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ʂʦʦʨʜʠʥʘʪʦʨ ʥʘ ʢʦʥʬʝʨʝʥʮʠʿʘʪʘ 

ʧʨʦʬ. ʜ-ʨ ʄʘʨʛʘʨʠʪʘ ɻʠʥʦʚʩʢʘ 

 

ʆʨʛʘʥʠʟʘʪʦʨʠ 

ɿʜʨʫʞʝʥʠʝ ʟʘ ʠʩʪʨʘʞʫʚʘˁʝ ʠ ʧʨʦʤʦʮʠʿʘ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʠ 

ʦʜʨʞʣʠʚʠʦʪ ʨʘʟʚʦʿ ʉʂɽɽʆʈ, ʉʢʦʧʿʝ 
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ʋʥʠʚʝʨʟʠʪʝʪ ʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿ ï ʉʢʦʧʿʝ, ʈ. ʄʘʢʝʜʦʥʠʿʘ 

 

ʀʟʜʘʚʘʯ: 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʉʢʦʧʿʝ 

 

ʈʝʜʘʢʮʠʩʢʠ ʦʜʙʦʨ: 

 ɼʝʘʥ ʉʦʢʦʣʦʚ 

 

ɼʠʟʘʿʥ ʥʘ ʢʦʨʠʮʘ: 

ɼʝʘʥ ʉʦʢʦʣʦʚ 

 

ʂʦʤʧʿʫʪʝʨʩʢʘ ʦʙʨʘʙʦʪʢʘ: 

ɼʝʘʥ ʉʦʢʦʣʦʚ 

 

 

  



  

 

 

 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ 

ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ  

ʉʢʦʧʿʝ 

ʇʝʪʪʘ ʩʪʫʜʝʥʪʩʢʘ ʢʦʥʬʝʨʝʥʮʠʿʘ Ăɽʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿñ ï ʉʂɽɽʆʈ 2017 

 

ʆʈɻɸʅʀɿɸʎʀʉʂɸ ʉʊʈʋʂʊʋʈɸ ʅɸ ʂʆʅʌɽʈɽʅʎʀɱɸʊɸ 

1. ʇʨʦʛʨʘʤʩʢʦ-ʦʨʛʘʥʠʟʘʮʠʩʢʠ ʦʜʙʦʨ 

- ʅʘʪʘʰʘ ɱʦʚʘʥʦʚʘ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ - ʉʢʦʧʿʝ 

- ɼʝʘʥ ʉʦʢʦʣʦʚ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ - ʉʢʦʧʿʝ 

- ɸʥʛʝʣʘ ɬʫʨʯʠʥʦʚʩʢʘ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ - ʉʢʦʧʿʝ 

- ɺʝʜʨʘʥ ʉʠʤʦʚʩʢʠ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ - ʉʢʦʧʿʝ 

- ɺʠʢʪʦʨ ʈʫʜʘʥ 

ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ - ʉʢʦʧʿʝ 

 

2. ʂʦʦʨʜʠʥʘʪʠʚʥʦ ʪʝʣʦ 

- ʧʨʦʬ. ʜ-ʨ. ʄʘʨʛʘʨʠʪʘ ɻʠʥʦʚʩʢʘ 

ʂʦʦʨʜʠʥʘʪʦʨ ʦʜ ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ - ʉʢʦʧʿʝ 

3. ʅʘʫʯʝʥ ʦʜʙʦʨ 

- ǵǶǴǺ. Ǫ-Ƕ ǊǮǲǮǸǦǶ ǘǦǾǰǴǨǷǰǮ - ǵǴǽǫǷǫǳ ǵǶǫǸǷǫǪǦǸǫǱ ǳǦ ǓǦǹǽǫǳ ǴǪǧǴǶ 
o ǚǦǰǹǱǸǫǸ ǭǦ ǫǱǫǰǸǶǴǸǫǻǳǮǰǦ Ǯ ǮǳǺǴǶǲǦǼǮǷǰǮ ǸǫǻǳǴǱǴǩǮǮ - ǗǰǴǵȍǫ 

 
- ǵǶǴǺ. Ǫ-Ƕ ǒǦǶǩǦǶǮǸǦ ǉǮǳǴǨǷǰǦ - ǵǶǫǸǷǫǪǦǸǫǱ ǳǦ ǓǦǹǽǫǳ ǴǪǧǴǶ 

o ǚǦǰǹǱǸǫǸ ǭǦ ǫǱǫǰǸǶǴǸǫǻǳǮǰǦ Ǯ ǮǳǺǴǶǲǦǼǮǷǰǮ ǸǫǻǳǴǱǴǩǮǮ - ǗǰǴǵȍǫ 
 

- ǵǶǴǺ. Ǫ-Ƕ ǈǱǦǸǰǴ ǗǸǴǮǱǰǴǨ - ǽǱǫǳ 
o ǚǦǰǹǱǸǫǸ ǭǦ ǫǱǫǰǸǶǴǸǫǻǳǮǰǦ Ǯ ǮǳǺǴǶǲǦǼǮǷǰǮ ǸǫǻǳǴǱǴǩǮǮ - ǗǰǴǵȍǫ 

 
- ǵǶǴǺ. Ǫ-Ƕ ǛǶǮǷǸǮǳǦ ǗǵǦǷǫǨǷǰǦ - ǽǱǫǳ 

o ǚǦǰǹǱǸǫǸ ǭǦ ǫǱǫǰǸǶǴǸǫǻǳǮǰǦ Ǯ ǮǳǺǴǶǲǦǼǮǷǰǮ ǸǫǻǳǴǱǴǩǮǮ - ǗǰǴǵȍǫ 
 

- ǵǶǴǺ. Ǫ-Ƕ ǐǶǷǸǫ ǓǦȍǪǫǳǰǴǷǰǮ - ǽǱǫǳ 
o ǚǦǰǹǱǸǫǸ ǭǦ ǫǱǫǰǸǶǴǸǫǻǳǮǰǦ Ǯ ǮǳǺǴǶǲǦǼǮǷǰǮ ǸǫǻǳǴǱǴǩǮǮ - ǗǰǴǵȍǫ 

 
- ǵǶǴǺ. Ǫ-Ƕ ǉǴǩǦ ǜǨǫǸǰǴǨǷǰǮ - ǽǱǫǳ 

o ǚǦǰǹǱǸǫǸ ǭǦ ǫǱǫǰǸǶǴǸǫǻǳǮǰǦ Ǯ ǮǳǺǴǶǲǦǼǮǷǰǮ ǸǫǻǳǴǱǴǩǮǮ - ǗǰǴǵȍǫ 
 

- ǵǶǴǺ. Ǫ-Ƕ ǗǳǫǬǦǳǦ ǝǹǳǪǫǨǦ - ǽǱǫǳ 
o ǚǦǰǹǱǸǫǸ ǭǦ ǫǱǫǰǸǶǴǸǫǻǳǮǰǦ Ǯ ǮǳǺǴǶǲǦǼǮǷǰǮ ǸǫǻǳǴǱǴǩǮǮ - ǗǰǴǵȍǫ 

 
- ǵǶǴǺ. Ǫ-Ƕ ǆǱǫǰǷǦǳǪǶǦ ǐǶǰǴǱǫǨǦ - ǽǱǫǳ 

o ǚǦǰǹǱǸǫǸ ǭǦ ǫǱǫǰǸǶǴǸǫǻǳǮǰǦ Ǯ ǮǳǺǴǶǲǦǼǮǷǰǮ ǸǫǻǳǴǱǴǩǮǮ - ǗǰǴǵȍǫ 
 

- ǵǶǴǺ. Ǫ-Ƕ ǀǹǵǽǴ ǐǦǶǦȓǮǳǴǨ - ǽǱǫǳ 
o ǚǦǰǹǱǸǫǸ ǭǦ ǫǱǫǰǸǶǴǸǫǻǳǮǰǦ Ǯ ǮǳǺǴǶǲǦǼǮǷǰǮ ǸǫǻǳǴǱǴǩǮǮ - ǗǰǴǵȍǫ 
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- ǵǶǴǺ. Ǫ-Ƕ ǆǸǦǳǦǷ ǎǱǮǫǨ - ǽǱǫǳ 

o ǚǦǰǹǱǸǫǸ ǭǦ ǫǱǫǰǸǶǴǸǫǻǳǮǰǦ Ǯ ǮǳǺǴǶǲǦǼǮǷǰǮ ǸǫǻǳǴǱǴǩǮǮ - ǗǰǴǵȍǫ 
 

- ǵǶǴǺ. Ǫ-Ƕ ǒǮǶǰǴ ǘǴǪǴǶǴǨǷǰǮ - ǽǱǫǳ 
o ǚǦǰǹǱǸǫǸ ǭǦ ǫǱǫǰǸǶǴǸǫǻǳǮǰǦ Ǯ ǮǳǺǴǶǲǦǼǮǷǰǮ ǸǫǻǳǴǱǴǩǮǮ - ǗǰǴǵȍǫ 

 
- ǪǴǼ. Ǫ-Ƕ ǊǮǲǮǸǦǶ ǊǮǲǮǸǶǴǨ - ǽǱǫǳ 

o ǚǦǰǹǱǸǫǸ ǭǦ ǫǱǫǰǸǶǴǸǫǻǳǮǰǦ Ǯ ǮǳǺǴǶǲǦǼǮǷǰǮ ǸǫǻǳǴǱǴǩǮǮ - ǗǰǴǵȍǫ 
 

- ǪǴǼ. Ǫ-Ƕ ǗǴǺǮȍǦ ǓǮǰǴǱǴǨǦ ǕǴǼǫǨǦ - ǽǱǫǳ 
o ǚǦǰǹǱǸǫǸ ǭǦ ǫǱǫǰǸǶǴǸǫǻǳǮǰǦ Ǯ ǮǳǺǴǶǲǦǼǮǷǰǮ ǸǫǻǳǴǱǴǩǮǮ - ǗǰǴǵȍǫ 

 
- ǪǴǼ. Ǫ-Ƕ ǌǮǨǰǴ ǐǴǰǴǱǦǳǷǰǮ - ǽǱǫǳ 

o ǚǦǰǹǱǸǫǸ ǭǦ ǫǱǫǰǸǶǴǸǫǻǳǮǰǦ Ǯ ǮǳǺǴǶǲǦǼǮǷǰǮ ǸǫǻǳǴǱǴǩǮǮ - ǗǰǴǵȍǫ 
 

- ǪǴǼ. Ǫ-Ƕ ǑǮǻǳǮǪǦ ǉǫǴǶǩǮǫǨǷǰǦ-ǗǸǴȍǦǳǴǨǷǰǦ - ǽǱǫǳ 
o ǚǦǰǹǱǸǫǸ ǭǦ ǫǱǫǰǸǶǴǸǫǻǳǮǰǦ Ǯ ǮǳǺǴǶǲǦǼǮǷǰǮ ǸǫǻǳǴǱǴǩǮǮ - ǗǰǴǵȍǫ 

 
- ǨǴǳ. ǵǶǴǺ. Ǫ-Ƕ ǘǴǪǴǶǰǦ ǗǦǲǦǶȓǮǴǷǰǦ - ǽǱǫǳ 

o ǉǶǦǪǫǬǫǳ ǺǦǰǹǱǸǫǸ ð ǗǰǴǵȍǫ 
 

- ǵǶǴǺ. Ǫ-Ƕ ǐǦǸǫǶǮǳǦ ǊǴǳǫǨǷǰǦ - ǽǱǫǳ 
o ǉǶǦǪǫǬǫǳ ǺǦǰǹǱǸǫǸ ð ǗǰǴǵȍǫ 

 
- ǵǶǴǺ. Ǫ-Ƕ ǒǦǶǮȍǦǳǦ ǑǦǭǦǶǫǨǷǰǦ - ǽǱǫǳ 

o ǉǶǦǪǫǬǫǳ ǺǦǰǹǱǸǫǸ ð ǗǰǴǵȍǫ 
 

- ǪǴǼ. Ǫ-Ƕ ǊǦǲǫ ǊǮǲǮǸǶǴǨǷǰǮ - ǽǱǫǳ 
o ǒǦǾǮǳǷǰǮ ǚǦǰǹǱǸǫǸ ð ǗǰǴǵȍǫ 

 
- ǵǶǴǺ. Ǫ-Ƕ ǖǮǷǸǴ ǚǮǱǰǴǷǰǮ - ǽǱǫǳ 

o ǒǦǾǮǳǷǰǮ ǺǦǰǹǱǸǫǸ ð ǗǰǴǵȍǫ 
 

- ǵǶǴǺ. Ǫ-Ƕ ǔǱǮǨǫǶ ǍǦȍǰǴǨ - ǽǱǫǳ 
o ǕǶǮǶǴǪǳǴ-ǲǦǸǫǲǦǸǮǽǰǮ ǺǦǰǹǱǸǫǸ ð ǗǰǴǵȍǫ 

 
- ǵǶǴǺ. Ǫ-Ƕ ǗǴȏǦ ǎǨǦǳǴǨǷǰǦ - ǽǱǫǳ 

o ǚǦǰǹǱǸǫǸ ǭǦ ǭǫǲȍǴǪǫǱǷǰǮ ǳǦǹǰǮ Ǯ ǻǶǦǳǦ - ǗǰǴǵȍǫ 
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ʇʦʯʠʪʫʚʘʥʠ ʯʠʪʘʪʝʣʠ, 

ʇʦ ʧʝʪʪʠ ʧʘʪ ʫʩʧʝʘʚʤʝ ʜʘ ʛʦ ʧʨʠʚʣʝʯʝʤʝ ɺʘʰʝʪʦ ʚʥʠʤʘʥʠʝ ʩè ʩʦ ʮʝʣ ʜʘ ʛʠ 

ʠʩʪʘʢʥʝʤʝ ʤʠʩʣʝˁʘʪʘ, ʠʜʝʠʪʝ ʠ ʜʦʥʝʩʝʥʠʪʝ ʟʘʢʣʫʯʦʮʠ ʦʜ ɺʘʰʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ ʚʦ 

ʦʙʣʘʩʪʠʪʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ. ʄʣʘʜʠʪʝ ʣʫʺʝ ʚʦ ʥʘʰʘʪʘ ʟʝʤʿʘ, 

ʧʘ ʠ ʧʦʰʠʨʦʢʦ ʧʦʢʘʞʘʘ ʛʦʣʝʤ ʠʥʪʝʨʝʩ ʟʘ ʜʘ ʛʠ ʧʨʝʟʝʥʪʠʨʘʘʪ ʩʚʦʠʪʝ ʪʨʫʜʦʚʠ ʥʘ ʥʘʰʘʪʘ 

ʇɽʊʊɸ ɱʋɹʀʃɽɱʅɸ  ʩʪʫʜʝʥʪʩʢʘ ʢʦʥʬʝʨʝʥʮʠʿʘ Ăɽʥʝʨʛʝʪʩʢʘ ɽʬʠʢʘʩʥʦʩʪ ʠ ʆʜʨʞʣʠʚ 

ʈʘʟʚʦʿñ. 

ʉʘʤʠʦʪ ʬʘʢʪ ʰʪʦ ʥʘ ʦʚʦʛʦʜʠh ʥʘʪʘ ʢʦʥʬʝʨʝʥʮʠʿʘ ʩʝ ʧʨʠʿʘʚʠʿʘ ʨʝʯʠʩʠ 50 ʥʘʫʯʥʠ 

ʪʨʫʜʘ, ʦʜʥʦʩʥʦ ʦʢʦʣʫ 120 ʫʯʝʩʥʠʮʠ ʤʝʺʫ ʢʦʠ ʠ ʜʝʩʝʪʠʥʘ ʩʪʨʘʥʩʢʠ ʫʯʝʩʥʠʮʠ, ʜʦʚʦʣʥʦ 

ʥè ʤʦʪʠʚʠʨʘʰʝ ʠ ʥʠ ʜʘʜʝ ʧʦʪʪʠʢ ʜʘ ʜʘʜʝʤʝ ʩè ʦʜ ʩʝʙʝ ʟʘ ʜʘ ʿʘ ʦʨʛʘʥʠʟʠʨʘʤʝ ʦʚʘʘ 

ʢʦʥʬʝʨʝʥʮʠʿʘ, ʢʦʿʘ ʙʠ ʩʝ ʟʘʧʘʤʝʪʠʣʘ ʢʘʢʦ ʧʝʪʪʘ ʿʫʙʠʣʝʿʥʘ. ʆʚʘʘ ʛʦʜʠʥʘ ʩʝ ʟʘʙʝʣʝʞʫʚʘ 

ʟʛʦʣʝʤʝʥ ʠʥʪʝʨʝʩ ʥʘ ʥʘʰʠʪʝ ʧʨʠʿʘʚʝʥʠ ʫʯʝʩʥʠʮʠ ʟʘ ʧʨʝʟʝʥʪʠʨʘˁʝ ʥʘ ʘʥʛʣʠʩʢʠ ʿʘʟʠʢ, 

ʰʪʦ ʚʦ ʠʜʥʠʥʘ ʦʪʚʦʨʘ ʤʦʞʥʦʩʪʠ ʟʘ ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʠʨʘˁʝ ʥʘ ʥʘʰʘʪʘ ʢʦʥʬʝʨʝʥʮʠʿʘ. 

ʌɽʀʊ ʀ ɼɽʂɸʅɸʊ  

ʅʘʿʛʦʣʝʤʘ ʙʣʘʛʦʜʘʨʥʦʩʪ ʜʦ ʌʘʢʫʣʪʝʪʦʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ɼʝʢʘʥʘʪʦʪ ʥʘ ʌɽʀʊ ʢʦʠ ʥʠ ʧʨʫʞʠʿʘ ʙʝʟʫʩʣʦʚʥʘ ʧʦʜʜʨʰʢʘ ʠ ʧʦʚʪʦʨʥʦ ʠʤ 

ʦʚʦʟʤʦʞʠʿʘ ʥʘ ʤʣʘʜʠʪʝ ʠʩʪʨʘʞʫʚʘʯʠ ʜʘ ʿʘ ʧʦʢʘʞʘʪ ʩʚʦʿʘʪʘ ʢʨʝʘʪʠʚʥʦʩʪ. 

ʀʤ ʫʢʘʞʫʚʘʤʝ ʛʦʣʝʤʘ ʙʣʘʛʦʜʘʨʥʦʩʪ ʥʘ ʧʦʨʘʥʝʰʥʠʪʝ ʧʨʝʪʩʪʘʚʥʠʮʠ ʥʘ 

ʦʨʛʘʥʠʟʘʮʠʩʢʠʦʪ ʦʜʙʦʨ ʥʘ ɿʜʨʫʞʝʥʠʝʪʦ ʟʘ ʠʩʪʨʘʞʫʚʘˁʝ ʠ ʧʨʦʤʦʮʠʿʘ ʥʘ ʝʥʝʨʛʝʪʩʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʠ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ï ʉʂɽɽʆʈ, ʢʦʠ ʧʦʩʪʦʿʘʥʦ ʥè ʦʭʨʘʙʨʫʚʘʘ ʩʦ ʥʠʚʥʠʪʝ 

ʩʦʚʝʪʠ ʠ ʧʦʜʜʨʰʢʘ, ʩʠʪʝ ʧʨʦʬʝʩʦʨʠ, ʧʨʝʜʘʚʘʯʠ ʠ ʤʝʥʪʦʨʠ, ʢʘʢʦ ʠ ʥʘ ʚʦʣʦʥʪʝʨʠʪʝ ʦʜ 

ʢʦʠ ʦʯʝʢʫʚʘʤʝ ʚʦ ʠʜʥʠʥʘ ʜʘ ʥè ʟʘʤʝʥʘʪ ʥʘʩ ʠ ʜʘ ʙʠʜʘʪ ʫʰʪʝ ʧʦʫʩʧʝʰʥʠ ʚʦ 

ʦʨʛʘʥʠʟʠʨʘˁʝʪʦ ʥʘ ʉʂɽɽʆʈ.  

ɹʣʘʛʦʜʘʨʥʦʩʪ ʠʤ ʫʢʘʞʫʚʘʤʝ ʠ ʥʘ ʥʘʰʠʪʝ ʨʝʜʦʚʥʠ ʩʧʦʥʟʦʨʠ ʦʜ ʢʦʠʰʪʦ ʜʦʙʠʚʘʤʝ 

ʦʛʨʦʤʥʘ ʧʦʜʜʨʰʢʘ ʠ ʩʪʠʤʫʣ, ʘ ʠʩʪʦ ʪʘʢʘ ʠ ʥʘ ʥʦʚʠʪʝ ʢʦʤʧʘʥʠʠ ʢʦʠ ʦʚʘʘ ʛʦʜʠʥʘ ʟʘ ʧʨʚ 

ʧʘʪ ʨʝʰʠʿʘ ʜʘ ʥʝ ʧʦʜʜʨʞʘʪ. 

 

ʉʦ ʧʦʯʠʪ, 

ʇʨʦʛʨʘʤʩʢʦ-ʦʨʛʘʥʠʟʘʮʠʩʢʠ ʦʜʙʦʨ ʥʘ ʉʂɽɽʆʈ 2017 
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ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ  

ʉʢʦʧʿʝ 

ʇʝʪʪʘ ʩʪʫʜʝʥʪʩʢʘ ʢʦʥʬʝʨʝʥʮʠʿʘ Ăɽʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʦʜʨʞʣʠʚ ʨʘʟʚʦʿñ ï ʉʂɽɽʆʈ 2017 
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ʉʢʦʧʿʝ 
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ʇʈʆʀɿɺʆɼʉʊɺʆ ʀ ʈɸɿʄɽʅɸ ʅɸ ɽʃɽʂʊʈʀʏʅɸ ɽʅɽʈɻʀɱɸ ʇʈɽʂʋ  

ʌʆʊʆɺʆʃʊɸʀʏʅʀ ʉʀʉʊɽʄʀ ʂɸʂʆ ʆɹʅʆɺʃʀɺʀ ʀɿɺʆʈʀ ɿɸ ʈɸɿɺʆɱ ʅɸ 

ɽʅɽʈɻɽʊʀʂɸʊɸ 

ʂʋʉɸ ʉʆɼʈɾʀʅɸ 

ʇʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʟʛʦʣʝʤʫʚʘ ʩʝʢʦʿʘ ʛʦʜʠʥʘ, ʜʦʜʝʢʘ 
ʨʝʟʝʨʚʠʪʝ ʥʘ ʬʦʩʠʣʥʠ ʛʦʨʠʚʘ ʩʝ ʥʘʤʘʣʫʚʘʘʪ. ʇʦʢʨʘʿ ʪʦʘ ʬʦʩʠʣʥʠʪʝ ʛʦʨʠʚʘ ʩʝ 
ʦʜʛʦʚʦʨʥʠ ʟʘ ʟʛʦʣʝʤʝʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʿʘʛʣʝʨʦʜ ʜʠʦʢʩʠʜ ʚʦ ʘʪʤʦʩʬʝʨʘʪʘ, ʧʘ 
ʟʘʪʦʘ ʯʦʚʝʢʦʪ ʧʨʦʙʫʚʘ ʜʘ ʥʘʿʜʝ ʘʣʪʝʨʥʘʪʠʚʘ ʩʦ ʢʦʿʘ ˃ʝ ʿʘ ʟʘʰʪʠʪʠ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʩʦ ʧʦʤʦʰ ʥʘ ʉʦʥʮʝʪʦ ʢʘʢʦ ʦʙʥʦʚʣʠʚʠʚ, 

ʥʝʟʘʚʠʩʝʥ, ʩʠʛʫʨʝʥ, ʝʢʦʥʦʤʠʯʝʥ ʠ ʝʢʦʣʦʰʢʠ ʠʟʚʦʨ ʥʘ ʝʥʝʨʛʠʿʘ ʧʨʠʜʫʥʝʩʫʚʘ ʟʘ ʟʜʨʘʚʘ ʞʠʚʦʪʥʘ 

ʩʨʝʜʠʥʘ. ʅʘʰʘʪʘ ʚʠʩʦʢʦ ʨʘʥʛʠʨʘʥʘ ʟʝʤʿʘ ʩʦ ʤʥʦʛʫ ʩʦʥʯʝʚʠ ʜʝʥʦʚʠ ʠ ʤʥʦʛʫ ʜʦʙʘʨ ʪ.ʥ. ñʧʠʢ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘò ʫʯʝʩʪʚʫʚʘ ʩʘʤʦ ʩʦ 0,04 %, ʠʣʠ ʩʦ 7,4 GWh  ʚʦ ʚʢʫʧʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ 

ʝʥʝʨʛʠʿʘ ʚʦ ʟʝʤʿʘʪʘ.  

ɽʥʝʨʛʠʿʘʪʘ ʦʜ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʝ ʙʝʩʧʣʘʪʥʘ ʟʘʪʦʘ ʥʝʦʧʭʦʜʥʦ ʝ ʜʘ ʩʝ ʠʥʩʪʘʣʠʨʘʘʪ 

ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ (ʌɺʉ) ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ, ʫʨʝʜʠ ʟʘ ʢʦʥʚʝʨʟʠʿʘ ʥʘ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ 

ʝʣʝʢʪʨʠʯʥʘ. ʈʘʟʣʠʢʫʚʘʤʝ ʧʦʚʝ˃ʝ ʚʠʜʦʚʠ ʩʠʩʪʝʤʠ ʠ ʪʦʘ ʟʘʚʠʩʠ ʦʜ ʧʦʚʨʟʫʚʘˁʝʪʦ ʥʘ ʦʙʿʝʢʪʦʪ ʩʦ 

ʤʨʝʞʘʪʘ, ʢʘʢʦ ʠ ʦʜ ʦʧʨʝʤʘʪʘ ʢʦʿʘ ʝ ʚʢʫʯʝʥʘ ʚʦ ʮʝʣʦʢʫʧʥʠʦʪ ʧʨʦʠʟʚʦʜ. ɺʦ ʦʚʦʿ ʪʨʫʜ ʩʝ 

ʘʥʘʣʠʟʠʨʘ ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʩʠʩʪʝʤ ʧʦʚʨʟʘʥ ʥʘ ʤʨʝʞʘ ʠʣʠ On Grid ʩʠʩʪʝʤ. ʉʦ ʧʨʠʤʝʥʘ ʥʘ ʧʦʚʝ˃ʝ 

ʌɺʉ ʟʘ ʦʜʨʝʜʝʥ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ, ʚʦ ʥʘʰʘʪʘ ʟʝʤʿʘ, ˃ʝ ʤʦʞʝ ʜʘ ʩʝ ʪʨʛʫʚʘ ʩʦ ñʟʝʣʝʥʘ 

,ʦʙʥʦʚʣʠʚʘ ʝʥʝʨʛʠʿʘò.   

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʩʠʩʪʝʤ, ʨʘʟʤʝʥʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, 

ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʘʪʘ, ʟʘʰʪʠʪʘ ʥʘ ʞʠʚʦʪʥʘ ʩʨʝʜʠʥʘ 

1 ɺʆɺɽɼ  

ʅʘʿʚʘʞʥʠʦʪ ʝʥʝʨʛʝʪʩʢʠ ʨʝʩʫʨʩ ʥʘ ʧʣʘʥʝʪʘʪʘ ɿʝʤʿʘ ʝ ʩʦʥʮʝʪʦ, ʮʝʣʦʢʫʧʥʠʦʪ ʞʠʚ ʩʚʝʪ ʧʦʩʪʦʠ 

ʠ ʟʘʚʠʩʠ ʦʜ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ. ɺʦ ʠʩʪʦ ʚʨʝʤʝ, ʪʦʘ ʝ ʥʘʿʝʢʦʣʦʰʢʘʪʘ ʬʦʨʤʘ ʥʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ 

ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʥʘ ʤʥʦʛʫ ʥʘʯʠʥʠ, ʚʦ ʨʘʟʣʠʯʥʠ ʛʝʦʛʨʘʬʩʢʠ ʠ ʩʦʮʠʿʘʣʥʠ ʦʧʢʨʫʞʫʚʘˁʘ.      

ʇʨʠʤʝʥʘʪʘ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʙʝʣʝʞʠ ʟʥʘʯʠʪʝʣʝʥ ʧʦʨʘʩʪ ʧʦʩʣʝʜʥʘʪʘ ʜʝʮʝʥʠʿʘ. ɺʦ 

ʩʚʝʪʩʢʠ ʨʘʤʢʠ (ʉʣʠʢʘ 1), ʚʢʫʧʥʘʪʘ ʤʦ˃ʥʦʩʪ ʥʘ ʠʥʩʪʘʣʠʨʘʥʠʪʝ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ ʜʦ ʢʨʘʿʦʪ 

ʥʘ 2005 ʛʦʜʠʥʘ ʠʟʥʝʩʫʚʘʰʝ ʥʝʰʪʦ ʧʦʚʝ˃ʝ ʦʜ 5 GW, ʜʦ ʢʨʘʿʦʪ ʥʘ 2014 ʛʦʜʠʥʘ ʦʢʦʣʫ 180 GW, a 

ʜʦ ʢʨʘʿʦʪ ʥʘ 2016 ʛʦʜʠʥʘ 303 GW. ʆʤʘʩʦʚʫʚʘˁʝʪʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʜʦʚʝʜʝ ʜʦ ʜʨʘʩʪʠʯʥʦ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʮʝʥʘʪʘ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʤʦʜʫʣʠ, ʘ ʩʦ ʪʦʘ ʠ ʜʦ ʧʨʦʠʟʚʦʜʥʘʪʘ ʮʝʥʘ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʦʜ ʦʚʠʝ ʩʠʩʪʝʤʠ. 
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ʉʣʠʢʘ 1.  ʀʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʚʦ GWh ʦʜ ʬʦʪʦʚʦʣʪʘʠʮʠ ʚʦ ʩʚʝʪʦʪ ʧʦ ʨʝʛʠʦʥʠ 

ɽʥʝʨʛʝʪʩʢʘʪʘ ʩʣʦʙʦʜʘ ʩʝ ʩʦʩʪʦʠ ʦʜ ʧʦʚʝ˃ʝ ʝʣʝʤʝʥʪʠ, ʥʦ ʥʘʿʙʠʪʝʥ ʝ ʣʠʙʝʨʘʣʠʟʠʨʘʥ ʧʘʟʘʨ ʥʘ 

ʝʥʝʨʛʠʿʘ ʚʦ ʢʦʿ ʩʝʢʦʿ ʤʦʞʝ ʜʘ ʧʨʦʜʘʚʘ ʠ ʢʫʧʫʚʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʧʦʜ ʫʩʣʦʚʠ ʢʘʢʚʠ ʠʤ 

ʦʜʛʦʚʘʨʘ ʥʘ ʢʫʧʫʚʘʯʦʪ ʠ ʧʨʦʜʘʚʘʯʦʪ. ʉʠʩʪʝʤʦʪ ʟʘ ʧʨʝʥʦʩ ʠ ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʈʄ 

ʬʫʥʢʮʠʦʥʠʨʘ ʥʘ ʪʦʿ ʥʘʯʠʥ ʰʪʦ ʬʠʨʤʠʪʝ ʢʦʠ ʿʘ ʦʜʨʞʫʚʘʘʪ ʤʨʝʞʘʪʘ (ɽɺʅ ʠ ʄɽʇʉʆ), ʜʦʙʠʚʘʘʪ 

ʧʨʦʮʝʥʪ ʦʜ ʧʨʝʥʝʩʝʥʘʪʘ ʝʥʝʨʛʠʿʘ ʠ ʥʘ ʪʦʿ ʥʘʯʠʥ ʩʠ ʥʘʧʣʘ˃ʘʘʪ ʟʘ ʩʚʦʿʘʪʘ ʫʩʣʫʛʘ. ʊʦʛʘʰ ʟʦʰʪʦ ʥʝ 

ʙʠ ʤʦʞʝʣ ʩʝʢʦʿ ʜʘ ʩʝ ʧʨʠʢʣʫʯʠ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʤʨʝʞʘ ʧʨʦʜʘʚʘʿ˃ʠ ʛʠ ʚʠʰʦʮʠʪʝ ʦʜ 

ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʝʥʝʨʛʠʿʘ ʦʜ ʩʦʧʩʪʚʝʥʠʦʪ ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʩʠʩʪʝʤ? ɿʦʰʪʦ ʚʦ ʛʦʜʠʥʘʪʘ ʚʦ ʢʦʿʘ 

ɻʝʨʤʘʥʠʿʘ ʛʦ ʠʤʘ ʤʠʣʠʦʥʠʪʠʦʪ ʧʨʠʢʣʫʯʦʢ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʧʨʠʚʘʪʝʥ ʩʠʩʪʝʤ, ʄʘʢʝʜʦʥʠʿʘ 

ʥʝʤʘ ʥʠʪʫ ʝʜʝʥ ʧʨʠʢʣʫʯʦʢ ʦʜ ʠʥʜʠʚʠʜʫʘʣʥʦ ʣʠʮʝ ʢʦʥ ʤʨʝʞʘʪʘ? ɸʢʦ ʩʘʤʦ ʿʘ ʧʦʤʠʥʝʪʝ 

ʛʨʘʥʠʮʘʪʘ ʢʦʥ ʥʘʰʠʦʪ ʿʫʞʝʥ ʩʦʩʝʜ, ˃ʝ ʚʠʜʝʪʝ ʤʘʣʠ ʩʦʥʯʝʚʠ ʮʝʥʪʨʘʣʠ, ʧʦʩʪʘʚʝʥʠ ʥʘ ʥʝʢʦʣʢʫ 

ʩʪʦʪʠʥʘ ʤʝʪʨʠ ʢʚʘʜʘʪʥʠ, ʠʣʠ ʥʘ ʧʦʢʨʠʚʠʪʝ ʥʘ ʩʘʤʠʪʝ ʢʫ˃ʠ.  

ɺʦ ʩʚʝʪʦʪ ʥʝʩʧʦʨʥʦ ʝ ʩʦʟʨʝʘʥʘ ʩʚʝʩʪʘ ʠ ʿʘʩʥʦ ʝ ʠʟʨʘʟʝʥʘ ʞʝʣʙʘʪʘ, ʝʢʦʣʦʰʢʦʪʦ ʥʘʩʣʝʜʩʪʚʦ ʰʪʦ 

˃ʝ ʠʤ ʛʦ ʦʩʪʘʚʠʤʝ ʥʘ ʠʜʥʠʪʝ ʛʝʥʝʨʘʮʠʠ ʜʘ ʥʝ ʙʠʜʝ ʧʦʤʘʣʦ ʦʜ ʦʥʘ ʰʪʦ ʛʦ ʥʘʩʣʝʜʠʚʤʝ.   

2 ʈɸɿʄɽʅɸ ʅɸ ɽʅɽʈɻʀɱɸʊɸ ʇʈɽʂʋ ɼʀʉʇɽʈɿʀʈɸʅʆ ʇʈʆʀɿɺʆɼʉʊɺʆ ʆɼ 

ʌʆʊʆɺʆʃʊɸʀʏɽʅ ʉʀʉʊɽʄ 

ʉʦ ʮʝʣ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘʘʪ ʪʝʭʥʠʯʢʠʪʝ ʠ ʝʢʦʥʦʤʩʢʠʪʝ ʘʩʧʝʢʪʠ ʥʘ ʨʘʟʤʝʥʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʤʝʺʫ 

ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʠ ʧʦʪʨʦʰʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ˃ʝ ʙʠʜʘʪ ʨʘʟʛʣʝʜʘʥʠ ʤʦʞʥʦʩʪʠʪʝ  ʥʘ 

ʜʠʩʧʝʨʟʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʦʥʬʠʛʫʨʘʮʠʠʪʝ ʥʘ ʌɺ ʩʠʩʪʝʤʠ ʟʘ ʦʚʘʘ ʥʘʤʝʥʘ  ʠ ʥʝʪʦ ʤʝʨʝˁʝ 

ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ. 

2.1   ɼʠʩʧʝʨʟʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ɼʠʩʧʝʨʟʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʧʦ ʜʝʬʠʥʠʮʠʿʘ ʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʝ ʥʝ 

ʝ ʮʝʥʪʨʘʣʥʦ ʧʣʘʥʠʨʘʥʦ, ʥʝ ʝ ʫʧʨʘʚʫʚʘʥʦ ʦʜ ʜʠʩʧʝʯʝʨʩʢʠ ʮʝʥʪʘʨ, ʥʘʿʯʝʩʪʦ ʝ ʧʦʚʨʟʘʥʦ ʥʘ 

ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ʠ ʝ ʧʦʤʘʣʦ ʦʜ 50-100MW. ʇʦʨʘʜʠ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʧʦʚʝ˃ʝ ʬʘʢʪʦʨʠ 

(ʚʦʚʝʜʫʚʘˁʝ ʥʘ ʢʦʥʢʫʨʝʥʮʠʿʘʪʘ ʩʦ ʨʝʛʫʣʘʮʠʿʘʪʘ, ʠʥʮʠʿʘʪʠʚʠʪʝ ʟʘ ʧʦʪʪʠʢʥʫʚʘˁʝ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ 

ʠʟʚʦʨʠ, ʢʦʤʝʨʮʠʿʘʣʥʠʪʝ ʬʘʢʪʦʨʠ, ʬʘʢʪʦʨʠʪʝ ʟʘ ʟʘʰʪʠʪʘ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ) ʜʦʿʜʝ ʜʦ  

ʟʥʘʯʠʪʝʣʥʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʫʯʝʩʪʚʦʪʦ ʥʘ ɼʇ ʚʦ ʚʢʫʧʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. 

ʇʨʠʪʦʘ ʟʛʦʣʝʤʝʥʦʪʦ ʫʯʝʩʪʚʦ ʥʘ ʜʠʩʧʝʨʟʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʤʘ ʟʥʘʯʠʪʝʣʥʦ ʪʝʭʥʠʯʢʦ 

ʚʣʠʿʘʥʠʝ ʚʨʟ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ʥʘ ʢʦʿʘ ʩʝ ʧʦʚʨʟʫʚʘ. 

 



 

2.2  ʌɺ ʩʠʩʪʝʤ ʟʘ ʜʦʤʘ˃ʠʥʩʪʚʦʪʦ 

ʀʩʢʫʩʪʚʘʪʘ ʧʦʢʘʞʫʚʘʘʪ ʜʝʢʘ ʚʘʢʚʠ ʠʟʚʝʜʙʠ ʣʝʩʥʦ ʩʝ ʦʩʪʚʘʨʫʚʘʘʪ. ʇʨʠ ʚʘʢʚʦ ʧʦʚʨʟʫʚʘˁʝ, 

ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʝʣʝʢʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʌɺ ʩʠʩʪʝʤʦʪ ʥʘʿʧʨʚʦ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʩʥʘʙʜʫʚʘˁʝ ʥʘ 

ʧʦʪʨʦʰʫʚʘʯʠʪʝ ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʦʪʦ, ʘ ʚʠʰʦʢʦʪ ʥʘ  ʝʥʝʨʛʠʿʘ ʩʝ ʧʨʝʜʘʚʘ ʥʘ ʤʨʝʞʘʪʘ. ɺʦ ʥʦ˃ʥʠʪʝ 

ʯʘʩʦʚʠ ʠʣʠ ʢʦʛʘ ʤʦ˃ʥʦʩʪʘ ʥʘ ʌɺ ʩʠʩʪʝʤʦʪ ʝ ʧʦʤʘʣʘ ʦʜ ʧʦʜʨʦʰʫʚʘʯʢʘʪʘ ʚʦ ʜʦʤʘ˃ʠʥʩʪʚʦʪʦ, 

ʧʦʪʨʝʙʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʥʘʜʦʧʦʣʥʫʚʘ ʦʜ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ. ʉʦ ʮʝʣ ʜʘ ʩʝ 

ʦʚʦʟʤʦʞʠ ʨʘʟʤʝʥʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʪʨʝʙʘ ʜʘ ʩʝ ʧʦʩʪʘʚʠ ʜʚʦʥʘʩʦʯʥʦ ʙʨʦʠʣʦ ʰʪʦ ʿʘ 

ʤʝʨʠ ʠ ʨʝʛʠʩʪʨʠʨʘ ʧʨʝʟʝʤʝʥʘʪʘ ʠ ʧʨʝʜʘʜʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʀʜʝʿʘʪʘ ʝ ʯʠʩʪʦ ʝʢʦʥʦʤʩʢʘ 

ʟʘ ʜʦʤʘ˃ʠʥʩʪʚʦʪʦ, ʢʘʢʦ ʠ ʝʢʦʣʦʰʢʘ, ʥʦ ʩʝ ʟʘʚʠʩʠ ʦʜ ʪʦʘ ʢʘʢʦ ˃ʝ ʙʠʜʝ ʨʝʛʫʣʠʨʘʥʘ ʦʚʘ ʨʘʟʤʝʥʘ ʩʦ 

ʟʘʢʦʥʦʪ ʰʪʦ ˃ʝ ʛʦ ʜʦʥʝʩʝ ʨʝʛʫʣʘʪʦʨʥʘʪʘ ʢʦʤʠʩʠʿʘ ʟʘ ʝʥʝʨʛʝʪʠʢʘ. 

2.3 ʈʘʟʤʝʥʘ ʠ ʥʝʪʦ ʤʝʨʝˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ  

 ɻʦʣʝʤʠʦʪ ʧʘʜ ʥʘ ʮʝʥʠʪʝ ʥʘ ʬʦʪʦʥʘʧʦʥʩʢʠʪʝ ʩʠʩʪʝʤʠ ʜʦʚʝʜʝ ʜʦ ʚʦʚʝʜʫʚʘˁʝ ʥʘ ʥʝʪʦ ʤʝʨʝˁʝ 

ʠ ʨʘʟʤʝʥʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʢʘʢʦ ʥʦʚʠ ʤʦʜʝʣʠ. ʀʜʝʿʘʪʘ ʥʘ ʦʚʠʝ ʤʦʜʝʣʠ ʝ ʜʘ ʧʦʪʪʠʢʥʝ 

ʩʘʤʦʩʪʦʿʥʦ ʟʘʜʦʚʦʣʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʠʪʝ ʧʦʪʨʝʙʠ ʢʘʢʦ ʥʝʟʘʚʠʩʥʘ ʧʨʝʪʧʨʠʝʤʘʯʢʘ ʘʢʪʠʚʥʦʩʪ. 

ʂʦʛʘ ʩʪʘʥʫʚʘ ʟʙʦʨ ʟʘ ʥʝʪʦ ʤʝʨʝˁʝ ʠ ʨʘʟʤʝʥʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ, ʪʨʝʙʘ ʜʘ ʩʝ ʠʤʘ ʧʨʝʜʚʠʜ 

ʜʝʢʘ ʥʘʿʯʝʩʪʦ ʩʝ ʤʠʩʣʠ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ, ʢʦʠ ʩʝ ʧʦʩʪʘʚʫʚʘʘʪ ʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ 

ʧʦʢʨʠʚʠ ʠ ʦʜ ʢʦʠ ʩʝ ʧʨʦʠʟʚʝʜʫʚʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʰʪʦ ʧʦʥʘʪʘʤʫ ʩʝ ʢʦʨʠʩʪʠ ʠʣʠ 

ʧʨʝʜʘʚʘ ʚʦ ʩʠʩʪʝʤʦʪ (ʉʣʠʢʘ 2). 

 

 

ʉʣʠʢʘ 2. ʈʘʟʤʝʥʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʧʨʝʢʫ ʥʝʪʦ ʤʝʨʝˁʝ 

 

ʅʝʪʦ ʤʝʨʝˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʠʤ ʦʚʦʟʤʦʞʫʚʘ ʥʘ ʢʦʨʠʩʥʠʮʠʪʝ ʢʦʠ ʿʘ ʧʨʦʠʟʚʝʜʫʚʘʘʪ 

ʩʦʧʩʪʚʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʜʘ ʤʦʞʘʪ ʥʝʘ ʜʘ ʿʘ ʢʦʨʠʩʪʘʪ ʚʦ ʩʝʢʦʝ ʚʨʝʤʝ, ʘ ʥʝ ʩʘʤʦ ʢʦʛʘ ʝ 

ʛʝʥʝʨʠʨʘʥʘ. ʂʘʢʦ ʢʦʨʠʩʥʠʢ ʥʘ ʫʩʣʫʛʘʪʘ ʟʘ ʥʝʪʦ ʤʝʨʝˁʝ ʠ ʨʘʟʤʝʥʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʢʦʛʘ 

ʧʦʪʨʦʰʫʚʘʯʦʪ ˃ʝ ʧʨʝʜʘʜʝ ʚʦ ʩʠʩʪʝʤʦʪ ʧʦʚʝ˃ʝ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʪʢʦʣʢʫ ʰʪʦ ˃ʝ ʠʩʢʦʨʠʩʪʠ, 

ʨʘʟʣʠʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ kWh ˃ʝ ʿʘ ʜʦʙʠʝ ʚʦ ʥʘʨʝʜʥʘʪʘ ʛʦʜʠʥʘ. ɸʢʦ ʧʦʪʨʦʰʫʚʘʯʦʪ ʧʦʪʨʦʰʠʣ 

ʧʦʚʝ˃ʝ ʦʪʢʦʣʢʫ ʰʪʦ ʧʨʝʜʘʣ ʚʦ ʩʠʩʪʝʤʦʪ, ˃ʝ ʩʠ ʧʣʘʪʠ ʧʦ ʮʝʥʘ ʢʘʢʦ ʠ ʩʝʢʦʿ ʜʨʫʛ ʧʦʪʨʦʰʫʚʘʯ 

(ʮʝʥʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʟʘ ʜʦʤʘ˃ʠʥʩʪʚʘ). 

 

 

 



 

3 ɸʅɸʃʀɿɸ ʅɸ ʌʆʊʆɺʆʃʊɸʀʏɽʅ ʉʀʉʊɽʄ  ʇʆʉʊɸɺɽʅ ʅɸ ʇʆʂʈʀɺ ʆɼ ʂʋɵɸ 

ʉʆ ʋʇʆʊʈɽɹɸ ʅɸ ʉʆʌʊɺɽʈʆʊ  PVSYST V6.43 

 

 

ʉʣʠʢʘ 3. ʌɺ ʩʠʩʪʝʤ ʧʦʩʪʘʚʝʥ ʥʘ ʠʥʜʠʚʠʜʫʘʣʝʥ ʦʙʿʝʢʪ  ʧʨʝʢʫ ʠʟʙʦʨ ʥʘ ʩʦʦʜʚʝʪʥʠ ʤʦʜʫʣʠ ʠ ʠʥʚʝʨʪʦʨ ʩʦ 

ʧʦʤʦʰ ʥʘ ʩʦʬʪʚʝʨʦʪ PVsyst V6.43. 

ɻʣʘʚʥʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʌɺ ʩʠʩʪʝʤ ʧʦʚʨʟʘʥ ʥʘ ʤʨʝʞʘ ʩʝ ʌɺ ʛʝʥʝʨʘʪʦʨ ʠ ʠʥʚʝʨʪʦʨ. ɿʘ ʌɺ ʩʠʩʪʝʤ  

ʢʦʠ ʥʠʝ ʛʦ ʘʥʘʣʠʟʠʨʘʤʝ ʨʘʩʧʦʣʦʞʣʠʚʠ  ʩʝ  42m
2   
ʦʜ 

 
ʧʦʢʨʠʚʦʪ ʥʘ ʿʫʞʥʘʪʘ ʩʪʨʘʥʘ ʥʘ  ʢʫ˃ʘ ʚʦ 

ɹʠʪʦʣʘ ʢʦʠ ʥʠ ʜʦʟʚʦʣʫʚʘʘʪ ʤʦ˃ʥʦʩʪ ʦʜ 6.5 kWp. ʀʟʙʠʨʘʤʝ ʩʦʦʜʚʝʪʥʠ ʌɺ ʤʦʜʫʣʠ Topsun ʢʦʠ 

ʠʤʘʘʪ ʥʦʤʠʥʘʣʥʘ ʤʦ˃ʥʦʩʪ ʦʜ 250Wp ʠ ʤʘʢʩʠʤʘʣʥʠʦʪ ʙʨʦʿ ʥʘ ʤʦʜʫʣʠ ʝ 25. ʅʦʤʠʥʘʣʥʘʪʘ 

ʤʦ˃ʥʦʩʪ ʝ ʚʘʞʥʘ ʟʘ ʜʠʟʘʿʥʠʨʘˁʝ ʥʘ ʠʥʩʪʘʣʘʮʠʿʘʪʘ ʩʦ ʮʝʣ ʧʨʘʚʠʣʥʦ ʜʘ ʩʝ ʜʠʤʝʥʟʠʦʥʠʨʘʘʪ 

ʢʘʙʣʠʪʝ ʠ ʠʥʚʝʨʪʦʨʠʪʝ. ʇʦʨʘʜʠ ʪʦʘ  ʠʟʙʠʨʘʤʝ 24 ʤʦʜʫʣʠ, ʦʜʥʦʩʩʥʦ 12 ʤʦʜʫʣʠ ʚʦ ʩʝʨʠʿʘ ʢʦʠ 

ʬʦʨʤʠʨʘʘʪ 2 ʧʘʨʘʣʝʣʥʠ ʥʠʟʠ ʩʦ ʢʦʠ ʩʝ ʛʝʥʝʨʠʨʘ ʥʦʤʠʥʘʣʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ʩʠʩʪʝʤʦʪ  ʦʜ 6kWp. 

ʉʦʦʜʚʝʪʥʦ ʥʘ ʪʦʘ ʛʦ  ʠʟʙʠʨʘʤʝ ʠʥʚʝʨʪʦʨʦʪ Fronius International ʩʦ ʤʦ˃ʥʦʩʪ ʦʜ 6 kW ʠ ʨʘʙʦʪʝʥ 

ʥʘʧʦʥ ʦʜ 230 ʜʦ 500V (ʉʣʠʢʘ 3) . 

ʇʦʪʦʘ ʩʝ ʚʥʝʩʫʚʘʘʪ ʧʦʜʘʪʦʮʠʪʝ ʟʘ ʧʦʪʨʦʰʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ kWh ʧʦ ʤʝʩʝʮʠ ʟʘ 2016 

ʛʦʜʠʥʘ ʧʨʝʢʫ ʩʦʬʪʚʝʨʦʪ, ʚʦ ʜʝʣʦʪ ʟʘ ʧʦʪʨʝʙʠ ʥʘ ʢʦʨʠʩʥʠʮʠʪʝ (userôs needs) ʢʘʢʦ ʥʝʪʦ ʤʝʨʝˁʝ 

(net metering) ʠ ʧʨʝʢʫ ʩʠʤʫʣʘʮʠʿʘ  ʛʦ ʜʦʙʠʚʘʤʝ ʤʦʞʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ 

(ʉʣʠʢʘ 4). 

ʇʨʝʩʤʝʪʢʠʪʝ ʧʦʢʘʞʫʚʘʘʪ ʜʝʢʘ 3 664.5 kWh ʩʝ ʧʨʦʠʟʚʝʜʫʚʘʘʪ ʟʘ ʜʦʤʘ˃ʠʥʩʪʚʦʪʦ ʢʘʢʦ ʢʦʨʠʩʥʠʢ, ʘ 

4660.5 kWh ʩʝ ʜʘʚʘʘʪ ʥʘ ʜʠʩʪʠʙʫʪʠʚʥʘ ʤʨʝʞʘ ʧʨʝʢʫ ʢʦʿʘ ʩʝ ʚʨʘ˃ʘʘʪ ʠʩʪʠʪʝ ʢʦʛʘ ˃ʝ ʩʝ ʧʦʪʨʝʙʥʠ. 

ɿʥʘʯʠ ʚʢʫʧʥʦ 8324 kWh ʩʝ ʧʨʦʠʟʚʝʜʫʚʘʘʪ ʦʜ ʩʠʩʪʝʤʦʪ ʢʦʠ ʥʝ ʛʠ ʧʣʘ˃ʘʤʝ. ɹʠʜʝʿ˃ʠ ʥʠʝ 

ʨʘʟʛʣʝʜʫʚʘʤʝ ʢʫ˃ʘ ʢʦʿʘ ʠʤʘ ʛʦʣʝʤʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʦʜ 14 261 kWh ʚʦ ʦʜʥʦʩ ʥʘ  ʝʜʥʘ ʩʪʘʪʠʩʪʠʯʢʘ 

ʢʫ˃ʘ ʠ ʪʦʘ ʧʦʨʘʜʠ ʛʨʝʝˁʝ ʥʘ ʩʪʨʫʿʘ ʚʦ ʟʠʤʩʢʠʪʝ ʤʝʩʝʮʠ, ʦʩʪʘʥʫʚʘ ʨʘʟʣʠʢʘʪʘ 5 937 kWh ʦʜ 

ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʠ ʧʦʪʨʦʰʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʠʿʘ  ʜʘ ʿʘ ʢʫʧʫʚʘʤʝ ʧʦ ʩʦʦʜʚʝʪʥʘ ʮʝʥʘ ʦʜʨʝʜʝʥʘ 

ʦʜ ʨʝʛʫʣʘʪʠʚʘ. ɼʦʢʦʣʢʫ ʟʝʤʝʤʝ ʝʜʥʦʪʘʨʠʬʥʘ ʮʝʥʘ ʧʦ ʧʨʦʠʟʚʝʜʝʥʘ ʝʥʝʨʛʠʿʘ  ʦʜ 4,45 ʜʝʥʘʨʠ = 

0,0724 ʝʚʨʘ ʙʠ ʜʦʙʠʣʝ 5 937*0,0724 = 430 ʝʚʨʘ/ʛʦʜʠʰʥʦ. ʅʦ ʙʠʜʝʿ˃ʠ ʩʤʝʪʢʠʪʝ ʟʘ 2016 ʛʦʜʠʥʘ 

ʙʝʘ 910 ʝʚʨʘ , ʟʥʘʯʠ ʠʤʘʤʝ ʟʘʰʪʝʜʘ ʦʜ 480 ʝʚʨʘ/ʛʦʜʠʰʥʦ. ʅʘʰʘʪʘ ʠʥʚʝʩʪʠʮʠʿʘ ʠʟʥʝʩʫʚʘ 10 994 

ʝʚʨʘ ʚʢʫʧʥʦ ʰʪʦ ʟʥʘʯʠ ʜʝʢʘ ʟʘ 23 ʛʦʜʠʥʠ ˃ʝ ʩʝ ʚʨʘʪʘʪ ʚʣʦʞʝʥʠʪʝ ʧʘʨʠ. ɼʦʢʦʣʢʫ ʧʦʪʨʦʰʝʥʘʪʘ 

ʝʥʝʨʛʠʿʘ ʙʠ ʙʠʣʘ ʧʦʤʘʣʘ ʦʜʥʦʩʥʦ ʙʠ ʩʝ ʜʚʠʞʝʣʘ ʚʦ ʛʨʘʥʠʮʠ ʥʘ ʝʜʥʘ ʧʨʦʩʝʯʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ 

ʦʚʘʘ ʠʥʚʝʩʪʠʮʠʿʘ ʙʠ ʙʠʣʘ ʧʦʠʩʧʣʘʪʣʠʚʘ ʦʜʥʦʩʥʦ ʙʠ ʩʝ ʚʨʘʪʠʣʘ ʟʘ ʤʥʦʛʫ ʧʦʢʨʘʪʦʢ ʚʨʝʤʝʩʢʠ 

ʧʝʨʠʦʜ, ʧʦ ʰʪʦ ʩʝʢʦʿʘ ʥʘʨʝʜʥʘ ʛʦʜʠʥʘ  ʙʠ ʦʩʪʘʥʫʚʘʣ ʜʦʧʦʣʥʠʪʝʣʝʥ ʧʨʠʭʦʜ  ʟʘ ʜʦʤʘ˃ʠʥʩʪʚʦʪʦ. 



 

 

ʉʣʠʢʘ 4.  ʅʝʪʦ ʤʝʨʝˁʝ ʥʘ ʧʨʦʠʟʚʝʜʝʥʘ ʠ ʧʦʪʨʦʰʝʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʩʝʢʦʿ ʤʝʩʝʮ 

4 ʈɸɿɺʆɱ ʅɸ ɽʅɽʈɻɽʊʀʂɸ ʀ ɽʅɽʈɻɽʊʉʂɸ ʇʆʃʀʊʀʂɸ 

ʈ.ʄʘʢʝʜʦʥʠʿʘ ʩʦ  ʧʨʦʩʝʯʥʘ ʛʦʜʠʰʥʘ ʩʦʣʘʨʥʘ ʠʨʘʜʠʿʘʮʠʿʘ ʦʜ 1,623 kWh/m
2
 ʠʤʘ ʠʩʢʣʫʯʠʪʝʣʥʦ 

ʚʠʩʦʢ ʧʨʠʨʦʜʝʥ ʧʦʪʝʥʮʠʿʘʣ ʥʘ ʩʦʣʘʨʥʘ ʝʥʝʨʛʠʿʘ. ʆʚʦʿ ʧʦʪʝʥʮʠʿʘʣ ʤʦʞʝ ʠ ʤʦʨʘ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʠ 

ʟʘ ʟʘʪʦʧʣʫʚʘˁʝ, ʟʘʛʨʝʚʘˁʝ ʥʘ ʪʦʧʣʘ ʚʦʜʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʉʘʤʦ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ (ʌɺʉ) ʝʢʦʥʦʤʩʢʠ ʠʩʧʣʘʪʣʠʚʠʦʪ ʧʦʪʝʥʮʠʿʘʣ ʝ 0,6 

ʊWh/ʛʦʜʠʰʥʦ. ɼʦʢʦʣʢʫ ʟʝʤʿʘʪʘ ʥʘʚʠʩʪʠʥʘ ʩʘʢʘ ʜʘ ʩʪʘʥʝ ʝʥʝʨʛʝʪʩʢʠ ʥʝʟʘʚʠʩʥʘ, ʦʜʥʦʩʥʦ ʜʘ ʛʦ 

ʧʨʝʢʠʥʝ ʫʚʦʟʦʪ ʥʘ ʝʥʝʨʛʠʿʘ, ʥʝʩʬʘʪʣʠʚʦ ʝ ʟʦʰʪʦ ʦʚʦʿ ʦʛʨʦʤʝʥ ʧʦʪʝʥʮʠʿʘʣ ʩʝ ʤʘʨʛʠʥʘʣʠʟʠʨʘ ʠ 

ʚʦ ʩʪʨʘʪʝʰʢʠʪʝ ʜʦʢʫʤʝʥʪʠ ʠ ʚʦ ʨʝʘʣʥʘʪʘ ʧʦʣʠʪʠʢʘ ʥʘ ʪʝʨʝʥ. ʉʝʛʘʰʥʠʦʪ ʩʠʩʪʝʤ ʥʘ ʫʚʦʟ ʥʘ 

ʝʥʝʨʛʠʿʘ ʛʦ ʛʣʝʜʘʤʝ ʢʘʢʦ ʝʜʥʘ ʦʜ ʛʣʘʚʥʠʪʝ ʧʨʝʯʢʠ ʟʘ ʨʘʟʚʦʿʦʪ ʥʘ ʝʥʝʨʛʝʪʠʢʘʪʘ ʠ ʩʤʝ ʫʙʝʜʝʥʠ 

ʜʝʢʘ ʮʝʣʦʩʥʦʪʦ ʦʪʚʦʨʘˁʝ ʥʘ ʦʚʦʿ ʧʨʦʮʝʩ ʠ ʚʦʚʝʜʫʚʘˁʝʪʦ ʥʘ ʙʝʨʟʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ 

ʘʚʪʦʤʘʪʩʢʠ ˃ʝ ʝʣʠʤʠʥʠʨʘ ʛʦʣʝʤ ʙʨʦʿ ʙʘʨʠʝʨʠ ʠ ʢʦʯʥʠʮʠ.    

ʅʘʰʠʦʪ ʩʪʘʚ ʚʦ ʦʜʥʦʩ ʥʘ ʧʦʣʠʪʠʢʘʪʘ ʟʘ ʨʘʟʚʦʿ ʥʘ ʆʀɽ ʚʦ ʈʄ ʝ ʜʝʢʘ ʚʦ ʥʘʰʘʪʘ ʟʝʤʿʘ 

ʧʨʝʦʚʣʘʜʫʚʘ ʩʢʝʧʪʠʮʠʟʘʤ ʢʦʥ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʥʝʤʘ ʧʦʣʠʪʠʯʢʘ ʚʦʣʿʘ ʟʘ 

ʚʠʩʪʠʥʩʢʠ ʨʘʟʚʦʿ ʥʘ ʚʘʢʚʘʪʘ ʝʥʝʨʛʠʿʘ. ʉʦ ʮʝʣ ʜʘ ʩʝ ʪʨʛʫʚʘ ʩʦ ñʟʝʣʝʥʘ ,ʦʙʥʦʚʣʠʚʘ ʝʥʝʨʛʠʿʘò ʥʘ 

ʧʘʟʘʨʦʪ, ʧʨʝʜʣʘʛʘʤʝ ʥʝʢʦʠ ʧʨʝʧʦʨʘʢʠ ʢʘʢʦ ʯʝʢʦʨʠ ʟʘ ʨʘʟʚʦʿ ʥʘ ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʝʢʪʦʨ ʜʦ 

ʩʨʝʜʠʥʘʪʘ ʥʘ ʦʚʦʿ ʚʝʢ : 

- ʊʝʤʝʣʥʘ ʨʝʚʠʟʠʿʘ ʥʘ ʧʦʩʪʦʝʯʢʠʪʝ ʥʘʮʠʦʥʘʣʥʠ ʜʦʢʫʤʝʥʪʠ ʉʪʨʘʪʝʛʠʿʘ ʟʘ ʨʘʟʚʦʿ ʥʘ 
ʝʥʝʨʛʝʪʠʢʘʪʘ ʜʦ 2030 ʠ ʉʪʨʘʪʝʛʠʿʘ ʟʘ ʨʘʟʚʦʿ ʥʘ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ. ʆʚʘʘ 

ʨʝʚʠʟʠʿʘ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʩʦ ʰʠʨʦʢʠ ʢʦʥʩʫʣʪʘʮʠʠ ʩʦ ʩʠʪʝ ʟʘʩʝʛʥʘʪʠ ʩʪʨʘʥʠ 

(ʨʝʣʝʚʘʥʪʥʠ ʤʠʥʠʩʪʝʨʩʪʚʘ, ʘʛʝʥʮʠʠ ʠ ʜʨʞʘʚʥʠ ʢʦʤʧʘʥʠʠ, ʧʨʠʚʘʪʝʥ ʩʝʢʪʦʨ, ʨʝʣʝʚʘʥʪʥʠ 

ʬʘʢʫʣʪʝʪʠ, ʅɺʆ ʩʝʢʪʦʨ ʠ ʜʨʫʛʠ ʛʨʘʺʘʥʩʢʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʥʝʟʘʚʠʩʥʠ ʝʢʩʧʝʨʪʠ, 

ʤʝʺʫʥʘʨʦʜʥʠ ʦʨʛʘʥʠʟʘʮʠʠ), ʚʢʣʫʯʫʚʘʿ˃ʠ ʛʠ ʠ ʛʨʘʺʘʥʠʪʝ. 

- ʆʩʦʚʨʝʤʝʥʫʚʘˁʝ ʥʘ ʧʨʝʥʦʩʥʘʪʘ ʠ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ. 

- ʂʦʥʟʠʩʪʝʥʪʥʘ ʠ ʜʦʩʣʝʜʥʘ ʧʦʣʠʪʠʢʘ ʟʘ ʟʘʰʪʝʜʘ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʰʪʦ ʧʦʛʦʣʝʤʦ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʣʦʢʘʣʥʦ ʜʦʩʪʘʧʥʠʪʝ, ʝʢʦʣʦʰʢʠ ʧʨʠʬʘʪʣʠʚʠ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ 

ʝʥʝʨʛʠʿʘ. 

- Aʥʘʣʠʟʠ ʠ ʿʘʚʥʦ ʜʦʩʪʘʧʥʠ ʧʦʜʘʪʦʮʠ ʟʘ ʝʥʝʨʛʝʪʩʢʠʦʪ ʧʦʪʝʥʮʠʿʘʣ. 

-  ʀʥʚʝʩʪʠʮʠʠ ʢʦʠ ˃ʝ ʦʙʝʟʙʝʜʘʪ ʦʩʥʦʚʘ ʟʘ ʜʦʣʛʦʨʦʯʝʥ ʨʘʟʚʦʿ ʥʘ ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʝʢʪʦʨ. 

- ʄʝʨʢʠ ʠ ʧʨʦʝʢʪʠ ʟʘ ʟʘʰʪʝʜʘ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ. 

- ʇʦʜʜʨʰʢʘ ʥʘ ʨʘʟʚʦʿʦʪ ʥʘ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʦʚʘʪʦʨʩʪʚʦ, ʢʘʢʦ ʠ ʧʨʦʛʨʘʤʠ ʟʘ 
ʜʦʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʧʨʝʢʚʘʣʠʬʠʢʘʮʠʠ. 



 

5 ɿɸʂʃʋʏʆʂ   

ʆʜ ʧʨʚʘʪʘ ʠʥʜʫʩʪʨʠʩʢʘ ʨʝʚʦʣʫʮʠʿʘ ʚʦ 18-ʪʠʦʪ ʚʝʢ ʜʦ ʜʝʥʝʩ ɽʅɽʈɻʀɱɸʊɸ ʿʘ ʜʚʞʠ ʠ ʝ 

ʦʩʥʦʚʘ ʥʘ ʮʝʣʘʪʘ ʮʠʚʠʣʠʟʘʮʠʿʘ, ʧʘ ʥʝ ʝ ʥʠʢʘʢʚʦ ʯʫʜʦ ʰʪʦ ʨʘʟʚʦʿʦʪ ʥʘ ʝʥʝʨʛʝʪʠʢʘʪʘ ʠ 

ʝʥʝʨʛʝʪʩʢʘʪʘ ʧʦʣʠʪʠʢʘ ʩʝ ʢʣʫʯʥʠ ʪʝʤʠ ʚʦ ʩʝʢʦʿʘ ʟʝʤʿʘ. ʉʝʧʘʢ, ʚʨʝʤʝʪʦ ʚʦ ʢʦʝ ʥʠʝ ʞʠʚʝʝʤʝ ʝ 

ʜʦʩʪʘ ʩʧʝʮʠʬʠʯʥʦ ʠ ʧʦʜʨʘʟʙʠʨʘ ʥʝʢʦʠ ʥʦʚʠ ʘʩʧʝʢʪʠ ʥʘ ʦʚʠʝ ʪʝʤʠ ʢʘʢʦ ʰʪʦ ʩʝ: 

ʂʣʠʤʘʪʩʢʠʪʝ ʧʨʦʤʝʥʠ ʩʝ ʥʘʿʛʦʣʝʤʠʦʪ ʧʨʝʜʠʟʚʠʢ ʩʦ ʢʦʿ ʩʝ ʩʦʦʯʫʚʘ ʯʦʚʝʰʪʚʦʪʦ ʜʝʥʝʩ. 

ʊʘʢʘʥʘʨʝʯʝʥʠʦʪ Ăʢʣʠʤʘʪʩʢʦ-ʝʥʝʨʛʝʪʩʢʠ ʧʘʢʝʪñ ʥʘ ɽʚʨʦʧʩʢʘʪʘ ʫʥʠʿʘ ʝ ʝʜʥʘ ʦʜ ʥʘʿʢʦʤʧʣʝʢʩʥʠʪʝ 

ʟʙʠʨʢʠ ʥʘ ʧʨʘʚʥʠ ʘʢʪʠ, ʩʪʨʘʪʝʛʠʠ, ʧʣʘʥʦʚʠ ʠ ʩʣ., ʚʢʫʧʥʦ ʥʘʜ 200 ʜʦʢʫʤʝʥʪʠ. 

ɽʥʝʨʛʝʪʩʢʘʪʘ ʙʝʟʙʝʜʥʦʩʪ, ʢʦʿʘ ʛʠ ʦʙʝʜʠʥʫʚʘ ʥʘʮʠʦʥʘʣʥʘʪʘ ʙʝʟʙʝʜʥʦʩʪ ʠ ʨʘʩʧʦʣʦʞʠʚʦʩʪʘ ʥʘ 

ʝʥʝʨʛʝʪʩʢʠ ʠʟʚʦʨʠ ʟʘ ʝʥʝʨʛʝʪʩʢʘ ʧʦʪʨʦʰʫʚʘʯʢʘ, ʜʝʥʝʩ ʝ ʝʜʥʦ ʦʜ  ʩʚʝʪʩʢʠʪʝ ʧʨʘʰʘˁʘ. ɺʨʝʤʝʪʦ 

ʚʦ ʢʦʝ ʞʠʚʝʝʤʝ ʠʟʦʙʠʣʫʚʘ ʩʦ ʢʨʘʪʢʦʨʦʯʥʠ ʠ ʜʦʣʛʦʨʦʯʥʠ ʟʘʢʘʥʠ ʟʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʙʝʟʙʝʜʥʦʩʪ, 

ʧʦʨʘʜʠ ʰʪʦ ʩʪʨʘʪʝʰʢʦʪʦ ʧʣʘʥʠʨʘˁʝ ʝ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʝʥʝʨʛʝʪʠʢʘ ʢʦʿʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʣʦʢʘʣʥʦ 

ʨʘʩʧʦʣʦʞʠʚʠ, ʢʦʥʪʠʥʫʠʨʘʥʠ ʠ ʩʠʛʫʨʥʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ. 

ɸʣʘʨʤʘʥʪʥʦʪʦ ʟʘʛʘʜʫʚʘˁʝ ʥʘ ʩʠʪʝ ʤʝʜʠʫʤʠ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʝ ʫʰʪʝ ʝʜʝʥ ʦʜ ʩʝʨʠʦʟʥʠʪʝ 

ʧʨʦʙʣʝʤʠ ʥʘ ʤʦʜʝʨʥʦʪʦ ʚʨʝʤʝ ʯʠʠ ʧʦʩʣʝʜʠʮʠ ʩʝʢʦʿʜʥʝʚʥʦ ʛʠ ʞʠʚʝʝʤʝ. ɽʥʝʨʛʝʪʠʢʘʪʘ ʠ 

ʪʨʘʥʩʧʦʨʪʦʪ ʙʘʟʠʨʘʥʠ ʥʘ ʬʦʩʠʣʥʠ ʛʦʨʠʚʘ ʩʝ ʛʣʘʚʥʠʪʝ ʠʟʚʦʨʠ ʥʘ ʟʘʛʘʜʫʚʘˁʝ ʥʘ ʚʦʟʜʫʭʦʪ, ʚʦʜʘʪʘ 

ʠ ʧʦʯʚʘʪʘ. ʌʦʩʠʣʥʘʪʘ ʝʥʝʨʛʠʿʘ ʿʘ ʧʣʘ˃ʘʤʝ ʥʝ ʩʘʤʦ ʩʦ ʧʘʨʠ, ʪʫʢʫ ʠ ʩʦ ʧʦʩʣʝʜʠʮʠʪʝ ʦʜ 

ʟʘʛʘʜʫʚʘˁʝʪʦ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ, ʚʢʣʫʯʫʚʘʿ˃ʠ ʛʦ ʠ ʥʘʨʫʰʝʥʦʪʦ ʟʜʨʘʚʿʝ ʥʘ ʥʘʩʝʣʝʥʠʝʪʦ, 

ʦʩʦʙʝʥʦ ʦʥʘ ʢʦʝ ʞʠʚʝʝ ʚʦ ʙʣʠʟʠʥʘ ʥʘ ʠʟʚʦʨʠʪʝ ʥʘ ʟʘʛʘʜʫʚʘˁʝ. 

 

ʇʣʘʥʠʨʘˁʝʪʦ ʥʘ ʨʘʟʚʦʿʦʪ ʥʘ ʝʥʝʨʛʝʪʠʢʘʪʘ ʝ ʝʜʝʥ ʦʜ ʥʘʿʛʦʣʝʤʠʪʝ ʧʨʝʜʠʟʚʠʮʠ ʩʦ ʢʦʠ ʩʝ 

ʩʦʦʯʫʚʘʘʪ ʠʥʩʪʠʪʫʮʠʠʪʝ ʥʘ ʩʠʪʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʠ ʠ ʧʦʣʠʪʠʯʢʠ ʥʠʚʦʘ, ʦʜ ʛʣʦʙʘʣʥʠ ʧʘ ʩ¯ ʜʦ 

ʣʦʢʘʣʥʠ. ɾʠʚʝʝʤʝ ʚʦ ʢʨʘʿʥʦ ʚʦʟʙʫʜʣʠʚʦ ʚʨʝʤʝ ʢʦʝ ʥʘʣʘʛʘ ʨʝʚʦʣʫʮʠʦʥʝʨʥʠ ʧʨʦʤʝʥʠ. 
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ʇʈʆʎɽʅʊʋɸʃʅʆ ʆʊʉʊɸʇʋɺɸɳɽ ʇʆʄɽɬʋ ʉʀʄʋʃʀʈɸʅɸ ʀ ʈɽɸʃʅʆ 

ʇʈʆʀɿɺɽɼɽʅɸ ɽʃɽʂʊʈʀʏʅɸ ɽʅɽʈɻʀɱɸ ʆɼ ʌʆʊʆɺʆʃʊɸʀʏʅɸ 

ʎɽʅʊʈɸʃɸ, ʂɸʂʆ ʇʆʂɸɿɸʊɽʃ ɿɸ ʉʊɽʇɽʅʆʊ ʅɸ ɼʆɺɽʈʃʀɺʆʉʊ ʀ 

ʊʆʏʅʆʉʊ ʇʈʀ ʈɸɹʆʊɸ ɺʆ ʉʆʌʊɺɽʈʉʂʀʊɽ ʇʈʆɻʈɸʄʀ: HOMER PRO, 

PVSYST, SOLAR PRO, RETSCREEN 

ʂʋʉɸ ʉʆɼʈɾʀʅɸ 

ɺʦ ʜʝʥʝʰʥʦ ʚʨʝʤʝ ʚʦ ʩʚʝʪʩʢʠ ʨʘʤʢʠ ʩʝ ʧʦʚʝ˃ʝ ʘʢʪʫʝʣʥʦ ʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ ʦʜ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ, ʢʘʜʝ ʰʪʦ ʩʧʘʺʘʘʪ ʠ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʝʣʝʢʪʨʠʯʥʠ ʮʝʥʪʨʘʣʠ. 

ʉʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʝ ʠʩʪʦ ʪʘʢʘ ʜʦʩʪʘ ʘʢʪʫʝʣʥʘ ʪʝʤʘ, ʢʘʢʦ ʦʛʨʦʤʝʥ ʥʝʠʩʢʦʨʠʩʪʝʥ ʧʦʪʝʥʮʠʿʘʣ ʟʘ 

ʟʘʜʦʚʦʣʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʠʪʝ ʧʦʪʨʝʙʠ. ɿʘ ʜʘ ʩʝ ʟʘʧʦʯʥʝ ʩʦ ʬʘʟʘʪʘ ʥʘ ʧʨʦʝʢʪʠʨʘˁʝ ʥʘ ʝʜʥʘ 

ʬʦʪʦʚʦʣʪʘʠʯʥʘ ʝʣʝʢʪʨʠʯʥʘ ʮʝʥʪʨʘʣʘ ʧʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ ʠʟʙʝʨʝ ʩʦʦʜʚʝʪʥʘ ʛʝʦʛʨʘʬʩʢʘ 

ʤʝʩʪʦʧʦʣʦʞʙʘ, ʟʘ ʢʦʿʘ ʰʪʦ ʦʜ ʩʫʰʪʠʥʩʢʦ ʟʥʘʯʝˁʝ ʚʦ ʮʝʣʦʪʦ ʧʦʥʘʪʘʤʦʰʥʦ ʧʨʦʝʢʪʠʨʘˁʝ, ʝ ʜʘ 

ʙʠʜʘʪ ʦʙʝʟʙʝʜʝʥʠ ʢʚʘʣʠʪʝʪʥʠ ʠ ʜʦʚʝʨʣʠʚʠ ʧʦʜʘʪʦʮʠ ʟʘ ʠʥʪʝʥʟʠʪʝʪʦʪ ʥʘ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ. 

ʅʘʿʯʝʩʪʦ ʪʘʢʚʠʪʝ ʧʦʜʘʪʦʮʠ ʩʝ ʜʦʙʠʚʘʘʪ ʩʦ ʧʦʤʦʰ ʥʘ ʩʘʪʝʣʠʪʩʢʠ ʩʥʠʤʢʠ ʠ ʩʝ ʜʦʩʪʘʧʥʠ ʧʨʝʢʫ 

ʛʣʦʙʘʣʥʠ ʠʥʬʦʨʤʘʮʠʦʥʠ ʙʘʟʠ ʥʘ ʧʦʜʘʪʦʮʠ, ʢʘʢʦ ʰʪʦ ʩʝ ʙʘʟʠʪʝ ʥʘ PVGIS ʠ NASA-SEE. 

ʇʦʩʪʦʿʘʪ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʩʦʬʪʚʝʨʠ ʢʦʠ ʛʠ ʢʦʨʠʩʪʘʪ ʦʚʠʝ ʙʘʟʠ ʥʘ ʧʦʜʘʪʦʮʠ ʢʘʢʦ ʚʣʝʟʥʠ 

ʧʘʨʘʤʝʪʨʠ, ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʢʦʠ ʧʨʚʝʥʩʪʚʝʥʦ ʩʝ ʪʝʤʝʣʘʪ ʜʦʙʠʝʥʠʪʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦʚʨʟʘʥʠ ʩʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʢʦʠ ʩʝ ʧʘʢ ʦʜ ʠʩʢʣʫʯʠʪʝʣʥʘ ʚʘʞʥʦʩʪ ʟʘ ʝʢʦʥʦʤʩʢʘʪʘ ʦʧʨʘʚʜʘʥʦʩʪ ʟʘ ʠʟʛʨʘʜʙʘ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʢʘʧʘʮʠʪʝʪʠ ʦʜ ʦʚʦʿ ʚʠʜ. ʉʦ ʮʝʣ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʜʦʙʠʝʥʠʪʝ 

ʠʥʬʦʨʤʘʮʠʠ, ʚʦ ʦʚʦʿ ʪʨʫʜ ʥʘʧʨʘʚʝʥʠ ʩʝ ʩʠʤʫʣʘʮʠʠ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʚʝ˃ʝ ʧʦʩʪʦʝʯʢʘ 

ʬʦʪʦʚʦʣʪʘʠʯʥʘ ʮʝʥʪʨʘʣʘ, ʣʦʮʠʨʘʥʘ ʚʦ ʇʝʣʘʛʦʥʠʩʢʠʦʪ ʨʝʛʠʦʥ, ʚʦ ʥʝʢʦʣʢʫ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪʠ: 

HOMER Pro, PVSYST, Solar Pro, RETScreen. ʇʨʠ ʪʦʘ ʚʦ ʩʠʤʫʣʘʮʠʠʪʝ ʢʘʢʦ ʚʣʝʟʥʠ ʧʘʨʘʤʝʪʨʠ ʩʝ 

ʢʦʨʠʩʪʝʥʠ ʧʦʜʘʪʦʮʠ ʦʜ ʙʘʟʘʪʘ ʥʘ NASA ʠ PVGIS. ʇʦʪʦʘ ʪʘʢʘ ʩʠʤʫʣʠʨʘʥʘʪʘ ʚʨʝʜʥʦʩʪ ʟʘ 

ʦʯʝʢʫʚʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʦʙʠʝʥʘ ʚʦ ʩʝʢʦʿ ʦʜ ʧʦʛʦʨʝʩʧʦʤʝʥʘʪʠʪʝ ʩʦʬʪʚʝʨʠ, ʝ ʩʧʦʨʝʜʝʥʘ ʩʦ 

ʨʝʘʣʥʦ ʠʟʤʝʨʝʥʘʪʘ ʚʨʝʜʥʦʩʪ ʥʘ ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʟʘ 2016 ʛʦʜʠʥʘ ʟʘ 

ʢʦʥʢʨʝʪʥʘʪʘ ʬʦʪʦʚʦʣʪʘʠʯʥʘ ʧʨʦʠʟʚʦʜʥʘ ʝʜʠʥʠʮʘ. 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ, ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ, PVGIS, PVsyst, Solar 

Pro, RETScreen. 

1 ɺʆɺɽɼ 

ɺʦ ʧʦʩʣʝʜʥʘʚʘ ʜʝʮʝʥʠʿʘ, ʩʚʝʩʥʦʩʪʘ ʥʘ ʯʦʚʝʰʪʚʦʪʦ ʟʘ ʢʦʥʝʯʥʘʪʘ ʧʨʠʨʦʜʘ ʥʘ ʬʦʩʠʣʥʠʪʝ 

ʛʦʨʠʚʘ ʠ ʥʠʚʥʠʪʝ ʰʪʝʪʥʠ ʝʬʝʢʪʠ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ, ʢʘʢʦ ʛʣʘʚʥʘ ʧʨʠʯʠʥʘ ʟʘ ʛʣʦʙʘʣʥʦʪʦ 

ʟʘʪʦʧʣʫʚʘˁʝ, ʩʝ ʠʟʜʠʛʘ ʥʘ ʩʝ ʧʦʚʠʩʦʢʦ ʥʠʚʦ ʟʘ ʰʪʦ ʧʦʢʘʞʫʚʘ ʠ ʟʥʘʯʠʪʝʣʥʦ ʟʛʦʣʝʤʝʥʠʦʪ 

ʠʥʪʝʨʝʩ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʥʘʩʧʨʦʪʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ 

ʠʟʚʦʨʠ.ʊʫʢʘ ʩʧʘʺʘʘʪ ʩʦʥʯʝʚʘʪʘ ʩʚʝʪʣʠʥʘ, ʛʝʦʪʝʨʤʘʣʥʘʪʘ ʪʦʧʣʠʥʘ, ʚʝʪʝʨʦʪ, ʚʦʜʘʪʘ, ʧʣʠʤʘʪʘ ʠ 

ʨʘʟʣʠʯʥʠʪʝ ʬʦʨʤʠ ʥʘ ʙʠʦʤʘʩʘ. ʆʚʘʘ ʝʥʝʨʛʠʿʘ ʩʝ ʜʝʬʠʥʠʨʘ ʢʘʢʦ ʥʝʠʩʮʨʧʥʘ, ʰʪʦ ʘʥʘʣʦʛʥʦ ʥʘ ʪʦʘ 

ʟʥʘʯʠ ʜʝʢʘ ʧʦʩʪʦʿʘʥʦ ʩʝ ʦʙʥʦʚʫʚʘ, ʪʘʢʘ ʰʪʦ ʢʦʥʢʨʝʪʥʦ ʟʘ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ, ʩʧʦʨʝʜ ʅɸʉɸ ʩʝ 

ʧʨʝʜʚʠʜʫʚʘ ʜʘ ʦʩʪʘʥʝ ʧʦʩʪʦʿʘʥʘ ʫʰʪʝ 6,5 ʤʠʣʠʿʘʨʜʠ ʛʦʜʠʥʠ. ʋʩʣʦʚʠʪʝ ʟʘ ʨʘʟʚʦʿ ʥʘ ʩʦʣʘʨʥʘʪʘ 

ʝʥʝʨʛʠʿʘ ʥʝ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʧʦʧʦʚʦʣʥʠ, ʥʘ ʰʪʦ ʫʢʘʞʫʚʘ ʬʘʢʪʦʪ ʜʝʢʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʝʥʝʨʛʠʿʘ 
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ʢʦʿʘ ʛʦʜʠʰʥʦ ʜʦʩʧʝʚʘ ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ɿʝʤʿʘʪʘ ʝ 10000 ʧʘʪʠ ʧʦʚʝ˃ʝ ʦʜ ʩʝʛʘʰʥʠʪʝ ʝʥʝʨʛʝʪʩʢʠ 

ʧʦʪʨʝʙʠ ʥʘ ʯʦʚʝʰʪʚʦʪʦ[1]. 

1.1 ɻʣʦʙʘʣʥʠ ʙʘʟʠ ʥʘ ʧʦʜʘʪʦʮʠ ʟʘ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ 

 Photovoltaic Geographical System (PVGIS) [2]ʝ ʜʝʣ ʦʜ ʘʢʪʠʚʥʦʩʪʠʪʝ ʥʘ ʀʥʩʪʠʪʫʪʦʪ ʟʘ 

ʝʥʝʨʛʠʿʘ ʠ ʪʨʘʥʩʧʦʨʪ ʥʘ ɽʚʨʦʧʩʢʘʪʘ ʢʦʤʠʩʠʿʘ ʟʘ ʠʥʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ 

ʝʥʝʨʛʠʿʘ ʚʦ ɽʚʨʦʧʩʢʘʪʘ ʫʥʠʿʘ ʢʘʢʦ ʦʜʨʞʣʠʚ ʠ ʜʦʣʛʦʨʦʯʝʥ ʠʟʚʦʨ ʥʘ ʝʥʝʨʛʠʿʘ. ʆʚʦʟʤʦʞʫʚʘ 

ʩʣʦʙʦʜʝʥ ʧʨʠʩʪʘʧ ʜʦ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʩʦʥʯʝʚʠʪʝ ʝʥʝʨʛʝʪʩʢʠ ʨʝʩʫʨʩʠ ʠ ʧʨʦʮʝʥʢʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ ʟʘ ʣʦʢʘʮʠʠ ʢʦʠ ʩʝ ʥʘʦʺʘʘʪ ʚʦ ɽʚʨʦʧʘ, 

ɸʬʨʠʢʘ ʠ ʿʫʛʦʟʘʧʘʜʥʘ ɸʟʠʿʘ. ʅʦʚʘʪʘ ʙʘʟʘ ʥʘ ʧʦʜʘʪʦʮʠ PVGIS-CMSAF ʛʠ ʢʦʨʠʩʪʠ ʩʥʠʤʢʠʪʝ ʦʜ 

ʛʝʦʩʪʘʮʠʦʥʘʨʥʠ ʩʘʪʝʣʠʪʠ ʥʘʧʨʘʚʝʥʠ ʚʦ ʧʝʨʠʦʜʦʪ 1998 ʛ. ʜʦ 2012 ʛ.  

ʅʘʮʠʦʥʘʣʥʘʪʘ ʚʦʟʜʫʭʦʧʣʦʚʥʘ ʠ ʚʩʝʣʝʥʩʢʘ ʘʜʤʠʥʠʩʪʨʘʮʠʿʘ ʥʘ ʉɸɼ (NASA) [3] ʜʦʣʛʠ 

ʛʦʜʠʥʠ ʛʠ ʧʦʜʜʨʞʫʚʘ ʩʘʪʝʣʠʪʩʢʠʪʝ ʩʠʩʪʝʤʠ ʠ ʠʩʪʨʘʞʫʚʘˁʘ ʢʦʠ ʜʘʚʘʘʪ ʧʦʜʘʪʦʮʠ ʟʘ ʧʨʦʫʯʫʚʘˁʝ 

ʥʘ ʢʣʠʤʘʪʘ ʠ ʢʣʠʤʘʪʩʢʠʪʝ ʧʨʦʮʝʩʠ. ʊʠʝ ʧʦʜʘʪʦʮʠ ʚʢʣʫʯʫʚʘʘʪ ʠ ʜʦʣʛʦʨʦʯʥʠ ʧʨʦʮʝʥʢʠ ʥʘ 

ʤʝʪʝʦʨʦʣʦʰʢʠ ʚʝʣʠʯʠʥʠ ʠ ʪʝʢʦʚʠ ʥʘ ʩʦʣʘʨʥʘ ʝʥʝʨʛʠʿʘ ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ɿʝʤʿʘʪʘ ʢʦʠ ʩʝ 

ʧʦʢʘʞʘʣʝ ʜʦʚʦʣʥʦ ʧʨʝʮʠʟʥʠ ʟʘ ʨʝʛʠʦʥʠ ʢʘʜʝ ʧʦʚʨʰʠʥʩʢʠʪʝ ʤʝʨʝˁʘ ʩʝ ʨʝʪʢʠ ʠʣʠ ʚʦʦʧʰʪʦ ʥʝ 

ʧʦʩʪʦʿʘʪ. ɿʘ ʜʘ ʩʝ ʧʦʪʪʠʢʥʝ ʢʦʤʝʨʮʠʿʘʣʥʘʪʘ ʫʧʦʪʨʝʙʘ ʥʘ ʩʦʣʘʨʥʠʪʝ ʠ ʤʝʪʝʦʨʦʣʦʰʢʠʪʝ 

ʧʦʜʘʪʦʮʠ, NASA ʛʦ ʧʦʜʜʨʞʫʚʘ ʨʘʟʚʦʿʦʪ ʥʘ ñSurface meteorology and solar energy database (SSE)ò 

ʙʘʟʘ ʥʘ ʧʦʜʘʪʦʮʠ ʢʦʿʘ ʝ ʧʦʩʝʙʥʦ ʜʠʟʘʿʥʠʨʘʥʘ ʟʘ ʧʦʪʨʝʙʠʪʝ ʧʨʠ ʧʨʦʝʢʪʠʨʘˁʝ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠ 

ʠ ʜʨʫʛʠ ʩʠʩʪʝʤʠ ʙʘʟʠʨʘʥʠ ʥʘ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ. SSE ʙʘʟʘʪʘ ʜʘʚʘ ʢʦʥʪʠʥʫʠʨʘʥʠ 

ʤʝʪʝʦʨʦʣʦʰʢʠ ʠ ʩʦʣʘʨʥʠ ʧʦʜʘʪʦʮʠ ʢʦʠ ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʥʘ ʤʨʝʞʘ 1
0
 x 1

0
 ʛʝʦʛʨʘʬʩʢʘ ʰʠʨʠʥʘ ʠ 

ʜʦʣʞʠʥʘ. ʊʦʘ ʟʥʘʯʠ ʜʝʢʘ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʧʨʦʩʝʯʥʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʨʝʣʘʪʠʚʥʦ ʛʦʣʝʤʘ ʧʦʚʨʰʠʥʘ ʠ 

ʚʦ ʥʝʢʦʠ ʩʣʫʯʘʠ ʥʝ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠ ʟʘ ʦʜʨʝʜʝʥʘ ʤʠʢʨʦʣʦʢʘʮʠʿʘ. 

2 ʌʆʊʆɺʆʃʊɸʀʏʅʀ ʎɽʅʊʈɸʃʀ ʇʆɺʈɿɸʅʀ ʅɸ ɽʃɽʂʊʈʀʏʅɸ ʄʈɽɾɸ 

ʌʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ (ʌʉ) ʦʚʦʟʤʦʞʫʚʘʘʪ ʜʠʨʝʢʪʥʦ ʧʨʝʪʚʦʨʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʥʘ 

ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ ʚʦ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʢʦʨʠʩʪʝʿ˃ʠ ʛʦ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʦʪ ʝʬʝʢʪ ʢʘʿ ʩʦʥʯʝʚʠʪʝ 

˃ʝʣʠʠ. ʆʩʥʦʚʝʥ ʛʨʘʜʙʝʥ ʙʣʦʢ ʥʘ ʌʉ ʧʨʝʩʪʘʚʫʚʘ ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʤʦʜʫʣ, ʘ ʟʘ ʜʘ ʩʝ ʟʛʦʣʝʤʠ 

ʝʥʝʨʛʝʪʩʢʠʦʪ ʢʘʧʘʮʠʪʝʪ, ʤʦʜʫʣʠʪʝ ʩʝ ʛʨʫʧʠʨʘʘʪ ʚʦ ʬʦʪʦʥʘʧʦʥʩʢʦ ʧʦʣʝ. ʉʪʨʫʢʪʫʨʘʪʘ ʥʘ 

ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʩʝ ʨʘʟʣʠʢʫʚʘ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʢʦʥʢʨʝʪʥʠʪʝ ʧʦʪʨʝʙʠ ʠ ʫʩʣʦʚʠ ʥʘ 

ʨʘʙʦʪʘ ʠ ʦʙʠʯʥʦ ʩʝ ʜʝʣʘʪ ʚʦ ʜʚʝ ʦʩʥʦʚʥʠ ʛʨʫʧʠ: ʩʘʤʦʩʪʦʿʥʠ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ ʢʦʠ ʥʝ ʩʝ 

ʧʨʠʢʣʫʯʝʥʠ ʥʘ ʝʣʝʢʨʠʯʥʘ ʤʨʝʞʘ (off-grid, stand-alone systems) ʠ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ 

ʧʨʠʢʣʫʯʝʥʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʘ ʤʨʝʞʘ (on-grid).  

 ʅʘʿʛʦʣʝʤʠʦʪ ʜʝʣ ʥʘ ʜʝʥʝʰʥʠʪʝ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʮʝʥʪʨʘʣʠ ʩʝ ʧʨʠʢʣʫʯʝʥʠ ʥʘ ʝʣʝʢʪʨʦ-

ʝʥʝʨʛʝʪʩʢʘ ʤʨʝʞʘ. ʇʨʠʢʣʫʯʦʢʦʪ ʩʝ ʠʟʚʝʜʫʚʘ ʧʨʝʢʫ DC/AC ʧʨʝʪʚʦʨʫʚʘʯ (ʠʥʚʝʨʪʦʨ) ʠ ʧʨʠʢʣʫʯʥʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʘ ʩʪʘʥʠʮʘ. ʀʥʚʝʨʪʦʨʦʪ , ʢʦʿ ʚʦ ʢʦʥʢʨʝʪʥʠʦʪ ʩʣʫʯʘʿ ʪʨʝʙʘ ʜʘ ʛʠ ʟʘʜʦʚʦʣʫʚʘ EN 

ʩʪʘʥʜʘʨʜʠʪʝ (ʚʠʰʠ ʭʘʨʤʦʥʠʮʠ, ʦʩʪʨʦʚʩʢʘ ʨʘʙʦʪʘ) ʚʦ ʘʥʛʣʠʩʢʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʛʦ ʠʤʘ ʥʘʟʠʚʦʪ On 

Grid Inverter. 

 

ʉʣʠʢʘ 1. ʂʦʤʧʦʥʝʥʪʠ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʩʠʩʪʝʤ ʧʦʚʨʟʘʥ ʥʘ ʤʨʝʞʘ 



 

3 ʉʆʌʊɺɽʈʀ ɿɸ ʄʆɼɽʃʀʈɸɳɽ ʀ ʉʀʄʋʃɸʎʀɱɸ ʅɸ ʌʆʊʆɺʆʃʊɸʀʏʅʀ (ʌɺ) 

ʎɽʅʊʈɸʃʀ 

ʅʘ ʩʪʨʘʥʘʪʘ ʥʘ ʥʘʧʨʝʜʦʢʦʪ ʥʘ ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʠ ʨʘʟʚʠʪʦʢʦʪ ʥʘ ʚʝʰʪʘʯʢʘʪʘ ʠʥʪʝʣʝʛʝʥʮʠʿʘ, 

ʤʥʦʛʫʙʨʦʿʥʠ ʩʦʬʪʚʝʨʩʢʠ ʨʝʰʝʥʠʿʘ ʩʝ ʜʦʩʪʘʧʥʠ ʚʦ ʦʙʣʘʩʪʘ ʥʘ ʨʝʰʘʚʘˁʝ ʥʘ ʧʨʦʙʣʝʤʘʪʠʢʘʪʘ ʥʘ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ. ʀʥʬʦʨʤʘʮʠʠʪʝ ʟʘ ʝʥʝʨʛʝʪʩʢʠʪʝ ʨʝʩʫʨʩʠ ʩʝ 

ʠʩʪʦ ʪʘʢʘ ʣʝʩʥʦ ʜʦʩʪʘʧʥʠ ʠ ʜʦʩʪʘ ʧʨʝʮʠʟʥʠ, ʧʨʝʢʫ ʠʥʪʝʨʘʢʪʠʚʥʠʪʝ ʤʘʧʠ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ 

ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʥʘ PVGIS, NASA-SSE, SolarGIS. ɺʦ ʦʚʦʿ ʪʨʫʜ ʨʘʙʦʪʘʪʘ ʥʘ 

ʢʦʥʢʨʝʪʥʘʪʘ ʬʦʪʦʚʦʣʪʘʠʯʥʘʮʝʥʪʨʘʣʘ ˃ʝ ʙʠʜʝ ʨʘʟʛʣʝʜʫʚʘʥʘ ʚʦ ʯʝʪʠʨʠʪʝ ʥʘʚʝʜʝʥʠ ʢʦʤʧʿʫʪʝʨʩʢʠ 

ʧʨʦʛʨʘʤʠ ʚʦ ʥʘʩʣʦʚʦʪ HOMER Pro, PVsyst, Solar Pro ʠ RETScreen. 

HOMER Pro ʠ RETScreen ʩʧʘʺʘʘʪ ʚʦ ʛʨʫʧʘʪʘ ʥʘ ʦʧʪʠʤʠʟʘʮʠʦʥʠ ʧʨʦʛʨʘʤʠ ʟʘ ʧʨʦʮʝʥʢʘ 

ʥʘ ʠʩʧʣʘʪʣʠʚʦʩʪʘ ʥʘ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤʠ ʢʦʠ ʩʝ ʩʦʩʪʦʿʘʪ ʦʜ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʠ ʥʘ ʦʙʥʦʚʣʠʚʠ ʠ/ʠʣʠ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ. HOMER Pro oʚʦʟʤʦʞʫʚʘ ʩʧʦʨʝʜʙʘ ʥʘ ʛʦʣʝʤ ʙʨʦʿ ʥʘ 

ʨʘʟʣʠʯʥʠ ʧʨʦʝʢʪʘʥʪʩʢʠ ʨʝʰʝʥʠʿʘ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʥʠʚʥʠʪʝ ʪʝʭʥʠʯʢʠ ʠ ʝʢʦʥʦʤʩʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʈʘʙʦʪʘʪʘ ʥʘ HOMER ʦʧʬʘ˃ʘ ʪʨʠ ʦʩʥʦʚʥʠ ʧʨʦʮʝʩʠ: ʩʠʤʫʣʘʮʠʿʘ, ʦʧʪʠʤʠʟʘʮʠʿʘ ʠ ʘʥʘʣʠʟʘ ʥʘ 

ʦʩʝʪʣʠʚʦʩʪ. ɺʦ ʨʘʤʢʠʪʝ ʥʘ ʠʥʪʝʨʝʩʦʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ ʥʘ ʦʚʦʿ ʪʨʫʜ ʦʧʬʘʪʝʥ ʝ ʩʘʤʦ ʧʨʚʠʦʪ 

ʧʨʦʮʝʩ ï ʩʠʤʫʣʠʨʘˁʝʪʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʪʝ ʢʘʧʘʮʠʪʝʪʠ ʥʘ ʌɺʪʘ ʮʝʥʪʨʘʣʘ. RETScreen ʝ 

ʩʠʩʪʝʤ ʩʦ ʩʦʬʪʚʝʨ ʟʘ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʯʠʩʪʘ ʝʥʝʨʛʠʿʘ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʠʟʚʦʜʣʠʚʦʩʪʘ ʥʘ ʧʨʦʝʢʪʠʪʝ ʟʘ 

ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʦʙʥʦʚʣʠʚʘ ʝʥʝʨʛʠʿʘ ʠ ʢʦʛʝʥʝʨʘʮʠʿʘ, ʢʘʢʦ ʠ ʘʥʘʣʠʟʘ ʥʘ ʪʝʢʦʚʥʠʪʝ 

ʝʥʝʨʛʝʪʩʢʠ ʨʝʟʫʣʪʘʪʠ. ʆʚʦʿ ʩʦʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪ ʝ ʨʘʟʚʠʝʥ ʦʜ ʩʪʨʘʥʘ ʥʘ ʚʣʘʜʘʪʘ ʥʘ ʂʘʥʘʜʘ, ʠ ʝ 

ʝʜʝʥ ʦʜ ʨʝʪʢʠʪʝ ʢʦʿ ʠʤʘ ʤʦʞʥʦʩʪ ʟʘ ʨʘʙʦʪʘ ʩʦ ʤʘʢʝʜʦʥʩʢʘ ʧʦʜʨʰʢʘ. 

PVsyst ʝ ʢʦʤʧʿʫʪʝʨʩʢʠ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪ ʟʘ ʩʪʫʜʠʨʘˁʝ, ʜʠʤʝʥʟʠʦʥʠʨʘˁʝ, ʩʠʤʫʣʘʮʠʿʘ ʠ 

ʘʥʘʣʠʟʘ ʥʘ ʧʦʜʘʪʦʮʠ ʥʘ ʢʦʤʧʣʝʪʥʠ ʌɺ  ʩʠʩʪʝʤʠ. ʀʤʘ ʤʦʞʥʦʩʪ ʟʘ ʘʚʪʦʤʘʪʩʢʦ ʧʨʝʚʟʝʤʘˁʝ ʥʘ 

ʠʥʬʦʨʤʘʮʠʠʪʝ ʟʘ ʠʥʪʝʥʟʠʪʝʪʦʪ ʥʘ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʦʜ ʛʣʦʙʘʣʥʠʪʝ ʙʘʟʠ ʥʘ ʧʦʜʘʪʦʮʠ ʢʘʢʦ ʰʪʦ 

ʩʝ NASA, PVGis, METEONORM. ʈʘʩʧʦʣʘʛʘ ʩʦ ʰʠʨʦʢʘ ʙʘʟʘ ʥʘ ʧʦʜʘʪʦʮʠ ʟʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ 

ʥʘ ʬʦʪʦʚʦʪʘʠʯʥʠʪʝ ʤʦʜʫʣʠ ʠ ʠʥʚʝʨʪʦʨʠ ʢʦʠ ʤʦʞʘʪ ʜʘ ʩʝ ʥʘʿʜʘʪ ʥʘ ʛʣʦʙʘʣʥʠʦʪ ʧʘʟʘʨ, ʩʦ ʰʪʦ 

ʦʚʦʟʤʦʞʫʚʘ ʮʝʣʦʩʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʿʘ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ ʩʠʤʫʣʠʨʘˁʝ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʌɺ ʮʝʥʪʨʘʣʘ. 

ʇʦʪʨʝʙʘʪʘ ʦʜ ʜʝʪʘʣʥʠ ʚʣʝʟʥʠ ʧʦʜʘʪʦʮʠ ʚʦ ʦʜʥʦʩ ʥʘ ʪʠʧʦʪ ʠ  ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʌɺʪʝ 

ʤʦʜʫʣʠ ʠ ʠʥʚʝʨʪʦʨʦʪ/ʠʪʝ ʩʝ ʩʣʫʯʘʿ ʠ ʧʨʠ ʨʘʙʦʪʝˁʝʪʦ ʚʦ Solar Pro, ʢʦʿ ʠʩʪʦ ʪʘʢʘ ʨʘʩʧʦʣʘʛʘ ʩʦ 

ʰʠʨʦʢʘ ʙʘʟʘ ʥʘ ʧʦʜʘʪʦʮʠ ʟʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʥʘʿʨʘʟʣʠʯʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʩʠʩʪʝʤʦʪ, ʦʜ 

ʢʦʿʘ ʣʝʩʥʦ ʩʝ ʠʟʙʠʨʘ ʤʦʜʝʣʦʪ, ʢʦʿ ʧʦʪʦʘ ʘʚʪʦʤʘʪʩʢʠ ʛʠ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʩʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʠʟʙʨʘʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ  ʢʦʠ ʩʝ ʦʜ ʚʘʞʥʦʩʪ ʟʘ ʧʨʝʜʩʪʦʿʥʘʪʘ ʘʥʘʣʠʟʘ ʥʘ ʌɺ ʩʠʩʪʝʤ. Solar Pro ʝ 

ʧʨʝʧʦʟʥʘʪʣʠʚ ʧʦ ʪʦʘ ʰʪʦ ʠʤʘ ʤʦʞʥʦʩʪ ʟʘ 3ɼ ʤʦʜʝʣʠʨʘˁʝ ʥʘ ʩʠʩʪʝʤʦʪ, ʩʠʤʫʣʠʨʘˁʝ ʥʘ ʝʬʝʢʪʦʪ 

ʥʘ ʩʝʥʢʘ 365 ʜʝʥʦʚʠ ʚʦ ʛʦʜʠʥʘʪʘ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʧʦʣʦʞʙʘʪʘ ʥʘ ʉʦʥʮʝʪʦ ʚʦ ʦʜʥʦʩ ʥʘ ʠʟʙʨʘʥʘʪʘ 

ʣʦʢʘʮʠʿʘ. ʅʘ ʩʣʠʢʘ 2 ʝ ʧʨʠʢʘʞʘʥ ʤʦʜʝʣʦʪ ʥʘ ʢʦʥʢʨʝʪʥʘʪʘ ʬʦʪʦʚʦʣʪʘʠʯʥʘ ʮʝʥʪʨʘʣʘ ʚʦ 3ɼ 

ʨʘʤʥʠʥʘ, ʥʘ ʢʦʿʘ ʠʩʪʦ ʪʘʢʘ ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʝʬʝʢʪʦʪ ʥʘ ʟʘʩʝʥʫʚʘˁʝʪʦ ʥʘ 21 ɼʝʢʝʤʚʨʠ ʚʦ 13 

ʯʘʩʦʪ. 

 

ʉʣʠʢʘ 2. ʇʨʠʢʘʟ ʥʘ 3ɼ ʤʦʜʝʣʦʪ ʥʘ ʧʦʣʝʪʦ ʥʘ ʌɺʪʝ ʤʦʜʫʣʠ ʚʦ Solar Pro  



 

4 ɼɽʌʀʅʀʈɸɳɽ ʅɸ ʇɸʈɸʄɽʊʈʀʊɽ ʅɸ ʌʆʊʆɺʆʃʊɸʀʏʅɸ ʎɽʅʊʈɸʃɸ 

ɺʦ ʪʨʫʜʦʪ ʝ ʤʦʜʝʣʠʨʘʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʘ ʮʝʥʪʨʘʣʘ (ʌɽʎ) [4] ʧʦʚʨʟʘʥʘ ʥʘ 

ʩʨʝʜʥʦʥʘʧʦʥʩʢʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ. ʎʝʥʪʨʘʣʘʪʘ ʝ ʣʦʮʠʨʘʥʘ ʚʦ ʇʝʣʘʛʦʥʠʩʢʠʦʪ ʨʝʛʠʦʥ, ʠ ʝ ʩʦ 

ʥʦʤʠʥʘʣʥʘ ʤʦ˃ʥʦʩʪ ʦʜ 1 MW. ʆʩʥʦʚʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʮʝʥʪʨʘʣʘʪʘ ʩʝ ʩʦʩʪʦʠ ʦʜ ʧʦʣʝ ʥʘ 

ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʤʦʜʫʣʠ (PV Array)  ʢʦʝ ʝ ʧʨʠʢʘʞʘʥʦ ʥʘ ʩʣʠʢʘʪʘ ʧʦʛʦʨʝ, DC/AC ʠʥʚʝʨʪʦʨ ʠ 

ʨʘʟʚʦʜʥʘ ʧʦʩʪʨʦʿʢʘ 10/0,4 kV.  

4.1 ʌʦʪʦʚʦʣʪʘʠʯʝʥ ʤʦʜʫʣ  

ʂʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʟʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʤʦʜʫʣʠ ʩʦ ʢʦʠ ʩʝ ʩʣʫʞʠ ʦʚʘʘ ʮʝʥʪʨʘʣʘ ʩʝ ʜʘʜʝʥʠ 

ʚʦ ʊʘʙʝʣʘ 1. 

ʊʘʙʝʣʘ 1. ʂʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʤʦʜʫʣ 

ʅʦʤʠʥʘʣʥʘ ʤʦ˃ʥʦʩʪ (1 kW/m2, 250C, AM 1,5) 230 W 

ʅʘʧʦʥ ʥʘ ʦʪʚʦʨʝʥʦ ʢʦʣʦ 36,75 V 

ʉʪʨʫʿʘ ʥʘ ʢʫʩʘ ʚʨʩʢʘ  8,50 ɸ 

ʅʘʧʦʥ ʧʨʠ ʥʦʤʠʥʘʣʥʘ ʤʦ˃ʥʦʩʪ 28,67 V 

ʉʪʨʫʿʘ ʧʨʠ ʥʦʤʠʥʘʣʥʘ ʤʦ˃ʥʦʩʪ 8,02 ɸ 

ʂʦʝʬʠʮʠʝʥʪ ʥʘ ʢʦʨʠʩʥʦ ʜʝʿʩʪʚʦ 14,14 % 

NOCT 45 °ʉ ° 2 °C 

ʄʘʪʝʨʠʿʘʣ ʥʘ ʩʦʥʯʝʚʘʪʘ ˃ʝʣʠʿʘ ʧʦʣʠʢʨʠʩʪʘʣʝʥ ʩʠʣʠʮʠʫʤ 

ʊʝʤʧʝʨʘʪʫʨʝʥ ʢʦʝʬʠʮʠʝʥʪ - 0,47 %/0ʉ 

ʈʘʙʦʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ - 40 0ʉ Ḑ +85 0ʉ 

 

4.2 ʇʨʝʪʚʦʨʫʚʘʯ (ʀʥʚʝʨʪʝʨ) 

ʉʠʩʪʝʤʦʪ ʢʦʿ ʩʦʜʨʞʠ ʝʜʥʦʥʘʩʦʯʥʠ (DC) ʠ ʥʘʠʟʤʝʥʠʯʥʠ (AC) ʢʦʤʧʦʥʝʥʪʠ ʤʝʺʫ ʩʝʙʝ ʩʝ 

ʧʦʚʨʟʫʚʘ ʩʦ ʢʦʥʚʝʨʪʦʨ. ʇʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘʘʪ ʥʦʤʠʥʘʣʥʘ ʤʦ˃ʥʦʩʪ (kW), ʠʥʚʝʩʪʠʮʠʦʥʠ 

ʪʨʦʰʦʮʠ, ʪʨʦʰʦʮʠ ʟʘ ʟʘʤʝʥʘ ʠ ʪʨʦʰʦʮʠ ʟʘ ʨʘʙʦʪʘ ʠ ʦʜʨʞʫʚʘˁʝ. ʂʦʝʬʠʮʠʝʥʪʦʪ ʥʘ ʢʦʨʠʩʥʦ 

ʜʝʿʩʪʚʦ ʩʝ ʜʝʬʠʥʠʨʘʘʪ ʟʘʚʠʩʥʦ ʦʜ ʪʦʘ ʜʘʣʠ ʢʦʥʚʝʨʪʦʨʦʪ ʨʘʙʦʪʠ ʢʘʢʦ DC/AC ʧʨʝʪʚʦʨʫʚʘʯ 

(inverter) ʠʣʠ ʢʘʢʦ AC/DC ʠʩʧʨʘʚʫʚʘʯ (rectifier). ʌʦʪʦʚʦʣʪʘʠʯʥʘʪʘ ʮʝʥʪʨʘʣʘ ʠʤʘ ʯʝʪʠʨʠ 

ʠʥʚʝʨʪʦʨʠ. ɺʦ ʪʘʙʝʣʘ 1 ʩʝ ʜʘʜʝʥʠ ʦʩʥʦʚʥʠʪʝ ʪʝʭʥʠʯʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʫʧʦʪʨʝʙʝʥʠʪʝ 

ʠʥʚʝʨʪʦʨʠ. 

ʊʘʙʝʣʘ 2. ʂʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʠʥʚʝʨʪʝʨʦʪ 

AC ʅʦʤʠʥʘʣʥʘ ʤʦ˃ʥʦʩʪ (PAC) 250 kW 

ʅʦʤʠʥʘʣʝʥ ʥʘʧʦʥ  400 V 

ʅʦʤʠʥʘʣʥʘ ʩʪʨʫʿʘ  360 ɸ 

ʌʘʢʪʦʨ ʥʘ ʤʦ˃ʥʦʩʪ (cos j) - 0,9é+ 0,9 

ʅʦʤʠʥʘʣʥʘ ʬʨʝʢʚʝʥʮʠʿʘ 50 Hz 

ʂʦʝʬʠʮʠʝʥʪ ʥʘ ʢʦʨʠʩʥʦ ʜʝʿʩʪʚʦ 97,7 % 

ʂoʝʬʠʮʠʝʥʪ ʥʘ ʭʘʨʤʦʥʠʯʥʠ 

ʠʟʦʙʣʠʯʫʚʘˁʘ 

< 3 % 

DC ʅʦʤʠʥʘʣʥʘ ʤʦ˃ʥʦʩʪ (PPV) 255 kW 

ʋʧʨʘʚʫʚʘʯʢʘ ʩʪʨʘʪʝʛʠʿʘ ʪʨʘʛʘʯ ʥʘ ʤʘʢʩʠʤʘʣʥʘ 

ʤʦ˃ʥʦʩʪ (MPPT) 



 

ʅʦʤʠʥʘʣʝʥ ʥʘʧʦʥ 350...800 V 

5 ɼɽʌʀʅʀʈɸɳɽ ʅɸ ɽʅɽʈɻɽʊʉʂʀ ʈɽʉʋʈʉʀ 

ɿʘ ʠʟʚʨʰʝʥʠʪʝ ʘʥʘʣʠʟʠ ʠ ʩʠʤʫʣʘʮʠʠ ʢʦʨʠʩʪʝʥʠ ʩʝ ʧʦʜʘʪʦʮʠ ʟʘ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ 

ʧʨʝʚʟʝʤʝʥʠ ʦʜ ʛʣʦʙʘʣʥʠʪʝ ʙʘʟʠ ʥʘ ʧʦʜʘʪʦʮʠ PVGIS-CMSAF ʠ NASA-SSE. ʇʦʢʨʘʿ ʥʠʚ ʥʘ 

ʩʣʝʜʥʘʪʘ ʪʘʙʝʣʘ ʧʨʠʢʘʞʘʥʠ ʩʝ ʠ ʚʨʝʜʥʦʩʪʠʪʝ ʦʜ ʙʘʟʘʪʘ ʥʘ ʧʦʜʘʪʦʮʠ ʢʦʿʘ ʿʘ ʢʦʨʠʩʪʠ ʧʨʦʛʨʘʤʦʪ 

Solar Pro, 1600 Points.  

ʊʘʙʝʣʘ 3. ʇʦʜʘʪʦʮʠ ʟʘ ʚʨʝʜʥʦʩʪʘ ʥʘ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʧʦʜ ʘʛʦʣ ʦʜ 25Á 

 

ɺʦ ʪʘʙʝʣʘ 3 ʩʝ ʧʨʠʢʘʞʘʥʠ ʧʦʜʘʪʦʮʠʪʝ ʟʘ ʩʨʝʜʥʦ ʜʥʝʚʥʦ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʧʦ ʝʜʠʥʠʮʘ 

ʧʦʚʨʰʠʥʘ, ʘ ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʥʘ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ ʚʨʟ ʧʦʚʨʰʠʥʘ ʢʦʿʘ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʘʛʦʣ ʥʘ 

ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʤʦʜʫʣʠʪʝ ʚʦ ʌɽʎ (a = 25
0
). ɿʘʨʘʜʠ ʩʧʦʨʝʜʙʘ, ʜʘʜʝʥʠ ʩʝ ʠ ʚʠʩʪʠʥʩʢʠʪʝ, ʣʦʢʘʣʥʦ 

ʠʟʤʝʨʝʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʥʘ ʘʥʘʣʠʟʠʨʘʥʘʪʘ ʬʦʪʦʚʦʣʪʘʠʯʥʘ ʮʝʥʪʨʘʣʘ (ʌɽʎ) 

ʢʦʠ ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʥʘ 2016 ʛ. 

6 ʉʀʄʋʃɸʎʀɱɸ ʅɸ ʈɸɹʆʊɸʊɸ ʅɸ ʌɽʎ  

ʆʜ ʠʥʪʝʨʝʩ ʝ ʜʘ ʩʝ ʩʧʦʨʝʜʠ ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʝ ʨʝʟʫʣʪʘʪ ʥʘ 

ʩʠʤʫʣʘʮʠʠʪʝ ʠ ʚʠʩʪʠʥʩʢʠ ʠʟʤʝʨʝʥʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʌɽʎ ʿʘ ʧʨʝʜʘʣʘ ʚʦ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ. ɺʦ 

ʪʘʙʝʣʘ 4 ʝ ʜʘʜʝʥʦ ʠʟʤʝʨʝʥʦʪʦ ʤʝʩʝʯʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʥʘ ʌɽʎ ʢʦʝ ʩʝ 

ʦʜʥʝʩʫʚʘ ʥʘ 2016 ʛ. ʠ ʩʠʤʫʣʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦ ʯʝʪʠʨʠʪʝ ʩʦʬʪʚʝʨʩʢʠ ʧʨʦʛʨʘʤʠ ʥʘʚʝʜʝʥʠ 

ʚʦ ʥʘʩʣʦʚʦʪ. ʂʘʢʦ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʚʦ ʪʘʙʝʣʠʪʝ 4 ʠ 5 ʚʦ ʩʦʬʪʚʝʨʩʢʠʪʝ ʧʨʦʛʨʘʤʠ 

HOMER Pro ʠ PVsyst ʩʝ ʤʝʥʫʚʘʘʪ ʚʣʝʟʥʠʪʝ ʧʦʜʘʪʦʮʠ ʟʘ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ (ʜʦʙʠʝʥʠ ʦʜ ʙʘʟʠʪʝ ʥʘ 

PVGIS ʠ NASA-SSE) , ʘ ʩʠʪʝ ʜʨʫʛʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʌɽʎ ʦʜ ʢʦʥʩʪʨʫʢʪʠʚʝʥ ʢʘʨʘʢʪʝʨ ʦʩʪʘʥʫʚʘʘʪ 

ʠʩʪʠ. 

ɱʘʥ ʌʝʙ ʄʘʨ ɸʧʨ ʄʘʿ ɱʫʥ ɱʫʣ ɸʚʛ ʉʝʧ ʆʢʪ ʅʦʝ ɼʝʢ 
ʧʨʦʩ

ʝʢ 

PVGIS 2.32 3.37 4.96 5.57 6.23 6.92 7.37 7.09 5.7 4.52 3.07 2 4.927 

NASA 2.83 3.61 4.56 4.93 5.48 6.4 6.56 6.19 5.34 4.12 2.96 2.31 4.608 

1600 Points 1.97 2.68 3.97 5.09 5.64 7.07 7.31 6.25 5.06 3.27 2 1.68 4.333 

ʌɽʎ  2.94 3.54 4.46 6.19 5.82 6.58 7.3 6.63 5.02 3.91 2.77 3.09 4.854 
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ʊʘʙʝʣʘ 4. ʉʠʤʫʣʠʨʘʥʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʛʦʜʠʰʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ 

 

 

 

 

ʊʘʙʝʣʘ 5. ʇʨʦʮʝʥʪʫʘʣʥʠ ʦʜʩʪʘʧʫʚʘˁʘ ʥʘ ʩʠʤʫʣʠʨʘʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʚʦ ʦʜʥʦʩ ʥʘ ʨʝʘʣʥʦ ʠʟʤʝʨʝʥʠʪʝ 

 ʀʟʤʝʨʝʥʦ HOMER 

(NASA-

SSE) 

HOMER 

(PVGis) 

PVsyst 

(NASA-

SSE) 

PVsyst 

(PVGis) 

RETScreen 

(NASA-

SSE) 

Solar 

Pro 

(1600 

Points) 

ʉʦʥʯʝʚʦ 

ʟʨʘʯʝˁʝ 

(kWh/m2/year)  

1751.11 1687.17 1804.72 1687.11 1804.72 1687.17 1796.87 

ʇʨʦʮʝʥʪʫʘʣʥʦ 

ʦʪʩʪʘʧʫʚʘˁʝ 

ʦʜ ʠʟʤʝʨʝʥʦʪʦ 

0.00% -3% 3% 3% 3% 3% 2.6% 

ʇʨʦʠʟʚʝʜʝʥʘ 

ʝʣ. ʝʥʝʨʛʠʿʘ 

(kWh)  

1530066 1447744 1538066 1461211 1518961 1562365 1386411 

ʇʨʦʮʝʥʪʫʘʣʥʦ 

ʦʪʩʪʘʧʫʚʘˁʝ 

ʦʜ ʠʟʤʝʨʝʥʘʪʘ 

0,00% -5,38% 0,52% -4,50% -0,73% 2,11% -9,38 

7 ɿɸʂʃʋʏʆʂ 

ɺʦ ʧʨʦʮʝʩʦʪ ʥʘ ʧʨʦʝʢʪʠʨʘˁʝ ʠ ʠʟʨʘʙʦʪʢʘ ʥʘ ʩʪʫʜʠʠ ʥʘ ʠʟʚʦʜʣʠʚʦʩʪ ʦʜ ʦʩʦʙʝʥʘ ʚʘʞʥʦʩʪ 

ʝ ʜʘ ʩʝ ʦʙʝʟʙʝʜʘʪ ʢʚʘʣʠʪʝʪʥʠ ʧʦʜʘʪʦʮʠ ʟʘ ʧʦʪʝʥʮʠʿʘʣʦʪ ʥʘ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʥʘ ʜʘʜʝʥʘ 

ʣʦʢʘʮʠʿʘ. ʅʦ ʦʜ ʜʨʫʛ ʘʩʧʝʢʪ, ʧʨʦʮʝʩʦʪ ʥʘ ʩʠʤʫʣʘʮʠʿʘ ʥʘ ʧʨʦʠʟʚʦʜʥʠʪʝ ʢʘʧʘʮʠʪʝʪʠ ʜʦʩʪʘ ʟʘʚʠʩʠ 

ʠ ʦʜ ʧʨʦʛʨʘʤʦʪ ʚʦ ʢʦʿ ʝ ʠʟʚʨʰʝʥʘ ʪʘʘ ʩʠʤʫʣʘʮʠʿʘ, ʘ ʥʘ ʩʚʝʪʩʢʠʦʪ ʧʘʟʘʨ ʛʠ ʠʤʘ ʚʦ ʜʦʩʪʘ ʛʦʣʝʤ 

ʙʨʦʿ. ɿʘ ʜʘ ʩʝ ʦʮʝʥʠ ʜʦʚʝʨʣʠʚʦʩʪʘ ʥʘ ʪʘʢʚʠʪʝ ʧʦʜʘʪʦʮʠ ʢʘʢʦ ʠ ʥʘ ʩʦʬʪʚʝʨʩʢʠʪʝ ʧʘʢʝʪʠ ʢʦʠ ʩʝ 

ʥʫʜʘʪ ʥʘ ʧʘʟʘʨʦʪ, ʚʦ ʪʨʫʜʦʪ ʝ ʥʘʧʨʘʚʝʥʦ ʤʦʜʝʣʠʨʘˁʝ ʠ ʩʠʤʫʣʘʮʠʿʘ ʥʘ ʨʘʙʦʪʘ ʥʘ ʚʝ˃ʝ ʠʟʛʨʘʜʝʥʘ 

ʬʦʪʦʚʦʣʪʘʠʯʥʘ ʮʝʥʪʨʘʣʘ ʩʦ ʤʦ˃ʥʦʩʪ ʦʜ 1 MW ʣʦʮʠʨʘʥʘ ʚʦ ʇʝʣʘʛʦʥʠʩʢʠʦʪ ʨʝʛʠʦʥ ʚʦ ʯʝʪʠʨʠ 

ʩʦʬʪʚʝʨʩʢʠ ʧʨʦʛʨʘʤʠ (HOMER Pro, PVSYST, Solar Pro, RETScreen). ʂʘʢʦ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ 

ʟʘʙʝʣʝʞʠ ʚʦ ʪʘʙʝʣʘ 5 ʦʜʩʪʘʧʫʚʘˁʘʪʘ ʚʦ ʩʠʤʫʣʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʟʘʚʠʩʘʪ ʜʠʨʝʢʪʥʦ ʦʜ ʪʦʘ 

ʢʦʿʘ ʙʘʟʘ ʥʘ ʧʦʜʘʪʦʮʠ ʟʘ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʝ ʢʦʨʠʩʪʝʥʘ ( ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʟʝʤʝ ʢʘʢʦ ʢʦʥʩʪʘʥʪʘ 

ʩʦ ʦʜʩʪʘʧʫʚʘˁʘ ʦʜ Ñ3%). ʅʦ ʦʜ ʜʨʫʛʘ ʩʪʨʘʥʘ ʚʦ ʚʘʨʠʿʘʥʪʠʪʝ ʩʦ ʥʘʿʤʘʣʠ ʦʜʩʪʘʧʫʚʘˁʘ 

ʤʦʜʝʣʠʨʘˁʝʪʦ ʝ ʥʘʧʨʘʚʝʥʦ ʩʦ ʙʘʟʘʪʘ ʥʘ PVGIS, ʰʪʦ ʝ ʠ ʝʜʠʥʩʪʚʝʥʘ ʧʨʦʤʝʥʣʠʚʘ ʚʦ ʜʚʘʪʘ 

PVGis NASA-SSE 1600Points 

HOMER Pro 1538.066 1447.744   

Pvsyst 1518.961 1461.211   

RETScreen   1562.365   

Solar Pro     1386.411 

ʈʝʘʣʥʦ ʧʨʦʠʟʚʝʜʝʥʘ 1530.066 1530.066 1530.066 
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ʩʣʫʯʘʝʚʠ ʧʨʠ ʨʘʙʦʪʘ ʚʦ ʝʜʝʥ ʠʩʪ ʧʨʦʛʨʘʤ. ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʧʨʝʪʭʦʜʥʠ ʠʩʪʨʘʞʫʚʘˁʘ [4], ʜʦʿʜʝʥʦ ʝ 

ʜʦ ʟʘʢʣʫʯʦʢ ʜʝʢʘ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʙʘʟʘʪʘ ʥʘ PVGIS ʧʨʠ ʤʦʜʝʣʠʨʘˁʝ ʥʘ ʝʜʝʥ ʌɺ ʩʠʩʪʝʤ, 

ʟʥʘʯʠʪʝʣʥʦ ʜʦʚʝʜʫʚʘ ʜʦ ʧʦʤʘʣʠ ʦʜʩʪʘʧʫʚʘˁʘ ʚʦ ʢʨʘʿʥʠʪʝ ʩʠʤʫʣʠʨʘʥʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ 

ʢʘʧʘʮʠʪʝʪʠ. ʄʝʺʫʪʦʘ ʚʦ ʢʦʥʢʨʝʪʥʠʦʪ ʩʣʫʯʘʿ ʨʘʟʛʣʝʜʫʚʘʥ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʦʚʦʿ ʪʨʫʜ, ʧʨʠʯʠʥʘʪʘ ʟʘ 

ʨʘʟʣʠʯʥʠʪʝ ʦʜʩʪʘʧʫʚʘˁʘ ʤʝʺʫ ʩʝʢʦʿ ʝʜʝʥ ʦʜ ʧʦʛʦʨʝ ʥʘʚʝʜʝʥʠʪʝ ʧʨʦʛʨʘʤʠ ʚʦ ʦʜʥʦʩ ʥʘ ʨʝʘʣʥʦ 

ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʟʘ 2016, ʩʝ ʜʦʣʞʠ ʥʘ ʪʦʘ ʰʪʦ ʩʝʢʦʿ ʦʜ ʧʨʦʛʨʘʤʠʪʝ ʢʦʨʠʩʪʠ 

ʥʘʿʨʘʟʣʠʯʥʠ ʩʣʦʞʝʥʠ ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʧʦʩʪʘʧʢʠ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʢʦʠ ʜʦʘʺʘ ʜʦ ʧʦʜʘʪʦʢʦʪ ʟʘ 

ʚʨʝʜʥʦʩʪʘ ʥʘ ʧʨʝʜʚʠʜʝʥʦʪʦ (ʩʠʤʫʣʠʨʘʥʦ) ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʰʪʦ ʝ ʠ 

ʧʨʝʜʤʝʪ ʥʘ ʨʘʟʛʣʝʜʫʚʘˁʝ ʚʦ ʦʚʦʿ ʪʨʫʜ. 

8 ʂʆʈʀʉʊɽʅɸ ʃʀʊɽʈɸʊʋʈɸ 
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ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ 
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ʉʆʃɸʈɽʅ ʇʆʊɽʅʎʀɱɸʃ ʅɸ ʈɽʇʋɹʃʀʂɸ ʄɸʂɽɼʆʅʀɱɸ ɿɸ 

ʇʈʆʀɿɺʆɼʉʊɺʆ ʅɸ ɽʃɽʂʊʈʀʏʅɸ ɽʅɽʈɻʀɱɸ 

ʂʋʉɸ ʉʆɼʈɾʀʅɸ 

ʂʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʙʨʟʠʦʪ ʨʘʟʚʦʿ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ, ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʩʝ ʧʦʚʝ˃ʝ ʩʝ 

ʫʧʦʪʨʝʙʫʚʘʘʪ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʉʦ ʤʘʩʦʚʥʘʪʘ ʫʧʦʪʨʝʙʘ ʥʘ 

ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʜʦʘʺʘ ʜʦ ʥʘʤʫʣʘˁʝ ʥʘ ʥʠʚʥʘʪʘ ʮʝʥʘ ʠ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʥʠʚʥʘʪʘ 

ʝʬʠʢʘʩʥʦʩʪ.  

ɺʦ ʦʚʦʿ ʪʨʫʜ ʝ ʧʨʝʟʝʥʪʠʨʘʥ ʩʦʣʘʨʥʠʦʪ ʧʦʪʝʥʮʠʿʘʣ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ. Aʥʘʣʠʟʘʪʘ ʝ ʩʧʨʦʚʝʜʝʥʘ ʚʨʟ 

ʙʘʟʘ ʥʘ ʦʩʫʤʪʝ ʧʣʘʥʩʢʠ ʨʝʛʠʦʥʠ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ, ʧʨʠ ʰʪʦ ʚʦ ʩʝʢʦʿ ʨʝʛʠʦʥ ʝ ʠʟʙʨʘʥʘ 

ʧʦ ʝʜʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʣʦʢʘʮʠʿʘ. ʇʦʜʘʪʦʮʠʪʝ ʢʦʠ ʰʪʦ ʙʝʘ ʫʧʦʪʨʝʙʝʥʠ ʩʝ: ʝʥʝʨʛʠʿʘʪʘ ʥʘ 

ʛʣʦʙʘʣʥʦʪʦ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʚʨʟ ʭʦʨʠʟʦʥʪʘʣʥʘ ʧʦʚʨʰʠʥʘ, ʜʠʬʫʟʥʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ 

ʟʨʘʯʝˁʝʪʦ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʦʟʜʫʭʦʪ ʠ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʨʦʪ. ʆʚʠʝ ʧʦʜʘʪʦʮʠʪʝ ʩʝ ʟʝʤʝʥʠ ʚʦ 

ʧʨʦʩʝʢ ʤʝʩʝʯʥʦʦʜ 1983 ʜʦ 2005ʛʦʜ. ɺʨʟ ʙʘʟʘ ʥʘ ʦʚʠʝ ʧʦʜʘʪʦʮʠ, ʥʘʧʨʘʚʝʥʠ ʩʝ ʧʨʝʩʤʝʪʢʠ ʟʘ 

ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʢʦʝ ʤʦʞʝ ʜʘ ʩʝ ʜʦʙʠʝ ʦʜ ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʩʠʩʪʝʤ ʩʦ 

ʦʧʨʝʜʝʣʝʥʘ ʤʦ˃ʥʦʩʪ, ʩʦʦʜʚʝʪʥʦ ʚʦ ʠʟʙʨʘʥʠʪʝ ʣʦʢʘʮʠʠ. ʅʘ ʧʨʠʤʝʨ ʟʘ ʣʦʢʘʮʠʿʘʪʘ ʇʝʪʨʦʚʝʮ 

ʧʨʝʩʤʝʪʘʥʦ ʟʘ 10 kW ʩʠʩʪʝʤ ʩʝ ʜʦʙʠʚʘ 14,2 MWh ʛʦʜʠʰʥʦ. ʀʥʚʝʩʪʠʮʠʿʘʪʘ ʟʘ ʦʚʦʿ ʩʠʩʪʝʤ 

ʠʟʥʝʩʫʚʘ ʦʢʦʣʢʫ 9.640 ʝʚʨʘ. ʈʝʟʫʣʪʘʪʠ ʦʜ ʧʨʝʩʤʝʪʢʠʪʝ ʩʦ ʫʧʦʪʨʝʙʘ ʥʘ ʧʨʦʛʨʘʤʦʪPVsyst ʩʝ  

ʧʨʝʟʝʥʪʠʨʘʥʠ ʚʦ ʚʠʜ ʥʘ ʩʦʦʜʚʝʪʥʠ ʛʨʘʬʠʮʠ.  

ʎʝʣʪʘ ʥʘ ʦʚʦʿ ʪʨʫʜ ʝ ʜʘ ʩʝ ʟʛʦʣʝʤʠ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʘ ʩʦ ʪʦʘ ʜʘ ʩʝ ʧʨʠʜʦʥʝʩʝ ʟʘ ʟʘʰʪʠʪʘ ʥʘ ʞʠʚʦʪʥʘʪʘ 

ʩʨʝʜʠʥʘ ʠ ʟʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʝʢʦʥʦʤʩʢʠʦʪ ʨʘʟʚʦʿ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ. 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ:ʩʦʣʘʨʝʥ ʧʦʪʝʥʮʠʿʘʣ, ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ, ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. 

7 ɺʆɺɽɼ 

 ɽʬʝʢʪʠʪʝ ʦʜ ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʫʚʘˁʝ, ʢʘʢʦ ʠ ʤʘʩʦʚʥʘʪʘ ʫʧʦʪʨʝʙʘ ʥʘ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʧʦʚʝ˃ʝ ʠ ʧʦʚʝ˃ʝ ʩʪʘʥʫʚʘʘʪ ʚʣʠʿʘʪʝʣʥʠ ʚʨʟ ʞʠʚʦʪʥʘʪʘ 

ʩʨʝʜʠʥʘ.ʉʦ ʪʦʘ ʩʝ ʩʦʟʜʘʚʘ ʠ ʧʦʪʨʝʙʘʪʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʦʙʥʦʚʣʠʚʠ 

ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ, ʘ ʩʦ ʮʝʣ ʜʘ ʩʝ ʟʘʯʫʚʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ʇʦʟʥʘʪʦ ʝ ʜʝʢʘ ʩʦ ʫʧʦʪʨʝʙʘ ʥʘ 

ʬʦʩʠʣʥʠʪʝ ʛʦʨʠʚʘ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʘʪʤʦʩʬʝʨʘʪʘ ʩʝ ʠʩʧʫʰʪʘ ʛʦʣʝʤʦ 

ʢʦʣʠʯʝʩʪʚʦ ʥʘ CO2, ʢʦʝ ʰʪʦ ʧʨʠʜʦʥʝʩʫʚʘ ʚʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʫʚʘˁʝ [1]. 

ʉʦʣʘʨʥʘʪʘ ʝʥʝʨʛʠʿʘ ʝ ʝʜʥʘ ʦʜ ʥʘʿʚʝʪʫʚʘʯʢʠʪʝ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ. ʇʦʩʣʝʜʥʠʚʝ 10 

ʛʦʜ., ʩʦʣʘʨʥʘʪʘ ʝʥʝʨʛʠʿʘ ʟʝʤʘ ʩʠʣʝʥ ʟʘʤʘʚ ʢʘʢʦ ʠʟʚʦʨ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ɽʚʨʦʧʘ ʠ ʚʦ 

ʉɸɼ. ʉʚʝʩʥʠ ʟʘ ʧʦʩʣʝʜʠʮʠʪʝ ʦʜ ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʫʚʘˁʝ ʝʢʦʥʦʤʩʢʠ ʨʘʟʚʠʝʥʠʪʝ ʟʝʤʿʠ ʛʦ 

ʧʦʪʧʠʰʘʣʝ ʇʘʨʠʩʢʠʦʪ ʜʦʛʦʚʦʨ ʩʦ ʮʝʣ ʜʘ ʩʝ ʟʛʦʣʝʤʠ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ 

ʝʥʝʨʛʠʿʘʪʘ [2]. 

 ɽʜʥʘ ʦʜ ʟʝʤʿʠʪʝ ʢʦʠ ʰʪʦ ʛʦ ʧʦʪʧʠʰʘʣʝ ʦʚʦʿ ʜʦʛʦʚʦʨ ʝ ɻʝʨʤʘʥʠʿʘ. ʉʦ ʧʦʚʝ˃ʝ ʦʜ 1,5 

ʤʠʣʠʦʥʠ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ ʠ ʩʦ ʚʢʫʧʥʠʦʪ ʥʦʤʠʥʘʣʝʥ ʢʘʧʘʮʠʪʝʪ ʦʜ 38GWp, ɻʝʨʤʘʥʠʿʘ ʝ 

ʟʝʤʿʘʪʘ ʢʦʿʘ ʰʪʦ ʠʤʘ ʥʘʿʤʥʦʛʫ ʠʥʩʪʘʣʠʨʘʥʠ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ. ʊʘʘ ʜʦ 2020 ʛʦʜʠʥʘ ˃ʝ ʩʝ 

ʩʪʨʝʤʠ ʜʘ ʜʦʩʪʠʛʥʝ ʢʘʧʘʮʠʪʝʪ ʦʜ 52 GWp. ʌʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʧʨʦʠʟʚʝʜʫʚʘʘʪ 6,5% ʦʜ 

ʚʢʫʧʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ɻʝʨʤʘʥʠʿʘ. ʄʦ˃ʥʦʩʪʘ ʢʦʿʘ ʰʪʦ ʿʘ ʜʦʙʠʚʘʘʪ ʝ 20-23 GW 

ʧʨʦʩʝʯʥʦ, ʜʦʜʝʢʘ ʧʘʢ ʚʦ ʩʦʥʯʝʚʠʪʝ ʣʝʪʥʠ ʜʝʥʦʚʠ ʪʘʘ ʠʟʥʝʩʫʚʘ ʦʢʦʣʫ 50- 75 GW [3]. ʅʘʩʧʨʦʪʠ 

ʥʝʘ ʚʢʫʧʥʘʪʘ ʤʦ˃ʥʦʩʪ ʢʦʿʘ ʰʪʦ ʿʘ ʜʦʙʠʚʘ ʄʘʢʝʜʦʥʠʿʘ ʦʜ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ 
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ʠʟʥʝʩʫʚʘ 18 MW ʛʦʜʠʰʥʦ. ʄʘʢʝʜʦʥʠʿʘ ʩʦ ʩʚʦʿʘʪʘ ʛʝʦʛʨʘʬʩʢʘ ʧʦʣʦʞʙʘ ʠ ʢʣʠʤʘʪʩʢʠ ʫʩʣʦʚʠ ʠʤʘ 

ʤʥʦʛʫ ʧʦʚʦʣʥʠ ʫʩʣʦʚʠ ʟʘ ʫʧʦʪʨʝʙa ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʢʘʢʦ ʠʟʚʦʨʠ ʥʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ. 

ɺʦ ʦʚʦʿ ʪʨʫʜ ʝ ʧʨʝʪʩʪʘʚʝʥ ʩʦʣʘʨʥʠʦʪ ʧʦʪʝʥʮʠʿʘʣ ʩʦ ʢʦʿ ʰʪʦ ʨʘʩʧʦʣʘʛʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ. 

8 ʉʆʃɸʈɽʅ ʇʆʊɽʅʎʀɱɸʃ  

 ʉʦʥʮʝʪʦ ʧʨʝʪʩʪʚʫʚʘ ʦʛʨʦʤʝʥ ʥʫʢʣʝʘʨʝʥ ʨʝʘʢʪʦʨ ʢʦʿ ʨʘʙʦʪʠ ʥʘ ʧʨʠʥʮʠʧ ʥʘ 

ʬʫʟʠʿʘ, ʧʨʝʪʚʦʨʘʿ˃ʠ ʦʢʦʣʫ 4 ʤʠʣʠʦʥʠ ʪʦʥʠ ʚʦʜʦʨʦʜ ʚʦ ʭʝʣʠʫʤ ʚʦ ʩʝʢʦʿʘ ʩʝʢʫʥʜʘ, ʧʨʠ ʰʪʦ ʩʝ 

ʛʝʥʝʨʠʨʘ ʪʦʧʣʠʥʘ ʦʜ 6000ºC ʢʦʿʘ ʨʘʜʠʿʘʣʥʦ ʩʝ ʟʨʘʯʠ ʚʦ ʚʩʝʣʝʥʘʪʘ. ɺʢʫʧʥʘʪʘ ʝʥʝʨʛʠʿʘ ʰʪʦ ʜʦʘʺʘ 

ʜʦ ʟʝʤʿʘʪʘ ʠʟʥʝʩʫʚʘ 174 PW, ʦʜ ʥʝʘ ʦʢʦʣʫ ʝʜʥʘ ʪʨʝʪʠʥʘ ʩʝ ʨʝʬʣʝʢʪʠʨʘ ʥʘʟʘʜ ʚʦ ʚʩʝʣʝʥʘʪʘ, ʘ 

ʦʩʪʘʥʘʪʠʪʝ ʜʚʝ ʪʨʝʪʠʥʠ ʦʜ ʝʥʝʨʛʠʿʘʪʘ ʛʠ ʟʘʛʨʝʚʘʘʪ ʢʦʧʥʦʪʦ ʠ ʚʦʜʝʥʠʪʝ ʧʦʚʨʰʠʥʠ ʥʘ ʥʘʰʘʪʘ 

ʧʣʘʥʝʪʘ [4]. ɼʝʣ ʦʜ ʦʚʘʘ ʝʥʝʨʛʠʿʘ ʧʦʚʪʦʨʥʦ ʩʝ ʟʨʘʯʠ ʢʦʥ ʚʩʝʣʝʥʘʪʘ ʠ ʧʨʠʪʦʘ ʩʝ ʧʦʩʪʠʛʥʫʚʘ 

ʪʝʤʧʝʨʘʪʫʨʥʘ ʨʘʤʥʦʪʝʞʘʦʜ ʢʦʘʿ ʰʪʦʧʨʦʠʟʣʝʛʫʚʘ ʧʨʦʩʝʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʟʝʤʿʘʪʘ ʦʜ ʦʢʦʣʫ 15 

ºC ʠ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ ʦʜ ʦʢʦʣʫ -20 ºC. ʂʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʩʦʥʯʝʚʘ ʝʥʝʨʛʠʿʘ ʢʦʝ ʰʪʦ ʜʦʘʺʘ ʜʦ 

ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʟʝʤʿʘʪʘ ʝ ʜʚʘʧʘʪʠ ʧʦʛʦʣʝʤʦ ʦʜ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʝʥʝʨʛʠʿʘ ʰʪʦ ʩʝ ʜʦʙʠʚʘ ʦʜ 

ʥʝʦʙʥʦʚʣʠʚʠʪʝ ʨʝʩʫʨʩʠ, ʚʢʣʫʯʫʚʘʿ˃ʠ ʛʠ ʬʦʩʠʣʥʠʪʝ ʠ ʥʫʢʣʝʘʨʥʠʪʝ ʛʦʨʠʚʘ. 

8.1 ʉʦʣʘʨʝʥ ʧʦʪʝʥʮʠʿʘʣ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ 

ɿʘ ʩʠʩʪʝʤʘʪʩʢʦ ʧʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʩʦʣʘʨʥʠʦʪ ʧʦʪʝʥʮʠʿʘʣ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘʙʝʰʝ 

ʧʨʠʬʘʪʝʥʘ ʧʦʜʝʣʙʘʪʘ ʥʘ ʥʝʿʟʠʥʘʪʘ ʪʝʨʠʪʦʨʠʿʘ ʥʘ ʦʩʫʤʪʝ ʧʣʘʥʩʢʠ ʨʝʛʠʦʥʠ ʫʩʚʦʝʥʠ ʦʜ 

ʉʦʙʨʘʥʠʝʪʦ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʥʘ 30.09.2009 ʛʦʜʠʥʘ [5]. ɺʦ ʨʝʛʠʦʥʠʪʝ ʙʝʘ ʠʟʙʨʘʥʠ ʧʦ 

ʝʜʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʣʦʢʘʮʠʿʘ ʟʘ ʢʦʿʘ ʰʪʦ ʩʝ ʚʨʰʠ ʘʥʘʣʠʟʘʪʘ. ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʠʪʝ ʣʦʢʘʮʠʠ ʩʝ: 

1. ʉʢʦʧʩʢʠ ʨʝʛʠʦʥ ï ʇʝʪʨʦʚʝʮ (Lat 41,96; Lon 21,16) 

2. ʉʝʚʝʨʦʠʩʪʦʯʝʥ ʨʝʛʠʦʥ ï ʂʨʠʚʘ ʇʘʣʘʥʢʘ (Lat 42,21; Lon 22,26) 

3. ʇʦʣʦʰʢʠ ʨʝʛʠʦʥ ï ɻʦʩʪʠʚʘʨ (Lat 41,81; Lon 20,9) 

4. ʇʝʣʘʛʦʥʠʩʢʠ ʨʝʛʠʦʥ ï ʇʨʠʣʝʧ (Lat 41,34; Lon 21,5) 

5. ɱʫʛʦʠʩʪʦʯʝʥ ʨʝʛʠʦʥ ï ɻʝʚʛʝʣʠʿʘ (Lat 41,17; Lon 22,51) 

6. ɱʫʛʦʟʘʧʘʜʝʥ ʨʝʛʠʦʥ ï ʆʭʨʠʜ (Lat 41,14; Lon 20,81) 

7. ʀʩʪʦʯʝʥ ʨʝʛʠʦʥ ï ʂʦʯʘʥʠ (Lat 41,97; Lon 22,.4) 

8. ɺʘʨʜʘʨʩʢʠ ʨʝʛʠʦʥ ï ʂʘʚʘʜʘʨʮʠ (Lat 41,4; Lon 22) 

ʉʦ ʮʝʣ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ ʩʦʣʘʨʥʠʦʪ ʧʦʪʝʥʮʠʿʘʣ, ʧʦʜʘʪʦʮʠʪʝ ʢʦʠ ʰʪʦ ʙʝʘ ʧʦʪʨʝʙʥʠ 

ʧʦʝʜʠʥʝʯʥʦ ʟʘ ʣʦʢʘʮʠʠʪʝ ʩʝ: ʝʥʝʨʛʠʿʘ ʥʘ ʛʣʦʙʘʣʥʦʪʦ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʚʨʟ ʭʦʨʠʟʦʥʪʘʣʥʘ 

ʧʦʚʨʰʠʥʘ, ʜʠʬʫʟʥʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʟʨʘʯʝˁʝʪʦ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʦʟʜʫʭʦʪ ʠ ʙʨʟʠʥʘʪʘ ʥʘ 

ʚʝʪʨʦʪ. ʆʚʠʝ ʧʦʜʘʪʦʮʠʪʝ ʩʝ ʟʝʤʝʥʠ ʚʦ ʧʨʦʩʝʢ ʤʝʩʝʯʥʦʦʜ 1983 ʜʦ 2005ʛʦʜ. ʇʦʜʘʪʦʮʠʪʝ ʙʝʘ 

ʧʨʝʟʝʤʝʥʠ ʦʜ ʚʝʙ ʩʪʨʘʥʘʪʘ ʥʘ ʅɸʉɸ [6]. ʇʦʜʘʪʦʮʠʪʝ ʩʝ ʧʨʠʢʘʞʘʥʠ ʚʦ ʪʘʙʝʣʠʪʝ ʧʦʜʦʣʫ, 

ʧʦʝʜʠʥʝʯʥʦ ʟʘ ʩʠʪʝ ʣʦʢʘʮʠʠ. 

 

Lat 41,96  

Lon 21,16 

ʇʝʪʨʦʚʝʮ 

ɱʘʥ ʌʝʙ ʄʘʨ ɸʧʨ ʄʘʿ ɱʫʥ ɱʫʣ ɸʚʛ ʉʝʧ ʆʢʪ ʅʦʝ ɼʝʢ 

ɿʨʘʯʝˁʝ ʚʨʟ 

ʭʦʨʠʟʦʥʪʘʣʥʘ 

ʧʦʚʨʰʠʥʘ 

1,83 2,56 3,54 4,22 5,17 6,31 6,43 5,63 4,29 2,90 1,81 1,44 

ɼʠʬʫʟʥʦ 

ʟʨʘʯʝˁʝ 
0,75 1,05 1,50 1,99 2,33 2,35 2,19 1,92 1,58 1,19 0,84 0,67 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʥʘ ʚʦʟʜʫʭ 
-1,48 0,08 4,19 9,40 15,1 19,4 22,1 22,0 17,2 11,2 4,72 -0,46 

ɹʨʟʠʥʘ ʥʘ 

ʚʝʪʘʨ 
4,00 4,16 3,92 3,68 3,28 3,19 3,36 3,41 3,36 3,69 3,92 4,17 



 

Lat 42,21  

Lon 22,26 

ʂʨʠʚʘ ʇʘʣʘʥʢʘ 

ɱʘʥ ʌʝʙ ʄʘʨ ɸʧʨ ʄʘʿ ɱʫʥ ɱʫʣ ɸʚʛ ʉʝʧ ʆʢʪ ʅʦʝ ɼʝʢ 

ɿʨʘʯʝˁʝ ʚʨʟ 

ʭʦʨʠʟʦʥʪʘʣʥʘ 

ʧʦʚʨʰʠʥʘ 

1,74 2,49 3,46 4,23 5,18 6,17 6,39 5,61 4,26 2,78 1,74 1,38 

ɼʠʬʫʟʥʦ 

ʟʨʘʯʝˁʝ 
0,72 1,02 1,48 1,97 2,32 2,38 2,19 1,91 1,55 1,17 0,81 0,64 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʥʘ ʚʦʟʜʫʭ 
-2,63 -0,95 3,62 9,13 14,6 18,5 20,9 20,9 16,3 10,3 3,69 -1,54 

ɹʨʟʠʥʘ ʥʘ 

ʚʝʪʘʨ 
4,12 4,24 4,01 3,89 3,51 3,33 3,57 3,57 3,67 3,92 3,93 4,21 

Lat 41,81  

Lon 20,9 

ɻʦʩʪʠʚʘʨ 

ɱʘʥ ʌʝʙ ʄʘʨ ɸʧʨ ʄʘʿ ɱʫʥ ɱʫʣ ɸʚʛ ʉʝʧ ʆʢʪ ʅʦʝ ɼʝʢ 

ɿʨʘʯʝˁʝ ʚʨʟ 

ʭʦʨʠʟʦʥʪʘʣʥʘ 

ʧʦʚʨʰʠʥʘ 

1,93 2,63 3,82 4,51 5,72 6,88 6,98 6,04 4,49 3,15 1,96 1,54 

ɼʠʬʫʟʥʦ 

ʟʨʘʯʝˁʝ 
0,73 1,05 1,46 1,97 2,25 2,19 2,01 1,79 1,54 1,14 0,83 0,67 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʥʘ ʚʦʟʜʫʭ 
-0,37 1,06 4,99 9,88 15,4 19,5 22,5 22,4 17,7 12,0 5,69 0,67 

ɹʨʟʠʥʘ ʥʘ 

ʚʝʪʘʨ 
3,94 4,13 3,92 3,73 3,22 3,19 3,25 3,34 3,31 3,64 3,92 4,17 

Lat 41,34  

Lon 21,5 

ʇʨʠʣʝʧ 

ɱʘʥ ʌʝʙ ʄʘʨ ɸʧʨ ʄʘʿ ɱʫʥ ɱʫʣ ɸʚʛ ʉʝʧ ʆʢʪ ʅʦʝ ɼʝʢ 

ɿʨʘʯʝˁʝ ʚʨʟ 

ʭʦʨʠʟʦʥʪʘʣʥʘ 

ʧʦʚʨʰʠʥʘ 

1,83 2,56 3,54 4,22 5,17 6,31 6,43 5,63 4,29 2,90 1,81 1,44 

ɼʠʬʫʟʥʦ 

ʟʨʘʯʝˁʝ 
0,75 1,06 1,50 2,00 2,34 2,36 2,19 1,92 1,59 1,19 0,84 0,68 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʥʘ ʚʦʟʜʫʭ 
-1,48 0,08 4,19 9,40 15,1 19,4 22,1 22,0 17,2 11,2 4,72 -0,46 

ɹʨʟʠʥʘ ʥʘ 

ʚʝʪʘʨ 
4,00 4,16 3,92 3,68 3,28 3,19 3,36 3,41 3,36 3,69 3,92 4,17 

Lat 41,17  

Lon 22,51 

ɻʝʚʛʝʣʠʿʘ 

ɱʘʥ ʌʝʙ ʄʘʨ ɸʧʨ ʄʘʿ ɱʫʥ ɱʫʣ ɸʚʛ ʉʝʧ ʆʢʪ ʅʦʝ ɼʝʢ 

ɿʨʘʯʝˁʝ ʚʨʟ 

ʭʦʨʠʟʦʥʪʘʣʥʘ 

ʧʦʚʨʰʠʥʘ 

1,89 2,72 3,77 4,55 5,51 6,53 6,68 5,94 4,58 2,90 1,90 1,50 

ɼʠʬʫʟʥʦ 

ʟʨʘʯʝˁʝ 
0,74 1,03 1,47 1,97 2,29 2,30 2,12 1,83 1,51 1,19 0,84 0,67 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʥʘ ʚʦʟʜʫʭ 
-1,32 0,35 4,75 10,3 16,0 20,4 22,9 22,7 18,1 11,8 5,03 -0,3 

ɹʨʟʠʥʘ ʥʘ 

ʚʝʪʘʨ 
4,05 4,17 3,92 3,64 3,33 3,19 3,47 3,47 3,42 3,75 3,92 4,17 

 



 

Lat 41,14  

Lon 20,81 

ʆʭʨʠʜ 

ɱʘʥ ʌʝʙ ʄʘʨ ɸʧʨ ʄʘʿ ɱʫʥ ɱʫʣ ɸʚʛ ʉʝʧ ʆʢʪ ʅʦʝ ɼʝʢ 

ɿʨʘʯʝˁʝ ʚʨʟ 

ʭʦʨʠʟʦʥʪʘʣʥʘ 

ʧʦʚʨʰʠʥʘ 

1,93 2,63 3,82 4,51 5,72 6,88 6,98 6,04 4,49 3,15 1,96 1,54 

ɼʠʬʫʟʥʦ 

ʟʨʘʯʝˁʝ 
0,74 1,05 1,46 1,97 2,26 2,20 2,01 1,80 1,54 1,15 0,83 0,67 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʥʘ ʚʦʟʜʫʭ 
-0,37 1,06 4,99 9,88 15,4 19,5 22,5 22,4 17,7 12,0 5,69 0,67 

ɹʨʟʠʥʘ ʥʘ 

ʚʝʪʘʨ 
3,94 4,13 3,92 3,73 3,22 3,19 3,25 3,34 3,31 3,64 3,92 4,17 

Lat 41,97  

Lon 22,4 

ʂʦʯʘʥʠ 

ɱʘʥ ʌʝʙ ʄʘʨ ɸʧʨ ʄʘʿ ɱʫʥ ɱʫʣ ɸʚʛ ʉʝʧ ʆʢʪ ʅʦʝ ɼʝʢ 

ɿʨʘʯʝˁʝ ʚʨʟ 

ʭʦʨʠʟʦʥʪʘʣʥʘ 

ʧʦʚʨʰʠʥʘ 

1,89 2,72 3,77 4,55 5,51 6,53 6,68 5,94 4,58 2,90 1,90 1,50 

ɼʠʬʫʟʥʦ 

ʟʨʘʯʝˁʝ 
0,74 1,03 1,47 1,96 2,29 2,30 2,11 1,83 1,51 1,19 0,84 0,67 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʥʘ ʚʦʟʜʫʭ 
-1,32 0,35 4,75 10,3 16,0 20,4 22,9 22,7 18,1 11,8 5,03 -0,3 

ɹʨʟʠʥʘ ʥʘ 

ʚʝʪʘʨ 
4,05 4,17 3,92 3,64 3,33 3,19 3,47 3,47 3,42 3,75 3,92 4,17 

Lat 41,97  

Lon 22,4 

ʂʘʚʘʜʘʨʮʠ 

ɱʘʥ ʌʝʙ ʄʘʨ ɸʧʨ ʄʘʿ ɱʫʥ ɱʫʣ ɸʚʛ ʉʝʧ ʆʢʪ ʅʦʝ ɼʝʢ 

ɿʨʘʯʝˁʝ ʚʨʟ 

ʭʦʨʠʟʦʥʪʘʣʥʘ 

ʧʦʚʨʰʠʥʘ 

1,89 2,72 3,77 4,55 5,51 6,53 6,68 5,94 4,58 2,90 1,90 1,50 

ɼʠʬʫʟʥʦ 

ʟʨʘʯʝˁʝ 
0,74 1,03 1,47 1,97 2,29 2,30 2,11 1,83 1,51 1,19 0,84 0,67 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʥʘ ʚʦʟʜʫʭ 
-1,32 0,35 4,75 10,3 16,0 20,4 22,9 22,7 18,1 11,8 5,03 -0,3 

ɹʨʟʠʥʘ ʥʘ 

ʚʝʪʘʨ 
4,05 4,17 3,92 3,64 3,33 3,19 3,47 3,47 3,42 3,75 3,92 4,17 

 

ɺʨʟ ʙʘʟʘ ʥʘ ʦʚʠʝ ʧʦʜʘʪʦʮʠ ʙʝʰʝ ʧʨʝʩʤʝʪʘʥ ʩʦʣʘʨʝʥ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʠʟʙʨʘʥʠʪʝ ʣʦʢʘʮʠʠ, 

ʩʦ ʫʧʦʪʨʝʙʘ ʥʘ ʧʨʦʛʨʘʤʦʪ PVsyst. ʉʦ ʚʥʝʩʫʚʘˁʝ ʥʘ ʦʚʠʝ ʧʦʜʘʪʦʮʠ ʧʨʦʛʨʘʤʦʪ ʛʠ ʛʝʥʝʨʠʨʘ 

ʨʝʟʫʣʪʘʪʠʪʝ ʚʨʟ ʙʘʟʘ ʥʘ ʘʛʦʣʦʪ ʥʘ ʧʦʩʪʘʚʝʥʦʩʪ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʦʪ ʩʠʩʪʝʤ, ʚʠʜʦʪ ʥʘ ʩʠʩʪʝʤʦʪ, 

ʧʦʩʪʘʚʝʥʦʩʪ ʥʘ ʩʠʩʪʝʤʦʪ ʠ ʢʦʣʢʘʚʘ ʤʦ˃ʥʦʩʪ ʠʤʘ ʩʠʩʪʝʤʦʪ. ɼʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʝ ʟʘ ʘʛʦʣ ʥʘ 

ʧʦʩʪʘʚʝʥʦʩʪ ʦʜ 33 ʩʪʝʧʝʥʠ, ʩʪʘʥʜʘʨʜʝʥ ʩʠʣʠʮʠʫʤʦʚ ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʩʠʩʪʝʤ, ʧʦʩʪʘʚʝʥ ʥʘ ʟʝʤʿʘ ʠ 

ʩʦ ʤʦ˃ʥʦʩʪ ʥʘ ʩʠʩʪʝʤʦʪ 10 kW. ʉʦ ʦʚʠʝ ʧʦʜʘʪʦʮʠ ʧʨʦʛʨʘʤʦʪ ʧʨʝʩʤʝʪʫʚʘ ʢʦʣʢʘʚʦ ʝ 

ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʢʦʝ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʜʦʙʠʝ ʚʦ ʦʜʨʝʜʝʥʘʪʘ ʣʦʢʘʮʠʿʘ (ʟʘ 10 

kW ʩʠʩʪʝʤ) ʛʦʜʠʰʥʦ, ʠʥʚʝʩʪʠʮʠʩʢʠ ʪʨʦʰʦʮʠ ʠ ʧʦʚʨʰʠʥʘʪʘ ʢʦʿʘ ʰʪʦ ʿʘ ʟʘʬʘ˃ʘ ʦʚʦʿ ʩʠʩʪʝʤ. 

9 ʉʀʄʋʃɸʎʀɱɸ ʅɸ ʌʆʊʆɺʆʃʊɸʀʏɽʅ ʉʀʉʊɽʄ 

ʇʨʝʩʤʝʪʘʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʟʘ ʛʦʜʠʰʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʧʨʝʪʩʪʘʚʝʥʠ ʚʦ ʚʠʜ ʥʘ 

ʛʨʘʬʠʮʠ ʧʨʠʢʘʞʘʥʠ ʥʘ ʩʣʠʢʠʪʝ ʥʫʤʝʨʠʨʘʥʠ ʦʜ 1 ʜʦ 8. ʆʜ ʨʝʟʫʣʪʘʪʠʪʝ ʙʝʰʝ ʚʦʦʯʝʥʦ ʜʝʢʘ 

ʠʥʚʝʩʪʠʮʠʿʘʪʘ ʟʘ 10 kW ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʩʠʩʪʝʤ ʠʟʥʝʩʫʚʘ 9.640 ʝʚʨʘ ʠ ʬʦʪʦʚʦʣʪʘʠʯʥʠʦʪ ʩʠʩʪʝʤ 



 

˃ʝ ʟʘʬʘ˃ʘ ʧʦʚʨʰʠʥʘ ʦʜ 67 m
2
 ʧʦʜʝʜʥʘʢʚʦ ʟʘ ʩʠʪʝ ʦʩʫʤ ʨʝʛʠʦʥʠ. ɽʣʝʢʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘʪʘ ʢʦʿʘ 

ʰʪʦ ʛʦʜʠʰʥʦ ˃ʝ ʩʝ ʜʦʙʠʚʘ ʦʜ ʩʠʩʪʝʤʠʪʝ ʚʦ ʩʝʢʦʿʘ ʦʜ ʠʟʙʨʘʥʠʪʝ ʣʦʢʘʮʠʠ ʝ ʧʨʠʢʘʞʘʥʘ ʚʦ ʪʘʙʝʣʘ 

1. 

 

ʀʟʙʨʘʥʠ ʣʦʢʘʮʠʠ ɽʣʝʢʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʧʨʦʠʟʚʝʜʝʥʘ ʥʘ ʛʦʜʠʰʥʦ ʥʠʚʦ 

(MWh) 

ʇʝʪʨʦʚʝʮ 14,2 

ʂʨʠʚʘ ʇʘʣʘʥʢʘ 14,0 

ɻʦʩʪʠʚʘʨ 15,3 

ʇʨʠʣʝʧ 14,1 

ɻʝʚʛʝʣʠʿʘ 14,9 

ʆʭʨʠʜ 15,2 

ʂʦʯʘʥʠ 14,5 

ʂʘʚʘʜʘʨʮʠ 14,3 

ʊʘʙʝʣʘ. 1. ɽʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʧʨʦʠʟʚʝʜʝʥʘ ʥʘ ʛʦʜʠʰʥʦ ʥʠʚʦ ʚʦ ʣʦʢʘʮʠʠʪʝ 

 

ʄʝʩʝʯʥʦ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ ʧʦ ʦʙʣʘʩʪ 

 

 

ʉʣʠʢʘ 1. ʈʝʟʫʣʪʘʪʠ ʇʝʪʨʦʚʝʮ   ʉʣʠʢʘ 2. ʈʝʟʫʣʪʘʪʠ ʂʨʠʚʘ ʇʘʣʘʥʢʘ 

 



 

 

ʉʣʠʢʘ 3. ʈʝʟʫʣʪʘʪʠ ɻʦʩʪʠʚʘʨ   ʉʣʠʢʘ 4. ʈʝʟʫʣʪʘʪʠ ʇʨʠʣʝʧ 

 

 

 ʉʣʠʢʘ 5. ʈʝʟʫʣʪʘʪʠ ɻʝʚʛʝʣʠʿʘ   ʉʣʠʢʘ 6. ʈʝʟʫʣʪʘʪʠ ʆʭʨʠʜ 

 



 

 

ʉʣʠʢʘ 7. ʈʝʟʫʣʪʘʪʠ ʂʦʯʘʥʠ   ʉʣʠʢʘ 8. ʈʝʟʫʣʪʘʪʠ ʂʘʚʘʜʘʨʮʠ 

 

10 ɿɸʂʃʋʏʆʂ 

 ɺʦ ʦʚʦʿ ʪʨʫʜ ʝ ʧʨʝʪʩʪʘʚʝʥ ʩʦʣʘʨʥʠʦʪ ʧʦʪʝʥʮʠʿʘʣ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ. 

ʉʧʦʨʝʜ ʙʨʦʿʦʪ ʥʘ ʩʦʥʯʝʚʠ ʜʝʥʦʚʠ ʠ ʢʣʠʤʘʪʩʢʠʪʝ ʫʩʣʦʚʠ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʝ ʧʦʚʦʣʥʘ 

ʪʝʨʠʪʦʨʠʿʘ ʟʘ ʠʥʩʪʘʣʠʨʘˁʝ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. 

ʇʨʝʩʤʝʪʘʥʠʪʝ ʨʝʟʫʣʪʘʪʠʪʝ ʫʢʘʞʫʚʘʘʪ ʜʝʢʘ ʟʘ 10 kW ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʩʠʩʪʝʤ ʠʥʚʝʩʪʠʮʠʿʘʪʘ 

ʠʟʥʝʩʫʚʘ 9.640 ʝʚʨʘ, ʧʦʚʨʰʠʥʘʪʘ ʢʦʿʘ ʰʪʦ ˃ʝ ʿʘ ʟʘʬʘ˃ʘ ʦʚʦʿ ʩʠʩʪʝʤ ʝ 67 m
2
. ʆʜ ʠʩʧʠʪʫʚʘʥʠʪʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʣʦʢʘʮʠʠ ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʞʘʘ ʜʝʢʘ ʣʦʢʘʮʠʿʘʪʘ ʩʦ ʥʘʿʚʠʩʦʢʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʥʘ ʛʦʜʠʰʥʦ ʥʠʚʦ ˃ʝ ʙʠʜʝ ɻʦʩʪʠʚʘʨ ʩʦ 15,3 MWh. ʂʘʢʦ ʥʘʿʧʦʚʦʣʝʥ ʨʝʛʠʦʥ 

ʦʜ ʪʝʨʠʪʦʨʠʿʘʪʘ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʝ ʇʦʣʦʰʢʠʦʪ ʨʝʛʠʦʥ. ʆʜ ʦʚʠʝ ʩʠʤʫʣʘʮʠʠ ʤʦʞʝ ʜʘ 

ʟʘʢʣʫʯʠ ʜʝʢʘ ʪʝʨʠʪʦʨʠʿʘʪʘ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʧʨʝʪʩʪʘʚʫʚʘ ʥʝʧʨʝʩʫʰʝʥ ʨʝʩʫʨʩ ʥʘ 

ʩʦʥʯʝʚʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʰʪʦ ʪʨʝʙʘ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʫʚʘ. ʉʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝʪʦ ʥʘ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ 

ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʥʝ ʩʘʤʦ ʰʪʦ ʩʝ ʟʘʿʘʢʥʫʚʘ ʝʢʦʥʦʤʠʿʘʪʘ ʥʘ ʜʨʞʘʚʘʪʘ, 

ʪʫʢʫ ʠ ʩʝ ʥʘʤʘʣʫʚʘ ʟʘʛʘʜʫʚʘˁʝ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ.  
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ʊɽʍʅʀʏʂʀ ɺʃʀɱɸʅʀɱɸ ʅɸ ɼʀʉʇɽʈɿʀʈɸʅʆʊʆ ʇʈʆʀɿɺʆɼʉʊɺʆ ʅɸ 

ɽʃɽʂʊʈʀʏʅɸ ɽʅɽʈɻʀɱɸ ɺʈɿ ɼʀʉʊʈʀɹʋʊʀɺʅʀʊɽ ʄʈɽɾʀ 

ʂʋʉɸ ʉʆɼʈɾʀʅɸ 

ɽʜʥʘ ʦʜ ʮʝʣʠʪʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʧʦʣʠʪʠʢʘ ʚʦ ɽʋ ʩʝ ʥʘʨʝʢʫʚʘ Ă20-20-20 ʜʦ 2020 ʛʦʜʠʥʘò, 

ʩʦ ʢʦʿʘ ʩʝ ʧʨʝʜʚʠʜʫʚʘ 20% ʧʦʨʘʩʪ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ, 20% ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʝʤʠʩʠʿʘʪʘ 

ʥʘ ʩʪʘʢʣʝʥʠʯʢʠ ʛʘʩʦʚʠ ʠ 20% ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʜʦ 

2020 ʛʦʜʠʥʘ. ʂʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʘ, ʜʦʘʺʘ ʜʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʫʯʝʩʪʚʦʪʦ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ (ʠ 

ʜʠʩʧʝʨʟʠʨʘʥʠ) ʠʟʚʦʨʠ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʢʨʘʿʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ, ʟʘʙʨʟʘʥʦ ʠʥʚʝʩʪʠʨʘˁʝ 

ʚʦ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʥʠʚʥʦ ʠʥʪʝʛʨʠʨʘˁʝ ʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ. 

ɼʠʩʧʝʨʟʠʨʘʥʠʪʝ ʧʨʦʠʟʚʦʜʥʠ ʝʜʠʥʠʮʠ (ɼʇɽ) ʥʝ ʩʝ ʮʝʥʪʨʘʣʥʦ ʧʣʘʥʠʨʘʥʠ ʠ ʫʧʨʘʚʫʚʘʥʠ ʢʘʢʦ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʧʨʦʠʟʚʦʜʥʠ ʧʦʩʪʨʦʿʢʠ ʠ ʥʠʚʥʘʪʘ ʠʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʝ ʨʝʣʘʪʠʚʥʦ ʤʘʣʘ, 

ʤʝʺʫ 50 kW ʠ 100 MW. ʇʦʨʘʜʠ ʦʛʨʘʥʠʯʝʥʘʪʘ ʠʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʢʘʢʦ ʠ ʮʝʣʪʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʜʘ ʝ ʧʦʙʣʠʩʢʫ ʜʦ ʧʦʪʨʦʰʫʚʘʯʠʪʝ, ʩʦ ʰʪʦ ʙʠ ʩʝ ʥʘʤʘʣʠʣʝ ʟʘʛʫʙʠʪʝ ʧʨʠ ʧʨʝʥʦʩ 

ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʥʘ ʧʦʛʦʣʝʤʠ ʜʘʣʝʯʠʥʠ ʠ ʙʠ ʩʝ ʟʛʦʣʝʤʠʣʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ, 

ɼʇɽ ʩʝ ʧʨʠʢʣʫʯʝʥʠ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ, ʠʘʢʦ, ʧʨʠ ʨʘʟʚʦʿʦʪ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʠʪʝ ʤʨʝʞʠ ʥʝ 

ʙʠʣʦ ʧʣʘʥʠʨʘʥʦ ʧʨʠʢʣʫʯʫʚʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʥʠ ʝʜʠʥʠʮʠ. ʇʦʢʨʘʿ ʧʨʝʜʥʦʩʪʠʪʝ, ɼʇɽ ʠʤʘʘʪ ʠ ʩʚʦʠ 

ʥʝʜʦʩʪʘʪʦʮʠ.  ʅʠʚʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʪʝʰʢʦ ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ, a ʠʩʪʦ ʪʘʢʘ ʤʦʞʘʪ ʜʘ 

ʧʨʝʜʠʟʚʠʢʘʘʪ ʨʘʟʣʠʯʥʠ ʧʨʦʙʣʝʤʠ ʚʦ ʨʘʙʦʪʘʪʘ ʥʘ ʤʨʝʞʘʪʘ, ʚʢʣʫʯʫʚʘʿ˃ʠ ʧʨʦʙʣʝʤʠ ʩʦ ʢʦʥʪʨʦʣʘ 

ʥʘ ʥʘʧʦʥʦʪ, ʢʦʦʨʜʠʥʘʮʠʿʘ ʥʘ ʟʘʰʪʠʪʘʪʘ, ʢʘʢʦ ʠ ʥʝʛʘʪʠʚʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʢʚʘʣʠʪʝʪʦʪ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ. 

ɺʦ ʦʚʦʿ ʪʨʫʜ, ʩʦ ʧʦʤʦʰ ʥʘ ʩʦʬʪʚʝʨʩʢʠʦʪ ʧʘʢʝʪ NEPLAN, ʩʝ ʧʨʠʢʘʞʫʚʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ 

ʜʠʩʧʝʨʟʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʨʟ ʥʘʧʦʥʩʢʠʪʝ ʧʨʠʣʠʢʠ ʠ ʟʘʛʫʙʠʪʝ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ. 

1 ɺʆɺɽɼ 

ʇʦʨʘʜʠ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʩʚʝʩʪʘ ʟʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʠ ʩʣʝʜʝˁʝʪʦ ʥʘ ʛʣʦʙʘʣʥʠʪʝ 

ʪʨʝʥʜʦʚʠ ʟʘ ʠʩʧʦʣʥʫʚʘˁʝ ʥʘ ʝʜʥʘ ʦʜ ʮʝʣʠʪʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʧʦʣʠʪʠʢʘ ʚʦ ɽʋ ,,20-20-20 ʜʦ 2020 

ʛʦʜ.ò, ʫʯʝʩʪʚʦʪʦ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ (ʠ ʜʠʩʧʝʨʟʠʨʘʥʠ) ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ 

ʩʠʩʪʝʤ ʟʥʘʯʠʪʝʣʥʦ ʩʝ ʟʛʦʣʝʤʫʚʘ. ɸʢʦ ʫʯʝʩʪʚʦʪʦ ʥʘ ʜʠʩʧʝʨʟʠʨʘʥʠʪʝ ʧʨʦʠʟʚʦʜʥʠ ʝʜʠʥʠʮʠ (ɼʇɽ) 

ʝ ʛʦʣʝʤʦ, ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ʢʦʿʘ ʜʦ ʪʦʛʘʰ ʙʠʣʘ ʧʘʩʠʚʥʘ ʩʦ ʝʜʥʦʥʘʩʦʯʥʘ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ 

ʤʦ˃ʥʦʩʪʠʪʝ ʧʨʝʤʠʥʫʚʘ ʚʦ ʘʢʪʠʚʥʘ ʤʨʝʞʘ ʩʦ ʤʦʞʥʦʩʪ ʟʘ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʤʦ˃ʥʦʩʪʘ ʚʦ ʜʚʝʪʝ 

ʥʘʩʦʢʠ, ʦʜ ʧʦʚʠʩʦʢʠʪʝ ʢʦʥ ʧʦʥʠʩʢʠʪʝ ʥʘʧʦʥʩʢʠ ʥʠʚʦʘ ʠ ʦʙʨʘʪʥʦ, ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ 

ʤʦʤʝʥʪʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʦʪʨʦʰʫʚʘʯʢʘ. ʀʥʪʝʛʨʠʨʘˁʝʪʦ ʥʘ ɼʇɽ ʚʦ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ 

ʤʨʝʞʘ ʤʦʞʝ ʜʘ ʛʠ ʥʘʤʘʣʠ ʟʘʛʫʙʠʪʝ ʥʘ ʤʦ˃ʥʦʩʪ ʚʦ ʤʨʝʞʘʪʘ ʠ ʥʘ ʪʦʿ ʥʘʯʠʥ ʜʘ ʿʘ ʟʛʦʣʝʤʠ 

ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ, ʥʦ ʟʛʦʣʝʤʝʥʦʪʦ ʧʨʠʩʫʩʪʚʦ ʥʘ ɼʇɽ ʥʘʤʝʪʥʫʚʘ ʠ ʧʨʘʰʘˁʘ ʦʜ ʪʝʭʥʠʯʢʠ 

ʘʩʧʝʢʪ ʢʦʠ ʜʦʚʝʜʫʚʘʘʪ ʜʦ ʧʨʝʠʩʧʠʪʫʚʘˁʝ ʥʘ ʧʦʩʪʦʝʯʢʠʪʝ ʤʝʪʦʜʠ ʟʘ ʫʧʨʘʚʫʚʘˁʝ ʠ ʧʣʘʥʠʨʘˁʝ ʥʘ 

ʜʠʩʪʨʠʙʫʪʠʚʥʠʪʝ ʩʠʩʪʝʤʠ. 

2 ɼʀʉʇɽʈɿʀʈɸʅʆ ʇʈʆʀɿɺʆɼʉʊɺʆ ʅɸ ɽʃɽʂʊʈʀʏʅɸ ɽʅɽʈɻʀɱɸ 

ɼʇɽ ʦʙʝʜʠʥʫʚʘʘʪ ʨʘʟʣʠʯʥʠ ʪʝʭʥʦʣʦʛʠʠ ʢʦʠ ʦʚʦʟʤʦʞʫʚʘʘʪ ʜʠʩʧʝʨʟʠʨʘʥ ʥʘʯʠʥ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʇʦʛʦʣʝʤ ʜʝʣ ʦʜ ʪʝʭʥʦʣʦʛʠʠʪʝ ʢʦʨʠʩʪʘʪ ʦʙʥʦʚʣʠʚ ʠʟʚʦʨ 

ʥʘ ʝʥʝʨʛʠʿʘ ʢʘʢʦ: ʤʘʣʠ ʭʠʜʨʦʝʣʝʢʪʨʠʯʥʠ ʮʝʥʪʨʘʣʠ, ʬʦʪʦʚʦʣʪʘʠʮʠ, ʩʦʣʘʨʥʠ ʮʝʥʪʨʘʣʠ, ʚʝʪʝʨʥʠ 

ʮʝʥʪʨʘʣʠ, ʛʝʦʪʝʨʤʘʣʥʠ ʮʝʥʪʨʘʣʠ; ʜʦʜʝʢʘ ʧʘʢ, ʚʦ ʪʝʭʥʦʣʦʛʠʠʪʝ ʢʦʠ ʥʝ ʢʦʨʠʩʪʘʪ ʦʙʥʦʚʣʠʚʠ 

ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʩʧʘʺʘʘʪ: ʤʦʪʦʨʠ ʩʦ ʚʥʘʪʨʝʰʥʦ ʩʦʛʦʨʫʚʘˁʝ, ʛʦʨʠʚʥʠ ˃ʝʣʠʠ, ʢʦʛʝʥʝʨʘʪʠʚʥʠ 

ʧʦʩʪʨʦʿʢʠ, ʤʠʢʨʦʪʫʨʙʠʥʠ. 



 

ʉʦ ʦʛʣʝʜ ʥʘ ʜʝʥʝʰʥʘʪʘ ʩʦʩʪʦʿʙʘ, ʨʘʟʚʦʿʦʪ ʥʘ ʜʠʩʧʝʨʟʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʦʜʨʝʜʝʥ ʩʦ 

ʩʣʝʜʥʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ: ɼʇɽ ʠʤʘʘʪ ʨʝʣʘʪʠʚʥʦ ʤʘʣʘ ʠʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ (50kW ï 100MW), 

ʚʦʦʙʠʯʘʝʥʦ ʩʝ ʩʤʝʩʪʝʥʠ ʚʦ ʙʣʠʟʠʥʘ ʥʘ ʧʦʪʨʦʰʫʚʘʯʠʪʝ ʠ ʚʦ ʛʦʣʝʤ ʙʨʦʿ ʩʣʫʯʘʠ ʩʝ ʧʨʠʢʣʫʯʝʥʠ ʥʘ 

ʩʨʝʜʥʦʥʘʧʦʥʩʢʘ ʠʣʠ ʥʠʩʢʦʥʘʧʦʥʩʢʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ, ʘ ʠʩʪʦ ʪʘʢʘ ʠ ʧʦʩʪʘʧʢʘʪʘ ʟʘ ʥʠʚʥʦ 

ʧʣʘʥʠʨʘˁʝ ʥʝ ʝ ʮʝʥʪʨʘʣʠʟʠʨʘʥʘ, ʢʘʢʦ ʠ ʨʘʩʧʦʨʝʜʦʪ ʥʘ ʥʠʚʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ.   

3 ɺʃʀɱɸʅʀɽ ʅɸ ɼʀʉʇɽʈɿʀʈɸʅʆʊʆ ʇʈʆʀɿɺʆɼʉʊɺʆ ʅɸ ɽʃɽʂʊʈʀʏʅɸ 

ɽʅɽʈɻʀɱɸ ɺʈɿ ɼʀʉʊʈʀɹʋʊʀɺʅʀʊɽ ʄʈɽɾʀ 

ʉʦ ʧʨʠʢʣʫʯʫʚʘˁʝ ʥʘ ɼʇɽ, ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ʚʝ˃ʝ ʥʝ ʩʝ ʨʘʟʛʣʝʜʫʚʘ ʢʘʢʦ ʧʘʩʠʚʝʥ 

ʝʣʝʤʝʥʪ ʟʘʜʦʣʞʝʥ ʟʘ ʧʨʝʥʦʩ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʜʦ ʧʦʪʨʦʰʫʚʘʯʠʪʝ, ʪʫʢʫ ʠ ʥʘ 

ʜʠʩʪʨʠʙʫʪʠʚʥʦ ʥʠʚʦ ʩʝ ʧʨʦʠʟʚʝʜʫʚʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ɸʢʦ ɼʇɽ, ʢʦʠ ʩʝ ʠʥʩʪʘʣʠʨʘʥʠ ʢʘʿ 

ʧʦʪʨʦʰʫʚʘʯʠʪʝ ʚʦ ʜʠʩʪʨʠʙʫʪʠʚʥʠʦʪ ʩʠʩʪʝʤ, ʧʨʦʠʟʚʝʜʫʚʘʘʪ ʦʥʦʣʢʫ ʝʥʝʨʛʠʿʘ ʩʦ ʢʦʿʘ ʙʠ ʩʝ 

ʢʦʤʧʝʥʟʠʨʘʣʘ ʧʦʙʘʨʫʚʘʯʢʘʪʘ, ʪʠʝ ʦʚʦʟʤʦʞʫʚʘʘʪ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʛʫʙʠʪʝ ʥʘ ʤʦ˃ʥʦʩʪ, ʦʜʥʦʩʥʦ 

ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʦʜ ʘʩʧʝʢʪ ʥʘ ʝʣʝʢʪʨʠʯʥʠ ʤʨʝʞʠ. ɼʦʢʦʣʢʫ ʥʠʚʥʦʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʿʘ ʥʘʜʤʠʥʝ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ, ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʤʦ˃ʥʦʩʪ ʩʝ ʨʘʩʧʨʝʜʝʣʫʚʘ ʚʦ 

ʜʠʩʪʨʠʙʫʪʠʚʥʠʦʪ ʩʠʩʪʝʤ ʠ ʜʦ ʦʩʪʘʥʘʪʠʪʝ ʧʦʪʨʦʰʫʚʘʯʠ ʢʦʠ ʩʝ ʧʨʠʢʣʫʯʝʥʠ ʚʦ ʪʘʘ ʤʨʝʞʘ ʠʣʠ 

ʪʝʢʦʪ ʥʘ ʤʦ˃ʥʦʩʪʘ ʤʦʞʝ ʜʘ ʩʝ ʥʘʩʦʯʠ ʢʦʥ ʧʦʚʠʩʦʢʠʪʝ ʥʘʧʦʥʩʢʠ ʥʠʚʦʘ ʩʦ ʰʪʦ ʟʥʘʯʠʪʝʣʥʦ ʩʝ 

ʥʘʤʘʣʫʚʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʩʠʩʪʝʤʦʪ.        

 ʇʨʠʢʣʫʯʫʚʘˁʝʪʦ ʥʘ ɼʇɽ ʙʘʨʘ ʠ ʨʘʟʛʣʝʜʫʚʘˁʝ ʥʘ ʧʨʘʰʘˁʘ ʦʜ ʘʩʧʝʢʪ ʥʘ ʢʚʘʣʠʪʝʪ ʥʘ 

ʥʘʧʦʥ, ʟʛʦʣʝʤʝʥ ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʛʨʝʰʢʠʪʝ ʠ ʘʜʝʢʚʘʪʥʦʩʪ ʥʘ ʧʨʠʤʝʥʝʪʘʪʘ ʟʘʰʪʠʪʘ. 

ɼʦʢʦʣʢʫ ʧʨʠ ʧʨʠʢʣʫʯʫʚʘˁʝ ʠ ʠʩʢʣʫʯʫʚʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʥʠ ʝʜʠʥʠʮʠ ʚʦ ʤʨʝʞʘʪʘ ʩʝ 

ʜʦʟʚʦʣʝʥʠ ʨʝʣʘʪʠʚʥʦ ʛʦʣʝʤʠ ʩʪʨʫʿʥʠ ʧʨʦʤʝʥʠ, ɼʇɽ ʤʦʞʝ ʜʘ ʧʨʝʜʠʟʚʠʢʘʘʪ ʪʨʘʥʟʠʝʥʪʥʠ 

ʥʘʧʦʥʩʢʠ ʧʨʦʤʝʥʠ. ʅʘʿʛʦʣʝʤ ʧʨʦʙʣʝʤ ʩʝ ʿʘʚʫʚʘ ʧʨʠ ʥʘʛʣʦ ʠʩʢʣʫʯʫʚʘˁʝ ʥʘ ɼʇɽ, ʧʨʠ 

ʤʘʢʩʠʤʘʣʥʦ ʦʧʪʦʚʘʨʝʥʘ ʤʨʝʞʘ, ʢʦʛʘ ʜʦʘʺʘ ʜʦ ʟʥʘʯʠʪʝʣʥʠ ʧʘʜʦʚʠ ʥʘ ʥʘʧʦʥʦʪ.  

ʇʨʠʢʣʫʯʫʚʘˁʝʪʦ ʥʘ ʜʠʩʧʝʨʟʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʦʞʝ ʠ ʜʘ ʛʦ ʧʦʜʦʙʨʠ ʢʚʘʣʠʪʝʪʦʪ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʂʦʛʘ ˃ʝ ʩʝ ʧʨʠʢʣʫʯʠ ɼʇɽ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ, ʧʦʨʘʜʠ ʟʛʦʣʝʤʝʥʠʪʝ 

ʩʪʨʫʠ ʥʘ ʢʫʩʠ ʚʨʩʢʠ, ʪʨʘʥʟʠʝʥʪʥʠʪʝ ʧʨʦʤʝʥʠ ʥʘ ʥʘʧʦʥʦʪ ʠʣʠ ʛʨʝʰʢʠ ʧʨʝʜʠʟʚʠʢʘʥʠ ʦʜ ʜʨʫʛʠʪʝ 

ʢʦʨʠʩʥʠʮʠ ʥʘ ʤʨʝʞʘʪʘ ˃ʝ ʙʠʜʘʪ ʧʦʤʘʣʠ.  

ʀʩʪʦ ʪʘʢʘ, ɼʇɽ ʢʦʠ ʩʝ ʧʨʠʢʣʫʯʝʥʠ ʥʘ ʤʨʝʞʘ ʧʨʝʢʫ ʝʣʝʢʪʨʦʥʩʢʠ ʫʨʝʜʠ, ʤʦʞʘʪ ʜʘ ʛʦ 

ʥʘʨʫʰʘʪ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʥʘʧʦʥʦʪ ʩʦ ʠʥʿʝʢʪʠʨʘˁʝ ʥʘ ʭʘʨʤʦʥʠʮʠ. ʄʝʺʫʪʦʘ, ʜʠʨʝʢʪʥʦ 

ʧʨʠʢʣʫʯʝʥʠʪʝ ɼʇɽ ʤʦʞʘʪ ʜʘ ʿʘ ʥʘʤʘʣʘʪ ʭʘʨʤʦʥʠʩʢʘʪʘ ʠʤʧʝʜʘʥʩʘ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ʠ 

ʪʘʢʘ ʜʘ ʿʘ ʥʘʤʘʣʘʪ ʥʘʧʦʥʩʢʘʪʘ ʜʠʩʪʨʦʟʠʿʘ ʟʘ ʩʤʝʪʢʘ ʥʘ ʧʦʚʠʩʦʢʠʪʝ ʩʪʨʫʿʥʠ ʭʘʨʤʦʥʠʮʠ ʚʦ 

ʛʝʥʝʨʘʪʦʨʠʪʝ. 

ʉʠʥʭʨʦʥʠʪʝ ʠ ʘʩʠʥʭʨʦʥʠʪʝ ʛʝʥʝʨʘʪʦʨʠ ʿʘ ʟʛʦʣʝʤʫʚʘʘʪ ʩʪʨʫʿʘʪʘ ʥʘ ʢʫʩʘ ʚʨʩʢʘ ʚʦ 

ʜʠʩʪʨʠʙʫʪʠʚʥʠʪʝ ʤʨʝʞʠ. ɺʦ ʫʨʙʘʥʠʪʝ ʦʙʣʘʩʪʠ, ʢʘʜʝ ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ ʩʪʨʫʠʪʝ ʥʘ ʢʫʩʘ ʚʨʩʢʘ ʩʝ 

ʧʨʠʙʣʠʞʥʠ ʩʦ ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ ʨʘʩʢʣʦʧʥʘʪʘ ʩʪʨʫʿʘ ʥʘ ʧʨʝʢʠʥʫʚʘʯʠʪʝ, ʟʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʩʪʨʫʿʘʪʘ 

ʥʘ ʢʫʩʘ ʚʨʩʢʘ ʤʦʞʝ ʜʘ ʙʠʜʝ ʟʥʘʯʠʪʝʣʝʥ ʧʨʦʙʣʝʤ ʟʘ  ʟʘʰʪʠʪʥʘʪʘ ʦʧʨʝʤʘ, ʢʦʿʘ ˃ʝ ʪʨʝʙʘ ʜʘ ʩʝ 

ʥʘʜʦʛʨʘʜʠ ʠʣʠ ʟʘʤʝʥʠ, ʘ ʪʦʘ ˃ʝ ʛʠ ʟʛʦʣʝʤʠ ʪʨʦʰʦʮʠʪʝ ʟʘ ʧʨʠʢʣʫʯʦʢ ʥʘ ɼʇɽ. 

3.1 ɺʣʠʿʘʥʠʝ ʥʘ ʜʠʩʧʝʨʟʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʨʟ ʥʘʧʦʥʩʢʠʪʝ 

ʧʨʠʣʠʢʠ ʚʦ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ 

ɼʠʩʪʨʠʙʫʠʨʘʥʠʪʝ ʠʟʚʦʨʠ, ʢʦʠ ʠʥʿʝʢʪʠʨʘʘʪ ʤʦ˃ʥʦʩʪ ʚʦ ʤʨʝʞʘʪʘ, ʛʦ ʟʛʦʣʝʤʫʚʘʘʪ ʥʘʧʦʥʦʪ 

ʚʦ ʪʦʯʢʘʪʘ ʥʘ ʧʨʠʢʣʫʯʫʚʘˁʝ ʥʘ ʤʨʝʞʘ. ɿʘ ʩʣʘʙʦ ʦʧʪʦʚʘʨʝʥʠ ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʤʨʝʞʠ ʧʦʨʘʩʪʦʪ ʥʘ 

ʥʘʧʦʥʦʪ ʧʦʨʘʜʠ ʧʨʠʢʣʫʯʫʚʘˁʝ ʥʘ ɼʇɽ ʤʦʞʝ ʧʨʠʙʣʠʞʥʦ ʜʘ ʩʝ ʦʜʨʝʜʠ ʧʨʝʢʫ: 
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ʢʘʜʝ, P, Q ï ʤʦ˃ʥʦʩʪʠ ʥʘ ʛʝʥʝʨʘʪʦʨ, R,X ï ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʚʦʜ, U ï ʥʦʤʠʥʘʣʝʥ ʥʘʧʦʥ 

ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ 

ɸʢʦ ʤʨʝʞʘʪʘ ʝ ʧʨʝʦʧʪʦʚʘʨʝʥʘ, ʪ.ʝ ʥʘ ʥʝʿʟʠʥʠʦʪ ʢʨʘʿ ʥʘʧʦʥʦʪ ʝ ʧʦʥʠʟʦʢ ʦʜ ʜʦʟʚʦʣʝʥʠʦʪ, 

ʩʦ ʧʨʠʢʣʫʯʫʚʘˁʝ ʥʘ ʧʨʦʠʟʚʦʜʥʘ ʝʜʠʥʠʮʘ ʥʘʧʦʥʦʪ ˃ʝ ʩʝ ʟʛʦʣʝʤʠ, ʪ.ʝ ˃ʝ ʩʝ ʧʦʧʨʘʚʘʪ ʥʘʧʦʥʩʢʠʪʝ 

ʧʨʠʣʠʢʠ ʚʦ ʤʨʝʞʘʪʘ. ʅʘ ʪʦʿ ʥʘʯʠʥ ʜʠʩʧʝʨʟʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʤʘ ʧʦʟʠʪʠʚʥʦ ʚʣʠʿʘʥʠʝ 

ʙʠʜʝʿ˃ʠ ʧʦʤʘʛʘ ʚʦ ʦʜʨʞʫʚʘˁʝʪʦ ʥʘ ʥʘʧʦʥʩʢʠʪʝ ʧʨʠʣʠʢʠ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʜʦʟʚʦʣʝʥʠʪʝ ʛʨʘʥʠʮʠ.  



 

ʄʝʺʫʪʦʘ, ʘʢʦ ʤʨʝʞʘʪʘ ʝ ʩʣʘʙʘ ʠ ʧʦʜʦʧʪʦʚʘʨʝʥʘ, ʟʘʚʠʩʥʦʩʪʘ ʥʘ ʥʘʧʦʥʩʢʠʪʝ ʧʨʠʣʠʢʠ ʦʜ 

ʤʦʤʝʥʪʘʣʥʘʪʘ ʤʦ˃ʥʦʩʪ ʥʘ ʜʠʩʪʨʠʙʫʠʨʘʥʠʪʝ ʠʟʚʦʨʠ ʨʘʩʪʝ. ɺʦ ʧʝʨʠʦʜʠʪʝ ʥʘ ʤʘʣʦ ʦʧʪʦʚʘʨʫʚʘˁʝ 

ʠ ʛʦʣʝʤʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʜʠʩʪʨʠʙʫʠʨʘʥʠʪʝ ʠʟʚʦʨʠ, ʥʘʧʦʥʦʪ ʚʦ ʧʦʝʜʠʥʠ ʜʝʣʦʚʠ ʚʦ ʤʨʝʞʘʪʘ ˃ʝ 

ʧʦʨʘʩʥʝ. ʊʦʘ ʟʥʘʯʠ ʜʝʢʘ ʧʦʨʘʜʠ ʧʦʜʦʧʪʦʚʘʨʝʥʦʩʪʘ ʥʘ ʤʨʝʞʘʪʘ, ɼʇɽ ʧʨʝʜʠʟʚʠʢʫʚʘʘʪ ʧʦʨʘʩʪ ʥʘ 

ʥʘʧʦʥʦʪ ʚʦ ʮʝʣʘʪʘ ʤʨʝʞʘ. ɸʢʦ ʨʘʟʣʠʢʘʪʘ ʤʝʺʫ ʤʦʤʝʥʪʘʣʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ 

ʚʦ ʿʘʟʦʣʦʪ ʚʦ ʢʦʿ ʝ ʧʨʠʢʣʫʯʝʥʘ ɼʇɽ ʝ ʜʦʚʦʣʥʦ ʛʦʣʝʤʘ, ʥʘʧʦʥʦʪ ʚʦ ʦʜʜʝʣʥʠ ʪʦʯʢʠ ʥʘ ʤʨʝʞʘʪʘ ˃ʝ 

ʛʠ ʥʘʜʤʠʥʝ ʜʦʟʚʦʣʝʥʠʪʝ ʛʨʘʥʠʮʠ. ʅʘ ʪʦʿ ʥʘʯʠʥ ʧʨʦʠʟʚʦʜʥʘʪʘ ʝʜʠʥʠʮʘ ʛʠ ʥʘʨʫʰʫʚʘ ʥʘʧʦʥʩʢʠʪʝ 

ʧʨʠʣʠʢʠ ʚʦ ʤʨʝʞʘʪʘ, h ʪʦ ʟʥʘʯʠ ʜʝʢʘ ʧʨʝʜ ʜʘ ʩʝ ʦʜʦʙʨʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʤʦ˃ʥʦʩʪ ʥʘ ʧʨʦʠʟʚʦʜʥʘʪʘ 

ʝʜʠʥʠʮʘ ʪʨʝʙʘ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʧʨʦʚʝʨʢʘ ʥʘ ʥʝʿʟʠʥʦʪʦ ʚʣʠʿʘʥʠʝ ʥʘ ʥʘʧʦʥʩʢʠʪʝ ʧʨʠʣʠʢʠ. 

3.2 ɺʣʠʿʘʥʠʝ ʥʘ ʜʠʩʧʝʨʟʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʨʟ ʟʘʛʫʙʠʪʝ ʥʘ 

ʤʦ˃ʥʦʩʪ ʚʦ ʤʨʝʞʘʪʘ 

ɺʣʠʿʘʥʠʿʝʪʦ ʥʘ ʜʠʩʧʝʨʟʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʟʘʛʫʙʠʪʝ ʟʘʚʠʩʠ ʦʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʠ 

ʫʩʦʛʣʘʩʝʥʦʩʪʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʦʜ ɼʇɽ ʩʦ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʤʝʩʪʦʪʦ ʥʘ ʧʨʠʢʣʫʯʫʚʘˁʝ, 

ʢʘʢʦ ʠ ʦʜ ʣʦʢʘʮʠʿʘʪʘ, ʦʜʥʦʩʥʦ ʤʝʩʪʦʪʦ ʚʦ ʤʨʝʞʘʪʘ ʥʘ ʢʦʝ ʩʝ ʧʨʠʢʣʫʯʫʚʘ ɼʇɽ. 

ɼʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʛʫʙʠʪʝ (ʠ ʪʝʢʦʚʠ ʥʘ ʤʦ˃ʥʦʩʪ ʚʦ ʤʨʝʞʘʪʘ) ʜʦʘʺʘ ʘʢʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ 

ʚʨʝʤʝʥʩʢʠ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʩʝ ʩʦʚʧʘʺʘ ʩʦ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʠʣʠ ʙʣʠʩʢʫ ʜʦ ʤʝʩʪʦʪʦ ʥʘ 

ʧʨʠʢʣʫʯʦʢ ʥʘ ɼʇɽ, ʜʦʜʝʢʘ ʟʘʛʫʙʠʪʝ ʩʝ ʟʛʦʣʝʤʫʚʘʘʪ ʚʦ ʚʦʜʦʚʠʪʝ ʙʣʠʩʢʫ ʜʦ ʤʝʩʪʦʪʦ ʥʘ 

ʧʨʠʢʣʫʯʦʢ ʘʢʦ ʥʝʤʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʠʣʠ ʪʘʘ ʝ ʤʥʦʛʫ ʧʦʤʘʣʘ ʦʜ  ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ɼʇɽ. 

4 ʇʈʀʂʃʋʏʋɺɸɳɽ ʅɸ ɼʇɽ ʅɸ ɼʀʉʊʈʀɹʋʊʀɺʅɸ ʄʈɽɾɸ  

ʂʦʛʘ ʩʪʘʥʫʚʘ ʟʙʦʨ ʟʘ ʧʨʠʢʣʫʯʫʚʘˁʝ ʥʘ ɼʇɽ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ʚʦ ʈʝʧʫʙʣʠʢʘ 

ʄʘʢʝʜʦʥʠʿʘ, ʧʦʩʪʦʿʘʪ ʜʦʢʫʤʝʥʪʠ ʩʦ ʢʦʠ ʩʝ ʫʨʝʜʫʚʘʘʪ ʪʝʭʥʠʯʢʦ ï ʪʝʭʥʦʣʦʰʢʠʪʝ ʠ 

ʢʦʤʝʨʮʠʿʘʣʥʠʪʝ ʫʩʣʦʚʠ ʟʘ ʧʨʠʢʣʫʯʦʢ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʪʨʘʥʩʧʘʨʝʥʪʥʠ ʠ ʥʝʜʠʩʢʨʠʤʠʥʘʪʦʨʥʠ 

ʧʨʠʥʮʠʧʠ. ʊʦʘ ʩʝ ʄʨʝʞʥʠʪʝ ʧʨʘʚʠʣʘ ʟʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ [1] ʦʜ 2012 

ʛʦʜʠʥʘ ʠ ʜʦʢʫʤʝʥʪʦʪ ʟʘ ʀʟʤʝʥʠ ʠ ʜʦʧʦʣʥʫʚʘˁʘ ʥʘ ʤʨʝʞʥʠʪʝ ʧʨʘʚʠʣʘ ʟʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ [2] ʦʜ 2014 ʛʦʜʠʥʘ.   

ʇʨʦʠʟʚʦʜʠʪʝʣʦʪ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʝ ʜʦʣʞʝʥ ʥʘʿʧʨʚʦ ʜʘ ʧʦʜʥʝʩʝ ʙʘʨʘˁʝ ʟʘ 

ʩʦʛʣʘʩʥʦʩʪ ʟʘ ʧʨʠʢʣʫʯʫʚʘˁʝ ʜʦ ʦʧʝʨʘʪʦʨʦʪ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʠʦʪ ʩʠʩʪʝʤ (ʆɼʉ), ʢʦʿ ʝ ʟʘʜʦʣʞʝʥ 

ʟʘ ʧʨʦʚʝʨʢʘ ʠ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʪʝʭʥʠʯʢʠʪʝ ʫʩʣʦʚʠ, ʠ ʧʨʠʪʦʘ ʜʘ ʛʠ ʜʦʩʪʘʚʠ ʩʠʪʝ ʧʦʜʘʪʦʮʠ ʟʘ 

ʪʝʭʥʠʯʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʨʦʠʟʚʦʜʥʘʪʘ ʧʦʩʪʨʦʿʢʘ. 

ʆɼʉ ʠʟʛʦʪʚʫʚʘ ʦʧʪʠʤʘʣʥʦ ʝʢʦʥʦʤʩʢʦ ʠ ʪʝʭʥʠʯʢʦ ʨʝʰʝʥʠʝ ʟʘ ʦʚʦʟʤʦʞʫʚʘˁʝ ʥʘ 

ʧʨʠʢʣʫʯʫʚʘˁʝʪʦ ʚʦ ʥʘʿʧʦʚʦʣʥʘʪʘ ʪʦʯʢʘ ʩʧʦʨʝʜ ʧʨʝʪʭʦʜʥʦ ʠʟʚʨʰʝʥʘ ʘʥʘʣʠʟʘ ʥʘ ʩʦʩʪʦʿʙʠʪʝ ʚʦ 

ɼʄ, ʧʨʠ ʰʪʦ ʦʙʝʟʙʝʜʫʚʘ ʧʨʠʦʨʠʪʝʪ ʟʘ ʧʨʦʠʟʦʜʠʪʝʣʠʪʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʦʙʥʦʚʣʠʚʠ 

ʠʟʚʦʨʠ. 

4.1 ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʩʦʩʪʦʿʙʠ ʠ ʥʘʧʦʥʠ ʚʦ ʩʪʘʮʠʦʥʘʨʝʥ ʨʝʞʠʤ ʥʘ ʨʘʙʦʪʘ 

ɺʦ ʩʪʘʮʠʦʥʘʨʝʥ ʨʝʞʠʤ ʥʘ ʨʘʙʦʪʘ ʢʘʢʦ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʩʦʩʪʦʿʙʠ ʥʘ ʨʘʙʦʪʘ ʥʘ ɼʄ ʩʝ 

ʜʝʬʠʥʠʨʘʘʪ: 

- ʤʠʥʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʤʨʝʞʘʪʘ ʠ ʤʠʥʠʤʘʣʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ʧʨʦʠʟʚʦʜʥʘʪʘ ʧʦʩʪʨʦʿʢʘ; 

-  ʤʠʥʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʤʨʝʞʘʪʘ ʠ ʤʘʢʩʠʤʘʣʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ʧʨʦʠʟʚʦʜʥʘʪʘ 

ʧʦʩʪʨʦʿʢʘ; 

-  ʤʘʢʩʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʤʨʝʞʘʪʘ ʠ ʤʠʥʠʤʘʣʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ʧʨʦʠʟʚʦʜʥʘʪʘ 

ʧʦʩʪʨʦʿʢʘ; 

-  ʤʘʢʩʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʤʨʝʞʘʪʘ ʠ ʤʘʢʩʠʤʘʣʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ʧʨʦʠʟʚʦʜʥʘʪʘ 

ʧʦʩʪʨʦʿʢʘ. 

 ɺʦ ʩʠʪʝ ʥʦʨʤʘʣʥʠ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ, ʧʨʠ ʧʨʠʢʣʫʯʫʚʘˁʝʪʦ ʥʘ ɼʇɽ, ʥʘʧʦʥʠʪʝ ʚʦ ʩʠʪʝ 

ʿʘʟʣʠ ʥʘ ʨʘʟʛʣʝʜʫʚʘʥʘʪʘ ɼʄ ʪʨʝʙʘ ʜʘ ʙʠʜʘʪ ʚʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ ʛʨʘʥʠʮʠʪʝ: 

-  ʚʦ ʤʨʝʞʠʪʝ ʩʦ ʥʦʤʠʥʘʣʝʥ ʥʘʧʦʥ 35 kV, ʧʦʤʝʺʫ 31,5 ʠ 38 kV; 

- ʚʦ ʤʨʝʞʠʪʝ ʩʦ ʥʦʤʠʥʘʣʝʥ ʥʘʧʦʥ 20 kV, ʧʦʤʝʺʫ 19 ʠ 21,4 kV; 

-  ʚʦ ʤʨʝʞʠʪʝ ʩʦ ʥʦʤʠʥʘʣʝʥ ʥʘʧʦʥ 10 kV, ʧʦʤʝʺʫ 9,5 ʠ 10,7 kV; 



 

-  ʥʘ ʥʠʩʢʦʥʘʧʦʥʩʢʠʪʝ ʩʦʙʠʨʥʠʮʠ ʚʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʠʪʝ ʩʪʘʥʠʮʠ ʩʨʝʜʝʥ/ʥʠʟʦʢ ʥʘʧʦʥ, 

ʧʦʤʝʺʫ 0,4 ʠ 0,44 kV. 

5 ɸʅɸʃʀɿɸ ʅɸ ʊʀʇʀʏʅɸ ɼʀʉʊʈʀɹʋʊʀɺʅɸ ʄʈɽɾɸ 

ɿʘ ʧʨʝʩʤʝʪʢʘ ʥʘ ʪʝʢʦʚʠʪʝ ʥʘ ʤʦ˃ʥʦʩʪ ʠ ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ ʥʘʧʦʥʠʪʝ ʚʦ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ 

ʤʨʝʞʘ ʢʦʿʘ ʝ ʧʨʝʜʤʝʪ ʥʘ ʘʥʘʣʠʟʘ ʩʝ ʢʦʨʠʩʪʠ ʩʦʬʪʚʝʨʩʢʠʦʪ ʧʘʢʝʪ NEPLAN. 

5.1 ʆʧʠʩ ʥʘ ʨʘʟʛʣʝʜʫʚʘʥʘʪʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ 

ʅʘ ʩʣʠʢʘ 1 ʝ ʧʨʝʪʩʪʘʚʝʥʘ ʝʜʥʦʧʦʣʥʘ ʰʝʤʘ ʥʘ ʨʘʜʠʿʘʣʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ ʩʦ 

ʥʦʤʠʥʘʣʝʥ ʥʘʧʦʥ Un = 10 kV. 

ʄʨʝʞʘʪʘ ʝ ʩʦʩʪʘʚʝʥʘ ʦʜ 17 ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʠ ʩʪʘʥʠʮʠ ʩʦ ʧʨʝʥʦʩʝʥ ʦʜʥʦʩ 

10/0,4 kV, ʘ ʧʨʝʢʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʘʪʘ ʩʪʘʥʠʮʘ TS 1 ʝ ʧʦʚʨʟʘʥʘ ʩʦ ʦʩʪʘʥʘʪʠʦʪ ʜʠʩʪʨʠʙʫʪʠʚʝʥ 

ʩʠʩʪʝʤ. ʇʨʝʢʫ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ʩʝ ʥʘʧʦʿʫʚʘʘʪ 15 ʧʦʪʨʦʰʫʚʘʯʠ. ʆʧʪʦʚʘʨʫʚʘˁʝʪʦ ʝ 

ʧʦʚʨʟʘʥʦ ʜʠʨʝʢʪʥʦ ʥʘ 10 kV ʩʪʨʘʥʘ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʠʪʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʠ ʩʪʘʥʠʮʠ, ʦʜʥʦʩʥʦ 

ʥʠʩʢʦʥʘʧʦʥʩʢʠʦʪ ʜʝʣ ʥʝ ʝ ʨʘʟʛʣʝʜʫʚʘʥ.  

 

ʉʣʠʢʘ 1. ɽʜʥʦʧʦʣʥʘ ʰʝʤʘ ʥʘ ʨʘʜʠʿʘʣʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ, ʥʘʧʦʥʩʢʦ ʥʠʚʦ 10 kV 

5.2 ɼʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ ʙʝʟ ʧʨʠʢʣʫʯʝʥʠ ɼʇɽ 

ɺʦ ʦʚʘ ʩʮʝʥʘʨʠʦ ʩʝ ʠʟʚʨʰʝʥʠ ʧʨʝʩʤʝʪʢʠ ʥʘ ʥʘʧʦʥʠʪʝ ʠ ʪʝʢʦʚʠʪʝ ʥʘ ʤʦ˃ʥʦʩʪʠ ʚʦ 

ʨʘʟʛʣʝʜʫʚʘʥʘʪʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ ʢʦʛʘ ʥʝ ʩʝ ʧʨʠʢʣʫʯʝʥʠ ɼʇɽ. ɺʦ ʩʧʦʨʝʜʙʘ ʩʦ ʦʚʘ ʩʮʝʥʘʨʠʦ 

ʧʦʥʘʪʘʤʫ ʩʝ ʨʘʟʛʣʝʜʫʚʘ ʢʘʢʦ ʩʝ ʤʝʥʫʚʘʘʪ ʥʘʧʦʥʩʢʠʪʝ ʧʨʠʣʠʢʠ ʠ ʟʘʛʫʙʠʪʝ ʥʘ ʤʦ˃ʥʦʩʪ ʚʦ 

ʤʨʝʞʘʪʘ ʩʦ ʧʨʠʢʣʫʯʫʚʘˁʝ ʥʘ ʜʠʩʧʝʨʟʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ.  

ʊʘʙʝʣʘ 1. ɺʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʦʥʠ ʚʦ ʿʘʟʦʣʦʪ 9 ʠ ʟʘʛʫʙʠ ʥʘ ʤʦ˃ʥʦʩʪ ʚʦ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ʙʝʟ 

ʧʨʠʢʣʫʯʝʥʠ ɼʇɽ 

ʈʝʞʠʤ ʥʘ ʨʘʙʦʪʘ 

ʅʘʿʥʠʩʢʘ ʚʨʝʜʥʦʩʪ ʥʘ ʥʘʧʦʥʦʪ 

[kV]  
ɿʘʛʫʙʠ ʥʘ ʤʦ˃ʥʦʩʪ 

ɱʘʟʦʣ 9 
æP 

[MW]  

æQ 

[MVar]  

ʄʠʥʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ 9,816 0,018 -0,112 

ʉʨʝʜʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ 9,734 0,038 -0,104 

ʄʘʢʩʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ 9,593 0,088 -0,083 



 

ɺʦ ʪʘʙʝʣʘ 1 ʩʝ ʧʨʠʢʘʞʘʥʠ ʨʝʟʫʣʪʘʪʠʪʝ ʟʘ ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ ʥʘʧʦʥ ʠ ʟʘʛʫʙʠʪʝ ʥʘ ʤʦ˃ʥʦʩʪ 

ʜʦʙʠʝʥʠ ʩʦ ʧʨʝʩʤʝʪʢʠʪʝ ʠʟʚʨʰʝʥʠ ʧʨʠ ʤʠʥʠʤʘʣʥʦ, ʩʨʝʜʥʦ ʠ ʤʘʢʩʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ 

ʤʨʝʞʘʪʘ. ʊʫʢʘ ʝ ʟʝʤʝʥʘ ʥʘʿʥʠʩʢʘʪʘ ʚʨʝʜʥʦʩʪ ʥʘ ʥʘʧʦʥʦʪ ʢʦʿʘ ʩʝ ʧʦʿʘʚʫʚʘ ʚʦ ʿʘʟʦʣʦʪ 9 ʟʘ ʜʘ ʩʝ 

ʫʚʠʜʠ ʜʝʢʘ ʚʨʝʜʥʦʩʪʘ ʥʘ ʥʘʧʦʥʠʪʝ ʝ ʥʘʜ ʜʦʟʚʦʣʝʥʠʦʪ ʤʠʥʠʤʫʤ ʦʜ 9,5 kV ʚʦ 10 kV ʤʨʝʞʘ. ʆʜ 

ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʜʝʢʘ ʥʘʿʚʠʩʦʢʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʦʥʠʪʝ ʚʦ ʤʨʝʞʘʪʘ ʩʝ 

ʜʦʙʠʚʘʘʪ ʧʨʠ ʤʠʥʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʢʦʛʘ ʠ ʟʘʛʫʙʠʪʝ ʥʘ ʤʦ˃ʥʦʩʪ ʩʝ ʥʘʿʤʘʣʠ, ʘ ʥʘʿʥʠʩʢʠʪʝ 

ʚʨʝʜʥʦʩʪʠ ʧʨʠ ʤʘʢʩʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʢʦʛʘ ʟʘʛʫʙʠʪʝ ʥʘ ʤʦ˃ʥʦʩʪ ʩʝ ʥʘʿʛʦʣʝʤʠ. 

5.3 ɺʢʣʫʯʫʚʘˁʝ ʥʘ ʝʜʥʘ ɼʇɽ ʚʦ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ʩʦ Sn = 1.102 MVA 

ʇʦʥʘʪʘʤʫ ʝ ʨʘʟʛʣʝʜʘʥ ʩʣʫʯʘʿʦʪ ʢʦʛʘ ʥʘ 10 kV ʩʦʙʠʨʥʠʮʘ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʘ ʩʪʘʥʠʮʘ ʚʦ ʿʘʟʦʣʦʪ 16 ʝ ʧʨʠʢʣʫʯʝʥ ʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ ʩʦ ʥʦʤʠʥʘʣʥʠ 

ʧʘʨʘʤʝʪʨʠ: Sn = 1,102 MVA, 0,8cap Ò cos•n Ó 0,8ind ʠ Un = 10 kV.  

ɺʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ [2] ʪʨʝʙʘ ʜʘ ʙʠʜʘʪ ʨʘʟʛʣʝʜʘʥʠ ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ ʥʘʧʦʥʠʪʝ ʚʦ ʩʠʪʝ ʿʘʟʣʠ, 

ʢʘʢʦ ʠ ʪʝʢʦʚʠʪʝ ʥʘ ʤʦ˃ʥʦʩʪʠ ʚʦ ʛʨʘʥʢʠʪʝ ʥʘ ʨʘʟʛʣʝʜʫʚʘʥʘʪʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ, ʚʦ ʯʝʪʠʨʠʪʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʩʦʩʪʦʿʙʠ ʥʘ ʤʨʝʞʘʪʘ ʚʦ ʩʪʘʮʠʦʥʘʨʝʥ ʨʝʞʠʤ ʥʘ ʨʘʙʦʪʘ. ɹʠʜʝʿ˃ʠ ʚʦ ʨʝʞʠʤʦʪ 

ʢʦʛʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʧʨʠʢʣʫʯʝʥʘʪʘ ɼʇɽ ʝ ʤʠʥʠʤʘʣʥʦ, ʨʝʟʫʣʪʘʪʠʪʝ ʚʦ ʩʦʩʪʦʿʙʠʪʝ 

ʤʘʢʩʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʠ ʤʠʥʠʤʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʢʦ ʠ ʤʠʥʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʠ 

ʤʠʥʠʤʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ˃ʝ ʙʠʜʘʪ ʩʣʠʯʥʠ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʧʨʝʪʭʦʜʥʦ ʨʘʟʛʣʝʜʫʚʘʥʠʪʝ ʩʣʫʯʘʠ 

ʩʦ ʤʘʢʩʠʤʘʣʥʦ ʠ ʤʠʥʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʙʝʟ ʧʨʠʢʣʫʯʝʥʠ ɼʇɽ, ˃ʝ ʙʠʜʘʪ ʨʘʟʛʣʝʜʫʚʘʥʠ ʩʘʤʦ 

ʩʦʩʪʦʿʙʠʪʝ ʧʨʠ ʤʘʢʩʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʠ ʤʘʢʩʠʤʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʘʢʦ ʠ ʧʨʠ ʤʠʥʠʤʘʣʥʦ 

ʦʧʪʦʚʘʨʫʚʘˁʝ ʠ ʤʘʢʩʠʤʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

5.3.1 ʈʝʞʠʤ ʥʘ ʤʠʥʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ʠ ʤʘʢʩʠʤʘʣʥʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ɼʇɽ 

ɺʦ ʦʚʦʿ ʩʣʫʯʘʿ, ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ˃ʝ ʩʝ ʨʘʟʛʣʝʜʫʚʘ ʚʦ ʫʩʣʦʚʠ ʢʦʛʘ ʛʝʥʝʨʘʪʦʨʦʪ 

ʠʥʿʝʢʪʠʨʘ ʘʢʪʠʚʥʘ ʤʦ˃ʥʦʩʪ P = 1,102 MW, a cos• = 1. 

ʊʘʙʝʣʘ 2. ɺʨʝʜʥʦʩʪʠ ʥʘ ʥʘʧʦʥʦʪ ʚʦ ʿʘʟʦʣʦʪ 16 ʠ ʟʘʛʫʙʠ ʥʘ ʤʦ˃ʥʦʩʪ ʧʨʝʜ ʠ ʧʦ ʧʨʠʢʣʫʯʫʚʘˁʝ ʥʘ ɼʇɽ ʥʘ 

ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ʧʨʠ ʤʠʥʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ 

ʈʝʞʠʤ ʥʘ ʨʘʙʦʪʘ 

ɺʨʝʜʥʦʩʪ ʥʘ ʥʘʧʦʥʦʪ ʚʦ ʿʘʟʦʣʦʪ 

ʚʦ ʢʦʿ ʝ ʧʨʠʢʣʫʯʝʥʘ ɼʇɽ [kV]  
ɿʘʛʫʙʠ ʥʘ ʤʦ˃ʥʦʩʪ 

ɱʘʟʦʣ 16 æP [MW] æQ [MVar] 

ʄʠʥʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʙʝʟ 

ɼʇɽ 
9,816 0,018 -0,112 

ʄʠʥʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʠ 

ʤʘʢʩʠʤʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 

ɼʇɽ 

10,207 0,027 -0,112 

ɺʦ ʪʘʙʝʣʘ 2 ʝ ʥʘʧʨʘʚʝʥʘ ʩʧʦʨʝʜʙʘ ʥʘ ʚʨʝʜʥʦʩʪʘ ʥʘ ʥʘʧʦʥʦʪ ʚʦ ʿʘʟʦʣʦʪ 16 ʧʨʝʜ ʠ ʧʦ 

ʚʢʣʫʯʫʚʘˁʝ ʥʘ ɼʇɽ, ʧʨʠ ʤʠʥʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʙʠʜʝʿ˃ʠ ʪʘʤʫ ʩʝ ʦʯʝʢʫʚʘ ʥʘʿʛʦʣʝʤʘ ʧʨʦʤʝʥʘ 

ʥʘ ʥʘʧʦʥʦʪ, ʠʩʪʦ ʪʘʢʘ ʩʧʦʨʝʜʝʥʠ ʩʝ ʠ ʟʘʛʫʙʠʪʝ ʥʘ ʤʦ˃ʥʦʩʪ ʚʦ ʤʨʝʞʘʪʘ. ʉʝ ʟʘʙʝʣʝʞʫʚʘ ʜʝʢʘ ʚʦ 

ʦʚʦʿ ʩʣʫʯʘʿ ʜʦʘʺʘ ʜʦ ʧʦʚʨʘʪʝʥ ʪʝʢ ʥʘ ʤʦ˃ʥʦʩʪʘ ʥʠʟ ʛʨʘʥʢʠʪʝ ʥʘ ʤʨʝʞʘʪʘ. ʆʚʘʘ ʧʦʿʘʚʘ ʝ 

ʧʦʩʣʝʜʠʮʘ ʥʘ ʪʦʘ ʰʪʦ ɼʇɽ ʢʦʿʘ ʝ ʧʨʠʢʣʫʯʝʥʘ ʚʦ ʿʘʟʦʣʦʪ 16 ʧʨʦʠʟʚʝʜʫʚʘ ʧʦʛʦʣʝʤʘ ʘʢʪʠʚʥʘ 

ʤʦ˃ʥʦʩʪ ʦʜ ʘʢʪʠʚʥʘʪʘ ʤʦ˃ʥʦʩʪ ʢʦʿʘ ʿʘ ʪʨʦʰʠ ʧʦʪʨʦʰʫʚʘʯʦʪ ʧʨʠʢʣʫʯʝʥ ʥʘ ʠʩʪʘʪʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʘ ʩʪʘʥʠʮʘ ʠ ʚʠʰʦʢʦʪ ʩʝ ʠʥʿʝʢʪʠʨʘ ʚʦ ʤʨʝʞʘʪʘ. ʇʦʨʘʜʠ ʛʦʣʝʤʘʪʘ ʘʢʪʠʚʥʘ 

ʤʦ˃ʥʦʩʪ ʰʪʦ ɼʇɽ ʿʘ ʠʥʿʝʢʪʠʨʘ ʚʦ ʤʨʝʞʘ ʩʝ ʩʦʟʜʘʚʘʘʪ ʜʦʧʦʣʥʠʪʝʣʥʠ ʪʝʢʦʚʠ ʥʘ ʤʦ˃ʥʦʩʪ ʢʦʥ 

ʥʘʧʦʿʥʠʦʪ ʿʘʟʦʣ, ʦʜʥʦʩʥʦ ʩʝʛʘ ʚʦʜʦʚʠʪʝ ʩʝ ʧʦʦʧʪʦʚʘʨʝʥʠ ʚʦ ʦʜʥʦʩ ʥʘ ʩʣʫʯʘʿʦʪ ʙʝʟ ɼʇɽ. ʂʘʢʦ 

ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʘ ʟʘʛʫʙʠʪʝ ʥʘ ʘʢʪʠʚʥʘ ʤʦ˃ʥʦʩʪ ʚʦ ʦʚʘʘ ʩʦʩʪʦʿʙʘ ʩʝ ʧʦʛʦʣʝʤʠ. 



 

5.3.2 ʈʝʞʠʤ ʥʘ ʤʘʢʩʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ʠ ʤʘʢʩʠʤʘʣʥʦ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ɼʇɽ 

ʉʣʝʜʥʘʪʘ ʩʦʩʪʦʿʙʘ ʚʦ ʢʦʿʘ ʩʝ ʠʟʚʨʰʝʥʠ ʧʨʝʩʤʝʪʢʠ ʥʘ ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ ʥʘʧʦʥʠʪʝ ʚʦ 

ʿʘʟʣʠʪʝ ʠ ʪʝʢʦʚʠʪʝ ʥʘ ʤʦ˃ʥʦʩʪ ʥʠʟ ʛʨʘʥʢʠʪʝ ʥʘ ʨʘʟʛʣʝʜʫʚʘʥʘʪʘ ʤʨʝʞʘ ʝ ʩʦʩʪʦʿʙʘʪʘ ʧʨʠ 

ʤʘʢʩʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʤʨʝʞʘʪʘ ʠ ʤʘʢʩʠʤʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ɼʇɽ. 

ʊʘʙʝʣʘ 3. ɺʨʝʜʥʦʩʪʘ ʥʘ ʥʘʧʦʥʦʪ ʚʦ ʿʘʟʦʣʦʪ 16 ʠ ʟʘʛʫʙʘ ʥʘ ʤʦ˃ʥʦʩʪʠ ʧʨʝʜ ʠ ʧʦ ʧʨʢʣʫʯʫʚʘˁʝ ʥʘ ɼʇɽ ʥʘ 

ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ 

ʈʝʞʠʤ ʥʘ ʨʘʙʦʪʘ 

ɺʨʝʜʥʦʩʪ ʥʘ ʥʘʧʦʥʦʪ ʚʦ ʿʘʟʦʣʦʪ 

ʚʦ ʢʦʿ ʝ ʧʨʠʢʣʫʯʝʥʘ ɼʇɽ [kV]  
ɿʘʛʫʙʠ ʥʘ ʤʦ˃ʥʦʩʪ 

ɱʘʟʦʣ 16 æP [MW] æQ [MVar] 

ʄʘʢʩʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʙʝʟ 

ɼʇɽ 
9,593 0,088 -0,083 

ʄʘʢʩʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʠ 

ʤʘʢʩʠʤʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 

ɼʇɽ 

9,762 0,06 -0,180 

ɺʦ ʦʚʦʿ ʩʣʫʯʘʿ ʘʢʪʠʚʥʘʪʘ ʤʦ˃ʥʦʩʪ ʢʦʿʘ ʿʘ ʧʨʦʠʟʚʝʜʫʚʘ ɼʇɽ ʥʝ ʝ ʤʥʦʛʫ ʧʦʛʦʣʝʤʘ ʦʜ 

ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʧʨʠʢʣʫʯʝʥʦ ʥʘ ʠʩʪʘʪʘ ʊʉ. ʂʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʘ ʩʝ ʟʘʜʦʚʦʣʫʚʘ ʣʦʢʘʣʥʘʪʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘ ʠ ʩʝ ʥʘʤʘʣʫʚʘʘʪ ʟʘʛʫʙʠʪʝ ʥʘ ʤʦ˃ʥʦʩʪ ʚʦ ʤʨʝʞʘʪʘ. ʇʦʨʘʜʠ ʧʦʤʘʣʠʪʝ ʟʘʛʫʙʠ ʥʘ 

ʤʦ˃ʥʦʩʪ, ʚʨʝʜʥʦʩʪʘ ʥʘ ʥʘʧʦʥʦʪ ʚʦ ʿʘʟʦʣʦʪ 16 ʝ ʧʦʤʘʣʘ ʦʜ ʩʣʫʯʘʿʦʪ ʩʦ ʤʠʥʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ 

ʥʦ ʩʝʧʘʢ ʧʦʛʦʣʝʤʘ ʚʦ ʦʜʥʦʩ ʥʘ ʩʣʫʯʘʿʦʪ ʢʦʛʘ ɼʇɽ ʥʝ ʝ ʧʨʠʢʣʫʯʝʥʘ. 

6 ɿɸʂʃʋʏʆʂ 

ɺʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ ʥʘʧʨʘʚʝʥʠʪʝ ʘʥʘʣʠʟʠ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʠʥʪʝʛʨʠʨʘˁʝʪʦ 

ʥʘ ɼʇɽ ʚʦ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ, ʢʦʠ ʿʘ ʟʘʜʦʚʦʣʫʚʘʘʪ ʣʦʢʘʣʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ, 

ʨʝʟʫʣʪʠʨʘ ʩʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʛʫʙʠʪʝ ʥʘ ʤʦ˃ʥʦʩʪ, ʦʜʥʦʩʥʦ ʧʦʛʦʣʝʤʘ ʝʥʝʨʛʝʪʩʢʘ 

ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ, ʥʦ ʠ ʚʦ ʜʝʣ ʦʜ ʧʨʝʥʦʩʥʘʪʘ ʤʨʝʞʘ ʧʦʨʘʜʠ ʥʘʤʘʣʫʚʘˁʝ 

ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ. ɼʦʢʦʣʢʫ ʧʘʢ, ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʤʦ˃ʥʦʩʪ ʥʘ ʧʨʠʢʣʫʯʝʥʠʪʝ ɼʇɽ ʝ 

ʤʥʦʛʫ ʧʦʛʦʣʝʤʘ ʦʜ ʣʦʢʘʣʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ, ʜʦʘʺʘ ʜʦ ʧʦʿʘʚʘ ʥʘ ʜʦʧʦʣʥʠʪʝʣʥʠ ʪʝʢʦʚʠ 

ʥʘ ʤʦ˃ʥʦʩʪ ʢʦʥ ʥʘʧʦʿʥʠʦʪ ʿʘʟʦʣ ʢʦʠ ʛʠ ʟʛʦʣʝʤʫʚʘʘʪ ʟʘʛʫʙʠʪʝ ʥʘ ʤʦ˃ʥʦʩʪ ʚʦ ʤʨʝʞʘʪʘ. 

ɹʠʜʝʿ˃ʠ ʩʦ ʧʨʠʢʣʫʯʦʢ ʥʘ ɼʇɽ, ʥʘʧʦʥʠʪʝ ʚʦ ʤʨʝʞʘʪʘ ʜʦʙʠʚʘʘʪ ʧʦʛʦʣʝʤʘ ʚʨʝʜʥʦʩʪ, ʚʦ 

ʧʨʝʦʧʪʦʚʘʨʝʥʘ ʤʨʝʞʘ ʥʠʚʥʦʪʦ ʧʨʠʢʣʫʯʫʚʘˁʝ ʤʦʞʝ ʜʘ ʠʤʘ ʧʦʟʠʪʠʚʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʥʘʧʦʥʩʢʠʪʝ ʧʨʠʣʠʢʠ, ʥʦ ʚʦ ʧʦʜʦʧʪʦʚʘʨʝʥʘ ʤʨʝʞʘ ʤʦʞʥʘ ʝ ʧʦʿʘʚʘ ʥʘ ʥʘʧʦʥʠ ʯʠʿʘ 

ʚʨʝʜʥʦʩʪ ʝ ʧʦʛʦʣʝʤʘ ʦʜ ʜʦʟʚʦʣʝʥʘʪʘ, ʩʦ ʰʪʦ ʩʝ ʦʥʝʚʦʟʤʦʞʫʚʘ ʥʦʨʤʘʣʥʦ 

ʬʫʥʢʮʠʦʥʠʨʘˁʝ ʥʘ ʤʨʝʞʘʪʘ.  
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ʀɿɹʆʈ ʅɸ ʊʀʇ ʅɸ ɼʀʉʇɽʈɿʀʈɸʅʆ ʇʈʆʀɿɺʆɼʉʊɺʆ ɿɸ ʇʈʀʂʃʋʏʆʂ ʅɸ 

ɼʀʉʊʈʀɹʋʊʀɺʅɸ ʄʈɽɾɸ 

ʂʋʉɸ ʉʆɼʈɾʀʅɸ  

ɺʦ ʢʘʪʝʛʦʨʠʿʘʪʘ ʜʠʩʧʝʨʟʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ (ɼʇ) ʧʨʠʧʘʺʘʘʪ ʥʝʢʦʣʢʫ ʪʠʧʦʚʠ ʥʘ 

ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ. ʉʝʢʦʿʘ ʦʜ ʥʠʚ ʠʤʘ ʩʚʦʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʥʘ ʜʥʝʚʥʠʦʪ ʜʠʿʘʛʨʘʤ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʚʦʟʤʦʞʥʦ ʝ ʜʘ ʩʝ ʪʠʧʠʟʠʨʘʘʪ ʜʥʝʚʥʠʪʝ ʜʠʿʘʛʨʘʤʠ ʟʘ ʦʜʨʝʜʝʥʠ ʪʠʧʦʚʠ ʥʘ 

ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ. ʅʘ ʧʨʠʤʝʨ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ (ʌʅɽʎ) ʠʤʘʘʪ ʪʠʧʠʯʝʥ 

ʜʠʿʘʛʨʘʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦ ʚʠʜ ʥʘ ʼʚʦʥ, ʧʨʦʪʦʯʥʠʪʝ ʤʘʣʠ ʭʠʜʨʦʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ (ʄʍɽʎ) ʠ 

ʢʦʛʝʥʝʨʘʪʠʚʥʠʪʝ (ʛʘʩʥʠʪʝ) ʮʝʥʪʨʘʣʠ ʠʤʘʘʪ ʥʘʿʯʝʩʪʦ ʢʦʥʩʪʘʥʪʥʘ ʤʦ˃ʥʦʩʪ ʠ ʤʦʞʥʦʩʪ ʟʘ 

ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʥʘʧʦʥʦʪ, ʚʝʪʝʨʥʠʪʝ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ (ɺɽʎ) ʠʩʪʦ ʪʘʢʘ ʠʤʘʘʪ ʢʘʨʘʢʪʝʨʠʩʪʠʯʝʥ 

ʜʠʿʘʛʨʘʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʿ ʤʦʞʝ ʜʘ ʩʝ ʪʠʧʠʟʠʨʘ. ʎʝʣʪʘ ʥʘ ʦʚʦʿ ʨʝʬʝʨʘʪ ʝ ʜʘ ʩʝ ʦʜʨʝʜʠ 

ʥʘʿʩʦʦʜʚʝʪʝʥ ʪʠʧ ʥʘ ɼʇ ʟʘ ʧʨʠʢʣʫʯʦʢ ʥʘ ʦʜʨʝʜʝʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ ʚʨʟ ʦʩʥʦʚʘ ʥʘ 

ʥʝʛʦʚʠʦʪ ʪʠʧʠʯʝʥ ʜʥʝʚʝʥ ʜʠʿʘʛʨʘʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʥʝʛʦʚʦʪʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʥʘʧʦʥʩʢʠʪʝ 

ʧʨʠʣʠʢʠ ʠ ʟʘʛʫʙʠʪʝ ʚʦ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ. 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ɼʠʩʧʝʨʟʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʜʥʝʚʝʥ ʜʠʿʘʛʨʘʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ.. 

1 ɺʆɺɽɼ 

ʀʟʛʨʘʜʙʘʪʘ ʥʘ ʤʘʣʠ ʛʝʥʝʨʘʪʦʨʩʢʠ ʝʜʠʥʠʮʠ ʝ ʧʦʟʥʘʪʘ ʦʜ ʤʥʦʛʫ ʧʦʨʘʥʦ ʠ ʩʦ ʥʠʚ 

ʚʩʫʰʥʦʩʪ ʩʝ ʧʦʚʨʟʘʥʠ ʧʦʯʝʪʦʮʠʪʝ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʘʪʘ ʠʥʜʫʩʪʨʠʿʘ. ɺʦ ʧʦʩʣʝʜʥʘʪʘ ʜʝʮʝʥʠʿʘ 

ʥʘ ʤʠʥʘʪʠʦʪ ʚʝʢ ʩʝ ʧʦʿʘʚʫʚʘ ʟʘʙʝʣʝʞʠʪʝʣʥʦ ʦʞʠʚʫʚʘˁʝ ʥʘ ʠʥʪʝʨʝʩʦʪ ʟʘ ʧʦʚʨʟʫʚʘˁʝ ʥʘ 

ʛʝʥʝʨʘʪʦʨʩʢʠ ʝʜʠʥʠʮʠ ʜʠʨʝʢʪʥʦ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ (ɼʄ). ʆʚʘʘ ʧʦʿʘʚʘ ʩʦ ʝʜʥʦ ʠʤʝ ʝ 

ʥʘʨʝʯʝʥʘ ɼʇ. ʊʦʘ ʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʝ: ʥʝ ʝ ʮʝʥʪʨʘʣʥʦ ʧʣʘʥʠʨʘʥʦ, ʥʝ ʝ ʮʝʥʪʨʘʣʥʦ ʫʧʨʘʚʫʚʘʥʦ ʦʜ 

ʜʠʩʧʝʯʝʨʩʢʠ ʮʝʥʪʘʨ, ʚʦ ʥʘʿʛʦʣʝʤ ʙʨʦʿ ʩʣʫʯʘʠ ʝ ʧʦʚʨʟʘʥʦ ʥʘ ɼʄ ʠ ʝ ʩʦ ʤʦ˃ʥʦʩʪ ʦʜ 50 kW ʜʦ 100 

MW. ʊʦʘ ʰʪʦ ɼʇ ʥʝ ʝ ʮʝʥʪʨʘʣʥʦ ʧʣʘʥʠʨʘʥʦ ʠ ʜʠʩʧʝʯʠʨʘʥʦ, ʟʥʘʯʠ ʜʝʢʘ ʘʥʛʘʞʠʨʘˁʝʪʦ ʥʘ ʦʚʠʝ 

ʛʝʥʝʨʘʪʦʨʠ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʘʢʪʠʚʥʘ ʠʣʠ ʨʝʘʢʪʠʚʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʝ ʥʘʜʚʦʨ ʦʜ 

ʢʦʥʪʨʦʣʘʪʘ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʥʘ ɽɽʉ. ʄʦ˃ʥʦʩʪʘ ʥʘ ɼʇ ʚʦ ʥʘʿʛʦʣʝʤʘ ʤʝʨʢʘ ʚʣʠʿʘʝ ʥʘ ʢʦʝ ʥʘʧʦʥʩʢʦ 

ʥʠʚʦ ʠʩʪʦʪʦ ˃ʝ ʙʠʜʝ ʧʦʚʨʟʘʥʦ. ʅʘʧʦʥʩʢʠʪʝ ʥʠʚʦʘ ʥʘ ʢʦʠ ɼʇ ʩʝ ʧʦʚʨʟʫʚʘ ʩʝ ʪʠʧʠʯʥʠʪʝ 

ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʥʘʧʦʥʩʢʠ ʥʠʚʦʘ ʢʦʠ ʩʝ ʜʚʠʞʘʪ ʦʜ 400 V ʜʦ 110 kV [1]. 

ʊʝʭʥʦʣʦʛʠʠʪʝ ʢʦʠ ʩʧʘʺʘʘʪ ʚʦ ʢʘʪʝʛʦʨʠʿʘʪʘ ʥʘ ɼʇ ʤʦʞʘʪ ʜʘ ʩʝ ʧʦʜʝʣʘʪ ʚʦ ʜʚʝ ʛʨʫʧʠ, ʚʦ 

ʟʘʚʠʩʥʦʩʪ ʦʜ ʪʦʘ ʜʘʣʠ ʧʨʠʤʘʨʥʠʦʪ ʠʟʚʦʨ ʢʦʿ ʛʦ ʢʦʨʠʩʪʘʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ ʝ ʦʙʥʦʚʣʠʚ ʠʣʠ ʥʝ. ɺʦ ʛʨʫʧʘʪʘ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʢʦʠ ʢʦʨʠʩʪʘʪ ʦʙʥʦʚʣʠʚ ʠʟʚʦʨ ʥʘ ʝʥʝʨʛʠʿʘ 

ʩʧʘʺʘʘʪ: ʄʍɽʎ, ʌʅɽʎ, ɺɽʎ, ʛʝʦʪʝʨʤʘʣʥʠ ʮʝʥʪʨʘʣʠ, ʦʢʝʘʥʩʢʠ ʮʝʥʪʨʘʣʠ ʠ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʥʘ 

ʙʠʦʤʘʩʘ ʠ ʙʠʦʛʘʩ. ɺʦ ʛʨʫʧʘʪʘ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʢʦʠ ʢʦʨʠʩʪʘʪ ʥʝʦʙʥʦʚʣʠʚ ʧʨʠʤʘʨʝʥ ʠʟʚʦʨ ʥʘ 

ʝʥʝʨʛʠʿʘ ʩʧʘʺʘʘʪ: ʤʠʢʨʦʪʫʨʙʠʥʠʪʝ, ʛʦʨʠʚʥʠʪʝ ˃ʝʣʠʠ, ʤʦʪʦʨʠʪʝ ʩʦ ʚʥʘʪʨʝʰʥʦ ʩʦʛʦʨʫʚʘˁʝ, 

ʢʦʛʝʥʝʨʘʪʠʚʥʠʪʝ ʧʦʩʪʨʦʿʢʠ, ʛʘʩʥʠʪʝ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ [1]. 

ʉʝʢʦʿʘ ʦʜ ʥʠʚ ʠʤʘ ʩʚʦʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʥʘ ʜʥʝʚʥʠʦʪ ʜʠʿʘʛʨʘʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʚʦʟʤʦʞʥʦ ʝ ʜʘ ʩʝ ʪʠʧʠʟʠʨʘʘʪ ʜʥʝʚʥʠʪʝ ʜʠʿʘʛʨʘʤʠ ʟʘ ʦʜʨʝʜʝʥʠ ʪʠʧʦʚʠ ʥʘ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ. ʅʘ 

ʧʨʠʤʝʨ ʌʅɽʎ ʠʤʘʘʪ ʪʠʧʠʯʝʥ ʜʠʿʘʛʨʘʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦ ʚʠʜ ʥʘ ʼʚʦʥ [2], ʧʨʦʪʦʯʥʠʪʝ 

ʄʍɽʎ, ʛʘʩʥʠʪʝ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʠ ʢʦʛʝʥʝʨʘʪʠʚʥʠʪʝ ʧʦʩʪʨʦʿʢʠ ʠʤʘʘʪ ʥʘʿʯʝʩʪʦ ʢʦʥʩʪʘʥʪʥʘ 

ʤʦ˃ʥʦʩʪ ʠ ʤʦʞʥʦʩʪ ʟʘ ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʥʘʧʦʥʦʪ, ɺɽʎ ʠʩʪʦ ʪʘʢʘ ʠʤʘʘʪ ʢʘʨʘʢʪʝʨʠʩʪʠʯʝʥ ʜʠʿʘʛʨʘʤ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʿ ʤʦʞʝ ʜʘ ʩʝ ʪʠʧʠʟʠʨʘ.  

ʎʝʣʪʘ ʥʘ ʦʚʦʿ ʨʝʬʝʨʘʪ ʝ ʜʘ ʩʝ ʦʜʨʝʜʠ ʥʘʿʩʦʦʜʚʝʪʝʥ ʪʠʧ ʥʘ ʜʠʩʧʝʨʟʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʟʘ ʧʨʠʢʣʫʯʦʢ ʥʘ ʦʜʨʝʜʝʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʥʝʛʦʚʠʦʪ ʪʠʧʠʯʝʥ ʜʥʝʚʝʥ 
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ʜʠʿʘʛʨʘʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʥʝʛʦʚʦʪʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʥʘʧʦʥʩʢʠʪʝ ʧʨʠʣʠʢʠ ʠ ʟʘʛʫʙʠʪʝ ʚʦ 

ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ. ʈʝʬʝʨʘʪʦʪ ʝ ʢʦʥʮʝʧʠʨʘʥ ʚʦ 5 ʧʦʛʣʘʚʿʘ. ɺʦ ʚʪʦʨʦʪʦ ʧʦʛʣʘʚʿʝ ʩʝ 

ʦʧʠʰʘʥʠ ʢʦʨʠʩʪʝʥʠʪʝ ʪʠʧʦʚʠ ʥʘ ʜʠʩʧʝʨʟʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦ ʥʠʚʥʠʪʝ ʦʩʥʦʚʥʠ ʦʧʝʨʘʪʠʚʥʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʪʠʧʠʯʥʠʪʝ ʜʠʿʘʛʨʘʤʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺʦ ʪʨʝʪʦʪʦ ʧʦʛʣʘʚʿʝ ʩʝ ʧʨʠʢʘʞʘʥʠ ʠ 

ʢʦʤʝʥʪʠʨʘʥʠ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʥʘ ʢʦʨʠʩʪʝʥʘʪʘ ʪʝʩʪ ʤʨʝʞʘ. ʏʝʪʚʨʦʪʦ ʧʦʛʣʘʚʿʝ ʛʠ ʧʨʝʟʝʥʪʠʨʘ 

ʟʘʢʣʫʯʦʮʠʪʝ ʦʜ ʪʨʫʜʦʪ, ʘ ʥʘ ʢʨʘʿʦʪ ʝ ʜʘʜʝʥʘ ʢʦʨʠʩʪʝʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ. 

2 ʂʆʈʀʉʊɽʅʀ ʊʀʇʆɺʀ ʅɸ ɼʀʉʇɽʈɿʀʈɸʅʆ ʇʈʆʀɿɺʆɼʉʊɺʆ 

ʂʦʥʩʪʨʫʢʮʠʿʘʪʘ ʠ ʪʠʧʠʟʘʮʠʿʘʪʘ ʥʘ ʜʥʝʚʥʠʪʝ ʜʠʿʘʛʨʘʤʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʛʝʥʝʨʘʪʦʨʠʪʝ 

ʥʘ ɼʄ ʥʝ ʝ ʪʦʣʢʫ ʝʜʥʦʩʪʘʚʥʘ ʙʠʜʝʿ˃ʠ ʥʠʚʥʠʦʪ ʜʠʿʘʛʨʘʤ ʟʘʚʠʩʠ ʦʜ ʧʦʚʝ˃ʝ ʬʘʢʪʦʨʠ (ʪʠʧʦʪ ɼʇ, 

ʨʘʩʧʦʣʦʞʣʠʚʦʩʪʘ ʥʘ ʧʦʛʦʥʩʢʦʪʦ ʛʦʨʠʚʦ, ʜʦʛʦʚʦʨʦʪ ʥʘ ɼʇ ʩʦ ɼʄ ʠ ʢʦʥʪʨʦʣʥʠʦʪ ʩʪʘʪʫʩ ʥʘ ɼʇ). 

ʉʝʧʘʢ ʦʜʨʝʜʝʥʠ ʪʠʧʦʚʠ ʥʘ ɼʇ ʠʤʘʘʪ ʩʚʦʿ ʢʘʨʘʢʪʝʨʠʩʪʠʯʝʥ ʜʠʿʘʛʨʘʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ.  

 

                                                       ʘ)                                                                       ʙ) 

 

ʚ)                                                                       ʛ) 

ʉʣʠʢʘ 1. ʊʠʧʠʯʥʠ ʜʠʿʘʛʨʘʤʠ ʥʘ ɼʇ ʦʜ ʪʠʧʦʪ: ʘ) ʌʅɽʎ; ʙ) ɺɽʎ; ʚ) ʧʨʦʪʦʯʥʘ ʄʍɽʎ ʠ ʤʘʣʘ 

ʢʦʛʝʥʝʨʘʪʠʚʥʘ ʛʘʩʥʘ ʮʝʥʪʨʘʣʘ; ʛ) ʄʍɽʎ ʢʦʿʘ ʥʝ ʝ ʧʨʦʪʦʯʥʘ 

ʅʘ ʧʨʠʤʝʨ ʌʅɽʎ ʩʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʧʦ ʥʠʚʥʘʪʘ ʪʠʧʠʯʥʘ ʜʥʝʚʥʘ ʢʨʠʚʘ ʥʘ ʯʘʩʦʚʥʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʦʿʘ ʠʤʘ ʦʙʣʠʢ ʥʘ ʼʚʦʥʦ. ɺʦ ʦʚʦʿ ʨʝʬʝʨʘʪ ʟʘ ɼʇ ʦʜ ʪʠʧʦʪ ʥʘ ʌʅɽʎ ʝ ʢʦʨʠʩʪʝʥ 

ʪʠʧʠʯʥʠʦʪ ʜʠʿʘʛʨʘʤ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘʪʘ 1 ʘ). ɺɽʎ ʩʝ ʜʘʣʝʢʫ ʧʦʥʝʧʨʝʜʚʠʜʣʠʚʠ ʠ ʧʦʪʝʰʢʠ ʟʘ 

ʧʨʦʛʥʦʟʘ ʚʦ ʦʜʥʦʩ ʥʘ ʪʠʧʠʟʘʮʠʿʘ ʥʘ ʜʥʝʚʥʠʦʪ ʜʠʿʘʛʨʘʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ [2]. ʉʝʧʘʢ ʠ ʢʘʿ ʥʠʚ 

ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʦʜʨʝʜʝʥ ʢʘʨʘʢʪʝʨʠʩʪʠʯʝʥ ʜʠʿʘʛʨʘʤ, ʢʦʿ ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘʪʘ 1 ʙ).  

ʂʦʛʝʥʝʨʘʪʠʚʥʠʪʝ ʧʦʩʪʨʦʿʢʠ, ʤʘʣʠʪʝ ʛʘʩʥʠ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ, ʧʨʦʪʦʯʥʠʪʝ ʄʍɽʎ ʠ ʥʝʢʦʠ 

ʜʨʫʛʠ ʪʠʧʦʚʠ ʥʘ ɼʇ ʚʦʦʙʠʯʘʝʥʦ ʨʘʙʦʪʘʪ ʩʦ ʢʦʥʩʪʘʥʪʝʥ ʠʣʠ ʩʦ ʤʥʦʛʫ ʤʘʣʘ ʧʨʦʤʝʥʘ ʥʘ ʜʥʝʚʝʥ 

ʜʠʿʘʛʨʘʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʉʠʪʝ ʪʠʝ ʥʘʿʯʝʩʪʦ ʢʦʨʠʩʪʘʪ ʩʠʥʭʨʦʥʠ ʛʝʥʝʨʘʪʦʨʠ ʢʦʠ ʠʤʘʘʪ ʤʦʞʥʦʩʪ 

ʟʘ ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʥʘʧʦʥʦʪ ʠ ʤʦʞʘʪ ʜʘ ʨʘʙʦʪʘʪ ʢʘʢʦ PQ ʠ PU ʛʝʥʝʨʘʪʦʨʠ. ʅʠʚʥʠʦʪ ʪʠʧʠʯʝʥ 

ʜʠʿʘʛʨʘʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘʪʘ 1 ʚ). ʀʩʪʦ ʪʘʢʘ ʧʦʩʪʦʿʘʪ ʄʍɽʎ ʢʦʠ ʥʝ ʩʝ 



 

ʧʨʦʪʦʯʥʠ, ʢʘʢʦ ʠ ʥʝʢʦʠ ʜʨʫʛʠ ʪʠʧʦʚʠ ʥʘ ɼʇ ʢʦʠ ʨʘʙʦʪʘʪ ʩʦ ʧʨʦʤʝʥʣʠʚ ʜʠʿʘʛʨʘʤ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʦʿ ʤʦʞʝ ʜʘ ʩʝ ʪʠʧʠʟʠʨʘ ʩʦ ʜʠʿʘʛʨʘʤʦʪ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘʪʘ 1 ʛ). 

ɺʦ ʨʘʤʢʠʪʝ ʥʘ ʦʚʦʿ ʨʝʬʝʨʘʪ ʩʝ ʢʦʨʠʩʪʝʥʠ ʩʧʦʤʝʥʘʪʠʪʝ ʪʠʧʠʯʥʠ ʜʠʿʘʛʨʘʤʠ ʟʘ ʦʜʨʝʜʝʥʠ 

ʪʠʧʦʚʠ ʥʘ ɼʇ. ʅʦʤʠʥʘʣʥʘʪʘ ʤʦ˃ʥʦʩʪ ʝ ʧʨʝʪʧʦʩʪʘʚʝʥʘ ʟʘ ʩʠʪʝ 1 MVA, ʘ ʨʝʞʠʤʦʪ ʥʘ ʨʘʙʦʪʘ ʝ 

ʤʝʥʫʚʘʥ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʪʠʧʦʪ ʥʘ ɼʇ: ʌʅɽʎ ʩʝ ʤʦʜʝʣʠʨʘʥʠ ʢʘʢʦ PQ ʛʝʥʝʨʘʪʦʨʠ ʩʦ ʬʘʢʪʦʨ ʥʘ 

ʤʦ˃ʥʦʩʪ 1, ɺɽʎ ʩʝ ʤʦʜʝʣʠʨʘʥʠ ʢʘʢʦ PQ ʛʝʥʝʨʘʪʦʨʠ ʩʦ ʬʘʢʪʦʨ ʥʘ ʤʦ˃ʥʦʩʪ 0,9 ʠʥʜʫʢʪʠʚʝʥ 

ʛʣʝʜʘʥʦ ʦʜ ʤʨʝʞʘʪʘ, ɼʇ ʢʦʝ ʨʘʙʦʪʠ ʩʦ ʢʦʥʩʪʘʥʪʥʘ ʤʦ˃ʥʦʩʪ ʝ ʤʦʜʝʣʠʨʘʥʦ ʢʘʢʦ PQ ʛʝʥʝʨʘʪʦʨ ʩʦ 

ʬʘʢʪʦʨ ʥʘ ʤʦ˃ʥʦʩʪ 0,95 ʢʘʧʘʮʠʪʠʚʝʥ ʛʣʝʜʘʥʦ ʦʜ ʤʨʝʞʘʪʘ, ʄʍɽʎ ʩʦ ʧʨʦʤʝʥʣʠʚ ʜʠʿʘʛʨʘʤ ʩʝ 

ʤʦʜʝʣʠʨʘʥʠ ʠ ʢʘʢʦ PQ ʠ PU ʛʝʥʝʨʘʪʦʨʠ. 

3 ɸʅɸʃʀɿɸ ʅɸ ʉʃʋʏɸɱ 

ɸʥʘʣʠʟʠʨʘʥʘʪʘ ʤʨʝʞʘ ʢʦʿʘ ʝ ʢʦʨʠʩʪʝʥʘ ʚʦ ʨʝʬʝʨʘʪʦʪ ʝ ʧʨʝʟʝʤʝʥʘ ʦʜ [3] ʠ ʝ ʧʨʠʢʘʞʘʥʘ 

ʥʘ ʩʣʠʢʘʪʘ 2. ʅʘʧʦʥʦʪ ʥʘ ʿʘʟʦʣʦʪ 0 ʩʝ ʦʜʨʞʫʚʘ ʢʦʥʩʪʘʥʪʝʥ ʠ ʝʜʥʘʢʦʚ ʥʘ 10 kV. ʇʦʪʨʦʰʫʚʘʯʠʪʝ 

ʩʝ ʤʦʜʝʣʠʨʘʥʠ ʩʦ ʪʠʧʠʯʥʠ ʜʠʿʘʛʨʘʤʠ ʧʨʝʟʝʤʝʥʠ ʦʜ [4] ʠ ʪʦʘ: ʿʘʟʦʣ B ï ʜʦʤʘ˃ʠʥʩʪʚʘ (ɼ), ʿʘʟʦʣ ɸ 

ï ʢʦʤʝʨʮʠʿʘʣʥʠ (ʂ), ʿʘʟʦʣ V ï (ɼ), ʿʘʟʦʣ G ï ʣʝʩʥʘ ʠʥʜʫʩʪʨʠʿʘ (ʀ), ʿʘʟʦʣ D ï (ʀ). ʊʠʧʠʯʥʠʪʝ 

ʜʠʿʘʛʨʘʤʠ ʥʘ ʧʦʪʨʦʰʫʚʘʯʠʪʝ ʩʝ ʜʘʜʝʥʠ ʥʘ ʩʣʠʢʘʪʘ 3. ʎʝʣʦʢʫʧʥʘʪʘ ʘʥʘʣʠʟʘ ʝ ʠʟʨʘʙʦʪʝʥʘ ʩʦ 

ʩʦʬʪʚʨʝʩʢʠʦʪ ʧʘʢʝʪ NEPLAN 5.2.2 ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʤʦʜʫʣʦʪ ʟʘ ʧʨʝʩʤʝʪʢʘ ʥʘ ʪʝʢʦʚʠ ʥʘ 

ʤʦ˃ʥʦʩʪʠ ʩʦ ʧʦʪʨʦʰʫʚʘʯʢʠ ʧʨʦʬʠʣʠ ʟʘ 24 ʯʘʩʘ load flow with load profiles [5]. ʇʣʘʥʠʨʘʥʦ ʝ ɼʇ 

ʜʘ ʩʝ ʧʦʚʨʟʝ ʚʦ ʿʘʟʦʣʦʪ ɸ ʠ ʮʝʣʪʘ ʝ ʜʘ ʩʝ ʦʜʨʝʜʝʜʠ ʢʦʿ ʪʠʧ ʥʘ ɼʇ ʩʦ ʪʠʧʠʯʥʠ ʜʠʿʘʛʨʘʤʠ 

ʧʨʠʢʘʞʘʥʠ ʥʘ ʩʣʠʢʘʪʘ 1 ʝ ʥʘʿʩʦʦʜʚʝʪʥʦ ʜʘ ʩʝ ʧʨʠʢʣʫʯʠ ʚʦ ʿʘʟʦʣʦʪ ɸ ʥʘ ʦʚʘʘ ʤʨʝʞʘ, ʦʜ ʘʩʧʝʢʪ ʥʘ 

ʤʠʥʠʤʫʤ ʟʘʛʫʙʠ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʥʘʧʦʥʠ ʥʘ ʿʘʟʣʠʪʝ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʜʦʟʚʦʣʝʥʠʪʝ ʛʨʘʥʠʮʠ (9,5 ï 

10,5) kV. 

ɺʦ ʪʘʙʝʣʘʪʘ 1 ʩʝ ʜʘʜʝʥʠ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʟʘ ʟʘʛʫʙʠʪʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ (kWh) 

ʟʘ 24 h ʟʘ ʨʝʞʠʤ ʙʝʟ ɼʇ ʠ ʩʦ ɼʇ ʚʦ ʿʘʟʦʣʦʪ ɸ ʩʦ ʨʘʟʣʠʯʝʥ ʪʠʧʠʯʝʥ ʜʠʿʘʛʨʘʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʩʦʛʣʘʩʥʦ ʩʣʠʢʘʪʘ 1. ʄʠʥʠʤʘʣʥʠ ʟʘʛʫʙʠ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ 174,2 kWh ʩʝ ʜʦʙʠʚʘʘʪ ʢʦʛʘ ʚʦ 

ʿʘʟʦʣʦʪ ɸ ʝ ʧʦʚʨʟʘʥʘ ʄʍɽʎ ʩʦ ʧʨʦʤʝʥʣʠʚ ʜʠʿʘʛʨʘʤ (ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘʪʘ 1 ʛ)), ʢʦʿʘ ʨʘʙʦʪʠ 

ʢʘʢʦ PQ ʛʝʥʝʨʘʪʦʨ. ʀʩʪʦ ʪaʢʘ ʤʘʣʠ ʟʘʛʫʙʠ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ 200 kWh ʩʦ ʜʦʙʠʚʘʘʪ ʚʦ 

ʩʣʫʯʘʿʦʪ ʢʦʛʘ ʚʦ ʿʘʟʦʣʦʪ ɸ ʝ ʧʦʚʨʟʘʥʦ ɼʇ ʦʜ ʪʠʧʦʪ ʌʅɽʎ ʩʦ ʜʠʿʘʛʨʘʤ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘʪʘ 1 

ʘ). 

ʅʘ ʩʣʠʢʘʪʘ 4 ʩʝ ʜʘʜʝʥʠ ʥʘʧʦʥʩʢʠʪʝ ʧʨʦʬʠʣʠ ʟʘ ʨʘʟʣʠʯʥʠʪʝ ʨʘʟʛʣʝʜʫʚʘʥʠ ʨʝʞʠʤʠ ʙʝʟ 

ɼʇ ʠ ʩʦ ɼʇ ʚʦ ʿʘʟʦʣʦʪ ɸ ʩʦ ʨʘʟʣʠʯʝʥ ʪʠʧʠʯʝʥ ʜʠʿʘʛʨʘʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʅʘʧʦʥʠʪʝ ʟʘ ʩʠʪʝ 

ʨʘʟʛʣʝʜʫʚʘʥʠ ʩʣʫʯʘʠ ʩʝ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʜʦʟʚʦʣʝʥʠʪʝ ʛʨʘʥʠʮʠ, ʦʩʚʝʥ ʟʘ ʩʣʫʯʘʿʦʪ ʛ) ʧʨʦʪʦʯʥʘ ʤʘʣʘ 

ʍɽʎ ʩʦ ʢʦʥʩʪʘʥʪʝʥ ʜʠʿʘʛʨʘʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʦʛʘ ʚʦ ʯʘʩʦʚʠʪʝ ʥʘ ʥʠʩʢʠ ʦʧʪʦʚʘʨʫʚʘˁʘ 01 ï 06 

ʯʘʩʦʪ,  ʥʘʧʦʥʠʪʝ ʚʦ ʿʘʟʣʠʪʝ D, A ʠ G ʩʝ ʥʘʜ ʛʦʨʥʘʪʘ ʛʨʘʥʠʮʘ. ɻʣʝʜʘʥʦ ʦʜ ʘʩʧʝʢʪ ʥʘ ʦʜʨʞʫʚʘˁʝ 

ʥʘ ʥʘʧʦʥʦʪ ʚʦ ʰʪʦ ʧʦʪʝʩʥʠ ʛʨʘʥʠʮʠ, ʩʝ ʛʣʝʜʘ ʜʝʢʘ ʥʘʿʪʝʩʝʥ ʠʥʪʝʨʚʘʣ ʥʘ ʧʨʦʤʝʥʘʪʘ ʥʘ ʥʘʧʦʥʦʪ 

ʚʦ ʿʘʟʦʣ ɸ ʠʤʘ ʌʅɽʎ, ʘ ʧʦʪʦʘ ʄʍɽʎ ʩʦ ʧʨʦʤʝʥʣʠʚʘ ʤʦ˃ʥʦʩʪ (PQ).  
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ʉʣʠʢʘ 2. ɸʥʘʣʠʟʠʨʘʥʘʪʘ ɼʄ 



 

  

 

ʉʣʠʢʘ 3. ʂʦʨʠʩʪʝʥʠ ʪʠʧʠʯʥʠ ʜʥʝʚʥʠ ʜʠʿʘʛʨʘʤʠ ʟʘ ʧʦʪʨʦʰʫʚʘʯʠʪʝ 

     

ʊʘʙʝʣʘ 1. ɿʘʛʫʙʠ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ (kWh) ʟʘ ʨʝʞʠʤ ʙʝʟ ɼʇ ʠ ʩʦ ɼʇ ʩʦ ʨʘʟʣʠʯʝʥ ʪʠʧ ʥʘ ʜʠʿʘʛʨʘʤ ʥʘ 

ʜʥʝʚʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 

 

ʊʠʧ ʥʘ ɼʇ ɿʘʛʫʙʠ 

ʥʘ 

ʝʥʝʨʛʠʿʘ 

(kWh)  

 ɹʝʟ ɼʇ 348,22 

 ʌʅɽʎ 200,03 

 ɺɽʎ 782,18 

 ʇʨʦʪʦʯʥʘ ʄʍɽʎ (PQ) 722,12 

 ʄʍEʎ ʩʦ ʧʨʦʤʝʥʣʠʚ ʜʠʿʘʛʨʘʤ (PQ) 174,18 

 ʄɽʍʎ ʩʦ ʧʨʦʤʝʥʣʠʚ ʜʠʿʘʛʨʘʤ (PV) 284,62 
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                                    ʘ) ʙʝʟ ɼʇ      ʙ) ʌʅɽʎ 

 

                             ʚ) ɺɽʎ                                     ʛ) ʧʨʦʪʦʯʥʘ ʄʍɽʎ  

 

              ʜ) ʄʍɽʎ ʩʦ ʧʨʦʤʝʥʣʠʚʘ ʤʦ˃ʥʦʩʪ (PQ)  ʺ) ʄʍɽʎ ʩʦ ʧʨʦʤʝʥʣʠʚʘ ʤʦ˃ʥʦʩʪ (PU) 

ʉʣʠʢʘ 4. ʅʘʧʦʥʩʢʠ ʧʨʦʬʠʣʠ ʟʘ ʨʘʟʣʠʯʥʠʪʝ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ ʙʝʟ ɼʇ ʠ ʩʦ ɼʇ ʧʨʠʢʣʫʯʝʥʦ ʚʦ ʿʘʟʦʣʦʪ ɸ 

4 ɿɸʂʃʋʏʆʂ 

ʉʦʛʣʘʩʥʦ ʠʟʚʨʰʝʥʘʪʘ ʘʥʘʣʠʟʘ ʦʜ ʘʩʧʝʢʪ ʥʘ ʤʠʥʠʤʘʣʥʠ ʟʘʛʫʙʠ ʠ ʥʘʧʦʥʩʢʠ ʧʨʠʣʠʢʠ ʟʘ 

ʨʘʟʛʣʝʜʫʚʘʥʘʪʘ ʤʨʝʞʘ ʚʦ ʿʘʟʦʣʦʪ ɸ ʝ ʥʘʿʩʦʦʜʚʝʪʥʦ ʜʘ ʩʝ ʧʨʠʢʣʫʯʠ ʄʍɽʎ ʩʦ ʧʨʦʤʝʥʣʠʚ 

ʜʠʿʘʛʨʘʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ (ʩʣʠʢʘ 1 ʛ)) ʢʦʿʘ ˃ʝ ʨʘʙʦʪʠ ʢʘʢʦ PQ ʛʝʥʝʨʘʪʦʨ ʠʣʠ ʌʅɽʎ ʩʦ ʪʠʧʠʯʝʥ 

ʜʠʿʘʛʨʘʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʩʣʠʢʘ 1 ʘ).  

ʊʠʧʠʟʘʮʠʿʘʪʘ ʥʘ ʜʠʿʘʛʨʘʤʠʪʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ɼʇ ʤʦʞʝ ʜʘ 

ʦʚʦʟʤʦʞʠ ʦʧʪʠʤʘʣʥʦ ʧʣʘʥʠʨʘˁʝ ʥʘ ʪʠʧʦʪ ʥʘ ɼʇ ʠ ʣʦʢʘʮʠʿʘʪʘ ʥʘ ʥʝʛʦʚ ʧʨʠʢʣʫʯʦʢ ʥʘ ʦʜʨʝʜʝʥ 

ʪʠʧ ʥʘ ɼʄ. ʇʨʦʰʠʨʫʚʘˁʝʪʦ ʥʘ ʚʘʢʚʠʦʪ ʪʠʧ ʥʘ ʘʥʘʣʠʟʘ ʟʘ ʚʨʝʤʝʥʩʢʠ ʭʦʨʠʟʦʥʪ ʦʜ ʧʦʚʝ˃ʝ 

ʛʦʜʠʥʠ ʚʦ ʠʜʥʠʥʘʪʘ, ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʩʝʟʦʥʠ ʚʦ ʛʦʜʠʥʘʪʘ ʠ ʪʠʧʠʯʥʠ ʜʠʿʘʛʨʘʤʠ ʥʘ 



 

ʧʦʪʨʦʰʫʚʘʯʠʪʝ ʤʦʞʝ ʜʘ ʦʚʦʟʤʦʞʠ ʤʥʦʛʫ ʝʬʠʢʘʩʥʦ ʧʣʘʥʠʨʘˁʝ ʥʘ ʪʠʧʦʚʠʪʝ ʥʘ ɼʇ ʢʦʠ ˃ʝ ʩʝ 

ʧʦʚʨʟʘʪ ʥʘ ɼʄ ʠ ʦʧʪʠʤʘʣʥʦ ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʣʦʢʘʮʠʠʪʝ (ʿʘʟʣʠʪʝ) ʥʘ ʥʠʚʥʦ ʧʦʚʨʟʫʚʘˁʝ.   

5 ɹʃɸɻʆɼɸʈʅʆʉʊ 

ʇʦʩʝʙʥʘ ʙʣʘʛʦʜʘʨʥʦʩʪ ʩʘʢʘʤʝ ʜʘ ʠʟʨʘʟʠʤʝ ʢʦʥ ʚʦʥʨ. ʧʨʦʬ. ʜ-ʨ ʄʝʪʦʜʠʿʘ ɸʪʘʥʘʩʦʚʩʢʠ 

ʢʦʿ ʝ ʤʝʥʪʦʨ ʥʘ ʦʚʦʿ ʪʨʫʜ ʠ ʥʝʩʝʙʠʯʥʦ ʥʠ ʧʦʤʦʛʥʘ ʚʦ ʥʝʛʦʚʘʪʘ ʠʟʨʘʙʦʪʢʘ. 
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[1] Nick Jenkins, Ron Allan, Peter Crossley, Daniel Kirschen and Goran Strbac: ñEMBEDDED 

GENERATION,
ôô
 , Published by The Institution of Electrical Engineers, London, United 

Kingdom, 2000. 

[2] ɼʘʚʦʨ ɹʘʿʩ, ʄʝʪʦʜʠʿʘ ɸʪʘʥʘʩʦʚʩʢʠ: ñʉʪʫʜʠʿʘ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʚʢʫʧʥʠʪʝ ʪʨʦʰʦʮʠ ʟʘ ʠʥʪʝʛʨʠʨʘˁʝ 

ʥʘ ʆʀɽ ʚʦ ɽɽʉ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘñ, ɽʥʝʨʛʝʪʩʢʠ ʠʥʩʪʠʪʫʪ ʍʨʚʦʿʝ ʇʦʞʘʨ, ɿʘʛʨʝʙ/ʉʢʦʧʿʝ, 

ʘʧʨʠʣ 2017. 

[3] ɼʨʘʛʦʩʣʘʚ ɸ. ʈʘʿʠʯʠ˃: ,,ɺʦʚʝʜ ʚʦ ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤʠò, ʫʯʝʙʥʠʢ 

ɽʊʌīʉʢʦʧʿʝ, 1995. 

[4] A. L. Shenkman, "Energy Loss Computation by Using Statistical Techniques," IEEE Trans. on Power 

Delivery, vol. 5, no.1, pp. 254ī258, January 1990. 

[5] BCP NEPLAN www.neplan.ch 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.neplan.ch/


 

ɺʣʘʜʦ ɻʝʦʨʛʠʝʚʩʢʠ
1
 

1 
ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʉʢʦʧʿʝ 

1
vlatce.georgievski@gmail.com 

ʄɽʅɸɷʄɽʅʊ ʅɸ ʈʀɿʀʂ ɺʆ ʇʈʆɽʂʊʀ ʆɼ ʆɹʃɸʉʊɸ ʅɸ ʆɹʅʆɺʃʀɺʀ 

ʀɿɺʆʈʀ 

ʂʋʉɸ ʉʆɼʈɾʀʅɸ 

ʆʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʠʛʨʘʘʪ ʚʘʞʥʘ ʫʣʦʛʘ ʚʦ ʪʨʘʥʟʠʮʠʿʘʪʘ ʢʦʥ ʤʘʣʘ ʫʧʦʪʨʝʙʘ 

ʥʘ ʬʦʩʠʣʥʠ ʛʦʨʠʚʘ ʠ ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʘ ʩʠʛʫʨʥʦ ʩʥʘʙʜʫʚʘˁʝ ʩʦ ʝʥʝʨʛʠʿʘ.  ʂʣʫʯʝʥ ʧʨʝʜʠʟʚʠʢ ʚʦ 

ʦʩʪʚʘʨʫʚʘˁʝʪʦ ʧʨʦʬʠʪ ʝ ʩʧʦʩʦʙʥʦʩʪʘ ʜʘ ʩʝ ʜʘ ʩʝ ʤʝʥʘ˅ʠʨʘʘʪ ʨʘʟʣʠʯʥʠʪʝ ʝʣʝʤʝʥʪʠ ʥʘ ʨʠʟʠʢ ( 

ʪ.ʝ. ʦʨʛʘʥʠʟʘʮʠʩʢʠ, ʪʝʭʥʠʯʢʠ, ʧʦʣʠʪʠʯʢʠ, ʢʦʤʝʨʮʠʿʘʣʥʠ ) ʧʦʚʨʟʘʥʠ ʩʦ ʧʨʦʝʢʪʠʨʘˁʝʪʦ ʥʘ 

ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ. ɺʦ ʦʚʦʿ ʪʨʫʜ ˃ʝ ʙʠʜʘʪ ʜʘʜʝʥʠ ʥʘʩʦʢʠ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ, 

ʧʨʦʮʝʥʢʘ ʠ ʤʝʥʘ˅ʤʝʥʪ ʥʘ ʨʘʟʣʠʯʥʠ ʝʣʝʤʝʥʪʠ ʥʘ ʨʠʟʠʢ ʧʨʠ ʧʨʦʝʢʪʠʨʘˁʝ ʥʘ ʩʠʩʪʝʤʠ ʥʘ 

ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ, ʩʦ ʮʝʣ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʚʨʝʜʥʦʩʪʘ ʥʘ ʧʨʦʝʢʪʦʪ. ɸʥʘʣʠʟʘ ʥʘ 

ʩʧʝʮʠʬʠʯʥʠʪʝ ʮʝʣʠ ʚʦ ʦʚʦʿ ʪʨʫʜ ʚʢʣʫʯʫʚʘʘʪ: ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʠ ʧʨʠʩʪʘʧ ʢʦʥ ʛʦʣʝʤʠ ʧʨʦʙʣʝʤʠ 

ʧʨʠ ʧʨʦʝʢʪʠʨʘˁʝ ʥʘ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ; ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʤʝʪʦʜʠʪʝ ʠ ʧʦʪʝʥʮʠʿʘʣʠʪʝ 

ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ ʥʘ ʨʘʟʣʠʯʥʠ ʝʣʝʤʝʥʪʠ ʥʘ ʨʠʟʠʢ; ʧʨʠʩʪʘʧ ʢʦʥ ʚʝ˃ʝ ʧʦʩʪʦʝʯʢʠ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʨʠʟʠʢ; ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʠ ʧʨʠʩʪʘʧ ʥʘ ʠʥʦʚʘʪʠʚʥʠ ʤʝʨʢʠ ʟʘ ʧʦʜʜʨʰʢʘ ʢʦʠ ʤʦʞʘʪ 

ʜʘ ʛʠ ʥʘʤʘʣʘʪ ʬʠʥʘʥʩʠʩʢʠʪʝ ʪʨʦʰʦʮʠ ʧʨʝʢʫ ʤʝʥʫʚʘˁʝ ʥʘ ʧʨʦʬʠʣʦʪ ʥʘ ʨʠʟʠʢ ʟʘ ʢʦʥʢʨʝʪʝʥ 

ʧʨʦʝʢʪ, ʧʦʪʦʯʥʦ ʩʧʦʨʝʜʙʘ ʥʘ ʨʠʟʠʮʠ ʚʦ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʠ ɽʚʨʦʧʘ ʢʘʿ ʆʀɽ.  

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʨʠʟʠʢ, ʤʝʥʘ˅ʤʝʥʪ, ʤʝʪʦʜʦʣʦʛʠʿʘ 

12 ɺʆɺɽɼ 

ʀʘʢʦ ʚʦ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʠʤʘ ʟʥʘʯʠʪʝʣʝʥ ʧʦʨʘʩʪ ʚʦ ʠʟʛʨʘʜʙʘʪʘ ʥʘ ʩʠʩʪʝʤʠ ʥʘ ʦʙʥʦʚʣʠʚʠ 

ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ (ʆʀɽ), ʪʦʘ ʥʝ ʤʦʨʘ ʜʘ ʟʥʘʯʠ ʠʩʧʦʣʥʫʚʘˁʝ ʥʘ ʥʠʚʥʠʦʪ ʮʝʣʦʩʝʥ ʧʦʪʝʥʮʠʿʘʣ. 

ʈʘʟʣʠʯʥʠ ʧʝʨʮʝʧʮʠʠ ʥʘ ʨʠʟʠʢ ʦʜ ʩʪʨʘʥʘ ʥʘ ʠʥʚʝʩʪʠʪʦʨʠ, ʨʘʟʚʠʚʘʯʠ ʠ ʦʩʪʘʥʘʪʠ ʟʘʩʝʛʥʘʪʠ 

ʩʪʨʘʥʠ, ʛʦ ʦʛʨʘʥʠʯʫʚʘʘʪ ʧʦʪʝʥʮʠʿʘʣʦʪ ʢʘʿ ʆʀɽ. ʇʦʩʪʦʿʘʪ ʧʦʚʝ˃ʝ ʧʨʝʜʠʟʚʠʮʠ ʩʧʝʮʠʬʠʯʥʠ ʟʘ 

ʆʀɽ ʢʦʠ ʪʨʝʙʘ ʜʘ ʙʠʜʘʪ ʨʘʟʛʣʝʜʘʥʠ ʟʘ ʜʘ ʩʝ ʨʘʟʙʝʨʘʪ ʙʘʨʠʝʨʠʪʝ ʧʦʟʘʜʠ ʦʙʝʟʙʝʜʫʚʘˁʝʪʦ 

ʬʠʥʘʥʩʠʩʢʠ ʟʘʢʣʫʯʦʢ ʥʘ ʜʘʜʝʥ ʧʨʦʝʢʪ, ʧʨʠʢʘʞʘʥʠ ʚʦ ʊʘʙʝʣʘ 1. 

13 ʇʈɽʇʆʈɸʏɸʅɸ ʄɽʊʆɼʆʃʆɻʀɱɸ ɿɸ ʄɽʅɸɷʄɽʅʊ ʅɸ ʈʀɿʀʎʀ ɺʆ 

ʇʈʆɽʂʊʀʊɽ ʂɸɱ ʆʀɽ 

ʇʨʠʩʪʘʧʠʪʝ ʢʦʥ ʤʝʥʘ˅ʠʨʘˁʝ ʥʘ ʨʠʟʠʮʠ ʢʘʿ ʧʨʦʝʢʪʠʪʝ ʢʘʿ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʝʣʝʢʪʨʘʥʠ, 

ʩʦ ʩʦʦʜʚʝʪʥʦ ʧʨʠʣʘʛʦʜʫʚʘˁʝ ʩʝ ʧʨʠʤʝʥʫʚʘʘʪ ʢʘʿ ʧʨʦʝʢʪʠʪʝ/ʪʝʭʥʦʣʦʛʠʠʪʝ ʢʘʿ ʆʀɽ, ʩʦ ʮʝʣ ʜʘ ʩʝ 

ʧʨʝʟʝʥʪʠʨʘ ʧʨʝʜʣʦʛ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʤʝʥʘ˅ʠʨʘˁʝ ʥʘ ʨʠʟʠʮʠ ʢʘʿ ʦʚʦʿ ʪʠʧ ʧʨʦʝʢʪʠ. ʂʘʢʦ ʩʪʫʜʠʿʘ 

ʥʘ ʩʣʫʯʘʿ ʩʝ ʟʝʤʘ ʧʨʦʝʢʪ ʥʘ ʚʝ˃ʝ ʧʦʩʪʦʝʯʢʘ ʬʦʪʦʚʦʣʪʘʠʯʥʘ ʮʝʥʪʨʘʣʘ ʚʦ ʐʧʘʥʠʿʘ ʩʦ ʮʝʣ ʜʘ ʩʝ 

ʠʣʫʩʪʨʠʨʘ ʧʨʠʩʪʘʧʦʪ ʠ ʜʘ ʩʝ ʝʚʘʣʫʠʨʘʘʪ ʙʝʥʝʬʠʮʠʠʪʝ ʦʜ ʤʝʥʘ˅ʤʝʥʪʦʪ. 

ʊʨʝʙʘ ʜʘ ʩʝ ʥʘʧʦʤʝʥʝ ʜʝʢʘ ʧʨʠʩʪʘʧʦʪ ʝ ʩʝʢʦʛʘʰ ʨʝʧʨʦʜʫʢʪʠʚʝʥ, ʩʧʨʦʪʠʚʥʦ ʥʘ 

ʨʝʟʫʣʪʘʪʠʪʝ ʢʦʠ ʥʝ ʩʝ. ɺʩʫʰʥʦʩʪ, ʥʝʩʠʛʫʨʥʦʩʪʠʪʝ ʩʝ ʩʧʝʮʠʬʠʯʥʠ ʟʘ ʧʦʝʜʠʥʝʯʥʘ ʠʥʚʝʩʪʠʮʠʿʘ ʩʦ 

ʫʥʠʢʘʪʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʟʘʪʦʘ ʤʦʞʝ ʠʩʪʠʦʪ ʧʨʠʩʪʘʧ ʜʘ ʜʘʜʝ ʮʝʣʦʩʥʦ ʧʦʠʥʘʢʚʠ ʨʝʟʫʣʪʘʪʠ ʦʜ 

ʝʜʝʥ ʢʘʿ ʜʨʫʛ ʧʨʦʝʢʪ, ʜʫʨʠ ʠ ʘʢʦ ʩʝ ʧʣʘʥʠʨʘ ʚʦ ʠʩʪʘʪʘ ʜʨʞʘʚʘ ʠʣʠ ʥʘ ʠʩʪʦʪʦ ʪʝʭʥʦʣʦʰʢʦ ʧʦʣʝ. 

ʊʘʢʘ, ʧʨʦʮʝʩʦʪ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʧʦʚʪʦʨʝʥ ʟʘ ʩʝʢʦʿʘ ʠʥʚʝʩʪʠʮʠʿʘ ʧʦʩʝʙʥʦ, ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʥʝ ʪʨʝʙʘ 

ʜʘ ʙʠʜʘʪ ʛʝʥʝʨʘʣʠʟʠʨʘʥʠ.  

ʊʘʙʝʣʘ 1 ɹʘʨʠʝʨʠ ʧʨʠ ʧʨʦʝʢʪʠʨʘˁʝ ʥʘ ʆʀɽ [1] 

ʀʥʭʝʨʝʥʪʥʠ ʙʘʨʠʝʨʠ 

ʢʘʿ ʆʀɽ: 

ʊʨʦʰʦʮʠ: ʢʘʧʠʪʘʣʥʠ 

ʪʨʦʰʦʮʠ ʢʘʿ ʠʥʪʝʥʟʠʚʥʠ 

ʀʥʭʝʨʝʥʪʥʠ 

ʧʨʝʜʠʟʚʠʮʠ ʢʘʿ 

ʩʧʦʥʟʦʨʠ ʥʘ ʧʨʦʝʢʪʠʪʝ 

ʦʜ ʦʙʣʘʩʪʘ ʥʘ ʆʀɽ: 

ʅʘʜʚʦʨʝʰʥʠ 

ʧʨʝʜʠʟʚʠʮʠ ʚʦ 

ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʝʢʪʦʨ: 

ʇʦʣʠʪʠʯʢʠ: 

ɹʘʨʠʝʨʠ ʚʦ 

ʬʠʥʘʥʩʠʩʢʠ ʩʝʢʪʦʨ 

(ʦʩʦʙʝʥʦ ʚʦ ʧʦʩʣʘʙʦ 

ʨʘʟʚʠʝʥʠ ʜʨʞʘʚʠ): 

mailto:mail1@example.com


 

ʩʪʨʫʢʪʫʨʠ; 

ɸʥʘʣʠʟʠ:  ʥʝʜʦʚʦʣʥʦ 

ʧʦʜʘʪʦʮʠ ʟʘ ʨʘʟʫʤʥʠ 

ʧʨʦʝʢʪʥʠ ʘʥʘʣʠʟʠ; 

ʈʠʟʠʢ: ɺʠʩʦʢ ʠʣʠ ʥʝ 

ʿʘʩʝʥ ʨʠʟʠʢ, 

ʚʢʣʫʯʫʚʘʿ˃ʠ 

ʧʦʪʝʰʢʦʪʠʠ ʚʦ 

ʛʘʨʘʥʪʠʨʘˁʝ 

ʛʦʪʦʚʠʥʩʢʠ ʪʝʢ ʠ 

ʠʟʚʨʰʥʠ ʟʘʣʦʟʠ. 

ʉʣʘʙʠ ʨʘʟʚʠʚʘʯʠ ʥʘ 

ʧʨʦʝʢʪʠ ʠ ʥʝʜʦʩʪʠʛ ʥʘ 

ʠʩʢʫʩʪʚʦ ʧʨʠ 

ʧʨʦʝʢʪʠʨʘˁʝ; 

ʃʠʤʠʪʠʨʘʥʠ 

ʬʠʥʘʥʩʠʩʢʠ/ 

ʤʝʥʘ˅ʝʨʩʢʠ ʢʘʧʘʮʠʪʝʪʠ; 

ʃʠʤʠʪʠʨʘʥʠ ʢʨʝʜʠʪʠ, 

ʦʩʦʙʝʥʦ ʧʦʨʘʜʠ 

ʥʝʜʦʩʪʠʛ ʥʘ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʠ 

ʩʦʧʩʪʚʝʥʠ ʩʨʝʜʩʪʚʘ; 

ʆʙʝʟʙʝʜʫʚʘˁʝ ʜʦʟʚʦʣʠ 

ʟʘ ʨʘʙʦʪʘ, ʜʦʣʛʦʨʦʯʥʠ 

ʜʦʛʦʚʦʨʠ ʟʘ ʢʫʧʫʚʘˁʝ 

ʥʘ ʝʥʝʨʛʠʿʘ, ʧʨʦʮʝʥʢʘ 

ʥʘ ʚʣʠʿʘʥʠʝʪʦ ʚʨʟ 

ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʠ 

ʜʦʛʦʚʦʨʠ ʩʦ ʢʦʠ ʩʝ 

ʫʙʣʘʞʫʚʘʘʪ ʨʠʟʠʮʠ ʧʨʠ 

ʠʟʛʨʘʜʙʘ ʠ ʦʧʝʨʠʨʘˁʝ. 

ʨʝʛʫʣʘʪʦʨʥʦ ʠʣʠ 

ʧʦʣʠʪʠʯʢʦ ʧʨʘʰʘˁʝ ʢʦʝ 

ʛʠ ʧʦʜʜʨʞʫʚʘ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ 

ʪʠʧʦʚʠ ʥʘ ʝʥʝʨʛʠʿʘ ʠʣʠ 

ʛʠ ʥʘʤʘʣʫʚʘ ʆʀɽ, 

ʥʝʩʠʛʫʨʥʦ 

ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʚʦ 

ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʝʢʪʦʨ; 

ʇʘʟʘʨ ʥʘ ʝʥʝʨʛʠʿʘ: 

ʥʝʜʦʩʪʘʪʦʮʠ ʚʦ 

ʬʠʥʘʥʩʠʩʢʠʪʝ, ʧʨʘʚʥʠʪʝ 

ʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʥʠʪʝ 

ʨʘʤʢʦʚʥʠ ʫʩʣʦʚʠ ʠʩʪʦ ʠ 

ʠʤʧʝʨʬʝʢʮʠʠ ʚʦ 

ʧʘʟʘʨʥʠʦʪ ʤʝʭʘʥʠʟʘʤ; 

ʅʝʜʦʩʪʘʪʦʢ ʥʘ ʜʦʚʝʨʣʠʚ 

ʧʘʨʪʥʝʨ ʟʘ ʧʦʯʝʪʥʠ 

ʜʦʛʦʚʦʨʠ / feed in 

ʟʘʢʦʥʠ; 

ʇʨʦʙʣʝʤʠ ʩʦ 

ʧʨʠʬʘ˃ʘˁʝ ʢʘʿ ʿʘʚʥʦʩʪʘ 

ʧʨʦʪʠʚ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ 

ʥʘ ʧʨʦʝʢʪʦʪ. 

ʅʝʜʦʩʪʠʛ ʥʘ ʩʨʝʜʩʪʚʘ 

ʠ/ʠʣʠ ʥʝʩʦʦʜʚʝʪʥʠ 

ʬʠʥʘʥʩʠʩʢʠ ʫʩʣʦʚʠ ʟʘ 

ʆʀɽ ʚʦ ʦʜʥʦʩ ʥʘ 

ʢʘʤʘʪʥʠʪʝ ʩʪʘʧʢʠ; 

ʃʦʢʘʣʥʠ ʬʠʥʘʥʩʠʩʢʠ 

ʠʥʩʪʠʪʫʮʠʠ ʯʝʩʪʦ ʠʤʘʘʪ 

ʥʝʜʦʩʪʘʪʦʢ ʥʘ 

ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʜʘ ʛʦ 

ʩʪʠʤʫʣʠʨʘʘʪ ʨʘʟʚʠʪʦʢʦʪ 

ʢʘʿ ʆʀɽ; 

ʅʝʜʦʩʪʘʪʦʢ ʥʘ ʟʥʘʝˁʝ 

ʚʦ ʩʝʢʪʦʨʦʪ ʠ ʚʦʣʿʘ ʟʘ 

ʠʥʚʝʩʪʠʮʠʿʘ ʚʦ ʆʀɽ 

ʧʦʨʘʜʠ ʤʘʣʘ ʩʚʝʩʪ ʠ 

ʧʦʟʥʘʚʘˁʝ ʥʘ ʆʀɽ ʢʘʢʦ 

ʠ ʥʝʜʦʚʦʣʥʠ 

ʠʥʬʦʨʤʘʮʠʠ ʟʘ 

ʥʝʦʧʭʦʜʥʠ 

ʠʥʚʝʩʪʠʮʠʩʢʠ ʘʥʘʣʠʟʠ. 

13.1 ɼʝʬʠʥʠʮʠʿʘ ʥʘ ʧʨʦʝʢʪʦʪ ʠ ʙʘʨʘˁʘʪʘ 

ʇʨʚʠʦʪ ʯʝʢʦʨ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ ʤʝʥʘ˅ʤʝʥʪ ʥʘ ʨʠʟʠʢ ʝ ʜʝʬʠʥʠʮʠʿʘ ʥʘ ʧʨʦʝʢʪʦʪ ʩʦ ʮʝʣ ʜʘ 

ʩʝ ʦʬʦʨʤʠ ʢʦʤʧʣʝʪʥʘ ʩʣʠʢʘ ʟʘ ʦʙʝʤʦʪ ʥʘ ʧʨʦʝʢʪʦʪ ʠ ʧʨʝʜʠʟʚʠʮʠʪʝ. ʆʚʘʘ ʩʣʠʢʘ ʠʩʪʦ ʤʦʨʘ ʜʘ 

ʩʦʜʨʞʠ ʨʘʟʣʠʯʥʠ ʧʨʦʝʢʪʥʠ ʧʝʨʩʧʝʢʪʠʚʠ, ʜʚʠʞʝʿ˃ʠ ʩʝ ʦʜ ʦʥʠʝ ʥʘ ʠʥʞʝʥʝʨʦʪ ʜʦ ʦʥʠʝ ʥʘ 

ʙʘʥʢʘʨʦʪ.  

ʆʚʦʿ ʯʝʢʦʨ ʚʢʣʫʯʫʚʘ ʩʦʙʠʨʘˁʝ ʥʘ ʧʨʦʝʢʪʥʘ ʜʦʢʫʤʝʥʪʘʮʠʿʘ (ʪʝʭʥʠʯʢʘ, ʬʠʥʘʥʩʠʩʢʘ, 

ʦʨʛʘʥʠʟʘʮʠʩʢʘ, ʣʝʛʘʣʥʘ ʠ ʩʣ.). ʂʨʠʪʠʯʥʠʪʝ ʧʦʜʘʪʦʮʠ ʟʘ ʩʧʦʨʝʜʫʚʘˁʝ ʚʢʣʫʯʫʚʘʘʪ: 

ʆʧʠʩ ʥʘ ʧʨʦʝʢʪʦʪ. ɼʦʢʫʤʝʥʪʠ ʢʦʠ ʛʦ ʦʧʠʰʫʚʘʘʪ ʦʙʝʤʦʪ ʥʘ ʧʨʦʝʢʪʦʪ, ʛʣʘʚʥʠ ʫʯʝʩʥʠʮʠ, 

ʩʪʨʘʪʝʰʢʠ ʮʝʣʠ, ʪʨʝʪʠ ʣʠʮʘ, ʬʘʢʪʦʨʠ ʟʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ (ʬʠʟʠʯʢʠ, ʩʦʮʠʿʘʣʥʠ ʠ ʣʝʛʘʣʥʠ) ʠ 

ʨʘʟʛʣʝʜʫʚʘˁʘ ʟʘ ʙʝʟʙʝʜʥʦʩʪ, ʦʢʦʣʠʥʘ ʠ ʢʚʘʣʠʪʝʪ. ʆʚʠʝ ʦʧʠʩʠ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʠʣʫʩʪʨʠʨʘʥʠ ʥʘ 

ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʠ: ʩʢʠʮʠ, ʤʘʧʠ, ʩʣʠʢʠ ʠʪʥ. 

ʇʨʦʮʝʩ ʜʠʿʘʛʨʘʤ. ɿʘ ʢʦʥʪʠʥʫʠʨʘʥ ʪʝʢ ʥʘ ʧʨʦʝʢʪʦʪ, ʚʘʞʝʥ ʝ ʜʠʿʘʛʨʘʤ ʥʘ ʪʝʢ ʢʦʿ ˃ʝ ʿʘ 

ʧʦʢʘʞʫʚʘ ʚʨʩʢʘʪʘ ʤʝʺʫ ʦʧʨʝʤʘʪʘ, ʧʨʠʣʠʚʠ/ʦʜʣʠʚʠ ʥʘ ʧʨʦʮʝʩʦʪ, ʬʠʟʠʯʢʠ ʧʘʨʘʤʝʪʨʠ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠʪʠʩʦʢ, ʙʨʟʠʥʘ, ʨʘʜʠʿʘʮʠʿʘ ʠ ʩʣ.). ʅʠʚʦʪʦ ʥʘ ʜʝʪʘʣʥʦʩʪ ʥʘ ʚʘʢʦʚ ʜʠʿʘʛʨʘʤ ʪʨʝʙʘ 

ʧʦʩʪʦʿʘʥʦ ʜʘ ʩʝ ʨʘʟʚʠʚʘ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʞʠʚʦʪʥʠʦʪ ʮʠʢʣʫʩ ʥʘ ʧʨʦʝʢʪʦʪ. ʅʘ ʧʦʯʝʪʥʠʪʝ ʬʘʟʠ 

ʥʘ ʧʨʦʝʢʪʦʪ, ʜʠʿʘʛʨʘʤʦʪ ʤʦʞʝ ʜʘ ʙʠʜʝ ʩʠʥʪʝʪʠʯʢʠ. 

ʂʘʧʠʪʘʣʥʠ ʠ ʦʧʝʨʘʮʠʦʥʠ ʪʨʦʰʦʮʠ. ʂʘʧʠʪʘʣʥʠʪʝ ʪʨʦʰʦʮʠ ʩʝ ʧʦʚʨʟʘʥʠ ʩʦ ʠʥʠʮʠʿʘʣʥʘʪʘ 

ʠʥʚʝʩʪʠʮʠʿʘ ʟʘ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʦʙʿʝʢʪʦʪ (ʠʩʪʨʘʞʫʚʘˁʝ, ʠʟʛʨʘʜʙʘ, ʠʥʩʪʘʣʘʮʠʿʘ, ʪʝʩʪʦʚʠ ʠ ʩʣ.). 

ʆʧʝʨʘʮʠʦʥʠʪʝ ʪʨʦʰʦʮʠ ʩʝ ʧʦʚʨʟʘʥʠ ʩʦ ʪʨʦʰʦʮʠʪʝ ʧʦʪʨʝʙʥʠ ʟʘ ʨʘʙʦʪʘ ʥʘ ʚʝ˃ʝ ʠʟʛʨʘʜʝʥʘʪʘ 

ʮʝʥʪʨʘʣʘ (ʧʝʨʩʦʥʘʣ, ʩʝʨʚʠʩ, ʦʜʜʨʞʫʚʘˁʝ ʠ ʩʣ.) 

ʊʨʦʰʦʮʠ ʟʘ ʟʘʪʚʦʨʘˁʝ ʠ ʥʘʧʫʰʪʘˁʝ ʥʘ ʦʙʿʝʢʪʦʪ (ʜʝʢʦʥʩʪʨʫʢʮʠʿʘ, ʨʝʮʠʢʣʠʨʘˁʝ, 

ʯʠʩʪʝˁʝ ʠ ʩʣ.) 

ʈʘʩʧʦʨʝʜ ʥʘ ʧʨʦʝʢʪʦʪ. ʈʘʩʧʦʨʝʜ ʥʘ ʧʨʦʝʢʪʦʪ ʪʨʝʙʘ ʪʠʧʠʯʥʦ ʜʘ ʙʠʜʝ ʧʨʝʪʩʪʘʚʝʥ ʧʨʝʢʫ 

ɻʘʥʪ ʰʝʤʘ. ɼʨʫʛ ʬʦʨʤʘʪ ʥʘ ʧʨʠʢʘʟ ʝ PERT (Project Evaluation and Review Technique), ʢʦʿ ʠʩʪʦ 

ʪʘʢʘ ʝ ʩʦʦʜʚʝʪʝʥ. ʎʝʣʪʘ ʝ ʜʘ ʩʝ ʧʨʠʢʘʞʘʪ ʧʨʝʩʚʨʪʥʠʮʠʪʝ ʚʦ ʧʨʦʝʢʪʦʪ, ʢʨʠʪʠʯʥʠʦʪ ʧʘʪ, 



 

ʚʨʝʤʝʧʣʦʚʦʪ ʠ ʣʦʛʠʯʥʠʪʝ ʚʨʩʢʠ ʤʝʺʫ ʘʢʪʠʚʥʦʩʪʠʪʝ ʚʦ ʧʨʦʝʢʪʦʪ. ɺʨʟ ʙʘʟʘ ʥʘ PERT ʧʨʠʢʘʟʦʪ, 

ʤʦʞʝ ʜʘ ʙʠʜʝ ʥʘʧʨʘʚʝʥʘ ʠ ʇɽʈʊ ʘʥʘʣʠʟʘ, ʥʘ ʙʘʟʘ ʥʘ ʚʝʨʦʿʘʪʥʠ ʥʘʩʪʘʥʠ. 

ɼʠʩʢʦʥʪʠʨʘʥ ʛʦʪʦʚʠʥʩʢʠ ʪʝʢ. ʊʦʘ ʝ ʩʝʢʚʝʥʮʘ ʥʘ ʜʚʠʞʝˁʘ ʥʘ ʛʦʪʦʚʠʥʘ ʦʜ ʠ ʢʦʥ 

ʧʨʦʝʢʪʥʠʦʪ ʝʥʪʠʪʝʪ. ʊʦʘ ʝ ʫʣʪʠʤʘʪʠʤʥʠʦʪ ʜʦʢʫʤʝʥʪ ʢʦʿ ʛʠ ʢʦʤʙʠʥʠʨʘ ʧʦʚʝ˃ʝʪʦ ʪʨʦʰʦʮʠ, 

ʧʨʠʭʦʜʠ ʠ ʬʠʥʘʥʩʠʠ. ʆʜʣʫʢʘ ʟʘ ʨʝʥʪʘʙʠʣʥʦʩʪ ʥʘ ʧʨʦʝʢʪʦʪ ʩʝ ʜʦʥʝʩʫʚʘ ʚʨʟ ʙʘʟʘ ʥʘ 

ʢʦʤʧʿʫʪʝʨʩʢʠ ʦʜʥʦʩʠ ʠ ʧʨʝʩʤʝʪʢʠ (ʅʝʪʦ ʩʝʛʘʰʥʘ ʚʨʝʜʥʦʩʪ, ɺʥʘʪʨʝʰʥʘ ʩʪʘʧʢʘ ʥʘ ʨʝʥʪʘʙʠʣʥʦʩʪ 

ʠ ʩʣ.). 

13.2 ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʨʠʟʠʢ 

ɼʝʬʠʥʠʮʠʿʘʪʘ ʥʘ ʨʠʟʠʢʦʪ ʥʘ ʧʨʦʝʢʪʦʪ ʝ ʥʝʩʠʛʫʨʝʥ ʥʘʩʪʘʥ ʠʣʠ ʫʩʣʦʚ ʢʦʿ ʠʣʠ ʠʤʘ 

ʧʦʟʠʪʠʚʝʥ ʠʣʠ ʥʝʛʘʪʠʚʝʥ ʝʬʝʢʪ ʥʘ ʙʘʨʝʤ ʝʜʝʥ ʧʘʨʘʤʝʪʘʨ ʥʘ ʧʨʦʝʢʪʦʪ. ʇʦʯʝʪʥʘʪʘ ʪʦʯʢʘ ʝ ʜʘ ʩʝ 

ʜʝʬʠʥʠʨʘʘʪ ʠ ʢʚʘʣʠʬʠʮʠʨʘʘʪ ʮʝʣʠʪʝ ʥʘ ʧʨʦʝʢʪʦʪ (ʤʦʞʝ ʜʘ ʙʠʜʘʪ ʧʨʦʬʠʪʘʙʠʣʥʦʩʪ, ʚʨʝʤʝ, 

ʪʨʦʰʦʮʠ, ʧʨʠʭʦʜʠ ʠ ʩʣ.).  

ʀʜʝʥʪʠʬʠʢʘʮʠʿʘʪʘ ʥʘ ʨʠʟʠʢʦʪ ʚʢʣʫʯʫʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʩʠʪʝ ʧʦʪʝʥʮʠʿʘʣʥʠ ʨʠʟʠʮʠ 

ʧʦʚʨʟʘʥʠ ʩʦ ʮʝʣʠʪʝ ʥʘ ʧʨʦʝʢʪʦʪ, ʠ ʚʘʢʚʠʦʪ ʧʨʦʮʝʩ ʨʝʟʫʣʪʠʨʘ ʚʦ ʈʝʛʠʩʪʘʨ ʥʘ ʨʠʟʠʢ ʥʘ ʧʨʦʝʢʪʦʪ, 

ʢʘʜʝ ʰʪʦ ʨʠʟʠʮʠʪʝ ʩʝ ʦʧʠʰʘʥʠ ʠ ʢʚʘʣʠʬʠʮʠʨʘʥʠ. 

ʊʝʭʥʠʢʠ ʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʨʠʟʠʢ: 

- Brainstorming ʝ ʤʝʪʦʜʘ ʥʘ ʩʦʙʠʨʘˁʝ ʥʘ ʩʠʪʝ ʫʯʝʩʥʠʮʠ ʚʦ ʧʨʦʝʢʪʦʪ 

(stakeholders)/ʝʢʩʧʝʨʪʠ ʩʦ ʮʝʣ ʜʘ ʛʝʥʝʨʠʨʘʘʪ ʠ ʢʣʘʩʠʬʠʮʠʨʘʘʪ ʠʜʝʠ ʥʘ ʧʦʪʝʥʮʠʿʘʣʝʥ 

ʨʠʟʠʢ. 

- ɼʝʣʬʠ ʤʝʪʦʜʦʪ ʝ ʥʘʯʠʥ ʥʘ ʦʮʝʥʫʚʘˁʝ ʥʘ ʧʨʦʙʣʝʤ ʦʜ ʩʪʨʘʥʘ ʥʘ ʝʢʩʧʝʨʪʠ, ʪʘʢʘ ʰʪʦ ʛʦ 

ʠʟʥʝʩʫʚʘʘʪ ʥʠʚʥʦʪʦ ʤʠʩʣʝˁʝ ʟʘ ʧʨʦʙʣʝʤʦʪ (ʨʠʟʠʢʦʪ) ʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʪ ʥʘ ʧʨʦʮʝʩʦʪ ʛʠ 

ʩʦʙʠʨʘ ʤʠʩʣʝˁʘʪʘ ʠ ʛʠ ʚʨʘ˃ʘ ʧʦʚʪʦʨʥʦ ʘʥʦʥʠʤʥʦ ʢʘʿ ʝʢʩʧʝʨʪʠʪʝ. ʇʨʦʮʝʩʦʪ ʩʝ 

ʧʦʚʪʦʨʫʚʘ 4-5 ʧʘʪʠ ʠ ʩʝ ʬʦʨʤʠʨʘ ʦʙʝʿʢʪʠʥʘ ʨʘʟʤʠʩʣʘ ʟʘ ʧʨʦʙʣʝʤʦʪ. 

- ʀʥʪʝʨʚʿʫʠʨʘˁʝ ʥʘ ʝʢʩʧʝʨʪʠ ʧʨʠ ʰʪʦ ʠʤ ʩʝ ʧʦʩʪʘʚʫʚʘʘʪ ʧʨʘʰʘˁʘ ʥʘ ʢʦʠ ʪʠʝ ʜʘʚʘʘʪ ʩʚʦʠ 
ʦʜʛʦʚʦʨʠ. 

- ʇʨʠʯʠʥʩʢʦ-ʧʦʩʣʝʜʠʯʥʠ ʜʠʿʘʛʨʘʤʠ, ʩʝ ʜʠʿʘʛʨʘʤʠ ʚʦ ʢʦʠ ʩʝ ʘʥʘʣʠʟʠʨʘ ʢʦʨʝʥʦʪ ʥʘ 

ʨʠʟʠʢʦʪ ʥʘ ʢʦʿ ʩʪʨʘʪʝʛʠʿʘʪʘ ʟʘ ʢʦʥʪʨʦʣʘ ʪʨʝʙʘ ʜʘ ʨʝʘʛʠʨʘ. 

13.3 ɽʚʘʣʫʘʮʠʿʘ ʥʘ ʨʠʟʠʢ 

ʈʠʟʠʮʠʪʝ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʝʚʘʣʫʠʨʘʥʠ ʥʘ ʜʚʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʠ ʥʘʯʠʥʠ: ʢʚʘʣʠʪʘʪʠʚʥʦ ʠ 

ʢʚʘʥʪʠʪʘʪʠʚʥʦ. ʂʚʘʣʠʪʘʪʠʚʥʠʦʪ ʧʨʠʩʪʘʧ ʩʝ ʩʧʨʘʚʫʚʘ ʩʦ ʧʦʝʜʠʥʝʯʥʠ ʨʠʟʠʮʠ, ʜʦʜʝʢʘ 

ʢʚʘʥʪʠʪʘʪʠʚʥʠʦʪ ʧʨʠʩʪʘʧ ʩʝ ʩʧʨʘʚʫʚʘ ʩʦ ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʩʠʪʝ ʨʠʟʠʮʠ ʢʦʤʙʠʥʠʨʘʥʦ. ʂʘʿ 

ʢʚʘʣʠʪʘʪʠʚʥʘʪʘ ʝʚʘʣʫʘʮʠʿʘ, ʠʥʬʦʨʤʘʮʠʠʪʝ ʩʝ ʨʝʣʘʪʠʚʥʦ ʦʧʠʩʣʠʚʠ ʠ ʩʝ ʙʘʟʠʨʘʘʪ ʛʣʘʚʥʦ ʥʘ 

ʝʢʩʧʝʨʪʠʟʘ ʠ ʠʩʢʫʩʪʚʘ ʧʘ ʥʘʿʯʝʩʪʦ ʩʝ ʧʨʠʢʘʞʫʚʘʘʪ ʧʨʝʢʫ ʈʝʛʠʩʪʘʨ ʥʘ ʨʠʟʠʮʠ ʠʣʠ ʚʦ ʛʨʘʬʠʯʢʠ 

ʬʦʨʤʘʪ. ɺʦ ʦʚʦʿ ʪʨʫʜ ˃ʝ ʙʠʜʝ ʥʘʧʨʘʚʝʥʘ ʢʚʘʣʠʪʘʪʠʚʥʘ ʘʥʘʣʠʟʘ ʥʘ ʜʚʘ ʧʨʦʝʢʪʘ ʥʘ 

ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʮʝʥʪʨʘʣʠ ʚʦ ʄʘʢʝʜʦʥʠʿʘ, ʠ ˃ʝ ʙʠʜʘʪ ʥʘʚʝʜʝʥʠ ʥʠʚʦʘʪʘ ʥʘ ʨʠʟʠʢ ʧʨʠ 

ʧʨʦʝʢʪʠʨʘˁʝʪʦ ʠ ʧʨʠ ʦʧʝʨʠʨʘˁʝʪʦ ʥʘ ʮʝʥʪʨʘʣʘʪʘ. 

13.4 ʂʦʥʪʨʦʣʘ ʥʘ ʨʠʟʠʢ 

ʉʣʝʜʝʿ˃ʠ ʿʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘʪʘ ʥʘ ʨʠʟʠʢ ʠ ʝʚʘʣʫʘʮʠʿʘʪʘ, ʣʦʛʠʯʝʥ ʩʣʝʜʝʥ ʯʝʢʦʨ ʝ 

ʧʨʝʜʣʦʞʫʚʘˁʝ ʥʘ ʥʝʢʦʠ ʘʢʮʠʠ ʥʘ ʢʦʥʪʨʦʣʠʨʘˁʝ ʩʦ ʮʝʣ ʜʘ ʩʝ ʤʠʥʠʤʠʟʠʨʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ 

ʨʠʟʠʢʦʪ ʜʦ ʝʜʥʦ ʨʘʟʫʤʥʦ ʥʠʚʦ. ʆʚʦʿ ʧʨʦʮʝʩ ʚʦʦʙʠʯʘʝʥʦ ʝ ʩʧʨʦʚʝʜʝʥ ʦʜ ʫʯʝʩʥʠʮʠʪʝ ʚʦ ʧʨʦʝʢʪʦʪ 

ʠ ʩʝ ʨʘʟʛʣʝʜʫʚʘʘʪ ʩʣʝʜʥʠʪʝ ʩʪʨʘʪʝʛʠʠ ʟʘ ʩʝʢʦʿ ʠʜʝʥʪʠʬʠʮʠʨʘʥ ʨʠʟʠʢ ʧʦʝʜʠʥʝʯʥʦ: 

- ʀʟʙʝʛʥʫʚʘˁʝ ʥʘ ʨʠʟʠʢ. ɼʘ ʩʝ ʧʨʦʤʝʥʠ ʧʣʘʥʦʪ ʥʘ ʧʨʦʝʢʪʦʪ ʩʦ ʮʝʣ ʜʘ ʩʝ ʟʘʰʪʠʪʘʪ ʮʝʣʠʪʝ 

ʥʘ ʧʨʦʝʢʪʦʪ ʦʜ ʦʚʦʿ ʨʠʟʠʢ. ʆʚʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʧʨʝʢʫ ʧʨʦʤʝʥʘ ʥʘ ʦʙʝʤʦʪ ʥʘ 

ʧʨʦʝʢʪʦʪ ʜʦʜʘʚʘʿ˃ʠ ʥʝʧʨʝʜʚʠʜʝʥʠ ʦʢʦʣʥʦʩʪʠ ʥʘ ʧʨʦʝʢʪʦʪ ʠʣʠ ʜʦʜʘʚʘˁʝ ʜʦʧʦʣʥʠʪʝʣʥʦ 

ʚʨʝʤʝ ʥʘ ʘʢʪʠʚʥʦʩʪʠ ʢʦʠ ʧʨʠʧʘʺʘʘʪ ʥʘ ʢʨʠʪʠʯʥʠʦʪ ʧʘʪ. 

- ʋʙʣʘʞʫʚʘˁʝ ʥʘ ʨʠʟʠʢ. ʅʘʤʘʣʫʚʘˁʝ ʥʘ ʚʝʨʦʿʘʪʥʦʩʪʘ ʠ/ʠʣʠ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʧʦʝʜʠʥʝʯʝʥ 
ʨʠʟʠʯʝʥ ʥʘʩʪʘʥ ʜʦ ʝʜʥʦ ʧʨʠʬʘʪʣʠʚʦ ʥʠʚʦ, ʥʘʿʯʝʩʪʦ ʧʨʝʢʫ ʧʨʝʚʟʝʤʘˁʝ ʧʨʝʜʚʨʝʤʝʥʠ 

ʤʝʨʢʠ ʟʘ ʟʘʰʪʠʪʘ ʠ ʩʧʨʝʯʫʚʘˁʝ ʥʘ ʥʘʩʪʘʥʦʪ.  



 

- ʇʨʝʥʘʩʦʯʫʚʘˁʝ/ʉʧʦʜʝʣʫʚʘˁʝ. ʇʨʝʤʦʩʪʫʚʘˁʝ ʥʘ ʨʠʟʠʢʦʪ ʥʘ ʪʨʝʪʦ ʣʠʮʝ, ʥʘʿʯʝʩʪʦ 

ʦʩʠʛʫʨʠʪʝʣʥʘ ʢʦʤʧʘʥʠʿʘ. ʛʘʨʘʥʮʠʠ, ʜʨʫʛʠ ʠʟʚʝʜʫʚʘʯʠ ʠ ʩʣ. 

- ʇʨʠʬʘ˃ʘˁʝ. ʇʨʠʬʘ˃ʘˁʝ ʥʘ ʨʠʟʠʢʦʪ ʜʦʢʦʣʢʫ ʠʣʠ ʝ ʥʝ ʝ ʤʦʞʥʦ ʜʘ ʩʝ ʠʣʠʤʠʥʠʨʘ ʨʠʟʠʢʦʪ 
ʠʣʠ ʜʦʢʦʣʢʫ ʪʨʦʰʦʮʠʪʝ ʚʦ ʚʨʝʤʝ ʠʣʠ ʩʨʝʜʩʪʚʘ ʥʝ ʩʝ ʛʘʨʘʥʪʠʨʘʥʠ ʦʜ ʚʣʠʿʘʥʠʝʪʦ ʥʘ 

ʨʠʟʠʢʦʪ. 

13.5 ʉʣʝʜʝˁʝ ʥʘ ʨʠʟʠʢ 

ʉʣʝʜʝˁʝ ʥʘ ʨʠʟʠʢʦʪ ʚʢʣʫʯʫʚʘ ʪʨʠ ʨʘʟʣʠʯʥʠ ʮʝʣʠ: 

- ɸʞʫʨʠʨʘˁʝ ʥʘ ʘʥʘʣʠʟʠʪʝ ʩʦʛʣʘʩʥʦ ʝʚʦʣʫʮʠʿʘʪʘ ʥʘ ʠʥʚʝʩʪʠʮʠʦʥʘʪʘ ʦʢʦʣʠʥʘ 

- ʄʦʥʠʪʦʨʠʥʛ ʥʘ ʧʣʘʥʦʪ ʟʘ ʘʢʪʠʚʥʦʩʪʠʪʝ ʩʦ ʢʦʠ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʧʨʦʝʢʪʦʪ 

- ʀʟʚʝʩʪʫʚʘˁʝ ʥʘ ʫʯʝʩʥʠʮʠʪʝ ʥʘ ʧʨʦʝʢʪʦʪ (stakeholders) 

14 ʈʀɿʀʎʀ ʇʈʀ ʇʈʆɽʂʊʀʈɸɳɽ ʅɸ ʌʆʊʆɺʆʃʊɸʀʏʅʀ ʉʀʉʊɽʄʀ 

ɺʦ ʦʚʦʿ ʜʝʣ ˃ʝ ʙʠʜʘʪ ʥʘʚʝʜʝʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ, 

ʨʠʟʠʮʠʪʝ ʢʦʠ ʩʝ ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ ʠ ʩʤʝʩʪʝʥʠ ʚʦ ʨʘʤʥʠʥʘʪʘ ʥʘ ʨʠʟʠʮʠ ʥʘ ʉʣʠʢʘ 1.  

14.1 ʂʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʪʝʭʥʦʣʦʛʠʿʘʪʘ 

- ʉʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ ʜʠʨʝʢʪʥʦ ʩʝ ʢʦʥʚʝʨʪʠʨʘ ʚʦ ʝʜʥʦʥʘʩʦʯʥʘ ʩʪʨʫʿʘ 

- ʉʠʩʪʝʤʦʪ ʝ ʤʥʦʛʫ ʤʦʜʫʣʘʨʝʥ, ʪ.ʝ. ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʰʠʨʠ ʩʦ ʤʘʣʠ ʯʝʢʦʨʠ 

- ʄʦʞʝʥ ʝ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʥʘ ʠʟʣʝʟʥʠ ʥʘʧʦʥʠ 

- ʊʝʭʥʦʣʦʛʠʿʘʪʘ ʝ ʩʦʦʜʚʝʪʥʘ ʟʘ ʟʝʣʝʥʠ ʧʦʚʨʰʠʥʠ ʠ ʠʥʪʝʛʨʠʨʘˁʝ ʥʘ ʦʙʿʝʢʪʠ 

- ʉʪʨʫʢʪʫʨʠʪʝ ʠ ʝʣʝʢʪʨʠʯʥʘʪʘ ʪʦʧʦʣʦʛʠʿʘ ʤʥʦʛʫ ʟʘʚʠʩʘʪ ʦʜ ʚʠʜʦʪ ʥʘ ʘʧʣʠʢʘʮʠʿʘʪʘ. [1] 

  

ʉʣʠʢʘ 1 ɺʣʠʿʘʥʠʝ ʥʘ ʌʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ [1] 

14.2 ʈʠʟʠʮʠ 

14.2.1 ɼʦʙʘʚʫʚʘʯ 

1. ʊʝʩʥʠ ʛʨʘʥʠʮʠ ʥʘ ʢʘʧʘʮʠʪʝʪʦʪ ʥʘ ʩʥʘʙʜʫʚʘˁʝ ʠ ʥʝʩʪʘʙʠʣʥʦʩʪ ʥʘ ʮʝʥʠʪʝ 



 

2. ʉʨʝʜʥʦʨʦʯʥʘ ʜʦʩʪʘʧʥʦʩʪ / ʪʨʦʰʦʮʠ ʟʘ ʥʝʢʦʠ ʦʜ ʢʣʫʯʥʠʪʝ ʩʫʨʦʚʠʥʠ (ʩʠʣʠʢʦʥ, 

ʩʪʘʢʣʦ, ʪʨʘʢʠ, ʧʘʩʪʘ ʟʘ ʣʝʤʝˁʝ ʠʪʥ.) 

3. ʄʥʦʛʫ ʥʦʚʠ ʫʯʝʩʥʠʮʠ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʤʦʜʫʣʠ ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʚʦ ʥʝʝʜʥʘʢʦʚ 
ʢʚʘʣʠʪʝʪ ʥʘ ʤʦʜʫʣʠʪʝ ʥʠʟ ʧʘʟʘʨʠʪʝ (ʞʠʚʦʪʝʥ ʚʝʢ, ʟʘʛʫʙʘ ʥʘ ʝʥʝʨʛʠʿʘ, 

ʚʦʜʦʧʨʦʧʫʩʪʣʠʚʦʩʪ ʠ ʩʣ.). 

14.2.2 ʆʧʝʨʠʨʘˁʝ ʠ ʦʜʨʞʫʚʘˁʝ 

4. ɺʨʝʤʝʪʦ ʥʘ ʦʧʝʨʠʨʘˁʝ ʚʦ ʛʦʣʝʤʘ ʤʝʨʘ ʟʘʚʠʩʠ ʦʜ ʥʠʩʢʘ ʮʝʥʘ ʥʘ ʢʦʤʧʦʥʝʥʝʥʪʠʪʝ 

(ʠʥʚʝʨʪʦʨʠ). ʅʝʧʨʦʧʦʨʮʠʦʥʘʣʥʦʪʦ ʚʣʠʿʘʥʠʝ ʥʘ ʩʠʛʫʨʥʦʩʪʘ ʥʘ ʠʥʚʝʨʪʦʨʠʪʝ ʚʨʟ ʝʬʝʢʪʠʚʥʦʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʯʝʩʪʦ ʩʝ ʟʘʥʝʤʘʨʫʚʘ ʧʦʨʘʜʠ ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʘʪʘ ʮʝʥʘ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ. ʆʚʘ 

ʤʦʞʝ ʜʘ ʨʝʟʫʣʪʠʨʘ ʩʦ ʣʦʰʘ ʩʝʣʝʢʮʠʿʘ ʠ / ʠʣʠ ʥʝʩʦʦʜʚʝʪʥʠ ʧʨʦʛʨʘʤʠ ʟʘ ʦʜʨʞʫʚʘˁʝ ʥʘ 

ʠʥʚʝʨʪʦʨʦʪ ʢʦʠ ʚʣʠʿʘʘʪ ʥʝʛʘʪʠʚʥʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. 

5. ʈʠʟʠʯʥʘ ʮʝʥʘ ʥʘ ʧʘʟʘʨʦʪ (ʉʥʘʙʜʫʚʘʯʠʪʝ ʥʘ ʧʘʟʘʨʦʪ ʩʝʫʰʪʝ ʩʝ ʚʦ ʬʘʟʘ ʥʘ ʨʘʟʚʠʪʦʢ) 

6. ɺʘʥʜʘʣʠʟʘʤ 

14.2.3 ʇʨʦʝʢʪ 

7. ʅʝʩʪʘʙʠʣʥʠ ʧʦʣʠʪʠʢʠ ʟʘ ʧʦʜʜʨʰʢʘ 

8. ʇʨʝʮʝʥʝʪʘ ʝʬʠʢʘʩʥʦʩʪ ʜʦʘʺʘʿ˃ʠ ʦʜ ʩʦʦʜʥʦʩʦʪ ʥʘ ʜʘʜʝʥʘ ʤʦ˃ʥʦʩʪ ʩʦ ʤʦʜʫʣʠʪʝ/ʩʠʩʪʝʤʦʪ 

14.3 ʉʪʫʜʠʿʘ ʥʘ ʩʣʫʯʘʿ ʥʘ ʜʚʝ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʮʝʥʪʨʘʣʠ 

ʇʦ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʤʝʥʘ˅ʤʝʥʪ ʥʘ ʨʠʟʠʮʠʪʝ, ʥʘʧʨʘʚʝʥʘ ʝ ʢʚʘʣʠʪʘʪʠʚʥʘ 

ʘʥʘʣʠʟʘ ʚʨʟ ʜʚʝ ʧʦʩʪʦʝʯʢʠ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʮʝʥʪʨʘʣʠ ʚʦ ʄʘʢʝʜʦʥʠʿʘ, ʧʨʠʪʦʘ ʝ ʢʦʨʠʩʪʝʥ ɼʝʣʬʠ 

ʤʝʪʦʜʦʪ ʟʘ ʨʘʥʛʠʨʘˁʝ ʥʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʠʪʝ ʨʠʟʠʮʠ. 

ʊʘʙʝʣʘ 2 ʈʘʥʛʠʨʘˁʝ ʥʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ ʨʠʟʠʮʠ 

 

 
ɺʦ ʢʦʿʘ ʬʘʟʘ ʚʣʠʿʘʝ 
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ɸ ɹ 

1 ʇ 
ʅʘʤʘʣʫʚʘˁʝ ʥʘ Feed-in ʪʘʨʠʬʘ ʟʘ 25% ʚʦ ʚʨʝʤʝ ʦʜ 

5 ʛʦʜʠʥʠ 
   X  ʅ ʅ 

2 ʇ 
ɼʘʥʦʢ ʥʘ ʜʦʜʘʜʝʥʘ ʚʨʝʜʥʦʩʪ ʟʛʦʣʝʤʝʥ ʟʘ 2% ʚʦ 

ʚʨʝʤʝ ʦʜ 6 ʤʝʩʝʮʠ 
 X X   ɺ ɺ 

3 ʇ 
ʆʜʣʦʞʫʚʘˁʝ ʦʜ 6 ʤʝʩʝʮʠ ʚʦ ʪʨʘʥʩʬʝʨ ʥʘ ʣʠʮʝʥʮʘ 

ʦʜ ʃʠʮʝ ʩʦ ʧʦʩʝʙʥʘ ʥʘʤʝʥʘ ʢʦʥ ʦʧʝʨʘʪʦʨʦʪ 
   X  ʉ ʉ 

4 ɽ 
ɼʦʧʦʣʥʠʪʝʣʥʠ ʛʘʨʘʥʮʠʠ ʟʘ ʣʠʤʠʪʠʨʘˁʝ ʥʘ 

ʛʦʪʦʚʠʥʩʢʘʪʘ ʨʘʩʧʨʝʜʝʣʙʘ 
   X  ɺ ʉ 

5 ɽ 
ʊʨʦʰʦʮʠ ʟʘ ʦʩʠʛʫʨʫʚʘˁʝ ʦʜ ʝʢʩʪʨʝʤʥʠ ʚʨʝʤʝʥʩʢʠ 

ʫʩʣʦʚʠ 
   X  ɺ ɺ 

6 ɽ 
ɿʛʦʣʝʤʫʚʘˁʝ ʥʘ ʪʨʦʰʦʮʠʪʝ ʟʘ ʜʦʩʪʘʧʥʦʩʪ ʥʘ 

ʤʦʜʫʣʠʪʝ ʥʘ ʢʨʘʪʦʢ ʨʦʢ 
 X    ʉ ʅ 

7 ɽ 
ʉʦʣʘʨʥʦʪʦ ʟʨʘʯʝˁʝ ʤʦʞʝ ʜʘ ʩʝ ʥʘʤʘʣʠ ʟʘ 3% ʚʦ 12 

ʛʦʜʠʥʠ 
   X  ʅ ɺ 

8 ɽ 
ʉʧʦʩʦʙʥʦʩʪ ʜʘ ʩʝ ʩʧʨʦʚʝʜʝ ʛʘʨʘʥʮʠʿʘ ʦʜ ʢʣʫʯʥʠʪʝ 

ʜʦʙʘʚʫʚʘʯʠ (ʟʘʤʝʥʫʚʘʿ˃ʠ 10% ʦʜ ʤʦʜʫʣʠʪʝ) 
   X  ɺ ʅ 

9 ʉ ʈʝʛʫʣʘʪʠʚʘ ʟʘ ʨʝʮʠʢʣʠʨʘˁʝ/ʟʘʪʚʦʨʘˁʝ ʥʘ      ɺ ʉ 



 

ʮʝʥʪʨʘʣʘʪʘ 

10 ʉ 

ɺʘʥʜʘʣʠʟʘʤ ʠ ʢʨʘʞʙʘ ʥʘ ʤʦʜʫʣʠ ʜʦʚʝʜʫʚʘ ʜʦ 

ʟʛʦʣʝʤʝʥʠ ʪʨʦʰʦʮʠ ʟʘ ʦʩʠʛʫʨʫʚʘˁʝ ʠ ʦʙʝʟʙʝʜʫʚʘˁʝ 

ʥʘ ʦʙʿʝʢʪʦʪ 

   X  ʅ ɺ 

11 ʊ 
ɻʘʨʘʥʮʠʿʘ ʝʬʠʢʘʩʥʦʩʪʘ ʜʘʜʝʥʘ ʦʜ ʧʨʦʠʟʚʦʜʠʪʝʣʦʪ 

ʥʘ ʤʦʜʫʣʠʪʝ ʜʘ ʥʝ ʩʝ ʠʩʧʦʣʥʫʚʘ ʥʘʜ 3% 
   X  ʉ ʅ 

12 ʊ ɿʘʛʫʙʠ ʥʘ ʤʦ˃ʥʦʩʪ ʚʦ 10% ʦʜ ʤʦʜʫʣʠʪʝ    X  ʅ ʅ 

13 ʊ 

ʅʝʩʦʦʜʚʝʪʥʦ ʦʜʜʨʞʫʚʘˁʝ ʠ ʩʝʨʚʠʩ ʦʜ ʩʪʨʘʥʘ ʥʘ 

ʢʦʤʧʘʥʠʿʘʪʘ ʦʜʛʦʚʦʨʥʘ ʟʘ ʪʦʘ, ʜʦʚʝʜʫʚʘ ʜʦ 

ʧʦʪʨʝʙʥʘ ʟʘ ʧʦʚʪʦʨʥʦ ʧʨʝʛʦʚʘʨʘˁʝ 

   X  ɺ ɺ 

14 ʊ ʇʨʠʢʣʫʯʦʢ ʩʨʝʜʝʥ ʥʘʧʦʥ - ʜʦʮʥʝˁʝ ʟʘ 6 ʤʝʩʝʮʠ   X   ɺ ʅ 

 

ʌʘʢʪʦʨ: ʇ-ʇʦʣʠʪʠʯʢʠ, ɽ-ɽʢʦʥʦʤʩʢʠ, ʉ-ʉʦʮʠʿʘʣʝʥ, ʊ-ʊʝʭʥʠʯʢʠ 

ɸ = ʎʝʥʪʨʘʣʘ ʩʦ ʤʦ˃ʥʦʩʪ ʦʜ 1 [MW]; 

ɹ = ʎʝʥʪʨʘʣʘ ʩʦ ʤʦ˃ʥʦʩʪ ʦʜ 50 [kW]; 

ʅʠʚʦ ʥʘ ʨʠʟʠʢ: ɺ-ɺʠʩʦʢ, ʉ-ʉʨʝʜʝʥ, ʅ-ʅʠʟʦʢ. 

15 ɿɸʂʃʋʏʆʂ 

ʀʘʢʦ ʤʥʦʛʫ ʦʜ ʪʝʭʥʠʢʠʪʝ ʠ ʧʨʠʩʪʘʧʠʪʝ ʩʝ ʚʝ˃ʝ ʧʦʟʥʘʪʠ ʥʘ ʙʘʥʢʠ ʠ ʦʩʪʘʥʘʪʠ ʩʪʨʘʥʠ, 

ʧʦʩʪʦʠ ʨʝʘʣʥʘ ʧʦʪʨʝʙʘ ʟʘ ʢʣʫʯʥʠʪʝ ʫʯʝʩʥʠʮʠ ʜʘ ʟʙʦʨʫʚʘʘʪ ʥʘ ʠʩʪʠ ʿʘʟʠʢ. ʂʦʛʘ ʦʚʘ ˃ʝ ʙʠʜʝ 

ʧʦʩʪʠʛʥʘʪʦ, ʪʦʛʘʰ ʝ ʚʦʟʤʦʞʥʦ ʜʘ ʩʝ ʦʜʜʨʞʠ ʜʝʙʘʪʘ ʢʦʿʘ ʠʤʘ ʩʤʠʩʣʘ ʟʘ ʪʦʘ ʢʦʠ ʨʠʟʠʮʠ ʜʘ ʩʝ 

ʧʨʠʬʘʪʘʪ, ʠʟʙʝʛʥʘʪ ʠʣʠ ʧʨʝʥʘʩʦʯʘʪ. ʂʦʥʝʯʥʦ, ʧʨʠʩʪʘʧʦʪ ˃ʝ ʦʚʦʟʤʦʞʠ ʢʣʫʯʥʠʪʝ ʫʯʝʩʥʠʮʠ ʜʘ 

ʠʤʘʘʪ ʨʝʘʣʠʩʪʠʯʥʦ ʨʘʟʙʠʨʘˁʝ ʟʘ ʨʠʟʠʮʠʪʝ ʠʥʚʦʣʚʠʨʘʥʠ ʚʦ ʪʝʭʥʦʣʦʛʠʠʪʝ ʢʘʿ ʆʀɽ ʠ ʜʘ ʨʘʟʚʠʿʘʪ 

ʩʦʦʜʚʝʪʥʠ ʤʝʨʢʠ ʟʘ ʧʦʜʜʨʰʢʘ ʥʘ ʦʚʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʣʠ ʜʘ ʩʧʨʝʯʘʪ ʢʦʥʪʨʘʧʨʦʜʫʢʪʠʚʥʠ ʤʝʨʢʠ. 

ɺʦ ʠʩʪʦʚʨʝʤʝ ʨʘʟʚʠʚʘˁʝʪʦ ʥʘ ʩʪʨʫʢʪʫʨʝʥ ʠ ʨʠʛʦʨʦʟʝʥ ʧʨʠʩʪʘʧ ʢʦʥ ʧʨʦʮʝʥʢʘ ʠ ʤʝʥʘ˅ʤʝʥʪ ʥʘ 

ʨʠʟʠʢ ˃ʝ ʜʦʟʚʦʣʠ ʠʥʚʦʣʚʠʨʘʥʠ ʩʪʨʘʥʠ ʢʘʢʦ ʧʦʤʘʣʠ ʧʨʦʤʦʪʝʨʠ ʥʘ ʧʨʦʝʢʪʠ ʦʜ ʚʘʢʦʚ ʪʠʧ ʜʘ ʩʝ 

ʩʦʝʜʠʥʘʪ ʝʬʠʢʘʩʥʦ ʩʦ ʧʦʪʝʥʮʠʿʘʣʥʠʪʝ ʠʥʚʝʩʪʠʪʦʨʠ. 

16 ʂʆʈʀʉʊɽʅɸ ʃʀʊɽʈɸʊʋʈɸ 

[1] Konstantin Graf ñRisk Quantification and Risk Menagement in Renewable Energy Projectsò, IEA-

RETD, Hamburg, Germany, 14.06.2011 

[2] Gustav Resch ñThe impact of risks in renewable energy investments and the role of smart policiesò, 

ECOFYS, Wien, Austria, 02.2016 

[3] Lee Cheuk Wing, Zhong Jin ñRisk menagement methods applied to renewable and sustainable energy: 
A reviewò, Journal of Electrical and Electronic Engineering,, Hong Kong, China, 16.10.2014 

[4] Edward Vine, Evan Mills, Allan Chen ñEnergy - efficiency and renewable energy options for 

management and insurance loss reductionò, Pergamon, Berkeley, CA 94720 USA, 12.04.1999 
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ʇʈɽɻʃɽɼ ʅɸ ʇʈʆɽʂʊ ɿɸ ʇʈʆʎɽʅʂɸ ʅɸ ɺɽʊɽʈʅʀʊɽ ʈɽʉʋʈʉʀ 

ʂʋʉɸ ʉʆɼʈɾʀʅɸ 

 ʇʨʦʮʝʥʢʘʪʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ ʧʨʝʪʩʪʘʚʫʚʘ ʧʨʚ ʯʝʢʦʨ ʧʨʠ ʨʘʟʚʠʚʘˁʝ ʥʘ 

ʧʨʦʝʢʪ ʟʘ ʠʟʛʨʘʜʙʘ ʥʘ ʚʝʪʝʨʥʘ ʮʝʥʪʨʘʣʘ. ɺʘʢʚʘʪʘ ʧʨʦʮʝʥʢʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʩʦ ʧʦʤʦʰ ʥʘ ʩʦʦʜʚʝʪʝʥ 

ʧʨʦʝʢʪ ʢʦʿ ʢʘʢʦ ʠ ʜʨʫʛʠʪʝ ʪʝʭʥʠʯʢʠ ʧʨʦʝʢʪʠ, ʩʝ ʪʝʤʝʣʠ ʥʘ ʚʥʠʤʘʪʝʣʥʦ ʧʣʘʥʠʨʘˁʝ ʠ 

ʢʦʦʨʜʠʥʠʨʘˁʝ ʚʦʜʝʿ˃ʠ ʩʝ ʦʜ ʥʠʟʘ ʥʘ ʦʜʥʘʧʨʝʜ ʿʘʩʥʦ ʧʦʩʪʘʚʝʥʠ ʮʝʣʠ.  ʉʝʢʘʢʦ, ʚʘʢʚʠʦʪ ʧʨʦʝʢʪ ʟʘ 

ʧʨʦʮʝʥʢʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ ʝ ʧʨʦʩʣʝʜʝʥ ʩʦ ʨʘʟʥʠ ʦʛʨʘʥʠʯʫʚʘˁʘ, ʢʘʢʦ ʰʪʦ ʩʝ ʙʫ˅ʝʪʦʪ ʠ 

ʨʘʩʧʦʣʦʞʠʚʦʩʪʘ, ʜʦʧʦʣʥʠʪʝʣʥʦ, ʫʩʧʝʰʥʦʩʪʘ ʥʘ ʚʘʢʚʠʦʪ ʧʨʦʝʢʪ ʣʝʞʠ ʚʦ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʥʝʛʦʚʠʪʝ 

ʩʦʩʪʘʚʥʠ ʜʝʣʦʚʠ, ʠʤʝʥʦ: ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʠ ʪʝʭʥʠʢʠʪʝ ʥʘ ʤʝʨʝˁʝ, ʩʪʨʫʯʥʠʦʪ ʢʘʜʘʨ, 

ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʘʪʘ ʦʧʨʝʤʘ, ʢʘʢʦ ʠ ʩʦʦʜʚʝʪʥʘʪʘ ʘʥʘʣʠʟʘ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʠ ʪʝʭʥʠʢʠʪʝ ʥʘ 

ʤʦʜʝʣʠʨʘˁʝ.  

ɺʦ ʦʚʦʿ ʪʨʫʜ ʩʝ ʜʘʚʘ ʢʨʘʪʦʢ ʧʨʝʛʣʝʜ ʥʘ ʜʠʟʘʿʥʦʪ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘʪʘ ʥʘ ʧʨʦʝʢʪʦʪ ʟʘ 

ʧʨʦʮʝʥʢʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ ʢʦʿ ʝ ʧʦʜʝʣʝʥ ʥʘ ʪʨʠ ʦʩʥʦʚʥʠ ʬʘʟʠ, ʠ ʪʦʘ: ʦʜʨʝʜʫʚʘˁʝ ʥʘ 

ʣʦʢʘʮʠʿʘ, ʤʦʥʠʪʦʨʠʨʘˁʝ ʥʘ ʨʝʩʫʨʩʠʪʝ ʠ ʥʠʚʥʦ ʘʥʘʣʠʟʠʨʘˁʝ. 

ɼʦʙʠʝʥʠʪʝ ʧʦʜʘʪʦʮʠ ʦʜ ʦʚʦʿ ʧʨʦʝʢʪ ʠʤʘʘʪ ʟʥʘʯʘʿʥʘ ʫʣʦʛʘ ʚʦ ʬʠʟʠʙʠʣʠʪʠ ʩʪʫʜʠʿʘʪʘ, ʰʪʦ 

ʛʦ ʧʨʘʚʠ ʦʚʦʿ ʧʨʦʝʢʪ ʢʨʫʮʠʿʘʣʝʥ ʧʨʠ ʜʦʥʝʩʫʚʘˁʝʪʦ ʦʜʣʫʢʘ ʟʘ ʠʟʛʨʘʜʙʘ ʥʘ ʝʜʥʘ ʚʝʪʝʨʥʘ 

ʮʝʥʪʨʘʣʘ. 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʧʨʦʮʝʥʢʘ, ʚʝʪʝʨʥʠ ʨʝʩʫʨʩʠ, ʦʜʨʝʜʫʚʘˁʝ ʣʦʢʘʮʠʿʘ, ʤʦʥʠʪʦʨʠʨʘˁʝ, 

ʘʥʘʣʠʟʠʨʘˁʝ  

1 ɺʆɺɽɼ 

ɼʠʟʘʿʥʠʨʘˁʝʪʦ ʥʘ ʚʝʪʝʨʝʥ ʧʨʦʝʢʪ ʠ ʧʨʦʮʝʥʫʚʘˁʝʪʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʥʝʨʛʠʿʘ ʦʜ 

ʠʩʪʠʦʪ ʟʘʚʠʩʠ ʦʜ ʜʝʪʘʣʥʘ ʠ ʪʦʯʥʘ ʧʨʦʮʝʥʢʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ, ʰʪʦ ʝ ʠ ʪʝʤʘ ʥʘ ʦʚʦʿ ʪʨʫʜ. ɺʦ 

ʧʨʦʜʦʣʞʝʥʠʝ ʝ ʜʘʜʝʥ ʧʨʝʣʠʤʠʥʘʨʝʥ ʚʦʜʠʯ ʟʘ ʤʝʪʦʜʠʪʝ ʠ ʝʪʘʧʠʪʝ ʥʘ ʝʜʝʥ ʧʨʦʝʢʪ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ 

ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ, ʧʨʠʪʦʘ ʢʦʥʮʠʟʥʦ ʦʙʿʘʩʥʫʚʘʿ˃ʠ ʛʠ ʠʩʪʠʪʝ. ʆʚʠʝ ʝʪʘʧʠ ʩʝ ʤʝʺʫʩʝʙʥʦ ʟʘʚʠʩʥʠ 

ʠ ʠʤʘʘʪ ʧʦʜʝʜʥʘʢʚʘ ʫʣʦʛʘ ʚʦ ʜʦʥʝʩʫʚʘˁʝʪʦ ʥʘ ʢʦʥʝʯʥʘʪʘ ʦʜʣʫʢʘ ʟʘ ʠʟʛʨʘʜʙʘ ʥʘ ʚʝʪʝʨʥʘ 

ʮʝʥʪʨʘʣʘ. ʇʨʦʝʢʪʦʪ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ ʧʨʝʪʩʪʘʚʫʚʘ ʧʦʯʝʪʥʘ ʬʘʟʘ ʦʜ ʞʠʚʦʪʥʠʦʪ 

ʮʠʢʣʫʩ ʥʘ ʝʜʥʘ ʚʝʪʝʨʥʘ ʮʝʥʪʨʘʣʘ, ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʥʘ ʩʣʠʢʘ 1. 

ʉʣʠʢʘ 1. ɾʠʚʦʪʝʥ ʮʠʢʣʫʩ ʥʘ ʚʝʪʝʨʥʘ ʮʝʥʪʨʘʣʘ 
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ɺʦ ʧʨʦʜʦʣʞʝʥʠʝ ʩʝ ʥʘʚʝʜʝʥʠ ʪʨʠʪʝ ʦʩʥʦʚʥʠ ʬʘʟʠ ʥʘ ʧʨʦʝʢʪʦʪ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʚʝʪʝʨʥʠʪʝ 

ʨʝʩʫʨʩʠ, ʠ ʪʦʘ: ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʣʦʢʘʮʠʿʘ, ʤʦʥʠʪʦʨʠʨʘˁʝ ʥʘ ʨʝʩʫʨʩʠʪʝ ʠ ʥʠʚʥʦ ʘʥʘʣʠʟʠʨʘˁʝ. 

2 ʆɼʈɽɼʋɺɸɳɽ ʃʆʂɸʎʀɱɸ  

 ɺʦ ʧʨʚʘʪʘ ʬʘʟʘ ʦʜ ʧʨʦʝʢʪʦʪ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ ʩʝ ʦʜʨʝʜʫʚʘʘʪ 

ʝʜʥʘ ʠʣʠ ʧʦʚʝ˃ʝ ʧʦʪʝʥʮʠʿʘʣʥʠ ʣʦʢʘʮʠʠ. ʆʚʘ ʚʢʣʫʯʫʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʥʘ ʨʝʣʘʪʠʚʥʦ ʛʦʣʝʤ ʨʝʛʠʦʥ 

(ʧʨ., ʦʙʣʘʩʪ, ʧʨʦʚʠʥʮʠʿʘ ʠʣʠ ʜʨʞʘʚa). ɻʣʘʚʥʦ ʥʝʰʪʦ ʰʪʦ ʩʝ ʟʝʤʘ ʚʦ ʧʨʝʜʚʠʜ ʝ ʚʝʪʝʨʥʠʦʪ 

ʨʝʩʫʨʩ, ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʮʝʥʠ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʚʝʪʝʨʥʠ ʤʘʧʠ ʠ ʿʘʚʥʦ ʜʦʩʪʘʧʥʠ ʧʦʜʘʪʦʮʠ ʟʘ 

ʚʝʪʨʦʪ. ɼʨʛʫʛʠ ʨʘʙʦʪʠ ʰʪʦ ʩʝ ʟʝʤʘʘʪ ʚʦ ʧʨʝʜʚʠʜ ʩʝ: ʩʦʩʪʿʙʘ ʥʘ ʧʘʟʘʨʦʪ, ʧʨʠʩʪʘʧ ʜʦ ʧʨʝʥʦʩʥʘ 

ʤʨʝʞʘ ʠ ʢʘʧʘʮʠʪʝʪ, ʫʩʣʦʚʠ ʟʘ ʠʟʛʨʘʜʙʘ ʠ ʧʨʠʩʪʘʧ, ʧʦʜʜʨʰʢʘ ʦʜ ʟʘʝʜʥʠʮʘʪʘ ʠ ʚʣʘʜʘʪʘ, ʢʘʢʦ ʠ 

ʩʝʥʟʠʪʠʚʥʦʩʪʘ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʠ ʢʫʣʪʫʨʘʪʘ. ʊʝʭʥʠʢʠʪʝ ʠ ʢʨʠʪʝʨʠʫʤʠʪʝ ʟʘ ʩʢʝʥʠʨʘˁʝ ʥʘ 

ʪʝʨʝʥ ʩʝ ʜʝʬʠʥʠʨʘʥʠ ʩʧʦʨʝʜ ʩʦʦʜʚʝʪʥʠ ʩʪʘʥʜʘʨʜʠ. ʂʘʢʦ ʧʨʚ ʯʝʢʦʨ ʩʝ ʧʨʝʧʦʨʘʯʫʚʘ ʧʦʜʘʪʦʮʠʪʝ 

ʟʘ ʛʝʦʛʨʘʬʠʿʘʪʘ ʜʘ ʙʠʜʘʪ ʩʦʙʨʘʥʠ ʠ ʩʦʩʪʘʚʝʥʠ ʚʦ GIS ʧʨʦʝʢʪ (Geographic Information System). 

ʆʪʢʦʛʘ ˃ʝ ʩʝ ʢʨʝʠʨʘ GIS ʧʨʦʝʢʪʦʪ, ʩʝ ʧʨʠʤʝʥʫʚʘ ʩʦʦʜʚʝʪʝʥ ʢʨʠʪʝʨʠʫʤ ʟʘ ʝʬʠʢʘʩʥʦ ʠ 

ʩʠʩʪʝʤʘʪʩʢʦ ʩʝʣʝʢʪʠʨʘˁʝ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʠ ʣʦʢʘʮʠʠ.  ɼʨʫʛʘ ʧʨʝʜʥʦʩʪ ʧʨʠ ʢʨʝʠʨʘˁʝ GIS ʝ ʪʦʘ 

ʰʪʦ ʢʦʛʘ ʚʝ˃ʝ ˃ʝ ʩʝ ʩʝʣʝʢʪʠʨʘ ʧʦʪʝʥʮʠʿʘʣʥʘʪʘ ʣʦʢʘʮʠʿʘ, ʛʦʣʝʤ ʜʝʣ ʦʜ ʜʠʟʘʿʥʦʪ ʥʘ ʧʨʦʝʢʪʦʪ ʟʘ 

ʤʦʥʠʪʦʨʠʨʘˁʝ ʥʘ ʚʝʪʝʨ ʠ ʩʣʝʜʩʪʚʝʥʦ, ʜʠʟʘʿʥʦʪ ʥʘ ʚʝʪʝʨʥʠʦʪ ʧʨʦʝʢʪ, ʤʦʞʝ ʜʘ ʙʠʜʘʪ ʠʟʚʝʜʝʥʠ ʚʦ 

ʚʠʨʪʫʝʣʥʘ ʦʢʦʣʠʥʘ.  ɹʝʟ ʨʘʟʣʠʢʘ ʜʘʣʠ ʝʜʝʥ GIS ʧʨʦʝʢʪ ˃ʝ ʙʠʜʝ ʠʩʢʦʨʠʩʪʝʥ ʠʣʠ ʥʝ, ʢʦʥʝʯʥʘʪʘ 

ʩʝʣʝʢʮʠʿʘ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʫʪʚʨʜʝʥʘ ʧʨʝʢʫ ʧʦʩʝʪʘ ʥʘ ʪʝʨʝʥʦʪ, ʩʦ ʮʝʣ ʜʘ ʩʝ ʧʦʪʚʨʜʘʪ 

ʬʠʟʠʯʢʠʪʝ ʫʩʣʦʚʠ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʢʦʠ ʝ ʥʘʧʨʘʚʝʥʘ ʩʝʣʝʢʮʠʿʘʪʘ (ʢʘʢʦ ʰʪʦ ʩʝ ʫʩʣʦʚʠʪʝ ʟʘ 

ʧʘʪʠʰʪʘʪʘ ʠ ʧʨʝʥʦʩʥʘʪʘ ʤʨʝʞʘ), ʠ ʥʘʯʝʣʥʦ ʜʘ ʩʝ ʧʨʦʮʝʥʘʪ ʧʦʣʠʪʠʯʢʠʪʝ, ʨʝʛʫʣʘʪʦʨʥʠʪʝ, 

ʢʫʣʪʫʨʥʠʪʝ ʠ ʩʠʪʝ ʦʩʪʘʥʘʪʠ ʬʘʢʪʦʨʠ ʢʦʠ ʤʦʞʘʪ ʜʘ ʛʦ ʩʧʨʝʯʘʪ ʨʘʟʚʦʿʦʪ.   

3 ʄʆʅʀʊʆʈʀʈɸɳɽ ʅɸ ʈɽʉʋʈʉʀ 

ʆʪʢʘʢʦ ˃ʝ ʩʝ ʦʜʨʝʜʠ ʣʦʢʘʮʠʿʘʪʘ, ʩʣʝʜʥʘʪʘ ʬʘʟʘ ʚʢʣʫʯʫʚʘ ʤʝʨʝˁʝ ʠ ʢʘʨʘʢʨʝʨʠʟʘʮʠʿʘ ʥʘ 

ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ. ʊʦʢʤʫ ʚʦ ʦʚʘʘ ʬʘʟʘ ʥʘʿʯʝʩʪʦ ʩʝ ʠʥʩʪʘʣʠʨʘʘʪ ʤʝʨʥʠʪʝ ʩʪʘʥʠʮʠ ʟʘ 

ʤʦʥʠʪʦʨʠʨʘˁʝ ʥʘ ʚʝʪʨʦʪ. ʅʘʿʯʝʩʪʠʪʝ ʮʝʣʠ ʥʘ ʤʦʥʠʪʦʨʠʨʘˁʝʪʦ ʩʝ:   

- ɼʘ ʩʝ ʧʦʪʚʨʜʠ ʜʘʣʠ ʠʤʘ ʜʦʚʦʣʥʦ ʚʝʪʝʨʥʠ ʨʝʩʫʨʩʠ ʟʘ ʧʦʥʘʪʘʤʦʰʥʦʪʦ ʠʩʪʨʘʞʫʚʘˁʝ ʜʘ 

ʙʠʜʝ ʦʧʨʘʚʜʘʥʦ; 

- ɼʘ ʩʝ ʩʧʦʨʝʜʘʪ ʠ ʨʘʥʛʠʨʘʘʪ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ ʤʝʺʫ ʨʘʟʣʠʯʥʠ ʧʦʪʝʥʮʠʿʘʣʥʠ ʣʦʢʘʮʠʠ; 

- ɼʘ ʩʝ ʜʦʙʠʿʘʪ ʤʝʨʦʜʘʚʥʠ ʧʦʜʘʪʦʮʠ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʠ ʝʢʦʥʦʤʩʢaʪʘ 

ʦʜʨʞʣʠʚʦʩʪ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʤʦʜʝʣʠ ʥʘ ʚʝʪʝʨʥʠ ʪʫʨʙʠʥʠ; 

- ɼʘ ʩʝ ʦʙʝʟʙʝʜʠ ʨʝʘʣʥʘ ʦʩʥʦʚʘ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ. 

3.1 ɼʠʟʘʿʥ ʥʘ ʧʨʦʝʢʪ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ ʥʘ ʚʝʪʝʨ 

ɻʣʘʚʥʘʪʘ ʮʝʣ ʥʘ ʧʨʦʝʢʪʦʪ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ ʥʘ ʚʝʪʨʦʪ ʝ ʜʘ ʩʝ ʜʦʙʠʝ ʥʘʿʪʦʯʝʥ ʤʦʞʝʥ 

ʧʦʜʘʪʦʢ ʟʘ ʚʝʪʝʨʥʠʦʪ ʨʝʩʫʨʩ ʜʦʣʞ ʮʝʣʘʪʘ ʧʦʚʨʰʠʥʘ ʦʧʬʘʪʝʥʘ ʩʦ ʧʝʨʢʠʪʝ ʥʘ ʨʦʪʦʨʦʪ ʠ ʜʦʣʞ 

ʮʝʣʘʪʘ ʧʦʚʨʰʠʥʘ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʦʧʬʘʪʝʥʘ ʩʦ ʧʨʦʝʢʪʦʪ. ʉʝʪʦ ʦʚʘ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʚʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ 

ʙʫ˅ʝʪʦʪ ʠ ʨʘʩʧʦʨʝʜʦʪ ʥʘ ʧʨʦʝʢʪʦʪ. ʆʚʘ ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʩʦ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʤʝʪʝʦʨʦʣʦʰʢʠ ʢʫʣʠ 

(ʤʝʨʥʠ ʩʪʘʥʠʮʠ) ʠ ʩʪʘʮʠʦʥʠʨʘʥʠ ʜʘʣʝʯʠʥʩʢʠ ʫʧʨʘʚʫʚʘʥʠ ʩʝʥʩʟʦʨʩʢʠ ʩʠʩʪʝʤʠ ʥʘ ʩʦʦʜʚʝʪʥʠ 

ʣʦʢʘʮʠʠ, ʠ ʦʙʝʟʝʜʫʚʘˁʝ ʥʘ ʜʦʚʦʣʥʘ ʢʦʣʠʯʠʥʘ ʥʘ ʧʦʜʘʪʦʮʠ ʟʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ ʨʝʩʫʨʠʪʝ.  

ɹʨʦʿ ʥʘ ʢʫʣʠ ʠ ʧʦʩʪʘʚʫʚʘˁʝ. ɻʣʘʚʥʘʪʘ ʮʝʣ ʧʨʠ ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʙʨʦʿʦʪ ʥʘ ʢʫʣʠ ʰʪʦ ˃ʝ 

ʙʠʜʘʪ ʠʥʩʪʘʣʠʨʘʥʠ ʠ ʢʘʜʝ ˃ʝ ʙʠʜʘʪ ʧʦʩʪʘʚʝʥʠ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʦʧʬʘʪʝʥʘ ʩʦ ʧʨʦʝʢʪʦʪ ʝ 

ʜʘ ʩʝ ʤʠʥʠʤʠʟʠʨʘ ʩʪʝʧʝʥʦʪ ʥʘ ʥʝʠʟʚʝʩʥʦʩʪ ʥʘ ʚʝʪʝʨʥʠʦʪ ʨʝʩʫʨʩ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʘʪʘ ʣʦʢʘʮʠʿʘ. 

ʇʦʩʪʠʛʥʫʚʘˁʝʪʦ ʥʘ ʦʚʘʘ ʮʝʣ ʧʦʙʘʨʫʚʘ ʥʝ ʩʘʤʦ ʤʦʥʠʪʦʨʠʨʘˁʝ ʥʘ ʤʝʩʪʦʪʦ ʢʘʜʝ ʚʝʪʨʦʪ ʝ 

ʥʘʿʩʠʣʝʥ, ʪʫʢʫ ʠ ʦʧʬʘ˃ʘˁʝ ʥʘ ʮʝʣʦʩʥʠʦʪ ʜʠʚʝʨʟʠʪʝʪ ʥʘ ʨʝʩʫʨʩʠʪʝ, ʦʜ ʥʘʿʜʦʙʨʠʪʝ ʜʦ ʥʘʿʣʦʰʠʪʝ, 

ʢʦʠ ʩʝ ʤʦʞʥʠ ʧʨʠ ʝʢʩʧʣʦʘʪʘʮʠʿʘ ʥʘ ʪʫʨʙʠʥʠʪʝ. ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʣʦʢʘʮʠʿʘʪʘ, ʪʦʧʦʛʨʘʬʠʿʘʪʘ, 

ʧʦʢʨʠʝʥʦʩʪʘ ʥʘ ʟʘʤʿʘʪʘ ʠ ʜʨʫʛʠ ʬʘʢʪʦʨʠ ʠʤʘʘʪ ʫʣʦʛʘ ʧʨʠ ʥʦʩʝˁʝʪʦ ʥʘ ʦʜʣʫʢʘʪʘ. 

ɺʠʩʠʥʘ ʥʘ ʠʥʩʪʨʫʤʝʥʪʠ. ʄʝʨʝˁʘʪʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ ʥʘ ʚʠʩʠʥʘ ʥʘ ʛʦʥʜʦʣʘʪʘ (ʠ 

ʧʦʞʝʣʥʦ ʜʦʣʞ ʮʝʣʘʪʘ ʧʦʚʨʰʠʥʘ ʦʧʬʘʪʝʥʘ ʩʦ ʧʝʨʢʠʪʝ), ʟʘ ʨʘʟʣʠʢʘ ʦʜ ʝʢʩʪʨʘʧʦʣʘʮʠʿʘʪʘ ʥʘ 

ʤʝʨʝˁʘʪʘ ʦʜ ʧʦʥʠʩʢʘ ʚʠʩʦʯʠʥʘ, ʛʠ  ʥʘʤʘʣʫʚʘʘʪ ʥʝʩʠʛʫʨʥʦʩʪʠʪʝ ʚʦ ʧʨʦʮʝʥʢʠʪʝ ʟʘ ʝʥʝʨʛʝʪʩʢʦʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ʀʟʙʦʨʦʪ  ʥʘ ʚʠʩʠʥʘʪʘ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʥʠ ʬʘʢʦʨʠ ʚʢʣʫʯʫʚʘʿ˃ʠ ʿʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ 



 

ʧʨʦʝʢʪʦʪ, ʮʝʥʘʪʘ ʥʘ ʢʫʣʘʪʘ, ʣʦʢʘʣʥʠʪʝ ʨʝʛʫʣʘʮʠʠ (ʧʨ., ʦʛʨʘʥʠʯʫʚʘˁʘ ʧʦʨʘʜʠ ʧʨʝʣʝʪʠ ʥʘ 

ʘʚʠʦʥʠ), ʢʘʢʦ ʠ ʧʦʟʥʘʚʘˁʝʪʦ ʥʘ ʚʝʪʝʨʥʠʪʝ ʫʩʣʦʚʠ (ʘʥʛ. wind shear). ɿʘ ʛʦʣʝʤʠ ʚʝʪʝʨʥʠ ʧʨʦʝʢʪʠ 

(>100 MW), ʧʨʝʧʦʨʘʯʣʠʚʦ ʝ ʙʘʨʝʤ ʝʜʥʘ ʦʜ ʪʨʠʪʝ ʤʝʪʝʦʨʦʣʦʰʢʠ ʢʫʣʠ ʜʘ ʙʠʜʝ ʥʘʿʤʘʣʢʫ ʥʘ 

ʚʠʩʠʥʘ ʥʘ ʛʦʥʜʦʣʘʪʘ. 

ʀʥʩʪʨʫʤʝʥʪʘʮʠʿʘ ʥʘ ʤʝʨʥʘʪʘ ʩʪʘʥʠʮʘ (ʢʫʣʘ). ɻʣʘʚʥʘʪʘ ʟʘʜʘʯʘ ʥʘ ʧʨʦʝʢʪʦʪ ʟʘ 

ʤʦʥʠʪʦʨʠʨʘˁʝ ʝ ʩʦʙʠʨʘˁʝ ʥʘ ʪʦʯʥʠ ʧʦʜʘʪʦʮʠ ʟʘ ʙʨʟʠʥʘʪʘ, ʧʨʘʚʝʮʦʪ, ʥʘʩʦʢʘʪʘ ʥʘ ʚʝʪʨʦʪ, ʢʘʢʦ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʦʟʜʫʭʦʪ. ʇʦʜʘʪʦʮʠʪʝ ʟʘ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʨʦʪ ʩʝ ʥʘʿʚʘʞʝʥ ʠʥʜʠʢʘʪʦʨ ʟʘ 

ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ ʥʘ ʜʘʜʝʥʘʪʘ ʣʦʢʘʮʠʿʘ. ʇʦʪʨʝʙʥʠ ʩʝ ʤʝʨʝˁʘ ʥʘ ʨʘʟʣʠʯʥʠ ʚʠʩʠʥʠ ʟʘ ʜʘ ʩʝ 

ʦʜʨʝʜʘʪ ʚʝʪʝʨʥʠʪʝ ʫʩʣʦʚʠ ʥʘ ʣʦʢʘʮʠʿʘʪʘ. ʀʥʬʦʨʤʘʮʠʿʘʪʘ ʟʘ ʬʨʝʢʚʝʥʮʠʩʢʘʪʘ ʟʘʯʝʩʪʝʥʦʩʪ ʥʘ 

ʥʘʩʦʢʘʪʘ ʥʘ ʚʝʪʨʦʪ ʝ ʚʘʞʥʘ ʟʘ ʦʧʪʠʤʠʟʠʨʘˁʝ ʥʘ ʥʘʜʚʦʨʝʰʥʠʦʪ ʠʟʛʣʝʜ ʥʘ ʚʝʪʝʨʥʠʪʝ ʪʫʨʙʠʥʠ ʚʦ 

ʨʘʤʢʠ ʥʘ ʚʝʪʝʨʥʦʪʦ ʧʦʣʝ ʠ ʟʘ  ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʤʦʜʝʣʠ ʟʘ ʧʨʦʪʦʢ ʥʘ ʚʝʪʨʦʪ ʠ ʝʬʝʢʪʠʪʝ ʥʘ 

ʙʨʘʟʜʘ ʠ ʧʦʣʝ. ʄʝʨʝˁʘʪʘ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʦʟʜʫʭʦʪ ʦʙʝʟʙʝʜʫʚʘʘʪ ʜʦʧʦʣʥʠʪʝʣʥʠ 

ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʫʩʣʦʚʠʪʝ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʠ ʧʦʤʘʛʘʘʪ ʜʘ ʩʝ ʦʜʨʝʜʠ ʛʫʩʪʠʥʘʪʘ ʥʘ ʚʦʟʜʫʭʦʪ. ʇʨʠ 

ʘʥʘʣʠʟʠʪʝ ʩʝ ʜʦʩʪʘʧʥʠ ʨʘʟʣʠʯʥʠ ʧʘʢʝʪʠ ʥʘ ʠʥʩʪʨʫʤʝʥʪʠ. ʀʟʙʠʨʘˁʝʪʦ ʥʘ  ʩʦʦʜʚʝʪʥʠʦʪ ʧʘʢʝʪ 

ʟʘʚʠʩʠ ʦʜ ʮʝʣʠʪʝ ʠ ʙʫ˅ʝʪʦʪ ʥʘ ʧʨʦʝʢʪʦʪ. ʆʚʘ ʿʘ ʜʝʤʦʥʩʪʨʠʨʘ ʧʦʪʨʝʙʘʪʘ ʟʘ ʜʝʪʘʣʝʥ ʜʠʟʘʿʥ ʥʘ 

ʧʨʦʝʢʪʦʪ ʰʪʦ ʛʠ ʟʠʤʘ ʚʦ ʧʨʝʜʚʠʜ ʩʠʪʝ ʚʘʨʠʿʘʙʣʠ. 

ʉʪʘʮʠʦʥʠʨʘʥʠ ʜʘʣʝʯʠʥʩʢʠ ʫʧʨʘʚʫʚʘʥʠ ʩʝʥʟʦʨʠ. SoDAR (Sonic Detection and 

Ranging) ʠ LiDAR (Light Detection and Ranging) ʪʝʭʥʦʣʦʛʠʠʪʝ, ʜʚʝ ʨʝʣʘʪʠʚʥʦ ʥʦʚʠ ʪʝʭʥʦʣʦʛʠʠ 

ʜʦʩʪʘʧʥʠ ʟʘ ʤʝʨʝˁʝ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʨʦʪ, ʤʦʞʝ ʜʘ ʙʠʜʘʪ ʢʦʨʠʩʥʠ ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ ʚʝʪʝʨʥʠʪʝ 

ʨʝʩʫʨʩʠ ʚʦ ʨʘʟʣʠʯʥʠ ʪʦʯʢʠ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʠ ʟʘ ʤʝʨʝˁʝ ʥʘ ʚʝʪʝʨʥʠʦʪ ʧʨʦʬʠʣ ʜʦʣʞ 

ʮʝʣʘʪʘ ʧʦʚʨʰʠʥʘ ʦʧʬʘʪʝʥʘ ʩʦ ʧʝʨʢʠʪʝ. ʂʨʘʪʢʦʪʨʘʿʥʠʪʝ  ʧʨʦʝʢʪʠ (4-12 ʥʝʜʝʣʠ) ʩʝ ʪʠʧʠʯʥʠ, ʠʘʢʦ 

ʩʝ ʧʨʝʧʦʨʘʯʫʚʘʘʪ ʧʦʜʦʣʛʦʨʦʯʥʠʪʝ ʧʨʦʝʢʪʠ, ʢʘʢʦ ʠ ʢʦʥʮʝʧʪʦʪ ʥʘ ʥʝʢʦʣʢʫ ʧʨʦʝʢʪʠ, ʟʘ ʛʦʣʝʤʠ 

ʚʝʪʝʨʥʠ ʧʨʦʝʢʪʠ (>100 MW), ʢʦʤʧʣʝʢʩʝʥ ʪʝʨʝʥ ʠʣʠ ʟʘ ʧʨʦʝʢʪʠ ʢʘʜʝ ʠʤʘ ʟʥʘʯʘʿʥʠ ʩʝʟʦʥʩʢʠ 

ʚʘʨʠʿʘʮʠʠ ʚʦ ʚʝʪʝʨʥʠʪʝ ʫʩʣʦʚʠ. 

3.2 ʇʣʘʥ ʟʘ ʤʝʨʝˁʝ 

ɿʘʝʜʥʠʯʢʦ ʟʘ ʩʠʪʝ ʧʨʦʝʢʪʠ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ ʝ ʧʦʪʨʝʙʘʪʘ ʦʜ ʧʣʘʥ ʟʘ ʤʝʨʝˁʝ. ʅʝʛʦʚʘʪʘ 

ʥʘʤʝʥʘ ʝ ʜʘ ʦʩʠʛʫʨʘ ʜʝʢʘ ʩʠʪʝ ʘʩʧʝʢʪʠ ʦʜ ʧʨʦʝʢʪʦʪ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ ʥʘ ʚʝʪʨʦʪ ˃ʝ ʩʝ 

ʢʦʤʙʠʥʠʨʘʘʪ ʟʘ ʜʘ ʩʝ ʦʙʝʟʙʝʜʘʪ ʧʦʜʘʪʦʮʠʪʝ ʧʦʪʨʝʙʥʠ ʟʘ ʦʩʪʚʘʨʫʚʘˁʝ ʥʘ ʮʝʣʠʪʝ ʥʘ ʧʨʦʝʢʪʦʪ. 

ʇʨʝʜ ʜʘ ʙʠʜʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥ, ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʧʠʩʤʝʥʦ ʜʦʢʫʤʝʥʪʠʨʘʥ, ʧʨʝʛʣʝʜʘʥ ʠ ʧʨʠʬʘʪʝʥ ʦʜ 

ʩʪʨʘʥʘ ʥʘ ʫʯʝʩʥʠʮʠʪʝ ʚʦ ʧʨʦʝʢʪʦʪ. ʇʣʘʥʦʪ ʪʨʝʙʘ ʜʘ ʛʠ ʩʧʝʮʠʬʠʮʠʨʘ ʩʣʝʜʥʠʚʝ ʝʣʝʤʝʥʪʠ: 

- ʧʘʨʘʤʝʪʨʠ ʥʘ ʤʝʨʝˁʝ (ʧʨ., ʙʨʟʠʥʘ, ʥʘʩʦʢʘ, ʪʝʤʧʝʨʘʪʫʨʘ)  
- ʪʠʧ, ʢʚʘʣʠʪʝʪ ʠ ʮʝʥʘ ʥʘ ʦʧʨʝʤʘ 
- ʚʠʩʠʥʘ ʥʘ ʧʦʩʪʘʚʝʥʦʩʪ ʥʘ ʦʧʨʝʤʘʪʘ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ ʠ ʥʝʿʟʠʥʘ ʥʘʩʦʯʝʥʦʩʪ 
- ʙʨʦʿ ʠ ʣʦʢʘʮʠʠ ʥʘ ʿʘʨʙʦʣʠ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ  

- ʤʠʥʠʤʘʣʥʦ ʧʦʩʘʢʫʚʘʥʘ ʪʦʯʥʦʩʪ ʠ ʪʨʘʝˁʝ ʥʘ ʤʝʨʝˁʝʪʦ, ʢʘʢʦ ʠ ʤʠʥʠʤʘʣʥʦ ʧʨʝʟʝʤʘˁʝ ʥʘ 
ʧʦʜʘʪʦʮʠ 

- ʩʝʤʧʣʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʠ ʠʥʪʝʨʚʘʣʠ ʥʘ ʩʥʠʤʘˁʝ 
- ʩʪʨʘʥʠ ʦʜʛʦʚʦʨʥʠ ʟʘ ʠʥʩʪʘʣʘʮʠʿʘ ʥʘ ʦʧʨʝʤʘʪʘ, ʥʝʿʟʠʥʦ ʦʜʨʞʫʚʘˁʝ, ʚʘʣʠʜʘʮʠʿʘ ʥʘ 

ʧʦʜʘʪʦʮʠʪʝ ʠ ʧʨʠʣʦʞʫʚʘˁʝ ʥʘ ʠʟʚʝʰʪʘʠ 
- ʧʨʝʥʦʩ, ʩʢʨʠʥʠʥʛ ʠ ʧʨʦʮʝʜʫʨʠ ʥʘ ʧʨʦʮʝʩʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠʪʝ 
- ʤʝʨʢʠ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ ʢʚʘʣʠʪʝʪʦʪ 
- ʠʥʪʝʨʚʘʣʠ ʥʘ ʧʨʘ˃ʘˁʝ ʠ ʬʦʨʤʘʪ ʥʘ ʧʦʜʘʪʦʮʠʪʝ 

ɻʝʥʝʨʘʣʥʦ ʩʝ ʧʨʝʧʦʨʘʯʫʚʘ ʤʦʥʠʪʦʨʠʨʘˁʝʪʦ ʥʘ ʚʝʪʨʦʪ ʜʘ ʪʨʘʝ ʥʘʿʤʘʣʢʫ ʝʜʥʘ ʛʦʜʠʥʘ (12 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʤʝʩʝʮʠ), ʠʘʢʦ ʧʦʜʦʣʛ ʧʝʨʠʦʜ ʙʠ ʜʘʣ ʧʦʩʠʛʫʨʥʠ ʨʝʟʫʣʪʘʪʠ. ʂʦʣʠʯʠʥʘʪʘ ʥʘ 

ʧʨʝʟʝʤʝʥʠʪʝ ʧʦʜʘʪʦʮʠ ʟʘ ʩʠʪʝ ʠʟʤʝʨʝʥʠ ʧʘʨʘʤʝʪʨʠ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʰʪʦ ʝ ʤʦʞʥʦ ʧʦʛʦʣʝʤʘ, ʧʘ 

ʪʘʢʘ ʟʘ ʧʦʚʝ˃ʝʪʦ ʤʝʨʥʠ ʩʪʘʥʠʮʠ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʥʘʿʤʘʣʢʫ 90%, ʩʦ ʤʠʥʠʤʘʣʥʠ ʧʨʦʧʫʩʪʠ ʚʦ 

ʧʦʜʘʪʦʮʠʪʝ. ʀʩʭʦʜʦʪ ʦʜ ʮʝʣʘʪʘ ʧʦʩʪʘʧʢʘ ʚʩʫʰʥʦʩʪ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʥʠ ʬʘʢʪʦʨʠ ʢʘʢʦ ʰʪʦ ʩʝ 

ʦʜʜʘʣʝʯʝʥʦʩʪʘ ʦʜ ʣʦʢʘʮʠʿʘʪʘ, ʚʨʝʤʝʥʩʢʠʪʝ ʫʩʣʦʚʠ, ʪʠʧʦʪ ʥʘ ʠʥʩʪʨʫʤʝʥʪʠʪʝ, ʢʘʢʦ ʠ ʤʝʪʦʜʠʪʝ ʥʘ 

ʧʨʠʙʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠ. 



 

3.3 ʉʪʨʘʪʝʛʠʿʘ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ 

ʆʩʥʦʚʠʪʝ ʥʘ ʜʦʙʨʘʪʘ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ ʩʝ ʜʦʙʘʨ ʤʝʥʘ˅ʤʝʥʪ, ʢʚʘʣʠʬʠʢʫʚʘʥ 

ʧʝʨʩʦʥʘʣ ʠ ʘʜʝʢʚʘʪʥʠ ʨʝʩʫʨʩʠ. ɿʘ ʫʩʧʝʰʥʦ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘʿʜʦʙʨʦ ʝ ʜʦʢʦʣʢʫ ʩʠʪʝ, 

ʢʦʠ ʩʝ ʚʢʣʫʯʝʥʠ ʚʦ ʧʨʦʮʝʩʦʪ, ʛʠ ʟʥʘʘʪ ʩʚʦʠʪʝ (ʠ ʥʘ ʩʠʪʝ ʧʨʝʦʩʪʘʥʘʪʠ ʫʯʝʩʥʠʮʠ) ʫʣʦʛʠ ʠ 

ʦʜʛʦʚʦʨʥʦʩʪʠ. ʉʝʢʦʿ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʟʘʧʦʟʥʘʝʥ ʩʦ ʦʧʰʪʠʪʝ ʮʝʣʠ ʥʘ ʧʨʦʝʢʪʦʪ, ʧʣʘʥʦʪ ʟʘ ʤʝʨʝˁʝ ʠ 

ʨʘʩʧʦʨʝʜʦʪ. ʄʝʺʫʩʝʙʥʘʪʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʥʘ ʫʯʝʩʥʠʮʠʪʝ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʦʪʚʦʨʝʥʘ ʠ ʯʝʩʪʘ. 

ʇʨʝʧʦʨʘʯʣʠʚʦ ʝ ʚʦ ʪʠʤʦʪ ʜʘ ʙʠʜʝ ʚʢʣʫʯʝʥʘ ʥʘʿʤʘʣʢʫ ʝʜʥʘ ʦʩʦʙʘ ʢʦʿʘ ʠʤʘ ʧʨʘʢʪʠʯʥʦ ʠʩʢʫʩʪʚʦ 

ʦʜ ʦʙʣʘʩʪʘ ʥʘ ʤʝʨʝˁʝʪʦ. ɸʥʘʣʠʟʘʪʘ ʥʘ ʧʦʜʘʪʦʮʠ, ʠʥʪʝʨʧʨʝʪʘʮʠʿʘʪʘ ʠ ʢʦʤʧʿʫʪʝʨʩʢʠʪʝ ʚʝʰʪʠʥʠ 

ʩʝ ʠʩʪʦ ʪʘʢʘ ʚʘʞʥʠ ʬʘʢʪʦʨʠ. ɼʦʩʪʘʧʥʠʦʪ ʧʝʨʩʦʥʘʣ ʠ ʤʘʪʝʨʠʿʘʣʥʠ ʨʝʩʫʨʩʠ ʤʦʨʘ ʜʘ ʙʠʜʘʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʥʘ ʮʝʣʠʪʝ ʥʘ ʧʨʦʝʢʪʦʪ. ɺʠʩʦʢʠʪʝ ʩʪʘʥʜʘʨʜʠ ʧʦʚʨʟʘʥʠ ʩʦ ʪʦʯʥʦʩʪʘ ʥʘ 

ʧʦʜʘʪʦʮʠʪʝ ʠ ʥʠʚʥʘʪʘ ʢʦʤʧʣʝʪʥʦʩʪ ʙʘʨʘʘʪ ʩʦʦʜʚʝʪʥʠ ʥʠʚʦʘ ʥʘ ʢʘʜʨʦʚʩʢʦ ʝʢʠʧʠʨʘˁʝ, 

ʠʥʚʝʩʪʠʨʘˁʝ ʚʦ ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʘ ʦʧʨʝʤʘ ʠ ʘʣʘʪʢʠ, ʙʨʟʘ ʨʝʘʢʮʠʿʘ ʧʨʠ ʥʝʧʣʘʥʠʨʘʥʠ ʥʘʩʪʘʥʠ 

(ʧʨ., ʛʘʩʝˁʝ ʥʘ ʦʧʨʝʤʘʪʘ), ʜʦʩʪʘʧʥʦʩʪ ʥʘ ʨʝʟʝʨʚʥʠ ʜʝʣʦʚʠ, ʨʫʪʠʥʩʢʠ ʧʦʩʝʪʠ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʠ 

ʧʦʚʨʝʤʝʥ ʧʨʝʛʣʝʜ ʥʘ ʧʦʜʘʪʦʮʠʪʝ. ʈʘʙʦʪʘʪʘ ʠ ʦʜʨʞʫʚʘˁʝʪʦ ʥʘ ʩʪʘʥʠʮʘʪʘ ʠ ʧʨʠʙʠʨʘˁʝʪʦ ʥʘ 

ʧʦʜʘʪʦʮʠʪʝ ʩʝ ʠʥʪʝʛʨʘʣʥʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʩʪʨʘʪʝʛʠʿʘʪʘ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ. 

ʈʘʙʦʪʘ ʠ ʦʜʨʞʫʚʘˁʝ ʥʘ ʩʪʘʥʠʮʘʪʘ. ʂʦʥʪʠʥʫʠʨʘʥʦʪʦ ʦʜʨʞʫʚʘˁʝ ʠ ʫʨʝʜʥʦ 

ʜʦʢʫʤʝʥʪʠʨʘˁʝ ʥʘ ʩʝʢʦʿʘ ʩʪʘʥʠʮʘ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ ʩʝ ʧʦʪʨʝʙʥʠ ʟʘ ʜʘ ʩʝ 

ʟʘʯʫʚʘ ʠʥʪʝʛʨʠʪʝʪʦʪ ʠ ʜʘ ʩʝ ʧʦʩʪʠʛʥʘʪ ʮʝʣʠʪʝ ʥʘ ʧʨʦʝʢʪʦʪ ʟʘ ʤʝʨʝˁʝ. ʉʝ ʧʨʝʧʦʨʘʯʫʚʘ (ʧʨʝʢʫ 

ʨʘʙʦʪʘ ʠ ʦʜʨʞʫʚʘˁʝ)  ʚʦʩʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʝʜʥʦʩʪʘʚʝʥ ʧʣʘʥ. ʆʚʦʿ ʧʣʘʥ ʪʨʝʙʘ ʜʘ ʚʢʣʫʯʠ ʨʘʟʣʠʯʥʠ 

ʤʝʨʢʠ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʢʚʘʣʠʪʝʪ ʠ ʜʘ ʦʙʝʟʙʝʜʠ ʥʘʧʘʪʩʪʚʠʿʘ ʟʘ ʮʝʣʠʦʪ ʧʝʨʩʦʥʘʣ. 

ʇʨʠʙʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠ ʠ ʨʘʢʫʚʘˁʝ. ʎʝʣʪʘ ʥʘ ʧʨʠʙʠʨʘˁʝʪʦ ʥʘ ʧʦʜʘʪʦʮʠ ʠ ʧʨʦʮʝʩʦʪ 

ʥʘ ʨʘʢʫʚʘˁʝ ʝ ʜʘ ʦʩʠʛʫʨʘ ʜʝʢʘ ʧʦʜʘʪʦʮʠʪʝ ʩʝ ʜʦʩʪʘʧʥʠ ʟʘ ʘʥʘʣʠʟʠ ʠ ʜʝʢʘ ʪʠʝ ʩʝ ʟʘʰʪʠʪʝʥʠ ʦʜ 

ʝʚʝʥʪʫʘʣʥʠ ʦʰʪʝʪʫʚʘˁʘ ʠʣʠ ʥʠʚʥʦ ʛʫʙʝˁʝ. 

3.4 ʇʣʘʥ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʢʚʘʣʠʪʝʪ 

ɽʩʝʥʮʠʿʘʣʝʥ ʜʝʣ ʥʘ ʩʝʢʦʿ ʧʨʦʝʢʪ ʟʘ ʤʝʨʝˁʝ ʝ ʧʣʘʥʦʪ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʢʚʘʣʠʪʝʪ ʢʦʿ 

ʧʨʝʪʩʪʘʚʫʚʘ ʜʝʪʘʣʥʘ ʠ ʦʨʛʘʥʠʟʠʨʘʥʘ ʘʛʝʥʜʘ ʟʘ ʩʠʛʫʨʥʦ ʠ ʫʩʧʝʰʥʦ ʩʦʙʠʨʘˁʝ ʥʘ 

ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʠ ʧʦʜʘʪʦʮʠ. ʇʣʘʥʦʪ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʥʘʧʠʰʘʥ 

ʧʠʩʤʝʥʦ ʦʪʢʦʛʘ ˃ʝ ʙʠʜʝ ʢʦʤʧʣʝʪʠʨʘʥ ʧʣʘʥʦʪ ʟʘ ʤʝʨʝˁʝ. 

¶ ʇʦʣʠʩʘ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʢʚʘʣʠʪʝʪ. ʄʝʥʘ˅ʝʨʦʪ ʥʘ ʧʨʦʝʢʪʦʪ ʪʨʝʙʘ ʜʘ ʛʦ ʫʪʚʨʜʠ ʠ 

ʦʜʦʙʨʠ ʧʣʘʥʦʪ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪ, ʩʦ ʰʪʦ ʤʫ ʜʘʚʘ ʢʨʝʜʠʙʠʣʠʪʝʪ ʥʘ 

ʮʝʣʠʦʪ ʧʝʨʩʦʥʘʣ. 

¶ ʂʦʦʨʜʠʥʘʪʦʨ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʢʚʘʣʠʪʝʪ. ɺʨʩʢʘʪʘ ʤʝʺʫ ʧʣʘʥʦʪ ʠ ʧʨʦʝʢʪ 

ʤʝʥʘ˅ʤʝʥʪʦʪ ʝ ʢʦʦʨʜʠʥʘʪʦʨʦʪ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪ. ʊʦʿ ʪʨʝʙʘ ʜʘ ʙʠʜʝ 

ʟʘʧʦʟʥʘʝʥ ʩʦ ʨʫʪʠʥʩʢʠʪʝ ʙʘʨʘˁʘ ʟʘ ʩʦʙʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠ. ɸʢʦ ʧʣʘʥʦʪ ʟʘ 

ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪ ʩʝ ʘʥʘʣʠʟʠʨʘ ʩʝʨʠʦʟʥʦ, ʢʦʦʨʜʠʥʘʪʦʨʦʪ ʤʦʨʘ ʜʘ ʙʠʜʝ 

ʦʚʣʘʩʪʝʥ ʜʘ ʦʩʠʛʫʨʘ ʜʝʢʘ ʮʝʣʠʦʪ ʧʝʨʩʦʥʘʣ ʝ ʩʦʦʜʚʝʪʥʦ ʦʙʫʯʝʥ, ʩʣʝʜʝʥʠ ʩʝ ʪʦʯʥʠ 

ʧʨʦʮʝʜʫʨʠ ʠ ʩʝ ʧʨʝʚʟʝʤʝʥʠ ʩʦʦʜʚʝʪʥʠ ʤʝʨʢʠ ʟʘ ʢʦʨʝʢʮʠʿʘ ʚʦ ʩʣʫʯʘʿ ʥʘ 

ʧʨʦʙʣʝʤʠ. ɼʦʧʦʣʥʠʪʝʣʥʦ, ʢʦʦʨʜʠʥʘʪʦʨʦʪ ʪʨʝʙʘ ʫʨʝʜʥʦ ʜʘ ʿʘ ʦʜʨʞʫʚʘ 

ʩʦʦʜʚʝʪʥʘʪʘ ʜʦʢʫʤʝʥʪʘʮʠʿʘ. 

ʂʚʘʣʠʪʝʪʦʪ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʥʘʿʯʝʩʪʦ ʩʝ ʦʮʝʥʫʚʘ ʧʨʝʢʫ ʪʦʯʥʦʩʪ ʠ ʢʦʤʧʣʝʪʥʦʩʪ. ʇʣʘʥʦʪ ʟʘ 

ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪ ʩʝ ʧʦʪʧʠʨʘ ʥʘ ʜʦʢʫʤʝʥʪʘʮʠʿʘʪʘ ʥʘ ʧʦʩʪʘʧʢʠʪʝ ʚʢʣʫʯʝʥʠ ʟʘ ʧʦʜʜʨʰʢʘ 

ʥʘ ʪʚʨʜʝˁʘʪʘ ʟʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʧʦʜʘʪʦʮʠʪʝ. ʉʝ ʧʨʝʧʦʨʘʯʫʚʘ ʧʣʘʥʦʪ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪ 

ʜʘ ʛʠ ʩʦʜʨʞʠ ʩʣʝʜʥʠʚʝ ʢʦʤʧʦʥʝʥʪʠ: 

- ʥʘʙʘʚʢʘ ʥʘ ʦʧʨʝʤʘ ʩʧʦʨʝʜ ʩʧʝʮʠʬʠʢʘʮʠʠʪʝ ʥʘ ʧʨʦʝʢʪʦʪ 
- ʤʝʪʦʜ ʥʘ ʢʘʣʠʙʨʠʨʘˁʝ ʥʘ ʦʧʨʝʤʘʪʘ, ʬʨʝʢʚʝʥʮʠʿʘ ʠ ʧʨʘ˃ʘˁʝ ʥʘ ʧʦʚʨʘʪʥʠ ʠʥʬʦʨʤʘʮʠʠ 
- ʠʥʩʪʘʣʘʮʠʿʘ, ʚʝʨʠʬʠʢʘʮʠʿʘ ʠ ʣʠʩʪʠ ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ ʨʘʙʦʪʘʪʘ ʠ ʦʜʨʞʫʚʘˁʝʪʦ ʥʘ 

ʤʦʥʠʪʦʨʠʥʛ ʩʪʘʥʠʮʘʪʘ 
- ʧʨʠʙʠʨʘˁʝ, ʩʢʨʠʥʠʥʛ ʠ ʘʨʭʠʚʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠ  
- ʫʧʘʪʩʪʚʘ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʧʦʜʘʪʦʮʠ 



 

- ʤʝʪʦʜʠ ʟʘ ʚʘʣʠʜʠʨʘˁʝ, ʢʨʠʪʝʨʠʫʤʠ ʟʘ ʦʟʥʘʯʫʚʘˁʝ, ʬʨʝʢʚʝʥʮʠʿʘ ʥʘ ʠʟʚʝʩʪʫʚʘˁʝ ʠ 
ʬʦʨʤʘʪ ʥʘ ʧʦʜʘʪʦʮʠʪʝ 

- -ʚʥʘʪʨʝʰʥʠ ʨʝʚʠʟʠʠ ʟʘ ʜʦʢʫʤʝʥʪʠʨʘˁʝ ʥʘ ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ ʦʜʛʦʚʦʨʥʠʪʝ ʟʘ 

ʠʥʩʪʘʣʘʮʠʿʘ ʠ ʟʘ ʨʘʙʦʪʘ ʠ ʦʜʨʞʫʚʘˁʝ, ʢʘʢʦ ʠ ʟʘ ʧʨʠʙʠʨʘˁʝ ʠ ʨʘʢʫʚʘˁʝ ʩʦ ʧʦʜʘʪʦʮʠ 

ɼʨʫʛʘ ʮʝʣ ʥʘ ʦʙʝʟʙʝʜʫʚʘˁʝʪʦ ʥʘ ʢʚʘʣʠʪʝʪ ʝ ʜʘ ʩʝ ʤʠʥʠʤʠʟʠʨʘʘʪ ʥʝʩʠʛʫʨʥʦʩʪʠʪʝ ʢʦʠ 

ʥʝʠʟʙʝʞʥʦ ʩʝ ʿʘʚʫʚʘʘʪ ʚʦ ʩʝʢʦʿ ʯʝʢʦʨ ʦʜ ʧʨʦʮʝʩʦʪ ʥʘ ʤʝʨʝˁʝ. ʅʠʪʫ ʝʜʥʘ ʢʫʣʘ ʥʝ ʿʘ ʧʨʝʪʩʪʘʚʫʚʘ 

ʩʦʚʨʰʝʥʦ ʦʙʣʘʩʪʘ ʟʘ ʢʦʿʘ ʝ ʥʘʤʝʥʝʪʘ, ʥʠʪʫ ʝʜʝʥ ʩʝʥʟʦʨ ʥʝ ʤʝʨʠ ʩʦ ʠʜʝʘʣʥʘ ʪʦʯʥʦʩʪ ʠ ʥʠʪʫ ʝʜʝʥ 

ʧʦʜʘʪʦʢ ʢʦʿ ʝ ʩʦʙʨʘʥ ʚʦ ʜʘʜʝʥ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʥʝ ʛʠ ʧʨʠʢʘʞʫʚʘ ʠʜʝʘʣʥʦ ʫʩʣʦʚʠʪʝ ʩʦ ʢʦʠ 

ʤʦʞʝ ʜʘ ʩʝ ʩʦʦʯʠ ʚʝʪʝʨʥʦʪʦ ʧʦʣʝ ʟʘ ʚʨʝʤʝ ʥʘ ʨʘʙʦʪʘʪʘ. ʂʘʢʦ ʠ ʜʘ ʝ, ʘʢʦ ʨʘʟʤʝʨʦʪ ʥʘ ʦʚʠʝ 

ʥʝʩʠʛʫʨʥʦʩʪʠ ʝ ʧʦʟʥʘʪ ʠ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʧʨʝʢʫ ʫʩʦʛʣʘʩʝʥ ʧʣʘʥ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪ, 

ʟʘʢʣʫʯʦʮʠʪʝ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʩʦʦʜʚʝʪʥʦ ʢʚʘʣʠʬʠʢʫʚʘʥʠ ʪʘʢʘ ʰʪʦ ˃ʝ ʦʙʝʟʙʝʜʘʪ ʢʦʨʠʩʥʠ 

ʠʥʬʦʨʤʘʮʠʠ. 

4 ɸʅɸʃʀɿɸ ʅɸ ɺɽʊɽʈʅʀʊɽ ʈɽʉʋʈʉʀ 

ʊʨʝʪʘʪʘ ʬʘʟʘ ʦʜ ʧʨʦʝʢʪʦʪ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ ʩʝ ʩʦʩʪʦʠ ʦʜ ʦʧʠʩ ʥʘ 

ʚʝʪʝʨʥʠʦʪ ʨʝʩʫʨʩ ʥʘ ʩʠʪʝ ʨʝʣʝʚʘʥʪʥʠ ʚʨʝʤʝʥʩʢʠ ʠ ʧʨʦʩʪʦʨʥʠ ʨʘʟʤʝʨʠ, ʩʦ ʰʪʦ ʿʘ ʧʦʜʜʨʞʫʚʘ 

ʦʧʪʠʤʘʣʥʘʪʘ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʪʫʨʙʠʥʠ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʦʧʬʘʪʝʥʘ ʩʦ ʧʨʦʝʢʪʦʪ, ʠ 

ʥʘʿʪʦʯʥʘʪʘ ʤʦʞʥʘ ʧʨʦʮʝʥʢʘ ʥʘ ʝʥʝʨʛʝʪʩʢʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺʦ ʦʚʘʘ ʬʘʟʘ ʝ ʚʢʣʫʯʝʥʦ: 

ʚʘʣʠʜʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠʪʝ, ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ ʠʩʧʠʪʫʚʘʥʠʦʪ ʨʝʩʫʨʩ, ʧʨʠʣʘʛʦʜʫʚʘˁʘ ʢʦʥ 

ʚʝʪʝʨʥʠʪʝ ʫʩʣʦʚʠ ʠ ʜʦʣʛʦʨʦʯʥʘʪʘ ʚʝʪʝʨʥʘ ʢʣʠʤʘ, ʥʫʤʝʨʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ ʥʘ ʧʨʦʪʦʢʦʪ ʥʘ ʚʝʪʝʨ, 

ʜʠʟʘʿʥ ʥʘ ʧʨʦʝʢʪ ʠ ʢʘʣʢʫʣʘʮʠʠ ʟʘ ʝʥʝʨʛʝʪʩʢʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

4.1 ɺʘʣʠʜʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠʪʝ 

ʆʪʢʘʢʦ ʧʦʜʘʪʦʮʠʪʝ ʦʜ ʩʠʩʪʝʤʦʪ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ ˃ʝ ʙʠʜʘʪ ʫʩʧʝʰʥʦ ʧʨʝʬʨʣʝʥʠ ʚʦ 

ʢʦʤʧʿʫʪʝʨʩʢʘʪʘ ʙʘʟʘ ʥʘ ʧʦʜʘʪʦʮʠ, ʩʝ ʧʨʦʚʝʨʫʚʘ ʥʠʚʥʘʪʘ ʪʦʯʥʦʩʪ ʠ ʩʝ ʚʘʣʠʜʠʨʘʘʪ. 

ɼʦʧʦʣʥʠʪʝʣʥʦ, ʩʝ ʚʨʰʠ ʧʨʦʮʝʥʢʘ ʥʘ  ʢʦʤʧʣʝʪʥʦʩʪʘ ʠ ʨʘʟʫʤʥʦʩʪʘ ʥʘ ʧʦʜʘʪʦʮʠʪʝ, ʘ ʥʝʚʘʣʠʜʥʠʪʝ 

ʠ ʩʦʤʥʠʪʝʣʥʠʪʝ ʧʦʜʘʪʦʮʠ ʩʝ ʧʨʠʿʘʚʫʚʘʘʪ. ʆʚʦʿ ʧʨʦʮʝʩ ʩʣʫʞʠ ʠʩʪʦ ʪʘʢʘ ʟʘ ʜʝʪʝʢʪʠʨʘˁʝ ʥʘ 

ʧʦʪʝʥʮʠʿʘʣʥʠ ʧʨʦʙʣʝʤʠ ʩʦ ʠʥʩʪʨʫʤʝʪʘʮʠʿʘʪʘ ʠʣʠ ʜʘʪʘ ʣʦʛʝʨʦʪ. 

4.2 ʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ ʠʩʧʠʪʫʚʘʥʠʦʪ ʚʝʪʝʨʝʥ ʨʝʩʫʨʩ 

ʆʪʢʘʢʦ ʧʦʜʘʪʦʮʠʪʝ ʟʘ ʚʝʪʝʨʥʠʦʪ ʨʝʩʫʨʩ ˃ʝ ʙʠʜʘʪ ʚʘʣʠʜʠʨʘʥʠ, ʪʠʝ ʩʝ ʘʥʘʣʠʟʠʨʘʘʪ ʟʘ ʜʘ 

ʩʝ ʛʝʥʝʨʠʨʘʘʪ ʨʘʟʣʠʯʥʠ ʩʪʘʪʠʩʪʠʢʠ ʢʦʠ ʧʦʤʘʛʘʘʪ ʜʘ ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʚʝʪʝʨʥʠʦʪ ʨʝʩʫʨʩ ʥʘ ʪʘʘ 

ʣʦʢʘʮʠʿʘ. ɺʦʦʙʠʯʘʝʥʠʪʝ ʩʪʘʪʠʩʪʠʢʠ ʚʢʣʫʯʫʚʘʘʪ: ʧʨʦʩʝʯʥʠ ʙʨʟʠʥʠ, ʬʨʝʢʚʝʥʮʠʩʢʘ ʨʘʩʧʨʝʜʝʣʙʘ 

ʥʘ ʙʨʟʠʥʠʪʝ ʠ ʧʨʘʚʮʠʪʝ, ʚʝʪʝʨʥʠ ʫʩʣʦʚʠ, ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʪʫʨʙʫʣʝʥʮʠʠ ʠ ʤʦ˃ʥʦʩʪ ʥʘ ʚʝʪʨʦʪ.   

4.3 ʇʨʦʮʝʥʢʘ ʥʘ ʨʝʩʫʨʩʦʪ ʥʘ ʚʠʩʠʥʘ ʥʘ ʛʦʥʜʦʣʘʪʘ 

ʉʦ ʦʛʣʝʜ ʥʘ ʪʦʘ ʰʪʦ ʤʝʨʥʠʪʝ ʢʫʣʠ ʩʝ ʧʦʥʠʩʢʠ ʦʜ ʨʝʘʣʥʘʪʘ ʚʠʩʠʥʘ ʥʘ ʢʦʿʘ ʝ ʧʦʩʪʘʚʝʥʘ 

ʪʫʨʙʠʥʩʢʘʪʘ ʛʦʥʜʦʣʘ (ʮʝʥʪʘʨʦʪ ʥʘ ʨʦʪʦʨʦʪ), ʟʘ ʢʦʿʘ ʚʠʩʠʥʘ ʝ ʜʝʬʠʥʠʨʘʥʘ ʢʨʠʚʘʪʘ ʥʘ ʤʦ˃ʥʦʩʪ, 

ʯʝʩʪʦ ʝ ʧʦʪʨʝʙʥʦ ʤʝʨʝˁʘʪʘ ʤʝʺʫ ʨʘʟʣʠʯʥʠʪʝ ʚʠʩʠʥʠ ʜʘ ʩʝ ʝʢʩʪʨʘʧʦʣʠʨʘʘʪ. ʆʚʘʘ ʟʘʜʘʯʘ ʙʘʨʘ 

ʚʥʠʤʘʪʝʣʥʘ, ʘ ʠ ʯʝʩʪʦ ʩʫʙʿʝʢʪʠʚʥʘ ʘʥʘʣʠʟʘ ʥʘ ʠʥʬʦʨʤʘʮʠʠʪʝ ʟʘ ʿʘʨʙʦʣʦʪ ʠ ʣʦʢʘʮʠʿʘʪʘ, 

ʚʢʣʫʯʫʚʘʿ˃ʠ ʛʠ ʠ ʥʘʙˀʫʜʫʚʘʥʠʪʝ ʚʝʪʝʨʥʠ ʫʩʣʦʚʠ, ʣʦʢʘʣʥʘʪʘ ʤʝʪʝʦʨʦʣʦʛʠʿʘ, ʪʦʧʦʛʨʘʬʠʿʘʪʘ ʠ 

ʧʦʢʨʠʝʥʦʩʪʘ ʥʘ ʟʝʤʿʘʪʘ. 

4.4 ʂʣʠʤʘʪʩʢʠ ʧʨʠʣʘʛʦʜʫʚʘˁʘ 

ʎʝʣʪʘ ʥʘ ʢʣʠʤʘʪʩʢʦʪʦ ʧʨʠʣʘʛʦʜʫʚʘˁʝ ʝ ʜʘ ʩʝ ʠʟʚʨʰʠ ʢʦʨʝʢʮʠʿʘ ʥʘ ʤʝʨʝˁʘʪʘ, ʠʟʚʨʰʝʥʠ 

ʚʦ ʦʛʨʘʥʠʯʝʥ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ, ʚʦ ʜʦʣʛʦʨʦʯʥʠ ʚʨʝʤʝʥʩʢʠ ʧʦʜʘʪʦʮʠ. ʆʚʘ ʝ ʚʘʞʥʦ ʙʠʜʝʿ˃ʠ 

ʙʨʟʠʥʠʪʝ ʥʘ ʚʝʪʨʦʪ ʤʦʞʝ ʟʥʘʯʠʪʝʣʥʦ ʜʘ ʚʘʨʠʨʘʘʪ ʦʜ ʚʦʦʙʠʯʘʝʥʠʪʝ ʜʫʨʠ ʠ ʚʦ ʪʝʢʦʪ ʥʘ ʝʜʥʘ 

ʛʦʜʠʥʘ ʠʣʠ ʧʦʜʦʣʛʦ. ʇʨʦʮʝʩʦʪ ʢʦʿ ʝ ʧʦʟʥʘʪ ʢʘʢʦ ʤʝʨʠ, ʧʦʚʨʟʠ, ʧʨʝʜʚʠʜʠ (measure, correlate, 

predict -MCP) ʝ ʪʠʧʠʯʥʦ ʢʦʨʠʩʪʝʥ ʟʘ ʧʦʚʨʟʫʚʘˁʝ ʠ ʧʨʠʣʘʛʦʜʫʚʘˁʝ ʥʘ ʤʝʨʝˁʘʪʘ ʥʘ ʪʝʨʝʥ ʩʦ 

ʜʦʣʛʦʨʦʯʥʘ ʨʝʬʝʨʝʥʮʘ. ʆʚʘ ʿʘ ʥʘʤʘʣʫʚʘ ʥʝʩʠʛʫʨʥʦʩʪʘ ʚʦ ʧʨʦʮʝʥʢʘʪʘ ʥʘ ʝʥʝʨʛʝʪʩʢʦʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ.  



 

4.5 ʄʦʜʝʣʠʨʘˁʝ ʥʘ ʧʨʦʪʦʢʦʪ ʥʘ ʚʝʪʝʨ 

ʉʦ ʦʛʣʝʜ ʥʘ ʬʘʢʪʦʪ ʰʪʦ ʤʝʨʝˁʘʪʘ ʥʘ ʪʝʨʝʥ ʩʝ ʚʦʦʙʠʯʘʝʥʦ ʦʛʨʘʥʠʯʝʥʠ ʥʘ ʥʝʢʦʣʢʫ 

ʣʦʢʘʮʠʠ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʦʙʣʘʩʪʘ ʦʧʬʘʪʝʥʘ ʩʦ ʧʨʦʝʢʪʦʪ, ʚʘʢʚʦʪʦ ʤʦʜʝʣʠʨʘˁʝ, ʢʦʝ ʥʘʿʯʝʩʪʦ 

ʥʘʧʨʘʚʝʥʦ ʩʦ ʢʦʤʧʿʫʪʝʨʩʢʠ ʩʦʬʪʚʝʨ, ʚʦʦʙʠʯʘʝʥʦ ʤʦʨʘ ʜʘ ʙʠʜʝ ʠʩʢʦʨʠʩʪʝʥʦ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ 

ʚʝʪʝʨʥʠʦʪ ʨʝʩʫʨʩ ʥʘ ʩʠʪʝ ʣʦʢʘʮʠʠ ʥʘ ʢʦʠ ʝ ʤʦʞʥʦ ʨʘʩʧʦʨʝʜʫʚʘˁʝ ʥʘ ʚʝʪʝʨʥʠʪʝ ʪʫʨʙʠʥʠ. 

ɼʦʩʪʘʧʥʠ ʩʝ ʧʦʚʝ˃ʝ ʩʦʬʪʚʝʨʠ ʢʦʠ ʦʚʦʟʤʦʞʫʚʘʘʪ ʤʦʜʝʣʠʨʘˁʝ ʥʘ ʧʨʦʪʦʢʦʪ ʥʘ ʚʝʪʝʨ, ʢʘʢʦ ʠ 

ʩʦʦʜʚʝʪʥʠ ʩʠʤʫʣʘʮʠʦʥʠ ʘʧʣʠʢʘʮʠʠ ʩʦ ʢʦʠ ʩʝ ʦʚʦʟʤʦʞʫʚʘ ʟʘʧʦʟʥʘʚʘˁʝ ʩʦ ʥʝʩʠʛʫʨʥʦʩʪʠʪʝ ʠ 

ʧʨʝʜʠʟʚʠʮʠʪʝ ʢʦʠ ʤʦʞʝ ʜʘ ʩʝ ʿʘʚʘʪ. 

4.6 ɼʠʟʘʿʥ ʥʘ ʧʨʦʝʢʪ ʠ ʝʥʝʨʛʝʪʩʢʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʇʦʩʣʝʜʥʘʪʘ ʬʘʟʘ ʝ ʜʘ ʩʝ ʜʠʟʘʿʥʠʨʘ ʧʨʦʝʢʪʦʪ ʠ ʧʨʦʮʝʥʠ ʥʝʛʦʚʦʪʦ ʝʥʝʨʛʝʪʩʢʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ʆʚʘ ʯʝʩʪʦ ʧʨʝʪʩʪʘʚʫʚʘ ʢʦʤʧʣʠʮʠʨʘʥ ʧʨʦʮʝʩ ʠ ʚʦʦʙʠʯʘʝʥʦ ʩʝ ʨʝʘʣʠʟʠʨʘ ʩʦ 

ʩʧʝʮʠʿʘʣʝʥ ʩʦʬʪʚʝʨ ʢʦʿ, ʧʦʯʥʫʚʘʿ˃ʠ ʦʜ ʨʝʟʫʣʪʘʪʠʪʝ ʜʦʙʠʝʥʠ ʦʜ ʥʫʤʝʨʠʯʢʦʪʦ ʤʦʜʝʣʠʨʘˁʝ ʥʘ 

ʧʨʦʪʦʢʦʪ, ʜʦʟʚʦʣʫʚʘ ʢʦʨʠʩʥʠʢʦʪ ʜʦʩʪʘ ʙʨʟʦ ʜʘ ʪʝʩʪʠʨʘ ʨʘʟʣʠʯʥʠ ʤʦʜʝʣʠ ʥʘ ʪʫʨʙʠʥʠ ʠ ʜʘ 

ʦʜʙʝʨʝ ʝʜʥʘ ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʥʘ ʤʘʢʩʠʤʘʣʥʦ ʝʥʝʨʛʝʪʩʢʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʉʦʬʪʚʝʨʦʪ ʠʩʪʦ ʪʘʢʘ ʛʠ 

ʢʘʣʢʫʣʠʨʘ ʟʘʛʫʙʠʪʝ ʦʜ ʝʬʝʢʪʦʪ ʥʘ ʙʨʘʜʘ ʠ ʧʦʣʝ. 

5 ɿɸʂʃʋʏʆʂ 

ʆʚʘʘ ʧʦʯʝʪʥʘ ʬʘʟʘ, ʧʨʦʝʢʪʦʪ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ, ʧʨʝʪʩʪʘʚʫʚʘ ʢʨʫʮʠʿʘʣʝʥ 

ʩʝʛʤʝʥʪ ʚʦ ʩʝʚʢʫʧʥʠʦʪ ʧʨʦʝʢʪ ʟʘ ʠʟʛʨʘʜʙʘ ʥʘ ʚʝʪʝʨʥʘ ʮʝʥʪʨʘʣʘ. ʂʘʢʦ ʪʘʢʚʘ ʛʦ ʦʙʚʨʟʫʚʘ 

ʦʜʛʦʚʦʨʥʦʪʦ ʣʠʮʝ ʜʦʩʣʝʜʥʦ ʜʘ ʛʠ ʩʣʝʜʠ ʩʠʪʝ ʯʝʢʦʨʠ, ʜʝʬʠʥʠʨʘʥʠ ʚʦ ʧʨʦʝʢʪʦʪ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ 

ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ, ʢʦʠ ʤʝʺʫ ʜʨʫʛʦʪʦ ʠʟʦʙʠʣʫʚʘʘʪ ʩʦ ʤʥʦʛʫ ʙʘʨʘˁʘ. ʆʜ ʛʦʨʝʥʘʚʝʜʝʥʠʪʝ ʬʘʟʠ 

ʤʦʞʝʤʝ ʜʘ ʿʘ ʩʦʛʣʝʜʘʤʝ ʢʦʤʧʣʝʢʩʥʦʩʪʘ ʥʘ ʧʨʦʝʢʪʦʪ, ʠʟʨʘʟʝʥʘ ʧʨʝʢʫ ʩʪʨʦʛʦ ʜʝʬʠʥʠʨʘʥʠʪʝ 

ʫʩʣʦʚʠ. ʀʘʢʦ ʥʘʚʠʜʫʤ ʨʘʟʣʠʯʥʠ, ʪʠʝ ʩʝʧʘʢ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʥʝʨʘʩʢʠʥʣʠʚʘ ʚʨʩʢʘ ʚʦ ʧʨʦʝʢʪʦʪ. 

ʂʦʤʧʣʝʢʩʥʦʩʪʘ ʥʘ ʛʨʘʜʘʮʠʿʘʪʘ ʥʘ ʬʘʟʠʪʝ ʝ ʢʣʫʯʦʪ ʥʘ ʧʨʝʮʠʟʥʦʩʪʘ ʥʘ ʦʚʦʿ ʧʨʦʝʢʪ, ʢʦʿʘ 

ʧʨʝʮʠʟʥʦʩʪ ʧʨʝʪʩʪʘʚʫʚʘ ʦʩʥʦʚʝʥ ʫʩʣʦʚ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʨʝʘʣʥʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʜʘʜʝʥʘʪʘ 

ʣʦʢʘʮʠʿʘ. ʉʝʪʦ ʦʚʘ ʥʠ ʦʚʦʟʤʦʞʫʚʘ ʜʘ ʜʦʥʝʩʝʤʝ ʧʨʘʚʠʣʥʘ ʦʜʣʫʢʘ ʟʘ ʧʦʥʘʪʘʤʦʰʥʠʦʪ ʪʝʢ ʥʘ 

ʧʨʦʝʢʪʦʪ ʟʘ ʠʟʛʨʘʜʙʘ ʥʘ ʚʝʪʝʨʥʘ ʮʝʥʪʨʘʣʘ. 
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ʇʈʀʂʃʋʏʆʂ ʅɸ ɺɽʊɽʈʅɸʊɸ ɽʃɽʂʊʈʆʎɽʅʊʈɸʃɸ ʇɽʃʀʉʊɽʈ ʅɸ ɽɽʉ ʅɸ 

ʈɽʇʋɹʃʀʂɸ ʄɸʂɽɼʆʅʀɱɸ 

ʂʋʉɸ ʉʆɼʈɾʀʅɸ 

ʆʚʦʿ ʨʝʬʝʨʘʪ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʨʘʟʛʣʝʜʘ ʠ ʩʠʤʫʣʠʨʘ ʝʜʥʘ ʤʦʞʥʘ ʣʦʢʘʮʠʿʘ ʟʘ ʠʟʛʨʘʜʙʘ ʥʘ 

ʚʝʪʝʨʥʘ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʘ (ɺɽʎ), ʘ ʪʦʘ ʝ ʧʣʘʥʠʥʘʪʘ ɹʘʙʘ, ʦʜʥʦʩʥʦ ʥʝʿʟʠʥʠʦʪ ʚʨʚ ʇʝʣʠʩʪʝʨ. 

ʈʝʬʝʨʘʪʦʪ ʧʨʚʦ ʩʝ ʟʘʥʠʤʘʚʘ ʩʦ ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ ɺɽʎ ʦʜ ʪʝʭʥʠʯʢʦ ʝʢʦʥʦʤʩʢʠ ʘʩʧʝʢʪ. 

ɸʥʘʣʠʟʘʪʘ ʥʘ ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ ʝ ʠʟʨʘʙʦʪʝʥʘ ʚʦ ʜʚʘ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪʠ HOMER 

ʠ RETscreen expert. ʇʨʝʜʚʠʜʝʥʦ ʝ ʜʘ ʩʝ ʧʦʩʪʘʚʘʪ 25 ʪʫʨʙʠʥʠ ʦʜ ʪʠʧ Vestas V52 ʩʦ ʥʦʤʠʥʘʣʥʘ 

ʤʦ˃ʥʦʩʪ ʦʜ 850 kW ʠʣʠ ʚʢʫʧʥʦ ʠʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ɺɽʎ ʙʠ ʙʠʣʘ 21,25 MW. ɺʦ 

ʧʨʦʦʣʞʝʥʠʝ ʥʘ ʨʝʬʝʨʘʪʦʪ ʝ ʧʦʢʘʞʘʥʘ ʘʥʘʣʠʟʘʪʘ ʥʘ ʧʨʠʢʣʫʯʦʢʦʪ ʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ ʥʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ (ɽɽʉ) ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ (ʈʄ). ʅʘ ʤʦʜʝʣʦʪ ʥʘ ɽɽʉ ʥʘ ʈʄ 

ʟʘ 2020 ʛʦʜʠʥʘ ʠʟʨʘʙʦʪʝʥ ʚʦ NEPLAN, ʩʧʨʦʚʝʜʝʥʠ ʩʝ ʘʥʘʣʠʟʠ ʥʘ ʪʝʢʦʚʠ ʥʘ ʤʦ˃ʥʦʩʪ ʟʘ 

ʩʦʩʪʦʿʙʠʪʝ ʥʘ ʤʘʢʩʠʤʘʣʥʦ ʟʠʤʩʢʦ ʚʨʚʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʤʠʥʠʤʘʣʥʦ ʩʠʩʪʝʤʩʢʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʠ 

ʤʘʢʩʠʤʘʣʥʦ ʣʝʪʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʧʨʠ ʤʘʢʩʠʤʘʣʥʘ ʘʥʘʛʘʞʠʨʘʥʦʩʪ ʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ. ʀʩʧʠʪʘʥʦ 

ʝ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ ʚʨʟ ʥʘʧʦʥʠʪʝ ʚʦ ʦʢʦʣʥʠʪʝ ʿʘʟʣʠ ʚʦ ɽɽʉ, ʢʘʢʦ ʠ ʥʘ 

ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʤʨʝʞʘʪʘ.  ʀʩʪʦ ʪʘʢʘ ʧʨʝʩʤʝʪʘʥʠ ʩʝ ʩʪʨʫʠʪʝ ʥʘ ʢʫʩʠ ʚʨʩʢʠ ʚʦ 

ʿʫʛʦ ʟʘʧʘʜʥʠʦʪ ʨʝʛʠʦʥ ʥʘ ɽɽʉ ʥʘ ʈʄ ʧʨʝʜ ʠ ʧʦʩʣʝ ʚʢʣʫʯʫʚʘˁʝʪʦ ʥʘ ɺɽʎ.  

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ɺʝʪʝʨʥʘ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʘ, ɽɽʉ.  

1. ɺʆɺɽɼ 

ʇʨʚʘʪʘ ɺɽʎ ʚʦ ʈʄ ʠ ʜʦʩʝʛʘ ʝʜʠʥʩʪʚʝʥʘ, ʠʟʛʨʘʜʝʥʘ e ʠ ʧʫʰʪʝʥʘ ʚʦ ʨʘʙʦʪʘʚʦ 2014 

ʛʦʜʠʥʘ. ɺɽʎ ɹʦʛʜʘʥʮʠ ʝ ʣʦʮʠʨʘʥʘ ʥʘ ʿʫʛʦʠʩʪʦʢʦʪ ʥʘ ʟʝʤʿʘʪʘ ʠ ʩʝ ʩʦʩʪʦʠ ʦʜ 16 Siemens 

ʚʝʪʨʦʪʫʨʙʠʥʠ ʩʦ ʧʦʝʜʠʥʝʯʥʘ ʤʦ˃ʥʦʩʪ ʦʜ 2,3 MW, ʩʤʝʩʪʝʥʠ ʥʘ ʩʪʦʣʙʦʚʠ ʩʦ ʚʠʩʠʥʘ 80 m, h ʪʦ 

ʜʘʚʘ ʚʢʫʧʥʘ ʠʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʦʜ 36,8 MW. ɺɽʎ ɹʦʛʜʘʥʮʠ ʩʝ ʧʣʘʥʠʨʘ ʜʘ ʩʝ ʧʨʦʰʠʨʠ ʜʦ 

ʚʢʫʧʥʘ ʤʦ˃ʥʦʩʪ ʦʜ 50 MW. ʊʘʘ ʧʨʦʠʟʚʝʣʘ ʚʦ 2015 ʛʦʜʠʥʘ 120,8 GWh ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʰʪʦ 

ʜʘʚʘ ʝʢʚʠʚʘʣʝʥʪʝʥ ʙʨʦʿ ʥʘ ʯʘʩʦʚʠ ʨʘʙʦʪʘ ʛʦʜʠʰʥʦ ʩʦ ʤʘʢʩʠʤʘʣʥʘʪʘ ʤʦ˃ʥʦʩʪ ʦʜ 3281 ʯʘʩʘ ʠ 

ʫʢʘʞʫʚʘ ʥʘ ʠʩʢʣʫʯʠʪʝʣʥʦ ʧʦʚʦʣʥʘʪʘ ʣʦʢʘʮʠʿʘ ʥʘ ʦʚʘʘ ɺɽʎ [1]. ʇʨʝʦʩʪʘʥʘʪʘʪʘ ʤʦ˃ʥʦʩʪ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘʪʘ ʮʝʥʪʨʘʣʘ ʦʜ 13,20 ʄW (ʚʪʦʨʘ ʬʘʟʘ) ʝ ʚʦ ʨʝʘʣʠʟʘʮʠʿʘ ʠ ʩʝ ʦʯʝʢʫʚʘ ʜʘ ʙʠʜʝ 

ʧʫʰʪʝʥʘ ʚʦ ʫʧʦʪʨʝʙʘ ʚʦ ʧʝʨʠʦʜʦʪ ʦʜ 2016 - 2017 ʛʦʜʠʥʘ. ʇʦʚʦʣʥʠʪʝ ʣʦʢʘʮʠʠ ʩʦ ʦʛʣʝʜ ʥʘ 

ʢʣʠʤʘʪʩʢʠʪʝ, ʪʦʧʦʣʦʰʢʠʪʝ ʠ ʦʩʪʘʥʘʪʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʝ ʥʘʦʺʘʘʪ ʚ ʜʦʣʞ ʜʦʣʠʥʘʪʘ ʥʘ ʨʝʢʘʪʘ 

ɺʘʨʜʘʨ. 

ɺʦ ʦʚʦʿ ʨʝʬʝʨʘʪ ʝ ʨʘʟʛʣʝʜʘʥʘ ʠ ʩʠʤʫʣʠʨʘʥʘ ʝʜʥʘ ʤʦʞʥʘ ʣʦʢʘʮʠʿʘ ʟʘ ʠʟʛʨʘʜʙʘ ʥʘ ɺɽʎ, ʘ 

ʪʦʘ ʝ ʧʣʘʥʠʥʘʪʘ ɹʘʙʘ, ʦʜʥʦʩʥʦ ʥʝʿʟʠʥʠʦʪ ʚʨʚ ʇʝʣʠʩʪʝʨ. ʈʝʬʝʨʘʪʦʪ ʧʨʚʦ ʩʝ ʟʘʥʠʤʘʚʘ ʩʦ 

ʧʝʨʬʦʨʤʘʩʠʠʪʝ ʥʘ ɺɽʎ ʦʜ ʪʝʭʥʠʯʢʦ ʝʢʦʥʦʤʩʢʠ ʘʩʧʝʢʪ. ɸʥʘʣʠʟʘʪʘ ʥʘ ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ ɺɽʎ 

ʇʝʣʠʩʪʝʨ ʝ ʠʟʨʘʙʦʪʝʥʘ ʚʦ ʜʚʘ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪʠ HOMER ʠ RETscreen expert. ʇʨʝʜʚʠʜʝʥʦ ʝ ʜʘ 

ʩʝ ʧʦʩʪʘʚʘʪ 25 ʪʫʨʙʠʥʠ ʦʜ ʪʠʧ Vestas V52 ʩʦ ʥʦʤʠʥʘʣʥʘ ʤʦ˃ʥʦʩʪ ʦʜ 850 kW ʠʣʠ ʚʢʫʧʥʦ 

ʠʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ɺɽʎ ʙʠ ʙʠʣʘ 21,25 MW.ɺʦ ʧʨʦʜʦʣʞʝʥʠʝ ʥʘ ʨʝʬʝʨʘʪʦʪ ʝ ʧʦʢʘʞʘʥʘ 

ʘʥʘʣʠʟʘʪʘ ʥʘ ʧʨʠʢʣʫʯʦʢʦʪ ʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ ʥʘ ɽɽʉ ʥʘ ʈʄ. ʅʘ ʤʦʜʝʣʦʪ ʥʘ ɽɽʉ ʥʘ ʈʄ ʟʘ 2020
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 ʛʦʜʠʥʘ ʠʟʨʘʙʦʪʝʥ ʚʦ NEPLAN[3], ʩʧʨʦʚʝʜʝʥʠ ʩʝ ʘʥʘʣʠʟʠ ʥʘ ʪʝʢʦʚʠ ʥʘ ʤʦ˃ʥʦʩʪ ʟʘ 

ʩʦʩʪʦʿʙʠʪʝ ʥʘ ʤʘʢʩʠʤʘʣʥʦ ʟʠʤʩʢʦ ʚʨʚʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʤʠʥʠʤʘʣʥʦ ʩʠʩʪʝʤʩʢʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʠ 

ʤʘʢʩʠʤʘʣʥʦ

 ʣʝʪʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʧʨʠ ʤʘʢʩʠʤʘʣʥʘ ʘʥʘʛʘʞʠʨʘʥʦʩʪ ʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ. ʀʩʧʠʪʘʥʦ ʝ ʚʣʠʿʘʥʠʝʪʦ 

ʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ ʚʨʟ ʥʘʧʦʥʠʪʝ ʚʦ ʦʢʦʣʥʠʪʝ ʿʘʟʣʠ ʚʦ ɽɽʉ, ʢʘʢʦ ʠ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʥʘ 

ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʤʨʝʞʘʪʘ.  ʀʩʪʦ ʪʘʢʘ ʧʨʝʩʤʝʪʥʠ ʩʝ ʩʪʨʫʠʪʝ ʥʘ ʢʫʩʠ ʚʨʩʢʠ ʚʦ ʿʫʛʦʟʘʧʘʜʥʠʦʪ 

ʨʝʛʠʦʥ ʥʘ ɽɽʉ ʥʘ ʈʄ ʧʨʝʜ ʠ ʧʦʩʣʝ ʚʢʣʫʯʫʚʘˁʝʪʦ ʥʘ ɺɽʎ.  

2. ʊɽʍʅʀʏʂʆ ɽʂʆʅʆʄʉʂʀ ʇɽʈʌʆʈʄɸʅʉʀ ʅɸ ɺɽʎ ʇɽʃʀʉʊɽʈ 

ʊʝʭʥʠʯʢʦ ʝʢʦʥʦʤʩʢʘʪʘ ʘʥʘʣʠʟʘ ʥʘ ɺɽʎ ʝ ʠʟʨʘʙʦʪʝʥʦ ʩʦ ʜʚʘ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪʠ 

HOMER[4] ʠ RETscreen expert [5]. ʃʦʢʘʮʠʿʘʪʘ ʝ ʠʟʙʨʘʥʘ ʥʘ ʧʣʘʥʠʥʘʪʘ ɹʘʙʘ ʧʦʪʦʯʥʦ ʦʜ ʚʨʚʦʪ 

ʇʝʣʠʩʪʝʨ ʜʦ ʚʨʚʦʪ ʥʘʜ ɻʦʣʝʤʦ ʝʟʝʨʦ. ʉʧʦʨʝʜ Google maps ʜʦʣʞʠʥʘʪʘ ʥʘ ʪʨʘʩʘʪʘ ʧʦ ʢʦʿʘ ˃ʝ 

ʙʠʜʘʪ ʧʦʩʪʘʚʝʥʠ ʚʝʪʝʨʥʠʪʝ ʪʫʨʙʠʥʠ ʠʟʥʝʩʫʚʘ 5 ʢʠʣʦʤʝʪʨʠ ʜʦ ʄʘʣʦ ʝʟʝʨʦ ʠ ʪʫʢʘ ʩʝ ʧʨʝʜʚʠʜʝʥʠ 

20 ʪʫʨʙʠʥʠ ʥʘ ʚʝʪʝʨ ʠ ʥʘ ʨʘʩʪʦʿʘʥʠʝ ʦʜ 1km ʥʘʜ  ɻʦʣʝʤʦ ʝʟʝʨʦ ʧʨʝʜʚʠʜʝʥʠ ʩʝ ʫʰʪʝ 5 ʪʫʨʙʠʥʠ 

(ʩʣʠʢʘ 1). ʇʦ ʧʨʘʚʠʣʦ ʪʫʨʙʠʥʠʪʝ ʩʝ ʧʦʩʪʘʚʫʚʘʘʪ ʥʘ ʨʘʩʪʦʿʘʥʠʝ 4 ʧʘʪʠ ʧʦʛʦʣʝʤʦ ʦʜ ʝʣʠʩʘʪʘ ʥʘ 

ʪʫʨʙʠʥʘʪʘ. ʇʨʠ ʧʨʦʝʢʪʠʨʘˁʝʪʦ ʠʟʙʨʘʥʘ ʝ ʪʫʨʙʠʥʘ Vestas V52. ʅʘ ʦʚʠʝ ʪʫʨʙʠʥʠ ʜʠʿʘʤʝʪʘʨʦʪ ʥʘ 

ʝʣʠʩʘʪʘ ʝ 52 ʤʝʪʨʠ, ʧʘ ʩʧʦʨʝʜ ʪʦʘ ʪʫʨʙʠʥʠʪʝ ˃ʝ ʙʠʜʘʪ ʧʦʩʪʘʚʝʥʠ ʥʘ ʨʘʩʪʦʿʘʥʠʝ 200 m ʝʜʥʘ ʜʦ 

ʜʨʫʛʘ. ʇʨʝʜʚʠʜʝʥʦ ʝ ʜʘ ʩʝ ʧʦʩʪʘʚʘʪ 25 ʪʫʨʙʠʥʠ ʦʜ ʪʠʧ Vestas V52 ʩʦ ʥʦʤʠʥʘʣʥʘ ʤʦ˃ʥʦʩʪ ʦʜ 850 

kW ʠʣʠ ʚʢʫʧʥʦ ʠʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ʩʠʩʪʝʤʦʪ ʙʠ ʙʠʣʘ 21,25 MW.   

ʉʣʠʢʘ 1. ʃʦʢʘʮʠʿʘ ʥʘ ʦʙʿʝʢʪʦʪ ʩʧʦʨʝʜ Google Earth 

ʎʝʥʘʪʘ ʥʘ ʠʥʚʝʩʪʠʮʠʿʘʪʘ (ʪʫʨʙʠʥʠ ʠ ʚʢʣʫʯʝʥʘ ʠʥʩʪʘʣʘʮʠʿʘ) ʧʨʝʜʚʠʜʝʥʘ ʝ 1.598,19 US $ 

ʧʦ ʠʥʩʪʘʣʠʨʘʥ kW ʠ ʩʧʦʨʝʜ ʧʨʝʩʤʝʪʢʘʪʘ ʩʦ RETscreen expert  ʠʥʚʝʩʪʠʮʠʿʘ ʙʠ ʠʟʥʝʩʫʚʘʣʘ ʦʢʦʣʫ 

34.000.000 US $. ʇʨʠʪʦʘ ʚʦ ʮʝʥʘʪʘ ʟʘ ʚʢʫʧʥʘʪʘ ʠʥʚʝʩʪʠʮʠʿʘ ʚʥʝʩʝʥʠ ʩʝ ʠ ʪʨʦʦhʮʠʪʝ ʟʘ ʨʘʙʦʪʘ ʠ 

ʦʜʨʞʫʚʘˁʝ ʢʦʿ ʠʟʥʝʩʫʚʘʘʪ 11,18 US $ ʧʦ ʠʥʩʪʘʣʠʨʘʥ kW. 

ʆʜ ʘʩʧʝʢʪ ʥʘ ʨʝʩʫʨʩʠ ʩʧʦʨʝʜ [2], ʠʟʚʣʝʯʝʥ ʝ ʧʦʜʘʪʦʢ ʜʝʢʘ ʥʘ ʚʠʩʠʥʠ ʦʜ 2500 m 

ʥʘʜʤʦʨʩʢʘ ʚʠʩʠʥʘ ʧʨʦʩʝʯʥʘʪʘ ʙʨʟʠʥʘ ʥʘ ʚʝʪʝʨ ʠʟʥʝʩʫʚʘ 8 m/s. ʆʚʘʿ ʧʦʜʘʪʦʢ ʝ ʠʩʢʦʨʠʩʪʝʥ ʚʦ 

ʧʦʥʘʪʘʤʦʰʥʠʪʝ ʧʨʝʩʤʝʪʢʠ (ʩʣʠʢʘ 2). 

 

ʉʣʠʢʘ 2. ʉʨʝʜʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʙʨʟʠʥʠ ʥʘ ʚʝʪʝʨ ʩʧʦʨʝʜ NASA Surface meteorology ʟʘ ʣʦʢʘʮʠʿʘʪʘ 



 

ʇʨʦʜʘʞʙʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʟʘ ɺɽʎ ʫʪʚʨʜʝʥʘ ʦʜ ʨʝʛʫʣʘʪʦʨʥʘʪʘ ʢʦʤʠʩʠʿʘ ʟʘ 

ʝʥʝʨʛʝʪʠʢʘ ʠʟʥʝʩʫʚʘ 0,089 ú/kWh ʠʣʠ ʪʦʘ ʧʨʝʪʚʦʨʝʥʦ ʚʦ ʘʤʝʨʠʢʘʥʩʢʠ ʜʦʣʘʨʠ ʩʧʦʨʝʜ ʧʦʪʨʝʙʠʪʝ 

ʥʘ ʩʦʬʪʚʝʨʠʪʝ ʠʟʥʝʩʫʚʘ 0,1 $/kWh. 

ʉʪʘʥʜʘʨʜʥʘʪʘ ʢʨʠʚʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ ʟʘ Vestas V52  ʧʨʠʢʘʞʘʥʘ ʝ ʥʘ ʩʣʠʢʘʪʘ 3. ʇʦʛʦʥʦʪ 

ʥʘ ʚʝʪʨʦʪʫʨʙʠʥʘʪʘ ʝ ʘʚʪʦʤʘʪʠʟʠʨʘʥ ʚʦ ʮʝʣʦʩʪ. ɻʝʥʝʨʘʪʦʨʦʪ ʩʘʤʦʩʪʦʿʥʦ ʧʦʯʥʫʚʘ ʩʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʢʦʛʘ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʝʨʦʪ ˃ʝ ʜʦʩʪʠʛʥʝ ʧʨʦʩʝʯʥʘ ʙʨʟʠʥʘ ʦʜ 

4 m/s (cut-in speed). ɺʦ ʪʝʢʦʪ ʥʘ ʨʘʙʦʪʘʪʘ ʩʦ ʤʦ˃ʥʦʩʪ ʧʦʤʘʣʘ ʦʜ ʥʦʤʠʥʘʣʥʘʪʘ, ʘʛʦʣʦʪ ʥʘ 

ʣʦʧʘʪʢʠʪʝ ʠ ʙʨʟʠʥʘʪʘ ʥʘ ʨʦʪʦʨʦʪ ʢʦʥʩʪʘʥʪʥʦ ʩʝ ʥʘʛʦʜʫʚʘʘʪ ʟʘ ʜʘ ʩʝ ʤʘʢʩʠʤʠʟʠʨʘ 

ʘʝʨʦʜʠʥʘʤʠʯʢʦʪʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʚʝʪʝʨʦʪ. ʀʟʣʝʟʥʘʪʘ ʤʦ˃ʥʦʩʪ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ ʩʝ ʟʛʦʣʝʤʫʚʘ 

ʩʦ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʝʨʦʪ ʧʨʠʙʣʠʞʥʦ ʣʠʥʝʘʨʥʦ, ʩ¯ ʜʫʨʠ ʚʝʪʝʨʦʪ ʥʝ ʜʦʩʪʠʛʥʝ ʙʨʟʠʥʘ ʦʜ 16 m/s. ɺʦ 

ʪʘʘ ʪʦʯʢʘ, ʤʦ˃ʥʦʩʪʘ ʝ ʦʛʨʘʥʠʯʝʥʘ ʥʘ ʥʦʤʠʥʘʣʥʘʪʘ ʚʨʝʜʥʦʩʪ ʦʜ 850 ʂW.  

 

ʉʣʠʢʘ 3. ɽʥʝʨʛʝʪʩʢʘ ʢʨʠʚʘ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ 

ɼʦʢʦʣʢʫ ʧʨʦʩʝʯʥʘʪʘ ʙʨʟʠʥʘ ʥʘ ʚʝʪʝʨʦʪ ʿʘ ʧʨʝʤʠʥʝ ʛʨʘʥʠʮʘʪʘ ʜʦ ʢʦʿʘ ʪʫʨʙʠʥʘʪʘ ʤʦʞʝ ʜʘ 

ʨʘʙʦʪʠ ʚʦ ʥʦʨʤʘʣʝʥ ʧʦʛʦʥ (25 m/s), ʪʫʨʙʠʥʘʪʘ ʘʚʪʦʤʘʪʩʢʠ ʩʝ ʠʩʢʣʫʯʫʚʘ ʩʦ ʟʘʢʦʩʫʚʘˁʝ ʥʘ 

ʣʦʧʘʪʢʠʪʝ ʚʦ ʧʦʣʦʞʙʘ ʥʘ ʚʦʟʜʫʰʥʦ ʢʦʯʝˁʝ (cut-out speed). 

ʇʨʦʩʝʯʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ ʧʦ ʤʝʩʝʮʠ ʚʦ ʛʦʜʠʥʘʪʘ ʝ ʜʘʜʝʥʦ ʥʘ ʩʣʠʢʘʪʘ 

4. ɺʢʫʧʥʦʪʦ ʛʦʜʠʰʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠ ʠʟʥʝʩʫʚʘʣʦ 71,147 GWh ʛʦʜʠʰʥʦ, ʰʪʦ ʟʘ ʠʥʩʪʘʣʠʨʘʥʘʪʘ 

ʤʦ˃ʥʦʩʪ ʦʜ 21,25 MW ʜʘʚʘ ʝʢʚʠʚʘʣʝʥʪʝʥ ʙʨʦʿ ʥʘ ʯʘʩʦʚʠ ʥʘ ʨʘʙʦʪʘ ʩʦ ʤʘʢʩʠʤʘʣʥʘ ʤʦ˃ʥʦʩʪ ʦʜ 

3348 h.  

 

ʉʣʠʢʘ 4. ʇʨʦʩʝʯʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ ʧʦ ʤʝʩʝʮʠ 

ʉʦ ʩʦʬʪʚʝʨʦʪ RETscreen expert ʨʘʟʛʣʝʜʘʥ ʝ ʩʣʫʯʘʿ ʢʦʛʘ ʜʦʣʛʦʪ ʙʠ ʠʟʥʝʩʫʚʘʣ 100%. ɸʢʦ 

ʩʝ ʟʝʤʝ ʚʦ ʧʨʝʜʚʠʜ ʮʝʥʘʪʘ ʟʘ ʠʥʚʝʩʪʠʮʠʿʘʪʘ ʠ ʮʝʥʘʪʘ ʟʘ ʧʨʦʜʘʞʙʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ, 

ʧʦʚʨʘʪʦʪ ʥʘ ʢʘʧʠʪʘʣʥʘʪʘ ʠʥʚʝʩʪʠʮʠʿʘ ˃ʝ ʩʝ ʠʟʚʨʰʠ ʟʘ 10 ʛʦʜʠʥʠ. ʇʨʦʩʝʯʥʦ ʛʦʜʠʰʥʠʦʪ ʧʨʠʭʦʜ 

ʙʠ ʠʟʥʝʩʫʚʘʣ 7.117.019 $ US, ʘ ʮʝʥʘʪʘ ʟʘ ʚʨʘ˃ʘˁʝ ʥʘ ʜʦʣʛʦʪ ʩʦ ʚʢʣʫʯʝʥʠ ʪʨʦʞʦʮʠ ʟʘ ʨʘʙʦʪʘ ʠ 

ʦʜʨʞʫʚʘˁʝ ʙʠ ʠʟʥʝʩʫʚʘʣʝ 5.746.659 $ US. ʇʘ ʩʧʦʨʝʜ ʛʦʨʝ ʢʘʞʘʥʦʪʦ ʧʦ ʠʩʪʝʢʦʪ ʥʘ 10 ʛʦʜʠʥʠ 



 

ʥʘʨʝʜʥʠʪʝ 20 ʛʦʜʠʥʠ ʜʦʜʝʢʘ ʪʨʘʝ ʚʝʢʦʪ ʥʘ ʠʥʚʝʩʪʠʮʠʿʘʪʘ ʧʨʦʬʠʪʦʪ ʝ ʤʥʦʛʫ ʧʦʛʦʣʝʤ ʩʦ 

ʝʜʠʥʩʪʝʚʝʥʦ ʪʨʦʰʦʮʠ ʟʘ ʨʘʙʦʪʘ ʠ ʦʜʨʞʫʚʘˁʝ. 

3. ɸʅɸʃʀɿɸ ʅɸ ʇʈʀʂʃʋʏʆʂʆʊ ʅɸ ɺɽʎ ʇɽʃʀʉʊɽʈ 

ʉʠʪʝ ʘʥʘʣʠʟʠ ʩʝ ʩʧʨʦʚʝʜʝʥʠ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʠʟʨʘʙʦʪʝʥʠʦʪ ʤʦʜʝʣ ʥʘ ʤʘʢʝʜʦʥʩʢʠʦʪ ɽɽʉ ʟʘ 

ʩʦʩʪʦʿʙʘ ʟʘ 2020 ʛʦʜʠʥʘ [1], ʚʦ ʩʦʬʪʚʝʨʢʩʠʦʪ ʧʘʢʝʪ NEPLAN. ʂʦʨʠʩʪʝʥʘ ʝ ʨʘʙʦʪʘ ʩʦ ʧʦʚʝ˃ʝ 

ʜʠʿʘʛʨʘʤʠ ʩʦ ʮʝʣ ʧʦʛʦʣʝʤʘ ʧʨʝʛʣʝʜʥʦʩʪ ʥʘ ʨʘʙʦʪʘʪʘ ʠ ʟʘʪʦʘ ʥʝʢʦʠ ʦʜ ʥʦʚʠʪʝ ʿʘʟʣʠ, ʊʉ ʠ ɺɽʎ 

ʇʝʣʠʩʪʝʨ ʥʝ ʤʦʞʘʪ ʜʘ ʩʝ ʚʠʜʘʪ ʥʘ ʦʩʥʦʚʥʠʦʪ ʜʠʿʘʛʨʘʤ. ɿʘ ʘʥʘʣʠʟʠʪʝ ʝ ʢʦʨʠʩʪʝʥ ɳʫʪʥ 

ʈʘʬʩʦʥʦʚʠʦʪ ʤʝʪʦʜ ʠ ʙʨʟʠʦʪ ʤʝʪʦʜ ʩʦ ʨʘʟʜʚʦʿʫʚʘˁʝ. ʉʠʪʝ ʝʣeʢʪʨʦʮʝʥʪʨʘʣʠ ʩʝ ʜʝʬʠʥʠʨʘʥʠ ʢʘʢʦ 

PV ʿʘʟʣʠ ʩʦ ʥʘʧʦʥ ʝʜʥʘʢʦʚ ʥʘ 1,00 p.u. ʅʘ ʩʣʠʢʘʪʘ 5 ʝ ʧʨʠʢʘʞʘʥ ʥʘʯʠʥʦʪ ʥʘ ʤʦʞʥʦ 

ʧʨʠʢʣʫʯʫʚʘˁʝ ʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ ʥʘ ɽɽʉ ʥʘ ʈʄ. 

 

ʉʣʠʢʘ 5. ʇʨʠʢʣʫʯʦʢ ʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ ʥʘ ʊʉ ɹʠʪʦʣʘ 4  

ɸʥʘʣʠʟʠʪʝ ʥʘ ʪʝʢʦʚʠʪʝ ʥʘ ʤʦ˃ʥʦʩʪ ʩʝ ʩʧʨʦʚʝʜʝʥʠ ʟʘ ʪʨʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʨʝʞʠʤʠ ʥʘ 

ʨʘʙʦʪʘ ʥʘ ɽɽʉ [1], ʩʠʪʝ ʧʨʠ ʤʘʢʩʠʤʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ ʧʨʠ ʬʘʢʪʦʨ ʥʘ 

ʤʦ˃ʥʦʩʪ (1; 0,9cap; 0,9ind): ʤʘʢʩʠʤʘʣʥʦ ʟʠʤʩʢʦ ʚʨʚʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ (ʩʠʩʪʝʤʩʢʠ ʤʘʢʩʠʤʫʤ), 

ʤʘʢʩʠʤʘʣʥʦ ʣʝʪʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʠ ʤʠʥʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʩʠʩʪʝʤʦʪ (ʩʠʩʪʝʤʩʢʠ 

ʤʠʥʠʤʫʤ). 

ʄʘʢʩʠʤʘʣʥʦʪʦ ʟʠʤʩʢʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʩʦ ʩʣʝʜʥʠʦʪ ʙʠʣʘʥʩ  ʟʘ 2020 

ʛʦʜʠʥʘ (ʩʦ ʚʢʣʫʯʝʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ) [1]:ʇʨʦʠʟʚʦʜʩʪʚʦ: 1209 MW; ʇʦʪʨʦʰʫʚʘʯʢʘ: 1506 MW; 

ɿʘʛʫʙʠ: 28 MW; ʈʘʟʤʝʥʘ (ʋʚʦʟ): 325 MW.  

ɺʦ ʪʘʙʝʣʘʪʘ 1 ʩʝ ʜʘʜʝʥʠ ʥʘʧʦʥʠʪʝ ʥʘ ʿʘʟʣʠʪʝ (p.u.) ʚʦ ʿʫʛʦʟʘʧʘʜʥʠʦʪ ʨʝʛʠʦʥʚʦ ɽɽʉ ʥʘ 

ʈʄ (ʨʝʛʠʦʥ IV ʩʦʛʣʘʩʥʦ [1]), ʟʘ ʯʝʪʠʨʠ ʩʮʝʥʘʨʠʿʘ: ʙʝʟ ɺɽʎ (Pvec=0), ʩʦ ɺɽʎ ʩʦ ʤʘʢʩʠʤʫʤ 

ʤʦ˃ʥʦʩʪ ʠ ʬʘʢʪʦʨ ʥʘ ʤʦ˃ʥʦʩʪ ʢʘʧʘʮʠʪʠʚʝʥ ʛʣʝʜʘʥʦ ʦʜ ʤʨʝʞʘʪʘ (Pvec=Pmax ʧʨʠ cosű=0,9cap), ʩʦ 

ɺɽʎ ʩʦ ʤʘʢʩʠʤʫʤ ʤʦ˃ʥʦʩʪ ʠ ʬʘʢʪʦʨ ʥʘ ʤʦ˃ʥʦʩʪ ʠʥʜʫʢʪʠʚʝʥ ʛʣʝʜʘʥʦ ʦʜ ʤʨʝʞʘʪʘ (Pvec=Pmax 

ʧʨʠ cosű=0,9ind), ʩʦ ɺɽʎ ʩʦ ʤʘʢʩʠʤʫʤ ʤʦ˃ʥʦʩʪ ʠ ʬʘʢʪʦʨ ʥʘ ʤʦ˃ʥʦʩʪ 1 (Pvec=Pmax ʧʨʠ cosű=1).  

ʊʘʙʝʣʘ 1. ʅʘʧʦʥʠ ʥʘ ʿʘʟʣʠʪʝ ʚʦ ʿʫʛʦʟʘʧʘʜʥʠʦʪ ʨʝʛʠʦʥ ʥʘ ɽɽʉ ʟʘ ʩʠʩʪʝʤʩʢʠ ʤʘʢʩʠʤʫʤ ʟʘ ʯʝʪʠʨʠʪʝ 

ʩʮʝʥʘʨʠʿʘ 

ʀʤʝ ʥʘ ʿʘʟʦʣ Pvec=0 

Pvec=Pmax 

cosű=0,9cap 

Pvec=Pmax 

cosű=0,9ind 

Pvec=Pmax 

cosű=1 

BITOLA 2 110 1,0555 1,0597 1,0521 1,0561 

BITOLA 2 400 1,0175 1,0201 1,0156 1,018 

BITOLA1 1,0487 1,0536 1,0451 1,0496 

Bitola3 1,0488 1,0541 1,045 1,0498 

Bitola4 1,0483 1,0546 1,0441 1,0496 

SUVODOL 1 1,0552 1,0593 1,0517 1,0557 

ɺɽʎ1-ɺɽʎ5 ɺɽʎ6-ɺɽʎ10 ɺɽʎ11-ɺɽʎ15 ɺɽʎ16-ɺɽʎ20 ɺɽʎ21-ɺɽʎ25

2x25 MVA

ɹʠʪʦʣʘ 4

ɺɽʎ ʇʝʣʠʩʪʝʨ 20 kV

ɺɽʎ ʇʝʣʠʩʪʝʨ 110 kV

ACSR 240/40 11 km

20 kV (K.) 0,5 km
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(K.) 20 kV  ʂʘʙʣʠ

NA2X(F)2Y RM 3x(1x240) 12/20 kV 



 

VEC Pelister - 1,0598 1,0418 1,0513 

ʉʦ ʦʛʣʝʜ ʰʪʦ ʛʨʘʥʠʮʠʪʝ ʥʘ ʧʨʦʤʝʥʘ ʥʘ ʥʘʧʦʥʠʪʝ ʚʦ p.u. ʩʝ ʦʜ 0,9-1,1 p.u. ʟʘ 110 kV 

ʦʜʥʦʩʥʦ 0,95-1,05 p.u. ʟʘ 400 kV, ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʥʝʟʘʚʠʩʥʦ ʦʜ  ʨʝʞʠʤʦʪ ʥʘ ʨʘʙʦʪʘ ʥʘ 

ɺɽʎ ʇʝʣʠʩʪʝʨ, ʟʘ ʩʠʩʪʝʤʩʢʠʦʪ ʤʘʢʩʠʤʫʤ ʩʠʪʝ ʥʘʧʦʥʠ ʩʝ ʚʦ ʜʦʟʚʦʣʝʥʠʪʝ ʛʨʘʥʠʮʠ. 

ʆʧʪʦʚʘʨʫʚʘˁʝʪʦ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʝ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʜʦʟʚʦʣʝʥʠʪʝ ʚʨʝʜʥʦʩʪʠ. ʅʘʧʨʘʚʝʥʠ ʩʝ ʘʥʘʣʠʟʠ 

ʠ ʟʘ ʨʝʞʠʤ N-1, ʟʘ ʢʦʿ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʥʝʤʘ ʧʨʦʙʣʝʤʠ ʩʦ ʥʘʧʦʥʠʪʝ ʥʘ ʿʘʟʣʠʪʝ ʠ 

ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʥʘ ʝʣʝʤʝʥʪʠʪʝ, ʦʩʚʝʥ ʦʥʠʝ ʢʦʠ ʩʝ ʥʦʪʠʨʘʥʠ ʚʦ [1], a ʥʝ ʩʝ ʧʦʚʨʟʘʥʠ ʩʦ 

ʧʨʠʢʣʫʯʦʢʦʪ ʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ. 

ʄʘʢʩʠʤʘʣʥʦʪʦ ʣʝʪʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʩʦ ʩʣʝʜʥʠʦʪ ʙʠʣʘʥʩ  ʟʘ 2020 

ʛʦʜʠʥʘ (ʩʦ ʚʢʣʫʯʝʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ) [1]: ʇʨʦʠʟʚʦʜʩʪʚʦ: 817 MW; ʇʦʪʨʦʰʫʚʘʯʢʘ: 1126 MW; 

ɿʘʛʫʙʠ: 22 MW; ʈʘʟʤʝʥʘ (ʋʚʦʟ): 331 MW.ɺʦ ʪʘʙʝʣʘʪʘ 2 ʩʝ ʜʘʜʝʥʠ ʥʘʧʦʥʠʪʝ ʥʘ ʿʘʟʣʠʪʝ (p.u.) ʚʦ 

ʿʫʛʦʟʘʧʘʜʥʠʦʪ ʨʝʛʠʦʥʚʦ ɽɽʉ ʥʘ ʈʄ, ʟʘ ʯʝʪʠʨʠʪʝ ʩʧʦʤʝʥʘʪʠ ʩʮʝʥʘʨʠʿʘ. ʄʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ 

ʥʝʟʘʚʠʩʥʦ ʦʜ ʨʝʞʠʤʦʪ ʥʘ ʨʘʙʦʪʘ ʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ ʟʘ ʣʝʪʥʠʦʪ ʤʘʢʩʠʤʫʤ ʩʠʪʝ ʥʘʧʦʥʠ ʩʝ ʚʦ 

ʜʦʟʚʦʣʝʥʠʪʝ ʛʨʘʥʠʮʠ. ʆʧʪʦʚʘʨʫʚʘˁʝʪʦ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʝ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʜʦʟʚʦʣʝʥʠʪʝ ʚʨʝʜʥʦʩʪʠ. 

ʅʘʧʨʘʚʝʥʠ ʩʝ ʘʥʘʣʠʟʠ ʠ ʟʘ ʨʝʞʠʤ N-1, ʟʘ ʢʦʿ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʥʝʤʘ ʧʨʦʙʣʝʤʠ ʩʦ 

ʥʘʧʦʥʠʪʝ ʥʘ ʿʘʟʣʠʪʝ ʠ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʥʘ ʝʣʝʤʝʥʪʠʪʝ, ʦʩʚʝʥ ʦʥʠʝ ʢʦʠ ʩʝ ʥʦʪʠʨʘʥʠ ʚʦ [1], a ʥʝ 

ʩʝ ʧʦʚʨʟʘʥʠ ʩʦ ʧʨʠʢʣʫʯʦʢʦʪ ʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ. 

ʊʘʙʝʣʘ 2. ʅʘʧʦʥʠ ʥʘ ʿʘʟʣʠʪʝ ʚʦ ʿʫʛʦʟʘʧʘʜʥʠʦʪ ʨʝʛʠʦʥ ʥʘ ɽɽʉ ʟʘ ʤʘʢʩʠʤʘʣʥʦ ʣʝʪʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʟʘ 

ʯʝʪʠʨʠʪʝ ʩʮʝʥʘʨʠʿʘ 

ʀʤʝ ʥʘ ʿʘʟʦʣ Pvec=0 

Pvec=Pmax 

cosű=0,9cap 

Pvec=Pmax 

cosű=0,9ind 

Pvec=Pmax 

cosű=1 

BITOLA 2 110 1,0456 1,0495 1,0413 1,0456 

BITOLA 2 400 0,9972 0,9997 0,9947 0,9973 

BITOLA1 1,0388 1,0435 1,0345 1,0392 

Bitola3 1,0397 1,0446 1,0351 1,0401 

Bitola4 1,0387 1,0447 1,0338 1,0395 

VEC Pelister - 1,0494 1,0316 1,041 

 

ʉʠʩʪʝʤʩʢʦʪʦ ʤʠʥʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʩʦ ʩʣʝʜʥʠʦʪ ʙʠʣʘʥʩ ʟʘ 2020 

ʛʦʜʠʥʘ (ʩʦ ʚʢʣʫʯʝʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ): ʇʨʦʠʟʚʦʜʩʪʚʦ: 477 MW; ʇʦʪʨʦʰʫʚʘʯʢʘ: 555 MW; ɿʘʛʫʙʠ: 

10,5 MW; ʈʘʟʤʝʥʘ (ʋʚʦʟ): 88,5 MW.ɺʦ ʪʘʙʝʣʘʪʘ 3 ʩʝ ʜʘʜʝʥʠ ʥʘʧʦʥʠʪʝ ʥʘ ʿʘʟʣʠʪʝ (p.u.) ʚʦ 

ʿʫʛʦʟʘʧʘʜʥʠʦʪ ʨʝʛʠʦʥ ʚʦ ɽɽʉ ʥʘ ʈʄ, ʟʘ ʯʝʪʠʨʠʪʝ ʩʧʦʤʝʥʘʪʠ ʩʮʝʥʘʨʠʿʘ. ʄʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ 

ʜʝʢʘ ʥʘʧʦʥʠʪʝ ʥʘ ʿʘʟʣʠʪʝ ʚʦ ʨʘʟʛʣʝʜʫʚʘʥʠʦʪ ʨʝʛʠʦʥ, ʢʘʢʦ ʠ ʚʦ ʮʝʣʠʦʪ ʩʠʩʪʝʤ ʩʝ ʙʣʠʩʢʠ ʜʦ 

ʛʦʨʥʘʪʘ ʜʦʟʚʦʣʝʥʘ ʚʨʝʜʥʦʩʪ ʦʜ 1,1 p.u., a ʥʘʿʢʨʠʪʠʯʥʦ ʝ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ ʥʘ 

ʥʘʧʦʥʠʪʝ ʚʦ ʥʝʿʟʠʥʠʪʝ ʪʦʯʢʠ ʥʘ ʧʨʠʢʣʫʯʫʚʘˁʝ, ʦʜʥʦʩʥʦ ʩʘʤʘʪʘ ʊʉ ɺɽʎ ʇʝʣʠʩʪʝʨ ʠ ʊʉ ɹʠʪʦʣʘ 

4. ɿʘ ʩʣʫʯʘʿʦʪ ʥʘ ʨʝʞʠʤ ʥʘ ʨʘʙʦʪʘ N-1, ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʥʝʤʘ ʧʨʦʙʣʝʤʠ ʩʦ ʥʘʧʦʥʠʪʝ ʥʘ 

ʿʘʟʣʠʪʝ ʠ ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʥʘ ʝʣʝʤʝʥʪʠʪʝ. 

ʊʘʙʝʣʘ 3. ʅʘʧʦʥʠ ʥʘ ʿʘʟʣʠʪʝ ʚʦ ʿʫʛʦʟʘʧʘʜʥʠʦʪ ʨʝʛʠʦʥ ʥʘ ɽɽʉ ʟʘ ʩʠʩʪʝʤʩʢʦ ʤʠʥʠʤʘʣʥʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʟʘ 

ʯʝʪʠʨʠʪʝ ʩʮʝʥʘʨʠʿʘ 

ʀʤʝ ʥʘ ʿʘʟʦʣ Pvec=0 

Pvec=Pmax 

cosű=0,9cap 

Pvec=Pmax 

cosű=0,9ind 

Pvec=Pmax 

cosű=1 

BITOLA 2 110 1,0972 1,0991 1,0949 1,0971 

BITOLA1 1,0934 1,0963 1,0909 1,0938 

Bitola3 1,0944 1,0975 1,0918 1,0948 

Bitola4 1,0938 1,0979 1,0907 1,0945 

VEC Pelister - 1,103 1,0886 1,0961 



 

 

ɺʦ ʪʘʙʝʣʘʪʘ 4 ʩʝ ʧʨʠʢʘʞʘʥʠ ʧʨʝʩʤʝʪʢʠʪʝ ʥʘ ʤʘʢʩʠʤʘʣʥʠʪʝ ʪʨʠʬʘʟʥʠ ʠ ʝʜʥʦʬʘʟʥʠ ʩʪʨʫʠ 

ʥʘ ʢʫʩʠ ʚʨʩʢʠ ʥʘ ʿʘʟʣʠʪʝ ʚʦ ɹʠʪʦʣʩʢʠʦʪ ʨʝʛʠʦʥ ʠ ʪʦʘ ʩʦ ʠ ʙʝʟ ɺɽʎ ʇʝʣʠʩʪʝʨ. ʄʦʞʝ ʜʘ ʩʝ 

ʟʘʙʝʣʝʞʠ ʤʘʣ ʧʦʨʘʩʪ ʥʘ ʩʪʨʫʠʪʝ ʥʘ ʢʫʩʠ ʚʨʩʢʠ, ʤʝʺʫʪʦʘ ʩʠʪʝ ʚʨʝʜʥʦʩʪʠ ʩʝ ʚʦ ʨʘʤʢʠʪʝ ʥʘ 

ʨʘʩʢʣʦʧʥʘʪʘ ʤʦ˃ ʥʘ ʧʨʝʢʠʥʫʚʘʯʠʪʝ ʚʦ ʨʘʟʛʣʝʜʫʚʘʥʠʪʝ ʧʦʩʪʨʦʿʢʠ. 

ʊʘʙʝʣʘ 4. ʉʪʨʫʠ ʥʘ ʢʫʩʠ ʚʨʩʢʠ ʚʦ ɹʠʪʦʣʩʢʠʦʪ ʨʝʛʠʦʥ ʙʝʟ ʠ ʩʦ ɺɽʎ ʇʝʣʠʩʪʝʨ 

ʀʤʝ ʥʘ ʿʘʟʦʣ 3ʌ-ʉʂɺ (kA) 1ʌ-ʉʂɺ (kA) 

 

ʙʝʟ ɺɽʎ ʩʦ ɺɽʎ ʙʝʟ ɺɽʎ ʩʦ ɺɽʎ 

B.GNEOTINO 9,802 9,841 8,04 8,059 

BITOLA 2 110 27,808 28,139 34,191 34,567 

BITOLA 2 400 23,498 23,573 23,389 23,444 

BITOLA1 19,418 19,698 16,401 16,865 

Bitola3 14,169 14,339 11,398 11,563 

Bitola4 17,118 17,548 14,748 16,093 

VEC Pelister - 11,323 - 10,004 

 

4. ɿɸʂʃʋʏʆʂ 

ɺʦ ʪʨʫʜʦʪ ʝ ʧʦʢʘʞʘʥʘ ʠ ʩʠʤʫʣʠʨʘʥʘ ʝʜʥʘ ʤʦʞʥʘ ʣʦʢʘʮʠʿʘ ʟʘ ʠʟʛʨʘʜʙʘ ʥʘ ɺɽʎ, ʘ ʪʦʘ ʝ 

ʧʣʘʥʠʥʘʪʘ ɹʘʙʘ, ʦʜʥʦʩʥʦ ʥʝʿʟʠʥʠʦʪ ʚʨʚ ʇʝʣʠʩʪʝʨ. ʇʨʝʜʚʠʜʝʥʦ ʝ ʜʘ ʩʝ ʧʦʩʪʘʚʘʪ 25 ʪʫʨʙʠʥʠ ʦʜ 

ʪʠʧ Vestas V52 ʩʦ ʥʦʤʠʥʘʣʥʘ ʤʦ˃ʥʦʩʪ ʦʜ 850 kW ʠʣʠ ʚʢʫʧʥʦ ʠʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ɺɽʎ ʙʠ 

ʙʠʣʘ 21,25 MW. ɺʢʫʧʥʦʪʦ ʛʦʜʠʰʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʦʚʘʘ ɺɽʎ ʙʠ ʠʟʥʝʩʫʚʘʣʦ 71,147 GWh 

ʛʦʜʠʰʥʦ, ʰʪʦ ʟʘ ʠʥʩʪʘʣʠʨʘʥʘʪʘ ʤʦ˃ʥʦʩʪ ʦʜ 21,25 MW ʜʘʚʘ ʝʢʚʠʚʘʣʝʥʪʝʥ ʙʨʦʿ ʥʘ ʯʘʩʦʚʠ ʥʘ 

ʨʘʙʦʪʘ ʩʦ ʤʘʢʩʠʤʘʣʥʘ ʤʦ˃ʥʦʩʪ ʦʜ 3348 h. ɺʢʫʧʥʠʦʪ ʙʨʦʿ ʥʘ ʨʘʙʦʪʥʠ ʯʘʩʦʚʠ ʥʘ ɺɽʎ ʛʦʜʠʰʥʦ ʙʠ 

ʠʟʥʝʩʫʚʘʣʝ 7820 h. ʎʝʥʘʪʘ ʥʘ ʠʥʚʝʩʪʠʮʠʿʘʪʘ (ʪʫʨʙʠʥʠ ʠ ʚʢʣʫʯʝʥʘ ʠʥʩʪʘʣʘʮʠʿʘ) ʧʨʝʜʚʠʜʝʥʘ ʝ 

1.598,19 US $ ʧʦ ʠʥʩʪʘʣʠʨʘʥ kW ʠ ʩʧʦʨʝʜ ʧʨʝʩʤʝʪʢʘʪʘ ʩʦ RETscreen expert ʠʥʚʝʩʪʠʮʠʿʘ ʙʠ 

ʠʟʥʝʩʫʚʘʣʘ ʦʢʦʣʫ 34.000.000 US $. 

ʇʨʠʢʣʫʯʦʢʦʪ ʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ ʥʘ ɽɽʉ ʥʘ ʈʄ ʤʦʞʝ ʜʘ ʩʝ ʠʟʚʨʰʠ ʚʦ ʊʉ ɹʠʪʦʣʘ 4. ɺʦ 

ʪʨʫʜʦʪ ʩʝ ʠʟʚʨʰʝʥʠ ʘʥʘʣʠʟʠ ʥʘ ʪʝʢʦʚʠ ʥʘ ʤʦ˃ʥʦʩʪ ʙʝʟ ʠ ʩʦ ɺɽʎ ʟʘ ʪʨʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ 

ʨʝʞʠʤʠ ʟʘ 2020 ʛʦʜʠʥʘ, ʧʨʠ ʤʘʢʩʠʤʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ɺɽʎ ʧʨʠ ʨʘʟʣʠʯʝʥ ʬʘʢʪʦʨ ʥʘ 

ʤʦ˃ʥʦʩʪ. ɸʥʘʣʠʟʠʪʝ ʧʦʢʘʞʘʘ ʜʝʢʘ ɺɽʎ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʢʣʫʯʠ ʙʝʟ ʥʠʢʘʢʚʠ ʧʨʦʙʣʝʤʠ ʩʦ 

ʥʘʧʦʥʠʪʝ ʥʘ ʿʘʟʣʠʪʝ, ʦʧʪʦʚʘʨʫʚʘˁʘʪʘ ʥʘ ʝʣʝʤʝʥʪʠʪʝ. ɺʨʝʜʠ ʜʘ ʩʝ ʥʘʧʦʤʝʥʝ ʜʝʢʘ ʟʘ ʩʠʩʪʝʤʩʢʠʦʪ 

ʤʠʥʠʤʫʤ ʚʦ ʙʣʠʩʢʫ ʜʦ ʛʦʨʥʘʪʘ ʜʦʟʚʦʣʝʥʘ ʚʨʝʜʥʦʩʪ.  

ʉʠʪʝ ʘʥʘʣʠʟʠ ʟʘ ʪʝʢʦʚʠʪʝ ʥʘ ʤʦ˃ʥʦʩʪ ʧʦʢʘʞʫʚʘʘʪ ʜʝʢʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ɺɽʎ ʇʝʣʠʩʪʝʨ ʚʨʟ 

ʟʘʛʫʙʠʪʝ ʚʦ ɽɽʉ ʥʘ ʈʄ ʝ ʥʝʟʥʘʯʠʪʝʣʥʦ.  

ʇʨʝʩʤʝʪʢʘʪʘ ʥʘ ʩʪʨʫʠʪʝ ʥʘ ʢʫʩʠ ʚʨʩʢʠ ʧʦʢʘʞʘ ʜʝʢʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʥʦʚʘʪʘ ɺɽʎ ʙʠ ʙʠʣʦ 

ʤʠʥʠʤʘʣʥʦ. 

5. ʂʆʈʀʉʊɽʅɸ ʃʀʊɽʈɸʊʋʈɸ 

[1] ʉʪʠʧʝ ʄʠʢʫʣʠʯ, ɼʘʚʦʨ ɹʘʿʩ, ʄʝʪʦʜʠʿʘ ɸʪʘʥʘʩʦʚʩʢʠ. Cʪʫʜʠʿʘ ʩʦ ʢʦʥʮʝʧʪʠ ʟʘ ʨʘʟʚʦʿ ʥʘ ʧʨʝʥʦʩʥʘʪʘ 

ʤʨʝʞʘ ʚʦ ʦʜʜʝʣʥʠ ʨʝʛʠʦʥʠ ʟʘ ʜʦʣʛʦʨʦʯʝʥ ʧʝʨʠʦʜ. ɽʥʝʨʛʝʪʩʢʠ ʠʥʩʪʠʪʫʪ ʍʨʚʦʿʝ ʇʦʞʘʨ, 

ɿʘʛʨʝʙ/ʉʢʦʧʿʝ 2017. 
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ʋʏɽʉʊɺʆ ʅɸ ɼʀʉʇɽʈɿʀʈɸʅʆʊʆ ʇʈʆʀɿɺʆɼʉʊɺʆ ɺʆ ɹʀʃɸʅʉʆʊ ʅɸ 

ɽʅɽʈɻʀɱɸ ʀ ʄʆɵʅʆʉʊ ɺʆ ɽɽʉ ʅɸ ʈɽʇʋɹʃʀʂɸ ʄɸʂɽɼʆʅʀɱɸ 

ʂʋʉɸ ʉʆɼʈɾʀʅɸ 

ɹʠʣʘʥʩʦʪ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ (EE) ʠ ʤʦ˃ʥʦʩʪ ʧʨʝʪʩʪʘʚʫʚʘ ʝʜʥʘʢʚʦʩʪ ʥʘ ʚʢʫʧʥʘʪʘ 

EE/ʤʦ˃ʥʦʩʪ ʥʘ ʚʣʝʟʠ ʠʟʣʝʟ ɽɽʉ ʚʦ/ʦʜ ʝʜʝʥ ɽɽʉ. ɺʣʝʟʦʪ ʥʘ EE ʚʦ ɽɽʉ ʥʘ ʈʝʧʫʙʣʠʢʘ 

ʄʘʢʝʜʦʥʠʿʘ ʩʝ ʩʦʩʪʦʠ ʦʜ ʥʠʟʘ ʢʘʪʝʛʦʨʠʠ: ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʩʠʪʝ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʥʘ 

ʧʨʝʥʦʩʥʘʪʘ ʤʨʝʞʘ, ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ (ʜʠʩʧʝʨʟʠʨʘʥʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ (ɼʇ)) ʠ ʚʣʝʟʦʪ ʥʘ EE ʦʜ ʩʦʩʝʜʥʠʪʝ ɽɽʉ-ʠ. ɹʠʣʘʥʩʦʪ ʥʘ ʤʦ˃ʥʦʩʪʠ ʚʦʦʙʠʯʘʝʥʦ ʩʝ 

ʠʟʨʘʙʦʪʫʚʘ ʟʘ ʯʘʩʦʪ ʚʦ ʢʦʿ ʩʝ ʩʣʫʯʫʚʘ ʤʘʢʩʠʤʘʣʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʚʦ ɽɽʉ ʟʘ ʨʘʟʛʣʝʜʫʚʘʥʘʪʘ 

ʛʦʜʠʥʘ. ʂʘʪʝʛʦʨʠʠʪʝ ʚʦ ʚʣʝʟʦʪ ʥʘ ʙʠʣʘʥʩʦʪ ʥʘ ʤʦ˃ʥʦʩʪʠ ʥʘ ɽɽʉ ʚʦ ʨʘʟʛʣʝʜʫʚʘʥʠʦʪ ʤʦʤʝʥʪ ʩʝ: 

ʚʢʫʧʥʘʪʘ ʤʦ˃ʥʦʩʪ ʥʘ ʩʠʪʝ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠʧʨʠʢʣʫʯʝʥʠ ʥʘ ʧʨʝʥʦʩʥʘʪʘ ʤʨʝʞʘ ʠ ʨʘʟʤʝʥʘʪʘʥʘ 

ʤʦ˃ʥʦʩʪʠ ʩʦ ʩʦʩʝʜʥʠʪʝ ɽɽʉ-ʠ. ɺʨʚʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʥʠʚʦ ʥʘ ʧʨʝʥʦʩʥʘʪʘ ʤʨʝʞʘ ʝ ʝʜʥʘʢʚʦ 

ʥʘ ʚʨʚʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʥʠʚʦ ʥʘ ɽɽʉ ʥʘʤʘʣʝʥʦ ʟʘ ʯʘʩʦʚʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 

ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠʪʝ ʧʨʠʢʣʫʯʝʥʠ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘʚʦ ʯʘʩʦʪ ʥʘ ʥʘʩʪʘʥʫʚʘˁʝ ʥʘ ʚʨʚʥʦʪʦ 

ʦʧʪʦʚʘʨʫʚʘˁʝ.ʆʚʦʿ ʪʨʫʜ ʠʤʘ ʮʝʣ ʜʘ ʧʦʢʘʞʝ ʢʘʢʦ ʤʦʞʝ ʜʘ ʩʝ ʦʜʨʝʜʠ ʫʯʝʩʪʚʦʪʦ ʥʘ ɼʇ ʚʦ 

ʦʧʠʰʘʥʠʪʝ ʙʠʣʘʥʩʠ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʤʦ˃ʥʦʩʪ. ʀʤʝʥʦ, ʢʦʨʠʩʪʝʥʠ ʩʝ ʜʚʝ ʦʩʥʦʚʥʠ ʚʝʣʠʯʠʥʠ ʟʘ 

ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʫʯʝʩʪʚʦʪʦ ʥʘ ɼʇ ʚʦ ʙʠʣʘʥʩʦʪ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʤʦ˃ʥʦʩʪ. ɿʘ ʙʠʣʘʥʩʦʪ ʥʘ EE ʝ 

ʢʦʨʠʩʪʝʥ ʝʢʚʠʚʘʣʝʥʪʥʠʦʪ ʙʨʦʿ ʥʘ ʯʘʩʦʚʠ ʥʘ ʨʘʙʦʪʘ ʩʦ ʤʘʢʩʠʤʘʣʥʘ ʤʦ˃ʥʦʩʪ, ʜʦʜʝʢʘ ʟʘ ʙʠʣʘʥʩʦʪ 

ʥʘ ʤʦ˃ʥʦʩʪ ʝ ʢʦʨʠʩʪʝʥʘ ʚʝʣʠʯʠʥʘʪʘ ʜʦʚʝʨʙʘ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʟʘ ʩʝʢʦʿ ʪʠʧ ʥʘ 

ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʘ ʚʦ ʢʘʪʝʛʦʨʠʿʘʪʘ ɼʇ. ɺʦ ʪʨʫʜʦʪʝ ʧʦʢʘʞʘʥ ʥʘʯʠʥʦʪ ʥʘ ʧʨʝʩʤʝʪʢʘ ʠ ʜʘʜʝʥʠ ʩʝ 

ʪʠʧʠʯʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʦʚʠʝ ʜʚʝ ʚʝʣʠʯʠʥʠ ʟʘ ʩʝʢʦʿ ʪʠʧ ʥʘ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʘ ʚʦ ʢʘʪʝʛʦʨʠʿʘʪʘ ɼʇ. 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ɼʠʩʧʝʨʟʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʙʠʣʘʥʩ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʤʦ˃ʥʦʩʪ, ɽɽʉ. 

1 ɺʆɺɽɼ  

ʅʘʧʨʝʜʦʢʦʪ ʥʘ ʪʝʭʥʦʣʦʛʠʿʘʪʘ, ʜʘʣʝʯʠʥʩʢʠʦʪ ʥʘʜʟʦʨ ʠ ʫʧʨʘʚʫʚʘˁʝ ʥʘʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠʪʝ 

ʢʦʠ ʩʧʘʺʘʘʪ ʚʦ ʢʘʪʝʛʦʨʠʿʘʪʘ ʥʘ ɼʇʛʦ ʧʨʦʰʠʨʠʿʘ ʥʝʛʦʚʠʦʪ ʦʧʩʝʛ ʥʘ ʧʨʠʤʝʥʘ. ɼʦʩʪʠʛʥʫʚʘˁʘʪʘ ʚʦ 

ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʚʦ ʢʦʤʙʠʥʘʮʠʿʘ ʩʦ ʧʨʦʤʝʥʣʠʚʠʪʝ ʧʦʪʨʝʙʠ ʥʘ ʧʦʪʨʦʰʫʚʘʯʠʪʝ ʠ 

ʧʨʝʩʪʨʫʢʪʫʠʨʘˁʝʪʦ ʥʘ ʧʘʟʘʨʠʪʝ ʥʘ ʛʦʣʝʤʦ ʠ ʤʘʣʦ ʟʘ ɽɽ, ʦʪʚʦʨʠʿʘ ʫʰʪʝ ʧʦʚʝ˃ʝ ʤʦʞʥʦʩʪʠ ʟʘ 

ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʫʯʝʩʪʚʦʪʦ ʥʘɼʇ [1].ɼʇ ʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʝ: ʥʝ ʝ ʮʝʥʪʨʘʣʥʦ ʧʣʘʥʠʨʘʥʦ, ʥʝ ʝ  

ʫʧʨʘʚʫʚʘʥʦ ʦʜ ʜʠʩʧʝʯʝʨʩʢʠ ʮʝʥʪʘʨ, ʚʦ ʥʘʿʛʦʣʝʤ ʙʨʦʿ ʩʣʫʯʘʠ ʝ ʧʦʚʨʟʘʥʦ ʥʘ ɼʄ ʠʝ ʩʦʤʦ˃ʥʦʩʪ ʦʜ 

50kW ʜʦ 100 MW. ʊʦʘ ʰʪʦ ɼʇ ʥʝ ʝ ʮʝʥʪʨʘʣʥʦ ʧʣʘʥʠʨʘʥʦ ʠ ʜʠʩʧʝʯʠʨʘʥʦ, ʟʥʘʯʠ ʜʝʢʘ 

ʘʥʛʘʞʠʨʘˁʝʪʦ ʥʘ ʦʚʠʝ ʛʝʥʝʨʘʪʦʨʠ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʘʢʪʠʚʥʘ ʠʣʠ ʨʝʘʢʪʠʚʥʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ ʝ ʥʘʜʚʦʨ ʦʜ ʢʦʥʪʨʦʣʘʪʘ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʥʘ ɽɽʉ. ʄʦ˃ʥʦʩʪʘ ʥʘ ɼʇ ʚʦ ʥʘʿʛʦʣʝʤʘ ʤʝʨʢʘ 

ʚʣʠʿʘʝ ʥʘ ʢʦʝ ʥʘʧʦʥʩʢʦ ʥʠʚʦ ʠʩʪʦʪʦ ˃ʝ ʙʠʜʝ ʧʦʚʨʟʘʥʦ. ʅʘʧʦʥʩʢʠʪʝ ʥʠʚʦʘ ʥʘ ʢʦʠ ɼʇ ʩʝ ʧʦʚʨʟʫʚʘ 

ʩʝ ʪʠʧʠʯʥʠʪʝ ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʥʘʧʦʥʩʢʠ ʥʠʚʦʘ ʢʦʠ ʩʝ ʜʚʠʞʘʪ ʦʜ 400 V ʜʦ 110 kV. 

ɺʦ ʦʚʦʿ ʪʨʫʜ ˃ʝ ʙʠʜʝ ʨʘʟʛʣʝʜʘʥʥʘʯʠʥʦʪ ʥʘ ʧʨʝʩʤʝʪʢʘ ʥʘ ʫʯʝʩʪʚʦʪʦ ʥʘ ɼʇ ʚʦ ʙʠʣʘʥʩʦʪ ʥʘ 

ʝʥʝʨʛʠʿʘ ʠ ʤʦ˃ʥʦʩʪ ʚʦ ɽɽʉ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ.ɹʠʣʘʥʩ ʥʘ EE ʠ ʤʦ˃ʥʦʩʪ ʧʨʝʪʩʪʘʚʫʚʘ 
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ʝʜʥʘʢʚʦʩʪ ʥʘ ʚʢʫʧʥʘʪʘ ɽɽ/ʤʦ˃ʥʦʩʪ ʥʘ ʚʣʝʟʠ ʠʟʣʝʟ ɽɽʉ ʚʦ/ʦʜ ʝʜʝʥ ɽɽʉ. ɺʢʫʧʥʠʦʪ ʚʣʝʟ ʥʘEEʚʦ 

ɽɽʉ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ, ʩʝ ʩʦʩʪʦʠ ʦʜ ʢʘʪʝʛʦʨʠʠʪʝ[2]:ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ 

ʪʝʨʤʦʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠʪʝ (ʊɽʎ), ʭʠʜʨʦʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠʪʝ (ʍɽʎ) ʠ ʚʝʪʝʨʥʠʪʝ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ 

(ɺɽʎ) ʥʘ ʧʨʝʥʦʩʥʘʪʘ ʤʨʝʞʘ, ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ  ʠ 

ʚʣʝʟʦʪ ʥʘ EE ʦʜ ʩʦʩʝʜʥʠʪʝ ɽɽʉ. ɺʢʫʧʥʠʦʪ ʠʟʣʝʟ ʥʘ EE ʚʦ ɽɽʉ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʩʝ 

ʩʦʩʪʦʠ ʦʜ ʢʘʪʝʛʦʨʠʠʪʝ: ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ɽɽ ʥʘ ʧʦʪʨʦʰʫʚʘʯʠʪʝ ʜʠʨʝʢʪʥʦ ʧʨʠʢʣʫʯʝʥʠ ʥʘ 

ʧʨʝʥʦʩʥʘʠ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ, ʟʘʛʫʙʠʪʝ ʚʦ ʧʨʝʥʦʩʥʘʪʘ ʠ  ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ ʠ ʠʟʣʝʟ ʥʘ 

ɽɽ ʩʧʨʝʤʘ ʩʦʩʝʜʥʠʪʝ ɽɽʉ. ʉʦ ʮʝʣ ʜʘ ʩʝ ʦʜʨʝʜʠ ʫʯʝʩʪʚʦʪʦ ʥʘ ɼʇ ʚʦ ʙʠʣʘʥʩʦʪ ʥʘ ʝʥʝʨʛʠʿʘ, 

ʧʦʢʘʞʘʥ ʝ ʥʘʯʠʥʦʪ ʥʘ ʧʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʝʢʚʠʚʘʣʝʥʪʥʠʦʪ ʙʨʦʿ ʥʘ ʯʘʩʦʚʠ ʥʘ ʨʘʙʦʪʘ ʩʦ 

ʤʘʢʩʠʤʘʣʥʘ ʤʦ˃ʥʦʩʪ ʚʦ ʦʜʨʝʜʝʥ ʧʝʨʠʦʜ ʠ ʜʘʜʝʥʠ ʩʝ ʪʠʧʠʯʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʦʚʘʘ ʚʝʣʠʯʠʥʘ ʟʘ 

ʩʝʢʦʿ ʪʠʧ ʥʘ ɼʇ.ʇʨʠʢʘʞʘʥʠ ʩʝ ʠ ʧʦʝʜʠʥʝʯʥʠʪʝ ʢʘʪʝʛʦʨʠʠ ʥʘ ʙʠʣʘʥʩʦʪ ʥʘ ʤʦ˃ʥʦʩʪʠ. ɿʘ ʜʘ ʩʝ 

ʦʜʨʝʜʠ ʫʯʝʩʪʚʦʪʦ ʥʘ ɼʇ ʚʦ ʙʠʣʘʥʩʦʪ ʥʘ ʤʦ˃ʥʦʩʪ ʢʦʨʠʩʪʝʥʘ ʝ ʚʝʣʠʯʠʥʘʪʘ ʜʦʚʝʨʙʘ ʚʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʧʦʢʘʞʘʥʦ ʝ ʢʘʢʦ ʪʘʘ ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʟʘ ʩʝʢʦʿ ʪʠʧ ʥʘ ɼʇ.  

2 ɹʀʃɸʅʉʆʊ ʅɸ ɽʃɽʂʊʈʀʏʅɸ ɽʅɽʈɻʀɱɸ ʀ ʋʏɽʉʊɺʆʊʆ ʅɸ ɼʇ ɺʆ ʅɽɻʆ 

ɺʦ ʨʘʤʢʠʪʝ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʙʠʣʘʥʩ, ʩʝʢʦʿʘ ʛʦʜʠʥʘ ʤʦʨʘ ʜʘ ʙʠʜʝ ʟʘʜʦʚʦʣʝʥʘ 

ʝʜʥʘʢʚʦʩʪʘ ʥʘ ʚʢʫʧʥʠʦʪ ʚʣʝʟ ʥʘ ɽɽ ʚʦ ɽɽʉ ʥʘ ʈʄ ʠ ʚʢʫʧʥʠʦʪ ʠʟʣʝʟ ʥʘ ɽɽ ʦʜ ɽɽʉ ʥʘ ʈʄ, 

ʦʜʥʦʩʥʦ: 

ὡ̃ ̌̆̈ ὸ ὡ̉ ̈̌̆̈ὸ . (1) 

ὡ̃ ̌̆̈ ὸ ὡ˟ ˒ ὸx ὡ ˒ˣὸ ὡˏ ˒ ὸx  ὡ̅ ̗̪̉̒̓̑̉̂̔̉ὸ ὡ̃ ̌̆ὸ̈ . (2) 

ὡ̉ ̈̌̆̈ὸ ὅ̅ ̗̪̉̒̓̑̉̂̔̉ὸ ὅ̈ ́̄̔̂̉ͺ̅ ̗̪̉̒̓̑̉̂̔̉́ὸ ὅ̅ ̉̑̆̋̓̎̏ͺ̐ ̑̆̎̏̒ὸ  ὅ̈ ́̄̔̂̉ͺ̐ ̑̆̎̏̒ὸ

                                      ὡ̉ ̈̌̆ὸ̈ . (3) 

ʢʘʜʝ ʰʪʦ ʩʝ:WʚʣʝʟEEC, WʠʟʣʝʟEEC-ʚʢʫʧʝʥ ʚʣʝʟ/ʠʟʣʝʟ ʥʘ ɽɽ ʚʦ/ʦʜ ɽɽʉ ʥʘ ʈʄ,Wʊɽʎ,WXɽʎ,WBɽʎ ï

ʧʨʦʠʟʚʦʜʩʪʚʦʥʘ ʊɽʎ, ʍɽʎ ʠ ɺɽʎ, ʥʘʧʨʝʥʦʩʥʘʪʘ ʤʨʝʞʘ, ʩʦʦʜʚʝʪʥʦ,Wʜʠʩʪʨʠʙʫʮʠʿʘ- ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ (ɼʇ),Wʚʣʝʟ, Wʠʟʣʝʟ -ʚʣʝʟ/ʠʟʣʝʟ ʥʘ ɽɽ ʦʜ/ʢʦʥ 

ʩʦʩʝʜʥʠʪʝ ɽɽʉ,Cʜʠʩʪʨʠʙʫʮʠʿʘ, -ʧʦʪʨʦʰʫʚʘʯʢʘ ʚʦ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ,Cʟʘʛʫʙʠ_ʜʠʩʪʨʠʙʫʮʠʿʘ-

ʟʘʛʫʙʠ ʚʦ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ,Cʜʠʨʝʢʪʥʦ_ʧʨʝʥʦʩ-ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʜʠʨʝʢʪʥʦ ʧʨʠʢʣʫʯʝʥʠʪʝ 

ʧʦʪʨʦʰʫʚʘʯʠʥʘʧʨʝʥʦʩʥʘʪʘ ʤʨʝʞʘ, Cʟʘʛʫʙʠ_ʧʨʝʥʦʩ-ʟʘʛʫʙʠ ʚʦ ʧʨʝʥʦʩʥʘʪʘ ʤʨʝʞʘ. 

ɻʦʜʠʰʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠʪʝ ʧʨʠʢʣʫʯʝʥʠ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ 

ʤʨʝʞʘ, ʤʦʨʘ ʜʘ ʩʝ ʠʟʨʘʟʠ ʧʨʝʢʫ ʝʜʥʘ ʦʜ ʩʣʝʜʥʠʪʝ ʪʠʧʦʚʠ ʥʘ ɼʇ:ʤʘʣʠ ʍɽʎ,ʬʦʪʦʥʘʧʦʥʩʢʠ 

ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ (ʌʅɽʎ),ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʥʘ ʙʠʦʛʘʩ, ʙʠʦʤʘʩʘ,ʢʦʤʙʠʥʠʨʘʥʠ (ʢʦʛʝʥʝʨʘʪʠʚʥʠ) 

ʧʦʩʪʨʦʿʢʠʠ ʟʘ ʩʝʢʦʿ ʪʠʧ ʧʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ ʝʢʚʠʚʘʣʝʥʪʥʠʦʪ ʙʨʦʿ ʥʘ ʯʘʩʦʚʠ ʨʘʙʦʪʘ 

ʛʦʜʠʰʥʦ ʩʦ ʤʘʢʩʠʤʘʣʥʘ ʤʦ˃ʥʦʩʪ: 

Ὕ̆ ̋̃̍́̌̉ͅˢ˒ˣ
̍́̌̉ˢ˒ˣᶻ  

̍́̌̉ˢ˒ˣ
 . (4) 

Ὕ̆ ̋̃lͅ˒ˣ
ˡ˒ˣz  

ˡ˒ˣ
 . (5) 

Ὕ̆ ̋̃̂̉̏̄́̒ͅ
̂̉̏̄́̒ᶻ  

̂̉̏̄́̒
 . (6) 

Ὕ̆ ̋̃̂̉̏́ͅ ̒
̂̉̏́ ̒z  

̂̉̏́ ̒
. (7) 

Ὕ̆ ̋̃ͅ
ᶻ  

 . (8) 

ʢʘʜʝ ʰʪʦ: ὡ̍ ́̌̉ˢ˒ˣȟὡl ˒ȟxὡ̂ ̉̏̄́̒ȟὡ̂ ̉̏́  ̒ ʠ ὡ ʩʝ ʚʢʫʧʥʦʪʦ ʛʦʜʠʰʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 

ʤʘʣʠʪʝ ʍɽʎ, ʌʅɽʎ,ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠʪʝ ʥʘ ʙʠʦʛʘʩ,ʙʠʦʤʘʩʘ ʠ ʢʦʤʙʠʥʠʨʘʥʠʪʝ ʧʦʩʪʨʦʿʢʠ, 

ʩʦʦʜʚʝʪʥʦ, ʧʨʠʢʣʫʯʝʥʠ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ, ʘ ὖ̍ ́̌̉ˢ˒ˣȟὖl ˒ xȟὖ̂ ̉̏̄́̒ ȟὖ̂ ̉̏́  ̒ʠ ὖ  ʩʝ 

ʚʢʫʧʥʠʪʝ ʠʥʩʪʘʣʠʨʘʥʠ ʤʦ˃ʥʦʩʪʠ ʥʘ ʤʘʣʠʪʝ ʍɽʎ, ʌʅɽʎ,ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠʪʝ ʥʘ ʙʠʦʛʘʩ, ʙʠʦʤʘʩʘ 

ʠ ʢʦʤʙʠʥʠʨʘʥʠʪʝ ʧʦʩʪʨʦʿʢʠ, ʩʦʦʜʚʝʪʥʦ,ʧʨʠʢʣʫʯʝʥʠ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ. 



 

ʇʨʦʛʥʦʟʘʪʘ ʥʘ ʛʦʜʠʰʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʩʝʢʦʿ ʧʦʝʜʠʥʝʯʝʥ ʪʠʧ ʥʘ ɼʇ ʩʝ ʚʨʰʠ ʧʨʝʢʫ 

ʧʨʦʩʝʯʥʠʪʝ ʝʢʚʠʚʘʣʝʥʪʥʠ ʯʘʩʦʚʠ ʥʘ ʨʘʙʦʪʘ ʩʦ ʤʘʢʩʠʤʘʣʥʘ ʤʦ˃ʥʦʩʪ ʚʦ ʦʜʨʝʜʝʥ ʧʝʨʠʦʜ (5 

ʛʦʜʠʥʠ) [2]: 

Ὕ̆ ̋̃̍́̌̉ͅˢ˒ˣ

В ̆̋̃̍́̌̉ͅˢ˒ˣ
 . (9) 

Ὕ̆ ̋̃lͅ˒ˣ

В ̆̋̃lͅ˒ˣ
 . (10) 

Ὕ̆ ̋̃̂̉̏̄́̒ͅ

В ̆̋̃̂̉̏̄́̒ͅ
 . (11) 

Ὕ̆ ̋̃̂̉̏́ͅ ̒

В ̆̋̃̂̉̏́ͅ ̒
 . (12) 

Ὕ̆ ̋̃ͅ

В ̆̋̃ͅ
 . (13) 

ʢʘʜʝ ʰʪʦ Ὕ̆ ̋̃̍́̌̉ͅˢ˒ˣὸ ὮȟὝ̆ ̋̃lͅ˒ ὸx Ὦ,Ὕ̆ ̋̃̂̉̏̄́̒ͅὸ ὮȟὝ̆ ̋̃̂̉̏́ͅ ̒ὸ Ὦ ʠὝ̆ ̋̃ͅ ὸ

Ὦ ʩʝ ʝʢʚʠʚʘʣʝʥʪʥʠʦʪ ʙʨʦʿ ʥʘ ʯʘʩʦʚʠ ʨʘʙʦʪʘ ʛʦʜʠʰʥʦ ʩʦ ʤʘʢʩʠʤʘʣʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ʤʘʣʠʪʝ ʍɽʎ, 

ʌʅɽʎ, ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠʪʝ ʥʘ ʙʠʦʛʘʩ, ʙʠʦʤʘʩʘ ʠ ʢʦʤʙʠʥʠʨʘʥʠʪʝ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ, ʩʦʦʜʚʝʪʥʦ, 

ʚʦ ʛʦʜʠʥʘʪʘ (t-j), ʘN e ʙʨʦʿ ʥʘ ʛʦʜʠʥʠ ʚʦ ʨʘʟʛʣʝʜʫʚʘʥʠʦʪ ʠʟʤʠʥʘʪ ʧʝʨʠʦʜ (N=5). 

ʇʨʦʛʥʦʟʘʪʘ ʥʘ ʛʦʜʠʰʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʦʝʜʠʥʝʯʥʠʪʝ ʪʠʧʦʚʠ ʥʘ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ,  

ʧʨʠʢʣʫʯʝʥʠ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ, ʚʦ ʛʦʜʠʥʘʪʘtʩʝ ʧʨʝʩʤʝʪʫʚʘ ʢʘʢʦ: 

ὡ̍ ́̌̉ˢ˒ˣὸ ὖ̍ ́̌̉ˢ˒ˣὸ  zὝ̆ ̋̃̍́̌̉ͅˢ˒ˣ  . (14) 

ὡl ˒ ὸx ὖl ˒ ὸx  zὝ̆ ̋̃lͅ˒  x. (15) 

ὡ̂ ̉̏̄́̒ὸ ὖ̂ ̉̏̄́̒ὸ  zὝ̆ ̋̃̂̉̏̄́̒ͅ . (16) 

ὡ̂ ̉̏́ ̒ὸ ὖ̂ ̉̏́ ̒ὸ  zὝ̆ ̋̃̂̉̏́ͅ  ̒. (17) 

ὡ ὸ ὖ ὸ  zὝ̆ ̋̃ͅ  . (18) 

ɺʢʫʧʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠʪʝ ʧʨʠʢʣʫʯʝʥʠ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ 

ʚʦ ʛʦʜʠʥʘʪʘtʠʟʥʝʩʫʚʘ: 

ὡ̅ ̗̪̉̒̓̑̉̂̔̉ὸ ὡ̍ ́̌̉ˢ˒ˣὸ ὡl ˒ ὸx ὡ̂ ̉̏̄ὸ́  ὡ̂ ̉̏́ ὸ  ὡ ὸ. (19) 

ɺʦ ʪʘʙʝʣʘʪʘ 1 ʩʝ ʜʘʜʝʥʠ ʪʠʧʠʯʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʝʢʚʠʚʘʣʝʥʪʥʠʦʪ ʙʨʦʿ ʥʘ ʯʘʩʦʚʠ ʥʘ 

ʨʘʙʦʪʘ ʩʦ ʤʘʢʩʠʤʘʣʥʘ ʤʦ˃ʥʦʩʪ ʟʘ ʩʝʢʦʿ ʪʠʧ ʥʘ ɼʇ, ʩʦʛʣʘʩʥʦ [2].  

ʊʘʙʝʣʘ 1. ʊʠʧʠʯʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʝʢʚʠʚʘʣʝʥʪʥʠʦʪ ʙʨʦʿ ʥʘ ʯʘʩʦʚʠ ʨʘʙʦʪʘ ʩʦ ʤʘʢʩʠʤʘʣʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ɼʇ 

ʧʨʠʢʣʫʯʝʥʦ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ 

ɹʨ. ʊʠʧ 

ʝʢʚʠʚʘʣʝʥʪʝʥ ʙʨʦʿ ʥʘ ʯʘʩʦʚʠ 

ʥʘ ʨʘʙʦʪʘ ʩʦ ʤʘʢʩʠʤʘʣʥʘ 

ʤʦ˃ʥʦʩʪ 

1 ʤʘʣʠ ʍɽʎ 3.000 

2 ʌʅɽʎ 1.200 

3 ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʥʘ ʙʠʦʛʘʩ 5.000 

4 ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʥʘ ʙʠʦʤʘʩʘ 4.000 

5 ʢʦʤʙʠʥʠʨʘʥʠ ʧʦʩʪʨʦʿʢʠ 1.000 



 

3 ɹʀʃɸʅʉʆʊ ʅɸ ʄʆɵʅʆʉʊʀ ʀ ʋʏɽʉʊɺʆ ʅɸ ɼʇ ɺʆ ʅɽɻʆ 

ɹʠʣʘʥʩʦʪ ʥʘ ʤʦ˃ʥʦʩʪʠ ʚʦʦʙʠʯʘʝʥʦ ʩʝ ʠʟʨʘʙʦʪʫʚʘ ʟʘ ʯʘʩʦʪ ʚʦ ʢʦʿ ʩʝ ʩʣʫʯʫʚʘ ʚʨʚʥʦʪʦ 

ʦʧʪʦʚʘʨʫʚʘˁʝ ʚʦ ʩʠʩʪʝʤʦʪ ʟʘ ʨʘʟʛʣʝʜʫʚʘʥʘʪʘ ʛʦʜʠʥʘ (Pʤʘx),ʥʦ ʙʠʣʘʥʩʠ ʤʦʞʘʪ ʜʘ ʩʝ 

ʠʟʨʘʙʦʪʫʚʘʘʪ ʠ ʟʘ ʥʝʢʦʠ ʜʨʫʛʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʜʝʥʦʚʠʩʧʨʝʤʘ ʧʦʪʨʝʙʠʪʝ ʥʘ ʩʧʝʮʠʬʠʯʥʠʪʝ 

ʘʥʘʣʠʟʠ (ʪʨʝʪʠ ʩʨʝʜʠ ʚʦ ʤʝʩʝʮʦʪ ʚʦ 19 ʯʘʩʦʪ, ʣʝʪʝʥ ʤʘʢʩʠʤʫʤ, ʤʠʥʠʤʘʣʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ 

ɽɽʉ ʠ ʩʣʠʯʥʦ). 

ɿʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ʙʠʣʘʥʩʦʪ ʥʘ ʤʦ˃ʥʦʩʪʠ ʟʘ ʦʜʨʝʜʝʥ ʨʘʟʛʣʝʜʫʚʘʥ ʤʦʤʝʥʪ, ʧʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ 

ʩʦʙʝʨʘʪ ʩʣʝʜʥʠʚʝ ʧʦʜʘʪʦʮʠ[2]: 

- ʄʦ˃ʥʦʩʪ ʥʘ ʧʦʝʜʠʥʝʯʥʠʪʝ ʊɽʎ, ʍɽʎ ʠ ɺɽʎ ʧʨʠʢʣʫʯʝʥʠ ʥʘ ʧʨʝʥʦʩʥʘʪʘ ʤʨʝʞʘ ʚʦ 

ʨʘʟʛʣʝʜʫʚʘʥʠʦʪ ʤʦʤʝʥʪ (Pʊɽʎ,i),(PXɽʎ,i) ʠ(PBɽʎ,i) 

- ʈʘʟʤʝʥʘʥʘ ʤʦ˃ʥʦʩʪʠ ʩʦ ʩʦʩʝʜʥʠʪʝ ɽɽʉ-ʠ ʦʜʥʦʩʥʦ ʩʘʣʜʦʪʦ ʫʚʦʟ/ʠʟʚʦʟ (Pʨʘʟʤʝʥʘ) , 

- ʅʝʪʦ ʤʦ˃ʥʦʩʪʠʪʝ ʥʘ ʧʦʝʜʠʥʝʯʥʠʪʝ ʊʉ 110/x kV ʢʦʠ ʿʘ ʥʘʧʦʿʫʚʘʘʪ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ 

ʤʨʝʞʘ ʚʦ ʨʘʟʛʣʝʜʫʚʘʥʠʦʪ ʤʦʤʝʥʪ, ʚʢʣʫʯʫʚʘʿ˃ʠ ʛʠ ʟʘʛʫʙʠʪʝ ʚʦ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ, 

ʙʝʟ ʤʦ˃ʥʦʩʪʠʪʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʧʨʠʢʣʫʯʝʥʦ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ʚʦ 

ʨʘʟʛʣʝʜʫʚʘʥʠʦʪ ʤʦʤʝʥʪ (Pi), 

- ʄʦ˃ʥʦʩʪʘ ʥʘ ʧʦʝʜʠʥʝʯʥʠʪʝ ʊʉ 110/x kV ʢʦʠ ʛʠ ʥʘʧʦʿʫʚʘʘʪ ʧʦʪʨʦʰʫʚʘʯʠʪʝ ʜʠʨʝʢʪʥʦ 

ʧʨʠʢʣʫʯʝʥʠ ʥʘ ʧʨʝʥʦʩʥʘʪʘ ʤʨʝʞʘ ʚʦ ʨʘʟʛʣʝʜʫʚʘʥʠʦʪ ʤʦʤʝʥʪ (Pɼi), 

- ɿʘʛʫʙʠʪʝ ʥʘ ʤʦ˃ʥʦʩʪ ʚʦ ʧʨʝʥʦʩʥʘʪʘ ʤʨʝʞʘ (Pʟʘʛʫʙʠ_ʧʨʝʥʦʩ). 

ɹʠʜʝʿ˃ʠ, ʚʨʚʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʥʠʚʦ ʥʘ ʧʨʝʥʦʩʥʘʪʘ ʤʨʝʞʘ ʝ ʝʜʥʘʢʚʦ ʥʘ ʚʨʚʥʦʪʦ 

ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʥʠʚʦ ʥʘ ɽɽʉ ʥʘʤʘʣʝʥʦ ʟʘ ʯʘʩʦʚʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠʪʝ 

ʧʨʠʢʣʫʯʝʥʠ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ʚʦ ʯʘʩʦʪ ʥʘ ʥʘʩʪʘʥʫʚʘˁʝ ʥʘ ʚʨʚʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʩʝ 

ʚʦʚʝʜʫʚʘ ʥʦʚʘ ʚʝʣʠʯʠʥʘ ʢʦʿʘ ʿʘ ʥʘʨʝʢʫʚʘʤʝ ʜʦʚʝʨʙʘ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. 

ɼʦʚʝʨʙʘʪʘ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʩʝ ʠʟʨʘʟʫʚʘ ʚʦ ʧʨʦʮʝʥʪʠ ʢʘʢʦ ʧʨʦʩʝʯʝʥ ʦʜʥʦʩ ʥʘ ʚʢʫʧʥʦʪʦ 

ʯʘʩʦʚʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦ MWh/h ʥʘ ʩʠʪʝ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʦʜ ʦʜʨʝʜʝʥ ʪʠʧ (ʤʘʣʠ ʍɽʎ, ʌʅɽʎ, 

ʙʠʦʛʘʩ, ʙʠʦʤʘʩʘ, ʢʦʤʙʠʥʠʨʘʥʠ ʧʦʩʪʨʦʿʢʠ) ʚʦ ʨʘʟʛʣʝʜʫʚʘʥʠʦʪ ʯʘʩ ʥʘ ʥʘʩʪʘʥʫʚʘˁʝ ʥʘ ʚʨʚʥʦʪʦ 

ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʩʠʩʪʝʤʦʪ ʠ ʚʢʫʧʥʘʪʘ ʠʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ʧʦʝʜʠʥʝʯʥʠʪʝ ʪʠʧʦʚʠ ʥʘ 

ʨʘʟʛʣʝʜʫʚʘʥʠ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʚʦ ʨʘʟʛʣʝʜʫʚʘʥʘʪʘ ʛʦʜʠʥʘ. 

̅̏̃̆̑̂́ ̃  ̏̐̑̏̉̈̃̏̅̒̓̃̏̍́̌̉ˢ˒ˣȟὸ
̍́̌̉ˢ˒ˣȟ Ⱦ

̍́̌̉ˢ˒ˣ
ρzππϷ . (20) 

̅̏̃̆̑̂́ ̃  ̏̑̐ ̏̉̈̃̏̅̒̓̃̏ˡ˒ȟxὸ
ˡ˒ȟx Ⱦ

ˡ˒ˣ
ρzππϷ. (21) 

̅̏̃̆̑̂́ ̃  ̏̐̑̏̉̈̃̏̅̒̓̃̏̂̉̏̄́̒ȟὸ
̂̉̏̄́̒ȟ Ⱦ

̂̉̏̄́̒
ρzππϷ . (22) 

̅̏̃̆̑̂́ ̃  ̏̐̑̏̉̈̃̏̅̒̓̃̏̂̉̏́ ȟ̒ὸ
̂̉̏́ ȟ̒ Ⱦ

̂̉̏́ ̒
ρzππϷ . (23) 

̅̏̃̆̑̂́ ̃  ̏̐̑̏̉̈̃̏̅̒̓̃̏ȟὸ
ȟ Ⱦ

ρzππϷ . (24) 

ʢʘʜʝ ʰʪʦ ὖ̍ ́̌̉ˢ˒ˣȟὸȟὖl ˒ȟxὸȟὖ̂ ̉̏̄́̒ȟὸȟὖ̂ ̉̏́ ȟ̒ὸ ʠ ὖ ȟὸʩʝʯʘʩʦʚʥʠʪʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʘ ʩʠʪʝ ʤʘʣʠ ʍɽʎ, ʌʅɽʎ, ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʥʘ ʙʠʦʛʘʩ, ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʥʘ ʙʠʦʤʘʩʘ ʠ 

ʢʦʤʙʠʥʠʨʘʥʠ ʧʦʩʪʨʦʿʢʠ ʚʦ MWh/h ʧʨʠʢʣʫʯʝʥʠ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ʚʦ ʯʘʩʦʪj ʥʘ 

ʥʘʩʪʘʥʫʚʘˁʝ ʥʘ ʚʨʚʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʚʦ ɽɽʉ, ʩʦʦʜʚʝʪʥʦ,  ʚʦ ʨʘʟʛʣʝʜʚʘʥʘʪʘ ʛʦʜʠʥʘt. 

ὖ̍ ́̌̉ˢ˒ˣὸȟὖl ˒ ὸxȟὖ̂ ̉̏̄́̒ὸȟὖ̂ ̉̏́ ̒ὸʠ ὖ ὸ ʩʝ ʚʢʫʧʥʠʪʝ ʠʥʩʪʘʣʠʨʘʥʠ ʤʦ˃ʥʦʩʪʠ ʚʦMW 

ʥʘ ʩʠʪʝ ʤʘʣʠ ʍɽʎ,ʌʅɽʎ, ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʥʘ ʙʠʦʛʘʩ, ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʥʘ ʙʠʦʤʘʩʘ ʠ 

ʢʦʤʙʠʥʠʨʘʥʠ ʧʦʩʪʨʦʿʢʠ ʧʨʠʢʣʫʯʝʥʠ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ, ʩʦʦʜʚʝʪʥʦ,ʚʦ ʨʘʟʛʣʝʜʫʚʘʥʘʪʘ 

ʛʦʜʠʥʘt. 

ɹʠʜʝʿ˃ʠ ʯʘʩʦʚʥʘʪʘ ʘʥʛʘʞʠʨʘʥʦʩʪ ʥʘ ʧʦʝʜʠʥʝʯʥʠʪʝ ʪʠʧʦʚʠ ʥʘ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ 

ʧʨʠʢʣʫʯʝʥʠ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ʚʦ ʧʦʝʜʠʥʝʯʥʠʪʝ ʨʘʟʛʣʝʜʫʚʘʥʠ ʯʘʩʦʚʠ ʤʦʞʝ ʟʥʘʯʠʪʝʣʥʦ 

ʜʘ ʩʝ ʤʝʥʫʚʘ ʚʦ ʨʘʟʛʣʝʜʫʚʘʥʠʪʝ ʛʦʜʠʥʠ, ʧʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ ʧpʝʩʤʝʪʘ ʧʨʦʩʝʢ ʥʘ ʚʨʝʜʥʦʩʪʘ ʥʘ 



 

ʜʦʚʝʨʙʘʪʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦ ʜʝʬʠʥʠʨʘʥʠʦʪ ʠʟʤʠʥʘʪ ʧʝʨʠʦʜ (5-ʛʦʜʠʰʝʥ), ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʢʦʿ 

ʧʦʢʘʩʥʦ ˃ʝ ʩʝ ʧʨʦʮʝʥʠ ʘʥʛʘʞʠʨʘʥʦʩʪʘ ʥʘ ʧʦʝʜʠʥʝʯʥʠʦʪ ʪʠʧ ʥʘ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʘ ʚʦ 

ʨʘʟʛʣʝʜʫʚʘʥʠʦʪ ʯʘʩ jʥʘ ʥʘʩʪʘʥʫʚʘˁʝ ʥʘ ʚʨʚʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ[2]. 

̅̏̃̆̑̂́ ̃  ̏̐̑̏̉̈̃̏̅̒̓̃̏̍́̌̉ˢ˒ˣȟ

В ̅̏̃̆̑̂́ ̃  ̏̐̑̏̉̈̃̏̅̒̓̃̏̍́̌̉ˢ˒ˣȟ
 . (25) 

̅̏̃̆̑̂́ ̃  ̏̐̑̏̉̈̃̏̅̒̓̃̏ˡ˒ȟx

В ̅̏̃̆̑̂́ ̃  ̏̐̑̏̉̈̃̏̅̒̓̃̏ˡ˒ȟx
 . (26) 

̅̏̃̆̑̂́ ̃  ̏̐̑̏̉̈̃̏̅̒̓̃̏̂̉̏̄́ȟ̒

В ̅̏̃̆̑̂́ ̃  ̏̐̑̏̉̈̃̏̅̒̓̃̏̂̉̏̄́̒ȟ
 . (27) 

̅̏̃̆̑̂́ ̃  ̏̐̑̏̉̈̃̏̅̒̓̃̏̂̉̏́ ȟ̒

В ̅̏̃̆̑̂́ ̃  ̏̐̑̏̉̈̃̏̅̒̓̃̏̂̉̏́ ̒ȟ
 . (28) 

̅̏̃̆̑̂́ ̃  ̏̐̑̏̉̈̃̏̅̒̓̃̏ȟ

В ̅̏̃̆̑̂́ ̃  ̏̐̑̏̉̈̃̏̅̒̓̃̏ȟ
 . (29) 

ɺʢʫʧʥʘʪʘ ʯʘʩʦʚʥʘ ʘʥʛʘʞʠʨʘʥʦʩʪ (ʧʨʦʠʟʚʦʜʩʪʚʦ) ʥʘ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠʪʝ ʧʨʠʢʣʫʯʝʥʠ ʥʘ 

ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ʚʦ ʤʦʤʝʥʪʦʪ ʥʘ ʥʘʩʪʘʥʫʚʘˁʝ ʥʘ ʚʨʚʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʚʦ ʯʘʩʦʪj ʚʦ 

ʨʘʟʛʣʝʜʫʚʘʥʘʪʘ ʛʦʜʠʥʘt,ʝ ʝʜʥʘʢʚʘ ʥʘ: 

ὖ̅ ̗̪̉̒̓̑̉̂̔̉́ȟὸ ̅̏̃̆̑̂́ ̃  ̏̐̑̏̉̈̃̏̅̒̓̃̏̍́̌̉ˢ˒ˣȟ ὖz̍ ́̌̉ˢ˒ˣὸ  

̅̏̃̆̑̂́ ̃  ̏̐̑̏̉̈̃̏̅̒̓̃̏ˡ˒ȟx ὖzl ˒ ὸx ̅̏̃̆̑̂́ ̃  ̏̐̑̏̉̈̃̏̅̒̓̃̏̂̉̏̄́̒ȟ ὖẑ ̉̏̄́̒ὸ   

̅̏̃̆̑̂́ ̃  ̏̐̑̏̉̈̃̏̅̒̓̃̏̂̉̏́ ȟ̒ ὖẑ ̉̏́ ̒ὸ  ̅ ̏̃̆̑̂́ ̃  ̏̐̑̏̉̈̃̏̅̒̓̃̏ȟ ὖz ὸ

 (30) 

ɺʦ ʪʘʙʝʣʘʪʘ 2 ʩʝ ʜʘʜʝʥʠ ʪʠʧʠʯʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʚʝʣʠʯʠʥʘʪʘ ʜʦʚʝʨʙʘ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʟʘ ʩʝʢʦʿ ʪʠʧ ʥʘ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʘ ʧʨʠʢʣʫʯʝʥʘ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʪʘ ʤʨʝʞʘ, ʩʦʛʣʘʩʥʦ [2]. ʉʝʢʘʢʦ 

ʜʝʢʘ ʦʚʠʝ ʚʨʝʜʥʦʩʪʠ ʪʨʝʙʘ ʪʦʯʥʦ ʜʘ ʩʝ ʫʪʚʨʜʘʪ ʟʘ ʩʝʢʦʿ ʪʠʧ ʥʘ ɼʇ ʚʦ ʥʘʰʘʪʘ ʜʨʞʘʚʘ, ʧʨʝʢʫ 

ʩʣʝʜʝˁʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʧʦʝʜʠʥʝʯʥʠʪʝ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʥʘ ɼʇ ʚʦ ʯʘʩʦʪ ʥʘ ʥʘʩʪʘʥʫʚʘˁʝ 

ʥʘ ʚʨʚʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʚʦ ɽɽʉ. 

ʊʘʙʝʣʘ 2.ʊʠʧʠʯʥʠ ʚʨʝʜʥʦʩʪʠ ʥʘ ʜʦʚʝʨʙʘʪʘ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ɼʇ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ʚʦ ʯʘʩʦʪ ʥʘ 

ʥʘʩʪʘʥʫʚʘˁʝ ʥʘ ʚʨʚʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ 

ɹʨ. ʊʠʧ 
ɼʦʚʝʨʙʘ ʚʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ 

1 ʤʘʣʠ ʍɽʎ 10% 

2 ʌʅɽʎ 0% 

3 ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʥʘ ʙʠʦʛʘʩ 50% 

4 ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʥʘ ʙʠʦʤʘʩʘ 50% 

5 ʢʦʤʙʠʥʠʨʘʥʠ ʧʦʩʪʨʦʿʢʠ 20% 

 

4 ɿɸʂʃʋʏʆʂ 

ɺʦ ʦʚʦʿ  ʙʝʰʝ ʨʘʟʛʣʝʜʘʥ ʥʘʯʠʥʦʪ ʥʘ ʦʜʨʝʜʫʚʘˁʝʪʦ ʥʘ ʫʯʝʩʪʚʦʪʦ ʥʘ ɼʇ ʚʦ ʙʠʣʘʥʩʦʪ ʥʘ 

ʝʥʝʨʛʠʿʘ ʠ ʤʦ˃ʥʦʩʪ ʚʦ ɽɽʉ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ. ɹʝʰʝ ʧʨʠʢʘʞʘʥ ʝʜʝʥ ʥʘʯʠʥ ʟʘ ʧʨʦʛʥʦʟʘʪʘ 

ʥʘ ʛʦʜʠʰʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ɽɽ ʥʘ ʩʝʢʦʿ ʧʦʝʜʠʥʝʯʝʥ ʪʠʧ ʥʘ ɼʇ.ɺʦ ʪʨʫʜʦʪ ʩʝ ʜʘʜʝʥʠ 

ʪʠʧʠʯʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʝʢʚʠʚʘʣʝʥʪʥʠʦʪ ʙʨʦʿ ʥʘ ʯʘʩʦʚʠ ʨʘʙʦʪʘ ʩʦ ʤʘʢʩʠʤʘʣʥʘ ʤʦ˃ʥʦʩʪ.  

ɹʠʣʘʥʩʦʪ ʥʘ ʤʦ˃ʥʦʩʪʠ ʚʦʦʙʠʯʘʝʥʦ ʩʝ ʠʟʨʘʙʦʪʫʚʘ ʟʘ ʯʘʩʦʪ ʚʦ ʢʦʿ ʩʝ ʩʣʫʯʫʚʘ ʤʘʢʩʠʤʘʣʥʦʪʦ 

ʦʧʪʦʚʘʨʫʚʘˁʝ ʚʦ ʩʠʩʪʝʤʦʪ ʟʘ ʨʘʟʛʣʝʜʫʚʘʥʘʪʘ ʛʦʜʠʥʘ (Pʤʘx). ɹʠʜʝʿ˃ʠ, ʚʨʚʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ 



 

ʥʠʚʦ ʥʘ ʧʨʝʥʦʩʥʘʪʘ ʤʨʝʞʘ ʝ ʝʜʥʘʢʚʦ ʥʘ ʚʨʚʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʥʠʚʦ ʥʘ ɽɽʉ ʥʘʤʘʣʝʥʦ ʟʘ 

ʯʘʩʦʚʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠʪʝ ʧʨʠʢʣʫʯʝʥʠ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ʚʦ ʯʘʩʦʪ 

ʥʘ ʥʘʩʪʘʥʫʚʘˁʝ ʥʘ ʚʨʚʥʦʪʦ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʩʝ ʚʦʚʝʜʫʚʘ ʥʦʚʘ ʚʝʣʠʯʠʥʘ ʢʦʿʘ ʿʘ ʥʘʨʝʢʫʚʘʤʝ 

ʜʦʚʝʨʙʘ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ.ɺʝʣʠʯʠʥʘʪʘ ʜʦʚʝʨʙʘʪʘ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠʤʘ ʢʣʫʯʥʘ ʫʣʦʛʘ ʧʨʠ 

ʦʜʨʝʜʫʚʘˁʝʪʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘʪʘ ʤʨʝʞʘ ʚʦ ʥʘʙˀʫʜʫʚʘʥʠʦʪ ʯʘʩ. ɺʦ ʪʨʫʜʦʪ 

ʙʝʘ ʧʨʠʢʘʞʘʥʠ ʪʠʧʠʯʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʜʦʚʝʨʙʘʪʘ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʩʝʢʦʿ ʪʠʧ ʥʘ ɼʇ ʠ 

ʧʦʢʘʞʘʥ ʝ ʥʘʯʠʥʦʪ ʟʘ ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʫʯʝʩʪʚʦʪʦ ʥʘ ɼʇ ʚʦ ʙʠʣʘʥʩʦʪ ʥʘ ʤʦ˃ʥʦʩʪʠ ʟʘ ʚʨʚʥʦʪʦ 

ʦʧʪʦʚʘʨʫʚʘˁʝ. 

5 ʂʆʈʀʉʊɽʅɸ ʃʀʊɽʈɸʊʋʈɸ 
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ɸʅɸʃʀɿɸ ʅɸ ʇɽʈʌʆʈʄɸʅʉʀʊɽ ʅɸ ʌʆʊʆɺʆʃʊɸʀʏʅʀ ʉʀʉʊɽʄʀ 

ʇʆʉʊɸɺɽʅʀ ɺʆ ʆɹɱɽʂʊʀ 

ʂʋʉɸ ʉʆɼʈɾʀʅɸ 

ɺʦ ʧʦʩʣʝʜʥʠʚʝ ʛʦʜʠʥʠ ʮʝʥʘʪʘ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʝ 

ʟʥʘʯʠʪʝʣʥʦ ʥʘʤʘʣʝʥʘ ʩʦ ʰʪʦ ʥʠʚʥʦʪʦ ʧʦʜʨʘʯʿʝ ʥʘ ʧʨʠʤʝʥʘ ʝ ʟʛʦʣʝʤʝʥʦ[1]. ʇʨʦʠʟʚʦʜʥʘʪʘ ʮʝʥʘ 

ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʜʦʙʠʝʥʘ ʦʜ ʦʚʠʝ ʩʠʩʪʝʤʠ ʝ ʥʘ ʥʠʚʦ ʥʘ ʮʝʥʘʪʘ ʰʪʦ ʩʝ ʥʫʜʠ ʦʜ 

ʝʣʝʢʪʨʦʜʠʩʪʨʠʙʫʪʠʚʥʠʪʝ ʩʥʘʙʜʫʚʘʯʠ ʩʦ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ.  ʌɺ ʧʘʥʝʣʠ  ʠʤʘʘʪ ʩʧʝʩʠʬʠʯʥʠ 

ʧʨʝʜʥʦʩʪʠ ʢʘʢʦ ʠʟʚʦʨ ʥʘ ʝʥʝʨʛʠʿʘ. ɼʦʙʠʝʥʘʪʘ  ʝʥʝʨʛʠʿʘ ʦʜ ʌɺ ʧʘʥʝʣʠ ʝ ʚʦ ʢʦʥʩʪʘʥʪʝʥ ʧʦʨʘʩʪ ʠ 

ʧʦʢʨʠʚʘ ʤʘʣ ʜʝʣ ʦʜ ʛʦʜʠʰʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ. ʉʦ ʥʠʚʥʦ ʢʦʨʠʩʪʝˁʝ ʥʝ ʩʝ ʛʝʥʝʨʠʨʘ ʟʘʛʘʜʫʚʘˁʝ ʠ 

ʥʝʤʘ ʝʤʠʩʠʠ ʥʘ ʩʪʘʢʣʝʥʠʯʥʠ ʛʘʩʦʚʠ. 

ɺʦ ʦʚʦʿ ʪʨʫʜ ʩʝ ʘʥʘʣʠʟʠʨʘʥʠ ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ ʰʪʦ ʩʝ 

ʠʥʪʝʛʨʠʨʘʥʠ ʚʦ ʦʙʿʝʢʪʠ (ʢʫ˃ʠ, ʢʦʤʝʨʮʠʿʘʣʥʦ-ʘʜʤʠʥʠʩʪʨʪʠʚʥʠ ʦʙʿʝʢʪʠ, ʠʥʜʫʩʪʨʠʩʢʠ ʭʘʣʠ ʠ ʩʣ.). 

ʇʨʠʪʦʘ ʘʥʘʣʠʟʠʪʝ ʩʝ ʬʦʢʫʩʠʨʘʘʪ ʥʘ ʥʘʯʠʥʠʪʝ ʥʘ ʧʦʩʪʘʚʫʚʘˁʝ, ʪ.ʝ. ʥʘ ʤʝʩʪʦʪʦ, ʦʨʠʝʥʪʠʨʘʥʦʩʪʘ 

ʠ ʘʛʦʣʦʪ ʥʘ ʥʘʢʣʦʥ ʥʘ ʌɺ ʧʘʥʝʣʠʪʝ. ʇʨʠʪʦʘ, ʩʦ ʧʦʤʦʰ ʥʘ ʩʦʬʪʚʝʨʩʢʘ ʘʣʘʪʢʘ ʩʝ ʩʠʤʫʣʠʨʘʥʠ 

ʝʥʝʨʛʝʪʩʢʠʪʝ ʧʝʨʬʦʨʤʘʥʩʠ. 

ʆʜ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʝ ʠʟʚʣʝʯʝʥʠ ʟʘʢʣʫʯʦʮʠ ʚʦ ʦʜʥʦʩ ʥʘ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʧʘʥʝʣʠʪʝ 

ʥʘ ʧʦʢʨʠʚʥʠʪʝ ʧʦʚʨʰʠʥʠ, ʼʠʜʦʚʠʪʝ ʠ ʩʣ. ʆʚʠʝ ʨʝʟʫʣʪʘʪʠ ʤʦʞʝ ʜʘ ʤʫ ʧʦʩʣʫʞʘʪ ʥʘ ʠʜʥʠʪʝ 

ʠʥʚʝʩʪʠʪʦʨʠ ʟʘ ʦʧʨʘʚʜʘʥʦʩʪʘ ʟʘ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʩʠʩʪʝʤ ʥʘ ʧʦʩʪʦʿʥʠ ʠʣʠ ʠʜʥʠ 

ʦʙʿʝʢʪʠ. 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʩʦʥʮʝ, ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʧʘʥʝʣʠ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ 

 

 

1 ɺʆɺɽɼ 

1.2  ʌʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ  

 

ʉʦ ʟʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʮʝʥʘʪʘ ʥʘ ʿʘʛʣʝʥʦʪ, ʤʘʟʫʪʦʪ ,ʧʨʠʨʦʜʥʠʦʪ ʛʘʩ ʘ ʩʦ ʪʦʘ ʠ ʮʝʥʘʪʘ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʩʝ ʛʦʣʝʤ ʧʨʠʜʦʥʝʩ ʟʘ ʩʚʝʪʩʢʘʪʘ ʝʥʝʨʛʝʪʩʢʘ ʢʨʠʟʘ ʚʦ ʢʦʿʘ ʤʘʣʠʪʝ ʟʝʤʿʠ 

ʢʘʢʦ ʰʪʦ ʝ ʄʘʢʝʜʦʥʠʿʘ ʩʝ ʥʘʦʺʘʘʪ ʚʦ ʪʝʰʢʘ ʩʠʪʫʘʮʠʿʘ[1]. ɿʘ ʜʘ ʩʝ ʦʩʣʦʙʦʜʠʤʝ ʦʜ ʟʘʚʠʩʥʦʩʪʘ ʟʘ 

ʜʦʙʠʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʬʦʩʠʣʥʠʪʝ ʛʦʨʠʚʘ, ʤʥʦʛʫ ʟʝʤʿʠ ʢʘʢʦ ʠ ʥʘʰʘʪʘ ʩʝ ʦʨʠʝʥʪʠʨʘʥʠ ʢʦʥ 

ʘʣʪʝʨʥʘʪʠʚʥʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ, ʦʩʦʙʝʥʦ ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʉʦʥʮʝʪʦ. ʉʦ ʦʚʘ ʩʝ ʧʦʩʪʘʚʫʚʘ 

ʧʨʘʰʘˁʝʪʦ ʢʘʢʦ ʦʚʘʘ ʝʥʝʨʛʠʿʘ ʜʘ ʩʝ ʧʨʝʪʚʦʨʠ ʚʦ ʝʣʝʢʪʨʠʯʥʘ? ʆʜʛʦʚʦʨʦʪ ʝ ʚʦ ʧʨʠʥʮʠʧʦʪ ʥʘ 

ʌʦʪʦʚʦʣʪʘʠʯʥʘ ʢʦʥʚʝʨʟʠʿʘ. 

ʌʦʪʦʚʦʣʪʘʠʮʠʪʝ (PV) ʩʝ ʫʨʝʜʠ ʢʦʠ  ʚʨʰʘʪ ʢʦʥʚʝʨʟʠʿʘ ʥʘ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠ ʤʘʪʝʨʠʿʘʣʠ. ʌʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ  
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ʢʦʨʠʩʪʘʪ ʩʦʣʘʨʥʠ ʧʘʥʝʣʠ ʪʘʢʘ ʰʪʦ ʩʝʢʦʿ ʦʜ ʥʠʚ ʩʦʜʨʞʠ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʩʦʣʘʨʥʠ ˃ʝʣʠʠ, ʢʦʠ 

ʛʝʥʝʨʠʨʘʘʪ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʩʦʣʘʨʝʥ ʠʥʚʝʨʪʝʨ ʟʘ ʧʨʦʤʝʥʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʩʪʨʫʿʘ ʦʜ 

ʝʜʥʦʥʘʩʦʯʥʘ ʩʪʨʫʿʘ ʚʦ ʥʘʠʟʤʝʥʠʯʥʘ ʩʪʨʫʿʘ. PV ʠʥʩʪʘʣʘʮʠʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʤʦʥʪʠʨʘʘʪ ʥʘ ʟʝʤʿʘ,  ʥʘ 

ʧʦʢʨʠʚʦʪ ʠʣʠ ʥʘ ʼʠʜ. ʄʦʥʪʘʞʘʪʘ ʤʦʞʝ ʜʘ ʙʠʜʝ ʬʠʢʩʠʨʘʥʘ, ʠʣʠ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʩʦʣʘʨʝʥ ʪʨʝʢʝʨ ʟʘ 

ʩʣʝʜʝˁʝ ʥʘ ʩʦʥʮʝʪʦ ʧʨʝʢʫ ʥʝʙʦʪʦ. 

ʉʦʣʘʨʥʠʪʝ PV ʠʤʘ ʩʧʝʮʠʬʠʯʥʠ ʧʨʝʜʥʦʩʪʠ ʢʘʢʦ ʠʟʚʦʨ ʥʘ ʝʥʝʨʛʠʿʘ ʙʠʜʝʿ˃ʠ ʩʦ ʥʠʚʥʦʪʦ 

ʬʫʥʢʮʠʦʥʠʨʘˁʝ ʥʝ ʩʝ ʛʝʥʝʨʠʨʘ ʟʘʛʘʜʫʚʘˁʝ  ʠ ʥʝʤʘ ʝʤʠʩʠʠ ʥʘ ʩʪʘʢʣʝʥʠʯʢʠ ʛʘʩʦʚʠ, ʥʦ ʠʤʘʘʪ 

ʛʦʣʝʤ ʥʝʜʦʩʪʘʪʦʢ ʟʘʪʦʘ ʰʪʦ  ʠʟʣʝʟʥʘʪʘ ʤʦ˃ʥʦʩʪ ʟʘʚʠʩʠ ʜʠʨʝʢʪʥʦ ʦʜ ʩʦʥʯʝʚʘʪʘ ʩʚʝʪʣʠʥʘ, 

ʙʠʜʝʿ˃ʠ ˃ʝʣʠʿʘʪʘ ʥʝ ʤʦʞʠ ʜʘ ʙʠʜʝ ʧʦʩʪʦʿʘʥʦ ʩʚʨʪʝʥʘ ʢʦʥ ʩʦʥʮʝʪʦ. ɸʪʤʦʩʚʝʨʩʢʠʪʝ ʚʣʠʿʘʥʠʿʘ 

ʠʩʪʦ ʪʘʢʘ ʤʦʞʘʪ ʜʘ  ʿʘ ʥʘʤʘʣʘʪ ʠʟʣʝʟʥʘʪʘ ʤʦ˃ʥʦʩʪ. 

 

2 Kɸʈɸʂʊɽʈʀʉʊʀʂʀ ʅɸ PV ʉʀʊɽʄʀ 

2.1 ʂʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʩʦʩʪʘʚʥʠʪʝ ʜʝʣʦʚʠ ʥʘ PV ʩʠʩʪʝʤ 

2.1.1 ʉʦʣʘʨʥʘ ˃ʝʣʠʿʘ 

 

ʌʦʪʦʚʦʣʪʘʠʯʥʠʦʪ ʠʟʚʦʨ ʧʨʝʪʩʪʘʚʫʚʘ ʦʧʪʠʯʢʦ-ʤʝʭʘʥʠʯʢʦ-ʝʣʝʢʪʨʠʯʥʘ ʢʦʥʩʪʨʫʢʮʠʿʘ ʢʦʿʘ 

ʩʝ ʩʦʩʪʦʠ ʦʜ ʥʝʢʦʣʢʫ ʜʝʣʦʚʠ.ɽʣʝʢʪʨʠʯʥʠʦʪ ʜʝʣ ʦʜ ʬʦʪʦʚʦʣʪʘʠʯʥʠʦʪ ʧʘʥʝʣ ʛʠ ʚʢʣʫʯʫʚʘ ʩʠʪʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠ ʝʣʝʤʝʥʪʠ ʟʘʝʜʥʦ ʩʦ ʢʦʥʪʘʢʪʥʠʪʝ ʜʝʣʦʚʠ ʠ ʚʦʜʦʚʠ. ʉʥʘʛʘʪʘ ʥʘ ʝʜʥʘ 

ʬʦʪʦʚʦʣʘʠʯʥʘ ˃ʝʣʠʿʘ ʝ ʨʝʣʘʪʠʚʥʦ ʤʘʣʘ ʧʘ ʚʦ ʧʨʘʢʩʘ ʩʝ ʧʦʚʨʟʫʚʘʘʪ ʧʦʚʝ˃ʝ ˃ʝʣʠʠ ʚʦ ʛʨʫʧʘ ʢʦʿʘ 

ʬʦʨʤʠʨʘ ʬʦʪʦʥʘʧʦʥʩʢʠ ʤʦʜʫʣ. ʄʦʜʫʣʠʪʝ ʧʦʪʦʘ ʩʝ ʧʦʚʨʟʫʚʘʘʪ ʧʨʠ ʰʪʦ ʩʝ ʬʦʨʤʠʨʘ 

ʬʦʪʦʥʘʧʦʥʩʢʠ ʧʘʥʝʣ ʢʦʿ ʧʨʝʪʩʪʘʚʫʚʘ ʠʟʚʦʨ ʥʘ ʧʦʛʦʣʝʤʘ ʩʪʨʫʿʘ, ʥʘʧʦʥ ʠ ʤʦ˃ʥʦʩʪ(ʉʣʠʢʘ 1). 

ʉʣʠʢʘ 1. ʉʦʣʘʨʥʘ ˃ʝʣʠʿʘ,ʤʦʜʫʣ,ʧʘʥʝʣ 

ʂʦʛʘ ʩʦʥʯʝʚʘʪʘ ˃ʝʣʠʿʘ ʘʧʩʦʨʙʠʨʘ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ,ʩʦ ʧʨʠʥʮʠʧʦʪ ʥʘ ʬʦʪʦʥʘʧʦʥʩʢʠʦʪ 

ʝʬʝʢʪ ʥʘ ʥʝʿʟʠʥʠʪʝ ʢʨʘʝʚʠ ʩʝ ʩʦʟʜʘʚʘ ʝʣʝʢʪʨʦʤʦʪʦʨʥʘ ʩʠʣʘ ʪʘʢʘ ʰʪʦ ʩʦʥʯʝʚʘʪʘ ˃ʝʣʠʿʘ ʩʪʘʥʫʚʘ 

ʠʟʚʦʨ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʩʪʨʫʿʘ.  

ʉʦʣʘʨʥʘʪʘ ˃ʝʣʠʿʘ(ʉʣʠʢʘ 2) ʧʨʝʪʩʪʘʚʫʚʘ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʘ ʜʠʦʜʘ ʩʦ ʛʦʣʝʤʘ ʧʦʚʨʰʠʥʘ. 

ʌʦʪʦʝʣʝʢʪʨʠʯʝʥ ʝʬʝʢʪ ʩʝ ʿʘʚʫʚʘ ʢʦʛʘ ˃ʝʣʠʿʘʪʘ ˃ʝ ʩʝ ʠʟʣʦʞʠ ʥʘ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ.  

 ʂʚʘʥʪʠʪʝ ʥʘ ʩʚʝʪʣʠʥʘʪʘ (ʬʦʪʦʥʠ) ʩʦ ʜʦʚʦʣʥʘ ʝʥʝʨʛʠʿʘ ʩʦʟʜʘʚʘʘʪ ʧʘʨʦʚʠ ʝʣʝʢʪʨʦʥ-

ʰʫʧʣʠʥʘ ʥʘ ʜʚʝʪʝ ʩʪʨʘʥʠ ʦʜ p - n ʩʧʦʿʦʪ. ɸʢʦ ʧʘʨʦʪ ʩʝ ʬʦʨʤʠʨʘ ʜʘʣʝʢʫ ʦʜ ʧʨʝʦʜʥʘʪʘ ʦʙʣʘʩʪ, 

ʙʨʟʦ ʜʦʘʺʘ ʜʦ ʥʝʛʦʚʘ ʨʝʢʦʤʙʠʥʘʮʠʿʘ, ʥʦ ʘʢʦ ʪʦʘ ʩʝ ʩʣʫʯʠ ʚʦ ʠʣʠ ʚʦ ʙʣʠʟʠʥʘ ʥʘ ʧʨʝʦʜʥʘʪʘ 

ʦʙʣʘʩʪ, ʚʥʘʪʨʝʰʥʦʪʦ ʝʣʝʢʪʨʠʯʥʦ ʧʦʣʝ ʛʠ ʨʘʟʜʚʦʿʫʚʘ ʝʣʝʢʪʨʦʥʠʪʝ ʠ ʰʫʧʣʠʥʠʪʝ. ʇʨʠʪʦʘ, 

ʝʣʝʢʪʨʦʥʠʪʝ ʩʝ ʜʚʠʞʘʪ ʢʦʥ n ʩʪʨʘʥʘʪʘ, ʘ ʰʫʧʣʠʥʠʪʝ ʢʦʥ p ʩʪʨʘʥʘʪʘ. ʂʘʢʦ ʧʦʩʣʝʜʠʮʘ ʥʘ ʦʚʘ 

ʜʚʠʞʝˁʝ, ʥʘ ʢʨʘʝʚʠʪʝ ʥʘ ʩʦʣʘʨʥʘʪʘ ˃ʝʣʠʿʘ ʩʝ ʿʘʚʫʚʘ ʧʦʪʝʥʮʠʿʘʣʥʘ ʨʘʟʣʠʢʘ (ʥʘʧʦʥ), ʘ ʠʩʪʦ ʪʘʢʘ 

ʩʝ ʥʘʤʘʣʫʚʘ ʢʦʥʪʘʢʪʥʠʦʪ ʧʦʪʝʥʮʠʿʘʣ ʥʘ p - n ʩʧʦʿʦʪ. ʅʘ ʪʦʿ ʥʘʯʠʥ ʩʝ ʚʦʩʧʦʩʪʘʚʫʚʘ ʥʦʚʘ 

ʨʘʤʥʦʪʝʞʥʘ ʩʦʩʪʦʿʙʘ ʥʘ p - n ʩʧʦʿʦʪ ʩʦ ʧʦʪʝʥʮʠʿʘʣʥʘ ʨʘʟʣʠʢʘ ʥʘ ʥʝʛʦʚʠʪʝ ʢʨʘʝʚʠ ʢʦʿʘ ʟʘʚʠʩʠ ʦʜ 

ʠʥʪʝʥʟʠʪʝʪʦʪ ʥʘ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ. ɸʢʦ ʥʘ ʢʨʘʝʚʠʪʝ (ʢʦʥʪʘʢʪʠʪʝ) ʦʜ ʩʦʣʘʨʥʘ ˃ʝʣʠʿʘ ʩʝ 



 

ʧʨʠʢʣʫʯʠ ʧʦʪʨʦʰʫʚʘʯ ʥʠʟ ʢʦʣʦʪʦ ˃ʝ ʧʨʦʪʝʯʝ ʩʪʨʫʿʘ. ɻʦʨʥʘʪʘ ʢʦʥʪʘʢʪʥʘ ʩʪʨʫʢʪʫʨʘ ʝ ʧʨʦʼʠʨʥʘ ʠ 

ʥʘʧʨʘʚʝʥʘ ʚʦ ʦʙʣʠʢ ʥʘ ʰʠʨʦʢʦ ʨʘʟʜʚʦʝʥʠ ʤʝʪʘʣʥʠ ʣʝʥʪʠ ʟʘ ʜʘ ʦʚʦʟʤʦʞʠ ʥʝʧʨʝʯʝʥ ʧʨʝʤʠʥ ʥʘ 

ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ. 

 

 

 

 

 

  

 

ʉʣʠʢʘ2. ʉʦʣʘʨʥʘ ˃ʝʣʠʿʘ ʚʦ ʝʣʝʢʪʨʠʯʥʦ ʢʦʣʦ 

 

2.1.2 ʉʦʥʯʝʚ ʪʨʝʢʝʨ 

ʉʦʥʯʝʚ ʪʨʝʢʝʨ (ʉʣʠʢʘ 3.) ʧʨʝʪʩʪʘʚʫʚʘ ʫʨʝʜ ʢʦʿ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʥʘʩʦʯʫʚʘˁʝ ʥʘ ʩʦʥʯʝʚʠʪʝ 

ʧʘʥʝʣʠ ʢʦʥ ʩʦʥʮʝʪʦ ʩʦ ʮʝʣ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʥʠʚʥʘʪʘ ʝʬʠʢʘʩʥʦʩʪ.ʀʘʢʦ ʧʘʥʝʣʠʪʝ ʢʦʠ ʥʝ ʢʦʨʠʩʪʘʪ 

ʫʨʝʜ ʟʘ ʩʣʝʜʝˁʝ ʥʘ ʩʦʥʮʝʪʦ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʜʦʩʪʘ ʝʬʠʢʘʩʥʠ, ʠʤʧʣʝʤʝʥʪʘʮʠʿʘʪʘ ʟʘ ʫʨʝʜ ʟʘ 

ʩʣʝʜʝˁʝ ʦʚʦʟʤʦʞʫʚʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ ʜʝʣʦʚʠʪʝ ʦʜ ʜʝʥʦʪ ʢʘʢʦ ʰʪʦ ʩʝ 

ʨʘʥʠʪʝ ʫʪʨʘ ʠ ʜʦʮʥʦʪʦ ʧʣʘʜʝ.. ɿʘ ʨʘʤʥʠ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ, ʪʨʘʢʝʨʠʪʝ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ 

ʤʠʥʠʤʠʟʠʨʘˁʝ ʥʘ ʘʛʦʣʦʪ ʠʥʮʠʜʝʥʮʘʧʦʤʝʺʫ ʚʣʝʟʥʘʪʘ ʩʦʥʯʝʚʘ ʩʚʝʪʣʠʥʘ ʠ ʬʦʪʦʚʦʣʪʘʠʯʥʠʦʪ 

ʧʘʥʝʣ. ʈʘʟʣʠʯʥʠ ʚʠʜʦʚʠ ʥʘ ʩʦʥʯʝʚʠ ʢʦʣʝʢʪʦʨʠ ʠ ʥʠʚʥʘʪʘ ʣʦʢʘʮʠʿʘ (ʰʠʨʠʥʘ) ʙʘʨʘʘʪ ʨʘʟʣʠʯʥʠ 

ʚʠʜʦʚʠ ʥʘ ʤʝʭʘʥʠʟʘʤ ʟʘ ʩʣʝʜʝˁʝ. 

ʉʧʦʨʝʜ ʥʘʯʠʥʦʪ ʥʘ ʩʣʝʜʝˁʝ ʪʨʝʢʝʨʠʪʝ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʩʦ ʝʜʥʘ ʠʣʠ ʩʦ ʜʚʝ ʦʩʢʠ ʥʘ 

ʨʦʪʘʮʠʿʘ.  

 

ʉʣʠʢʘ3. ʌɺ ʩʦ ʩʠʩʪʝʤ ʟʘ ʩʣʝʜʝˁʝ 

 

2.2 ʂʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ PV ʧʘʥʝʣʠ ʚʦ ʟʘʚʠʩʥʦʪ ʦʜ ʥʠʚʥʘʪʘ ʧʦʩʪʘʚʝʥʦʩʪ 

ʉʧʦʨʝʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʘʥʘʣʠʟʠ PV ʤʝʺʫʩʝʙʥʦ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʧʦ ʠʟʛʨʘʜʙʘʪʘ, 

ʛʦʣʝʤʠʥʘʪʘ, ʠʟʦʣʘʮʠʿʘʪʘ, ʚʠʩʠʥʩʢʘʪʘ ʧʦʣʦʞʙʘ ʠ ʣʦʢʘʮʠʿʘʪʘ ʢʘʜʝ ʰʪʦ ʩʝ ʧʦʩʪʘʚʝʥʠ. ʆʜ ʩʠʪʝ 

ʦʚʠʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʿʛʦʣʝʤʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʦʚʠʝ ʩʠʩʪʝʤʠ ʠʤʘ ʚʠʩʠʥʘʪʘ ʥʘ ʢʦʿʘ 

ʰʪʦ ʩʝ ʧʦʩʪʘʚʝʥʠ. 

ʌʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʩʝ ʛʝʥʝʨʘʣʥʦ ʢʘʪʝʛʦʨʠʟʠʨʘʥʠ ʚʦ ʪʨʠ ʨʘʟʣʠʯʥʠ ʧʘʟʘʨʥʠ 

ʩʝʛʤʝʥʪʠ: ʩʪʘʥʙʝʥʠ ʢʨʦʚʥʠ (ʉʣʠʢʘ 4), ʢʦʤʝʨʮʠʿʘʣʥʠ ʢʨʦʚʥʠ ʠ ʟʝʤʿʝʥʠ ʩʠʩʪʝʤʠ ʟʘ ʧʦʣʝʩʥʘ 



 

ʫʧʦʪʨʝʙʘ. ʅʠʚʥʠʪʝ ʢʘʧʘʮʠʪʝʪʠ ʩʝ ʜʚʠʞʘʪ ʦʜ ʥʝʢʦʣʢʫ ʢʠʣʦʚʘʪʠ ʜʦ ʩʪʦʪʠʮʠ ʤʝʛʘʚʘʪʠ. ʊʠʧʠʯʝʥ 

ʩʪʘʥʙʝʥ ʩʠʩʪʝʤ ʝ ʦʢʦʣʫ 10 ʢʠʣʦʚʘʪʠ ʠ  ʝ ʤʦʥʪʠʨʘʥ ʥʘ ʢʦʩʠʥʘ, ʜʦʜʝʢʘ ʢʦʤʝʨʮʠʿʘʣʥʠʪʝ ʩʠʩʪʝʤʠ 

ʤʦʞʝ ʜʘ ʜʦʩʪʠʛʥʘʪ ʤʝʛʘʚʘʪʥʘ ʩʢʘʣʘ ʠ ʦʙʠʯʥʦ ʩʝ ʠʥʩʪʘʣʠʨʘʘʪ ʥʘ ʥʠʩʢʠ ʥʘʢʣʦʥʠ ʠʣʠ ʜʫʨʠ ʨʘʤʥʠ 

ʧʦʢʨʠʚʠ. ʀʘʢʦ ʩʠʩʪʝʤʠʪʝ ʤʦʥʪʠʨʘʥʠ ʥʘ ʧʦʢʨʠʚʦʪ ʩʝ ʤʘʣʠ ʠ ʧʦʢʘʞʫʚʘʘʪ ʧʦʚʠʩʦʢʠ ʪʨʦʰʦʮʠ ʧʦ 

ʚʘʪʠ ʟʘ ʨʘʟʣʠʢʘ ʦʜ ʛʦʣʝʤʠʪʝ ʠʥʩʪʘʣʘʮʠʠ ʟʘ ʢʦʤʫʥʘʣʥʠ ʨʘʟʤʝʨʠ, ʪʠʝ ʛʦ ʩʦʯʠʥʫʚʘʘʪ ʥʘʿʛʦʣʝʤʦʪʦ 

ʫʯʝʩʪʚʦ ʥʘ ʧʘʟʘʨʦʪ. ʇʦʢʨʘʿ ʪʦʘ ʥʠʚʥʘʪʘ ʠʟʚʝʜʙʘ ʤʦʞʝ ʜʘ ʙʠʜʠ ʠ ʥʘ ʼʠʜʥʠ (ʉʣʠʢʘ 5.) ʠ ʟʝʤʿʝʥʠ 

(ʉʣʠʢʘ 3.) ʧʦʚʨʰʠʥʠ.  

 

 ʉʣʠʢʘ3. ɿʝʤʿʝʥʘ ʠʥʩʪʘʣʘʮʠʿʘ ʥʘ ʌɺ-ʩʠʩʪʝʤ 

 

 ʉʣʠʢʘ4. ʂʨʦʚʥʘ ʠʥʩʪʘʣʘʮʠʿʘ ʥʘ ʌɺ 

 

ʉʣʠʢʘ5. ɮʠʜʥʘ ʠʥʩʪʘʣʘʮʠʿʘ ʥʘ ʌɺ 

 

 

 

 



 

 

 

3 ʉʀʄʋʃɸʎʀɱɸ ʉʆ ʇʆʄʆʐ ʅɸ ʇʈʆɻʈɸʄɸʊɸ NSOLVX 

 

ɺʦ ʦʚʘʿ ʪʨʫʜ ʩʠʤʫʣʠʨʘʚʤʝ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʩʠʩʪʝʤ ʚʦ ʥʘʰʠʦʪ ʬʘʢʫʣʪʝʪ. ɿʘ ʪʘʘ 

ʮʝʣ ʿʘ ʢʦʨʠʩʪʝʚʤʝ ʧʨʦʛʨʘʤʘʪʘ NSolVX[3]. ʅʘʿʧʨʚʦ ʩʠʤʫʣʘʮʠʿʘʪʘ ʿʘ ʠʟʚʨʰʠʚʤʝ ʟʘ ʘʛʣʠ ʚʦ ʦʧʩʝʛ 

ʦʜ 0-90 ʟʘ ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʩʠʩʪʝʤ ʩʦ ʬʠʢʩʥʘ ʧʦʩʪʘʚʝʥʦʩʪ. ʈʝʟʫʣʪʘʪʠʪʝ ʩʝ ʧʨʠʢʘʞʘʥʠ ʚʦ ʩʣʝʜʥʘʪʘ 

ʪʘʙʝʣʘ:  

ʊʘʙʝʣʘ 1. N/S ʪʨʘʢʝʨ ʩʦ ʝʜʠʥʝʯʥʘ ʦʩʢʘ 

 

 

  

ʆʜ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʟʘʢʣʫʯʠʚʤʝ ʜʝʢʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʦʪ ʩʠʩʪʝʤ ʙʠ ʙʠʣ ʥʘʿʧʦʚʦʣʥʦ 

ʧʦʩʪʘʚʝʥ ʘʢʦ ʥʝʛʦʚʠʦʪ ʘʛʦʣ ʥʘ ʥʘʢʣʦʥ ʝ 30 ʩʪʝʧʝʥʠ ʪʘʢʘ ʰʪʦ ʜʦʙʠʝʥʘʪʘ ʝʥʝʨʛʠʿʘ ʥʘ ʛʦʜʠʰʥʦ 

ʥʠʚʦ ʠʟʥʝʩʫʚʘ 31468,57kWh. 

ʀʩʪʘʪʘ ʧʦʩʪʘʧʢʘ ʿʘ ʧʦʚʪʦʨʠʚʤʝ ʿʘ ʠʟʚʨʰʠʚʤʝ ʟʘ ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʩʠʪʝʤ ʩʦ ʧʨʦʤʝʥʘ ʥʘ 

ʘʛʦʣʦʪ ʥʘ ʥʘʢʣʦʥ (0-90) ʠ ʘʟʠʤʫʪ (-120;120). 

 

ʉʦ ʦʚʘ ʩʝ ʟʘʢʣʫʯʫʚʘ ʜʝʢʘ ʟʘ ʘʛʦʣ ʥʘ ʥʘʢʣʦʥ 30 ʠ ʘʟʠʤʫʪ  0 ʩʝ ʜʦʙʠʚʘ ʤʘʢʩʠʤʘʣʥʘ 

ʝʥʝʨʛʠʿʘ ʠ ʪʦʘ 24955  kWh . ʇʦʢʨʘʿ ʪʦʘ ʜʦʩʪʘ ʝʬʠʢʘʩʥʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʌɺ ʧʘʥʝʣʠʪʝ ʩʝ 

ʦʚʦʟʤʦʞʫʚʘ ʠ ʧʨʠ ʜʨʫʛʠ ʢʦʤʙʠʥʘʮʠʠ ʥʘ ʦʚʠʝ ʧʘʨʘʤʝʪʨʠ ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ ʘʣʦʛ ʥʘ ʥʘʢʦʣʥ 15 ʠ 

ʘʟʠʤʫʪ -30 (24543 kWh) ,  ͊ ͎ͦ͡ ͤ͊ ͤ͊ͦͤ͟͡  пр ͙ ͙͊ͣͯͭ͘ л όнплрт kWhύ ͙ ͫ͡Φ 

 

 

 

 

 

 

 

ʘʛʦʣ ʥʘ ʥʘʢʣʦʥ 0 15 30 45 60 75 90 

ʝʣʝʢʪʨʠʯʥʘ  

ʝʥʝʨʛʠʿʘ [kWh] 

29858,07 31097,41 31468,57 30946,42 29.603,46 27617 25297,7 

 

-120 -90 -60 -30 0 30 60 90 120 

0 23422, 23422 23422 23422 23422 23422 23422 23422 23422 

15 22140, 23100 23970 24543 24734 24525 23936 23056 22099 

30 20270 22162 23721 2466 24955 24631 23658 22084 20194 

45 18177 20734 22677 23755 24057 23714 22592 20630 18079 

60 16094 18896 20895 21877 22092 21828 20797 18779 15986 

75 14078 16730 18492 19160 19187 19111 18397 16614 13973 

90 12114 14337 15647 15810 15534 15769 15559 14230 12017 



 

 

 

4 ɿɸʂʃʋʏʆʂ 

ʆʜ ʧʨʠʣʦʞʝʥʦʪʦ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʝʜʝʥ ʦʜ ʥʘʿʧʝʨʩʧʝʢʪʠʚʥʠʪʝ ʘʣʪʝʨʥʘʪʠʚʥʠ 

ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʝ ʉʦʥʮʝʪʦ ʢʦʝ ʦʚʦʟʤʦʞʫʚʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʥʝʛʦʚʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ ʨʘʟʣʠʯʥʠ 

ʧʦʜʥʝʙʿʘ. ʆʚʦʿ ʚʠʜ ʥʘ ʪʘʢʘ ʥʘʨʝʯʝʥʠ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʧʦʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ 

ʝʣʝʢʪʨʦ-ʝʥʝʨʛʝʪʩʢʠʪʝ ʩʠʩʪʝʤʠ ʠ ʧʨʠʪʦʘ ʟʘʜʦʚʦʣʫʚʘʘʪ ʝʢʦʣʦʰʢʠ ʩʪʘʥʜʘʨʜʠ ʩʦ ʪʦʘ ʰʪʦ ʥʝ 

ʠʩʧʫʰʪʘʘʪ ʩʪʘʢʣʝʥʠʯʢʠ ʛʘʩʦʚʠ. ʀʩʪʦ ʪʘʢʘ ʩʦ ʘʥʘʣʠʟʘʪʘ ʟʘ ʥʘʿʝʬʝʢʪʠʚʥʘ ʧʦʩʪʘʚʝʥʦʩʪ ʥʘ ʌɺ 

ʧʘʥʝʣʠʪʝ ʚʦ ʦʜʨʝʜʝʥʠ ʧʨʦʛʨʘʤʠ ʩʝ ʦʚʦʟʤʦʞʫʚʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦʜʦʙʨʘ ʠʩʢʦʨʠʩʪʝʥʦʩʪ ʥʘ 

ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ. 

ɽʜʥʦ ʝ ʩʠʛʫʨʥʦ, ʘ ʪʦʘ ʝ ʜʝʢʘ ʦʚʘʿ ʥʘʯʠʥ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʠʜʥʠʥʘ ʙʠ ʙʠʣ  

ʧʨʠʤʘʨʝʥ ʠʟʚʦʨ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʉʦ ʪʦʘ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʿʘʛʣʝʥʦʪ, ʤʘʟʫʪʦʪ 

,ʧʨʠʨʦʜʥʠʦʪ ʛʘʩ ʙʠ ʩʝ ʥʘʤʘʣʠʣʘ ʪʘʢʘ ʰʪʦ ˃ʝ ʠʤʘ ʧʦʛʦʣʝʤʘ ʟʘʰʪʝʜʘ ʠ ʧʦʟʜʨʘʚʘ ʦʢʦʣʠʥʘ. 
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ʄɽʅɸɷʄɽʅʊ ʅɸ ʈʀɿʀʂ ʇʈʀ ʇʈʆɽʂʊʀʈɸɳɽ ʀ ɻʈɸɼɹɸ ʅɸ ʄʍɽ ɺʆ ʈ. 

ʄɸʂɽɼʆʅʀɱɸ 

ʂʋʉɸ ʉʆɼʈɾʀʅɸ 

ɺʦ ʪʨʫʜʦʪ ʩʝ ʘʥʘʣʠʟʠʨʘʥʠ ʥʘʿʯʝʩʪʠʪʝ ʤʦʞʥʠ ʨʝʘʣʥʠ ʨʠʟʠʮʠ ʧʨʠ ʧʨʦʝʢʪʠʨʘˁʝ ʠ ʛʨʘʜʙʘ 

ʥʘ ʤʘʣʠ ʭʠʜʨʦʝʣʝʢʪʨʘʥʠ (ʄʍɽ). ʉʦ ʧʨʠʤʝʥʘ ʥʘ ʪʝʭʥʠʢʠʪʝ ʥʘ ʤʝʥʘ˅ʤʝʥʪ ʥʘ ʨʠʟʠʢ ʝ 

ʩʧʝʮʠʬʠʮʠʨʘʥʦ ʥʠʚʥʦʪʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʫʩʧʝʰʥʦʩʪʘ ʥʘ ʧʨʦʝʢʪʦʪ. ʀʜʝʥʪʠʬʠʢʫʚʘʥʠ ʩʝ ʧʦʝʜʠʥʠʪʝ 

ʪʠʧʦʚʠ ʨʠʟʠʮʠ, ʢʘʢʦ ʥʘ ʧʨ. ʪʝʭʥʠʯʢʠʪʝ ʠ ʩʠʛʫʨʥʦʩʥʠʪʝ ʨʠʟʠʮʠ. ʇʦʩʝʙʥʦ ʩʝ ʘʥʘʣʠʟʠʨʘʥʠ 

ʪʝʭʥʠʯʢʠʪʝ ʨʠʟʠʮʠ ʠ ʝ ʧʦʢʘʞʘʥʦ ʥʠʚʥʦʪʦ ʚʣʠʿʘʥʠʝ ʠ ʚʝʨʦʿʘʪʥʦʩʪ ʥʘ ʧʦʿʘʚʘ ʟʝʤʘʿ˃ʠ ʿʘ ʚʦ 

ʧʨʝʜʚʠʜ ʘʢʪʫʝʣʥʘʪʘ ʧʨʦʝʢʪʥʘ ʧʨʘʢʪʠʢʘ ʥʘ ʄʍɽ ʢʘʿ ʥʘʩ. ɺʦ ʪʨʫʜʦʪ ʝ ʠʟʚʨʰʝʥʘ ʘʣʦʢʘʮʠʿʘ ʥʘ 

ʨʠʟʠʮʠʪʝ ʩʦ ʥʘʿʛʦʣʝʤ ʠʤʧʘʢʪ ʚʦ ʧʨʦʝʢʪʦʪ ʠ ʩʦ ʤʘʪʨʠʮʘ ʥʘ ʠʜʝʥʪʠʬʠʢʫʚʘʥʠ ʨʠʟʠʮʠ ʝ 

ʦʚʦʟʤʦʞʝʥʦ ʧʣʘʥʠʨʘˁʝ ʠ ʦʜʣʫʯʫʚʘˁʝ ʟʘ ʩʧʨʘʚʫʚʘˁʝ ʩʦ ʠʩʪʠʪʝ.  

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʤʝʥʘ˅ʤʝʥʪ ʥʘ ʨʠʟʠʢ, ʤʘʣʠ ʭʠʜʨʦʝʣʝʢʪʨʠʯʥʠ ʮʝʥʪʨʘʣʠ, 

ʢʚʘʣʠʪʘʪʠʚʥʘ ʘʥʘʣʠʟʘ, ʤʘʪʨʠʮʘ ʥʘ ʨʠʟʠʮʠ 

1 ɺʆɺɽɼ 

ʂʘʢʦ ʢʣʫʯʝʥ ʬʘʢʪʦʨ ʟʘ ʫʩʧʝʰʥʦʩʪʘ ʚʦ ʨʝʘʣʠʟʘʮʠʿʘ ʥʘ ʧʨʦʝʢʪʦʪ ʥʘ ʝʜʥʘ ʤʘʣʘ 

ʭʠʜʨʦʮʝʥʪʨʘʣʘ, ʦʜ ʦʩʦʙʝʥʘ ʚʘʞʥʦʩʪ ʝ ʜʘ ʩʝ ʨʘʟʛʣʝʜʫʚʘ ʤʝʥʘ˅ʠʨʘˁʝʪʦ ʥʘ ʨʠʟʠʮʠʪʝ. ʎʝʣʪʘ ʥʘ 

ʤʝʥʘ˅ʤʝʥʪʦʪ ʥʘ ʨʠʟʠʢ ʝ ʜʘ ʿʘ ʟʛʦʣʝʤʠ ʚʝʨʦʿʘʪʥʦʩʪʘ ʠ ʠʤʧʘʢʪʦʪ ʥʘ ʧʦʟʠʪʠʚʥʠʪʝ ʥʘʩʪʘʥʠ, ʘ 

ʥʘʤʘʣʠ ʚʝʨʦʿʘʪʥʦʩʪʘ ʠ ʠʤʧʘʢʪʦʪ ʥʘ ʥʘʩʪʘʥʠʪʝ ʢʦʠ ʩʝ ʦʜʚʠʚʘʘʪ ʚʦ ʩʧʨʦʪʠʚʥʦʩʪ ʦʜ ʮʝʣʠʪʝ ʥʘ 

ʧʨʦʝʢʪʦʪ ʠ ʜʠʨʝʢʪʥʦ ʚʣʠʿʘʘʪ ʚʨʟ ʢʨʠʪʝʨʠʫʤʠʪʝ ʟʘ ʫʩʧʝʰʥʦʩʪ ʥʘ ʧʨʦʝʢʪʦʪ [1]. ʊʦ ʿʚʢʣʫʯʫʚʘ 

ʧʣʘʥʠʨʘˁʝ, ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ, ʘʥʘʣʠʟʘ, ʦʜʛʦʚʦʨ ʠ ʩʣʝʜʝˁʝ ʠ ʢʦʥʪʨʦʣʘ ʥʘ ʧʨʦʝʢʪʦʪ.  

ʉʧʦʨʝʜ PMI PMBOK
1
, ʧʣʘʥʠʨʘˁʝ ʥʘ ʤʝʥʘ˅ʤʝʥʪʦʪ ʥʘ ʨʠʟʠʢ ʩʝ ʜʝʬʠʥʠʨʘ ʢʘʢʦ ʧʨʦʮʝʩ ʥʘ 

ʦʜʣʫʯʫʚʘˁʝ ʢʘʢʦ ʜʘ ʩʝ ʧʨʠʩʪʘʧʠ, ʧʣʘʥʠʨʘ ʠ ʢʘʢʦ ʜʘ ʩʝ ʨʝʘʣʠʟʠʨʘʘʪ ʘʢʪʠʚʥʦʩʪʠʪʝ ʥʘ 

ʤʝʥʘ˅ʤʝʥʪʦʪ ʥʘ ʨʠʟʠʢ ʥʘ ʩʦʦʜʚʝʪʝʥ ʧʨʦʝʢʪ. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘʪʘ ʝ ʧʨʦʮʝʩ ʢʦʿ ʩʝ ʩʦʩʪʦʠ ʦʜ 

ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ ʠ ʜʝʪʝʨʤʠʥʠʨʘˁʝ ʥʘ ʪʦʘ ʢʦʠ ʨʠʟʠʮʠ ʤʦʞʝ ʜʘ ʚʣʠʿʘʘʪ ʥʘ ʜʦʚʝʨʣʠʚʦʩʪʘ ʥʘ 

ʦʙʿʝʢʪʦʪ ʠ ʜʦʢʫʤʝʥʪʠʨʘˁʝ ʥʘ ʥʠʚʥʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦ ʢʚʘʥʪʠʪʘʪʠʚʥʘʪʘ ʠ ʢʚʘʣʠʪʘʪʠʚʥʘʪʘ 

ʧʨʦʮʝʥʢʘ, ʢʦʠ ʩʝ ʩʦʩʪʘʚʝʥ ʜʝʣ ʦʜ ʘʥʘʣʠʟʘʪʘ ʥʘ ʨʠʟʠʢʦʪ, ʩʣʝʜʠ ʦʜʛʦʚʦʨ ʥʘ ʨʠʟʠʮʠʪʝ ʢʦʿ 

ʧʨʝʪʩʪʘʚʫʚʘ ʧʨʦʮʝʩ ʥʘ ʨʘʟʚʠʚʘˁʝ ʦʧʮʠʠ ʠ ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʘʢʮʠʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʤʦʞʥʦʩʪʠʪʝ ʠ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʛʫʙʠʪʝ ʥʘ ʧʨʦʝʢʪʥʠʪʝ ʦʙʿʝʢʪʠʚʠ. ʉʣʝʜʝˁʝʪʦ ʠ ʢʦʥʪʨʦʣʘʪʘ ʥʘ 

ʨʠʟʠʢʦʪ ʩʝ ʧʨʦʮʝʩʠ ʥʘ ʠʜʝʥʪʠʬʠʢʫʚʘˁʝ, ʘʥʘʣʠʟʠʨʘˁʝ ʠ ʧʣʘʥʠʨʘˁʝ ʥʘ ʥʦʚʦ ʧʦʩʪʦʝʯʢʠ ʨʠʟʠʮʠ, 

ʩʣʝʜʝˁʝ ʥʘ ʠʜʝʥʪʠʬʠʢʫʚʘʥʠʪʝ ʨʠʟʠʮʠ ʠ ʦʥʠʝ ʥʘ ʥʘʜʛʣʝʜʥʘʪʘ ʣʠʩʪʘ, ʤʦʥʠʪʦʨʠʥʛ ʥʘ 

ʠʥʜʫʢʮʠʦʥʠʪʝ ʩʦʩʪʦʿʙʠ ʟʘ ʫʩʣʦʚʥʠʪʝ ʧʣʘʥʦʚʠ ʠ ʥʘ ʨʝʟʠʜʫʘʣʥʠʪʝ ʨʠʟʠʮʠ ʠ ʧʨʝʛʣʝʜ ʥʘ 

ʠʟʚʨʰʫʚʘˁʝʪʦ ʥʘ ʦʜʛʦʚʦʨʠʪʝ ʥʘ ʨʠʟʠʢ ʜʦʜʝʢʘ ʩʝ ʨʘʟʚʠʚʘʘʪ ʥʠʚʥʠʪʝ ʝʬʝʢʪʠʚʥʦʩʪʠ [2].  

ʇʦʩʝʙʥʦ ʪʨʝʙʘ ʜʘ ʩʝ ʥʘʛʣʘʩʠ ʜʝʢʘ ʧʨʠʤʝʥʘʪʘ ʥʘ ʤʝʥʘ˅ʤʝʥʪʦʪ ʥʘ ʨʠʟʠʢ ʢʘʿ ʄʍɽ ʝ 

ʠʪʝʨʘʪʠʚʝʥ ʧʨʦʮʝʩ ʢʦʿ ʪʨʝʙʘ ʜʘ ʟʘʧʦʯʥʝ ʚʦ ʨʘʥʘʪʘ ʬʘʟʘ ʥʘ ʧʨʦʝʢʪʦʪ ʠ ʜʘ ʩʝ ʩʧʨʦʚʝʜʫʚʘ ʥʠʟ 

ʮʝʣʠʦʪ ʝʢʦʥʦʤʩʢʠ ʚʝʢ ʥʘ ʧʨʦʝʢʪʦʪ. ʇʨʠʪʦʘ, ʪʠʧʦʚʠ ʥʘ ʨʠʟʠʢ ʢʦʠ ʩʝ ʨʘʟʛʣʝʜʫʚʘʘʪ ʚʦ ʪʝʢ ʥʘ ʦʚʦʿ 

                                                      
1
 PMI PMBOK - Project Management Body of Knowledge by Project Management Institute  
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ʧʨʦʮʝʩ ʤʦʞʝ ʜʘ ʙʠʜʘʪ: ʌʠʥʘʥʩʠʩʢʠ ʨʠʟʠʢ ʢʘʢʦ ʠʥʚʝʩʪʠʨʘˁʝ, ʬʠʥʘʥʩʠʨʘˁʝ, ʧʨʦʬʠʪ ʠ ʩʣ; 

ʈʠʟʠʮʠ ʦʜ ʧʨʘʚʝʥ ʘʩʧʝʢʪ ʢʘʢʦ ʧʨʦʮʝʜʫʨʠ, ʟʘʢʦʥʩʢʘ ʨʝʛʫʣʘʪʠʚʘ, ʠʟʤʝʥʠ ʠ ʦʛʨʘʥʠʯʫʚʘˁʘ; 

ʇʨʠʨʦʜʥʠ ʠ ʬʠʟʠʯʢʠ ʨʠʟʠʮʠ; ʏʦʚʝʯʢʠ ʨʝʩʫʨʩʠ, ʟʥʘʝˁʝ, ʨʘʟʥʠ ʨʝʣʘʮʠʠ ʧʦʤʝʺʫ 

ʟʘʠʥʪʝʨʝʩʠʨʘʥʠʪʝ ʩʪʨʘʥʠ; ʊʝʭʥʠʯʢʠ ʨʠʟʠʮʠ; ʉʠʛʫʨʥʦʩʥʠ ʨʠʟʠʮʠ ʠ ʜʨ.  

2 ʈʀɿʀʎʀ ɺʆ ʇʈʆɽʂʊʀʊɽ 

ʀʩʢʫʩʪʚʦʪʦ ʩʦ ʨʘʙʦʪʘ ʥʘ ʧʦʛʦʣʝʤʠ ʧʨʦʝʢʪʠ ʧʦʢʘʞʫʚʘ ʜʝʢʘ ʞʠʚʦʪʥʠʦʪ ʮʠʢʣʫʩ ʥʘ ʝʜʝʥ 

ʧʨʦʝʢʪ ʤʦʞʝ ʜʘ ʙʠʜʝ ʤʥʦʛʫ ʜʠʥʘʤʠʯʝʥ, ʢʘʨʘʢʪʝʨʠʟʠʨʘʥ ʩʦ ʙʨʟʘ ʧʨʦʤʝʥʘ, ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ 

ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʨʠʟʠʢ ʬʘʢʪʦʨʠʪʝ.  

2.1 ɺʣʠʿʘʥʠʝ ʥʘ ʨʠʟʠʮʠʪʝ ʥʘ ʞʠʚʦʪʥʠʦʪ ʮʠʢʣʫʩ ʥʘ ʧʨʦʝʢʪʠʪʝ 

ɾʠʚʦʪʥʠʦʪ ʮʠʢʣʫʩ ʥʘ ʧʨʦʝʢʪʦʪ, ʛʝʥʝʨʘʣʥʦ ʩʝ ʩʦʩʪʦʠ ʦʜ ʩʝʢʚʝʥʮʠʿʘʣʥʠ ʠ ʧʨʝʢʣʦʧʫʚʘʯʢʠ 

ʬʘʟʠ ʯʠ ʿ ʙʨʦʿ ʠ ʥʘʟʠʚ ʟʘʚʠʩʠ ʦʜ ʫʧʨʘʚʫʚʘˁʝʪʦ ʠ ʢʦʥʪʨʦʣʘʪʘ ʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘʪʘ ʠʣʠ 

ʦʨʛʘʥʠʟʘʮʠʠʪʝ ʚʢʣʫʯʝʥʠ ʚʦ ʧʨʦʝʢʪʦʪ, ʦʜ ʧʨʠʨʦʜʘʪʘ ʥʘ ʩʘʤʠʦʪ ʧʨʦʝʢʪ ʠ ʦʜ ʥʝʛʦʚʘʪʘ ʦʙʣʘʩʪ ʥʘ 

ʧʨʠʤʝʥʘ. ʉʝʢʦʿ ʧʨʦʝʢʪ ʠʤʘ ʜʝʬʠʥʠʨʘʥ ʧʦʯʝʪʦʢ ʠ ʜʝʬʠʥʠʨʘʥ ʢʨʘʿ. ʇʨʦʝʢʥʘʪʘ ʨʘʙʦʪʘ ʢʦʿʘ ʩʝ 

ʠʟʚʨʰʫʚʘ ʠʟʤʝʺʫ ʝ ʧʦʜʝʣʝʥʘ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʘʢʪʠʚʥʦʩʪʠ ʢʦʠ ʤʦʞʝ ʚʦ ʛʦʣʝʤʘ ʤʝʨʘ ʜʘ ʚʘʨʠʨʘʘʪ. 

ɾʠʚʦʪʥʠʦʪ ʮʠʢʣʫʩ ʿʘ ʦʙʝʟʙʝʜʫʚʘ ʦʩʥʦʚʥʘʪʘ ʨʘʤʢʘ ʟʘ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʧʨʦʝʢʪʦʪ, ʙʝʟ ʦʛʣʝʜ ʥʘ 

ʩʧʝʮʠʬʠʯʥʘʪʘ ʨʘʙʦʪʘ.  

ʇʨʦʝʢʪʠʪʝ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʧʦ ʛʦʣʝʤʠʥʘ ʠ ʩʣʦʞʝʥʦʩʪ. ɹʝʟ ʨʘʟʣʠʢʘ ʥʘ ʪʦʘ ʢʦʣʢʫ ʩʝ ʛʦʣʝʤʠ 

ʠʣʠ ʤʘʣʠ, ʝʜʥʦʩʪʘʚʥʠ ʠʣʠ ʢʦʤʧʣʝʢʩʥʠ, ʩʠʪʝ ʧʨʦʝʢʪʠ ʤʦʞʘʪ ʜʘ ʩʝ ʧʨʠʢʘʞʘʪ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ 

ʞʠʚʦʪʝʥ ʮʠʢʣʫʩ ʢʦʿʘ ʩʝ ʩʦʩʪʦʠ ʦʜ (ʩʣ. 1), [2]: ʧʦʯʝʪʦʢ ʥʘ ʧʨʦʝʢʪʦʪ, ʦʨʛʘʥʠʟʠʨʘˁʝ ʠ ʧʦʜʛʦʪʦʚʢʘ, 

ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʧʨʦʝʢʪʦʪ (ʧʨʦʝʢʪʥʘʪʘ ʨʘʙʦʪʘ) ʠ ʢʨʘʿ ʥʘ ʧʨʦʝʢʪʦʪ. 

 

ʉʣ.1 ɾʠʚʦʪʝʥ ʮʠʢʣʫʩ ʥʘ ʧʨʦʝʢʪ 

 

ʉʣ.2 ɺʣʠʿʘʥʠʝ ʥʘ ʨʠʟʠʮʠ ʥʘ ʞ. ʮʠʢʣʫʩ ʥʘ ʧʨʦʝʢʪ 

ʅʘ ʧʨʠʢʘʞʘʥʘʪʘ ʦʧʰʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʞʠʚʦʪʥʠʦʪ ʮʠʢʣʫʩ ʥʘ ʧʨʦʝʢʪʦʪ ʥʘ ʩʣ.1 ʤʦʞʝ ʜʘ ʩʝ 

ʟʘʙʝʣʝʞʠ ʜʝʢʘ ʪʨʦʰʦʮʠʪʝ ʠ ʢʘʜʨʦʚʩʢʠʪʝ (ʦʨʛʘʥʠʟʘʮʠʩʢʠʪʝ) ʥʠʚʦʘ ʩʝ ʤʘʣʠ ʥʘ ʧʦʯʝʪʦʢʦʪ, ʘ ʚʨʚʦʪ 

ʛʦ ʜʦʩʪʠʛʥʫʚʘʘʪ ʢʦʛʘ ʩʝ ʠʟʚʨʰʫʚʘ ʨʘʙʦʪʘʪʘ ʥʘ ʧʨʦʝʢʪʦʪ. ʇʦʪʦʘ, ʧʦʚʪʦʨʥʦ ʙʨʟʦ ʩʝ ʥʘʤʘʣʫʚʘʘʪ 

ʢʦʛʘ ʧʨʦʝʢʪʦʪ ʩʝ ʧʨʠʙʣʠʞʫʚʘ ʜʦ ʢʨʘʿʦʪ. ʀʩʧʨʝʢʠʥʘʪʘʪʘ ʢʨʠʚʘ ʛʦ ʠʣʫʩʪʨʠʨʘ ʦʚʦ ʿ ʪʠʧʠʯʝʥ 

ʧʨʦʮʝʩ.  

ɺʣʠʿʘʥʠʝʪʦ ʥʘ ʟʘʩʝʛʥʘʪʠʪʝ ʩʪʨʘʥʠ, ʨʠʟʠʢʦʪ ʠ ʥʝʠʟʚʝʩʥʦʩʪʘ (ʩʣ.2) ʩʝ ʥʘʿʛʦʣʝʤʠ ʥʘ 

ʧʦʯʝʪʦʢʦʪ ʥʘ ʧʨʦʝʢʪʦʪ. ʆʚʠʝ ʬʘʢʪʦʨʠ ʩʝ ʥʘʤʘʣʫʚʘʘʪ ʚʦ ʪʝʢʦʪ ʥʘ ʞʠʚʦʪʥʠʦʪ ʮʠʢʣʫʩ ʥʘ 

ʧʨʦʝʢʪʦʪ. ʉʧʦʩʦʙʥʦʩʪʘ ʜʘ ʩʝ ʚʣʠʿʘʝ ʥʘ ʢʨʘʿʥʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʨʦʠʟʚʦʜʦʪ ʥʘ ʧʨʦʝʢʪʦʪ, ʙʝʟ 

ʟʥʘʯʠʪʝʣʥʦ ʚʣʠʿʘʥʠʝ ʥʘ ʪʨʦʰʦʮʠʪʝ, ʝ ʥʘʿʚʠʩʦʢʘ ʥʘ ʧʦʯʝʪʦʢʦʪ ʥʘ ʧʨʦʝʢʪʦʪ ʠ ʩʝ ʥʘʤʘʣʫʚʘ ʢʘʢʦ 

ʧʨʦʮʝʩʦʪ ʥʘ ʧʨʦʝʢʪʦʪ ʩʝ ʜʚʠʞʠ ʢʦʥ ʢʨʘʿʦʪ ʥʘ ʧʨʦʝʢʪʦʪ. ʀʩʪʦ ʪʘʢʘ, ʛʨʘʬʠʯʢʠ ʝ ʠʣʫʩʪʠʨʘʥʘ ʠ 

ʠʜʝʿʘʪʘ ʜʝʢʘ ʪʨʦʰʦʮʠʪʝ ʟʘ ʧʨʦʤʝʥʠ ʠ ʩʧʨʘʚʫʚʘˁʝ ʩʦ ʛʨʝʰʢʠ ʦʙʠʯʥʦ ʟʥʘʯʠʪʝʣʥʦ ʩʝ ʟʛʦʣʝʤʫʚʘʘʪ 

ʩʦ ʧʨʠʙʣʠʞʫʚʘˁʝ ʥʘ ʧʨʦʝʢʪʦʪ ʢʦʥ ʩʚʦʿʦʪ ʟʘʚʨʰʝʪʦʢ.   

ɺʦ ʢʦʥʪʝʢʩʪ ʥʘ ʦʧʰʪʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʞʠʚʦʪʝʥ ʮʠʢʣʫʩ, ʧʨʦʝʢʪʥʠʦʪ ʤʝʥʘ˅ʝʨ ʤʦʞʝ ʜʘ ʿʘ 

ʫʪʚʜʠ ʧʦʪʨʝʙʘʪʘ ʟʘ ʧʦʚʝ˃ʝ ʝʬʝʢʪʠʚʥʘ ʢʦʥʪʨʦʣʘ ʚʨʟ ʦʜʨʝʜʝʥʠ ʨʝʟʫʣʪʘʪʠ. ʇʦʩʝʙʥʦ, ʢʦʛʘ ʩʪʘʥʫʚʘ 

ʟʙʦʨ ʟʘ ʛʦʣʝʤʠ ʠ ʢʦʤʧʣʝʢʩʥʠ ʧʨʦʝʢʪʠ ʤʦʞʝ ʜʘ ʩʝ ʙʘʨʘ ʦʚʘ ʜʦʧʦʣʥʠʪʝʣʥʦ ʥʠʚʦ ʟʘ ʢʦʥʪʨʦʣʘ. ɺʦ 



 

 

ʚʘʢʚʠ ʩʣʫʯʘʠ, ʨʘʙʦʪʘʪʘ ʰʪʦ ʩʝ ʩʧʨʦʚʝʜʫʚʘ ʟʘ ʜʘ ʛʠ ʠʩʧʦʣʥʠ ʧʨʦʝʢʪʥʠʪʝ ʮʝʣʠ ˃ʝ ʠʤʘ ʧʦʛʦʣʝʤ 

ʙʝʥʝʬʠʪ ʘʢʦ ʬʦʨʤʘʣʥʦ ʩʝ ʧʦʜʝʣʠ ʚʦ ʬʘʟʠ.  

2.2 ʂʚʘʣʠʪʘʪʠʚʥʘ ʥʘʩʧʨʦʪʠ ʢʚʘʥʪʠʪʘʪʠʚʥʘ ʘʥʘʣʠʟʘ ʥʘ ʨʠʟʠʮʠʪʝ 

ʂʦʛʘ ʩʪʘʥʫʚʘ ʟʙʦʨ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʨʠʟʠʢʦʪ, ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʛʣʝʜʫʚʘʘʪ ʜʚʘ ʤʦʜʝʣʠ ʥʘ 

ʧʨʦʮʝʥʢʘ: ʢʚʘʣʠʪʘʪʠʚʝʥ ʠ ʢʚʘʪʠʪʘʪʠʚʝʥ ʤʦʜʝʣ.  

Kʚʘʣʠʪʘʪʠʚʥʘ ʘʥʘʣʠʟʘ ʥʘ ʨʠʟʠʮʠʪʝ ï ʧʨʦʮʝʩ ʥʘ ʧʨʠʦʨʠʪʠʟʘʮʠʿʘ ʥʘ ʨʠʟʠʮʠʪʝ ʟʘ 

ʧʦʥʘʪʘʤʦʰʥʘ ʘʥʘʣʠʟʘ ʧʨʝʢʫ ʧʨʦʮʝʥʢʘ ʠ ʢʦʤʙʠʥʠʨʘˁʝ ʥʘ ʥʠʚʥʘʪʘ ʚʝʨʦʿʘʪʥʦʩʪ ʥʘ ʧʦʿʘʚʘ ʠ 

ʚʣʠʿʘʥʠʝ. ʀʟʚʨh ʫʚʘˁʝʪʦ ʥʘ ʢʚʘʣʠʪʘʪʠʚʥʘʪʘ ʘʥʘʣʠʟʘ ʥʘ ʨʠʟʠʢ ʚʦʦʙʠʯʘʝʥʦ ʝ ʙʨʟʦ ʠ ʝʢʦʥʦʤʠʯʥʦ 

ʩʨʝʜʩʪʚʦ ʟʘ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʧʨʠʦʨʠʪʝʪʠʪʝ ʥʘ ʧʣʘʥʦʪ ʟʘ ʦʜʛʦʚʦʨ ʥʘ ʨʠʟʠʢ ʠ ʧʦʩʪʘʚʫʚʘ ʦʩʥʦʚʘ ʟʘ 

ʠʟʚʨh ʫʚʘˁʝ ʥʘ ʢʚʘʥʪʠʪʘʪʠʚʥʘ ʘʥʘʣʠʟʘ ʥʘ ʨʠʟʠʢ, ʜʦʢʦʣʢʫ ʝ ʧʦʪʨʝʙʥʦ. ʀʟʚʝʜʫʚʘˁʝʪʦ ʥʘ 

ʧʨʦʮʝʩʦʪ ʥʘ ʢʚʘʣʠʪʘʪʠʚʥʘ ʘʥʘʣʠʟʘ ʪʨʝʙʘ ʜʘ ʩʝ ʨʝʚʠʜʠʨʘ ʟʘ ʚʨʝʤʝ ʥʘ ʞʠʚʦʪʥʠʦʪ ʮʠʢʣʫʩ ʥʘ 

ʧʨʦʝʢʪʦʪ ʟʘ ʜʘ ʦʩʪʘʥʝ ʘʢʪʫʝʣʝʥ ʩʦ ʧʨʦʤʝʥʠʪʝ ʚʦ ʧʨʦʝʢʪʥʠʪʝ ʨʠʟʠʮʠ [3, 4].  

ʂʚʘʥʪʠʪʘʪʠʚʥʘ ʘʥʘʣʠʟʘ ʥʘ ʨʠʟʠʮʠʪʝ ï ʧʨʦʮʝʩ ʥʘ ʥʫʤʝʨʠʯʢʦ ʘʥʘʣʠʟʠʨʘˁʝ ʥʘ ʝʬʝʢʪʠʪʝ 

ʦʜ ʠʜʝʥʪʠʬʠʢʫʚʘʥʠʪʝ ʨʠʟʠʮʠ ʚʨʟ ʮʝʣʦʢʫʧʥʠʪʝ ʮʝʣʠ ʥʘ ʧʨʦʝʢʪʦʪ. ʇʨʝʢʫ ʢʚʘʥʪʠʪʘʪʠʚʥʘʪʘ 

ʘʥʘʣʠʟʘ ʥʘ ʨʠʟʠʮʠʪʝ ʩʝ ʦʯʝʢʫʚʘ ʜʘ ʩʝ ʜʦʙʠʿʘʪ ʥʝʢʦʠ ʥʫʤʝʨʠʯʢʠ ʨʝʟʫʣʪʘʪʠ ʢʦʠ ˃ʝ ʿʘ ʠʟʨʘʟʘʪ 

ʚʝʨʦʿʘʪʥʦʩʪʘ ʟʘ ʩʝʢʦʿ ʨʠʟʠʢ ʬʘʢʪʦʨ ʠ ʥʝʛʦʚʠʪʝ ʧʦʩʣʝʜʠʮʠ ʚʨʟ ʮʝʣʠʪʝ ʥʘ ʧʨʦʝʢʪʦʪ, ʥʦ ʠʩʪʦ ʪʘʢʘ 

ʠ ʨʠʟʠʢʦʪ ʥʘ ʮʝʣʦʪʦ ʥʠʚʦ ʥʘ ʧʨʦʝʢʪʦʪ [3, 4].  

3 ʀɼɽʅʊʀʌʀʂʋɺɸʅʀ ʈʀɿʀʎʀ ʂɸɱ ʄʍɽʎ ɺʆ ʈ. ʄɸʂɽɼʆʅʀɱɸ 

ɿʘ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʨʠʟʠʮʠʪʝ ʧʨʠ ʧʨʦʝʢʪʠʨʘˁʝ ʥʘ ʄʍɽ, ʟʘ ʮʝʣʠʪʝ ʥʘ 

ʦʚʦʿ ʪʨʫʜ ʝ ʥʘʧʨʘʚʝʥʦ ʠʩʪʨʘʞʫʚʘˁʝ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʜʝʣʬʠ ʤʝʪʦʜʘ
2
 ʢʦʝ ʦʧʬʘ˃ʘ 8 ʄʍɽ ʢʦʠ ʩʝ 

ʥʘʦʺʘʘʪ ʥʘ ʪʝʨʠʪʦʨʠʿʘʪʘ ʥʘ ʈ. ʄʘʢʝʜʦʥʠʿʘ. ʇʨʠ ʪʦʘ ʩʝ ʘʥʛʘʞʠʨʘʥʠ ʠ ʠʥʪʝʨʚʿʫʠʨʘʥʠ ʧʨʦʝʢʪʥʠʪʝ 

ʪʠʤʦʚʠ, ʧʨʦʝʢʪʥʠ ʤʝʥʘ˅ʝʨʠ, ʩʪʝʿʢʝʥʭʦʣʜʝʨʠ ʢʦʠ ʙʠʣʝ ʚʢʣʫʯʝʥʠ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʧʨʦʝʢʪʠʨʘˁʝ ʠ 

ʛʨʘʜʙʘ, ʢʘʢʦ ʠ ʥʘʜʚʦʨʝʰʥʠ ʝʢʩʧʝʨʪʠ ʟʘ ʨʠʟʠʢ ʤʝʥʘ˅ʤʝʥʪ. ʇʨʠ ʪʦʘ, ʟʝʤʝʥʠ ʩʝ ʚʦ ʧʨʝʜʚʠʜ 

ʨʘʟʣʠʯʥʠʪʝ ʠʩʢʫʩʪʚʘ ʧʨʠ ʩʧʨʘʚʫʚʘˁʝ ʩʦ ʨʠʟʠʮʠʪʝ ʠ ʢʦʤʧʣʝʢʩʥʦʩʪʘ ʠ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʘ 

ʥʘ ʧʨʦʝʢʪʠʪʝ ʦʜ ʚʘʢʦʚ ʪʠʧ. 

3.1 ʈʠʟʠʮʠ ʧʨʠ ʧʨʦʝʢʪʠʨʘˁʝ ʥʘ ʄʍɽʎ 

 ʉʧʦʨʝʜ ʠʩʪʨʘʞʫʚʘˁʝʪʦ ʠ ʩʧʦʨʝʜ ʠʩʢʫʩʪʚʦʪʦ ʩʦ ʨʘʙʦʪʘ ʥʘ ʧʨʦʝʢʪʠ ʦʜ ʚʘʢʦʚ ʪʠʧ, ʢʘʢʦ 

ʥʘʿʟʘʩʪʘʧʝʥʠ ʨʠʟʠʮʠ ʧʨʠ ʠʟʛʨʘʜʙʘ ʥʘ ʥʦʚ ʧʨʦʝʢʪ ʩʝ ʠʟʜʚʦʝʥʠ ʨʠʟʠʮʠʪʝ ʧʨʠʢʘʞʘʥʠ ʥʘ ʩʣ.3. 

 

ʉʣ.3. ʈʠʟʠʮʠ ʧʨʠ ʧʨʦʝʢʪʠʨʘˁʝ ʥʘ ʄʍɽ 

                                                      
2
 ɼʝʣʬʠ ʤʝʪʦʜʘ ï ʩʪʨʫʢʪʫʨʠʨʘʥ ʧʨʠʩʪʘʧ ʟʘ ʜʦʥʝʩʫʚʘˁʝ ʩʪʘʚ ʥʘ ʥʠʟʘ ʝʢʩʧʝʨʪʠ ʟʘ ʩʧʝʮʠʬʠʯʥʦ ʧʨʘʰʘˁʝ. 

˾ˮ˭ˮ̇ˮ ˽˾ˮ ˽˾˻˩˴́ˮ˾ˢ˺˩ ˹ˢ ˸̆˩ 

˨ˮ˿́˾ˮˣ̂́ˮˤ˩˹ ˻˽˩˾ˢ́˻˾ 

-˹͔͍͔ͨͦͤ͊͊ͥ͘ ͤ  ͊ͪ ͔͎͙͍ͯ͊ͭ͊͡  

-˨͍͔͙͍ͦͪͦͫͭ͡ ͤ ͊ ͙͙͙͍͒ͫͭͪ͋ͯͭͤ͊ͭ͊ 
͔ͣͪ͗͊ 

-́ͦ;͊͟ ͤ ͊ ͍͍͔ͨͦͪͯ͊ͥ͘ ͫ ͦ
͙͙͙͍͒ͫͭͪ͋ͯͭͤ͊ͭ͊ ͣ ͔ͪ͗͊ 

ˮ˿˴̂˿́ˤ˻ ˹ˢ ˽˾˻˩˴́ ˸˩˹ˢ̈˩˾ 

-˹͔͔ͣ͊ͥ ͔ͤ͊ͥ͘ ͘ ͔͔͙͊ͦͣͨͣͤͭ͊ͪͤ͟͡ ͔͙ͨͪͦͭ͟ ͤ ͊
˸̆ ˩ͫ  ͦ͒.ͪ ͨ ͔͙ͪͦͭ͟ 

-ˮ͋ͦͪ͘ ͤ  ͔͊ ͒ͤͦͨͦͤ͊͡ ́ ͔ͣ͊ 

-ˢ͍͙ͭͦͣ͊ͭ͊͟  ͙ͤ ͍͔͊ͨͦͯ͊ͥ͞ ͤ  ͊͘ ͊ͺ͙͊ͭ 

-͔͔͙́ͦͣͯͤ͊͟͟͡ͼ͙ͫͦ͟ ͍͍͔ͨͦͪͯ͊ͥ͘ ͘ ͊
͙͙͎ͣͦͤͭͦͪͤΣ ͍͍͔ͯͨͪ͊ͯ͊ͥ 

-˻͍͔͒ͪ͗ͯ͊ͥ ͍  ͍͔͔͙ͦͪͣͤͫ͟ ͤ ͔͍͙ͨͦͦͤ͡ ͫ ͙ͭͯ͊ͼ͙͙ 

̆ˮ˨˾˻˶˻̊˴ˮ ˮ ˩˴˻˶˻̊˴ˮ ˢ˿˽˩˴́ˮ 

-˹͔͍͔ͫͦͦ͒ͭͤ͊ ͙͔ͫͭͪ͊͗ͤͦͫͭ ͤ ͍͔͙͊ͦ͒ͤͦͭ 
͔ͨͦͭͤͼ͙͊͞͡ 

-˩ͦͦ͟͡΄͊͟ ͔͍͊͒͊ͭͤͦͫͭ͟ ͤ ͊ͨ ͔ͪͦͭͦͭ͟ 

ˮ˹ˤ˩˿́ˮ́˻˾ 

-˹͔͍͒ͦͦͤ͊͡ ͔ͯͨ͊ͭͤͦͫͭ ͤ ͙͍͔͙͊ͤͫͭͭͦͪͦͭ 
͍ ͦ ͔͙ͨͪͦ͋ͣ͡ ͙ͨͪ ͍͍͔ͨͦͪͯ͊ͥ͘ ͤ ͊
͔ͣͪ͗͊ 

-ˮͣͦͭͤͦ-͍͙ͨͪ͊ͤ ͙ͪ͊͋ͦͭ ͍ ͦ ͦ͒ͤͦͫ ͤ ͊
ͻ͙͔͒ͪͦ͊ͦͭ͘͞͡ 



 

 

 

ʀʩʪʦ ʪʘʢʘ ʦʜ ʨʠʟʠʮʠʪʝ ʧʦʚʨʟʘʥʠ ʩʦ ʯʦʚʝʯʢʠ ʨʝʩʫʩʠ, ʢʘʢʦ ʥʘʿʟʘʩʪʘʧʝʥʠ ʩʝ ʯʝʩʪʘ ʧʨʦʤʝʥʘ 

ʥʘ ʤʝʥʘ˅ʝʨʠʪʝ ʠ ʥʠʚʥʦ ʥʝʩʦʦʜʚʝʪʥʦ ʨʘʟʙʠʨʘˁʝ ʥʘ ʢʦʤʧʣʝʢʩʥʘʪʘ ʧʨʦʙʣʝʤʘʪʠʢʘ ʥʘ ʄʍɽʎ, 

ʦʩʦʙʝʥʦ ʧʦʨʘʜʠ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʘ ʥʘ ʚʘʢʚʠʦʪ ʧʨʦʝʢʪ. 

3.2 ʈʠʟʠʮʠ ʧʨʠ ʛʨʘʜʙʘ ʥʘ ʄʍɽʎ 

ʇʦ ʠʟʛʦʪʚʫʚʘˁʝ ʥʘ ʧʨʦʝʢʪʦʪ ʥʘ ʄʍɽ, ʩʣʝʜʠ ʧʝʨʠʦʜ ʥʘ ʥʝʛʦʚʘ ʠʟʚʝʜʙʘ, ʨʝʘʣʠʟʘʮʠʿʘ. 

ʉʧʦʨʝʜ ʥʘʧʨʘʚʝʥʦ ʠʩʪʨʘʞʫʚʘˁʝ, ʚʦ ʦʚʦʿ ʧʝʨʠʦʜ ʢʘʢʦ ʥʘʿʯʝʩʪʠ ʨʠʟʠʮʠ ʢʦʠ ʩʝ ʿʘʚʫʚʘʘʪ ʩʝ: ʃʦʰʘ 

ʢʦʤʫʥʠʢʘʮʠʿʘ ʧʦʤʝʺʫ ʫʯʝʩʥʠʮʠʪʝ ʚʦ ʧʨʦʝʢʪʦʪ ʠ ʧʦʤʝʺʫ ʧʨʦʝʢʪ ʤʝʥʘ˅ʝʨʦʪ ʠ ʫʯʝʩʥʠʮʠʪʝ; 

ʅʝʟʘʧʘʟʫʚʘˁʝ ʥʘ ʤʠʩʠʿʘʪʘ ʥʘ ʧʨʦʝʢʪʦʪ; ʅʝʥʘʚʨʝʤʝʥʦ ʟʘʚʨʰʫʚʘˁʝ ʥʘ ʧʨʦʝʢʪʦʪ; ʃʦʰʘ ʧʨʦʮʝʥʢʘ 

ʥʘ ʪʨʦʰʦʮʠʪʝ; Kʦʨʠʩʪʝˁʝ ʥʘ ʥʝʩʦʦʜʚʝʪʥʘ ʠ ʥʝʢʚʘʣʠʪʝʪʥʘ ʦʧʨʝʤʘ; ʇʦʣʠʪʠʯʢʘ ʚʤʝʰʘʥʦʩʪ; 

ɻʦʣʝʤ ʙʨʦʿ ʥʘ ʜʦʟʚʦʣʠ ʠ ʟʘʢʦʥʩʢʘ ʨʝʛʫʣʘʪʠʚʘ; ɿʘʩʝʛʥʘʪʠ ʩʪʨʘʥʠ (ʛʨʘʺʘʥʠ ʢʦʠ ʧʦʩʝʜʫʚʘʘʪ 

ʧʦʚʨʰʠʥʠ, ʤʠʥʠʩʪʝʨʩʪʚʘ, ʛʨʘʺʘʥʩʢʠ ʟʜʨʫʞʝʥʠʿʘ, ʣʦʢʘʣʥʘ ʩʘʤʦʫʧʨʘʚʘ ʠ ʩʣ.).  

4 ɸʅɸʃʀɿɸ ʅɸ ʈʀɿʀʎʀʊɽ 

ɺʦ [5, 6] ʩʝ ʜʘʚʘ ʧʨʝʛʣʝʜ ʥʘ ʤʦʞʥʘ ʘʥʘʣʠʟʘ ʥʘ ʤʝʥʘ˅ʠʨʘˁʝ ʥʘ ʨʠʟʠʮʠʪʝ ʚʦ ʧʨʦʝʢʪʠʪʝ ʥʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʪʝ ʧʦʩʪʨʦʿʢʠ ʢʘʜʝ ʝ ʧʦʪʨʝʙʝʥ ʤʝʥʘ˅ʤʝʥʪ ʥʘ ʨʠʟʠʢ, ʧʨʠ ʰʪʦ ʟʘ ʧʦʚʘʞʥʠʪʝ 

ʧʘʨʘʤʝʪʨʠ ʥʘ ʧʨʦʝʢʪʥʠʦʪ ʤʝʥʘ˅ʤʝʥʪ ʢʦʠ ʩʝ ʘʬʝʢʪʠʨʘʥʠ ʦʜ ʧʦʝʜʠʥʠ ʨʠʟʠʮʠ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ 

ʠ ʩʦʦʜʚʝʪʝʥ Ăʨʘʜʘʨñ ʜʠʿʘʛʨʘʤ ʩʧʦʨʝʜ ʧʨʦʤʝʥʘʪʘ ʥʘ ʧʦʝʜʠʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʢʘʢʦ ʪʨʦʰʦʢ, 

ʚʨʝʤʝʪʨʘʝˁʝ, ʢʚʘʣʠʪʝʪ ʠ ʜʨ. (ʩʣ. 4).  

 

ʉʣ. 4 ʈʠʟʠʮʠ ʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʇʄ 

ʊʘʙ. 1 ʂʘʪʝʛʦʨʠʠ ʥʘ ʚʝʨʦʿʘʪʥʦʩʪ ʥʘ ʧʦʿʘʚʘ ʠ 

ʠʤʧʘʢʪ ʥʘ ʦʜʨʝʜʝʥ ʥʘʩʪʘʥ ʥʘ ʨʠʟʠʢ 

ɺʝʨʦʿʘʪʥʦʩʪ ʥʘ ʧʦʿʘʚʘ ʀʤʧʘʢʪ 

ɺʠʩʦʢʘ (H, High) ɺʠʩʦʢʘ (High) ï ʤʦʞʝ 

ʤʥʦʛʫ ʜʘ ʛʠ ʟʘʛʨʦʟʠ 

ʧʨʦʝʢʪʥʠʪʝ ʧʘʨʘʤʝʪʨʠ 

ʉʨʝʜʥʘ (M, Medium) ʉʨʝʜʝʥ (Medium) ï 

ʤʦʞʝ ʩʨʝʜʥʦ ʜʘ ʚʣʠʿʘʝ 

ʅʠʩʢʘ (L, Low) ʅʠʟʦʢ (Low) ï 

ʨʝʣʘʪʠʚʥʦ ʤʘʣ ʠʤʧʘʢʪ 
 

 

ʅʘjʤʥʦʛʫ ʢʦʨʠʩʪʝʥ ʠʟʨʘʟ ʟʘ ʦʮʝʥʢʘ ʥʘ ʨʠʟʠʢʦʪ ʠʣʠ ʩʪʘʪʫʩ ʥʘ ʨʠʟʠʢʦʪ (RES ïRisk event 

status) ʝ: ʈʠʟʠʢ ($/ʛʦʜ. ) = ʀʤʧʘʢʪ ($) x ʌʨʝʢʚʝʥʮʠʿʘ ʥʘ ʧʦʿʘʚʘ (1/ʛʦʜ. ). ʊʘʢʚʘʪʘ ʙʨʦʿʢʘ ʥʠ 

ʦʚʦʟʤʦʞʫʚʘ ʜʘ ʩʝ ʠʟʚʨʰʠ ʧʨʠʦʨʠʪʠʟʘʮʠʿʘ ʥʘ ʨʠʟʠʮʠʪʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʧʣʘʥʦʪ ʟʘ ʦʜʛʦʚʦʨ ʥʘ 

ʪʘʢʚʠʪʝ ʨʠʟʠʮʠ. ɺʝʨʦʿʘʪʥʦʩʪʘ ʥʘ ʧʦʿʘʚʘ ʥʘ ʦʧʨʝʜʝʣʝʥ ʥʘʩʪʘʥ ʢʘʢʦ ʠ ʠʤʧʘʢʪʦʪ ʥʘ ʩʝʢʦʿ 

ʧʦʝʜʠʥʝʯʝʥ ʥʘʩʪʘʥ ʚʨʟ ʧʨʦʝʢʪʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʤʦʞʘʪ ʜʘ ʩʝ ʧʨʦʮʝʥʘʪ ʚʦ ʧʦ ʪʨʠ (ʠʣʠ ʧʦʚʝ˃ʝ) 

ʢʘʪʝʛʦʨʠʠ [6], (ʪʘʙ. 1).  

ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʚʘʢʚʘʪʘ ʢʘʪʝʛʦʨʠʟʘʮʠʿʘ ʩʝ ʧʦʧʦʣʥʫʚʘ ʤʘʪʨʠʮʘʪʘ ʥʘ ʨʠʟʠʮʠʪʝ (Risk matrix), 

ʩʧʦʨʝʜ ʢʦʿʘ ʩʝ ʦʧʨʝʜʝʣʫʚʘ ʢʦʠ ʩʝ ʤʘʨʛʠʥʠʪʝ ʥʘ ʩʧʨʘʚʫʚʘˁʝ ʩʦ ʧʦʪʝʥʮʠʿʘʣʥʠʪʝ ʨʠʟʠʮʠ. ʆʥʠʝ 

ʨʠʟʠʮʠ ʦʟʥʘʯʝʥʠ ʩʦ ʮʨʚʝʥʘ ʙʦʿʘ ʩʝ ʪʠʝ ʢʦʠ ʙʘʨʘʘʪ ʦʜʛʦʚʦʨ ʠ ʩʧʨʘʚʫʚʘˁʝ ʢʘʢʦ ʥʝ ʙʠ ʛʦ ʟʘʛʨʦʟʠʣʝ 

ʧʨʦʝʢʪʦʪ ʠ ʥʝʛʦʚʘʪʘ ʫʩʧʝʰʥʦʩʪ, ʩʧʦʨʝʜ ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʨʘʥʠ ʢʨʠʪʝʨʠʫʤʠ.  

4.1 ɸʥʘʣʠʟʘ ʥʘ ʨʠʟʠʮʠʪʝ ʥʘ ʄʍɽʎ  

ʊʝʭʥʠʯʢʠʪʝ ʨʠʟʠʮʠ ʯʝʩʪʦ ʜʦʩʪʠʛʥʫʚʘʘʪ ʚʠʩʦʢʦ ʥʠʚʦ ʥʘ ʩʧʝʮʠʬʠʯʥʦʩʪ ʙʠʜʝʿ˃ʠ ʩʝ 

ʟʘʩʝʛʥʘʪʠ ʦʜ ʦʧʨʝʤʘʪʘ ʠʣʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʄʍɽ ʠ ʤʦʨʘ ʜʘ ʙʠʜʘʪ ʜʦʙʨʦ ʧʨʦʫʯʝʥʠ ʦʜ 

ʩʪʨʫʯʥʠ ʣʠʮʘ ʠ ʢʦʤʧʘʥʠʠ ʢʦʠ ʠʤʘʘʪ ʩʧʝʮʠʬʠʯʥʦ ʝʢʩʧʝʨʪʩʢʦ ʟʥʘʝˁʝ ʧʦʪʨʝʙʥʦ ʜʘ ʛʠ 

ʢʚʘʥʪʠʬʠʮʠʨʘʘʪ ʠ ʝʛʟʘʢʪʥʦ ʧʨʠʢʘʞʘʪ. ʆʚʠʝ ʨʠʟʠʮʠ ʠʤʘʘʪ ʝʢʦʥʦʤʩʢʦ ʚʣʠʿʘʥʠʝ ʥʘ ʙʫ˅ʝʪʦʪ ʥʘ 

ʥʘʨʘʯʘʥʘʪʘ ʨʘʙʦʪʘ. ʊʝʭʥʠʯʢʠʪʝ ʨʠʟʠʮʠ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʣʠʯʥʠ ʠ ʤʥʦʛʫʙʨʦʿʥʠ ʠ ʧʨʝʜ ʩ®, ʩʝ 

ʦʜʥʝʩʫʚʘʘʪ ʥʘ ʦʧʨʝʤʘʪʘ ʠ ʧʦʩʪʨʦʿʢʠʪʝ ʧʘ ʢʘʢʦ ʪʘʢʚʠ (ʠʘʢʦ ʯʝʩʪʦ ʩʦ ʟʛʦʣʝʤʝʥ ʨʠʟʠʢ ʥʘ ʧʨ. ʢʘʿ 



 

 

ʥʝʜʦʢʘʞʘʥʠ ʚʦ ʧʨʘʢʩʘ ʪʝʭʥʦʣʦʛʠʠ) ʩʝ ʠʥʪʝʨʥʠ (ʚʥʘʪʨʝʰʥʠ) ʨʠʟʠʮʠ ʥʘ ʢʦʤʧʘʥʠʠʪʝ ʠ ʩʝ 

ʢʦʥʪʨʦʣʘʙʠʣʥʠ ʦʜ ʩʪʨʘʥʘ ʥʘ ʧʨʦʝʢʪʥʠʦʪ ʤʝʥʘ˅ʤʝʥʪ [1, 6].  

ʅʘʜʚʦʨʝʰʥʠʪʝ ʨʠʟʠʢ ʬʘʢʪʦʨʠ ʩʝ ʧʨʝʜʠʟʚʠʢʘʥʠ ʦʜ ʥʘʜʚʦʨʝʰʥʠ ʫʩʣʦʚʠ ʧʘʟʘʨʥʘʪʘ 

ʝʢʦʥʦʤʠʿʘ, ʧʦʣʠʪʠʢʘʪʘ ʠ ʩʣ. ʠ ʢʘʢʦ ʪʘʢʚʠ ʩʝ ʥʝ-ʢʦʥʪʨʦʣʘʙʠʣʥʠ. ʊʫʢʘ ʩʧʘʺʘʘʪ ʠ ʩʦʮʠʦ-

ʝʢʦʥʦʤʩʢʠʪʝ ʨʠʟʠʮʠ.  

ʊʘʙ. 2 ʇʦʜʝʣʙʘ ʥʘ ʠʜʝʥʪʠʬʠʢʫʚʘʥʠ ʨʠʟʠʮʠ ʢʘʿ ʄʍɽ ʠ ʥʠʚʝʥ ʠʤʧʘʢʪ ʬʘʢʪʦʨ ʠ ʚʝʨʦʿʘʪʥʦʩʪ
3
  

ʊʝʭʥʠʯʢʠ ʨʠʟʠʮʠ ʌʠʥʘʥʩʠʩʢʠ ʨʠʟʠʮʠ 

1
ʈʠʟʠʢ ʦʜ ʩʫʰʥʠ ʛʦʜʠʥʠ ʠ ʥʘʤʘʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ 

ʥʘ ʚʦʜʘ (H,M) 

3
ʅʝʥʘʚʨʝʤʝʥʦ ʟʘʚʨʰʫʚʘˁʝ ʥʘ ʧʨʦʝʢʪʦʪ ʠ ʧʦʨʘʩʪ 

ʥʘ ʪʨʦʰʦʮʠʪʝ (H,H) 

ɻʝʦʜʝʪʩʢʠ ʨʠʟʠʮʠ ʠ ʚʣʘʞʥʦʩʪ ʥʘ ʧʦʯʚʘʪʘ (M,L) ʈʠʟʠʢ ʦʜ ʠʥʬʣʘʮʠʿʘ (L,L) 

2
ʈʠʟʠʮʠ ʧʨʠ ʛʨʘʜʝʞʥʠʪʝ ʨʘʙʦʪʠ (M,M) ʇʨʦʙʣʝʤʠ ʩʦ ʮʝʥʘ ʥʘ ʤʘʪʝʨʠʿʘʣʠ (L,M) 

ʇʫʢʘˁʝ ʥʘ ʮʝʚʢʦʚʦʜʠ (M,L) 
4
ʅʝʥʘʚʨʝʤʝʥʦ ʚʨʘ˃ʘˁʝ ʥʘ ʠʥʚʝʩʪʠʮʠʿʘʪʘ (H,M) 

ʍʠʜʨʘʫʣʠʯʥʠ ʫʜʘʨʠ (M,L) 
5
ʅʝʥʘʚʨʝʤʝʥʦ ʚʨʘ˃ʘˁʝ ʥʘ ʢʨʝʜʠʪ (H,M) 

ʇʦʿʘʚʘ ʥʘ ʛʦʣʝʤʠ ʩʪʘʪʦʨʩʢʠ ʩʪʨʫʠ (M,L) ʉʦʮʠʦ-ʝʢʦʥʦʤʩʢʠ ʨʠʟʠʮʠ 

ʆʰʪʝʪʫʚʘˁʝ ʥʘ ʧʨʦʚʦʜʥʠʮʠʪʝ (ʢʘʙʣʠʪʝ) (H,L) ʈʠʟʠʢ ʦʜ ʧʨʦʤʝʥʠ ʚʦ ʟʘʢʦʥʠʪʝ (M,L) 

ʀʩʧʘʜ ʥʘ ʮʝʥʪʨʘʣʠʪʝ ʦʜ ʧʦʛʦʥ (H,L) ʈʠʟʠʢ ʦʜ ʧʨʦʤʝʥʠ ʚʦ ʦʜʘʥʦʯʫʚʘˁʝʪʦ (M,L) 

ʈʠʟʠʮʠ ʙʝʟ ʩʦʧʩʪʚʝʥʦ ʥʘʧʦʿʫʚʘˁʝ (M,L) 
6
ʇʦʣʠʪʠʯʢʘ ʚʤʝʰʝʥʦʩʪ (H,M) 

ʈʠʟʠʮʠ ʧʨʠ ʨʝʘʛʠʨʘˁʝ ʥʘ ʟʘʰʪʠʪʘʪʘ (M,L) 
7
ʈʠʟʠʮʠ ʦʜ ʟʘʩʝʛʥʘʪʠ ʩʪʨʘʥʠ (H,H) 

ʇʨʦʙʣʝʤʠ ʧʨʠ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ ʨʘʙʦʪʝˁʝ (M,L) 
8
ʈʠʟʠʮʠ ʩʦ ʜʦʟʚʦʣʠ ʠ ʣʠʮʝʮʠ (H,H) 

ʅʘʜʚʦʨʝʰʥʠ ʨʠʟʠʮʠ 

ʈʠʟʠʢ ʦʜ ʧʦʧʣʘʚʠ (H,L) ɽʣʝʤʝʥʪʘʨʥʠ ʥʝʧʦʛʦʜʠ (H,L) 

ɹʫʯʘʚʘ ʠ ʚʠʙʨʘʮʠʠ (L,M) ɺʠʰʘ ʩʠʣʘ (H,L) 

ʈʠʙʝʥ ʬʦʥʜ (L,L) 
9
ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʠ ʨʠʟʠʮʠ (M,M) 

ʂʚʘʣʠʪʝʪ ʥʘ ʚʦʜʘ (L,L) 
10
ʈʠʟʠʮʠ ʦʜ ʟʘʛʘʜʫʚʘˁʝ ʥʘ ʦʢʦʣʠʥʘʪʘ (H,M) 

 

ɺʦ ʪʘʙ.2 ʝ ʜʘʜʝʥʘ ʧʦʜʝʣʙʘʪʘ ʥʘ ʠʜʝʥʪʠʬʠʢʫʚʘʥʠʪʝ ʨʠʟʠʮʠ ʢʘʿ ʄʍɽ ʦʜ ʥʘʧʨʘʚʝʥʦʪʦ 

ʠʩʪʨʘʞʫʚʘˁʝ ʩʧʦʨʝʜ ʢʣʘʩʠʬʠʢʘʮʠʿʘʪʘ ʦʧʠʰʘʪʘ ʧʦʛʦʨʝ. ɺʦ ʟʘʛʨʘʜʘ ʝ ʥʘʚʝʜʝʥ ʩʦʦʜʚʝʪʥʠʦʪ 

ʠʤʧʘʢʪ ʬʘʢʪʦʨ ʠ ʚʝʨʦʿʘʪʥʦʩʪʘ ʟʘ ʧʦʿʘʚʘ ʥʘ ʩʝʢʦʿ ʧʦʦʜʝʣʝʥ ʨʠʟʠʢ.  

ɺʨʟ ʦʩʥʦʚʘ ʦʚʠʝ ʧʦʜʘʪʦʮʠ ʩʝ ʧʦʧʦʣʥʫʚʘ ʤʘʪʨʠʮʘ ʥʘ ʨʠʟʠʮʠ ʧʨʠʢʘʞʘʥʘ ʥʘ ʩʣ.5. ʄʦʞʝ ʜʘ 

ʩʝ ʟʘʙʝʣʝʞʠ ʜʝʢʘ ʠʟʜʚʦʝʥʠ ʩʝ ʩʘʤʦ ʦʥʠʝ ʨʠʟʠʮʠ ʢʦʠ ʠʤʘʘʪ ʚʠʩʦʢ ʠ ʩʨʝʜʝʥ ʠʤʘʧʢʪ ʠ ʚʝʨʦʿʘʪʥʦʩʪ 

ʥʘ ʧʦʿʘʚʘ (ʥʫʤʝʨʠʨʘʥʠ ʚʦ ʪʘʙ.2). ʊʦʘ ʩʝ ʦʥʠʝ ʨʠʟʠʮʠ ʢʦʠ ʠʤʘʘʪ ʥʘʿʛʦʣʝʤʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʫʩʧʝʰʥʦʩʪʘ ʥʘ ʧʨʦʝʢʪʦʪ, ʚʨʟ ʢʦʠ ʪʨʝʙʘ ʥʘʿʙʨʟʦ ʜʘ ʩʝ ʨʝʘʛʠʨʘ ʠ ʜʘ ʩʝ ʜʘʜʝ ʦʜʛʦʚʦʨ ʟʘ 

ʩʧʨʘʚʫʚʘˁʝ ʩʦ ʠʩʪʠʪʝ. 

 

ʉʣ.5 ʄʘʪʨʠʮʘ ʥʘ ʨʠʟʠʮʠ 

                                                      
3
 ʀʤʧʘʢʪ ʬʘʢʪʦʨʦʪ ʠ ʚʝʨʦʿʘʪʥʦʩʪʘ ʩʝ ʢʘʪʝʛʦʨʠʟʠʨʘʘʪ ʩʦ: High (H), Medium (M), Low (L). 



 

 

4.2 ʆʜʛʦʚʦʨ ʥʘ ʨʠʟʠʮʠ, ʤʦʥʠʪʦʨʠʥʛ, ʢʦʥʪʨʦʣʘ 

ʇʦʨʘʜʠ ʩʣʦʞʝʥʦʩʪʘ ʠ ʢʦʤʧʣʝʢʩʥʦʩʪʘ, ʜʠʥʘʤʠʢʘʪʘ ʥʘ ʧʨʦʝʢʪʦʪ ʦʜ ʚʘʢʦʚ ʪʠʧ ʧʨʠ 

ʥʝʛʦʚʠʦʪ ʞʠʚʦʪʝʥ ʮʠʢʣʫʩ ʦʜ ʚʦʩʧʦʩʪʘʚʫʚʘˁʝʪʦ ʜʦ ʥʝʛʦʚʦʪʦ ʟʘʪʚʘʨʘˁʝ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʥʘʩʦʯʝʥʘ 

ʢʦʥ ʜʦʙʨʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʧʦʤʝʺʫ ʧʨʦʝʢʪ ʤʝʥʘ˅ʝʨʦʪ ʠ ʧʦʜʨʝʜʝʥʠʪʝ ʟʘ ʧʨʘʚʠʣʥʦ ʢʦʦʨʜʠʥʠʨʘˁʝ ʥʘ 

ʪʨʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʧʨʦʝʢʪʥʠʦʪ ʤʝʥʘ˅ʤʝʥ: ʚʨʝʤʝ, ʢʚʘʣʠʪʝʪ ʠ ʪʨʦʰʦʮʠ, ʩʦ ʮʝʣ ʥʘʚʨʝʤʝʥʦ 

ʟʘʚʨʰʫʚʘˁʝ ʥʘ ʧʨʦʝʢʪʦʪ ʠ ʠʩʧʦʨʘʢʘ ʩʦ ʦʜʨʝʜʝʥʠʦʪ ʢʚʘʣʠʪʝʪ ʙʝʟ ʥʘʜʤʠʥʫʚʘˁʝ ʥʘ ʧʣʘʥʠʨʘʥʠʦʪ 

ʙʫ˅ʝʪ. ʉʝʢʘʢʦ ʧʨʠ ʪʦʘ ʠʟʙʝʛʥʫʚʘʿ˃ʠ ʛʠ ʠʣʠ ʥʘʤʘʣʫʚʘʿ˃ʠ ʛʠ ʨʠʟʠʮʠʪʝ ʢʦʠ ʤʦʞʘʪ ʜʘ ʜʦʿʜʘʪ ʜʦ 

ʧʨʝʯʢʠ ʠʣʠ ʟʘʩʪʦʿ ʚʦ ʧʨʦʝʢʪʦʪ.  

ʇʨʠ ʧʨʦʝʢʪʠʨʘˁʝ ʥʘ ʄʍɽʎ ʧʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ ʠʟʙʝʨʝ ʥʘʿʩʦʚʨʝʤʝʥʘ ʜʠʛʠʪʘʣʥʘ ʟʘʰʪʠʪʘ ʟʘ 

ʜʘ ʩʝ ʥʘʤʘʣʘʪ ʨʠʟʠʮʠ ʦʜ ʜʝʬʝʢʪʠ, ʠʩʧʘʜʠ, ʥʝʩʦʦʜʚʝʪʥʦ ʨʝʘʛʠʨʘˁʝ ʠ ʩʣ. ɿʘʟʝʤʿʫʚʘˁʝʪʦ ʜʘ ʩʝ 

ʚʨʰʠ ʥʘ ʩʠʪʝ ʤʝʪʘʣʥʠ ʜʝʣʦʚʠ ʠ ʧʦ ʜʦʣʞʠʥʘʪʘ ʥʘ ʪʨʘʩʘʪʘ ʥʘ ʢʘʙʝʣʦʪ ʠ ʜʘ ʩʝ ʩʧʨʝʯʘʪ ʨʠʟʠʮʠʪʝ 

ʦʜ ʧʨʝʥʘʧʦʥʠ, ʘʪʤʦʩʬʝʨʩʢʠ ʧʨʘʟʥʝˁʘ ʠ ʩʣ. ɿʘ ʘʚʪʦʤʘʪʠʟʘʮʠʿʘ ʥʘ ʄʍɽʎ ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ SCADA 

ʩʠʩʪʝʤ ʧʨʠ ʰʪʦ ʩʝ ʩʧʨʝʯʫʚʘʘʪ ʨʠʟʠʮʠ ʦʜ ʧʦʿʘʚʘ ʥʘ ʠʩʧʘʜʠ, ʜʝʬʝʢʪʠ, ʧʨʝʛʨʝʚʘˁʝ ʥʘ ʫʨʝʜʠ. ʇʨʠ 

ʥʘʧʦʿʫʚʘˁʝ ʥʘ ʧʦʤʦʰʥʠʪʝ ʩʠʩʪʝʤʠ ʠʣʠ ʟʘʜʦʚʦʣʫʚʘˁʝ ʥʘ ʩʦʧʩʪʚʝʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʧʦʢʨʘʿ 

ʧʨʠʢʣʫʯʫʚʘˁʝ ʥʘ ʤʨʝʞʘ ʠ ʥʘʧʦʿʫʚʘˁʝ ʦʜ ʥʝʘ ʢʦʛʘ ʝʣʝʢʪʨʘʥʠʪʝ ʥʝ ʨʘʙʦʪʘʪ ʟʘ ʜʦʧʦʣʥʠʪʝʣʥʘ 

ʟʘʰʪʠʪʘ ʚʦ ʩʣʫʯʘʿ ʥʘ ʧʨʦʙʣʝʤʠ ʩʦ ʤʨʝʞʘ ʧʦʞʝʣʥʦ ʝ ʠʥʩʪʘʣʠʨʘˁʝ ʥʘ ʜʠʟʝʣ-ʘʛʨʝʛʘʪʠ ʠʣʠ 

ʘʢʫʤʫʣʘʪʦʨʩʢʠ ʙʘʪʝʨʠʠ ʩʦ ʰʪʦ ʮʝʣʦʩʥʦ ʩʝ ʥʘʤʘʣʫʚʘ ʨʠʟʠʢʦʪ ʟʘ ʧʨʝʢʠʥ ʚʦ ʥʘʧʦʿʫʚʘˁʝʪʦ [7].  

5 ɿɸʂʃʋʏʆʂ 

ʄʥʦʛʫʧʘʪʠ ʨʠʟʠʢʦʪ ʢʦʿ ʩʝ ʧʦʿʘʚʫʚʘ ʚʦ ʥʘʩʪʘʥʦʪ ʤʦʞʝ ʩʦ ʤʘʣʘ ʠʥʚʝʥʪʠʚʥʦʩʪ ʠ 

ʧʨʝʜʚʠʜʫʚʘˁʝ ʜʘ ʩʝ ʧʨʝʥʘʩʦʯʠ ʢʦʥ ʤʦʞʥʦʩʪ. ʅʦ, ʤʦʞʝ ʜʘ ʩʝ ʢʦʥʩʪʘʪʠʨʘ ʜʝʢʘ ʥʘʿʯʝʩʪʦ ʨʠʟʠʮʠʪʝ 

ʩʝ ʠʛʥʦʨʠʨʘʘʪ ʠʣʠ ʩʝ ʪʨʝʪʠʨʘʘʪ ʥʘ ʤʥʦʛʫ ʘʨʙʠʪʨʘʨʝʥ ʥʘʯʠʥ ʧʘ ʪʘʢʘ ʠ ʤʥʦʛʫ ʦʜ ʤʦʞʥʦʩʪʠʪʝ 

ʦʩʪʘʥʫʚʘʘʪ ʥʝʩʦʛʣʝʜʘʥʠ. ɼʦʙʨʦʪʦ ʧʦʟʥʘʚʘˁʝ ʥʘ ʧʨʦʝʢʪʥʠʦʪ ʤʝʥ˅ʤʝʥʪ ʩʣʫʞʠ ʢʘʢʦ ʦʩʥʦʚʘ ʟʘ 

ʤʝʥʘ˅ʤʝʥʪʦʪ ʟʘ ʨʠʟʠʢ ʚʦ ʧʨʦʝʢʪʠʪʝ ʥʘ ʄʍɽ. ʂʘʢʦ ʥʘʫʯʝʥ ʧʨʠʩʪʘʧ, ʤʝʥʘ˅ʤʝʥʪʦʪ ʥʘ ʨʠʟʠʢ ʩʝ 

ʧʦʚʝ˃ʝ ʩʝ ʜʦʢʘʞʫʚʘ ʚʦ ʧʨʘʢʩʘ ʠ ʦʚʦʟʤʦʞʫʚʘ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩʠʪʝ ʟʘ 

ʜʦʥʝʩʫʚʘˁʝ ʥʘ ʦʜʣʫʢʠ ʧʨʠ ʥʝʧʣʘʥʠʨʘʥʠ ʠʣʠ ʥʝʩʘʢʘʥʠ ʩʠʪʫʘʮʠʠ. ʇʦʨʘʜʠ ʠʥʪʝʥʟʠʚʥʦʩʪʘ ʥʘ 

ʧʨʦʝʢʪʠʪʝ ʥʘ ʤʘʣʠʪʝ ʍɽʎ, ʤʝʥʘ˅ʤʝʥʪʦʪ ʥʘ ʨʠʟʠʮʠʪʝ ʠ ʧʦʪʨʝʙʘʪʘ ʦʜ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʩʧʨʘʚʫʚʘˁʝ 

ʩʦ ʠʩʪʠʪʝ ʝ ʥʝʦʧʭʦʜʝʥ ʟʘ ʢʦʤʧʣʝʢʩʝʥ ʧʨʠʩʪʘʧ ʧʨʠ ʥʠʚʥʦ ʧʨʦʝʢʪʠʨʘˁʝ, ʛʨʘʜʙʘ ʠ ʝʢʩʧʣʦʘʪʘʮʠʿʘ 

ʠ ʦʧʨʝʜʝʣʫʚʘˁʝ ʥʘ ʩʧʝʮʠʬʠʯʥʠʪʝ ʨʠʟʠʮʠ ʢʘʢʦ ʠ ʥʠʚʥʘ ʘʣʦʢʘʮʠʿʘ ʟʘ ʫʩʧʝʰʥʦ ʩʧʨʘʚʫʚʘˁʝ. 

ʇʨʝʢʫ ʦʚʦʿ ʪʨʫʜ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʜʝʣʬʠ ʤʝʪʦʜʘ ʠ ʤʘʪʨʠʮʘ ʥʘ ʨʠʟʠʮʠ ʩʝ ʠʟʜʚʦʝʥʠ ʦʥʠʝ ʨʠʟʠʮʠ 

ʢʘʿ ʄʍɽ ʚʦ ʈ.ʄʘʢʝʜʦʥʠʿʘ ʢʦʥ ʢʦʠ ʪʨʝʙʘ ʜʘ ʩʝ ʥʘʩʦʯʠ ʧʨʦʝʢʪ ʤʝʥʘ˅ʝʨʦʪ ʠ ʜʘ ʜʘʜʝ ʦʜʛʦʚʦʨ ʠ 

ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʩʧʨʘʚʫʚʘˁʝ ʩʦ ʠʩʪʠʪʝ. 
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ɸʅɸʃʀɿɸ ɹɸɿʀʈɸʅɸ ʅɸ ʉʃʋʏɸɱ ɿɸ ʆʎɽʅʂɸ ʅɸ ɽʅɽʈɻɽʊʉʂʀʊɽ 

ʇɸʈɸʄɽʊʈʀ ʅɸ ɺɽʊʈʆɻɽʅɽʈɸʊʆʈʀʊɽ  

ʂʋʉɸ ʉʆɼʈɾʀʅɸ 

ɺʦ ʪʨʫʜʦʪ ˃ʝ ʙʠʜʝ ʠʟʚʝʜʝʥʘ ʘʥʘʣʠʟʘ ʥʘ ʝʥʝʨʛʝʪʩʢʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʚʝʨʦʛʝʥʝʨʘʪʦʨʠʪʝ 

ʧʨʝʢʫ ʧʨʠʤʝʨʦʪ ʥʘ ʝʜʥʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ ʦʜ ʧʨʚʘʪʘ ʚʝʪʨʦʝʣʝʢʪʨʠʯʥʘ ʮʝʥʪʨʘʣʘ ʚʦ ʈ. ʄʘʢʝʜʦʥʠʿʘ, 

ʇɺɽ ɹʦʛʜʘʥʮʠ. ʎʝʣʪʘ ʝ ʜʘ ʩʝ ʩʧʦʨʝʜʘʪ ʪʝʦʨʝʪʩʢʠʦʪ ʝʥʝʨʛʝʪʩʢʠ ʧʦʪʝʥʮʠʿʘʣ ʠ ʨʝʘʣʥʦ 

ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʥʘ ʝʜʥʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ, ʦʜʥʦʩʥʦ ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʚʦ ʨʝʘʣʥʠ ʫʩʣʦʚʠ. ɸʥʘʣʠʟʘʪʘ ˃ʝ ʩʝ ʠʟʚʝʜʝ ʟʘ ʝʜʥʘ ʦʜ 16-ʪʝ ʚʝʪʝʨʥʠ 

ʪʫʨʙʠʥʠ ʦʜ ʇɺɽ ɹʦʛʜʘʥʮʠ ʦʜ ʧʨʦʠʟʚʦʜʠʪʝʣʦʪ Siemens - ɻʝʨʤʘʥʠʿʘ, ʩʦ ʠʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʦʜ 

2,3 MW, ʚʠʩʠʥʘ ʥʘ ʩʪʦʣʙʦʪ ʦʜ 80 m, ʠ ʜʠʿʘʤʝʪʘʨ ʥʘ ʧʝʨʢʠʪʝ ʦʜ 93 m. ɸʥʘʣʠʟʘʪʘ ʩʝ ʙʘʟʠʨʘ ʥʘ 

ʨʝʘʣʥʦ ʠʟʤʝʨʝʥʠ ʧʦʜʘʪʦʮʠ ʟʘ ʧʝʨʠʦʜ ʦʜ ʝʜʝʥ, ʩʣʫʯʘʿʥʦ ʠʟʙʨʘʥ ʤʝʩʝʮ, ʜʦʙʠʝʥʠ ʦʜ SCADA 

ʩʠʩʪʝʤʦʪ ʥʘ ʝʣʝʢʪʨʘʥʘʪʘ. ʅʘ ʢʨʘʿʦʪ ˃ʝ ʩʝ ʠʟʥʝʩʝ ʟʘʢʣʫʯʦʢ ʟʘ ʧʨʦʮʝʥʪʫʘʣʥʘʪʘ ʦʪʩʪʘʧʢʘ ʥʘ 

ʨʝʘʣʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʜ ʪʝʦʨʝʪʩʢʠ ʜʦʙʠʝʥʠʪʝ, ʦʜʥʦʩʥʦ ʟʘ ʧʨʠʯʠʥʠʪʝ ʢʦʠ ʚʣʠʿʘʘʪ ʥʘ ʠʩʪʘʪʘ ʠ 

ʤʦʞʥʠʪʝ ʥʘʩʦʢʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʠʪʝ. 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ɺʝʪʨʦʛʝʥʝʨʘʪʦʨ, ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ, ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ, 

ʝʥʝʨʛʠʿʘ ʥʘ ʚʝʪʨʦʪ. 

1 ʇʈɽɼʅʆʉʊʀ ʀ ʇʈɽɼʀɿɺʀʎʀ ʅɸ ɺɽʊɽʈʅɸʊɸ ɽʅɽʈɻʀɱɸ 

ɽʥʝʨʛʠʿʘʪʘ ʥʘ ʚʝʪʝʨʦʪ ʝ ʝʜʥʘ ʦʜ ʧʨʚʠʪʝ ʬʦʨʤʠ ʥʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʿʘ ʢʦʨʠʩʪʝʣ ʯʦʚʝʢʦʪ. 

ɽʥʝʨʛʠʿʘʪʘ ʥʘ ʚʝʪʨʦʪ ʝ ʯʠʩʪʘ, ʦʙʥʦʚʣʠʚʘ ʠ ʥʫʜʠ ʥʠʟʘ ʧʨʝʜʥʦʩʪʠ, ʢʦʠ ʛʦ ʦʙʿʘʩʥʫʚʘʘʪ ʙʨʟʠʦʪ 

ʨʘʟʚʦʿ ʥʘ ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʟʘ ʥʝʿʟʠʥʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ. ɼʝʥʝʩ, ʠʩʪʨʘʞʫʚʘˁʘʪʘ ʩʝ ʥʘʩʦʯʝʥʠ ʢʦʥ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʪʝʭʥʦʣʦʛʠʿʘʪʘ, ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʪʨʦʰʦʮʠʪʝ ʠ ʨʝʰʘʚʘˁʝ ʥʘ ʧʨʝʜʠʟʚʠʮʠʪʝ ʟʘ ʩ® 

ʧʦʛʦʣʝʤʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʚʝʪʝʨʦʪ [1].  

ʂʘʢʦ ʠ ʩʠʪʝ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ, ʠʩʢʦʨʠʩʪʫʚʘˁʝʪʦ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʚʝʪʨʦʪ ʚʦ ʪʝʢʦʪ ʥʘ 

ʝʢʩʧʣʦʘʪʘʮʠʿʘʪʘ ʥʝ ʩʦʟʜʘʚʘ ʰʪʝʪʥʠ ʝʤʠʩʠʠ ʠ ʢʠʩʝʣʠ ʜʦʞʜʦʚʠ ʢʦʠ ʥʝʧʦʚʦʣʥʦ ʚʣʠʿʘʘʪ ʚʨʟ 

ʟʜʨʘʚʿʝʪʦ ʥʘ ʯʦʚʝʢʦʪ ʠ ʞʠʚʦʪʦʪ ʥʘ ɿʝʤʿʘʪʘ. ʂʘʢʦ ʝʜʠʥʩʪʚʝʥʠ ʚʣʠʿʘʥʠʿʘ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ 

ʤʦʞʝ ʜʘ ʩʝ ʩʧʦʤʝʥʘʪ ʩʦʟʜʘʚʘˁʝʪʦ ʥʘ ʦʜʨʝʜʝʥʦ ʥʠʚʦ ʥʘ ʙʫʯʘʚʘ ʠ ʚʠʟʫʝʣʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ 

ʧʝʿʟʘʞʦʪ. ʇʦʢʨʘʿ ʪʦʘ, ʥʝʢʦʠ ʝʢʦʣʦʰʢʠ ʟʜʨʫʞʝʥʠʿʘ ʛʦ ʠʩʪʘʢʥʫʚʘʘʪ ʠ ʬʘʢʪʦʪ ʰʪʦ ʧʝʨʢʠʪʝ ʥʘ 

ʚʝʪʝʨʥʘʪʘ ʪʫʨʙʠʥʘ ʯʝʩʪʦ ʫʙʠʚʘʘʪ ʧʪʠʮʠ ʢʦʠ ʩʝ ʜʚʠʞʘʪ ʚʦ ʧʨʘʚʝʮ ʥʦʨʤʘʣʝʥ ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ 

ʧʝʨʢʠʪʝ. ɺʦ ʚʨʝʤʝ ʢʦʛʘ ʩʚʝʪʦʪ ʝ ʥʘʩʦʯʝʥ ʢʦʥ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʚʦʜʘ, ʚʝʪʝʨʥʠʪʝ 

ʪʫʨʙʠʥʠ ʩʝ ʚʠʩʪʠʥʩʢʦ ʨʝʰʝʥʠʝ, ʙʠʜʝʿ˃ʠ ʥʝʤʘʘʪ ʧʦʪʨʝʙʘ ʦʜ ʚʦʜʘ ʧʨʠ ʩʚʦʿʘʪʘ ʨʘʙʦʪʘ, ʜʫʨʠ ʥʠʪʫ 

ʟʘ ʣʘʜʝˁʝ ʢʘʢʦ ʰʪʦ ʝ ʩʣʫʯʘʿ ʚʦ ʥʫʢʣʝʘʨʥʠʪʝ ʝʣʝʢʪʨʘʥʠ ʠ ʝʣʝʢʪʨʘʥʠʪʝ ʥʘ ʿʘʛʣʝʥ ʠ ʧʨʠʨʦʜʝʥ ʛʘʩ 

[1]. 

ɽʥʝʨʛʠʿʘʪʘ ʥʘ ʚʝʪʝʨʦʪ ʧʨʝʪʩʪʘʚʫʚʘ ʠʥʜʠʨʝʢʪʥʘ ʬʦʨʤʘ ʥʘ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ ʦʜ ʢʘʜʝ 

ʧʨʦʠʟʣʝʛʫʚʘ ʬʘʢʪʦʪ ʟʘ ʥʝʛʦʚʘʪʘ ʥʝʠʩʮʨʧʥʦʩʪ. ʉʝʧʘʢ, ʢʘʢʦ ʦʩʥʦʚʝʥ ʧʨʦʙʣʝʤ ʝ ʩʪʦʭʘʩʪʠʯʢʘʪʘ 

ʧʨʠʨʦʜʘ ʥʘ ʚʝʪʝʨʦʪ ʦʜ ʢʦʿʘ ʚʦ ʛʦʣʝʤʘ ʤʝʨʘ ʟʘʚʠʩʠ ʝʥʝʨʛʠʿʘʪʘ ʰʪʦ ʚʝʪʝʨʥʘʪʘ ʝʣʝʢʪʨʘʥʘ ʤʦʞʝ ʜʘ 

ʿʘ ʧʨʦʠʟʚʝʜʝ.  
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ɽʥʝʨʛʠʿʘʪʘ ʥʘ ʚʝʪʝʨʦʪ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʢʦʥʢʫʨʝʥʪʥʘ ʚʦ ʦʜʥʦʩ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʠʟʚʦʨʠ 

ʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʘʩʧʝʢʪ ʥʘ ʪʨʦʰʦʮʠʪʝ. ʀ ʧʦʢʨʘʿ ʬʘʢʪʦʪ ʰʪʦ ʚʦ ʠʟʤʠʥʘʪʠʪʝ 10 ʛʦʜʠʥʠ ʪʨʦʰʦʮʠʪʝ 

ʟʘ ʠʥʩʪʘʣʠʨʘˁʝ ʥʘ ʚʘʢʚʠ ʝʥʝʨʛʝʪʩʢʠ ʢʘʧʘʮʠʪʝʪʠ ʩʝ ʜʨʘʩʪʠʯʥʦ ʥʘʤʘʣʝʥʠ, ʩʝʧʘʢ ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʟʘ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʚʝʪʨʦʪ ʧʦʜʨʘʟʙʠʨʘ ʜʦʩʪʘ ʧʦʚʠʩʦʢʠ ʠʥʚʝʩʪʠʮʠʩʢʠ ʪʨʦʰʦʮʠ ʚʦ 

ʦʜʥʦʩ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʠʟʚʦʨʠ, ʠʘʢʦ ñʛʦʨʠʚʦʪʦñ - ʚʝʪʝʨʦʪ ʝ ʙʝʩʧʣʘʪʝʥ ʠ ʦʧʝʨʘʮʠʦʥʠʪʝ 

ʪʨʦʰʦʮʠ ʧʨʠ ʨʘʙʦʪʘʪʘ ʥʘ ʝʣʝʢʪʨʘʥʘʪʘ ʩʝ ʤʘʣʠ. ɼʦʢʦʣʢʫ ʦʜʨʝʜʝʥʘ ʜʨʞʘʚʘ ʠʤʘ ʠʟʨʘʟʠʪ ʚʝʪʝʨʝʥ 

ʧʦʪʝʥʮʠʿʘʣ, ʠʩʪʘʪʘ ʤʦʞʝ ʟʥʘʯʠʪʝʣʥʦ ʜʘ ʿʘ ʥʘʤʘʣʠ ʩʚʦʿʘʪʘ ʟʘʚʠʩʥʦʩʪ ʦʜ ʬʦʩʠʣʥʠʪʝ ʛʦʨʠʚʘ ʰʪʦ ʝ 

ʜʦʩʪʘ ʧʦʚʦʣʥʦ ʦʜ ʘʩʧʝʢʪ ʥʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʚʠʩʥʦʩʪʘ ʦʜ ʫʚʦʟ (ʜʦʢʦʣʢʫ ʛʦʨʠʚʦʪʦ ʩʝ ʫʚʝʟʫʚʘ), 

ʥʦ ʠ ʦʜ ʘʩʧʝʢʪ ʥʘ ʟʘʰʪʠʪʘ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ʇʦʜʨʘʯʿʘʪʘ ʩʦ ʧʦʚʦʣʥʠ ʫʩʣʦʚʠ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʚʝʪʝʨ ʯʝʩʪʦ ʩʝ ʜʦʩʪʘ ʦʜʜʘʣʝʯʝʥʠ ʦʜ ʧʦʪʨʦʰʫʚʘʯʠʪʝ, ʧʘ 

ʦʪʪʫʢʘ ʩʝ ʿʘʚʫʚʘ ʧʦʪʨʝʙʘʪʘ ʟʘ ʩʦʦʜʚʝʪʥʦ ʧʦʚʨʟʫʚʘˁʝ ʥʘ ʠʩʪʠʪʝ ʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ, 

ʧʘʨʘʣʝʣʥʦ ʟʛʦʣʝʤʫʚʘʿ˃ʠ ʛʠ ʠʥʚʝʩʪʠʮʠʩʢʠʪʝ ʪʨʦʰʦʮʠ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ ʧʘʢ, ʚʝʪʝʨʥʠʪʝ ʪʫʨʙʠʥʠ 

ʯʝʩʪʦʧʘʪʠ ʩʝ ʧʨʘʚʠʣʥʦ ʨʝʰʝʥʠʝ ʟʘ ʩʥʘʙʜʫʚʘˁʝ ʩʦ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʨʫʨʘʣʥʠ ʠ 

ʥʝʧʨʠʩʪʘʧʥʠ ʩʨʝʜʠʥʠ. 

ʂʨʝʠʨʘˁʝʪʦ ʥʘ ʥʦʚʠ ʨʘʙʦʪʥʠ ʤʝʩʪʘ ʝ ʟʥʘʯʘʿʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘ ʩʝʢʦʿ ʪʠʧ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ʀʩʢʦʨʠʩʪʫʚʘˁʝʪʦ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʚʝʪʨʦʪ ʧʦʜʨʘʟʙʠʨʘ ʘʥʛʘʞʠʨʘˁʝ ʥʘ ʨʘʟʣʠʯʝʥ 

ʧʨʦʬʝʩʠʦʥʘʣʝʥ ʢʘʜʘʨ ʧʨʠ ʠʥʩʪʘʣʠʨʘˁʝʪʦ ʠ ʨʘʙʦʪʝˁʝʪʦ ʥʘ ʚʝʪʝʨʥʘʪʘ ʝʣʝʢʪʨʘʥʘ [1]. 

ʇʦʨʘʜʠ ʧʨʝʜʥʦʩʪʠʪʝ ʠ ʥʘʩʦʯʝʥʦʩʪʘ ʢʦʥ ʨʝʰʘʚʘˁʝ ʥʘ ʧʨʝʜʠʟʚʠʮʠʪʝ ʧʨʝʜ ʢʦʠ ʩʪʦʠ 

ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʚʝʪʨʦʪ, ʠʥʩʪʘʣʠʨʘˁʝʪʦ ʥʘ ʝʥʝʨʛʝʪʩʢʠ 

ʢʘʧʘʮʠʪʝʪʠ ʦʜ ʚʘʢʦʚ ʪʠʧ ʠ ʟʛʦʣʝʤʝʥʦ ʫʯʝʩʪʚʦ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʨʘʟʚʠʝʥʠʪʝ ʟʝʤʿʠ ʝ ʚʝ˃ʝ ʬʘʢʪ, ʜʦʜʝʢʘ ʧʘʢ ʚʦ ʟʝʤʿʠʪʝ ʚʦ ʨʘʟʚʦʿ ʥʘʠʜʫʚʘ 

ʥʘ ʠʥʪʝʨʝʩ ʠ ʧʦʩʪʝʧʝʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ. 

ɺʦ ʧʨʦʜʦʣʞʝʥʠʝ ˃ʝ ʙʠʜʘʪ ʠʟʣʦʞʝʥʠ ʧʦʜʘʪʦʮʠ ʟʘ ʠʥʩʪʘʣʠʨʘʥʠʪʝ ʝʥʝʨʛʝʪʩʢʠ ʢʘʧʘʮʠʪʝʪʠ 

ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʚʝʪʨʦʪ ʢʘʢʦ ʠ ʥʠʚʥʦʪʦ ʫʯʝʩʪʚʦ ʚʦ ʚʢʫʧʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦ 

ɽʚʨʦʧʘ ʠ ʚʦ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ. 

2 ʀʅʉʊɸʃʀʈɸʅʀ ɽʅɽʈɻɽʊʉʂʀ ʂɸʇɸʎʀʊɽʊʀ ʀ ʇʈʆʀɿɺɽɼɽʅɸ 

ɽʃɽʂʊʈʀʏʅɸ ɽʅɽʈɻʀɱɸ ʆɼ ɺɽʊɽʈ ɺʆ ɽɺʈʆʇɸ ɺʆ 2016 ɻʆɼʀʅɸ 

ʅʘ ʪʝʨʠʪʦʨʠʿʘʪʘ ʥʘ ɽʚʨʦʧʘ ʚʦ 2016 ʛʦʜʠʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʫʯʝʩʪʚʫʚʘʘʪ 

ʩʦ 86% ʦʜ ʚʢʫʧʥʠʪʝ ʛʦʜʠʰʥʠ ʥʦʚʠ ʠʥʩʪʘʣʠʨʘʥʠ ʢʘʧʘʮʠʪʝʪʠ, ʦʜʥʦʩʥʦ ʠʩʪʠʪʝ ʦʧʬʘ˃ʘʘʪ 21.1 GW 

ʦʜ ʚʢʫʧʥʦ ʠʥʘʩʪʨʘʣʠʨʘʥʠ 24.5 GW. ɿʘʢʣʫʯʥʦ ʩʦ ʤʠʥʘʪʘʪʘ ʛʦʜʠʥʘ, ʚʢʫʧʥʠʪʝ ʠʥʩʪʘʣʠʨʘʥʠ 

ʢʘʧʘʮʠʪʝʪʠ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʚʝʪʝʨ ʚʦ ɽʚʨʦʧʘ ʠʟʥʝʩʫʚʘʘʪ 153.7 GW, ʦʜ 

ʚʢʫʧʥʦ ʠʥʩʪʘʣʠʨʘʥ ʧʨʦʠʟʚʦʜʩʪʚʝʥ ʢʘʧʘʮʠʪʝʪ ʦʜ 918.8 GW. ʊʦʘ ʟʥʘʯʠ ʜʝʢʘ ʩʦ ʛʝʥʝʨʠʨʘʥʠ 300 

TWh ʚʦ ʪʝʢʦʪ ʥʘ ʛʦʜʠʥʘʪʘ, ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʚʝʪʝʨ ʧʦʢʨʠʚʘʣʦ 10.4% 

ʦʜ ʚʢʫʧʥʘʪʘ ʧʦʙʘʨʫʚʘʯʢʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ɽʚʨʦʧʘ [2].  

 ɻʣʝʜʘʥʦ ʥʘ ʛʦʜʠʰʥʦ ʥʠʚʦ, ʚʦ ʪʝʢʦʪ ʥʘ 2016 ʛʦʜʠʥʘ ʚʦ ɽʚʨʦʧʘ ʙʠʣʝ ʠʥʩʪʘʣʠʨʘʥʠ 13.9 

GW, ʦʜ ʢʦʠ 12.5 GW ʩʝ ʠʥʩʪʘʣʠʨʘʥʠ ʚʦ ʟʝʤʿʠʪʝ ʯʣʝʥʢʠ ʥʘ ɽʚʨʦʧʩʢʘʪʘ ʋʥʠʿʘ.ʆʜ ʚʢʫʧʥʠʪʝ 

13900 MW ʥʦʚʠ ʚʝʪʨʦʝʥʝʨʛʝʪʩʢʠ ʢʘʧʘʮʠʪʝʪʠ, 10923 MW ʩʝ ʠʥʩʪʘʣʠʨʘʥʠ ʢʘʢʦ ʢʦʧʥʝʥʠ 

(onshore), ʘ ʩʘʤʦ 1567 MW ʩʝ ʥʦʚʠ ʚʦʥʢʦʧʥʝʥʠ (offshore) ʢʘʧʘʮʠʪʝʪʠ. ʉʧʦʨʝʜʝʥʦ ʩʦ 2015, ʢʦʛʘ 

ʙʠʣʝ ʠʥʩʪʘʣʠʨʘʥʠ 12.8 GW, ʚʦ 2016 ʩʝ ʟʘʙʝʣʝʞʫʚʘ ʙʣʘʛʦ ʦʧʘʺʘˁʝ ʟʘ 3%. ʃʠʜʝʨ ʚʦ 

ʟʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ ʝʥʝʨʛʝʪʩʢʠʪʝ ʢʘʧʘʮʠʪʝʪʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʚʝʪʝʨ ʝ 

ɻʝʨʤʘʥʠʿʘ ʩʦ ʠʥʩʪʘʣʠʨʘʥʠ 5443MW ʚʦ 2016 ʛʦʜʠʥʘ. ʉʣʝʜʫʚʘʘʪ ʌʨʘʥʮʠʿʘ ʩʦ 1560 MW ʠ 

ʍʦʣʘʥʜʠʿʘ ʩʦ ʠʥʩʪʘʣʠʨʘʥʠ 887MW [2].  

ɺʦ ʦʜʥʦʩ ʥʘ ʚʢʫʧʥʦ ʠʥʩʪʘʣʠʨʘʥʠʪʝ ʥʦʚʠ ʢʘʧʘʮʠʪʝʪʠ, ʚʦ 2016 ʥʘ ʧʨʚʦ ʤʝʩʪʦ ʩʦ 

ʠʥʩʪʘʣʠʨʘʥʠ 12.5 GW ʩʝ ʢʘʧʘʮʠʪʝʪʠʪʝ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʚʝʪʝʨʦʪ. ʉʣʝʜʫʚʘʘʪ 

ʩʦʣʘʨʥʠʪʝ ʧʘʥʝʣʠ ʩʦ 6 GWp ʠ ʢʘʧʘʮʠʪʝʪʠʪʝ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʢʦʠ ʛʦ 

ʢʦʨʠʩʪʘʪ ʧʨʠʨʦʜʥʠʦʪ ʛʘʩ ʢʘʢʦ ʛʦʨʠʚʦ ʩʦ ʠʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʦʜ 3.1 GW ʥʘ ʥʠʚʦ ʥʘ ɽʚʨʦʧʘ. ɺʦ 

ʦʜʥʦʩ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʪʝ ʢʘʧʘʮʠʪʝʪʠ ʦʜ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʧʦʚʪʦʨʥʦ ʥʘʿʙʨʦʿʥʠ, ʩʦ ʦʢʦʣʫ 60% 

ʩʝ ʢʦʧʥʝʥʠʪʝ ʠ ʚʦʥʢʦʧʥʝʥʠʪʝ ʚʝʪʝʨʥʠ ʪʫʨʙʠʥʠ [2]. 



   

 

 

 

 

ʉʣʠʢʘ 2 ʅʦʚʠ ʠʥʩʪʘʣʠʨʘʥʠ ʝʥʝʨʛʝʪʩʢʠ ʢʘʧʘʮʠʪʝʪʠ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʦʜ ʚʝʪʝʨʦʪ ʚʦ ʟʝʤʿʠʪʝ 

ʦʜ ɽʚʨʦʧʘ ʚʦ 2016 ʛʦʜʠʥʘ [ʀʟʚʦʨ: https://windeurope.org/] 

 

ʉʣʠʢʘ 3 ʇʨʦʮʝʥʪʫʘʣʥʘ ʟʘʩʪʘʧʝʥʦʩʪ ʥʘ ʥʦʚʠ 

ʠʥʩʪʘʣʠʨʘʥʠ ʢʘʧʘʮʠʪʝʪʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʚʝʪʝʨ ʥʘʩʧʨʦʪʠ 

ʦʩʪʘʥʘʪʠʪʝ ʠʟʚʦʨʠ [ʀʟʚʦʨ: 

https://windeurope.org/] 

 

ʉʣʠʢʘ 4 ʇʨʦʮʝʥʪʫʘʣʥʘ ʟʘʩʪʘʧʝʥʦʩʪ ʥʘ ʥʦʚʠ 

ʠʥʩʪʘʣʠʨʘʥʠ ʢʘʧʘʮʠʪʝʪʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʚʝʪʝʨ ʥʘʩʧʨʦʪʠ 

ʦʩʪʘʥʘʪʠʪʝ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ [ʀʟʚʦʨ: 

https://windeurope.org/] 

ʂʘʢʦ ʰʪʦ ʙʝʰʝ ʧʨʝʪʭʦʜʥʦ ʠʟʣʦʞʝʥʦ, ʠʩʢʦʨʠʩʪʫʚʘˁʝʪʦ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʚʝʪʨʦʪ ʧʦʢʨʠʚʘ 

10.4% ʦʜ ʚʢʫʧʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ɽʚʨʦʧʘ ʚʦ 2016 ʛʦʜʠʥʘ [2].  

ʊʘʙʝʣʘ 3 ʇʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʠ ʚʢʫʧʥʦ ʧʨʦʠʟʚʝʜʝʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ 

ʚʝʪʝʨ ʚʦ ɽʚʨʦʧʘ ʚʦ 2016 ʛʦʜʠʥʘ [ʀʟʚʦʨ: https://windeurope.org/] 

ɺʢʫʧʥʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ (TWh) 

ʂʦʧʥʝʥʠ ï 

ʧʨʦʠʟʚʝʜʝʥʘ 

ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ ʦʜ 

ʚʝʪʝʨ(TWh) 

ɺʦʥʢʦʧʥʝʥʠ ï 

ʧʨʦʠʟʚʝʜʝʥʘ 

ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ ʦʜ ʚʝʪʝʨ 

(TWh) 

ɺʢʫʧʥʦ 

ʧʨʦʠʟʚʝʜʝʥʘ 

ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ ʦʜ ʚʝʪʝʨ 

(TWh) 

ʋʯʝʩʪʚʦ ʥʘ 

ʝʥʝʨʛʠʿʘʪʘ 

ʧʨʦʠʟʚʝʜʝʥʘ ʦʜ 

ʚʝʪʝʨ ʚʦ 

ʧʦʢʨʠʚʘˁʝ ʥʘ 

ʚʢʫʧʥʘʪʘ 

ʧʦʪʨʦʰʫʚʘʯʢʘ (%) 

2860 259 37 296 10,4 



   

 

 

 

3 ʀʅʉʊɸʃʀʈɸʅʀ ɽʅɽʈɻɽʊʉʂʀ ʂɸʇɸʎʀʊɽʊʀ ʀ ʇʈʆʀɿɺɽɼɽʅɸ 

ɽʃɽʂʊʈʀʏʅɸ ɽʅɽʈɻʀɱɸ ʆɼ ɺɽʊɽʈ ɺʆ ʄɸʂɽɼʆʅʀɱɸ ɺʆ 2016 ɻʆɼʀʅɸ 

ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʢʘʢʦ ʝʜʥʘ ʦʜ ʟʝʤʿʠʪʝ ʚʦ ʨʘʟʚʦʿ ʝ ʩʝ ʫʰʪʝ ʝʥʝʨʛʝʪʩʢʠ ʟʘʚʠʩʥʘ ʦʜ 

ʿʘʛʣʝʥ. ʇʦʢʨʘʿ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜ ʿʘʛʣʝʥ, ʩʝ ʢʦʨʠʩʪʠ ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʚʦʜʘʪʘ, ʚʦ ʧʦʥʦʚʦ ʚʨʝʤʝ ʠ 

ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʩʦʥʮʝʪʦ ʠ ʚʝʪʝʨʦʪ, ʘ ʠʤʘ ʠ ʧʨʦʿʘʚʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ 

ʙʠʦʤʘʩʘ.  

 ʉʧʦʨʝʜʝʥʦ ʩʦ ʦʩʪʘʥʘʪʠʪʝ ʟʝʤʿʠ ʚʦ ɽʚʨʦʧʘ, ʚʦ 2016 ʛʦʜʠʥʘ ʥʝʤʘ ʥʝʢʦʠ 

ʟʥʘʯʠʪʝʣʥʠ ʠʥʚʝʩʪʠʮʠʠ ʚʦ ʥʦʚʠ ʝʥʝʨʛʝʪʩʢʠ ʢʘʧʘʮʠʪʝʪʠ ʥʘ ʪʝʨʠʪʦʨʠʿʘʪʘ ʥʘ ʈʝʧʫʙʣʠʢʘ 

ʄʘʢʝʜʦʥʠʿʘ, ʦʩʚʝʥ ʥʝʢʦʠ ʤʘʣʠ ʠʥʜʠʚʠʜʫʘʣʥʠ ʠʥʚʝʩʪʠʨʘˁʘ ʚʦ ʬʦʪʦʚʦʣʪʘʠʮʠ, ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ 

ʩʦʧʩʪʚʝʥʠ ʧʦʪʨʝʙʠ. ɺʝʪʝʨʥʠʦʪ ʧʘʨʢ ɹʦʛʜʘʥʮʠ ʢʦʿ ʟʘʧʦʯʥʘ ʩʦ ʨʘʙʦʪʘ ʚʦ ʩʝʧʪʝʤʚʨʠ 2014 ʛʦʜʠʥʘ, 

ʚʦ ʪʝʢʦʪ ʥʘ 2016 ʛʦʜʠʥʘ ʦʩʪʚʘʨʠʣ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜ 109.4 GWh ʦʜ ʚʢʫʧʥʦ ʧʨʦʠʟʚʝʜʝʥʠ 4951.6 

GWh ʦʜ ʜʦʤʘʰʥʠʦʪ ʨʘʩʧʦʣʦʞʣʠʚ ʝʥʝʨʛʝʪʩʢʠ ʢʘʧʘʮʠʪʝʪ, ʦʜʥʦʩʥʦ 2.21% ʦʜ ʚʢʫʧʥʘʪʘ 

ʧʨʦʠʟʚʝʜʝʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʪʧʘʺʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʚʝʪʝʨ, 

ʦʜʥʦʩʥʦ ʩʦ ʦʚʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝ ʧʦʢʨʠʚʘ 1.08 % ʦʜ ʚʢʫʧʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ ʚʦ ʥʘʰʘʪʘ ʟʝʤʿʘ, ʢʦʿʘ ʠʟʥʝʩʫʚʘ 10130.4 GWh [4]. 

4 ɺɽʊɽʈʅɸ ɽʃɽʂʊʈɸʅɸ ɹʆɻɼɸʅʎʀ 

ʇʨʚʠʦʪ ʝʥʝʨʛʝʪʩʢʠ ʢʘʧʘʮʠʪʝʪ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʚʝʪʝʨʦʪ ʚʦ ʄʘʢʝʜʦʥʠʿʘ 

ʟʘʧʦʯʥʘ ʩʦ ʨʘʙʦʪʘ ʚʦ ʩʝʧʪʝʤʚʨʠ 2014 ʛʦʜʠʥʘ. ɺʦ ʩʦʧʩʪʚʝʥʦʩʪ ʥʘ ʢʦʤʧʘʥʠʿʘʪʘ ɸɼ ɽʃɽʄ, 

ʚʝʪʨʦʝʣʝʢʪʨʘʥʘʪʘ ɹʦʛʜʘʥʮʠ ʝ ʩʤʝʩʪʝʥʘ ʚʦ ʿʫʞʥʠʦʪ ʜʝʣ ʥʘ ʄʘʢʝʜʦʥʠʿʘ, ʚʦ ʙʣʠʟʠʥʘ ʥʘ ɺʘʣʘʥʜʦʚʦ 

ʠ ɻʝʚʛʝʣʠʿʘ.ɺʦ ʧʨʦʝʢʪʦʪ ʟʘ ʠʟʛʨʘʜʙʘ, ʩʝ ʧʣʘʥʠʨʘʥʠ ʜʚʝ ʚʝʪʝʨʥʠ ʧʦʣʠˁʘ ʩʦ 16 ʠ 6 ʚʝʪʝʨʥʠ 

ʪʫʨʙʠʥʠ, ʦʜ ʢʦʠ ʧʦʣʝʪʦ ʩʦ 16 ʚʝʪʝʨʥʠ ʪʫʨʙʠʥʠ ʚʝ˃ʝ ʪʨʝʪʘ ʛʦʜʠʥʘ ʠʩʧʦʨʘʯʫʚʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ ʚʦ ʤʨʝʞʘ, ʘ ʧʦʣʝʪʦ ʩʦ 6 ʚʝʪʝʨʥʠ ʪʫʨʙʠʥʠ ʝ ʧʣʘʥʠʨʘʥʦ ʜʘ ʩʝ ʛʨʘʜʠ ʚʦ ʠʜʥʠʥʘ.  

5.2. ʂʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʠʥʩʪʘʣʠʨʘʥʠʪʝ ʚʝʪʝʨʥʠ ʪʫʨʙʠʥʠ 

ʉʝʢʦʿʘ ʦʜ ʧʦʩʪʦʝʯʢʠʪʝ ʚʝʪʝʨʥʠ ʪʫʨʙʠʥʠ ʝ ʩʦ ʠʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʦʜ 2.3 MW, ʦʜʥʦʩʥʦ 

ʚʢʫʧʥʘʪʘ ʠʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ʮʝʣʦʪʦ ʚʝʪʝʨʥʦ ʧʦʣʝ ʝ 36.8 MW. ɺʝʪʝʨʥʠʪʝ ʪʫʨʙʠʥʠ ʩʝ ʦʜ 

ʧʨʦʠʟʚʦʜʠʪʝʣʦʪ SIEMENS, ʪʠʧ SWT 2.3-93, ʯʠʠ ʪʝʭʥʠʯʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʝʥʝʨʛʝʪʩʢʘ ʢʨʠʚʘ 

ʩʝ ʜʘʜʝʥʠ ʚʦ ʪʘʙʝʣʘʪʘ 3. 

ʊʘʙʝʣʘ 2 ʊʝʭʥʠʯʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʝʥʝʨʛʝʪʩʢʘ ʢʨʠʚʘ ʥʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ SIEMENS SWT 2.3-93 [3] 

ʅʦʤʠʥʘʣʥʘ 

ʤʦ˃ʥʦʩʪ 
ςσππ Ὧὡ 

 

ʅʦʤʠʥʘʣʥʘ 

ʧʨʠʚʠʜʥʘ 

ʤʦ˃ʥʦʩʪ 
ςφωπ Ὧὠὃ 

ʅʦʤʠʥʘʣʥʘ 

ʙʨʟʠʥʘ ʥʘ 

ʚʝʪʝʨʦʪ 

ρσ ρτ  

άȾί 

ʅʦʤʠʥʘʣʝʥ 

ʥʘʧʦʥ 
φωπὠ 

ʇʦʚʨʰʠʥʘ ʥʘ 

ʨʦʪʦʨʦʪ 
φψππά  

ɺʠʩʠʥʘ ʥʘ 

ʩʪʦʣʙʦʪ 
ψπ ά 

ɼʠʿʘʤʝʪʘʨ ʥʘ 

ʧʝʨʢʠʪʝ 
ωσ ά 

ʈʦʪʦʨʦʪ ʥʘ ʪʫʨʙʠʥʘʪʘ ʝ ʩʘʤʦʩʪʦʿʥʘ ʢʦʥʩʪʨʫʢʮʠʿʘ ʩʦ ʪʨʠ ʧʝʨʢʠ ʤʦʥʪʠʨʘʥʘ ʥʘ ʩʪʦʣʙʦʪ 

ʥʘʩʧʨʦʪʠ ʚʝʪʝʨʦʪ. ʄʦ˃ʥʦʩʪʘ ʩʝ ʨʝʛʫʣʠʨʘ ʩʦ ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʟʘʢʦʩʝʥʦʩʪʘ ʥʘ ʧʝʨʢʠʪʝ. ɹʨʟʠʥʘʪʘ ʥʘ 

ʨʦʪʦʨʦʪ ʝ ʚʘʨʠʿʘʙʠʣʥʘ ʩʦ ʮʝʣ ʜʘ ʩʝ ʤʘʢʩʠʤʠʟʠʨʘ ʘʝʨʦʜʠʥʘʤʠʯʥʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʜʘ ʩʝ ʥʘʤʘʣʠ 

ʦʧʪʦʚʘʨʫʚʘˁʝʪʦ ʥʘ ʩʠʩʪʝʤʦʪ ʥʘ ʟʘʧʯʝʩʪʠʦʪ ʧʨʝʥʦʩ ʚʦ ʪʝʢʦʪ ʥʘ ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʤʦ˃ʥʦʩʪʘ. ʇʝʨʢʠʪʝ 

ʩʝ ʤʦʥʪʠʨʘʘʪ ʚʦ ʣʝʞʠʰʪʘʪʘ ʥʘ ʩʠʩʪʝʤʦʪ ʟʘ ʟʘʢʦʩʫʚʘˁʝ ʠ ʥʠʚʥʘʪʘ ʟʘʢʦʩʝʥʦʩʪ ʤʦʞʝ ʟʘʨʘʜʠ 

ʠʩʢʣʫʯʫʚʘˁʝ ʜʘ ʩʝ ʜʚʠʞʠ ʜʦ 80°. ʉʝʢʦʿʘ ʦʜ ʥʠʚ ʠʤʘ ʩʚʦʿ ʩʠʛʫʨʥʦʩʝʥ ʥʝʟʘʚʠʩʝʥ ʤʝʭʘʥʠʟʘʤ 

ʩʧʦʩʦʙʝʥ ʟʘ ʟʘʢʦʩʫʚʘˁʝ ʥʘ ʧʝʨʢʘʪʘ ʧʦʜ ʩʝʢʘʢʚʠ ʫʩʣʦʚʠ ʥʘ ʨʘʙʦʪʘ. ɺʘʢʚʠʦʪ ʤʝʭʘʥʠʟʘʤ ʚʨʰʠ 

ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʤʦ˃ʥʦʩʪʘ ʚʦ ʪʝʢʦʪ ʥʘ ʨʘʙʦʪʥʠʦʪ ʦʧʩʝʛ, ʘ ʧʨʠ ʟʘʩʪʦʿ ʥʘ ʪʫʨʙʠʥʘʪʘ ʧʝʨʢʠʪʝ ʩʝ 

ʥʘʚʘʣʫʚʘʘʪ ʟʘ ʜʘ ʩʝ ʤʠʥʠʤʠʟʠʨʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʚʝʪʝʨʦʪ. ɺʢʫʧʥʠʦʪ ʜʠʿʘʤʝʪʘʨ ʥʘ ʧʝʨʢʠʪʝ 



   

 

 

 

ʠʟʥʝʩʫʚʘ 93 m. ɻʝʥʝʨʘʪʦʨʦʪ ʥʘ ʪʫʨʙʠʥʘʪʘ ʝ ʮʝʣʦʩʥʦ ʟʘʪʚʦʨʝʥ, ʘʩʠʥʭʨʦʥ, ʪʠʧ ñSiemens Loherò  

ʩʦ ʥʦʤʠʥʘʣʥʘ ʤʦ˃ʥʦʩʪ ʦʜ 2300 kW, ʥʦʤʠʥʘʣʝʥ ʙʨʦʿ ʥʘ ʚʨʪʝʞʠ 1550 vrt/min, ʙʨʟʠʥʘ 600-1800 

vrt/min, ʥʦʤʠʥʘʣʝʥ ʥʘʧʦʥ 690 V ʠ ʬʨʝʢʚʝʥʮʠʿʘ 16.5-60 Hz. ɻʝʥʝʨʘʪʦʨʦʪ ʠʤʘ ʢʘʬʝʟʝʥ ʨʦʪʦʨ ʙʝʟ 

ʣʠʟʛʘʯʢʠ ʧʨʩʪʝʥʠ. ɺʝʪʝʨʥʠʪʝ ʪʫʨʙʠʥʠ ʩʝ ʤʦʥʪʠʨʘʥʠ ʥʘ ʢʦʥʫʩʥʠ ʯʝʣʠʯʥʠ ʩʪʦʣʙʦʚʠ ʩʦ ʚʠʩʠʥʘ ʦʜ 

80 m ʠ ʩʝ ʦʧʨʝʤʝʥʠ ʩʦ Siemens WebWPS SCADA ʩʠʩʪʝʤ. ɺʘʢʚʠʦʪ ʩʠʩʪʝʤ ʥʫʜʠ ʤʦʞʥʦʩʪ ʟʘ 

ʜʘʣʝʯʠʥʩʢʦ ʫʧʨʘʚʫʚʘˁʝ, ʧʨʠʩʪʘʧ ʠ ʫʚʠʜ ʚʦ ʨʘʟʣʠʯʥʠ ʩʪʘʪʫʩʠ ʠ ʢʦʨʠʩʥʠ ʠʟʚʝʰʪʘʠ ʧʨʝʢʫ 

ʩʪʘʥʜʘʨʜʝʥ ʠʥʪʝʨʥʝʪ ʚʝʙ ʧʨʝʙʘʨʫʚʘʯ. ʋʚʠʜʦʪ ʚʢʣʫʯʫʚʘ ʝʣʝʢʪʨʠʯʥʠ ʠ ʤʝʭʘʥʠʯʢʠ ʧʦʜʘʪʦʮʠ, 

ʧʦʛʦʥʩʢʠ ʩʪʘʪʫʩʠ ʠ ʘʣʘʨʤʠ,  ʤʝʪʝʦʨʦʣʦʰʢʠ ʧʦʜʘʪʦʮʠ ʠ ʧʦʜʘʪʦʮʠ ʦʜ ʤʨʝʞʥʘʪʘ ʩʪʘʥʠʮʘ. 

5.3. ʇʨʝʩʤʝʪʢʘ ʥʘ ʪʝʦʨʝʪʩʢʠʦʪ ʝʥʝʨʛʝʪʩʢʠ ʧʦʪʝʥʮʠʿʘʣ ʥʘ ʚʝʪʝʨʦʪ 

ʊʝʦʨʝʪʩʢʠʦʪ ʝʥʝʨʛʝʪʩʢʠ ʧʦʪʝʥʮʠʿʘʣ, ʢʘʢʦ ʚʘʞʝʥ ʧʘʨʘʤʝʪʘʨ ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʩʦ 

ʪʨʝʪʠʦʪ ʩʪʝʧʝʥ ʦʜ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʝʨʦʪ v, ʛʫʩʪʠʥʘʪʘ ʥʘ ʚʦʟʜʫʭʦʪ ” ʠ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʨʦʪʦʨʦʪ ɸ ʠ 

ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʩʦ ʩʣʝʜʥʠʦʪ ʠʟʨʘʟ: 

ὖ ”ὃὺ  (1) 

ʉʦ ʧʨʦʤʝʥʘ ʥʘ ʥʘʜʤʦʨʩʢʘʪʘ ʚʠʩʦʯʠʥʘ ʩʝ ʤʝʥʫʚʘ ʚʦʟʜʫʰʥʠʦʪ ʧʨʠʪʠʩʦʢ ʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ 

ʥʘ ʚʦʟʜʫʭʦʪ. ʅʘ ʤʦʨʩʢʦ ʥʠʚʦ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜ 15ᴈ ʠ ʧʨʠʪʠʩʦʢ ʦʜ ρ ὦὥὶ ʛʫʩʪʠʥʘʪʘ ʥʘ 

ʚʦʟʜʫʭʦʪ ʝ ” ρȢςςυ
ὯὫ
ά
. ɸʢʦ ʦʚʘʘ ʚʨʝʜʥʦʩʪ ʩʝ ʟʝʤʝ ʟʘ ʨʝʬʝʨʝʥʪʥʘ, ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ 

ʧʨʠʙʣʠʞʥʘ ʨʝʣʘʮʠʿʘ (ʟʘ ʚʠʩʠʥʠ ʜʦ 6000 m) ʟʘ ʧʨʝʩʤʝʪʢʘ ʥʘ ʛʫʩʪʠʥʘʪʘ ʥʘ ʚʦʟʜʫʭʦʪ ʢʘʢʦ 

ʬʫʥʢʮʠʿʘ ʦʜ ʥʘʜʤʦʨʩʢʘʪʘ ʚʠʩʦʯʠʥʘ Ὄ: 

” ” ρȢρωτϽρπ ϽὌ  (2) 

 ɺʝʪʝʨʥʘʪʘ ʝʣʝʢʪʨʘʥʘ ɹʦʛʜʘʥʮʠ ʩʝ ʥʘʦʺʘ ʥʘ ʥʘʜʤʦʨʩʢʘ ʚʠʩʦʯʠʥʘ ʦʜ 472 m ʠ 

ʩʧʦʨʝʜ ʪʦʘ ʟʘ ʛʫʩʪʠʥʘʪʘ ʥʘ ʚʦʟʜʫʭʦʪ ʩʝ ʜʦʙʠʚʘ: 

” ρȢςςυρȢρωτϽρπ ϽτχςρȢςςτωτ
ὯὫ
ά

  (3) 

5.4. ʉʧʦʨʝʜʙʘ ʥʘ ʪʝʦʨʝʪʩʢʠʦʪ ʝʥʝʨʛʝʪʩʢʠ ʧʦʪʝʥʮʠʿʘʣ ʥʘ ʚʝʪʝʨʦʪ ʠ ʨʝʘʣʥʦ ʧʨʦʠʟʚʝʜʝʥʘʪʘ 
ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʥʘ ʤʝʩʝʯʥʦ ʥʠʚʦ ʟʘ ʝʜʥʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ ʦʜ ɺɽʎ ɹʦʛʜʘʥʮʠ 

 ɺʦ ʦʚʦʿ ʪʨʫʜ ʩʝ ʜʘʚʘ ʘʢʮʝʥʪ ʥʘ ʧʨʝʩʤʝʪʢʘ ʥʘ ʪʝʦʨʝʪʩʢʠʦʪ ʝʥʝʨʛʝʪʩʢʠ ʧʦʪʝʥʮʠʿʘʣ 

ʥʘ ʚʝʪʝʨʦʪ ʠ ʥʝʛʦʚʘ ʩʧʦʨʝʜʙʘ ʩʦ ʨʝʘʣʥʦ ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʟʘ ʜʝʩʝʪʪʘʪʘ 

ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ ʦʜ ʧʦʣʝʪʦ ʟʘ ʩʣʫʯʘʿʥʦ ʠʟʙʨʘʥ ʤʝʩʝʮ, ʿʘʥʫʘʨʠ 2017 ʛʦʜʠʥʘ. 

ʇʦʜʘʪʦʮʠʪʝ ʜʦʙʠʝʥʠ ʦʜ SCADA ʩʠʩʪʝʤʦʪ ʥʘ ʚʝʪʝʨʥʘʪʘ ʪʫʨʙʠʥʘ ʛʠ ʚʢʣʫʯʫʚʘʘʪ 

ʧʨʦʩʝʯʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʝʨʦʪ (ʠʟʨʘʟʝʥʘ ʚʦ ά
ί ϳ)  ʠ ʘʢʪʠʚʥʘ ʤʦ˃ʥʦʩʪ (ʠʟʨʘʟʝʥʘ 

ʚʦ MW) ʟʘ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣʠ ʦʜ 10 ʤʠʥʫʪʠ. ʉʝ ʘʥʘʣʠʟʠʨʘʘʪ ʤʝʨʥʠʪʝ ʧʦʜʘʪʦʮʠ ʟʘ ʙʨʟʠʥʠ ʦʜ 

3.5 m/s ʜʦ 25 m/s, ʦʜʥʦʩʥʦ ʙʨʟʠʥʠ ʥʘ ʚʝʪʝʨʦʪ ʟʘ ʢʦʠ ʚʝʪʝʨʥʘʪʘ ʪʫʨʙʠʥʘ ʠʩʧʦʨʘʯʫʚʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ ʚʦ ʤʨʝʞʘ. ʉʝ ʚʨʰʠ ʧʨʝʩʤʝʪʢʘ ʥʘ ʧʨʦʩʝʯʥʘʪʘ ʙʨʟʠʥʘ ʥʘ ʚʝʪʝʨʦʪ ʠ ʜʦʙʠʝʥʘʪʘ ʘʢʪʠʚʥʘ 

ʤʦ˃ʥʦʩʪ ʚʦ ʠʥʪʝʨʚʘʣʠ ʦʜ 0.5 ʤʝʨʥʠ ʝʜʠʥʠʮʠ. ʉʦ ʚʘʢʘ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʝ ʜʦʙʠʚʘ ʨʝʘʣʥʘʪʘ 

ʝʥʝʨʛʝʪʩʢʘ ʢʨʠʚʘ ʥʘ ʪʫʨʙʠʥʘʪʘ (ʜʘʜʝʥʘ ʥʘ ʩʣʠʢʘ 4) ʠ ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʬʘʢʪʦʨʦʪ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ 

ʥʘ ʪʫʨʙʠʥʘʪʘ ʩʦ ʩʣʝʜʥʠʦʪ ʠʟʨʘʟ : 

ὅ  (4) 



   

 

 

 

 

ʉʣʠʢʘ 5 ʈʝʘʣʥʦ ʜʦʙʠʝʥʘ ʝʥʝʨʛʝʪʩʢʘ ʢʨʠʚʘ ʥʘ ʪʫʨʙʠʥʘʪʘ 

ɿɸʂʃʋʏʆʂ 

ɼʦʢʦʣʢʫ ʛʠ ʩʧʦʨʝʜʠʤʝ ʨʝʘʣʥʦ ʜʦʙʠʝʥʘʪʘ ʝʥʝʨʛʝʪʩʢʘ ʢʨʠʚʘ ʥʘ ʪʫʨʙʠʥʘʪʘ (ʩʣʠʢʘ 4) ʩʦ 

ʝʥʝʨʛʝʪʩʢʘʪʘ ʢʨʠʚʘ ʜʘʜʝʥʘ ʦʜ ʧʨʦʠʟʚʦʜʠʪʝʣʦʪ (ʪʘʙʝʣʘ 2), ʟʘʙʝʣʝʞʫʚʘʤʝ ʜʝʢʘ ʥʝʤʘ ʟʥʘʯʠʪʝʣʥʠ 

ʨʘʟʣʠʢʠ ʤʝʺʫ ʠʩʪʠʪʝ, ʦʜʥʦʩʥʦ ʜʝʩʝʪʪʘʪʘ ʪʫʨʙʠʥʘ ʦʜ ʧʦʣʝʪʦ ʛʠ ʟʘʜʦʚʦʣʫʚʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ 

ʜʘʜʝʥʠ ʦʜ ʧʨʦʠʟʚʦʜʠʪʝʣʦʪ. 

ʆʜ ʧʦʜʘʪʦʮʠʪʝ ʟʘ ʠʟʙʨʘʥʠʦʪ ʤʝʩʝʮ, ʧʨʦʩʝʯʥʘʪʘ ʚʨʝʜʥʦʩʪ ʥʘ ʬʘʢʪʦʨʦʪ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ 

ʥʘ ʪʫʨʙʠʥʘʪʘ ʠʟʥʝʩʫʚʘ 0.266, ʦʜʥʦʩʥʦ ʨʝʯʠʩʠ 27% ʦʜ ʝʥʝʨʛʝʪʩʢʠʦʪ ʧʦʪʝʥʮʠʿʘʣ ʥʘ ʚʝʪʝʨʦʪ ʩʝ 

ʧʨʝʪʚʦʨʘ ʚʦ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʩʝ ʧʨʝʜʘʚʘ ʚʦ ʤʨʝʞʘ. ɺʘʢʚʘʪʘ ʚʨʝʜʥʦʩʪ ʛʠ ʟʘʜʦʚʦʣʫʚʘ 

ʩʪʘʥʜʘʨʜʠʪʝ ʢʦʠ ʚʝʣʘʪ ʜʝʢʘ ʚʨʝʜʥʦʩʪʘ ʥʘ ʬʘʢʪʦʨʦʪ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʩʝ ʜʚʠʞʠ ʦʜ 0.2 ʜʦ 0.3, 

ʦʜʥʦʩʥʦ ʥʝʛʦʚʘʪʘ ʤʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʙʠ ʠʟʥʝʩʫʚʘʣʘ 0.59. 

ʀʩʢʦʨʠʩʪʝʥʦʩʪʘ ʥʘ ʚʝʪʝʨʥʘʪʘ ʪʫʨʙʠʥʘ ʟʘʚʠʩʠ ʦʜ ʧʦʚʝ˃ʝ ʬʘʢʪʦʨʠ ʧʦʚʨʟʘʥʠ ʩʦ 

ʣʦʢʘʮʠʿʘʪʘ, ʢʘʢʦ ʠ ʩʦ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʪʫʨʙʠʥʘʪʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ. ʆʜ ʘʩʧʝʢʪ ʥʘ 

ʝʥʝʨʛʝʪʩʢʠʦʪ ʧʦʪʝʥʮʠʿʘʣ, ʤʝʩʪʦʧʦʣʦʞʙʘʪʘ ʥʘ ʚʝʪʝʨʥʘʪʘ ʪʫʨʙʠʥʘ ʦʜʥʦʩʥʦ ʦʜ ʠʟʙʨʘʥʘʪʘ ʣʦʢʘʮʠʿʘ 

ʝ ʜʦʩʪʘ ʟʥʘʯʘʝʥ ʬʘʢʪʦʨ. ʀʟʙʦʨʦʪ ʥʘ ʣʦʢʘʮʠʿʘ ʝ ʧʦʚʨʟʘʥ ʩʦ ʨʝʿʣʝʬʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʪʣʦʪʦ, 

ʥʘʜʤʦʨʩʢʘʪʘ ʚʠʩʦʯʠʥʘ, ʛʫʩʪʠʥʘʪʘ ʥʘ ʚʦʟʜʫʭʦʪ ʠ ʧʨʝʪʩʪʘʚʫʚʘ ʚʘʞʝʥ ʯʝʢʦʪ ʧʨʠ ʧʣʘʥʠʨʘˁʝʪʦ. ʉʦ 

ʮʝʣ ʧʦʛʦʣʝʤʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʚʝʪʝʨʥʘʪʘ ʝʥʝʨʛʠʿʘ ʚʘʞʥʠ ʩʝ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʠʟʙʨʘʥʘʪʘ 

ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ. ɼʠʿʘʤʝʪʘʨʦʪ ʥʘ ʧʝʨʢʠʪʝ,ʥʠʚʥʘʪʘ ʟʘʢʦʩʝʥʦʩʪ, ʨʝʛʫʣʘʮʠʿʘʪʘ ʥʘ ʙʨʟʠʥʘʪʘ, 

ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʧʨʝʥʦʩʥʠʦʪ ʩʠʩʪʝʤ, ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ ʢʦʨʠʩʥʦ ʜʝʿʩʪʚʦ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ ʢʘʢʦ ʠ 

ʠʟʙʦʨʦʪ ʥʘ ʧʨʦʧʨʘʪʥʘʪʘ ʦʧʨʝʤʘ ʤʦʞʘʪ ʥʘ ʚʣʠʿʘʘʪ ʥʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʩʠʩʪʝʤʦʪ, 

ʘ ʩʦ ʪʦʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʬʘʢʪʦʨʦʪ ʥʘ ʠʩʢʦʨʠʩʪʝʥʦʩʪ, ʰʪʦ ʙʠ ʟʥʘʯʝʣʦ ʟʛʦʣʝʤʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʟʛʦʣʝʤʝʥʘ ʘʪʨʘʢʪʠʚʥʦʩʪ ʥʘ ʚʝʪʝʨʥʠʪʝ ʪʫʨʙʠʥʠ. 

5 ʂʆʈʀʉʊɽʅɸ ʃʀʊɽʈɸʊʋʈɸ 

[3] Office of Energy Efficiency and Renewable Energy, ĂAdvantages and Challenges of Wind Energyñ, 

https://www.energy.gov/eere/wind/advantages-and-challenges-wind-energy   

[4] Wind Europe, ĂWind in power ï 2016 European statisticsñ, February 2017. 

[5] SIEMENS , ĂWind Turbine SWT-2.3-93 ï Technical specificationsñ. 

[6] ʄɽʇʉʆ, Ăɼʠʩʧʝʯʝʨʩʢʠ ʠʟʚʝʰʪʘʿ ʟʘ 2016 ʛʦʜʠʥʘñ ï www.mepso.com.mk  
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1 ɽʢʦ ʉʦʣʘʨ-, ʐʪʠʧ 

1
trajkov-stefan@live.com 

ʉʆʃɸʈʅʀ ʉʋʐɸʈʀ 

 ʂʋʉɸ ʉʆɼʈɾʀʅɸ 

ʉʫʰʝˁʝʪʦ ʥʘ ʟʝʣʝʥʯʫʢ ʠʣʠ ʦʚʦʰʿʝ ʩʦ ʧʦʤʦʰ ʥʘ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ ʝ ʝʜʝʥ ʦʜ ʥʘʿʩʪʘʨʠʪʝ 

ʥʘʯʠʥʠ ʟʘ ʜʘ ʩʝ ʟʘʯʫʚʘ ʭʨʘʥʘʪʘ ʧʦʜʦʣʛ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ. ʇʦʨʘʜʠ ʟʛʦʣʝʤʝʥʦʪʦ ʟʘʛʘʜʫʚʘˁʝ ʥʘ 

ʚʦʟʜʫʭʦʪ ʠ ʚʦʜʘʪʘ, ʩʦʥʯʝʚʦʪʦ ʩʫʰʝˁʝ( ʜʠʨʝʢʥʦ ʠʟʣʦʞʫʚʘˁʝ ʥʘ ʩʦʥʯʝʚʠʪʝ ʟʨʘʮʠ) ʧʦʣʝʢʘ ʩʝ 

ʠʩʬʨʣʘ ʦʜ ʫʧʦʪʨʝʙʘ.ʉʫʰʘʨʠʪʝ ʠʤʘʘʪ ʮʝʣ ʜʘ ʩʦʟʜʘʜʘʪ ʧʦʛʦʣʝʤʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜ ʘʤʙʠʝʥʪʘʣʥʘʪʘ 

.ɼʦʢʦʣʢʫ ʥʝ ʩʝ ʧʦʩʪʠʛʥʝ ʧʦʩʘʢʫʚʘʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʝ ʚʢʣʫʯʫʚʘ ʜʦʧʦʣʥʠʪʝʣʥʦ ʝʣ. ʛʨʝʿʘʯ. 

ʉʦʣʘʨʥʦʪʦ ʩʫʰʝˁʝ ʥʠ ʦʚʦʟʤʦʞʫʚʘ ʙʝʟʙʝʜʥʦ ʠ ʙʨʟʦ ʩʫʰʝˁʝ ʥʘ ʧʨʝʜʭʦʜʥʦ ʥʘʚʝʜʝʥʠʪʝ ʧʨʦʜʫʢʪʠ. 

ʎʝʣʠʦʪ ʧʨʦʮʝʩ ʝ ʘʚʪʦʤʘʪʠʟʠʨʘʥ ʰʪʦ ʜʦʧʦʣʥʠʪʝʣʥʦ ʛʦ ʟʛʦʣʝʤʫʚʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʩʫʰʝˁʝʪʦ. 

ʎʝʣ ʥʘ ʦʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʩʝ  ʩʦʣʘʨʥʠʪʝ ʩʫʰʘʨʠ ʩʦ ʢʘʧʘʮʠʪʝʪ ʟʘ ʩʫʰʝˁʝ ʦʜ 100 ʜʦ 120kg/ 

ʜʝʥ. ɵʝ ʙʠʜʝ ʧʨʘʢʪʠʯʥʦ  ʦʙʿʘʩʥʝʪʘ ʢʦʥʩʪʨʫʢʮʠʿʘʪʘ ʠ ʥʘʯʠʥ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘˁʝ ʥʘ ʧʨʦʠʟʚʝʜʝʥʘ 

ʩʫʰʘʨʘ ʦʜ ʬʠʨʤʘʪʘ ɽʂʆ ʉʆʃɸʈ-ʐʪʠʧ. ʀ ʧʦʢʨʘʿ ʪʦʘ ʰʪʦ ʠʤʘʤʝ ʠʥʩʪʘʣʠʨʘʥʦ ʝʣ. ʛʨʝʿʘʯ ʠ 

ʚʝʥʪʠʣʘʪʦʨʠ ʚʦ ʩʘʤʘʪʘ ʩʫʰʘʨʘ ʢʘʢʦ ʧʨʠʤʘʨʝʥ ʠʟʚʦʨ ʥʘ ʝʥʝʨʛʠʿʘ ʦʩʪʘʥʫʚʘ ʩʦʥʯʝʚʘʪʘ. ʉʫʰʘʨʘʪʘ 

ʝ ʜʠʟʘʿʥʠʨʘʥʘ ʥʘ ʪʦʿ ʥʘʯʠʥ ʰʪʦ ʤʘʢʩʠʤʘʣʥʘ ʘʧʦʩʨʙʮʠʿʘ ʦʜ ʜʦʩʪʘʧʥʘʪʘ ʪʦʧʣʠʥʘ ʝ ʚʦʟʦʤʦʞʥʘ 

ʩʢʦʨʦ ʮʝʣ ʜʝʥ. ʈʘʟʛʣʝʜʘʥʘ ʝ ʠ ʤʦʞʥʦʩʪʘ ʟʘ ʧʦʚʨʟʫʚʘˁʝ ʩʦ ʬʦʪʦʚʦʣʪʘʠʯʥʠ  ʤʦʜʫʣʠ ʟʘ ʩʫʰʘʨʘʪʘ 

ʜʘ ʙʠʜʝ ʥʝʟʘʚʠʩʥʘ ʦʜ ʣʦʢʘʣʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʤʨʝʞʘ. ʆʚʦʿ ʪʠʧ ʥʘ ʩʫʰʘʨʠ ʝ ʥʘʤʝʥʝʪ ʧʨʝʪʝʞʥʦ ʟʘ 

ʟʝʤʿʦʜʝʣʮʠ ʠʣʠ ʢʦʤʧʘʥʠʠ ʢʦʠ ʠʤʘʘʪ ʧʦʛʣʝʤʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʥʦ ʜʝʣ ʠʤ ʦʩʪʘʥʫʚʘ ʥʝʠʩʢʦʨʠʩʪʝʥ. 

ɵʝ ʙʠʜʝ ʦʙʿʘʩʥʝʪʘ ʠ SMART CONTROL ʦʧʮʠʿʘʪʘ ʥʘ ʩʫʰʘʨʘʪʘ ʢʘʜʝ ʩʦ ʧʦʤʦʰ ʥʘ 

ʤʦʙʠʣʝʥ ʪʝʣʝʬʦʥ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʢʦʥʪʨʦʣʠʨʘʥʠ ʜʚʘʪʘ ʚʥʘʪʨʝʰʥʠ ʚʝʥʪʠʣʘʪʦʨʠ ʠ ʝʣ.ʛʨʝʿʘʯ. 

ʂʦʥʪʨʦʣʘʪʘ ʩʝ ʚʨʰʠ ʩʦ ʧʦʤʦʰ ʥʘ ʠʥʩʪʘʣʠʨʘˁʝ ʥʘ ʘʧʣʠʢʘʮʠʿʘ ʥʘ ʪʝʣʝʬʦʥʦʪ. ɿʘ ʜʦʧʦʣʥʠʪʝʣʥʦ 

ʜʘ ʩʝ ʦʣʝʩʥʠ ʧʨʦʮʝʩʦʪ ʥʘ ʩʫʰʝˁʝ ʧʦʩʪʘʚʝʥʘ ʝ ʠ ʪʝʤʧʝʨʘʪʫʨʥʘ ʩʦʥʜʘ ʩʦ ʢʦʿʘ ʠʤʘʪʝ ʧʨʠʢʘʟ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ ʚʣʘʞʥʦʩʪʘ ʥʘ ʚʦʟʜʫʭʦʪ ʥʘ ʤʦʙʠʣʥʠʦʪ ʪʝʣʝʬʦʥ.ɿʘ ʦʚʦʿ ʧʨʦʮʝʩ ʜʘ ʙʠʜʝ 

ʚʦʟʤʦʞʝʥ ʧʦʪʨʝʙʥʘ ʝ ʠʥʪʝʨʥʝʪ ʢʦʥʝʢʮʠʿʘ ʟʘ ʩʫʰʘʨʘʪʘ ʠ ʪʝʣʝʬʦʥʦʪ. 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʩʫʰʘʨʘ,ʩʦʣʘʨ,ʦʚʦʰʿʝ,ʟʝʣʝʥʯʫʢ,ʩʤʘʨʪ 

1. ɽʥʝʨʛʠʿʘʪʘ ʦʜ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ 

ʉʦʥʮʝʪʦ ʝ ʦʜʜʘʣʝʯʝʥʦ ʦʜ ʟʝʤʿʘʪʘ ʦʢʦʣʫ 15 ʤʠʣʠʦʥʠ ʢʠʣʦʤʝʪʨʠ. ʅʘ ʟʝʤʿʘʪʘ ʧʨʠʩʪʠʛʥʫʚʘʘʪ ʜʚʘ 

ʢʦʤʧʦʥʝʥʪʠ ʦʜ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ. ɽʜʥʘʪʘ ʜʦʘʺʘ ʜʠʨʝʢʥʦ ʦʜ ʩʦʥʮʝʪʦ ʠ ʩʝ ʥʘʨʝʢʫʚʘ  Ăɼʠʨʝʢʥʦ 

ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝñ , ʘ ʚʪʦʨʘʪʘ ʥʘʩʪʘʥʫʚʘ ʩʦ ʨʘʩʪʫʨˁʝ ʥʘ ʜʠʨʝʢʥʦʪʦ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ ʚʦ 

ʘʪʤʦʩʬʝʨʘʪʘ ʧʦʟʥʘʪʘ ʧʦʜ ʠʤʝʪʦ Ăɼʠʬʫʟʥʦ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝñ. ɼʝʣ ʦʜ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʩʝ 

ʨʝʬʣʝʢʪʠʨʘ, ʥʦ ʩʪʘʥʫʚʘ ʟʙʦʨ ʟʘ ʤʥʦʛʫ ʤʘʣ ʢʦʣʠʯʠʥʘ. ɿʙʠʨʦʪ ʦʜ ʜʠʨʝʢʥʦʪʦ ʠ ʜʠʬʫʟʥʦʪʦ ʩʦʥʯʝʚʦ 

ʟʨʘʯʝˁʝ ʥʠ ʛʦ ʜʘʚʘ ʛʣʦʙʘʣʥʦʪʦ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ. 

ὍὋ ὍὈὍὙ ὍὈὍὊ 

ὍὋ ː̌̏̂́̌̎̏ ̘̒̏̎̆̃̏ ̘̮̈̑́̆̆ 

ὍὈὍὙ ˑ̉̑̆̋̎̏ ̘̒̏̎̆̃̏ ̘̮̈̑́̆̆ 

ὍὈὍὊ ˑ̉̔̈̎̏̕ ̘̒̏̎̆̃̏ ̘̮̈̑́̆̆ 
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ʉʣʠʢʘ 1.ʉʦʩʪʘʚʥʠ ʜʝʣʦʚʠ ʥʘ ʛʣʦʙʘʣʥʦʪʦ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ 

ʀʥʪʝʥʟʠʪʝʪʦʪ ʥʘ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ ʟʘʚʠʩʠ ʦʜ ʧʦʚʝ˃ʝ ʬʘʢʪʦʨʠ: ʧʝʨʠʦʜʦʪ ʦʜ ʜʝʣʦʪ, 

ʛʝʦʛʨʘʬʩʢʘʪʘ ʰʠʨʠʥʘ, ʘʛʦʣʦʪ ʧʦʜ ʢʦʠ ʧʘʺʘʘʪ ʩʦʥʯʝʚʠʪʝ ʟʨʘʮʠ ʠ ʟʘ ʢʦʿ ʜʝʣ ʦʜ ʛʦʜʠʥʘʪʘ ʩʪʘʥʫʚʘ 

ʟʙʦʨ. ʇʦʢʨʘʿ ʦʚʠʝ ʬʘʢʪʦʨʠ ʛʦʣʝʤʦ ʚʣʠʿʘʥʠʝ ʠʤʘʘʪ ʠ ʩʦʩʪʦʿʙʘʪʘ ʥʘ ʥʝʙʦʪʦ ʠ ʧʦʢʨʠʝʥʦʩʪʘ ʥʘ 

ʦʙʣʘʮʠʪʝ. 

1.1. ʀʥʪʝʥʟʠʪʝʪ ʥʘ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ ʚʦ ʄʘʢʝʜʦʥʠʿʘ 

ʇʨʦʩʝʯʥʦʪʦ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ ʚʦ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʝ ʜʚʠʞʠ ʦʜ 3,8 ʜʦ 4,2kWh/m_2, 

ʰʪʦ ʝ ʟʘ ʦʢʦʣʫ 30% ʧʦʛʦʣʝʤʦ ʦʜ ʧʨʦʩʝʯʥʘʪʘ ʚʨʝʜʥʦʩʪ ʦʜ ʜʨʫʛʠʪʝ ʟʝʤʿʠ ʚʦ ɽʚʨʦʧʘ.ʆʩʥʦʚʥʠ 

ʧʦʜʘʪʦʮʠ ʟʘ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʤʦʞʘʪ ʜʘ ʩʝ ʜʦʙʠʿʘʪ ʩʦ ʧʨʦʛʨʘʪʘʤ PVGIS. ɺʢʫʧʥʦʪʦ ʩʦʥʯʝʚʦ 

ʟʨʘʯʝˁʝ ʚʦ ʄʘʢʝʜʦʥʠʿʘ ʚʘʨʠʨʘ ʦʜ ʤʠʥʠʤʫʤ [1]1250 ὯὡὬȾάς   ʚʦ ʩʝʚʝʨʥʠʦʪ ʜʝʣ ʜʦ ʤʘʢʩʠʤʫʤ 
1530 ὯὡὬȾάς. ʇʨʦʩʝʯʥʘʪʘ ʚʨʝʜʥʦʩʪ ʥʘ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʝ 1385 ὯὡὬȾάς. 

1.2. ʋʧʦʪʨʝʙʘ ʥʘ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ ʟʝʤʿʦʜʝʣʩʪʚʦʪʦ. 

ʇʦʩʪʦʿʘʪ ʧʦʚʝ˃ʝ ʥʘʯʠʥʠ ʥʘ ʢʦʠ ʤʦʞʝ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʠ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ 

ʟʝʤʿʦʜʝʣʩʪʚʦʪʦ. ʂʘʢʦ ʛʣʘʚʥʠ ʙʠ ʛʠ ʠʟʜʚʦʠʣʝ: ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ ʟʘ ʥʘʚʦʜʥʫʚʘˁʝ ʠʣʠ 

ʦʩʚʝʪʣʫʚʘˁʝ, ʪʝʨʤʘʣʥʠ ʩʠʩʪʝʤʠ ʚʦ ʤʣʝʯʥʘʪʘ ʠʥʜʫʩʪʨʠʿʘ ʠ ʩʦʣʘʨʥʠʪʝ ʩʫʰʘʨʠ. 

1.2.1 ʌʦʪʦʚʦʣʪʘʠʯʥʠ ʩʠʩʪʝʤʠ ʟʘ ʥʘʚʦʜʥʫʚʘˁʝ ʠʣʠ ʦʩʚʝʪʣʫʚʘˁʝ 

 ɹʨʦʿʥʠʪʝ ʩʫʙʚʝʥʮʠʠ ʠ ʩʢʘʧʠʦʪ ʧʨʠʢʫʯʦʢ ʟʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʨʫʨʘʣʥʠʪʝ 

ʦʙʣʘʩʪʠ ʛʠ ʧʨʘʚʠ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʜʦʩʪʘ ʘʪʨʘʢʪʠʚʥʠ. ʂʘʢʦ ʜʦʧʦʣʥʠʪʝʣʥʘ ʧʨʠʜʦʙʠʚʢʘ 

ʤʦʞʝ ʜʘ ʿʘ ʥʘʧʦʤʝʥʝʤʝ ʠ ʪʦʘ ʰʪʦ ʦʚʠʝ ʩʠʩʪʝʤʠ ʥʝʤʘʘʪ ʰʪʝʪʥʦ ʚʣʠʿʘʥʠʝ ʢʦʥ ʞʠʚʦʪʥʘʪʘ 

ʩʨʝʜʠʥʘ. ʇʨʦʙʣʝʤʦʪ ʦʢʦʣʫ ʥʘʚʦʜʫʚʘˁʝʪʦ ʝ ʘʢʪʫʝʣʝʥ ʧʦʤʝʺʫ ʟʝʤʿʦʜʝʣʥʮʠʪʝ. ɼʦʢʦʣʢʫ 

ʠʥʩʪʘʣʠʨʘʘʪ ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʩʠʩʪʝʤ ʙʠʪʥʦ ʝ ʜʘ ʩʝ ʟʥʘʝ ʤʦ˃ʥʦʩʪʘ ʥʘ ʧʫʤʧʘʪʘ ʠ ʢʦʣʢʫ ʚʨʝʤʝ ˃ʝ 

ʨʘʙʦʪʠ. ʇʦʨʘʜʠ ʣʦʰʦʪʦ ʠʩʢʫʩʪʚʦ ʚʦ ʤʠʥʘʪʦʪʦ ʩʦ ʦʚʠʝ ʩʠʩʪʝʤʠ ʪʨʝʙʘ ʜʘ ʩʝ ʧʨʝʜʠʚʠʜ ʠʩʪʦ ʠ 

ʧʝʨʠʦʜʦʪ ʠʣʠ ʚʨʝʤʝʥʩʢʠʦʪ ʠʥʪʝʨʚʘʣ ʢʦʛʘ ʥʝʤʘ ʜʘ ʠʤʘʤʝ ʜʦʚʦʣʥʦ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ. ɼʝʣ ʦʜ 

ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʤʦʞʝ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʠ ʠ ʟʘ ʦʩʚʝʪʣʫʚʘˁʝ ʥʘ 

ʦʙʿʝʢʪʦʪ.ʉʦʩʪʘʚʥʠ ʜʝʣʦʚʠ ʥʘ ʝʜʝʥ ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʩʠʩʪʝʤ ʩʝ : ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʧʘʥʝʣʠ , 

ʨʝʛʫʣʘʪʦʨ ʟʘ ʧʦʣʥʝˁʝ, ʠʥʚʝʨʪʦʨ ʠ ʘʢʫʤʫʣʘʮʠʦʥʠ ʙʘʪʝʨʠʠ. ɼʦʢʦʣʢʫ ʩʪʘʥʫʚʘ ʟʙʦʨ ʟʘ ʩʠʩʪʝʤʠ 

ʩʘʤʦ ʟʘ ʧʫʤʧʘˁʝ ʥʘ ʚʦʜʘ ʪʦʛʘʰ ʥʝ ʩʝ ʫʧʦʪʨʝʙʫʚʘʘʪ ʘʢʫʤʫʣʘʮʠʦʥʠ ʙʘʪʝʨʠʠ ʪʫʢʫ ʜʠʨʝʢʥʦ ʩʝ 

ʠʩʢʦʨʠʩʪʫʚʘ ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. 

ʊʘʙʝʣʘ 1. ʂʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʫʤʧʘ ʟʘ ʥʘʚʦʜʥʫʚʘˁʝ ʧʦʚʨʟʘʥʘ ʩʦ PV ʩʠʩʪʝʤ 

 

ʄʦʜʝʣ ʥʘ ʧʫʤʧʘ 3SSW2.6-40-48-400 ʉʣʠʢʘ ʦʜ ʧʨʦʜʫʢʪʦʪ 

ʄʦ˃ʥʦʩʪ ʥʘ ʧʫʤʧʘ 400W 

 

ɺʦʣʪʘʞʘ 48V 



 

 

ʉʦʣʘʨʥʘ  ʤʦ˃ʥʦʩʪ ʥʘ 

ʧʘʥʝʣʠ 

600W 

ʇʨʦʪʦʢ 1000l/h 

ɼʣʘʙʦʯʠʥʘ ʥʘ ʧʫʤʧʘˁʝ 25-30m 

ɼʠʿʘʤʝʪʘʨ ʥʘ ʮʝʚʢʘ  1,25" 

ɼʠʿʘʤʝʪʘʨ ʥʘ ʧʫʤʧʘ 3,0" 

ʂʦʥʪʨʦʣʝʨ MPPT 

ʉʆʃɸʈɽʅ ʇɸʅɽʃ ɿɸ ʇʋʄʇɸ 3SSW2.6-40-48-400 

ʄʦ˃ʥʦʩʪ 300W 

 

ʂʦʣʠʯʠʥʘ 2 

ʅʘʯʠʥ ʥʘ ʧʦʚʨʟʫʚʘˁʝ ʩʝʨʠʩʢʠ 

Vmp/Vpm 36/44 V 

 

1.2.2 ʊʝʨʤʘʣʥʠ ʩʠʩʪʝʤʠ 

ʊʝʨʤʘʣʥʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʪʦʧʣʘ ʚʦʜʘ ʩʝ ʚʦ ʛʣʘʚʥʦ ʩʦʩʪʘʚʝʥʠ ʦʜ: ʩʦʥʯʝʚʠ 

ʢʦʣʝʢʪʦʨʠ, ʩʠʩʪʝʤʠ ʟʘ ʮʠʨʢʫʣʘʮʠʿʘ , ʨʝʟʝʨʚʦʘʨ ʩʦ ʝʣ. ɻʨʝʿʘʯ, ʜʦʚʦʜ ʠ ʦʜʚʦʜ ʥʘ ʚʦʜʘ ʠ ʥʦʩʝʯʢʘ 

ʢʦʥʪʨʫʢʮʠʿʘ ʟʘ ʤʦʥʪʘʞʘ[3]. ʆʚʠʝ ʩʠʩʪʝʤʠ ʤʦʞʘʪ ʜʘ ʠʤʘʪ ʧʨʠʥʫʜʥʘ ʠʣʠ ʧʨʠʨʦʜʥʘ ʮʠʨʢʫʣʘʮʠʿʘ 

ʥʘ ʨʘʙʦʪʥʠʦʪ ʬʣʫʠʜ .ʄʣʝʯʥʘʪʘ ʠʥʜʫʩʪʨʠʿʘ ʝ ʥʘʿʘʜʝʢʚʘʪʥʦ ʤʝʩʪʦ ʢʘʜʝ ʤʦʞʘʪ ʜʘ ʩʝ ʧʨʠʤʝʥʘʪ 

ʦʚʠʝ ʩʠʩʪʝʤʠ. ʅʘʿʯʝʩʪʦ ʠʤʘ ʧʦʪʨʝʙʘ ʚʦ ʧʨʦʮʝʩʠʪʝ ʥʘ ʤʠʝˁʝ ʰʠʰʠˁʘ, ʧʘʩʪʝʨʠʟʘʮʠʿʘ ʠʣʠ ʧʘʢ 

ʯʠʩʪʝˁʝ ʥʘ ʩʘʤʦʪʦ ʤʝʩʪʦ. ʆʚʠʝ ʩʝ ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʠ ʧʨʦʮʝʩʠ ʧʦʜ 80[2]Á. 

1.2.3 ʉʦʣʘʨʥʠ ʩʫʰʘʨʠ 

 ɿʛʦʣʝʤʝʥʦʪʦ ʟʘʛʘʜʫʚʘˁʝ ʥʘ ʚʦʟʜʫʭʦʪ ʠ ʚʦʜʘʪʘ ʩʝ ʛʣʘʚʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ 

ʠʟʦʩʪʘʚʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ ʩʦʥʯʝʚʦ ʩʫʰʝˁʝ(ʜʠʨʝʢʥʦ ʠʟʣʦʞʫʚʘˁʝ ʥʘ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ). 

ʉʦʣʘʨʥʦʪʦ ʩʫʰʝˁʝ ʥʠ ʦʚʦʟʤʦʞʫʚʘ ʙʝʟʙʝʜʝʥ ʠ ʙʨʟ ʥʘʯʠʥ ʥʘʩʫʰʝˁʝ. ɺʦ ʧʦʚʝ˃ʝʪʦ ʩʫʰʘʨʠ 

ʧʨʦʮʝʩʪʦ ʝ ʘʚʪʦʤʘʪʩʢʠ ʢʦʥʪʨʦʣʠʨʘʥ ʰʪʦ ʜʦʧʦʣʥʠʪʝʣʥʦ ʛʦ ʟʛʦʣʝʤʫʚʘ ʢʚʘʣʠʪʝʪʦʪ ʠ ʚʝʢʦʪ ʥʘ 

ʪʨʘʝˁʝ ʥʘ ʧʨʦʜʫʢʦʪ ʰʪʦ ʩʝ ʩʫʰʠ.  

ʉʦʣʘʨʥʘʪʘ ʩʫʰʘʨʘ ʬʫʥʢʮʠʦʥʠʨʘ ʥʘ ʪʦʿ ʥʘʯʠʥ ʰʪʦ ʪʦʧʣʠʦʪ ʢʘʢʦ ʧʦʣʝʩʝʥ ʚʦʟʜʫʭ ʦʜ 

ʣʘʜʥʠʦʪ ʩʝ ʜʚʠʞʠ ʢʦʥ ʚʨʚʦʪ ʥʘ ʩʫʰʘʨʘʪʘ. ɼʦʜʝʢʘ ʛʦ ʧʨʘʚʠ ʦʚʘ ʜʚʠʞʝˁʝ ʪʦʧʣʠʦʪ ʚʦʟʜʫʭ ʩʪʘʧʫʚʘ 

ʚʦ ʢʦʥʪʘʢʪ ʩʦ ʧʨʦʜʫʢʪʦʪ ʰʪʦ ʩʝ ʩʫʰʠ. ʅʘ ʪʦʿ ʥʘʯʠʥ ʩʝ ʦʜʟʝʤʘ ʦʜʨʝʜʝʥʘ ʢʦʣʠʯʠʥʘ ʥʘ ʚʣʘʛʘ ʦʜ 

ʧʨʦʜʫʢʪʦʪ. 

ɻʣʘʚʥʠ ʧʨʠʜʦʙʠʚʢʠ ʦʜ ʩʦʣʘʨʥʦʪʦ ʩʫʰʝˁʝ ʩʧʦʨʝʜʙʝʥʦ ʩʦ ʢʣʘʩʠʯʥʦʪʦ ʜʠʨʝʢʥʦ ʩʫʰʝˁʝ 

ʩʝ : ʭʨʘʥʘʪʘ ʩʝ ʟʘʰʪʠʪʫʚʘ ʦʜ ʧʨʘʰʠʥʘ ʠ ʠʥʩʝʢʪʠ, ʩʫʰʝʥʘʪʘ ʭʨʘʥʘ ʤʦʞʝ ʜʘ ʙʠʜʝ ʩʢʣʘʜʠʨʘʥʘ 

ʧʦʜʦʣʛ ʧʝʨʠʦʜ ,ʧʦʥʠʩʢʘ ʮʝʥʘ ʟʘ ʪʨʘʥʩʧʦʨʪ ʧʦʨʘʜʠ ʧʦʤʘʣʠʦʪ ʚʦʣʫʤʝʥ ʠ ʟʛʦʣʝʤʝʥ ʢʚʘʣʠʪʝʪ ʚʦ 

ʧʦʛʣʝʜ ʥʘ ʚʢʫʩ, ʙʦʿʘ. 

1.2.3.1 ʊʠʧʦʚʠ ʥʘ ʩʫʰʘʨʠ 

ʇʦʩʪʦʿʘʪ ʧʦʚʝ˃ʝ ʪʠʧʦʚʠ ʥʘ ʩʫʰʘʨʠ. ʂʣʘʩʠʬʠʢʘʮʠʿʘʪʘ ʩʝ ʧʨʘʚʠ ʩʧʦʨʝʜ  ʥʘʯʠʥʦʪ ʥʘ 

ʮʠʨʢʫʣʘʮʠʿʘʪʘ ʥʘ ʚʦʟʜʫʭʦʪ ʠ ʪʦʘ ʜʘʣʠ ʧʨʦʜʫʢʦʪ ʝ ʜʠʨʝʢʥʦ/ʠʥʜʠʨʝʢʥʦ ʠʟʣʦʞʝʥ ʥʘ ʩʦʥʯʝʚʦʪʦ 

ʟʨʘʯʝˁʝ[4]. 

 



 

 

 

ʉʣʠʢʘ 2. ʊʠʧʦʚʠ ʥʘ ʩʫʰʘʨʠ 

 

1.3.ʇʈʆʊʆʊʀʇ ʉʆʃɸʈʅɸ ʉʋʐɸʈɸ- ECO 120 

 ʂʘʧʘʮʠʪʝʪʦ ʟʘ ʩʫʰʝˁʝ ʥʘ ʩʫʰʘʨʘʪʘ ECO 120 ʝ 120-150ʢʛ ʥʘ ʜʝʥ. ɼʦʢʦʣʢʫ ʿʘ 

ʧʦʛʣʝʜʥʝʤʝ ʧʨʝʜʭʦʜʥʘʪʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʦʚʘʘ ʩʫʰʘʨʘ ʩʧʘʺʘ ʚʦ ʛʨʫʧʘʪʘ ʥʘ ʩʫʰʘʨʠ ʩʦ ʧʨʠʥʫʜʥʘ 

ʮʠʨʢʫʣʘʮʠʿʘ ʥʘ ʚʦʟʜʫʭʦʪ ʠ ʠʥʜʠʨʝʢʥʦ ʩʫʰʝˁʝ ʥʘ ʧʨʦʜʫʢʦʪ. ɼʠʟʘʿʥʠʨʘʥʘ ʝ ʥʘ ʪʦʿ ʥʘʯʠʥ ʰʪʦ 

ʤʘʢʩʠʤʘʣʥʘ ʘʧʩʦʙʮʠʿʘ ʝ ʚʦʟʤʦʞʥʘ ʮʝʣ ʜʝʥ. ʊʦʘ ʝ ʚʦʟʥʦʞʥʦ ʙʠʜʝʿ˃ʠ ʩʝʢʦʿʘ ʩʪʨʘʥʘ ʥʘ ʩʫʰʘʨʘʪʘ ʝ 

ʘʧʩʦʨʙʝʨ. 

ʆʩʪʘʥʘʪʠʪʝ ʢʦʥʢʫʨʝʥʪʠ ʠʤʘʘʪ ʩʘʤʦ ʝʜʝʥ ʛʣʘʚʝʥ ʘʧʩʦʨʙʝʨ.ɼʦʧʦʣʥʠʪʝʣʥʦ ʝ ʠʥʩʪʘʣʠʨʘʥ ʠ 

ʝʣ.ʛʨʝʿʘʯ ʜʦʢʦʣʢʫ ʥʝʤʘʤʝ ʜʦʚʦʣʥʦ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ.ɺʢʫʧʥʘʪʘ ʠʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ʝ 

-ʄʦ˃ʥʦʩʪ ʥʘ ʛʣʘʚʝʥ ʠ ʧʦʤʦʰʝʥ ʘʧʦʩʨʙʝʨ 4,1 kW 

-ʄʦ˃ʥʦʩʪ ʥʘ ʠʥʩʪʘʣʠʨʘʥ ʝʣ.ʛʨʝʿʘʯ 3,3kW 

ɺʂʋʇʅɸ ʀʅʉʊɸʃʀʈɸʅɸ ʄʆɵʅʆʉʊ(ʉʆʃɸʈʅʀ ʂʆʃɽʂʊʆʈʀ ʀ ɽʃ.ɻʈɽɱɸʏ) 

7,4kW 

 

 

ʉʣʠʢʘ 3. ʉʦʣʘʨʥʘ ʩʫʰʘʨʘ ECO 120 

ʎʝʣʠʦʪ ʧʨʦʮʝʩ ʝ ʘʚʪʦʤʘʪʠʟʠʨʘʥ ʩʦ ʧʦʤʦʰ ʥʘ ʠʥʩʪʘʣʠʨʘʥʘʪʘ ʝʣʝʢʪʨʦʥʠʢʘ-ZT2208.ɼʚʘʪʘ 

ʚʥʘʪʨʝʰʥʠ ʚʝʥʪʠʣʘʪʦʨʠ,ʝʣ.ʛʨʝʿʘʯ ʠ ʠʟʜʫʚʥʠʪʝ ʚʝʥʪʠʣʘʪʦʨʠ ʩʝ ʢʦʥʪʨʦʣʠʨʘʘʪ ʩʦ ʧʦʤʦʰ ʥʘ ʦʚʘʘ 

ʝʣʝʢʪʨʦʥʠʢʘ.ʀʥʩʪʘʣʠʨʘʥʠʪʝ ʚʝʥʪʠʣʘʪʦʨʠ ʛʠ ʠʤʘʘʪ ʩʣʝʜʥʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ 



 

 

-ʇʨʦʪʦʢ ʥʘ ʚʦʟʜʫʭ ʦʜ ʛʣʘʚʝʥ ʚʝʥʪʠʣʘʪʦʨ 476 άσȾὬ 

-ʇʨʦʪʦʢ ʥʘ ʚʦʟʜʫʭ ʦʜ ʜʚʘʪʘ ʧʦʤʦʰʥʠ ʚʝʥʪʠʣʘʪʦʨʠ ( 2x280 άσȾὬ)  560 άσȾὬ 

ɺʂʋʇɽʅ ʇʈʆʊʆʂ ʅɸ ɺʆɿɼʋʍ(ɻʃɸɺɽʅ ʀ ɼɺɸ ʇʆʄʆʐʅʀ ɺɽʅʊʀʃɸʊʆʈʀ) 

1036 άσȾὬ 

ɼʦʢʦʣʢʫ ʢʦʨʠʩʥʠʢʦʪ ʩʘʢʘ ʜʘ ʿʘ ʫʧʦʪʨʝʙʠ ʩʫʰʘʨʘʪʘ ʥʘ ʤʝʩʪʘ ʢʘʜʝ ʥʝʤʘʤʝ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ ʜʦʧʦʣʥʠʪʝʣʥʦ ʩʝ ʠʥʩʪʘʣʠʨʘ ʤʦʙʠʣʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʘ ʝʜʠʥʠʮʘ ʩʦ ʩʣʝʜʥʠʪʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʌʦʪʦʚʦʣʘʪʠʯʝʥ ʧʘʥʝʣ 250W, 24V ; ʀʥʚʝʨʪʦʨ 2000W (ʤʦʜʠʬʠʮʠʨʘʥʘ 

ʩʠʥʫʩʦʠʜʘ), ʘʢʫʤʫʣʘʪʦʨʩʢʠ ʙʘʪʝʨʠʠ 2x72 Ah ʠ ʨʝʛʫʣʘʪʦʨ ʟʘ ʧʦʣʥʝˁʝ MPPT 20A. ɹʠʪʥʦ ʝ ʜʘ ʩʝ 

ʥʘʧʦʤʝʥʝ ʜʝʢʘ ʦʚʘʘ ʝʜʠʥʠʮʘ ʛʠ ʟʘʜʦʚʦʣʫʚʘ ʧʦʪʨʝʙʠʪʝ ʟʘ ʥʘʧʦʿʫʚʘˁʝ ʥʘ ʚʝʥʪʠʣʘʪʦʨʦʪ ʠ 

ʝʣʝʢʪʨʦʥʠʢʘʪʘ ,ʥʦ ʥʝ ʠ ʟʘ ʝʣ.ʛʨʝʿʘʯ. ɼʦʢʦʣʢʫ ʩʘʢʘʤʝ ʜʘ ʩʝ ʧʨʠʢʣʫʯʠ ʠ ʝʣ.ʛʨʝʿʘʯ ʧʦʪʨʝʙʥʦ ʝ 

ʠʥʩʪʘʣʘʮʠʿʘ ʥʘ ʧʦʚʝ˃ʝ ʧʘʥʝʣʠ. 

  

ʉʣʠʢʘ 4. ʄʦʙʠʣʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʘ ʝʜʠʥʠʮʘ ʠʥʩʪʘʣʠʨʘʥʘ ʥʘ ʩʦʣʘʨʥʘʪʘ ʩʫʰʘʨʘ 

 

ʈʘʟʛʣʝʜʘʥʘ ʝ ʦʧʮʠʿʘʪʘ ʟʘ ʩʤʘʨʪ ʢʦʥʪʨʦʣʘ ʥʘ ʩʫʰʘʨʘʪʘ. ʇʦʪʦʯʥʦ ʩʦ ʤʦʙʠʣʝʥ ʪʝʣʝʬʦʥ ʠʣʠ 

ʧʘʢ ʪʘʙʣʝʪ ʜʘ ʩʝ ʚʢʣʫʯʫʚʘʘʪ/ʠʩʢʣʫʯʫʚʘʘʪ ʚʝʥʪʠʣʘʪʦʨʠʪʝ ʠʣʠ ʝʣ.ʛʨʝʿʘʯ ʚʥʘʪʨʝ ʚʦ ʩʫʰʘʨʘʪʘ.ʆʚʘʘ 

ʦʧʮʠʿʘ ʝ ʚʦʟʤʦʞʥʘ ʩʘʤʦ ʜʦʢʦʣʢʫ ʠʤʘ ʜʦʙʨʘ ʠʥʪʝʨʥʝʪ ʢʦʥʝʢʮʠʿʘ ʧʦʤʝʺʫ ʩʦʣʘʨʥʘʪʘ ʩʫʰʘʨʘ ʠ 

ʪʝʣʝʬʦʥʦʪ. ɿʘ ʢʦʨʠʩʥʠʢʦʪ ʜʘ ʠʤʘ ʮʝʣʦʩʝʥ ʫʚʠʜ ʥʘ ʤʦʤʝʥʪʘʣʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪ ʥʘ 

ʚʦʟʜʫʭʦ ʚʦ ʩʫʰʘʨʘʪʘ ʠʥʩʪʘʣʠʨʘʥʘ ʝ ʩʦʥʜʘ ʢʦʿʘ ʝ ʧʦʚʨʟʘʥʘ ʩʦ ʩʤʘʨʪ ʫʨʝʜʦʪ. 

  

ʉʃʀʂɸ 5.ʉʤʘʨʪ ʦʧʮʠʿʘ ʥʘ ʩʫʰʘʨʘʪʘ 

ʇʦʩʪʦʠ ʠ ʦʧʮʠʿʘ ʩʫʰʘʨʘʪʘ ʜʘ ʙʠʜʝ ʢʦʥʪʨʦʣʠʨʘʥʘ ʦʜ ʧʦʚʝ˃ʝ ʫʨʝʜʠ ʚʦ ʠʩʪʦ ʚʨʝʤʝ. 

ɼʦʢʦʣʢʫ ʢʦʨʠʩʥʠʢʦʪ ʩʘʢʘ ʜʘ ʫʚʠʜʝ ʢʦʣʢʫ ʚʨʝʤʝ ʨʘʙʦʪʝʣ ʝʣ. ɻʨʝʿʘʯ/ʚʝʥʪʠʣʘʪʦʨ ʚʦ ʧʦʣʝʪʦ 

ʠʩʪʦʨʠʿʘ ʛʠ ʠʤʘ ʩʠʪʝ ʧʦʪʨʝʙʥʠ ʧʦʜʘʪʦʮʠ. 

 

 



 

 

2. ɿɸʂʃʋʏʆʂ 

 ɺʦ ʠʜʥʠʥʘ ʩʝ ʧʨʝʜʚʠʜʫʚʘʘʪ ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʫʚʘʘʪ ʩʫʰʘʨʠ ʩʦ ʧʦʛʣʝʤ ʢʘʧʘʮʠʪʝʪ ʟʘ 

ʩʫʰʝˁʝ. ʉʪʘʨʠʪʝ ʩʫʰʘʨʠ ʥʘ ʩʪʨʫʿʘ/ʥʘʬʪʘ ʜʘ ʩʝ ʟʘʤʝʥʘʪ ʩʦ ʩʦʣʘʨʥʠ ʩʫʰʘʨʠ. ʄʘʢʝʜʦʥʠʿʘ ʝ ʧʨʝʜ 

ʩʝ ʟʝʤʿʦʜʝʣʩʢʘ ʟʝʤʿʘ ʠ ʦʜʢʫʧʫʚʘ ʩʫʰʝʥʦ ʦʚʦʰʿʝ  ʰʪʦ ʝ ʥʝʟʘʤʠʩʣʠʚʦ. ɼʦʙʨʠʪʝ ʢʣʠʤʘʪʩʢʠ ʫʩʣʦʚʠ 

ʠ ʜʦʤʘʰʥʠʪʝ ʧʨʦʠʟʚʦʜʠ ʩʝ ʦʜʣʠʯʥʠ ʧʨʝʜʫʩʣʦʚʠ ʟʘ ʩʫʰʝˁʝ. ɼʦʧʦʣʥʠʪʝʣʥʠʪʝ ʩʫʙʚʝʥʮʠʠ ʰʪʦ ʛʠ 

ʜʦʙʠʚʘʘʪ ʟʝʤʿʦʜʝʣʮʠʪʝ ʧʨʝʢʫ IPARD ʬʦʥʜʦʚʠʪʝ ʩʘʤʦ ˃ʝ ʛʦ ʩʢʨʘʪʘʪ ʚʨʝʤʝʥʩʢʠʦʪ ʠʥʪʝʨʚʘʨʣ ʟʘ 

ʚʨʘ˃ʘˁʝ ʥʘ ʚʣʦʞʝʥʠʪʝ ʩʨʝʜʩʪʚʘ. 

 

ʂʆʈʀʉʊɽʅɸ ʃʀʊɽʈɸʊʋʈɸ. 
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ʊʨʘʿʢʦʚ ʉʪʝʬʘʥ1
1
 

1 
ɽʂʆ ʉʆʃɸʈ, ʐʪʠʧ 

1
trajkov-stefan@live.com  

ɺʆɿɼʋʐʅʀ ʂʆʃɽʂʊʆʈʀ 

ʂʋʉɸ ʉʆɼʈɾʀʅɸ 

ʉʦʥʯʝʚʠʪʝ ʢʦʣʝʢʪʦʨʠ ʢʦʠ ʛʦ ʠʤʘʘʪ ʚʦʟʜʫʭʦʪ ʢʘʢʦ ʨʘʙʦʪʝʥ ʬʣʫʠʜ ʠʤʘʘʪ ʨʝʣʘʪʠʚʥʦ 

ʝʜʥʦʩʪʘʚʥʘ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʇʨʝʜʥʦʩʪʘ ʥʘ ʦʚʦʿ ʪʠʧ ʥʘ ʢʦʣʝʢʪʦʨʠ ʝ ʪʦʘ ʰʪʦ ʥʝ ʧʦʩʪʦʠ ʦʧʘʩʥʦʩʪ ʦʜ 

ʟʘʤʨʟʥʫʚʘˁʝ ʠ ʧʨʦʪʝʢʫʚʘˁʝ ʥʘ ʨʘʙʦʪʥʠʦʪ ʬʣʫʠʜ. ʅʦ ʧʦʨʘʜʠ ʥʠʩʢʠʦʪ ʪʦʧʣʠʥʩʢʠ ʢʘʧʘʮʠʪʝʪ ʠ 

ʪʦʧʣʠʥʩʢʘʪʘ ʩʧʨʦʚʦʜʣʠʚʦʩʪ ʥʘ ʚʦʟʜʫʭʦʪ ʝ ʧʦʪʨʝʙʥʘ ʠʥʩʪʘʣʘʮʠʿʘ ʩʦ ʧʦʛʦʣʝʤʠ ʜʠʿʘʤʝʪʨʠ ʥʘ 

ʮʝʚʢʠ ʠ ʧʦʛʦʣʝʤʠ ʪʦʧʣʠʥʦ-ʨʘʟʤʝʥʫʚʘʯʢʠ ʧʦʚʨʰʠʥʠ. 

ʆʚʦʿ ʪʠʧ ʥʘ ʚʦʟʜʫʰʥʠ ʢʦʣʝʢʪʦʨʠ ʥʘʿʯʝʩʪʦ ʩʝ ʠʥʩʪʘʣʠʨʘʘʪ ʢʘʢʦ ʧʦʜʨʰʢʘ ʥʘ ʚʝ˃ʝ 

ʧʦʩʪʦʝʯʢʠ ʩʠʩʪʝʤ ʟʘ ʛʨʝʝˁʝ ʠ ʚʝʥʪʠʣʘʮʠʿʘ. ɺʦ ʦʚʦʿ ʪʨʫʜ ˃ʝ ʙʠʜʘʪ ʦʙʿʘʩʥʝʪʠ ʩʠʪʝ ʚʠʜʦʚʠ ʥʘ 

ʚʦʟʜʫʰʥʠ ʢʦʣʝʢʪʦʨʠ, ʥʘʯʠʥʠ ʥʘ ʮʠʨʢʫʣʘʮʠʿʘ ʥʘ ʚʦʟʜʫʭʦʪ ʠ ʤʦʞʥʠ ʣʦʢʘʮʠʠ ʟʘ 

ʠʥʩʪʘʣʘʮʠʿʘ.ʅʘʯʠʥʦʪ ʥʘ ʬʫʥʢʠʦʥʠʨʘˁʝ ʥʘ ʚʦʟʜʫʰʥʠʦʪ ʢʦʣʝʢʪʦʨ ʥʝ ʩʝ ʨʘʟʣʠʢʫʚʘ ʩʦ ʩʦʥʯʝʚʠʪʝ 

ʢʦʣʝʢʪʦʨʠ  ʢʦʠ ʠʤʘʘʪ ʪʝʯʝʥ ʨʘʙʦʪʝʥ ʬʣʫʠʜ. ʂʦʥʪʨʫʢʮʠʿʘʪʘ ʝ ʠʩʪʘ, ʧʘ ʛʣʘʚʥʠ ʜʝʣʦʚʠ ʥʘ ʝʜʝʥ 

ʩʦʥʯʝʚ ʢʦʣʝʢʪʦʨ ʦʩʪʘʥʫʚʘʘʪ:ʘʧʩʦʨʙʝʨ, ʧʨʦʚʠʜʥʘ ʧʦʢʨʠʚʢʘ, ʠʟʦʣʘʮʠʿʘ ʠ ʪʝʣʦ ʥʘ ʢʦʣʝʢʪʦʨʦʪ. 

ʇʨʘʢʪʠʯʥʦ ˃ʝ ʙʠʜʝ ʦʙʿʘʩʥʝʪ ʧʨʦʪʦʪʠʧ ʥʘ ʚʦʟʜʫʰʝʥ ʢʦʣʝʢʪʦʨ ʩʦ ʨʦʪʠʨʘʯʢʠ ˃ʝʣʠʠ. 

ʇʨʚʘʪʘ ʩʝʨʠʿʘ ʝ ʢʦʣʝʢʪʦʨ ʩʦ ʘʧʩʦʨʙʝʨ ʰʪʦ ʠʤʘ ʜʚʝ ʧʦʚʨʰʠʥʠ: ʝʜʥʘʪʘ ʝ 

ʘʧʩʦʨʙʠʨʘʯʢʘ(ʮʨʥʘ),ʚʪʦʨʘʪʘ ʝ ʨʝʬʣʝʢʪʠʨʘʯʢʘ(ʙʝʣʘ). ɺʪʦʨʘʪʘ ʩʝʨʠʿʘ ʥʘ ʚʦʟʜʫʰʥʠ ʢʦʣʝʢʪʦʨʠ ʝ ʩʦ 

ʪʨʠʘʛʦʣʥʠ ʨʦʪʠʨʘʯʢʠ ˃ʝʣʠʠ . ʉʝʢʦʿʘ ʦʜ ʪʨʠʪʝ ʧʦʚʨʰʠʥʠ ʠʤʘ ʨʘʟʣʠʯʥʘ ʥʘʤʝʥʘ: 

ʮʨʥʘ(ʘʧʩʦʨʙʠʨʘʯʢʘ) ʟʘ ʟʘʛʨʝʚʘˁʝ ʥʘ ʧʨʦʩʪʦʨʦʪ, ʬʦʪʦʚʦʣʪʘʠʯʥʘ- ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʠʨʯʥʘ 

ʝʥʝʨʛʠʿʘ(ʦʩʚʝʪʣʫʚʘˁʝ) ʠ ʪʨʝʪʘʪʘ ʩʝ ʢʦʨʠʩʪʠ ʢʘʢʦ ʧʦʚʨʰʠʥʘ ʟʘ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʨʝʢʣʘʤʝʥ 

ʤʘʪʝʨʠʿʘʣ. 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʢʦʣʝʢʪʦʨʠ, ʚʦʟʜʫʭ, ʟʘʛʨʝʚʘˁʝ, ʨʦʪʠʨʘʯʢʠ, ʘʙʩʦʨʙʝʨ, ʧʨʦʪʦʪʠʧ 

1. ʆʇʐʊʆ ɿɸ ɺʆɿɼʋʐʅʀʊɽ ʂʆʃɽʂʊʆʈʀ 

ʉʦʥʯʝʚʠʪʝ ʢʦʣʝʢʪʦʨʠ ʢʦʠ ʠʤʘʘʪ ʨʘʙʦʪʝʥ ʬʣʫʠʜ ʚʦʟʜʫʭ ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʚʦʟʜʫʰʥʠ ʩʦʥʯʝʚʠ 

ʢʦʣʝʢʪʦʨʠ. ɺʦʟʜʫʭʦʪ ʠʤʘ ʜʦʩʪʘ ʨʘʟʣʠʯʥʠ ʬʠʟʠʯʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʨʝʜʙʝʥʦ ʩʦ ʚʦʜʘʪʘ. 

ʇʨʠʤʝʨ, ʚʦʟʜʫʭʦʪ ʩʝ ʟʘʛʨʝʚʘ ʧʦʙʨʟʦ ʦʜ ʚʦʜʘʪʘ ʙʠʜʝʿ˃ʠ ʠʤʘ ʧʦʥʠʟʦʢ ʪʦʧʣʠʥʩʢʠ ʢʘʧʘʮʠʪʝʪ,ʰʪʦ 

ʟʥʘʯʠ ʜʝʢʘ ʤʦʞʘʪ ʜʘ ʩʝ ʧʦʩʪʠʛʥʘʪ ʧʦʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʨʝʣʘʪʠʚʥʦ ʤʘʣʦ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ.  

ʊɸɹɽʃɸ 1. ʂʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʚʦʜʘʪʘ ʠ ʚʦʟʜʫʭʦʪ 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺʦʟʜʫʭ ɺʦʜʘ 

ɻʫʩʪʠʥʘ▓▌Ⱦ□  1.185 998.200 

ʉʧʝʮʠʬʠʯʝʥ ʪʦʧʣʠʥʩʢʠ ʢʘʧʘʮʠʪʝʪ c (ʤʘʩʝʥ)
╦▐

□ ╚
 

0.28 1.16 

ʉʧʝʮʠʬʠʯʝʥ ʪʦʧʣʠʥʩʢʠ ʢʘʧʘʮʠʪʝʪ c (ʚʦʣʫʤʝʥʩʢʠ)
╦▐

□ ╚
 

0.31 1158 

ʊʦʧʣʠʥʩʢʘ ʧʨʦʚʦʜʣʠʚʦʩʪ[╦Ⱦ□╚ 0.26 0.559 
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ɺʦʟʜʫʭʦʪ ʢʘʢʦ ʨʘʙʦʪʝʥ ʬʣʫʠʜ ʥʠ ʥʫʜʠ ʩʚʦʠ ʥʝʜʦʩʪʘʪʦʮʠ ʠ ʧʨʝʜʥʦʩʪʠ. ɽʜʥʦʩʪʘʚʥʦʩʪʘ ʥʘ 

ʩʦʣʘʨʥʠʦʪ ʚʦʟʜʫʰʝʥ ʩʠʩʪʝʤ ʤʦʞʝ ʜʘ ʩʝ ʩʤʝʪʘ ʟʘ ʛʦʣʝʤʘ ʧʨʝʜʥʦʩʪ. ʉʧʦʨʝʜʙʝʥʦ ʩʦ ʩʠʩʪʝʤʠʪʝ ʟʘ 

ʩʘʥʠʪʘʨʥʘ ʪʦʧʣʘ ʚʦʜʘ, ʦʚʜʝ ʥʝʤʘʤʝ ʦʧʘʩʥʦʩʪ ʦʜ ʟʘʤʨʟʥʫʚʘˁʝ ʠʣʠ ʧʘʢ ʧʨʦʪʝʢʫʚʘˁʝ ʥʘ 

ʨʘʙʦʪʥʠʦʪ ʬʣʫʠʜ. ʅʝʜʦʩʪʘʪʦʢ ʝ ʪʦʘ ʰʪʦ ʧʦʨʘʜʠ ʥʠʩʢʠʦʪ ʪʦʧʣʠʥʩʢʠ ʢʘʧʘʮʠʪʝʪ ʠ ʩʣʘʙʘʪʘ 

ʪʦʧʣʠʥʩʢʘ ʧʨʦʚʦʜʣʠʚʦʩʪ ʧʦʪʨʝʙʥʦ ʝ ʠʥʩʪʘʣʘʮʠʿʘ ʥʘ ʧʦʛʦʣʝʤ ʙʨʦʿ ʥʘ ʩʦʣʘʨʥʠ ʧʘʥʝʣʠ. 

 1.1. ʉʦʩʪʘʚʥʠ ʜʝʣʦʚʠ ʠ ʥʘʯʠʥ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘˁʝ 

ɽʜʝʥ ʩʪʘʥʜʘʨʜʝʥ ʚʦʟʜʫʰʝʥ ʢʦʣʝʢʪʦʨ ʛʠ ʠʤʘ ʩʣʝʜʥʠʪʝ ʩʦʩʪʘʚʥʠ ʜʝʣʦʚʠ: ʪʝʣʦ ʥʘ 

ʢʦʣʝʢʪʦʨʦʪ,ʠʟʦʣʘʮʠʿʘ, ʪʨʘʥʩʧʘʨʝʥʪʥʘ ʧʦʢʨʠʚʢʘ ʠ ʘʧʩʦʨʙʝʨ[1]. ɻʣʘʚʥʠʦʪ ʜʝʣ ʥʘ ʢʦʣʝʢʪʦʨʦʪ ʝ 

ʘʧʩʦʨʙʝʨʦʪ ʠ ʪʦʿ ʝ ʥʘʿʯʝʩʪʦ ʠʟʨʘʙʦʪʝʥ ʦʜ ʙʘʢʘʨ ʠʣʠ ʘʣʫʤʠʥʠʫʤ. ʇʦʩʪʦʿʘʪ ʨʘʟʣʠʯʥʠ ʜʠʤʝʥʮʠʠ 

ʥʘ ʚʦʟʜʫʰʥʠ ʢʦʣʝʢʪʦʨʠ , ʥʦ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘʿʯʝʩʪʦ ʩʝ: 2,5άς, 2άς ʠʣʠ 1,5άς. 

ʉʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʧʘʺʘ ʥʘ ʘʧʩʦʨʙʝʨʦʪ ʥʘ ʚʦʟʜʫʰʥʠʦʪ ʢʦʣʝʢʪʦʨ.ʊʦʿ ʿʘ ʘʧʦʨʙʠʨʘ 

ʝʥʝʨʛʠʿʘʪʘ ʦʜ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʠ ʿʘ ʧʨʝʜʘʚʘ ʥʘ ʚʦʟʜʫʭʦʪ.ʎʠʨʢʫʣʘʮʠʿʘʪʘ ʥʘ ʨʘʙʦʪʥʠʦʪ ʬʣʫʠʜ 

ʤʦʞʝ ʜʘ ʙʠʜʝ ʧʨʠʨʦʜʥʘ ʠʣʠ ʧʘʢ ʧʨʠʥʫʜʥʘ. ɼʦʢʦʣʢʫ ʩʘʢʘʤʝ ʧʨʦʮʝʩʦʪ ʜʘ ʩʝ ʦʜʚʠʚʘ ʚʦ 

ʧʦʜʠʥʘʤʠʯʝʥ ʨʝʞʠʤ ʪʦʛʘʰ ʢʦʨʠʩʪʝʤʝ ʧʨʠʥʫʜʥʘ ʮʠʨʢʫʣʘʮʠʿʘ(ʩʦ ʚʝʥʪʠʣʘʪʦʨ). ʉʦʣʘʨʥʠʪʝ 

ʢʦʣʝʢʪʦʨʠ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʢʣʘʩʠʬʠʮʠʘʨʥʠ ʚʦ 4 ʛʨʫʧʠ ʚʦ ʟʘʚʠʩʥʦʩʪ ʩʧʦʨʝʜ ʤʝʩʪʦʪ ʢʘʜʝ 

ʮʠʨʢʫʣʠʨʘ ʨʘʙʦʪʥʠʦʪ ʬʣʫʠʜ[2]. 

 

ʉʣʠʢʘ 1. ʄʝʩʪʦ ʥʘ ʮʠʨʢʫʣʘʮʠʿʘ ʥʘ ʚʦʟʜʫʭʦʪ ʚʦ ʚʦʟʜʫʰʥʠʦʪ ʢʦʣʝʢʪʦʨ [4] 

ʘ) ʇʨʦʪʦʢ ʥʘʜ ʘʧʩʦʨʙʝʨʦʪ-ɺʦ ʦʚʦʿ ʩʣʫʯʘʿ ʘʧʦʩʦʨʙʝʨʦʪ ʣʝʞʠ ʜʠʨʝʢʥʦ ʥʘ ʪʝʨʤʠʯʢʘʪʘ 

ʠʟʦʣʘʮʠʿʘ ʠ ʚʦʟʜʫʭʦʪ ʰʪʦ ʪʨʝʙʘ ʜʘ ʩʝ ʟʘʛʨʝʚʘ ʮʠʨʢʫʣʠʨʘ ʥʘʜ ʘʧʩʦʨʙʝʨʦʪ. 

ʙ)ʇʨʦʪʦʢ ʧʦʜ ʘʧʩʦʨʙʝʨʦʪ-ʇʦʤʝʺʫ ʘʧʦʩʦʨʙʝʨʦʪ ʠ ʠʟʦʣʘʮʠʿʘʪʘ ʧʦʩʪʦʠ ʚʦʟʜʫʰʝʥ ˅ʝʙ. ʆʚʘ 

ʝ ʠ ʧʨʘʢʪʠʯʥʦ ʤʝʩʪʦʪʦ ʢʘʜʝ ʰʪʦ ʮʠʨʢʫʣʠʨʘ ʚʦʟʜʫʭʦʪ. 

ʚ)ʇʨʦʪʦʢ ʧʦʜ ʠ ʥʘʜ ʘʧʦʩʦʨʙʝʨʦʪ-ʂʦʤʙʠʥʘʮʠʿʘ ʦʜ ʧʨʝʜʭʦʜʥʠʪʝ ʜʚʘ ʩʣʫʯʘʠ. 

ʛ)ʇʨʦʪʦʢ ʥʠʟ ʘʧʩʦʨʙʝʨʦʪ-ʆʚʜʝ, ʘʧʦʩʦʨʙʝʨʦʪ ʩʦʜʨʞʠ ʢʨʫʞʥʠ ʦʪʚʦʨʠ ʥʠʟ ʢʦʠ ʩʪʨʫʠ 

ʨʘʙʦʪʥʠʦʪ ʬʣʫʠʜ.ɺʘʢʚʠʦʪ ʪʠʧ ʥʘ ʢʦʣʝʢʪʦʨ ʥʘʿʯʝʩʪʦ ʝ ʙʝʟ ʪʝʨʤʠʯʢʘ ʠʟʦʣʘʮʠʿʘ ,ʨʘʤʢʘ ʠ 

ʪʨʘʥʩʧʘʨʝʥʪʥʘ ʧʦʢʨʠʚʢʘ. 

1.2. ʊʠʧʦʚʠ ʥʘ ʚʦʟʜʫʰʥʠ ʢʦʣʝʢʪʦʨʠ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʤʝʩʪʦʪʦ ʥʘ ʠʥʩʪʘʣʘʮʠʿʘ 

1.2.1ʌʘʩʘʜʥʠ 

 ɿʘ ʟʛʨʘʜʠ ʠʣʠ ʦʙʿʝʢʪʠ ʢʦʠ ˃ʝ ʩʝ ʛʨʘʜʘʪ ʠʣʠ ʩʝ ʧʦʜ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʚʦʟʜʫʰʥʠʪʝ 

ʢʦʣʝʢʪʦʨʠʩʝ ʜʦʩʪʘ ʠʥʪʝʨʝʩʥʦ ʨʝʰʝʥʠʝ. ɼʦʢʦʣʢʫ ʩʝ ʦʙʥʦʚʫʚʘ ʬʘʩʘʜʘʪʘ ʦʚʠʝ ʢʦʣʝʢʪʦʨʠ ʤʦʞʘʪ ʜʘ 

ʩʝ ʠʥʪʝʛʨʠʨʘʘʪ ʚʦ ʩʘʤʘʪʘ ʬʘʩʘʜʥʘ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʇʨʝʜʥʦʩʪʘ ʥʘ ʚʘʢʚʠʪʝ ʩʠʩʪʝʤʠ ʝ ʪʦʘ ʰʪʦ ʥʘ 

ʥʝʢʦʿ ʥʘʯʠʥ ʩʝ ʰʪʠʪʠ ʦʙʿʝʢʪʦʪ ʦʜ ʥʘʜʚʦʨʝʰʥʠʪʝ ʰʪʝʪʥʠ ʚʣʠʿʘʥʠʿʘ. ʀʥʩʪʘʣʘʮʠʿʘʪʘ ʥʘ ʦʚʠʝ 

ʢʦʣʝʢʪʦʨʠ ʝ ʙʠʪʥʘ ʥʝ ʩʘʤʦ ʦʜ ʝʢʦʥʦʤʩʢʘ ʪʫʢʫ ʠ ʝʥʝʨʛʝʪʩʢʘ ʛʣʝʜʥʘ ʪʦʯʢʘ. 



 

 

 

ʉʃʀʂɸ 2. ʌʘʩʘʜʥʦ ʠʥʩʪʘʣʠʨʘʥ ʚʦʟʜʫʰʝʥ ʢʦʣʝʢʪʦʨ 

 

ɼʠʬʨʝʥʝʮʠʿʘʣʥʠʦʪ ʪʝʨʤʦʩʪʘʪ ʝ ʧʦʚʨʟʘʥ ʩʦ ʚʝʥʪʠʣʘʪʦʨʦʪ. ɼʦʢʦʣʢʫ ʧʦʩʪʦʠ ʪʝʤʧʝʨʘʪʫʨʥʘ 

ʨʘʟʣʠʢʘ ʦʜ 5 ÁC  ʧʦʤʝʺʫ ʘʤʙʠʝʥʪʘʣʥʘʪʘ ʠ ʥʘʜʚʦʨʝʰʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʝʥʪʠʣʘʪʦʨʦʪ ʧʦʯʥʫʚʘ ʜʘ 

ʨʘʙʦʪʠ ʠ ʪʦʧʦʣ ʚʦʟʜʫʭ ʚʣʝʛʫʚʘ ʚʦ ʧʨʦʩʪʦʨʠʿʘʪʘ. ʉʝ ʧʨʝʧʦʨʘʯʫʚʘ ʜʘ ʩʝ ʠʥʩʪʘʣʠʨʘʘʪ ʥʘ ʿʫʞʥʘʪʘ 

ʩʪʨʘʥʘ ʦʜ ʦʙʿʝʢʪʦʪ. 

1.2.2 ʂʨʦʚʥʦ ʠʥʪʝʛʨʠʨʘʥʠ ʚʦʟʜʫʰʥʠ ʢʦʣʝʢʪʦʨʠ.    

 ʀʩʪʦ ʢʘʢʦ ʠ ʬʘʩʘʜʥʠʪʝ ʪʘʢʘ ʠ ʢʨʦʚʥʦ ʠʥʪʝʛʨʠʨʘʥʠʪʝ ʚʦʟʜʫʰʥʠ ʢʦʣʝʢʪʦʨʠ ʩʝ 

ʠʥʪʝʨʝʩʥʠ ʟʘ ʦʙʿʝʢʪʠ ʰʪʦ ʩʝ ʧʦʜ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʠʣʠ ʧʘʢ ˃ʝ ʩʝ ʛʨʘʜʘʪ ʅʘʿʝʜʥʦʩʪʘʚʥʠʦʪ ʩʠʩʪʝʤ 

ʟʘ ʟʘʛʨʝʚʘˁʝ ʥʘ ʚʦʟʜʫʭ ʩʝ ʩʦʩʪʦʠ ʚʦ ʪʦʘ ʰʪʦ ʚʦ ʢʦʣʝʢʪʦʨʠʪʝ ʥʘâʚʣʝʛʫʚʘ ʩʚʝʞ ʚʦʟʜʫʭ ʦʜ 

ʦʢʦʣʠʥʘʪʘ ʠʣʠ ʦʜ ʩʘʤʘâʪʘ ʧʨʦʩʪʦʨʠʿʘ, ʩʝ ʟʘʪʦʧâʣʫʚʘ ʥʠʟ ʢʦʣʝʢʪʦʨʠʪʝ ʠ ʥʘʚʣʝʛʫʚʘ ʚʦ 

ʧʨʦʩʪʦâʨʠ-ʿʘʪʘ. ʀʩʢʦʨʠʩʪʝʥʠʦʪ ʚʦâʟâʜʫʭ ʿʘ ʥʘʧʫʰʪʘ ʧʨʦʩʪʦâʨʠʿʘʪʘ ʩʦ ʠʥʬʠʣʪʨʘʮʠʿʘ ʠʣʠ ʥʠʟ 

ʠʩʧʫʩʥʠ ʚʦʟ-ʜʫʰʥʠ ʦʪʚʦʨʠ. 

 

ʉʃʀʂɸ 3. ʂʨʦʚʥʦ ʠʥʪʝʛʨʠʨʘʥ ʚʦʟʜʫʰʝʥ ʢʦʣʝʢʪʦʨ 

 

1.2.3 ʇʨʠʤʝʥʘ ʥʘ ʚʦʟʜʫʰʥʠʪʝ ʢʦʣʝʢʪʦʨʠ 

-ʇʨʝʜʛʨʝʚʘˁʝ ʥʘ ʚʦʟʜʫʭ ʚʦ ʩʧʦʨʪʩʢʠ ʩʘʣʠ. 

-ʇʨʝʜʛʨʝʚʘˁʝ ʥʘ ʚʦʟʜʫʭ ʚʦ ʟʘʪʚʦʨʝʥʠ ʙʘʟʝʥʠ 

-ʇʨʝʜʛʨʝʚʘˁʝ ʥʘ ʚʦʟʜʫʭ ʟʘ ʠʥʜʫʩʪʨʫʩʢʠ ʦʙʿʝʢʪʠ/ʨʘʙʦʪʠʣʥʠʮʠ 



 

 

-ʇʨʝʜʛʨʝʚʘˁʝ ʥʘ ʚʦʟʜʫʭ ʟʘ ʛʨʝʝˁʝ ʥʘ ʢʦʤʝʨʮʠʿʘʥʠ ʧʨʦʩʪʦʨʠ(ʧʨʦʜʘʚʥʠʮʠ, ʢʘʥʮʝʣʘʨʠʠ, 

ʛʘʨʘʞʠ) 

-ʇʨʝʜʛʨʝʚʘˁʝ ʥʘ ʚʦʟʜʫʭ ʟʘ ʠʥʜʠʚʠʜʫʘʣʥʠ ʦʙʿʝʢʪʠ 

-ʆʜʨʞʫʚʘˁʝ ʥʘ ʚʣʘʞʥʦʩʪʘ ʥʘ ʚʦʟʜʫʭʦʪ(ʉʫʚ ʚʦʟʜʫʭ ʚʦ ʛʘʣʝʨʠʠ ʠ ʤʫʟʝʠ ʩʦ ʫʤʝʪʥʠʯʢʠ 

ʩʣʠʢʠ) 

 

ʉʣʠʢʘ 4.ʃʦʢʘʮʠʿʘ ʟʘ ʠʥʩʪʘʣʘʮʠʿʘ ʥʘ ʚʦʟʜʫʰʥʠ ʢʦʣʝʢʪʦʨʠ 

 

ɺʛʨʘʜʫʚʘˁʝʪʦ ʥʘ ʩʦʥʯʝʚʠ ʚʦʟʜʫʰʥʠ ʩʠʩʪʝʤʠ ʝ ʠʥʪʝʨʝʩʥʦ ʠ ʝʬʪʠʥʦ ʨʝʰʝʥʠʝ ʟʘ ʬʘʙʨʠʢʠ 

ʠ ʢʘʥʮʝʣʘʨʠʩʢʠ ʧʨʦʩʪʦʨʠʠ.  ʆʚʜʝ ʚʦ ʤʥʦʛʫ ʩʣʫʯʘʝʚʠ ʚʝ˃ʝ ʧʦʩʪʦʿʘʪ ʚʛʨʘʜʝʥʠ ʚʦʟ-ʜʫʰʥʠ ʢʘʥʘʣʠ 

ʥʠʟ ʢʦʠ ʙʠ ʮʠʨʢʫʣʠʨʘʣ ʟʘʛʨʝʘʥʠʦʪ ʚʦʟʜʫʭ. ʇʦʢʨʘʿ ʪʦʘ, ʧʦʪʨʝʙʠʪʝ ʦʜ ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ ʩʝ ʚʦ 

ʠʩʪʦ ʚʨʝʤʝ ʩʦ ʨʘʩâʧʦʣʦʞʠʚʦʩʪʘ ʥʘ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ, ʙʠʜʝʿ˃ʠ ʟʛʨʘʜʠʪʝ ʥʘʿʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʘʪ 

ʧʨʝʢʫ ʜʝʥ. ɿʥʘʯʠ ʩʦʥʯʝʚʠʦʪ ʩʠʩʪʝʤ ʦʜʣʠʯʥʦ ʩʝ ʚʢʣʦʧʫʚʘ ʢʘʿ ʚʘʢʚʠʪʝ ʦʙʿʝʢʪʠ, ʦʩʦʙʝʥʦ ʟʘ ʥʦʚʠ 

ʟʛʨʘʜʠ ʢʘʿ ʢʦʠ ʛʦʣʝʤʠʪʝ ʢʦʣʝʢʪʦʨʩʢʠ ʧʦʚʨʰʠʥʠ ʤʦʞʘʪ ʜʘ ʩʝ ʚʢʣʦʧʘʪ ʚʦ ʜʝʣ ʦʜ ʬʘʩʘʜʘʪʘ ʥʘ 

ʟʛʨʘʜʘʪʘ, ʠʣʠ ʧʦʢʨʠʚʦʪ.ɺʘʢʚʠʪʝ ʩʠʩʪʝʤʠ ʤʦʞʘʪ ʜʘ ʩʝ ʧʨʠʤʝʥʘʪ ʟʘ ʨʘʟʣʠʯʥʠ ʟʛʨʘʜʠ, ʢʘʢʦ ʰʪʦ ʩʝ 

ʩʧʦʨʪʩʢʠ ʩʘʣʠ, ʟʘʪʚʦʨʝʥʠ ʙʘʟʝʥʪʠ, ʤʘʛʘʮʠʥʠ ʠ ʬʘʙʨʠʯʢʠ ʟʛʨʘʜʠ, ʩʫʧʝʨʤʘʨʢʝʪʠ, ʢʘʥʮʝʣʘʨʠʩʢʠ 

ʧʨʦʩʪʦʨʠʠ ʠ ʫʯʠʣʠʰʪʘ. ʇʦʩʝʙʥʦ ʧʨʦʩʧʝʨʠʪʝʪʥʘ ʝ ʧʨʠʤʝʥʘʪʘ ʟʘ ʟʘʛʨʝʚʘˁʝ ʥʘ ʚʦʟʜʫʭ ʢʘʿ 

ʟʘʪʚʦʨʝʥʠʪʝ ʙʘʟʝʥʪʠ ʟʘ ʧʣʠʚʘˁʝ. ʂʘʿ ʥʠʚ ʧʦʩʪʦʠ ʧʦʪʨʝʙʘ ʦʜ ʝʥʝʨâʛʠʿʘ ʟʘ ʟʘʛʨʝʚʘˁʝ ʨʝâʯʠʩʠ ʚʦ 

ʪʝʢʦʪ ʥʘ ʮʝʣʘʪʘ ʛʦʜʠʰʥʘ, ʩʦ ʠʩʪʦʚʨʝʤʝʥʘ ʧʦʪʨʝʙʘ ʦʜ ʚʠʩʦʢʘ ʩʪʘʧʢʘ ʥʘ ʠʟʤʝʥʘ ʥʘ ʚʦʟʜʫʭʦʪ 

ʟʘʨʘʜʠ ʛʦʣʝʤʘʪʘ ʚʣʘʞʥʦʩʪ.ɺʦ ʩʫʰʪʠʥʘ ʢʦʥʮʝʧʮʠʿʘʪʘ ʥʘ ʩʠʩʪʝʤʦʪ ʝ ʩʣʠʯʥʘ ʥʘ ʤʘʣʠʪʝ ʩʠʩʪʝʤʠ 

ʢʦʠ ʩʝ ʧʨʠâʤʝâʥʫʚʘʘʪ ʢʘʿ ʩʪʘʤʙʝʥʠʪʝ ʦʙʿʝʢʪʠ. ɿʘʨʘʜʠ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʢʦʣʝʢʪʦʨʩʢʘʪʘ ʧʦʚʨʰʠʥʘ, 

ʦʩʥʦʚʥʦ ʝ ʜʘ ʩʝ ʦʙʝʟʙʝʜʠ ʘʜʝʢʚʘʪʥʘ ʧʦʩʪʘʚʝʥʦʩʪ ʥʘ ʢʦʣʝʢʪʦʨʩʢʠʦʪ ʢʨʫʛ ʠ ʢʦʣʝʢʪʦʨʩʢʠʪʝ 

ʧʦʚʨâʰʠâʥʠ ʟʘ ʜʘ ʩʝ ʦʚʦʟʤʦʞʠ ʩʦʦʜʚʝʪʝʥ ʧʨʦʪʦʢ ʥʘ ʚʦʟʜʫʭʦʪ. ʋʪʚʨʜʝʥʦ ʝ ʜʝʢʘ ʧʘʨʘʣʝʥʦ 

ʧʦʚʨâʟʫâʚʘˁʝ ʥʘ ʢʦʣʝʢʪʦʨʠʪʝ ʜʘʚʘ ʧʦʚʦʣʝʥ ʨʘʩʧʦʨʝʜ. ʇʦʢʨʘʿ ʪʦʘ, ʪʨʝʙʘ ʜʘ ʩʝ ʧʨʝʜʚʠʜʘʪ 

ʥʘʿâʢʨʘʪâʢʠ ʤʦʞʥʠ ʧʘʪʝʢʠ ʥʘ ʮʝʚʢʠʪʝ, ʠʣʠ ʢʘʥʘʣʠʪʝ ʦʜ ʢʦʣʝʢʪʦʨʩʢʠʪʝ ʧʦʚʨʰʠʥʠ ʜʦ 

ʧʨʦʩʪʦʨʠʠʪʝ ʢʦʠ ʛʦ ʢʦʨʠʩʪʘʪ ʟʘʛʨʝʘʥʠʦʪ ʚʦʟʜʫʭ. 

 

1.3 ɺʆɿɼʋʐɽʅ ʂʆʃɽʂʊʆʈ ʉʆ ʈʆʊʀʈɸʏʂʀ ɵɽʃʀʀ 

1.3.1 ʇʨʚʘ ʩʝʨʠʿʘ ʥʘ ʚʦʟʜʫʰʥʠ ʢʦʣʝʢʪʦʨʠ 

 ɸʥʘʣʠʟʠʨʘʿ˃ʠ ʛʠ ʚʦʟʜʫʰʥʠʪʝ ʩʦʥʯʝʚʠ ʢʦʣʝʢʪʦʨʠ ʢʦʠ ʩʝ ʜʝʥʝʩ ʧʨʦʠʟʚʝʜʫʚʘʘʪ 

ʦʜʣʫʯʝʥʦ ʝ ʧʨʦʪʦʪʠʧʦʪ ʜʘ ʠʤʘ ʩʪʘʥʘʨʥʠ ʜʠʤʝʥʟʠʠ 1x2  ʠ ʜʘ ʩʝ ʧʦʩʪʘʚʠ ʬʘʩʘʜʥʦ ʥʘ ʼʠʜ, ʩʦ ʮʝʣ 

ʜʘ ʩʝ ʠʟʙʝʛʥʘʪ ʧʨʦʙʣʝʤʠʪʝ ʩʦ ʧʦʿʘʚʘ ʥʘ ʚʣʘʛʘ, ʩʦʥʯʝʚʠʦʪ ʢʦʣʝʢʪʦʨ ʝ ʧʦʩʪʘʚʝʥ 2cm ʦʜ 

ʥʘʜʚʦʨʝʰʥʠʦʪ ʼʠʜ. ʆʪʚʦʨʦʪ ʟʘ ʚʦʟʜʫʭ ʠʤʘ ʜʠʿʘʤʪʝʘʨ 70cm .ɵʝʣʠʠʪʝ ʚʦ ʦʚʦʿ ʧʨʦʪʦʪʠʧ ʤʦʞʝ ʜʘ 

ʩʝ ʨʦʪʠʨʘʘʪ ʟʘ 180Á ʩʦ ʧʦʤʦʰ ʥʘ ʧʦʩʝʙʝʥ ʨʘʯʝʩʪ ʢʣʫʯ. ʈʦʪʘʮʠʿʘʪʘ ʩʝ ʚʨʰʠ ʟʘ 6 ʤʠʥʫʪʠ ʠ 

ʩʝʢʦʛʘʰ ʠʤʘ ʨʝʜʦʩʣʝʜ ʥʘ ʨʦʪʠʨʘˁʝ. 

ɺʦʟʜʫʰʝʥ ʩʦʥʯʝʚ ʩʠʩʪʝʤ ʩʦ ʢʦʣʝʢʦʪʨ ʩʦ ʨʦʪʠʨʘʯʢʠ ˃ʝʣʠʠ ʦʜ 180Á ʝ ʥʘʤʝʥʝʪ ʟʘ 

ʟʘʛʨʝʚʘˁʝ ʥʘ ʧʨʦʩʪʦʨ ʠʣʠ ʧʘʢ ʦʜʙʠʚʘˁʝ ʥʘ ʩʦʥʯʝʚʘʪʘ ʩʚʝʪʣʠʥʘ ʚʦ ʧʝʨʠʦʜʠ ʢʦʛʘ ʥʝʤʘ ʧʦʪʨʝʙʘ 

ʚʦ ʧʨʦʩʪʦʨʦʪ ʜʘ ʩʝ ʚʥʝʩʫʚʘ ʟʘʛʨʝʘʥ ʚʦʟʜʫʭ[5]. 



 

 

ʇʆʃʆɾɹɸ 1. ɺʦ ʣʝʪʦ ʢʦʛʘ ʥʝ ʝ ʧʦʪʨʝʙʥʦ ʟʘʛʨʝʚʘˁʝ ʥʘ ʧʨʦʩʪʦʨʦʪ, ˃ʝ ʩʝ ʚʨʰʠ 

ʨʝʬʣʝʢʩʠʿʘ ʥʘ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ. ʇʘʨʘʣʝʣʥʦ ʩʦ ʦʚʘ ˃ʝ ʩʝ ʠʟʚʘʜʠ ʛʦʨʥʘ ʠʟʣʝʟʥʘ ʮʝʚʢʘ ʩʦ 

ʜʠʿʘʤʝʪʘʨ 100mm ʟʘ ʟʘʛʨʝʘʥʠʦʪ ʚʦʟʜʫʭ ʜʘ ʥʝ ʚʣʝʛʫʚʘ ʚʦ ʧʨʦʩʪʦʨʠʿʘʪʘ ʪʫʢʫ ʜʘ ʛʦ ʠʩʧʫʰʪʘ ʚʦ 

ʦʢʦʣʠʥʘʪʘ. ɹʠʜʝʿ˃ʠ ʩʝʛʘ ʢʝʣʠʠʪʝ ʩʝ ʙʝʣʠ ʪʦʘ ʝ ʠʜʝʘʣʥʘ ʰʘʥʩʘ ʟʘ ʥʘ ʥʠʚ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʥʝʢʦʿʘ 

ʢʦʤʝʨʮʠʿʘʣʥʘ ʨʝʢʣʘʤʘ ʠʣʠ ʥʘʪʧʠʩ.  

ʇʆʃʆɾɹɸ 2. ɺʦ ʟʠʤʘ ʢʦʛʘ ˃ʝ ʠʤʘ ʧʦʪʨʝʙʘ ʦʜ ʛʨʝʝˁʝ ˃ʝʣʠʠʪʝ ʩʝ ʨʦʪʠʨʘʘʪ ʟʘ 180Á. ɺʦ 

ʪʦʿ ʩʣʫʯʘʿ  ʚʦʟʜʫʰʥʠʦʪ ʢʦʣʝʢʪʦʨ ʩʠ ʿʘ ʚʨʰʠ ʫʣʦʛʘʪʘ ʥʘ ʩʦʥʯʝʚ ʢʦʣʝʢʪʦʨ. ʇʝʨʠʦʜʦʪ ʢʦʛʘ ʩʝ 

ʧʨʝʜʚʠʜʫʚʘ ʜʘ ʙʠʜʝ ʚʦ ʦʚʘʘ ʧʦʣʦʞʙʘ ʝ ʢʘʩʥʘ ʝʩʝʥ,ʟʠʤʘ ʠ ʨʘʥʘ ʧʨʦʣʝʪ. 

 

ʉʃʀʂɸ 5. ʇʆʃʆɾɹɸ 1 ʀ 2 ʅɸ ɺʆɿɼʋʐɽʅ ʂʆʃɽʂʊʆʈ(ʇʈɺɸ ʉɽʈʀɱɸ) ʉʆ 

ʈʆʊʀʈɸʏʂʀ ɵɽʃʀʀ 

ʉʝ ʩʦ ʮʝʣ ʜʘ ʩʝ ʩʧʨʝʯʠ ʥʘʚʣʝʛʫʚʘˁʝ ʥʘ ʠʥʩʝʢʪʠ, ʧʪʠʮʠ ʠ ʜʨʫʛʠ ʤʘʣʠ ʞʠʚʦʪʥʠ,ʤʦʨʘ ʜʘ ʩʝ 

ʧʦʩʪʘʚʠ ʟʘʰʪʠʪʥʘ ʨʝʰʝʪʢʘ ʥʘ ʚʣʝʟʦʪ ʦʜ ʣʘʜʥʠʦʪ ʚʦʟʜʫʭ. ʊʘʘ ʣʝʩʥʦ ʩʝ ʧʨʠʮʚʨʩʪʫʚʘ ʩʦ 

ʩʠʣʠʢʦʥʩʢʠ ʢʠʪ ʟʘ ʧʣʘʩʪʠʯʥʘʪʘ ʮʝʚʢʘ. 

1.3.2 ɺʪʦʨʘ ʩʝʨʠʿʘ(ʪʨʠʘʛʦʣʥʠ ʨʦʪʠʨʘʯʢʠ ˃ʝʣʠʠ) 

 ʅʦʚʘʪʘ ʩʝʨʠʿʘ ʥʘ ʚʦʟʜʫʰʥʠ ʢʦʣʝʢʪʦʨʠ ʝ ʩʦ ʪʨʠʘʛʦʣʥʠ ʨʦʪʠʨʘʯʢʠ ˃ʝʣʠʠ. 

ʇʆɺʈʐʀʅɸ 1: ɿɸ ɿɸɻʈɽɺɸɳɽ ʅɸ ɺʆɿɼʋʍ(ʎʈʅɸ-ʄɸʊ) 

ʇʆɺʈʐʀʅɸ 2: ʇʈʆʀɿɺʆɼʉʊɺʆ ʅɸ ɽʃ.ɽʅɽʈɻʀɱɸ(ʌʆʊʆɺʆʃʊɸʀʏʅɸ) 

ʇʆɺʈʐʀʅɸ 3:ʈɽʂʃɸʄɽʅ ʇʈʆʉʊʆʈ 

 

 

ʉʣʠʢʘ 6. ɺʆɿɼʋʐɽʅ ʂʆʃɽʂʊʆʈ ʉʆ ʊʈʀɸɻʆʃʅʀ ʈʆʊʀʈɸʏʂʀ ɵɽʃʀʀ 

 

ʆʚʦʿ ʚʠʜ ʥʘ ʚʦʟʜʫʰʝʥ ʢʦʣʝʢʪʦʨ ʧʨʘʢʪʠʯʥʦ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʧʨʝʢʫ ʮʝʣʘʪʘ ʛʦʜʠʥʘ (ʜʝʥ 

ʠ ʥʦ˃).ɺʦ ʣʝʪʥʠʦʪ ʧʝʨʠʦʜ ʢʦʛʘ ʥʝʤʘ ʜʘ ʠʤʘ ʧʦʪʨʝʙʘ ʦʜ ʟʘʛʨʝʚʘˁʝ ,ʚʦʟʜʫʰʥʠʦʪ ʢʦʣʝʢʪʦʨ ˃ʝ ʙʠʜʝ 

ʠʟʨʦʪʠʨʘʥ ʥʘ ʇʆɺʈʐʀʅɸ 2. ʇʨʦʠʟʚʝʜʝʥʘʪʘ ʝʣ.ʝʥʝʨʛʠʿʘ ˃ʝ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʦʩʚʝʪʣʫʚʘˁʝ.ɺʦ 

ʟʠʤʩʢʠʦʪ ʧʝʨʠʦʜ ʢʦʛʘ ˃ʝ ʠʤʘʤʝ ʧʦʪʨʝʙʘ ʦʜ ʟʘʛʨʝʚʘˁʝ ʥʘ ˃ʝʣʠʠʪʝ ʛʠ ʨʦʪʠʨʘʤʝ ʥʘ ʇʆɺʈʐʀʅɸ 

1.ɺʦ ʥʦ˃ʥʠʦʪ ʧʝʨʠʦʜ ʢʦʛʘ ʥʝʤʘʤʝ ʩʦʥʯʝʚʦ ʟʨʘʯʝˁʝ ʩʝ ʧʦʩʪʘʚʫʚʘ ʥʘ ʇʆɺʈʐʀʅɸ 3 ʟʘ ʨʝʢʣʘʤʝʥ 

ʧʨʦʩʪʦʨ.ʆʚʦʿ ʧʨʦʪʦʪʠʧ ʝ ʩʝʫʰʪʝ ʚʦ ʬʘʟʘ ʥʘ ʠʩʧʠʪʫʚʘˁʝ ʠ ʘʥʘʣʠʟʘ. 



 

 

 

ʉʣʠʢʘ 7. ʇʈʆʊʆʊʀʇ ʅɸ ɺʆɿɼʋʐɽʅ ʂʆʃɽʂʊʆʈ ʉʆ ʊʈʀɸɻʆʃʅʀ ʈʆʊʀʈɸʏʂʀ 

ɵɽʃʀʀ 

2.ɿɸʂʃʋʏʆʂ 

 ɺʦʟʜʫʰʥʠʪʝ ʢʦʣʝʢʪʦʨʠ ʤʦʤʝʥʪʘʣʥʦ ʢʦʪʠʨʘʘʪ ʩʣʘʙʦ ʥʘ ʧʘʟʘʨʦʪ. ʅʦʚʠʦʪ ʪʠʧ ʥʘ 

ʩʦʥʯʝʚʠ ʩʠʩʪʝʤʠ ʩʦ ʨʦʪʠʨʘʯʢʠ ˃ʝʣʠʠ ʤʦʞʝʙʠ ˃ʝ ʿʘ ʩʤʝʥʠ ʪʘʘ ʩʠʪʫʘʮʠʿʘ. ɹʠʪʥʦ ʝ ʜʘ ʩʝ ʥʘʧʦʤʝʥʝ 

ʜʝʢʘ ʦʚʠʝ ʢʦʣʝʢʪʦʨʠ ʩʝ ʢʦʨʠʩʪʘʪ ʢʘʢʦ ʧʦʜʨʰʢʘ ʥʘ ʚʝ˃ʝ ʠʥʩʪʘʣʠʨʘʥ ʩʠʩʪʝʤ ʟʘ 

ʛʨʝʝˁʝ/ʢʣʠʤʘʪʠʟʘʮʠʿʘ/ʦʩʚʝʪʣʫʚʘˁʝ. ʆʚʠʝ ʢʦʣʝʢʪʦʨʠ ʥʝ ʤʦʞʘʪ ʚʦ ʮʝʣʦʩʪ ʜʘ ʛʠ ʟʘʜʦʚʦʣʘʪ 

ʧʦʪʨʝʙʠʪʝ ʥʘ ʝʜʝʥ ʦʙʿʝʢʪ.   

3.ɹʃɸɻʆɼɸʈʅʆʉʊ 

 ɻʦʣʝʤʘ ʙʣʘʛʦʜʘʨʥʦʩʪ ʜʦ ʬʠʨʤʘʪʘ ɽʢʦ ʉʦʣʘʨ-ʐʪʠʧ ʟʘ ʧʦʜʘʪʦʮʠʪʝ ʚʦ ʚʨʩʢʘ ʩʦ ʪʨʫʜʦʪ. 

4. ʂʆʈʀʉʊɽʅɸ ʃʀʊɽʈɸʊʋʈɸ 
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ʇʈɽɻʃɽɼ ʅɸ ʇʈʆɽʂʊ ɿɸ ʇʈʆʎɽʅʂɸ ʅɸ ɺɽʊɽʈʅʀʊɽ ʈɽʉʋʈʉʀ 

ʂʋʉɸ ʉʆɼʈɾʀʅɸ 

 ʇʨʦʮʝʥʢʘʪʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ ʧʨʝʪʩʪʘʚʫʚʘ ʧʨʚ ʯʝʢʦʨ ʧʨʠ ʨʘʟʚʠʚʘˁʝ ʥʘ 

ʧʨʦʝʢʪ ʟʘ ʠʟʛʨʘʜʙʘ ʥʘ ʚʝʪʝʨʥʘ ʮʝʥʪʨʘʣʘ. ɺʘʢʚʘʪʘ ʧʨʦʮʝʥʢʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʩʦ ʧʦʤʦʰ ʥʘ ʩʦʦʜʚʝʪʝʥ 

ʧʨʦʝʢʪ ʢʦʿ ʢʘʢʦ ʠ ʜʨʫʛʠʪʝ ʪʝʭʥʠʯʢʠ ʧʨʦʝʢʪʠ, ʩʝ ʪʝʤʝʣʠ ʥʘ ʚʥʠʤʘʪʝʣʥʦ ʧʣʘʥʠʨʘˁʝ ʠ 

ʢʦʦʨʜʠʥʠʨʘˁʝ ʚʦʜʝʿ˃ʠ ʩʝ ʦʜ ʥʠʟʘ ʥʘ ʦʜʥʘʧʨʝʜ ʿʘʩʥʦ ʧʦʩʪʘʚʝʥʠ ʮʝʣʠ.  ʉʝʢʘʢʦ, ʚʘʢʚʠʦʪ ʧʨʦʝʢʪ ʟʘ 

ʧʨʦʮʝʥʢʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ ʝ ʧʨʦʩʣʝʜʝʥ ʩʦ ʨʘʟʥʠ ʦʛʨʘʥʠʯʫʚʘˁʘ, ʢʘʢʦ ʰʪʦ ʩʝ ʙʫ˅ʝʪʦʪ ʠ 

ʨʘʩʧʦʣʦʞʠʚʦʩʪʘ, ʜʦʧʦʣʥʠʪʝʣʥʦ, ʫʩʧʝʰʥʦʩʪʘ ʥʘ ʚʘʢʚʠʦʪ ʧʨʦʝʢʪ ʣʝʞʠ ʚʦ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʥʝʛʦʚʠʪʝ 

ʩʦʩʪʘʚʥʠ ʜʝʣʦʚʠ, ʠʤʝʥʦ: ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʠ ʪʝʭʥʠʢʠʪʝ ʥʘ ʤʝʨʝˁʝ, ʩʪʨʫʯʥʠʦʪ ʢʘʜʘʨ, 

ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʘʪʘ ʦʧʨʝʤʘ, ʢʘʢʦ ʠ ʩʦʦʜʚʝʪʥʘʪʘ ʘʥʘʣʠʟʘ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʠ ʪʝʭʥʠʢʠʪʝ ʥʘ 

ʤʦʜʝʣʠʨʘˁʝ.  

ɺʦ ʦʚʦʿ ʪʨʫʜ ˃ʝ ʙʠʜʝ ʜʘʜʝʥ ʢʨʘʪʦʢ ʧʨʝʛʣʝʜ ʥʘ ʜʠʟʘʿʥʦʪ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘʪʘ ʥʘ ʧʨʦʝʢʪʦʪ 

ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ ʢʦʿ ʝ ʧʦʜʝʣʝʥ ʥʘ ʪʨʠ ʦʩʥʦʚʥʠ ʬʘʟʠ, ʠ ʪʦʘ: ʦʜʨʝʜʫʚʘˁʝ ʥʘ 

ʣʦʢʘʮʠʿʘ, ʤʦʥʠʪʦʨʠʨʘˁʝ ʥʘ ʨʝʩʫʨʩʠʪʝ ʠ ʥʠʚʥʦ ʘʥʘʣʠʟʠʨʘˁʝ. 

ɼʦʙʠʝʥʠʪʝ ʧʦʜʘʪʦʮʠ ʦʜ ʦʚʦʿ ʧʨʦʝʢʪ ʠʤʘʘʪ ʟʥʘʯʘʿʥʘ ʫʣʦʛʘ ʚʦ ʬʠʟʠʙʠʣʠʪʠ ʩʪʫʜʠʿʘʪʘ, ʰʪʦ 

ʛʦ ʧʨʘʚʠ ʦʚʦʿ ʧʨʦʝʢʪ ʢʨʫʮʠʿʘʣʝʥ ʧʨʠ ʜʦʥʝʩʫʚʘˁʝʪʦ ʦʜʣʫʢʘ ʟʘ ʠʟʛʨʘʜʙʘ ʥʘ ʝʜʥʘ ʚʝʪʝʨʥʘ 

ʮʝʥʪʨʘʣʘ.  

 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ:ʧʨʦʮʝʥʢʘ, ʚʝʪʝʨʥʠ ʨʝʩʫʨʩʠ, ʦʜʨʝʜʫʚʘˁʝ ʣʦʢʘʮʠʿʘ, ʤʦʥʠʪʦʨʠʨʘˁʝ, 

ʘʥʘʣʠʟʠʨʘˁʝ  

1 ɺʆɺɽɼ 

ɼʠʟʘʿʥʠʨʘˁʝʪʦ ʥʘ ʚʝʪʝʨʝʥ ʧʨʦʝʢʪ ʠ ʧʨʦʮʝʥʫʚʘˁʝʪʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʥʝʨʛʠʿʘ ʦʜ 

ʠʩʪʠʦʪ ʟʘʚʠʩʠ ʦʜ ʜʝʪʘʣʥʘ ʠ ʪʦʯʥʘ ʧʨʦʮʝʥʢʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ, ʰʪʦ ʝ ʠ ʪʝʤʘ ʥʘ ʦʚʦʿ ʪʨʫʜ. ɺʦ 

ʧʨʦʜʦʣʞʝʥʠʝ ʝ ʜʘʜʝʥ ʧʨʝʣʠʤʠʥʘʨʝʥ ʚʦʜʠʯ ʟʘ ʤʝʪʦʜʠʪʝ ʠ ʝʪʘʧʠʪʝ ʥʘ ʝʜʝʥ ʧʨʦʝʢʪ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ 

ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ, ʧʨʠʪʦʘ ʢʦʥʮʠʟʥʦ ʦʙʿʘʩʥʫʚʘʿ˃ʠ ʛʠ ʠʩʪʠʪʝ. ʆʚʠʝ ʝʪʘʧʠ ʩʝ ʤʝʺʫʩʝʙʥʦ ʟʘʚʠʩʥʠ 

ʠ ʠʤʘʘʪ ʧʦʜʝʜʥʘʢʚʘ ʫʣʦʛʘ ʚʦ ʜʦʥʝʩʫʚʘˁʝʪʦ ʥʘ ʢʦʥʝʯʥʘʪʘ ʦʜʣʫʢʘ ʟʘ ʠʟʛʨʘʜʙʘ ʥʘ ʚʝʪʝʨʥʘ 

ʮʝʥʪʨʘʣʘ. ʇʨʦʝʢʪʦʪ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ ʧʨʝʪʩʪʘʚʫʚʘ ʧʦʯʝʪʥʘ ʬʘʟʘ ʦʜ ʞʠʚʦʪʥʠʦʪ 

ʮʠʢʣʫʩ ʥʘ ʝʜʥʘ ʚʝʪʝʨʥʘ ʮʝʥʪʨʘʣʘ, ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʥʘ ʩʣʠʢʘ 1. 

 

ʉʣʠʢʘ 1. ɾʠʚʦʪʝʥ ʮʠʢʣʫʩ ʥʘ ʚʝʪʝʨʥʘ ʮʝʥʪʨʘʣʘ
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ɺʦ ʧʨʦʜʦʣʞʝʥʠʝ ʩʝ ʥʘʚʝʜʝʥʠ ʪʨʠʪʝ ʦʩʥʦʚʥʠ ʬʘʟʠ ʥʘ ʧʨʦʝʢʪʦʪ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʚʝʪʝʨʥʠʪʝ 

ʨʝʩʫʨʩʠ,ʠ ʪʦʘ: ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʣʦʢʘʮʠʿʘ, ʤʦʥʠʪʦʨʠʨʘˁʝ ʥʘ ʨʝʩʫʨʩʠʪʝ ʠ ʥʠʚʥʦ ʘʥʘʣʠʟʠʨʘˁʝ. 

2 ʆɼʈɽɼʋɺɸɳɽ ʃʆʂɸʎʀɱɸ  

 ɺʦ ʧʨʚʘʪʘ ʬʘʟʘ ʦʜ ʧʨʦʝʢʪʦʪ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ ʩʝ ʦʜʨʝʜʫʚʘʘʪ 

ʝʜʥʘ ʠʣʠ ʧʦʚʝ˃ʝ ʧʦʪʝʥʮʠʿʘʣʥʠ ʣʦʢʘʮʠʠ. ʆʚʘ ʚʢʣʫʯʫʚʘ ʠʩʪʨʘʞʫʚʘˁʝ ʥʘ ʨʝʣʘʪʠʚʥʦ ʛʦʣʝʤ ʨʝʛʠʦʥ 

(ʧʨ., ʦʙʣʘʩʪ, ʧʨʦʚʠʥʮʠʿʘ ʠʣʠ ʜʨʞʘʚa). ɻʣʘʚʥʦ ʥʝʰʪʦ ʰʪʦ ʩʝ ʟʝʤʘ ʧʨʝʜʚʠʜ ʝ ʚʝʪʝʨʥʠʦʪ ʨʝʩʫʨʩ, 

ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʮʝʥʠ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʚʝʪʝʨʥʠ ʤʘʧʠ ʠ ʿʘʚʥʦ ʜʦʩʪʘʧʥʠ ʧʦʜʘʪʦʮʠ ʟʘ ʚʝʪʝʨʦʪ. 

ɼʨʫʛʠ ʨʘʙʦʪʠ ʰʪʦ ʩʝ ʟʝʤʘʘʪ ʧʨʝʜʚʠʜ ʩʝ: ʩʦʩʪʿʙʘ ʥʘ ʧʘʟʘʨʦʪ, ʧʨʠʩʪʘʧ ʜʦ ʧʨʝʥʦʩʥʘ ʤʨʝʞʘ ʠ 

ʢʘʧʘʮʠʪʝʪ, ʫʩʣʦʚʠ ʟʘ ʠʟʛʨʘʜʙʘ ʠ ʧʨʠʩʪʘʧ, ʧʦʜʜʨʰʢʘ ʦʜ ʟʘʝʜʥʠʮʘʪʘ ʠ ʚʣʘʜʘʪʘ, ʢʘʢʦ ʠ 

ʩʝʥʟʠʪʠʚʥʦʩʪʘ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʠ ʢʫʣʪʫʨʘʪʘ. ʊʝʭʥʠʢʠʪʝ ʠ ʢʨʠʪʝʨʠʫʤʠʪʝ ʟʘ ʩʢʝʥʠʨʘˁʝ ʥʘ 

ʪʝʨʝʥ ʩʝ ʜʝʬʠʥʠʨʘʥʠ ʩʧʦʨʝʜ ʩʦʦʜʚʝʪʥʠ ʩʪʘʥʜʘʨʜʠ. ʂʘʢʦ ʧʨʚ ʯʝʢʦʨ ʩʝ ʧʨʝʧʦʨʘʯʫʚʘ ʧʦʜʘʪʦʮʠʪʝ 

ʟʘ ʛʝʦʛʨʘʬʠʿʘʪʘ ʜʘ ʙʠʜʘʪ ʩʦʙʨʘʥʠ ʠ ʩʦʩʪʘʚʝʥʠ ʚʦ GIS ʧʨʦʝʢʪ (Geographic Information System). 

ʆʪʢʦʛʘ ˃ʝ ʩʝ ʢʨʝʠʨʘ GIS ʧʨʦʝʢʪʦʪ, ʩʝ ʧʨʠʤʝʥʫʚʘ ʩʦʦʜʚʝʪʝʥ ʢʨʠʪʝʨʠʫʤ ʟʘ ʝʬʠʢʘʩʥʦ ʠ 

ʩʠʩʪʝʤʘʪʩʢʦ ʩʝʣʝʢʪʠʨʘˁʝ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʠ ʣʦʢʘʮʠʠ.  ɼʨʫʛʘ ʧʨʝʜʥʦʩʪ ʧʨʠ ʢʨʝʠʨʘˁʝ GIS ʝ ʪʦʘ 

ʰʪʦ ʢʦʛʘ ʚʝ˃ʝ ˃ʝ ʩʝ ʩʝʣʝʢʪʠʨʘ ʧʦʪʝʥʮʠʿʘʣʥʘʪʘ ʣʦʢʘʮʠʿʘ, ʛʦʣʝʤ ʜʝʣ ʦʜ ʜʠʟʘʿʥʦʪ ʥʘ ʧʨʦʝʢʪʦʪ ʟʘ 

ʤʦʥʠʪʦʨʠʨʘˁʝ ʥʘ ʚʝʪʝʨ ʠ ʩʣʝʜʩʪʚʝʥʦ, ʜʠʟʘʿʥʦʪ ʥʘ ʚʝʪʝʨʥʠʦʪ ʧʨʦʝʢʪ, ʤʦʞʝ ʜʘ ʙʠʜʘʪ ʠʟʚʝʜʝʥʠ ʚʦ 

ʚʠʨʪʫʝʣʥʘ ʦʢʦʣʠʥʘ.  ɹʝʟ ʨʘʟʣʠʢʘ ʜʘʣʠ ʝʜʝʥ GIS ʧʨʦʝʢʪ ˃ʝ ʙʠʜʝ ʠʩʢʦʨʠʩʪʝʥ ʠʣʠ ʥʝ, ʢʦʥʝʯʥʘʪʘ 

ʩʝʣʝʢʮʠʿʘ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʫʪʚʨʜʝʥʘ ʧʨʝʢʫ ʧʦʩʝʪʘ ʥʘ ʪʝʨʝʥʦʪ, ʩʦ ʮʝʣ ʜʘ ʩʝ ʧʦʪʚʨʜʘʪ 

ʬʠʟʠʯʢʠʪʝ ʫʩʣʦʚʠ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʢʦʠ ʝ ʥʘʧʨʘʚʝʥʘ ʩʝʣʝʢʮʠʿʘʪʘ (ʢʘʢʦ ʰʪʦ ʩʝ ʫʩʣʦʚʠʪʝ ʟʘ 

ʧʘʪʠʰʪʘʪʘ ʠ ʧʨʝʥʦʩʥʘʪʘ ʤʨʝʞʘ), ʠ ʥʘʯʝʣʥʦ ʜʘ ʩʝ ʧʨʦʮʝʥʘʪ ʧʦʣʠʪʠʯʢʠʪʝ, ʨʝʛʫʣʘʪʦʨʥʠʪʝ, 

ʢʫʣʪʫʨʥʠʪʝ ʠ ʩʠʪʝ ʦʩʪʘʥʘʪʠ ʬʘʢʪʦʨʠ ʢʦʠ ʤʦʞʘʪ ʜʘ ʛʦ ʩʧʨʝʯʘʪ ʨʘʟʚʦʿʦʪ.[1] 

3 ʄʆʅʀʊʆʈʀʈɸɳɽ ʅɸ ʈɽʉʋʈʉʀ 

ʆʪʢʘʢʦ ˃ʝ ʩʝ ʦʜʨʝʜʠ ʣʦʢʘʮʠʿʘʪʘ, ʩʣʝʜʥʘʪʘ ʬʘʟʘ ʚʢʣʫʯʫʚʘ ʤʝʨʝˁʝ ʠ ʢʘʨʘʢʨʝʨʠʟʘʮʠʿʘ ʥʘ 

ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ. ʊʦʢʤʫ ʚʦ ʦʚʘʘ ʬʘʟʘ ʥʘʿʯʝʩʪʦ ʩʝ ʠʥʩʪʘʣʠʨʘʘʪ ʤʝʨʥʠʪʝ ʩʪʘʥʠʮʠ ʟʘ 

ʤʦʥʠʪʦʨʠʨʘˁʝ ʥʘ ʚʝʪʨʦʪ. ʅʘʿʯʝʩʪʠʪʝ ʮʝʣʠ ʥʘ ʤʦʥʠʪʦʨʠʨʘˁʝʪʦ ʩʝ:  

- ɼʘ ʩʝ ʧʦʪʚʨʜʠ ʜʘʣʠ ʠʤʘ ʜʦʚʦʣʥʦ ʚʝʪʝʨʥʠ ʨʝʩʫʨʩʠ ʟʘ ʧʦʥʘʪʘʤʦʰʥʦʪʦ ʠʩʪʨʘʞʫʚʘˁʝ ʜʘ 

ʙʠʜʝ ʦʧʨʘʚʜʘʥʦ; 

- ɼʘ ʩʝ ʩʧʦʨʝʜʘʪ ʠ ʨʘʥʛʠʨʘʘʪ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ ʤʝʺʫ ʨʘʟʣʠʯʥʠ ʧʦʪʝʥʮʠʿʘʣʥʠ ʣʦʢʘʮʠʠ; 

- ɼʘ ʩʝ ʜʦʙʠʿʘʪ ʤʝʨʦʜʘʚʥʠ ʧʦʜʘʪʦʮʠ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʠ ʝʢʦʥʦʤʩʢaʪʘ 

ʦʜʨʞʣʠʚʦʩʪ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʤʦʜʝʣʠ ʥʘ ʚʝʪʝʨʥʠ ʪʫʨʙʠʥʠ; 

- ɼʘ ʩʝ ʦʙʝʟʙʝʜʠ ʨʝʘʣʥʘ ʦʩʥʦʚʘ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ. 

3.1 ɼʠʟʘʿʥ ʥʘ ʧʨʦʝʢʪ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ ʥʘ ʚʝʪʝʨ 

ɻʣʘʚʥʘʪʘ ʮʝʣ ʥʘ ʧʨʦʝʢʪʦʪ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ ʥʘ ʚʝʪʨʦʪ ʝ ʜʘ ʩʝ ʜʦʙʠʝ ʥʘʿʪʦʯʝʥ ʤʦʞʝʥ 

ʧʦʜʘʪʦʢ ʟʘ ʚʝʪʝʨʥʠʦʪ ʨʝʩʫʨʩ ʜʦʣʞ ʮʝʣʘʪʘ ʧʦʚʨʰʠʥʘ ʦʧʬʘʪʝʥʘ ʩʦ ʧʝʨʢʠʪʝ ʥʘ ʨʦʪʦʨʦʪ ʠ ʜʦʣʞ 

ʮʝʣʘʪʘ ʧʦʚʨʰʠʥʘ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʦʧʬʘʪʝʥʘ ʩʦ ʧʨʦʝʢʪʦʪ. ʉʝʪʦ ʦʚʘ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʚʦ ʩʦʛʣʘʩʥʦʩʪ ʩʦ 

ʙʫ˅ʝʪʦʪ ʠ ʨʘʩʧʦʨʝʜʦʪ ʥʘ ʧʨʦʝʢʪʦʪ. ʆʚʘ ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʩʦ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʤʝʪʝʦʨʦʣʦʰʢʠ ʢʫʣʠ 

(ʤʝʨʥʠ ʩʪʘʥʠʮʠ) ʠ ʩʪʘʮʠʦʥʠʨʘʥʠ ʜʘʣʝʯʠʥʩʢʠ ʫʧʨʘʚʫʚʘʥʠ ʩʝʥʩʟʦʨʩʢʠ ʩʠʩʪʝʤʠ ʥʘ ʩʦʦʜʚʝʪʥʠ 

ʣʦʢʘʮʠʠ, ʠ ʦʙʝʟʝʜʫʚʘˁʝ ʥʘ ʜʦʚʦʣʥʘ ʢʦʣʠʯʠʥʘ ʥʘ ʧʦʜʘʪʦʮʠ ʟʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ ʨʝʩʫʨʠʪʝ.  

ɹʨʦʿ ʥʘ ʢʫʣʠ ʠ ʧʦʩʪʘʚʫʚʘˁʝ. ɻʣʘʚʥʘʪʘ ʮʝʣ ʧʨʠ ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʙʨʦʿʦʪ ʥʘ ʢʫʣʠ ʰʪʦ ˃ʝ 

ʙʠʜʘʪ ʠʥʩʪʘʣʠʨʘʥʠ ʠ ʢʘʜʝ ˃ʝ ʙʠʜʘʪ ʧʦʩʪʘʚʝʥʠ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʦʧʬʘʪʝʥʘ ʩʦ ʧʨʦʝʢʪʦʪ ʝ 

ʜʘ ʩʝ ʤʠʥʠʤʠʟʠʨʘ ʩʪʝʧʝʥʦʪ ʥʘ ʥʝʠʟʚʝʩʥʦʩʪ ʥʘ ʚʝʪʝʨʥʠʦʪ ʨʝʩʫʨʩ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʘʪʘ ʣʦʢʘʮʠʿʘ. 

ʇʦʩʪʠʛʥʫʚʘˁʝʪʦ ʥʘ ʦʚʘʘ ʮʝʣ ʧʦʙʘʨʫʚʘ ʥʝ ʩʘʤʦ ʤʦʥʠʪʦʨʠʨʘˁʝ ʥʘ ʤʝʩʪʦʪʦ ʢʘʜʝ ʚʝʪʨʦʪ ʝ 

ʥʘʿʩʠʣʝʥ, ʪʫʢʫ ʠ ʦʧʬʘ˃ʘˁʝ ʥʘ ʮʝʣʦʩʥʠʦʪ ʜʠʚʝʨʟʠʪʝʪ ʥʘ ʨʝʩʫʨʩʠʪʝ, ʦʜ ʥʘʿʜʦʙʨʠʪʝ ʜʦ ʥʘʿʣʦʰʠʪʝ, 

ʢʦʠ ʩʝ ʤʦʞʥʠ ʧʨʠ ʝʢʩʧʣʦʘʪʘʮʠʿʘ ʥʘ ʪʫʨʙʠʥʠʪʝ. ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʣʦʢʘʮʠʿʘʪʘ, ʪʦʧʦʛʨʘʬʠʿʘʪʘ, 

ʧʦʢʨʠʝʥʦʩʪʘ ʥʘ ʟʘʤʿʘʪʘ ʠ ʜʨʫʛʠ ʬʘʢʪʦʨʠ ʠʤʘʘʪ ʫʣʦʛʘ ʧʨʠ ʥʦʩʝˁʝʪʦ ʥʘ ʦʜʣʫʢʘʪʘ. 

ɺʠʩʠʥʘ ʥʘ ʠʥʩʪʨʫʤʝʥʪʠ. ʄʝʨʝˁʘʪʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ ʥʘ ʚʠʩʠʥʘ ʥʘ ʛʦʥʜʦʣʘʪʘ (ʠ 

ʧʦʞʝʣʥʦ ʜʦʣʞ ʮʝʣʘʪʘ ʧʦʚʨʰʠʥʘ ʦʧʬʘʪʝʥʘ ʩʦ ʧʝʨʢʠʪʝ), ʟʘ ʨʘʟʣʠʢʘ ʦʜ ʝʢʩʪʨʘʧʦʣʘʮʠʿʘʪʘ ʥʘ 

ʤʝʨʝˁʘʪʘ ʦʜ ʧʦʥʠʩʢʘ ʚʠʩʦʯʠʥʘ, ʛʠ  ʥʘʤʘʣʫʚʘʘʪ ʥʝʩʠʛʫʨʥʦʩʪʠʪʝ ʚʦ ʧʨʦʮʝʥʢʠʪʝ ʟʘ ʝʥʝʨʛʝʪʩʢʦʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ʀʟʙʦʨʦʪ  ʥʘ ʚʠʩʠʥʘʪʘ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʥʠ ʬʘʢʦʨʠ ʚʢʣʫʯʫʚʘʿ˃ʠ ʿʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ 

ʧʨʦʝʢʪʦʪ, ʮʝʥʘʪʘ ʥʘ ʢʫʣʘʪʘ, ʣʦʢʘʣʥʠʪʝ ʨʝʛʫʣʘʮʠʠ (ʧʨ., ʦʛʨʘʥʠʯʫʚʘˁʘ ʧʦʨʘʜʠ ʧʨʝʣʝʪʠ ʥʘ 

ʘʚʠʦʥʠ), ʢʘʢʦ ʠ ʧʦʟʥʘʚʘˁʝʪʦ ʥʘ ʚʝʪʝʨʥʠʪʝ ʫʩʣʦʚʠ (ʘʥʛ. wind shear).ɿʘ ʛʦʣʝʤʠ ʚʝʪʝʨʥʠ ʧʨʦʝʢʪʠ 

(>100 MW), ʧʨʝʧʦʨʘʯʣʠʚʦ ʝ ʙʘʨʝʤ ʝʜʥʘ ʦʜ ʪʨʠʪʝ ʤʝʪʝʦʨʦʣʦʰʢʠ ʢʫʣʠ ʜʘ ʙʠʜʝ ʥʘʿʤʘʣʢʫ ʥʘ 

ʚʠʩʠʥʘ ʥʘ ʛʦʥʜʦʣʘʪʘ. 



 

 

ʀʥʩʪʨʫʤʝʥʪʘʮʠʿʘ ʥʘ ʤʝʨʥʘʪʘ ʩʪʘʥʠʮʘ (ʢʫʣʘ). ɻʣʘʚʥʘʪʘ ʟʘʜʘʯʘ ʥʘ ʧʨʦʝʢʪʦʪ ʟʘ 

ʤʦʥʠʪʦʨʠʨʘˁʝ ʝ ʩʦʙʠʨʘˁʝ ʥʘ ʪʦʯʥʠ ʧʦʜʘʪʦʮʠ ʟʘ ʙʨʟʠʥʘʪʘ, ʧʨʘʚʝʮʦʪ, ʥʘʩʦʢʘʪʘ ʥʘ ʚʝʪʨʦʪ, ʢʘʢʦ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʦʟʜʫʭʦʪ. ʇʦʜʘʪʦʮʠʪʝ ʟʘ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʨʦʪ ʩʝ ʥʘʿʚʘʞʝʥ ʠʥʜʠʢʘʪʦʨ ʟʘ 

ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ ʥʘ ʜʘʜʝʥʘʪʘ ʣʦʢʘʮʠʿʘ. ʇʦʪʨʝʙʥʠ ʩʝ ʤʝʨʝˁʘ ʥʘ ʨʘʟʣʠʯʥʠ ʚʠʩʠʥʠ ʟʘ ʜʘ ʩʝ 

ʦʜʨʝʜʘʪ ʚʝʪʝʨʥʠʪʝ ʫʩʣʦʚʠ ʥʘ ʣʦʢʘʮʠʿʘʪʘ. ʀʥʬʦʨʤʘʮʠʿʘʪʘ ʟʘ ʬʨʝʢʚʝʥʮʠʩʢʘʪʘ ʟʘʯʝʩʪʝʥʦʩʪ ʥʘ 

ʥʘʩʦʢʘʪʘ ʥʘ ʚʝʪʨʦʪ ʝ ʚʘʞʥʘ ʟʘ ʦʧʪʠʤʠʟʠʨʘˁʝ ʥʘ ʥʘʜʚʦʨʝʰʥʠʦʪ ʠʟʛʣʝʜ ʥʘ ʚʝʪʝʨʥʠʪʝ ʪʫʨʙʠʥʠ ʚʦ 

ʨʘʤʢʠ ʥʘ ʚʝʪʝʨʥʦʪʦ ʧʦʣʝ ʠ ʟʘ  ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʤʦʜʝʣʠ ʟʘ ʧʨʦʪʦʢ ʥʘ ʚʝʪʨʦʪ ʠ ʝʬʝʢʪʠʪʝ ʥʘ 

ʙʨʘʟʜʘ ʠ ʧʦʣʝ. ʄʝʨʝˁʘʪʘ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʦʟʜʫʭʦʪ ʦʙʝʟʙʝʜʫʚʘʘʪ ʜʦʧʦʣʥʠʪʝʣʥʠ 

ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʫʩʣʦʚʠʪʝ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʠ ʧʦʤʘʛʘʘʪ ʜʘ ʩʝ ʦʜʨʝʜʠ ʛʫʩʪʠʥʘʪʘ ʥʘ ʚʦʟʜʫʭʦʪ. ʇʨʠ 

ʘʥʘʣʠʟʠʪʝ ʩʝ ʜʦʩʪʘʧʥʠ ʨʘʟʣʠʯʥʠ ʧʘʢʝʪʠ ʥʘ ʠʥʩʪʨʫʤʝʥʪʠ. ʀʟʙʠʨʘˁʝʪʦ ʥʘ  ʩʦʦʜʚʝʪʥʠʦʪ ʧʘʢʝʪ 

ʟʘʚʠʩʠ ʦʜ ʮʝʣʠʪʝ ʠ ʙʫ˅ʝʪʦʪ ʥʘ ʧʨʦʝʢʪʦʪ. ʆʚʘ ʿʘ ʜʝʤʦʥʩʪʨʠʨʘ ʧʦʪʨʝʙʘʪʘ ʟʘ ʜʝʪʘʣʝʥ ʜʠʟʘʿʥ ʥʘ 

ʧʨʦʝʢʪʦʪ ʰʪʦ ʛʠ ʟʠʤʘ ʚʦ ʧʨʝʜʚʠʜ ʩʠʪʝ ʚʘʨʠʿʘʙʣʠ. 

ʉʪʘʮʠʦʥʠʨʘʥʠ ʜʘʣʝʯʠʥʩʢʠ ʫʧʨʘʚʫʚʘʥʠ ʩʝʥʟʦʨʠ. SoDAR (Sonic Detection and 

Ranging) ʠ LiDAR (Light Detection and Ranging) ʪʝʭʥʦʣʦʛʠʠʪʝ, ʜʚʝ ʨʝʣʘʪʠʚʥʦ ʥʦʚʠ ʪʝʭʥʦʣʦʛʠʠ 

ʜʦʩʪʘʧʥʠ ʟʘ ʤʝʨʝˁʝ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʨʦʪ, ʤʦʞʝ ʜʘ ʙʠʜʘʪ ʢʦʨʠʩʥʠ ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ ʚʝʪʝʨʥʠʪʝ 

ʨʝʩʫʨʩʠ ʚʦ ʨʘʟʣʠʯʥʠ ʪʦʯʢʠ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʠ ʟʘ ʤʝʨʝˁʝ ʥʘ ʚʝʪʝʨʥʠʦʪ ʧʨʦʬʠʣ ʜʦʣʞ 

ʮʝʣʘʪʘ ʧʦʚʨʰʠʥʘ ʦʧʬʘʪʝʥʘ ʩʦ ʧʝʨʢʠʪʝ. ʂʨʘʪʢʦʪʨʘʿʥʠʪʝ  ʧʨʦʝʢʪʠ (4-12 ʥʝʜʝʣʠ) ʩʝ ʪʠʧʠʯʥʠ, ʠʘʢʦ 

ʩʝ ʧʨʝʧʦʨʘʯʫʚʘʘʪ ʧʦʜʦʣʛʦʨʦʯʥʠʪʝ ʧʨʦʝʢʪʠ, ʢʘʢʦ ʠ ʢʦʥʮʝʧʪʦʪ ʥʘ ʥʝʢʦʣʢʫ ʧʨʦʝʢʪʠ, ʟʘ ʛʦʣʝʤʠ 

ʚʝʪʝʨʥʠ ʧʨʦʝʢʪʠ (>100 MW), ʢʦʤʧʣʝʢʩʝʥ ʪʝʨʝʥ ʠʣʠ ʟʘ ʧʨʦʝʢʪʠ ʢʘʜʝ ʠʤʘ ʟʥʘʯʘʿʥʠ ʩʝʟʦʥʩʢʠ 

ʚʘʨʠʿʘʮʠʠ ʚʦ ʚʝʪʝʨʥʠʪʝ ʫʩʣʦʚʠ. 

3.2 ʇʣʘʥ ʟʘ ʤʝʨʝˁʝ 

ɿʘʝʜʥʠʯʢʦ ʟʘ ʩʠʪʝ ʧʨʦʝʢʪʠ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ ʝ ʧʦʪʨʝʙʘʪʘ ʦʜ ʧʣʘʥ ʟʘ ʤʝʨʝˁʝ. ʅʝʛʦʚʘʪʘ 

ʥʘʤʝʥʘ ʝ ʜʘ ʦʩʠʛʫʨʘ ʜʝʢʘ ʩʠʪʝ ʘʩʧʝʢʪʠ ʦʜ ʧʨʦʝʢʪʦʪ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ ʥʘ ʚʝʪʨʦʪ ˃ʝ ʩʝ 

ʢʦʤʙʠʥʠʨʘʘʪ ʟʘ ʜʘ ʩʝ ʦʙʝʟʙʝʜʘʪ ʧʦʜʘʪʦʮʠʪʝ ʧʦʪʨʝʙʥʠ ʟʘ ʦʩʪʚʘʨʫʚʘˁʝ ʥʘ ʮʝʣʠʪʝ ʥʘ ʧʨʦʝʢʪʦʪ. 

ʇʨʝʜ ʜʘ ʙʠʜʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥ, ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʧʠʩʤʝʥʦ ʜʦʢʫʤʝʥʪʠʨʘʥ, ʧʨʝʛʣʝʜʘʥ ʠ ʧʨʠʬʘʪʝʥ ʦʜ 

ʩʪʨʘʥʘ ʥʘ ʫʯʝʩʥʠʮʠʪʝ ʚʦ ʧʨʦʝʢʪʦʪ. ʇʣʘʥʦʪ ʪʨʝʙʘ ʜʘ ʛʠ ʩʧʝʮʠʬʠʮʠʨʘ ʩʣʝʜʥʠʚʝ ʝʣʝʤʝʥʪʠ: 

- ʧʘʨʘʤʝʪʨʠ ʥʘ ʤʝʨʝˁʝ (ʧʨ., ʙʨʟʠʥʘ, ʥʘʩʦʢʘ, ʪʝʤʧʝʨʘʪʫʨʘ)  

- ʪʠʧ, ʢʚʘʣʠʪʝʪ ʠ ʮʝʥʘ ʥʘ ʦʧʨʝʤʘ 
- ʚʠʩʠʥʘ ʥʘ ʧʦʩʪʘʚʝʥʦʩʪ ʥʘ ʦʧʨʝʤʘʪʘ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ ʠ ʥʝʿʟʠʥʘ ʥʘʩʦʯʝʥʦʩʪ 
- ʙʨʦʿ ʠ ʣʦʢʘʮʠʠ ʥʘ ʿʘʨʙʦʣʠ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ  
- ʤʠʥʠʤʘʣʥʦ ʧʦʩʘʢʫʚʘʥʘ ʪʦʯʥʦʩʪ ʠ ʪʨʘʝˁʝ ʥʘ ʤʝʨʝˁʝʪʦ, ʢʘʢʦ ʠ ʤʠʥʠʤʘʣʥʦ ʧʨʝʟʝʤʘˁʝ ʥʘ 

ʧʦʜʘʪʦʮʠ 

- ʩʝʤʧʣʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʠ ʠʥʪʝʨʚʘʣʠ ʥʘ ʩʥʠʤʘˁʝ 
- ʩʪʨʘʥʠ ʦʜʛʦʚʦʨʥʠ ʟʘ ʠʥʩʪʘʣʘʮʠʿʘ ʥʘ ʦʧʨʝʤʘʪʘ, ʥʝʿʟʠʥʦ ʦʜʨʞʫʚʘˁʝ, ʚʘʣʠʜʘʮʠʿʘ ʥʘ 
ʧʦʜʘʪʦʮʠʪʝ ʠ ʧʨʠʣʦʞʫʚʘˁʝ ʥʘ ʠʟʚʝʰʪʘʠ 

- ʧʨʝʥʦʩ, ʩʢʨʠʥʠʥʛ ʠ ʧʨʦʮʝʜʫʨʠ ʥʘ ʧʨʦʮʝʩʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠʪʝ 

- ʤʝʨʢʠ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ ʢʚʘʣʠʪʝʪʦʪ 
- ʠʥʪʝʨʚʘʣʠ ʥʘ ʧʨʘ˃ʘˁʝ ʠ ʬʦʨʤʘʪ ʥʘ ʧʦʜʘʪʦʮʠʪʝ 

ɻʝʥʝʨʘʣʥʦ ʩʝ ʧʨʝʧʦʨʘʯʫʚʘ ʤʦʥʠʪʦʨʠʨʘˁʝʪʦ ʥʘ ʚʝʪʨʦʪ ʜʘ ʪʨʘʝ ʥʘʿʤʘʣʢʫ ʝʜʥʘ ʛʦʜʠʥʘ (12 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʤʝʩʝʮʠ), ʠʘʢʦ ʧʦʜʦʣʛ ʧʝʨʠʦʜ ʙʠ ʜʘʣ ʧʦʩʠʛʫʨʥʠ ʨʝʟʫʣʪʘʪʠ. ʂʦʣʠʯʠʥʘʪʘ ʥʘ 

ʧʨʝʟʝʤʝʥʠʪʝ ʧʦʜʘʪʦʮʠ ʟʘ ʩʠʪʝ ʠʟʤʝʨʝʥʠ ʧʘʨʘʤʝʪʨʠ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʰʪʦ ʝ ʤʦʞʥʦ ʧʦʛʦʣʝʤʘ, ʧʘ 

ʪʘʢʘ ʟʘ ʧʦʚʝ˃ʝʪʦ ʤʝʨʥʠ ʩʪʘʥʠʮʠ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʥʘʿʤʘʣʢʫ 90%, ʩʦ ʤʠʥʠʤʘʣʥʠ ʧʨʦʧʫʩʪʠ ʚʦ 

ʧʦʜʘʪʦʮʠʪʝ. ʀʩʭʦʜʦʪ ʦʜ ʮʝʣʘʪʘ ʧʦʩʪʘʧʢʘ ʚʩʫʰʥʦʩʪ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʥʠ ʬʘʢʪʦʨʠ ʢʘʢʦ ʰʪʦ ʩʝ 

ʦʜʜʘʣʝʯʝʥʦʩʪʘ ʦʜ ʣʦʢʘʮʠʿʘʪʘ, ʚʨʝʤʝʥʩʢʠʪʝ ʫʩʣʦʚʠ, ʪʠʧʦʪ ʥʘ ʠʥʩʪʨʫʤʝʥʪʠʪʝ, ʢʘʢʦ ʠ ʤʝʪʦʜʠʪʝ ʥʘ 

ʧʨʠʙʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠ. 

3.3 ʉʪʨʘʪʝʛʠʿʘ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ 

ʆʩʥʦʚʠʪʝ ʥʘ ʜʦʙʨʘʪʘ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ ʩʝ ʜʦʙʘʨ ʤʝʥʘ˅ʤʝʥʪ, ʢʚʘʣʠʬʠʢʫʚʘʥ 

ʧʝʨʩʦʥʘʣ ʠ ʘʜʝʢʚʘʪʥʠ ʨʝʩʫʨʩʠ. ɿʘ ʫʩʧʝʰʥʦ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘʿʜʦʙʨʦ ʝ ʜʦʢʦʣʢʫ ʩʠʪʝ, 

ʢʦʠ ʩʝ ʚʢʣʫʯʝʥʠ ʚʦ ʧʨʦʮʝʩʦʪ, ʛʠ ʟʥʘʘʪ ʩʚʦʠʪʝ (ʠ ʥʘ ʩʠʪʝ ʧʨʝʦʩʪʘʥʘʪʠ ʫʯʝʩʥʠʮʠ) ʫʣʦʛʠ ʠ 

ʦʜʛʦʚʦʨʥʦʩʪʠ. ʉʝʢʦʿ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʟʘʧʦʟʥʘʝʥ ʩʦ ʦʧʰʪʠʪʝ ʮʝʣʠ ʥʘ ʧʨʦʝʢʪʦʪ, ʧʣʘʥʦʪ ʟʘ ʤʝʨʝˁʝ ʠ 

ʨʘʩʧʦʨʝʜʦʪ. ʄʝʺʫʩʝʙʥʘʪʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʥʘ ʫʯʝʩʥʠʮʠʪʝ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʦʪʚʦʨʝʥʘ ʠ ʯʝʩʪʘ. 

ʇʨʝʧʦʨʘʯʣʠʚʦ ʝ ʚʦ ʪʠʤʦʪ ʜʘ ʙʠʜʝ ʚʢʣʫʯʝʥʘ ʥʘʿʤʘʣʢʫ ʝʜʥʘ ʦʩʦʙʘ ʢʦʿʘ ʠʤʘ ʧʨʘʢʪʠʯʥʦ ʠʩʢʫʩʪʚʦ 

ʦʜ ʦʙʣʘʩʪʘ ʥʘ ʤʝʨʝˁʝʪʦ. ɸʥʘʣʠʟʘʪʘ ʥʘ ʧʦʜʘʪʦʮʠ, ʠʥʪʝʨʧʨʝʪʘʮʠʿʘʪʘ ʠ ʢʦʤʧʿʫʪʝʨʩʢʠʪʝ ʚʝʰʪʠʥʠ 



 

 

ʩʝ ʠʩʪʦ ʪʘʢʘ ʚʘʞʥʠ ʬʘʢʪʦʨʠ. ɼʦʩʪʘʧʥʠʦʪ ʧʝʨʩʦʥʘʣ ʠ ʤʘʪʝʨʠʿʘʣʥʠ ʨʝʩʫʨʩʠ ʤʦʨʘ ʜʘ ʙʠʜʘʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʥʘ ʮʝʣʠʪʝ ʥʘ ʧʨʦʝʢʪʦʪ. ɺʠʩʦʢʠʪʝ ʩʪʘʥʜʘʨʜʠ ʧʦʚʨʟʘʥʠ ʩʦ ʪʦʯʥʦʩʪʘ ʥʘ 

ʧʦʜʘʪʦʮʠʪʝ ʠ ʥʠʚʥʘʪʘ ʢʦʤʧʣʝʪʥʦʩʪ ʙʘʨʘʘʪ ʩʦʦʜʚʝʪʥʠ ʥʠʚʦʘ ʥʘ ʢʘʜʨʦʚʩʢʦ ʝʢʠʧʠʨʘˁʝ, 

ʠʥʚʝʩʪʠʨʘˁʝ ʚʦ ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʘ ʦʧʨʝʤʘ ʠ ʘʣʘʪʢʠ, ʙʨʟʘ ʨʝʘʢʮʠʿʘ ʧʨʠ ʥʝʧʣʘʥʠʨʘʥʠ ʥʘʩʪʘʥʠ 

(ʧʨ., ʛʘʩʝˁʝ ʥʘ ʦʧʨʝʤʘʪʘ), ʜʦʩʪʘʧʥʦʩʪ ʥʘ ʨʝʟʝʨʚʥʠ ʜʝʣʦʚʠ, ʨʫʪʠʥʩʢʠ ʧʦʩʝʪʠ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʠ 

ʧʦʚʨʝʤʝʥ ʧʨʝʛʣʝʜ ʥʘ ʧʦʜʘʪʦʮʠʪʝ. ʈʘʙʦʪʘʪʘ ʠ ʦʜʨʞʫʚʘˁʝʪʦ ʥʘ ʩʪʘʥʠʮʘʪʘ ʠ ʧʨʠʙʠʨʘˁʝʪʦ ʥʘ 

ʧʦʜʘʪʦʮʠʪʝ ʩʝ ʠʥʪʝʛʨʘʣʥʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʩʪʨʘʪʝʛʠʿʘʪʘ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ. 

ʈʘʙʦʪʘ ʠ ʦʜʨʞʫʚʘˁʝ ʥʘ ʩʪʘʥʠʮʘʪʘ. ʂʦʥʪʠʥʫʠʨʘʥʦʪʦ ʦʜʨʞʫʚʘˁʝ ʠ ʫʨʝʜʥʦ 

ʜʦʢʫʤʝʥʪʠʨʘˁʝ ʥʘ ʩʝʢʦʿʘ ʩʪʘʥʠʮʘ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ ʩʝ ʧʦʪʨʝʙʥʠ ʟʘ ʜʘ ʩʝ 

ʟʘʯʫʚʘ ʠʥʪʝʛʨʠʪʝʪʦʪ ʠ ʜʘ ʩʝ ʧʦʩʪʠʛʥʘʪ ʮʝʣʠʪʝ ʥʘ ʧʨʦʝʢʪʦʪ ʟʘ ʤʝʨʝˁʝ. ʉʝ ʧʨʝʧʦʨʘʯʫʚʘ (ʧʨʝʢʫ 

ʨʘʙʦʪʘ ʠ ʦʜʨʞʫʚʘˁʝ)  ʚʦʩʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʝʜʥʦʩʪʘʚʝʥ ʧʣʘʥ. ʆʚʦʿ ʧʣʘʥ ʪʨʝʙʘ ʜʘ ʚʢʣʫʯʠ ʨʘʟʣʠʯʥʠ 

ʤʝʨʢʠ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʢʚʘʣʠʪʝʪ ʠ ʜʘ ʦʙʝʟʙʝʜʠ ʥʘʧʘʪʩʪʚʠʿʘ ʟʘ ʮʝʣʠʦʪ ʧʝʨʩʦʥʘʣ. 

ʇʨʠʙʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠ ʠ ʨʘʢʫʚʘˁʝ. ʎʝʣʪʘ ʥʘ ʧʨʠʙʠʨʘˁʝʪʦ ʥʘ ʧʦʜʘʪʦʮʠ ʠ ʧʨʦʮʝʩʦʪ 

ʥʘ ʨʘʢʫʚʘˁʝ ʝ ʜʘ ʦʩʠʛʫʨʘ ʜʝʢʘ ʧʦʜʘʪʦʮʠʪʝ ʩʝ ʜʦʩʪʘʧʥʠ ʟʘ ʘʥʘʣʠʟʠ ʠ ʜʝʢʘ ʪʠʝ ʩʝ ʟʘʰʪʠʪʝʥʠ ʦʜ 

ʝʚʝʥʪʫʘʣʥʠ ʦʰʪʝʪʫʚʘˁʘ ʠʣʠ ʥʠʚʥʦ ʛʫʙʝˁʝ. 

3.4 ʇʣʘʥ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʢʚʘʣʠʪʝʪ 

ɽʩʝʥʮʠʿʘʣʝʥ ʜʝʣ ʥʘ ʩʝʢʦʿ ʧʨʦʝʢʪ ʟʘ ʤʝʨʝˁʝ ʝ ʧʣʘʥʦʪ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʢʚʘʣʠʪʝʪ ʢʦʿ 

ʧʨʝʪʩʪʘʚʫʚʘ ʜʝʪʘʣʥʘ ʠ ʦʨʛʘʥʠʟʠʨʘʥʘ ʘʛʝʥʜʘ ʟʘ ʩʠʛʫʨʥʦ ʠ ʫʩʧʝʰʥʦ ʩʦʙʠʨʘˁʝ ʥʘ 

ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʠ ʧʦʜʘʪʦʮʠ. ʇʣʘʥʦʪ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʥʘʧʠʰʘʥ 

ʧʠʩʤʝʥʦ ʦʪʢʦʛʘ ˃ʝ ʙʠʜʝ ʢʦʤʧʣʝʪʠʨʘʥ ʧʣʘʥʦʪ ʟʘ ʤʝʨʝˁʝ. 

¶ ʇʦʣʠʩʘ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʢʚʘʣʠʪʝʪ. ʄʝʥʘ˅ʝʨʦʪ ʥʘ ʧʨʦʝʢʪʦʪ ʪʨʝʙʘ ʜʘ ʛʦ ʫʪʚʨʜʠ ʠ 

ʦʜʦʙʨʠ ʧʣʘʥʦʪ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪ, ʩʦ ʰʪʦ ʤʫ ʜʘʚʘ ʢʨʝʜʠʙʠʣʠʪʝʪ ʥʘ 

ʮʝʣʠʦʪ ʧʝʨʩʦʥʘʣ. 

¶ ʂʦʦʨʜʠʥʘʪʦʨ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʢʚʘʣʠʪʝʪ. ɺʨʩʢʘʪʘ ʤʝʺʫ ʧʣʘʥʦʪ ʠ ʧʨʦʝʢʪ 

ʤʝʥʘ˅ʤʝʥʪʦʪ ʝ ʢʦʦʨʜʠʥʘʪʦʨʦʪ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪ. ʊʦʿ ʪʨʝʙʘ ʜʘ ʙʠʜʝ 

ʟʘʧʦʟʥʘʝʥ ʩʦ ʨʫʪʠʥʩʢʠʪʝ ʙʘʨʘˁʘ ʟʘ ʩʦʙʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠ. ɸʢʦ ʧʣʘʥʦʪ ʟʘ 

ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪ ʩʝ ʘʥʘʣʠʟʠʨʘ ʩʝʨʠʦʟʥʦ, ʢʦʦʨʜʠʥʘʪʦʨʦʪ ʤʦʨʘ ʜʘ ʙʠʜʝ 

ʦʚʣʘʩʪʝʥ ʜʘ ʦʩʠʛʫʨʘ ʜʝʢʘ ʮʝʣʠʦʪ ʧʝʨʩʦʥʘʣ ʝ ʩʦʦʜʚʝʪʥʦ ʦʙʫʯʝʥ, ʩʣʝʜʝʥʠ ʩʝ ʪʦʯʥʠ 

ʧʨʦʮʝʜʫʨʠ ʠ ʩʝ ʧʨʝʚʟʝʤʝʥʠ ʩʦʦʜʚʝʪʥʠ ʤʝʨʢʠ ʟʘ ʢʦʨʝʢʮʠʿʘ ʚʦ ʩʣʫʯʘʿ ʥʘ 

ʧʨʦʙʣʝʤʠ. ɼʦʧʦʣʥʠʪʝʣʥʦ, ʢʦʦʨʜʠʥʘʪʦʨʦʪ ʪʨʝʙʘ ʫʨʝʜʥʦ ʜʘ ʿʘ ʦʜʨʞʫʚʘ 

ʩʦʦʜʚʝʪʥʘʪʘ ʜʦʢʫʤʝʥʪʘʮʠʿʘ. 

ʂʚʘʣʠʪʝʪʦʪ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʥʘʿʯʝʩʪʦ ʩʝ ʦʮʝʥʫʚʘ ʧʨʝʢʫ ʪʦʯʥʦʩʪ ʠ ʢʦʤʧʣʝʪʥʦʩʪ. ʇʣʘʥʦʪ ʟʘ 

ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪ ʩʝ ʧʦʪʧʠʨʘ ʥʘ ʜʦʢʫʤʝʥʪʘʮʠʿʘʪʘ ʥʘ ʧʦʩʪʘʧʢʠʪʝ ʚʢʣʫʯʝʥʠ ʟʘ ʧʦʜʜʨʰʢʘ 

ʥʘ ʪʚʨʜʝˁʘʪʘ ʟʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʧʦʜʘʪʦʮʠʪʝ. ʉʝ ʧʨʝʧʦʨʘʯʫʚʘ ʧʣʘʥʦʪ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪ 

ʜʘ ʛʠ ʩʦʜʨʞʠ ʩʣʝʜʥʠʚʝ ʢʦʤʧʦʥʝʥʪʠ: 

- ʥʘʙʘʚʢʘ ʥʘ ʦʧʨʝʤʘ ʩʧʦʨʝʜ ʩʧʝʮʠʬʠʢʘʮʠʠʪʝ ʥʘ ʧʨʦʝʢʪʦʪ 
- ʤʝʪʦʜ ʥʘ ʢʘʣʠʙʨʠʨʘˁʝ ʥʘ ʦʧʨʝʤʘʪʘ, ʬʨʝʢʚʝʥʮʠʿʘ ʠ ʧʨʘ˃ʘˁʝ ʥʘ ʧʦʚʨʘʪʥʠ ʠʥʬʦʨʤʘʮʠʠ 
- ʠʥʩʪʘʣʘʮʠʿʘ, ʚʝʨʠʬʠʢʘʮʠʿʘ ʠ ʣʠʩʪʠ ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ ʨʘʙʦʪʘʪʘ ʠ ʦʜʨʞʫʚʘˁʝʪʦ ʥʘ 
ʤʦʥʠʪʦʨʠʥʛ ʩʪʘʥʠʮʘʪʘ 

- ʧʨʠʙʠʨʘˁʝ, ʩʢʨʠʥʠʥʛ ʠ ʘʨʭʠʚʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠ  
- ʫʧʘʪʩʪʚʘ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʧʦʜʘʪʦʮʠ 
- ʤʝʪʦʜʠ ʟʘ ʚʘʣʠʜʠʨʘˁʝ, ʢʨʠʪʝʨʠʫʤʠ ʟʘ ʦʟʥʘʯʫʚʘˁʝ, ʬʨʝʢʚʝʥʮʠʿʘ ʥʘ ʠʟʚʝʩʪʫʚʘˁʝ ʠ 
ʬʦʨʤʘʪ ʥʘ ʧʦʜʘʪʦʮʠʪʝ 

- -ʚʥʘʪʨʝʰʥʠ ʨʝʚʠʟʠʠ ʟʘ ʜʦʢʫʤʝʥʪʠʨʘˁʝ ʥʘ ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ ʦʜʛʦʚʦʨʥʠʪʝ ʟʘ 

ʠʥʩʪʘʣʘʮʠʿʘ ʠ ʟʘ ʨʘʙʦʪʘ ʠ ʦʜʨʞʫʚʘˁʝ, ʢʘʢʦ ʠ ʟʘ ʧʨʠʙʠʨʘˁʝ ʠ ʨʘʢʫʚʘˁʝ ʩʦ ʧʦʜʘʪʦʮʠ 

ɼʨʫʛʘ ʮʝʣ ʥʘ ʦʙʝʟʙʝʜʫʚʘˁʝʪʦ ʥʘ ʢʚʘʣʠʪʝʪ ʝ ʜʘ ʩʝ ʤʠʥʠʤʠʟʠʨʘʘʪ ʥʝʩʠʛʫʨʥʦʩʪʠʪʝ ʢʦʠ 

ʥʝʠʟʙʝʞʥʦ ʩʝ ʿʘʚʫʚʘʘʪ ʚʦ ʩʝʢʦʿ ʯʝʢʦʨ ʦʜ ʧʨʦʮʝʩʦʪ ʥʘ ʤʝʨʝˁʝ. ʅʠʪʫ ʝʜʥʘ ʢʫʣʘ ʥʝ ʿʘ ʧʨʝʪʩʪʘʚʫʚʘ 

ʩʦʚʨʰʝʥʦ ʦʙʣʘʩʪʘ ʟʘ ʢʦʿʘ ʝ ʥʘʤʝʥʝʪʘ, ʥʠʪʫ ʝʜʝʥ ʩʝʥʟʦʨ ʥʝ ʤʝʨʠ ʩʦ ʠʜʝʘʣʥʘ ʪʦʯʥʦʩʪ ʠ ʥʠʪʫ ʝʜʝʥ 

ʧʦʜʘʪʦʢ ʢʦʿ ʝ ʩʦʙʨʘʥ ʚʦ ʜʘʜʝʥ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʥʝ ʛʠ ʧʨʠʢʘʞʫʚʘ ʠʜʝʘʣʥʦ ʫʩʣʦʚʠʪʝ ʩʦ ʢʦʠ 

ʤʦʞʝ ʜʘ ʩʝ ʩʦʦʯʠ ʚʝʪʝʨʥʦʪʦ ʧʦʣʝ ʟʘ ʚʨʝʤʝ ʥʘ ʨʘʙʦʪʘʪʘ. ʂʘʢʦ ʠ ʜʘ ʝ, ʘʢʦ ʨʘʟʤʝʨʦʪ ʥʘ ʦʚʠʝ 

ʥʝʩʠʛʫʨʥʦʩʪʠ ʝ ʧʦʟʥʘʪ ʠ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʧʨʝʢʫ ʫʩʦʛʣʘʩʝʥ ʧʣʘʥ ʟʘ ʦʙʝʟʙʝʜʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪ, 

ʟʘʢʣʫʯʦʮʠʪʝ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʩʦʦʜʚʝʪʥʦ ʢʚʘʣʠʬʠʢʫʚʘʥʠ ʪʘʢʘ ʰʪʦ ˃ʝ ʦʙʝʟʙʝʜʘʪ ʢʦʨʠʩʥʠ 

ʠʥʬʦʨʤʘʮʠʠ. 



 

 

4 ɸʅɸʃʀɿɸ ʅɸ ɺɽʊɽʈʅʀʊɽ ʈɽʉʋʈʉʀ 

ʊʨʝʪʘʪʘ ʬʘʟʘ ʦʜ ʧʨʦʝʢʪʦʪ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ ʩʝ ʩʦʩʪʦʠ ʦʜ ʦʧʠʩ ʥʘ 

ʚʝʪʝʨʥʠʦʪ ʨʝʩʫʨʩ ʥʘ ʩʠʪʝ ʨʝʣʝʚʘʥʪʥʠ ʚʨʝʤʝʥʩʢʠ ʠ ʧʨʦʩʪʦʨʥʠ ʨʘʟʤʝʨʠ, ʩʦ ʰʪʦ ʿʘ ʧʦʜʜʨʞʫʚʘ 

ʦʧʪʠʤʘʣʥʘʪʘ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʪʫʨʙʠʥʠ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʣʦʢʘʮʠʿʘʪʘ ʦʧʬʘʪʝʥʘ ʩʦ ʧʨʦʝʢʪʦʪ, ʠ 

ʥʘʿʪʦʯʥʘʪʘ ʤʦʞʥʘ ʧʨʦʮʝʥʢʘ ʥʘ ʝʥʝʨʛʝʪʩʢʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺʦ ʦʚʘʘ ʬʘʟʘ ʝ ʚʢʣʫʯʝʥʦ: 

ʚʘʣʠʜʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠʪʝ, ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ ʠʩʧʠʪʫʚʘʥʠʦʪ ʨʝʩʫʨʩ, ʧʨʠʣʘʛʦʜʫʚʘˁʘ ʢʦʥ 

ʚʝʪʝʨʥʠʪʝ ʫʩʣʦʚʠ ʠ ʜʦʣʛʦʨʦʯʥʘʪʘ ʚʝʪʝʨʥʘ ʢʣʠʤʘ, ʥʫʤʝʨʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ ʥʘ ʧʨʦʪʦʢʦʪ ʥʘ ʚʝʪʝʨ, 

ʜʠʟʘʿʥ ʥʘ ʧʨʦʝʢʪ ʠ ʢʘʣʢʫʣʘʮʠʠ ʟʘ ʝʥʝʨʛʝʪʩʢʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ.[2] 

4.1 ɺʘʣʠʜʠʨʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠʪʝ 

ʆʪʢʘʢʦ ʧʦʜʘʪʦʮʠʪʝ ʦʜ ʩʠʩʪʝʤʦʪ ʟʘ ʤʦʥʠʪʦʨʠʨʘˁʝ ˃ʝ ʙʠʜʘʪ ʫʩʧʝʰʥʦ ʧʨʝʬʨʣʝʥʠ ʚʦ 

ʢʦʤʧʿʫʪʝʨʩʢʘʪʘ ʙʘʟʘ ʥʘ ʧʦʜʘʪʦʮʠ, ʩʝ ʧʨʦʚʝʨʫʚʘ ʥʠʚʥʘʪʘ ʪʦʯʥʦʩʪ ʠ ʩʝ ʚʘʣʠʜʠʨʘʘʪ. 

ɼʦʧʦʣʥʠʪʝʣʥʦ, ʩʝ ʚʨʰʠ ʧʨʦʮʝʥʢʘ ʥʘ  ʢʦʤʧʣʝʪʥʦʩʪʘ ʠ ʨʘʟʫʤʥʦʩʪʘ ʥʘ ʧʦʜʘʪʦʮʠʪʝ, ʘ ʥʝʚʘʣʠʜʥʠʪʝ 

ʠ ʩʦʤʥʠʪʝʣʥʠʪʝ ʧʦʜʘʪʦʮʠ ʩʝ ʧʨʠʿʘʚʫʚʘʘʪ. ʆʚʦʿ ʧʨʦʮʝʩ ʩʣʫʞʠ ʠʩʪʦ ʪʘʢʘ ʟʘ ʜʝʪʝʢʪʠʨʘˁʝ ʥʘ 

ʧʦʪʝʥʮʠʿʘʣʥʠ ʧʨʦʙʣʝʤʠ ʩʦ ʠʥʩʪʨʫʤʝʪʘʮʠʿʘʪʘ ʠʣʠ ʜʘʪʘ ʣʦʛʝʨʦʪ. 

4.2 ʂʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʥʘ ʠʩʧʠʪʫʚʘʥʠʦʪ ʚʝʪʝʨʝʥ ʨʝʩʫʨʩ 

ʆʪʢʘʢʦ ʧʦʜʘʪʦʮʠʪʝ ʟʘ ʚʝʪʝʨʥʠʦʪ ʨʝʩʫʨʩ ˃ʝ ʙʠʜʘʪ ʚʘʣʠʜʠʨʘʥʠ, ʪʠʝ ʩʝ ʘʥʘʣʠʟʠʨʘʘʪ ʟʘ ʜʘ 

ʩʝ ʛʝʥʝʨʠʨʘʘʪ ʨʘʟʣʠʯʥʠ ʩʪʘʪʠʩʪʠʢʠ ʢʦʠ ʧʦʤʘʛʘʘʪ ʜʘ ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʚʝʪʝʨʥʠʦʪ ʨʝʩʫʨʩ ʥʘ ʪʘʘ 

ʣʦʢʘʮʠʿʘ. ɺʦʦʙʠʯʘʝʥʠʪʝ ʩʪʘʪʠʩʪʠʢʠ ʚʢʣʫʯʫʚʘʘʪ: ʧʨʦʩʝʯʥʠ ʙʨʟʠʥʠ, ʬʨʝʢʚʝʥʮʠʩʢʘ ʨʘʩʧʨʝʜʝʣʙʘ 

ʥʘ ʙʨʟʠʥʠʪʝ ʠ ʧʨʘʚʮʠʪʝ, ʚʝʪʝʨʥʠ ʫʩʣʦʚʠ, ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʪʫʨʙʫʣʝʥʮʠʠ ʠ ʤʦ˃ʥʦʩʪ ʥʘ ʚʝʪʨʦʪ.   

4.3 ʇʨʦʮʝʥʢʘ ʥʘ ʨʝʩʫʨʩʦʪ ʥʘ ʚʠʩʠʥʘ ʥʘ ʛʦʥʜʦʣʘʪʘ 

ʉʦ ʦʛʣʝʜ ʥʘ ʪʦʘ ʰʪʦ ʤʝʨʥʠʪʝ ʢʫʣʠ ʩʝ ʧʦʥʠʩʢʠ ʦʜ ʨʝʘʣʥʘʪʘ ʚʠʩʠʥʘ ʥʘ ʢʦʿʘ ʝ ʧʦʩʪʘʚʝʥʘ 

ʪʫʨʙʠʥʩʢʘʪʘ ʛʦʥʜʦʣʘ (ʮʝʥʪʘʨʦʪ ʥʘ ʨʦʪʦʨʦʪ), ʟʘ ʢʦʿʘ ʚʠʩʠʥʘ ʝ ʜʝʬʠʥʠʨʘʥʘ ʢʨʠʚʘʪʘ ʥʘ ʤʦ˃ʥʦʩʪ, 

ʯʝʩʪʦ ʝ ʧʦʪʨʝʙʥʦ ʤʝʨʝˁʘʪʘ ʤʝʺʫ ʨʘʟʣʠʯʥʠʪʝ ʚʠʩʠʥʠ ʜʘ ʩʝ ʝʢʩʪʨʘʧʦʣʠʨʘʘʪ. ʆʚʘʘ ʟʘʜʘʯʘ ʙʘʨʘ 

ʚʥʠʤʘʪʝʣʥʘ, ʘ ʠ ʯʝʩʪʦ ʩʫʙʿʝʢʪʠʚʥʘ ʘʥʘʣʠʟʘ ʥʘ ʠʥʬʦʨʤʘʮʠʠʪʝ ʟʘ ʿʘʨʙʦʣʦʪ ʠ ʣʦʢʘʮʠʿʘʪʘ, 

ʚʢʣʫʯʫʚʘʿ˃ʠ ʛʠ ʠ ʥʘʙˀʫʜʫʚʘʥʠʪʝ ʚʝʪʝʨʥʠ ʫʩʣʦʚʠ, ʣʦʢʘʣʥʘʪʘ ʤʝʪʝʦʨʦʣʦʛʠʿʘ, ʪʦʧʦʛʨʘʬʠʿʘʪʘ ʠ 

ʧʦʢʨʠʝʥʦʩʪʘ ʥʘ ʟʝʤʿʘʪʘ. 

4.4 ʂʣʠʤʘʪʩʢʠ ʧʨʠʣʘʛʦʜʫʚʘˁʘ 

ʎʝʣʪʘ ʥʘ ʢʣʠʤʘʪʩʢʦʪʦ ʧʨʠʣʘʛʦʜʫʚʘˁʝ ʝ ʜʘ ʩʝ ʠʟʚʨʰʠ ʢʦʨʝʢʮʠʿʘ ʥʘ ʤʝʨʝˁʘʪʘ, ʠʟʚʨʰʝʥʠ 

ʚʦ ʦʛʨʘʥʠʯʝʥ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ, ʚʦ ʜʦʣʛʦʨʦʯʥʠ ʚʨʝʤʝʥʩʢʠ ʧʦʜʘʪʦʮʠ. ʆʚʘ ʝ ʚʘʞʥʦ ʙʠʜʝʿ˃ʠ 

ʙʨʟʠʥʠʪʝ ʥʘ ʚʝʪʨʦʪ ʤʦʞʝ ʟʥʘʯʠʪʝʣʥʦ ʜʘ ʚʘʨʠʨʘʘʪ ʦʜ ʚʦʦʙʠʯʘʝʥʠʪʝ ʜʫʨʠ ʠ ʚʦ ʪʝʢʦʪ ʥʘ ʝʜʥʘ 

ʛʦʜʠʥʘ ʠʣʠ ʧʦʜʦʣʛʦ. ʇʨʦʮʝʩʦʪ ʢʦʿ ʝ ʧʦʟʥʘʪ ʢʘʢʦ ʤʝʨʠ, ʧʦʚʨʟʠ, ʧʨʝʜʚʠʜʠ (measure, correlate, 

predict -MCP) ʝ ʪʠʧʠʯʥʦ ʢʦʨʠʩʪʝʥ ʟʘ ʧʦʚʨʟʫʚʘˁʝ ʠ ʧʨʠʣʘʛʦʜʫʚʘˁʝ ʥʘ ʤʝʨʝˁʘʪʘ ʥʘ ʪʝʨʝʥ ʩʦ 

ʜʦʣʛʦʨʦʯʥʘ ʨʝʬʝʨʝʥʮʘ. ʆʚʘ ʿʘ ʥʘʤʘʣʫʚʘ ʥʝʩʠʛʫʨʥʦʩʪʘ ʚʦ ʧʨʦʮʝʥʢʘʪʘ ʥʘ ʝʥʝʨʛʝʪʩʢʦʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ.  

4.5 ʄʦʜʝʣʠʨʘˁʝ ʥʘ ʧʨʦʪʦʢʦʪ ʥʘ ʚʝʪʝʨ 

ʉʦ ʦʛʣʝʜ ʥʘ ʬʘʢʪʦʪ ʰʪʦ ʤʝʨʝˁʘʪʘ ʥʘ ʪʝʨʝʥ ʩʝ ʚʦʦʙʠʯʘʝʥʦ ʦʛʨʘʥʠʯʝʥʠ ʥʘ ʥʝʢʦʣʢʫ 

ʣʦʢʘʮʠʠ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʦʙʣʘʩʪʘ ʦʧʬʘʪʝʥʘ ʩʦ ʧʨʦʝʢʪʦʪ, ʚʘʢʚʦʪʦ ʤʦʜʝʣʠʨʘˁʝ, ʢʦʝ ʥʘʿʯʝʩʪʦ 

ʥʘʧʨʘʚʝʥʦ ʩʦ ʢʦʤʧʿʫʪʝʨʩʢʠ ʩʦʬʪʚʝʨ, ʚʦʦʙʠʯʘʝʥʦ ʤʦʨʘ ʜʘ ʙʠʜʝ ʠʩʢʦʨʠʩʪʝʥʦ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ 

ʚʝʪʝʨʥʠʦʪ ʨʝʩʫʨʩ ʥʘ ʩʠʪʝ ʣʦʢʘʮʠʠ ʥʘ ʢʦʠ ʝ ʤʦʞʥʦ ʨʘʩʧʦʨʝʜʫʚʘˁʝ ʥʘ ʚʝʪʝʨʥʠʪʝ ʪʫʨʙʠʥʠ. 

ɼʦʩʪʘʧʥʠ ʩʝ ʧʦʚʝ˃ʝ ʩʦʬʪʚʝʨʠ ʢʦʠ ʦʚʦʟʤʦʞʫʚʘʘʪ ʤʦʜʝʣʠʨʘˁʝ ʥʘ ʧʨʦʪʦʢʦʪ ʥʘ ʚʝʪʝʨ, ʢʘʢʦ ʠ 

ʩʦʦʜʚʝʪʥʠ ʩʠʤʫʣʘʮʠʦʥʠ ʘʧʣʠʢʘʮʠʠ ʩʦ ʢʦʠ ʩʝ ʦʚʦʟʤʦʞʫʚʘ ʟʘʧʦʟʥʘʚʘˁʝ ʩʦ ʥʝʩʠʛʫʨʥʦʩʪʠʪʝ ʠ 

ʧʨʝʜʠʟʚʠʮʠʪʝ ʢʦʠ ʤʦʞʝ ʜʘ ʩʝ ʿʘʚʘʪ. 

4.6 ɼʠʟʘʿʥ ʥʘ ʧʨʦʝʢʪ ʠ ʝʥʝʨʛʝʪʩʢʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʇʦʩʣʝʜʥʘʪʘ ʬʘʟʘ ʝ ʜʘ ʩʝ ʜʠʟʘʿʥʠʨʘ ʧʨʦʝʢʪʦʪ ʠ ʧʨʦʮʝʥʠ ʥʝʛʦʚʦʪʦ ʝʥʝʨʛʝʪʩʢʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ʆʚʘ ʯʝʩʪʦ ʧʨʝʪʩʪʘʚʫʚʘ ʢʦʤʧʣʠʮʠʨʘʥ ʧʨʦʮʝʩ ʠ ʚʦʦʙʠʯʘʝʥʦ ʩʝ ʨʝʘʣʠʟʠʨʘ ʩʦ 

ʩʧʝʮʠʿʘʣʝʥ ʩʦʬʪʚʝʨ ʢʦʿ, ʧʦʯʥʫʚʘʿ˃ʠ ʦʜ ʨʝʟʫʣʪʘʪʠʪʝ ʜʦʙʠʝʥʠ ʦʜ ʥʫʤʝʨʠʯʢʦʪʦ ʤʦʜʝʣʠʨʘˁʝ ʥʘ 

ʧʨʦʪʦʢʦʪ, ʜʦʟʚʦʣʫʚʘ ʢʦʨʠʩʥʠʢʦʪ ʜʦʩʪʘ ʙʨʟʦ ʜʘ ʪʝʩʪʠʨʘ ʨʘʟʣʠʯʥʠ ʤʦʜʝʣʠ ʥʘ ʪʫʨʙʠʥʠ ʠ ʜʘ 

ʦʜʙʝʨʝ ʝʜʥʘ ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʥʘ ʤʘʢʩʠʤʘʣʥʦ ʝʥʝʨʛʝʪʩʢʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʉʦʬʪʚʝʨʦʪ ʠʩʪʦ ʪʘʢʘ ʛʠ 

ʢʘʣʢʫʣʠʨʘ ʟʘʛʫʙʠʪʝ ʦʜ ʝʬʝʢʪʦʪ ʥʘ ʙʨʘʟʜʘ ʠ ʧʦʣʝ. 



 

 

5 ɿɸʂʃʋʏʆʂ 

ʆʚʘʘ ʧʦʯʝʪʥʘ ʬʘʟʘ, ʧʨʦʝʢʪʦʪ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ, ʧʨʝʪʩʪʘʚʫʚʘ ʢʨʫʮʠʿʘʣʝʥ 

ʩʝʛʤʝʥʪ ʚʦ ʩʝʚʢʫʧʥʠʦʪ ʧʨʦʝʢʪ ʟʘ ʠʟʛʨʘʜʙʘ ʥʘ ʚʝʪʝʨʥʘ ʮʝʥʪʨʘʣʘ. ʂʘʢʦ ʪʘʢʚʘ ʛʦ ʦʙʚʨʟʫʚʘ 

ʦʜʛʦʚʦʨʥʦʪʦ ʣʠʮʝ ʜʦʩʣʝʜʥʦ ʜʘ ʛʠ ʩʣʝʜʠ ʩʠʪʝ ʯʝʢʦʨʠ, ʜʝʬʠʥʠʨʘʥʠ ʚʦ ʧʨʦʝʢʪʦʪ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ 

ʚʝʪʝʨʥʠʪʝ ʨʝʩʫʨʩʠ, ʢʦʠ ʤʝʺʫ ʜʨʫʛʦʪʦ ʠʟʦʙʠʣʫʚʘʘʪ ʩʦ ʤʥʦʛʫ ʙʘʨʘˁʘ. ʆʜ ʛʦʨʝʥʘʚʝʜʝʥʠʪʝ ʬʘʟʠ 

ʤʦʞʝʤʝ ʜʘ ʿʘ ʩʦʛʣʝʜʘʤʝ ʢʦʤʧʣʝʢʩʥʦʩʪʘ ʥʘ ʧʨʦʝʢʪʦʪ, ʠʟʨʘʟʝʥʘ ʧʨʝʢʫ ʩʪʨʦʛʦ ʜʝʬʠʥʠʨʘʥʠʪʝ 

ʫʩʣʦʚʠ. ʀʘʢʦ ʥʘʚʠʜʫʤ ʨʘʟʣʠʯʥʠ, ʪʠʝ ʩʝʧʘʢ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʥʝʨʘʩʢʠʥʣʠʚʘ ʚʨʩʢʘ ʚʦ ʧʨʦʝʢʪʦʪ. 

ʂʦʤʧʣʝʢʩʥʦʩʪʘ ʥʘ ʛʨʘʜʘʮʠʿʘʪʘ ʥʘ ʬʘʟʠʪʝ ʝ ʢʣʫʯʦʪ ʥʘ ʧʨʝʮʠʟʥʦʩʪʘ ʥʘ ʦʚʦʿ ʧʨʦʝʢʪ, ʢʦʿʘ 

ʧʨʝʮʠʟʥʦʩʪ ʧʨʝʪʩʪʘʚʫʚʘ ʦʩʥʦʚʝʥ ʫʩʣʦʚ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʨʝʘʣʥʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʜʘʜʝʥʘʪʘ 

ʣʦʢʘʮʠʿʘ. ʉʝʪʦ ʦʚʘ ʥʠ ʦʚʦʟʤʦʞʫʚʘ ʜʘ ʜʦʥʝʩʝʤʝ ʧʨʘʚʠʣʥʘ ʦʜʣʫʢʘ ʟʘ ʧʦʥʘʪʘʤʦʰʥʠʦʪ ʪʝʢ ʥʘ 

ʧʨʦʝʢʪʦʪ ʟʘ ʠʟʛʨʘʜʙʘ ʥʘ ʚʝʪʝʨʥʘ ʮʝʥʪʨʘʣʘ. 
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INFLUENCE OF THE BULK CONCENTRATION AND GEOMETRY 

ON ELECTRICAL CARACTERISTICS OF SOLAR CELL  

 

ABSTRACT 

This paper describes a solar cell which is central component for the realization of PV 

modules. All electrical characteristics and equivalent electrical circuit of solar cell weredescribed in 

detail. The electrical characteristics depend on materials for making solar cell and its physical 

structure. Central part of this paper describes change ofelectrical characteristics with changes of 

physical structure of solar cell. The bulk concentration and geometry are physical parameters which 

were changed. Simulationsare made by using Silvaco TCAD software package. 

Keywords: solar cell, electrical characteristics, bulk concentration, dimension 

1 INTRODUCTION  

 A solar cellis semiconductor electronic component which output current depends on 

intensity of illumination. The operation of solar cell is based onthe photovoltaic effect. This effect is 

closely related with photoelectric effect which was described by Albert Einstein. He explained that 

light consists of a particles of strictly defined energy. These particles were called photons, and energy 

of one photon is: 

 Ὁ Ὤ’ , DisplayText cannot span more than one line! 

where h is Planckôs constant, ɜ is frequency of the light, c is speed of light in a vacuum and ɚ 

is wavelength [1]. 

Photovoltaic effect can be represent by three basic processes. These are: generation of charge 

carriers due to the absorption of photons, separation of photo-generated charge carriers and collection 

of photo-generated charge carriers. 

 

2 BASIC PRINCIPE OF WORK  

 

2.1 Generation of charge carriers due to the absorption of photons 

 
Absorption of photon is process in that it surrenders energy to electron from semiconductor 

material. The electron which received energy is name exited electron and it passes from energy level 

E1 to E2 (Figure 1). 

Absorption is only possible if the condition is met: E2-E1=Eph. In ideal semiconductor there are 

electrons below edge of valence band (energy of these electrons is Ò EV) or above edge of conductive 

band (energy of these electrons is Ó EC). Between those two band there is not energy stated which 

could be populated by electrons, and difference of energy between those two band is called bandgap, 

EG=EC-EV. If a photon has smaller energy of EGit wonôt be absorbed and it will traverse through 

material without interaction. 

 

mailto:milanstojanovic@elfak.rs


 

 

 
Figure 1: a) Absorption of a photon in semiconductor with bandgap EG. b) If Eph>EG a part of absorbed 

energy is thermalized. 

When an electron is exited and it passes from valence to conductive band it creates void in 

valence band. This void is particle with a positive elementary charge and it is called hole. The 

absorption of a photon actually representscreation electron-hole pair (number 1 on the figure 2). The 

energy of photon is converted to chemical energy which is necessary for create electron-hole pair. The 

maximal conversion efficiency is 67% for non-concentrated and 86% for concentrated sunlight, and it 

limited by thermodynamics. 

2.2 Separation of photo-generated charge carriers 

 
Usually, a generated pair of electron-hole will recombine (number 2 of figure 2). Actually, 

electron will fall back to energy level E1 and this is process of electro neutralization.It releases energy 

in form of photon or transfer energy to the other electrons, holes or other particles in material.  

If a generated electron-hole pair was separated before recombination, electron and hole would 

participate in conducting of electric current in external circuit. An external generator is use for that 

(number 3 of figure 2). The generated electrons are moving to n-type of semiconductor and holes are 

moving to p-type of semiconductor by influence of this external generator(number 4 of figure 2.) A 

solar cell must be designed that the electrons and holes arrive to the appropriate type of material 

before their recombination. That means that lifetime of these particles must be longer than time which 

is necessary for electrons and holes passes through solar cell. 

 
Figure 2. A simple model of solar cell formed of n-type and p-type semiconductor material. 1) Absorption 

of a photon and generation of an electron-hole pair. 2) Recombination of electron-hole. 3) The external 

generator which separate generated electron-hole pair. 4) The electrons and holes which can be used to 

drive electric current. 5) Recombination of electron-hole after passes through the external circuit. 

2.3 Collection of photo-generated charge carriers 

 

Finally, the charge carriers (electrons and holes) which extracted from solar cell make electric 

current in external circuit. In this way the chemical energy is converted to electrical energy. After the 

carriers passed through the circuit, they recombine in solar cell (number 5 in figure 2). 

There are two loss mechanisms in single bandgap solar cell, and they were represented on figure 

1 b). The first is inability to convert photons energy to electrical energy and it happens when the 

energy of photon is smaller then energy bandgap. The second is thermalization and it is consequence 

of bigger photon energy of bandgap energy.  

 



 

 

3 ELECTRICAL CHARACTERISTICS  

 
3.1 Electrical circuit  

 
The equivalent electrical circuit of solar cell was shown in picture 3.  

 

 
Figure 3. The equivalent electrical circuit of solar cell. 

The output currentI is equal to the photo-generated current IL, less diode current ID and the 

chant-leakage current ISH. The Rs represents resistance which depends on the pn junction depth, 

impurities and contact resistance. The shunt resistance RSH is inversely related to the leakage current. 

In ideal solar cell RS=0 and RSH=Ð. In the real solar cell value for RS is between 0.05 Ý and 0.1 Ý, 

and value for RSH is between 200 Ý and 300 Ý [2]. 

 The current I, that floes through external circuit, can be obtained from next equation: 

 Ὅ Ὅ  Ὅ ὍȢ  (2) 

Value of leakage current ISH is much smaller then IL and ID, and it can be neglected. 

 The current ID is equal to: 

Ὅ ὍὩ ρȟ                                                          (3) 

 

where is Is saturation current, Voc open circuit voltage (more detailed below), kBoltzmann 

constant = 1.38×10ï23 J/°K and T absolute temperature. 

 Using equation (2) and (3) will be obtained: 

Ὅ Ὅ  ὍὩ ρȢ                                                        (4) 

3.2 The electrical parameters   

 
In the picture 4 were shown the current-voltage (I-V) and power-voltage (P-W) characteristics of 

solar cell. The main parameters for characterization of solar cell are the open circuit voltage Voc, the 

short circuit current Isc, the peak power Pmax, the fill factor FF and the conversion efficiency ɖ. 

 

 
Figure 4. I-V and P-V characteristics of solar cell [3]. 

The open circuit voltage is the voltage at solar cell when an external circuit is not connected. 

It is the maximum voltage that a solar cell can deliver. The value of open circuit voltage can be 

obtained from equation (4) when I is equal zero. 

On the basis of that follows: 

ὠ ὯὝÌÎ ρȢ                                                  (5) 



 

 

 

The Isc is current that flow through solar cell when its contacts are in short circuit. That means 

the open voltage is zero. Under this condition value of Isc, from equation (4) is equal to photo 

generated current IL. 

The fill factor is the ration between the maximum power which solar cell can generate and 

product of short circuit current with open circuit voltage. This parameter can be calculated by follow 

equation: 

ὊὊ  Ȣ                                                       (6) 

 

The subscript ñmppò denotes the maximum power point (MPP) of the solar cell. That is point 

on P-V characteristic when the solar cell has the maximal power output. 

 Conversion efficiency is ratio between the maximal generated power and incident 

power. This parameter will be calculated from next equation, where I in=1000W/m
2
: 

 

– .                                         (7) 

 

4 THE STRUCTURE OF SOLAR CELL  

 
The structure of single-crystal silicon solar cell (figure 5), which was made from p-type and n-

type silicon regions wasdescribed in this paper.This type of solar cell is the most used in the world at 

the moment. The other types of solar cell are: polycrystalline, thin-film, amorphous silicon and 

multijunction solar cells. 

 
 

 
Slika 5. Structure of  single-crystal silicon solar cell simulated in SILVACO. 

The structure in figure 5 was realized using several process in simulation. Start material is 

single-crystal silicon, doped with boron. In this way p-type area (bulk) of solar cell was obtained. The 

next step is implantation of phosphorus for make n-type area. Concentration of doped phosphorus is 

5*10
15

 atoms, and energy is 10 KeV. After that process diffusion was made. It is necessary for 

creation of pn junction and increasing mobility of primes. This process takes 30 min at temperature of 

1000 ↔C.  

The next step is deposition of oxygen on both of sides which thickness is 0.5 µm. This oxide 

with silicon creates SiO2 that represents mask for creation contact. Creating contact was obtained by 

deposit aluminum, thickness 1 µm in this case. Before that, it needs etch SiO2 in certain domain, in 

order to aluminum and p-type of silicon create contact directly. After deposition of aluminum, next 

step is etch it, where it doesnôt need. Contact which was formed in this process is cathode. 



 

 

For making anode contact, should be repeat process from previous paragraph, but it must flip 

structure firstly, around x-axis. In this way anode contact was made and should flip structure again to 

return to the start position.  

 

5 THE RESULTS  OF SIMULATION  

 
The electrical characteristics of solar cell whichwere listed previously, depend on physical 

structure of solar cell. Central part of this paper is simulation value of conversion efficiency versus 

changing concentration of phosphorus atoms in bulk. The concentration on this primes was changed 

from 5*10
15

 to 1*10
16

 with the step 1*10
15

, and from 1*10
16

 to 1*10
17

 with the step 1*10
16

. The 

conversion efficiency must be calculated for illuminated solar cell so the source of illumination must 

be defined at the beginning of simulation. In this case the multispectral source, which includes sources 

of light wavelength from 0.3 nm to 1.2 nm, was used. Intensity of this light is 0.099 . The result of 

simulation this parameter was shown on figure 6. 

 
Figure 6. Conversion efficiency for different value of concentration phosphorus atoms in bulk. 

Value of conversion efficiency rises with increasing of bulk concentration, that can be seen in 

figure. The reason for that is next. When bulk concentration is bigger,there are more atoms which can 

be exited by illumination. That actually means that there are more electrons which are carries of 

electrical current, so from equation (7) follows that conversion efficiency is bigger. The biggest value 

of this parameter is obtained when the bulk concentration is 1*10
17

. Values of others electrical 

parameters at this concentration were shown in table 1. 

 
Table 1. Electrical parameters of solar cell for bulk concentration 1*10

17
. 

Parameter ὠ  ὠ Ὅ [A]  ὖ [W

] 

FF –Ϸ  

Value 0.661642      -6.71*10
-9 

 

    -3.73*10
-9
 

 

      83.9962 18.7789 
 

 

If bulk concentration was bigger (å1*10
19

), value of conversion efficiency would fall. The 

reason for that is a higher level of scattering of generated electron-hole pairs at the atoms of 

phosphorus. 

The shown values were obtained for thickness of solar cell 70 µm. It needs to optimize 

thickness of solar cell for get maximal conversion efficiency. That was made buy changing this 

parameter from 30 µm to 70 µm with step 5 µm. The results of this simulation was shown in figure  7. 



 

 

                            

Figure 7. Conversion efficiency for different value of solar cell thickness at bulk concentration 1*10
17

. 

Value of conversion efficiency is the biggest when thickness of solar cell is 50 µm. The solar 

cells which have smaller thickness it have smaller volume of active region (bulk) too. The 

consequence of that is less generated electron-hole pairs, so intensity of electrical current through 

solar cell is less. The life time of generated electron-hole pairs is smaller than time which is necessary 

for transport of these pairs to contacts, in solar cells which have bigger thickness. This is reason why 

the thicker solar cells have smaller value of current and conversion efficiency. 

 The values of electrical parameters of solar cell, which has bulk concentration 1*10
17

 

and thickness 50 µm were shown in table 2. 

Table 2. Electrical parameters of solar cell for bulk concentration 1*10
17

 and thickness 50 µm. 

Parameter ὠ  ὠ Ὅ [A]  ὖ [W]  FF –Ϸ  

Value   0.686797     -6.61*10
-9 

 

   -3.83*10
-9
 

 

     84.4484 19.3019 
 

 

6 CONCLUSION 

 
The electrical characteristics of solar cell depend on several factors. These are: material for p-type 

and n-type regions, technology of making, materials for contacts and geometry of the structure of 

solar cell. In this paper was shown how some of these parameters influence at electrical characteristics 

of solar cell. It is one way to obtaining high efficiency solar cell. It needs include all parameters in 

simulation to obtaining the best results.   
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MUNICIPAL ENERGY EFF ICIENCY PROGRAMS AS A FIRST STEP 

TOWARDS IMPLEMENTING  THE ENERGY MANAGEMEN T SYSTEM 

ABSTRACT 

The results obtained from the analysis on implementing Energy Efficiency (EE) programs in 80 

municipalities on the territory of the Republic of Macedonia and in the City of Skopje as a distinct 

unit of the local self-government, pointed at a decrease from 10-45% in annual energy consumption. 

Mainly, this decline is due to the implemented EE measures encompassed in the municipal 

Programmes for EE, such as thermal insulation of internal walls and buildingsô envelops, as well as 

roof and floor insulation applied to public buildings.   

Having in perspective that the initial analysis of the process of implementing the EE program in the 

Municipality of Karposh led to reduced energy consumption for 30%, this paper focuses on specific 

measures which contributed to this reduction and examines the potential Karposh holds to further 

implement a municipal Energy Management System (EnMS) in line with ISO 50001, as a 

continuation and extension to the already established municipal EE programs. The analysis 

encompasses elementary schools and kindergartens under jurisdiction of the municipality and street 

lighting.   

Being a useful tool for continuous monitoring, improvement and implementation of EE measures 

towards more efficient energy use and environmental protection, implementing municipal EnMS in 

Karposh shall further contribute to its sustainable development.  

Keywords: EE, energy management, municipal energy planning. 

1 INTRODUCTION  

The demand for energy is rising daily, becoming one of the most important concerns of the modern 

civilization. The urban areas are especially faced with a dramatic population growth and if these 

increasing trends retain, the rapid growth will exceed the capacity of cities and urban centres to 

provide adequate energy supply for their citizens. The need for energy savings and the requirements 

for rational use of energy initiate the emerging of numerous international and national legislations and 

directives that aim to end the tendency of uncontrolled energy consumption and thus, increase the 

level of implementing energy efficient (EE) technologies and measures. [1] 

Barney et al. (2006) [2], define the term energy management as ñthe judicious and effective 

use of energy to maximize profits (minimize costs) and enhance competitive positionsò. In 2011, the 

International Organization for Standardization (ISO) released the ISO 50001 Energy Management 

Systems Standard [3], where the energy management system (EnMS) is defined as: ña set of 

interrelated or interacting elements to establish an energy policy and energy objectives, and processes 

and procedures to achieve those objectives.ò  
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As a concept, the Energy Management was primarily created for industry, i.e. intended for 

industrial plants and facilities, and the commercial sector. Since the public sector was recognized as a 

significant energy consumer, this concept has also been accepted and implemented by the public 

administration, giving them, a role of energy saving promoters. The inclusion of the Energy 

Management concept in the municipalities, as part of the public sector, derives from the fact that the 

municipal leaders are those who can develop an energy plan for a certain area, towards energy 

reduction. Further and even more important, since municipalities have direct access to citizens, they 

have the best insight on how to satisfy their needs and how to influence on their behaviour. The term 

municipal energy management covers all strategies and actions to achieve a sustainable and efficient 

use of energy in all municipal fields of activity. [4]  

In this paper, the emphasis is set on the potential to implement Municipal EnMS in the Municipality 

of Karposh, one of the ten municipalities that make up the city of Skopje, the capital of the Republic 

of Macedonia. The opportunities for implementing the municipal EnMS are recognized in four areas: 

public buildings, street lighting, transport and waste collection and disposal. Considering the 

complexity of each of these consumption areas, this paper studies only the public buildings, including 

kindergartens and elementary schools, and the street lighting, which are under the authority of the 

local government. The herein elaborated discussion is accomplished in line with the international 

standard for EnMS ï ISO 50001[3], whose framework for continual improvement, is implemented 

and conducted on thʝ municipality Karposh.  

2 BACKGROUND AND METHO DOLOGY  

2.1 Energy Management System in line with ISO 50001 

ISO 50001 [3] is based on the Plan-Do-Check-Act (PDCA) framework and it incorporates 

energy management into daily organizational practices, as shown on Figure 1. 

 

Figure 1- Energy management system model for ISO 50001(source: [3]) 

According to the standard, the PDCA approach can be outlined as following: 

- Plan: conduct the energy review and establish the baseline, energy performance indicators 

(EnPIs), objectives, targets and action plans necessary to deliver results that will improve energy 

performance in accordance with the organization's energy policy; 

- Do: implement the energy management action plans; 

- Check: monitor and measure processes and the key characteristics of operations that determine 

energy performance against the energy policy and objectives, and report the results; and 

- Act:  take actions to continually improve energy performance and the EnMS. 
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2.2 Energy Efficiency (EE) Program 

The Republic of Macedonia works toward increasing the use of renewable energy sources and 

improving EE. In 2006 this country signed the Treaty for establishing of the Energy Community that 

aims at increasing EE and achieving annual savings of 9% in energy consumption till 2018, compared 

to the average energy consumption in the period from 2002 ï 2006. [5] In order to decrease the import 

dependency on energy carriers, a Strategy for Developing EE until 2020 [6] and a EE Action Plan [7] 

are created. The national Energy Law [8] obligates each unit of local selfgovernment to prepare a 

three ï year period program for EE and additionally an appropriate annual action plan with timetable 

to describe the implementation of measures from the program.  

In line with the established Strategy for Developing EE and EE Action plan, the council of 

each unit of local selfgovernment decides to adopt a certain EE Program for the upcoming three years, 

which is proposed by the municipal mayor and approved by the Energy Agency of the Republic of 

Macedonia (EARM). Each program covers the following elements:  

- Description and evaluation of the current situation and the need for energy; 

- List of indicative targets for savings of energy on municipal level; 

- Measures for improvement of EE and precise objectives that need to be achieved through the 

measures; 

- Capital investments, activities and deadlines for conducting the measures; 

- Responsible personnel. 

2.3 Case Study: The Municipality of Karposh  

The municipality of Karposh is one of the ten constituent municipalities in the city of Skopje, 

the capital of Republic of Macedonia. The municipality spreads on an area of 35 km
2
, divided in 

fifteen local units, from which thirteen belong to the urban part of the city and the other two in the 

rural part. The total number of inhabitants living in this area, registered in 2002, was 59 666 and the 

number of households was 19 676. [9] 
 

To fulfil the legal obligations imposed by the Energy Law [8] and the Environmental Law 

[10], this municipality has prepared a Local Environmental Action plan for the period 2011 ï 2017 [9] 

and an EE Programme for 2008 to 2012 [11] and EE Programme for 2013 to 2015. [12] In the 

strategy for municipal development till 2019, a commitment for use of renewable energy in all 

elementary schools and kindergartens is presented. 

Since 2007 this municipality is constantly working on improving the existing public facilities. 

With the Local EE Programme for the period from 2008 till 2012, the municipality realized several 

projects that increased the EE of the buildings and decreased the energy consumption. Ten elementary 

schools and four kindergartens were reconstructed in that period. The implemented measures are as 

follows: 

- Thermal insulation of internal walls and building`s envelops; 

- Replacement of old windows with new with permeability coefficient of U=0.9 W/m
2
K; 

- Floor and roof insulation; 

- Cleaning or replacement of heating systems; 

- Installing energy efficient light bulbs; 

- Replacement of electric water heaters with solar systems for sanitary hot water. 

 

Regarding the street lighting, since 2007 the Municipality of Karposh is constantly working on 

the EE improvement. In the part of the street lightning the following projects were realized: 

- Two-stage operation of the street-lamps along the river Vardar;  

- Complete separation of the street lighting commands in special command cabinets with 

digital astronomical clock control mode;  

- Replacing the existing lamps with energy-saving light bulbs.  



 

 

3. Results and discussion 

3.1 Elementary schools 

Figure 2 gives an overview of the annual electricity consumption in elementary schools of the 

Municipality of Karposh. In the presented period (2013-2014), due to the small number of working 

hours, the reduction in energy consumption in some of the buildings is correspondingly low, but from 

the perspective of internal lighting and the stroboscopic effect of the 50 Hz bulbs, replaced with 

highly frequent or LED bulbs, it is highly important. The energy consumed for heating for eight 

elementary schools is presented in Appendix A. The energy savings in the  elementary schools 

illustrated on Figure 4 derived from old windows replacement and thermal insulation of internal walls 

and building`s envelops, while the schools savings presented on Figure 5 are due to the fuel switch. 

The energy used for heating in five of the elementary schools is reduced by application of light fuel 

oil boiler installation. Prior to implementing the EE measures, the elementary school ñAvram 

Pisevskiò used this type of heating fuel and after the measures have been implemented, results show a 

decrease in annual fuel consumption for 37%. In the tenth school, presented in Appendix B on Figure 

6, ñVera Ciriviri ï Trenaò, a geothermal heat pump was installed, thus reducing the overall energy 

consumption due to (1) eliminating district heating as a source of heat energy, (2) implemented 

measures (thermal insulation and replacement of old windows) and (3) reduced energy input 

(electricity) vs. energy output (heat) deriving from the physical principles how a heat pump operates.  

 

Figure 2 - Annual Electricity  Consumption in kWh prior to  and after implementing of EE measures in 

ten elementary schools in the Municipality of Karposh 

3.2 Kindergartens 

In Appendix B, Figure 7 provides an overview of the annual consumption of electricity, while 

Figure 8 illustrates the annual consumption of energy used for heating in the kindergartens where EE 

measures were implemented. In ñProletò ï Vlae kindergarten, a light fuel oil boiler installation is 

applied and after the measures were implemented, results indicate a decline of around 24% in annual 

fuel consumption. 

3.3 Street lighting 

The effectiveness of the implemented EE measures is mostly perceptible from the street 

lighting presented on Figure 3. The number of installed poles for street lighting through the years is in 

constant growth reaching 4946 poles in 2016, while the energy consumption at that point is 37% 

lower than the consumption in 2007, with 3613 poles at place. 

The implementation of the EnMS in the public sector, especially within the municipalities, 

can bring new challenges for the local authorities. The municipalities as promoters of EE and energy 

conservation should implement several technical and behavioural measures important for increasing 

the energy savings. With the already presented commitment this municipality has created an enabling 
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environment for mitigating the energy consumption on a municipal level and increasing the awareness 

among the stakeholders comprised in the municipal energy management issues. However, energy 

management as a concept requires establishing a more systematic way of planning and implementing 

the measures. Accepting the PDCA cycle and conducting EnMS in line with ISO 50001 can be 

helpful in achieving significant and measurable energy performance improvements. 

 

Figure 3 - Number of installed poles and annual electricity consumption  for street lighting in the 

Municipality of Karposh  

Creating energy policies for every public building (elementary schools and kindergartens), 

raising the awareness among employees and students and thus training them appropriately, can have a 

significant impact on energy conservation. In particular, trainings that address the building users can 

be exceptionally useful when implementing behavioural or ñhousekeepingò measures.  

On the other hand, EnMS implementation imposes conducting continuous energy review 

related to the current situation, identifying an optimal energy consumption baseline, corresponding 

and appropriate energy performance indicators which are monitored and measured for a certain period 

during the process of implementing the EnMS. The created ExCITE database [13] for monitoring 

energy consumption in the municipality, provides generating comprehensive energy consumption 

reports that are the base for establishing the energy baseline and energy performance indicators. From 

the energy review a variety of opportunities for improvement can derive and they are used to appoint 

objectives and targets that need to be achieved with the EnMS. Hence, the municipality should 

establish general objectives and targets for all public buildings and create action plans consisted from 

applicable technical and behavioral measures.  

Finally, to evaluate the EnMS and its implementation process in compliance with ISO 50001 

the recommendations to the energy management team is to create its own internal audit and 

corresponding top management to conduct a management review from where the potential 

improvements for the next cycle shall derive.   

4. CONCLUSION 

This paper aims at analysing effectiveness of implemented EE measures, encompassed in 

municipal Programmes for EE, in public buildings (elementary schools and kindergartens) and street 

lighting, as consumption areas under jurisdiction of the Municipality of Karposh. Analysed are EE 

measures in 10 elementary schools and 4 kindergartens, implemented in the period from 2008 to 

2015. From the reconstructed public buildings, considered in the paper can be perceived that the 

implemented EE measures resulted in a decrease in energy consumption, in electricity, as well as heat. 

The effectiveness of the implemented EE measures is mostly noticeable in the sector street lighting 

where the reduction in energy consumption reached around 37% compared to 2007, primarily as a 

result of replacing the existing lamps with energy-saving light bulbs and separation of street lighting 

commands in special command cabinets with digital astronomical clock control mode. 



 

 

However, due to the lack of implementing an appropriate measuring plan which separately 
measures energy consumption of the significant energy users per each type of energy source, the 
currently existing data do not provide enough space to draw conclusions on how each of the above-
mentioned measures implemented in the public buildings contribute to increasing energy savings. 
Nevertheless, this paper can be a basis for further estimation of the effectiveness of each EE measure 
through establishment of a more systematic way of planning and implementing the measures that 
requires accepting the PDCA cycle and creating an EnMS in line with ISO 50001. 
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EE Energy Efficiency(t) 

EnMS Energy Management System 

ISO International Organization for Standardization 

LED Light Emitting Diode 

  

PDCA Plan ï Do ï Check ï Act 
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APPENDIX A 

1. Annual Heating Energy Consumption in kWh before and after implementing EE measures in 

four elementary schools in the Municipality of Karposh. 

 

Figure 4 - Annual Heating Energy Consumption in kWh before and after implementing of EE measures 

in four elementary schools in the Municipality of Karposh  

2. Annual Heating Energy consumption in kWh per year before implementing EE measures and 

consumption of light fuel oil in litres per year after implementing EE measures in four 

elementary schools in the Municipality of Karposh.  

 

Figure 5 - Annual Heating Energy consumption in kWh per year before implementing EE measures and 

consumption of light fuel oil in litres per year after implementing EE measures in four elementary schools 

in the Municipality of Karposh  
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APPENDIX B 

1. Heating energy consumption in kWh before and after implementing EE measures and 

Electricity consumption in kWh after installing a geothermal heat pump in the Elementary 

School ñVera Ciriviri - Trenaò in the Municipality of Karposh. 

 

Figure 6- Heating energy consumption in kWh before and after implementing EE measures and 

Electricity consumption in kWh after install ing a geothermal heat pump in the Elementary School ñVera 

Ciri viri - Trenaò in the Municipality of Karposh  

  

E
le

ct
ri

ci
ty

 C
o

n
s
u

m
p

tio
n
 in

 k
W

h 
 

H
e
a
tin

g
 E

n
e
rg

y 
co

n
s
u

m
p

tio
n
 in

 k
W

h 

Heating season 

Heating energy and electricity consumption in  (kWh) per heating 
season 

 

Heating energy consumption (kWh) Before implementing of EE measures 

Heating energy consumption (kWh) After implementing of EE measures 

Electricity consumption (kWh) After installing a geothermal heat pump 



 

 

APPENDIX C 

1. Annual Electricity Consumption in kWh before and after implementing EE measures in four 

kindergartens in the Municipality of Karposh.  

 

Figure 7 - Annual Electricity Consumption in kWh before and after implementing EE measures in four 

kindergartens in the Municipality of Karposh  

2. Annual Heating Energy Consumption in kWh before and after implementation of EE 

measures in three kindergartens in the Municipality of Karposh. 

 

Figure 8 - Annual Heating Energy Consumption in kWh before and after implementing EE measures in 

three kindergartens in the Municipality of Karposh 
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OPTIMAL DESIGN OF A S ILICON CRASS -SHAPED HALL PLATE  FOR 

MAXIMUM SENSITIVITY  OF INTEGRATED  MAGNE TIC SENSORS 

 

ABSTRACT 

A magnetic sensor is  transducer which converts the magnetic field into an electric signal. 

Many integrated magnetic sensors use a Hall plates as sensitive element formed by a N-type diffused 

areas in a P-type silicon substrate of CMOS technology. In spite of relatively large offset and 

temperature drift, the Hall plates remain a popular magnetic field sensing device in integrated circuits 

due to their easy integration with other electronic blocks on silicon chips. Thedifferent shaped Hall 

plates exhibit different magnetic sensitivities. In this work, the sensor performance of a particular 

cross-shaped silicon Hall plate is studied using a three-dimensional magnetic device simulator 

ATLAS (SILVACO). The optimum design of crass-shaped Hall plate is found in simulations which 

yields the largest Hall voltage and hence, the highest magnetic sensitivity. 

Keywords:Magnetic, Hall plate, integrated, silicon sensor 

 

 

The 3-D potential distribution in cross-shaped Hall Plate 

 

1. INTROD UCTION  

 Integrated siliconsensors based on a Hall effectbelong to the order of special 

electromagnetic sensors. There are many types of Hall sensors, depending on their geometry, i.e. from 

the shape of the plate. In this paper, the silicon magnetic sensors with a cruise plate as the most 

suitable for simple electrode installation is analyzed using numerical device simulation. 

 

2.THE 3-D SIMULATION OF HALL SENSOR PLATES 

 
 The research was carried out using the three-dimesional (3-D) numerical device simualator 

Atlas from SILVACO. Atlas is used as the most compatibile option for presenting the desired 

structures and characteristics. 

 Fig.1 shows the 3-D potential distribution in N-type silicon Hall platethat is embeded in P-

type substrate. Two sensor examples are shown with different plate thicknesses (0.5um and 1um) and



   

 

   
  

 

 

  with and without influence of perpendicular magnetic field B=1T. As expected the iso-potential lines 

are clearly deformed by the influence of magnetic field inducing the potential difference across the 

direction normal to the current flowing between the biasing metal contacts. 

 

 

 

 

 
 

Figure 1:Potential distribution in  symmetric Hall sensors. Upper  sensor without and with  magnetic 

fild B=1T and thickness 1um (Z-axes);  Lower  sensor without and with  magnetic fildB=1T and thickness 

0.5um (Z-axes);  

 

 

 

 

 

 

 

 

 In these simulations, the values of Hall coefficients for holes and electrons was 0.8 and 1.2 , 

respectively. The P-type silicon substrate had the  impurity concentration 1E16cm
-3
. The biasing 

voltage was changed from 0V to 1V with a step of 0.05 Fig.2 shows the variation of Hall voltage with 

different geometry and two thicknesses (0.5um and 1um) of cross-shaped sensor plate and for 

constant perpendicular magnetic field B=1T. The highest Hall voltage and hence the maximum sensor 

sensitivity in case of 1um and 0.5um thick Hall plates is obtained for cross plates with dimensions for 

X axis of 1 to 4 um and for Y axis of 2 to 3 um, respectively. 

 
 

 



 

 

 
 

Figure 2: Variation of  Hall voltages in relation to the change of the applied biasing voltage. 

Various  crass branches thickness  of Hall plates is simulated. The bordered sensors geometry is 

the square Hall plate with dimensions 5umx5um. 
 

 
 When the anode voltage is fixed to the value of 1V, the Hall voltages expressed in 

simulation as potential difference of two virtual probes Vhall1 and Vhall2, for different magnetic 

fileds0T, 0.5T, 1T are presented in Table 1 and in Fig.3. 

 

 
Table 1. Electrical value of magnethic sensor with cross-shaped silicon Hall plate 

Vanode Bz Vhall1 Vhall2 Vhall1-Vhall2 Geometry 

1 0 0.9036 0.9036 0 X 1-4 Y 1-4 

1 0.5 0.8928 0.9143 0.0215 X 1-4 Y 1-4 

1 1 0.8818 0.9246 0.0428 X 1-4 Y 1-4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Graph of the Hall voltage versus the strength of the magnetic field 

  



 

 

Fig.4 shows the variation of Hall voltage versus magnetic field intensity obtained in simualtions 

of crass plates with different geometry and thicknesses, the same structures as for Fig.2. A linear 

dependence of Hall voltage with different magnetic field intenisities is observed in Fig.4 for all 

simulated sensor geometries. Most importantly, Fig.4 shows that a twofold higher Hall voltage and 

sensitivity is obtained in case of thinner Hall plate (0.5um) then the one foun in thicker plate (1um).  

 

 
Figure 4. Comparison of the Hall voltages  obtained for thick (1um)  and thin (0.5um) Hall plates 

with different geometry of crass branches. The bordered sensors geometry is the square Hall 

plate with dimensions 5umx5um. 

 

 

4 CONCLUSION 

 In conclusions, we have studied the integrated silicon Hall plates by means of 

commercial numerical device simulator Atlas from Silvaco. It is found that the optimal crass-

shaped Hall plate geometry with highest magnetic sensitivity is the one with vertical cross 

branch width of 1um (along X-axes) and horizontal cross branch width of 3um (along Y-

axes). This geometry yields a highest magnetic sensitivity in both cases of thick (1um) and 

thin (0.5um) Hall plates. 
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ʄʘʰʠʥʩʢʠ ʬʘʢʫʣʪʝʪ, ʉʢʦʧʿʝ 

marija.lazarevikj@yahoo.com 

ɸʅɸʃʀɿɸ ʅɸ ʇʈɽʅʆʉʆʊ ʅɸ ʊʆʇʃʀʅɸ ʂɸɱ ʇʃʆʏɽʉʊ 

ʊʆʇʃʀʅʆʀɿʄɽʅʋɺɸʏ ʉʆ ʅɸʅʆʌʃʋʀɼ AL 2O3/ɺʆɼɸ ʉʆ ʇʈʀʄɽʅɸ ʅɸ 

CFD ʊɽʍʅʆʃʆɻʀɱɸ 

ʂʋʉɸ ʉʆɼʈɾʀʅɸ 

ʇʣʦʯʝʩʪʠʪʝ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯʠ, ʯʠʿʘ ʧʦʿʘʚʘ ʜʘʪʠʨʘ ʦʜ 1930-ʪʠʪʝ ʧʦʨʘʜʠ ʧʦʪʨʝʙʘʪʘ ʦʜ 

ʚʠʩʦʢʦ ʥʠʚʦ ʥʘ ʭʠʛʠʝʥʩʢʠ ʨʘʙʦʪʥʠ ʫʩʣʦʚʠ ʚʦ ʧʨʝʭʨʘʥʙʝʥʘʪʘ ʠʥʜʫʩʪʨʠʿʘ ʩʝ ʤʝʺʫ ʥʘʿʯʝʩʪʦ 

ʫʧʦʪʨʝʙʫʚʘʥʠʪʝ ʫʨʝʜʠ ʟʘ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ ʚʦ ʤʥʦʛʫ ʠʥʞʝʥʝʨʩʢʠ ʠ ʠʥʜʫʩʪʨʠʩʢʠ ʦʙʣʘʩʪʠ 

ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʩʚʦʿʘʪʘ ʢʦʤʧʘʢʪʥʦʩʪ, ʬʣʝʢʩʠʙʠʣʥʦʩʪ, ʣʝʩʥʦ ʦʜʨʞʫʚʘˁʝ, ʝʜʥʦʩʪʘʚʥʘ ʫʧʦʪʨʝʙʘ 

ʠ ʚʠʩʦʢʘ ʪʝʨʤʠʯʢʘ ʝʬʠʢʘʩʥʦʩʪ. ʅʠʚʥʘʪʘ ʨʘʙʦʪʘ ʟʘʚʠʩʠ ʦʜ ʚʠʜʦʪ ʥʘ ʨʘʙʦʪʝʥ ʬʣʫʠʜ. ʇʦʪʨʘʛʘʪʘ 

ʧʦ ʨʘʙʦʪʝʥ ʬʣʫʠʜ ʢʦʿ ʜʘʚʘ ʧʦʜʦʙʨʠ ʪʝʨʤʠʯʢʠ ʧʝʨʬʦʨʤʘʥʩʠ ʛʦ ʥʘʩʦʯʠʣʘ ʥʘʫʯʥʠʦʪ ʠʥʪʝʨʝʩ ʢʦʥ 

ʪ.ʥ. ʥʘʥʦʬʣʫʠʜʠ. Tiwari ʠ ʩʦʨ. (2015) ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʛʦ ʠʩʪʨʘʞʫʚʘʣʝ ʧʨʝʥʦʩʦʪ ʥʘ ʪʦʧʣʠʥʘ ʢʘʿ 

ʧʣʦʯʝʩʪ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯ ʩʦ ʥʘʥʦʬʣʫʠʜʠ. ɺʦ ʦʚʦʿ ʪʨʫʜ, ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʩʦʚʨʝʤʝʥʠ ʥʫʤʝʨʠʯʢʠ 

ʤʝʪʦʜʠ ʝ ʘʥʘʣʠʟʠʨʘʥʘ ʤʦʞʥʦʩʪʘ ʟʘ ʠʥʪʝʥʟʠʚʠʨʘˁʝ ʥʘ ʧʨʝʥʦʩʦʪ ʥʘ ʪʦʧʣʠʥʘ ʢʘʿ ʠʩʪʠʦʪ 

ʧʨʦʪʠʚʥʘʩʦʯʝʥ ʧʣʦʯʝʩʪ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯ ʚʦ ʢʦʿ ʢʘʢʦ ʨʘʙʦʪʝʥ ʬʣʫʠʜ ʩʝ ʢʦʨʠʩʪʠ  ʥʘʥʦʬʣʫʠʜ 

Al 2O3/ʚʦʜʘ, ʧʨʠ ʧʨʝʪʭʦʜʥʦ ʫʪʚʨʜʝʥʦ ʦʧʪʠʤʘʣʥʦ ʚʦʣʫʤʝʥʩʢʦ ʫʯʝʩʪʚʦ ʥʘ ʥʘʥʦʯʝʩʪʠʯʢʠʪʝ (1%). 

ʇʨʠʪʦʘ, ʩʝ ʧʨʝʪʧʦʩʪʘʚʫʚʘ ʜʝʢʘ ʥʘʥʦʬʣʫʠʜʦʪ ʝ ʭʦʤʦʛʝʥʘ ʩʤʝʩʘ. ɿʘ ʚʨʝʜʥʫʚʘˁʝ ʥʘ 

ʤʘʪʝʤʘʪʠʯʢʠʦʪ ʤʦʜʝʣ, ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʝ ʩʧʦʨʝʜʫʚʘʘʪ ʩʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʧʦʜʘʪʦʮʠ 

ʜʦʙʠʝʥʠ ʦʜ ʠʟʚʝʜʙʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪ ʰʪʦ ʚʢʣʫʯʫʚʘ ʧʣʦʯʝʩʪ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯ ʩʦ ʠʩʪʘʪʘ 

ʛʝʦʤʝʪʨʠʿʘ. ʉʦ ʨʘʟʚʠʝʥʠʦʪ ʥʫʤʝʨʠʯʢʠ ʤʦʜʝʣ ʥʘ ʧʣʦʯʝʩʪʠʦʪ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯ ʩʦ ʧʨʠʤʝʥʘ ʥʘ 

CFD ʪʝʭʥʦʣʦʛʠʿʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ ʥʝʛʦʚʘʪʘ ʨʘʙʦʪʘ ʩʦ ʧʨʠʬʘʪʣʠʚʘ ʧʨʝʮʠʟʥʦʩʪ ʧʨʠ 

ʧʨʦʤʝʥʣʠʚʠ ʨʘʙʦʪʥʠ ʫʩʣʦʚʠ (ʧʨʦʤʝʥʣʠʚʠ ʧʨʦʪʦʢ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʬʣʫʠʜʠʪʝ). ʈʝʟʫʣʪʘʪʠʪʝ ʦʜ 

ʩʠʤʫʣʘʮʠʿʘʪʘ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ ʧʨʝʩʤʝʪʢʘ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ ʥʘ ʬʣʫʠʜʠʪʝ, 

ʩʦ ʧʦʤʦʰ ʥʘ ʫʪʚʨʜʝʥʠ ʧʨʝʩʤʝʪʢʦʚʥʠ ʤʝʪʦʜʠ. 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʧʣʦʯʝʩʪ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯ, ʥʘʥʦʬʣʫʠʜ, ʢʦʤʧʿʫʪʝʨʩʢʘ ʜʠʥʘʤʠʢʘ ʥʘ 

ʬʣʫʠʜʠ 

1 ɺʆɺɽɼ 

ʂʦʥʟʝʨʚʘʮʠʿʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʝ ʢʣʫʯʥʘ ʮʝʣ ʥʘ ʩʚʝʪʩʢʘʪʘ ʝʢʦʥʦʤʠʿʘ ʯʠʠ ʥʘʧʦʨʠ ʩʝ 

ʥʘʩʦʯʝʥʠ ʢʦʥ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʧʦʙʘʨʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʧʨʝʢʫ ʫʥʘʧʨʝʜʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ 

ʝʬʠʢʘʩʥʦʩʪ. ʊʝʭʥʦʣʦʰʢʠʦʪ ʨʘʟʚʦʿ, ʢʘʢʦ ʠ ʠʥʪʝʥʟʠʚʠʨʘˁʝʪʦ ʥʘ ʠʥʜʫʩʪʨʠʩʢʠʪʝ ʧʨʦʮʝʩʠ ʿʘ 

ʦʧʨʘʚʜʫʚʘʘʪ ʧʦʩʪʦʿʘʥʘʪʘ ʠ ʩⱪ ʧʦʛʦʣʝʤʘʪʘ ʧʦʙʘʨʫʚʘʯʢʘ ʥʘ ʧʦʝʬʠʢʘʩʥʠ ʫʨʝʜʠ ʠ ʩʠʩʪʝʤʠ ʟʘ 

ʨʘʟʤʝʥʘ ʥʘ ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ. ʊʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯʠʪʝ, ʢʘʢʦ ʫʨʝʜʠ ʟʘ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ, ʠʛʨʘʘʪ 

ʚʘʞʥʘ ʫʣʦʛʘ ʚʦ ʤʥʦʛʫ ʠʥʞʝʥʝʨʩʢʠ ʘʧʣʠʢʘʮʠʠ ʢʘʢʦ ʰʪʦ ʩʝ ʝʥʝʨʛʝʪʩʢʠʪʝ ʧʦʩʪʨʦʿʢʠ, ʭʝʤʠʩʢʘʪʘ ʠ 

ʧʨʝʭʨʘʥʙʝʥʘʪʘ ʠʥʜʫʩʪʨʠʿʘ, ʩʠʩʪʝʤʠʪʝ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʦʪʧʘʜʥʘ ʪʦʧʣʠʥʘ, ʩʠʩʪʝʤʠʪʝ ʟʘ 

ʢʣʠʤʘʪʠʟʘʮʠʿʘ ʠ ʣʘʜʝˁʝ. ʋʥʘʧʨʝʜʫʚʘˁʝʪʦ ʥʘ ʥʠʚʥʠʦʪ ʜʠʟʘʿʥ ʝ ʥʝʦʧʭʦʜʥʦ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ 

ʧʦʚʠʩʦʢʠ ʪʝʨʤʠʯʢʠ ʧʝʨʬʦʨʤʘʥʩʠ ʥʘ ʮʝʣʦʢʫʧʥʠʦʪ ʩʠʩʪʝʤ. ʂʘʢʦ ʛʣʘʚʥʦ ʙʘʨʘˁʝ ʧʨʠ 

ʜʠʟʘʿʥʠʨʘˁʝʪʦ ʥʘ ʪʦʧʣʠʥʩʢʠʪʝ ʠʟʤʝʥʫʚʘʯʠ ʩʝ ʧʦʩʪʘʚʫʚʘ ʠʥʪʝʥʟʠʚʠʨʘˁʝʪʦ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ 

ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ ʧʨʠ ʤʠʥʠʤʘʣʥʘ ʧʦʪʨʝʙʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ʧʫʤʧʘʪʘ. ʈʘʟʚʦʿʦʪ ʠ ʧʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ 

ʪʦʧʣʠʥʦʨʘʟʤʝʥʫʚʘʯʢʘʪʘ ʦʧʨʝʤʘ ʩʝ ʛʣʘʚʥʦ ʥʘʩʦʯʝʥʠ ʢʦʥ ʧʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʠ ʟʘʰʪʝʜʠ ʠ 

ʟʘʰʪʝʜʠ ʚʦ ʢʘʧʠʪʘʣʥʠʪʝ ʠʥʚʝʩʪʠʮʠʠ, ʧʨʝʢʫ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʠʪʝ ʠ ʤʘʪʝʨʠʿʘʣʥʠʪʝ 

ʪʨʦʰʦʮʠ. ɿʘ ʜʘ ʩʝ ʧʦʜʦʙʨʘʪ ʧʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯʠʪʝ ʢʦʠ ʩʝ ʫʧʦʪʨʝʙʫʚʘʘʪ ʚʦ 

ʠʥʜʫʩʪʨʠʿʘʪʘ ʠ ʠʥʞʝʥʝʨʩʢʘʪʘ ʧʨʘʢʪʠʢʘ, ʚʦʚʝʜʝʥʠ ʩʝ ʧʦʚʝ˃ʝ ʪʝʭʥʠʢʠ ʟʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ 

ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ, ʢʘʢʦ ʛʣʘʚʝʥ ʠʥʜʠʢʘʪʦʨ ʟʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ



   

 

   
  

 

 

 ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯʦʪ. ʆʚʠʝ ʤʝʪʦʜʠ ʦʧʬʘ˃ʘʘʪ ʧʨʝʜʠʟʚʠʢʫʚʘˁʝ ʥʘ ʪʫʨʙʫʣʝʥʪʥʦ ʩʪʨʫʝˁʝ ʥʘ 

ʨʘʙʦʪʥʠʪʝ ʬʣʫʠʜʠ, ʧʨʦʰʠʨʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʦʨʘʟʤʝʥʫʚʘʯʢʘʪʘ ʧʦʚʨʰʠʥʘ ʩʦ ʜʦʜʘʚʘˁʝ ʥʘ 

ʜʦʧʦʣʥʠʪʝʣʥʠ ʧʦʚʨʰʠʥʠ ï ʨʝʙʨʘ ʠʣʠ ʚʦʚʝʜʫʚʘˁʝ ʥʘ ʧʨʝʢʠʥʘʪʠ ʧʦʚʨʰʠʥʠ ï ʙʨʘʥʦʚʠ ʠ 

ʫʧʦʪʨʝʙʘ ʥʘ ʨʘʙʦʪʥʠ ʬʣʫʠʜʠ ʩʦ ʧʦʜʦʙʨʠ ʪʝʨʤʦʬʠʟʠʯʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉʧʦʨʝʜ ʪʦʘ, ʥʘʫʯʥʠʦʪ 

ʠʥʪʝʨʝʩ ʝ ʥʘʩʦʯʝʥ ʥʝ ʩʘʤʦ ʢʦʥ ʫʥʘʧʨʝʜʫʚʘˁʝ ʥʘ ʠʥʜʫʩʪʨʠʩʢʘʪʘ ʦʧʨʝʤʘ, ʪʫʢʫ ʠ ʢʦʥ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʪʝʨʤʠʯʢʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ ʨʘʙʦʪʥʠʪʝ ʬʣʫʠʜʠ ʰʪʦ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ ʥʝʘ [1,2]. 

2 ʇʃʆʏɽʉʊʀ ʊʆʇʃʀʅʆʀɿʄɽʅʋɺɸʏʀ 

ʀʥʦʚʘʮʠʠʪʝ ʧʦʚʨʟʘʥʠ ʩʦ ʜʠʟʘʿʥʦʪ ʥʘ ʠʥʜʫʩʪʨʠʩʢʘʪʘ ʦʧʨʝʤʘ ʧʦʥʫʜʠʣʝ ʝʬʠʢʘʩʝʥ ʠ 

ʢʦʤʧʘʢʪʝʥ ʫʨʝʜ ʥʘʨʝʯʝʥ ʧʣʦʯʝʩʪ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯ, ʢʦʿʰʪʦ ʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʪ ʥʘ 

ʧʘʟʘʨʦʪ, ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʩʚʦʿʘʪʘ ʝʢʦʥʦʤʠʯʥʦʩʪ, ʬʣʝʢʩʠʙʠʣʥʦʩʪ, ʣʝʩʥʦ ʦʜʨʞʫʚʘˁʝ, 

ʝʜʥʦʩʪʘʚʥʘ ʫʧʦʪʨʝʙʘ ʠ ʚʠʩʦʢʘ ʪʝʨʤʠʯʢʘ ʝʬʠʢʘʩʥʦʩʪ. ʇʦʯʝʪʥʘ ʧʨʠʤʝʥʘ ʧʣʦʯʝʩʪʠʪʝ 

ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯʠ ʥʘʦʺʘʣʝ ʚʦ ʠʥʜʫʩʪʨʠʩʢʘʪʘ ʦʧʨʝʤʘ ʟʘ ʧʘʩʪʝʨʠʟʠʨʘʥʘ ʪʝʯʥʘ ʭʨʘʥʘ 

ʧʦʨʘʜʠ ʧʦʪʨʝʙʘʪʘ ʦʜ ʚʠʩʦʢʦ ʥʠʚʦ ʥʘ ʭʠʛʠʝʥʩʢʠ ʨʘʙʦʪʥʠ ʫʩʣʦʚʠ. ʉʣʝʜʩʪʚʝʥʦ, ʜʝʥʝʩ ʦʚʠʝ 

ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯʠ ʥʘʿʤʥʦʛʫ ʩʝ ʫʧʦʪʨʝʙʫʚʘʘʪ ʚʦ ʭʝʤʠʩʢʘʪʘ ʠ ʧʨʝʭʨʘʥʙʝʥʘʪʘ 

ʠʥʜʫʩʪʨʠʿʘ. ʇʣʦʯʝʩʪʠʪʝ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯʠ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʚʦ ʛʨʫʧʘʪʘ ʥʘ 

ʪʦʧʣʠʥʩʢʠ ʠʟʤʝʥʫʚʘʯʠ ʩʦ ʠʥʜʠʨʝʢʪʝʥ ʢʦʥʪʘʢʪ ʙʠʜʝʿ˃ʠ ʜʚʘʪʘ ʤʝʜʠʫʤʘ ʧʦʤʝʺʫ ʢʦʠ ʩʝ 

ʨʘʟʤʝʥʫʚʘ ʪʦʧʣʠʥʘ ʩʝ ʨʘʟʜʝʣʝʥʠ ʩʦ ʤʝʪʘʣʥʘ ʧʣʦʯʘ. ɺʦ ʦʧʰʪ ʩʣʫʯʘʿ, ʩʝ ʩʦʩʪʦʿʘʪ ʦʜ ʥʠʟʘ 

ʪʝʥʢʠ, ʤʝʪʘʣʥʠ ʧʣʦʯʠ ʤʝʺʫʩʝʙʥʦ ʧʦʚʨʟʘʥʠ, ʢʦʠ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʨʘʤʥʠ ʠʣʠ 

ʧʨʦʬʠʣʠʨʘʥʠ. ʅʘ ʢʨʘʝʚʠʪʝ ʥʘ ʧʣʦʯʠʪʝ ʩʝ ʥʘʦʺʘʘʪ ʦʪʚʦʨʠ ʢʦʠ ʦʙʝʟʙʝʜʫʚʘʘʪ ʧʨʝʤʠʥʠ ʥʘ 

ʜʚʘʪʘ ʬʣʫʠʜʘ. ʇʣʦʯʝʩʪʠʪʝ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯʠ ʩʝ ʧʨʦʠʟʚʝʜʫʚʘʘʪ ʢʘʢʦ ʨʘʩʢʣʦʧʣʠʚʠ, 

ʥʝʨʘʩʢʣʦʧʣʠʚʠ ʠ ʧʦʣʫʨʘʩʢʣʦʧʣʠʚʠ [1,3]. 

ʅʘʿʯʝʩʪʦ ʧʨʠʤʝʥʫʚʘʥʘ ʝ ʨʘʩʢʣʦʧʣʠʚʘʪʘ ʢʦʥʩʪʨʫʢʮʠʿʘ, ʦʩʦʙʝʥʦ ʚʦ ʧʨʝʭʨʘʥʙʝʥʘʪʘ 

ʠʥʜʫʩʪʨʠʿʘ ʢʘʜʝ ʝ ʧʦʪʨʝʙʥʦ ʯʝʩʪʦ ʨʘʩʢʣʦʧʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʩʢʠʦʪ ʘʧʘʨʘʪ ʟʘʨʘʜʠ 

ʯʠʩʪʝˁʝ, ʜʝʟʠʥʬʝʢʮʠʿʘ ʠʣʠ ʜʦʜʘʚʘˁʝ/ʦʜʟʝʤʘˁʝ ʥʘ ʪʦʧʣʠʥʦʨʘʟʤʝʥʫʚʘʯʢʠ ʧʦʚʨʰʠʥʠ 

ʧʦʨʘʜʠ ʧʨʦʤʝʥʘ ʥʘ ʨʘʙʦʪʥʠʦʪ ʨʝʞʠʤ. ʇʨʦʬʠʣʠʨʘʥʠʪʝ ʧʣʦʯʠ ʩʦ ʟʘʧʪʠʚʢʠ ʩʝ ʧʨʠʪʠʩʥʘʪʠ 

ʧʦʤʝʺʫ ʬʠʢʩʥʘ ʠ ʧʦʜʚʠʞʥʘ ʧʣʦʯʘ (ʨʘʤʢʘ) ʩʦ ʧʦʤʦʰ ʥʘ ʟʘʚʨʪʢʠ, ʪʘʢʘ ʰʪʦ ʧʦ 

ʩʢʣʦʧʫʚʘˁʝʪʦ ʩʝ ʬʦʨʤʠʨʘʘʪ ʭʝʨʤʝʪʠʯʢʠ ʢʘʥʘʣʠ (ʩʪʨʫʿʥʠ ʧʨʦʩʪʦʨʠ ʤʝʺʫ ʧʣʦʯʠʪʝ) 

ʠʟʦʣʠʨʘʥʠ ʝʜʝʥ ʦʜ ʜʨʫʛ [1,3,4,5]. ʉʦʩʪʘʚʥʠʪʝ ʜʝʣʦʚʠ ʥʘ ʧʣʦʯʝʩʪ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯ ʩʝ 

ʧʨʠʢʘʞʘʥʠ ʥʘ ʩʣ.1. 

 

ʉʣʠʢʘ 1. ʆʩʥʦʚʥʠ ʝʣʝʤʝʥʪʠ ʥʘ ʧʣʦʯʝʩʪ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯ ʩʦ ʨʘʩʢʣʦʧʣʠʚʘ ʢʦʥʩʪʨʫʢʮʠʿʘ 

ʘ ï ʧʘʢʝʪ ʧʣʦʯʠ; ʙ ï ʬʠʢʩʥʘ ʨʘʤʢʘ; ʚ ï ʧʦʜʚʠʞʥʘ ʨʘʤʢʘ; ʛ ï ʛʨʝʜʘ ʟʘ ʮʝʥʪʨʠʨʘˁʝ ʥʘ ʧʣʦʯʠʪʝ; ʜ ï ʟʘʚʨʪʢʠ; 

ʺ ï ʧʣʦʯʘ; ʝ ï ʟʘʧʪʠʚʢʘ; ʞ ï ʦʪʚʦʨ ʟʘ ʚʣʝʟ/ʠʟʣʝʟ ʥʘ ʨʘʙʦʪʝʥ ʬʣʫʠʜ. 

3 ʅɸʅʆʌʃʋʀɼʀ 

ʈʘʙʦʪʘʪʘ ʥʘ ʧʣʦʯʝʩʪʠʪʝ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯʠ ʥʝ ʟʘʚʠʩʠ ʩʘʤʦ ʦʜ ʛʝʦʤʝʪʨʠʩʢʘʪʘ 

ʢʦʥʬʠʛʫʨʘʮʠʿʘ, ʪʫʢʫ ʠ ʦʜ ʚʠʜʦʪ ʥʘ ʨʘʙʦʪʥʠʦʪ ʬʣʫʠʜ ʯʠʿʰʪʦ ʠʟʙʦʨ ʝ ʦʜ ʧʨʠʤʘʨʥʦ 

ʟʥʘʯʝˁʝ ʧʨʠ ʜʠʟʘʿʥʦʪ ʥʘ ʪʝʨʤʠʯʢʠʦʪ ʩʠʩʪʝʤ. ʅʘʿʛʦʣʝʤʦ ʦʛʨʘʥʠʯʫʚʘˁʝ ʥʘ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʨʘʙʦʪʥʠ ʬʣʫʠʜʠ ʢʘʢʦ ʰʪʦ ʩʝ ʚʦʜʘ, ʝʪʠʣʝʥ ʛʣʠʢʦʣ ʠʣʠ ʤʦʪʦʨʥʦ ʤʘʩʣʦ 

ʝ ʥʠʚʥʘʪʘ ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʘ ʪʦʧʣʠʥʩʢʘ ʩʧʨʦʚʦʜʣʠʚʦʩʪ. ʇʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ 



 

 

ʢʦʥʚʝʢʪʠʚʥʠʦʪ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ ʠ ʪʦʧʣʠʥʩʢʘʪʘ ʩʧʨʦʚʦʜʣʠʚʦʩʪ ʥʘ ʪʝʯʥʦʩʪʠʪʝ 

(ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʬʣʫʠʜʠ) ʧʨʝʪʭʦʜʥʦ ʩʝ ʧʦʩʪʠʛʥʫʚʘʣʘ ʩʦ ʜʦʜʘʚʘˁʝ ʥʘ ʤʠʢʨʦʯʝʩʪʠʯʢʠ 

ʚʦ ʦʩʥʦʚʥʠʪʝ ʬʣʫʠʜʠ, ʥʦ ʙʨʟʘʪʘ ʩʝʜʠʤʝʥʪʘʮʠʿʘ, ʟʘʪʥʫʚʘˁʝ, ʝʨʦʟʠʿʘ ʠ ʛʦʣʝʤ ʧʘʜ ʥʘ 

ʧʨʠʪʠʩʦʢ ʧʨʝʜʠʟʚʠʢʘʥ ʦʜ ʦʚʠʝ ʯʝʩʪʠʮʠ, ʿʘ ʩʧʨʝʯʫʚʘʣʝ ʥʠʚʥʘʪʘ ʧʨʘʢʪʠʯʥʘ 

ʧʨʠʤʝʥʣʠʚʦʩʪ. ʇʦʪʨʘʛʘʪʘ ʧʦ ʨʘʙʦʪʝʥ ʬʣʫʠʜ ʢʦʿ ʜʘʚʘ ʧʦʜʦʙʨʠ ʪʝʨʤʠʯʢʠ ʧʝʨʬʦʨʤʘʥʩʠ 

ʚʦ ʦʜʥʦʩ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ, ʧʨʠʪʦʘ ʥʘʜʤʠʥʫʚʘʿ˃ʠ ʛʠ ʛʦʨʝʩʧʦʤʝʥʘʪʠʪʝ ʥʝʜʦʩʪʘʪʦʮʠ, 

ʛʦ ʥʘʩʦʯʠʣ ʥʘʫʯʥʠʦʪ ʠʥʪʝʨʝʩ ʢʦʥ ʪ.ʥ. ʥʘʥʦʬʣʫʠʜʠ ʯʠʿʰʪʦ ʥʘʟʠʚ ʝ ʜʘʜʝʥ ʦʜ Choi [6] ʚʦ 

1995 ʛ. ʅʘʥʦʬʣʫʠʜʠʪʝ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʢʦʣʦʠʜʥʠ ʩʫʩʧʝʥʟʠʠ ʥʘ ʮʚʨʩʪʠ ʥʘʥʦʯʝʩʪʠʯʢʠ ʩʦ 

ʧʨʦʩʝʯʥʠ ʜʠʤʝʥʟʠʠ ʦʜ 1-100 nm ʚʦ ʦʩʥʦʚʥʠʪʝ ʬʣʫʠʜʠ. ʂʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʧʦʛʦʣʝʤʘʪʘ 

ʪʦʧʣʠʥʩʢʘ ʩʧʨʦʚʦʜʣʠʚʦʩʪ, ʪʠʝ ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʢʦʥ ʚʠʩʦʢʦʝʬʠʢʘʩʝʥ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ. 

ɻʦʣʝʤ ʙʨʦʿ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠʩʪʨʘʞʫʚʘˁʘ ʧʦʢʘʞʫʚʘʘʪ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʧʨʝʥʦʩʦʪ ʥʘ 

ʪʦʧʣʠʥʘ ʩʦ ʤʘʣ ʧʘʜ ʥʘ ʧʨʠʪʠʩʦʢ ʢʘʿ ʧʣʦʯʝʩʪʠ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯʠ ʧʨʠ ʧʨʠʤʝʥʘ ʥʘ 

ʥʘʥʦʬʣʫʠʜʠ ʢʘʢʦ ʨʘʙʦʪʝʥ ʬʣʫʠʜ, ʥʘʤʝʩʪʦ ʚʦʜʘ. ʇʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ ʧʨʝʥʦʩʦʪ ʥʘ 

ʪʦʧʣʠʥʘ ʩʦ ʫʧʦʪʨʝʙʘ ʥʘ ʥʘʥʦʬʣʫʠʜʠ ʩʝ ʜʦʣʞʠ ʥʘ ʥʝʢʦʣʢʫ ʤʝʭʘʥʠʟʤʠ ʤʝʺʫ ʢʦʠ 

ɹʨʘʫʥʦʚʦ ʜʚʠʞʝˁʝ ʥʘ ʯʝʩʪʠʯʢʠʪʝ, ʩʝʜʠʤʝʥʪʘʮʠʿʘ, ʜʠʩʧʝʨʟʠʿʘ, ʪʝʨʤʦʬʦʨʝʟʘ, 

ʜʠʬʫʟʠʦʬʦʨʝʟʘ ʠ ʜʨ. [7]. 

4 ɽʂʉʇɽʈʀʄɽʅʊɸʃɽʅ ʉʀʉʊɽʄ 

Tiwari ʠ ʩʦʨ. ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʛʦ ʠʩʪʨʘʞʫʚʘʣʝ ʧʨʦʮʝʩʦʪ ʥʘ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ 

ʢʘʿ ʧʣʦʯʝʩʪ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯ ʩʦ ʥʘʥʦʬʣʫʠʜ Al 2O3/ʚʦʜʘ ʟʘ 0,5-3% ʚʦʣʫʤʝʥʩʢʠ ʫʜʝʣ 

[7,8]. ʊʠʝ ʟʘʢʣʫʯʠʣʝ ʜʝʢʘ 1% ʝ ʦʧʪʠʤʘʣʥʦ ʚʦʣʫʤʝʥʩʢʦ ʫʯʝʩʪʚʦ ʥʘ Al 2O3 ʥʘʥʦʯʝʩʪʠʯʢʠ 

ʚʦ ʚʦʜʘʪʘ, ʧʨʠ ʢʦʝ ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʤʘʢʩʠʤʘʣʝʥ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ ʩʦ 19% ʧʦʜʦʙʨʫʚʘˁʝ 

ʥʘ ʚʢʫʧʥʠʦʪ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʩʣʫʯʘʿ ʥʘ ʚʦʜʘ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠʦʪ ʩʠʩʪʝʤ (ʩʣ.2) ʩʝ ʩʦʩʪʦʠ ʦʜ ʜʚʘ ʩʪʨʫʿʥʠ ʢʨʫʛʘ, ʟʘ ʣʘʜʥʠʦʪ 

ʬʣʫʠʜ (ʥʘʥʦʬʣʫʠʜ) ʠ ʪʦʧʣʠʦʪ ʬʣʫʠʜ (ʜʝʩʪʠʣʠʨʘʥʘ ʚʦʜʘ), ʢʦʠ ʮʠʨʢʫʣʠʨʘʘʪ ʩʦ ʧʦʤʦʰ ʥʘ 

ʧʫʤʧʠ. ɿʘ ʤʝʨʝˁʝ ʥʘ ʧʨʦʪʦʮʠʪʝ ʥʘ ʜʚʘʪʘ ʬʣʫʠʜʘ ʩʝ ʢʦʨʠʩʪʘʪ ʤʝʨʘʯʠ ʥʘ ʧʨʦʪʦʢ, ʜʦʜʝʢʘ 

ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʥʘ ʩʝʢʦʿʘ ʬʣʫʠʜʥʘ ʩʪʨʫʿʘ ʩʝ ʤʝʨʘʪ ʩʦ ʚʠʩʦʢʦʧʨʝʮʠʟʥʠ ʪʝʨʤʦʧʘʨʦʚʠ ʦʜ ɱ 

ï ʪʠʧ ʣʦʮʠʨʘʥʠ ʥʘ ʚʣʝʟ ʠ ʠʟʣʝʟ ʥʘ ʩʦʦʜʚʝʪʥʠʪʝ ʬʣʫʠʜʥʠ ʩʪʨʫʠ.  

 

ʉʣʠʢʘ 2. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʦʪ ʩʠʩʪʝʤ 

ɺʦ ʪʝʢʦʪ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʦʪ ʩʝ ʤʝʨʝʣʝ 4 ʢʨʘʿʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʧʨʦʪʦʮʠ ʥʘ ʪʦʧʣʘ 

ʚʦʜʘ ʠ ʥʘʥʦʬʣʫʠʜ ʚʦ ʩʪʘʮʠʦʥʘʨʥʘ ʩʦʩʪʦʿʙʘ. ʇʨʦʪʦʢʦʪ ʥʘ ʥʘʥʦʬʣʫʠʜ ʚʘʨʠʨʘʣ ʦʜ 

πȟππππρχπȟππππφψ ά Ⱦί, ʜʦʜʝʢʘ ʚʣʝʟʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʥʘʥʦʬʣʫʠʜʦʪ ʙʠʣʘ σπᴈ. 

ʇʨʦʪʦʢʦʪ ʥʘ ʪʦʧʣʘ ʚʦʜʘ ʠʟʥʝʩʫʚʘʣ πȟππππυρ ά Ⱦί ʩʦ ʢʦʥʩʪʘʥʪʥʘ ʚʣʝʟʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜ 

χπᴈ.  

ɿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʠʩʧʠʪʫʚʘˁʘ ʝ ʢʦʨʠʩʪʝʥ ʧʣʦʯʝʩʪ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯ 

ʧʨʦʠʟʚʝʜʝʥ ʦʜ Alfa Laval India Limited (model M3 FG) ʯʠʠ ʛʝʦʤʝʪʨʠʩʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʝ ʜʘʜʝʥʠ ʚʦ ʪʘʙʝʣʘ 1.  



 

 

ʊʘʙʝʣʘ 1. ɻʝʦʤʝʪʨʠʩʢʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʧʣʦʯʝʩʪʠʦʪ ʪʦʧʣʠʥʦʠʟʤʝʥʠʚʘʯ 

ʐʠʨʠʥʘ ʥʘ ʧʣʦʯʘʪʘ ὒ  100 mm 

ɺʝʨʪʠʢʘʣʥʦ ʨʘʩʪʦʿʘʥʠʝ ʧʦʤʝʺʫ ʮʝʥʪʨʠʪʝ ʥʘ 

ʦʪʚʦʨʠʪʝ ὒ  

355 mm 

ʍʦʨʠʟʦʥʪʘʣʥʦ ʨʘʩʪʦʿʘʥʠʝ ʧʦʤʝʺʫ ʮʝʥʪʨʠʪʝ ʥʘ 

ʦʪʚʦʨʠʪʝ ὒ 

60 mm 

ɼʠʿʘʤʝʪʘʨ ʥʘ ʦʪʚʦʨʠʪʝ Ὀ  30 mm 

ɹʨʦʿ ʥʘ ʧʣʦʯʠ ὔ  10 

ɸʢʪʠʚʥʘ ʪʦʧʣʠʥʦʨʘʟʤʝʥʫʚʘʯʢʘ ʧʦʚʨʰʠʥʘ ὃ 0,3 m
2
 

ʐʠʨʠʥʘ ʥʘ ʰʘʨʘ ὦ 2,3 mm 

ɼʦʣʞʠʥʘ ʥʘ ʰʘʨʘ ὖ 14,2 mm 

ɼʝʙʝʣʠʥʘ ʥʘ ʧʣʦʯʘ 0,5 ‏ mm 

ɸʛʦʣ ʥʘ ʰʘʨʘ ‍ 30Ј 

ʌʘʢʪʦʨ ʥʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʧʦʚʨʰʠʥʘʪʘ ◖ 1,15 

 

5 ʄɽʊʆɼʆʃʆɻʀɱɸ 

ʊʝʭʥʠʢʘʪʘ ʥʘ ʢʦʤʧʿʫʪʝʨʩʢʘ ʜʠʥʘʤʠʢʘ ʥʘ ʬʣʫʠʜʠ (CFD) ʧʨʝʪʩʪʘʚʫʚʘ ʤʦ˃ʥʘ 

ʠʩʪʨʘʞʫʚʘʯʢʘ ʠ ʠʥʞʝʥʝʨʩʢʘ ʩʦʬʪʚʝʨʩʢʘ ʘʣʘʪʢʘ ʥʘʤʝʥʝʪʘ ʟʘ ʤʦʜʝʣʠʨʘˁʝ ʠ ʩʠʤʫʣʘʮʠʠ 

ʥʘ ʪʝʨʤʠʯʢʠ ʠ ʩʪʨʫʿʥʠ ʧʨʦʮʝʩʠ.  

ʉʦ ʧʨʠʤʝʥʘ ʥʘ CFD ʪʝʭʥʦʣʦʛʠʿʘ ʝ ʧʦʜʛʦʪʚʝʥ ʪʨʠʜʠʤʝʥʟʠʦʥʘʣʝʥ ʤʦʜʝʣ ʚʦ ʫʣʦʛʘ 

ʥʘ ʚʠʨʪʫʝʣʝʥ ʧʨʦʪʦʪʠʧ ʥʘ ʧʣʦʯʝʩʪʠʦʪ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯ. ʆʚʘʘ ʛʝʦʤʝʪʨʠʿʘ ʩʦ ʩʦʦʜʚʝʪʥʘ 

ʥʫʤʝʨʠʯʢʘ ʤʨʝʞʘ ʝ ʛʝʥʝʨʠʨʘʥʘ ʚʦ ʧʨʝʪʧʨʦʮʝʩʠʨʘʯʢʘʪʘ ʬʘʟʘ ʚʦ ʧʨʝʜʧʨʦʮʝʩʦʨʦʪ 

GAMBIT. ʂʘʢʦ ʦʩʥʦʚʘ ʟʘ ʢʨʝʠʨʘˁʝ ʥʘ 3D ʤʦʜʝʣ ʥʘ ʧʣʦʯʝʩʪʠʦʪ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯ ʩʝ 

ʢʦʨʠʩʪʘʪ ʛʝʦʤʝʪʨʠʩʢʠʪʝ ʧʘʨʘʤʝʪʨʠ ʦʜ ʪʘʙʝʣʘ 1 ʩʦ ʮʝʣ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʨʝʘʣʠʩʪʠʯʝʥ 

ʧʨʠʢʘʟ ʥʘ ʛʝʦʤʝʪʨʠʿʘʪʘ ʥʘ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯʦʪ. ʉʦ ʦʛʣʝʜ ʥʘ ʧʦʩʪʦʝʯʢʠʪʝ 

ʦʛʨʘʥʠʯʫʚʘˁʘ, ʢʘʢʦ ʧʨʝʩʤʝʪʢʦʚʝʥ ʝʣʝʤʝʥʪ ʝ ʟʝʤʝʥ ʝʜʝʥ ʨʝʧʨʝʟʝʥʪʘʪʠʚʝʥ ʝʣʝʤʝʥʪ ʥʘ 

ʪʦʧʣʠʥʩʢʠʦʪ ʠʟʤʝʥʫʚʘʯ, ʩʦʩʪʘʚʝʥ ʦʜ ʜʚʝ ʧʣʦʯʠ ʠ ʝʜʥʘ ʬʣʫʠʜʥʘ ʟʦʥʘ, ʘ ʢʦʿ ʩʝ ʦʜʥʝʩʫʚʘ 

ʢʘʢʦ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯ ʚʦ ʮʝʣʠʥʘ. ʅʘ ʪʦʿ ʥʘʯʠʥ ʩʝ ʤʦʜʝʣʠʨʘ ʩʪʨʫʝˁʝʪʦ ʥʘ 

ʥʘʥʦʬʣʫʠʜʦʪ ʚʦ ʧʨʦʩʪʦʨʦʪ ʧʦʤʝʺʫ ʜʚʝʪʝ ʧʣʦʯʠ. 

ʇʦ ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʛʝʦʤʝʪʨʠʿʘʪʘ, ʩʣʝʜʫʚʘ ʜʠʩʢʨʝʪʠʟʘʮʠʿʘ ʥʘ ʧʨʝʩʤʝʪʢʦʚʥʠʦʪ 

ʜʦʤʝʥ ʥʘ ʦʜʨʝʜʝʥ ʙʨʦʿ ʢʦʥʪʨʦʣʥʠ ʚʦʣʫʤʝʥʠ (˃ʝʣʠʠ). ɻʝʥʝʨʠʨʘʥʘ ʝ ʥʝʩʪʨʫʢʪʫʨʠʨʘʥʘ 

ʪʝʪʨʘʝʜʘʨʩʢʘ ʤʨʝʞʘ (T-grid) ʩʦʩʪʘʚʝʥʘ ʦʜ 811540 ʝʣʝʤʝʥʪʠ, ʩʦ ʦʧʪʠʤʘʣʥʘ ʛʦʣʝʤʠʥʘ ʦʜ 

1 mm, ʧʨʠʢʘʞʘʥʘ ʥʘ ʩʣ. 3. ʀʟʚʨʰʝʥʘ ʝ ʢʦʥʪʨʦʣʘ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʤʨʝʞʘʪʘ ʦʜ ʢʦʿʘ 

ʟʘʚʠʩʠ ʪʦʯʥʦʩʪʘ ʥʘ ʩʝʢʦʿʘ CFD ʩʠʤʫʣʘʮʠʿʘ ʠ ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʛʨʘʥʠʯʥʠʪʝ ʧʦʚʨʰʠʥʠ 

(ʚʣʝʟ ʠ ʠʟʣʝʟ ʥʘ ʥʘʥʦʬʣʫʠʜʦʪ, ʼʠʜʦʚʠ, ʬʣʫʠʜʥʘ ʟʦʥʘ).  

ʀʟʙʦʨʦʪ ʥʘ ʬʠʟʠʯʢʠ ʤʦʜʝʣʠ ʟʘ ʦʜʜʝʣʥʠ ʧʨʦʮʝʩʠ ʠ ʧʦʿʘʚʠ ʩʝ ʚʨʰʠ ʚʦ 

ʧʨʦʮʝʩʠʨʘʯʢʘʪʘ ʬʘʟʘ. ʂʘʢʦ ʧʨʦʮʝʩʦʨ ʩʝ ʢʦʨʠʩʪʠ ʩʦʬʪʚʝʨʦʪ Fluent 6.2. ʉʝ ʘʢʪʠʚʠʨʘʘʪ 

ʤʦʜʝʣʦʪ ʟʘ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ (energy) ʠ ʩʪʘʥʜʘʨʜʥʠʦʪ Ὧ ‐ ʤʦʜʝʣ ʟʘ ʪʫʨʙʫʣʝʥʪʥʦ 
ʩʪʨʫʝˁʝ ʠ ʩʝ ʚʥʝʩʫʚʘʘʪ ʛʨʘʥʠʯʥʠʪʝ ʫʩʣʦʚʠ. ʀʟʙʨʘʥʠʪʝ ʛʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʟʘ ʧʣʦʯʝʩʪʠʦʪ 

ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯ ʩʝ ʜʘʜʝʥʠ ʚʦ ʪʘʙʝʣʘ 2. 



 

 

 

ʉʣʠʢʘ 3. ʅʫʤʝʨʠʯʢʘ ʤʨʝʞʘ 

ʊʘʙʝʣʘ 2. ɻʨʘʥʠʯʥʠ ʫʩʣʦʚʠ 

 ɻʨʘʥʠʯʥʠ ʫʩʣʦʚʠ ʇʘʨʘʤʝʪʨʠ ʢʦʠ ʩʝ ʚʥʝʩʫʚʘʘʪ 

ɺʣʝʟ ʥʘ ʥʘʥʦʬʣʫʠʜ Velocity inlet ɹʨʟʠʥʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʠʥʪʝʥʟʠʪʝʪ ʠ 

ʭʠʜʨʘʫʣʠʯʝʥ ʜʠʿʘʤʝʪʘʨ 

ʇʣʦʯʘ ï ʨʘʟʜʝʣʥʘ ʧʦʚʨʰʠʥʘ Wall ʂʦʥʩʪʘʥʪʝʥ ʪʦʧʣʠʥʩʢʠ ʬʣʫʢʩ 

ʄʘʪʝʨʠʿʘʣ - ʯʝʣʠʢ 

ʀʟʣʝʟ ʥʘ ʥʘʥʦʬʣʫʠʜ Pressure outlet ʅʘʪʧʨʠʪʠʩʦʢ, ʠʥʪʝʥʟʠʪʝʪ ʠ ʭʠʜʨʘʫʣʠʯʝʥ 

ʜʠʿʘʤʝʪʘʨ 

ʅʘʥʦʬʣʫʠʜ ï ʩʪʨʫʝʥ ʧʨʦʩʪʦʨ Interior - fluid ʊʝʨʤʦʬʠʟʠʯʢʠ ʩʚʦʿʩʪʚʘ ʢʘʢʦ ʬʫʥʢʮʠʠ ʦʜ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ (ʨ-ʢʠ 1-4) 

 

ʂʘʢʦ ʤʘʪʝʨʠʿʘʣ ʥʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ʧʣʦʯʘʪʘ ʩʝ ʜʝʬʠʥʠʨʘ ʥʝʨʺʦʩʫʚʘʯʢʠ ʯʝʣʠʢ.  

ɿʘ ʥʘʥʦʬʣʫʠʜʠʪʝ ʢʘʢʦ ʭʦʤʦʛʝʥʘ ʩʤʝʩʘ ʩʝ ʜʝʬʠʥʠʨʘʘʪ ʪʝʨʤʦʬʠʟʠʯʢʠ ʩʚʦʿʩʪʚʘ ʢʘʢʦ 

ʬʫʥʢʮʠʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʩʧʦʨʝʜ ʩʣʝʜʥʠʚʝ ʠʟʨʘʟʠ ʢʦʠ ʛʠ ʧʨʝʜʚʠʜʫʚʘʘʪ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʨʝʟʫʣʪʘʪʠ (ʠʟʤʝʨʝʥʠ ʩʚʦʿʩʪʚʘ) ʩʦ ʜʦʚʦʣʥʘ ʧʨʝʮʠʟʥʦʩʪ. 

” ρ •” •”         (1) 

ὧȟ          (2) 

‗
Ͻ

          

  (3) 

‘ ‘
Ȣ Ȣ Ȣ

        (4) 

ʢʘʜʝ ”ȟὧȟ‗ȟ‘ ʩʝ ʛʫʩʪʠʥʘ, ʩʧʝʮʠʬʠʯʝʥ ʪʦʧʣʠʥʩʢʠ ʢʘʧʘʮʠʪʝʪ, ʪʦʧʣʠʥʩʢʘ ʩʧʨʦʚʦʜʣʠʚʦʩʪ 

ʠ ʜʠʥʘʤʠʯʢʠ ʚʠʩʢʦʟʠʪʝʪ ʥʘ ʥʘʥʦʬʣʫʠʜʦʪ (nf), ʦʩʥʦʚʥʠʦʪ ʬʣʫʠʜ (f) ʠ ʥʘʥʦʯʝʩʪʠʯʢʠʪʝ (p), 

ʩʦʦʜʚʝʪʥʦ, • ʝ ʚʦʣʫʤʝʥʩʢʠ ʫʜʝʣ ʥʘ ʥʘʥʦʯʝʩʪʠʯʢʠʪʝ, Ὠ  ʝ ʜʠʿʘʤʝʪʘʨ ʥʘ ʥʘʥʦʯʝʩʪʠʯʢʘ ʠ Ὠ ʝ 

ʝʢʚʠʚʘʣʝʥʪʝʥ ʜʠʿʘʤʝʪʘʨ ʥʘ ʤʦʣʝʢʫʣʘʪʘ ʥʘ ʦʩʥʦʚʥʠʦʪ ʬʣʫʠʜ. 

6 ʈɽɿʋʃʊɸʊʀ 

ʂʘʢʦ ʦʩʥʦʚʝʥ ʧʘʨʘʤʝʪʘʨ ʟʘ ʩʧʦʨʝʜʙʘ ʥʘ CFD ʨʝʟʫʣʪʘʪʠʪʝ ʩʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ 

ʧʦʜʘʪʦʮʠ ʝ ʠʟʙʨʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʥʘʥʦʬʣʫʠʜʦʪ ʥʘ ʠʟʣʝʟ ʦʜ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯʦʪ, ʙʠʜʝʿ˃ʠ ʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʟʤʝʨʝʥʘ ʠ ʧʨʝʪʩʪʘʚʫʚʘ ʥʘʿʚʘʞʝʥ ʧʘʨʘʤʝʪʘʨ ʟʘ ʦʧʨʝʜʝʣʫʚʘˁʝ ʥʘ 



 

 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ. ʉʧʦʨʝʜʙʘʪʘ ʤʝʺʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʠ CFD 

ʨʝʟʫʣʪʘʪʠʪʝ ʟʘ ʠʟʣʝʟʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʥʘʥʦʬʣʫʠʜʦʪ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʚʦʣʫʤʝʥʩʢʠʦʪ ʧʨʦʪʦʢ ʥʘ 

ʥʘʥʦʬʣʫʠʜʦʪ ʝ ʜʘʜʝʥʘ ʥʘ ʩʣ. 4. 

 

ʉʣʠʢʘ 4. ʉʧʦʨʝʜʙʘ ʥʘ ʠʟʣʝʟʥʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʥʘʥʦʬʣʫʠʜʦʪ 

ʆʜ ʜʠʿʘʛʨʘʤʦʪ ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʜʝʢʘ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʧʨʦʪʦʢʦʪ ʥʘ ʥʘʥʦʬʣʫʠʜʦʪ, 

ʧʨʠ ʢʦʥʩʪʘʥʪʝʥ ʚʦʣʫʤʝʥʩʢʠ ʧʨʦʪʦʢ ʥʘ ʪʦʧʣʘʪʘ ʚʦʜʘ, ʩʝ ʟʛʦʣʝʤʫʚʘ ʠ ʠʟʣʝʟʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʥʘʥʦʬʣʫʠʜʦʪ. ʊʨʝʥʜʦʪ ʥʘ ʧʨʦʤʝʥʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʝ ʤʥʦʛʫ ʩʣʠʯʝʥ ʩʦ 

ʚʨʝʜʥʦʩʪʠʪʝ ʜʦʙʠʝʥʠ ʩʦ ʥʫʤʝʨʠʯʢʠ ʧʨʠʩʪʘʧ.  

ʉʦ ʧʦʤʦʰ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʜʦʙʠʝʥʠ ʦʜ CFD ʘʥʘʣʠʟʘʪʘ ʠ ʧʨʝʩʤʝʪʘʥʠʪʝ ʪʝʨʤʦʬʠʟʠʯʢʠ 

ʩʚʦʿʩʪʚʘ ʥʘ ʥʘʥʦʬʣʫʠʜʠʪʝ ʩʝ ʧʨʝʩʤʝʪʫʚʘʘʪ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ. ʉʝ 

ʧʨʠʤʝʥʫʚʘʘʪ ʩʣʝʜʥʠʚʝ ʠʟʨʘʟʠ: 

ὙὩ            (5) 

Ὀ            

 (6) 

ὗ ά ὧȟ Ὕ ȟ Ὕ ȟ          (7) 

ὔό πȢστψϽὙὩȢ ϽὖὶȢ          (8) 

ὖὶ            

 (9) 

‌
Ͻ

           

 (10) 

Ὧ
Ͻ

           (11) 

ὒὓὝὈ ȟ ȟ ȟ ȟ

ȟ ȟ

ȟ ȟ

        

 (12) 

Ὧ            (13) 

ʢʘʜʝ ὙὩ ʝ ʈʝʿʥʦʣʜʩʦʚ ʙʨʦʿ, Ὀ  - ʭʠʜʨʘʫʣʠʯʝʥ ʜʠʿʘʤʝʪʘʨ, ὗ - ʪʦʧʣʠʥʘ ʢʦʿʘ ʿʘ ʧʨʠʤʘ 

ʥʘʥʦʬʣʫʠʜʦʪ, ὔό - ʅʫʩʝʣʪʦʚ ʙʨʦʿ ʟʘ ʪʦʧʣʠʦʪ ʬʣʫʠʜ, ὖὶ ï ʇʨʘʥʪʣʦʚ ʙʨʦʿ, ‌ ï ʢʦʝʬʠʮʠʝʥʪ ʥʘ 

ʢʦʥʚʝʢʪʠʚʝʥ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ, Ὧ ï ʚʢʫʧʝʥ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ ʠ ὒὓὝὈ ï ʩʨʝʜʥʘ 
ʣʦʛʘʨʠʪʘʤʩʢʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʨʘʟʣʠʢʘ. 
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ɺʦʣʫʤʝʥʩʢʠ ʧʨʦʪʦʢ ʥʘ ʥʘʥʦʬʣʫʠʜ (m3/s) 
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CFD ͪ ͔͙ͯͭ͊ͭ͘͡ 



 

 

ʉʦ ʧʨʠʤʝʥʘ ʥʘ ʦʚʘʘ ʧʨʝʩʤʝʪʢʦʚʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʠ ʥʫʤʝʨʠʯʢʠ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ, 

ʤʦʞʘʪ ʜʘ ʩʝ ʜʦʙʠʿʘʪ ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ ʚʢʫʧʥʠʦʪ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ, ʘ ʦʪʪʘʤʫ ʠ 

ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʢʦʥʚʝʢʪʠʚʝʥ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ ʦʜ ʩʪʨʘʥʘ ʥʘ ʚʦʜʘʪʘ ʠ ʦʜ ʩʪʨʘʥʘ ʥʘ 

ʥʘʥʦʬʣʫʠʜʦʪ, ʧʘʜʦʪ ʥʘ ʧʨʠʪʠʩʦʢ ʠ ʝʬʝʢʪʠʚʥʦʩʪʘ ʥʘ ʧʣʦʯʝʩʪʠʦʪ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯ. ʉʧʦʨʝʜʙʘʪʘ 

ʤʝʺʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʠ CFD ʨʝʟʫʣʪʘʪʠʪʝ ʟʘ ʚʢʫʧʥʠʦʪ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ ʚʦ 

ʟʘʚʠʩʥʦʩʪ ʦʜ ʚʦʣʫʤʝʥʩʢʠʦʪ ʧʨʦʪʦʢ ʥʘ ʥʘʥʦʬʣʫʠʜʦʪ ʝ ʜʘʜʝʥ ʥʘ ʩʣ. 5. 

 

ʉʣʠʢʘ 5. ʉʧʦʨʝʜʙʘ ʥʘ ʚʢʫʧʥʠʦʪ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ 

ʄʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʜʝʢʘ ʨʝʟʫʣʪʘʪʠʪʝ ʜʦʙʠʝʥʠ ʦʜ CFD ʘʥʘʣʠʟʘʪʘ ʛʦ ʩʣʝʜʘʪ ʪʨʝʥʜʦʪ ʥʘ 

ʧʨʦʤʝʥʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʧʦʜʘʪʦʮʠ. ʄʘʢʩʠʤʘʣʥʘʪʘ ʛʨʝʰʢʘ ʠʟʥʝʩʫʚʘ 12,3%. ʅʘ ʩʣ. 6 ʠ 7 

ʩʝ ʧʨʠʢʘʞʘʥʠ ʧʦʣʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʧʦʣʝʪʦ ʥʘ ʙʨʟʠʥʠ ʟʘ ʧʣʦʯʝʩʪʠʦʪ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯ. 

 

ʉʣʠʢʘ 6. ʊʝʤʧʝʨʘʪʫʨʥʘ ʨʘʩʧʨʝʜʝʣʙʘ 
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ɺʦʣʫʤʝʥʩʢʠ ʧʨʦʪʦʢ ʥʘ ʥʘʥʦʬʣʫʠʜ (m3/s) 

͔͔͙͔͙ͫͨͪͣͤͭ͊ͤ͟͡ ͔͙ͪͯͭ͊ͭ͘͡ 

CFD ͪ ͔͙ͯͭ͊ͭ͘͡ 



 

 

 

ʉʣʠʢʘ 7. ʇʦʣʝ ʥʘ ʙʨʟʠʥʠ 

7 ɿɸʂʃʋʏʆʂ 

ɺʦ ʦʚʦʿ ʪʨʫʜ ʝ ʨʘʟʛʣʝʜʘʥʘ ʤʦʞʥʦʩʪʘ ʟʘ ʫʧʦʪʨʝʙʘ ʥʘ ʥʘʥʦʬʣʫʠʜʠ ʢʘʢʦ ʨʘʙʦʪʥʠ ʬʣʫʠʜʠ 

ʚʦ ʧʣʦʯʝʩʪʠʪʝ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯʠ, ʢʦʠ ʙʠ ʧʨʠʜʝʦʥʝʣʝ ʢʦʥ ʚʠʩʦʢʦʝʬʠʢʘʩʝʥ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ, 

ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʥʠʚʥʘʪʘ ʧʦʛʦʣʝʤʘ ʪʦʧʣʠʥʩʢʘ ʩʧʨʦʚʦʜʣʠʚʦʩʪ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ 

ʥʘʥʦʯʝʩʪʠʯʢʠ. ɺʦ ʪʨʫʜʦʪ ʙʝʰʝ ʘʥʘʣʠʟʠʨʘʥʘ ʤʦʞʥʦʩʪʘ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ 

ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ ʢʘʿ ʧʨʦʪʠʚʥʘʩʦʯʝʥ ʧʣʦʯʝʩʪ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯ ʚʦ ʢʦʿ ʢʘʢʦ ʨʘʙʦʪʝʥ ʬʣʫʠʜ ʩʝ 

ʧʨʠʤʝʥʫʚʘ ʥʘʥʦʬʣʫʠʜ, ʩʦ ʧʨʠʤʝʥʘ ʥʘ CFD ʪʝʭʥʦʣʦʛʠʿʘ. ɿʘ ʪʘʘ ʮʝʣ ʩʝ ʫʧʦʪʨʝʙʝʥʠ ʩʦʬʪʚʝʨʩʢʠʪʝ 

ʧʘʢʝʪʠ GAMBIT ʠ Ansys Fluent. ʆʜ ʘʥʘʣʠʟʘʪʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʩʦ 

ʫʧʦʪʨʝʙʘʪʘ ʥʘ CFD ʪʝʭʥʠʢʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʚʠʜʘʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʦ ʜʦʚʦʣʥʘ 

ʧʨʝʮʠʟʥʦʩʪ.  
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ʀʉʂʆʈʀʉʊʋɺɸɳɽ ʀ ʉʂʃɸɼʀʈɸɳɽ ʅɸ ʅʀʉʂʆʊɽʄʇɽʈɸʊʋʈʅɸ ɽʅɽʈɻʀɱɸ ʉʆ 

ʇʈʀʄɽʅɸ ʅɸ ʊʆʇʃʀʅʉʂʀ ʇʋʄʇʀ 

ʂʋʉɸ ʉʆɼʈɾʀʅɸ 

ʊʝʣʘʪʘ ʩʦ ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝ ʜʘ ʩʦʜʨʞʘʪ ʟʥʘʯʠʪʝʣʥʘ ʩʢʣʘʜʠʨʘʥʘ ʝʥʝʨʛʠʿʘ 

ʚʦ ʩʝʙʝ. ʊʘʢʚʘʪʘ ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʝʥʝʨʛʠʿʘ, ʩʦ ʦʜʨʝʜʝʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ, ʤʦʞʝ ʝʬʠʢʘʩʥʦ ʜʘ 

ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʛʨʝʝˁʝ ʥʘ ʦʙʿʝʢʪʠ. ʊʨʘʥʩʬʦʨʤʘʮʠʿʘʪʘ ʩʝ ʦʜʚʠʚʘ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʧʦʩʪʨʦʿʢʠ ʧʦʟʥʘʪʠ 

ʢʘʢʦ ʪʦʧʣʠʥʩʢʠ ʧʫʤʧʠ. ʊʠʝ, ʩʧʦʨʝʜ ʩʚʦʠʪʝ ʦʩʥʦʚʥʠ ʩʦʩʪʘʚʥʠ ʢʦʤʧʦʥʝʥʪʠ ʠ ʩʧʦʨʝʜ ʧʨʠʥʮʠʧʦʪ 

ʥʘ ʨʘʙʦʪʘ ʚʦ ʥʠʰʪʦ ʥʝ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʦʜ ʣʘʜʠʣʥʠʪʝ ʧʦʩʪʨʦʿʢʠ, ʤʝʺʫʪʦʘ ʥʘʤʝʥʘʪʘ ʠʤ ʝ ʮʝʣʦʩʥʦ 

ʩʧʨʦʪʠʚʥʘ, ʦʜʥʦʩʥʦ ʪʦʧʣʠʥʩʢʠʪʝ ʧʫʤʧʠ ʩʝ ʥʘʤʝʥʝʪʠ ʟʘ ʛʨʝʝˁʝ ʥʘʤʝʩʪʦ ʟʘ ʣʘʜʝˁʝ.  

ɺʦ ʪʨʫʜʦʪ ʩʝ ʠʟʣʦʞʝʥʠ ʪʝʦʨʝʪʩʢʠʪʝ ʦʩʥʦʚʠ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘˁʝʪʦ ʥʘ ʪʦʧʣʠʥʩʢʠʪʝ ʧʫʤʧʠ. 

ɼʘʜʝʥ ʝ ʧʨʠʢʘʟ ʥʘ ʤʦʞʥʦʩʪʠʪʝ ʟʘ ʢʦʨʠʩʪʝˁʝ ʥʘ ʪʦʧʣʠʥʩʢʠ ʧʫʤʧʠ ʢʘʿ ʩʠʩʪʝʤʠʪʝ ʟʘ ʛʨʝʝˁʝ. 

ʆʩʚʝʥ ʪʦʘ, ʧʨʝʟʝʥʪʠʨʘʥ ʝ ʧʦʪʝʥʮʠʿʘʣʦʪ ʥʘ ʪʦʧʣʠʥʩʢʠʪʝ ʧʫʤʧʠ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ 

ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʪʦʧʣʠʥʘ. ʇʦʩʚʝʪʝʥʦ ʝ ʦʩʦʙʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʩʢʣʘʜʠʨʘˁʝʪʦ ʥʘ ʝʥʝʨʛʠʿʘ, ʢʦʝ 

ʧʦʤʘʛʘ ʚʦ ʩʦʚʣʘʜʫʚʘˁʝ ʥʘ ʪʝʰʢʦʪʠʠʪʝ ʧʦʚʨʟʘʥʠ ʩʦ ʫʩʦʛʣʘʩʫʚʘˁʝ ʥʘ ʧʦʥʫʜʘʪʘ ʠ ʧʦʙʘʨʫʚʘʯʢʘʪʘ 

ʥʘ ʝʥʝʨʛʠʿʘ, ʢʦʝ ʥʘ ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʠ ʩʝ ʧʨʘʢʪʠʢʫʚʘ ʩʦ ʚʝʢʦʚʠ, ʘ ʩʪʘʥʫʚʘ ʩʝ ʧʦʚʘʞʥʦ ʧʨʘʰʘˁʝ ʚʦ 

ʝʥʝʨʛʝʪʠʢʘʪʘ. ʉʠʩʪʝʤʠʪʝ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ ˃ʝ ʛʦ ʟʛʦʣʝʤʘʪ ʧʦʪʝʥʮʠʿʘʣʦʪ ʟʘ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʢʘʢʦ ʰʪʦ ʩʝ ʛʝʦʪʝʨʤʘʣʥʘʪʘ ʠ ʩʦʥʯʝʚʘʪʘ 

ʝʥʝʨʛʠʿʘ, ʢʘʢʦ ʠ ʥʘ ʪ.ʥ. ʦʪʧʘʜʥʘ ʪʦʧʣʠʥʘ. 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ, ʛʝʦʪʝʨʤʘʣʥʘ ʝʥʝʨʛʠʿʘ, ʪʦʧʣʠʥʩʢʘ 

ʧʫʤʧʘ, ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʝʥʝʨʛʠʿʘ, ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ 

1 ɺʆɺɽɼ 

ɽʥʝʨʛʠʿʘʪʘ ʧʨʝʪʩʪʘʚʫʚʘ ʥʝʦʧʭʦʜʥʦʩʪ ʟʘ ʧʦʩʪʠʛʥʫʚʘˁʝ ʝʢʦʥʦʤʩʢʠ ʨʘʟʚʦʿ ʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ 

ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʞʠʚʦʪʦʪ. ʂʦʛʘ ʩʪʘʥʫʚʘ ʟʙʦʨ ʟʘ ʥʘʯʠʥʦʪ ʥʘ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʝʥʝʨʛʠʿʘʪʘ, 

ʧʦʨʘʟʚʠʝʥʠʪʝ ʟʝʤʿʠ ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘʘʪ ʩʦ ʨʝʣʘʪʠʚʥʦ ʛʦʣʝʤʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʥʝʨʛʠʿʘ ʧʦ 

ʞʠʪʝʣ, ʘ ʤʘʣʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʜʠʥʠʮʘ ʙʨʫʪʦ ʜʦʤʘʰʝʥ ʧʨʦʠʟʚʦʜ (ɹɼʇ), ʰʪʦ ʜʦ ʥʝʢʘʜʝ ʝ ʦʜʨʘʟ 

ʥʘ ʬʘʢʪʦʪ ʜʝʢʘ ʧʦʙʦʛʘʪʠʪʝ ʿʘ ʠʤʘʘʪ ʧʨʠʚʠʣʝʛʠʿʘʪʘ ʜʘ ʤʦʞʘʪ ʜʘ ʰʪʝʜʘʪ.. ʉʦ ʦʛʣʝʜ ʥʘ ʩʪʝʧʝʥʦʪ ʥʘ 

ʨʘʟʚʠʝʥʦʩʪ, ʚʦ ʦʜʥʦʩ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʮʝʣʠʥʘ, ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʩʝ 

ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʩʦ [1]: 

(1) ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʥʝʨʛʠʿʘ ʧʦ ʞʠʪʝʣ, ʥʦ ʤʥʦʛʫ ʚʠʩʦʢ ʝʥʝʨʛʝʪʩʢʠ 

ʠʥʪʝʥʟʠʪʝʪ, ʦʜʥʦʩʥʦ ʛʦʣʝʤʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʥʝʨʛʠʿʘ ʥʘ ʝʜʠʥʠʮʘ ɹɼʇ. 

(2) ʟʝʤʿʘʪʘ ʝ ʩʠʣʥʦ ʟʘʚʠʩʥʘ ʦʜ ʫʚʦʟʦʪ ʥʘ ʨʝʯʠʩʠ ʩʠʪʝ ʚʠʜʦʚʠ ʥʘ ʝʥʝʨʛʝʪʩʢʠ ʨʝʩʫʨʩʠ. 

ʂʘʢʦ ʝʜʝʥ ʦʜ ʪʨʝʥʜʦʚʠʪʝ ʚʦ ʩʦʚʨʝʤʝʥʘʪʘ ʝʥʝʨʛʝʪʠʢʘ, ʩʝ ʩʤʝʪʘ ʜʝʢʘ ʩʠʩʪʝʤʠʪʝ ʟʘ 

ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ ˃ʝ ʛʦ ʟʛʦʣʝʤʘʪ ʧʦʪʝʥʮʠʿʘʣʦʪ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ 

ʥʘ ʝʥʝʨʛʠʿʘ, ʢʘʢʦ ʰʪʦ ʩʝ ʛʝʦʪʝʨʤʘʣʥʘʪʘ ʠ ʩʦʥʯʝʚʘʪʘ ʪʦʧʣʠʥʘ, ʥʦ ʠ ʦʪʧʘʜʥʘʪʘ ʪʦʧʣʠʥʘ. ʅʘʿʯʝʩʪʦ 

ʢʦʨʠʩʪʝʥʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʪʦʧʣʠʥʘ ʠ ʝʥʝʨʛʠʿʘ ʩʦ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʣʘʜʝˁʝ ("ʣʘʜʥʠʥʘ" 

ʠʣʠ ʩʪʫʜ) ʝ ʩʢʣʘʜʠʨʘˁʝʪʦ ʥʘ ʧʦʜʟʝʤʥʘ ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ, Underground Thermal Energy Storage  

(UTES). ɿʝʤʿʘʪʘ ʩʝ ʧʦʢʘʞʫʚʘ ʢʘʢʦ ʠʜʝʘʣʝʥ ʤʝʜʠʫʤ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʪʦʧʣʠʥʘ ʠ ʩʪʫʜ ʚʦ ʛʦʣʝʤʠ 

ʢʦʣʠʯʠʥʠ ʟʘ ʥʝʢʦʣʢʫ ʩʝʟʦʥʠ ʠʣʠ ʛʦʜʠʥʠ. UTES ʩʠʩʪʝʤʠ ʚʦ ʩʢʘʥʜʠʥʘʚʩʢʠʪʝ ʟʝʤʿʠ ʥʘʿʯʝʩʪʦ ʩʝ 

ʢʦʨʠʩʪʘʪ ʚʦ ʢʦʤʙʠʥʘʮʠʿʘ ʩʦ ʛʝʦʪʝʨʤʘʣʥʠ ʪʦʧʣʠʥʩʢʠ ʧʫʤʧʠ, ʪ.ʥ. Ground-Source Heat Pumps 

(GSHP). ʀʟʨʘʙʦʪʝʥʠ ʩʝ ʥʝʢʦʣʢʫ ʨʘʟʣʠʯʥʠ UTES ʩʠʩʪʝʤʠ ʠ ʠʩʪʠʪʝ ʩʝ ʩʦʜʚʝʪʥʦ ʪʝʩʪʠʨʘʥʠ. ɼʚʘ  
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ʪʠʧʘ ʥʘ ʩʠʩʪʝʤʠ ʟʘ ʩʢʣʘʜʠʨʘˁʝ, Aquifer (ATES) ʠ Borehole (BTES), ʚʝ˃ʝ ʠʤʘʘʪ ʦʧʰʪʦ 

ʧʨʠʬʘʪʣʠʚ ʢʦʤʝʨʮʠʿʘʣʝʥ ʧʨʦʙʠʚ. 

2 ʊʆʇʃʀʅʉʂʀ ʇʋʄʇʀ - ʊɽʆʈɽʊʉʂʀ ʆʉʅʆɺʀ 

ʊʝʨʤʦʜʠʥʘʤʠʯʢʠ, ʪʦʧʣʠʥʩʢʠʪʝ ʧʫʤʧʠ, ʢʘʢʦ ʠ ʣʘʜʠʣʥʠʪʝ ʧʦʩʪʨʦʿʢʠ, ʬʫʥʢʮʠʦʥʠʨʘʘʪ ʚʨʟ 

ʦʩʥʦʚʘ ʥʘ ʦʙʨʘʪʥʠ (ʠʣʠ ʣʝʚʦʜʚʠʞʥʠ, ʣʝʚʦʩʤʠʩʣʝʥʠ) ʢʨʫʞʥʠ ʧʨʦʮʝʩʠ, ʩʣ. 1 [2]. ɿʘ ʦʜʚʠʚʘˁʝ ʥʘ 

ʦʙʨʘʪʥʠʪʝ ʢʨʫʞʥʠ ʧʨʦʮʝʩʠ ʝ ʥʝʦʧʭʦʜʥʦ ʜʘ ʩʝ ʚʣʦʞʫʚʘ ʨʘʙʦʪʘ ʠʣʠ ʜʘ ʩʝ ʜʦʚʝʜʫʚʘ ʝʥʝʨʛʠʿʘ ʦʜ 

ʥʘʜʚʦʨ ʚʦ ʜʝʣ ʥʘ ʮʠʢʣʫʩʦʪ. ʊʦʧʣʠʥʘʪʘ ʤʦʞʝ ʜʘ ʧʨʝʤʠʥʫʚʘ ʦʜ ʧʦʣʘʜʥʦ ʢʦʥ ʧʦʪʦʧʣʦ ʪʝʣʦ, ʥʦ ʥʝ 

Ăʩʘʤʘ ʦʜ ʩʝʙʝñ, ʪʫʢʫ ʩʘʤʦ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʚʣʦʞʫʚʘˁʝ ʢʦʤʧʨʝʩʦʨʩʢʘ ʨʘʙʦʪʘ (W). 

ɺʦ ʩʫʰʪʠʥʘ, ʪʦʧʣʠʥʩʢʠʪʝ ʧʫʤʧʠ ʠ ʣʘʜʠʣʥʠʪʝ ʧʦʩʪʨʦʿʢʠ ʨʘʙʦʪʘʪ ʧʦʤʝʺʫ ʜʚʘ ʪʦʧʣʠʥʩʢʠ 

ʨʝʟʝʨʚʦʘʨʠ ʩʦ ʢʦʥʩʪʘʥʪʥʠ ʪʝʤʧʝʨʘʪʫʨʠ: (1) ʜʦʣʝʥ ʪʦʧʣʠʥʩʢʠ ʨʝʟʝʨʚʦʘʨ ʝ ʣʘʜʝʥʠʦʪ ʧʨʦʩʪʦʨ, 

ʦʜ ʢʦʿ ʩʝ ʦʜʚʝʜʫʚʘ ʪʦʧʣʠʥʘ, ʢʦʿʘ ʿʘ ʧʨʝʟʝʤʘ ʨʘʙʦʪʥʠʦʪ ʬʣʫʠʜ ʠ (2) ʛʦʨʝʥ ʪʦʧʣʠʥʩʢʠ ʨʝʟʝʨʚʦʘʨ 

ʝ ʧʨʦʩʪʦʨʦʪ ʥʘ ʢʦʿ ʩʝ ʧʨʝʜʘʚʘ ʪʦʧʣʠʥʘʪʘ ʥʘ ʧʦʚʠʩʦʢʦ ʪʝʤʧʝʨʘʪʫʨʥʦ ʥʠʚʦ. ɺʦʦʙʠʯʘʝʥʦ, 

ʨʘʙʦʪʥʠʦʪ ʬʣʫʠʜ ʠʩʧʘʨʫʚʘ ʥʘ ʥʠʟʦʢ ʧʨʠʪʠʩʦʢ ʧʨʠ ʧʨʝʟʝʤʘˁʝʪʦ ʪʦʧʣʠʥʘ ʦʜ ʣʘʜʝʥʠʦʪ ʧʨʦʩʪʦʨ, ʘ 

ʢʦʥʜʝʥʟʠʨʘ ʥʘ ʧʦʚʠʩʦʢ ʧʨʠʪʠʩʦʢ ʧʨʠ ʧʨʝʜʘʚʘˁʝʪʦ ʪʦʧʣʠʥʘ ʢʦʥ ʦʢʦʣʠʥʘʪʘ. ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ 

ʨʘʙʦʪʥʠʦʪ ʬʣʫʠʜ ʩʝʢʦʛʘʰ ʤʦʨʘ ʜʘ ʙʠʜʝ ʧʦʥʠʩʢʘ ʦʜ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚʦ ʧʨʦʩʪʦʨʦʪ ʦʜ ʢʦʿ ʩʝ 

ʦʜʟʝʤʘ ʪʦʧʣʠʥʘ (ʣʘʜʝʥʠʦʪ ʧʨʦʩʪʦʨ), ʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʢʦʥʜʝʥʟʘʮʠʿʘ t ʩʝʢʦʛʘʰ ʤʦʨʘ ʜʘ ʙʠʜʝ 

ʧʦʚʠʩʦʢʘ ʦʜ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʧʨʦʩʪʦʨʦʪ ʚʦ ʢʦʿ ʩʝ ʧʨʝʜʘʚʘ ʪʦʧʣʠʥʘʪʘ. ʈʘʟʣʠʢʘʪʘ ʧʦʤʝʺʫ 

ʪʦʧʣʠʥʩʢʠʪʝ ʧʫʤʧʠ ʠ ʣʘʜʠʣʥʠʪʝ ʧʦʩʪʨʦʿʢʠ ʝ ʩʘʤʦ ʚʦ ʪʝʤʧʝʨʘʪʫʨʥʦʪʦ ʥʠʚʦ ʥʘ ʦʜʚʠʚʘˁʝ ʥʘ 

ʮʠʢʣʫʩʦʪ ʠ ʮʝʣʪʘ. ʀʤʝʥʦ, ʢʘʿ ʪʦʧʣʠʥʩʢʠʪʝ ʧʫʤʧʠ ʮʝʣʪʘ ʝ ʧʨʝʟʝʤʘˁʝ ʪʦʧʣʠʥʘ ʦʜ ʦʢʦʣʠʥʘʪʘ ʠ 

ʦʜʜʘʚʘˁʝ ʪʦʧʣʠʥʘ ʚʦ ʧʨʦʩʪʦʨʦʪ ʰʪʦ ʩʝ ʛʨʝʝ, ʘ ʢʘʿ ʣʘʜʠʣʥʠʪʝ ʧʦʩʪʨʦʿʢʠ ʪʦʧʣʠʥʘʪʘ ʩʝ ʦʜʟʝʤʘ ʦʜ 

ʣʘʜʝʥʠʦʪ ʧʨʦʩʪʦʨ ʠ ʩʝ ʦʜʜʘʚʘ ʢʦʥ ʦʢʦʣʠʥʘʪʘ, ʩʣ. 1 [2]. 

         

ʉʣʠʢʘ 1. ʇʨʠʥʮʠʧʝʣʝʥ ʧʨʠʢʘʟ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘˁʝ ʥʘ ʪʦʧʣʠʥʩʢʘ ʧʫʤʧʘ ʠ ʣʘʜʠʣʥʘ ʧʦʩʪʨʦʿʢʘ ʠ 

ʩʦʦʜʚʝʪʝʥ ʊ,ʼ-ʜʠʿʘʛʨʘʤ (ʜʠʿʘʛʨʘʤ Ăʪʝʤʧʝʨʘʪʫʨʘ-ʝʥʪʨʦʧʠʿʘñ) 

ʊʦʧʣʠʥʩʢʠʪʝ ʧʫʤʧʠ ʥʘʿʯʝʩʪʦ ʥʝ ʩʝ ʛʣʘʚʝʥ ʠʟʚʦʨ ʥʘ ʪʦʧʣʠʥʘ ʚʦ ʩʠʩʪʝʤʠʪʝ ʟʘ ʮʝʥʪʨʘʣʥʦ 

ʛʨʝʝˁʝ, ʥʦ ʩʝ ʢʣʫʯʥʠ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʨʘʙʦʪʥʠʦʪ ʨʝʞʠʤ ʥʘ ʜʨʫʛʠʪʝ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ 

ʝʥʝʨʛʠʿʘ, ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ ʩʦʣʘʨʥʘʪʘ ʝʥʝʨʛʠʿʘ. ʊʦʧʣʠʥʩʢʠʪʝ ʧʫʤʧʠ ʤʦʞʝ ʜʘ ʩʝ ʮʝʥʪʨʘʣʠʟʠʨʘʥʠ 

ʠʣʠ ʜʝʮʝʥʪʨʘʣʠʟʠʨʘʥʠ. ɺʦ ʧʨʚʠʦʪ ʩʣʫʯʘʿ, ʪʦʧʣʠʥʩʢʠ ʧʫʤʧʠ ʩʦ ʧʦʛʦʣʝʤ ʢʘʧʘʮʠʪʝʪ ʩʝ 

ʧʦʩʪʘʚʫʚʘʘʪ ʮʝʥʪʨʘʣʠʟʠʨʘʥʦ ʠ ʦʜ ʝʜʥʦ ʤʝʩʪʦ ʩʝ ʨʝʛʫʣʠʨʘ ʥʝʿʟʠʥʘʪʘ ʨʘʙʦʪʘ, ʜʦʜʝʢʘ 

ʜʝʮʝʥʪʨʘʣʠʟʠʨʘʥʠʪʝ ʪʦʧʣʠʥʩʢʠ ʧʫʤʧʠ ʩʝ ʣʦʮʠʨʘʘʪ ʢʘʿ ʧʦʪʨʦʰʫʚʘʯʠʪʝ, ʟʘʝʜʥʦ ʩʦ ʪʦʧʣʠʥʩʢʠ 

ʠʟʤʝʥʫʚʘʯʠ ʠ ʦʩʪʘʥʘʪʘʪʘ ʦʧʨʝʤʘ. ɿʘ ʜʘ ʬʫʥʢʮʠʦʥʠʨʘ, ʧʨʦʮʝʩʦʪ ʠʤʘ ʧʦʪʨʝʙʘ ʦʜ ʜʦʧʦʣʥʠʪʝʣʝʥ 

ʠʟʚʦʨ ʥʘ ʪʦʧʣʠʥʩʢʘ ʠʣʠ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʆʥʘ ʰʪʦ ʛʠ ʧʨʘʚʠ ʪʦʧʣʠʥʩʢʠʪʝ ʧʫʤʧʠ ʢʦʨʠʩʥʠ ʝ 

ʥʠʚʥʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʦʪʧʘʜʥʘʪʘ ʪʦʧʣʠʥʘ, ʠʣʠ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʦʜ ʦʢʦʣʠʥʘʪʘ 

ʢʦʿʘ ʚʦ ʜʨʫʛ ʩʣʫʯʘʿ ʙʠ ʦʩʪʘʥʘʣʘ ʥʝʠʩʢʦʨʠʩʪʝʥʘ. ʀʟʚʦʨʦʪ ʥʘ ʪʦʧʣʠʥʘ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʜʦʩʪʘʧʝʥ ʠ 

ʩʦʦʜʚʝʪʝʥ ʟʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ. ɽʬʠʢʘʩʥʦʩʪʘ ʥʘ ʪʦʧʣʠʥʩʢʘʪʘ ʧʫʤʧʘ ʟʘʚʠʩʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ 

ʪʦʧʣʠʥʘʪʘ ʢʦʿʘ ʦʜ ʝʜʥʘʪʘ ʩʪʨʘʥʘ ʝ ʚʣʝʟ ʚʦ ʧʫʤʧʘʪʘ, ʘ ʪʦʘ ʤʦʞʝ ʜʘ ʚʣʠʿʘʝ ʚʨʟ ʢʦʤʧʣʝʢʩʥʦʩʪʘ ʥʘ 

ʩʠʩʪʝʤʦʪ. ʂʘʢʦ ʠʟʚʦʨʠ ʥʘ ʪʦʧʣʠʥʘ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦʟʜʫʭʦʪ ʦʜ ʦʢʦʣʠʥʘʪʘ, ʧʦʚʨʰʠʥʩʢʘ ʠʣʠ 

ʧʦʜʟʝʤʥʘ ʚʦʜʘ, ʟʝʤʿʘʪʘ ʠʣʠ ʦʪʧʘʜʥʘʪʘ ʪʦʧʣʠʥʘ.  



 

 

3 ɽʌʀʂɸʉʅʆʉʊ ʅɸ ʊʆʇʃʀʅʉʂʀʊɽ ʇʋʄʇʀ 

ɿʘ ʦʮʝʥʢʘ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʪʝʨʤʠʯʢʠʪʝ ʧʦʩʪʨʦʿʢʠ ʰʪʦ ʬʫʥʢʮʠʦʥʠʨʘʘʪ ʩʧʦʨʝʜ ʦʙʨʘʪʝʥ, 

ʣʝʚʦʩʤʠʩʣʝʥ ʮʠʢʣʫʩ ʩʝ ʢʦʨʠʩʪʘʪ ʪ.ʥ. ʣʘʜʠʣʝʥ ʠ ʛʨʝʝʥ ʢʦʝʬʠʮʠʝʥʪ: 

(1) ʉʣʫʯʘʿ ʢʦʛʘ ʮʠʢʣʫʩʦʪ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʣʘʜʝˁʝ (ʣʘʜʠʣʥʘ ʧʦʩʪʨʦʿʢʘ, ʬʨʠʞʠʜʝʨ, ...) 

ʃʘʜʠʣʝʥ ʢʦʝʬʠʮʠʝʥʪ = ʦʜʥʦʩ ʧʦʤʝʺʫ ʦʜʚʝʜʝʥʘʪʘ ʪʦʧʣʠʥʘ ʦʜ ʣʘʜʝʥʠʦʪ ʧʨʦʩʪʦʨ Qo ʠ 

ʚʣʦʞʝʥʘʪʘ ʨʘʙʦʪʘ ʟʘ ʦʜʚʠʚʘˁʝ ʥʘ ʮʠʢʣʫʩʦʪ W     

ŮL=  =  

(2) ʉʣʫʯʘʿ ʢʦʛʘ ʮʠʢʣʫʩʦʪ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʛʨʝʝˁʝ (ʪʦʧʣʠʥʩʢʘ ʧʫʤʧʘ) 

ɻʨʝʝʥ ʢʦʝʬʠʮʠʝʥʪ = ʦʜʥʦʩ ʧʦʤʝʺʫ ʜʦʚʝʜʝʥʘʪʘ ʪʦʧʣʠʥʘ ʚʦ ʛʨʝʝʥʠʦʪ ʧʨʦʩʪʦʨ Q ʠ 

ʚʣʦʞʝʥʘʪʘ ʨʘʙʦʪʘ ʟʘ ʦʜʚʠʚʘˁʝ ʥʘ ʮʠʢʣʫʩʦʪ W     

Ůg=  =  

ɽʬʠʢʘʩʥʦʩʪʘ, ʦʜʥʦʩʥʦ ʩʪʝʧʝʥʦʪ ʥʘ ʢʦʨʠʩʥʦʩʪ ʥʘ ʧʦʩʪʨʦʿʢʘ ʰʪʦ ʨʘʙʦʪʠ ʩʧʦʨʝʜ ʦʙʨʘʪʝʥ 

ʢʨʫʞʝʥ ʧʨʦʮʝʩ, ʣʘʜʠʣʥʘ ʧʦʩʪʨʦʿʢʘ ʠʣʠ ʪʦʧʣʠʥʩʢʘ ʧʫʤʧʘ, ʛʝʥʝʨʘʣʥʦ, ʩʝ ʜʝʬʠʥʠʨʘ ʩʦ ʪ.ʥ. 

ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʧʝʨʬʦʨʤʘʥʩʠ CʦP (Coefficient of performance), ʢʦʿ ʛʠ ʦʙʝʜʠʥʫʚʘ ʧʨʝʪʭʦʜʥʠʪʝ 

ʧʘʨʘʤʝʪʨʠ ŮL ʠ Ůg. 

4 ʂʆʄʇʆʅɽʅʊʀ ʅɸ ʊʆʇʃʀʅʉʂɸ ʇʋʄʇɸ 

ʉʠʩʪʝʤʦʪ ʟʘ ʛʨʝʝˁʝ ʩʦ ʪʦʧʣʠʥʩʢʘ ʧʫʤʧʘ ʛʠ ʩʦʜʨʞʠ ʩʣʝʜʥʠʪʝ ʦʩʥʦʚʥʠ ʢʦʤʧʦʥʝʥʪʠ: ʠʟʚʦʨʦʪ 

ʥʘ ʪʦʧʣʠʥʘ, ʩʘʤʘʪʘ ʪʦʧʣʠʥʩʢʘ ʧʫʤʧʘ ʠ ʩʠʩʪʝʤʦʪ ʟʘ ʜʠʩʪʨʠʙʫʮʠʿʘ ʠ ʘʢʫʤʫʣʠʨʘˁʝ ʥʘ ʪʦʧʣʠʥʘʪʘ. 

ʊʦʧʣʠʥʩʢʠʪʝ ʧʫʤʧʠ ʠʤʘʘʪ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʦʙʝʟʙʝʜʫʚʘʘʪ ʧʦʚʝ˃ʝ ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ ʦʪʢʦʣʢʫ ʰʪʦ 

ʪʨʦʰʘʪ ʤʝʭʘʥʠʯʢʘ, ʦʜʥʦʩʥʦ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʟʘ ʨʘʙʦʪʘ ʥʘ ʢʦʤʧʨʝʩʦʨ, ʧʨʝʢʫ ʢʦʨʠʩʪʝˁʝ ʥʘ 

ʢʦʥʚʝʮʠʦʥʘʣʥʠʦʪ ʣʘʜʠʣʝʥ ʮʠʢʣʫʩ, ʢʦʿ ʘʧʩʦʨʙʠʨʘ ʪʦʧʣʠʥʘ ʦʜ ʦʢʦʣʠʥʘʪʘ ʠ ʿʘ ʟʛʦʣʝʤʫʚʘ ʜʦ 

ʩʦʦʜʚʝʪʥʦ ʪʝʤʧʝʨʘʪʫʨʥʦ ʥʠʚʦ ʟʘ ʛʨʝʝˁʝ. 

 

ʉʣʠʢʘ 2. ʇʨʠʢʘʟ ʥʘ ʚʥʘʪʨʝʰʥʦʩʪʘ ʥʘ ʢʫ˃ʠʰʪʝʪʦ ʥʘ ʛʝʦʪʝʨʤʘʣʥʘ ʧʫʤʧʘ ʩʦ 4 ʪʦʧʣʠʥʩʢʠ 

ʨʘʟʤʝʥʫʚʘʯʠ 

 

4.1. ʅʘʯʠʥ ʥʘ ʨʘʙʦʪʘ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʪʦʧʣʠʥʩʢʘʪʘ ʧʫʤʧʘ 

 ɺʦ ʧʨʦʜʦʣʞʝʥʠʝ ʩʝ ʥʘʚʝʜʝʥʠ ʥʝʢʦʠ ʦʩʥʦʚʥʠ ʧʦʩʪʘʚʢʠ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘˁʝʪʦ ʥʘ 

ʪʦʧʣʠʥʩʢʠʪʝ ʧʫʤʧʠ ʠ ʥʠʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ. 



 

 

ɺʦ ʪʦʯʢʘ ʙʨʦʿ 1 ʦʢʦʣʫ 75% ʦʜ ʝʥʝʨʛʠʿʘʪʘ ʩʝ ʟʝʤʘ ʦʜ ʦʢʦʣʠʥʘʪʘ ʪ.ʝ. ʦʜ ʚʦʟʜʫʭʦʪ ʠʣʠ 

ʟʝʤʿʘʪʘ ʠ ʩʝ ʧʨʝʥʝʩʫʚʘ ʢʦʥ ʪʦʧʣʠʥʩʢʘʪʘ ʧʫʤʧʘ, ʧʦʪʦʘ ʦʢʦʣʫ 25% ʦʜ ʝʥʝʨʛʠʿʘʪʘ ʝ ʦʙʝʟʙʝʜʝʥʘ ʦʜ 

ʥʘʮʠʦʥʘʣʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʤʨʝʞʘ ʧʨʝʢʫ ʜʠʨʝʢʪʥʦ ʚʢʣʫʯʫʚʘˁʝ. ʆʚʘʘ ʝʥʝʨʛʠʿʘ ʝ ʠʩʢʦʨʠʩʪʝʥʘ ʟʘ 

ʜʘ ʦʧʝʨʠʨʘ ʩʦ ʪʦʧʣʠʥʩʢʘʪʘ ʧʫʤʧʘ ʟʘ ʥʠʩʢʘ ʧʦʪʨʦʰʫʚʘʯʢʘ. ɺʦ ʪʦʯʢʘ 3 ʝʥʝʨʛʠʿʘʪʘ ʦʜ ʚʦʟʜʫʭʦʪ 

ʠʣʠ ʟʝʤʿʘʪʘ ʩʝ ʧʨʝʥʝʩʫʚʘ ʥʘ ʣʘʜʠʣʥʦʪʦ ʩʨʝʜʩʪʚʦ ʚʥʘʪʨʝ ʚʦ ʠʩʧʘʨʫʚʘʯʦʪ ʥʘ ʪʦʧʣʠʥʩʢʘʪʘ ʧʫʤʧʘ. 

ʆʚʘ ʧʨʝʜʠʟʚʠʢʫʚʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʣʘʜʠʣʥʦʪʦ ʩʨʝʜʩʪʚʦ ʠ ʧʨʦʤʝʥʘ ʥʘ 

ʘʛʨʝʛʘʪʥʘʪʘ ʩʦʩʪʦʿʙʘ ʦʜ ʪʝʯʥʘ ʚʦ ʛʘʩʥʘ. ʃʘʜʠʣʥʠʦʪ ʛʘʩ ʧʦʪʦʘ ʩʝ ʢʦʤʧʨʝʩʠʨʘ, ʩʦ ʧʦʩʨʝʜʩʪʚʦ ʥʘ 

ʝʣʝʢʪʨʠʯʥʦ ʧʦʛʦʥʫʚʘʥ ʢʦʤʧʨʝʩʦʨ, ʧʨʠʪʦʘ ʥʘʤʘʣʫʚʘʿ˃ʠ ʛʦ ʥʝʛʦʚʠʦʪ ʚʦʣʫʤʝʥ, ʘ ʧʦʢʘʯʫʚʘʿ˃ʠ ʿʘ 

ʟʥʘʯʠʪʝʣʥʦ ʥʝʛʦʚʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʊʦʧʣʠʥʩʢʠʦʪ ʠʟʤʝʥʫʚʘʯ (ʢʦʥʜʝʥʟʘʪʦʨ) ʿʘ ʦʜʟʝʤʘ 

ʪʦʧʣʠʥʩʢʘʪʘ ʝʥʝʨʛʠʿʘ ʦʜ ʟʘʛʨʝʘʥʦʪʦ ʣʘʜʠʣʥʦ ʩʨʝʜʩʪʚʦ ʟʘ ʟʘʛʨʝʚʘˁʝ ʥʘ ʚʦʜʘʪʘ ʟʘ ʮʝʥʪʨʘʣʥʦ 

ʛʨʝʝˁʝ, ʧʦʜʥʦ ʛʨʝʝˁʝ ʠʣʠ ʧʘʢ ʩʘʥʠʪʘʨʥʘ ʪʦʧʣʘ ʚʦʜʘ. ʇʦʩʣʝ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʩʚʦʿʘʪʘ ʪʦʧʣʠʥʩʢʘ 

ʝʥʝʨʛʠʿʘ ʣʘʜʠʣʥʦʪʦ ʩʨʝʜʩʪʚʦ ʩʝ ʧʨʝʪʚʦʨʘ ʚʦ ʪʝʯʥʦʩʪ ʠ ʝ ʩʧʦʩʦʙʥʦ ʧʦʚʪʦʨʥʦ ʜʘ ʿʘ ʘʧʩʦʨʙʠʨʘ 

ʝʥʝʨʛʠʿʘʪʘ ʦʜ ʦʢʦʣʠʥʘʪʘ, ʦʚʦʟʤʦʞʫʚʘʿ˃ʠ ʥʘ ʧʨʦʮʝʩʦʪ ʜʘ ʟʘʧʦʯʥʝ ʦʜʥʦʚʦ. 

ʉʣʠʢʘ 3. ʉʣʠʢʦʚʠʪ ʧʨʠʥʮʠʧ ʥʘ ʨʘʙʦʪʘ ʥʘ ʪʦʧʣʠʥʩʢʘ ʧʫʤʧʘ 

4.2. ʊʦʧʣʠʥʩʢʠ ʧʫʤʧʠ ʚʦ ʩʢʣʦʧ ʥʘ ʪʝʨʤʠʯʢʠ ʩʠʩʪʝʤʠ ʟʘ ʛʨʝʝˁʝ ʠ ʣʘʜʝˁʝ 

 ɿʝʤʿʘʪʘ ʘʢʫʤʫʣʠʨʘ ʦʛʨʦʤʥʘ ʢʦʣʠʯʠʥʘ ʥʘ ʩʦʣʘʨʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʩʦʣʘʨʥʘʪʘ ʨʘʜʠʿʘʮʠʿʘ ʠ 

ʜʦʞʜʦʪ. ɿʘ ʦʜʟʝʤʘˁʝ ʥʘ ʦʚʘʘ ʝʥʝʨʛʠʿʘ ʟʝʤʿʝʥʠʪʝ ʢʦʣʝʢʪʦʨʠ ʢʦʠ ʩʦʜʨʞʘʪ ʬʣʝʢʩʠʙʠʣʥʠ 

ʧʦʣʠʝʪʠʣʝʥʩʢʠ ʮʝʚʢʠ ʩʝ ʟʘʢʦʧʘʥʠ ʚʦ ʟʝʤʿʘʪʘ, ʧʦʩʪʘʚʝʥʠ ʭʦʨʠʟʦʥʪʘʣʥʦ ʠʣʠ ʚʝʨʪʠʢʘʣʥʦ. ʉʤʝʩʘʪʘ 

ʥʘ ʚʦʜʘ ʠ ʬʨʝʦʥ (ʣʘʜʠʣʥʦ ʩʨʝʜʩʪʚʦ) ʮʠʨʢʫʣʠʨʘ ʥʠʟ ʮʝʚʢʠʪʝ ʧʨʝʟʝʤʘʿ˃ʠ ʿʘ ʪʦʧʣʠʥʩʢʘʪʘ ʝʥʝʨʛʠʿʘ 

ʠ ʧʨʝʜʘʚʘʿ˃ʠ ʿʘ ʢʦʥ ʪʦʧʣʠʥʩʢʘʪʘ ʧʫʤʧʘ. 

4.2.1. ʉʠʩʪʝʤʠ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʝʥʝʨʛʠʿʘ 

ʊʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ (ʨʝʟʝʨʚʦʘʨʠʪʝ) ʩʣʫʞʘʪ ʟʘ ʩʥʘʙʜʫʚʘˁʝ 

ʥʘ ʪʦʧʣʠʥʩʢʠʦʪ ʢʦʥʟʫʤ ʚʦ ʧʝʨʠʦʜʠ ʢʦʛʘ ʥʝʤʘ ʩʦʦʜʚʝʪʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʘʢʦ ʠ ʟʘ ʩʧʨʘʚʫʚʘˁʝ ʩʦ 

ʬʣʫʢʪʫʘʮʠʠʪʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʦʜ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ. ʇʦʩʪʦʿʘʪ ʨʘʟʣʠʯʥʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ 

ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʪʦʧʣʠʥʩʢʘʪʘ ʝʥʝʨʛʠʿʘ:  

Å ʉʢʣʘʜʠʨʘˁʝ ʥʘ ʩʝʥʟʠʙʠʣʥʘ ʪʦʧʣʠʥʘ: ʩʝ ʢʦʨʠʩʪʠ ʪʦʧʣʠʥʩʢʠʦʪ ʢʘʧʘʮʠʪʝʪ ʥʘ 

ʤʘʪʝʨʠʿʘʣʦʪ. ʅʘʿʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʠ ʚʦʜʘ ʟʘʨʘʜʠ ʚʠʩʦʢʠʦʪ ʩʧʝʮʠʬʠʯʝʥ ʪʦʧʣʠʥʩʢʠ ʢʘʧʘʮʠʪʝʪ, 

ʥʦ ʠ ʟʘʪʦʘ ʰʪʦ ʝ ʥʝʪʦʢʩʠʯʥʦʩʪʘ ʠ ʨʝʣʘʪʠʚʥʦ ʝʚʪʠʥʘ.  

Å ʉʢʣʘʜʠʨʘˁʝ ʥʘ ʣʘʪʝʥʪʥʘ ʪʦʧʣʠʥʘ: ʩʝ ʢʦʨʠʩʪʠ ʣʘʪʝʥʪʥʘʪʘ ʪʦʧʣʠʥʘ ʥʘ ʤʘʪʝʨʠʿʘʣʦʪ 

ʢʦʿʘ ʩʝ ʦʩʣʦʙʦʜʫʚʘ ʧʨʠ ʧʨʦʤʝʥʘ ʥʘ ʥʝʛʦʚʘʪʘ ʘʛʨʝʛʘʪʥʘʪʘ ʩʦʩʪʦʿʙʘ, ʧʨʠ ʢʦʥʩʪʘʥʪʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ. ʅʘʿʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʘʪ ʤʘʪʝʨʠʿʘʣʠ ʢʦʿʘ ʿʘ ʤʝʥʫʚʘʘʪ ʘʛʨʝʛʘʪʥʘʪʘ ʩʦʩʪʦʿʙʘ (ʘʥʛ. 

phase change materials (PCM)).  

Å ʊʝʨʤʦʭʝʤʠʩʢʦ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʪʦʧʣʠʥʘ: ʩʝ ʢʦʨʠʩʪʠ ʪʦʧʣʠʥʘʪʘ ʩʢʣʘʜʠʨʘʥʘ ʚʦ 

ʨʝʚʝʨʟʠʙʠʣʥʠʪʝ ʭʝʤʠʩʢʠ ʨʝʘʢʮʠʠ.  

Å ʉʦʨʧʮʠʦʥʠ ʪʝʭʥʦʣʦʛʠʠ: ʩʝ ʢʦʨʠʩʪʠ ʪʦʧʣʠʥʘʪʘ ʦʜ ʘʜʩʦʨʧʮʠʿʘ ʠʣʠ ʘʧʩʦʨʧʮʠʿʘ ʥʘ 

ʧʘʨʦʚʠ ʤʘʪʝʨʠʿʘʣʠ ʢʘʢʦ ʟʝʦʣʠʪ/ʚʦʜʘ (ʘʜʩʦʨʧʮʠʿʘ) ʠʣʠ ʣʠʪʠʫʤ ʙʨʦʤʠʜ/ʚʦʜʘ (ʘʧʩʦʨʧʮʠʿʘ). 

ʈʝʟʝʨʚʦʘʨʠ ʟʘ ʢʨʘʪʢʦʨʦʯʥʦ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ  

ʇʦʩʪʦʿʘʪ ʨʘʟʥʠ ʚʠʜʦʚʠ ʥʘ ʨʝʟʝʨʚʦʘʨʠ ʟʘ ʢʨʘʪʢʦʪʨʘʿʥʦ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʪʦʧʣʠʥʘʪʘ. ʅʠʚʥʘʪʘ 

ʧʨʠʤʝʥʘ ʦʚʦʟʤʦʞʫʚʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʥʘ ʨʘʙʦʪʥʠʦʪ ʨʝʞʠʤ ʥʘ ʪʦʧʣʠʥʩʢʠʪʝ ʠʟʚʦʨʠ. ʅʘʿʯʝʩʪʦ 

ʢʦʨʠʩʪʝʥ ʝ ʯʝʣʠʯʥʠʦʪ ʨʝʟʝʨʚʦʘʨ (TTES) ʢʦʿ ʩʝ ʠʟʨʘʙʦʪʫʚʘ ʦʜ ʥʝʨʺʦʩʫʚʘʯʢʠ ʯʝʣʠʢ. 



 

 

ɺʦʜʘʪʘ ʝ ʥʘʿʯʝʩʪʦ ʢʦʨʠʩʪʝʥʠʦʪ ʤʝʜʠʫʤ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʤʘʣʠ ʦʜ 100ÁC. ʇʦʜ ʧʨʠʪʠʩʦʢ, ʪʘʘ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʠ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ 

ʝʥʝʨʛʠʿʘ ʯʠʿʘ ʪʝʤʧʝʨʘʪʫʨʘ ʝ ʧʦʚʠʩʦʢʘ ʦʜ 100ÁC. ɺʦʜʘʪʘ ʩʝ ʢʦʨʠʩʪʠ ʧʦʨʘʜʠ ʧʨʝʜʥʦʩʪʠʪʝ ʢʦʠ ʛʠ 

ʠʤʘ ʚʦ ʦʜʥʦʩ ʥʘ ʜʨʫʛʠʪʝ ʤʘʪʝʨʠʿʘʣʠ - ʥʝ ʝ ʪʦʢʩʠʯʥʘ, ʝʚʪʠʥʘ ʝ ʠ ʠʤʘ ʚʠʩʦʢ ʩʧʝʮʠʬʠʯʝʥ 

ʪʦʧʣʠʥʩʢʠ ʢʦʝʬʠʮʠʝʥʪ - ʦʢʦʣʫ 4,18 kJ/(kgK). ʊʦʧʣʠʥʩʢʠʦʪ ʢʘʧʘʮʠʪʝʪ ʥʘ ʚʦʜʘʪʘ ʝ ʧʦʛʦʣʝʤ ʝ ʦʜ 

ʪʦʧʣʠʥʩʢʠʪʝ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʜʨʫʛʠʪʝ ʨʝʣʘʪʠʚʥʦ ʝʚʪʠʥʠ ʤʘʪʝʨʠʿʘʣʠ ʢʘʢʦ ʧʝʩʦʢ, ʞʝʣʝʟʦ ʠʣʠ 

ʙʝʪʦʥ. 

ʈʝʟʝʨʚʦʘʨʠ ʟʘ ʩʝʟʦʥʩʢʦ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ 

ʈʝʟʝʨʚʦʘʨʠʪʝ ʟʘ ʩʝʟʦʥʩʢʦ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ (ʩʝʟʦʥʩʢʠ ʨʝʟʝʨʚʦʘʨʠ) ʩʝ 

ʢʦʨʠʩʪʘʪ ʟʘ ʙʘʣʘʥʩʠʨʘˁʝ ʥʘ ʧʦʥʫʜʘʪʘ ʠ ʧʦʙʘʨʫʚʘʯʢʘʪʘ ʥʘ ʩʝʟʦʥʩʢʦ ʥʠʚʦ, ʪ.ʝ. ʦʜ ʝʜʥʘ ʚʦ ʜʨʫʛʘ 

ʩʝʟʦʥʘ. ɺʦ ʥʠʚ ʩʝ ʩʢʣʘʜʠʨʘ ʪʦʧʣʠʥʩʢʘʪʘ ʝʥʝʨʛʠʿʘ ʧʨʦʠʟʚʝʜʝʥʘ ʚʦ ʣʝʪʦ ʦʜ ʩʦʣʘʨʥʠʪʝ ʪʝʨʤʘʣʥʠ 

ʢʦʣʝʢʪʦʨʠ, ʩʦ ʰʪʦ ʩʝ ʦʚʦʟʤʦʞʫʚʘ ʥʝʿʟʠʥʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʚʦ ʟʠʤʘ. 

ɺʦ ʧʨʦʜʦʣʞʝʥʠʝ ʩʝ ʥʘʚʝʜʝʥʠ ʥʝʢʦʠ ʧʨʠʤʝʨʠ ʟʘ ʪʝʭʥʦʣʦʛʠʠ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʢʘʿ 

ʨʝʟʝʨʚʦʘʨʠʪʝ ʟʘ ʩʝʟʦʥʩʢʦ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ:  

Å ʈʝʟʝʨʚʦʘʨ ʚʦ ʦʙʣʠʢ ʥʘ ʠʟʦʣʠʨʘʥʘ ʿʘʤʘ (ʘʥʛ. Pit thermal energy storage - PTES): 

ɼʨʦʥʠʥʛʣʫʥʜ, ʄʘʨʩʪʘʣ, ɻʨʘʤ (ɼʘʥʩʢʘ)  

Å ʈʝʟʝʨʚʦʘʨ ʚʦ ʦʙʣʠʢ ʥʘ ʙʫʥʘʨ (ʘʥʛ. Borehole thermal energy storage - BTES): 

ɹʨʝʜʩʢʫʧ (ɼʘʥʩʢʘ)  

Å ʈʝʟʝʨʚʦʘʨ ʚʦ ʦʙʣʠʢ ʥʘ ʧʦʜʟʝʤʝʥ ʙʘʟʝʥ (ʘʥʛ. ɸquifer thermal energy storage - ɸʊɽS) 

 

ʉʣʠʢʘ 5. ʊʝʭʥʦʣʦʛʠʠ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʢʘʿ ʨʝʟʝʨʚʦʘʨʠʪʝ ʟʘ ʩʝʟʦʥʩʢʦ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʪʦʧʣʠʥʩʢʘ 

ʝʥʝʨʛʠʿʘ 

5 ɿɸʂʃʋʏʆʂ 

ʊʦʧʣʠʥʩʢʠʪʝ ʧʫʤʧʠ, ʚʦ ʥʘʿʛʦʣʝʤ ʜʝʣ, ʧʦʢʘʞʫʚʘʘʪ ʚʨʝʜʥʦʩʪʠ ʙʣʠʩʢʠ ʥʦ ʠ ʝʜʥʘʢʚʠ ʚʦ ʦʜʥʦʩ 

ʥʘ ʦʯʝʢʫʚʘʥʦʪʦ ʥʠʚʦ ʥʘ ʝʬʠʢʘʩʥʦʩʪ, ʙʘʨʝʤ ʟʘ ʫʯʝʩʥʠʮʠʪʝ ʥʘ ʧʨʦʛʨʘʤʘʪʘ C & RD / ConAug. 

ʇʝʨʬʦʨʤʘʥʩʠʪʝ ʥʘ ʦʚʘʘ ʦʧʨʝʤʘ ʧʦʢʘʞʫʚʘʘʪ ʧʦʩʪʦʿʘʥʘ ʨʝʜʫʢʮʠʿʘ ʥʘ ʧʨʦʩʪʦʨʦʪ ʢʦʠ ʛʦ ʟʘʬʘ˃ʘʘʪ 

ʫʨʝʜʠʪʝ ʜʫʨʠ ʠ ʚʦ ʦʙʣʘʩʪʠʪʝ ʢʘʜʝ ʰʪʦ ʩʝ ʧʦʪʨʝʙʥʠ ʟʥʘʯʠʪʝʣʥʠ ʢʦʣʠʯʠʥʠ ʥʘ ʜʨʚʥʘ ʪʦʧʣʠʥʘ, 

ʠʩʪʦ ʪʘʢʘ, ʛʦ ʥʝʫʪʨʘʣʠʟʠʨʘʘʪ ʦʧʪʦʚʘʨʝʥʦʪʦ ʛʨʝʝˁʝ. ʀʩʪʦ ʪʘʢʘ, ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʠʩʪʘʢʥʘʪ ʬʘʢʪʦʪ 

ʜʝʢʘ ʧʦʚʝ˃ʝʪʦ ʦʜ ʪʦʧʣʠʥʩʢʠʪʝ ʧʫʤʧʠ ʰʪʦ ʩʝ ʨʘʟʛʣʝʜʫʚʘʘʪ ʚʦ ʦʚʘʘ ʩʪʫʜʠʿʘ ʥʝ ʚʢʣʫʯʫʚʘʘʪ ʤʥʦʛʫ 

ʥʘʧʨʝʜʥʠ ʢʦʤʧʨʝʩʦʨʠ ʠ ʢʦʥʪʨʦʣʠ ʩʝʛʘ ʥʝʜʦʩʪʘʧʥʠ ʠʣʠ ʧʦʜ ʨʘʟʚʦʿ. ɿʘʪʦʘ, ʚʦ ʧʨʠʨʦʜʘʪʘ ʥʘ ʦʚʠʝ 

ʟʘʢʣʫʯʦʮʠ ʿʘʩʥʦ ʜʦʤʠʥʠʨʘ ʧʦʩʪʦʝʯʢʘʪʘ ʦʧʨʝʤʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʝʜʥʦʬʘʟʥʠ 

ʢʦʤʧʨʝʩʦʨʠ. ɺʦ ʠʜʥʠʥʘ ʧʨʦʛʨʘʤʠʪʝ ˃ʝ ʤʦʨʘ ʜʘ ʩʝ ʦʩʚʨʥʘʪ ʢʦʥ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʢʘʢʦ ʰʪʦ 

ʠʥʜʫʩʪʨʠʿʘʪʘ ʦʜʠ ʢʦʥ ʧʦʝʬʠʢʘʩʥʘ ʦʧʨʝʤʘ ʠ ʘʣʪʝʨʥʘʪʠʚʥʠ ʣʘʜʠʣʥʠ ʩʨʝʜʩʪʚʘ ʢʘʢʦ ʦʜʛʦʚʦʨ ʥʘ 

ʬʝʜʝʨʘʣʥʠʪʝ ʦʚʣʘʩʪʫʚʘˁʘ. ɸʢʦ ʥʠʰʪʦ ʜʨʫʛʦ, ʦʚʠʝ ʧʦʪʝʟʠ ʙʠ ʿʘ ʥʘʧʨʘʚʠʣʝ ʠʥʩʪʘʣʘʮʠʿʘʪʘ ʠ  

ʩʧʝʮʠʬʠʢʘʮʠʠʪʝ ʥʘ ʦʧʨʝʤʘʪʘ ʚʦ ʧʨʦʛʨʘʤʘʪʘ ʟʘ ʢʦʤʫʥʘʣʥʠ ʫʩʣʫʛʠ ʩʝ ʧʦʧʨʠʬʘʪʣʠʚʠ ʠ 

ʧʦʚʝʨʦʜʦʩʪʦʿʥʦ ʙʠ ʿʘ ʠʩʧʦʨʘʯʫʚʘʣʘ ʢʚʘʣʠʪʝʪʥʘʪʘ ʦʧʨʝʤʘ.  
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ʋʥʠʚʝʨʟʠʪʝʪ Ăʉʚ.ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿñ, ʄʘʰʠʥʩʢʠ ʬʘʢʫʣʪʝʪ, ʉʢʦʧʿʝ 
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ʇʆɼʆɹʈʋɺɸɳɽ ʅɸ ɽʅɽʈɻɽʊʉʂɸʊɸ ɽʌʀʂɸʉʅʆʉʊ ʅɸ ʊɽʈʄʀʏʂʀʊɽ ʉʀʉʊɽʄʀ 

ʉʆ ʇʈʀʄɽʅɸ ʅɸ ʂʆʅɼɽʅɿɸʎʀʉʂʀ ʂʆʊʃʀ 

ʂʋʉɸ ʉʆɼʈɾʀʅɸ 

ʌʦʩʠʣʥʠʪʝ ʛʦʨʠʚʘ ʫʯʝʩʪʚʫʚʘʘʪ ʩʦ ʦʢʦʣʫ 80 % ʚʦ ʧʦʢʨʠʚʘˁʝʪʦ ʥʘ ʧʦʪʨʝʙʠʪʝ ʟʘ ʧʨʠʤʘʨʥʘ ʝʥʝʨʛʠʿʘ ʚʦ 

ʩʚʝʪʦʪ ʠ ʪʘʢʚʘʪʘ ʩʦʩʪʦʿʙʘ ʚʝʨʦʿʘʪʥʦ ˃ʝ ʧʦʪʨʘʝ ʠ ʚʦ ʥʘʨʝʜʥʠʪʝ ʜʝʮʝʥʠʠ. ʉʦ ʦʛʣʝʜ ʥʘ ʚʘʞʥʦʩʪʘ ʥʘ 

ʝʥʝʨʛʝʪʩʢʘʪʘ ʢʦʥʚʝʨʟʠʿʘ ʥʘ ʛʦʨʠʚʥʠʪʝ ʤʘʪʝʨʠʠ, ʩʝ ʧʦʚʝ˃ʝ ʩʝ ʧʨʦʫʯʫʚʘʘʪ ʤʦʞʥʦʩʪʠʪʝ ʟʘ ʥʠʚʥʦ 

ʧʦʝʬʠʢʘʩʥʦ ʢʦʨʠʩʪʝˁʝ, ʩʦ ʮʝʣ ʝʥʝʨʛʝʪʩʢʠʪʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʘ ʩʝ ʥʘʧʨʘʚʘʪ ʧʦʝʬʠʢʘʩʥʠ ʠ ʜʘ ʩʝ ʥʘʤʘʣʠ 

ʥʝʛʘʪʠʚʥʦʪʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ɺʦ ʢʦʪʝʣʩʢʠʪʝ ʧʦʩʪʨʦʿʢʠ ʩʝ ʦʜʚʠʚʘʘʪ ʥʝʢʦʠ ʦʜ ʙʘʟʠʯʥʠʪʝ 

ʧʨʦʮʝʩʠ ʥʘ ʝʥʝʨʛʝʪʩʢʘ ʢʦʥʚʝʨʟʠʿʘ - ʩʦʛʦʨʫʚʘˁʝʪʦ ʠ ʧʨʝʥʦʩʦʪ ʥʘ ʪʦʧʣʠʥʘ ʦʜ ʧʨʦʜʫʢʪʠʪʝ ʥʘ ʪʦʿ ʧʨʦʮʝʩ ʢʦʥ 

ʨʘʙʦʪʥʠʦʪ ʬʣʫʠʜ. ʂʦʥʜʝʥʟʘʮʠʩʢʠʪʝ ʢʦʪʣʠ ʩʝ ʚʦʜʦʛʨʝʿʥʠ ʠʣʠ ʧʘʨʥʠ ʢʦʪʣʠ ʢʦʥʩʪʨʫʠʨʘʥʠ ʪʘʢʘ ʰʪʦ ʜʘ 

ʦʚʦʟʤʦʞʘʪ ʢʦʥʜʝʥʟʘʮʠʿʘ ʥʘ ʚʦʜʥʘʪʘ ʧʘʨʝʘ ʩʦʜʨʞʘʥʘ ʚʦ ʧʨʦʜʫʢʪʠʪʝ ʥʘ ʩʦʛʦʨʫʚʘˁʝʪʦ, ʩʦ ʮʝʣ ʜʝʣʫʤʥʦ ʠʣʠ 

ʮʝʣʦʩʥʦ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʠ ʣʘʪʝʥʪʥʘʪʘ ʪʦʧʣʠʥʘ ʥʘ ʢʦʥʜʝʥʟʘʮʠʿʘ, ʦʜʥʦʩʥʦ ʛʦʨʥʘʪʘ ʪʦʧʣʠʥʩʢʘ ʤʦ˃ ʥʘ 

ʛʦʨʠʚʦʪʦ. ɺʦ ʪʨʫʜʦʪ ʩʝ ʠʟʣʦʞʝʥʠ ʪʝʦʨʝʪʩʢʠʪʝ ʦʩʥʦʚʠ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘˁʝʪʦ ʥʘ ʢʦʥʜʝʥʟʘʮʠʩʢʠʪʝ ʢʦʪʣʠ ʠ 

ʩʧʦʨʝʜʙʝʥʘ ʘʥʘʣʠʟʘ ʧʦʤʝʺʫ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʢʦʥʜʝʥʟʘʮʠʩʢʠʪʝ, ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʠʪʝ ʠ ʜʨʫʛʠ ʚʦʜʦʛʨʝʿʥʠ 

ʢʦʪʣʠ, ʧʨʝʪʝʞʥʦ ʥʘʤʝʥʝʪʠ ʟʘ ʩʠʩʪʝʤʠ ʟʘ ʛʨʝʝˁʝ. ʇʨʠʢʘʞʘʥʠ ʩʝ ʧʨʝʜʥʦʩʪʠʪʝ ʠ ʤʦʞʥʦʩʪʠʪʝ ʟʘ 

ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʪʝʨʤʦʪʝʭʥʠʯʢʠ ʩʠʩʪʝʤʠ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʢʦʪʣʠ ʰʪʦ ʬʫʥʢʮʠʦʥʠʨʘʘʪ ʚʦ 

ʢʦʥʜʝʥʟʘʮʠʩʢʠ ʨʘʙʦʪʝʥ ʨʝʞʠʤ.  

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʝʥʝʨʛʠʿʘ, ʢʦʥʜʝʥʟʘʮʠʩʢʠ ʢʦʪʝʣ, ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʛʦʨʠʚʦ, 

ʪʦʧʣʠʥʩʢʘ ʤʦ˃, ʿʘʛʣʝʚʦʜʦʨʦʜʥʠ ʩʦʝʜʠʥʝʥʠʿʘ 

1 ɺʆɺɽɼ 

ʂʦʥʜʝʥʟʘʮʠʩʢʠʪʝ ʢʦʪʣʠ ʩʝ ʢʦʥʩʪʨʫʠʨʘʥʠ ʪʘʢʘʰʪʦ ʜʘ ʦʚʦʟʤʦʞʘʪ ʢʦʥʜʝʥʟʘʮʠʿʘ ʥʘ ʚʦʜʥʘʪʘ 

ʧʘʨʝʘ ʩʦʜʨʞʘʥʘ ʚʦ ʧʨʦʜʫʢʪʠʪʝ ʦʜ ʩʦʛʦʨʫʚʘˁʝʪʦ, ʩʦ ʮʝʣ, ʧʦʢʨʘʿ ʭʝʤʠʩʢʘʪʘ ʝʥʝʨʛʠʿʘ ʥʘ ʛʦʨʠʚʦʪʦ, 

ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʠ ʠ ʣʘʪʝʥʪʥʘʪʘ ʪʦʧʣʠʥʘ ʥʘ ʢʦʥʜʝʥʟʘʮʠʿʘ, ʦʜʥʦʩʥʦ ʛʦʨʥʘʪʘ ʪʦʧʣʠʥʩʢʘ ʤʦ˃ ʥʘ 

ʛʦʨʠʚʦʪʦ. ʅʝʢʘʜʝ ʦʜ 1970-ʪʠʪʝ ʛʦʜʠʥʠ ʚʦ ɽʚʨʦʧʘ ʠ ʉeʚʝʨʥʘ ɸʤʝʨʠʢʘ ʟʘʧʦʯʥʫʚʘ ʨʘʟʚʦʿʦʪ ʠ ʩʝ 

ʧʦʰʠʨʦʢʘʪʘ ʧʨʠʤʝʥʘ ʥʘ ʢʦʪʣʠ ʢʦʠʰʪʦ ʬʫʥʢʮʠʦʥʠʨʘʘʪ ʚʦ ʪ.ʥ. ʢʦʥʜʝʥʟʘʮʠʩʢʠ ʨʝʞʠʤ [1].  

ʉʦ ʩʥʠʞʫʚʘˁʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʛʨʝʿʥʠʪʝ ʧʦʚʨʰʠʥʠ ʧʦʜ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʦʨʦʩʫʚʘˁʝ, 

ʜʦʘʺʘ ʜʦ ʢʦʥʜʝʥʟʘʮʠʿʘ ʥʘ ʚʦʜʝʥʘʪʘ ʧʘʨʝʘ ʢʦʿʘ ʝ ʩʦʜʨʞʘʥʘ ʚʦ ʯʘʜʥʠʪʝ ʛʘʩʦʚʠ, ʧʨʠ ʰʪʦ ʩʝ 

ʠʩʢʦʨʠʩʪʫʚʘ ʪʦʧʣʠʥʘʪʘ ʥʘ ʢʦʥʜʝʥʟʘʮʠʿʘ ʥʘ ʚʦʜʝʥʘʪʘ ʧʘʨʝʘ [2-4]. ʆʜ ʧʨʠʯʠʥʠ ʰʪʦ ʛʦʨʠʚʘʪʘ ʢʦʠ 

ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ ʧʦʩʪʨʦʿʢʠʪʝ ʟʘ ʩʦʛʦʨʫʚʘˁʝ ʠʤʘʘʪ ʨʘʟʣʠʯʝʥ ʩʦʩʪʘʚ, ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʧʨʠ ʢʦʠ ʩʝ 

ʧʦʿʘʚʫʚʘ ʢʦʥʜʝʥʟʘʮʠʿʘ ʥʘ ʅ2ʆ, ʩʝ ʨʘʟʣʠʯʥʠ, ʟʘ ʨʘʟʣʠʯʥʠ ʛʦʨʠʚʘ. ɿʘ ʧʨʠʨʦʜʝʥ ʛʘʩ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ 

ʥʘ ʢʦʥʜʝʥʟʘʮʠʿʘ ʝ ʦʢʦʣʫ 57ᴈ, ʘ ʟʘ ʥʘʬʪʘ ʝ  47ᴈ. 

ʇʨʝʪʧʦʩʪʘʚʢʘ ʟʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʣʘʪʝʥʪʥʘʪʘ ʪʦʧʣʠʥʘ ʚʦ ʠʟʣʝʟʥʠʪʝ ʛʘʩʦʚʠ ʝ ʛʦʨʠʚʦʪʦ ʜʘ 

ʩʦʜʨʞʠ ʅ2 ʠ/ʠʣʠ ʿʘʛʣʝʚʦʜʦʨʦʜʥʠ ʩʦʝʜʠʥʝʥʠʿʘCmHn, ʧʨʠ ʰʪʦ ʩʦ ʩʦʛʦʨʫʚʘˁʝ ʩʝ ʜʦʙʠʚʘ H2O. 

ʇʦʛʦʣʝʤʘ ʩʦʜʨʞʠʥʘ ʥʘ ʚʦʜʦʨʦʜ ʠ CmHnʚʦ ʛʦʨʠʚʦʪʦ ʟʥʘʯʠ ʧʦʚʝ˃ʝ ʨʘʩʧʦʣʦʞʣʠʚʘ ʣʘʪʝʥʪʥʘ 

ʪʦʧʣʠʥʘ ʚʦ ʧʨʦʜʫʢʪʠʪʝ ʦʜ ʩʦʛʦʨʫʚʘˁʝʪʦ, ʢʦʿʘ ʚʦ ʩʣʫʯʘʿʦʪ ʥʘ ʧʨʠʨʦʜʝʥ ʛʘʩ ʠʟʥʝʩʫʚʘ ʥʘʜ 10%, ʘ 

ʚʦ ʩʣʫʯʘʿ ʥʘ ʚʪʝʯʥʝʪ ʥʘʬʪʝʥ ʛʘʩ (ʊʅɻ) 12-14% ʦʜ ʚʢʫʧʥʘʪʘ ʨʘʩʧʦʣʦʞʣʠʚʘ ʝʥʝʨʛʠʿʘ ʥʘ ʛʦʨʠʚʦʪʦ, 

ʩʣ. 1 [2]. 

 



 

 

 

 

ʘ)                   ʙ) 

ʉʣʠʢʘ 1. ʘ) ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʩʦʜʨʞʘʥʘ ʚʦ ʧʨʦʜʫʢʪʠʪʝ ʥʘ ʩʦʛʦʨʫʚʘˁʝʪʦ ʥʘ 

ʧʨʠʨʦʜʝʥ ʛʘʩ; ʙ) ʛʨʘʬʠʯʢʘ ʠʣʫʩʪʨʘʮʠʿʘ ʥʘ ʩʦʛʦʨʫʚʘˁʝ ʥʘ ʧʨʠʨʦʜʝʥ ʛʘʩ 

 

ʂʘʿ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʢʦʪʣʠ, ʣʘʪʝʥʪʥʘʪʘ ʪʦʧʣʠʥʘ ʩʦʜʨʞʘʥʘ ʚʦ ʚʦʜʝʥʘʪʘ ʧʘʨʝʘ ʩʝ ʠʩʬʨʣʘ 

ʩʦ ʧʨʦʜʫʢʪʠʪʝ ʦʜ ʩʦʛʦʨʫʚʘˁʝʪʦ. ʂʦʥʜʝʥʟʘʮʠʩʢʠʪʝ ʢʦʪʣʠ ʿʘ ʨʝʛʝʥʝʨʠʨʘʘʪ ʪʘʘ ʣʘʪʝʥʪʥʘ ʪʦʧʣʠʥʘ 

ʩʦ ʢʦʥʜʝʥʟʘʮʠʿʘ ʥʘ ʚʦʜʝʥʘ ʧʘʨʝʘ ʠ ʧʨʝʥʝʩʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʘʪʘ ʥʘʟʘʜ ʚʦ ʚʣʝʟʥʘʪʘ ʚʦʜʘ ʠʣʠ ʩʦ 

ʢʦʨʠʩʪʝˁʝ ʟʘ ʜʨʫʛʠ ʧʦʪʨʝʙʠ. ʉʦ ʦʚʦʿ ʧʨʦʮʝʩ ʥʘ ʢʦʥʜʝʥʟʘʮʠʿʘ ʥʘ ʚʦʜʝʥʘ ʧʘʨʝʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ 

ʢʦʪʝʣʦʪ ʩʝ ʧʦʜʦʙʨʫʚʘ ʜʫʨʠ ʟʘ 10-14% ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʚʠʜʦʪ ʥʘ ʛʦʨʠʚʦʪʦ.  

2 ʇʈʀʅʎʀʇ ʅɸ ʌʋʅʂʎʀʆʅʀʈɸɳɽ ʅɸ ʇɸʈʅʀ ʀ ɺʆɼʆɻʈɽɱʅʀ ʂʆʊʃʀ 

ɺʆ ʂʆʅɼɽʅɿɸʎʀʉʂʀ ʈɽɾʀʄ 

2.1 ʀʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʛʦʨʥʘʪʘ ʪʦʧʣʠʥʩʢʘ ʤʦ˃ ʥʘ ʛʦʨʠʚʘʪʘ 

ɼʦʣʥʘ ʪʦʧʣʠʥʩʢʘ ʤʦ˃ (ʥʝʪʦ ʢʘʣʦʨʠʯʥʘ ʚʨʝʜʥʦʩʪ)ʝ ʪʦʧʣʠʥʘ ʰʪʦ ʩʝ ʦʩʣʦʙʦʜʫʚʘ ʧʨʠ ʮʝʣʦʩʥʦ 

ʩʦʛʦʨʫʚʘˁʝ ʥʘ 1 kg ʠʣʠ 1 m
3
 ʛʦʨʠʚʦ, ʢʦʛʘ ʧʨʦʜʫʢʪʠʪʝ ʦʜ ʩʦʛʦʨʫʚʘˁʝ ʩʝ ʦʣʘʜʫʚʘʘʪ ʜʦ 

ʨʝʬʝʨʝʥʪʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠ ʢʦʥʩʪʘʥʪʝʥ ʧʨʠʪʠʦʢ, ʙʝʟ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʘʪʘ ʥʘ 

ʢʦʥʜʝʥʟʘʮʠʿʘ ʥʘ ʅ2ʆ (ʚʦʜʥʘʪʘ ʧʘʨʘ ʚʦ ʛʘʩʦʚʠʪʝ ʥʝ ʢʦʥʜʝʥʟʠʨʘ) [6].  

ɻʦʨʥʘ ʪʦʧʣʠʥʩʢʘ ʤʦ˃ (ʙʨʫʪʦ ʢʘʣʦʨʠʯʥʘʪʘ ʚʨʝʜʥʦʩʪ) ʝ ʪʦʧʣʠʥʘ ʰʪʦ ʩʝ ʦʩʣʦʙʦʜʫʚʘ ʧʨʠ 

ʮʝʣʦʩʥʦ ʩʦʛʦʨʫʚʘˁʝ ʥʘ 1 kg ʠʣʠ 1 m
3
 ʛʦʨʠʚʦ, ʩʦ ʜʦʧʦʣʥʠʪʝʣʥʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʘʪʘ ʥʘ 

ʢʦʥʜʝʥʟʘʮʠʿʘ ʥʘ ʅ2ʆ (ʚʦʜʥʘʪʘ ʧʘʨʘ ʦʜ ʛʘʩʦʚʠʪʝ ʢʦʥʜʝʥʟʠʨʘ)[6].  

                             
ʉʣʠʢʘ 2. ʀʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʜʦʣʥʘʪʘ ʪʦʧʣʠʥʢʘ ʤʦ˃ ʥʘ ʛʦʨʠʚʦʪʦ [5] 

ʉʣʠʢʘ 3. ʀʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʛʦʨʥʘʪʘ ʪʦʧʣʠʥʩʢʘ ʤʦ˃ ʥʘ ʛʦʨʠʚʦʪʦ [6] 

 
ʉʣʠʢʘ 4. ɿʘʚʠʩʥʦʩʪ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʢʦʪʝʣʦʪ ʦʜ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʧʦʚʨʘʪʥʘʪʘ ʚʦʜʘ ʩʦ ʜʚʝ 

ʩʧʦʨʝʜʙʝʥʠ ʢʨʠʚʠ (1 - ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʙʨʫʪʦ ʪʦʧʣʠʥʩʢʘʪʘ ʤʦ˃, 2 - ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʥʝʪʦ 

ʪʦʧʣʠʥʩʢʘʪʘ ʤʦ˃) 



 

 

ɼʦʣʥʘʪʘ ʪʦʧʣʠʥʩʢʘ ʤʦ˃ ʿʘ ʧʦʢʘʞʫʚʘ ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʩʝʥʟʠʪʠʚʥʘ ʪʦʧʣʠʥʘ ʚʦ ʧʨʦʜʫʢʪʠʪʝ ʦʜ 

ʩʦʛʦʨʫʚʘˁʝʪʦ, ʥʦ ʥʝ ʠ ʣʘʪʝʥʪʥʘʪʘ ʪʦʧʣʠʥʘ ʥʘ ʚʦʜʝʥʘʪʘ ʧʘʨʝʘ. ɻʦʨʥʘʪʘ ʪʦʧʣʠʥʩʢʘ ʤʦ˃, 

ʜʦʧʦʣʥʠʪʝʣʥʦ ʿʘ ʩʦʜʨʞʠ ʝʥʝʨʛʠʿʘʪʘ ʦʜ ʢʦʥʜʝʥʟʘʮʠʿʘ ʥʘ ʚʦʜʝʥʘʪʘ ʧʘʨʝʘ ʩʦʜʨʞʘʥʘ ʚʦ ʧʨʦʜʫʢʪʠʪʝ 

ʦʜ ʩʦʛʦʨʫʚʘˁʝʪʦ, ʪ.ʝ. ʪʦʧʣʠʥʘʪʘ ʥʘ ʢʦʥʜʝʟʘʮʠʿʘ 

2.2 ʂʦʤʧʦʥʝʥʪʠ ʥʘ ʢʦʥʜʝʥʟʘʮʠʩʢʠ ʢʦʪʝʣ 

ʅʘ ʩʣ.5 ʝ ʧʨʠʢʘʞʘʥ ʧʨʝʩʝʢ ʥʘ ʝʜʝʥ ʪʠʧ ʢʦʥʜʝʥʟʘʮʠʩʢʠ ʢʦʪʝʣ. ʉʠʪʝ ʜʝʣʦʚʠ ʥʘ ʢʦʤʦʨʘʪʘ 

ʩʝ ʦʧʢʨʫʞʝʥʠ ʠ ʣʘʜʝʥʠ ʩʦ ʚʦʜʘ. ʇʦʪʠʩʥʠʦʪ ʚʝʥʪʠʣʘʪʦʨ ʦʙʝʟʙʝʜʫʚʘ ʜʦʚʦʜ ʥʘ ʚʦʟʜʫʭ ʠ 

ʦʜʨʞʫʚʘˁʝ ʩʦʦʜʚʝʪʝʥ ʧʨʠʪʠʩʦʢ ʚʦ ʣʦʞʠʰʥʠʦʪ ʧʨʦʩʪʦʨ ʟʘ ʜʘ ʩʝ ʦʜʨʞʫʚʘ ʨʝʛʫʣʘʨʝʥ ʠ 

ʢʦʥʩʪʘʥʪʝʥ ʧʣʘʤʝʥ. ʆʪʧʘʜʥʠʪʝ ʛʘʩʦʚʠ ʩʝ ʚʦʜʝʥʠ ʧʦʤʝʺʫ ʧʦʟʠʮʠʦʥʠʨʘʥʠʪʝ ʧʨʦʮʝʧʠ ʦʢʦʣʫ 

ʚʦʜʝʥʠʦʪ ʧʨʦʩʪʦʨ ʥʘ ʢʦʪʝʣʦʪ ʠ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʘ ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʦʧʪʠʤʘʣʝʥ ʧʨʝʥʦʩ ʥʘ 

ʪʦʧʣʠʥʘ.  

 
ʉʣʠʢʘ 5. ʂʦʥʩʪʨʫʢʪʠʚʝʥ ʠʟʛʣʝʜ ʥʘ ʩʦʚʨʝʤʝʥ ʢʦʥʜʝʥʟʘʮʠʩʢʠ ʢʦʪʝʣ ʩʦ ʩʦʩʪʘʚʥʠʪʝ 

ʢʦʤʧʦʥʝʥʪʠ 

ʅʠʟ ʧʣʘʩʪʠʯʥʠʦʪ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯ ʠʤʘ ʩʪʨʫʝˁʝ ʥʘ ʩʚʝʞ ʚʦʟʜʫʭ ʧʨʝʜʠʟʚʠʢʘʥʦ ʦʜ 

ʩʪʨʘʥʘ ʥʘ ʚʝʥʪʠʣʘʪʦʨʦʪ ʥʘ ʛʦʨʠʣʥʠʢʦʪ. ʊʦʧʣʠʪʝ ʦʪʧʘʜʥʠ ʛʘʩʦʚʠ ʩʪʨʫʿʘʪ ʚʦ ʦʙʨʘʪʥʘ ʥʘʩʦʢʘ ʩʦ 

ʦʜʨʝʜʝʥʘ ʙʨʟʠʥʘ ʦʢʦʣʫ ʮʝʚʢʠʪʝ ʥʘ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯʦʪ ʠ ʧʨʝʜʘʚʘʘʪ ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ ʥʘ 

ʚʦʟʜʫʭʦʪ,ʩʦ ʰʪʦ ʩʝ ʧʦʜʦʙʨʫʚʘʘʪ ʫʩʣʦʚʠʪʝ ʟʘ ʩʦʛʦʨʫʚʘˁʝ ʠ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʢʦʪʝʣʦʪ. ɺʦ ʠʩʪʦ 

ʚʨʝʤʝ, ʜʝʣ ʦʜ ʣʘʪʝʥʪʥʘʪʘ ʪʦʧʣʠʥʘ ʩʦʜʨʞʘʥʘ ʚʦ ʅ2ʆ ʩʝ ʧʨʝʜʘʚʘ ʥʘ ʚʦʟʜʫʭʦʪ ʟʘ ʩʦʛʦʨʫʚʘˁʝ. ʅʘ 

ʦʚʦʿ ʥʘʯʠʥ,ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʛʘʩʦʚʠʪʝ ʩʝ ʩʥʠʞʫʚʘ ʟʘ ʦʢʦʣʫ 100ᴈ ʩʧʦʨʝʜʝʥʦ ʩʦ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʢʦʪʣʠ. ʂʦʥʜʝʥʟʘʪʦʪ ʰʪʦ ʩʝ ʩʦʟʜʘʚʘ ʩʝ ʥʝʫʪʨʘʣʠʟʠʨʘ ʜʦ pH  ʚʨʝʜʥʦʩʪ 7, ʠ 

ʢʘʢʦ ʙʝʟʦʧʘʩʝʥ ʤʦʞʝ ʜʘ ʦʜʠ ʚʦ ʩʠʩʪʝʤʦʪ ʟʘ ʜʨʝʥʘʞʘ.  

ʇʦʪʠʩʥʠʦʪ ʚʝʥʪʠʣʘʪʦʨ ʠʤʘ ʜʚʝ ʬʫʥʢʮʠʠ: ʜʘ ʦʙʝʟʙʝʜʠ ʩʦʦʜʚʝʪʝʥ ʧʨʠʪʠʩʦʢ ʚʦ ʢʦʤʦʨʘʪʘ 

ʟʘ ʩʦʛʦʨʫʚʘˁʝ ʠ ʩʪʨʫʝˁʝ ʥʘ ʧʨʦʜʫʢʪʠ ʦʜ ʩʦʛʦʨʫʚʘˁʝʪʦ ʥʠʟ ʛʘʩʥʠʪʝ ʢʘʥʘʣʠ ʠ ʥʘʜʚʦʨ ʦʜ ʢʦʪʝʣʦʪ, 

ʧʨʝʢʫ ʦ˅ʘʢʦʪ ʚʦ ʦʢʦʣʠʥʘʪʘ. ɿʘ ʜʘ ʩʝ ʦʚʦʟʤʦʞʠ ʥʝʧʨʝʢʠʥʘʪʘ ʮʠʨʢʫʣʘʮʠʿʘ ʥʘ ʟʘʛʨʝʚʥʘʪʘ ʚʦʜʘ ʥʠʟ 

ʢʦʪʝʣʦʪ ʠ ʜʘ ʩʝ ʩʧʨʝʯʠ ʦʧʘʺʘˁʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʧʦʚʨʘʪʥʘʪʘ ʚʦʜʘ ʧʦʜ ʪʦʯʢʘʪʘ ʥʘ ʨʦʩʘ ʥʘ 

ʛʘʩʦʚʠʪʝ, ʩʝ ʠʥʩʪʘʣʠʨʘ ʮʠʨʢʫʣʘʮʠʦʥʘ ʧʫʤʧʘ ʠ ʯʝʪʠʨʠʢʨʘʢ ʤʝʰʘʯʢʠ ʚʝʥʪʠʣ. ɺʦ ʢʦʪʝʣʦʪ ʧʦʩʪʦʠ 

ʩʝʥʟʦʨ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʿ ʿʘ ʤʝʤʦʨʠʨʘ ʧʦʩʣʝʜʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʦʜʘʪʘ ʠ ʛʦ ʠʥʬʦʨʤʠʨʘ 

ʜʠʛʠʪʘʣʥʠʦʪ ʢʦʥʪʨʦʣʝʨ. ʈʝʛʫʣʘʮʠʿʘʪʘ ʥʘ ʤʠʥʠʤʫʤ/ʤʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʘ ʝ ʧʨʝʩʫʜʥʘ ʟʘ 

ʤʦʤʝʥʪʦʪ ʥʘ ʚʢʣʫʯʫʚʘˁʝ ʠ ʠʩʢʣʫʯʫʚʘˁʝ ʥʘ ʧʣʘʤʝʥʠʢʦʪ.  

3 ɽʅɽʈɻɽʊʉʂɸ ɽʌʀʂɸʉʅʆʉʊ ʅɸ ʂʆʅɼɽʅɿɸʎʀʉʂʀʊɽ ʂʆʊʃʀ 

3.1 Tʦʧʣʠʥʩʢʠ ʟʘʛʫʙʠ ʢʘʿ ʢʦʪʝʣʩʢʠ ʝʜʠʥʠʮʠ ʢʦʠ ʬʫʥʢʮʠʦʥʠʨʘʘʪ ʚʦ ʢʦʥʜʝʥʟʘʮʠʩʢʠ 

ʨʝʞʠʤ 

ʂʘʿ ʢʦʥʜʝʥʟʘʮʠʩʢʠʪʝ ʢʦʪʣʠ, ʩʦ ʩʦʦʜʚʝʪʥʦ ʜʠʤʝʥʟʠʦʥʠʨʘʥʠ ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʠ ʛʨʝʿʥʠ 

ʧʦʚʨʰʠʥʠ, ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʠʟʣʝʟʥʠʪʝ ʛʘʩʦʚʠ ʜʘ ʙʠʜʝ ʧʦʥʠʩʢʘ ʦʜ ʪʦʯʢʘʪʘ ʥʘ 

ʢʦʥʜʝʥʟʘʮʠʿʘ ʥʘ ʚʦʜʝʥʘʪʘ ʧʘʨʘ ʩʦʜʨʞʘʥʘ ʚʦ ʛʘʩʦʚʠʪʝ. ʉʦ ʪʦʘ ʩʝ ʦʚʦʟʤʦʞʫʚʘ  ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ 

ʣʘʪʝʥʪʥʘʪʘ ʪʦʧʣʠʥʘ ʰʪʦ ʩʝ ʦʩʣʦʙʦʜʫʚʘ ʧʨʠ ʢʦʥʜʝʥʟʠʨʘˁʝ ʥʘ ʧʘʨʘʪʘ ʠ ʩʣʝʜʩʪʚʝʥʦ, ʩʝ 

ʧʦʩʪʠʛʥʫʚʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦʢʘʯʫʚʘˁʝ ʥʘ ʪʝʨʤʠʯʢʠʦʪ ʩʪʝʧʝʥ ʥʘ ʢʦʨʠʩʥʦʩʪ ʥʘ ʢʦʪʝʣʦʪ. ɼʦʢʦʣʢʫ 

ʜʦʣʥʘʪʘ ʪʦʧʣʠʥʩʢʘ ʤʦ˃ ʩʝ ʟʝʤʝ ʢʘʢʦ ʦʩʥʦʚʘ ʟʘ ʧʨʝʩʤʝʪʢʘ, ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʢʦʪʝʣʦʪ ʤʦʞʝ ʜʘ ʩʝ 

ʧʨʠʙʣʠʞʠ ʜʦ 100%. ʆʩʚʝʥ ʪʦʘ, ʦʜʨʝʜʝʥʠ ʰʪʝʪʥʠ ʤʘʪʝʨʠʠ ʢʘʢʦ ʰʪʦ ʩʝ CO2, NOx, ʮʚʨʩʪʠ 

ʯʝʩʪʠʮʠ ʠ ʜʨ., ʦʜ ʧʨʦʜʫʢʪʠʪʝ ʦʜ ʩʦʛʦʨʫʚʘˁʝʪʦ, ʤʦʞʝ ʜʝʣʫʤʥʦ ʠʣʠ ʜʫʨʠ ʠ ʮʝʣʦʩʥʦ ʜʘ ʩʝ 

ʨʘʩʪʚʦʨʘʪ ʚʦ ʥʘʩʪʘʥʘʪʠʦʪ ʢʦʥʜʝʥʟʘʪ, ʰʪʦ ʟʥʘʯʠ ʜʝʢʘ ʢʘʿ ʢʦʥʜʝʥʟʘʮʠʩʢʠʪʝ ʢʦʪʣʠ, ʧʨʠ ʠʩʪʠ 



 

 

ʫʩʣʦʚʠ ʥʘ ʩʦʛʦʨʫʚʘˁʝ, ʝʤʠʩʠʿʘʪʘ ʥʘ ʰʪʝʪʥʠ ʤʘʪʝʨʠʠ ʢʦʥ ʦʢʦʣʠʥʘʪʘ ʤʦʞʝ ʜʘ ʙʠʜʝ ʟʥʘʯʠʪʝʣʥʦ 

ʨʝʜʫʮʠʨʘʥʘ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʢʣʘʩʠʯʥʠʪʝ ʢʦʪʣʠ. 

ʅʘʿʛʦʣʝʤʘʪʘ ʝʥʝʨʛʝʪʩʢʘ ʟʘʛʫʙʘ ʢʘʿ ʢʦʪʣʠʪʝ ʚʦ ʧʨʠʥʮʠʧ ʝ ʟʘʛʫʙʘʪʘ ʩʦ ʠʟʣʝʟʥʠʪʝ ʛʘʩʦʚʠ, 

ʧʦʨʘʜʠ ʰʪʦ ʧʦʰʠʨʦʢʘʪʘ ʧʨʠʤʝʥʘ ʥʘ ʢʦʥʜʝʥʟʘʮʠʩʢʠʪʝ ʢʦʪʣʠ ʧʨʝʪʩʪʘʚʫʚʘ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʛʦʣʝʤʦ 

ʧʦʢʘʯʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʛʨʝʝˁʝ ʠ ʠʥʜʫʩʪʨʠʩʢʠʪʝ ʪʝʨʤʠʯʢʠ ʩʠʩʪʝʤʠ. ɼʨʫʛʠ 

ʧʦʟʥʘʯʠʪʝʣʥʠ ʟʘʛʫʙʠ ʩʝ ʿʘʚʫʚʘʘʪ ʧʦʨʘʜʠ ʦʜʜʘʚʘˁʝ ʪʦʧʣʠʥʘ ʢʦʥ ʦʢʦʣʠʥʘʪʘ ʩʦ ʢʦʥʚʝʢʮʠʿʘ ʠ 

ʟʨʘʯʝˁʝ, ʧʦʨʘʜʠ ʥʝʝʬʠʢʘʩʥʦ ʩʦʛʦʨʫʚʘˁʝ, ʧʦʨʘʜʠ ʥʝʩʦʦʜʚʝʪʥʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʚʦʜʘʪʘ ʠʪʥ.  

 

ʉʣʠʢʘ 6. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʥʘ ʝʥʝʨʛʝʪʩʢʠʦʪ ʙʠʣʘʥʩ ʢʘʿ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʢʦʪʣʠ (ʩʪʝʧʝʥʦʪ 

ʥʘ ʢʦʨʠʩʥʦʩʪ ʝ ʩʤʝʪʘʥ ʚʦ ʦʜʥʦʩ ʥʘ ʛʦʨʥʘʪʘ ʪʦʧʣʠʥʩʢʘ ʤʦ˃ ʥʘ ʛʦʨʠʚʦʪʦ)  

 

ʉʣʠʢʘ 7. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʥʘ ʝʥʝʨʛʝʪʩʢʠʦʪ ʙʠʣʘʥʩ ʢʘʿ ʢʦʥʜʝʥʟʘʮʠʩʢʠʪʝ ʢʦʪʣʠ 

3.2 ʉʧʦʨʝʜʙʘ ʥʘ ʩʪʝʧʝʥʦʪ ʥʘ ʢʦʨʠʩʥʦʩʪ ʥʘ ʢʦʥʜʝʥʟʘʮʠʩʠʪʝ ʩʦ ʦʩʪʘʥʘʪʠʪʝ ʢʦʪʣʠ 

ʂʦʥʜʝʥʟʘʮʠʩʢʠʪʝ ʢʦʪʣʠ ʿʘ ʧʦʩʪʠʛʥʫʚʘʘʪ ʩʚʦʿʘʪʘ ʧʦʛʦʣʝʤʘ ʝʬʠʢʘʩʥʦʩʪ ʩʦ ʢʦʥʜʝʥʟʘʮʠʿʘ ʥʘ 

ʧʦʛʦʣʝʤʠʦʪ ʜʝʣ ʦʜ ʚʦʜʝʥʘʪʘ ʧʘʨʝʘ ʚʦ ʠʟʣʝʟʥʠʪʝ ʛʘʩʦʚʠ. ʂʦʛʘ ʧʨʠʨʦʜʥʠʦʪ ʛʘʩ ʩʦʛʦʨʫʚʘ ʚʦ 

ʢʦʪʝʣʦʪ, ʧʨʠʙʣʠʞʥʦ 90% ʦʜ ʝʥʝʨʛʠʿʘʪʘ ʩʦʜʨʞʘʥʘ ʚʦ ʛʦʨʠʚʦʪʦ ʩʝ ʧʨʝʪʚʦʨʘ ʚʦ ʩʝʥʟʠʙʠʣʥʘ 

(ʦʩʝʪʥʘ) ʪʦʧʣʠʥʘ (ʪʦʧʣʠʥʘ ʰʪʦ ʧʨʝʜʠʟʚʠʢʫʚʘ ʧʨʦʤʝʥʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ) ʠ ʧʨʠʙʣʠʞʥʦ 10% ʩʝ 

ʧʨʝʪʚʦʨʘ ʚʦ ʣʘʪʝʥʪʥʘ ʪʦʧʣʠʥʘ (ʪʦʧʣʠʥʘ ʢʦʿʘʰʪʦ ʿʘ ʤʝʥʫʚʘ ʘʛʨʝʛʘʪʥʘʪʘ ʩʦʩʪʦʿʙʘ). ʆʚʘʘ ʣʘʪʝʥʪʥʘ 

ʪʦʧʣʠʥʘ ʩʝ ʩʢʣʘʜʠʨʘ ʚʦ ʚʦʜʝʥʘʪʘ ʧʘʨʝʘ ʢʦʿʘ ʝ ʥʫʩ-ʧʨʦʠʟʚʦʜ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ ʩʦʛʦʨʫʚʘˁʝ.  

ʇʦʪʝʥʮʠʿʘʣʥʠʪʝ ʧʦʜʦʙʨʫʚʘˁʘ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʢʦʥʜʝʥʟʘʮʠʩʢʠ ʢʦʪʣʠ ʚʦ 

ʪʝʨʤʠʯʢʠʪʝ ʩʠʩʪʝʤʠ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʘʪ ʩʘʤʦ ʘʢʦ ʢʦʪʝʣʦʪ ʨʘʙʦʪʠ ʚʦ ʨʝʞʠʤ ʥʘ 

"ʢʦʥʜʝʥʟʘʮʠʿʘ". ʈʝʞʠʤʦʪ ʟʘ ʢʦʥʜʝʥʟʘʮʠʿʘ ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʢʦʛʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʧʦʚʨʘʪʥʘʪʘ ʚʦʜʘ 

ʚʦ ʢʦʪʝʣʦʪ ʝ ʧʦʜ ʪʦʯʢʘʪʘ ʥʘ ʨʦʩʘ ʥʘ ʚʦʜʝʥʘʪʘ ʧʘʨʝʘ ʚʦ ʠʟʣʝʟʥʠʪʝ ʛʘʩʦʚʠ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʠʪʝ ʥʘ ʢʦʥʜʝʥʟʘʮʠʦʥʠ ʢʦʪʣʠ ʧʦʪʚʨʜʫʚʘʘʪ ʜʝʢʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʪʝʧʝʥ 

ʥʘ ʢʦʨʠʩʥʦʩʪ ʠ ʜʦ 96-98%, ʩʧʦʨʝʜʝʥʦ ʩʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʢʦʪʣʠ ʢʦʠ ʥʘʿʯʝʩʪʦ ʜʦʩʪʠʛʥʫʚʘʘʪ 

ʩʪʝʧʝʥ ʥʘ ʢʦʨʠʩʥʦʩʪ ʦʜ 70 ʜʦ 80% [2, 7, 8]. ʂʘʿ ʧʨʦʠʟʚʦʜʠʪʝʣʠʪʝ ʧʦʩʪʦʠ ʜʠʣʝʤʘ ʚʦ ʚʨʩʢʘ ʩʦ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʢʦʥʜʝʥʟʘʮʠʿʘ ʥʘ ʦʪʧʘʜʥʠʪʝ ʛʘʩʦʚʠ, ʥʦ ʚʦ ʩʝʢʦʿ ʩʣʫʯʘʿ ʠ ʧʨʠ ʜʝʣʫʤʥʘ 

ʢʦʥʜʝʥʟʘʮʠʿʘ, ʢʦʥʜʝʥʟʘʮʠʦʥʠʪʝ ʢʦʪʣʠ ʩʝ ʧʦʝʬʠʢʘʩʥʠ ʦʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʠ ʩʦ ʧʦʤʘʣʠ ʝʤʠʩʠʠ 

ʥʘ ʦʪʧʘʜʥʠ ʯʝʩʪʠʯʢʠ ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʟʘ ʥʘʤʘʣʝʥʦ ʟʘʛʘʜʫʚʘˁʝ ʥʘ ʦʢʦʣʠʥʘʪʘ. ʂʦʥʜʝʥʟʘʮʠʩʢʠʪʝ 

ʢʦʪʣʠ ʦʚʦʟʤʦʞʫʚʘʘʪ ʧʦʛʦʣʝʤʘ ʛʦʜʠʰʥʘ ʠʩʢʦʨʠʩʪʣʠʚʦʩʪ ʥʘ ʪʦʧʣʠʥʩʢʠʦʪ ʫʨʝʜ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ 

ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʠʪʝ ʠ, ʫʰʪʝ ʧʦʚʝ˃ʝ, ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʢʦʪʣʠ. 



 

 

 
ʉʣʠʢʘ 8. ʉʧʦʨʝʜʙʘ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʢʦʥʜʝʥʟʘʮʠʩʢʠ ʢʦʪʝʣ ʠ ʥʘ ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʝʥ 

ʢʦʪʝʣ 

ʊʘʙʝʣʘ 1. ʉʧʦʨʝʜʙʘ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʢʦʥʜʝʥʟʘʮʠʩʢʠ ʢʦʪʝʣ ʚʦ ʦʜʥʦʩ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ 

ʦʪʘʥʘʪʠʪʝ ʢʦʪʣʠ (ʚʦ ʦʜʥʦʩ ʥʘ ʜʦʣʥʘʪʘ ʪʦʧʣʠʥʩʢʘ ʤʦ˃ ʥʘ ʛʦʨʠʚʦʪʦ) 

ʊʠʧ ʥʘ ʢʦʪʝʣ ʉʪʝʧʝʥ ʥʘ ʢʦʨʠʩʥʦʩʪ ɽʥʝʨʛʝʥʪ 

ʉʪʘʥʜʘʨʜʥʠ(ʧʦʩʪʘʨʘ ʠʟʚʝʜʙʘ) 65 ï 72 % ʎʚʨʩʪʠ ʛʦʨʠʚʘ 

ʉʪʘʥʜʘʨʜʥʠ (ʢʦʤʙʠʥʠʨʘʥʠ) 70 ï 75 % ʎʚʨʩʪʦ / ʪʝʯʥʦ ʛʦʨʠʚʦ 

ʉʪʘʥʜʘʨʜʥʠ (ʝʜʥʦ ʛʦʨʠʚʦ) 86 ï 90 % ʎʚʨʩʪʦ,ʪʝʯʥʦ, ʛʘʩʥʦ ʛʦʨʠʚʦ 

ʅʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʠ 90 ï 95 % ʊʝʯʥʦ ʠ ʛʘʩʥʦ ʛʦʨʠʚʦ 

ʂʦʥʜʝʥʟʘʮʠʩʢʠ (ʧʨʝʩʤ. ʟʘ Hd) 100 ï 108 %  ɻʘʩʥʦ / ʪʝʯʥʦ ʛʦʨʠʚʦ 

ʂʦʪʣʠ ʥʘ ʙʠʦʤʘʩʘ 80 ï 95 % ɹʠʦʤʘʩʘ 

4 ʊɽʈʄʆʊɽʍʅʀʏʂʀ ʀʅʉʊɸʃɸʎʀʀ ʉʆ ʂʆʅɼɽʅɿɸʎʀʉʂʀ ʂʆʊʃʀ 

ɺʦ ʧʨʦʜʦʣʞʝʥʠʝ, ʥʘ ʩʣʠʢʘʪʘ 7 ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʝʢʦʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʠʟʚʝʜʙʠ ʠ 

ʧʨʠʥʮʠʧʠʝʣʥʠ ʪʦʧʣʠʥʩʢʠ ʰʝʤʠ ʥʘ ʢʦʥʜʝʥʟʘʮʠʩʢʠ ʢʦʪʣʠ. 

ɼʦ ʧʨʝʜ ʥʝʢʦʣʢʫ ʛʦʜʠʥʠ, ʤʝʪʦʜʘʪʘ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʛʦʨʥʘʪʘ ʪʦʧʣʠʥʩʢʘ ʤʦ˃ ʥʘ 

ʛʦʨʠʚʘʪʘ ʙʠʣʘ ʬʦʢʫʩʠʨʘʥʘ ʥʘ ʤʘʣʠ ʢʦʥʜʝʥʟʘʮʠʦʥʠ ʢʦʪʣʠ ʠ ʛʘʩʥʠ ʢʦʪʣʠ ʟʘ ʮʝʥʪʨʘʣʥʦ ʛʨʝʝˁʝ ʠ 

ʩʥʘʙʜʫʚʘˁʝ ʩʦ ʪʦʧʣʘ ʚʦʜʘ ʥʘ ʤʘʣʠ ʩʪʘʥʙʝʥʠ ʝʜʠʥʠʮʠ ʠ ʜʨʫʛʠ ʧʦʤʘʣʠ ʦʙʿʝʢʪʠ (ʩʣʠʢʘ 9). ɺʦ 

ʤʝʺʫʚʨʝʤʝ, ʦʚʘʘ ʤʝʪʦʜʘ ʩʝ ʧʨʦʙʠʣʘ ʠ ʚʦ ʧʦʛʦʣʝʤʠʪʝ ʩʠʩʪʝʤʠ, ʚʢʣʫʯʫʚʘʿ˃ʠ ʠ ʪʝʨʤʠʯʢʠ 

ʠʥʩʪʘʣʘʮʠʠ ʦʜ ʠʥʜʫʩʪʨʠʩʢʠ ʨʘʥʛ (ʩʣʠʢʘ 10). ʅʦʚʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʧʦʜʥʦ ʛʨʝʝˁʝ ʠ ʜʨʫʛʠ 

ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʠ ʩʠʩʪʝʤʠ ʩʝ ʩʦʦʜʚʝʪʥʠ ʟʘ ʧʨʠʤʝʥʘ ʚʦ ʢʦʤʙʠʥʘʮʠʿʘ ʩʦ ʢʦʥʜʝʥʟʘʮʠʩʢʠʪʝ 

ʢʦʪʣʠ. ʇʦʩʪʘʨʠʪʝ ʩʠʩʪʝʤʠ ʩʦ ʟʘʛʨʝʚʥʠ ʪʝʣʘ ʩʦ ʛʦʣʝʤʠ ʜʠʤʝʥʟʠʠ ʢʦʠ ʜʘʚʘʘʪ ʟʘʜʦʚʦʣʠʪʝʣʝʥ 

ʪʦʧʣʠʥʩʢʠ ʢʘʧʘʮʠʪʝʪ ʧʨʠ ʧʦʥʠʩʢʠ ʨʘʙʦʪʥʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʩʝ ʠʩʪʦ ʪʘʢʘ ʩʦʦʜʚʝʪʥʠ ʟʘ ʧʨʠʤʝʥʘ ʥʘ 

ʢʦʥʜʝʥʟʘʮʠʦʥʠ ʢʦʪʣʠ. 

                   

ʉʣʠʢʘ 9. ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʠʟʚʝʜʙʘ ʥʘ ʢʦʥʜʝʥʟʘʮʠʩʢʠ ʢʦʪʝʣ  

ʉʣʠʢʘ 10.ʊʝʨʤʦʪʝʭʥʠʯʢʠ ʩʠʩʪʝʤ ʟʘ ʛʨʝʝˁʝ ʩʦ ʢʦʥʜʝʥʟʘʮʠʩʢʠ ʢʦʪʝʣ 



 

 

5 ɿɸʂʃʋʏʆʂ 

ɽʬʠʢʘʩʥʦʩʪʘ ʥʘ ʢʦʪʝʣ ʢʦʿ ʨʘʙʦʪʠ ʥʘ ʛʘʩʥʦ ʛʦʨʠʚʦ (ʧʨʠʨʦʜʝʥ ʛʘʩ ʠʣʠ ʚʪʝʯʥʝʪ ʥʘʬʪʝʥ ʛʘʩ, 

ʊʅɻ) ʤʦʞʝ ʟʥʘʯʠʪʝʣʥʦ ʜʘ ʩʝ ʟʛʦʣʝʤʠ ʩʦ ʚʛʨʘʜʫʚʘˁʝ ʥʘ ʢʦʥʜʝʥʟʘʮʠʩʢʠ ʪʦʧʣʠʥʦʠʟʤʝʥʫʚʘʯ ʢʦʿ 

ʠʤʘ ʫʣʦʛʘ ʜʘ ʿʘ ʠʩʢʦʨʠʩʪʠ ʣʘʪʝʥʪʥʘʪʘ ʪʦʧʣʠʥʘ ʩʦʜʨʞʘʥʘ ʚʦ ʚʦʜʝʥʘʪʘ ʧʘʨʝʘ ʚʦ ʠʟʣʝʟʥʠʪʝ ʛʘʩʦʚʠ 

ʦʜ ʩʦʛʦʨʫʚʘˁʝʪʦ ʠ ʛʦʣʝʤ ʜʝʣ ʦʜ ʧʨʝʦʩʪʘʥʘʪʘʪʘ ʦʩʝʪʥʘ ʪʦʧʣʠʥʘ.  

ʀʩʢʦʨʠʩʪʫʚʘˁʝʪʦ ʥʘ ʛʦʨʥʘʪʘ ʪʦʧʣʠʥʩʢʘ ʤʦ˃ ʥʘ ʛʦʨʠʚʘʪʘ ʩʦ ʧʦʤʦʰ ʥʘ ʢʦʥʜʝʥʟʘʮʠʩʢʠʪʝ 

ʢʦʪʣʠ ʧʨʠʜʦʥʝʩʫʚʘ ʢʦʨʠʩʥʠʮʠʪʝ ʜʘ ʛʠ ʥʘʤʘʣʘʪ ʚʦʦʙʠʯʘʝʥʠʪʝ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠ ʪʨʦʰʦʮʠ, ʢʘʢʦ ʠ 

ʝʤʠʩʠʠʪʝ ʥʘ ʿʘʛʣʝʨʦʜ ʜʠʦʢʩʠʜ, ʩʦ ʰʪʦ ʩʝ ʥʘʤʘʣʫʚʘ ʟʘʛʘʜʫʚʘˁʝʪʦ ʥʘ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. 

ʈʝʜʦʚʥʘʪʘ ʫʧʦʪʨʝʙʘ ʥʘ ʦʚʘʘ ʪʝʭʥʦʣʦʛʠʿʘ ʧʨʠʜʦʥʝʩʫʚʘ ʜʘ ʩʝ ʥʘʤʘʣʘʪ ʜʦʧʦʣʥʠʪʝʣʥʠʪʝ ʪʨʦʰʦʮʠ, ʘ 

ʧʝʨʠʦʜʦʪ ʥʘ ʚʨʘ˃ʘˁʝ ʥʘ ʠʥʚʝʩʪʠʮʠʿʘʪʘ ʦʙʠʯʥʦ ʝ ʨʝʣʘʪʠʚʥʦ ʢʨʘʪʦʢ. 

ʂʘʢʦ ʟʘʢʣʫʯʦʢ, ʤʦʞʝ ʜʘ ʩʝ ʢʦʥʩʪʘʪʠʨʘ ʜʝʢʘ, ʧʦʨʘʜʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʚʠʩʦʢʠʪʝ ʩʪʝʧʝʥʠ ʥʘ 

ʢʦʨʠʩʥʦʩʪ ʧʨʠ ʨʘʙʦʪʝˁʝʪʦ, ʩʦ ʧʦʧʨʠʬʘʪʣʠʚʘ ʮʝʥʘ, ʩʦ ʰʪʦ ʩʝ ʥʘʤʘʣʫʚʘ ʧʝʨʠʦʜʦʪ ʥʘ ʚʨʘ˃ʘˁʝ ʥʘ 

ʠʥʚʝʩʪʠʮʠʿʘʪʘ, ʢʘʢʦ ʠ ʥʘʤʘʣʝʥʠʪʝ ʝʤʠʩʠʠ ʥʘ ʰʪʝʪʥʠ ʤʘʪʝʨʠʠ ʚʦ ʦʢʦʣʠʥʘʪʘ, ʢʦʪʣʠʪʝ ʩʦ 

ʢʦʥʜʝʥʟʘʮʠʩʢʠ ʨʘʙʦʪʝʥ ʨʝʞʠʤ ʩʝʨʠʦʟʥʦ ʚʣʝʛʫʚʘʘʪ ʚʦ ʠʛʨʘ, ʢʘʢʦ ʟʘ ʥʦʚʠ, ʪʘʢʘ ʠ ʢʦʛʘ ʩʪʘʥʫʚʘ 

ʟʙʦʨ ʟʘ ʟʘʤʝʥʘ ʥʘ ʪʘʨʠ ʠʥʩʪʘʣʘʮʠʠ ʟʘ ʛʨʝʝˁʝ. ʆʩʚʝʥ ʪʦʘ, ʪʠʝ ʩʝ ʧʦʚʝ˃ʝ ʛʦ ʥʘʦʺʘʘʪ ʩʚʦʝʪʦ ʤʝʩʪʦ 

ʠ ʚʦ ʠʥʜʫʩʪʨʠʩʢʠʪʝ ʪʝʨʤʦʪʝʭʥʠʯʢʠ ʠʥʩʪʘʣʘʮʠʠ. 
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ʌʘʢʫʣʪʝʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ 
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ʉʢʦʧʿʝ 
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ɸʅɸʃʀɿɸ ʅɸ ɽʅɽʈɻɽʊʉʂɸ ɽʌʀʂɸʉʅʆʉʊ ʅɸ ʆɹɱɽʂʊ ʆɼ 

ɸɼʄʀʅʀʉʊʈɸʊʀɺɽʅ ʂɸʈɸʂʊɽʈ 

ɺʆɺɽɼ 

ʉʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʮʝʥʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ, ʩʝʢʦʿʘ ʢʦʤʧʘʥʠʿʘ ʩʧʨʦʚʝʜʫʚʘ 

ʤʝʨʢʠ ʩʦ ʢʦʠ ʰʪʦ ˃ʝ ʩʝ ʥʘʤʘʣʘʪ ʨʘʩʭʦʜʠʪʝ ʧʦ ʦʩʥʦʚ ʥʘ ʝʥʝʨʛʠʿʘ.  ʊʠʝ ʠʥʚʝʩʪʠʨʘʘʪ ʚʦ ʩʠʩʪʝʤʠ 

ʰʪʦ ʚʨʰʘʪ ʤʝʨʝˁʝ ʥʘ ʧʦʪʨʦʰʝʥʘʪʘ ʝʥʝʨʛʠʿʘ (ʛʣʘʚʥʦ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ) ʠ ʧʨʝʛʣʝʜ ʢʘʢʦ ʪʘʘ ʩʝ 

ʠʩʢʦʨʠʩʪʫʚʘ ʚʦ ʩʝʢʦʿ ʤʦʤʝʥʪ.  

ʎʝʣʪʘ ʥʘ ʦʚʦʿ ʪʨʫʜ ʝ ʜʘ ʩʝ ʧʦʢʘʞʝ ʜʝʢʘ ʩʦ ʤʘʣʘ ʠʥʚʝʩʪʠʮʠʿʘ ʚʦ ʦʚʠʝ ʩʠʩʪʝʤʠ ʥʘ ʧʦʜʦʣʛ 

ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʧʨʝʢʫ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʙʘʣʘʥʩʠʨʘʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ 

ʠ ʙʠ ʩʝ ʥʘʤʘʣʠʣʝ ʟʥʘʯʠʪʝʣʥʦ ʪʨʦʰʦʮʠʪʝ ʟʘ ʠʩʪʘʪʘ. ʀʤʝʥʦ, ʥʘʿʛʦʣʝʤ ʧʨʦʮʝʥʪ ʦʜ ʩʤʝʪʢʘʪʘ ʟʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʥʘ ʢʦʤʧʘʥʠʠʪʝ ʟʘʬʘ˃ʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʈmax, ʢʦʿʘ ʰʪʦ 

ʛʨʘʬʠʯʢʠ ʩʝ ʧʨʠʢʘʞʫʚʘ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʜʘʜʝʥ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʦʜ ʝʜʝʥ ʯʘʩ, ʪ.ʥ ʤʘʢʩʠʛʨʘʬ. 

ʄʘʢʩʠʤʘʣʥʘʪʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʤʦʞʝ ʜʘ ʩʝ ʥʘʤʘʣʠ ʩʦ ʙʘʣʘʥʩʠʨʘʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʩʝ ʦʚʦʟʤʦʞʫʚʘ ʩʦ ʨʘʩʧʦʨʝʜʫʚʘˁʝ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʪʝ ʫʨʝʜʠ 

ʚʦ ʨʘʟʣʠʯʥʠ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜʠ ʦʜ ʜʝʥʦʪ.  

ɺʦ ʦʚʦʿ ʪʨʫʜ ʩʝ ʢʦʨʠʩʪʝʥʠ ʧʦʜʘʪʦʮʠ ʦʜ ʤʝʨʝˁʘ ʥʘ ʩʠʪʝ ʨʝʣʝʚʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʜʦʙʠʝʥʠ ʦʜ  ʩʠʩʪʝʤ ʧʦʩʪʘʚʝʥ ʚʦ ʘʜʤʠʥʠʩʪʨʘʪʠʚʝʥ ʦʙʿʝʢʪ. ʂʦʨʠʩʪʝʥʠʪʝ  

ʤʝʨʝˁʘ ʩʝ ʥʘʧʨʘʚʝʥʠ ʚʦ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʦʜ 12 ʤʝʩʝʮʠ ʟʘ ʜʘ ʩʝ ʜʦʙʠʝ ʪʦʯʥʘ ʚʨʝʤʝʥʩʢʘ 

ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʧʦʪʨʦʰʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʉʦ ʘʥʘʣʠʟʘʪʘ ʥʘ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʧʨʝʢʫ 

ʢʦʨʠʩʪʝˁʝ ʥʘ ʥʘʤʝʥʩʢʠ ʨʘʟʚʠʝʥ ʩʦʬʪʚʝʨ, ʠʟʨʘʙʦʪʝʥ ʝ ʨʘʩʧʦʨʝʜ ʟʘ ʨʘʙʦʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʪʝ 

ʫʨʝʜʠ ʚʦ ʟʛʨʘʜʘʪʘ. ʉʦ ʚʘʢʚʦʪʦ ʨʘʩʧʦʨʝʜʫʚʘˁʝ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʪʝ ʫʨʝʜʠ ʩʝ 

ʦʚʦʟʤʦʞʫʚʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʨʘʩʭʦʜʠʪʝ ʧʦ ʦʩʥʦʚ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ:   ɽʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʮʝʥʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʩʠʩʪʝʤ ʟʘ 

ʤʝʨʝˁʝ ʝʥʝʨʛʠʿʘ, ʤʘʢʩʠʤʘʣʥʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ, ʤʘʢʩʠʛʨʘʬ. 

1 ʉʀʉʊɽʄʀ ɿɸ ʄɽʈɽɳɽ, ɸʅɸʃʀɿɸ ʀ ʋʇʈɸɺʋɺɸɳɽ ʉʆ ɽʃɽʂʊʈʀʏʅɸ 

ɽʅɽʈɻʀɱɸ 

ʉʠʩʪʝʤʠʪʝ ʟʘ ʤʝʨʝˁʝ, ʘʥʘʣʠʟʘ ʠ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʥʘʿʯʝʩʪʦ ʛʠ 

ʚʛʨʘʜʫʚʘʘʪ ʢʦʤʧʘʥʠʠ ʩʦ ʧʨʦʠʟʚʦʜʥʠ ʧʦʛʦʥʠ ʠʣʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʠ ʦʙʿʝʢʪʠ ʰʪʦ ʪʨʦʰʘʪ ʛʦʣʝʤʦ 

ʢʦʣʠʯʝʩʪʚʦ  ʝʥʝʨʛʠʿʘ. ʊʠʝ ʩʝ ʩʦʜʨʞʘʪ ʦʜ ʭʘʨʜʚʨʝʩʢʠ ʜʝʣ ʰʪʦ ʩʝ ʩʦʩʪʦʠ ʦʜ ʤʝʨʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʠ 

ʩʦʬʪʚʝʨ ʩʦ ʘʧʣʠʢʘʮʠʿʘ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʠ ʘʥʘʣʠʟʘ.  

ʄʝʨʥʠʪʝ ʠʥʩʪʨʫʤʝʥʪʠ ʩʝ ʧʦʩʪʘʚʫʚʘʘʪ ʚʦ ʤʝʨʝʥ ʦʨʤʘʨ ʰʪʦ ʩʝ ʥʘʦʺʘ  ʚʝʜʥʘʰ ʜʦ 

ʙʨʦʠʣʦʪʦ ʟʘ ʥʘʧʣʘʪʘ ʥʘ ʧʦʪʨʦʰʝʥʘʪʘ ʝʥʝʨʛʠʿʘ. ʊʠʝ ʛʠ ʤʝʨʘʪ ʧʘʨʘʤʝʪʨʠʪʝ: ʩʪʨʫʿʘ I, ʥʘʧʦʥ U, 

ʘʢʪʠʚʥʘ ʤʦ˃ʥʦʩʪ P, ʨʝʘʢʪʠʚʥʘ ʤʦ˃ʥʦʩʪ Q, ʧʨʠʚʠʜʥʘ ʤʦ˃ʥʦʩʪ S, ʬʘʢʪʦʨ ʥʘ ʤʦ˃ʥʦʩʪ cos ű, 

ʧʦʪʨʦʰʝʥʘ ʝʥʝʨʛʠʿʘ E ʠ ʬʨʝʢʬʝʥʮʠʿʘ f. ʀʩʪʦ ʪʘʢʘ ʚʦ ʦʨʤʘʨʦʪ ʠʤʘ ʠ ʫʨʝʜ ʟʘ ʧʨʦʮʝʩʠʨʘˁʝ ʠ 

ʢʦʤʫʥʠʢʘʮʠʿʘ ʩʦ ʙʘʟʘʪʘ ʥʘ ʧʦʜʘʪʦʮʠ ʜʦ ʢʦʿʘ ʩʝ ʧʨʠʩʪʘʧʫʚʘ ʧʨʝʢʫ ʘʧʣʠʢʘʮʠʿʘʪʘ. ʇʝʨʠʦʜʦʪ ʥʘ 

ʠʩʯʠʪʫʚʘˁʝ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʥʘʛʦʜʫʚʘ ʚʦ ʠʥʪʝʨʚʘʣʦʪ 1 s ʜʦ 15 min ʠ ʟʘʚʠʩʠ ʦʜ 

ʢʘʨʘʢʪʝʨʦʪ ʥʘ ʧʦʪʨʦʰʫʚʘʯʦʪ ʢʘʢʦ ʠ ʦʜ ʜʨʫʛʠ ʩʧʝʮʠʬʠʯʥʠ ʪʝʭʥʠʯʢʠ ʙʘʨʘˁʘ. ɺʦʦʙʠʯʘʝʥʦ 

ʠʥʪʝʨʚʘʣʦʪ ʥʘ ʠʩʯʠʪʫʚʘˁʝ ʚʦ ʢʦʤʧʘʥʠʠ ʦʜ ʘʜʤʠʥʠʩʪʨʘʪʠʚʝʥ ʢʘʨʘʢʪʝʨ ʠʟʥʝʩʫʚʘ ʦʢʦʣʫ 30s ʟʘ ʜʘ 

ʤʦʞʝ ʜʘ ʩʝ ʜʦʙʠʝ ʮʝʣʦʩʥʘ ʩʣʠʢʘ ʟʘ ʧʦʪʨʦʰʝʥʘʪʘ ʝʥʝʨʛʠʿʘ. ɺʨʝʜʥʦʩʪʠʪʝ ʥʘ ʠʟʤʝʨʝʥʠʪʝ 
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 ʧʘʨʘʤʝʪʨʠ  ʩʝ ʤʝʤʦʨʠʨʘʘʪ  ʚʦ ʙʘʟʘʪʘ ʥʘ ʧʦʜʘʪʦʮʠ ʜʦ ʢʦʿʘ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʩʪʘʧʠ ʧʨʝʢʫ 

ʠʥʪʝʨʥʝʪ, ʩʦ ʩʦʦʜʚʝʪʥʘʪʘ ʘʧʣʠʢʘʮʠʿʘ. ʊʘʘ ʩʝ ʢʦʨʠʩʪʠ  ʟʘ ʦʪʯʠʪʫʚʘˁʝ ʥʘ  ʠʟʤʝʨʝʥʠʪʝ ʚʨʝʜʥʦʩʪʠ 

ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʠ ʟʘ ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘʿʨʘʟʣʠʯʥʠ ʘʥʘʣʠʟʠ, ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʢʦʛʘ 

ʧʦʪʨʦʰʫʚʘʯʦʪ ʧʦʙʘʨʫʚʘ ʥʘʿʛʦʣʝʤʘ ʤʦ˃ʥʦʩʪ ʠʣʠ ʧʘʢ ʢʦʣʢʫ ʝ ʚʢʫʧʥʘʪʘ ʧʦʪʨʦʰʝʥʘ ʝʥʝʨʛʠʿʘ ʠ ʚʦ 

ʢʦʿʘ ʪʘʨʠʬʘ, ʰʪʦ ʙʠ ʧʦʤʦʛʥʘʣʝ ʟʘ ʧʦʜʦʙʨʦ ʫʧʨʘʚʫʚʘˁʝ ʠ ʧʦʝʬʠʢʘʩʥʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ ʜʘʜʝʥ ʦʙʿʝʢʪ.  

ʅʘ ʩʣʠʢʘ 1 ʝ ʜʘʜʝʥ ʧʨʠʢʘʟʦʪ ʥʘ ʘʧʣʠʢʘʮʠʿʘʪʘ ʦʜ ʢʦʿʘ ʤʦʞʘʪ ʜʘ ʩʝ ʧʨʦʯʠʪʘʘʪ ʠʟʤʝʨʝʥʠʪʝ 

ʧʘʨʘʤʝʪʨʠ. 

 

ʉʣʠʢʘ 1. ʇʨʠʢʘʟ ʥʘ ʘʧʣʠʢʘʮʠʿʘʪʘ ʥʘ ʧʝʨʩʦʥʘʣʝʥ ʢʦʤʧʿʫʪʝʨ 

ʈʝʰʝʥʠʝʪʦ ʟʘ ʘʧʣʠʢʘʮʠʿʘʪʘ ʝ ʧʨʠʣʘʞʘʥʦ ʥʘ ʩʣʠʢʘ 2 [1]. 

 

ʉʣʠʢʘ 2. ɸʨʭʠʪʝʢʪʫʨʘ ʥʘ ʘʧʣʠʢʘʮʠʿʘ ʥʘ ʩʠʩʪʝʤʦʪ ʟʘ ʤʝʨʝˁʝ, ʘʥʘʣʠʟʘ ʠ ʫʧʨʘʚʫʚʘˁʝ ʩʦ 

ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ 

2 ʎɽʅɸ ʇʆʊʈʆʐɽʅɸ ʅɸ ɽʃɽʂʊʈʀʏʅɸ ɽʅɽʈɻʀɱɸ 

ʎʝʥʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ ʟʘ ʠʥʜʫʩʪʨʠʿʘʪʘ ʠ ʧʦʛʦʣʝʤʠʪʝ ʧʦʪʨʦʰʫʚʘʯʠ ʚʦ 

ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʩʝ ʥʘʧʣʘʪʫʚʘ ʚʦ ʧʦʪʨʦʰʝʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʰʪʦ ʧʨʝʪʩʪʘʚʫʚʘ 

ʚʢʫʧʥʘ ʧʦʪʨʦʰʝʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʩʪʨʘʥʘ ʥʘ ʢʦʨʠʩʥʠʢʦʪ ʚʦ ʪʝʢʦʪ ʥʘ ʠʥʪʝʨʚʘʪʦʪ ʥʘ ʥʘʧʣʘʪʘ, 

ʠʟʨʘʟʝʥʘ ʚʦ ʝʜʠʥʠʮʘʪʘ kWh ʠ ʤʘʢʩʠʤʘʣʥʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʈmax, ʠʟʨʘʟʝʥʘ ʚʦ ʝʜʠʥʠʮʘʪʘ kW. 

ʄʘʢʩʠʤʘʣʥʘʪʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʧʨʝʪʩʪʘʚʫʚʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʤʦ˃ʥʦʩʪ ʰʪʦ ʝ ʧʨʝʚʟʝʤʝʥʘ ʦʜ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ ʚʦ ʜʘʜʝʥ ʤʦʤʝʥʪ ʚʦ ʠʥʪʝʨʚʘʣʦʪ ʥʘ ʥʘʧʣʘʪʘ (ʤʝʩʝʮʦʪ). ʆʜ 

02.11.2017 ʛʦʜʠʥʘ ʮʝʥʘʪʘ ʢʦʿʘ ʿʘ ʧʣʘ˃ʘ ʌɽʀʊ ʟʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʠʟʥʝʩʫʚʘ 

746,50 ʜʝʥʘʨʠ ʧʦ ʝʜʝʥ kW ʧʦʪʨʦʰʝʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʥʦ ʧʦʢʨʘʿ ʦʚʦʿ ʪʘʨʠʬʝʥ ʤʦʜʝʣ  



 

 

ʧʦʩʪʦʿʘʪ ʠ ʜʨʫʛʠ ʤʦʜʝʣʠ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʧʦʪʨʦʰʫʚʘʯʠʪʝ. ʆʚʘʘ ʚʨʝʜʥʦʩʪ ʟʘʬʘ˃ʘ ʟʥʘʯʠʪʝʣʝʥ 

ʙʫ˅ʝʪ ʦʜ ʩʤʝʪʢʘʪʘ ʟʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʠ ʟʘʪʦʘ ʩʠʪʝ ʛʦʣʝʤʠ ʧʦʪʨʦʰʫʚʘʯʠ ʙʘʨʘʘʪ ʥʘʯʠʥʠ ʢʘʢʦ 

ʜʘ ʿʘ ʥʘʤʘʣʘʪ ʚʨʝʜʥʦʩʪʘ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ, ʘ ʩʦ ʪʦʘ ʜʘ ʛʠ ʥʘʤʘʣʘʪ ʨʘʩʭʦʜʠʪʝ 

ʧʦ ʦʩʥʦʚ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. 

3 ʄɸʂʉʀɻʈɸʌ 

ʉʦ ʮʝʣ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʙʘʣʘʥʩʠʨʘʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʠ ʩʦ ʪʦʘ ʜʘ ʩʝ 

ʥʘʤʘʣʘʪ ʨʘʩʭʦʜʠʪʝ ʧʦ ʦʩʥʦʚ ʥʘ ʝʥʝʨʛʠʿʘ ʥʘ ʌʘʢʫʣʪʝʪʦʪ ʟʘ ʝʣʝʢʪʨʦʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ 

ʪʝʭʥʦʣʦʛʠʠ (ʌɽʀʊ) ʧʨʠ ʋʥʠʚʝʨʟʠʪʝʪʦʪ Ăʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿñ ʚʦ ʉʢʦʧʿʝ ʝ ʧʦʩʪʘʚʝʥ ʩʠʩʪʝʤ ʟʘ 

ʤʝʨʝˁʝ, ʘʥʘʣʠʟʘ ʠ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʝʣʝʢʪʨʠʯʥʘʪʘ ʝʥʝʨʛʠʿʘ [2]. 

 

 

ʉʣʠʢʘ 3. ʄʘʢʩʠʤʘʣʥʘ ʘʥʛʘʞʠʨʥʘ ʤʦ˃ʥʦʩʪ (15 ʤʠʥʫʪʥʘ ʩʨʝʜʥʘ ʚʨʝʜʥʦʩʪ ʦʜ ʘʢʪʠʚʥʘʪʘ 

ʤʦ˃ʥʦʩʪ)ʧʨʝʚʟʝʤʝʥ ʦʜ ʩʠʩʪʝʤʦʪ ʥʘ ʌɽʀʊ ʥʘ 24.02.2016 ʛʦʜʠʥʘ 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʜ ʤʝʨʝˁʘʪʘ ʩʝ ʧʨʠʢʘʞʫʚʘʘʪ ʩʦ ʤʘʢʩʠʛʨʘʬ ʰʪʦ ʧʨʝʪʩʪʘʚʫʚʘ  ʥʘʯʠʥ ʢʘʢʦ 

ʛʨʘʬʠʯʢʠ ʜʘ ʩʝ ʧʨʝʪʩʪʘʚʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʈmax ʚʦ ʪʝʢʦʪ ʥʘ ʜʝʥʦʪ, ʚʨʝʤʝʥʩʢʠ 

ʨʘʩʧʨʝʜʝʣʝʥʘ ʥʘ ʩʝʢʦʿ ʯʘʩ (ʩʣʠʢʘ 3) . ʀʟʛʣʝʜʦʪ ʥʘ ʤʘʢʩʠʛʨʘʬʦʪ ʦʚʦʟʤʦʞʫʚʘ ʜʘ ʩʝ ʥʘʧʨʘʚʠ 

ʧʦʮʝʥʢʘ ʟʘ ʙʘʣʘʥʩʠʨʘʥʦʩʪʘ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʜʘʜʝʥ ʧʝʨʠʦʜ ʦʜ 

ʜʝʥʦʪ, ʤʝʩʝʮʦʪ  ʠʣʠ ʛʦʜʠʥʘʪʘ. ʂʘʨʘʢʪʝʨʠʩʪʠʯʝʥ ʠʟʛʣʝʜ ʥʘ ʤʘʢʩʠʛʨʘʬʦʪ ʚʦ ʦʙʿʝʢʪʠʪʝ ʥʘ ʌɽʀʊ, 

ʪ.ʝ ʚʨʝʜʥʦʩʪʪʘ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʈmax ʚʦ ʝʜʝʥ ʜʝʥ, ʚʦ ʢʦʿ ʰʪʦ ʪʨʝʙʘ ʜʘ ʩʝ 

ʠʤʘ ʙʘʣʘʩʠʨʘʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ e ʦʧʠʰʘʥ ʥʘ ʩʣʝʜʥʠʦʪ ʥʘʯʠʥ: 

¶ ɺʦ ʥʦ˃ʥʠʪʝ ʯʘʩʦʚʠ, ʦʜ 23 ʯʘʩʦʪ ʜʦ 6 ʯʘʩʦʪ, ʚʨʝʜʥʦʩʪʘ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʘʥʛʘʞʠʨʘʥʘ 

ʤʦ˃ʥʦʩʪ ʈmax ʝ ʤʘʣʘ, ʙʝʟ ʧʦʛʦʣʝʤʠ ʧʨʦʤʝʥʠ ʙʠʜʝʿ˃ʠ ʚʦ ʦʙʿʝʢʪʠʪʝ ʥʘ ʌɽʀʊ ʥʝʤʘ 

ʧʨʠʩʫʪʥʠ ʣʫʺʝ ʢʦʠ ʜʦʧʦʣʥʠʪʝʣʥʦ ʙʠ ʢʦʨʝʩʠʝʣʝ ʫʨʝʜʠ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. 

¶ ɺʦ 7 ʯʘʩʦʪ ʥʘʫʪʦ ʥʘʩʪʘʥʫʚʘ ʟʥʘʯʠʪʝʣʥʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʚʨʝʜʥʦʩʪʘ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ 

ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʈmax ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʟʛʦʣʝʤʝʥʠʪʝ ʧʦʪʨʝʙʠ ʟʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ, ʢʦʛʘ ʜʦʘʺʘʘʪ ʧʨʚʠʪʝ ʚʨʘʙʦʪʝʥʠ ʠ ʚʢʣʫʯʫʚʘʘʪ ʦʜʨʝʜʝʥʠ ʝʣʝʢʪʨʠʯʥʠ 

ʘʧʘʨʘʪʠ.  

¶ ʆʜ 7 ʯʘʩʦʪ ʜʦ ʧʣʘʜʥʝ, ʩʦ ʩʣʝʜʝˁʝ ʥʘ ʚʨʝʜʥʦʩʪʪʘ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʘʥʛʘʞʠʨʘʥʘ 

ʤʦ˃ʥʦʩʪ ʈmax ʩʝ ʢʦʥʩʪʘʪʠʨʘ ʢʦʥʩʪʘʥʪʥʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʧʦʙʘʨʫʚʘʯʢʘʪʘ ʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. 

¶ ʆʢʦʣʫ 13 ʯʘʩʦʪ ʩʝ ʜʦʩʪʠʛʥʫʚʘ ʥʘʿʛʦʣʝʤʘʪʘ ʚʨʝʜʥʦʩʪ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʘʥʛʘʞʠʨʘʥʘ 

ʤʦ˃ʥʦʩʪ ʈmax, ʙʠʜʝ˃ʠ ʚʦ ʪʦʿ ʤʦʤʝʥʪ, ʚʦ ʦʙʿʝʢʪʠʪʝ ʥʘ ʌɽʀʊ, ʠʤʘ ʥʘʿʤʥʦʛʫ ʧʨʠʩʫʪʥʠ 

(ʚʨʘʙʦʪʝʥʠ, ʩʪʫʜʝʥʪʠ ʠ ʜʨʫʛʠ ʧʦʩʝʪʠʪʝʣʠ) ʢʦʠ ʥʘ ʦʜʨʝʜʝʥ ʥʘʯʠʥ ʚʣʠʿʘʘʪ ʥʘ 

ʧʦʙʘʨʫʚʘʯʢʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ.  

¶ ʆʜ ʧʦʩʪʠʛʥʘʪʠʦʪ ʤʘʢʩʠʤʫʤ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʈmax ʚʦ 13 ʯʘʩʦʪ, 

ʧʘ ʜʦ 17 ʯʘʩʦʪ ʥʘʩʪʘʥʫʚʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʨʝʜʥʦʩʪʠʪʝ ʟʘ ʈmax. 

¶ ʇʦ 17 ʯʘʩʦʪ, ʢʦʛʘ ʦʙʿʝʢʪʠʪʝ ʥʘ ʌɽʀʊʩʝ ʥʘʤʘʣʫʚʘ ʙʨʦʿʦʪ ʥʘ ʧʨʠʩʫʪʥʠ, ʧʦʚʪʦʨʥʦ 

ʚʨʝʜʥʦʩʪʠʪʝ ʟʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʈmax ʩʝ ʧʨʠʙʣʠʞʥʦ ʠʩʪʠ ʩʦ ʦʥʠʝ 

ʦʜ ʚʝʯʝʨʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ. 
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ʉʦ ʦʛʣʝʜ ʜʝʢʘ ʠʜʝʘʣʝʥ ʤʘʢʩʠʛʨʘʬ ʝ ʧʨʘʚʘ ʣʠʥʠʿʘ ʜʝʬʠʥʠʨʘʥʠʦʪ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ, ʰʪʦ 

ʧʦʢʘʞʫʚʘ ʜʝʢʘ ʘʥʛʘʞʠʨʘʥʘʪʘ ʤʦ˃ʥʦʩʪ ʠʤʘ ʠʩʪʘ ʚʨʝʜʥʦʩʪ ʥʘ ʜʥʝʚʥʦ, ʤʝʩʝʯʥʦ ʠ ʛʦʜʠʰʥʦ ʥʠʚʦ, 

ʧʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ ʚʦʚʝʜʘʪ ʤʝʪʢʠ ʰʪʦ ˃ʝ ʦʚʦʟʤʦʞʘʪ ʤʘʢʩʠʛʨʘʬʦʪ ʚʦ ʜʝʬʠʥʠʨʘʥ ʚʨʝʤʝʥʩʢʠ 

ʠʥʝʨʚʘʣ ʜʘ ʩʝ ʩʪʨʝʤʠ ʢʦʥ ʧʨʘʚʘ ʣʠʥʠʿʘ, ʪ.ʝ ʘʥʛʘʞʠʨʘʥʘʪʘ ʤʦ˃ʥʦʩʪ ʜʘ ʧʨʝʪʨʧʫʚʘ ʰʪʦ ʧʦʤʘʣʢʫ 

ʧʨʦʤʝʥʠ ʩʦ ʪʝʢʦʪ ʥʘ ʚʨʝʤʝʪʦ [3]. 

ɺʦ ʩʣʫʯʘʠ ʢʦʛʘ ʩʝ ʿʘʚʫʚʘ ʥʝʙʘʣʘʥʩʠʨʘʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʪ.ʝ. ʢʦʛʘ 

ʚʨʝʜʥʦʩʪʠʪʝ ʟʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʈmax ʩʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦʛʦʣʝʤʠ, ʩʝ ʚʦʚʝʜʫʚʘʘʪ 

ʤʝʨʢʠ ʰʪʦ ˃ʝ ʧʨʠʜʦʥʝʩʘʪ ʟʘ ʩʦʦʜʚʝʪʥʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʨʘʩʭʦʜʠʪʝ ʟʘ ʧʦʪʨʦʰʝʥʘʪʘ  ʝʣʝʢʪʨʠʯʢʥʘ 

ʝʥʝʨʛʠʿʘ.  

3.1  ʄʝʨʢʠ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʨʘʩʭʦʜʠʪʝ  

ʆʧʰʪʦ ʧʦʩʪʦʿʘʪ ʜʚʝ ʦʩʥʦʚʥʠ ʤʝʨʢʠ, ʥʝʟʘʚʠʩʥʦ ʦʜ ʚʠʜʦʪ ʠ ʥʘʤʝʥʘʪʘ ʥʘ ʦʙʿʝʢʪʦʪ, ʰʪʦ ʙʠ 

ʤʦʞʝʣʝ ʜʘ ʩʝ ʧʨʠʤʝʥʘʪ ʚʦ ʫʩʣʦʚʠ ʥʘ ʥʝʙʘʣʘʥʩʠʨʘʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ:  

¶ ʨʘʩʧʦʨʝʜʫʚʘˁʝ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʪʝ ʫʨʝʜʠ ʚʦ ʝʜʥʦ ʜʝʥʦʥʦ˃ʠʝ, ʩʦʛʣʘʩʥʦ 

ʜʦʙʠʝʥʠʪʝ ʤʘʢʩʠʛʨʘʬʠ; 

¶ ʨʘʙʦʪʘ ʥʘ ʦʜʨʝʜʝʥʠ ʘʧʘʨʘʪʠ ʚʦ ʚʝʯʝʨʥʠʪʝ ʯʘʩʦʚʠ. 

4 ʈɽɿʋʃʊɸʊʀ  

ɺʦ ʦʚʦʿ ʪʨʫʜ ʩʝ ʢʦʨʠʩʪʝʥʠ ʨʝʟʫʣʪʘʪʠ ʦʜ ʤʝʨʝˁʘ ʧʨʝʟʝʤʝʥʠ ʦʜ ʩʠʩʪʝʤʦʪ ʠʥʩʪʘʣʠʨʘʥ ʥʘ 

ʌɽʀʊ ʟʘ ʮʝʣʘ 2016 ʛʦʜʠʥʘ. ʅʘ ʩʣʠʢʘ 4 ʝ ʧʨʠʢʘʞʘʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʧʦ 

ʤʝʩʝʮʠ ʚʦ 2016 ʛʦʜʠʥʘ ʥʘ ʌɽʀʊ. 

 

 

ʉʣʠʢʘ 4. ʄʘʢʩʠʤʘʣʥʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʧʦ ʤʝʩʝʮʠ ʟʘ 2016 ʛʦʜʠʥʘ  

ʆʜ ʩʣʠʢʘ 4 ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʚʦ ʤʝʩʝʮ ʥʦʝʤʚʨʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ 

ʠʤʘ ʥʘʿʛʦʣʝʤʘ ʚʨʝʜʥʦʩʪ, ʜʦʜʝʢʘ ʧʘʢ ʥʘʿʤʘʣʘ ʚʨʝʜʥʦʩʪ ʩʝ ʿʘʚʫʚʘ ʚʦ ʤʝʩʝʮ ʘʚʛʫʩʪ, ʢʦʛʘ ʠʤʘ 

ʥʘʿʤʘʣʢʫ ʧʨʠʩʫʪʥʠ (ʚʨʘʙʦʪʝʥʠ, ʩʪʫʜʝʥʪʠ ʠ ʜʨʫʛʠ ʧʦʩʝʪʠʪʝʣʠ), ʢʦʛʘ ʥʝʤʘ ʯʘʩʦʚʠ ʠ ʧʦʚʝ˃ʝʪʦ ʦʜ 

ʚʨʘʙʦʪʝʥʠʪʝ ʩʝ ʥʘ ʦʜʤʦʨ. ɺʨʚʦʪ ʚʦ ʥʦʝʤʚʨʠ ʩʝ ʿʘʚʫʚʘ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʘ ʰʪʦ ʧʦʢʨʘʿ ʧʘʨʥʦʪʦ 

ʛʨʝʝˁʝ ʰʪʦ ʩʝ ʠʩʢʣʫʯʫʚʘ ʦʜ ʩʪʨʘʥʘ ʥʘ ʜʦʙʘʚʫʚʘʯʦʪ ʥʘ ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ ʚʦ ʪʝʢʦʪ ʥʘ 

ʧʦʪʦʧʣʠʪʝ ʜʝʥʦʚʠ ʩʝ ʚʢʣʫʯʫʚʘʘʪ ʜʦʧʦʣʥʠʪʝʣʥʠ ʛʨʝʿʥʠ ʪʝʣʘ ʚʦ ʚʨʝʤʝʥʩʢʠʦʪ ʧʝʨʠʦʜʦʪ ʦʜ 10 ʜʦ 

15 ʯʘʩʦʪ, ʰʪʦ ʧʨʠʜʦʥʝʩʫʚʘ ʟʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʚʨʝʜʥʦʩʪʘ ʥʘ ʘʥʛʘʞʠʨʘʥʘʪʘ ʤʦ˃ʥʦʩʪ. ʆʚʘʘ 

ʘʥʘʣʠʟʘ ʩʝ ʧʦʪʚʨʜʫʚʘ ʩʦ ʄʘʢʩʠʛʨʘʬʦʪ ʧʨʝʚʟʝʤʝʥ ʦʜ ʩʠʪʝʤʦʪ ʥʘ ʌɽʀʊ ʟʘ ʜʝʥ (ʚʪʦʨʥʠʢ) ʚʦ 

ʥʦʝʤʚʨʠ (29.11.2016) ʢʦʛʘ ʩʝ ʿʘʚʫʚʘ ʧʠʢ ʥʘ ʘʥʛʘʞʠʨʘʥʘʪʘ ʤʦ˃ʥʦʩʪ (ʩʣʠʢʘ 5).  
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ʉʣʠʢʘ 5. ʄʘʢʩʠʛʨʘʬ ʧʨʝʚʟʝʤʝʥ ʦʜ ʩʠʩʪʝʤʦʪ ʥʘ ʌɽʀʊ ʥʘ 29.11.2016 ʛʦʜʠʥʘ (ʚʪʦʨʥʠʢ) 

 

ɼʨʫʛʠʦʪ ʧʠʢ ʥʘ ʘʥʛʘʞʠʨʘʥʘʪʘ ʤʦ˃ʥʦʩʪ, ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘ 4, ʩʝ ʿʘʚʫʚʘ ʚʦ ʿʫʥʠ. ɺʦ ʯʝʪʚʨʪʦʢ 

ʥʘ 23.06.2016 ʛʦʜʠʥʘ ʩʝ ʿʘʚʫʚʘ ʝʜʝʥ ʦʜ ʥʘʿʛʦʣʝʤʠʪʝ ʚʨʚʦʪ ʥʘ ʤʘʢʩʠʤʘʣʥʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ, 

ʰʪʦ ʜʦʩʪʠʛʥʫʚʘ ʜʫʨʠ ʠ ʜʦ 190 kW (ʩʣʠʢʘ 6). ʆʜ ʥʘʧʨʘʚʝʥʠʪʝ ʘʥʘʣʠʟʠ ʟʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ 

ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʪʦʿ ʜʝʥ ʙʠʣ ʧʨʝʤʥʦʛʫ ʪʦʧʦʣ ʠ ʙʠʣʝ ʚʢʣʫʯʝʥʠ ʧʦʚʝ˃ʝʪʦ ʢʣʠʤʘ ʫʨʝʜʠ ʥʘ 

ʬʘʢʫʣʪʝʪʦʪ. ʀʩʪʦ ʪʘʢʘ ʤʘ ʪʦʿ ʜʝʥ ʝ ʦʜʨʞʘʥ ʠ ʠʩʧʠʪʦʪ ʧʦ ʇʨʦʛʨʘʤʠʨʘˁʝ ʠ ʘʣʛʦʨʠʪʤʠ ʰʪʦ ʩʝ 

ʧʦʣʘʛʘ ʥʘ ʢʦʤʧʿʫʪʝʨʠ ʚʦ 4 ʫʯʠʣʥʠʮʠ ʠʩʪʦʚʨʝʤʝʥʦ ʧʨʝʢʫ ʮʝʣʠʦʪ ʜʝʥ.  

 

 

ʉʣʠʢʘ 6. ʄʘʢʩʠʤʘʣʥʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʟʘ 23.06.2016 ʛʦʜʠʥʘ (ʯʝʪʚʨʪʦʢ) 

 

5 ʄɽʈʂʀ ɿɸ ʅɸʄɸʃʋɺɸɳɽ ʅɸ ʈɸʉʍʆɼʀʊɽ 

ʆʜ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʟʘ ʧʨʝʟʝʤʝʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʘʥʛʘʞʠʨʘʥʘʪʘ ʤʦ˃ʥʦʩʪ ʦʜ ʩʠʪʝʤʦʪ 

ʥʘ ʌɽʀʊ ʟʘ 2016 ʛʦʜʠʥʘ ʩʝ ʤʦʞʝ ʜʘ ʩʝ ʚʦʚʝʜʘʪ ʧʨʝʜʣʦʛ ʤʝʨʢʠ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʨʘʩʭʦʜʠʪʝ. ʊʠʝ 

ʤʦʞʝ ʜʘ ʩʝ ʧʦʜʝʣʘʪ ʥʘ ʜʚʘ ʜʝʣʘ:  

¶ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʧʦʪʨʦʰʝʥʘʪʘ ʝʥʝʨʛʠʿʘ, 

¶ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ. 
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ʅʘʤʘʣʫʚʘˁʝʪʦ ʥʘ ʧʦʪʨʦʰʝʥʘʪʘ ʝʥʝʨʛʠʿʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʦ ʠʥʚʝʩʪʠʨʘˁʝ ʚʦ 

ʰʪʝʜʣʠʚʠ ʩʚʝʪʠʣʢʠ ʰʪʦ ʪʨʦʰʘʪ ʤʥʦʛʫ ʧʦʤʘʣʢʫ ʝʥʝʨʛʠʿʘ, ʥʦ ʠʩʪʦ ʪʘʢʘ ʠ ʪʨʘʘʪ ʤʥʦʛʫ ʧʦʜʦʣʛʦ ʦʜ 

ʢʦʥʚʝʥʮʠʦʥʘʪʥʠʪʝ ʩʚʝʪʠʣʢʠ [1]. 

ʅʘʤʘʣʫʚʘˁʝʪʦ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʤʦʞʝ ʜʘ ʥʘʤʘʣʠ ʩʦ ʥʝʢʦʣʢʫ 

ʤʝʨʢʠ: 

¶ ɹʠʜʝʿ˃ʠ ʚʨʚʦʪ ʥʘ ʘʥʛʘʞʠʨʘʥʘʪʘ ʤʦ˃ʥʦʩʪ ʩʝʢʦʛʘʰ ʩʝ ʿʘʚʫʚʘ ʚʦ ʧʣʘʜʥʝʚʥʠʪʝ ʯʘʩʦʚʠ ʧʦʪʨʝʙʥʦ 

ʝ ʣʘʙʘʨʘʪʦʨʠʩʢʠ ʚʝʞʙʠ ʰʪʦ ʢʦʨʠʩʪʘʪ ʝʣʝʢʪʨʠʯʥʠ ʫʨʝʜʠ ʜʘ ʩʝ ʦʜʨʞʫʚʘʘʪ ʚʦ ʫʪʨʠʥʩʢʠʪʝ 

ʯʘʩʦʚʠ ʜʦ 10 ʯʘʩʦʪ ʠ ʧʦʧʣʘʜʥʝʚʥʠʪʝ ʧʦ 16 ʯʘʩʦʪ. ʊʦʘ ˃ʝ ʦʚʦʟʤʦʞʠ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʛʦʣʝʤʘ 

ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ. ʆʚʘʘ ʤʝʨʢʘ ʩʝ ʦʜʥʝʩʫʚʘ ʠ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʦʜʨʞʫʚʘˁʝ ʠʩʧʠʪʠ ʚʦ 

ʌʘʢʫʣʪʝʪʩʢʘʪʘ ʣʘʙʦʨʘʪʦʨʠʿʘ ʟʘ ʘʚʪʦʤʘʪʩʢʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʦʜʘʪʦʮʠ (ʌʃɸʆʇ), ʪ.ʝ ʧʨʝʜ 10 

ʯʘʩʦʪ, ʧʦ 16 ʯʘʩʦʪ ʠʣʠ ʚʦ ʩʘʙʦʪʘ. 

¶ ɺʢʣʫʯʫʚʘˁʝ ʥʘ ʢʣʠʤʘ ʫʨʝʜʠʪʝ ʚʦ ʢʨʘʪʢʠ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣʠ. ʊʦʘ ʦʚʦʟʤʦʞʫʚʘ ʚʦ ʪʝʢʦʪ ʥʘ 

ʨʘʙʦʪʥʦʪʦ ʚʨʝʤʝ ʢʦʥʪʠʥʫʠʨʘʥʦ ʜʘ ʩʝ ʜʘ ʩʝ ʦʜʨʞʫʚʘ ʢʦʥʩʪʘʥʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚʦ ʪʦʧʣʠʪʝ 

ʜʝʥʦʚʠ. 

6 ɿɸʂʃʋʏʆʂ 

ɺʦ ʦʚʦʿ ʪʨʫʜ ʩʝ ʦʙʨʘʙʦʪʫʚʘ ʪʝʤʘ ʢʦʿʘ ʝ ʦʜ ʛʦʣʝʤʦ ʟʥʘʯʝˁʝ ʟʘ ʦʙʿʝʢʪʠʪʝ ʦʜ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʝʥ ʢʘʨʘʢʪʝʨ ʠ ʠʤʘ ʘʤʙʠʮʠʠ ʜʘ ʜʘʜʝ ʥʘʩʦʢʠ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʝʜʝʥ ʩʝʛʤʝʥʪ ʦʜ 

ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʦʙʿʝʢʪʠʪʝ ʦʜ ʦʚʘʘ ʢʘʪʝʛʦʨʠʿʘ. 

ɺʦ ʪʝʢʦʪ ʥʘ 2016 ʛʦʜʠʥʘ ʩʝ ʤʝʨʝʥʠ ʧʘʨʘʤʝʪʨʠ ʟʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʣʝʢʪʠʯʥʘ ʝʥʝʨʛʠʿʘ 

ʥʘ ʌʘʢʫʣʪʝʪʦʪ ʟʘ ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʩʢʠ ʪʝʭʥʦʣʦʛʠʠ (ʌɽʀʊ) ʚʦ ʉʢʦʧʿʝ ʩʦ ʩʠʩʪʝʤ ʟʘ 

ʤʝʨʝˁʝ, ʘʥʘʣʠʟʘ ʠ ʫʧʨʘʚʫʚʘˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. 

ʆʜ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʘʪʘ ʧʦʢʘʞʫʚʘ ʜʝʢʘ ʟʘ ʜʘ ʩʝ ʥʘʤʘʣʘʪ ʨʘʩʭʦʜʠʪʝ ʟʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʪʨʝʙʘ ʜʘ ʩʝ ʥʘʤʘʣʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ, ʙʠʜʝʿ˃ʠ ʪʘʘ ʠʤʘ 

ʛʦʣʝʤ ʫʜʝʣ ʚʦ ʮʝʥʘʪʘ ʰʪʦ ʿʘ ʧʣʘ˃ʘ ʬʘʢʫʣʪʝʪʦʪ ʥʘ ʜʦʩʘʚʫʚʘʯʦʪ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. 

ʄʘʢʩʠʤʘʣʥʘʪʘ ʘʥʛʘʞʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʤʦʞʝ ʜʘ ʩʝ ʥʘʤʘʣʠ ʘʢʦ ʩʝ ʚʦʚʝʜʘʪ ʤʝʨʢʠ ʩʦ ʢʦʠ ʙʠ 

ʩʝ ʙʘʣʘʥʩʠʨʘʣʘ ʠʩʪʘʪʘ ʩʦ ʨʘʩʧʦʨʝʜʫʚʘˁʝ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠʪʝ ʘʧʘʨʘʪʠ ʚʦ ʨʘʟʣʠʯʥʠ 

ʧʝʨʦʜʠ ʦʜ ʜʝʥʦʪ. 

7 ɹʃɸɻʆɼɸʈʅʆʉʊ 

ɹʣʘʛʦʜʘʨʥʦʩʪ ʜʦ ʢʦʤʧʘʥʠʿʘʪʘ ɼʊʂ-ʉʤʘʨʪʝʢ ï ʉʢʦʧʿʝ ʠ ʌɽʀʊ ʰʪʦ ʦʚʦʟʤʦʞʠʿʘ ʜʘ ʩʝ 

ʢʦʨʠʩʪʘʪ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʩʠʩʪʝʤ ʟʘ ʤʝʨʝˁʝ, ʘʥʘʣʠʟʘ ʠ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ʝʣʝʢʪʨʠʣʥʘ ʝʥʝʨʛʠʿʘ 

ʧʦʩʪʘʚʝʥ ʥʘ ʌɽʀʊ. 
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ʇʈʀʄɽʅɸ ʅɸ ʀʅʌʈɸʎʈɺɽʅɸ ʊɽʈʄʆɺʀɿʀʉʂɸ ʂɸʄɽʈɸ ɿɸ ɸʅɸʃʀɿɸ ʅɸ 

ɽʅɽʈɻɽʊʉʂɸʊɸ ɽʌʀʂɸʉʅʆʉʊ 

ʂʋʉɸ ʉʆɼʈɾʀʅɸ 

ɽʬʠʢʘʩʥʦʪʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʝ ʝʜʥʘ ʦʜ ʢʣʫʯʥʠʪʝ ʮʝʣʠ ʥʘ ʩʚʝʪʩʢʘʪʘ ʝʢʦʥʦʤʠʿʘ, 

ʧʨʠ ʰʪʦ ʥʘʧʦʨʠʪʝ ʩʝ ʥʘʩʦʯʝʥʠ ʢʦʥ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʠʦʪ ʠʥʪʝʥʟʠʪʝʪ ʧʨʝʢʫ 

ʫʥʘʧʨʝʜʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ. ɺʦ ʪʘʘ ʥʘʩʦʢʘ, ʚʦ ʧʦʥʦʚʦ ʚʨʝʤʝ, ʧʨʠ ʝʥʝʨʛʝʪʩʢʠʪʝ 

ʧʨʦʚʝʨʢʠ ʩʝ ʢʦʨʠʩʪʘʪ ʩʦʚʨʝʤʝʥʠ ʩʨʝʜʩʪʚʘ, ʢʘʢʦ ʰʪʦ ʩʝ ʪʝʨʤʦʚʠʟʠʩʢʠʪʝ ʢʘʤʝʨʠ, ʢʦʠ ʟʥʘʯʠʪʝʣʥʦ 

ʿʘ ʦʣʝʩʥʫʚʘʘʪ ʨʘʙʦʪʘʪʘ ʥʘ ʝʥʝʨʛʝʪʩʢʠʪʝ ʝʢʩʧʝʨʪʠ. ɺʦ ʦʚʦʿ ʪʨʫʜ ʩʝ ʦʧʬʘʪʝʥʠ ʪʝʦʨʝʪʩʢʠʪʝ ʦʩʥʦʚʠ 

ʥʘ ʪʝʨʤʦʚʠʟʠʿʘʪʘ, ʧʨʠʥʮʠʧʦʪ ʥʘ ʥʝʿʟʠʥʦ ʨʘʙʦʪʝˁʝ ʠ ʥʝʿʟʠʥʘʪʘ ʧʨʠʤʝʥʘ ʚʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʨʘʟʣʠʯʥʠ ʩʠʩʪʝʤʠ. ʆʙʿʘʩʥʝʪʦ ʝ ʢʘʢʦ ʚʨʝʤʝʥʩʢʠʪʝ ʫʩʣʦʚʠ, 

ʨʝʬʣʝʢʩʠʿʘʪʘ, ʪʠʧʦʪ ʥʘ ʤʘʪʝʨʠʿʘʣ ʦʜ ʢʦʿ ʰʪʦ ʝ ʠʟʨʘʙʦʪʝʥ ʘʥʘʣʠʟʠʨʘʥʠʦʪ ʦʙʿʝʢʪ ʚʣʠʿʘʘʪ ʚʨʟ 

ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ.  

ʇʨʝʟʝʥʪʠʨʘʥʠ ʩʝ ʤʦʞʥʦʩʪʠʪʝ ʟʘ ʢʦʨʠʩʪʝˁʝ ʥʘ ʪʝʨʤʦʚʠʟʠʩʢʘ ʢʘʤʝʨʘ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ 

ʝʬʠʢʘʩʥʦʩʪʘ ʢʘʿ ʨʘʟʣʠʯʥʠ ʪʝʨʤʦʪʝʭʥʠʯʢʠ ʩʠʩʪʝʤʠ. ʇʨʝʪʩʪʘʚʝʥʠ ʩʝ ʪʝʨʤʠʯʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘ ʟʛʨʘʜʠʪʝ ʢʘʢʦ ʰʪʦ ʩʝ: ʪʝʨʤʦʬʠʟʠʯʢʠʪʝ ʩʚʦʿʩʪʚʘ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ ʦʜ ʢʦʠ ʝ ʠʟʨʘʙʦʪʝʥʘ 

ʟʛʨʘʜʘʪʘ, ʪʦʧʣʠʥʩʢʘʪʘ ʩʧʨʦʚʦʜʣʠʚʦʩʪ ʥʘ ʠʩʪʠʪʝ, ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʠʟʦʣʘʮʠʿʘʪʘ ʠʪʥ., 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʢʫ ʢʦʠ ʤʦʞʝ ʜʘ ʩʝ ʠʥʪʝʨʚʝʥʠʨʘ ʩʦ ʮʝʣ ʜʘ ʩʝ ʥʘʤʘʣʘʪ ʟʘʛʫʙʠʪʝ ʥʘ ʝʥʝʨʛʠʿʘ. 

ʅʘʢʫʩʦ ʝ oʙʿʘʩʥʝʪ ʧʨʠʥʮʠʧʦʪ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘˁʝ ʥʘ ʥʘʿʯʝʩʪʦ ʟʘʩʪʘʧʝʥʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʛʨʝʝˁʝ ʠ 

ʢʣʠʤʘʪʠʟʘʮʠʿʘ ʠ ʦʙʨʘʟʣʦʞʝʥʠ ʩʝ ʧʦʪʝʥʮʠʿʘʣʥʠʪʝ ʤʝʩʪʘ ʢʘʜʝ ʰʪʦ ʤʦʞʘʪ ʜʘ ʩʝ ʧʨʝʟʝʤʘʪ ʤʝʨʢʠ ʩʦ 

ʮʝʣ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʦʙʿʝʢʪʠʪʝ. ʊʝʨʤʦʚʠʟʠʿʘʪʘ ʥʘʦʺʘ ʰʠʨʦʢʘ 

ʧʨʠʤʝʥʘ ʠ ʚʦ ʠʥʜʫʩʪʨʠʩʢʠʦʪ ʩʝʢʪʦʨ, ʘ ʢʘʢʦ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʩʠʩʪʝʤʠ ʢʘʿ ʢʦʠ ʩʝ ʢʦʨʠʩʪʠ ʩʝ: 

ʢʦʪʝʣʩʢʠʪʝ ʧʦʩʪʨʦʿʢʠ ʟʘ ʜʦʙʠʚʘˁʝ ʥʘ ʪʦʧʣʘ ʚʦʜʘ ʠ ʧʘʨʘ, ʩʠʩʪʝʤʠ ʟʘ ʢʦʤʧʨʠʤʠʨʘʥ ʚʦʟʜʫʭ ʧʦʜ 

ʧʨʠʪʠʩʦʢ, ʪʝʨʤʠʯʢʠ ʫʨʝʜʠ ʟʘ ʨʘʟʣʠʯʥʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ/ʧʨʝʨʘʙʦʪʫʚʘʯʢʠ ʧʨʦʮʝʩʠ, 

ʝʣʝʢʪʨʦʤʦʪʦʨʥʠ ʧʦʛʦʥʠ ʠ ʜʨʫʛʠ ʠʥʜʫʩʪʨʠʩʢʠ ʩʠʩʪʝʤʠ. ɿʘ ʥʝʢʦʠ ʦʜ ʥʠʚ ʩʝ ʧʨʠʢʘʞʘʥʠ 

ʧʨʠʥʮʠʧʠʪʝ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘˁʝ ʠ ʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʨʠʤʝʥʘ ʥʘ ʤʝʨʢʠ ʟʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ 

ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʣʦʮʠʨʘʥʠʪʝ ʩʣʘʙʠ ʪʦʯʢʠ ʩʦ ʧʦʤʦʰ ʥʘ ʪʝʨʤʦʚʠʟʠʩʢʘ ʢʘʤʝʨʘ. ʇʨʝʢʫ ʠʣʫʩʪʨʘʪʠʚʥʠ 

ʧʨʠʤʝʨʠ ʩʝ ʧʨʝʟʝʥʪʠʨʘʥʠ ʪʝʭʥʠʢʠʪʝ ʟʘ ʦʪʢʨʠʚʘˁʝ ʥʘ ʤʝʩʪʘʪʘ ʢʘʜʝ ʰʪʦ ʤʦʞʘʪ ʜʘ ʩʝ ʧʨʝʟʝʤʘʪ 

ʤʝʨʢʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ, ʩʦ ʰʪʦ ʩʝ ʧʦʪʚʨʜʫʚʘʘʪ ʧʦʪʝʥʮʠʿʘʣʠʪʝ ʟʘ ʫʧʦʪʨʝʙʘ ʥʘ 

ʪʝʨʤʦʚʠʟʠʿʘʪʘ ʟʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʥʘ ʦʧʠʰʘʥʠʪʝ ʩʠʩʪʝʤʠ. 

ʂʣʫʯʥʠ ʟʙʦʨʦʚʠ: ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʝʥʝʨʛʝʪʩʢʠ ʟʘʛʫʙʠ, ʪʝʨʤʦʚʠʟʠʿʘ, ʛʨʝʝˁʝ ʠ 

ʢʣʠʤʘʪʠʟʘʮʠʿʘ, ʢʦʪʝʣ, ʢʦʤʧʨʝʩʦʨ, ʝʣʝʢʪʨʦʤʦʪʦʨ. 

1 ɺʆɺɽɼ 

ʇʦʩʪʦʿʘʥʠʦʪ ʧʦʨʘʩʪ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʩʚʝʪʦʪ, ʧʦʨʘʜʠ ʧʦʨʘʩʪʦʪ ʥʘ 

ʥʘʩʝʣʝʥʠʝʪʦ ʠ ʢʦʥʪʠʥʫʠʨʘʥʦʪʦ ʪʝʞʥʝʝˁʝ ʢʦʥ ʧʦʩʪʠʛʥʫʚʘˁʝ ʧʦʚʠʩʦʢ ʞʠʚʦʪʝʥ ʩʪʘʥʜʘʨʜ, ʦʙʠʯʥʦ 

ʟʥʘʯʠ ʠ ʧʦʛʦʣʝʤʘ ʧʦʙʘʨʫʚʘʯʢʘ ʟʘ ʝʥʝʨʛʠʿʘ. ʄʦʜʝʨʥʘʪʘ ʪʝʭʥʦʣʦʛʠʿʘ ʮʝʣʦʩʥʦ ʝ ʟʘʚʠʩʥʘ ʦʜ 

ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘʪʘ, ʘ ʜʠʨʝʢʪʥʘ ʧʦʩʣʝʜʠʮʘ ʦʜ ʪʦʘ ʝ ʧʦʪʨʝʙʘʪʘ ʦʜ ʧʦʩʪʦʿʘʥʠ ʠ ʠʥʪʝʥʟʠʚʥʠ 

ʚʣʦʞʫʚʘˁʘ ʚʦ ʨʘʟʚʦʿʦʪ ʠ ʫʥʘʧʨʝʜʫʚʘˁʝʪʦ ʥʘ ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʝʢʪʦʨ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, 

ʧʨʝʪʭʦʜʥʦʪʦ ʩʝʨʠʦʟʥʦ ʿʘ ʥʘʤʝʪʥʫʚʘ ʧʦʪʨʝʙʘʪʘ ʟʘ ʧʦʩʪʦʿʘʥʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ 

ʝʬʠʢʘʩʥʦʩʪ ʠ ʟʘ ʨʘʮʠʦʥʘʣʥʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʚʦ ʩʠʪʝ ʦʙʣʘʩʪʠ ʥʘ ʯʦʚʝʢʦʚʦʪʦ ʜʝʣʫʚʘˁʝ. 

ʉʦʚʨʝʤʝʥʠʪʝ ʩʨʝʜʩʪʚʘ, ʚʦ ʢʦʠ ʩʧʘʺʘ ʠ ʪʝʨʤʦʚʠʟʠʩʢʘʪʘ ʢʘʤʝʨʘ, ʥʫʜʘʪ ʛʦʣʝʤ ʧʦʪʝʥʮʠʿʘʣ ʠ 

ʰʠʨʦʢʠ ʤʦʞʥʦʩʪʠ ʟʘ ʣʦʮʠʨʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʠʪʝ ʟʘʛʫʙʠ ʢʘʿ ʨʘʟʣʠʯʥʠ ʪʝʭʥʠʯʢʠ ʩʠʩʪʝʤʠ, ʘ ʩʦ ʪʦʘ 

ʠ ʟʘ ʧʦʪʨʘʛʘ ʧʦ ʥʘʯʠʥʠ, ʤʝʨʢʠ ʠ ʦʧʮʠʠ ʟʘ ʥʠʚʥʦ ʥʘʤʘʣʫʚʘˁʝ. 



   

 

   
  

 

 

 

ʅʘʧʦʨʠʪʝ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ ʚʦ ʛʨʘʜʝʞʥʠʦʪ ʩʝʢʪʦʨ ʠʤʘʘʪ ʟʘ ʮʝʣ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʧʦʪʨʝʙʠʪʝ ʟʘ ʝʥʝʨʛʠʿʘ ʧʨʠ ʠʟʛʨʘʜʙʘʪʘ ʠ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʥʦʚʠʪʝ ʟʛʨʘʜʠ, ʢʘʢʦ ʠ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʧʦʪʨʝʙʠʪʝ ʩʦ ʩʘʥʘʮʠʿʘ ʥʘ ʧʦʩʪʦʝʯʢʠʪʝ. ɺʦ ʪʨʫʜʦʪ [1] ʝ ʠʟʣʦʞʝʥ ʧʨʠʢʘʟ ʥʘ 

ʧʨʠʤʝʥʘ ʥʘ ʠʥʬʨʘʮʨʚʝʥʘ ʢʘʤʝʨʘ ʟʘ ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʠʪʝ ʟʘʛʫʙʠ. ʄʝʺʫʪʦʘ, ʘʚʪʦʨʠʪʝ 

ʩʫʛʝʨʠʨʘʘʪ ʜʝʢʘ ʥʘʿʜʦʙʘʨ ʨʝʟʫʣʪʘʪ ʩʝ ʧʦʩʪʠʛʥʫʚʘ ʢʘʢʦ ʢʦʤʙʠʥʘʮʠʿʘ ʦʜ ʩʠʤʫʣʪʘʥʦ ʢʦʨʠʩʪʝˁʝ ʥʘ 

ʩʥʠʤʢʠ ʩʦ ʦʙʠʯʥʘ (ʪʝʣʝʚʠʟʠʩʢʘ) ʠ ʪʝʨʤʦʚʠʟʠʩʢʘ ʢʘʤʝʨʘ.       

 ʆʜ ʜʝʥʦʚʠʪʝ ʥʘ ʧʠʦʥʝʨʩʢʘ ʧʨʠʤʝʥʘ ʟʘ ʢʦʤʝʨʮʠʿʘʣʥʠ ʧʦʪʨʝʙʠ, ʚʦ ʩʨʝʜʠʥʘʪʘ ʥʘ 60-ʪʠʪʝ 

ʛʦʜʠʥʠ, ʪʝʨʤʦʚʠʟʠʩʢʘʪʘ ʪʝʭʥʦʣʦʛʠʿʘ ʝʜʥʘ ʦʜ ʥʘʿʚʨʝʜʥʠʪʝ ʜʠʿʘʛʥʦʩʪʠʯʢʠ ʘʣʘʪʢʠ ʟʘ ʘʥʘʣʠʟʘ ʥʘ 

ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʠʥʜʫʩʪʨʠʩʢʠʪʝ ʠ ʜʨʫʛʠ ʪʝʭʥʠʯʢʠ ʩʠʩʪʝʤʠ [2]. ɺʦ ʪʨʫʜʦʪ [3] ʝ ʧʨʝʟʝʥʪʠʨʘʥʘ 

ʝʚʘʣʫʘʮʠʿʘ ʥʘ ʪʝʨʤʠʯʢʠʪʝ ʧʝʨʬʦʨʤʘʥʩʠ ʥʘ ʦʙʚʠʚʢʘʪʘ ʥʘ ʩʪʘʥʙʝʥʘ ʟʛʨʘʜʘ. ɺʨʟ ʦʩʥʦʚʘ ʥʘ 

ʚʠʟʫʝʣʥʘ ʠ ʠʥʩʧʝʢʮʠʿʘ ʩʦ ʧʦʤʦʰ ʥʘ ʠʥʩʪʨʫʤʝʥʪʠ ʩʝ ʠʟʚʝʜʝʥʠ ʟʘʢʣʫʯʦʮʠ ʟʘ ʥʠʚʦʪʦ ʥʘ 

ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʥʩʦʩʪ ʰʪʦ ʛʦ ʠʩʧʦʣʥʫʚʘ ʦʙʿʝʢʪʦʪ, ʰʪʦ ʤʦʞʝ ʜʘ ʧʦʩʣʫʞʠ ʟʘ ʧʨʝʟʝʤʘˁʝ ʤʝʨʢʠ 

ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪʘ, ʢʘʢʦ ʠ ʟʘ ʨʘʟʚʦʿ ʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʧʨʦʝʢʪʠʨʘˁʝ, ʛʨʘʜʙʘ ʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ, ʰʪʦ ˃ʝ ʨʝʟʫʣʪʠʨʘ ʩʦ ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʥʠ ʦʙʿʝʢʪʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʤʝʨʝˁʘ 

ʥʘ ʥʝʢʦʣʢʫ ʨʝʟʠʜʝʥʮʠʿʘʣʥʠ ʦʙʿʝʢʪʠ ʩʦ ʧʦʤʦʰ ʥʘ ʪʝʨʤʦʚʠʟʠʩʢʘ ʢʘʤʝʨʘ ʩʝ ʧʨʠʢʘʞʘʥʠ ʚʦ ʪʨʫʜʦʪ 

[4]. ʄʝʨʝˁʘʪʘ ʿʘ ʠʥʜʠʮʠʨʘʘʪ ʚʘʞʥʦʩʪʘ ʥʘ ʧʨʠʤʝʥʘ ʥʘ ʝʬʠʢʘʩʥʠ ʢʦʤʧʦʥʝʥʪʠ ʚʦ ʛʨʘʜʙʘʪʘ ʠʣʠ 

ʨʝʥʦʚʠʨʘˁʝʪʦ ʥʘ ʦʙʿʝʢʪʦʪ. ʇʨʝʢʫ ʪʨʫʜʦʪ [5] ʝ ʦʧʠʰʘʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠ 

ʤʝʨʝˁʘ ʩʦ ʧʨʠʤʝʥʘ ʥʘ ʠʥʬʨʘʮʨʚʝʥʠ ʫʨʝʜʠ. ʇʨʠʢʘʞʘʥʠ ʩʝ ʨʝʟʫʣʪʘʪʠ ʦʜ ʘʥʘʣʠʟʘ ʥʘ ʥʝʢʦʣʢʫ 

ʦʙʿʝʢʪʠ ʠ ʜʠʩʢʫʪʠʨʘʥʠ ʩʝ ʠʟʚʦʨʠʪʝ ʥʘ ʛʨʝʰʢʠ ʠ ʥʠʚʥʦʪʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʢʦʥʝʯʥʠʦʪ ʨʝʟʫʣʪʘʪ.  

ʊʨʫʜʦʪ [6] ʝ ʧʦʩʚʝʪʝʥ ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ ʥʘ ʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʨʠʤʝʥʘ ʥʘ ʥʝʜʝʩʪʨʫʢʪʠʚʥʠ 

ʤʝʪʦʜʠ ʟʘ ʪʝʩʪʠʨʘˁʝ (ʤʝʪʦʜʠ ʙʝʟ ʨʘʟʦʨʫʚʘˁʝ) ʧʨʠ ʢʚʘʥʪʠʬʠʢʘʮʠʿʘʪʘ ʥʘ ʟʘʛʫʙʠʪʝ ʧʦʨʘʜʠ 

ʠʩʪʝʢʫʚʘˁʝ ʥʘ ʢʦʤʧʨʠʤʠʨʘʥ ʚʦʟʜʫʭ, ʩʦ ʮʝʣ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʩʠʩʪʝʤʦʪ. ʅʘʛʣʘʩʦʢ ʝ 

ʩʪʘʚʝʥ ʚʨʟ ʧʨʠʤʝʥʘʪʘ ʥʘ ʫʣʪʨʘʟʚʫʯʝʥ ʜʝʪʝʢʪʦʨ ʠ ʪʝʨʤʦʛʨʘʬʩʢʘ ʢʘʤʝʨʘ. ɸʥʘʣʠʟʠʨʘʥʠ ʩʝ 

ʧʦʪʝʥʮʠʿʘʣʠʪʝ ʠ ʦʛʨʘʥʠʯʫʚʘˁʘʪʘ ʥʘ ʦʚʠʝ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʢʚʘʥʪʠʬʠʢʘʮʠʿʘ ʥʘ ʠʩʪʝʢʫʚʘˁʘʪʘ ʢʘʿ 

ʩʠʩʪʝʤʠʪʝ ʟʘ ʢʦʤʧʨʠʤʠʨʘʥ ʚʦʟʜʫʭ, ʢʘʢʦ ʠ ʚʝʨʦʜʦʩʪʦʿʥʦʩʪʘ ʠ ʜʦʚʝʨʣʠʚʦʩʪʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ. 

ɺʦ ʪʨʫʜʦʪ [7] ʝ ʧʨʠʤʝʥʝʪ ʩʠʩʪʝʤʘʪʩʢʠ ʧʨʠʩʪʘʧ ʩʦ ʜʝʪʘʣʥʠ ʝʥʝʨʛʝʪʩʢʠ ʘʥʘʣʠʟʠ, ʧʨʝʩʤʝʪʢʠ 

ʠ ʤʝʨʝˁʘ ʟʘ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʬʘʢʪʠʯʢʘʪʘ ʝʥʝʨʛʝʪʩʢʘ ʩʦʩʪʦʿʙʘ, ʢʘʢʦ ʚʘʞʝʥ ʯʝʢʦʨ ʧʨʠ ʧʣʘʥʠʨʘˁʝ 

ʥʘ ʟʥʘʯʠʪʝʣʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʥʘ ʩʪʘʨʠʪʝ ʟʛʨʘʜʠ. ɺʘʢʚʠʦʪ ʧʨʠʩʪʘʧ ʧʨʠʜʦʥʝʩʫʚʘ ʟʘ ʦʜʨʝʜʫʚʘˁʝ 

ʥʘ ʧʦʪʝʥʮʠʿʘʣʦʪ ʠ ʦʧʪʠʤʘʣʥʠʪʝ ʨʝʰʝʥʠʿʘ ʠ ʤʝʨʢʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ, 

ʦʜʥʦʩʥʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʟʛʨʘʜʠʪʝ. 

ʎʝʣʪʘ ʥʘ ʦʚʦʿ ʪʨʫʜ ʝ ʜʘ ʜʘʜʝ ʧʨʝʛʣʝʜ ʥʘ ʜʝʣ ʦʜ ʤʦʞʥʦʩʪʠʪʝ ʢʦʠʰʪʦ ʛʠ ʥʫʜʘʪ ʩʦʚʨʝʤʝʥʠʪʝ 

ʫʨʝʜʠ, ʢʘʢʦ ʰʪʦ ʝ ʠʥʬʨʘʮʨʚʝʥʘ ʪʝʨʤʦʛʨʘʬʩʢʘ ʢʘʤʝʨʘ, ʧʨʠ ʩʧʨʦʚʝʜʫʚʘˁʝ ʝʥʝʨʛʝʪʩʢʠ ʢʦʥʪʨʦʣʠ 

ʥʘ ʪʝʨʤʠʯʢʠ ʠ ʜʨʫʛʠ ʪʝʭʥʠʯʢʠ ʩʠʩʪʝʤʠ, ʟʘ ʜʝʪʝʢʪʠʨʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʠ ʟʘʛʫʙʠ. 

2 ʊɽʆʈɽʊʉʂʀ ʆʉʅʆɺʀ ʅɸ ʊɽʈʄʆɺʀɿʀɱɸ 

ʅʘʰʠʪʝ ʦʯʠ ʛʦ ʜʝʪʝʢʪʠʨʘʘʪ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʪʦ ʟʨʘʯʝˁʝ ʩʘʤʦ ʚʦ ʚʠʜʣʠʚʠʦʪ ʜʝʣ ʦʜ 

ʩʧʝʢʪʘʨʦʪ. ʉʠʪʝ ʦʩʪʘʥʘʪʠ ʬʦʨʤʠ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦ ʟʨʘʯʝˁʝ ʩʝ ʥʝʚʠʜʣʠʚʠ ʟʘ ʯʦʚʝʯʢʦʪʦ ʦʢʦ. 

ʆʪʢʨʠʝʥʦ ʝ ʜʝʢʘ ʘʢʦ ʩʚʝʪʣʦʩʝʥ ʟʥʘʢ ʩʝ ʬʦʢʫʩʠʨʘ ʥʠʟ ʩʪʘʢʣʝʥʘ ʧʨʠʟʤʘ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʙʦʠʪʝ 

ʦʜ ʩʧʝʢʪʘʨʦʪ ʩʝ ʟʛʦʣʝʤʫʚʘ ʦʜ ʚʠʦʣʝʪʦʚʠʦʪ ʢʦʥ ʮʨʚʝʥʠʦʪ ʜʝʣ ʦʜ ʩʧʝʢʪʘʨʦʪ. ʄʝʨʝˁʘʪʘ ʧʦʢʘʞʘʣʝ 

ʜʝʢʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚʦ ʜʝʣʦʪ ʧʦ ʮʨʚʝʥʠʦʪ ʜʝʣ ʦʜ ʩʧʝʢʪʘʨʦʪ ʝ ʥʘʿʚʠʩʦʢʘ. ʀʥʬʨʘʮʨʚʝʥʦʪʦ 

ʟʨʘʯʝˁʝ ʩʝ ʥʘʦʺʘ ʧʦʤʝʺʫ ʚʠʜʣʠʚʠʦʪ ʠ ʤʠʢʨʦʙʨʘʥʦʚʠʦʪ ʜʝʣ ʦʜ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʠʦʪ ʩʧʝʢʪʘʨ. 

ɻʣʘʚʝʥ ʠʟʚʦʨ ʥʘ ʠʥʬʨʘʮʨʚʝʥʦ ʟʨʘʯʝˁʝ ʝ ʪʦʧʣʠʥʘ ʠʣʠ ʪʦʧʣʠʥʩʢʦ ʟʨʘʯʝˁʝ. ʉʝʢʦʝ ʪʝʣʦ ʩʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʠʩʦʢʘ ʦʜ ʘʧʩʦʣʫʪʥʘʪʘ 0, ʦʜʥʦʩʥʦ -273.15 ʩʪʝʧʝʥʠ ʮʝʣʟʠʫʩʦʚʠ, ʝʤʠʪʠʨʘ ʟʨʘʯʝˁʝ 

ʚʦ ʠʥʬʨʘʮʨʚʝʥʠʦʪ ʨʝʛʠʦʥ, ʧʘ ʜʫʨʠ ʠ ʪʝʣʘ ʢʦʠ ʥʘʚʠʜʫʤ ʠʟʛʣʝʜʘʘʪ ʤʥʦʛʫ ʣʘʜʥʠ, ʝʤʠʪʠʨʘʘʪ 

ʠʥʬʨʘʮʨʚʝʥʦ ʟʨʘʯʝˁʝ. 

ʆʚʠʝ ʩʚʦʿʩʪʚʘ ʥʘ ʠʥʬʨʘʮʨʚʝʥʦʪʦ ʟʨʘʯʝˁʝ ʩʝ ʠʩʢʦʨʠʩʪʝʥʠ ʚʦ ʚʠʜʝʦ ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʪʦ ʥʘ ʪʝʨʤʦʚʠʟʠʩʢʠ ʢʘʤʝʨʠ ʢʦʠ ʩʝ ʫʧʦʪʨʝʙʫʚʘʘʪ ʚʦ ʤʥʦʛʫ ʩʬʝʨʠ. ʀʥʬʨʘʮʨʚʝʥʘʪʘ 

ʪʝʨʤʦʚʠʟʠʩʢʘ ʢʘʤʝʨʘ ʨʘʙʦʪʠ ʥʘ ʩʣʝʜʥʠʦʪ ʥʘʯʠʥ. ʀʥʬʨʘʮʨʚʝʥʠʪʝ ʟʨʘʮʠ (A) ʢʦʠ ʛʠ ʝʤʠʪʠʨʘ 

ʦʜʨʝʜʝʥʦ ʪʝʣʦ ʩʝ ʬʦʢʫʩʠʨʘʥʠ ʦʜ ʩʪʨʘʥʘ ʥʘ ʦʧʪʠʢʘʪʘ (B) ʥʘ ʠʥʬʨʘʮʨʚʝʥ ʜʝʪʝʢʪʦʨ (C). 

ɼʝʪʝʢʪʦʨʦʪ ʧʦʪʦʘ ʿʘ ʠʩʧʨʘ˃ʘ ʠʥʬʦʨʤʘʮʠʿʘʪʘ ʜʦ ʝʣʝʢʪʨʦʥʩʢʠ ʩʝʥʟʦʨ (D). ɽʣʝʢʪʨʦʥʩʢʠʦʪ ʩʝʥʟʦʨ 

ʿʘ ʧʨʝʚʝʜʫʚʘ ʠʥʬʦʨʤʘʮʠʿʘʪʘ ʦʜ ʜʝʪʝʢʪʦʨʦʪ ʚʦ ʩʣʠʢʘ (E) ʢʦʿʘ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʥʘ ʝʢʨʘʥʦʪ ʠʣʠ ʥʘ 

ʙʠʣʦ ʢʦʿ ʩʪʘʥʜʘʨʜʝʥ ʤʦʥʠʪʦʨ. 



 

 

  

ʉʣʠʢʘ 6 ʉʧʝʢʪʘʨ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦ ʟʨʘʯʝˁʝ 

ʀʥʬʨʘʮʨʚʝʥʘʪʘ ʪʝʨʤʦʚʠʟʠʩʢʘ ʢʘʤʝʨʘ ʩʝ ʢʦʨʠʩʪʠ ʚʦ ʛʨʘʜʝʞʥʠʰʪʚʦʪʦ, ʘʨʭʠʪʝʢʪʫʨʘʪʘ, 

ʤʝʜʠʮʠʥʘʪʘ, ʠʥʜʫʩʪʨʠʿʘʪʘ ʠ ʩʣʠʯʥʦ, ʘ  ʪʝʨʤʦʪʝʭʥʠʯʢʠʪʝ ʩʠʩʪʝʤʠ ʚʦ ʢʦʠ ʥʘʦʺʘ ʥʘʿʛʦʣʝʤʘ 

ʧʨʠʤʝʥʘ, ʩʦ ʮʝʣ ʘʥʘʣʠʟʘ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ, ˃ʝ ʙʠʜʘʪ ʧʨʝʪʩʪʘʚʝʥʠ ʚʦ ʧʨʦʜʦʣʞʝʥʠʝ. 

3 ʊɽʈʄʆʊɽʍʅʀʏʂʀ ʉʀʉʊɽʄʀ 

3.1 ʊʝʨʤʠʯʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʟʛʨʘʜʠ 

ɺʦ ʨʘʟʚʠʝʥʠʪʝ ʟʝʤʿʠ, ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʟʛʨʘʜʠʪʝ, ʢʘʢʦ ʩʪʘʥʙʝʥʠ, ʪʘʢʘ ʠ 

ʜʝʣʦʚʥʠ, ʫʯʝʩʪʚʫʚʘ ʩʦ 20 ï 40% ʚʦ ʚʢʫʧʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʥʝʨʛʠʿʘ. ʉʧʦʨʝʜ ʦʚʠʝ ʧʦʜʘʪʦʮʠ, 

ʢʘʿ ʦʚʠʝ ʟʛʨʘʜʠ ʧʦʩʪʦʿʘʪ ʛʦʣʝʤʠ ʤʦʞʥʦʩʪʠ ʟʘ ʟʘʰʪʝʜʘ ʥʘ ʝʥʝʨʛʠʿʘ. ʊʦʧʣʠʥʘʪʘ ʩʝʢʦʛʘʰ ʩʝ 

ʧʨʝʥʝʩʫʚʘ ʦʜ ʩʨʝʜʠʥʘ ʩʦ ʧʦʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥ ʩʨʝʜʠʥʘ ʩʦ ʧʦʥʠʩʢʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʂʦʛʘ 

ʚʥʘʪʨʝʰʥʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝ ʧʦʚʠʩʦʢʠ ʦʜ ʥʘʜʚʦʨʝʰʥʠʪʝ ʠʤʘ ʧʨʦʪʦʢ ʢʦʥ ʥʘʜʚʦʨʝʰʥʘʪʘ 

ʩʨʝʜʠʥʘ. ʀʥʪʝʥʟʠʪʝʪʦʪ ʥʘ ʦʚʦʿ ʪʦʧʣʠʥʩʢʠ ʧʨʦʪʦʢ ʝ ʚʦ ʜʠʨʝʢʪʥʘ ʟʘʚʠʩʥʦʩʪ ʦʜ ʪʝʤʧʝʨʘʪʫʨʥʘʪʘ 

ʨʘʟʣʠʢʘ ʧʦʤʝʺʫ ʜʚʝʪʝ ʩʨʝʜʠʥʠ.  

ɼʝʣʦʚʠ ʦʜ ʛʨʘʜʝʞʥʠʪʝ ʦʙʿʝʢʪʠ ʢʘʜʝ ʰʪʦ ʠʤʘ ʟʛʦʣʝʤʝʥʠ ʧʨʦʪʦʮʠ ʥʘ ʪʦʧʣʠʥʘ ʩʝ ʥʘ ʤʝʩʪʘ 

ʢʘʜʝ ʰʪʦ: ʠʤʘ ʤʘʪʝʨʠʿʘʣʠ ʩʦ ʨʘʟʣʠʯʥʘ ʩʧʨʦʚʦʜʣʠʚʦʩʪ ʚʦ ʥʘʜʚʦʨʝʰʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʿʘ, ʨʘʟʣʠʯʥʘ 

ʜʝʙʝʣʠʥʘ ʥʘ ʥʝʢʦʠ ʤʘʪʝʨʠʿʘʣʠ, ʢʘʢʦ ʠ ʧʨʠ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʚʨʘʪʠ ʠ ʧʨʦʟʦʨʮʠ ʚʦ ʩʘʤʘʪʘ ʬʘʩʘʜʘ.  

 

ʉʣʠʢʘ 7 ɿʘʛʫʙʠ ʥʘ ʪʦʧʣʠʥʘ ʚʦ ʟʛʨʘʜʘ 

ʊʦʧʣʠʥʩʢʠʪʝ ʤʦʩʪʦʚʠ ʥʝ ʤʦʞʘʪ ʜʘ ʩʝ ʠʟʙʝʛʥʘʪ, ʤʝʺʫʪʦʘ ʩʦ ʧʨʘʚʠʣʥʘ ʨʘʟʨʘʙʦʪʢʘ ʥʘ 

ʧʨʦʝʢʪʠʪʝ, ʥʠʚʥʦʪʦ ʚʣʠʿʘʥʠʝ ʪʨʝʙʘ ʜʘ ʩʝ ʩʚʝʜʝ ʥʘ ʤʠʥʠʤʫʤ. ʂʘʢʦ ʧʦʩʣʝʜʠʮʠ ʦʜ 

ʪʦʧʣʠʥʩʢʠʪʝ ʤʦʩʪʦʚʠ ʩʝ ʿʘʚʫʚʘ ʟʛʦʣʝʤʝʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʥʝʨʛʠʿʘ ʟʘ ʛʨʝʝˁʝ ʠ ʧʦʿʘʚʘ ʥʘ 

ʢʦʥʜʝʥʟʘʮʠʿʘ ʚʦ ʚʥʘʪʨʝʰʥʠʪʝ ʧʦʚʨʰʠʥʠ ʥʘ ʦʙʿʝʢʪʦʪ, ʰʪʦ ʜʦʚʝʜʫʚʘ ʜʦ ʧʦʿʘʚʘ ʥʘ ʤʫʚʣʘ ʠ 

ʦʰʪʝʪʫʚʘˁʘ ʥʘ ʧʦʚʨʰʠʥʠʪʝ. ʊʦʧʣʠʥʩʢʠ ʤʦʩʪʦʚʠ ʥʘʿʯʝʩʪʦ ʩʝ ʧʦʿʘʚʫʚʘʘʪ ʥʘ ʚʨʩʢʘʪʘ ʧʦʤʝʺʫ: 

ʙʘʣʢʦʥ ʩʦ ʥʘʜʚʦʨʝʰʝʥ ʼʠʜ, ʧʦʜ ʩʦ ʥʘʜʚʦʨʝʰʝʥ ʼʠʜ, ʧʦʢʨʠʚ ʩʦ ʥʘʜʚʦʨʝʰʝʥ ʼʠʜ, ʚʥʘʪʨʝʰʝʥ 

ʼʠʜ ʩʦ ʥʘʜʚʦʨʝʰʝʥ ʼʠʜ ʠʣʠ ʧʦʢʨʠʚ ʠ ʩʣ. 



 

 

   

3.2 ʂʦʪʝʣʩʢʠ ʧʦʩʪʨʦʿʢʠ ʠ ʩʠʩʪʝʤʠ ʟʘ ʛʨʝʝˁʝ  

ʉʝʢʦʿʘ ʩʪʘʥʙʝʥʘ ʠʣʠ ʜʝʣʦʚʥʘ ʟʛʨʘʜʘ ʠʤʘ ʩʠʩʪʝʤ ʟʘ ʛʨʝʝˁʝ, ʢʣʠʤʘʪʠʟʘʮʠʿʘ ʠ ʚʝʥʪʠʣʘʮʠʿʘ 

(HVAC). ʆʢʦʣʫ 60% ʦʜ ʚʢʫʧʥʦ ʧʦʪʨʦʰʝʥʘʪʘ ʝʥʝʨʛʠʿʘ ʚʦ ʟʛʨʘʜʠʪʝ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʛʨʝʝˁʝ ʠ 

ʢʣʠʤʘʪʠʟʘʮʠʿʘ. ʉʠʩʪʝʤʦʪ ʟʘ ʛʨʝʝˁʝ ʩʝ ʩʦʩʪʦʠ ʦʜ: ʢʦʪʝʣ; ʮʝʚʥʘ ʤʨʝʞʘ ʠ ʟʘʛʨʝʚʥʠ ʪʝʣʘ. 

ʊʦʧʣʦʥʦʩʠʪʝʣʦʪ, ʥʘʿʯʝʩʪʦ ʚʦʜʘ, ʧʘʨʘ ʠʣʠ ʚʦʟʜʫʭ ʩʝ ʟʘʛʨʝʚʘ ʚʦ ʢʦʪʝʣʦʪ, ʧʨʝʢʫ ʮʝʚʥʘʪʘ 

ʤʨʝʞʘ ʩʝ ʜʦʚʝʜʫʚʘ ʜʦ ʟʘʛʨʝʚʥʠʪʝ ʪʝʣʘ, ʢʘʜʝ ʿʘ ʦʜʜʘʚʘ ʪʦʧʣʠʥʘʪʘ ʥʘ ʚʦʟʜʫʭʦʪ ʚʦ ʧʨʦʩʪʦʨʠʿʘʪʘ 

ʢʦʿʘ ʩʝ ʟʘʛʨʝʚʘ ʠ ʧʦʚʪʦʨʥʦ, ʥʠʟ ʮʝʚʥʘʪʘ ʤʨʝʞʘ ʩʝ ʚʨʘ˃ʘ ʢʦʥ ʢʦʪʝʣʦʪ.  

 

ʉʣʠʢʘ 8 ʇʨʦʩʪʘ ʰʝʤʘ ʥʘ ʩʠʩʪʝʤ ʟʘ ʛʨʝʝˁʝ 

ɿʘʛʫʙʠ ʥʘ ʝʥʝʨʛʠʿʘ ʤʦʞʘʪ ʜʘ ʩʝ ʧʦʿʘʚʘʪ ʚʦ ʙʠʣʦ ʢʦʿ ʝʣʝʤʝʥʪ ʦʜ ʦʚʦʿ ʩʠʩʪʝʤ. ʂʘʿ ʩʘʤʠʦʪ 

ʢʦʪʝʣ, ʥʝʜʦʚʦʣʥʘʪʘ ʠʟʦʣʘʮʠʿʘ ʥʘ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʪʨʘʥʘ ʦʜ ʢʦʪʝʣʦʪ ʨʝʟʫʣʪʠʨʘ ʚʦ ʟʘʛʫʙʠ ʥʘ 

ʝʥʝʨʛʠʿʘ, ʢʦʠ ʥʘ ʪʝʨʤʦʚʠʟʠʩʢʠʪʝ ʬʦʪʦʛʨʘʬʠʠ ʩʝ ʤʘʥʠʬʝʩʪʠʨʘʘʪ ʢʘʢʦ ʤʝʩʪʘ ʩʦ ʧʦʚʠʩʦʢʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʜ ʦʢʦʣʠʥʘʪʘ.  

 

ʉʣʠʢʘ 9 ɿʘʛʫʙʘ ʥʘ ʪʦʧʣʠʥʘ ʢʘʿ ʢʦʪʝʣ ʧʦʨʘʜʠ ʥʝʜʦʚʦʣʥʘ ʠʟʦʣʘʮʠʿʘ 

ʂʘʿ ʼʠʜʥʦʪʦ ʛʨʝʝˁʝ, ʧʨʠ ʦʜʨʞʫʚʘˁʝ ʥʘ ʮʝʚʥʘʪʘ ʤʨʝʞʘ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʪʝʨʤʦʚʠʟʠʩʢʘ 

ʢʘʤʝʨʘ ʠʤʘ ʛʦʣʝʤʘ ʧʨʝʜʥʦʩʪ, ʧʦʨʘʜʠ ʪʦʘ ʰʪʦ ʥʝ ʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʧʨʘʚʠ ʜʫʧʢʘ ʚʦ ʼʠʜʦʪ ʜʘ ʩʝ 

ʠʩʧʠʪʘ ʠʩʧʨʘʚʥʦʩʪʘ ʥʘ ʠʩʪʘʪʘ. ʀʩʪ ʝ ʩʣʫʯʘʿʦʪ ʠ ʢʘʿ ʧʦʜʥʦʪʦ ʛʨʝʝˁʝ, ʢʘʜʝ ʰʪʦ ʩʦ ʧʨʘʚʠʣʥʘ 

ʪʝʨʤʦʚʠʟʠʩʢʘ ʬʦʪʦʛʨʘʬʠʿʘ ʤʦʞʝ ʫʙʘʚʦ ʜʘ ʩʝ ʚʠʜʠ ʧʦʩʪʘʚʝʥʦʩʪʘ ʥʘ ʮʝʚʥʘʪʘ ʟʤʠʿʘ ʠ ʜʘ ʩʝ 

ʜʝʪʝʢʪʠʨʘʘʪ ʧʦʪʝʥʮʠʿʘʣʥʠ ʜʝʬʝʢʪʠ.  



 

 

 

ʉʣʠʢʘ 10 ʎʝʚʥʘ ʟʤʠʿʘ ʢʘʿ ʧʦʜʥʦ ʛʨʝʝˁʝ 

3.3 ʉʠʩʪʝʤʠ ʟʘ ʚʦʟʜʫʭ ʧʦʜ ʧʨʠʪʠʩʦʢ 

ɺʦ ʠʥʜʫʩʪʨʠʿʘʪʘ, ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʢʦʤʧʨʠʤʠʨʘʥ ʚʦʟʜʫʭ ʝ ʤʥʦʛʫ ʯʝʩʪʘ ʠ ʫʯʝʩʪʚʫʚʘ ʩʦ 10% 

ʦʜ ʚʢʫʧʥʦ ʧʦʪʨʦʰʝʥʘʪʘ ʝʥʝʨʛʠʿʘ, ʘ ʚʦ ʥʝʢʦʠ ʠʥʜʫʩʪʨʠʩʢʠ ʛʨʘʥʢʠ, ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ ʩʪʘʢʣʝʥʘʪʘ 

ʠʥʜʫʩʪʨʠʿʘ ʫʯʝʩʪʚʫʚʘ ʠ ʩʦ 30%. ʀʩʪʝʢʫʚʘˁʘʪʘ ʩʝ ʥʘʿʣʝʩʥʦ ʟʘʙʝʣʝʞʠʪʝʣʥʠ ʠ ʥʘʿʯʝʩʪʠ ʟʘʛʫʙʠ ʚʦ 

ʩʠʩʪʝʤʠʪʝ ʟʘ ʢʦʤʧʨʠʤʠʨʘʥ ʚʦʟʜʫʭ. ʉʦ ʮʝʣ ʜʘ ʩʝ ʟʛʦʣʝʤʠ ʝʬʠʢʘʩʥʦʩʪʘ ʥʘ ʦʚʠʝ ʩʠʩʪʝʤʠ ʧʦʪʨʝʙʥʦ 

ʝ ʜʘ ʩʝ ʜʝʪʝʢʪʠʨʘʘʪ ʠ ʝʣʠʤʠʥʠʨʘʘʪ ʠʩʪʝʢʫʚʘˁʘʪʘ. ʇʦʩʪʦʿʘʪ ʧʦʚʝ˃ʝ ʥʘʯʠʥʠ ʟʘ ʦʪʢʨʠʚʘˁʝ ʥʘ 

ʤʝʩʪʘ ʥʘ ʠʩʪʝʢʫʚʘˁʘ ʘ ʥʘʿʯʝʩʪʠ ʩʝ: 

- ʆʪʢʨʠʚʘˁʝ ʧʨʝʢʫ ʩʝʪʠʣʘ (ʟʚʫʢ, ʤʠʨʠʩ, ʚʠʜ) 

- ʋʣʪʨʘʟʚʫʯʥʦ ʦʪʢʨʠʚʘˁʝ 

- ʀʥʬʨʘʮʨʚʝʥʦ ʦʪʢʨʠʚʘˁʝ 

ɺʦ ʤʥʦʛʫ ʩʣʫʯʘʠ ʠʩʪʝʢʫʚʘˁʘʪʘ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʣʝʩʥʠ ʟʘ ʦʪʢʨʠʚʘˁʝ, ʤʝʺʫʪʦʘ ʟʘ ʦʪʢʨʠʚʘˁʝ 

ʥʘ ʥʝʢʦʠ ʠʩʪʝʢʫʚʘˁʘ ʧʦʪʨʝʙʥʦ ʝ ʢʦʤʙʠʥʠʨʘˁʝ ʥʘ ʥʝʢʦʠ ʦʜ ʤʝʪʦʜʠʪʝ. ʃʦʢʘʮʠʿʘʪʘ ʥʘ 

ʜʝʬʝʢʪʦʪ, ʦʜʥʦʩʥʦ ʠʩʪʝʢʫʚˁʝʪʦ ʚʦ ʦʚʠʝ ʩʠʩʪʝʤʠ, ʧʨʠ ʫʧʦʪʨʝʙʘ ʥʘ ʪʝʨʤʦʚʠʟʠʩʢʘ ʢʘʤʝʨʘ, ʩʝ 

ʤʘʥʠʬʝʩʪʠʨʘ ʢʘʢʦ ʧʦʣʝ ʩʦ ʧʦʥʠʩʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜ ʦʢʦʣʥʘʪʘ. ʐʪʦ ʝ ʧʦʛʦʣʝʤʘ  

ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʪʦʘ ʝ ʧʦʛʦʣʝʤʦ ʠʩʪʝʢʫʚʘˁʝʪʦ ʥʘ ʢʦʤʧʨʠʤʠʨʘʥ ʚʦʟʜʫʭ.  

 

ʉʣʠʢʘ 11 ʀʩʪʝʢʥʫʚʘˁʝ ʥʘ ʚʦʟʜʫʭ ʢʘʿ ʢʦʤʧʨʝʩʦʨʩʢʠ ʚʝʥʪʠʣ 

3.4 ɼʨʫʛʠ ʠʥʜʫʩʪʨʠʩʢʠ ʩʠʩʪʝʤʠ 

ʊʝʨʤʦʚʠʟʠʩʢʘʪʘ ʢʘʤʝʨʘ ʥʘʦʺʘ ʧʨʠʤʝʥʘ ʠ ʚʦ ʩʠʩʪʝʤʠʪʝ ʟʘ ʧʨʝʥʦʩ ʥʘ ʤʝʭʘʥʠʯʢʘ ʝʥʝʨʛʠʿʘ. 

ʄʝʭʘʥʠʯʢʠʪʝ ʧʨʝʥʦʩʥʠʮʠ ʩʝ ʜʝʣʘʪ ʩʧʦʨʝʜ ʧʨʠʥʮʠʧʦʪ ʠ ʥʘʯʠʥʦʪ ʥʘ ʧʨʝʥʦʩ ʥʘ ʩʠʣʘʪʘ. ɽʜʝʥ ʦʜ 

ʧʨʝʪʩʪʘʚʥʠʮʠʪʝ ʥʘ ʤʝʭʘʥʠʯʢʠ ʧʨʝʥʦʩʥʠʮʠ ʩʝ ʨʝʤʝʥʠʪʝ ʧʨʝʥʦʩʥʠʮʠ. ʈʝʤʝʥʠʦʪ ʧʨʝʥʦʩʥʠʢ ʩʝ 

ʩʦʩʪʦʠ ʦʜ ʥʘʿʤʘʣʢʫ ʜʚʝ ʪʨʢʘʣʘ, ʨʝʤʝʥʠʮʠ (ʧʦʛʦʥʩʢʘ ʠ ʛʦʥʝʪʘ) ʤʝʺʫʩʝʙʥʦ ʧʦʚʨʟʘʥʠ ʩʦ ʨʝʤʝʥ. 

ʅʘʿʯʝʩʪʠ ʟʘʛʫʙʠ ʥʘ ʝʥʝʨʛʠʿʘ ʧʨʠ ʦʚʦʿ ʧʨʝʥʦʩ ʩʝ ʩʣʫʯʫʚʘʘʪ ʧʦʨʘʜʠ ʥʝʧʦʨʘʤʥʝʪʦʩʪ ʠ ʥʝʧʨʘʚʠʣʥʘ 

ʟʘʪʝʛʥʘʪʦʩʪ. ʇʦʩʪʦʿʘʪ ʜʚʘ ʪʠʧʘ ʥʘ ʥʝʧʦʨʘʤʝʥʪʦʩʪ: ʘʛʦʣʥʘ ʠ ʧʘʨʘʣʝʣʥʘ. ʅʝʧʦʨʘʤʥʝʪʦʩʪʘ ʥʘ 

ʨʝʤʝʥʠʮʠʪʝ ʜʦʚʝʜʫʚʘ ʜʦ ʟʘʛʫʙʘ ʥʘ ʝʥʝʨʛʠʿʘ ʟʘ ʧʦʚʝ˃ʝ ʦʜ 2% ʠ ʦʚʠʝ ʟʘʛʫʙʠ ʤʦʞʘʪ ʣʝʩʥʦ ʜʘ ʩʝ 

ʧʨʠʢʘʞʘʪ ʩʦ ʧʦʤʦʰ ʥʘ ʪʝʨʤʦʚʠʟʠʩʢʘ ʢʘʤʝʨʘ. 



 

 

                    

ʉʣʠʢʘ 12 ʇʘʨʘʣʝʣʥʘ ʥʝʧʦʨʘʤʥʝʪʦʩʪ ʢʘʿ ʨʝʤʝʥʠ ʧʨʝʥʦʩʥʠʮʠ 

ʊʝʨʤʦʚʠʟʠʩʢʘʪʘ ʢʘʤʝʨʘ ʩʝ ʢʦʨʠʩʪʠ ʠ ʟʘ ʦʪʢʨʠʚʘˁʝ ʥʘ ʜʝʬʝʢʪ ʢʘʿ ʝʣʝʢʪʨʦʤʦʪʦʨʠ. ʉʝʢʦʿ 

ʤʦʪʦʨ ʠʤʘ ʩʚʦʿʘ ʥʦʨʤʘʣʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʨʘʙʦʪʝˁʝ. ʀʥʬʨʘʮʨʚʝʥʘʪʘ ʢʘʤʝʨʘ ʥʝ ʤʦʞʝ ʜʘ ʚʠʜʠ 

ʚʦ ʚʥʘʪʨʝʰʥʦʩʪʘ ʥʘ ʤʦʪʦʨʦʪ, ʥʦ ʥʘʜʚʦʨʝʰʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʝ ʠʥʜʠʢʘʪʦʨ ʥʘ ʚʥʘʪʨʝʰʥʘʪʘ. ʉʦ 

ʧʨʝʛʨʝʚʘˁʝ ʥʘ ʤʦʪʦʨʦʪ, ʞʠʚʦʪʥʠʦʪ ʚʝʢ ʥʘ ʥʘʤʦʪʢʠʪʝ ʩʝ ʥʘʤʘʣʫʚʘ. ɺʩʫʰʥʦʩʪ, ʩʦ ʩʝʢʦʝ 

ʧʦʢʘʯʫʚʘˁʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʟʘ 10 ʩʪʝʧʝʥʠ ʥʘʜ ʧʨʦʝʢʪʠʨʘʥʘʪʘ, ʞʠʚʦʪʥʠʦʪ ʚʝʢ ʥʘ ʥʘʤʦʪʢʠʪʝ ʩʝ 

ʥʘʤʘʣʫʚʘ ʟʘ 50%, ʜʫʨʠ ʠ ʧʨʝʛʨʝʚʘˁʝʪʦ ʜʘ ʙʠʜʝ ʧʨʠʚʨʝʤʝʥʦ. ɿʘ ʨʘʟʣʠʢʘ ʦʜ ʩʠʩʪʝʤʠʪʝ ʟʘ ʚʦʟʜʫʭ 

ʧʦʜ ʧʨʠʪʠʩʦʢ ʢʘʜʝ ʰʪʦ ʠʩʪʝʢʫʚʘˁʘʪʘ ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʘ ʬʦʪʦʛʨʘʬʠʿʘʪʘ ʩʦ ʧʦʥʠʩʢʘ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʢʘʿ ʝʣʝʢʪʨʦʤʦʪʦʨʠʪʝ ʜʝʬʝʢʪʠʪʝ ʩʝ ʥʘ ʤʝʩʪʘʪʘ ʩʦ ʥʘʿʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ. ɸʢʦ ʪʝʤʧʝʨʘʪʨʘʪʘ ʥʘ 

ʤʦʪʦʨʦʪ ʝ ʤʥʦʛʫ ʚʠʩʦʢʘ, ʪʝʨʤʦʚʠʟʠʩʢʘʪʘ ʢʘʤʝʨʘ ʤʦʞʝ ʪʦʯʥʦ ʜʘ ʧʦʢʘʞʝ ʜʘʣʠ ʧʨʝʛʨʝʚʘˁʝʪʦ 

ʜʦʘʺʘ ʦʜ ʣʝʞʠʰʪʘʪʘ, ʥʘʤʦʪʢʠʪʝ ʠʣʠ ʩʧʦʿʢʘʪʘ. ɿʘʛʨʝʚʘˁʝʪʦ ʥʘ ʩʧʦʿʢʘʪʘ ʝ ʠʥʜʠʢʘʪʦʨ ʥʘ 

ʥʝʧʦʨʘʤʥʝʪʦʩʪ.  

      

ʉʣʠʢʘ 8 ɿʘʛʨʝʚʘˁʝ ʥʘ ʣʝʞʠʰʪʝʪʦ ʢʘʿ ʝʣʝʢʪʨʦʤʦʪʦʨ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʣʦʰʘ ʤʦʥʪʘʞʘ 

4 ɼʀʉʂʋʉʀɱɸ 

ʇʦʩʪʦʿʘʥʠʦʪ ʧʦʨʘʩʪ ʥʘ ʧʦʪʨʦʰʫʚʘʯʢʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʩʚʝʪʦʪ, ʧʦʨʘʜʠ ʧʦʨʘʩʪʦʪ ʥʘ 

ʥʘʩʝʣʝʥʠʝʪʦ ʠ ʢʦʥʪʠʥʫʠʨʘʥʦʪʦ ʪʝʞʥʝʝˁʝ ʢʦʥ ʧʦʩʪʠʛʥʫʚʘˁʝ ʧʦʚʠʩʦʢ ʞʠʚʦʪʝʥ ʩʪʘʥʜʘʨʜ, ʦʙʠʯʥʦ 

ʟʥʘʯʠ ʠ ʧʦʛʦʣʝʤʘ ʧʦʙʘʨʫʚʘʯʢʘ ʟʘ ʝʥʝʨʛʠʿʘ. ʄʦʜʝʨʥʘʪʘ ʪʝʭʥʦʣʦʛʠʿʘ ʮʝʣʦʩʥʦ ʝ ʟʘʚʠʩʥʘ ʦʜ 

ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘʪʘ, ʘ ʜʠʨʝʢʪʥʘ ʧʦʩʣʝʜʠʮʘ ʦʜ ʪʦʘ ʝ ʧʦʪʨʝʙʘʪʘ ʦʜ ʧʦʩʪʦʿʘʥʠ ʠ ʠʥʪʝʥʟʠʚʥʠ 

ʚʣʦʞʫʚʘˁʘ ʚʦ ʨʘʟʚʦʿʦʪ ʠ ʫʥʘʧʨʝʜʫʚʘˁʝʪʦ ʥʘ ʝʥʝʨʛʝʪʩʢʠʦʪ ʩʝʢʪʦʨ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, 

ʧʨʝʪʭʦʜʥʦʪʦ ʩʝʨʠʦʟʥʦ ʿʘ ʥʘʤʝʪʥʫʚʘ ʧʦʪʨʝʙʘʪʘ ʟʘ ʧʦʩʪʦʿʘʥʦ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ 

ʝʬʠʢʘʩʥʦʩʪ ʠ ʟʘ ʨʘʮʠʦʥʘʣʥʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ. ʎʝʥʠʪʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʠʤʘʘʪ ʛʦʣʝʤʦ 

ʚʣʠʿʘʥʠʝ ʚʨʟ ʪʨʦʰʦʮʠʪʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʘʢʪʠʯʥʦ ʥʘ ʩʠʪʝ ʧʨʦʠʟʚʦʜʠ, ʘ ʩʦ ʪʦʘ ʠ ʚʨʟ ʩʠʪʝ 

ʩʝʛʤʝʥʪʠ ʥʘ ʯʦʚʝʢʦʚʦʪʦ ʩʝʢʦʿʜʥʝʚʠʝ. ʊʝʨʤʦʚʠʟʠʿʘʪʘ ʝ ʝʜʥʘ ʦʜ ʘʣʘʪʢʠʪʝ ʢʦʿʘ ʩʝ ʧʦʢʘʞʫʚʘ ʢʘʢʦ 

ʤʥʦʛʫ ʝʬʠʢʘʩʥʘ ʚʦ ʘʥʘʣʠʟʘʪʘ ʥʘ ʟʘʛʫʙʠʪʝ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʘʥʘʣʠʟʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʧʨʠʤʝʥʘ ʥʘ 

ʤʝʨʢʠ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʝʬʠʢʘʩʥʦʩʪ. ɿʘ ʢʦʨʠʩʪʝˁʝ ʥʘ ʪʝʨʤʦʚʠʟʠʿʘʪʘ ʝ ʧʦʪʨʝʙʥʦ 

ʟʥʘʝˁʝ ʥʘ ʧʨʦʮʝʩʠʪʝ ʥʘ ʢʦʥʚʝʨʟʠʿʘ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʦʧʪʠʯʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʪʝʣʦʪʦ ʠʣʠ 

ʦʙʿʝʢʪʦʪ ʰʪʦ ʩʝ ʘʥʘʣʠʟʠʨʘ. ɼʦʢʦʣʢʫ ʪʠʝ ʫʩʣʦʚʠ ʥʝ ʙʠʜʘʪ ʠʩʧʦʣʥʝʪʠ, ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ 

ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʮʝʣʦʩʥʦ ʧʦʛʨʝʰʥʠ ʠʣʠ ʚʦʦʧʰʪʦ ʜʘ ʥʝ ʩʝ ʠʜʝʥʪʠʬʠʢʫʚʘʘʪ ʟʘʛʫʙʠʪʝ. ʋʧʦʪʨʝʙʘʪʘ 

ʥʘ ʪʝʨʤʦʚʠʟʠʩʢʘ ʢʘʤʝʨʘ ʟʝʤʘ ʩʝ ʧʦʛʦʣʝʤ ʟʘʤʘʚ ʢʘʢʦ ʙʝʟʙʝʜʝʥ, ʝʢʦʥʦʤʠʯʝʥ ʠ ʧʨʝʮʠʟʝʥ ʥʘʯʠʥ ʟʘ 

ʘʥʘʣʠʟʘ ʥʘ ʝʥʝʨʛʝʪʩʢʠ ʧʨʦʮʝʩʠ, ʠʩʧʨʘʚʥʦʩʪ ʥʘ ʤʘʰʠʥʠ, ʥʠʚʥʘ ʧʨʘʚʠʣʥʘ ʤʦʥʪʘʞʘ ʠ ʩʣʠʯʥʦ. 


