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ɿɸʍɺɸʃʅʀʎɸ 
 

ʇʦʩʝʙʥʦ ʩʝ ʟʘʭʚʘˀʫʿʝʤ ʤʝʥʪʦʨʫ, ʧʨʦʬ. ʜʨ ʄʠʦʤʠʨʫ ʂʦʩʪʠ˂ʫ, ʥʘ 
ʦʜʣʫʯʫʿʫ˂ʦʿ ʧʦʜʨʰʮʠ ʠ ʥʝʩʝʙʠʯʥʦʿ ʧʦʤʦ˂ʠ, ʢʘʦ ʠ ʥʘ ʫʩʤʝʨʘʚʘˁʠʤʘ ʠ 
ʧʦʜʩʪʠʮʘʿʠʤʘ, ʪʦʢʦʤ ʩʚʠʭ ʛʦʜʠʥʘ ʟʘʿʝʜʥʠʯʢʦʛ ʨʘʜʘ, ʘ ʥʘʨʦʯʠʪʦ ʟʘ ʚʨʝʤʝ 
ʠʟʨʘʜʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʫ ʩʚʠʤ ˁʝʥʠʤ ʬʘʟʘʤʘ. ɳʝʛʦʚʘ ʟʘʧʘʞʘˁʘ ʩʫ 
ʙʠʣʘ ʜʨʘʛʦʮʝʥʘ, ʘ ʢʦʤʝʥʪʘʨʠ ʠ ʩʫʛʝʩʪʠʿʝ ʩʫ ʟʥʘʯʘʿʥʦ ʜʦʧʨʠʥʝʣʠ 
ʧʦʙʦˀʰʘˁʫ ʢʚʘʣʠʪʝʪʘ ʨʘʜʘ. ʇʨʦʬʝʩʦʨʫ ʂʦʩʪʠ˂ʫ ʜʫʛʫʿʝʤ ʚʝʣʠʢʫ 
ʟʘʭʚʘʣʥʦʩʪ ʰʪʦ ʤʝ ʿʝ ʥʘʫʯʠʦ ʜʘ ʧʠʰʝʤ ʥʘʫʯʥʦ-ʩʪʨʫʯʥʝ ʨʘʜʦʚʝ.  
 
ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʢʦʣʝʛʠ ʜʦʮ. ʜʨ ɱʦʚʘʥʫ ʊʨʠʬʫʥʦʚʠ˂ʫ ʥʘ ʩʧʨʝʤʥʦʩʪʠ ʜʘ 
ʧʦʤʦʛʥʝ, ʧʨʝ ʩʚʝʛʘ ʢʦʨʠʩʥʠʤ ʩʫʛʝʩʪʠʿʘʤʘ ʠ ʩʘʚʝʪʠʤʘ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ 
ʨʘʜʫ ʟʘ ʚʨʝʤʝ ʠʟʨʘʜʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. ʊʘʢʦʹʝ, ʟʘʭʚʘˀʫʿʝʤ ʤʫ ʩʝ ʥʘ 
ʚʝʣʠʢʦʤ ʘʥʛʘʞʦʚʘˁʫ ʠ ʩʪʨʫʯʥʦ ʿʧʦʤʦ˂ʠ ʧʨʠʣʠʢʦʤ ʧʠʩʘˁʘ ʥʘʫʯʥʦ-ʩʪʨʫʯʥʠʭ 
ʨʘʜʦʚʘ ʠʟ ʦʙʣʘʩʪʠ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. 
 
ʂʦʨʠʩʪʠʤ ʧʨʠʣʠʢʫ ʜʘ ʩʝ ʟʘʭʚʘʣʠʤ ʢʦʣʝʛʠʥʠʮʠ ʜʨ ɼʨʘʛʘʥʠ ɫʦʨʹʝʚʠ˂, 
ʥʘʫʯʥʦʤ ʩʘʚʝʪʥʠʢʫ ʥʘ ʀʥʩʪʠʪʫʪʫ ʟʘ ʭʝʤʠʿʫ, ʪʝʭʥʦʣʦʛʠʿʫ ʠ ʤʝʪʘʣʫʨʛʠʿʫ, ʢʦʿʘ 
ʤʠ ʿʝ ʦʤʦʛʫ˂ʠʣʘ ʧʨʠʧʨʝʤʫ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʟʘ ʧʦʩʣʝʜˁʫ ʬʘʟʫ ʠʟʨʘʜʝ 
ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. 
 
ʍʚʘʣʘ ʠ ʩʚʠʤ ʦʩʪʘʣʠʤ ʯʣʘʥʦʚʠʤʘ ʢʦʤʠʩʠʿʝ ʥʘ ʧʨʝʛʣʝʜʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ. 
 
ʊʘʢʦʹʝ, ʟʘʭʚʘˀʫʿʝʤ ʩʝ ʢʦʣʝʛʠ ɹʨʘʥʠʩʣʘʚʫ ɱʫʨʘʥʦʚʠ˂ʫ, ʢʦʿʠ ʤʠ ʿʝ 
ʦʤʦʛʫ˂ʠʦ ʜʘ ʧʨʚʫ ʬʘʟʫ ʜʠʩʝʨʪʘʮʠʿʝ ʩʘ ʥʘʿʙʨʦʿʥʠʿʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ 
ʠʟʚʝʜʝʤ ʥʘ ʩʧʝʮʠʿʘʣʥʦ ʿʘʧʘʨʘʪʫʨʠ ʢʦʿʫ ʿʝ ʦʥ ʢʦʥʩʪʨʫʠʩʘʦ.  
 
ʍʚʘʣʘ ʠ ʛʦʩʧʦʜʠʥʫ ʉʣʘʚʢʫ ʏʫʧʠ˂ʫ, ʚʠʰʝʤ ʚʘʪʨʦʛʘʩʥʦʤ ʦʬʠʮʠʨʫ ʧʨʚʝ 
ʢʣʘʩʝ, ʢʦʿʠ ʤʠ ʿʝ 2006. ʛʦʜʠʥʝ, ʘ ʠ ʢʘʩʥʠʿʝ, ʟʥʘʯʘʿʥʦ ʧʦʤʦʛʘʦ ʜʘ ʧʦʯʥʝʤ 
ʧʨʦʬʝʩʠʦʥʘʣʥʦ ʜʘ ʩʝ ʙʘʚʠʤ ʦʙʣʘʰ˂ʫ ʧʨʝʚʝʥʪʠʚʥʝ ʟʘʰʪʠʪʝ ʦʜ ʧʦʞʘʨʘ. 
 
ʇʨʦʬ. ʜʨ ʃʠʜʠʿʠ ɫʦʢʠ˂, ʨʝʜʦʚʥʦʤ ʧʨʦʬʝʩʦʨʫ ʥʘ ɸʨʭʠʪʝʢʪʦʥʩʢʦʤ 
ʬʘʢʫʣʪʝʪʫ, ʠ ʢʦʣʝʛʠ ʄʘʨʢʫ ɼʘʚʠʜʦʚʠ˂ʫ, ʜʦʢʪʦʨʘʥʜʫ ʥʘ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʤ ʬʘʢʫʣʪʝʪʫ, ʟʘʭʚʘˀʫʿʝʤ ʩʝ ʥʘ ʜʨʘʛʦʮʝʥʦʿ ʩʪʨʫʯʥʦ-
ʪʝʭʥʠʯʢʦʿ ʧʦʤʦ˂ʠ ʧʨʠʣʠʢʦʤ ʧʨʠʧʨʝʤʝ ʥʘʫʯʥʦ-ʩʪʨʫʯʥʠʭ ʨʘʜʦʚʘ ʠʟ ʦʙʣʘʩʪʠ 
ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʘ ʢʦʿʠ ʩʫ ʦʙʿʘʚˀʝʥʠ ʫ ʝʤʠʥʝʥʪʥʦʤ ʥʘʫʯʥʦʤ 
ʯʘʩʦʧʠʩʫ ʩʘ ʠʤʧʘʢʪ ʬʘʢʪʦʨʦʤ. 
 
ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʩʚʦʿʠʤ ʨʦʜʠʪʝˀʠʤʘ, ʤʘʿʮʠ ɸʥʜʨʠʿʘʥʠ ʠ ʦʮʫ ɸʩʠʤʫ, ʢʘʦ ʠ 
ʙʨʘʪʫ ɼʘʤʠʨʫ ʩʘ ʧʦʨʦʜʠʮʦʤ, ʥʘ ˀʫʙʘʚʠ, ʭʨʘʙʨʝˁʫ ʠ ʧʦʜʨʰʮʠ ʜʘ ʩʝ 
ʧʦʩʚʝʪʠʤ ʜʦʢʪʦʨʘʪʫ, ʜʘ ʙʫʜʝʤ ʜʦʚʦˀʥʦ ʿʘʢ ʠ ʜʘ ʥʠʢʘʜʘ ʥʝ ʦʜʫʩʪʘʥʝʤ. 
ɺʝʣʠʢʦ ʭʚʘʣʘ ʩʫʧʨʫʟʠ ɸʥʠ ʥʘ ʨʘʟʫʤʝʚʘˁʫ, ʧʦʩʚʝ˂ʝʥʦʩʪʠ ʠ ˀʫʙʘʚʠ ʟʘ 
ʚʨʝʤʝ ʢʦʿʝ ʩʘʤ ʧʨʦʚʝʦ ʥʘ ʠʟʨʘʜʠ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ.  
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ʅʘʩʣʦʚ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ:  

 

ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ ʤʝʪʦʜʘ 

ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

ʈɽɿʀʄɽ 

 

ʇʦʫʟʜʘʥʦ ʬʫʥʢʮʠʦʥʠʩʘˁe ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ 

ʧʨʝʜʩʪʘʚˀʘ ʚʘʞʘʥ ʧʨʝʜʫʩʣʦʚ ʟʘ ʥʦʨʤʘʣʥʦ ʦʜʚʠʿʘˁʝ ʪʝʭʥʦʣʦʰʢʠʭ ʧʨʦʮʝʩʘ ʫ 

ʠʥʜʫʩʪʨʠʿʠ, ʥʦʨʤʘʣʘʥ ʨʘʜ ʿʘʚʥʠʭ ʫʩʪʘʥʦʚʘ (ʰʢʦʣʘ, ʧʦʟʦʨʠʰʪʘ, ʤʫʟʝʿʘ, ʙʦʣʥʠʮʘ...), 

ʥʝʦʤʝʪʘʥʦ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʜʦʤʘ˂ʠʥʩʪʘʚʘ ʠʪʜ. ʋʩʣʝʜ ʣʦʰʝʛ ʠʟʙʦʨʘ ʠʣʠ 

ʥʝʘʜʝʢʚʘʪʥʝ ʫʛʨʘʜˁʝ, ʢʦʨʠʰ˂ʝˁʘ ʠʣʠ ʦʜʨʞʘʚʘˁʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ, 

ʿʘʚˀʘʿʫ ʩʝ ʢʚʘʨʦʚʠ ʢʦʿʠ ʤʦʛʫ ʜʘ ʜʦʚʝʜʫ ʜʦ ʧʦʞʘʨʘ, ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ ʠʣʠ ʧʨʝʢʠʜʘ 

ʫ ʥʘʧʘʿʘˁʫ (ʜʝʣʘ) ʦʙʿʝʢʪʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ. ʇʦʩʝʙʥʘ ʧʘʞˁʘ ʤʦʨʘ ʜʘ ʩʝ 

ʧʦʩʚʝʪʠ ʢʚʘʨʦʚʠʤʘ ʢʦʿʠ ʤʦʛʫ ʜʘ ʠʟʘʟʦʚʫ ʧʦʞʘʨ, ʘ ʢʦʿʝ ʢʣʘʩʠʯʥʝ ʟʘʰʪʠʪʥʝ 

ʢʦʤʧʦʥʝʥʪʝ (ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯ, ʦʩʠʛʫʨʘʯ ʩʘ ʪʦʧˀʠʚʠʤ ʫʤʝʪʢʦʤ, ʟʘʰʪʠʪʥʠ 

ʫʨʝʹʘʿ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʩʪʨʫʿʝ ʠʪʜ.) ʥʝ ʤʦʛʫ ʜʘ ʜʝʪʝʢʪʫʿʫ. ʊʘʢʚʝ ʢʚʘʨʦʚʝ ʥʘʿʯʝʰ˂ʝ 

ʠʟʘʟʠʚʘʿʫ ʣʦʠh ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ. 

ʃʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʦʿ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʤʦʞʝ 

ʩʝ ʧʦʿʘʚʠʪʠ ʫ ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ (ʨʘʟʚʦʜʥʦʿ ʪʘʙʣʠ), ʘʣʠ ʠ ʙʠʣʦ ʛʜʝ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ 

(ʥʘ ʦʰʪʝ˂ʝʥʦʤ ʧʨʦʚʦʜʥʠʢʫ, ʫ ʫʪʠʢʘʯʫ ʠʣʠ ʫʪʠʯʥʠʮʠ, ʫ ʧʨʦʜʫʞʥʦʤ ʢʘʙʣʫ, ʥʘ 

ʧʨʠʿʝʤʥʠʢʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʪʜ.). ʋʢʦʣʠʢʦ ʩʝ ʥʝ ʦʪʢʣʦʥʠ, ʚʨʝʤʝʥʦʤ ʩʝ 

ʧʦʚʝ˂ʘʚʘ ˁʝʛʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʪʦʧˀʝˁʘ ʠʣʠ ʧʘˀʝˁʘ 

ʠʟʦʣʘʮʠʿʝ ʝʣʝʢʪʨʠʯʥʝ ʢʦʤʧʦʥʝʥʪʝ ʠ ʦʢʦʣʥʦʛ ʟʘʧʘˀʠʚʦʛ ʤʘʪʝʨʠʿʘʣʘ. ʃʦʰʠʤ 

ʝʣʝʢʪʨʠʯʥʠʤ ʢʦʥʪʘʢʪʦʤ ʫ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʤʦʞʝ ʩʝ ʥʘʟʚʘʪʠ ʦʥʘʿ ʢʦʥʪʘʢʪ 

ʢʦʜ ʢʦʛʘ ʿʝ: 

- ʩʤʘˁʝʥʘ ʩʠʣʘ ʧʨʠʪʠʩʢʘ ʥʘʣʝʛʘˁʘ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʨʰʠʥʘ ʙʘʢʘʨʥʦʛ 

ʧʨʦʚʦʜʥʠʢʘ ʠ ʟʘʚʨʪˁʘ ʥʘ ʧʨʠʢˀʫʯʥʦʤ ʝʣʝʤʝʥʪʫ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ 

ʢʦʤʧʦʥʝʥʪʝ (ʨʝʜʫʢʮʠʿʘ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ),  

- ʦʩʪʚʘʨʝʥʦ ʥʝʧʦʪʧʫʥʦ ʥʘʣʝʛʘˁʘ (ʧʨʝʢʣʘʧʘˁʝ) ʧʦʚʨʰʠʥʝ ʙʘʢʘʨʥʦʛ 

ʧʨʦʚʦʜʥʠʢʘ ʠ ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʥʘ ʧʨʠʢˀʫʯʥʦʤ ʝʣʝʤʝʥʪʫ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ (ʩʤʘˁʝˁʝ ʝʬʝʢʪʠʚʥʝ ʧʦʚʨʰʠʥʝ 

ʢʦʥʪʘʢʪʘ), ʠʣʠ 

-  ʧʦʚʝʘ˂ʥ ʩʣʦʿ ʦʢʩʠʜʘ ʥʘ ʤʝʩʪʫ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ (ʩʪʘʨ ʠ/ʠʣʠ ʢʦʨʦʟʠʿʦʤ 

ʦʰʪʝ˂ʝʥ ʢʦʥʪʘʢʪ).  



ʅʠʪʠ ʜʦʤʘ˂ʠ ʥʠʪʠ ʤʝʹʫʥʘʨʦʜʥʠ ʧʨʘʚʠʣʥʠʮʠ ʠ ʩʪʘʥʜʘʨʜʠ ʢʦʿʠʤʘ ʩʫ 

ʧʨʦʧʠʩʘʥʝ ʧʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ ʥʝ ʩʘʜʨʞʝ ʧʨʦʮʝʜʫʨʝ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʙʠ ʩʝ ʫ ʨʘʥʦʿ ʬʘʟʠ ʜʝʪʝʢʪʦʚʘʦ ʣʦʰ 

ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ. ʄʝʹʫʪʠʤ, ʝʿʜʥʘ ʦʜ ʪʝʭʥʠʢʘ ʢʦʝʿ ʩʝ ʜʘʥʘʩ ʢʦʨʠʩʪʝ ʫ ʪʫ ʩʚʨʭʫ ʿʝ 

ʚʨʰʝˁʝ ʧʨʝʚʝʥʪʠʚʥʠʭ ʪʝʨʤʦʚʠʟʠʿʩʢʠʭ ʧʨʝʛʣʝʜʘ (ʩʘʤʦ ʫ ʉɸɼ ʧʦʩʪʦʿʠ ʩʪʘʥʜʘʨʜ 

ʢʦʿʠ ʧʦʢʨʠʚʘ ʦʚʫ ʦʙʣʘʩʪ). ʆʚʘʢʚʠʤ ʧʨʝʛʣʝʜʦʤ ʤʦʛʫ ʿʝʜʥʦʩʪʘʚʥʦ ʠ ʝʬʠʢʘʩʥʦ ʜʘ ʩʝ 

ʦʪʢʨʠʿʫ ʣʦʰʠ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ ʥʘ ʢʦʿʠʤʘ ʩʫ ʩʪʚʦʨʝʥʠ ʧʨʝʜʫʩʣʦʚʠ ʟʘ ʥʘʩʪʘʥʘʢ 

ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʥʘ ʥʠʩʢʦʥʘʧʦʥʩʢʦʿ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ. ɼʝʪʝʢʪʦʚʘʥʠ 

ʢʚʘʨʦʚʠ ʠ ʥʝʨʝʛʫʣʘʨʥʦʩʪʠ ʥʘʿʯʝʰ˂ʝ ʩʝ ʤʦʛʫ ʦʪʢʣʦʥʠʪʠ ʿʝʜʥʦʩʪʘʚʥʠʤ 

ʠʥʪʝʨʚʝʥʮʠʿʘʤʘ ʝʣʝʢʪʨʠʯʘʨʘ ʠʣʠ ʪʝʭʥʠʯʢʠʭ ʩʣʫʞʙʠ ʢʦʨʠʩʥʠʢʘ ʦʙʿʝʢʪʘ. ɻʣʘʚʥʠ 

ʥʝʜʦʩʪʘʪʘʢ ʧʦʤʝʥʫʪʝ ʪʝʭʥʠʢʝ ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ ʧʨʝʛʣʝʜʘ ʿʝ ʥʝʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʝ 

ʧʨʝʛʣʝʜʘʿʫ (ʩʥʠʤʝ) ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ ʢʦʿʠ ʥʠʩʫ ʜʠʨʝʢʪʥʦ (ʚʠʟʫʝʣʥʦ) ʜʦʩʪʫʧʥʠ 

ʠʥʬʨʘʮʨʚʝʥʦʤ ʩʝʥʟʦʨʫ ʢʘʤʝʨʝ. 

ʎʠˀ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʘʥʘʣʠʟʘ ʫʪʠʮʘʿʘ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ ʨʘʟʚʦʿ ʤʝʪʦʜʝ ʟʘ ˁʠʭʦʚʦ ʨʘʥʦ ʦʪʢʨʠʚʘˁʝ 

ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ. ʅʘ ʦʩʥʦʚʫ ʚʝʣʠʢʦʛ ʙʨʦʿʘ 

ʠʟʚʨʰʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʫ ʢʦʿʠʤʘ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʨʘʟʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʤʘʪʝʨʠʿʘʣʘ 

ʦʜ ʢʦʿʠʭ ʩʝ ʠʟʨʘʹʫʿʫ ʢʦʥʪʘʢʪʠ (ʙʘʢʘʨïʙʘʢʘʨ, ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ 

ʯʝʣʠʢ), ʫʟ ʧʦʤʦ˂ ʧʦʩʝʙʥʦ ʢʦʥʩʪʨʫʠʩʘʥʝ ʘʧʘʨʘʪʫʨʝ ʩʠʤʫʣʠʨʘʥ ʿʝ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ 

ʢʦʥʪʘʢʪ ʢʦʿʠ ʥʘʩʪʘʿʝ ʫʩʣʝʜ ʥʝʧʦʪʧʫʥʦʛ ʥʘʣʝʛʘˁʘ (ʧʨʝʢʣʘʧʘˁʘ) ʙʘʢʘʨʥʦʛ 

ʧʨʦʚʦʜʥʠʢʘ ʠ ʧʦʚʨʰʠʥʝ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʦʛ ʝʣʝʤʝʥʪʘ ʥʘ ʧʨʠʢˀʫʯʢʫ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ. ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ 

ʧʨʝʜʩʪʘʚˀʘ ʢʨʠʪʠʯʥʫ ʢʦʤʙʠʥʘʮʠʿʫ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʢʦʝʿ ʢʦʥʪʘʢʪ ʧʨʠ ʠʩʪʠʤ 

ʫʩʣʦʚʠʤʘ (ʠʩʪʦʤ ʩʪʨʫʿʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ, ʧʨʝʩʝʢʫ ʧʨʦʚʦʜʥʠʢʘ ʠ ʩʪʝʧʝʥʫ ʧʦʛʦʨʰʘˁʘ 

ʢʦʥʪʘʢʪʘ ʫ ʩʤʠʩʣʫ ʠʩʪʦʛ ʧʨʦʮʝʥʪʫʘʣʥʦʛ ʩʤʘˁʝˁʘ ʝʬʝʢʪʠʚʥʝ ʧʦʚʨʰʠʥʝ 

ʧʨʝʢʣʘʧʘˁʘ) ʥʘʿʙʨʞʝ ʜʦʩʪʠʞʝ ʤʘʢʩʠʤʘʣʥʫ ʪʨʘʿʥʦ ʜʦʟʚʦˀʝʥʫ ʪʝʤʧʝʨʘʪʫʨʫ. ʅʘ 

ʦʩʥʦʚʫ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʫʪʚʨʹʝʥ ʿʝ ʠ ʫʪʠʮʘʿ ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ 

ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ ʫ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʦʿ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʥʘʩʪʘʿʘˁʝ Ăʚʨʝʣʝñ ʪʘʯʢʝ 

ʫ ʰʫʢʦ-ʫʪʠʢʘʯʠʤʘ ʠ ʰʫʢʦ-ʫʪʠʯʥʠʮʘʤʘ. ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʩʫ ʟʘ ʥʘʩʪʘʥʘʢ Ăʚʨʝʣʝñ 

ʪʘʯʢʝ ʥʝʧʦʚʦˀʥʠʿʠ ʣʦʰʠ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ ʥʘʩʪʘʣʠ ʫ ʫʛʨʘʹʝʥʦʿ ʝʣʝʢʪʨʠʯʥʦʿ 

ʠʥʩʪʘʣʘʮʠʿʠ ʦʙʿʝʢʪʘ (ʛʜʝ ʿʝ ʫʦʙʠʯʘʿʝʥ ʙʘʢʘʨʥʠ ʧʨʦʚʦʜʥʠʢ ʧʫʥʦʛ ʧʨʝʩʝʢʘ) ʫ ʦʜʥʦʩʫ 



ʥʘ ʣʦʰʝ ʝʣʝʢʪʨʠʯʥʝ ʢʦʥʪʘʢʪʝ ʥʘʩʪʘʣʝ ʫ ʥʘʧʦʿʥʠʤ ʢʘʙʣʦʚʠʤʘ ʧʨʠʿʝʤʥʠʢʘ (ʛʜʝ ʩʝ 

ʫʦʙʠʯʘʿʝʥʦ ʢʦʨʠʩʪʠ ʣʠʮʥʘʩʪʠ ʙʘʢʘʨʥʠ ʧʨʦʚʦʜʥʠʢ). 

ʅʘ ʦʩʥʦʚʫ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʠʟʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʫ ʢʦʿʠʤʘ ʿʝ ʘʥʘʣʠʟʠʨʘʥ 

ʫʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ ʥʘ ʰʫʢʦ-

ʫʪʠʯʥʠʮʘʤʘ, ʢʘʦ ʠ ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʜʦʙʠʿʝʥʠʭ ʠʟ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʩʪʨʫʯʥʠʭ ʥʘʣʘʟʘ 

ʦ ʚʝʨʠʬʠʢʘʮʠʿʠ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʫ 

ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʠʤ ʦʙʿʝʢʪʠʤʘ (ʢʦʿʝ ʿʝ ʠʟʨʘʜʠʣʘ ʃʘʙʦʨʘʪʦʨʠʿʘ ʟʘ 

ʠʩʧʠʪʠʚʘˁʝ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʛʨʦʤʦʙʨʘʥʩʢʠʭ ʟʘʰʪʠʪʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ), ʨʘʟʚʠʝʿʥʘ ʿʝ ʥʦʚʘ ʤʝʪʦʜʘ ʟʘ 

ʦʪʢʨʠʚʘˁʝ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ. ʆʥʘ ʝʿ ʟʘʩʥʦʚʘʥʘ ʥʘ ʫʩʧʦʩʪʘʚˀʘˁʫ 

ʢʦʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʠʟʤʝʨʝʥʠʭ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʧʝʪˀʝ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʠ 

ʩʪʝʧʝʥʘ ʧʦʛʦʨʰʘˁʘ ʢʦʥʪʘʢʪʘ, ʦʜʥʦʩʥʦ ʧʦʚʝ˂ʘˁʘ ˁʝʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ. 

ʋʨʘʹʝʥ ʿʝ ʥʠʟ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʩʘ ʫʪʠʯʥʠʮʦʤ ʢʦʘʿ ʿʝ ʙʠʣʘ ʢʦʨʠʰ˂ʝʥʘ ʜʫʛʠ ʥʠʟ 

ʛʦʜʠʥʘ (30 ʛʦʜʠʥʘ ʫ ʘʥʘʣʠʟʠʨʘʥʦʤ ʩʣʫʯʘʿʫ), ʢʘʦ ʠ ʥʠʟ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʩʘ ʥʦʚʠʤ 

ʫʪʠʯʥʠʮʘʤʘ, ʘʣʠ ʩʘ ʝʣʝʢʪʨʠʯʥʠʤ ʢʦʥʪʘʢʪʠʤʘ ʢʦʿʠ ʩʫ ʧʨʝʪʭʦʜʥʦ ʙʠʣʠ ʥʘʤʝʨʥʦ 

ʠʟʣʦʞʝʥʠ ʢʦʨʦʟʠʿʠ. ɼʘ ʙʠ ʩʝ ʫʙʨʟʘʦ ʧʨʦʮʝʩ ʢʦʨʦʟʠʿʝ, ʫ ʿʝʜʥʦʿ ʦʜ ʥʦʚʠʭ ʫʪʠʯʥʠʮʘ 

ʧʨʠʢˀʫʯʘʢ ʬʘʟʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʿʝ ʪʨʝʪʠʨʘʥ ʮʘʨʩʢʦʤ ʚʦʜʦʤ (ʢʦʥʮʝʥʪʨʦʚʘʥʘ HNO3 : 

ʢʦʥʮʝʥʪʨʦʚʘʥʘ HCl = 1:3 (v / v)), ʘ ʫ ʜʨʫʛʦʿ ʥʦʚʦʿ ʫʪʠʯʥʠʮʠ ʧʨʠʢˀʫʯʘʢ ʥʝʫʪʨʘʣʥʦʛ 

ʧʨʦʚʦʜʥʠʢʘ ʪʨʝʪʠʨʘʥ ʿʝ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ ʩʫʤʧʦʨʥʦʤ ʢʠʩʝʣʠʥʦʤ (H2SO4). 

ʂʦʨʠʰ˂ʝˁʝʤ ʦʚʠʭ ʭʝʤʠʢʘʣʠʿʘ ʩʠʤʫʣʠʨʘʥ ʿʝ ʝʬʝʢʘʪ ʜʫʛʦʪʨʘʿʥʦʛ ʠʟʣʘʛʘˁʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʢʠʩʝʣʦʿ ʘʪʤʦʩʬʝʨʠ. 

ʋʧʦʨʝʹʠʚʘˁʝʤ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʢʦʿʘ ʩʫ ʟʘ ʮʠˀ ʠʤʘʣʘ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘʿʫ ʝʬʝʢʪʠ 

ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ ʪʝʩʪʠʨʘʥʠʭ ʫʪʠʯʥʠʮʘ 

((ʩʪʘʨʝ (ʢʦʨʠʰ˂ʝʥʝ) ʫʪʠʯʥʠʮʝ ʠ ʜʚʝ ʥʦʚʝ ʫʪʠʯʥʠʮʝ (ʩʘ ʥʘʤʝʨʥʦ ʢʦʨʦʜʠʨʘʥʠʤ 

ʩʧʦʿʝʚʠʤʘ)) ʥʘ ʟʘʛʨʝʚʘˁʝ ʠ ʝʣʝʢʪʨʠʯʥʫ ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ, ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʦʥʝ 

ʠʤʘʿʫ ʩʣʠʯʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ.  

ʋ ʜʦʩʪʫʧʥʠʤ ʜʦʤʘ˂ʠʤ ʠ ʩʪʨʘʥʠʤ ʩʪʘʥʜʘʨʜʠʤʘ ʠ ʥʘʫʯʥʦʩʪʨʫʯʥʦʿ 

ʣʠʪʝʨʘʪʫʨʠ, ʫʟ ʠʟʫʟʝʪʘʢ ʥʝʢʦʣʠʢʦ ʧʘʪʝʥʘʪʘ ʢʦʿʠ ʩʫ ʥʘʤʝˁʝʥʠ ʟʘ ʠʥʜʫʩʪʨʠʿʩʢʝ ʠ 

ʩʧʝʮʠʿʘʣʥʝ ʧʨʠʤʝʥʝ, ʥʠʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʤʝʪʦʜʝ ʢʦʿʝ ʤʦʛʫ ʜʘ ʧʦʩʣʫʞʝ ʟʘ 

ʧʨʘʚʦʚʨʝʤʝʥʦ ʦʪʢʨʠʚʘˁʝ ʣʦʠhʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʫ ʩʪʘʤʙʝʥʠʤ, ʧʦʩʣʦʚʥʠʤ 

ʠ ʿʘʚʥʠʤ ʦʙʿʝʢʪʠʤʘ. ʇʨʠʤʝʥʦʤ ʤʝʪʦʜʝ ʨʘʟʚʠʿʝʥʝ ʫ ʧʨʝʜʤʝʪʥʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, ʢʦʿʘ ʿʝ 

ʥʘʤʝˁʝʥʘ ʦʪʢʨʠʚʘˁʫ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʫ ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ, 



ʨʝʜʫʢʦʚʘʣʘ ʙʠ ʩʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʘʩʪʘʿʘˁʘ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʠ ʦʧʘʩʥʠʭ 

Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ ʥʘ ˁʠʤʘ ʢʦʿʝ ʠʟʘʟʠʚʘʿʫ ʧʦʞʘʨ (ʤʝʪʦʜʘ ʙʠ ʩʝ ʧʨʠʤʝˁʠʚʘʣʘ ʫ 

ʦʢʚʠʨʫ ʨʝʜʦʚʥʝ ʧʨʦʮʝʜʫʨʝ ʟʘ ʧʨʦʚʝʨʫ ʝʬʠʢʘʩʥʦʩʪʠ ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ ʟʘʩʥʦʚʘʥʦʛ ʥʘ 

ʘʫʪʦʤʘʪʩʢʦʤ ʠʩʢˀʫʯʝˁʫ ʥʘʧʘʿʘˁʘ ʫ ʩʣʫʯʘʿʫ ʢʚʘʨʘ ï ʝʣʝʢʪʨʠʯʥʠʤ ʤʝʨʝˁʝʤ 

ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʨʘʪʢʦʛ ʩʧʦʿʘ). ʊʠʤʝ ʙʠ ʩʝ ʨʝʰʠʦ 

ʧʨʦʙʣʝʤ ʥʝʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʩʝ ʪʝʨʤʦʚʠʟʠʿʩʢʠʤ ʧʨʝʛʣʝʜʦʤ ʦʪʢʨʠʿʫ Ăʚʨʝʣʝñ ʪʘʯʢʝ ʥʘ 

ʣʦʰʠʤ ʢʦʥʪʘʢʪʠʤʘ ʩʘ ʢʦʿʠʤʘ ʩʝʥʟʦʨ ʢʘʤʝʨʝ ʥʝʤʘ ʜʠʨʝʢʪʘʥ ʚʠʟʫʝʣʥʠ ʢʦʥʪʘʢʪ. 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʘ ʟʘ ʦʪʢʨʠʚʘˁʝ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʧʨʠʤʝˁʝʥʘ ʿʝ 

ʧʨʠʣʠʢʦʤ ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʫ 

ʩʪʘʤʙʝʥʠʤ ʿʝʜʠʥʠʮʘʤʘ ʨʘʟʣʠʯʠʪʝ ʩʪʘʨʦʩʪʠ (10-60 ʛʦʜʠʥʘ). ʇʨʦʚʝʨʝʥʘ ʿʝ ʠ 

ʤʦʛʫ˂ʥʦʩʪ ʫʩʧʦʩʪʘʚˀʘˁʘ ʚʝʟʝ ʠʟʤʝʹʫ ʩʪʘʨʦʩʪʠ ʩʪʘʤʙʝʥʠʭ ʿʝʜʠʥʠʮʘ (ʪʘʯʥʠʿʝ 

ʩʪʘʨʦʩʪʠ ˁʠʭʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ) ʠ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʩʪʘʥʢʘ ʦʧʘʩʥʝ 

Ăʚʨʝʣʝñ ʪʘʯʢʝ ʥʘ ʣʦʰʝʤ ʝʣʝʢʪʨʠʯʥʦʤ ʢʦʥʪʘʢʪʫ ʫ ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ ʤʦʥʦʬʘʟʥʠʭ ʠ 

ʪʨʦʬʘʟʥʠʭ ʧʨʠʿʝʤʥʠʢʘ. ʅʘʞʘʣʦʩʪ, ʥʠʢʘʢʚʘ ʚʝʟʘ ʥʠʿʝ ʫʩʧʦʩʪʘʚˀʝʥʘ. ɿʘ ˁʝʥʦ 

ʝʚʝʥʪʫʘʣʥʦ ʫʩʧʦʩʪʘʚˀʘˁʝ ʙʠʣʦ ʙʠ ʥʝʦʧʭʦʜʥʦ ʧʨʠʤʝʥʠʪʠ ʥʦʚʫ ʤʝʪʦʜʫ ʥʘ ʚʠʰʝ 

ʭʠˀʘʜʘ ʫʪʠʯʥʠʮʘ ʫ ʩʪʘʥʦʚʠʤʘ ʰʠʨʦʢʦʛ ʦʧʩʝʛʘ ʩʪʘʨʦʩʪʠ. 

ʅʝʦʪʢʨʠʚʝʥ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʫ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʤʦʞʝ ʜʘ 

ʧʨʦʫʟʨʦʢʫʿʝ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʢʦʿʠ ʿʝ ʯʝʩʪ ʫʟʨʦʢ ʧʦʞʘʨʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʣʦʰʝʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ, ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʤʦʞʝ ʙʠʪʠ ʦʪʢʨʠʚʝʥ ʧʨʠʤʝʥʦʤ 

ʩʘʚʨʝʤʝʥʠʭ ʟʘʰʪʠʪʥʠʭ ʢʦʤʧʦʥʝʥʪʠ. ʋ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʿʝ ʠʟʚʨʰʝʥʘ ʧʨʦʚʝʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʨʘʜʘ AFDD (Arc-Fault 

Detection Device) ʢʦʤʧʦʥʝʥʪʝ ʥʘʤʝˁʝʥʝ ʝʚʨʦʧʩʢʦʤ ʪʨʞʠʰʪʫ, ʯʠʿʘ ʿʝ ʦʩʥʦʚʥʘ 

ʥʘʤʝʥʘ ʟʘʰʪʠʪʘ ʦʜ ʥʝʞʝˀʝʥʦʛ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. ʇʨʦʚʝʨʘ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʿʝ ʧʦʯʠʚʘʣʘ ʥʘ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ 

ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʩʫ ʩʠʤʫʣʠʨʘʥʝ ʩʢʦʨʦ ʩʚʝ ʨʝʣʝʚʘʥʪʥʝ ʩʠʪʫʘʮʠʿʝ ʫʩʧʦʩʪʘʚˀʘˁʘ 

ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʠ ʪʦ ʟʘ ʨʘʟʣʠʯʠʪʝ ʢʦʤʙʠʥʘʮʠʿʝ ʤʘʪʝʨʠʿʘʣʘ ʝʣʝʢʪʨʦʜʘ 

(ʙʘʢʘʨïʙʘʢʘʨ ʠ ʙʘʢʘʨïʤʝʩʠʥʛ). ʈʝʛʠʩʪʨʦʚʘʥʦ ʿʝ ʧʨʘʚʦʚʨʝʤʝʥʦ ʨʝʘʛʦʚʘˁʝ AFDD 

ʢʦʤʧʦʥʝʥʪʝ ʫ ʩʚʘʢʦʤ ʦʜ ʪʠʭ ʩʣʫʯʘʿʝʚʘ. ʊʘʢʦʹʝ, ʨʝʘʣʠʟʦʚʘʥʠ ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʠ 

ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʿʝ ʢʦʥʩʪʘʪʦʚʘʥʦ ʜʘ AFDD ʢʦʤʧʦʥʝʥʪʘ ʥʠʿʝ ʨʝʘʛʦʚʘʣʘ ʧʨʠ ʥʦʨʤʘʣʥʦʤ 

ʨʘʜʫ ʥʝʣʠʥʝʘʨʥʠʭ ʧʨʠʿʝʤʥʠʢʘ ʢʦʿʠ ʩʘʜʨʞʝ ʝʥʝʨʛʝʪʩʢʫ ʝʣʝʢʪʨʦʥʠʢʫ (ʥʧʨ. 

ʧʝʨʩʦʥʘʣʥʠ ʨʘʯʫʥʘʨ, ʰʪʘʤʧʘʯ, ʤʠʢʨʦʪʘʣʘʩʥʘ ʧʝ˂ʥʠʮʘ, ʢʣʠʤʘ-ʫʨʝʹʘʿ ʠʪʜ.), ʢʘʦ ʠ 

ʧʨʠ ʥʦʨʤʘʣʥʦʤ ʨʘʜʫ ʧʨʠʿʝʤʥʠʢʘ ʢʦʿʠ ʩʘʜʨʞʝ ʢʦʣʝʢʪʦʨʩʢʝ ʤʦʪʦʨʝ (ʥʧʨ. ʫʩʠʩʠʚʘʯ, 



ʙʫʰʠʣʠʮʘ, ʬʝʥ ʠʪʜ.), ʠʘʢʦ ʿʝ ʟʘ ˁʠʭʦʚ ʨʘʜ ʥʦʨʤʘʣʥʦ ʧʦʩʪʦʿʘˁʝ ʝʣʝʢʪʨʠʯʥʠʭ 

ʣʫʢʦʚʘ. ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʪʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠʟʨʘʹʝʥʘ ʿʝ ʧʨʝʧʦʨʫʢʘ ʟʘ 

ʠʥʩʪʘʣʠʨʘˁʝ AFDD ʢʦʤʧʦʥʝʥʪʝ ʫ ʦʙʿʝʢʪʠʤʘ ʫ ʢʦʿʠʤʘ ʩʝ ʦʢʫʧˀʘ ʚʝʣʠʢʠ ʙʨʦʿ 

ˀʫʜʠ, ʦʜʥʦʩʥʦ ʜʘʪʦ ʿʝ ʤʠʰˀʝˁʝ ʦ ʘʜʝʢʚʘʪʥʦʩʪʠ ˁʝʥʝ ʫʧʦʪʨʝʙʝ ʫ ʈʝʧʫʙʣʠʮʠ 

ʉʨʙʠʿʠ. 
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The title of doctoral dissertation:  

 

The influence of poor electrical contacts on the occurrence of initial fire and a 

method for their detection in low-voltage electrical installations 

 

ABSTRACT 

 

Reliable functioning of low-voltage electrical installations represents an 

important prerequisite for normal functioning of technological processes in the industry, 

normal operation of public institutions (schools, theaters, museums, hospitals,...), proper 

operation of households, etc. Due to poor selection or inadequate installation, improper 

use or maintenance of electrical installations, failures can occur causing fire, electric 

shock or interruption in power supply of a facility (or its part). Special attention must be 

given to fire-causing failures, which cannot be detected by conventional protecting 

devices (such as: miniature circuit breakers, fuse-links, residual current devices, etc.). 

Such failures are most often caused by poor electrical contacts. 

Poor electrical contacts in low-voltage electrical installations can occur in the 

distribution cabinet (switchboard) or anywhere in the electrical circuit (on damaged 

conductors, in plugs or receptacles, in extension cords, in electrical loads, etc.). If such a 

failure is not resolved, the temperature of the poor contact increases gradually, which 

can lead to melting or ignition of the insulation of an electrical component and the 

surrounding flammable material. In an electrical installation, a poor electrical contact 

can be considered as characterized by: 

- a reduced pressure force between the contact surfaces of the copper conductor 

and the screw of the electrical component terminal (reduction of the torque), 

- an incomplete overlap of the surface of the copper conductor and the contact 

surface at the electrical component terminal (reduction of the contact surface), or 

- an increased oxide layer at the point of electrical contact (old and/or corrosion-

damaged contact). 

Neither local nor international regulations and standards, which define periodic 

verification of the quality of low-voltage electrical installations, contain procedures by 

which a poor electrical contact would be detected at an early stage. However, one of the 

techniques used for this purpose today is performing preventive thermographic 

inspections (a standard covering this area is available only in the USA). By such 

inspections a poor electrical contact which creates prerequisites for the occurrence of an 



initial fire in a low-voltage electrical installation can easily and effectively be detected. 

Detected failures and irregularities can most frequently be eliminated by simple 

interventions of electricians or facility technical services. The main disadvantage of the 

thermographic inspection is the inability to inspect electrical contacts which are not 

directly (visually) accessible to the camera sensor. 

The aim of the doctoral dissertation is the analysis of the impact of poor 

electrical contacts on the occurrence of an initial fire and the development of a method 

for their early detection in low-voltage electrical installations. Based on a large number 

of experiments carried out with various combinations of materials from which contacts 

are made (copperïcopper, copperïbrass and copperïstainless steel), by a specially 

designed apparatus a poor electrical contact occurrence due to an incomplete overlap of 

a copper conductor and a corresponding element of an electrical device was simulated. 

It was concluded that copperïstainless steel represents a critical combination of 

materials for which a contact most rapidly reaches the maximum permissible 

temperature under the same conditions (the same load, conductor cross-section and 

contact deterioration degree in terms of the same percentage reduction of the overlap 

surface). Based on a large number of experiments, the impact of the reduction of the 

torque of tightening of the screw in the electrical component on the occurence of a Ăhotñ 

spot in plugs and receptacles was also determined. It was concluded that poor electrical 

contacts developed in built-in electrical installations of buildings (where the copper 

conductor of the full cross-section is common) are more unfavourable for the 

occurrence of a Ăhotñ spot compared to poor electrical contacts developed in power 

cables of electric loads (where the stranded copper conductor is commonly used). 

Based on a large number of experiments in which the impact of poor electrical 

contacts on the occurrence of Ăhotñ spots in receptacles was analysed,  as well as on the 

data obtained from a large number of documents related to periodic verifications of the 

quality of low-voltage electrical installations in industrial and administrative facilities 

(issued by the Laboratory for testing low-voltage electrical and lightning protection 

installations at the Faculty of Electrical Engineering in Belgrade), a new method for 

detecting poor electrical contacts has been developed. It was based on the establishment 

of a correlation between the measured line to earth and line to neutral short circuit loop 

resistances and the degree of the contact deterioration, i.e. the increase of its electrical 



resistance. A number of experiments were performed on a receptacle that has been used 

for many years (30 years in the analysed case), as well as on new receptacles, the 

electrical contacts of which were intentionally exposed to corrosion prior to the 

experiments. In order to accelerate the corrosion process, in one of the new receptacles 

the connection of the phase conductor was treated with aqua regia (concentrated HNO3 : 

concentrated HCl = 1: 3 (v / v)), and in the other the connection of the neutral conductor 

was treated with concentrated sulfuric acid (H2SO4). Using these chemicals the effect of 

long-term exposure of electrical contacts of electrical components to an acidic 

atmosphere was simulated. Comparing the results of the measurements aimed to 

analyze the effects of reducing the screw torque tightening at the receptacle terminals of 

the old (used) receptacle and two new receptacles (with deliberately corroded 

connections) on heating and electrical resistance of electrical contacts, it was shown that 

they possess similar characteristics.  

In the available domestic and foreign standards and scientific literature, with the 

exception of several patents intended for industrial and special applications, methods 

and techniques that can be applied for the timely detection of poor electrical contacts in 

residential, commercial and public buildings have not been presented. Applying the 

method developed in this dissertation, intended for the detection of poor electrical 

contacts in electrical circuits, the probability of maintaining poor electrical contacts and 

dangerous Ăhotñ spots that may cause fire would be reduced (the method would be 

applied as part of the regular procedure for checking the efficiency of the protective 

measure based on the automatic switching off of the power supply in case of failure - by 

measuring both the line to earth and the line to neutral short circuit loop resistances). 

This would overcome the problem of the impossibility of a thermal imager to detect 

Ăhotñ spots in poor contacts that do not have direct visual contact with the camera 

sensor. The proposed method for detecting poor electrical contacts was applied in 

performing the verification of the quality of low-voltage electrical installations in old 

(10-60 years) residential buildings. The possibility of establishing a relation between the 

age of the residential buildings (more precisely, the age of their electrical installations) 

and the probability of the occurrence of a dangerous Ăhotñ spot in a poor electrical 

contact in the electrical circuits of single-phase and three-phase loads has also been 

explored. Unfortunately, this relation has not been established. Its establishment would 



require to apply the new method for the detection of poor electrical contacts in 

thousands of receptacles in apartments of different ages. 

An undetected poor electrical contact in an electrical installation may cause a 

series electric arc, which is a common cause of fire. Opposite to poor electrical contacts, 

series electric arcs can be detected using modern protecting devices. The functionality 

of the AFDD (Arc-Fault Detection Device), intended for the European market, the 

primary purpose of which is the protection against unwanted series arc, has been 

experimentally tested in laboratory conditions. The functionality test was based on a 

large number of laboratory experiments, by which almost all relevant situations of 

establishing a series electric arc for various combinations of materials of electrodes 

(copperïcopper and copperïbrass) have been simulated. In each of these cases, a timely 

response of the AFDD component has been registered. In addition, experiments aimed 

to check if the AFDD component does not operate during the normal operation of non-

linear electrical loads containing power electronics (for example, personal computers, 

printers, microwave ovens, air conditioners, etc.), as well as loads containing collector 

motors (e.g., vacuum cleaners, drills, fans, etc.), were also successful. Based on the 

results of these experiments, a recommendation has been made for the installation of 

AFDD components in buildings in which a large number of people gather, i.e. an 

opinion on the adequacy of their application in the Republic of Serbia has been given. 
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torque, hot spot, fire, thermal imaging, series electric arc, contact resistance, periodical 
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1 

 

1 ʋɺʆɼ 

 

ʇʦʞʘʨ ʿʝ ʥʝʞʝˀʝʥʘ ʧʦʿʘʚʘ ʩʿʝʜʠˁʘʚʘˁʘ ʚʘʟʜʫʭʘ (ʪʘʯʥʠʿʝ ʢʠʩʝʦʥʠʢʘ), 

ʟʘʧʘˀʠʚʝ ʤʘʪʝʨʠʿʝ ʠ ʠʟʚʦʨʘ ʪʦʧʣʦʪʝ. ʂʘʦ ʰʪʦ ʿʝ ʧʦʟʥʘʪʦ, ʩʚʘʢʠ ʧʦʞʘʨ ʤʦʞʝ ʜʘ 

ʠʟʘʟʦʚʝ ʤʘʪʝʨʠʿʘʣʥʫ ʰʪʝʪʫ, ʘ ʥʝʨʝʪʢʦ ʠ ʛʫʙʠʪʘʢ ˀʫʜʩʢʠʭ ʞʠʚʦʪʘ. ʋʧʨʘʚʦ ʟʙʦʛ 

ʪʦʛʘ ʩʚʫʜʘ ʫ ʩʚʝʪʫ ʩʝ ʚʦʜʠ ʤʘˁʝ ʠʣʠ ʚʠʰʝ ʫʨʝʜʥʘ ʩʪʘʪʠʩʪʠʢʘ ʦ ʫʟʨʦʮʠʤʘ ʠ 

ʧʦʩʣʝʜʠʮʘʤʘ ʧʦʞʘʨʘ, ʢʦʿʘ ʿʝ ʟʘʪʦ ʠ ʧʨʝʜʩʪʘʚˀʝʥʘ ʫ ʫʚʦʜʥʦʤ ʜʝʣʫ ʜʦʢʪʦʨʩʢʝ 

ʜʠʩʝʨʪʘʮʠʿʝ. ʇʨʝʤʘ ʩʪʘʪʠʩʪʠʯʢʠʤ ʧʦʜʘʮʠʤʘ, ʟʥʘʯʘʿʘʥ ʫʜʝʦ ʫ ʧʦʞʘʨʠʤʘ ʯʠʥʝ 

ʧʦʞʘʨʠ ʥʘʩʪʘʣʠ ʥʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ, ʛʜʝ ʢʚʘʨʦʚʠ ʥʘ 

ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʧʘʩʘʥ ʠʟʚʦʨ ʪʦʧʣʦʪʝ. ɼʠʨʝʢʪʥʠʤ 

ʧʘˀʝˁʝʤ ʝʣʝʢʪʨʠʯʥʝ ʠʟʦʣʘʮʠʿʝ (ʥʘʿʯʝʰ˂ʝ PVC-ʘ) ʠʣʠ ʧʦʩʨʝʜʥʠʤ ʧʘˀʝˁʝʤ 

ʦʢʦʣʥʦʛ ʟʘʧʘˀʠʚʦʛ ʤʘʪʝʨʠʿʘʣʘ ʧʦʞʘʨʠ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʩʝ ʥʘʿʯʝʰ˂ʝ 

ʙʨʟʦ ʰʠʨʝ ʢʨʦʟ ʦʙʿʝʢʘʪ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʫ ʫʚʦʜʥʦʤ ʜʝʣʫ ʨʘʜʘ ʥʘʛʣʘʰʝʥʦ ʢʦʿʝ ʩʚʝ ʚʨʩʪʝ 

ʢʚʘʨʦʚʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʤʦʛʫ ʜʘ ʫʟʨʦʢʫʿʫ ʧʦʞʘʨ, ʘ ʧʦʩʝʙʥʘ ʧʘʞˁʘ 

ʿʝ ʧʦʩʚʝ˂ʝʥʘ ʣʦʰʝʤ ʝʣʝʢʪʨʠʯʥʦʤ ʢʦʥʪʘʢʪʫ. ʂʘʢʦ ʙʠ ʩʝ ʩʪʝʢʘʦ ʫʚʠʜ ʫ ʤʦʛʫ˂ʥʦʩʪʠ 

ʜʘ ʩʝ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʟʘʰʪʠʪʝ ʦʜ ʧʦʿʝʜʠʥʠʭ ʚʨʩʪʘ ʢʚʘʨʦʚʘ ʠ ʧʦʞʘʨʘ ʢʦʿʝ 

ʦʥʠ ʠʟʘʟʠʚʘʿʫ, ʫ ʫʚʦʜʥʦʤ ʜʝʣʫ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʧʨʠʥʮʠʧ ʨʘʜʘ ʩʚʠʭ ʢʣʘʩʠʯʥʠʭ 

ʟʘʰʪʠʪʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʠ, ʢʦʿʝ ʩʝ ʧʦ ʧʨʘʚʠʣʫ ʠʥʩʪʘʣʠʨʘʿʫ ʫ ʨʘʟʚʦʜʥʠʤ 

ʪʘʙʣʘʤʘ ʠ ʦʨʤʘʥʠʤʘ. ʂʘʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘ ʝʬʠʢʘʩʥʦʩʪ ʢʣʘʩʠʯʥʠʭ ʟʘʰʪʠʪʥʠʭ 

ʢʦʤʧʦʥʝʥʪʠ ʫ ʧʦʛʣʝʜʫ ʜʝʪʝʢʮʠʿʝ ʢʚʘʨʦʚʘ, ʟʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʩʫ ʦʥʝ ʫ ʧʦʪʧʫʥʦʩʪʠ 

ʥʝʦʩʝʪˀʠʚʝ ʥʘ ʦʧʘʩʥʫ ʧʦʿʘʚʫ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ. ʋ ʥʘʩʪʘʚʢʫ ʫʚʦʜʥʦʛ 

ʜʝʣʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʘʚʨʝʤʝʥʝ ʪʝʭʥʠʢʝ ʟʘ ʧʨʝʚʝʥʪʠʚʥʫ ʜʝʪʝʢʮʠʿʫ ʣʦʰʝʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ (ʪʝʨʤʦʚʠʟʠʿʩʢʦ ʩʥʠʤʘˁʝ), ʢʘʦ ʠ ʩʘʚʨʝʤʝʥʝ ʟʘʰʪʠʪʥʝ 

ʢʦʤʧʦʥʝʥʪʝ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʤʦʞʝ ʜʘ ʩʝ ʜʝʪʝʢʪʫʿʝ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ (ʠ ʠʩʢˀʫʯʠ 

ʩʪʨʫʿʥʦ ʢʦʣʦ ʩʘ ʢʚʘʨʦʤ), ʢʦʿʠ ʩʝ ʧʦ ʧʨʘʚʠʣʫ ʿʘʚˀʘ ʥʘ ʤʝʩʪʫ ʥʘʩʪʘʥʢʘ ʣʦʰʝʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʢʦʿʠ ʥʠʿʝ ʥʘ ʚʨʝʤʝ ʜʝʪʝʢʪʦʚʘʥ ʠ ʦʪʢʣʦˁʝʥ. ʅʘ ʢʨʘʿʫ ʫʚʦʜʥʦʛ 

ʜʝʣʘ ʜʘʪ ʿʝ ʧʨʝʛʣʝʜ ʜʦʤʘ˂ʝ ʠ ʩʪʨʘʥʝ ʨʝʛʫʣʘʪʠʚʝ ʢʦʿʘ ʩʘʜʨʞʠ ʤʝʪʦʜʝ ʠ ʧʨʦʮʝʜʫʨʝ ʟʘ 

ʧʨʦʚʝʨʫ (ʚʝʨʠʬʠʢʘʮʠʿʫ) ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ, ʩʘ 

ʧʦʩʝʙʥʠʤ ʦʩʚʨʪʦʤ ʥʘ ˁʝʥʝ ʥʝʜʦʩʪʘʪʢʝ ʫ ʧʦʛʣʝʜʫ ʜʝʪʝʢʮʠʿʝ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʢʦʥʪʘʢʘʪʘ ʠ Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ ʥʘʩʪʘʣʠʭ ʥʘ ˁʠʤʘ. ʋʚʦʜʥʠ ʜʝʦ ʩʝ ʟʘʚʨʰʘʚʘ 

ʢʦʤʧʣʝʪʥʠʤ ʧʨʝʛʣʝʜʦʤ ʧʫʙʣʠʢʦʚʘʥʠʭ ʩʪʨʫʯʥʠʭ ʠ ʥʘʫʯʥʠʭ ʨʝʟʫʣʪʘʪʘ ʫ ʈʝʧʫʙʣʠʮʠ 
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2 

 

ʉʨʙʠʿʠ ʠ ʫ ʩʚʝʪʫ ʫ ʚʝʟʠ ʩʘ ʣʦʰʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʢʦʥʪʘʢʪʦʤ, ʢʘʦ ʠ ʩʪʨʫʢʪʫʨʦʤ 

ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʠ ˁʝʥʠʤ ʧʨʝʜʤʝʪʦʤ ʠʩʪʨʘʞʠʚʘˁʘ. 

 

1.1 ʉʪʘʪʠʩʪʠʯʢʠ ʧʦʜʘʮʠ ʦ ʧʦʞʘʨʠʤʘ 

 

ʉʚʘʢʘ ʝʚʨʦʧʩʢʘ ʟʝʤˀʘ ʧʨʠʢʫʧˀʘ ʧʦʜʘʪʢʝ ʦ ʧʦʞʘʨʠʤʘ ʧʨʝʤʘ ʩʦʧʩʪʚʝʥʦʿ 

ʩʪʘʪʠʩʪʠʯʢʦʿ ʤʝʪʦʜʠ. ɱʦʰ ʫʚʝʢ ʥʝ ʧʦʩʪʦʿʝ ʝʚʨʦʧʩʢʠ ʩʪʘʥʜʘʨʜʠ ʢʦʿʠʤʘ ʩʝ 

ʜʝʬʠʥʠʰʫ ʥʘʯʠʥʠ ʧʨʠʢʫʧˀʘˁʘ, ʘʥʘʣʠʟʝ ʠ ʧʫʙʣʠʢʦʚʘˁʘ ʩʪʘʪʠʩʪʠʯʢʠʭ ʧʦʜʘʪʘʢʘ ʦ 

ʧʦʞʘʨʠʤʘ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʤʦʨʘ ʫʣʦʞʠʪʠ ʤʥʦʛʦ ʥʘʧʦʨʘ ʧʨʠ ʫʧʦʨʝʹʠʚʘˁʫ ʩʪʘʪʠʩʪʠʢʘ 

ʦ ʧʦʞʘʨʠʤʘ ʢʦʿʝ ʩʫ ʧʫʙʣʠʢʦʚʘʣʝ ʨʘʟʥʝ ʝʚʨʦʧʩʢʝ ʟʝʤˀʝ. ɺʝʣʠʢʠ ʧʨʦʙʣʝʤ 

ʧʨʝʜʩʪʘʚˀʘ ʠ ʯʠˁʝʥʠʮʘ ʜʘ ʩʝ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʨʝʣʘʪʠʚʥʦ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʧʦʞʘʨʘ 

ʢʦʿʠ ʩʝ ʧʨʠʿʘʚʝ ʚʘʪʨʦʛʘʩʥʠʤ ʙʨʠʛʘʜʘʤʘ ʥʝ ʧʨʦʩʣʝʹʫʿʝ ʥʘʮʠʦʥʘʣʥʠʤ ʙʠʨʦʠʤʘ ʠ 

ʩʣʫʞʙʘʤʘ ʟʘ ʚʦʹʝˁʝ ʩʪʘʪʠʩʪʠʢʝ ʦ ʥʘʩʪʘʣʠʤ ʧʦʞʘʨʠʤʘ. ʅʘ ʦʩʥʦʚʫ ʩʪʘʪʠʩʪʠʯʢʠʭ 

ʧʦʜʘʪʘʢʘ ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʥʧʨ. ʫ ɺʝʣʠʢʦʿ ɹʨʠʪʘʥʠʿʠ ʥʠʿʝ ʧʨʠʿʘʚˀʝʥʦ 78% 

ʧʦʞʘʨʘ, ʜʦʢ ʫ ɸʫʩʪʨʘʣʠʿʠ ʥʠʿʝ ʧʨʠʿʘʚˀʝʥʦ 75,2% ʧʦʞʘʨʘ [1]. ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ 

jʝ ʠ ʫ ʜʨʫʛʠʤ ʜʨʞʘʚʘʤʘ ʩʘʤʦ ʯʝʪʚʨʪʠʥʘ ʦʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʥʘʩʪʘʣʠʭ ʧʦʞʘʨʘ 

ʧʨʠʿʘʚˀeʥʘ ʟʘ ʩʪʘʪʠʩʪʠʯʢʫ ʦʙʨʘʜʫ. ʋʛʣʘʚʥʦʤ ʩʝ ʥʝ ʧʨʠʿʘʚˀʫʿʫ ʧʦʞʘʨʠ ʢʦʿʠ ʥʠʩʫ 

ʠʟʘʟʚʘʣʠ ʚʝʣʠʢʝ ʤʘʪʝʨʠʿʘʣʥʝ ʰʪʝʪʝ (ʧʦʞʘʨʠ ʫʛʘʰʝʥʠ ʫ ˁʠʭʦʚʦʿ ʧʦʯʝʪʥʦʿ ʬʘʟʠ) ʠ ʫ 

ʢʦʿʠʤʘ ʥʠʩʫ ʠʟʛʫʙˀʝʥʠ ˀʫʜʩʢʠ ʞʠʚʦʪʠ (ʥʠʩʫ ʙʠʣʠ ʪʟʚ. ʬʘʪʘʣʥʠ ʧʦʞʘʨʠ). 

ʋ ʠʟʚʝʰʪʘʿʫ [2] ʧʨʠʢʘʟʘʥʘ ʿʝ ʩʪʘʪʠʩʪʠʢʘ ʧʦʞʘʨʘ ʫ ɽʚʨʦʧʠ ʟʘ ʥʝʢʦʣʠʢʦ 

ʝʚʨʦʧʩʢʠʭ ʟʝʤʘˀʘ ʟʘ ʢʦʿʝ ʩʫ ʜʦʙʠʿʝʥʠ ʧʦʜʘʮʠ ʦ ʧʦʞʘʨʠʤʘ ʠ ʞʨʪʚʘʤʘ. ʇʦʜʘʮʠ 

ʧʨʠʢʘʟʘʥʠ ʫ ʪʦʤ ʜʦʢʫʤʝʥʪʫ ʦʜʥʦʩʝ ʩʝ ʥʘ ʩʚʝ ʧʦʞʘʨʘ ʢʦʿʠ ʩʫ ʥʘʩʪʘʿʘʣʠ ʢʘʢʦ ʫ 

ʜʦʤʘ˂ʠʥʩʪʚʠʤʘ ʪʘʢʦ ʠ ʫ ʧʦʩʣʦʚʥʠʤ ʠ ʿʘʚʥʠʤ ʦʙʿʝʢʪʠʤʘ. ʋ ʜʦʢʫʤʝʥʪʫ ʿʝ ʪʘʢʦʹʝ 

ʢʦʥʩʪʘʪʦʚʘʥʦ ʜʘ ʿʝ ʪʝʰʢʦ ʫʧʦʨʝʹʠʚʘʪʠ ʩʪʘʪʠʩʪʠʢʝ ʨʘʟʣʠʯʠʪʠʭ ʜʨʞʘʚʘ, ʿʝʨ ʩʫ 

ʧʦʜʘʮʠ ʥʘʮʠʦʥʘʣʥʠʭ ʩʪʘʪʠʩʪʠʯʢʠʭ ʙʠʨʦʘ ʠ ʩʣʫʞʙʠ ʨʘʟʥʦʚʨʩʥʠ: ʧʦʿʝʜʠʥʠ ʙʠʨʦʠ ʠ 

ʩʣʫʞʙʝ ʩʫ ʧʨʠʢʘʟʘʣʠ ʧʦʜʘʪʢʝ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʩʘʤʦ ʥʘ ʙʨʦʿ ʬʘʪʘʣʥʠʭ ʧʦʞʘʨʘ, ʜʦʢ ʩʫ 

ʜʨʫʛʠ ʧʨʠʢʘʟʘʣʠ ʦʜʚʦʿʝʥʦ ʠʣʠ ʟʘʿʝʜʥʦ ʧʦʜʘʪʢʝ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʤʘʣʝ ʠ ʬʘʪʘʣʥʝ 

ʧʦʞʘʨʝ. ʆʜ ʝʚʨʦʧʩʢʠʭ ʜʨʞʘʚʘ, ʥʘʿʢʦʤʧʣʝʪʥʠʿʫ ʩʪʘʪʠʩʪʠʢʫ ʦ ʧʦʞʘʨʠʤʘ ʧʨʠʢʘʟʘʣʠ 

ʩʫ ʥʘʮʠʦʥʘʣʥʠ ʩʪʘʪʠʩʪʠʯʢʠ ʙʠʨʦʠ ʠ ʩʣʫʞʙʝ ɺʝʣʠʢʝ ɹʨʠʪʘʥʠʿʝ [3] ʠ ʍʦʣʘʥʜʠʿʝ [4]. 

ʆʩʠʤ ʧʦʜʘʪʘʢʘ ʠʟ ʝʚʨʦʧʩʢʠʭ ʜʨʞʘʚʘ, ʟʥʘʯʘʿʥʠ ʩʫ ʠ ʩʪʘʪʠʩʪʠʯʢʠ ʧʦʜʘʮʠ ʠʟ ʉɸɼ, 

ʂʘʥʘʜʝ, ɸʫʩʪʨʘʣʠʿʝ ʠ ʅʦʚʦʛ ɿʝʣʘʥʜʘ, ʢʦʿʠ ʩʫ ʪʘʢʦʹʝ ʚʝʦʤʘ ʜʝʪʘˀʥʦ ʠ 

ʩʚʝʦʙʫʭʚʘʪʥʦ ʦʙʨʘʹʝʥʠ ʠ ʧʨʠʢʘʟʘʥʠ. 
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3 

 

ɹʨʦʿ ʧʦʞʘʨʘ ʥʘ 1000 ʩʪʘʥʦʚʥʠʢʘ ʟʘ 18 ʜʨʞʘʚʘ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ ʘʥʘʣʠʟʠʨʘʥ ʿʝ 

ʫ ʠʟʚʝʰʪʘʿʫ [5]. ʈʘʟʣʠʢʝ ʩʫ ʚʝʦʤʘ ʚʝʣʠʢʝ. ʅʘ ʧʨʠʤʝʨ, ʠʩʪʠʯʝ ʩʝ ʜʘ ʿʝ ʙʨʦʿ ʧʦʞʘʨʘ 

ʥʘ 1000 ʩʪʘʥʦʚʥʠʢʘ ʚʝʦʤʘ ʤʘʣʠ ʫ ʍʦʣʘʥʜʠʿʠ ʠ ʉʣʦʚʘʯʢʦʿ (ʛʜʝ ʨʝʜʦʤ ʠʟʥʦʩʝ 0,8 ʠ 

1,9), ʘ ʚʝʦʤʘ ʚʝʣʠʢʠ ʫ ɺʝʣʠʢʦʿ ɹʨʠʪʘʥʠʿʠ, ʀʨʩʢʦʿ ʠ ɽʩʪʦʥʠʿʠ (ʛʜʝ ʨʝʜʦʤ ʠʟʥʦʩʝ 

7,4, 7,6 ʠ 8,9). 

ʇʦʜʘʮʠ ʜʦʙʠʿʝʥʠ ʟʘ 27 ʟʝʤʘˀʘ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʿʝ ʥʧʨ. ʫ 

2004. ʛʦʜʠʥʠ ʫ ʧʦʞʘʨʠʤʘ ʫʢʫʧʥʦ ʧʦʛʠʥʫʣʦ ʧʨʝʢʦ 8000 ʦʩʦʙʘ. CTIF (International 

Association of Fire and Rescue Service) ʦʙʿʘʚʠʦ ʿʝ ʠʟʚʝʰʪʘʿ [5] ʫ ʢʦʤʝ ʩʝ ʥʘʚʦʜʠ ʜʘ 

ʩʫ ʫ ʧʦʞʘʨʠʤʘ 2004. ʛʦʜʠʥʝ ʫ ɽʩʪʦʥʠʿʠ, ʃʝʪʦʥʠʿʠ, ʃʠʪʚʘʥʠʿʠ, ʉʣʦʚʘʯʢʦʿ, 

ʄʘʹʘʨʩʢʦʿ, ɹʫʛʘʨʩʢʦʿ, ʇʦˀʩʢʦʿ, ʏʝʰʢʦʿ, ʉʣʦʚʝʥʠʿʠ, ɸʫʩʪʨʠʿʠ, ʅʝʤʘʯʢʦʿ, 

ʌʨʘʥʮʫʩʢʦʿ, ɻʨʯʢʦʿ, ʍʦʣʘʥʜʠʿʠ, ʀʨʩʢʦʿ, ɺʝʣʠʢʦʿ ɹʨʠʪʘʥʠʿʠ, ʐʚʝʜʩʢʦʿ ʠ ʌʠʥʩʢʦʿ 

ʧʦʛʠʥʫʣʝ 5483 ʦʩʦʙʝ. ʇʦʜʘʮʠ ʦ ʙʨʦʿʫ ʩʪʨʘʜʘʣʠʭ ʟʘ ɼʘʥʩʢʫ, ɹʝʣʛʠʿʫ, ʃʫʢʩʝʤʙʫʨʛ, 

ʀʪʘʣʠʿʫ, ʐʧʘʥʠʿʫ, ʇʦʨʪʫʛʘʣ, ʂʠʧʘʨ, ʄʘʣʪʫ ʠ ʈʫʤʫʥʠʿʫ ʥʠʩʫ ʙʠʣʠ ʦʙʝʟʙʝʹʝʥʠ ʦʜ 

ʩʪʨʘʥʝ ˁʠʭʦʚʠʭ ʥʘʮʠʦʥʘʣʥʠʭ ʩʪʘʪʠʩʪʠʯʢʠʭ ʙʠʨʦʘ, ʘʣʠ ʿʝ ˁʠʭʦʚ ʙʨʦʿ ʧʨʦʮʝˁʝʥ ʥʘ 

2665 ʦʩʦʙʘ. ʇʨʦʮʝʥʘ ʿʝ ʠʟʚʨʰʝʥʘ ʥʘ ʦʩʥʦʚʫ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʦʜ 17,3 ʧʦʛʠʥʫʣʘ ʫ 

ʧʦʞʘʨʠʤʘ ʥʘ ʤʠʣʠʦʥ ʩʪʘʥʦʚʥʠʢʘ, ʢʦʿʠ ʿʝ ʧʦʟʥʘʪ ʟʘ 154,4 ʤʠʣʠʦʥʘ ʩʪʘʥʦʚʥʠʢʘ 

ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ, ʠ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʩʪʘʥʦʚʥʠʢʘ ʦʥʠʭ ʟʝʤʘˀʘ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ ʟʘ ʢʦʿʝ 

ʩʪʘʪʠʩʪʠʯʢʠ ʧʦʜʘʮʠ ʥʠʩʫ ʙʠʣʠ ʜʦʩʪʫʧʥʠ. 

ɹʨʦʿ ʩʪʨʘʜʘʣʠʭ ʫ ʧʦʞʘʨʠʤʘ ʥʘʿʚʝ˂ʠ ʿʝ ʫ ʇʦˀʩʢʦʿ, ɺʝʣʠʢʦʿ ɹʨʠʪʘʥʠʿʠ, 

ʌʨʘʥʮʫʩʢʦʿ ʠ ʅʝʤʘʯʢʦʿ (450ï550 ʩʪʨʘʜʘʣʠʭ ʫ ʧʦʞʘʨʠʤʘ ʛʦʜʠʰˁʝ). ʄʝʹʫʪʠʤ, ʙʨʦʿ 

ʧʦʛʠʥʫʣʠʭ ʥʘ ʤʠʣʠʦʥ ʩʪʘʥʦʚʥʠʢʘ ʥʘʿʚʝ˂ʠ ʿʝ ʫ ʃʝʪʦʥʠʿʠ, ɽʩʪʦʥʠʿʠ ʠ ʃʠʪʚʘʥʠʿʠ 

(ʛʜʝ ʨʝʜʦʤ ʠʟʥʦʩʠ 60, 55 ʠ 53), ʘ ʚʝʦʤʘ ʿʝ ʤʘʣʠ ʫ ʍʦʣʘʥʜʠʿʠ, ʅʝʤʘʯʢʦʿ ʠ ɸʫʩʪʨʠʿʠ 

(ʛʜʝ ʠʟʥʦʩʠ ʦʢʦ 5). 

ʋ ʩʚʝʪʩʢʠʤ ʩʪʘʪʠʩʪʠʢʘʤʘ ʫʟʨʦʮʠ ʧʦʞʘʨʘ ʩʝ ʜʝʣʝ ʫ ʜʚʝ ʛʨʫʧʝ: ʫʟʨʦʮʠ 

ʧʦʞʘʨʘ ʥʘʩʪʘʣʠ ʫʩʣʝʜ ʥʝʟʥʘˁʘ ˀʫʜʠ, ˁʠʭʦʚʝ ʥʝʩʤʦʪʨʝʥʦʩʪʠ, ʥʝʤʘʨʥʦʩʪʠ, ʢʘʦ ʠ 

ʟʘʩʪʘʨʝʣʦʩʪʠ ʠ ʢʚʘʨʦʚʘ ʥʘ ʫʛʨʘʹʝʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʠ ʫʟʨʦʮʠ 

ʧʦʞʘʨʘ ʥʘʩʪʘʣʠ ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʠʿʝʤʥʠʢʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʢʘʜʘ ʛʨʝʰʢʝ ʫ 

ˁʠʭʦʚʦʿ ʠʟʚʝʜʙʠ ʠʣʠ ʜʦʪʨʘʿʘʣʦʩʪʠ ʤʦʛʫ ʜʘ ʜʦʚʝʜʫ ʜʦ ʧʦʞʘʨʘ. ʆʩʪʘʣʠ ʬʘʢʪʦʨʠ 

ʢʦʿʠ ʧʨʫʞʘʿʫ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʩʮʝʥʘʨʠʿʫ ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ ʩʫ ʚʨʝʤʝ ʜʝʪʝʢʮʠʿʝ ʧʨʚʝ 

ʧʦʿʘʚʝ ʧʦʞʘʨʘ, ʚʨʝʤʝ ʟʘ ʫʟʙʫˁʠʚʘˁʝ ʠ ʜʦʣʘʟʘʢ ʚʘʪʨʦʛʘʩʥʝ ʙʨʠʛʘʜʝ ʥʘ ʤʝʩʪʦ 

ʧʦʞʘʨʘ, ʧʦʩʪʦʿʘˁʝ ʩʪʘʙʠʣʥʠʭ ʩʠʩʪʝʤʘ ʟʘ ʘʫʪʦʤʘʪʩʢʫ ʜʦʿʘʚʫ ʠ ʛʘʰʝˁʝ ʧʦʞʘʨʘ ʠʪʜ. 
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ʋ ʠʟʚʝʰʪʘʿʫ [5] ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʛʣʘʚʥʠ ʨʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʫʟʨʦʢʘ 

ʧʦʞʘʨʘ ʫ ʥʝʢʦʣʠʢʦ ʝʚʨʦʧʩʢʠʭ ʟʝʤʘˀʘ, ʢʘʦ ʠ ʫ ʨʘʟʚʠʿʝʥʠʤ ʟʝʤˀʘʤʘ ʟʘʧʘʜʥʦʛ ʩʚʝʪʘ. 

ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʫʟʨʦʢʘ ʧʦʞʘʨʘ ʚʘʨʠʨʘ ʦʜ ʟʝʤˀʝ ʜʦ ʟʝʤˀʝ, ʘʣʠ ʩʝ ʫ ʚʝ˂ʠʥʠ 

ʠʟʚʝʰʪʘʿʘ ʧʦʤʠˁʫ ʩʣʝʜʝ˂ʠ ʫʟʨʦʮʠ ʧʦʞʘʨʘ: 

- ʧʠʨʦʤʘʥʠʿʘ, 

- ʧʫʰʝˁʝ, 

- ʢʫʚʘˁʝ, 

- ʫʧʦʪʨʝʙʘ ʩʚʝ˂ʘ, 

- ʫʧʦʪʨʝʙʘ ʧʨʠʿʝʤʥʠʢʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, 

- ʫʧʦʪʨʝʙʘ ʛʨʝʿʥʠʭ ʪʝʣʘ, 

- ʠʛʨʘˁʝ ʚʘʪʨʦʤ ʠʪʜ. 

ʅʘ ʧʨʚʠ ʧʦʛʣʝʜ ʩʝ ʤʦʞʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʥʝ ʧʦʩʪʦʿʠ ʧʦʩʝʙʥʦ ʠʟʜʚʦʿʝʥʘ ʮʝʣʠʥʘ 

ʫ ʢʦʿʦʿ ʩʝ ʢʘʦ ʫʟʨʦʢ ʧʦʞʘʨʘ ʥʘʚʦʜʠ ʢʦʨʠʰ˂ʝˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʅʠʩʫ ʫʟʝʪʠ ʫ 

ʦʙʟʠʨ ʧʦʞʘʨʠ ʢʦʿʠ ʥʘʩʪʘʿʫ ʥʘ ʫʛʨʘʹʝʥʦʿ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ (ʢʦʿʘ ʩʣʫʞʠ ʟʘ 

ʧʨʝʥʦʩ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʜʦ ʧʨʠʿʝʤʥʠʢʘ), ʚʝ˂ ʩʫ ʩʘʤʦ ʘʥʘʣʠʟʠʨʘʥʠ ʧʦʞʘʨʠ ʢʦʿʝ 

ʠʟʘʟʠʚʘʿʫ ʧʨʠʿʝʤʥʠʮʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʛʨʝʿʥʘ ʪʝʣʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʧʨʘʚʠ 

ʛʨʫʙʘ ʛʨʝʰʢʘ ʠ ʧʘʞˁʘ ʩʢʨʝ˂ʝ ʩʘ ʧʨʘʚʦʛ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʩʪʘʣʥʫ 

ʦʧʘʩʥʦʩʪ ʦʜ ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ ï ʪʦ ʩʫ ʩʪʘʨʝ ʠ ʥʝʦʜʨʞʘʚʘʥʝ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ. 

ʋ ʪʘʙʝʣʠ 1 ʿʝ ʧʨʠʢʘʟʘʥ ʧʨʝʛʣʝʜ ʬʘʪʘʣʥʠʭ ʧʦʞʘʨʘ (ʩʘ ʛʫʙʠʮʠʤʘ ˀʫʜʩʢʠʭ 

ʞʠʚʦʪʘ), ʢʦʿʠ ʩʫ ʨʘʟʚʨʩʪʘʥʠ ʧʨʝʤʘ ʫʟʨʦʢʫ ʧʦʞʘʨʘ. 

 

ʊʘʙʝʣʘ 1. ʇʨʝʛʣʝʜ ʬʘʪʘʣʥʠʭ ʧʦʞʘʨʘ [5] 

ʋʟʨʦʢ 
ɺʝʣʠʢʘ 

ɹʨʠʪʘʥʠʿʘ 
ʍʦʣʘʥʜʠʿʘ ʐʚʝʜʩʢʘ ʉɸɼ 

ʅʦʚʠ 

ɿʝʣʘʥʜ 

ʅʘʤʝʨʥʦ ʠʟʘʟʚʘʥ 

ʧʦʞʘʨ 
35,4% 9% 8,3% 11,5% 4,6% 

ʇʫʰʝˁʝ 16,7% 31% 29,8% 7,8% 13,1% 

ʂʫʚʘˁʝ 5,6% 9% 5,8% 2,2% 16,9% 

ʋʧʦʪʨʝʙʘ ʩʚʝ˂ʘ 5,8% 3% 5% 5,6% 10% 

ʇʨʠʿʝʤʥʠʮʠ 

ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ 

7,6% 21% 12,4% 3,4% 13,1% 

ʋʧʦʪʨʝʙʘ 

ʛʨʝʿʥʠʭ ʪʝʣʘ 
1,5% 3% 5,8% 3,4% 6,9% 

ʅʝʩʤʦʪʨʝʥʦʩʪ 0,5% 12% 2,5%  4,6% 

ʀʛʨʘˁʝ ʚʘʪʨʦʤ 3,3% 6% 0% 1,5% 9,2% 

ʆʩʪʘʣʦ 23,5% 6% 0% 6,8% 13,9% 

ʅʝʧʦʟʥʘʪ 0,1% 0% 30,4% 57,8% 7,7% 
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ʅʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʧʨʠʢʘʟʘʥʠʭ ʫ ʪʘʙʝʣʠ 1 ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʥʘʿʚʝ˂ʠ 

ʙʨʦʿ ʬʘʪʘʣʥʠʭ ʧʦʞʘʨʘ ʥʘʩʪʘʦ ʫʩʣʝʜ ʧʫʰʝˁʘ. ʉʣʝʜʝ˂ʠ ʫʟʨʦʯʥʠʮʠ ʧʦ ʧʨʦʮʝʥʪʫ 

ʫʯʝʩʪʘʣʦʩʪʠ ʥʘʩʪʘʥʢʘ ʬʘʪʘʣʥʠʭ ʧʦʞʘʨʘ ʩʫ ʨʘʜʥʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʢʫʭʠˁʠ ʠ ʫʧʦʪʨʝʙʘ 

ʧʨʠʿʝʤʥʠʢʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. 

 

1.1.1 ʉʚʝʪʩʢʠ ʩʪʘʪʠʩʪʠʯʢʠ ʧʦʜʘʮʠ ʦ ʧʦʞʘʨʠʤʘ ʯʠʿʠ ʩʫ ʫʟʨʦʢ ʝʣʝʢʪʨʠʯʥʝ 

ʠʥʩʪʘʣʘʮʠʿʝ ʠ ʧʨʠʿʝʤʥʠʮʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

 

ʋ ʜʘˀʦʿ ʘʥʘʣʠʟʠ ʩʚʝʪʩʢʝ ʩʪʘʪʠʩʪʠʢʝ ʦ ʥʘʩʪʘʣʠʤ ʧʦʞʘʨʠʤʘ ʧʦʩʝʙʥʘ ʧʘʞˁʘ 

ʿʝ ʧʦʩʚʝ˂ʝʥʘ ʧʦʞʘʨʠʤʘ ʥʘʩʪʘʣʠʤ ʥʘ ʧʨʠʿʝʤʥʠʮʠʤʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ 

ʫʛʨʘʹʝʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ, ʿʝʨ ʩʫ ʦʥʠ ʦʜ ʧʦʩʝʙʥʦʛ ʠʥʪʝʨʝʩʘ ʟʘ 

ʧʨʦʙʣʝʤʘʪʠʢʫ ʢʦʿʫ ʦʙʨʘʹʫʿʝ ʦʚʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ. ʊʘʯʥʦ ʿʝ ʜʘ, ʩʪʘʪʠʩʪʠʯʢʠ 

ʛʣʝʜʘʥʦ, ʙʨʦʿ ʧʦʞʘʨʘ ʢʦʿʝ ʩʫ ʠʟʘʟʚʘʣʝ ʛʨʝʰʢʝ ʫ ʨʘʜʫ ʧʨʠʿʝʤʥʠʢʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʥʠʿʝ ʚʝʣʠʢʠ. ʄʝʹʫʪʠʤ, ʨʝʯ ʝʿ ʩʘʤʦ ʦ ʧʦʞʘʨʠʤʘ ʥʘ ʧʨʠʿʝʤʥʠʮʠʤʘ ʢʘʦ 

ʤʘʣʦʤ ʜʝʣʫ ʫʢʫʧʥʦʛ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʠ ʘʧʘʨʘʪʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ 

ʦʙʿʝʢʪʫ. ɹʨʦʿ ʢʚʘʨʦʚʘ ʥʘ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʫʛʨʘʹʝʥʦʿ ʫ ʦʙʿʝʢʘʪ ʟʥʘʯʘʿʥʦ ʿʝ 

ʚʝ˂ʠ (ʰʪʦ ˂ʝʤʦ ʢʘʩʥʠʿʝ ʚʠʜʝʪʠ ʠʟ ʩʪʘʪʠʩʪʠʯʢʠʭ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʉɸɼ, 

ʢʦʠʿ ʩʫ ʥʘʿʜʝʪʘˀʥʠʿʠ ʧʦ ʦʚʦʤ ʧʠʪʘˁʫ). ʄʦʞʝ ʩʝ ʩʘ ʚʝʣʠʢʦʤ ʚʝʨʦʚʘʪʥʦ˂ʦʤ 

ʧʨʝʪʧʦʩʪʘʚʠʪʠ ʜʘ ʩʝ ʫ ʧʦʞʘʨʠʤʘ ʯʠʿʠ ʫʟʨʦʮʠ ʥʠʩʫ ʨʘʩʚʝʪˀʝʥʠ ʢʨʠʿʝ ʚʝʣʠʢʠ ʙʨʦʿ 

ʧʦʞʘʨʘ ʯʠʿʠ ʿʝ ʫʟʨʦʢ ʢʚʘʨ ʥʘ ʫʛʨʘʹʝʥʦʿ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ. ʅʝʧʨʦʧʠʩʥʦ 

ʧʨʦʿʝʢʪʦʚʘʥʝ ʠʣʠ ʥʝʧʨʘʚʠʣʥʦ ʠʟʚʝʜʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ, ˁʠʭʦʚʦ 

ʧʨʝʦʧʪʝʨʝ˂ʝˁʝ, ʢʘʦ ʠ ʢʦʨʠʰ˂ʝˁʝ ʥʝʢʚʘʣʠʪʝʪʥʠʭ (ʥʝʩʝʨʪʠʬʠʢʦʚʘʥʠʭ) ʧʨʦʜʫʞʥʠʭ 

ʢʘʙʣʦʚʘ ʠ ʜʨʫʛʠʭ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ, ʫʟʨʦʮʠ ʩʫ ʚʝʣʠʢʦʛ ʙʨʦʿʘ 

ʧʦʞʘʨʘ. 

ʇʨʝʤʘ ʩʪʘʪʠʩʪʠʯʢʠʤ ʧʦʜʘʮʠʤʘ ʅʘʮʠʦʥʘʣʥʦʛ ʚʘʪʨʦʛʘʩʥʦʛ ʜʨʫʰʪʚʘ ʉɸɼ [6], 

ʧʨʠʢʫʧˀʝʥʠʤ ʫ ʧʝʨʠʦʜʫ 1993ï1997. ʛʦʜʠʥʝ, ʫ ʉɸɼ ʩʝ ʪʦʢʦʤ ʦʚʦʛ ʧʝʨʠʦʜʘ ʫ 

ʩʪʘʤʙʝʥʠʤ ʦʙʿʝʢʪʠʤʘ ʛʦʜʠʰˁʝ ʜʦʛʦʜʠʣʦ ʦʢʦ 41.200 ʧʦʞʘʨʘ ʠʟʘʟʚʘʥʠʭ ʥʝʢʦʤ 

ʚʨʩʪʦʤ ʢʚʘʨʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ. ʋ ʧʦʩʤʘʪʨʘʥʠʤ ʧʦʞʘʨʠʤʘ ʩʝ ʥʘ 

ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ ʜʦʛʦʜʠʣʦ 336 ʩʤʨʪʥʠʭ ʩʣʫʯʘʿʝʚʘ ʠ 1446 ʧʦʚʨʝʜʘ ʮʠʚʠʣʘ, ʜʦʢ ʿʝ 

ʤʘʪʝʨʠʿʘʣʥʘ ʰʪʝʪʘ ʠʟʥʦʩʠʣʘ 643,9 ʤʠʣʠʦʥʘ ʘʤʝʨʠʯʢʠʭ ʜʦʣʘʨʘ. ʇʦʞʘʨʠ ʥʘʩʪʘʣʠ 

ʫʩʣʝʜ ʢʚʘʨʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫʯʝʩʪʚʦʚʘʣʠ ʩʫ ʩʘ 9,7% ʫ ʫʢʫʧʥʦʤ 

ʙʨʦʿʫ ʧʦʞʘʨʘ ʥʘʩʪʘʣʠʭ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʧʝʨʠʦʜʫ ʫ ʉɸɼ, ʟʘʭʚʘˀʫʿʫ˂ʠ ʯʝʤʫ ʩʫ 

ʟʘʫʟʝʣʠ ʧʝʪʦ ʤʝʩʪʦ ʥʘ ʣʠʩʪʠ ʦʜ 12 ʥʘʿʯʝʰ˂ʠʭ ʚʨʩʪʘ ʧʦʞʘʨʘ (ʨʘʟʚʨʩʪʘʥʠʭ ʧʨʝʤʘ 
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ʫʟʨʦʢʫ). ʄʘʪʝʨʠʿʘʣʥʘ ʰʪʝʪʘ ʦʜ 643,9 ʤʠʣʠʦʥʘ ʜʦʣʘʨʘ ʧʨʝʜʩʪʘʚˀʘ 14,4% ʫʢʫʧʥʝ 

ʤʘʪʝʨʠʿʘʣʥʝ ʰʪʝʪʝ ʥʘʩʪʘʣʝ ʫ ʩʚʠʤ ʧʦʞʘʨʠʤʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʧʝʨʠʦʜʫ, ʩʪʘʚˀʘʿʫ˂ʠ 

ʢʚʘʨʦʚʝ ʫ ʚʝʟʠ ʩʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʥʘ ʜʨʫʛʦ ʤʝʩʪʦ ʨʘʥʛ-ʣʠʩʪʝ 

ʫʟʨʦʯʥʠʢʘ. ʋ ʪʘʙʝʣʠ 2 ʧʨʠʢʘʟʘʥʘ ʿʝ ʧʨʦʮʝʥʪʫʘʣʥʘ ʨʘʩʧʦʜʝʣʘ ʧʦʞʘʨʘ ʫ ʉɸɼ 

ʠʟʘʟʚʘʥʠʭ ʢʚʘʨʦʤ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʧʨʝʤʘ ʤʝʩʪʫ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ ʫ 

ʥʘʧʨʝʜ ʧʦʤʝʥʫʪʦʤ ʧʝʨʠʦʜʫ 1993ï1997. 

 

ʊʘʙʝʣʘ 2. ʇʨʦʮʝʥʪʫʘʣʥʘ ʨʘʩʧʦʜʝʣʘ ʧʦʞʘʨʘ ʧʨʝʤʘ ʤʝʩʪʫ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ [6] 

ʄɽʉʊʆ ʅɸʉʊɸʅʂɸ ʂɺɸʈɸ % 

ʇʨʦʚʦʜʥʠʮʠ ʫʛʨʘʹʝʥʠ ʫ ʦʙʿʝʢʪʠʤʘ 34,7 

ʂʘʙʣʦʚʠ ʠ ʫʪʠʢʘʯʠ 17,2 

ʉʚʝʪʠˀʢʝ 12,4 

ʇʨʝʢʠʜʘʯʠ, ʧʨʦʜʫʞʥʠ ʢʘʙʣʦʚʠ ʠ ʫʪʠʯʥʠʮʝ 11,4 

ʀʟʚʦʨʠ ʩʚʝʪʣʦʩʪʠ 8,3 

ʆʩʠʛʫʨʘʯʠ, ʛʣʘʚʥʠ ʧʨʝʢʠʜʘʯʠ, ʨʘʟʚʦʜʥʝ ʪʘʙʣʝ 5,6 

ʄʝʨʥʠ ʫʨʝʹʘʿʠ ʠ ˁʠʭʦʚʘ ʢʫ˂ʠʰʪʘ 2,2 

ɽʥʝʨʛʝʪʩʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ 1,0 

ʆʉʊɸʃʆ 7,2 

 

ʄʝʹʫʪʠʤ, ʥʘ ʦʩʥʦʚʫ ʚʝʣʠʢʠʭ ʤʘʪʝʨʠʿʘʣʥʠʭ ʛʫʙʠʪʘʢʘ ʠʟʘʟʚʘʥʠʭ ʧʦʞʘʨʠʤʘ 

ʢʦʿʠ ʩʫ ʥʘʩʪʘʣʠ ʫʩʣʝʜ ʢʚʘʨʦʚʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʥʝ ʤʦʞʝ ʩʝ ʠʟʚʫ˂ʠ 

ʟʘʢˀʫʯʘʢ ʜʘ ʩʫ ʠʟʚʝʜʝʥʠ ʩʠʩʪʝʤʠ ʥʘʧʘʿʘˁʘ ʧʨʠʢˀʫʯʝʥʠʭ ʧʨʠʿʝʤʥʠʢʘ ʥʝʧʦʫʟʜʘʥʠ 

(ʚʝʟʘ ʧʨʠʿʝʤʥʠʢʘ ʧʨʝʢʦ ʫʛʨʘʜʥʠʭ ʫʪʠʯʥʠʮʘ ʠ ʧʨʦʜʫʞʥʠʭ ʢʘʙʣʦʚʘ). ɼʦʢʘʟ ʟʘ ʦʚʫ 

ʪʚʨʜˁʫ ʩʝ ʣʘʢʦ ʠʟʚʦʜʠ: ʫ ʉɸɼ, ʫ ʦʢʦ 100 ʤʠʣʠʦʥʘ ʩʪʘʤʙʝʥʠʭ ʿʝʜʠʥʠʮʘ ʩʘ 

ʧʨʦʩʝʯʥʦ 5,4 ʩʦʙʝ, ʞʠʚʠ ʦʢʦ 270 ʤʠʣʠʦʥʘ ˀʫʜʠ. ɸʢʦ ʫ ʩʚʘʢʦʿ ʩʦʙʠ ʧʦʩʪʦʿʝ ʯʝʪʠʨʠ 

ʫʪʠʯʥʠʮʝ, ʙʨʦʿ ʤʦʛʫ˂ʠʭ ʧʨʠʢˀʫʯʝʥʠʭ ʧʨʠʿʝʤʥʠʢʘ ʠʟʥʦʩʠ: 

4Ā5,4Ā100Ā10
6
=2,16 ʤʠʣʠʿʘʨʜʠ. ʇʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʨʝʜʫʢʮʠʿʫ ʜʦʙʠʿʝʥʦʛ ʙʨʦʿʘ 

ʟʙʦʛ ʯʠˁʝʥʠʮʝ ʜʘ ʥʠʩʫ ʥʘ ʩʚʠʤ ʫʪʠʯʥʠʮʘʤʘ ʫʚʝʢ ʧʨʠʢˀʫʯʝʥʠ ʧʨʠʿʝʤʥʠʮʠ. ʄʦʞʝ 

ʩʝ ʦʧʨʘʚʜʘʥʦ ʧʨʝʪʧʦʩʪʘʚʠʪʠ ʜʘ ʿʝ ʥʘ ʧʦʣʦʚʠʥʫ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʫʪʠʯʥʠʮʘ ʜʠʨʝʢʪʥʦ 

ʧʨʠʢˀʫʯʝʥ ʧʨʠʿʝʤʥʠʢ. ɸʢʦ ʧʨʝʪʧʦʩʪʘʚʠʤʦ ʜʘ ʩʫ ʥʘ ʧʦʣʦʚʠʥʫ ʧʨʝʦʩʪʘʣʠʭ 

ʫʪʠʯʥʠʮʘ ʧʨʠʢˀʫʯʝʥʠ ʧʨʦʜʫʞʥʠ ʢʘʙʣʦʚʠ ʥʘ ʢʦʿʠʤʘ, ʫ ʧʨʦʩʝʢʫ, ʿʝʜʥʘ ʫʪʠʯʥʠʮʘ 

ʥʘʧʘʿʘ ʧʨʠʿʝʤʥʠʢ, ʩʪʚʘʨʘʥ ʙʨʦʿ ʧʨʠʿʝʤʥʠʢʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʉɸɼ ʤʦʞʝ ʜʘ ʩʝ 

ʧʨʦʮʝʥʠ ʥʘ Ĳ ʦʜ 2,16 ʤʠʣʠʿʘʨʜʠ, ʦʜʥʦʩʥʦ 1,62 ʤʠʣʠʿʘʨʜʝ. ʂʘʢʦ, ʧʨʝʤʘ ʥʘʧʨʝʜ 

ʧʦʤʝʥʫʪʦ ʿʩʪʘʪʠʩʪʠʮʠ [6], 0,114Ā41.200å4700 ʧʦʞʘʨʘ ʛʦʜʠʰˁʝ ʥʘʩʪʘʿʝ ʫʩʣʝʜ ʢʚʘʨʘ 

ʥʘ ʧʨʝʢʠʜʘʯʠʤʘ, ʧʨʦʜʫʞʥʠʤ ʢʘʙʣʦʚʠʤʘ ʠ ʫʪʠʯʥʠʮʘʤʘ, ʠ ʢʘʢʦ, ʧʨʝʤʘ ʠʩʪʦʿ 

ʩʪʘʪʠʩʪʠʮʠ, ʦʥʠ ʫʯʝʩʪʚʫʿʫ ʩʘ ʩʘʤʦ 28,6% ʫ ʥʘʚʝʜʝʥʦʤ ʙʨʦʿʫ ʧʦʞʘʨʘ (4700), 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

7 

 

ʟʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʿʝ ʦʢʦ 1344 ʧʦʞʘʨʘ ʛʦʜʠʰˁʝ ʥʘʩʪʘʣʦ ʫʩʣʝʜ ʢʚʘʨʘ ʥʘ ʚʝʟʠ 

ʧʨʠʿʝʤʥʠʢʘ ʠ ʠʟʚʦʨʘ ʥʘʧʘʿʘˁʘ. ɼʘʢʣʝ, ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ ʦʜ 

ʛʦʜʠʥʫ ʜʘʥʘ ʢʦʥʢʨʝʪʥʘ ʚʝʟʘ ʧʨʠʿʝʤʥʠʢïʫʪʠʯʥʠʮʘ ʠʟʘʟʦʚʝ ʧʦʞʘʨ ʧʨʦʮʝˁʫʿʝ ʩʝ ʥʘ 

1344/1,62Ā10
9
 ʠʣʠ 0,83Ā10

-6
. ɺʝʦʤʘ ʤʘʣʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ ʫʟʨʦʢʦʚʘʥʠʭ 

ʦʚʘʢʚʠʤ ʢʚʘʨʦʚʠʤʘ ʧʦʢʘʟʫʿʝ ʜʘ ʩʫ ʠʟʚʝʜʝʥʠ ʩʠʩʪʝʤʠ ʥʘʧʘʿʘˁʘ ʧʨʠʢˀʫʯʝʥʠʭ 

ʧʨʠʿʝʤʥʠʢʘ ʧʦʫʟʜʘʥʠ ʩʘ ʘʩʧʝʢʪʘ ʠʟʘʟʠʚʘˁʘ ʧʦʞʘʨʘ. ʄʝʹʫʪʠʤ, ʠʘʢʦ ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ 

ʥʘʩʪʘʥʢʘ ʦʚʘʢʚʠʭ ʢʚʘʨʦʚʘ ʤʘʣʘ, ʧʨʦʙʣʝʤ ʿʝ ʫ ʯʠˁʝʥʠʮʠ ʜʘ ʿʝ ʥʘ ʥʠʩʢʦʥʘʧʦʥʩʢʫ 

ʜʠʩʪʨʠʙʫʪʠʚʥʫ ʤʨʝʞʫ ʧʨʠʢˀʫʯʝʥ ʝʢʩʪʨʝʤʥʦ ʚʝʣʠʢʠ ʙʨʦʿ ʧʨʠʿʝʤʥʠʢʘ, ʢʦʿʠ ʨʘʩʪʝ 

ʠʟ ʜʘʥʘ ʫ ʜʘʥ. 

ʋ ʝʚʨʦʧʩʢʠʤ ʜʨʞʘʚʘʤʘ ʫ ʢʦʿʠʤʘ ʧʦʩʪʦʿʠ ʩʪʘʪʠʩʪʠʢʘ ʦ ʫʟʨʦʮʠʤʘ ʧʦʞʘʨʘ 

ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʫ ʢʚʘʨʦʚʠ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫʟʨʦʯʥʠʮʠ 15ï20% 

ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʧʦʞʘʨʘ [7]. ʇʨʝʤʘ ʠʩʪʠʤ ʩʪʘʪʠʩʪʠʢʘʤʘ ʠʟ 11 ʝʚʨʦʧʩʢʠʭ ʟʝʤʘˀʘ 

(ɹʫʛʘʨʩʢʘ, ʏʝʰʢʘ ʈʝʧʫʙʣʠʢʘ, ʌʨʘʥʮʫʩʢʘ, ʄʘʹʘʨʩʢʘ, ʀʪʘʣʠʿʘ, ʇʦˀʩʢʘ, ʈʫʤʫʥʠʿʘ, 

ʈʫʩʠʿʘ, ʊʫʨʩʢʘ ʠ ʋʢʨʘʿʠʥʘ), ʫ ʧʝʨʠʦʜʫ ʦʜ 1988. ʜʦ 1998. ʛʦʜʠʥʝ, ʙʨʦʿ ʧʦʞʘʨʘ ʢʦʿʠ 

ʩʫ ʫʟʨʦʢʦʚʘʥʠ ʢʚʘʨʦʤ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʧʦʚʝ˂ʘʦ ʩʝ ʟʘ 25%, ʩʘ 

ʪʝʥʜʝʥʮʠʿʦʤ ʜʘˀʝʛ ʨʘʩʪʘ. ɿʘʥʠʤˀʠʚʦ ʿʝ ʜʘ ʿʝ ʫ ʠʩʪʦʤ ʧʝʨʠʦʜʫ ʧʦʨʘʩʪ ʙʨʦʿʘ 

ʧʦʞʘʨʘ ʠʟʘʟʚʘʥʠʭ ʥʝʝʣʝʢʪʨʠʯʥʠʤ ʫʟʨʦʮʠʤʘ ʠʟʥʦʩʠʦ ʩʘʤʦ 5%. ʆʚʘ ʢʦʥʩʪʘʪʘʮʠʿʘ ʩʝ 

ʤʦʞʝ ʦʙʿʘʩʥʠʪʠ ʯʠˁʝʥʠʮʦʤ ʜʘ ʩʝ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʥʝʨʝʜʦʚʥʦ ʦʜʨʞʘʚʘʿʫ, ʠ 

ʥʝʧʨʝʢʠʜʥʦ ʩʪʘʨʝ, ʢʘʦ ʠ ʜʘ ʩʝ ʙʨʦʿ ʧʨʠʿʝʤʥʠʢʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʛʦʜʠʥʝ ʫ 

ʛʦʜʠʥʫ ʧʦʚʝ˂ʘʚʘ (ʧʦʩʝʙʥʦ ʿʝ ʧʨʠʤʝ˂ʝʥ ʥʘʛʣʠ ʧʦʨʘʩʪ ʙʨʦʿʘ ʧʨʠʿʝʤʥʠʢʘ ʚʝʣʠʢʝ 

ʩʥʘʛʝ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʢʣʠʤʘʪʠʟʘʮʠʿʫ ʠ ʛʨʝʿʘˁʝ ʟʛʨʘʜʘ). 

ʋ ʨʝʬʝʨʝʥʮʠ [8] ʩʝ ʫʢʘʟʫʿʝ ʥʘ ʯʠˁʝʥʠʮʫ ʜʘ ʿʝ ʙʨʦʿ ʥʘʩʪʘʣʠʭ ʧʦʞʘʨʘ ʫ 

ʜʦʤʘ˂ʠʥʩʪʚʠʤʘ ʟʥʘʪʥʦ ʚʝ˂ʠ ʟʙʦʛ ʪʝʭʥʠʯʢʠʭ ʛʨʝʰʘʢʘ ʥʘʩʪʘʣʠʭ ʫ ʩʠʩʪʝʤʫ ʥʘʧʘʿʘˁʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʿʝʤʥʠʢʘ, ʘ ʥʝ ʟʙʦʛ ʪʝʭʥʠʯʢʠʭ ʛʨʝʰʘʢʘ ʥʘʩʪʘʣʠʭ ʥʘ ʧʨʠʿʝʤʥʠʮʠʤʘ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ.  

ʂʘʙʣʦʚʠ ʠ ʦʩʪʘʣʝ ʢʦʤʧʦʥʝʥʪʝ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʠʤʘʿʫ ʦʯʝʢʠʚʘʥʠ 

ʞʠʚʦʪʥʠ ʚʝʢ ʢʦʿʠ ʥʠʿʝ ʫʚʝʢ ʿʝʜʥʘʢ ʞʠʚʦʪʥʦʤ ʚʝʢʫ ʟʛʨʘʜʝ. ʆʩʠʤ ʫʛʨʘʹʝʥʝ 

ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ, ʩʚʝʪʠˀʢʝ, ʫʪʠʯʥʠʮʝ, ʠ ʧʨʦʜʫʞʥʠ ʢʘʙʣʦʚʠ ʪʘʢʦʹʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʟʙʠˀʥʝ ʧʨʦʙʣʝʤʝ. ʋ ʧʝʨʠʦʜʫ ʦʜ 2003. ʜʦ 2005. ʛʦʜʠʥʝ (ʟʘʢˀʫʯʥʦ 

ʩʘ 2005) ʫ ʉɸɼ ʩʝ ʜʝʩʠʣʦ 28.300 ʦʚʘʢʚʠʭ ʧʦʞʘʨʘ, ʢʦʿʠ ʩʫ ʫʟʨʦʢʦʚʘʣʠ 360 ʩʤʨʪʥʠʭ 

ʩʣʫʯʘʿʝʚʘ, 1000 ʧʦʚʨʝʜʘ ʠ ʤʘʪʝʨʠʿʘʣʥʝ ʪʨʦʰʢʦʚʝ ʫ ʠʟʥʦʩʫ ʦʜ 995 ʤʠʣʠʦʥʘ 

ʘʤʝʨʠʯʢʠʭ ʜʦʣʘʨʘ. ʋ ʦʚʦʤ ʪʨʦʛʦʜʠʰˁʝʤ ʧʝʨʠʦʜʫ, 7% ʩʚʠʭ ʧʦʞʘʨʘ ʫ ʩʪʘʤʙʝʥʠʤ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

8 

 

ʦʙʿʝʢʪʠʤʘ ʠʟʘʟʚʘʥʦ ʿʝ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʠʣʠ ʧʨʠʿʝʤʥʠʮʠʤʘ [8]. ʋ ʪʘʙʝʣʠ 

3 ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʦʮʝʥʪʫʘʣʥʘ ʨʘʩʧʦʜʝʣʘ ʧʦʞʘʨʘ ʥʘʩʪʘʣʠʭ ʥʘ ʝʣʝʢʪʨʠʯʥʦʿ ʦʧʨʝʤʠ ʠ 

ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫ ʘʥʘʣʠʟʠʨʘʥʦʤ ʧʝʨʠʦʜʫ (2003ï2005). 

 

ʊʘʙʝʣʘ 3. ɽʣʝʢʪʨʠʯʥʘ ʦʧʨʝʤʘ ʠ ʜʝʣʦʚʠ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʢʦʿʠ ʩʫ ʫʯʝʩʪʚʦʚʘʣʠ ʫ ʠʟʘʟʠʚʘˁʫ 

ʧʦʞʘʨʘ [8] 

ʄɽʉʊʆ ʅɸʉʊɸʅʂɸ ʂɺɸʈɸ % 

ʇʨʦʚʦʜʥʠʮʠ ʫʛʨʘʹʝʥʠ ʫ ʦʙʿʝʢʘʪ, ʧʨʝʢʠʜʘʯʠ, 

ʧʨʦʜʫʞʥʠ ʢʘʙʣʦʚʠ ʠ ʫʪʠʯʥʠʮʝ 
46,8 

ʂʘʙʣʦʚʠ ʠ ʫʪʠʢʘʯʠ 11,3 

ʉʚʝʪʠˀʢʝ 23,5 

ʉʠʩʪʝʤ ʧʨʝʥʦʩʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 3,1 

ʈʘʟʚʦʜʥʠ ʦʨʤʘʥ 3,7 

ɻʨʝʿʥʘ ʪʝʣʘ 9,9 

ʆʉʊɸʃʆ 1,7 

 

ɺʝ˂ʠʥʘ Ăʥʝʝʣʝʢʪʨʠʯʥʠʭñ ʧʦʞʘʨʘ ʫ ʩʪʘʤʙʝʥʠʤ ʦʙʿʝʢʪʠʤʘ ʦʩʪʘʿʝ ʦʛʨʘʥʠʯʝʥʘ 

ʩʘʤʦ ʥʘ ʧʨʝʜʤʝʪʝ ʠˁʭʦʚʦʛ ʥʘʩʪʘʥʢʘ (ʫ 62% ʩʣʫʯʘʿʝʚʘ), ʜʦʢ ʿʝ ʩʠʪʫʘʮʠʿʘ ʢʦʜ 

Ăʝʣʝʢʪʨʠʯʥʠʭñ ʧʦʞʘʨʘ ʥʘʩʪʘʣʠʭ ʫ ʜʦʤʘ˂ʠʥʩʪʚʠʤʘ ʦʙʨʥʫʪʘ ï ʦʥʠ ʩʝ ʚʝʦʤʘ ʯʝʩʪʦ 

ʧʨʦʰʠʨʝ ʢʨʦʟ ʮʝʦ ʦʙʿʝʢʘʪ (ʧʨʚʦ ʥʘ ʩʦʙʫ, ʧʦʪʦʤ ʩʧʨʘʪ, ʟʛʨʘʜʫ...) [8]. ʋʛʨʘʹʝʥʠ 

ʣʘʢʦʟʘʧʘˀʠʚʠ ʢʦʥʩʪʨʫʢʮʠʦʥʠ ʜʝʣʦʚʠ ʠ ʝʣʝʢʪʨʠʯʥʘ ʠʟʦʣʘʮʠʿʘ ʜʘʿʫ ʥʘʿʚʝ˂ʠ 

ʜʦʧʨʠʥʦʩ ʙʨʟʦʤ ʰʠʨʝˁʫ ʧʦʞʘʨʘ ʢʨʦʟ ʦʙʿʝʢʘʪ.  

ʅʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʧʨʠʢʘʟʘʥʠʭ ʫ ʪʘʙʝʣʠ 3 ʚʠʜʠ ʩʝ ʜʘ ʚʝʣʠʢʠ ʧʨʦʮʝʥʘʪ 

ʧʦʞʘʨʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʧʦʪʠʯʝ ʦʜ ʢʚʘʨʦʚʘ ʥʘ ʫʛʨʘʹʝʥʠʤ 

ʧʨʦʚʦʜʥʠʮʠʤʘ ʫ ʦʙʿʝʢʪʫ (ʬʠʢʩʥʝ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ). ʇʨʝʤʘ ʥʝʢʠʤ 

ʩʪʘʪʠʩʪʠʯʢʠʤ ʧʦʜʘʮʠʤʘ [8], ʚʠʰʝ ʦʜ ʪʨʝ˂ʠʥʝ ʢʫ˂ʘ ʠ ʩʪʘʥʦʚʘ ʫ ʉɸɼ (ʧʨʝʢʦ 30 

ʤʠʣʠʦʥʘ ʜʦʤʦʚʘ), ʩʪʘʨʠʿʝ ʿʝ ʦʜ 50 ʛʦʜʠʥʘ. ʇʨʝʦʧʪʝʨʝ˂ʝˁʝ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ ʫ ʪʠʤ ʦʙʿʝʢʪʠʤʘ ʜʦʚʦʜʠ ʜʦ ʧʨʝʛʨʝʚʘˁʘ ʧʨʦʚʦʜʥʠʢʘ ʠ ʦʩʪʘʣʠʭ 

ʢʦʤʧʦʥʝʥʪʠ ʢʦʿʠ ʩʫ ʚʝ˂ ʫ ʣʦʰʝʤ ʩʪʘˁʫ. ʉʪʘʥʘʨʠ ʯʝʩʪʦ ʜʦʜʘʿʫ ʥʦʚʝ ʫʪʠʯʥʠʮʝ ʠʣʠ 

ʥʦʚʘ ʩʪʨʫʿʥʘ ʢʦʣʘ (ʠ ʠʥʩʪʘʣʠʨʘʿʫ ʥʦʚʝ ʘʫʪʦʤʘʪʩʢʝ ʧʨʝʢʠʜʘʯʝ ʫ ʨʘʟʚʦʜʥʠʤ ʪʘʙʣʘʤʘ, 

ʧʘ ʯʘʢ ʠ ʧʦʪʧʫʥʦ ʥʦʚʝ ʨʘʟʚʦʜʥʝ ʪʘʙʣʝ). ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʯʝʩʪʦ ʧʨʝʦʧʪʝʨʝ˂ʫʿʝ 

ʝʣʝʢʪʨʠʯʥʘ ʠʥʩʪʘʣʘʮʠʿʘ ʦʙʿʝʢʪʘ ʢʦʿʘ, ʜʝʮʝʥʠʿʘʤʘ ʨʘʥʠʿʝ, ʥʠʿʝ ʧʨʦʿʝʢʪʦʚʘʥʘ ʟʘ 

ʥʦʚʦʠʥʩʪʘʣʠʩʘʥʫ ʩʥʘʛʫ. ʂʦʨʠʩʥʠʮʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʦʚʘʢʦ ʠʟʘʟʠʚʘʿʫ 

ʧʨʠʪʘʿʝʥʫ ʦʧʘʩʥʦʩʪ ʫ ʩʚʦʿʠʤ ʜʦʤʦʚʠʤʘ, ʢʦʿʘ ʥʦʥ-ʩʪʦʧ ʚʨʝʙʘ. ʅʘʢʦʥ ʪʨʘʿʥʦ 

ʥʘʩʪʘʣʦʛ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ ʫ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ, ʢʦʿʘ ʿʝ ʧʦʪʝʥʮʠʿʘʣʥʠ 

ʫʟʨʦʯʥʠʢ ʧʦʞʘʨʘ, ʧʨʚʦ ʩʝ ʧʘʣʠ ʝʣʝʢʪʨʠʯʥʘ ʠʟʦʣʘʮʠʿʘ, ʘ ʟʘʪʠʤ ʩʝ ʧʦʞʘʨ ʙʨʟʦ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

9 

 

ʧʨʝʥʦʩʠ ʥʘ ʟʘʚʝʩʝ, ʧʦʜʦʚʝ, ʪʘʧʝʪʝ ʠ ʥʘʤʝʰʪʘʿ. ʋ 30% ʧʦʞʘʨʘ ʥʘʩʪʘʣʠʭ ʥʘ 

ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʧʨʚʦ ʩʝ ʫʧʘʣʠ ʝʣʝʢʪʨʠʯʥʘ ʠʟʦʣʘʮʠʿʘ ʧʨʦʚʦʜʥʠʢʘ ʠʣʠ 

ʢʘʙʣʦʚʘ [8]. 

 

1.1.2 ʇʨʠʿʝʤʥʠʮʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʘʦ ʫʟʨʦʢ ʧʦʞʘʨʘ 
 

ʋ ʥʘʩʪʘʚʢʫ ʩʝ ʠʟʥʦʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʧʦʜʘʮʠ ʦ ʧʦʞʘʨʠʤʘ ʥʘʩʪʘʣʠʤ ʫʩʣʝʜ ʢʚʘʨʘ 

ʥʘ ʪʨʠ ʚʨʩʪʝ ʧʨʠʿʝʤʥʠʢʘ ʢʦʿʝ ʧʨʝʜˁʘʯʝ ʧʦ ʙʨʦʿʫ ʠʟʘʟʚʘʥʠʭ ʧʦʞʘʨʘ. ʊʦ ʩʫ 

ʝʣʝʢʪʨʠʯʥʘ ˂ʝʙʘʜ, ʤʘʰʠʥʝ ʟʘ ʩʫʰʝˁʝ ʚʝʰʘ ʠ ʪʝʣʝʚʠʟʦʨʠ. 

 
1.1.2.1 ɽʣʝʢʪʨʠʯʥʦ ˂ʝʙʝ ʢʘʦ ʫʟʨʦʯʥʠʢ ʧʦʞʘʨʘ 

 

ʇʦʣʦʚʠʥʘ ʩʚʠʭ ʧʦʞʘʨʘ ʥʘʩʪʘʣʠʭ ʟʙʦʛ ʝʣʝʢʪʨʠʯʥʠʭ ʢʚʘʨʦʚʘ ʠʟʤʝʹʫ 1996. ʠ 

2000. ʛʦʜʠʥʝ ʫ ɺʝʣʠʢʦʿ ɹʨʠʪʘʥʠʿʠ (8% ʩʚʠʭ ʬʘʪʘʣʥʠʭ ʧʦʞʘʨʘ) ʧʨʦʫʟʨʦʢʦʚʘʥʘ ʿʝ 

ʢʚʘʨʦʤ ʥʘ ʝʣʝʢʪʨʠʯʥʦʤ ˂ʝʙʝʪʫ [9]. ʊʦ ʧʨʘʢʪʠʯʥʦ ʟʥʘʯʠ ʜʘ ʩʝ ʦʢʦ 5000 ʧʦʞʘʨʘ ʠ 20 

ʞʨʪʘʚʘ ʛʦʜʠʰˁʝ ʜʝʩʠ ʟʙʦʛ ʦʰʪʝ˂ʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ˂ʝʙʝʪʘ. ʋ ʉɸɼ ʩʝ ʫ ʧʝʨʠʦʜʫ 

1992ï2002. ʜʦʛʦʜʠʣʦ ʚʠʰʝ ʦʜ 35.000 ʧʦʞʘʨʘ ʠʟʘʟʚʘʥʠʭ ʢʚʘʨʦʤ ʫ ʝʣʝʢʪʨʠʯʥʦʤ 

˂ʝʙʝʪʫ, ʧʨʠ ʯʝʤʫ ʿʝ ʩʪʨʘʜʘʣʦ 40 ʦʩʦʙʘ. ɽʣʝʢʪʨʠʯʥa ˂ʝʙaʜ ʥʘʿʯʝʰ˂ʝ ʠʟʘʟʠʚʘʿʫ 

ʧʦʞʘʨ ʫʩʣʝʜ ˁʠʭʦʚʝ ʧʦʭʘʙʘʥʦʩʪʠ, ʿʝʨ ʚʨʝʤʝʥʦʤ ʥʘʩʪʘʿʫ ʪʝʭʥʠʯʢʘ ʦʰʪʝ˂ʝˁʘ 

ʛʨʝʿʘʯʘ ʠ ˁʝʛʦʚʦʛ ʦʞʠʯʝˁʘ. ʇʦʭʘʙʘʥʦʩʪ ʥʘʩʪʘʿʝ ʫʩʣʝʜ ʚʝʣʠʢʠʭ ʤʝʭʘʥʠʯʢʠʭ 

ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʿʘ ʝʣʝʢʪʨʠʯʥʠ ʧʨʦʚʦʜʥʠʮʠ ʫʥʫʪʘʨ ˂ʝʙʝʪʘ ʪʨʧʝ ʪʦʢʦʤ ʜʫʛʦʛʦʜʠʰˁʝ 

ʫʧʦʪʨʝʙʝ. ɼʨʫʛʠ ʨʘʟʣʦʛ ʟʙʦʛ ʢʦʛʘ ʝʣʝʢʪʨʠʯʥʘ ˂ʝʙʘʜ ʠʟʘʟʠʚʘʿʫ ʧʦʞʘʨʝ ʿʝ ˁʠʭʦʚʦ 

ʥʝʧʨʘʚʠʣʥʦ ʢʦʨʠʰ˂ʝˁʝ (ʥʘ ʧʨʠʤʝʨ, ʧʨʝʩʘʚʠʿʘˁʝ ˂ʝʙʝʪʘ ʢʘʜʘ ʩʝ ʦʥʦ ʥʝ ʢʦʨʠʩʪʠ). 

ɱʦʰ ʿʝʜʘʥ ʦʜ ʫʟʨʦʢʘ ʧʦʞʘʨʘ ʣʝʞʠ ʫ ʯʠˁʝʥʠʮʠ ʜʘ ˂ʝʙʘʜ ʧʨʦʠʟʚʝʜʝʥʘ ʧʨʝ 1990. 

ʛʦʜʠʥʝ ʥʠʩʫ ʠʤʘʣʘ ʘʜʝʢʚʘʪʥʫ ʟʘʰʪʠʪʫ ʦʜ ʧʨʝʛʨʝʚʘˁʘ [10]. 

ɺʣʘʜʠʥʘ ʣʘʙʦʨʘʪʦʨʠʿʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʢʫʧʘʮʘ, ʢʦʿʘ ʨʘʜʠ ʫ 

ʦʢʚʠʨʫ ʄʠʥʠʩʪʘʨʩʪʚʘ ʪʨʛʦʚʠʥʝ ʠ ʠʥʜʫʩʪʨʠʿʝ ɺʝʣʠʢʝ ɹʨʠʪʘʥʠʿʝ [11] 1999. ʛʦʜʠʥʝ 

ʠʩʪʨʘʞʠʚʘʣʘ ʿʝ ʧʦʞʘʨʝ ʢʦʿʝ ʩʫ ʧʨʦʫʟʨʦʢʦʚʘʣʘ ʝʣʝʢʪʨʠʯʥʘ ˂ʝʙʘʜ. ʇʦʩʣʝ 

ʜʠʩʝʤʠʥʘʮʠʿʝ ʨʝʟʫʣʪʘʪʘ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʩʪʘʥʦʚʥʠʰʪʚʫ ɺʝʣʠʢʝ ɹʨʠʪʘʥʠʿʝ ʙʨʦʿ 

ʞʨʪʘʚʘ ʫ ʧʦʞʘʨʠʤʘ ʢʦʿʝ ʠʟʘʟʠʚʘʿʫ ʝʣʝʢʪʨʠʯʥʘ ˂ʝʙʘʜ ʨʘʧʠʜʥʦ ʩʝ ʩʤʘˁʠʦ.  

ʋ ɺʝʣʠʢʦʿ ɹʨʠʪʘʥʠʿʠ ʩʝ 1985. ʛʦʜʠʥʝ ʜʝʩʠʣʦ ʧʨʝʢʦ 2000 ʧʦʞʘʨʘ (ʫ ʯʠʿʝʤ ʩʫ 

ʛʘʰʝˁʫ ʠʥʪʝʨʚʝʥʠʩʘʣʠ ʚʘʪʨʦʛʘʩʮʠ) ʢʦʿʠ ʩʫ ʙʠʣʠ ʠʟʘʟʚʘʥʠ ʢʚʘʨʦʚʠʤʘ ʥʘ 

ʝʣʝʢʪʨʠʯʥʦʿ ˂ʝʙʘʜʠ. ʀʟ ʩʪʘʪʠʩʪʠʢʝ ʚʝʰʪʘʢʘ ʩʝ ʚʠʜʠ ʜʘ ʩʫ ʢʚʘʨʦʚʠ ʥʘ ʝʣʝʢʪʨʠʯʥʦʿ 

˂ʝʙʘʜʠ ʫʟʨʦʢʦʚʘʣʠ ʤʥʦʛʦ ʚʠʰʝ ʧʦʞʘʨʘ ʟʙʦʛ ʢʦʿʠʭ ʥʠʩʫ ʧʦʟʚʘʥʠ ʚʘʪʨʦʛʘʩʮʠ, ʚʝ˂ ʩʫ 

ʠʭ ʫʛʘʩʠʣʠ ʫʢʫ˂ʘʥʠ. ɹʨʦʿ ˀʫʜʩʢʠʭ ʞʨʪʘʚʘ ʫʩʣʝʜ ʧʦʞʘʨʘ ʠʟʘʟʚʘʥʠʭ ʢʚʘʨʦʤ ʥʘ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

10 

 

ʝʣʝʢʪʨʠʯʥʦʿ ˂ʝʙʘʜʠ ʩʤʘˁʠʦ ʩʝ ʩʘ 32, ʢʦʣʠʢʦ ʠʭ ʿʝ ʙʠʣʦ 1985. ʛʦʜʠʥʝ, ʥʘ 19 ʢʦʣʠʢʦ 

ʠʭ ʿʝ ʙʠʣʦ 1996. ʛʦʜʠʥʝ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʩʤʘˁʝˁʝ ʦʜ ʦʢʦ 40%. ɺʠʰʝ ʦʜ 90% ʩʚʠʭ 

ʧʦʞʘʨʘ ʠʟʘʟʚʘʥʠʭ ʢʚʘʨʦʚʠʤʘ ʥʘ ʝʣʝʢʪʨʠʯʥʦʿ ˂ʝʙʘʜʠ ʯʠʥʠʣʠ ʩʫ ʧʦʞʘʨʠ ʥʘ 

˂ʝʙʘʜʠʤʘ ʩʪʘʨʠʿʠʤ ʦʜ 10 ʛʦʜʠʥʘ [11]. 

 
1.1.2.2 ʄʘʰʠʥʘ ʟʘ ʩʫʰʝˁʝ ʚʝʰʘ ʢʘʦ ʫʟʨʦʯʥʠʢ ʧʦʞʘʨʘ 

 

ʊʦʢʦʤ 2000. ʛʦʜʠʥʝ ʂʦʤʠʩʠʿʘ ʟʘ ʙʝʟʙʝʜʥʦʩʪ ʧʨʦʠʟʚʦʜʘ ʫ ʉɸɼ (Consumer 

Product Safety Commission ï CPSC) ʩʧʨʦʚʝʣʘ ʿʝ ʩʪʫʜʠʿʫ ʢʦʿʘ ʩʝ ʦʜʥʦʩʠʣʘ ʥʘ 

ʤʘʰʠʥʝ ʟʘ ʩʫʰʝˁʝ ʚʝʰʘ ʢʘʦ ʫʟʨʦʯʥʠʢʝ ʧʦʞʘʨʘ. ʋ ʉɸɼ ʝʣʝʢʪʨʠʯʥʠ ʩʫʰʘʯʠ ʩʫ 

1998. ʛʦʜʠʥʝ ʠʟʘʟʚʘʣʠ ʫʢʫʧʥʦ 8600 ʧʦʞʘʨʘ, ʩʘ 10 ʞʨʪʘʚʘ ʠ 170 ʧʦʚʨʝʹʝʥʠʭ [12]. 

ʅʘʿʚʘʞʥʠʿʝ ʫʟʨʦʢʝ ʧʦʞʘʨʘ ʥʘʩʪʘʣʠʭ ʟʙʦʛ ʩʫʰʘʯʘ ʠʩʧʠʪʠʚʘʣʘ ʩʫ ʜʚʘ ʠʥʩʪʠʪʫʪʘ. 

ʊʘʙʝʣʝ 4 ʠ 5 ʧʨʠʢʘʟʫʿʫ ʨʝʟʫʣʪʘʪʝ ˁʠʭʦʚʠʭ ʠʩʪʨʘʞʠʚʘˁʘ. 

 

ʊʘʙʝʣʘ 4. ʋʟʨʦʮʠ ʧʨʝʩʪʘʥʢʘ ʨʘʜʘ ʝʣʝʢʪʨʠʯʥʦʛ ʩʫʰʘʯʘ ʚʝʰʘ ʢʦʿʠ ʠʟʘʟʠʚʘʿʫ ʧʦʞʘʨ, ʩʪʫʜʠʿʘ US-CPSC 

[12] 

ʂʚʘʨʦʚʠ ʥʘ ʝʣʝʢʪʨʠʯʥʦʤ ʩʫʰʘʯʫ ʋʯʝʰ˂ʝ ʫ ʫʢʫʧʥʦʤ ʙʨʦʿʫ ʧʦʞʘʨʘ [%] 

ɽʣʝʢʪʨʠʯʥʠ ʢʚʘʨ 24 

ʅʝʤʦʛʫ˂ʥʦʩʪ ʥʦʨʤʘʣʥʦʛ ʩʪʨʫʿʘˁʘ 

ʚʘʟʜʫʭʘ 
22 

ʄʝʭʘʥʠʯʢʠ ʢʚʘʨ 8 

ʀʟʚʦʨ ʪʦʧʣʦʪʝ 8 

ʅʝʧʨʘʚʠʣʥʘ ʫʧʦʪʨʝʙʘ 5 

ʅʝʧʦʟʥʘʪʠ 33 

ʋʢʫʧʥʦ 100 

 

ʊʘʙʝʣʘ 5. ʋʟʨʦʮʠ ʧʨʝʩʪʘʥʢʘ ʨʘʜʘ ʝʣʝʢʪʨʠʯʥʦʛ ʩʫʰʘʯʘ ʚʝʰʘ ʢʦʿʠ ʠʟʘʟʠʚʘʿʫ ʧʦʞʘʨ, ʩʪʫʜʠʿʘ USA 

Home Product Report [12] 

ʂʚʘʨʦʚʠ ʥʘ ʝʣʝʢʪʨʠʯʥʦʤ ʩʫʰʘʯʫ ʋʯʝʰ˂ʝ ʫ ʫʢʫʧʥʦʤ ʙʨʦʿʫ ʧʦʞʘʨʘ [%] 

ʃʦʰʝ ʦʜʨʞʘʚʘˁʝ 29 

ɽʣʝʢʪʨʠʯʥʠ ʢʚʘʨ 20 

ʄʝʭʘʥʠʯʢʠ ʢʚʘʨ 20 

ʅʝʧʨʘʚʠʣʥʦ ʨʫʢʦʚʘˁʝ 10 

ʅʝʧʦʟʥʘʪʠ 21 

ʋʢʫʧʥʦ 100 

 

ʇʨʚʦ ʰʪʦ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʿʝ ʜʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʢʚʘʨʦʚʘ ʥʠʿʝ ʠʩʪʘ ʫ ʦʙʝ 

ʩʪʫʜʠʿʝ. ʅʝʤʦʛʫ˂ʥʦʩʪ ʥʦʨʤʘʣʥʦʛ ʩʪʨʫʿʘˁʘ ʚʘʟʜʫʭʘ (ʧʦʜʘʪʘʢ ʫ ʪʘʙʝʣʠ 4) ʚʝʨʦʚʘʪʥʦ 

ʿʝ ʧʦʩʣʝʜʠʮʘ ʣʦʰʝʛ ʦʜʨʞʘʚʘˁʘ (ʧʦʜʘʪʘʢ ʫ ʪʘʙʝʣʠ 5). ɸʥʘʣʠʟʘ ʨʝʟʫʣʪʘʪʘ ʪʝʩʪʦʚʘ 

ʩʧʨʦʚʝʜʝʥʠʭ ʦʜ ʩʪʨʘʥʝ US-CPSC-ʘ ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ ʟʙʦʛ ʥʘʛʦʤʠʣʘʥʠʭ ʚʣʘʢʘʥʘ ʫ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 
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ʬʠʣʪʝʨʫ ʠ ʩʧʦˀʘʰˁʝʤ ʚʝʥʪʠʣʘʮʠʦʥʦʤ ʩʠʩʪʝʤʫ ʩʫʰʘʯʘ ʨʘʟʤʝʥʘ ʚʘʟʜʫʭʘ ʦʪʝʞʘʥʘ, 

ʪʘʢʦ ʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʫʥʫʪʨʘʰˁʦʩʪʠ ʩʫʰʘʯʘ ʨʘʩʪʝ. ʂʘʢʦ ʥʝ ʧʦʩʪʦʿʠ ʦʙʘʚʝʟʘ ʜʘ 

ʩʫʘhʯʠ ʠʤʘʿʫ ʪʝʨʤʠʯʢʠ ʩʝʥʟʦʨ, ʘ ʚʝ˂ʠʥʘ ʩʫʰʘʯʘ ʛʘ ʟʘʠʩʪʘ ʠ ʥʝʤʘ, ʪʘʢʚʠ ʩʫʰʘʯʠ 

ʥʝ˂ʝ ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʩʪʘʪʠ ʩʘ ʨʘʜʦʤ ʘʢʦ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ˁʠʭʦʚʦʿ ʫʥʫʪʨʘʰˁʦʩʪʠ 

ʧʨʝʹʝ ʛʨʘʥʠʯʥʦ ʜʦʟʚʦˀʝʥʫ ʚʨʝʜʥʦʩʪ. ʇʦʩʣʝʜʠʯʥʦ ʜʦʣʘʟʠ ʜʦ ʢʚʘʨʦʚʘ ʥʘ 

ʝʣʝʢʪʨʠʯʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʢʦʿʠ ʠʟʘʟʠʚʘʿʫ ʧʘˀʝˁʝ ʠ ʧʦʞʘʨ. ʉʤʘʪʨʘ ʩʝ ʜʘ ʿʝ 

ʥʘʿʚʘʞʥʠʿʠ ʫʟʨʦʢ ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ ʥʘ ʩʫʰʘʯʫ ʦʪʝʞʘʥʘ ʨʘʟʤʝʥʘ ʚʘʟʜʫʭʘ ʫʩʣʝʜ 

ʥʘʪʘʣʦʞʝʥʠʭ ʚʣʘʢʘʥʘ. 

ɼʨʫʛʠ ʤʦʛʫ˂ʠ ʫʟʨʦʢ ʧʦʞʘʨʘ ʥʘ ʩʫʰʘʯʫ ʿʝ ʢʚʘʨ ʥʘ ʤʦʪʦʨʫ ʢʦʿʠ ʦʢʨʝ˂ʝ ʙʫʙʘˁ 

[12]. ɿʘʢˀʫʯʮʠ ʠʩʪʨʘʞʠʚʘˁʘ US-CPSC-ʘ ʫʛʣʘʚʥʦʤ ʩʝ ʩʣʘʞʫ ʩʘ ʟʘʢˀʫʯʮʠʤʘ 

ʩʪʫʜʠʿʝ ʦ ʩʫʰʘʯʠʤʘ ʢʦʿʫ ʿʝ ʩʧʨʦʚʝʣʦ ʭʦʣʘʥʜʩʢʦ ʪʝʣʦ ʥʘʜʣʝʞʥʦ ʟʘ ʙʝʟʙʝʜʥʦʩʪ 

ʭʨʘʥʝ ʠ ʧʨʦʠʟʚʦʜʘ (NVWA ï Dutch Food and Consumer Product Safety Authority). 

ʀʩʪʨʘʞʠʚʘˁʝ ʿʝ ʠʟʚʨʰʝʥʦ ʥʘ ʦʩʥʦʚʫ ʠʥʪʝʨʚʿʫʘ ʩʘ ʝʢʩʧʝʨʪʠʤʘ ʠʟ ʦʚʝ ʦʙʣʘʩʪʠ ʠ ʥʘ 

ʦʩʥʦʚʫ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʩʘ ʥʝʦʰʪʝ˂ʝʥʠʤ ʩʫʰʘʯʠʤʘ. ɺʝ˂ʠʥʘ ʝʢʩʧʝʨʘʪʘ ʿʝ 

ʧʨʝʪʧʦʩʪʘʚʠʣʘ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʧʦʪʚʨʜʠʣʘ ʜʘ ʿʝ ʘʢʫʤʫʣʠʨʘˁʝ ʚʣʘʢʘʥʘ ʫ 

ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʧʨʝʛʨʝʚʘˁʝʤ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʥʘʿʚʘʞʥʠʿʠ ʫʟʨʦʢ ʧʦʞʘʨʘ 

ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʩʫʰʘʯʠʤʘ ʚʝʰʘ [13]. 

 

1.1.2.3 ʊʝʣʝʚʠʟʦʨ ʢʘʦ ʫʟʨʦʯʥʠʢ ʧʦʞʘʨʘ 
 

ʋ ɽʚʨʦʧʩʢʦʿ ʫʥʠʿʠ ʩʝ ʩʚʘʢʝ ʛʦʜʠʥʝ ʜʝʩʝ ʪʟʚ. ʊɺ ʧʦʞʘʨʠ ʫ ʢʦʿʠʤʘ ʩʪʨʘʜʘ ʦʢʦ 

16 ʠ ʙʫʜʝ ʧʦʚʨʝʹʝʥʦ ʦʢʦ 197 ʦʩʦʙʘ [14]. ʊʦ ʿʝ ʩʘʤʦ ʧʨʦʮʝˁʝʥʦ ʩʪʘˁʝ, ʘ ʩʪʚʘʨʥʠ 

ʙʨʦʿ ʧʦʚʨʝʹʝʥʠʭ ʠ ʩʪʨʘʜʘʣʠʭ ʿʝ ʟʥʘʪʥʦ ʚʝ˂ʠ, ʿʝʨ ʠʤʘ ʟʝʤʘˀʘ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ ʢʦʿʝ 

ʥʝ ʚʦʜʝ ʠʟʜʚʦʿʝʥʫ ʩʪʘʪʠʩʪʠʢʫ ʦ ʊɺ ʧʦʞʘʨʠʤʘ. ʋ ɼʘʥʩʢʦʿ ʩʝ ʧʨʦʩʝʯʥʦ ʜʝʩʠ 1,25 

ʬʘʪʘʣʘʥ ʊɺ ʧʦʞʘʨ ʛʦʜʠʰˁʝ, ʰʪʦ ʦʜʛʦʚʘʨʘ 0,31 ʩʤʨʪʥʦʤ ʠʩʭʦʜʫ ʛʦʜʠʰˁʝ ʥʘ 

ʤʠʣʠʦʥ ʪʝʣʝʚʠʟʦʨʘ. ʋ ʌʨʘʥʮʫʩʢʦʿ ʩʝ ʜʝʩʠ ʦʢʦ 330 ʊɺ ʧʦʞʘʨʘ ʛʦʜʠʰˁʝ, ʩʘ 

ʧʨʦʩʝʯʥʦ 38 ʧʦʞʘʨʘ ʛʦʜʠʰˁʝ ʫ ʢʦʿʠʤʘ ʠʤʘ ʧʦʚʨʝʹʝʥʠʭ ʠ 2 ʧʦʞʘʨʘ ʛʦʜʠʰˁʝ ʩʘ 

ʬʘʪʘʣʥʠʤ ʠʩʭʦʜʦʤ. ʋ ʅʝʤʘʯʢʦʿ (ʥʘ ʦʩʥʦʚʫ ʧʨʦʮʝʥʝ) ʫ ʊɺ ʧʦʞʘʨʠʤʘ ʛʦʜʠʰˁʝ 

ʩʪʨʘʜʘʿʫ 2-4 ʦʩʦʙʝ. ʋ ʍʦʣʘʥʜʠʿʠ 1,1% ʩʚʠʭ ʧʦʞʘʨʘ ʫ ʜʦʤʘ˂ʠʥʩʪʚʠʤʘ ʟʘʧʦʯʥʝ ʫ 

ʪʝʣʝʚʠʟʦʨʫ. ʆʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʥʘʩʪʘʣʠʭ ʧʦʞʘʨʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʘʧʘʨʘʪʠʤʘ, ʫ 

ʍʦʣʘʥʜʠʿʠ ʩʫ ʊɺ ʧʦʞʘʨʠ ʥʘ ʜʨʫʛʦʤ ʤʝʩʪʫ ʫʟʨʦʯʥʠʢʘ, ʦʜʤʘʭ ʠʟʘ ʤʘʰʠʥʘ ʟʘ ʧʨʘˁʝ 

ʠ ʩʫʰʝˁʝ ʚʝʰʘ. ʋ ʇʦʨʪʫʛʘʣʠʿʠ ʤʘˁʝ ʦʜ ʿʝʜʥʝ ʦʩʦʙʝ ʛʦʜʠʰˁʝ ʩʪʨʘʜʘ ʫ ʊɺ 
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ʧʦʞʘʨʠʤʘ. ʋ ʐʚʝʜʩʢʦʿ ʿʝ ʦʚʘʿ ʙʨʦʿ ʦʢʦ ʿʝʜʥʝ ʦʩʦʙʝ ʛʦʜʠʰˁʝ. ʋ ʀʪʘʣʠʿʠ ʿʝ ʙʨʦʿ 

ʦʚʘʢʦ ʩʪʨʘʜʘʣʠʭ ʟʘʥʝʤʘʨˀʠʚ [14]. 

ʆʜ ʩʚʠʭ ʧʦʞʘʨʘ ʥʘʩʪʘʣʠʭ ʫ ʜʦʤʘ˂ʠʥʩʪʚʠʤʘ ɺʝʣʠʢʝ ɹʨʠʪʘʥʠʿʝ ʫ 

ʪʝʣʝʚʠʟʦʨʠʤʘ ʩʪʘʨʪʫʿʝ ʦʢʦ 2% ʧʦʞʘʨʘ. ʂʘʜʘ ʩʝ ʟʘʧʘʣʝ, ʪʝʣʝʚʠʟʦʨʠ ʧʨʦʫʟʨʦʢʫʿʫ 

ʥʘʿʤʘˁʠ ʙʨʦʿ ʞʨʪʘʚʘ ʦʜ ʩʚʠʭ ʚʨʩʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʫʨʝʹʘʿʘ ʫ ʜʦʤʘ˂ʠʥʩʪʚʫ. 

ɽʣʝʢʪʨʠʯʥʠ ʙʦʢʘʣʠ ʠ ʩʣʠʯʥʠ ʫʨʝʹʘʿʠ, ʛʨʝʿʘʯʠ, ˂ʝʙʘʜ ʠ ʢʚʘʨʦʚʠ ʫ ʝʣʝʢʪʨʠʯʥʠʤ 

ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫʟʨʦʢʫʿʫ ʜʘʣʝʢʦ ʚʠʰʝ ʞʨʪʘʚʘ ʫ ɺʝʣʠʢʦʿ ɹʨʠʪʘʥʠʿʠ. ɹʨʦʿ ʧʦʞʘʨʘ ʫ 

ɺʝʣʠʢʦʿ ɹʨʠʪʘʥʠʿʠ ʫʩʣʝʜ ʢʚʘʨʦʚʘ ʥʘ ʪʝʣʝʚʠʟʦʨʠʤʘ ʩʤʘˁʠʦ ʩʝ ʦʜ 1300 ʧʦʞʘʨʘ 

1983. ʛʦʜʠʥʝ ʥʘ 400 ʧʦʞʘʨʘ 1993. ʛʦʜʠʥʝ. ʇʦʩʣʝ 1993. ʛʦʜʠʥʝ ʙʨʦʿ ʪʘʢʚʠʭ ʧʦʞʘʨʘ 

ʩʝ ʧʦʥʦʚʦ ʫʚʝ˂ʘʦ. ʇʦʚʝ˂ʘˁʝ ʥʘʢʦʥ 1993. ʛʦʜʠʥʝ ʦʙʿʘʰˁʘʚʘ ʩʝ ʧʦʚʝ˂ʘˁʝʤ ʙʨʦʿʘ 

ʪʝʣʝʚʠʟʦʨʘ (ʚʠʰʝ ʦʜ ʿʝʜʥʦʛ ʪʝʣʝʚʠʟʦʨʘ ʧʦ ʜʦʤʘ˂ʠʥʩʪʚʫ) ʠ ʜʫʞʠʤ ʚʨʝʤʝʥʩʢʠʤ 

ʠʥʪʝʨʚʘʣʦʤ ʢʦʨʠʰ˂ʝˁʘ ʩʪʘʨʠʭ ʪʝʣʝʚʠʟʦʨʘ.  

ʋ ʉɸɼ ʙʨʦʿ ʊɺ ʧʦʞʘʨʘ ʥʘ ʤʠʣʠʦʥ ʪʝʣʝʚʠʟʦʨʘ ʿʝ ʦʢʦ 28% ʤʘˁʠ ʥʝʛʦ ʫ 

ɺʝʣʠʢʦʿ ɹʨʠʪʘʥʠʿʠ. ʆʙʿʘʰˁʝˁʝ ʦʚʝ ʨʘʟʣʠʢʘ ʿʝ ʫ ʤʘʪʝʨʠʿʘʣʠʤʘ ʦʜ ʢʦʿʠʭ ʩʝ 

ʧʨʦʠʟʚʦʜʝ ʪʝʣʝʚʠʟʦʨʠ (ʫ ʉɸɼ ʩʫ ʩʘʩʪʘʚʥʝ ʢʦʤʧʦʥʝʥʪʝ ʪʝʣʝʚʠʟʦʨʘ ʟʥʘʪʥʦ ʤʘˁʝ 

ʟʘʧʘˀʠʚʝ). ʋ ʉɸɼ ʩʝ ʫʧʦʪʨʝʙˀʘʚʘʿʫ ʤʘʪʝʨʠʿʘʣʠ ʢʦʿʠ ʩʫ ʨʝʪʘʨʜʘʥʪʠ ʚʘʪʨʝ, ʪʿ. ʥʝ 

ʧʦʪʧʦʤʘʞʫ ʧʨʦʮʝʩ ʛʦʨʝˁʘ [14]. 

ɿʘʢˀʫʯʘʢ ʿʝ ʜʘ ʩʫ ʪʝʣʝʚʠʟʦʨʠ ʫʟʨʦʢ ʧʦʞʘʨʘ ʫ ʝʚʨʦʧʩʢʠʤ ʟʝʤˀʘʤʘ, ʘʣʠ ʜʘ ʫ 

ʪʠʤ ʧʦʞʘʨʠʤʘ ʨʝʣʘʪʠʚʥʦ ʤʘʣʦ ˀʫʜʠ ʩʪʨʘʜʘ ʠʣʠ ʙʫʜʝ ʧʦʚʨʝʹʝʥʦ. ɺʝ˂ʠʥʘ ʊɺ 

ʧʦʞʘʨʘ ʿʝ ʫʟʨʦʢʦʚʘʥʘ ʢʚʘʨʦʤ ʫʨʝʹʘʿʘ (87%) ʠ ʧʨʝʛʨʝʚʘˁʝʤ ʟʙʦʛ ʜʫʛʦʪʨʘʿʥʦʛ ʨʘʜʘ 

(4%). ɼʨʫʛʠ ʫʟʨʦʮʠ ʊɺ ʧʦʞʘʨʘ ʩʫ ʥʝʝʣʝʢʪʨʠʯʥʝ ʧʨʠʨʦʜʝ (ʥʧʨ. ʝʢʩʪʝʨʥʠ ʠʟʚʦʨ 

ʪʦʧʣʦʪʝ, ʢʘʦ ʰʪʦ ʿʝ ʛʦʨʝ˂ʘ ʩʚʝ˂ʘ ʢʦʿʘ ʩʝ ʩʪʘʚʠ ʙʣʠʟʫ ʪʝʣʝʚʠʟʦʨʘ). ʋ ʌʠʥʩʢʦʿ, ʦʢʦ 

40% ʩʚʠʭ ʊɺ ʧʦʞʘʨʘ ʿʝ ʫʟʨʦʢʦʚʘʥʦ ʩʧʦˀʘʰˁʠʤ ʠʟʚʦʨʦʤ ʪʦʧʣʦʪʝ [15]. 

ʀʩʪʨʘʞʠʚʘˁʝ ʆʜʙʦʨʘ ʟʘ ʥʘʜʟʦʨ ʪʨʞʠʰʪʘ ɼʘʥʩʢʝ ʘʛʝʥʮʠʿʝ ʟʘ ʢʦʥʪʨʦʣʫ 

ʝʣʝʢʪʨʠʯʥʝ ʦʧʨʝʤʝ (Market Surveillance Board of Danish Electrical Equipment 

Control Office) ʧʦʢʘʟʫʿʝ ʜʘ ʊɺ ʫʨʝʹʘʿʠ ʥʘʢʦʥ ʧʘˀʝˁʘ ʙʫʨʥʦ ʛʦʨʝ, ʰʪʦ ʤʦʞʝ 

ʜʦʚʝʩʪʠ ʜʦ ʚʝʣʠʢʝ ʤʘʪʝʨʠʿʘʣʥʝ ʰʪʝʪʝ ʫ ʦʢʨʫʞʝˁʫ [15]. 

ʊɺ ʧʦʞʘʨʠ ʩʝ ʫ ɺʝʣʠʢʦʿ ɹʨʠʪʘʥʠʿʠ ʜʝʰʘʚʘʿʫ ʥʘ ʪʝʣʝʚʠʟʦʨʠʤʘ ʨʘʟʣʠʯʠʪʝ 

ʩʪʘʨʦʩʪʠ. ʆʢʦ 80% ʧʦʞʘʨʘ ʩʝ ʜʝʩʠ ʫ ʜʝʩʝʪʦʛʦʜʠʰˁʝʤ ʧʝʨʠʦʜʫ ʥʘʢʦʥ ʢʫʧʦʚʠʥʝ, ʘ 

50% ʫ ʧʨʚʠʭ ʧʝʪ ʛʦʜʠʥʘ ʢʦʨʠʰ˂ʝˁʘ ʊɺ ʫʨʝʹʘʿʘ. ɺʝ˂ʠʥʘ ʊɺ ʧʦʞʘʨʘ ʩʝ ʜʦʛʦʜʠʣʘ ʫ 

ʜʝʮʝʤʙʨʫ ʠ ʿʘʥʫʘʨʫ, ʥʘʨʦʯʠʪʦ ʧʦʧʦʜʥʝ ʠ ʫʚʝʯʝ. ʅʘʿʚʠʰʝ ʊɺ ʧʦʞʘʨʘ ʟʘʧʦʯʥʝ ʫ 

ʜʥʝʚʥʦʿ (71%) ʠ ʩʧʘʚʘ˂ʦʿ ʩʦʙʠ (22%). 
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ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

13 

 

1.1.3 ʉʪʘʪʠʩʪʠʯʢʠ ʧʦʜʘʮʠ ʦ ʧʦʞʘʨʠʤʘ ʫ ʉʨʙʠʿʠ 

 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʩʝ ʘʥʘʣʠʟʠʨʘʿʫ ʩʪʘʪʠʩʪʠʯʢʠ ʧʦʜʘʮʠ ʦ ʧʦʞʘʨʠʤʘ ʫ 

ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ (ʨʘʩʧʦʜʝʣʘ ʧʨʝʤʘ ʦʙʿʝʢʪʫïʧʨʦʩʪʦʨʫ ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ, ʫʟʨʦʮʠʤʘ 

ʥʘʩʪʘʿʘˁʘ ʠ ʤʘʪʝʨʠʿʘʣʥʦʿ ʰʪʝʪʠ ï ʚʠʜʝʪʠ ʪʘʙʝʣʝ 1-3 ʜʘʪʝ ʫ ʇʨʠʣʦʛʫ 1), ʢʦʿʠ ʩʫ 

ʜʦʙʠʿʝʥʠ 2011. ʛʦʜʠʥʝ ʦʜ ʋʧʨʘʚʝ ʟʘ ʘʥʘʣʠʪʠʢʫ ʄʋʇ-ʘ ʈʉ, ʉʝʢʪʦʨʘ ʟʘ ʚʘʥʨʝʜʥʝ 

ʩʠʪʫʘʮʠʿʝ ʫ ɹʝʦʛʨʘʜʫ. 

ɸʥʘʣʠʟʦʤ ʧʦʜʘʪʘʢʘ ʟʘ ʧʝʨʠʦʜ ʦʜ 1998. ʜʦ 2009. ʛʦʜʠʥʝ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ 

ʧʦʞʘʨʠ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʫʯʝʩʪʚʫʿʫ ʫ ʫʢʫʧʥʦʤ 

ʙʨʦʿʫ ʧʦʞʘʨʘ ʩʘ 20-30%. ʇʨʦʩʝʯʥʘ ʤʘʪʝʨʠʿʘʣʥʘ ʰʪʝʪʘ ʥʘʩʪʘʣʘ ʫ ʧʦʞʘʨʠʤʘ ʫ 

ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʫ ʪʦʤ ʧʝʨʠʦʜʫ ʠʟʥʦʩʠʣʘ ʿʝ 950 ʤʠʣʠʦʥʘ ʜʠʥʘʨʘ ʛʦʜʠʰˁʝ, ʪʘʢʦ 

ʜʘ ʿʝ ʤʘʪʝʨʠʿʘʣʥʘ ʰʪʝʪʘ ʥʘʩʪʘʣʘ ʫ ʧʦʞʘʨʠʤʘ ʢʦʿʠ ʩʫ ʠʟʘʟʚʘʥʠ ʢʚʘʨʦʚʠʤʘ ʥʘ 

ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʙʠʣʘ ʫ ʦʧʩʝʛʫ ʦʜ 190 ʜʦ 285 ʤʠʣʠʦʥʘ ʜʠʥʘʨʘ 

ʛʦʜʠʰˁʝ. ɿʘʥʠʤˀʠʚ ʿʝ ʧʦʜʘʪʘʢ ʜʘ ʿʝ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ 2004. ʛʦʜʠʥʝ ʙʠʣʦ 1,37 

ʧʦʞʘʨʘ ʥʘ 1000 ʩʪʘʥʦʚʥʠʢʘ, ʘʣʠ ʿʝ ʜʦ 2011. ʛʦʜʠʥʝ ʪʘʿ ʙʨʦʿ ʥʝʧʨʝʢʠʜʥʦ ʨʘʩʪʘʦ ʜʦ 

4,4 ʧʦʞʘʨʘ ʥʘ 1000 ʩʪʘʥʦʚʥʠʢʘ. ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʘ ʿʝ ʧʨʦʩʝʯʘʥ ʛʦʜʠʰˁʠ ʙʨʦʿ 

ʧʦʛʠʥʫʣʠʭ ʫ ʧʦʞʘʨʠʤʘ ʫ ʉʨʙʠʿʠ ʦʢʦ 80, ʜʦʣʘʟʠʤʦ ʜʦ ʧʦʜʘʪʢʘ ʜʘ ʿʝ ʙʨʦʿ ʧʦʛʠʥʫʣʠʭ 

ʥʘ ʤʠʣʠʦʥ ʩʪʘʥʦʚʥʠʢʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʦʢʦ 10,66. ʋʧʦʨʝʹʫʿʫ˂ʠ ʦʚʝ ʚʨʝʜʥʦʩʪʠ 

ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʧʦʜʘʮʠʤʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʟʝʤˀʝ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ, ʜʦʣʘʟʠ ʩʝ ʜʦ 

ʟʘʢˀʫʯʢʘ ʜʘ ʩʝ ʩʪʘʪʠʩʪʠʢʘ ʟʘ ʈʝʧʫʙʣʠʢʫ ʉʨʙʠʿʫ ʧʨʠʙʣʠʞʥʦ ʧʦʢʣʘʧʘ ʩʘ ʝʚʨʦʧʩʢʦʤ 

ʩʪʘʪʠʩʪʠʢʦʤ. ʇʨʦʮʝʥʫ ʙʨʦʿʘ ʞʨʪʘʚʘ ʫ ʧʦʞʘʨʠʤʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʥʘʩʪʘʣʠʤ 

ʫʩʣʝʜ ʢʚʘʨʘ ʥʘ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʥʠʿʝ ʤʦʛʫ˂ʝ ʠʟʚʨʰʠʪʠ. 

 

1.2 ɺʨʩʪʝ ʢʚʘʨʦʚʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʢʦʿʠ ʤʦʛʫ ʠʟʘʟʚʘʪʠ 

ʧʦʞʘʨ 

 

ʀʩʧʠʪʠʚʘˁʫ ʢʚʘʨʦʚʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʢʦʿʠ ʩʫ ʠʟʘʟʚʘʣʠ ʧʦʞʘʨ 

ʤʦʛʫ˂ʝ ʿʝ ʧʨʠʩʪʫʧʠʪʠ ʥʘ ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ ʥʘʯʠʥʘ: 

1. ʫʪʚʨʹʠʚʘˁʝʤ ʨʘʜˁʠ ʠʣʠ ʧʨʦʧʫʩʪʘ ʢʦʿʠ ʩʫ ʜʦʚʝʣʠ ʜʦ ʢʚʘʨʦʚʘ ʥʘ 

ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ, 

2. ʢʣʘʩʠʬʠʢʦʚʘˁʝʤ ʢʚʘʨʦʚʘ ʧʨʝʤʘ ʬʫʥʢʮʠʦʥʘʣʥʦʿ ʧʨʠʨʦʜʠ ʧʨʠʿʝʤʥʠʢʘ 

ʠʣʠ ʥʝʢʦʛ ˁʝʛʦʚʦʛ ʜʝʣʘ ʥʘ ʢʦʤʝ ʩʝ ʢʚʘʨ ʜʝʩʠʦ, ʠ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 
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3. ʧʨʦʫʯʘʚʘˁʝʤ ʬʠʟʠʯʢʠʭ ʦʩʥʦʚʘ ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ ʫʟʨʦʢʦʚʘʥʠʭ 

ʢʚʘʨʦʚʠʤʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ. 

ʉʚʘ ʪʨʠ ʥʘʯʠʥʘ ʠʩʧʠʪʠʚʘˁʘ ʠ ʘʥʘʣʠʟʝ ʢʚʘʨʦʚʘ ʥʝʟʘʦʙʠʣʘʟʥʠ ʩʫ ʧʨʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʠ ʜʦʛʘʹʘʿʘ (ʚʝʰʪʘʯʝˁʫ), ʪʿ. ʠʟʚʦʹʝˁʫ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʧʦʤʦ˂ʫ ʢʦʿʠʭ 

ʩʝ ʩʠʤʫʣʠʨʘʿʫ ʢʚʘʨʦʚʠ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ (ʥʘ ʦʩʥʦʚʫ ˁʠʭ ʩʝ 

ʘʥʘʣʠʟʠʨʘ ʫʪʠʮʘʿ ʦʚʘʢʚʠʭ ʢʚʘʨʦʚʘ ʥʘ ʤʦʛʫ˂ʥʦʩʪ ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ). ʊʘʢʦʹʝ, ʦʥʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʜʦʙʨʫ ʦʩʥʦʚʫ ʟʘ ʜʘˀʠ ʨʘʜ, ʠ ʪʦ ʢʘʢʦ ʥʘ ʨʘʟʚʦʿʫ ʤʝʪʦʜʦʣʦʛʠʿʝ ʟʘ 

ʚʨʰʝˁʝ ʧʨʝʚʝʥʪʠʚʥʠʭ ʧʝʨʠʦʜʠʯʥʠʭ ʚʝʨʠʬʠʢʘʮʠʿʘ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʪʘʢʦ ʠ ʥʘ ʨʘʟʚʦʿʫ ʧʨʦʮʝʜʫʨʝ ʟʘ ʜʝʪʝʢʮʠʿʫ ʢʚʘʨʦʚʘ (ʥʧʨ. 

ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ) ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʢʦʿʠ ʩʝ ʥʝ ʤʦʛʫ 

ʜʝʪʝʢʪʦʚʘʪʠ ʠ ʠʟʦʣʦʚʘʪʠ ʧʦʤʦ˂ʫ ʢʣʘʩʠʯʥʠʭ ʟʘʰʪʠʪʥʠʭ ʢʦʤʧʦʥʝʥʪʠ (ʪʦʧˀʠʚʠ 

ʫʤʝʪʘʢ, ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯ, ɿʋɼʉ, ʧʨʝʢʦʩʪʨʫʿʥʦ ʨʝʣʝ, ʙʠʤʝʪʘʣʥʦ ʨʝʣʝ 

ʠʪʜ. [16]).  

ʆʩʥʦʚʥʠ ʢʚʘʨoʚʠ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʢʦʿʠ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ 

ʧʘˀʝˁʘ ʝʣʝʢʪʨʠʯʥʝ ʠʟʦʣʘʮʠʿʝ ʠʣʠ ʟʘʧʘˀʠʚʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫ ʙʣʠʟʠʥʠ ʝʣʝʢʪʨʠʯʥʝ 

ʠʥʩʪʘʣʘʮʠʿʝ ʩʫ [17, 18]: 

1. ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ (ʨʝʜʥʠ ʠ ʧʘʨʘʣʝʣʥʠ), 

2. ʚʝʣʠʢʦ ʦʤʩʢʦ ʟʘʛʨʝʚʘˁʝ ʙʝʟ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʠ 

3. ʩʧʦˀʘʰˁʝ ʟʘʛʨʝʚʘˁʝ. 

ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʥʝʢʠ ʧʦʞʘʨʠ ʥʘʩʪʘʿʫ ʢʦʤʙʠʥʘʮʠʿʦʤ ʥʘʚʝʜʝʥʠʭ 

ʢʚʘʨʦʚʘ (ʪʟʚ. ʢʦʤʙʠʥʦʚʘʥʠ ʢʚʘʨʦʚʠ). 

 

1.2.1 ɽʣʝʢʪʨʠʯʥʠ ʣʫʢ 
 

ɽʣʝʢʪʨʠʯʥʠ ʣʫʢ ʧʨʝʜʩʪʘʚˀʘ ʩʪʨʫʿʫ ʢʨʦʟ ʥʝʧʦʪʧʫʥʦ ʿʦʥʠʟʦʚʘʥʫ ʧʣʘʟʤʫ, 

ʥʘʩʪʘʣʫ ʫʜʘʨʥʦʤ ʿʦʥʠʟʘʮʠʿʦʤ ʛʘʩʦʚʘ ʠ ʧʘʨʘ, ʩʪʚʦʨʝʥʠʭ ʟʘʛʨʝʚʘˁʝʤ ʜʝʣʦʚʘ ʦʢʦ 

ʚʨʭʦʚʘ ʝʣʝʢʪʨʦʜʘ. ʏʚʨʩʪ ʤʘʪʝʨʠʿʘʣ ʚʨʭʦʚʘ ʝʣʝʢʪʨʦʜʘ ʧʨʝʚʦʜʠ ʩʝ, ʧʨʝʢʦ ʪʝʯʥʝ ʠ 

ʛʘʩʦʚʠʪʝ ʬʘʟʝ, ʫ ʬʘʟʫ ʥʝʧʦʪʧʫʥʦ ʿʦʥʠʟʦʚʘʥʝ ʧʣʘʟʤʝ. ʋ ʨʝʬʝʨʝʥʮʠ [19] ʜʘʪ ʿʝ ʦʧʠʩ 

ʬʠʟʠʯʢʠʭ ʧʨʦʮʝʩʘ ʫ ʝʣʝʢʪʨʠʯʥʦʤ ʣʫʢʫ. ʋ ʥʦʨʤʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, ʧʦʜ ʫʪʠʮʘʿʝʤ 

ʧʦʪʝʥʮʠʿʘʣʥʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʜʚʝ ʙʣʠʩʢʦ ʧʦʩʪʘʚˀʝʥʝ ʝʣʝʢʪʨʦʜʝ ʨʘʟʜʚʦʿʝʥʝ 

ʠʟʦʣʘʪʦʨʦʤ, ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ ʩʝ ʨʝʛʠʩʪʨʫʿʝ ʫʩʧʦʩʪʘʚˀʘˁʝ ʝʣʝʢʪʨʠʯʥʝ ʩʪʨʫʿʝ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʠʟʦʣʘʪʦʨʘ ʨʘʩʪʝ, ʫʩʣʝʜ ʯʝʛʘ ʦʥ ʠʩʧʘʨʘʚʘ ʠ ʨʘʩʪʝ ʙʨʦʿ ʩʣʦʙʦʜʥʠʭ 

ʥʦʩʠʣʘʮʘ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʫ ˁʝʤʫ, ʰʪʦ ʨʝʟʫʣʪʫʿʝ ʩʤʘˁʝˁʝʤ ʦʪʧʦʨʥʦʩʪʠ ʠ ʧʦʨʘʩʪʦʤ 
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ʩʪʨʫʿʝ. ʂʘʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʧʨʦʛʨʝʩʠʚʥʠʤ ʧʨʦʮʝʩʦʤ ʜʦʩʪʠʛʥʝ ʦʜʨʝʹʝʥʫ 

ʚʨʝʜʥʦʩʪ, ʬʦʨʤʠʨʘʿʫ ʩʝ ʫʩʣʦʚʠ ʟʘ ʦʜʨʞʘʚʘˁʝ ʣʫʢʘ. ʇʦʪʨʝʙʥʦ ʿʝ ʜʘ ʧʦʩʪʦʿʠ ʛʘʩʥʘ 

ʩʨʝʜʠʥʘ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʠʥʪʝʥʟʠʚʥʦ ʢʨʝʪʘˁʝ ʥʦʩʠʣʘʮʘ ʝʣʝʢʪʨʠʮʠʪʝʪʘ ʢʘʢʦ ʙʠ ʩʝ 

ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʫʩʧʦʩʪʘʚʠʦ ʠ ʦʜʨʞʘʦ. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʣʫʢʘ ʩʫ ʚʝʣʠʢʘ ʛʫʩʪʠʥʘ 

ʩʪʨʫʿʝ, ʤʘʣʠ ʢʘʪʦʜʥʠ ʧʘʜ ʥʘʧʦʥʘ ʠ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʿʦʥʠʟʦʚʘʥʦʿ ʦʙʣʘʩʪʠ 

(2000ï6000 
ʦ
C [20]). 

ʇʦ ʩʚʦʤ ʧʦʣʦʞʘʿʫ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʤʦʞʝ ʙʠʪʠ ʨʝʜʥʠ ï 

ʩʝʨʠʿʩʢʠ (ʩʣʠʢʘ 1), ʠʣʠ ʧʘʨʘʣʝʣʥʠ ï ʦʪʦʯʥʠ (ʩʣʠʢʘ 2). ʋ ʦʢʚʠʨʫ ʩʪʨʫʿʥʦʛ ʢʦʣʘ 

ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʩʝ ʤʦʞʝ ʿʘʚʠʪʠ ʥʘ ʙʠʣʦ ʢʦʤ ʤʝʩʪʫ ʦʜ ʨʘʟʚʦʜʥʝ ʪʘʙʣʝ ʜʦ 

ʧʨʠʿʝʤʥʠʢʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʨʘʟʚʦʜʥʫ ʪʘʙʣʫ ʠ ʩʘʤ ʧʨʠʿʝʤʥʠʢ. 

ʇʘʨʘʣʝʣʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʩʝ ʤʦʞʝ ʿʘʚʠʪʠ ʠʟʤʝʹʫ ʬʘʟʥʦʛ ʠ ʥʝʫʪʨʘʣʥʦʛ 

ʧʨʦʚʦʜʥʠʢʘ, ʠʟʤʝʹʫ ʥʝʫʪʨʘʣʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʤʘʩʝ (ʠʣʠ ʟʘʰʪʠʪʥʦʛ ʧʨʦʚʦʜʥʠʢʘ), 

ʢʘʦ ʠ ʠʟʤʝʹʫ ʬʘʟʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʤʘʩʝ (ʠʣʠ ʟʘʰʪʠʪʥʦʛ ʧʨʦʚʦʜʥʠʢʘ). 

 

                                                

ʉʣʠʢʘ 1. ʈʝʜʥʠ (ʩʝʨʠʿʩʢʠ) ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ [21]     ʉʣʠʢʘ 2. ʇʘʨʘʣʝʣʥʠ (ʦʪʦʯʥʠ) ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ [21] 

 

ʊʨʝʙʘ ʠʩʪʘ˂ʠ ʜʘ, ʩʘ ʛʣʝʜʠʰʪʘ ʦʧʘʩʥʦʩʪʠ ʦʜ ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ, ʧʦʩʪʦʿʠ 

ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʨʝʜʥʦʛ ʠ ʧʘʨʘʣʝʣʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. ʋ ʩʣʫʯʘʿʫ ʧʦʿʘʚʝ 

ʨʝʜʥʦʛ ʣʫʢʘ, ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ ʫ ʢʦʤʝ ʩʝ ʣʫʢ ʧʦʿʘʚʠʦ ʩʪʨʫʿʘ ʦʧʘʜʘ ʟʙʦʛ ʧʦʨʘʩʪʘ 

ʠʤʧʝʜʘʥʩʝ ʫ ʢʦʣʫ, ʧʘ ʩʝ ʩʘ ʩʠʛʫʨʥʦʰ˂ʫ ʤʦʞʝ ʦʯʝʢʠʚʘʪʠ ʜʘ ʧʨʝʢʦʩʪʨʫʿʥʘ ʟʘʰʪʠʪʘ 

ʥʝ˂ʝ ʨʝʘʛʦʚʘʪʠ ʥʠʪʠ ʠʩʢˀʫʯʠʪʠ ʥʘʧʘʿʘˁʝ ʩʪʨʫʿʥʦʛ ʢʦʣʘ ʫ ʢʦʤʝ ʩʝ ʣʫʢ ʧʦʿʘʚʠʦ. 

ʂʘʢʦ ʢʚʘʨ ʦʚʘʢʚʦʛ ʪʠʧʘ ʤʦʞʝ ʥʝʦʤʝʪʘʥʦ ʜʘ ʪʨʘʿʝ, ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ ʿʝ 

ʚʝʣʠʢʘ. ɿʙʦʛ ʯʠˁʝʥʠʮʝ ʜʘ ʩʫ ʩʚʝ ʢʣʘʩʠʯʥʝ ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ ʧʨʘʢʪʠʯʥʦ 

ʥʝʦʩʝʪˀʠʚʝ ʥʘ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ, ʫʧʨʘʚʦ ʿʝ ʦʥ ʿʝʜʘʥ ʦʜ ʥʘʿʯʝʰ˂ʠʭ ʫʟʨʦʢʘ 

ʧʦʞʘʨʘ ʠʟʘʟʚʘʥʠʭ ʢʚʘʨʦʚʠʤʘ ʫ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ [22]. ɿʘ ʨʘʟʣʠʢʫ ʦʜ 

ʨʝʜʥʦʛ, ʧʘʨʘʣʝʣʥʠ ʣʫʢ ʥʘʿʯʝʰ˂ʝ ʙʠʚʘ ʧʨʝʢʠʥʫʪ ʙʨʟʠʤ ʜʝʣʦʚʘˁʝʤ ʥʝʢʝ ʦʜ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 
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ʢʣʘʩʠʯʥʠʭ ʟʘʰʪʠʪʥʠʭ ʢʦʤʧʦʥʝʥʪʠ, ʿʝʨ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʩʪʨʫʿʘ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ, ʟʙʦʛ 

ʥʘʛʣʦʛ ʧʘʜʘ ˁʝʛʦʚʝ ʠʤʧʝʜʘʥʩʝ, ʚʝʦʤʘ ʙʨʟʦ ʧʦʨʘʩʪʝ ʜʦ ʚʨʝʜʥʦʩʪʠ ʢʦʘʿ ʦʙʝʟʙʝʹʫʿʝ 

ʝʬʠʢʘʩʥʦ ʨʝʘʛʦʚʘˁʝ ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ. 

ʅʘʿʯʝʰ˂ʠ ʫʟʨʦʮʠ ʧʦʿʘʚʝ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʩʫ: 

1. ʫʛˀʝʥʠʩʘˁʝ ʠʟʦʣʘʮʠʿʝ (ʪʟʚ. ʪʨʘʩʠʨʘˁʝ ʣʫʢʘ), 

2. ʩʧʦˀʘ ʠʟʘʟʚʘʥʘ ʿʦʥʠʟʘʮʠʿʘ ʚʘʟʜʫʭʘ (ʧʣʘʤʝʥʦʤ ʠʣʠ ʧʨʝʪʭʦʜʥʦ 

ʫʩʧʦʩʪʘʚˀʝʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʣʫʢʦʤ), ʠ 

3. ʢʨʘʪʘʢ ʩʧʦʿ (ʥʝʤʝʪʘʣʥʠ). 

 

1.2.1.1 ʋʛˀʝʥʠʩʘˁʝ ʠʟʦʣʘʮʠʿʝ 
 

ʋ ʥʘʠʟʤʝʥʠʯʥʠʤ ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ ʥʠʿʝ ʪʝʰʢʦ ʠʟʘʟʚʘʪʠ ʠ ʦʜʨʞʘʪʠ 

ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʘʢʦ ʧʦʩʪʦʿʠ ʫʛˀʝʥʠʩʘʥʘ ʧʨʦʚʦʜʥʘ ʧʫʪʘˁʘ. ʇʦʟʥʘʪʦ ʿʝ ʜʘ ʠʤʘ ʚʠʰʝ 

ʥʘʯʠʥʘ ʜʘ ʩʝ ʩʪʚʦʨʠ ʪʘʢʚʘ ʧʫʪʘˁʘ ʫ ʠʣʠ ʥʘ ʠʟʦʣʘʮʠʦʥʦʤ ʤʘʪʝʨʠʿʘʣʫ. 

ʅʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠ ʥʘʯʠʥ ʿʝ ʜʘ ʩʝ ʠʟʦʣʘʮʠʿʘ ʠʟʣʦʞʠ ʚʠʩʦʢʦʤ ʥʘʧʦʥʫ, ʫʩʣʝʜ ʯʝʛʘ 

ʜʦʣʘʟʠ ʜʦ ˁʝʥʦʛ ʧʨʦʙʦʿʘ. ɼʨʫʛʠ ʥʘʯʠʥ, ʢʦʿʠ ʿʝ ʫ ʧʨʘʢʩʠ ʯʝʰ˂ʠ, ʫʢˀʫʯʫʿʝ 

ʢʦʤʙʠʥʦʚʘʥʠ ʝʬʝʢʘʪ ʚʣʘʛʝ ʠ ʥʝʯʠʩʪʦ˂ʝ ʥʘ ʧʦʚʨʰʠʥʠ ʠʟʦʣʘʮʠʿʝ, ʫʩʣʝʜ ʯʝʛʘ ʜʦʣʘʟʠ 

ʜʦ ʩʪʨʫʿʝ Ăʮʫʨʝˁʘñ ʧʨʝʢʦ ʧʦʚʨʰʠʥʝ ʠʟʦʣʘʮʠʿʝ ʧʨʦʚʦʜʥʠʢʘ, ʰʪʦ ʚʨʝʤʝʥʦʤ ʜʦʚʦʜʠ 

ʜʦ ʬʦʨʤʠʨʘˁʘ ʫʛˀʝʥʠʩʘʥʝ ʧʫʪʘˁʝ. ɺʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʜʦ ʦʚʘʢʚʝ ʧʦʿʘʚʝ ʜʦʹʝ ʟʥʘʯʘʿʥʦ 

ʿʝ ʚʝ˂ʘ ʥʘ ʩʪʘʨʠʤ ʠ ʥʝʦʜʨʞʘʚʘʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ, ʘ ʧʦʩʝʙʥʦ ʘʢʦ ʩʫ 

ʦʥʝ ʠʟʣʦʞʝʥʝ ʥʝʧʦʚʦˀʥʠʤ ʘʪʤʦʩʬʝʨʩʢʠʤ ʫʪʠʮʘʿʠʤʘ. 

ʅʘ ʩʣʠʮʠ 3 ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʧʨʠʤʝʨ ʪʘʢʚʦʛ ʥʘʯʠʥʘ ʫʩʧʦʩʪʘʚˀʘˁʘ ʨʝʜʥʦʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. 

 

 
ʉʣʠʢʘ 3. ʋʩʧʦʩʪʘʚˀʘˁʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʧʨʝʢʦ ʜʝʣʠʤʠʯʥʦ ʧʨʦʚʦʜʥʝ ʧʦʚʨʰʠʥʝ 

 

ʀʟʦʣʘʮʠʦʥʠ ʤʘʪʝʨʠʿʘʣʠ ʩʝ ʚʝʦʤʘ ʨʘʟʣʠʢʫʿʫ ʧʨʝʤʘ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʪʨʘʩʠʨʘˁʝ 

ʣʫʢʘ. ʋ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫʛʣʘʚʥʦʤ ʩʝ ʢʦʨʠʩʪʝ ʧʨʦʚʦʜʥʠʮʠ ʩʘ PVC 

ʠʟʦʣʘʮʠʿʦʤ, ʘʣʠ, ʥʘʞʘʣʦʩʪ, PVC ʿʝ ʿʝʜʘʥ ʦʜ ʥʘʿʣʦʰʠʿʠʭ ʧʦʣʠʤʝʨʘ ʫ ʧʦʛʣʝʜʫ 

ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʩʪʚʘʨʘˁʝ ʢʘʨʙʦʥʠʟʦʚʘʥʝ ʧʫʪʘˁʝ ʟʘ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ. ʇʨʠ ʠʟʣʘʛʘˁʫ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 
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PVC ʠʟʦʣʘʮʠʿʝ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʦʜ 200 ÁC ʜʦ 300 ÁC ʫ ˁʦʿ ʩʝ ʦʜʠʛʨʘʚʘ ʧʨʦʮʝʩ 

ʫʛˀʝʥʠʩʘˁʘ, ʘ ʜʝʦ ʠʟʦʣʘʮʠʿʝ ʢʦʿʠ ʿʝ ʫʛˀʝʥʠʩʘʥ ʜʦʙʠʿʘ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʝ ʦʩʦʙʠʥʝ, 

ʯʠʤʝ ʩʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʦʿʘʚʝ ʩʪʨʫʿʝ Ăʮʫʨʝˁʘñ ʠ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ [6]. ʂʘʜʘ ʩʝ PVC 

ʠʟʦʣʘʮʠʿʘ ʿʝʜʥʦʤ ʦʰʪʝʪʠ ʧʨʝʛʨʝʚʘˁʝʤ (ʪʟʚ. ʪʝʨʤʠʯʢʘ ʜʝʛʨʘʜʘʮʠʿʘ ʠʟʦʣʘʮʠʿʝ), 

ˁʝʥʘ ʜʠʝʣʝʢʪʨʠʯʥʘ ʯʚʨʩʪʦ˂ʘ ʟʥʘʪʥʦ ʦʧʘʜʘ, ʧʘ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʝʣʝʢʪʨʠʯʥʦʛ ʧʨʦʙʦʿʘ 

ʠʟʦʣʘʮʠʿʝ ʠ ʧʨʠ ʥʘʟʠʚʥʦʤ ʥʘʧʦʥʫ ʠ ʨʘʜʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʄʦʛʫ˂ʝ ʿʝ ʜʘ ʩʝ ʥʘ ʧʨʦʚʦʜʥʠʮʠʤʘ ʩʘ ʪʝʨʤʠʯʢʠ ʦʰʪʝ˂ʝʥʦʤ PVC ʠʟʦʣʘʮʠʿʦʤ 

ʜʦʛʦʜʠ ʧʘʨʘʣʝʣʘʥ ʢʨʘʪʘʢ ʩʧʦʿ ʠ ʫʩʧʦʩʪʘʚʠ ʩʣʝʜʝ˂ʠ ʩʘʤʦʦʜʨʞʘʚʘʿʫ˂ʠ ʮʠʢʣʠʯʥʠ 

ʧʨʦʮʝʩ [6]: 

- ʧʦʯʝʪʥʠ ʪʦʢ ʩʪʨʫʿʝ Ăʮʫʨʝˁʘñ ʜʝʰʘʚʘ ʩʝ ʟʙʦʛ ʧʦʩʪʦʿʘˁʘ ʫʛˀʝʥʠʩʘʥʦʛ 

ʩʣʦʿʘ ʠʟʦʣʘʮʠʿʝ, 

- ʠʟʦʣʘʮʠʿʘ ʩʝ ʟʘʛʨʝʚʘ ʫʩʣʝʜ ʩʪʨʫʿʝ Ăʮʫʨʝˁʘñ ʠ ʜʦʜʘʪʥʦ ʫʛˀʝʥʠʰʝ, 

ʯʠʤʝ ʩʝ ʿʦʰ ʚʠʰʝ ʩʤʘˁʫʿʝ ʦʪʧʦʨʥʦʩʪ ʠʟʦʣʘʮʠʿʝ, 

- ʫʩʣʝʜ ʩʤʘˁʝˁʘ ʦʪʧʦʨʥʦʩʪʠ ʠʟʦʣʘʮʠʿʝ ʩʪʨʫʿʘ Ăʮʫʨʝˁʘñ ʩʝ ʧʦʚʝ˂ʘʚʘ, 

ʩʚʝ ʜʦ ʧʦʿʘʚʝ ʧʘʨʘʣʝʣʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, 

- ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʝ ʩʠʣʝ ʥʘ ʤʝʩʪʫ ʫʩʧʦʩʪʘʚˀʝʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ 

ʨʘʩʧʨʰʫʿʫ ʠʩʪʦʧˀʝʥʝ ʜʝʣʦʚʝ ʧʨʦʚʦʜʥʠʢʘ, 

- ʢʘʜʘ ʩʝ ʠʩʪʦʧˀʝʥʠ ʜʝʣʦʚʠ ʧʨʦʚʦʜʥʠʢʘ ʢʦʿʠ ʩʫ ʬʦʨʤʠʨʘʣʠ 

ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʨʘʩʧʨʰʝ, ʦʪʧʦʨʥʦʩʪ ʫʩʧʦʩʪʘʚˀʝʥʦʛ ʢʦʥʪʘʢʪʘ ʩʝ ʪʨʝʥʫʪʥʦ ʧʦʚʝ˂ʘ, 

ʘ ʿʘʯʠʥʘ ʩʪʨʫʿʝ ʩʤʘˁʠ, ʠʣʠ ʧʨʝʢʠʥʝ, 

- ʤʝʹʫʪʠʤ, ʩʪʨʫʿʘ Ăʮʫʨʝˁʘñ ʠ ʜʘˀʝ ʧʦʩʪʦʿʠ ʢʨʦʟ ʫʛˀʝʥʠʩʘʥʠ 

ʤʘʪʝʨʠʿʘʣ, ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʜʘˀʝʛ ʩʤʘˁʝˁʘ ʦʪʧʦʨʥʦʩʪʠ ʠʟʦʣʘʮʠʿʝ, ʪʦʧˀʝˁʘ 

ʤʝʪʘʣʘ ʠ ʧʦʚʝ˂ʘˁʘ ʩʪʨʫʿʝ. 

ʀʘʢʦ ʮʠʢʣʠʯʘʥ, ʦʚʘʿ ʧʨʦʮʝʩ ʥʝ ʪʨʘʿʝ ʠʩʪʦ ʩʚʘʢʠ ʧʫʪ, ʥʠʪʠ ʩʝ ʦʜʠʛʨʘʚʘ ʩʘ 

ʠʩʪʦʤ ʤʘʢʩʠʤʘʣʥʦʤ ʿʘʯʠʥʦʤ ʩʪʨʫʿʝ. ʊʠʧʠʯʥʝ ʤʘʢʩʠʤʘʣʥʝ ʿʘʯʠʥʝ ʩʪʨʫʿʘ ʢʦʿʝ ʩʝ 

ʫʩʧʦʩʪʘʚˀʘʿʫ ʫ ʪʦʢʫ ʦʙʿʘʰˁʝʥʦʛ ʧʨʦʮʝʩʘ ʥʠʩʫ ʚʝ˂ʝ ʦʜ 50 ɸ, ʤʘʜʘ, ʠʘʢʦ ʨʝʪʢʦ, 

ʤʦʛʫ ʜʦʩʪʠ˂ʠ ʠ ʚʨʝʜʥʦʩʪ ʦʜ 250 ɸ. ʉʪʦʛʘ ʿʝ ʟʘʰʪʠʪʥʦʿ ʢʦʤʧʦʥʝʥʪʠ ʧʦʪʨʝʙʥʦ 

ʦʜʨʝʹʝʥʦ ʚʨʝʤʝ ʜʘ ʨʝʘʛʫʿʝ ʧʨʠ ʦʧʠʩʘʥʦʿ ʧʦʿʘʚʠ. ʋʩʣʝʜ ʪʦʛʘ, ʢʚʘʨ ʤʦʞʝ ʜʘ ʧʦʩʪʦʿʠ 

ʜʦʚʦˀʥʦ ʜʫʛʦ, ʩʚʝ ʜʦʢ ʩʝ ʥʝ ʩʪʚʦʨʝ ʫʩʣʦʚʠ ʟʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ.  
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1.2.1.2 ʉʧʦˀʘ ʠʟʘʟʚʘʥʘ ʿʦʥʠʟʘʮʠʿʘ ʚʘʟʜʫʭʘ 

 

ʇʨʠʨʦʜʥʘ ʜʠʝʣʝʢʪʨʠʯʥʘ ʯʚʨʩʪʦ˂ʘ ʚʘʟʜʫʭʘ ʿʝ 3 MV/m, ʘʣʠ ʝʣʝʢʪʨʠʯʥʠ 

ʧʨʦʙʦʿ ʤʦʞʝ ʜʘ ʩʝ ʜʦʛʦʜʠ ʠ ʧʨʠ ʟʥʘʪʥʦ ʤʘˁʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ ʘʢʦ 

ʿʝ ʚʘʟʜʫʭ ʿʦʥʠʟʦʚʘʥ. ɺʘʟʜʫʭ ʩʝ ʤʦʞʝ ʿʦʥʠʟʦʚʘʪʠ ʧʣʘʤʝʥʦʤ ʠʣʠ ʨʘʥʠʿʝ 

ʫʩʧʦʩʪʘʚˀʝʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʣʫʢʦʤ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʫ ʧʣʘʤʝʥʫ 

ʜʠʝʣʝʢʪʨʠʯʥʘ ʯʚʨʩʪʦ˂ʘ ʚʘʟʜʫʭʘ ʧʘʜʘ ʥʘ ʦʢʦ 0,11 MV/m [6]. ɸʢʦ ʩʝ, ʥʘ ʧʨʠʤʝʨ, 

ʢʚʘʨ ʫ ʦʙʣʠʢʫ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʧʦʿʘʚʠ ʫ ʜʠʩʪʨʠʙʫʪʠʚʥʦʤ ʚʦʜʫ, ʩʪʚʦʨʠ˂ʝ ʩʝ 

ʚʝʣʠʢʘ ʢʦʣʠʯʠʥʘ ʿʦʥʠʟʦʚʘʥʠʭ ʛʘʩʦʚʘ ʢʦʿʠ ʤʦʛʫ ʜʘ ʧʨʝʹʫ ʨʝʣʘʪʠʚʥʦ ʚʝʣʠʢʦ 

ʨʘʩʪʦʿʘˁʝ ʟʘ ʢʨʘʪʢʦ ʚʨʝʤʝ. ʋʢʦʣʠʢʦ ʿʦʥʠʟʦʚʘʥʠ ʛʘʩ ʥʘ ʩʚʦʤ ʧʫʪʫ ʥʘʠʹʝ ʥʘ ʜʨʫʛʦ 

ʝʣʝʢʪʨʠʯʥʦ ʢʦʣʦ, ʤʦʞʝ ʜʘ ʠʟʘʟʦʚʝ ʥʦʚʠ ʢʚʘʨ ʠ ʧʦʿʘʚʫ ʥʦʚʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʥʘ 

ʜʨʫʛʦʿ ʣʦʢʘʮʠʿʠ. 

 

1.2.1.3 ʂʨʘʪʢʠ ʩʧʦʿʝʚʠ 
 

ʂʨʘʪʘʢ ʩʧʦʿ ʿʝ ʥʘʟʠʚ ʟʘ ʠʟʥʝʥʘʜʥʠ ʢʚʘʨ ʢʦʿʠ ʥʘʩʪʘʿʝ ʫʩʣʝʜ ʥʘʛʣʦʛ ʩʤʘˁʝˁʘ 

ʦʪʧʦʨʥʦʩʪʠ ʠ ʧʦʚʝ˂ʘˁʘ ʩʪʨʫʿʝ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ. ʄʦʞʝ ʜʘ ʠʤʘ ʜʚʘ ʦʙʣʠʢʘ:  

1. ʜʠʨʝʢʪʘʥ ʢʨʘʪʘʢ ʩʧʦʿ, ʢʦʜ ʢʦʿʝʛ ʿʝ ʦʩʪʚʘʨʝʥ ʜʦʙʘʨ ʢʦʥʪʘʢʪ ʤʝʪʘʣʘ ʩʘ 

ʤʝʪʘʣʦʤ, ʠʟʚʝʜʝʥ ʧʨʝʢʦ ʧʫʥʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ï ʪʟʚ. ʤʝʪʘʣʥʠ ʢʨʘʪʘʢ ʩʧʦʿ, ʠ 

2. ʚʘʨʥʠʯʝˁʝ, ʢʦʜ ʢʦʿʝʛ ʥʝ ʧʦʩʪʦʿʠ ʧʦʯʝʪʥʠ ʢʦʥʪʘʢʪ ʤʝʪʘʣʘ ʩʘ ʤʝʪʘʣʦʤ, 

ʚʝ˂ ʩʝ ʫʩʧʦʩʪʘʚˀʘ ʩʪʨʫʿʘ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ï ʪʟʚ. ʢʨʘʪʘʢ ʩʧʦʿ ʧʨʝʢʦ ʝʣʝʢʪʨʠʯʥʦʛ 

ʣʫʢʘ. 

ʂʦʜ ʜʠʨʝʢʪʥʦʛ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʦʚʝ˂ʘʥʦ ʛʨʝʿʘˁʝ ʥʠʿʝ ʣʦʢʘʣʠʟʦʚʘʥʦ ʥʘ ʤʝʩʪʫ 

ʢʚʘʨʘ, ʚʝ˂ ʿʝ ʨʘʩʧʦʨʝʹʝʥʦ ʜʫʞ ʮʝʣʦʛ ʩʪʨʫʿʥʦʛ ʢʦʣʘ. ɸʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯ 

(ʪʦʧˀʠʚʠ ʫʤʝʪʘʢ ʦʩʠʛʫʨʘʯʘ) ʦʙʠʯʥʦ ʧʨʝʢʠʥʝ ʥʘʧʘʿʘˁʝ ʩʪʨʫʿʥʦʛ ʢʦʣʘ ʧʨʝ ʥʝʛʦ ʰʪʦ 

ʩʝ ʙʠʣʦ ʰʪʘ ʫʧʘʣʠ ʫʩʣʝʜ ʧʦʚʝ˂ʘʥʝ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘʧʨʘʚʦ, ʚʝʦʤʘ ʿʝ ʪʝʰʢʦ 

ʜʠʨʝʢʪʥʠʤ ʢʨʘʪʢʠʤ ʩʧʦʿʝʤ ʠʟʘʟʚʘʪʠ ʧʦʞʘʨ ʫ ʜʦʙʨʦ ʧʨʦʿʝʢʪʦʚʘʥʠʤ ʠ ʧʨʘʚʠʣʥʦ 

ʠʟʚʝʜʝʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ. 

ʂʨʘʪʘʢ ʩʧʦʿ ʧʨʝʢʦ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʨʝʟʫʣʪʘʪ ʿʝ ʢʨʘʪʢʦʪʨʘʿʥʦʛ ʢʦʥʪʘʢʪʘ ʜʚʘ 

ʦʛʦˀʝʥʘ ʧʨʦʚʦʜʥʠʢʘ. ʇʨʠ ˁʠʭʦʚʦʤ ʜʦʜʠʨʫ ʪʨʝʥʫʪʥʦ ʩʝ ʫʩʧʦʩʪʘʚˀʘ ʚʝʣʠʢʘ ʩʪʨʫʿʘ 

ʢʦʿʘ ʠʟʘʟʠʚʘ ʪʦʧˀʝˁʝ ʤʘʪʝʨʠʿʘʣʘ ʠ ʿʦʥʠʟʦʚʘˁʝ ʛʘʩʦʚʘ ʫ ʥʝʧʦʩʨʝʜʥʦʤ ʦʢʨʫʞʝˁʫ 

ʧʨʝʪʭʦʜʥʦ ʦʩʪʚʘʨʝʥʦʛ ʢʦʥʪʘʢʪʘ. ʄʘʛʥʝʪʩʢʝ ʩʠʣʝ ʪʝʞʝ ʜʘ ʨʘʟʜʚʦʿʝ ʧʨʦʚʦʜʥʠʢʝ, ʘʣʠ 

ʜʦʢ ʩʝ ʦʥʠ ʧʦʪʧʫʥʦ ʥʝ ʨʘʟʜʚʦʿʝ ʧʦʩʪʦʿʠ ʩʪʨʫʿʘ ʫ ʧʨʦʚʦʜʥʦʤ ʤʦʩʪʫ ʦʜ ʪʝʯʥʦʛ 

ʤʝʪʘʣʘ ʠ ʿʦʥʠʟʦʚʘʥʠʭ ʛʘʩʦʚʘ (ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ). ʋʩʧʦʩʪʘʚˀʝʥʠ ʧʨʦʚʦʜʥʠ ʤʦʩʪ ʩʝ 
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ʠʧʘʢ ʤʘʛʥʝʪʩʢʠʤ ʩʠʣʘʤʘ ʧʨʝʢʠʜʘ, ʠ ʪʦ ʨʘʩʧʨʰʠʚʘˁʝʤ ʫʞʘʨʝʥʠʭ ʢʘʧˀʠʮʘ ʤʝʪʘʣʘ 

(ʚʘʨʥʠʮʘ). ʇʦ ʟʘʚʨʰʝʪʢʫ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʩʘ ʝʣʝʢʪʨʠʯʥʠʤ ʣʫʢʦʤ, ʤʦʛʫ ʩʝ ʚʠʜʝʪʠ 

ʦʰʪʝ˂ʝʥʝ ʧʦʚʨʰʠʥʝ ʥʘ ʧʨʦʚʦʜʥʠʮʠʤʘ ʚʝ˂ʝʛ ʧʨʝʯʥʠʢʘ, ʜʦʢ ʧʨʦʚʦʜʥʠʮʠ ʤʘˁʝʛ 

ʧʨʝʩʝʢʘ ʤʦʛʫ ʙʠʪʠ ʧʦʪʧʫʥʦ ʫʥʠʰʪʝʥʠ ʥʘ ʤʝʩʪʫ ʧʦʿʘʚʝ ʣʫʢʘ [18]. ʅʘ ʩʣʠʢʘʤʘ 4 ʠ 5 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʧʨʠʤʝʨʠ ʦʰʪʝ˂ʝˁʘ ʥʘʩʪʘʣʠʭ ʫʩʣʝʜ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʨʝʢʦ ʝʣʝʢʪʨʠʯʥʦʛ 

ʣʫʢʘ. 

 

 
ʉʣʠʢʘ 4. ʇʦʩʣʝʜʠʮʝ ʦʰʪʝ˂ʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʫʩʣʝʜ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʨʝʢʦ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ 

 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʢʨʘʪʘʢ ʩʧʦʿ ʧʨʝʢʦ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʤʦʞʝ 

ʙʠʪʠ ʫʟʨʦʢ ʧʦʞʘʨʘ ʫʢʦʣʠʢʦ ʢʘʧʠ ʫʞʘʨʝʥʦʛ ʤʝʪʘʣʘ ʜʦʹʫ ʫ ʜʦʜʠʨ ʩʘ ʟʘʧʘˀʠʚʠʤ 

ʤʘʪʝʨʠʿʘʣʠʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʥʧʨ. ʧʘʧʠʨ ʠʣʠ ʧʣʘʪʥʦ [19].  

 

 
ʉʣʠʢʘ 5. ʇʦʩʣʝʜʠʮʝ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʨʝʢʦ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʢʦʜ ʢʦʛʘ ʿʝ ʜʦʰʣʦ ʜʦ ʧʦʿʘʚʝ 

ʠʩʪʦʧˀʝʥʠʭ ʢʘʧˀʠʮʘ ʤʝʪʘʣʘ 

 

ʆʚʘʢʘʚ ʢʨʘʪʘʢ ʩʧʦʿ ʤʦʞʝ ʜʘ ʥʘʩʪʘʥʝ ʥʘ ʤʝʩʪʫ ʧʨʝʩʝʮʘˁʘ ʠʣʠ ʢʠʜʘˁʘ 

ʥʘʧʦʿʥʦʛ ʝʥʝʨʛʝʪʩʢʦʛ ʢʘʙʣʘ, ʠʟʤʝʹʫ ʦʛʦˀʝʥʠʭ ʜʝʣʦʚʘ ʧʨʦʚʦʜʥʠʢʘ ʢʘʙʣʘ. 

ɺʝʨʦʚʘʪʥʦ˂ʘ ʧʦʿʘʚʝ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʥʘ ʤʝʩʪʫ ʧʨʝʩʝʮʘˁʘ ʢʘʙʣʘ ʧʦʚʝ˂ʘʚʘ ʩʝ ʩʘ 

ʧʦʚʝ˂ʘˁʝʤ ʫʛʣʘ ʢʦʿʠ ʧʨʘʚʘʮ ʨʝʟʘ ʟʘʢʣʘʧʘ ʩʘ ʦʩʦʤ ʢʘʙʣʘ, ʿʝʨ ʩʝ ʪʠʤʝ ʧʦʚʝ˂ʘʚʘʿʫ 
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ʜʦʜʠʨʥʝ ʧʦʚʨʰʠʥʝ ʦʛʦˀʝʥʠʭ ʧʨʦʚʦʜʥʠʢʘ. ʈʘʟʥʠ ʦʙʣʠʮʠ ʜʝʛʨʘʜʘʮʠʿʝ ʠʟʦʣʘʮʠʿʝ 

ʤʦʛʫ ʜʘ ʙʫʜʫ ʫʟʨʦʢ ʥʘʩʪʘʥʢʘ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʨʝʢʦ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ.  ʇʨʠʤʝʨʠ 

ʜʝʛʨʘʜʘʮʠʿʝ ʠʟʦʣʘʮʠʿʝ ʩʫ:  

- ʤʝʭʘʥʠʯʢʦ ʦʰʪʝ˂ʝˁʝ ʫʩʣʝʜ ʫʚʨʪʘˁʘ ʧʨʦʚʦʜʥʠʢʘ, 

- ʤʝʭʘʥʠʯʢʦ ʦʰʪʝ˂ʝˁʝ ʥʘʩʪʘʣʦ ʫʧʦʪʨʝʙʦʤ ʙʫʰʠʣʠʮʝ,  

- ʦʰʪʝ˂ʝˁʝ ʫʩʣʝʜ ʧʦʚʝ˂ʘʥʝ ʚʣʘʞʥʦʩʪʠ ʥʘ ʤʝʩʪʫ ʧʦʣʘʛʘˁʘ ʧʨʦʚʦʜʥʠʢʘ. 

ʅʘʧʦʤʝʥʠʤʦ ʜʘ ʜʝʛʨʘʜʘʮʠʿʫ ʠʟʦʣʘʮʠʿʝ ʤʦʞʝ ʠʟʘʟʚʘʪʠ ʠ ʪʦʧʣʦʪʘ ʢʦʿʘ ʥʘʩʪʘʿʝ 

ʧʨʠ ʨʘʜʫ ʥʝʢʦʛ ʧʨʠʿʝʤʥʠʢʘ ʠʣʠ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ 

ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ ʧʨʦʚʦʜʥʠʢʘ. 

  

1.2.2 ʆʤʩʢʦ ʟʘʛʨʝʚʘˁʝ ʙʝʟ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ  
 

ʄʦʛʫ˂ʠ ʫʟʨʦʮʠ ʦʤʩʢʦʛ ʧʨʝʛʨʝʚʘˁʘ ʤʦʛʫ ʙʠʪʠ: 

1. ʩʪʨʫʿʥʦ ʧʨʝʦʧʪʝʨʝ˂ʝˁʝ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ, 

2. ʜʦʜʘʪʥʘ ʪʦʧʣʦʪʥʘ ʠʟʦʣʘʮʠʿʘ, 

3. Ăʣʫʪʘʿʫ˂ʝñ ʩʪʨʫʿʝ ʠ ʟʝʤˀʦʩʧʦʿʝʚʠ, 

4. ʧʦʨʘʩʪ ʥʘʧʦʥʘ ʠʟʥʘʜ ʥʘʟʠʚʥʝ ʚʨʝʜʥʦʩʪʠ, ʠ 

5. ʣʦʰ ʢʦʥʪʘʢʪ ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʤʝʩʪʫ ˁʝʛʦʚʦʛ ʧʨʠʢˀʫʯʢʘ. 

 

1.2.2.1 ʉʪʨʫʿʥʦ ʧʨʝʦʧʪʝʨʝ˂ʝˁʝ ʧʨʦʚʦʜʥʠʢʘ ʠ ʦʩʪʘʣʠʭ ʢʦʤʧʦʥʝʥʪʠ ʝʣʝʢʪʨʠʯʥʝ 

ʠʥʩʪʘʣʘʮʠʿʝ 
 

ɽʢʩʧʝʨʠʤʝʥʪʠʤʘ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʩʝ ʩʪʨʫʿʥʠʤ ʧʨʝʦʧʪʝʨʝ˂ʝˁʝʤ ʢʦʤʧʦʥʝʥʪʝ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʤʦʛʫ ʟʘʛʨʝʿʘʪʠ ʜʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ. ʄʝʹʫʪʠʤ, ʜʘ ʙʠ 

ʜʦʰʣʦ ʜʦ ʥʘʩʪʘʥʢʘ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ, ʿʘʯʠʥʘ ʩʪʨʫʿʝ ʫ ˁʠʤʘ ʤʦʨʘ ʜʘ ʙʫʜʝ ʯʘʢ 3 ʜʦ 7 

ʧʫʪʘ ʚʝ˂ʘ ʦʜ ʥʘʟʠʚʥʝ [6]. ʇʦʰʪʦ ʿʝ ʚʝ˂ʠʥʘ ʩʪʨʫʿʥʠʭ ʢʦʣʘ ʟʘʰʪʠ˂ʝʥʘ ʘʫʪʦʤʘʪʩʢʠʤ 

ʧʨʝʢʠʜʘʯʠʤʘ ʠʣʠ ʦʩʠʛʫʨʘʯʠʤʘ ʥʘʟʠʚʥʝ ʩʪʨʫʿʝ 10ï20 ɸ, ʯʠʿʘ ʿʝ ʫʣʦʛʘ ʜʘ ʠʩʢˀʫʯʝ 

ʥʘʧʘʿʘˁʝ ʫʢʦʣʠʢʦ ʩʝ ʜʦʛʦʜʠ ʜʫʛʦʪʨʘʿʥʦ ʩʪʨʫʿʥʦ ʧʨʝʦʧʪʝʨʝ˂ʝˁʝ, ʤʦʞʝ ʩʝ ʩʤʘʪʨʘʪʠ 

ʜʘ ʿʝ ʦʥʦ ʚʝʦʤʘ ʨʝʜʘʢ ʫʟʨʦʢ ʧʦʞʘʨʘ ʫ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʥʠʩʢʦʛ ʥʘʧʦʥʘ. 

ʄʝʹʫʪʠʤ, ʧʨʦʙʣʝʤ ʥʘʩʪʘʿʝ ʘʢʦ ʿʝ ʝʣʝʢʪʨʠʯʥʘ ʢʦʤʧʦʥʝʥʪʘ ʥʝʢʚʘʣʠʪʝʪʥʦ ʠʟʨʘʹʝʥʘ ʠ 

ʥʝ ʤʦʞʝ ʜʘ ʧʦʜʥʝʩʝ ʩʚʦʿʫ, ʦʜ ʧʨʦʠʟʚʦʹʘʯʘ ʜʝʢʣʘʨʠʩʘʥʫ, ʥʘʟʠʚʥʫ ʩʪʨʫʿʫ. ʇʨʘʢʩʘ ʫ 

ʥʘʰʦʿ ʟʝʤˀʠ ʿʝ ʧʦʢʘʟʘʣʘ ʜʘ ʩʝ ʥʘ ʪʨʞʠʰʪʫ ʤʦʛʫ ʥʘ˂ʠ ʥʝʢʚʘʣʠʪʝʪʥʝ ʝʣʝʢʪʨʠʯʥʝ 

ʢʦʤʧʦʥʝʥʪʝ (ʥʧʨ. ʧʨʦʜʫʞʥʠ ʢʘʙʣʦʚʠ ʥʝʧʦʟʥʘʪʦʛ ʧʦʨʝʢʣʘ, ʢʦʿʠ ʩʝ, ʠʘʢʦ 

ʜʝʢʣʘʨʠʩʘʥʠ ʟʘ ʥʘʟʠʚʥʫ ʩʪʨʫʿʫ ʦʜ 16 ɸ, ʧʨʝʛʨʝʚʘʿʫ ʠ ʧʘʣʝ ʧʨʠ ʟʥʘʪʥʦ ʤʘˁʠʤ 

ʩʪʨʫʿʥʠʤ ʦʧʪʝʨʝ˂ʝˁʠʤʘ). 
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1.2.2.2 ɼʦʜʘʪʥʘ ʪʦʧʣʦʪʥʘ ʠʟʦʣʘʮʠʿʘ 
 

ɼʦ ʧʨʝʛʨʝʚʘˁʘ ʧʨʦʚʦʜʥʠʢʘ ʤʦʞʝ ʜʦ˂ʠ ʠ ʧʨʠ ʥʘʟʠʚʥʠʤ ʩʪʨʫʿʥʠʤ 

ʦʧʪʝʨʝ˂ʝˁʠʤʘ, ʫʢʦʣʠʢʦ ʩʝ ʩʧʨʝʯʠ ʥʦʨʤʘʣʥʦ ʦʜʚʦʹʝˁʝ ʪʦʧʣʦʪʝ, ʪʿ. ʫʢʦʣʠʢʦ ʩʝ 

ʧʦʚʝ˂ʘ ʪʦʧʣʦʪʥʘ ʠʟʦʣʘʮʠʿʘ (ʰʪʦ ʩʝ, ʥʘ ʧʨʠʤʝʨ, ʤʦʞʝ ʦʩʪʚʘʨʠʪʠ ʥʘʤʦʪʘʚʘˁʝʤ 

ʧʨʦʚʦʜʥʠʢʘ ʫ ʢʣʫʧʢʦ ʠʣʠ ʧʦʩʪʘʚˀʘˁʝʤ ʥʝʢʦʛ ʦʙʣʠʢʘ ʩʧʦˀʥʝ ʪʦʧʣʦʪʥʝ ʠʟʦʣʘʮʠʿʝ). 

ʃʘʙʦʨʘʪʦʨʠʿʩʢʦʤ ʜʝʤʦʥʩʪʨʘʮʠʿʦʤ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʩʝ ʝʥʝʨʛʝʪʩʢʠ ʢʘʙʣ ʤʦʞʝ 

ʟʘʧʘʣʠʪʠ ʫ ʪʦʢʫ ʥʦʨʤʘʣʥʦʛ ʨʘʜʘ ʫʢʦʣʠʢʦ ʩʝ ʩʤʦʪʘ ʫ ʢʣʫʧʢʦ ʠ ʧʨʝʢʨʠʿʝ ʦʜʝ˂ʦʤ [6]. 

ʅʘʞʘʣʦʩʪ, ʦʚʘʢʚʝ ʩʠʪʫʘʮʠʿʝ ʩʫ ʯʝʩʪʝ ʫ ʩʪʘʤʙʝʥʠʤ ʠ ʧʦʩʣʦʚʥʠʤ ʦʙʿʝʢʪʠʤʘ ʫ ʥʘʰʦʿ 

ʟʝʤˀʠ (ʩʣʠʢʘ 6). 

 

 
ʉʣʠʢʘ 6. ʇʨʠʤʝʨ ʥʝʘʜʝʢʚʘʪʥʦ ʧʦʩʪʘʚˀʝʥʦʛ ʧʨʦʜʫʞʥʦʛ ʢʘʙʣʘ ʠ ʪʝʨʤʦʚʠʟʠʿʩʢʠ ʩʥʠʤʘʢ ʢʦʿʠ ʩʝ 

ʦʜʥʦʩʠ ʥʘ ʧʨʦʚʦʜʥʠʢ ʩʤʦʪʘʥ ʫ ʢʣʫʧʢʦ 

 

1.2.2.3 Ăʃʫʪʘʿʫ˂ʝñ ʩʪʨʫʿʝ ʠ ʟʝʤˀʦʩʧʦʿʝʚʠ 

 

ʇʦʜ Ăʣʫʪʘʿʫ˂ʠʤ ʩʪʨʫʿʘʤʘñ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʝʣʝʢʪʨʠʯʥʝ ʩʪʨʫʿʝ ʢʦʿʝ ʩʝ, 

ʫʩʣʝʜ ʢʚʘʨʘ ʥʘ ʥʝʢʦʤ ʜʝʣʫ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ (ʥʧʨ. ʫʩʣʝʜ ʟʝʤˀʦʩʧʦʿʘ), ʧʦʿʘʚʝ 

ʫ ʧʨʦʚʦʜʥʠʤ ʜʝʣʦʚʠʤʘ ʫ ʢʦʿʠʤʘ ʥʠʩʫ ʦʯʝʢʠʚʘʥʝ. ʊʘʢʚʠ ʧʨʦʚʦʜʥʠ ʜʝʣʦʚʠ ʤʦʛʫ ʩʝ 

ʦʟʙʠˀʥʦ ʧʨʝʛʨʝʿʘʪʠ, ʯʠʤʝ ʩʝ ʩʪʚʘʨʘʿʫ ʫʩʣʦʚʠ ʟʘ ʥʘʩʪʘʥʘʢ ʧʦʞʘʨʘ.  

ɿʝʤˀʦʩʧʦʿʝʚʠ ʥʘʩʪʘʿʫ ʧʨʠ ʜʦʜʠʨʫ ʦʛʦˀʝʥʦʛ ʜʝʣʘ ʬʘʟʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʩʘ 

ʤʝʪʘʣʥʠʤ ʧʨʝʜʤʝʪʦʤ (ʤʝʪʘʣʥʠʤ ʢʨʦʚʦʤ, ʤʝʪʘʣʥʠʤ ʤʝʨʜʝʚʠʥʘʤʘ ʠʣʠ ʜʨʫʛʠʤ 

ʤʝʪʘʣʥʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ), ʫʩʣʝʜ ʯʝʛʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʚʦʜʥʠʢʘ, ʘ ʧʦʩʝʙʥʦ 

ʦʩʪʚʘʨʝʥʦʛ ʢʦʥʪʘʢʪʘ, ʟʥʘʪʥʦ ʨʘʩʪʝ, ʯʘʢ ʠ ʧʨʠ ʩʪʨʫʿʘʤʘ ʢʚʘʨʘ ʤʘʣʝ ʿʘʯʠʥʝ. ʅʘ ʩʣʠʮʠ 

7 ʩʫ ʧʨʠʢʘʟʘʥʘ ʜʚʘ ʜʝʣʘ ʠʩʪʦʛ ʧʨʦʚʦʜʥʠʢʘ (ʦʟʥʘʯʝʥʘ ʩʣʦʚʠʤʘ ɸ ʠ ɺ), ʠʩʪʦʧˀʝʥʦʛ ʠ 

ʧʨʝʢʠʥʫʪʦʛ ʫʩʣʝʜ ʧʨʦʙʦʿʘ ˁʝʛʦʚʝ ʠʟʦʣʘʮʠʿʝ ʠ ʧʦʿʘʚʝ ʟʝʤˀʦʩʧʦʿʘ ʧʨʝʢʦ ʢʫ˂ʠʰʪʘ 

ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ [18]. ɺʠʜʠ ʩʝ ʜʘ ʿʝ ʦʩʪʘʣʠʤ ʧʨʦʚʦʜʥʠʮʠʤʘ ʪʘʢʦʹʝ ʠʟʛʦʨʝʣʘ 

ʠʟʦʣʘʮʠʿʘ ʫʩʣʝʜ ʧʦʞʘʨʘ, ʘʣʠ ʩʝ ʥʠʩʫ ʠʩʪʦʧʠʣʠ, ʰʪʦ ʿʘʩʥʦ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ʿʝ 

ʫʧʨʘʚʦ ʠʩʪʦʧˀʝʥʠ ʧʨʦʚʦʜʥʠʢ ʠʟʘʟʚʘʦ ʧʦʞʘʨ ʫ ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ, ʢʦʿʠ ʩʝ ʫʙʨʟʦ 
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ʧʨʦʰʠʨʠʦ ʥʘ ʮʝʦ ʧʦʩʣʦʚʥʠ ʦʙʿʝʢʘʪ. ʋ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʩʫ ʩʪʨʫʿʥʘ ʢʦʣʘ ʟʘʰʪʠ˂ʝʥʘ 

ʧʦʤʦ˂ʫ ʟʘʰʪʠʪʥʠʭ ʫʨʝʹʘʿʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʩʪʨʫʿʝ (ʪʘʢʦʟʚʘʥʠʭ FID ʩʢʣʦʧʢʠ), 

ʥʘʧʘʿʘˁʝ ʤʝʩʪʘ ʢʚʘʨʘ ʩʝ ʫ ʩʣʫʯʘʿʫ ʧʦʿʘʚʝ ʟʝʤˀʦʩʧʦʿʘ ʚʝʦʤʘ ʙʨʟʦ ʠʩʢˀʫʯʫʿʝ, ʧʘ ʿʝ 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ ʟʥʘʪʥʦ ʩʤʘˁʝʥʘ [21]. 

 

 
ʉʣʠʢʘ 7. ʇʦʩʣʝʜʠʮʝ ʟʝʤˀʦʩʧʦʿʘ ʢʦʿʠʤ ʿʝ ʧʨʦʫʟʨʦʢʦʚʘʥ ʚʝʣʠʢʠ ʧʦʞʘʨ ʫ ʿʝʜʥʦʤ ʧʦʩʣʦʚʥʦʤ ʦʙʿʝʢʪʫ 

[18] 

 

1.2.2.4 ʇʦʨʘʩʪ ʥʘʧʦʥʘ ʠʟʥʘʜ ʥʘʟʠʚʥʝ ʚʨʝʜʥʦʩʪʠ 
 

ʇʦʨʘʩʪ ʥʘʧʦʥʘ ʠʟʥʘʜ ʥʘʟʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘ ʨʝʜʘʢ ʫʟʨʦʢ ʧʘˀʝˁʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ. ʀʟʦʣʘʮʠʦʥʠ ʤʘʪʝʨʠʿʘʣʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʚʦʜʥʠʢʝ ʠ 

ʦʩʪʘʣʝ ʢʦʤʧʦʥʝʥʪʝ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʩʧʦʩʦʙʥʠ ʩʫ ʜʘ ʠʟʜʨʞʝ ʤʘˁʘ ʧʦʚʝ˂ʘˁʘ 

ʥʘʧʦʥʘ, ʢʦʿʘ ʩʫ ʨʝʜʦʚʘʥ ʜʦʛʘʹʘʿ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ. ʀʧʘʢ, ʧʦʿʘʚʘ 

ʧʘˀʝˁʘ ʿʝ ʤʦʛʫ˂ʘ ʫʢʦʣʠʢʦ ʩʝ ʥʘʧʦʥ ʧʦʚʝ˂ʘ ʫʩʣʝʜ: 

1. ʫʜʘʨʘ ʛʨʦʤʘ, 

2. ʢʚʘʨʘ ʫ ʧʨʝʥʦʩʥʦ-ʜʠʩʪʨʠʙʫʪʠʚʥʦʤ ʩʠʩʪʝʤʫ, ʧʨʠ ʢʦʤʝ ʩʝ 

ʥʠʩʢʦʥʘʧʦʥʩʢʘ ʝʣʝʢʪʨʠʯʥʘ ʠʥʩʪʘʣʘʮʠʿʘ ʜʠʨʝʢʪʥʦ ʠʟʣʦʞʠ ʟʥʘʪʥʦ ʚʝ˂ʝʤ 

ʥʘʧʦʥʫ, ʠ 

3. ʧʨʝʢʠʜʘ ʥʝʫʪʨʘʣʥʦʛ ʧʨʦʚʦʜʥʠʢʘ. 

ʇʦʟʥʘʪʦ ʿʝ ʜʘ ʫʜʘʨ ʛʨʦʤʘ ʤʦʞʝ ʜʘ ʧʨʦʫʟʨʦʢʫʿʝ ʧʘˀʝˁʝ ʥʝ ʩʘʤʦ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ ʚʝ˂ ʠ ʩʚʠʭ ʚʨʩʪʘ ʟʘʧʘˀʠʚʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʇʨʠʣʠʯʥʦ ʯʝʩʪʦ ʩʝ ʜʝʰʘʚʘ ʜʘ 

ʫ ʨʫʨʘʣʥʠʤ ʧʦʜʨʫʯʿʠʤʘ ʪʦʢʦʤ ʥʝʚʨʝʤʝʥʘ ʧʨʘ˂ʝʥʦʛ ʫʜʘʨʠʤʘ ʛʨʦʤʘ ʜʦʹʝ ʜʦ ʧʦʞʘʨʘ 

ʢʦʿʠ ʥʘʿʯʝʰ˂ʝ ʠʟʘʟʠʚʘʿʫ ʪʦʪʘʣʥʫ ʤʘʪʝʨʠʿʘʣʥʫ ʰʪʝʪʫ (ʚʘʪʨʦʛʘʩʥʝ ʝʢʠʧʝ ʦʙʠʯʥʦ ʫ 

ʦʚʘʢʚʘ ʧʦʜʨʫʯʿʘ ʩʪʠʞʫ ʩʘ ʟʘʢʘʰˁʝˁʝʤ ʚʝ˂ʠʤ ʦʜ ʿʝʜʥʦʛ ʩʘʪʘ). ʇʨʝʛʣʝʜʦʤ ʚʝʣʠʢʦʛ 

ʙʨʦʿʘ ʠʟʚʝʰʪʘʿʘ ʩʘ ʚʝʰʪʘʯʝˁʘ ʧʦʞʘʨʘ ʥʘʩʪʘʣʠʭ ʫ ʥʘʰʦʿ ʟʝʤˀʠ, ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʿʝ 

ʥʘʿʯʝʰ˂ʠ ʠʥʠʮʠʿʘʣʥʠ ʫʟʨʦʢ ʧʦʞʘʨʘ ʧʨʝʥʘʧʦʥ ʘʪʤʦʩʬʝʨʩʢʦʛ ʧʦʨʝʢʣʘ, ʥʘʩʪʘʦ ʫ 
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ʪʦʢʫ ʥʝʚʨʝʤʝʥʘ ʩʘ ʝʚʠʜʝʥʪʠʨʘʥʠʤ ʧʨʘʞˁʝˁʠʤʘ ʫ ʥʘʜʟʝʤʥʫ ʥʠʩʢʦʥʘʧʦʥʩʢʫ ʤʨʝʞʫ 

ʠʣʠ ʫ ʥʝʢʠ ʦʙʿʝʢʘʪ ʫ ˁʝʥʦʿ ʙʣʠʟʠʥʠ. ʆʚʦ ʧʦʪʚʨʹʫʿʫ ʠ ʧʦʜʘʮʠ ʜʦʙʠʿʝʥʠ ʦʜ 

ʝʣʝʢʪʨʦʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʧʨʝʜʫʟʝ˂ʘ. ʋ ʦʜʩʫʩʪʚʫ ʦʜʚʦʜʥʠʢʘ ʧʨʝʥʘʧʦʥʘ ʥʘ ʩʪʫʙʫ, 

ʧʨʝʥʘʧʦʥʩʢʠ ʪʘʣʘʩ ʧʨʝʢʦ ʥʘʜʟʝʤʥʝ ʥʠʩʢʦʥʘʧʦʥʩʢʝ ʤʨʝʞʝ ʠ ʢʘʙʣʘ ʢʫ˂ʥʦʛ 

ʧʨʠʢˀʫʯʢʘ ʧʨʦʜʠʨʝ ʫ ʦʙʿʝʢʘʪ, ʛʜʝ ʠʟʘʟʠʚʘ ʧʦʯʝʪʥʦ ʦʰʪʝ˂ʝˁʝ ʠʟʦʣʘʮʠʿʝ ʫ ʜʝʣʫ 

ʤʝʨʥʦ-ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ (ʩʘ ʦʩʠʛʫʨʘʯʠʤʘ ʠ ʙʨʦʿʠʣʦʤ). ʇʨʠʤʝʨ ʦʰʪʝ˂ʝˁʘ 

ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʫʩʣʝʜ ʧʨʦʜʦʨʘ ʧʨʝʥʘʧʦʥʩʢʦʛ ʪʘʣʘʩʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 

8. 

. 

 
ʉʣʠʢʘ 8. ʇʨʠʤʝʨ ʦʰʪʝ˂ʝˁʘ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʫʩʣʝʜ ʧʨʦʜʦʨʘ ʧʨʝʥʘʧʦʥʩʢʦʛ ʪʘʣʘʩʘ 

 

ʋʟʨʦʢ ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ ʿʝ ʧʦʿʘʚʘ ʩʪʨʫʿʘ ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ ʢʦʿʝ ʥʘʩʪʘʿʫ ʢʘʦ 

ʧʦʩʣʝʜʠʮʘ ʦʰʪʝ˂ʝˁʘ ʠʟʦʣʘʮʠʿʝ ʠʥʠʮʠʨʘʥʠʭ ʘʪʤʦʩʬʝʨʩʢʠʤ ʧʨʝʥʘʧʦʥʦʤ, ʫʩʣʝʜ 

ʯʝʛʘ ʜʦʣʘʟʠ ʜʦ ʣʦʢʘʣʥʠʭ ʧʨʝʛʨʝʚʘˁʘ ʠ ʧʘˀʝˁʘ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ. ɺʘʞʥʦ ʿʝ 

ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʦʚʘʢʚʝ ʩʪʨʫʿʝ ʥʠʩʫ ʙʣʘʛʦʚʨʝʤʝʥʦ ʧʨʝʢʠʥʫʪʝ ʟʙʦʛ ʪʝʭʥʠʯʢʠ 

ʥʝʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʩʪʝʧʝʥʦʚʘˁʘ ʟʘʰʪʠʪʝ (ʥʝʧʦʰʪʦʚʘˁʘ ʧʨʠʥʮʠʧʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ), 

ʦʜʥʦʩʥʦ ʟʙʦʛ ʦʜʩʫʩʪʚʘ ʘʜʝʢʚʘʪʥʠʭ ʩʪʫʙʥʠʭ ʦʩʠʛʫʨʘʯʘ ʯʠʿʫ ʬʫʥʢʮʠʿʫ ʥʠʩʫ 

ʫʩʧʝʰʥʦ ʤʦʛʣʠ ʜʘ ʧʨʝʫʟʤʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠ ʚʠʩʦʢʦʫʯʠʥʩʢʠ ʦʩʠʛʫʨʘʯʠ ʠʥʩʪʘʣʠʨʘʥʠ 

ʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʦʿ ʩʪʘʥʠʮʠ. 

ʂʚʘʨʦʚʠ ʫ ʧʨʝʥʦʩʥʦ-ʜʠʩʪʨʠʙʫʪʠʚʥʦʤ ʩʠʩʪʝʤʫ ʧʨʠ ʢʦʿʠʤʘ ʩʝ ʥʠʩʢʦʥʘʧʦʥʩʢʘ 

ʝʣʝʢʪʨʠʯʥʘ ʠʥʩʪʘʣʘʮʠʿʘ ʜʠʨʝʢʪʥʦ ʧʦʚʝʟʫʿʝ ʥʘ ʚʠʩʦʢʠ ʥʘʧʦʥ ʚʝʦʤʘ ʩʝ ʨʝʪʢʦ 

ʜʝʰʘʚʘʿʫ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ˁʠʭ, ʧʨʝʢʠʜ ʥʝʫʪʨʘʣʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʥʠʿʝ ʨʝʪʢʘ ʧʦʿʘʚʘ. 

ʋʢʦʣʠʢʦ ʿʝ ʫ ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ (ʨʘʟʚʦʜʥʦʿ ʪʘʙʣʠ) ʥʝʫʪʨʘʣʥʠ ʧʨʦʚʦʜʥʠʢ ʫ 

ʧʨʝʢʠʜʫ, ʥʘ ʢʨʘʿʝʚʠʤʘ ʧʨʠʿʝʤʥʠʢʘ ʩʝ ʤʦʞʝ ʧʦʿʘʚʠʪʠ ʥʘʧʦʥ ʙʣʠʟʘʢ ʣʠʥʠʿʩʢʦʤ 

ʥʘʧʦʥʫ (ʚʨʝʜʥʦʩʪ ʥʘʧʦʥʘ ʿʝ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʦʜʨʝʹʝʥʘ ʠʤʧʝʜʘʥʩʘʤʘ ʧʦʩʤʘʪʨʘʥʦʛ ʠ 

ʦʩʪʘʣʠʭ ʫʢˀʫʯʝʥʠʭ ʧʨʠʿʝʤʥʠʢʘ ʫ ʩʚʠʤ ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ ʢʦʿʘ ʩʝ ʥʘʧʘʿʘʿʫ ʠʟ ʪʦʛ 
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ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ (ʨʘʟʚʦʜʥʝ ʪʘʙʣʝ) [16,21]). ʇʦʩʝʙʥʦ ʿʝ ʦʧʘʩʥʘ ʩʠʪʫʘʮʠʿʘ ʢʘʜʘ ʩʝ 

ʥʘ ʣʠʥʠʿʩʢʦʤ ʥʘʧʦʥʫ, ʘ ʫʩʣʝʜ ʧʨʝʢʠʜʘ ʥʝʫʪʨʘʣʥʦʛ ʧʨʦʚʦʜʥʠʢʘ, ʥʘʹʝ ʥʝʢʠ ʦʜ 

ʫʢˀʫʯʝʥʠʭ ʧʨʠʿʝʤʥʠʢʘ ʤʘʣʝ ʩʥʘʛʝ ʠ ʚʝʣʠʢʝ ʠʤʧʝʜʘʥʩʝ, ʢʘʦ ʰʪʦ ʩʫ, ʥʘ ʧʨʠʤʝʨ, 

ʝʣʝʢʪʨʦʥʩʢʠ ʫʨʝʹʘʿʠ (ʊɺ, ʨʘʜʠʦ-ʧʨʠʿʝʤʥʠʢ, ʨʘʯʫʥʘʨ...). ʋʢʦʣʠʢʦ ʿʝ ʥʘʧʦʥ ʥʘ 

ʧʨʠʢˀʫʯʮʠʤʘ ʦʚʘʢʚʠʭ ʧʨʠʿʝʤʥʠʢʘ ʟʥʘʪʥʦ ʚʝ˂ʠ ʦʜ ʥʘʟʠʚʥʦʛ, ʥʘʿʯʝʰ˂ʝ ʜʦʣʘʟʠ ʜʦ 

ʧʨʦʙʦʿʘ ʠʟʦʣʘʮʠʿʝ ʢʦʿʠ ʤʦʞʝ ʜʘ ʠʟʘʟʦʚʝ ʧʦʞʘʨ ʥʘ ʧʨʠʿʝʤʥʠʢʫ. ʋʢʦʣʠʢʦ ʝʿ ʨʝʯ ʦ 

ʪʝʨʤʠʯʢʦʤ ʧʨʠʿʝʤʥʠʢʫ, ʩʪʨʫʿʘ ʧʨʠʿʝʤʥʠʢʘ ˂ʝ ʙʠʪʠ ʚʝ˂ʘ ʦʜ ʥʘʟʠʚʥʝ ʠ 

ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʧʨʝʛʨʝʚʘˁʝ ʢʦʿʝ ʤʦʞʝ ʜʘ ʟʘʧʘʣʠ ʧʨʠʿʝʤʥʠʢ. ʂʘʢʦ ʿʝ ʠ ʫ ʦʚʦʤ 

ʩʣʫʯʘʿʫ ʠʟʦʣʘʮʠʿʘ ʧʨʠʿʝʤʥʠʢʘ ʠʟʣʦʞʝʥʘ ʧʦʚʝ˂ʘʥʦʤ ʪʝʨʤʠʯʢʦʤ ʠ ʜʠʝʣʝʢʪʨʠʯʥʦʤ 

ʥʘʧʨʝʟʘˁʫ, ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ˁʝʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʧʨʦʙʦʿʘ. ʇʘˀʝˁʘ ʠ ʧʦʞʘʨʠ ʥʘ 

ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫ ʦʚʘʢʚʠʤ ʦʢʦʣʥʦʩʪʠʤʘ ʫʦʧʰʪʝ ʥʠʩʫ ʠʟʥʝʥʘʹʝˁʝ. 

 

1.2.2.5 ʃʦʰʠ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ 
 

ʋʢʦʣʠʢʦ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʥʠʿʝ ʜʦʙʨʦ ʠʟʚʝʜʝʥ (ʥʠʿʝ ʤʘʣʝ ʦʪʧʦʨʥʦʩʪʠ), 

ʚʨʝʤʝʥʦʤ ʤʦʞʝ ʜʘ ʧʨʝʨʘʩʪʝ ʫ ʧʨʦʛʨʝʩʠʚʥʠ ʢʚʘʨ. ʉʧʦʿ ʧʦʩʪʘʿʝ ʣʘʙʘʚʠʿʠ, ʩʣʦʿ 

ʦʢʩʠʜʘ ʥʘ ʢʦʥʪʘʢʪʫ ʠʤʘ ʤʘˁʫ ʧʨʦʚʦʜʥʦʩʪ, ʧʦʿʘʚˀʫʿʫ ʩʝ ʣʦʢʘʣʥʘ ʝʣʝʢʪʨʠʯʥʘ 

ʤʠʢʨʦʧʨʘʞˁʝˁʘ ʫ ʢʦʥʪʘʢʪʫ ʠ ʦʪʧʦʨʥʦʩʪ ʥʘ ʤʝʩʪʫ ʢʦʥʪʘʢʪʘ ʨʘʩʪʝ, ʫʩʣʝʜ ʯʝʛʘ ʩʝ 

ʜʠʩʠʧʘʮʠʿʘ ʩʥʘʛʝ ʥʘ ˁʝʤʫ ʧʦʚʝ˂ʘʚʘ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʩʪʘʚˀʘ ʜʘ ʨʘʩʪʝ. ʋ 

ʦʜʨʝʹʝʥʦʤ ʪʨʝʥʫʪʢʫ ʪʝʤʧʝʨʘʪʫʨʘ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʜʦʚʦˀʥʦ ʧʦʨʘʩʪʝ ʜʘ ʩʝ ʩʪʚʦʨʝ 

ʫʩʣʦʚʠ ʟʘ ʧʘˀʝˁʝ ʟʘʧʘˀʠʚʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫ ˁʝʛʦʚʦʿ ʥʝʧʦʩʨʝʜʥʦʿ ʦʢʦʣʠʥʠ 

(ʥʘʿʯʝʰ˂ʝ PVC ʠʟʦʣʘʮʠʿʝ). 

ʃʦʰʠ ʢʦʥʪʘʢʪʠ (ʢʦʿʠ ʩʫ ʛʣʘʚʥʠ ʫʟʨʦʢ ʚʝʣʠʢʦʛ ʦʤʩʢʦʛ ʟʘʛʨʝʚʘˁʘ 

ʢʦʤʧʦʥʝʥʪʠ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ [6]), ʠ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ (ʢʦʿʠ ʥʘʿʯʝʰ˂ʝ 

ʥʘʩʪʘʿʝ ʥʘ ʣʦʢʘʮʠʿʠ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ) ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʿʦʧʘʩʥʠʿʝ 

ʢʚʘʨʦʚʝ (ʩʘ ʥʘʿʚʝ˂ʠʤ ʚʝʨʦʚʘʪʥʦ˂ʘʤʘ ʜʘ ʠʟʘʟʦʚʫ ʧʦʞʘʨ), ʟʘʪʦ ʰʪʦ ʠʭ ʥʝ ʜʝʪʝʢʪʫʿʝ 

ʥʠʿʝʜʥʘ ʢʣʘʩʠʯʥʘ ʟʘʰʪʠʪʥʘ ʢʦʤʧʦʥʝʥʪʘ (ʦʩʠʛʫʨʘʯ, ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯ, 

ʟʘʰʪʠʪʥʠ ʫʨʝʹʘʿ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʩʪʨʫʿʝ...) [21ï23]. ʃʦʰʠʤ ʢʦʥʪʘʢʪʦʤ ʫ 

ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʥʘʟʠʚʘ ʩʝ ʦʥʘʿ ʢʦʥʪʘʢʪ ʢʦʜ ʢʦʛʘ ʿʝ ʧʦʚʝ˂ʘʥʘ ʢʦʥʪʘʢʪʥʘ 

ʦʪʧʦʨʥʦʩʪ ʫʩʣʝʜ ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ (ʣʘʙʘʚ ʢʦʥʪʘʢʪ), ʩʤʘˁʝˁʘ 

ʝʬʝʢʪʠʚʥʝ ʧʦʚʨʰʠʥʝ ʢʦʥʪʘʢʪʘ (ʥʝʧʦʪʧʫʥʦʛ ʧʨʝʢʣʘʧʘˁʘ ʤʝʪʘʣʥʠʭ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ 

ʦʩʪʚʘʨʫʿʫ ʢʦʥʪʘʢʪ), ʧʦʚʝ˂ʘʥʦʛ ʩʣʦʿʘ ʦʢʩʠʜʘ ʥʘ ʧʦʚʨʰʠʥʘʤʘ ʢʦʥʪʘʢʪʘ (ʢʦʿʠ ʥʘʩʪʘʿʝ 

ʫʩʣʝʜ ʩʪʘʨʝʘˁ ʢʦʥʪʘʢʪʘ ʠʣʠ ʫʙʨʟʘʥʦʛ ʧʨʦʮʝʩʘ ʜʝʛʨʘʜʘʮʠʿʝ ʫʩʣʝʜ ʢʦʨʦʟʠʿʝ) ʠʣʠ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

25 

 

ʧʦʿʘʚʝ ʩʣʦʿʘ ʩʪʨʘʥʠʭ ʯʝʩʪʠʮʘ (ʟʘʧʨˀʘʥ ʢʦʥʪʘʢʪ). ʂʦʥʪʘʢʪʥʘ ʦʪʧʦʨʥʦʩʪ, ʢʘʦ 

ʧʦʢʘʟʘʪʝˀ ʩʪʝʧʝʥʘ Ăʧʦʛʦʨʰʘˁʘñ ʢʦʥʪʘʢʪʘ, ʨʘʩʪʝ ʩʘ ʧʦʨʘʩʪʦʤ ʩʚʘʢʦʛ ʦʜ ʥʘʚʝʜʝʥʠʭ 

ʬʘʢʪʦʨʘ (ʣʘʙʘʚʦʩʪ, ʩʤʘˁʝˁʝ ʝʬʝʢʪʠʚʥʝ ʧʦʚʨʰʠʥʝ, ʩʪʘʨʦʩʪ, ʢʦʨʦʟʠʿʘ, ʟʘʧʨˀʘʥʦʩʪ). 

ʋʢʦʣʠʢʦ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʥʠʿʝ ʜʦʙʨʦ ʠʟʚʝʜʝʥ (ʫʢʦʣʠʢʦ ʠʤʘ ʧʦʚʝ˂ʘʥʫ 

ʢʦʥʪʘʢʪʥʫ ʦʪʧʦʨʥʦʩʪ), ʦʥ ʚʨʝʤʝʥʦʤ ʤʦʞʝ ʜʘ ʧʨʝʨʘʩʪʝ ʫ ʧʨʦʛʨʝʩʠʚʥʠ ʢʚʘʨ. ʇʨʦʮʝʩ 

ʯʝʩʪʦ ʠʤʘ ʦʩʦʙʠʥʝ ʥʝʩʪʘʙʠʣʥʝ ʧʦʟʠʪʠʚʥʝ ʧʦʚʨʘʪʥʝ ʩʧʨʝʛʝ. ʇʦʩʣʝʜʠʮʘ ʚʝʣʠʢʝ 

ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʿʝ ʣʦʢʘʣʥʦ ʟʘʛʨʝʚʘˁʝ, ʫʩʣʝʜ ʯʝʛʘ ʩʝ ʧʦʩʧʝʰʫʿʝ ʧʨʦʮʝʩ 

ʦʢʩʠʜʘʮʠʿʝ ʢʦʥʪʘʢʪʘ ʠ ʚʨʰʠ ʤʠʢʨʦʧʦʤʝʨʘˁʝ ˁʝʛʦʚʠʭ ʜʝʣʦʚʘ [6]. ʋʩʣʝʜ ʪʦʛʘ ʩʝ 

ʧʦʚʝ˂ʘʚʘ ʜʠʩʠʧʘʮʠʿʘ ʝʥʝʨʛʠʿʝ ʥʘ ʢʦʥʪʘʢʪʫ (ɷʫʣʦʚ ʝʬʝʢʘʪ) ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʩʪʘʚˀʘ 

ʜʘ ʨʘʩʪʝ. ʆʥʘ ʨʘʩʪʝ ʩʚʝ ʜʦʢ ʩʝ ʥʘ ʤʝʩʪʫ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʥʝ ʫʩʧʦʩʪʘʚʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʢʘ ʨʘʚʥʦʪʝʞʘ, ʪʿ. ʜʦʢ ʩʝ ʥʝ ʠʟʿʝʜʥʘʯʝ ʩʥʘʛʘ ʪʦʧʣʦʪʝ ʛʝʥʝʨʠʩʘʥʝ ʥʘ 

ʢʦʥʪʘʢʪʫ ʠ ʫʢʫʧʥʘ ʩʥʘʛʘ ʦʜʚʦʹʝˁʘ ʪʦʧʣʦʪʝ ʩʘ ʢʦʥʪʘʢʪʘ (ʩʪʨʫʿʘˁʝʤ, ʧʨʦʚʦʹʝˁʝʤ ʠ 

ʟʨʘʯʝˁʝʤ). ʇʦʰʪʦ ʝʿ ʨʝʯ ʦ ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ, ʩʥʘʛʘ ʦʜʚʦʹʝˁʘ 

ʪʦʧʣʦʪʝ ʟʨʘʯʝˁʝʤ ʩʘ ʤʝʩʪʘ ʢʦʥʪʘʢʪʘ ʤʦʞʝ ʩʝ ʟʘʥʝʤʘʨʠʪʠ (ʠʟʫʟʝʚ ʩʣʫʯʘʘʿ ʫʩʠʿʘʥʦʛ 

ʢʦʥʪʘʢʪʘ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʢʦ 700 
ʦ
C). 

ʉʪʨʫʿʘ ʢʨʦʟ ʢʦʥʪʘʢʪ ʛʝʥʝʨʠʰʝ ʪʦʧʣʦʪʥʫ ʩʥʘʛʫ (ʩʥʘʛʫ ɷʫʣʦʚʠʭ ʛʫʙʠʪʘʢʘ) 

ʢʦʿʘ ʩʝ ʠʟʨʘʞʘʚʘ ʩʣʝʜʝ˂ʦʤ ʬʦʨʤʫʣʦʤ: 

ὖ Ὑ Ὅȟ      (1) 

ʫ ʢʦʿʦʿ ʿʝ Pk ï ʩʥʘʛʘ ʛʝʥʝʨʠʩʘʥʘ ʥʘ ʢʦʥʪʘʢʪʫ, Rk ï ʢʦʥʪʘʢʪʥʘ (ʧʨʝʣʘʟʥʘ) ʦʪʧʦʨʥʦʩʪ ʠ 

I ï ʿʘʯʠʥʘ ʩʪʨʫʿʝ ʢʨʦʟ ʢʦʥʪʘʢʪ. 

ʉʪʨʫʿʘ ʢʨʦʟ ʢʦʥʪʘʢʪ ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʠ ʦʜ ʥʘʟʠʚʥʝ ʩʥʘʛʝ (Pn) ʧʨʠʿʝʤʥʠʢʘ ʢʦʿʠ 

ʿʝ ʧʨʠʢˀʫʯʝʥ ʥʘ ʩʪʨʫʿʥʦ ʢʦʣʦ ʫ ʢʦʤʝ ʩʝ ʢʦʥʪʘʢʪ ʥʘʣʘʟʠ.  

ʊʦʧʣʦʪʥʘ ʩʥʘʛʘ Pk ʢʦʿʘ ʩʝ ʛʝʥʝʨʠʰʝ ʥʘ ʢʦʥʪʘʢʪʫ ʩʘ ˁʝʛʘ ʩʝ ʦʜʚʦʜʠ 

ʧʨʦʚʦʹʝˁʝʤ ʢʨʦʟ ʯʚʨʩʪʝ ʝʣʝʤʝʥʪʝ ʫ ˁʝʛʦʚʦʿ ʦʢʦʣʠʥʠ (ʧʨʦʚʦʜʥʠʮʠ, Ăʙʘʥʘʥʠʮʘñ 

ʫʪʠʢʘʯʘ, Ăʛʥʝʟʜʦñ ʫʪʠʯʥʠʮʝ, ʝʣʝʢʪʨʦʠʟʦʣʘʮʠʦʥʠ ʤʘʪʝʨʠʿʘʣʠ...).  

ʇʨʝʥʦʩ ʧʦʚʨʰʠʥʩʢʝ ʪʦʧʣʦʪʥʝ ʩʥʘʛʝ Pp ʧʨʦʚʦʹʝˁʝʤ ʢʨʦʟ ʥʘʧʨʝʜ ʥʘʚʝʜʝʥʝ 

ʯʚʨʩʪʝ ʝʣʝʤʝʥʪʝ ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʧʦʤʦ˂ʫ ʬʦʨʤʫʣʝ: 

ὖ ‗ὫὶὥὨ (2)     ,‮ 

ʫ ʢʦʿʦʿ ʩʫ: 

 ᵻ ï ʧʨʦʩʪʦʨʥʘ ʨʘʩʧʦʜʝʣʘ ʪʝʤʧʝʨʘʪʫʨʝ ʫʥʫʪʘʨ ʯʚʨʩʪʦʛ ʪʝʣʘ, ʠ ɚ (W/mK) ï 

ʢʦʝʬʠʮʠʿʝʥʪ ʪʦʧʣʦʪʥʝ ʧʨʦʚʦʜʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛ ʝʣʝʤʝʥʪʘ. 

ɼʘˀʠ ʧʨʝʥʦʩ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ ʩʝ ʦʜʚʠʿʘ ʩʪʨʫʿʘˁʝʤ ï ʪʦʧʣʦʪʥʘ ʝʥʝʨʛʠʿʘ 

ʧʨʝʣʘʟʠ ʫ ʨʘʩʭʣʘʜʥʠ ʬʣʫʠʜ (ʥʘʿʯʝʰ˂ʝ ʚʘʟʜʫʭ). ʊʦʧʣʦʪʥʘ ʩʥʘʛʘ ʧʨʝʥʦʩʘ ʪʦʧʣʦʪʝ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

26 

 

ʩʪʨʫʿʘˁʝʤ ʩʘ ʢʦʥʪʘʢʪʘ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ˁʝʛʦʚʦʿ ʦʢʦʣʠʥʠ ʦʜʨʝʹʝʥʘ ʿʝ 

ʩʣʝʜʝ˂ʠʤ ʠʟʨʘʟʦʤ: 

ὖ ᷿ ‌ ‮ ‮ ὨὛ,     (3) 

ʫ ʢʦʤʝ ʩʫ: 

Ŭ (W/m
2
K) ï ʢʦʝʬʠʮʠʿʝʥʪ ʧʨʝʣʘʩʢʘ ʪʦʧʣʦʪʝ ʩʘ ʯʚʨʩʪʦʛ ʪʝʣʘ ʥʘ ʬʣʫʠʜ,  ᵻ ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʤʠʢʨʦʧʦʚʨʰʠʥʝ (dS) ʩʘ ʢʦʿʝ ʩʝ ʪʦʧʣʦʪʘ ʧʨʝʜʘʿʝ ʬʣʫʠʜʫ (ʚʘʟʜʫʭʫ), ᵻ 0 ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʬʣʫʠʜʘ (ʚʘʟʜʫʭʘ) ʧʦʤʦ˂ʫ ʢʦʛʘ ʩʝ ʦʜʚʦʜʠ ʪʦʧʣʦʪʘ (ʪʝʤʧʝʨʘʪʫʨʘ 

ʘʤʙʠʿʝʥʪʘ), ʠ S ï ʫʢʫʧʥʘ ʩʧʦˀʥʘ ʧʦʚʨʰʠʥʘ ʢʦʥʪʘʢʪʘ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʘʪʘ 

ʫ ˁʝʛʦʚʦʿ ʦʢʦʣʠʥʠ. 

ʅʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ (2) ʠ (3) ʤʦʞʝ ʜʘ ʩʝ ʟʘʢˀʫʯʠ ʜʘ ˂ʝ ʩʝ ʧʦʚʝ˂ʘʚʘˁʝʤ 

ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʧʦʚʝ˂ʘʚʘˁʝʤ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʘʪʘ ʫ ˁʝʛʦʚʦʿ ʦʢʦʣʠʥʠ, ʧʦʚʝ˂ʘʚʘʪʠ ʠ ʫʢʫʧʥʘ ʩʥʘʛʘ ʢʦʿʦʤ ʩʝ ʪʦʧʣʦʪʘ ʩʘ 

ʢʦʥʪʘʢʪʘ ʠ ʙʣʠʩʢʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʘʪʘ ʧʨʝʜʘʿʝ ʨʘʩʭʣʘʜʥʦʤ ʬʣʫʠʜʫ. 

ʇʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʩʝ ʟʘʫʩʪʘʚˀʘ ʢʘʜʘ ʩʥʘʛʘ ʦʜʚʦʹʝˁʘ ʪʦʧʣʦʪʝ ʩʘ 

ʢʦʥʪʘʢʪʘ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ˁʝʛʦʚʦʿ ʦʢʦʣʠʥʠ (Ps) ʧʦʩʪʘʥʝ ʿʝʜʥʘʢʘ 

ʪʦʧʣʦʪʥʦʿ ʩʥʘʟʠ Pk ʢʦʿʘ ʩʝ ʛʝʥʝʨʠʰʝ ʥʘ ʢʦʥʪʘʢʪʫ, ʦʜʥʦʩʥʦ ʢʘʜʘ ʩʝ ʫʩʧʦʩʪʘʚʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʢʘ ʨʘʚʥʦʪʝʞʘ. ʄʝʩʪʦ ʫ ʢʦʥʪʘʢʪʫ ʢʦʿʝ ʧʦ ʫʩʧʦʩʪʘʚˀʘˁʫ 

ʪʝʨʤʦʜʠʥʘʤʠʯʢʝ ʨʘʚʥʦʪʝʞʝ ʠʤʘ ʥʘʿʚʝ˂ʫ ʪʝʤʧʝʨʘʪʫʨʫ ( mᵻax) ʪʝʨʤʠʥʦʣʦʰʢʠ ʩʝ 

ʦʟʥʘʯʘʚʘ ʢʘʦ Ăʚʨʝʣʘñ ʪʘʯʢʘ (hot spot) ʢʦʥʪʘʢʪʘ.  

ʅʘ ʤʝʩʪʫ ʥʘ ʢʦʤʝ ʩʝ ʠʟʤʝʹʫ ʜʚʘ ʤʝʪʘʣʥʘ ʧʨʦʚʦʜʥʠʢʘ ʧʦʿʘʚʠ ʣʦʰ 

ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʧʦʩʣʝ ʢʨʘ˂ʝʛ ʠʣʠ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ, ʘ ʫ ʟʘʚʠʩʥʦʩʪʠ 

ʦʜ ʿʘʯʠʥʝ ʩʪʨʫʿʝ, ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʦʿʘ ʠ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʬʦʨʤʠʨʘʿʫ ʝʣʝʢʪʨʠʯʥʠ 

ʢʦʥʪʘʢʪ, ʬʦʨʤʠʨʘ˂ʝ ʩʝ ʪʟʚ. ʤʦʩʪ ʩʘʩʪʘʚˀʝʥ ʦʜ ʤʝʪʘʣʘ ʠ ʤʝʪʘʣʥʠʭ ʦʢʩʠʜʘ. ʅʘ 

ʩʣʠʮʠ 9 ʿʝ ʧʨʠʢʘʟʘʥ ʧʨʠʤʝʨ ʤʦʩʪʘ ʬʦʨʤʠʨʘʥʦʛ ʥʘ ʣʦʰʝʤ ʢʦʥʪʘʢʪʫ ʧʨʝʢʠʥʫʪʦʛ 

ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ. 

 

 
ʉʣʠʢʘ 9. ʇʨʠʤʝʨ ʧʨʦʮʝʩʘ ʬʦʨʤʠʨʘˁʘ ʤʦʩʪʘ ʥʘ ʤʝʩʪʫ ʧʨʝʢʠʜʘ ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ [24] 
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ʇʨʦʚʦʜʥʠ ʜʝʦ ʤʦʩʪʘ ʩʘ ʩʣʠʢʝ 9 ʬʦʨʤʠʨʘʥ ʿʝ ʦʜ ʩʤʝʰʝ ʘʪʦʤʘ ʙʘʢʨʘ ʠ ʩʣʦʿʘ 

Cu2ʆ ʢʦʿʠ ʠʤʘ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʘ ʩʚʦʿʩʪʚʘ, ʜʦʢ ʿʝ ʥʝʧʨʦʚʦʜʥʠ ʜʝʦ ʤʦʩʪʘ ʬʦʨʤʠʨʘʥ 

ʦʜ ʩʣʘʙʦ ʧʨʦʚʦʜʥʦʛ ʿʝʜʠˁʝˁʘ Cuʆ. ʉʪʨʫʿʘ ʢʨʦʟ ʧʦʚʝ˂ʘʥʫ ʦʪʧʦʨʥʦʩʪ ʩʫʞʝʥʦʛ 

ʧʨʦʚʦʜʥʦʛ ʢʘʥʘʣʘ ʠʟʘʟʠʚʘ ʧʦʚʝ˂ʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʪʘʯʢʝ ʪʦʧˀʝˁʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʦʛ ʩʣʦʿʘ Cu2ʆ (ʦʢʦ 1230 ÁC), ʢʘʜʘ ʩʝ ʥʘ ʤʝʩʪʫ ʧʨʝʢʠʥʫʪʦʛ 

ʧʨʦʚʦʜʥʦʛ ʢʘʥʘʣʘ ʫʩʧʦʩʪʘʚˀʘ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ [24]. 

ʇʦʜʝʰʘʚʘˁʝʤ ʿʘʯʠʥe ʩʪʨʫʿʝ ʥʘ ʦʣʘʙʘʚˀʝʥʦʤ ʢʦʥʪʘʢʪʫ ʙʘʢʘʨïʙʘʢʘʨ ʫʦʯʝʥʦ 

ʿʝ ʜʘ ʩʝ ʥʘ ˁʝʤʫ ʧʨʠʙʣʠʞʥʦ 15 W ʜʠʩʠʧʠʨʘ ʧʨʠ ʩʪʨʫʿʠ ʿʘʯʠʥʝ 1 ɸ, ʘ ʦʢʦ 25 W ʧʨʠ 

ʩʪʨʫʿʠ ʿʘʯʠʥʝ 2,5 ɸ. ɸʥʘʣʠʟʦʤ ʧʦʚʨʰʠʥʝ ʢʦʥʪʘʢʪʘ ʧʦʤʦ˂ʫ X-ʟʨʘʢʘ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ 

ʿʝ ʚʝʣʠʢʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʣʦʰʝʤ ʩʧʦʿʫ ʙʘʢʘʨïʙʘʢʘʨ ʧʦʩʣʝʜʠʮʘ ʧʨʦʛʨʝʩʠʚʥʦʛ 

ʬʦʨʤʠʨʘˁʘ ʩʣʦʿʘ Cu2ʆ, ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʜʠʝʣʝʢʪʨʠʢ ʤʘʣʝ ʧʨʦʚʦʜʥʦʩʪʠ. [6] 

ʅʘʠʟʤʝʥʠʯʥʘ ʩʪʨʫʿʘ ʫ ʢʦʥʪʘʢʪʫ ʠ ʧʦʚʝ˂ʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʩʧʝʰʫʿʫ ʧʨʦʮʝʩ 

ʩʪʚʘʨʘˁʘ ʤʝʪʘʣ-ʦʢʩʠʜʘ ʥʘ ʧʦʚʨʰʠʥʘʤʘ ʦʙʘ ʜʝʣʘ ʢʦʥʪʘʢʪʘ. ʂʘʜʘ ʩʫ ʜʚʘ ʤʝʪʘʣʘ 

ʨʘʟʜʚʦʿʝʥʘ ʩʣʦʿʝʤ ʤʝʪʘʣ-ʦʢʩʠʜʘ, ʧʨʠʢˀʫʯʝʥʠ ʥʘʧʦʥ ʤʦʞʝ ʜʘ ʠʟʘʟʦʚʝ ʣʦʢʘʣʥʝ 

ʝʣʝʢʪʨʠʯʥʝ ʧʨʦʙʦʿʝ ʫ ˁʝʤʫ. ʆʚʘʢʚʘ ʤʠʢʨʦʧʨʘʞˁʝˁʘ ʣʦʢʘʣʥʦ ʧʦʚʝ˂ʘʚʘʿʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʥʪʘʢʪʘ, ʢʦʿʘ ʫ ʥʝʢʠʤ ʪʘʯʢʘʤʘ ʤʦʞʝ ʜʦʩʪʠ˂ʠ ʚʨʝʜʥʦʩʪ ʪʝʤʧʝʨʘʪʫʨʝ 

ʪʦʧˀʝˁʘ ʤʝʪʘʣ-ʦʢʩʠʜʘ (ʪʠʧʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧʣʠʭ ʪʘʯʘʢʘ ʢʦʥʪʘʢʪʘ Cu-Cu ʩʧʦʿʘ 

ʿʝ ʦʢʦ 1250 ÁC, ʜʦʢ, ʩʭʦʜʥʦ ʥʘʧʨʝʜ ʨʝʯʝʥʦʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧˀʝˁʘ Cu2ʆ ʠʟʥʦʩʠ 

ʦʢʦ 1230 ÁC). ʂʨʦʟ ʩʣʦʿ ʤʝʪʘʣ-ʦʢʩʠʜʘ ʩʝ ˁʝʛʦʚʠʤ ʪʦʧˀʝˁʝʤ ʩʪʚʘʨʘʿʫ ʤʝʪʘʣʥʠ 

ʤʦʩʪʦʚʠ ʙʝʟ ʥʝʯʠʩʪʦ˂ʘ, ʤʘʣʝ ʦʪʧʦʨʥʦʩʪʠ. ʋ ˁʠʤʘ ʩʝ ʫʩʧʦʩʪʘʚˀʘ ʩʪʨʫʿʘ ʚʝʣʠʢʝ 

ʿʘʯʠʥʝ, ʟʙʦʛ ʯʝʛʘ ʩʝ ʫʙʨʟʦ ʧʨʝʛʨʝʚʘʿʫ, ʪʦʧʝ ʠ ʨʘʩʧʘʜʘʿʫ. ʋʢʦʣʠʢʦ ʿʝ ʩʪʨʫʿʘ ʜʦʚʦˀʥʝ 

ʿʘʯʠʥʝ, ʧʨʦʮʝʩ ʿʝ ʩʘʤʦʦʜʨʞʠʚ ʟʙʦʛ ʚʠʩʦʢʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʿʝʨ ʩʝ ʥʘʩʪʘʚˀʘ ʦʢʩʠʜʘʮʠʿʘ 

ʤʝʪʘʣʘ, ʯʠʤʝ ʩʝ ʥʘʜʦʢʥʘʹʫʿʝ ʢʦʣʠʯʠʥʘ ʤʝʪʘʣ-ʦʢʩʠʜʘ ʧʨʝʪʚʦʨʝʥʘ ʪʦʧˀʝˁʝʤ ʫ ʯʠʩʪ 

ʤʝʪʘʣ. [6]  

ʋʩʣʝʜ ʦʧʠʩʘʥʦʛ ʧʨʦʮʝʩʘ, ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʩʝ ʮʠʢʣʠʯʥʦ ʤʝˁʘ ʠʟʤʝʹʫ 

ʚʠʩʦʢʝ ʠ ʥʠʩʢʝ ʚʨʝʜʥʦʩʪʠ. ʇʨʠ ʩʪʨʫʿʠ ʿʘʯʠʥʝ 1 ɸ, ʥʘ ʨʘʩʪʦʿʘˁʫ 10 mm ʦʜ ʢʦʥʪʘʢʪʘ 

ʫ ʢʦʤʝ ʩʝ ʦʜʠʛʨʘʚʘ ʧʦʤʝʥʫʪʠ ʧʨʦʮʝʩ, ʨʝʛʠʩʪʨʦʚʘʥʝ ʩʫ ʪʝʤʧʝʨʘʪʫʨʝ 200ï350 ÁC, 

ʜʦʚʦˀʥʝ ʜʘ ʠʟʘʟʦʚʫ ʧʘˀʝˁʝ ʟʘʧʘˀʠʚʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʋ ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ ʩʘ ʩʪʨʫʿʦʤ 

ʿʘʯʠʥʝ 20 ɸ ʩʥʘʛʘ ʜʠʩʠʧʘʮʠʿʝ ʥʘ ʣʦʰʝʤ ʢʦʥʪʘʢʪʫ, ʫʩʣʝʜ ʦʧʠʩʘʥʦʛ ʧʨʦʮʝʩʘ, ʠʟʥʦʩʠ 

20ï40 W, ʘ ʥʘ ʜʦʙʨʦʤ ʢʦʥʪʘʢʪʫ ʩʘʤʦ 0,08ï0,2 W [6]. ʇʨʠʤʝ˂ʝʥʦ ʿʝ ʜʘ ʩʫ ʯʝʣʠʯʥʠ 

ʟʘʚʨʪˁʠ ʧʦʜʣʦʞʥʠʿʠ ʦʧʠʩʘʥʦʤ ʧʨʦʮʝʩʫ ʦʜ ʤʝʩʠʥʛʘʥʠʭ. ʇʨʠʤʝʨʠ ʦʰʪʝ˂ʝˁʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʠ (ʫʪʠʢʘʯʘ, ʧʨʠʢˀʫʯʥʝ ʩʪʝʟʘˀʢʝ, ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʢʠʜʘʯʘ, 
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ʧʨʦʜʫʞʥʦʛ ʢʘʙʣʘ ʠ ʫʪʠʯʥʠʮʝ), ʜʦ ʢʦʿʠʭ ʿʝ ʜʦʰʣʦ ʫʩʣʝʜ ʧʦʿʘʚʝ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ 

ʢʦʥʪʘʢʪʘ, ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 10. 

 

 
ʉʣʠʢʘ 10. ʇʨʠʤʝʨʠ ʦʰʪʝ˂ʝʥʠʭ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʫʩʣʝʜ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ 

ʢʦʥʪʘʢʪʘ [25] 

 

ʋʩʣʝʜ ʟʘʛʨʝʚʘˁʘ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʧʘˀʝˁʘ: 

- ʧʨʝʜʤʝʪʘ ʦʜ ʤʘʪʝʨʠʿʘʣʘ ʤʘʣʦʛ ʪʦʧʣʦʪʥʦʛ ʢʘʧʘʮʠʪʝʪʘ (ʧʦʩʪʝˀʠʥʝ, ʟʘʚʝʩʝ, 

ʧʨʝʢʨʠʚʘʯʠ, ʿʘʩʪʫʮʠ...), ʢʦʿʠ ʩʫ ʧʦʩʪʘʚˀʝʥʠ ʜʠʨʝʢʪʥʦ ʫʟ ʣʦʰ ʢʦʥʪʘʢʪ (ʩʥʘʛʘ 

ʜʠʩʠʧʘʮʠʿʝ ʧʦʪʨʝʙʥʘ ʟʘ ʧʘˀʝˁʝ ʿʝ ʦʢʦ 28 W), 

- ʧʣʘʩʪʠʯʥʠʭ ʜʝʣʦʚʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ (ʩʥʘʛʘ ʜʠʩʠʧʘʮʠʿʝ 

ʧʦʪʨʝʙʥʘ ʟʘ ʧʘˀʝˁʝ ʿʝ ʦʢʦ 30 W), ʠ 

- ʜʨʚʝʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʠ ʧʨʝʜʤʝʪʘ (ʩʥʘʛʘ ʜʠʩʠʧʘʮʠʿʝ ʧʦʪʨʝʙʥʘ ʟʘ ʧʘˀʝˁʝ ʿʝ 

35ï50 W). [6] 

 

1.2.3 ʉʧʦˀʘʰˁʝ ʟʘʛʨʝʚʘˁʝ 
 

ʋ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʩʧʦˀʘʰˁʝʛ ʟʘʛʨʝʚʘˁʘ ʧʨʦʚʦʜʥʠʮʠ ʠ ʦʩʪʘʣʝ ʢʦʤʧʦʥʝʥʪʝ 

ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʞʨʪʚʫ, ʘ ʥʝ ʫʟʨʦʢ ʧʦʞʘʨʘ, ʿʝʨ ʩʝ ʝʣʝʢʪʨʠʯʥʠ 

ʣʫʢ ʫ ʤʥʦʛʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʿʘʚˀʘ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʜʝʛʨʘʜʘʮʠʿʝ ʠʟʦʣʘʮʠʦʥʦʛ 

ʤʘʪʝʨʠʿʘʣʘ ʠ ʿʦʥʠʟʘʮʠʿʝ ʦʢʦʣʥʦʛ ʚʘʟʜʫʭʘ, ʫʟʨʦʢʦʚʘʥʠʭ ʩʧʦˀʘʰˁʠʤ ʟʘʛʨʝʚʘˁʝʤ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ ʢʚʘʨ (ʢʨʘʪʘʢ ʩʧʦʿ) ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʧʨʦʚʦʜʥʠʮʠʤʘ 

ʠʟʦʣʦʚʘʥʠʤ ʫʤʨʝʞʝʥʠʤ ʧʦʣʠʝʪʠʣʝʥʦʤ ʜʝʰʘʚʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ ʦʢʦ 270 ÁC, ʘ ʥʘ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 
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ʧʨʦʚʦʜʥʠʮʠʤʘ ʩʘ PVC ʠʟʦʣʘʮʠʿʦʤ ʠ PVC ʦʤʦʪʘʯʝʤ ʥʘ 250 ÁC [6]. ʉʣʠʯʘʥ ʢʚʘʨ ʩʝ 

ʤʦʞʝ ʜʝʩʠʪʠ ʠ ʫ ʩʚʝʪʠˀʢʘʤʘ ʫ ʧʦʩʣʦʚʥʠʤ ʦʙʿʝʢʪʠʤʘ, ʢʦʿʝ ʩʫ ʧʨʝʜʚʠʹʝʥʝ ʟʘ ʨʘʜ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʦˁ ʿ ʦʜ 60 ÁC. ʋ ʦʢʚʠʨʫ ʝʢʩʧʝʨʠʤʝʥʪʘ [6], ʪʘʢʚʘ ʩʚʝʪʠˀʢʘ ʿʝ 

ʟʘʛʨʝʿʘʥʘ ʜʦ 202ï205 ÁC. ʂʚʘʨ ʥʘ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʩʝ ʧʦʿʘʚʠʦ ʟʘ ʤʘˁʝ ʦʜ 

65 ʩʘʪʠ ʥʝʧʨʝʢʠʜʥʦʛ ʨʘʜʘ ʥʘ ʪʦʿ ʪʝʤʧʝʨʘʪʫʨʠ. ʀʟʦʣʘʮʠʿʘ ʧʨʦʚʦʜʥʠʢʘ ʿʝ ʧʦʩʪʘʣʘ 

ʢʨʪʘ, ʣʦʤʠʣʘ ʩʝ ʠ ʦʪʧʘʜʘʣʘ ʩʘ ʧʨʦʚʦʜʥʠʢʘ, ʰʪʦ ʿʝ ʜʦʚʝʣʦ ʜʦ ʢʨʘʪʢʦʛ ʩʧʦʿʘ. 

 

1.2.4 ʂʦʤʙʠʥʦʚʘʥʠ ʢʚʘʨʦʚʠ 

 

ʇʦʞʘʨ ʫʛʣʘʚʥʦʤ ʥʘʩʪʘʿʝ ʢʦʤʙʠʥʘʮʠʿʦʤ ʚʠʰʝ ʦʧʠʩʘʥʠʭ ʫʟʨʦʢʘ. ɺʝ˂ʠʥʘ 

ʧʦʞʘʨʘ ʫʟʨʦʢʦʚʘʥʠʭ ʢʚʘʨʦʤ ʥʘ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʥʘʩʪʘʿʝ ʪʘʢʦ ʰʪʦ ʧʨʚʦ 

ʜʦʹʝ ʜʦ ʧʨʝʛʨʝʚʘˁʘ ʢʦʤʧʦʥʝʥʪʝ, ʢʦʿʝ ʿʝ ʧʦʪʦʤ ʧʨʘ˂ʝʥʦ ʚʘʨʥʠʯʝˁʝʤ, ʘ ʥʘ ʢʨʘʿʫ ʠ 

ʧʘˀʝˁʝʤ. ʅʘ ʧʨʠʤʝʨ, ʧʨʦʚʦʜʥʠʢ ʩʝ ʤʦʞʝ ʧʨʝʛʨʝʿʘʪʠ ʫʩʣʝʜ ʩʪʨʫʿʥʦʛ 

ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ ʠʣʠ ʧʦʩʪʦʿʘˁʘ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ. ʇʨʝʛʨʝʚʘˁʝ ʚʨʝʤʝʥʦʤ 

ʤʦʞʝ ʜʘ ʩʤʘˁʠ ʜʠʝʣʝʢʪʨʠʯʥʫ ʯʚʨʩʪʦ˂ʫ ʠʟʦʣʘʮʠʿʝ ʧʨʦʚʦʜʥʠʢʘ, ʫʩʣʝʜ ʯʝʛʘ ʤʦʞʝ 

ʜʦ˂ʠ ʜʦ ʧʦʿʘʚʝ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʥʘ ʤʝʩʪʠʤʘ ʥʘ ʢʦʿʠʤʘ ʿʝ ʧʨʦʚʦʜʥʠʢ ʩʘʚʠʿʝʥ ʠʣʠ 

ʧʨʝʣʘʟʠ ʧʨʝʢʦ ʤʝʪʘʣʘ. 

ʂʦʤʙʠʥʦʚʘʥʠ ʝʬʝʢʘʪ ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ ʥʘʿʙʦˀʝ ʩʝ ʫʦʯʘʚʘ ʥʘ ʣʦʰʝʤ ʩʧʦʿʫ 

ʫʪʠʢʘʯïʫʪʠʯʥʠʮʘ, ʧʦʛʦʪʦʚʦ ʢʦʜ ʪʝʨʤʠʯʢʠʭ ʧʨʠʿʝʤʥʠʢʘ ʚʝʣʠʢʝ ʩʥʘʛʝ ʢʦʿʠ ʩʫ 

ʧʦʜʚʨʛʥʫʪʠ ʯʝʩʪʠʤ ʫʢˀʫʯʝˁʠʤʘ ʠ ʠʩʢˀʫʯʝˁʠʤʘ, ʫʩʣʝʜ ʯʝʛʘ ʩʝ ʚʨʝʤʝʥʦʤ ʜʦʜʘʪʥʦ 

ʪʨʦʰʠ ʢʦʥʪʘʢʪʥʠ ʤʘʪʝʨʠʿʘʣ ʠ ʩʪʚʘʨʘ ʣʦʰ ʢʦʥʪʘʢʪ ʢʦʿʠ ʣʦʢʘʣʥʦ ʟʘʛʨʝʚʘ PVC 

ʠʟʦʣʘʮʠʿʫ. ʅʘ ʢʨʘʿʫ ʧʨʦʮʝʩʘ ʜʝʛʨʘʜʘʮʠʿʝ ʤʝʪʘʣʘ ʠ ʠʟʦʣʘʮʠʿʝ ʿʘʚʠ˂ʝ ʩʝ ʣʦʰ 

ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʢʦʿʠ ʧʨʝʣʘʟʠ ʫ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ, ʩʧʦʩʦʙʘʥ ʜʘ ʠʟʘʟʦʚʝ 

ʧʦʯʝʪʥʠ ʧʦʞʘʨ ʥʘ ʩʧʦʿʫ ʫʪʠʢʘʯïʫʪʠʯʥʠʮʘ. ʂʦʨʘʮʠ ʢʦʿʠ ʚʦʜʝ ʢʘ ʧʘˀʝˁʫ ʫʩʣʝʜ 

ʣʦʰʝʛ ʩʧʦʿʘ ʫʪʠʢʘʯïʫʪʠʯʥʠʮʘ ʩʫ ʩʣʝʜʝ˂ʠ: 

1. ʩʪʨʫʿʥʦ ʧʨʝʦʧʪʝʨʝ˂ʝˁʝ ʠ ʣʦʰʠ ʢʦʥʪʘʢʪʠ ʫʟʨʦʢʫʿʫ ʟʘʛʨʝʚʘˁʝ ʧʨʦʚʦʜʥʠʢʘ ʠ 

ʣʦʢʘʣʥʠ ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ, 

2. ʜʦʣʘʟʠ ʜʦ ʪʝʨʤʠʯʢʝ ʜʝʛʨʘʜʘʮʠʿʝ PVC ʠʟʦʣʘʮʠʿʝ, 

3. ʜʦʣʘʟʠ ʜʦ ʦʩʣʦʙʘʹʘˁʝ ʢʦʨʦʟʠʚʥʦʛ HCl ʛʘʩʘ ʠʟ PVC ʠʟʦʣʘʮʠʿʝ, 

4. ʜʦʣʘʟʠ ʜʦ ʫʧʠʿʘˁʘ ʚʣʘʛʝ ʫʩʣʝʜ ʭʠʛʨʦʩʢʦʧʩʢʝ ʘʢʪʠʚʥʦʩʪʠ ʢʘʣʮʠʿʫʤ-

ʢʘʨʙʦʥʘʪʥʝ ʠʩʧʫʥʝ ʢʘʙʣʘ, 

5. ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʠʥʠʮʠʿʘʣʥʠʭ ʧʦʚʨʰʠʥʩʢʠʭ ʠ ʫʥʫʪʨʘʰˁʠʭ ʚʘʨʥʠʯʝˁʘ, 
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6. ʬʦʨʤʠʨʘʿʫ ʩʝ ʫʛˀʝʥʠʩʘʥʝ ʧʫʪʘˁʝ ʥʘ ʧʦʚʨʰʠʥʠ ʠ ʫ ʫʥʫʪʨʘʰˁʦʩʪʠ PVC 

ʠʟʦʣʘʮʠʿʝ,  

7. ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʢʦʤʝ ʿʝ ʧʨʝʪʭʦʜʠʣʦ ʟʥʘʪʥʦ ʣʦʢʘʣʥʦ 

ʧʨʝʛʨʝʚʘˁʝ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ, ʠ ʥʘ ʢʨʘʿʫ  

8. ʜʦʣʘʟʠ ʜʦ ʧʘˀʝˁʘ PVC ʠʟʦʣʘʮʠʿʝ ʠʣʠ ʣʦʢʘʣʥʦʛ ʟʘʧʘˀʠʚʦʛ ʤʘʪʝʨʠʿʘʣʘ [6]. 

ɺʝʨʦʚʘʪʥʦ˂ʘ ʠʟʙʠʿʘˁʘ ʧʦʞʘʨʘ ʩʝ ʧʦʚʝ˂ʘʚʘ ʘʢʦ, ʦʩʠʤ ʝʣʝʢʪʨʠʯʥʠʭ, ʧʦʩʪʦʿʝ ʠ 

ʤʝʭʘʥʠʯʢʠ ʧʦʨʝʤʝ˂ʘʿʠ ʫ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ. ɽʢʩʧʝʨʠʤʝʥʪʠʤʘ ʩʧʨʦʚʝʜʝʥʠʤ 

ʫ ʅʦʨʚʝʰʢʦʿ [20] ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʝ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʙʨʦʛ ʩʧʦʿʘ ʫʪʠʢʘʯïʫʪʠʯʥʠʮʘ, ʫ 

ʪʘʯʢʘʤʘ ʢʦʥʪʘʢʪʘ, ʧʨʠ ʥʘʟʠʚʥʠʤ ʩʪʨʫʿʥʠʤ ʦʧʪʝʨʝ˂ʝˁʠʤʘ ʩʪʘʙʠʣʠʟʫʿʝ ʥʘ ʦʢʦ 60 ÁC. 

ʄʝʹʫʪʠʤ, ʢʘʜʘ ʿʝ ʫ ʪʦʢʫ ʨʘʜʘ ʩʘ ʥʘʟʠʚʥʠʤ ʩʪʨʫʿʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ ʩʧʦʿ ʫʪʠʢʘʯï

ʫʪʠʯʥʠʮʘ ʙʠʦ ʠʟʣʦʞʝʥ ʩʣʘʙʠʤ ʚʠʙʨʘʮʠʿʘʤʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʪʘʯʢʘʤʘ ʢʦʥʪʘʢʪʘ ʿʝ ʟʘ 

ʢʨʘʪʢʦ ʚʨʝʤʝ ʧʦʨʘʩʣʘ ʥʘ 400ï450 ÁC, ʰʪʦ ʿʝ ʠʟʘʟʚʘʣʦ ʪʦʧˀʝˁʝ ʦʢʦʣʥʦʛ 

ʠʟʦʣʘʮʠʦʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ Ăʙʘʥʘʥʠʮʝñ ʫʪʠʢʘʯʘ ʠ Ăʛʥʝʟʜʘñ 

ʫʪʠʯʥʠʮʝ, ʘ ʟʘʪʠʤ ʿʝ ʫʩʣʝʜʠʣʘ ʠ ʧʦʿʘʚʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. 

ʉʠʩʪʝʤʘʪʠʯʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ ʫʩʣʝʜ ʢʚʘʨʦʚʘ ʥʘ 

ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʩʫ ʥʝʦʧʭʦʜʥʘ ʢʘʢʦ ʙʠ ʩʝ ʨʘʟʚʠʣʝ ʧʦʛʦʜʥʝ 

ʤʝʪʦʜʦʣʦʛʠʿʝ ʧʨʝʚʝʥʪʠʚʥʠʭ ʧʨʝʛʣʝʜʘ ʠ ʦʜʨʞʘʚʘˁʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʩʘ 

ʮʠˀʝʤ ʜʘ ʩʝ ʦʚʘʢʚʠ ʢʚʘʨʦʚʠ ʥʘ ʚʨʝʤʝ ʩʧʨʝʯʝ. ʅʘ ʦʩʥʦʚʫ ʠʟʣʦʞʝʥʦʛ ʧʨʝʛʣʝʜʘ ʩʚʠʭ 

ʟʥʘʯʘʿʥʠʿʠʭ ʢʚʘʨʦʚʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʢʦʿʠ ʤʦʛʫ ʙʠʪʠ ʫʟʨʦʢ ʧʦʞʘʨʘ, 

ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʫ ʜʚʘ ʪʠʧʘ ʢʚʘʨʘ ï ʧʨʝʛʨʝʚʘˁʝ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ 

ʢʦʥʪʘʢʪʘ ʠ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ï ʢʨʠʪʠʯʥʠ ʩʘ ʘʩʧʝʢʪʘ ʠʟʘʟʠʚʘˁʘ ʧʦʞʘʨʘ, ʟʘʪʦ 

ʰʪʦ ʠʭ ʥʠʿʝʜʥʘ ʢʣʘʩʠʯʥʘ ʟʘʰʪʠʪʥʘ ʢʦʤʧʦʥʝʥʪʘ ʥʝ ʜʝʪʝʢʪʫʿʝ. ʊʨʝʙʘ ʥʘʛʣʘʩʠʪʠ ʜʘ 

ʩʝ ʥʘʿʚʝ˂ʘ ʧʘʞˁʘ ʠʟʣʦʞʝʥʦʿ ʧʨʦʙʣʝʤʘʪʠʮʠ ʧʦʩʚʝ˂ʫʿʝ ʫ ʉɸɼ, ʛʜʝ ʿʝ 2002. ʛʦʜʠʥʝ 

ʧʘʪʝʥʪʠʨʘʥ ʫʨʝʹʘʿ ʢʦʿʠ ʜʝʪʝʢʪʫʿʝ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʠ ʫ ʩʣʫʯʘʿʫ ˁʝʛʦʚʝ ʧʦʿʘʚʝ 

ʠʩʢˀʫʯʫʿʝ ʥʘʧʘʿʘˁʝ ʩʪʨʫʿʥʦʛ ʢʦʣʘ. ʋʟ ʪʦ, ʟʘʢʦʥʦʤ ʿʝ ʧʨʦʧʠʩʘʥʘ ˁʝʛʦʚʘ ʦʙʘʚʝʟʥʘ 

ʫʛʨʘʜˁʘ ʫ ʨʘʟʚʦʜʥʝ ʪʘʙʣʝ ʫ ʩʪʘʥʦʚʠʤʘ. ʂʘʢʦ ʫ ʥʘʰʦʿ ʟʝʤˀʠ ʙʨʦʿ ʩʪʘʤʙʝʥʠʭ, 

ʧʦʩʣʦʚʥʠʭ ʠ ʿʘʚʥʠʭ ʦʙʿʝʢʘʪʘ, ʢʘʦ ʠ ʫʢʫʧʘʥ ʙʨʦʿ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʿʝʤʥʠʢʘ ʫ ˁʠʤʘ, 

ʥʝʧʨʝʢʠʜʥʦ ʨʘʩʪʝ, ʧʦʚʝ˂ʘʚʘ ʩʝ ʠ ʙʨʦʿ ʣʦʢʘʮʠʿʘ ʥʘ ʢʦʿʠʤʘ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʧʦʞʘʨʘ 

ʫʟʨʦʢʦʚʘʥʦʛ ʢʚʘʨʦʤ ʥʘ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ. ɸʢʦ ʩʝ ʪʦʤʝ ʜʦʜʘ ʯʠˁʝʥʠʮʘ ʜʘ ʩʝ 

ʥʘ ʥʘʰʝʤ ʪʨʞʠʰʪʫ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʧʦʿʘʚˀʫʿʫ ʥʝʢʚʘʣʠʪʝʪʥʠ ʧʨʦʠʟʚʦʜʠ, 

ʯʠʿʝ ʩʝ ʝʣʝʢʪʨʠʯʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʝ ʧʦʜʫʜʘʨʘʿʫ ʩʘ ʜʝʢʣʘʨʠʩʘʥʠʤ, ʢʘʦ ʠ ʜʘ 

ʚʝʣʠʢʠ ʙʨʦʿ ʥʝʦʚʣʘʰ˂ʝʥʠʭ ʣʠʮʘ ʚʨʰʠ ʠʟʚʦʹʝˁʝ, ʧʦʧʨʘʚʢʝ ʠ ʧʨʝʧʨʘʚʢʝ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 
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ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʠ ʧʨʠʿʝʤʥʠʢʘ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ 

ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ ʫʩʣʝʜ ʢʚʘʨʦʚʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫ ʥʘʰʦʿ ʟʝʤˀʠ 

ʚʝ˂ʘ ʥʝʛʦ ʫ ʟʝʤˀʘʤʘ ʫ ʢʦʿʠʤʘ ʧʦʩʪʦʿʠ ʠ ʧʦʰʪʫʿʝ ʩʝ ʘʜʝʢʚʘʪʥʘ ʟʘʢʦʥʩʢʘ ʨʝʛʫʣʘʪʠʚʘ. 

  

1.3 ʂʣʘʩʠʯʥʝ ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ  

 

ʋʣʦʛʘ ʟʘʰʪʠʪʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʿʝ ʜʘ ʫ ʧʦʿʝʜʠʥʠʤ ʜʝʣʦʚʠʤʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʦʛʨʘʥʠʯʝ ʩʪʨʫʿʫ ʠʣʠ ʥʘʧʦʥ. ʉʚʝ ʦʥʝ, ʦʩʠʤ ʪʦʧˀʠʚʦʛ 

ʦʩʠʛʫʨʘʯʘ, ʫ ʩʚʦʤ ʩʘʩʪʘʚʫ ʠʤʘʿʫ ʧʨʝʢʠʜʘʯ, ʢʦʿʠ ʦʪʚʘʨʘˁʝʤ ʢʦʥʪʘʢʪʘ ʧʨʝʢʠʜʘ 

ʥʘʧʘʿʘˁʝ ʤʝʩʪʘ ʢʚʘʨʘ ʠ ʦʜʚʘʿʘ ʰʪʠ˂ʝʥʠ ʦʜ ʧʨʝʦʩʪʘʣʦʛ ʜʝʣʘ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ [16]. 

 

1.3.1 ʊʦʧˀʠʚʠ ʦʩʠʛʫʨʘʯ 

 

ʊʦʧˀʠʚʠ ʦʩʠʛʫʨʘʯ ʿʝ ʿʝʜʠʥʘ ʟʘʰʪʠʪʥʘ ʢʦʤʧʦʥʝʥʪʘ ʢʦʿʘ ʧʨʝʚʝʣʠʢʫ ʩʪʨʫʿʫ 

ʧʨʝʢʠʜʘ ʩʘʤʦʩʪʘʣʥʦ. ʊʦ ʿʝ ʧʦʩʪʠʛʥʫʪʦ ʧʦʤʦ˂ʫ ʧʦʩʝʙʥʦ ʢʦʥʩʪʨʫʠʩʘʥʦʛ ʪʦʧˀʠʚʦʛ 

ʫʤʝʪʢʘ. ʂʦʜ ʪʦʧˀʠʚʦʛ ʫʤʝʪʢʘ ʩʝ ʫ ʟʘʪʚʦʨʝʥʦʤ ʧʨʦʩʪʦʨʫ, ʦʜʚʦʿʝʥʦʤ ʦʜ ʦʢʦʣʠʥʝ 

ʟʠʜʦʤ ʠʟʨʘʹʝʥʠʤ ʦʜ ʪʝʤʧʝʨʘʪʫʨʥʦ ʧʦʩʪʦʿʘʥʝ ʢʝʨʘʤʠʢʝ, ʥʘʣʘʟʠ ʧʦʩʝʙʥʦ ʦʙʣʠʢʦʚʘʥ 

ʝʣʝʢʪʨʦʧʨʦʚʦʜʥʠ ʜʝʦ, ʯʠʿʘ ʿʝ ʧʦʚʨʰʠʥʩʢʘ ʛʫʩʪʠʥʘ ʩʪʨʫʿʝ ʟʥʘʪʥʦ ʧʦʚʝ˂ʘʥʘ ʫ ʦʜʥʦʩʫ 

ʥʘ ʦʥʫ ʢʦʿʘ ʢʘʨʘʢʪʝʨʠʰʝ ʝʣʝʢʪʨʦʧʨʦʚʦʜʥʝ ʜʝʣʦʚʝ ʠʟʚʘʥ ˁʝʛʘ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʪʘʿ ʜʝʦ 

ʚʠʰʝ ʟʘʛʨʝʚʘ ʠ ʜʦʩʪʠʞʝ ʚʠʰʝ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʦʩʪʦʨ ʠʟʤʝʹʫ ʢʝʨʘʤʠʯʢʦʛ ʟʠʜʘ ʠ ʪʦʛ 

ʝʣʝʢʪʨʦʧʨʦʚʦʜʥʦʛ ʜʝʣʘ ʠʩʧʫˁʝʥ ʿʝ ʬʠʥʦʟʨʥʘʩʪʠʤ ʢʚʘʨʮʥʠʤ ʧʝʩʢʦʤ. ʅʘʟʠʚʥʘ 

ʩʪʨʫʿʘ ʪʦʧˀʠʚʦʛ ʫʤʝʪʢʘ ʜʝʬʠʥʠʩʘʥʘ ʿʝ ʥʘ ʩʣʠʯʘʥ ʥʘʯʠʥ ʢʘʦ ʢʦʜ ʧʨʠʿʝʤʥʠʢʘ ʠ 

ʧʨʦʚʦʜʥʠʢʘ, ʩ ʪʦʤ ʨʘʟʣʠʢʦʤ ʰʪʦ ʿʝ ʦʚʜʝ ʛʨʘʥʠʯʥʘ ʜʦʟʚʦˀʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʜʨʝʹʝʥʘ ʪʝʤʧʝʨʘʪʫʨʦʤ ʪʦʧˀʝˁʘ ʪʦʛ ʧʦʩʝʙʥʦ ʠʟʨʘʹʝʥʦʛ ʝʣʝʢʪʨʦʧʨʦʚʦʜʥʦʛ ʜʝʣʘ, ʘ 

ʥʝ ʠʟʜʨʞˀʠʚʦʰ˂ʫ ʝʣʝʢʪʨʦʠʟʦʣʘʮʠʦʥʦʛ ʤʘʪʝʨʠʿʘʣʘ. ɸʢʦ ʙʠ ʚʨʝʜʥʦʩʪ ʩʪʨʫʿʝ ʢʨʦʟ 

ʪʦʧˀʠʚʠ ʫʤʝʪʘʢ ʧʦʩʪʘʣʘ ʚʝ˂ʘ ʦʜ ˁʝʛʦʚʝ ʥʘʟʠʚʥʝ ʚʨʝʜʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʘ ˁʝʛʦʚʦʛ 

ʝʣʝʢʪʨʦʧʨʦʚʦʜʥʦʛ ʜʝʣʘ ʤʦʛʣʘ ʙʠ ʜʘ ʧʦʨʘʩʪʝ ʠʟʥʘʜ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ, ʫʩʣʝʜ ʯʝʛʘ 

ʙʠ ʩʝ ʪʘʿ ʜʝʦ ʠʩʪʦʧʠʦ, ʧʨʝʢʠʜʘʿʫ˂ʠ ʪʦʢ ʩʪʨʫʿʝ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ.  

ʇʦʩʪʦʿʝ ʜʚʝ ʚʨʩʪʝ ʪʦʧˀʠʚʠʭ ʦʩʠʛʫʨʘʯʘ: ʥʠʩʢʦʫʯʠʥʩʢʠ, ʢʦʿʠ ʩʘʜʨʞʝ ʙʨʟʝ 

ʠʣʠ ʪʨʦʤʝ ʪʦʧˀʠʚʝ ʫʤʝʪʢʝ, ʠ ʚʠʩʦʢʦʫʯʠʥʩʢʠ, ʯʠʿʠ ʫʤʝʮʠ ʠʤʘʿʫ ʟʘʚʨʰʝʪʢʝ ʫ ʚʠʜʫ 

Ăʥʦʞʝʚʘñ. ʅʘʧʦʤʝʥʠʤʦ ʜʘ ʪʦʧˀʠʚʠ ʫʤʝʮʠ ʠʤʘʿʫ ʚʨʝʤʝʥʩʢʠ ʟʘʚʠʩʥʫ ʩʪʨʫʿʥʫ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʙʝʟ ʤʦʛʫ˂ʥʦʩʪʠ ʧʦʜʝʰʘʚʘˁʘ ʥʘʟʠʚʥʝ ʚʨʝʜʥʦʩʪʠ. ɸʢʦ ʿʝ ʜʦʙʨʦ 
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ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

32 

 

ʠʟʘʙʨʘʥ, ʦʩʠʛʫʨʘʯ ʩʘ ʪʦʧˀʠʚʠʤ ʫʤʝʪʢʦʤ ʧʨʝʜʩʪʘʚˀʘ ʟʘʰʪʠʪʫ ʩʪʨʫʿʥʦʛ ʢʦʣʘ ʠʣʠ 

ʨʘʟʚʦʜʥʦʛ ʚʦʜʘ ʠ ʦʜ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʠ ʦʜ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ [16]. 

 

1.3.2 ɹʠʤʝʪʘʣʥʦ ʟʘʰʪʠʪʥʦ ʨʝʣʝ 
 

ɹʠʤʝʪʘʣʥʦ ʟʘʰʪʠʪʥʦ ʨʝʣʝ ʿʝ ʠʟʨʘʹʝʥʦ ʦʜ ʙʠʤʝʪʘʣʥʦʛ ʩʧʦʿʘ ʦʙʨʘʟʦʚʘʥʦʛ ʦʜ 

ʤʝʪʘʣʘ ʨʘʟʣʠʯʠʪʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʜʠʣʘʪʘʮʠʿʝ, ʢʨʦʟ ʢʦʿʠ Ăʧʨʦʪʠʯʝñ ʩʪʨʫʿʘ ʢʦʿʘ ʛʘ 

ʟʘʛʨʝʚʘ. Tʘʿ ʩʧʦʿ ʩʝ ʫʪʦʣʠʢʦ ʚʠʰʝ ʠʟʚʠʿʘ ʫʢʦʣʠʢʦ ʿʝ ʚʝ˂ʘ ʜʦʩʪʠʛʥʫʪʘ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʢʦʿʘ ʟʘʚʠʩʠ ʢʘʢʦ ʦʜ ʿʘʯʠʥʝ ʩʪʨʫʿʝ ʪʘʢʦ ʠ ʦʜ ʜʫʞʠʥʝ ˁʝʥʦʛ ʪʨʘʿʘˁʘ. ʇʦʨʝʜ ʚʨʭʘ 

ʩʧʦʿʘ ʢʦʿʠ ʩʝ ʠʟʚʠʿʘ ʧʦʩʪʘʚˀʘ ʩʝ ʧʦʣʫʛʘ, ʯʠʿʝ ʩʝ ʧʦʯʝʪʥʦ ʨʘʩʪʦʿʘˁʝ ʦʜ ʩʧʦʿʘ ʤʦʞʝ 

ʧʦʜʝʰʘʚʘʪʠ. ʉʪʨʫʿʘ ʢʦʿʘ ʧʦʩʣʝ ʜʦʚʦˀʥʦ ʜʫʛʦ ʚʨʝʤʝʥʘ ʜʦʚʝʜʝ ʜʦ ʠʟʚʠʿʘˁʘ ʩʧʦʿʘ 

ʫʧʨʘʚʦ ʟʘ ʜʫʞʠʥʫ ʧʦʯʝʪʥʦʛ ʨʘʩʪʦʿʘˁʘ ʧʨʝʜʩʪʘʚˀʘ ʥʘʟʠʚʥʫ ʩʪʨʫʿʫ ʙʠʤʝʪʘʣʥʦʛ 

ʨʝʣʝʘ. ɸʢʦ ʿʝ ʠʟʚʠʿʘˁʝ ʙʠʤʝʪʘʣʥʦʛ ʩʧʦʿʘ ʚʝ˂ʝ ʦʜ ʧʦʯʝʪʥʦʛ ʨʘʩʪʦʿʘˁʘ, ʜʦʣʘʟʠ ʜʦ 

ʧʦʤʝʨʘˁʘ ʧʦʣʫʛʝ, ʢʦʿʝ ʩʝ ʧʨʝʥʦʩʠ ʠʣʠ ʥʘ ʢʦʥʪʘʢʪ ʧʨʝʢʠʜʘʯʘ (ʪʟʚ. 

ʤʠʢʨʦʧʨʝʢʠʜʘʯʘ) ʠʣʠ ʥʘ ʦʢʠʜʘʯ ʟʘʪʝʛʥʫʪʝ ʦʧʨʫʛʝ ʫ ʥʝʢʦʤ ʧʨʝʢʠʜʘʯʫ. ɱʘʩʥʦ ʿʝ ʜʘ 

ʩʝ ʧʨʦʤʝʥʦʤ ʧʦʯʝʪʥʦʛ ʨʘʩʪʦʿʘˁʘ ʤʝˁʘ ʠ ʚʨʝʜʥʦʩʪ ʥʘʟʠʚʥʝ ʩʪʨʫʿʝ ʙʠʤʝʪʘʣʥʦʛ 

ʨʝʣʝʘ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ˁʝʛʦʚʫ ʧʨʠʤʝʥʫ ʢʘʦ ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ ʦʜ 

ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ. ɹʠʤʝʪʘʣʥʦ ʨʝʣʝ ʤʦʞʝ ʙʠʪʠ ʠʟʨʘʹʝʥʦ ʢʘʦ ʩʘʤʦʩʪʘʣʥʘ ʢʦʤʧʦʥʝʥʪʘ, 

ʠʣʠ ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʬʫʥʢʮʠʦʥʘʣʥʠ ʜʝʦ ʘʫʪʦʤʘʪʩʢʦʛ ʠʣʠ ʟʘʰʪʠʪʥʦʛ ʧʨʝʢʠʜʘʯʘ [16]. 

 

1.3.3 ʇʨʝʢʦʩʪʨʫʿʥʦ ʨʝʣʝ 
 

ʇʨʝʢʦʩʪʨʫʿʥʦ ʨʝʣʝ ʿʝ ʟʘʰʪʠʪʥʘ ʢʦʤʧʦʥʝʥʪʘ ʢʦʿʘ ʠʤʘ ʬʫʥʢʮʠʿʫ ʟʘʰʪʠʪʝ ʦʜ 

ʩʪʨʫʿʝ ʢʨʘʪʢʦʛ ʩʧʦʿʘ, ʘ ʩʘʩʪʘʚˀʝʥʘ ʿʝ ʦʜ ʝʣʝʢʪʨʦʤʘʛʥʝʪʘ ʠ ʧʦʢʨʝʪʥʝ ʧʦʣʫʛʝ 

ʟʘʪʝʛʥʫʪʝ ʦʧʨʫʛʦʤ. ʉʠʣʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʘ, ʢʦʿʘ ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʿʘʯʠʥʠ ʩʪʨʫʿʝ 

ʢʨʦʟ ˁʝʛʘ, ʧʦʚʣʘʯʠ ʧʦʣʫʛʫ, ʘ ʩʫʧʨʦʪʩʪʘʚˀʘ ʿʦʿ ʩʝ ʩʠʣʘ ʦʧʨʫʛʝ, ʢʦʿʘ ʿʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʧʦʤʝʨʘʿʫ ʦʧʨʫʛʝ ʫʯʠˁʝʥʦʤ ʧʨʠ ˁʝʥʦʤ ʟʘʪʝʟʘˁʫ. ʂʘʜʘ ʥʘʜʚʣʘʜʘ 

ʩʠʣʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʘ, ʜʦ˂ʠ ˂ʝ ʜʦ ʪʨʝʥʫʪʥʦʛ ʧʦʤʝʨʘʿʘ ʧʦʣʫʛʝ. ʊʦ ʟʥʘʯʠ ʜʘ ˂ʝ ʦʚʦ 

ʨʝʣʝ ʠʤʘʪʠ ʚʨʝʤʝʥʩʢʠ ʥʝʟʘʚʠʩʥʫ ʩʪʨʫʿʥʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠ ʤʦʛʫ˂ʥʦʩʪ ʧʦʜʝʰʘʚʘˁʘ 

ʩʪʨʫʿʝ ʨʝʘʛʦʚʘˁʘ [16]. ʀ ʢʦʜ ʧʨʝʢʦʩʪʨʫʿʥʦʛ ʨʝʣʝʘ ʩʝ ʧʦʤʝʨʘʿ ʧʦʣʫʛʝ ʤʦʞʝ ʧʨʝʥʝʪʠ 

ʥʘ ʢʦʥʪʘʢʪ Ăʤʠʢʨʦʧʨʝʢʠʜʘʯʘñ ʠʣʠ ʥʘ ʦʢʠʜʘʯ ʟʘʪʝʛʥʫʪʝ ʦʧʨʫʛʝ ʫ ʥʝʢʦʤ ʧʨʝʢʠʜʘʯʫ.  

 

1.3.4 Aʫʪʦʤʘʪʩʢʠ ʠ ʟʘʰʪʠʪʥʠ ʧʨʝʢʠʜʘʯ   
 

ɸʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯ ʿʝ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʘ ʢʦʤʧʦʥʝʥʪʘ ʩʘʩʪʘʚˀʝʥʘ ʦʜ 

ʙʠʤʝʪʘʣʥʦʛ ʠ ʧʨʝʢʦʩʪʨʫʿʥʦʛ ʨʝʣʝʘ ʯʠʿʝ ʩʝ ʥʘʟʠʚʥʝ ʩʪʨʫʿʝ ʥʝ ʤʦʛʫ ʧʦʜʝʰʘʚʘʪʠ. ʋ 
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ʨʝʬʝʨʝʥʮʠ [16] ʜʝʪʘˀʥʦ ʿʝ ʦʧʠʩʘʥʘ ʦʚʘ ʟʘʰʪʠʪʥʘ ʢʦʤʧʦʥʝʥʪʘ. ʇʦʩʪʦʿʝ ʯʝʪʠʨʠ 

ʪʠʧʘ ʘʫʪʦʤʘʪʩʢʠʭ ʧʨʝʢʠʜʘʯʘ ʢʦʿʠ ʩʝ ʨʘʟʣʠʢʫʿʫ ʧʦ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʦʢʠʜʘˁʘ: ɸ, B, 

C ʠ D. ʋ ʩʪʘʤʙʝʥʠʤ, ʧʦʩʣʦʚʥʠʤ ʠ ʿʘʚʥʠʤ ʦʙʿʝʢʪʠʤʘ ʥʘʿʯʝʰ˂ʝ ʩʫ ʟʘʩʪʫʧˀʝʥʠ 

ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʢʠʜʘˁʘ B ʠ C. ɸʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯʠ ʩʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʦʤ ʦʢʠʜʘˁʘ B ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʟʘʰʪʠʪʫ ʩʪʨʫʿʥʠʭ ʢʦʣʘ ʥʘ ʢʦʿʘ ʩʝ 

ʧʨʠʢˀʫʯʫʿʫ ʬʠʢʩʥʠ ʧʨʠʿʝʤʥʠʮʠ (ʘʢʫʤʫʣʘʮʠʦʥʠ ʙʦʿʣʝʨ, ʢʚʘʨʮʥʘ ʛʨʝʿʘʣʠʮʘ, ʠʟʚʦʨʠ 

ʩʚʝʪʣʦʩʪʠ...), ʢʘʦ ʠ ʫ ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ ʩʘ hʫʢʦ-ʫʪʠʯʥʠʮʘʤʘ ʦʧʰʪʝ ʥʘʤʝʥʝ. ʋ 

ʥʦʚʠʿʝ ʚʨʝʤʝ ʩʝ ʯʝʩʪʦ ʫʤʝʩʪʦ ʦʩʠʛʫʨʘʯʘ ʩʘ ʙʨʟʠʤ ʪʦʧˀʠʚʠʤ ʫʤʝʮʠʤʘ ʫʛʨʘʹʫʿʫ 

ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯʠ ʩʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʦʤ ʦʢʠʜʘˁʘ B. ɸʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯʠ ʩʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʦʤ ʦʢʠʜʘˁʘ C ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʟʘʰʪʠʪʫ ʩʪʨʫʿʥʠʭ ʢʦʣʘ ʥʘ ʢʦʿʘ ʩʫ 

ʧʨʠʢˀʫʯʝʥʠ ʧʨʠʿʝʤʥʠʮʠ ʩʘ ʥʝʧʦʚʦˀʥʠʤ ʧʦʣʘʟʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ (ʥʧʨ. 

ʘʩʠʥʭʨʦʥʠ ʤʦʪʦʨʠ ʩʘ ʢʨʘʪʢʦʩʧʦʿʝʥʠʤ ʨʦʪʦʨʦʤ), ʟʙʦʛ ʯʝʛʘ ʩʫ ʜʦʙʨʘ ʟʘʤʝʥʘ ʟʘ 

ʪʦʧˀʠʚʝ ʦʩʠʛʫʨʘʯʝ ʩʘ ʪʨʦʤʠʤ ʫʤʝʮʠʤʘ. ɸʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʦʢʠʜʘˁʘ ɸ ʠ D ʩʫ ʩʧʝʮʠʿʘʣʥʝ ʥʘʤʝʥʝ ʠ ʥʝʤʘʿʫ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ. ɸʫʪʦʤʘʪʩʢʠ 

ʧʨʝʢʠʜʘʯʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʫʟʜʘʥʫ ʟʘʰʪʠʪʥʫ ʢʦʤʧʦʥʝʥʪʫ ʠ ʫ ʩʣʫʯʘʿʫ ʧʦʿʘʚʝ 

ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʠ ʫ ʩʣʫʯʘʿʫ ʥʘʩʪʘʥʢʘ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ. 

ʆʩʥʦʚʥʝ ʧʨʝʜʥʦʩʪʠ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʢʠʜʘʯʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʠʛʫʨʘʯ ʩʘ 

ʪʦʧˀʠʚʠʤ ʫʤʝʪʢʦʤ ʩʫ [16]:  

- ʥʝ ʩʘʜʨʞʠ ʪʦʧˀʠʚʠ ʫʤʝʪʘʢ, ʘ ʫʢʦʣʠʢʦ ʿʝ ʦʜʨʝʘʛʦʚʘʦ, ʜʦʚʦˀʥʦ ʿʝ ʜʘ ʩʝ ʧʦʜʠʛʥʝ 

ʧʦʣʫʛʘ ʠ ˁʝʛʦʚʠ ʢʦʥʪʘʢʪʠ ʩʝ ʧʦʥʦʚʦ ʟʘʪʚʘʨʘʿʫ, ʠ 

- ʥʝ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʝ ʜʝʣʦʚʠ ʧʦʜ ʥʘʧʦʥʦʤ ʜʦʜʠʨʥʫ (ʠʟʨʘʹʝʥ ʿʝ ʦʜ 

ʝʣʝʢʪʨʦʠʟʦʣʘʮʠʦʥʦʛ ʤʘʪʝʨʠʿʘʣʘ). 

ʂʘʜʘ ʩʝ ʧʨʝʢʠʜʘʯʫ ʩʘ ʦʧʨʫʛʦʤ ʜʦʜʘʿʫ ʙʠʤʝʪʘʣʥʦ ʠ ʧʨʝʢʦʩʪʨʫʿʥʦ ʨʝʣʝ ʯʠʿʝ 

ʩʝ ʥʘʟʠʚʥʝ ʩʪʨʫʿʝ ʤʦʛʫ ʧʦʜʝʰʘʚʘʪʠ, ʜʦʙʠʿʘ ʩʝ ʟʘʰʪʠʪʥʠ ʧʨʝʢʠʜʘʯ. ʆʥ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 

ʿʝʜʥʦʧʦʣʥʦʛ, ʜʚʦʧʦʣʥʦʛ ʠʣʠ ʪʨʦʧʦʣʥʦʛ ʧʨʝʢʠʜʘʯʘ ʩʘ ʦʧʨʫʛʦʤ ʟʘʪʝʛʥʫʪʦʤ ʧʨʠ 

ˁʝʛʦʚʦʤ ʟʘʪʚʘʨʘˁʫ. ʇʦʣʫʛʘ ʙʠʤʝʪʘʣʥʦʛ ʠʣʠ ʧʨʝʢʦʩʪʨʫʿʥʦʛ ʨʝʣʝʘ ʜʝʣʫʿʝ ʥʘ ʦʢʠʜʘʯ 

ʦʧʨʫʛʝ, ʢʦʿʘ ʪʘʜʘ ʦʪʚʘʨʘ ʢʦʥʪʘʢʪʝ ʧʨʝʢʠʜʘʯʘ. 

 

1.3.5 ɿʘʰʪʠʪʥʠ ʫʨʝʹʘʿ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʩʪʨʫʿʝ (ɿʋɼʉ) 
 

ɿʘ ʦʚʫ ʟʘʰʪʠʪʥʫ ʢʦʤʧʦʥʝʥʪʫ ʢʦʜ ʥʘʩ ʿʝ ʦʜʦʤʘ˂ʝʥ ʥʘʟʠʚ FID (Fault Isolation 

Detection) ʩʢʣʦʧʢʘ. ʅʘ ʩʣʠʮʠ 11 ʿʝ ʜʘʪ ʠʟʛʣʝʜ ʪʨʦʬʘʟʥʦʛ ɿʋɼʉ-ʘ. ɿʋɼʉ ʪʨʝʙʘ 

ʪʨʘʿʥʦ ʜʘ ʧʦʜʥʝʩʝ ʩʪʨʫʿʫ ʤʘʫˁ ʦʜ ˁʝʛʦʚʝ ʥʘʟʠʚʥʝ ʩʪʨʫʿʝ ʠ ʜʘ ʜʝʣʫʿʝ (ʠʩʢˀʫʯʠ 
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ʩʪʨʫʿʥʦ ʢʦʣʦ) ʧʨʠ ʧʦʿʘʚʠ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʩʪʨʫʿʝ (ʩʪʨʫʿʝ Ăʮʫʨʝˁʘñ) ʚʝ˂ʝ ʦʜ ˁʝʛʦʚʝ 

ʩʪʨʫʿʝ ʨʝʘʛʦʚʘˁʘ. ɿʘʰʪʠʪʥʠ ʧʨʦʚʦʜʥʠʢ ʚʦʜʠ ʩʝ ʜʠʨʝʢʪʥʦ ʢʘ ʧʨʠʿʝʤʥʠʢʫ (ʙʝʟ 

ʧʨʠʢˀʫʯʠʚʘˁʘ ʥʘ ɿʋɼʉ). 

 
ʉʣʠʢʘ 11. ʌʠʟʠʯʢʠ ʠʟʛʣʝʜ ʪʨʦʬʘʟʥʦʛ ɿʋɼʉ-ʘ 

 

ʇʨʠ ʥʦʨʤʘʣʥʦʤ ʬʫʥʢʮʠʦʥʠʩʘˁʫ ʠʥʩʪʘʣʘʮʠʿʝ, ʚʝʢʪʦʨʩʢʠ (ʬʘʟʦʨʩʢʠ) ʟʙʠʨ 

ʩʪʨʫʿʘ ʫ ʧʨʦʚʦʜʥʠʮʠʤʘ ʢʦʿʠ ʩʫ ʧʨʦʚʫʯʝʥʠ ʢʨʦʟ ʤʘʛʥʝʪʩʢʦ ʿʝʟʛʨʦ ɿʋɼʉ-ʘ ʿʝʜʥʘʢ ʿʝ 

ʥʫʣʠ. ɸʢʦ ʥʘʩʪʘʥʝ ʢʚʘʨ, ʥʧʨ. ʩʧʦʿ ʬʘʟʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʤʝʪʘʣʥʦʛ ʢʫ˂ʠʰʪʘ 

ʧʨʠʿʝʤʥʠʢʘ, ʥʘʨʫʰʘʚʘ ʩʝ Ăʨʘʚʥʦʪʝʞʘñ ʩʪʨʫʿʘ (ʩʪʨʫʿʘ ʢʚʘʨʘ, ʢʦʿʘ Ăʧʨʦʣʘʟʠñ ʢʨʦʟ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʬʘʟʥʠ ʧʨʦʚʦʜʥʠʢ, ʥʝ Ăʚʨʘ˂ʘñ ʩʝ ʢʨʦʟ ʥʝʫʪʨʘʣʥʠ, ʥʝʛʦ ʢʨʦʟ ʟʘʰʪʠʪʥʠ 

ʧʨʦʚʦʜʥʠʢ). ʋʢʦʣʠʢʦ ʿʝ ʩʪʨʫʿʘ ʢʚʘʨʘ (ʟʝʤˀʦʩʧʦʿʘ) ʚʝ˂ʘ ʦʜ ʩʪʨʫʿʝ ʨʝʘʛʦʚʘˁʘ ɿʋɼʉ-

ʘ, ʦʪʚʘʨʘʿʫ ʩʝ ʢʦʥʪʘʢʪʠ ʧʨʝʢʠʜʘʯʘ ʠ ʦʥ ʧʨʝʢʠʜʘ ʥʘʧʘʿʘˁʝ ʜʝʣʘ ʝʣʝʢʪʨʠʯʥʝ 

ʠʥʩʪʘʣʘʮʠʿʝ ʫ ʢʦʤʝ ʿʝ ʜʦʰʣʦ ʜʦ ʢʚʘʨʘ. ɺʠʰʝ ʜʝʪʘˀʘ ʦ ʧʨʠʥʮʠʧʫ ʨʘʜʘ ɿʋɼʉ-ʘ ʢʦʿʠ 

ʩʝ, ʧʨʘʚʠʣʥʦ ʠʟʘʙʨʘʥ, ʧʨʠʤʝˁʫʿʝ ʢʘʦ ʝʬʠʢʘʩʥʘ ʟʘʰʪʠʪʘ ʦʜ ʟʝʤˀʦʩʧʦʿʘ ʤʦʞʝ ʩʝ 

ʥʘ˂ʠ ʫ [16]. 

ɿʋɼʉ ʧʦʩʝʜʫʿʝ ʪʘʩʪʝʨ ʟʘ ʪʝʩʪʠʨʘˁʝ, ʧʦʤʦ˂ʫ ʢʦʛʘ ʩʝ ʧʨʦʚʝʨʘʚʘ ˁʝʛʦʚʘ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ. ʂʘʜʘ ʩʝ ʧʨʠʪʠʩʥʝ ʪʘʩʪʝʨ, ʜʝʦ ʩʪʨʫʿʝ ʬʘʟʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʩʝ ʥʝ 

ʚʨʘ˂ʘ ʢʨʦʟ ʥʝʫʪʨʘʣʥʠ ʧʨʦʚʦʜʥʠʢ ʢʦʿʠ ʿʝ ʧʨʦʚʫʯʝʥ ʢʨʦʟ ʿʝʟʛʨʦ, ʯʠʤʝ ʩʝ ʥʘʤʝʨʥʦ 

ʨʝʤʝʪʠ Ăʨʘʚʥʦʪʝʞʘñ ʩʪʨʫʿʘ ʠ ɿʋɼʉ ʨʝʘʛʫʿʝ. 

ʆʙʠʯʥʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ɿʋɼʉ ʿʝʜʠʥʦ ʨʝʘʛʫʿʝ ʫ ʩʣʫʯʘʿʫ ʩʠʥʫʩʦʠʜʘʣʥʠʭ 

ʩʪʨʫʿʘ ʢʚʘʨʘ. ʇʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ, ʘ ʫʩʣʝʜ ʤʘʩʦʚʥʝ ʫʧʦʪʨʝʙʝ ʝʣʝʢʪʨʦʥʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʠ ʫ ʧʦʿʝʜʠʥʠʤ ʧʨʠʿʝʤʥʠʮʠʤʘ, ʫʢʘʟʘʣʘ ʩʝ ʧʦʪʨʝʙʘ ʟʘ ʦʚʘʢʚʠʤ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʫʨʝʹʘʿʠʤʘ ʥʦʚʝ ʛʝʥʝʨʘʮʠʿʝ, ʢʦʿʠ ʫʩʧʝʰʥʦ ʧʨʝʢʠʜʘʿʫ ʥʝ ʩʘʤʦ 

ʩʠʥʫʩʦʠʜʘʣʥʝ, ʥʝʛʦ ʠ ʥʝʩʠʥʫʩʦʠʜʘʣʥʝ ʥʘʠʟʤʝʥʠʯʥʝ ʠ ʧʫʣʩʠʨʘʿʫ˂ʝ ʿʝʜʥʦʩʤʝʨʥʝ 

ʩʪʨʫʿʝ ʢʚʘʨʘ [16]. 
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ʃʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʠʣʠ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʤʦʛʫ ʩʝ ʿʘʚʠʪʠ ʥʘ ʙʠʣʦ 

ʢʦʤ ʤʝʩʪʫ ʩʪʨʫʿʥʦʛ ʢʦʣʘ, ʦʜ ʨʘʟʚʦʜʥʝ ʪʘʙʣʝ ʜʦ ʧʨʠʿʝʤʥʠʢʘ. ʉʪʨʫʿʘ ʥʘ ʤʝʩʪʫ ʦʚʠʭ 

ʢʚʘʨʦʚʘ ʥʝ ʤʦʞʝ ʙʠʪʠ ʚʝ˂ʘ ʦʜ ʩʪʨʫʿʝ ʦʧʪʝʨʝ˂ʝˁʘ, ʿʝʨ ʿʝ ʦʛʨʘʥʠʯʝʥʘ ʦʧʪʝʨʝ˂ʝˁʝʤ ʠ 

ʦʪʧʦʨʥʦʰ˂ʫ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʠʣʠ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ. ʀʟ ʢʨʘʪʢʦʛ 

ʧʨʝʛʣʝʜʘ ʢʣʘʩʠʯʥʠʭ ʟʘʰʪʠʪʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʦʥʝ ʥʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʝʬʠʢʘʩʥʫ ʟʘʰʪʠʪʫ ʦʜ ʧʦʿʘʚʝ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʠʣʠ ʨʝʜʥʦʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. ɱʘʩʥʦ ʿʝ ʜʘ ʥʠ ɿʋɼʉ ʥʝ ʤʦʞʝ ʜʘ ʰʪʠʪʠ ʝʣʝʢʪʨʠʯʥʫ ʠʥʩʪʘʣʘʮʠʿʫ 

ʦʜ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʿʝʨ ˁʝʛʦʚʘ ʧʦʿʘʚʘ ʥʝ ʨʝʤʝʪʠ Ăʨʘʚʥʦʪʝʞʫñ ʩʪʨʫʿʘ. 

ɽʚʝʥʪʫʘʣʥʦ, ɿʋɼʉ ʤʦʞʝ ʜʘ ʧʨʝʜʩʪʘʚˀʘ ʟʘʰʪʠʪʫ ʦʜ ʧʘʨʘʣʝʣʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ 

ʥʘʩʪʘʣʦʛ ʠʟʤʝʹʫ ʬʘʟʥʦʛ ʠ ʟʘʰʪʠʪʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʫʢʦʣʠʢʦ ʥʝʤʘ ʚʝʣʠʢʫ 

ʠʥʪʝʨʤʠʪʝʥʪʥʦʩʪ (ʧʨʝʢʠʜʥʦʩʪ). 

 

1.4 ʇʨʠʤʝʥʘ ʪʝʭʥʠʢʝ ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ ʩʥʠʤʘˁʘ  

 

ʋ [26] ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʧʨʦʙʣʝʤʘʪʠʢʘ ʜʝʪʝʢʮʠʿʝ ʢʚʘʨʦʚʘ ʥʘ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʢʦʿʠ ʩʝ ʥʝ ʤʦʛʫ ʦʪʢʨʠʪʠ ʫ ʦʢʚʠʨʫ 

ʧʝʨʠʦʜʠʯʥʠʭ ʚʝʨʠʬʠʢʘʮʠʿʘ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʘ ʠ ʪʝʭʥʠʢʘ ʧʨʦʧʠʩʘʥʠʭ ʩʪʘʥʜʘʨʜʠʤʘ, 

ʥʠʪʠ ʠʭ ʢʣʘʩʠʯʥʝ ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ (ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯʠ ʠ ʦʩʠʛʫʨʘʯʠ ʩʘ 

ʪʦʧˀʠʚʠʤ ʫʤʝʪʢʦʤ) ʤʦʛʫ ʧʨʝʧʦʟʥʘʪʠ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʥʘ ʤʝʩʪʠʤʘ ʥʘʩʪʘʥʢʘ ʦʚʘʢʚʠʭ 

Ăʥʝʚʠʜˀʠʚʠʭñ ʢʚʘʨʦʚʘ (ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ, ʦʜʥʦʩʥʦ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ) 

ʩʪʚʘʨʘʿʫ ʫʩʣʦʚʠ ʟʘ ʥʘʩʪʘʥʘʢ ʧʦʞʘʨʘ. ʂʚʘʨʦʚʠ ʥʘ ʢʦʿʝ ʥʝ ʨʝʘʛʫʿʝ ʥʠʿʝʜʥʘ 

ʢʦʤʧʦʥʝʥʪʘ ʢʣʘʩʠʯʥʦʛ ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʚʝʦʤʘ ʩʫ 

ʦʧʘʩʥʠ, ʿʝʨ ʦʩʪʘʿʫ ʥʝʦʪʢʨʠʚʝʥʠ ʩʚʝ ʜʦʢ ʥʝ ʥʘʧʨʘʚʝ ʤʘʪʝʨʠʿʘʣʥʫ ʰʪʝʪʫ (ʧʦʞʘʨ ʠʣʠ 

ʭʘʚʘʨʠʿʫ ʥʘ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʠʣʠ ʦʧʨʝʤʠ). ʇʨʝʛʣʝʜ ʪʝʨʤʦʚʠʟʠjʩʢʦʤ ʢʘʤʝʨʦʤ 

ʦʤʦʛʫ˂ʘʚʘ ʧʨʦʥʘʣʘʞʝˁe ʜʝʣʦʚʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʯʠʿʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʥʘʯʘʿʥʦ ʦʜʫʜʘʨʘ ʦʜ ʦʯʝʢʠʚʘʥʠʭ ʨʘʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʠ 

(Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ). ʋ ʪʘʙʝʣʠ 6 ʩʫ ʜʘʪʝ ʥʘʿʚʝ˂ʝ ʜʦʟʚʦˀʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘ ʨʘʟʣʠʯʠʪʝ 

ʪʠʧʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʠʟʦʣʘʮʠʿʝ. ʇʨʦʥʘʣʘʞʝˁʝʤ Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ ʦʤʦʛʫ˂ʘʚʘ ʩʝ 

ʮʠˀʘʥʦ ʦʜʨʞʘʚʘˁʝ, ʦʜʥʦʩʥʦ ʩʘʥʠʨʘˁʝ ʧʨʦʙʣʝʤʘ ʧʨʝ ʥʝʛʦ ʰʪʦ ʜʦʹʝ ʜʦ ʧʦʞʘʨʘ ʠʣʠ 

ʭʘʚʘʨʠʿʝ ʫ ʩʠʩʪʝʤʫ.  
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ʊʘʙʝʣʘ 6. ʅʘʿʚʝ˂ʝ ʜʦʟʚʦˀʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʪʠʧʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʠʟʦʣʘʮʠʿʝ [27]  

ʊʠʧ ʠʟʦʣʘʮʠʿʝ 
ʅʘʿʚʝ˂ʘ ʜʦʟʚʦˀʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ 

PVC ʠ ʧʨʠʨʦʜʥʘ ʛʫʤʘ 
70 ÁC ʥʘ 

ʧʨʦʚʦʜʥʠʢʫ 

ʋʤʨʝʞʝʥʠ ʧʦʣʠʝʪʠʣʝʥ ʠ ʝʪʠʣ-ʧʨʦʧʠʣʝʥ 
90 ÁC ʥʘ 

ʧʨʦʚʦʜʥʠʢʫ 

ʄʠʥʝʨʘʣʥʘ (ʩʘ PVC ʦʤʦʪʘʯʝʤ ʠʣʠ ʤʝʪʘʣʥʠʤ ʧʣʘʰʪʦʤ ʢʘʜʘ ʩʝ 

ʢʘʙʣʦʚʠ ʜʦʜʠʨʫʿʫ) 
70 ÁC ʥʘ ʦʤʦʪʘʯʫ 

ʄʠʥʝʨʘʣʥʘ (ʩʘ ʤʝʪʘʣʥʠʤ ʧʣʘʰʪʦʤ ʠ ʢʘʜʘ ʩʝ ʢʘʙʣʦʚʠ ʥʝ 

ʜʦʜʠʨʫʿʫ) 
105 ÁC ʥʘ ʠʟʦʣʘʮʠʿʠ 

 

 

ʇʨʠʤʝʥʦʤ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ ʤʦʛʫ ʩʝ ʨʘʥʦ ʜʝʪʝʢʪʦʚʘʪʠ ʣʦʰʠ 

ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ, ʧʨʝ ʩʚʝʛʘ ʦʥʠ ʫ ʨʘʟʚʦʜʥʠʤ ʦʨʤʘʥʠʤʘ, ʿʝʨ ʩʫ ʚʠʟʫʝʣʥʦ 

ʜʦʩʪʫʧʥʠ ʠʥʬʨʘʮʨʚʝʥʦʤ ʩʝʥʟʦʨʫ ʢʘʤʝʨʝ. 

ʇʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ 

ʧʨʝʜʚʠʹʝʥʝ ʩʫ ʩʪʘʥʜʘʨʜʦʤ [27] ʠ ʇʨʘʚʠʣʥʠʢʦʤ [28]. ʊʘʢʚʝ ʚʝʨʠʬʠʢʘʮʠʿʝ 

ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʚʠʟʫʝʣʥʠ ʧʨʝʛʣʝʜ ʠ ʠʩʧʠʪʠʚʘˁʘ ʝʣʝʢʪʨʠʯʥʠʤ ʤʝʨʝˁʠʤʘ. 

ɺʠʟʫʝʣʥʠʤ ʧʨʝʛʣʝʜʦʤ ʩʝ ʫʦʯʘʚʘʿʫ ʥʝʜʦʩʪʘʮʠ ʥʘ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʜʦ ʢʦʿʠʭ 

ʿʝ ʜʦʰʣʦ ʪʦʢʦʤ ˁʝʥʝ ʫʧʦʪʨʝʙʝ. ʀʩʧʠʪʠʚʘˁʝ ʝʣʝʢʪʨʠʯʥʠʤ ʤʝʨʝˁʠʤʘ ʦʙʫʭʚʘʪʘ 

ʤʝʨʝˁʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʦʪʧʦʨʥʦʩʪʠ ʠʟʦʣʘʮʠʿʝ, ʧʨʦʚʝʨʫ ʥʝʧʨʝʢʠʜʥʦʩʪʠ 

ʟʘʰʪʠʪʥʠʭ ʧʨʦʚʦʜʥʠʢʘ ʠ ʧʨʦʚʦʜʥʠʢʘ ʟʘ ʛʣʘʚʥʦ ʠ ʣʦʢʘʣʥʦ ʠʟʿʝʜʥʘʯʝˁ ʝ 

ʧʦʪʝʥʮʠʿʘʣʘ, ʢʘʦ ʠ ʧʨʦʚʝʨʫ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʟʘʰʪʠʪʥʦʛ ʫʨʝʹʘʿʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ 

ʩʪʨʫʿʝ. ʅʘʚʝʜʝʥʘ ʤʝʨʝˁʘ ʩʝ, ʧʨʝ ʩʚʝʛʘ, ʚʨʰʝ ʟʙʦʛ ʧʨʦʚʝʨʝ ʝʬʠʢʘʩʥʦʩʪʠ ʩʠʩʪʝʤʘ 

ʟʘʰʪʠʪʝ ʫ ʩʣʫʯʘʿʫ ʢʚʘʨʘ, ʠ ʪʦ ʘʫʪʦʤʘʪʩʢʠʤ ʠʩʢˀʫʯʝˁʝʤ ʥʘʧʘʿʘˁʘ (ʧʨʦʚʝʨʘ 

ʟʘʰʪʠʪʝ ʦʜ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ). ʋ ʩʣʫʯʘʿʫ ʜʘ ʩʝ ʧʦʿʘʚʝ ʢʚʘʨʦʚʠ ʧʦʧʫʪ ʢʨʘʪʢʦʛ 

ʩʧʦʿʘ ʠʣʠ ʜʫʛʦʪʨʘʿʥʦʛ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ, ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯ ʠʣʠ ʪʦʧˀʠʚʠ ʫʤʝʪʘʢ 

ʦʩʠʛʫʨʘʯʘ ʩʠʛʫʨʥʦ ˂ʝ ʧʨʝʢʠʥʫʪʠ ʥʘʧʘʿʘˁʝ ʩʪʨʫʿʥʦʛ ʢʦʣʘ ʧʨʝ ʥʝʛʦ ʰʪʦ ʩʝ ʙʠʣʦ ʰʪʘ 

ʫʧʘʣʠ. ʄʝʹʫʪʠʤ, ʢʣʘʩʠʯʥʠʤ ʟʘʰʪʠʪʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʠ ʩʪʘʥʜʘʨʜʥʠʤ ʧʨʝʛʣʝʜʠʤʘ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʥʝ ʤʦʛʫ ʜʘ ʩʝ ʜʝʪʝʢʪʫʿʫ ʢʚʘʨʦʚʠ ʢʘʦ 

ʰʪʦ ʿʝ ʣʦʰ ʢʦʥʪʘʢʪ, ʦʜʥʦʩʥʦ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ. ʇʦʰʪʦ ʧʦʿʘʚʫ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ 

ʫ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʧʨʘʪʠ ʧʦʚʝ˂ʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʤʝʩʪʫ ˁʝʛʦʚʦʛ 

ʥʘʩʪʘʥʢʘ, ʪʨʝʙʘ ʩʝ ʟʘʣʘʛʘʪʠ ʟʘ ʫʚʦʹʝˁʝ ʧʨʝʚʝʥʪʠʚʥʠʭ ʧʝʨʠʦʜʠʯʥʠʭ 

ʪʝʨʤʦʚʠʟʠʿʩʢʠʭ ʧʨʝʛʣʝʜʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ [21]. 

ʅʘ ʝʣʝʤʝʥʪʠʤʘ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʚʨʝʤʝʥʦʤ ʜʦʣʘʟʠ ʜʦ ʤʠʢʨʦʧʦʤʝʨʘʿʘ 

(ʫʩʣʝʜ ʚʠʙʨʘʮʠʿʘ, ʰʠʨʝˁʘ ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʚʠʩʦʢʦ ʿ ʪʝʤʧʝʨʘʪʫʨʠ, ʢʨʫˁʝˁʘ 

ʧʦʚʨʰʠʥʩʢʦʛ ʩʣʦʿʘ ʦʢʩʠʜʘ), ʢʦʿʠ ʜʦʚʦʜʝ ʜʦ ʩʣʘʙˀʝˁʘ ʢʦʥʪʘʢʪʘ ʠʟʤʝʹʫ ʧʨʦʚʦʜʥʠʢʘ 
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ʠ ʧʨʠʢˀʫʯʥʦʛ ʝʣʝʤʝʥʪʘ (ʧʘʧʫʯʠʮʝ, ʩʪʝʟʘˀʢʝ, ʢʣʝʤʝ) ʥʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʦʿ 

ʢʦʤʧʦʥʝʥʪʠ. ʅʘ ʦʩʣʘʙˀʝʥʠʤ ʢʦʥʪʘʢʪʠʤʘ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʧʨʝʛʨʝʚʘˁʘ, ʯʠʤʝ ʩʝ 

ʬʦʨʤʠʨʘʿʫ ʪʟʚ. Ăʚʨʝʣʝñ ʪʘʯʢʝ. ʋʢʦʣʠʢʦ ʪʝʤʧʝʨʘʪʫʨʘ Ăʚʨʝʣʝñ ʪʘʯʢʝ ʧʨʝʤʘʰʠ 

ʚʨʝʜʥʦʩʪ ʪʨʘʿʥʦ ʜʦʟʚʦˀʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʝʣʝʢʪʨʠʯʥʝ ʠʟʦʣʘʮʠʿʝ ʧʨʦʚʦʜʥʠʢʘ, ʢʦʿʘ 

ʟʘʚʠʩʠ ʦʜ ʪʠʧʘ ʠʟʦʣʘʮʠʿʝ (ʪʘʙʝʣʘ 6), ʧʨʚʦ ʜʦʣʘʟʠ ʜʦ ʜʝʛʨʘʜʘʮʠʿʝ ˁʝʥʠʭ 

ʠʟʦʣʘʮʠʦʥʠʭ ʩʚʦʿʩʪʘʚʘ, ʘ ʟʘʪʠʤ, ʧʨʠ ʚʠʩʦʢʦ ʿʪʝʤʧʝʨʘʪʫʨʠ, ʠ ʜʦ ˁʝʥʦʛ ʪʦʧˀʝˁʘ ʠ 

ʧʘˀʝˁʘ.  

ʅʘ ʩʣʠʮʠ 12 ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʪʝʨʤʠʯʢʠ ʦʰʪʝ˂ʝʥʘ PVC ʠʟʦʣʘʮʠʿʘ 

ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʤʝʩʪʫ ʣʘʙʘʚʦʛ ʢʦʥʪʘʢʪʘ ʥʘ ʧʨʠʢˀʫʯʢʫ ʰʫʢʦ-ʫʪʠʯʥʠʮʝ ʠʟʚʝʜʝʥʦʤ 

ʧʦʤʦ˂ʫ ʟʘʚʨʪˁʘ. 

 

 
ʉʣʠʢʘ 12. ʊʝʨʤʠʯʢʠ ʦʰʪʝ˂ʝʥʘ PVC ʠʟʦʣʘʮʠʿʘ ʥʘ ʧʨʠʢˀʫʯʢʫ ʰʫʢʦ-ʫʪʠʯʥʠʮʝ (ʤʘʢʩʠʤʘʣʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʤʝʩʪʫ ʢʦʥʪʘʢʪʘ ʠʟʥʦʩʠʣʘ ʿʝ ʧʨʝʢʦ 700 ÁC) 

 

ʋʢʦʣʠʢʦ ʿʝ ʥʘ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʜʦʰʣʦ ʜʦ ʜʫʛʦʪʨʘʿʥʦʛ 

ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ ʧʨʦʚʦʜʥʠʢʘ, ʤʦʛʫ ʩʝ ʧʦʿʘʚʠʪʠ ʪʟʚ. Ăʚʨʝʣʝñ ʣʠʥʠʿʝ, ʜʦʢ ʫ ʩʣʫʯʘʿʫ 

ʜʫʛʦʪʨʘʿʥʠʭ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʝ ʜʦ˂ʠ ʠ ʜʦ ʧʦʿʘʚʝ ʪʟʚ. 

Ăʚʨʝʣʠʭñ ʧʦʚʨʰʠʥʘ. ʇʨʠʤʝʥʦʤ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ Ăʚʨʝʣʝñ ʪʘʯʢʝ, ʣʠʥʠʿʝ ʠ 

ʧʦʚʨʰʠʥʝ ʤʦʛʫ ʩʝ ʥʘ ʚʨʝʤʝ ʜʝʪʝʢʪʦʚʘʪʠ. ʉʥʠʤʘˁʝ ʪʝʨʤʦʚʠʟʠʿʩʢʦʤ ʢʘʤʝʨʦʤ ʩʝ 

ʚʨʰʠ ʧʦʜ ʥʘʟʠʚʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ (ʫʢʦʣʠʢʦ ʿʝ ʪʦ ʤʦʛʫ˂ʝ 

ʦʩʪʚʘʨʠʪʠ), ʢʘʢʦ ʙʠ ʩʝ ʘʢʪʠʚʠʨʘʣʝ ʧʦʪʝʥʮʠʿʘʣʥʝ Ăʚʨʝʣʝñ ʪʘʯʢʝ, ʣʠʥʠʿʝ ʠ ʧʦʚʨʰʠʥʝ 

[25]. 

 

1.4.1 ɿʥʘʯʘʿ ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ ʧʨʝʛʣʝʜʘ 
 

ʉʚʨʭʘ ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ ʧʨʝʛʣʝʜʘ ʿʝ ʜʘ ʩʝ ʥʘ ʚʨʝʤʝ ʠʜʝʥʪʠʬʠʢʫʿʫ ʠ 

ʜʦʢʫʤʝʥʪʫʿʫ ʥʝʧʨʘʚʠʣʥʦʩʪʠ ʫ ʨʘʜʫ ʝʣʝʢʪʨʠʯʥʝ ʦʧʨʝʤʝ ʫ ʦʙʿʝʢʪʫ. ʋ ʝʣʝʢʪʨʠʯʥʠʤ 

ʠʥʩʪʘʣʘʮʠʿʘʤʘ, ʧʨʝʢʦʤʝʨʥʘ ʟʘʛʨʝʚʘˁʘ ʩʫ ʥʘʿʯʝʰ˂ʝ ʫʟʨʦʢʦʚʘʥʘ ʣʘʙʘʚʠʤ ʠʣʠ 
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ʦʰʪʝ˂ʝʥʠʤ ʚʝʟʘʤʘ, ʢʨʘʪʢʠʤ ʩʧʦʿʝʚʠʤʘ, ʧʨʝʦʧʪʝʨʝ˂ʝˁʝʤ, ʥʝʩʠʤʝʪʨʠʯʥʠʤ 

ʦʧʪʝʨʝ˂ʝˁʝʤ ʠʣʠ ʥʝʠʩʧʨʘʚʥʠʤ, ʥʝʫʩʘʛʣʘʰʝʥʠʤ ʠʣʠ ʥʝʧʨʘʚʠʣʥʦ ʠʥʩʪʘʣʠʨʘʥʠʤ 

ʢʦʤʧʦʥʝʥʪʘʤʘ. ʊʝʨʤʦʛʨʘʬʝʨ ʤʦʨʘ ʠʤʘʪʠ ʜʦʚʦˀʥʦ ʟʥʘˁʘ ʦ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʤ 

ʢʦʤʧʦʥʝʥʪʘʤʘ, ʘʣʠ ʠ ʦ ʧʨʝʥʦʩʫ ʪʦʧʣʦʪʝ (ʪʦʧʣʦʪʥʦʤ ʟʨʘʯʝˁʫ ʠ ʧʨʝʥʦʩʫ ʪʦʧʣʦʪʝ 

ʩʪʨʫʿʘˁʝʤ ʠ ʧʨʦʚʦʹʝˁʝʤ).  

ʂʦʨʠʩʥʠʢ ʦʙʿʝʢʪʘ ʫ ʢʦʤʝ ʩʝ ʚʨʰʠ ʪʝʨʤʦʚʠʟʠʿʩʢʠ ʧʨʝʛʣʝʜ ʪʨʝʙʘ ʜʘ ʦʙʝʟʙʝʜʠ 

ʢʚʘʣʠʬʠʢʦʚʘʥʦ (ʩʪʨʫʯʥʦ) ʣʠʮʝ ʢʦʿʝ ʜʦʙʨʦ ʧʦʟʥʘʿʝ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʠ 

ʦʧʨʝʤʫ ʫ ʦʙʿʝʢʪʫ, ʘ ʦʚʣʘʰ˂ʝʥʦ ʿʝ ʜʘ ʧʨʠʩʪʫʧʠ ʩʚʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʩʠʩʪʝʤʠʤʘ, ʢʘʦ ʠ 

ʜʘ ʧʨʫʞʠ ʩʚʝ ʥʝʦʧʭʦʜʥʝ ʧʦʜʘʪʢʝ ʦ ʝʣʝʢʪʨʠʯʥʦʿ ʦʧʨʝʤʠ ʠ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʠ ʜʘ 

ʧʦʤʦʛʥʝ ʜʘ ʩʝ ʩʚʠ ʜʝʣʦʚʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʧʨʝʛʣʝʜʘʿʫ ʣʦʛʠʯʥʠʤ ʠ 

ʝʬʠʢʘʩʥʠʤ ʨʝʜʦʩʣʝʜʦʤ. ʊʦʢʦʤ ʧʨʝʛʣʝʜʘ, ʢʚʘʣʠʬʠʢʦʚʘʥʦ ʣʠʮʝ ʪʨʝʙʘ ʜʘ ʦʤʦʛʫ˂ʠ 

ʪʝʨʤʦʛʨʘʬʝʨʫ ʧʨʠʩʪʫʧ ʝʣʝʢʪʨʠʯʥʦʿ ʦʧʨʝʤʠ (ʫʢʣʘˁʘˁʝ ʧʦʢʣʦʧʘʮʘ, ʟʘʰʪʠʪʥʠʭ 

ʙʘʨʠʿʝʨʘé), ʜʘ ʦʙʝʟʙʝʜʠ ʜʘ ʦʧʨʝʤʘ ʙʫʜʝ ʧʦʜ ʘʜʝʢʚʘʪʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ ʜʦʚʦˀʥʦ 

ʜʫʛʦ, ʢʘʦ ʠ ʜʘ ʚʨʰʠ ʜʦʜʘʪʥʘ ʤʝʨʝˁʘ ʥʘ ʟʘʭʪʝʚ ʪʝʨʤʦʛʨʘʬʝʨʘ (ʥʧʨ. ʤʝʨʝˁʝ 

ʝʣʝʢʪʨʠʯʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ). ʅʘʢʦʥ ʟʘʚʨʰʝʥʦʛ ʤʝʨʝˁʘ ʪʨʝʙʘ ʜʘ ʚʨʘʪʠ ʫ ʧʨʚʦʙʠʪʥʦ 

ʩʪʘˁʝ ʩʚʝ ʫʢʣʦˁʝʥʝ ʙʘʨʠʿʝʨʝ ʠ ʧʦʢʣʦʧʮʝ. ʂʚʘʣʠʬʠʢʦʚʘʥʦ ʣʠʮʝ ʢʦʨʠʩʥʠʢʘ ʦʙʿʝʢʪʘ 

ʠʤʘ ʧʫʥʫ ʦʜʛʦʚʦʨʥʦʩʪ ʟʘ ʧʦʩʣʝʜʠʮʝ ʢʦʿʝ ʩʫ ʧʨʦʫʟʨʦʢʦʚʘʥʝ ʥʝʨʝʘʛʦʚʘˁʝʤ ʥʘ 

ʨʝʟʫʣʪʘʪʝ ʜʦʙʠʿʝʥʝ ʪʝʨʤʦʚʠʟʠʿʩʢʠʤ ʩʥʠʤʘˁʝʤ ʦʜ ʩʪʨʘʥʝ ʪʝʨʤʦʛʨʘʬʝʨʘ 

(ʠʥʬʦʨʤʘʮʠʿʝ ʜʦʙʠʿʝʥʝ ʥʘ ʤʝʩʪʫ ʠʩʧʠʪʠʚʘˁʘ, ʘ ʢʦʿʝ ʫʢʘʟʫʿʫ ʥʘ ʦʧʘʩʥʫ ʩʠʪʫʘʮʠʿʫ 

ʢʦʿʫ ʪʨʝʙʘ ʦʜʤʘʭ ʦʪʢʣʦʥʠʪʠ).  

 

1.4.2 ʇʨʦʮʝʜʫʨʘ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʠʥʩʧʝʢʮʠʿʝ 
 

ʇʦʞʝˀʥʦ ʿʝ ʜʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ ʢʦʝʿ ʪʨʝʙʘ ʜʘ ʩʝ 

ʪʝʨʤʦʚʠʟʠʿʩʢʠ ʧʨʝʛʣʝʜʘʿʫ ʙʫʜʫ ʧʦʜ ʥʘʟʠʚʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ. ʇʨʝʜʤʝʪʥʝ ʨʘʟʚʦʜʥʝ 

ʪʘʙʣʝ ʠ ʦʨʤʘʥʝ ʫ ʢʦʿʠʤʘ ʩʫ ʩʤʝʰʪʝʥʝ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ ʪʨʝʙʘ 

ʧʨʚʦ ʚʠʟʫʝʣʥʦ ʧʨʝʛʣʝʜʘʪʠ ʩʧʦˀʘ ʧʨʝ ʦʪʚʘʨʘˁʘ ʠʣʠ ʫʢʣʘˁʘˁʘ ʟʘʰʪʠʪʥʠʭ 

ʧʦʢʣʦʧʘʮʘ ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʝ ʤʦʛʫ˂ʝ ʥʝʨʝʛʫʣʘʨʥʦʩʪʠ. ɸʢʦ ʩʝ ʫʪʚʨʜʠ ʧʨʝʛʨʝʚʘˁʝ 

ʠ/ʠʣʠ ʥʝʢʦ ʥʝʙʝʟʙʝʜʥʦ ʩʪʘˁʝ (ʥʧʨ. ʦʪʚʦʨʝʥʠ ʠ ʨʫʢʦʤ ʧʨʠʩʪʫʧʘʯʥʠ ʜʝʣʦʚʠ 

ʠʥʩʪʘʣʘʮʠʿʝ ʧʦʜ ʥʘʧʦʥʦʤ), ʢʦʨʠʩʥʠʢ ʦʙʿʝʢʪʘ, ʦʜʥʦʩʥʦ ʢʚʘʣʠʬʠʢʦʚʘʥʦ ʣʠʮʝ, ʪʨʝʙʘ 

ʜʘ ʧʨʝʜʫʟʤʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʢʦʨʝʢʪʠʚʥʝ ʤʝʨʝ ʧʨʝ ʟʘʧʦʯʠˁʘˁʘ ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ 

ʩʥʠʤʘˁʘ. ʂʫ˂ʠʰʪʘ ʨʘʟʚʦʜʥʠʭ ʦʨʤʘʥʘ ʤʦʨʘʿʫ ʩʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʦʪʚʘʨʘʪʠ ʢʘʢʦ ʙʠ ʩʝ 

ʦʙʝʟʙʝʜʠʦ ʜʠʨʝʢʪʘʥ ʧʨʠʩʪʫʧ ʜʝʣʦʚʠʤʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ 
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ʩʤʝʰʪʝʥʠʭ ʫ ʠˁʤʘ. ʋ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʧʨʝ ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ ʩʥʠʤʘˁʘ ʥʝʦʧʭʦʜʥʦ 

ʿʝ ʜʘ ʩʝ ʜʝʤʦʥʪʠʨʘʿʫ ʠʟʦʣʘʮʠʦʥʝ ʙʘʨʠʿʝʨʝ (ʥʘʿʯʝʰ˂ʝ ʠʟʨʘʹʝʥʝ ʦʜ ʧʝʨʪʠʥʘʢʩʘ), 

ʧʨʦʟʠʨʥʝ ʧʣʘʩʪʠʯʥʝ ʧʣʦʯʝ (ʥʘʿʯʝʰ˂ʝ ʠʟʨʘʹʝʥʝ ʦʜ ʧʣʝʢʩʠʛʣʘʩʘ), ʢʘʦ ʠ ʜʨʫʛʝ 

ʧʨʝʧʨʝʢʝ ʢʦʝʿ ʩʧʨʝʯʘʚʘʿʫ ʧʨʝʥʦʩ ʠʥʬʨʘʮʨʚʝʥʦʛ ʟʨʘʯʝˁʘ. ʇʨʠʣʠʢʦʤ 

ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ ʩʥʠʤʘˁʘ ʧʦʪʨʝʙʥʦ ʿʝ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʦ ʪʦʤʝ ʜʘ ʩʝ ʩʚʝ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ ʤʦʛʫ ʘʜʝʢʚʘʪʥʦ ʚʠʜʝʪʠ: ʫ ʮʝʣʦʩʪʠ ʠʣʠ ʩʚʘʢʠ 

ˁʠʭʦʚ ʩʘʩʪʘʚʥʠ ʜʝʦ ʧʦʩʝʙʥʦ. ʂʘʜʘ ʩʝ ʚʨʰʠ ʢʚʘʣʠʪʘʪʠʚʥʘ ʪʝʨʤʦʚʠʟʠʿʩʢʘ 

ʠʥʩʧʝʢʮʠʿʘ, ʪʝʨʤʦʛʨʘʬʝʨ ʪʨʝʙʘ ʜʘ ʢʦʨʠʩʪʠ ʤʘʥʫʝʣʥʦ ʧʦʜʝʰʘʚʘˁʝ ʬʦʢʫʩʘ ʥʘ 

ʪʝʨʤʦʚʠʟʠʿʩʢʦʿ ʢʘʤʝʨʠ ʢʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʦ ʜʦʙʠʿʘˁʝ ʿʘʩʥʝ (ʦʰʪʨʝ) ʩʣʠʢʝ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʢʦʿʝ ʩʫ ʧʨʝʜʤʝʪ ʠʩʧʠʪʠʚʘˁʘ. ʇʨʠʣʠʢʦʤ 

ʠʟʚʦʹʝˁʘ ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʠʥʩʧʝʢʮʠʿʝ, ʪʝʨʤʦʛʨʘʬʝʨ ʪʨʝʙʘ ʜʘ ʫʣʦʞʠ 

ʤʘʢʩʠʤʘʣʥʝ ʥʘʧʦʨʝ ʜʘ ʦʙʝʟʙʝʜʠ ʰʪʦ ʚʝ˂ʫ ʪʘʯʥʦʩʪ ʙʝʩʢʦʥʪʘʢʪʥʦʛ ʤʝʨʝˁʘ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʂʦʥʢʨʝʪʥʦ, ʧʦʪʨʝʙʥʦ ʿʝ ʰʪʦ ʧʨʠʙʣʠʞʥʠʿʝ (ʪʘʯʥʠʿʝ) ʧʦʜʝʩʠʪʠ 

ʢʦʝʬʠʮʠʿʝʥʪ ʝʤʠʩʠʚʥʦʩʪʠ ʤʘʪʝʨʠʿʘʣʘ ʦʜ ʢʦʿʝʛ ʿʝ ʠʟʨʘʹʝʥʘ ʠʩʧʠʪʠʚʘʥʘ ʦʧʨʝʤʘ 

(ʧʨʦʠʟʚʦʹʘʯʠ ʪʝʨʤʦʚʠʟʠʿʩʢʠʭ ʢʘʤʝʨʘ ʦʙʠʯʥʦ ʧʨʝʧʦʨʫʯʫʿʫ ʜʘ ʩʝ ʟʘ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ ʫʟʠʤʘ ʢʦʝʬʠʮʠʿʝʥʪ ʝʤʠʩʠʚʥʦʩʪʠ 0,95) ʠ 

ʨʝʬʣʝʢʪʦʚʘʥʫ ʪʝʤʧʝʨʘʪʫʨʫ (ʪʝʤʧʝʨʘʪʫʨʫ ʦʢʨʫʞʝˁʘ ʫ ʢʦʤʝ ʩʝ ʥʘʣʘʟʠ ʠʩʧʠʪʠʚʘʥʘ 

ʦʧʨʝʤʘ) [29], ʢʘʦ ʠ ʠʟʚʨʰʠʪʠ ʢʦʨʝʢʮʠʿʫ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʘʢʦ ʿʝ ʦʥʦ ʦʙʘʚˀʝʥʦ ʧʦʜ 

ʥʝʢʠʤ ʫʛʣʦʤ ʠ ʩʘ ʨʘʟʣʠʯʠʪʠʭ ʨʘʩʪʦʿʘˁʘ. ʊʝʨʤʦʛʨʘʬʝʨ ʪʨʝʙʘ ʜʘ ʠʟʚʨʰʠ ʩʥʠʤʘˁʝ 

ʩʚʠʭ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʩʘ ʠʥʚʝʥʪʘʨʩʢʝ ʣʠʩʪʝ ʢʦʿʫ ʪʨʝʙʘ ʜʘ 

ʦʙʝʟʙʝʜʠ ʢʦʨʠʩʥʠʢ ʦʙʿʝʢʪʘ. ʂʘʜ ʛʦʜ ʿʝ ʪʦ ʤʦʛʫ˂ʝ, ʨʝʟʫʣʪʘʪʝ ʜʦʙʠʿʝʥʝ 

ʪʝʨʤʦʚʠʟʠʿʩʢʠʤ ʩʥʠʤʘˁʝʤ ʩʣʠʯʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʧʦʜ ʩʣʠʯʥʠʤ 

ʦʧʪʝʨʝ˂ʝˁʝʤ ʪʨʝʙʘ ʤʝʹʫʩʦʙʥʦ ʫʧʦʨʝʜʠʪʠ. ʋʢʦʣʠʢʦ ʩʝ ʪʦʤ ʧʨʠʣʠʢʦʤ ʜʝʪʝʢʪʫʿʫ 

ʥʝʦʙʠʯʥʝ ʨʘʟʣʠʢʝ ʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʘʢʚʫ ʧʦʿʘʚʫ ʪʨʝʙʘ ʜʦʢʫʤʝʥʪʦʚʘʪʠ ʧʦʤʦ˂ʫ 

ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʩʣʠʢʝ ʠ ʦʙʠʯʥʝ ʬʦʪʦʛʨʘʬʠʿʝ. ɸʢʦ ʩʝ ʫ ʪʦʢʫ ʚʨʰʝˁʘ ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ 

ʩʥʠʤʘˁʘ ʫʦʯʝ ʟʥʘʯʘʿʥʘ ʧʨʝʛʨʝʚʘˁʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ, ʧʨʝʧʦʨʫʢʘ 

ʿʝ ʜʘ ʩʝ ʦʪʢʨʠʿʫ ʫʟʨʦʮʠ ˁʠʭʦʚʦʛ ʥʘʩʪʘʥʢʘ ʠ ʦʜʤʘʭ ʧʦʢʨʝʥʝ ʘʢʮʠʿʘ ʟʘ ʦʪʢʣʘˁʘˁʝ 

ʢʚʘʨʦʚʘ ʢʦʿʠ ʩʫ ʠʭ ʠʟʘʟʚʘʣʠ (ʝʣʝʢʪʨʠʯʘʨ ʪʨʝʙʘ ʜʘ ʠʟʚʨʰʠ ʧʨʠʪʝʟʘˁʝ ʟʘʚʨʪʘʘˁ ʥʘ 

ʧʨʠʢˀʫʯʥʠʤ ʝʣʝʤʝʥʪʠʤʘ ʢʦʤʧʦʥʝʥʪʠ, ʟʘʤʝʥʠ ʦʰʪʝ˂ʝʥʝ ʢʦʤʧʦʥʝʥʪʝ, ʧʦ ʧʦʪʨʝʙʠ 

ʨʘʩʪʝʨʝʪʠ ʩʪʨʫʿʥʘ ʢʦʣʘ ʠʪʜ.). 
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1.4.3 ɼʦʢʫʤʝʥʪʘʮʠʿʘ ʦ ʪʝʨʤʦʚʠʟʠʿʩʢʦʤ ʩʥʠʤʘˁʫ 
 

ʊʝʨʤʦʛʨʘʬʝʨ ʪʨʝʙʘ ʜʘ ʦʙʝʟʙʝʜʠ ʜʦʢʫʤʝʥʪʘʮʠʿʫ ʟʘ ʩʚʝ ʪʝʨʤʦʚʠʟʠʿʩʢʝ 

ʧʨʝʛʣʝʜʝ. ʋ ʩʪʨʫʯʥʦʤ ʥʘʣʘʟʫ ʢʦʿʠ ʩʝ ʧʨʝʜʘʿʝ ʢʦʨʠʩʥʠʢʫ ʦʙʿʝʢʪʘ ʛʜʝ ʩʫ ʠʟʚʨʰʝʥʘ 

ʠʩʧʠʪʠʚʘˁʘ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʫʢˀʫʯʝʥʠ ʩʣʝʜʝ˂ʠ ʧʦʜʘʮʠ [29ï31]: 

1. ʧʦʜʘʮʠ ʦ ʪʝʨʤʦʛʨʘʬʝʨʠʤʘ (ʬʠʨʤʘ, ʠʤʝʥʘ ʠ ʧʨʝʟʠʤʝʥʘ ʪʝʨʤʦʛʨʘʬʝʨʘ, ˁʠʭʦʚʝ 

ʢʚʘʣʠʬʠʢʘʮʠʿʝ ʠ ʩʪʝʧʝʥ ʩʪʨʫʯʥʦʩʪʠ), 

2. ʧʦʜʘʮʠ ʦ ʢʦʨʠʩʥʠʢʫ ʦʙʿʝʢʪʘ (ʥʘʟʠʚ ʠ ʘʜʨʝʩʘ), 

3. ʠʤʝʥʘ ʢʚʘʣʠʬʠʢʦʚʘʥʠʭ (ʩʪʨʫʯʥʠʭ) ʣʠʮʘ ʢʦʨʠʩʥʠʢʘ ʦʙʿʝʢʪʘ ʢʦʿʘ ʩʫ ʧʦʤʘʛʘʣʘ 

ʪʝʨʤʦʛʨʘʬʝʨʠʤʘ ʟʘ ʚʨʝʤʝ ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ ʩʥʠʤʘˁʘ, 

4. ʧʨʦʠʟʚʦʹʘʯ, ʤʦʜʝʣ ʠ ʩʝʨʠʿʩʢʠ ʙʨʦʿ ʩʚʘʢʝ ʫʧʦʪʨʝʙˀʝʥʝ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ 

(ʦʧʮʠʦʥʦ, ʢʘʣʠʙʨʘʮʠʦʥʠ ʣʠʩʪ), 

5. ʩʧʠʩʘʢ ʨʘʟʚʦʜʥʠʭ ʦʨʤʘʥʘ ʠ ʜʨʫʛʝ ʝʣʝʢʪʨʠʯʥʝ ʦʧʨʝʤʝ ʢʦʿʘ ʿʝ ʪʝʨʤʦʚʠʟʠʿʩʢʠ 

ʧʨʝʛʣʝʜʘʥʘ, ʢʘʦ ʠ ʩʧʠʩʘʢ ʦʧʨʝʤʝ ʩʘ ʧʦʧʠʩʥʝ ʣʠʩʪʝ ʠʥʚʝʥʪʘʨʘ ʢʦʿʘ ʥʠʿʝ ʧʨʝʛʣʝʜʘʥʘ 

(ʩʘ ʥʘʚʦʹʝˁʝʤ ʦʙʿʘʰˁʝˁʘ ʟʘʰʪʦ ʧʨʝʛʣʝʜ ʥʠʿʝ ʠʟʚʨʰʝʥ ï ʥʧʨ. ʦʧʨʝʤʘ ʥʠʿʝ ʙʠʣʘ 

ʦʧʪʝʨʝ˂ʝʥʘ, ʥʠʿʝ ʙʠʦ ʦʙʝʟʙʝʹʝʥ ʧʨʠʩʪʫʧ ʦʧʨʝʤʠ), ʠ 

6. ʜʘʪʫʤ ʠʟʚʨʰʝʥʦʛ ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ ʧʨʝʛʣʝʜʘ, ʢʘʦ ʠ ʜʘʪʫʤ ʠʟʜʘʚʘˁʘ ʩʪʨʫʯʥʦʛ 

ʥʘʣʘʟʘ. 

ʂʘʜʘ ʚʨʰʠ ʢʚʘʣʠʪʘʪʠʚʥʫ ʪʝʨʤʦʚʠʟʠʿʩʢʫ ʢʦʥʪʨʦʣʫ, ʪʝʨʤʦʛʨʘʬʝʨ ʪʨʝʙʘ ʜʘ 

ʦʙʝʟʙʝʜʠ ʩʣʝʜʝ˂ʝ ʠʥʬʦʨʤʘʮʠʿʝ ʟʘ ʩʚʘʢʠ ʦʜ ʠʜʝʥʪʠʬʠʢʦʚʘʥʠʭ ʥʝʜʦʩʪʘʪʘʢʘ [29ï31]: 

1. ʪʘʯʥʫ ʣʦʢʘʮʠʿʫ ʥʘ ʢʦʿʦʿ ʩʫ ʫʦʯʝʥʠ ʥʝʜʦʩʪʘʮʠ (ʧʦʟʠʮʠʿʘ ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ, 

ʦʟʥʘʢʘ ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ, ʣʦʢʘʮʠʿʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ ʠʪʜ.), 

2. ʦʧʠʩ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ ʥʘ ʢʦʿʦʿ ʿʝ ʫʦʯʝʥ ʥʝʜʦʩʪʘʪʘʢ (ʦʟʥʘʢʘ 

ʢʦʤʧʦʥʝʥʪʝ, ʩʪʨʫʿʥʦ ʢʦʣʦ, ʥʘʟʠʚʥʠ ʥʘʧʦʥ, ʦʧʪʝʨʝ˂ʝˁʝ ʢʦʤʧʦʥʝʥʪʝ ʧʨʠʣʠʢʦʤ 

ʩʥʠʤʘˁʘ ʠʪʜ.), 

3. ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʩʣʠʢʝ ʠ ʦʙʠʯʥʝ ʬʦʪʦʛʨʘʬʠʿʝ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ ʥʘ 

ʢʦʿʦʿ ʿʝ ʫʦʯʝʥ ʥʝʜʦʩʪʘʪʘʢ (ʦʥʝ ʩʝ ʫ ʠʟʚʝʰʪʘʿʫ ʧʦʟʠʮʠʦʥʠʨʘʿʫ ʰʪʦ ʙʣʠʞʝ ʿʝʜʥʘ 

ʜʨʫʛʦʿ, ʿʝʜʥʘ ʧʦʨʝʜ ʜʨʫʛʝ), ʫ ʧʘʧʠʨʥʦʿ ʬʦʨʤʠ, ʠ 

4. ʩʚʝ ʦʩʪʘʣʝ ʠʥʬʦʨʤʘʮʠʿʝ ʢʦʿʝ ʤʦʛʫ ʙʠʪʥʦ ʫʪʠʮʘʪʠ ʥʘ ʜʦʥʦʰʝˁʝ ʟʘʢˀʫʯʢʘ ʦ 

ʠʟʚʨʰʝʥʦʤ ʪʝʨʤʦʚʠʟʠʿʩʢʦʤ ʧʨʝʛʣʝʜʫ (ʥʘ ʧʨʠʤʝʨ, ʪʫʤʘʯʝˁʝ ʫʟʨʦʢʘ ʥʘʩʪʘʥʢʘ ʢʚʘʨʘ 

ʢʦʿʠ ʿʝ ʠʟʘʟʚʘʦ ʧʨʝʛʨʝʚʘˁʝ, ʢʘʦ ʠ ʢʦʤʝʥʪʘʨʠ ʢʚʘʣʠʬʠʢʦʚʘʥʦʛ ʩʪʨʫʯˁʘʢʘ 

ʢʦʨʠʩʥʠʢʘ ʦʙʿʝʢʪʘ, ʫʢʦʣʠʢʦ ʧʦʩʪʦʿʝ). 
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ʂʘʜʘ ʚʨʰʠ ʢʚʘʥʪʠʪʘʪʠʚʥʫ ʪʝʨʤʦʚʠʟʠʿʩʢʫ ʢʦʥʪʨʦʣʫ, ʪʝʨʤʦʛʨʘʬʝʨ ʪʨʝʙʘ ʜʘ 

ʦʙʝʟʙʝʜʠ ʩʣʝʜʝ˂ʝ ʜʦʜʘʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʟʘ ʩʚʘʢʠ ʥʘʧʨʝʜ ʜʦʢʫʤʝʥʪʦʚʘʥ ʥʝʜʦʩʪʘʪʘʢ 

[29-31]: 

1. ʫʜʘˀʝʥʦʩʪ ʩʝʥʟʦʨʘ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ ʦʜ ʧʨʝʜʤʝʪʘ ʩʥʠʤʘˁʘ ʢʘʜʘ ʿʝ 

ʠʟʚʨʰʝʥʦ ʜʝʪʝʢʪʦʚʘˁʝ ʥʝʜʦʩʪʘʪʢʘ ʥʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʦʿ ʢʦʤʧʦʥʝʥʪʠ ʠʣʠ 

ʝʣʝʢʪʨʠʯʥʦʿ ʦʧʨʝʤʠ, 

2. ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʧʨʦʮʝʥʪʫ ʦʧʪʝʨʝ˂ʝˁʘ ʟʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʫ ʢʦʤʧʦʥʝʥʪʫ ʥʘ 

ʢʦʿʦʿ ʿʝ ʫʦʯʝʥ ʥʝʜʦʩʪʘʪʘʢ (ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʜʝˀʝˁʝʤ ʩʪʚʘʨʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʫ ʪʨʝʥʫʪʢʫ 

ʩʥʠʤʘˁʘ ʩʘ ʥʘʟʠʚʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ ʢʦʤʧʦʥʝʥʪʝ), 

3. ʧʦʜʘʪʢʝ ʦ ʧʦʜʝʰʝʥʦʤ ʢʦʝʬʠʮʠʿʝʥʪʫ ʝʤʠʩʠʚʥʦʩʪʠ, ʨʝʬʣʝʢʪʦʚʘʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʢʘʦ ʠ ʚʨʝʜʥʦʩʪʠ ʧʦʜʝʰʝʥʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ ʥʘ ʢʘʤʝʨʠ, 

4. ʧʦʜʘʪʢʝ ʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʨʰʠʥʝ ʢʦʤʧʦʥʝʥʪʝ ʩʘ ʫʦʯʝʥʠʤ ʥʝʜʦʩʪʘʪʢʦʤ, 

ʜʝʬʠʥʠʩʘʥʫ ʨʝʬʝʨʝʥʪʥʫ ʪʝʤʧʝʨʘʪʫʨʫ, ʢʘʦ ʠ ˁʠʭʦʚʫ ʪʝʤʧʝʨʘʪʫʨʥʫ ʨʘʟʣʠʢʫ 

(ʧʦʨʘʩʪ), ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʝ ȹ ʊ ʢʨʠʪʝʨʠʿʫʤʠ [29], 

5. ʧʦʜʘʪʢʝ ʦ ʨʝʬʝʨʝʥʪʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʨʰʠʥʝ ʢʦʤʧʦʥʝʥʪʝ ʩʘ ʫʦʯʝʥʠʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʠ ʛʨʘʥʠʯʥʦʿ ʩʪʘʥʜʘʨʜʥʦʿ ʜʦʟʚʦˀʝʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʪʫ ʚʨʩʪʫ 

ʢʦʤʧʦʥʝʥʪʝ, ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʝ ʢʨʠʪʝʨʠʿʫʤʠ ʘʧʩʦʣʫʪʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 

[29], 

6. ʧʨʦʮʝʥʫ ʦʧʘʩʥʦʩʪʠ ʫʩʣʝʜ ʫʪʚʨʹʝʥʦʛ ʧʦʨʘʩʪʘ ʪʝʤʧʝʨʘʪʫʨʝ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ 

ʢʦʤʧʦʥʝʥʪʝ ʠʣʠ ʝʣʝʢʪʨʠʯʥʝ ʦʧʨʝʤʝ, ʠ 

7. ʦʮʝʥʫ ʧʨʠʦʨʠʪʝʪʘ ʟʘ ʦʪʢʣʘˁʘˁʝ ʢʚʘʨʘ ʠ ʝʣʠʤʠʥʘʮʠʿʫ ʫʦʯʝʥʝ ʥʝʨʝʛʫʣʘʨʥʦʩʪʠ ʥʘ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʦʿ ʢʦʤʧʦʥʝʥʪʠ, ʢʦʿʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʩʫʙʿʝʢʪʠʚʥʦ ʿ ʧʨʦʮʝʥʠ 

ʪʝʨʤʦʛʨʘʬʝʨʘ ʠ ȹ ʊ ʢʨʠʪʝʨʠʿʫʤʫ ʠʣʠ ʢʨʠʪʝʨʠʿʫʤʫ ʘʧʩʦʣʫʪʥʝ ʪʝʤʧʝʨʘʪʫʨʝ. 

 

1.4.4 ȹ ʊ ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ ʦʜʣʫʯʠʚʘˁʝ  
 

ɼʘ ʙʠ ʧʨʦʮʝʥʠʦ ʦʧʘʩʥʦʩʪ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʠʟʤʝʨʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ, ʪʝʨʤʦʛʨʘʬʝʨ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʢʨʠʪʝʨʠʿʫʤ ȹʊ 

(ʪʝʤʧʝʨʘʪʫʨʥʝ ʨʘʟʣʠʢʝ). ʂʨʠʪʝʨʠʿʫʤ ʪʝʤʧʝʨʘʪʫʨʥʝ ʨʘʟʣʠʢʝ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ ʧʦʨʘʩʪʫ 

ʪʝʤʧʝʨʘʪʫʨʝ ʘʥʘʣʠʟʠʨʘʥʝ ʢʦʤʧʦʥʝʥʪʝ ʫ ʦʜʥʦʩʫ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʘʿ ʿʝ ʜʝʬʠʥʠʩʘʥʘ 

ʢʘʦ ʨʝʬʝʨʝʥʪʥʘ: ʪʦ ʿʝ ʦʙʠʯʥʦ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʦʣʥʦʛ ʘʤʙʠʿʝʥʪʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʣʠʯʥʝ 

ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʘ ʿʝ ʦʧʪʝʨʝ˂ʝʥʘ ʧʦʜ ʩʣʠʯʥʠʤ ʫʩʣʦʚʠʤʘ, ʠʣʠ ʤʘʢʩʠʤʘʣʥʘ ʧʨʦʧʠʩʘʥʘ 

(ʛʨʘʥʠʯʥʦ ʜʦʟʚʦˀʝʥʘ) ʪʝʤʧʝʨʘʪʫʨʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ. ʋ ʪʘʙʝʣʠ 7 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

42 

 

ʩʫ ʜʘʪʠ ȹʊ ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ ʧʨʦʮʝʥʫ ʩʪʘˁʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ, ʢʘʦ 

ʠ ʧʨʠʦʨʠʪʝʪʠ ʟʘ ʦʪʢʣʘˁʘˁʝ ʥʝʜʦʩʪʘʪʘʢʘ. 

 

ʊʘʙʝʣʘ 7. ȹʊ ʢʨʠʪʝʨʠʿʫʤ ʟʘ ʧʨʦʮʝʥʫ ʩʪʘˁʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ [30] 

ʇʨʠʦʨʠʪʝʪʠ 

ʟʘ 

ʦʪʢʣʘˁʘˁʝ 

ʥʝʜʦʩʪʘʪʘʢʘ 

ȹʊ ʠʟʤʝʹʫ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ 

ʢʦʤʧʦʥʝʥʪʠ ʠʩʪʦʛ ʪʠʧʘ 

ʢʦʿʝ ʩʫ ʧʦʜ ʩʣʠʯʥʠʤ 

ʦʧʪʝʨʝ˂ʝˁʝʤ 

ȹ ʊ ʫ ʦʜʥʦʩʫ 

ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ 

ʘʤʙʠʿʝʥʪʘ 

ʇʨʝʧʦʨʫʯʝʥʘ ʘʢʮʠʿʘ 

4 1ï3 
ʦ
C 1ï10 

ʦ
C 

ʅʘʩʪʘʚʠʪʠ ʩʘ ʨʝʜʦʚʥʠʤ 

ʧʝʨʠʦʜʠʯʥʠʤ 

ʢʦʥʪʨʦʣʘʤʘ, ʥʠʿʝ 

ʧʦʪʨeʙʥʘ ʜʝʪʘˀʥʘ 

ʠʩʪʨʘʛʘ 

3 4ï10 
ʦ
C 11ï20 

ʦ
C 

ʋʢʘʟʫʿʝ ʥʘ ʤʦʛʫ˂ʠ 

ʥʝʜʦʩʪʘʪʘʢ; ʫ ʢʨʘ˂ʝʤ 

ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ, 

ʫʢʦʣʠʢʦ ʿʝ ʤʦʛʫ˂ʝ, 

ʪʨʝʙʘ ʫʦʯʠʪʠ ʠ 

ʦʪʢʣʦʥʠʪʠ ʥʝʜʦʩʪʘʪʘʢ ï 

ʜʝʬʝʢʪ 

2 11ï15 
ʦ
C 21ï40 

ʦ
C 

ʆʙʘʚʝʟʥʦ ʥʘʜʛʣʝʜʘˁʝ 

ʜʦʢ ʩʝ ʥʝ ʦʪʢʣʦʥʠ 

ʜʝʪʝʢʪʦʚʘʥʠ ʥʝʜʦʩʪʘʪʘʢ 

ï ʜʝʬʝʢʪ 

1 > 15 
ʦ
C > 40 

ʦ
C 

ʋʧʦʟʦʨʘʚʘʿʫ˂ʝ 

ʦʜʩʪʫʧʘˁʝ, ʦʜʤʘʭ 

ʦʪʢʣʦʥʠʪʠ ʥʝʜʦʩʪʘʪʘʢ 

(ʠʟʚʨʰʠʪʠ ʧʦʧʨʘʚʢʫ) 

 

 

1.4.5 ʇʨʠʤʝʥʘ ʢʨʠʪʝʨʠʿʫʤʘ ʘʧʩʦʣʫʪʥe ʪʝʤʧʝʨʘʪʫʨʝ ʟʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ 

ʢʦʤʧʦʥʝʥʪʝ 

 

ʊʝʨʤʦʛʨʘʬʝʨ ʤʦʞʝ ʜʘ ʢʦʨʠʩʪʠ ʢʨʠʪʝʨʠʿʫʤ ʘʧʩʦʣʫʪʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ (ʫʦʯʘʚʘˁʝ) ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʩʘ ʥʝʜʦʟʚʦˀʝʥʦ 

ʚʠʩʦʢʠʤ ʧʦʨʘʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʠʤʝʨʠ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ 

(ʠʟʨʘʞʝʥʠʭ ʫ ʎʝʣʟʠʿʫʩʦʚʠʤ ʩʪʝʧʝʥʠʤʘ) ʥʘʚʝʜʝʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 8, ʫ ʢʦʿʦʿ ʩʫ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚˀʝʥʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: ʘʤʙʠʿʝʥʪʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ / ʧʦʨʘʩʪ 

ʪʝʤʧʝʨʘʪʫʨʝ / ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ (ʘʤʙʠʿʝʥʪʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ + 

ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ = ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ). 

ʂʘʜʘ ʩʝ ʿʝʜʥʦʚʨʝʤʝʥʦ ʪʝʨʤʦʚʠʟʠʿʩʢʠ ʩʥʠʤʠ ʟʘʛʨʝʚʘˁʝ ʥʝʢʦʣʠʢʦ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ, ʢʦʨʠʩʪʠ˂ʝ ʩʝ ʧʦʜʘʮʠ ʟʘ ʤʘʢʩʠʤʘʣʥʦ 

ʜʦʟʚʦˀʝʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘ ʢʦʤʧʦʥʝʥʪʫ ʟʘ ʢʦʫʿ ʿʝ ʦʥʘ ʥʘʿʥʠʞʘ (ʢʦʥʟʝʨʚʘʪʠʚʘʥ 

ʧʨʠʩʪʫʧ). ʂʘʜʘ ʪʝʨʤʦʛʨʘʬʝʨ ʥʝ ʤʦʞʝ ʜʘ ʦʜʨʝʜʠ ʢʣʘʩʫ ʝʣʝʢʪʨʠʯʥʝ ʠʟʦʣʘʮʠʿʝ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

43 

 

ʦʧʨʝʤʝ ʠʣʠ ʧʨʦʚʦʜʥʠʢʘ (ʢʘʙʣʦʚʘ) ʢʦʿʠ ʩʝ ʪʝʨʤʦʚʠʟʠʿʩʢʠ ʩʥʠʤʘʿʫ, ʦʥ ʪʨʝʙʘ ʜʘ 

ʢʦʨʠʩʪʠ ʢʨʠʪʝʨʠʿʫʤ ʘʧʩʦʣʫʪʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘ ʢʣʘʩʫ ʠʟʦʣʘʮʠʿʝ ʯʠʿʘ ʿʝ ʤʘʢʩʠʤʘʣʥʦ 

ʜʦʟʚʦˀʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʿʥʠʞʘ. ʆʩʠʤ ʘʢʦ ʥʠʿʝ ʜʨʫʛʘʯʠʿʝ ʥʘʚʝʜʝʥʦ, ʢʨʠʪʝʨʠʿʫʤ 

ʘʧʩʦʣʫʪʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʞʠ ʟʘ ʦʧʨʝʤʫ ʠ ʢʦʤʧʦʥʝʥʪʝ ʢʦʝʿ ʨʘʜʝ ʥʘ ʥʘʚʝʜʝʥʦʿ 

ʪʝʤʧʝʨʘʪʫʨʠ ʘʤʙʠʿʝʥʪʘ ʠ ʧʦʜ 100% ʥʘʟʠʚʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ. ʉʣʝʜʝ˂ʘ ʬʦʨʤʫʣʘ ʩʝ 

ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʣʘ ʢʦʨʠʛʦʚʘʥʘ ʤʘʢʩʠʤʘʣʥʘ ʜʦʟʚʦˀʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ (Tʤʘʢʩ.ʢʦʨ.) ʟʘ ʦʧʪʝʨʝ˂ʝˁa ʢʦʤʧʦʥʝʥʪʠ ʢʦʿʘ ʩʫ ʤʘˁʘ ʦʜ ʥʘʟʠʚʥʦʛ, ʢʘʦ ʠ 

ʟʘ ʩʪʚʘʨʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʘʤʙʠʿʝʥʪʘ ʥʘ ʢʦʿʦʿ ʩʝ ʥʘʣʘʟʠʣʘ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠʣʠʢʦʤ 

ʚʨʰʝˁʘ ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ ʩʥʠʤʘˁʘ: 

 

˟̍ ́̋Ȣ̒̋ ̏̑Ȣ Ὅ̍̆Ȣ̑Ὅ̎̏Ȣ̍ϳ ˟̐ ̏̑́̒̓ ̓̆̍Ȣ̐ ˟̉ ̈Ȣ̍́̍Ȣ̵ ,  (4) 

ʫ ʢʦʿʦʿ ʩʫ: 

Iʤʝʨ. ï ʠʟʤʝʨʝʥʝ ʠʣʠ ʧʨʦʮʝˁʝʥʘ ʩʪʨʫʿʘ ʦʧʪʝʨʝ˂ʝˁʘ ʝʣʝʢʪʨʠʯʥʝ ʢʦʤʧʦʥʝʥʪʝ, 

Iʥʦʤ. ï ʥʘʟʠʚʥʘ ʩʪʨʫʿʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ, 

Tʧʦʨʘʩʪ ʪʝʤʧ. ï ʜʦʟʚʦˀʝʥʠ ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘ ʘʥʘʣʠʟʠʨʘʥʫ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʫ ʢʦʤʧʦʥʝʥʪʫ, ʠ 

Tʠʟʤ.ʘʤʙ. ï ʠʟʤʝʨʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʘʤʙʠʿʝʥʪʘ ʥʘ ʣʦʢʘʮʠʿʠ ʠʥʩʪʘʣʠʨʘʥʝ 

ʢʦʤʧʦʥʝʥʪʝ. 

 

ʊʘʙʝʣʘ 8. ʂʨʠʪʝʨʠʿʫʤ ʘʧʩʦʣʫʪʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʩʘ ʧʨʠʤʝʨʠʤʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʠ 

ʝʣʝʢʪʨʠʯʥʝ ʦʧʨʝʤʝ [30] 

ɽʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ 

ʢʦʤʧʦʥʝʥʪʝ ʠ ʦʧʨʝʤʘ 

ɸʤʙʠʿʝʥʪʘʣʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ 

 (ʊʘʤʙ.) 

ʇʦʨʘʩʪ 

ʪʝʤʧʝʨʘʪʫʨʝ 

(Tʧʦʨʘʩʪ ʪʝʤʧ.) 

ʄʘʢʩʠʤʘʣʥʦ 

ʜʦʟʚʦˀʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ 

(Tʤʘʢʩ) 

PVC ʠʟʦʣʘʮʠʿʘ 30 45 75 

ʉʠʣʠʢʦʥʩʢʘ ʛʫʤʘ 30 95 125 

ɽʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ 

(ʙʘʢʘʨ, ʣʝʛʫʨʘ ʙʘʢʨʘ, 

ʘʣʫʤʠʥʠʿʫʤ) 

40 50 90 

ɸʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯ 40 30 70 

ʆʩʠʛʫʨʘʯ ʩʘ ʪʦʧˀʠʚʠʤ 

ʫʤʝʪʢʦʤ 
40 30 70 

 

 

1.4.6 ʇʨʠʤʝʨʠ ʠʟ ʧʨʘʢʩʝ  
 

ʋ [31] ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʧʨʠʤʝʨʠ ʜʝʪʝʢʮʠʿʝ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

ʧʨʠʤʝʥʦʤ ʪʝʭʥʠʢʝ ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ ʩʥʠʤʘˁʘ. ʅʘ ʪʝʨʤʦʚʠʟʠʿʩʢʦʤ ʩʥʠʤʢʫ 

ʧʨʠʢʘʟʘʥʦʤ ʥʘ ʩʣʠʮʠ 13 ʘʥʘʣʠʟʠʨʘʥ ʿʝ ʛʣʘʚʥʠ ʧʨʝʢʠʜʘʯ ʨʘʟʚʦʜʥʝ ʪʘʙʣʝ ʩʘ ʢʦʿʝ ʩʝ 

ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʥʘʧʘʿʘʿʫ ʪʨʠ ʨʝʬʣʝʢʪʦʨʘ, ʩʚʘʢʠ ʩʥʘʛʝ 1200 W. ʅʘ 
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ʪʝʨʤʦʚʠʟʠʿʩʢʦʤ ʩʥʠʤʢʫ ʩʝ ʿʘʩʥʦ ʚʠʜʠ Ăʚʨʝʣʘñ ʪʘʯʢʘ ʥʘ ʿʝʜʥʦʿ ʦʜ ʘʢʪʠʚʥʠʭ ʬʘʟʥʠʭ 

ʩʪʝʟʘˀʢʠ, ʯʠʿʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʦ 107 ÁC, ʠʘʢʦ ʿʝ ʦʥʘ ʙʠʣʘ ʤʘʢʩʠʤʘʣʥʦ ʟʘʪʝʛʥʫʪʘ 

(ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ PVC ʠʟʦʣʘʮʠʿʫ ʿʝ 70 ÁC). ʄʝʹʫʪʠʤ, 

ʬʫʥʢʮʠʦʥʘʣʥʦʤ ʧʨʦʚʝʨʦʤ ʩʪʘˁʘ ʩʪʝʟʘˀʢʝ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʿʝ ʦʥʘ ʙʠʣʘ ʤʝʭʘʥʠʯʢʠ 

ʦʰʪʝ˂ʝʥʘ, ʟʙʦʛ ʯʝʛʘ ʩʝ ʯʚʨʰ˂ʘ ʚʝʟʘ ʦʜ ʪʨʝʥʫʪʥʦ ʧʦʩʪʦʿʝ˂ʝ ʥʠʿʝ ʤʦʛʣʘ ʦʩʪʚʘʨʠʪʠ. 

ɿʙʦʛ ʪʦʛʘ ʿʝ ʧʨʝʢʠʥʫʪʦ ʥʘʧʘʿʘˁʝ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʠ ʠʟʚʨʰʝʥʘ ʟʘʤʝʥʘ 

ʩʪʝʟʘˀʢʝ. 

 

  
ʉʣʠʢʘ 13. Ăɺʨʝʣʘñ ʪʘʯʢʘ ʥʘ ʿʝʜʥʦʿ ʦʜ ʩʪʝʟʘˀʢʠ ʬʘʟʥʦʛ ʧʨʦʚʦʜʥʠʢʘ 

 

ʇʨʠʣʠʢʦʤ ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ ʧʨʝʛʣʝʜʘ ʨʘʟʚʦʜʥʝ ʪʘʙʣʝ ʩʘ ʢʦʿʝ ʩʝ ʫ ʧʝʢʘʨʠ 

ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʥʘʧʘʿʘʿʫ ʧʝ˂ʥʠʮʝ, Ăʚʨʝʣʝñ ʪʘʯʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦ 114 ÁC 

ʧʨʦʥʘʹʝʥʝ ʩʫ ʥʘ ʛʨʝʙʝʥʘʩʪʦʤ ʛʣʘʚʥʦʤ ʧʨʝʢʠʜʘʯʫ ʨʘʟʚʦʜʥʝ ʪʘʙʣʝ (ʩʣʠʢʘ 14).  

 

 
ʉʣʠʢʘ 14. ʇʨʝʛʨʝʚʘˁʝ ʢʦʥʪʘʢʘʪʘ ʛʨʝʙʝʥʘʩʪʦʛ ʧʨʝʢʠʜʘʯʘ 

 

ʇʨʠʣʠʢʦʤ ʧʨʝʚʝʥʪʠʚʥʦʛ ʧʝʨʠʦʜʠʯʥʦʛ ʧʨʝʛʣʝʜʘ ʠʥʩʪʘʣʘʮʠʿʝ ʦʩʚʝʪˀʝˁʘ, 

Ăʚʨʝʣʝñ ʪʘʯʢʝ ʩʫ ʧʨʦʥʘʹʝʥʝ ʥʘ ʣʘʤʧʝʨʠʿʠ ʫ ʢʦʿʦ ʿʩʫ ʙʠʣʝ ʫʛʨʘʹʝʥʝ ʩʚʝʪʠˀʢʝ ʩʘ 

ʭʘʣʦʛʝʥʠʤ ʠʟʚʦʨʠʤʘ ʩʚʝʪʣʦʩʪʠ. ʊʘʜʘ ʿʝ ʧʨʠʤʝ˂ʝʥʦ ʦʰʪʝ˂ʝˁʝ ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ ʬʣʫʦ 

ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ ʢʦʿʠ ʿʝ ʜʦʜʠʨʠʚʘʦ ʚʨʝʣʝ ʧʨʠʢˀʫʯʢʝ ʭʘʣʦʛʝʥʦʛ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ 

(ʩʣʠʢʘ 15). 
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ʉʣʠʢʘ 15. ʊʝʨʤʦʚʠʟʠʿʩʢʠ ʧʨʝʛʣʝʜ ʭʘʣʦʛʝʥʦʛ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ ʫʛʨʘʹʝʥʦʛ ʫ ʣʘʤʧʝʨʠʿʫ  

 

ʉʣʝʜʝ˂ʠ ʧʨʠʤʝʨ ʧʦʪʠʯʝ ʦʜ ʧʨʝʛʣʝʜʘ ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ ʚʝʥʪʠʣʘʮʠʿʝ ʫ 

ʪʦʧʣʦʪʥʦʿ ʧʦʜʩʪʘʥʠʮʠ. ɼʝʪʝʢʪʦʚʘʥʦ ʿʝ ʜʘ ʩʫ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʘʪʘ ʿʝʜʥʦʛ 

ʢʦʥʪʘʢʪʦʨʘ ʫ ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ ʜʦʩʪʠʛʣʝ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʝʢʦ 100 ÁC (ʩʣʠʢʘ 16). 

ʈʝʯ ʝʿ ʦ ʩʪʘʨʦʤ ʠ ʜʦʪʨʘʿʘʣʦʤ ʢʦʥʪʘʢʪʦʨʫ. ʇʦʰʪʦ ʩʝ ʩʠʪʫʘʮʠʿʘ ʥʠ ʧʦʩʣʝ ʧʨʠʪʝʟʘˁʘ 

ʢʦʥʪʘʢʘʪʘ ʥʠʿʝ ʙʠʪʥʦ ʧʨʦʤʝʥʠʣʘ, ʧʨʝʧʦʨʫʯʝʥʘ ʿʝ ʟʘʤʝʥʘ ʢʦʥʪʘʢʪʦʨʘ ʥʦʚʠʤ, 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ.  

 

 
ʉʣʠʢʘ 16. ʊʝʨʤʦʚʠʟʠʿʩʢʘ ʩʣʠʢʘ ʜʦʪʨʘʿʘʣʦʛ ʢʦʥʪʘʢʪʦʨʘ 

 

ʉʣʝʜʝ˂ʠ ʧʨʠʤʝʨ (ʩʣʠʢʘ 17) ʧʦʢʘʟʫʿʝ ʢʘʢʦ ʿʝ ʪʝʨʤʦʚʠʟʠʿʩʢʦʤ ʧʨʦʚʝʨʦʤ 

ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ ʧʨʦʥʘʹʝʥa Ăʚʨʝʣañ ʪʘʯʢa (ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʢʦ 85 
ʦ
C) ʥʘ ʛʣʘʚʥʦʤ 

ʧʨʝʢʠʜʘʯʫ ʫ ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ ʢʦʿʠ ʥʘʧʘʿʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʩʝʨʚʝʨ ʩʘʣʫ 

ʿʝʜʥʦʛ ʨʘʯʫʥʩʢʦʛ ʮʝʥʪʨʘ, ʟʙʦʛ ʯʝʛʘ ʿʝ ʙʠʣʦ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʥʘʩʪʘʣʠ ʢʚʘʨ ʰʪʦ ʧʨʝ 

ʦʪʢʣʦʥʠ. ʂʚʘʨ ʥʠʿʝ ʤʦʛʘʦ ʜʘ ʩʝ ʦʪʢʣʦʥʠ ʧʨʠʪʝʟʘˁʝʤ ʢʦʥʪʘʢʪʘ ʥʘ ʛʣʘʚʥʦʤ 

ʧʨʝʢʠʜʘʯʫ, ʿʝʨ ʿʝ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʥʘʩʪʘʦ ʫ ʫʥʫʪʨʘʰˁʦʩʪʠ ʧʨʝʢʠʜʘʯʘ, ʟʙʦʛ 

ʯʝʛʘ ʿʝ ʦʥ ʭʠʪʥʦ ʤʦʨʘʦ ʜʘ ʩʝ ʟʘʤʝʥʠ ʥʦʚʠʤ. 
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ʉʣʠʢʘ 17. ʇʨʦʙʣʝʤ ʩʘ ʧʨʝʛʨʝʿʘʥʠʤ ʧʨʝʢʠʜʘʯʝʤ ʫ ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ ʩʝʨʚʝʨ ʩʘʣʝ ʿʝʜʥʦʛ ʨʘʯʫʥʩʢʦʛ 

ʮʝʥʪʨʘ 

 

ʇʨʠʤʝʨ ʧʨʝʛʨʝʿʘʥʦʛ ʙʘʣʘʩʪʘ (ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʝ ʧʨʠʛʫʰʥʠʮʝ) ʩʚʝʪʠˀʢʝ ʩʘ 

ʬʣʫʦ ʠʟʚʦʨʠʤʘ ʩʚʝʪʣʦʩʪʠ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʥʘ ʩʣʠʮʠ 18. ʄʘʢʩʠʤʘʣʥʘ ʠʟʤʝʨʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʪʠʟʘʣʘ ʿʝ 256 ÁC. 

 

     
ʉʣʠʢʘ 18. ʇʨʝʛʨʝʚʘˁʝ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʝ ʧʨʠʛʫʰʥʠʮʝ ʫ ʩʚʝʪʠˀʮʠ ʩʘ ʬʣʫʦ ʮʝʚʠʤʘ 

  

ʇʨʠʤʝʨ ʜʝʪʝʢʮʠʿʝ Ăʚʨʝʣʝñ ʪʘʯʢʝ ʥʘ ʣʦʰʝʤ ʝʣʝʢʪʨʠʯʥʦʤ ʢʦʥʪʘʢʪʫ ʫ 

ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ ʥʘ ʩʘʙʠʨʥʠʮʠ (ʿʝʜʥʦʤ ʟʘʚʨʪˁʫ) ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 19. 

 

  

ʉʣʠʢʘ 19. ʇʨʠʤʝʨ ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ ʩʥʠʤʢʘ ʥʘ ʢʦʤʝ ʩʝ ʚʠʜʠ Ăʚʨʝʣʘñ ʪʘʯʢʘ ʥʘ ʩʘʙʠʨʥʠʮʠ  
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ʋ ʩʚʠʤ ʥʘʧʨʝʜ ʥʘʚʝʜʝʥʠʤ ʧʨʠʤʝʨʠʤʘ, ʟʘ ʜʝʪʝʢʪʦʚʘʥʝ Ăʚʨʝʣʝñ ʪʘʯʢʝ 

ʪʝʨʤʦʛʨʘʬʝʨ ʿʝ, ʧʦʰʪʫʿʫ˂ʠ ʢʨʠʪʝʨʠʿʫʤ ȹʊ ʠ/ʠʣʠ ʢʨʠʪʝʨʠʿʫʤ ʘʧʩʦʣʫʪʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʜʦʥʝʦ ʦʜʣʫʢʫ ʜʘ ʢʚʘʣʠʬʠʢʦʚʘʥʦ ʣʠʮʝ ʢʦʨʠʩʥʠʢʘ ʦʙʿʝʢʪʘ (ʫ ʧʨʘʢʩʠ ʿʝ 

ʪʦ ʥʘʿʯʝʰ˂ʝ ʝʣʝʢʪʨʠʯʘʨ) ʦʜʤʘʭ ʦʪʢʣʦʥʠ ʢʚʘʨ. ʋ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʦʧʘʩʥʦʩʪ 

ʿʝ ʦʪʢʣʦˁʝʥʘ ʜʦʪʝʟʘˁʝʤ ʰʨʘʬʦʚʘ (ʟʘʚʨʪʘˁ ʘ) ʥʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʤ 

ʢʦʤʧʦʥʝʥʪʘʤʘ, ʜʦʢ ʿʝ ʫ ʧʦʿʝʜʠʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʤʦʨʘʣʦ ʜʘ ʩʝ ʧʨʝʢʠʥʝ ʥʘʧʘʿʘˁʝ 

ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʢʘʢʦ ʙʠ ʩʝ ʩʪʘʨʘ ʢʦʤʧʦʥʝʥʪʘ ʩʘ ʪʨʘʿʥʦ ʦʰʪʝ˂ʝʥʠʤ 

ʢʦʥʪʘʢʪʠʤʘ ʟʘʤʝʥʠʣʘ ʥʦʚʦʤ (ʥʠ ʫ ʿʝʜʥʦʤ ʦʜ ʪʠʭ ʩʣʫʯʘʿʝʚʘ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ 

ʢʦʥʪʘʢʪ ʥʠʿʝ ʤʦʛʘʦ ʙʠʪʠ ʦʪʢʣʦˁʝʥ ʿʝʜʥʦʩʪʘʚʥʠʤ ʧʨʠʪʝʟʘˁʝʤ ʟʘʚʨʪˁʘ). 

 

1.5 ʉʘʚʨʝʤʝʥʝ ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ ʟʘ ʜʝʪʝʢʮʠʿʫ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ 

ʣʫʢʘ 

 

ɼʘʥʘʩ ʩʫ ʥʘ ʪʨʞʠʰʪʫ ʟʘʩʪʫʧˀʝʥʝ ʜʚʝ ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ ʯʠʿʘ ʿʝ ʦʩʥʦʚʥʘ 

ʫʣʦʛʘ ʜʘ ʩʝ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ ʩʧʨʝʯʠ ʦʜʨʞʘʚʘˁʝ ʥʝʞʝˀʝʥʦʛ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ 

ʣʫʢʘ. ʋ ʉɸɼ ʿʝ ʦʢʦ 20 ʛʦʜʠʥʘ ʫ ʧʨʠʤʝʥʠ AFCI (Arc Fault Circuit Interrupter) 

ʢʦʤʧʦʥʝʥʪʘ, ʜʦʢ ʩʝ ʥʘ ʝʚʨʦʧʩʢʦʤ ʪʨʞʠʰʪʫ ʧʨʝ ʧʝʪ ʛʦʜʠʥʘ ʧʦʿʘʚʠʣʘ AFDD (Arc 

Fault Detection Device) ʢʦʤʧʦʥʝʥʪʘ ʠʩʪʝ ʥʘʤʝʥʝ.  

 

 

1.5.1 AFCI  ʢʦʤʧʦʥʝʥʪʘ 
 

ɺʝʰʪʘʯʝˁʝʤ ʘʚʠʦʥʩʢʠʭ ʥʝʩʨʝ˂ʘ ʫ ʉɸɼ ʥʘʩʪʘʣʠʭ ʫʩʣʝʜ ʧʦʞʘʨʘ ʥʘ 

ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʫ ʘʚʠʦʥʫ ʫʩʪʘʥʦʚˀʝʥʦ ʿʝ ʜʘ ʿʝ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ 

ʙʠʦ ʛʣʘʚʥʠ ʫʟʨʦʢ ʦʚʘʢʚʠʭ ʧʦʞʘʨʘ. ɿʙʦʛ ʪʦʛʘ ʩʫ ʧʨʚʘ ʠʩʧʠʪʠʚʘˁʘ ʥʘ ʧʦˀʫ 

ʜʝʪʝʢʮʠʿʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʠʟʚʨʰʝʥʘ ʫ ʘʚʠʦ-ʠʥʜʫʩʪʨʠʿʠ ʫ ʉɸɼ. ʇʨʚʠ 

ʧʘʪʝʥʪʠ ʩʫ ʙʠʣʠ ʟʘʩʥʦʚʘʥʠ ʥʘ ʟʚʫʯʥʦʿ ʠ ʩʚʝʪʣʦʩʥʦʿ ʜʝʪʝʢʮʠʿʠ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ 

ʣʫʢʘ. ɿʙʦʛ ʥʝʝʬʠʢʘʩʥʦʩʪʠ ʦʚʘʢʚʠʭ ʩʠʩʪʝʤʘ, ʢʦʿʘ ʩʝ ʦʛʣʝʜʘʣʘ ʫ ʜʝʣʠʤʠʯʥʦʿ 

ʟʘʰʪʠʪʠ ʩʪʨʫʿʥʦʛ ʢʦʣʘ, ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʫʩʤʝʨʝʥʘ ʢʘ ʧʨʦʥʘʣʘʩʢʫ ʢʦʤʧʦʥʝʥʪʝ ʢʦʘʿ 

ʪʨʝʙʘ ʜʘ ʜʝʪʝʢʪʫʿʝ ʠ ʠʩʢˀʫʯʠ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʢʦʿʠ ʩʝ ʧʦʿʘʚʠʦ ʙʠʣʦ ʛʜʝ ʫ 

ʩʪʨʫʿʥʦʤ ʢʦʣʫ, ʦʜ ʨʘʟʚʦʜʥʦʛ ʦʨʤʘʥʘ ʜʦ ʧʨʠʿʝʤʥʠʢʘ. ɿʙʦʛ ʟʘʰʪʠʪʝ ʧʘʪʝʥʪʘ, ʫ ʪʦ 

ʚʨʝʤʝ (ʩʨʝʜʠʥʘ ʜʝʚʝʜʝʩʝʪʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ) ʛʦʚʦʨʠʣʦ ʩʝ ʜʘ ʩʝ ʧʨʠʥʮʠʧ ʨʘʜʘ 

ʥʦʚʝ ʢʦʤʧʦʥʝʥʪʝ ʟʘʩʥʠʚʘ ʥʘ Ăʧʘʤʝʪʥʦʿñ ʝʣʝʢʪʨʦʥʠʮʠ. ɺʨʝʤʝʥʦʤ ʩʫ ʩʣʠʯʥʝ 

ʢʦʤʧʦʥʝʥʪʝ ʧʦʯʝʣʝ ʜʘ ʩʝ ʢʦʨʠʩʪʝ ʠ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 
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ʫ ʟʛʨʘʜʘʤʘ. ʅʘ ʩʣʠʮʠ 20 ʿʝ ʧʨʠʢʘʟʘʥ ʠʟʛʣʝʜ ʜʘʥʘʰˁʝʛ AFCI ʧʨʝʢʠʜʘʯʘ (ʥʘ ʩʣʠʮʠ 

ʣʝʚʦ ʿʝ ʧʨʠʢʘʟʘʥ ʦʙʠʯʘʥ AFCI ʧʨʝʢʠʜʘʯ, ʘ ʥʘ ʩʣʠʮʠ ʜʝʩʥʦ ʢʦʤʙʠʥʦʚʘʥʠ ʪʠʧ AFCI 

ʧʨʝʢʠʜʘʯʘ). ʆʙʠʯʘʥ AFCI ʧʨʝʢʠʜʘʯ ʩʝ ʠʥʩʪʘʣʠʨʘ ʫ ʨʘʟʚʦʜʥʠ ʦʨʤʘʥ ʫʤʝʩʪʦ 

ʩʪʘʥʜʘʨʜʥʦʛ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʢʠʜʘʯʘ ʠ ʧʨʝʜʩʪʘʚˀʘ ʢʘʢʦ ʟʘʰʪʠʪʫ ʦʜ ʨʝʜʥʦʛ ʝʣʝʢ-

ʪʨʠʯʥʦʛ ʣʫʢʘ ʪʘʢʦ ʠ ʦʜ ʩʪʨʫʿʘ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʠ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ 

ʦʙʠʯʥʦʛ, ʢʦʤʙʠʥʦʚʘʥʠ ʪʠʧ AFCI ʧʨʝʢʠʜʘʯʘ ʧʦʩʝʜʫʿʝ ʠ ʢʦʣʦ ʟʘ ʜʝʪʝʢʮʠʿʫ 

ʟʝʤˀʦʩʧʦʿʘ (ʢʘʦ ʠ ɿʋɼʉ). 

 

 
 

 

ʉʣʠʢʘ 20. AFCI ʧʨʝʢʠʜʘʯʠ: ʣʝʚʦ ï ʦʙʠʯʘʥ, ʜʝʩʥʦ ï ʢʦʤʙʠʥʦʚʘʥʠ ʪʠʧ 

 

AFCI ʧʨʝʢʠʜʘʯ ʤʦʞʝ ʜʘ ʧʨʝʧʦʟʥʘ ʦʧʘʩʘʥ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʠʟʘʟʚʘʥ 

ʢʚʘʨʦʤ ʫ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʠ, ʫ ʩʣʫʯʘʿʫ ˁʝʛʦʚʝ ʧʦʿʘʚʝ, ʠʩʢˀʫʯʠ ʥʘʧʘʿʘˁʝ 

ʩʪʨʫʿʥʦʛ ʢʦʣʘ. ɼʘ ʥʝ ʙʠ ʜʦʣʘʟʠʣʦ ʜʦ ʣʘʞʥʠʭ ʨʝʘʛʦʚʘˁʘ, AFCI ʧʨʝʢʠʜʘʯ ʧʨʝʧʦʟʥʘʿʝ 

ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʥʘʩʪʘʦ ʫ ʥʦʨʤʘʣʥʦʤ ʨʝʞʠʤʫ ʨʘʜʘ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʠ 

ʧʨʠʿʝʤʥʠʢʘ (ʧʨʝʢʠʜʘʯʘ, ʣʫʯʥʠʭ ʫʧʘˀʘʯʘ, ʢʦʤʫʪʘʪʦʨʩʢʠʭ ʤʦʪʦʨʘ, ʠʪʜ.), ʢʘʦ ʠ 

ʩʪʨʫʿʫ ʧʦʿʝʜʠʥʠʭ ʝʣʝʢʪʨʦʥʩʢʠʭ ʧʨʠʿʝʤʥʠʢʘ ʢʦʿʘ ʿʝ ʧʦ ʩʚʦʤ ʪʘʣʘʩʥʦʤ ʦʙʣʠʢʫ 

ʩʣʠʯʥʘ ʩʪʨʫʿʠ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ (ʥʧʨ. ʩʪʨʫʿʘ ʤʠʢʨʦʪʘʣʘʩʥʝ ʧʝ˂ʠ, ʩʪʨʫʿʘ ʢʦʤʧʘʢʪ 

ʬʣʫʦ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ, ʩʪʨʫʿʘ LED ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ ...). ʇʨʝ ʥʝʛʦ ʰʪʦ ʿʝ AFCI 

ʧʦʯʝʦ ʜʘ ʩʝ ʫʧʦʪʨʝʙˀʘʚʘ ʫ ʩʪʘʤʙʝʥʠʤ ʿʝʜʠʥʠʮʘʤʘ ʫ ʉɸɼ, ʤʦʨʘʦ ʿʝ ʜʘ ʟʘʜʦʚʦˀʠ 

ʟʘʭʪʝʚʝ ʙʨʦʿʥʠʭ ʪʝʩʪʦʚʘ ʢʦʠʿ ʩʫ ʛʘʨʘʥʪʦʚʘʣʠ ˁʝʛʦʚ ʧʦʫʟʜʘʥ ʨʘʜ [32]. 

ɸʤʝʨʠʯʢʠʤ ʥʘʮʠʦʥʘʣʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʘʥʜʘʨʜʦʤ (National Electrical 

Code, NEC), ʢʦʿʠ je 1999. ʛʦʜʠʥʝ ʜʦʥʝʣʘ ʘʤʝʨʠʯʢʘ ʘʩʦʮʠʿʘʮʠʿʘ ʟʘ ʟʘʰʪʠʪʫ ʦʜ 

ʧʦʞʘʨʘ (NFPA), ʧʨʦʧʠʩʘʥʦ ʿʝ ʜʘ ʩʝ ʩʚʘʢʦ ʤʦʥʦʬʘʟʥʦ ʩʪʨʫʿʥʦ ʢʦʣʦ ʩʘ ʟʘʰʪʠʪʥʦʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʥʘʟʠʚʥʝ ʩʪʨʫʿʝ 15 ɸ ʠʣʠ 20 A (ʥʘʟʠʚʥʠ ʥʘʧʦʥ ʠʟʥʦʩʠ 120 V, ʤʨʝʞʥʘ 

ʫʯʝʩʪʘʥʦʩʪ 60 Hz), ʯʠʿʠ ʩʝ ʧʨʠʿʝʤʥʠʮʠ ʥʘʣʘʟʝ ʫ ʩʧʘʚʘ˂ʠʤ ʩʦʙʘʤʘ, ʤʦʨʘ ʟʘʰʪʠʪʠʪʠ 

AFCI ʧʨʝʢʠʜʘʯeʤ (ʦʚʘ ʦʜʣʫʢʘ je ʩʪʫʧʠʣʘ ʥʘ ʩʥʘʛʫ 1. ʿʘʥʫʘʨʘ 2002). ʀʩʪʘ 

ʦʨʛʘʥʠʟʘʮʠʿʘ ʿʝ 2005. ʛʦʜʠʥʝ ʜʦʥʝʣʘ ʧʨʦʧʠʩ ʧʦ ʢʦʤʝ ʦʜ 1. ʿʘʥʫʘʨʘ 2008. ʥʦʚʠ ʪʠʧ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 
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AFCI ʧʨʝʢʠʜʘʯʘ (Combination Type AFCI) ʤʦʨʘ ʜʘ ʩʝ ʫʛʨʘʜʠ ʫ ʩʚʘ ʩʪʨʫʿʥʘ ʢʦʣʘ 

ʥʦʚʦʩʘʛʨʘʹʝʥʠʭ ʩʪʘʤʙʝʥʠʭ ʦʙʿʝʢʘʪʘ ʢʦʜ ʢʦʿʠʭ ʥʘʟʠʚʥʘ ʩʪʨʫʿʘ ʟʘʰʪʠʪʥʝ 

ʢʦʤʧʦʥʝʥʪʝ ʠʟʥʦʩʠ 15 ɸ ʠʣʠ 20 A [33]. ʊʘʢʦʹʝ, ʫ ʉɸɼ ʿʝ ʧʨʦʧʠʩʘʥʘ ʦʙʘʚʝʟʘ 

ʧʨʦʠʟʚʦʹʘʯʘ ʢʣʠʤʘ-ʫʨʝʹʘʿʘ ʜʘ ʫʟ ˁʠʭ ʠʩʧʦʨʫʯʫʿʫ ʠ AFCI ʧʨʝʢʠʜʘʯ ʪʠʧʘ Plug Cap, 

ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʝ ʟʘʰʪʠʪʫ ʩʪʨʫʿʥʦʛ ʢʦʣʘ ʢʣʠʤʘ-ʫʨʝʹʘʿʘ ʦʜ ʥʝʞʝˀʝʥʝ ʧʦʿʘʚʝ ʨʝʜʥʦʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ (ʦʜʣʫʢʘ ʿʝ ʩʪʫʧʠʣʘ ʥʘ ʩʥʘʛʫ 1. ʘʚʛʫʩʪʘ 2004. ʛʦʜʠʥʝ).  

 

1.5.2 AFDD ʢʦʤʧʦʥʝʥʪʘ 
 

AFDD ʢʦʤʧʦʥʝʥʪʘ (ʧʨʦʠʟʚʦʹʘʯ Siemens) ʥʘʤʝˁʝʥʘ ʿʝ ʩʠʩʪʝʤʫ ʥʘʧʘʿʘˁʘ 

230 V, 50 Hz, ʩʘ ʩʪʨʫʿʦʤ ʜʦ 16 A. ʉʘʩʪʦʿʠ ʩʝ ʦʜ AFD ʿʝʜʠʥʠʮʝ ʠ ʜʦʜʘʪʥʝ ʟʘʰʪʠʪʥʝ 

ʢʦʤʧʦʥʝʥʪʝ (ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯ (ʿʝʜʥʦʧʦʣʥʠ ʠʣʠ ʜʚʦʧʦʣʥʠ) ʠʣʠ ɿʋɼʉ) [34]. 

ʅʘʧʦʤʝʥʠʤʦ ʜʘ ʩʝ ʚʘʨʠʿʘʥʪʘ ʩʘ ʜʚʦʧʦʣʥʠʤ ʘʫʪʦʤʘʪʩʢʠʤ ʧʨʝʢʠʜʘʯʝʤ ʢʦʨʠʩʪʠ ʫ 

ʩʠʩʪʝʤʠʤʘ ʫ ʢʦʿʠʤʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʨʠʣʠʢʦʤ ʢʚʘʨʘ ʦʩʪʚʘʨʠʪʠ ʠ ʧʨʝʢʠʜʘˁʝ 

ʥʝʫʪʨʘʣʥʦʛ ʧʨʦʚʦʜʥʠʢʘ. ʅʘʚʝʜʝʥʘ ʢʦʤʧʦʥʝʥʪʘ ʦʙʝʟʙʝʹʫʿʝ ʟʘʰʪʠʪʫ ʦʜ ʢʨʘʪʢʦʛ 

ʩʧʦʿʘ, ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ, ʧʨʝʥʘʧʦʥʘ ʠ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʟʙʦʛ ʯʝʛʘ ʿʝ ʩʪʨʫʿʥʦ ʢʦʣʦ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʟʘʰʪʠ˂ʝʥʦ. ʅʘ ʩʣʠʮʠ 21 ʿʝ ʧʨʠʢʘʟʘʥ ʩʧʦˀʥʠ ʠʟʛʣʝʜ 5SM6 AFD 

ʿʝʜʠʥʠʮʝ, ʢʦʿʘ ʩʝ ʢʦʤʙʠʥʫʿʝ ʠʣʠ ʩʘ ʘʫʪʦʤʘʪʩʢʠʤ ʧʨʝʢʠʜʘʯʝʤ ʠʣʠ ʩʘ ɿʋɼʉ-ʦʤ. 

 

 

 

      

     
ʘ ʙ ʚ ʛ 

ʉʣʠʢʘ 21. ɿʘʰʪʠʪʥʝ 5SM6 AFDD ʢʦʤʧʦʥʝʥʪʝ ʘ) ʠ ʙ) ʙʝʟ ʠ ʩʘ ʘʫʪʦʤʘʪʩʢʠʤ ʧʨʝʢʠʜʘʯʝʤ, ʚ) ʠ ʛ) ʙʝʟ ʠ 

ʩʘ ɿʋɼʉ-ʦʤ 

 

 ʇʦʰʪʦ ʿʝ AFDD ʢʦʤʧʦʥʝʥʪʘ ʥʘʤʝˁʝʥʘ ʝʚʨʦʧʩʢʦʤ ʪʨʞʠʰʪʫ, ˁʦʿ ʿʝ ʦʚʜʝ 

ʧʦʩʚʝ˂ʝʥʦ ʚʠʰʝ ʧʘʞˁʝ. 

 

1.5.3 AFD ʿʝʜʠʥʠʮʘ 
 

ʅʘ ʩʣʠʮʠ 22 ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʿʝʣʥʘ ʰʝʤʘ 5SM6 AFDD ʢʦʤʧʦʥʝʥʪʝ 

(ʢʦʤʙʠʥʘʮʠʿʘ AFD ʿʝʜʠʥʠʮʝ ʠ ʜʚʦʧʦʣʥʦʛ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʢʠʜʘʯʘ). ʉʚʠ ʘʢʪʠʚʥʠ 

ʧʨʦʚʦʜʥʠʮʠ ï ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʬʘʟʥʠ (ʦʟʥʘʯʝʥ ʩʘ L) ʠ ʥʝʫʪʨʘʣʥʠ ʧʨʦʚʦʜʥʠʢ 
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50 

 

(ʦʟʥʘʯʝʥ ʩʘ N) ï ʧʨʦʣʘʟʝ ʢʨʦʟ AFD ʿʝʜʠʥʠʮʫ. ʌʘʟʥʠ ʧʨʦʚʦʜʥʠʢ ʧʨʦʣʘʟʠ ʢʨʦʟ ʜʚʘ 

ʦʜʚʦʿʝʥʘ ʩʝʥʟʦʨʘ:  

- ʩʪʨʫʿʥʠ ʩʝʥʟʦʨ ʟʘ ʦʪʢʨʠʚʘˁʝ ʥʠʩʢʦʬʨʝʢʚʝʥʪʥʠʭ ʩʧʝʢʪʨʘʣʥʠʭ ʢʦʤʧʦʥʝʥʪʠ 

ʩʪʨʫʿʥʦʛ ʩʠʛʥʘʣʘ, ʠ 

- ɺʌ ʩʝʥʟʦʨ ʟʘ ʦʪʢʨʠʚʘˁʝ ʚʠʩʦʢʦʬʨʝʢʚʝʥʪʥʠʭ ʩʧʝʢʪʨʘʣʥʠʭ ʢʦʤʧʦʥʝʥʪʠ 

ʩʪʨʫʿʥʦʛ ʩʠʛʥʘʣʘ. 

ɸʥʘʣʦʛʥʘ ʝʣʝʢʪʨʦʥʠʢʘ ʧʨʠʧʨʝʤʘ ʩʪʨʫʿʥʝ ʩʠʛʥʘʣʝ ʟʘ ʦʙʨʘʜʫ ʫ 

ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʫ, ʢʦʿʠ ʧʦʤʦ˂ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʘʣʛʦʨʠʪʘʤʘ ʧʨʝʧʦʟʥʘʿʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʦʿʝ ʩʫ ʩʚʦʿʩʪʚʝʥʝ ʧʦʿʘʚˀʠʚʘˁʫ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʢʦʿʠ 

ʥʘʩʪʘʿʝ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʢʚʘʨʘ.  

AFD ʿʝʜʠʥʠʮʘ ʿʝ ʤʝʭʘʥʠʯʢʠ ʩʧʨʝʛʥʫʪa ʩʘ ʧʨʝʢʠʜʘʯʢʠʤ ʤʝʭʘʥʠʟʤʦʤ 

ʜʚʦʧʦʣʥʦʛ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʢʠʜʘʯʘ, ʯʠʿʠʤ ʩʝ ʦʢʠʜʘˁʝʤ ʩʪʨʫʿʥʦ ʢʦʣʦ ʫ ʢʦʤʝ ʩʝ 

ʧʦʿʘʚʠʦ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʠʩʢˀʫʯʫʿʝ ʩʘ ʤʨʝʞʥʦʛ ʥʘʧʘʿʘˁʘ. ʋʢʦʣʠʢʦ ʿʝ ʜʦʰʣʦ 

ʜʦ ʜʝʪʝʢʮʠʿʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʧʦʩʣʝ ʨʝʘʛʦʚʘˁʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʢʠʜʘʯʘ ʥʘ 

ʧʨʝʜˁʦʿ ʩʪʨʘʥʠ ʢʫ˂ʠʰʪʘ AFD ʿʝʜʠʥʠʮʝ ʧʘʣʠ ʩʝ ʠ ʛʘʩʠ ʞʫʪʘ LED ʣʘʤʧʠʮʘ. 

 

 
 

ʉʣʠʢʘ 22. ʇʨʠʥʮʠʧʠʿʝʣʥʘ (ʙʣʦʢ) ʰʝʤʘ AFDD-ʘ 

 

1.5.4 ʆʪʢʨʠʚʘˁʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ 
 

ʆʢʦ 80% ʩʚʠʭ ʧʨʦʨʘʯʫʥʘ ʢʦʿʝ ʠʟʚʨʰʘʚʘ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨ Ăʦʪʧʘʜʘñ ʥʘ 

ʜʝʪʝʢʮʠʿʫ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ (ʦʩʪʘʪʘʢ ʦʜ 20% ʧʨʦʨʘʯʫʥʘ ʦʜʥʦʩʠ ʩʝ ʥʘ 

ʜʝʪʝʢʮʠʿʫ ʧʘʨʘʣʝʣʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ). ɼʝʪʝʢʮʠʿʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʩʝ 

ʙʘʟʠʨʘ ʥʘ ʘʥʘʣʠʟʠ ʩʠʛʥʘʣʘ (Received Signal Strength Indication ï RSSI), ʦʜʥʦʩʥʦ ʥʘ 

ʦʜʨʝʹʠʚʘˁʫ ʥʠʚʦʘ ʩʥʘʛʝ ʩʚʠʭ ʩʧʝʢʪʨʘʣʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʩʠʛʥʘʣʘ ʯʠʿʝ ʩʝ 

ʫʯʝʩʪʘʥʦʩʪʠ ʥʘʣʘʟʝ ʫ ʦʧʩʝʛʫ 30 kHz ʜʦ 300 GHz. ɸʥʘʣʠʟʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ 
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ʠʩʧʠʪʠʚʘˁʫ ʙʨʟʠʭ ʧʨʦʤʝʥʘ ʫ ʩʠʛʥʘʣʫ RSSI, ʿʝʨ ˂ʝ ʪʘʜʘ ʘʧʩʦʣʫʪʥʘ ʚʨʝʜʥʦʩʪ ʠʟʚʦʜʘ 

ʦʚʦʛ ʩʠʛʥʘʣʘ, d(RSSI)/dt, ʠʤʘʪʠ ʛʝʥʝʨʠʩʘʥʝ ʧʠʢʦʚʝ (ʚʠʜʝʪʠ ʩʣʠʢʫ 23). ʋʧʨʘʚʦ ʩʝ ʪʠ 

ʧʠʢʦʚʠ ʢʦʨʠʩʪʝ ʟʘ ʜʝʪʝʢʮʠʿʫ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʠ ʪʦ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʝ 

ʿʘʚˀʘʿʫ ʫ ʙʣʠʟʠʥʠ ʧʨʦʣʘʩʢʘ ʩʪʨʫʿʝ ʢʨʦʟ ʥʫʣʫ. 

ɸʣʛʦʨʠʪʘʤ AFD-ʘ ʟʘʢˀʫʯʫʿʝ ʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʧʦʿʘʚʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ 

ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ ʫʢʦʣʠʢʦ ʚʨʝʜʥʦʩʪ ʠʥʪʝʛʨʘʣʘ ʩʠʛʥʘʣʘ Ăʜʝʪʝʢʪʦʨ ʣʫʢʘñ (ʚʠʜʝʪʠ 

ʩʣʠʢʫ 23) ʧʨʝʤʘʰʠ ʜʝʬʠʥʠʩʘʥʫ ʚʨʝʜʥʦʩʪ G5. ʇʦʨʝʜ ʦʚʦʛ ʫʩʣʦʚʘ ʢʦʨʠʩʪʠ ʩʝ 

ʜʦʧʫʥʩʢʠ ʢʨʠʪʝʨʠʿʫʤ ʢʦʿʠ ʩʧʨʝʯʘʚʘ ʣʘʞʥʦ ʨʝʘʛʦʚʘˁʝ ʟʘʰʪʠʪʥʦʛ ʫʨʝʹʘʿʘ, ʘ 

ʟʘʩʥʦʚʘʥ ʿʝ ʥʘ ʘʥʘʣʠʟʠ ʚʠʩʦʢʦʬʨʝʢʚʝʥʪʥʦʛ ʰʫʤʘ ʫ ʩʪʨʫʿʠ ʧʨʠʿʝʤʥʠʢʘ ʫ ʦʧʩʝʛʫ 22ï

24 MHz. ʋʢʦʣʠʢʦ ʩʫ ʦʙʘ ʫʩʣʦʚʘ ʟʘʜʦʚʦˀʝʥʘ, ʤʠʢʨʦʢʦʥʪʨʦʣʝʨ ʰʘˀʝ ʦʢʠʜʘʯʢʠ 

ʩʠʛʥʘʣ ʘʫʪʦʤʘʪʩʢʦʤ ʧʨʝʢʠʜʘʯʫ. 

 

 
 

ʉʣʠʢʘ 23. ɸʣʛʦʨʠʪʘʤ ʦʙʨʘʜʝ ʩʠʛʥʘʣʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʝ ʩʝ ʜʝʪʝʢʪʫʿʝ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ [34] 

 

ɼʚʘ ʫʩʣʦʚʘ ʤʦʨʘʿʫ ʿʝʜʥʦʚʨʝʤʝʥʦ ʜʘ ʙʫʜʫ ʟʘʜʦʚʦˀʝʥʘ ʜʘ ʙʠ ʩʝ ʬʦʨʤʠʨʘʦ 

ʩʠʛʥʘʣ Ăʜʝʪʝʢʪʦʨ ʣʫʢʘñ: 

1. ʫ ʥʝʢʦʤ ʪʨʝʥʫʪʢʫ (ʙʣʠʩʢʦʤ ʪʨʝʥʫʪʢʫ ʧʨʦʣʘʩʢʘ ʩʪʨʫʿʝ ʢʨʦʟ ʥʫʣʫ) ʘʧʩʦʣʫʪʥʘ 

ʚʨʝʜʥʦʩʪ ʠʟʚʦʜʘ ʩʠʛʥʘʣʘ RSSI ʧʨʝʤʘʰʠʣʘ ʿʝ ʛʨʘʥʠʯʥʫ ʚʨʝʜʥʦʩʪ G4 (ʧʦʩʤʘ-

ʪʨʘʿʫ ʩʝ ʩʘʤʦ ʪʨʝʥʫʮʠ ʫ ʢʦʿʠʤʘ ʩʝ ʚʨʝʜʥʦʩʪ ʩʪʨʫʿʝ ʥʘʣʘʟʠ ʠʟʤʝʹʫ ïG1 ʠ G1), 

2. ʚʨʝʜʥʦʩʪ ʩʠʛʥʘʣʘ RSSI ʤʦʨʘ ʙʠʪʠ ʚʝ˂ʘ ʦʜ ʜʝʬʠʥʠʩʘʥʝ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ 

G2 (ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʧʨʝʪʭʦʜʥʦʛ, ʦʚʘʿ ʫʩʣʦʚ ʩʝ ʧʨʦʚʝʨʘʚʘ ʩʚʝ ʚʨʝʤʝ ʠʟʤʝʹʫ ʜʚʘ 

ʧʨʦʣʘʩʢʘ ʩʪʨʫʿʝ ʢʨʦʟ ʥʫʣʫ). 
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ɼʘ ʙʠ ʩʝ ʠʟʙʝʛʣʘ ʠʩʢˀʫʯʝˁʘ ʩʪʨʫʿʥʦʛ ʢʦʣʘ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʫ ʢʦʿʠʤʘ ʥʠʿʝ 

ʫʩʧʦʩʪʘʚˀʝʥ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ, AFD ʿʝʜʠʥʠʮʘ ʤʦʨʘ ʜʘ ʥʘʧʨʘʚʠ ʨʘʟʣʠʢʫ 

ʠʟʤʝʹʫ ʩʪʨʫʿʥʦʛ ʩʠʛʥʘʣʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʠ ʩʪʨʫʿʥʠʭ ʩʠʛʥʘʣʘ ʢʦʿʠ, ʥʘ 

ʧʨʠʤʝʨ, ʧʦʪʠʯʫ ʦʜ ʥʦʨʤʘʣʥʦʛ ʨʘʜʘ ʢʦʣʝʢʪʦʨʩʢʠʭ ʤʦʪʦʨʘ ʫ ʢʦʤʝ ʩʝ ʿʘʚˀʘʿʫ 

ʚʘʨʥʠʮʝ ʥʘ ʯʝʪʢʠʮʘʤʘ ʢʦʣʝʢʪʦʨʘ. 

ʇʦʿʘʚʘ ʨʘʜʥʠʭ ʚʘʨʥʠʯʝˁʘ ʥʘ ʢʦʣʝʢʪʦʨʫ ʤʦʪʦʨʘ ʫ RSSI ʩʠʛʥʘʣʫ ʠʟʘʟʠʚʘ 

ʚʠʰʝʩʪʨʫʢʝ ʧʨʦʤʝʥʝ ʠʟʤʝʹʫ ʜʚʘ ʧʨʦʣʘʩʢʘ ʩʪʨʫʿʝ ʢʨʦʟ ʥʫʣʫ (ʚʠʜʝʪʠ ʧʨʠʤʝʨ ʥʘ 

ʩʣʠʮʠ 23). ʂʘʜʘ ʥʘʩʪʘʥʫ ʦʚʘʢʚʝ ʧʨʦʤʝʥʝ ʫ RSSI ʩʠʛʥʘʣʫ, ʧʨʠ ʯʝʤʫ ʿʝ ʧʨʝʪʭʦʜʥʦ 

ʠʩʧʫˁʝʥ ʫʩʣʦʚ ʙʨ. 1, ʜʦʣʘʟʠ ʜʦ ʚʠʰʝʩʪʨʫʢʝ ʧʦʿʘʚʝ ʩʠʛʥʘʣʘ Ăʜʝʪʝʢʪʦʨ ʣʫʢʘñ ʠʟʤʝʹʫ 

ʜʚʘ ʧʨʦʣʘʩʢʘ ʩʪʨʫʿʝ ʢʨʦʟ ʥʫʣʫ, ʰʪʦ ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʢʨʠʪʝʨʠʿʫʤ ʟʘ ʨʝʩʝʪʦʚʘˁʝ 

ʠʥʪʝʛʨʘʪʦʨʘ ʩʠʛʥʘʣʘ Ăʜʝʪʝʢʪʦʨ ʣʫʢʘñ, ʯʠʤʝ ʩʝ ʦʥʝʤʦʛʫ˂ʘʚʘ ʩʣʘˁʝ ʦʢʠʜʘʯʢʦʛ 

ʩʠʛʥʘʣʘ ʘʫʪʦʤʘʪʩʢʦʤ ʧʨʝʢʠʜʘʯʫ. 

 

1.5.5  ɿʘʰʪʠʪʘ ʦʜ ʥʝʞʝˀʝʥʦʛ ʦʢʠʜʘˁʘ 
 

ʅʘ ʩʣʠʮʠ 24 ʩʫ ʧʨʠʢʘʟʘʥʠ ʧʨʠʤʝʨʠ ʪʘʣʘʩʥʠʭ ʦʙʣʠʢʘ ʩʪʨʫʿʘ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʨʠʿʝʤʥʠʢʘ ʢʦʿʝ ʩʘʜʨʞʝ ʩʧʝʢʪʨʘʣʥʝ ʢʦʤʧʦʥʝʥʪʝ ʚʝʦʤʘ ʩʣʠʯʥʝ ʦʥʠʤʘ ʢʦʿʝ ʩʝ 

ʧʦʿʘʚˀʫʿʫ ʟʘ ʚʨʝʤʝ ʛʦʨʝˁʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ [34]. ʆʚʘ ʩʣʠʯʥʦʩʪ ʿʝ 

ʥʘʨʦʯʠʪʦ ʠʟʨʘʞʝʥʘ ʫ ʩʣʫʯʘʿʫ ʧʨʠʿʝʤʥʠʢʘ ʢʦʿʠ ʩʘʜʨʞʝ ʢʦʣʝʢʪʦʨʩʢʝ ʤʦʪʦʨʝ ʢʦʜ 

ʢʦʿʠʭ ʩʝ ʿʘʚˀʘ ʚʘʨʥʠʯʝˁʝ ʠʟʤʝʹʫ ʯʝʪʢʠʮʘ ʠ ʢʦʣʝʢʪʦʨʘ, ʢʘʦ ʠ ʢʦʜ ʧʨʠʿʝʤʥʠʢʘ ʢʦʿʠ 

ʩʘʜʨʞʝ ʨʝʛʫʣʘʪʦʨʝ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ ʠʣʠ ʿʝʜʠʥʠʮʝ ʥʘʧʘʿʘˁʘ ʫ ʝʥʝʨʛʝʪʩʢʦʿ 

ʝʣʝʢʪʨʦʥʠʮʠ (ʠʩʧʨʘʚˀʘʯʠ, ʠʥʚʝʨʪʦʨʠ, ʬʘʟʥʠ ʨʝʛʫʣʘʪʦʨʠ ʠʪʜ.). 

 
ʘ) 

 
  

ʙ) 

 
 

ʉʣʠʢʘ 24. ɽʣʝʢʪʨʠʯʥʠ ʧʨʠʿʝʤʥʠʮʠ ʩʘ ʩʧʝʢʪʨʦʤ ʩʣʠʯʥʦʤ ʩʧʝʢʪʨʫ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ 

ʘ) ʨʝʛʫʣʘʪʦʨ ʩʚʝʪʣʦʩʥʦʛ ʬʣʫʢʩʘ 

ʙ) ʙʫʰʠʣʠʮʘ ʩʘ ʢʦʣʝʢʪʦʨʩʢʠʤ ʤʦʪʦʨʦʤ 
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ʇʦʫʟʜʘʥʦʩʪ ʜʝʣʦʚʘˁʘ AFDD-ʘ ʟʘ ʜʝʪʝʢʮʠʿʫ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʟʥʘʪʥʦ 

ʿʝ ʧʦʚʝ˂ʘʥʘ ʘʥʘʣʠʟʦʤ ʚʠʩʦʢʦʬʨʝʢʚʝʥʪʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʰʫʤʦʚʘ ʢʦʿʠ ʥʘʩʪʘʿʫ ʢʘʢʦ 

ʨʘʜʦʤ ʥʝʣʠʥʝʘʨʥʠʭ ʧʨʠʿʝʤʥʠʢʘ ʪʘʢʦ ʠ ʛʦʨʝˁʝʤ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. ʅʘ 

ʩʣʠʮʠ 25 ʩʝ ʤʦʛʫ ʚʠʜʝʪʠ ʟʥʘʯʘʿʥʝ ʚʨʝʜʥʦʩʪʠ ʝʣʝʢʪʨʠʯʥʦʛ ʰʫʤʘ ʫ ʩʪʨʫʿʠ 

ʥʝʣʠʥʝʘʨʥʠʭ ʧʨʠʿʝʤʥʠʢʘ ʫ ʬʨʝʢʚʝʥʪʥʦʤ ʦʧʩʝʛʫ 15ï18 MHz, ʜʦʢ ʩʝ ʫ ʬʨʝʢʚʝʥʪʥʦʤ 

ʦʧʩʝʛʫ 22ï24 MHz ʿʘʚˀʘ ʩʘʤʦ ʰʫʤ ʢʦʿʠ ʧʦʪʠʯʝ ʦʜ ʩʪʨʫʿʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. 

ɸFD ʿʝʜʠʥʠʮʘ ʫʧʨʘʚʦ ʩʢʝʥʠʨʘˁʝʤ ʰʫʤʘ ʫ ʦʧʩʝʛʫ 22ï24 MHz ʧʨʦʚʝʨʘʚʘ ʜʦʧʫʥʩʢʠ 

ʢʨʠʪʝʨʠʿʫʤ ʢʘʦ ʧʦʪʚʨʜʫ ʟʘ ʧʦʿʘʚʫ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. 

 

 
ʉʣʠʢʘ 25. ʇʦʟʘʜʠʥʩʢʠ ʝʣʝʢʪʨʠʯʥʠ ʰʫʤ ʥʝʣʠʥʝʘʨʥʠʭ ʧʨʠʿʝʤʥʠʢʘ ʠ ʰʫʤ ʥʘʩʪʘʦ ʦʜ  ʨʝʜʥʦʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ 

 

1.5.6  ɼʠʿʘʛʨʘʤ ʩʘʤʦʪʝʩʪʠʨʘˁʘ AFDD ʢʦʤʧʦʥʝʥʪʝ 

 

ʊʨʝʙʘ ʠʩʪʘ˂ʠ ʜʘ 5SM6 AFDD ʢʦʤʧʦʥʝʥʪʘ ʠʤʘ ʦʧʮʠʿʫ ʩʘʤʦʪʝʩʪʠʨʘˁʘ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ (ʙʣʦʢ ʰʝʤʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 26). 
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ʉʣʠʢʘ 26. ɼʠʿʘʛʨʘʤ ʩʘʤʦʪʝʩʪʠʨʘˁʘ AFDD-ʘ 

 

ʉʘʤʦʪʝʩʪʠʨʘˁʝ ʩʝ ʘʫʪʦʤʘʪʩʢʠ ʧʦʢʨʝ˂ʝ ʥʘ ʩʚʘʢʠʭ 13 ʩʘʪʠ ʜʘ ʙʠ ʩʝ 

ʧʨʦʚʝʨʠʣʘ ʠʩʧʨʘʚʥʦʩʪ AFD ʿʝʜʠʥʠʮʝ. ʉʦʬʪʚʝʨ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʘ ʧʨʦʠʟʚʦʜʠ 

ʚʝʰʪʘʯʢʝ ʚʠʩʦʢʦʬʨʝʢʚʝʥʪʥʝ ʝʣʝʢʪʨʠʯʥʝ ʰʫʤʦʚʝ ʠ ʩʪʨʫʿʥʝ ʩʠʛʥʘʣʝ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ 

ʩʠʛʥʘʣʠʤʘ ʢʦʜ ʧʦʿʘʚʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. ʆʚʠ ʩʠʛʥʘʣʠ ʩʝ ʧʦʤʦ˂ʫ ʧʦʩʝʙʥʦʛ 

ʝʣʝʢʪʨʦʥʩʢʦʛ ʢʦʣʘ ʫʙʘʮʫʿʫ ʠʟʘ ɺʌ ʩʝʥʟʦʨʘ, ʦʜʥʦʩʥʦ ʩʪʨʫʿʥʦʛ ʩʝʥʟʦʨʘ, ʠ ʘʥʘʣʠʟʠ-

ʨʘʿʫ ʦʜ ʩʪʨʘʥʝ ʘʥʘʣʦʛʥʦʛ ʝʣʝʢʪʨʦʥʩʢʦʛ ʢʦʣʘ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʂʘʦ ʜʦʢʘʟ 

ʠʩʧʨʘʚʥʦʩʪʠ AFD ʿʝʜʠʥʠʮʝ ʦʯʝʢʫʿʝ ʩʝ ʜʘ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨ ʠʟʜʘ ʦʢʠʜʘʯʢʫ ʢʦʤʘʥʜʫ. 

ʉʣʘˁʝ ʦʢʠʜʘʯʢʦʛ ʩʠʛʥʘʣʘ ʘʫʪʦʤʘʪʩʢʦʤ ʧʨʝʢʠʜʘʯʫ ʿʝ ʫ ʪʦʢʫ ʪʝʩʪʘ ʦʥʝʤʦʛʫ˂ʝʥʦ 

ʢʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʦ ʩʪʚʘʨʥʦ ʦʢʠʜʘˁʝ AFDD ʢʦʤʧʦʥʝʥʪʝ ʟʘ ʚʨʝʤʝ ʩʘʤʦʪʝʩʪʠʨʘˁʘ. 

ʅʘʢʦʥ ʫʩʧʝʰʥʦ ʦʙʘʚˀʝʥʦʛ ʩʘʤʦʪʝʩʪʠʨʘˁʘ AFD ʿʝʜʠʥʠʮʝ, ʩʪʚʘʨʥʠ ʦʢʠʜʘʯʢʠ 

ʩʠʛʥʘʣ ʧʦʥʦʚʦ ʤʦʞʝ ʜʘ ʘʢʪʠʚʠʨʘ ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯ. ʋ ʩʣʫʯʘʿʫ ʜʘ ʩʝ ʜʦʙʠʿʝ 

ʥʝʛʘʪʠʚʘʥ ʨʝʟʫʣʪʘʪ ʩʘʤʦʪʝʩʪʠʨʘˁʘ, AFDD ʢʦʤʧʦʥʝʥʪʘ ˂ʝ ʩʝ ʪʨʝʥʫʪʥʦ ʠʩʢˀʫʯʠʪʠ 

(ʪʘʜʘ ʝʣʝʢʪʨʠʯʘʨ ʪʨʝʙʘ ʜʘ ʠʟʚʨʰʠ ˁʝʥʫ ʟʘʤʝʥʫ). ʎʠʢʣʫʩ ʩʘʤʦʪʝʩʪʠʨʘˁʘ ˂ʝ ʙʠʪʠ 

ʦʜʣʦʞʝʥ ʫʢʦʣʠʢʦ ʩʫ ʩʝ ʧʦʿʘʚʠʣʠ ʧʦʯʝʪʥʠ ʟʥʘʮʠ ʥʘʩʪʘʥʢʘ ʩʪʚʘʨʥʦʛ ʨʝʜʥʦʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʠʣʠ ʫʢʦʣʠʢʦ ʿʝ ʜʦʰʣʦ ʜʦ ʧʦʿʘʚʝ ʩʪʨʫʿʥʦʛ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ. 

 

1.5.7  ʇʦʨʝʹʝˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʟʘʰʪʠʪʥʠʭ ʢʦʤʧʦʥʝʥʪʠ 

 

ʂʘʢʦ ʙʠ ʩʝ ʫʧʦʨʝʜʠʣʝ ʧʨʝʜʥʦʩʪʠ ʩʘʚʨʝʤʝʥʠʭ ʟʘʰʪʠʪʥʠʭ ʢʦʤʧʦʥʝʥʪʠ 

(AFDD ʥʘ ʝʚʨʦʧʩʢʦʤ ʪʨʞʠʰʪʫ ʠ AFCI ʥʘ ʘʤʝʨʠʯʢʦʤ ʪʨʞʠʰʪʫ) ʫ ʦʜʥʦʩʫ ʥʘ 

ʢʣʘʩʠʯʥʝ ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ (ʪʦʧˀʠʚʠ ʫʤʝʪʘʢ, ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯ, FID 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

55 

 

ʩʢʣʦʧʢʘ...), ʫ ʪʘʙʝʣʠ 9 ʿʝ ʜʘʪ ʧʨʝʛʣʝʜ ʩʚʠʭ ʤʦʛʫ˂ʠʭ ʢʚʘʨʦʚʘ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ 

ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʠ ʢʦʿʝ ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ ʤʦʛʫ ʝʬʠʢʘʩʥʦ ʜʘ ʠʭ 

ʧʨʝʧʦʟʥʘʿʫ ʠ ʠʩʢˀʫʯʝ ʩʪʨʫʿʥʦ ʢʦʣʦ.  

 

ʊʘʙʝʣʘ 9. ʇʨʝʛʣʝʜ ʢʚʘʨʦʚʘ ʠ ʟʘʰʪʠʪʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʢʦʿʝ ʠʭ ʝʬʠʢʘʩʥʦ ʜʝʪʝʢʪʫʿʫ 

ʈʝʜʥʠ 

ʙʨʦʿ 

ɺʨʩʪʘ ʢʚʘʨʘ ʫ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ 

ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

ʄʦʛʫ˂ʥʦʩʪ ʜʝʪʝʢʮʠʿʝ ʢʚʘʨʘ ʧʦʤʦ˂ʫ 

ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ 

1 
ʂʨʘʪʘʢ ʩʧʦʿ (ʤʝʪʘʣʥʠ), ʬʘʟʘ-

ʬʘʟʘ 

ɸʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯ ʠ ʪʦʧˀʠʚʠ ʫʤʝʪʘʢ, 

AFDD (AFCI) 

2 
ʂʨʘʪʘʢ ʩʧʦʿ (ʤʝʪʘʣʥʠ), ʬʘʟʘ-

ʥʫʣʘ 

ɸʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯ ʠ ʪʦʧˀʠʚʠ ʫʤʝʪʘʢ, 

AFDD (AFCI) 

3 ʇʨʝʦʧʪʝʨʝ˂ʝˁʝ 
ɸʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯ, ʪʦʧˀʠʚʠ ʫʤʝʪʘʢ, 

AFDD (AFCI) 

4 

ʂʨʘʪʘʢ ʩʧʦʿ (ʤʝʪʘʣʥʠ), ʬʘʟʘ-

ʠʟʣʦʞʝʥʠ ʝʣʝʢʪʨʦʧʨʦʚʦʜʥʠ ʜʝʦ 

(ʢʫ˂ʠʰʪʝ) 

ɸʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯ ʠ ʪʦʧˀʠʚʠ ʫʤʝʪʘʢ, 

ɿʋɼʉ (FID ʩʢʣʦʧʢʘ), AFDD (AFCI) 

5 

ʂʨʘʪʘʢ ʩʧʦʿ, ʬʘʟʘ-ʠʟʣʦʞʝʥʠ 

ʝʣʝʢʪʨʦʧʨʦʚʦʜʥʠ ʜʝʦ (ʧʨʝʢʦ 

ʩʪʘʙʠʣʥʦʛ ʧʘʨʘʣʝʣʥʦʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ) 

ɸʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯ ʠ ʪʦʧˀʠʚʠ ʫʤʝʪʘʢ 

(ʤʦʛʫ ʜʘ ʦʜʨʝʘʛʫʿʫ ʥʝʜʦʚʦˀʥʦ ʙʨʟʦ, 

ʥʘʿʯʝʰ˂ʝ ʝʬʠʢʘʩʥʠʿʝ ʫ ʊN ʥʝʛʦ ʫ ʊʊ 

ʩʠʩʪʝʤʫ ʟʘʰʪʠʪʝ), ɿʋɼʉ, AFDD (AFCI) 

6 

ʂʨʘʪʘʢ ʩʧʦʿ, ʬʘʟʘ-ʠʟʣʦʞʝʥʠ 

ʝʣʝʢʪʨʦʧʨʦʚʦʜʥʠ ʜʝʦ (ʧʨʝʢʦ 

ʧʨʝʢʠʜʥʦʛ (ʠʥʪʝʨʤʠʪʝʥʪʥʦʛ) 

ʧʘʨʘʣʝʣʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ï 

ʚʘʨʥʠʯʝˁʝ 

ɸʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯ ʠ ʪʦʧˀʠʚʠ ʫʤʝʪʘʢ 

(ʤʘʣʘ ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʫʦʧʰʪʝ ʦʜʨʝʘʛʫʿʫ), 

ɿʋɼʉ (ʚʝ˂ʘ ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʝʬʠʢʘʩʥʦ 

ʦʜʨʝʘʛʫʿʝ ʫ ʊN ʥʝʛʦ ʫ ʊʊ ʩʠʩʪʝʤʫ ʟʘʰʪʠʪʝ), 

AFDD (AFCI) 

7 
ʇʘʨʘʣʝʣʘʥ ʩʪʘʙʠʣʘʥ 

ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ (ʬʘʟʘ-ʬʘʟʘ) 

ɸʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯ ʠ ʪʦʧˀʠʚʠ ʫʤʝʪʘʢ, 

AFDD (AFCI) 

8 

ʇʘʨʘʣʝʣʘʥ ʩʪʘʙʠʣʘʥ 

ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ (ʬʘʟʘ-ʥʫʣʘ, 

ʥʫʣʘ-ʟʘʰʪʠʪʥʠ ʧʨʦʚʦʜʥʠʢ) 

ɸʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯ ʠ ʪʦʧˀʠʚʠ ʫʤʝʪʘʢ, 

AFDD (AFCI) 

9 

ʇʘʨʘʣʝʣʘʥ ʧʨʝʢʠʜʥʠ 

(ʠʥʪʝʨʤʠʪʝʥʪʥʠ) ʝʣʝʢʪʨʠʯʥʠ 

ʣʫʢ (ʬʘʟʘ-ʬʘʟʘ) ï ʚʘʨʥʠʯʝˁʝ 

ɸʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯ ʠ ʪʦʧˀʠʚʠ ʫʤʝʪʘʢ 

(ʤʘʣʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʦʜʨʝʘʛʫʿʫ),  

AFDD (AFCI) 

10 

ʇʘʨʘʣʝʣʘʥ ʧʨʝʢʠʜʥʠ 

(ʠʥʪʝʨʤʠʪʝʥʪʥʠ) ʝʣʝʢʪʨʠʯʥʠ 

ʣʫʢ (ʬʘʟʘ-ʥʫʣʘ, ʥʫʣʘ-ʟʘʰʪʠʪʥʠ 

ʧʨʦʚʦʜʥʠʢ) ï ʚʘʨʥʠʯʝˁʝ 

ɸʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯ ʠ ʪʦʧˀʠʚʠ ʫʤʝʪʘʢ 

(ʤʘʣʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʦʜʨʝʘʛʫʿʫ),  

AFDD (AFCI) 

11 

ʈʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ï 

ʩʪʘʙʠʣʘʥ (ʥʘ ʬʘʟʥʦʤ, 

ʥʝʫʪʨʘʣʥʦʤ ʠʣʠ ʟʘʰʪʠʪʥʦʤ 

ʧʨʦʚʦʜʥʠʢʫ) 

AFDD (AFCI) 

12 

ʈʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ï 

ʥʝʩʪʘʙʠʣʘʥ (ʥʘ ʬʘʟʥʦʤ, 

ʥʝʫʪʨʘʣʥʦʤ ʠʣʠ ʟʘʰʪʠʪʥʦʤ 

ʧʨʦʚʦʜʥʠʢʫ) 

AFDD (AFCI) 

13  
ʃʆʐ ɽʃɽʂʊʈʀʏʅʀ 

ʂʆʅʊɸʂʊ 
ʅɽʄɸ ɼɽʊɽʂʎʀɱɽ! 

 

ɸʥʘʣʠʟʦʤ ʧʦʜʘʪʘʢʘ ʧʨʝʜʩʪʘʚˀʝʥʠʭ ʫ ʪʘʙʝʣʠ 9 ʤʦʞʝ ʩʝ ʠʟʚʝʩʪʠ ʿʝʜʥʦʩʪʘʚʘʥ 

ʟʘʢˀʫʯʘʢ ʜʘ ʧʦʩʪʦʿʝ˂ʝ ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ ʥʝ ʤʦʛʫ ʜʘ ʧʨʫʞʝ ʟʘʰʪʠʪʫ ʦʜ ʣʦʰʝʛ 
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ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ. ʉʘʚʨʝʤʝʥʝ ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ ʧʨʫʞʘʿʫ ʧʦʫʟʜʘʥʫ 

ʟʘʰʪʠʪʫ ʦʜ ʩʚʠʭ ʦʩʪʘʣʠʭ ʚʨʩʪʘ ʢʚʘʨʦʚʘ. 

 

1.6 ʈʝʛʫʣʘʪʠʚʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʚʝʨʠʬʠʢʘʮʠʿʫ ʢʚʘʣʠʪʝʪʘ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ  

 

ɱʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ ʜʦʢʫʤʝʥʘʪʘ ʢʦʿʠ, ʠʟʤʝʹʫ ʦʩʪʘʣʦʛ, ʜʝʬʠʥʠʰʝ ʦʙʣʘʩʪ 

ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʿʝ ʇʨʘʚʠʣʥʠʢ ʦ 

ʪʝʭʥʠʯʢʠʤ ʥʦʨʤʘʪʠʚʠʤʘ ʟʘ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʥʠʩʢʦʛ ʥʘʧʦʥʘ [28]. ɳʠʤʝ ʩʝ 

ʧʨʦʧʠʩʫʿʫ: 

- ʩʚʦʿʩʪʚʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʨʝʹʘʿʘ ʠ ʦʧʨʝʤʝ ʟʘ ʠʟʚʦʹʝˁʝ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ, 

- ʫʩʣʦʚʠ ʠ ʟʘʭʪʝʚʠ ʢʦʿʠ ʤʦʨʘʿʫ ʙʠʪʠ ʠʩʧʫˁʝʥʠ ʧʨʠ ʠʟʚʦʹʝˁʫ ʠ ʢʦʨʠʰ˂ʝˁʫ 

ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ, 

- ʦʟʥʘʯʘʚʘˁʝ ʠ ʦʙʝʣʝʞʘʚʘˁʝ ʫʨʝʹʘʿʘ, ʦʧʨʝʤʝ ʠ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʢʦʿʠ 

ʫʪʠʯʫ ʥʘ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʘʰʪʠʪʫ ʞʠʚʦʪʘ ʠ ʟʜʨʘʚˀʘ ʧʨʠ ʢʦʨʠʰ˂ʝˁʫ 

ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ, 

- ʪʝʭʥʠʯʢʝ ʤʝʨʝ ʟʘʰʪʠʪʝ ʧʨʠ ʢʦʨʠʰ˂ʝˁʫ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ, 

- ʧʦʩʪʫʧʘʢ ʠ ʥʘʯʠʥ ʢʦʥʪʨʦʣʠʩʘˁʘ ʠ ʚʝʨʠʬʠʢʘʮʠʿʝ ʧʨʦʧʠʩʘʥʠʭ ʩʚʦʿʩʪʘʚʘ, 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʢʚʘʣʠʪʝʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ. 

ɿʘ ʦʙʣʘʩʪ ʢʦʿʘ ʩʝ ʦʙʨʘʹʫʿʝ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʦʜ ʧʦʩʝʙʥʦʛ 

ʠʥʪʝʨʝʩʘ ʿʝ ʜʝʦ ʥʘʚʝʜʝʥʦʛ ʧʨʘʚʠʣʥʠʢʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʦʩʪʫʧʘʢ ʠ ʥʘʯʠʥ 

ʢʦʥʪʨʦʣʠʩʘˁʘ ʠ ʚʝʨʠʬʠʢʘʮʠʿʝ ʧʨʦʧʠʩʘʥʠʭ ʩʚʦʿʩʪʘʚʘ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʢʚʘʣʠʪʝʪʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ. ʋ ʯʣʘʥʫ 189. ʇʨʘʚʠʣʥʠʢʘ ʥʘʛʣʘʰʝʥʦ ʿʝ ʩʣʝʜʝ˂ʝ: Ăʉʚʘʢʘ 

ʝʣʝʢʪʨʠʯʥʘ ʠʥʩʪʘʣʘʮʠʿʘ ʤʦʨʘ ʪʦʢʦʤ ʧʦʩʪʘʚˀʘˁʘ ʠ/ʠʣʠ ʢʘʜʘ ʿʝ ʟʘʚʨʰʝʥʘ, ʘʣʠ ʧʨʝ 

ʧʨʝʜʘʿʝ ʢʦʨʠʩʥʠʢʫ, ʙʠʪʠ ʧʨʝʛʣʝʜʘʥʘ ʠ ʠʩʧʠʪʘʥʘ ʫ ʩʢʣʘʜʫ ʩʘ ʦʜʨʝʜʙʘʤʘ ʦʚʦʛ 

ʧʨʘʚʠʣʥʠʢʘ.ñ ʋ ʯʣʘʥʫ 191 ʿʝ ʥʘʚʝʜʝʥʦ: Ăɸʢʦ ʩʝ ʝʣʝʢʪʨʠʯʥʘ ʠʥʩʪʘʣʘʮʠʿʘ ʤʝˁʘ, 

ʤʦʨʘ ʩʝ ʧʨʦʚʝʨʠʪʠ ʠ ʠʩʧʠʪʘʪʠ ʜʘ ʣʠ ʿʝ ʠʟʤʝˁʝʥʘ ʠʥʩʪʘʣʘʮʠʿʘ ʫ ʩʢʣʘʜʫ ʩʘ 

ʦʜʨʝʜʙʘʤʘ ʦʚʦʛ ʧʨʘʚʠʣʥʠʢʘ.ñ 

ʇʨʝʤʘ ʦʚʦʤ ʧʨʘʚʠʣʥʠʢʫ, ʨʘʟʣʠʢʫʿʫ ʩʝ: 

- ʧʨʦʚʝʨʘ ʚʠʟʫʝʣʥʠʤ ʧʨʝʛʣʝʜʦʤ, ʠ  

- ʠʩʧʠʪʠʚʘˁʝ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʝʣʝʢʪʨʠʯʥʠʤ ʤʝʨʝˁʠʤʘ. 
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1.6.1 ʇʨʦʚʝʨʘ ʚʠʟʫʝʣʥʠʤ ʧʨʝʛʣʝʜʦʤ  

 

ʇʨʦʚʝʨʘ ʚʠʟʫʝʣʥʠʤ ʧʨʝʛʣʝʜʦʤ [28] ʚʨʰʠ ʩʝ ʢʘʜʘ ʿʝ ʝʣʝʢʪʨʠʯʥʘ ʠʥʩʪʘʣʘʮʠʿʘ 

ʫ ʙʝʟʥʘʧʦʥʩʢʦʤ ʩʪʘˁʫ, ʘ ʩʘʩʪʦʿʠ ʩʝ ʫ ʧʨʦʚʝʨʠ: 

- ʟʘʰʪʠʪʝ ʦʜ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ, ʢʦʿʘ ʫʢˀʫʯʫʿʝ ʤʝʨʝˁʝ ʙʝʟʙʝʜʥʦʩʥʠʭ ʨʘʟʤʘʢʘ 

ʢʘʜʘ ʿʝ ʟʘʰʪʠʪʘ ʠʟʚʝʜʝʥʘ ʧʨʝʧʨʝʢʘʤʘ, ʢʫ˂ʠʰʪʠʤʘ, ʧʨʝʛʨʘʜʘʤʘ ʠʣʠ 

ʧʦʩʪʘʚˀʘˁʝʤ ʦʧʨʝʤʝ ʚʘʥ ʜʦʭʚʘʪʘ ʨʫʢʝ, 

- ʠʩʧʨʘʚʥʦʩʪʠ ʠʟʙʦʨʘ ʟʘʰʪʠʪʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʠ ʫʨʝʹʘʿʘ, 

- ʧʨʝʧʦʟʥʘʚʘˁʘ ʬʘʟʥʠʭ, ʥʝʫʪʨʘʣʥʦʛ ʠ ʟʘʰʪʠʪʥʦʛ ʧʨʦʚʦʜʥʠʢʘ, 

- ʧʦʩʪʦʿʘˁʘ ʝʣʝʢʪʨʠʯʥʠʭ ʰʝʤʘ ʠ ʪʘʙʣʠʮʘ ʩʘ ʫʧʦʟʦʨʝˁʠʤʘ ʫ ʨʘʟʚʦʜʥʠʤ 

ʦʨʤʘʥʠʤʘ, 

- ʧʨʝʧʦʟʥʘʚʘˁʘ ʩʪʨʫʿʥʠʭ ʢʦʣʘ, ʦʩʠʛʫʨʘʯʘ, ʧʨʝʢʠʜʘʯʘ, ʩʪʝʟʘˀʢʠ ʠ ʜʨʫʛʝ 

ʦʧʨʝʤʝ, ʠ 

- ʩʧʦʿʝʚʘ ʧʨʦʚʦʜʥʠʢʘ ʫ ʨʘʟʚʦʜʥʠʤ ʢʫʪʠʿʘʤʘ, ʨʘʟʚʦʜʥʠʤ ʦʨʤʘʥʠʤʘ ʠʪʜ.  

 

1.6.2 ʀʩʧʠʪʠʚʘˁʝ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʝʣʝʢʪʨʠʯʥʠʤ ʤʝʨʝˁʠʤʘ 
 

ʀʩʧʠʪʠʚʘˁʝ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʝʣʝʢʪʨʠʯʥʠʤ ʤʝʨʝˁʠʤʘ ʧʦʜʨʘʟʫʤʝʚʘ 

[28]: 

- ʧʨʦʚʝʨʫ ʥʝʧʨʝʢʠʜʥʦʩʪʠ ʟʘʰʪʠʪʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʧʨʦʚʦʜʥʠʢʘ ʟʘ 

ʠʟʿʝʜʥʘʯʝˁ ʝ ʧʦʪʝʥʮʠʿʘʣʘ, 

- ʧʨʦʚʝʨʫ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ ʠʟʦʣʘʮʠʿʝ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ, 

- ʧʨʦʚʝʨʫ ʟʘʰʪʠʪʝ ʦʜʚʘʿʘˁʝʤ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ, 

- ʧʨʦʚʝʨʫ ʝʬʠʢʘʩʥʦʩʪʠ ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ ʘʫʪʦʤʘʪʩʢʠʤ ʠʩʢˀʫʯʝˁʝʤ ʥʘʧʘʿʘˁʘ, 

ʠ 

- ʧʨʦʚʝʨʫ ʜʦʧʫʥʩʢʦʛ ʠʟʿʝʜʥʘʯʝˁ ʘ ʧʦʪʝʥʮʠʿʘʣʘ. 

ʇʦʰʪʦ ʩʫ ʥʘʧʨʝʜ ʥʘʚʝʜʝʥʠ ʧʨʘʚʠʣʥʠʢ ʠ ʧʨʘʪʝ˂ʠ ʩʪʘʥʜʘʨʜʠ ʚʝʦʤʘ ʟʘʩʪʘʨʝʣʠ 

(ʩʪʘʨʠ ʚʠʰʝ ʦʢʦ ʪʨʠ ʜʝʮʝʥʠʿʝ), ʀʥʩʪʠʪʫʪ ʟʘ ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʫ ʉʨʙʠʿʝ ʠʟʜʘʦ ʿʝ 

ʩʪʘʥʜʘʨʜ [27], ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʫʧʨʘʚʦ ʥʘ ʧʨʝʛʣʝʜʝ ʠ ʠʩʧʠʪʠʚʘˁʘ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ. ʅʘʧʦʤʝʥʠʤʦ ʠ ʜʘ ʅʘʮʨʪ ʥʦʚʦʛ ʧʨʘʚʠʣʥʠʢʘ ʦ ʪʝʭʥʠʯʢʠʤ ʟʘʭʪʝʚʠʤʘ ʟʘ 

ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʥʠʩʢʦʛ ʥʘʧʦʥʘ ʛʦʜʠʥʘʤʘ ʯʝʢʘ ʥʘ ʫʩʚʘʿʘˁʝ, ʘ ʦʥ ʩʝ ʧʦ 

ʧʠʪʘˁʫ ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʫʧʨʘʚʦ 

ʧʦʟʠʚʘ ʥʘ (ʥʦʚʠ) ʩʪʘʥʜʘʨʜ [27]. 
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ʉʪʘʥʜʘʨʜ [27] ʦʜʨʝʹʫʿʝ ʟʘʭʪʝʚʝ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʦʯʝʪʥʫ ʠ ʧʝʨʠʦʜʠʯʥʝ 

ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ. ʋ ʧʨʚʦʤ ʜʝʣʫ 

ʉʪʘʥʜʘʨʜʘ ʜʝʬʠʥʠʩʘʥʠ ʩʫ ʟʘʭʪʝʚʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʦʯʝʪʥʫ ʚʝʨʠʬʠʢʘʮʠʿʫ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʚʠʟʫʝʣʥʠʤ ʧʨʝʛʣʝʜʦʤ ʠ ʝʣʝʢʪʨʠʯʥʠʤ ʤʝʨʝˁʠʤʘ, ʢʘʦ ʠ 

ʥʘʯʠʥ ʠʟʚʝʰʪʘʚʘˁʘ ʦ ʨʝʟʫʣʪʘʪʠʤʘ ʧʦʯʝʪʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ. ʇʦʯʝʪʥʘ ʚʝʨʠʬʠʢʘʮʠʿʘ 

ʩʝ ʠʟʚʦʜʠ ʥʘʢʦʥ ʢʦʤʧʣʝʪʠʨʘˁʘ ʥʦʚʝ ʠʥʩʪʘʣʘʮʠʿʝ ʠʣʠ ʢʦʤʧʣʝʪʠʨʘˁʘ ʜʦʧʫʥʘ ʠʣʠ 

ʠʟʤʝʥʘ ʫ ʧʦʩʪʦʿʝ˂ʦʿ ʠʥʩʪʘʣʘʮʠʿʠ. ʋ ʜʨʫʛʦʤ ʜʝʣʫ ʉʪʘʥʜʘʨʜʘ ʜʝʬʠʥʠʩʘʥʠ ʩʫ ʟʘʭʪʝʚʠ 

ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ (ʢʘʢʦ ʙʠ ʩʝ 

ʫʪʚʨʜʠʣʦ ʜʘ ʣʠ ʩʫ ʩʚʠ ˁʝʥʠ ʝʣʝʤʝʥʪʠ ʫ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝʤ ʩʪʘˁʫ ʟʘ ʜʘˀʫ ʫʧʦʪʨʝʙʫ), 

ʢʘʦ ʠ ʥʘʯʠʥ ʠʟʚʝʰʪʘʚʘˁʘ ʦ ʨʝʟʫʣʪʘʪʠʤʘ ʩʚʘʢʝ ʧʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ. 

 

1.6.3 ʇʦʯʝʪʥʘ ʚʝʨʠʬʠʢʘʮʠʿʘ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ 

 

ɺʠʟʫʝʣʥʠ ʧʨʝʛʣʝʜ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʧʨʠʣʠʢʦʤ ˁʠʭʦʚʝ ʧʦʯʝʪʥʝ 

ʚʝʨʠʬʠʢʘʮʠʿʝ ʫʦʙʠʯʘʿʝʥʦ ʩʝ ʚʨʰʠ ʫ ʙʝʟʥʘʧʦʥʩʢʦʤ ʩʪʘˁʫ ʠ ʫʚʝʢ ʧʨʝʪʭʦʜʠ 

ʠʩʧʠʪʠʚʘˁʫ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʝʣʝʢʪʨʠʯʥʠʤ ʤʝʨʝˁʠʤʘ. ʇʨʝʛʣʝʜ ʩʝ ʤʦʨʘ 

ʦʙʘʚʠʪʠ ʜʘ ʙʠ ʩʝ ʫʪʚʨʜʠʣʦ ʜʘ ʣʠ ʿʝ ʝʣʝʢʪʨʠʯʥʘ ʦʧʨʝʤʘ ʢʦʿʘ ʿʝ ʜʝʦ ʬʠʢʩʥʝ 

ʠʥʩʪʘʣʘʮʠʿʝ [27]: 

- ʫ ʩʢʣʘʜʫ ʩʘ ʟʘʭʪʝʚʠʤʘ ʟʘ ʙʝʟʙʝʜʥʦʩʪ ʠʟ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʩʪʘʥʜʘʨʜʘ ʟʘ ʦʧʨʝʤʫ, 

- ʠʩʧʨʘʚʥʦ ʠʟʘʙʨʘʥʘ ʠ ʧʦʩʪʘʚˀʝʥʘ ʧʨʝʤʘ IEC 60364 ʠ ʫʧʫʪʩʪʚʠʤʘ 

ʧʨʦʠʟʚʦʹʘʯʘ, 

- ʚʠʜˀʠʚʦ ʦʰʪʝ˂ʝʥʘ ʪʦʣʠʢʦ ʜʘ ʙʠ ʤʦʛʣʘ ʜʘ ʫʛʨʦʟʠ ʙʝʟʙʝʜʥʦʩʪ ʢʦʨʠʩʥʠʢʘ 

ʦʙʿʝʢʪʘ. 

ʇʨʝʛʣʝʜʦʤ ʤʦʨʘ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʠ ʩʣʝʜʝ˂ʝ (ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʫ ʢʦʿʠʤʘ ʿʝ ʪʦ 

ʨʝʣʝʚʘʥʪʥʦ): 

- ʩʠʩʪʝʤʠ ʟʘʰʪʠʪʝ ʦʜ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ, 

- ʧʨʠʩʫʩʪʚʦ ʧʨʦʪʠʚʧʦʞʘʨʥʠʭ ʧʨʝʛʨʘʜʘ ʠ ʦʩʪʘʣʠʭ ʤʝʨʘ ʧʨʝʜʦʩʪʨʦʞʥʦʩʪʠ ʟʘ 

ʩʧʨʝʯʘʚʘˁʝ ʙʨʟʦʛ ʰʠʨʝˁʘ ʧʦʞʘʨʘ, 

- ʠʟʙʦʨ ʧʨʦʚʦʜʥʠʢʘ ʧʨʝʤʘ ʤʘʢʩʠʤʘʣʥʦʿ ʪʨʘʿʥʦ ʜʦʟʚʦˀʝʥʦ ʿ ʩʪʨʫʿʠ ʠ ʧʘʜʫ 

ʥʘʧʦʥʘ, 

- ʠʟʙʦʨ ʠ ʧʦʜʝʰʘʚʘˁʝ ʟʘʰʪʠʪʥʠʭ ʫʨʝʹʘʿʘ ʠ ʫʨʝʹʘʿʘ ʟʘ ʥʘʜʛʣʝʜʘˁʝ, 
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- ʧʨʠʩʫʩʪʚʦ ʠ ʠʩʧʨʘʚʥʦʩʪ ʧʦʣʦʞʘʿʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʫʨʝʹʘʿʘ ʟʘ ʨʘʩʪʘʚˀʘˁʝ ʠ 

ʨʘʩʢʣʘʧʘˁʝ, 

- ʠʟʙʦʨ ʦʧʨʝʤʝ ʠ ʟʘʰʪʠʪʥʠʭ ʤʝʨʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʧʦˀʘʰˁʠʭ ʫʪʠʮʘʿʘ, 

- ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʝʫʪʨʘʣʥʠʭ ʠ ʟʘʰʪʠʪʥʠʭ ʧʨʦʚʦʜʥʠʢʘ, 

- ʧʨʠʩʫʩʪʚʦ ʰʝʤʘ, ʫʧʦʟʦʨʘʚʘʿʫ˂ʠʭ ʦʙʘʚʝʰʪʝˁʘ ʠ ʩʣʠʯʥʦ, 

- ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʩʪʨʫʿʥʠʭ ʢʦʣʘ, ʫʨʝʹʘʿʘ ʟʘ ʟʘʰʪʠʪʫ ʦʜ ʧʨʝʢʦʤʝʨʥʠʭ ʩʪʨʫʿʘ, 

ʧʨʝʢʠʜʘʯʘ, ʧʨʠʢˀʫʯʘʢʘ ʠʪʜ., 

- ʧʨʠʩʫʩʪʚʦ ʟʘʰʪʠʪʥʠʭ ʧʨʦʚʦʜʥʠʢʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʧʨʦʚʦʜʥʠʢʝ ʛʣʘʚʥʦʛ ʠ 

ʜʦʧʫʥʩʢʦʛ ʠʟʿʝʜʥʘʯʝˁ ʘ ʧʦʪʝʥʮʠʿʘʣʘ, 

- ʧʨʠʩʪʫʧʘʯʥʦʩʪ ʦʧʨʝʤʠ (ʨʘʟʚʦʜʥʠʤ ʦʨʤʘʥʠʤʘ, ʧʨʝʢʠʜʘʯʠʤʘ ʠ ʩʣ.). 

ʇʨʠʣʠʢʦʤ ʠʩʧʠʪʠʚʘˁʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʝʣʝʢʪʨʠʯʥʠʤ ʤʝʨʝˁʠʤʘ 

ʤʝʨʥʠ ʠʥʩʪʨʫʤʝʥʪʠ (ʤʝʪʦʜʝ ʤʝʨʝˁʘ) ʤʦʨʘʿʫ ʟʘʜʦʚʦˀʘʚʘʪʠ ʩʪʘʥʜʘʨʜ IEC 61557. 

ʀʩʧʠʪʠʚʘˁʝ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʧʦʞʝˀʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʧʦ ʩʣʝʜʝ˂ʝʤ 

ʨʝʜʦʩʣʝʜʫ [27]: 

- ʥʝʧʨʝʢʠʜʥʦʩʪ ʟʘʰʪʠʪʥʠʭ ʧʨʦʚʦʜʥʠʢʘ,  

- ʦʪʧʦʨʥʦʩʪ ʠʟʦʣʘʮʠʿʝ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ, 

- ʟʘʰʪʠʪʘ ʘʫʪʦʤʘʪʩʢʠʤ ʧʨʝʢʠʜʘˁʝʤ ʥʘʧʘʿʘˁʘ (ʤʝʨʝˁʝʤ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ 

ʢʚʘʨʘ, ʧʨʦʚʝʨʦʤ ʥʘʟʠʚʥʝ ʩʪʨʫʿʝ ʠ ʪʠʧʘ ʦʩʠʛʫʨʘʯʘ/ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʢʠʜʘʯʘ, 

ʠʩʧʠʪʠʚʘˁʝʤ ʟʘʰʪʠʪʥʦʛ ʫʨʝʹʘʿʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʩʪʨʫʿʝ (FID ʩʢʣʦʧʢʝ), 

ʤʝʨʝˁʝʤ ʦʪʧʦʨʥʦʩʪʠ ʫʟʝʤˀʠʚʘʯʘ ʫ ʊʊ ʩʠʩʪʝʤʫ ʟʘʰʪʠʪʝ ʠʪʜ.), 

- ʠʩʧʠʪʠʚʘˁʝ ʧʦʣʘʨʠʪʝʪʘ (ʚʨʰʠ ʩʝ ʪʘʤʦ ʛʜʝ ʧʨʘʚʠʣʘ ʟʘʙʨʘˁʫʿʫ ʜʘ ʩʝ ʫ 

ʥʝʫʪʨʘʣʥʠ ʧʨʦʚʦʜʥʠʢ ʠʥʩʪʘʣʠʨʘʿʫ ʿʝʜʥʦʧʦʣʥʠ ʨʘʩʢʣʦʧʥʠ ʫʨʝʹʘʿʠ, ʰʪʦ 

ʟʥʘʯʠ ʜʘ ʩʝ ʦʚʠʤ ʠʩʧʠʪʠʚʘˁʝʤ ʚʝʨʠʬʠʢʫʿʝ ʜʘ ʩʫ ʦʚʘʢʚʠ ʫʨʝʹʘʿʠ ʧʦʚʝʟʘʥʠ 

ʩʘʤʦ ʫ ʬʘʟʥʠʤ ʧʨʦʚʦʜʥʠʮʠʤʘ), 

- ʧʨʦʚʝʨʘ ʨʝʜʦʩʣʝʜʘ ʬʘʟʘ (ʟʘ ʚʠʰʝʬʘʟʥʘ ʢʦʣʘ), 

- ʠʩʧʠʪʠʚʘˁʝ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʩʢʣʦʧʦʚʘ, ʨʘʩʢʣʦʧʥʠʭ ʙʣʦʢʦʚʘ, ʧʦʛʦʥʘ, 

ʫʧʨʘʚˀʘʯʢʠʭ ʢʦʣʘ ʠ ʙʣʦʢʘʜʘ ʨʘʜʠ ʚʝʨʠʬʠʢʘʮʠʿʝ ˁʠʭʦʚʦʛ ʠʩʧʨʘʚʥʦʛ 

ʤʦʥʪʠʨʘˁʘ, ʧʦʜʝʰʘʚʘˁʘ ʠ ʠʥʩʪʘʣʠʨʘˁʘ ʧʨʝʤʘ ʟʘʭʪʝʚʠʤʘ ʧʨʦʠʟʚʦʹʘʯʘ 

ʦʧʨʝʤʝ, 

- ʚʝʨʠʬʠʢʘʮʠʿʘ ʧʘʜʘ ʥʘʧʦʥʘ (ʧʨʦʮʝʥʘ ʤʝʨʝˁʝʤ ʠʤʧʝʜʘʥʩʝ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʣʘ 

ʠʣʠ ʧʦʤʦ˂ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʜʠʿʘʛʨʘʤʘ ʧʘʜʦʚʘ ʥʘʧʦʥʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʜʫʞʠʥʝ, ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʠ ʩʪʨʫʿʝ ʦʧʪʝʨʝ˂ʝˁʘ ʧʨʦʚʦʜʥʠʢʘ). 
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ʇʦʯʝʪʥʠ ʠʟʚʝʰʪʘʿ ʦ ʚʝʨʠʬʠʢʘʮʠʿʠ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʤʦʨʘ ʜʘ 

ʫʢˀʫʯʠ ʟʘʧʠʩʝ ʦ ʚʠʟʫʝʣʥʠʤ ʧʨʝʛʣʝʜʠʤʘ ʠ ʦ ʨʝʟʫʣʪʘʪʠʤʘ ʠʩʧʠʪʠʚʘˁʘ ʝʣʝʢʪʨʠʯʥʠʤ 

ʤʝʨʝˁʠʤʘ. ʆʩʠʤ ʪʦʛʘ, ʦʥ ʪʨʝʙʘ ʜʘ ʩʘʜʨʞʠ ʧʨʝʧʦʨʫʢʫ ʟʘ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ 

ʠʟʤʝʹʫ ʧʦʯʝʪʥʝ ʠ ʧʨʚʝ ʧʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ. ʋ ʥʝʢʠʤ ʜʨʞʘʚʘʤʘ (ʘʣʠ ʥʝ ʠ ʢʦʜ 

ʥʘʩ), ʚʨʝʤʝ ʠʟʤʝʹʫ ʧʦʯʝʪʥʝ ʠ ʧʨʚʝ ʧʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʜʝʬʠʥʠʩʘʥʦ ʿʝ 

ʟʘʢʦʥʩʢʠʤ ʠʣʠ ʜʨʫʛʠʤ ʥʘʮʠʦʥʘʣʥʠʤ ʜʦʢʫʤʝʥʪʠʤʘ. ʀʟʚʝʰʪʘʿ ʤʦʨʘʿʫ ʧʦʪʧʠʩʘʪʠ 

ʦʩʦʙʝ ʢʦʿʝ ʩʫ ʦʚʣʘʰ˂ʝʥʝ ʠʣʠ ʢʦʤʧʝʪʝʥʪʥʝ ʟʘ ʚʨʰʝˁʝ ʚʝʨʠʬʠʢʘʮʠʿʘ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ. 

 

1.6.4 ʇʝʨʠʦʜʠʯʥʘ ʚʝʨʠʬʠʢʘʮʠʿʘ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ  

 

ʇʝʨʠʦʜʠʯʥʘ ʚʝʨʠʬʠʢʘʮʠʿʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ˁʠʭʦʚʫ 

ʜʝʪʘˀʥʫ ʚʝʨʠʬʠʢʘʮʠʿʫ ʙʝʟ ʜʝʤʦʥʪʘʞʝ ʠʣʠ ʩʘ ʜʝʣʠʤʠʯʥʦʤ ʜʝʤʦʥʪʘʞʦʤ. ʋ ʦʢʚʠʨʫ 

ʧʝʨʠʦʜʠʯʥʠʭ ʚʝʨʠʬʠʢʘʮʠʿʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʩʧʨʦʚʦʜʠ ʩʝ ʠ ʦʜʨʝʹʝʥ ʙʨʦʿ 

ʠʩʧʠʪʠʚʘˁʘ ʢʦʿʘ ʩʝ ʚʨʰʝ ʠ ʧʨʠʣʠʢʦʤ ʧʦʯʝʪʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ. ʉʚʨʭʘ ʧʝʨʠʦʜʠʯʥʝ 

ʚʝʨʠʬʠʢʘʮʠʿʝ ʿʝ ʜʘ ʦʩʠʛʫʨʘ: 

- ʙʝʟʙʝʜʥʦʩʪ ʢʦʨʠʩʥʠʢʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʦʜ ʝʬʝʢʘʪʘ ʝʣʝʢʪʨʠʯʥʦʛ 

ʫʜʘʨʘ ʠ ʦʧʝʢʦʪʠʥʘ, 

- ʟʘʰʪʠʪʫ ʦʜ ʦʰʪʝ˂ʝˁʘ ʦʙʿʝʢʪʘ ʚʘʪʨʦʤ ʠʣʠ ʪʦʧʣʦʪʦʤ ʢʦʿʘ ʥʘʩʪʘʿʝ ʥʘ ʤʝʩʪʠʤʘ 

ʥʘ ʢʦʿʠʤʘ ʩʝ ʧʦʿʘʚʠʦ ʢʚʘʨ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ, 

- ʧʦʪʚʨʜʫ ʜʘ ʠʥʩʪʘʣʘʮʠʿʘ ʥʠʿʝ ʦʰʪʝ˂ʝʥʘ ʠʣʠ ʪʦʣʠʢʦ ʦʩʣʘʙˀʝʥʘ ʜʘ ʿʝ ʫʤʘʝˁʥʘ 

ʙʝʟʙʝʜʥʦʩʪ ʢʦʨʠʩʥʠʢʘ, ʠ 

- ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʢʚʘʨʦʚʘ ʥʘ ʠʥʩʪʘʣʘʮʠʿʠ ʠ ʦʜʩʪʫʧʘˁʘ ʢʦʿʘ ʩʫ ʥʘʩʪʘʣʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʦʯʝʪʥʫ ʚʝʨʠʬʠʢʘʮʠʿʫ. 

ʇʨʠʣʠʢʦʤ ʚʨʰʝˁʘ ʧʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʤʦʨʘʿʫ ʩʝ ʧʨʝʜʫʟʝʪʠ ʤʝʨʝ 

ʧʨʝʜʦʩʪʨʦʞʥʦʩʪʠ ʜʘ ʥʝ ʙʠ ʜʦʰʣʦ ʜʦ ʧʦʿʘʚʝ ʦʧʘʩʥʠʭ ʩʠʪʫʘʮʠʿʘ ʟʘ ˀʫʜʝ, ʥʠʪʠ ʜʦ 

ʦʰʪʝ˂ʝˁʘ ʧʨʠʢˀʫʯʝʥʝ ʦʧʨʝʤʝ. ʄʝʨʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʪʘʢʦʹʝ ʤʦʨʘʿʫ ʙʠʪʠ ʠʟʘʙʨʘʥʠ 

ʧʨʝʤʘ ʨʝʣʝʚʘʥʪʥʠʤ ʜʝʣʦʚʠʤʘ ʩʪʘʥʜʘʨʜʘ IEC 61557. ʉʚʘʢʦ ʜʝʪʝʢʪʦʚʘʥʦ ʦʰʪʝ˂ʝˁʝ, 

ʧʦʛʦʨʰʘˁʝ ʠʣʠ ʢʚʘʨ ʤʦʨʘ ʩʝ ʥʘʚʝʩʪʠ ʫ ʠʟʚʝʰʪʘʿʫ. ɺʝʨʠʬʠʢʘʮʠʿʫ ʤʦʛʫ ʜʘ ʚʨʰʝ 

ʩʘʤʦ ʩʪʨʫʯʥʝ ʠ ʦʙʫʯʝʥʝ ʦʩʦʙʝ. 

ʋʯʝʩʪʘʣʦʩʪ ʧʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʪʨʝʙʘ ʜʘ ʩʝ ʦʜʨʝʜʠ ʧʦʰʪʦ ʩʝ ʫʟʤʫ ʫ 

ʦʙʟʠʨ ʪʠʧ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʠ ʦʧʨʝʤʝ, ʫʩʣʦʚʠ ʫ ʢʦʿʠʤʘ ʩʝ ʦʥʘ ʢʦʨʠʩʪʠ, 
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ʢʚʘʣʠʪʝʪ ʦʜʨʞʘʚʘˁʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ, ʢʘʦ ʠ ʩʧʦˀʘʰˁʠ ʫʪʠʮʘʿʠ ʢʦʿʠʤʘ ʿʝ 

ʧʦʜʚʨʛʥʫʪʘ. 

ʋ ʧʨʝʜʤʝʪʥʦʤ ʩʪʘʥʜʘʨʜʫ ʩʫ ʜʘʪʝ ʠ ʩʣʝʜʝ˂ʝ ʥʘʧʦʤʝʥʝ: ʅʘʿʜʫʞʠ ʠʥʪʝʨʚʘʣ 

ʠʟʤʝʹʫ ʫʟʘʩʪʦʧʥʠʭ ʧʝʨʠʦʜʠʯʥʠʭ ʚʝʨʠʬʠʢʘʮʠʿʘ ʤʦʞʝ ʩʝ ʟʘʩʥʠʚʘʪʠ ʥʘ ʟʘʢʦʥʩʢʠʤ 

ʠʣʠ ʜʨʫʛʠʤ ʥʘʮʠʦʥʘʣʥʠʤ ʜʦʢʫʤʝʥʪʠʤʘ. ʇʨʠʣʠʢʦʤ ʚʨʰʝˁʘ ʧʨʚʝ ʧʝʨʠʦʜʠʯʥʝ 

ʚʝʨʠʬʠʢʘʮʠʿʝ ʤʦʞʝ ʩʝ ʧʨʝʜʣʦʞʠʪʠ ʚʨʝʤʝ ʚʨʰʝˁʘ ʩʣʝʜʝ˂ʝ ʧʝʨʠʦʜʠʯʥʝ 

ʚʝʨʠʬʠʢʘʮʠʿʝ. ʀʥʪʝʨʚʘʣ ʠʟʤʝʹʫ ʜʚʝ ʫʟʘʩʪʦʧʥʝ ʧʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʤʦʞʝ 

ʙʠʪʠ ʠ ʢʨʘ˂ʠ ʦʜ ʧʝʪ ʛʦʜʠʥʘ ʢʘʜʘ ʝʿ ʨʝʯ ʦ ʦʙʿʝʢʪʠʤʘ ʩʘ ʧʦʚʝ˂ʘʥʠʤ ʨʠʟʠʢʦʤ, ʢʘʦ ʰʪʦ 

ʩʫ: 

- ʨʘʜʥʘ ʤʝʩʪʘ ʥʘ ʢʦʿʠʤʘ ʧʦʩʪʦʿʝ ʧʦʚʝ˂ʘʥʠ ʨʠʟʠʮʠ ʦʜ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ, 

ʧʦʞʘʨʘ ʠʣʠ ʝʢʩʧʣʦʟʠʿʝ, 

- ʨʘʜʥʘ ʤʝʩʪʘ ʥʘ ʢʦʿʠʤʘ ʧʦʩʪʦʿʝ ʠ ʚʠʩʦʢʦʥʘʧʦʥʩʢʝ ʠ ʥʠʩʢʦʥʘʧʦʥʩʢʝ 

ʠʥʩʪʘʣʘʮʠʿʝ, 

- ʿʘʚʥʠ ʦʙʿʝʢʪʠ (ʰʢʦʣʝ, ʙʦʣʥʠʮʝ, ʧʦʟʦʨʠʰʪʘ, ʪʨʞʥʠ ʮʝʥʪʨʠ ʠʪʜ.), 

- ʛʨʘʜʠʣʠʰʪʘ ʠʪʜ. 

ɿʘ ʜʦʤʘ˂ʠʥʩʪʚʘ ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʜʫʞʠ ʧʝʨʠʦʜ ʠʟʤʝʹʫ ʜʚʝ ʚʝʨʠʬʠʢʘʮʠʿʝ 

(ʥʧʨ. 10 ʛʦʜʠʥʘ). 

ʅʘʢʦʥ ʰʪʦ ʩʪʨʫʯʥʝ ʦʩʦʙʝ ʠʟʚʨʰʝ ʧʝʨʠʦʜʠʯʥʫ ʚʝʨʠʬʠʢʘʮʠʿʫ, ʪʨʝʙʘ ʜʘ ʩʝ 

ʩʘʯʠʥʠ ʠʟʚʝʰʪʘʿ (ʩʪʨʫʯʥʠ ʥʘʣʘʟ), ʢʦʿʠ ʪʨʝʙʘ ʜʘ ʧʦʪʧʠʰʝ ʠ ʦʚʝʨʠ ʨʘʜʥʘ 

ʦʨʛʘʥʠʟʘʮʠʿʘ ʢʦʿʘ ʚʨʰʠ ʧʝʨʠʦʜʠʯʥʫ ʚʝʨʠʬʠʢʘʮʠʿʫ. ʊʘʢʘʚ ʜʦʢʫʤʝʥʪ ʪʨʝʙʘ ʜʘ 

ʩʘʜʨʞʠ ʧʨʝʧʦʨʫʢʝ ʟʘ ʧʦʧʨʘʚʢʝ ʠ ʧʦʙʦˀʰʘˁʘ, ʢʘʦ ʰʪʦ ʩʫ ʜʦʨʘʜʝ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ 

ʠʥʩʪʘʣʘʮʠʿʘʤʘ, ʘ ʫ ʩʢʣʘʜʫ ʩʘ ʚʘʞʝ˂ʠʤ ʧʨʦʧʠʩʠʤʘ. ʆʩʠʤ ʪʦʛʘ, ʠʟʚʝʰʪʘʿ ʤʦʨʘ ʜʘ 

ʩʘʜʨʞʠ ʠ ʨʝʟʫʣʪʘʪʝ ʠʟʚʨʰʝʥʠʭ ʠʩʧʠʪʠʚʘˁʘ ʝʣʝʢʪʨʠʯʥʠʤ ʤʝʨʝˁʠʤʘ, ʩʘ 

ʢʦʤʝʥʪʘʨʠʤʘ. 

 

1.6.5 ʇʨʝʛʣʝʜ ʜʦʤʘ˂ʝ ʠ ʠʥʦʩʪʨʘʥʝ ʨʝʛʫʣʘʪʠʚʝ 
 

ʅʘʢʦʥ ʧʨʝʛʣʝʜʘ ʜʦʩʪʫʧʥʝ ʜʦʤʘ˂ʝ ʠ ʩʪʨʘʥʝ ʣʠʪʝʨʘʪʫʨʝ [35ï45] ʢʦʿʘ ʩʝ 

ʦʜʥʦʩʠ ʥʘ ʨʝʛʫʣʘʪʠʚʫ ʦ ʠʩʧʠʪʠʚʘˁʠʤʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ 

(ʧʦʯʝʪʥʘ ʠ ʧʝʨʠʦʜʠʯʥʘ ʚʝʨʠʬʠʢʘʮʠʿʘ), ʤʦʛʫ ʜʘ ʩʝ ʠʟʚʝʜʫ ʟʘʢˀʫʯʮʠ ʦ ʩʪʘˁʫ 

ʜʦʤʘ˂ʝ ʨʝʛʫʣʘʪʠʚʝ ʠ ˁʝʥʦʤ (ʥʝ)ʫʩʢʣʘʹʝʥʦʰ˂ʫ ʩʘ ʠʥʦʩʪʨʘʥʦʤ ʨʝʛʫʣʘʪʠʚʦʤ.  

ɺʝʨʠʬʠʢʘʮʠʿʠ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʫ ʈʝʧʫʙʣʠʮʠ 

ʉʨʙʠʿʠ ʥʝ ʧʦʩʚʝ˂ʫʿʝ ʩʝ ʜʦʚʦˀʥʘ ʧʘʞˁʘ. ʊʘʯʥʦ ʿʝ ʜʘ ʩʝ ʦʥʝ ʚʝʨʠʬʠʢʫʿʫ ʢʘʜʘ ʩʫ ʪʝʢ 
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ʫʛʨʘʹʝʥʝ ʫ ʦʙʿʝʢʘʪ (ʥʦʚʝ ʠʥʩʪʘʣʘʮʠʿʝ). ʄʝʹʫʪʠʤ, ʚʝʣʠʢʠ ʧʨʦʙʣʝʤ ʧʨʝʜʩʪʘʚˀʘ 

ˁʠʭʦʚʦ ʢʘʩʥʠʿʝ ʦʜʨʞʘʚʘˁʝ ʠ ʦʜʩʫʩʪʚʦ ʨʝʛʫʣʘʨʥʦʛ ʧʝʨʠʦʜʠʯʥʦʛ ʠʩʧʠʪʠʚʘˁʘ 

ˁʠʭʦʚʝ ʠʩʧʨʘʚʥʦʩʪʠ (ʚʝʨʠʬʠʢʘʮʠʿʘ ˁʠʭʦʚʦʛ ʢʚʘʣʠʪʝʪʘ). ʅʘʢʦʥ ʧʦʯʝʪʥʝ 

ʚʝʨʠʬʠʢʘʮʠʿʝ ʚʝʣʠʢʘ ʚʝ˂ʠʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʚʠʰʝ ʥʠʢʘʜʘ ʥʝ ʙʫʜʝ 

ʧʦʜʚʨʛʥʫʪʘ ʠʩʧʠʪʠʚʘˁʠʤʘ (ʦʚʦ ʩʝ ʧʦʩʝʙʥʦ ʦʜʥʦʩʠ ʥʘ ʩʪʘʤʙʝʥʝ ʦʙʿʝʢʪʝ). 

ɽʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʚʨʝʤʝʥʦʤ ʧʦʩʪʘʿʫ ʩʚʝ ʠʟʣʦʞʝʥʠʿʝ ʥʘʩʪʘʥʢʫ ʢʚʘʨʦʚʘ ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʝʜʘʥ ʦʜ ʥʘʿʯʝʰ˂ʠʭ ʫʟʨʦʢʘ ʧʦʞʘʨʘ. ʊʦ ʩʝ ʜʝʰʘʚʘ ʫʩʣʝʜ ʥʦʨʤʘʣʥʦʛ 

ʠʣʠ ʫʙʨʟʘʥʦʛ ʩʪʘʨʝˁʘ ʠʟʦʣʘʮʠʿʝ (ʘʢʦ ʿʝ ʦʥʘ ʠʟʣʦʞʝʥʘ ʥʝʧʦʚʦˀʥʠʤ ʘʤʙʠʿʝʥʪʘʣʥʠʤ 

ʫʩʣʦʚʠʤʘ ï ʧʦʚʝ˂ʘʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʣʘʛʠ, ʢʦʨʦʟʠʿʠ ʠʪʜ.), ʫʩʣʝʜ ʤʠʢʨʦʤʝʪʘʨʩʢʠʭ 

ʧʦʤʝʨʘʿʘ ʥʘ ʤʝʩʪʠʤʘ ʝʣʝʢʪʨʠʯʥʠʭ ʩʧʦʿʝʚʘ ʧʨʦʚʦʜʥʠʢʘ ʩʘ ʩʪʝʟʘˀʢʘʤʘ, ʢʘʦ ʠ ʫʩʣʝʜ 

ʤʝʭʘʥʠʯʢʝ ʠ ʝʣʝʢʪʨʠʯʥʝ Ăʠʩʭʘʙʘʥʦʩʪʠñ ʢʦʤʧʦʥʝʥʪʠ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ 

(ʟʙʦʛ ʨʘʟʥʠʭ ʤʝʭʘʥʠʯʢʠʭ ʧʨʠʪʠʩʘʢʘ ʥʘ ʧʨʦʚʦʜʥʠʢʝ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ, 

ʝʣʝʢʪʨʠʯʥʝ ʧʨʝʦʧʪʝʨʝ˂ʝʥʦʩʪʠ ʧʨʦʚʦʜʥʠʢʘ ʠʪʜ.). ʆʚʦ ʩʫ ʩʘʤʦ ʥʝʢʠ ʦʜ ʛʣʘʚʥʠʭ 

ʨʘʟʣʦʛʘ ʢʦʿʠ ʫʢʘʟʫʿʫ ʥʘ ʧʦʪʨʝʙʫ ʟʘ ʩʧʨʦʚʦʹʝˁʝʤ ʧʝʨʠʦʜʠʯʥʠʭ ʚʝʨʠʬʠʢʘʮʠʿʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ. ʅʘ ʩʨʝ˂ʫ, ʠʤʘ ʥʘʛʦʚʝʰʪʘʿʘ ʜʘ ˂ʝ ʩʝ ʩʠʪʫʘʮʠʿʘ ʥʘ ʦʚʦʤ 

ʧʣʘʥʫ ʧʦʙʦˀʰʘʪʠ, ʿʝʨ ʿʝ ʥʦʚʠ ʩʪʘʥʜʘʨʜ [27] ʦʙʫʭʚʘʪʠʦ ʧʨʦʙʣʝʤʘʪʠʢʫ 

ʧʝʨʠʦʜʠʯʥʠʭ ʚʝʨʠʬʠʢʘʮʠʿʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ. ʄʝʹʫʪʠʤ, 

ʠʘʢʦ ʦʚʘʿ ʜʦʢʫʤʝʥʪ ʥʘʣʘʞʝ ʜʘ ʩʝ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ ʦʜʨʞʘʚʘʿʫ ʫ ʠʩʧʨʘʚʥʦʤ 

ʩʪʘˁʫ ʠ ʧʨʝʛʣʝʜʘʿʫ, ʥʠʿʝʜʘʥ ʦʜ ˁʠʭ ʥʝ ʜʝʬʠʥʠʰʝ ʤʘʢʩʠʤʘʣʥʦ ʪʨʘʿʘˁʝ ʠʥʪʝʨʚʘʣʘ 

ʠʟʤʝʹʫ ʜʚʝ ʫʟʘʩʪʦʧʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ. ʐʪʦ ʩʝ ʪʠʯʝ ʩʘʤʠʭ ʪʝʩʪʦʚʘ ʢʦʿʝ ʪʨʝʙʘ 

ʦʙʘʚʠʪʠ ʧʨʠʣʠʢʦʤ ʧʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ, ʦʥʠ ʩʫ 

ʧʨʘʢʪʠʯʥʦ ʠʩʪʠ ʩʘ ʦʥʠʤʘ ʢʦʿʠ ʩʝ ʦʙʘʚˀʘʿʫ ʧʨʠʣʠʢʦʤ ʧʦʯʝʪʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ (ʩʘ 

ʠʟʫʟʝʪʢʦʤ ʥʝʢʠʭ ʪʝʩʪʦʚʘ, ʥʧʨ. ʠʩʧʠʪʠʚʘˁʘ ʦʪʧʦʨʥʦʩʪʠ ʠʟʦʣʘʮʠʿʝ, ʢʦʝʿ ʩʝ ʫ ʧʨʘʢʩʠ 

ʚʝʦʤʘ ʨʝʪʢʦ ʠʟʚʦʜʠ). ʆʩʥʦʚʥʘ ʠʩʧʠʪʠʚʘˁʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʝʣʝʢʪʨʠʯʥʠʤ 

ʤʝʨʝˁʠʤʘ ʢʦʿʘ ʧʨʦʧʠʩʫʿʫ ʩʪʘʥʜʘʨʜ [27] ʠ ʧʨʘʚʠʣʥʠʢ [28] ʧʨʘʢʪʠʯʥʦ ʩʫ ʠʩʪʘ ʧʨʠ 

ʧʦʯʝʪʥʦʿ ʠ ʧʝʨʠʦʜʠʯʥʦʿ ʚʝʨʠʬʠʢʘʮʠʿʠ (ʧʨʦʚʝʨʘ ʥʝʧʨʝʢʠʜʥʦʩʪʠ ʟʘʰʪʠʪʥʦʛ 

ʧʨʦʚʦʜʥʠʢʘ ʠ ʧʨʦʚʦʜʥʠʢʘ ʟʘ ʠʟʿʝʜʥʘʯʝˁ ʝ ʧʦʪʝʥʮʠʿʘʣʘ, ʤʝʨʝˁʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ 

ʢʚʘʨʘ, ʧʨʦʚʝʨʘ ʠʩʧʨʘʚʥʦʩʪʠ ʨʘʜʘ ʟʘʰʪʠʪʥʦʛ ʫʨʝʹʘʿʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʩʪʨʫʿʝ ʠʪʜ.).  

ʅʘ ʧʨʠʤʝʨʫ ʈʝʧʫʙʣʠʢʝ ʍʨʚʘʪʩʢʝ ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʿʝ ʠ ʦʥʘ ʫ ʧʦʪʧʫʥʦʩʪʠ 

ʧʨʠʭʚʘʪʠʣʘ ʤʝʹʫʥʘʨʦʜʥʠ ʩʪʘʥʜʘʨʜ [27], ʘʣʠ ʠ ʜʘ ʿʝ ʦʪʠʰʣʘ ʢʦʨʘʢ ʜʘˀʝ ʦʜ ʉʨʙʠʿʝ 

ʜʦʥʦʰʝˁʝʤ ʊʝʭʥʠʯʢʦʛ ʧʨʦʧʠʩʘ ʟʘ ʥʠʩʢʦʥʘʧʦʥʩʢʝ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ (2010. 

ʛʦʜʠʥʝ), ʫ ʢʦʤʝ ʩʫ ʧʨʝʮʠʟʥʦ ʜʝʬʠʥʠʩʘʥʠ ʢʘʢʦ ʨʦʢʦʚʠ ʟʘ ʧʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ 
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ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʪʘʢʦ ʠ ʨʦʢʦʚʠ ʟʘ ʧʨʚʝ 

ʧʨʝʛʣʝʜʝ ʧʦʩʪʦʿʝ˂ʝ (ʩʪʘʨʝ) ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ. ɺʘʞʘʥ ʧʦʜʘʪʘʢ ʿʝ ʜʘ ʿʝ ʧʨʚʠ 

ʧʫʪ ʜʝʬʠʥʠʩʘʥ ʠ ʨʦʢ ʟʘ ʧʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʫ 

ʩʪʘʤʙʝʥʠʤ ʿʝʜʠʥʠʮʘʤʘ. ʅʦʚʠʥʘ ʿʝ ʜʘ ʨʦʢʦʚʠ ʟʘ ʧʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʤʦʛʫ 

ʙʠʪʠ ʠ ʢʨʘ˂ʠ ʦʜ ʦʥʠʭ ʢʦʿʠ ʩʫ ʥʘʚʝʜʝʥʠ ʫ ʊʝʭʥʠʯʢʦʤ ʧʨʦʧʠʩʫ, ʘ ʧʨʦʧʠʩʫʿʫ ʠʭ 

ʧʨʦʿʝʢʪʘʥʪʠ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʣʠʮʝʥʮʦʤ. 

ɺʘʞʥʦ ʿʝ ʥʘʛʣʘʩʠʪʠ ʟʥʘʯʘʿ ʚʠʟʫʝʣʥʦʛ ʧʨʝʛʣʝʜʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ, ʧʦʩʝʙʥʦ ʧʨʠʣʠʢʦʤ ʚʨʰʝˁʘ ʧʝʨʠʦʜʠʯʥʠʭ ʚʝʨʠʬʠʢʘʮʠʿʘ, 

ʢʘʜʘ ʩʝ ʦʯʝʢʫʿʝ ʜʘ ʩʫ ʫʩʣʝʜ ʜʫʞʝʛ ʢʦʨʠʰ˂ʝˁʘ ʥʘʩʪʘʣʝ ʨʘʟʥʝ ʥʝʨʝʛʫʣʘʨʥʦʩʪʠ ʥʘ 

ˁʠʭʦʚʠʤ ʝʣʝʤʝʥʪʠʤʘ. ʅʘʿʚʝ˂ʫ ʧʘʞˁʫ ʚʠʟʫʝʣʥʦʤ ʧʨʝʛʣʝʜʫ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ ʧʦʢʣʘˁʘʿʫ ʫ ʉɸɼ, ʛʜʝ ʥʘ ʪʨʞʠʰʪʫ ʨʘʜʘ ʠ ʫʩʣʫʛʘ ʧʦʩʪʦʿʠ ʤʥʦʰʪʚʦ 

ʩʝʨʚʠʩʥʠʭ ʦʨʛʘʥʠʟʘʮʠʿʘ ʢʦʿʝ ʤʦʛʫ ʙʠʪʠ ʘʥʛʘʞʦʚʘʥʝ ʜʘ ʚʠʟʫʝʣʥʦ ʧʨʦʚʝʨʝ 

ʥʝʜʦʩʪʘʪʢʝ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ, ʫʟ ʦʙʘʚʝʟʫ ʜʘ ʠʭ ʦʜʤʘʭ ʠ ʦʪʢʣʦʥʝ. 

ʊʨʝʙʘ ʠʩʪʘ˂ʠ ʜʘ ʩʝ ʨʝʛʫʣʘʪʠʚʘ ʫ ʉɸɼ ʚʠʰʝ ʙʘʟʠʨʘ ʥʘ ʧʦʰʪʦʚʘˁʫ ʧʨʦʧʠʩʘʥʠʭ 

ʧʨʘʚʠʣʘ ʧʨʠʣʠʢʦʤ ʠʟʚʦʹʝˁʘ ʥʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʠ ʥʘ ʩʝʨʪʠʬʠʢʘʮʠʿʠ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʦʧʨʝʤʝ ʠ ʧʨʠʿʝʤʥʠʢʘ ʢʦʿʠ ʩʝ ʫʛʨʘʹʫʿʫ ʫ ʦʙʿʝʢʪʠʤʘ, ʥʝʛʦ ʥʘ 

ʢʦʥʢʨʝʪʥʠʤ ʪʝʩʪʠʨʘˁʠʤʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ. ʉʝʨʪʠʬʠʢʘʮʠʿʫ ʚʨʰʝ 

ʥʝʟʘʚʠʩʥʝ ʣʘʙʦʨʘʪʦʨʠʿʝ. ɼʦʙʨʘ ʟʘʤʠʩʘʦ ʢʦʿʫ ʧʨʦʪʝʞʠʨʘ ʘʤʝʨʠʯʢʠ ʩʪʘʥʜʘʨʜ NFPA 

70B-2006 ʿʝ ʤʦʛʫ˂ʥʦʩʪ ʨʘʟʚʦʿʘ ʧʨʦʛʨʘʤʘ ʝʣʝʢʪʨʠʯʥʦʛ ʧʨʝʚʝʥʪʠʚʥʦʛ ʦʜʨʞʘʚʘˁʘ 

(Electrical Preventive Maintenance ï EPM). ʐʪʦ ʩʝ ʪʠʯʝ ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ ʧʨʝʛʣʝʜʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ, ʦʥ ʥʠʿʝ ʫʰʘʦ ʫ ʤʝʹʫʥʘʨʦʜʥʫ ʨʝʛʫʣʘʪʠʚʫ (ʦʩʠʤ ʫ ʉɸɼ 

ʛʜʝ ʧʦʩʪʦʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʩʪʘʥʜʘʨʜʠ), ʘʣʠ ʛʘ ʧʨʝʧʦʨʫʯʫʿʫ ʨʘʟʥʠ ʠʥʩʪʠʪʫʪʠ (ʢʘʦ 

ʥʧʨ. ʫ ʅʝʤʘʯʢʦʿ) ʢʘʦ ʦʜʣʠʯʘʥ ʚʠʜ ʧʨʝʚʝʥʪʠʚʥʝ ʟʘʰʪʠʪʝ ʦʜ ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ ʥʘ 

ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ. ɱʝʜʘʥ ʦʜ ʥʘʿʚʝ˂ʠʭ ʥʝʜʦʩʪʘʪʘʢʘ ʧʦʤʝʥʫʪʠʭ 

ʜʦʢʫʤʝʥʘʪʘ ʿʝ ʥʝʧʦʩʪʦʿʘˁʝ ʘʜʝʢʚʘʪʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ (ʧʨʦʮʝʜʫʨʝ) ʟʘ ʦʙʘʚˀʘˁʝ 

ʧʝʨʠʦʜʠʯʥʠʭ ʚʝʨʠʬʠʢʘʮʠʿʘ ʢʦʿʘ ʙʠ ʫʟʝʣʘ ʫ ʦʙʟʠʨ ʠ ʣʦʰʝ ʝʣʝʢʪʨʠʯʥʝ ʢʦʥʪʘʢʪʝ, ʘ 

ʥʘʨʦʯʠʪʦ ʦʜʩʫʩʪʚʦ ʟʘʭʪʝʚʘ ʟʘ ʠʟʚʦʹʝˁʝʤ ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ ʧʨʝʛʣʝʜʘ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ 

ʜʘ ʩʝ ʫʟ ʧʦʤʦ˂ ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ ʧʨʝʛʣʝʜʘ ʥʘʿʧʦʫʟʜʘʥʠʿʝ ʤʦʛʫ ʦʪʢʨʠʪʠ ʦʣʘʙʘʚˀʝʥʠ 

ʠʣʠ ʥʝʧʨʘʚʠʣʥʦ ʠʟʚʝʜʝʥʠ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ, ʢʦʿʠ ʩʫ, ʫ ʧʨʦʩʝʢʫ, ʫʟʨʦʢ ʯʘʢ 67% 

ʢʚʘʨʦʚʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʠ ʦʧʨʝʤʠ [46], ʿʘʩʥʦ ʿʝ ʦ ʢʘʢʚʦʤ ʝʿ 

ʤʝʪʦʜʦʣʦʰʢʦʤ ʧʨʦʧʫʩʪʫ ʨʝʯ. ʇʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ, ʧʦʛʦʪʦʚʦ ʫ ʨʘʟʚʠʿʝʥʠʤ ʟʝʤˀʘʤʘ, 

ʟʥʘʪʥʦ ʩʝ ʧʦʚʝ˂ʘʣʘ ʩʚʝʩʪ ʦ ʠʩʧʣʘʪʠʚʦʩʪʠ ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ ʩʥʠʤʘˁʘ. ʆʚʘʢʘʚ ʚʠʜ 
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ʧʨʦʚʝʨʝ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʩʚʝ ʚʠʰʝ ʟʘʭʪʝʚʘʿʫ 

ʦʩʠʛʫʨʘʚʘʿʫ˂ʝ ʢʦʤʧʘʥʠʿʝ, ʢʦʿʝ ʫʛʦʚʦʨʥʝ ʦʙʘʚʝʟʝ ʩʘ ʢʣʠʿʝʥʪʠʤʘ ʦʜʨʝʹʫʿʫ ʠ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʩʪʦʿʘˁʘ ʠʟʚʝʰʪʘʿʘ ʦ ʪʝʨʤʦʚʠʟʠʿʩʢʦʤ ʧʨʝʛʣʝʜʫ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ ʫ ˁʠʭʦʚʠʤ ʦʙʿʝʢʪʠʤʘ [46]. 

ɸʥʘʣʠʟʦʤ ʤʝʹʫʥʘʨʦʜʥʝ ʨʝʛʫʣʘʪʠʚʝ ʠʟ ʧʨʝʜʤʝʪʥʝ ʦʙʣʘʩʪʠ ʤʦʞʝ ʜʘ ʩʝ 

ʟʘʢˀʫʯʠ ʜʘ ʿʝ ʦʥʘ ʥʘʿʜʝʪʘˀʥʠʿʝ ʦʙʨʘʹʝʥʘ ʫ ʙʨʠʪʘʥʩʢʦʤ ʩʪʘʥʜʘʨʜʫ BS 7671:2008 ʠ 

ʜʘ ʩʝ ʚʝʣʠʢʠ ʙʨʦʿ ʩʪʘʥʜʘʨʜʘ ʫʩʚʦʿʝʥʠʭ ʫ ʟʝʤˀʘʤʘ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ ʦʩʣʘˁʘ ʫʧʨʘʚʦ 

ʥʘ ˁʝʛʘ. ʇʨʝʤʘ ʦʚʦʤ ʩʪʘʥʜʘʨʜʫ, ʫʯʝʩʪʘʣʦʩʪ ʧʝʨʠʦʜʠʯʥʠʭ ʚʝʨʠʬʠʢʘʮʠʿʘ ʠ 

ʪʝʩʪʠʨʘˁʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʪʨʝʙʘ ʜʘ ʩʝ ʦʜʨʝʜʠ ʥʘ ʦʩʥʦʚʫ ʪʠʧʘ 

ʠʥʩʪʘʣʘʮʠʿʝ ʠ ʦʧʨʝʤʝ, ʚʝʣʠʯʠʥʝ ʠ ʟʥʘʯʘʿʘ ʛʨʘʹʝʚʠʥʩʢʦʛ ʦʙʿʝʢʪʘ ʫ ʢʦʤʝ ʿʝ ʦʥʘ 

ʠʥʩʪʘʣʠʨʘʥʘ, ʢʚʘʣʠʪʝʪʘ ʠ ʫʯʝʩʪʘʣʦʩʪʠ ˁʝʥʦʛ ʦʜʨʞʘʚʘˁʘ, ʢʘʦ ʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʩʧʦˀʘʰˁʠʭ ʫʪʠʮʘʿʘ ʢʦʿʠʤʘ ʩʫ ʠʟʣʦʞʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ. ʅʘ ʦʩʥʦʚʫ 

ʠʟʥʝʪʠʭ ʫʪʠʮʘʿʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʘʣʠ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʠ ʩʪʘʨʦʩʪ ʠ ʟʘʧʦʩʝʜʥʫʪʦʩʪ 

ʦʙʿʝʢʪʘ, ʤʦʛʫ ʩʝ ʫʩʧʦʩʪʘʚʠʪʠ ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ ʧʝʨʠʦʜ ʚʝʨʠʬʠʢʘʮʠʿʝ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʠ ʫ ʉʨʙʠʿʠ. ʇʨʠʤʝʨʠ ʧʨʝʧʦʨʫʯʝʥʠʭ 

ʠʥʪʝʨʚʘʣʘ ʧʝʨʠʦʜʠʯʥʠʭ ʚʝʨʠʬʠʢʘʮʠʿʘ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ ʟʘ ʨʘʟʥʝ ʚʨʩʪʝ ʦʙʿʝʢʘʪʘ ʧʦʩʪʦʿʝ ʠ ʫ ʨʝʛʫʣʘʪʠʚʘʤʘ ɸʫʩʪʨʘʣʠʿʝ ʠ 

ʄʠʥʠʩʪʘʨʩʪʚʘ ʦʜʙʨʘʥʝ ɺʝʣʠʢʝ ɹʨʠʪʘʥʠʿʝ [36,39].  

ʅʘʧʦʤʝʥʠʤʦ ʜʘ ʩʝ ʿʝʜʠʥʦ ʫ ʉɸɼ ʦʙʘʚʝʟʥʦ ʠʥʩʪʘʣʠʨʘʿʫ ʫʨʝʹʘʿʠ ʟʘ 

ʦʪʢʨʠʚʘˁʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ (AFCI ʧʨʝʢʠʜʘʯʠ) ʢʦʿʠ ʥʘʩʪʘʿʝ ʢʘʦ ʧʦʩʣʝʜʠʮʘ 

ʥʝʦʪʢʣʦˁʝʥʦʛ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ. ʊʘʢʦʹʝ, ʫ ʉɸɼ ʧʦʩʪʦʿʝ ʩʪʘʥʜʘʨʜʠ ʢʦʿʠ 

ʨʝʛʫʣʠʰʫ ʦʙʣʘʩʪ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʦʥʪʨʦʣʝ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʫ ʮʠˀʫ ʨʘʥʦʛ 

ʦʪʢʨʠʚʘˁʘ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ [29,30]. ɺʘʞʘʥ ʥʝʜʦʩʪʘʪʘʢ 

ʪʝʨʤʦʚʠʟʠʩʿʢʦʛ ʧʨʝʛʣʝʜʘ ʿʝ ʰʪʦ ʩʝ ʧʦʤʦ˂ʫ ˁʝʛʘ ʤʦʛʫ ʧʨʦʚʝʨʠʪʠ ʩʘʤʦ ʚʠʟʫʝʣʥʦ 

ʜʦʩʪʫʧʥʠ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ (ʥʘʿʯʝʰ˂ʝ ʩʝ ʚʨʰʠ ʧʨʝʛʣʝʜ ʨʘʟʚʦʜʥʠʭ ʦʨʤʘʥʘ ʠ 

ʪʘʙʣʠ), ʢʦʿʠ, ʫʟ ʪʦ, ʤʦʨʘʿʫ ʙʠʪʠ ʥʘʟʠʚʥʦ ʦʧʪʝʨʝ˂ʝʥʠ, ʜʦʢ ʚʝʣʠʢʠ ʙʨʦʿ ʩʢʨʠʚʝʥʠʭ 

ʢʦʥʪʘʢʘʪʘ ʦʩʪʘʿʝ ʥʝʜʦʩʪʫʧʘʥ ʟʘ ʜʝʪʝʢʮʠʿʫ (ʥʧʨ. ʫ ʙʨʦʿʥʠʤ ʰʫʢʦ-ʫʪʠʯʥʠʮʘʤʘ, 

ʠʥʩʪʘʣʘʮʠʦʥʠʤ ʨʘʟʚʦʜʥʠʤ ʢʫʪʠʿʘʤʘ...). 
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1.7. ʇʨʝʛʣʝʜ ʧʫʙʣʠʢʦʚʘʥʠʭ ʨʝʟʫʣʪʘʪʘ ʫ ʚʝʟʠ ʩʘ ʪʦʧʣʦʪʥʠʤ ʝʬʝʢʪʠʤʘ ʥʘ 

ʣʦʰʝʤ ʝʣʝʢʪʨʠʯʥʦʤ ʢʦʥʪʘʢʪʫ 

 

ɺʝʣʠʢʠ ʙʨʦʿ ʧʦʞʘʨʘ ʫ ʩʪʘʤʙʝʥʠʤ, ʧʦʩʣʦʚʥʠʤ ʠ ʿʘʚʥʠʤ ʦʙʿʝʢʪʠʤʘ ʠʟʘʟʚʘʥ ʿʝ 

ʢʚʘʨʦʚʠʤʘ ʥʘ ʩʪʘʨʠʤ, ʥʝʦʜʨʞʘʚʘʥʠʤ, ʦʰʪʝ˂ʝʥʠʤ ʠʣʠ ʥʝʩʪʨʫʯʥʦ ʠʟʚʝʜʝʥʠʤ 

ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ [18,47ï60]. ʇʦʿʝʜʠʥʠ ʢʚʘʨʦʚʠ (ʢʨʘʪʢʠ ʩʧʦʿʝʚʠ ʠ 

ʧʨʝʦʧʪʝʨʝ˂ʝˁʝ) ʥʘ ʚʨʝʤʝ ʩʝ ʜʝʪʝʢʪʫʿʫ ʧʦʤʦ˂ʫ ʢʣʘʩʠʯʥʠʭ ʟʘʰʪʠʪʥʠʭ ʢʦʤʧʦʥʝʥʪʠ, 

ʢʦʿʝ, ʠʩʢˀʫʯʫʿʫ˂ʠ ʩʪʨʫʿʥʦ ʢʦʣʦ ʠʣʠ ʨʘʟʚʦʜʥʠ ʚʦʜ ʫ ʢʦʤʝ ʿʝ ʥʘʩʪʘʦ ʢʚʘʨ, ʩʧʨʝʯʘʚʘʿʫ 

ʧʨʝʛʨʝʚʘˁʝ ʠ ʧʦʿʘʚʫ ʧʦʞʘʨʘ. ʄʝʹʫʪʠʤ, ʢʘʦ ʰʪʦ ʿʝ ʥʘʧʨʝʜ ʦʙʿʘʰˁʝʥʦ, ʧʦʩʪʦʿʝ ʠ 

ʢʚʘʨʦʚʠ, ʢʘʦ ʰʪʦ ʩʫ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʠ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ, ʧʨʠ ʯʠʿʦʿ 

ʧʦʿʘʚʠ ʢʣʘʩʠʯʥʝ ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ ʥʝ ʨʝʘʛʫʿʫ (ʚʠʜʝʪʠ ʧʦʛʣʘʚˀʝ 1.3). ʋʢʦʣʠʢʦ 

ʪʘʢʚʠ ʢʚʘʨʦʚʠ ʪʨʘʿʫ ʜʦʚʦˀʥʦ ʜʫʛʦ, ʤʦʛʫ ʜʘ ʩʝ ʩʪʚʦʨʝ ʫʩʣʦʚʠ ʟʘ ʥʘʩʪʘʥʘʢ ʧʦʞʘʨʘ 

[17,21, 23,49,61ï66]. ʇʦʚʨʝʜʝ ˀʫʜʠ, ʘ ʥʝʨʝʪʢʦ ʠ ʛʫʙʠʮʠ ˀʫʜʩʢʠʭ ʞʠʚʦʪʘ, ʢʘʦ ʠ 

ʚʝʣʠʢʘ ʤʘʪʝʨʠʿʘʣʥʘ ʰʪʝʪʘ, ʯʝʩʪʘ ʩʫ ʧʦʩʣʝʜʠʮʘ ʧʦʞʘʨʘ ʫʟʨʦʢʦʚʘʥʠʭ ʦʚʘʢʚʠʤ 

ʢʚʘʨʦʚʠʤʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ. 

ɼʦʩʘʜʘʰˁʘ ʥʘʫʯʥʦʩʪʨʫʯʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

ʫʛʣʘʚʥʦʤ ʩʫ ʙʠʣʘ ʫʩʤʝʨʝʥʘ ʥʘ: 

- ʭʝʤʠʿʩʢʫ ʘʥʘʣʠʟʫ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʣʦʰʝʤ ʝʣʝʢʪʨʠʯʥʦʤ ʢʦʥʪʘʢʪʫ 

(ʩʥʠʤʘˁʝ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʨʝʥʪʛʝʥʩʢʠʤ ʟʨʘʮʠʤʘ, ʤʠʢʨʦʛʨʘʬʠʿʘ ʠʪʜ.) [67-69], 

- ʤʝʨʝˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʠ ʦʜʨʝʹʠʚʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʪʦʧˀʝˁʘ 

ʧʦʿʝʜʠʥʠʭ ʩʣʦʿʝʚʘ ʤʘʪʝʨʠʿʘʣʘ (ʥʘ ʧʨʠʤʝʨ, jʝʜʠˁʝˁʘ CuO ʠ Cu2O) [70,71], 

ï ʘʥʘʣʠʟʫ ʟʘʧʘˀʠʚʠʭ ʛʘʩʦʚʘ ʦʩʣʦʙʦʹʝʥʠʭ ʠʟ PVC ʠʟʦʣʘʮʠʿʝ (ʛʘʩʥʘ 

ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ) [70,71], 

- ʤʘʪʝʤʘʪʠʯʢʦ ʤʦʜʝʣʦʚʘˁʝ ʜʠʥʘʤʠʯʢʝ ʦʪʧʦʨʥʦʩʪʠ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ (ʩʥʠʤʘˁʝ 

ʪʘʣʘʩʥʠʭ ʦʙʣʠʢʘ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ ʥʘ ʣʦʰʝʤ ʢʦʥʪʘʢʪʫ) [68,70,72],  

ï ʘʥʘʣʠʟʫ ʧʦʿʘʚʝ ʠʥʠʮʠʿʘʣʥʦʛ ʬʦʨʤʠʨʘˁʘ ʠ ʧʦʨʘʩʪʘ ʩʣʦʿʘ ʿʝʜʠˁʝˁʘ CuO ʥʘ ʤʝʩʪʫ 

ʥʘʩʪʘʥʢʘ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ (ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʫ ʩʧʨʦʚʝʜʝʥʠ ʟʘ ʨʘʟʥʝ ʢʦʤʙʠʥʘʮʠʿʝ 

ʤʘʪʝʨʠʿʘʣʘ ʢʘʦ ʰʪʦ ʩʫ ʙʘʢʘʨïʙʘʢʘʨ, ʙʘʢʘʨïʤʝʩʠʥʛ, ʙʘʢʘʨïʯʝʣʠʢ...) [68,70,72], 

- ʩʥʠʤʘˁʝ ʬʠʟʠʯʢʦʛ ʧʨʦʮʝʩʘ ʥʘʩʪʘʥʢʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʥʘ ʣʦʰʝʤ 

ʢʦʥʪʘʢʪʫ ʠ ʜʘˀʠʭ ʧʨʦʮʝʩʘ ʧʨʝʛʨʝʚʘˁʘ, ʧʘˀʝˁʘ ʠ ʛʦʨʝˁʘ ʦʢʦʣʥʝ PVC ʠʟʦʣʘʮʠʿʝ 

[72,73], 
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- ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʧʨʘ˂ʝˁʝ ʧʨʦʮʝʩʘ ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ ʢʘʜʘ ʩʝ ʫ ʙʣʠʟʠʥʠ ʣʦʰʝʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʥʘʣʘʟʠ ʟʘʧʘˀʠʚʠ ʤʘʪʝʨʠʿʘʣ [6,67],  

- ʫʪʠʮʘʿ ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ ʥʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʤ 

ʢʦʤʧʦʥʝʥʪʘʤʘ ʥʘ ʠʟʘʟʠʚʘˁʝ Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ ʠ ʤʦʛʫ˂ʥʦʩʪ ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ [76], 

- ʫʪʠʮʘʿ ʧʦʤʝʨʘʿʘ ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʤʝʩʪʫ ʥʘʩʪʘʥʢʘ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʥʘ 

ʙʨʟʠʥʫ ʥʘʨʘʩʪʘˁʘ ʩʣʦʿʘ ʿʝʜʠˁʝˁʘ CuO ʥʘ ʤʝʩʪʫ ʢʦʥʪʘʢʪʘ, ʙʨʟʠʥʫ ʥʘʩʪʘʥʢʘ 

Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ ʠ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ [76], ʠʪʜ. 

ʆʩʥʦʚʥʠ ʥʝʜʦʩʪʘʪʘʢ ʩʚʠʭ ʥʘʧʨʝʜ ʥʘʚʝʜʝʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʜʘ ʩʫ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʝʪʝʞʥʦ ʚʨʰʝʥʠ ʟʘ ʨʝʣʘʪʠʚʥʦ ʤʘʣʝ ʚʨʝʜʥʦʩʪʠ ʿʘʯʠʥʝ ʩʪʨʫʿʝ 

(ʤʘʢʩʠʤʘʣʥʦ ʜo 5 A) ʠ ʤʘʣʝ ʧʨʝʩʝʢʝ ʧʨʦʚʦʜʥʠʢʘ (ʦʢʦ 0,75 mm
2
). ʇʦʰʪʦ ʿʝ ʥʘʿʚʝ˂ʠ 

ʙʨʦʿ ʠʩʪʨʘʞʠʚʘˁʘ ʨʝʘʣʠʟʦʚʘʥ ʫ ʉɸɼ (ʠʟʫʟʝʚ ʫ [67,70]), ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʫ ʨʘʹʝʥʠ ʩʘ 

ʥʘʟʠʚʥʠʤ ʥʘʧʦʥʦʤ 115 V ʠ ʤʨʝʞʥʦʤ ʬʨʝʢʚʝʥʮʠʿʦʤ 60 Hz. ɿʘ ʨʘʟʣʠʢʫ ʦʜ 

ʜʦʩʘʜʘʰˁʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʢʦʿʠʤʘ ʿʝ ʟʥʘʯʘʿʘʥ ʙʨʦʿ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʚʨʰʝʥ ʥʘ 

ʥʘʤʝʨʥʦ ʠʟʘʟʚʘʥʠʤ ʣʦʰʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʢʦʥʪʘʢʪʠʤʘ ʥʘ ʤʦʜʝʣʠʤʘ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ, ʠʩʪʨʘʞʠʚʘˁʝ ʫ ʦʢʚʠʨʫ ʧʨʝʜʤʝʪʥʝ ʜʠʩʝʨʪʘʮʠʿʝ 

ʩʘʜʨʞʘ˂ʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʝʦ ʩʘ ʨʝʘʣʥʠʤ ʩʪʨʫʿʘʤʘ ʦʧʪʝʨʝ˂ʝˁʘ, ʩʪʚʘʨʥʠʤ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʠ ʨʝʘʣʥʠʤ ʧʦʧʨʝʯʥʠʤ ʧʨʝʩʝʮʠʤʘ 

ʧʨʦʚʦʜʥʠʢʘ ʢʦʠʿ ʩʝ ʩʫʩʨʝ˂ʫ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ, ʧʨʠ 

ʥʘʟʠʚʥʦʤ ʥʘʧʦʥʫ 230 V ʠ ʤʨʝʞʥʦʿ ʬʨʝʢʚʝʥʮʠʿʠ 50 Hz. ʊʘʢʦʹʝ, ʫ [67,74ï76] 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʫ ʚʨʰʝʥʠ ʥʘ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ ʫ ʢʦʿʠʤʘ ʩʫ ʥʘʤʝʨʥʦ 

ʠʟʘʟʠʚʘʥʠ ʣʦʰʠ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ, ʘʣʠ ʩʫ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʝ ʩʚʝʛʘ ʙʠʣʘ 

ʥʘʤʝˁʝʥʘ ʬʦʨʝʥʟʠʯʘʨʠʤʘ ʠ ʚʝʰʪʘʯʝˁʫ ʧʦʞʘʨʘ ʫʟʨʦʢʦʚʘʥʠʭ ʢʚʘʨʦʤ ʥʘ ʥʝʢʦʤ 

ʝʣʝʤʝʥʪʫ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ, ʟʙʦʛ ʯʝʛʘ ʥʠʩʫ ʙʠʣʘ ʫʩʤʝʨʝʥʘ ʥʘ ʨʘʟʚʦʿ 

ʤʝʪʦʜʦʣʦʛʠʿʘ ʠʣʠ ʧʨʦʮʝʜʫʨʝ ʟʘ ʨʘʥʦ ʦʪʢʨʠʚʘˁʝ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʫ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ. ʋ ʜʦʩʘʜʘʰˁʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʢʦʿʘ 

ʩʫ ʨʘʹʝʥʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʥʘʿʚʠʰʝ ʧʘʞˁʝ ʿʝ ʙʠʣʦ ʧʦʩʚʝ˂ʝʥʦ ʪʝʨʤʦʚʠʟʠʿʩʢʦʤ 

ʦʪʢʨʠʚʘˁʫ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ [77], ʢʘʦ ʠ ʘʥʘʣʠʟʠ ʪʦʧʣʦʪʥʠʭ ʝʬʝʢʘʪʘ 

ʥʘ ʣʦʰʝʤ ʝʣʝʢʪʨʠʯʥʦʤ ʢʦʥʪʘʢʪʫ [66]. 

ʉʘʜʘʰˁʘ ʩʘʟʥʘˁʘ ʠ ʨʘʟʫʤʝʚʘˁʝ ʤʝʭʘʥʠʟʘʤʘ ʢʚʘʨʦʚʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ 

ʢʦʥʪʘʢʪʠʤʘ ʥʝʜʦʚʦˀʥʘ ʩʫ ʜʘ ʩʝ ʧʨʦʮʝʥʠ ʢʦʣʠʢʘ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʝ ʧʦʚʨʰʠʥʘ 

ʢʦʥʪʘʢʪʘ ʫ ʙʠʣʦ ʢʦʿʦʿ ʚʨʩʪʠ ʩʧʦʿʘ [78]. ʋʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ ʩʝ ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʧʨʚʦ 

ʘʥʘʣʠʟʠʨʘ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʥʘʩʪʘʦ ʫʩʣʝʜ ʥʝʧʦʪʧʫʥʦʛ ʥʘʣʝʛʘˁʘ ʙʘʢʘʨʥʦʛ 
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ʧʨʦʚʦʜʥʠʢʘ ʠ ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʥʝʢʦʛ ʝʣʝʤʝʥʪʘ (ʩʪʝʟʘˀʢʝ, ʧʘʧʫʯʠʮʝ, ʢʣʝʤʝ...) 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ. ʉʤʘˁʝʥʘ ʝʬʝʢʪʠʚʥʘ ʧʦʚʨʰʠʥʘ ʢʦʥʪʘʢʪʘ ʠʟʤʝʹʫ 

ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʝʣʝʤʝʥʪʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ ʤʦʞʝ 

ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʧʨʝʛʨʝʚʘˁʝ ʧʨʠʢˀʫʯʥʦʛ ʤʝʩʪʘ. ʂʘʦ ʰʪʦ ʿʝ ʥʘʚʝʜʝʥʦ ʫ ʨʝʬʝʨʝʥʮʘʤʘ 

[79] ʠ [80], ʧʦʩʪʦʿʝ ʙʨʦʿʥʠ ʫʟʨʦʮʠ ʩʤʘˁʝˁʘ ʝʬʝʢʪʠʚʥʝ ʧʦʚʨʰʠʥʝ ʢʦʥʪʘʢʪʘ, ʢʦʿʠ 

ʜʦʧʨʠʥʦʩʝ ʨʘʩʪʫ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʠ ʧʦʿʘʚʠ Ăʚʨʝʣʝñ ʪʘʯʢʝ. ʅʘʿʯʝʰ˂ʠ ʩʫ: 

- ʦʢʩʠʜʘʮʠʿʘ ʤʝʪʘʣʥʠʭ ʜʝʣʦʚʘ ʝʣʝʢʪʨʠʯʥʦʛ ʧʨʠʢˀʫʯʢʘ (ʫʩʣʝʜ ʢʦʨʦʟʠʿʝ, ʪʿ. 

ʭʝʤʠʿʩʢʠʭ ʧʨʦʮʝʩʘ), 

- ʤʝʭʘʥʠʯʢʘ ʜʝʬʦʨʤʘʮʠʿʘ ʤʝʪʘʣʥʠʭ ʜʝʣʦʚʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ, 

- ʪʦʧʣʦʪʥʘ ʰʠʨʝˁʘ ʠ ʩʢʫʧˀʘˁʘ ʤʝʪʘʣʥʠʭ ʜʝʣʦʚʘ ʢʦʥʪʘʢʪʘ, ʫʟʨʦʢʦʚʘʥʘ ʧʨʦʤʝʥʘʤʘ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʠʥʝ ʠʣʠ ʚʝʣʠʢʠʤ ʬʣʫʢʪʫʘʮʠʿʘʤʘ ʩʪʨʫʿʝ, 

- ʧʨʠʩʫʩʪʚʦ ʚʠʙʨʘʮʠʿʘ (ʦʥʝ ʤʦʛʫ ʜʘ ʫʟʨʦʢʫʿʫ ʩʪʚʘʨʘˁʝ ʠ ʧʨʝʢʠʜʘˁʝ 

ʤʠʢʨʦʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʥʘ ʤʝʩʪʫ ʩʧʦʿʘ, ʰʪʦ ʧʦʪʝʥʮʠʿʘʣʥʦ ʜʦʚʦʜʠ ʜʦ 

ʥʝʧʦʧʨʘʚˀʠʚʠʭ ʜʝʬʦʨʤʘʮʠʿʘ), 

- ʧʨʠʩʫʩʪʚʦ ʚʣʘʛʝ ʠʣʠ ʢʦʨʦʟʠʚʥʠʭ ʛʘʩʦʚʘ ʫ ʦʢʦʣʠʥʠ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ (ʥʘ 

ʧʨʠʤʝʨ, ʫ ʩʣʫʯʘʿʫ ʝʣʝʢʪʨʠʯʥʝ ʠʟʦʣʘʮʠʿʝ ʠʟʨʘʹʝʥʝ ʦʜ PVC-ʘ ʯʠʿʝ ʧʨʝʛʨʝʚʘˁʝ ʪʨʘʿʝ 

ʜʦʚʦˀʥʦ ʜʫʛʦ, ʤʦʞʝ ʩʝ ʧʦʿʘʚʠʪʠ ʭʣʦʨʦʚʦʜʦʥʠʯʥʠ ʛʘʩ, ʢʦʿʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ 

ʚʣʘʛʦʤ ʠʟ ʘʪʤʦʩʬʝʨʝ ʩʪʚʘʨʘ ʦʧʘʩʥʫ ʭʣʦʨʦʚʦʜʦʥʠʯʥʫ ʢʠʩʝʣʠʥʫ, ʢʦʿʘ ʝ˂ ʫʟʨʦʢʦʚʘʪʠ 

ʢʦʨʦʟʠʿʫ ʤʝʪʘʣʥʠʭ ʜʝʣʦʚʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ), ʠʪʜ. 

ʊʝʨʤʦʚʠʟʠʿʘ, ʢʦʿʘ ʛʨʘʬʠʯʢʠ (ʥʘ ʝʢʨʘʥʫ ʢʘʤʝʨʝ) ʧʨʠʢʘʟʫʿʝ Ăʚʨʝʣʝñ ʪʘʯʢʝ, 

ʰʠʨʦʢʦ ʿʝ ʨʘʩʧʨʦʩʪʨʘˁʝʥʘ ʪʝʭʥʠʢʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʩʥʠʤʘˁʝ ʝʣʝʢʪʨʠʯʥʠʭ 

ʢʦʥʪʘʢʘʪʘ. ʆʥʘ ʧʨʝʜʩʪʘʚˀʘ ʢʦʨʠʩʥʫ, ʘʣʠ ʠ ʿʝʜʥʦʩʪʘʚʥʫ ʠ ʝʬʠʢʘʩʥʫ ʧʨʝʚʝʥʪʠʚʥʫ 

ʤʝʨʫ ʦʜʨʞʘʚʘˁʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ [81]. ʄʝʹʫʪʠʤ, ɺʠʣʩʦʥ ʠ ʩʘʨʘʜʥʠʮʠ 

[82] ʟʘʢˀʫʯʠʣʠ ʩʫ ʜʘ ʩʝ ʫ ʨʘʥʠʤ ʬʘʟʘʤʘ ʥʘʩʪʘʥʢʘ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ 

ʪʦʧʣʦʪʘ ʟʥʘʯʘʿʥʦ ʦʜʚʦʜʠ ʧʦʤʦ˂ʫ ʭʣʘʜʥʠʭ ʤʝʪʘʣʥʠʭ ʤʘʩʘ ʢʦʝʿ ʦʢʨʫʞʫʿʫ ʧʨʝʛʨʝʿʘʥʦ 

ʤʝʩʪʦ, ʰʪʦ ʦʥʝʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʧʨʦʙʣʝʤ ʠʜʝʥʪʠʬʠʢʫʿʝ ʥʘ ʚʨʝʤʝ. ɿʙʦʛ ʪʦʛʘ ʦʥʠ 

ʧʨʝʜʣʘʞʫ ʜʘ ʩʝ ʩʚʘʢʠ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʢʦʿʠ ʿʝ ʥʝʢʦʣʠʢʦ ʩʪʝʧʝʥʘ Ăʪʦʧʣʠʿʠñ ʦʜ 

ʦʢʦʣʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʤʦʞʝ ʩʤʘʪʨʘʪʠ ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ, ʦʜʥʦʩʥʦ ʜʘ ʪʦ ʤʦʞʝ ʜʘ 

ʫʢʘʟʫʿʝ ʥʘ ʧʦʯʝʪʘʢ ʧʨʦʛʨʝʩʠʚʥʦʛ ʧʨʦʧʘʜʘˁʘ ʧʨʝʜʤʝʪʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ. ʋ 

ʥʦʨʤʘʣʥʠʤ ʫʩʣʦʚʠʤʘ (ʯʚʨʩʪʘ ʚʝʟʘ ʥʘ ʤʝʩʪʫ ʢʦʥʪʘʢʪʘ), ʢʦʥʝʢʪʦʨʠ (ʧʘʧʫʯʠʮʝ, 

ʩʪʝʟʘˀʢʝ, ʟʘʚʨʪˁʠ) ʥʝʤʘʿʫ ʤʥʦʛʦ ʚʝ˂ʫ ʪʝʤʧʝʨʘʪʫʨʫ ʥʝʛʦ ʧʨʦʚʦʜʥʠʮʠ ʢʦʿʠ ʩʝ 

ʧʦʚʝʟʫʿʫ (ʪʘʜʘ ʯʚʨʩʪʦ ʧʦʚʝʟʠʚʘˁʝ ʢʘʨʘʢʪʝʨʠʰʝ ʥʠʩʢʘ ʝʣʝʢʪʨʠʯʥʘ ʦʪʧʦʨʥʦʩʪ ʥʘ 
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ʤʝʩʪʫ ʢʦʥʪʘʢʪʘ). ʄʝʹʫʪʠʤ, ʢʘʜʘ ʿʝ ʧʨʠʩʫʪʘʥ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʩʧʦʿ ʥʘ ʤʝʩʪʫ 

ʢʦʥʪʘʢʪʘ, ʥʘ ʧʦʚʨʰʠʥʠ ʦʙʘ ʤʝʪʘʣʥʘ ʜʝʣʘ (ʢʦʥʝʢʪʦʨʘ ʠ ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ) 

ʩʪʚʘʨʘ ʩʝ ʧʦʚʨʰʠʥʩʢʠ ʩʣʦʿ ʤʝʪʘʣʥʦʛ ʦʢʩʠʜʘ ʟʥʘʪʥʦ ʚʝ˂ʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ, 

ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʧʨʝʛʨʝʚʘˁʘ ʥʘ ʤʝʩʪʫ ʦʩʪʚʘʨʝʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ. ʂʘʜʘ 

ʤʝʭʘʥʠʯʢʘ ʚʝʟʘ ʠʟʤʝʹʫ ʜʚʘ ʤʝʪʘʣʥʘ ʜʝʣʘ ʧʦʯʥʝ ʜʘ ʩʝ ʧʨʝʛʨʝʚʘ (ʜʦ ʫʩʠʿʘˁʘ), 

ʦʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʝʿ ʨʝʯ ʦ ʣʦʰʝʤ ʝʣʝʢʪʨʠʯʥʦʤ ʢʦʥʪʘʢʪʫ ʠ Ăʚʨʝʣʦʿñ ʪʘʯʢʠ ʥʘ ˁʝʤʫ 

[80]. ʋ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʦʤ ʦʙʣʠʢʫ, ʫʩʠʿʘʥʠ ʩʧʦʿ ʤʦʞʝ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥ 

ʧʘʨʘʣʝʣʥʦʤ ʚʝʟʦʤ ʢʦʿʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʧʨʘʢʪʠʯʥʦ ʥʝʧʨʦʚʦʜʥʦʛ ʤʦʩʪʘ ʯʚʨʩʪʦʛ ʙʘʢʘʨ-

ʦʢʩʠʜʘ (Cuʆ) ʠ ʧʨʦʚʦʜʥʦʛ ʨʘʩʪʦʧˀʝʥʦʛ ʪʝʯʥʦʛ ʬʠʣʘʤʝʥʪʘ (ʪʘʥʢʦʛ ʚʣʘʢʥʘ 

ʩʘʩʪʘʚˀʝʥʦʛ ʦʜ ʘʪʦʤʘ ʙʘʢʨʘ ʠ ʧʦʣʫʧʨʦʚʦʜʥʦʛ ʙʘʢʘʨ-ʦʢʩʠʜʘ (Cu2ʆ)), ʢʦʿʠ ʩʝ 

ʤʘʥʠʬʝʩʪʫʿʝ ʢʘʦ ʫʩʠʿʘˁʝ ʥʠʪʠ ʜʫʞ ʧʦʚʨʰʠʥʝ ʙʘʢʘʨʥʦʛ ʦʢʩʠʜʥʦʛ ʤʦʩʪʘ [83]. 

ʉʪʨʫʿʘ ʢʦʿʘ ʧʨʦʣʘʟʠ ʢʨʦʟ ʪʘʥʘʢ ʧʨʦʚʦʜʥʠ ʩʣʦʿ, ʢʦʿʠ ʠʤʘ ʤʘˁʫ ʧʦʚʨʰʠʥʫ 

ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʠ ʚʝ˂ʫ ʦʪʧʦʨʥʦʩʪ ʟʙʦʛ ʧʨʠʩʫʩʪʚʘ Cu2ʆ ʿʝʜʠˁʝˁʘ, ʫʟʨʦʢʫʿʝ 

ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ, ʰʪʦ ʤʦʞʝ ʨʝʟʫʣʪʠʨʘʪʠ ʫʛˀʝʥʠʩʘˁʝʤ ʦʢʦʣʥʝ ʠʟʦʣʘʮʠʿʝ ʠ/ʠʣʠ 

ʫʩʠʿʘˁʝʤ ʢʦʥʪʘʢʪʘ [68,72,83]. ʊʘʢʦʹʝ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʢʘʜʘ ʩʪʨʫʿʘ (ʧʦʩʣʝʜʠʯʥʦ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʫʩʠʿʘʥʦʛ ʢʦʥʪʘʢʪʘ) ʜʦʩʪʠʛʥʝ ʦʜʨʝʹʝʥʫ ʚʨʝʜʥʦʩʪ, ʦʪʧʦʨʥʦʩʪ ʦʢʩʠʜʘ 

ʬʦʨʤʠʨʘʥʠʭ ʠʟʤʝʹʫ ʤʝʪʘʣʥʠʭ ʜʝʣʦʚʘ ʧʦʯʠˁʝ ʜʘ ʩʝ ʩʤʘˁʫʿʝ [68]. ʀʟʤʝʨʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʫʩʠʿʘʥʠʭ ʙʘʢʘʨʥʠʭ ʩʧʦʿʝʚʘ ʥʘ ʤʝʩʪʫ ʥʘʩʪʘʣʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

ʧʨʠʧʘʜʘ ʦʧʩʝʛʫ 1100ï1500 ÁC [68,80,84,85]. ʇʦʚʝ˂ʘˁʝ ʢʦʥʪʘʢʪʥʝ ʦʪʧʦʨʥʦʩʪʠ ʥʘ 

ʤʝʩʪʫ ʣʦ ʝhʛ ʢʦʥʪʘʢʪʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʧʘʜʦʚʘ ʥʘʧʦʥʘ ʨʝʜʘ ʩʪʦʪʠʥʝ ʤʠʣʠʚʦʣʪʘ, 

ʜʦʢ ʫʩʠʿʘʥ ʩʧʦʿ ʦʜʣʠʢʫʿʝ ʧʘʜ ʥʘʧʦʥʘ ʠʟʤʝʹʫ 1 V ʠ 10 V, ʢʦʿʠ ʟʘʚʠʩʠ ʦʜ ʿʘʯʠʥʝ 

ʩʪʨʫʿʝ, ʛʝʦʤʝʪʨʠʿʝ ʢʦʥʪʘʢʪʘ ʠ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʛʘ ʯʠʥʝ [6,68,70]. ʅʠʿʝ ʩʘʤʦ ʙʘʢʘʨ 

ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ʩʝ ʤʦʞʝ ʫʩʠʿʘʪʠ ʥʘ ʤʝʩʪʫ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ, ʚʝ˂ ʪʦ ʤʦʛʫ ʠ ʜʨʫʛʠ 

ʤʘʪʝʨʠʿʘʣʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ [69]. 

ʊʘʢʚʠ ʤʘʪʝʨʠʿʘʣʠ ʩʫ ʣʝʛʫʨʝ ʙʘʢʨʘ (ʤʝʩʠʥʛ ʠ ʙʨʦʥʟʘ), ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʫʪʠʯʥʠʮʘʤʘ 

ʠ ʧʨʝʢʠʜʘʯʠʤʘ, ʘʣʠ ʠ ʯʝʣʠʢ (ʢʦʨʠʩʪʠ ʩʝ ʯʝʩʪʦ ʫ ʟʘʚʨʪˁʠʤʘ ʰʫʢʦ ʫʪʠʢʘʯʘ ʠ 

ʫʪʠʯʥʠʮʘ ʠ ʥʘʿʯʝʰ˂ʝ ʿʝ ʥʠʢʣʦʚʘʥ). Shea ʠ Zhou [69] ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʩʫ 

ʧʨʦʫʯʘʚʘʣʠ ʨʘʟʣʠʢʝ ʢʦʜ ʧʦʿʘʚʘ ʫʩʠʿʘʥʠʭ ʢʦʥʪʘʢʘʪʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʤʝʪʘʣʠʤʘ ʢʦʿʠ 

ʩʝ ʫ ʧʨʘʢʩʠ ʢʦʨʠʩʪʝ ʟʘ ʝʣʝʢʪʨʠʯʥʝ ʢʦʥʪʘʢʪʝ. ʉʠʤʫʣʘʮʠʿʘ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʢʦʥʪʘʢʘʪʘ, ʩʘ ʩʪʨʫʿʘʤʘ ʿʘʯʠʥʝ ʜʦ 5 ɸ, ʧʦʤʦ˂ʫ ʧʦʢʨʝʪʥʝ ʝʣʝʢʪʨʦʜʝ ʢʦʿʘ ʿʝ 

ʧʨʠʪʠʩʥʫʪʘ ʩʠʣʦʤ ʦʜ ʦʢʦ 1 N, ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʤʘʪʝʨʠʿʘʣʠ ʟʘʩʥʦʚʘʥʠ ʥʘ ʙʘʢʨʫ 

(ʙʘʢʘʨ, ʤʝʩʠʥʛ, ʙʨʦʥʟʘ) ʤʦʛʫ ʙʠʪʠ ʛʨʫʧʠʩʘʥʠ ʟʘʿʝʜʥʦ ʫ ʦʜʥʦʩʫ ʥʘ ˁʠʭʦʚʦ ʩʣʠʯʥʦ 
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ʧʦʥʘʰʘˁʝ ʫ ʩʤʠʩʣʫ ʪʘʣʘʩʥʦʛ ʦʙʣʠʢʘ ʠ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʫʩʠʿʘʥʦʛ ʢʦʥʪʘʢʪʘ. 

ʄʝʹʫʪʠʤ, ʤʘʪʝʨʠʿʘʣʠ ʟʘʩʥʦʚʘʥʠ ʥʘ ʛʚʦʞʹʫ (ʯʝʣʠʢ ʠ ʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ) ʧʨʦʠʟʚʦʜʝ 

ʜʨʘʩʪʠʯʥʦ ʨʘʟʣʠʯʠʪʝ ʪʘʣʘʩʥʝ ʦʙʣʠʢʝ ʠ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʫʩʠʿʘʥʦʛ ʢʦʥʪʘʢʪʘ, ʟʙʦʛ 

ʯʝʛʘ ʬʦʨʤʠʨʘʿʫ ʜʨʫʛʫ ʛʨʫʧʫ. ʅʘʧʦʤʝʥʠʤʦ ʜʘ ʿʝ ʫ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʙʠʣʦ ʤʥʦʛʦ 

ʪʝʞʝ ʟʘʧʦʯʝʪʠ ʧʨʦʮʝʩ ʫʩʠʿʘˁʘ ʙʘʢʘʨʥʠʭ ʧʨʦʚʦʜʥʠʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʚʦʜʥʠʢʝ ʥʘ 

ʙʘʟʠ ʛʚʦʞʹʘ, ʪʿ. ʟʘ ʙʘʢʘʨʥʝ ʧʨʦʚʦʜʥʠʢʝ ʿʝ ʧʨʝʪʭʦʜʥʦ ʙʠʣʦ ʧʦʪʨʝʙʥʦ ʦʩʪʚʘʨʠʪʠ 

ʤʥʦʛʦ ʚʠʰʝ ʮʠʢʣʫʩʘ ʫʩʧʦʩʪʘʚˀʘˁʘ/ʧʨʝʢʠʜʘˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʢʘʢʦ ʙʠ ʩʝ 

ʧʦʩʪʠʛʣʦ ʠˁʭʦʚʦ ʫʩʠʿʘˁʘ. ʇʨʠʤʝ˂ʝʥʦ ʿʝ ʜʘ ʩʝ ʢʦʜ ʧʨʦʚʦʜʥʠʢʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ 

ʛʚʦʞʹʫ ʧʦʿʘʚˀʫʿʫ ʫʩʠʿʘʥʝ ʟʦʥʝ, ʜʦʢ ʩʝ, ʢʘʦ ʰʪʦ ʿʝ ʥʘʧʨʝʜ ʦʙʿʘʰˁʝʥʦ, ʥʘ ʙʘʢʘʨʥʠʤ 

ʧʨʦʚʦʜʥʠʮʠʤʘ ʩʪʚʘʨʘʿʫ ʫʩʠʿʘˁʘ ʫ ʦʙʣʠʢʫ ʬʠʣʘʤʝʥʪʘ (ʪʘʥʢʦʛ ʚʣʘʢʥʘ). ʊʘʢʦʹʝ ʿʝ 

ʟʘʢˀʫʯʝʥʦ ʜʘ ʤʘʪʝʨʠʿʘʣʠ ʟʘʩʥʦʚʘʥʠ ʥʘ ʙʘʢʨʫ ʧʨʦʠʟʚʦʜʝ ʨʝʣʘʪʠʚʥʦ ʙʨʟʦʨʘʩʪʫ˂ʝ 

ʦʢʩʠʜʥʝ ʤʦʩʪʦʚʝ ʠʟʤʝʹʫ ʧʨʦʚʦʜʥʠʢʘ, ʜʦʢ ʩʝ ʢʦʜ ʦʥʠʭ ʥʘ ʙʘʟʠ ʛʚʦʞʹʘ ʥʝ ʿʘʚˀʘʿʫ 

ʟʥʘʯʘʿʥʠ ʦʢʩʠʜʥʠ ʤʦʩʪʦʚʠ ʪʦʢʦʤ ʚʨʝʤʝʥʘ [69].  

ʆʩʪʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʠ [76] ʠʟʚʝʜʝʥʠ ʩʫ ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʦ ʫʪʠʮʘʿ ʤʦʤʝʥʪʘ 

ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʠʭ ʧʨʠʢˀʫʯʘʢʘ ʠʟʤʝʹʫ ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʟʘʚʨʪˁʘ 

(ʥʘʿʯʝʰ˂ʝ ʠʟʨʘʹʝʥʦʛ ʦʜ ʥʠʢʣʦʚʘʥʦʛ ʯʝʣʠʢʘ), ʢʘʦ ʠ ʤʠʢʨʦʧʦʤʝʨʘʿʘ ʧʨʦʚʦʜʥʠʢʘ ʥʘ 

ʤʝʩʪʫ ʢʦʥʪʘʢʪʘ, ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʧʨʦʮʝʩ ʦʢʩʠʜʘʮʠʿʝ ʧʦʚʨʰʠʥʝ ʢʦʥʪʘʢʪʘ. ʂʘʢʦ ʿʝ ʫ 

ʚʝ˂ʠʥʠ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʚʝʟʘ ʙʘʢʘʨʥʠʭ ʧʨʦʚʦʜʥʠʢʘ ʠ 

ʧʨʠʢˀʫʯʥʦʛ ʤʝʩʪʘ ʠʟʚʝʜʝʥʘ ʧʨʝʢʦ ʟʘʚʨʪˁʘ, ʧʨʝʜʤʝʪ ʠʩʧʠʪʠʚʘˁʘ ʫ ʜʦʢʪʦʨʩʢʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ ʙʠʣʠ ʩʫ ʠ ʣʦ ʠh ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ ʥʘʩʪʘʣʠ ʫʩʣʝʜ ʨʝʜʫʢʮʠʿʝ 

ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ ʫ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʦʿ ʢʦʤʧʦʥʝʥʪʠ. ʋʪʠʢʘʯʠ ʠ 

ʫʪʠʯʥʠʮʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʪʠʧʠʯʥʝ ʝʣʝʢʪʨʠʯʥʝ ʢʦʤʧʦʥʝʥʪʝ ʯʠʿʠ ʢʚʘʨ ʤʦʞʝ ʜʦʚʝʩʪʠ 

ʜʦ ʧʦʞʘʨʘ [86], ʦʙʠʯʥʦ ʠʟʘʟʚʘʥʦʛ ʧʨʝʛʨʝʚʘˁʝʤ ʥʘ ʣʘʙʘʚʠʤ ʧʨʠʢˀʫʯʮʠʤʘ [75,76]. 

ɱʝʜʘʥ ʦʜ ʫʦʙʠʯʘʿʝʥʠʭ ʫʟʨʦʢʘ ʦʚʘʢʚʦʛ ʧʨʝʛʨʝʚʘˁʘ ʧʨʝʜʩʪʘʚˀʘ ʩʤʘˁʝʥ ʤʦʤʝʥʪ 

ʟʘʪʝʟʘˁʘ ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʧʨʠʢˀʫʯʢʫ ʠʟʚʝʜʝʥʦʤ ʟʘʚʨʪˁʝʤ ʫ ʫʪʠʢʘʯʠʤʘ ʠ 

ʫʪʠʯʥʠʮʘʤʘ, ʢʦʿʠ ʩʝ ʤʦʞʝ ʿʘʚʠʪʠ ʫʩʣʝʜ ʤʠʢʨʦʚʠʙʨʘʮʠʿʘ ʠʟ ʦʢʦʣʠʥʝ, ʩʪʘʨʝˁʘ ʠʣʠ 

ʥʝʤʘʨʘ ʦʜ ʩʪʨʘʥʝ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʪʝʨʘ [76]. ʉʪʦʛʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʙʦˀʝ ʨʘʟʫʤʝʪʠ 

ʝʬʝʢʪʝ ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʥʘ ʟʘʛʨʝʚʘˁʝ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʢʘʢʦ ʙʠ 

ʩʝ ʧʦʙʦˀʰʘʣʠ ʫʛʨʘʜˁʘ ʠ ʦʜʨʞʘʚʘˁʝ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʢˀʫʯʘʢʘ ʫ ʫʪʠʢʘʯʠʤʘ ʠ 

ʫʪʠʯʥʠʮʘʤʘ. Benfer ʠ Gottuk [75] ʦʙʘʚʠʣʠ ʩʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʦ ʠʩʧʠʪʠʚʘˁʝ ʩ ʮʠˀʝʤ 

ʜʘ ʧʨʦʮʝʥʝ ʫʪʠʮʘʿ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʬʦʨʤʠʨʘˁʝ ʧʨʝʛʨʝʿʘʥʠʭ ʩʧʦʿʝʚʘ ʫ 

ʫʪʠʯʥʠʮʘʤʘ ʫ ʩʪʘʤʙʝʥʠʤ ʦʙʿʝʢʪʠʤʘ (ʣʘʙʘʚʦʩʪ ʧʨʠʢˀʫʯʢʘ, ʧʦʚʝ˂ʘʥʦ ʝʣʝʢʪʨʠʯʥʦ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 
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ʦʧʪʝʨʝ˂ʝˁʝ ʠ ʟʘʧʘˀʠʚʦʩʪ ʤʘʪʝʨʠʿʘʣʘ ʫ ʦʢʦʣʠʥʠ ʫʪʠʯʥʠʮʝ). ʇʨʝʛʨʝʚʘˁʘ ʢʦʿʘ ʩʫ 

ʜʦʚʝʣʘ ʜʦ ʢʚʘʨʘ ʫʪʠʯʥʠʮʝ ʜʝʩʠʣʘ ʩʫ ʩʝ ʫ 85 ʦʜ 408 ʠʩʧʠʪʘʥʠʭ ʫʪʠʯʥʠʮʘ. ɼʦ ʧʦʿʘʚʝ 

ʧʣʘʤʝʥʘ ʫ ʫʪʠʯʥʠʮʘʤʘ ʜʦʰʣʦ ʿʝ ʫ 12 ʩʣʫʯʘʿʝʚʘ. ɺʝ˂ʠʥʘ ʧʘˀʝˁʘ (10 ʦʜ 12) ʨʘʟʚʠʣʘ 

ʩʫ ʩʝ ʠʟ ʚʨʣʦ ʣʘʙʘʚʠʭ ʢʦʥʪʘʢʘʪʘ (ʦʢʘʨʘʢʪʝʨʠʩʘʥʠʭ ʤʦʤʝʥʪʦʤ ʟʘʪʝʟʘˁʘ ʢʦʿʠ ʿʝ ʙʠʦ 

ʤʘˁʠ ʦʜ 0,113 Nm (ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʠʭ ʧʨʠʢˀʫʯʘʢʘ), ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʤʘˁʠ 

ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ ʢʦʿʠ ʩʝ ʤʦʞʝ ʧʦʜʝʩʠʪʠ ʢʦʨʠʰ˂ʝʥʠʤ Ăʤʦʤʝʥʪ-

ʰʨʘʬʮʠʛʝʨʦʤñ). ʆʩʪʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʫ ʪʘʢʦʹʝ ʙʠʣʠ ʠʟʚʝʜʝʥʠ ʢʘʢʦ ʙʠ ʩʝ 

ʫʪʚʨʜʠʦ ʫʪʠʮʘʿ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʠʭ ʧʨʠʢˀʫʯʘʢʘ, ʢʘʦ ʠ ʧʦʤʝʨʘʿʘ 

ʞʠʮʝ ʥʘ ʧʨʠʢˀʫʯʢʫ, ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠʢˀʫʯʢʘ [76]. ɹʘʢʘʨʥʠ ʢʘʙʣ (ʩʘ 

ʥʝʤʝʪʘʣʥʠʤ ʧʣʘʰʪʦʤ), ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʦʢʦ 2,1 mm
2
, ʠʩʧʠʪʠʚʘʥ ʿʝ ʧʦʤʦ˂ʫ 

ʩʪʨʫʿʝ ʦʧʪʝʨʝ˂ʝˁʘ ʦʜ 12,5 ɸ, ʜʦʢ ʿʝ ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ ʙʠʦ ʫ ʨʘʩʧʦʥʫ ʦʜ 0 ʜʦ 

1,36 Nm. ʊʨʘʿʘˁʝ ʠʩʧʠʪʠʚʘˁʘ ʿʝ ʙʠʣʦ ʦʛʨʘʥʠʯʝʥʦ ʥʘ ʜʚʘ ʩʘʪʘ, ʿʝʨ ʩʫ ʧʦʯʝʪʥʘ 

ʠʩʧʠʪʠʚʘˁʘ ʫ ʪʨʘʿʘˁʫ ʦʜ ʦʩʘʤ ʩʘʪʠ ʧʦʢʘʟʘʣʘ ʜʘ ʩʫ ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʠ ʧʨʠʢˀʫʯʮʠ 

ʪʠʧʠʯʥʦ ʜʦʩʪʠʟʘʣʠ ʩʪʘʙʠʣʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘ 30ï60 ʤʠʥʫʪʘ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʩʫ 

ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʢˀʫʯʢʘ ʨʘʩʣʘ ʜʦ 90 ÁC ʧʨʠ ʤʦʤʝʥʪʠʤʘ ʟʘʪʝʟʘˁʘ ʦʜ 

0,113 Nm, ʘʣʠ ʜʘ ʥʠʿʝ ʙʠʣʘ ʚʝ˂ʘ ʦʜ 40 ÁC ʧʨʠ ʤʦʤʝʥʪʠʤʘ ʟʘʪʝʟʘˁʘ ʠʟʥʘʜ 0,452 Nm 

[76]. ʅʘʢʦʥ ʜʦʜʘʪʥʦ ʠʟʚʝʜʝʥʠʭ ʠʩʧʠʪʠʚʘˁʘ ʫ ʢʦʿʠʤʘ ʩʫ ʚʨʰʝʥʝ ʧʨʦʚʝʨʝ ʝʬʝʢʪʘ 

ʤʘʢʨʦʩʢʦʧʩʢʦʛ ʧʦʤʝʨʘˁʘ ʧʨʦʚʦʜʥʠʢʘ, ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʿʝ ʤʘʢʨʦʩʢʦʧʩʢʦ ʧʦʤʝʨʘˁʝ 

ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʤʝʩʪʫ ʥʘʩʪʘʣʦʛ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʥʝʦʧʭʦʜʥʦ ʟʘ ʧʦʿʘʚʫ ʫʩʠʿʘʥʦʛ ʩʧʦʿʘ 

ʠʣʠ ʜʦʩʪʠʟʘˁʝ ʝʢʩʪʨʝʤʥʦ ʚʠʩʦʢʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʪʦʧˀʝˁʘ ʦʞʠʯʝˁʘ, 

ʧʨʠʢˀʫʯʘʢʘ ʠ PVC-a ʫʪʠʯʥʠʮe (ʥʘʛʣʘʰʘʚʘʤʦ ʜʘ ʩʫ ʩʝ ʫ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ 

ʫʪʠʯʥʠʮʝ ʟʘʧʘʣʠʣʝ ʪʦʢʦʤ ʦʧʠʩʘʥʠʭ ʠʩʧʠʪʠʚʘˁʘ). ʋ [87] ʿʝ ʥʘʛʣʘʰʝʥʦ ʜʘ, ʧʨʝʤʘ 

ʇʘʰʝʥʦʚʦʿ ʢʨʠʚʦʿ ʧʨʦʙʦʿʘ, ʥʘʿʥʠʞʠ ʧʨʦʙʦʿʥʠ ʥʘʧʦʥ ʚʘʟʜʫʭʘ ʧʨʠ ʘʪʤʦʩʬʝʨʩʢʦʤ 

ʧʨʠʪʠʩʢʫ ʠʟʥʦʩʠ ʦʢʦ 327 V (ʟʘ ʥʘʟʠʚʥʝ ʤʨʝʞʥʝ ʥʘʧʦʥʝ 120 V ʠ 230 V ʤʘʢʩʠʤʘʣʥʝ 

ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʩʫ 169 V ʠ 324 V, ʨʝʩʧʝʢʪʠʚʥʦ). ʊʦ ʟʥʘʯʠ ʜʘ ʥʝ˂ʝ ʩʚʘʢʘ ʫʩʠʿʘʥʘ 

ʚʝʟʘ (Ăʚʨʝʣʘñ ʪʘʯʢʘ) ʧʦʩʪʘʪʠ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ, ʧʦʩʝʙʥʦ ʢʦʜ ʥʠʞʝʛ ʥʘʟʠʚʥʦʛ 

ʥʘʧʦʥʘ ʥʘʧʦʿʥʝ ʤʨʝʞʝ ʦʜ 120 V. ʄʝʹʫʪʠʤ, ʟʘ ʥʘʟʠʚʥʠ ʥʘʧʦʥ ʥʘʧʦʿʥʝ ʤʨʝʞʝ ʦʜ 

230 V, ʤʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʥʘʧʦʥʘ ʿʝ ʚʨʣʦ ʙʣʠʟʫ ʥʘʿʥʠʞʝʤ ʧʨʦʙʦʿʥʦʤ ʥʘʧʦʥʫ 

ʚʘʟʜʫʭʘ ʧʨʠ ʘʪʤʦʩʬʝʨʩʢʦʤ ʧʨʠʪʠʩʢʫ, ʟʙʦʛ ʯʝʛʘ ʧʦʩʪʦʿʠ ʤʥʦʛʦ ʚʝ˂ʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ 

ʫʩʠʿʘʥʘ ʚʝʟʘ (ʥʘ ʣʦʰʝʤ ʝʣʝʢʪʨʠʯʥʦʤ ʢʦʥʪʘʢʪʫ) ʧʦʩʪʘʥʝ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ, 

ʥʘʨʦʯʠʪʦ ʘʢʦ ʿʝ ʧʦʚʝ˂ʘʥʘ ʿʘʯʠʥʘ ʩʪʨʫʿʝ ʠ ʜʦʚʦˀʥʦ ʜʫʛʦ ʪʨʘʿʝ, ʰʪʦ ʿʝ ʧʦʢʘʟʘʥʦ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʩʧʨʦʚʝʜʝʥʠʤ ʫ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ. ʀʩʪʨʘʞʠʚʘˁʝ ʧʨʠʢʘʟʘʥʦ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

71 

 

ʫ [74] ʠ [75] ʠʟʚʝʜʝʥʦ ʿʝ ʫ ʉɸɼ, ʩʘ ʥʘʟʠʚʥʠʤ ʤʨʝʞʥʠʤ ʥʘʧʦʥʦʤ ʦʜ 120 V ʠ 

ʬʨʝʢʚʝʥʮʠʿʦʤ ʦʜ 60 Hz. ɿʙʦʛ ʪʦʛʘ ʩʝ ʤʦʛʫ ʦʯʝʢʠʚʘʪʠ ʨʘʟʣʠʯʠʪʠ ʨʝʟʫʣʪʘʪʠ ʧʨʠ 

ʫʩʣʦʚʠʤʘ ʢʦʿʠ ʧʦʩʪʦʿʝ ʫ ʜʨʫʛʠʤ ʜʝʣʦʚʠʤʘ ʩʚʝʪʘ (ʛʜʝ ʿʝ ʫʦʙʠʯʘʿʝʥ ʥʘʟʠʚʥʠ ʥʘʧʦʥ 

ʥʘʧʦʿʥʝ ʤʨʝʞʝ 230 V, ʘ ʤʨʝʞʥʘ ʬʨʝʢʚʝʥʮʠʿʘ 50 Hz). ʊʘʢʦʹʝ, ʠʘʢʦ ʩʫ ʩʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʢˀʫʯʘʢʘ ʥʘ ʤʝʩʪʫ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʫ ʨʦʢʫ ʦʜ ʩʘʪ 

ʚʨʝʤʝʥʘ ʪʦʢʦʤ ʠʩʧʠʪʠʚʘˁʘ ʧʨʠʙʣʠʞʠʣʝ ʩʚʦʿʦʿ ʩʪʘʙʠʣʥʦʿ ʚʨʝʜʥʦʩʪʠ [76], 

ʧʦʩʪʦʿʘʣʘ ʩʫ ʠ ʥʝʢʘ ʠʩʧʠʪʠʚʘˁʘ ʫ ʢʦʿʠʤʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʦʿʘ ʥʠʿʝ ʜʦʩʪʠʛʣʘ 

ʩʪʘʮʠʦʥʘʨʥʫ ʚʨʝʜʥʦʩʪ ʧʦʩʣʝ ʩʘʪ ʚʨʝʤʝʥʘ. ʅʘʧʦʤʝʥʠʤʦ ʜʘ ʫ ʠʩʪʨʘʞʠʚʘˁʠʤʘ 

ʦʧʠʩʘʥʠʤ ʫ [76] ʥʠʩʫ ʚʨʰʝʥʠ ʚʠʰʝʯʘʩʦʚʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʪʘʢʦ ʜʘ ʥʠʩʫ ʤʦʛʣʠ ʜʘ 

ʩʝ ʩʘʛʣʝʜʘʿʫ ʩʚʠ ʪʝʨʤʠʯʢʠ ʧʨʦʮʝʩʠ ʥʘ ʝʣʝʢʪʨʠʯʥʦʤ ʢʦʥʪʘʢʪʫ ʢʦʿʠ ʥʘʩʪʘʿʫ ʫʩʣʝʜ 

ʜʫʛʦʪʨʘʿʥʦʛ ʧʨʦʮʝʩʘ ʦʢʩʠʜʘʮʠʿʝ ʧʦʚʨʰʠʥʘ ʢʦʥʪʘʢʪʘ.    

ʇʨʝʛʨʝʚʘˁʝ ʧʨʠʢˀʫʯʢʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ ʿʝ ʧʦʩʣʝʜʠʮʘ 

Ăʧʨʦʣʘʩʢʘñ ʩʪʨʫʿʝ ʢʨʦʟ ʢʦʥʪʘʢʪ ʢʦʿʠ ʦʜʣʠʢʫʿʝ ʚʠʩʦʢʘ ʝʣʝʢʪʨʠʯʥʘ ʦʪʧʦʨʥʦʩʪ, 

ʫʟʨʦʢʦʚʘʥʘ ʩʤʘˁʝʥʦʤ ʝʬʝʢʪʠʚʥʦʤ ʧʦʚʨʰʠʥʦʤ ʢʦʥʪʘʢʪʘ [88] ʠ/ʠʣʠ ʧʨʠʩʫʩʪʚʦʤ 

ʨʘʟʣʠʯʠʪʠʭ ʩʣʦʿʝʚʘ ʥʘ ʢʦʥʪʘʢʪʥʠʤ ʧʦʚʨʰʠʥʘʤʘ (ʢʘʦ ʰʪʦ ʩʫ ʦʢʩʠʜʠ, ʢʦʥʪʘʤʠʥʘʥʪʠ 

ʠ ʧʨʦʜʫʢʪʠ ʭʝʤʠʿʩʢʠʭ ʨʝʘʢʮʠʿʘ) [78,87], ʢʘʦ ʠ ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ 

ʟʘʚʨʪˁʘ ʥʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʦʿ ʢʦʤʧʦʥʝʥʪʠ  [74ï76, 89]. ʊʘʢʚʘ ʣʦʰʘ 

ʝʣʝʢʪʨʠʯʥʘ ʚʝʟʘ ʤʦʞʝ ʩʝ ʨʘʟʚʠʪʠ ʫ ʫʩʠʿʘʥʠ ʩʧʦʿ [68ï70,88ï91], ʘ ʫʩʠʿʘʥʠ ʩʧʦʿ 

ʤʦʞʝ ʧʦʩʪʘʪʠ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ [72,88,89,92,93]. ʆʙʝ ʚʨʩʪʝ ʢʚʘʨʘ ʤʦʛʫ 

ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʧʦʞʘʨ, ʧʦʩʝʙʥʦ ʘʢʦ ʩʫ ʜʫʛʦʪʨʘʿʥʝ.  

ʋʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ, ʢʦʨʠʰ˂ʝˁʝʤ ʩʧʝʮʠʿʘʣʥʦ ʧʨʦʿʝʢʪʦʚʘʥʝ ʘʧʘʨʘʪʫʨʝ, ʫ 

ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʥʘʿʜʝʪʘˀʥʠʿʝ ʜʦ ʩʘʜʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʩʠʤʫʣʘʮʠʿʘʤʘ 

ʠʩʧʠʪʘʥ ʫʪʠʮʘʿ ʣʦʰʠʭ ʢʦʥʪʘʢʘʪʘ ʫʟʨʦʢʦʚʘʥʠʭ ʥʝʧʦʪʧʫʥʠʤ ʧʨʝʢʣʘʧʘˁʝʤ ʙʘʢʘʨʥʦʛ 

ʧʨʦʚʦʜʥʠʢʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʧʨʠʢˀʫʯʢʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʥʪʘʢʪʘ [88]. ʃʦʰ ʢʦʥʪʘʢʪ ʿʝ ʩʠʤʫʣʠʨʘʥ ʥʝʧʦʪʧʫʥʠʤ ʧʨʝʢʣʘʧʘˁʝʤ 

ʝʣʝʢʪʨʦʜʘ ʨʘʟʣʠʯʠʪʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ, ʠʟʣʦʞʝʥʠʭ ʨʘʟʣʠʯʠʪʠʤ ʩʪʨʫʿʥʠʤ 

ʦʧʪʝʨʝ˂ʝˁʠʤʘ. ɸʥʘʣʠʟʠʨʘʥʝ ʩʫ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʢʦʥʪʘʢʪʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ: ʙʘʢʘʨïʙʘʢʘʨ, ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ. ʇʨʝʮʠʟʥʦ 

ʧʦʜʝʰʝʥ ʧʨʦʮʝʥʘʪ ʧʨʝʢʣʘʧʘˁʘ ʧʦʚʨʰʠʥʘ ʝʣʝʢʪʨʦʜʘ ʠʟʥʦʩʠʦ ʿʝ 100%, 50% ʠ 15%. 

ɼʝʪʘˀʥʦ ʿʝ ʘʥʘʣʠʟʠʨʘʥ ʫʪʠʮʘʿ ʩʚʠʭ ʥʘʚʝʜʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʢʦʥʪʘʢʪʘ, ʧʦʿʘʚʫ Ăʚʨʝʣʝñ ʪʘʯʢʝ, ʫʩʧʦʩʪʘʚˀʘˁʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʠ 

ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ.  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

72 

 

ʋ ʦʢʚʠʨʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʪʘʢʦʹʝ ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʧʠʪʘʥʠ 

ʪʦʧʣʦʪʥʠ ʝʬʝʢʪʠ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʫʟʨʦʢʦʚʘʥʠʭ ʩʤʘˁʝʥʠʤ ʤʦʤʝʥʪʦʤ 

ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʠʭ ʧʨʠʢˀʫʯʘʢʘ ʫ ʫʪʠʢʘʯʠʤʘ ʠ ʫʪʠʯʥʠʮʘʤʘ [89]. ʃʦʰʠ 

ʢʦʥʪʘʢʪʠ, ʫʟʨʦʢʦʚʘʥʠ ʤʠʢʨʦʚʠʙʨʘʮʠʿʘʤʘ ʦʢʦʣʠʥʝ ʠʣʠ ʥʝʩʘʚʝʩʥʠʤ ʨʘʜʦʤ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʪʝʨʘ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʩʫ ʩʠʤʫʣʠʨʘʥʠ ʧʨʦʤʝʥʦʤ ʚʨʝʜʥʦʩʪʠ 

ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ. ʀʩʧʠʪʘʥʠ ʩʫ ʨʘʟʣʠʯʠʪʠ ʪʠʧʦʚʠ ʙʘʢʘʨʥʠʭ ʧʨʦʚʦʜʥʠʢʘ (ʣʠʮʥʘʩʪʠ 

ʠ ʧʫʥʦʛ ʧʨʝʩʝʢʘ), ʢʘʦ ʠ ʨʘʟʣʠʯʠʪʝ ʧʦʚʨʰʠʥʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ, ʧʨʠ ʨʘʟʥʠʤ 

ʦʧʪʝʨʝ˂ʝˁʠʤʘ ʠ ˁʠʭʦʚʠʤ ʨʘʟʣʠʯʠʪʠʤ ʪʨʘʿʘˁʠʤʘ. ɼʝʪʘˀʥʦ ʿʝ ʘʥʘʣʠʟʠʨʘʥ ʫʪʠʮʘʿ 

ʩʚʠʭ ʥʘʚʝʜʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʥʪʘʢʪʘ ʠ ˁʝʛʦʚʫ ʝʣʝʢʪʨʠʯʥʫ 

ʦʪʧʦʨʥʦʩʪ, ʧʦʿʘʚʫ Ăʚʨʝʣʝñ ʪʘʯʢʝ ʠ ʫʩʧʦʩʪʘʚˀʘˁʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. 

ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʫ [89] ʧʨʝʜʩʪʘʚˀʘʣʠ ʩʫ ʚʘʞʘʥ ʢʦʨʘʢ ʫ ʨʘʟʚʦʿʫ ʤʝʪʦʜʝ ʟʘ 

ʦʪʢʨʠʚʘˁʝ ʣʦʰʠʭ ʢʦʥʪʘʢʘʪʘ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ. 

ʏʠˁʝʥʠʮʝ ʢʦʿʝ ʩʫ ʜʝʪʘˀʥʦ ʦʧʠʩʘʥʝ ʫ [88,89] ʦʧʨʘʚʜʘʚʘʿʫ ʩʚʘʢʠ ʥʘʧʦʨ 

ʫʣʦʞʝʥ ʫ ʨʘʟʚʦʿ ʥʦʚʠʭ ʤʝʪʦʜʘ, ʪʝʭʥʠʢʘ ʠ ʫʨʝʹʘʿʘ ʟʘ ʦʪʢʨʠʚʘˁʝ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʢʦʥʪʘʢʘʪʘ ʫ ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ [94ï96]. ʇʨʚʘ ʪʝʭʥʠʢʘ ʜʝʪʝʢʮʠʿʝ Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ 

ʧʦʜʨʘʟʫʤʝʚʘ ʫʛʨʘʜˁʫ ʪʝʨʤʠʯʢʠʭ ʩʝʥʟʦʨʘ (ʥʘʿʯʝʰ˂ʝ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠʭ), ʢʦʿʠ ʩʝ 

ʠʤʧʣʝʤʝʥʪʠʨʘʿʫ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʧʘʩʥʠʤ ʤʝʩʪʠʤʘ (ʥʘʿʯʝʰ˂ʝ ʥʘ ʧʨʠʢˀʫʯʥʠʤ 

ʪʝʨʤʠʥʘʣʠʤʘ ʠʣʠ ʩʪʝʟʘˀʢʘʤʘ) ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʠ ʫʨʝʹʘʿʘ, ʢʘʢʦ ʙʠ ʩʝ ʦʥʠ 

ʟʘʰʪʠʪʠʣʠ ʦʜ Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ, ʦʜʥʦʩʥʦ ʧʦʞʘʨʘ. ɼʨʫʛʠ ʧʨʠʥʮʠʧ ʜʝʪʝʢʮʠʿʝ ʣʦʰʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ (Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ) ʟʘʩʥʦʚʘʥ ʿʝ ʥʘ ʧʨʘ˂ʝˁʫ ʧʨʦʤʝʥʝ 

ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ (ʦʜʥʦʩʥʦ, ʧʨʦʤʝʥʝ ʧʘʜʘ ʥʘʧʦʥʘ ʥʘ ʢʦʥʪʘʢʪʫ) 

ʧʦʤʦ˂ʫ ʩʧʝʮʠʿʘʣʥʝ ʝʣʝʢʪʨʦʥʩʢʝ ʤʝʨʥʝ ʦʧʨʝʤʝ ï ʩʝʥʟʦʨʘ. ʋ ʥʘʚʝʜʝʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ 

ʝʿ ʥʘʿʯʝʰ˂ʝ ʨʝʯ ʦ ʧʨʠʤʝʥʠ ʩʢʫʧʦʮʝʥʝ ʦʧʨʝʤʝ, ʟʙʦʛ ʯʝʛʘ ʧʨʠʤʝʥʘ ʧʘʪʝʥʪʠʨʘʥʠʭ 

ʫʨʝʹʘʿʘ ʦʧʠʩʘʥʠʭ ʫ [94ï96] ʥʝʤʘ ʤʘʩʦʚʥʫ ʧʨʠʤʝʥʫ ʫ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘˁʝʥʠʤ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ (ʫʟ ʪʦ, ʪʨʝʙʘʣʦ ʙʠ ʠʥʩʪʘʣʠʨʘʪʠ 

ʦʛʨʦʤʘʥ ʙʨʦʿ ʩʝʥʟʦʨʘ). ʊʨʝʙʘ ʩʧʦʤʝʥʫʪʠ ʠ ʜʚʝ ʜʘʥʘʩ ʘʢʪʫʝʣʥʝ ʪʝʭʥʠʢʝ ʜʝʪʝʢʮʠʿʝ 

ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ. ʇʨʚʘ ʿʝ ʪʝʭʥʠʢʘ ʘʢʫʩʪʠʯʢʝ ʜʝʪʝʢʮʠʿʝ, ʢʦʿʘ 

ʧʨʝʜʩʪʘʚˀʘ ʝʬʠʢʘʩʥʦ ʩʨʝʜʩʪʚʦ ʟʘ ʜʝʪʝʢʮʠʿʫ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʫ 

ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʧʦʩʪʨʦʿʝˁʠʤʘ. ʆʥʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʯʠˁʝʥʠʮʠ ʜʘ ʩʝ ʧʨʦʩʪʠʨʘˁʝ 

ʟʚʫʯʥʦʛ ʩʠʛʥʘʣʘ ʢʨʦʟ ʤʥʦʛʦʙʨʦʿʥʝ, ʘʣʠ ʥʝʧʨʝʢʠʥʫʪʝ ʙʘʢʘʨʥʝ ʧʨʦʚʦʜʥʠʢʝ ʠ 

ʧʨʦʚʦʜʥʠʢʝ ʰʠʥʩʢʦʛ ʨʘʟʚʦʜʘ ʦʜʣʠʢʫʿʝ ʚʝʦʤʘ ʤʘʣʠʤ ʩʣʘʙˀʝˁʝʤ. ʄʝʹʫʪʠʤ, ʦʚʘ 

ʪʝʭʥʠʢʘ ʥʠʿʝ ʧʨʘʢʪʠʯʥʘ ʫ ʩʪʘʤʙʝʥʠʤ, ʧʦʩʣʦʚʥʠʤ ʠ ʿʘʚʥʠʤ ʦʙʿʝʢʪʠʤʘ, ʫ ʢʦʿʠʤʘ 
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ʤʥʦʛʦʙʨʦʿʥʠ ʢʦʥʪʘʢʪʠ, ʫʦʙʠʯʘʿʝʥʠ ʟʘ ʪʘʿ ʪʠʧ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ, ʜʦʚʦʜʝ ʜʦ 

ʚʝʣʠʢʦʛ ʩʣʘʙˀʝˁʘ ʩʠʛʥʘʣʘ [97]. ɼʨʫʛʘ ʪʝʭʥʠʢʘ ʿʝ ʪʝʨʤʦʚʠʟʠʿʩʢʦ ʩʥʠʤʘˁʝ, ʢʦʿʘ 

ʧʨʝʜʩʪʘʚˀʘ  ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘˁʝʥʫ ʤʝʪʦʜʫ ʟʘ ʧʨʝʚʝʥʪʠʚʥʦ ʦʪʢʨʠʚʘˁʝ ʣʦʰʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ [81]. ʄʝʹʫʪʠʤ, ʪʝʨʤʦʚʠʟʠʿʩʢʠʤ ʧʨʝʛʣʝʜʦʤ ʿʝ ʥʝʤʦʛʫ˂ʝ 

ʦʪʢʨʠʪʠ Ăʚʨʝʣʝñ ʪʘʯʢʝ ʥʘ ʣʦʰʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʢʦʥʪʘʢʪʠʤʘ ʫʢʦʣʠʢʦ ʥʝ ʧʦʩʪʦʿʠ 

ʚʠʟʫʝʣʥʠ ʢʦʥʪʘʢʪ ʠʟʤʝʹʫ ʪʘʯʢʝ ʧʦʩʤʘʪʨʘˁʘ ʠ ʠʥʬʨʘʮʨʚʝʥʦʛ ʩʝʥʟʦʨʘ 

ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ [98]. 

ɼʨʫʛʘ ʤʦʛʫ˂ʥʦʩʪ ʟʘ ʦʪʢʨʠʚʘˁʝ ʣʦʰʠʭ ʢʦʥʪʘʢʘʪʘ ʿʝ ʧʦʙʦˀʰʘˁʝ ʧʨʦʮʝʜʫʨʘ 

ʟʘ ʚʝʨʠʬʠʢʘʮʠʿʫ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʫ ʟʛʨʘʜʘʤʘ, 

ʜʘʪʠʭ ʫ ʨʝʣʝʚʘʥʪʥʠʤ ʩʪʘʥʜʘʨʜʠʤʘ [99-101]. ʉʪʘʥʜʘʨʜʘʥ ʧʦʩʪʫʧʘʢ ʫ ʦʢʚʠʨʫ 

ʧʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʿʝ 

ʜʘ ʩʝ ʝʣʝʢʪʨʠʯʥʠʤ ʤʝʨʝˁʠʤʘ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠʟʚʨʰʠ ʧʨʦʚʝʨʘ 

ʝʬʠʢʘʩʥʦʩʪʠ ʩʠʩʪʝʤʘ ʘʫʪʦʤʘʪʩʢʦʛ ʠʩʢˀʫʯʝˁʘ ʥʘʧʘʿʘˁʘ ʫ ʩʣʫʯʘʿʫ ʢʚʘʨʘ [102]. ʋ 

ʧʝʨʠʦʜʫ ʦʜ 2010. ʜʦ 2018. ʛʦʜʠʥʝ, ʩʪʨʫʯˁʘʮʠ ʠʟ ʃʘʙʦʨʘʪʦʨʠʿʝ ʟʘ ʠʩʧʠʪʠʚʘˁʝ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʛʨʦʤʦʙʨʘʥʩʢʠʭ ʟʘʰʪʠʪʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʥʘ 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʤ ʬʘʢʫʣʪʝʪʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ ʠʟʚʨʰʠʣʠ ʩʫ ʙʨʦʿʥʝ 

ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʫ ʿʘʚʥʠʤ ʠ 

ʧʦʩʣʦʚʥʠʤ ʦʙʿʝʢʪʠʤʘ, ʢʦʿʠʤʘ ʿʝ ʦʧʝʨʘʪʠʚʥʦ ʨʫʢʦʚʦʜʠʦ ʘʫʪʦʨ ʜʦʢʪʦʨʩʢʝ 

ʜʠʩʝʨʪʘʮʠʿʝ. ʋ ʩʚʠʤ ʪʠʤ ʦʙʿʝʢʪʠʤʘ ʧʨʠʤʝˁʝʥ ʿʝ TN ʩʠʩʪʝʤ ʟʘʰʪʠʪʝ ʦʜ 

ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ. ʀʩʧʠʪʠʚʘˁʝʤ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʠ ʢʚʘʨʘ ʧʨʠʤʝ˂ʝʥʦ ʿʝ ʜʘ ʩʫ 

ˁʠʭʦʚʝ ʚʨʝʜʥʦʩʪʠ ʫʛʣʘʚʥʦʤ ʙʠʣʝ ʫ ʨʘʩʧʦʥʫ ʦʜ ʥʝʢʦʣʠʢʦ ʩʪʦʪʠʥʘ mɋ (ʟʘ ʩʪʨʫʿʥʘ 

ʢʦʣʘ ʥʘ ʥʠʞʠʤ ʝʪʘʞʘʤʘ ʟʛʨʘʜʘ, ʯʠʿʘ ʿʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʘ ʩʪʘʥʠʮʘ (10/0,4 kV) ʙʠʣʘ 

ʧʦʩʪʘʚˀʝʥʘ ʫʥʫʪʘʨ ʟʛʨʘʜʝ ʠʣʠ ʫ ˁʝʥʦʿ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ) ʜʦ ʦʢʦ 1 ɋ (ʟʘ 

ʩʪʨʫʿʥʘ ʢʦʣʘ ʥʘ ʚʠʰʠʤ ʝʪʘʞʘʤʘ). ʄʝʹʫʪʠʤ, ʟʘ ʥʝʢʝ ʠʩʧʠʪʘʥʝ ʫʪʠʯʥʠʮʝ ʠʟʤʝʨʝʥʘ 

ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠʟʥʦʩʠʣʘ ʿʝ ʥʝʢʦʣʠʢʦ ʦʤʘ. ʉʘʜʘʰˁʘ ʩʪʘʥʜʘʨʜʥʘ 

ʧʨʦʮʝʜʫʨʘ [102] ʟʘʩʥʦʚʘʥʘ ʿʝ ʥʘ ʫʧʦʨʝʹʠʚʘˁʫ ʠʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʩʘ 

ʛʨʘʥʠʯʥʦʤ ʚʨʝʜʥʦʰ˂ʫ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʜʦʚʦˀʥʦ ʙʨʟʦ ʨʝʘʛʦʚʘˁʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ (ʢʘʢʦ ʙʠ ʩʝ ʩʧʨʝʯʠʦ ʦʧʘʩʘʥ ʝʣʝʢʪʨʠʯʥʠ ʫʜʘʨ). ʇʦʰʪʦ ʩʫ 

ʧʨʦʧʠʩʘʥʝ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʚʠʩʦʢʝ, ʩʚʘʢʦ ʩʪʨʫʿʥʦ ʢʦʣʦ ʥʘ ʢʦʤʝ ʿʝ ʠʟʤʝʨʝʥʘ 

ʦʪʧʦʨʥʦʩʪ ʧʝʪˀʝ ʢʚʘʨʘ ʦʜ ʥʝʢʦʣʠʢʦ ʦʤʘ ʧʨʦʛʣʘʰʝʥʦ ʿʝ ʠʩʧʨʘʚʥʠʤ, ʠʘʢʦ ʩʫ ʥʝʢʘ 

ʦʜ ˁʠʭ ʩʘʜʨʞʘʣʘ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ (ʢʦʿʠ ʤʦʞʝ ʜʘ ʧʦʩʪʘʥʝ ʫʟʨʦʯʥʠʢ 

ʧʦʞʘʨʘ). 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

74 

 

ɼʘ ʙʠ ʩʝ ʠʟʙʝʛʣʠ ʦʚʘʢʚʠ (ʧʦʛʨʝʰʥʠ) ʟʘʢˀʫʯʮʠ, ʚʘʞʥʦ ʿʝ ʧʦʙʦˀʰʘʪʠ  

ʧʨʦʮʝʜʫʨʫ ʟʘ ʧʝʨʠʦʜʠʯʥʫ ʚʝʨʠʬʠʢʘʮʠʿʫ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ ʪʘʢʦ ʜʘ ʦʥʘ ʦʙʝʟʙʝʜʠ ʨʘʥʦ ʦʪʢʨʠʚʘˁʝ ʣʦʠhʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ. 

ɼʝʪʘˀʥʦ ʨʘʟʨʘʹʝʥʘ ʠʜʝʿʘ ʫ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʟʘʩʥʦʚʘʥʘ ʿʝ ʥʘ ʜʝʪʝʢʮʠʿʠ 

ʧʨʠʤʝʪʥʦʛ ʧʦʚʝ˂ʘˁʘ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ/ʠʣʠ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʨʘʪʢʦʛ 

ʩʧʦʿʘ ʪʦʢʦʤ ʧʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ. ʇʨʝʤʘ ʩʪʘʥʜʘʨʜʫ [103], (ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ) ʤʝʨʥʘ ʦʧʨʝʤʘ ʟʘ 

ʚʝʨʠʬʠʢʘʮʠʿʫ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʦʤʦʛʫʘ˂ʚʘ 

ʤʝʨʝˁʝ ʦʪʧʦʨʥʦʩʪʠ ʦʙʝ ʧʝʪˀʝ.  

ʃʦʰʠ ʢʦʥʪʘʢʪʠ ʩʝ ʯʝʩʪʦ ʿʘʚˀʘʿʫ ʫ ʫʪʠʯʥʠʮʘʤʘ ʢʦʿʝ ʩʫ ʙʠʣʝ ʫ ʫʧʦʪʨʝʙʠ 

ʚʝʣʠʢʠ ʙʨʦʿ ʛʦʜʠʥʘ, ʥʘʨʦʯʠʪʦ ʘʢʦ ʩʫ ʙʠʣʝ ʠʟʣʦʞʝʥʝ ʚʣʘʟʠ, ʛʘʩʥʦʤ ʦʢʨʫʞʝˁʫ ʠʣʠ 

ʥʝʢʦʤ ʟʘʛʘʹʠʚʘʯʫ. ʋ ʪʘʢʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʢʦʥʪʘʢʪʠ ʤʦʛʫ ʣʘʢʦ ʜʘ ʢʦʨʦʜʠʨʘʿʫ, ʰʪʦ 

ʜʦʚʦʜʠ ʜʦ ʧʦʩʪʝʧʝʥʦʛ ʧʦʛʦʨʰʘˁʘ ʤʝʪʘʣʥʠʭ ʧʦʚʨʰʠʥʘ ʥʘ ʤʝʩʪʫ ʢʦʥʪʘʢʪʘ. Glas ʩʘ 

ʩʘʨʘʜʥʠʮʠʤʘ [104] ʠʟʣʦʞʠʦ ʿʝ ʫʪʠʯʥʠʮʝ ʚʦʜʦʥʠʢ-ʩʫʣʬʠʜʫ ʠ ʠʩʧʠʪʘʦ ˁʠʭʦʚʝ 

ʝʣʝʢʪʨʠʯʥʝ ʠ ʪʝʨʤʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. ʀʘʢʦ ʥʠʿʝ ʦʪʢʨʠʚʝʥʦ ʧʦʚʝ˂ʘˁʝ 

ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʘʪʘ ʥʠʪʠ ˁʠʭʦʚʦ ʧʨʝʛʨʝʚʘˁʘ, ʧʨʝʜʣʦʞʝʥʦ ʿʝ ʜʘ ʩʝ 

ʠʩʧʠʪʘ ʫʪʠʮʘʿ ʜʨʫʛʠʭ ʘʛʨʝʩʠʚʥʠʭ ʦʢʨʫʞʝˁʘ ʢʦʿʘ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʦʰʪʝ˂ʝˁʘ 

ʢʦʥʪʘʢʘʪʘ ʠ ʧʨʝʛʨʝʚʘˁʘ. 

Freni ʠ Gradel [105] ʢʦʥʩʪʘʪʦʚʘʣʠ ʩʫ ʜʘ ʿʝ ʢʦʨʦʟʠʿʘ ʩʢʦʨʦ ʫʚʝʢ ʨʝʟʫʣʪʘʪ 

ʩʠʥʝʨʛʠʿʩʢʦʛ ʜʝʣʦʚʘˁʘ ʥʝʢʦʣʠʢʦ ʘʪʤʦʩʬʝʨʩʢʠʭ ʢʦʤʧʦʥʝʥʪʠ, ʠ ʪʦ ʫ ʪʨʘʛʦʚʠʤʘ. 

ʇʨʝʤʘ ˁʠʭʦʚʦʤ ʤʠʰˀʝˁʫ, ʠʩʧʠʪʠʚʘˁʝ ʪʨʝʙʘ ʜʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʧʨʠʩʫʩʪʚʫ ʥʘʿʤʘˁʝ 

ʿʝʜʥʦʛ ʛʘʩʘ ʢʦʿʠ ʩʘʜʨʞʠ ʩʫʤʧʦʨ, ʛʘʩʘ ʢʦʿʠ ʩʘʜʨʞʠ ʭʣʦʨ (ʥʧʨ. HCl) ʠ ʛʘʩʘ ʢʦʿʠ 

ʩʘʜʨʞʠ ʘʟʦʪ (ʥʧʨ. HNO3 (ʘʟʦʪʥʘ ʢʠʩʝʣʠʥʘ)). ɫʦʨʹʝʚʠ˂ ʩʘ ʩʘʨʘʜʥʠʮʠʤʘ [106] 

ʠʩʧʠʪʠʚʘʣʘ ʿʝ ʩʘʩʪʘʚ ʘʪʤʦʩʬʝʨʩʢʠʭ ʘʝʨʦʩʦʣʘ ʫ ɹʝʦʛʨʘʜʫ ʠ ʧʦʢʘʟʘʣʘ ʜʘ ʩʫ 

ʥʘʿʨʘʰʠʨʝʥʠʿʠ ʛʨʘʥʠʯʥʠ ʘʝʨʦʩʦʣʠ NH3 (ʘʤʦʥʠʿʘʢ), H2Sʆ4 (ʩʫʤʧʦʨʥʘ ʢʠʩʝʣʠʥʘ) ʠ 

HNO3, ʟʘʪʠʤ HCl ʠ ʨʘʟʥʝ ʢʦʥʜʝʥʟʘʙʠʣʥʝ ʦʨʛʘʥʩʢʝ ʢʠʩʝʣʠʥʝ. 

ʋ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʣʦʰʠ ʢʦʥʪʘʢʪʠ, ʯʠʿʘ ʿʝ ʝʣʝʢʪʨʠʯʥʘ 

ʦʪʧʦʨʥʦʩʪ ʫ ʦʧʩʝʛʫ ʦʜ 80 mɋ ʜʦ 250 mɋ, ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʝʪˁʫ ʧʦ ʙʝʟʙʝʜʥʦʩʪ ʘʢʦ 

ʿʝ ʿʘʯʠʥʘ ʩʪʨʫʿʝ ʚʝʣʠʢʘ (ʩʪʨʫʿʘ ʦʜ 16 ɸ, ʢʦʿʫ ʛʝʥʝʨʘʣʥʦ ʦʛʨʘʥʠʯʘʚʘʿʫ ʢʣʘʩʠʯʥʝ 

ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ, ʧʨʝʜʩʪʘʚˀʘ ʤʘʢʩʠʤʘʣʥʫ ʥʘʟʠʚʥʫ ʩʪʨʫʿʫ ʫ ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ 

ʠʥʩʪʘʣʠʨʘʥʠʤ ʫ ʩʪʘʤʙʝʥʠʤ, ʧʦʩʣʦʚʥʠʤ ʠ ʿʘʚʥʠʤ ʟʛʨʘʜʘʤʘ ʧʨʠʢˀʫʯʝʥʠʤ ʥʘ 

ʥʘʧʦʿʥʫ ʤʨʝʞʫ ʩʘ ʥʘʟʠʚʥʠʤ ʬʘʟʥʠʤ ʥʘʧʦʥʦʤ ʦʜ 230 V ʠ ʤʨʝʞʥʦʤ ʫʯʝʩʪʘʥʦʰ˂ʫ ʦʜ 
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50 Hz) [89]. ɸʢʦ ʩʝ ʦʰʪʝ˂ʝʥʠ ʢʦʥʪʘʢʪ ʦʧʪʝʨʝʪʠ ʤʘʠˁʤ ʩʪʨʫʿʘʤʘ, ˁ ʝʛʦʚʘ ʦʪʧʦʨʥʦʩʪ 

ʥʘʩʪʘʚˀʘ ʜʘ ʨʘʩʪʝ ʠ ʤʦʞʝ ʜʘ ʜʦʩʪʠʛʥʝ ʚʨʝʜʥʦʩʪ ʧʨʝʢʦ 1 ɋ. ɸʢʦ ʫ ʪʘʢʚʦʤ ʩʪʨʫʿʥʦʤ 

ʢʦʣʫ (ʩʘ ʦʪʧʦʨʥʦʰ˂ʫ ʢʦʥʪʘʢʪʘ ʚʝ˂ʦʤ ʦʜ 1 ɋ) ʩʪʨʫʿʘ ʠʟʥʦʩʠ ʦʢʦ 16 ɸ, ʟʥʘʪʥʘ ʩʥʘʛʘ 

ʝ˂ ʙʠʪʠ ʜʠʩʠʧʠʨʘʥʘ ʥʘ ʣʦʰʝʤ ʢʦʥʪʘʢʪʫ, ʧʦʚʝ˂ʘʚʘʿʫ˂ʠ ʫʩʣʦʚʝ ʟʘ ʩʘʛʦʨʝʚʘˁʝ ʠ 

ʧʘˀʝˁʝ ʦʢʦʣʥʝ ʧʣʘʩʪʠʢʝ. ɼʘ ʙʠ ʩʝ ʫʪʚʨʜʠʦ ʦʧʩʝʛ ʦʪʧʦʨʥʦʩʪʠ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʫ 

ʩʪʘʨʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ (ʢʦʿʠ ʿʝ ʧʦʪʨʝʙʘʥ ʟʘ ʨʘʟʚʦʿ ʥʦʚʝ ʧʨʦʮʝʜʫʨʝ 

ʢʦʿʘ ʙʠ ʫ ʦʢʚʠʨʫ ʧʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʩʣʫʞʠʣʘ ʜʘ ʩʝ ʥʘ ʚʨʝʤʝ ʜʝʪʝʢʪʫʿʫ ʣʦʰʠ ʝʣʝʢʪʨʠʯʥʠ 

ʢʦʥʪʘʢʪʠ), ʫ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʠʟʚʨʰʝʥ ʥʠʟ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʥʘ ʫʪʠʯʥʠʮʠ 

ʢʦʿʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʧʨʝʢʦ 30 ʛʦʜʠʥʘ, ʢʘʦ ʠ ʥʘ ʥʦʚʦʿ ʫʪʠʯʥʠʮʠ ʩʘ ʝʣʝʢʪʨʠʯʥʠʤ 

ʢʦʥʪʘʢʪʠʤʘ ʥʘʤʝʨʥʦ ʠʟʣʦʞʝʥʠʤ ʢʦʨʦʟʠʿʠ (ʪʨʝʪʠʨʘˁʝʤ ʭʝʤʠʿʩʢʠʤ ʩʨʝʜʩʪʚʠʤʘ) 

[98]. ʋ ʣʘʙʦʨʘʪʦʨʠʿʠ ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʧʠʪʘʥʠ ʝʬʝʢʪʠ ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ 

ʟʘʪʝʟʘˁʘ ʧʨʠʢˀʫʯʘʢʘ ʠʟʚʝʜʝʥʠʭ ʟʘʚʨʪˁʝʤ ʥʘ ˁʠʭʦʚʦ ʟʘʛʨʝʚʘˁʝ ʠ ʝʣʝʢʪʨʠʯʥʫ 

ʦʪʧʦʨʥʦʩʪ, ʢʘʢʦ ʫ ʩʪʘʨʦʿ (ʢʦʨʠʰ˂ʝʥʦʿ) ʫʪʠʯʥʠʮʠ ʪʘʢʦ ʠ ʫ ʜʚʝ ʥʦʚʝ ʫʪʠʯʥʠʮʝ ʩʘ 

ʥʘʤʝʨʥʦ ʢʦʨʦʜʠʨʘʥʠʤ ʩʧʦʿʝʚʠʤʘ. ʋ ʿʝʜʥʦʿ ʦʜ ʥʦʚʠʭ ʫʪʠʯʥʠʮʘ ʧʨʦʮʝʩ ʢʦʨʦʟʠʿʝ ʥʘ 

ʧʨʠʢˀʫʯʢʫ ʙʠʦ ʿʝ ʫʙʨʟʘʥ ʪʨʝʪʠʨʘˁʝʤ ʮʘʨʩʢʦʤ ʚʦʜʠʮʦʤ (ʩʤʝʰʘ ʘʟʦʪʥʝ ʠ 

ʭʣʦʨʦʚʦʜʦʥʠʯʥʝ ʢʠʩʝʣʠʥʝ), ʘ ʫ ʜʨʫʛʦʿ ʪʨʝʪʠʨʘˁʝʤ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ ʩʫʤʧʦʨʥʦʤ 

ʢʠʩʝʣʠʥʦʤ. ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ ʢʦʨʠʰ˂ʝˁʝʤ ʦʚʠʭ ʢʠʩʝʣʠʥʘ ʤʦʞʝ ʩʠʤʫʣʠʨʘʪʠ 

ʧʦʚʝ˂ʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʫʪʠʯʥʠʮʝ ʪʘʢʦ ʜʘ 

ʦʜʛʦʚʘʨʘʿʫ ʦʥʠʤ ʢʦʜ ʩʪʘʨʠʭ ʫʪʠʯʥʠʮʘ. ʊʘʢʦʹʝ, ʫ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ 

ʘʥʘʣʠʟʠʨʘʥʘ ʤʦʛʫ˂ʥʦʩʪ ʜʝʪʝʢʮʠʿʝ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ ʤʝʨʝˁʝʤ 

ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʫ ʪʦʢʫ ʧʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ 

ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ [98]. ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ 

ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠ ʧʝʨʠʦʜʠʯʥʠʭ ʚʝʨʠʬʠʢʘʮʠʿʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʫ ʿʘʚʥʠʤ ʠ ʧʦʩʣʦʚʥʠʤ ʦʙʿʝʢʪʠʤʘ ʩʘ ʫʢʫʧʥʦ 11.243 

ʠʩʧʠʪʘʥʠʭ ʫʪʠʯʥʠʮʘ (ʢʦʿʠʤʘ ʿʝ ʦʧʝʨʘʪʠʚʥʦ ʨʫʢʦʚʦʜʠʦ ʘʫʪʦʨ ʜʦʢʪʦʨʩʢʝ 

ʜʠʩʝʨʪʘʮʠʿʝ), ʫ ʦʢʚʠʨʫ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʨʘʟʚʠʿʝʥʘ ʥʦʚʘ ʧʨʦʮʝʜʫʨʘ ʟʘ ʜʝʪʝʢʮʠʿʫ 

ʣʦʰʠʭ ʢʦʥʪʘʢʘʪʘ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʩʘ TN ʩʠʩʪʝʤʦʤ 

ʟʘʰʪʠʪʝ [98]. ʇʨʝʜʣʦʞʝʥʘ ʧʨʦʮʝʜʫʨʘ ʦʙʝʟʙʝʹʫʿʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʣʦʰʠʤ 

ʢʦʥʪʘʢʪʠʤʘ ʠ ˁʠʭʦʚʦʿ ʣʦʢʘʮʠʿʠ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ (ʥʘ ʬʘʟʥʦʤ, ʥʝʫʪʨʘʣʥʦʤ ʠ/ʠʣʠ 

ʟʘʰʪʠʪʥʦʤ ʧʨʦʚʦʜʥʠʢʫ), ʰʪʦ ʩʝ ʧʦʩʪʠʞʝ ʧʦʨʝʹʝˁʝʤ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ 

ʧʝʪˀʝ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʩʘ ʛʨʘʥʠʯʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʢʦʿʝ ʩʫ ʜʝʬʠʥʠʩʘʥʝ ʫ ʜʦʢʪʦʨʩʢʦʿ 
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ʜʠʩʝʨʪʘʮʠʿʠ (ʠ ʫ ʨʝʬʝʨʝʥʮʠ [98] ʫ ʢʦʿʦʿ ʩʫ ʧʫʙʣʠʢʦʚʘʥʠ ʨʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ 

ʩʧʨʦʚʝʜʝʥʠʭ ʫ ʦʢʚʠʨʫ ʧʨʝʜʤʝʪʥʝ ʜʠʩʝʨʪʘʮʠʿʝ). 

 

1.8. ʇʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ  

 

ʇʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʜʝʪʝʢʮʠʿʘ ʣʦʰʠʭ 

ʢʦʥʪʘʢʘʪʘ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ, ʢʦʿʠ ʤʦʛʫ ʥʘʩʪʘʪʠ ʫ 

ʨʘʟʚʦʜʥʦʤ ʦʨʤʘʥʫ ʠʣʠ ˁʝʛʦʚʦʤ ʥʘʧʦʿʥʦʤ ʚʦʜʫ, ʢʘʦ ʠ ʙʠʣʦ ʛʜʝ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ (ʥʘ 

ʩʧʦʿʫ ʧʨʦʚʦʜʥʠʢʘ ʫ ʨʘʟʚʦʜʥʦʿ ʢʫʪʠʿʠ, ʥʘ ʩʧʦʿʫ ʫʪʠʢʘʯʘ ʠ ʫʪʠʯʥʠʮʝ, ʥʘ ʩʧʦʿʫ 

ʧʨʦʚʦʜʥʠʢʘ ʠ ʧʨʠʢˀʫʯʥʦʛ ʟʘʚʨʪˁʘ ʫ ʧʨʝʢʠʜʘʯʫ, ʫʪʠʢʘʯʫ, ʫʪʠʯʥʠʮʠ, ʨʘʟʚʦʜʥʦʿ 

ʢʫʪʠʿʠ, ʦʩʠʛʫʨʘʯʫ, ʘʫʪʦʤʘʪʩʢʦʤ ʧʨʝʢʠʜʘʯʫ, ʧʨʦʜʫʞʥʦʤ ʢʘʙʣʫ, ʧʨʠʿʝʤʥʠʢʫ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ...) [66]. ʅʘ ʣʦʰʝʤ ʢʦʥʪʘʢʪʫ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʧʨʝʛʨʝʚʘˁʘ, ʯʠʤʝ 

ʩʝ ʬʦʨʤʠʨʘ Ăʚʨʝʣʘñ ʪʘʯʢʘ. ʋʢʦʣʠʢʦ ʪʝʤʧʝʨʘʪʫʨʘ Ăʚʨʝʣʝñ ʪʘʯʢʝ ʧʨʝʤʘʰʠ ʚʨʝʜʥʦʩʪ 

ʪʨʘʿʥʦ ʜʦʟʚʦˀʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʥʝ ʝʣʝʢʪʨʠʯʥʝ ʠʟʦʣʘʮʠʿʝ, ʜʦʣʘʟʠ ʜʦ 

ʜʝʛʨʘʜʘʮʠʿʝ ˁʝʥʠʭ ʩʚʦʿʩʪʘʚʘ. ɼʘˀʠʤ ʧʦʨʘʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʣʦʰʝʤ ʢʦʥʪʘʢʪʫ 

ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʧʘˀʝˁʘ ʝʣʝʢʪʨʠʯʥʝ ʠʟʦʣʘʮʠʿʝ ʧʨʦʚʦʜʥʠʢʘ, ʠʣʠ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʦʛ ʝʣʝʤʝʥʪʘ, ʢʘʦ ʠ ʦʢʦʣʥʦʛ ʟʘʧʘˀʠʚʦʛ ʤʘʪʝʨʠʿʘʣʘ.  

ɱʝʜʘʥ ʦʜ ʮʠˀʝʚʘ ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʘʜʘ ʫ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʜʘ ʩʝ 

ʠʟʚʨʰʠ ʘʥʘʣʠʟʘ ʪʦʧʣʦʪʥʠʭ ʝʬʝʢʘʪʘ ʠʟʘʟʚʘʥʠʭ ʣʦʰʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʢʦʥʪʘʢʪʦʤ. 

ʆʥʘ ˂ʝ ʦʙʫʭʚʘʪʠʪʠ ʣʦʰʝ ʢʦʥʪʘʢʪʝ ʢʦʿʠ ʥʘʩʪʘʿʫ: 

- ʟʙʦʛ ʥʝʧʦʪʧʫʥʦʛ ʥʘʣʝʛʘˁʘ ʧʦʚʨʰʠʥʝ ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʢʦʥʪʘʢʪʥʝ 

ʧʦʚʨʰʠʥʝ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʦʛ ʝʣʝʤʝʥʪʘ, ʢʦʿʘ ʿʝ ʠʟʨʘʹʝʥʘ ʦʜ ʨʘʟʥʠʭ ʤʘʪʝʨʠʿʘʣʘ 

(ʙʘʢʘʨ, ʤʝʩʠʥʛ ʠ ʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ï ʧʨʦʭʨʦʤ), ʠ  

- ʟʙʦʛ ʩʤʘˁʝˁʘ ʩʠʣʝ ʧʨʠʪʠʩʢʘ ʥʘʣʝʛʘˁʘ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʨʰʠʥʘ ʙʘʢʘʨʥʦʛ 

ʧʨʦʚʦʜʥʠʢʘ ʠ ʟʘʚʨʪˁʘ ʫ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʦʤ ʝʣʝʤʝʥʪʫ (ʢʦʿʝ ʩʝ ʧʦʩʪʠʞʝ 

ʨʝʜʫʢʮʠʿʦʤ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ ʥʘ ʰʫʢʦ-ʫʪʠʢʘʯʫ ʠʣʠ ʫʪʠʯʥʠʮʠ).  

ɿʘ ʨʘʟʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ (ʙʘʢʘʨïʙʘʢʘʨ, ʙʘʢʘʨïʤʝʩʠʥʛ ʠ 

ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ) ʫʪʚʨʜʠ˂ʝ ʩʝ ʢʦʿʠ ʿʝ ʧʨʠ ʠʩʪʠʤ ʫʩʣʦʚʠʤʘ (ʿʝʜʥʘʢʦ ʩʪʨʫʿʥʦ 

ʦʧʪʝʨʝ˂ʝˁʝ, ʠʩʪʠ ʧʨʝʩʝʢ ʧʨʦʚʦʜʥʠʢʘ ʠ ʠʩʪʠ ʩʪʝʧʝʥ ʧʦʛʦʨʰʘˁʘ ʢʦʥʪʘʢʪʘ) 

ʢʨʠʪʠʯʘʥ ʫ ʧʦʛʣʝʜʫ ʜʦʩʪʠʟʘˁʘ ʤʘʢʩʠʤʘʣʥʝ ʪʨʘʿʥʦ ʜʦʟʚʦˀʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ (ʥa 

ʧʨʠʤʝʨ, ʤʘʢʩʠʤʘʣʥʘ ʪʨʘʿʥʦ ʜʦʟʚʦˀʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ PVC ʠʟʦʣʘʮʠʿʫ ʠʟʥʦʩʠ 70 
ʦ
C 

[27]). ʋ ʦʚʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʩʧʝʮʠʿʘʣʥʦ ʧʨʦʿʝʢʪʦʚʘʥʘ ʘʧʘʨʘʪʫʨʘ, 

ʢʦʿʦʤ ʿʝ ʨʝʘʣʥʦ ʩʠʤʫʣʠʨʘʥ ʫʪʠʮʘʿ ʣʦʰʠʭ ʢʦʥʪʘʢʘʪʘ ʫʟʨʦʢʦʚʘʥʠʭ ʥʝʧʦʪʧʫʥʠʤ 
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ʧʨʝʢʣʘʧʘˁʝʤ ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʧʨʠʢˀʫʯʢʘ ʥʠʩʢʦʥʘʧʦʥʩʢʝ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʥʪʘʢʪʘ. ʃʦʰ ʢʦʥʪʘʢʪ ʿʝ 

ʩʠʤʫʣʠʨʘʥ ʫʧʦʪʨʝʙʦʤ ʝʣʝʢʪʨʦʜʘ ʨʘʟʥʠʭ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʠʟʣʦʞʝʥʠʭ 

ʨʘʟʣʠʯʠʪʠʤ ʦʧʪʝʨʝ˂ʝˁʠʤʘ.  

ʊʘʢʦʹʝ ˂ʝ ʩʝ ʠʩʧʠʪʘʪʠ ʢʘʢʦ ʨʝʜʫʢʮʠʿʘ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ ʫ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʦʿ ʢʦʤʧʦʥʝʥʪʠ (ʥʧʨ. ʫ ʰʫʢʦ-ʫʪʠʢʘʯʫ ʠʣʠ ʰʫʢʦ-ʫʪʠʯʥʠʮʠ) 

ʜʦʧʨʠʥʦʩʠ ʥʘʩʪʘʿʘˁʫ Ăʚʨʝʣʝñ ʪʘʯʢʝ ʫ ʩʣʫʯʘʿʫ: 

- ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʠ 

- ʣʠʮʥʘʩʪʦʛ ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ.  

ʀʟʚʦʹʝˁʝʤ ʠ ʘʥʘʣʠʟʦʤ ʨʝʟʫʣʪʘʪʘ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʫʩʪʘʥʦʚʠ˂ʝ 

ʩʝ ʢʘʢʦ ʨʝʜʫʢʮʠʿʘ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ ʥʘ ʙʘʢʘʨʥʠ ʧʨʦʚʦʜʥʠʢ ʧʫʥʦʛ ʧʨʝʩʝʢʘ 

ʠʣʠ ʣʠʮʥʘʩʪʠ ʙʘʢʘʨʥʠ ʧʨʦʚʦʜʥʠʢ ʫʪʠʯʝ ʥʘ ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʫ ʰʫʢʦ-

ʫʪʠʢʘʯʫ ʠ ʰʫʢʦ-ʫʪʠʯʥʠʮʠ. ʋ ʩʢʣʘʜʫ ʩ ʪʠʤ, ʫʪʚʨʜʠ˂ʝ ʩʝ ʜʘ ʣʠ ʩʫ ʥʝʧʦʚʦˀʥʠʿʠ 

ʣʦʰʠ ʢʦʥʪʘʢʪʠ ʫ ʫʛʨʘʹʝʥʦʿ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʦʙʿʝʢʪʘ (ʢʦʿʘ ʩʝ ʫʦʙʠʯʘʿʝʥʦ 

ʠʟʚʦʜʠ ʙʘʢʘʨʥʠʤ ʧʨʦʚʦʜʥʠʮʠʤʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ) ʠʣʠ ʣʦʰʠ ʢʦʥʪʘʢʪʠ ʫ ʥʘʧʦʿʥʠʤ 

ʢʘʙʣʦʚʠʤʘ ʧʨʠʿʝʤʥʠʢʘ (ʥʘʿʯʝʰ˂ʝ ʠʟʨʘʹʝʥʠʤ ʦʜ ʣʠʮʥʘʩʪʠʭ ʙʘʢʘʨʥʠʭ ʧʨʦʚʦʜʥʠʢʘ). 

ʅʘʧʦʤʝʥʠʤʦ ʜʘ ˂ʝ ʩʚʝ ʘʥʘʣʠʟʝ ʦʙʫʭʚʘʪʠʪʠ ʢʘʢʦ ʣʦʰʝ ʢʦʥʪʘʢʪʝ ʥʘ ʥʦʚʠʤ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ (ʩʘ ʠ ʙʝʟ ʥʘʤʝʨʥʦ ʠʟʘʟʚʘʥʝ ʢʦʨʦʟʠʿʝ) ʪʘʢʦ ʠ 

ʣʦʰʝ ʢʦʥʪʘʢʪʝ ʥʘ ʩʪʘʨʠʤ, ʜʫʛʦ ʢʦʨʠʰ˂ʝʥʠʤ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʤ 

ʢʦʤʧʦʥʝʥʪʘʤʘ. ʀʟʚʝʰ˂ʝ ʩʝ ʥʠʟ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʥʘ ʫʪʠʯʥʠʮʠ ʢʦʿʘ ʿʝ ʢʦʨʠʰ˂ʝʥʘ 

ʜʫʛʠ ʥʠʟ ʛʦʜʠʥʘ (30 ʛʦʜʠʥʘ), ʢʘʦ ʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʘ ʥʦʚʠʤ ʫʪʠʯʥʠʮʘʤʘ, ʘʣʠ ʩʘ 

ʝʣʝʢʪʨʠʯʥʠʤ ʢʦʥʪʘʢʪʠʤʘ ʥʘʤʝʨʥʦ ʠʟʣʦʞʝʥʠʤ ʢʦʨʦʟʠʿʠ. ɼʘ ʙʠ ʩʝ ʫʙʨʟʘʦ ʧʨʦʮʝʩ 

ʢʦʨʦʟʠʿʝ, ʫ ʿʝʜʥʦʿ ʦʜ ʥʦʚʠʭ ʫʪʠʯʥʠʮʘ ʧʨʠʢˀʫʯʘʢ ʬʘʟʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ˂ʝ ʩʝ 

ʪʨʝʪʠʨʘʪʫ ʮʘʨʩʢʦʤ ʚʦʜʦʤ (ʢʦʥʮʝʥʪʨʦʚʘʥʘ HNO3 : ʢʦʥʮʝʥʪʨʦʚʘʥʘ HCl = 1:3 (v / v)), 

ʘ ʫ ʜʨʫʛʦʿ ʥʦʚʦʿ ʫʪʠʯʥʠʮʠ ʧʨʠʢˀʫʯʘʢ ʥʝʫʪʨʘʣʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʪʨʝʪʠʨʘ˂ʝ ʩʝ 

ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ ʩʫʤʧʦʨʥʦʤ ʢʠʩʝʣʠʥʦʤ (H2SO4). ʀʟʚʨʰʠ˂ʝ ʩʝ ʧʦʨʝʹʝˁʝ ʝʬʝʢʘʪʘ 

ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ ʫʪʠʯʥʠʮʘ (ʩʪʘʨʝ 

(ʢʦʨʠʰ˂ʝʥʝ) ʫʪʠʯʥʠʮʝ ʠ ʜʚʝ ʥʦʚʝ ʫʪʠʯʥʠʮʝ (ʩʘ ʥʘʤʝʨʥʦ ʢʦʨʦʜʠʨʘʥʠʤ ʩʧʦʿʝʚʠʤʘ)) 

ʥʘ ʟʘʛʨʝʚʘˁʝ ʠ ʝʣʝʢʪʨʠʯʥʫ ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ. 

ɱʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʮʠˀʝʚʘ ʧʨʝʜʤʝʪʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʜʘ ʩʝ ʥʘ ʦʩʥʦʚʫ 

ʧʨʝʪʭʦʜʥʝ ʘʥʘʣʠʟʝ ʩʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠ ʨʝʟʫʣʪʘʪʘ ʚʝʨʠʬʠʢʘʮʠʿʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʥʘ ʪʝʨʝʥʫ (ʩʪʨʫʯʥʠ ʥʘʣʘʟʠ [50ï59]) ʜʝʬʠʥʠʰʝ ʥʦʚʘ 
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ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʨʘʥʦ ʦʪʢʨʠʚʘˁʝ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ, ʢʦʿʘ ʙʠ ʩʝ ʟʘʩʥʠʚʘʣʘ ʥʘ 

ʫʪʚʨʹʠʚʘˁʫ ʢʦʨʝʣʘʮʠʿʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʠ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʠ ʩʪʝʧʝʥʘ 

ʧʦʛʦʨʰʘˁʘ ʢʦʥʪʘʢʪʘ. ʆʥʘ ʙʠ ʤʦʛʣʘ ʜʘ ʧʦʩʪʘʥʝ ʜʝʦ ʧʨʦʮʝʜʫʨʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ 

ʧʨʠʣʠʢʦʤ ʧʝʨʠʦʜʠʯʥʠʭ ʚʝʨʠʬʠʢʘʮʠʿʘ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʤʝʨʝˁʠʤʘ [27].  

ʅʦʚʦʨʘʟʚʠʿʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʨʘʥʦ ʦʪʢʨʠʚʘˁʝ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ 

ʢʦʥʪʘʢʪʘ ʧʨʠʤʝʥʠ˂ʝ ʩʝ ʫ ʩʪʘʤʙʝʥʠʤ ʿʝʜʠʥʠʮʘʤʘ ʨʘʟʣʠʯʠʪʝ ʩʪʘʨʦʩʪʠ (10ï60 

ʛʦʜʠʥʘ). ʊʘʢʦʹʝ, ʧʨʦʚʝʨʠ˂ʝ ʩʝ ʚʝʟʘ ʠʟʤʝʹʫ ʩʪʘʨʦʩʪʠ ʩʪʘʤʙʝʥʠʭ ʿʝʜʠʥʠʮʘ (ʪʘʯʥʠʿʝ, 

ʩʪʘʨʦʩʪʠ ˁʠʭʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ) ʠ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʩʪʘʥʢʘ ʦʧʘʩʥʝ 

Ăʚʨʝʣʝñ ʪʘʯʢʝ ʥʘ ʣʦʰʝʤ ʝʣʝʢʪʨʠʯʥʦʤ ʢʦʥʪʘʢʪʫ ʫ ʪʨʦʬʘʟʥʦʤ ʩʪʨʫʿʥʦʤ ʢʦʣʫ ʢʦʿʝ 

ʥʘʧʘʿʘ ʝʣʝʢʪʨʠʯʥʠ ʰʧʦʨʝʪ, ʢʘʦ ʠ ʫ ʚʝ˂ʠʥʠ ʤʦʥʦʬʘʟʥʠʭ ʩʪʨʫʿʥʠʭ ʢʦʣʘ.  

ʅʘ ʤʝʩʪʫ ʥʘʩʪʘʥʢʘ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ, ʚʨʝʤʝʥʦʤ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʫʩʧʦʩʪʘʚˀʘˁʘ 

ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʢʦʿʠ ʫʩʣʝʜ ʢʦʥʪʠʥʫʘʣʥʦʛ ʦʩʣʦʙʘʹʘˁʘ ʪʦʧʣʦʪʝ  ʤʦʞʝ ʜʘ 

ʠʟʘʟʦʚʝ ʧʘˀʝˁʝ ʦʢʦʣʥʝ ʝʣʝʢʪʨʠʯʥʝ ʠʟʦʣʘʮʠʿʝ ʠʣʠ ʟʘʧʘˀʠʚʦʛ ʤʘʪʝʨʠʿʘʣʘ 

[22,23,25,32,34,48,49,62ï65,72]. ʅʘ ʝʚʨʦʧʩʢʦʤ ʪʨʞʠʰʪʫ ʩʝ ʥʝʜʘʚʥʦ ʧʦʿʘʚʠʣʘ 

ʟʘʰʪʠʪʥʘ AFDD (Arc Fault Detection Device) ʢʦʤʧʦʥʝʥʪʘ [34,49,64], ʢʦʿʘ ʩʝ ʫ 

ʨʘʟʚʦʜʥʫ ʪʘʙʣʫ ʫʛʨʘʹʫʿʝ ʫʤʝʩʪʦ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʢʠʜʘʯʘ ʠ ʠʤʘ ʤʦʛʫ˂ʥʦʩʪ ʜʘ, ʧʦʨʝʜ 

ʦʩʥʦʚʥʠʭ ʢʚʘʨʦʚʘ (ʢʨʘʪʘʢ ʩʧʦʿ ʠ ʧʨʝʦʧʪʝʨʝ˂ʝˁʝ), ʧʨʝʧʦʟʥʘ ʠ ʥʝʞʝˀʝʥʠ ʨʝʜʥʠ 

ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ (ʥʘʿʯʝʰ˂ʝ ʥʘʩʪʘʦ ʥʘ ʤʝʩʪʫ ʛʜʝ ʩʝ ʧʦʿʘʚʠʦ ʣʦ h ʝʣʝʢʪʨʠʯʥʠ 

ʢʦʥʪʘʢʪ) ʠ ʥʘ ʚʨʝʤʝ ʧʨʝʢʠʥʝ ʥʘʧʘʿʘˁʝ ʩʪʨʫʿʥʦʛ ʢʦʣʘ ʫ ʢʦʤʝ ʩʝ ʦʥ ʧʦʿʘʚʠʦ. ʎʠˀ 

ʠʩʪʨʘʞʠʚʘˁʘ ʙʠ˂ʝ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ (ʪʝʩʪʠʨʘˁʝ) ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ 

AFDD ʢʦʤʧʦʥʝʥʪʝ, ʢʦʿʝ ˂ʝ ʩʝ ʩʧʨʦʚʝʩʪʠ ʫ ʃʘʙʦʨʘʪʦʨʠʿʠ ʟʘ ʠʩʧʠʪʠʚʘˁʝ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʛʨʦʤʦʙʨʘʥʩʢʠʭ ʟʘʰʪʠʪʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ. ʇʦʜ ʪʝʩʪʠʨʘˁʝʤ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ AFDD ʢʦʤʧʦʥʝʥʪʝ ʧʦʜʨʘʟʫʤʝʚʘ ʩʝ ʥʝ ʩʘʤʦ ʧʨʦʚʝʨʘ ˁʝʥʦʛ 

ʧʨʘʚʦʚʨʝʤʝʥʦʛ ʨʝʘʛʦʚʘˁʘ ʫ ʩʚʠʤ ʨʝʣʝʚʘʥʪʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ, ʥʝʛʦ ʠ ʧʨʦʚʝʨʘ 

ʦʜʩʫʩʪʚʘ ˁʝʥʦʛ ʨʝʘʛʦʚʘˁʘ ʫ ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ ʩʘ ʧʨʠʿʝʤʥʠʮʠʤʘ ʯʠʿʠ ʥʦʨʤʘʣʘʥ ʨʘʜ 

ʧʨʘʪʠ ʧʦʿʘʚʘ ʚʠʰʠʭ ʭʘʨʤʦʥʠʢʘ ʠʣʠ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. ʋʢʦʣʠʢʦ ʨʝʟʫʣʪʘʪʠ 

ʠʩʧʠʪʠʚʘˁʘ ʙʫʜʫ ʫ ʩʚʝʤʫ ʧʦʟʠʪʠʚʥʠ, ʧʨʝʧʦʨʫʯʠ˂ʝ ʩʝ ʠʥʩʪʘʣʠʨʘˁʝ ʢʦʤʧʦʥʝʥʪʠ 

ʩʣʠʯʥʠʭ AFDD-ʫ ʫ ʿʘʚʥʠʤ ʠ ʧʦʩʣʦʚʥʠʤ ʦʙʿʝʢʪʠʤʘ ʫ ʉʨʙʠʿʠ ʫ ʢʦʿʠʤʘ ʩʝ ʦʢʫʧˀʘ 

ʚʝ˂ʠ ʙʨʦʿ ˀʫʜʠ (ʥʘ ʧʨʠʤʝʨ, ʦʙʜʘʥʠʰʪʘ, ʰʢʦʣʝ, ʬʘʢʫʣʪʝʪʠ, ʙʦʣʥʠʮʝ, ʩʧʦʨʪʩʢʝ 
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ʭʘʣʝ, ʨʦʙʥʝ ʢʫ˂ʝ, ʙʠʦʩʢʦʧʠ, ʧʦʟʦʨʠʰʪʘ, ʢʘʬʠ˂ʠ ʠʪʜ.), ʘ ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ ʙʨʦʿʘ 

ʧʦʞʘʨʘ ʫʟʨʦʢʦʚʘʥʠʭ ʢʚʘʨʦʤ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ. 

ʇʦʰʪʦ ʩʝ ʫʩʢʦʨʦ ʦʯʝʢʫʿʝ ʜʦʥʦʰʝˁʝ ʧʨʘʚʠʣʥʠʢʘ ʧʦ ʢʦʤʝ ˂ʝ ʧʝʨʠʦʜʠʯʥʝ 

ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʧʦʩʪʘʪʠ 

ʦʙʘʚʝʟʥʝ, ʧʦʪʨʝʙʥʦ ʿʝ ʫʥʘʧʨʝʜʠʪʠ ʧʦʩʪʦʿʝ˂ʫ ʤʝʪʦʜʦʣʦʛʠʿʫ ʟʘ ˁʠʭʦʚʦ ʦʙʘʚˀʘˁʝ. 

ɼʦʜʘʪʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘ ʫʪʚʨʹʠʚʘˁʝ ʩʪʘˁʘ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ, ʢʦʿʘ ʙʠ ʩʝ 

ʩʧʨʦʚʦʜʠʣʘ ʫ ʦʢʚʠʨʫ ʠʩʧʠʪʠʚʘˁʘ ʝʣʝʢʪʨʠʯʥʠʤ ʤʝʨʝˁʝʤ, ʩʠʛʫʨʥʦ ˂ʝ ʦʤʦʛʫ˂ʠʪʠ 

ʧʨʘʚʦʚʨʝʤʝʥʝ ʧʨʝʚʝʥʪʠʚʥʝ ʘʢʮʠʿʝ ʟʘ ʩʧʨʝʯʘʚʘˁʝ ʧʦʿʘʚʝ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʥʘ 

ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ. ʋʩʚʘʿʘˁʝ ʜʦʜʘʪʥe ʧʨʦʮʝʜʫʨe ʟʘ ʨʘʥʦ ʦʪʢʨʠʚʘˁʝ 

ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ  ʫ ʦʢʚʠʨʫ ʧʦʩʪʦʿʝ˂ʝ ʨʝʜʦʚʥʝ ʧʨʦʮʝʜʫʨʝ ʢʦʿʦʤ ʩʝ 

ʧʨʦʚʝʨʘʚʘ ʝʬʠʢʘʩʥʦʩʪ ʧʨʠʤʝˁʝʥʦʛ TN ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ ʦʜ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ 

ʧʨʝʜʩʪʘʚˀʘ˂ʝ ʦʨʠʛʠʥʘʣʘʥ ʜʦʧʨʠʥʦʩ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ.  

 

1.9. ʉʪʨʫʢʪʫʨʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ 

  

ʋ ʫʚʦʜʥʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʩʪʘʪʠʩʪʠʢʘ ʧʦʞʘʨʘ ʢʦʜ ʥʘʩ ʠ ʫ ʩʚʝʪʫ, 

ʩʘ ʧʦʩʝʙʥʠʤ ʦʩʚʨʪʦʤ ʥʘ ʧʦʞʘʨʝ ʢʦʿʝ ʠʟʘʟʠʚʘʿʫ ʝʣʝʢʪʨʠʯʥʝ ʠʥʩʪʘʣʘʮʠʿʝ. ɼʘʪ ʿʝ 

ʧʨʝʛʣʝʜ ʢʚʘʨʦʚʘ (ʠ ʥʝʨʝʛʫʣʘʨʥʠʭ ʩʠʪʫʘʮʠʿʘ, ʢʘʦ ʰʪʦ ʿʝ ʥʧʨ. ʧʨʝʦʧʪʝʨʝ˂ʝˁʝ 

ʩʪʨʫʿʥʦʛ ʢʦʣʘ) ʥʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ, ʢʘʦ ʠ ʧʨʝʛʣʝʜ ʠ 

ʧʨʠʥʮʠʧʠ ʨʘʜʘ ʢʣʘʩʠʯʥʠʭ ʟʘʰʪʠʪʥʠʭ ʢʦʤʧʦʥʝʥʪʠ (ʦʩʠʛʫʨʘʯʘ ʩʘ ʪʦʧˀʠʚʠʤ 

ʫʤʝʪʢʦʤ, ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʢʠʜʘʯʘ, ɿʋɼʉ-ʘ...). ʆʙʿʘʰˁʝʥ ʿʝ ʟʥʘʯʘʿ ʩʘʚʨʝʤʝʥʝ 

ʪʝʭʥʠʢʝ ʟʘ ʨʘʥʦ ʦʪʢʨʠʚʘˁʝ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʪʝʨʤʦʚʠʟʠʿʩʢʦʤ ʩʥʠʤʘˁʫ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ, ʩʘ ʧʦʩʝʙʥʠʤ 

ʦʩʚʨʪʦʤ ʥʘ ʧʦʜʝʰʘʚʘˁʝ ʨʝʣʝʚʘʥʪʥʠʭ ʢʚʘʥʪʠʪʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʝ ʩʝ ʚʨʰʠ 

ʧʨʠʣʠʢʦʤ ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ ʩʥʠʤʘˁʘ. ʊʘʢʦʹʝ, ʜʘʪʝ ʩʫ ʧʨʝʧʦʨʫʢʝ ʟʘ ʘʥʘʣʠʟʫ 

ʨʝʟʫʣʪʘʪʘ ʩʥʠʤʘˁʘ, ʢʘʦ ʠ ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʝ ʦ ʧʨʠʦʨʠʪʝʪʠʤʘ 

ʦʪʢʣʘˁʘˁʘ ʫʦʯʝʥʠʭ ʥʝʜʦʩʪʘʪʘʢʘ. ʂʘʦ ʟʘʰʪʠʪʘ ʦʜ ʥʝʞʝˀʝʥʦʛ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ 

ʣʫʢʘ, ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʩʘʚʨʝʤʝʥʝ ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ, ʢʦʿʝ ʧʦʤʦ˂ʫ Ăʧʘʤʝʪʥʝñ 

ʝʣʝʢʪʨʦʥʠʢʝ ʠ ʫʪʚʨʹʝʥʦʛ ʘʣʛʦʨʠʪʤʘ ʤʦʛʫ ʜʘ ʧʨʝʧʦʟʥʘʿʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʛʦʨʝˁʘ 

ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʠ ʧʨʝʢʠʥʫ ʥʘʧʘʿʘˁʝ ʩʪʨʫʿʥʦʛ ʢʦʣʘ ʫ ʢʦʤʝ ʩʝ ʦʥ ʧʦʿʘʚʠʦ. 

ʇʨʝʜʩʪʘʚˀʝʥʘ ʿʝ ʨʝʛʫʣʘʪʠʚʘ, ʢʦʜ ʥʘʩ ʠ ʫ ʩʚʝʪʫ, ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʚʝʨʠʬʠʢʘʮʠʿʫ 

ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ, ʘ ʧʦʩʝʙʥʦ ʿʝ ʠʩʪʘʢʥʫʪ 

ʧʨʦʙʣʝʤ ʜʝʪʝʢʮʠʿʝ ʣʦʝhʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ. ʋ ʧʦʩʣʝʜˁʝʤ ʜʝʣʫ ʫʚʦʜʥʦʛ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

80 

 

ʧʦʛʣʘʚˀʘ ʜʘʪ ʿʝ ʜʝʪʘˀʘʥ ʧʨʝʛʣʝʜ ʧʫʙʣʠʢʦʚʘʥʠʭ ʨʝʟʫʣʪʘʪʘ ʫ ʚʝʟʠ ʩʘ ʪʦʧʣʦʪʥʠʤ 

ʝʬʝʢʪʠʤʘ ʥʘ ʣʦʰʝʤ ʝʣʝʢʪʨʠʯʥʦʤ ʢʦʥʪʘʢʪʫ, ʥʘ ʦʩʥʦʚʫ ʢʦʛʘ ʿʝ ʜʝʬʠʥʠʩʘʥ ʧʨʝʜʤʝʪ 

ʠʩʪʨʘʞʠʚʘˁʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

ɼʨʫʛʦ ʧʦʛʣʘʚˀʝ ʦʙʨʘʹʫʿʝ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʥʘʩʪʘʦ ʫʩʣʝʜ ʥʝʧʦʪʧʫʥʦʛ 

ʥʘʣʝʛʘˁʘ ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʦʛ 

ʝʣʝʤʝʥʪʘ. ɽʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʧʦ ʧʨʘʚʠʣʫ ʦʙʨʘʟʫʿʫ ʙʘʢʘʨʥʠ ʧʨʦʚʦʜʥʠʮʠ ʠʣʠ 

ʙʘʢʘʨʥʠ ʧʨʦʚʦʜʥʠʢ ʠ ʢʦʥʪʘʢʪʥʘ ʧʦʚʨʰʠʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʜʝʣʘ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ (ʥʧʨ. ʩʪʝʟʘˀʢʝ, ʧʘʧʫʯʠʮʝ, ʢʣʝʤʝ) ʢʦʿʘ ʿʝ 

ʠʟʨʘʹʝʥʘ ʦʜ ʜʨʫʛʘʯʠʿʝʛ ʤʘʪʝʨʠʿʘʣʘ (ʫ ʧʨʘʢʩʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʤʝʩʠʥʛ ʠʣʠ 

ʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ï ʧʨʦʭʨʦʤ). ʀʟʚʝʜʝʥ ʿʝ ʚʝʣʠʢʠ ʙʨʦʿ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʩʘ 

ʝʣʝʢʪʨʦʜʘʤʘ ʦʜ ʙʘʢʨʘ, ʤʝʩʠʥʛʘ ʠ ʥʝʨʹʘʿʫ˂ʝʛ ʯʝʣʠʢʘ (ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ: 1,5 mm
2
, 

2,5 mm
2
 ʠ 4 mm

2
) ʠ ʘʥʘʣʠʟʠʨʘʥʠ ʩʫ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ. ʋʩʪʘʥʦʚˀʝʥʘ ʿʝ ʢʨʠʪʠʯʥʘ 

ʢʦʤʙʠʥʘʮʠʿʘ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʫ ʧʨʠ ʠʩʪʠʤ ʫʩʣʦʚʠʤʘ (ʿʝʜʥʘʢʦ ʩʪʨʫʿʥʦ ʦʧʪʝʨʝ˂ʝˁʝ, 

ʠʩʪʠ ʧʨʝʩʝʢ ʧʨʦʚʦʜʥʠʢʘ ʠ ʠʩʪʠ ʩʪʝʧʝʥ ʧʦʛʦʨʰʘˁʘ ʢʦʥʪʘʢʪʘ) ʢʘʨʘʢʪʝʨʠʰʝ ʥʘʿʚʝ˂ʠ 

ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ. ʃʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʟʘ ʩʚʝ ʨʝʘʣʠʟʦʚʘʥʝ ʝʢʩʧʝʨʠʤʝʥʪʝ 

ʩʠʤʫʣʠʨʘʥ ʿʝ ʥʘ ʧʦʩʝʙʥʦ ʢʦʥʩʪʨʫʠʩʘʥʦʿ ʘʧʘʨʘʪʫʨʠ.  

ʃʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʥʘʩʪʘʦ ʫʩʣʝʜ ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ 

ʫ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʦʿ ʢʦʤʧʦʥʝʥʪʠ ʘʥʘʣʠʟʠʨʘʥ ʿʝ ʫ ʪʨʝ˂ʝʤ ʧʦʛʣʘʚˀʫ. ʀʟʚʝʜʝʥ ʿʝ 

ʚʝʣʠʢʠ ʙʨʦʿ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʩʘ ʮʠˀʝʤ ʜʘ ʩʝ ʫʩʪʘʥʦʚʠ ʢʘʢʦ ʨʝʜʫʢʮʠʿʘ ʤʦʤʝʥʪʘ 

ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ (ʥʘ ʙʘʢʘʨʥʠ ʧʨʦʚʦʜʥʠʢ ʧʫʥʦʛ ʧʨʝʩʝʢʘ ʠʣʠ ʣʠʮʥʘʩʪʠ ʙʘʢʘʨʥʠ 

ʧʨʦʚʦʜʥʠʢ) ʫʪʠʯʝ ʥʘ ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʫ ʰʫʢʦ-ʫʪʠʢʘʯʫ ʠ ʰʫʢʦ-

ʫʪʠʯʥʠʮʠ, ʢʦʤʧʦʥʝʥʪʘʤʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʢʦʿʝ ʩʝ ʤʘʩʦʚʥʦ ʢʦʨʠʩʪʝ ʠ ʥʘ 

ʢʦʿʠʤʘ ʩʝ ʣʦʰʠ ʢʦʥʪʘʢʪʠ ʥʘʿʯʝʰ˂ʝ ʧʦʿʘʚˀʫʿʫ ʫ ʧʨʘʢʩʠ. ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʫ 

ʥʝʧʦʚʦˀʥʠʿʠ ʣʦʰʠ ʢʦʥʪʘʢʪʠ ʫ ʫʛʨʘʹʝʥʦʿ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʦʙʿʝʢʪʘ (ʢʦʿʘ ʩʝ 

ʫʦʙʠʯʘʿʝʥʦ ʠʟʚʦʜʠ ʙʘʢʘʨʥʠʤ ʧʨʦʚʦʜʥʠʮʠʤʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ) ʫ ʦʜʥʦʩʫ ʥʘ ʣʦʰʝ 

ʢʦʥʪʘʢʪʝ ʫ ʥʘʧʦʿʥʠʤ ʢʘʙʣʦʚʠʤʘ ʧʨʠʿʝʤʥʠʢʘ ʢʦʿʠ ʩʫ ʠʟʨʘʹʝʥʠ ʦʜ ʣʠʮʥʘʩʪʠʭ 

ʙʘʢʘʨʥʠʭ ʧʨʦʚʦʜʥʠʢʘ. 

ʋ ʯʝʪʚʨʪʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʨʘʟʚʠʿʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʦʪʢʨʠʚʘˁʝ ʣʦʰʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ, ʯʠʤʝ ʿʝ ʟʥʘʯʘʿʥʦ ʫʥʘʧʨʝʹʝʥʘ ʧʦʩʪʦʿʝ˂ʘ ʧʨʦʮʝʜʫʨʘ ʟʘ 

ʚʝʨʠʬʠʢʘʮʠʿʫ ʢʚʘʣʠʪʝʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʥʠʩʢʦʛ ʥʘʧʦʥʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ 

ʠʩʧʠʪʠʚʘˁʘ ʝʣʝʢʪʨʠʯʥʠʤ ʤʝʨʝˁʠʤʘ. ʄʝʨʝˁʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʦʙʘʚˀʘ ʩʝ ʫ 

ʦʢʚʠʨʫ ʧʝʨʠʦʜʠʯʥʠʭ ʚʝʨʠʬʠʢʘʮʠʿʘ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 
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ʠʥʩʪʘʣʘʮʠʿʘ ʠ ʩʣʫʞʠ ʟʘ ʧʨʦʚʝʨʫ ʝʬʠʢʘʩʥʦʩʪʠ ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ ʘʫʪʦʤʘʪʩʢʠʤ 

ʠʩʢˀʫʯʝˁʝʤ ʥʘʧʘʿʘˁʘ ʫ ʩʣʫʯʘʿʫ ʢʚʘʨʘ. ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʧʦʚʝ˂ʘʥʘ ʚʨʝʜʥʦʩʪ 

ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ (ʥʘʿʯʝʰ˂ʝ ʫʟʨʦʢʦʚʘʥʘ ʧʦʿʘʚʦʤ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ) ʫʛʣʘʚʥʦʤ 

ʟʘʜʦʚʦˀʘʚʘ ʧʨʦʧʠʩʘʥʝ ʙʝʟʙʝʜʥʦʩʥʝ ʫʩʣʦʚʝ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʧʨʦʚʝʨʝ ʝʬʠʢʘʩʥʦʩʪʠ 

ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ ʦʜ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ ʫ ʩʣʫʯʘʿʫ ʢʚʘʨʘ, ʠʘʢʦ ʧʦʩʪʦʿʠ ʨʝʘʣʥʘ 

ʦʧʘʩʥʦʩʪ ʦʜ ʧʦʿʘʚʝ Ăʚʨʝʣʝñ ʪʘʯʢʝ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ. ʋʥʘʧʨʝʹʝˁʝ ʧʦʩʪʦʿʝ˂ʝ 

ʧʨʦʮʝʜʫʨʝ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʫʚʦʹʝˁʫ ʜʦʜʘʪʥʦʛ ʤʝʨʝˁʘ ï ʧʦʨʝʜ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ 

ʢʚʘʨʘ, ʤʝʨʠ ʩʝ ʠ ʦʪʧʦʨʥʦʩʪ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʟʘ ʩʚʘʢʦ ʩʪʨʫʿʥʦ ʢʦʣʦ. ʇʨʝʧʦʨʫʢʘ ʟʘ 

ʚʨʰʝˁʝ ʧʨʝʚʝʥʪʠʚʥʦʛ ʧʨʠʪʝʟʘˁʘ ʢʦʥʪʘʢʘʪʘ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ ʟʘʩʥʠʚʘ ʩʝ ʥʘ 

ʠʟʤʝʨʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ: ʧʨʝʧʦʨʫʯʠ˂ʝ ʩʝ 

ʜʘ ʩʝ ʦʥʦ ʚʨʰʠ ʢʘʜʘ ˁʠʭʦʚʝ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʧʨʝʹʫ ʛʨʘʥʠʯʥʦ ʜʦʟʚʦˀʝʥʝ. 

ɻʨʘʥʠʯʥʦ ʜʦʟʚʦˀʝʥʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʫʩʪʘʥʦʚˀʝʥʝ ʢʘʢʦ ʥʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʝ ʨʝʟʫʣʪʘʪʘ 

ʜʦʙʠʿʝʥʠʭ ʫ ʠʟʚʨʰʝʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ (ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ) ʪʘʢʦ ʠ ʥʘ ʦʩʥʦʚʫ 

ʩʪʘʪʠʩʪʠʯʢʝ ʘʥʘʣʠʟʝ ʧʦʜʘʪʘʢʘ ʜʦʙʠʿʝʥʠʭ ʫ ʦʢʚʠʨʫ ʠʟʫʟʝʪʥʦ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʤʝʨʝˁʘ 

ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠʟʚʝʜʝʥʠʭ ʥʘ ʪʝʨʝʥʫ. ʋʨʘʹʝʥ ʿʝ ʥʠʟ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʥʘ 

ʫʪʠʯʥʠʮʠ ʢʦʿa ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʜʫʛʠ ʥʠʟ ʛʦʜʠʥʘ (30 ʛʦʜʠʥʘ ʫ ʢʦʥʢʨʝʪʥʦʤ 

ʘʥʘʣʠʟʠʨʘʥʦʤ ʩʣʫʯʘʿʫ), ʢʘʦ ʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʘ ʥʦʚʠʤ ʫʪʠʯʥʠʮʘʤʘ, ʘʣʠ ʩʘ 

ʝʣʝʢʪʨʠʯʥʠʤ ʢʦʥʪʘʢʪʠʤʘ ʥʘʤʝʨʥʦ ʠʟʣʦʞʝʥʠʤ ʢʦʨʦʟʠʿʠ. ɼʘ ʙʠ ʩʝ ʫʙʨʟʘʦ ʧʨʦʮʝʩ 

ʢʦʨʦʟʠʿʝ, ʫ ʿʝʜʥʦʿ ʦʜ ʥʦʚʠʭ ʫʪʠʯʥʠʮʘ ʧʨʠʢˀʫʯʘʢ ʬʘʟʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʿʝ ʪʨʝʪʠʨʘʥ 

ʮʘʨʩʢʦʤ ʚʦʜʦʤ (ʢʦʥʮʝʥʪʨʦʚʘʥʘ HNO3 : ʢʦʥʮʝʥʪʨʦʚʘʥʘ HCl = 1:3 (v / v)), ʘ ʫ ʜʨʫʛʦʿ 

ʥʦʚʦʿ ʫʪʠʯʥʠʮʠ ʧʨʠʢˀʫʯʘʢ ʥʝʫʪʨʘʣʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʪʨʝʪʠʨʘʥ ʿʝ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ 

ʩʫʤʧʦʨʥʦʤ ʢʠʩʝʣʠʥʦʤ (H2SO4). ʂʦʨʠʰ˂ʝˁʝʤ ʦʚʠʭ ʭʝʤʠʢʘʣʠʿʘ ʩʠʤʫʣʠʨʘʥ ʿʝ 

ʝʬʝʢʘʪ ʜʫʛʦʪʨʘʿʥʦʛ ʠʟʣʘʛʘˁʘ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ 

ʢʦʤʧʦʥʝʥʪʠ ʢʠʩʝʣʦʿ ʘʪʤʦʩʬʝʨʠ. ʇʦʨʝʹʝˁʝʤ ʨʝʟʫʣʪʘʪʘ ʤeʨʝˁʘ ʢʦʿʘ ʩʫ ʟʘ ʮʠˀ 

ʠʤʘʣʘ ʜʘ ʩʝ ʫʧʦʨʝʜʝ ʝʬʝʢʪʠ ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ 

ʫʪʠʯʥʠʮʘ (ʩʪʘʨʝ (ʢʦʨʠʰ˂ʝʥʝ) ʫʪʠʯʥʠʮʝ ʠ ʜʚʝ ʥʦʚʝ ʫʪʠʯʥʠʮʝ (ʩʘ ʥʘʤʝʨʥʦ 

ʢʦʨʦʜʠʨʘʥʠʤ ʩʧʦʿʝʚʠʤʘ)) ʥʘ ʟʘʛʨʝʚʘˁʝ ʠ ʝʣʝʢʪʨʠʯʥʫ ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ, 

ʧʦʢʘʟʘʥʦ ʿʝ ˁʠʭʦʚʦ ʩʣʠʯʥʦ ʧʦʥʘʰʘˁʝ. ʋʩʧʦʩʪʘʚˀʝʥʘ ʿʝ ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ 

ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʦʪʧʦʨʥʦʩʪʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʠ ʩʪʝʧʝʥʘ 

ʧʦʛʦʨʰʘˁʘ ʢʦʥʪʘʢʪʘ (ʧʦʚʝ˂ʘˁʘ ˁʝʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ). ʉʧʨʦʚʦʹʝˁʝʤ 

ʥʦʚʝ, ʘʣʠ ʿʝʜʥʦʩʪʘʚʥʝ ʧʨʦʮʝʜʫʨʝ ʫ ʦʢʚʠʨʫ ʨʝʜʦʚʥʝ ʧʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ 

ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ, ʢʦʥʪʨʦʣʠʰʝ ʩʝ ʩʪʘˁʝ ʩʚʠʭ 
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ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʫ ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ ʠ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʧʨʘʚʦʚʨʝʤʝʥʠʤ 

ʧʨʝʚʝʥʪʠʚʥʠʤ ʘʢʮʠʿʘʤʘ ʧʨʠʪʝʟʘˁʘ ʢʦʥʪʘʢʘʪʘ (ʠʣʠ ʟʘʤʝʥʝ ʦʰʪʝ˂ʝʥʝ ʝʣʝʢʪʨʠʯʥʝ 

ʢʦʤʧʦʥʝʥʪʝ) ʩʧʨʝʯʠ ʥʘʩʪʘʿʘˁʝ (ʦʜʨʞʘʚʘˁʝ) Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ ʥʘ ˁʠʤʘ. ʋʚʦʹʝˁʝʤ 

ʦʧʠʩʘʥʝ ʧʨʦʮʝʜʫʨʝ ʨʝʰʝʥ ʿʝ ʧʨʦʙʣʝʤ ʥʝʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʩʝ ʪʝʨʤʦʚʠʟʠʿʩʢʦʤ ʢʘʤʝʨʦʤ 

ʦʪʢʨʠʿʫ ʦʧʘʩʥʝ Ăʚʨʝʣʝñ ʪʘʯʢʝ ʢʦʿʝ ʩʝ ʥʝ ʥʘʣʘʟʝ ʥʘ ʚʠʜʥʠʤ ʤʝʩʪʠʤʘ. ʅʘ ʢʨʘʿʫ 

ʯʝʪʚʨʪʦʛ ʧʦʛʣʘʚˀʘ ʜʘʪʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʫ ʦʢʚʠʨʫ ʚʝʨʠʬʠʢʘʮʠʿʘ ʢʚʘʣʠʪʝʪʘ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʫ ʢʦʿʠʤʘ ʿʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝˁʝʥʘ ʥʦʚʘ 

ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʨʘʥʦ ʦʪʢʨʠʚʘˁʝ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʫ ʩʪʘʤʙʝʥʠʤ 

ʿʝʜʠʥʠʮʘʤʘ ʨʘʟʣʠʯʠʪʝ ʩʪʘʨʦʩʪʠ (10ï60 ʛʦʜʠʥʘ). ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʥʝ ʧʦʩʪʦʿʠ ʚʝʟʘ 

ʠʟʤʝʹʫ ʩʪʘʨʦʩʪʠ ʩʪʘʤʙʝʥʠʭ ʿʝʜʠʥʠʮʘ (ʪʘʯʥʠʿʝ, ʩʪʘʨʦʩʪʠ ˁʠʭʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ) ʠ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʩʪʘʥʢʘ ʦʧʘʩʥʝ Ăʚʨʝʣʝñ ʪʘʯʢʝ ʥʘ ʣʦʰʝʤ ʝʣʝʢʪʨʠʯʥʦʤ 

ʢʦʥʪʘʢʪʫ.  

ʋ ʧʝʪʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʨʘʟʤʘʪʨʘʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʨʘʜʘ Siemens-ʦʚʝ AFDD 

(Arc Fault Detection Device) ʢʦʤʧʦʥʝʥʪʝ, ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʟʘʰʪʠʪʫ ʫ ʩʣʫʯʘʿʫ 

ʥʘʩʪʘʥʢʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. ʇʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʚʝʣʠʢʦʛ ʙʨʦʿʘ 

ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʩʫ ʩʠʤʫʣʠʨʘʥʝ ʩʚʝ ʨʝʣʝʚʘʥʪʥʝ 

ʩʠʪʫʘʮʠʿʝ ʫʩʧʦʩʪʘʚˀʘˁʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʠ ʧʦʥʘʰʘˁʘ AFDD-ʘ ʫ ʪʘʢʚʠʤ 

ʩʠʪʫʘʮʠʿʘʤʘ. ʀʟʚʨʰʝʥʠ ʩʫ: 

- ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʿʝ ʧʨʦʚʝʨʘʚʘʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ (ʨʝʘʛʦʚʘˁʝ) 

AFDD ʢʦʤʧʦʥʝʥʪʝ ʫ ʩʣʫʯʘʿʫ ʫʩʧʦʩʪʘʚˀʘˁʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʠ ʪʦ 

ʟʘ ʩʣʝʜʝ˂ʝ ʢʦʤʙʠʥʘʮʠʿʝ ʤʘʪʝʨʠʿʘʣʘ ʝʣʝʢʪʨʦʜʘ: ʙʘʢʘʨïʙʘʢʘʨ ʠ ʙʘʢʘʨïʤʝʩʠʥʛ, 

- ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʿʝ ʧʨʦʚʝʨʘʚʘʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ (ʥʝʨʝʘʛʦʚʘˁʝ) 

AFDD ʢʦʤʧʦʥʝʥʪʝ ʧʨʠ ʥʦʨʤʘʣʥʦʤ ʨʘʜʫ ʥʝʣʠʥʝʘʨʥʠʭ ʧʨʠʿʝʤʥʠʢʘ ʢʦʿʠ 

ʩʘʜʨʞʝ ʝʥʝʨʛʝʪʩʢʫ ʝʣʝʢʪʨʦʥʠʢʫ (ʬʨʠʞʠʜʝʨʘ, ʧʝʨʩʦʥʘʣʥʠʭ ʨʘʯʫʥʘʨʘ, 

ʣʘʩʝʨʩʢʠʭ ʰʪʘʤʧʘʯʘ, ʤʠʢʨʦʪʘʣʘʩʥʠʭ ʧʝ˂ʥʠʮʘ ʠ ʢʣʠʤʘ-ʫʨʝʹʘʿʘ), 

- ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʿʝ ʧʨʦʚʝʨʘʚʘʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ (ʥʝʨʝʘʛʦʚʘˁʝ) 

AFDD ʢʦʤʧʦʥʝʥʪʝ ʧʨʠ ʥʦʨʤʘʣʥʦʤ ʨʘʜʫ ʧʨʠʿʝʤʥʠʢʘ ʢʦʿʠ ʩʘʜʨʞʝ 

ʢʦʣʝʢʪʦʨʩʢʠ ʤʦʪʦʨ (ʫʩʠʩʠʚʘʯ, ʙʫʰʠʣʠʮʘ ʠ ʬʝʥ), 

- ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʿʝ ʧʨʦʚʝʨʘʚʘʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ (ʨʝʘʛʦʚʘˁʝ) 

AFDD ʢʦʤʧʦʥʝʥʪʝ ʧʨʠ ʧʦʿʘʚʠ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ 

ʪʝʨʤʠʯʢʦʛ ʧʨʠʿʝʤʥʠʢʘ ʥʘ ʢʦʿʝ ʩʫ ʧʨʠʢˀʫʯʝʥʠ ʠ ʥʝʣʠʥʝʘʨʥʠ ʧʨʠʿʝʤʥʠʮʠ 

ʠʣʠ ʧʨʠʿʝʤʥʠʮʠ ʢʦʿʠ ʫ ʩʚʦʤ ʩʘʩʪʘʚʫ ʠʤʘʿʫ ʢʦʣʝʢʪʦʨʩʢʝ ʤʦʪʦʨʝ (ʨʘʯʫʥʘʨʠ, 
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ʣʘʩʝʨʩʢʠ ʰʪʘʤʧʘʯʠ, ʤʠʢʨʦʪʘʣʘʩʥʘ ʧʝ˂ʥʠʮʘ, ʢʣʠʤʘ-ʫʨʝʹʘʿ, ʬʨʠʞʠʜʝʨ, 

ʫʩʠʩʠʚʘʯ, ʬʝʥ, ʙʫʰʠʣʠʮʘ ʠʪʜ.). ʇʦʤʦ˂ʫ ʦʚʠʭ ʪʝʩʪʦʚʘ ʝʿ ʚʨʰʝʥʘ ʧʨʦʚʝʨʘ ʜʘ 

ʣʠ ʩʪʨʫʿʝ ʥʘʚʝʜʝʥʠʭ ʧʨʠʿʝʤʥʠʢʘ ʤʦʛʫ ʜʘ Ăʤʘʩʢʠʨʘʿʫñ ʿʝʜʠʥʩʪʚʝʥ ʪʘʣʘʩʥʠ 

ʦʙʣʠʢ ʩʪʨʫʿʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. 

ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʥʘʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ, ʜʘʪʘ ʿʝ ʧʨʝʧʦʨʫʢʘ ʟʘ 

ʠʥʩʪʘʣʠʨʘˁʝ AFDD ʢʦʤʧʦʥʝʥʪʝ ʫ ʦʙʿʝʢʪʠʤʘ ʫ ʢʦʿʠʤʘ ʩʝ ʦʢʫʧˀʘ ʚʝʣʠʢʠ ʙʨʦʿ 

ˀʫʜʠ. 

ʅʘ ʢʨʘʿʫ ʨʘʜʘ, ʫ ʦʢʚʠʨʫ ʟʘʢˀʫʯʥʦʛ ʧʦʛʣʘʚˀʘ, ʩʘʞʝʪʦ ʩʫ ʧʨʠʢʘʟʘʥʠ ʩʚʠ 

ʚʘʞʥʠʿʠ ʨʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʢʚʠʨʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʢʘʦ ʠ ʛʣʘʚʥʠ 

ʜʦʧʨʠʥʦʩʠ ʜʠʩʝʨʪʘʮʠʿʝ ʥʘ ʧʦˀʫ ʟʘʰʪʠʪʝ ʛʨʘʹʝʚʠʥʩʢʠʭ ʦʙʿʝʢʘʪʘ ʦʜ ʧʦʞʘʨʘ 

ʫʟʨʦʢʦʚʘʥʠʭ ʧʦʿʘʚʦʤ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʥʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ 

ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ. ʀʟʚʝʜʝʥʠ ʩʫ ʥʘʿʚʘʞʥʠʿʠ ʟʘʢˀʫʯʮʠ ʠ ʥʘ ʦʩʥʦʚʫ ˁʠʭ 

ʜʘʪʝ ʩʤʝʨʥʠʮʝ ʟʘ ʜʘˀʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ. ʊʘʢʦʹʝ, ʜʘʪʝ ʩʫ ʠ ʩʤʝʨʥʠʮʝ ʟʘ 

ʧʨʦʤʦʮʠʿʫ ʠ ʧʨʠʤʝʥʫ ʥʦʚʝ ʤʝʪʦʜʝ ʟʘ ʜʝʪʝʢʮʠʿʫ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ.  
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2 ʃʆʐ ʂʆʅʊɸʂʊ ʅɸʉʊɸʆ ʋʉʃɽɼ ʉʄɸɳɽɳɸ ɽʌɽʂʊʀɺʅɽ 

ʇʆɺʈʐʀʅɽ ʂʆʅʊɸʂʊɸ  

 

ʀʩʪʨʘʞʠʚʘˁʝ ʿʝ ʧʦʯʝʣʦ ʧʨʦʫʯʘʚʘˁʝʤ ʫʪʠʮʘʿʘ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʿʘˁʝ Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ ʢʦʿʝ ʤʦʛʫ ʜʘ ʠʟʘʟʦʚʫ ʧʦʯʝʪʥʠ ʧʦʞʘʨ. 

ʇʨʦʫʯʝʥʠ ʩʫ ʨʘʟʥʠ ʬʠʟʠʯʢʠ ʠ ʭʝʤʠʿʩʢʠ ʫʟʨʦʮʠ ʥʘʩʪʘʥʢʘ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ 

ʢʦʥʪʘʢʪʘ, ʢʘʦ ʠ ˁʠʭʦʚ ʫʪʠʮʘʿ ʥʘ ʝʣʝʢʪʨʠʯʥʝ ʧʘʨʘʤʝʪʨʝ ʩʪʨʫʿʥʦʛ ʢʦʣʘ ʠ ʪʝʨʤʠʯʢʝ 

ʧʨʦʮʝʩʝ ʥʘ ʘʥʘʣʠʟʠʨʘʥʠʤ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ. ʇʨʚʝ ʘʥʘʣʠʟʝ ʩʫ 

ʦʙʫʭʚʘʪʠʣʝ ʣʦʰʝ ʢʦʥʪʘʢʪʝ ʢʦʿʠ ʥʘʩʪʘʿʫ: 

- ʟʙʦʛ ʥʝʧʦʪʧʫʥʦʛ ʥʘʣʝʛʘˁʘ (ʧʨʝʢʣʘʧʘˁʘ) ʧʦʚʨʰʠʥʝ ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ 

ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʦʛ ʝʣʝʤʝʥʪʘ ʠʟʨʘʹʝʥʝ ʦʜ ʨʘʟʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ (ʙʘʢʘʨ, ʤʝʩʠʥʛ ʠ ʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ï ʧʨʦʭʨʦʤ) ï ʧʦʛʣʘʚˀʝ 2 ʜʦʢʪʦʨʩʢʝ 

ʜʠʩʝʨʪʘʮʠʿʝ, ʠ  

- ʟʙʦʛ ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʠʭ ʧʨʠʢˀʫʯʘʢʘ ʠʟʤʝʹʫ 

ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʧʨʠʢˀʫʯʥʦʛ ʝʣʝʤʝʥʪʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ 

(ʥʘ ʰʫʢʦ-ʫʪʠʢʘʯʫ ʠ ʫʪʠʯʥʠʮʠ) ï ʧʦʛʣʘʚˀʝ 3 ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

ʅʘ ʨʝʘʣʥʠʤ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʙʠʣʦ ʿʝ ʧʨʘʢʪʠʯʥʦ 

ʥʝʠʟʚʦʜˀʠʚʦ ʧʨʝʮʠʟʥʦ ʧʦʜʝʰʘʚʘˁʝ ʫʥʘʧʨʝʜ ʦʜʨʝʹʝʥʦʛ ʧʨʦʮʝʥʪʘ ʧʦʚʨʰʠʥʝ 

ʧʨʝʢʣʘʧʘˁʘ ʢʦʥʪʘʢʪʘ ʠʟʤʝʹʫ ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʧʨʠʢˀʫʯʥʦʛ ʝʣʝʤʝʥʪʘ 

(ʩʪʝʟʘˀʢʝ, ʢʣʝʤʝ, ʟʘʚʨʪˁʘ). ɿʙʦʛ ʪʦʛʘ ʿʝ ʥʘ ʩʧʝʮʠʿʘʣʥʦ ʢʦʥʩʪʨʫʠʩʘʥʦʿ ʘʧʘʨʘʪʫʨʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʩʠʤʫʣʠʨʘʥ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʢʦʿʠ ʥʘʩʪʘʿʝ ʫʩʣʝʜ ʩʤʘˁʝʥʝ 

ʝʬʝʢʪʠʚʥʝ ʧʦʚʨʰʠʥʝ ʧʨʝʢʣʘʧʘˁʘ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʨʰʠʥʘ, ʢʦʿʘ ʩʝ ʧʨʝʮʠʟʥʦ ʤʦʞʝ 

ʧʦʜʝʩʠʪʠ. ʉʚʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ ʧʦʛʣʘʚˀʫ 2 ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, 

ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʠʩʪʨʘʞʠʚʘˁʝ ʫʪʠʮʘʿʘ ʥʝʧʦʪʧʫʥʦʛ ʥʘʣʝʛʘˁʘ (ʧʨʝʢʣʘʧʘˁʘ) 

ʧʦʚʨʰʠʥʝ ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʦʛ 

ʝʣʝʤʝʥʪʘ ʥʘ ʧʦʥʘʰʘˁʝ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ, ʠʟʚʨʰʝʥʠ ʩʫ ʩʘ ʥʦʚʠʤ ʝʣʝʢʪʨʦʜʘʤʘ, ʟʙʦʛ 

ʯʝʛʘ ʩʝ ʤʦʞʝ ʨʝ˂ʠ ʜʘ ʩʫ ʩʚʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʩʠʤʫʣʘʮʠʿʝ ʦʜʛʦʚʘʨʘʣʝ ʨʝʘʣʥʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʫ ʢʦʿʠʤʘ ʩʝ ʧʨʦʙʣʝʤ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʿʘʚˀʘ ʥʘ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʥʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ. 

ʂʘʢʦ ʿʝ ʨʝʜʫʢʮʠʿʫ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʠʭ ʧʨʠʢˀʫʯʘʢʘ 

ʠʟʤʝʹʫ ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʧʨʠʢˀʫʯʥʦʛ ʝʣʝʤʝʥʪʘ ʥʦʚʝ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ 

ʢʦʤʧʦʥʝʥʪʝ ʤʦʛʫ˂ʝ ʧʨʝʮʠʟʥʦ ʦʩʪʚʘʨʠʪʠ ʫʧʦʪʨʝʙʦʤ ʜʠʛʠʪʘʣʥʠʭ ʠ ʤʝʭʘʥʠʯʢʠʭ 
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Ăʤʦʤʝʥʪ-ʰʨʘʬʮʠʛʝʨʘñ, ʩʚʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʠʩʪʨʘʞʠʚʘˁʝ ʫʪʠʮʘʿʘ 

ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʠʭ ʧʨʠʢˀʫʯʘʢʘ ʠʟʤʝʹʫ ʙʘʢʘʨʥʦʛ 

ʧʨʦʚʦʜʥʠʢʘ ʠ ʧʨʠʢˀʫʯʥʦʛ ʝʣʝʤʝʥʪʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ ʥʘ 

ʧʦʥʘʰʘˁʝ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʠʟʚʨʰʝʥʠ ʩʫ ʥʘ ʨʝʘʣʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ (ʥʘ ʥʦʚʠʤ 

ʰʫʢʦ-ʫʪʠʢʘʯʠʤʘ ʠ ʫʪʠʯʥʠʮʘʤʘ). ʆʧʠʩ ʪʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ, ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ 

ʤʝʨʝˁʠʤʘ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʪʘʪʘ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʫ ʧʦʛʣʘʚˀʫ 3 ʜʦʢʪʦʨʩʢʝ 

ʜʠʩʝʨʪʘʮʠʿʝ.  

2.1 ʇʦʩʪʘʚʢʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ 

 

ʉʚʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʫ ʠʟʚʝʜʝʥʠ ʫ ʃʘʙʦʨʘʪʦʨʠʿʠ ʟʘ ʠʩʧʠʪʠʚʘˁʝ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʛʨʦʤʦʙʨʘʥʩʢʠʭ ʟʘʰʪʠʪʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʥʘ 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʤ ʬʘʢʫʣʪʝʪʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ. ʋʧʦʪʨʝʙʦʤ ʩʧʝʮʠʿʘʣʥʦ 

ʧʨʦʿʝʢʪʦʚʘʥʝ ʘʧʘʨʘʪʫʨʝ (ʧʨʠʢʘʟʘʥʝ ʥʘ ʩʣʠʮʠ 27), ʢʦʿʘ ʿʝ ʩʣʠʯʥʘ ʦʥʠʤ ʧʨʠʢʘʟʘʥʠʤ 

ʫ ʨʝʬʝʨʝʥʮʘʤʘ [68] ʠ [69], ʩʠʤʫʣʠʨʘʥ ʿʝ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʧʦʤʦ˂ʫ 

ʝʣʝʢʪʨʦʜʘ ʢʨʫʞʥʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ (ˁʠʭʦʚʝ ʧʦʚʨʰʠʥʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ 

ʠʟʥʦʩʠʣʝ ʩʫ 1,5 mm
2
, 2,5 mm

2
 ʠ 4 mm

2
), ʠʟʨʘʹʝʥʠʭ ʦʜ ʙʘʢʨʘ, ʤʝʩʠʥʛʘ ʠ ʥʝʨʹʘʿʫ˂ʝʛ 

ʯʝʣʠʢʘ (ʧʨʦʭʨʦʤʘ). ɿʘ ʩʚʘʢʠ ʝʢʩʧʝʨʠʤʝʥʪ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʥʦʚʝ ʝʣʝʢʪʨʦʜʝ 

(ʧʨʠʢʘʟʘʥʝ ʥʘ ʩʣʠʮʠ 28). ɹʫʜʫ˂ʠ ʜʘ ʙʘʢʘʨ ʬʦʨʤʠʨʘ ʦʢʩʠʜʥʝ ʩʣʦʿʝʚʝ ʢʦʿʠ 

ʥʝʧʨʝʢʠʜʥʦ ʨʘʩʪʫ (ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʥʝʢʠʭ ʜʨʫʛʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʜʦʩʝʛʥʫ 

ʘʩʠʤʧʪʦʪʩʢʫ ʚʨʝʜʥʦʩʪ ʜʝʙˀʠʥʝ ʦʢʩʠʜʥʦʛ ʩʣʦʿʘ) [71], ʩʚʝ ʝʣʝʢʪʨʦʜʝ ʢʦʨʠʰ˂ʝʥʝ ʫ 

ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʦʟʥʘʯʝʥʝ ʩʫ ʠ ʫʩʢʣʘʜʠʰʪʝʥʝ, ʪʘʢʦ ʜʘ ʙʠ ʩʝ ʠʩʪʘ ʘʥʘʣʠʟʘ 

(ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʩʠʤʫʣʠʨʘˁʝ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʫ ʩʪʘʨʠʤ 

ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ) ʤʦʛʣʘ ʠʟʚʨʰʠʪʠ ʫ ʦʢʚʠʨʫ ʜʘˀʝʛ ʠʩʪʨʘʞʠʚʘˁʘ ʫ 

ʦʙʣʘʩʪʠ ʢʦʿʫ ʦʙʨʘʹʫʿʝ ʧʨʝʜʤʝʪʥʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ. 
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ʉʣʠʢʘ 27. ɸʧʘʨʘʪʫʨʘ ʢʦʘʿ ʦʙʝʟʙʝʹʫʿʝ ʧʦʜʝʰʘʚʘˁʝ ʧʦʚʨʰʠʥʝ ʧʨʝʢʣʘʧʘˁʘ ʝʣʝʢʪʨʦʜʘ (1. ʩʪʝʟʘˀʢʝ 

ʢʦʝʿ ʦʤʦʛʫ˂ʘʚʘʿʫ ʩʪʘʙʠʣʥʫ ʧʦʟʠʮʠʿʫ ʝʣʝʢʪʨʦʜʘ, 2. ʟʘʚʨʪʘˁ ʟʘ ʧʦʩʪʠʟʘˁʝ ʯʚʨʩʪʦʛ ʢʦʥʪʘʢʪʘ ʠʟʤʝʹʫ 

ʝʣʝʢʪʨʦʜʘ, 3. ʩʪʝʟʘˀʢʝ ʟʘ ʧʦʜʝʰʘʚʘˁʝ ʧʦʚʨʰʠʥʝ ʧʨʝʢʣʘʧʘˁʘ ʠʟʤʝʹʫ ʝʣʝʢʪʨʦʜʘ, ʠ 4. ʿʝʜʥʘ ʦʜ 

ʩʪʝʟʘˀʢʠ ʟʘ ʧʦʚʝʟʠʚʘˁʝ ʘʧʘʨʘʪʫʨʝ ʩʘ ʠʟʚʦʨʦʤ ʥʘʧʘʿʘˁʘ) 

 

 
ʉʣʠʢʘ 28. ʀʩʧʠʪʥʝ ʝʣʝʢʪʨʦʜʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ 1,5 mm

2
 ʦʜ  

ʥʝʨʹʘʿʫ˂ʝʛ ʯʝʣʠʢʘ (1), ʤʝʩʠʥʛʘ (2) ʠ ʙʘʢʨʘ (3) 

 

ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʥʘʚʝʜʝʥʦ, ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʦʙʫʭʚʘʪʠʣʘ ʩʣʝʜʝ˂ʝ ʢʦʤʙʠʥʘʮʠʿʝ 

ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʫ ʩʧʦʿʝʚʠʤʘ ʩʘ ʩʪʝʟʘˀʢʘʤʘ, ʟʘʚʨʪˁʠʤʘ, 

ʧʘʧʫʯʠʮʘʤʘ ʠ ʧʨʠʢˀʫʯʮʠʤʘ ʢʦʿʠ ʧʦʩʪʦʿʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʤ 

ʢʦʤʧʦʥʝʥʪʘʤʘ: ʙʘʢʘʨïʙʘʢʘʨ, ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ. ɸʧʘʨʘʪʫʨʘ ʿʝ 

ʦʙʝʟʙʝʜʠʣʘ ʩʪʘʙʠʣʘʥ ʧʦʣʦʞʘʿ ʩʚʘʢʝ ʝʣʝʢʪʨʦʜʝ, ˁʠʭʦʚ ʯʚʨʩʪ ʢʦʥʪʘʢʪ ʠ ʧʨʝʮʠʟʥʦ 

ʧʦʜʝʰʘʚʘˁʝ ʧʦʚʨʰʠʥʝ ʧʨʝʢʣʘʧʘˁʘ. 

ʇʨʦʤʝʥʦʤ ʧʨʦʮʝʥʪʘ ʧʦʚʨʰʠʥʝ ʧʨʝʢʣʘʧʘˁʘ ʠʟʤʝʹʫ ʝʣʝʢʪʨʦʜʘ  ʩʠʤʫʣʠʨʘʥʠ 

ʩʫ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ ʨʘʟʣʠʯʠʪʦʛ ʢʚʘʣʠʪʝʪʘ (ʠʩʧʠʪʘʥʝ ʩʫ ʧʦʚʨʰʠʥʝ ʢʦʥʪʘʢʪʘ ʫ 

ʢʦʿʠʤʘ ʿʝ ʦʩʪʚʘʨʝʥʦ 100%, 50% ʠ 15% ʧʨʝʢʣʘʧʘˁʘ). ʋ ʩʚʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ 

ʩʪʘʙʠʣʥʘ ʧʦʟʠʮʠʿʘ ʝʣʝʢʪʨʦʜʘ ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʩʪʝʟʘˀʢʠ ʦʟʥʘʯʝʥʠʭ ʩʘ 1 

ʥʘ ʩʣʠʮʠ 27, ʜʦʢ ʿʝ ʯʚʨʩʪ ʢʦʥʪʘʢʪ ʠʟʤʝʹʫ ʚʨʭʦʚʘ ʝʣʝʢʪʨʦʜʘ ʦʩʪʚʘʨʝʥ ʧʨʠʪʝʟʘˁʝʤ 

ʟʘʚʨʪˁʘ ʦʟʥʘʯʝʥʦʛ ʩʘ 2. ʉʪʝʟʘˀʢʝ ʦʟʥʘʯʝʥʝ ʩʘ 3 ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʟʘ ʧʦʜʝʰʘʚʘˁʝ 
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ʧʦʚʨʰʠʥʝ ʧʨʝʢʣʘʧʘˁʘ ʠʟʤʝʹʫ ʝʣʝʢʪʨʦʜʘ. ʇʦʩʪʦʿʝ ʠ ʜʚʝ ʩʪʝʟʘˀʢʝ ʥʘʤʝˁʝʥʝ 

ʧʦʚʝʟʠʚʘˁʫ ʝʣʝʢʪʨʦʜʘ ʥʘ ʤʨʝʞʫ (ʿʝʜʥʘ ʦʜ ˁʠʭ, ʦʟʥʘʯʝʥʘ ʩʘ 4, ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʥʘ 

ʩʣʠʮʠ 27). ʊʘʙʝʣʘ 10 ʧʦʢʘʟʫʿʝ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʢʨʘʿˁʠʭ ʪʘʯʘʢʘ ʝʣʝʢʪʨʦʜʘ 

(ʦʟʥʘʯʝʥʘ ʩʫ ʩʘ 4a-d ʥʘ ʩʣʠʮʠ 29) ʟʘ ʩʚe ʪʨʠ ʧʦʚʨʰʠʥʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ 

ʝʣʝʢʪʨʦʜʘ ʠ ʩʚʘ ʪʨʠ ʩʣʫʯʘʿʘ ˁʠʭʦʚʦʛ ʧʨʝʢʣʘʧʘˁʘ (ʨʘʩʪʦʿʘˁʘ ʩʫ ʧʦʜʝʰʝʥʘ 

ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʝʮʠʟʥʦʛ ʝʣʝʢʪʨʦʥʩʢʦʛ ʥʦʥʠʿʫʩʘ). ʀʟʚʨʰʝʥʘ ʩʫ ʫʢʫʧʥʦ 72 

ʝʢʩʧʝʨʠʤʝʥʪʘ, ʫ ʢʦʿʠʤʘ ʩʫ ʦʙʫʭʚʘ˂ʝʥʝ ʩʚʝ ʪʨʠ ʧʦʚʨʰʠʥʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ 

ʝʣʝʢʪʨʦʜʘ, ʩʚʘ ʪʨʠ ʪʠʧʘ ʧʨʝʢʣʘʧʘˁʘ ʠ ʩʚʝ ʪʨʠ ʢʦʤʙʠʥʘʮʠʿʝ ʤʘʪʝʨʠʿʘʣʘ. ɿʘ 

ʧʦʚʨʰʠʥʫ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʝʣʝʢʪʨʦʜʘ ʦʜ 1,5 mm
2
 ʩʪʨʫʿʝ ʩʫ ʙʠʣʝ ʧʨʠʙʣʠʞʥʦ 8 ɸ 

ʠ 10 ɸ (3 Ā 3 Ā 2 = 18 ʝʢʩʧʝʨʠʤʝʥʘʪʘ), ʟʘ 2,5 mm
2
 ʦʥʝ ʩʫ ʠʟʥʦʩʠʣʝ ʦʢʦ 10 ɸ, 13 ɸ ʠ 

16 ɸ (3 Ā 3 Ā 3 = 27 ʝʢʩʧʝʨʠʤʝʥʘʪʘ) ʠ ʟʘ 4 mm
2
 ʦʥʝ ʩʫ ʠʟʥʦʩʠʣʝ ʦʢʦ 16 ɸ, 20 ɸ ʠ 

25 ɸ (3 Ā 3 Ā 3 = 27 ʝʢʩʧʝʨʠʤʝʥʘʪʘ). 

 

ʊʘʙʝʣʘ 10. ɺʨʝʜʥʦʩʪʠ ʨʘʩʪʦʿʘˁʘ 4ʘ-d ʫ ʩʚʠʤ ʨʘʟʤʘʪʨʘʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ 

ʇʨʦʮʝʥʘʪ 

ʧʦʚʨʰʠʥʝ 

ʧʨʝʢʣʘʧʘˁ ʘ 

ʜʚʝ ʝʣʝʢʪʨʦʜʝ 

(%) 

4aïd  

(mm) 

ʇʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 

ʝʣʝʢʪʨʦʜʘ 

(mm
2
) 

1,5 2,5 4 

15 2,40 3,11 3,93 

50 1,94 2,50 3,16 

100 1,38 1,78 2,25 

 

 
ʉʣʠʢʘ 29. ʇʨʝʢʣʘʧʘˁʝ ʝʣʝʢʪʨʦʜʘ (ʦʩʝʥʯʝʥʦ) 

 

ʇʦʩʪʘʚʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 30, ʘ ʰʝʤʘ ʚʝʟʝ ʥʘ ʩʣʠʮʠ 31. 
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ʉʣʠʢʘ 30. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ ʟʘ ʘʥʘʣʠʟʫ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʫʩʣʝʜ ʩʤʘˁʝˁʘ ʝʬʝʢʪʠʚʥʝ 

ʧʦʚʨʰʠʥʝ ʢʦʥʪʘʢʪʘ (1. ʦʪʧʦʨʥʠʯʢʘ ʢʫʪʠʿʘ, 2. ʩʪʨʫʿʥʘ ʢʣʝʰʪʘ, 3. ʤʫʣʪʠʤʝʪʘʨ (ʧʨʝʮʠʟʘʥ ʚʦʣʪʤʝʪʘʨ), 

4. ʪʝʨʤʦʚʠʟʠʿʩʢʘ ʢʘʤʝʨʘ, ʠ 5. ʪʝʨʤʦʧʘʨ) 

 

 
ʉʣʠʢʘ 31. ʐʝʤʘ ʚʝʟʝ 

 

ʉʪʨʫʿʘ ʦʧʪʝʨʝ˂ʝˁʘ ʝʿ ʧʦʜʝʰʘʚʘʥʘ ʧʦʤʦ˂ʫ ʨʝʛʫʣʘʮʠʦʥe ʦʪʧʦʨʥʠʯʢʝ ʢʫʪʠʿʝ 

230 V, 60 ɸ (ʦʟʥʘʯʝʥʝ ʩʘ 1 ʥʘ ʩʣʠʮʠ 30, ʠ ʩʘ Rload ʥʘ ʩʣʠʮʠ 31) ʠ ʤʝʨʝʥʘ ʩʪʨʫʿʥʠʤ 

ʢʣʝʰʪʠʤʘ Fluke 323 (ʦʟʥʘʯʝʥʠʤ ʩʘ 2 ʥʘ ʩʣʠʮʠ 30). ʅʘʧʦʥ ʠʟʤʝʹʫ ʝʣʝʢʪʨʦʜʘ ʿʝ  

ʤʝʨʝʥ ʤʫʣʪʠʤʝʪʨʦʤ DMM PeakTech 3360 (ʦʟʥʘʯʝʥʠʤ ʩʘ 3 ʥʘ ʩʣʠʮʠ 30), ʢʦʿʠ ʿʝ ʙʠʦ 

ʧʦʚʝʟʘʥ ʩʘ ʩʪʝʟʘˀʢʘʤʘ ʦʟʥʘʯʝʥʠʤ ʩʘ 4 ʥʘ ʩʣʠʮʠ 27. 

ʄʝʨʝˁʘ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʚʨʰʝʥʘ ʩʫ ʩʚʘʢʠʭ ʜʝʩʝʪ ʤʠʥʫʪʘ ʢʦʨʠʰ˂ʝˁʝʤ 

ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ (Fluke Ti125, ʦʟʥʘʯʝʥʝ ʩʘ 4 ʥʘ ʩʣʠʮʠ 30, ʯʠʿʘ ʿʝ ʪʘʯʥʦʩʪ 

Ñ 2 ÁC ʠʣʠ 2% [107]). ʄʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʿʘ ʩʝ ʤʦʞʝ ʠʟʤʝʨʠʪʠ ʧʦʤʦ˂ʫ ʦʚʝ 

ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ ʠʟʥʦʩʠ 385 ÁC (ʢʦʝʬʠʮʠʿʝʥʪ ʝʤʠʩʠʚʥʦʩʪʠ ʿʝ ʙʠʦ ʧʦʜʝʰʝʥ ʥʘ 

ʚʨʝʜʥʦʩʪ 0,80, ʢʦʿʘ ʝʿ ʙʠʣʘ ʥʘʿʙʣʠʞʘ ʪʘʙʣʠʯʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʟʘ ʠʩʧʠʪʠʚʘʥʝ 

ʤʘʪʝʨʠʿʘʣʝ). ʊʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʟʘ ʩʧʦʿʝʚʝ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʢʦʤʙʠʥʘʮʠʿʝ ʙʘʢʘʨï
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ʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʚʝ˂ʝ ʦʜ 385 ÁC ʤʝʨʝʥʝ ʩʫ ʧʦʤʦ˂ʫ ʪʝʨʤʦʧʘʨʘ ʪʠʧʘ ʂ (ʦʟʥʘʯʝʥʦʛ ʩʘ 

5 ʥʘ ʩʣʠʮʠ 30), ʯʠʿʠʤ ʩʝ ʚʨʭʦʤ ʠʩʪʦʚʨʝʤʝʥʦ ʜʦʪʘʢʥʫ ʦʙʝ ʝʣʝʢʪʨʦʜʝ ʰʪʦ ʿʝ ʤʦʛʫ˂ʝ 

ʙʣʠʞʝ ʦʩʪʚʘʨʝʥʦʤ ʢʦʥʪʘʢʪʫ. ʋʢʫʧʥʦ ʪʨʘʿʘˁʝ ʚʝ˂ʠʥʝ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʙʠʣʦ ʿʝ 60 

ʤʠʥʫʪʘ, ʜʦʢ ʩʫ ʫ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʪʨʘʿʘʣʠ ʠ ʧʦ ʥʝʢʦʣʠʢʦ ʩʘʪʠ. 

ʊʦʢʦʤ ʩʚʘʢʦʛ ʤʝʨʝˁʘ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ, ʝʣʝʢʪʨʠʯʥʘ ʦʪʧʦʨʥʦʩʪ 

ʢʦʥʪʘʢʪʘ (ʦʟʥʘʯʝʥʦʛ ʩʘ R ʥʘ ʩʣʠʮʠ 31) ʤʝʨʝʥʘ ʿʝ ʧʨʠʤʝʥʦʤ U-I ʤʝʪʦʜʝ. ʉʪʨʫʿʘ ʠ 

ʥʘʧʦʥ ʩʫ ʤʝʨʝʥʠ ʥʘʧʨʝʜ ʥʘʚʝʜʝʥʠʤ ʩʪʨʫʿʥʠʤ ʢʣʝʰʪʠʤʘ ʠ ʤʫʣʪʠʤʝʪʨʦʤ (ʦʟʥʘʯʝʥʠ 

ʩʘ ɸ ʠ V ʥʘ ʩʣʠʮʠ 31). 

2.2 ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʠ ʜʠʩʢʫʩʠʿʘ 

 

ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʧʦʢʘʟʫʿʫ ʢʘʢʚʦ ʿʝ ʧʦʥʘʰʘˁʝ ʢʦʥʪʘʢʪʘ (ʟʘ ʨʘʟʣʠʯʠʪʝ 

ʢʦʤʙʠʥʘʮʠʿʝ ʤʘʪʝʨʠʿʘʣʘ) ʟʘ ʢʦʿʝ ʧʨʠ ʠʩʪʠʤ ʫʩʣʦʚʠʤʘ (ʠʩʪʦʤ ʩʪʨʫʿʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ, 

ʧʨʝʩʝʢʫ ʧʨʦʚʦʜʥʠʢʘ ʠ ʩʪʝʧʝʥʫ ʧʦʛʦʨʰʘˁʘ ʢʦʥʪʘʢʪʘ ʫ ʩʤʠʩʣʫ ʠʩʪʦʛ ʧʨʦʮʝʥʪʫʘʣʥʦʛ 

ʩʤʘˁʝˁʘ ʝʬʝʢʪʠʚʥʝ ʧʦʚʨʰʠʥʝ ʧʨʝʢʣʘʧʘˁʘ) ʢʦʥʪʘʢʪ ʥʘʿʙʨʞʝ ʜʦʩʪʠʞʝ ʤʘʢʩʠʤʘʣʥʫ 

ʪʨʘʿʥʦ ʜʦʟʚʦˀʝʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʢʦʣʠʢʦ ʿʝ ʪʨʘʿʘˁʝ ʝʚʝʥʪʫʘʣʥʦ ʫʩʧʦʩʪʘʚˀʝʥʦʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʠʟʤʝʹʫ ʝʣʝʢʪʨʦʜʘ. ʇʨʠʢʘʟʘʥʠ ʩʫ ʫ 27 ʪʘʙʝʣʘ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʫ 

ʇʨʠʣʦʛʫ 2 (9 ʟʘ ʩʚʘʢʫ ʢʦʤʙʠʥʘʮʠʿʫ ʤʘʪʝʨʠʿʘʣʘ, ʩʘ 3 ʨʘʟʣʠʯʠʪʝ ʧʦʚʨʰʠʥʝ 

ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʠ 3 ʨʘʟʣʠʯʠʪʝ ʧʦʚʨʰʠʥʝ ʧʨʝʢʣʘʧʘˁʘ). ʊʘʙʝʣʝ 11-18 

ʧʨʝʜʩʪʘʚˀʝʥʝ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʠʟʘʙʨʘʥʝ ʩʫ ʜʘ ʧʦʢʘʞʫ ʢʘʢʦ ʩʚʘʢʠ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ (ʢʦʤʙʠʥʘʮʠʿʘ ʤʘʪʝʨʠʿʘʣʘ, ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ, ʧʦʚʨʰʠʥʘ 

ʧʨʝʢʣʘʧʘˁʘ ʠ ʩʪʨʫʿʘ) ʫʪʠʯʝ ʥʘ ʧʦʥʘʰʘˁʝ ʢʦʥʪʘʢʪʘ (t ï ʚʨʝʤʝ ʧʨʦʪʝʢʣʦ ʦʜ ʧʦʯʝʪʢʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘ, I ï ʿʘʯʠʥʘ ʩʪʨʫʿʝ ʢʨʦʟ ʝʣʝʢʪʨʦʜʝ, U ï ʥʘʧʦʥ ʥʘ ʢʦʥʪʘʢʪʫ, R ï 

ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʠ T ï  ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ). ʋ ʪʘʙʝʣʘʤʘ 14-18 ʟʥʘʢ ʟʚʝʟʜʠʮʝ 

(*) ʦʜʥʦʩʠ ʩʝ ʥʘ ʧʦʿʘʚʫ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʜʦʢ ʟʥʘʢ ʜʚʦʩʪʨʫʢʝ ʟʚʝʟʜʠʮʝ (**) 

ʦʟʥʘʯʘʚʘ ʧʨʝʢʠʜ ˁʝʛʦʚʦʛ ʛʦʨʝˁʘ. 
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ʊʘʙʝʣʘ 11. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʙʘʢʘʨ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

15% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 4 mm
2
) 

t (min.) 0 10 20 30 40 50 60 

I  (A) 16,0 16,0 16,0 16,0 16,0 15,9 15,9 

U (V) 0,0173 0,0247 0,0394 0,158 0,185 0,175 0,179 

R (ɋ) 0,001 0,002 0,002 0,010 0,012 0,011 0,011 

T (
o
C) 28 33 35 36 37 38 40 

t (min.) 0 10 20 30 40 50 60 

I  (A) 20,1 20,0 20,0 20,0 20,0 20,0 20,0 

U (V) 0,024 0,073 0,097 0,127 0,128 0,133 0,178 

R (ɋ) 0,001 0,004 0,005 0,006 0,006 0,007 0,009 

T (
o
C) 28 42 42 42 43 43 45 

t (min.) 0 10 20 30 40 50 60 

I  (A) 25,1 25,0 25,0 25,0 25,0 25,0 25,0 

U (V) 0,0354 0,0656 0,0753 0,0945 0,127 0,138 0,181 

R (ɋ) 0,001 0,003 0,003 0,004 0,005 0,006 0,007 

T (
o
C) 28 44 48 48 49 49 50 

 

ʊʘʙʝʣʘ 12. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʙʘʢʘʨ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

15% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 2,5 mm2)    

t (min.) 0 10 20 30 40 50 60 

I (A) 10,0 9,9 9,9 9,9 9,9 9,9 9,9 

U (V) 0,0278 0,144 0,442 0,552 0,621 0,678 0,718 

R (ɋ) 0,003 0,015 0,045 0,056 0,063 0,068 0,073 

T (
o
C) 27 34 36 51 65 70 73 

t (min.) 0 10 20 30 40 50 60 

I (A) 13,1 13,1 13,1 13,1 13,1 13,1 13,1 

U (V) 0,0387 0,306 0,365 0,496 0,574 0,806 0,838 

R (ɋ) 0,003 0,023 0,028 0,038 0,044 0,062 0,064 

T (
o
C) 27 53 54 58 66 72 77 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,0 16,0 16,0 16,0 16,0 16,0 16,0 

U (V) 0,0582 0,120 0,289 0,335 0,446 0,698 0,860 

R (ɋ) 0,004 0,008 0,018 0,021 0,028 0,044 0,054 

T (
o
C) 24 33 43 58 61 70 78 

                                      

ʊʘʙʝʣʘ 13. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʝ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

100% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 2,5 mm
2
) 

t (min.) 0 10 20 30 40 50 60 

I (A) 10,0 10,0 10,0 10,0 9,9 9,9 9,9 

U (V) 0,0284 0,114 0,399 0,442 0,526 0,548 0,569 

R (ɋ) 0,003 0,011 0,040 0,044 0,053 0,055 0,057 

T (
o
C) 28 33 38 43 49 51 52 

t (min.) 0 10 20 30 40 50 60 

I (A) 13,2 13,2 13,1 13,1 13,0 12,9 12,9 

U (V) 0,0816 0,135 0,570 0,731 0,783 0,825 0,948 

R (ɋ) 0,006 0,010 0,044 0,056 0,060 0,064 0,073 

T (
o
C) 28 44 61 66 67 68 69 

t (min.) 0 10 20 30 40 50 60 

I (A) 16 15,9 15,8 15,8 15,8 15,8 15,8 

U (V) 0,0938 0,421 0,559 0,870 0,915 1,050 1,160 

R (ɋ) 0,006 0,026 0,035 0,055 0,058 0,066 0,073 

T (
o
C) 28 38 57 65 69 71 73 
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ʊʘʙʝʣʘ 14. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ 

50% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 2,5 mm
2
) 

t (min.) 0 10 20 30 35 38 

I (A) 10,0 10,0 10,0 9,9 9,6 *
 

**  

U (V) 0,0599 0,343 0,936 1,005 25,2 / 

R (ɋ) 0,006 0,034 0,094 0,102 2,625 / 

T (
o
C) 26 36 47 52 >385 / 

t (min.) 0 10 17 19 / / 

I (A) 13 12,9 12,7 * **  / / 

U (V) 0,072 0,528 35,2 / / / 

R (ɋ) 0,006 0,041 2,772 / / / 

T (
o
C) 30 58 >385 / / / 

t (min.) 0 10 13 14 / / 

I (A) 16 15,8 15,7 * **  / / 

U (V) 0,0778 1,934 46,9 / / / 

R (ɋ) 0,005 0,122 2,987 / / / 

T (
o
C) 28 90 >385 / / / 

 

ʊʘʙʝʣʘ 15. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

15% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 2,5 mm
2
) 

t (min.) 0 10 12 14 

I (A) 10,0 9,9 9,7 * **  

U (V) 0,0231 1,029 70,5 / 

R (ɋ) 0,002 0,104 7,268 / 

T (
o
C) 28 70 >385 / 

t (min.) 0 8 9 / 

I (A) 13,1 13,0 * **  / 

U (V) 0,0936 96 / / 

R (ɋ) 0,007 7,385 / / 

T (
o
C) 28 >385 / / 

t (min.) 0 5 6 / 

I (A) 16 15,8 * **  / 

U (V) 0,1342 98,8 / / 

R (ɋ) 0,008 6,253 / / 

T (
o
C) 28 >385 / / 

 

ʊʘʙʝʣʘ 16. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʠ ʧʦʚʨʰʠʥʫ 

ʧʨʝʢʣʘʧʘˁʘ ʦʜ 100%, (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 1,5 mm
2
) 

t (min.) 0 10 20 30 40 50 60 

I (A) 8 8,0 7,9 7,9 7,9 7,9 7,9 

U (V) 0,337 1,161 1,485 2,269 2,715 3,120 3,350 

R (ɋ) 0,042 0,145 0,188 0,287 0,344 0,395 0,424 

T (
o
C) 27 108 170 212 238 274 315 

t (min.) 0 10 20 27 29 / / 

I (A) 10,2 10,2 10,2 10,2* **  / / 

U (V) 0,252 1,222 1,623 2,605 / / / 

R (ɋ) 0,025 0,120 0,159 0,255 / / / 

T (
o
C) 28 169 192 >385 / / / 
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ʊʘʙʝʣʘ 17. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʠ ʧʦʚʨʰʠʥʫ 

ʧʨʝʢʣʘʧʘˁʘ ʦʜ 50% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 1,5 mm
2
) 

t (min.) 0 10 20 28 29 

I (A) 8 8 8 7,9 * **  

U (V) 0,307 1,195 1,477 2,45 / 

R (ɋ) 0,038 0,149 0,185 0,310 / 

T (
o
C) 28 148 176 >385 / 

t (min.) 0 10 20 23 24 

I (A) 10,1 10,0 10,0 10,0 * **  

U (V) 0,295 1,123 1,649 2,230 / 

R (ɋ) 0,029 0,112 0,165 0,223 / 

T (
o
C) 28 172 216 >385 / 

 

ʊʘʙʝʣʘ 18. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʠ ʧʦʚʨʰʠʥʫ 

ʧʨʝʢʣʘʧʘˁʘ ʦʜ 15% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 1,5 mm
2
) 

t (min.) 0 10 17 19 

I (A) 8 8 7,9 * **  

U (V) 0,37 0,93 1,992 / 

R (ɋ) 0,046 0,116 0,252 / 

T (
o
C) 29 190 >385 / 

t (min.) 0 10 13 14 

I (A) 10 10 9,9 * **  

U (V) 0,246 1,381 2,25 / 

R (ɋ) 0,025 0,138 0,227 / 

T (
o
C) 30 198 >385 / 

 

2.2.1 ʂʦʤʙʠʥʘʮʠʿʘ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʙʘʢʘʨ 
 

ʉʨʝʹʝʥʠ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʙʘʢʘʨ 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʘʤʘ 1ï9 ʠʟ ʇʨʠʣʦʛʘ 2.  

ɸʥʘʣʠʟʠʨʘʿʫ˂ʠ ʨʝʟʫʣʪʘʪʝ ʤʝʨʝˁʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʩʚʝ ʨʘʟʤʘʪʨʘʥʝ 

ʧʦʚʨʰʠʥʝ ʧʨʝʢʣʘʧʘˁʘ ʜʚʝ ʝʣʝʢʪʨʦʜʝ ʠʟʨʘʹʝʥʝ ʦʜ ʙʘʢʨʘ (100%, 50% ʠ 15%), ʥʘ ʩʚʝ 

ʨʘʟʤʘʪʨʘʥʝ ʧʦʚʨʰʠʥʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʝʣʝʢʪʨʦʜʘ (1,5 mm
2
, 2,5 mm

2
 ʠ 4 mm

2
) ʠ 

ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʩʪʨʫʿʝ ʦʧʪʝʨʝ˂ʝˁʘ (ʫ ʨʘʩʧʦʥʫ ʦʜ 8 ɸ ʜʦ 25 ɸ), ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʿʝ 

ʤʘʢʩʠʤʘʣʥʘ ʠʟʤʝʨʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ 78 ÁC (ʟʘ ʧʦʚʨʰʠʥʫ ʧʦʧʨʝʯʥʦʛ 

ʧʨʝʩʝʢʘ 2,5 mm
2
, ʥʘʿʤʘˁʫ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʝʣʝʢʪʨʦʜʘ (15%) ʠ ʤʘʢʩʠʤʘʣʥʫ 

ʿʘʯʠʥʫ ʩʪʨʫʿʝ ʟʘ ʦʚʫ ʧʦʚʨʰʠʥʫ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ (16 ɸ) ï ʩʣʫʯʘʿ ʧʨʠʢʘʟʘʥ ʫ 

ʪʘʙʝʣʠ 12 ʦʚʦʛ ʧʦʛʣʘʚˀʘ). 

ʄʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʟʘ ʧʦʚʨʰʠʥʫ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ 

ʝʣʝʢʪʨʦʜʘ ʦʜ 1,5 mm
2
 (ʟʘ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʝʣʝʢʪʨʦʜa ʦʜ 15% ʠ ʤʘʢʩʠʤʘʣʥʫ 

ʿʘʯʠʥʫ ʩʪʨʫʿʝ ʦʜ 10 ɸ) ʠʟʥʦʩʠʣʘ ʿʝ 77 ÁC, ʘ ʟʘ ʧʦʚʨʰʠʥʫ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ 

ʝʣʝʢʪʨʦʜʘ ʦʜ 4 mm
2
 (ʟʘ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʝʣʝʢʪʨʦʜʘ ʦʜ 15% ʠ ʿʘʯʠʥʫ ʩʪʨʫʿʝ 

ʦʜ 25 ɸ) 50 ÁC (ʚʠʜʝʪʠ ʪʘʙʝʣʝ 3 ʠ 9 ʠʟ ʇʨʠʣʦʛʘ 2). ʊʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʩʘ ʦʚʦʤ 

ʢʦʤʙʠʥʘʮʠʿʦʤ ʝʣʝʢʪʨʦʜʘ ʥʠʿʝ ʙʠʣʦ Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ, ʚʘʨʥʠʮʘ ʠʣʠ 
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ʢʦʥʪʠʥʫʘʣʥʦʛ/ʧʨʝʢʠʜʥʦʛ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. ʆʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʟʘ ʩʚʝ 

ʨʘʟʤʘʪʨʘʥʝ ʩʣʫʯʘʿʝʚʝ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʙʘʢʘʨ ʚʘʨʠʨʘʣʘ ʿʝ ʫ ʦʧʩʝʛʫ 2ï73 mɋ. 

ʊʘʙʝʣʝ 11 ʠ 12 ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʧʦʢʘʟʫʿʫ ʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʥʠʿʝ ʜʦʩʪʠʛʣʘ 

ʩʪʘʮʠʦʥʘʨʥʫ ʚʨʝʜʥʦʩʪ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ ʦʜ ʿʝʜʥʦʛ ʩʘʪʘ. ɿʙʦʛ ʪʦʛʘ ʩʫ ʙʠʣʠ 

ʠʟʚʨʰʝʥʠ ʜʦʜʘʪʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʢʦʿʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ 

ʧʨʘʢʪʠʯʥʦ ʜʦʩʪʠʛʣʘ ʩʪʘʮʠʦʥʘʨʥʫ ʚʨʝʜʥʦʩʪ ʫ ʨʦʢʫ ʦʜ ʪʨʠ ʩʘʪʘ (ʚʠʜʝʪʠ, ʥʘ ʧʨʠʤʝʨ, 

ʪʘʙʝʣʫ 19 ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʙʘʢʘʨ). ʆʧʝʪ ʥʠʿʝ ʙʠʣʦ 

Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ, ʚʘʨʥʠʮʘ ʥʠʪʠ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. 

 

ʊʘʙʝʣʘ 19. ʈʝʟʫʣʪʘʪʠ ʜʦʜʘʪʥʠʭ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʙʘʢʘʨ ʠ ʧʦʚʨʰʠʥʫ 

ʧʨʝʢʣʘʧʘˁʘ ʦʜ 15% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 2,5 mm
2
) 

t (h) 0 1 2 3 4 5 

I (A) 10 9,9 9,9 9,9 9,9 9,9 

U (V) 0,0319 0,739 0,795 0,811 0,828 0,847 

R (ɋ) 0,003 0,075 0,080 0,082 0,084 0,086 

T (
o
C) 27 73 74 75 75 75 

t (h) 0 1 2 3 4 5 

I (A) 13 13 12,9 12,9 12,9 12,9 

U (V) 0,0374 0,847 0,861 0,875 0,884 0,896 

R (ɋ) 0,003 0,065 0,067 0,068 0,069 0,069 

T (
o
C) 26 76 77 78 78 78 

t (h) 0 1 2 3 4 5 

I (A) 16,1 16,0 16,0 16,0 16,0 16,0 

U (V) 0,0324 0,852 0,864 0,879 0,892 0,915 

R (ɋ) 0,002 0,053 0,054 0,055 0,056 0,057 

T (
o
C) 27 78 80 81 82 82 

 

ʂʘʦ ʠʣʫʩʪʨʘʮʠʿʘ ʪʦʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʩʣʠʮʠ 32 ʧʨʠʢʘʟʘʥʘ ʿʝ ʪʝʨʤʦʚʠʟʠʿʩʢʘ 

ʩʣʠʢʘ ʩʥʠʤˀʝʥʘ ʧʨʠ ʠʟʚʦʹʝˁʫ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʘ ʙʘʢʘʨʥʠʤ ʝʣʝʢʪʨʦʜʘʤʘ (ʧʦʚʨʰʠʥʘ 

ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʿʝ ʙʠʣʘ 2,5 mm
2
, ʧʦʚʨʰʠʥʘ ʧʨʝʢʣʘʧʘˁʘ 15% ʠ ʿʘʯʠʥʘ ʩʪʨʫʿʝ 

10 ɸ). 
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ʉʣʠʢʘ 32. ʇʨʠʤʝʨ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʩʣʠʢʝ ʟʘ ʩʣʫʯʘʿ ʦʙʝ ʙʘʢʘʨʥʝ ʝʣʝʢʪʨʦʜʝ 

 

2.2.2 ʂʦʤʙʠʥʘʮʠʿʘ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ 
 

ʉʨʝʹʝʥʠ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ (ʿʝʜʥʫ 

ʦʜ ʥʘʿʯʝʰ˂ʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʘ ʩʝ ʩʨʝ˂ʝ ʫ ʧʨʘʢʩʠ ʥʘ ʧʨʠʢˀʫʯʥʠʤ 

ʝʣʝʤʝʥʪʠʤʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ) ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʘʤʘ 10ï18 

ʠʟ ʇʨʠʣʦʛʘ 2.  

 

2.2.2.1 ʇʦʚʨʰʠʥʘ ʧʨʝʢʣʘʧʘˁʘ ʝʣʝʢʪʨʦʜʘ ʦʜ 100% 
 

ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʦʜ 

100% ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʿʝ ʤʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ 75 ÁC (ʟʘ ʧʦʚʨʰʠʥʫ 

ʧʨʝʩʝʢʘ ʝʣʝʢʪʨʦʜʝ 4 mm
2
 ʠ jaʯʠʥʫ ʩʪʨʫʿʝ ʦʜ 25 ɸ). ʉʣʠʯʥʝ ʤʘʢʩʠʤʘʣʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ, 73 ÁC ʠ 72 ÁC, ʠʟʤʝʨʝʥʝ ʩʫ ʨʝʜʦʤ ʟʘ ʧʦʚʨʰʠʥʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ 

ʝʣʝʢʪʨʦʜʘ 2,5 mm
2
 ʠ 1,5 mm

2
 (ʨʝʜʦʤ ʪʘʙʝʣʝ 13 ʠ 10 ʠʟ ʇʨʠʣʦʛʘ 2). ʆʪʧʦʨʥʦʩʪ 

ʢʦʥʪʘʢʪʘ ʿʝ ʧʨʠʧʘʜʘʣʘ ʦʧʩʝʛʫ 2ï145 mɋ. 

ʈʝʟʫʣʪʘʪʠ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 13 ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʧʦʢʘʟʫʿʫ ʜʘ ʫ ʥʝʢʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʥʠʿʝ ʜʦʩʪʠʛʣʘ ʩʪʘʮʠʦʥʘʨʥʫ ʚʨʝʜʥʦʩʪ ʪʦʢʦʤ 

ʠʥʠʮʠʿʘʣʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʢʦʿʠ ʩʫ ʪʨʘʿʘʣʠ ʩʘʪ ʚʨʝʤʝʥʘ. ʊʘʙʝʣʘ 20, ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ 

ʥʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ, ʪʘʢʦʹʝ ʧʦʪʚʨʹʫʿʝ (ʢʘʦ ʠ ʫ ʩʣʫʯʘʿʫ 

ʢʦʤʙʠʥʘʮʠʿʝ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʙʘʢʘʨ) ʜʘ ʩʝ ʫ ʪʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʩʪʘʮʠʦʥʘʨʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʧʨʘʢʪʠʯʥʦ ʜʦʩʪʠʞʝ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ ʦʜ ʪʨʠ ʩʘʪʘ. 

ʆʧʝʪ ʥʠʿʝ ʙʠʣʦ Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ, ʚʘʨʥʠʮʘ ʥʠʪʠ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. 
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ʊʘʙʝʣʘ 20. ʈʝʟʫʣʪʘʪʠ ʜʦʜʘʪʥʠʭ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʧʦʚʨʰʠʥʫ 

ʧʨʝʢʣʘʧʘˁʘ ʦʜ 100% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 2,5 mm
2
) 

t (h) 0 1 2 3 4 5 

I (A) 10 10 10 10 9,9 9,9 

U (V) 0,0263 0,578 0,679 0,726 0,839 0,945 

R (ɋ) 0,003 0,058 0,068 0,073 0,085 0,095 

T (
o
C) 26 52 55 56 56 56 

t (h) 0 1 2 3 4 5 

I (A) 13,1 13,1 13,1 13,1 13,0 13,0 

U (V) 0,0786 0,895 0,914 1,115 1,186 1,210 

R (ɋ) 0,006 0,068 0,070 0,085 0,091 0,093 

T (
o
C) 27 70 72 72 73 73 

t (h) 0 1 2 3 4 5 

I (A) 16 16 16 16 15,9 15,9 

U (V) 0,0928 1,082 1,125 1,217 1,241 1,255 

R (ɋ) 0,006 0,068 0,070 0,076 0,078 0,079 

T (
o
C) 27 73 83 87 88 88 

 

2.2.2.2 ʇʦʚʨʰʠʥʘ ʧʨʝʢʣʘʧʘˁʘ ʝʣʝʢʪʨʦʜʘ ʦʜ 50% 

 

ɿʘ ʧʦʚʨʰʠʥʫ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʝʣʝʢʪʨʦʜʘ ʦʜ 2,5 mm
2
 ʠ ʤʠʥʠʤʘʣʥʫ ʿʘʯʠʥʫ 

ʩʪʨʫʿʝ ʟʘ ʦʚʘʿ ʧʨʝʩʝʢ (10 ɸ), ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʿʝ ʧʨʠʣʠʯʥʦ ʙʨʟʦ ʧʨʝʤʘʰʠʣʘ 

385 ÁC (ʤʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʿʘ ʩʝ ʤʦʞʝ ʠʟʤʝʨʠʪʠ ʪʝʨʤʦʚʠʟʠʿʩʢʦʤ 

ʢʘʤʝʨʦʤ), ʘ ʫʙʨʟʦ ʥʘʢʦʥ ʪʦʛʘ (ʟʘ ʦʢʦ ʜʝʩʝʪ ʩʝʢʫʥʜʠ) ʬʦʨʤʠʨʘʥ ʿʝ ʨʝʜʥʠ 

ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ (ʚʠʜʝʪʠ ʪʘʙʝʣʝ 11, 14 ʠ 17 ʫ ʇʨʠʣʦʛʫ 2). ʂʘʦ ʰʪʦ ʩʝ ʠ ʦʯʝʢʠʚʘʣʦ, 

ʧʨʠ ʠʩʪʦʿ ʿʘʯʠʥʠ ʩʪʨʫʿʝ ʙʨʞʝ ʩʝ ʬʦʨʤʠʨʘʦ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʟʘ ʤʘˁʝ ʧʦʚʨʰʠʥʝ 

ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ (ʥʘ ʧʨʠʤʝʨ, ʧʨʠ ʿʘʯʠʥʠ ʩʪʨʫʿʝ ʦʜ 16 ɸ, ʫ 13. ʤʠʥʫʪʫ ʦʜ ʧʦʯʝʪʢʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʬʦʨʤʠʨʘʥ ʿʝ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʢʘʜʘ ʿʝ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʙʠʦ 2,5 mm
2
, ʘ 

ʫ 43. ʤʠʥʫʪʫ ʢʘʜʘ ʿʝ ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʠʟʥʦʩʠʣʘ 4 mm
2
). ʂʦʥʩʪʘʪʦʚʘʥʦ 

ʝʿ ʠ ʩʣʝʜʝ˂ʝ: ʟʘ ʠʩʪʫ ʧʦʚʨʰʠʥʫ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʝʣʝʢʪʨʦʜʘ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʿʝ 

ʥʘʩʪʘʦ ʙʨʞʝ ʟʘ ʚʝ˂ʝ ʿʘʯʠʥʝ ʩʪʨʫʿʝ (ʥʘ ʧʨʠʤʝʨ, ʢʘʜʘ ʿʝ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʙʠʦ 

2,5 mm
2
, ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʿʝ ʫʩʧʦʩʪʘʚˀʝʥ ʧʦʩʣʝ 35 ʤʠʥʫʪʘ ʧʨʠ ʿʘʯʠʥʠ ʩʪʨʫʿʝ ʦʜ 

10 ɸ, ʘ ʥʘʢʦʥ 13 ʤʠʥʫʪʘ ʟʘ ʿʘʯʠʥʫ ʩʪʨʫʿʝ ʦʜ 16 ɸ ï ʚʠʜʝʪʠ ʪʘʙʝʣʫ 14 ʠʟ ʦʚʦʛ 

ʧʦʛʣʘʚˀʘ). ʇʦ ʧʨʘʚʠʣʫ, ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʿʝ ʛʦʨʝʦ ʥʝʢʦʣʠʢʦ ʤʠʥʫʪʘ, ʥʘʢʦʥ ʯʝʛʘ ʙʠ 

ʩʝ ʪʨʘʿʥʦ ʫʛʘʩʠʦ ʠ ʧʨʝʢʠʥʫʦ ʩʪʨʫʿʥʦ ʢʦʣʦ. ʀʟʤʝʨʝʥʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʦʜ 

ʦʢʦ 700 ÁC (ʧʦʤʦ˂ʫ ʪʝʨʤʦʧʘʨʘ) ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʫʩʧʦʩʪʘʚˀʘˁʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ 

ʣʫʢʘ. ʆʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʿʝ ʜʦʩʪʠʛʣʘ ʤʘʢʩʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ ʦʜ 3,114 ɋ 

(ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʪʦʛʘ ʿʝ ʫʩʧʦʩʪʘʚˀʝʥ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ) ʟʘ ʧʦʚʨʰʠʥʫ 

ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʦʜ 1,5 mm
2
 ʧʨʠ ʿʘʯʠʥʠ ʩʪʨʫʿʝ ʦʜ 8 ɸ. ɼʦʥʝʢʣʝ ʥʠʞʝ 
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ʤʘʢʩʠʤʘʣʥʝ ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʜʦʙʠʿʝʥe ʩʫ ʟʘ ʧʦʧʨʝʯʥʝ ʧʨʝʩʝʢʝ ʝʣʝʢʪʨʦʜʘ ʦʜ 

2,5 mm
2
 (2,625ï2,987 ɋ) ʠ 4 mm

2
 (2,430ï2,884 ɋ), ʢʦʿʝ ʩʫ ʠʟʤʝʨʝʥʝ ʥʝʧʦʩʨʝʜʥʦ 

ʧʦʩʣʝ ʫʩʧʦʩʪʘʚˀʘˁʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. 

 
2.2.2.3 ʇʦʚʨʰʠʥʘ ʧʨʝʢʣʘʧʘˁʘ ʝʣʝʢʪʨʦʜʘ ʦʜ 15% 

 

ʃʘʢʦ ʩʝ ʫʦʯʘʚʘ ʜʘ ʩe ʟʘ ʧʦʚʨʰʠʥʝ ʧʨʝʢʣʘʧʘˁʘ ʝʣʝʢʪʨʦʜʘ ʦʜ 15% ʚʠʩʦʢa 

ʪʝʤʧʝʨʘʪʫʨa ʢʦʥʪʘʢʪʘ ʠ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʫʩʧʦʩʪʘʚˀʘʿʫ ʙʨʞʝ ʥʝʛʦ ʢʘʜʘ ʩʫ 

ʧʦʚʨʰʠʥʝ ʧʨʝʢʣʘʧʘˁʘ ʙʠʣʝ ʚʝ˂ʝ (ʥʘ ʧʨʠʤʝʨ, ʟʘ ʧʦʚʨʰʠʥʫ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʦʜ 

1,5 mm
2
 ʠ ʿʘʯʠʥʫ ʩʪʨʫʿʝ ʦʜ 10 ɸ, ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʿʝ ʧʦʯʝʦ ʜʘ ʛʦʨʠ ʩʘʤʦ 

ʯʝʪʠʨʠ ʤʠʥʫʪʘ ʦʜ ʧʦʯʝʪʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘ) ï ʚʠʜʝʪʠ ʪʘʙʝʣʝ 12, 15 ʠ 18 ʠʟ ʇʨʠʣʦʛʘ 2. 

ʆʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʿʝ ʜʦʩʪʠʛʣʘ ʤʘʢʩʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ ʦʜ 7,385 ɋ ʟʘ ʧʦʧʨʝʯʥʠ 

ʧʨʝʩʝʢ ʝʣʝʢʪʨʦʜʘ ʦʜ 2,5 mm
2
 ʠ ʿʘʯʠʥʫ ʩʪʨʫʿʝ ʦʜ 13 ɸ (ʩʘ ʫʧʦʩʪʘʚˀʝʥʠʤ  

ʝʣʝʢʪʨʠʯʥʠʤ ʣʫʢʦʤ ʠ ʥʘʧʦʥʦʤ ʠʟʤʝʹʫ ʝʣʝʢʪʨʦʜʘ ʦʜ ʯʘʢ 96 V) ï ʚʠʜʝʪʠ ʪʘʙʝʣʫ 15 

ʠʟ ʦʚʦʛ ʧʦʛʣʘʚˀʘ. ɿʘ ʧʦʚʨʰʠʥʫ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʦʜ 1,5 mm
2 
ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ 

ʿʝ ʙʠʣʘ ʫ ʦʧʩʝʛʫ 3,250ï3,457 ɋ, ʜʦʢ ʿʝ ʟʘ ʧʦʚʨʰʠʥʫ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʦʜ 4 mm
2
 

ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʙʠʣʘ ʥʘʿʤʘˁʘ, ʫ ʦʧʩʝʛʫ 1,091ï2,733 ɋ (ʩʚʝ 

ʚʨʝʜʥʦʩʪʠ ʩʫ ʠʟʤʝʨʝʥʝ ʥʝʧʦʩʨʝʜʥʦ ʧʦʩʣʝ ʫʩʧʦʩʪʘʚˀʘˁʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ 

ʣʫʢʘ). 

ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʝ ʙʨʟʦ ʧʦʚʝ˂ʘˁʝ ʥʘʧʦʥʘ ʠʟʤʝʹʫ ʙʘʢʘʨʥʝ ʠ ʤʝʩʠʥʛʘʥʝ 

ʝʣʝʢʪʨʦʜʝ ʜʦʛʦʜʠʣʦ ʪʨʝʥʫʪʥʦ, ʧʦʰʪʦ ʿʝ ʫʩʧʦʩʪʘʚˀʝʥ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ 

(ʚʠʜʝʪʠ ʪʘʙʝʣʫ 15 ʠʟ ʦʚʦʛ ʧʦʛʣʘʚˀʘ). 

ʂʘʦ ʠʣʫʩʪʨʘʮʠʿʘ ʪʦʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʥʘ ʩʣʠʮʠ 33 ʧʨʠʢʘʟʘʥʘ ʿʝ 

ʪʝʨʤʦʚʠʟʠʿʩʢʘ ʩʣʠʢʘ ʩʥʠʤˀʝʥʘ ʧʨʠ ʠʟʚʦʹʝˁʫ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʘ ʝʣʝʢʪʨʦʜʘʤʘ ʙʘʢʘʨï

ʤʝʩʠʥʛ, ʜʦʢ ʿʝ ʥʘ ʩʣʠʮʠ 34 ʧʨʠʢʘʟʘʥ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʫʩʧʦʩʪʘʚˀʝʥ ʠʟʤʝʹʫ 

ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʿʝ ʙʠʣʘ 2,5 mm
2
, ʧʦʚʨʰʠʥʘ 

ʧʨʝʢʣʘʧʘˁʘ 15% ʠ ʿʘʯʠʥʘ ʩʪʨʫʿʝ 16 ɸ). 
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ʉʣʠʢʘ 33. ʇʨʠʤʝʨ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʩʣʠʢʝ Ăʚʨʝʣʝñ ʪʘʯʢʝ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ 

 

 
ʉʣʠʢʘ 34. ʊʨʝʥʫʪʘʢ ʢʘʜʘ ʿʝ ʫʩʧʦʩʪʘʚˀʝʥ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʧʨʠ ʣʦʰʝʤ ʝʣʝʢʪʨʠʯʥʦʤ ʢʦʥʪʘʢʪʫ 

ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ 

 

2.2.3 ʂʦʤʙʠʥʘʮʠʿʘ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ 

 

ʉʨʝʹʝʥʠ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ 

ʯʝʣʠʢ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʘʤʘ 19ï27 ʠʟ ʇʨʠʣʦʛʘ 2.  

 

2.2.3.1 ʇʦʚʨʰʠʥʘ ʧʨʝʢʣʘʧʘˁʘ ʝʣʝʢʪʨʦʜʘ ʦʜ 100% 
 

Tʠʧʠʯʥʦ ʟʘ ʩʚʝ ʝʢʩʧʝʨʠʤʝʥʪʝ ʠʟʚʨʰʝʥʝ ʩʘ ʢʦʤʙʠʥʘʮʠʿʦʤ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨï

ʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ, ʟʘ ʩʚʝ ʧʦʧʨʝʯʥʝ ʧʨʝʩʝʢʝ ʝʣʝʢʪʨʦʜʘ (1,5 mm
2
, 2,5 mm

2
 ʠ 4 mm

2
) ʠ 

ʧʨʠ ʤʠʥʠʤʘʣʥʠʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʩʪʨʫʿʘʤʘ (ʨʝʜʦʤ 8 ɸ, 10 ɸ ʠ 16 ɸ), ʿʝʩʪʝ ʜʘ ʩʫ ʩʝ 

ʫʩʧʦʩʪʘʚʠʣʝ ʚʨʣʦ ʚʠʩʦʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ (ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ ʦʧʩʝʛʫ 265ï

315 ÁC) ʯʘʢ ʠ ʩʘ ʧʦʚʨʰʠʥʘʤʘ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 100% (ʚʠʜʝʪʠ ʪʘʙʝʣʫ 16 ʠʟ ʦʚʦʛ 

ʧʦʛʣʘʚˀʘ, ʢʘʦ ʠ ʪʘʙʝʣʝ 22 ʠ 25 ʠʟ ʇʨʠʣʦʛʘ 2). ɿʘ ʚʝ˂ʫ ʿʘʯʠʥʫ ʩʪʨʫʿʝ (10 ɸ ʟʘ 

ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 1,5 mm
2
, 13 ɸ ʠ 16 ɸ ʟʘ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 2,5 mm

2
, ʦʜʥʦʩʥʦ 20 ɸ 
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ʠ 25 ɸ ʟʘ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 4 mm
2
), ʠʘʢʦ ʿʝ ʧʦʚʨʰʠʥʘ ʧʨʝʢʣʘʧʘˁʘ ʙʠʣʘ 100%, 

Ăʚʨʝʣʝñ ʪʘʯʢʝ ʩʫ ʩʝ ʙʨʟʦ ʫʩʧʦʩʪʘʚʠʣʝ (ʩʘ ʪʝʤʧʝʨʘʪʫʨʦʤ ʦʜ ʧʨʠʙʣʠʞʥʦ 700 ÁC), ʘ 

ʧʦʩʣʝ ʩʘʤʦ ʥʝʢʦʣʠʢʦ ʩʝʢʫʥʜʠ ʧʦʯʝʦ ʿʝ ʜʘ ʛʦʨʠ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ. ɽʣʝʢʪʨʠʯʥʠ 

ʣʫʢ ʿʝ ʩʪʘʙʠʣʥʦ ʛʦʨʝʦ ʥʝʢʦʣʠʢʦ ʤʠʥʫʪʘ, ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʪʨʘʿʥʦ ʫʛʘʩʠʦ, ʧʨʝʢʠʜʘʿʫ˂ʠ 

ʩʪʨʫʿʥʦ ʢʦʣʦ. ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʿʝ ʟʘ ʦʚʫ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʤʘʢʩʠʤʘʣʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʙʠʣʘ ʣʦʮʠʨʘʥʘ ʥʘ ʚʨʭʫ ʝʣʝʢʪʨʦʜʝ ʦʜ ʥʝʨʹʘʿʫ˂ʝʛ ʯʝʣʠʢʘ 

(ʚʠʜʝʪʠ ʧʨʠʤʝʨ ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ ʩʥʠʤʢʘ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 35), ʰʪʦ ʩʝ ʤʦʛʣʦ 

ʚʠʜʝʪʠ ʠ ʛʦʣʠʤ ʦʢʦʤ (ʚʨʭ ʝʣʝʢʪʨʦʜʝ ʦʜ ʥʝʨʹʘʿʫ˂ʝʛ ʯʝʣʠʢʘ ʝʤʠʪʦʚʘʦ ʿʝ ʙˀʝʩʘʢ 

ʿʘʨʢʦ ʥʘʨʘʥ˅ʘʩʪʝ ʙʦʿʝ). ʈʘʟʣʦʛ ʟʘ ʦʚʫ ʧʦʿʘʚʫ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʣʝʞʠ ʫ ʯʠˁʝʥʠʮʠ ʜʘ ʿʝ 

ʪʦʧʣʦʪʥʘ ʧʨʦʚʦʜʥʦʩʪ ʯʝʣʠʢʘ ʩʢʦʨʦ 4 ʧʫʪʘ ʤʘˁʘ ʦʜ ʪʦʧʣʦʪʥʝ ʧʨʦʚʦʜʥʦʩʪʠ ʙʘʢʨʘ. 

ʅʘ ʩʨʝ˂ʫ, ʘʢʦ ʩʝ ʫʩʧʦʩʪʘʚʠ ʜʦʙʘʨ ʢʦʥʪʘʢʪ (ʯʚʨʩʪ ʢʦʥʪʘʢʪ ʩʘ ʧʦʚʨʰʠʥʦʤ 

ʧʨʝʢʣʘʧʘˁʘ ʦʜ 100%), ʪʘʢʚʝ Ăʚʨʝʣʝñ ʪʘʯʢʝ ʩʝ ʥʝ ʧʦʿʘʚˀʫʿʫ ʫ ʧʨʘʢʩʠ, ʿʝʨ ʿʝ 

ʧʦʚʨʰʠʥʘ ʧʨʝʢʣʘʧʘˁʘ ʠʟʤʝʹʫ ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʧʨʠʢˀʫʯʥʦʛ ʜʝʣʘ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ (ʥʧʨ. ʟʘʚʨʪʘˁ ʰʫʢʦ-ʫʪʠʯʥʠʮʝ ʠʟʨʘʹʝʥʦʛ ʦʜ 

ʥʝʨʹʘʿʫ˂ʝʛ ʯʝʣʠʢʘ) ʟʥʘʪʥʦ ʚʝ˂ʘ ʦʜ 4 mm
2
 (ʢʦʣʠʢʦ ʿʝ ʠʟʥʦʩʠʣʘ ʤʘʢʩʠʤʘʣʥʘ 

ʧʦʚʨʰʠʥʘ ʢʦʥʪʘʢʪʘ ʫ ʠʟʚʝʜʝʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ). ʆʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʟʘ ʩʚʝ 

ʧʦʩʤʘʪʨʘʥʝ ʩʣʫʯʘʿʝʚʝ ʙʠʣʘ ʿʝ ʫ ʦʧʩʝʛʫ 21ï424 mɋ (ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʙʠʣʝ 

ʦʪʧʨʠʣʠʢʝ ʪʨʠ ʧʫʪʘ ʚʝ˂ʝ ʦʜ ʦʥʠʭ ʜʦʙʠʿʝʥʠʭ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨï

ʤʝʩʠʥʛ ʟʘ ʠʩʪʫ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ï 100%).  

 

2.2.3.2 ʇʦʚʨʰʠʥʘ ʧʨʝʢʣʘʧʘˁʘ ʝʣʝʢʪʨʦʜʘ ʦʜ 50% 
 

ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʝʣʝʢʪʨʦʜʘ ʦʜ 

50% ʪʘʢʦʹʝ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʙʨʟʦ ʧʨʝʤʘʰʠʣʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʦʜ 385 ÁC, ʘ ʜʘ ʝʿ ʧʦʩʣʝ ʧʘʨ ʜʝʩʝʪʠʥʘ ʩʝʢʫʥʜʠ ʫʩʧʦʩʪʘʚˀʘʥʦ ʩʪʘʙʠʣʥʦ ʛʦʨʝˁʝ 

ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ï ʚʠʜʝʪʠ ʪʘʙʝʣʫ 17 ʠʟ ʦʚʦʛ ʧʦʛʣʘʚˀʘ, ʢʘʦ ʠ ʪʘʙʝʣʝ 23 ʠ 

26 ʠʟ ʇʨʠʣʦʛʘ 2. ʇʦ ʧʨʘʚʠʣʫ, ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʿʝ ʦʩʪʘʦ ʩʪʘʙʠʣʘʥ ʥʝʢʦʣʠʢʦ ʤʠʥʫʪʘ, 

ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʪʨʘʿʥʦ ʛʘʩʠʦ, ʧʨʝʢʠʜʘʿʫ˂ʠ ʩʪʨʫʿʥʦ ʢʦʣʦ (ʫ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʿʝ 

ʪʨʘʿʘʦ ʥʝʢʦʣʠʢʦ ʤʠʥʫʪʘ ʜʫʞʝ ʥʝʛʦ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ 

ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ). ʆʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʿʝ ʜʦʩʪʠʛʣʘ ʤʘʢʩʠʤʫʤ ʦʜ 317 mɋ 

(ʢʘʜʘ ʿʝ ʫʩʧʦʩʪʘʚˀʝʥ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ) ʩʘ ʝʣʝʢʪʨʦʜaʤa ʧʦʚʨʰʠʥʝ ʧʦʧʨʝʯʥʦʛ 

ʧʨʝʩʝʢʘ 2,5 mm
2
 ʠ ʿʘʯʠʥʦʤ ʩʪʨʫʿʝ ʦʜ 10 ɸ. ʆʚʘ ʦʪʧʦʨʥʦʩʪ ʿʝ ʟʥʘʪʥʦ ʥʠʞʘ ʦʜ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

99 

 

ʤʘʢʩʠʤʘʣʥʝ ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʢʦʿʘ ʢʘʨʘʢʪʝʨʠʰʝ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨï

ʤʝʩʠʥʛ (3,114 ɋ). 

ʂʘʦ ʠʣʫʩʪʨʘʮʠʿʘ ʪʦʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʥʘ ʩʣʠʮʠ 35 ʿʝ ʧʨʠʢʘʟʘʥʘ 

ʪʝʨʤʦʚʠʟʠʿʩʢʘ ʩʣʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʘ ʝʣʝʢʪʨʦʜʘʤʘ ʦʜ ʙʘʢʨʘ ʠ ʥʝʨʹʘʿʫ˂ʝʛ ʯʝʣʠʢʘ 

(ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʿʝ ʙʠʣʘ 2,5 mm
2
, ʧʦʚʨʰʠʥʘ ʧʨʝʢʣʘʧʘˁʘ 50% ʠ 

ʿʘʯʠʥʘ ʩʪʨʫʿʝ 10 ɸ). 

 

 
ʉʣʠʢʘ 35. ʇʨʠʤʝʨ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʩʣʠʢʝ Ăʚʨʝʣʝñ ʪʘʯʢʝ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ 

ʯʝʣʠʢ 

 

2.2.3.3 ʇʦʚʨʰʠʥʘ ʧʨʝʢʣʘʧʘˁʘ ʝʣʝʢʪʨʦʜʘ ʦʜ 15% 
 

ʋ ʩʚʠʤ ʘʥʘʣʠʟʠʨʘʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ Ăʚʨʝʣʘñ ʪʘʯʢʘ ʿʝ ʙʨʟʦ ʬʦʨʤʠʨʘʥʘ, ʘ 

ʟʘʪʠʤ ʙʨʟʦ ʧʨʝʰʣʘ ʫ ʛʦʨʝˁʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ (ʥʘ ʧʨʠʤʝʨ, ʟʘ ʧʦʚʨʰʠʥʫ 

ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʝʣʝʢʪʨʦʜʘ ʦʜ 1,5 mm
2
 ʣʫʢ ʿʝ ʧʦʯʝʦ ʜʘ ʛʦʨʠ ʫ 17. ʤʠʥʫʪʫ ʧʨʠ 

ʿʘʯʠʥʠ ʩʪʨʫʿʝ ʦʜ 8 ɸ, ʘ ʫ 13. ʤʠʥʫʪʫ ʧʨʠ ʿʘʯʠʥʠ ʩʪʨʫʿʝ ʦʜ 10 ɸ ï ʚʠʜʝʪʠ ʪʘʙʝʣʫ 18). 

ʇʦʩʣʝ ʦʪʧʨʠʣʠʢʝ ʪʨʠ ʤʠʥʫʪʘ ʩʪʘʙʠʣʥʦʛ ʛʦʨʝˁʘ, ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʩʝ ʪʨʘʿʥʦ 

ʫʛʘʩʠʦ. ʄʘʢʩʠʤʘʣʥʘ ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʿʝ ʠʟʥʦʩʠʣʘ 0,324 ɋ, ʘ ʧʦʩʪʠʛʥʫʪʘ ʿʝ ʟʘ 

ʧʦʚʨʰʠʥʫ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʝʣʝʢʪʨʦʜʘ ʦʜ 2,5 mm
2
 ʠ ʿʘʯʠʥʫ ʩʪʨʫʿʝ ʦʜ 10 ɸ (ʩʘ 

ʫʩʧʦʩʪʘʚˀʝʥʠʤ ʨʝʜʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʣʫʢʦʤ). ʊʦʢʦʤ ʩʪʘʙʠʣʥʦʛ ʛʦʨʝˁʘ ʨʝʜʥʦʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʫʩʧʦʩʪʘʚˀʝʥʠ ʩʫ ʟʥʘʪʥʦ ʥʠʞʠ ʥʘʧʦʥʠ (ʢʦʿʠ ʧʨʠʧʘʜʘʿʫ ʫʩʢʦʤ 

ʦʧʩʝʛʫ 1,992ï3,230 V) ʥʝʛʦ ʫ ʩʣʫʯʘʿʫ ʢʦʤʙʠʥʘʮʠʿʝ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ. ʅʘʧʦʥ 

ʠʟʤʝʹʫ ʙʘʢʘʨʥʝ ʝʣʝʢʪʨʦʜʝ ʠ ʝʣʝʢʪʨʦʜʝ ʦʜ ʥʝʨʹʘʿʫ˂ʝʛ ʯʝʣʠʢʘ ʥʠʿʝ ʟʥʘʯʘʿʥʦ 

ʧʨʦʤʝˁʝʥ ʫ ʤʦʤʝʥʪʫ ʢʘʜʘ ʿʝ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʙʠʦ ʫʩʧʦʩʪʘʚˀʝʥ (ʚʠʜʝʪʠ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

100 

 

ʪʘʙʝʣʝ 16ï18 ʠʟ ʦʚʦʛ ʧʦʛʣʘʚˀʘ), ʰʪʦ ʥʠʿʝ ʙʠʦ ʩʣʫʯʘʿ ʩʘ ʢʦʤʙʠʥʘʮʠʿʦʤ ʝʣʝʢʪʨʦʜʘ 

ʙʘʢʘʨïʤʝʩʠʥʛ (ʚʠʜʝʪʠ ʪʘʙʝʣʝ 14 ʠ 15 ʠʟ ʦʚʦʛ ʧʦʛʣʘʚˀʘ). 

 

2.2.4 ɺʠʟʫʝʣʥʘ ʧʨʝʟʝʥʪʘʮʠʿʘ ʨʝʟʫʣʪʘʪʘ ʠʩʪʨʘʞʠʚʘˁʘ 
 

ʈʘʜʠ ʙʦˀʝ (ʚʠʟʫʝʣʥʝ) ʧʨʝʟʝʥʪʘʮʠʿʝ ʨʝʟʫʣʪʘʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʥʘ ʩʣʠʢʘʤʘ 36ï

38 ʜʘʪʠ ʩʫ ʛʨʘʬʠʮʠ ʢʦʿʠ ʧʦʢʘʟʫʿʫ ʟʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʊ ʠ 

ʛʫʩʪʠʥʝ ʩʪʨʫʿʝ ɱ (ʨʘʯʫʥʘʪʝ ʢʘʦ ʦʜʥʦʩ ʿʘʯʠʥʝ ʩʪʨʫʿʝ ʠ ʝʬʝʢʪʠʚʥʝ ʧʦʚʨʰʠʥʝ 

ʢʦʥʪʘʢʪʘ ï 15%, 50% ʠʣʠ 100% ʦʜ ʧʨʝʩʝʢʘ ʝʣʝʢʪʨʦʜʘ), ʟʘ ʩʚʝ ʨʘʟʤʘʪʨʘʥʝ 

ʢʦʤʙʠʥʘʮʠʿʝ ʤʘʪʝʨʠʿʘʣʘ ʝʣʝʢʪʨʦʜʘ, ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ, ʧʨʦʮʝʥʘʪʘ ʧʨʝʢʣʘʧʘˁʘ 

ʧʦʚʨʰʠʥʘ ʝʣʝʢʪʨʦʜʘ ʠ ʿʘʯʠʥʝ ʩʪʨʫʿʘ (ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʩʚʠʭ ʤʝʨʝˁʘ 

ʧʨʝʜʩʪʘʚˀʝʥʠʭ ʫ 27 ʪʘʙʝʣʘ ʇʨʠʣʦʛʘ 2). ʋ ʩʚʠʤ ʨʘʟʤʘʪʨʘʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ 

ʧʦʩʤʘʪʨʘʥʘ ʿʝ ʩʘʤʦ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʟʘ ʧʦʩʣʝʜˁʠ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʟʘ ʢʦʿʠ 

ʧʦʩʪʦʿʝ ʨʝʣʝʚʘʥʪʥʠ ʧʦʜʘʮʠ ʟʘ ʩʚʝ ʠʩʧʠʪʠʚʘʥʝ ʩʪʨʫʿʝ (ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ 

ʫʩʧʦʩʪʘʚˀʘˁʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ). 

ʋ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʿʝ ʦʚʘʿ ʧʨʦʮʝʩ ʪʨʘʿʘʦ ʜʦʚʦˀʥʦ ʜʫʛʦ, ʫʩʧʦʩʪʘʚˀʝʥʘ ʿʝ 

ʿʘʩʥʘ ʚʝʟʘ ʜʠʨʝʢʪʥʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦʩʪʠ ʠʟʤʝʹʫ ʧʦʩʣʝʜˁʝ ʠʟʤʝʨʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʢʦʥʪʘʢʪʘ ʠ ˁʝʛʦʚʝ ʛʫʩʪʠʥʝ ʩʪʨʫʿʝ. ʂʘʦ ʰʪʦ ʩʝ ʠ ʦʯʝʢʠʚʘʣʦ, ʛʨʘʬʠʮʠ ʧʦʢʘʟʫʿʫ ʜʘ 

ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʢʘʨʘʢʪʝʨʠʰʝ ʥʘʿʚʝ˂ʠ ʧʦʨʘʩʪ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʙʘʢʘʨ ʥʘʿʤʘˁʠ. ʆʚʘʿ ʟʘʢˀʫʯʘʢ ʚʘʞʠ 

ʟʘ ʦʙʘ ʦʧʩʝʛʘ ʛʫʩʪʠʥʝ ʩʪʨʫʿʝ (3,9ï13,3 ɸ/mm
2
 ʠ 26,4ï44,4 ɸ/mm

2
). 

 

 
 

ʉʣʠʢʘ 36. ɻʨʘʬʠʮʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʢʘʦ ʬʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʩʪʨʫʿʝ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ 

ʙʘʢʘʨïʙʘʢʘʨ 
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ʉʣʠʢʘ 37. ɻʨʘʬʠʮʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʢʘʦ ʬʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʩʪʨʫʿʝ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ 

ʙʘʢʘʨïʤʝʩʠʥʛ 

 

 
 

ʉʣʠʢʘ 38. ɻʨʘʬʠʮʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʢʘʦ ʬʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʩʪʨʫʿʝ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ 

ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ 
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2.2.5 ʇʨʠʤʝʨ ʠʟ ʧʨʘʢʩʝ 
 

ʇʨʘʢʪʠʯʘʥ ʟʥʘʯʘʿ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʨʘʜʘ ʧʨʝʜʩʪʘʚˀʝʥʦʛ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ 

ʙʠ˂ʝ ʠʣʫʩʪʨʦʚʘʥ ʩʣʝʜʝ˂ʠʤ ʧʨʠʤʝʨʦʤ. ʈʝʜʦʚʥʠʤ ʧʝʨʠʦʜʠʯʥʠʤ ʪʝʨʤʦʚʠʟʠʿʩʢʠʤ 

ʠʩʧʠʪʠʚʘˁʝʤ ʨʘʟʚʦʜʥʠʭ ʦʨʤʘʥʘ ʫ ʩʝʨʚʝʨ ʩʘʣʠ ʨʘʯʫʥʘʨʩʢʦʛ ʮʝʥʪʨʘ 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ, ʜʝʪʝʢʪʦʚʘʥʘ ʿʝ Ăʚʨʝʣʘñ 

ʪʘʯʢʘ (ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦ 86 ÁC) ʥʘ ʿʝʜʥʦʤ ʦʜ ʧʨʠʢˀʫʯʘʢʘ ʛʣʘʚʥʦʛ ʧʨʝʢʠʜʘʯʘ 

(ʥʘʟʠʚʥʝ ʩʪʨʫʿʝ 63 ɸ). ʉʣʠʢʘ ʧʨʝʢʠʜʘʯʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʪʝʨʤʦʚʠʟʠʿʩʢʘ ʩʣʠʢʘ 

ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʩʣʠʮʠ 39. 

 

 
ʉʣʠʢʘ 39. ɻʣʘʚʥʠ ʧʨʝʢʠʜʘʯ (ʣʝʚʦ) ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʪʨʤʦʚʠʟʠʿʩʢʘ ʩʣʠʢʘ (ʜʝʩʥʦ) 

 

ʅʘʢʦʥ ʠʥʪʝʨʚʝʥʮʠʿʝ ʝʣʝʢʪʨʠʯʘʨʘ ʠ ʧʨʠʪʝʟʘˁʘ ʟʘʚʨʪˁʘ ʥʘ ʢʦʥʪʘʢʪʫ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʿʝ ʦʩʪʘʣʘ ʩʢʦʨʦ ʠʩʪʘ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʛʣʘʚʥʠ ʧʨʝʢʠʜʘʯ ʟʘʤʝˁʝʥ 

ʥʦʚʠʤ, ʯʠʤʝ ʿʝ ʝʣʠʤʠʥʠʩʘʥʘ Ăʚʨʝʣʘñ ʪʘʯʢʘ (ʧʦʜ ʠʩʪʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ ʤʘʢʩʠʤʘʣʥʘ  

ʠʟʤʝʨʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʠʟʥʦʩʠʣʘ ʿʝ ʦʢʦ 32 ÁC ï ʚʠʜʝʪʠ ʩʣʠʢʫ 40). 

 

 
ʉʣʠʢʘ 40. ʅʦʚʠ ʛʣʘʚʥʠ ʧʨʝʢʠʜʘʯ (ʣʝʚʦ) ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʪʝʨʤʦʚʠʟʠʿʩʢʘ ʩʣʠʢʘ (ʜʝʩʥʦ) 
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ʇʨʦʙʣʝʤʘʪʠʯʘʥ ʧʨʝʢʠʜʘʯ ʿʝ ʥʘʢʥʘʜʥʦ ʦʪʚʦʨʝʥ ʢʘʢʦ ʙʠ ʩʝ ʦʪʢʨʠʣʦ ʰʪʘ ʿʝ 

ʧʨʦʫʟʨʦʢʦʚʘʣʦ ʩʪʘʣʥʦ ʧʨʝʛʨʝʚʘˁʝ ʿʝʜʥʦʛ ˁʝʛʦʚʦʛ ʧʨʠʢˀʫʯʥʦʛ ʢʦʥʪʘʢʪʘ. 

ɼʝʪʝʢʪʦʚʘʥʦ ʿʝ ʥʝʧʦʪʧʫʥʦ ʧʨʠʘˁʘˁʝ ʙʘʢʘʨʥʠʭ ʧʣʦʯʠʮʘ ʢʦʿʝ ʬʦʨʤʠʨʘʿʫ 

ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ, ʫʟʨʦʢʦʚʘʥʦ ʤʝʭʘʥʠʯʢʦʤ ʜʝʬʦʨʤʘʮʠʿʦʤ ʠ ʥʘʨʘʩʣʠʤ 

ʦʢʩʠʜʘʮʠʦʥʠʤ ʩʣʦʿʝʤ ʥʘ ʿʝʜʥʦ ʿʦʜ ˁʠʭ. ɼʝʣʦʚʠ ʙʘʢʘʨʥʠʭ ʧʣʦʯʠʮʘ ʩʘ ʟʥʘʯʘʿʥʦ 

ʩʤʘˁʝʥʦʤ ʝʬʝʢʪʠʚʥʦʤ ʧʦʚʨʰʠʥʦʤ ʧʨʝʢʣʘʧʘˁʘ ʢʘʜʘ ʿʝ ʧʨʝʢʠʜʘʯ ʫʢˀʫʯʝʥ ʤʦʛʫ ʩʝ 

ʚʠʜʝʪʠ ʢʘʦ ʪʘʤʥʝ ʪʘʯʢʝ ʢʦʿʝ ʩʫ ʧʨʠʢʘʟʘʥʝ ʩʪʨʝʣʠʮʘʤʘ ʥʘ ʩʣʠʮʠ 41 (ʥʘʨʘʩʣʠ 

ʦʢʩʠʜʘʮʠʦʥʠ ʩʣʦʿ ʿʝ ʧʦʩʪʦʿʘʦ ʥʘ ʜʝʩʥʦʿ ʙʘʢʘʨʥʦʿ ʧʣʦʯʠʮʠ). 

 

 
ʉʣʠʢʘ 41. ɼʝʣʦʚʠ ʛʣʘʚʥʦʛ ʧʨʝʢʠʜʘʯʘ ʩʘ ʩʤʘˁʝʥʦʤ ʧʦʚʨʰʠʥʦʤ ʧʨʝʢʣʘʧʘˁʘ ʙʘʢʘʨʥʠʭ ʧʣʦʯʠʮʘ 

 

2.2.6 ɿʘʢˀʫʯʮʠ  

 

ʎʠˀ ʧʨʚʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʙʠʦ ʿʝ ʫʪʚʨʹʠʚʘˁʝ ʪʦʧʣʦʪʥʠʭ 

ʝʬʝʢʘʪʘ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʫʟʨʦʢʦʚʘʥʠʭ ʩʤʘˁʝˁʝʤ ʝʬʝʢʪʠʚʥʝ 

ʧʦʚʨʰʠʥʝ ʧʨʝʢʣʘʧʘˁʘ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʨʰʠʥʘ. ɸʥʘʣʠʟʠʨʘʥʝ ʩʫ ʥʘʿʯʝʰ˂ʝ 

ʧʨʠʤʝˁʝʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʝʣʝʢʪʨʠʯʥʝ ʢʦʥʪʘʢʪʝ 

(ʙʘʢʘʨïʙʘʢʘʨ, ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ). ʈʘʟʤʘʪʨʘʥʝ ʩʫ ʨʘʟʣʠʯʠʪʝ 

ʧʦʚʨʰʠʥʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʠʩʧʠʪʘʥʠʭ ʝʣʝʢʪʨʦʜʘ (1,5 mm
2
, 2,5 mm

2
 ʠ 4 mm

2
), 

ʢʘʦ ʠ ʨʘʟʣʠʯʠʪʝ ʩʪʨʫʿʝ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ. 

ɸʥʘʣʠʟʘ ʢʦʿʘ ʿʝ ʙʠʣʘ ʧʦʩʚʝ˂ʝʥʘ ʣʦʰʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʢʦʥʪʘʢʪʠʤʘ ʢʦʿʠ ʩʝ 

ʿʘʚˀʘʿʫ ʥʘ ʥʦʚʠʤ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ (ʩʚʘʢʠ 

ʝʢʩʧʝʨʠʤʝʥʪ ʿʝ ʠʟʚʨʰʝʥ ʩʘ ʥʦʚʠʤ ʝʣʝʢʪʨʦʜʘʤʘ), ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʢʦʥʪʘʢʪ ʙʘʢʘʨï

ʙʘʢʘʨ ʠʤʘ ʥʘʿʧʦʚʦˀʥʠʿʝ ʦʩʦʙʠʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʜʦʩʪʠʛʥʫʪʫ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʥʪʘʢʪʘ. 

ɹʝʟ ʦʙʟʠʨʘ ʥʘ ʿʘʯʠʥʫ ʩʪʨʫʿʝ, ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʝʣʝʢʪʨʦʜʘ 

ʢʦʿʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʫ ʠʟʚʨʰʝʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʙʘʢʘʨï

ʙʘʢʘʨ ʙʠʣʘ ʿʝ ʟʥʘʪʥʦ ʥʠʞʘ ʥʝʛʦ ʢʦʜ ʢʦʤʙʠʥʘʮʠʿʘ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʙʘʢʘʨï

ʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ. ʋ ʢʨʠʪʠʯʥʦʤ ʩʣʫʯʘʿʫ ʟʘ ʢʦʥʪʘʢʪ ʙʘʢʘʨïʙʘʢʘʨ (ʧʦʚʨʰʠʥʘ 

ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʝʣʝʢʪʨʦʜʝ ʦʜ 2,5 mm
2
, ʧʦʚʨʰʠʥʘ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 15% ʠ ʿʘʯʠʥʘ 
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ʩʪʨʫʿʝ ʦʜ 16 ɸ), ʤʘʢʩʠʤʘʣʥʘ ʠʟʤʝʨʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʠʟʥʦʩʠʣʘ ʿʝ 78 ÁC. 

ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʘʤʦ ʫ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʩʘ ʙʘʢʘʨʥʠʤ ʝʣʝʢʪʨʦʜʘʤʘ ʥʠʿʝ 

ʜʦʣʘʟʠʣʦ ʜʦ ʚʘʨʥʠʯʝˁʘ ʠʣʠ ʛʦʨʝˁʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʩʘ ʝʣʝʢʪʨʦʜʘʤʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ 

ʦʜʣʠʢʫʿʫ ʩʝ ʧʦʿʘʚʦʤ Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ, ʘ ʧʦʪʦʤ ʠ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʫ ʩʚʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ˁʠʭʦʚʦʛ ʥʝʧʦʪʧʫʥʦʛ ʧʨʝʢʣʘʧʘˁʘ (ʧʦʚʨʰʠʥʝ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 15% ʠ 

50% ʫ ʩʧʨʦʚʝʜʝʥʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠʩʪʨʘʞʠʚʘˁʫ). ʇʨʠʤʝʪʥʦ ʿʝ ʜʘ ʿʝ 

ʢʦʤʙʠʥʘʮʠʿʘ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʥʘʿʦʧʘʩʥʠʿʘ ʢʘʦ ʧʦʪʝʥʮʠʿʘʣʥʠ 

ʫʟʨʦʢ ʧʦʞʘʨʘ, ʿʝʨ ʩʝ ʯʘʢ ʠ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʿʝ ʧʦʚʨʰʠʥʘ ʧʨʝʢʣʘʧʘˁʘ ʝʣʝʢʪʨʦʜʘ 

100% (ʟʘ ʩʚʝ ʨʘʟʤʘʪʨʘʥʝ ʧʦʚʨʰʠʥʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʝʣʝʢʪʨʦʜʘ) ʫʩʧʦʩʪʘʚˀʘ 

ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʢʦʿʘ ʿʝ ʙʠʣʘ ʫ ʦʧʩʝʛʫ 265ï315 ÁC. ʉʨʝ˂ʦʤ, ʫ ʧʨʘʢʩʠ, 

ʝʬʝʢʪʠʚʥʝ ʧʦʚʨʰʠʥʝ ʢʦʥʪʘʢʪʘ ʠʟʤʝʹʫ ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʧʨʠʢˀʫʯʢʘ ʥʘ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʥʘʿʯʝʰ˂ʝ ʟʥʘʪʥʦ ʧʨʝʤʘʰʫʿʫ ʤʘʢʩʠʤʘʣʘʥ 

ʧʨʝʩʝʢ ʧʨʦʚʦʜʥʠʢʘ ʢʦʨʠʰ˂ʝʥʠʭ ʫ ʩʧʨʦʚʝʜʝʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ (4 mm
2
). ʊʘʢʦʹʝ, 

ʯʝʩʪʘ ʿʝ ʧʦʿʘʚʘ ʜʘ ʩʝ ʫʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ ʚʨʰʠ ʥʠʢʣʦʚʘˁʝ ʯʝʣʠʯʥʠʭ ʢʦʥʪʘʢʪʥʠʭ 

ʧʦʚʨʰʠʥʘ, ʢʘʢʦ ʙʠ ʩʝ ʧʦʧʨʘʚʠʣʝ ʪʝʨʤʠʯʢʝ ʦʩʦʙʠʥʝ ʪʘʢʦ ʦʩʪʚʘʨʝʥʦʛ ʢʦʥʪʘʢʪʘ ʩʘ 

ʙʘʢʘʨʥʠʤ ʧʨʦʚʦʜʥʠʢʦʤ. 

ɸʥʘʣʠʟʠʨʘʿʫ˂ʠ ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʢʦʿʝ ʩʫ ʠʟʤʝʨʝʥʝ ʟʘ ʩʚʝ ʢʦʤʙʠʥʘʮʠʿʝ 

ʤʘʪʝʨʠʿʘʣʘ ʝʣʝʢʪʨʦʜʘ, ʩʚʝ ʨʘʟʤʘʪʨʘʥʝ ʧʦʧʨʝʯʥʝ ʧʨʝʩʝʢʝ ʠ ʧʦʚʨʰʠʥʝ ʧʨʝʢʣʘʧʘˁʘ, 

ʢʘʦ ʠ ʟʘ ʨʘʟʥʝ ʩʪʨʫʿʝ ʦʧʪʝʨʝ˂ʝˁʘ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʫ ˁʠʭʦʚʝ ʤʘʢʩʠʤʘʣʥʝ 

ʚʨʝʜʥʦʩʪʠ ʥʘʿʚʝ˂ʝ ʫ ʩʣʫʯʘʿʫ ʢʦʥʪʘʢʪʘ ʙʘʢʘʨïʤʝʩʠʥʛ (7,385 ɋ). ʋ ʩʣʫʯʘʿʫ ʢʦʥʪʘʢʪʘ 

ʙʘʢʘʨïʙʘʢʘʨ, ʦʥʝ ʩʫ ʦʢʦ 100 ʧʫʪʘ ʤʘʝˁ (73 mɋ), ʜʦʢ ʩʫ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ 

ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʦʢʦ 23 ʧʫʪʘ ʤʘˁʝ (0.324 ɋ). ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʿʝ 

ʤʘʢʩʠʤʘʣʥʘ ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʙʠʣʘ 

ʠʟʤʝʨʝʥʘ ʪʦʢʦʤ ʩʪʘʙʠʣʥʦʛ ʛʦʨʝˁʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʰʪʦ ʥʠʿʝ ʙʠʦ ʩʣʫʯʘʿ 

ʩʘ ʢʦʥʪʘʢʪʦʤ ʙʘʢʘʨïʙʘʢʘʨ (ʿʝʨ ʩʫ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʙʠʣʝ ʟʥʘʪʥʦ 

ʥʠʞʝ ʧʨʠ ʠʩʪʠʤ ʫʩʣʦʚʠʤʘ ʠ ʥʠʿʝ ʜʦʣʘʟʠʣʦ ʜʦ ʧʦʿʘʚʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ). 

ʅʘʿʚʝ˂ʘ ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʠʟʤʝʨʝʥʘ ʫ ʩʣʫʯʘʿʫ ʢʦʥʪʘʢʪʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʜʦʚʝʣʘ ʿʝ 

ʜʦ ʪʨʝʥʫʪʥʦʛ ʧʦʚʝ˂ʘˁʘ ʥʘʧʦʥʘ (ʜʦ ʩʢʦʨʦ 100 V), ʢʦʿʝ ʩʝ ʜʝʩʠʣʦ ʠʟʤʝʹʫ ʝʣʝʢʪʨʦʜʘ 

ʫ ʪʨʝʥʫʪʢʫ ʢʘʜʘ ʿʝ ʫʩʧʦʩʪʘʚˀʝʥ ʩʪʘʙʠʣʘʥ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ. ʊʦ ʥʠʿʝ ʙʠʦ 

ʩʣʫʯʘʿ ʩʘ ʢʦʥʪʘʢʪʠʤʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ, ʛʜʝ ʥʘʧʦʥ ʥʠʿʝ ʙʠʦ ʚʝ˂ʠ ʦʜ ʥʝʢʦʣʠʢʦ 

ʚʦʣʪʠ ʯʘʢ ʠ ʢʘʜʘ ʿʝ ʙʠʦ ʫʩʧʦʩʪʘʚˀʝʥ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ. ʆʚʘ ʧʦʿʘʚʘ ʩʝ 
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ʦʙʿʘʰˁʘʚʘ ʧʦʩʪʦʿʘˁʝʤ ʟʘʚʠʩʥʦʩʪʠ ʠʟʤʝʹʫ ʥʘʧʦʥʘ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʠ ʚʨʩʪʝ 

ʤʘʪʝʨʠʿʘʣʘ ʝʣʝʢʪʨʦʜʘ, ʩʘʩʪʘʚʘ ʛʘʩʥʝ ʩʨʝʜʠʥʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧˀʝˁʘ ʤʘʪʝʨʠʿʘʣʘ 

ʦʜ ʢʦʿʠʭ ʩʫ ʠʟʨʘʹʝʥʝ ʝʣʝʢʪʨʦʜʝ [22].  

ɺʘʞʥʦ ʿʝ ʠʩʪʘ˂ʠ ʜʘ ʿʝ ʧʦ ʢʨʠʪʝʨʠʿʫʤʫ ʤʘʢʩʠʤʘʣʥʝ ʩʥʘʛʝ ʜʠʩʠʧʘʮʠʿʝ ʥʘ 

Ăʚʨʝʣʦʿñ ʪʘʯʢʠ ʦʧʘʩʥʠʿʘ ʢʦʤʙʠʥʘʮʠʿʘ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ 

(ʤʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ ʜʠʩʠʧʘʮʠʿʝ ʥʘ ʦʚʦʤ ʩʧʦʿʫ ʠʟʥʦʩʠʣʘ ʿʝ ʦʢʦ 63 W, ʘ ʥʘ ʩʧʦʿʫ 

ʙʘʢʘʨïʤʝʩʠʥʛ ʦʢʦ 32 W) ï ʫ ʩʚʠʤ ʨʘʟʤʘʪʨʘʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʧʦʨʝʹʝˁʘ ʩʫ ʚʨʰʝʥʘ 

ʧʨʠ ʠʩʪʦʿ ʧʦʚʨʰʠʥʠ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʝʣʝʢʪʨʦʜʘ, ʠʩʪʦʿ ʝʬʝʢʪʠʚʥʦʿ ʧʦʚʨʰʠʥʠ 

ʧʨʝʢʣʘʧʘˁʘ ʠ ʠʩʪʦʿ ʿʘʯʠʥʠ ʩʪʨʫʿʝ. ʄʝʹʫʪʠʤ, ʢʘʜʘ ʜʦʹʝ ʜʦ ʫʩʧʦʩʪʘʚˀʘˁʘ ʨʝʜʥʦʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʜʦʣʘʟʠ ʜʦ ʟʥʘʪʥʦʛ ʧʦʨʘʩʪʘ ʢʦʥʪʘʢʪʥʝ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʩʧʦʿʫ 

ʙʘʢʘʨïʤʝʩʠʥʛ (ʫ ʦʜʥʦʩʫ ʥʘ ʩʧʦʿ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ, ʢʦʜ ʢʦʛʘ ʩʝ ʢʦʥʪʘʢʪʥʘ 

ʦʪʧʦʨʥʦʩʪ ʧʨʠ ʛʦʨʝˁʫ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʥʝʟʥʘʪʥʦ ʧʦʚʝ˂ʘ). ɿʙʦʛ ʪʦʛʘ ʝʿ 

ʩʥʘʛʘ ʜʠʩʠʧʘʮʠʿʝ ʥʘ ʩʧʦʿʫ ʙʘʢʘʨïʤʝʩʠʥʛ ʟʘ ʚʨʝʤʝ ʛʦʨʝˁʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ 

ʟʥʘʪʥʦ ʚʝ˂ʘ ʥʝʛʦ ʥʘ ʩʧʦʿʫ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ (ʤʠʥʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʧʨʚʠ 

ʩʧʦʿ ʠʟʥʦʩʠʣʘ ʿʝ 200 W, ʘ ʤʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʜʨʫʛʠ ʩʧʦʿ 65 W).     

ʂʘʦ ʰʪʦ ʩʝ ʠ ʦʯʝʢʠʚʘʣʦ, ʫʦʯʝʥʦ ʿʝ ʜʘ ʩʝ, ʧʨʠ ʠʩʪʠʤ ʿʘʯʠʥʘʤʘ ʩʪʨʫʿʝ, ʢʦʜ 

ʢʦʥʪʘʢʪʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʟʥʘʪʥʦ ʙʨʞʝ ʜʦʣʘʟʠ ʜʦ 

ʫʩʧʦʩʪʘʚˀʘˁʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʩʘ ʝʣʝʢʪʨʦʜʘʤʘ ʤʘˁʝ ʧʦʚʨʰʠʥʝ 

ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ. ʊʘʢʦʹʝ, ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʩʝ ʤʥʦʛʦ ʣʘʢʰʝ ʫʩʧʦʩʪʘʚˀʘʦ ʟʘ ʚʝ˂ʫ 

ʿʘʯʠʥʫ ʩʪʨʫʿʝ ʧʨʠ ʠʩʪʦ ʿʧʦʚʨʰʠʥʠ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ. 

ʏʠˁʝʥʠʮʘ ʜʘ ʿʝ ʮʝʥʘ ʦʪʧʘʜʥʦʛ ʙʘʢʨʘ ʫ ɽʚʨʦʧʠ ʦʢʦ 46% ʚʝʘ˂ ʦʜ ʮʝʥʝ 

ʤʝʩʠʥʛʘ [109] ʧʨʝʜʩʪʘʚˀʘ ʦʯʠʛʣʝʜʘʥ ʨʘʟʣʦʛ ʟʘ ʫʧʦʪʨʝʙʫ ʤʝʩʠʥʛʘ ʧʨʠ ʠʟʨʘʜʠ 

ʧʨʠʢˀʫʯʘʢʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʦʿ ʝʣʝʢʪʨʠʯʥʦʿ 

ʠʥʩʪʘʣʘʮʠʿʠ ʥʘʤʝˁʝʥʦʿ ʤʘʩʦʚʥʦʿ ʫʧʦʪʨʝʙʠ (ʥʘ ʧʨʠʤʝʨ, ʟʘ ʠʟʨʘʜʫ ʫʪʠʢʘʯʘ ʠ 

ʫʪʠʯʥʠʮʘ). ʅʘʞʘʣʦʩʪ, ʠ ʥʝʧʨʠʤʝʨʝʥʠ ʧʨʠʢˀʫʯʮʠ ʠʟʨʘʹʝʥʠ ʦʜ ʥʝʨʹʘʿʫ˂ʝʛ ʯʝʣʠʢʘ 

(ʯʠʿʘ ʿʝ ʮʝʥʘ ʯʘʢ ʧʝʪ ʧʫʪʘ ʥʠʞʘ ʦʜ ʮʝʥʝ ʙʘʢʨʘ) ʠ ʜʘˀʝ ʩʫ ʧʨʠʩʫʪʥʠ ʥʘ ʪʨʞʠʰʪʫ (ʪʦ 

ʩʫ ʧʨʝʪʝʞʥʦ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ ʥʝʧʦʟʥʘʪʦʛ ʧʦʨʝʢʣʘ). ʊʘʢʦʹʝ ʪʨʝʙʘ 

ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʘ ʠʩʧʠʪʠʚʘˁʘ ʧʦʢʘʟʘʣʘ ʜʘ ʩʝ ʟʘʚʨʪˁʠ ʦʜ 

ʧʦʮʠʥʢʦʚʘʥʦʛ ʫʛˀʝʥʠʯʥʦʛ ʯʝʣʠʢʘ ʥʝ ʩʤʝʿʫ ʢʦʨʠʩʪʠʪʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ 

ʘʣʫʤʠʥʠʿʫʤʩʢʠʤ ʧʨʦʚʦʜʥʠʮʠʤʘ ʟʙʦʛ ˁʠʭʦʚʝ ʦʩʥʦʚʥʝ ʤʝʪʘʣʫʨʰʢʝ 

ʥʝʢʦʤʧʘʪʠʙʠʣʥʦʩʪʠ [108]. 
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ɼʘˀʠ ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʙʠʦ ʿʝ ʫʩʤʝʨʝʥ 

ʥʘ ʘʥʘʣʠʟʫ ʫʪʠʮʘʿʘ ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ (ʥʘ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ) ʥʘ ʧʦʿʘʚʫ Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ ʫ ʥʦʚʠʤ 

ʫʪʠʢʘʯʠʤʘ ʠ ʫʪʠʯʥʠʮʘʤʘ.  
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3 ʃʆʐ ʂʆʅʊɸʂʊ ʅɸʉʊɸʆ ʋʉʃɽɼ ʈɽɼʋʂʎʀɱɽ ʄʆʄɽʅʊɸ 

ɿɸʊɽɿɸɳɸ ɿɸɺʈʊɳɸ ʅɸ ʇʈʀʂɲʋʏʅʆʄ ɽʃɽʄɽʅʊʋ 

ɽʃɽʂʊʈʆʀʅʉʊɸʃɸʎʀʆʅɽ ʂʆʄʇʆʅɽʅʊɽ 

 

ʆʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʦʙʫʭʚʘʪʠʣʦ ʿʝ ʝʢʩʧʝʨʠʤʝʥʪʝ ʩʘ ʥʦʚʠʤ ʰʫʢʦ-ʫʪʠʢʘʯʠʤʘ ʠ 

ʫʪʠʯʥʠʮʘʤʘ ʧʨʠʢˀʫʯʝʥʠʤ ʥʘ ʤʨʝʞʫ ʥʘʟʠʚʥʦʛ ʥʘʧʦʥʘ 230 V ʠ ʤʨʝʞʥʝ ʬʨʝʢʚʝʥʮʠʿʝ 

50 Hz. ʇʨʦʤʝʥʦʤ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʠʭ ʧʨʠʢˀʫʯʘʢʘ ʫ 

ʠʩʧʠʪʠʚʘʥʠʤ ʫʪʠʢʘʯʠʤʘ ʠ ʫʪʠʯʥʠʮʘʤʘ, ʢʘʦ ʠ ʧʨʦʤʝʥʦʤ ʿʘʯʠʥʝ ʩʪʨʫʿʝ ʠ ʜʫʞʠʥʝ 

ˁʝʥʦʛ ʪʨʘʿʘˁʘ, ʘʥʘʣʠʟʠʨʘʥ ʿʝ ˁʠʭʦʚ ʫʪʠʮʘʿ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʝʣʝʢʪʨʠʯʥʫ 

ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ. ʃʠʮʥʘʩʪʠ ʙʘʢʘʨʥʠ ʧʨʦʚʦʜʥʠʮʠ ʩʘ ʩʪʘʥʜʘʨʜʥʠʤ ʧʦʧʨʝʯʥʠʤ 

ʧʨʝʩʝʢʦʤ ʦʜ 1,5 mm
2
 ʠ 2,5 mm

2
 ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʫ ʰʫʢʦ-ʫʪʠʢʘʯʠʤʘ, ʘ ʙʘʢʘʨʥʠ 

ʧʨʦʚʦʜʥʠʮʠ ʧʫʥʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ 1,5 mm
2
 ʠ 2,5 mm

2
 ʫ hʫʢʦ-ʫʪʠʯʥʠʮʘʤʘ. 

ʇʨʦʤʝʥʦʤ (ʨʝʜʫʢʮʠʿʦʤ) ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʥʘ ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʠʤ ʧʨʠʢˀʫʯʮʠʤʘ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʩʫ ʩʠʤʫʣʠʨʘʥʠ ʣʦʰʠ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ 

ʫʟʨʦʢʦʚʘʥʠ ʤʠʢʨʦʚʠʙʨʘʮʠʿʘʤʘ ʦʢʦʣʠʥʝ ʠʣʠ ʥʝʧʨʦʬʝʩʠʦʥʘʣʥʠʤ ʨʘʜʦʤ ʦʜ ʩʪʨʘʥʝ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʪʝʨʘ. ʊʘʢʦʹʝ, ʥʝʢʘ ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʥʘʤʝʨʥʦ ʪʨʘʿʘʣʘ ʜʫʞʝ ʦʜ 8 ʩʘʪʠ 

(ʜʦ 17 ʩʘʪʠ), ʢʘʢʦ ʙʠ ʩʝ ʠʩʧʠʪʘʦ ʟʘʢˀʫʯʘʢ ʠʟ [76] ʜʘ ʿʝ ʫ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʦʛ ʧʨʠʢˀʫʯʢʘ ʧʦʩʪʠʛʥʫʪʘ ʫ ʨʦʢʫ ʦʜ ʿʝʜʥʦʛ ʩʘʪʘ 

ʙʠʣʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʮʠʦʥʘʨʥʦʛ ʩʪʘˁʘ (ʠʥʠʮʠʿʘʣʥʘ ʠʩʧʠʪʠʚʘˁʘ ʫ ʨʝʬʝʨʝʥʮʠ [76] 

ʪʨʘʿʘʣʘ ʩʫ 8 ʩʘʪʠ). ʅʠʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ, ʜʦ 385 ÁC, ʧʨʘ˂ʝʥʝ ʩʫ 

ʪʝʨʤʦʚʠʟʠʿʩʢʦʤ ʢʘʤʝʨʦʤ. ʃʘʩʝʨʩʢʠ ʪʝʨʤʦʤʝʪʘʨ (ʦʧʩʝʛʘ ʤʝʨʝˁʘ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 

900 ÁC) ʢʦʨʠʩʪʠʦ ʩʝ ʟʘ ʤʝʨʝˁʝ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʛʨʝʿʘʥʠʭ ʢʦʥʪʘʢʘʪʘ 

(Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ). 

3.1 ʇʦʩʪʘʚʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘ 

 

ɼʘ ʙʠ ʩʝ ʘʥʘʣʠʟʠʨʘʣʠ ʝʬʝʢʪʠ ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʥʘ ʟʘʛʨʝʚʘˁʝ 

ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʠʭ ʧʨʠʢˀʫʯʘʢʘ ʫ ʫʪʠʢʘʯʠʤʘ ʠ ʫʪʠʯʥʠʮʘʤʘ, ʩʠʤʫʣʠʨʘʥʠ ʩʫ ʣʦʰʠ 

ʢʦʥʪʘʢʪʠ, ʘ ʩʚʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʫ ʠʟʚʝʜʝʥʠ ʫ ʃʘʙʦʨʘʪʦʨʠʿʠ ʟʘ ʠʩʧʠʪʠʚʘˁʝ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʛʨʦʤʦʙʨʘʥʩʢʠʭ ʟʘʰʪʠʪʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʥʘ 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʤ ʬʘʢʫʣʪʝʪʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ. ʋʟʦʨʮʠ ʫʪʠʢʘʯʘ ʠ 

ʫʪʠʯʥʠʮʘ ʢʦʨʠʰ˂ʝʥʠʭ ʫ ʦʚʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ, ʘʣʠ ʙʝʟ ˁʠʭʦʚʠʭ ʧʣʘʩʪʠʯʥʠʭ 

ʢʫ˂ʠʰʪʘ, ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 42.  
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ʉʣʠʢʘ 42. ʉʥʠʤʘʢ ʪʝʣʘ ʫʪʠʢʘʯʘ (ʣʝʚʦ) ʠ ʫʪʠʯʥʠʮʝ (ʜʝʩʥʦ) ʢʦʨʠʰ˂ʝʥʠʭ ʫ ʝʢʩʧʝʨʠʤʝʥʪʫ 

 

ʇʨʝʤʘ ʩʪʘʥʜʘʨʜʫ [110], ʫʪʠʢʘʯʠ ʠ ʫʪʠʯʥʠʮʝ ʢʦʨʠʰ˂ʝʥʠ ʫ ʦʚʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʠʣʠ ʩʫ ʪʠʧʘ F (ʨʝʜʦʤ CEE 7/4 ʠ CEE 7/3), ʢʦʿʠ ʩʝ ʰʠʨʦʢʦ ʢʦʨʠʩʪʝ 

ʫ ɽʚʨʦʧʠ ʠ ʈʫʩʠʿʠ (ʠʟʫʟʝʮʠ ʩʫ ɺʝʣʠʢʘ ɹʨʠʪʘʥʠʿʘ ʠ ʀʨʩʢʘ). ʆʙʘ ʧʦʩʝʜʫʿʫ 

ʩʪʘʥʜʘʨʜʥʝ ʪʠʧʦʚʝ ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʠʭ ʧʨʠʢˀʫʯʘʢʘ, ʦʧʠʩʘʥʝ ʫ [87]: ʪʠʧ ʄ3 ʫ 

ʫʪʠʢʘʯʫ ʠ ʪʠʧ ʄ4 ʫ ʫʪʠʯʥʠʮʠ. ʇʨʠʢˀʫʯʮʠ ʫ ʠʩʧʠʪʠʚʘʥʠʤ ʫʪʠʢʘʯʠʤʘ ʠ 

ʫʪʠʯʥʠʮʘʤʘ ʠʟʨʘʹʝʥʠ ʩʫ ʨʝʜʦʤ ʦʜ ʥʠʢʣʦʚʘʥʦʛ ʤʝʩʠʥʛʘ ʠ ʯʠʩʪʦʛ ʤʝʩʠʥʛʘ (ʙʝʟ ʙʠʣʦ 

ʢʘʢʚʠʭ ʟʘʰʪʠʪʥʠʭ ʣʝʛʫʨʘ). ʀʘʢʦ ʩʝ ʢʦʥʪʘʢʪʥʠ ʧʨʠʪʠʩʘʢ ʥʝ ʤʦʞʝ ʧʨʝʮʠʟʥʦ ʤʝʨʠʪʠ 

ʠ ʧʦʜʝʰʘʚʘʪʠ, ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ ʤʦʞʝ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʫʯʠˁʝʥʦ ʫ [74ï76]. 

ʇʨʝʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝʤ ʩʪʘʥʜʘʨʜʫ [100], ʤʠʥʠʤʘʣʥʠ ʤʦʤʝʥʪʠ ʟʘʪʝʟʘˁʘ ʢʦʿʝ ʪʨʝʙʘ 

ʧʨʠʤʝʥʠʪʠ ʥʘ ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʝ ʧʨʠʢˀʫʯʢʝ ʫ ʠʩʧʠʪʠʚʘʥʠʤ ʪʠʧʦʚʠʤʘ ʫʪʠʢʘʯʘ ʠ 

ʫʪʠʯʥʠʮʘ ʩʫ ʨʝʜʦʤ 0,5 Nm ʠ 0,8 Nm. ʂʦʨʠʰ˂ʝˁʝʤ ʤʝʭʘʥʠʯʢʦʛ Ăʤʦʤʝʥʪ-

ʰʨʘʬʮʠʛʝʨʘñ (Wiha Torque Vario-ʉ26462, ʩʘ ʤʝʨʥʠʤ ʦʧʩʝʛʦʤ 0,5ï2,0 Nm ʠ 

ʧʨʝʮʠʟʥʦʰ˂ʫ ʦʜ Ñ 6%), ʥʘ ʿʝʜʥʦʤ ʦʜ ʜʚʘ ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʘ ʧʨʠʢˀʫʯʢʘ ʫ 

ʠʩʧʠʪʠʚʘʥʠʤ ʫʪʠʢʘʯʠʤʘ ʠ ʫʪʠʯʥʠʮʘʤʘ, ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ ʿʝ ʫʚʝʢ ʙʠʚʘʦ ʧʦʜʝʰʝʥ ʥʘ 

1 Nm (ʯʠʤʝ ʿʝ ʧʨʘʢʪʠʯʥʦ ʦʩʪʚʘʨʝʥ ʦʜʣʠʯʘʥ ʢʦʥʪʘʢʪ). 

ʊʨʠ ʨʘʟʣʠʯʠʪʘ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ (1 Nm (ʦʜʣʠʯʘʥ ʢʦʥʪʘʢʪ), 0,2 Nm (ʣʦʰ 

ʢʦʥʪʘʢʪ) ʠ 0,1 Nm (ʚʨʣʦ ʣʦʰ ʢʦʥʪʘʢʪ)) ʧʦʜʝʰʘʚʘʥʘ ʩʫ ʥʘ ʜʨʫʛʦʤ ʟʘʚʨʪˁʝʤ 

ʠʟʚʝʜʝʥʦʤ ʧʨʠʢˀʫʯʢʫ. ɿʘ ʧʦʜʝʰʘʚʘˁʝ ʤʦʤʝʥʪʘ ʦʜ 0,2 Nm ʠ 0,1 Nm ʢʦʨʠʰ˂ʝʥ ʿʝ 

ʜʠʛʠʪʘʣʥʠ Ăʤʦʤʝʥʪ-ʰʨʘʬʮʠʛʝʨñ (TSD-50, ʩʘ ʤʝʨʥʠʤ ʦʧʩʝʛʦʤ 0,05ï0,5 Nm ʠ 

ʪʘʯʥʦʰ˂ʫ Ñ 2% ʫ ʩʤʝʨʫ ʢʘʟʘˀʢʝ ʥʘ ʩʘʪʫ ʠ Ñ 3% ʫ ʩʫʧʨʦʪʥʦʤ ʩʤʝʨʫ ʦʜ ʩʤʝʨʘ 

ʢʘʟʘˀʢʝ ʥʘ ʩʘʪʫ). ʋ ʩʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ (ʥʝʟʘʚʠʩʥʦ ʦʜ ʪʠʧʘ ʢʦʨʠʰ˂ʝʥʦʛ Ăʤʦʤʝʥʪ-

ʰʨʘʬʮʠʛʝʨʘñ) ʚʨʰʝʥʦ ʿʝ ʩʫʚʦ ʩʪʝʟʘˁʝ (ʙʝʟ ʫʧʦʪʨʝʙʝ ʙʠʣʦ ʢʘʢʚʠʭ ʣʫʙʨʠʢʘʥʘʪʘ). 

ʇʨʚʦ ʙʠ ʩʝ ʚʨʝʜʥʦʩʪ ʞʝˀʝʥʦʛ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʧʦʜʝʩʠʣʘ ʥʘ ʧʨʠʤʝˁʝʥʦʤ 

Ăʤʦʤʝʥʪ-ʰʨʘʬʮʠʛʝʨʫñ. ʏʠʤ ʙʠ ʩʝ ʧʦʩʪʠʛʘʦ ʧʦʜʝʰʝʥʠ ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ, ʢʘʦ 

ʧʦʩʣʝʜʠʮʘ ʥʘʯʠʥʘ ʨʘʜʘ Ăh ʨʘʬʮʠʛʝʨʘñ, ʩʪʝʟʘˁʝ ʟʘʚʨʪˁʘ ʙʠ ʩʝ ʟʘʚʨʰʠʣʦ ʦʙʨʪʥʠʤ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

109 

 

ʧʨʦʢʣʠʟʘʚʘˁʝʤ Ăʤʦʤʝʥʪ-ʰʨʘʬʮʠʛʝʨʘñ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ ʿʝ ʙʠʣʘ 

ʥʘʧʨʘʚˀʝʥʘ ʪʘʢʦ ʜʘ ʦʙʝʟʙʝʜʠ ʜʘ ʙʘʢʘʨʥʠ ʧʨʦʚʦʜʥʠʢ ʙʫʜʝ ʥʘ ʤʝʩʪʫ ʧʨʠʢˀʫʯʢʘ 

ʧʨʠʪʠʩʥʫʪ ʩʘʤʦ ʧʦʜʝʰʝʥʠʤ ʤʦʤʝʥʪʦʤ ʟʘʪʝʟʘˁʘ ʥʘ Ăʤʦʤʝʥʪ-ʰʨʘʬʮʠʛʝʨʫñ. ʂʘʦ 

ʰʪʦ ʿʝ ʚʝ˂ ʥʘʧʦʤʝʥʫʪʦ, ʣʠʮʥʘʩʪʠ ʙʘʢʘʨʥʠ ʧʨʦʚʦʜʥʠʮʠ ʩʪʘʥʜʘʨʜʥʦʛ ʧʦʧʨʝʯʥʦʛ 

ʧʨʝʩʝʢʘ ʦʜ 1,5 mm
2
 ʠ 2,5 mm

2
 ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʫ ʫʪʠʢʘʯʠʤʘ, ʘ ʙʘʢʘʨʥʠ ʧʨʦʚʦʜʥʠʮʠ 

ʧʫʥʦʛ ʧʨʝʩʝʢʘ ʦʜ 1,5 mm
2
 ʠ 2,5 mm

2
 ʫ ʫʪʠʯʥʠʮʘʤʘ. ʉʪʨʫʿʝ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ 

ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ ʠʟʘʙʨʘʥʝ ʩʫ ʜʘ ʙʫʜʫ 8 ɸ, 13 ɸ ʠ 16 ɸ. 

ʋ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ ʢʦʿʘ ʿʝ ʙʠʣʘ 

ʧʨʘʢʪʠʯʥʦ ʠʩʪʘ ʩʘ ʦʥʦʤ ʢʦʨʠʰ˂ʝʥʦʤ ʟʘ ʘʥʘʣʠʟʫ ʣʦʰʠʭ ʢʦʥʪʘʢʘʪʘ ʫʟʨʦʢʦʚʘʥʠʭ 

ʥʝʧʦʪʧʫʥʠʤ ʧʨʝʢʣʘʧʘˁʝʤ ʠʟʤʝʹʫ ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʧʨʠʢˀʫʯʢʘ ʥʘ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʦʿ ʢʦʤʧʦʥʝʥʪʠ, ʢʦʿʘ ʿʝ ʜʝʪʘˀʥʦ ʦʧʠʩʘʥʘ ʫ ʧʦʛʣʘʚˀʫ 2. ɱʝʜʠʥʘ 

ʨʘʟʣʠʢʘ ʙʠʣʘ ʿʝ ʫ ʪʦʤʝ ʰʪʦ ʿʝ ʩʧʝʮʠʿʘʣʥʦ ʧʨʦʿʝʢʪʦʚʘʥʘ ʘʧʘʨʘʪʫʨʘ ʢʦʘʿ ʿʝ 

ʩʠʤʫʣʠʨʘʣʘ ʣʦʰ ʢʦʥʪʘʢʪ ʠʟʤʝʹʫ ʝʣʝʢʪʨʦʜʘ ʟʘʤʝˁʝʥʘ ʫʪʠʢʘʯʝʤ (ʫʪʠʯʥʠʮʦʤ) ʢʦʿʠ 

ʿʝ ʩʘʜʨʞʘʦ ʥʘʤʝʨʥʦ ʠʟʘʟʚʘʥ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ (ʩʣʠʢʘ 43). ʀʩʧʠʪʠʚʘˁʘ ʩʫ 

ʠʟʚʝʜʝʥʘ ʧʨʠ ʥʘʟʠʚʥʦʤ ʥʘʧʦʥʫ ʦʜ 230 V ʠ ʧʨʠ ʤʨʝʞʥʦʿ ʬʨʝʢʚʝʥʮʠʿʠ ʦʜ 50 Hz. 

ʉʪʨʫʿʘ (ʦʧʪʝʨʝ˂ʝˁʘ) ʿʝ ʧʦʜʝʰʘʚʘʥʘ ʧʦʤʦ˂ʫ ʦʪʧʦʨʥʠʯʢʝ ʜʝʢʘʜʥʝ ʢʫʪʠʿʝ 230 V, 

60 ɸ. ʊʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʘʪʘ ʩʫ ʤʝʨʝʥʝ ʧʦʤʦ˂ʫ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ (Fluke 

Ti125, ʯʠʿʘ ʿʝ ʪʘʯʥʦʩʪ Ñ 2 ÁC ʠʣʠ Ñ 2% [107]). ʇʦʰʪʦ ʿʝ ʤʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʦʿʘ ʩʝ ʤʦʞʝ ʤʝʨʠʪʠ ʧʦʤʦ˂ʫ ʦʚʝ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ 385 ÁC, ʪʝʤʧʝʨʘʪʫʨʝ 

ʢʦʥʪʘʢʘʪʘ ʚʝ˂ʝ ʦʜ 385 ÁC ʤʝʨʝʥʝ ʩʫ ʧʦʤʦ˂ʫ ʣʘʩʝʨʩʢʦʛ ʪʝʨʤʦʤʝʪʨʘ (Cole-Parmer), 

ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʧʨʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʢʘʜʘ ʩʫ ʤʝʨʝʥʝ ʪʝʨʤʦʧʘʨʦʤ. ʇʨʝ ʧʦʯʝʪʢʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʪʝʨʤʦʚʠʟʠʿʩʢʘ ʢʘʤʝʨʘ ʠ ʣʘʩʝʨʩʢʠ ʪʝʨʤʦʤʝʪʘʨ ʩʫ ʢʘʣʠʙʨʠʩʘʥʠ 

ʧʦʤʦ˂ʫ ʩʦʥʜʝ ʪʝʨʤʦʧʘʨʘ ʪʠʧʘ ʂ ʭʨʦʤʝʣ/ʘʣʫʤʝʣ (ʜʦʜʘʪʘʢ PeakTech 3360), 

ʥʘʤʝˁʝʥʝ ʟʘ ʤʝʨʝˁʝ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦ 1260 ÁC, ʩʘ ʪʘʯʥʦʰ˂ʫ ʦʜ Ñ 1,1 ÁC ʠʣʠ 0,4%. 

ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʠʟʚʨʰʝʥʠʭ ʧʨʠʣʠʢʦʤ ʢʘʣʠʙʨʘʮʠʿʝ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ ʠ 

ʣʘʩʝʨʩʢʦʛ ʤʝʨʘʯʘ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʘʤʘ 21 ʠ 22.  
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ʉʣʠʢʘ 43. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ ʟʘ ʘʥʘʣʠʟʫ ʝʬʝʢʪʘ ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ ʥʘ 

ʟʘʛʨʝʚʘˁʝ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʫ ʫʪʠʢʘʯʠʤʘ ʠ ʫʪʠʯʥʠʮʘʤʘ  

(1. ʦʪʧʦʨʥʠʯʢʘ ʢʫʪʠʿʘ, 2. ʩʪʨʫʿʥa ʢʣʝʰʪʘ, 3. ʤʫʣʪʠʤʝʪʘʨ (ʧʨʝʮʠʟʘʥ ʚʦʣʪʤʝʪʘʨ), 4. ʪʝʨʤʦʚʠʟʠʿʩʢʘ 

ʢʘʤʝʨʘ, 5. ʪʝʨʤʦʧʘʨ, 6. ʜʠʛʠʪʘʣʥʠ ʠ ʤʝʭʘʥʠʯʢʠ Ăʤʦʤʝʥʪ-ʰʨʘʬʮʠʛʝʨʠñ, 7. ʠʩʧʠʪʠʚʘʥʘ ʫʪʠʯʥʠʮʘ ʠʣʠ 

ʫʪʠʢʘʯ, 8. ʣʘʩʝʨʩʢʠ ʤʝʨʘʯ ʪʝʤʧʝʨʘʪʫʨʝ) 

 

ʊʘʙʝʣʘ 21. ʈʝʟʫʣʪʘʪʠ ʢʘʣʠʙʨʘʮʠʿʝ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ Fluke Ti125 

ʈʝʬʝʨʝʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ 

ʊʝʨʤʦʧʘʨ 

Fluke Ti 125 

ʂʦʝʬʠʮʠʿʝʥʪ ʝʤʠʩʠʚʥʦʩʪʠ Ů 

0,7 0,8 0,9 

50 55 47 39 

100 106 98 87 

150 163 146 135 

200 217 198 180 

250 267 255 231 

300 326 309 277 

350 379 363 338 

 

ʊʘʙʝʣʘ 22. ʈʝʟʫʣʪʘʪʠ ʢʘʣʠʙʨʘʮʠʿʝ ʣʘʩʝʨʩʢʦʛ ʤʝʨʘʯʘ ʪʝʤʧʝʨʘʪʫʨʝ  

Cole-Parmer 

ʈʝʬʝʨʝʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ 

ʊʝʨʤʦʧʘʨ 

Infra red  Cole-Parmer 

ʂʦʝʬʠʮʠʿʝʥʪ ʝʤʠʩʠʚʥʦʩʪʠ Ů 

0,7 0,8 0,9 0,95 

400 435 415 389 / 

450 512 467 440 / 

500 563 519 491 / 

550 589 565 542 / 

600 649 623 593 / 

650 712 674 644 / 

700 787 736 695 / 

750 823 781 747 / 

800 917 846 810 789 

850 946 913 867 849 

 

ʋ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʿʝ ʙʠʣʦ ʤʦʛʫ˂ʝ ʤʝʨʠʪʠ ʩʘʤʦ ʪʝʤʧʝʨʘʪʫʨʫ ʛʣʘʚʝ 

ʥʠʢʣʦʚʘʥʦʛ ʟʘʚʨʪˁʘ ʥʘ ʤʝʩʪʫ ʢʦʥʪʘʢʪʘ, ʠʟʨʘʹʝʥʦʛ ʦʜ ʥʝʨʹʘʿʫ˂ʝʛ ʯʝʣʠʢʘ, ʿʝʨ ʿʝ ʦʥʘ 
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ʧʨʝʜʩʪʘʚˀʘʣʘ ʥʘʿʧʦʛʦʜʥʠʿʠ ʜʝʦ ʣʦʝhʛ ʢʦʥʪʘʢʪʘ ʥʘ ʫʪʠʢʘʯʠʤʘ ʠ ʫʪʠʯʥʠʮʘʤʘ ʟʘ 

ʩʥʠʤʘˁʝ ʪʝʨʤʦʚʠʟʠʿʩʢʦʤ ʢʘʤʝʨʦʤ (ʠʣʠ ʤʝʨʝˁʝ ʣʘʩʝʨʩʢʠʤ ʪʝʨʤʦʤʝʪʨʦʤ). 

ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʢʦʝʬʠʮʠʿʝʥʪ ʝʤʠʩʠʚʥʦʩʪʠ ʧʦʚʨʰʠʥʝ ʛʣʘʚʝ ʟʘʚʨʪˁʘ ʨʘʩʪʝ ʩʘ 

ʧʦʨʘʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʝ, ʟʙʦʛ ʯʝʛʘ ʿʝ ʦʥ ʤʦʨʘʦ ʜʘ ʩʝ ʧʦʜʝʩʠ ʥʘ ʪʝʨʤʦʚʠʟʠʿʩʢʦʿ 

ʢʘʤʝʨʠ (ʥʘ ʚʨʝʜʥʦʩʪ 0,8 ʟʘ ʤʝʨʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 350 ÁC) ʠ ʥʘ ʣʘʩʝʨʩʢʦʤ 

ʪʝʨʤʦʤʝʪʨʫ (ʥʘ ʚʨʝʜʥʦʩʪʠ 0,85, 0,90 ʠ 0,95 ʨʝʜʦʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʝ ʦʧʩʝʛʝ 350ï

550 ÁC, 550ï800 ÁC ʠ 800ï900 ÁC). ʇʨʦʚʝʨʝ ʩʫ ʧʦʢʘʟʘʣʝ ʜʘ ʩʫ, ʢʦʨʠʰ˂ʝˁʝʤ 

ʥʘʚʝʜʝʥʠʭ ʧʦʜʝʰʘʚʘˁʘ, ʠʟʤʝʨʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ (ʧʦʤʦ˂ʫ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ ʠ 

ʣʘʩʝʨʩʢʦʛ ʪʝʨʤʦʤʝʪʘʨʘ) ʦʜʩʪʫʧʘʣʝ ʤʘˁʝ ʦʜ 4% ʦʜ ʦʥʠʭ ʜʦʙʠʿʝʥʠʭ ʤʝʨʝˁʠʤʘ 

ʧʦʤʦ˂ʫ ʨʝʬʝʨʝʥʪʥʦʛ ʪʝʨʤʦʧʘʨʘ.  

ʊʦʢʦʤ ʩʚʘʢʦʛ ʤʝʨʝˁʘ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ, ʝʣʝʢʪʨʠʯʥʘ ʦʪʧʦʨʥʦʩʪ 

ʢʦʥʪʘʢʪʘ ʪʘʢʦʹʝ ʿʝ ʤʝʨʝʥʘ (ʧʦʤʦ˂ʫ U-I ʤʝʪʦʜʝ). ʉʪʨʫʿʘ ʠ ʥʘʧʦʥ ʩʫ ʤʝʨʝʥʠ 

ʩʪʨʫʿʥʠʤ ʢʣʝʰʪʠʤʘ (Fluke 323), ʦʜʥʦʩʥʦ ʜʠʛʠʪʘʣʥʠʤ ʤʫʣʪʠʤʝʪʨʦʤ (PeakTech 

3360). 

ʋʢʫʧʘʥ ʙʨʦʿ ʠʟʚʨʰʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠʟʥʦʩʠʦ ʿʝ 41 (ˁʠʭʦʚʠ ʫʣʘʟʥʠ 

ʧʘʨʘʤʝʪʨʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 23). ʋʨʘʹʝʥʝ ʩʫ ʜʚʝ ʛʨʫʧʝ (ʩʝʨʠʿʝ) 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠ ʬʠʥʘʣʥʠ ʝʢʩʧʝʨʠʤʝʥʪ. ʋ ʧʨʚʦʿ ʩʝʨʠʿʠ ʝʢʩʧʝʨʠʤʝʥʘʪʘ, ʢʦʿʠ ʩʫ 

ʪʨʘʿʘʣʠ ʧʦ 60 ʤʠʥʫʪʘ, ʥʠʿʝ ʩʝ ʫʩʧʦʩʪʘʚˀʘʣʦ ʛʦʨʝˁʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. ʋ 

ʜʨʫʛʦʿ ʩʝʨʠʿʠ ʝʢʩʧʝʨʠʤʝʥʘʪʘ, ʢʦʿʠ ʩʫ ʥʘʿʜʫʞʝ ʪʨʘʿʘʣʠ, ʥʘʤʝʨʥʦ ʿʝ ʜʦʧʫʰʪʝʥʦ ʜʘ 

ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʧʨʝʹʝ ʫ ʩʪʘʙʠʣʘʥ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ, ʢʦʿʠ ʿʝ ʧʦʪʦʤ 

ʙʠʦ ʧʨʝʢʠʜʘʥ. ʋ ʬʠʥʘʣʥʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ ʿʝ ʙʠʣʦ ʚʘʞʥʦ ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ ʢʘʜʘ ˂ʝ 

ʜʦ˂ʠ ʜʦ ʫʩʧʦʩʪʘʚˀʘˁʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʿʝʨ ʩʫ ʩʝ ʪʘʜʘ ʝʢʩʧʝʨʠʤʝʥʪʠ  

ʥʘʤʝʨʥʦ ʧʨʝʢʠʜʘʣʠ ʢʘʢʦ ʙʠ ʩʝ ʩʧʨʝʯʠʣʦ ʫʩʧʦʩʪʘʚˀʘˁʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. 

ʇʨʝʜʚʠʹʘˁʝ ʥʘʩʪʘʥʢʘ ʨʝʜʥʦʛ ʣʫʢʘ ʙʠʣʦ ʿʝ ʟʘʩʥʦʚʘʥʦ ʥʘ ʩʣʝʜʝ˂ʠʤ 

ʤʘʥʠʬʝʩʪʘʮʠʿʘʤʘ: ʟʚʫʯʥʠ ʝʬʝʢʘʪ ʧʫʮʢʝʪʘˁʘ ʥʘ ʤʝʩʪʫ ʢʦʥʪʘʢʪʘ, ʚʠʟʫʝʣʥʠ ʝʬʝʢʘʪ 

ʚʘʨʥʠʮʘ ʥʘ ʢʦʥʪʘʢʪʫ, ʠʟʥʝʥʘʜʥʦ ʧʦʚʝ˂ʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ (ʢʦʿʝ ʥʝ ʤʦʞʝ ʜʘ 

ʩʝ ʠʟʤʝʨʠ ʥʠʪʠ ʪʝʨʤʦʚʠʟʠʿʩʢʦʤ ʢʘʤʝʨʦʤ ʥʠʪʠ ʣʘʩʝʨʩʢʠʤ ʪʝʨʤʦʤʝʪʨʦʤ, ʿʝʨ ʿʝ 

ʠʟʚʘʥ ˁʠʭʦʚʠʭ ʤʝʨʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʦʧʩʝʛʘ), ʢʘʦ ʠ ʥʘʛʣʠ ʧʦʨʘʩʪ ʦʪʧʦʨʥʦʩʪʠ 

ʢʦʥʪʘʢʪʘ ʠ ˁʝʥʝ ʙʨʟʝ (ʜʠʥʘʤʠʯʥʝ) ʧʨʦʤʝʥʝ ʫ ʚʨʝʤʝʥʫ. 
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ʊʘʙʝʣʘ 23. ʀʟʚʨʰʝʥʘ ʠʩʧʠʪʠʚʘˁʘ ʠ ʫʣʘʟʥʠ ʧʘʨʘʤʝʪʨʠ 

 ʇʨʚʘ ʩʝʨʠʿʘ 
ɼʨʫʛʘ 

ʩʝʨʠʿʘ 

ʌʠʥʘʣʥʠ 

ʝʢʩʧʝʨʠʤʝʥʪ 

ɹʨʦʿ 

ʠʩʧʠʪʘʥʠʭ: 

- ʫʪʠʢʘʯʘ 

- ʫʪʠʯʥʠʮʘ 

 

 

18 

18 

 

 

2 

2 

 

 

/ 

1 

ʊʠʧ 

ʧʨʦʚʦʜʥʠʢʘ ʫ: 

- ʫʪʠʢʘʯʠʤʘ 

- ʫʪʠʯʥʠʮʘʤʘ 

 

ʣʠʮʥʘʩʪʠ 

ʧʫʥ ʧʨʝʩʝʢ 

 

ʣʠʮʥʘʩʪʠ 

ʧʫʥ ʧʨʝʩʝʢ 

/ 

ʧʫʥ ʧʨʝʩʝʢ 

ʇʦʧʨʝʯʥʠ 

ʧʨʝʩʝʢ 

ʧʨʦʚʦʜʥʠʢʘ 

1,5 mm
2 

2,5 mm
2
 

1,5 mm
2 

2,5 mm
2
 

2,5 mm
2
 

ʄʦʤʝʥʪ 

ʟʘʪʝʟʘˁʘ 
0,1-1 Nm 0,1 Nm 0,1 Nm 

ɱʘʯʠʥʘ ʩʪʨʫʿʝ 8-16 A 16 A 16 A 

ʊʨʘʿʘˁʝ 1 ʩʘʪ 

ʜʦ ʥʘʩʪʘʥʢʘ 

ʝʣʝʢʪʨʠʯʥʦʛ 

ʣʫʢʘ ʠ 

ˁʝʛʦʚʦʛ 

ʧʨʝʢʠʜʘ 

ʧʦʥʘʚˀʘˁʝ ʛʨʝʿʘˁʘ 

ʠ ʭʣʘʹʝˁʘ ʟʘʚʨʪˁʘ 

ʜʦ ʪʘʯʢʝ ʢʦʿʘ 

ʧʨʝʪʭʦʜʠ ʥʘʩʪʘʥʢʫ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ 

 

 

 

3.2 ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʠ ʜʠʩʢʫʩʠʿʘ 

 

ʂʦʤʧʣʝʪʥʠ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ, ʢʦʿʠ ʧʦʢʘʟʫʿʫ ʝʬʝʢʪʝ ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ 

ʟʘʪʝʟʘˁʘ ʥʘ ʟʘʛʨʝʚʘˁʝ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʫ ʫʪʠʢʘʯʠʤʘ ʠ ʫʪʠʯʥʠʮʘʤʘ, 

ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʫ 20 ʪʘʙʝʣʘ ʜʘʪʠʭ ʫ ʇʨʠʣʦʛʫ 3. ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʿʝ ʫ ʩʚʠʤ 

ʪʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʤʝʨʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʣʘʚʝ ʥʠʢʣʦʚʘʥʦʛ ʢʦʥʪʘʢʪʥʦʛ ʟʘʚʨʪˁʘ (ʠ 

ʥʘ ʫʪʠʯʥʠʮʠ ʠ ʥʘ ʫʪʠʢʘʯʫ) ʫʤʝʩʪʦ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ. ɿʙʦʛ ʪʦʛʘ ʤʦʞʝʤʦ ʜʘ 

ʩʤʘʪʨʘʤʦ ʜʘ ʩʫ ʩʪʚʘʨʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʙʠʣʝ ʥʝʰʪʦ ʚʝ˂ʝ ʦʜ ʠʟʤʝʨʝʥʠʭ. 

 

3.2.1 ʇʨʚʘ ʩʝʨʠʿʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ 

 

ʂʦʤʧʣʝʪʥʠ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʫ ʧʨʚʦʿ ʩʝʨʠʿʠ ʝʢʩʧʝʨʠʤʝʥʘʪʘ (ʧʨʝʜʩʪʘʚˀʝʥʠ 

ʫ 12 ʪʘʙʝʣʘ) ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʇʨʠʣʦʛʫ 3 (ʜʝʦ ɸ). ɸʥʘʣʠʟʠʨʘʿʫ˂ʠ ʨʝʟʫʣʪʘʪʝ ʤʝʨʝˁʘ 

ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʩʚʠʭ 36 ʠʟʚʝʜʝʥʠʭ ʠʩʧʠʪʠʚʘˁʘ (ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʫ 12 ʦʜ 36 

ʠʩʧʠʪʠʚʘˁʘ ʜʘʪʠ ʩʫ ʫ ʪʘʙʝʣʘʤʘ 24-27 ʢʘʦ ʠʣʫʩʪʨʘʮʠʿʘ), ʧʨʠʤʝ˂ʝʥʦ ʿʝ ʜʘ ʦʪʧʦʨʥʦʩʪ 

ʢʦʥʪʘʢʪʘ ʥʠʿʝ ʙʠʣʘ ʟʥʘʪʥʦ ʧʦʚʝ˂ʘʥʘ ʥʠ ʫ ʿʝʜʥʦʤ ʦʜ ʦʚʠʭ ʠʩʧʠʪʠʚʘˁʘ (ʙʠʣʘ ʿʝ ʫ 

ʦʧʩʝʛʫ 3ï13 mɋ).  
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ʊʘʙʝʣʘ 24. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʢʘʯʫ (ʣʠʮʥʘʩʪʠ ʧʨʦʚʦʜʥʠʢ (ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 1,5 mm
2
) ʠ ʿʘʯʠʥʘ 

ʩʪʨʫʿʝ 8 ɸ) 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 8,1 8,1 8,1 8,0 8,0 8,0 8,0 

U (mV) 53 64 84 90 83 83 84 

R (mɋ) 7 8 10 11 10 10 11 

T (
o
C) 28 35 38 38 38 38 38 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0.2 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 8,2 8,2 8,2 8,1 8,1 8,1 8,1 

U (mV) 56 58 58 58 57 58 59 

R (mɋ) 7 7 7 7 7 7 7 

T (
o
C) 28 36 37 38 38 38 38 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 8,2 8,2 8,2 8,1 8,1 8,1 8,1 

U (mV) 84 85 86 87 88 88 87 

R (mɋ) 10 10 10 11 11 11 11 

T (
o
C) 28 42 44 44 45 45 45 

 

ʊʘʙʝʣʘ 25. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʢʘʯʫ (ʣʠʮʥʘʩʪʠ ʧʨʦʚʦʜʥʠʢ (ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 2,5 mm
2
) ʠ ʿʘʯʠʥʘ 

ʩʪʨʫʿʝ 16 ɸ) 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,1 16,1 16,1 16,1 16,1 16,1 16,1 

U (mV) 46 49 49 49 51 59 60 

R (mɋ) 3 3 3 3 3 4 4 

T (
o
C) 28 54 56 56 56 57 58 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,2 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,1 16,1 16,1 16,1 16,1 16,1 16,1 

U (mV) 54 56 57 58 61 63 64 

R (mɋ) 3 3 4 4 4 4 4 

T (
o
C) 28 57 57 59 60 62 62 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,1 16,1 16,1 16,1 16,1 16,1 16,1 

U (mV) 55 56 61 68 89 97 112 

R (mɋ) 3 3 4 4 6 6 7 

T (
o
C) 30 63 64 69 78 80 82 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

114 

 

ʊʘʙʝʣʘ 26. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʯʥʠʮʠ (ʧʫʥ ʧʨʝʩʝʢ ʧʨʦʚʦʜʥʠʢʘ (ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 1,5 mm
2
) ʠ 

ʿʘʯʠʥʘ ʩʪʨʫʿʝ 8 ɸ) 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 8,0 8,0 8,0 8,0 8,0 8,0 8,0 

U (mV) 42 42 44 44 44 44 45 

R (mɋ) 5 5 6 6 6 6 6 

T (
o
C) 28 35 39 39 40 41 41 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,2 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 8,0 8,0 8,0 8,0 8,0 8,0 8,0 

U (mV) 55 55 55 64 68 68 68 

R (mɋ) 7 7 7 8 9 9 9 

T (
o
C) 29 41 45 46 46 48 48 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 8,0 8,0 7,9 7,9 7,9 7,9 7,9 

U (mV) 94 95 96 98 98 99 101 

R (mɋ) 12 12 12 12 12 13 13 

T (
o
C) 30 46 47 47 47 48 49 

 

ʊʘʙʝʣʘ 27. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʯʥʠʮʠ (ʧʫʥ ʧʨʝʩʝʢ ʧʨʦʚʦʜʥʠʢʘ (ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 2,5 mm
2
) ʠ 

ʿʘʯʠʥʘ ʩʪʨʫʿʝ 16 ɸ) 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,2 16,2 16,2 16,2 16,2 16,2 16,2 

U (mV) 54 55 56 61 61 62 62 

R (mɋ) 3 3 3 4 4 4 4 

T (
o
C) 27 48 57 60 62 64 64 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,2 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,0 16,0 16,0 16,0 15,9 15,9 15,9 

U (mV) 69 74 75 84 138 139 141 

R (mɋ) 4 5 5 5 9 9 9 

T (
o
C) 28 53 63 64 64 67 70 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,0 16,0 16,0 16,0 16,0 16,0 16,0 

U (mV) 88 112 132 142 148 167 191 

R (mɋ) 6 7 8 9 9 10 12 

T (
o
C) 28 72 95 97 122 134 148 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʢʦʿʘ ʿʝ ʜʦʩʪʠʛʥʫʪʘ ʥʘʢʦʥ 60 ʤʠʥʫʪʘ ʢʨʝʪʘʣʘ ʩʝ ʫ 

ʦʧʩʝʛʫ 38ï82 ÁC ʟʘ ʫʪʠʢʘʯʝ ʠ ʫ ʦʧʩʝʛʫ 41ï148 ÁC ʟʘ ʫʪʠʯʥʠʮʝ. ʀ ʟʘ ʫʪʠʢʘʯʝ ʠ ʟʘ 

ʫʪʠʯʥʠʮʝ ʠʟʤʝʨʝʥʘ ʿʝ ʤʠʥʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʟʘ ʧʨʦʚʦʜʥʠʢʝ ʤʘˁʝʛ 

ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ (1,5 mm
2
), ʤʘʢʩʠʤʘʣʥʠ ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ (1 Nm ï ʦʜʣʠʯʘʥ 

ʢʦʥʪʘʢʪ) ʠ ʤʠʥʠʤʘʣʥʫ ʿʘʯʠʥʫ ʩʪʨʫʿʝ (8 ɸ), ʜʦʢ ʿʝ ʤʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʜʦʙʠʿʝʥʘ ʟʘ ʚʝ˂ʠ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ (2,5 mm
2
), ʤʠʥʠʤʘʣʥʠ ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ (0,1 Nm 

ï ʚʝʦʤʘ ʣʦʰ ʢʦʥʪʘʢʪ) ʠ ʤʘʢʩʠʤʘʣʥʫ ʿʘʯʠʥʫ ʩʪʨʫʿʝ (16 ɸ). ʂʘʜʘ ʩʫ ʩʚʠ ʦʩʪʘʣʠ 

ʧʘʨʘʤʝʪʨʠ ʠʤʘʣʠ ʠʩʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʦʙʝ ʚʨʩʪʝ ʧʨʦʚʦʜʥʠʢʘ (ʣʠʮʥʘʩʪ ʠʣʠ ʧʫʥʦʛ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 
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ʧʨʝʩʝʢʘ), ʫ ʚʝ˂ʠʥʠ ʘʥʘʣʠʟʠʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ ʥʘ ʢʦʥʪʘʢʪʠʤʘ ʩʘ ʙʘʢʘʨʥʠʤ 

ʧʨʦʚʦʜʥʠʮʠʤʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ (ʪʝʩʪʦʚʠ ʩʘ ʫʪʠʢʘʯʝʤ) ʠʟʤʝʨʝʥʘ ʿʝ ʥʝʰʪʦ ʚʝ˂ʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʛʦ ʥʘ ʢʦʥʪʘʢʪʠʤʘ ʩʘ ʣʠʮʥʘʩʪʠʤ ʙʘʢʘʨʥʠʤ ʧʨʦʚʦʜʥʠʮʠʤʘ (ʪʝʩʪʦʚʠ 

ʩʘ ʫʪʠʯʥʠʮʘʤʘ). ʀʘʢʦ ʩʝ ʫ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʤʦʛʫ ʪʫʤʘʯʠʪʠ ʪʘʢʦ  

ʜʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʦʛ ʧʨʠʢˀʫʯʢʘ ʫ ʨʦʢʫ ʦʜ ʩʘʪ ʚʨʝʤʝʥʘ ʙʠʣʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʮʠʦʥʘʨʥʦʛ ʩʪʘˁʘ, ʟʘʧʨʘʚʦ, ʫ ʩʚʘʢʦʤ ʠʩʧʠʪʠʚʘˁʫ ʛʨʘʜʠʿʝʥʪ 

ʪʝʤʧʝʨʘʪʫʨʝ ʿʝ ʙʠʦ ʧʦʟʠʪʠʚʘʥ ʩʚʝ ʚʨʝʤʝ (60 ʤʠʥʫʪʘ). ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʿʝ 

ʨʘʩʣʘ ʥʝʰʪʦ ʙʨʞʝ ʢʦʜ ʢʦʥʪʘʢʘʪʘ ʩʘ ʤʦʤʝʥʪʦʤ ʟʘʪʝʟʘˁʘ ʦʜ 0,1 Nm, ʰʪʦ ʟʥʘʯʠ ʜʘ ʿʝ 

ʜʠʩʠʧʠʨʘʥʘ ʩʥʘʛʘ ʨʘʩʣʘ ʥʝʰʪʦ ʙʨʞʝ ʫ ʩʣʫʯʘʿʫ ʚʝʦʤʘ ʣʦʰʠʭ ʢʦʥʪʘʢʘʪʘ. ʊʦ ʪʘʢʦʹʝ 

ʟʥʘʯʠ ʜʘ ʿʝ ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʥʘ ʪʘʢʚʠʤ ʚʝʟʘʤʘ ʨʘʩʣʘ ʥʝʰʪʦ ʙʨʞʝ, ʰʪʦ ʥʠʿʝ 

ʧʨʝʜʩʪʘʚˀʘʣʦ ʧʦʩʣʝʜʠʮʫ ʤʘʣʦʛ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ (ʿʝʨ ʿʝ ʧʦʯʝʪʥʘ ʦʪʧʦʨʥʦʩʪ 

ʢʦʥʪʘʢʪʘ ʙʠʣʘ ʧʨʘʢʪʠʯʥʦ ʿʝʜʥʘʢʘ ʟʘ ʩʚʝ ʧʨʠʤʝˁʝʥʝ ʤʦʤʝʥʪʝ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ ʥʘ 

ʢʦʥʪʘʢʪʫ), ʚʝ˂ ʧʦʩʣʝʜʠʮʫ ʙʨʞʝʛ ʥʘʨʘʩʪʘˁʘ ʩʣʦʿʘ ʦʢʩʠʜʘ ʥʘ ʢʦʥʪʘʢʪʥʦʿ ʧʦʚʨʰʠʥʠ. 

ʊʨʝʙʘ ʥʘʛʣʘʩʠʪʠ ʜʘ PVC ʠʟʦʣʘʮʠʿʘ ʙʘʢʘʨʥʠʭ ʧʨʦʚʦʜʥʠʢʘ, ʦʙʠʯʥʦ 

ʧʨʠʤʝˁʝʥʘ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ, ʠʤʘ ʩʣʝʜʝ˂ʝ ʪʦʧʣʦʪʥʝ 

ʦʩʦʙʠʥʝ: ˁʝʥʘ ʜʝʛʨʘʜʘʮʠʿʘ (ʛʫʙʠʪʘʢ ʠʟʦʣʘʮʠʦʥʠʭ ʦʩʦʙʠʥʘ) ʧʦʯʠˁʝ ʥʘ 70 ÁC [111], 

ˁʝʥʘ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʠʿʘ ʥʘ 92 ÁC [112], ˁʝʥʘ ʜʝʢʦʤʧʦʟʠʮʠʿʘ ʥʘ 140 ÁC ʠ 

ˁʝʥʦ ʪʦʧˀʝˁʝ ʥʘ 160 ÁC [113]. ʉʚʠ ʙʘʢʘʨʥʠ ʧʨʦʚʦʜʥʠʮʠ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʫ 

ʦʧʠʩʘʥʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ ʠʤʘʣʠ ʩʫ PVC ʠʟʦʣʘʮʠʿʫ. ʋ ʨʝʬʝʨʝʥʮʠ [114] ʿʝ ʥʘʚʝʜʝʥʦ 

ʜʘ ʜʦʣʘʟʠ ʜʦ ʟʥʘʯʘʿʥʦʛ ʛʫʙʠʪʢʘ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʢʘʜʘ ʿʝ PVC ʠʟʦʣʘʮʠʿʘ ʠʟʣʦʞʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʦʧʩʝʛʫ 71ï77 ÁC ʥʝʧʨʝʢʠʜʥʦ ʤʝʩʝʮ ʜʘʥʘ. ʊʘʢʦʹʝ, ʫ ʨʝʬʝʨʝʥʮʠ [115] 

ʿʝ ʥʘʚʝʜʝʥʦ ʜʘ ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʫʪʠʯʝ ʥʘ ʝʣʝʢʪʨʠʯʥʝ ʠ ʤʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ PVC 

ʠʟʦʣʘʮʠʿʝ, ʰʪʦ ʟʘ ʨʝʟʫʣʪʘʪ ʠʤʘ ʩʤʘˁʝˁʝ ˁʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ ʠ ʧʦʚʝ˂ʘˁʝ 

ʬʘʢʪʦʨʘ ʜʠʝʣʝʢʪʨʠʯʥʠʭ ʛʫʙʠʪʘʢʘ ʠ ʜʠʝʣʝʢʪʨʠʯʥʝ ʢʦʥʩʪʘʥʪʝ. ʇʦʰʪʦ ʩʫ ʚʨʝʜʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʥʘʢʦʥ 60 ʤʠʥʫʪʘ ʙʠʣʝ ʫ ʨʘʩʧʦʥʫ ʦʜ 38 ÁC ʜʦ 70 ÁC ʟʘ 

ʦʜʣʠʯʥʝ ʢʦʥʪʘʢʪʝ (ʧʨʠʤʝˁʝʥʠ ʤʦʤʝʥʘʪ ʟʘʪʝʟʘˁʘ: 1 Nm), ʧʦʪʝʥʮʠʿʘʣʥʦ ʰʪʝʪʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ PVC ʠʟʦʣʘʮʠʿʫ (70 ÁC) ʥʠʿʝ ʧʨʝʢʦʨʘʯʝʥʘ ʥʠ ʫ ʿʝʜʥʦʤ ʦʜ 

ʨʘʟʤʘʪʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ. ʏʘʢ ʠ ʟʘ ʣʦʰʝ ʢʦʥʪʘʢʪʝ (ʧʨʠʤʝˁʝʥʠ ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ: 

0,2 Nm) ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ (ʪʘʢʦʹʝ ʜʦʩʪʠʛʥʫʪʝ ʥʘʢʦʥ 60 ʤʠʥʫʪʘ) 

ʢʨʝʪʘʣʝ ʩʫ ʩʝ ʦʜ 39 ÁC ʜʦ 72 ÁC (ʫ ʩʘʤʦ ʿʝʜʥʦʤ ʦʜ ʜʚʘʥʘʝʩʪ ʩʣʫʯʘʿʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʿʝ ʙʠʣʘ ʥʝʰʪʦ ʠʟʥʘʜ 70 ÁC). ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʿʝ ʫ ʩʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʩʘ ʣʦʰʠʤ 

ʢʦʥʪʘʢʪʦʤ (0,2 Nm) ʪʝʤʧʝʨʘʪʫʨʘ ʙʠʣʘ ʩʘʤʦ ʤʘʣʦ ʚʝ˂ʘ ʦʜ ʦʥʝ ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

116 

 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʩʣʫʯʘʿ ʩʘ ʚʨʣʦ ʜʦʙʨʠʤ ʢʦʥʪʘʢʪʦʤ (1 Nm). ʄʝʹʫʪʠʤ, ʟʘ ʚʨʣʦ ʣʦʰʝ 

ʢʦʥʪʘʢʪʝ (0,1 Nm) ʫ ʧʝʪ ʦʜ ʜʚʘʥʘʝʩʪ ʩʣʫʯʘʿʝʚʘ ʢʦʥʪʘʢʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʫʪʠʢʘʯʫ ʠ 

ʫʪʠʯʥʠʮʠ ʟʥʘʪʥʦ ʿʝ ʧʨʝʤʘʰʠʣʘ 70 ÁC ʩʘ ʿʘʯʠʥʘʤʘ ʩʪʨʫʿʝ ʦʜ 13 ɸ ʠ 16 ɸ (77ÁC, 

78 ÁC, 82 ÁC, 93 ÁC ʠ 148 ÁC). ɿʙʦʛ ʪʦʛʘ, ʘ ʫ ʮʠˀʫ ʧʦʩʤʘʪʨʘˁʘ ʜʘˀʠʭ ʧʨʦʮʝʩʘ ʢʦʿʠ 

ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʘʪʘ, ʢʘʦ ʠ ʥʘ ʧʦʚʝ˂ʘˁʝ ʦʪʧʦʨʥʦʩʪʠ 

ʢʦʥʪʘʢʘʪʘ, ʦʜʣʫʯʝʥʦ ʿʝ ʜʘ ʩʝ ʧʦʥʦʚʝ ʥʝʢʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʘ ʤʦʤʝʥʪʦʤ ʟʘʪʝʟʘˁʘ ʦʜ 

0,1 Nm ʠ ʿʘʯʠʥʦʤ ʩʪʨʫʿʝ ʦʜ 16 ɸ, ʘʣʠ ʙʝʟ ʦʛʨʘʥʠʯʘʚʘˁʘ ʪʨʘʿʘˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ.  

ʋʨʘʹʝʥʠ ʩʫ ʩʣʝʜʝ˂ʠ ʝʢʩʧʝʨʠʤʝʥʪʠ: 

- ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʘ ʥʦʚʠʤ ʫʪʠʢʘʯʝʤ ʟʘ ʢʨʠʪʠʯʥʝ ʩʣʫʯʘʿʝʚʝ ʠʟ ʧʨʚʝ ʩʝʨʠʿʝ 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ: ʤʘʢʩʠʤʘʣʥʘ ʩʪʨʫʿʘ ʦʜ 16 ɸ, ʥʘʿʚʝ˂ʘ ʨʝʜʫʢʮʠʿʘ ʤʦʤʝʥʪʘ 

ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ (0,1 Nm) ʠ ʧʨʝʩʝʮʠ ʣʠʮʥʘʩʪʦʛ ʧʨʦʚʦʜʥʠʢʘ ʦʜ 2,5 mm
2
 ʠ 

1,5 mm
2
 (ʧʨʚʠ ʿʝ ʪʨʘʿʘʦ 13h 13 min., ʘ ʜʨʫʛʠ 16 h 22 min.), ʠ 

- eʢʩʧʝʨʠʤʝʥʪʠ ʩʘ ʥʦʚʦʤ ʫʪʠʯʥʠʮʦʤ ʟʘ ʢʨʠʪʠʯʥʝ ʩʣʫʯʘʿʝʚʝ ʠʟ ʧʨʚʝ ʩʝʨʠʿʝ 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ: ʤʘʢʩʠʤʘʣʥʘ ʩʪʨʫʿʘ ʦʜ 16 ɸ, ʥʘʿʚʝ˂ʘ ʨʝʜʫʢʮʠʿʘ ʤʦʤʝʥʪʘ 

ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ (0,1 Nm) ʠ ʧʨʦʚʦʜʥʠʮʠ ʧʫʥʦʛ ʧʨʝʩʝʢʘ ʦʜ 2,5 mm
2
 ʠ 

1,5 mm
2
 (ʧʨʚʠ ʿʝ ʪʨʘʿʘʦ 11h 32 min., ʘ ʜʨʫʛʠ 14h 43 min.). 

 

3.2.2 ɼʨʫʛʘ ʩʝʨʠʿʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ 

 

ʂʦʤʧʣʝʪʥʠ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʫ ʜʨʫʛʦʿ ʩʝʨʠʿʠ ʝʢʩʧʝʨʠʤʝʥʘʪʘ (ʧʨʝʜʩʪʘʚˀʝʥʠ 

ʫ 4 ʪʘʙʝʣʝ) ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʇʨʠʣʦʛʫ 3 (ʜʝʦ ɹ). ʅʘ ʩʣʠʢʘʤʘ 44ï46 ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ 

ʛʨʘʬʠʮʠ ʟʘʚʠʩʥʦʩʪʠ ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʠʩʧʠʪʘʥʝ ʫʪʠʯʥʠʮʝ ʠ ʫʪʠʢʘʯʘ, ˁʠʭʦʚʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʠʩʠʧʠʨʘʥʝ ʩʥʘʛʝ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ ʟʘ ʢʨʠʪʠʯʘʥ ʩʣʫʯʘʿ (ʿʘʯʠʥʘ 

ʩʪʨʫʿʝ 16 ɸ, ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ 0.1 Nm).  
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ʉʣʠʢʘ 44. ɻʨʘʬʠʮʠ ʟʘʚʠʩʥʦʩʪʠ ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ, ʢʦʿʠ ʚʘʞʝ ʟʘ ʠʩʧʠʪʘʥʝ 

ʫʪʠʯʥʠʮʝ ʠ ʫʪʠʢʘʯʝ, ʩʘ ʤʦʤʝʥʪʦʤ ʟʘʪʝʟʘˁʘ ʦʜ 0,1 Nm (ʚʨʣʦ ʣʦʰ ʢʦʥʪʘʢʪ) ʠ ʿʘʯʠʥʦʤ ʩʪʨʫʿʝ ʦʜ 16 ɸ 

 

 
ʉʣʠʢʘ 45. ɻʨʘʬʠʮʠ ʟʘʚʠʩʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ, ʢʦʿʠ ʚʘʞʝ ʟʘ ʠʩʧʠʪʘʥʝ 

ʫʪʠʯʥʠʮʝ ʠ ʫʪʠʢʘʯʝ, ʩʘ ʤʦʤʝʥʪʦʤ ʟʘʪʝʟʘˁʘ ʦʜ 0,1 Nm (ʚʨʣʦ ʣʦʰ ʢʦʥʪʘʢʪ) ʠ ʿʘʯʠʥʦʤ ʩʪʨʫʿʝ ʦʜ 16 ɸ 
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ʉʣʠʢʘ 46. ɻʨʘʬʠʮʠ ʟʘʚʠʩʥʦʩʪʠ ʜʠʩʠʧʠʨʘʥʝ ʩʥʘʛʝ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ, ʢʦʿʠ ʚʘʞʝ ʟʘ ʠʩʧʠʪʘʥʝ 

ʫʪʠʯʥʠʮʝ ʠ ʫʪʠʢʘʯʝ, ʩʘ ʤʦʤʝʥʪʦʤ ʟʘʪʝʟʘˁʘ ʦʜ 0,1 Nm (ʚʨʣʦ ʣʦʰ ʢʦʥʪʘʢʪ) ʠ ʿʘʯʠʥʦʤ ʩʪʨʫʿʝ ʦʜ 16 ɸ 

 

ʈʝʟʫʣʪʘʪʠ ʜʦʜʘʪʥʠʭ ʤʝʨʝˁʘ ʫ ʩʚʘ ʯʝʪʠʨʠ ʥʘʚʝʜʝʥʘ ʧʨʠʤʝʨʘ ʩʘ ʤʦʤʝʥʪʦʤ 

ʟʘʪʝʟʘˁʘ ʦʜ 0,1 Nm ʠ ʿʘʯʠʥʦʤ ʩʪʨʫʿʝ ʦʜ 16 ɸ ʧʦʢʘʟʫʿʫ ʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʚʨʪˁʝʤ 

ʠʟʚʝʜʝʥʦʛ ʧʨʠʢˀʫʯʢʘ ʥʠʢʘʜʘ ʥʠʿʝ ʜʦʩʪʠʛʣʘ ʩʪʘʮʠʦʥʘʨʥʦ ʩʪʘˁʝ, ʢʘʦ ʠ ʜʘ ʿʝ 

ʛʨʘʜʠʿʝʥʪ ʪʝʤʧʝʨʘʪʫʨʝ ʙʠʦ ʧʦʟʠʪʠʚʘʥ ʩʚʝ ʚʨʝʤʝ ʠ ʩʘ ʥʝʢʦʣʠʢʦ ʥʘʛʣʠʭ ʠ ʦʰʪʨʠʭ 

ʧʦʚʝ˂ʘˁʘ. ɻʨʘʜʠʿʝʥʪʠ ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʠ ʜʠʩʠʧʠʨʘʥʝ ʩʥʘʛʝ ʥʘ ʢʦʥʪʘʢʪʫ 

ʧʦʢʘʟʘʣʠ ʩʫ ʧʦʥʘʰʘˁʝ ʩʣʠʯʥʦ ʦʥʦʤʝ ʢʦʿʝ ʩʝ ʦʜʥʦʩʠʣʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠ ʛʨʘʜʠʿʝʥʪ. 

ʋ ʩʚʘ ʯʝʪʠʨʠ ʩʧʨʦʚʝʜʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʤʝ˂ʝʥʝ ʩʫ ʯʝʪʠʨʠ ʛʦʪʦʚʦ ʠʩʪʦʚʝʪʥʝ 

ʬʘʟʝ ʜʝʛʨʘʜʘʮʠʿʝ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ. 

ʇʦʩʣʝ ʧʨʚʦʛ ʩʘʪʘ ʧʨʚʝ ʬʘʟʝ, ʜʠʩʠʧʠʨʘʥʘ ʩʥʘʛʘ ʥʘ ʢʦʥʪʘʢʪʠʤʘ ʙʠʣʘ ʿʝ ʫ 

ʨʘʩʧʦʥʫ 1,81ï3,45 W. ʋ ʥʘʨʝʜʥʠʭ ʥʝʢʦʣʠʢʦ ʩʘʪʠ, ʥʝ ʩʘʤʦ ʩʥʘʛʘ, ʚʝ˂ ʠ ʦʪʧʦʨʥʦʩʪ 

ʢʦʥʪʘʢʪʘ ʠ ˁʝʛʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʠʤʘʣʝ ʩʫ ʩʪʘʙʠʣʘʥ ʠ ʩʧʦʨ ʨʘʩʪ. ʆʚʘ ʬʘʟʘ 

ʜʝʛʨʘʜʘʮʠʿʝ ʣʦʰʠʭ ʢʦʥʪʘʢʪʘ, ʢʦʿʘ ʿʝ ʪʨʘʿʘʣʘ ʰʝʩʪ-ʩʝʜʘʤ ʩʘʪʠ ʟʘ ʫʪʠʯʥʠʮʝ ʠ ʜʝʚʝʪ-

ʜʝʩʝʪ ʩʘʪʠ ʟʘ ʫʪʠʢʘʯʝ, ʣʘʢʦ ʩʝ ʤʦʛʣʘ ʧʦʛʨʝʰʥʦ ʧʨʦʪʫʤʘʯʠʪʠ ʢʘʦ ʩʪʘʙʠʣʥʦ ʠ 

ʩʪʘʮʠʦʥʘʨʥʦ ʩʪʘˁʝ. ʋ ʪʦʿ ʬʘʟʠ, ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʩʫ ʧʨʠʙʣʠʞʥʦ ʧʨʠʧʘʜʘʣʝ 

ʦʧʩʝʛʫ 10ï20 mɋ, ʘ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʩʫ ʙʠʣʝ ʧʨʠʙʣʠʞʥʦ ʫ ʨʘʩʧʦʥʫ ʦʜ 100 ÁC 

ʜʦ 200 ÁC ʫ ʩʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ. 

ɼʨʫʛʘ ʬʘʟʘ, ʢʦʿʘ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʠʟ ʜʠʿʘʛʨʘʤʘ ʧʨʠʢʘʟʘʥʠʭ ʥʘ ʩʣʠʢʘʤʘ 44ï46, 

ʦʙʫʭʚʘʪʠʣa je ʚʠʰʝ ʠʣʠ ʤʘˁʝ ʠʟʥʝʥʘʜʥʠ ʧʦʨʘʩʪ ʜʠʩʠʧʠʨʘʥʝ ʩʥʘʛʝ ʥʘ ʢʦʥʪʘʢʪʠʤʘ 
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(ʜʦ 22 W), ʥʘʢʦʥ ʯʝʛʘ je ʫʩʣʝʜʠʦ ʟʥʘʯʘʿʘʥ ʧʦʨʘʩʪ ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʠ ˁʝʛʦʚʝ 

ʪʝʤʧʝʨʘʪʫʨʝ (ʨʝʜʦʤ ʜʦ 80 mɋ ʠ 400 ÁC) ʫ ʩʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ. 

ʊʨʘʿʘˁʝ ʦʚʝ ʬʘʟʝ ʿʝ ʥʝʧʨʝʜʚʠʜˀʠʚʦ, ʦʥʘ ʪʨʘʿʝ ʦʜ ʥʝʢʦʣʠʢʦ ʜʝʩʝʪʠʥʘ ʤʠʥʫʪʘ 

ʜʦ ʥʝʢʦʣʠʢʦ ʩʘʪʠ. ʃʦʰʠ ʢʦʥʪʘʢʪʠ ʢʦʿʠ ʜʦʹʫ ʫ ʦʚʫ ʬʘʟʫ ʜʝʬʠʥʠʪʠʚʥʦ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʧʨʝʪˁʫ ʟʘ ʙʝʟʙʝʜʥʦʩʪ, ʘ ʫʢʦʣʠʢʦ ʩʝ ʦʪʢʨʠʿʫ (ʥʧʨ. ʪʝʨʤʦʚʠʟʠʿʩʢʠʤ ʧʨʝʛʣʝʜʦʤ), 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ ʪʨʝʙʘ ʟʘʤʝʥʠʪʠ ʥʦʚʠʤ ʰʪʦ ʿʝ ʧʨʝ 

ʤʦʛʫ˂ʝ. 

ʊʨʝ˂ʘ ʬʘʟʘ ʿʝ ʦʙʫʭʚʘʪʠʣʘ ʢʦʥʘʯʥʠ ʠ ʠʟʥʝʥʘʜʥʠ ʧʦʨʘʩʪ ʜʠʩʠʧʠʨʘʥʝ ʩʥʘʛʝ (ʜʦ 

65 W). ʊʨʘʿʘˁʝ ʦʚʝ ʬʘʟʝ ʿʝ ʪʘʢʦʹʝ ʥʝʧʨʝʜʚʠʜˀʠʚʦ, ʘʣʠ ʿʝ ʚʠʜˀʠʚʦ ʜʘ ʦʥʘ ʪʨʘʿʝ 

ʟʥʘʪʥʦ ʢʨʘ˂ʝ ʦʜ ʜʨʫʛʝ ʬʘʟʝ (ʦʜ ʥʝʢʦʣʠʢʦ ʤʠʥʫʪʘ ʜʦ ʥʝʢʦʣʠʢʦ ʜʝʩʝʪʠʥʘ ʤʠʥʫʪʘ). 

ʇʦʩʝʙʥʫ ʧʘʞˁʫ ʪʨʝʙʘ ʧʦʩʚʝʪʠʪʠ ʢʨʘʿʫ ʦʚʝ ʬʘʟʝ, ʢʘʜʘ ʩʝ ʜʠʩʠʧʠʨʘʥʘ ʩʥʘʛʘ ʢʨʝ˂ʝ 

ʦʜ 50 W ʜʦ 65 W, ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʦʜ 200 mɋ ʜʦ 250 mɋ, ʜʦʢ ʿʝ ˁʝʛʦʚʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʦ 700 ÁC. ɱʦʰ ʿʝʜʥʦʤ ʪʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʿʝ ʠʟʤʝʨʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʙʠʣʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʣʘʚʝ ʥʠʢʣʦʚʘʥʦʛ ʟʘʚʨʪˁʘ ʢʦʥʪʘʢʪʘ (ʩʪʚʘʨʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʦʥʪʘʢʪʘ ʿʝ ʩʠʛʫʨʥʦ ʙʠʣʘ ʚʝʘ˂). ʋ ʨʝʬʝʨʝʥʮʠ [70] ʿʝ ʥʘʛʣʘʰʝʥʦ ʜʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʨʝʣʦʛ ʜʝʣʘ ʫʩʠʿʘʥʦʛ ʚʣʘʢʥʘ ʦʢʦ 1250 ÁC, ʰʪʦ ʟʥʘʯʠ ʜʘ ʩʫ ʨʘʩʪʦʧˀʝʥʠ ʤʦʩʪʦʚʠ ʦʜ 

ʢʦʥʪʘʢʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʚʝʨʦʚʘʪʥʦ ʚʝ˂ ʙʠʣʠ ʬʦʨʤʠʨʘʥʠ (ʤʝʩʠʥʛ ʩʝ ʪʦʧʠ ʥʘ 930 ÁC 

[74], ʙʘʢʘʨ ʥʘ 1083 ÁC, CuO ʠ Cu2ʆ ʥʘ 1325 ÁC, ʯʝʣʠʢ ʥʘ 1400ï1535 ÁC, ʘ ʦʢʩʠʜʠ 

ʛʚʦʞʹʘ ʥʘ 1360ï1500 ÁC [83]). ʂʘʜʘ ʩʫ ʦʚʠ ʫʩʣʦʚʠ ʧʦʩʪʠʛʥʫʪʠ, ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ 

ʣʫʢ, ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʯʝʪʚʨʪʫ ʠ ʟʘʚʨʰʥʫ ʬʘʟʫ ʜʝʛʨʘʜʘʮʠʿʝ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ, 

ʫʩʧʦʩʪʘʚˀʝʥ ʿʝ ʥʘʢʦʥ ʩʘʤʦ ʜʚʘ-ʪʨʠ ʤʠʥʫʪʘ ʫ ʩʚʘ ʯʝʪʠʨʠ ʩʣʫʯʘʿʘ. 

ɺʨʝʜʥʦʩʪʠ ʜʠʩʠʧʠʨʘʥʝ ʩʥʘʛʝ, ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ, 

ʤʝʨʝʥʝ ʫ ʢʨʘʪʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ ʫ ʢʦʤʝ ʿʝ ʙʠʣʦ ʫʩʧʦʩʪʘʚˀʝʥʦ ʩʪʘʣʥʦ 

ʛʦʨʝˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʥʠʩʫ ʜʘʪʝ ʥʘ ʩʣʠʢʘʤʘ 44ï46, ʿʝʨ ʩʫ ʧʨʘʢʪʠʯʥʦ ʟʘ ʨʝʜ 

ʚʝʣʠʯʠʥʝ ʚʝʝ˂ ʦʜ ʦʜʛʦʚʘʨʘʿʫʠ˂ʭ ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʠʭ ʫ ʪʨʝʦ˂ʿ ʬʘʟʠ. ʋ ʩʚʘ ʯʝʪʠʨʠ 

ʩʣʫʯʘʿʘ, ʢʘʜʘ ʩʝ ʧʦʿʘʚʠʦ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ, ʜʠʩʠʧʠʨʘʥʘ ʩʥʘʛʘ ʿʝ ʠʟʥʝʥʘʜʘ 

ʧʦʨʘʩʣʘ ʥʘ 400ï600 W, ʥʘʢʦʥ ʯʝʛʘ ʿʝ ʜʦʰʣʦ ʜʦ ʟʥʘʪʥʦʛ ʧʦʚʝʘ˂ˁʘ ʦʪʧʦʨʥʦʩʪʠ 

ʢʦʥʪʘʢʪʘ (ʜʦ ʚʨʝʜʥʦʩʪʠ ʫ ʨʘʩʧʦʥʫ 1,5ï2,5 ɋ), ʜʦʢ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ 

ʜʦʩʪʠʛʣʘ ʚʨʝʜʥʦʩʪʠ ʚʝʝ˂ ʦʜ 900 ÁC (ʤʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʿʘ ʿʝ ʤʦʛʣʘ ʜʘ ʩʝ 

ʠʟʤʝʨʠ ʣʘʩʝʨʩʢʠʤ ʪʝʨʤʦʤʝʪʨʦʤ). ʉʪʚʘʨʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʿʝ ʚʝʨʦʚʘʪʥʦ ʙʠʣʘ ʤʥʦʛʦ 

ʚʝʘ˂, ʿʝʨ ʩʫ ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʝʜʥʦʛ ʣʫʢʘ ʢʦʿʝ ʩʝ ʿʘʚˀʘʿʫ ʠʟʤʝʹʫ 

ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʫ ʧʨʝʢʠʜʘʯʠʤʘ ʧʨʠʙʣʠʞʥʦ ʠʟʤʝʹʫ 6000 ʂ ʠ 20.000 ʂ [87]. 
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ʆʚʝ ʚʨʝʜʥʦʩʪʠ ʦʜʛʦʚʘʨʘʿʫ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʢˀʫʯʘˁʘ ʤʘʪʝʨʠʿʘʣʘ ʦʜ ʢʦʿʠʭ ʿʝ ʩʘʯʠˁʝʥ 

ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ. ʋ ʩʚʘ ʯʝʪʠʨʠ ʩʣʫʯʘʿʘ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʿʝ ʩʪʘʙʠʣʥʦ ʛʦʨʝʦ 

ʥʝʢʦʣʠʢʦ ʜʝʩʝʪʠʥʘ ʩʝʢʫʥʜʠ ʜʦ ʥʝʢʦʣʠʢʦ ʤʠʥʫʪʘ, ʥʘʢʦʥ ʯʝʛʘ ʿʝ ʪʨʘʿʥʦ ʧʨʝʢʠʥʫʪ 

ʟʙʦʛ ʨʘʩʢʠʜʘˁʘ ʨʘʩʪʦʧˀʝʥʠʭ ʤʦʩʪʦʚʘ ʢˀʫʯʘʣʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʧʨʝʢʠʜʘʿʫ˂ʠ ʩʪʨʫʿʥʦ 

ʢʦʣʦ. 

ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʿʝ ʫ ʩʚʠʤ ʠʟʚʝʜʝʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʪʝʣʦ ʫʪʠʢʘʯʘ ʠ 

ʫʪʠʯʥʠʮʝ ʙʠʣʦ ʙʝʟ ʧʣʘʩʪʠʯʥʦʛ ʢʫ˂ʠʰʪʘ, ʰʪʦ ʿʝ ʦʤʦʛʫ˂ʘʚʘʣʦ ʤʝʨʝˁʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʢʦʥʪʘʢʪʥʦʛ ʟʘʚʨʪˁʘ ʧʦʤʦ˂ʫ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ (ʧʨʠʤʝʨʠ ʩʥʠʤʘʢʘ ʩʫ ʜʘʪʠ ʥʘ 

ʩʣʠʮʠ 47) ʠʣʠ ʣʘʩʝʨʩʢʦʛ ʪʝʨʤʦʤʝʪʨʘ. ʆʚʘ ʯʠˁʝʥʠʮʘ ʿʝ ʫʪʠʮʘʣʘ ʥʘ ʜʠʥʘʤʠʢʫ 

ʛʨʝʿʘˁʘ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ, ʪʘʢʦ ʜʘ ʿʝ ʪʨʘʿʘˁʝ ʧʨʦʮʝʩʘ ʜʝʛʨʘʜʘʮʠʿʝ ʢʦʥʪʘʢʪʘ ʪʨʘʿʘʣʦ 

ʜʫʞʝ. ʋ ʩʪʚʘʨʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʙʠ ʚʝʨʦʚʘʪʥʦ ʠʤʘʣʘ 

ʙʨʞʠ ʨʘʩʪ ʟʙʦʛ ʣʦʰʠʿʠʭ ʫʩʣʦʚʘ ʦʜʚʦʹʝˁʘ ʪʦʧʣʦʪʝ ʩʪʨʫʿʘˁʝʤ. 

ʉʣʠʯʥʦ ʧʦʥʘʰʘˁʝ ʣʦʰʠʭ ʢʦʥʪʘʢʘʪʘ, ʩʘ ʧʦʿʘʚʦʤ ʚʨʝʣʠʭ ʪʘʯʘʢʘ ʠ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʪʘʢʦʹʝ ʿʝ ʟʘʙʝʣʝʞʝʥʦ ʫ ʧʦʛʣʘʚˀʫ 2, ʢʘʜʘ ʩʫ ʩʠʤʫʣʠʨʘʥʠ ʣʦʰʠ 

ʢʦʥʪʘʢʪʠ ʩʘ ʙʘʢʘʨʥʠʤ ʠ ʤʝʩʠʥʛʘʥʠʤ ʝʣʝʢʪʨʦʜʘʤʘ (ʩʪʨʫʿʘ ʿʝ, ʪʘʢʦʹʝ, ʠʟʥʦʩʠʣʘ 16 ɸ, 

ʘ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʝʣʝʢʪʨʦʜʘ 2,5 mm
2
). ʋ ʪʠʤ ʩʣʫʯʘʿʝʚʠʤʘ, ʧʦʤʦ˂ʫ ʩʧʝʮʠʿʘʣʥʝ 

ʘʧʘʨʘʪʫʨʝ ʿʝ ʙʠʣʘ ʩʤʘˁʝʥʘ ʝʬʝʢʪʠʚʥʘ ʧʦʚʨʰʠʥʘ ʢʦʥʪʘʢʪʘ (ʩʣʫʯʘʿʝʚʠ ʥʝʧʦʪʧʫʥʦʛ 

ʧʨʝʢʣʘʧʘˁʘ ï ʧʦʚʨʰʠʥʝ ʧʨʝʢʣʘʧʘˁʘ 15% ʠ 50%). ʈʘʟʣʠʢʘ ʠʟʤʝʹʫ ʪʠʭ ʠʩʧʠʪʠʚʘˁʘ 

ʠ ʦʚʠʭ ʩʘ ʨʝʜʫʢʦʚʘʥʠʤ ʤʦʤʝʥʪʦʤ ʟʘʪʝʟʘˁʘ ʩʘʩʪʦʿʠ ʩʝ ʫ ʪʦʤʝ ʜʘ ʩʝ ʫ ʧʨʚʦʤ ʩʣʫʯʘʿʫ 

ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʧʦʿʘʚʠʦ ʤʥʦʛʦ ʙʨʞʝ ï ʫ 5. ʠ 13. ʤʠʥʫʪʫ ʦʜ ʧʦʯʝʪʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘ 

ʢʘʜʘ ʿʝ ʧʨʝʢʣʘʧʘˁʝ ʨʝʜʦʤ ʠʟʥʦʩʠʣʦ 15% ʠ 50%. ʅʘ ʧʦʯʝʪʢʫ ʪʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ 

ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʿʝ ʨʝʜʦʤ ʙʠʣʘ 8 mɋ ʠ 5 mɋ, ʘ ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʧʨʝʢʠʜʘ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ 6,25 ɋ ʠ 2,99 ɋ. 

  

 
ʉʣʠʢʘ 47. ʇʨʠʤʝʨʠ ʪʝʨʤʦʚʠʟʠʿʩʢʠʭ ʩʣʠʢʘ Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ ʫ ʫʪʠʯʥʠʮʠ (ʣʝʚʦ) ʠ ʫʪʠʢʘʯʫ (ʜʝʩʥʦ) 
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ʄʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʫʟʨʦʢ ʜʝʛʨʘʜʘʮʠʿʝ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ 

(ʩʤʘˁʝʥʘ ʝʬʝʢʪʠʚʥʘ ʧʦʚʨʰʠʥʘ ʢʦʥʪʘʢʪʘ ʠʣʠ ʩʤʘˁʝʥʠ ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ ʩʘ 

ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʠʤ ʧʨʠʢˀʫʯʢʦʤ), ʢʦʥʘʯʥʠ ʠʩʭʦʜ ʙʠʦ ʠʩʪʠ: ʢʦʥʩʪʘʥʪʘʥ ʨʘʩʪ 

ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ (ʟʙʦʛ ʧʦʚʝ˂ʘˁʘ ʧʦʚʨʰʠʥʩʢʦʛ ʩʣʦʿʘ ʦʢʩʠʜʘ ʥʘ ʢʦʥʪʘʢʪʥʦʿ 

ʧʦʚʨʰʠʥʠ), ʰʪʦ ʿʝ ʜʦʚʦʜʠʣʦ ʜʦ ʧʦʿʘʚʝ Ăʚʨʝʣʝ ʪʘʯʢʝñ, ʘ ʟʘʪʠʤ ʠ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. 

ʆʟʙʠˀʥʘ ʦʢʩʠʜʘʮʠʿʘ ʧʨʠʢˀʫʯʥʦʛ ʢʦʥʪʘʢʪʘ ʫʪʠʯʥʠʮʝ (ʦʢʩʠʜʠ ʩʫ ʩʝ ʬʦʨʤʠʨʘʣʠ 

ʪʦʢʦʤ ʠʟʚʨʰʝʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʫʪʠʯʥʠʮʠ), ʘ ʢʦʿʘ ʿʝ ʦʜʛʦʚʦʨʥʘ ʟʘ ʧʦʚʝ˂ʘʥʫ 

ʦʪʧʦʨʥʦʩʪ  ʢʦʥʪʘʢʪʘ  [74], ʿʘʩʥʦ ʩʝ ʚʠʜʠ ʥʘ ʩʣʠʮʠ 48. 

 

 
ʉʣʠʢʘ 48. ʆʢʩʠʜʥʠ ʩʣʦʿ ʬʦʨʤʠʨʘʥ ʥʘ ʜʝʩʥʦʤ, ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʦʤ ʧʨʠʢˀʫʯʢʫ, ʪʦʢʦʤ ʠʟʚʨʰʝʥʦʛ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʫʪʠʯʥʠʮʠ 

 

ʉʫʧʨʦʪʥʦ ʟʘʢˀʫʯʢʫ ʠʟ [76], ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʝʟʫʣʪʘʪʠ ʥʘʚʝʜʝʥʠ ʫ [74] ʠ 

[88], ʢʘʦ ʠ ʦʥʠ ʧʨʠʢʘʟʘʥʠ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ, ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʥʘʤʝʨʥʦ ʤʘʢʨʦʩʢʦʧʩʢʦ 

ʧʦʢʨʝʪʘˁʝ ʧʨʦʚʦʜʥʠʢʘ ʥʠʿʝ ʫʚʝʢ ʧʦʪʨʝʙʥʦ ʟʘ ʧʦʿʘʚʫ ʫʩʠʿʘʥʦʛ ʩʧʦʿʘ ʠʣʠ ʝʢʩʪʨʝʤʥʦ 

ʧʦʚʠʰʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʣʦʰʝʤ ʢʦʥʪʘʢʪʫ. ɸʢʦ ʿʝ ʩʪʨʫʿʘ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ ʟʥʘʪʥʘ ʠ 

ʪʨʘʿʥʘ, ʦʧʘʩʥʦʩʪ ʦʜ ʧʦʞʘʨʘ ʫ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʥʘʩʪʫʧʘ ʠ ʙʝʟ ʧʦʢʨʝʪʘˁʘ 

ʧʨʦʚʦʜʥʠʢʘ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʿʝ ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ ʥʘ ʧʨʠʢˀʫʯʢʫ ʠʟʚʝʜʝʥʦʤ 

ʟʘʚʨʪˁʝʤ ʚʝʦʤʘ ʤʘʣʠ ʠʣʠ ʿʝ ʝʬʝʢʪʠʚʥʘ ʧʦʚʨʰʠʥʘ ʢʦʥʪʘʢʪʘ ʟʥʘʪʥʦ ʩʤʘˁʝʥʘ. 

ɼʘ ʙʠ ʩʝ ʙʦˀʝ ʨʘʟʫʤʝʣʠ ʜʠʥʘʤʠʢʘ ʠ ʫʟʨʦʢ ʧʦʚʝ˂ʘˁʘ ʦʪʧʦʨʥʦʩʪʠ  ʢʦʥʪʘʢʪʘ, 

ʦʜʣʫʯʝʥʦ ʿʝ ʜʘ ʩʝ ʧʦʥʦʚʠ ʿʝʜʘʥ ʦʜ ʯʝʪʠʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠʟʚʝʜʝʥʠʭ ʫ ʜʨʫʛʦʿ ʩʝʨʠʿʠ 

(ʫʪʠʯʥʠʮʘ, ʙʘʢʘʨʥʠ ʧʨʦʚʦʜʥʠʢ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ 2,5 mm
2
, ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ 

0,1 Nm (ʚʨʣʦ ʣʦʰ ʢʦʥʪʘʢʪ) ʠ ʿʘʯʠʥʘ ʩʪʨʫʿʝ ʦʜ 16 ɸ), ʘʣʠ ʩʘ ʥʘʤʝʨʥʠʤ ʧʨʝʢʠʜʘˁʝʤ 

ʩʪʨʫʿʝ ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʧʦʿʘʚˀʠʚʘˁʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ (ʢʘʜʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʦʥʪʘʢʪʘ ʧʨʘʢʪʠʯʥʦ ʜʦʩʪʠʛʥʝ ʦʢʦ 650 ÁC), ʥʘʢʦʥ ʯʝʛʘ ʩʣʝʜʠ ʧʨʠʨʦʜʥʦ ʭʣʘʹʝˁʝ 
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ʢʦʥʪʘʢʪʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ ʦʜ 30 ʤʠʥʫʪʘ. ʆʚʘʿ ʧʦʩʪʫʧʘʢ ʩʝ ʧʦʥʘʚˀʘʦ ʩʚʝ 

ʜʦʢ ʩʝ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʥʝ ʧʦʿʘʚʠ ʤʦʤʝʥʪʘʣʥʦ. 

 

3.2.3 ʌʠʥʘʣʥʠ ʝʢʩʧʝʨʠʤʝʥʪ 
 

ʂʦʤʧʣʝʪʥʠ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʠʟʚʨʰʝʥʠʭ ʫ ʦʚʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ 

(ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ 4 ʪʘʙʝʣʝ) ʜʘʪʠ ʩʫ ʫ ʇʨʠʣʦʛʫ 3 (ʜʝʦ ʎ). ʋ ʦʚʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʜʝʛʨʘʜʘʮʠʿʘ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʧʨʦʰʣʘ ʿʝ ʢʨʦʟ ʠʩʪʝ ʯʝʪʠʨʠ ʬʘʟʝ ʢʦʿʝ ʩʫ 

ʢʘʨʘʢʪʝʨʠʩʘʣʝ ʝʢʩʧʝʨʠʤʝʥʪʝ ʠʟ ʜʨʫʛʝ ʩʝʨʠʿʝ. ʋʩʣʝʜ ʪʦʛʘ, ʜʘ ʙʠ ʩʝ ʬʦʢʫʩ ʫʩʤʝʨʠʦ 

ʥʘ ʚʨʝʜʥʦʩʪʠ ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʭʣʘʹʝˁʘ, ʜʘʪʠ ʩʫ ʩʘʤʦ 

ʜʠʿʘʛʨʘʤʠ ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʢʘʤʘ 49ï51, ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʝʟʫʣʪʘʪʝ ʤʝʨʝˁʘ 

ʥʘʢʦʥ ʜʚʘʥʘʝʩʪʦʛ ʩʘʪʘ ʦʜ ʧʦʯʝʪʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘ.  

 

 
ʉʣʠʢʘ 49. ɻʨʘʬʠʢ ʟʘʚʠʩʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʫ ʬʫʥʢʮʠʿʘ ʚʨʝʤʝʥʘ (ʩʘ ʧʝʨʠʦʜʠʤʘ ʭʣʘʹʝˁʘ), 

ʢʦʿʠ ʚʘʞʠ ʟʘ ʠʩʧʠʪʠʚʘʥʫ ʫʪʠʯʥʠʮʫ, ʙʘʢʘʨʥʠ ʧʨʦʚʦʜʥʠʢ ʧʫʥʦʛ ʧʨʝʩʝʢʘ ʩʘ ʧʦʚʨʰʠʥʦʤ ʧʦʧʨʝʯʥʦʛ 

ʧʨʝʩʝʢʘ ʦʜ 2,5 mm
2
, ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ ʦʜ 0,1 Nm (ʚʨʣʦ ʣʦʰ ʢʦʥʪʘʢʪ) ʠ ʿʘʯʠʥʫ ʩʪʨʫʿʝ ʦʜ 16 ɸ 
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ʉʣʠʢʘ 50. ɻʨʘʬʠʢ ʟʘʚʠʩʥʦʩʪʠ ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ (ʩʘ ʧʝʨʠʦʜʠʤʘ ʭʣʘʹʝˁʘ), 

ʢʦʿʠ ʚʘʞʠ ʟʘ ʠʩʧʠʪʠʚʘʥʫ ʫʪʠʯʥʠʮʫ, ʙʘʢʘʨʥʠ ʧʨʦʚʦʜʥʠʢ ʧʫʥʦʛ ʧʨʝʩʝʢʘ ʩʘ ʧʦʚʨʰʠʥʦʤ ʧʦʧʨʝʯʥʦʛ 

ʧʨʝʩʝʢʘ ʦʜ 2,5 mm
2
, ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ ʦʜ 0,1 Nm (ʚʨʣʦ ʣʦʰ ʢʦʥʪʘʢʪ) ʠ ʿʘʯʠʥʫ ʩʪʨʫʿʝ ʦʜ 16 ɸ 

 

 
ʉʣʠʢʘ 51. ɻʨʘʬʠʢ ʟʘʚʠʩʥʦʩʪʠ ʜʠʩʠʧʠʨʘʥʝ ʩʥʘʛʝ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ (ʩʘ ʧʝʨʠʦʜʠʤʘ ʭʣʘʹʝˁʘ), ʢʦʿʠ 

ʚʘʞʠ ʟʘ ʠʩʧʠʪʠʚʘʥʫ ʫʪʠʯʥʠʮʫ, ʙʘʢʘʨʥʠ ʧʨʦʚʦʜʥʠʢ ʧʫʥʦʛ ʧʨʝʩʝʢʘ ʩʘ ʧʦʚʨʰʠʥʦʤ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ 

ʦʜ 2,5 mm
2
, ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ ʦʜ 0,1 Nm (ʚʨʣʦ ʣʦʰ ʢʦʥʪʘʢʪ) ʠ ʿʘʯʠʥʫ ʩʪʨʫʿʝ ʦʜ 16 ɸ 

 

ʌʠʥʘʣʥʠ ʝʢʩʧʝʨʠʤʝʥʪ ʿʝ ʠʟʚʨʰʝʥ ʜʘ ʙʠ ʩʝ ʘʥʘʣʠʟʠʨʘʣʘ ʧʨʦʤʝʥʘ 

ʦʪʧʦʨʥʦʩʪʠ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ (ʫ ʦʜʨʝʹʝʥʠʤ ʨʝʞʠʤʠʤʘ ʟʘʛʨʝʚʘˁʘ ʠ ʭʣʘʹʝˁʘ) ʥʘ 

ʧʨʠʢˀʫʯʢʫ ʰʫʢʦ-ʫʪʠʯʥʠʮʝ ʧʨʠ ʤʦʤʝʥʪʫ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ ʦʜ 0,1 Nm (ʤʠʥʠʤʘʣʘʥ 

ʤʦʤʝʥʪ ʢʦʿʠ ʩʝ ʤʦʞʝ ʧʦʜʝʩʠʪʠ ʧʦʤʦ˂ʫ Ăʤʦʤʝʥʪ-ʰʨʘʬʮʠʛʝʨʘñ), ʩʘ ʧʫʥʠʤ ʧʨʝʩʝʢʦʤ 

ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʦʜ 2,5 mm
2
 ʠ ʿʘʯʠʥʦʤ ʩʪʨʫʿʝ ʦʜ 16ɸ (ʩʘ ʦʚʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʩʫ 

ʩʝ ʫ ʧʨʝʪʭʦʜʥʦ ʠʟʚʨʰʝʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʜʦʙʠʿʘʣʝ ʥʘʿʪʦʧʣʠʿʝ Ăʚʨʝʣʝñ ʪʘʯʢʝ). 

ɽʢʩʧʝʨʠʤʝʥʪʦʤ ʿʝ ʙʠʣʦ ʧʨʝʜʚʠʹʝʥʦ ʟʘʛʨʝʚʘˁʝ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʝ Ăʚʨʝʣʝñ ʪʘʯʢʝ ʧʨʝʢʦ 600 
ʦ
C (ʢʘʦ ʰʪʦ ʿʝ ʨʘʹʝʥʦ ʠ ʫ ʧʨʝʪʭʦʜʥʠʤ 
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ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ), ʘʣʠ ʥʠʝʿ ʜʦʟʚʦˀʘʚʘʥʘ ʧʦʿʘʚʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. ʇʦ 

ʜʦʩʪʠʟʘˁʫ ʪʝʤʧʝʨʘʪʫʨʝ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʧʨʝʢʦ 600 
ʦ
C, ʥʘʤʝʨʥʦ ʿʝ ʧʨʝʢʠʜʘʥʘ ʩʪʨʫʿʘ 

ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ, ʩʥʠʤʘʥʘ ʧʨʦʤʝʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ (ʢʨʠʚʘ 

ʭʣʘʹʝˁʘ ʢʦʥʪʘʢʪʘ) ʠ ʧʨʘ˂ʝʥʘ ʧʨʦʤʝʥʘ ʦʪʧʦʨʥʦʩʪʠ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʘʪʘ. ʇʦʰʪʦ 

ʙʠ ʙʠʣʘ ʜʦʩʪʠʛʥʫʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʘʤʙʠʿʝʥʪʘ, ʧʦʥʦʚʦ ʝʿ ʫʩʧʦʩʪʘʚˀʘʥʘ ʩʪʨʫʿʘ ʿʘʯʠʥʝ 16 ɸ ʠ ʧʨʘ˂ʝʥʘ ʙʨʟʠʥʘ ʧʨʦʤʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ (ʢʨʠʚʘ ʟʘʛʨʝʚʘˁʘ ʢʦʥʪʘʢʪʘ), ʢʘʦ ʠ ʧʨʦʤʝʥʘ 

ˁʝʛʦʚʝ ʦʪʧʦʨʥʦʩʪʠ. ʂʘʜʘ ʙʠ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʧʦʥʦʚʦ ʜʦʩʪʠʛʣʘ ʧʨʝʢʦ 600 
ʦ
C, 

ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʠ ʧʦʩʪʫʧʘʢ ʝʿ ʧʦʥʘʚˀʘʥ ʩʚʝ ʜʦ ʠʟʥʝʥʘʜʥʝ ʧʦʿʘʚʝ ʨʝʜʥʦʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ.  

ʇʦʩʣʝ 13 ʩʘʪʠ ʠ 30 ʤʠʥʫʪʘ ʦʜ ʧʦʯʝʪʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ 

ʿʝ ʜʦʩʪʠʛʣʘ ʚʨʝʜʥʦʩʪ 664 
ʦ
C, ʘ ʩʪʨʫʿʘ ʿʝ ʥʘʤʝʨʥʦ ʧʨʝʢʠʥʫʪʘ ʢʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʦ 

ʧʦʿʘʚˀʠʚʘˁʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. ʋ ʪʦʤ ʪʨʝʥʫʪʢʫ ʜʠʩʠʧʠʨʘʥʘ ʩʥʘʛʘ ʠ 

ʢʦʥʪʘʢʪʥʘ ʦʪʧʦʨʥʦʩʪ ʨʝʜʦʤ ʩʫ ʜʦʩʪʠʛʣʝ ʚʨʝʜʥʦʩʪʠ ʦʜ 40,7 W ʠ 159 mɋ. ɿʘʪʠʤ ʩʝ 

ʢʦʥʪʘʢʪ ʧʨʠʨʦʜʥʦ ʭʣʘʜʠʦ 30 ʤʠʥʫʪʘ (ʜʦ ʪʝʤʧʝʨʘʪʫʨʝ ʦʜ 28
 ʦ

C), ʜʦʢ ʿʝ ʦʪʧʦʨʥʦʩʪ 

ʢʦʥʪʘʢʪʘ ʦʩʪʘʣʘ ʧʨʘʢʪʠʯʥʦ ʠʩʪʘ (ʠʟʥʦʩʠʣʘ ʿʝ 154 mɋ ʥʘ ʢʨʘʿʫ ʧʝʨʠʦʜʘ ʭʣʘʹʝˁʘ). 

ʇʦʩʣʝ ʟʘʚʨʰʝʥʦʛ ʧʨʦʮʝʩʘ ʭʣʘʹʝˁʘ ʧʦʥʦʚʦ ʿʝ ʢʨʦʟ ʢʦʥʪʘʢʪ Ăʧʨʦʧʫʰʪʝʥʘñ ʠʩʪʘ 

ʩʪʨʫʿʘ (16 ɸ), ʘ ʧʦʩʣʝ ʩʘʤʦ ʰʝʩʪ ʤʠʥʫʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʿʝ ʜʦʩʪʠʛʣʘ 683
 ʦ
C. 

ɿʘʪʠʤ ʿʝ ʩʪʨʫʿʘ ʧʦʥʦʚʦ ʥʘʤʝʨʥʦ ʧʨʝʢʠʥʫʪʘ. ʋ ʪʨʝʥʫʪʢʫ ʧʨʝʢʠʜʘ ʩʪʨʫʿʝ, 

ʜʠʩʠʧʠʨʘʥʘ ʩʥʘʛʘ ʠ  ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʨʝʜʦʤ ʩʫ ʜʦʩʪʠʛʣʝ ʚʨʝʜʥʦʩʪʠ ʦʜ 59,9 W ʠ 

234 mɋ. ʇʦʥʦʚʦ ʩʝ ʢʦʥʪʘʢʪ ʧʨʠʨʦʜʥʦ ʭʣʘʜʠʦ ʪʦʢʦʤ 30 ʤʠʥʫʪʘ (ʦʚʦʛ ʧʫʪʘ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʜ 30 
ʦ
C) ʠ ʧʦʥʦʚʦ ʩʝ ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʥʠʿʝ ʙʠʪʥʦ ʧʨʦʤʝʥʠʣʘ (ʥʘ 

ʢʨʘʿʫ ʧʝʨʠʦʜʘ ʭʣʘʹʝˁʘ ʠʟʥʦʩʠʣʘ ʿʝ 231 mɋ). ʇʦʩʣʝ ʜʨʫʛʦʛ ʧʝʨʠʦʜʘ ʭʣʘʹʝˁʘ 

ʧʦʥʦʚʦ ʿʝ Ăʧʨʦʧʫʰʪʝʥʘñ ʩʪʨʫʿʘ ʦʜ 16 ɸ, ʜʘ ʙʠ ʥʘʢʦʥ ʪʨʠ ʤʠʥʫʪʘ ʧʨʦʮʝʩʘ ʟʘʛʨʝʚʘˁʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʜʦʩʪʠʛʣʘ 685 
ʦ
C. ɿʘʪʠʤ ʿʝ ʩʪʨʫʿʘ  ʧʦʥʦʚʦ ʥʘʤʝʨʥʦ 

ʧʨʝʢʠʥʫʪʘ, ʘ ʫ ʪʦʤ ʪʨʝʥʫʪʢʫ ʜʠʩʠʧʠʨʘʥʘ ʩʥʘʛʘ ʠ ʢʦʥʪʘʢʪʥʘ ʦʪʧʦʨʥʦʩʪ ʜʦʩʪʠʛʣʝ ʩʫ 

ʨʝʜʦʤ ʚʨʝʜʥʦʩʪʠ ʦʜ 66,3 W ʠ 259 mɋ. ɱʦʰ ʿʝʜʥʦʤ ʩʝ ʢʦʥʪʘʢʪ ʧʨʠʨʦʜʥʦ ʭʣʘʜʠʦ 30 

ʤʠʥʫʪʘ (ʦʚʘʿ ʧʫʪ ʜʦ ʪʝʤʧʝʨʘʪʫʨʝ ʦʜ 31 
ʦ
C), ʘ ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʿʝ ʧʦʥʦʚʦ ʦʩʪʘʣʘ 

ʧʨʘʢʪʠʯʥʦ ʠʩʪʘ (260 mɋ). ʉʪʨʫʿʘ ʦʜ 16 ɸ ʿʝ Ăʧʨʦʧʫʰʪʝʥʘñ ʧʦʩʣʝʜˁʠ ʧʫʪ, ʜʘ ʙʠ 

ʥʘʢʦʥ 60 ʩʝʢʫʥʜʠ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʜʦʩʪʠʛʣʘ 688
 ʦ

C (ʜʠʩʠʧʠʨʘʥʘ ʩʥʘʛʘ ʠ 

ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʨʝʜʦʤ ʩʫ ʠʟʥʦʩʠʣʝ 69,9 W ʠ 273 mɋ). ʉʘʤʦ 15 ʩʝʢʫʥʜʠ 

ʢʘʩʥʠʿʝ (ʫ 75. ʩʝʢʫʥʜʠ ʥʘʢʦʥ ʫʩʧʦʩʪʘʚˀʘˁʘ ʩʪʨʫʿʝ) ʧʦʯʝʦ ʿʝ ʜʘ ʛʦʨʠ ʨʝʜʥʠ 
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ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ. ɼʠʩʠʧʠʨʘʥʘ ʩʥʘʛʘ ʿʝ ʥʘʛʣʦ ʧʦʨʘʩʣʘ ʥʘ 453 W, ʥʘʢʦʥ ʯʝʛʘ ʿʝ 

ʢʦʥʪʘʢʪʥʘ ʦʪʧʦʨʥʦʩʪ ʧʦʨʘʩʣʘ ʥʘ 1,79 ɋ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʨʝʢʦ 900
 ʦ

C. 

ɽʣʝʢʪʨʠʯʥʠ ʣʫʢ ʿʝ ʩʪʘʙʠʣʥʦ ʛʦʨʝʦ, ʠʟʘʟʠʚʘʿʫ˂ʠ ʜʠʤ ʠ ʪʦʧˀʝˁʝ PVC ʠʟʦʣʘʮʠʿʝ 

ʧʨʦʚʦʜʥʠʢʘ, ʟʙʦʛ ʯʝʛʘ ʿʝ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘʤʝʨʥʦ ʧʨʝʢʠʥʫʪ ʧʦʩʣʝ ʥʝʢʦʣʠʢʦ ʩʝʢʫʥʜʠ. 

ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʦʪʚʨʜʠʣʠ ʟʘʢˀʫʯʘʢ ʜʦ ʢʦʛʘ ʩʝ ʜʦʰʣʦ ʠ ʥʘʢʦʥ 

ʩʧʨʦʚʦʹʝˁʘ ʜʨʫʛʝ ʩʝʨʠʿʝ ʝʢʩʧʝʨʠʤʝʥʘʪʘ: ʜʝʛʨʘʜʘʮʠʿʘ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʫʟʨʦʢʦʚʘʥʦʛ 

ʩʤʘˁʝʥʠʤ ʤʦʤʝʥʪʦʤ ʟʘʪʝʟʘˁʘ ʥʘ ʧʨʠʢˀʫʯʢʫ ʠʟʚʝʜʝʥʦʤ ʟʘʚʨʪˁʝʤ, ʫʩʣʝʜ ʨʘʩʪʘ 

ʧʦʚʨʰʠʥʩʢʦʛ ʩʣʦʿʘ ʦʢʩʠʜʘ ʬʦʨʤʠʨʘʥʠʭ ʥʘ ʢʦʥʪʘʢʪʥʦʿ ʧʦʚʨʰʠʥʠ, ʧʨʦʛʨʝʩʠʚʥʦ ʿʝ 

ʧʨʘ˂ʝʥʘ ʢʦʥʩʪʘʥʪʥʠʤ ʧʦʚʝʘ˂ˁʝʤ ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ. ɱʦʰ ʿʝʜʘʥ ʟʘʢˀʫʯʘʢ ʿʝ ʜʘ ʿʝ 

ʪʦʢʦʤ ʭʣʘʹʝˁʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʤʘʣʦ ʫʪʠʮʘʣʘ ʥʘ ʦʪʧʦʨʥʦʩʪ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ 

(ʪʦʢʦʤ ʮʝʣʦʛ ʧʝʨʠʦʜʘ ʭʣʘʹʝˁʘ, ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʩʝ ʥʠʿʝ ʟʥʘʯʘʿʥʦ ʤʝˁʘʣʘ). ʉʘ 

ʩʚʘʢʠʤ ʥʦʚʠʤ ʫʩʧʦʩʪʘʚˀʘˁʝʤ ʩʪʨʫʿʝ ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʿʝ ʥʘʩʪʘʚʠʣʘ ʜʘ ʨʘʩʪʝ 

(ʢʘʦ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʙʝʟ ʭʣʘʹʝˁʘ), ʘ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʠʟʥʘʜ 650 
ʦ
C ʧʦʩʪʘʿʘʣʝ ʩʫ 

ʩʚʝ ʚʝ˂ʝ ʠ ʜʦʩʪʠʟʘʥʝ ʩʫ ʩʚʝ ʙʨʞʝ (ʟʘ ʰʝʩʪ ʤʠʥʫʪʘ ʥʘʢʦʥ ʧʨʚʦʛ ʧʝʨʠʦʜʘ ʭʣʘʹʝˁʘ, ʟʘ 

ʪʨʠ ʤʠʥʫʪʘ ʥʘʢʦʥ ʜʨʫʛʦʛ, ʘ ʟʘ ʩʘʤʦ ʿʝʜʘʥ ʤʠʥʫʪ ʥʘʢʦʥ ʪʨʝ˂ʝʛ ʧʝʨʠʦʜʘ, ʫʟ ʧʦʿʘʚʫ 

ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʩʘʤʦ 15 ʩʝʢʫʥʜʠ ʢʘʩʥʠʿʝ). 

 

3.3 ɿʘʢˀʫʯʮʠ 

 

ʎʠˀ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʙʠʦ ʜʘ ʩʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʧʠʪʘʿʫ ʪʦʧʣʦʪʥʠ 

ʝʬʝʢʪʠ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʫʟʨʦʢʦʚʘʥʠʭ ʩʤʘˁʝʥʠʤ ʤʦʤʝʥʪʦʤ ʟʘʪʝʟʘˁʘ 

ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʠʭ ʧʨʠʢˀʫʯʘʢʘ ʫ ʫʪʠʢʘʯʠʤʘ ʠ ʫʪʠʯʥʠʮʘʤʘ. ɸʥʘʣʠʟʠʨʘʥʠ ʩʫ 

ʙʘʢʘʨʥʠ ʣʠʮʥʘʩʪʠ ʧʨʚʦʜʥʠʮʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʫʪʠʢʘʯʠʤʘ ʠ ʙʘʢʘʨʥʠ ʧʨʦʚʦʜʥʠʮʠ 

ʧʫʥʦʛ ʧʨʝʩʝʢʘ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʩʝ ʫʪʠʯʥʠʮʝ ʧʦʚʝʟʫʿʫ ʫ ʩʪʨʫʿʥʦ ʢʦʣʦ (ʧʨʝʩʝʢʘ 1,5 mm
2
 

ʠ 2,5 mm
2
). ʀʩʧʠʪʘʥʘ ʩʫ ʪʨʠ ʨʘʟʣʠʯʠʪʘ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʧʦʜʝʰʝʥʘ ʥʘ ʟʘʚʨʪˁʝʤ 

ʠʟʚʝʜʝʥʠʤ ʧʨʠʢˀʫʯʮʠʤʘ (1 Nm (ʦʜʣʠʯʘʥ ʢʦʥʪʘʢʪ), 0,2 Nm (ʣʦʰ ʢʦʥʪʘʢʪ) ʠ 0,1 Nm 

(ʚʨʣʦ ʣʦʰ ʢʦʥʪʘʢʪ)). ʊʝʩʪʠʨʘʥʝ ʩʫ ʩʪʨʫʿʝ ʪʨʠ ʨʘʟʣʠʯʠʪʝ ʿʘʯʠʥʝ ʢʦʿʠʤʘ ʩʫ ʙʠʣʘ 

ʦʧʪʝʨʝ˂ʝʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʩʪʨʫʿʥʘ ʢʦʣʘ (8 ɸ, 13 ɸ ʠ 16 ɸ). ʈʝʟʫʣʪʘʪʠ ʠʟʚʨʰʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ, ʯʠʿʝ ʿʝ ʪʨʘʿʘˁʝ ʪʘʢʦʹʝ ʚʘʨʠʨʘʣʦ, ʦʤʦʛʫ˂ʠʣʠ ʩʫ ʜʝʪʘˀʥʫ ʘʥʘʣʠʟʫ 

ʫʪʠʮʘʿʘ ʩʚʠʭ ʥʘʧʨʝʜ ʥʘʚʝʜʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʠ ˁʝʛʦʚʫ 

ʪʝʤʧʝʨʘʪʫʨʫ. 

ʀʟʚʝʜʝʥʝ ʩʫ ʜʚʝ ʩʝʨʠʿʝ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠ ʬʠʥʘʣʥʠ ʝʢʩʧʝʨʠʤʝʥʪ. ʋ ʧʨʚʦ ʿ

ʩʝʨʠʿʠ ʝʢʩʧʝʨʠʤʝʥʘʪʘ (ʩʚʘʢʠ ʿʝ ʪʨʘʿʘʦ 60 ʤʠʥʫʪʘ) ʧʨʠʤʝ˂ʝʥʦ ʿʝ ʜʘ ʿʝ, ʧʨʠ ʠʩʪʠʤ 
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ʚʨʝʜʥʦʩʪʠʤʘ ʦʩʪʘʣʠʭ ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʫ ʚʝ˂ʠʥʠ ʘʥʘʣʠʟʠʨʘʥʠʭ ʩʣʫʯʘʿʝʚʘ 

ʜʦʙʠʿʝʥʘ ʥʝʰʪʦ ʚʝ˂ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʠʩʧʠʪʘʥʠʤ ʢʦʥʪʘʢʪʠʤʘ ʩʘ ʙʘʢʘʨʥʠʤ 

ʧʨʦʚʦʜʥʠʮʠʤʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ (ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʠ ʧʨʠʢˀʫʯʮʠ (ʪʠʧ ʄ4 ʧʨʝʤʘ [87]), 

ʥʝʛʦ ʥʘ ʦʥʠʤʘ ʩʘ ʣʠʮʥʘʩʪʠʤ ʙʘʢʘʨʥʠʤ ʧʨʦʚʦʜʥʠʮʠʤʘ (ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʠ 

ʧʨʠʢˀʫʯʮʠ (ʪʠʧ ʄ3 ʧʨʝʤʘ [87]). ʇʨʝʤʘ ʩʪʘʥʜʘʨʜʫ [100], ʧʨʠʣʠʢʦʤ ʠʥʩʪʘʣʘʮʠʿʝ 

ʙʘʢʘʨʥʦʛ ʣʠʮʥʘʩʪʦʛ ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʫʪʠʢʘʯʫ, ʧʨʚʦ ʩʝ ʩʚʝ ʣʠʮʥʝ ʧʨʦʚʦʜʥʠʢʘ 

ʠʩʧʨʘʚˀʘʿ ʫ ʠ ʟʘʪʠʤ ʫʚʠʿʘʿʫ ʫ ʿʝʜʥʦʤ ʧʨʘʚʮʫ ʜʦʢ ʥʝ ʜʦʙʠʿʫ ʯʚʨʩʪ ʦʙʣʠʢ ʩʣʠʯʘʥ 

ʦʥʦʤʝ ʢʘʦ ʢʦʜ ʧʨʦʚʦʜʥʠʢʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ. ʄʦʛʫ˂ʝ ʿʝ ʜʘ ʧʨʠʢˀʫʯʘʢ ʠʟʚʝʜʝʥ 

ʩʪʝʟʘˁʝʤ ʟʘʚʨʪˁʝʤ (ʥʘ ʫʪʠʢʘʯʫ) ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʣʠʮʥʘʩʪʠʤ ʧʨʦʚʦʜʥʠʢʦʤ ʩʪʚʘʨʘ 

ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʩʘ ʚʝ˂ʦʤ ʝʬʝʢʪʠʚʥʦʤ ʧʦʚʨʰʠʥʦʤ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʦʥʠʤ ʢʦʿʠ 

ʧʦʩʪʦʿʠ ʢʦʜ ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʦʛ ʧʨʠʢˀʫʯʢʘ ʧʨʦʚʦʜʥʠʢʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ ʥʘ 

ʫʪʠʯʥʠʮʠ (ʣʠʮʥʘʩʪʠ ʧʨʦʚʦʜʥʠʢ ʿʝ ʪʘʢʦʹʝ ʠ ʬʣʝʢʩʠʙʠʣʥʠʿʠ ʦʜ ʧʨʦʚʦʜʥʠʢʘ ʧʫʥʦʛ 

ʧʨʝʩʝʢʘ ʫ ʩʤʠʩʣʫ ˁʝʛʦʚʦʛ ʧʨʠʣʘʛʦʹʝˁʘ ʧʨʠʢˀʫʯʥʦʤ ʝʣʝʤʝʥʪʫ ʢʘʜʘ ˁʠʭʦʚʘ 

ʤʝʹʫʩʦʙʥʘ ʚʝʟʘ ʦʩʣʘʙʠ). ʊʘʢʦʹʝ, ʧʨʠʢˀʫʯʮʠ ʠʟʚʝʜʝʥʠ ʟʘʚʨʪˁʝʤ ʥʘ ʦʚʝ ʜʚʝ 

ʢʦʤʧʦʥʝʥʪʝ ʙʠʣʠ ʩʫ ʨʘʟʣʠʯʠʪʦʛ ʪʠʧʘ. ɿʘ ʚʨʣʦ ʣʦʰʝ ʢʦʥʪʘʢʪʝ (0,1 Nm) ʚʨʝʜʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʩʫ ʧʨʝʣʘʟʠʣʝ 70 ÁC (ʫʟʨʦʢʫʿʫ˂ʠ ʰʪʝʪʥʝ ʝʬʝʢʪʝ ʥʘ PVC 

ʠʟʦʣʘʮʠʿʠ) ʫ ʧʝʪ ʦʜ ʜʚʘʥʘʝʩʪ ʩʣʫʯʘʿʝʚʘ, ʰʪʦ ʧʦʢʘʟʫʿʝ ʜʘ ʩʤʘˁʝʥʠ ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ 

ʠʤʘ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʟʘʛʨʝʚʘˁʝ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʫ ʫʪʠʢʘʯʠʤʘ ʠ 

ʫʪʠʯʥʠʮʘʤʘ. 

ʉʫʧʨʦʪʥʦ ʟʘʢˀʫʯʢʫ ʠʟ [76], ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʝʟʫʣʪʘʪʠ ʜʘʪʠ ʫ [74] ʠ [88], 

ʢʘʦ ʠ ʦʥʠ ʧʨʠʢʘʟʘʥʠ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ, ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʥʘʤʝʨʥʦ ʤʘʢʨʦʩʢʦʧʩʢʦ 

ʧʦʤʝʨʘˁʝ ʧʨʦʚʦʜʥʠʢʘ ʥʠʿʝ ʫʚʝʢ ʧʦʪʨʝʙʥʦ ʟʘ ʧʦʿʘʚʫ ʫʩʠʿʘʥʦʛ ʩʧʦʿʘ ʠʣʠ ʟʥʘʪʥʦ 

ʧʦʚʠʰʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʣʦʰʠʤ ʢʦʥʪʘʢʪʠʤʘ. ɸʢʦ ʩʫ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ 

ʫʩʧʦʩʪʘʚˀʝʥʝ ʚʝ˂ʝ ʿʘʯʠʥʝ ʩʪʨʫʿʘ ʠ ʘʢʦ ʦʥʝ ʜʦʚʦˀʥʦ ʜʫʛʦ ʪʨʘʿʫ, ʘ ʨʝʜʫʢʦʚʘʥ ʿʝ 

ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ ʧʨʠʢˀʫʯʢʘ (ʥʘ ʫʪʠʢʘʯʫ ʠʣʠ ʫʪʠʯʥʠʮʠ), ʠʣʠ ʿʝ ʟʥʘʪʥʦ ʩʤʘˁʝʥʘ 

ʝʬʝʢʪʠʚʥʘ ʢʦʥʪʘʢʪʥʘ ʧʦʚʨʰʠʥʘ (ʧʦʛʣʘʚˀʝ 2), ʤʦʞʝ ʩʝ ʧʦʿʘʚʠʪʠ ʦʧʘʩʥʦʩʪ ʦʜ 

ʧʦʞʘʨʘ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʠ ʙʝʟ ʤʘʢʨʦʩʢʦʧʩʢʦʛ 

ʧʦʤʝʨʘˁʘ ʧʨʦʚʦʜʥʠʢʘ. ʅʘʨʘʚʥʦ, ʤʠʢʨʦʩʢʦʧʩʢʠ ʧʦʢʨʝʪʠ ʞʠʮʘ ʥʘ ʤʝʩʪʫ 

ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ, ʫʛʣʘʚʥʦʤ ʠʟʘʟʚʘʥʠ ʛʨʝʿʘˁʝʤ ʠ ʭʣʘʹʝˁʝʤ, ʩʠʛʫʨʥʦ ʧʦʩʪʦʿʝ ʠ 

ʜʦʧʨʠʥʦʩʝ ʥʘʩʪʘʥʢʫ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʢʦʿʠ ʦʜʣʠʢʫʿʫ ʚʠʩʦʢʘ ʦʪʧʦʨʥʦʩʪ ʠ Ăʚʨʝʣʘñ 

ʪʘʯʢʘ. 
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ʈʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʫ ʜʨʫʛʦʿ ʩʝʨʠʿʠ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠ ʫ ʬʠʥʘʣʥʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʿʝ ʜʝʛʨʘʜʘʮʠʿʘ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʫʩʣʝʜ ʩʤʘˁʝʥʦʛ 

ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʥʘ ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʦʤ ʧʨʠʢˀʫʯʢʫ ʧʦʚʝ˂ʘʥʘ ʫʩʣʝʜ ʨʘʩʪʘ 

ʧʦʚʨʰʠʥʩʢʦʛ ʩʣʦʿʘ ʦʢʩʠʜʘ ʬʦʨʤʠʨʘʥʠʭ ʥʘ ʢʦʥʪʘʢʪʥʦʿ ʧʦʚʨʰʠʥʠ, ʘ ʧʨʘ˂ʝʥʘ ʿʝ 

ʩʪʘʣʥʠʤ ʧʦʚʝ˂ʘˁʝʤ ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ. ɱʦʰ ʿʝʜʘʥ ʟʘʢˀʫʯʘʢ ʬʠʥʘʣʥʦʛ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʙʠʦ ʿʝ ʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʧʨʘʢʪʠʯʥʦ ʥʠʿʝ ʫʪʠʮʘʣʘ ʥʘ 

ʦʪʧʦʨʥʦʩʪ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʥʘʢʦʥ ʰʪʦ ʿʝ ʩʪʨʫʿʘ ʥʘʤʝʨʥʦ ʧʨʝʢʠʥʫʪʘ (ʪʦʢʦʤ ʮʝʣʦʛ 

ʧʝʨʠʦʜʘ ʭʣʘʹʝˁʘ, ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʩʝ ʧʨʘʢʪʠʯʥʦ ʥʠʿʝ ʤʝˁʘʣʘ). ʊʨʝʙʘ ʠʤʘʪʠ ʥʘ 

ʫʤʫ ʜʘ ʦʚʦ ʧʦʩʤʘʪʨʘˁʝ ʚʘʞʠ ʩʘʤʦ ʟʘ ʿʝʜʘʥ ʧʝʨʠʦʜ ʭʣʘʹʝˁʘ ʫ ʪʨʘʿʘˁʫ ʦʜ 30 

ʤʠʥʫʪʘ, ʜʦʢ ʝ˂ ʚʨʝʤʝʥʦʤ ʧʦʚʝ˂ʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ (ʠʣʠ ʧʦʚʠʰʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʦʣʠʥʝ) ʩʠʛʫʨʥʦ ʫʪʠʮʘʪʠ ʥʘ ʧʨʦʮʝʩ ʦʢʩʠʜʘʮʠʿʝ, ʜʦʧʨʠʥʦʩʝ˂ʠ 

ʧʦʚʝ˂ʘˁʫ ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ, ʯʘʢ ʠ ʘʢʦ ʥʝʤʘ ʩʪʨʫʿʝ ʢʦʿʘ ʧʨʦʪʠʯʝ ʢʨʦʟ ʢʦʥʪʘʢʪ. 

ʉʘ ʩʚʘʢʠʤ ʥʦʚʠʤ ʫʩʧʦʩʪʘʚˀʘˁʝʤ ʩʪʨʫʿʝ, ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʿʝ ʥʘʩʪʘʚʠʣʘ ʜʘ ʨʘʩʪʝ 

ʠ ʚʨʣʦ ʙʨʟʦ ʝʿ ʜʦʩʪʠʟʘʥʘ ʚʝʦʤʘ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ. 

ʈʝʟʫʣʪʘʪʠ ʧʨʠʢʘʟʘʥʠ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʦʢʘʟʫʿʫ ʜʘ ʦʪʧʦʨʥʦʩʪ ʣʦʰʝʛ 

ʢʦʥʪʘʢʪʘ ʚʝ˂ʘ ʦʜ 80 mɋ ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʪˁʫ ʧʦ ʙʝʟʙʝʜʥʦʩʪ. ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʩʝ 

ʟʘʤʝʥʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʤʦʨʘ ʦʙʘʚʠʪʠ ʧʨʝ ʥʝʛʦ ʰʪʦ ʦʪʧʦʨʥʦʩʪ 

ʢʦʥʪʘʢʪʘ ʥʘ ˁʠʭʦʚʦʤ ʧʨʠʢˀʫʯʢʫ ʜʦʩʪʠʛʥʝ 250 mɋ. ʊʨʝʙʘ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʜʘ ʩʫ ʦʚʝ 

ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʝ ʫ ʦʢʚʠʨʫ ʦʛʨʘʥʠʯʝʥʦʛ ʙʨʦʿʘ ʠʩʧʠʪʠʚʘˁʘ ʩʧʨʦʚʝʜʝʥʠʭ ʫ ʦʚʦʤ 

ʠʩʪʨʘʞʠʚʘˁʫ, ʟʙʦʛ ʯʝʛʘ ʩʝ ʤʦʛʫ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʦʚʘʪʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʦʢʦʣʥʦʩʪʠ. 

ʊʘʢʦʹʝ, ʧʦʰʪʦ ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʠ ʠʟʚʝʜʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ ʿʝʜʥʦʛ ʩʝʪʘ ʫʪʠʢʘʯʘ ʠ 

ʫʪʠʯʥʠʮʘ (ʠ ʫʪʠʢʘʯʠ ʠ ʫʪʠʯʥʠʮʝ ʢʦʨʠʰ˂ʝʥʠ ʫ ʦʚʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʙʠʣʠ ʩʫ ʪʠʧʘ 

F (ʨʝʜʦʤ CEE 7/4 ʠ CEE 7/3) [110]), ʢʘʦ ʠ ʧʦʜ ʦʜʨʝʹʝʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ 

ʫʩʣʦʚʠʤʘ, ʦʚʝ ʟʘʢˀʫʯʢʝ ʥʝ ʪʨʝʙʘ ʫʦʧʰʪʘʚʘʪʠ ʟʘ ʜʨʫʛʫ ʦʧʨʝʤʫ (ʢʦʤʧʦʥʝʥʪʝ) ʠʣʠ 

ʫʩʣʦʚʝ. ɺʘʞʘʥ ʟʘʢˀʫʯʘʢ ʿʝ ʜʘ ʥʝ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʟʘ ʜʝʪʝʢʮʠʿʫ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʫ 

ʩʪʨʫʿʥʦʤ ʢʦʣʫ ʤʝʨʝˁʝʤ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʪʦʢʦʤ ʧʦʯʝʪʥʝ 

(ʠʥʠʮʠʿʘʣʥʝ) ʚʝʨʠʬʠʢʘʮʠʿʝ ʥʦʚʠʭ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ. 

ʈʘʟʣʦʛ ʪʦʤʝ ʿʝ ʯʠˁʝʥʠʮʘ ʜʘ ʜʝʛʨʘʜʘʮʠʿʘ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʥʘ ʥʦʚʦʿ ʝʣʝʢʪʨʠʯʥʦʿ 

ʠʥʩʪʘʣʘʮʠʿʠ (ʢʦʿʘ ʤʦʞʝ ʜʘ ʠʟʘʟʦʚʝ Ăʚʨʝʣʫñ ʪʘʯʢʫ) ʧʦʩʪʦʿʠ ʠ ʢʘʜʘ ʿʝ ˁʝʛʦʚʘ 

ʦʪʧʦʨʥʦʩʪ ʩʘʤʦ 80 mɋ, ʘ ʦʚʘʢʦ ʤʘʣʝ ʧʨʦʤʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ ʪʝʰʢʦ 

ʩʝ ʤʦʛʫ ʜʝʪʝʢʪʦʚʘʪʠ.  
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ʀʩʪʨʘʞʠʚʘˁʝ ʧʨʝʜʩʪʘʚˀʝʥʦ ʫ ʩʣʝʜʝ˂ʝʤ ʧʦʛʣʘʚˀʫ ʙʠʣʦ ʿʝ ʧʦʩʚʝ˂ʝʥʦ 

ʠʩʪʨʘʞʠʚʘˁʫ ʤʦʛʫ˂ʥʦʩʪʠ ʜʝʪʝʢʮʠʿʝ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʥʘ ʦʩʥʦʚʫ 

ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ/ʠʣʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʠʟʤʝʨʝʥʠʭ ʧʨʠʣʠʢʦʤ ʚʨʰʝˁʘ 

ʧʝʨʠʦʜʠʯʥʠʭ ʚʝʨʠʬʠʢʘʮʠʿʘ ʢʚʘʣʠʪʝʪʘ ʩʪʘʨʠʭ (ʢʦʨʠʰ˂ʝʥʠʭ) ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ, ʢʦʿʝ ʩʫ ʢʨʠʪʠʯʥʠʿʝ ʩʘ ʘʩʧʝʢʪʘ ʠʟʘʟʠʚʘˁʘ ʧʦʞʘʨʘ. ʋ 

ʮʠˀʫ ʦʜʨʝʹʠʚʘˁʘ ʦʧʩʝʛʘ ʚʨʝʜʥʦʩʪʠ ʤʘʢʩʠʤʘʣʥʝ ʦʪʧʦʨʥʦʩʪʠ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʫ 

ʢʦʨʠʰ˂ʝʥʠʤ (ʩʪʘʨʠʤ ʠʣʠ ʢʦʨʦʟʠʿʦʤ ʦʰʪʝ˂ʝʥʠʤ) ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ 

ʠʥʩʪʘʣʘʮʠʿʘʤʘ, ʫʨʘʹʝʥ ʿʝ ʥʠʟ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʥʘ ʫʪʠʯʥʠʮʘʤʘ ʢʦʿʝ ʩʫ ʚʝ˂ ʢʦʨʠʰ˂ʝʥʝ 

ʚʠʰʝ ʛʦʜʠʥʘ (30 ʛʦʜʠʥʘ ʫ ʢʦʥʢʨʝʪʥʦʤ ʘʥʘʣʠʟʠʨʘʥʦʤ ʩʣʫʯʘʿʫ), ʢʘʦ ʠ ʥʠʟ 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʥʘ ʥʦʚʠʤ ʫʪʠʯʥʠʮʘʤʘ, ʘʣʠ ʩʘ ʝʣʝʢʪʨʠʯʥʠʤ ʢʦʥʪʘʢʪʠʤʘ ʥʘʤʝʨʥʦ 

ʠʟʣʦʞʝʥʠʤ ʢʦʨʦʟʠʿʠ.  
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4 ʈɸɿɺʆɱ ʄɽʊʆɼɽ ɿɸ ɼɽʊɽʂʎʀɱʋ ʉʊʈʋɱʅʀʍ ʂʆʃɸ ʋ 

ʂʆɱʀʄɸ ʇʆʉʊʆɱɽ ʃʆʐʀ ɽʃɽʂʊʈʀʏʅʀ ʂʆʅʊɸʂʊʀ 

 

ʇʨʠʤʝʥʦʤ ʪʨʝʥʫʪʥʦ ʚʘʞʝ˂ʠʭ ʩʪʘʥʜʘʨʜʘ ʠ ʧʨʘʚʠʣʥʠʢʘ [27,28] ʢʦʿʠʤʘ ʝʿ 

ʫʨʝʹʝʥʘ ʦʙʣʘʩʪ ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ, ʤʦʛʫ ʜʘ ʩʝ ʜʝʪʝʢʪʫʿʫ ʥʝʢʘ ʥʝʠʩʧʨʘʚʥʘ ʩʪʨʫʿʥʘ ʢʦʣʘ. ʋ ʢʦʥʘʯʥʦʤ 

ʜʝʬʠʥʠʩʘˁʫ ʤʝʪʦʜʝ ʟʘ ʦʪʢʨʠʚʘˁʝ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʘʥʘʣʠʟʠʨʘʥʠ ʩʫ 

ʥʘʚʝʜʝʥʠ ʥʝʜʦʩʪʘʮʠ ʧʦʩʪʦʿʝ˂ʠʭ ʧʨʦʮʝʜʫʨʘ, ʧʨʠ ʯʝʤʫ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʧʦʜʘʮʠ 

ʜʦʙʠʿʝʥʠ ʚʝʨʠʬʠʢʘʮʠʿʦʤ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʥʘ 

ʪʝʨʝʥʫ ʠ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʜʦʙʠʿʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʫʪʝʤ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ. 

 

4.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ 

 

ɼʘ ʙʠ ʩʝ ʘʥʘʣʠʟʠʨʘʣʠ ʝʬʝʢʪʠ ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ 

ʧʨʦʚʦʜʥʠʢʘ ʠʟʚʝʜʝʥʠʤ ʟʘʚʨʪˁʝʤ ʥʘ ˁʠʭʦʚʦ ʟʘʛʨʝʚʘˁʝ ʠ ʝʣʝʢʪʨʠʯʥʫ ʦʪʧʦʨʥʦʩʪ ʫ 

ʩʣʫʯʘʿʝʚʠʤʘ ʫ ʢʦʿʠʤʘ ʿʝ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʘ ʢʦʤʧʦʥʝʥʪʘ ʥʝʢʦ ʚʨʝʤʝ ʙʠʣʘ 

ʢʦʨʠʰ˂ʝʥʘ ʫ ʨʝʘʣʥʦʿ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ ʠ ʠʟʣʦʞʝʥʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʰʪʝʪʥʠʤ 

ʫʪʠʮʘʿʠʤʘ ʦʢʦʣʠʥʝ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʩʫ ʠʩʧʠʪʘʥʝ ʿʝʜʥʘ ʩʪʘʨʘ (ʢʦʨʠʰ˂ʝʥʘ) ʰʫʢʦ-

ʫʪʠʯʥʠʮʘ ʠ ʜʚʝ ʥʦʚʝ ʰʫʢʦ-ʫʪʠʯʥʠʮʝ, ʘʣʠ ʩʘ ʥʘʤʝʨʥʦ ʢʦʨʦʜʠʨʘʥʠʤ ʩʧʦʿʝʚʠʤʘ. ɼʘ 

ʙʠ ʩʝ ʫʙʨʟʘʦ ʧʨʦʮʝʩ ʢʦʨʦʟʠʿʝ, ʫ ʿʝʜʥʦʿ ʦʜ ʥʦʚʠʭ ʫʪʠʯʥʠʮʘ ʧʨʠʢˀʫʯʘʢ ʬʘʟʥʦʛ 

ʧʨʦʚʦʜʥʠʢʘ ʿʝ ʪʨʝʪʠʨʘʥ ʮʘʨʩʢʦʤ ʚʦʜʦʤ (ʢʦʥʮʝʥʪʨʦʚʘʥʘ HNO3 : ʢʦʥʮʝʥʪʨʦʚʘʥʘ HCl 

= 1:3 (v / v)), ʘ ʫ ʜʨʫʛʦʿ ʥʦʚʦʿ ʫʪʠʯʥʠʮʠ ʧʨʠʢˀʫʯʘʢ ʥʝʫʪʨʘʣʥʦʛ ʧʨʦʚʦʜʥʠʢʘ 

ʪʨʝʪʠʨʘʥ ʿʝ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ ʩʫʤʧʦʨʥʦʤ ʢʠʩʝʣʠʥʦʤ H2SO4. ʂʦʨʠʰ˂ʝˁʝʤ ʦʚʠʭ 

ʭʝʤʠʢʘʣʠʿʘ ʩʠʤʫʣʠʨʘʥ ʿʝ ʝʬʝʢʘʪ ʜʫʛʦʪʨʘʿʥʦʛ ʠʟʣʘʛʘˁʘ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʢʠʩʝʣʦʿ ʘʪʤʦʩʬʝʨʠ. ʇʦʩʣʝ ʪʨʝʪʠʨʘˁʘ ʧʦ 

ʿʝʜʥʦʛ ʢʦʥʪʘʢʪʘ ʥʘ ʦʙʝ ʫʪʠʯʥʠʮʝ ʢʦʣʠʯʠʥʘʤʘ ʦʜ 0,2 ml ʥʘʧʨʝʜ ʥʘʚʝʜʝʥʠʭ 

ʭʝʤʠʢʘʣʠʿʘ, ʫʪʠʯʥʠʮʝ ʩʫ ʩʪʘʚˀʝʥʝ ʫ ʦʨʤʘʥ ʧʦʜ ʥʦʨʤʘʣʥʠʤ ʘʪʤʦʩʬʝʨʩʢʠʤ 

ʫʩʣʦʚʠʤʘ (ʩʦʙʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʨʝʣʘʪʠʚʥʘ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ ʫ ʦʧʩʝʛʫ 50ï60%), ʛʜʝ 

ʩʫ ʦʩʪʘʣʝ ʤʝʩʝʮ ʜʘʥʘ, ʥʘʢʦʥ ʯʝʛʘ ʩʫ ʟʘʧʦʯʝʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʧʠʪʠʚʘˁʘ ʥʘ 

ˁʠʤʘ. ʉʚʝ ʘʢʪʠʚʥʦʩʪʠ ʦʢʦ ʧʨʠʧʨʝʤʝ ʭʝʤʠʢʘʣʠʿʘ ʠ ʪʨʝʪʠʨʘˁʘ ʧʨʠʢˀʫʯʥʠʭ 

ʢʦʥʪʘʢʘʪʘ ʫʪʠʯʥʠʮʘ ʩʧʨʦʚʝʜʝʥʝ ʩʫ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ ʎʝʥʪʨʘ ʠʟʫʟʝʪʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ 

ʭʝʤʠʿʫ ʠ ʠʥʞʝˁʝʨʠʥʛ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʀʥʩʪʠʪʫʪʘ ʟʘ ʭʝʤʠʿʫ, ʪʝʭʥʦʣʦʛʠʿʫ ʠ 

ʤʝʪʘʣʫʨʛʠʿʫ ʫ ɹʝʦʛʨʘʜʫ. 
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ʋ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ ʿʝ ʬʦʨʤʠʨʘʥʦ ʠʩʧʠʪʥʦ ʝʣʝʢʪʨʠʯʥʦ ʢʦʣʦ ʩʘ 

ʧʨʦʚʦʜʥʠʢʦʤ ʜʫʞʠʥʝ 3 m, ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ 2,5 mm
2
 (PP-Y 3x2,5 mm

2
), 

ʘʫʪʦʤʘʪʩʢʠʤ ʧʨʝʢʠʜʘʯʝʤ ʪʠʧʘ B ʥʘʟʠʚʥʝ ʩʪʨʫʿʝ 16 ɸ, ʠʥʩʪʘʣʠʨʘʥʠʤ ʫ ʧʣʘʩʪʠʯʥʦ ʿ

ʨʘʟʚʦʜʥʦ ʿʪʘʙʣʠ, ʠ ʿʝʜʥʦʤ ʦʜ ʪʨʠ ʠʩʧʠʪʠʚʘʥʝ ʫʪʠʯʥʠʮʝ (ʿʝʜʥʦʤ ʩʪʘʨʦʤ, ʿʝʜʥʦʤ 

ʥʦʚʦʤ ʪʨʝʪʠʨʘʥʦʤ ʮʘʨʩʢʦʤ ʚʦʜʦʤ ʠʣʠ ʿʝʜʥʦʤ ʥʦʚʦʤ ʪʨʝʪʠʨʘʥʦʤ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ 

ʩʫʤʧʦʨʥʦʤ ʢʠʩʝʣʠʥʦʤ). ʈʘʟʚʦʜʥʘ ʪʘʙʣʘ ʿʝ ʙʠʣʘ ʧʦʚʝʟʘʥʘ ʥʘ ʟʠʜʥʫ ʫʪʠʯʥʠʮʫ ʫ 

ʣʘʙʦʨʘʪʦʨʠʿʠ, ʥʘʟʠʚʥʦʛ ʥʘʧʦʥʘ 230 V ʠ ʬʨʝʢʚʝʥʮʠʿʝ 50 Hz. ʉʪʨʫʿʘ ʦʧʪʝʨʝ˂ʝʘˁ ʿʝ 

ʨʝʛʫʣʠʩʘʥʘ ʢʦʨʠʰ˂ʝˁʝʤ ʜʝʢʘʜʥʝ ʦʪʧʦʨʥʠʯʢʝ ʢʫʪʠʿʝ 230 V, 60 ɸ. ʇʦʩʪʘʚʢʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 52. 

 

 
ʉʣʠʢʘ 52. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʚʢʘ (1 ï ʠʩʧʠʪʠʚʘʥʘ ʫʪʠʯʥʠʮʘ, 2 ï ʩʪʨʫʿʥʘ ʢʣʝʰʪʘ Fluke 323,  

3 ï ʜʠʛʠʪʘʣʥʠ ʤʫʣʪʠʤʝʪʘʨ PeakTech 3360, 4 ï ʧʣʘʩʪʠʯʥʘ ʨʘʟʚʦʜʥʘ ʪʘʙʣʘ, 5 ï ʠʥʩʪʨʫʤʝʥʪ ʟʘ 

ʠʩʧʠʪʠʚʘˁʝ ʠʥʩʪʘʣʘʮʠʿʘ Fluke 1653B, 6 ï  ʪʝʨʤʦʧʘʨ ʩʦʥʜʘ ʪʠʧʘ ʂ (ʭʨʦʤʝʣ/ʘʣʫʤʝʣ),  

7 ï ʠʥʬʨʘʮʨʚʝʥʠ ʪʝʨʤʦʤʝʪʘʨ Cole-Parmer, ʠ 8 ï ʜʝʢʘʜʥʘ ʦʪʧʦʨʥʠʯʢʘ ʢʫʪʠʿʘ 230 V, 60 ɸ) 

 

ʅʘ ʧʦʯʝʪʢʫ ʩʚʘʢʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ ʧʨʠʢˀʫʯʘʢʘ ʠʟʚʝʜʝʥʠʭ 

ʟʘʚʨʪˁʝʤ ʫ ʠʩʧʠʪʠʚʘʥʦʿ ʫʪʠʯʥʠʮʠ ʧʦʜʝʰʝʥ ʿʝ ʥʘ 1 Nm (ʦʜʣʠʯʘʥ ʢʦʥʪʘʢʪ) ʧʦʤʦ˂ʫ 

ʤʝʭʘʥʠʯʢʦʛ Ăʤʦʤʝʥʪ-ʰʨʘʬʮʠʛʝʨʘñ (Vihʘ TorqueVario-S26462). ɿʘʪʠʤ ʩʫ ʠʟʤʝʨʝʥe 

ʦʪʧʦʨʥʦʩʪ ʧʝʪˀʝ ʢʚʘʨʘ (RsL-PE) ʠ ʦʪʧʦʨʥʦʩʪ ʢʨʘʪʢʦʛ ʩʧʦʿʘ (RsL-N) ʧʦʤʦ˂ʫ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʛ ʠʥʩʪʨʫʤʝʥʪʘ ʟʘ ʠʩʧʠʪʠʚaˁ ʝ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿa (Fluke 1653B). ʇʦʩʣʝ ʪʦʛʘ, ʢʦʨʠʰ˂ʝˁʝʤ ʜʠʛʠʪʘʣʥʦʛ Ăʤʦʤʝʥʪ-

ʰʨʘʬʮʠʛʝʨʘñ (TSD-50), ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ ʿʝʜʥʦʛ ʧʨʠʢˀʫʯʢʘ ʠʟʚʝʜʝʥʦʛ ʟʘʚʨʪˁʝʤ ʫ 

ʫʪʠʯʥʠʮʠ ʨʝʜʫʢʦʚʘʥ ʿʝ ʥʘ 0,1 Nm (ʚʨʣʦ ʣʦʰ ʢʦʥʪʘʢʪ). ʋ ʩʪʘʨʦʿ ʫʪʠʯʥʠʮʠ, 

ʧʨʠʢˀʫʯʘʢ ʥʘ ʢʦʤʝ ʿʝ ʠʟʚʨʰʝʥʘ ʨʝʜʫʢʮʠʿʘ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʧʦʚʝʟʘʥ ʿʝ ʥʘ ʬʘʟʥʠ 

ʧʨʦʚʦʜʥʠʢ. ʋ ʿʝʜʥʦʿ ʦʜ ʥʦʚʠʭ ʫʪʠʯʥʠʮʘ ʧʨʠʢˀʫʯʥʠ ʢʦʥʪʘʢʪ (ʪʨʝʪʠʨʘʥ ʮʘʨʩʢʦʤ 
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ʚʦʜʦʤ) ʧʦʚʝʟʘʥ ʿʝ ʪʘʢʦʹʝ ʩʘ ʬʘʟʥʠʤ ʧʨʦʚʦʜʥʠʢʦʤ, ʘ ʫ ʜʨʫʛʦʿ ʥʦʚʦʿ ʫʪʠʯʥʠʮʠ 

ʧʨʠʢˀʫʯʥʠ ʢʦʥʪʘʢʪ (ʪʨʝʪʠʨʘʥ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ ʩʫʤʧʦʨʥʦʤ ʢʠʩʝʣʠʥʦʤ) ʧʦʚʝʟʘʥ ʿʝ 

ʩʘ ʥʝʫʪʨʘʣʥʠʤ ʧʨʦʚʦʜʥʠʢʦʤ. ʇʦʤʦ˂ʫ ʠʥʩʪʨʫʤʝʥʪʘ Fluke 1653B, ʧʦʥʦʚʦ ʩʫ 

ʠʟʤʝʨʝʥʠ RsL-PE ʠ RsL-N. 

ʅʘʢʦʥ ʦʚʠʭ ʧʦʯʝʪʥʠʭ ʤʝʨʝˁʘ, ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ ʿʝ ʫʩʧʦʩʪʘʚˀʝʥʘ ʩʪʨʫʿʘ 

ʿʘʯʠʥʝ 16 ɸ.  ʉʚʘ ʪʨʠ ʣʦʰʘ ʢʦʥʪʘʢʪʘ ʩʫ ʜʦʩʪʠʛʣʘ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ (750ï900 ÁC) 

ʫ ʠʥʪʝʨʚʘʣʫ 11ï15 ʩʘʪʠ (15 ʩʘʪʠ ʟʘ ʩʪʘʨʫ ʫʪʠʯʥʠʮʫ, 12 ʩʘʪʠ ʟʘ ʥʦʚʫ ʪʨʝʪʠʨʘʥʫ 

ʮʘʨʩʢʦʤ ʚʦʜʦʤ ʠ 11 ʩʘʪʠ ʟʘ ʥʦʚʫ ʢʦʿʘ ʿʝ ʪʨʝʪʠʨʘʥʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ ʩʫʤʧʦʨʥʦʤ 

ʢʠʩʝʣʠʥʦʤ). ʋ ʩʚʘʢʦʤ ʦʜ ʪʘ ʪʨʠ ʩʣʫʯʘʿʘ, ʩʪʨʫʿʘ ʿʝ ʥʘʤʝʨʥʦ ʧʨʝʢʠʥʫʪʘ ʧʨʝ 

ʧʦʿʘʚˀʠʚʘˁʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʧʦʩʣʝ ʯʝʛʘ ʿʝ ʫʩʣʝʜʠʣʦ ʧʨʠʨʦʜʥʦ ʭʣʘʹʝˁʝ 

ʢʦʥʪʘʢʪʘ ʫ ʧʝʨʠʦʜʫ ʦʜ ʦʢʦ 30 ʤʠʥʫʪʘ. ʅʘ ʢʨʘʿʫ ʪʦʛ ʧʝʨʠʦʜʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ 

ʿʝ ʜʦʩʪʠʛʣʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʦʢʦʣʠʥʝ. ɿʘʪʠʤ ʩʫ 

ʧʦʥʦʚʦ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʦʪʧʦʨʥʦʩʪʠ RsL-PE ʠ RsL-N. ɿʘ ʩʚʘʢʫ ʦʜ ʠʩʧʠʪʘʥʠʭ 

ʫʪʠʯʥʠʮʘ, ʝʢʩʧʝʨʠʤʝʥʪ ʿʝ ʥʘʩʪʘʚˀʝʥ ʩʣʝʜʝ˂ʝʛ ʜʘʥʘ (ʥʘʢʦʥ ʧʘʫʟʝ ʦʜ ʦʢʦ 12 ʩʘʪʠ, 

ʪʦʢʦʤ ʢʦʿʝ ʿʝ ʢʦʥʪʘʢʪ ʙʠʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʢʦʣʠʥʝ). ʇʦʥʦʚʦ ʩʫ ʠʟʤʝʨʝʥʝ 

ʦʪʧʦʨʥʦʩʪʠ RsL-PE ʠ RsL-N ʠ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʫ ʫ ʩʚʘ ʪʨʠ ʩʣʫʯʘʿʘ ʦʩʪʘʣʝ ʧʨʘʢʪʠʯʥʦ 

ʠʩʪʝ (ʥʠʿʝʜʥʘ ʢʦʥʪʘʢʪʥʘ ʦʪʧʦʨʥʦʩʪ ʥʠʿʝ ʧʨʦʤʝˁʝʥʘ ʪʦʢʦʤ ʧʘʫʟʝ ʦʜ 12 ʩʘʪʠ). ʇʦʩʣʝ 

ʪʦʛʘ, ʧʦʥʦʚˀʝʥʘ ʿʝ ʮʝʣʘ ʧʨʦʮʝʜʫʨʘ ʟʘʛʨʝʚʘˁʘ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʩʪʨʫʿʦʤ ʦʜ 13 ɸ ʜʦ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ (750-900 ÁC) ʠ ʧʨʠʨʦʜʥʦʛ ʭʣʘʹʝˁʘ ʫ ʧʝʨʠʦʜʫ ʦʜ ʦʢʦ 30 

ʤʠʥʫʪʘ, ʘ ʧʦʪʦʤ ʿʝ ʦʚʘʿ ʮʠʢʣʫʩ ʧʦʥʘʚˀʘʥ ʩʘ ʩʪʨʫʿʘʤʘ ʿʘʯʠʥʝ ʨʝʜʦʤ 10 ɸ, 8 ɸ, 6 ɸ ʠ 

4 ɸ (ʫ ʩʚʠʤ ʦʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʧʦʥʦʚˀʝʥʘ ʧʨʦʮʝʜʫʨʘ ʿʝ ʪʨʘʿʘʣʘ ʤʥʦʛʦ ʢʨʘ˂ʝ ʥʝʛʦ 

ʰʪʦ ʿʝ ʪʦ ʙʠʦ ʩʣʫʯʘʿ ʩʘ ʩʪʨʫʦʿʤ ʿʘʯʠʥʘ 16 ɸ). ʋ ʩʚʘʢʦʤ ʦʜ ʪʠʭ ʩʣʫʯʘʿʝʚʘ, ʥʘʢʦʥ 30 

ʤʠʥʫʪʘ ʭʣʘʹʝˁʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʿʝ ʙʠʣʘ ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʦʢʦʣʠʥʝ. ʊʨʝʙʘ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʜʘ ʿʝ ʩʚʘʢʠ ʦʜ ʠʟʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʩʘ ʩʪʨʫʿʘʤʘ 

ʿʘʯʠʥʝ 8ï16 ɸ ʙʠʦ ʥʘʤʝʨʥʦ ʧʨʝʢʠʥʫʪ ʢʘʜʘ ʩʝ ʜʦʛʦʜʠʦ ʥʘʿʤʘˁʝ ʿʝʜʘʥ ʦʜ ʬʝʥʦʤʝʥʘ 

ʢʦʿʠ ʧʨʝʪʭʦʜʝ ʧʦʿʘʚʠ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. ʊʦ ʩʫ ʠʩʪʠ ʬʝʥʦʤʝʥʠ ʢʦʿʠ ʩʫ 

ʥʘʚʝʜʝʥʠ ʫ ʧʦʛʣʘʚˀʫ 3. ʋ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʩʘ ʩʪʨʫʿʘʤʘ ʿʘʯʠʥʝ 4 ɸ ʠ 6 ɸ ʥʘʤʝʨʥʠ 

ʧʨʝʢʠʜ ʝʢʩʧʝʨʠʤʝʥʪʘ ʿʝ ʠʟʚʨʰʝʥ ʢʘʜʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ Ăʚʨʝʣʝñ ʪʘʯʢʝ ʜʦʩʪʠʛʣʘ 

ʩʪʘʮʠʦʥʘʨʥʫ ʚʨʝʜʥʦʩʪ (ʫ ʦʧʩʝʛʫ 770ï870 ÁC), ʙʝʟ ʠʥʜʠʢʘʮʠʿʝ ʜʘ ˂ʝ ʩʝ ʨʝʜʥʠ 

ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʢʘʩʥʠʿʝ ʧʦʿʘʚʠʪʠ ʫ ʙʠʣʦ ʢʦʤ ʦʜ ʪʠʭ ʩʣʫʯʘʿʝʚʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʘʪʘ ʿʝ ʤʝʨʝʥʘ ʧʦʤʦ˂ʫ ʣʘʩʝʨʩʢʦʛ ʪʝʨʤʦʤʝʪʨʘ (Cole-

Parmer). ʇʨʝ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʣʘʩʝʨʩʢʠ ʪʝʨʤʦʤʝʪʘʨ ʿʝ ʢʘʣʠʙʨʠʩʘʥ ʧʦʤʦ˂ʫ 
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ʪʝʨʤʦʧʘʨʘ ʪʠʧʘ ʂ (ʭʨʦʤʝʣ/ʘʣʫʤʝʣ). ʂʦʝʬʠʮʠʿʝʥʪ ʝʤʠʩʠʚʥʦʩʪʠ ʥʘ ʣʘʩʝʨʩʢʦʤ 

ʪʝʨʤʦʤʝʪʨʫ ʙʠʦ ʿʝ ʧʦʜʝʰʝʥ ʥʘ 0,80, 0,85, 0,90 ʠ 0,95 ʨʝʜʦʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʝ ʦʧʩʝʛʝ 

0ï350 ÁC, 350ï550 ÁC, 550ï800 ÁC ʠ 800ï900 ÁC.  

ʊʦʢʦʤ ʩʚʘʢʦʛ ʤʝʨʝˁʘ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ, ʝʣʝʢʪʨʠʯʥa ʦʪʧʦʨʥʦʩʪ 

ʢʦʥʪʘʢʪʘ ʿʝ ʤʝʨʝʥʘ ʧʦʤʦ˂ʫ U-I ʤʝʪʦʜʝ. ʉʪʨʫʿʘ ʠ ʥʘʧʦʥ ʩʫ ʤʝʨʝʥʠ ʩʪʨʫʿʥʠʤ 

ʢʣʝʰʪʠʤʘ (Fluke 323) ʠ ʜʠʛʠʪʘʣʥʠʤ ʤʫʣʪʠʤʝʪʨʦʤ PeakTech 3360, ʨʝʩʧʝʢʪʠʚʥʦ. 

ʉʚʠ ʧʘʨʘʤʝʪʨʠ ʢʦʿʠ ʦʧʠʩʫʿʫ ʠʟʚʝʜʝʥʝ ʝʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 

28. 

 

ʊʘʙʝʣʘ 28. ʇʘʨʘʤʝʪʨʠ ʠʟʚʨʰʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ 

 
ʀʥʠʮʠʿʘʣʥʦ 

ʠʩʧʠʪʠʚʘˁʝ 

ʇʦʯʝʪʥʦ 

ʟʘʛʨʝʚʘˁʝ 

ɼʚʝ ʩʝʨʠʿʝ ʧʦʥʦʚˀʝʥʠʭ ʟʘʛʨʝʚʘˁʘ 

ʩʘ ʤʘˁʠʤ ʩʪʨʫʿʘʤʘ 

ʄʦʤʝʥʪ 

ʟʘʪʝʟʘˁʘ 

0,1 Nm ʠ 

1 Nm 
0,1 Nm 0,1 Nm 0,1 Nm 

ʉʪʨʫʿʘ / 16 A 13 A, 10 A ʠ 8 A 6 A ʠ 4 A 

ʊʨʘʿʘˁʝ / 

ʜʦ ʥʘʩʪʘʥʢʘ 

ʬʝʥʦʤʝʥʘ ʢʦʿʠ 

ʧʨʝʪʭʦʜʠ ʨʝʜʥʦʤ 

ʝʣ. ʣʫʢʫ 

ʜʦ ʥʘʩʪʘʥʢʘ 

ʬʝʥʦʤʝʥʘ ʢʦʿʠ 

ʧʨʝʪʭʦʜʠ 

ʨʝʜʥʦʤ ʝʣ. ʣʫʢʫ 

ʜʦ ʧʦʩʪʠʟʘˁʘ 

ʩʪʘʮʠʦʥʘʨʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ 

Ăʚʨʝʣʝñ ʪʘʯʢʝ 

 

4.2 ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʠ ʜʠʩʢʫʩʠʿʘ 

 

ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʢʦʿʠ ʧʦʢʘʟʫʿʫ ʝʬʝʢʪʝ ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ 

ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ ʠʟʚʝʜʝʥʠʤ ʟʘʚʨʪˁʝʤ ʥʘ ˁʠʭʦʚʦ ʟʘʛʨʝʚʘˁʝ (ʠ 

ʭʣʘʹʝˁʝ) ʠ ʝʣʝʢʪʨʠʯʥʫ ʦʪʧʦʨʥʦʩʪ ʫ ʩʪʘʨʦʿ ʫʪʠʯʥʠʮʠ, ʢʘʦ ʠ ʫ ʥʦʚʠʤ ʫʪʠʯʥʠʮʘʤʘ 

ʪʨʝʪʠʨʘʥʠʤ ʮʘʨʩʢʦʤ ʚʦʜʦʤ ʠ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ ʩʫʤʧʦʨʥʦʤ ʢʠʩʝʣʠʥʦʤ, 

ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʧʦʤʦ˂ʫ 39 ʪʘʙʝʣʘ ʜʘʪʠʭ ʠ ʇʨʠʣʦʛʫ 4. ɿʙʦʛ ʙʦˀʝ ʧʨʝʛʣʝʜʥʦʩʪʠ ʠ 

ʘʥʘʣʠʟʝ, ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʛʨʘʬʠʯʢʠ ʥʘ ʩʣʠʢʘʤʘ 53ï64. 

 
ʉʣʠʢʘ 53. ʇʨʦʤʝʥʘ ʩʪʨʫʿʝ ʢʦʥʪʘʢʪʘ ʪʦʢʦʤ ʦʛʣʝʜʘ ʟʘʛʨʝʚʘˁʘ (ʩʪʘʨʘ ʫʪʠʯʥʠʮʘ) 
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ʉʣʠʢʘ 54. ʇʨʦʤʝʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʪʦʢʦʤ ʦʛʣʝʜʘ ʟʘʛʨʝʚʘˁʘ ʠ ʭʣʘʹʝˁʘ (ʩʪʘʨʘ ʫʪʠʯʥʠʮʘ) 

 

 
ʉʣʠʢʘ 55. ɼʠʩʠʧʘʮʠʿʘ ʩʥʘʛʝ ʥʘ ʢʦʥʪʘʢʪʫ ʪʦʢʦʤ ʦʛʣʝʜʘ ʟʘʛʨʝʚʘˁʘ (ʩʪʘʨʘ ʫʪʠʯʥʠʮʘ) 

 

 
ʉʣʠʢʘ 56. ʇʨʦʤʝʥʘ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʟʘʛʨʝʚʘˁʘ ʠ ʭʣʘʹʝˁʘ (ʩʪʘʨʘ 

ʫʪʠʯʥʠʮʘ) 
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ʉʣʠʢʘ 57. ʇʨʦʤʝʥʘ ʩʪʨʫʿʝ ʢʦʥʪʘʢʪʘ ʪʦʢʦʤ ʦʛʣʝʜʘ ʟʘʛʨʝʚʘˁʘ (ʥʦʚʘ ʫʪʠʯʥʠʮʘ ʪʨʝʪʠʨʘʥʘ ʮʘʨʩʢʦʤ 

ʚʦʜʦʤ) 

 

 
ʉʣʠʢʘ 58. ʇʨʦʤʝʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʪʦʢʦʤ ʦʛʣʝʜʘ ʟʘʛʨʝʚʘˁʘ ʠ ʭʣʘʹʝˁʘ (ʥʦʚʘ ʫʪʠʯʥʠʮʘ 

ʪʨʝʪʠʨʘʥʘ ʮʘʨʩʢʦʤ ʚʦʜʦʤ) 

 

 
ʉʣʠʢʘ 59. ɼʠʩʠʧʘʮʠʿʘ ʩʥʘʛʝ ʥʘ ʢʦʥʪʘʢʪʫ ʪʦʢʦʤ ʦʛʣʝʜʘ ʟʘʛʨʝʚʘˁʘ (ʥʦʚʘ ʫʪʠʯʥʠʮʘ ʪʨʝʪʠʨʘʥʘ 

ʮʘʨʩʢʦʤ ʚʦʜʦʤ) 
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ʉʣʠʢʘ 60. ʇʨʦʤʝʥʘ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʟʘʛʨʝʚʘˁʘ ʠ ʭʣʘʹʝˁʘ (ʥʦʚʘ 

ʫʪʠʯʥʠʮʘ ʪʨʝʪʠʨʘʥʘ ʮʘʨʩʢʦʤ ʚʦʜʦʤ) 

 

 
ʉʣʠʢʘ 61. ʇʨʦʤʝʥʘ ʩʪʨʫʿʝ ʢʦʥʪʘʢʪʘ ʪʦʢʦʤ ʦʛʣʝʜʘ ʟʘʛʨʝʚʘˁʘ (ʥʦʚʘ ʫʪʠʯʥʠʮʘ ʪʨʝʪʠʨʘʥʘ 

ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ ʩʫʤʧʦʨʥʦʤ ʢʠʩʝʣʠʥʦʤ) 

 

 
ʉʣʠʢʘ 62. ʇʨʦʤʝʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʪʦʢʦʤ ʦʛʣʝʜʘ ʟʘʛʨʝʚʘˁʘ ʠ ʭʣʘʹʝˁʘ (ʥʦʚʘ ʫʪʠʯʥʠʮʘ 

ʪʨʝʪʠʨʘʥʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ ʩʫʤʧʦʨʥʦʤ ʢʠʩʝʣʠʥʦʤ) 
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ʉʣʠʢʘ 63. ɼʠʩʠʧʘʮʠʿʘ ʩʥʘʛʝ ʥʘ ʢʦʥʪʘʢʪʫ ʪʦʢʦʤ ʦʛʣʝʜʘ ʟʘʛʨʝʚʘˁʘ (ʥʦʚʘ ʫʪʠʯʥʠʮʘ ʪʨʝʪʠʨʘʥʘ 

ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ ʩʫʤʧʦʨʥʦʤ ʢʠʩʝʣʠʥʦʤ) 

 

 
ʉʣʠʢʘ 64. ʇʨʦʤʝʥʘ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʪʦʢʦʤ ʧʝʨʠʦʜʘ ʟʘʛʨʝʚʘˁʘ ʠ ʭʣʘʹʝˁʘ (ʥʦʚʘ 

ʫʪʠʯʥʠʮʘ ʪʨʝʪʠʨʘʥʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ ʩʫʤʧʦʨʥʦʤ ʢʠʩʝʣʠʥʦʤ) 

 

ʋ ʩʚʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ, ʜʫʛʦʪʨʘʿʥʠ ʧʨʦʮʝʩ ʜʦʩʪʠʟʘˁʘ ʪʝʤʧʝʨʘʪʫʨʝ Ăʚʨʝʣʝñ 

ʪʘʯʢʝ ʩʘ ʥʘʟʠʚʥʦʤ ʩʪʨʫʿʦʤ ʫʪʠʯʥʠʮʝ ʦʜ 16 ɸ ʙʠʦ ʿʝ ʩʣʠʯʘʥ ʦʥʦʤ ʦʧʠʩʘʥʦʤ ʫ 

ʧʨʝʪʭʦʜʥʦʤ ʧʦʛʣʘʚˀʫ. ɼʘ ʙʠ ʩʝ ʬʦʢʫʩ ʫʩʤʝʨʠʦ ʥʘ ʨʝʣʝʚʘʥʪʥʝ ʚʨʝʜʥʦʩʪʠ 

ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʦʧʠʩʫʿʫ ʧʝʨʠʦʜʝ ʟʘʛʨʝʚʘˁʘ ʠ ʭʣʘʹʝˁʘ ʢʦʥʪʘʢʪʘ, ʥʘ ʩʣʠʢʘʤʘ 53-64 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʩʘʤʦ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʜʦʙʠʿʝʥʠ ʪʦʢʦʤ ʜʨʫʛʦʛ ʜʘʥʘ ʪʨʘʿʘˁʘ ʩʚʘʢʦʛ 

ʦʜ ʠʟʚʨʰʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ. ɸʥʘʣʠʟʠʨʘʿʫ˂ʠ ʨʝʟʫʣʪʘʪʝ ʤʝʨʝˁʘ ʧʨʠʢʘʟʘʥʝ ʥʘ 

ʩʣʠʢʘʤʘ 53ï64, ʧʨʠʤʝ˂ʝʥʦ ʿʝ ʜʘ ʿʝ ʧʦʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨʝ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʠʤʘʦ 

ʩʣʠʯʥʦ ʧʦʥʘʰʘˁʝ ʢʦʜ ʩʪʘʨʠʭ ʠ ʥʦʚʠʭ, ʘʣʠ ʥʘʤʝʨʥʦ ʢʦʨʦʜʠʨʘʥʠʭ, ʧʨʠʢˀʫʯʘʢʘ 

ʠʟʚʝʜʝʥʠʭ ʟʘʚʨʪˁʝʤ. ʇʦʩʣʝ ʧʦʩʣʝʜˁʝʛ ʧʝʨʠʦʜʘ ʭʣʘʹʝˁʘ, ʪʿ. ʥʘʢʦʥ ʧʦʩʣʝʜˁʝʛ 

ʧʝʨʠʦʜʘ ʟʘʛʨʝʚʘˁʘ (ʩʘ ʩʪʨʫʿʦʤ ʿʘʯʠʥʝ 4 ɸ), ʝʣʝʢʪʨʠʯʥʘ ʦʪʧʦʨʥʦʩʪ ʣʦʰʠʭ 

ʢʦʥʪʘʢʘʪʘ ʜʦʩʪʠʛʣʘ ʿʝ ʚʠʩʦʢʝ ʚʨʝʜʥʦʩʪʠ (1,92 ɋ ʟʘ ʩʪʘʨʫ ʫʪʠʯʥʠʮʫ, 1,84 ɋ ʟʘ ʥʦʚʫ 

ʫʪʠʯʥʠʮʫ ʪʨʝʪʠʨʘʥʫ ʮʘʨʩʢʦʤ ʚʦʜʦʤ ʠ 1,83 ɋ ʟʘ ʥʦʚʫ ʫʪʠʯʥʠʮʫ ʪʨʝʪʠʨʘʥʫ 
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ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ ʩʫʤʧʦʨʥʦʤ ʢʠʩʝʣʠʥʦʤ). ʅʘ ʦʩʥʦʚʫ ˁʠʭʦʚʠʭ ʩʣʠʯʥʠʭ ʚʨʝʜʥʦʩʪʠ 

ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʩʝ ʥʦʚʠ, ʘʣʠ ʥʘʤʝʨʥʦ ʢʦʨʦʜʠʨʘʥʠ ʧʨʠʢˀʫʯʮʠ ʠʟʚʝʜʝʥʠ ʟʘʚʨʪˁʝʤ 

ʫ ʫʪʠʯʥʠʮʘʤʘ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʩʠʤʫʣʠʨʘˁʝ ʝʣʝʢʪʨʠʯʥʦʛ 

ʧʦʥʘʰʘˁʘ ʧʨʠʢˀʫʯʘʢʘ ʥʘ ʩʪʘʨʠʤ ʫʪʠʯʥʠʮʘʤʘ.  

ɿʘ ʩʪʨʫʿʝ ʫ ʦʧʩʝʛʫ 4ï16 ɸ, ʩʥʘʛʘ ʜʠʩʠʧʠʨʘʥʘ ʥʘ ʢʦʥʪʘʢʪʠʤʘ ʙʘʢʘʨʥʠ 

ʧʨʦʚʦʜʥʠʢïʯʝʣʠʯʥʠ ʥʠʢʣʦʚʘʥʠ ʟʘʚʨʪʘˁ ʥʘ ʧʨʠʢˀʫʯʢʫ ʫʪʠʯʥʠʮʝ ʧʨʠʧʘʜʘʣʘ ʿʝ 

ʦʧʩʝʛʫ 29ï76 W ʟʘ ʩʪʘʨʫ ʫʪʠʯʥʠʮʫ, 27ï45 W ʟʘ ʥʦʚʫ ʫʪʠʯʥʠʮʫ ʪʨʝʪʠʨʘʥʫ ʮʘʨʩʢʦʤ 

ʚʦʜʦʤ ʠ 30ï55 W ʟʘ ʥʦʚʫ ʫʪʠʯʥʠʮʫ ʪʨʝʪʠʨʘʥʫ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ ʩʫʤʧʦʨʥʦʤ 

ʢʠʩʝʣʠʥʦʤ. ʆʚʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʫ ʩʢʣʘʜʫ ʩʘ ʦʥʠʤʘ ʜʦʙʠʿʝʥʠʤ ʫ ʨʝʬʝʨʝʥʮʠ [74], ʛʜʝ 

ʿʝ ʥʘʚʝʜʝʥʦ ʜʘ ʿʝ ʫ ʦʢʚʠʨʫ ʩʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠʟʤʝʨʝʥʘ ʩʥʘʛʘ ʜʠʩʠʧʘʮʠʿʝ 

ʥʘ ʫʩʠʿʘʥʠʤ ʙʘʢʘʨʥʠʤ ʢʦʥʪʘʢʪʠʤʘ ʙʠʣʘ ʫ ʦʧʩʝʛʫ 17ï57 W ʟʘ ʩʪʨʫʿʝ ʫ ʦʧʩʝʛʫ 1ï

15 ɸ. 

ɿʘ ʩʚʝ ʪʨʠ ʫʪʠʯʥʠʮʝ ʩʫ ʧʦʢʫʰʘʥʘ ʠ ʠʩʧʠʪʠʚʘˁʘ ʩʘ ʩʪʨʫʿʦʤ ʿʘʯʠʥʝ 2 ɸ (ʢʦʿʘ 

ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʩʠʤʫʣʠʨʘ ʤʦʥʦʬʘʟʥʘ ʝʣʝʢʪʨʠʯʥʘ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘʟʠʚʥʝ ʩʥʘʛʝ ʦʢʦ 

500 W). ʄʝʹʫʪʠʤ, ʠʩʧʠʪʠʚʘˁʝ ʥʠʿʝ ʫʩʧʝʣʦ ʥʠ ʟʘ ʿʝʜʥʫ ʦʜ ʪʝʩʪʠʨʘʥʠʭ ʫʪʠʯʥʠʮʘ. ʋ 

ʩʣʫʯʘʿʫ ʩʪʘʨʝ ʫʪʠʯʥʠʮʝ, ʥʘ ʧʦʯʝʪʢʫ ʠʩʧʠʪʠʚʘˁʘ ʩʘ ʩʪʨʫʿʦʤ ʦʜ 2 ɸ ʜʦʰʣʦ ʿʝ ʜʦ 

ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʠʟʤʝʹʫ ʢʦʥʪʘʢʪʘ ʬʘʟʥʦʛ ʧʨʠʢˀʫʯʢʘ ʠ ʧʨʠʢˀʫʯʢʘ ʥʘ ʢʦʿʠ ʿʝ ʧʦʚʝʟʘʥ 

ʟʘʰʪʠʪʥʠ ʧʨʦʚʦʜʥʠʢ. ʂʨʘʪʘʢ ʩʧʦʿ, ʢʦʿʠ ʿʝ ʫʩʧʦʩʪʘʚˀʝʥ ʢʨʦʟ ʫʛˀʝʥʠʩʘʥʫ 

ʧʦʚʨʰʠʥʫ ʢʝʨʘʤʠʯʢʦʛ ʢʫ˂ʠʰʪʘ ʫʪʠʯʥʠʮʝ, ʧʨʦʫʟʨʦʢʦʚʘʦ ʿʝ ʜʝʣʦʚʘˁʝ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʨʝʢʠʜʘʯʘ, ʢʦʿʠ ʿʝ ʧʨʝʢʠʥʫʦ ʥʘʧʘʿʘˁʝ ʩʪʨʫʿʥʦʛ ʢʦʣʘ. ɽʢʩʧʝʨʠʤʝʥʪ ʥʠʿʝ ʧʦʥʦʚˀʝʥ 

ʿʝʨ ʩʝ ʙʘʢʘʨʥʠ ʧʨʦʚʦʜʥʠʢ ʧʨʝʢʠʥʫʦ ʥʘ ʦʥʦʤ ʧʨʠʢˀʫʯʢʫ ʩʪʘʨʝ ʰʫʢʦ-ʫʪʠʯʥʠʮʝ ʥʘ 

ʢʦʤʝ ʿʝ ʙʠʦ ʥʘʤʝʨʥʦ ʠʟʘʟʚʘʥ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ. ʐʪʦ ʩʝ ʪʠʯʝ ʥʦʚʠʭ 

ʫʪʠʯʥʠʮʘ ʦʧʪʝʨʝ˂ ʝʥʠʭ ʩʪʨʫʿʦʤ ʦʜ 2 ɸ, ʪʘʢʦʹʝ ʥʘ ʧʦʯʝʪʢʫ ʩʚʘʢʦʛ ʠʩʧʠʪʠʚʘˁʘ, 

ʜʦʰʣʦ ʿʝ ʜʦ ʧʨʝʢʠʜʘ ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʣʦʰʝʤ ʢʦʥʪʘʢʪʫ (ʬʘʟʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʫ ʿʝʜʥʦʤ 

ʩʣʫʯʘʿʫ ʠ ʥʝʫʪʨʘʣʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʫ ʜʨʫʛʦʤ). ʆʚʦ ʩʝ ʚʝʨʦʚʘʪʥʦ ʜʦʛʦʜʠʣʦ ʟʙʦʛ 

ʤʝʭʘʥʠʯʢʦʛ ʟʘʤʦʨʘ ʠ ʪʝʨʤʠʯʢʦʛ ʦʰʪʝ˂ʝˁʘ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʿʝ ʫʟʨʦʢʦʚʘʥ 

ʧʨʝʪʭʦʜʥʠʤ ʜʫʛʦʪʨʘʿʥʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ. ʀʟʛʣʝʜ ʦʰʪʝ˂ʝʥʠʭ ʪʝʣʘ ʩʚʝ ʪʨʠ 

ʫʪʠʯʥʠʮʝ, ʩʚʘʢʘ ʩʘ ʧʨʦʚʦʜʥʠʢʦʤ ʧʦʚʝʟʘʥʠʤ ʩʘ ʣʦʰʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʢʦʥʪʘʢʪʦʤ ʠ 

ʙʝʟ ʧʣʘʩʪʠʯʥʦʛ ʧʦʢʣʦʧʮʘ (ʢʫ˂ʠʰʪʘ), ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 65. ʄʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ 

ʜʘ ʿʝ PVC ʠʟʦʣʘʮʠʿʘ ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʙʠʣʘ ʦʰʪʝ˂ʝʥʘ ʚʠʩʦʢʦʤ 

ʪʝʤʧʝʨʘʪʫʨʦʤ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʫ ʩʚʘʢʦʤ ʦʜ ʧʨʠʢʘʟʘʥʠʭ ʩʣʫʯʘʿʝʚʘ. 
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ʉʣʠʢʘ 65. ʋʪʠʯʥʠʮʝ ʥʘʢʦʥ ʠʟʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ: ʩʪʘʨʘ (ʣʝʚʦ), ʥʦʚʘ ʪʨʝʪʠʨʘʥʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ 

ʩʫʤʧʦʨʥʦʤ ʢʠʩʝʣʠʥʦʤ (ʫ ʩʨʝʜʠʥʠ) ʠ ʥʦʚʘ ʪʨʝʪʠʨʘʥʘ ʮʘʨʩʢʦʤ ʚʦʜʦʤ (ʜʝʩʥʦ) 

 

ʂʦʨʠʩʪʝ˂ʠ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ, ʥʘ ʧʦʯʝʪʢʫ ʩʚʘʢʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʢʘʦ ʠ ʥʘʢʦʥ ʩʚʘʢʦʛ ʧʝʨʠʦʜʘ 

ʭʣʘʹʝˁʘ, ʠʟʤʝʨʝʥʝ ʩʫ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ, RsL-PE  ʠ RsL-N (ʟʘ 

ʤʦʤʝʥʪʝ ʟʘʪʝʟʘˁʘ ʧʦʜʝʰʝʥʝ ʥʘ 1 Nm (ʦʜʣʠʯʘʥ ʢʦʥʪʘʢʪ) ʠ 0,1 Nm (ʚʨʣʦ ʣʦʰ 

ʢʦʥʪʘʢʪ)). ʀʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʩʚʝ ʪʨʠ ʠʩʧʠʪʠʚʘʥʝ ʫʪʠʯʥʠʮʝ ʜʘʪʝ ʩʫ ʫ ʪʘʙʝʣʠ 

29.  

 

ʊʘʙʝʣʘ 29. ʀʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ, RsL-PE  ʠ RsL-N, ʧʨʝ ʝʢʩʧʝʨʠʤʝʥʪʘ 

ʟʘʛʨʝʚʘˁʘ ʠ ʧʦʩʣʝ ʩʚʘʢʦʛ ʧʝʨʠʦʜʘ ʭʣʘʹʝˁʘ  

ʉʪʘʨʘ 

ʫʪʠʯʥʠʮʘ 

ʅʦʚʘ 

ʫʪʠʯʥʠʮʘ 

(ʮʘʨʩʢʘ ʚʦʜʘ) 

ʅʦʚʘ ʫʪʠʯʥʠʮʘ 

 (ʩʫʤʧʦʨʥʘ 

ʢʠʩʝʣʠʥʘ) 

RsL-PE 

(Ý) 

RsL-N 

(Ý) 

RsL-PE 

(Ý) 

RsL-N 

(Ý) 

RsL-PE 

(Ý) 

RsL-N 

(Ý) 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 1 Nm, ʥʝʤʘ ʩʪʨʫʿʝ 

0,46 0,45 0,44 0,43 0,47 0,46 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,1 Nm, ʥʝʤʘ ʩʪʨʫʿʝ 

0,46 0,45 0,45 0,44 0,47 0,46 

ʧʦʩʣʝ ʛʨʝʿʘˁʘ ʩʘ ʩʪʨʫʿʦʤ ʦʜ I å16 A + 30 ʤʠʥʫʪʘ 

ʭʣʘʹʝˁʘ 

0,74 0,73 0,59 0,58 0,48 0,66 

ʧʦʩʣʝ ʛʨʝʿʘˁʘ ʩʘ ʩʪʨʫʿʦʤ ʦʜ I å13 A + 30 ʤʠʥʫʪʘ 

ʭʣʘʹʝˁʘ 

0,87 0,86 0,69 0,68 0,49 0,75 

ʧʦʩʣʝ ʛʨʝʿʘˁʘ ʩʘ ʩʪʨʫʿʦʤ ʦʜ I å10 A + 30 ʤʠʥʫʪʘ 

ʭʣʘʹʝˁʘ 

1,01 0,98 0,80 0,78 0,49 0,92 

ʧʦʩʣʝ ʛʨʝʿʘˁʘ ʩʘ ʩʪʨʫʿʦʤ ʦʜ I å8 A + 30 ʤʠʥʫʪʘ 

ʭʣʘʹʝˁʘ 

1,25 1,23 1,08 0,95 0,49 1,04 

ʧʦʩʣʝ ʛʨʝʿʘˁʘ ʩʘ ʩʪʨʫʿʦʤ ʦʜ I å6 A + 30 ʤʠʥʫʪʘ 

ʭʣʘʹʝˁʘ 

1,60 1,59 1,49 1,46 0,50 1,30 

ʧʦʩʣʝ ʛʨʝʿʘˁʘ ʩʘ ʩʪʨʫʿʦʤ ʦʜ I å 4 A + 30 ʤʠʥʫʪʘ 

ʭʣʘʹʝˁʘ 

2,35 2,32 2,18 2,05 0,50 2,26 
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ʊʨʝʙʘ ʠʤʘʪʠ ʥʘ ʫʤʫ ʜʘ ʩʫ ʠʩʧʠʪʠʚʘˁʘ ʩʪʘʨʝ ʠ ʥʦʚʝ ʫʪʠʯʥʠʮʝ ʪʨʝʪʠʨʘʥʝ 

ʮʘʨʩʢʦʤ ʚʦʜʦʤ (ʫ ʦʙʘ ʩʣʫʯʘʿʘ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʙʠʦ ʿʝ ʬʦʨʤʠʨʘʥ ʥʘ 

ʧʨʠʢˀʫʯʢʫ ʩʘ ʬʘʟʥʠʤ ʧʨʦʚʦʜʥʠʢʦʤ) ʧʦʢʘʟʘʣʘ ʜʘ ʩʫ ʚʨʝʜʥʦʩʪʠ RsL-PE ʠ RsL-N 

ʠʟʤʝʨʝʥʝ ʥʘʢʦʥ ʩʚʘʢʦʛ ʧʝʨʠʦʜʘ ʭʣʘʹʝˁʘ ʙʠʣʝ ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢʝ ʩʫʤʘʤʘ ˁʠʭʦʚʠʭ 

ʠʥʠʮʠʿʘʣʥʦ ʠʟʤʝʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʜʘʪʠʭ ʫ ʪʘʙʝʣʠ 29 ʠ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ 

ʣʦʝhʛ ʢʦʥʪʘʢʪʘ ʯʠʿʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʧʨʠʢʘʟʘʥʝ ʥʘ ʩʣʠʮʠ 56 ʠ 60. ʅʘ ʧʨʠʤʝʨ, ʟʘ ʩʪʘʨʫ 

ʫʪʠʯʥʠʮʫ ʧʦʯʝʪʥʘ ʚʨʝʜʥʦʩʪ RsL-PE ʠʟʥʦʩʠʣʘ ʿʝ 0,46 ɋ (ʪʘʙʝʣʘ 29), ʘ ʝʣʝʢʪʨʠʯʥʘ 

ʦʪʧʦʨʥʦʩʪ ˁʝʥʦʛ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ, ʠʟʤʝʨʝʥʘ U-I ʤʝʪʦʜʦʤ ʥʘʢʦʥ ʟʘʛʨʝʚʘˁʘ ʩʪʨʫʿʦʤ 

ʦʜ 4 ɸ ʠ ʧʝʨʠʦʜʘ ʭʣʘʹʝˁʘ ʦʜ 30 ʤʠʥʫʪʘ, ʠʟʥʦʩʠʣʘ ʿʝ 1,92 ɋ (ʩʣʠʢʘ 56). ʉʫʤʘ ʦʚʝ 

ʜʚʝ ʚʨʝʜʥʦʩʪʠ ʿʝ 2,38 ɋ ʠ ʧʨʠʙʣʠʞʥʦ ʿʝ ʿʝʜʥʘʢʘ ʚʨʝʜʥʦʩʪʠ RsL-PE ʠʟʤʝʨʝʥʦ ʿʧʦʩʣʝ 

ʟʘʛʨʝʚʘˁʘ ʩʪʨʫʿʦʤ ʦʜ 4 ɸ ʠ ʧʝʨʠʦʜʘ ʭʣʘʹʝˁʘ ʦʜ 30 ʤʠʥʫʪʘ, ʘ ʢʦʿʘ ʿʝ ʠʟʥʦʩʠʣʘ 

2,35 ɋ (ʪʘʙʝʣʘ 29). ʅʘʨʘʚʥʦ, ʦʚʦ ʥʠʿʝ ʙʠʦ ʩʣʫʯʘʿ ʩʘ ʦʪʧʦʨʥʦʰ˂ʫ ʧʝʪˀʝ ʢʚʘʨʘ ʢʦʘʿ 

ʦʜʛʦʚʘʨʘ ʫʪʠʯʥʠʮʠ ʢʦʿʘ ʿʝ ʪʨʝʪʠʨʘʥʘ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ ʩʫʤʧʦʨʥʦʤ ʢʠʩʝʣʠʥʦʤ, ʘ 

ʢʦʿʘ ʿʝ ʧʨʘʢʪʠʯʥʦ ʦʩʪʘʣʘ ʠʩʪʘ ʥʘʢʦʥ ʩʚʘʢʦʛ ʮʠʢʣʫʩʘ ʛʨʝʿʘˁʘ ʠ ʭʣʘʹʝˁʘ, ʿʝʨ ʿʝ ʣʦʰ 

ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʫ ʪʦʿ ʫʪʠʯʥʠʮʠ ʙʠʦ ʬʦʨʤʠʨʘʥ ʥʘ ʧʨʠʢˀʫʯʢʫ ʩʘ ʥʝʫʪʨʘʣʥʠʤ 

ʧʨʦʚʦʜʥʠʢʦʤ (ʟʙʦʛ ʪʦʛʘ ʩʝ ʧʦʚʝ˂ʘʣʘ ʩʘʤʦ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ). ʉʚʝ 

ʧʦʯʝʪʥʦ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ RsL-PE ʠ RsL-N ʙʠʣʝ ʩʫ ʫ ʦʧʩʝʛʫ 0,43ï0,47 ɋ, ʯʘʢ ʠ ʢʘʜʘ 

ʿʝ ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ ʥʘ ʿʝʜʥʦʤ ʦʜ ʧʨʠʢˀʫʯʘʢʘ ʫʪʠʯʥʠʮʝ ʙʠʦ ʧʦʜʝʰʝʥ ʥʘ 0,1 Nm 

(ʚʨʣʦ ʣʦʰ ʢʦʥʪʘʢʪ). ʄʝʹʫʪʠʤ, ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ RsL-PE, ʥʘʢʦʥ ʩʚʘʢʦʛ ʮʠʢʣʫʩʘ 

ʛʨʝʿʘˁʘ ʠ ʭʣʘʹʝˁʘ, ʢʨʝʪʘʣʝ ʩʫ ʩʝ ʫ ʦʧʩʝʛʫ 0,59ï2,35 ɋ ʟʘ ʩʪʘʨʫ ʫʪʠʯʥʠʮʫ ʠ ʿʝʜʥʫ 

ʥʦʚʫ ʢʦʿʘ ʿʝ ʪʨʝʪʠʨʘʥʘ ʮʘʨʩʢʦʤ ʚʦʜʦʤ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʧʨʠʩʫʩʪʚʦ ʥʘʿʤʘˁʝ ʿʝʜʥʦʛ 

ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʫ ˁʠʭʦʚʦʤ ʩʪʨʫʿʥʦʤ ʢʦʣʫ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʠʟʤʝʨʝʥʝ 

ʚʨʝʜʥʦʩʪʠ RsL-N, ʥʘʢʦʥ ʩʚʘʢʦʛ ʮʠʢʣʫʩʘ ʛʨʝʿʘˁʘ ʠ ʭʣʘʹʝˁʘ, ʟʘ ʫʪʠʯʥʠʮʫ ʪʨʝʪʠʨʘʥʫ 

ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ ʩʫʤʧʦʨʥʦʤ ʢʠʩʝʣʠʥʦʤ ʢʨʝʪʘʣʝ ʩʫ ʩʝ ʫ ʦʧʩʝʛʫ 0,66ï2,26 ɋ, ʰʪʦ 

ʧʨʝʮʠʟʥʦ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ʿʝ ʥʘʿʤʘˁʝ ʿʝʜʘʥ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʣʦʮʠʨʘʥ ʥʘ 

ʥʝʫʪʨʘʣʥʦʤ ʧʨʦʚʦʜʥʠʢʫ (ʿʝʨ ʿʝ ʦʪʧʦʨʥʦʩʪ ʧʝʪˀʝ ʢʚʘʨʘ RsL-PE ʠ ʜʘˀʝ ʟʘʜʨʞʘʣʘ 

ʠʥʠʮʠʿʘʣʥʫ ʥʠʩʢʫ ʚʨʝʜʥʦʩʪ). 

4.3 ʄʝʪʦʜʘ ʟʘ ʜʝʪʝʢʮʠʿʫ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʫ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ  
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(ʧʨʝʜʩʪʘʚˀʝʥʠʭ ʫ ʧʦʛʣʘʚˀʫ 4.2), ʧʨʠʩʪʫʧˀʝʥʦ ʿʝ ʘʥʘʣʠʟʠ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ 
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ʦʩʪʚʘʨʝʥʠʭ ʥʘ ʪʝʨʝʥʫ [50ï59], ʩʘ ʮʠˀʝʤ ʜʝʬʠʥʠʩʘˁʘ ʥʦʚʝ ʤʝʪʦʜʝ ʟʘ ʦʪʢʨʠʚʘˁʝ 

ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʟʘʩʥʦʚʘʥʝ ʥʘ ʫʩʧʦʩʪʘʚˀʘˁʫ ʢʦʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ 

ʠʟʤʝʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʠ ʩʪʝʧʝʥʘ 

ʧʦʛʦʨʰʘˁʘ ʢʦʥʪʘʢʘʪʘ, ʦʜʥʦʩʥʦ ʧʦʚʝ˂ʘˁʘ ˁʠʭʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ.  ɺʘʞʝ˂ʠ 

ʩʪʘʥʜʘʨʜʠ ʠ ʧʨʘʚʠʣʥʠʮʠ [27,28] ʢʦʿʠʤʘ ʝʿ ʫʨʝʹʝʥʘ ʦʙʣʘʩʪ ʚʝʨʠʬʠʢʘʮʠʿʝ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʧʨʦʧʠʩʫʿʫ ʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ 

ʧʨʦʚʝʨʫ ʝʬʠʢʘʩʥʦʩʪʠ ʩʠʩʪʝʤʘ ʘʫʪʦʤʘʪʩʢʦʛ ʠʩʢˀʫʯʝˁʘ ʥʘʧʘʿʘˁʘ ʫ ʩʣʫʯʘʿʫ ʢʚʘʨʘ, 

ʢʦʿʦʤ ʤʦʛʫ ʜʘ ʩʝ ʜʝʪʝʢʪʫʿʫ ʥʝʢʘ ʥʝʠʩʧʨʘʚʥʘ ʩʪʨʫʿʥʘ ʢʦʣʘ. ʀʘʢʦ ʩʝ ʪʠʤ ʧʨʦʚʝʨʘʤʘ ʫ 

ʦʜʨʝʹʝʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʜʝʪʝʢʪʫʿʫ ʣʦʰʠ ʢʦʥʪʘʢʪʠ ʫ ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ, ʧʦʿʝʜʠʥʠ 

ʣʦʰʠ ʢʦʥʪʘʢʪʠ ʦʩʪʘʿʫ ʥʝʦʪʢʨʠʚʝʥʠ. ʋ ʟʘʚʨʰʥʦʤ ʜʝʬʠʥʠʩʘˁʫ ʥʦʚʝ ʤʝʪʦʜʝ ʟʘ 

ʦʪʢʨʠʚʘˁʝ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʘʥʘʣʠʟʠʨʘʥʠ ʩʫ ʥʘʚʝʜʝʥʠ ʥʝʜʦʩʪʘʮʠ 

ʧʦʩʪʦʿʝ˂ʝ ʧʨʦʮʝʜʫʨʝ, ʧʨʠ ʯʝʤʫ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʧʦʜʘʮʠ ʜʦʙʠʿʝʥʠ ʙʨʦʿʥʠʤ 

ʚʝʨʠʬʠʢʘʮʠʿʘʤʘ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʥʘ ʪʝʨʝʥʫ. 

ʄʘʢʩʠʤʘʣʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ (RsʄɸX) ʢʦʿʝ ʦʙʝʟʙʝʹʫʿʫ ʝʬʠʢʘʩʘʥ ʨʘʜ 

ʢʣʘʩʠʯʥʠʭ ʟʘʰʪʠʪʥʠʭ ʢʦʤʧʦʥʝʥʪʠ (ʦʩʠʛʫʨʘʯʘ (ʙʨʟʠʭ ʠ ʩʧʦʨʠʭ) ʠ ʘʫʪʦʤʘʪʩʢʠʭ 

ʧʨʝʢʠʜʘʯʘ (ʪʠʧʘ B ʠ C), ʩʘ ʥʘʟʠʚʥʠʤ ʩʪʨʫʿʘʤʘ (Ir) ʫ ʨʘʩʧʦʥʫ 6ï25 ɸ), ʦʜʨʝʹʝʥʝ ʟʘ 

TN ʩʠʩʪʝʤ ʟʘʰʪʠʪʝ, ʧʨʠʢʘʟʘʥʝ ʩʫ ʨʝʜʦʤ ʫ ʪʘʙʝʣʘʤʘ 30 ʠ 31. ɿʘ ʩʚʘʢʠ ʨʘʟʤʘʪʨʘʥʠ 

ʦʩʠʛʫʨʘʯ ʩʘ ʪʦʧˀʠʚʠʤ ʫʤʝʪʢʦʤ, ʩʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ˁʝʛʦʚʦʛ ʨʝʘʛʦʚʘˁʘ ʦʯʠʪʘʥʘ ʿʝ 

ʤʠʥʠʤʘʣʥʘ ʩʪʨʫʿʘ Iʘ [116] ʢʦʿʘ ʦʙʝʟʙʝʹʫʿʝ ˁʝʛʦʚʦ ʨʝʘʛʦʚʘˁʝ ʫ ʦʢʚʠʨʫ 0,4 s (ʫʩʣʦʚ 

ʠʟ ʩʪʘʥʜʘʨʜʘ [102]). ʂʦʜ ʘʫʪʦʤʘʪʩʢʠʭ ʧʨʝʢʠʜʘʯʘ, ʤʠʥʠʤʘʣʥʘ ʩʪʨʫʿʘ ʨʝʘʛʦʚʘˁʘ Iʘ ʟʘ 

ʢʦʿʫ ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯʠ ʨʝʘʛʫʿʫ ʫ ʦʢʚʠʨʫ 0,1 s (ʩʘʤʠʤ ʪʠʤ ʠ ʫʥʫʪʘʨ 0,4 s) 

ʠʟʥʦʩʠ 5 Ir ʠ 10 Ir, ʨʝʜʦʤ ʟʘ ʪʠʧʦʚʝ B ʠ C [117]. ʋ ʩʚʠʤ ʥʘʚʝʜʝʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ, 

ʚʨʝʜʥʦʩʪ RsʄɸX ʿʝ ʜʦʙʠʿʝʥʘ ʜʝˀʝˁʝʤ ʚʨʝʜʥʦʩʪʠ ʥʘʟʠʚʥʦʛ ʬʘʟʥʦʛ ʥʘʧʦʥʘ (230 V) ʩʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʚʨʝʜʥʦʰ˂ʫ Iʘ. 

 

ʊʘʙʝʣʘ 30. ɺʨʝʜʥʦʩʪʠ Ia ʀ RsMAX  ʟʘ ʙʨʟʝ ʠ ʩʧʦʨʝ ʫʤʝʪʢʝ ʦʩʠʛʫʨʘʯʘ  (Ir = 6-25 A) 

I r 

(ɸ) 

Ia (A) RsMAX (Ý) 

ʙʨʟʠ ʩʧʦʨʠ ʙʨʟʠ ʩʧʦʨʠ 

6 16,71 29,65 13.,76 7,75 

10 34,08 55,65 6,74 4,13 

16 51,07 86,86 4,50 2,64 

20 67,62 110,01 3,40 2,09 

25 94,69 138,13 2,42 1,66 
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ʊʘʙʝʣʘ 31. ɺʨʝʜʥʦʩʪʠ Ia  ʀ  RsMAX  ʟʘ ʘʫʪʦʤʘʪʩʢʝ ʧʨʝʢʠʜʘʯʝ ʪʠʧʘ B ʠ C (Ir = 6-25 A) 

I r (ɸ) 

Ia (A) RsMAX (Ý) 

ʊʠʧ 

B 

ʊʠʧ 

C 

ʊʠʧ 

B 

ʊʠʧ 

C 

6 30 60 7,67 3,83 

8 40 80 5,75 2,87 

10 50 100 4,60 2,30 

13 65 130 3,53 1,76 

16 80 160 2,87 1,43 

20 100 200 2,30 1,15 

25 125 250 1,84 0,92 

 

ʀʟ ʪʘʙʝʣʘ 30 ʠ 31 ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʫ ʚʨʝʜʥʦʩʪʠ RsʄɸX ʨʝʣʘʪʠʚʥʦ ʚʠʩʦʢʝ, 

ʟʙʦʛ ʯʝʛʘ ʧʨʘʚʠʣʥʦ ʧʨʦʿʝʢʪʦʚʘʥʘ ʠ ʠʟʚʝʜʝʥʘ ʩʪʨʫʿʥʘ ʢʦʣʘ ʫ ʧʨʘʢʩʠ ʥʘʿʯʝʰ˂ʝ 

ʠʩʧʫˁʘʚʘʿʫ ʫʩʣʦʚʝ ʟʘ ʝʬʠʢʘʩʥʦ ʨʝʘʛʦʚʘˁʝ ʟʘʰʪʠʪʥʦʛ ʫʨʝʹʘʿʘ (ʦʩʠʛʫʨʘʯʘ ʠʣʠ 

ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʢʠʜʘʯʘ) ʠ ʩʧʨʝʯʘʚʘˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ. ʂʘʦ ʧʦʩʣʝʜʠʮʘ ʪʦʛʘ, ʫ 

ʤʥʦʛʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʨʝʜʦʚʥʘ ʧʝʨʠʦʜʠʯʥʘ ʚʝʨʠʬʠʢʘʮʠʿʘ ʢʚʘʣʠʪʝʪʘ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʤʦʞʝ ʧʦʢʘʟʘʪʠ ʜʘ ʿʝ ʩʪʨʫʿʥʦ ʢʦʣʦ ʫ 

ʨʝʜʫ, ʠʘʢʦ ʫ ˁʝʤʫ ʧʦʩʪʦʿʠ ʥʘʿʤʘˁʝ ʿʝʜʘʥ ʣʦ hʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ. ʆʚʦ ʩʝ ʣʘʢʦ 

ʤʦʞʝ ʚʠʜʝʪʠ ʘʥʘʣʠʟʦʤ ʧʨʠʤʝʨʘ ʥʘʿʯʝʰ˂ʠʭ ʩʪʨʫʿʥʠʭ ʢʦʣʘ ʟʘʰʪʠ˂ʝʥʠʭ ʙʨʟʠʤ ʠʣʠ 

ʩʧʦʨʠʤ ʫʤʝʮʠʤʘ ʦʩʠʛʫʨʘʯʘ ʥʘʟʠʚʥʝ ʩʪʨʫʿʝ 10 ɸ ʠʣʠ 16 ɸ, ʢʘʦ ʠ ʘʫʪʦʤʘʪʩʢʠʤ 

ʧʨʝʢʠʜʘʯʠʤʘ ʪʠʧʘ B ʠʣʠ C ʠʩʪʠʭ ʥʘʟʠʚʥʠʭ ʩʪʨʫʿʘ, ʫ ʢʦʿʠʤʘ ʩʫ ʚʨʝʜʥʦʩʪʠ RsʄɸX 

ʜʦʩʪʘ ʚʠʩʦʢʝ. ʆʥʝ ʨʝʜʦʤ ʠʟʥʦʩʝ 6,74 ɋ ʠ 4,50 ɋ (ʟʘ ʨʘʟʤʘʪʨʘʥʝ ʙʨʟʝ ʦʩʠʛʫʨʘʯʝ), 

4,13 ɋ ʠ 2,64 ɋ (ʟʘ ʨʘʟʤʘʪʨʘʥʝ ʩʧʦʨʝ ʦʩʠʛʫʨʘʯʝ), 4,60 ɋ ʠ 2,30 ɋ (ʟʘ ʨʘʟʤʘʪʨʘʥʝ 

ʘʫʪʦʤʘʪʩʢʝ ʧʨʝʢʠʜʘʯʝ ʪʠʧʘ B), ʠ 2,87 ɋ ʠ 1,43 ɋ (ʟʘ ʨʘʟʤʘʪʨʘʥʝ ʘʫʪʦʤʘʪʩʢʝ 

ʧʨʝʢʠʜʘʯʝ ʪʠʧʘ C). ʋ ʠʟʚʨʰʝʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ 

(ʚʠʜʝʪʠ ʧʦʛʣʘʚˀʝ 4.2), ʥʘ ʧʦʿʝʜʠʥʠʤ ʫʪʠʯʥʠʮʘʤʘ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ (RsL-PE) 

ʙʠʣʝ ʩʫ ʫ ʦʧʩʝʛʫ 0,59ï2,35 ɋ, ʘ ʟʘʙʝʣʝʞʝʥʝ ʩʫ ʚʝʦʤʘ ʚʠʩʦʢʝ ʪʝʤʧʝʨʘʪʫʨʝ Ăʚʨʝʣʝñ 

ʪʘʯʢʝ ʥʘ ʣʦʰʝʤ ʢʦʥʪʘʢʪʫ. ʄʝʹʫʪʠʤ, ʦʚʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʤʘˁʝ ʦʜ ʚʝ˂ʠʥʝ ʚʨʝʜʥʦʩʪʠ 

RsʄɸX ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʫ ʩʪʨʫʿʥʘ ʢʦʣʘ ʩʘ ʟʘʰʪʠʪʥʠʤ ʫʨʝʹʘʿʠʤʘ ʥʘʟʠʚʥʝ ʩʪʨʫʿʝ 10 ɸ 

ʠʣʠ 16 ɸ. 

ʉʣʠʯʥʠ ʟʘʢˀʫʯʮʠ ʩʝ ʤʦʛʫ ʠʟʚʝʩʪʠ ʘʥʘʣʠʟʦʤ ʨʝʟʫʣʪʘʪʘ ʧʝʨʠʦʜʠʯʥʠʭ 

ʚʝʨʠʬʠʢʘʮʠʿʘ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʢʦʿʝ ʿʝ ʫʨʘʜʠʣʘ 

ʃʘʙʦʨʘʪʦʨʠʿʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʛʨʦʤʦʙʨʘʥʩʢʠʭ 

ʟʘʰʪʠʪʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʫ ʿʘʚʥʠʤ ʠ ʧʦʩʣʦʚʥʠʤ 

ʦʙʿʝʢʪʠʤʘ ʫʢʫʧʥʝ ʧʦʚʨʰʠʥʝ ʧʨʝʢʦ 150.000 m
2
, ʛʜʝ ʿʝ ʦʪʧʦʨʥʦʩʪ ʧʝʪˀʝ ʢʚʘʨʘ 

ʠʟʤʝʨʝʥʘ ʟʘ 11.243 ʫʪʠʯʥʠʮʝ. ʇʨʝʢʠʜ ʟʘʰʪʠʪʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʜʝʪʝʢʪʦʚʘʥ ʿʝ ʫ 84 
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ʩʪʨʫʿʥʘ ʢʦʣʘ, ʟʙʦʛ ʯʝʛʘ ʩʫ ʢʦʨʠʩʥʠʮʠ ʦʙʿʝʢʘʪʘ ʙʠʣʠ ʧʨʠʥʫʹʝʥʠ ʜʘ ʠʟʚʨʰʝ 

ʥʝʦʧʭʦʜʥʝ ʠʥʪʝʨʚʝʥʮʠʿʝ (ʤʝʩʪʦ ʧʨʝʢʠʜʘ ʟʘʰʪʠʪʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʙʠʣʦ ʿʝ ʫ ʰʫʢʦ-

ʫʪʠʯʥʠʮʘʤʘ ʠʣʠ ʨʘʟʚʦʜʥʠʤ ʪʘʙʣʘʤʘ, ʘ ʫ ʧʦʿʝʜʠʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʟʘʰʪʠʪʥʠ 

ʧʨʦʚʦʜʥʠʢ ʥʠʿʝ ʥʠ ʙʠʦ ʠʥʩʪʘʣʠʨʘʥ). ɿʙʦʛ ʪʦʛʘ ʿʝ ʥʦʚʠ ʫʢʫʧʘʥ ʙʨʦʿ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ 

ʢʦʨʠʰ˂ʝʥ ʫ ʜʘˀʦʿ ʘʥʘʣʠʟʠ ʠʟʥʦʩʠʦ 11.159 (ʟʘ ʩʚʘʢʫ ʦʜ ˁʠʭ ʙʠʣʘ ʿʝ ʠʟʤʝʨʝʥʘ 

ʦʪʧʦʨʥʦʩʪ ʧʝʪˀʝ ʢʚʘʨʘ).  

ʅʘ ʩʣʠʮʠ 66 ʧʨʠʢʘʟʘʥ ʿʝ ʙʨʦʿ ʫʪʠʯʥʠʮʘ ʟʘ ʢʦʿʝ ʩʫ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ 

ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʧʨʠʧʘʜʘʣʝ ʦʧʩʝʟʠʤʘ 0ï0,1 ɋ, 0,1ï0,2 ɋ, ..., 1,1ï1,2 ɋ ʠ 

1,2ï1,3 ɋ. ʋʪʠʯʥʠʮʝ ʟʘ ʢʦʿʝ ʿʝ ʦʪʧʦʨʥʦʩʪ ʧʝʪˀʝ ʢʚʘʨʘ ʙʠʣʘ ʚʝ˂ʘ ʦʜ 1,3 ɋ (1,5% 

ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʫʪʠʯʥʠʮʘ) ʥʠʩʫ ʧʨʠʢʘʟʘʥʝ ʥʘ ʩʣʠʮʠ 66, ʿʝʨ ʩʫ ʚʨʝʜʥʦʩʪʠ ˁʠʭʦʚʝ 

ʦʪʧʦʨʥʦʩʪʠ ʥʘʩʫʤʠʯʥʦ ʨʘʩʫʪʝ ʫʥʫʪʘʨ ʰʠʨʦʢʦʛ ʦʧʩʝʛʘ ʦʜ 1,31 ɋ ʜʦ 7,68 ɋ. 

 

 
ʉʣʠʢʘ 66. ɹʨʦʿ ʫʪʠʯʥʠʮʘ ʟʘ ʢʦʿʝ ʿʝ ʚʨʝʜʥʦʩʪ RsL-PE ʧʨʠʧʘʜʘʣʘ ʩʚʘʢʦʤ ʦʜ ʧʦʿʝʜʠʥʘʯʥʠʭ ʦʧʩʝʛʘ 

ʰʠʨʠʥʝ 0,1 ɋ 

 

ɸʥʘʣʠʟʦʤ ʠʟʤʝʨʝʥʠʭ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ, ʧʨʠʤʝ˂ʝʥʦ ʿʝ ʜʘ ʿʝ ʚʝ˂ʠʥʘ 

ˁʠʭ ʧʨʠʧʘʜʘʣʘ ʦʧʩʝʛʫ 0,3ï1 ɋ. ɺʨʝʜʥʦʩʪʠ ʤʘˁʝ ʦʜ 0,3 ɋ ʙʠʣʝ ʩʫ ʠʟʤʝʨʝʥʝ ʫ 

ʩʣʫʯʘʿʝʚʠʤʘ ʫ ʢʦʿʠʤʘ ʿʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʘ ʩʪʘʥʠʮʘ 10/0,4 kV ʙʠʣʘ ʧʦʟʠʮʠʦʥʠʨʘʥʘ 

ʫʥʫʪʘʨ ʟʛʨʘʜʝ ʠʣʠ ʫ ˁʝʥʦʿ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ, ʢʘʦ ʠ ʟʘ ʩʪʨʫʿʥʘ ʢʦʣʘ ʥʘ ʥʠʞʠʤ 

ʝʪʘʞʘʤʘ ʟʛʨʘʜʝ. ɺʨʝʜʥʦʩʪʠ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʚʝ˂ʝ ʦʜ 1 ɋ ʙʠʣʝ ʩʫ ʠʟʤʝʨʝʥʝ 

ʟʘ ʩʪʨʫʿʥʘ ʢʦʣʘ ʥʘ ʚʠʰʠʤ ʝʪʘʞʘʤʘ, ʿʝʨ ʩʝ ʚʨʝʜʥʦʩʪ RsL-PE ʧʦʚʝ˂ʘʚʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ 

ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʠʩʧʠʪʠʚʘʥʦʛ ʩʪʨʫʿʥʦʛ ʢʦʣʘ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʝ ʩʪʘʥʠʮʝ. 
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ʅʘ 82 ʫʪʠʯʥʠʮʝ ʠʟʤʝʨʝʥʘ ʿʝ ʦʪʧʦʨʥʦʩʪ RsL-PE ʠʟʥʘʜ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ RsʄɸX 

ʚʨʝʜʥʦʩʪʠ. ʊʘ ʩʪʨʫʿʥʘ ʢʦʣʘ ʩʫ ʪʘʢʦʹʝ ʧʨʦʛʣʘʰʝʥʘ ʥʝʘʜʝʢʚʘʪʥʠʤ ʟʘ ʫʧʦʪʨʝʙʫ, ʿʝʨ 

ʫʩʣʦʚʠ ʟʘ ʩʧʨʝʯʘʚʘˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ ʘʫʪʦʤʘʪʩʢʠʤ ʠʩʢˀʫʯʝˁʝʤ ʥʘʧʘʿʘˁʘ ʥʠʩʫ 

ʙʠʣʠ ʠʩʧʫˁʝʥʠ. ʋ ʪʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʠʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ RsL-PE ʙʠʣʝ 

ʩʫ ʫ ʦʧʩʝʛʫ 1,79ï7,68 ɋ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʩʪʦʿʘˁʝ ʥʘʿʤʘˁʝ ʿʝʜʥʦʛ ʣʦʰʝʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʫ ʩʚʘʢʦʤ ʦʜ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʩʪʨʫʿʥʠʭ ʢʦʣʘ. ʇʦʩʣʝ ʧʨʠʪʝʟʘˁʘ 

ʩʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʫ ʪʠʤ ʫʪʠʯʥʠʮʘʤʘ ʠʣʠ ˁʠʭʦʚʝ ʟʘʤʝʥʝ (ʢʘʜʘ ʩʫ 

ʢʦʥʪʘʢʪʠ ʙʠʣʠ ʦh ʪʝ˂ʝʥʠ ʢʦʨʦʟʠʿʦʤ), ʢʘʦ ʠ ʧʦʩʣʝ ʧʨʠʪʝʟʘˁʘ ʩʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʢʦʥʪʘʢʘʪʘ ʫ ʨʘʟʚʦʜʥʠʤ ʪʘʙʣʘʤʘ ʠ ʦʨʤʘʥʠʤʘ (ʥʘ ʨʝʜʥʠʤ ʢʣʝʤʘʤʘ, ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ 

ʟʘʰʪʠʪʥʠʭ ʢʦʤʧʦʥʝʥʪʠ...), ʦʪʧʦʨʥʦʩʪ ʧʝʪˀʝ ʢʚʘʨʘ RsL-PE ʧʦʥʦʚʦ ʿʝ ʠʟʤʝʨʝʥʘ ʠ ʫ 

ʩʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʿʝ ʝˁʥʘ ʚʨʝʜʥʦʩʪ ʙʠʣʘ ʥʝ ʩʘʤʦ ʤʘˁʘ ʦʜ RsʄɸX, ʥʝʛʦ ʤʘʘˁ ʠ ʦʜ 

1,3 ɋ.  

ʇʦʩʪʦʿʘʣʘ ʩʫ ʩʪʨʫʿʥʘ ʢʦʣʘ ʫ ʢʦʿʠʤʘ ʿʝ ʦʪʧʦʨʥʦʩʪ ʧʝʪˀʝ ʢʚʘʨʘ ʙʠʣʘ ʥʠʞʘ ʦʜ 

RsʄɸX, ʘʣʠ ʜʦʚʦˀʥʦ ʚʝʣʠʢʘ ʜʘ ʙʠ ʫʢʘʟʘʣʘ ʥʘ ʧʨʠʩʫʩʪʚʦ ʥʘʿʤʘˁʝ ʿʝʜʥʦʛ ʣʦʰʝʛ 

ʢʦʥʪʘʢʪʘ. ʋ ʪʠʤ ʩʣʫʯʘʿʝʚʠʤʘ (84 ʫʪʠʯʥʠʮʝ), ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʙʠʣʝ ʩʫ ʫ 

ʦʧʩʝʛʫ 1,3-4,38 ɋ. ʀʘʢʦ ʩʫ ʙʠʣʠ ʠʩʧʫˁʝʥʠ ʫʩʣʦʚʠ ʟʘ ʝʬʠʢʘʩʘʥ ʨʘʜ ʢʣʘʩʠʯʥʠʭ 

ʟʘʰʪʠʪʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʩʧʨʝʯʘʚʘˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ, ʢʦʨʠʩʥʠʮʠʤʘ ʟʛʨʘʜʝ ʿʝ 

ʥʘʣʦʞʝʥʦ ʜʘ ʠʟʚʨʰʝ ʥʝʦʧʭʦʜʥʝ ʧʦʧʨʘʚʢʝ, ʿʝʨ ʩʫ ʪʘ ʩʪʨʫʿʥʘ ʢʦʣʘ ʧʨʝʜʩʪʘʚˀʘʣʘ 

ʤʦʛʫ˂ʝ ʫʟʨʦʯʥʠʢʝ ʧʦʞʘʨʘ. ʇʦʩʣʝ ʧʨʠʪʝʟʘˁʘ ʩʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ, ʫ ʩʚʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʿʝ ʠʟʤʝʨʝʥʘ ʦʪʧʦʨʥʦʩʪ ʧʝʪˀʝ ʢʚʘʨʘ ʙʠʣʘ ʤʘˁʘ ʦʜ 1,3 ɋ. 

ʊʨʝʙʘ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʜʘ ʩʫ ʣʦʰʠ ʢʦʥʪʘʢʪʠ ʪʘʢʦʹʝ ʧʨʦʥʘʹʝʥʠ ʠ ʫ ʫʪʠʯʥʠʮʘʤʘ 

ʫ ʢʦʿʠʤʘ ʩʫ ʠʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʙʠʣʝ ʤʘʝˁ ʦʜ 1,3 ɋ, ʘʣʠ ʟʘ ʥʘʿʤʘˁʝ 0,5 ɋ ʚʝʝ˂ ʦʜ 

ʦʪʧʦʨʥʦʩʪʠ RsL-PE ʠʟʤʝʨʝʥʝ ʥʘ ʦʢʦʣʥʠʤ ʫʪʠʯʥʠʮʘʤʘ. ʆʚʦ ʿʝ ʫ ʜʦʙʨʦʿ ʢʦʨʝʣʘʮʠʿʠ ʩʘ 

ʨʝʟʫʣʪʘʪʠʤʘ ʜʦʙʠʿʝʥʠʤ ʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʧʨʦʚʝʜʝʥʦʤ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ (ʚʠʜʝʪʠ 

ʪʘʙʝʣʫ 29 ʫ ʧʨʝʪʭʦʜʥʦʤ ʧʦʛʣʘʚˀʫ). ɿʘ ʩʪʘʨʫ ʫʪʠʯʥʠʮʫ, ʧʦʯʝʪʥʘ ʚʨʝʜʥʦʩʪ 

ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʙʠʣʘ ʿʝ 0,46 ɋ, ʘ ʥʘʢʦʥ ʬʦʨʤʠʨʘˁʘ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ (ʧʦʩʣʝ 

15 ʩʘʪʠ ˁʝʛʦʚʦʛ ʛʨʝʿʘˁʘ ʩʪʨʫʿʦʤ ʿʘʯʠʥʝ 16 ɸ) ʠʟʥʦʩʠʣʘ ʿʝ 0,74 ɋ. ʇʨʦʤʝʥʘ 

ʦʪʧʦʨʥʦʩʪʠ RsL-PE ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʙʠʣʘ ʿʝ ʤʘˁʘ ʦʜ 0,5 ɋ, ʘʣʠ ʪʨʝʙʘ ʠʤʘʪʠ ʫ ʚʠʜʫ ʜʘ ʫ 

ʨʝʘʣʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʧʦʩʪʦʿʠ ʢʫʤʫʣʘʪʠʚʥʠ ʝʬʝʢʘʪ ʥʘʨʘʩʪʘˁʘ ʩʣʦʿʘ ʦʢʩʠʜʘ (ʥʘ 

ʧʨʠʤʝʨ, ʪʘʙʝʣʘ 29 ʧʦʢʘʟʫʿʝ ʜʘ ʩʝ ʟʙʦʛ ʜʦʜʘʪʥʦʛ ʛʨʝʿʘˁʘ ʢʦʥʪʘʢʪʘ ʩʘ ʩʪʨʫʿʘʤʘ 

ʤʘˁʠʭ ʿʘʯʠʥʘ ʦʪʧʦʨʥʦʩʪ RsL-PE ʧʦʚʝ˂ʘʣʘ ʩʘ 0,74 ɋ ʥʘ 2,35 ɋ). ʊʘʢʦʹʝ, ʧʦʩʪʦʿʝ ʠ 

ʜʨʫʛʠ ʢʦʥʪʘʢʪʠ ʫ ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ ʢʦʿʠ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʜʦʜʘʪʥʦʛ ʧʦʚʝ˂ʘˁʘ 
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ʦʪʧʦʨʥʦʩʪʠ RsL-PE. ʀʘʢʦ ʙʠ ʙʠʣʦ ʧʦʞʝˀʥʦ ʫʩʚʦʿʠʪʠ ʬʠʢʩʥʫ ʤʘʢʩʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ 

ʧʨʠʭʚʘʪˀʠʚʝ ʦʪʧʦʨʥʦʩʪʠ (Rlim) ʟʘ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ RsL-PE ʫ ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ, 

ʥʠʿʝ ʙʠʣʦ ʤʦʛʫ˂ʝ ʦʜʨʝʜʠʪʠ ˁʝʥʫ ʿʝʜʠʥʩʪʚʝʥʫ ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʚʘʞʠ ʟʘ ʩʚʘʢʦ ʩʪʨʫʿʥʦ 

ʢʦʣʦ, ʰʪʦ ʩʝ ʤʦʞʝ ʠʣʫʩʪʨʦʚʘʪʠ ʩʣʝʜʝ˂ʠʤ ʧʨʠʤʝʨʦʤ. ʋ ʧʨʠʟʝʤˀʫ ʟʛʨʘʜʝ 

ʦʪʧʦʨʥʦʩʪ RsL-PE ʠʟʤʝʨʝʥʘ ʥʘ ʫʪʠʯʥʠʮʘʤʘ ʙʠʣʘ ʿʝ ʫ ʦʧʩʝʛʫ 0,37ï0,46 ɋ, ʠʟʫʟʝʚ ʥʘ 

ʿʝʜʥʦ ʿ ʯʠʿʘ ʿʝ ʦʪʧʦʨʥʦʩʪ RsL-PE ʠʟʥʦʩʠʣʘ 0,89 ɋ (ʦʚʘ ʫʪʠʯʥʠʮʘ ʿʝ ʠʤʘʣʘ ʣʦʰ 

ʢʦʥʪʘʢʪ). ʋ ʠʩʪʦʿ ʟʛʨʘʜʠ ʩʚʝ ʠʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ RsL-PE ʟʘ ʫʪʠʯʥʠʮʝ ʥʘ ʧʦʪʢʨʦʚˀʫ 

ʙʠʣʝ ʩʫ ʚʝ˂ʝ ʦʜ 0,89 ɋ (ʧʨʠʧʘʜʘʣʝ ʩʫ ʦʧʩʝʛʫ 0,97ï1,16 ɋ), ʠʘʢʦ ʥʠʿʝʜʥʘ ʦʜ ˁʠʭ 

ʥʠʿʝ ʠʤʘʣʘ ʣʦʰ ʢʦʥʪʘʢʪ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʫʩʚʦʿʝʥ ʩʣʝʜʝ˂ʠ ʢʨʠʪʝʨʠʿʫʤ ʥʘ ʢʦʤʝ ʧʦʯʠʚʘ 

ʥʦʚʘ ʤʝʪʦʜʘ: ʢʘʜʘ ʩʝ ʚʨʰʠ ʧʝʨʠʦʜʠʯʥʘ ʚʝʨʠʬʠʢʘʮʠʿʘ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ, ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ RsL-PE ʢʦʿʘ ʧʦʢʘʟʫʿʝ ʜʘ ʧʦʩʪʦʿʠ 

ʥʘʿʤʘˁʝ ʿʝʜʘʥ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ (Rlim) ʿʝ ʦʥʘ ʢʦʿʘ ʿʝ ʟʘ 0,5 ɋ 

ʚʝ˂ʘ ʦʜ ʥʘʿʚʝ˂ʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠʟʤʝʨʝʥʝ ʥʘ ʦʢʦʣʥʠʤ ʫʪʠʯʥʠʮʘʤʘ. 

ʉʧʨʦʚʝʜʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʫ ʪʘʢʦʹʝ ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ ʣʦʰ ʢʦʥʪʘʢʪ ʤʦʞʝ 

ʧʦʿʘʚʠʪʠ ʠ ʩʘʤʦ ʥʘ ʥʝʫʪʨʘʣʥʦʤ ʧʨʦʚʦʜʥʠʢʫ. ʋ ʪʘʢʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʣʦʰ ʢʦʥʪʘʢʪ ʩʝ 

ʥʝ ʤʦʞʝ ʦʪʢʨʠʪʠ ʤʝʨʝˁʝʤ ʦʪʧʦʨʥʦʩʪʠ RsL-PE (ʧʦʛʣʝʜʘʪʠ ʨʝʟʫʣʪʘʪʝ ʤʝʨʝˁʘ 

ʧʨʠʢʘʟʘʥʝ ʫ ʪʘʙʝʣʠ 29 ʢʦʿʠ ʚʘʞʝ ʟʘ ʥʦʚʫ ʫʪʠʯʥʠʮʫ ʢʦʜ ʢʦʿʝ ʿʝ ʢʦʥʪʘʢʪ ʥʝʫʪʨʘʣʥʦʛ 

ʧʨʦʚʦʜʥʠʢʘ ʪʨʝʪʠʨʘʥ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ ʩʫʤʧʦʨʥʦʤ ʢʠʩʝʣʠʥʦʤ). ɸʢʦ ʿʝ ʥʝʢʘ ʦʜ 

ʠʟʤʝʨʝʥʠʭ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʫʪʠʯʥʠʮʠ, RsL-PE ʠ RsL-N, ʚʝ˂ʘ ʦʜ Rlim, ʚʝʦʤʘ ʿʝ ʚʝʨʦʚʘʪʥʦ 

ʜʘ ʧʦʩʪʦʿʠ ʥʘʿʤʘˁʝ ʿʝʜʘʥ ʣʦʰ ʢʦʥʪʘʢʪ ʥʘ ʫʪʠʯʥʠʮʠ (ʥʘ ʬʘʟʥʦʤ, ʥʝʫʪʨʘʣʥʦʤ ʠ/ʠʣʠ 

ʟʘʰʪʠʪʥʦʤ ʧʨʦʚʦʜʥʠʢʫ). ʊʘʢʦʹʝ, ʘʢʦ ʿʝ ʚʨʝʜʥʦʩʪ RsL-PE ʟʥʘʪʥʦ ʚʝ˂ʘ ʦʜ RsL-N, ʣʦʰ 

ʢʦʥʪʘʢʪ ʩʝ ʥʘʣʘʟʠ ʥʘ ʟʘʰʪʠʪʥʦʤ ʧʨʦʚʦʜʥʠʢʫ, ʘ ʘʢʦ ʿʝ ʚʨʝʜʥʦʩʪ RsL-N ʟʥʘʪʥʦ ʚʝ˂ʘ ʦʜ 

RsL-PE, ʣʦʰ ʢʦʥʪʘʢʪ ʩʝ ʥʘʣʘʟʠ ʥʘ ʥʝʫʪʨʘʣʥʦʤ ʧʨʦʚʦʜʥʠʢʫ. 

ʅʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʝ ʘʥʘʣʠʟʝ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʥʝ ʪʨʝʙʘ ʤʝʨʠʪʠ ʩʘʤʦ 

ʦʪʧʦʨʥʦʩʪ ʧʝʪˀʝ ʢʚʘʨʘ RsL-PE, ʚʝ˂ ʠ ʦʪʧʦʨʥʦʩʪ ʧʝʪˀʝ ʢʨʘʪʢʦʛ ʩʧʦʿʘ RsL-N ʫ ʩʚʘʢʦʤ 

ʩʪʨʫʿʥʦʤ ʢʦʣʫ (ʪʨʘʿʘˁʝ ʩʚʘʢʦʛ ʜʦʜʘʪʥʦʛ ʤʝʨʝˁʘ ʿʝ ʨʝʜʘ ʧʝʪ ʩʝʢʫʥʜʠ ʢʘʜʘ ʩʝ 

ʢʦʨʠʩʪʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ). ɸʥʘʣʠʟʦʤ ʠʟʤʝʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ RsL-PE ʠ RsL-N, ʤʦʞʝ ʩʝ ʫʪʚʨʜʠʪʠ ʜʘ 

ʣʠ ʧʦʩʪʦʿʠ ʣʦʰ ʢʦʥʪʘʢʪ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ. ʊʘʙʝʣʘ 32 ʩʘʜʨʞʠ ʧʨʦʮʝʜʫʨʫ ʟʘ 

ʦʪʢʨʠʚʘˁʝ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʣʦʢʘʮʠʿʘ ʣʦʰʠʭ ʢʦʥʪʘʢʘʪʘ ʠ ʤʦʛʫ˂ʝ ʦʧʘʩʥʦʩʪʠ ʦʜ 

ʧʦʞʘʨʘ ʫ ʩʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʢʦʿʝ ʤʦʛʫ ʥʘʩʪʘʪʠ ʫ ʧʨʘʢʩʠ. ʅʘʚʝʜʝʥʫ ʧʨʦʮʝʜʫʨʫ ʪʨʝʙʘ 

ʧʨʠʤʝʥʠʪʠ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʫ ʢʦʿʠʤʘ ʿʝ ʠʟʤʝʨʝʥʘ ʦʪʧʦʨʥʦʩʪ RsL-PE ʤʘˁʘ ʦʜ RsʄɸX (ʫ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

145 

 

ʩʫʧʨʦʪʥʦʤ ʙʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʩʪʨʫʿʥʦ ʢʦʣʦ ʫ ʦʢʚʠʨʫ ʨʝʜʦʚʥʝ ʧʨʦʮʝʜʫʨʝ ʙʠʣʦ 

ʧʨʦʛʣʘʰʝʥʦ ʨʠʟʠʯʥʠʤ ʟʙʦʛ ʦʧʘʩʥʦʩʪʠ ʦʜ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ). 

ʄʝʨʝˁʘ ʦʪʧʦʨʥʦʩʪʠ RsL-PE ʠ RsL-N, ʟʘʿʝʜʥʦ ʩʘ ʘʥʘʣʠʟʦʤ ʟʘʩʥʦʚʘʥʦʤ ʥʘ 

ʪʘʙʝʣʘʤʘ 30ï32, ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʦʚʫ ʧʨʦʮʝʜʫʨʫ ʟʘ ʜʝʪʝʢʮʠʿʫ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʢʦʥʪʘʢʘʪʘ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ, ʢʦʿʘ ʚʘʞʠ ʟʘ ʦʙʘ ʪʠʧʘ 

ʫʪʠʯʥʠʮʘ (ʤʦʥʦʬʘʟʥʝ ʠ ʪʨʦʬʘʟʥʝ). ʈʘʟʣʠʢʘ ʿʝ ʫ ʪʦʤʝ ʰʪʦ ʩʝ ʫ ʩʣʫʯʘʿʫ ʪʨʦʬʘʟʥʝ 

ʫʪʠʯʥʠʮʝ ʤʦʨʘ ʠʟʚʨʰʠʪʠ ʤʝʨʝˁʝ RsL-PE ʠ RsL-N ʟʘ ʩʚʘʢʠ ʬʘʟʥʠ ʧʨʦʚʦʜʥʠʢ, ʜʦʢ ʩʝ 

ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʠʨʘʿʫ ʥʘ ʠʩʪʠ ʥʘʯʠʥ ʢʘʦ ʠ ʟʘ ʤʦʥʦʬʘʟʥʝ ʫʪʠʯʥʠʮʝ. 

 

ʊʘʙʝʣʘ 32. ɸʥʘʣʠʟʘ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʫ ʢʦʿʠʤʘ ʿʝ ʠʟʤʝʨʝʥʘ 

ʦʪʧʦʨʥʦʩʪ ʧʝʪˀʝ ʢʚʘʨʘ (RsL-PE) ʤʘˁʘ ʦʜ ʤʘʢʩʠʤʘʣʥʝ ʜʦʟʚʦˀʝʥʝ ʚʨʝʜʥʦʩʪʠ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ 

(RsʄɸX) ʢʦʿʘ ʦʙʝʟʙʝʹʫʿʝ ʝʬʠʢʘʩʥʦ ʜʝʣʦʚʘˁʝ ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ  

 
RsL-PE<Rlim RsL-PE>Rlim RsL-PE<Rlim RsL-PE>Rlim 

RsL-N<Rlim RsL-N<Rlim RsL-N>Rlim RsL-N>Rlim 

ʃʦʢʘʮʠʿʘ 

ʣʦʰʝʛ 

ʝʣʝʢʪʨʠʯʥʦʛ 

ʢʦʥʪʘʢʪʘ 

ʉʪʨʫʿʥʦ ʢʦʣʦ 

ʚʝʨʦʚʘʪʥʦ 

ʥʝʤʘ ʣʦʰ 

ʝʣʝʢʪʨʠʯʥʠ 

ʢʦʥʪʘʢʪ 

ʃʦʰ 

ʝʣʝʢʪʨʠʯʥʠ 

ʢʦʥʪʘʢʪ ʥʘ 

ʟʘʰʪʠʪʥʦʤ 

ʧʨʦʚʦʜʥʠʢʫ 

ʃʦʰ 

ʝʣʝʢʪʨʠʯʥʠ 

ʢʦʥʪʘʢʪ ʥʘ 

ʥʝʫʪʨʘʣʥʦʤ 

ʧʨʦʚʦʜʥʠʢʫ 

- ʃʦʰ ʝʣʝʢʪʨʠʯʥʠ 

ʢʦʥʪʘʢʪ ʥʘ ʬʘʟʥʦʤ 

ʧʨʦʚʦʜʥʠʢʫ ʠʣʠ  

- ʃʦʰʠ ʝʣʝʢʪʨʠʯʥʠ 

ʢʦʥʪʘʢʪʠ ʥʘ ʜʚʘ 

ʧʨʦʚʦʜʥʠʢʘ (ʤʦʛʫ˂ʝ 

ʩʫ ʩʚʝ ʪʨʠ 

ʢʦʤʙʠʥʘʮʠʿʝ), ʠʣʠ 

- ʃʦʰʠ ʝʣʝʢʪʨʠʯʥʠ 

ʢʦʥʪʘʢʪʠ ʥʘ ʪʨʠ 

ʧʨʦʚʦʜʥʠʢʘ 

(ʥʘʿʦʧʘʩʥʠʿʠ ʩʣʫʯʘʿ) 

ʆʧʘʩʥʦʩʪ ʦʜ 

ʧʦʞʘʨʘ 

(ʧʦʩʣʝʜʠʮʝ 

ʢʚʘʨʦʚʘ) 

ɺʝʨʦʚʘʪʥʦ ʥʝ 

ʧʦʩʪʦʿʠ 

ʅʝ ʧʦʩʪʦʿʠ (ʫ 

ʩʣʫʯʘʿʫ ʢʚʘʨʘ 

ʟʘʰʪʠʪʥʘ 

ʢʦʤʧʦʥʝʥʪʘ 

ʨʝʘʛʫʿʝ ʥʘ 

ʚʨʝʤʝ) 

ʄʦʛʫ˂ʘ, 

ʟʙʦʛ 

Ăʚʨʝʣʝñ 

ʪʘʯʢʝ ʥʘ 

ʥʝʫʪʨʘʣʥʦʤ 

ʧʨʦʚʦʜʥʠʢʫ 

ʄʦʛʫ˂ʘ, ʟʙʦʛ 

Ăʚʨʝʣʝñ ʪʘʯʢʝ ʥʘ 

ʬʘʟʥʦʤ ʠ/ʠʣʠ 

ʥʝʫʪʨʘʣʥʦʤ 

ʧʨʦʚʦʜʥʠʢʫ (ʫ 

ʩʣʫʯʘʿʫ ʢʚʘʨʘ 

ʟʘʰʪʠʪʥʘ 

ʢʦʤʧʦʥʝʥʪʘ ˂ʝ 

ʦʜʨʝʘʛʦʚʘʪʠ ʥʘ 

ʚʨʝʤʝ) 

 

ʇʦ ʟʘʚʨʰʝʪʢʫ ʧʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʢʦʿʘ ʫʢˀʫʯʫʿʝ ʧʨʠʤʝʥʫ ʥʦʚʝ ʧʨʦʮʝʜʫʨʝ, ʫ ʩʪʨʫʯʥʦʤ 

ʥʘʣʘʟʫ ʿʝ ʥʝʦʧʭʦʜʥʦ ʥʘʚʝʩʪʠ ʢʦʿʘ ʩʪʨʫʿʥʘ ʢʦʣʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʠʤʘʿʫ ʣʦʰʝ 

ʝʣʝʢʪʨʠʯʥʝ ʢʦʥʪʘʢʪʝ. ʆʙʘʚʝʟʘ ʝʣʝʢʪʨʠʯʘʨʘ ʠʣʠ ʪʝʭʥʠʯʢʝ ʩʣʫʞʙʝ ʢʦʨʠʩʥʠʢʘ 

ʦʙʿʝʢʪʘ ʿʝ ʜʘ ʧʨʦʥʘʹʝ ʠ ʧʨʠʪʝʛʥʝ ʩʚʝ ʣʦʰʝ ʝʣʝʢʪʨʠʯʥʝ ʢʦʥʪʘʢʪʝ ʦʪʢʨʠʚʝʥʝ ʫ ʪʠʤ 

ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ ʠʣʠ ʜʘ ʟʘʤʝʥʠ ʦʰʪʝ˂ʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʢʦʤʧʦʥʝʥʪʝ. ʆʚʦ ʩʝ ʦʜʥʦʩʠ 

ʥʘ ʢʣʘʩʠʯʥʝ ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʫ ʨʘʟʚʦʜʥʦʿ ʪʘʙʣʠ, ʧʨʝʢʠʜʘʯʝ ʠ 

ʨʘʟʚʦʜʥʝ ʢʫʪʠʿʝ, ʘ ʥʘʨʦʯʠʪʦ ʥʘ ʫʪʠʯʥʠʮʝ (ʤʦʥʦʬʘʟʥʝ ʠ ʪʨʦʬʘʟʥʝ). ɼʘ ʙʠ ʩʝ 
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ʧʦʪʚʨʜʠʣʦ ʜʘ ʩʫ ʢʚʘʨʦʚʠ ʢʦʿʝ ʩʫ ʫʟʨʦʢʦʚʘʣʠ ʣʦʰʠ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ 

ʝʣʠʤʠʥʠʩʘʥʠ ʘʢʮʠʿʦʤ ʝʣʝʢʪʨʠʯʘʨʘ ʠʣʠ ʪʝʭʥʠʯʢʝ ʩʣʫʞʙʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʦʥʦʚʦ 

ʠʟʤʝʨʠʪʠ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ RsL-PE ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ RsL-N ʫ ʪʠʤ ʩʪʨʫʿʥʠʤ 

ʢʦʣʠʤʘ ʠ ʧʨʦʚʝʨʠʪʠ ʜʘ ʣʠ ˁʠʭʦʚʝ ʥʦʚʦʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʠʩʧʫˁʘʚʘʿʫ ʫʩʣʦʚʝ ʟʘ 

ʩʪʨʫʿʥʦ ʢʦʣʦ ʙʝʟ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʠ ʝʬʠʢʘʩʥʫ ʟʘʰʪʠʪʫ ʦʜ ʝʣʝʢʪʨʠʯʥʦʛ 

ʫʜʘʨʘ ʫ ʩʣʫʯʘʿʫ ʢʚʘʨʘ. ʇʨʠʤʝʥʘ ʥʦʚʝ ʧʨʦʮʝʜʫʨʝ ʧʨʠʣʠʢʦʤ ʧʨʦʚʝʨʝ ʩʪʘˁʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʟʥʘʪʥʦ ʙʠ ʩʤʘˁʠʣʘ ʚʝʨʦʚʘʪʥʦ˂ʫ ʥʘʩʪʘʥʢʘ ʦʧʘʩʥʠʭ 

Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ. ʊʠʤʝ ʙʠ ʩʝ ʨʝʰʠʦ ʧʨʦʙʣʝʤ ʥʝʤʦʛʫ˂ʥʦʩʪʠ ʦʪʢʨʠʚʘˁʘ Ăʚʨʝʣʠʭñ 

ʪʘʯʘʢʘ ʧʦʤʦ˂ʫ ʪʝʨʤʦʚʠʟʠʿʩʢʦʛ ʩʥʠʤʘˁʘ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʥʝʤʘ ʜʠʨʝʢʪʥʦʛ 

ʚʠʟʫʝʣʥʦʛ ʢʦʥʪʘʢʪʘ ʠʟʤʝʹʫ ʠʥʬʨʘʮʨʚʝʥʦʛ ʩʝʥʟʦʨʘ ʢʘʤʝʨʝ ʠ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

ʢʦʤʧʦʥʝʥʪʝ (ʧʦʨʝʜ ʪʦʛʘ, ʪʝʨʤʦʚʠʟʠʿʩʢʦ ʩʥʠʤʘˁʝ ʦʙʠʯʥʦ ʥʠʿʝ ʦʙʘʚʝʟʥʦ, ʚʝ˂ 

ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʧʦʨʫʯʝʥʫ ʪʝʭʥʠʢʫ ʟʘ ʜʝʪʝʢʮʠʿʫ ʚʨʝʣʠʭ ʪʘʯʘʢʘ). 

 

4.4 ʇʨʠʤʝʥʘ ʥʦʚʝ ʤʝʪʦʜʝ ʫ ʧʨʘʢʩʠ  

 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʘ ʟʘ ʦʪʢʨʠʚʘˁʝ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʧʨʠʤʝˁʝʥʘ 

ʿʝ ʧʨʠʣʠʢʦʤ ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʫ 

15 ʩʪʘʤʙʝʥʠʭ ʿʝʜʠʥʠʮʘ ʨʘʟʣʠʯʠʪʝ ʩʪʘʨʦʩʪʠ (10ï60 ʛʦʜʠʥʘ). ʈʝʟʫʣʪʘʪʠ ʠʟʚʨʰʝʥʠʭ 

ʚʝʨʠʬʠʢʘʮʠʿʘ ʧʨʠʣʦʞʝʥʠ ʩʫ ʫ ʪʘʙʝʣʠ ʜʘʪʦʿ ʫ ʇʨʠʣʦʛʫ 5. ɿʘ ʚʝʨʠʬʠʢʘʮʠʿʫ 

ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʠʟʘʙʨʘʥʠ ʩʫ ʩʪʘʥʦʚʠ ʫ ʢʦʿʠʤʘ 

ʥʠʢʘʜʘ ʥʠʩʫ ʟʘʤʝˁʝʥʝ ʰʫʢʦ-ʫʪʠʯʥʠʮʝ (ʤʦʥʦʬʘʟʥʝ ʠ ʪʨʦʬʘʟʥʝ). ɿʘʜʦʚʦˀʝˁʝ ʦʚʦʛ 

ʫʩʣʦʚʘ ʿʝ ʟʥʘʯʠʣʦ ʜʘ ʩʪʘʨʦʩʪ ʟʛʨʘʜʝ ʦʜʛʦʚʘʨʘ ʩʪʘʨʦʩʪʠ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ 

ʢʦʤʧʦʥʝʥʪʠ (ʰʫʢʦ-ʫʪʠʯʥʠʮʘ ʫ ʘʥʘʣʠʟʠʨʘʥʦʤ ʩʣʫʯʘʿʫ). ʄʝʨʝˁʘ ʦʪʧʦʨʥʦʩʪʠ RsL-PE 

ʠ RsL-N ʫ ʩʚʘʢʦʤ ʩʪʘʥʫ ʠʟʚʨʰʝʥʦ ʿʝ ʥʘ ʜʝʩʝʪ ʤʦʥʦʬʘʟʥʠʭ ʠ ʿʝʜʥʦʿ ʪʨʦʬʘʟʥʦʿ ʰʫʢʦ-

ʫʪʠʯʥʠʮʠ. ʋ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʠʩʧʠʪʠʚʘʥʠʭ ʩʪʨʫʿʥʠʭ ʢʦʣʘ, ʢʘʦ ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ 

ʦʜ ʩʪʨʫʿʝ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʠ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ ʠʥʩʪʘʣʠʨʘʥʠ ʩʫ ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʢʠʜʘʯʠ 

ʪʠʧʘ B, ʤʘʢʩʠʤʘʣʥʝ ʥʘʟʠʚʥʝ ʩʪʨʫʿʝ 16 ɸ (RsʄɸX = 2,87 ɋ) ʠʣʠ ʦʩʠʛʫʨʘʯʠ ʩʘ ʙʨʟʠʤ 

ʪʦʧˀʠʚʠʤ ʫʤʝʪʢʦʤ, ʪʘʢʦʹʝ ʤʘʢʩʠʤʘʣʥʝ ʥʘʟʠʚʥʝ ʩʪʨʫʿʝ 16 ɸ (RsʄɸX = 4,50 ɋ). ɼʘ ʿʝ 

ʚʨʝhʥʘ ʩʘʤʦ ʨʝʜʦʚʥʘ ʧʨʦʮʝʜʫʨʘ ʧʨʦʚʝʨʝ ʝʬʠʢʘʩʥʦʩʪʠ ʩʠʩʪʝʤʘ ʘʫʪʦʤʘʪʩʢʦʛ 

ʠʩʢˀʫʯʝˁʘ ʥʘʧʘʿʘˁʘ ʫ ʩʣʫʯʘʿʫ ʢʚʘʨʘ, ʟʘʢˀʫʯʠʣʦ ʙʠ ʩʝ ʜʘ ʿʝ ʫ ʩʪʘʥʦʚʠʤʘ ʙʨʦʿ 7 ʠ 

14 ʩʠʩʪʝʤ ʟʘʰʪʠʪʝ ʦʜ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ ʥʝʝʬʠʢʘʩʘʥ (ʠʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ RsL-PE 

ʙʠʣʝ ʩʫ ʟʥʘʪʥʦ ʚʝ˂ʝ ʦʜ RsʄɸX). ɺʝʣʠʢʝ ʚʨʝʜʥʦʩʪʠ RsL-PE ʠʟʤʝʨʝʥʝ ʩʫ ʥʘ ʩʚʠʤ 
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ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ ʫ ʩʪʘʥʫ ʙʨʦʿ 7, ʿʝʨ TN ʩʠʩʪʝʤ ʥʠʿʝ ʙʠʦ ʠʟʚʝʜʝʥ, ʘ ʟʘʰʪʠʪʥʘ 

ʩʘʙʠʨʥʠʮʘ ʫ ʨʘʟʚʦʜʥʦʿ ʪʘʙʣʠ ʙʠʣʘ ʿʝ ʛʘʣʚʘʥʩʢʠ ʧʦʚʝʟʘʥʘ ʥʘ ʚʦʜʦʚʦʜʥʫ ʮʝʚ ʫ 

ʢʫʧʘʪʠʣʫ (ʫʟ ʚʠʜˀʠʚʦ ʧʨʠʩʫʩʪʚʦ ʢʦʨʦʟʠʿʝ ʥʘ ʤʝʩʪʫ ʩʧʦʿʘ). ʇʦʩʣʝ ʠʟʚʝʜʝʥʦʛ TN 

ʩʠʩʪʝʤʘ (ʢʨʘʪʢʠʤ ʩʧʘʿʘˁʝʤ ʟʘʰʪʠʪʥʝ ʠ ʥʝʫʪʨʘʣʥʝ ʩʘʙʠʨʥʠʮʝ ʫ ʨʘʟʚʦʜʥʦʿ ʪʘʙʣʠ) 

ʧʨʦʙʣʝʤ ʿʝ ʨʝʰʝʥ. ɺʝʣʠʢʝ ʚʨʝʜʥʦʩʪʠ RsL-PE ʠʟʤʝʨʝʥʝ ʩʫ ʫ ʥʝʢʦʣʠʢʦ ʩʪʨʫʿʥʠʭ ʢʦʣʘ 

ʫ ʩʪʘʥʫ ʙʨʦʿ 14 ʟʙʦʛ ʩʧʦʿʝʚʘ ʦʰʪʝ˂ʝʥʠʭ ʢʦʨʦʟʠʿʦʤ (ʢʘʢʦ ʥʘ ʟʘʰʪʠʪʥʠʤ ʢʦʥʪʘʢʪʠʤʘ 

ʰʫʢʦ-ʫʪʠʯʥʠʮʘ ʪʘʢʦ ʠ ʥʘ ʟʘʰʪʠʪʥʦʿ ʩʘʙʠʨʥʠʮʠ ʫ ʨʘʟʚʦʜʥʦʿ ʪʘʙʣʠ). ʇʦʩʣʝ ʟʘʤʝʥʝ 

ʩʪʘʨʠʭ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ ʥʦʚʠʤ, ʢʘʦ ʠ ʧʨʠʪʝʟʘˁʝʤ ʠ ʯʠʰ˂ʝˁʝʤ ʢʦʥʪʘʢʘʪʘ ʥʘ 

ʟʘʰʪʠʪʥʦʿ ʩʘʙʠʨʥʠʮʠ ʫ ʨʘʟʚʦʜʥʦʿ ʪʘʙʣʠ, ʥʦʚʦʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ RsL-PE ʧʦʩʪʘʣʝ ʩʫ 

ʟʥʘʪʥʦ ʤʘˁʝ ʦʜ RsʄɸX. ʄʝʹʫʪʠʤ, ʘʢʦ ʩʝ ʧʨʠʤʝʥʠ ʥʦʚʘ ʤʝʪʦʜʘ ʟʘ ʦʪʢʨʠʚʘˁʝ ʣʦʰʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ (ʢʦʿʘ ʫʢˀʫʯʫʿʝ ʤʝʨʝˁʝ ʦʙʝ ʦʪʧʦʨʥʦʩʪʠ, RsL-PE ʠ RsL-N, ʢʘʦ ʠ 

ˁʠʭʦʚʦ ʧʦʨʝʹʝˁʝ ʩʘ Rlim ʢʦʿʘ ʿʝ ʟʘ 0,5 ɋ ʚʝ˂ʘ ʦʜ ʥʘʿʚʝ˂ʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ 

(ʢʨʘʪʢʦʛ ʩʧʦʿʘ) ʠʟʤʝʨʝʥʝ ʥʘ ʦʢʦʣʥʠʤ ʫʪʠʯʥʠʮʘʤʘ), ʟʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʧʦʩʪʦʿʝ ʩʪʨʫʿʥʘ 

ʢʦʣʘ ʩʘ ʣʦʰʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʢʦʥʪʘʢʪʦʤ ʥʘ ʬʘʟʥʦʤ ʧʨʦʚʦʜʥʠʢʫ ʫ ʩʪʘʥʫ ʙʨʦʿ 4 

(ʤʦʥʦʬʘʟʥʘ ʫʪʠʯʥʠʮʘ ʙʨʦʿ 6, ʥʘ ʢʦʿʦʿ ʩʫ ʦʙʝ ʠʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ (RsL-PE ʠ RsL-N) 

ʙʠʣʝ ʚʝ˂ʝ ʦʜ ʦʪʧʦʨʥʦʩʪʠ Rlim), ʢʘʦ ʠ ʥʘ ʥʝʫʪʨʘʣʥʦʤ ʧʨʦʚʦʜʥʠʢʫ ʫ ʩʪʘʥʫ ʙʨʦʿ 15 

(ʤʦʥʦʬʘʟʥʘ ʫʪʠʯʥʠʮʘ ʙʨʦʿ 8, ʥʘ ʢʦʿʦʿ ʿʝ ʠʟʤʝʨʝʥʘ ʦʪʧʦʨʥʦʩʪ RsL-N (ʘʣʠ ʥʝ ʠ 

ʠʟʤʝʨʝʥʘ ʦʪʧʦʨʥʦʩʪ RsL-PE) ʙʠʣʘ ʚʝ˂ʘ ʦʜ ʦʪʧʦʨʥʦʩʪʠ Rlim). ʋ ʢʫʭʠˁʠ ʩʪʘʥʘ ʙʨʦʿ 4 

ʥʝʩʪʨʫʯʥʦ ʿʝ ʠʥʩʪʘʣʠʨʘʥʘ hʫʢʦ-ʫʪʠʯʥʠʮʘ, ʢʦʿʘ ʩʝ, ʩʘʤʦ ʧʦʚʨʝʤʝʥʦ ʢʦʨʠʩʪʠ (ʟʘ 

ʤʠʢʩʝʨ ʠ ʝʣʝʢʪʨʠʯʥʠ ʙʦʢʘʣ). ʏʠʰ˂ʝˁʝʤ ʠ ʧʨʠʪʝʟʘˁʝʤ ʦʣʘʙʘʚˀʝʥʦʛ ʢʦʥʪʘʢʪʘ ʥʘ 

ʧʨʠʢˀʫʯʢʫ ʬʘʟʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʦʚʝ ʰʫʢʦ-ʫʪʠʯʥʠʮʝ ʦʪʢʣʦˁʝʥ ʿʝ ʧʦʪʝʥʮʠʿʘʣʥʠ 

ʫʟʨʦʯʥʠʢ ʧʦʞʘʨʘ. ʋ ʩʪʘʥʫ ʙʨʦʿ 15 ʧʨʦʥʘʹʝʥʘ ʿʝ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ (ʠʥʩʪʘʣʠʨʘʥʘ ʫ 

ʜʥʝʚʥʦʿ ʩʦʙʠ) ʢʦʿʘ ʩʝ ʪʘʢʦʹʝ ʧʦʚʨʝʤʝʥʦ ʢʦʨʠʩʪʠ ʟʘ ʧʨʠʢˀʫʯʝˁʝ ʫʩʠʩʠʚʘʯʘ. 

ɿʘʤʝʥʦʤ ʦʚʝ ʰʫʢʦ-ʫʪʠʯʥʠʮʝ ʥʦʚʦʤ ʧʨʦʙʣʝʤ ʿʝ ʪʘʢʦʹʝ ʨʝʰʝʥ. ʋ ʩʪʘʨʠʤ ʩʪʘʥʦʚʠʤʘ 

ʙʨʦʿ 14 ʠ 15 ʧʨʠʤʝʥʦʤ ʥʦʚʝ ʤʝʪʦʜʝ ʜʝʪʝʢʪʦʚʘʥʦ ʿʝ ʧʦʚʝ˂ʘˁʝ ʢʦʥʪʘʢʪʥʝ 

ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʧʨʠʢˀʫʯʢʫ ʟʘʰʪʠʪʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʪʨʦʬʘʟʥʠʤ ʰʫʢʦ-ʫʪʠʯʥʠʮʘʤʘ 

ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʥʘʧʘʿʘˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʰʧʦʨʝʪʘ (ʩʚʝ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ RsL-PE 

ʙʠʣʝ ʩʫ ʤʘˁʝ ʦʜ RsʄɸX, ʘʣʠ ʚʝ˂ʝ ʦʜ Rlim). ʇʦʩʣʝ ʟʘʤʝʥʝ ʩʪʘʨʠʭ ʪʨʦʬʘʟʥʠʭ ʰʫʢʦ-

ʫʪʠʯʥʠʮʘ ʥʦʚʠʤ, ʧʦʥʦʚʦ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ RsL-PE ʠʤʘʣʝ ʩʫ ʫʦʙʠʯʘʿʝʥʝ ʚʨʝʜʥʦʩʪʠ 

ʠʟʤʝʨʝʥʝ ʥʘ ʦʢʦʣʥʠʤ ʫʪʠʯʥʠʮʘʤʘ (ʙʝʟ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ). ʊʘʢʦʹʝ, ʫ 

ʩʪʘʥʦʚʠʤʘ ʙʨʦʿ 2 ʠ 12 ʧʨʠʤʝʥʦʤ ʥʦʚʝ ʤʝʪʦʜʝ ʜʝʪʝʢʪʦʚʘʥʝ ʩʫ ʧʦʚʝ˂ʘʥʝ ʢʦʥʪʘʢʪʥʝ 

ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʟʘʰʪʠʪʥʦʤ ʢʦʥʪʘʢʪʫ ʤʦʥʦʬʘʟʥʠʭ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ (ʦʙʝ ʠʟʤʝʨʝʥʝ 
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ʚʨʝʜʥʦʩʪʠ RsL-PE ʙʠʣʝ ʩʫ ʤʘˁʝ ʦʜ RsʄɸX, ʘʣʠ ʟʥʘʪʥʦ ʚʝ˂ʝ ʦʜ ʫʦʙʠʯʘʿʝʥʠʭ ʚʨʝʜʥʦʩʪʠ 

RsL-PE ʠʟʤʝʨʝʥʠʭ ʥʘ ʦʢʦʣʥʠʤ ʫʪʠʯʥʠʮʘʤʘ, ʦʜʥʦʩʥʦ ʚʝ˂ʝ ʦʜ Rlim). ʇʨʠʪʝʟʘˁʝʤ 

ʢʦʥʪʘʢʘʪʘ ʥʘ ʧʨʠʢˀʫʯʢʫ ʟʘʰʪʠʪʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʦʙʝ ʰʫʢʦ-ʫʪʠʯʥʠʮʝ ʧʨʦʙʣʝʤ ʿʝ 

ʨʝʰʝʥ.  

 

 4.5 ɿʘʢˀʫʯʘʢ 

 

ʇʨʚʠ ʮʠˀ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʙʠʦ ʿʝ ʜʘ ʩʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʫʪʚʨʜʠ ʫʪʠʮʘʿ 

ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʧʨʠʢˀʫʯʢʫ (ʠʟʚʝʜʝʥʦʤ ʟʘʚʨʪˁʝʤ) ʫ 

ʩʪʘʨʦʿ (ʢʦʨʠʰ˂ʝʥʦʿ) ʫʪʠʯʥʠʮʠ ʠ ʫ ʜʚʝ ʥʦʚʝ ʫʪʠʯʥʠʮʝ, ʘʣʠ ʩʘ ʥʘʤʝʨʥʦ 

ʢʦʨʦʜʠʨʘʥʠʤ ʧʨʠʢˀʫʯʮʠʤʘ, ʥʘ ˁʠʭʦʚʦ ʟʘʛʨʝʚʘˁʝ ʠ ʝʣʝʢʪʨʠʯʥʫ ʦʪʧʦʨʥʦʩʪ. 

ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʩʝ ʥʦʚʠ, ʘʣʠ ʥʘʤʝʨʥʦ ʢʦʨʦʜʠʨʥʠ, ʧʨʠʢˀʫʯʮʠ ʠʟʚʝʜʝʥʠ ʟʘʚʨʪˁʝʤ 

ʥʘ ʫʪʠʯʥʠʮʘʤʘ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʫ ʩʠʤʫʣʘʮʠʿʫ ʢʘʢʦ ʧʦʨʘʩʪʘ 

ʪʝʤʧʝʨʘʪʫʨʝ ʪʘʢʦ ʠ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ ʜʫʛʦ ʢʦʨʠʰ˂ʝʥʠʭ (ʩʪʘʨʠʭ) ʫʪʠʯʥʠʮʘ. 

ɼʨʫʛʠ ʮʠˀ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʙʠʦ ʿʝ ʜʘ ʩʝ ʠʩʪʨʘʞʠ ʤʦʛʫ˂ʥʦʩʪ ʦʪʢʨʠʚʘˁʘ 

ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʫ ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ ʪʦʢʦʤ ʚʨʰʝˁʘ ʧʝʨʠʦʜʠʯʥʝ 

ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʤʝʨʝˁʝʤ ʥʝ 

ʩʘʤʦ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ (RsL-PE) ʚʝ˂ ʠ ʤʝʨʝˁʝʤ ʦʪʧʦʨʥʦʩʪʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ 

(RsL-N). ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ ʠ ʥʘ ʪʝʨʝʥʫ ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʩʝ ʦʪʧʦʨʥʦʩʪ 

ʟʘ 0,5 ɋ ʚʝ˂ʘ ʦʜ ʥʘʿʚʝ˂ʝ ʠʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ RsL-PE (RsL-N) ʥʘ ʦʢʦʣʥʠʤ ʫʪʠʯʥʠʮʘʤʘ 

ʤʦʞʝ ʧʨʝʧʦʨʫʯʠʪʠ ʢʘʦ ʛʨʘʥʠʯʥʘ ʦʪʧʦʨʥʦʩʪ (Rlim) ʢʦʿʘ ʧʦʢʘʟʫʿʝ ʜʘ ʣʠ ʧʦʩʪʦʿʠ ʣʦʰ 

ʢʦʥʪʘʢʪ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝʤ ʩʪʨʫʿʥʦʤ ʢʦʣʫ. 

ʂʦʥʘʯʥʠ ʮʠˀ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʙʠʦ ʿʝ ʠʟʨʘʜʘ ʥʦʚʝ ʤʝʪʦʜʝ (ʧʨʦʮʝʜʫʨʝ) ʟʘ 

ʦʪʢʨʠʚʘˁʝ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ 

ʠʥʩʪʘʣʘʮʠʿʘʤʘ, ʥʘ ʦʩʥʦʚʫ ʤʝʨʝˁʘ ʦʪʧʦʨʥʦʩʪʠ RsL-PE ʠ RsL-N ʠ ˁʠʭʦʚʦʛ ʧʦʨʝʹʝˁʘ ʩʘ 

Rlim. ɱʝʜʥʦʩʪʘʚʥʦʤ ʘʥʘʣʠʟʦʤ ʢʦʿʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʪʘʙʝʣʠ 32, ʥʦʚʘ ʤʝʪʦʜʘ (ʧʨʦʮʝʜʫʨʘ) 

ʟʘ ʜʝʪʝʢʮʠʿʫ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ 

ʠʥʩʪʘʣʘʮʠʿʘʤʘ, ʢʦʿʘ ʚʘʞʠ ʟʘ ʦʙʘ ʪʠʧʘ ʫʪʠʯʥʠʮʘ (ʤʦʥʦʬʘʟʥʝ ʠ ʪʨʦʬʘʟʥʝ), 

ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʜʝʪʝʢʪʫʿʫ ʣʦʠh ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ (ʥʘ ʬʘʟʥʦʤ, 

ʠ/ʠʣʠ ʥʝʫʪʨʘʣʥʦʤ ʠ/ʠʣʠ ʟʘʰʪʠʪʥʦʤ ʧʨʦʚʦʜʥʠʢʫ). 

ʇʨʠʤʝʥʘ ʥʦʚʝ ʧʨʦʮʝʜʫʨʝ ʿʝ ʦʛʨʘʥʠʯʝʥʘ ʥʘ TN ʩʠʩʪʝʤ ʟʘʰʪʠʪʝ ʦʜ 

ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ, ʢʦʿʠ ʿʝ ʥʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʝʥ ʩʠʩʪʝʤ ʟʘʰʪʠʪʝ. ʊʘʢʦʹʝ, ʪʨʝʙʘ 

ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʝ ʥʝʢʠ ʣʦʰʠ ʢʦʥʪʘʢʪʠ ʥʝ ʤʦʛʫ ʦʪʢʨʠʪʠ ʧʨʠʤʝʥʦʤ ʥʦʚʝ ʧʨʦʮʝʜʫʨʝ. 
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ʅʘ ʧʨʠʤʝʨ, ʚʝʟʘ ʠʟʤʝʹʫ ʧʨʦʚʦʜʥʠʢʘ ʠ ʧʨʠʢˀʫʯʢʘ ʥʘ ʥʝʢʦʿ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʦʿ 

ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʝ ʙʠʪʠ ʣʘʙʘʚʘ, ʘʣʠ ʘʢʦ ʿʝ ʪʘʿ ʩʧʦʿ ʯʠʩʪ, ʩʘ ʚʝʦʤʘ ʥʠʩʢʦʤ 

ʦʪʧʦʨʥʦʰ˂ʫ ʢʦʥʪʘʢʪʘ (ʥʦʚʘ ʝʣʝʢʪʨʠʯʥʘ ʠʥʩʪʘʣʘʮʠʿʘ), ʦʜʛʦʚʦʨʥʦ ʣʠʮʝ ʢʦʿʝ ʚʨʰʠ 

ʚʝʨʠʬʠʢʘʮʠʿʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʥʘ ʦʩʥʦʚʫ ʠʟʤʝʨʝʥʠʭ 

ʤʘʣʠʭ ʦʪʧʦʨʥʦʩʪʠ RsL-PE ʠ RsL-N ʤʦʞʝ ʠʟʚʝʩʪʠ ʧʦʛʨʝʰʘʥ ʟʘʢˀʫʯʘʢ ʜʘ ʿʝ 

ʠʥʩʪʘʣʘʮʠʿʘ ʠʩʧʨʘʚʥʘ ʠʘʢʦ ʫ ˁʦʿ ʧʦʩʪʦʿʠ ʦʣʘʙʘʚˀʝʥʘ ʚʝʟʘ (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ 

ʢʦʥʪʘʢʪ). ʋʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ, ʥʦʚʘ ʤʝʪʦʜʘ (ʧʨʦʮʝʜʫʨʘ) ʥʝ ʧʨʝʧʦʨʫʯʫʿʝ ʩʝ ʢʦʜ 

ʠʥʠʮʠʿʘʣʥʝ (ʧʦʯʝʪʥʝ) ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ. ʇʨʠʤʝʥʦʤ ʥʦʚʝ ʧʨʦʮʝʜʫʨʝ ʥʘ ʩʪʘʨʝ (ʢʦʨʠʰ˂ʝʥʝ) ʝʣʝʢʪʨʠʯʥʝ 

ʠʥʩʪʘʣʘʮʠʿʝ ʪʘʢʦʹʝ ʥʝ ʤʦʛʫ ʜʘ ʩʝ ʜʝʪʝʢʪʫʿʫ ʣʦʰʠ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ ʫ ʩʪʨʫʿʥʠʤ 

ʢʦʣʠʤʘ ʥʝʢʠʭ ʬʠʢʩʥʠʭ ʧʨʠʿʝʤʥʠʢʘ (ʢʘʦ ʰʪʦ ʩʫ ʥʧʨ. ʩʚʝʪʠˀʢʝ), ʿʝʨ ʩʝ ʢʦʜ ˁʠʭ ʠ ʥʝ 

ʧʨʠʤʝˁʫʿʝ ʨʝʜʦʚʥʘ ʧʨʦʮʝʜʫʨʘ ʤʝʨʝˁʘ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ RsL-PE (ʥʝ ʧʦʩʪʦʿʠ 

ʦʧʘʩʥʦʩʪ ʦʜ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ, ʿʝʨ ʿʝ ʩʚʝʪʠˀʢʘ ʚʘʥ ʜʦʤʘʰʘʿʘ ʨʫʢʝ, ʘ ʫ ʧʦʿʝʜʠʥʠʤ 

ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ ʦʩʚʝʪˀʝˁʘ ʥʠʿʝ ʥʠ ʠʟʚʝʜʝʥ ʟʘʰʪʠʪʥʠ ʧʨʦʚʦʜʥʠʢ). 

ʂʘʢʦ ʝʣʝʢʪʨʠʯʥʘ ʠʥʩʪʘʣʘʮʠʿʘ ʩʪʘʨʠ, ʘ ʥʘʨʦʯʠʪʦ ʘʢʦ ʿʝ ʠʟʣʦʞʝʥʘ ʧʦʚʝ˂ʘʥʦʿ 

ʚʣʘʞʥʦʩʪʠ, ʭʝʤʠʿʩʢʠʤ ʘʛʝʥʩʠʤʘ ʠ ʧʨʘʰʠʥʠ, ʪʘʢʦ ʧʨʠʤʝʥʘ ʧʨʝʧʦʨʫʯʝʥʝ ʧʨʦʮʝʜʫʨʝ 

ʧʦʩʪʘʝʿ ʝʬʠʢʘʩʥʠʿʘ ʫ ʦʪʢʨʠʚʘˁʫ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ. 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʘ ʟʘ ʦʪʢʨʠʚʘˁʝ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʫʩʧʝʰʥʦ ʿʝ 

ʧʨʠʤʝˁʝʥʘ ʧʨʠʣʠʢʦʤ ʚʨʰʝˁʘ ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʫ ʩʪʘʤʙʝʥʠʤ ʿʝʜʠʥʠʮʘʤʘ ʨʘʟʣʠʯʠʪʝ ʩʪʘʨʦʩʪʠ (10ï60 

ʛʦʜʠʥʘ). ʅʠʿʝ ʫʦʯʝʥʘ ʚʝʟʘ ʠʟʤʝʹʫ ʩʪʘʨʦʩʪʠ ʩʪʘʤʙʝʥʠʭ ʿʝʜʠʥʠʮʘ (ʪʘʯʥʠʿʝ, ʩʪʘʨʦʩʪʠ 

ˁʠʭʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ) ʠ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʩʪʘʥʢʘ ʦʧʘʩʥʝ Ăʚʨʝʣʝñ ʪʘʯʢʝ 

ʥʘ ʣʦʰʝʤ ʝʣʝʢʪʨʠʯʥʦʤ ʢʦʥʪʘʢʪʫ ʫ ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ ʤʦʥʦʬʘʟʥʠʭ ʠ ʪʨʦʬʘʟʥʠʭ 

ʧʨʠʿʝʤʥʠʢʘ, ʿʝʨ ʙʠ ʟʘ ˁʝʥʦ ʝʚʝʥʪʫʘʣʥʦ ʫʩʧʦʩʪʘʚˀʘˁʝ ʙʠʣʦ ʥʝʦʧʭʦʜʥʦ ʧʨʠʤʝʥʠʪʠ 

ʥʦʚʫ ʤʝʪʦʜʫ ʟʘ ʦʪʢʨʠʚʘˁʝ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʥʘ ʚʠʰʝ ʭʠˀʘʜʘ ʫʪʠʯʥʠʮʘ 

ʫ ʩʪʘʥʦʚʠʤʘ ʰʠʨʦʢʦʛ ʦʧʩʝʛʘ ʩʪʘʨʦʩʪʠ. ʆʚʦ, ʥʘʨʘʚʥʦ, ʤʦʞʝ ʜʘ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ 

ʚʘʞʥʠʿʠʭ ʧʨʘʚʘʮʘ ʜʘˀʝʛ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ. 
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5  ʀʉʇʀʊʀɺɸɳɽ ʌʋʅʂʎʀʆʅɸʃʅʆʉʊʀ ʈɸɼɸ AFDD 

ʂʆʄʇʆʅɽʅʊɽ 

 

ʃʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

ʧʨʝʜʩʪʘʚˀʘ ʢʚʘʨ ʢʦʿʠ ʫ ʥʝʢʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʤʦʞʝ ʜʘ ʠʟʘʟʦʚʝ ʧʦʞʘʨ, ʘʣʠ ʚʝ˂ʫ 

ʦʧʘʩʥʦʩʪ ʧʨʝʜʩʪʘʚˀʘ ʯʠˁʝʥʠʮʘ ʜʘ ʣʦʰ ʢʦʥʪʘʢʪ ʢʦʿʠ ʩʝ ʙʣʘʛʦʚʨʝʤʝʥʦ ʥʝ ʦʪʢʣʦʥʠ 

ʤʦʞʝ ʧʨʦʛʨʝʩʠʚʥʦ ʜʘ ʩʝ ʨʘʟʚʠʿʝ ʫ ʜʘʣʝʢʦ ʦʧʘʩʥʠʿʠ ʢʚʘʨ ï ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ï 

ʢʦʿʠ ʚʝʦʤʘ ʣʘʢʦ ʤʦʞʝ ʜʘ ʠʟʘʟʦʚʝ ʧʦʞʘʨ. ʉʪʨʫʿʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʥʝ ʤʦʞʝ 

ʙʠʪʠ ʚʝ˂ʘ ʦʜ ʩʪʨʫʿʝ ʦʧʪʝʨʝ˂ʝˁʘ, ʿʝʨ ʿʝ ʦʛʨʘʥʠʯʝʥʘ ʠʤʧʝʜʘʥʩʘʤʘ ʦʧʪʝʨʝ˂ʝˁʘ ʠ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʟʙʦʛ ʯʝʛʘ ʢʣʘʩʠʯʥʝ ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ ʥʝ ʨʝʘʛʫʿʫ ʥʘ ˁʝʛʦʚʫ 

ʧʦʿʘʚʫ [64]. ʅʘ ʝʚʨʦʧʩʢʦʤ ʪʨʞʠʰʪʫ ʩʝ ʧʨʝ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ ʧʦʿʘʚʠʣʘ ʟʘʰʪʠʪʥʘ 

AFDD ʢʦʤʧʦʥʝʥʪʘ, ʢʦʿʘ ʩʝ ʫʛʨʘʹʫʿʝ ʫ ʨʘʟʚʦʜʥʝ ʪʘʙʣʝ ʫʤʝʩʪʦ ʘʫʪʦʤʘʪʩʢʦʛ 

ʧʨʝʢʠʜʘʯʘ ʠ ʠʤʘ ʤʦʛʫ˂ʥʦʩʪ ʜʘ, ʠʟʤʝʹʫ ʦʩʪʘʣʠʭ ʢʚʘʨʦʚʘ, ʧʨʘ˂ʝˁʝʤ ʪʘʣʘʩʥʦʛ 

ʦʙʣʠʢʘ ʩʪʨʫʿʝ ʫ ʢʦʣʫ, ʧʨʝʧʦʟʥʘ ʿʝʜʠʥʩʪʚʝʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ 

ʣʫʢʘ, ʧʦʩʣʝ ʯʝʛʘ ʧʨʘʚʦʚʨʝʤʝʥʦ ʧʨʝʢʠʜʘ ʥʘʧʘʿʘˁʝ ʩʪʨʫʿʥʦʛ ʢʦʣʘ ʫ ʢʦʤʝ ʩʝ ʦʥ 

ʧʦʿʘʚʠʦ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʨʝʟʫʣʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ 

ʠʩʧʠʪʠʚʘˁʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ AFDD ʢʦʤʧʦʥʝʥʪʝ, ʩʧʨʦʚʝʜʝʥʦʛ ʫ ʃʘʙʦʨʘʪʦʨʠʿʠ ʟʘ 

ʠʩʧʠʪʠʚʘˁʝ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʛʨʦʤʦʙʨʘʥʩʢʠʭ ʟʘʰʪʠʪʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ. ʅʘʚʝʜʝʥʘ ʢʦʤʧʦʥʝʥʪʘ 

ʨʘʟʣʠʢʫʿʝ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʥʘʩʪʘʦ ʫ ʥʦʨʤʘʣʥʦʤ ʨʝʞʠʤʫ ʨʘʜʘ ʥʝʢʠʭ ʢʦʤʧʦʥʝʥʪʠ ʠ 

ʫʨʝʹʘʿʘ (ʧʨʝʢʠʜʘʯʠ, ʢʦʤʫʪʘʪʦʨʩʢʠ ʤʦʪʦʨʠ, ʠʪʜ.), ʢʘʦ ʠ ʩʪʨʫʿʫ ʧʦʿʝʜʠʥʠʭ ʫʨʝʹʘʿʘ 

ʢʦʿʘ ʿʝ ʧʦ ʩʚʦʤ ʪʘʣʘʩʥʦʤ ʦʙʣʠʢʫ ʩʣʠʯʥʘ ʩʪʨʫʿʠ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ (ʥʧʨ. ʫʨʝʹʘʿʠ ʩʘ 

ʝʥʝʨʛʝʪʩʢʠʤ ʧʨʝʪʚʘʨʘʯʠʤʘ, ʢʦʤʧʘʢʪ ʬʣʫʦ ʠʟʚʦʨʠ, ʠʪʜ.), ʦʜ ʥʝʞʝˀʝʥʦʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʥʘʩʪʘʣʦʛ ʫʩʣʝʜ ʢʚʘʨʘ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʦʿ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ 

[25]. ʅʘ ʧʨʠʤʝʨ, ʠʩʢˀʫʯʝˁʝ ʧʨʝʢʠʜʘʯʘ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ ʦʩʚʝʪˀʝˁʘ ʠʟʘʟʠʚʘ 

ʢʨʘʪʢʦʪʨʘʿʘʥ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʠʟʤʝʹʫ ʢʨʘʿʝʚʘ ʢʦʥʪʘʢʪʘ ʧʨʝʢʠʜʘʯʘ. ʀʩʪʦ ʪʘʢʦ, ʘʢʦ ʩʝ 

ʧʨʠʣʠʢʦʤ ʠʩʢˀʫʯʝˁʘ ʫʪʠʢʘʯʘ ʠʟ ʫʪʠʯʥʠʮʝ ʫʨʝʹʘʿ ʥʘʣʘʟʠʦ ʫ ʨʘʜʥʦʤ ʨʝʞʠʤʫ, ʤʦʞʝ 

ʩʝ ʧʦʿʘʚʠʪʠ ʢʨʘʪʢʦʪʨʘʿʘʥ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ. ʂʦʜ ʢʦʣʝʢʪʦʨʩʢʠʭ ʤʦʪʦʨʘ ʩʪʘʣʥʦ ʩʝ 

ʿʘʚˀʘ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʠʟʤʝʹʫ ʯʝʪʢʠʮʘ ʠ ʢʦʣʝʢʪʦʨʘ. ʆʚʘʢʚʝ ʠ ʩʣʠʯʥʝ ʩʠʪʫʘʮʠʿʝ ʢʦʿʝ 

ʩʝ ʧʦʿʘʚˀʫʿʫ ʫ ʧʨʘʢʩʠ ʪʨʝʙʘ ʜʦʟʚʦʣʠʪʠ, ʪʿ. ɸFDD ʢʦʤʧʦʥʝʥʪʝ ʪʘʜʘ ʥʝ ʩʤʝʿʫ ʜʘ 

ʨʝʘʛʫʿʫ. 
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 ʅʘ ʩʣʠʮʠ 67 ʧʨʠʢʘʟʘʥʦ ʿʝ ʢʘʢʦ ʩʝ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʫʩʧʦʩʪʘʚˀʘ ʠʟʤʝʹʫ 

ʜʚʝ ʤʝʪʘʣʥʝ ʝʣʝʢʪʨʦʜʝ. ʇʦʞʘʨ ʤʦʞʝ ʜʘ ʥʘʩʪʘʥʝ ʦʜ ʜʠʨʝʢʪʥʝ ʪʦʧʣʦʪʝ ʝʣʝʢʪʨʠʯʥʦʛ 

ʣʫʢʘ, ʦʜ ʚʨʝʣʦʛ ʛʘʩʘ ʢʦʿʠ ʠʩʧʘʨʘʚʘ ʠʟ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʠʣʠ ʦʜ ʚʨʝʣʠʭ ʤʝʪʘʣʥʠʭ 

ʢʫʛʣʠʮʘ ʜʠʨʝʢʪʥʦ ʠʟʙʘʯʝʥʠʭ ʠʟ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʥʘ ʟʘʧʘˀʠʚʠ ʤʘʪʝʨʠʿʘʣ [25]. 

 

 
ʉʣʠʢʘ 67. ʋʩʧʦʩʪʘʚˀʘˁʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʠʟʤʝʹʫ ʜʚʝ ʤʝʪʘʣʥʝ ʝʣʝʢʪʨʦʜʝ [25] 

 

ʅʘ ʤʝʩʪʫ ʥʘ ʢʦʤʝ ʩʝ ʠʟʤʝʹʫ ʜʚʘ ʤʝʪʘʣʥʘ ʧʨʦʚʦʜʥʠʢʘ ʧʦʿʘʚʠ ʣʦʰ 

ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ (ʬʘʟʘ 1) ʧʦʩʣʝ ʢʨʘ˂ʝʛ ʠʣʠ ʜʫʞʝʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ, ʘ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʿʘʯʠʥʝ ʩʪʨʫʿʝ, ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʦʿʘ ʠ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʬʦʨʤʠʨʘʿʫ 

ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ, ʬʦʨʤʠʨʘ˂ʝ ʩʝ ʪʟʚ. ʤʦʩʪ, ʩʘʩʪʘʚˀʝʥ ʦʜ ʤʝʪʘʣʘ ʠ ʤʝʪʘʣʥʦʛ 

ʦʢʩʠʜʘ (ʬʘʟʘ 2). Ăʇʨʦʪʠʮʘˁʝñ ʩʪʨʫʿʝ ʢʨʦʟ ʧʦʚʝ˂ʘʥʫ ʦʪʧʦʨʥʦʩʪ ʩʫʞʝʥʦʛ ʧʨʦʚʦʜʥʦʛ 

ʢʘʥʘʣʘ ʥʘ ʤʝʩʪʫ ʥʘʩʪʘʣʦʛ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʠʟʘʟʠʚʘ ʧʦʚʝ˂ʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʪʘʯʢʝ 

ʪʦʧˀʝˁʘ, ʢʘʜʘ ʩʝ ʥʘ ʤʝʩʪʫ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʫʩʧʦʩʪʘʚˀʘ ʨʝʜʥʠ 

ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ (ʬʘʟʘ 3) [24]. 

 

5.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʨʦʚʝʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ AFDD ʢʦʤʧʦʥʝʥʪʝ 

 

ʉʚʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʫ ʦʢʚʠʨʫ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʠʟʚʨʰʝʥʠ ʩʫ ʧʦʤʦ˂ʫ 

ʘʧʘʨʘʪʫʨʝ ʯʠʿʘ ʿʝ ʰʝʤʘ ʚʝʟʘ ʧʨʠʢʘʟʘʥa ʥʘ ʩʣʠʮʠ 68.  

 
ʉʣʠʢʘ 68. ʐʝʤʘ ʚʝʟʘ ʘʧʘʨʘʪʫʨʝ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ AFDD ʢʦʤʧʦʥʝʥʪʝ 
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ʋ ʫʚʦʜʥʦʤ ʜʝʣʫ ʜʠʩʝʨʪʘʮʠʿʝ ʦʧʠʩʘʥ ʿʝ ʧʨʠʥʮʠʧ ʨʘʜʘ AFDD ʢʦʤʧʦʥʝʥʪʝ. ʋ 

ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʩʫ ʦʧʠʩʘʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʿʝ ʠʟʚʨʰʝʥʦ ʜʝʪʘˀʥʦ 

ʪʝʩʪʠʨʘˁʝ AFDD ʢʦʤʧʦʥʝʥʪʝ (ʢʦʤʙʠʥʘʮʠʿʘ AFD ʿʝʜʠʥʠʮʝ ʠ ʜʚʦʧʦʣʥʦʛ 

ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʢʠʜʘʯʘ), ʧʨʠʢʘʟʘʥʠ ʨʝʟʫʣʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠ ʠʟʚʝʜʝʥʠ 

ʟʘʢˀʫʯʮʠ. ʀʟʚʨʰʝʥʠ ʩʫ: 

1. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʿʝ ʠʟʚʨʰʝʥʘ ʧʨʦʚʝʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ 

(ʨʝʘʛʦʚʘˁʘ) AFDD ʢʦʤʧʦʥʝʥʪʝ ʫ ʩʣʫʯʘʿʫ ʫʩʧʦʩʪʘʚˀʘˁʘ ʨʝʜʥʦʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʠ ʪʦ ʟʘ ʩʣʝʜʝ˂ʝ ʢʦʤʙʠʥʘʮʠʿʝ ʤʘʪʝʨʠʿʘʣʘ ʝʣʝʢʪʨʦʜʘ: 

ʙʘʢʘʨïʙʘʢʘʨ ʠ ʙʘʢʘʨïʤʝʩʠʥʛ. ʇʦʤʦ˂ʫ ʨʝʛʫʣʘʮʠʦʥʦʛ ʪʝʨʤʠʯʢʦʛ ʧʨʠʿʝʤʥʠʢʘ 

(ʦʪʧʦʨʥʠʯʢʝ ʢʫʪʠʿʝ) ʠʟʚʨʰʝʥʠ ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʠ ʩʪʨʫʿʘʤʘ ʦʧʪʝʨʝ˂ʝˁʘ 

1ï16 ɸ (ʩʘ ʢʦʨʘʢʦʤ æI = 1 ɸ). 

2. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʿʝ ʚʨʰʝʥʘ ʧʨʦʚʝʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ 

(ʥʝʨʝʘʛʦʚʘˁʘ) AFDD ʢʦʤʧʦʥʝʥʪʝ ʧʨʠ ʥʦʨʤʘʣʥʦʤ ʨʘʜʫ ʥʝʣʠʥʝʘʨʥʠʭ 

ʧʨʠʿʝʤʥʠʢʘ ʢʦʿʠ ʩʘʜʨʞʝ ʝʥʝʨʛʝʪʩʢʫ ʝʣʝʢʪʨʦʥʠʢʫ (ʬʨʠʞʠʜʝʨ, ʨʘʯʫʥʘʨ, 

ʣʘʩʝʨʩʢʠ ʰʪʘʤʧʘʯ, ʤʠʢʨʦʪʘʣʘʩʥʘ ʧʝ˂ʥʠʮʘ ʠ ʢʣʠʤʘ-ʫʨʝʹʘʿ). 

3. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʿʝ ʚʨʰʝʥʘ ʧʨʦʚʝʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ 

(ʨʝʘʛʦʚʘˁʘ) AFDD ʢʦʤʧʦʥʝʥʪʝ ʧʨʠ ʧʦʿʘʚʠ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʫ 

ʩʪʨʫʿʥʦʤ ʢʦʣʫ ʪʝʨʤʠʯʢʦʛ ʧʨʠʿʝʤʥʠʢʘ ʥʘ ʢʦʿʝ ʩʫ ʧʨʠʢˀʫʯʝʥʠ ʠ ʥʝʣʠʥʝʘʨʥʠ 

ʧʨʠʿʝʤʥʠʮʠ ʠʣʠ ʧʨʠʿʝʤʥʠʮʠ ʢʦʿʠ ʫ ʩʚʦʤ ʩʘʩʪʘʚʫ ʠʤʘʿʫ ʢʦʣʝʢʪʦʨʩʢʝ ʤʦʪʦʨʝ 

(ʨʘʯʫʥʘʨ, ʣʘʩʝʨʩʢʠ ʰʪʘʤʧʘʯ, ʤʠʢʨʦʪʘʣʘʩʥʘ ʧʝ˂ʥʠʮʘ, ʢʣʠʤʘ-ʫʨʝʹʘʿ, 

ʬʨʠʞʠʜʝʨ, ʫʩʠʩʠʚʘʯ, ʬʝʥ, ʙʫʰʠʣʠʮʘ ʠʪʜ.). ʇʦʤʦ˂ʫ ʦʚʠʭ ʪʝʩʪʦʚʘ ʿʝ 

ʧʨʦʚʝʨʘʚʘʥʦ ʜʘ ʣʠ ʩʪʨʫʿʘ ʥʘʚʝʜʝʥʠʭ ʧʨʠʿʝʤʥʠʢʘ ʤʦʞʝ ʜʘ Ăʤʘʩʢʠʨʘñ 

ʿʝʜʠʥʩʪʚʝʥ ʪʘʣʘʩʥʠ ʦʙʣʠʢ ʩʪʨʫʿʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. 

4. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʿʝ ʚʨʰʝʥʘ ʧʨʦʚʝʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ 

(ʥʝʨʝʘʛʦʚʘˁʘ) AFDD ʢʦʤʧʦʥʝʥʪʝ ʧʨʠ ʥʦʨʤʘʣʥʦʤ ʨʘʜʫ ʧʨʠʿʝʤʥʠʢʘ ʢʦʿʠ 

ʩʘʜʨʞʝ ʢʦʣʝʢʪʦʨʩʢʠ ʤʦʪʦʨ (ʫʩʠʩʠʚʘʯ, ʙʫʰʠʣʠʮʘ ʠ ʬʝʥ). 

 

5.2 ʈʝʟʫʣʪʘʪʠ ʠ ʜʠʩʢʫʩʠʿʘ 

 

ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ AFDD ʢʦʤʧʦʥʝʥʪʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ 

ʪʘʙʝʣʘʤʘ 33ï41 [64]. ʆʥʝ ʩʘʜʨʞʝ ʚʨʝʜʥʦʩʪʠ ʩʪʨʫʿʝ ʧʨʠ ʢʦʿʠʤʘ ʿʝ ʚʨʰʝʥʦ 

ʠʩʧʠʪʠʚʘˁʝ, ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʪʦʤʝ ʜʘ ʣʠ ʿʝ AFDD ʢʦʤʧʦʥʝʥʪʘ ʨʝʘʛʦʚʘʣʘ ʠ 

ʢʦʤʝʥʪʘʨ. ʈʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʿʝ ʥʘʤʝʨʥʦ ʠʟʘʟʠʚʘʥ ʧʦʤʦ˂ʫ ʤʝʭʘʥʠʯʢʦʛ ʩʠʩʪʝʤʘ 
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ʟʘ ʬʠʥʦ ʧʦʜʝʰʘʚʘˁʝ ʨʘʟʤʘʢʘ ʠʟʤʝʹʫ ʝʣʝʢʪʨʦʜʘ ʠʟʤʝʹʫ ʢʦʿʠʭ ʩʝ ʦʥ ʬʦʨʤʠʨʘʦ (ʥʘ 

ʰʝʤʠ ʚʝʟʘ ʧʨʠʢʘʟʘʥʦʿ ʥʘ ʩʣʠʮʠ 68 ʦʥ ʿʝ ʦʟʥʘʯʝʥ ʩʘ EL, ʘ ʠʟʛʣʝʜ ʘʧʘʨʘʪʫʨʝ ʿʝ 

ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 69). 

  

 
ʉʣʠʢʘ 69. ɸʧʘʨʘʪʫʨʘ ʟʘ ʬʦʨʤʠʨʘˁʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ 

 

5.2.1 ʈʝʟʫʣʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʩʘ ʪʝʨʤʠʯʢʠʤ ʧʨʠʿʝʤʥʠʮʠʤʘ 

 

ɿʘ ʩʠʤʫʣʘʮʠʿʫ ʪʝʨʤʠʯʢʦʛ ʧʨʠʿʝʤʥʠʢʘ (ʰʧʦʨʝʪ, ʧʝʛʣʘ, ʝʣʝʢʪʨʠʯʥʠ 

ʨʘʜʠʿʘʪʦʨ, ʙʦʿʣʝʨ, ʢʚʘʨʮʥʘ ʛʨʝʿʘʣʠʮʘ ʠʪʜ.), ʢʦʨʠʰ˂ʝʥʘ ʿʝ ʨʝʛʫʣʘʮʠʦʥʘ ʦʪʧʦʨʥʠʯʢʘ 

ʢʫʪʠʿʘ 230 V, 60 ɸ (ʥʘ ʰʝʤʠ ʚʝʟʘ ʧʨʠʢʘʟʘʥʦʿ ʥʘ ʩʣʠʮʠ 68 ʦʟʥʘʯʝʥʘ ʿʝ ʩʘ Rʆ). ʋ 

ʧʨʚʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ ʿʝ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʫʩʧʦʩʪʘʚˀʝʥ ʫʟ ʧʦʤʦ˂ ʘʧʘʨʘʪʫʨʝ ʫ 

ʢʦʿʦʿ ʿʝ ʿʝʜʥʘ ʝʣʝʢʪʨʦʜʘ ʙʠʣʘ ʦʜ ʙʘʢʨʘ, ʘ ʜʨʫʛʘ ʦʜ ʤʝʩʠʥʛʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʿʝ 

ʩʠʤʫʣʠʨʘʥ ʚʝʦʤʘ ʯʝʩʪ ʢʦʥʪʘʢʪ ʫ ʧʨʘʢʩʠ ʠʟʤʝʹʫ ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ, ʥʘ 

ʧʨʠʤʝʨ, ʧʨʠʢˀʫʯʢʘ ʥʘ ʫʪʠʯʥʠʮʠ ʢʦʿʠ ʿʝ ʥʘʿʯʝʰ˂ʝ ʠʟʨʘʹʝʥ ʦʜ ʤʝʩʠʥʛʘ. ʐʘʥʪʦʤ ʥʘ 

ʦʪʧʦʨʥʠʯʢʦʿ ʢʫʪʠʿʠ ʚʨʰʝʥʦ ʿʝ ʬʠʥʦ ʧʦʜʝʰʘʚʘˁʝ ʩʪʨʫʿʝ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ ʯʠʿʝ ʩʫ 

ʚʨʝʜʥʦʩʪʠ ʦʯʠʪʘʚʘʥʝ ʥʘ ʘʤʧʝʨʤʝʪʨʫ ʢʦʿʠ ʿʝ ʥʘ ʰʝʤʠ ʩʘ ʩʣʠʢʝ 68 ʦʟʥʘʯʝʥ ʩʘ ɸ. 

ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʜʘʪʠ ʫ ʪʘʙʝʣʠ 33 (ʫ ʰʝʤʠ ʚʝʟʘ ʧʨʠʢʘʟʘʥʦʿ ʥʘ ʩʣʠʮʠ 68 

ʧʨʝʢʠʜʘʯ P1 ʿʝ ʙʠʦ ʫ ʟʘʪʚʦʨʝʥʦʤ, ʘ ʧʨʝʢʠʜʘʯ P2 ʫ ʦʪʚʦʨʝʥʦʤ ʧʦʣʦʞʘʿʫ). 

 
ʊʘʙʝʣʘ 33. ʇʨʦʚʝʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ (ʨʝʘʛʦʚʘˁʘ) AFDD ʢʦʤʧʦʥʝʥʪʝ ʧʨʠ ʧʦʿʘʚʠ ʩʪʨʫʿʝ ʨʝʜʥʦʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ (1ï16 ɸ) ï ʢʦʤʙʠʥʘʮʠʿa ʝʣʝʢʪʨʦʜʘ: ʙʘʢʘʨïʤʝʩʠʥʛ 

ɱʘʯʠʥʘ ʩʪʨʫʿʝ (ɸ) 

AFDD 

ʨʝʘʛʫʿʝ 

ɼɸ/ʅɽ 

ʂʦʤʝʥʪʘʨ 

1ï2 (ʢʦʨʘʢ 1 ɸ) ʅɽ 
ʊʝʰʢʦ ʩʝ ʫʩʧʦʩʪʘʚˀʘ Ăʚʘʨʥʠʯʝˁʝñ ʥʘ ʣʦʰʝʤ 

ʢʦʥʪʘʢʪʫ 

3ï6 (ʢʦʨʘʢ 1 ɸ) ɼɸ 
ʅʝʩʪʘʙʠʣʘʥ (ʧʨʝʢʠʜʥʠ) ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ; 

AFDD ʪʨʝʥʫʪʥʦ ʨʝʘʛʫʿʝ 

7ï16 (ʢʦʨʘʢ 1 ɸ) ɼɸ 
ʉʪʘʙʠʣʘʥ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ; AFDD ʪʨʝʥʫʪʥʦ 

ʨʝʘʛʫʿʝ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 
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ʋ ʜʨʫʛʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʫ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʤʦʛʫ˂ʝʛ ʧʨʝʢʠʜʘ ʙʘʢʘʨʥʦʛ 

ʧʨʦʚʦʜʥʠʢʘ ʠ ʫʩʧʦʩʪʘʚˀʘˁʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʥʘ ʤʝʩʪʫ ʧʨʝʢʠʜʘ 

ʢʦʨʠʰ˂ʝʥʝ ʦʙʝ ʝʣʝʢʪʨʦʜʝ ʦʜ ʙʘʢʨʘ. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʜʘʪʠ ʫ ʪʘʙʝʣʠ 34 (ʫ 

ʰʝʤʠ ʚʝʟʘ ʧʨʠʢʘʟʘʥʦ ʿʥʘ ʩʣʠʮʠ 68 ʧʨʝʢʠʜʘʯ P1 ʿʝ ʙʠʦ ʫ ʟʘʪʚʦʨʝʥʦʤ, ʘ ʧʨʝʢʠʜʘʯ P2 

ʫ ʦʪʚʦʨʝʥʦʤ ʧʦʣʦʞʘʿʫ). 

 
ʊʘʙʝʣʘ 34. ʇʨʦʚʝʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ (ʨʝʘʛʦʚʘˁʘ) AFDD ʢʦʤʧʦʥʝʥʪʝ ʧʨʠ ʧʦʿʘʚʠ ʩʪʨʫʿʝ ʨʝʜʥʦʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ (1-16 ɸ) ï ʢʦʤʙʠʥʘʮʠʿʘ ʝʣʝʢʪʨʦʜʘ: ʙʘʢʘʨïʙʘʢʘʨ 

ɱʘʯʠʥʘ ʩʪʨʫʿʝ (ɸ) 

AFDD 

ʨʝʘʛʫʿʝ 

ɼɸ/ʅɽ 

ʂʦʤʝʥʪʘʨ 

1ï3 (ʢʦʨʘʢ 1 ɸ) ʅɽ ʅʝ ʤʦʞʝ ʜʘ ʩʝ ʫʩʧʦʩʪʘʚʠ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ 

4ï9 (ʢʦʨʘʢ 1 ɸ) ɼɸ 
ʅʝʩʪʘʙʠʣʘʥ (ʧʨʝʢʠʜʥʠ) ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ; 

AFDD ʨʝʘʛʫʿʝ ʧʦʩʣʝ 1-2 s 

10ï16 (ʢʦʨʘʢ 1 ɸ) ɼɸ 
ʉʪʘʙʠʣʘʥ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ; AFDD ʪʨʝʥʫʪʥʦ 

ʨʝʘʛʫʿʝ 

 

 

5.2.2 ʈʝʟʫʣʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʩʘ ʥʝʣʠʥʝʘʨʥʠʤ ʧʨʠʿʝʤʥʠʮʠʤʘ 

 

ʅʝʣʠʥʝʘʨʥʠ ʧʨʠʿʝʤʥʠʮʠ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʫ ʦʚʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʫ: 

ʤʠʢʨʦʪʘʣʘʩʥʘ ʧʝ˂ ʪʠʧʘ ɸʅʀʊɸ, ʥʘʟʠʚʥʝ ʩʥʘʛʝ 1300 W (ʨʘʜʥʘ ʫʯʝʩʪʘʥʦʩʪ 

2450 MHz), ʢʣʠʤʘ-ʫʨʝʹʘʿʠ ʪʠʧʘ GALANZ, ʥʘʟʠʚʥʝ ʩʥʘʛʝ 1300 W ʧʨʠ ʭʣʘʹʝˁʫ ʠ 

1380 W ʧʨʠ ʛʨʝʿʘˁʫ, ʬʨʠʞʠʜʝʨ ʪʠʧʘ TELEFUNKEN (TRSCC860A), ʥʘʟʠʚʥʝ ʩʥʘʛʝ 

360 W, ʨʘʯʫʥʘʨʠ (ʩʘ ʤʦʥʠʪʦʨʦʤ) ʠ ʣʘʩʝʨʩʢʠ ʰʪʘʤʧʘʯʠ ʪʠʧʘ HEWLETT PACKARD. 

ʇʦʰʪʦ ʤʠʢʨʦʪʘʣʘʩʥʘ ʧʝ˂ ʠʤʘ ʚʠʰʝ ʨʝʞʠʤʘ ʨʘʜʘ, ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʚʨʰʝʥʘ ʩʘ 20%, 

50% ʠ 90% ˁʝʥʝ ʥʘʟʠʚʥʝ ʩʥʘʛʝ. ʀ ʢʣʠʤʘ-ʫʨʝʹʘʿʠ ʩʫ ʠʤʘʣʠ ʤʦʛʫ˂ʥʦʩʪ ʧʦʜʝʰʘʚʘˁʘ 

ʨʝʞʠʤʘ ʨʘʜʘ (ʨʘʜʥʝ ʩʪʨʫʿʝ ʩʫ ʠʟʥʦʩʠʣʝ 0,5ï5,5 ɸ). ʅʘ ʰʝʤʠ ʚʝʟʘ ʧʨʠʢʘʟʘʥʦʿ ʥʘ 

ʩʣʠʮʠ 68 ʩʚʠ ʦʚʠ ʧʨʠʿʝʤʥʠʮʠ ʩʫ ʩʠʤʙʦʣʠʯʢʠ ʦʟʥʘʯʝʥʠ ʩʘ NP. 

ʇʨʚʦ ʿʝ ʠʟʚʨʰʝʥʘ ʧʨʦʚʝʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ (ʥʝʨʝʘʛʦʚʘˁʘ) AFDD ʫʨʝʹʘʿʘ ʫ 

ʩʪʨʫʿʥʦʤ ʢʦʣʫ ʥʘ ʢʦʿʝ ʿʝ ʙʠʣʘ ʧʨʠʢˀʫʯʝʥʘ ʩʘʤʦ ʤʠʢʨʦʪʘʣʘʩʥʘ ʧʝ˂. ʅʠ ʫ ʿʝʜʥʦʤ ʦʜ 

ʪʨʠ ʧʦʤʝʥʫʪʘ ʨʝʞʠʤʘ ʨʘʜʘ ʤʠʢʨʦʪʘʣʘʩʥʝ ʧʝ˂ʠ AFDD ʢʦʤʧʦʥʝʥʪʘ ʥʠʿʝ ʨʝʘʛʦʚʘʣʘ. 

ɿʘʪʠʤ ʩʫ ʠʟʚʝʜʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʘ ʜʚʘ ʢʣʠʤʘ-ʫʨʝʹʘʿʘ, ʧʘ ʩʘ ʬʨʠʞʠʜʝʨʦʤ, ʦʥʜʘ ʩʘ 

ʜʚʘ ʨʘʯʫʥʘʨʘ ʠ, ʥʘ ʢʨʘʿʫ, ʩʘ ʜʚʘ ʣʘʩʝʨʩʢʘ ʰʪʘʤʧʘʯʘ. ʋ ʩʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʿʝ 

ʢʦʥʩʪʘʪʦʚʘʥʦ ʜʘ AFDD ʢʦʤʧʦʥʝʥʪʘ ʥʠʿʝ ʨʝʘʛʦʚʘʣʘ. ʇʦʩʣʝ ʦʚʦʛʘ ʩʫ ʥʘ ʟʘʿʝʜʥʠʯʢʦ 

ʩʪʨʫʿʥʦ ʢʦʣʦ ʙʠʣʝ ʧʨʠʢˀʫʯʝʥʝ ʨʘʟʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʥʝʣʠʥʝʘʨʥʠʭ ʧʨʠʿʝʤʥʠʢʘ: 

ʤʠʢʨʦʪʘʣʘʩʥʘ ʧʝ˂ ï ʜʚʘ ʢʣʠʤʘ-ʫʨʝʹʘʿʘ, ʜʚʘ ʨʘʯʫʥʘʨʘ ï ʜʚʘ ʣʘʩʝʨʩʢʘ ʰʪʘʤʧʘʯʘ, ʜʚʘ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 
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ʢʣʠʤʘ-ʫʨʝʹʘʿʘ ï ʜʚʘ ʨʘʯʫʥʘʨʘ ʠ ʤʠʢʨʦʪʘʣʘʩʥʘ ʧʝ˂ ï ʜʚʘ ʨʘʯʫʥʘʨʘ. ʈʝʟʫʣʪʘʪ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʿʝ ʙʠʦ ʫʚʝʢ ʠʩʪʠ: AFDD ʢʦʤʧʦʥʝʥʪʘ ʥʠʿʝ ʨʝʘʛʦʚʘʣʘ. ʋ ʩʚʠʤ ʦʚʠʤ 

ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ, ʧʨʝʢʠʜʘʯ P2 ʿʝ ʙʠʦ ʫ ʟʘʪʚʦʨʝʥʦʤ, ʘ ʧʨʝʢʠʜʘʯ P1 ʫ ʦʪʚʦʨʝʥʦʤ 

ʧʦʣʦʞʘʿʫ. 

ɿʘʪʠʤ ʩʫ ʠʟʚʨʰʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʫ ʢʦʿʠʤʘ ʩʫ ʥʘ ʟʘʿʝʜʥʠʯʢʦ ʩʪʨʫʿʥʦ ʢʦʣʦ 

ʙʠʣʠ ʧʨʠʢˀʫʯʝʥʠ ʥʝʣʠʥʝʘʨʥʠ ʧʨʠʿʝʤʥʠʮʠ ʠ ʪʝʨʤʠʯʢʠ ʧʨʠʿʝʤʥʠʢ (ʦʪʧʦʨʥʠʯʢʘ 

ʢʫʪʠʿʘ). ʋ ʜʝʣʫ ʩʪʨʫʿʥʦʛ ʢʦʣʘ ʩʘ ʪʝʨʤʠʯʢʠʤ ʧʨʠʿʝʤʥʠʢʦʤ ʫʩʧʦʩʪʘʚˀʘʥ ʿʝ ʨʝʜʥʠ 

ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ. ɳʝʛʦʚʦ ʫʩʧʦʩʪʘʚˀʘˁʝ ʿʝ ʚʨʰʝʥʦ ʫʟ ʧʦʤʦ˂ ʘʧʘʨʘʪʫʨʝ (EL) ʟʘ 

ʢʨʠʪʠʯʘʥ ʩʣʫʯʘʿ ʙʘʢʘʨʥʝ ʠ ʤʝʩʠʥʛʘʥʝ ʝʣʝʢʪʨʦʜʝ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʿʝ ʚʨʰʝʥʘ ʧʨʦʚʝʨʘ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ (ʨʝʘʛʦʚʘˁʘ) AFDD ʢʦʤʧʦʥʝʥʪʝ, ʦʜʥʦʩʥʦ ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʪʨʫʿʝ 

ʥʝʣʠʥʝʘʨʥʠʭ ʧʨʠʿʝʤʥʠʢʘ ʥʝ Ăʤʘʩʢʠʨʘʿʫñ ʩʪʨʫʿʫ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. ʋ ʩʚʠʤ 

ʦʚʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ, ʦʙʘ ʧʨʝʢʠʜʘʯʘ (P1 ʠ P2) ʙʠʣʘ ʩʫ ʫ ʟʘʪʚʦʨʝʥʦʤ ʧʦʣʦʞʘʿʫ. 

ʈʝʟʫʣʪʘʪʠ ʦʧʠʩʘʥʠʭ ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʜʘʪʠ ʫ ʪʘʙʝʣʘʤʘ 35ï38. 

 

ʊʘʙʝʣʘ 35. ʇʨʦʚʝʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ (ʨʝʘʛʦʚʘˁʘ) AFDD ʫʨʝʹʘʿʘ (ʘʥʘʣʠʟʘ ʿʝʜʥʦʚʨʝʤʝʥʦʛ ʨʘʜʘ 

ʤʠʢʨʦʪʘʣʘʩʥʝ ʧʝ˂ʠ ʠ ʪʝʨʤʠʯʢʦʛ ʧʨʠʿʝʤʥʠʢʘ ʫ ʢʦʤʝ ʿʝ ʙʠʦ ʫʩʧʦʩʪʘʚˀʝʥ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ) 

ɱʘʯʠʥʘ 

ʩʪʨʫʿʝ (ɸ) 

AFDD ʨʝʘʛʫʿʝ 

ɼɸ/ʅɽ 
ʂʦʤʝʥʪʘʨ 

5 ɼɸ AFDD ʿ ʝ ʫʩʧʝʰʥʦ ʨʝʘʛʦʚʘʦ ʫ ʩʚʠʤ 

ʠʩʧʠʪʠʚʘʥʠʤ ʨʝʞʠʤʠʤʘ ʨʘʜʘ ʤʠʢʨʦʪʘʣʘʩʥʝ 

ʧʝ˂ʠ  

8 ɼɸ 

10 ɼɸ 

 

ʊʘʙʝʣʘ 36. ʇʨʦʚʝʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ (ʨʝʘʛʦʚʘˁʘ) AFDD ʫʨʝʹʘʿʘ (ʘʥʘʣʠʟʘ ʿʝʜʥʦʚʨʝʤʝʥʦʛ ʨʘʜʘ 

ʢʣʠʤʘ-ʫʨʝʹʘʿʘ ʠ ʪʝʨʤʠʯʢʦʛ ʧʨʠʿʝʤʥʠʢʘ ʫ ʢʦʤʝ ʿʝ ʙʠʦ ʫʩʧʦʩʪʘʚˀʝʥ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ) 

ɱʘʯʠʥʘ 

ʩʪʨʫʿʝ (ɸ) 

AFDD ʨʝʘʛʫʿʝ 

ɼɸ/ʅɽ 
ʂʦʤʝʥʪʘʨ 

6 ɼɸ 

AFDD ʿʝ ʫʩʧʝʰʥʦ ʨʝʘʛʦʚʘʦ ʫ ʩʚʠʤ ʠʩʧʠʪʠʚʘʥʠʤ 

ʨʝʞʠʤʠʤʘ ʨʘʜʘ ʢʣʠʤʘ-ʫʨʝʹʘʿʘ 

8 ɼɸ 

10 ɼɸ 

12 ɼɸ 

 
ʊʘʙʝʣʘ 37. ʇʨʦʚʝʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ (ʨʝʘʛʦʚʘˁʘ) AFDD ʫʨʝʹʘʿʘ (ʘʥʘʣʠʟʘ ʿʝʜʥʦʚʨʝʤʝʥʦʛ ʨʘʜʘ ʜʚʘ 

ʨʘʯʫʥʘʨʘ, ʜʚʘ ʰʪʘʤʧʘʯʘ ʠ ʪʝʨʤʠʯʢʦʛ ʧʨʠʿʝʤʥʠʢʘ ʫ ʢʦʤʝ ʿʝ ʙʠʦ ʫʩʧʦʩʪʘʚˀʝʥ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ) 
ɱʘʯʠʥʘ 

ʩʪʨʫʿʝ (ɸ) 

AFDD ʨʝʘʛʫʿʝ 

ɼɸ/ʅɽ 
ʂʦʤʝʥʪʘʨ 

6 ɼɸ 
AFDD ʿʝ ʫʩʧʝʰʥʦ ʨʝʘʛʦʚʘʦ  

10 ɼɸ 

 
ʊʘʙʝʣʘ 38. ʇʨʦʚʝʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ (ʨʝʘʛʦʚʘˁʘ) AFDD ʫʨʝʹʘʿʘ (ʘʥʘʣʠʟʘ ʿʝʜʥʦʚʨʝʤʝʥʦʛ ʨʘʜʘ 

ʬʨʠʞʠʜʝʨʘ ʠ ʪʝʨʤʠʯʢʦʛ ʧʨʠʿʝʤʥʠʢʘ ʫ ʢʦʤʝ ʿʝ ʙʠʦ ʫʩʧʦʩʪʘʚˀʝʥ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ) 

ɱʘʯʠʥʘ 

ʩʪʨʫʿʝ (ɸ) 

AFDD ʨʝʘʛʫʿʝ 

ɼɸ/ʅɽ 
ʂʦʤʝʥʪʘʨ 

8 ɼɸ 
AFDD ʿ ʝ ʫʩʧʝʰʥʦ ʨʝʘʛʦʚʘʦ 

13 ɼɸ 
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5.2.3 ʈʝʟʫʣʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʩʘ ʧʨʠʿʝʤʥʠʮʠʤʘ ʢʦʿʠ ʫ ʩʚʦʤ ʩʘʩʪʘʚʫ ʠʤʘʿʫ 

ʢʦʣʝʢʪʦʨʩʢʠ ʤʦʪʦʨ 

 

ʇʦʩʣʝʜˁʦʤ ʛʨʫʧʦʤ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠʟʚʨʰʝʥʘ ʿʝ ʧʨʦʚʝʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ 

(ʥʝʨʝʘʛʦʚʘˁʘ) AFDD ʢʦʤʧʦʥʝʥʪʝ ʧʨʠ ʥʦʨʤʘʣʥʦʤ ʨʘʜʫ ʧʨʠʿʝʤʥʠʢʘ ʢʦʿʠ ʩʘʜʨʞʝ 

ʢʦʣʝʢʪʦʨʩʢʠ ʤʦʪʦʨ. ʊʦ ʩʫ ʙʠʣʠ ʩʣʝʜʝ˂ʠ ʧʨʠʿʝʤʥʠʮʠ: ʫʩʠʩʠʚʘʯ ʪʠʧʘ ʉʃʆɹʆɼɸ 

ʏʘʯʘʢ, ʥʘʟʠʚʥʝ ʩʥʘʛʝ 1000 W, ʙʫʰʠʣʠʮʝ ʪʠʧʘ ʀʉʂʈɸ, ʥʘʟʠʚʥʝ ʩʥʘʛʝ 550 W ʠ 

650 W, ʠ ʬʝʥ ʤʘʨʢʝ EOLIC, ʥʘʟʠʚʥʝ ʩʥʘʛʝ 1800 W (ʩʘ ʜʚʘ ʩʪʝʧʝʥʘ ʙʨʟʠʥʝ ʠ ʪʨʠ 

ʩʪʝʧʝʥʘ ʿʘʯʠʥʝ ʛʨʝʿʘˁʘ). ʅʘ ʰʝʤʠ ʚʝʟʘ ʧʨʠʢʘʟʘʥʦʿ ʥʘ ʩʣʠʮʠ 68 ʩʚʠ ʦʚʠ ʧʨʠʿʝʤʥʠʮʠ 

ʩʫ ʩʠʤʙʦʣʠʯʢʠ ʦʟʥʘʯʝʥʠ ʩʘ NP. 

ʇʨʚʦ ʿʝ ʠʟʚʨʰʝʥʘ ʧʨʦʚʝʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ (ʥʝʨʝʘʛʦʚʘˁʘ) AFDD 

ʢʦʤʧʦʥʝʥʪʝ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʩʫ ʥʘ ʩʪʨʫʿʥʦ ʢʦʣʦ ʧʦʿʝʜʠʥʘʯʥʦ ʙʠʣʠ ʧʨʠʢˀʫʯʝʥʠ 

ʩʚʠ ʥʘʧʨʝʜ ʥʘʚʝʜʝʥʠ ʧʨʠʿʝʤʥʠʮʠ ʩʘ ʢʦʣʝʢʪʦʨʩʢʠʤ ʤʦʪʦʨʦʤ. AFDD ʢʦʤʧʦʥʝʥʪʘ 

ʥʠʿʝ ʨʝʘʛʦʚʘʣʘ ʥʠ ʫ ʿʝʜʥʦʤ ʩʣʫʯʘʿʫ. ɿʘʪʠʤ ʩʫ ʥʘ ʠʩʪʦ ʩʪʨʫʿʥʦ ʢʦʣʦ ʙʠʣʝ 

ʧʨʠʢˀʫʯʝʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʧʨʠʿʝʤʥʠʢʘ ʩʘ ʢʦʣʝʢʪʦʨʩʢʠʤ ʤʦʪʦʨʦʤ: ʫʩʠʩʠʚʘʯ ï 

ʙʫʰʠʣʠʮʘ, ʫʩʠʩʠʚʘʯ ï ʬʝʥ, ʙʫʰʠʣʠʮʘ ï ʬʝʥ, ʫʩʠʩʠʚʘʯ ï ʜʚʝ ʙʫʰʠʣʠʮʝ ï ʬʝʥ. ʅʠ ʫ 

ʿʝʜʥʦʤ ʩʣʫʯʘʿʫ AFDD ʢʦʤʧʦʥʝʥʪʘ ʥʠʿʝ ʨʝʘʛʦʚʘʣʘ. ʋ ʩʚʠʤ ʦʚʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ, 

ʧʨʝʢʠʜʘʯ P2 ʿʝ ʙʠʦ ʫ ʟʘʪʚʦʨʝʥʦʤ, ʘ ʧʨʝʢʠʜʘʯ P1 ʫ ʦʪʚʦʨʝʥʦʤ ʧʦʣʦʞʘʿʫ. 

ʅʘ ʢʨʘʿʫ ʩʫ ʠʟʚʨʰʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʫ ʢʦʿʠʤʘ ʩʫ ʥʘ ʠʩʪʦ ʩʪʨʫʿʥʦ ʢʦʣʦ ʙʠʣʠ 

ʧʨʠʢˀʫʯʝʥʠ ʧʨʠʿʝʤʥʠʢ ʩʘ ʢʦʣʝʢʪʦʨʩʢʠʤ ʤʦʪʦʨʦʤ ʠ ʪʝʨʤʠʯʢʠ ʧʨʠʿʝʤʥʠʢ 

(ʦʪʧʦʨʥʠʯʢʘ ʢʫʪʠʿʘ) ʫ ʯʠʿʝʤ ʜʝʣʫ ʩʪʨʫʿʥʦʛ ʢʦʣʘ ʩʝ ʫʩʧʦʩʪʘʚˀʘʦ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ 

ʣʫʢ. ʋʩʧʦʩʪʘʚˀʘˁʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʿʝ ʧʦʥʦʚʦ ʚʨʰʝʥʦ ʧʦʤʦ˂ʫ ʠʩʪʝ 

ʘʧʘʨʘʪʫʨʝ (EL) ʟʘ ʢʨʠʪʠʯʘʥ ʩʣʫʯʘʿ ʙʘʢʘʨʥʝ ʠ ʤʝʩʠʥʛʘʥʝ ʝʣʝʢʪʨʦʜʝ. ʊʠʤʝ ʿʝ 

ʠʟʚʨʰʝʥʘ ʧʨʦʚʝʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ (ʨʝʘʛʦʚʘˁʘ) AFDD ʢʦʤʧʦʥʝʥʪʝ, ʦʜʥʦʩʥʦ 

ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʪʨʫʿʝ ʧʨʠʿʝʤʥʠʢʘ ʩʘ ʢʦʣʝʢʪʦʨʩʢʠʤ ʤʦʪʦʨʦʤ ʥʝ Ăʤʘʩʢʠʨʘʿʫñ ʩʪʨʫʿʫ 

ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. ʋ ʩʚʠʤ ʦʚʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ, ʦʙʘ ʧʨʝʢʠʜʘʯʘ (P1 ʠ P2) 

ʙʠʣʘ ʩʫ ʫ ʟʘʪʚʦʨʝʥʦʤ ʧʦʣʦʞʘʿʫ. 

ʈʝʟʫʣʪʘʪʠ ʦʧʠʩʘʥʠʭ ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʜʘʪʠ ʫ ʪʘʙʝʣʘʤʘ 39ï41. 

 
ʊʘʙʝʣʘ 39. ʇʨʦʚʝʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ (ʨʝʘʛʦʚʘˁʘ) AFDD ʫʨʝʹʘʿʘ (ʘʥʘʣʠʟʘ ʿʝʜʥʦʚʨʝʤʝʥʦʛ ʨʘʜʘ 

ʫʩʠʩʠʚʘʯʘ ʠ ʪʝʨʤʠʯʢʦʛ ʧʨʠʿʝʤʥʠʢʘ ʫ ʢʦʤʝ ʿʝ ʙʠʦ ʫʩʧʦʩʪʘʚˀʝʥ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ) 

ɱʘʯʠʥʘ 

ʩʪʨʫʿʝ (ɸ) 

AFDD ʨʝʘʛʫʿʝ 

ɼɸ/ʅɽ 
ʂʦʤʝʥʪʘʨ 

4 ɼɸ 
AFDD ʿʝ ʫʩʧʝʰʥʦ ʨʝʘʛʦʚʘʦ ʫ ʩʚʠʤ 

ʠʩʧʠʪʠʚʘʥʠʤ ʨʝʞʠʤʠʤʘ ʨʘʜʘ ʫʩʠʩʠʚʘʯʘ 
7 ɼɸ 

12 ɼɸ 
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ʊʘʙʝʣʘ 40. ʇʨʦʚʝʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ (ʨʝʘʛʦʚʘˁʘ) AFDD ʫʨʝʹʘʿʘ (ʘʥʘʣʠʟʘ ʿʝʜʥʦʚʨʝʤʝʥʦʛ ʨʘʜʘ 

ʙʫʰʠʣʠʮʘ ʠ ʪʝʨʤʠʯʢʦʛ ʧʨʠʿʝʤʥʠʢʘ ʫ ʢʦʤʝ ʿʝ ʙʠʦ ʫʩʧʦʩʪʘʚˀʝʥ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ) 
ɱʘʯʠʥʘ 

ʩʪʨʫʿʝ 

(ɸ) 

AFDD ʨʝʘʛʫʿʝ 

ɼɸ/ʅɽ 
ʂʦʤʝʥʪʘʨ 

6 ɼɸ AFDD ʿʝ ʫʩʧʝʰʥʦ ʨʝʘʛʦʚʘʦ ʫ ʩʚʠʤ ʠʩʧʠʪʠʚʘʥʠʤ 

ʚʘʨʠʿʘʥʪʘʤʘ ʩʘ ʿʝʜʥʦʤ ʠʣʠ ʜʚʝ ʙʫʰʠʣʠʮʝ 10 ɼɸ 

 

ʊʘʙʝʣʘ 41. ʇʨʦʚʝʨʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ (ʨʝʘʛʦʚʘˁʘ) AFDD ʫʨʝʹʘʿʘ (ʘʥʘʣʠʟʘ ʿʝʜʥʦʚʨʝʤʝʥʦʛ ʨʘʜʘ 

ʬʝʥʘ ʠ ʪʝʨʤʠʯʢʦʛ ʧʨʠʿʝʤʥʠʢʘ ʫ ʢʦʤʝ ʿʝ ʙʠʦ ʫʩʧʦʩʪʘʚˀʝʥ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ) 

ɱʘʯʠʥʘ 

ʩʪʨʫʿʝ 

(ɸ) 

AFDD ʨʝʘʛʫʿʝ 

ɼɸ/ʅɽ 
ʂʦʤʝʥʪʘʨ 

4 ɼɸ 
AFDD ʿʝ ʫʩʧʝʰʥʦ ʨʝʘʛʦʚʘʦ ʫ ʩʚʠʤ 

ʨʝʞʠʤʠʤʘ ʨʘʜʘ ʬʝʥʘ 
7 ɼɸ 

10 ɼɸ 

 

5.3 ʊʝʭʥʦ-ʝʢʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ  

 

ʇʨʠʣʠʢʦʤ ʨʘʟʤʘʪʨʘˁʘ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʩʝ ʫ ʙʫʜʫ˂ʥʦʩʪʠ AFDD ʢʦʤʧʦʥʝʥʪʘ 

ʫʚʝʜʝ ʫ ʩʪʘʥʜʘʨʜʥʫ ʧʨʘʢʩʫ ʧʨʦʿʝʢʪʦʚʘˁʘ ʠ ʠʟʚʦʹʝˁʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʫ 

ʩʪʘʤʙʝʥʠʤ ʦʙʿʝʢʪʠʤʘ ʫ ʉʨʙʠʿʠ, ʪʨʝʙʘ ʨʘʟʤʦʪʨʠʪʠ ʜʦʜʘʪʥʘ ʬʠʥʘʥʩʠʿʩʢʘ ʫʣʘʛʘˁʘ 

ʥʝʦʧʭʦʜʥʘ ʟʘ ʫʛʨʘʜˁʫ ʦʚʘʢʚʝ ʢʦʤʧʦʥʝʥʪʝ ʫʤʝʩʪʦ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʢʠʜʘʯʘ. 

ʎʝʥʘ AFDD ʢʦʤʧʦʥʝʥʪe ʢʦʘʿ ʿʝ ʧʨʠʩʫʪʥʘ ʠ ʥʘ ʥʘʰʝʤ ʪʨʞʠʰʪʫ ʠʟʥʦʩʠ ʦʢʦ 

100 ʝʚʨʘ. ʇʦʰʪʦ ʫ ʩʪʘʥʫ ʧʨʦʩʝʯʥʝ ʚʝʣʠʯʠʥʝ (60ï70m
2
) ʙʨʦʿ ʩʪʨʫʿʥʠʭ ʢʦʣʘ ʢʦʜ 

ʢʦʿʠʭ ʥʘʟʠʚʥʘ ʩʪʨʫʿʘ ʘʫʪʦʤʘʪʩʢʦʛ ʧʨʝʢʠʜʘʯʘ ʥʠʿʝ ʤʘˁʘ ʦʜ 10 ɸ ʠʟʥʦʩʠ ʜʝʩʝʪʘʢ, 

ʜʦʜʘʪʥʦ ʫʣʘʛʘˁʝ ʙʠ ʙʠʣʦ ʦʢʦ 1000 ʝʚʨʘ (ʤʘˁʝ ʦʜ 2% ʮʝʥʝ ʩʪʘʥʘ), ʰʪʦ ʩʝ ʤʦʞʝ 

ʩʤʘʪʨʘʪʠ ʦʧʨʘʚʜʘʥʠʤ, ʿʝʨ ʙʠ ʩʝ ʟʥʘʪʥʦ ʩʤʘˁʠʣʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʧʦʿʘʚʝ ʧʦʞʘʨʘ ʫʩʣʝʜ 

ʥʘʩʪʘʥʢʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ. ʅʘʧʦʤʝʥʠʤʦ ʜʘ ʿʝ ʠʥʠʮʠʿʘʣʥʘ ʮʝʥʘ AFCI 

ʧʨʝʢʠʜʘʯʘ ʫ ʉɸɼ (2002. ʛʦʜʠʥʝ) ʠʟʥʦʩʠʣʘ ʦʢʦ 150 ʘʤʝʨʠʯʢʠʭ ʜʦʣʘʨʘ, ʘ ʜʘ ʿʝ ʜʘʥʘʩ 

ˁʝʥʘ ʮʝʥʘ ʦʢʦ 25 ʜʦʣʘʨʘ. ʅʘ ʦʩʥʦʚʫ ʦʚʦʛʘ ʩʝ ʤʦʞʝ ʦʯʝʢʠʚʘʪʠ ʜʘ ˂ʝ ʠ ʮʝʥʘ AFDD 

ʢʦʤʧʦʥʝʥʪe ʚʨʝʤʝʥʦʤ ʙʨʟʦ ʦʧʘʩʪʠ ʠ ʜʘ ˁʝʥʘ ʫʛʨʘʜˁʘ ʥʝ˂ʝ ʧʨʝʜʩʪʘʚˀʘʪʠ ʚʝ˂ʠ 

ʪʨʦʰʘʢ ʟʘ ʠʥʚʝʩʪʠʪʦʨʘ. 

 

5.4 ɿʘʢˀʫʯʮʠ ʠ ʧʨʝʧʦʨʫʢʝ 

 

ʅʘ ʦʩʥʦʚʫ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʿʝ ʪʝʩʪʠʨʘʥʦ ʬʫʥʢʮʠʦʥʠʩʘˁʝ AFDD 

ʢʦʤʧʦʥʝʥʪʝ, ʠʟʚʝʜʝʥʠʭ ʫ ʃʘʙʦʨʘʪʦʨʠʿʠ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʛʨʦʤʦʙʨʘʥʩʢʠʭ ʟʘʰʪʠʪʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ, ʤʦʞʝʤʦ ʠʟʚʝʩʪʠ ʩʣʝʜʝ˂ʝ 

ʟʘʢˀʫʯʢʝ: 
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1. AFDD ʢʦʤʧʦʥʝʥʪʘ ʿʝ ʨʝʘʛʦʚʘʣʘ ʫ ʩʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʫ ʢʦʿʠʤʘ ʿʝ ʨʝʜʥʠ 

ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ (ʩʪʘʙʠʣʘʥ ʠʣʠ ʥʝʩʪʘʙʠʣʘʥ) ʙʠʦ ʫʩʧʦʩʪʘʚˀʝʥ ʫ ʩʪʨʫʿʥʦʤ 

ʢʦʣʫ ʪʝʨʤʠʯʢʦʛ ʧʨʠʿʝʤʥʠʢʘ (ʘʥʘʣʠʟʠʨʘʥʘ ʩʫ ʦʙʘ ʪʠʧʘ ʣʦʰʠʭ ʢʦʥʪʘʢʘʪʘ: 

ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʙʘʢʘʨïʙʘʢʘʨ). 

2. AFDD ʢʦʤʧʦʥʝʥʪʘ ʿʝ ʨʝʘʛʦʚʘʣʘ ʫ ʩʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʫ ʢʦʿʠʤʘ ʿʝ ʨʝʜʥʠ 

ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ (ʩʪʘʙʠʣʘʥ ʠʣʠ ʥʝʩʪʘʙʠʣʘʥ) ʙʠʦ ʫʩʧʦʩʪʘʚˀʝʥ ʫ ʩʪʨʫʿʥʦʤ 

ʢʦʣʫ ʪʝʨʤʠʯʢʦʛ ʧʨʠʿʝʤʥʠʢʘ (ʥʘ ʣʦʰʝʤ ʢʦʥʪʘʢʪʫ ʙʘʢʘʨïʤʝʩʠʥʛ), ʠʘʢʦ ʩʫ ʥʘ 

ʠʩʪʦ ʩʪʨʫʿʥʦ ʢʦʣʦ ʙʠʣʠ ʧʨʠʢˀʫʯʝʥʠ ʥʝʣʠʥʝʘʨʥʠ ʧʨʠʿʝʤʥʠʮʠ 

(ʤʠʢʨʦʪʘʣʘʩʥʘ ʧʝ˂, ʢʣʠʤʘ-ʫʨʝʹʘʿʠ, ʨʘʯʫʥʘʨʠ, ʣʘʩʝʨʩʢʠ ʰʪʘʤʧʘʯʠ ʠ 

ʬʨʠʞʠʜʝʨ) ʠʣʠ ʧʨʠʿʝʤʥʠʮʠ ʢʦʿʠ ʫ ʩʚʦʤ ʩʘʩʪʘʚʫ ʠʤʘʿʫ ʢʦʣʝʢʪʦʨʩʢʠ ʤʦʪʦʨ 

(ʙʫʰʠʣʠʮʘ, ʫʩʠʩʠʚʘʯ ʠ ʬʝʥ). 

3. AFDD ʢʦʤʧʦʥʝʥʪʘ ʥʠʿʝ ʨʝʘʛʦʚʘʣʘ ʥʠ ʫ ʿʝʜʥʦʤ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʥʘ ʩʪʨʫʿʥʦ 

ʢʦʣʦ ʙʠʦ ʧʨʠʢˀʫʯʝʥ ʩʘʤʦ ʥʝʣʠʥʝʘʨʥʠ ʧʨʠʿʝʤʥʠʢ ʠʣʠ ʧʨʠʿʝʤʥʠʢ ʢʦʿʠ ʫ 

ʩʚʦʤ ʩʘʩʪʘʚʫ ʠʤʘ ʢʦʣʝʢʪʦʨʩʢʠ ʤʦʪʦʨ, ʠʣʠ ʿʝ ʙʠʦ ʧʨʠʢˀʫʯʝʥ ʚʝ˂ʠ ʙʨʦʿ 

ʪʘʢʚʠʭ ʧʨʠʿʝʤʥʠʢʘ. 

ʋʢʨʘʪʢʦ, ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ ʥʠʿʝ ʙʠʣʦ ʣʘʞʥʦʛ ʨʝʘʛʦʚʘˁʘ AFDD 

ʢʦʤʧʦʥʝʥʪʝ, ʢʘʦ ʠ ʜʘ ʿʝ ʨʝʘʛʦʚʘʣʘ ʫʚʝʢ ʢʘʜʘ ʿʝ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ ʙʠʦ ʫʩʧʦʩʪʘʚˀʝʥ 

ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ (ʩʪʘʙʠʣʘʥ ʠʣʠ ʥʝʩʪʘʙʠʣʘʥ). ʊʠʤʝ ʩʫ ʧʨʘʢʪʠʯʥʦ ʧʦʪʚʨʹʝʥʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ AFDD ʢʦʤʧʦʥʝʥʪʝ ʜʝʢʣʘʨʠʩʘʥʝ ʦʜ ʩʪʨʘʥʝ ʧʨʦʠʟʚʦʹʘʯʘ. 

ʅʘʧʦʤʝʥʠʤʦ ʜʘ ʧʨʦʙʣʝʤ ʣʦʢʘʮʠʿʝ ʜʝʣʘ ʩʪʨʫʿʥʦʛ ʢʦʣʘ ʫ ʢʦʤʝ ʩʝ ʧʦʿʘʚʠʦ 

ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʥʠʿʝ ʨʝʰʝʥ. ʆʚʘ ʢʦʤʧʦʥʝʥʪʘ ʠʤʘ ʟʘʜʘʪʘʢ ʩʘʤʦ ʜʘ ʦʪʢʨʠʿʝ 

ʧʦʿʘʚʫ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʫ ʦʜʨʝʹʝʥʦʤ ʩʪʨʫʿʥʦʤ ʢʦʣʫ ʠ ʜʘ ʧʨʘʚʦʚʨʝʤʝʥʦ 

ʠʩʢˀʫʯʠ ˁʝʛʦʚʦ ʥʘʧʘʿʘˁʝ, ʯʠʤʝ ʩʝ ʩʧʨʝʯʘʚʘ ʥʘʩʪʘʿʘˁʝ ʧʦʞʘʨʘ. ʋʣʦʛʘ ʝʣʝʢʪʨʠʯʘʨʘ 

ʿʝ ʜʘ ʧʨʝʛʣʝʜʘ ʩʪʨʫʿʥʦ ʢʦʣʦ ʜʝʪʝʢʪʦʚʘʥʦ ʦʜ ʩʪʨʘʥʝ AFDD ʢʦʤʧʦʥʝʥʪʝ ʠ ʦʪʢʨʠʿʝ 

ʤʝʩʪʦ ʥʘʩʪʘʥʢʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ (ʧʦʪʝʥʮʠʿʘʣʥʘ ʤʝʩʪʘ ʥʘ ʢʦʿʘ ʝʣʝʢʪʨʠʯʘʨ 

ʪʨʝʙʘ ʧʦʩʝʙʥʦ ʜʘ ʦʙʨʘʪʠ ʧʘʞˁʫ ʩʫ ʧʨʠʢˀʫʯʥʘ ʤʝʩʪʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ 

ʢʦʤʧʦʥʝʥʪʠ ʢʘʦ ʰʪʦ ʩʫ ʰʫʢʦ-ʫʪʠʯʥʠʮʝ, ʧʨʝʢʠʜʘʯʠ, ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ, ʢʘʦ ʠ 

ʩʧʦʿʝʚʠ ʫ ʨʘʟʚʦʜʥʠʤ ʢʫʪʠʿʘʤʘ ʠʣʠ ʩʘʙʠʨʥʠʮʘʤʘ ʠ ʨʝʜʥʠʤ ʢʣʝʤʘʤʘ ʫ ʨʘʟʚʦʜʥʦʤ 

ʦʨʤʘʥʫ). 

ʆʚʘʢʚʝ ʢʦʤʧʦʥʝʥʪʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʙʫʜʫ˂ʥʦʩʪ ʫ ʧʦʛʣʝʜʫ ʟʘʰʪʠʪʝ ʦʙʿʝʢʘʪʘ ʦʜ 

ʧʦʞʘʨʘ, ʿʝʨ ʩʫ ʫ ʿʝʜʥʦʤ ʫʨʝʹʘʿʫ ʠʥʪʝʛʨʠʩʘʥʝ ʢʘʢʦ ʟʘʰʪʠʪʝ ʦʜ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ, 

ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʠ ʟʝʤˀʦʩʧʦʿʘ, ʪʘʢʦ ʠ ʟʘʰʪʠʪʝ ʦʜ ʨʝʜʥʦʛ ʠ ʧʘʨʘʣʝʣʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ 
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ʣʫʢʘ. ɼʦʜʘʪʥʦ ʬʠʥʘʥʩʠʿʩʢʦ ʫʣʘʛʘˁʝ ʟʘ ʠʥʩʪʘʣʠʨʘˁʝ AFDD ʢʦʤʧʦʥʝʥʪʝ ʤʦʞʝ ʩʝ 

ʩʤʘʪʨʘʪʠ ʧʨʠʭʚʘʪˀʠʚʠʤ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʯʠˁʝʥʠʮʫ ʜʘ ʿʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʦʙʿʝʢʘʪ ʩʘ 

ʚʝʣʠʢʦʤ ʚʝʨʦʚʘʪʥʦ˂ʦʤ ʟʘʰʪʠ˂ʝʥ ʦʜ ʧʦʞʘʨʘ ʢʦʿʝ ʤʦʞʝ ʜʘ ʠʟʘʟʦʚʝ ʢʚʘʨ ʫ 

ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ (ʠʥʩʪʘʣʠʨʘˁʝʤ ʦʚʘʢʚʝ ʢʦʤʧʦʥʝʥʪʝ ʧʦʞʘʨ ʤʦʞʝ ʜʘ 

ʠʟʘʟʦʚʝ ʩʘʤʦ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ). 

ʂʦʤʧʦʥʝʥʪʝ ʩʣʠʯʥʝ AFDD-ʫ ʪʨʝʙʘ ʠʥʩʪʘʣʠʨʘʪʠ ʠ ʫ ʩʪʘʤʙʝʥʠʤ ʠ ʫ ʿʘʚʥʠʤ 

ʦʙʿʝʢʪʠʤʘ ʫ ʢʦʿʠʤʘ ʩʝ ʦʢʫʧˀʘ ʚʝ˂ʠ ʙʨʦʿ ˀʫʜʠ. ʊʘʢʚʠ ʦʙʿʝʢʪʠ ʩʫ, ʥʘ ʧʨʠʤʝʨ, 

ʦʙʜʘʥʠʰʪʘ, ʰʢʦʣʝ, ʬʘʢʫʣʪʝʪʠ, ʙʦʣʥʠʮʝ, ʩʧʦʨʪʩʢʝ ʭʘʣʝ, ʨʦʙʥʝ ʢʫ˂ʝ, ʙʠʦʩʢʦʧʠ, 

ʧʦʟʦʨʠʰʪʘ ʠʪʜ. ʊʘʢʦʹʝ ʠʭ ʪʨʝʙʘ ʠʥʩʪʘʣʠʨʘʪʠ ʥʘ ʩʚʠʤ ʤʝʩʪʠʤʘ ʥʘ ʢʦʿʠʤʘ ʠʤʘ ʣʘʢʦ 

ʟʘʧʘˀʠʚʦʛ ʠʣʠ ʩʢʫʧʦʮʝʥʦʛ ʤʘʪʝʨʠʿʘʣʘ (ʨʘʟʥʘ ʩʢʣʘʜʠʰʪʘ ʠ ʨʘʜʠʦʥʠʮʝ, ʤʫʟʝʿʠ, 

ʛʘʣʝʨʠʿʝ, ʙʠʙʣʠʦʪʝʢʝ ʠʪʜ.). 
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6 ɿɸʂɲʋʏʎʀ 

 

ʇʨʠʤʘʨʥʠ ʮʠˀ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʙʠʦ ʿʝ ʨʘʟʚʦʿ ʥʦʚʝ ʤʝʪʦʜʝ 

(ʧʨʦʮʝʜʫʨʝ) ʟʘ ʦʪʢʨʠʚʘˁʝ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ 

ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ. ʇʨʝʛʣʝʜʦʤ ʣʠʪʝʨʘʪʫʨʝ ʿʝ ʫʪʚʨʹʝʥʦ ʜʘ ʫ ʜʦʩʪʫʧʥʠʤ 

ʜʦʤʘ˂ʠʤ ʠ ʩʪʨʘʥʠʤ ʩʪʘʥʜʘʨʜʠʤʘ, ʢʘʦ ʠ ʫ ʥʘʫʯʥʦʩʪʨʫʯʥʦʿ ʣʠʪʝʨʘʪʫʨʠ, ʧʦʩʪʦʿʝ 

ʪʝʭʥʠʢʝ ʟʘ ʨʘʥʦ ʦʪʢʨʠʚʘˁʝ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ (ʘʢʫʩʪʠʯʢʘ ʜʝʪʝʢʮʠʿʘ, 

ʪʝʨʤʦʚʠʟʠʿʘ), ʢʘʦ ʠ ʥʝʢʦʣʠʢʦ ʧʘʪʝʥʘʪʘ ʨʝʛʠʩʪʨʦʚʘʥʠʭ ʫ ʉɸɼ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ 

ʝʣʝʢʪʨʦʥʩʢʘ ʢʦʣʘ ʢʦʿʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʚʨʰʝ ʧʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ ʥʘ ʦʩʥʦʚʫ 

ʢʦʿʠʭ ʩʝ ʜʦʥʦʩʠ ʦʜʣʫʢʘ ʦ ʧʦʩʪʦʿʘˁʫ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ. ɸʢʫʩʪʠʯʢʘ 

ʜʝʪʝʢʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʝʬʠʢʘʩʥʦ ʩʨʝʜʩʪʚʦ ʟʘ ʦʪʢʨʠʚʘˁʝ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʢʦʥʪʘʢʘʪʘ ʫ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʧʦʩʪʨʦʿʝˁʠʤʘ, ʟʘʪʦ ʰʪʦ ʧʨʦʩʪʠʨʘˁʝ ʟʚʫʯʥʦʛ ʩʠʛʥʘʣʘ 

ʢʨʦʟ ʤʥʦʛʦʙʨʦʿʥʝ, ʘʣʠ ʥʝʧʨʝʢʠʜʥʝ, ʙʘʢʘʨʥʝ ʧʨʦʚʦʜʥʠʢʝ ʠ ʩʘʙʠʨʥʠʮʝ ʦʜʣʠʢʫʿʝ 

ʚʝʦʤʘ ʤʘʣʦ ʩʣʘʙˀʝˁʝ ʟʚʫʯʥʦʛ ʩʠʛʥʘʣʘ. ʄʝʹʫʪʠʤ, ʦʚʘ ʪʝʭʥʠʢʘ ʥʠʿʝ ʧʦʛʦʜʥʘ ʟʘ 

ʧʨʠʤʝʥʫ ʫ ʩʪʘʤʙʝʥʠʤ, ʧʦʩʣʦʚʥʠʤ ʠ ʿʘʚʥʠʤ ʦʙʿʝʢʪʠʤʘ, ʛʜʝ ʤʥʦʛʦʙʨʦʿʥʠ ʢʦʥʪʘʢʪʠ 

ʫʦʙʠʯʘʿʝʥʠ ʟʘ ˁʠʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʪʠʧʦʚʝ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʫʥʦʩʝ ʚʝʣʠʢʦ 

ʩʣʘʙˀʝˁʝ ʩʠʛʥʘʣʘ. ɼʨʫʛʘ ʪʝʭʥʠʢʘ ï ʪʝʨʤʦʚʠʟʠʿʩʢʦ ʩʥʠʤʘˁʝ ï ʰʠʨʦʢʦ ʿʝ 

ʨʘʩʧʨʦʩʪʨʘˁʝʥʘ ʤʝʪʦʜʘ ʟʘ ʧʨʝʚʝʥʪʠʚʥʦ ʦʪʢʨʠʚʘˁʝ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ. 

ʄʝʹʫʪʠʤ, ʪʝʨʤʦʚʠʟʠʿʩʢʠʤ ʧʨʝʛʣʝʜʦʤ ʿʝ ʥʝʤʦʛʫ˂ʝ ʦʪʢʨʠʪʠ Ăʚʨʝʣʝñ ʪʘʯʢʝ ʥʘ ʣʦʰʠʤ 

ʝʣʝʢʪʨʠʯʥʠʤ ʢʦʥʪʘʢʪʠʤʘ ʢʘʜʘ ʥʝ ʧʦʩʪʦʿʠ ʚʠʟʫʝʣʥʠ ʢʦʥʪʘʢʪ ʠʟʤʝʹʫ ʪʘʯʢʝ 

ʧʦʩʤʘʪʨʘˁʘ ʠ ʠʥʬʨʘʮʨʚʝʥʦʛ ʩʝʥʟʦʨʘ ʪʝʨʤʦʚʠʟʠʿʩʢʝ ʢʘʤʝʨʝ. ʇʨʚʘ ʛʨʫʧʘ 

ʧʘʪʝʥʪʠʨʘʥʠʭ ʫʨʝʹʘʿʘ ʟʘ ʜʝʪʝʢʮʠʿʫ Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ ʢʦʨʠʩʪʠ ʪʝʨʤʠʯʢʝ ʩʝʥʟʦʨʝ ʢʦʿʠ 

ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘʿʫ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʧʘʩʥʠʤ ʤʝʩʪʠʤʘ (ʥʘʿʯʝʰ˂ʝ ʥʘ ʧʨʠʢˀʫʯʥʠʤ 

ʪʝʨʤʠʥʘʣʠʤʘ ʠʣʠ ʩʪʝʟʘˀʢʘʤʘ) ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʠ ʫʨʝʹʘʿʘ, ʢʘʢʦ 

ʙʠ ʩʝ ʠʩʪʠ ʟʘʰʪʠʪʠʣʠ ʦʜ ʧʦʞʘʨʘ. ɼʨʫʛʘ ʛʨʫʧʘ ʧʘʪʝʥʪʠʨʘʥʠʭ ʫʨʝʹʘʿʘ ʟʘ ʜʝʪʝʢʮʠʿʫ 

Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ ʚʨʰʠ ʧʨʘ˂ʝˁʝ ʧʨʦʤʝʥʝ ʦʪʧʦʨʥʦʩʪʠ (ʦʜʥʦʩʥʦ ʧʘʜʘ ʥʘʧʦʥʘ) 

ʢʦʥʪʘʢʪʘ ʩʧʝʮʠʿʘʣʥʦʤ ʝʣʝʢʪʨʦʥʩʢʦʤ ʤʝʨʥʦʤ ʦʧʨʝʤʦʤ. ʋ ʩʚʠʤ ʪʠʤ ʩʣʫʯʘʿʝʚʠʤʘ 

ʥʘʿʯʝʰ˂ʝ ʝʿ ʨʝʯ ʦ ʩʝʣʝʢʪʠʚʥʦʿ ʟʘʰʪʠʪʠ ʩʢʫʧʦʮʝʥʝ ʦʧʨʝʤʝ (ʠ ˁʦʿ ʧʨʠʧʘʜʘʿʫ˂ʦʿ 

ʠʥʩʪʘʣʘʮʠʿʠ) ʠʣʠ ʧʦʩʪʨʦʿʝˁʘ, ʪʘʢʦ ʜʘ ʧʨʠʤʝʥʘ ʧʘʪʝʥʪʠʨʘʥʠʭ ʫʨʝʹʘʿʘ ʥʠʿʝ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘˁʝʥʘ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ (ʫ ʪʘʢʚʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʪʨʝʙʘ ʠʥʩʪʘʣʠʨʘʪʠ ʦʛʨʦʤʘʥ ʙʨʦʿ ʩʝʥʟʦʨʘ ʢʘʢʦ ʙʠ ʩʝ ʟʘʰʪʠʪʠʣʠ ʩʚʠ 

ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ ʫ ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ). ʋʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ, ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ 
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ʫʨʘʹʝʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʠʟ ʢʦʛʘ ʿʝ ʪʨʝʙʘʣʦ ʜʘ ʧʨʦʠʩʪʝʢʥʝ ʥʦʚʘ ʤʝʪʦʜʘ ʟʘ ʦʪʢʨʠʚʘˁʝ 

ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ, ʢʦʿʘ ˂ʝ ʩʝ ʙʘʟʠʨʘʪʠ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʤʝʨʝˁʠʤʘ 

ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʢʦʿʘ ʩʝ ʤʦʛʫ ʠʟʚʨʰʠʪʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ 

ʤʝʨʥʠʤ ʠʥʩʪʨʫʤʝʥʪʠʤʘ (ʪʝʩʪʝʨʠʤʘ ʠʥʩʪʘʣʘʮʠʿʘ). ʄʝʨʝˁʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ 

ʩʝ ʚʨʰʠ ʧʝʨʠʦʜʠʯʥʦ, ʢʘʦ ʜʝʦ ʧʦʩʪʫʧʢʘ ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ, ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʚʝʨʠʣʘ ʝʬʠʢʘʩʥʦʩʪ ʩʠʩʪʝʤʘ ʘʫʪʦʤʘʪʩʢʦʛ 

ʠʩʢˀʫʯʝˁʘ ʥʘʧʘʿʘˁʘ ʫ ʩʣʫʯʘʿʫ ʢʚʘʨʘ. ʇʦʣʘʟʥʘ ʭʠʧʦʪʝʟʘ ʧʨʝʜʩʪʘʚˀʝʥʦʛ 

ʠʩʪʨʘʞʠʚʘˁʘ ʙʠʣʘ ʿʝ ʜʘ ʩʝ ʫʚʦʹʝˁʝʤ ʜʦʜʘʪʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝˁʘ ʫ ʧʦʩʪʫʧʢʫ 

ʧʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ 

ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʧʨʦʮʝʜʫʨʘ ʢʦʿʘ ʧʦʫʟʜʘʥʠʿʝ ʜʝʪʝʢʪʫʿʝ ʩʪʨʫʿʥʦ ʢʦʣʦ ʫ ʢʦʤʝ 

ʧʦʩʪʦʿʠ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ. ʀʩʪʨʘʞʠʚʘˁʝ ʿʝ ʟʘʧʦʯʝʣʦ ʧʨʦʫʯʘʚʘˁʝʤ ʫʪʠʮʘʿʘ 

ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʠʟʘʟʠʚʘˁʝ Ăʚʨʝʣʠʭñ ʪʘʯʘʢʘ ʢʦʿʝ ʤʦʛʫ ʜʘ ʠʟʘʟʦʚʫ 

ʧʦʯʝʪʥʠ ʧʦʞʘʨ. ʇʨʦʫʯʝʥʠ ʩʫ ʨʘʟʥʠ ʬʠʟʠʯʢʠ ʠ ʭʝʤʠʿʩʢʠ ʫʟʨʦʮʠ ʥʘʩʪʘʥʢʘ ʣʦʰʝʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ, ʢʘʦ ʠ ˁʠʭʦʚ ʫʪʠʮʘʿ ʥʘ ʝʣʝʢʪʨʠʯʥʝ ʧʘʨʘʤʝʪʨʝ ʩʪʨʫʿʥʦʛ ʢʦʣʘ 

ʠ ʪʝʨʤʠʯʢʝ ʧʨʦʮʝʩʝ ʥʘ ʘʥʘʣʠʟʠʨʘʥʠʤ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ. ʇʨʚʝ 

ʘʥʘʣʠʟʝ ʦʙʫʭʚʘʪʠʣʝ ʩʫ ʣʦʰʝ ʢʦʥʪʘʢʪʝ ʢʦʿʠ ʥʘʩʪʘʿʫ: 

- ʟʙʦʛ ʥʝʧʦʪʧʫʥʦʛ ʥʘʣʝʛʘˁʘ (ʧʨʝʢʣʘʧʘˁʘ) ʧʦʚʨʰʠʥʝ ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ 

ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʧʨʠʢˀʫʯʥʦʛ ʝʣʝʤʝʥʪʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ 

ʠʟʨʘʹʝʥʦʛ ʦʜ ʨʘʟʥʠʭ ʤʘʪʝʨʠʿʘʣʘ (ʙʘʢʘʨ, ʤʝʩʠʥʛ ʠ ʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ï ʧʨʦʭʨʦʤ), ʠ  

- ʟʙʦʛ ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʠʭ ʧʨʠʢˀʫʯʘʢʘ ʠʟʤʝʹʫ 

ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʧʨʠʢˀʫʯʥʦʛ ʝʣʝʤʝʥʪʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ 

(ʥʘ ʫʪʠʢʘʯʫ ʠ ʫʪʠʯʥʠʮʠ). 

ʇʦʤʦ˂ʫ ʩʧʝʮʠʿʘʣʥʦ ʢʦʥʩʪʨʫʠʩʘʥʝ ʘʧʘʨʘʪʫʨʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʿʝ ʩʠʤʫʣʠʨʘʥ 

ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʢʦʿʠ ʥʘʩʪʘʿʝ ʫʩʣʝʜ ʩʤʘˁʝˁʘ ʝʬʝʢʪʠʚʥʝ ʧʦʚʨʰʠʥʝ 

ʧʨʝʢʣʘʧʘˁʘ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʨʰʠʥʘ ʥʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʥʦʚʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ. ʋ ʧʨʘʢʩʠ, ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʬʦʨʤʠʨʘʿʫ ʙʘʢʘʨʥʠ 

ʧʨʦʚʦʜʥʠʮʠ ʠ ʧʨʠʢˀʫʯʥʠ ʝʣʝʤʝʥʪʠ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ (ʩʪʝʟʘˀʢʝ, 

ʧʘʧʫʯʠʮʝ, ʟʘʚʨʪˁʠ, ʢʣʝʤʝ...). ɿʘ ʥʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʝʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʝ 

ʩʝ ʩʫʩʨʝ˂ʫ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʢʦʥʪʘʢʪʠʤʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ 

(ʙʘʢʘʨïʙʘʢʘʨ, ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ) ʧʦʢʘʟʘʥʦ ʝʿ ʜʘ ʝʣʝʢʪʨʠʯʥʠ 

ʢʦʥʪʘʢʪ ʙʘʢʘʨïʙʘʢʘʨ ʠʤʘ ʥʘʿʧʦʚʦˀʥʠʿʝ ʦʩʦʙʠʥʝ (ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʿʘʯʠʥʫ ʩʪʨʫʿʝ, 

ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʠ ʧʨʦʮʝʥʪʫʘʣʥʦ ʩʤʘˁʝˁʝ ʝʬʝʢʪʠʚʥʝ ʧʦʚʨʰʠʥʝ ʧʨʝʢʣʘʧʘˁʘ 
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ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ ʙʘʢʘʨïʙʘʢʘʨ ʙʠʣʘ ʿʝ ʟʥʘʪʥʦ ʥʠʞʘ ʥʝʛʦ ʢʦʜ ʢʦʤʙʠʥʘʮʠʿʝ 

ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ, ʘ ʜʦ ʫʩʧʦʩʪʘʚˀʘˁʘ ʨʝʜʥʦʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʥʘ ʦʚʦʤ ʩʧʦʿʫ ʥʠʿʝ ʜʦʣʘʟʠʣʦ). ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʿʝ ʢʦʤʙʠʥʘʮʠʿʘ 

ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʥʘʿʦʧʘʩʥʠʿʘ ʢʘʦ ʧʦʪʝʥʮʠʿʘʣʥʠ ʫʟʨʦʯʥʠʢ ʧʦʞʘʨʘ, 

ʿʝʨ ʩʝ ʯʘʢ ʠ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʿʝ ʧʦʚʨʰʠʥʘ ʧʨʝʢʣʘʧʘˁʘ ʝʣʝʢʪʨʦʜʘ 100% 

ʫʩʧʦʩʪʘʚˀʘʿʫ Ăʚʨʝʣʝñ ʪʘʯʢʝ ʢʦʿʝ ʧʨʝʤʘʰʫʿʫ ʪʝʤʧʝʨʘʪʫʨʫ ʪʦʧˀʝˁʘ ʦʢʦʣʥʝ PVC 

ʠʟʦʣʘʮʠʿʝ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʥʘ ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʦʜ ʥʝʨʹʘʿʫ˂ʝʛ ʯʝʣʠʢʘ ʥʘʿʯʝʰ˂ʝ 

ʥʘʥʦʩʠ ʪʘʥʘʢ ʩʣʦʿ ʥʠʢʣʘ, a ʝʬʝʢʪʠʚʥʝ ʧʦʚʨʰʠʥʝ ʢʦʥʪʘʢʪʘ ʫ ʧʨʘʢʩʠ ʩʫ ʟʥʘʪʥʦ ʚʝ˂ʝ 

ʦʜ 4 mm
2
 (ʤʘʢʩʠʤʘʣʥʘ ʧʦʚʨʰʠʥʘ ʢʦʥʪʘʢʪʘ ʢʦʿʘ ʿʝ ʠʩʧʠʪʠʚʘʥʘ ʫ ʦʚʦʤ 

ʠʩʪʨʘʞʠʚʘˁʫ). ʋ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʩʘ ʢʦʤʙʠʥʘʮʠʿʘʤʘ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ 

ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʨʝʜʦʚʥʦ ʩʫ ʩʝ ʧʦʿʘʚˀʠʚʘʣʝ Ăʚʨʝʣʝñ ʪʘʯʢʝ, ʘ ʧʦʪʦʤ ʠ ʨʝʜʥʠ 

ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ, ʫ ʩʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ˁʠʭʦʚʦʛ ʥʝʧʦʪʧʫʥʦʛ ʧʨʝʢʣʘʧʘˁʘ (ʧʦʚʨʰʠʥʝ 

ʧʨʝʢʣʘʧʘˁʘ ʦʜ 15% ʠ 50% ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ). ɺʘʞʥʦ ʿʝ ʠʩʪʘ˂ʠ ʜʘ ʿʝ ʧʦ 

ʢʨʠʪʝʨʠʿʫʤʫ ʤʘʢʩʠʤʘʣʥʝ ʩʥʘʛʝ ʜʠʩʠʧʘʮʠʿʝ ʥʘ Ăʚʨʝʣʦʿñ ʪʘʯʢʠ ʦʧʘʩʥʠʿʘ 

ʢʦʤʙʠʥʘʮʠʿʘ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ (ʤʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ ʜʠʩʠʧʘʮʠʿʝ ʥʘ 

ʦʚʦʤ ʩʧʦʿʫ ʠʟʥʦʩʠʣʘ ʿʝ ʦʢʦ 63 W, ʘ ʥʘ ʩʧʦʿʫ ʙʘʢʘʨïʤʝʩʠʥʛ ʦʢʦ 32 W) ï ʫ ʩʚʠʤ 

ʨʘʟʤʘʪʨʘʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʧʦʨʝʹʝˁʘ ʩʫ ʚʨʰʝʥʘ ʧʨʠ ʠʩʪʦʿ ʧʦʚʨʰʠʥʠ ʧʦʧʨʝʯʥʦʛ 

ʧʨʝʩʝʢʘ ʝʣʝʢʪʨʦʜʘ, ʠʩʪʦʿ ʝʬʝʢʪʠʚʥʦʿ ʧʦʚʨʰʠʥʠ ʧʨʝʢʣʘʧʘˁʘ ʠ ʠʩʪʦʿ ʿʘʯʠʥʠ ʩʪʨʫʿʝ. 

ʄʝʹʫʪʠʤ, ʢʘʜʘ ʜʦʹʝ ʜʦ ʫʩʧʦʩʪʘʚˀʘˁʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʜʦʣʘʟʠ ʜʦ ʟʥʘʪʥʦʛ 

ʧʦʨʘʩʪʘ ʢʦʥʪʘʢʪʥʝ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʩʧʦʿʫ ʙʘʢʘʨïʤʝʩʠʥʛ (ʫ ʦʜʥʦʩʫ ʥʘ ʩʧʦʿ ʙʘʢʘʨï

ʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ, ʢʦʜ ʢʦʛʘ ʩʝ ʢʦʥʪʘʢʪʥʘ ʦʪʧʦʨʥʦʩʪ ʧʨʠ ʛʦʨʝˁʫ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ 

ʣʫʢʘ ʥʝʟʥʘʪʥʦ ʧʦʚʝ˂ʘ). ɿʙʦʛ ʪʦʛʘ ʿʝ ʩʥʘʛʘ ʜʠʩʠʧʘʮʠʿʝ ʥʘ ʩʧʦʿʫ ʙʘʢʘʨïʤʝʩʠʥʛ ʟʘ 

ʚʨʝʤʝ ʛʦʨʝˁʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʟʥʘʪʥʦ ʚʝ˂ʘ ʥʝʛʦ ʥʘ ʩʧʦʿʫ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ 

ʯʝʣʠʢ (ʤʠʥʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʧʨʚʠ ʩʧʦʿ ʠʟʥʦʩʠʣʘ ʿʝ 200 W, ʘ ʤʘʢʩʠʤʘʣʥʘ 

ʚʨʝʜʥʦʩʪ ʟʘ ʜʨʫʛʠ ʩʧʦʿ 65 W). ʂʘʦ ʰʪʦ ʩʝ ʠ ʦʯʝʢʠʚʘʣʦ, ʧʦʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʝ ʢʦʜ 

ʢʦʥʪʘʢʪʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʧʨʠ ʠʩʪʠʤ ʿʘʯʠʥʘʤʘ ʩʪʨʫʿʝ ʟʥʘʪʥʦ 

ʙʨʞʝ ʜʦʣʘʟʠ ʜʦ ʫʩʧʦʩʪʘʚˀʘˁʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʩʘ ʝʣʝʢʪʨʦʜʘʤʘ ʤʘˁʝ 

ʧʦʚʨʰʠʥʝ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ. ʊʘʢʦʹʝ, ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʩʝ ʤʥʦʛʦ ʣʘʢʰʝ 

ʫʩʧʦʩʪʘʚˀʘʦ ʟʘ ʚʝ˂ʝ ʿʘʯʠʥʝ ʩʪʨʫʿʘ ʧʨʠ ʠʩʪʦʿ ʧʦʚʨʰʠʥʠ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ 

ʝʣʝʢʪʨʦʜʘ, ʰʪʦ ʩʝ ʠ ʤʦʛʣʦ ʦʯʝʢʠʚʘʪʠ. 

ʋ ʥʘʩʪʘʚʢʫ ʠʩʪʨʘʞʠʚʘˁʘ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʩʫ ʧʨʦʫʯʝʥʠ ʪʦʧʣʦʪʥʠ ʝʬʝʢʪʠ 

ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʫʟʨʦʢʦʚʘʥʠʭ ʨʝʜʫʢʮʠʿʦʤ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 
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ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʠʭ ʧʨʠʢˀʫʯʘʢʘ ʫ ʥʦʚʠʤ ʫʪʠʢʘʯʠʤʘ ʠ ʫʪʠʯʥʠʮʘʤʘ. ʊʨʠ ʨʘʟʣʠʯʠʪʘ 

ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ (1 Nm (ʦʜʣʠʯʘʥ ʢʦʥʪʘʢʪ), 0,2 Nm (ʣʦʰ ʢʦʥʪʘʢʪ) ʠʣʠ 0,1 Nm 

(ʚʨʣʦ ʣʦʰ ʢʦʥʪʘʢʪ)) ʧʦʜʝʰʝʥʘ ʩʫ ʥʘ ʿʝʜʥʦʤ ʟʘʚʨʪˁʝʤ ʠʟʚʝʜʝʥʦʤ ʧʨʠʢˀʫʯʢʫ 

ʫʪʠʢʘʯʘ ʠʣʠ ʫʪʠʯʥʠʮʝ. ɸʥʘʣʠʟʠʨʘʥʠ ʩʫ ʙʘʢʘʨʥʠ ʣʠʮʥʘʩʪʠ ʧʨʦʚʦʜʥʠʮʠ 

ʩʪʘʥʜʘʨʜʥʠʭ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ 1,5 mm
2
 ʠ 2,5 mm

2
, ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʫʪʠʢʘʯʠʤʘ, ʠ 

ʙʘʢʘʨʥʠ ʧʨʦʚʦʜʥʠʮʠ ʧʫʥʦʛ ʧʨʝʩʝʢʘ ʠʩʪʠʭ ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ, ʢʦʿʠʤʘ ʩʝ ʥʘ ʩʪʨʫʿʥʦ 

ʢʦʣʦ ʧʨʠʢˀʫʯʫʿʫ ʫʪʠʯʥʠʮʝ. ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʫ ʥʝʧʦʚʦˀʥʠʿʠ (ʜʦʩʪʠʞʫ ʦʧʘʩʥʠʿʝ 

Ăʚʨʝʣʝñ ʪʘʯʢʝ ʧʨʠ ʠʩʪʠʤ ʫʩʣʦʚʠʤʘ) ʣʦʰʠ ʢʦʥʪʘʢʪʠ ʫ ʫʛʨʘʹʝʥʦʿ ʝʣʝʢʪʨʠʯʥʦʿ 

ʠʥʩʪʘʣʘʮʠʿʠ ʦʙʿʝʢʪʘ (ʢʦʿʘ ʩʝ ʫʦʙʠʯʘʿʝʥʦ ʠʟʚʦʜʠ ʧʦʤʦ˂ʫ ʙʘʢʘʨʥʠʭ ʧʨʦʚʦʜʥʠʢʘ 

ʧʫʥʦʛ ʧʨʝʩʝʢʘ) ʦʜ ʣʦʰʠʭ ʢʦʥʪʘʢʘʪʘ ʫ ʥʘʧʦʿʥʠʤ ʢʘʙʣʦʚʠʤʘ ʧʨʠʿʝʤʥʠʢʘ (ʧʦ ʧʨʘʚʠʣʫ 

ʠʟʨʘʹʝʥʠʭ ʦʜ ʣʠʮʥʘʩʪʠʭ ʙʘʢʘʨʥʠʭ ʧʨʦʚʦʜʥʠʢʘ). ʏʠˁʝʥʠʮʘ ʜʘ ʩʫ, ʟʘ ʠʩʪʠ ʤʦʤʝʥʪ 

ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ ʥʘ ʧʨʠʢˀʫʯʢʫ ʫʪʠʢʘʯʘ ʠ ʫʪʠʯʥʠʮʝ, ʥʝʰʪʦ ʚʝ˂ʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʜʦʙʠʿʝʥʝ ʩʘ ʙʘʢʘʨʥʠʤ ʧʨʦʚʦʜʥʠʮʠʤʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ (ʫ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ ʩʘ 

ʫʪʠʯʥʠʮʘʤʘ) ʚʝʨʦʚʘʪʥʦ ʩʝ ʤʦʞʝ ʧʨʠʧʠʩʘʪʠ ʚʝ˂ʦʿ ʝʬʝʢʪʠʚʥʦʿ ʧʦʚʨʰʠʥʠ ʣʠʮʥʘʩʪʠʭ 

ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʤʝʩʪʫ ʢʦʥʪʘʢʪʘ (ʦʥʠ ʤʦʛʫ ʙʦˀʝ ʜʘ ʩʝ ʧʨʠʣʘʛʦʜʝ ʤʝʩʪʫ ʧʨʠʢˀʫʯʢʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʢʨʫʪʝ ʧʨʦʚʦʜʥʠʢʝ ʧʫʥʦʛ ʧʨʝʩʝʢʘ). ʊʘʢʦʹʝ, ʪʨʝʙʘ ʠʩʪʘ˂ʠ ʜʘ ʩʫ 

ʧʨʠʢˀʫʯʮʠ ʠʟʚʝʜʝʥʠ ʟʘʚʨʪˁʝʤ ʥʘ ʫʪʠʯʥʠʮʠ ʠ ʫʪʠʢʘʯʫ ʙʠʣʠ ʨʘʟʣʠʯʠʪʦʛ ʪʠʧʘ (ʪʠʧʘ 

ʄ3 ʫ ʫʪʠʢʘʯʫ ʠ ʪʠʧʘ ʄ4 ʫ ʫʪʠʯʥʠʮʠ).  

ʉʫʧʨʦʪʥʦ ʟʘʢˀʫʯʢʫ ʠʟ [76], ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʥʘʤʝʨʥʦ ʤʘʢʨʦʩʢʦʧʩʢʦ 

ʧʦʤʝʨʘˁʝ ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʤʝʩʪʫ ʢʦʥʪʘʢʪʘ ʥʠʿʝ ʫʚʝʢ ʫʩʣʦʚ ʜʘ ʙʠ ʩʝ ʧʦʿʘʚʠʦ ʫʩʠʿʘʥʠ 

ʩʧʦʿ ʠʣʠ ʟʥʘʪʥʦ ʧʦʚʠʰʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʣʦʰʝʤ ʢʦʥʪʘʢʪʫ. ɸʢʦ ʩʫ ʫ ʩʪʨʫʿʥʦʤ 

ʢʦʣʫ ʫʩʧʦʩʪʘʚˀʝʥʝ ʚʝ˂ʝ ʿʘʯʠʥʝ ʩʪʨʫʿʝ ʠ ʘʢʦ ʦʥʝ ʜʦʚʦˀʥʦ ʜʫʛʦ ʪʨʘʿʫ, ʘ ʧʨʠʪʦʤ ʿʝ 

ʨʝʜʫʢʮʠʿʘ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ ʥʘ ʧʨʠʢˀʫʯʢʫ (ʫʪʠʢʘʯʘ ʠʣʠ ʫʪʠʯʥʠʮʝ) 

ʟʥʘʯʘʿʥʘ (ʤʦʤʝʥʪ ʟʘʪʝʟʘˁʘ 0,1 Nm), ʤʦʞʝ ʩʝ ʧʦʿʘʚʠʪʠ ʦʧʘʩʥʦʩʪ ʦʜ ʧʦʯʝʪʥʦʛ 

ʧʦʞʘʨʘ ʠ ʙʝʟ ʤʘʢʨʦʩʢʦʧʩʢʦʛ ʧʦʤʝʨʘˁʘ ʧʨʦʚʦʜʥʠʢʘ. ʅʘʨʘʚʥʦ, ʤʠʢʨʦʩʢʦʧʩʢʠ 

ʧʦʤʝʨʘʿʠ ʞʠʮʘ ʥʘ ʤʝʩʪʫ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ, ʠʟʘʟʚʘʥʠ ʛʨʝʿʘˁʝʤ ʠ ʭʣʘʹʝˁʝʤ, ʢʘʦ 

ʠ ʧʨʠʩʫʩʪʚʦʤ ʚʠʙʨʘʮʠʿʘ ʠʟ ʦʢʦʣʠʥʝ, ʩʠʛʫʨʥʦ ʧʦʩʪʦʿʝ ʠ ʜʦʧʨʠʥʦʩʝ ʥʘʩʪʘʥʢʫ ʣʦʰʝʛ 

ʢʦʥʪʘʢʪʘ. ʈʝʟʫʣʪʘʪʠ ʠʟʚʨʰʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ ʜʝʛʨʘʜʘʮʠʿʘ 

ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ ʥʘʩʪʘʣʦʛ ʫʩʣʝʜ ʩʤʘˁʝʥʦʛ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʥʘ ʟʘʚʨʪˁʝʤ 

ʠʟʚʝʜʝʥʦʤ ʧʨʠʢˀʫʯʢʫ ʧʦʚʝ˂ʘʚʘ ʩʘ ʨʘʩʪʦʤ ʧʦʚʨʰʠʥʩʢʦʛ ʩʣʦʿʘ ʦʢʩʠʜʘ ʬʦʨʤʠʨʘʥʠʭ 

ʥʘ ʢʦʥʪʘʢʪʥʦʿ ʧʦʚʨʰʠʥʠ (ʫʟ ʪʦ, ʧʨʘ˂ʝʥʘ ʿʝ ʩʪʘʣʥʠʤ ʧʦʚʝ˂ʘˁʝʤ ʦʪʧʦʨʥʦʩʪʠ 

ʢʦʥʪʘʢʪʘ). ɱʦʰ ʿʝʜʘʥ ʚʘʞʘʥ ʟʘʢˀʫʯʘʢ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʙʠʦ ʿʝ ʜʘ ʨʝʜʫʢʮʠʿʘ 
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ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʘʢʪʘ ʧʨʠʣʠʢʦʤ ˁʝʛʦʚʦʛ ʭʣʘʹʝˁʘ ʧʨʘʢʪʠʯʥʦ ʥʠʿʝ ʫʪʠʮʘʣʘ ʥʘ 

ʦʪʧʦʨʥʦʩʪ ʣʦʰʝʛ ʢʦʥʪʘʢʪʘ. ʉʘ ʩʚʘʢʠʤ ʥʦʚʠʤ ʫʩʧʦʩʪʘʚˀʘˁʝʤ ʩʪʨʫʿʝ, ʦʪʧʦʨʥʦʩʪ 

ʢʦʥʪʘʢʪʘ ʿʝ ʥʘʩʪʘʚʠʣʘ ʜʘ ʨʘʩʪʝ ʠ ʚʨʣʦ ʙʨʟʦ ʝʿ ʜʦʩʪʠʟʘʥʦ ʩʪʘˁʝ Ăʚʨʝʣʝñ ʪʘʯʢʝ ʥʘ 

ʢʦʥʪʘʢʪʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʿʝ ʪʘʢʦʹʝ ʧʦʢʘʟʘʥʦ ʜʘ ʣʦʰ ʢʦʥʪʘʢʪ ʥʘ ʥʦʚʦʿ ʝʣʝʢʪʨʠʯʥʦʿ 

ʠʥʩʪʘʣʘʮʠʿʠ, ʯʠʿʘ ʿʝ ʝʣʝʢʪʨʠʯʥʘ ʦʪʧʦʨʥʦʩʪ ʚʝ˂ʘ ʦʜ 80 mɋ, ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʪˁʫ ʧʦ 

ʙʝʟʙʝʜʥʦʩʪ (ʝʣʝʢʪʨʠʯʥʘ ʦʪʧʦʨʥʦʩʪ ʚʝ˂ʘ ʦʜ 80 mɋ ʫʢʘʟʫʿʝ ʥʘ ʚʝʨʦʚʘʪʥʦ ʧʦʩʪʦʿʘˁʝ 

Ăʚʨʝʣʝñ ʪʘʯʢʝ). ɼʘ ʙʠ ʩʝ ʩʧʨʝʯʠʦ ʧʦʯʝʪʥʠ ʧʦʞʘʨ, ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʟʘʤʝʥʫ ʫʪʠʯʥʠʮʝ 

(ʠʣʠ ʧʨʠʪʝʟʘˁʝ ʟʘʚʨʪˁʘ ʥʘ ʤʝʩʪʫ ʧʨʠʢˀʫʯʢʘ) ʪʨʝʙʘ ʦʙʘʚʠʪʠ ʧʨʝ ʥʝʛʦ ʰʪʦ 

ʝʣʝʢʪʨʠʯʥʘ ʦʪʧʦʨʥʦʩʪ ʢʦʥʪʘʢʪʘ ʜʦʩʪʠʛʥʝ 250 mɋ.  

ʇʨʠʤʝʥʦʤ ʪʨʝʥʫʪʥʦ ʚʘʞʝ˂ʠʭ ʩʪʘʥʜʘʨʜʘ ʠ ʧʨʘʚʠʣʥʠʢʘ [27,28] ʢʦʿʠʤʘ ʝʿ 

ʫʨʝʹʝʥʘ ʦʙʣʘʩʪ ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ, ʤʦʛʫ ʜʘ ʩʝ ʜʝʪʝʢʪʫʿʫ ʧʦʿʝʜʠʥʘ ʥʝʠʩʧʨʘʚʥʘ ʩʪʨʫʿʥʘ ʢʦʣʘ, ʜʦʢ ʧʦʿʝʜʠʥʠ 

ʣʦʰʠ ʢʦʥʪʘʢʪʠ ʦʩʪʘʿʫ ʥʝʦʪʢʨʠʚʝʥʠ. ʋ ʟʘʚʨʰʥʦʤ ʜʝʬʠʥʠʩʘˁʫ ʤʝʪʦʜʝ ʟʘ ʦʪʢʨʠʚʘˁʝ 

ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʘʥʘʣʠʟʠʨʘʥʠ ʩʫ ʥʘʚʝʜʝʥʠ ʥʝʜʦʩʪʘʮʠ ʧʦʩʪʦʿʝ˂ʠʭ 

ʧʨʦʮʝʜʫʨʘ. ʇʨʠ ʪʦʤʝ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʧʦʜʘʮʠ ʜʦʙʠʿʝʥʠ ʚʝʨʠʬʠʢʘʮʠʿʦʤ ʢʚʘʣʠʪʝʪʘ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʥʘ ʪʝʨʝʥʫ (ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʩʪʨʫʯʥʠ 

ʥʘʣʘʟʠ ʢʦʿʝ ʿʝ ʧʨʝʪʭʦʜʥʠʭ ʜʝʩʝʪ ʛʦʜʠʥʘ ʠʟʨʘʜʠʣʘ ʃʘʙʦʨʘʪʦʨʠʿʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʛʨʦʤʦʙʨʘʥʩʢʠʭ ʟʘʰʪʠʪʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ) ʠ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʜʦʙʠʿʝʥʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʫʪʝʤ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʩʫ ʘʥʘʣʠʟʠʨʘʥʠ 

ʝʬʝʢʪʠ ʨʝʜʫʢʮʠʿʝ ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʧʨʠʢˀʫʯʢʫ ʠʟʚʝʜʝʥʦʤ 

ʟʘʚʨʪˁʝʤ ʥʘ ˁʝʛʦʚʦ ʟʘʛʨʝʚʘˁʝ ʠ ʝʣʝʢʪʨʠʯʥʫ ʦʪʧʦʨʥʦʩʪ, ʢʘʢʦ ʥʘ ʿʝʜʥʦ ʿʩʪʘʨʦ ʿ(ʦʢʦ 

30 ʛʦʜʠʥʘ ʢʦʨʠʰ˂ʝʥʦ)ʿ ʫʪʠʯʥʠʮʠ ʪʘʢʦ ʠ ʥʘ ʜʚʝ ʥʦʚʝ ʫʪʠʯʥʠʮʝ, ʘʣʠ ʩʘ ʥʘʤʝʨʥʦ 

ʢʦʨʦʜʠʨʘʥʠʤ ʩʧʦʿʝʚʠʤʘ. ɼʘ ʙʠ ʩʝ ʫʙʨʟʘʦ ʧʨʦʮʝʩ ʢʦʨʦʟʠʿʝ, ʫ ʿʝʜʥʦʿ ʦʜ ʥʦʚʠʭ 

ʫʪʠʯʥʠʮʘ ʿʝʜʘʥ ʦʜ ʧʨʠʢˀʫʯʘʢʘ (ʬʘʟʥʦʛ ʧʨʦʚʦʜʥʠʢʘ) ʪʨʝʪʠʨʘʥ ʿʝ ʮʘʨʩʢʦʤ ʚʦʜʦʤ 

(ʢʦʥʮʝʥʪʨʦʚʘʥʘ HNO3 : ʢʦʥʮʝʥʪʨʦʚʘʥʘ HCl = 1:3 (v / v)), ʘ ʫ ʜʨʫʛʦʿ ʥʦʚʦʿ ʫʪʠʯʥʠʮʠ 

ʿʝʜʘʥ ʦʜ ʧʨʠʢˀʫʯʘʢʘ (ʥʝʫʪʨʘʣʥʦʛ ʧʨʦʚʦʜʥʠʢʘ) ʪʨʝʪʠʨʘʥ ʿʝ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ 

ʩʫʤʧʦʨʥʦʤ ʢʠʩʝʣʠʥʦʤ H2SO4. ʂʦʨʠʰ˂ʝˁʝʤ ʦʚʠʭ ʭʝʤʠʢʘʣʠʿʘ ʩʠʤʫʣʠʨʘʥ ʿʝ ʝʬʝʢʘʪ 

ʜʫʛʦʪʨʘʿʥʦʛ ʠʟʣʘʛʘˁʘ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʠʭ ʢʦʤʧʦʥʝʥʪʠ 

ʢʠʩʝʣʦʿ ʘʪʤʦʩʬʝʨʠ. ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʩʝ ʥʦʚʠ, ʘʣʠ ʥʘʤʝʨʥʦ ʢʦʨʦʜʠʨʘʥʠ, ʧʨʠʢˀʫʯʮʠ 
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ʠʟʚʝʜʝʥʠ ʟʘʚʨʪˁʝʤ ʥʘ ʫʪʠʯʥʠʮʘʤʘ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʢʘʢʦ ʧʦʨʘʩʪʘ 

ʪʝʤʧʝʨʘʪʫʨʝ ʪʘʢʦ ʠ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ ʜʫʛʦ ʢʦʨʠʰ˂ʝʥʠʭ (ʩʪʘʨʠʭ) ʫʪʠʯʥʠʮʘ. 

ʅʘʢʦʥ ʟʘʚʨʰʝʥʝ ʘʥʘʣʠʟʝ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʩʧʨʦʚʝʜʝʥʠʭ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ, 

ʧʨʠʩʪʫʧʠʣʦ ʩʝ ʘʥʘʣʠʟʠ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʦʩʪʚʘʨʝʥʠʭ ʥʘ ʪʝʨʝʥʫ ʢʘʢʦ ʙʠ ʩʝ 

ʧʨʝʮʠʟʠʨʘʣʘ ʤʝʪʦʜʘ ʟʘ ʦʪʢʨʠʚʘˁʝ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ. ʆʥʘ ʩʝ ʟʘʩʥʠʚʘ 

ʥʘ ʫʩʧʦʩʪʘʚˀʘˁʫ ʢʦʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʠʟʤʝʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ 

ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʠ ʩʪʝʧʝʥʘ ʧʦʛʦʨʰʘˁʘ ʢʦʥʪʘʢʪʘ, ʦʜʥʦʩʥʦ ʧʦʚʝ˂ʘˁʘ 

ʝˁʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ. ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʩʝ ʤʝʨʝˁʝʤ ʥʝ ʩʘʤʦ ʦʪʧʦʨʥʦʩʪʠ 

ʧʝʪˀʝ ʢʚʘʨʘ (RsL-PE) ʚʝ˂ ʠ ʦʪʧʦʨʥʦʩʪʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ (RsL-N) ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ 

ʧʨʦʮʝʜʫʨʘ ʟʘ ʨʘʥʦ ʦʪʢʨʠʚʘˁʝ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ. ʂʦʨʝʣʘʮʠʿʘ ʨʝʟʫʣʪʘʪʘ 

ʤʝʨʝˁʘ ʜʦʙʠʿʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ ʠ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʥʘ 

ʪʝʨʝʥʫ ʧʦʢʘʟʘʣʘ ʿʝ ʜʘ ʩʝ ʦʪʧʦʨʥʦʩʪ ʟʘ 0,5 ɋ ʚʝ˂ʘ ʦʜ ʥʘʿʚʝ˂ʝ ʠʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ  

RsL-PE (RsL-N) ʥʘ ʦʢʦʣʥʠʤ ʫʪʠʯʥʠʮʘʤʘ ʤʦʞʝ ʧʨʝʧʦʨʫʯʠʪʠ ʢʘʦ ʛʨʘʥʠʯʥʘ ʦʪʧʦʨʥʦʩʪ 

(Rlim) ʢʦʿʘ ʧʦʢʘʟʫʿʝ ʜʘ ʣʠ ʧʦʩʪʦʿʠ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝʤ 

ʩʪʨʫʿʥʦʤ ʢʦʣʫ.  

ɻʣʘʚʥʠ ʥʘʫʯʥʠ ʜʦʧʨʠʥʦʩ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʥʦʚʘ ʤʝʪʦʜʘ (ʧʨʦʮʝʜʫʨʘ ʫ ʦʢʚʠʨʫ 

ʧʝʨʠʦʜʠʯʥʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ) ʟʘ 

ʦʪʢʨʠʚʘˁʝ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ, ʥʘ ʦʩʥʦʚʫ ʤʝʨʝˁʘ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ 

ʢʚʘʨʘ RsL-PE ʠ ʧʝʪˀʝ ʢʨʘʪʢʦʛ ʩʧʦʿʘ RsL-N ʠ ˁʠʭʦʚʦʛ ʧʦʨʝʹʝˁʘ ʩʘ Rlim. ɿʘ ʦʜʛʦʚʦʨʥʦ 

ʣʠʮʝ ʢʦʿʝ ʚʨʰʠ ʚʝʨʠʬʠʢʘʮʠʿʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʥʘ ʪʝʨʝʥʫ 

ʜʦʜʘʪʥʦ ʤʝʨʝˁʝ ʦʪʧʦʨʥʦʩʪʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ (RsL-N) ʧʨʦʜʫʞʠʣʦ ʙʠ ʚʨʝʤʝ ʠʩʧʠʪʠʚʘˁʘ 

ʿʝʜʥʝ ʰʫʢʦ-ʫʪʠʯʥʠʮʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʟʘ ʩʘʤʦ ʧʝʪ ʩʝʢʫʥʜʠ, ʧʘ ʩʝ 

ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʧʨʠʤʝʥʘ ʥʦʚʝ ʤʝʪʦʜʝ ʥʠʿʝ ʟʘʭʪʝʚʥʘ ʫ ʧʦʛʣʝʜʫ ʜʫʞʠʥʝ ʪʨʘʿʘˁʘ 

ʠʩʧʠʪʠʚʘˁʘ. ʊʘʙʝʣʘ 32 ʩʘʜʨʞʠ ʧʨʦʮʝʜʫʨʫ ʟʘ ʦʪʢʨʠʚʘˁʝ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʣʦʢʘʮʠʿʘ 

ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʠ ʤʦʛʫ˂ʝ ʦʧʘʩʥʦʩʪʠ ʦʜ ʧʦʞʘʨʘ ʫ ʩʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ 

ʢʦʿʝ ʤʦʛʫ ʥʘʩʪʘʪʠ ʫ ʧʨʘʢʩʠ (ʥʘ ʪʝʨʝʥʫ). ʅʘʚʝʜʝʥʫ ʧʨʦʮʝʜʫʨʫ ʪʨʝʙʘ ʧʨʠʤʝʥʠʪʠ ʫ 

ʩʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʫ ʢʦʿʠʤʘ ʿʝ ʠʟʤʝʨʝʥʘ ʦʪʧʦʨʥʦʩʪ ʧʝʪˀʝ ʢʚʘʨʘ RsL-PE ʤʘʘˁ ʦʜ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʘʢʩʠʤʘʣʥʝ ʜʦʟʚʦˀʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʠ ʢʚʘʨʘ RsʄɸX, ʢʦʘʿ 

ʦʙʝʟʙʝʹʫʿʝ ʝʬʠʢʘʩʥʦ ʜʝʣʦʚʘˁʝ ʧʨʠʤʝˁʝʥʝ ʢʣʘʩʠʯʥʝ ʟʘʰʪʠʪʥʝ ʢʦʤʧʦʥʝʥʪʝ ʫ 

ʩʣʫʯʘʿʫ ʢʚʘʨʘ ʫ TN ʩʠʩʪʝʤʫ ʟʘʰʪʠʪʝ (ʫ ʩʫʧʨʦʪʥʦʤ ʩʣʫʯʘʿʫ, ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʩʪʨʫʿʥʦ 

ʢʦʣʦ ʙʠ ʫ ʨʝʜʦʚʥʦ ʿʧʨʦʮʝʜʫʨʠ ʙʠʣʦ ʧʨʦʛʣʘʰʝʥʦ ʥʝʠʩʧʨʘʚʥʠʤ ʟʙʦʛ ʦʧʘʩʥʦʩʪʠ ʦʜ 

ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ).  
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ʅʘʧʦʤʝʥʠʤʦ ʜʘ ʥʦʚʘ ʧʨʦʮʝʜʫʨʘ ʟʘ ʜʝʪʝʢʮʠʿʫ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ 

ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʚʘʞʠ ʟʘ ʦʙʘ ʪʠʧʘ ʫʪʠʯʥʠʮʘ 

(ʤʦʥʦʬʘʟʥʝ ʠ ʪʨʦʬʘʟʥʝ). ʈʘʟʣʠʢʘ ʿʝ ʫ ʪʦʤʝ ʰʪʦ ʩʝ ʫ ʩʣʫʯʘʿʫ ʪʨʦʬʘʟʥʝ ʫʪʠʯʥʠʮʝ 

ʤʦʨʘ ʠʟʚʨʰʠʪʠ ʤʝʨʝˁʝ RsL-PE ʠ RsL-N ʟʘ ʩʚʘʢʠ ʬʘʟʥʠ ʧʨʦʚʦʜʥʠʢ, ʘ ʜʦʙʠʿʝʥʠ 

ʨʝʟʫʣʪʘʪʠ ʩʝ ʘʥʘʣʠʟʠʨʘʿʫ ʥʘ ʠʩʪʠ ʥʘʯʠʥ ʢʘʦ ʠ ʟʘ ʤʦʥʦʬʘʟʥʝ ʫʪʠʯʥʠʮʝ. ʇʦʩʣʝ 

ʚʝʨʠʬʠʢʘʮʠʿʝ ʫ ʢʦʿʦʿ ʿʝ ʧʨʠʤʝˁʝʥʘ ʥʦʚʘ ʧʨʦʮʝʜʫʨʘ, ʢʘʦ ʧʨʦʚʝʨʘ ʜʘ ʣʠ ʩʫ ʣʦʰʠ 

ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ ʝʣʠʤʠʥʠʩʘʥʠ ʘʢʮʠʿʦʤ ʝʣʝʢʪʨʠʯʘʨʘ ʠʣʠ ʪʝʭʥʠʯʢʝ ʩʣʫʞʙʝ, 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʦʥʦʚʦ ʠʟʤʝʨʠʪʠ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ RsL-PE ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ RsL-N 

ʫ ʪʠʤ ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ ʠ ʧʨʦʚʝʨʠʪʠ ʜʘ ʣʠ ˁʠʭʦʚʝ ʥʦʚʝʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ 

ʠʩʧʫˁʘʚʘʿʫ ʫʩʣʦʚʝ ʟʘ ʩʪʨʫʿʥʦ ʢʦʣʦ ʙʝʟ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ.  

ʇʨʠʤʝʥʘ ʥʦʚʝ ʧʨʦʮʝʜʫʨʝ ʿʝ ʦʛʨʘʥʠʯʝʥʘ ʥʘ TN ʩʠʩʪʝʤ ʟʘʰʪʠʪʝ, ʢʦʿʠ ʿʝ 

ʥʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʝʥ ʩʠʩʪʝʤ ʟʘʰʪʠʪʝ ʦʜ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ ʫ ʩʣʫʯʘʿʫ ʢʚʘʨʘ. ʊʘʢʦʹʝ, 

ʪʨʝʙʘ ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʝ ʥʝʢʠ ʣʦʰʠ ʢʦʥʪʘʢʪʠ ʥʝ ʤʦʛʫ ʦʪʢʨʠʪʠ ʧʨʠʤʝʥʦʤ ʥʦʚʝ 

ʧʨʦʮʝʜʫʨʝ. ʅʘ ʧʨʠʤʝʨ, ʥʝ ʤʦʛʫ ʜʘ ʩʝ ʜʝʪʝʢʪʫʿʫ ʣʦʠh ʢʦʥʪʘʢʪʠ ʫ ʥʦʚʠʤ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ. ʈʘʟʣʦʛ ʪʦʤʝ ʿʝ ʯʠˁʝʥʠʮʘ ʜʘ 

ʜʝʛʨʘʜʘʮʠʿʘ ʢʦʥʪʘʢʪʘ ʥʘ ʥʦʚʦʿ ʝʣʝʢʪʨʠʯʥʦʿ ʠʥʩʪʘʣʘʮʠʿʠ (ʢʦʿʠ ʤʦʞʝ ʜʘ ʠʟʘʟʦʚʝ 

Ăʚʨʝʣʫñ ʪʘʯʢʫ) ʧʦʩʪʦʿʠ ʠ ʢʘʜʘ ʿʝ ˁʝʛʦʚʘ ʦʪʧʦʨʥʦʩʪ ʩʘʤʦ 80 mɋ, ʘ ʪʘʢʦ ʤʘʣʝ 

ʧʨʦʤʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ ʥʝ ʤʦʛʫ ʩʝ ʜʝʪʝʢʪʦʚʘʪʠ ʤʝʨʝˁʝʤ. ɿʙʦʛ ʪʦʛʘ, 

ʧʨʠʤʝʥʦʤ ʥʦʚʝ ʤʝʪʦʜʝ ʫ ʩʣʫʯʘʿʫ ʠʩʧʠʪʠʚʘˁʘ ʥʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ 

ʦʜʛʦʚʦʨʥʦ ʣʠʮʝ ʢʦʿʝ ʚʨʰʠ ʚʝʨʠʬʠʢʘʮʠʿʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ ʤʦʞʝ ʠʟʚʝʩʪʠ ʧʦʛʨʝʰʘʥ ʟʘʢˀʫʯʘʢ (ʥʘ ʦʩʥʦʚʫ ʠʟʤʝʨʝʥʠʭ ʤʘʣʠʭ 

ʦʪʧʦʨʥʦʩʪʠ RsL-PE ʠ RsL-N) ʜʘ ʿʝ ʠʥʩʪʘʣʘʮʠʿʘ ʠʩʧʨʘʚʥʘ, ʠʘʢʦ ʫ ˁʦʿ ʧʦʩʪʦʿʠ 

ʦʣʘʙʘʚˀʝʥʘ ʚʝʟʘ (ʥʘʿʯʝʰ˂ʝ ʿʝ ʪʦ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʥʘʩʪʘʦ ʫʩʣʝʜ 

ʥʝʧʨʦʬʝʩʠʦʥʘʣʥʦʛ ʨʘʜʘ ʝʣʝʢʪʨʠʯʘʨʘ). ʊʘʢʦʹʝ, ʧʨʠʤʝʥʦʤ ʥʦʚʝ ʧʨʦʮʝʜʫʨʝ ʥʠ ʥʘ 

ʩʪʘʨʠʤ (ʢʦʨʠʰ˂ʝʥʠʤ) ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ ʥʝ ʤʦʛʫ ʜʘ ʩʝ ʜʝʪʝʢʪʫʿʫ ʣʦʰʠ 

ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ ʫ ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ ʥʝʢʠʭ ʬʠʢʩʥʠʭ ʧʨʠʿʝʤʥʠʢʘ (ʢʘʦ ʰʪʦ ʩʫ 

ʥʧʨ. ʩʚʝʪʠˀʢʝ), ʿʝʨ ʩʝ ʢʦʜ ˁʠʭ ʥʝ ʧʨʠʤʝˁʫʿʝ ʨʝʜʦʚʥʘ ʧʨʦʮʝʜʫʨʘ ʤʝʨʝˁʘ 

ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ RsL-PE (ʥʝ ʧʦʩʪʦʿʠ ʦʧʘʩʥʦʩʪ ʦʜ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ, ʿʝʨ ʿʝ 

ʩʚʝʪʠˀʢʘ ʚʘʥ ʜʦʤʘʰʘʿʘ ʨʫʢʝ, ʘ ʫ ʧʦʿʝʜʠʥʠʤ ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ ʦʩʚʝʪˀʝˁʘ ʥʠʿʝ ʥʠ 

ʠʟʚʝʜʝʥ ʟʘʰʪʠʪʥʠ ʧʨʦʚʦʜʥʠʢ). 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʘ ʟʘ ʦʪʢʨʠʚʘˁʝ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʫʩʧʝʰʥʦ ʿʝ 

ʧʨʠʤʝˁʝʥʘ ʧʨʠʣʠʢʦʤ ʚʨʰʝˁʘ ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ 
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ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʫ ʩʪʘʤʙʝʥʠʤ ʿʝʜʠʥʠʮʘʤʘ ʨʘʟʣʠʯʠʪʝ ʩʪʘʨʦʩʪʠ  (10ï60 

ʛʦʜʠʥʘ). ʋ ʥʝʢʦʣʠʢʦ ʩʪʨʫʿʥʠʭ ʢʦʣʘ ʧʨʠʤʝʥʦʤ ʥʦʚʝ ʤʝʪʦʜʝ ʩʫ ʜʝʪʝʢʪʦʚʘʥʠ ʣʦʰʠ 

ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ.  

ʅʘ ʢʨʘʿʫ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʨʝʟʫʣʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ 

ʠʩʧʠʪʠʚʘˁʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ AFDD ʢʦʤʧʦʥʝʥʪʝ, ʢʦʿʘ ʪʨʝʙʘ ʜʘ ʧʨʝʧʦʟʥʘ ʿʝʜʠʥ-

ʩʪʚʝʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʛʦʨʝˁʘ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʠ ʜʘ ʧʦʩʣʝ ʪʦʛʘ ʩʪʨʫʿʥʦ 

ʢʦʣʦ ʫ ʢʦʤʝ ʩʝ ʦʥ ʧʦʿʘʚʠʦ ʠʩʢˀʫʯʠ ʩʘ ʤʨʝʞʥʦʛ ʥʘʧʘʿʘˁʘ. ʀʩʧʠʪʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʘ 

ʜʘ ʥʠʿʝ ʙʠʣʦ ʣʘʞʥʦʛ ʨʝʘʛʦʚʘˁʘ AFDD ʢʦʤʧʦʥʝʥʪʝ, ʢʘʦ ʠ ʜʘ ʿʝ ʜʦ ˁʝʛʦʚʦʛ 

ʨʝʘʛʦʚʘˁʘ ʫʚʝʢ ʜʦʣʘʟʠʣʦ ʢʘʜʘ ʿʝ ʫ ʩʪʨʫʿʥʦʤ ʢʦʣʫ ʙʠʦ ʫʩʧʦʩʪʘʚˀʝʥ ʨʝʜʥʠ 

ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ (ʩʪʘʙʠʣʘʥ ʠʣʠ ʥʝʩʪʘʙʠʣʘʥ). ʊʠʤʝ ʩʫ ʧʨʘʢʪʠʯʥʦ ʧʦʪʚʨʹʝʥʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ AFDD ʢʦʤʧʦʥʝʥʪʝ ʜʝʢʣʘʨʠʩʘʥʝ ʦʜ ʩʪʨʘʥʝ ʧʨʦʠʟʚʦʹʘʯʘ. ɿʙʦʛ ʪʦʛʘ 

ʿʝ ʜʘʪʘ ʧʨʝʧʦʨʫʢʘ ʜʘ ʢʦʤʧʦʥʝʥʪʝ ʩʣʠʯʥʝ AFDD-ʫ ʪʨʝʙʘ ʠʥʩʪʘʣʠʨʘʪʠ ʢʘʢʦ ʫ 

ʩʪʘʤʙʝʥʠʤ, ʪʘʢʦ ʠ ʫ ʿʘʚʥʠʤ ʦʙʿʝʢʪʠʤʘ ʫ ʢʦʿʠʤʘ ʩʝ ʦʢʫʧˀʘ ʚʝ˂ʠ ʙʨʦʿ ˀʫʜʠ. ʊʘʢʚʠ 

ʦʙʿʝʢʪʠ ʩʫ, ʥʘ ʧʨʠʤʝʨ, ʦʙʜʘʥʠʰʪʘ, ʰʢʦʣʝ, ʬʘʢʫʣʪʝʪʠ, ʙʦʣʥʠʮʝ, ʩʧʦʨʪʩʢʝ ʭʘʣʝ, 

ʨʦʙʥʝ ʢʫ˂ʝ, ʙʠʦʩʢʦʧʠ, ʧʦʟʦʨʠʰʪʘ ʠʪʜ. ʊʘʢʦʹʝ ʠʭ ʪʨʝʙʘ ʠʥʩʪʘʣʠʨʘʪʠ ʥʘ ʩʚʠʤ 

ʤʝʩʪʠʤʘ ʥʘ ʢʦʿʠʤʘ ʠʤʘ ʣʘʢʦ ʟʘʧʘˀʠʚʦʛ ʠʣʠ ʩʢʫʧʦʮʝʥʦʛ ʤʘʪʝʨʠʿʘʣʘ (ʨʘʟʥʘ 

ʩʢʣʘʜʠʰʪʘ ʠ ʨʘʜʠʦʥʠʮʝ, ʤʫʟʝʿʠ, ʙʠʙʣʠʦʪʝʢʝ ʠʪʜ.). 

ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʘʜʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʛʣʘʚʥʝ ʥʘʫʯʥʝ ʜʦʧʨʠʥʦʩʝ 

ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʦʙʿʘʚˀʝʥʠ ʩʫ ʫ ʥʘʫʯʥʠʤ ʯʘʩʦʧʠʩʠʤʘ ʩʘ JCR ʣʠʩʪʝ 

[88,89,98]. ʅʝʢʠ ʜʝʣʦʚʠ ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʘʜʘ ʦʙʿʘʚˀʝʥʠ ʩʫ ʫ ʜʦʤʘ˂ʠʤ ʯʘʩʦʧʠʩʠʤʘ 

[25,66] ʠʣʠ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʥʘ ʜʦʤʘ˂ʠʤ ʥʘʫʯʥʠʤ ʢʦʥʬʝʨʝʥʮʠʿʘʤʘ [17,21,26,64].    

ʅʦʚʘ ʤʝʪʦʜʘ ˂ʝ ʩʝ ʫ ʙʫʜʫ˂ʥʦʩʪʠ ʧʨʠʤʝˁʠʚʘʪʠ ʫ ʩʚʠʤ ʧʝʨʠʦʜʠʯʥʠʤ 

ʚʝʨʠʬʠʢʘʮʠʿʘʤʘ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʢʦʿʝ ʙʫʜʝ 

ʚʨʰʠʣʘ ʃʘʙʦʨʘʪʦʨʠʿʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠ 

ʛʨʦʤʦʙʨʘʥʩʢʠʭ ʟʘʰʪʠʪʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ. 

ʆʯʝʢʫʿʝ ʩʝ ʜʘ ʩʝ ʚʨʝʤʝʥʦʤ, ʢʨʦʟ ʠʟʨʘʹʝʥʝ ʩʪʨʫʯʥʝ ʥʘʣʘʟʝ ʦ ʚʝʨʠʬʠʢʘʮʠʿʠ 

ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ, ʧʨʠʢʫʧʠ ʜʦʚʦˀʥʦ ʨʝʟʫʣʪʘʪʘ 

ʤʝʨʝˁʘ ʢʦʿʠ ˂ʝ ʩʝ ʫʧʦʪʨʝʙʠʪʠ ʟʘ ʫʩʧʦʩʪʘʚˀʘˁʝ ʚʝʟʝ ʠʟʤʝʹʫ ʩʪʘʨʦʩʪʠ 

ʛʨʘʹʝʚʠʥʩʢʠʭ ʦʙʿʝʢʘʪʘ (ʪʘʯʥʠʿʝ, ʩʪʘʨʦʩʪʠ ˁʠʭʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ) ʠ 

ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʩʪʘʥʢʘ ʦʧʘʩʥʝ Ăʚʨʝʣʝñ ʪʘʯʢʝ ʥʘ ʣʦʰʝʤ ʝʣʝʢʪʨʠʯʥʦʤ ʢʦʥʪʘʢʪʫ ʫ 

ʩʪʨʫʿʥʠʤ ʢʦʣʠʤʘ ʤʦʥʦʬʘʟʥʠʭ ʠ ʪʨʦʬʘʟʥʠʭ ʧʨʠʿʝʤʥʠʢʘ. 
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ʃʘʙʦʨʘʪʦʨʠʿʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠ 

ʛʨʦʤʦʙʨʘʥʩʢʠʭ ʟʘʰʪʠʪʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʨʘʜʠ˂ʝ ʥʘ ʧʨʦʤʦʮʠʿʠ ʥʦʚʝ ʤʝʪʦʜʝ ʟʘ ʨʘʥʦ 

ʦʪʢʨʠʚʘˁʝ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ. ʅʦʚʘ ʤʝʪʦʜʘ ˂ʝ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥʘ ʥʘ 

ʩʪʨʫʯʥʠʤ ʩʘʚʝʪʦʚʘˁʠʤʘ ʠ ʩʝʤʠʥʘʨʠʤʘ ʯʠʿʘ ʿʝ ʪʝʤʘ ʧʨʝʚʝʥʪʠʚʥʘ ʟʘʰʪʠʪʘ ʦʜ 

ʧʦʞʘʨʘ, ʢʘʢʦ ʢʦʜ ʥʘʩ ʪʘʢʦ ʠ ʫ ʠʥʦʩʪʨʘʥʩʪʚʫ. ʊʘʢʦʹʝ, ʬʠʨʤʘʤʘ ʢʦʝʿ ʚʨʰʝ 

ʚʝʨʠʬʠʢʘʮʠʿʫ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ, ʢʨʦʟ ʢʨʘʪʢʦ 

ʫʧʫʪʩʪʚʦ ʠ ʧʨʠʤʝʨʝ, ʙʠ˂ʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʧʨʘʢʪʠʯʥʘ ʧʨʠʤʝʥʘ ʥʦʚʝ ʤʝʪʦʜʝ ʟʘ 

ʜʝʪʝʢʮʠʿʫ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ. ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ˂ʝ ʟʙʦʛ 

ʿʝʜʥʦʩʪʘʚʥʦʩʪʠ ʧʨʠʤʝʥʝ ʠ ʚʝʦʤʘ ʤʘʣʦʛ ʧʨʦʜʫʞʝˁʘ ʚʨʝʤʝʥʘ ʠʩʧʠʪʠʚʘˁʘ ʫ ʦʜʥʦʩʫ 

ʥʘ ʩʪʘʥʜʘʨʜʥʫ ʧʨʦʮʝʜʫʨʫ ʩʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʤʝʨʥʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ (ʤʝʨʝˁʝ ʿʝ 

ʧʦ ʫʪʠʯʥʠʮʠ ʜʫʞʝ ʟʘ ʦʢʦ ʧʝʪ ʩʝʢʫʥʜʠ) ʥʦʚʘ ʤʝʪʦʜʘ ʫʩʢʦʨʦ ʧʦʯʝʪʠ ʰʠʨʦʢʦ ʜʘ ʩʝ 

ʧʨʠʤʝˁʫʿʝ.  

ʃʘʙʦʨʘʪʦʨʠʿʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠ 

ʛʨʦʤʦʙʨʘʥʩʢʠʭ ʟʘʰʪʠʪʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ 

ʦʙʨʘʪʠ˂ʝ ʩʝ ʠ ʀʥʪʝʨʥʘʮʠʦʥʘʣʥʦʿ ʝʣʝʢʪʨʦʪʝʭʥʠʯʢʦʿ ʢʦʤʠʩʠʿʠ (International 

Electrotechnical Commission ï IEC), ʢʦʿʘ ʜʦʥʦʩʠ ʩʪʘʥʜʘʨʜʝ ʠʟ ʦʙʣʘʩʪʠ 

ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ, ʢʘʢʦ ʙʠ 

ʫʢʘʟʘʣʘ ʥʘ ʥʝʜʦʩʪʘʪʢʝ ʧʦʩʪʦʿʝ˂ʠʭ ʧʨʦʮʝʜʫʨʘ ʟʙʦʛ ʢʦʿʠʭ ʥʝ ʤʦʛʫ ʜʘ ʩʝ ʜʝʪʝʢʪʫʿʫ 

ʤʥʦʛʠ ʣʦʰʠ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ, ʢʘʦ ʠ ʥʘ ʯʠˁʝʥʠʮʫ ʜʘ ˂ʝ ʙʨʦʿ ʥʝʜʝʪʝʢʪʦʚʘʥʠʭ 

ʣʦʰʠʭ ʢʦʥʪʘʢʘʪʘ ʙʠʪʠ ʤʥʦʛʦ ʤʘˁʠ ʫʢʦʣʠʢʦ ʩʝ ʧʨʠʤʝʥʠ ʥʦʚʘ ʧʨʦʮʝʜʫʨʘ ʢʦʿʘ ˂ʝ 

ʧʨʝʜʩʪʘʚˀʘʪʠ ʜʦʜʘʪʘʢ ʩʪʘʥʜʘʨʜʥʦ ʿʧʨʦʮʝʜʫʨʠ. 

ɼʘˀʝ ʠʩʪʨʘʞʠʚʘˁʝ ʤʦʞʝ ʜʘ ʦʙʫʭʚʘʪʠ ʙʨʦʿʥʝ ʝʢʩʧʝʨʠʤʝʥʪʝ ʢʦʿʠ ʤʦʛʫ ʜʘ 

ʧʦʤʦʛʥʫ ʫ ʦʪʢʨʠʚʘˁʫ ʫʟʨʦʢʘ ʧʦʞʘʨʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ. ʋ ʿʝʜʥʦʿ 

ʛʨʫʧʠ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʙʠ ʩʝ ʧʦʩʪʠʛʣʦ ʜʘ ʩʝ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ (ʥʧʨ. 

ʫʪʠʯʥʠʮʝ) ʟʘʧʘʣʝ ʫʩʣʝʜ ʧʦʩʪʦʿʘˁʘ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʠʣʠ ʨʝʜʥʦʛ 

ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ, ʘ ʫ ʜʨʫʛʦʿ ʛʨʫʧʠ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠʟʚʨʰʠʣʦ ʙʠ ʩʝ ʧʘˀʝˁʝ 

ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʝ ʢʦʤʧʦʥʝʥʪʝ ʠʩʪʦʛ ʪʠʧʘ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʦʿ ʣʘʙʦʨʘʪʦʨʠʿʩʢʦʿ 

ʧʝ˂ʥʠʮʠ. ɸʥʘʣʠʟʦʤ ʪʨʘʛʦʚʘ ʧʦʞʘʨʘ ʥʘ ʦʚʝ ʜʚʝ ʢʦʤʧʦʥʝʥʪʝ ʚʝʨʦʚʘʪʥʦ ʿʝ ʤʦʛʫ˂ʝ 

ʜʦʥʝʪʠ ʟʘʢˀʫʯʢʝ ʢʦʿʠ ʤʦʛʫ ʜʦʧʨʠʥʝʪʠ ʧʦʙʦˀʰʘˁʫ ʢʚʘʣʠʪʝʪʘ ʚʝʰʪʘʯʝˁʘ ʥʘʩʪʘʣʠʭ 

ʧʦʞʘʨʘ, ʪʿ. ʫʪʚʨʹʠʚʘˁʫ ʜʘ ʣʠ ʿʝ ʧʦʞʘʨ ʥʘʩʪʘʦ ʫʩʣʝʜ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

ʥʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥʦʿ ʢʦʤʧʦʥʝʥʪʠ ʠʣʠ ʿʝ ʢʦʤʧʦʥʝʥʪʘ ʠʟʛʦʨʝʣʘ ʫ ʧʦʞʘʨʫ ʯʠʿʠ 

ʿʝ ʫʟʨʦʢ ʥʝʧʦʟʥʘʪ. ʈʝʟʫʣʪʘʪʠ ʪʘʢʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʤʥʦʛʦ ʙʠ ʟʥʘʯʠʣʠ ʠʥʩʧʝʢʪʦʨʠʤʘ 
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ʉʝʢʪʦʨʘ ʟʘ ʚʘʥʨʝʜʥʝ ʩʠʪʫʘʮʠʿʝ, ʋʧʨʘʚʝ ʟʘ ʧʨʝʚʝʥʪʠʚʥʫ ʟʘʰʪʠʪʫ ʦʜ ʧʦʞʘʨʘ 

ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʢʦʿʠ ʚʨʰʝ ʚʝʰʪʘʯʝˁʘ ʚʝʣʠʢʠʭ ʧʦʞʘʨʘ. 

ʇʨʠʤʝʥʘ ʥʦʚʝ ʧʨʦʮʝʜʫʨʝ ʿʝ ʦʛʨʘʥʠʯʝʥʘ ʥʘ TN ʩʠʩʪʝʤ ʟʘʰʪʠʪʝ, ʢʦʿʠ ʿʝ 

ʥʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʝʥ ʩʠʩʪʝʤ ʟʘʰʪʠʪʝ ʦʜ ʝʣʝʢʪʨʠʯʥʦʛ ʫʜʘʨʘ ʫ ʩʣʫʯʘʿʫ ʢʚʘʨʘ. 

ʇʨʦʩʪʦʨ ʟʘ ʜʘˀʝ ʠʩʪʨʘʞʠʚʘˁʝ ʤʦʞʝ ʜʘ ʙʫʜʝ ʨʘʜ ʥʘ ʫʩʘʚʨʰʘʚʘˁʫ ʥʦʚʝ ʤʝʪʦʜʝ ʢʘʢʦ 

ʙʠ ʦʥʘ ʤʦʛʣʘ ʫʩʧʝʰʥʦ ʜʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʠ ʫ ʊʊ ʩʠʩʪʝʤʫ ʟʘʰʪʠʪʝ, ʢʦʿʠ ʿʝ ʚʠʰʝ 

ʟʘʩʪʫʧˀʝʥ ʫ ʨʫʨʘʣʥʠʤ ʧʦʜʨʫʯʿʠʤʘ, ʛʜʝ ʩʝ ʟʘ ʥʘʧʘʿʘˁʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ ʚʘʟʜʫʰʥʘ 

ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ.   

ʋʢʦʣʠʢʦ ʩʝ ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ ʥʝ ʜʝʪʝʢʪʫʿʝ ʥʘ ʚʨʝʤʝ, ʠ ʫʢʦʣʠʢʦ ʧʨʝʹʝ 

ʫ ʧʨʦʛʨʝʩʠʚʘʥ ʢʚʘʨ (ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ) ʧʨʝ ʥʝʛʦ ʰʪʦ ʠʟʘʟʦʚʝ ʧʦʞʘʨ, 

ʠʥʩʪʘʣʠʨʘˁʝʤ ʢʦʤʧʦʥʝʥʪʝ ʩʣʠʯʥʝ AFDD-ʫ ʦʧʠʩʘʥʝ ʫ ʧʦʩʣʝʜˁʝʤ ʧʦʛʣʘʚˀʫ, ʨʝʜʥʠ 

ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʩʝ ʥʘ ʚʨʝʤʝ ʤʦʞʝ ʜʝʪʝʢʪʦʚʘʪʠ ʠ ʧʨeʢʠʥʫʪʠ ʥʘʧʘʿʘˁʝ ʩʪʨʫʿʥʦʛ 

ʢʦʣʘ. ɿʙʦʛ ʪʦʛʘ ˂ʝ ʩʝ ʧʨʦʤʦʚʠʩʘʪʠ ʫʛʨʘʜˁʘ ʦʚʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʢʘʢʦ ʫ ʩʪʘʤʙʝʥʠʤ 

ʪʘʢʦ ʠ ʫ ʿʘʚʥʠʤ ʠ ʧʦʩʣʦʚʥʠʤ ʦʙʿʝʢʪʠʤʘ ʫ ʢʦʿʠʤʘ ʩʝ ʦʢʫʧˀʘ ʚʝʣʠʢʠ ʙʨʦʿ ˀʫʜʠ.  
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ʇʈʀʃʆɻ 1 

 

ʉʪʘʪʠʩʪʠʯʢʠ ʧʦʜʘʮʠ ʦ ʧʦʞʘʨʠʤʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ (ʨʘʩʧʦʜʝʣʘ ʧʨʝʤʘ 

ʦʙʿʝʢʪʫ-ʧʨʦʩʪʦʨʫ ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ, ʫʟʨʦʮʠʤʘ ʥʘʩʪʘʿʘˁʘ ʠ ʤʘʪʝʨʠʿʘʣʥʦʿ 

ʰʪʝʪʠ) 

 
ʊʘʙʝʣʘ 1. ʉʪʘʪʠʩʪʠʯʢʠ ʧʦʜʘʮʠ ʦ ʧʦʞʘʨʠʤʘ ʟʘ ʈʝʧʫʙʣʠʢʫ ʉʨʙʠʿʫ / ʨʘʩʧʦʜʝʣʘ ʧʨʝʤʘ ʦʙʿʝʢʪʫ-

ʧʨʦʩʪʦʨʫ 
 

ɻʦʜʠʥʘ ʋʢʫʧʘʥ ʙʨʦʿ 

ʧʦʞʘʨʘ ʠ 

ʝʢʩʧʣʦʟʠʿʘ 

ʇʨʝʤʘ ʦʙʿʝʢʪʫ-ʧʨʦʩʪʦʨʫ 

ɹʨʦʿ ʧʦʞʘʨʘ 

ʥʘ 

ʛʨʘʹʝʚʠʥʩʢʠʤ 

ʦʙʿʝʢʪʠʤʘ 

ɹʨʦʿ ʧʦʞʘʨʘ 

ʥʘ 

ʦʪʚʦʨʝʥʦʤ 

ʧʨʦʩʪʦʨʫ 

ɹʨʦʿ ʧʦʞʘʨʘ ʥʘ 

ʩʘʦʙʨʘ˂ʘʿʥʠʤ 

ʩʨʝʜʩʪʚʠʤʘ 

1998 5432 3098 1675 659 

1999 3670 2572 531 567 

2000 6641 3161 2750 730 

2001 4055 2627 736 692 

2002 4895 2768 1347 780 

2003 5393 2947 1679 767 

2004 5108 2758 1507 843 

2005 5259 2825 1522 912 

2006 5712 2937 1898 877 

2007 6948 3146 2858 944 

2008 6561 3090 2534 937 

2009 6168 3115 2138 915 
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ʊʘʙʝʣʘ 2. ʉʪʘʪʠʩʪʠʯʢʠ ʧʦʜʘʮʠ ʦ ʧʦʞʘʨʠʤʘ ʟʘ ʈʝʧʫʙʣʠʢʫ ʉʨʙʠʿʫ / ʫʟʨʦʮʠ ʥʘʩʪʘʿʘˁʘ 

ɻʦʜʠʥʘ 

ʋʢʫʧʘʥ 

ʙʨʦ ʿ

ʧʦʞʘʨʘ ʠ 

ʝʢʩʧʣʦʟʠʿʘ 

ʋʟʨʦʮʠ ʥʘʩʪʘʿʘˁʘ 

ʅʝʫʪʚʨʹʝʥʦ 
ʂʦʥʩʪʨʫʢʮʠʦʥʠ 

ʥʝʜʦʩʪʘʮʠ 

ʆʰʪʝ˂ʝˁʘ

ʠ ʢʚʘʨʦʚʠ 

ʃʦʞʠʰʪʘ 

ʠ ʦʛˁʠʰʪʘ 

ʆʪʚʦʨʝʥ 

ʧʣʘʤʝʥ 

ʆʧʫʰʘʢ 

ʦʜ 

ʮʠʛʘʨʝʪʘ 

ɿʘʚʘʨʠʚʘˁʝ, 

ʨʝʟʘˁʝ, 

ʣʝʤˀʝˁʝ 

ɽʣʝʢʪʨʠʯʥʠ 

ʘʧʘʨʘʪʠ ʠ 

ʫʨʝʹʘʿʠ 

ʂʨʘʪʘʢ 

ʩʧʦʿ 

ʇʨʦʚʦʜʥʠʮʠ 

ʫʩʣʝʜ 

ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ 

ʉʘʤʦʟʘʧʘˀʝˁʝ 
ɸʪʤʦʩʬʝʨʩʢʦ 

ʧʨʘʞˁʝˁʝ 

ʆʩʪʘʣʠ 

ʫʟʨʦʮʠ 

1998 5432 63 104 375 2773 140 66 496 1033 57 33 33 214 45 

1999 3670 51 68 249 1427 97 59 395 806 51 27 45 279 116 

2000 6641 55 102 290 4071 225 83 456 887 58 33 36 226 119 

2001 4055 57 86 281 1789 136 60 438 837 63 26 36 171 75 

2002 4895 45 114 295 2495 138 49 478 869 60 26 46 190 90 

2003 5393 53 118 338 2903 159 64 440 926 50 24 42 162 114 

2004 5108 48 95 394 2717 117 70 422 914 49 25 23 170 64 

2005 5259 81 94 368 2589 90 64 412 1085 46 21 38 216 155 

2006 5712 226 68 315 2968 98 57 253 1191 37 26 51 147 275 

2007 6948 32 96 177 2405 110 39 151 588 31 37 39 158 3085 

2008 6561 26 86 182 2819 115 48 180 695 44 18 56 157 2135 

2009 6168 38 98 385 2763 72 44 314 685 46 26 63 186 1448 

 

ʊʘʙʝʣʘ 3. ʉʪʘʪʠʩʪʠʯʢʠ ʧʦʜʘʮʠ ʦ ʧʦʞʘʨʠʤʘ ʟʘ ʈʝʧʫʙʣʠʢʫ ʉʨʙʠʿʫ / ʤʘʪʝʨʠʿʘʣʥʘ ʰʪʝʪʘ 

ɻʦʜʠʥʘ 

ʋʢʫʧʘʥ 

ʙʨʦʿ 

ʧʦʞʘʨʘ ʠ 

ʝʢʩʧʣʦʟʠʿʘ 

ʀʥʪʝʨʚʘʣʥʘ ʛʨʘʥʠʮʘ ʤʘʪʝʨʠʿʘʣʥʝ ʰʪʝʪʝ ʫ ʭʠˀʘʜʘʤʘ ʜʠʥʘʨʘ 

ɹʝʟ 

ʰʪʝʪʝ 
ɼʦ 10 11-100 101-1000 1001-5000 

5001-

10000 

ʇʨʝʢʦ 

10000 

1998 5432 2892 1754 686 88 7 1 4 

1999 3670 1754 1108 642 151 11 2 2 

2000 6641 3682 1250 1270 398 30 6 5 

2001 4055 1867 609 1116 410 39 6 8 

2002 4895 2575 574 1242 457 36 6 5 

2003 5393 2990 593 1214 538 50 6 2 

2004 5108 2902 504 1103 555 30 9 5 

2005 5259 3062 436 1121 567 55 8 10 

2006 5712 3466 361 1169 646 55 7 8 

2007 6948 3935 855 1247 807 88 6 10 

2008 6561 3897 738 1082 741 88 8 7 

2009 6168 3821 327 1103 805 88 14 10 
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ʇʈʀʃʆɻ 2 

 

ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʨʝʘʣʠʟʦʚʘʥʠʭ ʟʘ ʧʦʪʨʝʙʝ ʩʠʤʫʣʘʮʠʿʝ ʣʦʰʝʛ ʝʣʝʢʪʨʠʯʥʦʛ 

ʢʦʥʪʘʢʪʘ ʥʘʩʪʘʣʦʛ ʫʩʣʝʜ ʥʝʧʦʪʧʫʥʦʛ ʥʘʣʝʛʘˁʘ  ʙʘʢʘʨʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ 

ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ ʝʣʝʤʝʥʪʘ ʝʣʝʢʪʨʦʠʥʩʪʘʣʘʮʠʦʥe ʢʦʤʧʦʥʝʥʪʝ (ʩʤʘˁʝˁʘ 

ʝʬʝʢʪʠʚʥʝ ʧʦʚʨʰʠʥʝ ʢʦʥʪʘʢʪʘ) 

 

ʂʦʤʝʥʪʘʨ: * ʪʨʝʥʫʪʘʢ ʫʩʧʦʩʪʘʚˀʘˁʘ (ʧʦʯʝʪʢʘ ʛʦʨʝˁʘ) ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ 

  ** ʪʨʝʥʫʪʘʢ ʢʘʜʘ ʩʝ ʨʝʜʥʠ ʝʣʝʢʪʨʠʯʥʠ ʣʫʢ ʫʛʘʩʠʦ 
 
ʊʘʙʝʣʘ 1. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʙʘʢʘʨ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

100% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 1,5 mm
2
) 

t (min.) 0 10 20 30 40 50 60 

I  (A) 8,0 7,9 7,9 7,9 7,9 7,9 7,9 

U (V) 0,0242 0,0621 0,0702  0,157 0,166 0,240 0,269 

R (ɋ) 0,003 0,008 0,009 0,020 0,021 0,030 0,034 

T (
o
C) 24 26 31 33 34 35 36 

t (min.) 0 10 20 30 40 50 60 

I  (A) 10,1 10,0 10,0 10,0 10,0 10,0 10,0 

U (V) 0,0197 0,0581 0,0692 0,0725 0,179 0,257 0,320 

R (ɋ) 0,002 0,006 0,007 0,007 0,018 0,026 0,032 

T (
o
C) 24 34 34 35 35 35 41 

 
ʊʘʙʝʣʘ 2. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʙʘʢʘʨ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

50% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 1,5 mm
2
) 

t (min.) 0 10 20 30 40 50 60 

I  (A) 8,1 8,1 8,0 7,9 7,9 7,9 7,9 

U (V) 0,0249 0,0285 0,0788 0,125 0,170 0,195 0,215 

R (ɋ) 0,003 0,004 0,010 0,016 0,022 0,025 0,027 

T (
o
C) 25 32 34 35 37 39 41 

t (min.) 0 10 20 30 40 50 60 

I  (A) 10,1 10,1 10,0 10,0 10,0 10,0 10,0 

U (V) 0,021 0,0352 0,0668 0,103 0,147 0,187 0,324 

R (ɋ) 0,002 0,003 0,007 0,010 0,015 0,019 0,032 

T (
o
C) 24 35 37 38 38 39 40 

 
ʊʘʙʝʣʘ 3. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʙʘʢʘʨ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

15% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 1,5 mm
2
) 

t (min.) 0 10 20 30 40 50 60 

I  (A) 8,2 8,2 8,1 8,1 8,1 8,1 8,1 

U (V) 0,0199 0,0592 0,107 0,1512 0,165 0,195 0,304 

R (ɋ) 0,002 0,007 0,013 0,019 0,020 0,024 0,038 

T (
o
C) 22 30 32 33 34 35 35 

t (min.) 0 10 20 30 40 50 60 

I  (A) 10,1 10,1 10,1 10,1 10,1 10,1 10,0 

U (V) 0,0233 0,075 0,115 0,172 0,198 0,225 0,285 

R (ɋ) 0,002 0,007 0,011 0,017 0,020 0,022 0,029 

T (
o
C) 25 31 37 45 56 66 77 
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ʊʘʙʝʣʘ 4. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʙʘʢʘʨ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

100% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 2,5 mm
2
) 

t (min.) 0 10 20 30 40 50 60 

I  (A) 10,1 10,1 10,1 10,1 10,1 10,1 10,1 

U (V) 0,1029 0,1332 0,1473 0,2376 0,495 0,556 0,568 

R (ɋ) 0,010 0,013 0,015 0,024 0,049 0,055 0,056 

T (
o
C) 26 33 34 34 34 35 36 

t (min.) 0 10 20 30 40 50 60 

I  (A) 13,0 13,0 13,0 12,9 12,9 12,9 12,9 

U (V) 0,060 0,0737 0,1426 0,1586 0,2317 0,4961 0,5279 

R (ɋ) 0,005 0,006 0,011 0,012 0,018 0,038 0,041 

T (
o
C) 26 33 34 34 35 36 37 

t (min.) 0 10 20 30 40 50 60 

I  (A) 16,2 16,2 16,2 16,2 16,2 16,2 16,2 

U (V) 0,0628 0,1246 0,1608 0,212 0,2652 0,376 0,47 

R (ɋ) 0,004 0,008 0,010 0,013 0,016 0,023 0,029 

T (
o
C) 26 34 36 36 38 38 40 

 
ʊʘʙʝʣʘ 5. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʙʘʢʘʨ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

50% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 2,5 mm
2
) 

t (min.) 0 10 20 30 40 50 60 

I  (A) 10,1 10,1 10,1 10,1 10,1 10,1 10,1 

U (V) 0,0333 0,173 0,3312 0,412 0,573 0,616 0,636 

R (ɋ) 0,003 0,017 0,033 0,041 0,057 0,061 0,063 

T (
o
C) 26 35 37 39 41 44 46 

t (min.) 0 10 20 30 40 50 60 

I  (A) 13,1 13,1 13,1 13,1 13,1 13,1 13,1 

U (V) 0,0542 0,175 0,486 0,521 0,608 0,657 0,699 

R (ɋ) 0,004 0,013 0,037 0,040 0,046 0,050 0,053 

T (
o
C) 26 36 41 49 57 63 67 

t (min.) 0 10 20 30 40 50 60 

I  (A) 16,0 16,0 16,0 16,0 15,9 15,9 15,9 

U (V) 0,062 0,1335 0,226 0,491 0,525 0,677 0,732 

R (ɋ) 0,004 0,008 0,014 0,031 0,033 0,043 0,046 

T (
o
C) 27 40 43 50 59 65 69 

 
ʊʘʙʝʣʘ 6. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʙʘʢʘʨ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

15% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 2,5 mm
2
) 

t (min.) 0 10 20 30 40 50 60 

I (A) 10,0 9,9 9,9 9,9 9,9 9,9 9,9 

U (V) 0,0278 0,144 0,442 0,552 0,621 0,678 0,718 

R (ɋ) 0,003 0,015 0,045 0,056 0,063 0,068 0,073 

T (
o
C) 27 34 36 51 65 70 73 

t (min.) 0 10 20 30 40 50 60 

I (A) 13,1 13,1 13,1 13,1 13,1 13,1 13,1 

U (V) 0,0387 0,306 0,365 0,496 0,574 0,806 0,838 

R (ɋ) 0,003 0,023 0,028 0,038 0,044 0,062 0,064 

T (
o
C) 27 53 54 58 66 72 77 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,0 16,0 16,0 16,0 16,0 16,0 16,0 

U (V) 0,0582 0,120 0,289 0,335 0,446 0,698 0,860 

R (ɋ) 0,004 0,008 0,018 0,021 0,028 0,044 0,054 

T (
o
C) 24 33 43 58 61 70 78 

 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 
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ʊʘʙʝʣʘ 7. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʙʘʢʘʨ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

100% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 4 mm
2
)  

t (min.) 0 10 20 30 40 50 60 

I (A) 16,1 16,1 16,1 16,0 15,9 16,0 16,0 

U (V) 0,0184 0,078 0,1107 0,1614 0,206 0,213 0,246 

R (ɋ) 0,001 0,005 0,007 0,010 0,013 0,013 0,015 

T (
o
C) 29 36 36 37 37 37 38 

t (min.) 0 10 20 30 40 50 60 

I (A) 20,0 20,0 20,0 20,0 20,0 20,0 20,0 

U (V) 0,0329 0,113 0,159 0,203 0,229 0,271 0,289 

R (ɋ) 0,002 0,006 0,008 0,010 0,011 0,014 0,014 

T (
o
C) 29 37 37 37 38 38 38 

t (min.) 0 10 20 30 40 50 60 

I (A) 25,0 24,9 24,9 24,9 24,9 24,9 24,9 

U (V) 0,0728 0,1316 0,225 0,235 0,262 0,271 0,298 

R (ɋ) 0,003 0,005 0,009 0,009 0,011 0,011 0,012 

T (
o
C) 29 41 43 43 44 44 44 

 
ʊʘʙʝʣʘ 8. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʙʘʢʘʨ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

50% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 4 mm
2
) 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,2 16,2 16,2 16,2 16,2 16,1 16,1 

U (V) 0,0378 0,101 0,154 0,176 0,246 0,288 0,305 

R (ɋ) 0,002 0,006 0,010 0,011 0,015 0,018 0,019 

T (
o
C) 29 36 37 41 42 42 42 

t (min.) 0 10 20 30 40 50 60 

I (A) 20,1 20,1 20,1 20,1 20,1 20,1 20,1 

U (V) 0,061 0,122 0,189 0,207 0,180 0,208 0,215 

R (ɋ) 0,003 0,006 0,009 0,010 0,009 0,010 0,011 

T (
o
C) 29 41 44 44 42 42 43 

t (min.) 0 10 20 30 40 50 60 

I (A) 25,1 25,1 25,1 25,1 25,1 25,1 25,1 

U (V) 0,108 0,126 0,174 0,225 0,231 0,245 0,271 

R (ɋ) 0,004 0,005 0,007 0,009 0,009 0,010 0,011 

T (
o
C) 28 39 40 41 43 43 44 

 

ʊʘʙʝʣʘ 9. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʙʘʢʘʨ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

15% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 4 mm
2
) 

t (min.) 0 10 20 30 40 50 60 

I  (A) 16,0 16,0 16,0 16,0 16,0 15,9 15,9 

U (V) 0,0173 0,0247 0,0394 0,158 0,185 0,175 0,179 

R (ɋ) 0,001 0,002 0,002 0,010 0,012 0,011 0,011 

T (
o
C) 28 33 35 36 37 38 40 

t (min.) 0 10 20 30 40 50 60 

I  (A) 20,1 20,0 20,0 20,0 20,0 20,0 20,0 

U (V) 0,024 0,073 0,097 0,127 0,128 0,133 0,178 

R (ɋ) 0,001 0,004 0,005 0,006 0,006 0,007 0,009 

T (
o
C) 28 42 42 42 43 43 45 

t (min.) 0 10 20 30 40 50 60 

I  (A) 25,1 25,0 25,0 25,0 25,0 25,0 25,0 

U (V) 0,0354 0,0656 0,0753 0,0945 0,127 0,138 0,181 

R (ɋ) 0,001 0,003 0,003 0,004 0,005 0,006 0,007 

T (
o
C) 28 44 48 48 49 49 50 

 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 
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ʊʘʙʝʣʘ 10. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

100% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 1,5 mm
2
) 

t (min.) 0 10 20 30 40 50 60 

I  (A) 8,1 8,1 8,0 8,0 8,0 8,0 8,0 

U (V) 0,141 0,495 0,635 0,726 0,757 0,820 0,960 

R (ɋ) 0,017 0,061 0,079 0,091 0,095 0,103 0,120 

T (
o
C) 25 40 57 64 66 70 72 

t (min.) 0 10 20 30 40 50 60 

I  (A) 10,1 10,1 10,1 10,0 10,0 10,0 10,0 

U (V) 0,0547 0,0969 0,582 0,792 0,944 1,020 1,176 

R (ɋ) 0,005 0,010 0,058 0,079 0,094 0,102 0,118 

T (
o
C) 25 35 44 60 63 66 71 

 
ʊʘʙʝʣʘ 11. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

50% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 1,5 mm
2
) 

t (min.) 0 10 20 25 29 

I (A) 8,2 8,2 8,1 7,9 * **  

U (V) 0,0794 0,576 1,345 24,6 / 

R (ɋ) 0,010 0,070 0,166 3,114 / 

T (
o
C) 25 57 63 >385 / 

t (min.) 0 10 20 21 23 

I (A) 10,0 9,9 9,9 9,8 *  **  

U (V) 0,0451 0,0967 0,626 27,1 / 

R (ɋ) 0,005 0,010 0,063 2,765 / 

T (
o
C) 26 40 86 >385 / 

    

 

 

ʊʘʙʝʣʘ 12. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

15% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 1,5 mm
2
) 

t (min.) 0 10 18 19 

I (A) 8,2 8,2 8,1 *  **  

U (V) 0,0197 0,1812 28 / 

R (ɋ) 0,002 0,022 3,457 / 

T (
o
C) 26 165 >385 / 

t (min.) 0 4 5 / 

I (A) 10,2 10* **  / 

U (V) 0,0264 32,5 / / 

R (ɋ) 0,003 3,250 / / 

T (
o
C) 26 >385 / / 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

186 

 

ʊʘʙʝʣʘ 13. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

100% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 2,5 mm
2
) 

t (min.) 0 10 20 30 40 50 60 

I (A) 10,0 10,0 10,0 10,0 9,9 9,9 9,9 

U (V) 0,0284 0,114 0,399 0,442 0,526 0,548 0,569 

R (ɋ) 0,003 0,011 0,040 0,044 0,053 0,055 0,057 

T (
o
C) 28 33 38 43 49 51 52 

t (min.) 0 10 20 30 40 50 60 

I (A) 13,2 13,2 13,1 13,1 13,0 12,9 12,9 

U (V) 0,0816 0,135 0,570 0,731 0,783 0,825 0,948 

R (ɋ) 0,006 0,010 0,044 0,056 0,060 0,064 0,073 

T (
o
C) 28 44 61 66 67 68 69 

t (min.) 0 10 20 30 40 50 60 

I (A) 16 15,9 15,8 15,8 15,8 15,8 15,8 

U (V) 0,0938 0,421 0,559 0,870 0,915 1,050 1,160 

R (ɋ) 0,006 0,026 0,035 0,055 0,058 0,066 0,073 

T (
o
C) 28 38 57 65 69 71 73 

 
ʊʘʙʝʣʘ 14. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ 

50% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 2,5 mm
2
) 

t (min.) 0 10 20 30 35 38 

I (A) 10,0 10,0 10,0 9,9 9,6*
 

**  

U (V) 0,0599 0,343 0,936 1,005 25,2 / 

R (ɋ) 0,006 0,034 0,094 0,102 2,625 / 

T (
o
C) 26 36 47 52 >385 / 

t (min.) 0 10 17 19 / / 

I (A) 13 12,9 12,7* **  / / 

U (V) 0,072 0,528 35,2 / / / 

R (ɋ) 0,006 0,041 2,772 / / / 

T (
o
C) 30 58 >385 / / / 

t (min.) 0 10 13 14 / / 

I (A) 16 15,8 15,7* **  / / 

U (V) 0,0778 1,934 46,9 / / / 

R (ɋ) 0,005 0,122 2,987 / / / 

T (
o
C) 28 90 >385 / / / 

 

ʊʘʙʝʣʘ 15. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

15% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 2,5 mm
2
) 

t (min.) 0 10 12 14 

I (A) 10,0 9,9 9,7 * **  

U (V) 0,0231 1,029 70,5 / 

R (ɋ) 0,002 0,104 7,268 / 

T (
o
C) 28 70 >385 / 

t (min.) 0 8 9 / 

I (A) 13,1 13,0* **  / 

U (V) 0,0936 96 / / 

R (ɋ) 0,007 7,385 / / 

T (
o
C) 28 >385 / / 

t (min.) 0 5 6 / 

I (A) 16 15,8* **  / 

U (V) 0,1342 98,8 / / 

R (ɋ) 0,008 6,253 / / 

T (
o
C) 28 >385 / / 
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ʊʘʙʝʣʘ 16. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

100% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 4 mm
2
) 

t (min.) 0 10 20 30 40 50 60 

I (A) 16 15,9 15,8 15,8 15,8 15,8 15,8 

U (V) 0,0255 0,159 0,502 0,682 1,496 2,096 2,29 

R (ɋ) 0,002 0,010 0,032 0,043 0,095 0,133 0,145 

T (
o
C) 29 38 50 58 62 65 70 

t (min.) 0 10 20 30 40 50 60 

I (A) 20,1 20,1 20,1 20,1 20,0 20,0 20,0 

U (V) 0,085 0,142 0,121 1,355 1,659 1,81 2,751 

R (ɋ) 0,004 0,007 0,006 0,067 0,083 0,091 0,138 

T (
o
C) 28 39 44 48 59 66 73 

t (min.) 0 10 20 30 40 50 60 

I (A) 25,2 25,1 25,1 25,0 25,0 25,0 25,0 

U (V) 0,0669 0,170 0,608 1,454 1,841 1,912 1,957 

R (ɋ) 0,003 0,007 0,024 0,058 0,074 0,076 0,078 

T (
o
C) 29 43 58 66 68 71 74 

 
ʊʘʙʝʣʘ 17. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

50% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 4 mm
2
) 

t (min.) 0 10 20 30 40 43 46 

I (A) 16,1 15,9 15,8 15,8 15,8 15,8*  **  

U (V) 0,0207 0,1204 0,2378 0,684 0,749 38,4 / 

R (ɋ) 0,001 0,008 0,015 0,043 0,047 2,43 / 

T (
o
C) 28 37 56 80 82 >385 / 

t (min.) 0 10 20 30 35 37 / 

I (A) 20,1 20,1 20,1 20,1 20,0*  **  / 

U (V) 0,0218 0,55 0,681 0,761 56,8 / / 

R (ɋ) 0,001 0,027 0,034 0,038 2,84 / / 

T (
o
C) 28 52 78 96 >385 / / 

t (min.) 0 10 20 27 29 / / 

I (A) 25,1 25,0 25,0 24,9*  **  / / 

U (V) 0,0303 0,512 0,765 71,8 / / / 

R (ɋ) 0,001 0,020 0,031 2,884 / / / 

T (
o
C) 30 59 79 >385 / / / 

 

ʊʘʙʝʣʘ 18. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʤʝʩʠʥʛ ʠ ʧʦʚʨʰʠʥʫ ʧʨʝʢʣʘʧʘˁʘ ʦʜ 

15% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 4 mm
2
) 

t (min.) 0 10 20 27 29 

I (A) 16,2 16,1 16,1 15,9*  **  

U (V) 0,0154 0,722 1,185 17,34 / 

R (ɋ) 0,001 0,045 0,074 1,091 / 

T (
o
C) 29 48 114 >385 / 

t (min.) 0 10 20 23 25 

I (A) 20,1 20,0 19,9 19,9*  **  

U (V) 0,0185 0,113 0,713 38,5 / 

R (ɋ) 0,001 0,006 0,036 1,935 / 

T (
o
C) 30 58 159 >385 / 

t (min.) 0 10 17 19 / 

I (A) 25,0 25,0 24,7*  **  / 

U (V) 0,0293 0,171 67,5 / / 

R (ɋ) 0,001 0,007 2,733 / / 

T (
o
C) 31 66 >385 / / 
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ʊʘʙʝʣʘ 19. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʠ ʧʦʚʨʰʠʥʫ 

ʧʨʝʢʣʘʧʘˁʘ ʦʜ 100%, (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 1,5 mm
2
) 

t (min.) 0 10 20 30 40 50 60 

I (A) 8 8,0 7,9 7,9 7,9 7,9 7,9 

U (V) 0,337 1,161 1,485 2,269 2,715 3,120 3,350 

R (ɋ) 0,042 0,145 0,188 0,287 0,344 0,395 0,424 

T (
o
C) 27 108 170 212 238 274 315 

t (min.) 0 10 20 27 29 / / 

I (A) 10,2 10,2 10,2 10,2* **  / / 

U (V) 0,252 1,222 1,623 2,605 / / / 

R (ɋ) 0,025 0,120 0,159 0,255 / / / 

T (
o
C) 28 169 192 >385 / / / 

 

ʊʘʙʝʣʘ 20. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʠ ʧʦʚʨʰʠʥʫ 

ʧʨʝʢʣʘʧʘˁʘ ʦʜ 50% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 1,5 mm
2
) 

t (min.) 0 10 20 28 29 

I (A) 8 8 8 7,9* **  

U (V) 0,307 1,195 1,477 2,45 / 

R (ɋ) 0,038 0,149 0,185 0,310 / 

T (
o
C) 28 148 176 >385 / 

t (min.) 0 10 20 23 24 

I (A) 10,1 10,0 10,0 10,0* **  

U (V) 0,295 1,123 1,649 2,230 / 

R (ɋ) 0,029 0,112 0,165 0,223 / 

T (
o
C) 28 172 216 >385 / 

 

ʊʘʙʝʣʘ 21. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʠ ʧʦʚʨʰʠʥʫ 

ʧʨʝʢʣʘʧʘˁʘ ʦʜ 15% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 1,5 mm
2
) 

t (min.) 0 10 17 19 

I (A) 8 8 7,9* **  

U (V) 0,37 0,93 1,992 / 

R (ɋ) 0,046 0,116 0,252 / 

T (
o
C) 29 190 >385 / 

t (min.) 0 10 13 14 

I (A) 10 10 9,9* **  

U (V) 0,246 1,381 2,25 / 

R (ɋ) 0,025 0,138 0,227 / 

T (
o
C) 30 198 >385 / 
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ʊʘʙʝʣʘ 22. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʠ ʧʦʚʨʰʠʥʫ 

ʧʨʝʢʣʘʧʘˁʘ ʦʜ 100% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 2,5 mm
2
) 

t (min.) 0 10 20 30 40 50 60 

I (A) 10,1 10,1 10,1 10,1 10,1 10,1 10,1 

U (V) 1,26 1,707 1,750 2,25 2,35 2,39 2,42 

R (ɋ) 0,125 0,169 0,173 0,223 0,233 0,237 0,240 

T (
o
C) 28 115 134 201 223 241 265 

t (min.) 0 10 20 24 26 / / 

I (A) 13,2 13,1 13,0 13,0* **  / / 

U (V) 1,255 2,264 2,375 2,425 / / / 

R (ɋ) 0,095 0,173 0,183 0,187 / / / 

T (
o
C) 28 294 363 >385 / / / 

t (min.) 0 10 17 19 / / / 

I (A) 16,1 16,0 15,9* **  / / / 

U (V) 1,276 2,47 2,68 / / / / 

R (ɋ) 0,079 0,154 0,169 / / / / 

T (
o
C) 27 315 >385 / / / / 

 
ʊʘʙʝʣʘ 23. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʠ ʧʦʚʨʰʠʥʫ 

ʧʨʝʢʣʘʧʘˁʘ ʦʜ 50% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 2,5 mm
2
) 

t (min.) 0 10 20 24 27 

I (A) 10,2 10,2 10,2 10,2* **  

U (V) 1,39 2,55 3,063 3,23 / 

R (ɋ) 0,136 0,250 0,300 0,317 / 

T (
o
C) 27 169 313 >385 / 

t (min.) 0 10 16 19 / 

I (A) 13,2 13,1 13,1* **  / 

U (V) 1,275 2,315 2,54 / / 

R (ɋ) 0,097 0,177 0,194 / / 

T (
o
C) 27 261 >385 / / 

t (min.) 0 10 12 16 / 

I (A) 16,0 16,0 15,9* **  / 

U (V) 2,17 2,35 2,43 / / 

R (ɋ) 0,136 0,147 0,153 / / 

T (
o
C) 27 348 >385 / / 

 

ʊʘʙʝʣʘ 24. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʝ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʠ ʧʦʚʨʰʠʥʫ 

ʧʨʝʢʣʘʧʘˁʘ ʦʜ 15% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 2,5 mm
2
) 

t (min.) 0 10 20 24 28 

I (A) 10,0 10,0 9,9 9,9* **  

U (V) 1,23 2,28 2,85 3,203 / 

R (ɋ) 0,123 0,228 0,288 0,324 / 

T (
o
C) 27 227 340 >385 / 

t (min.) 0 7 9 / / 

I (A) 13,2 13,1* **  / / 

U (V) 1,42 2,32 / / / 

R (ɋ) 0,108 0,177 / / / 

T (
o
C) 27 >385 / / / 

t (min.) 0 5 8 / / 

I (A) 16,1 15,9* **  / / 

U (V) 1,26 2,376 / / / 

R (ɋ) 0,078 0,149 / / / 

T (
o
C) 27 >385 / / / 
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ʊʘʙʝʣʘ 25. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʠ ʧʦʚʨʰʠʥʫ 

ʧʨʝʢʣʘʧʘˁʘ ʦʜ 100% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 4 mm
2
) 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,1 16,0 16,0 16,0 16,0 16,0 16,0 

U (V) 0,335 1,018 1,154 1,570 1,588 1,639 2,183 

R (ɋ) 0,021 0,064 0,072 0,098 0,099 0,102 0,136 

T (
o
C) 29 122 150 205 215 235 292 

t (min.) 0 10 20 30 40 44 48 

I (A) 20,0 20,0 19,9 19,8 19,8  19,7* **  

U (V) 0,25 0,711 0,954 1,225 2,350 2,510 / 

R (ɋ) 0,013 0,036 0,048 0,062 0,119 0,127 / 

T (
o
C) 28 86 112 163 330 >385 / 

t (min.) 0 10 20 30 36 39 / 

I (A) 25,1 25,0 25,0 25,0 25,0* **  / 

U (V) 0,24 0,931 1,689 2,085 2,355 / / 

R (ɋ) 0,010 0,037 0,068 0,083 0,094 / / 

T (
o
C) 29 124 252 294 >385 / / 

 

ʊʘʙʝʣʘ 26. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʠ ʧʦʚʨʰʠʥʫ 

ʧʨʝʢʣʘʧʘˁʘ ʦʜ 50% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 4 mm
2
) 

t (min.) 0 10 20 30 40 42 45 

I (A) 16,2 16,2 15,9 15,9 15,9 15,9* **  

U (V) 0,331 1,151 1,605 2,047 2,391 2,427 / 

R (ɋ) 0,020 0,071 0,101 0,129 0,150 0,153 / 

T (
o
C) 27 83 176 236 297 >385 / 

t (min.) 0 10 20 30 31 33 / 

I (A) 20,0 19,9 19,9 19,8 19,8* **  / 

U (V) 0,383 1,057 1,477 2,197 2,452 / / 

R (ɋ) 0,019 0,053 0,074 0,111 0,124 / / 

T (
o
C) 29 105 219 295 >385 / / 

t (min.) 0 10 16 19 / / / 

I (A) 25,1 24,9 24,8* **  / / / 

U (V) 0,263 1,284 2,016 / / / / 

R (ɋ) 0,010 0,052 0,081 / / / / 

T (
o
C) 27 139 >385 / / / / 

 

ʊʘʙʝʣʘ 27. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʝʣʝʢʪʨʦʜʘ ʙʘʢʘʨïʥʝʨʹʘʿʫ˂ʠ ʯʝʣʠʢ ʠ ʧʦʚʨʰʠʥʫ 

ʧʨʝʢʣʘʧʘˁʘ ʦʜ 15% (ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ: 4 mm
2
) 

t (min.) 0 10 20 30 32 35 

I (A) 16,1 16,0 16,0 15,9 15,9* **  

U (V) 0,161 1,465 2,416 2,754 2,833 / 

R (ɋ) 0,010 0,092 0,151 0,173 0,178 / 

T (
o
C) 27 133 235 371 Ó385 / 

t (min.) 0 10 16 17 19 / 

I (A) 20,0 19,9 19,9 19,9* **  / 

U (V) 0,245 1,228 2,184 2,457 / / 

R (ɋ) 0,012 0,062 0,110 0,123 / / 

T (
o
C) 27 245 319 >385 / / 

t (min.) 0 10 12 15 / / 

I (A) 25,0 24,8 24,8* **  / / 

U (V) 0,314 2,350 2,517 / / / 

R (ɋ) 0,013 0,095 0,101 / / / 

T (
o
C) 28 302 >385 / / / 
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ʇʈʀʃʆɻ 3 

 

ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʨʝʘʣʠʟʦʚʘʥʠʭ ʟʘ ʧʦʪʨʝʙʝ ʘʥʘʣʠʟʝ ʝʬʝʢʪʘ ʨʝʜʫʢʮʠʿʝ 

ʤʦʤʝʥʪʘ ʟʘʪʝʟʘˁʘ ʟʘʚʨʪˁʘ ʥʘ ʟʘʛʨʝʚʘˁʝ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʫ 

ʫʪʠʢʘʯʠʤʘ ʠ ʫʪʠʯʥʠʮʘʤʘ 
 

A ï ʇʨʚʘ ʩʝʨʠʿʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ 

 
ʊʘʙʝʣʘ 1. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʢʘʯʫ (ʣʠʮʥʘʩʪʠ ʧʨʦʚʦʜʥʠʢ (ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 1,5 mm

2
) ʠ ʿʘʯʠʥʘ 

ʩʪʨʫʿʝ 8 ɸ) 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 8,1 8,1 8,1 8,0 8,0 8,0 8,0 

U (mV) 53 64 84 90 83 83 84 

R (mɋ) 7 8 10 11 10 10 11 

T (oC) 28 35 38 38 38 38 38 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,2 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 8,2 8,2 8,2 8,1 8,1 8,1 8,1 

U (mV) 56 58 58 58 57 58 59 

R (mɋ) 7 7 7 7 7 7 7 

T (oC) 28 36 37 38 38 38 38 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 8,2 8,2 8,2 8,1 8,1 8,1 8,1 

U (mV) 84 85 86 87 88 88 87 

R (mɋ) 10 10 10 11 11 11 11 

T (oC) 28 42 44 44 45 45 45 

 

ʊʘʙʝʣʘ 2. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʢʘʯʫ (ʣʠʮʥʘʩʪʠ ʧʨʦʚʦʜʥʠʢ (ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 1,5 mm
2
) ʠ ʿʘʯʠʥʘ 

ʩʪʨʫʿʝ 13 ɸ) 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 13,1 13,0 13,0 13,0 13,0 13,0 13,0 

U (mV) 79 81 81 81 82 82 83 

R (mɋ) 6 6 6 6 6 6 6 

T (oC) 27 48 49 50 51 52 53 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,2 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 13,2 13,2 13,2 13,2 13,2 13,2 13,2 

U (mV) 92 96 101 102 103 104 106 

R (mɋ) 7 7 8 8 8 8 8 

T (oC) 28 55 55 56 57 57 58 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 13,1 13,1 13,1 13,1 13,1 13,1 13,1 

U (mV) 153 157 158 159 161 162 163 

R (mɋ) 12 12 12 12 12 12 12 

T (oC) 27 64 68 69 72 76 78 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 
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ʊʘʙʝʣʘ 3. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʢʘʯʫ (ʣʠʮʥʘʩʪʠ ʧʨʦʚʦʜʥʠʢ (ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 1,5 mm
2
) ʠ ʿʘʯʠʥʘ 

ʩʪʨʫʿʝ 16 ɸ) 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,0 16,0 16,0 15,9 15,9 15,9 15,9 

U (mV) 88 93 94 95 99 99 101 

R (mɋ) 5 6 6 6 6 6 6 

T (oC) 27 57 61 62 63 63 63 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,2 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,2 16,2 16,2 16,2 16,2 16,1 16,1 

U (mV) 90 90 92 100 103 113 118 

R (mɋ) 6 6 6 6 6 7 7 

T (oC) 27 59 60 60 61 61 61 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,2 16,2 16,2 16,2 16,2 16,2 16,2 

U (mV) 92 98 99 100 101 103 105 

R (mɋ) 6 6 6 6 6 6 6 

T (oC) 28 62 62 64 64 64 65 

 
ʊʘʙʝʣʘ 4. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʢʘʯʫ (ʣʠʮʥʘʩʪʠ ʧʨʦʚʦʜʥʠʢ (ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 2,5 mm

2
) ʠ ʿʘʯʠʥʘ 

ʩʪʨʫʿʝ 8 ɸ) 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 8,0 8,0 8,0 8,0 8,0 8,0 8,0 

U (mV) 27 28 32 32 32 34 34 

R (mɋ) 3 4 4 4 4 4 4 

T (oC) 27 38 38 39 39 39 39 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,2 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 8,0 8,0 8,0 8,0 8,0 8,0 8,0 

U (mV) 35 36 36 36 38 38 38 

R (mɋ) 4 4 4 5 5 5 5 

T (oC) 28 39 40 41 41 42 42 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 8,0 8,0 8,0 8,0 8,0 8,0 8,0 

U (mV) 42 44 47 47 48 50 51 

R (mɋ) 5 55 6 6 6 6 6 

T (oC) 28 42 43 45 46 46 47 

 
ʊʘʙʝʣʘ 5. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʢʘʯʫ (ʣʠʮʥʘʩʪʠ ʧʨʦʚʦʜʥʠʢ (ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 2,5 mm

2
) ʠ ʿʘʯʠʥʘ 

ʩʪʨʫʿʝ 13 ɸ) 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 13,2 13,2 13,2 13,2 13,2 13,2 13,2 

U (mV) 42 46 46 47 47 47 49 

R (mɋ) 3 3 3 4 4 4 4 

T (oC) 27 46 48 48 48 48 49 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0.2 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 13,2 13,2 13,2 13,2 13,2 13,2 13,2 

U (mV) 43 44 51 52 53 57 60 

R (mɋ) 3 3 4 4 4 4 5 

T (oC) 28 51 53 53 53 53 54 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0.1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 13,2 13,2 13,2 13,2 13,2 13,2 13,2 

U (mV) 59 86 86 90 90 91 91 

R (mɋ) 4 7 7 7 7 7 7 

T (oC) 29 65 66 66 66 67 67 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 
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ʊʘʙʝʣʘ 6. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʢʘʯʫ (ʣʠʮʥʘʩʪʠ ʧʨʦʚʦʜʥʠʢ (ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 2,5 mm
2
) ʠ ʿʘʯʠʥʘ 

ʩʪʨʫʿʝ 16 ɸ) 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,1 16,1 16,1 16,1 16,1 16,1 16,1 

U (mV) 46 49 49 49 51 59 60 

R (mɋ) 3 3 3 3 3 4 4 

T (oC) 28 54 56 56 56 57 58 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,2 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,1 16,1 16,1 16,1 16,1 16,1 16,1 

U (mV) 54 56 57 58 61 63 64 

R (mɋ) 3 3 4 4 4 4 4 

T (oC) 28 57 57 59 60 62 62 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,1 16,1 16,1 16,1 16,1 16,1 16,1 

U (mV) 55 56 61 68 89 97 112 

R (mɋ) 3 3 4 4 6 6 7 

T (oC) 30 63 64 69 78 80 82 

 
ʊʘʙʝʣʘ 7. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʯʥʠʮʠ (ʧʫʥ ʧʨʝʩʝʢ ʧʨʦʚʦʜʥʠʢʘ (ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 1,5 mm

2
) ʠ 

ʿʘʯʠʥʘ ʩʪʨʫʿʝ 8 ɸ) 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 8,0 8,0 8,0 8,0 8,0 8,0 8,0 

U (mV) 42 42 44 44 44 44 45 

R (mɋ) 5 5 6 6 6 6 6 

T (oC) 28 35 39 39 40 41 41 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,2 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 8,0 8,0 8,0 8,0 8,0 8,0 8,0 

U (mV) 55 55 55 64 68 68 68 

R (mɋ) 7 7 7 8 9 9 9 

T (oC) 29 41 45 46 46 48 48 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 8,0 8,0 7,9 7,9 7,9 7,9 7,9 

U (mV) 94 95 96 98 98 99 101 

R (mɋ) 12 12 12 12 12 13 13 

T (oC) 30 46 47 47 47 48 49 

 

ʊʘʙʝʣʘ 8. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʯʥʠʮʠ (ʧʫʥ ʧʨʝʩʝʢ ʧʨʦʚʦʜʥʠʢʘ (ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 1,5 mm
2
) ʠ 

ʿʘʯʠʥʘ ʩʪʨʫʿʝ 13 ɸ) 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 13,0 13,0 13,0 12,9 12,9 12,9 12,9 

U (mV) 71 80 84 84 85 85 86 

R (mɋ) 5 6 6 7 7 7 7 

T (oC) 27 42 53 54 54 54 55 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,2 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 13,1 13,1 13,1 13,1 13,1 13,1 13,1 

U (mV) 78 79 81 83 85 93 95 

R (mɋ) 6 6 6 6 6 7 7 

T (oC) 28 52 54 57 58 61 62 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 13,1 13,1 13,1 13,1 13,1 13,1 13,1 

U (mV) 95 101 102 103 105 108 110 

R (mɋ) 7 8 8 8 8 8 8 

T (oC) 28 62 65 66 68 74 77 

 
 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 
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ʊʘʙʝʣʘ 9. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʯʥʠʮʠ (ʧʫʥ ʧʨʝʩʝʢ ʧʨʦʚʦʜʥʠʢʘ (ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʧʨʝʩʝʢ 

1,5 mm
2
) ʠ ʿʘʯʠʥʘ ʩʪʨʫʿʝ 16 ɸ) 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,1 16,1 16,0 16,0 16,0 16,0 16,0 

U (mV) 93 102 104 105 125 129 131 

R (mɋ) 6 6 7 7 8 8 8 

T (oC) 28 55 67 68 68 69 70 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,2 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,1 16,1 16,1 16,0 16,0 16,0 16,0 

U (mV) 105 107 109 119 130 135 138 

R (mɋ) 7 7 7 7 8 8 9 

T (oC) 29 67 70 71 72 72 72 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,1 16,1 16,0 16,0 16,0 16,0 16,0 

U (mV) 117 122 158 165 168 170 191 

R (mɋ) 7 8 10 10 11 11 12 

T (oC) 28 61 77 81 86 87 93 

 
ʊʘʙʝʣʘ 10. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʯʥʠʮʠ (ʧʫʥ ʧʨʝʩʝʢ ʧʨʦʚʦʜʥʠʢʘ (ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 2,5 mm

2
) ʠ 

ʿʘʯʠʥʘ ʩʪʨʫʿʝ 8 ɸ) 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 8,1 8,1 8,1 8,1 8,1 8,1 8,1 

U (mV) 386 409 535 556 577 611 612 

R (mɋ) 5 5 7 7 7 8 8 

T (oC) 26 33 34 35 35 36 37 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,2 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 8,1 8,1 8,1 8,1 8,1 8,1 8,1 

U (mV) 317 416 457 472 515 521 524 

R (mɋ) 4 5 6 6 6 6 6 

T (oC) 27 33 34 34 34 34 34 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 8,1 8,1 8,1 8,1 8,1 8,1 8,1 

U (mV) 52 61 64 65 067 67 68 

R (mɋ) 6 8 8 8 8 8 8 

T (oC) 27 34 35 35 35 36 36 

 

ʊʘʙʝʣʘ 11. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʯʥʠʮʠ (ʧʫʥ ʧʨʝʩʝʢ ʧʨʦʚʦʜʥʠʢʘ (ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 2,5 mm
2
) ʠ 

ʿʘʯʠʥʘ ʩʪʨʫʿʝ 13 ɸ) 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 13,2 13,2 13,2 13,2 13,2 13,2 13,2 

U (mV) 41 45 47 52 58 59 60 

R (mɋ) 3 3 4 4 4 4 5 

T (oC) 26 44 45 46 46 46 47 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,2 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 13,2 13,2 13,2 13,2 13,2 13,2 13,2 

U (mV) 42 47 55 55 62 62 64 

R (mɋ) 3 4 4 4 5 5 5 

T (oC) 25 33 42 44 447 52 52 

ʄʦʤʝʥʪ ʟʘʪʝʟʘˁʘ = 0,1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 13,2 13,2 13,2 13,2 13,2 13,2 13,2 

U (mV) 57 60 61 62 62 63 63 

R (mɋ) 4 5 5 5 5 5 5 

T (oC) 27 49 52 53 54 54 55 
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ʊʘʙʝʣʘ 12. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʯʥʠʮʠ (ʧʫʥ ʧʨʝʩʝʢ ʧʨʦʚʦʜʥʠʢʘ (ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 2,5 mm
2
) ʠ 

ʿʘʯʠʥʘ ʩʪʨʫʿʝ 16 ɸ) 

Moʤeʥʪ ʩʪeʟaˁa = 1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,2 16,2 16,2 16,2 16,2 16,2 16,2 

U (mV) 54 55 56 61 61 62 62 

R (mɋ) 3 3 3 4 4 4 4 

T (oC) 27 48 57 60 62 64 64 

Moʤeʥʪ ʩʪeʟaˁa = 0,2 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,0 16,0 16,0 16,0 15,9 15,9 15,9 

U (mV) 69 74 75 84 138 139 141 

R (mɋ) 4 5 5 5 9 9 9 

T (oC) 28 53 63 64 64 67 70 

Moʤeʥʪ ʩʪeʟaˁa = 0,1 Nm 

t (min.) 0 10 20 30 40 50 60 

I (A) 16,0 16,0 16,0 16,0 16,0 16,0 16,0 

U (mV) 88 112 132 142 148 167 191 

R (mɋ) 6 7 8 9 9 10 12 

T (oC) 28 72 95 97 122 134 148 

 

ɹ ï ɼʨʫʛʘ ʩʝʨʠʿʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ 

 
ʊʘʙʝʣʘ 1. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʢʘʯʫ (ʣʠʮʥʘʩʪʠ ʧʨʦʚʦʜʥʠʢ ʧʨʝʩʝʢʘ 2,5 mm

2
 ʠ ʿʘʯʠʥʘ ʩʪʨʫʿʝ 16 ɸ) 

ʄʦʥʦʬʘʟʥʠ ʫʪʠʢʘʯ S=2,5 mm2, ʣʠʮʥʘʩʪʘ ʞʠʮʘ 

M=0,1 Nm 

t(h) 0 1 2 3 4 5 6 

I (A) 16,2 16,2 16,2 16,2 16,2 16,2 16,2 

U (V) 0,049 0,118 0,128 0,136 0,149 0,165 0,171 

R (ɋ) 0,003 0,007 0,008 0,008 0,009 0,010 0,011 

P(W) 0,8 1,8 2,1 2,1 2,4 2,6 2,9 

T(oC) 28 81 84 88 92 93 110 

t(h) 7 8 9 10 11 12h 12h10min. 

I (A) 16,2 16,2 16,1 16,1 16,1 16,1 16,1 

U (V) 0,186 0,195 0,217 0,231 0,235 0,293 0,8 

R (ɋ) 0,011 0,012 0,013 0,014 0,015 0,018 0,050 

P(W) 2,9 3,1 3,4 3,6 3,9 4,7 13,0 

T(oC) 108 116 125 224 355 577 615 

t(h) 12h20min. 12h30min. 12h40min. 12h50min. 13h 13h10min. 13h13min. 

I (A) 16,1 16,1 16,1 16,0 16,0 15,9 15,8 

U (V) 0,85 0,86 0,92 3,3 3,7 3,9 27,5 

R (ɋ) 0,053 0,053 0,057 0,206 0,231 0,245 1,741 

P(W) 13,7 13,7 14,8 52,7 59,1 61,9 434,6 

T(oC) 624 635 642 647 653 671 >1000 
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ʊʘʙʝʣʘ 2. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʢʘʯʫ (ʣʠʮʥʘʩʪʠ ʧʨʦʚʦʜʥʠʢ ʧʨʝʩʝʢʘ 1,5 mm
2
 ʠ ʿʘʯʠʥʘ ʩʪʨʫʿʝ 16 ɸ) 

ʄʦʥʦʬʘʟʥʠ ʫʪʠʢʘʯ S=1,5 mm2, ʣʠʮʥʘʩʪʘ ʞʠʮʘ 

M=0,1 Nm 

t(h) 0 1 2 3 4 5 6 

I (A) 16,1 16,1 16,1 16,1 16,0 16,0 16,0 

U (V) 0,048 0,111 0,135 0,145 0,157 0,169 0,199 

R (ɋ) 0,003 0,007 0,008 0,009 0,010 0,011 0,012 

P(W) 0,8 1,8 2,1 2,3 2,6 2,8 3,1 

T(oC) 27 77 85 87 93 96 98 

t(h) 7 8 9 10 11 12 13 

I (A) 16,0 16,0 16,0 16,0 16,0 16,0 16,0 

U (V) 0,212 0,225 0,239 0,255 0,356 0,389 0,412 

R (ɋ) 0,013 0,014 0,015 0,016 0,022 0,024 0,026 

P(W) 3,3 3,6 3,8 4,1 5,6 6,1 6,7 

T(oC) 102 107 110 117 249 271 376 

t(h) 14 15 16 16h10min. 16h20min. 16h22min. / 

I (A) 15,9 15,9 15,9 15,9 15,9 15,8 / 

U (V) 0,425 0,435 0,824 1,23 3,15 32,5 / 

R (ɋ) 0,027 0,027 0,052 0,077 0,198 2,057 / 

P(W) 6,8 6,8 13,1 19,5 50,1 513,5 / 

T(oC) 380 384 416 626 678 >1000 / 

 

ʊʘʙʝʣʘ 3. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʯʥʠʮʠ (ʧʫʥ ʧʨʝʩʝʢ ʧʨʦʚʦʜʥʠʢʘ 2,5 mm
2
 ʠ ʿʘʯʠʥʘ ʩʪʨʫʿʝ 16 ɸ) 

ʄʦʥʦʬʘʟʥʘ ʫʪʠʯʥʠʮʘ S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ 

M=0,1 Nm 

t(h) 0 1 2 3 4 5 6 

I (A) 16,3 16,3 16,2 16,2 16,1 16,1 16,1 

U (V) 0,075 0,205 0,263 0,278 0,318 0,332 0,342 

R (ɋ) 0,005 0,013 0,016 0,017 0,020 0,021 0,021 

P(W) 1,3 3,5 4,2 4,5 5,2 5,4 5,4 

T(oC) 24 149 155 160 170 174 188 

t(h) 7 8 9 10 10h10min. 10h20min. 10h30min. 

I (A) 16,1 16,1 16,1 16,1 16,0 15,9 15,9 

U (V) 0,387 0,432 0,512 0,678 1,35 1,37 1,38 

R (ɋ) 0,024 0,027 0,032 0,042 0,084 0,086 0,087 

P(W) 6,2 7,0 8,3 10,9 21,5 21,7 22,0 

T(oC) 206 229 277 527 571 595 612 

t(h) 10h40min. 10h50min. 11h 11h10min. 11h20min. 11h30min. 11h32min. 

I (A) 15,9 15,9 15,9 15,9 15,8 15,8 15,7 

U (V) 2,5 2,65 2,69 2,9 3,1 3,9 36,7 

R (ɋ) 0,157 0,167 0,169 0,182 0,196 0,247 2,338 

P(W) 39,7 42,2 42,7 46,0 48,9 61,7 576,3 

T(oC) 618 621 639 650 654 682 >1000 
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ʊʘʙʝʣʘ 4. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʯʥʠʮʠ (ʧʫʥ ʧʨʝʩʝʢ ʧʨʦʚʦʜʥʠʢʘ 1,5 mm
2
 ʠ ʿʘʯʠʥʘ ʩʪʨʫʿʝ 16 ɸ) 

ʄʦʥʦʬʘʟʥʘ ʫʪʠʯʥʠʮʘ S=1,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ 

M=0,1 Nm 

t(h) 0 1 2 3 4 5 6 

I (A) 16,1 16,0 16,0 15,9 15,9 15,9 15,9 

U (V) 0,132 0,185 0,215 0,253 0,275 0,296 0,315 

R (ɋ) 0,008 0,012 0,013 0,016 0,017 0,019 0,020 

P(W) 2,1 3,1 3,3 4,0 4,3 4,8 5,1 

T(oC) 23 92 94 110 149 158 182 

t(h) 7 8 9 10 11 12 13 

I (A) 15,9 15,9 15,9 15,9 15,9 15,9 15,9 

U (V) 0,586 0,615 0,651 0,695 0,725 0,737 0,749 

R (ɋ) 0,037 0,039 0,041 0,044 0,046 0,046 0,047 

P(W) 9,4 9,9 10,4 11,1 11,6 11,6 11,9 

T(oC) 203 217 249 320 362 367 376 

t(h) 14 14h10min. 14h20min. 14h30min. 14h40min. 14h43min. / 

I (A) 15,9 15,8 15,8 15,8 15,7 15,6 / 

U (V) 0,771 2,15 2,32 2,59 3,25 34,5 / 

R (ɋ) 0,048 0,136 0,147 0,164 0,207 2,212 / 

P(W) 12,1 34,0 36,7 40,9 51,0 538,3 / 

T(oC) 382 625 642 678 685 >1000 / 

 

ʎ ï ʌʠʥʘʣʥʠ ʝʢʩʧʝʨʠʤʝʥʪ 
 

ʊʘʙʝʣʘ 1. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʯʥʠʮʠ (ʧʫʥ ʧʨʝʩʝʢ ʧʨʦʚʦʜʥʠʢʘ 2,5 mm
2
 ʠ ʿʘʯʠʥʘ ʩʪʨʫʿʝ 16 ɸ) ï 

ʠʥʠʮʠʿʘʣʥʦ ʟʘʛʨʝʚʘˁʝ 
ʄʦʥʦʬʘʟʥʘ ʫʪʠʯʥʠʮʘ S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ 

M=0,1 Nm 

ɿɸɻʈɽɺɸɳɽ 

t(h) 0 1 2 3 4 5 6 

I (A) 16,2 16,1 16,1 16,1 16,1 16,1 16,1 

U (V) 0,042 0,173 0,223 0,273 0,326 0,347 0,355 

R (ɋ) 0,003 0,011 0,014 0,017 0,020 0,022 0,022 

T(oC) 27 137 147 151 164 187 190 

t(h) 7 8 9 10 11 12 13 

I (A) 16,1 16,1 16,1 16,1 16,1 16,1 16,1 

U (V) 0,365 0,530 0,570 0,596 0,615 0,627 1,27 

R (ɋ) 0,023 0,033 0,035 0,037 0,038 0,039 0,079 

T(oC) 208 217 240 271 297 312 605 

t(h) 13h10min. 13h20min. 13h30min. 

 

I (A) 16,1 16,0 16,0 

U (V) 1,87 2,25 2,54 

R (ɋ) 0,116 0,141 0,159 

T(oC) 621 647 664 
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ʊʘʙʝʣʘ 2. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʯʥʠʮʠ (ʧʫʥ ʧʨʝʩʝʢ ʧʨʦʚʦʜʥʠʢʘ 2,5 mm
2
 ʠ ʿʘʯʠʥʘ ʩʪʨʫʿʝ 16 ɸ) ï 

ʧʨʚʦ ʭʣʘʹʝˁʝ ʠ ʜʨʫʛʦ ʟʘʛʨʝʚʘˁʝ 
ʄʦʥʦʬʘʟʥʘ ʫʪʠʯʥʠʮʘ S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ 

M=0,1 Nm 

ʍʃɸɫɽɳɽ 

t(s) 0 20 40 60 80 100 120 

T(oC) 664 358 178 148 98 92 88 

t(s)  140 160 180 200 220 240 

T(oC)  85 82 80 76 74 72 

t(min.)  5 10 15 20 25 30 

R (ɋ) 0,159 0,158 0,158 0,155 0,154 0,156 0,154 

T(oC)  67 53 45,5 33,4 29,6 27,5 

ɿɸɻʈɽɺɸɳɽ 

t( min.) 0 1 2 3 4 5 6 

I (A) 16,0 16,0 16,0 16,0 16,0 16,0 16,0 

U (V)  2,58 2,71 2,85 2,97 3,24 3,75 

R (ɋ) 0,154 0,161 0,169 0,178 0,186 0,203 0,234 

T(oC) 27,5 175 345 395 472 595 683 

 

ʊʘʙʝʣʘ 3. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʯʥʠʮʠ (ʧʫʥ ʧʨʝʩʝʢ ʧʨʦʚʦʜʥʠʢʘ 2,5 mm
2
 ʠ ʿʘʯʠʥʘ ʩʪʨʫʿʝ 16 ɸ) ï 

ʜʨʫʛʦ ʭʣʘʹʝˁʝ ʠ ʪʨʝ˂ʝ ʟʘʛʨʝʚʘˁʝ 
ʄʦʥʦʬʘʟʥʘ ʫʪʠʯʥʠʮʘ S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ 

M=0,1 Nm 

ʍʃɸɫɽɳɽ 

t(min.) 0 1 2 3 4 5 6 

R (ɋ) 0,234 / / / / 0,233 / 

T(oC) 683 175 121 102 90 81,5 76,2 

t(min.)  7 8 9 10 15 20 

R (ɋ)  / / / 0,230 0,233 0,233 

T(oC)  70 67.5 60 57,6 51 43 

t(min.)  25 30 

 R (ɋ)  0,234 0,231 

T(oC)  33 29,6 

ɿɸɻʈɽɺɸɳɽ 

t(min.) 
ʇʦʯʝʪʥʝ 

ʚʨʝʜʥʦʩʪʠ 
1 2 3 

 
I (A) 16,0 16,0 16,0 16,0 

U (V)  3,85 3,98 4,15 

R (ɋ) 0,231 0,241 0,249 0,259 

T(oC) 29,6 496 574 685 
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ʊʘʙʝʣʘ 4. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʥʘ ʫʪʠʯʥʠʮʠ (ʧʫʥ ʧʨʝʩʝʢ ʧʨʦʚʦʜʥʠʢʘ 2,5 mm
2
 ʠ ʿʘʯʠʥʘ ʩʪʨʫʿʝ 16 ɸ) ï 

ʪʨʝ˂ʝ ʭʣʘʹʝˁʝ ʠ ʯʝʪʚʨʪʦ ʟʘʛʨʝʚʘˁʝ 
ʄʦʥʦʬʘʟʥʘ ʫʪʠʯʥʠʮʘ S=2.5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ 

M=0.1 Nm 

ʍʃɸɫɽɳɽ 

t(min.) 0 1 2 3 4 5 6 

R (ɋ) 0,259 / / / / 0,256 / 

T(oC) 685 167 133 104 93 86 75 

t(min.)  7 8 9 10 15 20 

R (ɋ)  / / / 0,258 0,258 0,258 

T(oC)  70 65 60 55 48 44 

t(min.)  25 30 

 R (ɋ)  0,258 0,260 

T(oC)  35 30,5 

ɿɸɻʈɽɺɸɳɽ 

t(s) 0 30 60 75 

I (A) 16,0 16,0 16,0 15,9 
U (V)  4,25 4,37 28,5 
R (ɋ) 0,260 0,266 0,273 1,792 
T(oC) 29,6 541 688 >1000 
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ʇʈʀʃʆɻ 4 

 

ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʨʝʘʣʠʟʦʚʘʥʠʭ ʟʘ ʧʦʪʨʝʙʝ ʨʘʟʚʦʿʘ ʤʝʪʦʜʝ ʟʘ ʚʝʨʠʬʠʢʘʮʠʿʫ 

ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʢʦʿʦʤ ʩʝ ʤʦʛʫ 

ʜʝʪʝʢʪʦʚʘʪʠ ʩʪʨʫʿʥʘ ʢʦʣʘ ʫ ʢʦʿʠʤʘ ʧʦʩʪʦʿʝ ʣʦʰʠ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪʠ 

 

ʀʉʇʀʊʀɺɸɳɽ ʐʋʂʆ-ʋʊʀʏʅʀʎɽ ʉʊɸʈɽ 30 ɻʆɼʀʅɸ 

 
ʊʘʙʝʣʘ 1. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʩʪʘʨʝ ʫʪʠʯʥʠʮʝ ʧʨʠ ʥʘʟʠʚʥʦʿ ʩʪʨʫʿʠ ʿʘʯʠʥʝ 16 ɸ 

ʄʦʥʦʬʘʟʥʘ ʫʪʠʯʥʠʮʘ, S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʩʪʘʨʠ ʢʦʥʪʘʢʪʠ 

M=0,1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

t (h) 0 1 2 3 4 5 6 

I (A) 16,1 16,1 16,1 16,1 16,1 16,1 16,1 

U (V) 0,126 0,145 0,185 0,226 0,273 0,315 0,327 

R (ɋ) 0,008 0,009 0,011 0,014 0,017 0,020 0,020 

T (oC) 27 57 77 92 97 105 135 

t (h) 7 8 9 10 11 12 13 

I (A) 16,1 16,1 16,1 16,1 16,1 16,1 16,0 

U (V) 0,37 0,41 0,42 0,53 0,635 1,17 2,372 

R (ɋ) 0,023 0,025 0,026 0,033 0,039 0,073 0,148 

T (oC) 141 147 173 192 253 285 695 

t (h) 14 15 

 

I (A) 16,0 16,0 

U (V) 3,66 4,75 

R (ɋ) 0,229 0,297 

T (oC) 730 770 

 

ʊʘʙʝʣʘ 2. ʀʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʩʪʘʨʝ ʫʪʠʯʥʠʮʝ 
ʄʦʥʦʬʘʟʥʘ ʰʫʢʦïʫʪʠʯʥʠʮʘ, S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʩʪʘʨʠ ʢʦʥʪʘʢʪʠ 

M=1 Nm (ʜʦʙʘʨ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

ʀʥʠʮʠʿʘʣʥʦ ʠʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ 

ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʙʝʟ ʦʧʪʝʨʝ˂ʝˁʘ 

 

RS L-PE 

(ɋ) 

 
0,46 

 

RS L-N 

(ɋ) 

 
0,45 

ʂʦʤʝʥʪʘʨ: 

ʣʦʰ ʢʦʥʪʘʢʪ 

ʠʟʘʟʚʘʥ ʥʘ 

ʧʨʠʢˀʫʯʢʫ 

ʩʪʘʨʝ 

ʫʪʠʯʥʠʮʝ ʢʦʿʠ 

ʿʝ ʧʦʚʝʟʘʥ ʩʘ 

ʬʘʟʥʠʤ 

ʧʨʦʚʦʜʥʠʢʦʤ 

M=0,1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

ʀʥʠʮʠʿʘʣʥʦ ʠʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ 

ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʙʝʟ ʦʧʪʝʨʝ˂ʝˁʘ 
RS L-PE 

(ɋ) 

0,46 
RS L-N 

(ɋ) 

0,45 

ʀʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʦʩʣʝ 

ʧʨʦʮʝʩʘ ʟʘʛʨʝʚʘˁʘ ʩʪʨʫʿʦʤ 16 ɸ ʠ ʟʘʚʨʰʝʥʦʛ ʧʨʦʮʝʩʘ ʭʣʘʹʝˁʘ 

0,74 0,73 

 

ʊʘʙʝʣʘ 3. ʍʣʘʹʝˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʩʪʘʨʝ ʫʪʠʯʥʠʮʝ ʠ ʧʨʦʤʝʥʝ ˁʝʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ  

(ʫʪʠʯʥʠʮʘ ʿʝ ʧʨʝʪʭʦʜʥʦ ʙʠʣʘ ʦʧʪʝʨʝ˂ʝʥʘ ʥʘʟʠʚʥʦʤ ʿʘʯʠʥʦʤ ʩʪʨʫʿʝ 16 ɸ) 
ʇʨʦʮʝʩ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ  

t (ʤʠʥ.) ʊ (oC) R (ɋ) 

0 770 0,297 

5 112 / 

10 63 / 

15 51 / 

20 44 / 

25 38 / 

30 29 0,305 
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ʊʘʙʝʣʘ 4. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʩʪʘʨʝ ʫʪʠʯʥʠʮʝ ʧʨʠ ʩʪʨʫʿʠ ʿʘʯʠʥʝ 13ɸ 
ʄʦʥʦʬʘʟʥʘ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ, S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʩʪʘʨʠ ʢʦʥʪʘʢʪʠ 

M=0,1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

t (ʤʠʥ.) 0 1 2 3 4 5 6 

I (A) 13,1 13,1 13,1 13,1 13,1 13 13 

U (V) 3,92 4,14 4,25 4,49 4,71 5,12 5,50 

R (ɋ) 0,299 0,316 0,324 0,343 0,360 0,394 0,423 

T (oC) 270 355 670 775 795 820 855 

 

ʊʘʙʝʣʘ 5. ʀʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʩʪʘʨʝ ʫʪʠʯʥʠʮʝ ʧʦʩʣʝ ʟʘʛʨʝʚʘˁʘ 

ʿʘʯʠʥʦʤ ʩʪʨʫʿʝ 13 ɸ ʠ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʠ ʧʨʦʤʝʥʝ ˁʝʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ 
ʀʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ 

ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʦ ʟʘʚʨʰʝʪʢʫ 

ʭʣʘʹʝˁʘ  

RS L-PE (ɋ) 0,87 

RS L-N (ɋ) 0,86 

ʇʨʦʮʝʩ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

t (ʤʠʥ.) ʊ (oC) R (ɋ) 

0 855 0,423 

5 125 / 

10 65 / 

15 52 / 

20 45 / 

25 39 / 

30 30 0,435 

 

ʊʘʙʝʣʘ 6 ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʩʪʘʨʝ ʫʪʠʯʥʠʮʝ ʧʨʠ ʩʪʨʫʿʠ ʿʘʯʠʥʝ 10ɸ 
ʄʦʥʦʬʘʟʥʘ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ, S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʩʪʘʨʠ ʢʦʥʪʘʢʪʠ 

M=0,1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

t (ʤʠʥ.) 0 1 2 3 4 5 6 

I (A) 10 10 10 10 9,9 9,9 9,9 

U (V) 4,22 4,35 4,57 4,82 5,15 5,25 5,35 

R (ɋ) 0,422 0,435 0,457 0,482 0,520 0,530 0,540 

T (oC) 28 330 690 750 780 815 840 

t (ʤʠʥ.) 7 

 

I (A) 9,9 

U (V) 5,55 

R (ɋ) 0,561 

T (oC) 860 

 

ʊʘʙʝʣʘ 7. ʀʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʩʪʘʨʝ ʫʪʠʯʥʠʮʝ  ʧʦʩʣʝ ʟʘʛʨʝʚʘˁʘ 

ʿʘʯʠʥʦʤ ʩʪʨʫʿʝ 10 ɸ ʠ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʠ ʧʨʦʤʝʥʝ ˁʝʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ 
ʀʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ 

ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʦ ʟʘʚʨʰʝʪʢʫ 

ʭʣʘʹʝˁʘ  

RS L-PE (ɋ) 1,01 

RS L-N (ɋ) 0,98 

ʇʨʦʮʝʩ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

t (ʤʠʥ.) ʊ (oC) R (ɋ) 

0 860 0,561 

5 127 / 

10 65 / 

15 53 / 

20 47 / 

25 39 / 

30 30 0,573 
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ʊʘʙʝʣʘ 8. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʩʪʘʨʝ ʫʪʠʯʥʠʮʝ ʧʨʠ ʩʪʨʫʿʠ ʿʘʯʠʥʝ 8 ɸ 
ʄʦʥʦʬʘʟʥʘ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ, S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʩʪʘʨʠ ʢʦʥʪʘʢʪʠ 

M=0,1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

t (ʤʠʥ.) 0 1 2 3 4 5 6 

I (A) 8 8 8 8 8 8 8 

U (V) 4,50 4,63 4,75 4,90 5,30 5,51 5,62 

R (ɋ) 0,563 0,579 0,594 0,613 0,663 0,689 0,703 

T (oC) 28 305 675 730 745 755 778 

t (ʤʠʥ.) 7 8 9 

 

I (A) 7,9 7,9 7,9 

U (V) 5,80 6,26 6,45 

R (ɋ) 0,734 0,792 0,816 

T (oC) 795 805 822 

 

ʊʘʙʝʣʘ 9. ʀʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʩʪʘʨʝ ʫʪʠʯʥʠʮʝ ʧʦʩʣʝ ʟʘʛʨʝʚʘˁʘ 

ʿʘʯʠʥʦʤ ʩʪʨʫʿʝ 8 ɸ ʠ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʠ ʧʨʦʤʝʥʝ ˁʝʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ 
ʀʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ 

ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʦ ʟʘʚʨʰʝʪʢʫ ʭʣʘʹʝˁʘ 

RS L-PE (ɋ) 1,25 

RS L-N (ɋ) 1,23 

ʇʨʦʮʝʩ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

t (ʤʠʥ.) ʊ (oC) R (ɋ) 

0 822 0,816 

5 111 / 

10 65 / 

15 55 / 

20 47 / 

25 39 / 

30 31 0,819 

 

ʊʘʙʝʣʘ 10. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʩʪʘʨʝ ʰʫʢʦ-ʫʪʠʯʥʠʮʝ ʧʨʠ ʩʪʨʫʿʠ ʿʘʯʠʥʝ 6 ɸ 
ʄʦʥʦʬʘʟʥʘ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ, S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʩʪʘʨʠ ʢʦʥʪʘʢʪʠ 

M=0,1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

t (ʤʠʥ.) 0 1 2 3 4 5 6 

I (A) 6 6 6 6 6 6 6 

U (V) 4,8 5,12 5,60 5,75 6,32 6,57 6,71 

R (ɋ) 0,800 0,853 0,933 0,958 1,053 1,095 1,118 

T (oC) 28 335 685 720 758 783 795 

t (ʤʠʥ.) 7 8 

 

I (A) 5,9 5,9 

U (V) 6,85 6,91 

R (ɋ) 1,161 1,171 

T (oC) 805 815 

 

ʊʘʙʝʣʘ 11. ʀʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʩʪʘʨʝ ʫʪʠʯʥʠʮʝ ʧʦʩʣʝ ʟʘʛʨʝʚʘˁʘ 

ʿʘʯʠʥʦʤ ʩʪʨʫʿʝ 6 ɸ ʠ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʠ ʧʨʦʤʝʥʝ ˁʝʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ 
ʀʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ 

ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʦ ʟʘʚʨʰʝʪʢʫ 

ʭʣʘʹʝˁʘ 

RS L-PE (ɋ) 1,60 

RS L-N (ɋ) 1,59 

ʇʨʦʮʝʩ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

t (ʤʠʥ.) ʊ (oC) R (ɋ) 

0 815 1,171 

5 113 / 

10 68 / 

15 57 / 

20 49 / 

25 39 / 

30 31 1,180 
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ʊʘʙʝʣʘ 12. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʩʪʘʨʝ ʫʪʠʯʥʠʮʝ ʧʨʠ ʩʪʨʫʿʠ ʿʘʯʠʥʝ 4 ɸ 
ʄʦʥʦʬʘʟʥʘ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ, S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʩʪʘʨʠ ʢʦʥʪʘʢʪʠ 

M=0,1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

t (ʤʠʥ.) 0 1 2 3 4 5 6 

I (A) 4 4 4 4 4 4 4 

U (V) 4,69 4,85 5,20 5,62 6,01 6,35 6,40 

R (ɋ) 1,173 1,213 1,300 1,405 1,503 1,588 1,600 

T (oC) 28 313 642 661 665 685 715 

t (ʤʠʥ.) 7 8 9 10 

 

I (A) 4 4 3,9 3,9 

U (V) 6,87 6,95 7,25 7,33 

R (ɋ) 1,718 1,738 1,859 1,879 

T (oC) 725 738 757 768 

 

ʊʘʙʝʣʘ 13. ʀʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʩʪʘʨʝ ʫʪʠʯʥʠʮʝ ʧʦʩʣʝ ʟʘʛʨʝʚʘˁʘ 

ʿʘʯʠʥʦʤ ʩʪʨʫʿʝ 4 ɸ ʠ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʠ ʧʨʦʤʝʥʝ ˁʝʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ 
ʀʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ 

ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʦ ʟʘʚʨʰʝʪʢʫ ʭʣʘʹʝˁʘ 

RS L-PE (ɋ) 2,35 

RS L-N (ɋ) 2,32 

ʇʨʦʮʝʩ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

t (ʤʠʥ.) ʊ (oC) R (ɋ) 

0 768 1,879 

5 103 / 

10 66 / 

15 55 / 

20 46 / 

25 40 / 

30 31 1,918 

 

ʀʉʇʀʊʀɺɸɳɽ ʅʆɺɽ ʐʋʂʆ-ʋʊʀʏʅʀʎɽ ʂʆɱɸ ɱɽ ʊʈɽʊʀʈɸʅɸ 

ʎɸʈʉʂʆʄ ɺʆɼʆʄ 

 
ʊʘʙʝʣʘ 14. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʫʪʠʯʥʠʮʝ ʧʨʠ ʥʘʟʠʚʥʦʿ ʩʪʨʫʿʠ ʿʘʯʠʥʝ 16ɸ  
ʄʦʥʦʬʘʟʥʘ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ, S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʢʦʨʦʜʠʨʘʥ ʢʦʥʪʘʢʪ 

M=0,1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

t (h) 0 1 2 3 4 5 6 

I (A) 16,1 16,1 16,1 16,1 16,1 16,1 16,1 

U (V) 0,205 0,221 0,237 0,243 0,257 0,282 0,318 

R (ɋ) 0,013 0,014 0,015 0,015 0,016 0,018 0,020 

T (oC) 27 72 80 85 88 94 120 

t (h) 7 8 9 10 11 12 / 

I (A) 16,0 16,0 16,0 15,9 15,9 15,8 / 

U (V) 0,511 0,905 1,53 2,22 2,37 2,52 / 

R (ɋ) 0,032 0,057 0,096 0,140 0,149 0,159 / 

T (oC) 196 270 439 634 667 728 / 

 

ʊʘʙʝʣʘ 15. ʀʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʫʪʠʯʥʠʮʝ  
ʄʦʥʦʬʘʟʥʘ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ, S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʢʦʨʦʜʠʨʘʥ ʢʦʥʪʘʢʪ 

M=1 Nm (ʜʦʙʘʨ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

ʀʥʠʮʠʿʘʣʥʦ ʠʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ 

ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʙʝʟ ʦʧʪʝʨʝ˂ʝˁʘ  

 

RS L-PE 

(ɋ) 

 

0,44 

 

RS L-N 

(ɋ) 

 

0,43 

ʂʦʤʝʥʪʘʨ: ʣʦʰ ʢʦʥʪʘʢʪ 

ʠʟʘʟʚʘʥ ʥʘ ʧʨʠʢˀʫʯʢʫ ʫʪʠʯʥʠʮʝ 

ʢʦʿʠ ʿʝ ʧʦʚʝʟʘʥ ʩʘ ʬʘʟʥʠʤ 

ʧʨʦʚʦʜʥʠʢʦʤ 

M=0.1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

ʀʥʠʮʠʿʘʣʥʦ ʠʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ 

ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʙʝʟ ʦʧʪʝʨʝ˂ʝˁʘ 

RS L-PE 

(ɋ) 
0,45 

RS L-N 

(ɋ) 
0,44 

ʀʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ 

ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʦʩʣʝ ʧʨʦʮʝʩʘ ʟʘʛʨʝʚʘˁʘ ʩʪʨʫʿʦʤ 16 

ɸ ʠ ʟʘʚʨʰʝʥʦʛ ʧʨʦʮʝʩʘ ʭʣʘʹʝˁʘ 

RS L-PE 

(ɋ) 
0,59 

RS L-N 

(ɋ) 
0,58 
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ʊʘʙʝʣʘ 16. ʍʣʘʹʝˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʫʪʠʯʥʠʮʝ ʠ ʧʨʦʤʝʥʝ ˁʝʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ 

(ʫʪʠʯʥʠʮʘ ʿʝ ʧʨʝʪʭʦʜʥʦ ʙʠʣʘ ʦʧʪʝʨʝ˂ʝʥʘ ʥʘʟʠʚʥʦʤ ʿʘʯʠʥʦʤ ʩʪʨʫʿʝ 16 ɸ) 
ʇʨʦʮʝʩ ʭʣʘʹʝˁʘ ʝʣeʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ  

t (ʤʠʥ.) ʊ (oC) R (ɋ) 

0 728 0,159 

5 89 / 

10 54 / 

15 48 / 

20 41 / 

25 36 / 

30 29 0,161 

 

ʊʘʙʝʣʘ 17. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʫʪʠʯʥʠʮʝ ʧʨʠ ʩʪʨʫʿʠ ʿʘʯʠʥʝ 13 ɸ  
ʄʦʥʦʬʘʟʥʘ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ, S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʢʦʨʦʜʠʨʘʥ ʢʦʥʪʘʢʪ 

M=0,1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

t (ʤʠʥ.) 0 1 2 3 4 5 6 

I (A) 13 13 13 13 13 13 12,9 

U (V) 2,1 2,28 2,51 2,73 2,92 3,34 3,52 

R (ɋ) 0,162 0,175 0,193 0,210 0,225 0,257 0,273 

T (oC) 27 356 731 757 773 794 810 

 

ʊʘʙʝʣʘ 18. ʀʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʫʪʠʯʥʠʮʝ ʧʦʩʣʝ ʟʘʛʨʝʚʘˁʘ ʿʘʯʠʥʦʤ 

ʩʪʨʫʿʝ 13 ɸ ʠ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʠ ʧʨʦʤʝʥʝ ˁʝʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ 
ʀʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨ ʠ 

ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʦ ʟʘʚʨʰʝʪʢʫ ʭʣʘʹʝˁʘ  

RS L-PE (ɋ) 0,69 

RS L-N (ɋ) 0,68 

ʇʨʦʮʝʩ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

t (ʤʠʥ.) ʊ (oC) R (ɋ) 

0 810 0,273 

5 131 / 

10 92 / 

15 50 / 

20 42 / 

25 35 / 

30 29 0,279 

 

ʊʘʙʝʣʘ 19. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʫʪʠʯʥʠʮʝ ʧʨʠ ʩʪʨʫʿʠ ʿʘʯʠʥʝ 10 ɸ  
ʄʦʥʦʬʘʟʥʘ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ, S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʢʦʨʦʜʠʨʘʥ ʢʦʥʪʘʢʪ 

M=0,1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

t (ʤʠʥ.) 0 1 2 3 4 5 6 

I (A) 10 10 10 10  10 10 9,9 

U (V) 2,7 2,82 2,91 3,07 3,22 3,32 3,55 

R (ɋ) 0,270 0,282 0,291 0,307 0,322 0,332 0,359 

T (oC) 27 355 678 715 735 752 776 

t (ʤʠʥ.) 7 

 

I (A) 9,9 

U (V) 3,75 

R (ɋ) 0,379 

T (oC) 805 
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ʊʘʙʝʣʘ 20. ʀʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʫʪʠʯʥʠʮʝ ʧʦʩʣʝ ʟʘʛʨʝʚʘˁʘ ʿʘʯʠʥʦʤ 

ʩʪʨʫʿʝ 10 ɸ ʠ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ  ʢʦʥʪʘʢʪʘ ʠ ʧʨʦʤʝʥʝ ˁʝʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ 
ʀʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ 

ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʦ ʟʘʚʨʰʝʪʢʫ ʭʣʘʹʝˁʘ  

RS L-PE (ɋ) 0,80 

RS L-N (ɋ) 0,78 

ʇʨʦʮʝʩ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

t (ʤʠʥ.) ʊ (oC) R (ɋ) 

0 805 0,379 

5 127 / 

10 90 / 

15 53 / 

20 40 / 

25 33 / 

30 29 0,388 

 

ʊʘʙʝʣʘ 21. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʫʪʠʯʥʠʮʝ ʧʨʠ ʩʪʨʫʿʠ ʿʘʯʠʥʝ 8 ɸ  
ʄʦʥʦʬʘʟʥʘ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ, S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʢʦʨʦʜʠʨʘʥ ʢʦʥʪʘʢʪ 

M=0,1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

t (ʤʠʥ.) 0 1 2 3 4 5 6 

I (A) 8 8 8 8 8 8 7,9 

U (V) 3,1 3,21 3,38 3,47 3,56 3,9 4,12 

R (ɋ) 0,388 0,401 0,423 0,434 0,445 0,488 0,522 

T (oC) 28 358 728 753 770 810 826 

t (ʤʠʥ.) 7 8 9 

 

I (A) 7,9 7,9 7,9 

U (V) 5,03 5,23 5,28 

R (ɋ) 0,637 0,662 0,668 

T (oC) 852 875 890 

 

ʊʘʙʝʣʘ 22. ʀʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʫʪʠʯʥʠʮʝ ʧʦʩʣʝ ʟʘʛʨʝʚʘˁʘ ʿʘʯʠʥʦʤ 

ʩʪʨʫʿʝ 8 ɸ ʠ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʠ ʧʨʦʤʝʥʝ ˁʝʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ 
ʀʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ 

ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʦ ʟʘʚʨʰʝʪʢʫ ʭʣʘʹʝˁʘ 

RS L-PE (ɋ) 1,08 

RS L-N (ɋ) 0,95 

ʇʨʦʮʝʩ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

t (ʤʠʥ.) ʊ (oC) R (ɋ) 

0 890 0,668 

5 154 / 

10 113 / 

15 57 / 

20 44 / 

25 36 / 

30 30 0,674 
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ʊʘʙʝʣʘ 23. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʫʪʠʯʥʠʮʝ ʧʨʠ ʩʪʨʫʿʠ ʿʘʯʠʥʝ 6 ɸ  
ʄʦʥʦʬʘʟʥʘ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ, S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʢʦʨʦʜʠʨʘʥ ʢʦʥʪʘʢʪ 

M=0,1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

t (ʤʠʥ.) 0 1 2 3 4 5 6 

I (A) 6 6 6 6 6 6 6 

U (V) 3,9 4,71 4,88 5,05 5,43 6,10 6,15 

R (ɋ) 0,650 0,785 0,813 0,842 0,905 1,017 1,025 

T (oC) 28 375 715 755 788 815 830 

t (ʤʠʥ.) 7 8 9 10 11 

 

I (A) 6 6 5,9 5,9 5,9 

U (V) 6,20 6,25 6,27 6,29 6,30 

R (ɋ) 1,033 1,042 1,063 1,066 1,068 

T (oC) 835 845 848 861 872 

 

ʊʘʙʝʣʘ 24. ʀʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʫʪʠʯʥʠʮʝ ʧʦʩʣʝ ʟʘʛʨʝʚʘˁʘ ʿʘʯʠʥʦʤ 

ʩʪʨʫʿʝ 6 ɸ ʠ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʠ ʧʨʦʤʝʥʝ ˁʝʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ 
ʀʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ 

ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʦ ʟʘʚʨʰʝʪʢʫ ʭʣʘʹʝˁʘ 

RS L-PE (ɋ) 1,49 

RS L-N (ɋ) 1,46 

ʇʨʦʮʝʩ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

t (ʤʠʥ.) ʊ (oC) R (ɋ) 

0 872 1,068 

5 146 / 

10 107 / 

15 53 / 

20 43 / 

25 32 / 

30 29 1,077 

 

ʊʘʙʝʣʘ 25. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʫʪʠʯʥʠʮʝ ʧʨʠ ʩʪʨʫʿʠ ʿʘʯʠʥʝ 4 ɸ  
ʄʦʥʦʬʘʟʥʘ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ, S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʢʦʨʦʜʠʨʘʥ ʢʦʥʪʘʢʪ 

M=0,1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

t (ʤʠʥ.) 0 1 2 3 4 5 6 

I (A) 4 4 4 4 4 4 4 

U (V) 4,05 4,3 4,8 5,7 6,25 6,35 6,56 

R (ɋ) 1,013 1,075 1,200 1,425 1,563 1,588 1,640 

T (oC) 27 325 576 658 720 735 745 

t (ʤʠʥ.) 7 8 9 

 

I (A) 4 3,9 3,9 

U (V) 6,62 6,95 7,15 

R (ɋ) 1,655 1,782 1,833 

T (oC) 771 780 795 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 
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ʊʘʙʝʣʘ 26. ʀʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʫʪʠʯʥʠʮʝ ʧʦʩʣʝ ʟʘʛʨʝʚʘˁʘ ʿʘʯʠʥʦʤ 

ʩʪʨʫʿʝ 4 ɸ ʠ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʠ ʧʨʦʤʝʥʝ ˁʝʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ 
ʀʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ 

ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʦ ʟʘʚʨʰʝʪʢʫ ʭʣʘʹʝˁʘ 

RS L-PE (ɋ) 2,18 

RS L-N (ɋ) 2,05 

ʇʨʦʮʝʩ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

t (ʤʠʥ.) t (ʤʠʥ.) t (ʤʠʥ.) 

0 795 1,833 

5 138 / 

10 118 / 

15 43 / 

20 37 / 

25 32 / 

30 29 1,841 

 

 

ʀʉʇʀʊʀɺɸɳɽ ʅʆɺɽ ʐʋʂʆ-ʋʊʀʏʅʀʎɽ ʂʆɱɸ ɱɽ ʊʈɽʊʀʈɸʅɸ 

ʂʆʅʎɽʅʊʈʆɺɸʅʆʄ ʉʋʄʇʆʈʅʆʄ ʂʀʉɽʃʀʅʆʄ 

 
ʊʘʙʝʣʘ 27. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʫʪʠʯʥʠʮʝ ʧʨʠ ʥʘʟʠʚʥʦʿ ʩʪʨʫʿʠ ʿʘʯʠʥʝ 16ɸ  
ʄʦʥʦʬʘʟʥʘ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ, S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʢʦʨʦʜʠʨʘʥ ʢʦʥʪʘʢʪ 

M=0,1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

t (h) 0 1 2 3 4 5 6 

I (A) 16 16 16 16 16 16 16 

U (V) 0,356 0,41 0,495 0,535 0,615 0,774 0,94 

R (ɋ) 0,022 0,026 0,031 0,033 0,038 0,048 0,059 

T (oC) 28 76 135 161 195 237 287 

t (h) 7 8 9 10 11 

 

I (A) 16 16 16 16 16 

U (V) 1,21 1,45 2,06 2,67 3,45 

R (ɋ) 0,076 0,091 0,129 0,167 0,216 

T (oC) 338 363 586 670 865 

 

ʊʘʙʝʣʘ 28. ʀʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʫʪʠʯʥʠʮʝ  
ʄʦʥʦʬʘʟʥʘ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ, S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʢʦʨʦʜʠʨʘʥ ʢʦʥʪʘʢʪʠ 

M=1 Nm (ʜʦʙʘʨ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

ʀʥʠʮʠʿʘʣʥʦ ʠʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ 

ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ 

ʙʝʟ ʦʧʪʝʨʝ˂ʝˁʘ  

 

RS L-PE 

(ɋ) 

 
0,47 

 

RS L-N (ɋ) 

 
0,46 

ʂʦʤʝʥʪʘʨ: ʣʦʰ 

ʢʦʥʪʘʢʪ ʠʟʘʟʚʘʥ 

ʥʘ ʧʨʠʢˀʫʯʢʫ 

ʫʪʠʯʥʠʮʝ ʢʦʿʠ ʿʝ 

ʧʦʚʝʟʘʥ ʩʘ 

ʥʝʫʪʨʘʣʥʠʤ 

ʧʨʦʚʦʜʥʠʢʦʤ 

M=0,1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

ʀʥʠʮʠʿʘʣʥʦ ʠʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ 

ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ 

ʙʝʟ ʦʧʪʝʨʝ˂ʝˁʘ  

RS L-PE 

(ɋ) 

0,47 

RS L-N (ɋ) 

0,46 

ʀʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ 

ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʦʩʣʝ ʧʨʦʮʝʩʘ 

ʟʘʛʨʝʚʘˁʘ ʩʪʨʫʿʦʤ 16 ɸ ʠ ʟʘʚʨʰʝʥʦʛ ʧʨʦʮʝʩʘ 

ʭʣʘʹʝˁʘ 

0,48 0,66 

 

  



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 
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ʊʘʙʝʣʘ 29. ʍʣʘʹʝˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʫʪʠʯʥʠʮʝ ʠ ʧʨʦʤʝʥʝ ˁʝʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ 

(ʫʪʠʯʥʠʮʘ ʿʝ ʧʨʝʪʭʦʜʥʦ ʙʠʣʘ ʦʧʪʝʨʝ˂ʝʥʘ ʥʘʟʠʚʥʦʤ ʿʘʯʠʥʦʤ ʩʪʨʫʿʝ 16 ɸ) 
ʇʨʦʮʝʩ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

t (ʤʠʥ.) ʊ (oC) R (ɋ) 

0 865 0,216 

5 149 / 

10 98 / 

15 65 / 

20 53 / 

25 42 / 

30 35 / 

35 31 / 

40 29 0,218 

 

ʊʘʙʝʣʘ 30. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʫʪʠʯʥʠʮʝ ʧʨʠ ʩʪʨʫʿʠ ʿʘʯʠʥʝ 13 ɸ  
ʄʦʥʦʬʘʟʥʘ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ, S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʢʦʨʦʜʠʨʘʥ ʢʦʥʪʘʢʪ 

M=0,1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

t (ʤʠʥ.) 0 1 2 3 4 5 

I (A) 13 13 13 13 13 12,9 

U (V) 2,8 2,95 3,26 3,45 3,67 3,85 

R (ɋ) 0,215 0,227 0,251 0,265 0,282 0,298 

T (oC) 29 354 570 645 770 815 

 

ʊʘʙʝʣʘ 31. ʀʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʫʪʠʯʥʠʮʝ ʧʦʩʣʝ ʟʘʛʨʝʚʘˁʘ ʿʘʯʠʥʦʤ 

ʩʪʨʫʿʝ 13 ɸ ʠ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʠ ʧʨʦʤʝʥʝ ˁʝʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ 
ʀʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ 

ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʦ ʟʘʚʨʰʝʪʢʫ ʭʣʘʹʝˁʘ 

RS L-PE (ɋ) 0,49 

RS L-N (ɋ) 0,75 

ʇʨʦʮʝʩ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

t (ʤʠʥ.) ʊ (oC) R (ɋ) 

0 815 0,298 

5 135 / 

10 86 / 

15 60 / 

20 49 / 

25 37 / 

30 32 / 

35 29 0,304 

 

ʊʘʙʝʣʘ 32. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʫʪʠʯʥʠʮʝ ʧʨʠ ʩʪʨʫʿʠ ʿʘʯʠʥʝ 10 ɸ  
ʄʦʥʦʬʘʟʥʘ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ, S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʢʦʨʦʜʠʨʘʥ ʢʦʥʪʘʢʪ 

M=0,1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

t (ʤʠʥ.) 0 1 2 3 4 5 6 

I (A) 10 10 10 10 10 10 9,9 

U (V) 3,0 3,189 3,32 3,85 4,15 4,35 4,55 

R (ɋ) 0,300 0,319 0,332 0,385 0,415 0,435 0,460 

T (oC) 28 385 428 580 670 720 780 

t (ʤʠʥ.) 7 

 

I (A) 9,9 

U (V) 4,60 

R (ɋ) 0,465 

T (oC) 825 

 

 

 

 

 

 

 

 

 

 

 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ï ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 
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ʊʘʙʝʣʘ 33. ʀʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʫʪʠʯʥʠʮʝ ʧʦʩʣʝ ʟʘʛʨʝʚʘˁʘ ʿʘʯʠʥʦʤ 

ʩʪʨʫʿʝ 10 ɸ ʠ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʠ ʧʨʦʤʝʥʝ ˁʝʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ 
ʀʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ 

ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʦ ʟʘʚʨʰʝʪʢʫ ʭʣʘʹʝˁʘ 

RS L-PE (ɋ) 0,49 

RS L-N (ɋ) 0,92 

ʇʨʦʮʝʩ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

t (ʤʠʥ.) ʊ (oC) R (ɋ) 

0 825 0,465 

5 142 / 

10 86 / 

15 59 / 

20 46 / 

25 35 / 

30 29 0,477 

 

ʊʘʙʝʣʘ 34. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʫʪʠʯʥʠʮʝ ʧʨʠ ʩʪʨʫʿʠ ʿʘʯʠʥʝ 8 ɸ  
ʄʦʥʦʬʘʟʥʘ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ, S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʢʦʨʦʜʠʨʘʥ ʢʦʥʪʘʢʪ 

M=0,1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

t (ʤʠʥ.) 0 1 2 3 4 5 6 

I (A) 8 8 8 8 8 7,9 7,9 

U (V) 3,65 3,77 3,95 4,18 4,28 4,41 4,65 

R (ɋ) 0,456 0,471 0,494 0,523 0,535 0,558 0,589 

T (oC) 28 576 645 673 697 725 770 

 

ʊʘʙʝʣʘ 35. ʀʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʫʪʠʯʥʠʮʝ ʧʦʩʣʝ ʟʘʛʨʝʚʘˁʘ ʿʘʯʠʥʦʤ 

ʩʪʨʫʿʝ 8 ɸ ʠ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ  ʢʦʥʪʘʢʪʘ ʠ ʧʨʦʤʝʥʝ ˁʝʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ 
ʀʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ 

ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʦ ʟʘʚʨʰʝʪʢʫ ʭʣʘʹʝˁʘ 

RS L-PE (ɋ) 0.50 

RS L-N (ɋ) 0.96 

ʇʨʦʮʝʩ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

t (ʤʠʥ.) ʊ (oC) R (ɋ) 

0 min 770 0.589 

5min 133 / 

10 min 84 / 

15 min 56 / 

20 min 44 / 

25 min 33 / 

30 min 29 0.592 

 

ʊʘʙʝʣʘ 36. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʫʪʠʯʥʠʮʝ ʧʨʠ ʩʪʨʫʿʠ ʿʘʯʠʥʝ 6 ɸ  
ʄʦʥʦʬʘʟʥʘ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ, S=2.5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʢʦʨʦʜʠʨʘʥ ʢʦʥʪʘʢʪ 

M=0.1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

t (ʤʠʥ.) 0 1 2 3 4 5 6 

I (A) 6,1 6,1 6,1 6,1 6,1 6,1 6,0 

U (V) 3,5 3,62 3,75 3,87 4,25 4,75 4,85 

R (ɋ) 0,574 0,593 0,615 0,634 0,697 0,779 0,808 

T (oC) 28 534 620 649 685 715 725 

t (ʤʠʥ.) 7 8 9 

 

I (A) 6,0 6,0 6,0 

U (V) 4,9 4,97 5,15 

R (ɋ) 0,817 0,828 0,858 

T (oC) 734 745 750 
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ʊʘʙʝʣʘ 37. ʀʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʫʪʠʯʥʠʮʝ ʧʦʩʣʝ ʟʘʛʨʝʚʘˁʘ ʿʘʯʠʥʦʤ 

ʩʪʨʫʿʝ 6 ɸ ʠ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʠ ʧʨʦʤʝʥʝ ˁʝʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ 
ʀʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ 

ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʦ ʟʘʚʨʰʝʪʢʫ ʭʣʘʹʝˁʘ 

RS L-PE (ɋ) 0,50 

RS L-N (ɋ) 1,30 

ʇʨʦʮʝʩ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

t (ʤʠʥ.) ʊ (oC) R (ɋ) 

0 750 0,858 

5 132 / 

10 83 / 

15 53 / 

20 42 / 

25 31 / 

30 28 0,862 

 

ʊʘʙʝʣʘ 38. ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʫʪʠʯʥʠʮʝ ʧʨʠ ʩʪʨʫʿʠ ʿʘʯʠʥʝ 4 ɸ  
ʄʦʥʦʬʘʟʥʘ ʰʫʢʦ-ʫʪʠʯʥʠʮʘ, S=2,5 mm2, ʞʠʮʘ ʧʫʥʦʛ ʧʨʝʩʝʢʘ, ʢʦʨʦʜʠʨʘʥ ʢʦʥʪʘʢʪ 

M=0,1 Nm (ʣʦʰ ʝʣʝʢʪʨʠʯʥʠ ʢʦʥʪʘʢʪ) 

t (ʤʠʥ.) 0 1 2 3 4 5 6 

I (A) 4,1 4,1 4,1 4,1 4,1 4,1 4,1 

U (V) 3,4 3,55 3,78 4,20 4,45 4,78 5,15 

R (ɋ) 0,829 0,866 0,922 1,024 1,085 1,166 1,256 

T (oC) 28 345 478 490 515 525 531 

t (ʤʠʥ.) 7 8 9 10 11 12 13 

I (A) 4,1 4,1 4,1 4,1 4,1 4,1 4,1 

U (V) 5,35 5,55 5,61 5,8 6,1 6,25 6,45 

R (ɋ) 1,305 1,354 1,368 1,415 1,488 1,524 1,573 

T (oC) 549 565 570 581 590 595 611 

t (ʤʠʥ.) 14 15 16 17 

 

I (A) 4,0 4,0 4,0 4,0 

U (V) 6,73 7,1 7,25 7,29 

R (ɋ) 1,683 1,775 1,813 1,823 

T (oC) 628 633 640 642 

 

ʊʘʙʝʣʘ 39. ʀʟʤʝʨʝʥʝ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʫʪʠʯʥʠʮʝ ʧʦʩʣʝ ʟʘʛʨʝʚʘˁʘ ʿʘʯʠʥʦʤ 

ʩʪʨʫʿʝ 4 ɸ ʠ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʠ ʧʨʦʤʝʥʝ ˁʝʛʦʚʝ ʝʣʝʢʪʨʠʯʥʝ ʦʪʧʦʨʥʦʩʪʠ 
ʀʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʦʪʧʦʨʥʦʩʪʠ ʧʝʪˀʝ ʢʚʘʨʘ ʠ 

ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʧʦ ʟʘʚʨʰʝʪʢʫ ʭʣʘʹʝˁʘ 

RS L-PE (ɋ) 0,50 

RS L-N (ɋ) 2,26 

ʇʨʦʮʝʩ ʭʣʘʹʝˁʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ 

t (ʤʠʥ.) ʊ (oC) R (ɋ) 

0 642 1,823 

5 111 / 

10 72 / 

15 44 / 

20 35 / 

25 30 / 

30 28 1,835 
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ʈʝʟʫʣʪʘʪʠ ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʚʘʣʠʪʝʪʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʫ ʩʪʘʤʙʝʥʠʤ ʿʝʜʠʥʠʮʘʤʘ ʨʘʟʣʠʯʠʪʝ 

ʩʪʘʨʦʩʪʠ (10ï60 ʛʦʜʠʥʘ) ʧʨʠʤʝʥʦʤ ʥʦʚʝ ʤʝʪʦʜʦʣʦʛʠʿʝ 
ʈʝʜʥʠ 

ʙʨʦʿ 

ʩʪʘʥʘ 

ʉʪʘʨʦʩʪ 

ʟʛʨʘʜʝ 

(ʛʦʜʠʥʝ) 

ʄʝʨʝˁʝ 

ʪʨʦʬʘʟʥʘ ʰʫʢʦ- 

ʫʪʠʯʥʠʮʘ 
ʤʦʥʦʬʘʟʥʝ ʰʫʢʦ-ʫʪʠʯʥʠʮʝ 

ʬʘʟʘ 1 ʬʘʟʘ 2 ʬʘʟʘ 3 1 2 3 4 5 6 7 8 9 10 

1 10 
RsL-PE (ɋ) 0,52 0,51 0,53 0,47 0,46 0,48 0,47 0,48 0,49 0,50 0,49 0,48 0,48 

RsL-N  (ɋ) 0,50 0,50 0,51 0,45 0,45 0,47 0,46 0,46 0,47 0,48 0,47 0,46 0,46 

2 10 
RsL-PE (ɋ) 0,56 0,55 0,57 0,49 0,46 0,48 1,23! 0,48 0,49 0,48 0,49 0,51 0,50 

RsL-N  (ɋ) 0,47 0,48 0,49 0,49 0,47 0,48 0,47 0,47 0,48 0,47 0,48 0,47 0,48 

3 20 
RsL-PE (ɋ) 0,39 0,39 0,40 0,34 0,35 0,36 0,36 0,38 0,35 0,37 0,39 0,38 0,36 

RsL-N  (ɋ) 0,35 0,36 0,37 0,33 0,32 0,33 0,35 0,34 0,34 0,33 0,34 0,35 0,35 

4 20 
RsL-PE (ɋ) 0,51 0,50 0,50 0,44 0,43 0,44 0,44 0,43 1,34! 0,42 0,44 0,46 0,45 

RsL-N  (ɋ) 0,49 0,49 0,48 0,44 0,42 0,43 0,44 0,42 1,33! 0,41 0,43 0,45 0,44 

5 20 
RsL-PE (ɋ) 0,43 0,42 0,44 0,36 0,37 0,34 0,38 0,35 0,34 0,35 0,35 0,34 0,36 

RsL-N  (ɋ) 0,40 0,39 0,40 0,35 0,37 0,32 0,36 0,33 0,31 0,33 0,34 0,33 0,34 

6 30 
RsL-PE (ɋ) 0,67 0,66 0,65 0,55 0,57 0,58 0,57 0,59 0,58 0,58 0,59 0,59 0,57 

RsL-N  (ɋ) 0,65 0,62 0,63 0,53 0,55 0,55 0,56 0,55 0,57 0,57 0,56 0,57 0,55 

7 35 
RsL-PE (ɋ) 58,4! 58,5! 58,6! 58,5! 58,7! 58,6! 59,5! 58,7! 58,9! 58,8! 58,7! 58,7! 58,7! 

RsL-N  (ɋ) 0,68 0,67 0,65 0,61 0,60 0,62 0,60 0,61 0,61 0,60 0,62 0,62 0,64 

8 35 
RsL-PE (ɋ) 0,67 0,66 0,66 0,48 0,49 0,49 0,48 0,50 0,51 0,50 0,53 0,52 0,53 

RsL-N  (ɋ) 0,56 0,58 0,57 0,47 0,48 0,47 0,47 0,48 0,47 0,48 0,48 0,49 0,49 

9 35 
RsL-PE (ɋ) 0,59 0,58 0,58 0,49 0,47 0,45 0,46 0,47 0,48 0,49 0,48 0,50 0,51 

RsL-N  (ɋ) 0,44 0,45 0,44 0,47 0,46 0,44 0,45 0,46 0,45 0,46 0,46 0,47 0,47 

10 35 
RsL-PE (ɋ) 0,71 0,72 0,70 0,70 0,69 0,69 0,67 0,67 0,68 0,69 0,68 0,67 0,70 

RsL-N  (ɋ) 0,66 0,68 0,69 0,69 0,68 0,67 0,65 0,65 0,67 0,68 0,67 0,66 0,67 

11 40 
RsL-PE (ɋ) 0,72 0,73 0,72 0,58 0,57 0,58 0,55 0,56 0,58 0,57 0,57 0,59 0,58 

RsL-N  (ɋ) 0,55 0,56 0,56 0,52 0,53 0,51 0,52 0,53 0,54 0,54 0,55 0,55 0,56 

12 45 
RsL-PE (ɋ) 0,59 0,58 0,58 1,28! 0,65 0,64 0,61 0,60 0,61 0,60 0,60 0,59 0,58 

RsL-N  (ɋ) 0,57 0,55 0,57 0,58 0,59 0,63 0,59 0,60 0,58 0,57 0,58 0,58 0,55 

13 50 
RsL-PE (ɋ) 0,52 0,53 0,51 0,50 0,48 0,47 0,49 0,48 0,47 0,50 0,47 0,48 0,50 

RsL-N  (ɋ) 0,50 0,51 0,48 0,48 0,46 0,46 0,48 0,45 0,44 0,49 0,46 0,44 0,49 

14 60 
RsL-PE (ɋ) 2,25! 2,27! 2,28! 0,51 0,52 0,53 0,52 0,54 157,3! 151,4! 155,5! 0,54 0,50 

RsL-N  (ɋ) 0,51 0,51 0,53 0,49 0,50 0,50 0,51 0,52 0,50 0,52 0,51 0,50 0,48 

15 60 
RsL-PE (ɋ) 1,54! 1,53! 1,55! 0,42 0,39 0,40 0,39 0,44 0,41 0,42 0,43 0,41 0,43 

RsL-N  (ɋ) 0,40 0,41 0,40 0,38 0,37 0,39 0,38 0,41 0,38 0,39 1,41! 0,40 0,40 
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ɹʀʆɻʈɸʌʀɱɸ ɸʋʊʆʈɸ 

 

ʄʨ ʅʝ˅ʘʜ ʍʘ˅ʠʝʬʝʥʜʠ˂ ʿʝ ʨʦʹʝʥ ʫ ʇʨʦʢʫʧˀʫ, 9. ʘʧʨʠʣʘ 1971. ʛʦʜʠʥʝ. 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ ʫʧʠʩʘʦ ʿʝ 1992. ʛʦʜʠʥʝ, ʛʜʝ ʿʝ 

ʜʠʧʣʦʤʠʨʘʦ 1997. ʛʦʜʠʥʝ. ɿʘʚʨʰʠʦ ʿʝ ɽʥʝʨʛʝʪʩʢʠ ʦʜʩʝʢ ï ʩʤʝʨ ɽʥʝʨʛʝʪʩʢʠ 

ʧʨʝʪʚʘʨʘʯʠ ʠ ʧʦʛʦʥʠ ʩʘ ʧʨʦʩʝʯʥʦʤ ʦʮʝʥʦʤ 8,75 ʢʘʦ ʩʪʫʜʝʥʪ ʛʝʥʝʨʘʮʠʿʝ. 

ʄʘʛʠʩʪʨʠʨʘʦ ʿʝ ʥʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʤ ʬʘʢʫʣʪʝʪʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ (2001) 

ï ʧʦʩʪʜʠʧʣʦʤʩʢʝ ʩʪʫʜʠʿʝ ʿʝ ʟʘʚʨʰʠʦ ʩʘ ʧʨʦʩʝʯʥʦʤ ʦʮʝʥʦʤ 10. ɳʝʛʦʚ ʤʘʛʠʩʪʘʨʩʢʠ 

ʨʘʜ ʧʦʜ ʥʘʩʣʦʚʦʤ Ăɿʘʰʪʠʪʘ ʦʜ ʰʪʝʪʥʠʭ ʝʬʝʢʘʪʘ ʧʦʿʘʚʝ ʨʝʜʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʣʫʢʘ ʫ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘñ ʧʨʠʧʘʜʘ ʦʙʣʘʩʪʠ ʟʘʰʪʠʪʝ ʦʜ 

ʧʦʞʘʨʘ. ʇʦʣʦʞʠʦ ʿʝ ʩʪʨʫʯʥʝ ʠʩʧʠʪʝ ʟʘ ʧʨʦʿʝʢʪʦʚʘˁʝ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ ʥʠʩʢʦʛ ʠ ʩʨʝʜˁʝʛ ʥʘʧʦʥʘ (2003) ʠ ʦʙʘʚˀʘˁʝ ʧʦʩʣʦʚʘ ʟʘʰʪʠʪʝ ʦʜ 

ʧʦʞʘʨʘ (2006), ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ (2007) ʠ ʠʩʧʠʪʠʚʘˁa ʫʩʣʦʚʘ ʨʘʜʥʝ 

ʦʢʦʣʠʥʝ (2010). ɿʥʘʯʘʿʥʦ ʿʝ ʜʦʧʨʠʥʝʦ ʬʦʨʤʠʨʘˁʫ ʜʚʝ ʥʦʚʝ ʣʘʙʦʨʘʪʦʨʠʿʝ ʥʘ 

ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʤ ʬʘʢʫʣʪʝʪʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ: ʃʘʙʦʨʘʪʦʨʠʿʝ ʟʘ 

ʠʩʧʠʪʠʚʘˁʝ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʛʨʦʤʦʙʨʘʥʩʢʠʭ ʟʘʰʪʠʪʥʠʭ 

ʠʥʩʪʘʣʘʮʠʿʘ ʠ ʃʘʙʦʨʘʪʦʨʠʿʝ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʫʩʣʦʚʘ ʨʘʜʥʝ ʦʢʦʣʠʥʝ. ʋ ʦʙʝ 

ʣʘʙʦʨʘʪʦʨʠʿʝ ʠʤʘ ʬʫʥʢʮʠʿʫ ʦʜʛʦʚʦʨʥʦʛ ʣʠʮʘ. ʆʙʿʘʚʠʦ ʿʝ 4 ʥʘʫʯʥʘ ʨʘʜʘ ʠʟ ʦʙʣʘʩʪʠ 

ʟʘʰʪʠʪʝ ʦʜ ʧʦʞʘʨʘ (3 ʠʟ ʦʙʣʘʩʪʠ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ) ʫ ʝʤʠʥʝʥʪʥʠʤ ʩʚʝʪʩʢʠʤ 
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ʜʠʨʝʢʪʥʦʿ ʚʝʟʠ ʩʘ ʦʙʣʘʰ˂ʫ ʟʘʰʪʠʪʝ ʦʜ ʧʦʞʘʨʘ: ʇʨʝʧʦʨʫʢʝ ʟʘ ʠʟʚʦʹʝˁʝ ʠ ʧʨʘʚʠʣʥʦ 

ʢʦʨʠʰ˂ʝˁʝ ʥʠʩʢʦʥʘʧʦʥʩʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʛʨʦʤʦʙʨʘʥʩʢʠʭ ʟʘʰʪʠʪʥʠʭ 
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Ăʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ ʤʝʪʦʜʘ ʟʘ 

ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘñ. 
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ʀʟʿʘʚʘ ʦ ʘʫʪʦʨʩʪʚʫ 

 

 

 

ʀʤʝ ʠ ʧʨʝʟʠʤʝ ʘʫʪʦʨʘ ʅʝ˅ʘʜ ʍʘ˅ʠʝʬʝʥʜʠ˂ 

 

ɹʨʦʿ ʠʥʜʝʢʩʘ  (ʧʦ ʩʪʘʨʦʤ ʧʨʦʛʨʘʤʫ ʿʝ)                                

 

ʀʟʿʘʚˀʫʿʝʤ 

 

ʜʘ ʿʝ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʧʦʜ ʥʘʩʣʦʚʦʤ  

 

ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ ʤʝʪʦʜʘ ʟʘ 

ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ 

 

¶ ʨʝʟʫʣʪʘʪ ʩʦʧʩʪʚʝʥʦʛ ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʘʜʘ; 

¶ ʜʘ ʜʠʩʝʨʪʘʮʠʿʘ ʫ ʮʝʣʠʥʠ ʥʠ ʫ ʜʝʣʦʚʠʤʘ ʥʠʿʝ ʙʠʣʘ ʧʨʝʜʣʦʞʝʥʘ ʟʘ ʩʪʠʮʘˁʝ 
ʜʨʫʛʝ ʜʠʧʣʦʤʝ ʧʨʝʤʘ ʩʪʫʜʠʿʩʢʠʤ ʧʨʦʛʨʘʤʠʤʘ ʜʨʫʛʠʭ ʚʠʩʦʢʦʰʢʦʣʩʢʠʭ 

ʫʩʪʘʥʦʚʘ; 

¶ ʜʘ ʩʫ ʨʝʟʫʣʪʘʪʠ ʢʦʨʝʢʪʥʦ ʥʘʚʝʜʝʥʠ ʠ  

¶ ʜʘ ʥʠʩʘʤ ʢʨʰʠʦ ʘʫʪʦʨʩʢʘ ʧʨʘʚʘ ʠ ʢʦʨʠʩʪʠʦ ʠʥʪʝʣʝʢʪʫʘʣʥʫ ʩʚʦʿʠʥʫ ʜʨʫʛʠʭ 
ʣʠʮʘ.  

 

                                                                        ʇʦʪʧʠʩ ʜʦʢʪʦʨʘʥʜʘ 

ʋ ɹʝʦʛʨʘʜʫ, 18. 3. 2019. 
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ʀʟʿʘʚʘ o ʠʩʪʦʚʝʪʥʦʩʪʠ ʰʪʘʤʧʘʥʝ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʚʝʨʟʠʿʝ 

ʜʦʢʪʦʨʩʢʦʛ ʨʘʜʘ 

 

 
ʀʤʝ ʠ ʧʨʝʟʠʤʝ ʘʫʪʦʨʘ  ʅʝ˅ʘʜ ʍʘ˅ʠʝʬʝʥʜʠ˂ 

ɹʨʦʿ ʠʥʜʝʢʩʘ (ʧʦ ʩʪʘʨʦʤ ʧʨʦʛʨʘʤʫ ʿʝ) 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ  ɽʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʨʘʯʫʥʘʨʩʪʚʦ 

ʅʘʩʣʦʚ ʨʘʜʘ ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ 
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ʄʝʥʪʦʨ  ʧʨʦʬ. ʜʨ ʄʠʦʤʠʨ ʂʦʩʪʠ˂ 

 

ʇʦʧʪʠʩʘʥʠ ʅʝ˅ʘʜ ʍʘ˅ʠʝʬʝʥʜʠ˂ 

 

ʀʟʿʘʚˀʫʿʝʤ ʜʘ ʿʝ ʰʪʘʤʧʘʥʘ ʚʝʨʟʠʿʘ ʤʦʛ ʜʦʢʪʦʨʩʢʦʛ ʨʘʜʘ ʠʩʪʦʚʝʪʥʘ ʝʣʝʢʪʨʦʥʩʢʦʿ 

ʚʝʨʟʠʿʠ ʢʦʿʫ ʩʘʤ ʧʨʝʜʘʦ/ʣʘ ʨʘʜʠ ʧʦʭʨʘˁʝʥʘ ʫ ɼʠʛʠʪʘʣʥʦʤ ʨʝʧʦʟʠʪʦʨʠʿʫʤʫ 

ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ.  

 

ɼʦʟʚʦˀʘʚʘʤ ʜʘ ʩʝ ʦʙʿʘʚʝ ʤʦʿʠ ʣʠʯʥʠ ʧʦʜʘʮʠ ʚʝʟʘʥʠ ʟʘ ʜʦʙʠʿʘˁʝ ʘʢʘʜʝʤʩʢʦʛ ʥʘʟʠʚʘ 

ʜʦʢʪʦʨʘ ʥʘʫʢʘ, ʢʘʦ ʰʪʦ ʩʫ ʠʤʝ ʠ ʧʨʝʟʠʤʝ, ʛʦʜʠʥʘ ʠ ʤʝʩʪʦ ʨʦʹʝˁʘ ʠ ʜʘʪʫʤ ʦʜʙʨʘʥʝ 

ʨʘʜʘ.  

 

ʆʚʠ ʣʠʯʥʠ ʧʦʜʘʮʠ ʤʦʛʫ ʩʝ ʦʙʿʘʚʠʪʠ ʥʘ ʤʨʝʞʥʠʤ ʩʪʨʘʥʠʮʘʤʘ ʜʠʛʠʪʘʣʥʝ 

ʙʠʙʣʠʦʪʝʢʝ, ʫ ʝʣʝʢʪʨʦʥʩʢʦʤ ʢʘʪʘʣʦʛʫ ʠ ʫ ʧʫʙʣʠʢʘʮʠʿʘʤʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ 

ɹʝʦʛʨʘʜʫ. 

 

            ʇʦʪʧʠʩ ʜʦʢʪʦʨʘʥʜʘ  

ʋ ɹʝʦʛʨʘʜʫ, 18. 3. 2019. 

   _________________________ 
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ʀʟʿʘʚʘ ʦ ʢʦʨʠʰ˂ʝˁʫ 

 

ʆʚʣʘʰ˂ʫʿʝʤ ʋʥʠʚʝʨʟʠʪʝʪʩʢʫ ʙʠʙʣʠʦʪʝʢʫ Ăʉʚʝʪʦʟʘʨ ʄʘʨʢʦʚʠ˂ñ ʜʘ ʫ ɼʠʛʠʪʘʣʥʠ 

ʨʝʧʦʟʠʪʦʨʠʿʫʤ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ ʫʥʝʩʝ ʤʦʿʫ ʜʦʢʪʦʨʩʢʫ ʜʠʩʝʨʪʘʮʠʿʫ ʧʦʜ 

ʥʘʩʣʦʚʦʤ: 

 
ʋʪʠʮʘʿ ʣʦʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʥʪʘʢʘʪʘ ʥʘ ʥʘʩʪʘʥʘʢ ʧʦʯʝʪʥʦʛ ʧʦʞʘʨʘ ʠ ʤʝʪʦʜʘ ʟʘ 

ˁʠʭʦʚʦ ʦʪʢʨʠʚʘˁʝ ʫ ʥʠʩʢʦʥʘʧʦʥʩʢʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʠʥʩʪʘʣʘʮʠʿʘʤʘ  

 

ʢʦʿʘ ʿʝ ʤʦʿʝ ʘʫʪʦʨʩʢʦ ʜʝʣʦ.  

 

ɼʠʩʝʨʪʘʮʠʿʫ ʩʘ ʩʚʠʤ ʧʨʠʣʦʟʠʤʘ ʧʨʝʜʘʦ/ʣʘ ʩʘʤ ʫ ʝʣʝʢʪʨʦʥʩʢʦʤ ʬʦʨʤʘʪʫ ʧʦʛʦʜʥʦʤ 

ʟʘ ʪʨʘʿʥʦ ʘʨʭʠʚʠʨʘˁʝ.  

ʄʦʿʫ ʜʦʢʪʦʨʩʢʫ ʜʠʩʝʨʪʘʮʠʿʫ ʧʦʭʨʘˁʝʥʫ ʫ ɼʠʛʠʪʘʣʥʦʤ ʨʝʧʦʟʠʪʦʨʠʿʫʤʫ 

ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ ʠ ʜʦʩʪʫʧʥʫ ʫ ʦʪʚʦʨʝʥʦʤ ʧʨʠʩʪʫʧʫ ʤʦʛʫ ʜʘ ʢʦʨʠʩʪʝ ʩʚʠ 

ʢʦʿʠ ʧʦʰʪʫʿʫ ʦʜʨʝʜʙʝ ʩʘʜʨʞʘʥʝ ʫ ʦʜʘʙʨʘʥʦʤ ʪʠʧʫ ʣʠʮʝʥʮʝ ʂʨʝʘʪʠʚʥʝ ʟʘʿʝʜʥʠʮʝ 

(Creative Commons) ʟʘ ʢʦʿʫ ʩʘʤ ʩʝ ʦʜʣʫʯʠʦ/ʣʘ. 

1. ɸʫʪʦʨʩʪʚʦ (CC BY) 

2. ɸʫʪʦʨʩʪʚʦ ï ʥʝʢʦʤʝʨʮʠʿʘʣʥʦ (CC BY-NC) 

3. ɸʫʪʦʨʩʪʚʦ ï ʥʝʢʦʤʝʨʮʠʿʘʣʥʦ ï ʙʝʟ ʧʨʝʨʘʜʘ (CC BY-NC-ND) 

4. ɸʫʪʦʨʩʪʚʦ ï ʥʝʢʦʤʝʨʮʠʿʘʣʥʦ ï ʜʝʣʠʪʠ ʧʦʜ ʠʩʪʠʤ ʫʩʣʦʚʠʤʘ (CC BY-NC-SA) 

5. ɸʫʪʦʨʩʪʚʦ ï  ʙʝʟ ʧʨʝʨʘʜʘ (CC BY-ND) 

6. ɸʫʪʦʨʩʪʚʦ ï  ʜʝʣʠʪʠ ʧʦʜ ʠʩʪʠʤ ʫʩʣʦʚʠʤʘ (CC BY-SA) 

(ʄʦʣʠʤʦ ʜʘ ʟʘʦʢʨʫʞʠʪʝ ʩʘʤʦ ʿʝʜʥʫ ʦʜ ʰʝʩʪ ʧʦʥʫʹʝʥʠʭ ʣʠʮʝʥʮʠ. 

 ʂʨʘʪʘʢ ʦʧʠʩ ʣʠʮʝʥʮʠ ʿʝ ʩʘʩʪʘʚʥʠ ʜʝʦ ʦʚʝ ʠʟʿʘʚʝ). 

 

                                                                                                  ʇʦʪʧʠʩ ʜʦʢʪʦʨʘʥʜʘ 

ʋ ɹʝʦʛʨʘʜʫ, 18. 3. 2019. 

  ____________________ 
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1. ɸʫʪʦʨʩʪʚʦ. ɼʦʟʚʦˀʘʚʘʪʝ ʫʤʥʦʞʘʚʘˁʝ, ʜʠʩʪʨʠʙʫʮʠʿʫ ʠ ʿʘʚʥʦ ʩʘʦʧʰʪʘʚʘˁʝ ʜʝʣʘ, 

ʠ ʧʨʝʨʘʜʝ, ʘʢʦ ʩʝ ʥʘʚʝʜʝ ʠʤʝ ʘʫʪʦʨʘ ʥʘ ʥʘʯʠʥ ʦʜʨʝʹʝʥ ʦʜ ʩʪʨʘʥʝ ʘʫʪʦʨʘ ʠʣʠ 

ʜʘʚʘʦʮʘ ʣʠʮʝʥʮʝ, ʯʘʢ ʠ ʫ ʢʦʤʝʨʮʠʿʘʣʥʝ ʩʚʨʭʝ. ʆʚʦ ʿʝ ʥʘʿʩʣʦʙʦʜʥʠʿʘ ʦʜ ʩʚʠʭ 

ʣʠʮʝʥʮʠ. 

2. ɸʫʪʦʨʩʪʚʦ ï ʥʝʢʦʤʝʨʮʠʿʘʣʥʦ. ɼʦʟʚʦˀʘʚʘʪʝ ʫʤʥʦʞʘʚʘˁʝ, ʜʠʩʪʨʠʙʫʮʠʿʫ ʠ ʿʘʚʥʦ 

ʩʘʦʧʰʪʘʚʘˁʝ ʜʝʣʘ, ʠ ʧʨʝʨʘʜʝ, ʘʢʦ ʩʝ ʥʘʚʝʜʝ ʠʤʝ ʘʫʪʦʨʘ ʥʘ ʥʘʯʠʥ ʦʜʨʝʹʝʥ ʦʜ 

ʩʪʨʘʥʝ ʘʫʪʦʨʘ ʠʣʠ ʜʘʚʘʦʮʘ ʣʠʮʝʥʮʝ. ʆʚʘ ʣʠʮʝʥʮʘ ʥʝ ʜʦʟʚʦˀʘʚʘ ʢʦʤʝʨʮʠʿʘʣʥʫ 

ʫʧʦʪʨʝʙʫ ʜʝʣʘ. 

3. ɸʫʪʦʨʩʪʚʦ ï ʥʝʢʦʤʝʨʮʠʿʘʣʥʦ ï ʙʝʟ ʧʨʝʨʘʜʘ. ɼʦʟʚʦˀʘʚʘʪʝ ʫʤʥʦʞʘʚʘˁʝ, 

ʜʠʩʪʨʠʙʫʮʠʿʫ ʠ ʿʘʚʥʦ ʩʘʦʧʰʪʘʚʘˁʝ ʜʝʣʘ, ʙʝʟ ʧʨʦʤʝʥʘ, ʧʨʝʦʙʣʠʢʦʚʘˁʘ ʠʣʠ 

ʫʧʦʪʨʝʙʝ ʜʝʣʘ ʫ ʩʚʦʤ ʜʝʣʫ, ʘʢʦ ʩʝ ʥʘʚʝʜʝ ʠʤʝ ʘʫʪʦʨʘ ʥʘ ʥʘʯʠʥ ʦʜʨʝʹʝʥ ʦʜ ʩʪʨʘʥʝ 

ʘʫʪʦʨʘ ʠʣʠ ʜʘʚʘʦʮʘ ʣʠʮʝʥʮʝ. ʆʚʘ ʣʠʮʝʥʮʘ ʥʝ ʜʦʟʚʦˀʘʚʘ ʢʦʤʝʨʮʠʿʘʣʥʫ ʫʧʦʪʨʝʙʫ 

ʜʝʣʘ. ʋ ʦʜʥʦʩʫ ʥʘ ʩʚʝ ʦʩʪʘʣʝ ʣʠʮʝʥʮʝ, ʦʚʦʤ ʣʠʮʝʥʮʦʤ ʩʝ ʦʛʨʘʥʠʯʘʚʘ ʥʘʿʚʝ˂ʠ ʦʙʠʤ 

ʧʨʘʚʘ ʢʦʨʠʰ˂ʝˁʘ ʜʝʣʘ.  

 4. ɸʫʪʦʨʩʪʚʦ ï ʥʝʢʦʤʝʨʮʠʿʘʣʥʦ ï ʜʝʣʠʪʠ ʧʦʜ ʠʩʪʠʤ ʫʩʣʦʚʠʤʘ. ɼʦʟʚʦˀʘʚʘʪʝ 

ʫʤʥʦʞʘʚʘˁʝ, ʜʠʩʪʨʠʙʫʮʠʿʫ ʠ ʿʘʚʥʦ ʩʘʦʧʰʪʘʚʘˁʝ ʜʝʣʘ, ʠ ʧʨʝʨʘʜʝ, ʘʢʦ ʩʝ ʥʘʚʝʜʝ 

ʠʤʝ ʘʫʪʦʨʘ ʥʘ ʥʘʯʠʥ ʦʜʨʝʹʝʥ ʦʜ ʩʪʨʘʥʝ ʘʫʪʦʨʘ ʠʣʠ ʜʘʚʘʦʮʘ ʣʠʮʝʥʮʝ ʠ ʘʢʦ ʩʝ 

ʧʨʝʨʘʜʘ ʜʠʩʪʨʠʙʫʠʨʘ ʧʦʜ ʠʩʪʦʤ ʠʣʠ ʩʣʠʯʥʦʤ ʣʠʮʝʥʮʦʤ. ʆʚʘ ʣʠʮʝʥʮʘ ʥʝ 

ʜʦʟʚʦˀʘʚʘ ʢʦʤʝʨʮʠʿʘʣʥʫ ʫʧʦʪʨʝʙʫ ʜʝʣʘ ʠ ʧʨʝʨʘʜʘ. 

5. ɸʫʪʦʨʩʪʚʦ ï ʙʝʟ ʧʨʝʨʘʜʘ. ɼʦʟʚʦˀʘʚʘʪʝ ʫʤʥʦʞʘʚʘˁʝ, ʜʠʩʪʨʠʙʫʮʠʿʫ ʠ ʿʘʚʥʦ 

ʩʘʦʧʰʪʘʚʘˁʝ ʜʝʣʘ, ʙʝʟ ʧʨʦʤʝʥʘ, ʧʨʝʦʙʣʠʢʦʚʘˁʘ ʠʣʠ ʫʧʦʪʨʝʙʝ ʜʝʣʘ ʫ ʩʚʦʤ ʜʝʣʫ, 

ʘʢʦ ʩʝ ʥʘʚʝʜʝ ʠʤʝ ʘʫʪʦʨʘ ʥʘ ʥʘʯʠʥ ʦʜʨʝʹʝʥ ʦʜ ʩʪʨʘʥʝ ʘʫʪʦʨʘ ʠʣʠ ʜʘʚʘʦʮʘ ʣʠʮʝʥʮʝ. 

ʆʚʘ ʣʠʮʝʥʮʘ ʜʦʟʚʦˀʘʚʘ ʢʦʤʝʨʮʠʿʘʣʥʫ ʫʧʦʪʨʝʙʫ ʜʝʣʘ. 

6. ɸʫʪʦʨʩʪʚʦ ï ʜʝʣʠʪʠ ʧʦʜ ʠʩʪʠʤ ʫʩʣʦʚʠʤʘ. ɼʦʟʚʦˀʘʚʘʪʝ ʫʤʥʦʞʘʚʘˁʝ, 

ʜʠʩʪʨʠʙʫʮʠʿʫ ʠ ʿʘʚʥʦ ʩʘʦʧʰʪʘʚʘˁʝ ʜʝʣʘ, ʠ ʧʨʝʨʘʜʝ, ʘʢʦ ʩʝ ʥʘʚʝʜʝ ʠʤʝ ʘʫʪʦʨʘ ʥʘ 

ʥʘʯʠʥ ʦʜʨʝʹʝʥ ʦʜ ʩʪʨʘʥʝ ʘʫʪʦʨʘ ʠʣʠ ʜʘʚʘʦʮʘ ʣʠʮʝʥʮʝ ʠ ʘʢʦ ʩʝ ʧʨʝʨʘʜʘ 

ʜʠʩʪʨʠʙʫʠʨʘ ʧʦʜ ʠʩʪʦʤ ʠʣʠ ʩʣʠʯʥʦʤ ʣʠʮʝʥʮʦʤ. ʆʚʘ ʣʠʮʝʥʮʘ ʜʦʟʚʦˀʘʚʘ 

ʢʦʤʝʨʮʠʿʘʣʥʫ ʫʧʦʪʨʝʙʫ ʜʝʣʘ ʠ ʧʨʝʨʘʜʘ. ʉʣʠʯʥʘ ʿʝ ʩʦʬʪʚʝʨʩʢʠʤ ʣʠʮʝʥʮʘʤʘ, 

ʦʜʥʦʩʥʦ ʣʠʮʝʥʮʘʤʘ ʦʪʚʦʨʝʥʦʛ ʢʦʜʘ. 
 
 
 
 
 

 

 




