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ʇɼɺ ʙʨʦʿ ʦʨʛʘʥʠʟʘʮʠʦʥʝ ʿʝʜʠʥʠʮʝ 400592530093 

ʄʘʪʠʯʥʠ ʙʨʦʿ ʜʦʜʠʿʝˀʝʥ ʦʜ ʈʝʧʫʙʣʠʯʢʦʛ 
ʟʘʚʦʜʘ ʟʘ ʩʪʘʪʠʩʪʠʢʫ 
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ʅʘʩʪʘʚʥʘ ʜʿʝʣʘʪʥʦʩʪ ʥʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʤ ʬʘʢʫʣʪʝʪʫ ʫ ʀʩʪʦʯʥʦʤ ʉʘʨʘʿʝʚʫ ʿʝ 

ʦʨʛʘʥʠʟʦʚʘʥʘ ʫ ʪʨʠ ʮʠʢʣʫʩʘ ʩʪʫʜʠʿʘ. ʎʠʢʣʫʩʠ  ʩʪʫʜʠʿʘ ʩʝ ʠʟʚʦʜʝ ʢʨʦʟ ʩʪʫʜʠʿʩʢʝ ʧʨʦʛʨʘʤʝ.  
ʇʨʚʠ ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ ʦʩʧʦʩʦʙˀʘʚʘ ʩʪʫʜʝʥʪʝ ʟʘ ʚʠʰʠ ʩʪʝʧʝʥ ʩʪʫʜʠʿʘ ʠ ʦʤʦʛʫ˂ʘʚʘ ʠʤ 

ʩʪʠʮʘˁʝ ʦʧʰʪʠʭ ʠ ʩʧʝʮʠʬʠʯʥʠʭ ʟʥʘˁʘ ʧʦʪʨʝʙʥʠʭ ʟʘ ʟʘʧʦʰˀʘʚʘˁʝ ʥʘ ʦʜʨʝʹʝʥʠʤ ʩʪʨʫʯʥʠʤ 
ʧʦʩʣʦʚʠʤʘ. ɿʘʚʨʰʝʪʢʦʤ ʩʪʫʜʠʿʘ ʧʨʚʦʛ ʮʠʢʣʫʩʘ ʩʪʠʯʝ ʩʝ ʘʢʘʜʝʤʩʢʠ ʥʘʟʠʚ ʜʠʧʣʦʤʠʨʘʥʠ ʠʥʞʝˁʝʨ 
ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʰʪʦ ʩʝ ʥʘ ʝʥʛʣʝʩʢʠ ʿʝʟʠʢ ʧʨʝʚʦʜʠ ʩʘ Bachelor of Science (B.Sc.), ʫʟ ʥʘʟʥʘʢʫ 
ʩʪʫʜʠʿʩʢʦʛ ʧʨʦʛʨʘʤʘ. ʋʟ ʜʠʧʣʦʤʫ ʧʨʚʦʛ ʮʠʢʣʫʩʘ ʩʪʫʜʠʿʘ ʠʟʜʘʿʝ ʩʝ ʠ ʜʦʜʘʪʘʢ ʜʠʧʣʦʤʠ (ɼʠʧʣʦʤʘ 
ʉʫʧʧʣʝʤʝʥʪ) ʨʘʜʠ ʜʝʪʘˀʥʠʿʝʛ ʫʚʠʜʘ ʫ ʥʠʚʦ, ʧʨʠʨʦʜʫ, ʩʘʜʨʞʘʿ, ʩʠʩʪʝʤ ʠ ʧʨʘʚʠʣʘ ʩʪʫʜʠʨʘˁʘ ʠ 
ʧʦʩʪʠʛʥʫʪʝ ʨʝʟʫʣʪʘʪʝ ʪʦʢʦʤ ʩʪʫʜʠʿʘ. ʆʙʨʘʟʦʚʥʠ ʩʪʝʧʝʥ ʧʨʚʦʛ ʮʠʢʣʫʩʘ ʥʘ ʩʚʠʤ ʩʪʫʜʠʿʩʢʠʤ 
ʧʨʦʛʨʘʤʠʤʘ ʪʨʘʿʝ ʯʝʪʠʨʠ ʩʪʫʜʠʿʩʢʝ ʛʦʜʠʥʝ, ʦʜʥʦʩʥʦ ʦʩʘʤ ʩʝʤʝʩʪʘʨʘ, ʯʝʤʫ ʦʜʛʦʚʘʨʘ 240 ECTS 
ʙʦʜʦʚʘ. 

ʇʨʚʠ ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ ʨʝʘʣʠʟʫʿʝ ʩʝ ʢʨʦʟ  ʩˀʝʜʝ˂ʝ ʩʪʫʜʠʿʩʢʝ ʧʨʦʛʨʘʤʝ: 
¶ ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, 
¶ ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ ʘʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ, 
¶ ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ ʨʘʯʫʥʘʨʩʪʚʦ ʠ ʠʥʬʦʨʤʘʪʠʢʘ. 

 
ʆʧʨʝʜʿʝˀʝˁʝ ʟʘ ʟʘʚʨʰʥʠ ʩʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ ʚʨʰʠ ʩʝ ʧʨʠʣʠʢʦʤ ʫʧʠʩʘ ʥʘ ʬʘʢʫʣʪʝʪ.  
ʆʧʰʪʠ ʮʠˀʝʚʠ ʧʨʚʦʛ ʮʠʢʣʫʩʘ ʩʪʫʜʠʿʘ ʥʘ  ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʤ ʬʘʢʫʣʪʝʪʫ ʫ ʀʩʪʦʯʥʦʤ ʉʘʨʘʿʝʚʫ ʩʫ 
ʝʬʠʢʘʩʥʦ ʠ ʨʘʮʠʦʥʘʣʥʦ ʚʠʩʦʢʦ ʦʙʨʘʟʦʚʘˁʝ ʢʘʜʨʦʚʘ ʠʟ ʦʙʣʘʩʪʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʢʨʦʟ: 

¶ ʚʦʹʝˁʝ ʠ ʧʦʤʘʛʘˁʝ ʩʪʫʜʝʥʪʫ ʪʦʢʦʤ ʥʘʩʪʘʚʥʦʛ ʧʨʦʮʝʩʘ,  

¶ ʫʚʦʹʝˁʝ ʠʩʢˀʫʯʠʚʦ ʿ ʝʜʥʦʩʝʤʝʩʪʨʘʣʥʠʭ ʧʨʝʜʤʝʪʘ ʩʘ ʤʘʢʩʠʤʘʣʥʦ h ʝʩʪ ʩʘʪʠ ʜʠʨʝʢʪʥʝ 
ʥʘʩʪʘʚʝ, 

¶ ʨʘʩʪʝʨʝ˂ʝˁʝ ʥʘʩʪʘʚʥʠʭ ʩʘʜʨʞʘʿʘ ʦʜ ʥʝʧʦʪʨʝʙʥʠʭ ʧʦʥʘʚˀʘˁʘ ʠ ʯʠˁʝʥʠʮʘ, ʫʟ ʥʝʦʧʭʦʜʥʫ 
ʤʦʜʝʨʥʠʟʘʮʠʿʫ ʢʦʿʦʤ ʩʝ ʧʨʘʪʠ ʙʨʟʠ ʨʘʟʚʦʿ ʫ ʨʘʟʣʠʯʠʪʠʤ ʦʙʣʘʩʪʠʤʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ, 
ʧʦʚʝ˂ʘˁʝ ʙʨʦʿʘ ʯʘʩʦʚʘ ʚʿʝʞʙʠ ʠ ʧʨʘʢʪʠʯʥʦʛ ʨʘʜʘ ʫ ʦʜʥʦʩʫ ʥʘ ʯʘʩʦʚʝ ʧʨʝʜʘʚʘˁʘ, 

¶ ʫʩʧʦʩʪʘʚˀʘˁʝ ʩʠʩʪʝʤʘ ʧʨʘʚʠʣʘ ʠ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʦʩʠʛʫʨʘˁʝ ʢʚʘʣʠʪʝʪʘ ʦʙʨʘʟʦʚʥʦʛ 
ʧʨʦʮʝʩʘ Qɸ, 

¶ ʫʩʤʿʝʨʘʚʘˁʝ ʢʨʦʟ ʠʟʙʦʨʥʝ ʧʨʝʜʤʝʪʝ, 
¶ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʨʘ˂ʝˁʝ ʠ ʧʨʦʚʿʝʨʘ ʟʥʘˁʘ ʩʪʫʜʝʥʘʪʘ, 
¶ ʧʨʠʤʿʝʥʫ ʩʘʚʨʝʤʝʥʠʭ ʜʠʜʘʢʪʠʯʢʠʭ ʤʝʪʦʜʘ. 

ʊʘʢʦʹʝ, ʩʘʚʨʝʤʝʥʦ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦ ʦʙʨʘʟʦʚʘʥ ʜʠʧʣʦʤʠʨʘʥʠ ʠʥʞʝˁʝʨ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ ʢʦʿʠ 
ʫʩʧʿʝʰʥʦ ʤʦʞʝ ʨʘʜʠʪʠ ʫ ʧʨʠʚʨʝʜʠ ʠ ʩʣʫʞʙʘʤʘ ʫ ʢʦʿʠʤʘ ʧʦʩʪʦʿʠ ʧʦʪʨʝʙʘ ʟʘ ʦʚʠʤ 
ʧʨʦʬʠʣʦʤ ʢʘʜʨʦʚʘ, ʦʙʨʘʟʫʿʝ ʩʝ ʢʨʦʟ: 

¶ ʫʚʦʹʝˁʝ ʠʟʙʦʨʥʠʭ ʧʨʝʜʤʝʪʘ, ʢʦʿʠ ʧʦʜ ʦʜʨʝʹʝʥʠʤ ʫʩʣʦʚʠʤʘ ʤʦʛʫ ʙʠʪʠ ʠ ʧʨʝʜʤʝʪʠ ʩʘ 
ʜʨʫʛʦʛ ʩʪʫʜʠʿʩʢʦʛ ʧʨʦʛʨʘʤʘ, 

¶ ʫʚʦʹʝˁʝ ʟʘʿʝʜʥʠʯʢʠʭ ʧʨʦʛʨʘʤʩʢʠʭ ʩʘʜʨʞʘʿʘ ʟʘ ʩʚʝ ʩʪʫʜʠʿʩʢʝ ʧʨʦʛʨʘʤʝ 

¶ ʫʚʦʹʝˁʝ ʜʚʘ ʧʨʘʢʪʠʯʥʦ ʦʨʠʿʝʥʪʠʩʘʥʘ ʧʨʦʿʝʢʪʘ, ʢʦʿʠ ʩʘ ʮʠʿʝʥʝ ʢʘʦ ʧʦʩʝʙʥʠ ʧʨʝʜʤʝʪʠ ʠ 
ʦʙʘʚʝʟʝ ʩʪʨʫʯʥʝ ʧʨʘʢʩʝ. 

ʎʠˀ ʧʨʚʦʛ ʮʠʢʣʫʩʘ ʩʪʫʜʠʿʘ ʿʝ  ʠ ʩʪʨʫʯʥʘ ʧʨʠʧʨʝʤˀʝʥʦʩʪ ʢʘʥʜʠʜʘʪʘ ʟʘ ʥʘʩʪʘʚʘʢ ʦʙʨʘʟʦʚʘˁʘ, ʥʘ 
ʜʨʫʛʦʤ ʮʠʢʣʫʩʫ ʩʪʫʜʠʿʘ ʢʨʦʟ: 

¶ ʘʥʛʘʞʦʚʘˁʝ ʥʘʩʪʘʚʥʦʛ ʢʘʜʨʘ ʩʘ ʧʨʠʟʥʘʪʠʤ ʥʘʫʯʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ʢʦʿʠ ʩʫ ʩʧʦʩʦʙʥʠ ʜʘ 
ʩʪʫʜʝʥʪʝ ʤʦʪʠʚʠʰʫ ʟʘ ʜʘˀʝ ʩʪʨʫʯʥʦ ʠ ʥʘʫʯʥʦ ʫʩʘʚʨʰʘʚʘˁʝ, 

¶ ʫʚʦʹʝˁʝ ʥʘʿʩʘʚʨʝʤʝʥʠʿʠʭ ʥʘʩʪʘʚʥʠʭ ʩʘʜʨʞʘʿʘ ʫ ʩʪʨʫʯʥʦʤ ʜʠʿʝʣʫ ʩʪʫʜʠʿʘ h ʪʦ ʩʪʫʜʝʥʪʠʤʘ 
ʤʦʞʝ ʙʠʪʠ ʤʦʪʠʚ ʠ ʠʟʘʟʦʚ ʜʘ ʩʝ ʙʘʚʝ ʥʘʫʯʥʠʤ ʨʘʜʦʤ. 

 
 
 
 



 
 
 
ʆʧʰʪʠ ʠʩʭʦʜ ʧʨʦʮʝʩʘ ʫʯʝˁʘ ʧʦ ʟʘʚʨʰʝʪʢʫ ʧʨʚʦʛ ʮʠʢʣʫʩʘ: 

¶ ʟʥʘˁʝ ʠ ʨʘʟʫʤʠʿʝʚʘˁʝ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʘ ʠʟ ʦʙʣʘʩʪʠ ʠʟʫʯʘʚʘˁʘ, 

¶ ʧʨʝʧʦʟʥʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʫ ʧʨʘʢʩʠ ʠ ʤʦʛʫ˂ʥʦʩʪ ˁʠʭʦʚʦʛ ʙʨʟʦʛ ʠ 
ʝʢʦʥʦʤʠʯʥʦʛ ʨʿʝʰʘʚʘˁʘ, ʢʦʨʠʩʪʝ˂ʠ ʥʘʿʩʘʚʨʝʤʝʥʠʿʘ ʪʝʭʥʠʯʢʘ ʜʦʩʪʠʛʥʫ˂ʘ ʫ ʢʦʥʢʨʝʪʥʦʿ 
ʦʙʣʘʩʪʠ, 

¶ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʪʠʤʩʢʠ ʨʘʜ ʫ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʦʢʨʫʞʝˁʫ, 

¶ ʜʘ ʫ ʦʢʚʠʨʫ ʩʚʦʿʝ ʩʧʝʮʠʿʘʣʥʦʩʪʠ ʠ ʰʠʨʝ ʧʨʘʪʠ ʨʘʟʚʦʿ ʠ ʥʘʿʥʦʚʠʿʘ ʪʝʭʥʠʯʢʘ ʜʦʩʪʠʛʥʫ˂ʘ ʠ 
ʧʨʝʧʦʟʥʘʿʝ ʧʦʪʨʝʙʝ ʠ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʩʝ ʪʘ ʜʦʩʪʫʛʥʫ˂ʘ ʧʨʠʤʿʝʥʝ ʫ ˁ ʝʛʦʚʦʤ ʦʢʨʫʞʝˁʫ, 

¶ ʨʘʟʚʠʿʝ ʚʿʝʰʪʠʥʫ ʩʘʤʦʫʯʝˁʘ h ʪʦ ʤʫ ʦʤʦʛʫ˂ʘʚʘ ʥʦʧʭʦʜʥʦ ʮʿʝʣʦʚʠʪʦ ʦʙʨʘʟʦʚʘˁʝ, 

¶ ʜʘ ʧʦʰʪʫʿʝ ʟʘʢʦʥʩʢʝ ʨʝʛʫʣʘʪʠʚʝ ʠ ʜʨʫʰʪʚʝʥʝ ʥʦʨʤʝ ʧʦʥʘʰʘˁʘ. 
 
ʇʨʚʝ ʜʚʠʿʝ ʛʦʜʠʥʝ ʩʪʫʜʠʿʘ ʩʫ ʟʘʿʝʜʥʠʯʢʝ ʟʘ ʩʚʝ ʩʪʫʜʝʥʪʝ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʦʜʘʙʨʘʥʠ ʩʪʫʜʠʿʩʢʠ 
ʧʨʦʛʨʘʤ. ʉʚʠ ʧʨʝʜʤʝʪʠ ʥʘ ʧʨʚʝ ʜʚʠʿʝ ʛʦʜʠʥʝ ʩʫ ʦʙʘʚʝʟʥʠ. ʆʚʜʿʝ ʩʪʫʜʝʥʪʠ ʩʪʠʯʫ ʦʧʰʪʘ ʟʥʘˁʘ 
ʥʝʦʧʭʦʜʥʘ ʟʘ ʥʘʩʪʘʚʘʢ ʦʜʘʙʨʘʥʠ ʩʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤʠʤʘ. 
 
ʅʘ ʪʨʝ˂ʦʿ ʠ ʯʝʪʚʨʪʦʿ ʛʦʜʠʥʠ ʩʪʫʜʠʿʘ, ʩʪʫʜʝʥʪʠ ʩʝ  ʫʩʤʿʝʨʘʚʘʿʫ ʫ ʥʘʚʝʜʝʥʘ ʪʨʠ ʩʪʫʜʠʿʩʢʘ ʧʨʦʛʨʘʤʘ. 
ʉʪʫʜʝʥʪʠ ʧʨʠ ʪʦʤʝ ʩʪʠʯʫ ʟʥʘˁʘ ʩʧʝʮʠʬʠʯʥʘ ʟʘ ʩʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ ʢʦʿʠ ʩʫ ʠʟʘʙʨʘʣʠ. ɱʝʜʘʥ ʙʨʦʿ 
ʧʨʝʜʤʝʪʘ ʿʝ ʦʙʘʚʝʟʘʥ, ʘ ʦʩʪʘʣʠ ʩʫ ʠʟʙʦʨʥʠ ʠ ʙʠʨʘʿʫ ʠʭ ʩʪʫʜʝʥʪʠ ʥʘ ʦʩʥʦʚʫ ʩʚʦʿʠʭ ʠʥʪʝʨʝʩʦʚʘˁʘ 
ʠ ʘʬʠʥʠʪʝʪʘ. ʅʘʢʦʥ ʦʜʩʣʫʰʘʥʠʭ ʦʩʘʤ ʩʝʤʝʩʪʘʨʘ ʩʚʘʢʠ ʩʪʫʜʝʥʪ ʨʘʜʠ ʠ ʙʨʘʥʠ ʟʘʚʨʰʥʠ ʨʘʜ. 
ʊʝʦʨʠʿʩʢʘ ʠ ʧʨʘʢʪʠʯʥʘ ʟʥʘˁʘ ʩʪʝʯʝʥʘ ʥʘ ʫʩʤʿʝʨʝʥʠʤ ʩʪʫʜʠʿʩʢʠʤ ʧʨʦʛʨʘʤʠʤʘ ʩʪʫʜʝʥʪʠ ʩʫ 
ʩʧʦʩʦʙʥʠ ʜʘ ʧʨʠʤʠʿʝʥʝ ʫ ʧʨʘʢʩʠ, ʘ ʩʣʫʞʝ ʠʤ ʠ ʢʘʦ ʦʩʥʦʚʘ ʟʘ ʥʘʩʪʘʚʘʢ ʩʪʫʜʠʨʘˁʘ ʥʘ ʜʨʫʛʦʤ 
ʮʠʢʣʫʩʫ ʩʪʫʜʠʿʘ. 

 
. 

 
 

ɼɽʂɸʅ  

 

        ʇʨʦʬ. ʜʨ ɿʦʨʘʥ ɲʫʙʦʿʝ 
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ʊʋɹʆɽɹʉɽ ʃɻɹʄʁʍʁʃɹʏʁɲɹ ʀɹ  ʊʋʌɽʁɲʊʃʁ ʈʉʇɼʉɹʅ: ɹʌʋʇʅɹʋʁʃɹ ʁ 
ɾʄɾʃʋʉʇʆʁʃɹ 

 
1. ʇʊʆʇɻʆɾ ʃɹʉɹʃʋɾʉʁʊʋʁʃɾ(Basic characteristics) 

 
ʉʪʫʜʠʿʩʢʠ ʮʠʢʣʫʩ: ʇʨʚʠ ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ 
ʉʪʝʧʝʥ: ɸʢʘʜʝʤʩʢʠ 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ: ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ ï ɼʠʧʣʦʤʠʨʘʥʠ ʠʥʞʝˁʝʨ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ ï 240 
ECTS - Aʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 
 
ʅʘʟʠʚ(ʠ) ʢʚʘʣʠʬʠʢʘʮʠʿʝ (ʛʝʥʝʨʠʯʢʠ ʜʠʦ + ʩʧʝʮʠʬʠʯʥʠ ʜʠʦ) (Name-s: generic + subject 
specific): 
 
Bachelor of science in Electrical Engineering ï 240 ECTS ï Automation and Electronics 
ɼʠʧʣʦʤʠʨʘʥʠ ʠʥʞʝˁʝʨ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ ï 240 ECTS - Aʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 
 
ɱʝʟʠʢ ʥʘ ʢʦʿʝʤ ʩʝ ʩʪʫʜʠʨʘ: ʉʨʧʩʢʠ 
 
ʊʨʘʿʘˁʝ ʩʪʫʜʠʿʘ: ʉʪʫʜʠʿ ʪʨʘʿʝ ʯʝʪʠʨʠ ʛʦʜʠʥʝ, ʘ ʛʦʜʠʥʫ ʯʠʥʝ ʧʦ ʜʚʘ ʩʝʤʝʩʪʨʘ (ʟʠʤʩʢʠ ʠ ˀʝʪʥʠ).  
 
ʄʠʥʠʤʘʣʥʠ ʚʦʣʫʤʝʥ - ʙʨʦʿ ɽCTS (Minimal volume): 240 ECTS ʢʨʝʜʠʪʘ 
 
ʅʠʚʦ(Level): 7 

 
ʋʩʣʦʚʠ/ ʥʘʯʠʥ ʧʨʠʩʪʫʧʘˁʘ: ʋʩʣʦʚʠ ʟʘ ʫʧʠʩ ʥʘ I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ ʩʪʫʜʠʿʩʢʦʛ ʧʨʦʛʨʘʤʘ ʘʫʪʦʤʘʪʠʢʘ 
ʠ ʝʣʝʢʪʨʦʥʠʢʘ, ʢʦʿʠ ʩʝ ʠʟʚʦʜʠ ʥʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʤ ʬʘʢʫʣʪʝʪʫ ʫ ʀʩʪʦʯʥʦʤ ʉʘʨʘʿʝʚʫ, ʧʨʦʧʠʩʘʥʠ 
ʩʫ ɿʘʢʦʥʦʤ ʦ ʚʠʩʦʢʦʤ ʦʙʨʘʟʦʚʘˁʫ, ʉʪʘʪʫʪʦʤ ʠ ʜʨʫʛʠʤ ʘʢʪʠʤʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʀʩʪʦʯʥʦʤ ʉʘʨʘʿʝʚʫ 
ʠ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʫ ʀʩʪʦʯʥʦʤ ʉʘʨʘʿʝʚʫ. ʇʨʘʚʦ ʥʘ ʫʧʠʩ ʥʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ 
ʬʘʢʫʣʪʝʪ ʠʤʘʿʫ ʩʚʘ ʣʠʮʘ ʢʦʿʘ ʩʫ ʟʘʚʨʰʠʣʘ ʯʝʪʚʝʨʦʛʦʜʠʰˁʫ ʩʨʝʜˁʫ ʰʢʦʣʫ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʧʩʢʦʿ ʠ 
ɹʠʍ, ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ (ʉʧʦʨʘʟʫʤ ʦ ʩʧʝʮʠʿʘʣʥʠʤ ʠ ʧʘʨʘʣʝʣʥʠʤ ʚʝʟʘʤʘ) ʢʘʦ ʠ ʣʠʮʘ ʢʦʿʘ ʩʫ 
ʟʘʚʨʰʠʣʘ ʯʝʪʚʝʨʦʛʦʜʠʰˁʫ ʩʨʝʜˁʫ ʰʢʦʣʫ ʫ ʠʥʦʩʪʨʘʥʩʪʚʫ (ʫ ʦʙʘʚʝʟʫ ʥʦʩʪʨʠʬʠʢʘʮʠʿʝ 
ʩʚʿʝʜʦʯʘʥʩʪʚʘ). ʇʨʠ ʫʧʠʩʫ ʩʝ ʧʦʣʘʞʝ ʧʨʠʿʝʤʥʠ ʠʩʧʠʪ ʠʟ ʤʘʪʝʤʘʪʠʢʝ. 

 



1.1. ʌʛʧʝ ʬ ʃʛʙʤʡʭʡʣʙʯʡˀʬ 
 

ʅʘʩʪʘʚʘ ʥʘ ʩʪʫʜʠʿʩʢʦʤ ʧʨʦʛʨʘʤʫ ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ (ʫ ʜʘˀʝʤ ʪʝʢʩʪʫ ɸʠɽ) ʥʘ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʤ ʬʘʢʫʣʪʝʪʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʀʩʪʦʯʥʦʤ ʉʘʨʘʿʝʚʫ ʠʟʚʦʜʠ ʩʝ ʧʨʝʤʘ ʥʘʩʪʘʚʥʠʤ 
ʧʣʘʥʦʚʠʤʘ ʠ ʧʨʦʛʨʘʤʠʤʘ ʠʟ 2012. ʛʦʜʠʥʝ. ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ ʦʙʫʭʚʘʪʘ ʜʚʠʿʝ ʫʞʝ ʥʘʫʯʥʝ ʦʙʣʘʩʪʠ: 
ɸʫʪʦʤʘʪʠʢʘ ʠ ʨʦʙʦʪʠʢʘ, ɽʣʝʢʪʨʦʥʠʢʘ ʠ ʝʣʝʢʪʨʦʥʩʢʠ ʩʠʩʪʝʤʠ.  

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ ʿʝ ʢʦʥʮʠʧʠʨʘʥ ʪʘʢʦ ʜʘ ʦʙʨʘʟʫʿʝ ʠʥʞʝˁʝʨʝ ʢʦʿʠ ˂ʝ ʜʦʙʠʪʠ ʜʦʚʦˀʥʦ 
ʩʪʨʫʯʥʠʭ ʠ ʧʨʘʢʪʠʯʥʠʭ ʟʥʘˁʘ ʟʘ ʨʘʜ ʫ ʩʪʨʫʮʠ, ʘ ʠʩʪʦʚʨʝʤʝʥʦ ʜʘ ʦʤʦʛʫ˂ʠ ʠ ʜʘˀʠ ʥʘʩʪʘʚʘʢ 
ʰʢʦʣʦʚʘˁʘ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʤʘʩʪʝʨ, ʦʜʥʦʩʥʦ ʜʦʢʪʦʨʩʢʠʤ ʩʪʫʜʠʿʘʤʘ. 

ʉʘʜʨʞʘʿʠ ʧʨʝʜʤʝʪʘ ʥʘ ʥʠʞʠʤ ʛʦʜʠʥʘʤʘ ʩʪʫʜʠʿʘ ʥʘ ʩʪʫʜʠʿʩʢʦʤ ʧʨʦʛʨʘʤʫ ɸʠɽ ʢʦʥʮʠʧʠʨʘʥʠ ʪʘʢʦ 
ʜʘ ʩʪʫʜʝʥʪʠʤʘ ʧʨʫʞʝ ʥʝʦʧʭʦʜʥʘ ʟʥʘˁʘ ʠʟ ʦʧʰʪʝ ʦʙʨʘʟʦʚʥʠʭ ʠ ʪʝʦʨʠʿʩʢʠʭ ʧʨʝʜʤʝʪʘ. ʆʚʘ ʟʥʘˁʘ 
˂ʝ ʠʤ ʧʦʩʣʫʞʠʪʠ ʟʘ ʨʘʟʫʤʠʿʝʚʘˁʝ ʦʩʥʦʚʘ ʝʣʝʢʪʨʦʥʠʢʝ, ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʠʩʪʝʤʘ, ʩʠʩʪʝʤʘ ʩʘ 
ʫʛʨʘʹʝʥʠʤ ʨʘʯʫʥʘʨʦʤ ʠ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʠʤ ʨʘʯʫʥʘʨʩʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʢʘʦ ʠ ʫʧʨʘʚˀʘˁʘ ʩʠʩʪʝʤʠʤʘ 
ʫʪʝʤʝˀʝʥʠʤ ʥʘ ʧʨʠʥʮʠʧʠʤʘ ʬʠʟʠʢʝ, ʤʘʪʝʤʘʪʠʢʝ, ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʪʝʦʨʠʿʝ ʩʠʛʥʘʣʘ ʠ ʩʠʩʪʝʤʘ. 

ʉʘʜʨʞʘʿʠ ʧʨʝʜʤʝʪʘ ʥʘ ʚʠʰʠʤ ʛʦʜʠʥʘʤʘ ʩʪʫʜʠʿʘ ʩʫ  ʩʧʝʮʠʿʘʣʠʩʪʠʯʢʠ ʢʦʥʮʠʧʠʨʘʥʠ, ʪʘʢʦ ʜʘ 
ʩʪʫʜʝʥʪʠʤʘ ʧʨʫʞʘʿʫ ʩʪʨʫʯʥʘ ʠ ʧʨʘʢʪʠʯʥʘ ʟʥʘˁʘ ʫ ʧʦʤʝʥʫʪʠʤ ʫʞʠʤ ʥʘʫʯʥʠʤ ʠ ʩʪʨʫʯʥʠʤ  
ʦʙʣʘʩʪʠʤʘ. ʋ ʪʦʢʫ ʩʪʫʜʠʿʘ, ʘ ʧʦʩʝʙʥʦ ʥʘ ʩʪʨʫʯʥʠʤ (ʩʧʝʮʠʿʘʣʠʩʪʠʯʢʠʤ) ʧʨʝʜʤʝʪʠʤʘ, ʧʦʩʝʙʥʦ ʩʝ 
ʚʨʝʜʥʫʿʝ ʩʘʤʦʩʪʘʣʘʥ ʨʘʜ, ʦʭʨʘʙʨʫʿʝ ʩʝ ʫʯʝʰ˂ʝ ʫ ʢʦʥʢʨʝʪʥʠʤ ʩʪʨʫʯʥʠʤ ʠ ʨʘʟʚʦʿʥʠʤ ʧʨʦʿʝʢʪʠʤʘ ʫ 
ʦʢʚʠʨʫ, ʧʦʿʝʜʠʥʠʭ ʣʘʙʦʨʘʪʦʨʠʿʘ, ʧʦʪʝʥʮʠʨʘʿʫ ʩʝ ʠ ʨʘʟʚʠʿʘʿʫ ʩʧʦʩʦʙʥʦʩʪʠ ʩʪʫʜʝʥʘʪʘ ʟʘ ʨʿʝʰʘʚʘˁʝ 
ʧʨʦʙʣʝʤʘ. 

ʋʩʧʿʝʰʥʠʤ ʟʘʚʨʰʝʪʢʦʤʩʪʫʜʠʿʘ ʥʘ ʩʪʫʜʠʿʩʢʦʤ ʧʨʦʛʨʘʤʫɸʠɽ ʩʪʫʜʝʥʪ ʿʝ ʦʩʧʦʩʦʙˀʝʥ ʜʘ ʧʨʠʤʿʝʥʠ 
ʥʘʫʯʥʘ ʠ ʩʪʨʫʯʥʘ ʜʦʩʪʠʛʥʫ˂ʘ ʠʟ ʦʙʣʘʩʪʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ,ʝʣʝʢʪʨʦʥʠʢʝ, ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʠʩʪʝʤʘ, 
ʩʠʩʪʝʤʘ ʩʘ ʫʛʨʘʹʝʥʠʤ ʨʘʯʫʥʘʨʦʤ ʠ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʠʤ ʨʘʯʫʥʘʨʩʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʢʘʦ ʠ ʫʧʨʘʚˀʘˁʘ 
ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʩʠʩʪʝʤʠʤʘ ʫʪʝʤʝˀʝʥʠʤ ʥʘ ʧʨʠʥʮʠʧʠʤʘ ʪʝʦʨʠʿʝ ʩʠʛʥʘʣʘ ʠ ʩʠʩʪʝʤʘ 
ʫʧʨʦʬʝʩʠʦʥʘʣʥʦʤ ʨʘʜʫ, ʢʘʦ ʠ ʧʨʦʥʘʣʘʞʝˁʫ ʥʦʚʠʭ ʜʦʩʪʠʛʥʫ˂ʘ ʫ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʠʤ 
ʦʙʣʘʩʪʠʤʘ ʢʦʿʝ ʩʝ ʦʩʣʘˁʘʿʫ ʥʘ ʧʨʠʤʿʝʥʫ ʜʝʬʠʥʠʩʘʥʠʭ ʦʙʣʘʩʪʠ. 
 

1.2. ʉʙʠʤʧʠʡ ʠʙ ʨʧʪʫʧˀʙ˂ʞ ʣʛʙʤʡʭʡʣʙʯʡˀʞ ð ʧʨʩʙʛʝʙʦʧʪʫ 
 

ʉʚʨʭʘ ʩʪʫʜʠʿʩʢʦʛ ʧʨʦʛʨʘʤʘ ʿʝʩʪʝ ʬʦʨʤʠʨʘˁʝ ʚʠʩʦʢʦʦʙʨʘʟʦʚʘʥʦʛ ʢʘʜʨʘ ʟʘ ʧʦʪʨʝʙʝ ʧʨʠʚʨʝʜʝ 
ʠʟ ʦʙʣʘʩʪʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʘʫʪʦʤʘʪʠʢʝ ʠ ʝʣʝʢʪʨʦʥʠʢʝ. ʊʨʝʥʫʪʥʦ ʩʪʘˁʝ, ʪʨʝʥʜʦʚʠ ʨʘʟʚʦʿʘ ʠ ʢʘʦ 
ʧʦʪʨʝʙʝ ʪʨʞʠʰʪʘ ʟʘ ʠʥʞʝˁʝʨʠʤʘ ʠʟ ʦʙʣʘʩʪʠ ʘʫʪʦʤʘʪʠʢʝ ʠ ʝʣʝʢʪʨʦʥʠʢʝ ʧʦʩʣʫʞʠʣʠ ʩʫ ʢʘʦ ʦʩʥʦʚʘ 
ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʩʪʨʫʢʪʫʨʝ ʠ ʩʘʜʨʞʘʿʘ ʩʪʫʜʠʿʩʢʦʛ ʧʨʦʛʨʘʤʘ. ʇʨʠ ʢʦʥʮʠʧʠʨʘˁʫ ʩʪʫʜʠʿʩʢʦʛ ʧʨʦʛʨʘʤʘ 
ɸʠɽ ʜʦʜʘʪʥʦ ʩʫ ʫʟʝʪʝ ʫ ʦʙʟʠʨ ʩˀʝʜʝ˂ʝ ʩʪʨʘʪʝʛʠʿʝ ʠ ʤʠʰˀʝˁʘ: 

¶ ʉʪʨʘʪʝʛʠʿʘ ʥʘʫʯʥʦʛ ʠ ʪʝʭʥʦʣʦʰʢʦʛ ʨʘʟʚʦʿʘ ʈʝʧʫʙʣʠʢʝ ʉʨʧʩʢʝ 2012-2016, 

¶ ɿʘʭʪʿʝʚʠ ʧʨʠʚʨʝʜʥʠʭ ʢʦʤʦʨʘ ʠ ʫʜʨʫʞʝˁʘ ʠʥʞʝˁʝʨʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ, 

¶ ʄʠʰˀʝˁʘ ʧʨʠʚʨʝʜʥʠʭ ʩʫʙʿʝʢʘʪʘ, 

¶ ʄʠʰˀʝˁʘ ʝʢʩʧʝʨʘʪʘ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʥʘʫʯʥʠʭ ʠ ʩʪʨʫʯʥʠʭ ʜʠʩʮʠʧʣʠʥʘ. 
 

 ɼʨʫʰʪʚʝʥʘ ʦʧʨʘʚʜʘʥʦʩʪ ʧʦʩʪʦʿʘˁʘ ʩʪʫʜʠʿʩʢʦʛ ʧʨʦʛʨʘʤʘ ʧʨʦʠʟʠʣʘʟʠ ʠʟ ʧʦʪʨʝʙʝ ʟʘ ʜʘˀʠʤ 
ʨʘʟʚʦʿʝʤ ʩʪʨʫʢʝ ʠʟ ʦʙʣʘʩʪʠ ʘʫʪʦʤʘʪʠʢʝ ʠ ʝʣʝʢʪʨʦʥʠʢʝ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʧʩʢʦʿ ï ɹʠʍ ʠ ʦʢʨʫʞʝˁʫ. 
ʂʚʘʣʠʪʝʪʥʦ ʦʙʨʘʟʦʚʘˁʝ ʢʦʿʝ ʥʫʜʠ ʦʚʘʿ ʩʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ, ʧʨʝʜʩʪʘʚˀʘ ʪʝʤʝˀ ʟʘ ʩʘʤʦʩʪʘʣʥʦ ʠ 
ʮʿʝʣʦʞʠʚʦʪʥʦ ʫʯʝˁʝ ʠʟ ʦʙʣʘʩʪʠ ʘʫʪʦʤʘʪʠʢʝ ʠ ʝʣʝʢʪʨʦʥʠʢʝ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʚʘʞʥʠʭ 
ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʩʫ ʫ ʧʦʩˀʝʜˁʝ ʚʨʠʿʝʤʝ ʘʢʪʫʝʣʥʠ ʠ ʧʨʠʩʫʪʥʠ ʥʘ ʪʨʞʠʰʪʫ ʨʘʜʘ. ʇʦʜʨʰʢʘ ʦʚʦʤ 
ʩʪʫʜʠʿʩʢʦʤ ʧʨʦʛʨʘʤʫ ʿʝ ʠ ʫ ʬʫʥʢʮʠʿʠ ʧʦʜʠʟʘˁʘ ʢʚʘʣʠʪʝʪʘ ʦʙʨʘʟʦʚʘˁʘ ʠ ʫʥʘʧʨʝʹʝˁʝ 
ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʝʣʝʢʪʨʦʥʠʢʝ, ʘʫʪʦʤʘʪʠʢʝ ʠ ʨʘʯʫʥʘʨʩʢʠʭ ʥʘʫʢʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʧʩʢʦʿ ï ɹʠʍ, ʢʘʦ ʠ 
ʫ ʬʫʥʢʮʠʿʠ ʬʦʨʤʠʨʘˁʘ ʤʣʘʜʦʛ ʠʥʞʝˁʝʨʩʢʦʛ ʢʘʜʨʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʧʩʢʦʿ - ɹʠʍ. 



ʅʘ ʦʩʥʦʚʫ ʠʟʥʝʩʝʥʦʛ, ʤʦʞʝ ʩʝ ʨʝ˂ʠ ʜʘ ʩʫ ʮʠˀʝʚʠ ʩʪʫʜʠʿʩʢʦʛ ʧʨʦʛʨʘʤʘ ɸʠɽ ʥʘ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʤ ʬʘʢʫʣʪʝʪʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʀʩʪʦʯʥʦʤ ʉʘʨʘʿʝʚʫ: 

¶ ʋʚʘʞʠʪʠ ʩʪʨʘʪʝʰʢʘ ʦʧʨʝʜʿʝˀʝˁʘ ʜʨʫʰʪʚʘ ʫ ʦʥʠʤ ʜʦʤʝʥʠʤʘ ʢʦʿʘ ʩʝ ʦʩʣʘˁʘʿʫ ʥʘ 
ʧʨʠʤʿʝʥʫ ʟʥʘˁʘ ʠ ʚʿʝʰʪʠʥʘ ʠ ʥʘʫʯʥʠʭ ʦʙʣʘʩʪʠ ʘʫʪʦʤʘʪʠʢʝ ʠ ʝʣʝʢʪʨʦʥʠʢʝ, 

¶ ʆʩʠʛʫʨʘʪʠ ʜʘ ʠʩʭʦʜʠ ʫʯʝˁʘ ʥʘ ʦʚʦʤ ʩʪʫʜʠʿʩʢʦʤ ʧʨʦʛʨʘʤʫ ʦʜʛʦʚʘʨʘʿʫ ʧʦʪʨʝʙʘʤʘ ʪʨʞʠʰʪʘ, 

¶ ʋʥʘʧʨʠʿʝʜʠʪʠ ʠʩʭʦʜʝ ʫʯʝˁʘ ʫʚʦʹʝˁʝʤ ʩʘʚʨʝʤʝʥʠʭ ʥʘʩʪʘʚʥʠʭ ʤʝʪʦʜʘ, ʫʟ ʢʦʨʠʰ˂ʝˁʝ 
ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʦʧʨʝʤʝ ʠ ʩʘʚʨʝʤʝʥʠʭ ʩʦʬʪʚʝʨʩʢʠʭ ʘʣʘʪʘ, 

¶ ʉʪʚʦʨʠʪʠ ʫʩʣʦʚʝ ʟʘ ʤʦʙʠʣʥʦʩʪ ʩʪʫʜʝʥʘʪʘ, 

¶ ʆʩʪʚʘʨʠʪʠ ʥʘʮʠʦʥʘʣʥʫ ʠ ʤʝʹʫʥʘʨʦʜʥʫ ʩʘʨʘʜˁʫ ʫ ʨʝʘʣʠʟʘʮʠʿʠ ʥʘʩʪʘʚʥʦʛ ʧʨʦʮʝʩʘ ʫ 
ʦʢʚʠʨʫ ʩʪʫʜʠʿʩʢʦʛ ʧʨʦʛʨʘʤʘ ɸʠɽ, 

¶ ʉʪʚʦʨʠʪʠ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʮʿʝʣʦʞʠʚʦʪʥʦ ʫʯʝˁʝ ʩʪʫʜʝʥʘʪʘ ʥʘʢʦʥ ʟʘʚʨʰʝʥʦʛ ʩʪʫʜʠʿʘ. 
 
 

2. ʃʇʅʈɾʋɾʆʏʁɲɾ / ʁʊʎʇɽʁ ʌʐɾɴɹ 
 

ʋʩʧʿʝʰʥʠʤ ʟʘʚʨʰʝʪʢʦʤ ʩʪʫʜʠʿʘ ʥʘ ʩʪʫʜʠʿʩʢʦʤ ʧʨʦʛʨʘʤʫ ɸʠɽ ʩʪʫʜʝʥʪ ʩʪʠʯʝ ʦʧʰʪʘ ʟʥʘˁʘ, 
ʚʿʝʰʪʠʥʝ ʠ ʢʦʤʧʝʪʝʥʮʠʿʝ ʠʟ ʦʙʣʘʩʪʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʝʣʝʢʪʨʦʥʠʢʝ, ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʠʩʪʝʤʘ, 
ʩʠʩʪʝʤʘ ʩʘ ʫʛʨʘʹʝʥʠʤ ʨʘʯʫʥʘʨʦʤ ʠ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʠʤ ʨʘʯʫʥʘʨʩʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʢʘʦ ʠ ʫʧʨʘʚˀʘˁʘ 
ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʩʠʩʪʝʤʠʤʘ ʫʪʝʤʝˀʝʥʠʤ ʥʘ ʧʨʠʥʮʠʧʠʤʘ ʬʠʟʠʢʝ, ʤʘʪʝʤʘʪʠʢʝ, ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ, 
ʪʝʦʨʠʿʝ ʩʠʛʥʘʣʘ ʠ ʩʠʩʪʝʤʘ 

 
2.1. ʈʧʨʡʪ ʣʧʥʨʞʫʞʦʯʡˀʙ ʦʙ ʦʡʛʧʬ ʣʛʙʤʡʭʡʣʙʯʡˀʞ 
 

ʇʨʱʫʙ ʠʦʙ˂ʙ ʣʧˀʙ ʝʡʨʤʧʥʡʩʙʦʡ ʡʦʟʞ˂ʞʩ ʪʙ ʪʫʬʝʡˀʪʣʧʜ ʨʩʧʜʩʙʥʙ ɹʡɾ ʨʧʪˀʞʝʬˀʞ ʬʣˁʬʰʬˀʬ: 

¶ ɹʘʟʥʘ ʟʥʘˁʘ ʠʟ ʤʘʪʝʤʘʪʠʢʝ, ʬʠʟʠʢʝ, ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʘʫʪʦʤʘʪʠʢʝ, ʨʦʙʦʪʠʢʝ, ʝʣʝʢʪʨʦʥʠʢʝ 
ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʠʩʪʝʤʘ, ʧʨʝʥʦʩʘ ʧʦʜʘʪʘʢʘ, ʨʘʯʫʥʘʨʩʢʝ ʪʝʭʥʠʢʝ ʠ ʪʝʭʥʠʢʘ ʧʨʦʛʨʘʤʠʨʘˁʘ, 

¶ ɹʘʟʥʘ ʟʥʘˁʘ ʠʟ ʝʣʝʢʪʨʦʤʝʭʥʠʯʢʝ ʢʦʥʚʝʨʟʠʿʝ ʝʥʝʨʛʠʿʝ, ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʘ ʧʨʝʥʦʩʘ ʠ 
ʢʦʥʚʝʨʟʠʿʝ ʦʩʪʘʣʠʭ ʚʠʜʦʚʘ ʝʥʝʨʛʠʿʝ ʠ ʜʨʫʛʠʭ ʠʥʞʝˁʝʨʩʢʠʭ ʜʠʩʮʠʧʣʠʥʘ, 

¶ ʉʘʟʥʘˁʝ ʦ ʧʦʚʝʟʘʥʦʩʪʠ ʘʫʪʦʤʘʪʠʢʝ ʠ ʝʣʝʢʪʨʦʥʠʢʝ ʩʘ ʙʘʟʥʠʤ ʟʥʘˁʠʤʘ ʧʦʪʨʝʙʥʠʤ ʟʘ 
ʨʘʟʚʦʿ, ʧʨʦʿʝʢʪʦʚʘˁʝ, ʠʟʨʘʜʫ ʠ ʦʜʨʞʘʚʘˁʝ ʩʠʩʪʝʤʘ ʘʫʪʦʤʘʪʠʢʝ ʠ ʝʣʝʢʪʨʦʥʠʢʝ,  

¶ ʉʧʦʩʦʙʥʦʩʪ ʠʟʙʦʨʘ ʠ ʧʨʠʤʿʝʥʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʝʪʦʜʘ ʧʨʠ ʨʘʟʚʦʿʫ, ʧʨʦʿʝʢʪʦʚʘˁʫ, ʠʟʨʘʜʠ ʠ 
ʦʜʨʞʘʚʘˁʫ ʩʠʩʪʝʤʘ ʘʫʪʦʤʘʪʠʢʝ ʠ ʝʣʝʢʪʨʦʥʠʢʝ, ʪʝ ʠʟʚʦʹʝˁʘ ʟʘʢˀʫʯʘʢʘ ʠ ʧʨʦʚʿʝʨʘ 
ʭʠʧʦʪʝʟʘ, 

¶ ʉʧʦʩʦʙʥʦʩʪ ʨʘʜʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʧʨʦʬʝʩʠʦʥʘʣʥʠʤ ʦʙʣʘʩʪʠʤʘ ʟʘʭʚʘˀʫʿʫ˂ʠ ʩʪʝʯʝʥʠʤ 
ʦʧʰʠʤ, ʩʧʝʮʠʿʘʣʠʩʪʠʯʢʠʤ ʠ ʤʝʪʦʜʦʣʦʰʢʠʤ ʢʦʤʧʝʪʝʥʮʠʿʘʤʘ ʪʦʢʦʤ ʩʪʫʜʠʿʘ, 

¶ ʉʧʦʩʦʙʥʦʩʪ ʫʧʦʪʨʝʙʝ ʨʝʣʝʚʘʥʪʥʝ ʣʠʪʝʨʘʪʫʨʝ, ʧʨʘ˂ʝˁʝ ʩʝʤʠʥʘʨʘ ʠ ʢʫʨʩʝʚʘ, ʫʩʚʘʿʘˁe 
ʥʦʚʠʭ ʟʥʘˁʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘ, ʧʨʝʟʝʥʪʦʚʘˁʘ ʧʦʩʪʠʛʥʫʪʠʭ ʨʝʟʫʣʪʘʪʘ ʨʘʜʘ ʩʪʨʫʯʥʦʿ ʿʘʚʥʦʩʪʠ,  

¶ ʇʦʟʥʘʚʘˁʝ ʩʪʘʥʜʘʨʜʘ, ʪʝʭʥʠʯʢʠʭ ʥʦʨʤʠ ʠ ʧʨʦʧʠʩʘ, ʢʘʦ ʠ ʩʭʚʘʪʘˁʝ ʫʪʠʮʘʿʘ ʢʦʿʝ ʩʠʩʪʝʤʠ 
ʘʫʪʦʤʘʪʠʢʝ ʠ ʝʣʝʢʪʨʦʥʠʢʝ,ˁʠʭʦʚ ʨʘʜ ʠ ʦʜʨʞʘʚʘˁʝ ʠʤʘʿʫ ʥʘ ʦʢʦʣʠʥʫ, 

¶ ʉʧʦʩʦʙʥʦʩʪ ʠʥʜʠʚʠʜʫʘʣʥʦʛ ʠ ʪʠʤʩʢʦʛ ʨʘʜʘ, ʪʝ ʢʦʤʫʥʠʢʘʮʠʿʝ ʩʘ ʢʦʣʝʛʘʤʘ ʠ ʿʘʚʥʦʰ˂ʫ ʦ 
ʧʠʪʘˁʠʤʘ ʠ ʧʨʦʙʣʝʤʠʤʘ ʚʝʟʘʥʠʤ ʟʘ ʦʙʣʘʩʪʠ ʘʫʪʦʤʘʪʠʢʝ ʠ ʝʣʝʢʪʨʦʥʠʢʝ, 

 
ʊʨʞʯʡˀʙʤʡʪʫʡʰʣʙ ʠʦʙ˂ʙ ʣʧˀʙ ʝʡʨʤʧʥʡʩʙʦʡ ʡʦʟʞ˂ʞʩ ʪʙ ʪʫʬʝʡˀʪʣʧʜ ʨʩʧʜʩʙʥʙ ɹʡɾ ʨʧʪˀʞʝʬˀʞ 
ʬʣˁʬʰʬˀʬ: 

¶ ʧʨʦʮʠʿʝʥʘ ʟʥʘʯʘʿʘ  ʄʘʢʩʚʝʣʦʚʠʭ ʿʝʜʥʘʯʠʥʘ ʟʘ ʨʘʟʚʦʿ ʥʘʫʢʝ ʫʦʧʰʪʝ, ʧʦʩʝʙʥʦ ˁʠʭʦʚʫ 
ʙʘʟʠʯʥʫ ʫʣʦʛʫ ʫ ʝʣʝʢʪʨʦʪʝʭʥʠʮʠ, 

¶ ʧʨʝʧʦʟʥʘʚʘˁʝ ʠ ʨʘʟʫʤʠʿʝʚʘˁʝ ʧʨʦʙʣʝʤʝ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʫ ʧʨʘʢʩʠ ʠʟ ʦʙʣʘʩʪʠ 
ʝʣʝʢʪʨʦʤʘʛʥʝʪʠʢʝ, 



¶ ʨʝʘʣʠʟʫʿʝ ʤʘʪʘʤʘʪʠʯʢʝ ʤʦʜʝʣʝ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʫ ʧʨʘʢʩʠ ʠʟ ʦʙʣʘʩʪʠ 
ʝʣʝʢʪʨʦʤʘʛʥʝʪʠʢʝ, 

¶ ʧʨʦʥʘʣʘʞʝˁʝ ʙʨʟʠʭ ʠ ʝʢʦʥʦʤʠʯʥʠʭ ʨʿʝʰʝˁʝ ʢʦʨʠʩʪʝ˂ʠ ʥʘʿʩʘʚʨʝʤʝʥʠʿʠʤ ʪʝʭʥʠʢʘʤʘ 
ʨʘʯʫʥʘˁʘ ʠ ʧʨʦʿʝʢʪʦʚʘˁʘ ʠʟ ʦʙʣʘʩʪʠ ʝʣʝʢʪʨʦʤʘʛʥʝʪʠʢʝ, 

¶ ʨʘʟʫʤʠʿʝʚʘˁʝ ʟʥʘʯʘʿʘ ʧʦʰʪʦʚʘˁʘ ʪʝʛʥʠʯʢʠʭ ʧʨʦʧʠʩʘ ʠ ʥʦʨʤʠ ʠ ʟʘʢʦʥʩʢʝ ʨʝʛʫʣʘʪʠʚʝ ʫ 
ʦʚʦʿ ʦʙʣʘʩʪʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ, 

¶ ʨʘʟʫʤʠʿʝʚʘˁʝ ʨʘʜʘ ʫʦʙʣʠʯʘʚʘʯʘ ʠ ʦʛʨʘʥʠʯʘʚʘʯʘ ʥʘʧʦʥʘ, 

¶ ʨʘʟʫʤʠʿʝʚʘˁʝ ʨʘʜʘ ʣʦʛʠʯʢʠʭ ʛʝʿʪʦʚʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʣʦʛʠʯʢʠʭ ʬʘʤʠʣʠʿʘ ʫ ʢʦʿʠʤʘ ʩʝ 
ʨʝʘʣʠʟʫʿʫ, 

¶ ʧʨʦʿʝʢʪʦʚʘˁʝ ʿʝʜʥʦʩʪʘʚʥʝ ʩʢʣʦʧʦʚʝ ʟʘ ʥʘʧʘʿʘˁʝ ʝʣʝʢʪʨʦʥʩʢʠʭ ʢʦʣʘ, 

¶ ʧʨʦʿʝʢʪʦʚʘˁʝ ʩʧʝʮʠʬʠʯʥʠʭ ʩʢʣʦʧʦʚʘ ʩʘ ʦʧʝʨʘʮʠʦʥʠʤ ʧʦʿʘʯʘʚʘʯʠʤʘ ʠ ʘʥʘʣʦʛʥʠʤ 
ʢʦʤʧʘʨʘʪʦʨʠʤʘ, 

¶ ʨʘʟʫʤʠʿʝʚʘˁʝ ʨʘʜʘ ʠ ʧʨʘʚʠʣʥʦ ʢʦʨʠʰ˂ʝˁʝ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʛʘʣʚʘʥʩʢʠ ʠʟʦʣʦʚʘʥʦ 
ʧʨʝʥʦʰʝˁʝ ʩʠʛʥʘʣʘ, 

¶ ʧʨʦʿʝʢʪʦʚʘˁʝ ʘʩʪʘʙʠʣʥʠʭ ʤʫʣʪʠʚʠʙʨʘʪʦʨʘ ʥʘ ʙʘʟʠ ʣʦʛʠʯʢʠʭ ʢʦʣʘ, ʆʇ/ɸʂ ʠ 555, 

¶ ʧʨʦʿʝʢʪʦʚʘˁʝ ʤʦʥʦʩʪʘʙʠʣʥʠʭ ʤʫʣʪʠʚʠʙʨʘʪʦʨʘ ʥʘ ʙʘʟʠ ʣʦʛʠʯʢʠʭ ʢʦʣʘ, ʆʇ/ɸʂ ʠ 555, 

¶ ʧʨʦʿʝʢʪʦʚʘˁʝ ʩʧʝʮʠʬʠʯʥʠʭ ʛʝʥʝʨʘʪʦʨʘ, 

¶ ʧʦʟʥʘʚʘˁʝ ʦʩʥʦʚʘ ʢʣʘʩʠʯʥʝ ʪʝʦʨʠʿʝ ʣʠʥʝʘʨʥʠʭ ʜʠʥʘʤʠʯʢʠʭ ʩʠʩʪʝʤʘ, ʩʠʩʪʝʤʘ 
ʫʧʨʘʚˀʘˁʘ ʩʘ ʧʦʚʨʘʪʥʦʤ ʩʧʨʝʛʦʤ, 

¶ ʦʩʧʦʩʦʙˀʘʚʘˁʝ ʩʪʫʜʝʥʘʪʘ ʟʘ ʘʥʘʣʠʟʫ ʠ ʩʠʥʪʝʟʫ ʩʝʨʚʦʩʠʩʪʝʤʘ ʢʘʦ ʝʣʝʤʝʥʘʪʘ ʩʣʦʞʝʥʠʭ 
ʩʠʩʪʝʤʘ ʫʧʨʘʚˀʘˁʘ, 

¶ ʫʧʦʟʥʘʚʘˁʝ ʩʘ ʦʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʠʤʘ ʨʝʛʫʣʘʮʠʦʥʝ ʢʦʥʪʫʨʝ, ʩʘ ʨʘʟʣʠʯʠʪʠʤ 
ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʩʪʘʙʠʣʥʦʩʪʠ ʣʠʥʝʘʨʥʠʭ ʩʠʩʪʝʤʘ, ʦʩʥʦʚʥʠʤ ʣʠʥʝʘʨʥʠʤ ʟʘʢʦʥʠʤʘ 
ʫʧʨʘʚˀʘˁʘ, ʦʮʿʝʥʦʤ ʧʦʥʘʰʘˁʘ ʩʠʩʪʝʤʘ ʫ ʧʨʝʣʘʟʥʦʤ ʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʫ ʠʪʜ., 

¶ ʦʩʧʦʩʦʙˀʘʚʘˁʝ ʩʪʫʜʝʥʘʪʘ ʟʘ ʘʥʘʣʠʟʫ ʠ ʩʠʥʪʝʟʫ ʣʠʝʥʘʨʥʠʭ ʠ ʥʝʣʠʥʝʘʨʥʠʭ ʜʠʥʘʤʠʯʢʠʭ 
ʩʠʩʪʝʤʘ ʫʧʨʘʚˀʘˁʘ ʩʘ ʧʦʚʨʘʪʥʦʤ ʩʧʨʝʛʦʤ, 

¶ ʫʧʦʟʥʘʚʘˁʝ ʩʘ ʤʝʪʦʜʘʤʘ ʣʠʥʝʘʨʠʟʘʮʠʿʝ ʥʝʣʠʥʝʘʨʥʠʭ ʝʣʝʤʝʥʘʪʘ: ʩʪʘʪʠʯʢʦʤ, 
ʜʠʬʝʨʝʥʮʠʿʘʣʥʦʤ, ʭʘʨʤʦʥʠʿʩʢʦʤ ʠ ʩʪʦʭʘʩʪʠʯʢʦʤ, ʢʘʦ ʠ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ 
ʩʪʘʙʠʣʥʦʩʪʠ ʥʝʣʠʥʝʘʨʥʠʭ ʩʠʩʪʝʤʘ, ʦʩʥʦʚʥʠʤ ʥʝʣʠʥʝʘʨʥʠʤ ʟʘʢʦʥʠʤʘ ʫʧʨʘʚˀʘˁʘ ʠʪʜ. 

¶ ʨʘʟʫʤʠʿʝʚʘˁʝ ʟʥʘʯʘʿʘ ʧʨʠʤʿʝʥʝ ʧʨʝʪʚʘʨʘʯʘ ʝʥʝʨʛʝʪʩʢʝ ʝʣʝʢʪʨʦʥʠʢʝ, ˁʠʭʦʚʠʭ 
ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʠ ʪʝʭʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, 

¶ ʧʨʦʨʘʯʫʥ ʧʘʨʘʤʝʪʘʨʘ ʩʥʘʞʥʦʛ ʧʨʝʢʠʜʘʯʘ ʫ ʢʦʥʢʨʝʪʥʦʿ ʧʨʠʤʿʝʥʠ ʠ ʦʜʘʙʠʨ ʧʨʝʢʠʜʘʯʘ 
ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʪʠʧʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʪʝ ʦʧʪʠʤʘʣʥʝ ʥʘʯʠʥʝ ˁʝʛʦʚʦʛ ʦʢʠʜʘˁʘ ʠ ʟʘʰʪʠʪʝ, 

¶ ʦʜʘʙʠʨ ʧʨʝʪʚʘʨʘʯʘ ʟʘ ʢʦʥʢʨʝʪʥʫ ʧʨʠʤʿʝʥʫ, ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʪʦʧʦʣʦʛʠʿʦʤ ʠ 
ʬʫʥʢʮʠʦʥʘʣʥʠʤ ʠ ʪʝʭʥʠʯʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ, 

¶ ʧʨʦʿʝʢʪʦʚʘˁʝ ʠʟʚʨʰʥʠʭ ʦʨʛʘʥʘ ʢʦʥʢʨʝʪʥʦʛ ʧʨʝʪʚʘʨʘʯʘ, 

¶ ʧʨʦʿʝʢʪʦʚʘˁʝ ʦʩʥʦʚʥʠʭ ʜʠʿʝʣʦʚʘ ʫʧʨʘʚˀʘʯʢʠʭ ʩʪʨʫʢʪʫʨʘ ʢʦʥʢʨʝʪʥʦʛ ʧʨʝʪʚʘʨʘʯʘ, 

¶ ʩʪʠʮʘˁʝ ʦʩʥʦʚʥʠʭ ʟʥʘˁʘ ʠʟ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʦʮʝʩʘ, 

¶ ʘʥʘʣʠʟʘ ʪʝʨʤʦʝʥʝʨʛʝʪʩʢʠʭ ʧʨʦʮʝʩʘ,  

¶ ʠʟʙʦʨ ʠ ʧʨʦʿʝʢʪʦʚʘˁʝ ʪʝʨʤʦʝʥʝʨʛʝʪʩʢʝ ʦʧʨʝʤʝ, 

¶ ʘʫʪʦʤʘʪʩʢʦ ʫʧʨʘʚˀʘˁʝ ʪʝʨʤʦʝʥʝʨʛʝʪʩʢʠʭ ʫʨʝʹʘʿʘ ʠ ʧʦʩʪʨʦʿʝˁʘ, 

¶ ʤʦʥʪʘʞʘ ʠ ʧʫʰʪʘˁʝ ʫ ʧʦʛʦʥ ʪʝʨʤʦʝʥʝʨʛʝʪʩʢʝ ʦʧʨʝʤʝ ʠ ʧʦʩʪʨʦʿʝˁʘ, 

¶ ʛʘʨʘʥʪʥʘ ʠ ʧʦʛʦʥʩʢʘ ʠʩʧʠʪʠʚʘˁʘ, 

¶ ʨʝʚʠʪʘʣʠʟʘʮʠʿʘ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʫʨʝʹʘʿʘ ʠ ʧʦʩʪʨʦʿʝˁʘ, 

¶ ʧʦʟʥʘʚʘˁʝ ʬʠʟʠʯʢʠʭ ʦʩʥʦʚʘ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʩʪʨʫʢʪʫʨʝ ʝʣʝʢʪʨʦʪʝʭʥʠʯʢʠʭ ʤʘʪʝʨʠʿʘʣʘ 
(ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʧʨʦʚʦʜʥʠʢʘ, ʩʫʧʝʨʧʨʦʚʦʜʥʠʢʘ, ʜʠʝʣʝʢʪʨʠʢʘ, ʤʘʛʥʝʪʠʢʘ, ...), 

¶ ʧʦʟʥʘʚʘˁʝ ʧʨʠʤʿʝʥʝ ʤʘʪʝʨʠʿʘʣʘʫ ʨʘʟʣʠʯʠʪʠʤ ʝʣʝʢʪʨʦʪʝʭʥʠʯʢʠʤ ʫʨʝʹʘʿʠʤʘ, 

¶ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʧʨʠʤʝʥʫ ʩʪʝʯʝʥʠʭ ʟʥʘˁʘ ʠʟ ʥʘʫʢʝ ʦ ʤʘʪʝʨʠʿʘʣʠʤʘ ʫ ʧʨʘʢʪʠʯʥʦʤ ʨʘʜʫ, 



¶ ʩʧʦʩʦʥʦʩʪ ʟʘ ʧʨʘ˂ʝˁʝ, ʨʘʟʫʤʠʿʝʚʘˁʝ ʠ ʧʨʠʤʿʝʥʫ ʥʘʿʥʦʚʠʿʠʭ ʜʦʩʪʠʛʥʫʘ˂ ʠʟ ʦʙʣʘʩʪʠ ʥʦʚʠʭ 
ʤʘʪʝʨʠʿʘʣʘ, 

¶ ʦʩʥʦʚʥʘ ʪʝʦʨʠʿʩʢʘ ʟʥʘˁʘ ʦ ʣʠʥʝʘʨʥʠʤ ʜʠʛʠʪʘʣʥʠʤ ʩʠʩʪʝʤʠʤʘ ʫʧʨʘʚˀʘˁʘ, 

¶ ʧʨʘʢʪʠʯʥʘ ʟʥʘˁʘ ʦ ʣʠʥʝʘʨʥʠʤ ʜʠʛʠʪʘʣʥʠʤ ʩʠʩʪʝʤʠʤʘ ʫʧʨʘʚˀʘˁʘ, 

¶ ʩʪʫʜʝʥʪ ˂ʝ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ ʩʪʝʯʝʥʘ ʟʥʘˁʘ ʠʟ ʜʠʛʠʪʘʣʥʠʭ ʩʠʩʪʝʤʘ ʫʧʨʘʚˀʘˁʘ 
ʧʨʦʚjʝʨʠ ʠ ʚʝʨʠʬʠʢʫʿʝ ʩʠʤʫʣʘʮʠʿʦʤ ʥʘ ʜʠʛʠʪʘʣʥʦʤ ʨʘʯʫʥʘʨʫ, 

¶ ʩʪʫʜʝʥʪ ˂ʝ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ ʩʪʝʯʝʥʘ ʟʥʘˁʘ ʧʨʠʤʠjʝʥʠ ʫ ʘʥʘʣʠʟʠ ʠ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ 
ʢʦʥʢʨʝʪʥʦʛ ʩʠʩʪʝʤʘ ʩʘ ʜʠʨʝʢʪʥʠʤ ʜʠʛʠʪʘʣʥʠʤ ʫʧʨʘʚˀʘˁʝʤ, 

¶ ʨʘʟʫʤʠʿʝʚʘˁʝ ʨʘʜʘ ʩʪʘʥʜʘʨʥʠʭ ʢʦʤʙʠʥʘʮʠʦʥʠʭ ʢʦʣʘ ʠ ʧʨʦʿʝʢʪʦʚʘˁʝ ʩʣʦʞʝʥʠʭ 
ʢʦʤʙʠʥʘʮʠʦʥʠʭ ʩʢʣʦʧʦʚʘ, 

¶ ʨʘʟʫʤʠʿʝʚʘˁʝ ʨʘʜʘ ʩʪʘʥʜʘʨʥʠʭ ʩʝʢʚʝʥʮʫʿʘʣʥʠʭ ʢʦʣʘ ʠ ʧʨʦʿʝʢʪʦʚʘˁʝ ʩʣʦʞʝʥʠʭ 
ʩʝʢʚʝʥʮʫʿʘʣʥʠʭ ʩʢʣʦʧʦʚʘ, 

¶ ʨʘʟʫʤʠʿʝʚʘˁʝ ʨʘʜʘ ʠ ʧʨʘʚʠʣʥʦ ʢʦʨʠʰʝ˂ˁʝ ʨʘʟʣʠʯʠʪʠʭ ʤʝʤʦʨʠʿʩʢʘ ʢʦʣʘ, 

¶ ʨʘʟʫʤʠʿʝʚʘˁʝ ʨʘʜʘ ʠ ʧʨʘʚʠʣʥʦ ʢʦʨʠʰ˂ʝˁʝ A/D ʠ D/A ʢʦʥʚʝʨʪʦʨʘ, 

¶ ʨʘʟʫʤʠʿʝʚʘˁʝ ʛʨʘʝ́ ʠ ʧʨʠʥʮʠʧʘ ʧʨʦʛʨʘʤʠʨʘˁʘ ʧʨʦʛʨʘʤʘʙʠʣʥʠʭ ʜʠʛʠʪʘʣʥʠʭ ʢʦʣʘ, 

¶ ʨʘʟʫʤʠʿʝʚʘˁʝ ʟʥʘʯʘʿʘ ʧʨʘʚʠʣʥʦʛ ʫʧʨʘʚˀʘˁʘ ʧʨʝʪʚʘʨʘʯʠʤʘ ɽʝ 

¶ ʠʟʙʦʨ ʩʢʣʦʧʦʚʝ ʟʘ ʦʧʪʠʤʘʣʥʦ ʦʢʠʜʘˁʝ ʠ ʟʘʰʪʠʪʫ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠʭ ʧʨʝʢʠʜʘʯʘ, 

¶ ʧʨʦʿʝʢʪʦʚʘˁʝ ʩʢʣʦʧʦʚʘ ʟʘ ʤʿʝʨʝˁʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʚʝʣʠʯʠʥʘ ʧʨʝʪʚʘʨʘʯʘ, 

¶ ʧʨʦʿʝʢʪʦʚʘˁʝ ʩʢʣʦʧʦʚʘ ʟʘ ʬʘʟʥʦ ʫʧʨʘʚˀʘˁʝ ʧʨʝʪʚʘʨʘʯʠʤʘ, 

¶ ʧʨʦʿʝʢʪʦʚʘˁʝ ʩʢʣʦʧʦʚʘ ʟʘ ʥʘʧʦʥʩʢʦ/ʩʪʨʫʿʥʦ ʫʧʨʘʚˀʘˁʝ ʯʦʧʝʨʠʤʘ, 

¶ ʨʘʟʫʤʠʿʝʚʘˁʝ ʧʨʠʥʮʠʧʘ ʫʧʨʘʚˀʘˁʘ ʠʥʚʝʨʪʦʨʠʤʘ, 

¶ ʨʘʟʫʤʠʿʝʚʘˁʝ ʧʨʠʥʮʠʧʘ ʜʠʛʠʪʘʣʥʦʛ ʫʧʨʘʚˀʘˁʘ ʧʨʝʪʚʘʨʘʯʠʤʘ ɽʝ, 

¶ ʢʦʨʠʰ˂ʝˁʝ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʠʭ ʩʦʬʪʚʝʨʘ ʟʘ ʧʨʦʿʝʢʪʦʚʘˁʝ ʫʧʨʘʚˀʘˁʘ ʧʨʝʪʚʘʨʘʯʠʤʘ ɽʝ. 

¶ ʨʘʟʫʤʠʿʝʚʘˁʝ ʦʩʥʦʚʥʠʭ ʪʦʢʦʚʘ ʠ ʟʥʘʯʘʿʘ ʥʘʥʦʪʝʭʥʦʣʦʰʢʝ ʨʝʚʦʣʫʮʠʿʝ ʢʦʿʘ ʿʝ ʫ ʪʦʢʫ, 

¶ ʫʧʦʟʥʘʚʘˁʝ ʩʘ ʥʘʿʥʦʚʠʿʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ  ʠ ʧʝʨʩʧʝʢʪʠʚʝ ʠʩʪʠʭ ʫ ʦʙʣʘʩʪʠ 
ʥʘʥʦʝʣʝʢʪʨʦʥʠʢʝ 

¶ ʧʦʚʝʟʠʚʘˁʝ ʨʘʥʠʿʝ ʩʪʝʯʝʥʠʭ ʟʥʘˁʘ ʩʘ ʘʢʪʫʝʣʥʠʤ ʨʘʟʚʦʿʝʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʿʘ 

¶ ʩʧʦʩʦʥʦʩʪ ʟʘ ʩʘʤʦʩʪʘʣʥʠ ʩʪʨʫʯʥʠ ʨʘʜ: ʠʟʙʦʨ ʠ ʘʥʘʣʠʟʘ ʩʪʨʫʯʥʝ ʠ ʥʘʫʯʥʝ ʣʠʪʝʨʘʪʫʨʝ 
ʚʝʟʘʥʝ ʟʘ ʦʜʨʝʹʝʥʠ ʘʩʧʝʢʪ ʥʘʥʦʪʝʭʥʦʣʦʧʢʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʢʘʦ ʠ ˁʠʭʦʚʫ ʧʨʝʟʝʥʪʘʮʠʿʫ, 

¶ ʦʚʣʘʜʘʚʘˁʝʤ ʦʩʥʦʚʥʠʤ ʪʝʦʨʠʿʩʢʠʤ ʠ ʧʨʘʢʪʠʯʥʠʤ ʟʥʘˁʠʤʘ ʠʟ ʜʠʛʠʪʘʣʥʝ ʦʙʨʘʜʝ ʩʠʛʥʘʣʘ, 

¶ ʫʧʦʟʥʘʚʘˁʝ ʩʘ ʜʠʛʠʪʘʣʥʠʤ ʩʠʛʥʘʣʠʤʘ ʫ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʜʦʤʝʥʫ, 

¶ ʫʧʦʟʥʘʚʘˁʝ ʜʠʛʠʪʘʣʥʠʭ ʬʠʣʪʘʨʘ ʠ ʦʚʣʘʜʘʚʘˁʝʤ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʘʤʘ ˁʠʭʦʚʦʛ 
ʧʨʦʿʝʢʪʦʚʘˁʘ, 

¶ ʫʧʦʟʥʘʚʘˁʝ ʩʘ  ʠʤʧʣʝʤʝʥʪʘʮʠʿʦʤ ʠ ʦʙʣʘʩʪʠʤʘ ʧʨʠʤʿʝʥʝ ʜʠʛʠʪʘʣʥʠʭ ʬʠʣʪʝʨʘ, 

¶ ʦʚʣʘʜʘʚʘˁʝʤ ʦʩʥʦʚʥʠʤ ʪʝʦʨʠʿʩʢʠʤ ʠ ʧʨʘʢʪʠʯʥʠʤ ʟʥʘˁʠʤʘ ʠʟ ʘʥʘʣʠʟʝ  ʢʦʥʪʠʥʫʘʣʥʠʭ  
ʩʠʛʥʘʣʘ ʠ ʩʠʩʪʝʤʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʜʦʤʝʥʫ 

¶ ʨʘʟʫʤʿʝʚʘˁʝ ʥʘʿʦʧʰʪʠʿʠʭ ʦʧʠʩʘ ʩʠʩʪʝʤʘ, ˁʠʭʦʚʫ ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʠ ʢʚʘʣʠʪʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ, 

¶ ʩʪʠʮʘˁʝ ʫʚʠʜʘ ʫ ʧʨʝʛʣʝʜ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʘʥʘʣʠʟʫ ʣʠʥʝʘʨʥʠʭ ʚʨʝʤʝʥʩʢʠ ʥʝʧʨʦʤʿʝʥˀʠʚʠʭ 
ʩʠʩʪʝʤʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠ ʢʦʤʧʣʝʢʩʥʦʤ ʜʦʤʝʥʫ, 

¶ ʫʧʦʟʥʘʚʘˁʝ ʩʘ  ʢʦʥʮʝʧʪʦʤ ʘʥʘʣʦʛʥʦʛ ʬʠʣʪʨʠʨʘˁʘ, 

¶ ʫʧʦʟʥʘʚʘˁʝ ʩʘ ʧʨʠʥʮʠʧʠʤʘ ʨʘʜʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʨʦʪʘʮʠʦʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥʘ, 

¶ ʦʩʧʦʩʦʙˀʝʥʦʩʪ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥʘ, 

¶ ʫʧʦʟʥʘʚʘˁʝ ʩʘ ʧʨʠʥʮʠʧʠʤʘ ʨʝʛʫʣʘʮʠʿʝ ʠ ʧʦʢʨʝʪʘˁʘ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥʘ, 

¶ ʫʧʦʟʥʘʚʘˁʝ ʩʘ ʨʘʜʦʤ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥʘ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʤ ʩʠʩʪʝʤʫ, 

¶ ʫʧʦʟʥʘʚʘˁʝ ʩʘ ʦʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʠʤʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʧʦʩʪʨʦʿʝˁʘ, 

¶ ʦʚʣʘʜʘʚʘˁʝ ʦʩʥʦʚʥʠʤ ʧʦʩʪʫʧʮʠʤʘ ʘʥʘʣʠʟʝ ʘʥʘʣʦʛʥʠʭ ʠ ʜʠʛʠʪʘʣʥʠʭ ʩʠʛʥʘʣʘ, 

¶ ʦʚʣʘʜʘʚʘˁʝ ʦʩʥʦʚʥʠʤ ʧʦʩʪʫʧʮʠʤʘ ʣʠʥʝʘʨʥʠʭ ʠ ʥʝʣʠʥʝʘʨʥʠʭ ʩʠʩʪʝʤʘ ʧʨʝʥʦʩʘ, 



¶ ʦʚʣʘʜʘʚʘˁʝ ʧʨʠʥʮʠʧʠʤʘ ʧʨʝʥʦʩʘ ʘʥʘʣʦʛʥʠʭ ʠ ʜʠʛʠʪʘʣʥʠʭ ʩʠʛʥʘʣʘ ʫ ʦʩʥʦʚʥʦʤ 
ʠʪʨʘʥʩʧʦʥʦʚʘʥʦʤ ʦʧʩʝʛʫ 

¶ ʨʘʜ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ ʠ ʫʧʦʟʥʘʚʘˁʝ ʩʘ ʧʨʘʢʪʠʯʥʠʤ ʢʦʤʫʥʠʢʘʮʠʦʥʠʤ ʩʠʩʪʝʤʠʤʘ, 

¶ ʩʪʠʮʘˁʝ ʦʩʥʦʚʥʠʭʪʝʦʨʠʿʩʢʠʭʟʥʘˁʘ ʦ ʨʘʟʣʠʯʠʪʠʤ ʤʝʪʦʜʘʤʘ ʦʧʪʠʤʠʟʘʮʠʿʝ, 

¶ ʦʚʣʘʜʘʚʘˁʝ ʦʩʥʦʚʥʠʤ ʪʝʦʨʠʿʩʢʠʤ ʟʥʘˁʠʤʘ ʢʦʿʘ ʩʫ ʥʝʦʧʭʦʜʥʘ ʟʘ ʥʘʣʘʞʝˁʝ ʦʧʪʠʤʘʣʥʦʛ 
ʨjʝʰʝˁʘ ʢʦʥʢʨʝʪʥʦʛ ʧʨʦʙʣʝʤʘ 

¶ ʦʩʧʦʩʦʙˀʘʚʘˁʝ ʩʪʫʜʝʥʪʘ ʜʘ ʩʪʝʯʝʥʘ ʟʥʘˁʘ ʧʨʦʚjʝʨʠ ʠ ʚʝʨʠʬʠʢʫʿʝ ʩʠʤʫʣʘʮʠʿʦʤ ʥʘ 
ʜʠʛʠʪʘʣʥʦʤ ʨʘʯʫʥʘʨʫ, 

¶ ʦʩʧʦʩʦʙˀʘʚʘˁʝ ʩʪʫʜʝʥʪʘ ʜʘ ʩʪʝʯʝʥʘ ʟʥʘˁʘ ʧʨʠʤʠjʝʥʠ ʧʨʠ ʨjʝʰʘʚʘˁʫ ʙʨʦʿʥʠʭ ʧʨʦʙʣʝʤʘ 
ʠʟ ʠ ʚʘʥ ʩʪʨʫʢʝ, 

¶ ʟʥʘˁʘ ʦ ʦʩʥʦʚʥʠʤ ʧʨʠʥʮʠʧʠʤʘ ʨʘʜʘ ʩʠʩʪʝʤʘ ʩʘ ʫʛʨʘʹʝʥʠʤ ʨʘʯʫʥʘʨʦʤ (ʤʠʢʨʦʧʨʦʮʝʩʦʨʦʤ 
/ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʦʤ) 

¶ ʧʨʦʿʝʢʪʦʚʘˁʝ, ʪʝʩʪʠʨʘˁʝ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʭʘʨʜʚʝʨʩʢʝ ʬʫʥʢʮʠʦʥʘʣʥʝ ʿʝʜʠʥʠʮʝ ʩʘ 
(ʤʠʢʨʦʧʨʦʮʝʩʦʨʦʤ/ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʦʤ) ʥʘ ʦʩʥʦʚʫ ʟʘʜʘʪʝ ʩʧʝʮʠʬʠʢʘʮʠʿʝ, 

¶ ʤʦʜʝʣʠʨʘˁʝ, ʧʨʦʿʝʢʪʦʚʘˁʝ, ʪʝʩʪʠʨʘˁʝ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʿʝʜʥʦʩʪʘʚʥʠʭ ʘʧʣʠʢʘʪʠʚʥʠʭ ʠ 
ʩʠʩʪʝʤʩʢʠʭ ʧʨʦʛʨʘʤʘ ʫ ʩʠʤʙʦʣʠʯʢʦʤ ʤʘʰʠʥʩʢʦʤ ʿʝʟʠʢʫ ʟʘ ʟʘʜʘʪʠ ʤʠʢʨʦʨʘʯʫʥʘʨʩʢʠ 
ʩʠʩʪʝʤ, 

¶ ʤʦʜʝʣʠʨʘˁʝ, ʧʨʦʿʝʢʪʦʚʘˁʝ, ʪʝʩʪʠʨʘˁʝ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʿʝʜʥʦʩʪʘʚʥʠʭ ʘʧʣʠʢʘʪʠʚʥʠʭ ʠ 
ʩʠʩʪʝʤʩʢʠʭ ʧʨʦʛʨʘʤʝ ʫʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ ʚʠʩʦʢʦʛ ʥʠʚʦʘ ʟʘ ʟʘʜʘʪʠ ʤʠʢʨʦʨʘʯʫʥʘʨʩʢʠ 
ʩʠʩʪʝʤ. 

¶ ʧʨʠʤʿʝʥʘ ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʘ ʤʘʪʝʤʘʪʠʯʢʝ ʘʥʘʣʠʟʝ ʧʨʦʮʝʩʘ ʫ ʠʥʞʝˁʝʨʩʢʦʿ ʧʨʘʢʩʠ, 

¶ ʆʙʘʚˀʘˁʝ ʩʠʥʪʝʟʝ ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʦʜʝʣʘ ʧʨʦʮʝʩʘ, 

¶ ʢʦʨʠʰ˂ʝˁʝ ʩʦʬʪʚʝʨʩʢʠʭ ʘʣʘʪʘ MATLAB, SIMULINK ʠ MAPLE ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ 
ʨʘʟʚʠʿʝʥʠʭ ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʦʜʝʣʘ, 

¶ ʠʟʚʨʰʘʚʘˁʝ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʩʘ ʤʦʜʝʣʘ ʫ ʠʥʞʝˁʝʨʩʢʦʿ ʧʨʘʢʩʠ, 

¶ ʢʦʨʠh˂ ʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʧʨʦʮʝʩʘ, 

¶ ʢʦʨʠh˂ ʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʘ ʧʨʦʿʝʢʪʦʚʘˁʘ ʩʠʩʪʝʤʘ ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ, 

¶ ʢʦʨʠʰ˂ʝˁʝ ʩʦʬʪʚʝʨʩʢʠʭ ʘʣʘʪʘ MATLAB, SIMULINK i MAPLE ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʧʨʦʮʝʩʘ 
ʠ ʧʨʦʿʝʢʪʦʚʘˁʝ ʩʠʩʪʝʤʘ ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ, 

¶ ʧʨʠʤʿʝʥʘ ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʧʨʦʮʝʩʘ ʠ ʧʨʦʿʝʢʪʦʚʘˁʘ ʩʠʩʪʝʤʘ 
ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʫ ʧʨʘʢʩʠ, 

¶ ʦʩʥʦʚʥʘ ʟʥʘˁʘ ʦ ʨʘʯʫʥʘʨʩʢʦʤ ʫʧʨʘʚˀʘˁʫ ʧʨʦʮʝʩʠʤʘ, 

¶ ʧʦʟʥʘʚʘˁʝ ʧʨʦʛʨʘʤʩʢʠʭ ʿʝʟʠʢʘ ʟʘ ʧʨʦʛʨʘʤʠʨʘˁʝ ʇʃʂ, 

¶ ʟʥʘˁʘ ʚʝʟʘʥʘ ʥʘ ʟʘ ʧʨʠʤʿʝʥʫ  ʇʃʂ ʫ ʠʥʜʫʩʪʨʠʿʠ, 

¶ ʟʥʘˁʘ ʚʝʟʘʥʘ ʥʘ ʟʘ ʦʜʨʞʘʚʘˁʝ ʇʃʂ, 

¶ ʦʩʥʦʚʥʘ ʟʥʘˁʘ ʦ ʩʠʩʪʝʤʠʤʘ ʟʘ ʜʘˀʠʥʩʢʠ ʥʘʜʟʦʨ ʠ ʫʧʨʘʚˀʘˁʝ 

¶ ʫʧʦʟʥʘʚʘˁʝ ʩʘ ʦʩʥʦʚʥʠʤ ʢʦʥʮʝʧʪʠʤʘ ʝʣʝʢʪʨʦʥʩʢʠʭ ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʩʠʩʪʝʤʘ, 

¶ ʩʪʠʮʘˁʝ ʬʫʥʜʘʤʝʥʪʘʣʥʠʭ ʟʥʘˁʘ ʦ ʨʘʯʫʥʘʨʩʢʠʤ ʤʨʝʞʘʤʘ ʠ ˁʠʭʦʚʦʤ ʨʘʜʫ, 

¶ ʩʪʠʮʘˁʝ ʪʝʦʨʠʿʩʢʠʭ ʠ ʧʨʘʢʪʠʯʥʠʭ ʟʥʘˁʝ ʦ ʢʦʥʮʝʧʪʠʤʘ ʧʨʝʥʦʩʘ ʧʦʜʘʪʘʢʘ ʫ 
ʢʦʤʫʥʠʢʘʮʠʦʥʠʤ ʤʨʝʞʘʤʘ, 

¶ ʨʘʟʫʤʿʝʚʘˁʝ ʩʠʩʪʝʤʠʤʘ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʧʦʜʘʪʘʢʘ, ʠʥʪʝʣʠʛʝʥʪʥʠʤ ʩʝʥʟʦʨʠʤʘ ʠ ʢʦʥʮʝʧʪʘ 
ʀʥʪʝʨʥʝʪʘ ʩʪʚʘʨʠ, 

¶ ʧʘʟʫʤʿʝʚʘˁʝ ʠ ʨʘʟʚʠʿʘˁʝ ʧʝʨʮʝʧʮʠʿʝ ʤʿʝʨʝˁʘ ʥʝʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥʘ ʧʨʠʤʿʝʥʦʤ 
ʩʝʥʟʦʨʘ ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʠʟʣʘʟʥʠ ʩʠʛʥʘʣ ʩʪʨʫʿʘ ʠʣʠ ʥʘʧʦʥ ʤʦʨʘʿʫ ʙʠʪʠ ʫ ʬʦʨʤʠ 
ʩʪʘʥʜʘʨʜʠʭ ʩʠʛʥʘʣʘ.   

¶ ʨʘʟʫʤʿʝʚʘˁʝ ʠ ʨʘʟʣʠʢʦʚʘˁʝ ʩʝʥʟʦʨʘ, ʢʘʦ ʠ ʪʝʭʥʠʢʘ ʤʿʝʨʝˁʘ ʥʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥʘ  

¶ ʨʘʟʫʤʿʝʚʘˁʝ ʧʨʠʥʮʠʧʘ ʨʘʜʘ ʠ ʧʨʠʤʿʝʥʝ 

¶ ʨʘʟʫʤʿʝʚʘʥʿʝ ʠ ʧʨʠʤʿʝʥʘ ʰʝʤʘ ʚʝʟʠʚʘˁʘ ʠ ʧʨʠʣʘʛʦʹʝˁʘ ʠʟʣʘʟʥʠʭ ʚʝʣʠʯʠʥʘ 
  



 

 
 

2.2. ʊʫʩʬʣʫʬʩʙ ʣʛʙʤʡʭʡʣʙʯʡˀʞ ʡ ʨʩʞʝʥʞʫʙ 
 
ʈɸʉʇʆʈɽɼ ECTS ɹʆɼʆɺɸ ʇʈɽʄɸ ɻʈʋʇɸʄɸ ʇʈɽɼʄɽʊɸ/ʩʧʠʩʘʢ ʦʩʥʦʚʥʠʭ ʠ ʠʟʙʦʨʥʠʭ 
ʧʨʝʜʤʝʪʘ/ 
 

ɼʩʬʨʙ ʨʩʞʝʥʞʫʙ ECTS (ʥʡʦʡʥʙʤʦʧ) 

ʇʨʱʫʡ ʨʩʞʝʥʞʫʡ ʛʙʟʦʡ ʠʙ ʪʫʬʝʡˀ ʡʦʟʞ˂ʞʩʪʫʛʙ 51 ECTS ʙʦʜʦʚʘ 

ī ʄʘʪʝʤʘʪʠʢʘ - 1  7.0 
ī ʄʘʪʝʤʘʪʠʢʘ - 2 7.0 
ī ʄʘʪʝʤʘʪʠʢʘ - 3 6.0 
ī ʅʫʤʝʨʠʯʢʘ ʤʘʪʝʤʘʪʠʢʘ 6.0 
ī ʌʠʟʠʢʘ 6.5 
ī ɸʧʣʠʢʘʪʠʚʥʠ ʩʦʬʪʚʝʨ 3.0 
ī ʋʚʦʜ ʫ ʧʨʦʛʨʘʤʠʨʘˁʝ 5.5 
ī ɽʥʛʣʝʩʢʠ ʿʝʟʠʢ - 1 2.0 
ī ɽʥʛʣʝʩʢʠ ʿʝʟʠʢ - 2 2.0 
ī ɽʥʛʣʝʩʢʠ ʿʝʟʠʢ - 3 2.0 
ī ɽʥʛʣʝʩʢʠ ʿʝʟʠʢ - 4 2.0 
ī ʋʚʦʜ ʫ ʤʝʥʘ˅ʤʝʥʪ 2.0 

ʄɸʊʈʀʎɸ ʂʆʄʇɽʊɽʅʎʀɱɸ 

ʉʊʋɼʀɱʉʂʆɻ ʇʈʆɻʈɸʄɸ  

ɸʋʊʆʄɸʊʀʂɸ ʀ ɽʃɽʂʊʈʆʅʀʂɸ 
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ɹʘʟʥʘ ʟʥʘˁʘ ʠʟ ʤʘʪʝʤʘʪʠʢʝ, ʬʠʟʠʢʝ, ʝʣʝʢʪʨʦʥʠʢʝ, ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʨʘʯʫʥʘʨʩʢʝ ʪʝʭʥʠʢʝ ʠ ʪʝʭʥʠʢʘ 

ʧʨʦʛʨʘʤʠʨʘˁʘ x x    

ʉʘʤʦʩʪʘʣʘʥ ʨʘʜ ʩʘ ʦʩʥʦʚʥʠʤ ʩʦʬʪʚʝʨʩʢʠʤ ʘʣʘʪʠʤʘ  x x    

ʉʧʦʩʦʙʥʦʩʪ ʜʘ ʘʥʘʣʠʟʠʨʘʿʫ ʠ ʤʦʜʝʣʫʿʫ (ʤʘʪʝʤʘʪʠʯʢʠ ʦʧʠʰʫ) ʨʘʟʣʠʯʠʪʝ ʬʠʟʠʯʢʝ ʧʦʿʘʚʝ ʠ ʪʠʿʝʣʘ, ʿ ʝʜʥʦʩʪʘʚʥʝ 

ʢʦʤʧʦʥʝʥʪʝ, ʫʨʝʹʘʿʝ ʠ ʩʠʩʪʝʤʝ ʠʟ ʦʙʣʘʩʪʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ x x    

ʉʘʤʦʩʪʘʣʥʦ ʚʨʰʝ ʝʢʩʧʝʨʠʤʝʥʪʝ, ʩʪʘʪʠʩʪʠʯʢʫ ʦʙʨʘʜʫ ʨʝʟʫʣʪʘʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʘʥʘʣʠʟʠʨʘʿʫ ʠ ʠʥʪʝʨʧʨʝʪʠʨʘʿʫ 

ʝʢʩʧʝʨʠʤʝʥʪʝ, ʬʦʨʤʫʣʠʰʫ ʠ ʜʦʥʦʩʝ ʟʘʢˀʫʯʢʝ ʫ ʮʠˀʫ ʨʘʟʫʤʠʿʝʚʘˁʝ ʦʜʚʠʿʘˁʘ ʧʨʦʮʝʩʘ, ʫʨʝʹʘʿʘ ʠʣʠ ʩʠʩʪʝʤʘ x x x x x 

ʆʜʘʙʠʨʫ ʠ ʧʨʠʤʿʝˁʫʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʝʪʦʜʝ ʘʥʘʣʠʟʝ, ʤʦʜʝʣʠʨʘˁʘ, ʩʠʤʫʣʘʮʠʿʝ ʠ ʦʧʪʠʤʠʟʘʮʠʿʝ ʩʣʦʞʝʥʠʿʠʭ 

ʢʦʤʧʦʥʝʥʪʠ, ʫʨʝʹʘʿʘ ʠ ʩʠʩʪʝʤʘ ʠʟ ʦʙʣʘʩʪʠ ʘʫʪʦʤʘʪʠʢʝ, ʨʦʙʦʪʠʢʝ, ʝʣʝʢʪʨʦʥʠʢʝ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʠʩʪʝʤʘ  x x x  

ʉʧʦʩʦʙʥʦʩʪ ʿʝ ʜʘ ʩʘʛʣʝʜʘ ʤʦʛʫ˂ʥʦʩʪʠ ʧʨʠʤʿʝʥʝ ʩʪʝʯʝʥʠʭ ʪʝʦʨʠʿʩʢʠʭ ʟʥʘˁʘ ʫ ʧʨʘʢʩʠ   x x  

ʉʧʦʩʦʙʥʠ ʜʘ ʧʨʠʤʿʝʥʝ ʩʪʘʥʜʘʨʜʝ, ʪʝʭʥʠʯʢʝ ʥʦʨʤʝ ʠ ʧʨʦʧʠʩʘ, ʢʘʦ ʠ ʨʘʟʫʤʠʿʫ ʫʪʠʮʘʿ ʢʦʤʧʦʥʝʥʪʠ, ʫʨʝʹʘʿʘ ʠ 

ʩʠʩʪʝʤʘ ʘʫʪʦʤʘʪʠʢʝ ʠ ʝʣʝʢʪʨʦʥʠʢʝ, ˁʠʭʦʚ ʨʘʜ ʠ ʦʜʨʞʘʚʘˁʝ ʠʤʘʿʫ ʥʘ ʦʢʦʣʠʥʫ   x x x 

ʉʧʦʩʦʙʥʠ ʜʘ ʫʩʧʿʝʰʥʦ ʫʯʝʩʪʚʫʿʝ ʫ ʪʠʤʩʢʦʤ ʨʘʜʫ, ʜʘ ʠʤʘʿʫ ʦʩʥʦʚʥʝ ʚʿʝʰʪʠʥʝ ʨʫʢʦʚʦʹʝˁʘ ʧʨʦʿʝʢʪʥʠʭ ʪʠʤʦʚʘ   x x  

ʉʧʦʩʦʙʥʠ ʜʘ ʨʘʟʚʠʿʘʿʫ ʢʨʠʪʠʯʢʘ ʤʠʰˀʝˁʘ, ʜʘ ʠʜʝʥʪʠʬʠʢʫʿʫ ʠ ʘʥʘʣʠʟʠʨʘʿʫ ʧʨʦʙʣʝʤʝ, ʧʨʝʜʚʠʹʘʿʫ ʧʦʥʘʰʘˁʝ 

ʦʜʘʙʨʘʥʦʛ ʨʿʝʰʝˁʘ ʩʘ ʿʘʩʥʠʤ ʠʩʭʦʜʦʤ ʜʦʙʨʦʛ ʠ/ʠʣʠ ʣʦʰʝʛ ʠʟʙʦʨʘ   x x x 
ʆʩʧʦʩʦʙˀʝʥʠ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʩʪʨʘʥʝ ʥʘʫʯʥʝ ʠ ʩʪʨʫʯʥʝ ʣʠʪʝʨʘʪʫʨʝ x x x   
ʇʦʩʝʙʥʦ ʦʩʧʦʩʦʙˀʝʥʠ ʟʘ ʧʦʚʝʟʠʚʘˁʝ ʦʩʥʦʚʥʠʭ ʟʥʘˁʘ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʥʘʫʯʥʠʭ ʠ ʩʪʨʫʯʥʠʭ ʦʙʣʘʩʪʠ, ʫʟʠʤʘʿʫ˂ʠ 

ʫ ʦʙʟʠʨ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʩʪʫʜʠʿʩʢʦʛ ʧʨʦʛʨʘʤʘ ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ   x x x 
ʂʦʤʧʝʪʝʥʪʥʠ ʜʘ ʧʨʠʤʿʝʥʝ ʪʝʦʨʠʿʩʢʘ ʠ ʧʨʘʢʪʠʯʥʘ ʟʥʘˁʘ ʙʘʟʠʨʘʥʘ ʥʘ ʥʘʫʯʥʠʤ ʧʨʠʥʮʠʧʠʤʘ ʟʘ ʨʿʝʰʘʚʘˁʝ 

ʢʦʤʧʣʝʢʩʥʠʭ ʠ ʨʝʘʣʥʠʭ ʧʨʦʙʣʝʤʘ ʠʟ ʧʨʘʢʩʝ   x x x 

ʇʦʪʧʫʥʦ ʦʩʧʦʩʦʙˀʝʥʠ ʟʘ ʥʘʩʪʘʚʘʢ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʘʜʘ, ʦʩʧʦʧʩʦʙˀʝʥʠ ʟʘ ʧʫʙʣʠʢʦʚʘˁʝ ʥʘʫʯʥʠʭ ʠ 

ʩʪʨʫʯʥʠʭ ʨʘʜʦʚʘ ʫ ʥʘʫʯʥʠʤ ʦʙʣʘʩʪʠʤʘ ʘʫʪʦʤʘʪʠʢʘ, ʨʦʙʦʪʠʢʘ, ʝʣʝʢʪʨʦʥʠʢʘ ʠ ʝʣʝʢʪʨʦʥʩʢʠ ʩʠʩʪʝʤʠ  x x  x 

ʀʤʘ ʨʘʟʚʠʿʝʥʫ ʧʨʦʬʝʩʠʦʥʘʣʥʫ ʝʪʠʢʫ ʠ ʧʦʰʪʦʚʘˁʝ ʥʦʨʤʠ ʧʦʥʘʰʘˁʘ ʩʪʨʫʢʝ 
  x x x 

ʈʘʟʫʤʿʝʚʘˁʝ ʟʥʘʯʘʿʘ ʠ ʫʣʦʛʝ ʟʥʘˁʘ, ʠʩʢʫʩʪʚʘ ʠ ʚʿʝʰʪʠʥʘ ʫ ʜʦʥʦʰʝˁʫ ʦʜʣʫʢʘ ʥʘ ʩʚʠʤ ʥʠʚʦʠʤʘ 

ʠʥʜʫʩʪʨʠʿʩʢʦʛ/ʧʦʩʣʦʚʥʦʛ ʦʢʨʫʞʝˁʘ   x x x 
 



ɼʩʬʨʙ ʨʩʞʝʥʞʫʙ ECTS (ʥʡʦʡʥʙʤʦʧ) 

 ʍʬʦʝʙʥʞʦʫʙʤʦʡ ʨʩʞʝʥʞʫʡ ʡʦʟʞ˂ʞʩʪʫʛʙ - ʧʚʙʛʞʠʦʡ 89 ECTS ʙʦʜʦʚʘ 

ī ʆʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ - 1 7.0 
ī ʆʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ - 2 7.0 
ī ʊʝʦʨʠʿʘ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘ - 1 5,0 
ī ʊʝʦʨʠʿʘ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘ - 2 5,0 
ī ɽʣʝʢʪʨʦʤʘʛʥʝʪʠʢʘ - 1 6,0 
ī ɽʣʝʢʪʨʦʤʘʛʥʝʪʠʢʘ - 2 6,0 
ī ɽʣʝʢʪʨʠʯʥʘ ʤʿʝʨʝˁʘ 5,0 
ī ɽʣʝʢʪʨʦʥʠʢʘ - 1 6,0 
ī ɽʣʝʢʪʨʦʥʠʢʘ - 2 5,0 
ī ʌʠʟʠʯʢʠ ʦʩʥʦʚʠ ʝʣʝʢʪʨʦʥʠʢʝ 5.5 
ī ʆʩʥʦʚʠ ʨʘʯʫʥʘʨʩʢʝ ʪʝʭʥʠʢʝ 5.5 
ī Tʨʘʥʩʧʦʨʪʥʠ ʧʨʦʮʝʩʠ 4.5 
ī ʌʫʟʠʢʘ ʤʘʪʝʨʠʿʘʣʘ 4.5 
ī ʆʩʥʦʚʝ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʘ 5,0 
ī ʇʨʦʛʨʘʤʩʢʠ ʿʝʟʠʮʠ 6,0 
ī ʆʙʿʝʢʪʥʦ ʦʨʠʿʝʥʪʠʩʘʥʦ ʧʨʦʛʨʘʤʠʨʘˁʝ 6,0 

ʍʬʦʝʙʥʞʦʫʙʤʦʡ ʨʩʞʝʥʞʫʡ ʡʦʟʞ˂ʞʩʪʫʛʙ - ʡʠʚʧʩʦʡ 20  ECTS ʙʦʜʦʚʘ 

ī ɸʥʘʣʠʟʘ ʩʠʛʥʘʣʘ ʠ ʩʠʩʪʝʤʘ 5.0 
ī ʇʨʝʥʦʩ ʠ ʘʢʚʠʟʠʮʠʿʘ ʧʦʜʘʪʘʢʘ 5.0 
ī ɽʣʝʢʪʨʠʯʥʝ ʤʘʰʠʥʝ ʠ ʧʦʩʪʨʦʿʝˁʘ 5.0 
ī ʄʝʥʘ˅ʤʝʥʪ ʫ ʠʥʞʝˁʝʨʩʢʦʿ ʧʨʘʢʩʠ 5.0 

ʈʩʞʝʥʞʫʡ ʪʫʩʬʣʞ 62  ECTS ʙʦʜa 

ī ɼʠʛʠʪʘʣʥʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚˀʘˁʘ 7.0 
ī ʀʤʧʫʣʩʥʘ ʝʣʝʢʪʨʦʥʠʢʘ 5.0 
ī ɼʠʛʠʪʘʣʥʘ ʝʣʝʢʪʨʦʥʠʢʘ 6.0 
ī ʊʝʦʨʠʿʘ ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ - 1 5.0 
ī ʊʝʦʨʠʿʘ ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ - 2 5.0 
ī ʋʧʨʘʚˀʘˁʝ ʧʨʝʪʚʘʨʘʯʠʤʘ ɽʝ - 1 6.0 
ī ʇʨʦʿʝʢʪʦʚʘˁʝ ʩʠʩʪʝʤʘ  ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ 6.0 
ī ʊʝʦʨʠʿʘ ʦʧʪʠʤʘʣʥʠʭ ʨʿʝʰʝˁʘ 5.0 
ī ʄʠʢʨʦʧʨʦʮʝʩʦʨʩʢʠ ʩʠʩʪʝʤʠ 5.0 
ī ʈʘʯʫʥʘʨʩʢʦ ʫʧʨʘʚˀʘˁʝ ʧʨʦʮʝʩʠʤʘ  6.0 
ī ʄʦʜʝʣʠʨʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʘ ʧʨʦʮʝʩʘ 6.0 

ʈʩʞʝʥʞʫʡ ʪʫʩʬʣʞ - ʡʠʚʧʩʦʡ 40 ECTS ʙʦʜʦʚʘ 

ī ʋʧʨʘʚˀʘˁʝ ʧʨʝʪʚʘʨʘʯʠʤʘ ɽʝ ï 2 5.0 
ī ɽʣʝʢʪʨʦʥʩʢʘ ʤʿʝʨʝˁʘ 5.0 
ī ɼʠʛʠʪʘʣʥʘ ʦʙʨʘʜʘ ʩʠʛʥʘʣʘ 5.0 
ī ʋʚʦʜ ʫ ʥʘʥʦʥʘʫʢʝ ʠ ʥʘʥʦ ʪʝʭʥʦʣʦʛʠʿʝ 5.0 
ī ʉʧʝʮʠʿʘʣʥʠ ʩʝʥʟʦʨʠ ʠ ʠʥʜʫʩʪʨʠʿʩʢʘ ʤʿʝʨʝˁʘ 5.0 
ī ʄʦʜʝʨʥʠ ʤʝʭʘʪʨʦʥʠʯʢʠ ʩʠʩʪʝʤʠ 5.0 
ī ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʨʦʮʝʩʘ 5.0 
ī ʄʠʢʨʦʧʨʦʮʝʩʦʨʩʢʦ ʫʧʨʘʚˀʘˁʝ ʝʣʝʢʪʨʦʤʦʪʦʨʥʠʤ ʧʦʛʦʥʠʤʘ 5.0 

ʈʩʧˀʞʣʫʡ ʡ ʨʩʙʣʪʙ 7  ECTS ʙʦʜʦʚʘ 



ɼʩʬʨʙ ʨʩʞʝʥʞʫʙ ECTS (ʥʡʦʡʥʙʤʦʧ) 

ī ʇʨʦʿʝʢʘʪ ï 1 2.0 
ī ʇʨʦʿʝʢʘʪ ï 2 2.0 
ī ʇʨʘʢʪʠʯʘʥ ʨʘʜ ï ʬʝʨʠʿʘʣʥʘ ʧʨʘʢʩʘ 3.0 

ʀʙʛʩʱʦʡ ʩʙʝ 5 ECTS ʙʦʜʦʚʘ 

ī ɿʘʚʨʰʥʠ ʩʘʤʦʩʪʘʣʘʥ ʨʘʜ 5.0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



2.3. ʆʙʪʫʙʛʦʡ ʨʤʙʦ ʪʫʬʝʡˀʪʣʧʜ ʨʩʧʜʩʙʥʙ ɹʬʫʧʥʙʫʡʣʙ ʡ ʞʤʞʣʫʩʧʦʡʣʙ 

 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 

 

ʊʫʬʝʡˀʪʣʡ ʨʩʧʜʩʙʥ: ɸʋʊʆʄɸʊʀʂɸ ʀ ɽʃɽʂʊʈʆʅʀʂɸ 
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ʩ
ʞ
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ʫ
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ʊ
ʞ
ʥ
ʞ
ʪ
ʫ
ʙ
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 ʍʧʦʝ 
ʰʙʪʧʛʙ  

E
C

T
S 

ʇ ɺ ʃɺ 

ʈʉɻɹ ɼʇɽʁʆɹ 

1. ɸɽ-08-1-001-1 ʄʘʪʝʤʘʪʠʢʘ ï 1 ʆ ʅʝ I 3 3 0 7.0 

2. ɸɽ-08-1-002-1 ʌʠʟʠʢʘ ʆ ʅʝ I 3 1 1 6.5 

3. ɸɽ-08-1-003-1 ʆʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ ï 1 ʆ ʅʝ I 3 2 1 7.0 

4. ɸɽ-08-1-004-1 ʆʩʥʦʚʠ ʨʘʯʫʥʘʨʩʢʝ ʪʝʭʥʠʢʝ ʆ ʅʝ I 2 0 2 5.5 

5. ɸɽ-08-1-005-1 ʋʚʦʜ ʫ ʤʝʥʘ˅ʤʝʥʪ ʆ ʅʝ I 2 0 0 2.0 

6. ɸɽ-08-1-007-1 ɽʥʛʣʝʩʢʠ ʿʝʟʠʢ ï 1 ʆ ʅʝ I 1 1 0 2.0 

7. ɸɽ-08-1-008-2 ʄʘʪʝʤʘʪʠʢʘ ï 2 ʆ ʅʝ II 3 3 0 7.0 

8. ɸɽ-08-1-009-2 ʋʚʦʜ ʫ ʧʨʦʛʨʘʤʠʨʘˁʝ ʆ ʅʝ II 2 1 2 5.5 

9. ɸɽ-08-1-010-2 ʆʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ ï 2 ʆ ʅʝ II 3 2 1 7,0 

10. ɸɽ-08-1-011-2 ʌʠʟʠʯʢʠ ʦʩʥʦʚʠ ʝʣʝʢʪʨʦʥʠʢʝ ʆ ʅʝ II 2 2 0 5.5 

11. ɸɽ-08-1-012-2 ɸʧʣʠʢʘʪʠʚʥʠ ʩʦʬʪʚʝʨ ʆ ʅʝ II 0 0 2 3.0 

12.  ɸɽ-08-1-013-2 ɽʥʛʣʝʩʢʠ ʿʝʟʠʢ ï 2 ʆ ʅʝ II 1 1 0 2.0 

ʌʃʌʈʆʇ: 25 16 9 60 

ɽʉʌɼɹɼʇɽʁʆɹ 

1. ɸɽ-08-1-014-3 ʄʘʪʝʤʘʪʠʢʘ ï 3 ʆ ʅʝ III 3 2 0 6.0 

2. ɸɽ-08-1-015-3 ʊʝʦʨʠʿʘ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘ ï 1 ʆ ʅʝ III 2 2 0 5.0 

3. ɸɽ-08-1-016-3 ɽʣʝʢʪʨʠʯʥʘ ʤʿʝʨʝˁʘ ʆ ʅʝ III 2 1 1 5.0 

4. ɸɽ-08-1-017-3 ɽʣʝʢʪʨʦʥʠʢʘ ï 1 ʆ ʅʝ III 3 2 1 6.0 

5. ɸɽ-08-1-018-3 ʇʨʦʛʨʘʤʩʢʠ ʿʝʟʠʮʠ ʆ ʅʝ III 2 1 1 6.0 

6. ɸɽ-08-1-019-3 ɽʥʛʣʝʩʢʠ ʿʝʟʠʢ ï 3 ʆ ʅʝ III 1 1 0 2.0 

7. ɸɽ-08-1-020-4 ʅʫʤʝʨʠʯʢʘ ʤʘʪʝʤʘʪʠʢʘ ʆ ʅʝ IV 2 2 1 6.0 

8. ɸɽ-08-1-021-4 ʊʝʦʨʠʿʘ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘ ï 2 ʆ ʅʝ IV 2 1 1 5.0 

9. ɸɽ-08-1-022-4 ɽʣʝʢʪʨʦʤʘʛʥʝʪʠʢʘ ï 1 ʆ ʅʝ IV 3 3 0 6.0 

10. ɸɽ-08-1-023-4 ɽʣʝʢʪʨʦʥʠʢʘ ï 2 ʆ ʅʝ IV 2 1 1 5.0 

11. ɸɽ-08-1-024-4 ʆʙʿʝʢʪʥʦ ʦʨʠʿʝʥʪʠʩʘʥʦ ʧʨʦʛʨʘʤʠʨʘˁʝ ʆ ʅʝ IV 2 1 1 6.0 

12. ɸɽ-08-1-025-4 ɽʥʛʣʝʩʢʠ ʿʝʟʠʢ ï 4 ʆ ʅʝ IV 1 1 0 2.0 

ʌʃʌʈʆʇ: 25 18 7 60 

ʋʉɾɵɹɼʇɽʁʆɹ 

1. ɸɽ-08-1-026-5 ɽʣʝʢʪʨʦʤʘʛʥʝʪʠʢʘ ï 2 ʆ ʅʝ V 2 2 0 5.0 

2. ɸɽ-08-1-093-5 ʀʤʧʫʣʩʥʘ ʝʣʝʢʪʨʦʥʠʢʘ ʆ ʅʝ V 2 1 1 5.0 

3. ɸɽ-08-1-140-5 ʊʝʦʨʠʿʘ ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ï 1 ʆ ʅʝ V 2 2 0 5.0 

4. ɸɽ-08-1-177-5 
ʋʧʨʘʚˀʘˁʝ ʧʨʝʪʚʘʨʘʯʠʤʘ ʝʥʝʨʛʝʪʩʢʝ 

ʝʣʝʢʪʨʦʥʠʢʝ - 1 
ʆ ʅʝ V 2 2 1 6.0 

5. ɸɽ-08-1-145-5 ʊʨʘʥʩʧʦʨʪʥʠ ʧʨʦʮʝʩʠ ʆ ʅʝ V 2 2 0 4.5 

6. ɸɽ-08-1-154-5 ʌʠʟʠʢʘ ʤʘʪʝʨʠʿʘʣʘ ʆ ʅʝ V 2 2 0 4.5 



7. ɸɽ-08-1-032-6 ɼʠʛʠʪʘʣʥʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚˀʘˁʘ ʆ ʅʝ VI 3 2 1 7.0 

8. ɸɽ-08-1-033-6 ɼʠʛʠʪʘʣʥʘ ʝʣʝʢʪʨʦʥʠʢʘ ʆ ʅʝ VI 2 1 2 6.0 

9. ɸɽ-08-1-034-6 ʊʝʦʨʠʿʘ ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ï 2 ʆ ʅʝ VI 2 2 0 5.0 

10. ɸɽ-08-1-035-6 ʇʨʦʿʝʢʘʪ ï 1 ʆ ʅʝ VI 0 0 2 2.0 

11. ɸɽ-08-2-ʭʭʭ-6 ʀʟʙʦʨʥʠ ʧʨʝʜʤʝʪ ɸɽ ï 3.1 ʀ ʅʝ VI 2 2 0 5.0 

12. ɸɽ-08-2-ʭʭʭ-6 ʀʟʙʦʨʥʠ ʧʨʝʜʤʝʪ ɸɽ ï 3.2 ʀ ʅʝ VI 2 2 0 5.0 

ʌʃʌʈʆʇ: 23 20 7 60 

ʐɾʋɻʉʋɹɼʇɽʁʆɹ 

1. ɸɽ-08-1-041-7 ʆʩʥʦʚʠ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʘ ʆ ʅʝ VII 2 2 0 5.0 

2. ɸɽ-08-1-141-7 ʊʝʦʨʠʿʘ ʦʧʪʠʤʘʣʥʠʭ ʨʿʝʰʝˁʘ ʆ ʅʝ VII 2 2 0 5.0 

3. ɸɽ-08-1-043-7 ʄʠʢʨʦʧʨʦʮʝʩʦʨʩʢʠ ʩʠʩʪʝʤʠ ʆ ʅʝ VII 2 1 1 5.0 

4. ɸɽ-08-1-107-7 ʄʦʜʝʣʦʚʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʘ ʧʨʦʮʝʩʘ ʆ ʅʝ VII 2 1 2 6.0 

5. ɸɽ-08-1-045-7 ʇʨʘʢʪʠʯʘʥ ʨʘʜ ï ʬʝʨʠʿʘʣʥʘ ʧʨʘʢʩʘ ʆ ʅʝ VII 0 0 4 4.0 

6. ɸɽ-08-2-ʭʭʭ-7 ʀʟʙʦʨʥʠ ʧʨʝʜʤʝʪ  ɸɽ ï 4.1 ʀ ʅʝ VII 2 2 0 5.0 

7. ɸɽ-08-1-051-8 ʇʨʦʿʝʢʪʦʚʘˁʝ ʩʠʩʪʝʤʘ ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʆ ʅʝ VIII 2 2 1 6.0 

8. ɸɽ-08-1-052-8 ʈʘʯʫʥʘʨʩʢʦ ʫʧʨʘʚˀʘˁʝ ʧʨʦʮʝʩʠʤʘ ʆ ʅʝ VIII 2 1 2 6.0 

9. ɸɽ-08-1-053-8 ʇʨʦʿʝʢʘʪ ï 2 ʆ ʅʝ VIII 0 0 2 2.0 

10. ɸɽ-08-2-ʭʭʭ-8 ʀʟʙʦʨʥʠ ʧʨʝʜʤʝʪ ɸɽ ï 4.2 ʀ ʅʝ VIII 2 2 0 5.0 

11. ɸɽ-08-2-ʭʭʭ-8 ʀʟʙʦʨʥʠ ʧʨʝʜʤʝʪ ɸɽ ï 4.3 ʀ ʅʝ VIII 2 2 0 5.0 

12. ɸɽ-08-1-054-8 ɿʘʚʨʰʥʠ ʩʘʤʦʩʪʘʣʘʥ ʨʘʜ ʆ ʅʝ VIII 0 0 5 6.0 

ʌʃʌʈʆʇ: 18 15 17 60 

 
ʁʀɺʇʉʆʁ ʈʉɾɽʅɾʋʁɹʌʋʇʅɹʋʁʃɹ ʁ ɾʄɾʃʋʉʇʆʁʃɹ 

ʋʉɾɵɹɼʇɽʁʆɹ 

1. ɸɽ-08-2-178-6 
ʋʧʨʘʚˀʘˁʝ ʧʨʝʪʚʘʨʘʯʠʤʘ ʝʥʝʨʛʝʪʩʢʝ 

ʝʣʝʢʪʨʦʥʠʢʝ - 2 
ʀ ʅʝ VI 2 2 0 5.0 

2. ɸɽ-08-2-037-6 ɽʣʝʢʪʨʦʥʩʢʘ ʤʿʝʨʝˁʘ ʀ ʅʝ VI 2 2 0 5.0 

3. ɸɽ-08-2-039-6 ɼʠʛʠʪʘʣʥʘ ʦʙʨʘʜʘ ʩʠʛʥʘʣʘ ʀ ʅʝ VI 2 2 0 5.0 

4. ɸɽ-08-2-147-6 ʋʚʦʜ ʫ ʥʘʥʦʥʘʫʢʝ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʿʝ ʀ ʅʝ VI 2 2 0 5.0 

5. ɸɽ-08-2-040-6 ɸʥʘʣʠʟʘ ʩʠʛʥʘʣʘ ʠ ʩʠʩʪʝʤʘ ʀ ʅʝ VI 2 2 0 5.0 

6. ɸɽ-08-2-091-6 ɽʣʝʢʪʨʠʯʥʝ ʤʘʰʠʥʝ ʠ ʧʦʩʪʨʦʿʝˁʘ ʀ ʅʝ VI 2 2 0 5.0 

7.  
ɱʝʜʘʥ ʧʨʝʜʤʝʪ ʩʘ III ʛʦʜʠʥʝ ʩʪʫʜʠʿʘ, 
VIʩʝʤʝʩʪʘʨ, ʩʘ ʜʨʫʛʠʭ ʦʜʩʿʝʢʘ 

ʀ ʅʝ VI 2 2 0 5.0 

ʐɾʋɻʉʋɹ ɼʇɽʁʆɹ 

1. 
ɸɽ-08-2-046-7 
ɸɽ-08-2-046-8 

ʇʨʝʥʦʩ ʠ ʘʢʚʠʟʠʮʠʿʘ ʧʦʜʘʪʘʢʘ ʀ ʅʝ 
VII 
VIII 

2 2 0 5.0 

2. 
ɸɽ-08-2-047-7 
ɸɽ-08-2-047-8 

ʄʝʥʘ˅ʤʝʥʪ ʫ ʠʥʞʝˁʝʨʩʢʦʿ ʧʨʘʢʩʠ ʀ ʅʝ 
VII 
VIII 

2 2 0 5.0 

3. 
ɸɽ-08-2-048-7 
ɸɽ-08-2-048-8 

ʉʧʝʮʠʿʘʣʥʠ ʩʝʥʟʦʨʠ ʠ ʠʥʜʫʩʪʨʠʿʩʢʘ ʤʿʝʨʝˁʘ ʀ ʅʝ 
VII 
VIII 

0 2 0 5.0 

4. 
ɸɽ-08-2-092-7 
ɸɽ-08-2-092-8 

ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʨʦʮʝʩʘ  ʀ ʅʝ 
VII 
VIII 

2 2 0 5.0 

5. 
ɸɽ-08-2-105-7 
ɸɽ-08-2-105-8 

ʄʠʢʨʦʧʨʦʮʝʩʦʨʩʢʦ ʫʧʨʘʚˀʘˁʝ 
ʝʣʝʢʪʨʦʤʦʪʦʨʥʠʤ ʧʦʛʦʥʠʤʘ 

ʀ ʅʝ 
VII 
VIII 

2 2 0 5.0 

6. 
ɸɽ-08-2-201-7 
ɸɽ-08-2-201-8 

ʄʦʜʝʨʥʠ ʤʝʭʘʪʨʦʥʠʯʢʠ ʩʠʩʪʝʤʠ ʀ ʅʝ 
VII 
VIII 

2 2 0 5.0 

7.  
ɱʝʜʘʥ ʦʜ ʧʨʝʜʤʝʪʘ IV ʛʦʜʠʥʝ ʩʪʫʜʠʿʘ, 
ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʩʝʤʝʩʪʘʨ, ʩʘ ʜʨʫʛʠʭ ʦʜʩʿʝʢʘ 

ʀ ʅʝ 
VII 
VIII 

2 2 0 5.0 



 

ʈʉɻɹ ɼʇɽʁʆɹ  
 

 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

 I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ I ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʅɹʋɾʅɹʋʁʃɹ 1 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʤʘʪʝʤʘʪʠʢʫ - ʌʠʣʦʟʦʬʩʢʠ ʬʘʢʫʣʪʝʪ ʇʘʣʝ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-001-1 ʦʙʘʚʝʟʘʥ I 7.0 

ʆʙʪʫʙʛʦʡʣ ʧʨʦʬ. ʜʨ ɺʠʜʘʥ ɻʦʚʝʜʘʨʠʮʘ, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ ʤʨ ʅʘʪʘʰʘ ʇʘʚʣʦʚʠ˂, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ  
(ʬ ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

3 3 0 60 60 0 1.33 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 3*15 + 2*15 + 0*15 =90 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 3*15*So + 3*15*So + 0*15*So = 120 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ):W+ʊ=Uopt= 90 + 120 = 210 ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ  ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ: 
1. ʠʟʛʨʘʹʫʿʝ ʩʚʦʿʝ ʤʠʩʘʦʥʝ ʩʪʨʫʢʪʫʨʝ ʦʜʥʦʩʥʦ ʤʘʪʝʤʘʪʠʯʢʦ ʤʠʰˀʝˁʝ, ʢʦʿʝ ʿʝ ʥʦʩʠʣʘʮ ʩʚʘʢʦʛ 
ʥʘʫʯʥʦʛ ʧʦʜʫʭʚʘʪʘ, ʘ ʠʥʞʝˁʝʨʩʢʠʭ ʢʨʝʘʮʠʿʘ ʧʦʥʘʿʚʠʰʝ 
2. ʦʚʣʘʜʘ ʦʩʥʦʚʥʠʤ ʤʘʪʝʤʘʪʠʯʢʠʤ ʧʦʿʤʦʚʠʤʘ: ʨʝʣʘʮʠʿʘ, ʬʫʥʢʮʠʿʘ ʠ ʦʧʝʨʘʮʠʿʘ, ʢʘʦ ʠ ʝʣʝʤʝʥʪʠʤʘ 
ʢʦʤʙʠʥʘʪʦʨʠʢʝ ʠ ʪʝʦʨʠʿʝ ʛʨʘʬʦʚʘ 
3. ʦʚʣʘʜʘ ʘʣʛʝʙʘʨʩʢʠʤʩʪʨʫʢʪʫʨʘʤʘ: ʛʨʫʧʦʠʜ, ʛʨʫʧʘ, ʧʨʩʪʝʥ, ʧʦˀʝ, ʚʝʢʪʦʨʩʢʠ ʧʨʦʩʪʦʨ, ʤʘʪʨʠʮʘ 
4.ʧʦʟʥʘʿʝ ʤʝʪʦʜʝ ʟʘ ʨʿʝʰʘʚʘˁʝ ʩʠʩʪʝʤʘ ʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ 
5. ʦʚʣʘʜʘ ʪʝʦʨʠʿʦʤ ʛʨʘʥʠʯʥʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʨʝʘʣʥʠʭ ʥʠʟʦʚʘ ʠ ʬʫʥʢʮʠʿʘ 
6.ʦʚʣʘʜʘ ʝʣʝʤʝʥʪʠʤʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʦʛ ʨʘʯʫʥʘ ʠ ˁʝʛʦʚʠʤ ʧʨʠʤʿʝʥʘʤʘ 

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʫʩʣʦʚʘ ʩʣʫʰʘˁʘ ʠ ʧʦʣʘʛʘˁʘ ʧʨʝʜʤʝʪʘ 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʅʘʩʪʘʚʥʠ ʧʨʦʮʝʩ ʩʝ ʨʝʘʣʠʟʫʿʝ ʫʛʣʘʚʥʦʤ ʢʨʦʟ ʬʨʦʥʪʘʣʥʠ ʦʙʣʠʢ ʨʘʜʘ ï ʧʨʝʜʘʚʘˁʘ ʠ ʠʥʪʝʨʘʢʪʠʚʥʠ 
ʦʙʣʠʢ ʨʘʜʘ ï ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʈʝʣʘʮʠʿʝ, ʬʫʥʢʮʠʿʝ ʠ ʦʧʝʨʘʮʠʿʝ. ʇʝʨʤʫʪʘʮʠʿʝ, ʚʘʨʠʿʘʮʠʿʝ ʠ ʢʦʤʙʠʥʘʮʠʿʝ. ɹʠʥʦʤʥʘ ʬʦʨʤʫʣʘ 
2. ʇʦʿʘʤ ʛʨʘʬʘ. ʉʪʘʙʣʦ. ʇʣʘʥʘʨʥʠ ʛʨʘʬʦʚʠ 
3. ɻʨʫʧʦʠʜ ʠ ʛʨʫʧʘ. ʇʨʩʪʝʥ ʠ ʧʦˀʝ. ʇʦˀʝ ʨʝʘʣʥʠʭ ʙʨʦʿʝʚʘ 
4. ʇʦˀʝ ʢʦʤʧʣʝʢʩʥʠʭ ʙʨʦʿʝʚʘ. ʇʦʣʠʥʦʤʠ ʠ ʨʘʮʠʦʥʘʣʥʝ ʬʫʥʢʮʠʿʝ 
5. ɺʝʢʪʦʨʩʢʠ ʧʨʦʩʪʦʨ. ʃʠʥʝʘʨʥʠ ʦʧʝʨʘʪʦʨʠ 
6. ʄʘʪʨʠʮʝ. ɼʝʪʝʨʤʠʥʘʥʪʝ. ʀʥʚʝʨʟʥʘ ʤʘʪʨʠʮʘ 
7. ʉʠʩʪʝʤʠ ʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ. ʂʨʘʤʝʨʦʚʝ ʬʦʨʤʫʣʝ. ɻʘʫʩʦʚ ʘʣʛʦʨʠʪʘʤ 
8. ʈʘʥʛ ʤʘʪʨʠʮʝ. ʂʨʦʥʝʢʝʨ-ʂʘʧʝʣʠʿʝʚʘ ʪʝʦʨʝʤʘ. ʉʦʧʩʪʚʝʥʝ ʚʨʠʿʝʜʥʦʩʪʠ ʤʘʪʨʠʮʝ 
9. ʉʢʘʣʘʨʥʠ ʧʨʦʠʟʚʦʜ ʚʝʢʪʦʨʘ ʠ ʫʥʠʪʘʨʥʠ ʧʨʦʩʪʦʨ. ɻʝʦʤʝʪʨʠʿʘ ʚʝʢʪʦʨʘ ʫ ʪʨʦʜʠʤʝʥʟʠʦʥʦʤ ʧʨʦʩʪʦʨʫ 
10. ʂʘʨʜʠʥʘʣʥʠ ʙʨʦʿ ʩʢʫʧʘ. ʈʝʘʣʥʠ ʥʠʟʦʚʠ. ʄʦʥʦʪʦʥʠ ʥʠʟʦʚʠ. ɹʨʦʿ ʝ 
11. ʄʝʪʨʠʯʢʠ ʧʨʦʩʪʦʨ. ʂʦʥʚʝʨʛʝʥʮʠʿʘ ʥʠʟʦʚʘ ʫ ʤʝʪʨʠʯʢʦʤ ʧʨʦʩʪʦʨʫ. ɹʘʥʘʭʦʚ ʩʪʘʚ ʦ ʬʠʢʩʥʦʿ ʪʘʯʢʠ 
12. ɻʨʘʥʠʯʥʝ ʚʨʠʿʝʜʥʦʩʪʠ ʨʝʘʣʥʠʭ ʬʫʥʢʮʠʿʘ. ʅʝʧʨʝʢʠʜʥʝ ʬʫʥʢʮʠʿʝ. ɹʝʩʢʦʥʘʯʥʦ ʤʘʣʝ ʚʝʣʠʯʠʥʝ 
13.ʀʟʚʦʜ ʬʫʥʢʮʠʿʝ. ʊʝʦʨʝʤʝ ʦ ʩʨʝʜˁʦʿ ʚʨʠʿʝʜʥʦʩʪʠ ʫ ʜʠʬʝʨʝʥʮʠʿʘʣʥʦʤ ʨʘʯʫʥʫ 
14. ʇʨʠʤʿʝʥʘ ʪʝʦʨʝʤʘ ʦ ʩʨʝʜˁʦʿ ʚʨʠʿʝʜʥʦʩʪʠ. ʃʦʧʠʪʘʣʦʚʦ ʧʨʘʚʠʣʦ. ʀʟʚʦʜʠ ʠ ʚʠʰʝʛ ʨʝʜʘ 
15. ʂʦʥʚʝʢʩʥʦʩʪ ʬʫʥʢʮʠʿʝ. ʊʝʿʣʦʨʦʚʘ ʬʦʨʤʫʣʘ. ʀʩʧʠʪʠʚʘˁʝ ʬʫʥʢʮʠʿʘ 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɼ. ʎʚʝʪʢʦʚʠ˂ ʠ ʜʨ. ʄʘʪʝʤʘʪʠʢʘ I, ɸʣʛʝʙʨʘ, ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ, ɹʝʦʛʨʘʜ 2006  

ʄ. ʄʝʨʢʣʝ 
ʄʘʪʝʤʘʪʠʯʢʘ ʘʥʘʣʠʟʘ, ʪʝʦʨʠʿʘ ʠ ʭʠˀʘʜʫ ʟʘʜʘʪʘʢʘ, 
ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ, ɹʝʦʛʨʘʜ 

2008  

ʇ. ʄʠʣʠʯʠ˂, ʄ. ʋʰ˂ʫʤʣʠ˂ 
ɿʙʠʨʢʘ ʟʘʜʘʪʘʢʘ ʠʟ ʚʠʰʝ ʤʘʪʝʤʘʪʠʢʝ I, ʅʘʫʯʥʘ 
ʢˁʠʛʘ, ɹʝʦʛʨʘʜ 

1993  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 



    

    

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʇʨʠʩʫʩʪʚʦ ʠ ʘʢʪʠʚʥʦʩʪ ʥʘ ʥʘʩʪʘʚʠ 10 10% 

I ʢʦʣʦʢʚʠʿʠʤ 30 30% 

II ʢʦʣʦʢʚʠʿʫʤ 30 30% 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 30 30% 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  
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ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ I ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʍʁʀʁʃɹ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʬʠʟʠʢʫ - ʌʠʣʦʟʦʬʩʢʠ ʬʘʢʫʣʪʝʪ ʇʘʣʝ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-002-1 ʦʙʘʚʝʟʘʥ I 6,5 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ɿʦʨʘʥ ɲʫʙʦʿʝ, ʚʘʥʜʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ɺʝʩʥʘ ʄʠʣʝʪʠ˂,  ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

3 1 1 54 18 18 1.4 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
3*15 + 1*15  +1*15=75ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
3*15*So+ 1*15*So +1*15*So = 105 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): 75 + 105= 180 ʩʘʪʠ ʩʝʤʝʩʪʨʘʣʥʦ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

1. ʋʧʦʟʥʘʚʘˁʝ  ʩʪʫʜʝʥʘʪʘ ʩʘ ʦʩʥʦʚʘʤʘ ʦʜʨʝʹʝʥʠʭ ʦʙʣʘʩʪʠ ʬʠʟʠʢʝ ʢʦʿʝ ʩʫ ʧʦʪʨʙʥʝ ʩʪʫʜʝʥʪʠʤʘ  
   ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ. 
2. ʋʧʦʟʥʘʚʘˁʝ ʩʪʫʜʝʥʘʪʘ ʩʘ ʢʣʘʩʠʯʥʦʤ ʤʝʭʘʥʠʢʦʤ.. 
3. ʋʧʦʟʥʘʚʘˁʝ ʩʘ ʦʜʨʝʹʝʥʠʤ ʦʙʣʘʩʪʠʤʘ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʠ ʦʧʪʠʢʝ.  

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʫʩʣʦʚʘ ʟʘ ʩʣʫʰʘˁʝ ʠ ʧʦʣʘʛʘˁʝ ʧʨʝʜʤʝʪʘ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʇʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ, ʩʝʤʠʥʘʨʩʢʠ ʨʘʜʦʚʠ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʋʚʦʜ. ʋʚʦʜ ʫ ɳʫʪʥʦʚʫ ʤʝʭʘʥʠʢʫ. ʂʠʥʝʤʘʪʠʢʘ. ʊʨʘʥʩʣʘʪʦʨʥʦ ʢʨʝʪʘˁʝ ʤʘʪʝʨʠʿʘʣʥʝ ʪʘʯʢʝ. 
2. ʂʠʥʝʤʘʪʠʢʘ. ʈʦʪʘʮʠʦʥʦ ʢʨʝʪʘˁʝ ʤʘʪʝʨʠʿʘʣʥʝ ʪʘʯʢʝ. 
3. ɼʠʥʘʤʠʢʘ ʤʘʪʝʨʠʿʘʣʥʝ ʪʘʯʢʝ.  
4. ʈʘʜ, ʩʥʘʛʘ ʠ ʝʥʝʨʛʠʿʘ. 
5. ʋʚʦʜ ʫ ʩʧʝʮʠʿʘʣʥʫ ʪʝʦʨʠʿʫ ʨʝʣʘʪʠʚʠʪʝʪʘ. 
6. ɼʠʥʘʤʠʢʘ ʨʦʪʘʮʠʦʥʦʛ ʢʨʝʪʘˁʘ ʯʚʨʩʪʠʭ ʪʠʿʝʣʘ. 
7. ʆʩʮʠʣʘʪʦʨʥʦ ʢʨʝʪʘˁʝ. 
8. ʇʨʠʤʿʝʨʠ ʭʘʨʤʦʥʠʿʩʢʦʛ ʦʩʮʠʣʘʪʦʨʘ. 
9. ʄʝʭʘʥʠʯʢʠ ʪʘʣʘʩʠ. 
10. ɽʣʝʤʝʥʪʠ ʪʝʨʤʦʜʠʥʘʤʠʢʝ. ʀʜʝʘʣʥʠ ʛʘʩ. 
11. ʈʘʜ ʠ ʪʦʧʣʦʪʘ. ɿʘʢʦʥʠ ʪʝʨʤʦʜʠʥʘʤʠʢʝ. 
12. ʆʩʥʦʚʝ ʤʦʣʝʢʫʣʘʨʥʦ-ʢʠʥʝʪʠʯʢʝ ʪʝʦʨʠʿʝ ʛʘʩʦʚʘ. 
13. ʄʘʢʩʚʝʣ-ɹʦʣʮʤʘʥʦʚʘ ʩʪʘʪʠʩʪʠʢʘ.  
14. ʋʚʦʜ ʫ ʦʧʪʠʢʫ. ɻʝʦʤʝʪʨʠʿʩʢʘ ʦʧʪʠʢʘ 
15. ʊʘʣʘʩʥʘ ʦʧʪʠʢʘ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɿʦʨʘʥ ɲʫʙʦʿʝ. 
ʌʀɿʀʂɸ,  
ɽʊʌ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʀʩʪʦʯʥʦʤ ʉʘʨʘʿʝʚʫ. 

2008. 3-132 

ɻ. ɼʠʤʠ˂, ʄ. ʄʠʪʨʠʥʦʚʠ˂ 
ɿɹʀʈʂɸ ɿɸɼɸʊɸʂɸ ʀɿ ʌʀɿʀʂɽ, ɺʠʰʠ ʢʫʨʩ ɼ 
ɹʝʦʛʨʘʜ 

1991. .... 

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʀ. ɺ. ʉʘʚʝˀʝʚ ʆʇʐʊʀ ʂʋʈʉ ʌʀɿʀʂɽ, ʧʨʝʚʦʜ ɽʊʌ ʉʘʨʘʿʝʚʦ 1969 ... 

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ʚʿʝʞʙʘʤʘ 5 5% 

I ʢʦʣʦʢʚʠʿʫʤ 20 20% 

II ʢʦʣʦʢʚʠʿʫʤ 20 20% 

ʊʝʩʪ ʠ ʩʝʤʠʥʘʨʩʢʠ ʨʘʜʦʚʠ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ 15 15% 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ʧʠʩʤʝʥʠ) 40 40% 

ʋʂʋʇʅʆ 100 100% 



ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ Iʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʇʊʆʇɻʁ ɾʄɾʃʋʉʇʋɾʎʆʁʃɾ ð 1 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʦʧʰʪʫ ʝʣʝʢʪʨʦʪʝʭʥʠʢʫ  ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-003-1 ʆʙʘʚʝʟʘʥ I 7.0 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ʉʣʘʚʢʦ ʇʦʢʦʨʥʠ, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ 
ʤʨ ɼʘʨʢʦ ʐʫʢʘ ï ʚʠʰʠ ʘʩʠʩʪʝʥʪ, ɹʦʿʘʥʘ ʅʦʚʘʢʦʚʠ˂, ʤʨ ï ʚʠʰʠ ʘʩʠʩʪʝʥʪ, ʄʠʣʠʮʘ ʈʠʩʪʦʚʠ˂-ʂʨʩʪʠ˂, 
ʘʩʠʩʪʝʥʪ. 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

3 2 1 60 40 20 1,33 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 3*15 + 2*15 + 1*15 =90 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 3*15*So + 2*15*So + 1*15*So = 120 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 90 + 120 = 210 ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ ʤʦ˂ʠ/ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ: 
1. ʆʙʿʘʩʥʠ ʦʩʥʦʚʥʝ ʧʦʿʤʦʚʝ ʠ ʟʘʢʦʥʝ ʝʣʝʢʪʨʦʩʪʘʪʠʢʝ ʠ ʚʨʝʤʝʥʩʢʠ ʢʦʥʩʪʘʪʥʪʥʠʭ ʩʪʨʫʿʘ. 
2. ʀʟʨʘʯʫʥʘ ʝʣʝʢʪʨʠʯʥʫ ʩʠʣʫ, ʧʦˀʝ, ʧʦʪʝʥʮʠʿʘʣ ʠ ʨʘʟʣʠʢʫ ʧʦʪʝʥʮʠʿʘʣʘ ʥʘʧʦʥ, ʬʣʫʢʩ ʠ ʝʥʝʨʛʠʿʫ 
ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ.  
3. ʆʜʨʝʜʠ ʠʟʨʘʟ ʟʘ ʢʘʧʘʮʠʪʠʚʥʦʩʪ ʨʘʟʣʠʯʠʪʠʭ ʩʠʩʪʝʤʘ ʧʨʦʚʦʜʥʠʭ ʪʠʿʝʣʘ.  
4. ʇʨʠʤʿʝʥʠ ʆʤʦʚ ʟʘʢʦʥ, ʂʠʨʭʦʬʦʚʝ ʟʘʢʦʥʝ ʠ ʪʝʦʨʝʤʝ ʝʣʝʢʪʨʠʯʥʠʭ ʤʨʝʞʘ ʟʘ ʨʿʝʰʘʚʘˁʝ 
ʝʣʝʢʪʨʠʯʥʠʭ ʤʨʝʞʘ ʩʘ ʚʨʝʤʝʥʩʢʠ ʢʦʥʩʪʘʥʪʥʠʤ ʩʪʨʫʿʘʤʘ, ʩʘ ʠ ʙʝʟ ʢʦʥʜʝʥʟʘʪʦʨʘ. 
5. ʂʦʨʠʩʪʠ ʟʥʘˁʘ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʫ ʧʨʝʜʤʝʪʫ ʆʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʥʠʢʝ 2 ʠ ʥʘʨʝʜʥʠʤ ʧʨʝʜʤʝʪʠʤʘ 
ʩʪʫʜʠʿʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ. 

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʅʘʩʪʘʚʘ ʩʝ ʠʟʚʦʜʠ ʫ ʦʙʣʠʢʫ ʧʨʝʜʘʚʘˁʘ (ʫʟ ʫʧʦʪʨʝʙʫ ʩʘʚʨʝʤʝʥʠʭ ʘʫʜʠʦʚʠʟʫʝʣʥʠʭ ʩʨʝʜʩʪʘʚʘ), ʘʫʜʠ-
ʪʦʨʥʠʭ ʠ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʚʿʝʞʙʠ. ʉʪʫʜʝʥʪʠ ʜʦʙʠʿʘʿʫ ʠ ʜʦʤʘ˂ʝ ʟʘʜʘ˂ʝ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʇʦʿʘʤ ʝʣʝʢʪʨʠʯʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. ʂʫʣʦʥʦʚ ʟʘʢʦʥ ʠ ʚʝʢʪʦʨ ʿʘʯʠʥʝ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ. ʈʘʩʧʦʜʝˀʝʥʘ 
ʥʘʝʣʝʢʪʨʠʩʘˁʘ 
2. ʇʦʪʝʥʮʠʿʘʣ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ, ʧʦʪʝʥʮʠʿʘʣʥʘ ʨʘʟʣʠʢʘ ʠ ʥʘʧʦʥ. ɽʣʝʢʪʨʠʯʥʠ ʜʠʧʦʣ.  
3. ʌʣʫʢʩ ʚʝʢʪʦʨʘ. ɻʘʫʩʦʚ ʟʘʢʦʥ. ʇʨʠʤʿʝʨʠ ʧʨʠʤʿʝʥʝ ɻʘʫʩʦʚʦʛ ʟʘʢʦʥʘ. 
4. ʇʨʦʚʦʜʥʠʮʠ ʫ ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʦʤ ʧʦˀʫ. ɽʣʝʢʪʨʦʩʪʘʪʠʯʢʘ ʥʜʫʢʮʠʿʘ. ʄʝʪʦʜ ʝʣʝʢʪʨʠʯʥʠʭ ʣʠʢʦʚʘ.  
5. ʂʦʥʜʝʥʟʘʪʦʨʠ ʠ ʢʘʧʘʮʠʪʠʚʥʦʩʪ. ʈʝʜʥʘ, ʧʘʨʘʣʝʣʥʘ ʠ ʤʿʝʰʦʚʠʪʘ ʚʝʟʘ ʢʦʥʜʝʥʟʘʪʦʨʘ. 
6. ɼʠʝʣʝʢʪʨʠʮʠ ʫ ʝʣʝʢʪʨʠʯʥʦʤ ʧʦˀʫ. ʋʦʧʰʪʝʥʠ ɻʘʫʩʦʚ ʟʘʢʦʥ. ɻʨʘʥʠʯʥʠ ʫʩʣʦʚʠ. 
7. ɽʥʝʨʛʠʿʘ ʠ ʩʠʣʝ ʫ ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʦʤ ʧʦˀʫ. ʂʨʝʪʘˁʝ ʥʘʝʣʝʢʪʨʠʩʘʥʝ ʯʝʩʪʠʮʝ. 
8. ɽʣʝʢʪʨʠʯʥʘ ʩʪʨʫʿʘ. ʇʨʚʠ ʂʠʨʭʦʬʦʚ ʟʘʢʦʥ. ʉʧʝʮʠʬʠʯʥʘ ʦʪʧʦʨʥʦʩʪ ʠ ʧʨʦʚʦʜʥʦʩʪ. 
9. ʆʪʧʦʨʥʠʮʠ. ʆʤʦʚ ʠ ɷʫʣʦʚ ʟʘʢʦʥ. ɺʝʟʝ ʦʪʧʦʨʥʠʢʘ. ʆʪʧʦʨʥʦʩʪ ʫʟʝʤˀʝˁʘ. ɽʣ. ʛʝʥ. ʠ ʧʦʿʘʤ ʝʤʩ. 
10.ʇʨʦʩʪʦ ʢʦʣʦ. ʋʩʣʦʚ ʧʨʝʥʦʩʘ ʤʘʢʩʠʤʘʣʥʝ ʩʥʘʛʝ. ʇʦʪʝʥʮʠʿʘʣ ʠ ʥʘʧʦʥ. ɽʢʚʠʚʘʣʝʥʮʠʿʘ ʥʘʧʦʥʩʢʦʛ ʠ 
ʩʪʨʫʿʥʦʛ ʛʝʥʝʨʘʪʦʨʘ. 
11. ɼʨʫʛʠ ʂʠʨʭʦʬʦʚ ʟʘʢʦʥ. ɼʠʨʝʢʪʥʘ ʧʨʠʤʿʝʥʘ ʂʠʨʭʦʬʦʚʠʭ ʟʘʢʦʥʘ ʟʘ ʨʿʝʰʘʚʘˁʝ ʝʣ. ʤʨʝʞʘ. ʄʝʪʦʜ 
ʢʦʥʪʫʨʥʠʭ ʩʪʨʫʿʘ. 
12. ʄʝʪʦʜ ʧʦʪʝʥʮʠʿʘʣʘ ʯʚʦʨʦʚʘ. ɽʢʚʠʚʘʣʝʥʮʠʿʝ ʪʨʦʫʛʘʦ-ʟʚʝʟʜʘ ʠ ʦʙʨʘʪʥʦ. ʊʝʦʨʝʤʝ ʣʠʥʝʘʨʥʦʩʪʠ.  
13.ʊʝʦʨʝʤʘ ʨʝʮʠʧʨʦʮʠʪʝʪʘ. ʊʝʚʝʥʝʥʦʚʘ ʠ ʅʦʨʪʦʥʦʚʘ ʪʝʦʨʝʤʘ. ʊʝʦʨʝʤʘ ʢʦʤʧʝʥʟʘʮʠʿʝ.ʊʝʦʨʝʤʘ 
ʦʜʨʞʘˁʘ ʩʥʘʛʝ ʫ ʝʣ. ʤʨʝʞʘʤʘ.  
14.ʇʦʩʝʙʥʠ ʦʙʣʠʮʠ ʝʣ. ʤʨʝʞʘ.ɽʣʝʤʝʥʪʠ ʥʝʣʠʥʝʨʘʥʠʭ ʝʣ. ʤʨʝʞʘ.ɽʣ. ʤʨʝʞʝ ʩʘ ʢʦʥʜʝʥʟʘʪʦʨʠʤʘ 
15. ɽʣʝʢʪʨʦʩʪʘʪʩʢʝ ʤʨʝʞʝ ʠ ʂʠʨʭʦʬʦʚʠ ʟʘʢʦʥʠ. ɹʠʣʘʥʩ ʝʥʝʨʛʠʿʝ ʫ ʤʨʝʞʘʤʘ ʩʘ ʢʦʥʜʝʥʟʘʪʦʨʠʤʘ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙ h ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʇʦʧʦʚʠ˂ ɹ. 
ʆʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ 1, ɻʨʘʹʝʚʠʥʩʢʘ ʢˁʠʛʘ 
ɹʝʦʛʨʘʜ 

1989.  

ɹʦʞʠʣʦʚʠ˂ ʍ., ʉʧʘʩʦʿʝʚʠ˂ɾ., 
ɹʦʞʠʣʦʚʠ˂ ɻ. 

ɿʙʠʨʢʘ ʟʘʜʘʪʘʢʘ ʠʟ ʦʩʥʦʚʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ, 
ʝʣʝʢʪʨʦʩʪʘʪʠʢʘ, ʩʪʘʣʥʝ ʿʝʜʥʦʩʤʝʨʥʝ ʩʪʨʫʿʝ, 

1998.  



ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ ɹʝʦʛʨʘʜ 

ʇʦʢʦʨʥʠ ʉ. 
ʃʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʝʞʙʝ ʠʟ ʦʩʥʦʚʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ 1 ʠ 
2, ʧʨʘʢʪʠʢʫʤ, ɽʊʌ ʀʩʪʦʯʥʦ ʉʘʨʘʿʝʚʦ (on-line 
ʠʟʜʘˁʝ) 

2012.    

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɫʦʨʹʝʚʠ˂ ʈ. ɸ.  
ʆʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ 1. ʜʝʦ, ʝʣʝʢʪʨʦʩʪʘʪʠʢʘ, 
ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ, ɹʝʦʛʨʘʜ 

2007.  

ɫʦʨʹʝʚʠ˂ ʈ. ɸ.  
ʆʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ 2. ʜʝʦ, ʩʪʘʣʥʝ ʩʪʨʫʿʝ, 
ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ, ɹʝʦʛʨʘʜ 

2006.  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ 5 5 

1. ʢʦʣʦʢʚʠʿʫʤ 25 25 

2. ʢʦʣʦʢʚʠʿʫʤ 25 25 

ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ  15 15 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʫʩʤʝʥʠ ʠʣʠ ʧʠʩʤʝʥʠ 30 30 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ Iʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʇʊʆʇɻʁ ʉɹʐʌʆɹʉʊʃɾ ʋɾʎʆʁʃɾ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʨʘʯʫʥʘʨʩʢʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʝ ʥʘʫʢʝ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

AE-08-1-004-1 ʦʙʘʚʝʟʘʥ I 5,5 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʇʨʦʬ. ʜʨʉʣʦʙʦʜʘʥ ʆʙʨʘʜʦʚʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ 
ʤʨ ʅʠʢʦʣʘ ɼʘʚʠʜʦʚʠ˂, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 
ʜʠʧʣ. ʠʥʞ. ʝʣ. ɱʝʣʝʥʘ ɴʦʩʦʚʠ˂, ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 0 2 52.5 0 52.5 1.75 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 2*15 + 0*15 + 2*15 =60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 2*15*So + 0*15*So + 2*15*So = 105 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 105 = 165ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ ʤʦ˂ʠ/ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ: 
1. ɼʘ ʨʘʟʫʤʠʿʝ ʦʩʥʦʚʥʝ ʤʘʪʝʤʘʪʠʯʢʝ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʦʩʥʦʚʝ ʨʘʯʫʥʘʨʘ, ʢʘʦ ʠ ʜʘ ʧʨʦʿʝʢʪʫʿʝ 
ʧʨʝʢʠʜʘʯʢʝ ʤʨʝʞʝ ʩʘ ʦʩʥʦʚʥʠʤ ʣʦʛʠʯʢʠʤ ʢʦʣʠʤʘ. 

2. ɼʘ ʨʘʟʫʤʠʿʝ ʘʨʭʠʪʝʢʪʫʨʫ ʧʨʦʮʝʩʦʨʘ ʠ ʧʨʠʥʮʠʧ ʨʘʜʘʤʝʤʦʨʠʿʘʠ ʧʝʨʠʬʝʨʠʿʩʢʠʭ ʿʝʜʠʥʠʮʘ. 
3. ɼʘ ʨʘʟʫʤʠʿʝ ʬʫʥʢʮʠʿʝ ʩʠʩʪʝʤʩʢʦʛ ʩʦʬʪʚʝʨʘ, ʘ ʧʦʩʝʙʥʦ ʦʧʝʨʘʪʠʚʥʠʭ ʩʠʩʪʝʤʘ. 
4. ɼʘ ʨʘʟʫʤʠʿʝ ʧʦʿʤʦʚʝ ʘʣʛʦʨʠʪʤʘ ʠ ʧʨʦʛʨʘʤʘ, ʢʘʦ ʠ ʧʨʠʥʮʠʧ ʧʨʠʤʿʝʥʝ ʘʣʛʦʨʠʪʤʘ ʫ ʨʘʯʫʥʘʨʩʢʠʤ 
ʧʨʦʛʨʘʤʠʤʘ. 

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʧʨʝʜʘʚʘˁʘ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʉʘʩʪʘʚ, ʦʧʰʪʠ ʠ ʭʠʿʝʨʘʨʭʠʿʩʢʠ ʤʦʜʝʣ ʨʘʯʫʥʘʨʩʢʦʛ ʩʠʩʪʝʤʘ. 
2. ʄʘʪʝʤʘʪʠʯʢʝ ʦʩʥʦʚʝ ʨʘʯʫʥʘʨʘ, ʢʦʥʚʝʨʟʠʿʝ ʙʨʦʿʝʚʘ ʠʟ ʜʝʮʠʤʘʣʥʦʛ ʫ ʜʨʫʛʝ ʙʨʦʿʝʚʥʝ ʩʠʩʪʝʤʝ ʠ 
ʦʙʨʘʪʥʦ. 

3. ɸʨʠʪʤʝʪʠʯʢʝ ʦʧʝʨʘʮʠʿʝ ʫ ʙʠʥʘʨʥʦʤ ʩʠʩʪʝʤʫ, ʙʨʦʿʝʚʠ ʩʘ ʟʥʘʢʦʤ, 1. ʠ 2. ʢʦʤʧʣʝʤʝʥʪ. 
4. ɹʨʦʿʝʚʠ ʫ ʧʦʢʨʝʪʥʦʤ ʟʘʨʝʟ, BCD ʙʨʦʿʝʚʠ, ASCII ʢʦʜ. 
5. ɽʣʝʢʪʨʦʥʩʢʝ ʦʩʥʦʚʝ ʨʘʯʫʥʘʨʘ, ɹʫʣʦʚʘ ʘʣʛʝʙʨʘ, ʣʦʛʠʯʢʝ ʦʧʝʨʘʮʠʿʝ ʀ, ʀʃʀ ʠ ʅɽ. 
6. ʃʦʛʠʯʢʘ ʢʦʣʘ, ʣʦʛʠʯʢʝ ʬʫʥʢʮʠʿʝ, ʤʠʥʠʤʠʟʘʮʠʿʘ. 
7. ʂʦʤʙʠʥʘʮʠʦʥʝ ʤʨʝʞʝ, ʩʘʙʠʨʘʯ. ʉʝʢʚʝʥʮʠʿʘʣʥʝ ʤʨʝʞʝ, ʈʉ ʬʣʠʧ-ʬʣʦʧ. ʈʝʛʠʩʪʨʠ, ʤʘʛʠʩʪʨʘʣʝ. 
8. ʄʝʤʦʨʠʿʝ, ʭʠʿʝʨʘʨʭʠʿʘ ʤʝʤʦʨʠʿʩʢʠʭ ʫʨʝʹʘʿʘ, 2ɼ  ʠ 3ɼ ʤʝʤʦʨʠʿʝ, ʈɸʄ, ʈʆʄ ʠ ʩʪʝʢ ʤʝʤʦʨʠʿʝ. 
9. ɸʨʭʠʪʝʢʪʫʨʘ ʨʘʯʫʥʘʨʘ, ʧʨʦʮʝʩʦʨ, ʧʨʝʥʦʩ ʧʦʜʘʪʘʢʘ. 
10. ʌʘʟʝ ʫ ʠʟʚʨʰʘʚʘˁʫ ʠʥʩʪʨʫʢʮʠʿʝ, ʧʨʠʙʘʚˀʘˁʝ ʠ ʠʟʚʨʰʘʚʘˁʝ Load, Add ʠ Store ʥʘʨʝʜʙʠ. 
11. ɺʨʩʪʝ ʠʥʩʪʨʫʢʮʠʿʘ. 
12. ʅʘʯʠʥʠ ʘʜʨʝʩʠʨʘˁʘ. 
13. ʉʪʨʫʢʪʫʨʝ ʧʦʜʘʪʘʢʘ. ʉʢʘʣʘʨʥʠ ʧʦʜʘʮʠ, ʥʠʟʦʚʠ,  ʩʪʨʫʢʪʫʨʝ ʧʦʜʘʪʘʢʘ, ʣʠʩʪʝ, ʤʘʛʘʮʠʥʠ ʠ ʨʝʜʦʚʠ. 
14. ʇʝʨʠʬʝʨʠʿʩʢʠ ʫʨʝʹʘʿʠ.ʋʣʘʟʥʠ ʠ ʠʟʣʘʟʥʠ ʫʨʝʹʘʿʠ. ʄʘʩʦʚʥʝ ʤʝʤʦʨʠʿʝ, ʪʨʘʢʝ, ʜʠʩʢʦʚʠ. 
15. ʆʧʝʨʘʪʠʚʥʠ ʩʠʩʪʝʤʠ, ʧʦʜʝʣʘ ʠ ʩʘʩʪʘʚ, ʫʧʨʘʚˀʘˁʝ ʧʨʦʮʝʩʦʨʦʤ, ʤʝʤʦʨʠʿʦʤ, ʩʠʩʪʝʤ ʜʘʪʦʪʝʢʘ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʆʙʨʘʜʦʚʠ˂, ʉ. ʆʩʥʦʚʠ ʨʘʯʫʥʘʨʩʢʝ ʪʝʭʥʠʢʝ, ɺʀʉɽʈ 2014.  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

Stallings, W. 
ʆʨʛʘʥʠʟʘʮʠʿʘ ʠ ʘʨʭʠʪʝʢʪʫʨʘ ʨʘʯʫʥʘʨʘ,ʧʨʦʿʝʢʘʪ ʫ 
ʬʫʥʢʮʠʿʠ ʧʝʨʬʦʨʤʘʥʩʠ, ʎɽʊ 

2013.  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 5 5 % 

ʜʦʤʘ˂ʠ ʟʘʜʘʮʠ 5 5 % 

ʃʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ 10 10% 

I ʢʦʣʦʢʚʠʿʫʤ 25 25 % 



II ʢʦʣʦʢʚʠʿʫʤ 25 25 % 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ 30 30% 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ: ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ 

I (ʧʨʚʠ) ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ I (ʧʨʚʘ) ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʌɻʇɽ ʌ ʅɾʆɹɸʅɾʆʋ 

ʃʙʫʞʝʩʙ   

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

AE-08-1-005-1 ʆʙʘʚʝʟʘʥ I 2 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʇʨʦʬ. ʜʨ ʀʣʠʥʢʘ ʋʥʢʦʚʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ  

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So1 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 0 0 2*15*So 0 0 1 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
2*15 = 30 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
2*15 = 30 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): 30 + 30 = 60 ʩʘʪʠ ʩʝʤʝʩʪʨʘʣʥʦ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

1. ɿʥʘˁʘ ʦ ʤʝʥʘ˅ʤʝʥʪʫ ʫ ʥʘʰʦʿ ʧʨʠʚʨʝʜʠ ʠ ʣʠʜʝʨʩʢʝ ʩʧʦʩʦʙʥʦʩʪʠ. 
2. ʇʦʟʥʘʚʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ, ʝʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʥʦʩʪʠ. 
3. ɿʥʘˁʘ ʦ ʧʨʝʜʫʟʝʪʥʠʰʪʚʫ ʠ ʬʫʥʢʮʠʿʘʤʘ ʤʝʥʘ˅ʤʝʥʪʘ 
4. ɿʥʘˁʘ ʦ ʩʪʨʘʪʝʰʢʦʤ ʤʝʥʘ˅ʤʝʥʪʫ. 

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʫʩʣʦʚˀʝʥʦʩʪʠ ʜʨʫʛʠʤ ʧʨʝʜʤʝʪʠʤʘ 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʇʨʝʜʘʚʘˁʘ, ʩʝʤʠʥʘʨʩʢʠ ʨʘʜʦʚʠ, ʪʝʩʪʦʚʠ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʄʠʩʠʿʘ ʤʝʥʘ˅ʤʝʥʪʘ ʫ ʦʨʛʘʥʠʟʘʮʠʿʠ. 
2. ʉʘʜʨʞʘʿ ʤʝʥʘ˅ʤʝʥʪʘ.  
3. ʃʠʜʝʨ ʠ ʣʠʜʝʨʩʪʚʦ. 
4. ʇʨʝʜʫʟʝ˂ʝ ʢʘʦ ʦʢʨʫʞʝˁʝ ʤʝʥʘ˅ʤʝʥʪʘ. 
5. ɽʬʠʢʘʩʥʦʩʪ ʠ ʝʬʝʢʪʠʚʥʦʩʪ. 
6. ʇʨʦʬʠʪ, ʢʦʥʢʫʨʝʥʪʥʦʩʪ. 
7. ʇʨʝʜʫʟʝʪʥʠʰʪʚʦ ʠ ʤʝʥʘ˅ʤʝʥʪ. 
8. ʇʣʘʥʠʨʘˁʝ ʠ ʤʝʥʘ˅ʤʝʥʪ. 
9. ʆʨʛʘʥʠʟʘʮʠʿʘ ʠ ʦʨʛʘʥʠʟʦʚʘˁʝ ʫ ʧʨʦʮʝʩʫ ʤʝʥʘ˅ʤʝʥʪʘ. 
10. ʂʘʜʨʦʚʩʢʠ ʤʝʥʘ˅ʤʝʥʪ. 
11. ʆʜʣʫʯʠʚʘˁʝ ʤʝʥʘ˅ʝʨʘ. 
12. ʂʦʥʪʨʦʣʘ ʫ ʤʝʥʘ˅ʤʝʥʪʫ. 
13. ʉʪʨʘʪʝʰʢʠ ʤʝʥʘ˅ʤʝʥʪ. 
14. ɼʨʫʰʪʚʝʥʘ ʦʜʛʦʚʦʨʥʦʩʪ ʠ ʤʝʥʘ˅ʝʨʩʢʘ ʝʪʠʢʘ. 
15. ʇʨʠʥʮʠʧʠ ʤʝʥʘ˅ʤʝʥʪʘ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɸ. ʃʦʿʧʫʨ ʄʝʥʘ˅ʤʝʥʪ, ɽʢʦʥʦʤʩʢʠ ʬʘʢʫʣʪʝʪ ʇʦʜʛʦʨʠʮʘ 1998  

ɹ. ʀʣʠ˂ ʄʝʥʘ˅ʤʝʥʪ 1, ɹʝʦʛʨʘʜ 2002  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɹ. ʄʠʰʠ˂ ʉʪʨʘʪʝʛʠʿʩʢʠ ʤʝʥʘ˅ʤʝʥʪ, ɹʠʿʝˀʠʥʘ 2007  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ʚʿʝʞʙʘʤʘ 5 5% 

I ʢʦʣʦʢʚʠʿʫʤ 25 25% 

II ʢʦʣʦʢʚʠʿʫʤ 25 25% 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʥʧʨ. ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 45 45% 

ʋʂʋʇʅʆ 100 100 % 
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ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ I ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ɾʆɼʄɾʊʃʁ ɲɾʀʁʃ 1 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʝʥʛʣʝʩʢʠ ʿʝʟʠʢ ʠ ʢˁʠʞʝʚʥʦʩʪ ï ʌʠʣʦʟʦʬʩʢʠ ʬʘʢʫʣʪʝʪ ʇʘʣʝ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-007-1 ʦʙʘʚʝʟʘʥ I 2 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ  

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʜʨ ɼʘʨʢʦ ʂʦʚʘʯʝʚʠ˂, ʣʝʢʪʦʨ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

1 1 0 15 15 0 1 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 1*15 + 1*15 + 0*15 = 30 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 1*15*So + 1*15*So + 0*15*So = 30 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 30 + 30 = 60ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

1. ʦʩʥʦʚʥʘ ʟʥʘˁʘ ʠʟ ʤʦʨʬʦʣʦʛʠʿʝ ʠ ʩʠʥʪʘʢʩʝ ʝʥʛʣʝʩʢʦʛ ʿʝʟʠʢʘ; 
2. ʦʩʥʦʚʝ ʢʦʥʚʝʨʟʘʮʠʿʝ ʚʝʟʘʥʝ ʟʘ ʦʧʰʪʝ ʪʝʤʝ; 
3. ʩʧʦʩʦʙʥʦʩʪ ʨʘʟʫʤʠʿʝʚʘˁʘ,ʧʨʝʚʦʹʝˁʘ ʠ ʫʩʤʝʥʦʛ ʠ ʧʠʩʘʥʦʛ ʦʧʠʩʠʚʘˁʘ ʢʨʘ˂ʠʭ ʪʝʢʩʪʫʘʣʥʠʭ ʮʿʝʣʠʥʘ 
ʥʘʧʠʩʘʥʠʭ ʥʘ ʝʥʛʣʝʩʢʦʤ ʿʝʟʠʢʫ ʠ ʚʝʟʘʥʠʭ ʟʘ ʦʧʰʪʝ ʪʝʤʝ 
4. ʩʧʦʩʦʙʥʦʩʪ ʢʨʝʠʨʘˁʘ ʢʨʘ˂ʠʭ ʪʝʢʩʪʫʘʣʥʠʭ ʮʿʝʣʠʥʘ ʚʝʟʘʥʠʭ ʟʘ ʦʧʰʪʝ ʪʝʤʝ. 

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʧʦʩʝʙʥʠʭ ʫʩʣʦʚʘ ʟʘ ʩʣʫʰʘˁʝ ʧʨʝʜʤʝʪʘ ʠ ʧʦʣʘʛʘˁʝ ʠʩʧʠʪʘ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʤʝʪʦʜʘ ʜʝʤʦʥʩʪʨʘʮʠʿʝ, ʤʝʪʦʜʘ ʧʨʘʢʪʠʯʥʠʭ ʨʘʜʦʚʘ, ʤʝʪʦʜʘ ʧʠʩʤʝʥʠʭ ʨʘʜʦʚʘ, ʤʝʪʦʜʘ ʯʠʪʘˁʘ ʠ ʨʘʜʘ 
ʥʘ ʪʝʢʩʪʫ, ʤʝʪʦʜʘ ʨʘʟʛʦʚʦʨʘ, ʤʝʪʦʜʘ ʫʩʤʝʥʦʛ ʠʟʣʘʛʘˁʘ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. Present Simple Tense. Personal and possessive pronouns. Personal adjectives. Verb ñto beñ in present 
tense.  
2. Past Simple Tense. Nouns. Relative pronouns. Verb ñto beñ in past tense. Word order. 
3. Present Continuous Tense. Past Continuous Tense.  
4. Questions (Wh- and yes/no). Verb ñto haveñ. 
5. Present Perfect Tense. Past Perfect Tense. 
6. Adjectives and adverbs.  
7. Gerunds and participles. 
8. Future.  
9. Passive Voice. 
10. Passive Voice (questions, verbs with two objects). 
11. Indirect speech. 
12. Indirect speech (questions and imperative). 
13. Articles. 
14. Prepositions. 
15. Conjunctions. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

M. Swan, C. Walker A Good Grammar Book, Oxford University Press 1997  

    

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɼ, ʂʦʚʘʯʝʚʠ˂ ɿʙʠʨʢʘ ʪʝʢʩʪʦʚʘ ʟʘ ɽʥʛʣʝʩʢʠ ʿʝʟʠʢ 1 (ʩʢʨʠʧʪʘ)   

    

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ʚʿʝʞʙʘʤʘ 15 15 % 

ʧʦʟʠʪʠʚʥʦ ʦʮʿʝˁʝʥ ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ 5 5 % 

ʘʢʪʠʚʥʦʩʪ ʥʘ ʧʨʝʜʘʚʘˁʠʤʘ/ʚʿʝʞʙʘʤʘ 10 10 % 

ʧʨʚʠ ʢʦʣʦʢʚʠʿʫʤ 20 20 % 

ʜʨʫʛʠ ʢʦʣʦʢʦʚʠʿʫʤ 20 20% 



ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ) 30 30 % 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  
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ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

 I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ I ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʅɹʋɾʅɹʋʁʃɹ 2 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʤʘʪʝʤʘʪʠʢʫ - ʌʠʣʦʟʦʬʩʢʠ ʬʘʢʫʣʪʝʪ ʇʘʣʝ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

AE-08-1-008-2 ʦʙʘʚʝʟʘʥ II 7,0 

ʆʙʪʫʙʛʦʡʣ ʧʨʦʬ. ʜʨ ɺʠʜʘʥ ɻʦʚʝʜʘʨʠʮʘ, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ ʤʨ ʅʘʪʘʰʘ ʇʘʚʣʦʚʠ˂, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ  
(ʬ ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

3 3 0 60 60 0 1.33 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 3*15 + 2*15 + 0*15 =90 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 3*15*So + 3*15*So + 0*15*So = 120 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 90 + 120 = 210 ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ  ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ: 
1. ʠʟʛʨʘʹʫʿʝ ʩʚʦʿʝ ʤʠʩʘʦʥʝ ʩʪʨʫʢʪʫʨʝ ʦʜʥʦʩʥʦ ʤʘʪʝʤʘʪʠʯʢʦ ʤʠʰˀʝˁʝ, ʢʦʿʝ ʿʝ ʥʦʩʠʣʘʮ ʩʚʘʢʦʛ 
ʥʘʫʯʥʦʛ ʧʦʜʫʭʚʘʪʘ, ʘ ʠʥʞʝˁʝʨʩʢʠʭ ʢʨʝʘʮʠʿʘ ʧʦʥʘʿʚʠʰʝ 
2. oʚʣʘʜʘ ʠʥʪʝʛʨʘʣʠʤʘ ʬʫʥʢʮʠʿʘ ʿʝʜʥʝ ʧʨʦʤʿʝʥˀʠʚʝ ʠ ˁʠʭʦʚʠʤ ʧʨʠʤʿʝʥʘʤʘ 
3. ʦʚʣʘʜʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʤ ʨʘʯʫʥʦʤ ʬʫʥʢʮʠʿʘ ʚʠʰʝ ʧʨʦʤʿʝʥˀʠʚʠʭ  
4. ʦʚʣʘʜʘ ʢʨʠʚʦʣʠʥʠʿʩʢʠʤ, ʚʠʰʝʩʪʨʫʢʠʤ ʠ ʧʦʚʨʰʠʥʩʢʠʤ ʠʥʪʝʛʨʘʣʠʤʘ ʠ ˁʠʭʦʚʠʤ ʧʨʠʤʿʝʥʘʤʘ 
5. ʦʚʣʘʜʘ ʤʝʪʦʜʘʤʘ ʟʘ ʨʿʝʰʘʚʘˁʝ ʦʙʠʯʥʠʭ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʭ ʿʝʜʥʘʯʠʥʘ 
6. ʢʦʨʠʩʪʠ ʜʦʙʠʿʝʥʘ ʟʥʘˁʘ ʫ ʩʪʨʫʯʥʠʤ ʧʨʝʜʤʝʪʠʤʘ 

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʫʩʣʦʚʘ ʩʣʫʰʘˁʘ ʠ ʧʦʣʘʛʘˁʘ ʧʨʝʜʤʝʪʘ 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʅʘʩʪʘʚʥʠ ʧʨʦʮʝʩ ʩʝ ʨʝʘʣʠʟʫʿʝ ʫʛʣʘʚʥʦʤ ʢʨʦʟ ʬʨʦʥʪʘʣʥʠ ʦʙʣʠʢ ʨʘʜʘ ï ʧʨʝʜʘʚʘˁʘ ʠ ʠʥʪʝʨʘʢʪʠʚʥʠ 
ʦʙʣʠʢ ʨʘʜʘ ï ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʇʨʦʙʣʝʤ ʠʟʨʘʯʫʥʘʚʘˁʘ ʧʦʚʨʰʠʥʝ ʠ ʜʝʬʠʥʠʮʠʿʘ ʦʜʨʝʹʝʥʦʛ ʠʥʪʝʛʨʘʣʘ. ʆʩʦʙʠʥʝ ʠʥʪʝʛʨʘʙʠʣʥʠʭ 
ʬʫʥʢʮʠʿʘ 
2. ʇʨʠʤʠʪʠʚʥʘ ʬʫʥʢʮʠʿʘ ʠ ʥʝʦʜʨʝʹʝʥʠ ʠʥʪʝʛʨʘʣ. ɺʝʟʘ ʠʟʤʝʹʫ ʦʜʨʝʹʝʥʦʛ ʠ ʥʝʦʜʨʝʹʝʥʦʛ ʠʥʪʝʛʨʘʣʘ. 
ɳʫʪʥ-ʃʘʿʙʥʠʮʦʚʘ ʬʦʨʤʫʣʘ 
3. ʄʝʪʦʜʝ ʠʥʪʝʛʨʘʮʠʿʝ. ʅʝʩʚʦʿʩʪʚʝʥʠ ʠʥʪʝʛʨʘʣʠ  
4. ʀʥʪʝʛʨʘʮʠʿʘ ʨʘʮʠʦʥʘʣʥʠʭ, ʠʨʘʮʠʦʥʘʣʥʠʭ ʠ ʪʨʠʛʦʥʦʤʝʪʨʠʿʩʢʠʭ ʬʫʥʢʮʠʿʘ. ʀʥʪʝʛʨʘʣʠ ʢʦʿʠ ʥʠʩʫ 
ʝʣʝʤʝʥʪʘʨʥʝ ʬʫʥʢʮʠʿʝ. ʇʨʠʤʿʝʥʝ ʦʜʨʝʹʝʥʦʛ ʠʥʪʝʛʨʘʣʘ 
5. ʄʝʪʨʠʯʢʠ ʧʨʦʩʪʦʨʠ. ʌʫʥʢʮʠʿʝ ʚʠʰʝ ʧʨʦʤʿʝʥˀʠʚʠʭ. ʂʦʥʚʝʨʛʝʥʮʠʿʘ ʠ ʥʝʧʨʝʢʠʜʥʦʩʪ 
6. ɼʠʬʝʨʝʥʮʠʿʘʙʠʣʥʦʩʪ ʬʫʥʢʮʠʿʘ ʚʠʰʝ ʧʨʦʤʿʝʥˀʠʚʠʭ. ʇʦʪʨʝʙʥʠ ʠ ʜʦʚʦˀʥʠ ʫʩʣʦʚʠ 
ʜʠʬʝʨʝʥʮʠʿʘʙʠʣʥʦʩʪʠ. ɼʠʬʝʨʝʥʮʠʿʘʣʠ ʚʠʰʝʛ ʨʝʜʘ ʠ ʊʝʿʣʦʨʦʚʘ ʬʦʨʤʫʣʘ 
7. ʇʦʿʘʤ ʧʨʝʩʣʠʢʘʚʘˁʘ. ɱʘʢʦʙʠʿʝʚʘ ʜʝʪʝʨʤʠʥʘʥʪʘ. ʀʤʧʣʠʮʠʪʥʝ ʬʫʥʢʮʠʿʝ. ʇʦʿʘʤ ʣʦʢʘʣʥʦʛ ʝʢʩʪʨʝʤʘ 
ʠ ʧʦʪʨʝʙʥʠ ʫʩʣʦʚʠ ʟʘ ˁʝʛʦʚʫ ʝʛʟʠʩʪʝʥʮʠʿʫ 
8. ɼʦʚʦˀʥʠ ʫʩʣʦʚʠ ʟʘ ʝʛʟʠʩʪʝʥʮʠʿʫ ʣʦʢʘʣʥʦʛ ʝʢʩʪʨʝʤʘ. ʉʠʣʚʝʩʪʝʨʦʚ ʢʨʠʪʝʨʠʿʫʤ. ʋʩʣʦʚʥʠ ʝʢʩʪʨʝʤʠ 
9. ʂʨʠʚʦʣʠʥʠʿʩʢʠ ʠʥʪʝʛʨʘʣʠ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤʘ. ʂʨʠʚʦʣʠʥʠʿʩʢʠ ʠʥʪʝʛʨʘʣʠ ʧʦ ʣʫʢʫ.  
10. ʇʦʿʘʤ ʚʠʰʝʩʪʨʫʢʠʭ ʠʥʪʝʛʨʘʣʘ. ɼʚʦʿʥʠ ʠʥʪʝʛʨʘʣʠ.  ʊʨʦʿʥʠ ʠʥʪʝʛʨʘʣʠ.  
11. ʉʤʿʝʥʘ ʧʨʦʤʿʝʥˀʠʚʠʭ ʫ ʚʠʰʝʩʪʨʫʢʠʤ ʠʥʪʝʛʨʘʣʠʤʘ. ɻʨʠʥ-ʈʠʤʘʥʦʚʘ ʪʝʦʨʝʤʘ 
12. ʇʦʚʨʰʠʥʩʢʠ ʠʥʪʝʛʨʘʣʠ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤʘ. ʇʦʚʨʰʠʥʩʢʠ ʠʥʪʝʛʨʘʣʠ ʧʦ ʧʦʚʨʰʠ. ʉʪʦʢʩʦʚʘ ʪʝʦʨʝʤʘ 
ʠ ʪʝʦʨʝʤʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛ 
13. ʉʢʘʣʘʨʥʦ ʠ ʚʝʢʪʦʨʩʢʦ ʧʦˀʝ. ɼʠʚʝʨʛʝʥʮʠʿʘ ʠ ʨʦʪʦʨ. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʚʝʢʪʦʨʩʢʠʭ ʧʦˀʘ 
14. ʆʙʠʯʥʝ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ. ɼʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ ʧʨʚʦʛ ʨʝʜʘ 
15. ʃʠʥʝʘʨʥʝ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ ʚʠʰʝʛ ʨʝʜʘ.  ɼʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ ʩʘ ʢʦʥʩʪʘʥʪʥʠʤ 
ʢʦʝʬʠʮʠʿʝʥʪʠʤʘ. ʆʿʣʝʨʦʚʘ ʿʝʜʥʘʯʠʥʘ 
 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʄ. ʄʝʨʢʣʝ 
ʄʘʪʝʤʘʪʠʯʢʘ ʘʥʘʣʠʟʘ, ʪʝʦʨʠʿʘ ʠ ʭʠˀʘʜʫ ʟʘʜʘʪʘʢʘ, 
ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ, ɹʝʦʛʨʘʜ 

2008  



ɼ. ʊʦʰʠ˂ 
ʄʘʪʝʤʘʪʠʢʘ III, ʢʨʘʪʘʢ ʢʫʨʩ, ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ, 
ɹʝʦʛʨʘʜ 

2006  

ʇ. ʄʠʣʠʯʠ˂, ʄ. ʋʰ˂ʫʤʣʠ˂ 
ɿʙʠʨʢʘ ʟʘʜʘʪʘʢʘ ʠʟ ʚʠʰʝ ʤʘʪʝʤʘʪʠʢʝ  I ʠ II, ʅʘʫʯʥʘ 
ʢˁʠʛʘ, ɹʝʦʛʨʘʜ 

1993  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

    

    

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʇʨʠʩʫʩʪʚʦ ʠ ʘʢʪʠʚʥʦʩʪ ʥʘ ʥʘʩʪʘʚʠ 10 10% 

I  ʢʦʣʦʢʚʠʿʫʤ 30 30% 

II ʢʦʣʦʢʚʠʿʫʤ 30 30% 

   

   

   

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 30 30% 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ I ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʌɻʇɽ ʌ ʈʉʇɼʉɹʅʁʉɹɴɾ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʨʘʯʫʥʘʨʩʢʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʝ ʥʘʫʢʝ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-009-2 ʦʙʘʚʝʟʘʥ II 5,5 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ.ʜʨ ʉʣʦʙʦʜʘʥ ʆʙʨʘʜʦʚʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʤʨ ʉˁʝʞʘʥʘ ʄʠʣʠʥʢʦʚʠ˂, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 1 2 36 18 36 1.2 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 2*15 + 1*15 + 2*15 =75 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 2*15*So + 1*15*So + 2*15*So = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 75 + 90 = 165 ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ: 
1. ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʟʘ ʩʘʤʦʩʪʘʣʥʦ ʘʣʛʦʨʠʪʘʤʩʢʦ ʨʿʝʰʘʚʘˁʝ ʧʨʦʛʨʘʤʩʢʠʭ ʧʨʦʙʣʝʤʘ ʤʘʣʝ ʠʣʠ 
ʩʨʝʜˁʝ ʩʣʦʞʝʥʦʩʪʠ  
2. ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʟʘ ʨʘʜ ʩʘ ʘʣʘʪʠʤʘ ʟʘ ʨʘʟʚʦʿ ʩʦʬʪʚʝʨʘʫ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ ʉ 
3. ʤʦ˂ʠ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ ʘʣʛʦʨʠʪʘʤʩʢʠ ʨʿʝʰʝʥʝ ʧʨʦʙʣʝʤʝ ʫ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ ʎ 
4. ʙʠʪʠ ʦʩʧʦʩʦʙˁʝʥʠ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʬʫʥʢʮʠʿʩʢʠʭ ʤʦʜʫʣʘ ʤʘʣʝ ʠʣʠ ʩʨʝʜˁʝ ʩʣʦʞʝʥʦʩʪʠ ʫ 
ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ ʉ 

ʌʪʤʧʛˁʞʦʧʪʫ 
ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. ʇʦʪʨʝʙʥʘ ʧʨʝʜʟʥʘˁʘ ʠʟ ʧʨʝʜʤʝʪʘ: ʆʩʥʦʚʠ 
ʨʘʯʫʥʘʨʩʢʝ ʪʝʭʥʠʢʝ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʇʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ, ʪʝʩʪʦʚʠ ʧʨʦʚʝʨʝ ʟʥʘˁʘ, ʜʦʤʘ˂ʠ ʟʘʜʘʮʠ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʋʚʦʜ. ɸʨʭʠʪʝʢʪʫʨʘ ʨʘʯʫʥʘʨʘ. ʈʿʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʧʦʤʦ˂ʫ ʨʘʯʫʥʘʨʘ. ɸʣʛʦʨʠʪʤʠ. 
2.ʆʩʥʦʚʥʠ ʪʠʧʦʚʠ ʧʦʜʘʪʘʢʘ ʫ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ ʉ. ɼʝʢʣʘʨʘʮʠʿʘ, ʫʥʦʩ ʠ ʧʨʠʢʘʟ ʧʦʜʘʪʘʢʘ (printf, 
scanf). 
3.ʇʨʦʮʝʩ ʨʘʟʚʦʿʘ ʧʨʦʛʨʘʤʘ: ʧʨʦʿʝʢʪʦʚʘˁʝ, ʧʨʝʚʦʹʝˁʝ ʠ ʧʦʚʝʟʠʚʘˁʝ, ʪʝʩʪʠʨʘˁʝ ʠ ʦʪʢʣʘˁʘˁʝ 
ʛʨʝhʘʢʘ, ʦʜʨʞʘʚʘˁʝ ʧʨʦʛʨʘʤʘ. 

4. ʇʨʝʪʧʨʦʮʝʩʦʨʩʢʝ ʜʠʨʝʢʪʠʚʝ: ʧʨʝʪʧʨʦʮʝʩʦʨ. 
5.ʆʧʝʨʘʪʦʨʠ ʫ ʉ-ʫ. 
6.ʂʦʥʪʨʦʣʘ ʪʦʢʘ ʧʨʦʛʨʘʤʘ : ʩʝʢʚʝʥʮʘ, ʩʝʣʝʢʮʠʿʘ.  
7.ʂʦʥʪʨʦʣʘ ʪʦʢʘ ʧʨʦʛʨʘʤʘ: ʠʪʝʨʘʮʠʿʘ (ʧʝʪˀʝ).  
8.ʂʦʥʪʨʦʣʘ ʪʦʢʘ ʧʨʦʛʨʘʤʘ: continue, break, return. 
9.ʇʦʢʘʟʠʚʘʯʠ. ɸʜʨʝʩʥʘ ʘʨʠʪʤʝʪʠʢʘ.  
10. ʌʫʥʢʮʠʿʝ ï ʦʩʥʦʚʥʠ ʢʦʥʮʝʧʪʠ. ʇʨʦʪʦʪʠʧ. ʇʨʝʥʦʩ ʘʨʛʫʤʝʥʘʪʘ. 
11.ʅʠʟʦʚʠ ʧʦʜʘʪʘʢʘ. ɱʝʜʥʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʙʨʦʿʥʠ ʥʠʟʦʚʠ. 
12.ɸʣʛʦʨʠʪʤʠ ʟʘ ʨʘʜ ʩʘ ʝʿʜʥʦʜʠʤʝʥʟʠʦʥʘʣʥʠʤ ʥʠʟʦʚʠʤʘ.  
13.ɺʠʰʝʜʠʤʝʥʟʠʦʥʘʣʥʠ ʥʠʟʦʚʠ, ʤʘʪʨʠʮʝ. ɼʝʢʣʘʨʘʮʠʿʘ, ʦʙʨʘʜʘ. 
14. ɸʣʛʦʨʠʪʤʠ ʟʘ ʨʘʜ ʩʘ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʤ ʥʠʟʦʚʠʤʘ. 
15.ɿʥʘʢʦʚʥʠ ʥʠʟʦʚʠ. ʋ-ʀ ʢʦʥʚʝʨʟʠʿʘ. ʌʫʥʢʮʠʿʝ ʟʘ ʨʘʜ ʩʘ ʟʥʘʢʦʚʥʠʤ ʥʠʟʦʚʠʤʘ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʂʨʘʫʩ, ʃ. 
Ăʇʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ ʉ ʩʘ ʨʝʰʝʥʠʤ ʟʘʜʘʮʠʤʘñ, 
ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ ɹʝʦʛʨʘʜ 

2004  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

Kernighan, B.W., Ritchie, D.M.  ĂProgramski jezik Cò, Prentice Hall 1988., ʧʨʝʚʦʜ, CET  2003  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 5 5 % 

ʦʜʙʨʘʥʘ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʚʿʝʞʙʠ 15 15 % 

ʪʝʩʪʦʚʠ ʧʨʦʚʿʝʨʝ ʟʥʘˁʘ 10 10% 



ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʯʘʩʫ (ʦʧʮʠʦʥʦ) 4 4% 

ʟʘʜʘʮʠ ʟʘ ʟʘʜʘ˂ʫ (ʦʧʮʠʦʥʦ) 4 4% 

I ʢʦʣʦʢʚʠʿʫʤ (ʦʧʮʠʦʥʦ) 25 25 % 

II ʢʦʣʦʢʚʠʿʫʤ (ʦʧʮʠʦʥʦ) 45 45 % 

   

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 70 70 % 

ʋʂʋʇʅʆ 108 108 % 

Web ʪʫʩʙʦʡʯʙ http://moodle.etf.unssa.rs.ba/course/view.php?id=35 

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 
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ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

Iʮʠʢʣʫʩ ʩʪʫʜʠʿʘ Iʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʇʊʆʇɻʁ ɾʄɾʃʋʉʇʋɾʎʆʁʃɾ ð2 

ʃʙʫʞʝʩʙ  ʆʜʩʿʝʢ ʟʘʿʝʜʥʠʯʢʠʭ ʦʩʥʦʚʘ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ ʀʩʪʦʯʥʦ ʉʘʨʘʿʝʚʦ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-010-2 ʆʙʘʚʝʟʘʥ II 7.0 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ʉʣʘʚʢʦ ʇʦʢʦʨʥʠ ï ʦʜʛʦʚʦʨʥʠ ʥʘʩʪʘʚʥʠʢ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ 
ʤʨ ɼʘʨʢʦ ʐʫʢʘ ï ʚʠʰʠ ʘʩʠʩʪʝʥʪ, ɹʦʿʘʥʘ ʅʦʚʘʢʦʚʠ˂, ʤʨ ï ʚʠʰʠ ʘʩʠʩʪʝʥʪ, ʄʠʣʠʮʘ ʈʠʩʪʦʚʠ˂-ʂʨʩʪʠ˂ 
ʘʩʠʩʪʝʥʪ. 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

3 2 1 60 40 20 1.33 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 3*15 + 2*15 + 1*15 =90 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 3*15*So + 2*15*So + 1*15*So = 120 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ):W+ʊ=Uopt= 90 + 120 = 210 ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ ʤʦ˂ʠ/ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ: 
1. ʆʙʿʘʩʥʠ ʦʩʥʦʚʥʝ ʧʦʿʤʦʚʝ ʠ ʟʘʢʦʥʝ ʝʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ ʠ ʚʨʝʤʝʥʩʢʠ ʧʨʦʤʝˁʠʚʠʭ ʩʪʨʫʿʘ. 
2.ʀʟʨʘʯʫʥʘ ʤʘʛʥʝʪʩʢʫ ʩʠʣʫ, ʠʥʜʫʢʮʠʿʫ, ʬʣʫʢʩ, ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ ʠ ʤʘʛʥʝʪʩʢʫ ʝʥʝʨʛʠʿʫ. 
3.ʆʜʨʝʜʠ ʠʟʨʘʟ ʟʘ ʠʥʜʫʢʪʠʚʥʦʩʪ ʠ ʤʝʹʫʩʦʙʥʫ ʠʥʜʫʢʪʠʚʥʦʩʪ ʨʘʟʣʠʯʠʪʠʭ ʢʦʥʪʫʨʘ. 
4.ʇʨʠʤʿʝʥʠ ʌʘʨʘʜʝʿʝʚ ʟʘʢʦʥ ʠ ʂʠʨʭʦʬʦʚʝ ʟʘʢʦʥʝ ʥʘ ʧʨʦʨʘʯʫʥ ʤʘʛʥʝʪʩʢʠʭ ʢʦʣʘ. 
5. ʈʘʟʣʠʢʫʿʝ ʦʧʰʪʝ ʿʝʜʥʘʯʠʥʝ ʝʣʝʢʪʨʠʯʥʠʭ ʤʨʝʞʘ ʩʘ ʚʨʝʤʝʥʩʢʠ ʧʨʦʤʝˁʠʚʠʤ ʩʪʨʫʿʘʤʘ ʠ 
ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠʤ ʩʪʨʫʿʘʤʘ. 
6. ʇʨʠʤʝʥʠ ʬʘʟʦʨʩʢʠ ʠ ʢʦʤʧʣʝʢʩʥʠ ʨʘʯʫʥ ʟʘ ʨʝʰʘʚʘˁʝ ʢʦʣʘ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠʭ ʩʪʨʫʿʘ. 
7. ʆʙʿʘʩʥʠ ʦʩʥʦʚʥʝ ʧʦʿʤʦʚʝ ʩʠʤʝʪʨʠʯʥʠʭ ʪʨʦʬʘʟʥʠʭ ʩʠʩʪʝʤʘ ʠ ʥʘʯʠʥʝ ʬʦʨʤʠʨʘˁʘ ʦʙʨʪʥʦʛ 
ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ. 
8. ʂʦʨʠʩʪʠ ʟʥʘˁʘ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʫ ʥʘʨʝʜʥʠʤ ʧʨʝʜʤʝʪʠʤʘ ʩʪʫʜʠʿʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ. 

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʅʘʩʪʘʚʘ ʩʝ ʠʟʚʦʜʠ ʫ ʦʙʣʠʢʫ ʧʨʝʜʘʚʘˁʘ (ʫʟ ʫʧʦʪʨʝʙʫ ʩʘʚʨʝʤʝʥʠʭ ʘʫʜʠʦʚʠʟʫʝʣʥʠʭ ʩʨʝʜʩʪʘʚʘ), 
ʘʫʜʠʪʦʨʥʠʭ ʠ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʚʿʝʞʙʠ. ʉʪʫʜʝʥʪʠ ʜʦʙʠʿʘʿʫ ʠ ʜʦʤʘ˂ʝ ʟʘʜʘ˂ʝ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ɽʣʝʢʪʨʦʤʘʛʥʝʪʩʢʘ ʩʠʣʘ. ʄʘʛʥʝʪʩʢʦ ʧʦˀʝ ʠ ʚʝʢʪʦʨ ʤʘʛʥʝʪʩʢʝ ʠʥʜʫʢʮʠʿʝ. ɹʠʦ-ʉʘʚʘʨʦʚ ʟʘʢʦʥ.  
2.ʌʣʫʢʩ ʚʝʢʪʦʨʘ ʤʘʛʥʝʪʩʢʝ ʠʥʜʫʢʮʠʿʝ ʠ ʟʘʢʦʥ ʦʜʨʞʘˁʘ ʤʘʛʥʝʪʩʢʦʛ ʬʣʫʢʩʘ. ʂʨʝʪʘˁʝ ʥʘʝʣʝʢʪʨʠʩʘʥʝ 
ʯʝʩʪʠʮʝ ʫ ʝʣʝʢʪʨ. ʠ ʤʘʛʥ. ʧʦˀʫ. ʍʦʣʦʚ ʝʬʝʢʘʪ. 
3.ɸʤʧʝʨʦʚ ʟʘʢʦʥ. ʆʩʥʦʚʥʠ ʧʦʿʤʦʚʠ ʦ ʤʘʛʥʝʪʩʢʠʤ ʦʩʦʙʠʥʘʤʘ ʤʘʪʝʨʠʿʝ. ʋʦʧʰʪʝʥʠ ɸʤʧʝʨʦʚ ʟʘʢʦʥ.  
4.ɻʨʘʥʠʯʥʠ ʫʩʣʦʚʠ. ʂʠʨʭʦʬʦʚʠ ʟʘʢʦʥʠ ʟʘ ʤʘʛʥʝʪʩʢʘ ʢʦʣʘ. 
5. ʄʝʪʦʜʝ ʧʨʦʨʘʯʫʥʘ. ʄʘʛʥʝʪʩʢʦ ʢʦʣʦ ʩʪʘʣʥʦʛ ʤʘʛʥʝʪʘ.  
6.ʀʥʜʫʢʦʚʘʥʦ ʝʣ. ʧʦˀʝ. ʌʘʨʘʜʝʿʝʚ ʟʘʢʦʥ ʝʣʝʢʪʨʦʤʘʛ. ʠʥʜʫʢʮʠʿʝ.ɺʨʪʣʦʞʥʝ ʩʪʨʫʿʝ, ʧʦʚʨʰʠʥʩʢʠ 
ʝʬʝʢʘʪ ʠ ʝʬʝʢʘʪ ʙʣʠʟʠʥʝ. ʀʥʜʫʢʪʠʚʥʦʩʪʠ. ʄʿʝʨʝˁʝ ʤʘʛʥʝʪʩʢʝ ʠʥʜʫʢʮʠʿʝ. ɱʝʜʥʘʯʠʥʘ ʧʨʦʪʦʢʘ. 
7.ɽʥʝʨʛʠʿʘ ʠ ʩʠʣʝ ʫ ʤʘʛʥʝʪʩʢʦʤ ʧʦˀʫ. ʆʧʰʪʠ ʤʝʪʦʜ ʠʟʨʘʯʫʥʘʚʘˁʘ ʤʘʛʥʝʪʩʢʠʭ ʩʠʣʘ.  
8.ʆʧʰʪʝ ʿʝʜʥʘʯʠʥʝ ʝʣ. ʤʨʝʞʘ ʩʘ ʚʨʝʤ. ʧʨʦʤʝʥˁʠʚʠʤ ʩʪʨʫʿʘʤʘ. ʋʦʧʰʪʝʥʠ ʂʠʨʭʦʬʦʚʠ ʟʘʢʦʥʠ. 
9.ʇʝʨʠʦʜʠʯʥʝ ʠ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʝ ʚʝʣʠʯʠʥʝ. ʉʨʝʜˁʘ ʠ ʝʬʝʢʪʠʚʥʘ ʚʨʠʿʝʜʥʦʩʪ. ʆʩʥʦʚʥʠ ʧʘʩʠʚʥʠ 
ʝʣʝʤʝʥʪʠ ʫ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʤ ʨʝʞʠʤʫ. ʆʙʨʪʥʠ ʚʝʢʪʦʨʠ. 
10.ʌʘʟʦʨʩʢʠ ʜʠʿʘʛʨʘʤʠ. ʈʝʟʦʥʘʥʩʘ ʠ ʘʥʪʠʨʝʟʦʥʘʥʩʘ. ɸʢʪʠʚʥʘ ʠ ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ. ʌʘʢʪʦʨ ʩʥʘʛʝ. 
11.ʂʠʨʭʦʬʦʚʠ ʟʘʢʦʥʠ ʫ ʢʦʤʧʣʝʢʩʥʦʤ ʦʙʣʠʢʫ. ʀʤʧʝʜʘʥʩʘ ʠ ʘʜʤʠʪʘʥʩʘ. ɽʢʚʠʚʘʣʝʥʮʠʿʝ. 
12.ʄʝʪʦʜʝ ʠ ʪʝʦʨʝʤʝ ʫ ʢʦʤʧʣʝʢʩʥʦʤ ʦʙʣʠʢʫ. ʇʨʦʩʪʦ ʨʝʟʦʥʘʥʪʥʦ ʠ ʘʥʪʠʨʝʟ. ʢʦʣʦ. ʊʨʘʥʩʬʦʨʤʘʪʦʨʠ. 
13.ʇʦʣʠʬʘʟʥʠ ʠ ʪʨʦʬʘʟʥʠ ʩʠʩʪʝʤʠ, ʛʝʥʝʨʘʪʦʨʠ ʠ ʧʨʠʿʝʤʥʠʮʠ.  
14.ɼʚʦʬʘʟʥʦ ʠ ʪʨʦʬʘʟʥʦ ʦʙʨʪʥʦ ʤʘʛ. ʧʦˀʝ. ʆʩʥʦʚʥʠ ʧʦʿʤʦʚʠ ʦ ʩʠʥʭʨʦʥʦʤ ʠ ʘʩʠʥʭʨʦʥʦʤ ʤʦʪʦʨʫ. 
15. ʌʨʝʢʚʝʥʪʥʝ ʟʘʚʠʩʥʦʩʪʠ. ʈʝʟʦʥʘʥʪʥʝ ʠ ʘʥʪʠʨʝʟʦʥʘʥʪʥʝ ʧʦʿʘʚʝ ʫ ʩʣʦʞʝʥʠʿʠʤ ʤʨʝʞʘʤʘ. R, L ʠ C 
ʧʨʠ ʚʠʩʦʢʠʤ ʫʯʝʩʪʘʥʦʩʪʠʤʘ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʇʦʧʦʚʠ˂ ɹ. 
ʆʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ 2, ɻʨʘʹʝʚʠʥʩʢʘ ʢˁʠʛʘ 
ɹʝʦʛʨʘʜ 

1990.  

ɹʦʞʠʣʦʚʠ˂ʍ., ʉʧʘʩʦʿʝʚʠ˂ɾ., ɿʙʠʨʢʘ ʟʘʜʘʪʘʢʘ ʠʟ ʦʩʥʦʚʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ, 1998.  



ɹʦʞʠʣʦʚʠ˂ɻ. ʤʘʛʥʝʪʠʟʘʤ, ʥʘʠʟʤʝʥʠʯʥʝ ʩʪʨʫʿʝ, ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ 
ɹʝʦʛʨʘʜ 

ʇʦʢʦʨʥʠʉ. 
ʃʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʝʞʙʝ ʠʟ ʦʩʥʦʚʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ 1 ʠ 
2, ʧʨʘʢʪʠʢʫʤ, ɽʊʌ ʀʩʪʦʯʥʦ ʉʘʨʘʿʝʚʦ(ʦʥ ʣʠʥʝ 
ʠʟʜʘˁʝ) 

2012.    

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɫʦʨʹʝʚʠ˂ ʈ. ɸ.  
ʆʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ 3. ʜʝʦ, ʝʣʝʢʪʨʦʤʘʛʥʝʪʠʟʘʤ, 
ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ, ɹʝʦʛʨʘʜ 

2007.  

ɫʦʨʹʝʚʠ˂ ʈ. ɸ.  
ʆʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ 4. ʜʝʦ, ʢʦʣʘ ʧʨʦʤʝʥˀʠʚʠʭ 
ʩʪʨʫʿʘ, ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ, ɹʝʦʛʨʘʜ 

2007.  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ 5 5 

1. ʢʦʣʦʢʚʠʿʫʤ 25 25 

2. ʢʦʣʦʢʚʠʿʫʤ 25 25 

ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ  15 15 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʫʩʤʝʥʠ ʠʣʠ ʧʠʩʤʝʥʠ 30 30 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

Iʮʠʢʣʫʩ ʩʪʫʜʠʿʘ Iʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʍʁʀʁʐʃʁ ʇʊʆʇɻʁ ɾʄɾʃʋʉʇʆʁʃɾ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ɽʣʝʢʪʨʦʥʠʢʫ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʩʠʩʪʝʤʝ - ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-011-2 ʦʙʘʚʝʟʘʥ II 5,5 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ɿʦʨʘʥ ɲʫʙʦʿʝ, ʚʘʥʜʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ɺʝʩʥʘ ʄʠʣʝʪʠ,˂  ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 2 0 52.5 52.5 0 1.75 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 2*15 + 2*15 + 0*15 =60 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 2*15*So + 2*15*So + 0*15*So = 105 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 105 = 165 ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 
1. ʋʧʦʟʥʘʚʘˁʝ  ʩʪʫʜʝʥʘʪʘʩʘ ʦʩʥʦʚʘʤʘ ʘʪʦʤʩʢʝ ʠ ʢʚʘʥʪʥʝ ʬʠʟʠʢʝ ʩʘ ʘʩʧʝʢʪʘ ʥʘ ʨʘʟʚʦʿ ʝʣʝʢʪʨʦʥʠʢʝ. 
2. ʋʧʦʟʥʘʚʘˁʝ ʩʘ ʝʣʝʢʪʨʦʥʩʢʦʤ ʪʝʦʨʠʿʦʤ ʤʝʪʘʣʘ ʠ ʟʦʥʩʢʦʤ ʪʝʦʨʠʿʦʤ ʯʚʨʩʪʠʭ ʪʠʿʝʣʘ. 
3. ʋʧʦʟʥʘʚʘˁʝ ʩʘ ʦʩʦʙʠʥʘʤʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʢʦʥʪʘʢʪʥʠʤ ʧʦʿʘʚʘʤʘ ʠ ʦʧʪʦʝʣʝʢʪʨʦʥʠʢʦʤ. 

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʫʩʣʦʚʘ ʟʘ ʩʣʫʰʘˁʝ ʠ ʧʦʣʘʛʘˁʝ ʧʨʝʜʤʝʪʘ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʇʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ, ʩʝʤʠʥʘʨʩʢʠ ʨʘʜʦʚʠ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʋʚʦʜ. ʋʚʦʜ ʫ ʘʪʦʤʩʢʫ ʬʠʟʠʢʫ.  ʂʨʝʪʘˁʝ ʝʣʝʢʪʨʦʥʘ ʫ ʝʣʝʢʪʨʠʯʥʦʤ ʠ  ʫ  ʤʘʛʥʝʪʥʦʤ ʧʦˀʫ. 
2. ʄʠʣʠʢʝʥʦʚ ʝʢʩʧʝʨʠʤʝʥʪ. ɿʨʘʯʝˁʝ ʘʧʩʦʣʫʪʥʦ ʮʨʥʦʛ ʪʠʿʝʣʘ. 
3. ʌʦʪʦʝʣʝʢʪʨʠʯʥʠ ʝʬʝʢʘʪ. ʈʝʥʜʛʝʥʩʢʦ ʟʨʘʯʝˁʝ.  
4. ʄʦʜʝʣ ʘʪʦʤʘ. ɹʦʨʦʚ ʤʦʜʝʣ ʘʪʦʤʘ. 
5. ʋʚʦʜ ʫ ʢʚʘʥʪʥʫ ʤʝʭʘʥʠʢʫ.ʊʘʣʘʩʥʝ ʦʩʦʙʠʥʝ ʯʝʩʪʠʮʝ. ʐʨʝʜʠʥʛʝʨʦʚʘ ʿʝʜʥʘʯʠʥʘ.  
6. ʊʫʥʝʣ ʝʬʝʢʘʪ. ʍʘʿʟʝʥʙʝʨʛʦʚ ʧʨʠʥʮʠʧ ʥʝʦʜʨʝʹʝʥʦʩʪʠ. 
7. ʂʚʘʥʪʥʦʤʝʭʘʥʠʯʢʠ ʤʦʜʝʣ ʘʪʦʤʘ. 
8. ɽʣʝʢʪʨʦʥʩʢʘ ʪʝʦʨʠʿʘ ʤʝʪʘʣʘ. ʌʝʨʤʠ-ɼʠʨʘʢʦʚʘ ʬʫʥʢʮʠʿʘ ʨʘʩʧʦʜʿʝʣʝ.  
9. ʈʘʩʧʦʜʿʝʣʘ ʝʣʝʢʪʨʦʥʘ ʧʦ ʠʤʧʫʣʩʫ ʠ ʧʦ ʝʥʝʨʛʠʿʠ. ɽʣʝʢʪʨʠʯʥʘ ʧʨʦʚʦʜʥʦʩʪ ʤʝʪʘʣʘ. 
10. ɿʦʥʩʢʘ ʪʝʦʨʠʿʘ ʯʚʨʩʪʠʭ ʪʠʿʝʣʘ. ɸʧʨʦʢʩʠʤʘʮʠʿʘ ʿʘʢʝ ʚʝʟʝ. ɸʧʨʦʢʩʠʤʘʮʠʿʘ ʩʣʘʙʝ ʚʝʟʝ 
11. ɽʬʝʢʪʠʚʥʘ ʤʘʩʘ ʝʣʝʢʪʨʦʥʘ.  
12. ʇʦʣʫʧʨʦʚʦʜʥʠʮʠ. ʉʧʝʮʠʬʠʯʥʘ ʧʨʦʚʦʜʥʦʩʪ ʚʣʘʩʪʠʪʠʭ ʠ ʧʨʠʤʿʝʩʥʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. 
13. ɱʝʜʥʘʯʠʥʘ ʛʫʩʪʠʥʝ ʩʪʨʫʿʝ ʢʦʜ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. ʍʦʣʦʚ ʝʬʝʢʘʪ. 
14. ʂʦʥʪʘʢʪʥʝ ʧʦʿʘʚʝ. ʂʦʥʪʘʢʪ ʤʝʪʘʣ-ʧʦʣʫʧʨʦʚʦʜʥʠʢ. ʂʦʥʪʘʢʪ ʧʫʣʫʧʨʦʚʦʜʥʠʢʘ, p-n ʢʦʥʪʘʢʪ. 
15. ʋʚʦʜ ʫ ʦʧʪʦʝʣʝʢʪʨʦʥʠʢʫ. ʌʦʪʦʦʪʧʦʨʥʠʮʠ. ʌʦʪʦʜʠʦʜʝ. LED ʜʠʦʜʝ. ʃʘʩʝʨʠ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɿʦʨʘʥ ɲʫʙʦʿʝ. 
ʌʀɿʀʏʂʀ ʆʉʅʆɺʀ ɽʃɽʂʊʈʆʅʀʂɽ 
ɽʊʌ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʀʩʪʦʯʥʦʤ ʉʘʨʘʿʝʚʫ. 

2016. 3.-145. 

ɻ. ʀ. ɽʧʠʬʘʥʦʚ ʌʀɿʀʂɸ ʏɺʈʉʊʆɻ ʉʊɸɳɸ, ʧʨʝʚʦʜ ɽʊʌ ʉʘʨʘʿʝʚʦ 1969. 8.-38., 147.-298. 

ɾ. ʇʨʞʫˀ, ɿ. ɲʫʙʦʿʝ,  
ɿ. ʀʚʠ˂ 

ɿɹʀʈʂɸ ʈʀɱɽʐɽʅʀʍ ɿɸɼɸʊɸʂɸ ʀɿ ʌʀɿʀʂɽ 
ʏɺʈʉʊ. ʉʊɸɳɸ, ɽʊʌ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʀʩʪ. ʉʘʨʘʿʝʚʫ 

2016. 7.-29., 121.-197. 

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

    

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ʚʿʝʞʙʘʤʘ 5 5% 

I ʢʦʣʦʢʚʠʿʫʤ 20 20% 

II ʢʦʣʦʢʚʠʿʫʤ 20 20% 

ʊʝʩʪ ʠ ʩʝʤʠʥʘʨʩʢʠ ʨʘʜʦʚʠ 15 15% 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ) 40 40% 

ʋʂʋʇʅʆ 100 100% 



Web ʪʫʩʙʦʡʯʙ  
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ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ I ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ɹʈʄʁʃɹʋʁɻʆʁ ʊʇʍʋɻɾʉ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʨʘʯʫʥʘʨʩʢʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʝ ʥʘʫʢʝ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-012-2 ʦʙʘʚʝʟʘʥ II 3,0 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨɹʦʞʠʜʘʨ ʂʨʩʪʘʿʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ 
ʤʨ ʅʠʢʦʣʘ ɼʘʚʠʜʦʚʠ˂, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 
ʜʠʧʣ. ʠʥʞ. ʝʣ. ɱʝʣʝʥʘ ɴʦʩʦʚʠ˂, ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

0 0 2 0 0 60 2 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 0*15 + 0*15 + 0*15 =30 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 0*15*So + 0*15*So + 2*15*So = 60 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 30 + 60 = 90 ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ ʤʦ˂ʠ/ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ: 
5. ɼʘ ʨʘʟʫʤʠʿʝ ʥʘʯʠʥ ʥʘ ʢʦʿʠ ʬʫʥʢʮʠʦʥʠʰʝ ʨʘʯʫʥʘʨ, ʢʘʦ ʠ ʜʘ ʧʦʟʥʘʿʝ ʦʩʥʦʚʥʝ ʜʠʝʿʣʦʚʝ ʠ 
ʧʨʦʛʨʘʤʝ ʥʝʦʧʭʦʜʥʝ ʟʘ ˁʝʛʦʚʦ ʬʫʥʢʮʠʦʥʠʩʘˁʝ. 

6. ɼʘ ʬʦʨʤʠʨʘ ʠ ʫʨʝʹʫʿʝ ʪʝʢʩʪʫʘʣʥʝ ʜʦʢʫʤʝʥʪʝ ʧʦʤʦ˂ʫ ʘʣʘʪʘ ʢʦʿʝ ʥʫʜʠ ʧʨʦʛʨʘʤ ʟʘ ʦʙʨʘʜʫ ʪʝʢʩʪʘ. 
7. ɼʘ ʢʦʨʠʩʪʠ ʠ ʫʨʝʹʫʿʝ ʪʘʙʝʣʘʨʥʝ ʜʦʢʫʤʝʥʪʝ ʫ ʨʘʜʫ. 
8. ɼʘ ʢʦʨʠʩʪʠ ʨʘʟʣʠʯʠʪʝ ʨʘʯʫʥʩʢʝ ʦʧʝʨʘʮʠʿʝ ʫʥʦʩʝ˂ʠ ʤʘʪʝʤʘʪʠʯʢʝ ʠ ʣʦʛʠʯʢʝ ʬʦʨʤʫʣʝ ʢʦʿʝ ʥʫʜʠ 
ʧʨʦʛʨʘʤ ʟʘ ʦʙʨʘʜʫ ʪʘʙʝʣʘʨʥʠʭ ʠʟʨʘʯʫʥʘʚʘˁʘ. 

9. ɼʘ ʢʨʝʠʨʘ ʠ ʫʨʝʹʫʿʝ ʧʨʝʟʝʥʪʘʮʠʿʫ ʢʦʨʠʩʪʝ˂ʠ ʘʣʘʪʝ ʢʦʿʝ ʥʫʜʠ ʧʨʦʛʨʘʤ ʟʘ ʢʨʝʠʨʘˁʝ 
ʧʨʝʟʝʥʪʘʮʠʿʘ.  

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

16. ʊʝʢʩʪ ʧʨʦʮʝʩʦʨʠ. ʈʘʜʥʦ ʦʢʨʫʞʝˁʝ: ʤʝʥʠ, ʧʦʜʤʝʥʠʿʠ.  
17. ʄʝʤʦʨʠʩʘˁʝ ʠ ʠʟʣʘʟʘʢ ʠʟ ʧʨʦʛʨʘʤʘ. ʆʪʚʘʨʘˁʝ ʤʝʤʦʨʠʩʘʥʦʛ ʜʦʢʫʤʝʥʪʘ.  
18. ʆʙʠˀʝʞʘʚʘˁʝ ʪʝʢʩʪʘ (ʢʦʧʠʨʘˁʝ, ʧʨʝʤʿʝʰʪʘˁʝ, ʙʨʠʩʘˁʝ, clipboard - ʢʦʥʮʝʧʪ).  
19. ʇʘʩʫʩ (ʟʥʘʯʝˁʝ: paragraph mark, ʧʦʩʪʫʧʮʠ: insert, split, join). ʋʨʝʹʠʚʘˁʝ ʧʘʩʫʩʘ  
20. ʇʨʦʛʨʘʤʠ ʟʘ ʨʘʜ ʩʘ ʪʘʙʝʣʘʤʘ ʠ ʪʘʙʝʣʘʨʥʝ ʧʨʦʨʘʯʫʥʝ (ʢʦʥʮʝʧʪ). ʇʦʢʨʝʪʘˁʝ.  
21. ʈʘʜʥʦ ʦʢʨʫʞʝˁʝ. Workbook, worksheet (ʧʦʨʝʹʝˁʝ Word: ʜʦʢʫʤʝʥʪ, ʩʪʨʘʥʠʮʘ). 
22. ɴʝʣʠʿʘ, ʫʥʦʩ ʧʦʜʘʪʘʢʘ, ʢʨʝʪʘˁʝ. ɽʜʠʪʦʚʘˁʝ ʩʘʜʨʞʘʿʘ ˂ʝʣʠʿʝ.   
23. ʋʙʘʮʠʚʘˁʝ, ʙʨʠʩʘˁʝ: ʨʝʜʦʚʘ ʠ ʢʦʣʦʥʘ; ʩʘʜʨʞʘʿʘ ˂ʝʣʠʿʘ. ʌʦʨʤʘʪʠʩʘˁʝ ˂ʝʣʠʿʝ. 
24. ʄʿʝˁʘˁʝ h ʠʨʠʥʝ ʢʦʣʦʥʝ ʠ ʚʠʩʠʥʝ ʨʝʜʘ. ʈʘʜ ʩʘ worksheet-ʦʚʠʤʘ.  
25. ʀʟʨʘʯʫʥʘʚʘˁʝ ʧʦʤʦ˂ʫ ʬʦʨʤʫʣʘ. ʂʦʧʠʨʘˁʝ ʬʦʨʤʫʣʘ, ʘʧʩʦʣʫʪʥʦ ʠ ʨʝʣʘʪʠʚʥʦ ʘʜʨʝʩʠʨʘˁʝ. 
ʌʫʥʢʮʠʿʝ ʢʦʥʮʝʧʪ. ʂʦʨʠʰ˂ʝˁʝ Help-ʘ ʠ Wizard-ʘ.  

26. ʇʨʦʛʨʘʤʠ ʟʘ ʢʨʝʠʨʘˁʝ ʧʨʝʟʝʥʪʘʮʠʿʘ (ʢʦʥʮʝʧʪ). ʇʦʢʨʝʪʘˁʝ. ʈʘʜʥʦ ʦʢʨʫʞʝˁʝ. ʇʦʤʦ˂. 
ʆʪʚʘʨʘˁʝ, ʩʥʠʤʘˁʝ, ʟʘʪʚʘʨʘˁʝ, ʧʨʦʥʘʣʘʞʝˁʝ ʜʦʢʫʤʝʥʘʪʘ.  

27. ʈʘʜ ʩʘ ʩʪʨʘʥʠʮʘʤʘ ʧʨʝʟʝʥʪʘʮʠʿʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʧʨʠʢʘʟʠʤʘ.  
28. ʋʤʝʪʘˁʝ, ʙʨʠʩʘˁʝ ʠ ʢʦʧʠʨʘˁʝ ʩʣʘʿʜʦʚʘ. ʋʥʦʩ ʪʝʢʩʪʘ. ʇʨʦʤʿʝʥʘ ʠʟʛʣʝʜʘ ʪʝʢʩʪʘ.  
29. ʋʥʦʩ ʩʣʠʢʘ ʠ ʜʨʫʛʠʭ ʦʙʿʝʢʘʪʘ. ʌʦʨʤʘʪʠʨʘˁʝ ʦʙʿʝʢʘʪʘ. ɼʦʜʘʚʘˁʝ ʜʠʿʘʛʨʘʤʘ.  
30. ʀʥʪʝʨʥʝʪ. ʂʣʠʿʝʥʪ-ʩʝʨʚʝʨ ʘʨʭʠʪʝʢʪʫʨʘ. ʇʨʦʛʨʘʤʠ ʟʘ ʨʘʜ ʩʘ ʝʣʝʢʪʨʦʥʩʢʦʤ ʧʦʰʪʦʤ.  

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙ h ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

    

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

 
ʂʘʦ ʧʦʤʦ˂ʥʘ ʣʠʪʝʨʘʪʫʨʘ ʢʦʨʠʩʪʝ ʩʝ ʧʨʠʨʫʯʥʠʮʠ ʟʘ 
ʨʘʜ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʩʦʬʪʚʝʨʩʢʠʤ ʘʣʘʪʠʤʘ, ʢʘʦ ʠ 
ʫʛʨʘ˂ʝʥʠ ʩʠʩʪʝʤʠ ʟʘ ʧʨʫʞʘˁʝ ʧʦʤʦ˂ʠ (Help). 

  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 



ʧʯˀʞ˂ʡʛʙ˂ʞ ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 5 5 % 

ʜʦʤʘ˂ʠ ʟʘʜʘʮʠ 5 5 % 

I ʢʦʣʦʢʚʠʿʫʤ 30 30 % 

II ʢʦʣʦʢʚʠʿʫʤ  30 30 % 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ 30 30% 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ I ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ɾʆɼʄɾʊʃʁ ɲɾʀʁʃ 2 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʝʥʛʣʝʩʢʠ ʿʝʟʠʢ ʠ ʢˁʠʞʝʚʥʦʩʪ ï ʌʠʣʦʟʦʬʩʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-013-2 ʦʙʘʚʝʟʘʥ II 2 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ  

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʜʨ ɼʘʨʢʦ ʂʦʚʘʯʝʚʠ˂, ʣʝʢʪʦʨ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

1 1 0 15 15 0 1 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 1*15 + 1*15 + 0*15 = 30 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 1*15*So + 1*15*So + 0*15*So = 30 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 30 + 30 = 60ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

1. ʦʩʥʦʚʥʘ ʟʥʘˁʘ ʠʟ ʤʦʨʬʦʣʦʛʠʿʝ ʠ ʩʠʥʪʘʢʩʝ ʝʥʛʣʝʩʢʦʛ ʿʝʟʠʢʘ; 
2. ʫʧʦʟʥʘʚʘˁʝ ʩʘ ʪʝʨʤʠʥʦʣʦʛʠʿʦʤ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʧʦʜʨʫʯʿʘ ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ 
ʪʝʭʥʦʣʦʛʠʿʘ; 
3. ʦʩʥʦʚʝ ʢʦʥʚʝʨʟʘʮʠʿʝ ʚʝʟʘʥʝ ʟʘ ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʝ ʪʝʭʥʦʣʦʛʠʿʝ; 
4. ʩʧʦʩʦʙʥʦʩʪ ʨʘʟʫʤʠʿʝʚʘˁʘ,ʧʨʝʚʦʹʝˁʘ ʠ ʫʩʤʝʥʦʛ ʠ ʧʠʩʘʥʦʛ ʦʧʠʩʠʚʘˁʘ ʢʨʘ˂ʠʭ ʪʝʢʩʪʫʘʣʥʠʭ ʮʿʝʣʠʥʘ 
ʥʘʧʠʩʘʥʠʭ ʥʘ ʝʥʛʣʝʩʢʦʤ ʿʝʟʠʢʫ ʠ ʚʝʟʘʥʠʭ ʟʘ ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʝ ʪʝʭʥʦʣʦʛʠʿʝ; 
5. ʩʧʦʩʦʙʥʦʩʪ ʢʨʝʠʨʘˁʘ ʢʨʘ˂ʠʭ ʪʝʢʩʪʫʘʣʥʠʭ ʮʿʝʣʠʥʘ ʚʝʟʘʥʠʭ ʟʘ ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʝ 
ʪʝʭʥʦʣʦʛʠʿʝ. 

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʧʦʩʝʙʥʠʭ ʫʩʣʦʚʘ ʟʘ ʩʣʫʰʘˁʝ ʧʨʝʜʤʝʪʘ ʠ ʧʦʣʘʛʘˁʝ ʠʩʧʠʪʘ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʤʝʪʦʜʘ ʜʝʤʦʥʩʪʨʘʮʠʿʝ, ʤʝʪʦʜʘ ʧʨʘʢʪʠʯʥʠʭ ʨʘʜʦʚʘ, ʤʝʪʦʜʘ ʧʠʩʤʝʥʠʭ ʨʘʜʦʚʘ, ʤʝʪʦʜʘ ʯʠʪʘˁʘ ʠ ʨʘʜʘ 
ʥʘ ʪʝʢʩʪʫ, ʤʝʪʦʜʘ ʨʘʟʛʦʚʦʨʘ, ʤʝʪʦʜʘ ʫʩʤʝʥʦʛ ʠʟʣʘʛʘˁʘ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. Introduction to English in ICT. Learning vocabulary: tips and techniques. 
2. Living with computers. A typical PC. Modal verbs ï introduction. 
3. Types of computer systems. Input devices: type, click and talk. Modal verbs: must/have to, should. 
4. Input devices: the eyes of your PC. Output devices: printers. Modal verbs: can, could, be able to, would. 
5. Output devices: display screens. Processing. Modal verbs: may, might, used to. 
6. Disks and drives. Health and safety. Perfect modal verbs.  
7. Operating systems and the GUI. Word processing. 
8. Spreadsheets and databases. Graphics and design.  
9. Multimedia. Sound and music. 
10. Programming. Computers and work.  
11. ICT Systems. Networks. Conditional sentences type 1. 
12. Faces of the Internet. Email. Conditional sentences type 2.  
13. The World Wide Web. Web design. Conditional sentences type 3. 
14. Chatting and video conferencing. Internet security. Revision of conditional sentences.  
15. E-commerce. Online banking. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 
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ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

    

    

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ʚʿʝʞʙʘʤʘ 15 15 % 

ʧʦʟʠʪʠʚʥʦ ʦʮʿʝˁʝʥ ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ 5 5 % 



ʘʢʪʠʚʥʦʩʪ ʥʘ ʧʨʝʜʘʚʘˁʠʤʘ/ʚʿʝʞʙʘʤʘ 10 10 % 

ʧʨʚʠ ʢʦʣʦʢʚʠʿʫʤ 20 20 % 

ʜʨʫʛʠ ʢʦʣʦʢʦʚʠʿʫʤ 20 20% 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ) 30 30 % 

ʋʂʋʇʅʆ 100 100 % 

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ɽʉʌɼɹ ɼʇɽʁʆɹ ð ʇɺɹɻɾʀʆʁ ʈʉɾɽʅɾʋʁ 
 

 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

 I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ II ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʅɹʋɾʅɹʋʁʃɹ 3 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʤʘʪʝʤʘʪʠʢʫ - ʌʠʣʦʟʦʬʩʢʠ ʬʘʢʫʣʪʝʪ ʇʘʣʝ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-014-3 ʦʙʘʚʝʟʘʥ III 6,0 

ʆʙʪʫʙʛʦʡʣ ʧʨʦʬ. ʜʨ ɺʠʜʘʥ ɻʦʚʝʜʘʨʠʮʘ, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ ɹʦʿʘʥʘ ʅʦʚʘʢʦʚʠ˂, ʤʨ, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ  
(ʬ ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

3 2 0 63 42 0 1.4 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 3*15 + 2*15 + 0*15 =75 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 3*15*So + 2*15*So + 0*15*So = 105 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 75 + 105 = 180ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ  ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ: 
1. oʚʣʘʜʘ ʪʝʦʨʠʿʦʤ ʩʪʝʧʝʥʠʭ ʠ ʌʫʨʠʿʝʦʚʠʭ ʨʝʜʦʚʘ ʠ ˁʠʭʦʚʠʤ ʧʨʠʤʿʝʥʘʤʘ 
2. ʨʿ ʝʰʘʚʘ ʩʠʩʪʝʤʝ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʭ ʿʝʜʥʘʯʠʥʘ  
3. ʦʚʣʘʜʘ ʪʝʦʨʠʿʦʤ ʬʫʥʢʮʠʿʘ ʢʦʤʧʣʝʢʩʥʝ ʧʨʦʤʿʝʥˀʠʚʝ 
4. ʦʚʣʘʜʘ ʃʘʧʣʘʩʦʚʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ ʠ ˁʝʥʠʤ ʧʨʠʤʿʝʥʘʤʘ  
5. ʢʦʨʠʩʪʠ ʜʦʙʠʿʝʥʘ ʟʥʘˁʘ ʫ ʩʪʨʫʯʥʠʤ ʧʨʝʜʤʝʪʠʤʘ 

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʫʩʣʦʚʘ ʩʣʫʰʘˁʘ ʠ ʧʦʣʘʛʘˁʘ ʧʨʝʜʤʝʪʘ 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʅʘʩʪʘʚʥʠ ʧʨʦʮʝʩ ʩʝ ʨʝʘʣʠʟʫʿʝ ʫʛʣʘʚʥʦʤ ʢʨʦʟ ʬʨʦʥʪʘʣʥʠ ʦʙʣʠʢ ʨʘʜʘ ï ʧʨʝʜʘʚʘˁʘ ʠ ʠʥʪʝʨʘʢʪʠʚʥʠ 
ʦʙʣʠʢ ʨʘʜʘ ï ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1.ʅʫʤʝʨʠʯʢʠ ʨʝʜʦʚʠ.  
2.ʋʥʠʬʦʨʤʥʘ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʥʠʟʦʚʘ ʬʫʥʢʮʠʿʘ. ʋʥʠʬʦʨʤʥʘ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʨʝʜʦʚʘ 
3. ʉʪʝʧʝʥʠ ʨʝʜʦʚʠ. ɼʠʬʝʨʝʥʮʠʨʘˁʝ ʠ ʠʥʪʝʛʨʘʮʠʿʘ ʩʪʝʧʝʥʦʛ ʨʝʜʘ. ʄʘʢʣʦʨʝʥʦʚʠ ʨʝʜʦʚʠ 
4.ʉʠʩʪʝʤʠ ʦʨʪʦʛʦʥʘʣʥʠʭ ʬʫʥʢʮʠʿʘ. ʋʦʧʰʪʝʥʠ ʌʫʨʠʿʝʦʚ ʨʝʜ. ɹʝʩʝʣʦʚʘ ʥʝʿʝʜʥʘʢʦʩʪ ʠ ʇʘʨʩʝʚʘʣʦʚʘ 
ʿʝʜʥʘʢʦʩʪ. ʊʨʠʛʦʥʦʤʝʪʨʠʿʩʢʠ ʨʝʜʦʚʠ. 
5. ʌʫʨʠʿʝʦʚ ʨʝʜ. ʂʦʥʚʝʨʛʝʥʮʠʿʘ ʌʫʨʠʿʝʦʚʦʛ ʨʝʜʘ. ɼʠʨʠʭʣʝʦʚʘ ʪʝʦʨʝʤʘ. ʌʫʨʠʿʝʦʚ ʠʥʪʝʛʨʘʣ ʠ 
ʌʫʨʠʿʝʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ 
6. ɻʘʤʘ ʠ ʙʝʪʘ ʬʫʥʢʮʠʿʝ. ʈʿʝʰʘʚʘˁʝ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʭ ʿʝʜʥʘʯʠʥʘ ʧʦʤʦ˂ʫ ʨʝʜʦʚʘ. ɹʝʩʝʣʦʚʘ 
ʜʠʬʝʨʝʥʮʠʿʘʣʥʘ ʿʝʜʥʘʯʠʥʘ ʠ ɹʝʩʝʣʦʚʝ ʬʫʥʢʮʠʿʝ 
7. ʉʠʩʪʝʤʠ ʦʙʠʯʥʠʭ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʭ ʿʝʜʥʘʯʠʥʘ. ʉʠʩʪʝʤʠ ʣʠʥʝʘʨʥʠʭ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʭ ʿʝʜʥʘʯʠʥʘ 
8. ʇʦʿʘʤ ʬʫʥʢʮʠʿʝ ʢʦʤʧʣʝʢʩʥʝ ʧʨʦʤʿʝʥˀʠʚʝ. ʅʝʧʨʝʢʠʜʥʦʩʪ ʠ ʠʟʚʦʜ. ʂʦʰʠ-ʈʠʤʘʥʦʚʠ ʫʩʣʦʚʠ 
9. ʂʦʥʬʦʨʤʥʦ ʧʨʝʩʣʠʢʘʚʘˁʝ. ɹʠʣʠʥʝʘʨʥʘ ʬʫʥʢʮʠʿʘ  
10. ɽʣʝʤʝʥʪʘʨʥʝ ʬʫʥʢʮʠʿʝ ʂʦʰʠ-ɻʫʨʩʘʦʚʝ ʠʥʪʝʛʨʘʣʥʝ ʪʝʦʨʝʤʝ.  
11. ʂʦʰʠʿʝʚʘ ʦʩʥʦʚʥʘ ʠʥʪʝʛʨʘʣʥʘ ʬʦʨʤʫʣʘ. ʇʨʠʤʿʝʥʝ ʂʦʰʠʿʝʚʝ ʦʩʥʦʚʥʝ ʠʥʪʝʛʨʘʣʥʝ ʬʦʨʤʫʣʝ 
12. ʊʝʿʣʦʨʦʚ ʠ ʃʦʨʘʥʦʚ ʨʝʜ. ʉʠʥʛʫʣʘʨʠʪʝʪʠ ʘʥʘʣʠʪʠʯʢʠʭ ʬʫʥʢʮʠʿʘ. ʇʦʿʘʤ ʦʩʪʘʪʢʘ ʠ ʂʦʰʠʿʝʚʘ 
ʪʝʦʨʝʤʘ ʦ ʦʩʪʘʮʠʤʘ 
13. ʇʦʿʘʤ ʃʘʧʣʘʩʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ. ʆʩʦʙʠʥʝ ʃʘʧʣʘʩʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ 
14. ʂʦʥʚʦʣʫʮʠʿʘ ʬʫʥʢʮʠʿʘ. ʀʥʚʝʨʟʥʘ ʃʘʧʣʘʩʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʠ ʧʨʠʤʿʝʥʝ ʃʘʧʣʘʩʦʚʝ 
ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ 
15. ʇʦʿʘʤ ʧʘʨʮʠʿʘʣʥʝ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ. ʇʘʨʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ ʧʨʚʦʛ ʨʝʜʘ. ɱʝʜʥʘʯʠʥʝ 
ʤʘʪʝʤʘʪʠʯʢʝ ʬʠʟʠʢʝ 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɼ. ʊʦʰʠ˂ 
ʄʘʪʝʤʘʪʠʢʘ III, ʢʨʘʪʘʢ ʢʫʨʩ, ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ, 
ɹʝʦʛʨʘʜ 

2006  

M. ʄʝʨʢʣʝ 
ʄʘʪʝʤʘʪʠʯʢʘ ʘʥʘʣʠʟʘ, ʪʝʦʨʠʿʘ ʠ ʭʠˀʘʜʫ ʟʘʜʘʪʘʢʘ, 
ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ, ɹʝʦʛʨʘʜ 

2008  

ʇ. ʄʠʣʠʯʠ˂, ʄ. ʋʰ˂ʫʤʣʠ˂ ɿʙʠʨʢʘ ʟʘʜʘʪʘʢʘ ʠʟ ʚʠʰʝ ʤʘʪʝʤʘʪʠʢʝ I ʠ II, ʅʘʫʯʥʘ 1993  



ʢˁʠʛʘ, ɹʝʦʛʨʘʜ 

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɼ. ʊʦʰʠ˂ 
ɿʙʠʨʢʘ ʨʝʰʝʥʠʭ ʠʩʧʠʪʥʠʭ ʟʘʜʘʪʘʢʘ ʠʟ ʄʘʪʝʤʘʪʠʢʝ  
III, ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ, ɹʝʦʛʨʘʜ 

  

    

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʇʨʠʩʫʩʪʚʦ ʠ ʘʢʪʠʚʥʦʩʪ ʥʘ ʥʘʩʪʘʚʠ 10 10% 

I ʢʦʣʦʢʚʠʿʫʤ 30 30% 

II ʢʦʣʦʢʚʠʿʫʤ 30 30% 

   

   

   

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 30 30% 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ II ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʋɾʇʉʁɲɹ ɾʄɾʃʋʉʁʐʆʁʎ ʃʇʄɹ - 1 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʦʧʰʪʫ ʝʣʝʢʪʨʦʪʝʭʥʠʢʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-015-3 Oʙʘʚʝʟʘʥ III 5,0 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ɹʦʞʠʜʘʨ ʂʨʩʪʘʿʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʤʨ ɼʘʨʢʦ ʐʫʢʘ, ʚʠʰʠ ʘʩʠʩʪʝʥʪ, ʄʘʨʢʦ ʀʢʠ˂, ʤʨ, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 2 0 45 45 0 1.5 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 2*15 + 2*15 + 0*15 =60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 3*15*So + 2*15*So + 0*15*So = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 90 = 150ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʪʠʯʫ ʩʝ ʟʥʘˁʘ ʠ ʚʝʰʪʠʥʝ ʟʘ: 
1. ʀʟʫʯʘʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʬʠʟʠʢʘʣʥʠʭ ʠ ʥʝʬʠʟʠʢʘʣʥʠʭ ʬʝʥʦʤʝʥʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʧʦʿʤʦʚʠʤʘ ʤʦʜʝʣ, 
ʝʣʝʤʝʥʪ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

2. ɸʥʘʣʠʟʫ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘ ʫ ʬʨʝʢʚʝʥʪʥʦʤ ʜʦʤʝʥʫ.  
3. ɸʥʘʣʠʟʫ ʝʣʝʤʝʥʘʪʘ ʩʘ ʜʚʘ ʧʨʠʩʪʫʧʘ (ʯʝʪʚʝʨʦʧʦʣʠ) ʢʘʦ ʦʩʥʦʚʥʝ ʿʝʜʠʥʢʝ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ. 
4. ʈʘʟʫʤʠʿʝʚʘˁʝ ʠ ʧʨʠʤʿʝʥʫ ʝʣʝʤʝʥʪʘʨʥʝ ʪʝʦʨʠʿʝ ʨʝʘʢʪʠʚʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʬʠʣʪʨʘ. 

ʌʪʤʧʛˁʞʦʧʪʫ 
ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. ʇʦʪʨʝʙʥʘ ʧʨʝʜʟʥʘˁʘ: ʆʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ 1 
ʠ 2, ʄʘʪʝʤʘʪʠʢʘ 1,2,3, ʌʠʟʠʢʘ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʅʘʩʪʘʚʘ ʩʝ ʠʟʚʦʜʠ ʫ ʦʙʣʠʢʫ ʧʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʠʭ ʚʿʝʞʙʠ ʠ ʧʦʢʘʟʥʠʭ ʚʿʝʞʙʠ ʥʘ ʨʘʯʫʥʘʨʫ. ʋʯʝˁʝ, 
ʪʝʩʪʦʚʠ, ʟʘʜʘ˂ʝ ʠ ʢʦʥʩʫʣʪʘʮʠʿʝ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʋʚʦʜ. ɽʣʝʢʪʨʠʯʥʦ ʢʦʣʦ. ɽʣʝʤʝʥʪ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʣʘ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʣʝʤʝʥʪʘ, ʧʦʜʿʝʣʘ. 
2. ɽʣʝʤʝʥʪʠ ʩʘ ʿʝʜʥʠʤ ʧʨʠʩʪʫʧʦʤ, ʦʪʧʦʨʥʠʢ, ʢʦʥʜʝʥʟʘʪʦʨ, ʠʥʜʫʢʪʠʚʠʪʝʪ. 
3. ɽʣʝʤʝʥʪʠ ʩʘ ʚʠʰʝ ʧʨʠʩʪʫʧʘ, ʚʝʟʘʥʠ ʠʥʜʫʢʪʠʚʠʪʝʪʠ, ʢʦʥʪʨʦʣʠʩʘʥʠ ʠʟʚʦʨ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ. 
4. ɽʣʝʤʝʥʪʠ ʩʘ ʚʠʰʝ ʧʨʠʩʪʫʧʘ,ʢʦʥʚʝʨʪʦʨ ʠʤʧʝʜʘʥʩʝ, ʞʠʨʘʪʦʨ, ʠʜʝʘʣʥʠ ʠ ʨʝʘʣʥʠ ʦʧʝʨʘʮʠʦʥʠ 
ʧʦʿʘʯʠʚʘʯ. 

5. ʍʘʨʤʦʥʠʿʩʢʘ ʘʥʘʣʠʟʘ ʢʦʣʘ ʩʘ ʧʝʨʠʦʜʠʯʥʠʤ ʥʝʩʠʥʫʩʦʠʜʘʣʥʠʤ ʠʟʚʦʨʠʤʘ. ʇʨʝʜʩʪʘʚʘ ʧʝʨʠʦʜʠʯʥʝ 
ʥʝʩʠʥʫʩʦʠʜʘʣʥʝ ʬʫʥʢʮʠʿʝ ʧʦʤʦ˂ʫ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠʭ ʬʫʥʢʮʠʿʘ. 

6. ʉʧʝʢʪʨʘʣʥʘ ʘʥʘʣʠʟʘ ʩʣʦʞʝʥʦ ʧʝʨʠʦʜʠʯʥʝ ʬʫʥʢʮʠʿʝ. ʇʨʠʤʿʝʥʘ ʌʫʨʠʿʝʦʚʦʛ ʨʝʜʘ. ʉʨʝʜˁʘ ʠ 
ʝʬʝʢʪʠʚʥʘ ʚʨʠʿʝʜʥʦʩʪ ʩʣʦʞʝʥʦʧʝʨʠʦʜʠʯʥʝ ʚʝʣʠʯʠʥʝ. 

7. ʌʘʢʪʦʨʠ ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʫ ʦʙʣʠʢ ʩʣʦʞʝʥʦʧʝʨʠʦʜʠʯʥʝ ʢʨʠʚʝ. ʇʨʦʨʘʯʫʥ ʩʥʘʛʘ. 
8. ʋʚʦʜ ʫ ʧʘʩʠʚʥʝ ʨʝʮʠʧʨʦʯʥʝ ʤʨʝʞʝ ʩʘ ʜʚʘ ʧʨʠʩʪʫʧʘ (ʯʝʪʚʝʨʦʧʦʣʠ). 
9. ʈʘʟʣʠʯʠʪʠ ʩʠʩʪʝʤʠ ʿʝʜʥʘʯʠʥʘ ʯʝʪʚʝʨʦʧʦʣʘ, ʧʨʠʤʘʨʥʠ ʧʘʨʘʤʝʪʨʠ. 
10. ʋʣʘʟʥʝ ʠʤʧʝʜʘʥʩʝ ʠ ʧʨʝʥʦʩʥʝ ʬʫʥʢʮʠʿʝ ʯʝʪʚʝʨʦʧʦʣʘ. ʉʝʢʫʥʜʘʨʥʠ ʧʘʨʘʤʝʪʨʠ. 
11. ʊ ʠ ʇʠ ʯʝʪʚʝʨʦʧʦʣ, ʛʘʤʘ ʠ ʦʙʨʥʫʪʠ ʛʘʤʘ ʯʝʪʚʝʨʦʧʦʣ. 
12. ʈʝʜʥʦ, ʧʘʨʘʣʝʣʥʦ ʠ ʢʘʩʢʘʜʥʦ ʚʝʟʠʚʘˁʝ ʯʝʪʚʝʨʦʧʦʣʘ. 
13. ɽʣʝʤʝʥʪʘʨʥʘ ʪʝʦʨʠʿʘ ʬʠʣʪʨʘ, ʬʠʣʪʝʨʩʢʘ ʢʘʩʢʘʜʘ. ʆʧʰʪʠ ʧʦʩʪʫʧʘʢ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʧʨʦʧʫʩʥʦʛ 
ʦʧʩʝʛʘ ʩʠʤʝʪʨʠʯʥʠʭ ʨʝʘʢʪʠʚʥʠʭ ʬʠʣʪʘʨʘ. 

14. ʂ-ʬʠʣʪʨʠ ʅʌ, ɺʌ, ʧʨʦʧʫʩʥʠʮʠ ʠ ʥʝʧʨʦʧʫʩʥʠʮʠ ʦʧʩʝʛʘ. ʅʝʜʦʩʪʘʮʠ ʢ-ʬʠʣʪʘʨʘ. 
15. ʌʠʣʪʨʠ ʩʘ ʠʟʚʝʜʝʥʠʤ ˂ʝʣʠʿʘʤʘ. ʆʪʢʣʘˁʘˁʝ ʥʝʜʦʩʪʘʪʘʢʘ ʢ-ʬʠʣʪʘʨʘ, ʬʠʣʪʝʨ. ʣʘʥʮʠ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʄʠʣʦʿʢʦʚʠ˂, ʉ. 
ʊʝʦʨʠʿʘ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘ, IV ʠʟʜʘˁʝ, ʉʚʿʝʪʣʦʩʪ 
ʉʘʨʘʿʝʚʦ 

1991. 
11-51, 141-154, 285-
347 

ʄʠʣʦʿʢʦʚʠ˂, ʉ. 
ɿʙʠʨʢʘ ʨʝʰʝʥʠʭ ʟʘʜʘʪʘʢʘ ʠʟ ʊʝʦʨʠʿʝ ʝʣʝʢʪʨʠʯʥʠʭ 
ʢʦʣʘ, ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ ʉʘʨʘʿʝʚʦ 

1991. 7-37, 83-107, 205-253 

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

    

    



ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘʠ ʚʿʝʞʙʘʤʘ 10 10 

ʢʦʣʦʢʚʠʿʫʤ 1 (ʂ1) ʠ ʢʦʣʦʢʚʠʿʫʤ 2 (ʂ2), ʠʣʠ 
ʧʨʠʩʪʫʧʥʠ ʠʩʧʠʪ (ʇʈʀ) (ʘʢʦ ʿʝ ʂ1<15 ʠ ʂ2<15) 

30 + 30, 
ʠʣʠ 60 

60 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ, ʫʩʣʦʚ ʟʘ ʧʨʠʩʪʫʧ ʠʩʧʠʪʫ (ʂ1>=15 ʠ ʂ2>=15) ʠʣʠ (ʇʈʀ>=36) 

ʫʩʤʝʥʠ ʠʣʠ ʧʠʩʤʝʥʠ 30 30 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ: ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ II ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ɾʄɾʃʋʉʁʐʆɹ ʅɲɾʉɾɴɹ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʦʧʰʪʫ ʝʣʝʢʪʨʦʪʝʭʥʠʢʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

AE-08-1-016-3 ʆʙʘʚʝʟʘʥ III 5 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʜʨ ʉʨʹʘʥ ɼʘʤʿʘʥʦʚʠ˂, ʚʘʥʜʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʄʘʨʠʿʘʥʘ ɴʦʩʦʚʠ˂, ʤʨ, ʚʠʰʠ ʘʩʠʩʪʝʥʪ; ʄʣʘʜʝʥ ɹʘˁʘʥʠʥ, ʤʨ, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 0 2 45 0 45 1.5 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
2*15 + 2*15 = 60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
2*15*So + 2*15*So = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): 60 + 90 = 150 ʩʘʪʠ ʩʝʤʝʩʪʨʘʣʥʦ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

1. ʆʩʥʦʚʥʘ ʟʥʘˁʘ ʦ ʤʝʪʨʦʣʦʛʠʿʠ ʠ ʝʪʘʣʦʥʠʤʘ ʝʣʝʢʪʨʠʯʥʠʭ ʤʿʝʨʥʠʭ ʚʝʣʠʯʠʥʘ 
2. ʇʦʟʥʘʚʘˁʝ ʧʨʦʨʘʯʫʥʘ ʛʨʝʰʢʠ ʤʿʝʨʝˁʘ, ʧʨʦʨʘʯʫʥʘ ʢʣʘʩʝ ʪʘʯʥʦʩʪʠ ʤʿʝʨʥʠʭ ʠʥʩʪʨʫʤʝʥʘʪʘ ʠ 
ʧʨʦʮʿʝʥʝ ʤʿʝʨʥʝ ʥʝʩʠʛʫʨʥʦʩʪʠ 
3. ɿʥʘˁʘ ʚʝʟʘʥʘ ʘʥʘʣʦʛʥʝ ʠ ʜʠʛʠʪʘʣʥʝ ʤʿʝʨʥʝ ʠʥʩʪʨʫʤʝʥʪʝ 
4. ɿʥʘˁʘ ʚʝʟʘʥʘ ʤʦʩʥʝ ʤʿʝʨʥʝ ʤʝʪʦʜʝ, ʥʘʧʦʥʩʢʝ ʠ ʩʪʨʫʿʥʝ ʤʿʝʨʥʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ 

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʫʩʣʦʚˀʝʥʦʩʪʠ ʜʨʫʛʠʤ ʧʨʝʜʤʝʪʠʤʘ 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʇʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ, ʪʝʩʪʦʚʠ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʋʚʦʜ. ɼʝʬʠʥʠʮʠʿʘ ʤʝʪʨʦʣʦʛʠʿʝ. 
2. ɽʪʘʣʦʥʠ ʠ ʜʠʩʪʨʠʙʫʮʠʿʝ ˁʠʭʦʚʝ ʪʘʯʥʦʩʪʠ.  
3. ʄʘʪʝʨʠʿʘʣʠʟʘʮʠʿʘ ʝʪʘʣʦʥʘ ʿʝʜʠʥʠʮʘ ʫ ʦʙʣʘʩʪʠ ʝʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ. 
4. ɻʨʝʰʢʝ ʤʿʝʨʝˁʘ. ʇʦʜʿʝʣʘ ʛʨʝʰʘʢʘ ʤʿʝʨʝˁʘ. 
5. ʉʪʘʪʠʩʪʠʯʢʘ ʦʙʨʘʜʘ ʨʝʟʫʣʪʘʪʘ ʤʿʝʨʝˁʘ.  
6. ʄʿʝʨʥʠ ʩʠʩʪʝʤʠ ʠ  ʧʨʦʮʝʩʠ. ʀʟʚʦʨʠ ʤʿʝʨʥʠʭ ʩʠʛʥʘʣʘ. ʇʘʨʘʤʝʪʨʠ ʩʠʛʥʘʣʘ 
7. ʄʿʝʨʥʠ ʠʥʩʪʨʫʤʝʥʪʠ. ʂʣʘʩʠʯʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʩʘ ʢʘʟʘˀʢʦʤ. 
8. ɹʘʞʜʘʨʝˁʝ ʠʥʩʪʨʫʤʝʥʘʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʝʬʝʢʪʠʚʥʫ ʚʨʠʿʝʜʥʦʩʪ ʩʠʥʫʩʥʠʭ ʩʠʛʥʘʣʘ. 
9. ʀʥʩʪʨʫʤʝʥʪʠ ʟʘ ʤʿʝʨʝˁʝ ʩʥʘʛʝ-ʝʥʝʨʛʠʿʝ. 
10. ʄʿʝʨʥʠ ʤʦʩʪʦʚʠ.  
11. ʄʿʝʨʥʠ ʢʦʤʧʝʥʟʘʪʦʨʠ ʠ ʤʿʝʨʥʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ. 
12. ʇʨʠʥʮʠʧ ʨʘʜʘ ʦʩʮʠʣʦʩʢʦʧʘ.  
13. ʇʦʿʘʤ ʝʣʝʢʪʨʦʥʩʢʠʭ ʠʥʩʪʨʫʤʝʥʘʪʘ. 
14. ʇʦʿʘʤ ʜʠʛʠʪʘʣʥʠʭ ʠʥʩʪʨʫʤʝʥʘʪʘ. 
15. ʇʨʦʨʘʯʫʥ ʤʿʝʨʥʝ ʥʝʩʠʛʫʨʥʦʩʪʠ 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɺ. ʈʘʜʝʥʢʦʚʠ˂, ɺ. 
ʄʠʣʝʥʢʦʚʠ˂ 

ɽʣʝʢʪʨʠʯʥʘ ʤʿʝʨʝˁʘ, ɽʌ ʅʠʰ, ɽʊʌ ʀ. ʉʘʨʘʿʝʚʦ 2004 1-188 

ɺ. ʈʘʜʝʥʢʦʚʠ˂, ɺ. 
ʄʠʣʝʥʢʦʚʠ˂, ɼ. ʈʘʜʝʥʢʦʚʠ˂ 

ɽʣʝʢʪʨʠʯʥʘ ʠ ʝʣʝʢʪʨʦʥʩʢʘ ʤʝʨʥʘ ʠʥʩʪʨʫʤʝʥʪʘʮʠʿʘ, 
ʉʍ-ʇʈʀʅʊ, ʅʠʰ 

2004 1-68 

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʉʨʹʘʥ ɼʘʤʿʘʥʦʚʠ˂, ʇʨʝʜʨʘʛ 
ʂʘʪʘʥʠ˂ 

ʇʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ VEE PRO, , ɽʊʌ ʀ. ʉʘʨʘʿʝʚʦ 2011 164-199 

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ʚʿʝʞʙʘʤʘ 5 5% 

I ʢʦʣʦʢʚʠʿʫʤ 20 20% 

II ʢʦʣʦʢʚʠʿʫʤ 20 20% 

ʃʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ 20 20% 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 



ʥʧʨ. ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 35 35% 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ: ɸʫʪʦʤʘʪʠʢʘ ʠ ɽʣʝʢʪʨʦʥʠʢʘ 

ʆʩʥʦʚʥʠ ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ II ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ɾʄɾʃʋʉʇʆʁʃɹ 1 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʝʣʝʢʪʨʦʥʠʢʫ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʩʠʩʪʝʤʝ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-017-3 ʦʙʘʚʝʟʘʥ III 6 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʜʨ ɹʦʞʠʜʘʨ ʇʦʧʦʚʠ˂, ʜʦʮʝʥʪ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʤʨ ʄʘʨʠʿʘʥʘ ɴʦʩʦʚʠ˂, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

3 2 1 45 30 15 1 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W=3*15 + 2*15 + 1*15  = 90 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
T=3*15*So + 2*15*So + 1*15*So = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ):W+ʊ=Uopt= 90 + 90 = 180ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ ʤʦ˂ʠ/ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ: 
1.ʈʘʟʫʤʿʝʚʘˁʝ ʠ ʘʥʘʣʠʟʘ ʨʘʜʘ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠʭ ʜʠʦʜʘ, ʜʦʥʦʰʝˁʝ ʧʨʘʚʠʣʥʠʭ ʟʘʢˀʫʯʘʢʘ ʦ 
ʧʦʣʘʨʠʟʘʮʠʿʠ, ʥʘʯʠʥʠʤʘ ʠ ʫʩʣʦʚʠʤʘ ʨʘʜʘ. 
2.ʈʘʟʫʤʿʝʚʘˁʝ ʠ ʘʥʘʣʠʟʘ ʨʘʜʘ ʙʠʧʦʣʘʨʥʦʛ ʪʨʘʥʟʠʩʪʦʨʘ, ʜʦʥʦʰʝˁʝ ʧʨʘʚʠʣʥʠʭ ʟʘʢˀʫʯʘʢʘ ʦ 
ʧʦʣʘʨʠʟʘʮʠʿʠ, ʥʘʯʠʥʠʤʘ ʠ ʫʩʣʦʚʠʤʘ ʨʘʜʘ. 
3. ʈʘʟʫʤʿʝʚʘˁʝ ʠ ʘʥʘʣʠʟʘ ʨʘʜʘ ʫʥʠʧʦʣʘʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʘ, ʜʦʥʦʰʝˁʝ ʧʨʘʚʠʣʥʠʭ ʟʘʢˀʫʯʘʢʘ ʦ 
ʧʦʣʘʨʠʟʘʮʠʿʠ, ʥʘʯʠʥʠʤʘ ʠ ʫʩʣʦʚʠʤʘ ʨʘʜʘ. 
4.ʈʘʟʫʤʿʝʚʘˁʝ ʠ ʧʦʟʥʘʚʘˁʝ ʦʩʥʦʚʥʠʭ ʢʦʥʮʝʧʘʪʘ ʨʘʜʘ ʠ ʥʘʯʠʥʝ ʚʝʟʠʚʘˁʘ ʧʦʿʝʜʠʥʘʯʥʠʭ ʢʦʤʧʦʥʝʥʪʠ 
ʫ ʘʥʘʣʦʛʥʠʤ ʠ ʜʠʛʠʪʘʣʥʠʤ ʝʣʝʢʪʨʦʥʩʢʠʤ ʢʦʣʠʤʘ. 
5.ʈʘʟʫʤʿʝʚʘˁʝ, ʜʝʬʠʥʠʩʘˁʝ, ʘʥʘʣʠʟʠʨʘˁʝ, ʨʘʩʧʨʘʚˀʘˁʝ ʠ ʨʿʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ, ʟʘʜʘʪʘʢʘ 
ʚʝʟʘʥʠʭ ʟʘ ʨʘʜ ʝʣʝʢʪʦʥʩʢʠʭ ʢʦʤʧʦʥʝʥʪʠ ʫ ʠʩʪʦʩʤʿʝʨʥʦʤ ʠ ʥʘʠʟʤʿʝʥʠʯʥʦʤ ʨʝʞʠʤʫ. 
4. ʈʘʟʫʤʿʝʚʘʥʿʝ ʧʨʠʥʮʠʧʘ ʨʘʜʘ ʠ ʘʥʘʣʠʟʘ ʿʝʜʥʦʩʪʝʧʝʥʠʭ ʧʦʿʘʯʘʚʘʯʢʠʭ ʢʦʣʘ (BJT, JFET, MOSFET) 

ʌʪʤʧʛˁʞʦʧʪʫ ʆʜʩʣʫʰʘʥ ʢʫʨʩ ʬʠʟʠʯʢʠʭ ʦʩʥʦʚʘ ʝʣʝʢʪʨʦʥʠʢʝ 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʇʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʆʙʘʚʝʟʝʩʪʫʜʝʥʘʪʘ ʠ ʦʮʿʝˁʠʚʘˁʝ.ʉʪʨʫʿʥʦ-ʥʘʧʦʥʩʢʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʠʦʜʝ, ʥʘʧʦʥ ʧʨʘʛʘ, ʩʪʘʪʠʯʢʘ 
ʠ ʜʠʥʘʤʠʯʢʘ ʦʪʧʦʨʥʦʩʪ (ʠʜʝʘʣʥʝ ʠ ʨʝʘʣʥʝ ʜʠʦʜʝ). 
2.ɸʥʘʣʠʟʘ ʨʘʜʘ ʜʠʦʜʝ ʧʨʠ ʜʠʨʝʢʪʥʦʿ ʧʦʣʘʨʠʟʘʮʠʿʠ ʠ ʠʥʚʝʨʟʥʦʿ ʧʦʣʘʨʠʟʘʮʠʿʠ (ʨʘʜʥʘ ʪʘʯʢʘ, 
ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʚʠʩʥʦʩʪ, ʢʘʧʘʮʠʪʠʚʥʦʩʪ). 
3. ʀʩʧʨʘʚˀʘʯʢʝ, ʧʨʝʢʠʜʘʯʢʝ, ʐʦʪʢʠʿʝʚʝ ʜʠʦʜʝ, ɿʝʥʝʨ ʜʠʦʜʘ LED, ʬʦʪʦʜʠʦʜʝ,ʀʩʧʨʘʚˀʘʯʢʘ ʢʦʣʘ ʩʘ 
ʜʠʦʜʘʤʘ. 
4. ɸʥʘʣʠʟʘ ʨʘʜʘ ʙʠʧʦʣʘʨʥʦʛ ʪʨʘʥʟʠʩʪʦʨʘ (BJT). ʉʪʘʪʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʠʧʣʦʘʨʥʦʛ ʪʨʘʥʟʠʩʪʦʨʘ. 
ʆʙʣʘʩʪʠ ʨʘʜʘ ɹɱʊ ʪʨʘʥʟʠʩʪʦʨʘ. 
5. ʆʜʨʝʹʠʚʘˁʝ ʨʘʜʥʝ ʪʘʯʢʝ ɹɱʊ ʪʨʘʥʟʠʩʪʦʨʘ. ʊʝʤʧʝʨʘʪʫʨʥʘ ʩʪʘʙʠʣʠʦʟʘʮʠʿʘ ʢʦʣʘ ʩʘ ɹɱʊ 
ʪʨʘʥʟʠʩʪʦʨʠʤʘ.  
6. ʇʦʣʘʨʠʟʘʮʠʿʘ ɹɱʊ. ʇʦʣʘʨʠʟʘʮʠʿʘ ʧʘʨʘʣʝʣʥʦ ʚʝʟʘʥʠʭ ɹɱʊ. ʆʛʨʘʥʠʯʝˁʘ ʫ ʨʘʜʫ ɹɱʊ ʪʨʘʥʟʠʩʪʦʨʘ. 
7. ɽʙʝʨʩ-ʄʦʣʦʚ ʤʦʜʝʣ ʙʠʧʦʣʘʨʥʦʛ ʪʨʘʥʟʠʩʪʦʨʘ. ɽʢʝʚʠʚʘʣʝʥʪʥʦ ʇʀ ʢʦʣʦ ɹɱʊ ʪʨʘʥʟʠʩʪʦʨʘ ʟʘ ʤʘʣʝ 
ʩʠʛʥʘʣʝ. ɽʢʝʚʠʚʘʣʝʥʪʥʦ h ʢʦʣʦ ɹɱʊ ʪʨʘʥʟʠʩʪʦʨʘ ʟʘ ʤʘʣʝ ʩʠʛʥʘʣʝ. TTL ï ʣʦʛʠʯʢʘ ʢʦʣʘ (ʠʥʚʝʨʪʫʿʫ˂ʝ 
ʢʦʣʦ). DTL ï ʣʦʛʠʯʢʘ ʢʦʣʘ (ʀ, ʀʃʀ, ʅɽ, ʅʀ) 
8. ɸʥʘʣʠʟʘ ʨʘʜʘ JFET-a. ʉʪʘʪʠʯʢʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ JFET-a. ʆʛʨʘʥʠʯʝˁʘ ʫ ʨʘʜʫ JFET-a 
9. ʇʦʣʘʨʠʟʘʮʠʿʘ JFET-a. ɽʢʚʠʚʘʣʝʥʪʥʦ ʢʦʣʘ ʟʘ ʤʘʣʝ ʩʠʛʥʘʣʝ JFET-a. JFET ʫ ʧʨʝʢʠʜʘʯʢʦʤ ʨʝʞʠʤʫ.  
10. ɸʥʘʣʠʟʘ ʨʘʜʘ MOSFET-a ʩʘ ʫʛʨʘʹʝʥʠʤ ʢʘʥʘʣʦʤ. ʉʪʘʪʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ MOSFET-a ʩʘ 
ʫʛʨʘʹʝʥʠʤ ʢʘʥʘʣʦʤ. ʆʛʨʘʥʠʯʝˁʘ ʫ ʨʘʜʫ MOSFET-a. ɸʥʘʣʠʟʘ ʨʘʜʘ MOSFET-ʘ ʩʘ ʠʥʜʫʢʦʚʘʥʠʤ  
ʢʘʥʘʣʦʤ. 
11. ʉʪʘʪʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ MOSFET-a ʩʘ ʠʥʜʫʢʦʚʘʥʠʤ ʢʘʥʘʣʦʤ. ɺʝʨʪʠʢʘʣʥʠ MOSFET ï VMOS, 
CMOS. ʇʦʣʘʨʠʟʘʮʠʿʘ MOSFET-ʦʚʘ (ʫʛʨʘʹʝʥʠ, ʠʥʜʫʢʦʚʘʥʠ ʢʘʥʘʣ). ɽʢʚʠʚʘʣʝʥʪʥʦ ʢʦʣʘ ʟʘ ʤʘʣʝ 
ʩʠʛʥʘʣʝ MOSFET-a. 
12. ʆʩʦʙʠʥʝ ʧʦʿʘʯʘʚʘʯʘ. ɱʝʜʥʦʩʪʝʧʝʥʠ ʧʦʿʘʯʘʚʘʯʠ. ɸʥʘʣʠʟʘ ʧʦʿʘʯʘʚʘʯʘ ʩʘ AC ʩʧʨʝʛʦʤ ʩʘ 
ʙʠʧʦʣʘʨʥʠʤ ʪʨʘʥʟʠʩʪʦʨʦʤ ʫ ʩʧʦʿʫ ʩʘ ɿɽ, ɿɹ, ɿʎ. 
13. ɸʥʘʣʠʟʘ ʧʦʿʘʯʘʚʘʯʘ ʩʘ AC ʩʧʨʝʛʦʤ ʩʘ JFET-oʤ ʫ ʩʧʦʿʫ ʩʘ ɿʉ, ɿɻ, ɿɼ, ɸʥʘʣʠʟʘ ʧʦʿʘʯʘʚʘʯʘ ʩʘ AC 



ʩʧʨʝʛʦʤ sa MOSFET-ʦʤ ʫ ʩʧʦʿʫ ʩʘ ɿʉ, ɿɻ, ɿɼ, ɺʠʰʝʩʪʝʧʝʥʠ ʧʦʿʘʯʘʚʘʯʠ ʩʘ ɸC ʩʧʨʝʛʦʤ. 
14. ɼʚʦʩʪʝʧʝʥʠ ʧʦʿʘʯʘʚʘʯ. ʇʦʿʘʯʘʚʘʯʠ ʩʘ ʜʠʨʝʢʪʥʦʤ ʩʧʨʝʛʦʤ-ʧʦʤʿʝʨʘʯʠ ʥʠʚʦʘ (ʩʘ ɿʝʥʝʨ ʜʠʦʜʦʤ, ʩʘ 
ʪʨʘʥʟʠʩʪʦʨʦʤ). ɼʘʨʣʠʥʛʪʦʥʦʚʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʠ ʢʘʩʢʦʜʥʠ ʧʦʿʘʯʘʚʘʯ. ɸʤʧʣʠʪʫʜʩʢʘ ʠ ʬʘʟʥʘ 
ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʿʘʯʘʚʘʯʘ ï ɹʦʜʝʦʚʠ ʜʠʿʘʛʨʘʤʠ. 
15. ʌʦʪʦʪʨʘʥʟʠʩʪʦʨ. ʆʧʪʦʢʘʧʣʝʨ. IGBT.  ʊʠʨʠʩʪʦʨ ʠ ʦʩʪʘʣʝ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʝ ʢʦʤʧʦʥʝʥʪʝ ʠʟ ʠʩʪʝ 
ʬʘʤʠʣʠʿʝ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɺ. ʃʠʪʦʚʩʢʠ ʆʩʥʦʚʠ ɽʣʝʢʪʨʦʥʠʢʝ 1.ʜʝʦ, ʀʩʪʦʯʥʦ ʉʘʨʘʿʝʚʦ, ʅʠʰ 2006  

ɺ. ʃʠʪʦʚʩʢʠ ʠ ʜʨ.  ɿʙʦʨʥʠʢ ʨʝʰʝʥʠʭ ʟʘʜʘʪʘʢʘ ʠʟ ʝʣʝʢʪʨʦʥʠʢʝ, ʅʠʰ 1997  

ʄ. ɹ. ɾʠʚʘʥʦʚ ɽʣʝʢʪʨʦʥʠʢʘ ʢʦʤʧʦʥʝʥʪʝ ʠ ʧʦʿʘʯʘʚʘʯʢʘ ʢʦʣʘ, ʅ. ʉʘʜ 2001  

ʄ. ʍʨʠʙʰʝʢ ʠ ʜʨ. 
ɽʣʝʢʪʨʦʥʠʢʘ I ʧʨʦʙʣʝʤʠ ʠ ʨʝʰʝˁʘ, ʅʘʫʯʥʘ ʢˁʠʛʘ 
ɹʝʦʛʨʘʜ, 

1989  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

Sedra/Smith Microelectronics Circuits, Sounders College Publishing 1991  

ʉ. ʄʘʨʿʘʥʦʚʠ˂ 
ɽʣʝʢʪʨʦʥʠʢʘ 1- ʂʦʤʧʦʥʝʥʪʝ ʠ ʢʦʣʘ, ɸʢʘʜʝʤʩʢʘ 
ʤʠʩʘʦ 

2004  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 5 5 

 ʪʝʩʪ/ ʢʦʣʦʢʚʠʿʫʤ 35 35 

 ʨʘʜ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ/ ʣʘʙ. ʚʿʝʞʙʝ  10 10 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʥʧʨ. ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 50 50 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ: ɸʫʪʦʤʘʪʠʢʘ ʠ ɽʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ II ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʈʉʇɼʉɹʅʊʃʁ ɲɾʀʁʏʁ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʨʘʯʫʥʘʨʩʢʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʝ ʥʘʫʢʝ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-018-3 ʦʙʘʚʝʟʘʥ III 6 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʜʨ ɼʘʥʠʿʝʣ ʄʠʿʠ˂, ʜʦʮʝʥʪ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʤʨ ʉˁʝʞʘʥʘ ʄʠʣʠʥʢʦʚʠ˂, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 1 1 60 30 30 2 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W=2*15 + 1*15 + 1*15  =60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
T=2*15*So + 1*15*So + 1*15*So = 120 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ):W+ʊ=Uopt= 90 + 90 = 180ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ: 
1. ʨʘʟʫʤʿʝʪʠ ʥʘʧʨʝʜʥʝ ʢʦʥʮʝʧʪʝ ʧʨʦʛʨʘʤʠʨʘˁʘ ʥʘ ʧʨʦʮʝʜʫʨʘʣʥʠʤ ʧʨʦʛʨʘʤʩʢʠʤ ʿʝʟʠʮʠʤʘ,  
2.  ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʟʘ ʧʨʘʢʪʠʯʥʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʥʘʧʨʝʜʥʠʭ ʢʦʥʮʝʧʘʪʘ ʧʨʦʮʝʜʫʨʘʣʥʦʛ 
ʧʨʦʛʨʘʤʠʨʘˁʘ ʫ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ C,   

3. ʤʦ˂ʠ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ ʠ ʪʝʩʪʠʨʘʪʠ ʩʣʦʞʝʥʠʿʝ ʧʨʦʛʨʘʤʝ ʥʘ ʿʝʟʠʢʫ C ʢʦʨʠʰ˂ʝˁʝʤ ʩʪʘʪʠʯʢʠʭ ʠ 
ʜʠʥʘʤʠʯʢʠʭ ʩʪʨʫʢʪʫʨʘ ʧʦʜʘʪʘʢʘ,  
4. ʤʦ˂ʠ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ ʠ ʪʝʩʪʠʨʘʪʠ ʩʣʦʞʝʥʠʿʝ ʧʨʦʛʨʘʤʝ ʥʘ ʿʝʟʠʢʫ C ʢʦʨʠʰ˂ʝˁʝʤ ʥʘʧʨʝʜʥʠʭ 
ʢʦʥʮʝʧʘʪʘ ʫ ʨʘʜʫ ʩʘ ʬʫʥʢʮʠʿʘʤʘ. 

ʌʪʤʧʛˁʞʦʧʪʫ 
ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. ʇʦʪʨʝʙʥʘ ʧʨʝʜʟʥʘˁʘ ʠʟ ʧʨʝʜʤʝʪʘ: ʆʩʥʦʚʠ 
ʨʘʯʫʥʘʨʩʢʝ ʪʝʭʥʠʢʝ, ʋʚʦʜ ʫ ʧʨʦʛʨʘʤʠʨʘˁʝ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʇʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ, ʪʝʩʪʦʚʠ ʧʨʦʚʿʝʨʝ ʟʥʘˁʘ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʋʚʦʜ. ʍʨʦʥʦʣʦʛʠʿʘ ʨʘʟʚʦʿʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʦʛʨʘʤʩʢʠʭ ʿʝʟʠʢʘ. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʧʨʦʛʨʘʤʩʢʠʭ 
ʿʝʟʠʢʘ. 
2.ʉʠʥʪʘʢʩʘ ʧʨʦʛʨʘʤʩʢʠʭ ʿʝʟʠʢʘ. ɸʟʙʫʢʘ ʿʝʟʠʢʘ. ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʘ. 
3.ʌʦʨʤʘʣʘʥ ʦʧʠʩ ʩʠʥʪʘʢʩʝ. ɹʅʌ ʥʦʪʘʮʠʿʘ.  
4. ʂʦʥʮʝʧʪ ʩʣʘʙʠʭ ʠ ʿ ʘʢʠʭ ʪʠʧʦʚʘ ʧʦʜʘʪʘʢʘ. ɽʣʝʤʝʥʪʘʨʥʠ, ʠʟʚʝʜʝʥʠ ʠ ʜʠʩʢʨʝʪʥʠ ʪʠʧʦʚʠ ʧʦʜʘʪʘʢʘ ʫ 
ʧʨʦʮʝʜʫʨʘʣʥʠʤ ʧʨʦʛʨʘʤʩʢʠʤ ʿʝʟʠʮʠʤʘ. 

5. ʉʪʨʫʢʪʫʨʥʠ ʪʠʧʦʚʠ ʧʦʜʘʪʘʢʘ. ʇʦˀʘ. ɿʘʧʠʩʠ. ʉʢʫʧʦʚʠ. 
6. ɼʠʥʘʤʠʯʢʘ ʘʣʦʢʘʮʠʿʘ ʤʝʤʦʨʠʿʝ. ʀʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʠʟʦʚʘ ʫ ʜʠʥʘʤʠʯʢʦʿ ʟʦʥʠ ʤʝʤʦʨʠʿʝ ʫ 
ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ C.  
7. ʉʪʨʫʢʪʫʨʝ ʫ C-ʫ. 
8. ʋʥʠʿʝ ʫ C-ʫ.  
9. ɼʘʪʦʪʝʢʝ.  
10. ʋʣʘʟ/ʠʟʣʘʟ, ʪʝʢʩʪʫʘʣʥʝ ʠ ʙʠʥʘʨʥʝ ʜʘʪʦʪʝʢʝ ʫ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ C.  
11. ɼʠʥʘʤʠʯʢʝ ʩʪʨʫʢʪʫʨʝ ʧʦʜʘʪʘʢʘ. 
12. ʀʤʧʣʝʤʝʥʪʘʮʠʿʘ ʤʘʛʘʮʠʥʘ ʠ ʨʝʜʦʚʘ. ʋʣʘʥʯʘʥʝ ʣʠʩʪʝ ʫ C-ʫ.  
13. ʇʦʪʧʨʦʛʨʘʤʠ - ʬʫʥʢʮʠʿʝ ʠ ʧʨʦʮʝʜʫʨʝ. ʇʨʝʥʦʩ ʘʨʛʫʤʝʥʘʪʘ. ʂʣʘʩʝ ʤʝʤʦʨʠʿʝ. 
14. ʌʫʥʢʮʠʿʝ ʫ C-ʫ. ɹʦʯʥʠ ʝʬʝʢʪʠ. ʈʝʢʫʨʟʠʿʘ.  
15. ʀʥʪʝʨʥʝʪ ʠ ʚʝʙ ʪʝʭʥʦʣʦʛʠʿʝ ï ʦʩʥʦʚʥʠ ʢʦʥʮʝʧʪʠ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʉʪʘʥʢʦʚʠ˂, ʄ.  Ăʇʨʦʛʨʘʤʩʢʠ ʿʝʟʠʮʠñ, ɽʌ ʅʠʰ 2000  

ʂʨʘʫʩ, ʃ. 
Ăʇʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ ʉ ʩʘ ʨʝʰʝʥʠʤ ʟʘʜʘʮʠʤʘñ, 
ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ ɹʝʦʛʨʘʜ 

2004  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

Kernighan, B.W., Ritchie, D.M.  ĂProgramski jezik Cò, Prentice Hall 1988., ʧʨʝʚʦʜ, CET  2003  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 



ʧʯˀʞ˂ʡʛʙ˂ʞ ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 5 5 % 

ʦʜʙʨʘʥʘ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʚʿʝʞʙʠ 15 15 % 

ʪʝʩʪʦʚʠ ʧʨʦʚʿʝʨʝ ʟʥʘˁʘ 10 10% 

I ʢʦʣʦʢʚʠʿʫʤ (ʦʧʮʠʦʥʦ) 35 35 % 

II ʢʦʣʦʢʚʠʿʫʤ (ʦʧʮʠʦʥʦ) 35 35 % 

   

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 70 70 % 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ http://moodle.etf.unssa.rs.ba/course/view.php?id=33 

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://moodle.etf.unssa.rs.ba/course/view.php?id=33


 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ: ɸʫʪʦʤʘʪʠʢʘ ʠ ɽʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ II ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ɾʆɼʄɾʊʃʁ ɲɾʀʁʃ 3 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʝʥʛʣʝʩʢʠ ʿʝʟʠʢ ʠ ʢˁʠʞʝʚʥʦʩʪ ï ʌʠʣʦʟʦʬʩʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-019-3 ʦʙʘʚʝʟʘʥ III 2 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ  

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʜʨ ɼʘʨʢʦ ʂʦʚʘʯʝʚʠ˂, ʣʝʢʪʦʨ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

1 1 0 15 15 0 1 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 1*15 + 1*15 + 0*15 = 30 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 1*15*So + 1*15*So + 0*15*So = 30 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 30 + 30 = 60ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

1. ʫʧʦʟʥʘʚʘˁʝ ʩʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ ʿʝʟʠʯʢʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ ʚʝʟʘʥʠʤ ʟʘ ʫʧʦʪʨʝʙʫ ʝʥʛʣʝʩʢʦʛ ʿʝʟʠʢʘ 
ʫ ʪʝʭʥʠʯʢʠʤ ʥʘʫʢʘʤʘ, ʩʘ ʧʦʩʝʙʥʠʤ ʦʩʚʨʪʦʤ ʥʘ ʜʠʩʢʫʨʩ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʦ-
ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ.   
2. ʫʧʦʟʥʘʚʘˁʝ ʩʘ ʪʝʨʤʠʥʦʣʦʛʠʿʦʤ ʥʘ ʝʥʛʣʝʩʢʦʤ ʿʝʟʠʢʫ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʦʙʣʘʩʪʠ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, ʩʘ 
ʧʦʩʝʙʥʠʤ ʦʩʚʨʪʦʤ ʥʘ ʜʠʩʢʫʨʩ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ; 
3. ʥʘʧʨʝʜʥʘ ʢʦʥʚʝʨʟʘʮʠʿʘ ʚʝʟʘʥʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʦʙʣʘʩʪʠ ʠ ʪʝʤʝ ʫ ʚʝʟʠ ʩʘ ʪʝʭʥʠʯʢʠʤ ʥʘʫʢʘʤʘ, ʩʘ 
ʧʦʩʝʙʥʠʤ ʦʩʚʨʪʦʤ ʥʘ ʦʙʣʘʩʪʠ ʠ ʪʝʤʝ ʠʟ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝʠ ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ 
ʪʝʭʥʦʣʦʛʠʿʘ; 
4. ʩʧʦʩʦʙʥʦʩʪ ʨʘʟʫʤʠʿʝʚʘˁʘ, ʧʨʝʚʦʹʝˁʘ ʠ ʫʩʤʝʥʦʛ ʠ ʧʠʩʘʥʦʛ ʦʧʠʩʠʚʘˁʘ ʪʝʢʩʪʫʘʣʥʠʭ ʮʿʝʣʠʥʘ 
ʥʘʧʠʩʘʥʠʭ ʥʘ ʝʥʛʣʝʩʢʦʤ ʿʝʟʠʢʫ ʠ ʚʝʟʘʥʠʭ ʟʘ ʪʝʭʥʠʯʢʝ ʥʘʫʢʝ, ʩʘ ʥʘʛʣʘʩʢʦʤ ʥʘ ʝʣʝʢʪʨʦʪʝʭʥʠʮʠ 
ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʤ ʪʝʭʥʦʣʦʛʠʿʘʤʘ; 
5. ʩʧʦʩʦʙʥʦʩʪ ʢʨʝʠʨʘˁʘ ʪʝʢʩʪʫʘʣʥʠʭ ʮʿʝʣʠʥʘ ʚʝʟʘʥʠʭ ʟʘ ʪʝʭʥʠʯʢʝ ʥʘʫʢʝ, ʩʘ ʥʘʛʣʘʩʢʦʤ ʥʘ 
ʝʣʝʢʪʨʦʪʝʭʥʠʮʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʤ ʪʝʭʥʦʣʦʛʠʿʘʤʘ. 

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʧʦʩʝʙʥʠʭ ʫʩʣʦʚʘ ʟʘ ʩʣʫʰʘˁʝ ʧʨʝʜʤʝʪʘ ʠ ʧʦʣʘʛʘˁʝ ʠʩʧʠʪʘ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʤʝʪʦʜʘ ʜʝʤʦʥʩʪʨʘʮʠʿʝ, ʤʝʪʦʜʘ ʧʨʘʢʪʠʯʥʠʭ ʨʘʜʦʚʘ, ʤʝʪʦʜʘ ʧʠʩʤʝʥʠʭ ʨʘʜʦʚʘ, ʤʝʪʦʜʘ ʯʠʪʘˁʘ ʠ ʨʘʜʘ 
ʥʘ ʪʝʢʩʪʫ, ʤʝʪʦʜʘ ʨʘʟʛʦʚʦʨʘ, ʤʝʪʦʜʘ ʫʩʤʝʥʦʛ ʠʟʣʘʛʘˁʘ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. Mobile phones. Robots. androids, AI.  
2. Intelligent homes. Future trends.  
3. Prefixes. Suffixes. Compounds. 
4. Collocations. Defining and classifying. Qualifying and comparing. 
5. Describing technical processes. Troubleshooting.  
6. Numbers and calculations. Area, size and mass. Measurable parameters.  
7. Energy. Heat and temperature.  
8. Current, voltage and resistance. Electrical supply. Circuits and components.  
9. Types of engineering (Part 1 and 2). Branches of mathematics. 
10. What is electricity?. The simple cell.  
11. Magnets (Part 1 and 2).  
12. The electric motor (Part 1 and 2).  
13. Electrical generating stations (Part 1 and 2). 
14. Hydro-electric power stations. Radio (Part 1 and 2). 
15. Lamps. Telephone.  
 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

S. R, Esteras & E. M. Fabre 
Professional English in Use: ICT, Cambridge University 
Press 

2007 68-91 

M. Ibbotson 
Professional English in Use: Engineering, Cambridge 
University Press 

2009 
22-27, 76-79, 86-87, 
92-97. 

J. Markoviĺ Engleski jezik za studente elektrotehniļkog fakulteta, 1979 2-7, 21-23, 28-31, 37-



ETF Beograd 45, 75-77 

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

    

    

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ʚʿʝʞʙʘʤʘ 15 15 % 

ʧʦʟʠʪʠʚʥʦ ʦʮʿʝˁʝʥ ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ 5 5 % 

ʘʢʪʠʚʥʦʩʪ ʥʘ ʧʨʝʜʘʚʘˁʠʤʘ/ʚʿʝʞʙʘʤʘ 10 10 % 

ʧʨʚʠ ʢʦʣʦʢʚʠʿʫʤ 20 20 % 

ʜʨʫʛʠ ʢʦʣʦʢʦʚʠʿʫʤ 20 20% 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ) 30 30 % 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ: ɸʫʪʦʤʘʪʠʢʘ ʠ ɽʣʝʢʪʨʦʥʠʢʘ 

 I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ II ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʆʌʅɾʉʁʐʃɹ ʅɹʋɾʅɹʋʁʃɹ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʤʘʪʝʤʘʪʠʢʫ - ʌʠʣʦʟʦʬʩʢʠ ʬʘʢʫʣʪʝʪ ʇʘʣʝ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-020-4 ʦʙʘʚʝʟʘʥ IV 6,0 

ʆʙʪʫʙʛʦʡʣ ʧʨʦʬ. ʜʨ ɺʠʜʘʥ ɻʦʚʝʜʘʨʠʮʘ, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ ʤʨ ʅʘʪʘʰʘ ʇʘʚʣʦʚʠ˂, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ  
(ʬ ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 3 0 42 63 0 1.4 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 2*15 + 3*15 + 0*15 =75 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 2*15*So + 3*15*So + 0*15*So = 105 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 75 + 105 = 180ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ  ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ: 
1. ʦʚʣʘʜʘ ʥʫʤʝʨʠʯʢʠʤ ʤʝʪʦʜʘʤʘ ʨʿʝʰʘʚʘˁʘ ʥʝʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ ʠ ʩʠʩʪʝʤʘ 
2. ʦʚʣʘʜʘ ʨʘʟʥʠʤ ʚʠʜʦʚʠʤʘ ʠʥʪʝʨʧʦʣʘʮʠʿʝ ʬʫʥʢʮʠʿʘ ʠ ˁʠʭʦʚʠʭ ʧʨʠʤʿʝʥʘ 
3. ʧʦʟʥʘʿʝ ʤʝʪʦʜʝ ʥʫʤʝʨʠʯʢʝ ʠʥʪʝʛʨʘʮʠʿʝ 
4. ʦʚʣʘʜʘ ʨʘʟʥʠʤ ʚʠʜʦʚʠʤʘ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʬʫʥʢʮʠʿʘ 
5. ʦʚʣʘʜʘ ʝʣʝʤʝʥʪʠʤʘ ʪʝʦʨʠʿʝ ʚʿʝʨʦʚʘʪʥʦ˂ʝ 
6. ʢʦʨʠʩʪʠ ʜʦʙʠʿʝʥʘ ʟʥʘˁʘ ʫ ʩʪʨʫʯʥʠʤ ʧʨʝʜʤʝʪʠʤʘ 

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʫʩʣʦʚʘ ʩʣʫʰʘˁʘ ʠ ʧʦʣʘʛʘˁʘ ʧʨʝʜʤʝʪʘ 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʅʘʩʪʘʚʥʠ ʧʨʦʮʝʩ ʩʝ ʨʝʘʣʠʟʫʿʝ ʫʛʣʘʚʥʦʤ ʢʨʦʟ ʬʨʦʥʪʘʣʥʠ ʦʙʣʠʢ ʨʘʜʘ ï ʧʨʝʜʘʚʘˁʘ ʠ ʠʥʪʝʨʘʢʪʠʚʥʠ 
ʦʙʣʠʢ ʨʘʜʘ ï ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1.ʋʚʦʜ ʫ ʥʫʤʝʨʠʯʢʫ ʤʘʪʝʤʘʪʠʢʫ. ʇʦʿʘʤ ʠ ʚʨʩʪʝ ʛʨʝʰʘʢʘ  
2.ʅʝʣʠʥʝʘʨʥʝ ʿʝʜʥʘʯʠʥʝ ʠ ʩʠʩʪʝʤʠ. ɹʘʥʘʭʦʚ ʩʪʘʚ ʦ ʬʠʢʩʥʦʿ ʪʘʯʢʠ. ʄʝʪʦʜʘ ʠʪʝʨʘʮʠʿʝ 
3. ɳʫʪʥʦʚʘ ʤʝʪʦʜʘ ʠ ʤʝʪʦʜʘ ʩʿʝʯʠʮʝ 
4. ʉʠʩʪʝʤʠ ʣʠʥʝʘʨʥʠʭ ʘʣʛʝʙʘʨʩʢʠʭ ʿʝʜʥʘʯʠʥʘ. ʅʦʨʤʝ ʚʝʢʪʦʨʘ ʠ ʤʘʪʨʠʮʘ. ʀʪʝʨʘʮʠʦʥʝ ʤʝʪʦʜʝ ʟʘ 
ʨʿʝʰʘʚʘˁʝ ʩʠʩʪʝʤʘ ʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ. ɱʘʢʦʙʠʿʝʚ ʠ ɻʘʫʩ-ɿʘʿʜʝʣʦʚ ʤʝʪʦʜ 
5. ʉʦʧʩʪʚʝʥʝ ʚʨʠʿʝʜʥʦʩʪʠ ʠ ʩʦʧʩʪʚʝʥʠ ʚʝʢʪʦʨʠ ʤʘʪʨʠʮʘ. ʄʝʪʦʜʝ ʂʨʠʣʦʚʘ ʠ ʃʝʚʝʨʿʝʘ 
6. ʀʥʪʝʨʧʦʣʘʮʠʿʘ. ʃʘʛʨʘʥʞʦʚ ʠʥʪʝʨʧʦʣʘʮʠʦʥʠ ʧʦʣʠʥʦʤ 
7. ɳʫʪʥʦʚ ʠʥʪʝʨʧʦʣʘʮʠʦʥʠ ʧʦʣʠʥʦʤ ʩʘ ʧʦʜʠʿʝˀʝʥʠʤ ʨʘʟʣʠʢʘʤʘ. ʀʥʪʝʨʧʦʣʘʮʠʦʥʠ ʧʦʣʠʥʦʤʠ ʩʘ 
ʨʘʚʥʦʤʿʝʨʥʦ ʨʘʩʧʦʨʝʹʝʥʠʤ ʯʚʦʨʦʚʠʤʘ. ʀʥʪʝʨʧʦʣʘʮʠʿʘ ʪʨʠʛʦʥʦʤʝʪʨʠʿʩʢʠʤ ʬʫʥʢʮʠʿʘʤʘ 
8. ʅʫʤʝʨʠʯʢʘ ʠʥʪʝʛʨʘʮʠʿʘ. ɳʫʪʥ-ʂʦʪʝʩʦʚʝ ʢʚʘʜʨʘʪʫʨʥʝ ʬʦʨʤʫʣʝ 
9. ʂʚʘʜʨʘʪʫʨʥʝ ʬʦʨʤʫʣʝ ɻʘʫʩʦʚʦʛ ʪʠʧʘ. ʆʨʪʦʛʦʥʘʣʥʠ ʧʦʣʠʥʦʤʠ 
10. ɸʧʨʦʢʩʠʤʘʮʠʿʘ ʬʫʥʢʮʠʿʘ. ʅʘʿʙʦˀʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʫ ʣʠʥʝʘʨʥʦʤ ʥʦʨʤʠʨʘʥʦʤ ʧʨʦʩʪʦʨʫ. ʅʘʿʙʦˀʘ 
ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʫ ʍʠʣʙʝʨʪʦʚʦʤ ʧʨʦʩʪʦʨʫ 
11. ʉʨʝʜˁʝʢʚʘʜʨʘʪʥʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘ. ʄʝʪʦʜʘ ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ. ʈʘʚʥʦʤʿʝʨʥʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘ 
12. ʆʙʠʯʥʝ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ. ʂʦʰʠʿʝʚʠ ʧʨʦʙʣʝʤʠ. ɸʧʨʦʢʩʠʤʘʪʠʚʥʝ ʤʝʪʦʜʝ 
13. ʄʝʪʦʜʝ ʪʠʧʘ ʈʫʥʛʝ-ʂʫʪʘ 
14. ɸʢʩʠʦʤʝ ʪʝʦʨʠʿʝ ʚʿʝʨʦʚʘʪʥʦ˂ʝ ʠ ˁʝʥʝ ʦʩʦʙʠʥʝ. ʋʩʣʦʚʥʘ ʚʿʝʨʦʚʘʪʥʦ˂ʘ ʠ ʥʝʟʘʚʠʩʥʦʩʪ 
15. ʉʣʫʯʘʿʥʝ ʧʨʦʤʿʝʥˀʠʚʝ ʠ ˁʠʭʦʚʝ ʨʘʩʧʦʜʿʝʣʝ 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɼ. ʈʘʜʫʥʦʚʠ˂ ʅʫʤʝʨʠʯʢʝ ʤʝʪʦʜʝ, ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ, ɹʝʦʛʨʘʜ 2004  

ɼ. ʈʘʜʫʥʦʚʠ˂ 
ʅʫʤʝʨʠʯʢʝ ʤʝʪʦʜʝ, ɿʙʠʨʢʘ ʟʘʜʘʪʘʢʘ ʢʨʦʟC, Fortran 
ʠ Matlab, ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ, ɹʝʦʛʨʘʜ 

2006  

ʄ. ʄʝʨʢʣʝ 
ɺʿʝʨʦʚʘʪʥʦ˂ʘ ʠ ʩʪʘʪʠʩʪʠʢʘ, ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ, 
ɹʝʦʛʨʘʜ 

1993  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʇ. ʄʠʣʠʯʠ˂, ʄ. ʋʰ˂ʫʤʣʠ˂ 
ɿʙʠʨʢʘ ʟʘʜʘʪʘʢʘ ʠʟ ʚʠʰʝ ʤʘʪʝʤʘʪʠʢʝII, ʅʘʫʯʥʘ 
ʢˁʠʛʘ, ɹʝʦʛʨʘʜ 

1993  



    

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʇʨʠʩʫʩʪʚʦ ʠ ʘʢʪʠʚʥʦʩʪ ʥʘ ʥʘʩʪʘʚʠ 10 10% 

I ʢʦʣʦʢʚʠʿʫʤ 30 30% 

II ʢʦʣʦʢʚʠʿʫʤ 30 30% 

   

   

   

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʥʧʨ. ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 30 30% 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ: ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ II ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʋɾʇʉʁɲɹ ɾʄɾʃʋʉʁʐʆʁʎ ʃʇʄɹ - 2 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʦʧʰʪʫ ʝʣʝʢʪʨʦʪʝʭʥʠʢʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-021-4 Oʙʘʚʝʟʘʥ IV 5,0 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ɹʦʞʠʜʘʨ ʂʨʩʪʘʿʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʤʨ ɼʘʨʢʦ ʐʫʢʘ, ʚʠʰʠ ʘʩʠʩʪʝʥʪ, ʄʘʨʢʦ ʀʢʠ˂, ʤʨ, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 1 1 45 22.5 22.5 1.5 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 2*15 + 1*15 + 1*15 =60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 2*15*So + 1*15*So + 1*15*So = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 90 = 150ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʪʠʯʫ ʩʝ ʟʥʘˁʘ ʠ ʚʝʰʪʠʥʝ ʟʘ: 
1. ʀʟʫʯʘʚʘˁʝ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘ ʩʘ ʚʨʝʤʝʥʩʢʦ ʧʨʦʩʪʦʨʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ (ʝʣʝʢʪʨʠʯʥʘ ʢʦʣʘ ʩʘ 
ʨʘʩʧʦʜʝˀʝʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ, ʿʝʜʥʘʯʠʥʝ ʪʝʣʝʛʨʘʬʠʯʘʨʘ). 

2. ɸʥʘʣʠʟʫ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ. ʇʨʦʩʪʦʨ ʩʪʘˁʘ ʠ ʿʝʜʥʘʯʠʥʝ ʩʪʘˁʘ. ɸʥʘʣʦʛʠʿʝ 
ʩʘ ʩʣʠʯʥʠʤ ʜʠʥʘʤʠʯʢʠʤ ʩʠʩʪʝʤʠʤʘ. 

3. ɸʥʘʣʠʟʫ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘ ʫ ʢʦʤʧʣʝʢʩʥʦʤ ʜʦʤʝʥʫ. ʃʘʧʣʘʩʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ. ʇʨʠʤʝʨ 
ʧʦʥʘʰʘˁʘ ʧʨʦʩʪʠʭ ʧʨʘʢʪʠʯʥʠʭ ʢʦʣʘ ʫ ʪʦʢʫ ʧʨʝʣʘʟʥʦʛ ʧʨʦʮʝʩʘ. 

4. ʀʟʫʯʘʚʘˁʝ ʪʦʧʦʣʦʛʠʿʝ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘ. ʋʚʦʜ ʫ ʪʝʦʨʠʿʫ ʛʨʘʬʦʚʘ. ʄʘʪʨʠʯʥʝ ʤʝʪʦʜʝ ʟʘ ʘʥʘʣʠʟʫ 
ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘ. ʈʘʯʫʥʘʨʩʢʝ ʤʝʪʦʜʝ ʟʘ ʘʥʘʣʠʟʫ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘ. ʈʘʜ ʩʘ ʩʦʧʩʪʚʝʥʦ 
ʨʘʟʚʠʿʝʥʠʤ ʧʨʦʛʨʘʤʩʢʠʤ ʧʘʢʝʪʠʤʘ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʤ ʧʘʢʝʪʦʤ PSPICE. 

ʌʪʤʧʛˁʞʦʧʪʫ 
ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. ʇʦʪʨʝʙʥʘ ʧʨʝʜʟʥʘˁʘ: ʆʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ 1 
ʠ 2, ʄʘʪʝʤʘʪʠʢʘ 1,2,3, ʅʫʤʝʨʠʯʢʘ ʤʘʪʝʤʘʪʠʢʘ, ʌʠʟʠʢʘ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʅʘʩʪʘʚʘ ʩʝ ʠʟʚʦʜʠ ʫ ʦʙʣʠʢʫ ʧʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʠʭ ʚʿʝʞʙʠ ʠ ʧʦʢʘʟʥʠʭ ʚʿʝʞʙʠ ʥʘ ʨʘʯʫʥʘʨʫ. ʋʯʝˁʝ, 
ʪʝʩʪʦʚʠ, ʟʘʜʘ˂ʝ ʠ ʢʦʥʩʫʣʪʘʮʠʿʝ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ɸʥʘʣʠʟʘ ʢʦʣʘ ʩʘ ʨʘʩʧʦʜʠʿʝˀʝʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ. ɱʝʜʥʘʯʠʥʝ ʪʝʣʝʛʨʘʬʠʯʘʨʘ. 
2. ɱʝʜʥʘʯʠʥʝ ʧʨʦʩʪʠʨʘˁʘ ʫ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʪʘˁʫ ʟʘ ʩʣʫʯʘʿ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʛ ʠʟʚʦʨʘ. ʂʦʥʩʪʘʥʪʘ 
ʧʨʦʩʪʠʨʘˁʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʠʤʧʝʜʘʥʩʘ. 

3. ʇʨʝʜʩʪʘʚˀʘˁʝ ʩʪʘʮʠʦʥʘʨʥʦʛ ʨʝʞʠʤʘ ʧʦʤʦ˂ʫ ʧʫʪʫʿʫ˂ʠʭ ʪʘʣʘʩʘ. ʌʘʢʪʦʨ ʥʘʧʦʥʩʢʝ ʠ ʩʪʨʫʿʥʝ 
ʨʝʬʣʝʢʩʠʿʝ. ɺʦʜ ʟʘʪʚʦʨʝʥ ʠʤʧʝʜʘʥʩʦʤ. 

4. ɺʦʜ ʙʝʟ ʠʟʦʙʣʠʯʝˁʘ. ɺʦʜ ʙʝʟ ʛʫʙʠʪʘʢʘ, ʯʝʪʚʨʪʪʘʣʘʩʥʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨ. ʂʨʘʪʢʦʩʧʦʿʝʥ ʠ 
ʦʪʚʦʨʝʥ ʚʦʜ ʙʝʟ ʛʫʙʠʪʘʢʘ, ʧʦʿʘʚʘ ʩʪʦʿʝ˂ʠʭ ʪʘʣʘʩʘ ʠ ʨʝʟʦʥʘʥʮʠʿʝ. 

5. ɸʥʘʣʠʟʘ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ. ɺʝʣʠʯʠʥʝ ʩʪʘˁʘ ʠ ʧʨʦʩʪʦʨ ʩʪʘˁʘ. 
6. ɱʝʜʥʘʯʠʥʝ ʩʪʘˁʘ, ʥʝʟʘʚʠʩʥʠ ʧʦʯʝʪʥʠ ʫʩʣʦʚʠ. ʈʿʝʰʘʚʘˁʝ ʿʝʜʥʘʯʠʥʝ ʩʪʘˁʘ, ʢʣʘʩʠʯʥʘ ʤʝʪʦʜʘ. 
7. ʂʦʣʘ ʧʨʚʦʛ ʨʝʜʘ, ʦʜʟʠʚ ʢʦʣʘ ʥʘ ʢʦʥʩʪʘʥʪʥʫ ʠ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʫ ʬʫʥʢʮʠʿʫ ʧʦʙʫʜʝ. ʇʨʠʤʿʝʥʘ 
ʨʘʯʫʥʘʨʘ ʟʘ ʨʿʝʰʘʚʘˁʝ ʿʝʜʥʘʯʠʥʘ ʩʪʘˁʘ ʚʠʰʝʛ ʨʝʜʘ. 

8. ʀʥʪʝʛʨʘʣʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʟʘ ʘʥʘʣʠʟʫ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘ. ʆʤʦʚ ʟʘʢʦʥ ʫ ʦʧʝʨʘʮʠʦʥʦʤ 
ʧʦʜʨʫʯʿʫ. 

9. ʄʝʪʦʜʘ ʝʢʚʠʚʘʣʝʥʪʥʝ ʤʨʝʞʝ ʫ s-ʧʦʜʨʫʯʿʫ. ʊʝʚʝʥʝʥʦʚʘ ʠ ʅʦʨʪʦʥʦʚʘ ʪʝʦʨʝʤʘ ʫ s-ʧʦʜʨʫʯʿʫ. 
10. ʉʫʧʝʨʧʦʟʠʮʠʦʥʠ ʠʥʪʝʛʨʘʣʠ ʫ ʘʥʘʣʠʟʠ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘ. ʌʫʥʢʮʠʿʝ ʤʨʝʞʝ. 
11. ɼʠʘʤʝʣʦʚ ʠ ʢʦʥʚʦʣʫʮʠʦʥʠ ʠʥʪʝʛʨʘʣ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʦʜʟʠʚʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʣʘ. 
12. ʆʩʥʦʚʥʠ ʧʦʿʤʦʚʠ ʠʟ ʪʝʦʨʠʿʝ ʛʨʘʬʦʚʘ, ʩʫʙʛʨʘʬʦʚʠ, ʧʫʪ, ʢʦʥʪʫʨʘ, ʩʪʘʙʣʦ, ʢʦʩʪʘʙʣʦ, ʧʨʝʩʿʝʢ. 
13. ʊʦʧʦʣʦʰʢʝ ʤʘʪʨʠʮʝ ʢʦʣʘ. ʄʝʹʫʩʦʙʥʠ ʦʜʥʦʩʠ ʪʦʧʦʣʦʰʢʠʭ ʤʘʪʨʠʮʘ ʢʦʣʘ. 
14. ʆʩʥʦʚʥʠ ʟʘʢʦʥʠ ʝʣʝʢʪʨʠʯʥʠʭ ʤʨʝʞʘ ʫ ʤʘʪʨʠʯʥʦʤ ʦʙʣʠʢʫ. 
15. ʈʘʯʫʥʘʨʩʢʝ ʤʝʪʦʜʝ ʟʘ ʘʥʘʣʠʟʫ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʄʠʣʦʿʢʦʚʠ˂, ʉ. 
ʊʝʦʨʠʿʘ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘ, IV ʠʟʜʘˁʝ, ʉʚʿʝʪʣʦʩʪ 
ʉʘʨʘʿʝʚʦ 

1991. 
55-102, 157-240, 353-
373 

ʄʠʣʦʿʢʦʚʠ˂, ʉ. ɿʙʠʨʢʘ ʨʝʰʝʥʠʭ ʟʘʜʘʪʘʢʘ ʠʟ ʊʝʦʨʠʿʝ ʝʣʝʢʪʨʠʯʥʠʭ 1991. 37-67, 107-187, 253-



ʢʦʣʘ, ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ ʉʘʨʘʿʝʚʦ 291 

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

    

    

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘʠ ʚʿʝʞʙʘʤʘ 10 10 

ʢʦʣʦʢʚʠʿʫʤ 1 (ʂ1) ʠ ʢʦʣʦʢʚʠʿʫʤ 2 (ʂ2), ʠʣʠ 
ʧʨʠʩʪʫʧʥʠ ʠʩʧʠʪ (ʇʈʀ) (ʘʢʦ ʿʝ ʂ1<15 ʠ ʂ2<15) 

30 + 30, 
ʠʣʠ 60 

60 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ, ʫʩʣʦʚ ʟʘ ʧʨʠʩʪʫʧ ʠʩʧʠʪʫ (ʂ1>=15 ʠ ʂ2>=15) ʠʣʠ (ʇʈʀ>=36) 

ʫʩʤʝʥʠ ʠʣʠ ʧʠʩʤʝʥʠ 30 30 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ: ɸʫʪʦʤʘʪʠʢʘ ʠ ɽʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ II ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ɾʄɾʃʋʉʇʅɹɼʆɾʋʁʃɹ - 1 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʦʧʰʪʫ ʝʣʝʢʪʨʦʪʝʭʥʠʢʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-022-4 ʆʙʘʚʝʟʘʥ IV 6 

ʆʙʪʫʙʛʦʡʣ ʧʨʦʬ. ʜʨ ɹʦʞʠʜʘʨ ʂʨʩʪʘʿʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ ʤʨ ɼʘʨʢʦ ʐʫʢʘ, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

3 3 0 45 45 0 1,0 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 3*15 + 3*15 + 0*15 =90 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 3*15*So + 3*15*So + 0*15*So = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W + T = Uopt= 90 + 90 = 180ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ  ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ: 
1. ʧʨʦʮʠʿʝʥʠ ʟʥʘʯʘʿ  ʬʫʥʜʘʤʝʥʪʘʣʥʠʭʝʢʩʧʝʨʠʤʝʥʘʪʘ   ʟʘ ʨʘʟʚʦʿ ʥʘʫʢʝ ʫʦʧʰʪʝ, ʧʦʩʝʙʥʦ ˁʠʭʦʚʫ 
ʙʘʟʠʯʥʫ ʫʣʦʛʫ ʫ  ʝʣʝʢʪʨʦʪʝʭʥʠʮʠ, 

2. ʧʨʝʧʦʟʥʘ ʠ ʨʘʟʫʤʠʿʝ ʧʨʦʙʣʝʤʝ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʫ ʧʨʘʢʩʠ, 
3. ʨʝʘʣʠʟʫʿʝ ʤʘʪʘʤʘʪʠʯʢʝ ʤʦʜʝʣʝ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʫ ʧʨʘʢʩʠ, 
4. ʧʨʦʥʘʹʝ ʙʨʟʦ ʠ ʝʢʦʥʦʤʠʯʥʦ  ʨʿʝʰʝˁʝ ʢʦʨʠʩʪʝ˂ʠ ʥʘʿʩʘʚʨʝʤʝʥʠʿʠʤ ʪʝʭʥʠʢʘʤʘ ʨʘʯʫʥʘˁʘ ʠ 
ʧʨʦʿʝʢʪʦʚʘˁʘ, 

5. ʨʘʟʚʠʿe ʚʿʝʰʪʠʥʫ ʩʘʤʦʫʯʝˁʘ ʠ ʥʘʜʦʛʨʘʜˁʝ ʟʥʘˁʘ, 
6. ʩʭʚʘʪʠ ʟʥʘʯʘʿ ʧʦʰʪʦʚʘˁʘ ʪʝʛʥʠʯʢʠʭ ʧʨʦʧʠʩʘ ʠ ʥʦʨʤʠ ʠ ʟʘʢʦʥʩʢʝ ʨʝʛʫʣʘʪʠʚʝ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ 
ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ. 

ʌʪʤʧʛˁʞʦʧʪʫ ʇʦʪʨʝʙʥʦ ʧʨʝʜʟʥʘˁʝ ʠʟ ʧʨʝʜʤʝʪʘ: ʆʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ I ʠ IIʠ ʄʘʪʝʤʘʪʠʢʘ I, II ʠ III. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ɿʘ ʧʨʝʜʘʚʘˁʘ ʩʝ ʢʦʨʠʩʪʠ ʬʨʦʥʪʘʣʥʠ ʤʝʪʦʜ, ʘ ʟʘ ʚʿʝʞʙʝ ʠʥʪʝʨʘʢʪʠʚʥʠ ʤʝʪʦʜ. ɿʘ ʩʝʤʠʥʘʨʩʢʝ 
ʨʘʜʦʚʝ ʠ ʜʦʤʘ˂ʝ ʟʘʜʘʪʢʝ ʢʦʤʙʠʥʫʿʫ ʩʝ ʠʥʜʠʚʠʩʫʘʣʥʠ ʠ ʛʨʫʧʥʠ ʤʝʪʦʜ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1.   ʋʚʦʜ ʫ ʤʘʢʨʦʩʢʦʧʩʢʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʘ ʧʦʘˀ . ɼʝʬʠʥʠʮʘ ʠ ʧʦʩʝʙʥʦʩʪ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ.  
2.   ɽʣʝʢʪʨʠʯʥʦ ʠ ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʦ ʧʦˀʝ. ʂʫʣʦʥʦʚ ʟʘʢʦʥ. ʇʦˀʝ ʠ ʧʦʪʝʥʮʠʿʘʣ. ʊʘʯʢʘʩʪʠ ʠ ʣʠʥʠʿʩʢʠ 
ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʠ ʜʠʧʦʣ.  

3  . ɱʝʜʥʘʯʠʥʝ ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʦʛ ʧʦˀʘ ʫ ʚʘʢʫʫʤʫ. ʇʨʦʚʦʜʥʠʮʠ ʫ ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʦʤ ʧʦˀʫ. 
ɽʣʝʢʪʨʦʜʥʠ ʩʠʩʪʝʤʠ.  

4.   ʊʝʦʨʝʤʝ ʣʠʢʘ ʫ ʨʘʚʥʦʤ ʠ ʩʬʝʨʥʦʤ ʦʛʣʝʜʘʣʫ 
5.   ʇʦˀʝ ʧʘʨʘʣʝʣʥʠʭ ʨʘʟʣʠʯʠʪʦ ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ ʥʠʪʠ. ʇʦˀʝ ʜʚʘ ʥʝʢʦʘʢʩʠʿʘʣʥʘ ʧʨʦʚʦʜʥʘ ʧʣʘʰʪʘ 
6.  ʊʝʦʨʝʤʘ ʣʠʢʘ ʫ ʮʠʣʠʥʜʨʠʯʥʦʤ ʦʛʣʝʜʘʣʫ. ɽʣʝʢʪʨʦʩʪʘʪʠʯʢʦ ʧʦˀʝ ʫ ʤʘʪʝʨʠʿʘʣʥʦʿ ʩʨʝʜʠʥʠ. ɻʘʫʩʦʚ 
ʟʘʢʦʥ ʧʦˀʘ ʚʝʢʪʦʨʘ  E, Dʠ P. 

7.  ɻʫʩʪʠʥʝ ʚʝʟʘʥʠʭ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʠ ʧʦˀʝ ʫ ʜʠʝʣʝʢʪʨʠʢʫ.  ɱʝʜʥʘʯʠʥʝ ʧʦˀʘ ʫ ʤʘʪʝʨʠʿʘʣʥʦʿ 
ʩʨʝʜʠʥʠ. ʄʦʜʠʬʠʢʦʚʘʥʘ ʪʝʦʨʝʤʘ ʣʠʢʘ ʫ ʨʘʚʥʦʤ ʦʛʣʝʜʘʣʫ, ɻʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʠ ʟʘʢʦʥ ʧʨʝʣʘʤʘˁʘ 
ʫ ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʦʤ ʧʦˀʫ. 

8.   ʂʘʧʘʮʠʪʠʚʥʦʩʪ. ɽʥʝʨʛʠʿʘ ʫ ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʦʤ ʧʦˀʫ. 
9.   ʇʫʘʩʦʥʦʚʘ ʠ ʃʘʧʣʘʩʦʚʘ ʿʝʜʥʘʯʠʥʘ. ɼʠʨʘʢʦʚʘ ʬʫʥʢʮʠʿʘ ʫ ʝʣʝʢʪʨʦʩʪʘʪʠʮʠ. ʀʥʪʝʛʨʘʣʥʠ ʦʙʣʠʢ 
ʇʫʘʩʦʥʦʚʝ ʿʝʜʥʘʯʠʥʝ. 

10.  ʉʪʘʮʠʦʥʘʨʥʦ ʩʪʨʫʿʥʦ ʧʦˀʝ. ʉʪʨʫʿʘ ʠ ʛʫʩʪʠʥʘ ʩʪʨʫʿʝ. ɱʝʜʥʘʯʠʥʘ ʢʦʥʪʠʥʫʠʪʝʪʘ. ʆʤʦʚ ʠ ɷʫʣʦʚ 
ʟʘʢʦʥ. ʆʪʧʦʨʥʠʮʠ.  ʊʘʯʢʘʩʪʠ ʩʪʨʫʿʥʠ ʠʟʚʦʨ. ʂʠʨʭʦʬʦʚʠ ʟʘʢʦʥʠ ʫ ʠʥʪʝʛʨʘʣʥʦʤ ʠ 
ʜʠʬʝʨʝʥʮʠʿʘʣʥʦʤ ʦʙʣʠʢʫ. 

11.  ɻʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʠ ʟʘʢʦʥ ʧʨʝʣʘʤʘˁʘ. ʈʘʩʧʦʜʿʝʣʝ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʫ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʪʨʫʿʥʦʤ ʧʦˀʫ. 
ɼʫʘʣʥʦʩʪ ʩʪʘʮʠʦʥʘʨʥʦʛ ʩʪʨʫʿʥʦʛ ʠ ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʦʤ ʧʦˀʫ, ʊʝʦʨʝʤʘ ʣʠʢʘ ʫ ʩʪʘʮʠʦʥʘʨʥʦʤ 
ʩʪʨʫʿʥʦʤ ʧʦˀʫ. ʇʨʦʚʦʜʥʠʮʠ ʫ ʩʘʚʨʰʝʥʦʤ ʜʠʝʣʝʢʪʨʠʢʫ. ʋʟʝʤˀʠʚʘʯʠ. 

12.  ʉʪʘʮʠʦʥʘʨʥʦ ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ. ʄʘʛʥʝʪʩʢʠ ʩʢʘʣʘʨ ʠ ʤʘʛʥʝʪʩʢʠ ʚʝʢʪʦʨ-ʧʦʪʝʥʮʠʿʘʣ. ɹʠʦīʉʘʚʘʨʦʚ 
ʟʘʢʦʥ.  

13.  ʄʘʛʥʝʪʩʢʦ ʧʦˀʝ ʫ ʧʨʠʩʫʩʪʚʫ ʤʘʪʝʨʠʿʝ. ɻʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʠ ʟʘʢʦʥ ʧʨʝʣʘʤʘˁʘ.  
14.  ʊʝʦʨʝʤʝ ʣʠʢʘ ʫ ʨʘʚʥʦʤ ʠ ʮʠʣʠʥʜʨʠʯʥʦʤ ʬʝʨʦʤʘʛʥʝʪʩʢʦʤ ʦʛʣʝʜʘʣʫ.  
15.  ʄʦʜʠʬʠʢʦʚʘʥʘ ʪʝʦʨʝʤʘ ʣʠʢʘ ʫ ʨʘʚʥʦʤ ʬʝʨʦʤʘʛʥʝʪʩʢʦʤ ʦʛʣʝʜʘʣʫ.  



ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɹʦʞʠʜʘʨ ʄ. ʂʨʩʪʘʿʠ˂ 
ɾʤʞʣʫʩʧʥʙʜʦʞʫʡʣʙ ʪʙ ʥʞʫʧʝʡʰʣʧʥ ʠʚʡʩʣʧʥ 
ʠʙʝʙʫʙʣʙ, ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ ʋʥʠʚʝʨʟʠʪʝʪʘ 
ʫ ʀʩʪʦʯʥʦʤ ʉʘʨʘʿʝʚʫ 
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ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɹʬʫʧʩʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɸʥʪʦʥʠʿʝ ʈ. ɫʦʨʹʝʚʠ˂ 
ɽʣʝʢʪʨʦʤʘʛʥʝʪʠʢʘ, ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ ʠ ɽʊʌ  
ɹʝʦʛʨʘʜ 

2008.  

ɹ. ʅʦʪʘʨʦʰ, ɺ. ʇʝʪʨʦʚʠ˂, ʄ. 
ʀʣʠ˂, ɸ. ɫʦʨʹʝʚʠ˂, ɹ. 
ʂʦʣʫʥ˅ʠʿʘ, ʄ. ɼʨʘʛʦʚʠ˂ 

ɿʙʠʨʢʘ ʠʩʧʠʪʥʠʭ ʧʠʪʘˁʘ ʠ ʟʘʜʘʪʘʢʘ ʠʟ 
ɽʣʝʢʪʨʦʤʘʛʥʝʪʠʢʝ, ɽʊʌ  ɹʝʦʛʨʘʜ ʠ ɸʢʘʜʝʤʩʢʘ 
ʤʠʩʘʦ 

2002.  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʇʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ ʠ  ʚʿʝʞʙʘʤʘ ʩʘ ʠʟʣʘʩʢʦʥ ʥʘ ʧʘʨʮʠʿʘʣʥʝ 
ʠʩʧʠʪʝ  

0-10 10% 

ʇʨʚʠ ʧʘʨʮʠʿʘʣʥʠ ʠʩʧʠʪ  (K1) 30 30% 

ɼʨʫʛʠ ʧʘʨʮʠʿʘʣʥʠ ʠʩʧʠʪ  (K2) 30 30% 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ (ʋʩʣʦʚ: K1 Ó15, K2 Ó 15) 30 30% 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ: ɸʫʪʦʤʘʪʠʢʘ ʠ ɽʣʝʢʪʨʦʥʠʢʘ 

ʆʩʥʦʚʥʠ ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ II ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ɾʄɾʃʋʉʇʆʁʃɹ 2 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʝʣʝʢʪʨʦʥʠʢʫ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʩʠʩʪʝʤʝ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-023-4 ʦʙʘʚʝʟʘʥ IV 5 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʜʨ ɹʦʞʠʜʘʨ ʇʦʧʦʚʠ˂, ʜʦʮʝʥʪ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʤʨ ʄʘʨʠʿʘʥʘ ɴʦʩʦʚʠ˂, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 1 1 45 22.5 22.5 1.5 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W=2*15 + 1*15 + 1*15  = 60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 2*15*So + 1*15*So + 1*15*So = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W + T = Uopt= 60 + 90 = 150ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʩʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ ʤʦ˂ʠ/ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ: 

1.ʈʘʟʫʤʿʝʚʘˁʝ ʠ ʧʨʝʧʦʟʥʘʚʘˁʝ, ʢʦʥʩʪʨʫʠʩʘˁʝ ʠ ʘʥʘʣʠʟʠʨʘˁʝ ʨʘʜʘ ʝʣʝʢʪʨʦʥʩʢʠʭ ʢʦʣʘ.   

2. ʈʘʟʣʠʢʦʚʘˁʝ, ʧʨʝʧʦʟʥʘʚʘˁʝ ʠ ʨʘʟʫʤʠʿʝʚʘˁʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʦʣʘ ʩʘ ʠ ʙʝʟ ʧʦʚʨʘʪʥʝ ʩʧʨʝʛʝ ʢʘʦ ʠ 
ʚʨʩʪʝ ʠ ʪʦʧʦʣʦʛʠʿʝ ʧʦʚʨʘʪʥʝ ʩʧʨʝʛʝ.  
3. ʈʘʟʣʠʢʦʚʘˁʝ ʠ ʨʘʟʫʤʠʿʝʚʘˁʝ ʧʨʠʥʮʠʧʝ ʨʘʜʘ ʠ ʥʘʯʠʥʝ ʧʨʠʤʿʝʥʝ ʧʦʿʘʯʘʚʘʯʘ ʩʥʘʛʝ, ʠʟʚʦʨʘ 
ʢʦʥʩʪʘʥʪʥʝ ʩʪʨʫʿʝ, ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʭ ʧʦʿʘʯʘʚʘʯʘ ʢʘʦ ʠ ʧʦʩʿʝʜʦʚʘˁʝ ʟʥʘˁʘ ʟʘ ˁʠʭʦʚʫ ʧʨʠʤʿʝʥʫ. 
4. ʈʘʟʫʤʿʝʚʘˁʝ, ʨʝʧʦʟʥʘʚʘˁʝ ʠ ʧʨʠʤʿʝˁʠʚʘˁʝ ʣʠʥʝʘʨʥʠʭ ʢʦʣʘ ʩʘ ʆʇ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʢʦʤʧʣʝʢʩʥʠʭ 
ʩʢʣʦʧʦʚʘ. 
5. ʂʦʥʩʪʨʫʠʩʘˁʝ ʠ ʘʥʘʣʠʟʠʨʘˁʝ ʨʘʜʘ ʣʠʥʝʘʨʥʠʭ ʧʨʝʪʚʘʨʘʯʘ ʠ ʦʩʮʠʣʘʪʦʨʘ. 

ʌʪʤʧʛˁʞʦʧʪʫ ʆʜʩʣʫʰʘʥ ʢʫʨʩ ʠ ʝʣʝʤʝʥʪʘʨʥʘ ʧʨʝʜʟʥʘˁʘ ʠʟ ʝʣʝʢʪʨʦʥʠʢʝ 1 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʇʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ɽʢʚʠʚʘʣʝʥʪʘ ʰʝʤʘ ʠ ʩʪʨʫʿʥʦ ʧʦʿʘʯʘˁʝ ɹɱʊ-ʘ ʥʘ ʚʠʩʦʢʠʤ ʫʯʝʩʪʘʥʦʩʪʠʤʘ.ɽʢʚʠʚʘʣʝʥʪʘ ʰʝʤʘ 
ʫʥʠʧʦʣʘʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ ʚʠʩʦʢʠʤ ʫʯʝʩʪʘʥʦʩʪʠʤʘ. ʄʠʣʝʨʦʚʘ ʪʝʦʨʝʤʘ. ɻʨʘʥʠʯʥʘ ʫʯʝʩʪʘʥʦʩʪ 
ʧʦʿʘʯʘʚʘʯʘ.  
2. ʇʦʚʨʘʪʥʝ ʩʧʨʝʛʝ, ʩʪʨʫʢʪʫʨʘ ʢʦʣʘ. ʂʨʫʞʥʦ ʧʦʿʘʯʘˁʝ, ʚʨʩʪʝ, ʪʦʧʦʣʦʛʠʿʘ, ʦʩʦʙʠʥʝ ʢʦʣʘ ʩʘ 
ʧʦʚʨʘʪʥʦʤ ʩʧʨʝʛʦʤ. ʋʪʠʮʘʿ ʥʝʛʘʪʠʚʥʝ ʧʦʚʨʘʪʥʝ ʩʧʨʝʛʝ ʥʘ ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ.  
3. ʋʪʠʮʘʿ ʥʝʛʘʪʠʚʥʝ ʧʦʚʨʘʪʥʝ ʩʧʨʝʛʝ ʥʘ ʠʤʧʝʜʘʥʩʫ. ʈʝʜʥʦ-ʧʘʨʘʣʝʣʥʘ ʨʝʜʥʦ-ʨʝʜʥʘ, ʧʘʨʘʣʝʣʥʦ-
ʨʝʜʥʘ, ʧʘʨʘʣʝʣʝʥʦ-ʧʘʨʘʣʝʣʝʥʘ ʧʦʚʨʘʪʥʘ ʩʧʨʝʛʘ. 
4. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʧʦʜʿʝʣʘ ʧʦʿʘʯʘʚʘʯʘ ʚʝʣʠʢʠʭ ʩʠʛʥʘʣʘ. ʇʦʿʘʯʘʚʘʯ ʫ ʢʣʘʩʠ ɸ ʩʘ 
ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʦʤ ʩʧʨʝʛʦʤ. ʅʝʣʠʥʝʘʨʥʘ ʠʟʦʙʣʠʯʝˁʘ.  
5. ʉʠʤʝʨʠʯʥʠ ʧʦʿʘʯʘʚʘʯ ʫ ʢʣʘʩʠ ɸ, ɹ. ʂʦʤʧʣʝʤʝʥʪʘʨʥʠ ʧʦʿʘʯʘʚʘʯ ʫ ʢʣʘʩʠ ɹ. ʇʦʿʘʯʘʚʘʯʠ ʫ ʢʣʘʩʠ ɸɹ. 
ɿʘʰʪʠʪʘ ʧʦʿʘʯʘʚʘʯʘ ʦʜ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ. ʇʦʿʘʯʘʚʘʯʠ ʫ ʢʣʘʩʠ ʎ ʠ ɼ 
6. ʉʪʨʫʿʥʘ ʦʛʣʝʜʘʣʘ. Widlar-ʦʚ ʩʪʨʫʿʥʠ ʠʟʚʦʨ, Vilson-ʦʚ ʩʪʨʫʿʥʠ ʠʟʚʦʨ. ʄʆS ʩʪʨʫʿʥʘ ʦʛʣʝʜʘʣʘ. Widlar-
ʦʚ ʩʪʨʫʿʥʠ ʠʟʚʦʨ ʩʘ ʄʆS ʪʨʘʥʟʠʩʪʦʨʠʤʘ  
7. ɼʠʬʝʨʝʥʮʠʿʘʣʥʠ ʧʦʿʘʯʘʚʘʯʠ. 
8. ɼʠʬʝʨʝʥʮʠʿʘʣʥʠ ʧʦʿʘʯʘʚʘʯ ʩʘ BJT ʠ ʘʢʪʠʚʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ, ʩʘ FET ʪʨʘʥʟʠʩʪʦʨʠʤʘ.  
9. ʆʩʥʦʚʥʝ ʦʩʦʙʠʥʝ ʆʇ. ʀʜʝʘʣʠʥ ʆʇ. ʃʠʥʝʘʨʥʘ ʢʦʣʘ ʩʘ ʠʜʝʘʣʥʠʤ ʦʧʝʨʘʮʠʦʥʠʤ ʧʦʿʘʯʘʚʘʯʠʤʘ.  
10. ʈʝʘʣʥʠ ʆʇ. ʌʨʝʢʚʝʥʪʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʧʝʨʘʮʠʦʥʠʭ ʧʦʿʘʯʘʚʘʯʘ.  
11. ɹʣʦʢ ʰʝʤʘ. ɼʠʦʜʥʠ ʠʩʧʨʘʚˀʘʯʠ. ʌʠʣʪʨʠʨʘˁʝ ʠʩʧʨʘʚˀʝʥʦʛ ʥʘʧʦʥʘ. ʉʪʘʙʠʣʠʟʘʮʠʿʘ ɿʝʥʝʨ 
ʜʠʦʜʦʤ. ʇʘʨʘʣʝʣʥʘ ʠ ʨʝʜʥʘ ʩʪʘʙʠʣʠʟʘʮʠʿʘ.  
12. ʃʠʥʝʘʨʥʠ ʩʪʘʙʠʣʠʟʘʪʦʨʠ ʥʘʧʦʥʘ. ʀʥʪʝʛʨʠʩʘʥʠ ʩʪʘʙʠʣʠʟʘʪʦʨʠ ʥʘʧʦʥʘ. ʉʪʨʫʿʥʘ ʠ ʪʝʤʧʝʨʘʪʫʨʥʘ 
ʟʘʰʪʠʪʘ 
13.ʆʩʮʠʣʘʪʦʨʠ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠʭ ʦʩʮʠʣʘʮʠʿʘ. ʋʩʣʦʚ ʠ ʬʨʝʢʚʝʥʮʠʿʘ ʦʩʮʠʣʦʚʘˁʘ. ʅʝʣʠʥʝʘʨʥʘ 
ʘʤʧʣʠʪʫʜʩʢʘ ʢʦʥʪʨʦʣʘ ʘʤʧʣʠʪʫʜʝ ʠʟʣʘʟʥʦʛ ʥʘʧʦʥʘ. 
14. RC ʦʩʮʠʣʘʪʦʨʠ. ʆʩʮʠʣʘʪʦʨ ʩʘ Vien-ʦʚʠʤ ʤʦʩʪʦʤ. ʆʩʮʠʣʘʪʦʨ ʬʘʟʥʦʛ ʧʦʤʿʝʨʘʿʘ. ʉʪʘʙʠʣʠʟʘʮʠʿʘ 
ʬʨʝʢʚʝʥʮʠʿʝ ʠ ʘʤʧʣʠʪʫʜʝ ʦʩʮʠʣʦʚʘˁʘ. LC ʦʩʮʠʣʘʪʦʨʠ (Collpic, Hartley), ʂʨʠʩʪʘʣ ʢʚʘʨʮʘ, Pierce 
ʦʩʮʠʣʘʪʦʨ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 



ɺ. ʃʠʪʦʚʩʢʠ ʆʩʥʦʚʠ ɽʣʝʢʪʨʦʥʠʢʝ 2.ʜʝʦ, ʀʩʪʦʯʥʦ ʉʘʨʘʿʝʚʦ, ʅʠʰ 2006  

ɺ. ʃʠʪʦʚʩʢʠ ʠ ʜʨ.  ɿʙʦʨʥʠʢ ʨʝʰʝʥʠʭ ʟʘʜʘʪʘʢʘ ʠʟ ʝʣʝʢʪʨʦʥʠʢʝ, ʅʠʰ 1997  

ʄ. ɹ. ɾʠʚʘʥʦʚ ɽʣʝʢʪʨʦʥʠʢʘ ʢʦʤʧʦʥʝʥʪʝ ʠ ʧʦʿʘʯʘʚʘʯʢʘ ʢʦʣʘ, ʅ. ʉʘʜ 2001  

ʄ. ʍʨʠʙʰʝʢ ʠ ʜʨ. 
ɽʣʝʢʪʨʦʥʠʢʘ I ʧʨʦʙʣʝʤʠ ʠ ʨʝʰʝˁʘ, ʅʘʫʯʥʘ ʢˁʠʛʘ 
ɹʝʦʛʨʘʜ, 

1989  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

Sedra/Smith Microelectronics Circuits, Sounders College Publishing 1991  

ɹ. ɼʦʢʠ˂ ʀʥʪʝʛʨʠʩʘʥʘ ʢʦʣʘ,ɽʊʌ ɹʘˁʘ ʃʫʢʘ,  1999  

ʊ. ʇʝʰʠ˂-ɹʨʹʘʥʠʥ, ɹ. ɼʦʢʠ˂ ʃʠʥʝʘʨʥʘ ʠʥʪʝʛʨʠʩʘʥʘ ʢʦʣʘ, ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ 2012  

ʉ. ʄʘʨʿʘʥʦʚʠ˂ 
ɼʠʩʢʨʝʪʥʘ ʠʥʪʝʛʨʠʩʘʥʘ ʘʥʘʣʦʛʥʘ ʢʦʣʘ, ʅʘʫʯʥʘ 
ʢˁʠʛʘ, ɹʝʦʛʨʘʜ 

1981  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 5 5 

 ʪʝʩʪ/ ʢʦʣʦʢʚʠʿʫʤ 35 35 

 ʨʘʜ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ/ ʣʘʙ. ʚʿʝʞʙʝ  10 10 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʥʧʨ. ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 50 50 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ: ɸʫʪʦʤʘʪʠʢʘ ʠ ɽʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ II ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʇɺɲɾʃʋʆʇ ʇʉʁɲɾʆʋʁʊɹʆʇ ʈʉʇɼʉɹʅʁʉɹɴɾ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʨʘʯʫʥʘʨʩʢʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʝ ʥʘʫʢʝ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-024-4 ʦʙʘʚʝʟʘʥ IV 6,0 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʜʨ ɼʘʥʠʿʝʣ ʄʠʿʠ˂, ʜʦʮʝʥʪ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʆʛˁʝʥ ɹʿʝʣʠʮʘ, ʤʨ, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 1 1 60 30 30 2 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W=2*15 + 1*15 + 1*15  = 60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 2*15*So + 1*15*So + 1*15*So = 120 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W + T = Uopt= 60 + 120 = 180ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

1. ʇʦʟʥʘʚʘˁʝ ʦʩʥʦʚʥʠʭ ʢʦʥʮʝʧʘʪʘ ʦʙʿʝʢʪʥʦ ʦʨʠʿʝʥʪʠʩʘʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ 
2. ɺʿʝʰʪʠʥʝ ʨʘʟʚʦʿʘ ʘʧʣʠʢʘʮʠʿʘ ʢʦʨʠʰ˂ʝˁʝʤ ʦʙʿʝʢʪʥʦ ʦʨʠʿʝʥʪʠʩʘʥʝ ʧʘʨʘʜʠʛʤʝ  
3. ʇʨʠʤʿʝʥʘ ʦʙʿʝʢʪʥʦ ʦʨʠʿʝʥʪʠʩʘʥʠʭ ʢʦʥʮʝʧʘʪʘ ʫ ʢʦʥʢʨʝʪʥʦʤ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ 
4. ʉʧʦʩʦʙʥʦʩʪ ʧʨʠʤʿʝʥʝ ʩʪʝʯʝʥʠʭ ʟʥʘˁʘ ʟʘ ʨʿʝʰʘʚʘˁʝ ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʙʣʝʤʘ ʫ ʧʨʘʢʩʠ 

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ.  

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʧʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1.ʋʚʦʜ ʫ ʦʙʿʝʢʪʥʦ ʦʨʠʿʝʥʪʠʩʘʥʦ ʧʨʦʛʨʘʤʠʨʘˁʝ. ʆʙʿʝʢʪʥʦ ʦʨʠʿʝʥʪʠʩʘʥʘ ʧʘʨʘʜʠʛʤʘ. 
2.ɸʧʩʪʨʘʢʮʠʿʘ. ɼʝʬʠʥʠʮʠʿʘ ʦʙʿʝʢʘʪʘ. 
3.ɿʘʪʚʘʨʘˁʝ (ɽʥʢʘʧʩʫʣʘʮʠʿʘ). 
4.ɼʝʬʠʥʠʮʠʿʘ ʢʣʘʩʝ. 
5.ʂʨʝʠʨʘˁʝ ʦʙʿʝʢʘʪʘ. 
6.ʂoʥʩʪʨʫʢʪʦʨʠ. 
7.ɼʝʩʪʨʫʢʪʦʨʠ. ʋʥʠʰʪʘʚʘˁʝ ʦʙʿʝʢʘʪʘ. 
8.ʇʨʠʩʪʫʧ ʬʫʥʢʮʠʿʘʤʘ ʠ ʘʪʨʠʙʫʪʠʤʘ ʢʣʘʩʝ. 
9.ʅʘʩˀʝʹʠʚʘˁʝ ʢʣʘʩʘ. ɻʝʥʝʨʘʣʠʟʘʮʠʿʘ. ʅʘʩˀʝʹʠʚʘˁʝ. ʅʘʯʠʥʠ ʠʟʚʦʹʝˁʘ. 
10.ɸʧʩʪʨʘʢʪʥʝ ʢʣʘʩʝ. ʇʦʣʠʤʦʨʬʠʟʘʤ. 
11.ɺʠʨʪʫʝʣʥʝ ʦʩʥʦʚʥʝ ʢʣʘʩʝ. 
12.ʐʘʙʣʦʥʠ. ɻʝʥʝʨʠʯʢʠ ʤʝʭʘʥʠʟʘʤ. ɻʝʥʝʨʠʩʘˁʝ ʰʘʙʣʦʥʩʢʠʭ ʬʫʥʢʮʠʿʘ. 
13.ʆʙʨʘʜʘ ʠʟʫʟʝʪʘʢʘ. ʂʦʥʮʝʧʪ ʦʙʨʘʜʝ ʠʟʫʟʝʪʘʢʘ. ʉʠʥʪʘʢʩʘ. ʆʙʨʘʜʘ ʠʟʫʟʝʪʘʢʘ. 
14.ʋʣʘʟ / ʀʟʣʘʟ. ʇʦʿʘʤ ʪʦʢʘ. ʍʠʿʝʨʘʨʭʠʿʘ ʢʣʘʩʘ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʫʣʘʟʥʦ-ʠʟʣʘʟʥʠʭ ʪʦʢʦʚʘ. 
15.ʉʪʘʥʜʘʨʜʥʘ ʙʠʙʣʠʦʪʝʢʘ. ʂʦʥʪʝʿʥʝʨʩʢʝ ʢʣʘʩʝ. ʂʣʘʩʝ ʦʧʰʪʝ ʥʘʤʝʥʝ. ʂʣʘʩʘ ʉʪʨʠʥʛ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʂʨʘʫʩ, ʃ. 
ʇʨʦʛʨʘʤʩʢʠ ʿʝʟʠʢ C++ ʩʘ ʨʝʰʝʥʠʤ ʟʘʜʘʮʠʤʘ, 
ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ 

2001  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʄʠʣʠ˂ʝʚʠ˂, ɼ. 
ʆʙʿʝʢʪʥʦ ʦʨʠʿʝʥʪʠʩʘʥʦ ʧʨʦʛʨʘʤʠʨʘˁʝ ʥʘ ʿʝʟʠʢʫ C++,  
ʄʠʢʨʦ ʢˁʠʛʘ 

1995  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʥʘ ʥʘʩʪʘʚʠ 5 5 % 

ʧʨʠʩʪʫʧʥʠ ʪʝʩʪ 15 15 % 

I ʢʦʣʦʢʚʠʿʫʤ (ʦʧʮʠʦʥʦ) 25 25 % 

II ʢʦʣʦʢʚʠʿʫʤ (ʦʧʮʠʦʥʦ) 25 25 % 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʧʨʘʢʪʠʯʥʠ) 50 50 % 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʪʝʦʨʠʿʘ) 30 30 % 

ʋʂʋʇʅʆ 100 100 % 



Web ʪʫʩʙʦʡʯʙ http://moodle.etf.unssa.rs.ba/course/view.php?id=27 

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ: ɸʫʪʦʤʘʪʠʢʘ ʠ ɽʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ II ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ɾʆɼʄɾʊʃʁ ɲɾʀʁʃ 4 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʝʥʛʣʝʩʢʠ ʿʝʟʠʢ ʠ ʢˁʠʞʝʚʥʦʩʪ ï ʌʠʣʦʟʦʬʩʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

AE-08-1-025-4 ʦʙʘʚʝʟʘʥ IV 2 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ  

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʜʨ ɼʘʨʢʦ ʂʦʚʘʯʝʚʠ˂, ʣʝʢʪʦʨ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

1 1 0 15 15 0 1 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 1*15 + 1*15 + 0*15 = 30 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 1*15*So + 1*15*So + 0*15*So = 30 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 30 + 30 = 60ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

1. ʫʧʦʟʥʘʚʘˁʝ ʩʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ ʿʝʟʠʯʢʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ ʚʝʟʘʥʠʤ ʟʘ ʫʧʦʪʨʝʙʫ ʝʥʛʣʝʩʢʦʛ ʿʝʟʠʢʘ 
ʫ ʪʝʭʥʠʯʢʠʤ ʥʘʫʢʘʤʘ, ʩʘ ʧʦʩʝʙʥʠʤ ʦʩʚʨʪʦʤ ʥʘ ʜʠʩʢʫʨʩ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʠʥʬʦʨʤʘʮʠʦʥʦ-
ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʘ; 
2. ʫʧʦʟʥʘʚʘˁʝ ʩʘ ʪʝʨʤʠʥʦʣʦʛʠʿʦʤ ʥʘ ʝʥʛʣʝʩʢʦʤ ʿʝʟʠʢʫ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʦʙʣʘʩʪʠ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, ʩʘ 
ʧʦʩʝʙʥʠʤ ʦʩʚʨʪʦʤ ʥʘ ʜʠʩʢʫʨʩ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʠ 
ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʘ; 
3. ʥʘʧʨʝʜʥʘ ʢʦʥʚʝʨʟʘʮʠʿʘ ʚʝʟʘʥʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʦʙʣʘʩʪʠ ʠ ʪʝʤʝ ʫ ʚʝʟʠ ʩʘ ʪʝʭʥʠʯʢʠʤ ʥʘʫʢʘʤʘ, ʩʘ 
ʧʦʩʝʙʥʠʤ ʦʩʚʨʪʦʤ ʥʘ ʦʙʣʘʩʪʠ ʠ ʪʝʤʝ ʠʟ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ 
ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʘ; 
4. ʩʧʦʩʦʙʥʦʩʪ ʨʘʟʫʤʠʿʝʚʘˁʘ, ʧʨʝʚʦʹʝˁʘ ʠ ʫʩʤʝʥʦʛ ʠ ʧʠʩʘʥʦʛ ʦʧʠʩʠʚʘˁʘ ʪʝʢʩʪʫʘʣʥʠʭ ʮʿʝʣʠʥʘ 
ʥʘʧʠʩʘʥʠʭ ʥʘ ʝʥʛʣʝʩʢʦʤ ʿʝʟʠʢʫ ʠ ʚʝʟʘʥʠʭ ʟʘ ʪʝʭʥʠʯʢʝ ʥʘʫʢʝ, ʩʘ ʥʘʛʣʘʩʢʦʤ ʥʘ ʝʣʝʢʪʨʦʪʝʭʥʠʮʠ 
ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʤ ʪʝʭʥʦʣʦʛʠʿʘʤʘ ʠ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʘʤʘ. 
5. ʩʧʦʩʦʙʥʦʩʪ ʢʨʝʠʨʘˁʘ ʪʝʢʩʪʫʘʣʥʠʭ ʮʿʝʣʠʥʘ ʚʝʟʘʥʠʭ ʟʘ ʪʝʭʥʠʯʢʝ ʥʘʫʢʝ, ʩʘ ʥʘʛʣʘʩʢʦʤ ʥʘ 
ʝʣʝʢʪʨʦʪʝʭʥʠʮʠ, ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʤ ʪʝʭʥʦʣʦʛʠʿʘʤʘ ʠ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʘʤʘ.  

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʧʦʩʝʙʥʠʭ ʫʩʣʦʚʘ ʟʘ ʩʣʫʰʘˁʝ ʧʨʝʜʤʝʪʘ ʠ ʧʦʣʘʛʘˁʝ ʠʩʧʠʪʘ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʤʝʪʦʜʘ ʜʝʤʦʥʩʪʨʘʮʠʿʝ, ʤʝʪʦʜʘ ʧʨʘʢʪʠʯʥʠʭ ʨʘʜʦʚʘ, ʤʝʪʦʜʘ ʧʠʩʤʝʥʠʭ ʨʘʜʦʚʘ, ʤʝʪʦʜʘ ʯʠʪʘˁʘ ʠ ʨʘʜʘ 
ʥʘ ʪʝʢʩʪʫ, ʤʝʪʦʜʘ ʨʘʟʛʦʚʦʨʘ, ʤʝʪʦʜʘ ʫʩʤʝʥʦʛ ʠʟʣʘʛʘˁʘ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. Introduction to technical English. Reading comprehension. 
2. The atom. Interaction in atomic systems. Basics of electricity (1). 
3. Conducting and insulating materials in electrical engineering. Magnetic materials and 
electromagnetism. Basics of electricity (2).  
4. Some basic notions concerning energy, electromotive force and power. Characteristics of capacitance. 
Batteries ï general (1). 
5. Lenzôs law ï inductance. Ohmôs law ï resistance. Electric induction and its use.  
6. The A-C Cycle. Electric quantities and units ï definitions. DC and AC Machinery. 
7. Principles and techniques applied in writing an abstract of an engineering article or scientific paper. 
Introduction to microelectronics. Fundamentals of transistor physics.  
8. Transistors. Integrated circuits. Electric power generation, transmission and distribution. 
9. Information theory. Information age. Concepts in communication (1). 
10. Introduction to electric power systems. Switches, circuit breakers and fuses. Concepts in 
communication (2). 
11. Conduction and transmission of electric current. Transformers. Semiconductor fundamentals (1). 
12. Electric generators and motors. Semiconductor fundamentals (2). 
13. Characteristics of electrical machines. Measuring instruments.  
14. Cellular telephony basics.  
15. Principles of writing a professional or scientific paper. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

Lj. Bartoliĺ Technical English in Electronics and Electrical Power 1994  



Engineering, Ġkolska knjiga, Zagreb 

    

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

D. Kovaļeviĺ Electrical Engineering and its Language (skripta) 2006  

    

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ʚʿʝʞʙʘʤʘ 15 15 % 

ʧʦʟʠʪʠʚʥʦ ʦʮʿʝˁʝʥ ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ 5 5 % 

ʘʢʪʠʚʥʦʩʪ ʥʘ ʧʨʝʜʘʚʘˁʠʤʘ/ʚʿʝʞʙʘʤʘ 10 10 % 

ʧʨʚʠ ʢʦʣʦʢʚʠʿʫʤ 20 20 % 

ʜʨʫʛʠ ʢʦʣʦʢʦʚʠʿʫʤ 20 20% 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ) 30 30 % 

ʋʂʋʇʅʆ 100 100 % 
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ʋʉɾɵɹ ɼʇɽʁʆɹ ð ʇɺɹɻɾʀʆʁ ʈʉɾɽʅɾʋʁ 
 

 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ III ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ɾʄɾʃʋʉʇʅɹɼʆɾʋʁʃɹ - 2 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʦʧʰʪʫ ʝʣʝʢʪʨʦʪʝʭʥʠʢʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-026-5 ʆʙʘʚʝʟʥʠ V 5 

ʆʙʪʫʙʛʦʡʣ ʧʨʦʬ. ʜʨ ɹʦʞʠʜʘʨ ʂʨʩʪʘʿʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ ʤʨ ɼʘʨʢʦ ʐʫʢʘ, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 2 0 45 45 0 1,5 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 2*15 + 2*15 + 0*15 =60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 2*15*So + 2*15*So + 0*15*So = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 90 = 150ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ  

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ  ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ: 
7. ʧʨʦʮʠʿʝʥʠ ʟʥʘʯʘʿ  ʄʘʢʩʚʝʣʦʚʠʭ ʿʝʜʥʘʯʠʥʘ  ʟʘ ʨʘʟʚʦʿ ʥʘʫʢʝ ʫʦʧʰʪʝ, ʧʦʩʝʙʥʦ ˁʠʭʦʚʫ ʙʘʟʠʯʥʫ 
ʫʣʦʛʫ ʫ ʝʣʝʢʪʨʦʪʝʭʥʠʮʠ, 

8. ʧʨʝʧʦʟʥʘ ʠ ʨʘʟʫʤʠʿʝ ʧʨʦʙʣʝʤʝ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʫ ʧʨʘʢʩʠ, 
9. ʨʝʘʣʠʟʫʿʝ ʤʘʪʘʤʘʪʠʯʢʝ ʤʦʜʝʣʝ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʫ ʧʨʘʢʩʠ, 
10. ʧʨʦʥʘʹʝ ʙʨʟʦ ʠ ʝʢʦʥʦʤʠʯʥʦ  ʨʿʝʰʝˁʝ ʢʦʨʠʩʪʝ˂ʠ ʥʘʿʩʘʚʨʝʤʝʥʠʿʠʤ ʪʝʭʥʠʢʘʤʘ ʨʘʯʫʥʘˁʘ ʠ 
ʧʨʦʿʝʢʪʦʚʘˁʘ, 

11. ʨʘʟʚʠʿʫ ʚʿʝʰʪʠʥʫ ʩʘʤʦʫʯʝˁʘ ʠ ʥʘʜʦʛʨʘʜˁʝ ʟʥʘˁʘ, 
12. ʩʭʚʘʪʠ ʟʥʘʯʘʿ ʧʦʰʪʦʚʘˁʘ ʪʝʛʥʠʯʢʠʭ ʧʨʦʧʠʩʘ ʠ ʥʦʨʤʠ ʠ ʟʘʢʦʥʩʢʝ ʨʝʛʫʣʘʪʠʚʝ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ 
ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ. 

ʌʪʤʧʛˁʞʦʧʪʫ 
ʇʦʪʨʝʙʥʘ ʧʨʝʜʟʥʘˁʘ ʠʟ ʧʨʝʜʤʝʪʘ: ʆʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ I ʠ II, ʄʘʪʝʤʘʪʠʢʘ I, II ʠ III ʠ 
ɽʣʝʢʪʨʦʤʘʛʥʝʪʠʢʘ -1. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ɿʘ ʧʨʝʜʘʚʘˁʘ ʩʝ ʢʦʨʠʩʪʠ ʬʨʦʥʪʘʣʥʠ ʤʝʪʦʜ, ʘ ʟʘ ʚʿʝʞʙʝ ʠʥʪʝʨʘʢʪʠʚʥʠ ʤʝʪʦʜ. ɿʘ ʩʝʤʠʥʘʨʩʢʝ 
ʨʘʜʦʚʝ ʠ ʜʦʤʘ˂ʝ ʟʘʜʘʪʢʝ ʢʦʤʙʠʥʫʿʫ ʩʝ ʠʥʜʠʚʠʩʫʘʣʥʠ ʠ ʛʨʫʧʥʠ ʤʝʪʦʜ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1.ɺʨʝʤʝʥʩʢʠ ʧʨʦʤʿʝʥˀʠʚʘ ʧʦˀʘ. ʂʚʘʟʠʩʪʘʮʠʦʥʘʨʥʘ ʤʘʛʥʝʪʩʢʘ ʧʦˀʘ, 
2.ʉʦʧʩʪʚʝʥʝ ʠ ʤʝʹʫʩʦʙʥʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ɽʥʝʨʛʠʿʘ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛ ʧʦˀʘ.  
3.ʀʥʜʫʢʪʠʚʥʦʩʪʠ ʜʚʦʞʠʯʥʦʛ ʚʦʜʘ, ʢʦʘʢʩʠʿʘʣʥʦʛ ʢʘʙʣʘ, ʿʝʜʥʝ ʬʘʟʝ ʪʨʦʬʘʟʥʦʛ ʚʦʜʘ ʠ ʤʝʹʫʩʦʙʥʘ 
ʠʥʜʫʢʪʠʚʥʦʩʪ ʜʚʘ ʧʘʨʘʣʝʣʥʘ ʜʚʦʞʠʯʥʘ ʚʦʜʘ.  

4.ʄʘʢʩʚʝʣʦʚʝ ʿʝʜʥʘʯʠʥʝ. ɱʝʜʥʘʯʠʥʘ ʢʦʥʪʠʥʫʠʪʝʪʘ, ʄʘʢʩʚʝʣʦʚʝ ʿʝʜʥʘʯʠʥʝ ʟʘ ʥʝʧʦʢʨʝʪʥʝ ʩʨʝʜʠʥʝ.  
5.ʆʩʦʙʠʥʝ ʄʘʢʩʚʝʣʦʚʠʭ ʿʝʜʥʘʯʠʥʘ. ɺʨʪʣʦʞʥʦʩʪ ʠ ʠʟʚʦʨʥʦʩʪ ʧʦˀʘ ʚʝʢʪʦʨʘ E, D, HʠB 
6.ɻʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʠ ʟʘʢʦʥ ʧʨʝʣʘʤʘˁʘ. ɹʘʞʜʘʨʝˁʝ ʧʦʪʝʥʮʠʿʘʣʘ. ʍʝʨʮʦʚʠ ʧʦʪʝʥʮʠʿʘʣʠ. 
7.ʂʦʤʧʣʝʢʩʥʠ ʚʝʢʪʦʨʠ..  
8. ʂʦʤʧʣʝʢʩʥʠ ʦʙʣʠʢ ʄʘʢʩʚʝʣʦʚʠʭ ʿʝʜʥʘʯʠʥʘ. ʇʦʠʥʪʠʥʛʦʚʘ ʪʝʦʨʝʤʘ 
9. ʂʦʤʧʣʝʢʩʥʠ ʇʦʠʥʪʠʥʛʦʚ ʚʝʢʪʦʨ, ʩʨʝʜˁʘ ʚʨʠʿʝʜʥʦʩʪ ʇʦʠʥʪʠʥʛʦʚʘ ʚʝʢʪʦʨʘ. 
10.ʇʨʦʩʪʠʨʘˁʝ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʠʭ ʪʘʣʘʩʘ.   
11.ʋʥʠʬʦʨʤʥʠ ʪʘʣʘʩʠ ʫ ʭʦʤʦʛʝʥʦʤ ʜʠʝʣʝʢʪʨʠʢʫ. 
12.ʈʘʚʘʥʩʢʠ ʪʘʣʘʩ ʫ ʭʦʤʦʛʝʥʦʿ ʧʨʦʚʦʜʥʦʿ ʩʨʝʜʠʥʠ (ʩʣʫʯʘʿʝʚʠ ʜʦʙʨʦʛ, ʠʜʝʘʣʥʦʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʨʝʘʣʥʦʛ 

ʜʠʝʣʝʢʪʨʠʢʘ.  
13.ʆʜʙʠʿʘˁʝ ʠ ʧʨʝʣʘʤʘˁʝ ʨʘʚʘʥʩʢʠʭ ʪʘʣʘʩʘ, ʉʪʦʿʝʠ˂ ʪʘʣʘʩʠ. 
14. ʆʜʙʠʿʘˁʝ ʠ ʧʨʝʣʘʤʘˁʝ ʪʘʣʘʩʘ ʯʠʿʠ ʿʝ ʧʨʘʚʘʮ ʧʨʦʩʪʠʨʘˁʘ ʥʦʨʤʘʣʘʥ ʥʘ ʨʘʟʜʚʦʿʥʫ ʨʘʚʘʥ 
15. ʆʜʙʠʿʘˁʝ ʠ ʧʨʝʣʘʤʘˁʝ ʪʘʣʘʩʘ ʯʠʿʠ ʿʝ ʧʨʘʚʘʮ ʧʨʦʩʪʠʨʘˁʘ ʧʦʜ ʧʨʦʠʟʚʦˀʥʠ ʫʛʣʦʤ  ʥʘ ʨʘʟʜʚʦʿʥʫ 

ʨʘʚʘʥ. ʌʨʝʥʝʣʦʚʠ ʢʦʝʬʠʮʠʿʝʥʪʠ. ʉʥʝʣʦʚ ʟʘʢʦʥ. ʉʥʝʣʦʚ ʟʘʢʦʥ ʫ ʢʦʤʧʣʝʢʩʥʦʤ ʦʙʣʠʢʫ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɹʦʞʠʜʘʨ ʄ. ʂʨʩʪʘʿʠ˂ 
ɾʤʞʣʫʩʧʥʙʜʦʞʫʡʣʙ ʪʙ ʥʞʫʧʝʡʰʣʧʥ ʠʚʡʩʣʧʥ 
ʠʙʝʙʫʙʣʙ, ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ ʋʥʠʚʝʨʟʠʪʝʪʘ 
ʫ ʀʩʪʦʯʥʦʤ ʉʘʨʘʿʝʚʫ 
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ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɸʥʪʦʥʠʿʝ ʈ. ɫʦʨʹʝʚʠ˂ ɽʣʝʢʪʨʦʤʘʛʥʝʪʠʢʘ, ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ, ɽʊʌ, ɹʝʦʛʨʘʜ, 2008.  

ɹ. ʅʦʪʘʨʦʰ, ɺ. ʇʝʪʨʦʚʠ˂, ʄ. 
ʀʣʠ˂, ɸ. ɫʦʨʹʝʚʠ˂, ɹ. 
ʂʦʣʫʥ˅ʠʿʘ, ʄ. ɼʨʘʛʦʚʠ˂ 

ɿʙʠʨʢʘ ʠʩʧʠʪʥʠʭ ʧʠʪʘˁʘ ʠ ʟʘʜʘʪʘʢʘ ʠʟ 
ɽʣʝʢʪʨʦʤʘʛʥʝʪʠʢʝ, ɹʝʦʛʨʘʜ, ɽʊʌ ʠ ɸʢʘʜʝʤʩʢʘ 
ʤʠʩʘʦ 

2002.  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʇʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ ʠ  ʚʿʝʞʙʘʤʘ ʩʘ ʠʟʣʘʩʢʦʤ ʥʘ ʧʘʨʮʠʿʘʣʥʝ 
ʠʩʧʠʪʝ  

0-10 10% 

ʇʨʚʠ ʧʘʨʮʠʿʘʣʥʠ ʠʩʧʠʪ  (K1) 30 30% 

ɼʨʫʛʠ ʧʘʨʮʠʿʘʣʥʠ ʠʩʧʠʪ  (K2) 30 30% 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ (ʋʩʣʦʚ: K1 Ó15, K2 Ó 15) 0-30 30% 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ III ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʁʅʈʌʄʊʆɹ ɾʄɾʃʋʉʇʆʁʃɹ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʝʣʝʢʪʨʦʥʠʢʫ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʩʠʩʪʝʤʝ-ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-093-5 ʦʙʘʚʝʟʘʥ V 5 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ʄʠʣʦʤʠʨ ʐʦʿʘ, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʤʨɼʝʿʘʥ ɱʦʢʠ˂, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 1 1 45 22.5 22.5 1.5 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 2*15 + 1*15 + 1*15 =60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 2*15*So + 1*15*So + 1*15*So = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 90 = 150ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ ʤʦ˂ʠ/ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ: 
1. ʈʘʟʫʤʠʿʝ ʨʘʜ ʫʦʙʣʠʯʘʚʘʯʘ ʠ ʦʛʨʘʥʠʯʘʚʘʯʘ ʥʘʧʦʥʘ, 
2. ʈʘʟʫʤʠʿʝ ʨʘʜ ʣʦʛʠʯʢʠʭ ʛʝʿʪʦʚʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʣʦʛʠʯʢʠʭ ʬʘʤʠʣʠʿʘ ʫ ʢʦʿʠʤʘ ʩʝ ʨʝʘʣʠʟʫʿʫ, 
3. ʇʨʦʿʝʢʪʫʿʝ ʿʝʜʥʦʩʪʘʚʥʝ ʩʢʣʦʧʦʚʝ ʟʘ ʥʘʧʘʿʘˁʝ ʝʣʝʢʪʨʦʥʩʢʠʭ ʢʦʣʘ, 
4. ʇʨʦʿʝʢʪʫʿʝ ʩʧʝʮʠʬʠʯʥʝ ʩʢʣʦʧʦʚʝ ʩʘ ʦʧʝʨʘʮʠʦʥʠʤ ʧʦʿʘʯʘʚʘʯʠʤʘ ʠ ʘʥʘʣʦʛʥʠʤ ʢʦʤʧʘʨʘʪʦʨʠʤʘ, 
5. ʈʘʟʫʤʠʿʝ ʨʘʜ ʠ ʧʨʘʚʠʣʥʦ ʢʦʨʠʩʪʠ ʢʦʤʧʦʥʝʥʪʝ ʟʘ ʛʘʣʚʘʥʩʢʠ ʠʟʦʣʦʚʘʥʦ ʧʨʝʥʦʰʝˁʝ ʩʠʛʥʘʣʘ, 
6. ʇʨʦʿʝʢʪʫʿʝ ʘʩʪʘʙʠʣʥʝ ʤʫʣʪʠʚʠʙʨʘʪʦʨʝ ʥʘ ʙʘʟʠ ʣʦʛʠʯʢʠʭ ʢʦʣʘ, ʆʇ/ɸʂ ʠ 555. 
7. ʇʨʦʿʝʢʪʫʿʝ ʤʦʥʦʩʪʘʙʠʣʥʝ ʤʫʣʪʠʚʠʙʨʘʪʦʨʝ ʥʘ ʙʘʟʠ ʣʦʛʠʯʢʠʭ ʢʦʣʘ, ʆʇ/ɸʂ ʠ 555. 
8. ʇʨʦʿʝʢʪʫʿʝ ʩʧʝʮʠʬʠʯʥʝ ʛʝʥʝʨʘʪʦʨʝ 

ʌʪʤʧʛˁʞʦʧʪʫ 
ɿʘ ʧʦʭʘʹʘˁʝ ʥʘʩʪʘʚʝ ʧʦʪʨʝʙʥʘ ʩʫ ʧʨʝʜʟʥʘˁʘ ʠʟ ʝʣʝʢʪʨʦʥʠʢʝ (ʧʨʝʜʤʝʪʠ: ɽʣʝʢʪʨʦʥʠʢʘ I ʠ II), ʜʦʢ ʿʝ 
ʟʘ ʧʦʣʘʛʘˁʝ ʠʩʧʠʪʘ ʥʝʦʧʭʦʜʥʦ ʦʩʚʦʿʠʪʠ Ó50 % ʙʦʜʦʚʘ ʠʟ ʩʚʘʢʦʛ ʦʙʣʠʢʘ ʧʨʦʚʿʝʨʝ ʟʥʘˁʘ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʧʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

ʄʦʜʫʣ - ʋʚʦʜ 
1.1ʆʙʘʚʝʟʝʩʪʫʜʝʥʘʪʘ ʠ ʦʮʿʝˁʠʚʘˁʝ. ɸʥʘʣʦʛʥʠ/ʜʠʛʠʪʘʣʥʠ ʩʠʛʥʘʣʠ. 
ʄʦʜʫʣ -ʋʦʙʣʠʯʘʚʘʯʠ/ʦʛʨʘʥʠʯʘʚʘʯʠ ʥʘʧʦʥʘ 
1.2ʋʦʚʣʠʯʘʚʘʯʠ ʠ ʦʛʨʘʥʠʯʘʚʘʯʠ ʥʘʧʦʥʘ ʩʘ RC ʢʦʣʠʤʘ ʠ ʜʠʦʜʘʤʘ. 
ʄʦʜʫʣ -ʃʦʛʠʯʢʠ ʛʝʿʪʦʚʠ 
2. ʃʦʛʠʯʢʝ ʬʫʥʢʮʠʿʝ ʠ ʣʦʛʠʯʢʠ ʛʝʿʪʦʚʠ. 
3. ʈʝʘʣʠʟʘʮʠʿʘ ʣʦʛʠʯʢʠʭ ʛʝʿʪʦʚʘ.ʃʦʛʠʯʢʝ ʬʘʤʠʣʠʿʝ - CMOS. 
ʄʦʜʫʣ -ʅʘʧʘʿʘˁʝ ʝʣʝʢʪʨʦʥʩʢʠʭ ʢʦʣʘ 
4.ʅʘʧʘʿʘˁʝ ʝʣʝʢʪʨʦʥʩʢʠʭ ʢʦʣʘ ʩʘ ɸʉ ʤʨʝʞʝ. 
5.ʅʘʧʘʿʘˁʝ ʝʣʝʢʪʨʦʥʩʢʠʭ ʢʦʣʘ -ʛʝʥʝʨʠʩʘˁʝ ʥʝʛʘʪʠʚʥʦʛ ʠ ʜʚʦʩʪʨʫʢʦʛ ʥʘʧʦʥʘ. 
ʄʦʜʫʣ -ʉʢʣʦʧʦʚʠ ʩʘ ʦʧʝʨʘʮʠʦʥʠʤ ʧʦʿʘʯʘʚʘʯʠʤʘ (ʆʇ) 
6.ʆʧʝʨʘʮʠʦʥʠ ʧʦʿʘʯʘʚʘʯʠ - ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʩʢʣʦʧʦʚʠ. 
ʄʦʜʫʣ -ɸʥʘʣʦʛʥʠ ʢʦʤʧʘʨʘʪʦʨʠ (ɸʂ) 
7.ɸʥʘʣʦʛʥʠ ʢʦʤʧʘʨʘʪʦʨʠ. ʐʤʠʪʦʚʠ ʪʨʠʛʝʨʠ. 
ʄʦʜʫʣ -ɻʘʣʚʘʥʩʢʠ ʠʟʦʣʦʚʘʥʦ ʧʨʝʥʦʰʝˁʝ ʩʠʛʥʘʣʘ 
8.ɻʘʣʚʘʥʩʢʠ ʠʟʦʣʦʚʘʥʦ ʤʿʝʨʝˁʝ ʠ ʧʨʝʥʦʰʝˁʝ ʩʠʛʥʘʣʘ. 
ʄʦʜʫʣ -ɸʩʪʘʙʠʣʥʠ ʤʫʣʪʠʚʠʙʨʘʪʦʨʠ 
9.ɸʩʪʘʙʠʣʥʠ ʤʫʣʪʠʚʠʙʨʘʪʦʨʠ ʩʘ ʣʦʛʠʯʢʠʤ ʢʦʣʠʤʘ ʠ ʆʇ/ɸʂ. 
10.ɸʩʪʘʙʠʣʥʠ ʤʫʣʪʠʚʠʙʨʘʪʦʨʠ ʩʘ ʣʦʛʠʯʢʠʤ ʢʦʣʠʤʘ ʠ ʆʇ/ɸʂ. 
ʄʦʜʫʣ -ʄʦʥʦʩʪʘʙʠʣʥʠ ʤʫʣʪʠʚʠʙʨʘʪʦʨʠ 
11.ʄʦʥʦʩʪʘʙʠʣʥʠ ʤʫʣʪʠʚʠʙʨʘʪʦʨʠ ʩʘ ʣʦʛʠʯʢʠʤ ʢʦʣʠʤʘ ʠ ʆʇ/ɸʂ. 
12.ʄʦʥʦʩʪʘʙʠʣʥʠ ʤʫʣʪʠʚʠʙʨʘʪʦʨʠ ʩʘ ʣʦʛʠʯʢʠʤ ʢʦʣʠʤʘ ʠ ʆʇ/ɸʂ. 
ʄʦʜʫʣ -ʉʧʝʮʠʬʠʯʥʠ ʛʝʥʝʨʘʪʦʨʠ 
13.1ɻʝʥʝʨʘʪʦʨʠ ʣʠʥʝʘʨʥʠʭ ʥʘʧʦʥʘ. ɻʝʥʝʨʘʪʦʨʠ ʧʨʘʚʦʫʛʘʦʥʠʭ ʥʘʧʦʥʘ ʫ ʢʚʘʜʨʘʪʫʨʠ. 
13.2ʋʜʚʦʩʪʨʫʯʠʚʘʯʠ ʬʨʝʢʚʝʥʮʠʿʝ, ʥʘʧʦʥʩʢʠ ʫʧʨʘʚˀʘʥʠ ʦʩʮʠʣʘʪʦʨʠ. 
ʄʦʜʫʣ -ʊʘʿʤʝʨʠ 
14.ʊʘʿʤʝʨʠ. ʉʢʣʦʧʦʚʠ ʩʘ 555. 



15.ʉʢʣʦʧʦʚʠ ʩʘ 555. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʐʦʿʘ, ʄ. 
ʄʘʪʝʨʠʿʘʣʠ ʩʘ ʧʨʝʜʘʚʘˁʘ (ʫ ʝʣʝʢʪʨʦʥʩʢʦʿ ʬʦʨʤʠ), 
ɽʊʌ ʀʩʪʦʯʥʦ ʉʘʨʘʿʝʚʦ 

2016.  

ɱʦʢʠ˂, ɼ. 
ʇʨʘʢʪʠʢʫʤ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʚʿʝʞʙʠ ʠʟ ʀʝ (ʫ 
ʝʣʝʢʪʨʦʥʩʢʦʿ ʬʦʨʤʠ), ɽʊʌ ʀʩʪʦʯʥʦ ʉʘʨʘʿʝʚʦ 

2016.  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɾʠʚʢʦʚʠ˂, ɼ., ʇʦʧʦʚʠ˂, ʄ. 
ʀʤʧʫʣʩʥʘ ʠ ʜʠʛʠʪʘʣʥʘ ʝʣʝʢʪʨʦʥʠʢʘ,ɸʢʘʜʝʤʩʘʢʘ 
ʤʠʩʘʦ ɹʝʦʛʨʘʜ 

2000.  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ʚʿʝʞʙʘʤʘ 5 5 % 

ʟʘʜʘ˂ʝ 5 5 % 

ʣʘʙ. ʚʿʝʞʙʝ/ʧʨʘʢʪʠʯʘʥ ʨʘʜ 10 10 % 

ʢʦʣʦʢʚʠʿʫʤʠ 25+25 25 % +25 % 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʧʠʩʤʝʥʠ/ʫʩʤʝʥʠ) 30 30 % 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ III ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʋɾʇʉʁɲɹ ɹʌʋʇʅɹʋʊʃʇɼ ʌʈʉɹɻɳɹɴɹ - 1 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʘʫʪʦʤʘʪʠʢʫ ʠ ʨʦʙʦʪʠʢʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-140-5 ʦʙʘʚʝʟʘʥ V 5 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ʊʦʤʠʩʣʘʚ ʐʝʢʘʨʘ, ʚʘʥʜʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʄʘʨʢʦ ɹʦʰʢʦʚʠ˂, ʤʨ, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 2 0 2*15*1.5 2*15*1,4 0 1,4 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ) 
W= 2*15 + 2*15 + 0*15 =60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ) 
ʊ= 2*15*So + 2*15*So + 0*15*So = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 90 = 150ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ: 
1. ʉʪʫʜʝʥʪ ˂ʝ ʙʠʪʠ ʫʚʝʜʝʥ ʫ ʦʩʥʦʚʝ ʢʣʘʩʠʯʥʝ ʪʝʦʨʠʿʝ ʣʠʥʝʘʨʥʠʭ ʜʠʥʘʤʠʯʢʠʭ ʩʠʩʪʝʤʘ, ʩʠʩʪʝʤʘ 
ʫʧʨʘʚˀʘˁʘ ʩʘ ʧʦʚʨʘʪʥʦʤ ʩʧʨʝʛʦʤ. 
2. ʉʪʫʜʝʥʪ ˂ʝ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʟʘ ʘʥʘʣʠʟʫ ʠ ʩʠʥʪʝʟʫ ʩʝʨʚʦʩʠʩʪʝʤʘ ʢʘʦ ʝʣʝʤʝʥʘʪʘ ʩʣʦʞʝʥʠʭ 
ʩʠʩʪʝʤʘ ʫʧʨʘʚˀʘˁʘ. 
3. ʉʪʫʜʝʥʪ ˂ʝ ʙʠʪʠ ʫʧʦʟʥʘʪ ʩʘ ʦʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʠʤʘ ʨʝʛʫʣʘʮʠʦʥʝ ʢʦʥʪʫʨʝ, ʩʘ 
ʨʘʟʣʠʯʠʪʠʤʢʨʠʪʝʨʠʿʫʤʠʤʘ ʩʪʘʙʠʣʥʦʩʪʠ ʣʠʥʝʘʨʥʠʭ ʩʠʩʪʝʤʘ, ʦʩʥʦʚʥʠʤ ʣʠʥʝʘʨʥʠʤ ʟʘʢʦʥʠʤʘ 
ʫʧʨʘʚˀʘˁʘ, ʦʮʿʝʥʦʤ ʧʦʥʘʰʘˁʘ ʩʠʩʪʝʤʘ ʫ ʧʨʝʣʘʟʥʦʤ ʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʫ ʠʪʜ. 
4. ʉʘ ʩʪʝʯʝʥʠʤ ʟʥʘˁʝʤ ʩʪʚʦʨʠ˂ʝ ʩʝ ʦʩʥʦʚʘ ʟʘ ʜʘˀʝ ʧʨʘ˂ʝˁʝ ʩʪʨʫʯʥʠʭ ʧʨʝʜʤʝʪʘ. 

ʌʪʤʧʛˁʞʦʧʪʫ 
ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ.  
ʇʦʪʨʝʙʥʘ ʩʫ ʧʨʝʜʟʥʘˁʘ ʠʟ ʩˀʝʜʝ˂ʠʭ ʧʨʝʜʤʝʪʘ: ʄʘʪʝʤʘʪʠʢʘ 1, 2 ʠ 3, ʌʠʟʠʢʘ ʠ ʊʝʦʨʠʿʘ ʝʣʝʢʪʨ. ʢʦʣʘ 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 

ʅʘʩʪʘʚʘ ʩʝ ʠʟʚʦʜʠ ʫ ʦʙʣʠʢʫ ʧʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʠʭ ʚʿʝʞʙʠ ʠ ʧʦʢʘʟʥʠʭ ʚʿʝʞʙʠ ʥʘ ʨʘʯʫʥʘʨʫ. 
ʂʦʣʦʢʚʠʿʫʤ ʠ ʧʠʩʤʝʥʠ ʜʠʦ ʠʩʧʠʪʘ ʩʝ ʧʦʣʘʞʫ ʫ ʧʠʩʤʝʥʦʿ ʬʦʨʤʠ, ʜʦʢ ʩʝ ʫʩʤʝʥʠ ʜʠʦ ʠʩʧʠʪʘ ʧʦʣʘʞʝ 
ʫʩʤʝʥʦ.ʂʦʥʘʯʥʘ ʦʮʿʝʥʘ ʠʩʧʠʪʘ ʩʝ ʬʦʨʤʠʨʘ ʥʘ ʦʩʥʦʚʫ ʫʩʧʿʝʭʘ ʩʘ ʢʦʣʦʢʚʠʿʫʤʘ, ʧʠʩʤʝʥʦʛ ʠ ʫʩʤʝʥʦʛ 
ʜʠʿʝʣʘ ʠʩʧʠʪʘ.   

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʋʚʦʜ. ʇʨʦʩʪʘ ʨʝʛʫʣʘʮʠʦʥʘ ʢʦʥʪʫʨʘ ʠ ˁʝʥʠ ʬʫʥʢʮʠʦʥʘʣʥʠ ʝʣʝʤʝʥʪʠ. ʇʨʠʤʿʝʨʠ. 
2. ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣʠ ʝʣʝʤʝʥʘʪʘ ʠ ʩʠʩʪʝʤʘ. ɽʣʝʢʪʨʦʤʝʭʘʥʠʯʢʝ ʘʥʘʣʦʛʠʿʝ.  
3. ʌʫʥʢʮʠʿʘ ʧʨʝʥʦʩʘ ʣʠʥʝʘʨʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʨʝʞʘ. 
4. ʆʧʠʩ ʝʣʝʤʝʥʘʪʘ ʨʝʛʫʣʘʮʠʦʥʝ ʢʦʥʪʫʨʝ: ʠʟʚʨʰʥʠ ʦʨʛʘʥʠ, ʤʿʝʨʥʠ ʝʣʝʤʝʥʪʠ, ʧʦʿʘʯʘʚʘʯʠ ʠʪʜ. 
5. ʆʜʟʠʚʠ ʝʣʝʤʝʥʘʪʘ ʠ ʩʠʩʪʝʤʘ. ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʦʜʟʠʚʠ: ʠʤʧʫʣʩʥʠ, ʦʜʩʢʦʯʥʠ, ʧʘʨʘʙʦʣʠʯʥʠ. 
6. ʌʨʝʢʚʝʥʮʠʿʩʢʠ ʦʜʟʠʚ ʩʠʩʪʝʤʘ ʠ ʥʘʯʠʥʠ ʛʨʘʬʠʯʢʦʛ ʧʨʝʜʩʪʘʚˀʘˁʘ. 
7. ʇʨʦʮʝʩʠ ʫ ʣʠʥʝʘʨʥʠʤ ʩʠʩʪʝʤʠʤʘ. ʉʪʘʙʠʣʥʦʩʪ ʣʠʥʝʘʨʥʠʭ ʩʠʩʪʝʤʘ. 
8. I ʧʘʨʮʠʿʘʣʥʠ ʠʩʧʠʪ 
9. ʌʨʝʢʚʝʥʮʠʿʩʢʠ ʢʨʠʪʝʨʠʿʫʤʠ ʩʪʘʙʠʣʥʦʩʪʠ. ʂʨʠʪʝʨʠʿʫʤ ʩʪʘʙʠʣʥʦʩʪʠ ʄʠʭʘʿʣʦʚʘ.  
10. ʅʠʢʚʠʩʪʦʚ ʢʨʠʪʝʨʠʿʫʤ. ʎʠʧʢʠʥʦʚʦ ʧʨʘʚʠʣʦ ʧʨʝʣʘʟʘ. ɹʦʜʝʦʚ ʢʨʠʪʝʨʠʿʫʤ. 
11. ʆʮʿʝʥʘ ʢʚʘʣʠʪʝʪʘ ʧʦʥʘʰʘˁʘ ʣʠʥʝʘʨʥʠʭ ʩʠʩʪʝʤʘ. ʂʦʥʩʪʘʥʪʝ ʛʨʝʰʢʝ. 
12. ʆʮʿʝʥʘ ʧʦʥʘʰʘˁʘ ʩʠʩʪʝʤʘ ʫ ʧʨʝʣʘʟʥʠʤ ʨʝʞʠʤʠʤʘ. 
13. ʄʝʪʦʜʘ ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʤʿʝʩʪʘ ʢʦʨʠʿʝʥʦʚ (ɻʄʂ) ʀʚʝʥʩʘ-ʊʝʦʜʦʨʯʠʢʘ. 
14. ʀʥʪʝʛʨʘʣʥʠ ʢʨʠʪʝʨʠʿʫʤʠ ʢʚʘʣʠʪʝʪʘ ʩʠʩʪʝʤʘ. ʆʩʿʝʪˀʠʚʦʩʪ. ʈʦʙʫʩʪʥʦʩʪ. ʀʥʚʘʨʠʿʘʥʪʦʩʪ. 
15. ʉʠʥʪʝʟʘ ʢʦʤʧʝʥʟʘʪʦʨʘ ʠ ʧʨʦʩʪʝ ʨʝʛʫʣʘʮʠʦʥʝ ʢʦʥʪʫʨʝ. ʉʠʥʪʝʟʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʦʛ ʢʦʤʧʝʥʟʘʪʦʨʘ. 
16. ʉʠʥʪʝʟʘ ʠʥʪʝʛʨʘʣʥʦʛ ʠ ʜʠʬʝʨʝʥʮʠʿʘʣʥʦ-ʠʥʪʝʛʨʘʣʥʦʛ ʢʦʤʧʝʥʟʘʪʦʨʘ ʠ ʇʀ ʇʀɼ ʨʝʛʫʣʘʪʦʨʘ. 
17. II ʧʘʨʮʠʿʘʣʥʠ ʠʩʧʠʪ 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ 
ʊʫʩʙʦʡʯʞ 
(ʧʝ-ʝʧ) 

ʏ. ʄʠʣʦʩʘʚˀʝʚʠ˂ 

ʊʝʦʨʠʿʘ ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ 1,ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 
ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʀʩʪʦʯʥʦʤ ʉʘʨʘʿʝʚʫ 
https://www.researchgate.net/publication/272620646_TEORIJA_AU
TOMATSKOG_UPRAVLJANJA_-1_E-book 

2008.  

https://www.researchgate.net/publication/272620646_TEORIJA_AUTOMATSKOG_UPRAVLJANJA_-1_E-book
https://www.researchgate.net/publication/272620646_TEORIJA_AUTOMATSKOG_UPRAVLJANJA_-1_E-book


 

ʏ. ʄʠʣʦʩʘʚˀʝʚʠ˂ 

ʊʝʦʨʠʿʘ ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ 2,ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 
ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʀʩʪʦʯʥʦʤ ʉʘʨʘʿʝʚʫ 
https://www.researchgate.net/publication/272620975_TEORIJA_AU
TOMATSKOG_UPRAVLJANJA_-_2_E-book 

2007.  

ʏ. ʄʠʣʦʩʘʚˀʝʚʠ˂ 
ʆʩʥʦʚʠ ʘʫʪʦʤʘʪʠʢʝ-ʄʝʪʦʜʠʯʢʘ ʟʙʠʨʢʘ ʟʘʜʘʪʘʢʘ, ɽʣʝʢʪʨʦʥʩʢʠ 
ʬʘʢʫʣʪʝʪ ʅʠʰ 

1995.  

ɼ. ɸʥʪʠ˂, ʏ. ʄʠʣʦʩʘʚˀʝʚʠ˂, 
ɻ. ɻʦʣʦ, ɼ. ʄʠʪʠ˂, ʇ. ɺʫʢʦʚʠ˂ 

ʉʠʩʪʝʤʠ ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ-ʀʩʧʠʪʥʠ ʟʘʜʘʮʠ, ɽʣʝʢʪʨʦʥʩʢʠ 
ʬʘʢʫʣʪʝʪ ʅʠʰ 

1995.  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ 
ʊʫʩʙʦʡʯʞ 
(ʧʝ-ʝʧ) 

ʄʠʣʠ˂ ʈ. ʉʪʦʿʠ˂ 
ʂʦʥʪʠʥʫʘʣʥʠ ʩʠʩʪʝʤʠ ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ, ɽʣʝʢʪʨʦʥʩʢʠ 
ʬʘʢʫʣʪʝʪ ʫ ʅʠʰʫ 

2000.  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 5 5% 

ʧʨʚʠ ʢʦʣʦʢʚʠʿʫʤ 25 25% 

ʜʨʫʛʠ ʢʦʣʦʚʠʿʫʤ 25 25% 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 45 45% 

ʋʂʋʇʅʆ 100 100% 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 
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ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ III ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʌʈʉɹɻɳɹɴɾ ʈʉɾʋɻɹʉɹʐʁʅɹ ɾʆɾʉɼɾʋʊʃɾ ɾʄɾʃʋʉʇʆʁʃɾ 1 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʝʣʝʢʪʨʦʥʠʢʫ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʩʠʩʪʝʤʝ-ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-177-5 ʦʙʘʚʝʟʘʥ V 6 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ʄʠʣʦʤʠʨ ʐʦʿʘ, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʄʘʨʢʦ ʀʢʠ˂, ʤʨ  ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 2 1 42 42 21 1.4 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 2*15 + 2*15 + 1*15 =75 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 2*15*So + 2*15*So + 1*15*So = 105 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 75 + 105 = 180ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ ʤʦ˂ʠ/ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ: 
1. ʈʘʟʫʤʠʿʝ ʟʥʘʯʘʿ ʧʨʠʤʿʝʥʝ ʧʨʝʪʚʘʨʘʯʘ ʝʥʝʨʛʝʪʩʢʝ ʝʣʝʢʪʨʦʥʠʢʝ, ˁʠʭʦʚʝ ʬʫʥʢʮʠʦʥʘʣʥʝ ʠ ʪʝʭʥʠʯʢʝ 
ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ, 
2. ʇʨʦʨʘʯʫʥʘ ʧʘʨʘʤʝʪʨʝ ʩʥʘʞʥʦʛ ʧʨʝʢʠʜʘʯʘ ʫ ʢʦʥʢʨʝʪʥʦʿ ʧʨʠʤʿʝʥʠ ʠ ʦʜʘʙʝʨʝ ʧʨʝʢʠʜʘʯ 
ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʪʠʧʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʪʝ ʦʧʪʠʤʘʣʥʝ ʥʘʯʠʥʝ ˁʝʛʦʚʦʛ ʦʢʠʜʘˁʘ ʠ ʟʘʰʪʠʪʝ, 
3. ʆʜʘʙʝʨʝ ʧʨʝʪʚʘʨʘʯ ʟʘ ʢʦʥʢʨʝʪʥʫ ʧʨʠʤʿʝʥʫ, ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʪʦʧʦʣʦʛʠʿʦʤ ʠ ʬʫʥʢʮʠʦʥʘʣʥʠʤ ʠ 
ʪʝʭʥʠʯʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ, 
4. ʇʨʦʿʝʢʪʫʿʝ ʠʟʚʨʰʥʠ ʦʨʛʘʥ ʢʦʥʢʨʝʪʥʦʛ ʧʨʝʪʚʘʨʘʯʘ. 
5. ʇʨʦʿʝʢʪʫʿʝ ʦʩʥʦʚʥʝ ʜʠʿʝʣʦʚʝ ʫʧʨʘʚˀʘʯʢʝ ʩʪʨʫʢʪʫʨʝ ʢʦʥʢʨʝʪʥʦʛ ʧʨʝʪʚʘʨʘʯʘ. 

ʌʪʤʧʛˁʞʦʧʪʫ 

ɿʘ ʧʦʭʘʹʘˁʝ ʥʘʩʪʘʚʝ ʧʦʪʨʝʙʥʘ ʩʫ ʧʨʝʜʟʥʘˁʘ ʠʟ ʦʩʥʦʚʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʪʝʦʨʠʿʝ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘ 
ʠ ʝʣʝʢʪʨʦʥʠʢʝ (ʧʨʝʜʤʝʪʠ: ʆʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ I ʠ II, ʊʝʦʨʠʿʘ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘ I ʠ II, ɽʣʝʢʪʨʦʥʠʢʘ 
I ʠ II), ʜʦʢ ʿʝ ʟʘ ʧʦʣʘʛʘˁʝ ʠʩʧʠʪʘ ʥʝʦʧʭʦʜʥʦ ʦʩʚʦʿʠʪʠ Ó50 % ʙʦʜʦʚʘ ʠʟ ʩʚʘʢʦʛ ʦʙʣʠʢʘ ʧʨʦʚʿʝʨʝ 
ʟʥʘˁʘ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʧʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

ʄʦʜʫʣ - ʋʚʦʜ 
1.1ʆʙʘʚʝʟʝ ʩʪʫʜʝʥʘʪʘ ʠ ʦʮʿʝˁʠʚʘˁʝ. 
1.2ʋʚʦʜ ʫ ɽʝ: ɼʝʬʠʥʠʮʠʿʘ ɽʝ, ʟʥʘʯʘʿ ʠ ʧʨʠʤʿʝʥʘ. ʇʨʝʪʚʘʨʘʯʠ ɽʝ, ʦʧʰʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʧʦʜʿʝʣʘ. 
ʄʦʜʫʣ - ʂʦʤʧʦʥʝʥʪʝ ɽʝ 
2.1ʀʜʝʘʣʥʠ ʠ ʨʝʘʣʥʠʧʨʝʢʠʜʘʯʠ:ʂʘʨʘʢʪʝʨʠʩʪʠʢʝʠʜʝʘʣʥʠʭ ʠ ʨʝʘʣʥʠʭʧʨʝʢʠʜʘʯʘ ʠ ˁʠʭʦʚʠʤʦʜʝʣʠ. 
2.2ʉʥʘʞʥʠ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠ ʧʨʝʢʠʜʘʯʠ:ɼʠʦʜʘ, ʪʠʨʠʩʪʦʨ, MOSFET, IGBT. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ. 
ʅʘʯʠʥʠ ʦʢʠʜʘˁʘ ʠ ʟʘʰʪʠʪʝ. 
ʄʦʜʫʣ - ɸʉ ʧʨʝʢʠʜʘʯʠ/ʧʦʜʝʰʘʚʘʯʠ ʥʘʧʦʥʘ 
3.1ɱʝʜʥʦʬʘʟʥʠ ʪʠʨʠʩʪʦʨʩʢʠ ʧʨʝʢʠʜʘʯʠ/ʧʦʜʝʰʘʚʘʯʠ ʥʘʧʦʥʘ: ʊʦʧʦʣʦʛʠʿʝ. ʅʘʯʠʥ ʨʘʜʘ. 
3.2ʊʪʨʦʬʘʟʥʠ ʪʠʨʠʩʪʦʨʩʢʠ ʧʨʝʢʠʜʘʯʠ/ʧʦʜʝʰʘʚʘʯʠ ʥʘʧʦʥʘ: ʊʦʧʦʣʦʛʠʿʝ. ʅʘʯʠʥ ʨʘʜʘ. 
4.ʋʧʨʘʚˀʘˁʝ ɸʉ ʧʨʝʢʠʜʘʯʠʤʘ/ʧʦʜʝʰʘʚʘʯʠʤʘ: ʌʘʟʥʦ ʫʧʨʘʚˀʘˁʝ ʧʦʜʝʰʘʚʘʯʠʤʘ ʥʘʧʦʥʘ. 
ʄʦʜʫʣ - ɸʉ/DC ʧʨʝʪʚʘʨʘʯʠ (ʠʩʧʨʘʚˀʘʯʠ) 
5.ɱʝʜʥʦʬʘʟʥʠ ʠʩʧʨʘʚˀʘʯʠ:ʊʦʧʦʣʦʛʠʿʝ. ʅʘʯʠʥ ʨʘʜʘ. 
6.ʊʨʦʬʘʟʥʠ ʠʩʧʨʘʚˀʘʯʠ:ʊʦʧʦʣʦʛʠʿʝ. ʅʘʯʠʥ ʨʘʜʘ. 
7. ʋʧʨʘʚˀʘˁʝ ʠʩʧʨʘʚˀʘʯʠʤʘ: ʌʘʟʥʦ ʫʧʨʘʚˀʘˁʝ ʠʩʧʨʘʚˀʘʯʠʤʘ. 
ʄʦʜʫʣ - DC/DC ʧʨʝʪʚʘʨʘʯʠ (ʯʦʧʝʨʠ) 
8.1ʋʚʦʜ ʫ DC/DC ʧʨʝʪʚʘʨʘʯʝ: ʇʨʠʥʮʠʧ DC/DC ʧʨʝʪʚʘʨʘˁʘ. ʇʦʜʿʝʣʘ DC/DC ʧʨʝʪʚʘʨʘʯʘ. 
8.2ʅʝʠʟʦʣʦʚʘʥʠ DC/DC ʧʨʝʪʚʘʨʘʯʠ: ʉʧʫʰʪʘʯ ʥʘʧʦʥʘ, ʧʦʜʠʟʘʯ ʥʘʧʦʥʘ. 
9.ʉʧʫʰʪʘʯ-ʧʦʜʠʟʘʯ, ɴʫʢʦʚ ʧʨʝʪʚʘʨʘʯ, ʤʦʩʥʠʧʨʝʪʚʘʨʘʯ. 
10.ʀʟʦʣʦʚʘʥʠDC/DCʧʨʝʪʚʘʨʘʯʠ: ʌʦʨʚʝʨʜ, ʬʣʘʿʙʝʢ, ʠʟʦʣʦʚʘʥʠ ʤʦʩʥʠ ʧʨʝʪʚʘʨʘʯ, ʧʫʰ-ʧʫʣ. 
11. ʋʧʨʘʚˀʘˁʝDC/DCʧʨʝʪʚʘʨʘʯʠʤʘ: ʐʀʄ. ʅʘʧʦʥʩʢʦ ʠ ʩʪʨʫʿʥʦ ʫʧʨʘʚˀʘˁʝ. 
12.ʈʝʟʦʥʘʥʪʥʠDC/DCʧʨʝʪʚʘʨʘʯʠ:ʊʦʧʦʣʦʛʠʿʝ, ʥʘʯʠʥ ʨʘʜʘʠ ʫʧʨʘʚˀʘˁʝ ʨʝʟʦʥʘʥʪʥʠʤ DC/DC 
ʧʨʝʪʚʘʨʘʯʠʤʘ. 
ʄʦʜʫʣ - DC/ɸC ʧʨʝʪʚʘʨʘʯʠ (ʠʥʚʝʨʪʦʨʠ) 
13.1ʋʚʦʜ ʫ DC/ɸC ʧʨʝʪʚʘʨʘʯʝ: ʊʠʧʦʚʠ ʠʟʣʘʟʥʦʛ ɸʉ ʥʘʧʦʥʘ ʠ ʧʦʢʘʟʘʪʝˀʠ ˁʠʭʦʚʦʛ ʢʚʘʣʠʪʝʪʘ. 



ʌʠʣʪʨʠʨʘˁʝ ʭʘʨʤʦʥʠʢʘ. 
13.2ɱʝʜʥʦʬʘʟʥʠ ʠʥʚʝʨʪʦʨʠ: ʊʦʧʦʣʦʛʠʿʝ. ʅʘʯʠʥ ʨʘʜʘ. 
14.1ʊʨʦʬʘʟʥʠ ʠʥʚʝʨʪʦʨʠ: ʊʦʧʦʣʦʛʠʿʝ. ʅʘʯʠʥ ʨʘʜʘ. 
14.2ʀʥʚʝʨʪʦʨʠ ʩʘ ʚʠʰʝ ʥʠʚʦʘ: ʊʦʧʦʣʦʛʠʿʝ. ʅʘʯʠʥ ʨʘʜʘ. 
14.3 ʋʧʨʘʚˀʘˁʝ ʠʥʚʝʨʪʦʨʠʤʘ: ʌʦʨʤʠʨʘˁʝ ʠʟʣʘʟʥʦʛ ɸʉ ʥʘʧʦʥʘ. ʉʠʥʫʩʥʘ ʐʀʄ. ɹʠʧʦʣʘʨʥʘ ʠ 
ʫʥʠʧʦʣʘʨʥʘ ʤʦʜʫʣʘʮʠʿʘ. 
15.1ʉʪʨʫʿʥʠʠʥʚʝʨʪʦʨʠ: ʊʦʧʦʣʦʛʠʿʝ. ʅʘʯʠʥ ʨʘʜʘ. ʋʧʨʘʚˀʘˁʝ ʩʪʨʫʿʥʠʤ ʠʥʚʝʨʪʦʨʠʤʘ. 
15.2 ʈʝʟʦʥʘʥʪʥʠ ʠʥʚʝʨʪʦʨʠ: ʊʦʧʦʣʦʛʠʿʝ. ʅʘʯʠʥ ʨʘʜʘ. ʋʧʨʘʚˀʘˁʝ ʨʝʟʦʥʘʥʪʥʠʤ ʠʥʚʝʨʪʦʨʠʤʘ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʐʦʿʘ, ʄ. 
ʄʘʪʝʨʠʿʘʣʠ ʩʘ ʧʨʝʜʘʚʘˁʘ (ʫ ʝʣʝʢʪʨʦʥʩʢʦʿ ʬʦʨʤʠ), 
ɽʊʌ ʀʩʪʦʯʥʦ ʉʘʨʘʿʝʚʦ 

2016.  

ɼʦʢʠ˂, ɹ. 
ɽʅɽʈɻɽʊʉʂɸɽʃɽʂʊʈʆʅʀʂɸ, 
ʧʨʝʪʚʘʨʘʯʠʠʨʝʛʫʣʘʪʦʨʠ, ɽʊʌ ɹʘˁʘ ʃʫʢʘ 

2000.  

ʈʘʜʤʘʥʦʚʠ˂, ʄ., ʄʘʥʯʠ˂, ɼ. 
ɿʙʠʨʢʘʨʝʰʝʥʠʭʟʘʜʘʪʘʢʘʠʟʝʥʝʨʛʝʪʩʢʝʝʣʝʢʪʨʦʥʠʢ
ʝ, ɽʌʅʠʰ 

1996.  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

Erickson, R. W., Maksimoviĺ, 
D. 

Fundamental of Power Electronics, Springer 
Science+Business Media, LCC 

2001.  

ɼʦʢʠ˂, ɹ., ʇʝʪʨʦʚʠ˂, ʇ., 
ɹʣʘʥʫʰʘ, ɹ. 

ɽʥʝʨʛʝʪʩʢʘ ʝʣʝʢʪʨʦʥʠʢʘ ʟʙʠʨʢʘ ʨʝʰʝʥʠʭ 
ʟʘʜʘʪʘʢʘñ, ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ ɹʝʦʛʨʘʜ, ɽʊʌ ɹʘˁʘ 
ʃʫʢʘ 

2006.  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ʚʿʝʞʙʘʤʘ 5 5 % 

ʟʘʜʘ˂ʝ 5 5 % 

ʣʘʙ. ʚʿʝʞʙʝ/ʧʨʘʢʪʠʯʘʥ ʨʘʜ 10 10 % 

ʢʦʣʦʢʚʠʿʫʤʠ 25+25 25 % +25 % 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʧʠʩʤʝʥʠ/ʫʩʤʝʥʠ) 30 30 % 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʃʦʛʦʪʠʧ ʬʘʢʫʣʪʝʪʘ/ 
ʘʢʘʜʝʤʠʿʝ - ʮʝʥʪʨʠʨʘʪʠ ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

Iʮʠʢʣʫʩ ʩʪʫʜʠʿʘ III ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʋʉɹʆʊʈʇʉʋʆʁ ʈʉʇʏɾʊʁ 

ʃʙʫʞʝʩʙ  
ʂʘʪʝʜʨʘ ʟʘ ʪʝʨʤʦʪʝʭʥʠʢʫ ʠ ʧʨʦʮʝʩʥʦ ʤʘʰʠʥʩʪʚʦ, ʄʘʰʠʥʩʢʠ ʬʘʢʫʣʪʝʪ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ 
ʀʩʪʦʯʥʦʤ ʉʘʨʘʿʝʚʫ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-145-5 ʦʙʘʚʝʟʘʥ V 4.5 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ɼʫʰʘʥ ɻʦʣʫʙʦʚʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʤʨ ɼʘʚʦʨ ʄʠʣʠ˂, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 2 0 37.5 37.5 0 1.25 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 2*15 + 2*15 + 0*15 =60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 2*15*So + 2*15*So + 1*15*So = 75 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 75 = 135 ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

1. ʉʪʠʮʘˁʝ ʦʩʥʦʚʥʠʭ ʟʥʘˁʘ ʠʟ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʦʮʝʩʘ 
2.ɸʥʘʣʠʟʘ ʪʝʨʤʦʝʥʝʨʛʝʪʩʢʠʭ ʧʨʦʮʝʩʘ 
3.ʀʟʙʦʨ ʠ ʧʨʦʿʝʢʪʦʚʘˁʝ ʪʝʨʤʦʝʥʝʨʛʝʪʩʢʝ ʦʧʨʝʤʝ 
4.ɸʫʪʦʤʘʪʩʢʦ ʫʧʨʘʚˀʘˁʝ ʪʝʨʤʦʝʥʝʨʛʝʪʩʢʠʭ ʫʨʝʹʘʿʘ ʠ ʧʦʩʪʨʦʿʝˁʘ 
5. ʄʦʥʪʘʞʘ ʠ ʧʫʰʪʘˁʝ ʫ ʧʦʛʦʥ ʪʝʨʤʦʝʥʝʨʛʝʪʩʢʝ ʦʧʨʝʤʝ ʠ ʧʦʩʪʨʦʿʝˁʘ 
6. ɻʘʨʘʥʪʥʘ ʠ ʧʦʛʦʥʩʢʘ ʠʩʧʠʪʠʚʘˁʘ 
7. ʈʝʚʠʪʘʣʠʟʘʮʠʿʘ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʫʨʝʹʘʿʘ ʠ ʧʦʩʪʨʦʿʝˁʘ 

ʌʪʤʧʛˁʞʦʧʪʫ ʇʦʪʨʝʙʥʘ ʧʨʝʜʟʥʘˁʘ ʠʟ ʧʨʝʜʤʝʪʘ ʄʘʪʝʤʘʪʠʢʘ I ʠ II, ʌʠʟʠʢʘ 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʇʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ, ʪʝʩʪʦʚʠ, ʟʘʜʘ˂ʝ, ʢʦʥʩʫʣʪʘʮʠʿʝ, ʧʦʩʿʝʪʝ ʧʨʝʜʫʟʝ˂ʠʤʘ, ʢʦʣʦʢʚʠʿʫʤʠ, 
ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʌʠʟʠʯʢʝ ʠ ʤʘʪʝʤʘʪʠʯʢʝ ʦʩʥʦʚʝ ʧʨʝʥʦʰʝˁʘ ʢʦʣʠʯʠʥʝ ʢʨʝʪʘˁʘ, ʪʦʧʣʦʪʝ ʠ ʩʫʧʩʪʘʥʮʠʿʝ 
2. ɼʠʤʝʥʟʠʦʥʘʣʥʘ ʘʥʘʣʠʟʘ ʠ ʤʦʜʝʣʠʨʘˁʝ 
3. ɿʘʢʦʥʠ ʢʦʥʟʝʨʚʘʮʠʿʝ ʫ ʤʝʭʘʥʠʮʠ ʬʣʫʠʜʘ 
4. ʃʘʤʠʥʘʨʥʦ ʠ ʪʫʨʙʫʣʝʥʪʥʦ ʩʪʨʫʿʘˁʝ ʬʣʫʠʜʘ 
5. ʇʨʠʤʠʿʝˁʝʥʘ ʤʝʭʘʥʠʢʘ ʬʣʫʠʜʘ ʠ ʤʝʪʦʜʝ 
6. ʇʨʦʩʪʠ ʠ ʩʣʦʞʝʥʠ ʮʿʝʚʦʚʦʜʠ 
7. ʇʫʤʧʝ, ʪʫʨʙʠʥʝ, ʚʝʥʪʠʣʘʪʦʨʠ. ʀʟʙʦʨ ʠ ʫʛʨʘʜˁʘ ʫ ʩʠʩʪʝʤʝ. 
8. ʇʨʝʥʦʰʝˁʝ ʪʦʧʣʦʪʝ ʧʨʦʚʦʹʝˁʝʤ ( ʢʦʥʜʫʢʮʠʿʘ ) 
9. ʇʨʝʣʘʟ ʪʦʧʣʦʪʝ ( ʢʦʥʚʝʢʮʠʿʘ ). ɿʘʢʦʥʠ ʩʣʠʯʥʦʩʪʠ. 
10. ʇʨʠʥʫʜʥʘ ʠ ʧʨʠʨʦʜʥʘ ʢʦʥʚʝʢʮʠʿʘ. 
11. ʇʨʝʥʦʰʝˁʝ ʪʦʧʣʦʪʝ ʟʨʘʯʝˁʝʤ ʠʟʤʝʹʫ ʪʠʿʝʣʘ 
12.ʄʝʭʘʥʠʟʘʤ ʧʨʦʤʿʝʥʝ ʬʘʟʘ. ʀʩʧʘʨʘʚʘˁʝ ʠ ʢʦʥʜʝʥʟʘʮʠʿʘ. 
13.ɺʣʘʞʘʥ ʚʘʟʜʫʭ. ʆʩʥʦʚʥʠ ʧʨʦʮʝʩʠ. ʉʫʰʘʨʝ. 
14. ʈʘʟʤʿʝˁʠʚʘʯʠ ʪʦʧʣʦʪʝ. ʇʨʦʨʘʯʫʥ ʨʝʢʫʧʝʨʘʪʦʨʘ. 
15. ʍʣʘʹʝˁʝ ʪʝʭʥʦʣʦʰʢʝ ʚʦʜʝ. ʈʘʩʭʣʘʜʥʘ ʧʦʩʪʨʦʿʝˁʘ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɻʦʣʫʙʦʚʠ˂ ɼ. 
ʊʨʘʥʩʧʦʨʪʥʠ ʧʨʦʮʝʩʠ ( ʩʢʨʠʧʪʘ ʧʨʝʜʘʚʘˁʘ ʫ 
ʧʨʠʧʨʝʤʠ), ɽʊʌ ʀʩʪʦʯʥʦ ʉʘʨʘʿʝʚʦ 

2016 1-120 

ɻʦʣʫʙʦʚʠ˂, ɼ. 
 
ʂʦʟʠ˂, ɫ. 

ʊʝʨʤʦʜʠʥʘʤʠʢʘ, ʄʌ ʀʩʪʦʯʥʦ ʉʘʨʘʿʝʚʦ 
 
ʇʨʠʨʫʯʥʠʢ ʟʘ ʪʝʨʤʦʜʠʥʘʤʠʢʫ, ʄʌ ɹʝʦʛʨʘʜ 

2001 
 
1997 

1-500 ( ʫʢʫʧʥʦ 50 
ʩʪʨʘʥʠʮʘ) 
 
1-200 
 

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʀʣʠ˂, ɻ.  ʇʨʦʩʪʠʨʘˁʝ ʪʦʧʣʦʪʝ, ʄʌ ʅʠʰ 2000 1-200 

ʎʚʠʿʦʚʠ˂, ʇ. ʌʝʥʦʤʝʥʠ ʪʨʘʥʩʧʦʨʪʘ, ʊʄʌ ɹʝʦʛʨʘʜ 2002 1-50 



ɺʦʨʦˁʝʮ, ɼ. ʊʝʨʤʦʜʠʥʘʤʠʢʘ, ʄʌ ɹʝʦʛʨʘʜ 1992 300-400 

40ʇʚʙʛʞʠʞ, 
ʧʚʤʡʯʡ ʨʩʧʛˀʞʩʞ 
ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 10 10 

ʧʦʟʠʪʠʚʥʦ ʦʮʿʝˁʝʥ ʩʝʤ. ʨʘʜ/ ʧʨʦʿʝʢʘʪ/ ʝʩʝʿ   

ʩʪʫʜʠʿʘ ʩʣʫʯʘʿʘ ï ʛʨʫʧʥʠ ʨʘʜ - - 

ʪʝʩʪ/ ʢʦʣʦʢʚʠʿʫʤ 2*25=50 50 

ʨʘʜ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ/ ʣʘʙ. ʚʿʝʞʙʝ  - - 

ʥʧʨ. ʧʨʘʢʪʠʯʥʠ ʨʘʜ - - 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʥʧʨ. ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 40 40 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ III ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʍʁʀʁʃɹ ʅɹʋɾʉʁɲɹʄɹ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʬʠʟʠʢʫ, ʌʠʣʦʟʦʬʩʢʠ ʬʘʢʫʣʪʝʪ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʀʩʪʠʯʥʦʤ ʉʘʨʘʿʝʚʫ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-154-5 ʦʙʘʚʝʟʘʥ V 4,5 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ.ʜʨ ɾʝˀʢʦ ʇʨʞʫˀ, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ  

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 2 0 37.5 37.5 0 1.25 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 2*15 + 2*15 + 0*15 =60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 2*15*So + 2*15*So + 1*15*So = 75 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 75 = 135 ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

1. ʇʦʟʥʘʚʘˁʝ ʬʠʟʠʯʢʠʭ ʦʩʥʦʚʘ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʩʪʨʫʢʪʫʨʝ ʝʣʝʢʪʨʦʪʝʭʥʠʯʢʠʭ ʤʘʪʝʨʠʿʘʣʘ 
(ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʧʨʦʚʦʜʥʠʢʘ, ʩʫʧʝʨʧʨʦʚʦʜʥʠʢʘ, ʜʠʝʣʝʢʪʨʠʢʘ, ʤʘʛʥʝʪʠʢʘ, ...); 
2.ʇʦʟʥʘʚʘˁʝ ʧʨʠʤʿʝʥʝ ʤʘʪʝʨʠʿʘʣʘʫ ʨʘʟʣʠʯʠʪʠʤ ʝʣʝʢʪʨʦʪʝʭʥʠʯʢʠʤ ʫʨʝʹʘʿʠʤʘ; 
3.ʉʧʦʩʦʙʥʦʩʪ ʟʘ ʧʨʠʤʝʥʫ ʩʪʝʯʝʥʠʭ ʟʥʘˁʘ ʠʟ ʥʘʫʢʝ ʦ ʤʘʪʝʨʠʿʘʣʠʤʘ ʫ ʧʨʘʢʪʠʯʥʦʤ ʨʘʜʫ; 
4.ʉʧʦʩʦʥʦʩʪ ʟʘ ʧʨʘ˂ʝˁʝ, ʨʘʟʫʤʠʿʝʚʘˁʝ ʠ ʧʨʠʤʿʝʥʫ ʥʘʿʥʦʚʠʿʠʭ ʜʦʩʪʠʛʥʫ˂ʘ ʠʟ ʦʙʣʘʩʪʠ ʥʦʚʠʭ 
ʤʘʪʝʨʠʿʘʣʘ. 

ʌʪʤʧʛˁʞʦʧʪʫ 
ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. ʇʦʪʨʝʙʥʘ ʧʨʝʜʟʥʘˁʘ ʠʟ ʧʨʝʜʤʝʪʘ:ʌʠʟʠʢʘ 
ʌʠʟʠʯʢʠ ʦʩʥʦʚʠ ʝʣʝʢʪʨʦʥʠʢʝ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʅʘʩʪʘʚʘ ʩʝ ʠʟʚʦʜʠ ʫ ʦʙʣʠʢʫ ʧʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʠʭ ʚʿʝʞʙʠ ʠ ʧʦʢʘʟʥʠʭ ʚʿʝʞʙʠ ʥʘ ʨʘʯʫʥʘʨʫ. ʋʯʝˁʝ, 
ʪʝʩʪʦʚʠ, ʟʘʜʘ˂ʝ, ʩʝʤʠʥʘʨʩʢʠ ʨʘʜʦʚʠ ʠ ʢʦʥʩʫʣʪʘʮʠʿʝ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1.ʉʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʥʠʭ ʪʠʿʝʣʘ. ɽʣʝʤʝʥʪʘʨʥʘ ˂ʝʣʠʿʘ. ɻʫʩʪʦ ʧʘʢʦʚʘˁʝ. ʈʝʮʠʧʨʦʯʥʘ ʨʝʰʝʪʢʘ. 
ɹʨʠʫʣʝʥʦʚʝ ʟʦʥʝ. 
2.ɼʠʬʨʘʢʮʠʿʘ ʥʘ ʢʨʠʩʪʘʣʠʤʘ. ʈʝʘʣʥʠ ʢʨʠʩʪʘʣʠ.ʊʠʧʦʚʠ ʠʥʪʝʨʘʢʮʠʿʘ ʫ ʯʚʨʩʪʠʤ ʪʠʿʝʣʠʤʘ. 
3.ʄʦʜʝʣ ʩʣʦʙʦʜʥʦʛ ʝʣʝʢʪʨʦʥʩʢʦʛ ʛʘʩʘ. ɻʫʩʪʠʥʘ ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʪʘˁʘ. ʐʫʧˀʠʥʝ.ɽʬʝʢʪʠʚʥʘ ,ʤʘʩʘ. 
4.ɽʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪ ʤʝʪʘʣʘ. ʇʦʜʿʝʣʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʦʚʦʜʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʇʨʠʤʿʝʥʘ. 
5.ʊʦʧʣʦʪʥʝ ʦʩʦʙʠʥʝ ʯʚʨʩʪʠʭ ʪʠʿʝʣʘ ʅʦʨʤʘʣʥʝ ʚʠʙʨʘʮʠʿʝ ʨʝʰʝʪʢʝ. ʌʦʥʦʥʠ. 
6.ʊʦʧʣʦʪʥʠ ʢʘʧʘʮʠʪʝʪ ʯʚʨʩʪʠʭ ʪʠʿʝʣʘ ʠ ʝʣʝʢʪʨʦʥʩʢʦʛ ʛʘʩʘ. ʊʦʧʣʦʪʥʘ ʧʨʦʚʦʜʥʦʩʪ. ɺʠʜʝʤʘʥ-
ʌʨʘʥʮʦʚʟʘʢʦʥ 
7.ɽʣʝʤʝʥʪʠ ʟʦʥʩʢʝ ʪʝʦʨʠʿʝ ʯʚʨʩʪʦʛ ʪʠʿʝʣʘ. ɹʣʦʭʦʚʘ ʪʝʦʨʝʤʘ. 
8.ɺʣʘʩʪʠʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʮʠ. ʇʨʠʤʿʝʩʥʠ ʧʦʣʫʧʨʦʚʦʜʥʠʮʠ  
9.ɼʠʬʫʟʠʿʘ, ʛʝʥʝʨʘʮʠʿʘ ʠ ʨʝʢʦʤʙʠʥʘʮʠʿʘ,  ʿʝʜʥʘʯʠʥʘ ʢʦʥʪʠʥʫʠʪʝʪʘ. 
10.ʋʧʦʨʝʜʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʘʿʚʘʞʥʠʿʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. ʇʨʠʤʿʝʥʘ. 
11.ʇʦʣʘʨʠʟʘʮʠʿʘ ʜʠʝʣʝʢʪʨʠʢʘ. ʂʣʘʫʟʠʿʫʩ-ʄʦʩʦʪʠʿʝʚʘ ʨʝʣʘʮʠʿʘ. ʊʝʦʨʠʿʝ 
ʧʦʣʘʨʠʟʘʙʠʣʥʦʩʪʠ.ʇʨʠʤʿʝʥʘ. 
12.ʄʘʢʨʦʩʢʦʧʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʛʥʝʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ɼʠʿʘʤʘʛʥʝʪʠʟʘʤ ʠ ʧʘʨʘʤʘʛʥʝʪʠʟʘʤ. 
ʇʘʨʘʤʘʛʥʝʪʠʟʘʤ ʝʣʝʢʪʨʦʥʩʢʦʛ ʛʘʩʘ. 
13.ʌʝʨʦʤʘʛʥʝʪʠʟʘʤ ʠ ʘʥʪʠʬʝʨʦʤʘʛʥʝʪʠʟʘʤ. ʇʨʠʨʦʜʘ ʤʘʛʥʝʪʠʟʤʘ. ʀʟʤʿʝʥʩʢʘ ʠʥʪʝʨʘʢʮʠʿʘ.  
ɼʦʤʝʥʩʢʠ ʟʠʜʦʚʠ.ʇʨʠʤʿʝʥʘ. 
14.ʌʝʥʦʤʝʥʦʣʦʰʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʪʝʦʨʠʿʝ ʩʫʧʝʨʧʨʦʚʦʜʥʠʢʘ. 
15.ʄʠʢʨʦʩʢʦʧʩʢʘ (BCS) ʪʝʦʨʠʿʘ ʩʫʧʝʨʧʨʦʚʦʜʥʦʩʪʠ. ɷʦʟʝʬʩʦʥʦʚʠ ʩʧʦʿʝʚʠ. ʇʨʠʤʿʝʥʘ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʄ. ʅʘʧʠʿʘʣʦ ʌʠʟʠʢʘ ʤʘʪʝʨʠʿʘʣʘ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ 1996. ʩʚʝ 

ɾ. ʇʨʞʫˀ, ɿ. ɲʫʙʦʿʝ, ɿ. 
ʀʚʠ˂ 

ɿʙʠʨʢʘ ʨʠʿʝʰʝʥʠʭ ʟʘʜʘʪʘʢʘ ʠʟ ʬʠʟʠʢʝ ʯʚʨʩʪʦʛ 
ʩʪʘˁʘ, ɽʊʌ ʋʀʉ 

2016. ɻʣʘʚʝ: III-XII 

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɼ. ʈʘʢʦʚʠ˂ ʌʠʟʠʯʢʝ ʦʩʥʦʚʝ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʝʣʝʢʪʨʦʪʝʭʥʠʯʢʠʭ 2000. ʩʚʝ 



ʤʘʪʝʨʠʿʘʣʘ, ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ 

ʉ. ʄ. ʉʪʦʿʠʣʢʦʚʠ˂ 
ɿʙʠʨʢʘ ʨʝʰʝʥʠʭ ʟʘʜʘʪʘʢʘ ʠʟ ʬʠʟʠʢʝ ʤʘʪʝʨʠʿʘʣʘ, 
ʅʘʫʯʥʘ ʢˁʠʛʘ 

1996. ʩʚʝ 

    

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 10 10 

ʇʠʩʤʝʥʠ ʠʩʧʠʪ 40 40 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʋʩʤʝʥʠ ʠʩʧʠʪ 50 50 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ III ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ɽʁɼʁʋɹʄʆʁ ʊʁʊʋɾʅʁ ʌʈʉɹɻɳɹɴɹ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʘʫʪʦʤʘʪʠʢʫ ʠ ʨʦʙʦʪʠʢʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 
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ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ʄʠʣʠʮʘ ʅʘʫʤʦʚʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʤʨ ʅʘʪʘʰʘ ʇʦʧʦʚʠ˂,  ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

3 2 1 60 40 20 1,33 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W = 3*15 + 2*15 + 1*15=90 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
T = 3*15*1,33+ 2*15*1,33+ 1*15*1,33= 120 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 90 + 120= 210ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

1.  ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ ʩʪʝ˂ʠ ʦʩʥʦʚʥʘ ʪʝʦʨʠʿʩʢʘ ʟʥʘˁʘ ʦ ʣʠʥʝʘʨʥʠʤ 
ʜʠʛʠʪʘʣʥʠʤ ʩʠʩʪʝʤʠʤʘ ʫʧʨʘʚˀʘˁʘ. 
2.  ʉʪʫʜʝʥʪ ˂ʝ ʩʪʝ˂ʠ ʦʩʥʦʚʥʘ ʧʨʘʢʪʠʯʥʘ ʟʥʘˁʘ ʦ ʣʠʥʝʘʨʥʠʤ ʜʠʛʠʪʘʣʥʠʤ ʩʠʩʪʝʤʠʤʘ ʫʧʨʘʚˀʘˁʘ. 
3.  ʉʪʫʜʝʥʪ ˂ʝ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ ʩʪʝʯʝʥʘ ʟʥʘˁʘ ʧʨʦʚjʝʨʠ ʠ ʚʝʨʠʬʠʢʫʿʝ ʩʠʤʫʣʘʮʠʿʦʤ ʥʘ 
ʜʠʛʠʪʘʣʥʦʤ ʨʘʯʫʥʘʨʫ. 
4.  ʉʪʫʜʝʥʪ ˂ʝ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ ʩʪʝʯʝʥʘ ʟʥʘˁʘ ʧʨʠʤʠjʝʥʠ ʫ ʘʥʘʣʠʟʠ ʠ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ 
ʢʦʥʢʨʝʪʥʦʛ ʩʠʩʪʝʤʘ ʩʘ ʜʠʨʝʢʪʥʠʤ ʜʠʛʠʪʘʣʥʠʤ ʫʧʨʘʚˀʘˁʝʤ.  

ʌʪʤʧʛˁʞʦʧʪʫ 
ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. ʇʦʪʨʝʙʥʘ ʧʨʝʜʟʥʘˁʘ ʠʟ ʧʨʝʜʤʝʪʘ: ʄʘʪʝʤʘʪʠʢʘ I, 
ʊɸʋ-1,ʊɸʋ-2. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʅʘʩʪʘʚʘ ʩʝ ʠʟʚʦʜʠ ʫ ʦʙʣʠʢʫ ʧʨʝʜʘʚʘˁʘ,  ʘʫʜʠʪʦʨʥʠʭ ʠ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʚʿʝʞʙʠ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʆʩʥʦʚʥʘ ʩʪʨʫʢʪʫʨʘ ʜʠʛʠʪʘʣʥʦʛ ʩʠʩʪʝʤʘ ʫʧʨʘʚˀʘˁʘ. ʇʨʦʮʝʩ ʦʜʘʙʠʨʘˁʘ. ʆʩʦʙʠʥʝ 
ʢʦʤʧʣʝʢʩʥʦʛ ʣʠʢʘ ʠ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʩʧʝʢʪʨʘ ʜʠʛʠʪʘʣʥʦʛ ʩʠʛʥʘʣʘ. 

2. Z-ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʠ ʠʥʚʝʨʟʥʘ Z-ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ: ˁʠʭʦʚʝ ʦʩʦʙʠʥʝ ʠ ʦʛʨʘʥʠʯʝˁʘ ʫ  
ʧʨʠʤjʝʥʠ. 

3. ʇʨʦʮʝʩ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʩʠʛʥʘʣʘ.ʂʦʣʘ ʟʘʜʨʰʢʝ. 
4. ʌʫʥʢʮʠʿʘ ʜʠʩʢʨʝʪʥʦʛ ʧʨʝʥʦʩʘ.ɸʣʛʦʨʠʪʤʠ ʩʪʨʫʢʪʫʨʥʝ ʨʝʘʣʠʟʘʮʠʿʝ ʬʫʥʢʮʠʿʝ  

ʜʠʩʢʨʝʪʥʦʛ ʧʨʝʥʦʩʘ. 
5. ʉʪʨʫʢʪʫʨʝ ʜʠʛʠʪʘʣʥʦʛ ʧʨʦʮʝʩʦʨʘ. ʌʨʝʢʚʝʥʮʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. 
6. ʄʦʜʠʬʠʢʦʚʘʥʘ Z-ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ, ʙʠʣʠʥʝʘʨʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ. 
7. ʂʦʥʮʝʧʮʠʿʘ ʧʨʦʩʪʦʨʘ ʩʪʘˁʘ ʫ ʤʦʜʝʣʠʨʘˁʫ ʜʠʛʠʪʘʣʥʠʭ ʩʠʩʪʝʤʘ. 
8. ʈʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʜʠʬʝʨʝʥʮʥʝ ʿʝʜʥʘʯʠʥʝ ʩʪʘˁʘ ʠ ʤʘʪʨʠʮʝ ʬʫʥʢʮʠʿʘ ʜʠʩʢʨʝʪʥʦʛ 

ʧʨʝʥʦʩʘ.  
9.  ɼʠʛʠʪʘʣʥʠ ʤʦʜʝʣ ʩʠʩʪʝʤʘ ʩʘ ʪʨʘʥʩʧʦʨʪʥʠʤ ʢʘʰˁʝˁʝʤ. 
10. ʆʩʦʙʠʥʝ ʢʦʥʪʨʦʣʘʙʠʣʥʦʩʪʠ ʠ ʦʧʩʝʨʚʘʙʠʣʥʦʩʪʠ ʜʠʛʠʪʘʣʥʦʛ ʩʠʩʪʝʤʘ ʫʧʨʘʚˀʘˁʘ. 
11. ʉʪʘʙʠʣʥʦʩʪ ʜʠʛʠʪʘʣʥʠʭ ʩʠʩʪʝʤʘ. ɸʣʛʝʙʘʨʩʢʠ ʠ ʛʨʘʬʦʘʥʘʣʠʪʠʯʢʠ ʢʨʠʪʝʨʠʿʫʤʠ. 
12. ʀʟʙʦʨ ʧʝʨʠʦʜʝ ʦʜʘʙʠʨʘˁʘ. 
13. ɸʥʘʣʠʟʘ ʧʨʝʣʘʟʥʦʛ ʧʨʦʮʝʩʘ ï ʤʝʪʦʜʘ ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʤʝʩʪʘ ʢʦʨʝʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ 

ʿʝʜʥʘʯʠʥʝ. 
14. ʆʮʿʝʥʘ ʢʚʘʣʠʪʝʪʘ ʧʦʥʘʰʘˁʘ ʩʠʩʪʝʤʘ ʫ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʪʘˁʫ. 
15. ʆʛʣʝʜʥʠ ʧʨʠʤʿʝʨʠ: ʙʨʟʠʥʩʢʠ ʠ ʧʦʟʠʮʠʦʥʠ ʜʠʛʠʪʘʣʥʦ ʫʧʨʘʚˀʘʥʠ ʩʠʩʪʝʤʠ. 

 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʄ. ʈ. ʉʪʦʿʠ˂ 
Ăɼʠʛʠʪʘʣʥʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚˀʘˁʘñ, ɸʢʘʜʝʤʩʢʘ 
ʤʠʩʘʦ ɹʝʦʛʨʘʜ 

2001.  

ʄ. ɹ. ʅʘʫʤʦʚʠ˂ 
Ăɿʙʠʨʢʘ ʨʝʰʝʥʠʭ ʟʘʜʘʪʘʢʘ ʠʟ ʜʠʛʠʪʘʣʥʠʭ ʩʠʩʪʝʤʘ 
ʫʧʨʘʚˀʘˁʘ, I ʜʝʦ: ɼʠʩʢʨʝʪʥʠ ʩʠʛʥʘʣʠñ, ɽʣʝʢʪʨʦʥʩʢʠ 
ʬʘʢʫʣʪʝʪ, ʅʠʰ  

1997.  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 



    

    

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 5 5 % 

ʪʝʩʪ/ ʢʦʣʦʢʚʠʿʫʤ 45 45 % 

   

   

   

   

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 50 50 % 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ 
http://starisajt.elfak.ni.ac.rs/milica_naumovic/ZBIRKA%20RESENIH%20ZADATAKA%20IZ%20DSU_I%20
DEO_Milica%20Naumovic.pdf 

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ III ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ɽʁɼʁʋɹʄʆɹ ɾʄɾʃʋʉʇʆʁʃɹ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʝʣʝʢʪʨʦʥʠʢʫ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʩʠʩʪʝʤʝ-ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 
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ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ʄʠʣʦʤʠʨ ʐʦʿʘ, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʤʨɼʝʿʘʥ ɱʦʢʠ˂, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 2 1 42 42 21 1.4 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 2*15 + 2*15 + 1*15 =75 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 2*15*So + 2*15*So + 1*15*So = 105 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 75 + 105= 180ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ ʤʦ˂ʠ/ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ: 
1. ʈʘʟʫʤʠʿʝ ʨʘʜ ʩʪʘʥʜʘʨʥʠʭ ʢʦʤʙʠʥʘʮʠʦʥʠʭ ʢʦʣʘ ʠ ʧʨʦʿʝʢʪʫʿʝ ʩʣʦʞʝʥʝ ʢʦʤʙʠʥʘʮʠʦʥʝ ʩʢʣʦʧʦʚʝ, 
2. ʈʘʟʫʤʠʿʝ ʨʘʜ ʩʪʘʥʜʘʨʥʠʭ ʩʝʢʚʝʥʮʫʿʘʣʥʠʭ ʢʦʣʘ ʠ ʧʨʦʿʝʢʪʫʿʝ ʩʣʦʞʝʥʝ ʩʝʢʚʝʥʮʠʿʘʣʥʝ ʩʢʣʦʧʦʚʝ, 
3. ʈʘʟʫʤʠʿʝ ʨʘʜ ʠ ʧʨʘʚʠʣʥʦ ʢʦʨʠʩʪʠ ʨʘʟʣʠʯʠʪʘ ʤʝʤʦʨʠʿʩʢʘ ʢʦʣʘ, 
4. ʈʘʟʫʤʠʿʝ ʨʘʜ ʠ ʧʨʘʚʠʣʥʦ ʢʦʨʠʩʪʠ A/D ʠ D/A ʢʦʥʚʝʨʪʦʨʝ, 
5. ʈʘʟʫʤʠʿʝ ʛʨʘʹʫ ʠ ʧʨʠʥʮʠʧʝ ʧʨʦʛʨʘʤʠʨʘˁʘ ʧʨʦʛʨʘʤʘʙʠʣʥʠʭ ʜʠʛʠʪʘʣʥʠʭ ʢʦʣʘ. 

ʌʪʤʧʛˁʞʦʧʪʫ 
ɿʘ ʧʦʭʘʹʘˁʝ ʥʘʩʪʘʚʝ ʧʦʪʨʝʙʥʘ ʩʫ ʧʨʝʜʟʥʘˁʘ ʠʟ ʠʤʧʫʣʩʥʝ ʝʣʝʢʪʨʦʥʠʢʝ (ʧʨʝʜʤʝʪʠ: ɽʣʝʢʪʨʦʥʠʢʘ I ʠ 
II, ʀʤʧʫʣʩʥʘ ʝʣʝʢʪʨʦʥʠʢʘ), ʜʦʢ ʿʝ ʟʘ ʧʦʣʘʛʘˁʝ ʠʩʧʠʪʘ ʥʝʦʧʭʦʜʥʦ ʦʩʚʦʿʠʪʠ Ó50 % ʙʦʜʦʚʘ ʠʟ ʩʚʘʢʦʛ 
ʦʙʣʠʢʘ ʧʨʦʚʿʝʨʝ ʟʥʘˁʘ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʧʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

ʄʦʜʫʣ - ʃʦʛʠʯʢʠ ʛʝʿʪʦʚʠ 
1.1ʆʙʘʚʝʟʝʩʪʫʜʝʥʘʪʘ ʠ ʦʮʿʝˁʠʚʘˁʝ.ʈʝʘʣʥʘ ʣʦʛʠʯʢʘ ʢʦʣʘ. 
1.2ʇʦʟʠʪʠʚʥʘ ʠ ʥʝʛʘʪʠʚʥʘ ʣʦʛʠʢʘ. ʇʨʦʰʠʨʝʥʠ ʩʢʫʧ ʩʠʤʙʦʣʘ ʠ ʪʫʤʘʯʝˁʘ ʨʘʜʘ ʣʦʛʠʯʢʠʭ ʢʦʣʘ. 
ʄʦʜʫʣ -ʂʦʤʙʠʥʘʮʠʦʥʘ ʢʦʣʘ 
2.1ɼʝʬʠʥʠʮʠʿʘ, ʧʨʦʿʝʢʪʦʚʘˁʝ ʢʦʤʙʠʥʘʮʠʦʥʠʭ ʢʦʣʘ. 
2.2. ʈʝʘʣʥʘ ʢʦʤʙʠʥʘʮʠʦʥʘ ʢʦʣʘ. 
3.ɼʝʢʦʜʝʨʠ. 
4ʂʦʜʝʨʠ. 
5ʄʫʣʪʠʧʣʝʢʩʝʨʠ. 
6.ɼʝʤʫʣʪʠʧʣʝʢʩʝʨʠ. 
7.ɸʨʠʪʤʝʪʠʯʢʘ ʢʦʣʘ (ʩʘʙʠʨʘʯʠ, ʙʠʥʘʨʥʠ ʢʦʤʧʘʨʘʪʦʨʠ, ʤʥʦʞʘʯʠ). 
ʄʦʜʫʣ -ʉʝʢʚʝʥʮʠʿʘʣʥʘ ʢʦʣʘ 
8.1ɼʝʬʠʥʠʮʠʿʘ, ʦʩʥʦʚʥʠ ʪʠʧʦʚʠ.ʇʨʦʿʝʢʪʦʚʘˁʝ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʢʦʣʘ. 
8.2ʃʝʯʝʚʠ ʠ ʬʣʠʧ-ʬʣʦʧʦʚʠ. 
9.ʃʝʯʝʚʠ ʠ ʬʣʠʧ-ʬʣʦʧʦʚʠ. 
10.ʈʝʛʠʩʪʨʠ. ʉʘʙʠʨʥʠʮʝ. 
11.ɹʨʦʿʘʯʠ. ɺʨʩʪʝ ʠ ʧʨʦʮʝʜʫʨʘ ʧʨʦʿʝʢʪʦʚʘˁʘ. 
ʄʦʜʫʣ - ʇʦʣʫʧʨʦʚʦʜʥʠʯʢʝ ʤʝʤʦʨʠʿʝ 
12.ROM,PROM, ɽPROM,E2PROM. 
13.RAM, SRAM, DRAM. 
ʄʦʜʫʣ -A/DD/Aʢʦʥʚʝʨʪʦʨʠ 
14.A/D,D/A ʢʦʥʚʝʨʪʦʨʠ. 
ʄʦʜʫʣ -ʇʨʦʛʨʘʤʘʙʠʣʥʘ ʜʠʛʠʪʘʣʥʘ ʣʦʛʠʯʢʘ ʢʦʣʘ 
15.PɸL, PLA, CPLD, FPGA. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʐʦʿʘ, ʄ. 
ʄʘʪʝʨʠʿʘʣʠ ʩʘ ʧʨʝʜʘʚʘˁʘ (ʫ ʝʣʝʢʪʨʦʥʩʢʦʿ ʬʦʨʤʠ), 
ɽʊʌ ʀʩʪʦʯʥʦ ʉʘʨʘʿʝʚʦ 

2016.  

ɱʦʢʠ˂, ɼ. ʇʨʘʢʪʠʢʫʤ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʚʿʝʞʙʠ ʠʟ ɼʝ (ʫ 2016.  



ʝʣʝʢʪʨʦʥʩʢʦʿ ʬʦʨʤʠ), ɽʊʌ ʀʩʪʦʯʥʦ ʉʘʨʘʿʝʚʦ 

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɼʦʢʠ˂, ɹ. 
ɼʠʛʠʪʘʣʥʘ ʝʣʝʢʪʨʦʥʠʢʘ, ɸʢʘʜʝʤʩʘʢʘʤʠʩʘʦ 
ɹʝʦʛʨʘʜ, ɽʊʌ ɹʘˁʘ ʃʫʢʘ 

2012.  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ʚʿʝʞʙʘʤʘ 5 5 % 

ʟʘʜʘ˂ʝ 5 5 % 

ʣʘʙ. ʚʿʝʞʙʝ/ʧʨʘʢʪʠʯʘʥ ʨʘʜ 10 10 % 

ʢʦʣʦʢʚʠʿʫʤʠ 25+25 25 % +25 % 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʧʠʩʤʝʥʠ/ʫʩʤʝʥʠ) 30 30 % 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ III ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʋɾʇʉʁɲɹ ɹʌʋʇʅɹʋʊʃʇɼ ʌʈʉɹɻɳɹɴɹ-2 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʘʫʪʦʤʘʪʠʢʫ ʠ ʨʦʙʦʪʠʢʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

AE-08-1-034-6 ʦʙʘʚʝʟʘʥ VI 5 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ʊʦʤʠʩʣʘʚ ʐʝʢʘʨʘ ʚʘʥʜʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʄʘʨʢʦ ɹʦʰʢʦʚʠ˂, ʤʨ, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ ʪʙʫʡʥʙ 
ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ 

So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 2 0 45 45 0 1.5 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 2*15 + 2*15 + 0*15 =60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 2*15*So + 2*15*So + 1*15*So = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 90= 150ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ: 
1. ʉʪʫʜʝʥʪ ˂ʝ ʙʠʪʠ ʫʚʝʜʝʥ ʫ ʦʩʥʦʚʝ ʩʘʚʨʝʤʝʥʝ ʪʝʦʨʠʿʝ ʣʠʥʝʘʨʥʠʭ ʜʠʥʘʤʠʯʢʠʭ ʩʠʩʪʝʤʘ, ʩʠʩʪʝʤʘ 
ʫʧʨʘʚˀʘˁʘ ʩʘ ʧʦʚʨʘʪʥʦʤ ʩʧʨʝʛʦʤ. 
2. ʉʪʫʜʝʥʪ ˂ʝ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʟʘ ʘʥʘʣʠʟʫ ʠ ʩʠʥʪʝʟʫ ʣʠʝʥʘʨʥʠʭ ʠ ʥʝʣʠʥʝʘʨʥʠʭ ʜʠʥʘʤʠʯʢʠʭ 
ʩʠʩʪʝʤʘ ʫʧʨʘʚˀʘˁʘ ʩʘ ʧʦʚʨʘʪʥʦʤ ʩʧʨʝʛʦʤ. 
3. ʉʪʫʜʝʥʪ ˂ʝ ʙʠʪʠ ʫʧʦʟʥʘʪ ʩʘ ʤʝʪʦʜʘʤʘ ʣʠʥʝʘʨʠʟʘʮʠʿʝ ʥʝʣʠʥʝʘʨʥʠʭ ʝʣʝʤʝʥʘʪʘ: ʩʪʘʪʠʯʢʦʤ, 
ʜʠʬʝʨʝʥʮʠʿʘʣʥʦʤ, ʭʘʨʤʦʥʠʿʩʢʦʤ ʠ ʩʪʦʭʘʩʪʠʯʢʦʤ, ʢʘʦ ʠ ʩʘ ʨʘʟʣʠʯʠʪʠʤʢʨʠʪʝʨʠʿʫʤʠʤʘ ʩʪʘʙʠʣʥʦʩʪʠ 
ʥʝʣʠʥʝʘʨʥʠʭ ʩʠʩʪʝʤʘ, ʦʩʥʦʚʥʠʤ ʥʝʣʠʥʝʘʨʥʠʤ ʟʘʢʦʥʠʤʘ ʫʧʨʘʚˀʘˁʘ ʠʪʜ. 
4. ʉʘ ʩʪʝʯʝʥʠʤ ʟʥʘˁʝʤ ʩʪʚʦʨʠ˂ʝ ʩʝ ʦʩʥʦʚʘ ʟʘ ʜʘˀʝ ʧʨʘ˂ʝˁʝ ʩʪʨʫʯʥʠʭ ʧʨʝʜʤʝʪʘ. 

ʌʪʤʧʛˁʞʦʧʪʫ 
ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ.  
ʇʦʪʨʝʙʥʘ ʩʫ ʧʨʝʜʟʥʘˁʘ ʠʟ ʩˀʝʜʝ˂ʠʭ ʧʨʝʜʤʝʪʘ: ʄʘʪʝʤʘʪʠʢʘ 1, 2 ʠ 3, ʌʠʟʠʢʘ, ʊʝʦʨʠʿʘ ʝʣʝʢʪʨʠʯʥʠʭ 
ʢʦʣʘ, ʊʝʦʨʠʿʘ ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ-1 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 

ʅʘʩʪʘʚʘ ʩʝ ʠʟʚʦʜʠ ʫ ʦʙʣʠʢʫ ʧʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʠʭ ʚʿʝʞʙʠ ʠ ʧʦʢʘʟʥʠʭ ʚʿʝʞʙʠ ʥʘ ʨʘʯʫʥʘʨʫ. 
ʂʦʣʦʢʚʠʿʫʤ ʠ ʧʠʩʤʝʥʠ ʜʠʦ ʠʩʧʠʪʘ ʩʝ ʧʦʣʘʞʫ ʫ ʧʠʩʤʝʥʦʿ ʬʦʨʤʠ, ʜʦʢ ʩʝ ʫʩʤʝʥʠ ʜʠʦ ʠʩʧʠʪʘ ʧʦʣʘʞʝ 
ʫʩʤʝʥʦ.ʂʦʥʘʯʥʘ ʦʮʿʝʥʘ ʠʩʧʠʪʘ ʩʝ ʬʦʨʤʠʨʘ ʥʘ ʦʩʥʦʚʫ ʫʩʧʿʝʭʘ ʩʘ ʢʦʣʦʢʚʠʿʫʤʘ, ʧʠʩʤʝʥʦʛ ʠ ʫʩʤʝʥʦʛ 
ʜʠʿʝʣʘ ʠʩʧʠʪʘ.   

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʋʚʦʜ ʫ ʩʘʚʨʝʤʝʥʫ ʪʝʦʨʠʿʫ ʩʠʩʪʝʤʘ ʫʧʨʘʚˀʘˁʘ. ʄʝʪʦʜʘ ʧʨʦʩʪʦʨʘ ʩʪʘˁʘ. 
2. ʊʨʘʥʩʬʦʨʤʘʮʠʿʝ ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʦʜʝʣʘ ʠʟ ʧʨʦʩʪʦʨʘ ʩʪʘˁʘ ʫ ʢʦʤʧʣʝʢʩʥʠ ʜʦʤʝʥ.  
3. ʆʜʨʝʹʠʚʘˁʝ ʦʜʟʠʚʘ ʩʠʩʪʝʤʘ ʫ ʧʨʦʩʪʦʨʫ ʩʪʘˁʘ. ʌʫʥʜʘʤʝʥʪʘʣʥʘ ʤʘʪʨʠʮʘ. 
4. ʊʨʘʥʩʬʦʨʤʘʮʠʿʘ ʤʦʜʝʣʘ ʫ ʧʨʦʩʪʦʨʫ ʩʪʘˁʘ. 
5. ʇʨʦʩʪʦʨ ʩʪʘˁʘ ʠ ʦʩʦʙʠʥʝ ʩʠʩʪʝʤʘ. ʂʦʥʪʨʦʣʘʙʠʣʥʦʩʪ. ʆʧʩʝʨʚʘʙʠʣʥʦʩʪ. ʉʪʘʙʠʣʠʟʘʙʠʣʥʦʩʪ. 
6. ʉʪʘʙʠʣʥʦʩʪ ʩʠʩʪʝʤʘ ʫ ʧʨʦʩʪʦʨʫ ʩʪʘˁʘ. ɼʝʬʠʥʠʮʠʿʘ ʩʪʘʙʠʣʥʦʩʪʠ ʧʦ ɲʘʧʫʥʦʚʫ. 
7. ʉʠʥʪʝʟʘ ʩʠʩʪʝʤʘ ʫ ʧʨʦʩʪʦʨʫ ʩʪʘˁʘ. ʇʦʚʨʘʪʥʝ ʩʧʨʝʛʝ ʧʦ ʩʪʘˁʫ ʠ ʠʟʣʘʟʫ. 
8. I ʧʘʨʮʠʿʘʣʥʠ ʠʩʧʠʪ 
9. ʂʘʣʤʘʥʦʚ ʨʝʛʫʣʘʪʦʨ. ʆʧʩʝʨʚʝʨ. ʇʨʠʥʮʠʧ ʩʝʧʘʨʘʮʠʿʝ ʢʨʝʪʘˁʘ. ʅʝʠʥʪʝʨʘʢʪʠʚʥʠ ʩʠʩʪʝʤʠ. 
10. ʋʚʦʜ ʫ ʥʝʣʠʥʝʘʨʥʝ ʉɸʋ. ʊʠʧʠʯʥʝ ʥʝʣʠʥʝʘʨʥʦʩʪʠ ʠ ˁʠʭʦʚʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. ʄʝʪʦʜʝ 
ʣʠʥʝʘʨʠʟʘʮʠʿʝ.  
11. ʄʝʪʦʜʘ ʬʘʟʥʦʛ ʧʨʦʩʪʦʨʘ. ʆʩʦʙʠʥʝ, ʿʝʜʥʘʯʠʥʝ ʠ ʥʘʯʠʥʠ ʢʦʥʩʪʨʫʢʮʠʿʝ ʬʘʟʥʠʭ ʪʨʘʿʝʢʪʦʨʠʿʘ. 
12. ʄʝʪʦʜʘ ʭʘʨʤʦʥʠʿʩʢʝ ʣʠʥʝʘʨʠʟʘʮʠʿʝ. ʆʧʠʩʥʘ ʬʫʥʢʮʠʿʘ. 
13. ʉʪʘʙʠʣʥʦʩʪ ʥʝʣʠʥʝʘʨʥʠʭ ʉɸʋ. ʇʨʚʘ ʠ ʜʨʫʛʘ ʤʝʪʦʜʘ ɲʘʧʫʥʦʚʘ. ʍʠʧʦʪʝʟʝ ɸʿʟʝʨʤʘʥʘ ʠ ʂʘʣʤʘʥʘ. 
14. ʃʫʨʿʝʦʚ ʧʨʦʙʣʝʤ. ʌʨʝʢʚʝʥʮʠʿʩʢʘ ʤʝʪʦʜʘ ʇʦʧʦʚʘ. 
15. ʎʠʧʢʠʥʦʚ ʧʘʨʘʙʦʣʠʯʥʠ ʢʨʠʪʝʨʠʿʫʤ. ʉʪʘʙʠʣʥʦʩʪ ʧʨʠʥʫʜʥʠʭ ʧʨʦʮʝʩʘ. ʇʨʠʤʿʝʨʠ. 
16. ɼʚʦʧʦʟʠʮʠʦʥʠ ʨʝʛʫʣʘʪʦʨʠ, ʉʠʩʪʝʤʠ ʧʨʦʤʿʝʥˀʠʚʝ ʩʪʨʫʢʪʫʨʝ, ʢʣʠʟʥʠ ʨʝʞʠʤʠ 
17. II ʧʘʨʮʠʿʘʣʥʠ ʠʩʧʠʪ 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ 
ʊʫʩʙʦʡʯʞ 
(ʧʝ-ʝʧ) 

ʏ. ʄʠʣʦʩʘʚˀʝʚʠ˂ ʊʝʦʨʠʿʘ ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ 1,ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 2008.  



ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʀʩʪʦʯʥʦʤ ʉʘʨʘʿʝʚʫ 
https://www.researchgate.net/publication/272620646_TEORIJA_AU
TOMATSKOG_UPRAVLJANJA_-1_E-book 

ʏ. ʄʠʣʦʩʘʚˀʝʚʠ˂ 

ʊʝʦʨʠʿʘ ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ 2,ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 
ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʀʩʪʦʯʥʦʤ ʉʘʨʘʿʝʚʫ 
https://www.researchgate.net/publication/272620975_TEORIJA_AU
TOMATSKOG_UPRAVLJANJA_-_2_E-book 

2007.  

ʏ ʄʠʣʦʩʘʚˀʝʚʠ˂ 
ʆʩʥʦʚʠ ʘʫʪʦʤʘʪʠʢʝ-ʄʝʪʦʜʠʯʢʘ ʟʙʠʨʢʘ ʟʘʜʘʪʘʢʘ, ɽʣʝʢʪʨʦʥʩʢʠ 
ʬʘʢʫʣʪʝʪ ʅʠʰ 

1995.  

ɼ. ɸʥʪʠ˂, ʏ. ʄʠʣʦʩʘʚˀʝʚʠ˂, 
ɻ. ɻʦʣʦ, ɼ. ʄʠʪʠ˂, ʇ. ɺʫʢʦʚʠ˂ 

ʉʠʩʪʝʤʠ ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ-ʀʩʧʠʪʥʠ ʟʘʜʘʮʠ, ɽʣʝʢʪʨʦʥʩʢʠ 
ʬʘʢʫʣʪʝʪ ʅʠʰ 

1995.  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ 
ʊʫʩʙʦʡʯʞ 
(ʧʝ-ʝʧ) 

ʄʠʣʠ˂ ʈ. ʉʪʦʿʠ˂ 
ʂʦʥʪʠʥʫʘʣʥʠ ʩʠʩʪʝʤʠ ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ, ɽʣʝʢʪʨʦʥʩʢʠ 
ʬʘʢʫʣʪʝʪ ʫ ʅʠʰʫ 

2000.  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 5 5% 

ʧʨʚʠ ʢʦʣʦʢʚʠʿʫʤ 25 25% 

ʜʨʫʛʠ ʢʦʣʦʚʠʿʫʤ 25 25% 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ) 45 45% 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 
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ʐɾʋɻʉʋɹ ɼʇɽʁʆɹ ð ʇɺɹɻɾʀʆʁ ʈʉɾɽʅɾʋʁ 
 

 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ IV ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʇʊʆʇɻʁ ʋɾʄɾʃʇʅʌʆʁʃɹʏʁɲɹ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʝ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ  

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-041-7 ʦʙʘʚʝʟʘʥ VII 5,0 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʜʨ ʄʠʨʿʘʥʘ ʄʘʢʩʠʤʦʚʠ˂, ʜʦʮʝʥʪ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʄʘʨʢʦ ɹʦʰʢʦʚʠ˂, ʤʨ, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 2 0 45 45 0 1,5 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W = 2*15 + 2*15 + 0*15  =60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
T = 2*15*1,5+ 2*15*1,5 = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 90= 150ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʎʠˀ ʧʨʝʜʤʝʪʘ ʿʝ ʜʘ ʩʪʫʜʝʥʪʠ ʦʚʣʘʜʘʿʫ:   
1. ʦʩʥʦʚʥʠʤ ʧʦʩʪʫʧʮʠʤʘ ʘʥʘʣʠʟʝ ʘʥʘʣʦʛʥʠʭ ʠ ʜʠʛʠʪʘʣʥʠʭ ʩʠʛʥʘʣʘ,  
2. ʣʠʥʝʘʨʥʠʭ ʠ ʥʝʣʠʥʝʘʨʥʠʭ ʩʠʩʪʝʤʘ ʧʨʝʥʦʩʘ, 
3. ʧʨʠʥʮʠʧʠʤʘ ʧʨʝʥʦʩʘ ʘʥʘʣʦʛʥʠʭ ʠ ʜʠʛʠʪʘʣʥʠʭ ʩʠʛʥʘʣʘ ʫ ʦʩʥʦʚʥʦʤ ʠʪʨʘʥʩʧʦʥʦʚʘʥʦʤ ʦʧʩʝʛʫ, 
4. ʨʘʜʦʤ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ ʠ ʫʧʦʟʥʘʿʫ ʩʝ ʩʘ ʧʨʘʢʪʠʯʥʠʤ ʢʦʤʫʥʠʢʘʮʠʦʥʠʤ ʩʠʩʪʝʤʠʤʘ. 

ʌʪʤʧʛˁʞʦʧʪʫ 
ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. ʇʦʪʨʝʙʥʘ ʩʫ ʧʨʝʜʟʥʘˁʘ ʠʟ ʧʨʝʜʤʝʪʘ: 
ʄʘʪʝʤʘʪʠʢʘ I, II ʠ III, ʆʩʥʦʚʠ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ, ɸʥʘʣʠʟʘ ʩʠʛʥʘʣʘ ʠ ʩʠʩʪʝʤʘ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʅʘʩʪʘʚʘ ʩʝ ʠʟʚʦʜʠ ʫ ʦʙʣʠʢʫ ʧʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʠʭ ʠ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʚʿʝʞʙʠ. ʋʯʝˁʝ, ʢʦʣʦʢʚʠʿʫʤʠ 
ʠ ʢʦʥʩʫʣʪʘʮʠʿʝ.  

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʋʚʦʜ. ʄʦʜʝʣ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʦʥʦʛ ʩʠʩʪʝʤʘ. 
2. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʩʠʛʥʘʣʘ. ɸʥʘʣʠʟʘ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠʭ ʩʠʛʥʘʣʘ: ʌʫʨʠʿʝʦʚʠ ʨʝʜʦʚʠ (ʧʝʨʠʦʜʠʯʥʠ 
ʩʠʛʥʘʣʠ) ʠ ʌʫʨʠʿʝʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ (ʘʧʝʨʠʦʜʠʯʥʠ ʩʠʛʥʘʣʠ). 
3. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʠʛʥʘʣʘ ʨʝʘʣʥʠʭ ʧʦʨʫʢʘ (ʪʝʣʝʛʨʘʬʠʿʘ, ʧʨʝʥʦʩ ʧʦʜʘʪʘʢʘ, ʛʦʚʦʨ, ʤʫʟʠʢʘ, ʪʚ ʩʣʠʢʘ). 
4. ʇʨʝʥʦʩ ʩʠʛʥʘʣʘ ʢʨʦʟ ʣʠʥʝʘʨʥʝ ʠ ʥʝʣʠʥʝʘʨʥʝ ʩʠʩʪʝʤʝ (ʣʠʥʝʘʨʥʘ ʠ ʥʝʣʠʥʝʘʨʥʘ ʠʟʦʙʣʠʯʝˁʘ). 
5. ʄʦʜʫʣʘʮʠʿʘ ʠ ʜʝʤʦʜʫʣʘʮʠʿʘ ʘʥʘʣʦʛʥʠʭ ʩʠʛʥʘʣʘ: ʘʤʧʣʠʪʫʜʩʢʘ (ʂɸʄ, ɸʄ-2ɹʆ, ɸʄ-1ɹʆ, ʅɹʆ, 
Qɸʄ). 
6. ʄʦʜʫʣʘʮʠʿʘ ʠ ʜʝʤʦʜʫʣʘʮʠʿʘ ʘʥʘʣʦʛʥʠʭ ʩʠʛʥʘʣʘ: ʬʘʟʥʘ ʠ ʬʨʝʢʚʝʥʮʠʿʩʢʘ. 
7. ʇʨʠʥʮʠʧʠ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʤʫʣʪʠʧʣʝʢʩʘ. 
8. ʊʝʦʨʝʤʘ ʦ ʦʜʘʙʠʨʘˁʫ.ʂʚʘʥʪʠʟʘʮʠʿʘ. 
9. ʀʤʧʫʣʩʥʝ ʤʦʜʫʣʘʮʠʿʝ: ʀɸʄ, ʀʊʄ, ʀʇʄ, ʀʂʄ. 
10. ʄʫʣʪʠʧʣʝʢʩ ʩʘ ʚʨʝʤʝʥʩʢʦʤ ʨʘʩʧʦʜʿʝʣʦʤ ʢʘʥʘʣʘ. 
11. ʄʦʜʝʣ ʩʠʩʪʝʤʘ ʟʘ ʧʨʝʥʦʩ ʜʠʛʠʪʘʣʥʠʭ ʩʠʛʥʘʣʘ ʠ ʦʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʜʠʛʠʪʘʣʥʠʭ ʩʠʛʥʘʣʘ. 
12. ʄʦʜʝʣ ʩʠʩʪʝʤʘ ʧʨʝʥʦʩʘ ʫ ʦʩʥʦʚʥʦʤ ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ. 
13. ʇʨʝʥʦʩ ʩʠʛʥʘʣʘ ʫ ʫʩʥʦʚʥʦʤ ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ. ʋʪʠʮʘʿ ʰʫʤʘ ʠ ʠʥʪʝʨʩʠʤʙʦʣʩʢʘ 
ʠʥʪʝʨʬʝʨʝʥʮʠʿʘ. 
14. ʅʠʢʚʠʩʪʦʚʠ ʢʨʠʪʝʨʠʿʫʤʠ. 
15. ʇʦʩʪʫʧʮʠ ʤʦʜʫʣʘʮʠʿʝ ʠ ʜʝʤʦʜʫʣʘʮʠʿʝʜʠʛʠʪʘʣʥʠʭ ʩʠʛʥʘʣʘ: ASK, PSK, FSK. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʀ. ʉ. ʉʪʦʿʘʥʦʚʠ˂ 
ʆʩʥʦʚʠ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʘ, 
ɻʨʘʹʝʚʠʥʩʢʘ ʢˁʠʛʘ ɹʝʦʛʨʘʜ 

1977.  

ɺ. ʄʠʣʦʰʝʚʠ˂,   
ʄ.ʊʝʤʝʨʠʥʘʮ, ɾ. ʊʨʧʦʚʩʢʠ 

ʆʩʥʦʚʠ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʘ, ɿʙʠʨʢʘ ʟʘʜʘʪʘʢʘ, 
 ʌʊʅ ʅʦʚʠ ʉʘʜ 

1996.  

ɺ. ʄʠʣʦʰʝʚʠ˂, ɺ. ɼʝʣʠ˂ 
ɼʠʛʠʪʘʣʥʝ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʝ, ɿʙʠʨʢʘ ʟʘʜʘʪʘʢʘ 
ʌʊʅ ʅʦʚʠ ʉʘʜ 

1996.  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 



ɾ. ʊʨʧʦʚʩʢʠ 
ʆʩʥʦʚʠ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʘ, 
 ʌʊʅ ʅʦʚʠ ʉʘʜ 

2004.  

ɻ. ʃʫʢʘʪʝʣʘ, ɼ. ɼʨʘʿʠ˂, ɻ. 
ʇʝʪʨʦʚʠ˂ 

ɼʠʛʠʪʘʣʥʝ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʝ,  
ɻʨʘʹʝʚʠʥʩʢʘ ʢˁʠʛʘ ɹʝʦʛʨʘʜ, 

1978.  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 5 5 % 

I ʢʦʣʦʢʚʠʿʫʤ 20 20 % 

II ʢʦʣʦʢʚʠʿʫʤ 20 20 % 

 ʣʘʙ. ʚʿʝʞʙʝ  10 10 % 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 45 45 % 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ IV ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʋɾʇʉʁɲɹ ʇʈʋʁʅɹʄʆʁʎ ʉɲɾʑɾɴɹ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʘʫʪʦʤʘʪʠʢʫ ʠ ʨʦʙʦʪʠʢʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

AE-08-1-141-7 ʦʙʘʚʝʟʘʥ VII 5 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ʄʠʣʠʮʘ ʅʘʫʤʦʚʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʤʨ ʅʘʪʘʰʘ ʇʦʧʦʚʠ˂, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 2 0 45 45 0 1,5 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W = 2*15 + 2*15 + 0*15  =60 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
T = 2*15*1,5+ 2*15*1,5 = 90 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 90= 150ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

1.  ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ ʩʪʝ˂ʠ ʦʩʥʦʚʥʘ ʪʝʦʨʠʿʩʢʘ ʟʥʘˁʘ ʦ ʨʘʟʣʠʯʠʪʠʤ 
ʤʝʪʦʜʘʤʘ ʦʧʪʠʤʠʟʘʮʠʿʝ. 
2.  ʉʪʫʜʝʥʪ ˂ʝ ʦʚʣʘʜʘʪʠ ʦʩʥʦʚʥʠʤ ʪʝʦʨʠʿʩʢʠʤ ʟʥʘˁʠʤʘ ʢʦʿʘ ʩʫ ʥʝʦʧʭʦʜʥʘ ʟʘ ʥʘʣʘʞʝˁʝ ʦʧʪʠʤʘʣʥʦʛ 
ʨjʝʰʝˁʘ ʢʦʥʢʨʝʪʥʦʛ ʧʨʦʙʣʝʤʘ. 
3.  ʉʪʫʜʝʥʪ ˂ʝ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ ʩʪʝʯʝʥʘ ʟʥʘˁʘ ʧʨʦʚjʝʨʠ ʠ ʚʝʨʠʬʠʢʫʿʝ ʩʠʤʫʣʘʮʠʿʦʤ ʥʘ 
ʜʠʛʠʪʘʣʥʦʤ ʨʘʯʫʥʘʨʫ. 
4.  ʉʪʫʜʝʥʪ ˂ʝ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ ʩʪʝʯʝʥʘ ʟʥʘˁʘ ʧʨʠʤʠjʝʥʠ ʧʨʠ ʨjʝʰʘʚʘˁʫ ʙʨʦʿʥʠʭ ʧʨʦʙʣʝʤʘ ʠʟ ʠ 
ʚʘʥ ʩʪʨʫʢʝ. 

ʌʪʤʧʛˁʞʦʧʪʫ 
ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. ʇʦʪʨʝʙʥʘ ʧʨʝʜʟʥʘˁʘ ʠʟ ʧʨʝʜʤʝʪʘ: ʄʘʪʝʤʘʪʠʢʘ I, 
ʄʘʪʝʤʘʪʠʢʘ II, ʊɸʋ-2. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʅʘʩʪʘʚʘ ʩʝ ʠʟʚʦʜʠ ʫ ʦʙʣʠʢʫ ʧʨʝʜʘʚʘˁʘ ʠ ʘʫʜʠʪʦʨʥʠʭ ʚʿʝʞʙʠ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʋʚʦʜ ʫ ʦʧʪʠʤʘʣʥʝ ʩʠʩʪʝʤʝ ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ. 
2. ʆʩʥʦʚʥʠ ʧʦʿʤʦʚʠ, ʬʦʨʤʫʣʘʮʠʿʘ ʟʘʜʘʪʢʘ ʦʧʪʠʤʘʣʥʦʛ ʫʧʨʘʚˀʘˁʘ, ʢʨʠʪʝʨʠʿʫʤʠ  

ʦʧʪʠʤʘʣʥʦʩʪʠ. 
3. ʇʦʪʨʝʙʥʠ ʫʩʣʦʚʠ ʦʧʪʠʤʘʣʥʦʩʪʠ. 
4. ɿʘʜʘʮʠ ʩʪʘʪʠʯʢʝ ʦʧʪʠʤʠʟʘʮʠʿʝ. 
5. ʆʧʪʠʤʠʟʘʮʠʿʘ ʢʨʠʪʝʨʠʿʫʤʩʢʝ ʬʫʥʢʮʠʿʝ ʙʝʟ ʦʛʨʘʥʠʯʝˁʘ ʠ ʩʘ ʘʣʛʝʙʘʨʩʢʠʤ  

ʦʛʨʘʥʠʯʝˁʝʤ. 
6. ʃʘʛʨʘʥʞʦʚʠ ʤʫʣʪʠʧʣʠʢʘʪʦʨʠ ʠ ʍʘʤʠʣʪʦʥʦʚʘ ʬʫʥʢʮʠʿʘ. 
7. ʃʠʥʝʘʨʥʦ ʧʨʦʛʨʘʤʠʨʘˁʝ. ʇʦʩʪʘʚʢʘ ʧʨʦʙʣʝʤʘ ʣʠʥʝʘʨʥʦʛ ʧʨʦʛʨʘʤʠʨʘˁʘ. ʉʠʤʧʣʝʢʩ  

ʘʣʛʦʨʠʪʘʤ. ʇʨʘʢʪʠʯʥʘ ʘʧʣʠʢʘʮʠʿʘ ʪʝʦʨʠʿʝ ʜʫʘʣʥʦʩʪʠ. 
8. ʂʣʘʩʠʯʥʠ ʧʨʠʣʘʟʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʢʦʥʪʠʥʫʘʣʥʠʭ ʠ ʜʠʛʠʪʘʣʥʠʭ ʩʠʩʪʝʤʘ ʦʧʪʠʤʘʣʥʦʛ 

ʫʧʨʘʚˀʘˁʘ. 
9.  ʄʝʪʦʜ ʚʘʨʠʿʘʮʠʦʥʦʛ ʨʘʯʫʥʘ. ʆʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ ʩʘ ʟʘʜʘʪʠʤ ʬʠʥʘʣʥʠʤ  

ʚʨʝʤʝʥʦʤ. 
10. ʆʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤ ʩʘ ʥʝʩʧʝʮʠʬʠʮʠʨʘʥʠʤ ʬʠʥʘʣʥʠʤ ʚʨʝʤʝʥʦʤ. 
11. ʆʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʙʣʝʤʠ ʩʘ ʦʛʨʘʥʠʯʝˁʠʤʘ. 
12. ʄʝʪʦʜ ʧʨʠʥʮʠʧʘ ʤʘʢʩʠʤʫʤʘ ʟʘ ʢʦʥʪʠʥʫʘʣʥʝ ʠ ʜʠʩʢʨʝʪʥʝ ʩʠʩʪʝʤʝ. ʇʨʠʥʮʠʧ  

ʦʧʪʠʤʘʣʥʦʩʪʠ. 
13. ɼʠʥʘʤʠʯʢʦ ʧʨʦʛʨʘʤʠʨʘˁʝ. 
14. ʂʦʥʪʠʥʫʘʣʥʠ ʣʠʥʝʘʨʥʠ ʢʚʘʜʨʘʪʥʠ ʦʧʪʠʤʘʣʥʠ ʨʝʛʫʣʘʪʦʨʠ ʩʪʘˁʘ. ʈʠʢʘʪʠʿʝʚʘ  

ʿʝʜʥʘʯʠʥʘ. ʇʨʠʥʮʠʧ ʩʝʧʘʨʘʮʠʿʝ. 
15. ʇʨʦʿʝʢʪʦʚʘˁʝ ʦʧʩʝʨʚʝʨʘ. ʇʨʠʤʿʝʨʠ ʧʨʦʿʝʢʪʦʚʘˁʘ. 

 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʄ. ʅʘʫʤʦʚʠ˂ 
Ăʊʝʭʥʠʢʝ ʦʧʪʠʤʘʣʥʦʛ ʫʧʨʘʚˀʘˁʘñ, WUS-Austria, 
ɽʌ ʅʠʰ 

2007.  

    

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 



ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

    

    

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 5 5 % 

ʪʝʩʪ/ ʢʦʣʦʢʚʠʿʫʤ 45 45 % 

   

   

   

   

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 50 50 % 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ 
http://starisajt.elfak.ni.ac.rs/milica_naumovic/TEHNIKE%20OPTIMALNOG%20UPRAVLJANJA_%20Milica
%20Naumovic.pdf 
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ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ IV ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ Mʁʃʉʇʈʉʇʏɾʊʇʉʊʃʁ ʊʁʊʋɾʅʁ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ Eʣʝʢʪʨʦʥʠʢʫ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʩʠʩʪʝʤʝ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-043-7 ʆʙʘʚʝʟʘʥ VII 5 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ʉʣʦʙʦʜʘʥ ʃʫʙʫʨʘ, ʚʘʥʜʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʆʛˁʝʥ ɹʿʝʣʠʮʘ, ʤʨʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 1 1 45 22.5 22.5 1.5 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W = 2*15 + 1*15 + 1*15  =60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ = 2*15*So + 1*15*So + 1*15*So = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 90= 150ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

1. ɿʥʘˁʘ ʦ ʦʩʥʦʚʥʠʤ ʧʨʠʥʮʠʧʠʤʘ ʨʘʜʘ ʩʠʩʪʝʤʘ ʩʘ ʫʛʨʘʹʝʥʠʤ 
ʨʘʯʫʥʘʨʦʤ(ʤʠʢʨʦʧʨʦʮʝʩʦʨʦʤ/ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʦʤ) 
2. ʇʨʦʿʝʢʪʦʚʘˁʝ, ʪʝʩʪʠʨʘˁʝ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʭʘʨʜʚʝʨʩʢʝ ʬʫʥʢʮʠʦʥʘʣʥʝ ʿʝʜʠʥʠʮʝ ʩʘ 
(ʤʠʢʨʦʧʨʦʮʝʩʦʨʦʤ/ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʦʤ)ʥʘ ʦʩʥʦʚʫ ʟʘʜʘʪʝ ʩʧʝʮʠʬʠʢʘʮʠʿʝ. 
3.ʄʦʜʝʣʠʨʘˁʝ, ʧʨʦʿʝʢʪʦʚʘˁʝ, ʪʝʩʪʠʨʘˁʝ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʿʝʜʥʦʩʪʘʚʥʠʭ ʘʧʣʠʢʘʪʠʚʥʠʭ ʠ 
ʩʠʩʪʝʤʩʢʠʭ ʧʨʦʛʨʘʤʘ ʫ ʩʠʤʙʦʣʠʯʢʦʤ ʤʘʰʠʥʩʢʦʤ ʿʝʟʠʢʫʟʘ ʟʘʜʘʪʠ ʤʠʢʨʦʨʘʯʫʥʘʨʩʢʠ ʩʠʩʪʝʤ. 
4.ʄʦʜʝʣʠʨʘˁʝ, ʧʨʦʿʝʢʪʦʚʘˁʝ, ʪʝʩʪʠʨʘˁʝ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʿʝʜʥʦʩʪʘʚʥʠʭ ʘʧʣʠʢʘʪʠʚʥʠʭ ʠ 
ʩʠʩʪʝʤʩʢʠʭ ʧʨʦʛʨʘʤʝ ʫʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ ʚʠʩʦʢʦʛ ʥʠʚʦʘ ʟʘ ʟʘʜʘʪʠ ʤʠʢʨʦʨʘʯʫʥʘʨʩʢʠ ʩʠʩʪʝʤ. 

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʫʩʣʦʚˀʝʥʦʩʪʠ ʜʨʫʛʠʤ ʧʨʝʜʤʝʪʠʤʘ 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʇʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ, ʩʝʤʠʥʘʨʩʢʠ ʨʘʜʦʚʠ, ʜʦʤʘ˂ʝ ʟʘʜʘ˂ʝ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1.ɸʨʭʠʪʝʢʪʫʨʘ ʤʠʢʨʦʧʨʦʮʝʩʦʨʘ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʘ,  
2.ʆʨʛʘʥʠʟʘʮʠʿʘ ʧʨʦʛʨʘʤʩʢʝ ʠ ʤʝʤʦʨʠʿʝ ʟʘ ʧʦʜʘʪʘʢʝ 
3. CPU ʠ ALU ʿʝʜʠʥʠʮʘ 
4. ʉʢʫʧ ʠʥʩʪʨʫʢʮʠʿʘ ʠ ʥʘʯʠʥʠ ʘʜʨʝʩʠʨʘˁʘ 
5. ʀʥʪʝʨʘʧʪ ʪʝʭʥʠʢʘ ʦʧʩʣʫʞʠʚʘˁʘ ʧʨʝʢʠʜʘ 
6. I/O ʧʦʨʪʦʚʠ 
7. ʊʘʿʤʝʨʩʢʠ ʤʦʜʫʣʠ 
8. ʄʦʜʫʣʠ ʟʘ ʩʠnʭʨʦʥʫ ʠ ʘʩʠʥʭʨʦʥʫ ʩʝʨʠʿʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿu 
9. MSSP  ʤʦʜʫʣ (SPI ʠ I2C) ʩʝʨʠʿʩʢʝ ʢʦʤʫʥʠʢʘʮʠʿʝ 
10. CCP ʠ PWM ʤʦʜʫʣʠ 
11. ʄoʜʫʣ ʟʘ ɸ/D ʢʦʥʚʝʨʟʠʿʫ ʠ ʘʥʘʣʦʛʥʠ ʢʦʤʧʘʨʘʪʦʨʠ 
12. ʆʩʮʠʣʘʪʦʨʩʢʠ ʤʦʜʫʣ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʨʝʩʝʪ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʘ 
13. ʋʧʨʘʚˀʘˁʝ WDT; ʋʧʨʘʚˀʘˁʝ EEPROM ʤʦʜʫʣʦʤ 
14. ɺʨʝʤʝʥʩʢʘ ʘʥʘʣʠʟʘ ʠʟʚʨʰʘʚʘˁʘ ʧʝʪˀʠ ʠ ʧʨʠʤʿʝʥʘ GOTO ʪʝʭʥʠʢʘ 
15.ʇʨʦʛʨʘʤʠʨʘˁʝ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʘ ʫ mikroC 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʄʠʣʘʥ ɺʝʨʣʝ PIC  ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʠò, ʄʠʢʦʨʝʣʝʢʪʨʦʥʠʢʘ, ɹʝʦʛʨʘʜ 2008 - 

Martin P. Bates 
Programming 8-bit PIC microcontrollers in C, 
Newnespress 

2002 - 

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

Martin P. Bates 
Interfacing PIC MicrocontrollersEmbedded Design by 
Interactive Simulationò, Elsevier 

2006 - 

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʥʘʩʪʘʚʠ/ʚʿʝʞʙʘʤʘ 10 10% 

ʧʨʠʩʪʫʧʥʠ ʪʝʩʪ 10 10% 

ʧʨʦʿʝʢʪʥʠ ʟʘʜʘʪʘʢ 60 60% 



ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 20 20% 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ http://www.etf.unssa.rs.ba/~slubura/Mikroprocesorska%20elektronika/ 
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ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ IV ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʅʇɽɾʄʇɻɹɴɾ ʁ ʊʁʅʌʄɹʏʁɲɹ ʈʉʇʏɾʊɹ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʘʫʪʦʤʘʪʠʢʫ ʠ ʨʦʙʦʪʠʢʫï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-107-7 ʆʙʘʚʝʟʘʥ VII 6,0 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʇʨʦʬ. ʜʨ ʊʦʤʠʩʣʘʚ ʐʝʢʘʨʘ, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʉʨʹʘʥ ʃʘʣʝ, ʤʨ, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 1 2 42 21 42 1,4 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ) 
W = 2*15 + 1*15 + 2*15  =75ʩʘʪʘ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ) 
T = 2*15*So + 1*15*So + 2*15*So = 105 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 75 + 105= 180ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ: 
1. ʇʨʠʤʿʝˁʫʿʝ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʤʘʪʝʤʘʪʠʯʢʝ ʘʥʘʣʠʟʝ ʧʨʦʮʝʩʘ ʫ ʠʥʞʝˁʝʨʩʢʦʿ ʧʨʘʢʩʠ. 
2. ʆʙʘʚˀʘ ʩʠʥʪʝʟʫ ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʦʜʝʣʘ ʧʨʦʮʝʩʘ. 
3. ʂʦʨʠʩʪʠ ʩʦʬʪʚʝʨʩʢʝ ʘʣʘʪʝ MATLAB, SIMULINK i MAPLE ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʨʘʟʚʠʿʝʥʠʭ 
ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʦʜʝʣʘ. 
4. ʀʟʚʨʰʘʚʘ ʝʢʩʧʣʦʘʪʘʮʠʿʫ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʩʘ ʤʦʜʝʣʘ ʫ ʠʥʞʝˁʝʨʩʢʦʿ ʧʨʘʢʩʠ. 

ʌʪʤʧʛˁʞʦʧʪʫ 
ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. ʇʦʪʨʝʙʥʘ ʧʨʝʜʟʥʘˁʘ ʠʟ ʧʨʝʜʤʝʪʘ: ʊʝʦʨʠʿʘ 
ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ I ʠ II, ʄʘʪʝʤʘʪʠʢʘ I, II ʠ III, ʌʠʟʠʢʘ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʅʘʩʪʘʚʘ ʩʝ ʠʟʚʦʜʠ ʫ ʦʙʣʠʢʫ ʧʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʠʭ ʚʿʝʞʙʠ ʠ ʧʦʢʘʟʥʠʭ ʚʿʝʞʙʠ ʥʘ ʨʘʯʫʥʘʨʫ ʫʟ 
ʢʦʨʠʰ˂ʝˁʝ ʩʦʬʪʚʝʨʩʢʠʭ ʘʣʘʪʘ MATLAB, SIMULINK ʠ MAPLE. ʋʯʝˁʝ, ʪʝʩʪʦʚʠ, ʟʘʜʘ˂ʝ ʠ 
ʢʦʥʩʫʣʪʘʮʠʿʝ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʋʚʦʜ ʫ ʪʝʦʨʠʿʫ ʤʦʜʝʣʦʚʘˁʘ ʬʠʟʠʯʢʠʭ ʩʠʩʪʝʤʘ. ʆʩʥʦʚʥʠ ʧʦʿʤʦʚʠ ʠ ʜʝʬʠʥʠʮʠʿʝ.  
2. ʋʚʦʜ ʫ ʚʘʨʠʿʘʮʠʦʥʠ ʧʨʠʥʮʠʧ. ɺʘʨʠʿʘʮʠʦʥʠ ʧʨʠʥʮʠʧʠ ʟʘ ʩʪʘʪʠʢʫ ʠ ʜʠʥʘʤʠʢʫ. 
3. ʄʦʜʝʣʦʚʘˁʝ ʤʝʭʘʥʠʯʢʠʭ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚˀʝʥʠʭ ʠʜʝʘʣʠʟʦʚʘʥʠʤ ʝʣʝʤʝʥʪʠʤʘ. 
4. ɻʝʥʝʨʘʣʠʩʘʥʝ ʢʦʦʨʜʠʥʘʪʝ. ʍʘʤʠʣʪʦʥʦʚ ʧʨʠʥʮʠʧ. ʃʘʛʨʘʥʞ-ʆʿʣʝʨʦʚʝ ʿʝʜʥʘʯʠʥʝ. 
5. ʀʟʚʦʹʝˁʝ ʿʝʜʥʘʯʠʥʘ ʜʠʥʘʤʠʢʝ ʤʝʭʘʥʠʯʢʠʭ ʩʠʩʪʝʤʘ ʩʘʩʪʘʚˀʝʥʠʭ ʦʜ ʢʨʫʪʠʭ ʪʠʿʝʣʘ. 
6. ɼʠʥʘʤʠʯʢʠ ʤʦʜʝʣʠ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʠʭ ʩʠʩʪʝʤʘ. ɽʣʝʢʪʨʦʤʝʭʘʥʠʯʢʝ ʘʥʘʣʦʛʠʿʝ. 
7. ʄʦʜʝʣʦʚʘˁʝ ʭʠʜʨʘʫʣʠʯʥʠʭ ʩʠʩʪʝʤʘ. 
8. I ʧʘʨʮʠʿʘʣʥʠ ʠʩʧʠʪ 
9. ʇʨʦʛʨʘʤʩʢʠ ʧʘʢʝʪʠ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʜʠʥʘʤʠʯʢʠʭ ʩʠʩʪʝʤʘ: MATLAB, SIMULINK, MAPLE. 
10. ʌʦʨʤʠʨʘˁʝ ʠ ʘʥʘʣʠʟʘ ʤʦʜʝʣʘ u MATLAB, SIMULINK ʠ MAPLE. ɹʠʙʣʠʦʪʝʢʝ SIMULINK-ʘ. 
11. ɼʠʥʘʤʠʯʢʠ ʤʦʜʝʣʠ ʝʣʝʢʪʨʦʤʝʭʘʥʠʯʢʠʭ ʩʠʩʪʝʤʘ. 
12. ɼʠʥʘʤʠʢʘ ʠʥʢʨʝʤʝʥʪʘʣʥʠʭ ʢʦʥʚʝʨʪʦʨʘ. ʃʠʥʝʘʨʠʟʘʮʠʿʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʭ ʿʝʜʥʘʯʠʥʘ ʢʨʝʪʘˁʘ. 
13. ɻʝʥʝʨʘʣʠʩʘʥʘ ʦʙʨʪʥʘ ʤʘʰʠʥʘ. ɱʝʜʥʘʯʠʥʝ ʢʨʝʪʘˁʘ ʛʝʥʝʨʘʣʠʩʘʥʝ ʤʘʰʠʥʝ. 
14. ɼʠʥʘʤʠʯʢʠ ʤʦʜʝʣʠ ʢʦʤʫʪʘʪʦʨʩʢʠʭ ʤʘʰʠʥʘ. 
15. ɼʠʥʘʤʠʯʢʠ ʤʦʜʝʣʠ ʠʥʜʫʢʮʠʦʥʠʭ ʤʘʰʠʥʘ. ɼʠʥʘʤʠʢʘ ʜʚʦʬʘʟʥʝ ʘʩʠʥʭʨʦʥʝ ʤʘʰʠʥʝ. 
16. ʄʦʜʝʣ ʜʚʦʬʘʟʥʦʛ ʩʝʨʚʦʤʦʪʦʨʘ. ɼʠʥʘʤʠʢʘ ʪʨʦʬʘʟʥʝ ʘʩʠʥʭʨʦʥʝ ʤʘʰʠʥʝ. ʄʦʜʝʣʠ ʩʠʥʭʨʦʥʠʭ 
ʤʘʠhʥʘ. 
17. II ʧʘʨʮʠʿʘʣʥʠ ʠʩʧʠʪ 
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H. Klee, R. Allen 
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Simulink®, CRC Press 

2011  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 5 5 % 

I ʢʦʣʦʢʚʠʿʫʤ 25 25 % 

II ʢʦʣʦʢʚʠʿʫʤ 25 25 % 

ʨʘʜ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ/ ʣʘʙ. ʚʿʝʞʙʝ 15 15 % 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 30 30 % 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ IV ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʈʉʇɲɾʃʋʇɻɹɴɾ ʊʁʊʋɾʅɹ ɹʌʋʇʅɹʋʊʃʇɼ ʌʈʉɹɻɳɹɴɹ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʘʫʪʦʤʘʪʠʢʫ ʠ ʨʦʙʦʪʠʢʫï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-051-8 ʆʙʘʚʝʟʘʥ VIII 6,0 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ʊʦʤʠʩʣʘʚ ʐʝʢʘʨʘ, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʉʨʹʘʥ ʃʘʣʝ, ʤʨ, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 0 3 42 0 63 1,4 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ) 
W = 2*15 + 0*15 + 3*15  =75ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
T = 2*15*So + 0*15*So + 3*15*So = 105 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 75 + 105= 180ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ: 
1. ʂʦʨʠʩʪʠ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʧʨʦʮʝʩʘ. 
2. ʂʦʨʠʩʪʠ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʧʨʦʿʝʢʪʦʚʘˁʘ ʩʠʩʪʝʤʘ ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ. 
3. ʂʦʨʠʩʪʠ ʩʦʬʪʚʝʨʩʢʝ ʘʣʘʪʝ MATLAB, SIMULINK i MAPLE ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʧʨʦʮʝʩʘ ʠ 
ʧʨʦʿʝʢʪʦʚʘˁʝ ʩʠʩʪʝʤʘ ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ. 
4. ʇʨʠʤʿʝˁʫʿʝ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʧʨʦʮʝʩʘ ʠ ʧʨʦʿʝʢʪʦʚʘˁʘ ʩʠʩʪʝʤʘ ʘʫʪʦʤʘʪʩʢʦʛ 
ʫʧʨʘʚˀʘˁʘ ʫ ʧʨʘʢʩʠ. 

ʌʪʤʧʛˁʞʦʧʪʫ 
ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. ʇʦʪʨʝʙʥʘ ʧʨʝʜʟʥʘˁʘ ʠʟ ʧʨʝʜʤʝʪʘ ʊʝʦʨʠʿʘ 
ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ I ʠ II. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʅʘʩʪʘʚʘ ʩʝ ʠʟʚʦʜʠ ʫ ʦʙʣʠʢʫ ʧʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʠʭ ʚʿʝʞʙʠ ʠ ʧʦʢʘʟʥʠʭ ʚʿʝʞʙʠ ʥʘ ʨʘʯʫʥʘʨʫ ʫʟ 
ʢʦʨʠʰ˂ʝˁʝ ʩʦʬʪʚʝʨʩʢʠʭ ʘʣʘʪʘ MATLAB, SIMULINK ʠ MAPLE. ʋʯʝˁʝ, ʪʝʩʪʦʚʠ, ʟʘʜʘ˂ʝ ʠ 
ʢʦʥʩʫʣʪʘʮʠʿʝ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʋʚʦʜʥʘ ʨʘʟʤʘʪʨʘˁʘ: ʉʪʨʫʢʪʫʨʝ ʠ ʤʦʜʝʣʠ ʉɸʋ, ʬʫʥʢʮʠʿʘ ʧʨʝʥʦʩʘ, ʿʝʜʥʘʯʠʥʝ ʩʪʘˁʘ... 
2. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʉɸʋ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʜʦʤʝʥʫ. ɺʨʝʤʝʥʩʢʠ ʠ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʜʟʠʚ. 
3. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʦʙʿʝʢʘʪʘ ʫʧʨʘʚˀʘˁʘ. ʀʟʙʦʨ ʠ ʧʘʨʘʤʝʪʨʠʟʘʮʠʿʘ ʤʦʜʝʣʘ. 
4. ʈʝʣʝʿʥʠ ʝʢʩʧʝʨʠʤʝʥʪ ʠ ʬʘʟʥʦ-ʟʘʢˀʫʯʘʥʘ ʧʝʪˁʘ. ʄʝʪʦʜʝ ʨʝʜʫʢʮʠʿʝ ʤʦʜʝʣʘ ʧʨʦʮʝʩʘ. 
ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʬʠʟʠʯʢʠʤ ʤʦʜʝʣʠʨʘˁʝʤ. 
5. ʇʨʦʿʝʢʪʦʚʘˁʝ ʉɸʋ ʩʘ ʿʝʜʥʠʤ ʫʣʘʟʦʤ ʠ ʿʝʜʥʠʤ ʠʟʣʘʟʦʤ. 
6. ʇʝʨʬʦʨʤʘʥʩʝ ʠ ʨʦʙʫʩʪʥʦʩʪ ʩʠʩʪʝʤʘ. ʇʨʦʮʝʜʫʨʝ ʟʘ ʧʨʦʿʝʢʪʦʚʘˁʝ ʨʝʛʫʣʘʪʦʨʘ. 
7. ɸʣʛʦʨʠʪʤʠ ʫʧʨʘʚˀʘˁʘ ʠ ˁʠʭʦʚʘ ʨʝʘʣʠʟʘʮʠʿʘ. ɼʠʩʢʨʝʪʥʠ ʟʘʢʦʥʠ ʫʧʨʘʚˀʘˁʘ. 
8. I ʧʘʨʮʠʿʘʣʥʠ ʠʩʧʠʪ 
9. ʇʨʦʿʝʢʪʦʚʘˁʝ ʩʣʦʞʝʥʠʭ ʉɸʋ. ʋʧʨʘʚˀʘˁʝ ʩʘ ʢʦʤʧʝʥʟʘʮʠʿʦʤ ʩʤʝʪˁʝ. ʂʘʩʢʘʜʥʦ ʫʧʨʘʚˀʘˁʝ. 
10. ʋʧʨʘʚˀʘˁʝ ʧʨʦʮʝʩʘ ʢʦʿʠ ʠʤʘʿʫ ʪʨʘʥʩʧʦʨʪʥʦ ʢʘʰˁʝˁʝ. ʉʤʠʪʭ-ʦʚ ʧʨʝʜʠʢʪʦʨ. 
11. ʇʨʦʿʝʢʪʦʚʘˁʝ ʉɸʋ ʩʘ ʚʠʰʝ ʫʣʘʟʘ ʠ ʚʠʰʝ ʠʟʣʘʟʘ. 
12. ʇʦʟʠʮʠʦʥʠʨʘˁʝ ʧʦʣʦʚʘ. 
13. ʉɸʋ ʙʝʟ ʢʦʤʧʣʝʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʧʨʦʤʿʝʥˀʠʚʠʤ ʩʪʘˁʘ. ʆʧʩʝʨʚʝʨ ʩʪʘˁʘ ʠ ʦʧʩʝʨʚʝʨ 
ʧʦʨʝʤʝ˂ʘʿʘ. 
14. ʇʨʦʿʝʢʪʦʚʘˁʝ ʉɸʋ ʟʘ ʪʠʧʠʯʥʝ ʠʜʫʩʪʨʠʿʩʢʝ ʧʨʦʮʝʩʝ. 
15. ʉʠʩʪʝʤʠ ʫʧʨʘʚˀʘˁʘ ʥʘ ʙʘʟʠ fuzzy ʣʦʛʠʢʝ. Fuzzy ʩʢʫʧʦʚʠ. ɽʢʩʧʝʨʪʥʠ ʩʠʩʪʝʤʠ. 
16. ʇʨʦʿʝʢʪʦʚʘˁʝ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʩʠʩʪʝʤʘ ʫʧʨʘʚˀʘˁʘ. Ladder ʜʠʿʘʛʨʘʤʠ. PLC. 
17. II ʧʘʨʮʠʿʘʣʥʠ ʠʩʧʠʪ 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɲ. ʉ. ɼʨʘʛʘʥʦʚʠ˂ 
ʇʨʦʿʝʢʪʦʚʘˁʝ ʩʠʩʪʝʤʘ ʘʫʪʦʤʘʪʩʢʦʛ ʫʧʨʘʚˀʘˁʘ, 
ʃʆʃɸ ʀʥʩʪʠʪʫʪ, ɹʝʦʛʨʘʜ 

2000  

G. C. Goodwin, S. F. Graebe, 
M. E. Salgado 

Control System Design, Prentice Hall 2000  

B. Wittenmark, K. J. Åström, K. 
Årzén 

Ifac Professional Brief Computer Control: An Overview, 
Lund Institute of Technology, Sweden 

  



ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

K. J. Åström, T. Hägglund PID Controllers: Theory, Design, and Tuning, ISA 1995  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 5 5 % 

ʧʨʚʠ ʢʦʣʦʢʚʠʿʫʤ 25 25 % 

ʜʨʫʛʠ ʢʦʣʦʚʠʿʫʤ 25 25% 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ) 45 45 % 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ IV ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʉɹʐʌʆɹʉʊʃʇ ʌʈʉɹɻɳɹɴɾ ʈʉʇʏɾʊʁʅɹ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ɸʫʪʦʤʘʪʠʢʫ ʠ ʨʦʙʦʪʠʢʫ - ɽʊʌ ʀʩʪʦʯʥʦ ʉʘʨʘʿʝʚʦ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-1-052-8 ʆʙʘʚʝʟʘʥ VIII 6 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ʉʣʦʙʦʜʘʥ ʃʫʙʫʨʘ, ʚʘʥʜʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʄʠʣʠʮʘ ʈʠʩʪʦʚʠ˂ ʂʨʩʪʠ˂, ʤʨ ʚʠʰʠ ʘʩʩʠʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 1 2 2*15*So 1*15*So 1*15*So 1.4 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W = 2*15 + 1*15 + 2*15  =75ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
T = 2*15*So + 1*15*So + 2*15*So = 105 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 75 + 105= 180ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

1. ʆʩʥʦʚʥʘ ʟʥʘˁʘ ʦ ʨʘʯʫʥʘʨʩʢʦʤ ʫʧʨʘʚˀʘˁʫ ʧʨʦʮʝʩʠʤʘ 
2.ʇʦʟʥʘʚʘˁʝ ʧʨʦʛʨʘʤʩʢʠʭ ʿʝʟʠʢʘ ʟʘ ʧʨʦʛʨʘʤʠʨʘˁʝ ʧʨʦʛʨʘʤʘʙʠʣʥʠʭ ʣʦʛʠʯʢʠʭ ʢʦʥʪʨʦʣʝʨʘ 
3.ɿʥʘˁʘ ʚʝʟʘʥʘ ʥʘ ʟʘ ʧʨʠʤʿʝʥʫ  ʇʃʂʫ ʠʥʜʫʩʪʨʠʿʠ 
4.ɿʥʘˁʘ ʚʝʟʘʥʘ ʥʘ ʟʘ ʦʜʨʞʘʚʘˁʝʇʃʂ 
5. ʆʩʥʦʚʥʘ ʟʥʘˁʘ ʦ ʩʠʩʪʝʤʠʤʘ ʟʘ ʜʘˀʠʥʩʢʠ ʥʘʜʟʦʨ ʠ ʫʧʨʘʚˀʘˁʝ 

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʫʩʣʦʚˀʝʥʦʩʪʠ ʜʨʫʛʠʤ ʧʨʝʜʤʝʪʠʤʘ 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʇʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ, ʩʝʤʠʥʘʨʩʢʠ ʨʘʜʦʚʠ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1.ʂʦʥʮʝʧʪ ʨʘʯʫʥʘʨʩʢʦʛ ʫʧʨʘʚˀʘˁʘ ʧʨʦʮʝʩʠʤʘ. ʀʩʪʦʨʠʿʘʪ. 
2.ʂʦʤʧʦʥʝʥʪʝ ʩʠʩʪʝʤʘ ʨʘʯʫʥʘʨʩʢʦʛ ʫʧʨʘʚˀʘˁʘ. ʋʧʨʘʚˀʘʯʢʠ ʝʣʝʤʝʥʪʠ: ʩʝʥʟʦʨʠ, ʠʟʚʨʰʥʠ ʦʨʛʘʥʠ ... 
3.ʇʨʦʛʨʘʤʘʙʠʣʥʦ ʫʧʨʘʚˀʘˁʝ. ʉʝʢʚʝʥʮʠʿʘʣʥʦ ʫʧʨʘʚˀʘˁʝ. ʋʧʨʘʚˀʘʯʢʠ ʘʣʛʦʨʠʪʤʠ 
4.ʍʘʨʜʚʝʨʩʢʝ ʢʦʤʧʦʥʝʥʪʝ ʇʃʂ - ɸʨʭʠʪʝʢʪʫʨʘ. 
5.ʆʩʥʦʚʝ ʧʨʦʛʨʘʤʠʨʘˁʘ ʇʃʂ. ʉʪʘʥʜʘʨʜʥʠ ʧʨʦʛʨʘʤʩʢʠ ʿʝʟʠʮʠ ʟʘ ʧʨʦʛʨʘʤʠʨʘˁʝ ʇʃʂ 
6.ʈʘʟʚʦʿ ʝʣʝʤʝʥʪʘʨʥʠʭ ʰʝʤʘ ʫʧʨʘʚˀʘˁʘ ʩʘ ʇʃʂ ï ʙʠʪ ʣʦʛʠʯʢʝ ʠʥʩʪʨʫʢʮʠʿʝ 
7.ʇʨʦʛʨʘʤʠʨʘˁʝ ʪʘʿʤʝʨʘ ʠ ʪʘʿʤʝʨʩʢʝ ʠʥʩʪʨʫʢʮʠʿʝ 
8.ʇʨʦʛʨʘʤʠʨʘˁʝ ʙʨʦʿʘʯʘ ʠ ʙʨʦʿʘʯʢʝ ʠʥʩʪʨʫʢʮʠʿʝ 
9.ʅʘʨʝʜʙʝ ʟʘ ʫʧʨʘʚˀʘˁʝ ʪʦʢʦʤ ʧʨʦʛʨʘʤʘ 
10.ʅʘʨʝʜʙʝ ʟʘ ʨʘʜ ʩʝ ʧʦʜʘʮʠʤʘ 
11.ʄʘʪʝʤʘʪʠʯʢʝ ʥʘʨʝʜʙʝ 
12.ʂʦʤʫʥʠʢʘʮʠʦʥʠ ʩʠʩʪʝʤ. ʂʦʤʫʥʠʢʘʮʠʦʥʠ ʧʨʦʪʦʢʦʣʠ. 
13.ʆʨʛʘʥʠʟʘʮʠʿʘ ʫʧʨʘʚˀʘʯʢʠʭ ʧʨʦʛʨʘʤʘ. ʆʨʛʘʥʠʟʘʮʠʦʥʠ ʧʨʦʛʨʘʤʠ, ʧʦʪʧʨʦʛʨʘʤʠ, ʧʨʦʛʨʘʤʩʢʠ 
ʤʦʜʫʣʠ. 
14.ʇʫʰʪʘˁʝ ʫ ʨʘʜ ʠ ʦʜʨʞʘʚʘˁʝ ʇʃʂ. 
15.ʉʠʩʪʝʤʠ ʟʘ ʜʘˀʠʥʩʢʠ ʥʘʜʟʦʨ ʠ ʫʧʨʘʚˀʘˁʝ. ʆʩʥʦʚʥʠ ʢʦʥʮʝʧʪ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

Frank Petruzella 
Programabilnilogiļki kontroleri, 4. izdanje, Mikro knjiga, 
Beograd  

2011 - 

ʉʣʦʙʦʜʘʥ ʃʫʙʫʨʘ, ʄʠʣʦʤʠʨ 
ʐʦʿʘ, ʄʠʣʠʮʘ ʈʠʩʪʦʚʠ˂ 

ʇʨʦʛʨʘʤʘʙʠʣʥʠ ʣʦʛʠʯʢʠ ʢʦʥʪʨʦʣʝʨʠ-ʟʙʠʨʢʘ 
ʨʠʿʝʰʝʥʠʭ ʟʘʜʘʪʘʢʘ", ɿʘʚʦʜ ʟʘ ʫ˅ʙʝʥʠʢe ʠ ʥʘʩʪʘʚʥʘ 
ʩʨʝʜʩʪʚʘ ʀʩʪʦʯʥʦ ʉʘʨʘʿʝʚʦ  

2013 - 

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʉʪʝʚʘʥ ʉʪʘʥʢʦʚʩʢʠ 
ʇʨʦʛʨʘʤʠʨʘˁʝ ʠ ʧʨʠʤʝʥʘ ʧʨʦʛʨʘʤʘʙʠʣʥʠʭ ʣʦʛʠʯʢʠʭ 
ʢʦʥʪʨʦʣʝʨʘïʩʢʨʠʧʪʘ, ʌʊʅ ʅʦʚʠ ʉʘʜ 

2012 - 

Darko P. Marļetiĺ, Marko A. 
Geciĺ, Boris P. Marļetiĺ 

Programabilni logiļki kontroleri i komunikacioni 
protokoli u elektroenergetici", 3. izdʘnje, FTN Novi Sad 

2016 - 

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ʚʿʝʞʙʘʤʘ 10 10% 



ʧʨʠʩʪʫʧʥʠ ʪʝʩʪ 20 20% 

ʧʨʦʿʝʢʪʥʠ ʟʘʜʘʪʘʢ 40 40% 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʥʧʨ. ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 30 30% 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ʋʉɾɵɹ ɼʇɽʁʆɹ ð ʁʀɺʇʉʆʁ ʈʉɾɽʅɾʋʁ 
 

 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ III ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʌʈʉɹɻɳɹɴɾ ʈʉɾʋɻɹʉɹʐʁʅɹ ɾʆɾʉɼɾʋʊʃɾ ɾʄɾʃʋʉʇʆʁʃɾ 2 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʝʣʝʢʪʨʦʥʠʢʫ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʩʠʩʪʝʤʝ - ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-2-178-6 ʠʟʙʦʨʥʠ VI 5 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ʄʠʣʦʤʠʨ ʐʦʿʘ, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʤʘ ʉʨʹʘʥ ʃʘʣʝ, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 0 2 45 0 45 1.5 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ) 
W= 2*15 + 0*15 + 2*15 =60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ) 
ʊ= 2*15*So + 0*15*So + 2*15*So = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 90= 150ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ ʤʦ˂ʠ/ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ: 
1. ʈʘʟʫʤʠʿʝ ʟʥʘʯʘʿ ʧʨʘʚʠʣʥʦʛ ʫʧʨʘʚˀʘˁʘ ʧʨʝʪʚʘʨʘʯʠʤʘ ɽʝ, 
2.ʀʟʘʙʝʨʝ ʩʢʣʦʧʦʚʝ ʟʘ ʦʧʪʠʤʘʣʥʦ ʦʢʠʜʘˁʝ ʠ ʟʘʰʪʠʪʫ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠʭ ʧʨʝʢʠʜʘʯʘ, 
3.ʇʨʦʿʝʢʪʫʿʝ ʩʢʣʦʧʦʚʝ ʟʘ ʤʿʝʨʝˁʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʚʝʣʠʯʠʥʘ ʧʨʝʪʚʘʨʘʯʘ, 
4. ʇʨʦʿʝʢʪʫʿʝ ʩʢʣʦʧʦʚʝ ʟʘ ʬʘʟʥʦ ʫʧʨʘʚˀʘˁʝ ʧʨʝʪʚʘʨʘʯʠʤʘ, 
5.ʇʨʦʿʝʢʪʫʿʝ ʩʢʣʦʧʦʚʝ ʟʘ ʥʘʧʦʥʩʢʦ/ʩʪʨʫʿʥʦ ʫʧʨʘʚˀʘˁʝ ʯʦʧʝʨʠʤʘ, 
6. ʈʘʟʫʤʠʿʝ ʧʨʠʥʮʠʧʝ ʫʧʨʘʚˀʘˁʘ ʠʥʚʝʨʪʦʨʠʤʘ, 
7. ʈʘʟʫʤʠʿʝ ʧʨʠʥʮʠʧʝ ʜʠʛʠʪʘʣʥʦʛ ʫʧʨʘʚˀʘˁʘ ʧʨʝʪʚʘʨʘʯʠʤʘ ɽʝ, 
8. ʂʦʨʠʩʪʠ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʝ ʩʦʬʪʚʝʨʝ ʟʘ ʧʨʦʿʝʢʪʦʚʘˁʝ ʫʧʨʘʚˀʘˁʘ ʧʨʝʪʚʘʨʘʯʠʤʘ ɽʝ. 

ʌʪʤʧʛˁʞʦʧʪʫ 
ɿʘ ʧʦʭʘʹʘˁʝ ʥʘʩʪʘʚʝ ʧʦʪʨʝʙʥʘ ʩʫ ʧʨʝʜʟʥʘˁʘ ʠʟ ʝʥʝʨʛʝʪʩʢʝ ʝʣʝʢʪʨʦʥʠʢʝ (ʧʨʝʜʤʝʪ: ʋʧʨʘʚˀʘˁʝ 
ʧʨʝʪʚʘʨʘʯʠʤʘ ʝʥʝʨʛʝʪʩʢʝ ʝʣʝʢʪʨʦʥʠʢʝ 1), ʜʦʢ ʿʝ ʟʘ ʧʦʣʘʛʘˁʝ ʠʩʧʠʪʘ ʥʝʦʧʭʦʜʥʦ ʦʩʚʦʿʠʪʠ Ó50 % 
ʙʦʜʦʚʘ ʠʟ ʩʚʘʢʦʛ ʦʙʣʠʢʘ ʧʨʦʚʿʝʨʝ ʟʥʘˁʘ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʧʨʝʜʘʚʘˁʘ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

ʄʦʜʫʣ - ʋʚʦʜ 
1.ʆʙʘʚʝʟʝ ʩʪʫʜʝʥʘʪʘ ʠ ʦʮʿʝˁʠʚʘˁʝ.ʇʨʝʛʣʝʜʧʨʠʤʿʝʥʝʧʨʝʪʚʘʨʘʯʘɽʝ. ɿʥʘʯʘʿʫʧʨʘʚˀʘˁʘ. 
ʄʦʜʫʣ - ʇʦʣʫʧʨʦʚʦʜʥʠʯʢʠ ʧʨʝʢʠʜʘʯʠ 
2.ʆʢʠʜʘˁʝ ʠ ʟʘʰʪʠʪʘʪʠʨʠʩʪʦʨʘ, MOSFET ʠ IGBT. 
3.ʄʦʜʫʣʘʨʥʠ ʠ ʠʥʪʝʛʨʠʩʘʥʠʧʨʝʢʠʜʘʯʠ. 
ʄʦʜʫʣ -ʄʿʝʨʝˁʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʚʝʣʠʯʠʥʘ ʧʨʝʪʚʘʨʘʯʘ 
4.ʄʿʝʨʝˁʝ:ʥʘʧʦʥʘ,ʩʪʨʫʿʘ, ʝʬʠʢʘʩʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʝ, ʦʜʥʦʩʘʚʝʣʠʯʠʥʘ ʫʧʨʝʪʚʘʨʘʯʠʤʘ ɽʝ. 
ʄʦʜʫʣ ï ʌʘʟʥʦʫʧʨʘʚˀʘˁʝ 
5.ʇʨʠʥʮʠʧ ʬʘʟʥʦʛ ʫʧʨʘʚˀʘˁʘ. ʉʠʥʭʨʦʥʠʟʘʮʠʿʘʢʦʜʨʘʟʣʠʯʠʪʠʭʪʠʧʦʚʘʧʨʝʪʚʘʨʘʯʘ. 
6.ʀʥʪʝʛʨʠʩʘʥʦ ʢʦʣʦʊʉɸ785. ʇʨʠʤʿʝʨʠʢʦʨʠʰ˂ʝˁʘʢʦʜʨʘʟʣʠʯʠʪʠʭʪʠʧʦʚʘʧʨʝʪʚʘʨʘʯʘ. 
7. ɼʠʛʠʪʘʣʥʘʨʝʘʣʠʟʘʮʠʿʘ ʬʘʟʥʦʛ ʫʧʨʘʚˀʘˁʘ. 
ʄʦʜʫʣ - ʐʀʄ 
8.ɹʣʦʢʩʪʨʫʢʪʫʨʘ ʐʀʄ. ʌʦʨʤʠʨʘˁʝʙʠʧʦʣʘʨʥʦʛ ʠ ʫʥʠʧʦʣʘʨʥʦʛʠʟʣʘʟʥʦʛʥʘʧʦʥʘ. 
ʄʦʜʫʣ -ʋʧʨʘʚˀʘˁʝ ʯʦʧʝʨʠʤʘ 
9.ʅʘʧʦʥʩʢʦʫʧʨʘʚˀʘˁʝ. ʀʥʪʝʛʨʠʩʘʥʦ ʢʦʣʦ 3525. 
10.ʉʪʨʫʿʥʦʫʧʨʘʚˀʘˁʝ. ʀʥʪʝʛʨʠʩʘʥʦ ʢʦʣʦ 3842. 
11.ʇʘʨʘʣʝʣʥʠʨʘʜ ʠ ʚʠʰʝʬʘʟʥʦʫʧʨʘʚˀʘˁʝ. 
ʄʦʜʫʣ -ʋʧʨʘʚˀʘˁʝ ʠʥʚʝʨʪʦʨʠʤʘ 
12.ʉʠʥʫʩʥʘ ʐʀʄ. ʉʧʝʿʩʚʝʢʪʦʨʤʦʜʫʣʘʮʠʿʘ. 
ʄʦʜʫʣ -ɼʠʛʠʪʘʣʥʦ ʫʧʨʘʚˀʘˁʝ ʧʨʝʪʚʘʨʘʯʠʤʘ 
13.ʇʨʠʥʮʠʧʠʜʠʛʠʪʘʣʥʦʛʫʧʨʘʚˀʘˁʘʧʨʝʪʚʘʨʘʯʠʤʘɽʝ. 
14.ɼʠʛʠʪʘʣʥʦ ʫʧʨʘʚˀʘˁʝ ʧʨʝʪʚʘʨʘʯʠʤʘɽʝʠʟMATLAB-a. 
ʄʦʜʫʣ -ʉʧʝʮʠʿʘʣʠʟʦʚʘʥʠ ʩʦʬʚʝʨʠ ʟʘ ʧʨʦʿʝʢʪʦʚʘˁʝ ʫʧʨʘʚˀʘˁʘ ʧʨʝʪʚʘʨʘʯʠʤʘ 
15.ʉʧʝʮʠʿʘʣʠʟʦʚʘʥʠ ʩʦʬʚʝʨʠ ʟʘ ʧʨʦʿʝʢʪʦʚʘˁʝ ʫʧʨʘʚˀʘˁʘ ʧʨʝʪʚʘʨʘʯʠʤʘ. 



ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

Erickson, R. W., Maksimoviĺ, 
D. 

Fundamental of Power Electronics, Springer 
Science+Business Media, LCC 

2001.  

ʃʘʣʝ, ʉ. 
ʇʨʘʢʪʠʢʫʤ ʟʘ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʚʿʝʞʙʠ ʠʟ ʋʇɽʝ2 (ʫ 
ʝʣʝʢʪʨʦʥʩʢʦʿ ʬʦʨʤʠ), ɽʊʌ ʀʩʪʦʯʥʦ ʉʘʨʘʿʝʚʦ 

2016.  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

Luo, F.L., Ye, H., Rashid, M. 
Digital Power ElectronicsandApplications, Elsevier 
Academic Press 

2005.  

- 
ʀʥʪʝʨʥʝʪ ʩʪʨʘʥʠʮʝ ʧʨʦʠʟʚʦʹʘʯʘ ʫʧʨʘʚˀʘʯʢʠʭ 
ʢʦʣʘ ʧʨʝʪʚʘʨʘʯʘ ɽʝ 

ʪʝʢʫ˂ʘ  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ʚʿʝʞʙʘʤʘ 5 5 % 

ʣʘʙ. ʚʿʝʞʙʝ/ʧʨʘʢʪʠʯʘʥ ʨʘʜ 15 15 % 

ʢʦʣʦʢʚʠʿʫʤʠ 25+25 25 % +25 % 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʧʠʩʤʝʥʠ/ʫʩʤʝʥʠ) 30 30 % 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ʅʘʟʠʚ ʬʘʢʫʣʪʝʪʘ/ ʘʢʘʜʝʤʠʿʝ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ: ʧʫʥ ʥʘʟʠʚ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ III ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ɾʄɾʃʋʉʇʆʊʃɹ ʅɲɾʉɹɴɹ 

ʃʙʫʞʝʩʙ  
ʂʘʪʝʜʨʘ ʟʘ ʝʣʝʢʪʨʦʥʠʢʫ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʩʠʩʪʝʤʝ, ʋʀʉ (ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ ʀʩʪʦʯʥʦ 
ʉʘʨʘʿʝʚʦ) 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

AE-08-2-037-6 ʀʟʙʦʨʥʠ VI 5.0 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʜʨ ɹʦʞʠʜʘʨ ʇʦʧʦʚʠ˂, ʜʦʮʝʥʪ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ  

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 1 1 45 22.5 22.5 1,5 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 2*15 + 1*15 + 1*15 =60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 2*15*So + 1*15*So + 1*15*So = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 90= 150ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ ʤʦ˂ʠ/ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ: 
1.ʆʙʿʘʩʥʠ ʦʩʥʦʚʥʝ ʧʦʿʤʦʚʝ ʠʟ ʤʿʝʨʝˁʘ ʝʣʝʢʪʨʦʥʩʢʠʭ ʚʝʣʠʯʠʥʘ. 
2.ɼʘ ʨʘʟʫʤʠʿʝ ʧʨʠʥʮʠʧ ʨʘʜʘ ʝʣʝʢʪʨʦʥʩʢʦʛ ʛʝʥʝʨʘʪʦʨʘ. 
3.ʆʜʘʙʝʨʝ ʤʿʝʨʥʫ ʤʝʪʦʜʫ ʟʘ ʤʿʝʨʝˁʝ ʬʨʝʢʚʝʥʮʠʿʝ, ʚʨʝʤʝʥʘ, ʧʝʨʠʦʜʝ ʠʪʜ.  
4. ʂʦʨʠʩʪʠ ʟʥʘˁʘ ʠ ʚʿʝʰʪʠʥʝ ʠʟ ʦʚʦʛ ʢʫʨʩʘ ʫ ʧʨʘʢʪʠʯʥʠʤ ʨʝʘʣʠʟʘʮʠʿʘʤʘ. 

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʅʘʩʪʘʚʘ ʩʝ ʠʟʚʦʜʠ ʫ ʦʙʣʠʢʫ ʧʨʝʜʘʚʘˁʘ (ʫʟ ʫʧʦʪʨʝʙʫ ʩʘʚʨʝʤʝʥʠʭ ʘʫʜʠʦʚʠʟʫʝʣʥʠʭ ʩʨʝʜʩʪʘʚʘ), 
ʘʫʜʠʪʦʨʥʠʭ ʠ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʚʿʝʞʙʠ. ʉʪʫʜʝʥʪʠ ʜʦʙʠʿʘʿʫ ʠ ʜʦʤʘ˂ʝ ʟʘʜʘ˂ʝ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʇʨʠʥʮʠʧʠ ʨʘʜʘ, ʤʿʝʨʥʠ ʣʘʥʘʮ, ʢʦʥʜʠʮʠʦʥʠʨʘˁʝ ʩʠʛʥʘʣʘ.  
2. ʇʦʿʘʯʘʚʘʯʠ, ʧʨʝʪʚʘʨʘʯʠ, ʩʪʘʥʜʘʨʜʥʠ ʩʠʛʥʘʣʠ 
3. ɼʠʛʠʪʘʣʥʠ ʤʿʝʨʥʠ ʠʥʩʪʨʫʤʝʥʪʠ 
4. Eʣʝʢʪʨʦʥʩʢʠ ʛʝʥʝʨʘʪʦʨʠ 
5. ʊʘʿʤʝʨʠ 
6. ɹʨʦʿʘʯʠ 
7. ʄʿʝʨʝˁʝ ʬʨʝʢʚʝʥʮʠʿʝ 
8. ʂʦʣʦʢʚʠʿʫʤ 1. 
9. ʄʿʝʨʝˁʝ ʧʝʨʠʦʜʘ 
10. ʄʿʝʨʝˁʝ ʬʘʟʥʝ ʨʘʟʣʠʢʝ.  
11. ʄʿʝʨʝˁʝ ʰʠʨʠʥʝ ʠʤʧʫʣʩʘ. 
12. ɼ/ɸ ʢʦʥʚʝʨʪʦʨ ʩʘ ʪʝʞʠʥʩʢʦʤ ʦʪʧʦʨʥʠʯʢʦʤ ʤʨʝʞʦʤ 
13. ɼ/ɸ ʩʘ R-2R ʤʨʝʞʦʤ, ɸ/ɼ ʢʦʥʚʝʨʟʠʿʘ 
14. ʂʦʥʚʝʨʟʠʿʘ ʥʘʧʦʥʘ ʫ ʬʨʝʢʚʝʥʮʠʿʫ 
15. ʂʦʣʦʢʚʠʿʫʤ 2 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɺ.ʈʘʜʝʥʢʦʚʠ˂,ɼ. ʈʘʜʝʥʢʦʚʠ˂, 
ɺ. ʄʠʣʝʥʢʦʚʠ˂ 

Ăɽʣʝʢʪʨʠʯʥʘ ʠ ʝʣʝʢʪʨʦʥʩʢʘ ʤʿʝʨʥʘ 
ʠʥʩʪʨʫʤʝʥʪʘʮʠʘñ, ʅʠʰ 2004. ɽʊʌ ʅʠʰ, ɽʊʌ ʉ. 
ʉʘʨʘʿʝʚʦ,  ʌʊʅ ʂ. ʄʠʪʨʦʚʠʮʘ 

2004.  

ɺ. ɹʝʛʦ 
Ăʄʿʝʨʝˁʘ ʫ ʝʣʝʢʪʨʦʪʝʭʥʠʮʠñ,  ʊʝʭʥʠʯʢʘ ʢˁʠʛʘ 
ɿʘʛʨʝʙ 

1981.  

    

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

F.F. Mazda 
Ă Electronic instruments and measurment techniquesñ, 
Cambridge University Press, U.K.  

1987.  

J:J: Carr 
Ă Elements of electronic instrumentation and 
measurementñ, Prentice Naal, New Jersy,  

1996.  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 



ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ 5 5 

3. ʢʦʣʦʢʚʠʿʫʤ 25 25 

4. ʢʦʣʦʢʚʠʿʫʤ 25 25 

ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ  15 15 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʫʩʤʝʥʠ ʠʣʠ ʧʠʩʤʝʥʠ 30 30 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ III ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ɽʁɼʁʋɹʄʆɹ ʇɺʉɹɽɹ ʊʁɼʆɹʄɹ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʝ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-2-039-6 ʠʟʙʦʨʥʠ VI 5,0 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʜʨ ʄʠʨʿʘʥʘ ʄʘʢʩʠʤʦʚʠ˂, ʜʦʮʝʥʪ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ  

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 2 0 45 45 0 1.5 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W=2*15 + 2*15 +0*15  =60 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
T=2*15*1,5+ 2*15*1,5 + 0*15*1,5 = 90 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 90= 150ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ: 
1. ʦʚʣʘʜʘʪʠ ʦʩʥʦʚʥʠʤ ʪʝʦʨʠʿʩʢʠʤ ʠ ʧʨʘʢʪʠʯʥʠʤ ʟʥʘˁʠʤʘ ʠʟ ʜʠʛʠʪʘʣʥʝ ʦʙʨʘʜʝ ʩʠʛʥʘʣʘ,  
2. ʫʧʦʟʥʘʪʠ ʜʠʛʠʪʘʣʥʝ ʩʠʛʥʘʣʝ ʫ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʜʦʤʝʥʫ, 
3. ʫʧʦʟʥʘʪʠ ʜʠʛʠʪʘʣʥʝ ʬʠʣʪʨʝ ʠ ʦʚʣʘʜʘʪʠ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʘʤʘ ˁʠʭʦʚʦʛ ʧʨʦʿʝʢʪʦʚʘˁʘ, 
4. ʫʧʦʟʥʘʪʠ ʩʝ ʩʘ  ʠʤʧʣʝʤʝʥʪʘʮʠʿʦʤ ʠ ʦʙʣʘʩʪʠʤʘ ʧʨʠʤʿʝʥʝ. 

ʌʪʤʧʛˁʞʦʧʪʫ 
ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. ʇʦʪʨʝʙʥʘ ʩʫ ʧʨʝʜʟʥʘˁʘ ʠʟ ʧʨʝʜʤʝʪʘ: ʊɽʂ I ʠ II, 
ʄʘʪʝʤʘʪʠʢʘ I, II ʠ III ʠ ʇʨʦʛʨʘʤʩʢʠʭ ʿʝʟʠʢʘ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʅʘʩʪʘʚʘ ʩʝ ʠʟʚʦʜʠ ʫ ʦʙʣʠʢʫ ʧʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʠʭ ʚʿʝʞʙʠ ʠ ʧʦʢʘʟʥʠʭ ʚʿʝʞʙʠ ʥʘ ʨʘʯʫʥʘʨʫ. ʋʯʝˁʝ, 
ʢʦʣʦʢʚʠʿʫʤʠ ʠ ʢʦʥʩʫʣʪʘʮʠʿʝ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʆʩʥʦʚʥʠ ʧʦʿʤʦʚʠ. ʆʜʤʿʝʨʘʚʘˁʝ, ʢʚʘʥʪʠʟʘʮʠʿʘ ʠ ʢʦʜʦʚʘˁʝ ʩʠʛʥʘʣʘ. 
2. ɼʠʩʢʨʝʪʥʠ ʩʠʛʥʘʣʠ ʠ ʩʠʩʪʝʤʠ.ʆʩʦʙʠʥʝ ʜʠʩʢʨʝʪʥʠʭ ʩʠʩʪʝʤʘ. 
3. ɸʥʘʣʠʟʘ ʩʠʛʥʘʣʘ ʠ ʩʠʩʪʝʤʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ. ʂʦʥʚʦʣʫʮʠʿʘ. ʈʝʢʫʨʟʠʚʥʠ ʠ ʥʝʨʝʢʫʨʟʠʚʥʠ 
ʩʠʩʪʝʤʠ. 
4. ʉʠʩʪʝʤʠ ʩʘ ʙʝʩʢʦʥʘʯʥʠʤ (IIR) ʠ ʩʠʩʪʝʤʠ ʩʘ ʢʦʥʘʯʥʠʤ (FIR) ʠʤʧʫʣʩʥʠʤ ʦʜʟʠʚʦʤ. ʇʦʚʝʟʠʚʘˁʝ. 
5. Z-ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ. ɹʠʣʘʪʝʨʘʣʥʘ ʠ ʫʥʠʣʘʪʝʨʘʣʥʘ z-ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ. ʀʥʚʝʨʟʥʘ z-
ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ. 
6. ɸʥʘʣʠʟʘ ʣʠʥʝʘʨʥʠʭ, ʚʨʝʤʝʥʩʢʠ ʠʥʚʘʨʠʿʘʥʪʥʠʭ ʩʠʩʪʝʤʘ ʧʦʤʦ˂ʫ z-ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ. 
7. ʈʝʘʣʠʟʘʮʠʿʘ ʜʠʩʢʨʝʪʥʠʭ ʩʠʩʪʝʤʘ I ʠ II ʜʠʨʝʢʪʥʦʤ ʬʦʨʤʦʤ. 
8. ʌʨʝʢʚʝʥʮʠʿʩʢʘ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʘ ʠ ʩʠʩʪʝʤʘ. ʌʫʨʠʿʝʦʚ ʨʝʜ ʠ ʌʫʨʠʿʝʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ 
ʜʠʩʢʨʝʪʥʠʭ ʩʠʛʥʘʣʘ. ʆʩʦʙʠʥʝ ʌʫʨʠʿʝʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʜʠʩʢʨʝʪʥʠʭ ʩʠʛʥʘʣʘ. 
9. ʆʜʤʿʝʨʘʚʘˁʝ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʩʠʛʥʘʣʘ, ʅʠʢʚʠʩʪʦʚ ʢʨʠʪʝʨʠʿʫʤ. 
10. ɼʠʩʢʨʝʪʥʘ ʌʫʨʠʿʝʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ. ʎʫʨʝˁʝ ʩʧʝʢʪʨʘ. 
11. ʆʩʦʙʠʥʝ ʜʠʩʢʨʝʪʥʝ ʌʫʨʠʿʝʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ. ɸʣʛʦʨʠʪʤʠ ʟʘ ʙʨʟʦ ʨʘʯʫʥʘˁʝ ʌʫʨʠʿʝʦʚʝ 
ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ (FFT ʘʣʛʦʨʠʪʤʠ). 
12. ʎʠʨʢʫʣʘʨʥʘ ʢʦʥʚʦʣʫʮʠʿʘ. ɹʣʦʢ ʢʦʥʚʦʣʫʮʠʿʘ. ʆʙʨʘʜʘ ʩʠʛʥʘʣʘ ʫ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʜʦʤʝʥʫ. 
13. ʌʨʝʢʚʝʥʮʠʿʩʢʠ ʩʝʣʝʢʪʠʚʥʠ ʩʠʩʪʝʤʠ. ʀʜʝʘʣʥʝ ʠ ʨʝʘʣʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʬʨʝʢʚʝʥʮʠʿʩʢʠ 
ʩʝʣʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤʘ. ʌʫʥʢʮʠʿʘ ʧʨʝʥʦʩʘ ʠ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʜʟʠʚ ʩʠʩʪʝʤʘ. 
14. ʇʨʦʿʝʢʪʦʚʘˁʘ ʜʠʛʠʪʘʣʥʠʭ ʬʠʣʪʘʨʘ ʨʘʩʧʦʨʝʹʠʚʘˁʝʤ ʥʫʣʘ ʠ ʧʦʣʦʚʘ ʫ ʢʦʤʧʣʝʢʩʥʦʿ ʨʘʚʥʠ. 
15. ʇʨʦʿʝʢʪʦʚʘˁʝ FIR ʬʠʣʪʘʨʘ ʤʝʪʦʜʦʤ ʥʘʿʤʘˁʠʭ ʢʚʘʜʨʘʪʘ. ʈʝʘʣʠʟʘʮʠʿʘ ʜʠʛʠʪʘʣʥʠʭ ʬʠʣʪʘʨʘ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʄ. ɺ. ʇʦʧʦʚʠ˂ 
ɼʠʛʠʪʘʣʥʘ ʦʙʨʘʜʘ ʩʠʛʥʘʣʘ, 
ɻʨʘʹʝʚʠʥʩʢʘ ʢˁʠʛʘ ɹʝʦʛʨʘʜ 

1998.  

ɲ. ʄʠʣʠ˂,  
ɿ. ɼʦʙʨʦʩʘʚˀʝʚʠ˂ 

ʋʚʦʜ ʫ ʜʠʛʠʪʘʣʥʫ ʦʙʨʘʜʫ ʩʠʛʥʘʣʘ, 
 ɽʊʌ ɹʝʦʛʨʘʜ, 

1998.  

ɾ. ɫʫʨʦʚʠ˂, ɹ. ʂʦʚʘʯʝʚʠ˂ 
ɼʠʛʠʪʘʣʥʠ ʩʠʛʥʘʣʠ ʠ ʩʠʩʪʝʤʠ, 
ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ 

2004.  

ʄ. ʉʝʯʫʿʩʢʠ, ɺ. ɼʝʣʠ˂, ʅ.  
ɱʘʢʦʚˀʝʚʠ˂, ʀ. ʈʘʜʠ˂ 

ɿʙʠʨʢʘ ʟʘʜʘʪʘʢʘ ʠʟ ʜʠʛʠʪʘʣʥʝ ʦʙʨʘʜʝ ʩʠʛʥʘʣʘ, 
ʌʊʅ ʅʦʚʠ ʉʘʜ 

2007.  



ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʄ. ʇʦʧʦʚʠ˂, ɸ. ʄʦʿʩʠʣʦʚʠ˂ ʈʘʯʫʥʘʨʩʢʝ ʚʝʞʙʝ ʠ ʩʠʤʫʣʘʮʠʿʝ ʫ ʄɸʊLAB-ʫ   

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 5 5 % 

 ʧʦʟʠʪʠʚʥʦ ʦʮʿʝˁʝʥ ʩʝʤ. ʨʘʜ 10 10 % 

I ʢʦʣʦʢʚʠʿʫʤ 20 20 % 

II  ʢʦʣʦʢʚʠʿʫʤ 20 20 % 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 45 45 % 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ III ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʌɻʇɽ ʌ ʆɹʆʇʆɹʌʃɾ ʁ ʆɹʆʇʋɾʎʆʇʄʇɼʁɲɾ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʬʠʟʠʢʫ, ʌʠʣʦʟʦʬʩʢʠ ʬʘʢʫʣʪʝʪ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʀʩʪʘʯʥʦʤ ʉʘʨʘʿʝʚʫ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-2-147-6 ʠʟʙʦʨʥʠ VI 5 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ɾʝˀʢʦ ʇʨʞʫˀ, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ  

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 2 0 45 45 0 1.5 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W= 2*15 + 0*15 + 2*15 =60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ= 2*15*So + 2*15*So + 0*15*So = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 90= 150ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

1. ʈʘʟʫʤʠʿʝʚʘˁʝ ʦʩʥʦʚʥʠʭ ʪʦʢʦʚʘ ʠ ʟʥʘʯʘʿʘ ʥʘʥʦʪʝʭʥʦʣʦʰʢʝ ʨʝʚʦʣʫʮʠʿʝ ʢʦʿʘ ʿʝ ʫ ʪʦʢʫ; 
2. ʋʧʦʟʥʘʚʘˁʝ ʩʘ ʥʘʿʥʦʚʠʿʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ  ʠ ʧʝʨʩʧʝʢʪʠʚʝ ʠʩʪʠʭ ʫ ʦʙʣʘʩʪʠ ʥʘʥʦʝʣʝʢʪʨʦʥʠʢʝ; 
3.ʇʦʚʝʟʠʚʘˁʝ ʨʘʥʠʿʝ ʩʪʝʯʝʥʠʭ ʟʥʘˁʘ ʩʘ ʘʢʪʫʝʣʥʠʤ ʨʘʟʚʦʿʝʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʿʘ; 
4.ʉʧʦʩʦʥʦʩʪ ʟʘ ʩʘʤʦʩʪʘʣʥʠ ʩʪʨʫʯʥʠ ʨʘʜ: ʠʟʙʦʨ ʠ ʘʥʘʣʠʟʘ ʩʪʨʫʯʥʝ ʠ ʥʘʫʯʥʝ ʣʠʪʝʨʘʪʫʨʝ ʚʝʟʘʥʝ ʟʘ  
ʦʜʨʝʹʝʥʠ ʘʩʧʝʢʪ ʥʘʥʦʪʝʭʥʦʣʦʧʢʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʢʘʦ ʠ ˁʠʭʦʚʫ ʧʨʝʟʝʥʪʘʮʠʿʫ  

ʌʪʤʧʛˁʞʦʧʪʫ 
ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. ʇʦʪʨʝʙʥʘ ʧʨʝʜʟʥʘˁʘ ʠʟ ʧʨʝʜʤʝʪʘ:ʌʠʟʠʢʘ, 
ʌʠʟʠʯʢʠ ʦʩʥʦʚʠ ʝʣʝʢʪʨʦʥʠʢʝ, ʌʠʟʠʢʘ ʤʘʪʝʨʠʿʘʣʘ ʠ ɽʣʝʢʪʨʦʥʠʢʘ 1. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʅʘʩʪʘʚʘ ʩʝ ʠʟʚʦʜʠ ʫ ʦʙʣʠʢʫ ʧʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʠʭ ʚʿʝʞʙʠ ʠ ʧʦʢʘʟʥʠʭ ʚʿʝʞʙʠ ʥʘ ʨʘʯʫʥʘʨʫ. ʋʯʝˁʝ, 
ʪʝʩʪʦʚʠ, ʟʘʜʘ˂ʝ, ʩʝʤʠʥʘʨʩʢʠ ʨʘʜʦʚʠ ʠ ʢʦʥʩʫʣʪʘʮʠʿʝ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1.ʆʩʥʦʚʥʠ ʧʦʿʤʦʚʠ;ʠʩʪʨʘʞʠʚʘʯʢʠ ʧʨʘʚʮʠ, ʧʨʠʤʿʝʥʘ, ʧʝʨʩʧʝʢʪʠʚʝ; ʄʫʨʦʚ ʟʘʢʦʥ; ʊʨʝ˂ʘ ʅʊʈ 
2.ʊʝʭʥʦʣʦʛʠʿʝ ʠʟʨʘʜʝ ʥʘʥʦʩʪʨʫʢʪʫʨʘ: ʤʝʪʘʣʦʦʨʛʘʥʩʢʘ ʝʧʠʪʘʢʩʠʿʘ, ʝʧʠʪʘʢʩʠʿʘ ʤʦʣʝʢʫʣʩʢʠʤ  ʩʥʦʧʦʤ. 
3. ʃʠʪʦʛʨʘʬʠʿʘ; ʝʣʝʢʪʨʦʥʩʢʘ ʣʠʪʦʛʨʘʬʠʿʘ; ʥʘʥʦʰʪʘʤʧʘ, Dip-pen ʥʘʥʦʣʠʪʦʛʨʘʬʠʿʘ; 
4. ʄʝʪʦʜʝ ʜʝʧʦʟʠʮʠʿʝ; ʦʢʩʠʜʘʮʠʿʘ; ʝʣʝʢʪʨʦʜʝʧʦʟʠʮʠʿʘ; ʤʝʪʦʜʝ ʢʦʿʝ ʢʦʨʠʩʪʝ ʩʢʝʥʠʨʘʿʫ˂ʝ ʩʦʥʜʝ.  
    ʌʠʟʠʯʢʝ ʦʩʥʦʚʝ ʠ ʧʨʠʥʮʠʧ ʨʘʜʘ ɸʌʄ ʠ ʉʊʄ-ʘ. ʇʨʦʮʝʩʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʿʝ 
5. ʄʝʪʦʜʝ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʝ ʥʘʥʦʩʪʨʫʢʪʫʨʘ: ʤʠʢʨʦʩʢʦʧʩʢʝ, ʜʠʬʨʘʢʮʠʦʥʝ ʠ ʩʧʝʢʪʨʦʩʢʦʧʩʢʝ. 
6. ʇʦʣʫʧʨʦʚʦʜʥʠʯʢʝ ʭʝʪʝʨʦʩʪʨʫʢʪʫʨʝ, ʛʫʩʪʠʥʘ ʩʪʘˁʘ ʫ ʝʣʝʤʝʥʪʘʨʥʠʤ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʘ 
7. ʊʨʘʥʩʧʦʨʪʥʝ ʦʩʦʙʠʥʝ ʥʘʥʦʩʪʨʫʢʪʫʨʘ (ʪʫʥʝʣʩʢʠ ʪʨʘʥʩʧʦʨʪ, ʩʪʨʫʿʘ ʠ ʧʨʦʚʦʜʥʦʩʪ ʫ 1ʜ ʩʠʩʪʝʤʠʤʘ) 
8.ʊʨʘʥʩʧʦʨʪʥʝ ʦʩʦʙʠʥʝ ʥʘʥʦʩʪʨʫʢʪʫʨʘ (ʨʝʟʦʥʘʥʪʥʦ ʪʫʥʝʣʠʨʘˁʝ, ʂʫʣʦʥʩʢʘ ʙʣʦʢʘʜʘ, ʿʝʜʥʦ-
ʝʣʝʢʪʨʦʥʩʢʦ ʪʫʥʝʣʠʨʘˁʝ) 
9.ʌʘʟʥʘ ʠʥʪʝʨʬʝʨʝʥʮʠʿʘ ʝʣʝʢʪʨʦʥʩʢʠʭ ʪʘʣʘʩʘ, ɸʭʘʨʦʥʦʚ-ɹʦʤʦʚ ʝʬʝʢʘʪ, ʢʚʘʥʪʥʠ ʍʦʣʦʚ ʝʬʝʢʘʪ. 
10. ʇʨʠʤʿʝʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘ (ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠ ʣʘʩʝʨʠ ʩʘ ʢʚʘʥʪʥʠʤ ʿʘʤʘʤʘ,  
      ʢʚʘʥʪʥʠ ʢʘʩʢʘʜʥʠ ʣʘʩʝʨʠ, ʫʨʝʹʘʿʠ ʩʘ ʨʝʟʦʥʘʥʪʥʠʤ ʪʫʥʝʣʠʨʘˁʝʤ, ʿʝʜʥʦʝʣʝʢʪʨʦʥʩʢʠ ʫʨʝʹʘʿʠ,...) 
11.ʉʧʠʥʪʨʦʥʠʢʘ:ʉʫʧʝʨʧʘʨʘʤʘʛʥʝʪʠʟʘʤ; ʄʘʛʥʝʪʦʦʪʧʦʨʥʦʩʪ (ʛʠʛʘʥʪʩʢʘ, ʥʦʨʤʘʣʥʘ, ʪʫʥʝʣʩʢʘ,...) 
12.ʉʧʠʥʪʨʦʥʠʢʘ:ʩʧʠʥʩʢʠ ʚʝʥʪʠʣʠ, ʄRɸʄ, ʩʧʠʥʩʢʠ ʪʨʘʥʟʠʩʪʦʨʠ,ʩʧʠʥʩʢʘ ʣʦʛʠʯʢʘ ʢʦʣʘ,... 
13. ɸʣʦʪʨʦʧʩʢʝ ʤʦʜʠʬʠʢʘʮʠʿʝ ʫʛˀʝʥʠʢʘ; ʌʫʣʝʨʝʥʠ: ʦʩʦʙʠʥʝ,ʩʠʥʪʝʟʘ ʠ ʧʨʠʤʿʝʥʘ. 
14.ʋʛˀʝʥʠʯʥʝ ʥʘʥʦʪʫʙʝ: ʚʨʩʪʝ, ʩʪʨʫʢʪʫʨʘ, ʝʣʝʢʪʨʦʥʩʢʘ ʩʪʨʫʢʪʫʨʘ, ʬʠʟʠʯʢʝ ʦʩʦʙʠʥʝ, ʧʨʠʤʿʝʥʘ. 
15. ɻʨʘʬʝʥ: ʝʣʝʢʪʨʦʥʩʢʝ ʦʩʦʙʠʥʝ, ʘʥʦʤʘʣʥʠ ʢʚʘʥʪʥʠ ʍʦʣʦʚ ʝʬʝʢʘʪ, ʢʠʨʘʣʥʦ ʪʫʥʝʣʠʨʘˁʝ, ʧʨʠʤʿʝʥʘ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɾ. ʇʨʞʫˀ ʋʚʦʜ ʫ ʥʘʥʦʥʘʫʢʝ ʠ ʥʘʥʦʥʘʫʢʝ, ɽʊʌ ʋʀʉ 2013. ʩʚʝ 

    

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

J. H. Davies 
The Physics of Low-Dimensional Semiconductors, 
Cambridge University Press  

1998. ʩʚʝ 

C. P. Poole and F. J. Owens Introduction to Nanotechnology, John Wiley & Sons  2003. ʩʚʝ 

    

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 



ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 10 10 

ʉʝʤʠʥʘʨʩʢʠ ʨʘʜ 25 25 

ʊʝʩʪʦʚʠ 40 40 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʋʩʤʝʥʠ ʠʩʧʠʪ 25 25 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ III ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ɹʆɹʄʁʀɹ ʊʁɼʆɹʄɹ ʁ ʊʁʊʋɾʅɹ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʝ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-2-040-6 ʠʟʙʦʨʥʠ VI 5,0 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʜʨ ʄʠʨʿʘʥʘ ʄʘʢʩʠʤʦʚʠ˂, ʜʦʮʝʥʪ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ - 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 2 0 45 45 0 1.5 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W=2*15 + 2*15 +0*15  =60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
T=2*15*1,5+ 2*15*1,5 + 0*15*1,5 = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 90= 150ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ: 
1. ʦʚʣʘʜʘʪʠ ʦʩʥʦʚʥʠʤ ʪʝʦʨʠʿʩʢʠʤ ʠ ʧʨʘʢʪʠʯʥʠʤ ʟʥʘˁʠʤʘ ʠʟ ʘʥʘʣʠʟʝ  ʢʦʥʪʠʥʫʘʣʥʠʭ  ʩʠʛʥʘʣʘ ʠ 
ʩʠʩʪʝʤʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʜʦʤʝʥʫ. 
2. ʨʘʟʫʤʿʝʪʠ ʥʘʿʦʧʰʪʠʿʠ ʦʧʠʩ ʩʠʩʪʝʤʘ, ˁʠʭʦʚʫ ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʠ ʢʚʘʣʠʪʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ, 
3. ʩʪʝ˂ʠ ʫʚʠʜ ʫ ʧʨʝʛʣʝʜ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʘʥʘʣʠʟʫ ʣʠʥʝʘʨʥʠʭ ʚʨʝʤʝʥʩʢʠ ʥʝʧʨʦʤʿʝʥˀʠʚʠʭ ʩʠʩʪʝʤʘ ʫ 
ʚʨʝʤʝʥʩʢʦʤ ʠ ʢʦʤʧʣʝʢʩʥʦʤ ʜʦʤʝʥʫ,  
4. ʫʧʦʟʥʘʪʠ ʩʝ ʩʘ  ʢʦʥʮʝʧʪʦʤ ʘʥʘʣʦʛʥʦʛ ʬʠʣʪʨʠʨʘˁʘ. 

ʌʪʤʧʛˁʞʦʧʪʫ 
ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. ʇʦʪʨʝʙʥʘ ʩʫ ʧʨʝʜʟʥʘˁʘ ʠʟ ʧʨʝʜʤʝʪʘ: ʊɽʂ I ʠ II, 
ʄʘʪʝʤʘʪʠʢʘ I, II ʠ III. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʅʘʩʪʘʚʘ ʩʝ ʠʟʚʦʜʠ ʫ ʦʙʣʠʢʫ ʧʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʠʭ ʚʿʝʞʙʠ ʠ ʧʦʢʘʟʥʠʭ ʚʿʝʞʙʠ ʥʘ ʨʘʯʫʥʘʨʫ. ʋʯʝˁʝ, 
ʢʦʣʦʢʚʠʿʫʤʠ ʠ ʢʦʥʩʫʣʪʘʮʠʿʝ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʄʦʜʝʣʠ ʩʠʩʪʝʤʘ ʠ ˁʠʭʦʚʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ. ʆʩʥʦʚʥʠ ʧʦʿʤʦʚʠ ʦ ʩʠʛʥʘʣʠʤʘ. 
2. ʇʝʨʠʦʜʠʯʥʠ ʩʠʛʥʘʣʠ. ʈʘʟʣʘʛʘˁʝ ʧʝʨʠʦʜʠʯʥʠʭ ʩʠʛʥʘʣʘ ʥʘ ʭʘʨʤʦʥʠʿʩʢʝ ʬʫʥʢʮʠʿʝ. 
3. ɸʧʝʨʠʦʜʠʯʥʠ ʩʠʛʥʘʣʠ. ʈʘʟʣʘʛʘˁʝ ʘʧʝʨʠʦʜʠʯʥʠʭ ʩʠʛʥʘʣʘ ʥʘ ʭʘʨʤʦʥʠʿʩʢʝ ʬʫʥʢʮʠʿʝ. 
4. ʇʨʝʜʩʪʘʚˀʘˁʝ ʩʠʛʥʘʣʘ. ɸʤʧʣʠʪʫʜʥʘ ʭʘʨʤʦʥʠʿʩʢʘ ʤʦʜʫʣʘʮʠʿʘ. 
5. ɺʨʩʪʝ ʘʤʧʣʠʪʫʜʥʠʭ ʤʦʜʫʣʘʮʠʿʘ ʠ ˁʠʭʦʚʘ ʜʝʤʦʜʫʣʘʮʠʿʘ. ʋʛʘʦʥʘ ʭʘʨʤʦʥʠʿʩʢʘ ʠ ʬʘʟʥʘ ʤʦʜʫʣʘʮʠʿʘ. 
6. ʀʤʧʫʣʩʥʘ ʤʦʜʫʣʘʮʠʿʘ. 
7. ʀʤʧʫʣʩʥʘ ʢʦʜʥʘ ʤʦʜʫʣʘʮʠʿʘ. ɺʠʰʝʢʘʥʘʣʥʠ ʩʠʩʪʝʤʠ ʟʘ ʧʨʝʥʦʩ ʠʥʬʦʨʤʘʮʠʿʘ. 
8. ʃʠʥʝʘʨʥʠ ʩʠʩʪʝʤʠ ʩʘ ʢʦʥʪʠʥʫʘʣʥʠʤ ʚʨʝʤʝʥʦʤ. ʂʦʥʚʦʣʫʮʠʦʥʠ ʠʥʪʝʛʨʘʣ. 
9. ʌʨʝʢʚʝʥʪʥʠ ʤʝʪʦʜ ʦʜʨʝʹʠʚʘˁʘ ʦʜʟʠʚʘ. ʌʫʨʠʿʝʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ. 
10. ʇʨʠʤʿʝʥʘ ʃʘʧʣʘʩʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʟʘ ʜʦʙʠʿʘˁʝ ʦʜʟʠʚʘ. 
11. ʇʨʝʜʩʪʘʚˀʘˁʝ ʣʠʥʝʘʨʥʠʭ ʩʠʩʪʝʤʘ ʧʦʤʦ˂ʫ ʙʣʦʢ ʜʠʿʘʛʨʘʤʘ. 
12. ʄʘʪʨʠʯʥʦ ʧʨʝʜʩʪʘʚˀʘˁʝ ʥʦʨʤʘʣʥʠʭ ʿʝʜʥʘʯʠʥʘ. 
13. ʆʜʨʝʹʠʚʘˁʝ ʦʜʟʠʚʘ ʥʝʩʪʘʮʠʦʥʘʨʥʠʭ ʩʠʩʪʝʤʘ. 
14. ʃʠʥʝʘʨʥʠ ʩʠʩʪʝʤʠ ʩʘ ʜʠʩʢʨʝʪʥʠʤ ʚʨʝʤʝʥʦʤ. 
15. ɸʥʘʣʠʟʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ. ʊʝʞʠʥʩʢʘ ʩʝʢʚʝʥʮʘ. ɱʝʜʥʘʯʠʥʝ ʩʪʘˁʘ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʈ. ɹʘʙʠ˂  
ɸʥʘʣʠʟʘ ʩʠʛʥʘʣʘ 1, 
ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ 

2000.  

ʈ. ɹʘʙʠ˂ 
ɸʥʘʣʠʟʘ ʩʠʛʥʘʣʘ 1 ï ʄʝʪʦʜʠʯʢʘ ʟʙʠʨʢʘ ʨʝʰʝʥʠʭ 
ʟʘʜʘʪʘʢʘ, 
ɸʢʘʜʝʤʩʢʘ ʤʠʩʘʦ 

2000.  

ʃ. ʅʦʚʘʢ 
ʉʠʩʪʝʤʠ ʠ ʩʠʛʥʘʣʠ ï ʩʢʨʠʧʪʘ, 
ʌʊʅ ʅʦʚʠ ʉʘʜ 

2005.  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʄ. Mandal, A. Asif 
Continous and discreteTime Signals and Systems, 
Cambridge University Press 

2007.  



ʉ. ʊʦʥʢʦʚʠ˂ 
ɽʣʝʢʪʨʦʥʠʯʢʘ ʤʿʝʨʥʘ ʪʝʭʥʠʢʘ, 
ʉʚʝʫʯʠʣʠʰʪʝ ɿʘʛʨʝʙ 

1985.  

ʉ. ɼʘʫʪʦʚʠ˂, ʈ. ʉʪʨʫʭʘʨʠʢ 
ʃʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʝʞʙʝ ʠʟ ʩʠʛʥʘʣʘ ʠ ʩʠʩʪʝʤʘ ï 
ʩʢʨʠʧʪʘ, 
ʌʊʅ ʅʦʚʠ ʉʘʜ 

2005.  

ʄ. ʇʦʧʦʚʠ˂, ɸ. ʄʦʿʩʠʣʦʚʠ˂ ʈʘʯʫʥʘʨʩʢʝ ʚʝʞʙʝ ʠ ʩʠʤʫʣʘʮʠʿʝ ʫ ʄɸʊLAB-ʫ   

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 5 5 % 

 ʧʦʟʠʪʠʚʥʦ ʦʮʿʝˁʝʥ ʩʝʤ. ʨʘʜ 10 10 % 

I ʢʦʣʦʢʚʠʿʫʤ 20 20 % 

II  ʢʦʣʦʢʚʠʿʫʤ 20 20 % 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 45 45 % 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ IIIʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ɾʄɾʃʋʉʁʐʆɾ ʅɹʑʁʆɾ ʁ ʈʇʊʋʉʇɲɾɴɹ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʝ ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʫ, ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ, ʀʩʪʦʯʥʦ ʉʘʨʘʿʝʚʦ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-2-091-6 ʠʟʙʦʨʥʠ V 6,0 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʜʨʄʘʪʠ˂ ʇʝʪʘʨ, ʜʦʮʝʥʪ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʤʨ ɱʦʢʠ˂ ʉʨʹʘʥ, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

3 1 1 63 21 21 1,4 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W=3*15 + 1*15 +1*15  =75 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
T=3*15*1,4 + 1*15*1,4 + 1*15*1,4 = 105 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt=180 ʩʘʪʠ ʩʝʤʝʩʪʨʘʣʥʦ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

1. ʋʧʦʟʥʘʚʘˁʝ ʩʘ ʧʨʠʥʮʠʧʠʤʘ ʨʘʜʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʨʦʪʘʮʠʦʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥʘ 
2. ʆʩʧʦʩʦʙˀʝʥʦʩʪ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥʘ 
3. ʋʧʦʟʥʘʚʘˁʝ ʩʘ ʧʨʠʥʮʠʧʠʤʘ ʨʝʛʫʣʘʮʠʿʝ ʠ ʧʦʢʨʝʪʘˁʘ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥʘ 
4. ʋʧʦʟʥʘʚʘˁʝ ʩʘ ʨʘʜʦʤ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥʘ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʤ ʩʠʩʪʝʤʫ 
5. ʋʧʦʟʥʘʚʘˁʝ ʩʘ ʦʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʠʤʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʧʦʩʪʨʦʿʝˁʘ 

ʌʪʤʧʛˁʞʦʧʪʫ 
ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. ʇʦʪʨʝʙʥʘ ʧʨʝʜʟʥʘˁʘ ʠʟ ʧʨʝʜʤʝʪʘ: ʆʩʥʦʚʝ 
ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ-1 ʠ 2, ʊʝʦʨʠʿʝ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘ -1 ʠ 2 ʠ ɽʣʝʢʪʨʦʤʘʛʥʝʪʠʢʝ-1 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʧʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ, ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ, ʪʝʨʝʥʩʢʘ ʥʘʩʪʘʚʘ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʊʨʘʥʩʬʦʨʤʘʪʦʨʠ: ʂʘʧʦʚ ʜʠʿʘʛʨʘʤ,  
2. ɸʫʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʊʨʦʬʘʟʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ, 
3. ɿʘʛʨʠʿʘʚʘˁʝ ʠ ʭʣʘʹʝˁʝ, ɿʘʢʦʥʠ ʩʣʠʯʥʦʩʪʠ, 
4. ɸʩʠʥʭʨʦʥʝ ʤʘʰʠʥʝ,  ʅʘʧʦʥ ʬʘʟʝ, ʆʙʨʪʥʦ ʧʦˀʝ, ʆʙʨʪʥʠ ʤʦʤʝʥʪ ʫ ʬʫʥʢʮʠʿʠ ʢʣʠʟʘˁʘ M=f(x) 
5. ʉʪʘʨʪʦʚʘˁʝ, ʨʝʛʫʣʘʮʠʿʘ n(0/ʤʠʥ), ɱʝʜʥʦʬʘʟʥʠ ʤʦʪʦʨ,  
6. ʂʦʤʫʪʘʪʦʨʩʢʝ ʤʘʰʠʥʝ ʟʘ ʿʝʜʥʦʩʤʿ. ʩʪʨʫʿʫ, nʘʧʦʥ ʨʦʪʘʮʠʿʝ ɽ ʠ ʦʙʨʪʥʠ ʤʦʤʝʥʪ ʄ, ʈʝʘʢʮʠʿʘ ʠʥʜʫʢʪʘ 
7. ʇʦʤʦ˂ʥʠ ʧʦʣʦʚʠ, ʂʦʤʧʝʥʟʘʮʠʿʘ, ɻʝʥʝʨʘʪʦʨʠ ʠ ʤʦʪʦʨʠ, ʈʝʛʫʣ. n(0/ʤʠʥ) ʥʘʧʦʥʦʤ ʠ ʧʦˀʝʤ, 
8. ʉʠʥʭʨʦʥʝ ʤʘʰʠʥʝ, ʈʝʘʢʮʠʿʘ ʠʥʜʫʢʪʘ, ʉʠʥʭʨʦʥʝ ʨʝʘʢʪʘʥʩʝ Xd ʠ Xq, 
9.ʌʘʟʦʨʩʢʠ ʜʠʿʘʛʨʘʤ, ʉʠʥʭʨʦʥʠʟʘʮʠʿʘ, ʈʝʛʫʣʘʮʠʿʘ Q(var) ʠ P(w), ʆʩʮʠʣʘʮʠʿʝ, 
10. ɻʝʥʝʨʘʣʠʩʘʥʘ ʪʝʦʨʠʿʘ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥʘ, ʄʘʪʨʠʯʥʘ ʿʝʜʥʘʯʠʥʘ ʬʫʥʜʘʤʝʥʪʘʣʥʝ ʤʘʰʠʥʝ, 
11. ʊʨʘʥʩʬʦʨʤʘʮʠʿʘ "ɸ,B ʠ C" ʫ "a,b" ʠ "d-q", 
12. ʇʨʠʤʿʝʨʠ ʟʘ ʤʘʰʠʥʫ ʿ.c.c, ʩʠʥʭʨʦʥʫ ʠ ʘʩʠʥʭʨʦʥʫ ʤʘʰʠʥʫ, 
13. ʇʦʩʪʨʦʿʝˁʘ, ʇʨʝʢʠʜʘʯʠ, ʨʘʩʪʘʚˀʘʯʠ, 
14. ʄʿʝʨʥʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ, 
15. ɹʣʠʥʜʠʨʘʥʘ (˂ʝʣʠʿʩʢʘ) ʧʦʩʪʨʦʿʝˁʘ. ɺʝʣʠʢʘ ʧʦʩʪʨʦʿʝˁʘ ʟʘ ʚʘˁʩʢʫ ʤʦʥʪʘʞʫ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʄʘʪʠ˂, ʇ.  ʉʢʨʠʧʪʘ ʠ ʧʨʝʜʘʚʘˁʘ ʥʘʩʪʘʚʥʠʢʘ,  ʩʚʝ 

ɿʝʯʝʚʠ˂, ʄ. ɽʣʝʢʪʨʠʯʥʝ ʤʘʰʠʥʝ, ɿʘʚʦʜ ʟʘ ʫ˅ʙʝʥʠʢʝ ʀ. ʉʘʨʘʿʝʚʦ   2005. ʩʚʝ 

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʉʣʦʙʦʜʘʥ ɺʫʢʦʩʘʚʠ˂ ɽʣʝʢʪʨʠʯʥʝ ʤʘʰʠʥʝ, ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ ʫ 
ɹʝʦʛʨʘʜʫ  

2010. ʩʚʝ 

ʍʨʚʦʿʝ ʇʦʞʘʨ. 
ʈʘʩʢʣʦʧʥʘ ʧʦʩʪʨʦʿʝˁʘ, ʌʘʢʫʣʪʝʪ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ ʠ 
ʨʘʯʫʥʘʨʩʪʚʘ, ɿʘʛʨʝʙ 

1996. 320-400 

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʥʧʨ. ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 10 10% 

ʥʧʨ. ʧʦʟʠʪʠʚʥʦ ʦʮʿʝˁʝʥ ʩʝʤ. ʨʘʜ/ ʧʨʦʿʝʢʘʪ/ ʝʩʝʿ - - 

ʥʧʨ. ʩʪʫʜʠʿʘ ʩʣʫʯʘʿʘ ï ʛʨʫʧʥʠ ʨʘʜ - - 



ʥʧʨ. ʪʝʩʪ/ ʢʦʣʦʢʚʠʿʫʤ 30 30% 

ʥʧʨ. ʨʘʜ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ/ ʣʘʙ. ʚʿʝʞʙʝ  10 10% 

ʥʧʨ. ʧʨʘʢʪʠʯʥʠ ʨʘʜ - - 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʥʧʨ. ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 50 50% 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



ʐɾʋɻʉʋɹ ɼʇɽʁʆɹ ð ʁʀɺʇʉʆʁ ʈʉɾɽʅɾʋʁ 
 

 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ IV ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʈʉɾʆʇʊ ʁ ɹʃɻʁʀʁʏʁɲɹ ʈʇɽɹʋɹʃɹ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʝ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-2-046-7 
ɸɽ-08-2-046-8 

Iʟʙʦʨʥʠ VII, VIII 5,0 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʜʨ ʄʠʨʿʘʥʘ ʄʘʢʩʠʤʦʚʠ˂, ʜʦʮʝʥʪ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʤʨ ʅʘʪʘʰʘ ʇʦʧʦʚʠ˂, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 2 0 45 45 0 1.5 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W = 2*15 + 2*15 + 0*15  =60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
T = 2*15*So + 2*15*So + 0*15*So = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 90= 150ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ:  
1. ʩʝ ʫʧʦʟʥʘʪʠ ʩʘ ʦʩʥʦʚʥʠʤ ʢʦʥʮʝʧʪʠʤʘ ʝʣʝʢʪʨʦʥʩʢʠʭ ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʩʠʩʪʝʤʘ, 
2. ʩʪʝ˂ʠ ʬʫʥʜʘʤʝʥʪʘʣʥʘ ʟʥʘˁʘ ʦ ʨʘʯʫʥʘʨʩʢʠʤ ʤʨʝʞʘʤʘ ʠ ˁʠʭʦʚʦʤ ʨʘʜʫ,  
3. ʩʪʝ˂ʠ ʪʝʦʨʠʿʩʢʦ ʠ ʧʨʘʢʪʠʯʥʦ ʟʥʘˁʝ ʦ ʢʦʥʮʝʧʪʠʤʘ ʧʨʝʥʦʩʘ ʧʦʜʘʪʘʢʘ ʫ ʢʦʤʫʥʠʢʘʮʠʦʥʠʤ ʤʨʝʞʘʤʘ, 
4. ʫʧʦʟʥʘʪʠ ʩʝ ʩʘ ʩʠʩʪʝʤʠʤʘ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʧʦʜʘʪʘʢʘ, ʠʥʪʝʣʠʛʝʥʪʥʠʤ ʩʝʥʟʦʨʠʤʘ ʠ ʥʦʚʠʤ ʢʦʥʮʝʧʪʦʤ 
ʀʥʪʝʨʥʝʪʘ ʩʪʚʘʨʠ. 

ʌʪʤʧʛˁʞʦʧʪʫ 
ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. ʇʦʪʨʝʙʥʘ ʩʫ ʧʨʝʜʟʥʘˁʘ ʠʟ ʧʨʝʜʤʝʪʘ: ʆʩʥʦʚʠ 
ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʘ, ɸʨʭʠʪʝʢʪʫʨʘ ʨʘʯʫʥʘʨʘ, ʄʠʢʨʦʧʨʦʮʝʩʦʨʩʢʠ ʩʠʩʪʝʤʠ. 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ 
ʅʘʩʪʘʚʘ ʩʝ ʠʟʚʦʜʠ ʫ ʦʙʣʠʢʫ ʧʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʠʭ ʠ ʧʦʢʘʟʥʠʭ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʚʿʝʞʙʠ. ʋʯʝˁʝ, 
ʢʦʣʦʢʚʠʿʫʤʠ ʠ ʢʦʥʩʫʣʪʘʮʠʿʝ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1.ʋʚʦʜ. ʀʩʪʦʨʠʿʘ ʢʦʤʫʥʠʢʘʮʠʿʘ. ʇʨʝʥʦʩ ʧʦʜʘʪʘʢʘ ʠ ʫʤʨʝʞʘʚʘˁʝ. ʄʦʜʝʣ ʢʦʤʫʥʠʢʘʮʠʦʥʦʛ ʩʠʩʪʝʤʘ. 
ʀʥʪʝʨʥʝʪ ʜʘʥʘʩ. 
2. ʄʨʝʞʥʠ, ʀʥʪʝʨʥʝʪ ʠ OSI ʤʦʜʝʣ.ʇʨʦʪʦʢʦʣʠ ʠ ʩʪʘʥʜʘʨʜʠ. ʆʨʛʘʥʠʟʘʮʠʿʝ ʟʘ ʜʦʥʦʰʝˁʝ ʩʪʘʥʜʘʨʜʘ ʟʘ 
ʧʨʝʥʦʩ ʧʦʜʘʪʘʢʘ. 
3.ʉʠʛʥʘʣʠ ʠ ʝʣʝʢʪʨʠʯʥʠ ʠʥʪʝʨʬʝʿʩʠ. ɸʩʠʥʭʨʦʥʠ ʠ ʩʠʥʭʨʦʥʠ ʧʨʝʥʦʩ. ɼʠʛʠʪʘʣʥʠ ʠ ʘʥʘʣʦʛʥʠ ʧʨʝʥʦʩ. 
ʄʫʣʪʠʧʣʝʢʩʠʨʘˁʝ. 
4.ʇʨʝʥʦʩʥʠ ʤʝʜʠʿʫʤʠ. ʋʧʨʘʚˀʘˁʝ ʥʘ ʥʠʚʦʫ ʚʝʟʝ ʠ ʧʨʦʪʦʢʦʣʠ.ɼʝʪʝʢʮʠʿʘ ʠ ʢʦʨʝʢʮʠʿʘ ʛʨʝʰʘʢʘ. 
5. ʊʝʣʝʬʦʥʩʢʝ ʤʨʝʞʝ. ʂʦʤʫʪʘʮʠʿʝ ʢʦʣʘ ʠ ʧʘʢʝʪʘ. X-25, Frame Relay, ATM, ISDN. 
6. ʈʫʪʠʨʘˁʝ. ʋʤʨʝʞʘʚʘˁʝ. ʊʦʧʦʣʦʛʠʿʝ ʤʨʝʞʘ.ʈʫʪʝʨʠ, ʤʦʩʪʦʚʠ, ʢʦʤʫʪʘʪʦʨʠ, ʭʘʙʦʚʠ, ʨʠʧʠʪʝʨʠ. 
7.ʀʥʪʝʨʥʝʪ-ʧʨʫʞʘˁʝ ʫʩʣʫʛʘ. TCP/IP ʤʦʜʝʣ. ɸʜʨʝʩʠʨʘˁʝ. IPv6 vs IPv4. UDP. 
8.ʄʦʙʠʣʥʝ ʢʦʤʫʥʠʢʘʮʠʿʝ. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʙʝʞʠʯʥʦʛ ʧʨʝʥʦʩʘ, ʬʨʝʢʚʝʥʪʥʠ ʦʧʩʝʛ, ʧʨʦʰʠʨʝʥʠ ʦʧʩʝʛ. 
ʊʝʣʝʢʦʤʫʥʠʢʘʮʠʦʥʠ ʩʠʩʪʝʤʠ. GSM. GPRS. EDGE. UMTS. LTE. LTE-A. 5G. 
9.ʉʘʪʝʣʠʪʩʢʠ ʩʠʩʪʝʤʠ. LEO, MEO, GEO. 
10.LAN: ʊʦʧʦʣʦʛʠʿʘ, ʤʿʝʨʝ ʟʘ ʠʟʙʦʨ ʪʦʧʦʣʦʛʠʿʝ, ʤʿʝʨʝ ʟʘ ʦʮʿʝʥʫ ʧʝʨʬʦʨʤʘʥʩʠ, ʧʨʝʥʦʩʥʠ ʤʝʜʠʿʫʤ, 
ʤʝʪʦʜʠ ʧʨʠʩʪʫʧʘ. ɹʝʞʠʯʥʠ LAN. 802.11xx, HIPERLAN, Bluetooth, ZigBee. ɹʝʞʠʯʥʝ Ad-hoc ʤʨʝʞʝ. 
ʉʝʥʟʦʨʩʢʝ ʤʨʝʞʝ. 
11.ʀʥʜʫʩʪʨʠʿʩʢʝ ʤʨʝʞʝ. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʘ ʟʘ ʘʢʚʠʟʠʮʠʿʫ ʧʦʜʘʪʘʢʘ. ʀʥʪʝʣʠʛʝʥʪʥʠ ʩʝʥʟʦʨʠ. 
12.ʉʪʘʥʜʘʨʜʠ: Fieldbus, Profibus, Celenet. Ethernet ʠ ʙʝʞʠʯʥʝ ʤʨʝʞʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʫ ʠʥʜʫʩʪʨʠʿʠ. 
13.ʄʫʣʪʠʤʝʜʠʿʘ. ɼʠʛʠʪʘʣʠʟʘʮʠʿʘ ʘʫʜʠʦ ʠ ʚʠʜʝʦ ʩʠʛʥʘʣʘ. ɸʫʜʠʦ ʠ ʚʠʜʝʦ ʢʦʤʧʨʝʩʠʿʘ. 
14.ʉʣʫʰʘˁʝ/ʛʣʝʜʘˁʝ ʘʫʜʠʦ/ʚʠʜʝʦ ʩʠʛʥʘʣʘ ʫʞʠʚʦ ʠ ʤʝʤʦʨʠʩʘʥʦʛ. VoIP. 
15.ʀʥʪʝʨʥʝʪ ʩʪʚʘʨʠ: ʅʦʚʠ ʢʦʥʮʝʧʪʠ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʄ. ʉʪʦʿʯʝʚ 
ʈʘʯʫʥʘʨʩʢʝ ʤʨʝʞʝ ʠ ʧʨʝʥʦʩ ʧʦʜʘʪʘʢʘ,  
ɽʌ ʅʠʰ 

2005.  

A. S. Tanenbaum, ʈʘʯʫʥʘʨʩʢʝ ʤʨʝʞʝ, 2013.  

http://www.delfi.rs/knjige/autor/3518_andrew_s_tanenbaum_delfi_knjizare.html


D. J. Wetherall 
 

 
ʄʠʢʨʦʢˁʠʛʘ 

M. ʉʪʦʿʯʝʚ, ɻ. ʅʠʢʦʣʠ˂,  
ʅ. ʇʦʧʦʚʠ˂ 
 

ɿʙʠʨʢʘ ʟʘʜʘʪʘʢʘ ʠʟ ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ ʠ 
ʠʥʪʝʨʬʝʿʩʘ, 
ɽʌ ʅʠʰ 

2011.  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

W. Stallings  
 

Data And Computer Communications, 
Prentice Hall 

2004.  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 5 5 % 

 ʧʦʟʠʪʠʚʥʦ ʦʮʿʝˁʝʥ ʩʝʤ. ʨʘʜ 10 10 % 

I ʢʦʣʦʢʚʠʿʫʤ 20 20 % 

II  ʢʦʣʦʢʚʠʿʫʤ 20 20 % 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʥʧʨ. ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 45 45 % 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 
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ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ:ɸʫʪʦʤʘʪʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ IV ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʅɾʆɹɸʅɾʆʋ ʌ ʁʆɿɾɴɾʉʊʃʇɲ ʈʉɹʃʊʁ 

ʃʙʫʞʝʩʙ   

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-2-047-7 
ɸɽ-08-2-047-8 

ʀʟʙʦʨʥʠ VII,  VIII 5 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ʀʣʠʥʢʘ ʋʥʢʦʚʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ ʄʠʦʜʨʘʛ ʌʦʨʮʘʥ, ʤʨ, ʚʠʰʠ ʘʩʠʩʪʝʥʪ 

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 2 0 2*15*So 2*15*So 0 1.5 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W = 2*15 + 2*15 =60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
T = 2*15*So + 2*15*So = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 90= 150ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

1. Oʩʥʦʚʥʘ ʟʥʘˁʘ ʦ ʧʨʝʜʫʟʝ˂ʠʤʘ ʢʘʦ ʩʫʙʿʝʢʪʠʤʘ ʧʦʩʣʦʚʥʦʛ ʙʠʟʥʠʩʘ. 
2. ɿʥʘˁʘ ʚʝʟʘʥʘ ʟʘ ʧʨʦʿʝʢʪʦʚʘˁʝ, ʢʦʥʩʫʣʪʘʥʪʩʢʝ ʫʩʣʫʛʝ ʠ ʠʟʚʦʹʘʯʢʠ ʠʥʞʝˁʝʨʠʥʛ. 
3. ɿʥʘˁʘ ʚʝʟʘʥʘ ʟʘ ʢʚʘʣʠʪʝʪ ʠ ʬʠʥʘʥʩʠʿʩʢʫ ʠʟʚʦʜˀʠʚʦʩʪ ʧʨʦʿʝʢʘʪʘ. 
4. ʉʧʝʮʠʿʘʣʠʩʪʠʯʢʘ ʟʥʘˁʘ ʚʝʟʘʥʘ ʟʘ ʢʦʥʪʨʦʣʫ ʠ ʫʧʨʘʚˀʘˁʝ ʧʨʦʿʝʢʪʠʤʘ. 

ʌʪʤʧʛˁʞʦʧʪʫ ʅʝʤʘ ʫʩʣʦʚˀʝʥʦʩʪʠ ʜʨʫʛʠʤ ʧʨʝʜʤʝʪʠʤʘ 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʇʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ, ʩʝʤʠʥʘʨʩʢʠ ʨʘʜʦʚʠ, ʪʝʩʪʦʚʠ. 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʋʚʦʜʥʘ ʨʘʟʤʘʪʨʘˁʘ. 
2. ʇʨʝʜʫʟʝ˂ʝ ʢʘʦ ʩʫʙʿʝʢʪ ʧʦʩʣʦʚʥʦʛ ʙʠʟʥʠʩʘ: ʧʨʝʜʫʟʝ˂ʝ (ʮʠˀʝʚʠ ʧʨʝʜʫʟʝ˂ʘ; ʧʨʘʚʥʘ ʬʦʨʤʘ 
ʧʨʝʜʫʟʝ˂ʘ). 
3. ʉʪʨʘʪʝʛʠʿʘ ʧʨʝʜʫʟʝ˂ʘ, ʦʨʛʘʥʠʟʘʮʠʿʘ ʧʨʝʜʫʟʝ˂ʘ,  ʢʫʣʪʫʨʘ ʧʨʝʜʫʟʝ˂ʘ. 
4. ʆʢʨʫʞʝˁʝ (ʮʠˀʝʚʠ; ʧʦʨʝʩʢʠ ʩʠʩʪʝʤ; ʬʠʥʘʥʩʠʿʩʢʘ ʪʨʞʠʰʪʘ ʠ ʠʟʚʦʨʠ ʩʨʝʜʩʪʘʚʘ). 
5. ʇʨʠʥʮʠʧʠ ʩʠʩʪʝʤʩʢʦʛ ʠʥʞʝˁʝʨʠʥʛʘ: ʫʚʦʜʥʘ ʨʘʟʤʘʪʨʘˁʘ. ʂʢʦʥʪʠʥʫʠʨʘʥʦ ʧʨʦʿʝʢʪʦʚʘˁʝ.  
6. ʇʨʝʣʠʤʠʥʘʨʥʦ ʧʨʦʿʝʢʪʦʚʘˁʝ. ɼʝʪʘˀʥʦ ʧʨʦʿʝʢʪʦʚʘˁʝ.  
7. ʀʟʚʦʹʘʯʢʠ ʠʥʞʝˁʝʨʠʥʛ (ʫʩʣʫʛʝ ʢʦʥʩʫʣʪʘʥʪʩʢʠʭ ʧʨʝʜʫʟʝ˂ʘ, ʠʟʚʦʹʘʯʢʠ ʠʥʞʝˁʝʨʠʥʛ). 
8. ʆʜʛʦʚʦʨʥʦʩʪ ʢʦʥʩʫʣʪʘʥʘʪʘ, ʠʟʙʦʨ ʢʦʥʩʫʣʪʘʥʘʪʘ, ʮʠʿʝʥʘ ʟʘ ʢʦʥʩʫʣʪʘʥʪʩʢʝ ʫʩʣʫʛʝ, ʧʦʥʫʜʘ, ʫʛʦʚʦʨ. 
9. ʈʝʠʥʞʝˁʝʨʠʥʛ. ʄʿʝʩʪʦ ʠ ʫʣʦʛʘ ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʫ ʨʝʠʥʞʝˁʝʨʠʥʛʫ.  
10. ʆʩʥʦʚʝ ʩʠʩʪʝʤʘ ʢʚʘʣʠʪʝʪʘ. ʉʠʩʪʝʤ ʢʚʘʣʠʪʝʪʘ ʠ ʩʪʘʥʜʘʨʜʠ; ɼʦʢʫʤʝʥʪʘʮʠʿʘ ʩʠʩʪʝʤʘ ʢʚʘʣʠʪʝʪʘ.  
11. ʌʠʥʘʥʩʠʿʩʢʘ ʠʟʚʦʜˀʠʚʦʩʪ ʧʨʦʿʝʢʪʘ: ʫʚʦʜ; ʬʠʥʘʥʩʠʿʩʢʝ ʤʦʛʫ˂ʥʦʩʪʠ ʠʥʚʝʩʪʠʪʦʨʘ.  
12. ʈʝʥʪʘʙʠʣʥʦʩʪ ʧʨʦʿʝʢʪʘ, ʬʠʥʘʥʩʠʨʘˁʝ ʧʨʦʿʝʢʪʘ. 
13. ʋʧʨʘʚˀʘˁʝ ʧʨʦʿʝʢʪʦʤ: ʫʚʦʜ; ʨʫʢʦʚʦʜʠʣʘʮ ʠ ʦʨʛʘʥʠʟʘʮʠʿʘ ʧʨʦʿʝʢʪʘ; ʧʣʘʥʠʨʘˁʝ; ʧʨʦʮʿʝʥʝ 
ʪʨʦʰʢʦʚʘ. 
14. ʂʦʥʪʨʦʣʘ ʧʨʦʿʝʢʪʘ; ʪʠʤ; ʜʦʢʫʤʝʥʪʘʮʠʿʘ; ʧʨʠʩʪʫʧ ʨʝʘʣʠʟʘʮʠʿʠ ʧʨʦʿʝʢʪʘ. 
15. ɸʣʘʪʠ ʠ ʤʝʪʦʜʝ: ʫʚʦʜ; ʦʩʥʦʚʥʠ ʝʣʝʤʝʥʪʠ ʧʨʦʿʝʢʪʘ. 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ɱ. ɼʫʪʠʥʘ ʀʥʞʝˁʝʨʩʢʘ ʝʢʦʥʦʤʠʿʘ, ʌʄʇ, ʊʨʝʙʠˁʝ 1998.  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʄ. ɺʫʢʯʝʚʠ˂ 
ʀʥʞʠˁʝʨʩʢʘ ʝʢʦʥʦʤʠʿa, ʄʘʰʠʥʩʢʠ ʬʘʢʫʣʪʝʪ 
ʇʦʜʛʦʨʠʮʘ 

2012.  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ʚʿʝʞʙʘʤʘ 10 10% 

I ʢʦʣʦʢʚʠʿʫʤ 30 30% 

II ʢʦʣʦʢʚʠʿʫʤ 30 30% 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʥʧʨ. ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 30 30% 

ʋʂʋʇʅʆ 100 100 % 



Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ: ɸʫʪʦʤʘʪʠʢʘ ʠ ɽʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ IV ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʊʈɾʏʁɲɹʄʆʁ ʊɾʆʀʇʉʁ ʁ ʁʆɽʌʊʋʉʁɲʊʃɹ ʅɲɾʉɾɴɹ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʘʫʪʦʤʘʪʠʢʫ ʠ ʨʦʙʦʪʠʢʫ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-2-048-7 
ɸɽ-08-2-048-8 

ʀʟʙʦʨʥʠ VII,  VIII 5 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʜʨ ɹʦʞʠʜʘʨ ʇʦʧʦʚʠ˂, ʜʦʮʝʥʪ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ  

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 1 1 45 22.5 22.5 1.5 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W =2*15 + 1*15 + 1*15  = 60ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ=2*15*So + 1*15*So + 1*15*So = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 90= 150ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʉʘʚʣʘʜʘʚʘˁʝʤ ʦʚʦʛ ʧʨʝʜʤʝʪʘ ʩʪʫʜʝʥʪ ˂ʝ ʤʦ˂ʠ/ ʙʠʪʠ ʦʩʧʦʩʦʙˀʝʥ ʜʘ: 
1. ʈʘʟʫʤʿʝʚʘˁʝ ʠ ʨʘʟʚʠʿʘˁʝ ʧʝʨʮʝʧʮʠʿʝ ʤʿʝʨʝˁʘ ʥʝʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥʘ ʧʨʠʤʿʝʥʦʤ ʩʝʥʟʦʨʘ 
ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʠʟʣʘʟʥʠ ʩʠʛʥʘʣ ʩʪʨʫʿʘ ʠʣʠ ʥʘʧʦʥ ʤʦʨʘʿʫ ʙʠʪʠ ʫ ʬʦʨʤʠ ʩʪʘʥʜʘʨʜʠʭ ʩʠʛʥʘʣʘ.   
2. ʈʘʟʫʤʿʝʚʘˁʝ ʠ ʨʘʟʣʠʢʦʚʘˁʝ ʩʝʥʟʦʨʘ, ʢʘʦ ʠ ʪʝʭʥʠʢʘ ʤʿʝʨʝˁʘ ʥʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥʘ  
3. ʈʘʟʫʤʿʝʚʘˁʝ ʧʨʠʥʮʠʧʘ ʨʘʜʘ ʠ ʧʨʠʤʿʝʥʝ 
4. ʈʘʟʫʤʿʝʚʘʥʿʝ ʠ ʧʨʠʤʿʝʥʘ ʰʝʤʘ ʚʝʟʠʚʘˁʘ ʠ ʧʨʠʣʘʛʦʹʝˁʘ ʠʟʣʘʟʥʠʭ ʚʝʣʠʯʠʥʘ 
 5. ʅʘ ʦʩʥʦʚʫ ʧʦʩʪʘʚˀʝʥʦʛ ʧʨʦʙʣʝʤʘ, ʩʪʫʜʠʦʟʥʦ ʘʥʘʣʠʟʠʨʘʿʫ˂ʠ ʦʢʨʫʞʝˁʝ, ʥʘʤʿʝʥʫ ʠ ʫʩʣʦʚʝ ʨʘʜʘ 
ʠʟʘʙʨʘʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʩʝʥʟʦʨʝ ʢʘʢʦ ʙʠ ʩʝ ʝʬʠʢʘʩʥʦ, ʩʠʛʫʨʥʦ ʠ ʧʦʫʟʜʘʥʦ ʜʦʙʠʣʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ 
ʩʠʛʥʘʣʠ ʢʦʿʠ ʦʧʠʩʫʿʫ ʨʘʜʥʠ ʧʨʦʮʝʩ ʢʦʿʠ ʩʝ ʧʣʘʥʠʨʘ ʥʘʜʛʣʝʜʘʪʠ ʠʣʠ ʫʧʨʘʚˀʘʪʠ. 

ʌʪʤʧʛˁʞʦʧʪʫ ʆʜʩʣʫʰʘʥ ʢʫʨʩ ɽʣʝʢʪʨʠʯʥʠʭ ʤʿʝʨʝˁʘ 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʇʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʇʨʠʥʮʠʧʠ ʤʿʝʨʝˁʘ. ʋʚʦʜ ʫ ʤʿʝʨʝˁʝ-ʤʝʪʨʦʣʦʛʠʿʘ. ʇʣʘʥʠʨʘˁʝ ʠ ʦʨʛʘʥʠʟʘʮʠʿʘ ʤʿʝʨʝˁʘ. ʆʙʨʘʜʘ 
ʤʿʝʨʥʠʭ ʨʝʟʫʣʪʘʪʘ ʥʝʧʦʩʨʝʜʥʠʭ, ʧʦʩʨʝʜʥʠʭ ʠ ʧʘʨʘʤʝʪʘʨʩʢʠʭ ʤʿʝʨʝˁʘ.  
2. ʇʨʝʟʝʥʪʘʮʠʿʘ ʠ ʨʝʛʠʩʪʨʘʮʠʿʘ ʤʿʝʨʥʠʭ ʨʝʟʫʣʪʘʪʘ. ʈʝʛʠʩʪʨʘʮʠʿʘ ʧʦʜʘʪʘʢʘ, ʇʦʫʟʜʘʥʦʩʪ ʤʿʝʨʥʠʭ 
ʫʨʝʹʘʿʘ. 
3. ʆʩʥʦʚʠ ʪʝʭʥʠʢʝ ʩʝʥʟʦʨʘ, ʊʝʭʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʝʥʟʦʨʘ.  
4. ʆʪʧʦʨʥʠʯʢʠ ʩʝʥʟʦʨʠ  
5. ɽʣʝʢʪʨʦʤʘʛʥʝʪʥʠ ʠ ʢʘʧʘʮʠʪʠʚʥʠ ʩʝʥʟʦʨʠ 
6. ʇʠʝʟʦʝʣʝʢʪʨʠʯʥʠ ʩʝʥʟʦʨʠ  
7. ʆʧʪʦʝʣʝʢʪʨʦʥʩʢʠ ʠ ʜʠʛʠʪʘʣʥʠ ʩʝʥʟʦʨʠ 
8. ʉʝʥʟʦʨʠ ʠ ʤʝʪʦʜʝ ʤʿʝʨʝˁʘ ʥʝʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥʘ, 
9. ʉʝʥʟʦʨʠ ʣʠʥʝʘʨʥʦʛ ʠ ʫʛʘʦʥʦʛ ʧʦʤʿʝʨʘʿʘ.  
10. ʉʝʥʟʦʨʠ ʙʨʟʠʥʝ ʠ ʫʙʨʟʘˁʘ, ʉʝʥʟʦʨʠ ʩʠʣʝ ʠ ʤʦʤʝʥʪʘ. 
11. ʉʝʥʟʦʨʠ ʧʨʠʪʠʩʢʘ ,ʉʝʥʟʦʨʠ ʥʠʚʦʘ 
12. ʉʝʥʟʦʨʠ ʧʨʦʪʦʢʘ , ʄʿʝʨʝˁʝ ʪʝʤʧʝʨʘʪʫʨʝ 
13. ʉʝʥʟʦʨʠ ʠ ʩʠʩʪʝʤʠ ʟʘ ʤʿʝʨʝˁʝ ʠ ʢʦʥʪʨʦʣʫ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ 
14. ʉʝʥʟʦʨʠ ʠ ʩʠʩʪʝʤʠ ʟʘ ʤʿʝʨʝˁʝ ʠ ʢʦʥʪʨʦʣʫ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ 
15. ʊʝʨʤʦʚʠʟʠʿʩʢʘ ʤʿʝʨʝˁʘ ʠ ʘʥʘʣʠʟʘ ʪʝʨʤʦʛʨʘʤʘ 

ʇʚʙʛʞʠʦʙ ʤʡʫʞʩʙʫʬʩʙ  

ɹʬʫʧʩ/ ʡ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 

ʄ.ʇʦʧʦʚʠ˂ 
ʉʧʝʮʠʿʘʣʥʠ ʩʝʥʟʦʨʠ ʠ ʤʿʝʨʝˁʘ,  ɿʘʚʦʜ ʟʘ ʫ˅ʙʝʥʠʢʝ 
ʠ ʥʘʩʪʘʚʥʘ ʩʨʝʜʩʪʚʘ 

2004  

ɼ.ʉʪʘʥʢʦʚʠ˂ 
ʌʠʟʠʯʢʦ-ʪʝʭʥʠʯʢʘ ʤʿʝʨʝˁʘ, ɻʨʘʹʝʚʠʥʩʢʘ ʢˁʠʛʘ 
ɹʝʦʛʨʘʜ 

  

ʄ.ʇʦʧʦʚʠ˂ 
ʉʝʥʟʦʨʠ ʪʝʯʥʦʩʪʠ ʠ ʛʘʩʦʚʘ , ʟʘ ʫ˅ʙʝʥʠʢʝ ʠ ʥʘʩʪʘʚʥʘ 
ʩʨʝʜʩʪʚʘ 

2003  

ɽʧʨʬʦʪʣʙ ʤʡʫʞʩʙʫʬʩʙ 

ɸʫʪʦʨ/ ʠ ʆʙʠʡʛ ʨʬʚʤʡʣʙʯʡˀʞ, ʡʠʝʙʛʙʰ ɼʧʝʡʦʙ ʊʫʩʙʦʡʯʞ (ʧʝ-ʝʧ) 



J. P. Bentley Principles of measurement systems, 2005  

ʄ.ʇʦʧʦʚʠ˂ ʉʝʥʟʦʨʠ ʫ ʈʦʙʦʪʠʮʠ, ɹʝʦʛʨʘʜ 1996  

J. Fraden Handbook of Modern Sensors, Springer 2010  

ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 5 5 

 ʪʝʩʪ/ ʢʦʣʦʢʚʠʿʫʤ 30 30 

ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ 10 10 

 ʨʘʜ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ/ ʣʘʙ. ʚʿʝʞʙʝ  10 10 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 

ʥʧʨ. ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 45 45 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  

ɽʙʫʬʥ ʧʛˀʞʩʞ 14.09.2016. ï 107.ʩʿʝʜʥʠʮʘ ɺʠʿʝ˂ʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ: ɸʫʪʦʤʘʪʠʢʘ ʠ ɽʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ IV ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʁɽɾʆʋʁʍʁʃɹʏʁɲɹ ʈʉʇʏɾʊɹ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʘʫʪʦʤʘʪʠʢʫ ʠ ʨʦʙʦʪʠʢʫ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-2-092-7 
ɸɽ-08-2-092-8 

ʀʟʙʦʨʥʠ VII,  VIII 5 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ʉʣʦʙʦʜʘʥ ʃʫʙʫʨʘ, ʚʘʥʜʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ  

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 2 0 45 45 0 1.5 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W =2*15 + 2*15 + 0*15  = 60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ=2*15*So + 1*15*So + 1*15*So = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 90= 150 ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ  

ʌʪʤʧʛˁʞʦʧʪʫ 
 ʇʦʪʨʝʙʥʘ ʧʨʝʜʟʥʘˁʘ ʠʟ ʧʨʝʜʤʝʪʘ: ʄʝʪʦʜʝ ʤʦʜʝʣʦʚʘˁʘ ʠ ʩʠʤʫʣʘʮʠʿʝ, ʊʝʦʨʠʿʘ ʘʫʪʦʤʘʪʩʢʦʛ 
ʫʧʨʘʚˀʘˁʘ 1 ʠ 2, ɼʠʛʠʪʘʣʥʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚˀʘˁʘ, 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʇʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ, ʩʝʤʠʥʘʨʩʢʠ ʨʘʜʦʚʠ ʠ ʢʦʥʩʫʣʪʘʮʠʿʝ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1. ʋʚʦʜ. ʇʦʿʘʤ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ. ʀʜʝʥʪʠʬʠʢʘʙʠʣʥʦʩʪ, 
2. ɸʢʪʠʚʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʨʦʮʝʩʘ. ʄʝʪʦʜ ʛʨʘʜʠʿʝʥʪʘ. ʄʝʪʦʜ ʿʝʜʥʘʯʠʥʝ ʛʨʝʰʢʝ, 
3. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʩʪʘʪʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʮʝʩʘ. ʈʝʛʨʝʩʠʦʥʘ ʘʥʘʣʠʟʘ, 
4. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʩʪʘʪʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʨʠʰ˂ʝˁʝʤ ʧʦʣʠʥʦʤʠʿʘʣʥʝ ʘʧʨʦʢʩʠʤʘʮʠʿʝ, 
5. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʦʤʦ˂ʫ ʩʝʢʚʝʥʮʠʿʘʣʥʝ ʨʝʛʨʝʩʠʿʝ, 
6. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʦʤʦ˂ʫ ʩʪʦʭʘʩʪʠʯʢʝ ʘʧʨʦʢʩʠʤʘʮʠʿʝ, 
7. ʄʝʪʦʜ ʩʝʢʚʝʥʮʠʿʘʣʥʦʛ ʫʯʝˁʘ, 
8. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʦʩʥʦʚʫ ʦʜʟʠʚʘ ʩʠʩʪʝʤʘ, 
9. ʆʜʨʝʹʠʚʘˁʝ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʘ ʧʨʦʮʝʩʘ ʫ ʦʙʣʠʢʫ ʬʫʥʢʮʠʿʝ ʧʨʝʥʦʩʘ ʥʘ ʦʩʥʦʚʫ ʦʜʩʢʦʯʥʦʛ 
ʦʜʟʠʚʘ, 
10. ʇʦʙʦˀʰʘʥʘ ʚʘʨʠʿʘʥʪʘ ʤʝʪʦʜʘ ɸʿʟʝʨʤʘʥʘ. ʉʧʣʘʿʥ-ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʦʜʟʠʚʘ ʩʠʩʪʝʤʘ, 
11. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʜʠʩʢʨʝʪʥʠʭ ʧʨʦʮʝʩʘ, 
12. ʀʜʝʥʪʠʬʠʢʘʮʠʿʝ ʧʨʦʮʝʩʘ ʫ ʧʨʠʩʫʩʪʚʫ ʩʣʫʯʘʿʥʠʭ ʩʠʛʥʘʣʘ. ʅʝʧʘʨʘʤʝʪʘʨʩʢʝ ʤʝʪʦʜʝ 
ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ, 
13. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʠʚʘˁʝ ʢʦʨʝʣʘʮʠʦʥʠʭ ʬʫʥʢʮʠʿʘ, 
14. ʆʮʿʝʥʘ ʢʚʘʣʠʪʝʪʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ, 
15. ʇʨʦʛʨʘʤʩʢʠ ʧʘʢʝʪʠ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʧʨʦʮʝʩʘ 
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ʇʚʙʛʞʠʞ, ʧʚʤʡʯʡ 
ʨʩʧʛˀʞʩʞ ʠʦʙ˂ʙ ʡ 
ʧʯˀʞ˂ʡʛʙ˂ʞ 

ɻʩʪʫʙ ʞʛʙʤʬʙʯʡˀʞ ʩʙʝʙ ʪʫʬʝʞʦʫʙ ɺʧʝʧʛʡ ʈʩʧʯʞʦʙʫ 

ʇʨʝʜʠʩʧʠʪʥʝ ʦʙʘʚʝʟʝ 

ʧʨʠʩʫʩʪʚʦ ʧʨʝʜʘʚʘˁʠʤʘ/ ʚʿʝʞʙʘʤʘ 5 5 

 ʪʝʩʪ/ ʢʦʣʦʢʚʠʿʫʤ 40 40 

ʩʝʤʠʥʘʨʩʢʠ ʨʘʜ 10 10 

 ʨʘʜ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ/ ʣʘʙ. ʚʿʝʞʙʝ  15 15 

ɿʘʚʨʰʥʠ ʠʩʧʠʪ 



ʥʧʨ. ʟʘʚʨʰʥʠ ʠʩʧʠʪ (ʫʩʤʝʥʠ/ ʧʠʩʤʝʥʠ) 30 30 

ʋʂʋʇʅʆ 100 100 % 

Web ʪʫʩʙʦʡʯʙ  
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ʌʆʁɻɾʉʀʁʋɾʋ ʌ ʁʊʋʇʐʆʇʅ ʊɹʉɹɲɾɻʌ 
ɽʣʝʢʪʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

 

ʉʪʫʜʠʿʩʢʠ ʧʨʦʛʨʘʤ: ɸʫʪʦʤʘʪʠʢʘ ʠ ɽʣʝʢʪʨʦʥʠʢʘ 

I ʮʠʢʣʫʩ ʩʪʫʜʠʿʘ IV ʛʦʜʠʥʘ ʩʪʫʜʠʿʘ 

ʈʬʦ ʦʙʠʡʛ ʨʩʞʝʥʞʫʙ ʅʁʃʉʇʈʉʇʏɾʊʇʉʊʃʇ ʌʈʉɹɻɳɹɴɾ ɾʄɾʃʋʉʇʅʇʋʇʉʆʁʅ ʈʇɼʇʆʁʅɹ 

ʃʙʫʞʝʩʙ  ʂʘʪʝʜʨʘ ʟʘ ʝʣʝʢʪʨʦʥʠʢʫ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʩʠʩʪʝʤʝ ï ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ 

ʑʡʭʩʙ ʨʩʞʝʥʞʫʙ ʊʫʙʫʬʪ ʨʩʞʝʥʞʫʙ ʊʞʥʞʪʫʙʩ ECTS 

ɸɽ-08-2-105-7 
ɸɽ-08-2-105-8 

ʀʟʙʦʨʥʠ VII,  VIII 5 

ʆʙʪʫʙʛʦʡʣ/ -ʯʡ ʧʨʦʬ. ʜʨ ɹʨʘʥʢʦ ɹʣʘʥʫʰʘ, ʚʘʥʜʨʝʜʥʠ ʧʨʦʬʝʩʦʨ 

ʊʙʩʙʝʦʡʣ/ - ʯʡ  

ʍʧʦʝ ʰʙʪʧʛʙ/ ʦʙʪʫʙʛʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ 
(ʪʞʝʥʡʰʦʧ) 

ʁʦʝʡʛʡʝʬʙʤʦʧ ʧʨʫʞʩʞ˃ʞ˂ʞ ʪʫʬʝʞʦʫʙ (ʬ 
ʪʙʫʡʥʙ ʪʞʥʞʪʫʩʙʤʦʧ) 

ʃʧʞʭʡʯʡˀʞʦʫ 
ʪʫʬʝʞʦʫʪʣʧʜ 
ʧʨʫʞʩʞ˃ʞ˂ʙ So 

ʈ ɹɻ ʄɻ ʈ ɹɻ ʄɻ So 

2 1 1 45 22.5 22.5 1.5 

ʫʢʫʧʥʦ ʥʘʩʪʘʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
W =2*15 + 1*15 + 1*15  = 60 ʩʘʪʠ 

ʫʢʫʧʥʦ ʩʪʫʜʝʥʪʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʫ ʩʘʪʠʤʘ, ʩʝʤʝʩʪʨʘʣʥʦ)  
ʊ=2*15*So + 1*15*So + 1*15*So = 90 ʩʘʪʠ 

ʋʢʫʧʥʦ ʦʧʪʝʨʝ˂ʝˁʝʧʨʝʜʤʝʪʘ (ʥʘʩʪʘʚʥʦ + ʩʪʫʜʝʥʪʩʢʦ): W+ʊ=Uopt= 60 + 90= 150ʩʘʪʠ ʫ ʩʝʤʝʩʪʨʫ 

ʁʪʮʧʝʡ ʬʰʞ˂ʙ 

ʅʘʢʦʥ ʦʜʩʣʫʰʘʥʦʛ ʢʫʨʩʘ ʫ ʧʦʣʦʞʝʥʦʛ ʠʩʧʠʪʘ ʩʪʫʜʝʥʪ ʪʨʝʙʘ ʜʘ: 
1. ʇʦʟʥʘʿʝ ʦʩʥʦʚʥʝ ʪʠʧʦʚʝʝʣʝʢʪʨʦʤʦʪʦʨʥʠʭ ʧʦʛʦʥʘ ʠ ˁʠʭʦʚʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 
2. ʇʦʟʥʘʿʝ  ʩʪʨʫʢʪʫʨʫ, ʧʝʨʠʬʝʨʠʿʝ ʠ ʥʘʯʠʥ ʧʨʦʛʨʘʤʠʨʘˁʘ ʤʠʢʨʦʧʨʦʮʝʩʦʨʘ ʟʘ ʜʠʛʠʪʘʣʥʫ ʦʙʨʘʜʫ 
ʩʠʛʥʘʣʘ (DSP). 
3. ʇʦʟʥʘʿʝ  ʦʩʥʦʚʥʝ ʪʝʭʥʠʢe ʜʠʛʠʪʘʣʥʦʛ ʫʧʨʘʚˀʘˁʘ ʝʣʝʢʪʨʦʤʦʪʨʦʥʠʤ ʧʦʛʦʥʠʤʘ, ʰʠʨʠʥʩʢʫ-
ʠʤʧʫʣʩʥʦ ʤʦʜʫʣʘʮʠʿʫ (PWM), ʤʦʜʫʣʘʮʠʿʫ ʧʨʦʩʪʦʨʥʠʤ ʚʝʢʪʦʨʦʤ (SVM)  ʠ ˁʠʭʦʚʫ ʨʝʘʣʠʟʘʮʠʿʫ ʥʘ  
DSP-ʫ 
4. ʈʝʘʣʠʟʫʿʝ ʣʠʥʝʘʨʥʝ ʙʨʟʠʥʩʢʝ ʠ ʩʪʨʫʿʥʠ ʨʝʛʫʣʘʪʦʨʘ ʥʘ  DSP-ʫ. 

ʌʪʤʧʛˁʞʦʧʪʫ 
ʅʝʤʘ ʫʩʣʦʚʘ ʧʨʠʿʘʚˀʠʚʘˁʘ ʠ ʩʣʫʰʘˁʘ ʧʨʝʜʤʝʪʘ. ʇʦʪʨʝʙʥʘ ʧʨʝʜʟʥʘˁʘ ʠʟ ʧʨʝʜʤʝʪʘ: ɽʣʝʢʪʨʠʯʥʝ 
ʤʘʰʠʥʝ ʠ ʧʦʩʪʨʦʿʝˁʘ, ʋʧʨʘʚˀʘˁʝ ʧʨʝʪʚʘʨʘʯʠʤʘ ɽʝ I ʠ II, ɼʠʛʠʪʘʣʥʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚˀʘˁʘ, 
ʄʠʢʨʦʧʨʦʮʝʩʦʨʩʢʠ ʩʠʩʪʝʤʠ 

ʆʙʪʫʙʛʦʞ ʥʞʫʧʝʞ ʇʨʝʜʘʚʘˁʘ, ʘʫʜʠʪʦʨʥʝ ʚʿʝʞʙʝ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʿʝʞʙʝ, ʩʝʤʠʥʘʨʩʢʠ ʨʘʜʦʚʠ ʠ ʢʦʥʩʫʣʪʘʮʠʿʝ 

ʊʙʝʩʟʙˀ 
ʨʩʞʝʥʞʫʙ ʨʧ 
ʪʞʝʥʡʯʙʥʙ 

1.ʉʪʨʫʢʪʫʨʘ, ʧʝʨʠʬʝʨʠʿʩʢʠ ʫʨʝʹʘʿʠ ʠ ʧʨʦʛʨʘʤʠʨʘˁʝ ʩʘʚʨʝʤʝʥʠʭ ʜʠʛʠʪʘʣʥʠʭ ʩʠʛʥʘʣʥʠʭ ʧʨʦʮʝʩʦʨʘ, 
2. ʇʨʝʛʣʝʜ ʠ ʦʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʝʣʝʢʪʨʦʤʦʪʦʨʥʠʭ ʧʦʛʦʥʘ ʩʘ ʤʦʪʦʨʠʤʘ ʿ ʝʜʥʦʩʤʿʝʨʥʝ ʩʪʨʫʿʝ,  
3. ʇʨʝʛʣʝʜ ʠ ʦʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʝʣʝʢʪʨʦʤʦʪʦʨʥʠʭʧʦʛʦʥʘ ʩʘ ʘʩʠʥʭʨʦʥʠʤ ʤʦʪʦʨʠʤʘ, 
4. ʇʨʝʛʣʝʜ ʠ ʦʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʝʣʝʢʪʨʦʤʦʪʦʨʥʠʭʧʦʛʦʥʘ ʩʘ ʩʠʥʭʨʦʥʠʤ ʤʦʪʦʨʠʤʘ, 
5. ʇʨʝʛʣʝʜ ʠ ʧʨʠʤʿʝʥʘ ʦʩʥʦʚʥʠʭ ʪʦʧʦʣʦʛʠʿʘ ʧʨʝʪʚʘʨʘʯʘ ʝʥʝʨʛʝʪʩʢʝ ʝʣʝʢʪʨʦʥʠʢʝ ʟʘ ʫʧʨʘʚˀʘˁʝ 
ʝʣʝʢʪʨʦʤʦʪʦʨʥʠʤ ʧʦʛʦʥʠʤʘ, 
6. ʇʨʠʤʝʿʥʘ DSP ʪʝʭʥʦʣʦʛʠʿʝ ʫ ʫʧʨʘʚˀʘˁʫ ʫʧʨʘʚˀʘˁʫ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʛʦʥʠʤʘ, 
7. ʇʨʦʛʨʘʤʠʨʘˁe DSP ʫ ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ C, ʧʨʠʤjʝʨʠ, 
8.  ɼʠʛʠʪʘʣʥʠ ʰʠʨʠʥʩʢʠ ʤʦʜʫʣʘʪʦʨ, space-vector ʤʦʜʫʣʘʮʠʿʘ, 
9.  ɼʠʛʠʪʘʣʥʦ ʫʧʨʘʚˀʘˁʝ ʩʪʨʫʿʦʤ, ʤʦʤʝʥʪʦʤ ʠ ʬʣʫʢʩʦʤ ʢʦʜ ʤʘʰʠʥʘ ʿʝʜʥʦʩʤʿʝʨʥʝ ʩʪʨʫʿʝ, 
10. ɼʠʛʠʪʘʣʥʦ ʫʧʨʘʚˀʘˁʝ ʩʪʨʫʿʦʤ, ʤʦʤʝʥʪʦʤ ʠ ʬʣʫʢʩʦʤ ʢʦʜ ʘʩʠʥʭʨʦʥʠʭ ʤʘʰʠʥʘ,  
11.ɼʠʛʠʪʘʣʥʦ ʫʧʨʘʚˀʘˁʝ ʩʪʨʫʿʦʤ, ʤʦʤʝʥʪʦʤ ʠ ʬʣʫʢʩʦʤ ʢʦʜ ʩʠʥʭʨʦʥʠʭ ʤʘʰʠʥʘ, 
12. ʉʢʘʣʘʨʥʦ ʫʧʨʘʚˀʘˁʝ ʘʩʠʥʭʨʦʥʠʤʤʘʰʠʥʘʤʘ,  
13. ɺʝʢʪʦʨʩʢʦ ʫʧʨʘʚˀʘˁʝ ʘʩʠʥʭʨʦʥʠʤʤʘʰʠʥʘʤʘ, 
14. ʇʨʦʿʝʢʪʦʚʘˁʝ ʜʠʛʠʪʘʣʥʦʛ ʨʝʛʫʣʘʪʦʨʘ ʙʨʟʠʥʝ ʠ ʧʦʟʠʮʠʿʝ, 
15. ʇʨʘʢʪʠʯʥʝ ʨʝʘʣʠʟʘʮʠʿʝ 
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