚˀʝʥ ʿʝ ʢʘʦ ʢʨʠʪʝʨʠʿʫʤ ʪʝʯʝˁʘ ʠʣʠ ʣʦʤʘ ʫ ʩʣʫʯʘʿʫ ʩʪʘʪʠʯʢʠʭ ʦʧʪʝʨʝ˂ʝˁʘ, 

ʘʣʠ ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʠ ʟʘ ʟʘʤʦʨʥʠ ʣʦʤ ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʢʦʜ ʜʫʢʪʠʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫʩʣʝʜ 

ʤʘʢʩʠʤʘʣʥʦʛ ʩʤʠʮʘʿʥʦʛ ʥʘʧʦʥʘ. ʇʦ ʪʝʦʨʠʿʠ ʤʘʢʩʠʤʘʣʥʦʛ ʩʤʠʮʘʿʥʦʛ ʥʘʧʦʥʘ, ʦʪʢʘʟ ʥʘʩʪʘʿʝ ʢʘʜʘ 

ʤʘʢʩʠʤʘʣʥʠ ʩʤʠʮʘʿʥʠ ʥʘʧʦʥ ʥʘʜʤʘʰʠ ʚʨʝʜʥʦʩʪ ʜʦʟʚʦˀʝʥʦʛ ʤʘʢʩʠʤʘʣʥʦʛ ʩʤʠʮʘʿʥʦʛ ʥʘʧʦʥʘ ʫ 

ʩʣʫʯʘʿʫ ʿʝʜʥʦʦʩʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ [6, 146]. ʅʘ ʩʣʠʮʠ 55 ʢʨʠʪʝʨʠʿʫʤ ʤʘʢʩʠʤʘʣʥʦʛ ʩʤʠʮʘʿʥʦʛ 

ʥʘʧʦʥʘ ʠʣʫʩʪʨʘʪʠʚʥʦ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʰʝʩʪʦʫʛʘʦʥʠʤ ʦʙʣʠʢʦʤ. ɿʘ ʛʣʘʚʥʝ ʥʘʧʦʥʝ 
1s, 

2s  ʠ 
3s , 

ʤʘʢʩʠʤʘʣʥʠ ʩʤʠʮʘʿʥʠ ʥʘʧʦʥʠ ʦʜʨʝʹʝʥʠ ʩʫ ʨʝʣʘʮʠʿʘʤʘ [146]: 

1 2
3

2

s s
t

-
= , 1 3

2
2

s s
t

-
= , 2 3

1
2

s s
t

-
= . (71) 

 ʉʪʚʘʨʥʠ ʤʘʢʩʠʤʘʣʥʠ ʩʤʠʮʘʿʥʠ ʥʘʧʦʥ ʿʝ ʦʜʨʝʹʝʥ ʤʘʢʩʠʤʘʣʥʦʤ ʚʨʝʜʥʦʰ˂ʫ ʠʟʨʘʟʘ (71). 

ɺʨʝʜʥʦʩʪ ʩʤʠʮʘʿʥʦʛ ʥʘʧʦʥʘ ʢʦʿʘ ʠʟʘʟʠʚʘ ʣʦʤ ʫ ʩʣʫʯʘʿʫ ʿʝʜʥʦʩʪʘʚʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʟʘʪʝʟʘˁʝ ʿʝ

2

s
, ʛʜʝ ʿʝ s ʚʨʝʜʥʦʩʪ ʟʘʪʝʟʥʦʛ ʥʘʧʦʥʘ ʢʦʿʠ ʠʟʘʟʠʚʘ ʣʦʤ. ɸʢʦ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠ ʜʘ ʣʦʤ ʥʘʩʪʘʿʝ 

ʫʩʣʝʜ ʟʘʤʦʨʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ, ʟʘ ʛʨʘʥʠʯʥʫ ʚʨʝʜʥʦʩʪ ʥʘʧʦʥʘ ʫʟʠʤʘ ʩʝ ʟʘʪʝʟʥʘ ʿʘʯʠʥʘ ʤʘʪʝʨʠʿʘʣʘ 

fs  ʟʘ ʩʣʫʯʘʿ ʧʨʦʤʝʥˀʠʚʦʛ ʘʢʩʠʿʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʧʨʠʪʠʩʘʢ ʠ ʟʘʪʝʟʘˁʝ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ 

ʨʘʚʘʥʩʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ 
3 0s=  ʠ ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʿʝ ʥʘʧʦʥ 

1s ʚʝ˂ʠ ʦʜ ʥʘʧʦʥʘ 
2s  ʩ ʦʙʟʠʨʦʤ 

ʜʘ ʩʫ ʦʙʘ ʟʘʪʝʟʥʠ ʥʘʧʦʥʠ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʧʨʝʤʘ ʢʨʠʪʝʨʠʿʫʤʫ ʤʘʢʩʠʤʘʣʥʦʛ ʩʤʠʮʘʿʥʦʛ ʥʘʧʦʥʘ 

ʣʦʤ ʥʘʩʪʘʿʝ ʢʘʜʘ ʿʝ 1 0

2 2

fss-
=  ʦʜʥʦʩʥʦ ʢʘʜʘ ʿʝ 

1 fs s= . ʈʘʟʤʘʪʨʘʥʠ ʩʣʫʯʘʿ ʥʘʣʘʟʠ ʩʝ ʫ ʧʨʚʦʤ 

ʢʚʘʜʨʘʥʪʫ ʧʨʠʢʘʟʘʥʦʤ ʥʘ ʩʣʠʮʠ 55, ʩ ʪʠʤ ʜʘ ʿʝ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʢʘʨʘʢʪʝʨ ʦʧʪʝʨʝ˂ʝˁʘ, ʫʤʝʩʪʦ 
fs  

ʧʨʠʢʘʟʘʥʦ ys. ʄʝʹʫʪʠʤ, ʟʘ ʩʣʫʯʘʿʝʚʝ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʜʨʫʛʦʤ ʠ ʯʝʪʚʨʪʦʤ ʢʚʘʜʨʘʥʪʫ, ʢʘʜʘ ʩʫ 

ʦʧʪʝʨʝ˂ʝˁʘ ʫ ʜʚʘ ʧʨʘʚʮʘ ʩʫʧʨʦʪʥʦʛ ʟʥʘʢʘ, ʩʠʪʫʘʮʠʿʘ ʿʝ ʜʨʫʛʘʯʠʿʘ. ɿʘ 
2 1s s=-, ʰʪʦ ʿʝ 

ʧʨʠʢʘʟʘʥʦ ʣʠʥʠʿʦʤ AE ʥʘ ʩʣʠʮʠ 55, ʣʦʤ ʥʘʩʪʘʿʝ ʧʨʝʤʘ ʪʝʦʨʠʿʠ ʤʘʢʩʠʤʘʣʥʦʛ ʩʤʠʮʘʿʥʦʛ ʥʘʧʦʥʘ 

ʢʘʜʘ ʿʝ 
( )1 1

2 2

fss s-
= , ʦʜʥʦʩʥʦ 

1
2

fs
s= . ʆʚʘʿ ʩʣʫʯʘʿ ʿʝ ʥʘ ʩʣʠʮʠ 55 ʧʨʠʢʘʟʘʥ ʩʘ  

MôAô= OB / 2. ʋ ʩʣʫʯʘʿʫ ʪʦʨʟʠʦʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʧʨʝʤʘ ʦʚʦʤ ʢʨʠʪʝʨʠʿʫʤʫ  ʿʝ 
2 1s s t=- =, 

ʦʜʥʦʩʥʦ:  

2

f

f

s
t= . (72) 

 ɺʨʝʜʥʦʩʪ ʦʜʨʝʹʝʥʘ ʧʨʝʤʘ ʨʝʣʘʮʠʿʠ (72) ʿʝ ʧʦʣʦʚʠʥʘ ʚʨʝʜʥʦʩʪʠ ʢʦʿʘ ʩʝ ʜʦʙʠʿʘ ʧʨʝʤʘ 

ʢʨʠʪʝʨʠʿʫʤʫ ʤʘʢʩʠʤʘʣʥʦʛ ʥʘʧʦʥʘ [146].  

 4.4 ʄʀɿɽʉʆɺ ʂʈʀʊɽʈʀɱʋʄ 

 ʂʨʠʪʝʨʠʿʫʤ ʣʦʤʘ ʢʦʿʠ ʿʝ ʧʨʝʜʣʦʞʠʦ ʈʠʭʘʨʜ ʚʦʥ ʄʠʟʝʩ (Richard von Misess) 1913. ʛʦʜʠʥʝ 

ʿʝ ʢʨʠʪʝʨʠʿʫʤ ʣʦʤʘ ʫʩʣʝʜ ʪʝʯʝˁʘ ʤʘʪʝʨʠʿʘʣʘ ʠ ʜʝʬʠʥʠʩʘʥ ʿʝ ʨʝʣʘʮʠʿʦʤ: 

( ) ( ) ( )
2 2 2

1 2 2 3 1 3

2
y

s s s s s s
s

- + - + -
= , (73) 

ʛʜʝ ʿʝ: ys  - ʥʘʧʦʥ ʪʝʯʝˁʘ ʧʨʠ ʦʧʪʝʨʝ˂ʝˁʫ ʫ ʿ ʝʜʥʦʤ ʧʨʘʚʮʫ. ʋ ʩʣʫʯʘʿʫ ʜʠʥʘʤʠʯʢʠʭ ʦʧʪʝʨʝ˂ʝˁʘ 

ʢʦʿʘ ʠʟʘʟʠʚʘʿʫ ʟʘʤʦʨ ʤʘʪʝʨʠʿʘʣʘ, ʦʚʘʿ ʥʘʧʦʥ ʪʨʝʙʘ ʟʘʤʝʥʠʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʥʘʧʦʥʦʤ fs  [6, 37, 
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146]. ɺʨʝʜʥʦʩʪ ʥʘ ʣʝʚʦʿ ʩʪʨʘʥʠ ʿʝʜʥʘʢʦʩʪʠ (73) ʯʝʩʪʦ ʩʝ ʦʟʥʘʯʘʚʘ ʠ ʢʘʦ ʝʢʚʠʚʘʣʝʥʪʥʠ ʥʘʧʦʥ - 

eqs  ʠ ʧʨʠʢʘʟʫʿʝ ʩʝ ʢʘʦ ʠʟʣʘʟʥʘ ʚʝʣʠʯʠʥʘ ʩʦʬʪʚʝʨʘ ʟʘ ʥʫʤʝʨʠʯʢʫ ʘʥʘʣʠʟʫ ʥʘʧʦʥʩʢʦ-

ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ, ʪʿ.: 

( ) ( ) ( )
2 2 2

1 2 2 3 1 3

2
eq

s s s s s s
s

- + - + -
= . (74) 

 ʆʚʘ ʪʝʦʨʠʿʘ ʫ ʣʠʪʝʨʘʪʫʨʠ ʧʦʟʥʘʪʘ ʿʝ ʠ ʢʘʦ Maxwell-Huber-Hencky-von Misess ʪʝʦʨʠʿʘ, ʠʣʠ 

ʪʝʦʨʠʿʘ ʤʘʢʩʠʤʘʣʥʝ ʝʥʝʨʛʠʿʝ ʨʘʟʘʨʘˁʘ. ʇʦ ʦʚʦʤ ʢʨʠʪʝʨʠʿʫʤʫ ʣʦʤ ʩʝ ʿʘʚˀʘ ʢʘʜʘ ʤʘʢʩʠʤʘʣʥʘ 

ʝʥʝʨʛʠʿʘ ʨʘʟʘʨʘˁʘ ʥʘʜʤʘʰʠ ʚʨʝʜʥʦʩʪ ʝʥʝʨʛʠʿʝ ʣʦʤʘ ʧʨʠ ʟʘʪʝʟʘˁʫ. ʋ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ 
3 0s=  

ʿʝʜʥʘʢʦʩʪ (74) ʧʦʩʪʘʿʝ:  

2 2

1 1 2 2eqs s ss s= - + . (75) 

 ʆʜʥʦʩ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʧʨʠʢʘʟʘʥ ʿʝ ʝʣʠʧʩʘʩʪʦʤ ʠʩʧʨʝʢʠʜʘʥʦʤ ʣʠʥʠʿʦʤ ʥʘ ʩʣʠʮʠ 55. ɿʘ 

ʨʘʟʣʠʢʫ ʦʜ ʰʝʩʪʦʩʪʨʘʥʝ ʬʠʛʫʨʝ ʦʚʘ ʣʠʥʠʿʘ ʥʘ ʩʚʦʤ ʧʫʪʫ ʥʝʤʘ ʜʠʩʢʦʥʪʠʥʫʠʪʝʪʘ ʢʦʿʠ ʫ 

ʬʠʟʠʯʢʦʤ ʩʤʠʩʣʫ ʥʠʩʫ ʨʝʘʣʥʠ. ʈʘʟʤʘʪʨʘˁʘ ʢʦʿʘ ʩʫ ʧʨʠʢʘʟʘʣʠ Sachs, Cox ʠ  Sopwith ʩʫ ʧʦʢʘʟʘʣʘ 

ʜʘ ʢʦʜ ʤʘʪʝʨʠʿʘʣʘ ʯʠʿʝ ʩʝ ʧʦʥʘʰʘˁʝ ʤʦʞʝ ʢʘʨʘʢʪʝʨʠʩʘʪʠ ʩʪʘʪʠʩʪʠʯʢʠ ʢʘʦ ʩʢʫʧ ʩʣʫʯʘʿʥʦ 

ʦʨʠʿʝʥʪʠʩʘʥʠʭ ʢʨʠʩʪʘʣʘ  ʧʦʩʪʦʿʠ ʜʦʙʨʦ ʩʣʘʛʘˁʝ ʩʘ ʢʨʠʪʝʨʠʿʫʤʦʤ ʣʦʤʘ ʢʦʿʠ ʿʝ ʜʝʬʠʥʠʩʘʥ 

ʨʝʣʘʮʠʿʦʤ (73) [6, 96, 97, 146]. 

 ʋ ʩʣʫʯʘʿʫ ʪʦʨʟʠʦʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʢʘʜʘ ʿʝ 
2 1 ys s t=- =, ʢʨʠʪʝʨʠʿʫʤ ʣʦʤʘ ʧʦ ʄʠʟʝʩʫ 

ʧʦʩʪʘʿʝ: 

0,577
3

y

y y

s
t s= = , ( 76) 

ʛʜʝ ʿʝ: 
yt - ʥʘʧʦʥ ʪʝʯʝˁʘ ʧʨʠ ʦʧʪʝʨʝ˂ʝˁʫ ʥʘ ʫʚʠʿʘˁʝ, ʰʪʦ ʿʝ ʥʘ ʩʣʠʮʠ 55 ʧʨʠʢʘʟʘʥʦ ʩʘ  

MA = 0,577 OB. ʂʨʠʪʝʨʠʿʫʤʠ ʣʦʤʘ ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʮʠ 53 ʠ ʩʣʠʮʠ 55 ʧʦʢʣʘʧʘʿʫ ʩʝ ʫ ʪʘʯʢʠ C 

ʢʦʿʘ ʨʝʧʨʝʟʝʥʪʫʿʝ ʦʧʪʝʨʝ˂ʝˁʝ ʥʘ ʟʘʪʝʟʘˁʝ, ʘʣʠ ʩʝ ʨʘʟʣʠʢʫʿʫ ʜʫʞ ʧʨʘʚʮʘ AE ʢʦʿʠʤ ʿʝ 

ʧʨʝʜʩʪʘʚˀʝʥ ʩʣʫʯʘʿ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʧʨʠʪʠʩʘʢ ʠ ʟʘʪʝʟʘˁʝ ʩʘ ʿʝʜʥʘʢʠʤ ʘʧʩʦʣʫʪʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ.  

 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʧʠʪʠʚʘˁʘ ʪʝʯʝˁʘ ʢʦʜ ʜʫʢʪʠʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʧʦʢʘʟʘʣʘ ʩʫ ʜʘ ʩʫ 

ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʧʨʠʤʝʥʦʤ ʢʨʠʪʝʨʠʿʫʤʘ ʣʦʤʘ ʧʦ ʄʠʟʝʩʫ ʫ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʦʿ ʩʘʛʣʘʩʥʦʩʪʠ ʫ 

ʩʣʫʯʘʿʫ ʨʘʚʘʥʩʢʠʭ ʫʩʣʦʚʘ. ʇʦʢʘʟʘʥʦ ʿʝ (Prager ʠ Hodge, 1951 [96, 97]), ʪʘʢʦʹʝ, ʜʘ ʠʘʢʦ ʩʝ 

ʧʦʪʧʫʥʦ ʩʣʘʛʘˁʝ ʤʦʞʝ ʩʤʘʪʨʘʪʠ ʩʣʫʯʘʿʥʠʤ, ʢʨʠʪʝʨʠʿʫʤ ʣʦʤʘ ʧʦ ʄʠʟʝʩʫ ˂ʝ ʠ ʜʘˀʝ ʙʠʪʠ ʦʜ 

ʧʨʘʢʪʠʯʥʝ ʚʘʞʥʦʩʪʠ ʩ ʦʙʟʠʨʦʤ ʥʘ ʩʚʦʿʫ ʤʘʪʝʤʘʪʠʯʢʫ ʿʝʜʥʦʩʪʘʚʥʦʩʪ ʯʘʢ ʠ ʢʘʜʘ ʿʝ ʩʘʛʣʘʩʥʦʩʪ ʩʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ʩʣʘʙʘ. 

 ʇʦʩʪʦʿʝ ʜʦʢʘʟʠ  (Peterson, 1974; Nisihara ʠ Kojima, 1939 [96, 97]) ʜʘ ʟʘ ʜʫʢʪʠʣʥʝ ʤʘʪʝʨʠʿʘʣʝ 

ʢʨʠʪʝʨʠʿʫʤ ʄʠʟʝʩʘ ʜʘʿʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʨʝʟʫʣʪʘʪʝ ʫ ʛʦʨˁʦʿ ʧʦʣʦʚʠʥʠ ʝʣʠʧʩʝ (ABCDE) ʥʘ 

ʩʣʠʮʠ 55. ʟʘ ʧʦʪʧʫʥʦ ʧʨʦʤʝʥˀʠʚ ʠʣʠ ʧʫʣʩʠʨʘʿʫ˂ʠ ʢʘʨʘʢʪʝʨ ʮʠʢʣʫʩʘ ʟʘʪʝʟʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. 

ʈʝʟʫʣʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ ʩʘ ʦʧʪʝʨʝ˂ʝˁʝʤ ʧʨʦʤʝʥˀʠʚʦʛ ʢʘʨʘʢʪʝʨʘ ʩʫ ʫ ʙʦˀʦʿ 

ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʢʨʠʪʝʨʠʿʫʤʦʤ ʣʦʤʘ ʧʦ ʄʠʟʝʩʫ ʫ ʦʜʥʦʩʫ ʥʘ ʩʘʛʣʘʩʥʦʩʪ ʩʘ ʢʨʠʪʝʨʠʿʫʤʦʤ 

ʤʘʢʩʠʤʘʣʥʦʛ ʩʤʠʮʘʿʥʦʛ ʥʘʧʦʥʘ. ʂʘʜʘ ʩʝ ʧʨʠ ʨʘʟʤʘʪʨʘˁʫ ʪʝʯʝˁʘ ʤʘʪʝʨʠʿʘʣʘ ʧʨʠʤʝʥʠ ʄʠʟʝʩʦʚ 

ʢʨʠʪʝʨʠʿʫʤ (ʩʣ. 55) ʪʘʜʘ ʿʝ ʤʘʢʩʠʤʘʣʥʠ ʩʤʠʮʘʿʥʠ ʥʘʧʦʥ ʧʨʝʜʩʪʘʚˀʝʥ ʠʩʧʨʝʢʠʜʘʥʦʤ 

ʝʣʠʧʩʘʩʪʦʤ ʣʠʥʠʿʦʤ ʢʦʿʘ ʿʝ ʩʠʤʝʪʨʠʯʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʘʚʫ AE. ʉ ʦʙʟʠʨʦʤ ʥʘ ʦʙʣʘʩʪ ʠʩʧʦʜ AE, 

ʩʪʘˁʝ ʧʨʠʪʠʩʥʠʭ ʥʘʧʦʥʘ, ʧʦʩʪʦʿʝ ʜʦʢʘʟʠ ʜʘ ʟʘ ʩʣʫʯʘʿ ʧʫʣʩʠʨʘʿʫ˂ʝʛ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʧʨʠʪʠʩʘʢ 

(ʦʧʪʝʨʝ˂ʝˁʝ ʥʘ ʧʨʠʪʠʩʘʢ ʩʝ ʤʝˁʘ ʦʜ ʥʫʣʝ ʜʦ ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ) ʦʚʘ ʦʙʣʘʩʪ ʢʦʿʘ 

ʨʝʧʨʝʟʝʥʪʫʿʝ ʧʫʣʩʠʨʘʿʫ˂ʝ ʦʧʪʝʨʝ˂ʝˁʝ ʥʘ ʧʨʠʪʠʩʘʢ ʩʝ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʚʘ (Newmark et al., 1951, 

Nishihara ʠ Kojima,1939, Ros ʠ Eichinger, 1950 [96, 97]).  

ʋ ʧʨʘʢʩʠ, ʝʣʝʤʝʥʪ ʟʘʚʘʨʝʥʝ ʤʘʰʠʥʩʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʿʝ ʠʟʣʦʞʝʥ ʠʩʪʦʚʨʝʤʝʥʦʤ ʜʝʣʦʚʘˁʫ 

ʚʠʰʝ ʪʠʧʦʚʘ ʠ ʚʨʩʪʘ ʦʧʪʝʨʝ˂ʝˁʘ, ʫʤʝʩʪʦ ʿʝʜʥʦʿ ʚʨʩʪʠ ʦʧʪʝʨʝ˂ʝˁʘ ʢʘʢʦ ʿʝ ʪʦ ʜʦ ʩʘʜʘ ʧʨʠʢʘʟʘʥʦ. 
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ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʧʦʪʨʝʙʥʦ ʿʝ ʘʥʘʣʠʟʠʨʘʪʠ ʥʘʧʦʥʩʢʦ ʩʪʘˁʝ ʟʘ ʩʚʘʢʦ ʦʧʪʝʨʝ˂ʝˁʝ ʧʦʩʝʙʥʦ, ʘ ʦʥʜʘ 

ʘʥʘʣʠʟʠʨʘʪʠ ʨʝʟʫʣʪʫʿʫ˂ʝ ʥʘʧʦʥʝ. ʂʘʢʦ ʩʫʧʝʨʧʦʟʠʮʠʿʘ ʧʨʝʪʧʦʩʪʘʚˀʘ ʣʠʥʝʘʨʥʫ ʚʝʟʫ ʠʟʤʝʹʫ 

ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʨʝʟʫʣʪʫʿʫ˂ʝʛ ʦʜʛʦʚʦʨʘ ʧʦʩʤʘʪʨʘʥʦʛ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʥʘʿʯʝʰ˂ʝ ʿʝ ʧʦʪʨʝʙʥʦ 

ʜʘ ʤʘʢʩʠʤʘʣʥʠ ʥʘʧʦʥ ʙʫʜʝ ʤʘˁʠ ʦʜ ʥʘʧʦʥʘ ʥʘ ʛʨʘʥʠʮʠ ʝʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʿʘʣʘ. ʆʜʛʦʚʦʨ 

ʨʘʟʤʘʪʨʘʥʦʛ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʠ ʦʚʘʢʦ ʦʜʨʝʹʝʥʦ ʨʝʟʫʣʪʫʿʫ˂ʝ ʥʘʧʦʥʩʢʦ ʩʪʘˁʝ ʩʫ ʫ 

ʣʠʥʝʘʨʥʦʿ ʚʝʟʠ ʢʦʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʢʦʿʝ ʨʘʜʝ ʫ ʝʣʘʩʪʠʯʥʦʿ ʦʙʣʘʩʪʠ. 
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5 ɸʅɸʃʀɿɸ ʂʆʅʉʊʋʂʎʀʆʅʆɻ ʈɽʐɽɳɸ ʀ ɼʀɿɸɱʅɸ 

ɽʃɽʄɽʅɸʊɸ ɿɸɺɸʈɽʅʀʍ ʂʆʅʉʊʈʋʂʎʀɱɸ 

 5.1 ʋɺʆɼ 

 ʈʘʟʚʦʿ ʨʘʯʫʥʘʨʘ ʠ ʩʦʬʪʚʝʨʩʢʠʭ ʧʘʢʝʪʘ ʜʦʚʝʦ ʿʝ ʜʦ ʥʘʛʣʦʛ ʨʘʟʚʦʿʘ ʘʥʘʣʠʟʝ ʥʘʧʦʥʩʢʦ-

ʜʝʬʦʨʤʘʮʠʦʥʠʭ ʩʪʘˁʘ ʫ ʟʘʚʘʨʝʥʠʤ ʤʘʰʠʥʩʢʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ ʩʣʦʞʝʥʠʭ ʛʝʦʤʝʪʨʠʿʩʢʠʭ 

ʦʙʣʠʢʘ ʠ ʧʨʠ ʢʦʤʧʣʝʢʩʥʠʤ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʤ ʫʩʣʦʚʠʤʘ. ɸʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʮʠʿʘ ʧʨʠʤʝʥʦʤ 

ʩʘʚʨʝʤʝʥʠʭ ʨʘʯʫʥʘʨʩʢʠʭ ʤʝʪʦʜʘ ʩʫ ʜʘʥʘʩ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘˁʝʥʝ, ʟʘʭʚʘˀʫʿʫ˂ʠ ʨʘʟʚʦʿʫ 

ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʦʚʫ ʘʥʘʣʠʟʫ. ʅʘʿʙʦˀʝ ʨʘʟʚʠʿʝʥ ʠ ʧʨʦʫʯʝʥ ʘʣʠ ʠ ʥʘʿʬʣʝʢʩʠʙʠʣʥʠʿʠ ʨʘʯʫʥʘʨʩʢʠ 

ʤʝʪʦʜ ʟʘ ʘʥʘʣʠʟʫ ʧʦʥʘʰʘˁʘ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʿʝ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥ ʥʘ ʧʨʠʤʝʥʠ 

ʥʫʤʝʨʠʯʢʠʭ ʤʝʪʦʜʘ: ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ʤʝʪʦʜʘ ʢʦʥʘʯʥʠʭ ʨʘʟʣʠʢʘ. ɸʥʘʣʠʟʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʥʘʧʦʥʘ ʠ ʜʠʟʘʿʥʘ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʦʙʘʚˀʘ ʩʝ ʩ ʮʠˀʝʤ ʢʦʥʩʪʨʫʢʮʠʦʥʦʛ 

ʦʙʝʟʙʝʹʠʚʘˁʘ ʨʝʣʘʢʩʘʮʠʿʝ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ. ʋʥʠʚʝʨʟʘʣʥʦʩʪ ʠ ʝʬʠʢʘʩʥʦʩʪ 

ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʦʤʦʛʫ˂ʫʿʝ ʘʥʘʣʠʟʫ ʢʦʥʩʪʨʫʢʮʠʿʘ ʩʣʦʞʝʥʠʭ ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʦʙʣʠʢʘ 

ʠ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʟʘʭʪʝʚʘ, ʰʪʦ ʿʝ ʥʘʿʯʝʰ˂ʠ ʩʣʫʯʘʿ ʫ ʧʨʘʢʩʠ. ɺʠʩʦʢʦʝʬʠʢʘʩʥʠ ʩʦʬʪʚʝʨʩʢʠ 

ʧʘʢʝʪʠ ʟʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʫ ʝʣʘʩʪʠʯʥʦʿ ʦʙʣʘʩʪʠ ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʘʥʘʣʠʟʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʥʘʧʦʥʘ, ʨʘʟʚʠʿʝʥʠ ʩʫ ʥʘ ʦʩʥʦʚʫ ʘʣʛʦʨʠʪʘʤʘ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ. ʈʘʜʠ 

ʝʬʠʢʘʩʥʦʛ ʛʝʥʝʨʠʩʘˁʘ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʧʦʜʘʪʘʢʘ ʠ ʠʥʬʦʨʤʘʮʠʿʘ, ˁʠʭʦʚʝ ʦʙʨʘʜʝ ʠ ʦʮʝʥʝ 

ʨʘʟʚʠʿʝʥʠ ʩʫ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪʠ ʢʦʿʠ ʦʙʫʭʚʘʪʘʿʫ ʧʨʦʮʝʜʫʨʝ ʟʘ ʧʨʝʜ-ʠ ʧʦʩʪ-ʧʨʦʮʝʩʫʠʨʘˁʝ ʠ ʢʦʿʠ 

ʩʫ ʢʦʨʠʩʥʠʯʢʠ ʦʨʠʿʝʥʪʠʩʘʥʠ ʩʘ ʛʨʘʬʠʯʢʠʤ ʢʦʨʠʩʥʠʯʢʠʤ ʦʢʨʫʞʝˁʝʤ. 

 ʇʨʠʤʝʥʘ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʧʦʩʪʘʣʘ ʿʝ ʥʝʟʘʦʙʠʣʘʟʥʘ ʫ ʘʥʘʣʠʟʠ ʤʘʰʠʥʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʿʘ. ʆʚʘ ʤʝʪʦʜʘ ʧʨʠʤʝˁʫʿʝ ʩʝ ʫ ʤʝʭʘʥʠʮʠ ʜʝʬʦʨʤʘʙʠʣʥʠʭ ʪʝʣʘ ʧʨʠ ʨʝʰʘʚʘˁʫ 

ʩʪʘʪʠʯʢʠʭ ʠ ʜʠʥʘʤʠʯʢʠʭ ʧʨʦʙʣʝʤʘ ʠ ʟʘ ʨʝʰʘʚʘˁʝ ʦʧʰʪʠʭ ʧʨʦʙʣʝʤʘ ʧʦˀʘ. ʇʨʠʢʘʟʘʥʘ ʘʥʘʣʠʟʘ 

ʥʘ ʦʩʥʦʚʫ ʧʨʠʤʝʥʝ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʿʝ ʦʨʠʿʝʥʪʘʮʠʦʥʦʛ ʢʘʨʘʢʪʝʨʘ, ʧʘ ʩʝ ʨʝʣʝʚʘʥʪʥʠ 

ʨʝʟʫʣʪʘʪʠ  ʤʦʛʫ ʜʦʙʠʪʠ ʿʝʜʠʥʦ ʧʨʘʚʠʣʥʠʤ ʠʟʙʦʨʦʤ ʧʨʦʨʘʯʫʥʩʢʦʛ ʤʦʜʝʣʘ ʠ ʧʨʘʚʠʣʥʠʤ ʠʟʙʦʨʦʤ 

ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ, ʰʪʦ ʿʝ ʤʦʛʫ˂ʝ ʿʝʜʠʥʦ ʨʘʟʫʤʝʚʘˁʝʤ ʬʠʟʠʯʢʦʛ ʧʦʥʘʰʘˁʘ ʟʘʚʘʨʝʥʝ 

ʢʦʥʩʪʨʫʢʮʠʿʝ ʢʦʿʘ ʩʝ ʘʥʘʣʠʟʠʨʘ, ʧʦʟʥʘʚʘˁʝʤ ʪʝʦʨʠʿʩʢʝ ʦʩʥʦʚʝ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ, ʘ 

ʪʠʤʝ ʠ ʦʛʨʘʥʠʯʝˁʘ ʧʨʠʤʝʥʝ ʦʚʝ ʤʝʪʦʜʝ. ʆʚʘʢʦ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʤʦʨʘʿʫ ʙʠʪʠ ʢʨʠʪʠʯʢʠ 

ʘʥʘʣʠʟʠʨʘʥʠ ʿʝʨ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʧʦʛʨʝʰʥʝ ʦʮʝʥʝ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ ʯʠʤʝ ʩʝ ʿʦʰ ʫ 

ʬʘʟʠ ʧʨʦʿʝʢʪʦʚʘˁʘ ʤʦʞʝ ʫʛʨʦʟʠʪʠ ʯʚʨʩʪʦ˂ʘ ʠ ʩʪʘʙʠʣʥʦʩʪ ʟʘʚʘʨʝʥʠʭ ʤʘʰʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. 

 5.2 ʆʉʅʆɺʅɽ ʈɽʃɸʎʀɱɽ  

 ʀʟ ʘʩʧʝʢʪʘ ʜʠʟʘʿʥʘ, ʥʫʤʝʨʠʯʢʘ ʩʠʤʫʣʘʮʠʿʘ ʧʦʥʘʰʘˁʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʫ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʤ 

ʫʩʣʦʚʠʤʘ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʜʦʙʠʿʫ ʨʝʣʝʚʘʥʪʥʠ ʟʘʢˀʫʯʮʠ ʦ ʤʝʪʦʜʘʤʘ ʢʦʿʠʤʘ ʿʝ ʤʦʛʫ˂ʝ 

ʦʧʪʠʤʠʟʘʮʠʿʦʤ ʜʠʟʘʿʥʘ ʫʥʘʧʨʝʜʠʪʠ ʢʦʥʩʪʨʫʢʮʠʦʥʦ ʨʝʰʝˁʝ, ʪʿ. ʥʘ ʧʨʠʤʝʨ ʧʦʚʝ˂ʘʪʠ ʥʦʩʠʚʦʩʪ, 

ʨʝʣʘʢʩʠʨʘʪʠ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦ ʩʪʘˁʝ, ʧʦʙʦˀʰʘʪʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʠ ʧʦʫʟʜʘʥʦʩʪ 

ʟʘʚʘʨʝʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ. ʅʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʘ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʫ ʥʫʤʝʨʠʯʢʦʛ ʤʦʜʝʣʘ 

ʟʘʚʘʨʝʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʠʟ ʘʩʧʝʢʪʘ ʜʠʟʘʿʥʘ ʩʧʨʦʚʦʜʠ ʩʝ ʫ ʦʜʥʦʩʫ ʥʘ ʟʘʚʠʩʥʦʩʪ ʥʘ ʧʨʦʤʝʥʫ 

ʜʠʟʘʿʥʘ. ʎʠˀʝʚʠ ʧʨʦʤʝʥʘ ʜʠʟʘʿʥʘ ʩʝ ʤʦʛʫ ʧʦʩʪʘʚʠʪʠ ʫ ʩʤʠʩʣʫ ʩʤʘˁʝˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ 

ʠ ʨʝʣʘʢʩʘʮʠʿʝ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ ʧʨʠ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʤ ʫʩʣʦʚʠʤʘ, ʦʜʥʦʩʥʦ ʫ 

ʩʤʠʩʣʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ ʢʦʥʩʪʨʫʢʮʠʿʝ. ʆʚʘʿ ʢʣʘʩʠʯʥʠ ʟʘʜʘʪʘʢ ʫ ʧʨʦʮʝʩʫ 

ʜʠʟʘʿʥʘ ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ ʦʜʨʝʹʠʚʘˁʝ ʦʙʣʠʢʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʪʘʢʦ ʜʘ ʥʘʧʦʥʠ ʥʝ ʥʘʜʤʘʰʝ 

ʦʜʨʝʹʝʥʫ ʚʨʝʜʥʦʩʪ ʠʣʠ ʪʘʢʦ ʜʘ ʩʝ ʩʤʘˁʝ ʢʨʠʪʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ. ʆʚʘʿ ʧʨʦʙʣʝʤ ʜʠʟʘʿʥʘ ʩʝ 

ʤʦʞʝ ʬʦʨʤʫʣʠʩʘʪʠ ʠ ʢʘʦ ʧʨʦʙʣʝʤ ʦʧʪʠʤʠʟʘʮʠʿʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʩ ʦʙʟʠʨʦʤ ʥʘ ʦʛʨʘʥʠʯʝˁʘ ʫ 

ʧʦʛʣʝʜʫ ʧʦʥʘʰʘˁʘ  ʠ ʦʜʛʦʚʦʨʘ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʥʘ ʦʧʪʝʨʝ˂ʝˁʝ. ʇʘʨʘʤʝʪʨʠ ʜʠʟʘʿʥʘ ʩʫ 
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ʟʘ ʚʨʝʤʝ ʦʚʦʛ ʧʨʦʮʝʩʘ ʧʨʦʤʝʥˀʠʚʝ ʚʝʣʠʯʠʥʝ ʢʦʿʝ ʩʝ ʤʝˁʘʿʫ ʫ ʮʠˀʫ ʨʝʰʘʚʘˁʘ ʘʥʘʣʠʟʠʨʘʥʦʛ 

ʧʨʦʙʣʝʤʘ. ʌʫʥʢʮʠʿʝ ʮʠˀʘ ʧʨʠ ʨʘʟʤʘʪʨʘˁʫ ʧʨʦʙʣʝʤʘ ʩʪʨʫʢʪʫʨʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʤʦʛʫ ʙʠʪʠ 

ʬʫʥʢʮʠʿʝ ʢʦʿʝ ʜʝʬʠʥʠʰʫ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦ ʩʪʘˁʝ, ʥʦʩʠʚʦʩʪ, ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʥʘʧʦʥʘ, 

ʤʘʩʫ, ʦʙʣʠʢ ʠ ʜʠʤʝʥʟʠʿʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʪʨʝʙʥʠʭ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʇʨʦʙʣʝʤ 

ʩʪʨʫʢʪʫʨʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʧʨʝʢʦ ʩʣʝʜʝ˂ʠʭ ʨʝʣʘʮʠʿʘ [1, 96, 

97]: 

ʌʫʥʢʮʠʿʝ ʮʠˀʘ - 
ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦ ʩʪʘˁʝ, ʥʦʩʠʚʦʩʪ, 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘʧʦʥʘ ʠ ʪʩʣ., 

(77) 

ʫ ʦʜʥʦʩʫ - 0,T

vD EDu p+ =  

ʦʛʨʘʥʠʯʝˁʘ ʥʝʿʝʜʥʘʢʦʩʪʠ - ( ), 0,g u b ¢  

ʦʛʨʘʥʠʯʝˁʘ ʿʝʜʥʘʢʦʩʪʠ () 0h b =  ʠ 

ʩʧʦˀʘʰˁʘ ʦʛʨʘʥʠʯʝˁʘ .l ub b b¢ ¢  

 ʌʫʥʢʮʠʿʝ [],  1, ,
T

i gg g i n= = »  ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʜʛʦʚʦʨʝ ʟʘʚʘʨʝʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʥʘ 

ʦʧʪʝʨʝ˂ʝˁʝ, ʢʘʦ ʰʪʦ ʩʫ ʥʘʧʦʥʠ ʠʣʠ ʧʦʤʝʨʘˁʘ. ʌʫʥʢʮʠʿʝ [],  1, ,
T

i hh h i n= = »  ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʝ ʫʩʣʦʚʝ ʢʦʿʠ, ʪʘʢʦʹʝ, ʤʦʛʫ ʙʠʪʠ ʦʜʛʦʚʦʨʠ ʢʦʥʩʪʨʫʢʮʠʿʝ ʠʣʠ ʦʛʨʘʥʠʯʝˁʘ 

ʧʘʨʘʤʝʪʘʨʘ ʜʠʟʘʿʥʘ, ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʟʘʚʠʩʥʦ ʧʨʦʤʝʥˀʠʚʝ ʚʝʣʠʯʠʥʝ. ʇʦʥʘʰʘˁʝ ʟʘʚʘʨʝʥʝ 

ʢʦʥʩʪʨʫʢʮʠʿʝ ʫ ʨʘʟʤʘʪʨʘʥʠʤ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʤ ʫʩʣʦʚʠʤʘ ʿʝ ʦʜʨʝʹʝʥʦ ʜʠʬʝʨʝʥʮʠʿʘʣʥʦʤ 

ʿʝʜʥʘʯʠʥʦʤ 0T

vD EDu p+ = ʢʦʿʘ ʦʧʠʩʫʿʝ ʩʣʫʯʘʿʝʚʝ ʣʠʥʝʘʨʥʝ ʩʪʘʪʠʯʢʝ ʟʘʚʠʩʥʦʩʪʠ. ɺʝʢʪʦʨ u   

ʩʘʜʨʞʠ ʧʦʤʝʨʘˁʘ, ʜʦʢ ʤʘʪʨʠʮʘ E  ʧʨʝʜʩʪʘʚˀʘ ʫʩʣʦʚʝ ʥʝʧʨʝʢʠʜʥʦʩʪʠ ʤʘʪʝʨʠʿʘʣʘ ʠ ʩʘʜʨʞʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʪʝʨʠʿʘʣʘ ʫ ʦʙʣʘʩʪʠ ʝʣʘʩʪʠʯʥʦʩʪʠ. ʄʘʪʨʠʮʘ D  ʧʨʝʜʩʪʘʚˀʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠ 

ʤʘʪʨʠʯʥʠ ʦʧʝʨʘʥʜ, ʜʦʢ ʚʝʢʪʦʨ 
vp  ʬʦʨʤʠʨʘʿʫ ʟʘʧʨʝʤʠʥʩʢʝ ʩʠʣʝ. ɺʝʢʪʦʨ ,  1, ,

T

j bb b j nè ø= = »ê ú   

ʿʝ ʚʝʢʪʦʨ ʧʨʦʤʝʥˀʠʚʠʭ ʜʠʟʘʿʥʘ. ɺʝʢʪʦʨʠʤʘ 
lb  ʠ 

ub  ʜʝʬʠʥʠʩʘʥʝ ʩʫ ʜʦˁʘ ʠ ʛʦʨˁʘ ʛʨʘʥʠʮʘ 

ʧʨʦʤʝʥˀʠʚʠʭ ʜʠʟʘʿʥʘ. ʉʢʫʧ ʩʚʠʭ ʤʦʛʫ˂ʠʭ ʨʝʰʝˁʘ ʜʠʟʘʿʥʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʥʘʟʠʚʘ ʩʝ ʧʨʦʩʪʦʨ 

ʜʠʟʘʿʥʘ. ʈʝʰʝˁʘ ʜʠʟʘʿʥʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʢʦʿʠ ʠʩʧʫˁʘʚʘʿʫ ʦʛʨʘʥʠʯʝˁʘ b  ʥʘʟʠʚʘʿʫ ʩʝ ʤʦʛʫ˂ʘ 

ʨʝʰʝˁʘ ʜʠʟʘʿʥʘ ʜʦʢ ʩʫ ʦʩʪʘʣʘ ʨʝʰʝˁʘ ʜʠʟʘʿʥʘ ʥʝʤʦʛʫ˂ʘ. ɿʘʚʠʩʥʦ ʦʜ ʪʠʧʘ ʧʨʦʤʝʥˀʠʚʠʭ 

ʜʠʟʘʿʥʘ, ʨʘʟʣʠʢʫʿʫ ʩʝ ʚʠʰʝ ʪʠʧʦʚʘ ʩʪʨʫʢʪʫʨʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʇʨʚʠ ʪʠʧ 

ʿʝ ʜʠʤʝʥʟʠʦʥʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʢʦʜ ʢʦʿʝ ʩʫ ʧʘʨʘʤʝʪʨʠ ʜʠʟʘʿʥʘ, ʥʘ ʧʨʠʤʝʨ, ʜʠʤʝʥʟʠʿʝ ʧʦʧʨʝʯʥʦʛ 

ʧʨʝʩʝʢʘ ʝʣʝʤʝʥʪʘ. ʉʣʝʜʝ˂ʠ ʪʠʧ ʦʧʪʠʤʠʟʘʮʠʿʝ ʿʝ ʦʧʪʠʤʠʟʘʮʠʿʘ ʦʙʣʠʢʘ ʢʦʜ ʢʦʿʝ ʧʨʦʤʝʥˀʠʚʝ 

ʜʠʟʘʿʥʘ ʜʝʬʠʥʠʰʫ ʛʝʦʤʝʪʨʠʿʩʢʠ ʦʙʣʠʢ ʝʣʝʤʝʥʘʪʘ ʟʘʚʘʨʝʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ. ʊʨʝ˂ʠ ʪʠʧ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʿʝʩʪʝ ʦʧʪʠʤʠʟʘʮʠʿʘ ʪʦʧʦʣʦʛʠʿʝ ʢʦʜ ʢʦʿʝ ʧʨʦʤʝʥˀʠʚʝ ʜʠʟʘʿʥʘ ʦʜʨʝʹʫʿʫ 

ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʠ ʨʘʩʧʦʨʝʜ ʝʣʝʤʝʥʘʪʘ ʟʘʚʘʨʝʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ. 

 ɿʘʚʠʩʥʦʩʪ ʧʦʥʘʰʘˁʘ ʮʝʣʦʢʫʧʥʝ ʩʪʨʫʢʪʫʨʝ ʟʘʚʘʨʝʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʤʝʥʝ 

ʧʘʨʘʤʝʪʘʨʘ ʜʠʟʘʿʥʘ ʘʥʘʣʠʟʠʨʘ ʩʝ ʫ ʮʠˀʫ ʫʪʚʨʹʠʚʘˁʘ ʝʬʝʢʘʪʘ ʦʚʠʭ ʧʨʦʤʝʥʘ. ʈʘʟʤʘʪʨʘˁʝ 

ʦʜʛʦʚʦʨʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʥʘ ʧʨʦʤʝʥʝ ʜʠʟʘʿʥʘ ʠʟʚʦʜʠ ʩʝ ʧʨʚʝʥʩʪʚʝʥʦ ʢʨʦʟ ʘʥʘʣʠʟʫ ʥʘʧʦʥʩʢʦ-

ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ ʠ ʘʥʘʣʠʟʫ ʬʘʢʪʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ. ʇʨʚʦ ʩʝ ʠʜʝʥʪʠʬʠʢʫʿʝ 

ʨʝʣʝʚʘʥʪʥʘ ʬʫʥʢʮʠʿʘ ʦʜʛʦʚʦʨʘ ʟʘʚʘʨʝʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʠʟʨʘʞʝʥʘ ʫ ʦʙʣʠʢʫ: 

(),  ,1, ,i i b i nyy y= = »  (78) 

ʛʜʝ ʩʫ: ny - ʫʢʫʧʘʥ ʙʨʦʿ ʬʫʥʢʮʠʿʘ ʦʜʛʦʚʦʨʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʢʦʿʠ ʩʝ ʨʘʟʤʘʪʨʘʿʫ ʠ b - ʚʝʢʪʦʨ 

ʧʘʨʘʤʝʪʘʨʘ ʜʠʟʘʿʥʘ. ʂʘʜʘ ʩʝ ʪʝʢʫ˂ʠ ʜʠʟʘʿʥ ʢʦʥʩʪʨʫʢʮʠʿʝ ʦʟʥʘʯʠ ʩʘ (s), ʧʨʠʤʝʥʦʤ ʊʝʿʣʦʨʦʚʦʛ 

ʨʝʜʘ ʨʝʣʝʚʘʥʪʥʘ ʬʫʥʢʮʠʿʘ ʦʜʛʦʚʦʨʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʤʦʞʝ ʩʝ ʘʧʨʦʢʩʠʤʠʨʘʪʠ ʫ ʦʙʣʠʢʫ: 

() () ()( ) ,

1

Ĕ
bn

s

i i i i j j

j

b b b by y y y d
=

º = +ä , (79) 
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ʛʜʝ je: 
bn - ʙʨʦʿ ʧʘʨʘʤʝʪʘʨʘ ʜʠʟʘʿʥʘ, ʘ ʠʥʜʝʢʩ  ʿʦʟʥʘʯʘʚʘ ,  1, , b

j

d
j n

db
= » . ɺʨʝʜʥʦʩʪ 

()s
j j jb b bd = -  

ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʤʝʥʫ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʜʠʟʘʿʥʘ 
jb . ʆʟʥʘʢʦʤ Ĕ

iy  ʧʨʠʢʘʟʘʥʘ ʿʝ ʘʧʨʦʢʩʠʤʘʪʠʚʥʘ 

ʚʨʝʜʥʦʩʪ ʬʫʥʢʮʠʿʝ 
iy. ʂʦʨʠʩʪʝ˂ʠ ʚʝʢʪʦʨʩʢʫ ʥʦʪʘʮʠʿʫ ʠʟʨʘʟ (79) ʤʦʞʝ ʩʝ ʧʨʠʢʘʟʘʪʠ ʫ ʦʙʣʠʢʫ: 

() ()( )( )Ĕ ,
ʊs

i i b ib b by y y d= + Ð  (80) 

ʛʜʝ ʿʝ:  
()

,
s

b b bd = -  (81) 

ʠ 
b iyÐ - ʛʨʘʜʠʿʝʥʪ ʬʫʥʢʮʠʿʝ 

iy  ʫ ʦʜʥʦʩʫ ʥʘ ʧʘʨʘʤʝʪʨʝ ʜʠʟʘʿʥʘ ,  1, , j bb j n= » , ʦʜʥʦʩʥʦ,

, ,  1, , 
T

b i i j bj ny yè øÐ = = »ê ú . ɸʥʘʣʠʟʦʤ ʟʘʚʠʩʥʦʩʪʠ ʨʝʰʝˁʘ ʜʠʟʘʿʥʘ ʜʦʙʠʿʘʿʫ ʩʝ ʠʟʚʦʜʠ 
,i jy  

ʬʫʥʢʮʠʿʝ ʦʜʛʦʚʦʨʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʢʦʿʠ ʩʝ ʥʘʟʠʚʘʿʫ ʠ ʠʟʚʦʜʠ ʜʠʟʘʿʥʘ. ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʩʝ 

ʬʫʥʢʮʠʿʘ ʦʜʛʦʚʦʨʘ ʩʪʨʫʢʪʫʨʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʤʝˁʘ ʩʘ ʧʨʦʤʝʥʦʤ ʧʘʨʘʤʝʪʘʨʘ ʜʠʟʘʿʥʘ ʠ ʜʘ ʫʩʣʝʜ 

ʪʦʛʘ ʧʦʩʪʦʿʝ ʠʟʚʦʜʠ ʜʠʟʘʿʥʘ ʨʘʟʤʘʪʨʘʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ. ɼʦʢʘʟʝ ʦ ʧʦʩʪʦʿʘˁʫ ʠʟʚʦʜʘ ʜʠʟʘʿʥʘ ʫ 

ʩʪʘʪʠʯʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ ʨʘʟʤʘʪʨʘʦ ʿʝ Haug ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ [1, 96, 97]. 

 ɻʝʥʝʨʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ ʤʦʛʫ ʩʝ ʠʟʜʚʦʿʠʪʠ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʪʠʧʘ ʘʥʘʣʠʟʝ ʟʘʚʠʩʥʦʩʪʠ ʨʝʰʝˁʘ 

ʜʠʟʘʿʥʘ: ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʢʦʥʘʯʥʠʭ ʨʘʟʣʠʢʘ ʠ ʘʥʘʣʠʪʠʯʢʘ ʘʥʘʣʠʟʘ ʟʘʚʠʩʥʦʩʪʠ ʜʠʟʘʿʥʘ. 

ɸʥʘʣʠʪʠʯʢʘ ʘʥʘʣʠʟʘ ʟʘʚʠʩʥʦʩʪʠ ʨʝʰʝˁʘ ʜʠʟʘʿʥʘ ʟʘʩʥʦʚʘʥʘ ʿʝ ʥʘ ʜʠʩʢʨʝʪʥʦʤ ʠʣʠ ʢʦʥʪʠʥʫʘʣʥʦʤ 

ʤʦʜʝʣʫ ʢʦʥʩʪʨʫʢʮʠʿʝ. ɸʥʘʣʠʟʘ ʟʘʚʠʩʥʦʩʪʠ ʨʝʰʝˁʘ ʜʠʟʘʿʥʘ ʿʝ ʧʨʝʜʤʝʪ ʨʘʟʤʘʪʨʘˁʘ ʤʥʦʛʠʭ 

ʘʫʪʦʨʘ ʢʘʦ ʰʪʦ ʩʫ Haug, Haftka ʠ ʜʨʫʛʠ [1, 96, 97]. ʈʘʟʤʘʪʨʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʦʣʦʛʠʿʘ ʫ 

ʘʥʘʣʠʟʠ ʦʩʝʪˀʠʚʦʩʪʠ ʜʠʟʘʿʥʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʧʨʠʢʘʟʘʥʘ ʿʝ ʫ ʨʘʜʦʚʠʤ Arora. ʇʨʠʢʘʟ ʤʝʪʦʜʦʣʦʛʠʿʝ 

ʘʥʘʣʠʟʝ ʟʘʚʠʩʥʦʩʪʠ ʨʝʰʝˁʘ ʜʠʟʘʿʥʘ ʤʦʞʝ ʩʝ ʥʘ˂ʠ ʫ ʨʘʜʦʚʠʤʘ Adelmann ʠ Haftka [1, 6, 62, 96, 

97]. 

 5.3 ʄɽʊʆɼɽ ʈɽʐɸɺɸɳɸ ʇʈʆɹʃɽʄɸ ʋ ɸʅɸʃʀɿʀ ɿɸɺʀʉʅʆʉʊʀ 

ʈɽʐɽɳɸ ɼʀɿɸɱʅɸ 

 ʈʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʫ ʘʥʘʣʠʟʠ ʟʘʚʠʩʥʦʩʪʠ ʨʝʰʝˁʘ ʜʠʟʘʿʥʘ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʚʨʰʠ 

ʩʝ ʨʘʟʣʠʯʠʪʠʤ ʤʝʪʦʜʘʤʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʠʟʙʦʨ ʤʝʪʦʜʦʣʦʛʠʿʝ ʿʝʜʘʥ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʬʘʢʪʦʨʘ ʢʦʿʠ 

ʫʪʠʯʫ ʥʘ ʙʨʟʠʥʫ ʨʝʰʘʚʘˁʘ ʧʨʦʙʣʝʤʘ. ʉʘʤ ʠʟʙʦʨ ʤʝʪʦʜʦʣʦʛʠʿʝ ʨʝʰʘʚʘˁʘ ʿʝ ʚʝʟʘʥ ʩʘ ʩʘʤʠʤ 

ʟʘʜʘʪʢʦʤ ʠ ʧʨʚʝʥʩʪʚʝʥʦ ʟʘʚʠʩʠ ʦʜ ˁʝʛʦʚʝ ʩʣʦʞʝʥʦʩʪʠ. ʅʘ ʦʚʦʤ ʤʝʩʪʫ ʫʢʨʘʪʢʦ ˂ʝ ʙʠʪʠ 

ʧʨʠʢʘʟʘʥʝ ʪʝʦʨʠʿʩʢʝ ʦʩʥʦʚʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʤʝʪʦʜʘ.  

 5.3.1 ʂʦʥʘʯʥʝ ʨʘʟʣʠʢʝ    

 ʅʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠ, ʝʬʠʢʘʩʘʥ ʘʣʠ ʠ ʥʘʿʟʘʭʪʝʚʥʠʿʠ ʥʘʯʠʥ ʨʝʰʘʚʘˁʘ ʧʨʦʙʣʝʤʘ ʫ ʘʥʘʣʠʟʠ 

ʟʘʚʠʩʥʦʩʪʠ ʨʝʰʝˁʘ ʜʠʟʘʿʥʘ ʿʝ ʢʦʨʠʰ˂ʝˁʝ ʤʝʪʦʜʘ ʢʦʥʘʯʥʠʭ ʨʘʟʣʠʢʘ. ʋ ʩʣʫʯʘʿʫ ʜʘ ʩʝ ʧʘʨʘʤʝʪʨʠ 

ʜʠʟʘʿʥʘ jb  ʥʝ ʤʝˁʘʿʫ ʠʩʪʦʚʨʝʤʝʥʦ ʬʫʥʢʮʠʿʘ ʦʜʛʦʚʦʨʘ ʢʦʥʩʪʨʫʢʮʠʿʝ 
iy  ʦʜʨʝʹʫʿʝ ʩʝ ʢʘʦ [96]: 

( ) ( )
, ,
Ĕ

2

i j j i j j

i j i j

j

b b b b

b

y y
y y

+D - -D
º =

D
. (82) 

 ʇʨʦʤʝʥʝ ʧʘʨʘʤʝʪʘʨʘ ʜʠʟʘʿʥʘ jbD  ʤʦʨʘʿʫ ʙʠʪʠ ʤʘʣʝ ʜʘ ʙʠ ʦʙʝʟʙʝʜʠʣʝ ʪʘʯʥʦʩʪ ʘʣʠ ʥʝ 

ʧʨʝʚʠʰʝ ʤʘʣʝ, ʙʫʜʫ˂ʠ ʜʘ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʥʫʤʝʨʠʯʢʠʭ ʧʦʪʝʰʢʦ˂ʘ. ʀʟʨʘʟ (82) ʥʘʟʠʚʘ ʩʝ ʠʟʨʘʟ 

ʮʝʥʪʨʘʣʥʠʭ ʨʘʟʣʠʢʘ. ʇʨʝʜˁʝ ʠʣʠ ʟʘʜˁʝ ʨʘʟʣʠʢʝ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʥʝʧʨʘʚʠʣʥʠʭ ʨʝʟʫʣʪʘʪʘ. ʋ 

ʩʣʫʯʘʿʫ ʧʘʨʘʤʝʪʘʨʘ ʦʙʣʠʢʘ ʜʠʟʘʿʥʘ, ʥʘ ʧʨʠʤʝʨ ʢʦʨʠʰ˂ʝˁʝ ʧʨʝʜˁʠʭ ʠʣʠ ʟʘʜˁʠʭ ʨʘʟʣʠʢʘ, ʤʦʞʝ 

ʜʦ˂ʠ ʜʦ ʛʫʙʠʪʢʘ ʩʠʤʝʪʨʠʿʝ ʪʦʢʦʤ ʦʧʪʠʤʠʟʘʮʠʦʥʦʛ ʧʨʦʮʝʩʘ ʜʠʟʘʿʥʘ ʤʘʰʠʥʩʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ.  
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 5.3.2 ɼʠʩʢʨʝʪʥʠ ʩʠʩʪʝʤʠ 

 ʂʘʜʘ ʩʝ ʘʥʘʣʠʟʘ ʟʘʚʠʩʥʦʩʪʠ ʨʝʰʝˁʘ ʜʠʟʘʿʥʘ ʟʘʩʥʠʚʘ ʥʘ ʜʠʩʢʨʝʪʠʟʘʮʠʿʠ ʢʦʥʩʪʨʫʢʮʠʿʝ 

ʢʦʥʘʯʥʠʤ ʝʣʝʤʝʥʪʠʤʘ, ʤʘʪʨʠʯʥʠ ʠʟʨʘʟʠ ʥʫʤʝʨʠʯʢʦʛ ʤʦʜʝʣʘ ʨʘʟʤʘʪʨʘʥʝ ʟʘʚʘʨʝʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ 

ʩʫ ʨʘʟʚʠʿʝʥʠ ʫ ʦʜʥʦʩʫ ʥʘ ʧʘʨʘʤʝʪʨʝ ʜʠʟʘʿʥʘ. ʇʦʥʘʰʘˁʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʿʝ ʦʜʨʝʹʝʥʦ ʩʠʩʪʝʤʦʤ 

ʣʠʥʝʘʨʥʠʭ ʨʝʣʘʮʠʿʘ. ʉʠʩʪʝʤ ʿʝʜʥʘʯʠʥʘ ʤʦʞʝ ʩʝ ʧʨʠʢʘʟʘʪʠ ʫ ʦʙʣʠʢʫ ʢʦʿʠ ʿʝ ʨʘʟʚʠʿʝʥ ʫ 

ʨʝʬʝʨʝʥʮʠ [96] ʢʘʦ: 

()() ().j j jK b v b p b=  (83) 

 ʌʫʥʢʮʠʿʘ ʦʜʛʦʚʦʨʘ ʨʘʟʤʘʪʨʘʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʦʜʨʝʹʝʥʘ ʿʝ ʠʟʨʘʟʦʤ: 

( ),i i jv by y= . (84) 

 ʋ ʮʠˀʫ ʩʧʨʦʚʦʹʝˁʘ ʘʥʘʣʠʟʝ ʟʘʚʠʩʥʦʩʪʠ ʨʝʰʝˁʘ ʜʠʟʘʿʥʘ ʢʦʥʩʪʨʫʢʮʠʿʝ, ʬʫʥʢʮʠʿʝ 
iy  ʪʨʝʙʘ 

ʜʠʬʝʨʝʥʮʠʨʘʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʤʝʥˀʠʚʝ ʜʠʟʘʿʥʘ ,  1, , j bb j n= » . ʊʦʪʘʣʥʠ ʜʠʬʝʨʝʥʮʠʿʘʣ 

ʬʫʥʢʮʠʿʝ 
iy  ʦʜʨʝʹʝʥ ʿʝ ʫ ʦʙʣʠʢʫ: 

, ,
i i

i j i j

j

v
b v

y y
y

µ µ
= +
µ µ

. (85) 

 ɼʠʬʝʨʝʥʮʠʨʘˁʝʤ ʿʝʜʥʘʯʠʥʝ ʩʠʩʪʝʤʘ (83) ʫ ʦʜʥʦʩʫ ʥʘ  ʧʘʨʘʤʝʪʨʝ ʜʠʟʘʿʥʘ 
jb  ʜʦʙʠʿʘ ʩʝ 

ʠʟʨʘʟ: 

, , ,j j jKv p K v= - . (86) 

 ɼʘ ʙʠ ʩʝ ʦʜʨʝʜʠʣʠ ʠʟʚʦʜʠ ʚʝʢʪʦʨʘ ʨʝʰʝˁʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʨʝʰʠʪʠ ʧʨʝʪʭʦʜʥʠ ʠʟʨʘʟ. ɸʢʦ ʩʝ 

ʟʘ ʨʝʰʘʚʘˁʝ ʩʠʩʪʝʤʘ ʿʝʜʥʘʯʠʥʘ ʧʨʠʤʝʥʠ ʝʣʠʤʠʥʘʮʠʦʥʠ ʤʝʪʦʜ, ʥʠʿʝ ʧʦʪʨʝʙʥʦ ʧʦʥʦʚʦ ʠʟʚʦʜʠʪʠ 

ʬʘʢʪʦʨʠʟʘʮʠʿʫ ʤʘʪʨʠʮʝ ʩʠʩʪʝʤʘ K .  

 ɼʨʫʛʠ ʥʘʯʠʥ ʜʦʙʠʿʘˁʘ ʠʟʚʦʜʘ ʜʠʟʘʿʥʘ ʿʝ ʫʚʦʹʝˁʝ ʠʟʨʘʟʘ (86) ʫ ʠʟʨʘʟʝ ʟʘ ʠʟʚʦʜʝ (85) ʯʠʤʝ 

ʩʝ ʜʦʙʠʿʘ ʩʣʝʜʝ˂ʠ ʠʟʨʘʟ: 

1

, , ,
i i

i j j j

j

K p K v
b v

y y
y -µ µ

è ø= + -ê úµ µ
. (87) 

 ʂʘʜʘ ʩʝ ʫ ʧʨʝʪʭʦʜʥʠ ʠʟʨʘʟ ʫʚʝʜʝ ʩʤʝʥʘ: 
T

i
iKa
yµ

=
µ

, (88) 

ʜʦʙʠʿʘ ʩʝ ʩʣʝʜʝ˂ʠ ʦʙʣʠʢ: 

, , ,

Ti
i j i j j

j

a p K v
b

y
y

µ
è ø= + -ê úµ

. (89) 

 ʈʝʰʝˁʘ 
ia   ʿʝʜʥʘʯʠʥʝ (88) ʥʘʟʠʚʘʿʫ ʩʝ ʧʨʠʜʨʫʞʝʥʝ ʚʨʝʜʥʦʩʪʠ. ʂʘʦ ʠ ʫ ʩʣʫʯʘʿʫ ʠʟʨʘʟʘ (86) 

ʥʠʿʝ ʧʦʪʨʝʙʥʘ ʥʘʢʥʘʜʥʘ ʬʘʢʪʦʨʠʟʘʮʠʿʘ ʤʘʪʨʠʮʝ K . ʂʦʨʠʰ˂ʝˁʝ ʠʟʨʘʟʘ (87) ʥʘʟʠʚʘ ʩʝ 

ʜʠʩʢʨʝʪʥʠ ʤʝʪʦʜ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʝ ʜʦʢ ʩʝ ʫʧʦʪʨʝʙʘ ʠʟʨʘʟʘ (89) ʥʘʟʠʚʘ ʤʝʪʦʜ ʧʨʠʜʨʫʞʝʥʝ 

ʚʨʝʜʥʦʩʪʠ. ʆʙʘ ʤʝʪʦʜʘ ʧʨʦʠʩʪʠʯʫ ʠʟ ʨʝʟʫʣʪʘʪʘ ʠʟʚʦʜʘ ʜʠʟʘʿʥʘ. ʆʜʣʫʢʘ ʢʦʿʠ ˂ʝ ʦʜ ʤʝʪʦʜʘ ʙʠʪʠ 

ʧʨʠʤʝˁʝʥ ʟʘʚʠʩʠ ʦʜ ʥʫʤʝʨʠʯʢʝ ʩʣʦʞʝʥʦʩʪʠ ʧʨʦʙʣʝʤʘ. ʄʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʘʢʦ ʙʨʦʿ 

ʧʘʨʘʤʝʪʘʨʘ ʜʠʟʘʿʥʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʧʨʝʣʘʟʠ ʙʨʦʿ ʬʫʥʢʮʠʿʘ ʦʜʛʦʚʦʨʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ny  ʦʥʜʘ ʠʟʨʘʟ 

(88) ʠʤʘ ʤʘˁʠ ʚʝʢʪʦʨ ʨʝʰʝˁʘ ʦʜ ʠʟʨʘʟʘ (86) [96]. ʄʝʪʦʜ ʜʦʜʘʪʥʝ ʚʨʝʜʥʦʩʪʠ ʿʝ ʝʬʠʢʘʩʥʠʿʠ ʫ 

ʦʚʦʤ ʩʣʫʯʘʿʫ, ʜʦʢ ʫ ʜʨʫʛʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʤʝʪʦʜ ʜʠʨʝʢʪʥʝ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʝ ʿʝ ʧʦʛʦʜʥʠʿʠ ʟʘ 

ʫʧʦʪʨʝʙʫ. ɼʘ ʙʠ ʩʝ ʧʦʪʧʫʥʦ ʦʜʨʝʜʠʣʠ ʠʟʚʦʜʠ ʜʠʟʘʿʥʘ, ʪʨʝʙʘ ʦʜʨʝʜʠʪʠ ʠʟʚʦʜʝ ʤʘʪʨʠʮʝ ʢʨʫʪʦʩʪʠ 

ʠ ʚʝʢʪʦʨ ʦʧʪʝʨʝ˂ʝˁʘ. ʂʘʢʦ ʿʝ ɹʦʦʣʝʘʥ ʤʘʪʨʠʮʘ ʥʝʟʘʚʠʩʥʘ ʦʜ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʜʠʟʘʿʥʘ 

ʢʦʥʩʪʨʫʢʮʠʿʝ jb  ʩʣʝʜʠ ʜʘ ʿʝ:  
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eT e e

j j

e

K a k a=ä   ʠ (90) 

 
, , .eT e

j j

e

p a p=ä  (91) 

 ɼʠʬʝʨʝʥʮʠʿʘʣʠ ʝʣʝʤʝʥʘʪʘ ʤʘʪʨʠʮʝ ʜʦʙʠʿʘʿʫ ʩʝ ʫ ʦʙʣʠʢʫ [96]:  

( )

( )

1 1 1 1 1 1

, , ,

1 1 1 1 1 1

1 1 1

, ,

1 1 1

. 
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j j

k B E BdetJd d d B EB detJ d d d
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x h z x h z

x h z
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- - - - - -

+ + +

- - -

= + +

+ +

ñññ ñññ

ñññ

  (92) 

 ʋ ʠʟʨʘʟʫ (92) ʧʨʚʠ ʠʥʪʝʛʨʘʣ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʣʫʯʘʿ ʢʘʜʘ ʩʫ ʧʨʦʤʝʥˀʠʚʝ ʜʠʟʘʿʥʘ ʢʦʥʩʪʨʫʢʮʠʿʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʪʝʨʠʿʘʣʘ. ʇʨʚʠ ʠ ʜʨʫʛʠ ʠʥʪʝʛʨʘʣ ʩʝ ʦʜʥʦʩʝ ʥʘ ʩʣʫʯʘʿ ʢʘʜʘ ʩʫ ʧʨʦʤʝʥˀʠʚʝ 

ʛʝʦʤʝʪʨʠʿʩʢʝ ʜʠʤʝʥʟʠʿʝ ʧʦʩʤʘʪʨʘʥʦʛ ʝʣʝʤʝʥʪʘ, ʜʦʢ ʩʚʘ ʪʨʠ ʠʥʪʝʛʨʘʣʘ ʨʘʟʤʘʪʨʘʿʫ ʩʣʫʯʘʿ ʢʘʜʘ 

ʩʝ ʧʨʦʤʝʥˀʠʚʝ ʜʠʟʘʿʥʘ ʦʜʥʦʩʝ ʥʘ ʦʙʣʠʢ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʠʿʝ. ʆʜʨʝʹʠʚʘˁʝ ʜʠʬʝʨʝʥʮʠʿʘʣʘ: 

, ,j jB D N= , (93) 

ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʝ ʧʘʨʘʤʝʪʨʠ ʜʠʟʘʿʥʘ ʦʜʥʦʩʝ ʥʘ ʦʙʣʠʢ ʝʣʝʤʝʥʪʘ ʦʙʫʭʚʘʪʘ 

ʜʠʬʝʨʝʥʮʠʿʘʣʝ ʠʥʚʝʨʟʥʝ ʤʘʪʨʠʮʝ ɱʘʢʦʙʠʿʘʥʘ ʢʦʿʝ ʩʝ ʜʝʬʠʥʠʰʫ ʫ ʦʙʣʠʢʫ: 

1 1 1

, , .j jJ J J J- - -=-   (94) 

 ɼʠʬʝʨʝʥʮʠʨʘˁʝʤ ʤʘʪʨʠʮʝ ɱʘʢʦʙʠʿʘʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʘʨʘʤʝʪʨʝ ʜʠʟʘʿʥʘ ʜʦʙʠʿʘ ʩʝ: 

, ,

e

j jJ Nx

x
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z

µè ø
é ù
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é ù
é ùµê ú

. (95) 

 ɺʝʢʪʦʨ ,

e

jx  ʿʝ ʝʣʝʤʝʥʪ ʿʝʜʠʥʠʯʥʦʛ ʚʝʢʪʦʨʘ 
, jx  ʠ ʥʘʟʠʚʘ ʩʝ ʧʦˀʝ ʙʨʟʠʥʝ ʜʠʟʘʿʥʘ 

ʢʦʥʩʪʨʫʢʮʠʿʝ. ʆʚʘʿ ʚʝʢʪʦʨ ʢʘʨʘʢʪʝʨʠʰʝ ʫʪʠʮʘʿ ʧʦʣʦʞʘʿʘ ʪʘʯʢʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʤʝʥʫ ʜʠʟʘʿʥʘ. 

ɼʝʬʠʥʠʩʘˁʝ ʚʝʢʪʦʨʘ ,

e

jx  ʢʘʦ ʧʦˀʝ ʙʨʟʠʥʝ ʜʠʟʘʿʥʘ ʧʦʪʚʨʹʫʿʝ ʜʘ ʩʝ ʨʘʟʤʘʪʨʘˁʝ ʧʨʦʤʝʥʘ ʜʠʟʘʿʥʘ 

ʢʦʥʩʪʨʫʢʮʠʿʝ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʚʨʝʤʝʥʩʢʠ ʟʘʚʠʩʘʥ ʧʨʦʮʝʩ ʢʦʜ ʢʦʛ ʩʫ ʧʘʨʘʤʝʪʨʠ ʜʠʟʘʿʥʘ 

ʚʨʝʤʝʥʩʢʠ ʟʘʚʠʩʥʝ ʬʫʥʢʮʠʿʝ. ʂʦʨʠʩʪʝ˂ʠ ʚʝʢʪʦʨ 
, jx  ʧʦʣʦʞʘʿ ʪʘʯʢʝ x  ʿʝ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʧʨʚʝ 

ʚʨʩʪʝ ʠ ʜʝʬʠʥʠʩʘʥ ʿʝ ʠʟʨʘʟʦʤ: 
() ()

,

s s

j jx x x x x bd d= + = + . (96) 

 ɼʠʬʝʨʝʥʮʠʿʘʣʠ ʜʠʟʘʿʥʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʝʢʪʦʨʘ ʦʧʪʝʨʝ˂ʝˁʘ ʜʦʙʠʿʘʿʫ ʩʝ ʫ ʦʙʣʠʢʫ [96, 97]: 

( ) ( )
1 1 1 1 1 1

, , ,

1 1 1 1 1 1

. e T T

j V S S S Sj j
p N p detJ d d d N p detJ d dx h z x h

+ + + + + +

- - - - - -

= +ñññ ñññ   (97) 

 ʇʨʠʥʮʠʧ ʤʦʜʠʬʠʢʘʮʠʿʝ ʜʠʟʘʿʥʘ ʧʨʠʢʘʟʘʥ ʿʝ ʠʣʫʩʪʨʘʪʠʚʥʦ ʥʘ ʩʣʠʮʠ 56. 

 

ʉʣʠʢʘ 56. ʄʦʜʠʬʠʢʘʮʠʿʝ ʜʠʟʘʿʥʘ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʠʿʝ [97]  
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 ʊʘʢʦʹʝ, ʦʜʨʝʹʠʚʘˁʝ ʜʠʬʝʨʝʥʮʠʿʘʣʘ ʜʠʟʘʿʥʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʤʦʛʫ˂ʝ ʿʝ ʠ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʝ 

ʢʦʥʘʯʥʠʭ ʨʘʟʣʠʢʘ ʢʦʿʘ ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʥʘ ʝʣʝʤʝʥʪʝ ʤʘʪʨʠʮʝ. ʆʚʘʢʘʚ ʤʝʪʦʜ ʩʝ ʤʦʞʝ ʥʘʟʚʘʪʠ 

ʩʝʤʠʘʥʘʣʠʪʠʯʢʠ ʤʝʪʦʜ ʠ ʫ ʣʠʪʝʨʘʪʫʨʠ ʢʦʿʘ ʦʙʨʘʹʫʿʝ ʦʚʫ ʦʙʣʘʩʪ ʧʨʠʢʘʟʘʥʘ ʩʫ ʠʩʪʨʘʞʠʚʘˁʘ ʦʚʦʛ 

ʤʝʪʦʜʘ ʥʘʨʦʯʠʪʦ ˁʝʛʦʚʝ ʧʨʠʤʝʥʝ ʥʘ ʘʥʘʣʠʟʫ ʟʘʚʠʩʥʦʩʪʠ ʦʙʣʠʢʘ (Barthelemy ʠ Haftka, 1990 [1, 

62, 97]). ʆʚʘʿ ʩʝʤʠʘʥʘʣʠʪʠʯʢʠ ʤʝʪʦʜ ʿʝ ʧʦʛʦʜʘʥ ʟʘ ʧʨʠʤʝʥʫ, ʘʣʠ ʘʥʘʣʠʪʠʯʢʠ ʤʝʪʦʜ ʢʦʿʠ ʿʝ ʦʚʜʝ 

ʧʨʠʢʘʟʘʥ ʜʘʿʝ ʥʘʿʪʘʯʥʠʿʝ ʨʝʟʫʣʪʘʪʝ. 

 ʇʨʠʤʝʥʦʤ ʧʨʠʢʘʟʘʥʦʛ ʧʨʠʥʮʠʧʘ ʤʦʜʠʬʠʢʘʮʠʿʝ ʜʠʟʘʿʥʘ ʤʦʛʫ˂ʝ ʿʝ ʠʟʚʨʰʠʪʠ ʘʥʘʣʠʟʫ 

ʜʠʟʘʿʥʘ ʟʘʚʘʨʝʥʝ ʤʘʰʠʥʩʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʠʟ ʘʩʧʝʢʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ, ʪʦ ˂ʝ ʥʘ ʦʚʦʤ ʤʝʩʪʫ 

ʙʠʪʠ ʧʨʠʢʘʟʘʥʦ ʦʜʨʝʹʠʚʘˁʝʤ ʜʠʬʝʨʝʥʮʠʿʘʣʘ ʥʘʧʦʥʘ. ɼʠʬʝʨʝʥʮʠʿʘʣʠ ʥʘʧʦʥʘ ʙʠ˂ʝ ʨʘʟʤʘʪʨʘʥʠ 

ʢʘʦ ʩʧʝʮʠʿʘʣʥʠ ʩʣʫʯʘʿ ʬʫʥʢʮʠʿʝ ʦʜʛʦʚʦʨʘ ʢʦʥʩʪʨʫʢʮʠʿʝ - 
iy . ʅʘʧʦʥʠ ʫ ʢʦʥʢʨʝʪʥʦʿ ʪʘʯʢʠ, ʢʦʿʘ 

ʿʝ ʦʜʨʝʹʝʥʘ ʢʦʦʨʜʠʥʘʪʘʤʘ [ ]
T

c c c cx x y z=  ʝʣʝʤʝʥʪʘ ʝ ʨʘʟʤʘʪʨʘʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ, ʤʦʛʫ ʩʝ 

ʦʜʨʝʜʠʪʠ ʥʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ:  

()()e

c cE x B x vs= . (98) 

 ɼʠʬʝʨʝʥʮʠʨʘˁʝʤ ʠʟʨʘʟʘ (98) ʜʦʙʠʿʘ ʩʝ ʠʟʨʘʟ: 

( ), , , ,

e e

j j j jE B EB v EBvs = + + . (99) 

 ʇʨʚʠ ʯʣʘʥ ʠʟʨʘʟʘ (99) ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ ʠʟ ʨʝʟʫʣʪʘʪʘ ʘʥʘʣʠʟʝ ʜʠʨʝʢʪʥʦ, ʜʦʢ ʩʝ ʜʨʫʛʠ ʯʣʘʥ 

ʦʜʥʦʩʠ ʥʘ ʜʠʬʝʨʝʥʮʠʿʘʣʝ ʝʣʝʤʝʥʘʪʘ ʚʝʢʪʦʨʘ ʧʦʤʝʨʘˁʘ ,

e

jv  ʢʦʠʿ ʩʝ ʤʦʛʫ ʦʜʨʝʜʠʪʠ ʨʝʰʘʚʘˁʝʤ 

, jv  ʠʟ ʠʟʨʘʟʘ (86). ʂʘʜʘ ʙʨʦʿ ʧʘʨʘʤʝʪʘʨʘ ʜʠʟʘʿʥʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʧʨʝʣʘʟʠ ʙʨʦʿ ʥʘʧʦʥʘ ʢʦʿʠ ʩʫ ʦʜ 

ʟʥʘʯʘʿʘ ʟʘ ʨʘʟʤʘʪʨʘˁʝ, ʧʦʩʣʝʜˁʠ ʯʣʘʥ ʫ ʠʟʨʘʟʫ (99) ʤʦʞʝ ʩʝ ʟʘʤʝʥʠʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʠʟʨʘʟʦʤ 

(89) ʢʦʨʠʩʪʝ˂ʠ ʨʝʰʝˁʝ (88). ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʿʝ ʙʨʦʿ ʜʦʜʘʪʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʿʝʜʥʘʢ ʙʨʦʿʫ 

ʢʦʤʧʦʥʝʥʪʠ ʥʘʧʦʥʘ. ɼʠʬʝʨʝʥʮʠʿʘʣʠ ʜʠʟʘʿʥʘ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʥʘʧʦʥʘ ʦʜʨʝʹʫʿʫ ʩʝ ʢʦʨʠʰ˂ʝˁʝʤ 

ʧʨʘʚʠʣʘ ʦ ʜʠʬʝʨʝʥʮʠʨʘˁʫ ʢʦʤʧʦʟʠʮʠʿʝ ʜʚʝ ʬʫʥʢʮʠʿʝ. ɽʢʚʠʚʘʣʝʥʪʥʠ ʥʘʧʦʥ ʩʝ ʜʝʬʠʥʠʰʝ ʧʨʝʤʘ 

ʿʝʜʥʦʿ ʦʜ ʪʝʦʨʠʿʘ, ʥʘ ʧʨʠʤʝʨ ʢʘʦ ʰʪʦ ʿʝ ʄʠʟʝʩʦʚʘ ʪʝʦʨʠʿʘ. ʂʘʜʘ ʩʝ ʦʜʨʝʜʝ ʥʘʧʦʥʠ ʠ ˁʠʭʦʚʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʜʝʨʠʚʘʪʠ ʜʠʟʘʿʥʘ ʤʦʛʫ ʩʝ ʦʜʨʝʜʠʪʠ ʜʠʬʝʨʝʥʮʠʿʘʣʠ ʜʠʟʘʿʥʘ ʬʘʢʪʦʨʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʥʘʧʦʥʘ ʧʨʝʤʘ ʩʣʝʜʝ˂ʠʤ ʠʟʨʘʟʠʤʘ [97]: 

( ), , ,2

1
t j max j nom max nom j

nom

K s s s s
s
= -  ʠ (100) 

( ), , ,2

1
ts j max j nom max nom j

nom

K t t t t
t
= - . (101) 

 ɿʘʚʠʩʥʦʩʪ ʟʘʧʨʝʤʠʥʝ ʩʪʨʫʢʪʫʨʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʤʝʥʝ ʜʠʟʘʿʥʘ ʿʝ ʦʜ ʧʦʩʝʙʥʝ ʚʘʞʥʦʩʪʠ ʩ 

ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʟʘʧʨʝʤʠʥʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʫ ʜʠʨʝʢʪʥʦʿ ʚʝʟʠ ʩʘ ˁʝʥʦʤ ʤʘʩʦʤ, ʘ ʥʘʿʯʝʰ˂ʝ ʠ ʫ ʚʝʟʠ 

ʩʘ ˁʝʥʦʤ ʮʝʥʦʤ ʠ ʧʨʝʜʩʪʘʚˀʘ ʫ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʫ ʬʫʥʢʮʠʿʫ. ɿʘʧʨʝʤʠʥʘ 

ʢʦʥʩʪʨʫʢʮʠʿʝ ʦʜʨʝʹʫʿʝ ʩʝ ʫ ʦʙʣʠʢʫ: 

V dV=ñ . (102) 

 ɿʘʧʨʝʤʠʥʘ ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʠ ʜʠʨʝʢʪʥʦ ʥʘ ʦʩʥʦʚʫ ʜʠʩʢʨʝʪʠʟʘʮʠʿʝ ʤʝʪʦʜʦʤ ʢʦʥʘʯʥʠʭ 

ʝʣʝʤʝʥʘʪʘ ʫ ʦʙʣʠʢʫ: 
1 1 1

1 1 1

   
e

V det J d d dx h z
- - -

=äñññ . (103) 

 ʂʘʜʘ ʩʝ ʢʦʨʠʩʪʠ ʢʦʥʪʠʥʫʘʣʥʠ ʧʨʠʩʪʫʧ ʫ ʘʥʘʣʠʟʠ ʟʘʚʠʩʥʦʩʪʠ ʜʠʟʘʿʥʘ ʦʥʜʘ ʩʝ ʜʝʨʠʚʘʪʠ 

ʜʠʟʘʿʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʟʘʧʨʝʤʠʥʫ ʩʪʨʫʢʪʫʨʝ ʦʜʨʝʹʫʿʫ ʫ ʦʙʣʠʢʫ: 

, ,j x jV x dV= µñ . (104) 

 ɼʠʩʢʨʝʪʠʟʘʮʠʿʦʤ ʠʟʨʘʟʘ (104) ʜʦʙʠʿʘ ʩʝ ʠʟʨʘʟ (103). 
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 5.4 ʄɽʊʆɼ   ʂʆʅɸʏʅʀʍ ɽʃɽʄɽʅɸʊɸ 

 ʄʝʪʦʜ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʿʝ ʥʫʤʝʨʠʯʢʠ ʤʝʪʦʜ ʨʝʰʘʚʘˁʘ ʘʥʘʣʠʟʝ ʩʪʨʫʢʪʫʨʘ, 

ʪʝʤʧʝʨʘʪʫʨʩʢʠʭ ʧʦˀʘ, ʪʦʢ ʬʣʫʠʜʘ, ʧʨʦʪʦʢʘ ʤʘʩʘ ʠ ʪʩʣ. ɸʥʘʣʠʪʠʯʢʦ ʨʝʰʝˁʝ ʢʦʥʢʨʝʪʥʦʛ 

ʧʨʦʙʣʝʤʘ ʟʘʩʥʠʚʘ ʥʘ ʦʜʨʝʹʠʚʘˁʫ ʘʥʘʣʠʪʠʯʢʠʭ ʠʟʨʘʟʘ ʯʠʿʦʤ ʩʝ ʧʨʠʤʝʥʦʤ ʠʟʨʘʯʫʥʘʚʘ 

ʢʦʥʢʨʝʪʥʦ ʩʪʘˁʝ ʥʘ ʨʘʟʤʘʪʨʘʥʦʤ ʤʝʩʪʫ ʩʪʨʫʢʪʫʨʝ ʧʨʠ ʜʝʬʠʥʠʩʘʥʠʤ ʫʩʣʦʚʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ, 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʪʩʣ. ɼʘʢʣʝ, ʟʘ ʜʦʙʠʿʘˁʝ ʢʦʥʢʨʝʪʥʠʭ ʚʨʝʜʥʦʩʪʠ ʧʦʪʨʝʙʥʦ ʿʝ ʨʝʰʘʚʘʪʠ 

ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʠʣʠ ʧʘʨʮʠʿʘʣʥʝ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ ʢʦʿʝ ʥʘʿʯʝʰ˂ʝ ʠʤʘʿʫ ʩʣʦʞʝʥ ʦʙʣʠʢ 

ʯʘʢ ʠ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʿʝʜʥʦʩʪʘʚʥʝ ʛʝʦʤʝʪʨʠʿʝ ʠ ʦʧʪʝʨʝ˂ʝˁʘ. ʋ ʩʣʫʯʘʿʝʚʠʤʘ ʩʣʦʞʝʥʝ ʛʝʦʤʝʪʨʠʿʝ 

ʠ ʦʧʪʝʨʝ˂ʝˁʘ ʨʝʰʝˁʝ ʥʠʿʝ ʤʦʛʫ˂ʝ ʥʘ˂ʠ ʫ ʘʥʘʣʠʪʠʯʢʦʤ ʦʙʣʠʢʫ. ʇʦʨʝʜ ʦʚʦʛ ʥʘʿʚʝ˂ʠ ʙʨʦʿ 

ʢʦʥʢʨʝʪʥʠʭ ʠʥʞʝˁʝʨʩʢʠʭ ʧʨʦʙʣʝʤʘ ʚʝʟʘʥ ʿʘ ʟʘ ʘʥʘʣʠʟʫ ʢʦʥʩʪʨʫʢʮʠʿʘ ʩʣʦʞʝʥʝ ʛʝʦʤʝʪʨʠʿʝ ʫ 

ʩʣʦʞʝʥʠʤ ʫʩʣʦʚʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʿʝ ʠʟ ʘʩʧʝʢʪʘ ʤʘʪʝʨʠʿʘʣʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʭʝʪʝʨʦʛʝʥʝ ʩʠʩʪʝʤʝ. 

ʇʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠ ʧʨʦʙʣʝʤ ʧʨʝʚʘʟʠʣʘʟʠ ʩʝ ʫʧʦʪʨʝʙʦʤ ʥʫʤʝʨʠʯʢʠʭ ʤʝʪʦʜʘ ʦʜ ʢʦʿʠʭ ʿʝ 

ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʤʝʪʦʜ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ. ʈʝʰʝˁʘ ʜʦʙʠʿʝʥʘ ʧʨʠʤʝʥʦʤ ʥʫʤʝʨʠʯʢʠʭ ʤʝʪʦʜʘ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʠʙʣʠʞʥʘ ʨʝʰʝˁʘ ʚʠʩʦʢʝ ʪʘʯʥʦʩʪʠ ʫ ʧʦʿʝʜʠʥʠʤ ʪʘʯʢʘʤʘ ʨʘʟʤʘʪʨʘʥʝ ʩʪʨʫʢʪʫʨʝ. 

ʇʨʦʮʝʩ ʤʦʜʝʣʠʨʘˁʘ ʩʪʨʫʢʪʫʨʝ ʫ ʩʫʰʪʠʥʠ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʩ ʜʠʩʢʨʝʪʠʟʘʮʠʿʝ ʨʘʟʤʘʪʨʘʥʝ 

ʩʪʨʫʢʪʫʨʝ. ʆʚʘʢʦ ʜʦʙʠʿʝʥ ʤʦʜʝʣ ʯʠʥʝ ʢʦʥʘʯʥʠ ʝʣʝʤʝʥʪʠ ʢʦʿʠ ʩʫ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʠ ʫ 

ʯʚʦʨʦʚʠʤʘ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʫ ʦʚʠ ʝʣʝʤʝʥʪʠ ʫ ʦʙʣʠʢʫ ʰʪʘʧʦʚʘ, ʣʠʥʠʿʘʤʘ ʢʘʜʘ ʩʫ ʝʣʝʤʝʥʪʠ 

ʨʘʚʘʥʩʢʦʛ ʪʠʧʘ ʠʣʠ ʧʦʚʨʰʠʥʘʤʘ ʫ ʩʣʫʯʘʿʫ ʧʨʦʩʪʦʨʥʠʭ ʝʣʝʤʝʥʘʪʘ. ʆʜʛʦʚʘʨʘʿʫ˂ʝ ʿʝʜʥʘʯʠʥʝ 

ʧʦʩʪʘʚˀʘʿʫ ʩʝ ʟʘ ʩʚʘʢʠ ʝʣʝʤʝʥʪ ʧʦʩʝʙʥʦ, ʜʦʢ ʩʝ ʩʠʩʪʝʤ ʿʝʜʥʘʯʠʥʘ ʨʘʟʤʘʪʨʘʥʝ ʩʪʨʫʢʪʫʨʝ ʜʦʙʠʿʘ 

ˁʠʭʦʚʦʤ ʢʦʤʙʠʥʘʮʠʿʦʤ. ʈʝʰʝˁʘ ʦʚʦʛ ʩʠʩʪʝʤʘ ʿʝʜʥʘʯʠʥʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʪʨʘʞʝʥʫ ʚʝʣʠʯʠʥʫ. ʋ 

ʩʣʫʯʘʿʫ ʘʥʘʣʠʟʝ ʥʘʧʦʥʩʢʦ ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ ʨʝʟʫʣʪʘʪʠ ʨʝʰʝˁʘ ʦʚʦʛ ʩʠʩʪʝʤʘ ʿʝʜʥʘʯʠʥʘ ʩʫ 

ʧʦʤʝʨʘˁʘ ʩʚʘʢʦʛ ʯʚʦʨʘ ʥʘ ʢʦʥʘʯʥʠʤ ʝʣʝʤʝʥʪʠʤʘ ʩʪʨʫʢʪʫʨʝ, ʢʘʦ ʠ ʥʘʧʦʥ ʫʥʫʪʘʨ ʩʚʘʢʦʛ 

ʢʦʥʘʯʥʦʛ ʝʣʝʤʝʥʘʪʘ. 

 5.4.1 ʆʩʥʦʚʥʠ ʧʨʠʥʮʠʧʠ ʧʨʠʤʝʥʝ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ 

 ʇʨʠʤʝʥʘ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʩʚʦʿ ʧʫʥʠ ʟʥʘʯʘʿ ʿʝ ʜʦʙʠʣʘ ʨʘʟʚʦʿʝʤ ʨʘʯʫʥʘʨʘ ʠ 

ʧʨʦʛʨʘʤʩʢʠʭ ʧʘʢʝʪʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʧʨʠʤʝʥʠ ʦʚʝ ʤʝʪʦʜʝ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʦʤʦʛʫ˂ʝʥʘ ʿʝ ʧʨʠʤʝʥʘ 

ʦʚʝ ʤʝʪʦʜʝ ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ ʫʣʘʞʝˁʝʤ ʫ ʜʫʙʠʥʫ ʩʣʦʞʝʥʦʛ ʤʘʪʝʤʘʪʠʯʢʦʛ ʘʧʘʨʘʪʘ ʦʚʝ ʤʝʪʦʜʝ.  

 ʇʨʚʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʨʘʟʚʦʿ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʚʝʟʘʥʘ ʩʫ ʟʘ ʯʝʪʨʜʝʩʝʪʝ ʛʦʜʠʥʝ 

ʜʚʘʜʝʩʝʪʦʛ ʚʝʢʘ ʢʘʜʘ ʿʝ ʦʚʘ ʤʝʪʦʜʘ ʧʨʚʠ ʧʫʪ ʧʨʠʤʝˁʝʥʘ ʫ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʘʣʥʝ ʠ ʥʘʧʦʥʩʢʝ 

ʘʥʘʣʠʟʝ ʯʚʨʩʪʠʭ ʪʝʣʘ. ʇʨʚʦʙʠʪʥʠ ʨʘʟʚʦʿ ʦʚʝ ʤʝʪʦʜʝ ʜʘˀʝ ʩʝ ʢʨʝʪʘʦ ʫ ʧʨʘʚʮʫ ʨʘʟʚʦʿʘ ʪʦʧʦʣʦʛʠʿʝ 

ʠ ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʦʩʦʙʠʥʘ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ. ʇʨʚʫ ʢʦʥʢʨʝʪʥʫ ʧʨʠʤʝʥʫ ʫ ʠʥʞʝˁʝʨʩʢʦʿ ʧʨʘʢʩʠ 

ʤʝʪʦʜʘ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪ ʿʝ ʠʤʘʣʘ ʫ ʘʚʠʦʥʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ. ʇʦʩʝʙʘʥ ʟʥʘʯʘʿ ʫ ʨʘʟʚʦʿʫ  ʤʝʪʦʜʝ 

ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʠʤʘ ʧʨʠʤʝʥʘ ʤʘʪʨʠʯʥʦʛ ʦʙʣʠʢʘ ʟʘʧʠʩʠʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ʢʦʿʠ ʿʝ ʚʨʣʦ 

ʧʦʛʦʜʘʥ ʫ ʤʝʪʦʜʠ ʩʠʣʘ ʠ ʜʝʬʦʨʤʘʮʠʿʘ, ʯʠʤʝ ʿʝ ʦʪʚʦʨʝʥʘ ʤʦʛʫ˂ʥʦʩʪ ʫʧʦʪʨʝʙʝ ʨʘʯʫʥʘʨʘ ʫ ʦʚʦʿ 

ʤʝʪʦʜʠ. ʐʝʟʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʜʚʘʜʝʩʝʪʦʛ ʚʝʢʘ ʫʪʝʤʝˀʝʥʠ ʩʫ ʧʨʠʥʮʠʧʠ ʠ ʦʚʘ ʤʝʪʦʜʘ ʿʝ ʜʦʙʠʣʘ 

ʜʘʥʘʰˁʠ ʥʘʟʠʚ. ʇʨʠʤʝʥʦʤ ʚʘʨʠʿʘʮʠʦʥʠʭ ʧʨʠʥʮʠʧʘ ʤʝʭʘʥʠʢʝ ʢʦʥʪʠʥʫʫʤʘ ʧʨʠ ʬʦʨʤʫʣʘʮʠʿʠ 

ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʦʚʘ ʤʝʪʦʜʘ ʜʦʙʠʣʘ ʿʝ ʦʧʰʪʠ ʧʨʠʩʪʫʧ. ɼʘˀʠ ʧʨʘʚʮʠ ʨʘʟʚʦʿʘ  ʦʚʝ 

ʤʝʪʦʜʝ ʙʠʣʠ ʩʫ ʪʘʯʥʦʩʪ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʠ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʨʝʰʝˁʘ [129].  

 ʋʚʦʹʝˁʝʤ ʠʥʪʝʨʧʦʣʘʮʠʦʥʠʭ ʬʫʥʢʮʠʿʘ ʨʘʟʚʠʿʝʥʠʭ ʥʘ ʦʩʥʦʚʫ ʤʘʪʝʤʘʪʠʯʢʠʭ ʪʝʦʨʠʿʘ ʫ 

ʤʝʪʦʜʫ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʦʙʝʟʙʝʹʝʥ ʿʝ ʢʦʥʪʠʥʫʠʪʝʪ ʠʟʤʝʹʫ ʝʣʝʤʝʥʘʪʘ ʠ ʜʦʤʝʥʘ ʫ ʤʨʝʞʠ 

ʝʣʝʤʝʥʘʪʘ. ʂʨʘʿʝʤ ʩʝʜʘʤʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʜʚʘʜʝʩʝʪʦʛ ʚʝʢʘ ʦʚʝ ʤʘʪʝʤʘʪʠʯʢʝ ʪʝʦʨʠʿʝ ʩʫ 

ʛʝʥʝʨʘʣʠʟʦʚʘʥʝ ʠ ʧʨʠʤʝʥʘ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʿʝ ʧʨʦʰʠʨʝʥʘ ʥʘ ʚʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʦ 

ʧʦʜʨʫʯʿʝ ʠ ʧʦʜʨʫʯʿʝ ʥʝʣʠʥʝʘʨʥʝ ʘʥʘʣʠʟʝ. ɼʘˀʠ ʨʘʟʚʦʿ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʪʘ ʿʝ ʚʝʟʘʥ ʟʘ 

ʨʘʟʚʦʿ ʨʘʯʫʥʘʨʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʧʨʦʛʨʘʤʩʢʠʭ ʧʘʢʝʪʘ. ɼʠʩʢʨʝʪʠʟʘʮʠʿʘ ʜʦʤʝʥʘ ʥʘ ʢʦʥʘʯʥʝ 

ʝʣʝʤʝʥʪʝ ʧʨʠ ʧʨʠʤʝʥʠ ʦʚʝ ʤʝʪʦʜʝ ʙʠʣʘ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠ ʬʘʢʪʦʨ ʜʦ ʨʘʟʚʦʿʘ ʘʫʪʦʤʘʪʩʢʠʭ 

ʛʝʥʝʨʘʪʦʨʘ ʤʨʝʞʝ. ɼʝʚʝʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ ʧʦʯʝʣʘ ʿʝ ʚʠʟʫʝʣʠʟʘʮʠʿʘ ʘʥʘʣʠʟʠʨʘʥʠʭ 
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ʧʨʦʙʣʝʤʘ ʤʝʪʦʜʦʤ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ. ɼʘʥʘʰˁʠ ʨʘʯʫʥʘʨʩʢʠ ʩʠʩʪʝʤʠ ʠ ʧʨʦʛʨʘʤʩʢʠ ʧʘʢʝʪʠ 

ʦʤʦʛʫ˂ʫʿʫ ʜʦʙʠʿʘˁʝ ʧʦʪʧʫʥʝ ʩʣʠʢʝ ʥʘʧʦʥʩʢʦʛ, ʜʝʬʦʨʤʘʮʠʦʥʦʛ, ʪʝʤʧʝʨʘʪʫʨʩʢʦʛ ʠʣʠ ʜʨʫʛʦʛ 

ʧʦˀʘ ʧʨʠ ʨʘʟʤʘʪʨʘˁʫ ʩʣʦʞʝʥʠʭ ʧʨʦʙʣʝʤʘ. ɼʘʥʘʩ ʤʝʪʦʜʘ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʪʘ ʧʨʝʜʩʪʘʚˀʘ ʚʝʦʤʘ 

ʟʥʘʯʘʿʘʥ ʤʝʪʦʜ ʟʘ ʨʝʰʘʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʝ ʠ ʜʘˀʝ ʨʘʟʚʠʿʘ [129]. 

 ʀʥʞʝˁʝʨʩʢʠ ʧʨʦʙʣʝʤʠ ʩʪʨʫʢʪʫʨʘʣʥʝ ʘʥʘʣʠʟʝ ʚʝʟʘʥʠ ʩʫ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʧʦʤʝʨʘˁʘ ʠ ʥʘʧʦʥʘ 

ʧʨʠ ʜʝʣʦʚʘˁʫ ʦʧʪʝʨʝ˂ʝˁʘ. ʋ ʢʦʥʢʨʝʪʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʨʘʩʧʦʜʝʣʫ ʜʝʬʦʨʤʘʮʠʿʘ ʥʘʿʯʝʰ˂ʝ ʠ ʥʠʿʝ 

ʤʦʛʫ˂ʝ ʦʜʨʝʜʠʪʠ ʘʥʘʣʠʪʠʯʢʠ ʧʘ ʿʝ ʧʨʠʤʝʥʘ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʥʝʠʟʙʝʞʥʘ. ʄʝʪʦʜ 

ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʦʙʫʭʚʘʪʘ ʜʚʘ ʦʩʥʦʚʥʘ ʤʝʪʦʜʘ: ʩʠʣʘ ʠ ʧʦʤʝʨʘˁʘ. ʄʝʪʦʜ ʩʠʣʘ ʙʘʟʠʨʘ ʩʝ ʥʘ 

ʧʦʩʪʘʚˀʘˁʫ ʘʣʛʝʙʘʨʩʢʦʛ ʩʠʩʪʝʤʘ ʿʝʜʥʘʯʠʥʘ ʨʘʚʥʦʪʝʞʝ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʬʦʨʤʠʨʘ ʿʝʜʥʘʯʠʥʘ 

ʩʪʨʫʢʪʫʨʝ. ʅʝʧʦʟʥʘʪʝ ʚʝʣʠʯʠʥʝ ʫ ʦʚʠʤ ʿʝʜʥʘʯʠʥʘʤʘ ʩʫ ʩʠʣʝ ʢʦʿʝ ʩʝ ʦʜʨʝʹʫʿʫ ˁʠʭʦʚʠʤ 

ʨʝʰʘʚʘˁʝʤ [129]. 

 ɼʨʫʛʠ ʤʝʪʦʜ ʿʝ ʤʝʪʦʜ ʧʦʤʝʨʘˁʘ ʫ ʢʦʤʝ ʩʫ ʦʩʥʦʚʥʝ ʥʝʧʦʟʥʘʪʝ ʚʝʣʠʯʠʥʝ ʧʦʤʝʨʘˁʘ ʫ 

ʯʚʦʨʦʚʠʤʘ. ʋʩʣʦʚʠ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪʠ ʧʦʤʝʨʘˁʘ ʧʨʠ ʨʝʰʘʚʘˁʫ ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʙʣʝʤʘ ʦʜʥʦʩʝ 

ʩʝ ʥʘ ʫʩʣʦʚ ʜʘ ʩʫ ʝʣʝʤʝʥʪʠ ʧʦʚʝʟʘʥʠ ʫ ʯʚʦʨʦʚʠʤʘ, ʜʫʞ ʩʪʨʘʥʠʮʘ ʠʣʠ ʧʦʚʨʰʠʥʘ, ʟʘʚʠʩʥʦ ʦʜ 

ʚʨʩʪʝ, ʧʨʝ ʠ ʧʦʩʣʝ ʧʨʝʩʪʘʥʢʘ ʜʝʣʦʚʘˁʘ ʦʧʪʝʨʝ˂ʝˁʘ. ʆʩʥʦʚʥʝ ʿʝʜʥʘʯʠʥʝ ʩʪʨʫʢʪʫʨʝ ʩʘʜʨʞʝ 

ʧʦʤʝʨʘˁʘ ʫ ʯʚʦʨʦʚʠʤʘ ʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʝʜʥʘʯʠʥʝ ʨʘʚʥʦʪʝʞʝ ʫ ʢʦʿʠʤʘ ʿʝ ʫʥʝʪʘ ʚʝʟʘ ʠʟʤʝʹʫ ʩʠʣʘ 

ʠ ʧʦʤʝʨʘˁʘ. ʆʚʘʿ ʤʝʪʦʜ ʿʝ ʥʘʰʘʦ ʰʠʨʫ ʧʨʠʤʝʥʫ ʦʜ ʤʝʪʦʜʘ ʩʠʣʘ ʦʙʟʠʨʦʤ ʜʘ ʠʤʘ ʩʣʠʯʥʫ 

ʬʦʨʤʫʣʘʮʠʿʫ ʟʘ ʤʥʦʛʝ ʩʣʫʯʘʿʝʚʝ ʩʪʨʫʢʪʫʨʥʝ ʘʥʘʣʠʟʝ. ʅʘ ʦʩʥʦʚʫ ʤʝʪʦʜʘ ʧʦʤʝʨʘˁʘ ʨʘʟʚʠʿʝʥ ʿʝ 

ʥʘʿʚʝ˂ʠ ʙʨʦʿ ʧʨʦʛʨʘʤʩʢʠʭ ʧʘʢʝʪʘ ʟʘ ʧʨʠʤʝʥʫ ʤʝʪʦʜʘ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ [129].  

 ʄʦʜʝʣʠ ʩʪʨʫʢʪʫʨʝ ʢʦʿʠ ʩʝ ʬʦʨʤʠʨʘʿʫ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʩʢʫʧ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʠʭ ʝʣʝʤʝʥʘʪʘ. ʉʚʘʢʦʤ ʦʜ ʦʚʠʭ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʦʜʨʝʹʫʿʝ ʩʝ 

ʬʫʥʢʮʠʿʘ ʧʦʤʝʨʘˁʘ. ɽʣʝʤʝʥʪʠ ʩʫ ʤʝʹʫ ʩʦʙʦʤ ʧʦʚʝʟʘʥʠ ʜʠʨʝʢʪʥʦ ʠʣʠ ʠʥʜʠʨʝʢʪʥʦ ʧʨʝʢʦ 

ʯʚʦʨʦʚʘ, ʣʠʥʠʿʘ ʠʣʠ ʧʦʚʨʰʠʥʘ, ʟʘʚʠʩʥʦ ʦʜ ʚʨʩʪʝ. ʂʘʜʘ ʩʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʪʝʨʠʿʘʣʘ ʠ 

ʦʧʪʝʨʝ˂ʝˁʘ ʦʜʨʝʹʝʥʝ, ʥʘ ʦʩʥʦʚʫ ʥʘʧʦʥʘ ʠ ʜʝʬʦʨʤʘʮʠʿʘ ʫ ʿʝʜʥʦʤ ʯʚʦʨʫ ʝʣʝʤʝʥʪʘ ʤʦʛʫ ʩʝ 

ʦʜʨʝʜʠʪʠ ʥʘʧʦʥʠ ʠ ʜʝʬʦʨʤʘʮʠʿʝ ʫ ʙʠʣʦ ʢʦʤ ʜʨʫʛʦʤ ʯʚʦʨʫ ʠ ʝʣʝʤʝʥʪʫ ʨʘʟʤʘʪʨʘʥʝ ʩʪʨʫʢʪʫʨʝ. 

ʉʠʩʪʝʤ ʘʣʛʝʙʘʨʩʢʠʭ ʿʝʜʥʘʯʠʥʘ ʟʘ ʩʚʝ ʯʚʦʨʦʚʝ ʩʪʨʫʢʪʫʨʝ ʥʘʿʙʦˀʝ ʿʝ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʤʘʪʨʠʯʥʦʤ 

ʦʙʣʠʢʫ.  

 ʇʨʚʠ ʢʦʨʘʢ ʧʨʠ ʧʨʠʤʝʥʠ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʪʘ ʦʜʥʦʩʠ ʩʝ ʥʘ ʜʠʩʢʨʝʪʠʟʘʮʠʿʫ 

ʩʪʨʫʢʪʫʨʝ ʠ ʠʟʙʦʨ ʚʨʩʪʝ ʝʣʝʤʝʥʪʘ. ʇʨʠ ʘʥʘʣʠʟʠ ʢʦʥʩʪʨʫʢʮʠʿʝ ʦʚʦʤ ʤʝʪʦʜʦʤ ʧʦʩʤʘʪʨʘʿʫ ʩʝ 

ˁʝʥʠ ʧʦʜʜʦʤʝʥʠ, ʦʜʥʦʩʥʦ ʢʦʥʘʯʥʠ ʝʣʝʤʝʥʪʠ ʢʦʿʠ ʠʤʘʿʫ ʩʚʦʿʝ ʢʦʥʘʯʥʝ ʜʠʤʝʥʟʠʿʝ ʠ ʦʙʣʠʢ. 

ʆʙʟʠʨʦʤ ʜʘ ʜʠʤʝʥʟʠʿʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʪʘ ʥʠʩʫ ʜʠʬʝʨʝʥʮʠʿʘʣʥʦ ʤʘʣʝ ʚʝ˂ ʢʦʥʘʯʥʝ ʚʝʣʠʯʠʥʝ 

ʿʝʜʥʘʯʠʥʝ ʢʦʿʝ ʦʧʠʩʫʿʫ ʩʪʘˁʘ ʝʣʝʤʝʥʘʪʘ ʩʫ ʘʣʛʝʙʘʨʩʢʝ ʿʝʜʥʘʯʠʥʝ. ʉʠʩʪʝʤ ʦʚʠʭ ʿʝʜʥʘʯʠʥʘ 

ʜʝʬʠʥʠʰʝ ʧʦʥʘʰʘˁʝ ʮʝʣʝ ʨʘʟʤʘʪʨʘʥʝ ʩʪʨʫʢʪʫʨʝ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʨʘʟʤʘʪʨʘʥʠ ʜʦʤʝʥ ʢʦʿʠ ʠʤʘ 

ʙʝʩʢʦʥʘʯʥʦ ʤʥʦʛʦ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ ʜʝʣʠ ʥʘ ʢʦʥʘʯʘʥ ʙʨʦʿ ʧʦʜʜʦʤʝʥʘ ʩʘ ʢʦʥʘʯʥʠʤ ʙʨʦʿʝʤ 

ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ. ɽʬʠʢʘʩʥʦʩʪ ʠ ʪʘʯʥʦʩʪ ʧʨʠʤʝʥʝ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʙʘʟʠʨʘ ʩʝ ʥʘ 

ʬʦʨʤʠʨʘˁʫ ʤʦʜʝʣʘ ʢʦʿʠ ʥʘʿʙʦˀʝ ʘʧʨʦʢʩʠʤʠʨʘ ʨʘʟʤʘʪʨʘʥʠ ʜʦʤʝʥ, ʪʿ. ʩʪʨʫʢʪʫʨʫ [129].  

 ʀʟʙʦʨ ʚʨʩʪʝ ʝʣʝʤʝʥʘʪʘ ʧʨʠ ʧʨʠʤʝʥʠ ʦʚʝ ʤʝʪʦʜʝ ʥʘ ʢʦʥʢʨʝʪʥʦ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʟʘʚʠʩʠ 

ʦʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʘʤʦʛ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʝ ʨʝʰʘʚʘ ʠ ʧʦʪʨʝʙʥʝ ʪʘʯʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ. ʇʨʠ 

ʜʠʩʢʨʝʪʠʟʘʮʠʿʠ ʧʨʦʙʣʝʤʘ ʪʨʝʙʘ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʦ ʧʦʪʨʝʙʥʦʤ ʙʨʦʿʫ ʜʠʤʝʥʟʠʿʘ ʨʘʟʤʘʪʨʘˁʘ 

ʢʦʥʢʨʝʪʥʦʛ ʧʨʦʙʣʝʤʘ. ʂʘʜʘ ʩʝ ʨʘʜʠ ʦ ʧʨʦʩʪʦʨʥʠʤ ʠʣʠ ʨʘʚʘʥʩʢʠʤ ʨʝʰʝʪʢʘʤʘ ʢʦʨʠʩʪʝ ʩʝ 

ʿʝʜʥʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʠʣʠ ʣʠʥʠʿʩʢʠ ʢʦʥʘʯʥʠ ʝʣʝʤʝʥʪʠ. ʂʘʜʘ ʿʝ ʧʨʦʙʣʝʤ ʨʘʚʘʥʩʢʠ ʢʦʨʠʩʪʝ ʩʝ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʨʘʚʘʥʩʢʠ ʝʣʝʤʝʥʪʠ, ʘ ʢʘʜʘ ʧʨʦʙʣʝʤ ʟʘʭʪʝʚʘ ʧʨʦʩʪʦʨʥʦ ʨʘʟʤʘʪʨʘˁʝ ʢʦʨʠʩʪʝ 

ʩʝ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʢʦʥʘʯʥʠ ʝʣʝʤʝʥʪʠ.  

 ʀʟʙʦʨ ʬʫʥʢʮʠʿʝ ʧʦʤʝʨʘˁʘ ʚʨʰʠ ʩʝ ʟʘ ʩʚʘʢʠ ʢʦʥʘʯʥʠ ʝʣʝʤʝʥʪ. ʆʚʘ ʬʫʥʢʮʠʿʘ ʿʝ ʜʝʬʠʥʠʩʘʥʘ 

ʫʥʫʪʘʨ ʝʣʝʤʝʥʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʜʥʦʩʪʠ ʠʟʨʘʯʫʥʘʪʝ ʥʘ ʛʨʘʥʠʮʘʤʘ ʝʣʝʤʝʥʪʘ. ʌʫʥʢʮʠʿʘ 

ʧʦʤʝʨʘˁʘ ʟʘ ʩʚʘʢʠ ʢʦʥʘʯʥʠ ʝʣʝʤʝʥʪ ʿʝ ʧʦʣʠʥʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʩʪʝʧʝʥʘ. ʇʦʣʠʥʦʤ ʢʘʦ ʦʙʣʠʢ 

ʬʫʥʢʮʠʿʝ ʿʝ ʧʦʛʦʜʘʥ ʠʟ ʘʩʧʝʢʪʘ ʿʝʜʥʦʩʪʘʚʥʦʩʪʠ ʧʨʠʤʝʥʝ ʫ ʤʝʪʦʜʠ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ. 

ʌʫʥʢʮʠʿʝ ʩʫ ʥʝʧʦʟʥʘʪʝ ʚʝʣʠʯʠʥʝ ʫ ʯʚʦʨʦʚʠʤʘ ʝʣʝʤʝʥʘʪʘ. ʌʫʥʢʮʠʿʝ ʧʦʤʝʨʘˁʘ ʫ ʦʢʚʠʨʫ 
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ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʩʫ ʦʜʘʙʨʘʥʝ ʪʘʢʦ ʜʘ ʩʝ ʦʙʝʟʙʝʜʠ ʢʦʥʪʠʥʫʠʪʝʪ ʠ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪ ʧʦʤʝʨʘˁʘ 

ʫ ʦʢʚʠʨʫ ʨʘʟʤʘʪʨʘʥʝ ʩʪʨʫʢʪʫʨʝ. ʇʦʩʣʝ ʦʜʨʝʹʠʚʘˁʘ ʬʫʥʢʮʠʿʝ ʧʦʤʝʨʘˁʘ ʫʩʧʦʩʪʘʚˀʘ ʩʝ ʚʝʟʘ 

ʠʟʤʝʹʫ ʜʝʬʦʨʤʘʮʠʿʘ ʠ ʧʦʤʝʨʘˁʘ ʢʘʦ ʠ ʚʝʟʘ ʠʟʤʝʹʫ ʥʘʧʦʥʘ ʠ ʜʝʬʦʨʤʘʮʠʿʘ. ɺʝʟʝ ʠʟʤʝʹʫ ʥʘʧʦʥʘ 

ʠ ʜʝʬʦʨʤʘʮʠʿʘ ʥʘʟʠʚʘʿʫ ʩʝ ʢʦʥʩʪʠʪʫʪʠʚʥʝ ʨʝʣʘʮʠʿʝ. ɼʘˀʝ, ʧʨʠʤʝʥʘ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ 

ʦʙʫʭʚʘʪʘ ʫʩʧʦʩʪʘʚˀʘˁʝ ʤʘʪʨʠʮʝ ʢʨʫʪʦʩʪʠ. ɿʘ ʦʜʨʝʹʠʚʘˁʝ ʤʘʪʨʠʮʝ ʢʨʫʪʦʩʪʠ ʨʘʟʚʠʿʝʥʦ ʿʝ ʚʠʰʝ 

ʤʝʪʦʜʘ. ʅʘ ʧʦʯʝʪʢʫ ʨʘʟʚʦʿʘ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʤʘʪʨʠʮʝ ʢʨʫʪʦʩʪʠ ʦʜʨʝʹʠʚʘʥʝ ʩʫ ʥʘ 

ʦʩʥʦʚʫ ʫʪʠʮʘʿʥʠʭ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʨʫʪʦʩʪʠ, ʜʘʢʣʝ ʫ ʜʠʨʝʢʪʥʦʿ ʚʝʟʠ ʩʘ ʩʪʨʫʢʪʫʨʘʣʥʦʤ ʘʥʘʣʠʟʦʤ. 

ɼʘˀʠʤ ʨʘʟʚʦʿʝʤ ʤʝʪʦʜʝ ʨʘʟʚʠʿʝʥʦ ʿʝ ʚʠʰʝ ʥʘʯʠʥʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʤʘʪʨʠʮʝ ʢʨʫʪʦʩʪʠ [129]. 

 ɼʠʨʝʢʪʥʠ ʨʘʚʥʦʪʝʞʥʠ ʤʝʪʦʜ ʧʦʚʝʟʫʿʝ ʩʠʣʝ ʫ ʯʚʦʨʦʚʠʤʘ ʝʣʝʤʝʥʘʪʘ ʠ ʧʦʤʝʨʘˁʝ ʦʚʠʭ 

ʯʚʦʨʦʚʘ. ʆʚʘ ʚʝʟʘ ʜʦʙʠʿʘ ʩʝ ʠʟ ʫʩʣʦʚʘ ʨʘʚʥʦʪʝʞʝ ʟʘ ʩʚʘʢʠ ʨʘʟʤʘʪʨʘʥʠ ʝʣʝʤʝʥʪ. ɼʠʨʝʢʪʥʠ 

ʧʨʠʩʪʫʧ ʧʨʠ ʦʜʨʝʹʠʚʘˁʫ ʤʘʪʨʠʮʝ ʢʨʫʪʦʩʪʠ ʜʦʙʘʨ ʿʝ ʩʘʤʦ ʢʦʜ ʨʘʟʤʘʪʨʘˁʘ 

ʿʝʜʥʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ ʝʣʝʤʝʥʘʪʘ, ʘʣʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ ʧʨʠ ʧʨʠʢʘʟʠʚʘˁʫ ʦʩʥʦʚʥʠʭ 

ʧʨʠʥʮʠʧʘ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ.  

 ɺʘʨʠʿʘʮʠʦʥʠ ʤʝʪʦʜ ʦʜʨʝʹʠʚʘˁʘ ʤʘʪʨʠʮʝ ʢʨʫʪʦʩʪʠ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʧʨʠʥʮʠʧʫ 

ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʬʫʥʢʮʠʿʘ. ʂʘʜʘ ʩʝ ʨʘʟʤʘʪʨʘʿʫ ʧʨʦʙʣʝʤʠ ʤʝʭʘʥʠʢʝ ʯʚʨʩʪʦʛ ʪʝʣʘ ʦʥʜʘ ʿʝ 

ʚʘʨʠʿʘʮʠʦʥʠ ʧʨʠʥʮʠʧ ʠʩʪʠ ʢʘʦ ʧʨʠʥʮʠʧ ʤʠʥʠʤʫʤʘ ʧʦʪʝʥʮʠʿʘʣʥʝ ʝʥʝʨʛʠʿʝ. ɺʘʨʠʿʘʮʠʦʥʠ ʤʝʪʦʜ 

ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʥʘ ʝʣʝʤʝʥʪʠʤʘ ʩʣʦʞʝʥʦʛ ʦʙʣʠʢʘ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʜʠʨʝʢʪʥʦʛ ʤʝʪʦʜʘ ʢʦʿʠ ʿʝ 

ʧʦʛʦʜʘʥ ʟʘ ʧʨʠʤʝʥʫ ʩʘʤʦ ʢʦʜ ʝʣʝʤʝʥʘʪʘ ʿʝʜʥʦʩʪʘʚʥʦʛ ʦʙʣʠʢʘ. ɺʘʨʠʿʘʮʠʦʥʠ ʤʝʪʦʜ ʤʦʞʝ ʩʝ 

ʧʨʠʤʝˁʠʚʘʪʠ ʠ ʧʨʠ ʦʜʨʝʹʠʚʘˁʫ ʤʘʪʨʠʮʝ ʢʨʫʪʦʩʪʠ ʝʣʝʤʝʥʘʪʘ ʢʦʜ ʥʝʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʙʣʝʤʘ ʠ 

ʘʥʘʣʠʟʝ ʧʦˀʘ ʥʘʧʦʥʘ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʩʢʠʭ ʧʦˀʘ.    

 ʄʝʪʦʜ ʪʝʞʠʥʩʢʦʛ ʨʝʟʠʜʫʘʣʘ ʙʘʟʠʨʘ ʩʝ ʥʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʤ ʿʝʜʥʘʯʠʥʘʤʘ ʨʘʟʤʘʪʨʘʥʦʛ 

ʧʨʦʙʣʝʤʘ. ʆʜ ʩʚʠʭ ʤʝʪʦʜʘ ʦʜʨʝʹʠʚʘˁʘ ʤʘʪʨʠʮʝ ʢʨʫʪʦʩʪʠ ʥʘʿʧʦʟʥʘʪʠʿʠ ʿʝ ɻʘʣʝʨʢʠʥʦʚ ʤʝʪʦʜ. 

ʋ ʪʝʨʤʦʜʠʥʘʤʠʯʢʦʿ ʘʥʘʣʠʟʠ ʢʦʥʪʠʥʫʫʤʘ ʨʘʟʚʠʿʝʥʝ ʩʫ ʤʝʪʦʜʝ ʝʥʝʨʛʝʪʩʢʦʛ ʙʠʣʘʥʩʘ ʨʘʟʣʠʯʠʪʠʭ 

ʚʨʩʪʘ ʝʥʝʨʛʠʿʝ.  

 ʉʣʝʜʝ˂ʠ ʢʦʨʘʢ ʫ ʧʨʠʤʝʥʠ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʧʨʝʜʩʪʘʚˀʘ ʦʜʨʝʹʠʚʘˁʝ ʛʣʦʙʘʣʥʝ 

ʤʘʪʨʠʮʝ ʢʨʫʪʦʩʪʠ. ʇʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʩʫʧʝʨʧʦʟʠʮʠʿʝ ʤʘʪʨʠʮʝ ʧʦʿʝʜʠʥʠʭ ʝʣʝʤʝʥʘʪʘ ʦʜʨʝʹʫʿʝ ʩʝ 

ʛʣʦʙʘʣʥʘ ʠʣʠ ʫʢʫʧʥʘ ʤʘʪʨʠʮʘ ʢʨʫʪʦʩʪʠ ʩʪʨʫʢʪʫʨʝ. ʇʨʠ ʦʜʨʝʹʠʚʘˁʫ ʦʚʝ ʤʘʪʨʠʮʝ ʧʨʠʥʮʠʧ 

ʢʦʥʪʠʥʫʠʪʝʪʘ ʠʣʠ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪʠ ʤʦʨʘ ʙʠʪʠ ʟʘʜʦʚʦˀʝʥ ʯʠʤʝ ʩʝ ʤʘʪʝʤʘʪʠʯʢʠ ʦʙʝʟʙʝʹʫʿʝ 

ʥʝʧʨʝʢʠʜʥʦʩʪ ʨʘʟʤʘʪʨʘʥʝ ʩʪʨʫʢʪʫʨʝ. ɻʣʦʙʘʣʥʘ ʤʘʪʨʠʮʘ ʢʨʫʪʦʩʪʠ ʿʝ ʩʠʥʛʫʣʘʨʥʘ ʤʘʪʨʠʮʘ ʿʝʨ ʿʝ 

ˁʝʥʘ ʜʝʪʝʨʤʠʥʘʥʪʘ ʿʝʜʥʘʢʘ ʥʫʣʠ. ʋʚʦʹʝˁʝʤ ʛʨʘʥʠʯʥʠʭ ʫʩʣʦʚʘ ʪʿ. ʦʩʣʦʥʘʮʘ ʠ ʦʛʨʘʥʠʯʝˁʘ 

ʧʦʤʝʨʘˁʘ ʨʝʰʘʚʘ ʩʝ ʧʨʦʙʣʝʤ ʩʠʥʛʫʣʘʨʠʪʝʪʘ ʦʚʝ ʤʘʪʨʠʮʝ ʪʘʢʦ ʜʘ ʨʘʟʤʘʪʨʘʥʘ ʩʪʨʫʢʪʫʨʘ ʢʘʦ 

ʯʚʨʩʪʦ ʪʝʣʦ ʟʘʜʨʞʘʚʘ ʜʝʬʠʥʠʩʘʥ ʧʦʣʦʞʘʿ. ʇʦʟʥʘʪʘ ʦʧʪʝʨʝ˂ʝˁʘ ʩʝ ʫʚʦʜʝ ʫ ʛʣʦʙʘʣʥʫ ʤʘʪʨʠʮʫ 

ʩʠʣʘ.    

 ʉʘʜʘ ʩʝ ʦʜʨʝʹʫʿʝ ʧʦʤʝʨʘˁʝ ʮʝʣʝ ʨʘʟʤʘʪʨʘʥʝ ʩʪʨʫʢʪʫʨʝ. ɱʝʜʥʘʯʠʥʘ ʨʘʟʤʘʪʨʘʥʝ ʩʪʨʫʢʪʫʨʝ ʫ 

ʢʦʿʦʿ ʩʫ ʫʥʝʩʝʥʠ ʛʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʿʝ ʩʧʨʝʛʥʫʪ ʩʠʩʪʝʤ ʘʣʛʝʙʘʨʩʢʠʭ ʿʝʜʥʘʯʠʥʘ. ʆʚʘʿ ʩʠʩʪʝʤ 

ʿʝʜʥʘʯʠʥʘ ʤʦʞʝ ʩʝ ʨʝʰʘʚʘʪʠ ʨʘʟʣʠʯʠʪʠʤ ʤʝʪʦʜʘʤʘ ʥʧʨ. ɻʘʫʩʦʚʦʤ ʤʝʪʦʜʦʤ ʝʣʠʤʠʥʘʮʠʿʝ ʠʣʠ 

ʧʨʠʤʝʥʦʤ ʥʝʢʦʛ ʠʪʝʨʘʪʠʚʥʦʛ ʧʦʩʪʫʧʢʘ. ʅʝʧʦʟʥʘʪʝ ʫ ʦʚʦʤ ʩʠʩʪʝʤʫ ʩʫ ʧʦʤʝʨʘˁʘ ʫ ʯʚʦʨʦʚʠʤʘ 

ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ. ɿʘʪʠʤ ʩʝ, ʢʦʨʠʰ˂ʝˁʝʤ ʚʝʟʘ ʠʟʤʝʹʫ ʜʝʬʦʨʤʘʮʠʿʘ ʠ ʧʦʤʝʨʘˁʘ, ʢʘʦ ʠ 

ʥʘʧʦʥʘ ʠ ʜʝʬʦʨʤʘʮʠʿʘ ʦʜʨʝʹʫʿʫ ʥʘʧʦʥʠ ʠ ʜʝʬʦʨʤʘʮʠʿʝ ʢʘʦ ʥʝʧʦʟʥʘʪʝ ʚʝʣʠʯʠʥʝ ʧʨʠ 

ʩʪʨʫʢʪʫʨʘʣʥʦʿ ʘʥʘʣʠʟʠ.  

 ʄʝʪʦʜʦʤ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʩʧʨʦʚʦʜʠ ʩʝ ʘʥʘʣʠʟʘ ʢʦʿʦʤ ʩʝ ʦʜʨʝʹʫʿʝ ʪʘʯʥʦ ʤʝʩʪʦ 

ʜʝʣʦʚʘˁʘ ʤʘʢʩʠʤʘʣʥʠʭ ʥʘʧʦʥʘ ʠ ʜʝʬʦʨʤʘʮʠʿʘ. ʇʦʟʥʘʚʘˁʝ ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ 

ʧʨʫʞʘ ʨʝʣʝʚʘʥʪʥʝ ʧʦʜʘʪʢʝ ʟʘ ʜʘˀʫ ʢʦʥʩʪʨʫʢʮʠʦʥʫ ʨʘʟʨʘʜʫ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʨʘʟʤʘʪʨʘʥʝ 

ʩʪʨʫʢʪʫʨʝ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʤʝʪʦʜʦʤ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʩʝ ʯʝʩʪʦ ʧʨʠʢʘʟʫʿʫ ʫ ʛʨʘʬʠʯʢʦʤ 

ʦʙʣʠʢʫ.       

 ʅʫʤʝʨʠʯʢʘ ʘʥʘʣʠʟʘ ʙʘʟʠʨʘʥʘ ʥʘ ʧʨʠʤʝʥʠ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʠʟʚʝʜʝʥʘ ʿʝ ʧʦʤʦ˂ʫ 

ʧʨʦʛʨʘʤʩʢʦʛ ʧʘʢʝʪʘ ʇɸʂ - ʇʨʦʛʨʘʤ ʟʘ ɸʥʘʣʠʟʫ ʂʦʥʩʪʨʫʢʮʠʿʘ.  ʆʚʘʿ ʧʨʦʛʨʘʤʩʢʠ ʧʘʢʝʪ ʥʘʤʝˁʝʥ 

ʿʝ ʟʘ ʣʠʥʝʘʨʥʫ ʠ ʥʝʣʠʥʝʘʨʥʫ ʩʪʘʪʠʯʢʫ ʠ ʜʠʥʘʤʠʯʢʫ ʘʥʘʣʠʟʫ ʢʦʜ ʦʧʰʪʠʭ ʧʨʦʙʣʝʤʘ. ʇʨʦʛʨʘʤʩʢʠ 
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ʧʘʢʝʪ ʇɸʂ ʢʦʨʠʩʪʠ ʩʝ ʟʘ ʘʥʘʣʠʟʫ: ʧʨʦʚʦʹʝˁʘ ʪʦʧʣʦʪʝ, ʣʘʤʠʥʘʨʥʦʛ ʩʪʨʫʿʘˁʘ ʬʣʫʠʜʘ, ʩʦʣʠʜ-

ʬʣʫʠʜ ʠʥʪʝʨʘʢʮʠʿʝ, ʩʪʨʫʿʘˁʘ ʢʨʦʟ ʧʦʨʦʟʥʝ ʩʨʝʜʠʥʝ, ʩʧʨʝʛʥʫʪʠʭ ʧʨʦʙʣʝʤʘ, ʙʠʦʤʝʭʘʥʠʢʝ, 

ʛʝʦʤʝʭʘʥʠʢʝ, ʤʝʭʘʥʠʢʝ ʣʦʤʘ ʠ ʟʘʤʦʨʘ. ʇʨʦʛʨʘʤʩʢʠ ʧʘʢʝʪ ʿʝ ʟʘʩʥʦʚʘʥ ʿʝ ʥʘ ʪʝʦʨʠʿʩʢʠʤ 

ʜʦʩʪʠʛʥʫ˂ʠʤʘ ʫ ʦʙʣʘʩʪʠ ʤʝʪʦʜʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ [129].  
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6 ɽʂʉʇɽʈʀʄɽʅʊɸʃʅɸ ʀʉʇʀʊʀɺɸɳɸ ɿɸɺɸʈɽʅʀʍ 

ʉʇʆɱɽɺɸ 

 6.1 ʋɺʆɼ 

 ʇʨʠʨʦʜʘ ʟʦʥʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʫʩʣʦʚˀʘʚʘ ʜʘ ʿʝʜʠʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʨʠʩʪʫʧ ˁʠʭʦʚʦʤ 

ʠʩʧʠʪʠʚʘˁʫ ʦʤʦʛʫ˂ʘʚʘ ʨʝʣʝʚʘʥʪʥʫ ʘʥʘʣʠʟʫ ʧʦʥʘʰʘˁʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ 

ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʩʘʚʨʝʤʝʥʦ ʦʙʣʠʢʦʚʘˁʝ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʠ ˁʠʭʦʚʠʭ 

ʝʣʝʤʝʥʘʪʘ ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʠʤʝʥʫ ʤʦʜʝʨʥʠʭ ʩʦʬʪʚʝʨʩʢʠʭ ʧʘʢʝʪʘ, ʢʘʦ ʠ ʢʦʨʠʰ˂ʝˁʝ ʥʦʚʠʭ 

ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʫ ʧʦʚʦˀʥʝ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʘʣʠ ʠ ʦʪʝʞʘʥʦ ʟʘʚʘʨʠʚʘˁʝ, 

ʢʘʦ ʠ ʦʩʝʪˀʠʚʦʩʪ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʥʘʧʦʥʘ. ʇʨʠʤʝʥʘ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʧʨʦʠʟʚʦʜˁʝ ʯʝʣʠʢʘ ʠ 

ʥʦʚʠ ʧʦʩʪʫʧʮʠ ʟʘʚʘʨʠʚʘˁʘ ʦʤʦʛʫ˂ʘʚʘʿʫ ʬʦʨʤʠʨʘˁʝ ʢʦʥʩʪʨʫʢʮʠʿʘ ʩʣʦʞʝʥʠʭ ʦʙʣʠʢʘ ʠ 

ʬʫʥʢʮʠʿʘ. ɿʘʭʪʝʚʠ ʢʦʿʠ ʩʝ ʧʦʩʪʘʚˀʘʿʫ ʧʨʝʜ ʩʘʚʨʝʤʝʥʫ ʟʘʚʘʨʝʥʫ ʢʦʥʩʪʨʫʢʮʠʿʫ ʩʫ ʩʚʝ ʩʣʦʞʝʥʠʿʠ 

ʥʘʨʦʯʠʪʦ ʫ ʩʤʠʩʣʫ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠ ʩʚʝ ʩʪʨʦʞʠʤ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʤ ʫʩʣʦʚʠʤʘ. 

ʉʣʦʞʝʥʝ ʬʫʥʢʮʠʦʥʘʣʥʝ ʟʘʭʪʝʚʝ ʧʦʪʨʝʙʥʦ ʿʝ ʦʩʪʚʘʨʠʪʠ, ʫʟ ʠʩʪʦʚʨʝʤʝʥʦ ʧʦʙʦˀʰʘˁʝ ʝʥʝʨʛʝʪʩʢʝ 

ʝʬʠʢʘʩʥʦʩʪʠ, ʩʤʘˁʝˁʝ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʠ ʝʢʦʣʦʰʢʫ ʧʨʠʭʚʘʪˀʠʚʦʩʪ. ʉʧʝʮʠʬʠʯʥʦʩʪʠ 

ʩʘʚʨʝʤʝʥʠʭ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʫʩʣʦʚˀʘʚʘʿʫ ʜʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʨʠʩʪʫʧ ʘʥʘʣʠʟʠ 

ʥʘʧʦʥʩʢʦ-ʜʝʬʦʨʤʘʮʠʦʥʦʛ ʩʪʘˁʘ ʧʦʩʪʘʥʝ ʿʝʜʠʥʠ ʨʝʣʝʚʘʥʪʘʥ ʟʘ ʢʦʥʘʯʥʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʠ 

ʚʝʨʠʬʠʢʘʮʠʿʫ ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ ʦʚʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ [46, 52, 61, 115]. 

 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʧʠʪʠʚʘˁʘ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʧʦʿʝʜʠʥʠʭ ʟʦʥʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ 

ʠʟʚʨʰʝʥʘ ʩʫ ʥʘ ʤʦʜʝʣʠʤʘ ʢʦʿʠ ʩʫ ʧʨʠʧʨʝʤˀʝʥʠ ʠʩʪʠʤ ʧʦʩʪʫʧʮʠʤʘ ʟʘʚʘʨʠʚʘˁʘ ʦʜ ʠʩʪʠʭ 

ʤʘʪʝʨʠʿʘʣʘ ʠ ʠʩʪʦʤ ʪʝʭʥʦʣʦʛʠʿʦʤ ʢʘʦ ʠ ʫ ʨʝʘʣʥʠʤ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ. ʆʙʣʠʢ ʠ ʜʠʤʝʥʟʠʿʝ 

ʬʠʟʠʯʢʠʭ ʤʦʜʝʣʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʠʟʘʙʨʘʥʠ ʩʫ ʪʘʢʦ ʜʘ ʧʦʩʪʦʿʠ ʛʝʦʤʝʪʨʠʿʩʢʘ ʩʣʠʯʥʦʩʪ ʩʘ ʟʦʥʘʤʘ 

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʢʘʦ ʠ ʥʘ ʨʝʘʣʥʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ.  

 ʈʘʟʤʘʪʨʘˁʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʧʦʿʝʜʠʥʠʭ ʟʦʥʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚ 

ʚʝʨʠʬʠʢʘʮʠʿʝ ʧʨʠʤʝˁʝʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʟʘʚʘʨʠʚʘˁʘ, ʪʘʢʦ ʜʘ ʿʝ ʤʝʪʘʣʦʛʨʘʬʩʢʦ ʠʩʧʠʪʠʚʘˁʝ ʦʚʠʭ 

ʟʦʥʘ ʠʟʚʨʰʝʥʦ ʢʘʦ ʧʨʚʘ ʬʘʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ. ʇʦʩʣʝ ʪʦʛʘ, ʠʟʚʨʰʝʥʦ ʿʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʠ ʘʥʘʣʠʟʘ ʤʝʭʘʥʠʯʢʦʛ ʧʦʥʘʰʘˁʘ ʤʦʜʝʣʘ ʟʘ ʚʨʝʤʝ ʠʩʧʠʪʠʚʘˁʘ 

ʜʦ ʢʠʜʘˁʘ ʫ ʩʪʘʪʠʯʢʠʤ ʫʩʣʦʚʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ. ʄʦʜʝʣʠ ʩʘʜʨʞʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʢʦʥʮʝʥʪʨʘʪʦʨʝ 

ʥʘʧʦʥʘ ʢʦʿʠ ʩʝ ʧʦʥʝʢʘʜ ʿʘʚˀʘʿʫ ʠ ʫ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʨʝʘʣʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʠ ʧʦʜʘʮʠ ʢʨʠʪʠʯʢʠ ʩʫ ʫʧʦʨʝʹʠʚʘʥʠ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʧʦʜʘʮʠʤʘ ʫ 

ʮʠˀʫ ʩʘʛʣʝʜʘʚʘˁʘ ʧʦʥʘʰʘˁʘ ʢʦʥʩʪʨʫʢʮʠʿʘ ʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ [19, 66, 87, 93, 

112]. 

 ɱʝʜʘʥ ʙʨʦʿ ʟʘʚʘʨʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʟʘ ʚʨʝʤʝ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʠʟʣʦʞʝʥ ʿʝ ʜʝʣʦʚʘˁʫ ʧʦʚʠʰʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʚʠʰʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʫ ʪʝʤʧʝʨʘʪʫʨʩʢʦʤ ʦʧʩʝʛʫ ʜʦʟʚʦˀʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʠʤʝʥʝ ʯʝʣʠʢʘ, ʙʠʪʥʦ ʫʪʠʯʝ ʥʘ ʤʝʭʘʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʠʟʜʨʞˀʠʚʦʩʪ ʟʘʚʘʨʝʥʝ 

ʢʦʥʩʪʨʫʢʮʠʿʝ ʪʘʢʦ ʜʘ ʿʝ ʦʚʘʿ ʫʪʠʮʘʿ ʘʥʘʣʠʟʠʨʘʥ ʢʨʠʪʠʯʢʠʤ ʫʧʦʨʝʹʠʚʘˁʝʤ ʤʝʭʘʥʠʯʢʦʛ 

ʧʦʥʘʰʘˁʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʦʜʝʣʘ ʩʧʦʿʝʚʘ ʥʘ ʩʦʙʥʦʿ ʠ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ[12, 79, 92, 94]. 

 6.2 ʄɽʊɸʃʆɻʈɸʌʉʂɸ ʀʉʇʀʊʀɺɸɳɸ ɿɸɺɸʈɽʅʀʍ ʉʇʆɱɽɺɸ 

 ʄʝʪʘʣʦʛʨʘʬʩʢʘ ʠʩʧʠʪʠʚʘˁʘ ʧʦʿʝʜʠʥʠʭ ʟʦʥʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʠʟʚʨʰʝʥʘ ʩʫ ʫ ʮʠˀʫ 

ʚʝʨʠʬʠʢʘʮʠʿʝ ʧʨʠʤʝˁʝʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʦʩʪʚʘʨʝʥʦʛ ʢʚʘʣʠʪʝʪʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ. ɿʘ ʚʨʝʤʝ ʦʚʦʛ 

ʠʩʧʠʪʠʚʘˁʘ ʥʘʨʦʯʠʪʘ ʧʘʞˁʘ ʿʝ ʫʩʤʝʨʝʥʘ ʢʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʢʦʿʝ ʩʫ ʠʟʘʟʚʘʥʝ ʪʝʤʧʝʨʘʪʫʨʩʢʠʤ ʮʠʢʣʫʩʠʤʘ ʢʨʦʟ ʢʦʿʝ ʧʨʦʣʘʟʝ ʧʦʿʝʜʠʥʝ ʟʦʥʝ 

ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʪʦʢʦʤ ʟʘʚʘʨʠʚʘˁʘ. ɸʥʘʣʠʟʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʠʟʚʨʰʝʥʘ ʿʝ ʥʘ ʤʝʪʘʣʦʛʨʘʬʩʢʠʤ 

ʫʟʦʨʮʠʤʘ ʢʦʿʠ ʩʘʜʨʞʝ ʟʘʚʘʨʝʥʝ ʩʧʦʿʝʚʝ ʢʦʜ ʤʠʢʨʦʣʝʛʠʨʘʥʦʛ ʯʝʣʠʢʘ ʢʣʘʩʝ S690QL ʠʟʚʝʜʝʥʠʭ 
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ʠʩʪʦʤ ʪʝʭʥʦʣʦʛʠʿʦʤ ʟʘʚʘʨʠʚʘˁʘ ʢʘʦ ʠ ʩʧʦʿʝʚʠ ʢʦʜ ʝʧʨʫʚʝʪʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʤʝʭʘʥʠʯʢʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʦʜʨʝʹʠʚʘˁʝ ʫʜʘʨʥʝ ʞʠʣʘʚʦʩʪʠ. ʇʦʩʪʫʧʮʠ ʟʘʚʘʨʠʚʘˁʘ ʠ ʧʨʠʤʝˁʝʥʠ 

ʧʘʨʘʤʝʪʨʠ ʟʘʚʘʨʠʚʘˁʘ ʦʧʠʩʘʥʠ ʩʫ ʫ ʦʢʚʠʨʫ ʧʦʛʣʘʚˀʘ 2.8.1 ʠ 2.8.2.   

 6.2.1 ʄʝʪʦʜʦʣʦʛʠʿʘ, ʧʦʩʪʫʧʘʢ ʠ ʫʨʝʹʘʿʠ ʟʘ ʠʩʧʠʪʠʚʘˁʝ  

 ʀʩʧʠʪʠʚʘˁʝ ʿʝ ʠʟʚʝʜʝʥʦ ʥʘ ʤʝʪʘʣʦʛʨʘʬʩʢʠʤ ʫʟʦʨʮʠʤʘ ʢʦʿʠ ʩʫ ʧʨʠʧʨʝʤˀʝʥʠ ʠʟ ʟʘʚʘʨʝʥʠʭ 

ʩʧʦʿʝʚʘ ʢʦʿʠ ʩʫ ʠʟʚʝʜʝʥʠ ʚʘʨʠʿʘʥʪʦʤ ʈɽʃ/ʄɸɻ ʠ ʄʀɻ/ʄɸɻ  ʥʘ ʩʚʝʪʣʦʩʥʦʤ ʦʧʪʠʯʢʦʤ 

ʤʝʪʘʣʦʛʨʘʬʩʢʦʤ ʤʠʢʨʦʩʢʦʧʫ ʪʠʧ JENAVERT ʧʨʦʠʟʚʦʹʘʯʘ Carl Zeiss - Jena, ʩʘ ʫʚʝ˂ʘˁʠʤʘ ʜʦ 

800 ʧʫʪʘ. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʿʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘ ʠʩʧʠʪʠʚʘʥʠʤ ʫʟʦʨʮʠʤʘ ʩʥʠʤˀʝʥʝ ʩʫ ʫ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ ʟʦʥʘʤʘ ʩʧʦʿʘ ʧʨʠ ʫʚʝ˂ʘˁʠʤʘ ʦʜ 200×  ʠ 500×. ʆʜʨʝʹʝʥʝ ʧʨʝʪʧʦʩʪʘʚʢʝ ʠ 

ʦʛʨʘʥʠʯʝˁʘ ʢʦʿʝ ʧʨʦʠʩʪʠʯʫ ʠʟ ʦʚʝ ʘʥʘʣʠʟʝ ʧʦʩʣʝʜʠʮʘ ʩʫ ʦʛʨʘʥʠʯʝˁʘ ʧʨʠʤʝˁʝʥʝ 

ʤʝʪʘʣʦʛʨʘʬʩʢʝ ʤʝʪʦʜʝ - ʘʥʘʣʠʟʘ ʥʘ ʩʚʝʪʣʦʩʥʦʤ ʤʝʪʘʣʦʛʨʘʬʩʢʦʤ ʤʠʢʨʦʩʢʦʧʫ. ɿʥʘʪʥʦ 

ʧʨʝʮʠʟʥʠʿʘ ʠ ʜʝʪʘˀʥʠʿʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʘ ʘʥʘʣʠʟʘ ʙʠ ʤʦʛʣʘ ʙʠʪʠ ʫʨʘʹʝʥʘ ʩʢʝʥʠʥʛ 

ʝʣʝʢʪʨʦʥʩʢʦʤ ʤʠʢʨʦʩʢʦʧʠʿʦʤ (ʘʥʘʣʠʟʘ ʥʘ ʝʣʝʢʪʨʦʥʩʢʦʿ ʤʠʢʨʦʩʦʥʜʠ). ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʿʝ 

ʮʠ ˀ ʦʚʝ ʤʝʪʘʣʦʛʨʘʬʩʢʝ ʘʥʘʣʠʟʝ ʚʝʨʠʬʠʢʘʮʠʿʘ ʧʨʠʤʝˁʝʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ 

ʩʪʨʫʢʪʫʨʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ, ʢʘʦ ʠ ʟʘʩʪʫʧˀʝʥʦʩʪ ʘʥʘʣʠʟʘ ʥʘ ʩʚʝʪʣʦʩʥʦʤ ʤʝʪʘʣʦʛʨʘʬʩʢʦʤ 

ʤʠʢʨʦʩʢʦʧʫ ʫ ʠʥʜʫʩʪʨʠʿʩʢʦʿ ʧʨʘʢʩʠ, ʦʚʘ ʤʝʪʦʜʘ ʿʝ ʠʟʘʙʨʘʥʘ ʟʘ ʤʝʪʘʣʦʛʨʘʬʩʢʫ ʘʥʘʣʠʟʫ ʤʦʜʝʣʘ. 

ʀʟʛʣʝʜ ʤʝʪʘʣʦʛʨʘʬʩʢʦʛ ʤʠʢʨʦʩʢʦʧʘ ʪʠʧ JENAVERT ʧʨʦʠʟʚʦʹʘʯʘ Carl Zeiss - Jena, ʢʦʿʠ ʿʝ 

ʢʦʨʠʰ˂ʝʥ ʟʘ ʤʝʪʘʣʦʛʨʘʬʩʢʫ ʘʥʘʣʠʟʫ ʫʟʦʨʘʢʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 57. 

 

ʉʣʠʢʘ 57. ʄʝʪʘʣʦʛʨʘʬʩʢʠ ʤʠʢʨʦʩʢʦʧ ʪʠʧ JENAVERT ʧʨʦʠʟʚʦʹʘʯʘ Carl Zeiss - Jena   

  ʇʨʠʧʨʝʤʘ ʤʝʪʘʣʦʛʨʘʬʩʢʦʛ ʫʟʦʨʢʘ ʦʙʫʭʚʘʪʘ ʥʠʟ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʧʦʩʪʫʧʘʢʘ ʩ ʮʠˀʝʤ 

ʜʘ ʩʝ ʦʙʝʟʙʝʜʠ ʨʝʣʝʚʘʥʪʥʘ ʘʥʘʣʠʟʘ ʨʝʘʣʥʦʛ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛ ʩʪʘˁʘ ʫʟʦʨʢʘ ʥʘ ʤʝʪʘʣʦʛʨʘʬʩʢʦʤ 

ʤʠʢʨʦʩʢʦʧʫ. ʇʨʠʧʨʝʤʘ ʤʝʪʘʣʦʛʨʘʬʩʢʦʛ ʫʟʦʨʢʘ ʟʘʧʦʯʠˁʝ ʦʜʩʝʮʘˁʝʤ ʫʟ ʠʥʪʝʥʟʠʚʥʦ ʭʣʘʹʝˁʝ ʜʘ 

ʙʠ ʩʝ ʠʟʙʝʛʘʦ ʫʪʠʮʘʿ ʫʥʦʩʘ ʪʦʧʣʦʪʝ ʟʘ ʚʨʝʤʝ ʩʝʯʝˁʘ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ ʫʟʦʨʢʘ. ʉ 

ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʿʝ ʧʨʠʤʝˁʝʥʘ ʤʝʪʘʣʦʛʨʘʬʩʢʘ ʤʝʪʦʜʘ ʨʝʬʣʝʢʩʥʘ, ʪʿ. ʙʘʟʠʨʘ ʩʝ ʥʘ ʩʚʝʪʣʦʩʪʠ 

ʦʜʙʠʿʝʥʦʿ ʦʜ ʧʦʚʨʰʠʥʝ ʤʝʪʘʣʦʛʨʘʬʩʢʦʛ ʫʟʦʨʢʘ, ʧʦʩʝʙʥʫ ʧʘʞˁʫ ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʩʚʝʪʠʪʠ ʫʧʨʘʚʦ 

ʧʨʠʧʨʝʤʠ ʧʦʚʨʰʠʥʝ ʫʟʦʨʢʘ. ʇʨʠʧʨʝʤʘ ʧʦʚʨʰʠʥʝ ʤʝʪʘʣʦʛʨʘʬʩʢʦʛ ʫʟʦʨʢʘ ʦʙʫʭʚʘʪʘ ˁʝʥʦ 

ʧʦʯʝʪʥʦ ʨʘʚʥʘˁʝ, ʟʘʪʠʤ ʛʨʫʙʦ ʠ ʬʠʥʦ ʙʨʫʰʝˁʝ, ʧʦʣʠʨʘˁʝ, ʦʜʤʘʰ˂ʠʚʘˁʝ, ʠʩʧʠʨʘˁʝ ʠ ʩʫʰʝˁʝ. 

ɹʨʫʰʝˁʝʤ ʩʝ ʧʦʨʘʚˁʘʚʘ ʧʦʚʨʰʠʥʘ ʫʟʦʨʢʘ, ʥʘʿʧʨʝ ʥʘ ʪʦʮʠʣʫ, ʘ ʟʘʪʠʤ ʠ ʙʨʫʩʥʠʤ ʧʘʧʠʨʠʤʘ ʩʚʝ 

ʤʘˁʝ ʢʨʫʧʥʦ˂ʝ ʟʨʥʘ ʫʟ ʩʪʘʣʥʝ ʧʨʦʤʝʥʝ ʩʤʝʨʘ ʙʨʫʰʝˁʘ. ʆʚʘʢʚʘ ʧʨʠʧʨʝʤʘ ʧʦʚʨʰʠʥʝ ʠʤʘ ʟʘ 

ʮʠˀ ʜʘ ʩʝ ʦʜʩʪʨʘʥʝ ʩʚʘ ʦʰʪʝ˂ʝˁʘ ʠ ʦʙʝʟʙʝʜʠ ʦʛʣʝʜʘʣʘʩʪ ʤʝʪʘʣʥʠ ʩʿʘʿ. ʇʦʩʣʝ ʤʝʭʘʥʠʯʢʝ 

ʧʨʠʧʨʝʤʝ ʧʦʚʨʰʠʥʝ ʠʟʚʦʜʠ ʩʝ ˁʝʥʦ ʭʝʤʠʿʩʢʦ ʥʘʛʨʠʟʘˁʝ ʨʝʘʢʪʠʚʥʠʤ ʩʨʝʜʩʪʚʦʤ (4%-ʪʥʠ 

ʨʘʩʪʚʦʨ ʘʟʦʪʥʝ ʢʠʩʝʣʠʥʝ ʫ ʘʣʢʦʭʦʣʫ - ʥʠʪʘʣ 4), ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʧʦʩʣʝʜˁʠ ʧʦʩʪʫʧʘʢ ˁʝʥʝ 

ʧʨʠʧʨʝʤʝ. ʅʘʛʨʠʟʘˁʝʤ ʩʝ ʧʦʩʪʠʞʝ ʨʝˀʝʬʥʘ ʩʪʨʫʢʪʫʨʘ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʩʨʝʜʩʪʚʦ ʟʘ 
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ʥʘʛʨʠʟʘˁʝ ʥʝʿʝʜʥʘʢʦʤ ʙʨʟʠʥʦʤ ʨʘʩʪʚʘʨʘ ʨʘʟʣʠʯʠʪʝ ʟʦʥʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ, ʰʪʦ ʿʝ ʧʦʩʣʝʜʠʮʘ 

ʨʘʟʣʠʢʝ ʝʣʝʢʪʨʦʜʥʠʭ ʧʦʪʝʥʮʠʿʘʣʘ. ɿʦʥʝ ʩʧʦʿʘ ʩʘ ʥʠʞʠʤ ʧʦʪʝʥʮʠʿʘʣʦʤ ʙʨʞʝ ʧʨʝʣʘʟʝ ʫ ʨʘʩʪʚʦʨ 

ʧʨʠʣʠʢʦʤ ʥʘʛʨʠʟʘˁʘ, ʪʿ. ʙʨʞʝ ʢʦʨʦʜʠʨʘʿʫ. ʇʦʩʣʝ ʥʘʛʨʠʟʘˁʘ ʤʝʪʘʣʦʛʨʘʬʩʢʠ ʫʟʦʨʮʠ ʩʝ ʠʩʧʠʨʘʿʫ 

ʜʝʩʪʠʣʦʚʘʥʦʤ ʚʦʜʦʤ ʠ ʘʣʢʦʭʦʣʦʤ, ʘ ʟʘʪʠʤ ʩʝ ʧʘʞˀʠʚʦ ʩʫʰʝ ʫ ʩʪʨʫʿʠ ʪʦʧʣʦʛ ʚʘʟʜʫʭʘ.     

 ʄʝʪʘʣʦʛʨʘʬʩʢʘ ʘʥʘʣʠʟʘ ʠʟʚʝʜʝʥʘ ʿʝ ʫʧʦʨʝʜʦ ʩʘ ʘʥʘʣʠʟʦʤ ʨʘʩʧʦʜʝʣʝ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʫ 

ʧʦʿʝʜʠʥʠʤ ʟʦʥʘʤʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ. ʄʠʢʨʦʪʚʨʜʦ˂ʘ ʿʝ ʤʝʨʝʥʘ ʥʘ ʫʨʝʹʘʿʫ Vikers HPO 250 ʩʘ 

ʜʠʿʘʤʘʥʪʩʢʦʤ ʧʠʨʘʤʠʜʦʤ ʦʧʪʝʨʝ˂ʝˁʝʤ F=98,1 N (HV 10). ʊʚʨʜʦ˂ʘ ʝʪʘʣʦʥʘ ʿʝ ʠʟʥʦʩʠʣʘ  

473 HV ʠ ʦʥ ʥʘʤ ʿʝ ʧʦʩʣʫʞʠʦ ʟʘ ʙʘʞʜʘʨʝˁʝ ʫʨʝʹʘʿʘ. ʀʩʧʠʪʠʚʘˁʝ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʿʝ ʠʟʚʝʜʝʥʦ 

ʧʨʝʤʘ ʩʪʘʥʜʘʨʜʫ SRPS EN ISO 9015-1:2013 ʫ ʪʨʠ ʧʨʘʚʮʘ ʧʦ ʧʦʧʨʝʯʥʦʤ ʧʨʝʩʝʢʫ ʧʨʠʧʨʝʤˀʝʥʠʭ 

ʫʟʦʨʘʢʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʠʟʚʝʜʝʥʠʭ ʨʘʟʤʘʪʨʘʥʠʤ ʚʘʨʠʿʘʥʪʘʤʘ ʈɽʃ/ʄɸɻ ʠ ʄʀɻ/ʄɸɻ [132]. 

ʋʨʝʹʘʿ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʪʠʧ HPO - 250KR/AQ ʧʨʦʠʟʚʦʹʘʯʘ Aquastyl Slovakia 

ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 58. 

 

ʉʣʠʢʘ 58. ʋʨʝʹʘʿ ʟʘ ʤʝʨʝˁʝ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʪʠʧ HPO - 250KR/AQ 

 6.2.2 ʄʝʪʘʣʦʛʨʘʬʩʢʦ ʠʩʧʠʪʠʚʘˁʝ ʚʘʨʠʿʘʥʪʝ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ  

 ʋ ʦʚʦʿ ʬʘʟʠ ʤʝʪʘʣʦʛʨʘʬʩʢʦʛ ʠʩʧʠʪʠʚʘˁʘ ʠʟʚʨʰʝʥʦ je ʤʝʨʝˁʝ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʫ ʪʨʠ 

ʨʘʟʣʠʯʠʪʘ ʤʝʹʫʩʦʙʥʦ ʧʘʨʘʣʝʣʥʘ ʧʨʘʚʮʘ ʥʘ ʫʟʦʨʢʫ ʩʘ ʟʘʚʘʨʝʥʠ ʩʧʦʿʝʤ ʢʦʿʠ ʿʝ ʦʩʪʚʘʨʝʥ 

ʚʘʨʠʿʘʥʪʦʤ ʈɽʃ/ʄɸɻ, ʯʠʿʠ ʩʫ ʧʦʣʦʞʘʿʠ ʩʭʝʤʘʪʩʢʠ ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʮʠ 59.  

 

ʉʣʠʢʘ 59. ʇʨʘʚʮʠ ʤʝʨʝˁʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʥʘ ʫʟʦʨʢʫ ʩʘ ʩʧʦʿʝʤ ʈɽʃ/ʄɸɻ 

 ʇʨʘʚʘʮ ʤʝʨʝˁʘ I-I ʦʙʫʭʚʘʪʘ ʦʩʥʦʚʥʠ ʤʘʪʝʨʠʿʘʣ, ʟʦʥʫ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʠ ʤʝʪʘʣ ʰʘʚʘ ʩʘ 

ʩʪʨʘʥʝ ʣʠʮʘ ʢʦʿʠ ʿʝ ʠʟʚʝʜʝʥ ʫʛʣʘʚʥʦʤ ʜʦʜʘʪʥʠʤ ʤʘʪʝʨʠʿʘʣʦʤ ʄʀɻ 75. ʇʨʘʚʘʮ II -II  ʿʝ ʦʜʘʙʨʘʥ 

ʧʦ ʩʨʝʜʠʥʠ ʩʧʦʿʘ ʫ ʟʦʥʠ ʫ ʢʦʿʦʿ ʿʝ ʜʦʰʣʦ ʜʦ ʤʝʰʘˁʘ ʢʦʨʝʥʩʢʦʛ ʠ ʧʦʢʨʠʚʥʦʛ ʜʦʜʘʪʥʦʛ 

ʤʘʪʝʨʠʿʘʣʘ. ʇʨʘʚʘʮ III -III  ʿʝ ʧʦʩʪʘʚˀʝʥ ʩʘ ʩʪʨʘʥʝ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ ʫ ʟʦʥʠ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʫ 

ʢʦʿʦʿ ʿʝ ʜʦʤʠʥʘʥʪʘʥ ʫʪʠʮʘʿ ʥʘʯʠʥʘ ʠʟʚʦʹʝˁʘ, ʧʘʨʘʤʝʪʘʨʘ ʠ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʢʦʨʝʥʩʢʦʛ 

ʧʨʦʣʘʟʘ.  ʄʝʩʪʘ ʤʝʨʝˁʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʥʘ ʫʟʦʨʢʫ ʩʘ ʚʘʨʠʿʘʥʪʦʤ ʩʧʦʿʘ ʈɽʃ/ʄɸɻ ʠ ʠʟʛʣʝʜ ʫʟʦʨʢʘ 

ʥʘʢʦʥ ʠʟʚʨʰʝʥʦʛ ʤʝʨʝˁʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 60. 
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ʉʣʠʢʘ 60. ʄʝʩʪʘ ʤʝʨʝˁʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʥʘ ʤʝʪʘʣʦʛʨʘʬʩʢʦʤ ʫʟʦʨʢʫ ʩʘ  

ʈɽʃ/ʄɸɻ ʚʘʨʠʿʘʥʪʦʤ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ  

 ɿʘ ʚʨʝʤʝ ʜʨʫʛʝ ʬʘʟʝ ʤʝʪʘʣʦʛʨʘʬʩʢʦʛ ʠʩʧʠʪʠʚʘˁʘ ʫʟʦʨʢʘ ʩʘ ʚʘʨʠʿʘʥʪʦʤ ʈɽʃ/ʄɸɻ 

ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʠʟʚʨʰʝʥʦ ʿʝ ʩʥʠʤʘˁʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʟʦʥʘ ʤʝʪʘʣʦʛʨʘʬʩʢʦʛ 

ʫʟʦʨʢʘ. ʅʘ ʩʣʠʮʠ 61 ʧʨʠʢʘʟʘʥʘ ʿʝ ʨʘʩʧʦʜʝʣʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʧʦ ʧʨʘʚʮʫ I-I, ʢʘʦ ʠ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʿʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ ʟʦʥʘʤʘ. ʇʦʣʦʞʘʿʠ ʩʥʠʤʘˁʘ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʿʘ ʩʫ, ʪʘʢʦʹʝ, ʠʣʫʩʪʨʘʪʠʚʥʦ ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʮʠ 61. ʅʘ ʩʣʠʮʠ 61 ʜʝʪʘˀʥʦ ʿʝ 

ʧʨʠʢʘʟʘʥʘ ʨʘʩʧʦʜʝʣʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʠ ʠʟʛʣʝʜ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʟʦʥʘ ʟʘʚʘʨʝʥʦʛ 

ʩʧʦʿʘ.  

 ʅʘ ʩʣʠʮʠ 61 ʜʝʪʘˀʥʦ ʿʝ ʧʨʠʢʘʟʘʥʘ ʨʘʩʧʦʜʝʣʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʠ ʠʟʛʣʝʜ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʫ 

ʤʝʪʘʣʫ ʰʘʚʘ ʠ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʢʦʜ ʠʩʧʠʪʠʚʘʥʦʛ ʤʝʪʘʣʦʛʨʘʬʩʢʦʛ ʫʟʦʨʢʘ ʩʘ ʚʘʨʠʿʘʥʪʦʤ 

ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʧʦ ʧʨʘʚʮʫ I-I, ʩʘ ʩʪʨʘʥʝ ʣʠʮʘ ʩʧʦʿʘ.  ʅʘ ʦʩʥʦʚʫ ʜʠʿʘʛʨʘʤʘ ʨʘʩʧʦʜʝʣʝ 

ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʤʦʞʝ ʩʝ ʟʘʧʘʟʠʪʠ ʜʘ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʥʝʥʘʜʤʘʰʫʿʫ ʢʨʠʪʠʯʥʝ 

ʚʨʝʜʥʦʩʪʠ, ʥʠʿʝ ʨʝʛʠʩʪʨʦʚʘʥʘ ʧʦʿʘʚʘ ʢʨʪʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ. ʋ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʧʨʠʩʫʪʥʝ 

ʩʫ ʬʠʥʦʟʨʥʘ ʠ ʛʨʫʙʦʟʨʥʘ ʟʦʥʘ, ʰʪʦ ʿʝ ʫʦʙʠʯʘʿʝʥʦ ʢʦʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʠ 

ʧʦʩʪʫʧʘʢʘ ʟʘʚʘʨʠʚʘˁʘ. ʋ ʪʘʯʢʘʤʘ ʙʣʠʩʢʠʤ ʟʦʥʠ ʩʪʘʧʘˁʘ ʨʝʛʠʩʪʨʦʚʘʥʘ ʿʝ ʛʨʫʙʦʟʨʥʘ ʙʝʿʥʠʪʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʘ ʫʜʝʣʦʤ ʦʪʧʫʰʪʝʥʦʛ ʤʘʨʪʝʥʟʠʪʘ (ʩʣ. 61ʚ)) ʋ ʟʦʥʘʤʘ ɿʋʊ-ʘ ʙʣʠʩʢʠʤ 

ʦʩʥʦʚʥʦʤ ʤʘʪʝʨʠʿʘʣʫ ʨʝʛʠʩʪʨʦʚʘʥʘ ʿʝ ʧʦʚʦˀʥʠʿʘ ʬʠʥʦʟʨʥʘ ʬʝʨʠʪʥʦ-ʧʝʨʣʠʪʥʘ ʩʪʨʫʢʪʫʨʘ ʩʘ 

ʫʜʝʣʦʤ ʙʝʿʥʠʪʘ (ʩʣ. 61ʛ)). ʋ ʤʝʪʘʣʫ ʰʘʚʘ ʨʝʛʠʩʪʨʦʚʘʥʘ ʿʝ ʥʝʰʪʦ ʚʝ˂ʘ ʤʠʢʨʦʪʚʨʜʦ˂ʘ ʫ ʦʜʥʦʩʫ 

ʥʘ ʤʠʢʨʦʪʚʨʜʦ˂ʫ ʠʟʤʝʨʝʥʫ ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ, ʜʦʢ ʿʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʮʝˁʝʥʘ ʢʘʦ 

ʛʨʫʙʦʟʨʥʘ ʙʝʿʥʠʪʥʘ ʩʘ ʚʝ˂ʠʤ ʫʜʝʣʦʤ ʤʘʨʪʝʥʟʠʪʘ (ʩʣ. 61ʘ)). ʄʠʢʨʦʩʪʨʫʢʪʫʨʝ ʤʝʪʘʣʘ ʰʘʚʘ ʥʘ 

ʧʨʘʚʮʠʤʘ I-I, ʩʘ ʩʪʨʘʥʘ ʣʠʮʘ ʰʘʚʦʚʘ ʥʘ ʤʝʪʘʣʦʛʨʘʬʩʢʠʤ ʫʟʦʨʮʠʤʘ ʩʘ ʚʘʨʠʿʘʥʪʘʤʘ ʈɽʃ/ʄɸɻ ʠ 

ʄʀɻ/ʄɸɻ ʟʘʚʘʨʝʥʠʭ ʩʧʦʿʝʚʘ ʩʫ ʧʨʘʢʪʠʯʥʦ ʠʩʪʘ, ʩ ʪʠʤ ʰʪʦ ʿʝ ʥʝʰʪʦ ʤʘʣʦ ʛʨʫʙˀʝ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ ʟʘʪʝʯʝʥʦ ʢʦʜ ʈɽʃ/ʄɸɻ ʚʘʨʠʿʘʥʪʝ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʫ ʟʦʥʠ ʧʨʝʣʘʟʘ 

ʠʟʤʝʹʫ ʤʝʪʘʣʘ ʰʘʚʘ ʠ ʟʦʥʝ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 61ʙ) ʠ ʦʮʝˁʝʥʘ ʿʝ ʢʘʦ 

ʛʨʫʙʦʟʨʥʦ ʙʝʿʥʠʪʥʘ ʩʘ ʫʜʝʣʦʤ ʤʘʨʪʝʥʟʠʪʘ.   

 ʈʘʩʧʦʜʝʣʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʧʦ ʧʨʘʚʮʫ II -II, ʢʘʦ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʫ ʧʦʿʝʜʠʥʠʤ ʟʦʥʘʤʘ ʩʧʦʿʘ 

ʟʘʚʘʨʝʥʦʛ ʚʘʨʠʿʘʥʪʦʤ ʈɽʃ/ʄɸɻ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 62 ʩʘ ʦʟʥʘʯʝʥʠʤ ʧʦʣʦʞʘʿʠʤʘ ʩʥʠʤʘˁʘ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʿʘ. 
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ʉʣʠʢʘ 61. ʈʘʩʧʦʜʝʣʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʿʝʜʠʥʠʭ ʟʦʥʘ ʧʦ ʧʨʘʚʮʫ I-I  

ʟʘ ʚʘʨʠʿʘʥʪʫ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ  
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ʉʣʠʢʘ 62. ʈʘʩʧʦʜʝʣʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʿʝʜʠʥʠʭ ʟʦʥʘ ʧʦ ʧʨʘʚʮʫ II -II  

ʟʘ ʚʘʨʠʿʘʥʪʫ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ 

 ʇʨʘʚʘʮ II -II  ʧʦʩʪʘʚˀʝʥ ʿʝ ʫ ʮʝʥʪʨʘʣʥʦʿ ʟʦʥʠ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʛʜʝ ʜʦʣʘʟʠ ʜʦ ʠʥʪʝʥʟʠʚʥʦʛ 

ʤʝʰʘˁʘ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʢʦʨʝʥʩʢʦʛ ʠ ʧʨʦʣʘʟʘ ʧʦʧʫʥʝ. ʅʘ ʦʚʦʤ ʧʨʘʚʮʫ ʪʘʢʦʹʝ ʩʝ ʠʟʜʚʘʿʘʿʫ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʦʥʝ: ʦʩʥʦʚʥʠ ʤʘʪʝʨʠʿʘʣ, ʟʦʥʘ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʠ ʤʝʪʘʣ ʰʘʚʘ. ʠʟʤʝʨʝʥʝ 
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ʚʨʝʜʥʦʩʪʠ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʧʦ ʦʚʦʤ ʧʨʘʚʮʫ ʩʫ ʥʠʞʝ ʦʜ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʥʘ ʧʨʘʚʮʫ I-I ʠ ʥʝ 

ʥʘʜʤʘʰʫʿʫ ʢʨʠʪʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʢʨʪʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ. ʅʠʞʝ ʚʨʝʜʥʦʩʪʠ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʩʫ 

ʧʦʩʣʝʜʠʮʘ ʦʪʧʫʰʪʘˁʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʫʩʣʝʜ ʫʥʦʰʝˁʘ ʪʦʧʣʦʪʝ ʦʜ ʧʨʦʣʘʟʘ ʧʦʧʫʥʝ. ʅʘ ʩʣʠʮʠ 

62ʘ) ʧʨʠʢʘʟʘʥʘ ʿʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʣʝʚʝ ʩʪʨʘʥʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʧʨʠ 

ʫʚʝ˂ʘˁʠʤʘ 200Ĭ ʠ 500Ĭ, ʜʦʢ ʿʝ ʥʘ ʩʣʠʮʠ 62ʙ)  ʧʨʠʢʘʟʘʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʫ ʟʦʥʠ ʧʨʝʣʘʟʘ ʠʟʤʝʹʫ 

ʤʝʪʘʣʘ ʰʘʚʘ ʠ ʟʦʥʝ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʣʝʚʝ 

ʩʪʨʘʥʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʿʝ ʦʪʧʫʰʪʝʥʠ ʤʘʨʪʝʥʟʠʪ, ʙʝʟ ʛʨʫʙʦʛ ʠʛʣʠʯʘʩʪʦʛ ʫʩʤʝʨʝˁʘ ʠ ʦʜʛʦʚʘʨʘ 

ʦʯʝʢʠʚʘʥʦʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʤ ʩʪʘˁʫ ʟʘ ʨʘʟʤʘʪʨʘʥʠ ʤʘʪʝʨʠʿʘʣ, ʯʝʣʠʢ ʢʣʘʩʝ S690QL [39, 59, 

66, 68, 70, 76, 84, 88, 91, 111]. ʄʝʪʘʣ ʰʘʚʘ ʥʘ ʧʨʘʚʮʫ II -II  ʢʦʜ ʤʝʪʘʣʦʛʨʘʬʩʢʦʛ ʫʟʦʨʢʘ ʩʘ 

ʚʘʨʠʿʘʥʪʦʤ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʧʦʢʘʟʫʿʝ ʚʝʣʠʢʠ ʩʪʝʧʝʥ ʤʝʰʘˁʘ ʩʘ ʚʠʩʦʢʦʣʝʛʠʨʘʥʠʤ 

ʤʝʪʘʣʦʤ ʰʘʚʘ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ ʪʘʢʦ ʜʘ ʿʝ ʦʚʘ ʟʦʥʘ ʦʩʪʘʣʘ ʜʝʣʠʤʠʯʥʦ ʥʝʥʘʛʨʠʞʝʥʘ. ʅʘ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʿʘʤʘ ʟʘʪʝʯʝʥʦʛ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛ ʩʪʘˁʘ ʥʘ ʧʨʘʚʮʫ II -II  ʢʦʿʝ ʩʫ ʧʨʠʢʘʟʘʥʝ ʥʘ 

ʩʣʠʮʠ 62ʙ) ʚʠʜʠ ʩʝ ʧʨʝʣʘʟ ʠʟʤʝʹʫ ʟʦʥʝ ʤʝʰʘˁʘ ʤʝʪʘʣʘ ʰʘʚʘ ʧʨʦʣʘʟʘ ʧʦʧʫʥʝ ʠ ʚʠʩʦʢʦʣʝʛʠʨʘʥʦʛ 

ʤʝʪʘʣʘ ʰʘʚʘ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ ʠ ʛʨʫʙʦʟʨʥʝ ʟʦʥʝ ɿʋʊ-ʘ ʫ ʢʦʿʦʿ ʩʝ ʫʦʯʘʚʘ ʛʨʫʙʘ ʙʝʿʥʠʪʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʘ ʧʨʠʩʫʩʪʚʦʤ ʤʘʨʪʝʥʟʠʪʘ. ʆʚʘʿ ʤʝʪʘʣʦʛʨʘʬʩʢʠ ʥʘʣʘʟ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʿʝ ʩʘ 

ʠʟʤʝʨʝʥʦʤ ʤʠʢʨʦʪʚʨʜʦ˂ʦʤ ʫ ʦʚʦʿ ʟʦʥʠ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ. 

 ʈʘʩʧʦʜʝʣʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʧʦ ʧʨʘʚʮʫ III -III, ʢʘʦ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʫ ʧʦʿʝʜʠʥʠʤ ʟʦʥʘʤʘ 

ʩʧʦʿʘ ʟʘʚʘʨʝʥʦʛ ʚʘʨʠʿʘʥʪʦʤ ʈɽʃ/ʄɸɻ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 63 ʩʘ ʦʟʥʘʯʝʥʠʤ ʧʦʣʦʞʘʿʠʤʘ 

ʩʥʠʤʘˁʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʿʘ. 

 ʅʘ ʧʨʘʚʮʫ III -III  ʢʦʿʠ ʿʝ ʧʦʩʪʘʚˀʝʥ ʩʘ ʩʪʨʘʥʝ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʚʘʨʠʿʘʥʪʦʤ 

ʈɽʃ/ʄɸɻ ʠʟʜʚʘʿʘʿʫ ʩʝ, ʢʘʦ ʠ ʫ ʦʩʪʘʣʠʤ ʨʘʟʤʘʪʨʘʥʠʤ ʧʨʘʚʮʠʤʘ, ʩʣʝʜʝ˂ʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʦʥʝ: 

ʦʩʥʦʚʥʠ ʤʘʪʝʨʠʿʘʣ, ʟʦʥʘ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʠ ʤʝʪʘʣ ʰʘʚʘ. ʆʙʟʠʨʦʤ ʥʘ ʧʦʣʦʞʘʿ ʧʨʘʚʮʘ  III -III  

ʜʦʤʠʥʘʥʪʘʥ ʫʪʠʮʘʿ ʠʤʘ ʜʦʜʘʪʥʠ ʤʘʪʝʨʠʿʘʣ ʠ ʧʘʨʘʤʝʪʨʠ ʟʘʚʘʨʠʚʘˁʘ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ. ʋ ʟʦʥʠ 

ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʨʝʛʠʩʪʨʦʚʘʥʘ ʿʝ ʧʦʿʘʚʘ ʟʦʥʘ ʩʘ ʛʨʫʙʦʟʨʥʦʤ ʠ ʬʠʥʦʟʨʥʦʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʤ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʛʨʫʙʦʟʨʥʝ ʟʦʥʝ ɿʋʊ-ʘ ʥʘ ʧʨʘʚʮʫ III -III  ʢʦʜ ʤʝʪʘʣʦʛʨʘʬʩʢʦʛ ʫʟʦʨʢʘ ʩʘ 

ʈɽʃ/ʄɸɻ ʚʘʨʠʿʘʥʪʦʤ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʿʝ ʙʝʿʥʠʪʥʘ ʙʝʟ ʠʟʨʘʞʝʥʝ ʠʛʣʠʯʘʩʪʝ ʩʪʨʫʢʪʫʨʝ (ʩʣ. 63ʙ)). 

ʄʝʪʘʣ ʰʘʚʘ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ ʦʩʪʘʦ ʿʝ ʥʝʥʘʛʨʠʞʝʥ ʪʦʢʦʤ ʦʚʦʛ ʤʝʪʘʣʦʛʨʘʬʩʢʦʛ ʠʩʧʠʪʠʚʘˁʘ 

ʿʝʨ ʿʝ ʦʚʘʿ ʧʨʦʣʘʟ ʠʟʚʝʜʝʥ ʚʠʩʦʢʦʣʝʛʠʨʘʥʠʤ ʜʦʜʘʪʥʠʤ ʤʘʪʝʨʠʿʘʣʦʤ. ɿʦʥʫ ʧʨʝʣʘʟʘ ʠʟʤʝʹʫ 

ʤʝʪʘʣʘ ʰʘʚʘ ʠ ʟʦʥʝ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʢʘʨʘʢʪʝʨʠʰʝ ʙʝʿʥʠʪʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʙʝʟ ʠʟʨʘʞʝʥʦʛ 

ʠʛʣʠʯʘʩʪʦʛ ʫʩʤʝʨʝˁʘ, ʰʪʦ ʿʝ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʥʠʞʠʤ ʤʠʢʨʦʪʚʨʜʦ˂ʘʤʘ ʠʟʤʝʨʝʥʠʤ ʫ ʦʚʦʿ ʟʦʥʠ 

ʫ ʦʜʥʦʩʫ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʥʘ ʧʨʘʚʮʫ II -II.  ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʦ ʩʪʘˁʝ ʦʩʥʦʚʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʜʝʩʥʝ 

ʩʪʨʘʥʝ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʿʝ ʦʪʧʫʰʪʝʥʠ ʤʘʨʪʝʥʟʠʪ, ʙʝʟ ʛʨʫʙʦʛ ʠʛʣʠʯʘʩʪʦʛ ʫʩʤʝʨʝˁʘ ʠ ʦʜʛʦʚʘʨʘ 

ʦʯʝʢʠʚʘʥʦʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʤ ʩʪʘˁʫ ʟʘ ʨʘʟʤʘʪʨʘʥʠ ʤʘʪʝʨʠʿʘʣ, ʯʝʣʠʢ ʢʣʘʩʝ S690QL [3, 10, 15, 

19, 20, 24, 25, 37, 39, 66]. 
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ʉʣʠʢʘ 63. ʈʘʩʧʦʜʝʣʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʿʝʜʠʥʠʭ ʟʦʥʘ ʧʦ ʧʨʘʚʮʫ III -III  

ʟʘ ʚʘʨʠʿʘʥʪʫ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ 
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 6.2.3 ʄʝʪʘʣʦʛʨʘʬʩʢʦ ʠʩʧʠʪʠʚʘˁʝ ʚʘʨʠʿʘʥʪʝ ʄʀɻ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ  

 ʂʘʦ ʠ ʫ ʩʣʫʯʘʿʫ ʚʘʨʠʿʘʥʪʝ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ, ʠʩʧʠʪʠʚʘˁʝ ʿʝ ʩʧʨʦʚʝʜʝʥʦ ʥʘ 

ʤʝʪʘʣʦʛʨʘʬʩʢʦʤ ʫʟʦʨʢʫ ʩʘ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʤ ʄʀɻ/ʄɸɻ ʚʘʨʠʿʘʥʪʦʤ, ʤʝʨʝˁʝʤ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʫ 

ʪʨʠ ʧʨʘʚʮʘ, ʯʠʿʠ ʩʫ ʧʦʣʦʞʘʿʠ ʠ ʦʟʥʘʢʝ ʠʩʪʠ ʢʘʦ ʢʦʜ ʫʟʦʨʢʘ ʩʘ ʟʘʚʘʨʝʥʠʤ ʩʧʦʿʝʤ ʈɽʃ/ʄɸɻ 

ʚʘʨʠʿʘʥʪʦʤ (ʩʣ. 60), ʩʘ ʩʪʨʘʥʝ ʣʠʮʘ ʩʧʦʿʘ, ʫ ʮʝʥʪʨʘʣʥʦʿ ʟʦʥʠ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʠ ʩʘ ʩʪʨʘʥʝ 

ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ. ɿʙʦʛ ʧʦʚʝ˂ʘʥʝ ʚʠʩʠʥʝ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ ʢʦʜ ʦʚʦʛ ʧʦʩʪʫʧʢʘ ʟʘʚʘʨʠʚʘˁʘ 

ʧʨʘʚʘʮ II -II, ʫ ʮʝʥʪʨʘʣʥʦʿ ʟʦʥʠ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ, ʧʦʤʝʨʝʥ ʿʝ 2 mm ʫ ʧʨʘʚʮʫ ʣʠʮʘ ʩʧʦʿʘ ʫ ʟʦʥʫ 

ʠʥʪʝʥʟʠʚʥʦʛ ʤʝʰʘˁʘ ʤʝʪʘʣʘ ʰʘʚʘ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ ʩʘ ʤʝʪʘʣʦʤ ʰʘʚʘ ʧʨʦʣʘʟʘ ʧʦʧʫʥʝ. ʆʚʘʢʘʚ 

ʧʦʣʦʞʘʿ ʟʦʥʝ ʤʝʰʘˁʘ ʤʝʪʘʣʘ ʰʘʚʘ ʢʦʨʝʥʩʢʦʛ ʠ ʧʨʦʣʘʟʘ ʧʦʧʫʥʝ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʚʠʩʠʥʘ ʢʦʨʝʥʩʢʦʛ 

ʧʨʦʣʘʟʘ ʢʦʜ ʚʘʨʠʿʘʥʪʝ ʄʀɻ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʚʝ˂ʘ ʦʜ ʚʠʩʠʥʝ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ ʢʦʜ 

ʚʘʨʠʿʘʥʪʝ ʈɽʃ/ʄɸɻ, ʰʪʦ ʿʝ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʛʝʦʤʝʪʨʠʿʦʤ ʞʣʝʙʦʚʘ ʟʘ ʟʘʚʘʨʠʚʘˁʝ ʠ ʫʦʙʠʯʘʿʝʥ 

ʩʣʫʯʘʿ ʫ ʧʨʘʢʩʠ. ʇʦʣʦʞʘʿʠ ʤʝʩʪʘ ʤʝʨʝˁʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʥʘ ʫʟʦʨʢʫ ʩʘ ʩʧʦʿʝʤ ʄʀɻ/ʄɸɻ ʠ ʠʟʛʣʝʜ 

ʫʟʦʨʢʘ ʧʦʩʣʝ ʤʝʨʝˁʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 64.  

 

ʉʣʠʢʘ 64. ʄʝʩʪʘ ʤʝʨʝˁʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʥʘ ʤʝʪʘʣʦʛʨʘʬʩʢʦʤ ʫʟʦʨʢʫ ʩʘ  

ʄʀɻ/ʄɸɻ ʚʘʨʠʿʘʥʪʦʤ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ  

  ʉʥʠʤʘˁʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ ʟʦʥʘʤʘ ʧʦ ʜʝʬʠʥʠʩʘʥʠʤ ʧʨʘʚʮʠʤʘ ʢʦʜ 

ʤʝʪʘʣʦʛʨʘʬʩʢʦʛ ʫʟʦʨʢʘ ʩʘ ʄʀɻ/ʄɸɻ ʚʘʨʠʿʘʥʪʦʤ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ  ʠʟʚʨʰʝʥʦ ʿʝ ʪʦʢʦʤ ʦʚʝ ʬʘʟʝ 

ʠʩʧʠʪʠʚʘˁʘ. ʇʨʘʚʮʠ ʟʘ ʤʝʨʝˁʝ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʠ ʩʘʤʘ ʤʝʩʪʘ ʤʝʨʝˁʘ ʦʜʨʝʹʝʥʘ ʩʫ ʥʘ 

ʤʝʪʘʣʦʛʨʘʬʩʢʦʤ ʫʟʦʨʢʫ ʩʘ ʄʀɻ/ʄɸɻ ʚʘʨʠʿʘʥʪʦʤ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʧʨʘʚʮʠʤʘ ʠ ʤʝʩʪʠʤʘ ʤʝʨʝˁʘ ʢʦʜ ʫʟʦʨʢʘ ʩʘ ʚʘʨʠʿʘʥʪʦʤ ʈɽʃ/ʄɸɻ.  

 ʅʘ ʩʣʠʮʠ 65 ʧʨʠʢʘʟʘʥʘ ʿʝ ʨʘʩʧʦʜʝʣʘ ʤʠʢʨʦʪʚʨʜʦ˂ʝ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ 

ʟʦʥʘ ʧʦ ʧʨʘʚʮʫ I-I, ʩʘ ʩʪʨʘʥʝ ʣʠʮʘ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʚʘʨʠʿʘʥʪʦʤ ʄʀɻ/ʄɸɻ. ʇʦ ʧʨʘʚʮʫ I-I, ʢʦʜ 

ʫʟʦʨʘʢʘ ʩʘ ʩʧʦʿʝʚʠʤʘ ʦʩʪʚʘʨʝʥʠʤ ʩʘ ʦʙʝ ʨʘʟʤʘʪʨʘʥʝ ʚʘʨʠʿʘʥʪʝ ʟʘʚʘʨʠʚʘˁʘ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ 

ʤʝʪʘʣʘ ʰʘʚʘ ʿʝ ʧʨʠʙʣʠʞʥʦ ʠʩʪʘ (ʟʘ ʚʘʨʠʿʘʥʪʫ ʄʀɻ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʧʨʠʢʘʟʘʥʘ ʿ ʝ ʥʘ ʩʣʠʮʠ 

65ʘ) ʘ ʟʘ ʚʘʨʠʿʘʥʪʫ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʥʘ ʩʣʠʮʠ 61ʘ)). ʂʦʜ ʚʘʨʠʿʘʥʪʝ ʄʀɻ/ʄɸɻ 

ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʧʦ ʧʨʘʚʮʫ I-I ʫ ʟʦʥʠ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʧʨʠʩʫʪʥʝ ʩʫ ʩʠʪʥʦʟʨʥʘ ʠ ʛʨʫʙʦʟʨʥʘ ʟʦʥʘ 

ɿʋʊ-ʘ, ʢʘʦ ʠ ʫ ʩʣʫʯʘʿʫ ʈɽʃ/ʄɸɻ ʚʘʨʠʿʘʥʪʝ [3, 10, 15, 19, 20, 24, 25, 37, 39, 66]. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ, 

ʢʘʦ ʠ ʫ ʩʣʫʯʘʿʫ ʚʘʨʠʿʘʥʪʝ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ, ʫ ʦʙʣʘʩʪʠ ʬʠʥʦʟʨʥʝ ʟʦʥʝ ɿʋʊ-ʘ, ʿʝ 

ʬʠʥʦʟʨʥʦ ʬʝʨʠʪʥʦ-ʧʝʨʣʠʪʥʘ ʩʘ ʤʦʛʫ˂ʠʤ ʤʘˁʠʤ ʫʜʝʣʦʤ ʙʝʿʥʠʪʥʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ (ʩʣ. 65ʚ) ʠ 

ʛ)), ʜʦʢ ʫ  ʛʨʫʙʦʟʨʥʦʿ ʦʙʣʘʩʪʠ ɿʋʊ-ʘ ʧʨʝʦʚʣʘʜʘʚʘ ʢʨʫʧʥʦʟʨʥʘ ʙʝʿʥʠʪʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʘ 

ʤʦʛʫ˂ʠʤ ʫʜʝʣʦʤ ʦʪʧʫʰʪʝʥʦʛ ʤʘʨʪʝʥʟʠʪʘ (ʩʣ. 65ʚ)). ɿʘʪʝʯʝʥʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʧʦ ʧʨʘʚʮʫ I-I ʩʫ 

ʩʣʠʯʥʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʢʦʜ ʤʝʪʘʣʦʛʨʘʬʩʢʦʛ ʫʟʦʨʢʘ ʩʘ ʚʘʨʠʿʘʥʪʦʤ ʈɽʃ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ, 

ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʜʦʤʠʥʘʥʪʘʥ ʫʪʠʮʘʿ ʧʨʦʣʘʟʘ ʧʦʧʫʥʝ ʢʦʿʠ ʩʫ ʢʦʜ ʦʙʝ ʚʘʨʠʿʘʥʪʝ (ʄʀɻ/ʄɸɻ ʠ 

ʈɽʃ/ʄɸɻ) ʠʩʪʠ. ʇʨʘʚʘʮ ʤʝʨʝˁʘ I-I ʦʙʫʭʚʘʪʘ ʦʩʥʦʚʥʠ ʤʘʪʝʨʠʿʘʣ, ʟʦʥʫ ʫʪʠʮʘʿʘ ʪʦʧʣʦʪʝ ʠ ʤʝʪʘʣ 

ʰʘʚʘ ʩʘ ʩʪʨʘʥʝ ʣʠʮʘ. ʇʨʘʚʘʮ II -II  ʿ ʝ ʦʜʘʙʨʘʥ ʧʦ ʩʨʝʜʠʥʠ ʩʧʦʿʘ ʫ ʟʦʥʠ ʫ ʢʦʿʦʿ ʿʝ ʜʦʰʣʦ ʜʦ ʤʝʰʘˁʘ 

ʢʦʨʝʥʩʢʦʛ ʠ ʧʦʢʨʠʚʥʦʛ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʜʦʢ ʿʝ ʧʨʘʚʘʮ III -III  ʧʦʩʪʘʚˀʝʥ ʩʘ ʩʪʨʘʥʝ 

ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ ʫ ʟʦʥʠ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ ʫ ʢʦʿʦʿ ʿʝ ʜʦʤʠʥʘʥʪʘʥ ʫʪʠʮʘʿ ʥʘʯʠʥʘ ʠʟʚʦʹʝˁʘ, 

ʧʘʨʘʤʝʪʘʨʘ ʠ ʜʦʜʘʪʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʢʦʨʝʥʩʢʦʛ ʧʨʦʣʘʟʘ. 
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ʟʘ ʚʘʨʠʿʘʥʪʫ ʄʀɻ/ʄɸɻ ʟʘʚʘʨʝʥʦʛ ʩʧʦʿʘ  








































































































































































































































