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ʂʽʨʽʩʧʝ 

 

ᴄʣʝʤʜʝ ʭʘʣʳץ ʩʘʥʳʥʳש ʘʨʪʫʳ,  ᴇʤʽʨ ʩװʨʫ ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫסʘ ʜʝʛʝʥ 

ʪʘʣʧʳʥʳʩ, ᴅʩʽʨʝʩʝ, ʜʘʤʳסʘʥ ʝʣʜʝʨʜʝ ʵʥʝʨʛʠʷʥʳ ʪײʪʳʥʫʜʳץ שʘʨץʳʥʜʳ ʪװʨʜʝ 

ʘʨʪʫʳʥʘ ʩʝʙʝʧ ʙʦʣʜʳ. ɹײʣ ʘʜʘʤ ʤʝʥ ץʦʨʰʘסʘʥ ʆʨʪʘ (ʪʘʙʠסʘʪ) ʘʨʘʩʳʥʜʘ 

ʞʘᴃʘʥʜʳץ ץʘʡʰʳʣʳץʪʘʨ ʪʫʜʳʨʜʳ ʞᴅʥʝ ɾʝʨ ʤʝʥ סʘʨʳʰ ʘʨʘʩʳʥʜʘסʳ ʞʳʣʫʣʳץ 

ʪʝשʜʝʩʪʽʢʪʽש ʙײʟʳʣʫʳʥʘ ʘʣʳʧ ʢʝʣʝʜʽ.  

ᴄʣʝʤʜʽʢ  ץʦסʘʤʜʘʩʪʳץ, ʙʽʨʽʥʰʽ ʞʘסʳʥʘʥ, ʵʢʦʥʦʤʠʢʘʣʳץ ᴇʩʫ ʤʝʥ 

ʭʘʣʳץʪʳש ᴅʣ-ʘʫץʘʪʳʥ ʞʘץʩʘʨʪʫʜʳ (ᴅʩʽʨʝʩʝ, ʜʘʤʫʰʳ ʝʣʜʝʨʜʝ), ʝʢʽʥʰʽ ʞʘסʳʥʘʥ, 

 ʛʝʡʛʝ ʜʝʡʽʥשʘʫʽʧʩʽʟ ʜʝץ ʪʝʨʽʩ ᴅʩʝʨʽʥ שʽʩ-ᴅʨʝʢʝʪʽʥʽ שʘ ʘʜʘʤʥʳסʘʥ ʦʨʪʘסʦʨʰʘץ

ʪᴇʤʝʥʜʝʪʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʪײʨʘץʪʳ ʜʘʤʫסʘ ʢᴇʰʫʜʽץ שʘʞʝʪʪʽʛʽʥ 

ʤʦʡʳʥʜʘʜʳ. ʊײʨʘץʪʳ ʜʘʤʫסʘ ʢᴇʰʫʜʝ  ʞʘשʘ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ  ʤʝʥ 

ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽ, ʦʥʳש ʽʰʽʥʜʝ ץʘʡʪʘ ʞʘשʘʨʪʳʣʘʪʳʥ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽ,  ʘʩʘ 

ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ.  

ʘʨʪʳʣʘʪʳʥ   ʨʝʩʫʨʩʪʘʨ ʤʝʥ ʘʣʴʪʝʨʥʘʪʠʚʪʽ  ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽ ïשʘʡʪʘ ʞʘפ

 ʨʘʣʳ ʞᴅʥʝ ʢʝʣʝʰʝʢʪʝײץ ʳʟʜʳשᴇʪʝ ʤʘ שʵʢʦʥʦʤʠʢʘʥʳ ʜʘʤʳʪʫʜʳ ץʩʪʘʥʜʳץʘʟʘץ

ʝʣʜʽש ʵʥʝʨʛʝʪʠʢʘʣʳץ ץʘʫʽʧʩʽʟʜʽʛʥ̔ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʬʘʢʪʦʨ. 

çʕʥʝʨʛʝʪʠʢʘ ʪʫʨʘʣʳè, çʕʥʝʨʛʠʷ װʥʝʤʜʝʫ ʪʫʨʘʣʳè, çʄʝʤʣʝʢʝʪʪʽ 2030 

ʞʳʣסʘ ʜʝʡʽʥ ʜʘʤʳʪʫ ʩʪʨʘʪʝʛʠʷʩʳè, çפʘʡʪʘ ʞʘשʘʨʪʳʣʘʪʳʥ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥ 

ʧʘʡʜʘʣʘʥʫʜʳ ץʦʣʜʘʫ ʪʫʨʘʣʳè ʩʠʷץʪʳ ʟʘשʜʘʨ ʤʝʥ ʙʽʨ ץʘʪʘʨ װʢʽʤʝʪ 

 ʘʨʪʳʣʘʪʳʥ ʵʥʝʨʛʠʷשʘʡʪʘ ʞʘץ ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘץʘʟʘפ  ʘʫʣʳʣʘʨʳʥʜʘץ

ʢᴇʟʜʝʨʽ ʥʝʛʽʟʽʥʜʝ ʵʥʝʨʛʝʪʠʢʘʥʳ ײץʨʫ ʞᴅʥʝ ʜʘʤʳʪʫ ʪʫʨʘʣʳ ʙʘʩʘ ʘʡʪʳʣסʘʥ ʞᴅʥʝ 

ʞװʟʝʛʝ ʘʩʳʨʫ ʤʽʥʜʝʪʪʝʨʽ ʘʡץʳʥʜʘʣסʘʥ. 

 ʳʟʜʳשʳ ʤʘסʘʨʪʳʣʘʪʳʥ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥ ʠʛʝʨʫ ʩʘʣʘʩʳʥʜʘשʘʡʪʘ ʞʘפ

ʤᴅʩʝʣʝʣʝʨʜʽש ʙʽʨʽ ï ʜᴅʩʪװʨʣʽ ʝʤʝʩ ʞᴅʥʝ ץʘʡʪʘ ʞʘשʘʨʪʳʣʘʪʳʥ ʨʝʩʫʨʩʪʘʨʜʳ 

 ʨʘʩʪʳʨʫ, ʞʘʩʘʫ ʞᴅʥʝײץ ʳʣʘʨʜʳ ʦʡʣʘʧסʦʥʜʳʨץ ץʦʣʜʘʥʘʪʳʥ ʵʥʝʨʛʝʪʠʢʘʣʳץ

ʵʢʩʧʣʫʘʪʘʮʠʷʣʘʫ װʰʽʥ ʤʘʤʘʥʜʘʨ ʜʘʡʳʥʜʘʫ. 

çʕʣʝʢʪʨ ʵʥʝʨʛʝʪʠʢʘʩʳè ʤʘʤʘʥʜʳסʳ ʙʦʡʳʥʰʘ ʦץʠʪʳʥ ʩʪʫʜʝʥʪʪʝʨʛʝ 

ʘʨʥʘʣסʘʥ çפʘʡʪʘ ʞʘשʘʨʪʳʣʘʪʳʥ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽ ʞᴅʥʝ ʵʥʝʨʛʠʷʥ  rװʥʝʤʜʝʫè 

ʧᴅʥʽʥʽש ʤʘץʩʘʪʳ ï ʵʣʝʢʪʨʤʝʥ ʞᴅʥʝ ʞʳʣʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש ʤʝʤʣʝʢʝʪʪʽʢ 

ʞᴅʥʝ ʘʚʪʦʥʦʤʜʳץ ʞװʡʝʣʝʨʽʥʽש ʵʥʝʨʛʝʪʠʢʘʣʳװ ץʨʜʽʩʪʝʨʽʥʜʝ ץʘʡʪʘ 

ʞʘשʘʨʪʳʣʘʪʳʥ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥ ʧʘʡʜʘʣʘʥʫʜʳש, ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʜʘ ʵʥʝʨʛʠʷ 

 ʡʝʩʽʥװʥʝʛʽʟʜʝʨʽ ʙʦʡʳʥʰʘ  ʙʽʣʽʤ ʞ ץʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳס שʥʝʤʜʝʫʜʽװ

 .ʘʣʳʧʪʘʩʪʳʨʫץ

 ɹײʣ ʦץʫ ײץʨʘʣʳʥʜʘ  ʜᴅʩʪװʨʣʽ  ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥ ץʦʣʜʘʥʫʜʳש 

ʵʢʦʣʦʛʠʷʣʳץ ʘʩʧʝʢʪʣʝʨʽ, ʜᴅʩʪװʨʣʽ ʝʤʝʩ ʞᴅʥʝ ץʘʡʪʘ ʞʘשʘʨʪʳʣʘʪʳʥ ʵʥʝʨʛʠʷ 

ʢᴇʟʜʝʨʽʥʽש ʪװʨʣʝʨʽ, ʞʘʣʧʳ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʞᴅʥʝ ʦʣʘʨʜʳ ץʦʣʜʘʥʫʜʳש ᴇʟʝʢʪʽʣʽʛʽ 

  ʽʟשʭʠʪ ʧʝʥ ʪʝײʤ ,שʳʥ ʩʫʣʘʨʳʥʳסʘ שᴇʟʝʥʜʝʨʜʽ ,שʞʝʣʜʽ ,שʥʥʽװʘʨʘʩʪʳʨʳʣʳʧ, ʢץ

ʩʫʣʘʨʳʥʳש, ʪʝʨʤʘʣʜʳ ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳʥʳש  ʞᴅʥʝ ʙʠʦʤʘʩʩʘʥʳש ʵʥʝʨʛʠʷʣʘʨʳʥ 

 ʘʡʪʘפ .ʘʥסʳʣʘʨʳ ʩʠʧʘʪʪʘʣסʦʥʜʳʨץ ץʦʣʜʘʥʫ ʪᴅʩʽʣʜʝʨʽ ʤʝʥ ʪʝʭʥʠʢʘʣʳץ

ʞʘשʘʨʪʳʣʘʪʳʥ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥ ʧʘʡʜʘʣʘʥʫʜʳש ʵʢʦʣʦʛʠʷʣʳץ ʘʩʧʝʢʪʽʣʝʨʽ 

ʪʫʨʘʣʳ ʤʘסʣײʤʘʪʪʘʨ ʢʝʣʪʽʨʣ̔ʛʝʥ. 

 

 



8 
 

1 ɼᴅʩʪװʨʣʽ ʞᴅʥʝ ʜᴅʩʪװʨʣʽ ʝʤʝʩ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽ  

 

1.1 ɼᴅʩʪװʨʣʽ  ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽ ʞᴅʥʝ ʦʣʘʨʜʳ ץʦʣʜʘʥʫʜʳש 

ʵʢʦʣʦʛʠʷʣʳץ ʘʩʧʝʢʪʣ̔ʝʨʽ  

 

 ʕʥʝʨʛʠʷ ʝʢʽ ʙᴇʣʽʢʪʝʥ: ʞײʤʳʩ ʽʩʪʝʫʛʝ ץʘʙʽʣʝʪʪʽ ʘʢʪʠʚʪʽ ʙᴇʣʽʢʪʝʥ ʞᴅʥʝ ʩʦʣ 

ʞʘסʜʘʡʜʘ ʞײʤʳʩ ʽʩʪʝʫʛʝ ץʘʙʽʣʝʪʪʽ ʝʤʝʩ ʧʘʩʩʠʚʪʽ ʙᴇʣʽʢʪʝʥ ʪײʨʘʜʳ. ɸʢʪʠʚʪʽ 

ʵʥʝʨʛʠʷʥʳ ʵʢʩʝʨʛʠʷ, ʘʣ ʧʘʩʩʠʚʪʽ ʵʥʝʨʛʠʷʥʳ ʵʥʪʨʦʧʠʷ ʜʝʧ ʘʪʘʡʜʳ.  

ʂװʥ, ʞʝʣ, ᴇʟʝʥ ʞᴅʥʝ ʤײʭʠʪ ʵʥʝʨʛʠʷʩʳʥʳץ שʫʘʪʪʳ ʘסʳʥʜʘʨʳ ʞᴅʥʝ ʞʝʨʜʽש 

ʙʝʪʽʥʝ ʙʝʨʽʣʝʪʽʥ ɾʝʨʜʽש ʽʰʢʽ ʞʳʣʫʳ ʝש ʩʦשʳʥʜʘ ɾʝʨʜʽש ʤʘשʳʥʜʘסʳ 

ʢʝϬʽʩʪʽʢʪʽϬ ʵʥʪʨʦʧʠʷʩʳʥʘ ʪװʨʣʝʥʝʜʽ.   נʘʨʳʰסʘ ץʘʪʳʩʪʳ ʘʣסʘʥʜʘ ʞʝʨ ʙʝʪʽʥʽש 

ʞᴅʥʝ ʦʥʳש ʘʪʤʦʩʬʝʨʘʩʳʥʳש ʵʥʪʨʦʧʠʷʩʳ ʵʢʩʝʨʛʠʷ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʦʣ 

ʰʝʢʩʽʟ סʘʨʳʰʪʳץ ʢʝשʽʩʪʽʢʢʝ ʪʘʨʘʡʜʳ. ʆʩʳʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ɾʝʨʜʝ ʞʳʣʫʣʳץ 

ʪʝשʜʝʩʪʽʢ (ʪʝʧʝ-ʪʝשʜʽʢ) ʦʨʳʥ ʘʣʘʜʳ ʞᴅʥʝ ʪʽʨʰʽʣʽʢʪʽש ʙʦʣʫʳʥʘ ʞʘסʜʘʡ 

ʞʘʩʘʣʘʜʳ. 

ɾʝʨʜʝʛʽ ʭʘʣʳץ ʩʘʥʳʥʳש ʘʨʪʫʳ,  ᴇʤʽʨ ʩװʨʫ ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫסʘ ʜʝʛʝʥ 

ʪʘʣʧʳʥʳʩ, ᴅʩʽʨʝʩʝ, ʜʘʤʳסʘʥ ʝʣʜʝʨʜʝ ʵʥʝʨʛʠʷʥʳ ʪײʪʳʥʫʜʳץ שʘʨץʳʥʜʳ ʪװʨʜʝ 

ʘʨʪʫʳʥʘ ʩʝʙʝʧ ʙʦʣʘʜʳ. ɹײʣ ʘʜʘʤ ʤʝʥ ץʦʨʰʘסʘʥ ʆʨʪʘ (ʪʘʙʠסʘʪ) ʘʨʘʩʳʥʜʘ 

ʞʘᴃʘʥʜʳץ ץʘʡʰʳʣʳץʪʘʨ ʪʫʜʳʨʘʜʳ ʞᴅʥʝ ɾʝʨ ʤʝʥ סʘʨʳʰ ʘʨʘʩʳʥʜʘסʳ 

ʞʳʣʫʣʳץ ʪʝשʜʝʩʪʽʢʪʽש ʙײʟʳʣʫʳʥʘ ʘʣʳʧ ʢʝʣʝʜʽ.  

 ʄײʥʜʘʡ ʞʘסʜʘʡʜʳש ʪʫʳʥʜʘʫʳ װʣʢʝʥ ʩײʨʘʥʳʩץʘ ʠʝ ʵʥʝʨʛʠʷ ʪװʨʣʝʨʽʥ 

(ʵʣʝʢʪʨ, ʞʳʣʫ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ʵʥʝʨʛʠʷʣʘʨ) ᴇʥʜʽʨʫ ץʘʟʽʨʛʽ ʢʝʟʜʝ ʢᴇʧ 

ʞʘסʜʘʡʜʘ ᴅʨʪװʨʣʽ ʜᴅʩʪװʨʣʽ ʢᴇʤʽʨʩʫʪʝʢʪʽʢ ʦʪʳʥʜʘʨʜʳ ʘʫʘʜʘ ʞʘסʫ ʘʨץʳʣʳ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ.  

ɹʽʨʽʥʰʽ ʨʝʪʪʽʢ (çɻ ʥʝʨʛʝʪʠʢʘʣʳץè ʪʽʟʙʝʢʪʽש ʙʘʩʳʥʜʘ ʪײʨסʘʥʜʳץʪʘʥ) 

ʵʥʝʨʛʦʨʝʩʫʨʩʪʘʨסʘ ʘʣסʘʰץʳ ʢʝʟʝʢʪʝ ʤʳʥʘʣʘʨʜʳ ʞʘʪץʳʟʘʜʳ:  

- ʜϸʩʪϮʨʣʽ (ʥʝʛʽʟʛʽ): ʢᴇʤʽʨ, ʤײʥʘʡ, ʛʘʟ, ʫʨʘʥ, ʩʫ ʵʥʝʨʛʠʷʩʳ; 

- ʜϸʩʪϮʨʣʽ ʝʤʝʩ, Ϩʘʡʪʘ ʞʘϬϤʳʨʪʳʣʘʪʳʥ ʵʥʝʨʛʦʨʝʩʫʨʩʪʘʨ; 

 - ʙײʨʳʥ ʩʠʨʝʢ ץʦʣʜʘʥʳʣʘʪʳʥ ʜϸʩʪϮʨʣʽ ʝʤʝʩ, Ϩʘʡʪʘ 

ʞʘϬϤʳʨʪʳʣʤʘʡʪʳʥ ʵʥʝʨʛʦʨʝʩʫʨʩʪʘʨ.  

ɹʽʨʽʥʰʽ ʨʝʪʪʽʢ ʵʥʝʨʛʦʨʝʩʫʨʩʪʘʨʜʳ ʪװʨʣʝʥʜʽʨʫ ʘʨץʳʣʳ ʪʽʢʝʣʝʡ 

 ʦʣʜʘʥʳʣʘʪʳʥ ʝʢʽʥʰʽ ʨʝʪʪʽʢ ʵʥʝʨʛʦʨʝʩʫʨʩʪʘʨʜʳ ( ʢϺʧ ʞʘϤʜʘʡʜʘ ʵʣʝʢʪʨץ

ʵʥʝʨʛʠʷʩʳ ʞϸʥʝ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳ) ᴇʥʜʽʨʝʜʽ.  

ʂᴇʤʽʨʩʫʪʝʢʪʽʢ ʦʪʳʥʜʘʨʜʘ ʙʦʣʘʪʳʥ ʭʠʤʠʷʣʳץ ʵʥʝʨʛʠʷʥʳ ʧʘʡʜʘʣʳ 

 - ʘʥ ʙᴇʣʽʛʽ (70 %)סʘʣץ שʦʣʜʘʥʫ ʢᴇʨʩʝʪʢʽʰʽ 30 %  ʘʩʧʘʡʜʳ. ʕʥʝʨʛʠʷʥʳץ

ʤʠʣʣʠʘʨʜʪʘסʘʥ  ʛʠʛʘʢʘʣʦʨʠʷʣʘʨ ï ץʦʨʰʘסʘʥ ʢʝשʽʩʪʽʢʢʝ ʪʘʨʘʡʜʳ ʞᴅʥʝ  ʦʜʘʥ ᴅʨʽ 

ʙײʣ ʞʳʣʫ ɾʝʨʜʽש ʞʳʣʫʣʳץ ʙʘʣʘʥʩʳʥ ʩʘץʪʘʫ װʰʽʥ סʘʨʳʰסʘ ʢʝʪʫʽ ʢʝʨʝʢ. ɹʽʨʘץ 

ʞʳʣʳʥʘ ʤʠʣʣʠʘʨʜʪʘסʘʥ ʪʦʥʥʘ ʢᴇʤʽʨ, ʤײʥʘʡ, ʛʘʟ ʞʘסʘʪʳʥ ʵʥʝʨʛʝʪʠʢʘʣʳץ 

ʦʙʲʝʢʪʽʣʝʨ ʞײʤʳʩ ʞʘʩʘסʘʥ ʢʝʟʜʝ çʞʳʣʳʞʘʡʣʳϨ (ʧʘʨʥʠʢʪʽʢ) ʛʘʟʜʘʨè ʜʝʧ 

ʘʪʘʣʘʪʳʥ ʞᴅʥʝ ʙʘʩץʘʜʘʡ ץʦʩʳʥʜʳʣʘʨ ʧʘʡʜʘ ʙʦʣʘʜʳ. 

ɾʳʣʳʞʘʡʣʳϨ ʛʘʟʜʘʨ ï ʦʪʳʥʜʳ ʞʘסʫ ʞᴅʥʝ ʘʜʘʤʥʳש ʙʘʩץʘʜʘʡ 

ʪʝʭʥʦʛʝʥʜʽʢ ץʳʟʤʝʪʽ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ᴇʥʽʤʜʝʨ ï ʘʪʤʦʩʬʝʨʘʥʳש ʞʦסʘʨסʳ 

 ʳʟʳʣץʘʥ ʠʥʬʨʘסʙʝʪʽʥʜʝ ʧʘʡʜʘ ʙʦʣ שʘʙʘʪʪʘʨʳʥʜʘ ʞʠʥʘʣʘʜʳ ʜʘ, ʞʝʨʜʽץ

ʞʳʣʫʣʳץ ʩᴅʫʣʝʣʝʨʜʽס שʘʨʳʰץʘ ʢʝʪʫʽʥʝ ʢʝʜʝʨʛʽ ʞʘʩʘʡʪʳʥ ץʘʙʘʪ ײץʨʘʡʜʳ.   ɹײʣ 
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ʞʝʨ ʘʪʤʦʩʬʝʨʘʩʳʥʜʘסʳ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥʳס שʘʨʳʰץʘ ʪʘʨʘʧ ʢʝʪʫʽʥʝ ʢʝʜʝʨʛʽ 

ʞʘʩʘʡʜʳ. çɾʳʣʳʞʘʡʣʳϨ ʵʬʬʝʢʪè ʧʘʡʜʘ ʙʦʣʘʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ʧʣʘʥʝʪʘʥʳש 

ʦʨʪʘʰʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʞʦסʘʨʣʘʡʜʳ. 

ʅʝʛʽʟʛʽ çʞʳʣʳʞʘʡʣʳϨ  ʛʘʟʜʘʨϤʘè ʤʳʥʘʣʘʨ ʞʘʪʘʜʳ: 

ʂϺʤʽʨʪʝʛʽʥʽϬ ʝʢʽʣʝʥʛʝʥ ʪʦʪʳϤʳ (CO2) - (ʢᴇʤʽʨʪʝʛʽʥʽש ʜʠʦʢʩʠʜʽ, 

ʢᴇʤʽʨץʳʰץʳʣ ʛʘʟ)  ʘʤʤʠʘʢ, ʩʧʠʨʪʪʝʨ ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝ, ʩʦʥʳʤʝʥ ʦʪʳʥʜʳ ʘʨʥʘʡʳ 

ʞʘסʫ ʢʝʟʽʥʜʝ ʞᴅʥʝ ʪ.ʙ. ʞʘסʜʘʡʜʘ ʧʘʡʜʘ ʙʦʣʘʜʳ.   

ʄʝʪʘʥ (CH4) - ʢᴇʤʽʨץʳʰץʳʣ ʛʘʟסʘ ץʘʨʘסʘʥʜʘ çʢװʰʪʽè ʞʳʣʳʞʘʡʣʳץ ʛʘʟ.  

ʍʠʤʠʷʣʳץ ᴇʥʝʨʢᴅʩʽʧʪʝ ʢᴇʧʪʝʛʝʥ ʙʘסʘʣʳ ᴇʥʽʤʜʝʨ ʘʣʫסʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʰʠʢʽʟʘʪ. 

ʆʪʳʥ ʨʝʪʽʥʜʝ ʜʝ ץʦʣʜʘʥʳʣʘʜʳ.  

ɸʟʦʪ ʪʦʪʳϤʳ (N2O) - çʢᴇשʽʣʜʽʨʝʪʽʥ ʛʘʟè. ʅʝʛʽʟʛʽ ץʦʣʜʘʥʳʣʘʪʳʥ ʩʘʣʘʩʳ: 

ʘʜʘʤʜʳ ʝʩʪʝʥ ʘʡʳʨʘʪʳʥ ʤʝʜʠʮʠʥʘʣʳץ ᴅʨʝʢʝʪʪʝʨ ʞʘʩʘסʘʥ ʢʝʟʜʝ ץʦʣʜʘʥʳʣʘʜʳ.  

ɻʠʜʨʦʬʪʦʨʢϺʤʽʨʪʝʢʪʽʣʝʨ ï ɻʌʋ  - ʢᴇʤʽʨʩʫʪʝʢʪʽʢ ʪʫʳʥʜʳʣʘʨ.  

ʇʝʨʬʪʦʨʢϺʤʽʨʪʝʢʪʽʣʝʨ ï ʇʌ (Perfluorocarbons - PFCs) - ʘʣʶʤʠʥʠʡ 

ᴇʥʜʽʨʽʩʽ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʜʳ. 

ʂϮʢʽʨʪ ʛʝʢʩʘʬʪʦʨʠʜʽ (SF6) - CO2 ץʘʨʘסʘʥʜʘ 22200 ʝʩʝ  çʢװʰʪʽè  

ʞʳʣʳʞʘʡʣʳץ  ʛʘʟ. ɸʪʤʦʩʬʝʨʘʜʘ ײʟʘץ ʩʘץʪʘʣʘʜʳ ʞᴅʥʝ ʠʥʬʨʘץʳʟʳʣ ʩᴅʫʣʝʣʝʨʜʽ 

ᴇʪʝ ʞʘץʩʳ ʞײʪʘʜʳ (ʙʦʡʳʥʘ ʩʽשʽʨʝʜʽ).  

ɾʳʣʳʞʘʡʣʳץ ʵʬʬʝʢʪ ʪᴇʪʝʥʰʝ ʪʘʙʠסʠ ʘʧʘʪʪʘʨ ʧʘʡʜʘ ʙʦʣʫʳʥʘ ʩʝʙʝʧ 

ʙʦʣʘʜʳ  ï  װʣʢʝʥ ʪʝʨʨʠʪʦʨʠʷʣʘʨ (ʀʥʜʦʥʝʟʠʷ, תʥʜʽʩʪʘʥ, פʳʪʘʡ, ɽʫʨʦʧʘ, 

ɸʤʝʨʠʢʘ, ɾʘʧʦʥʠʷ) ʤʝʥ ץʘʣʘʣʘʨʜʘ  ʩʫ ʪʘʩʫ, ʮʫʥʘʤʠ, ʢᴇʰʢʽʥʜʝʨ ʤʝʥ ʩʝʣ ʞװʨʫ, 

 ʞᴅʥʝ ץʥʜʘʡ ʘʧʘʪʪʘʨʜʘʥ ʢʝʣʝʪʽʥ ʵʢʦʥʦʤʠʢʘʣʳײʞʠʽʣʝʡʜʽ. ʄ ץʰʳʣʳשʫʘץ

ʘʜʘʤʜʳץ ʰʳסʳʥʜʘʨ ᴇʪʝ װʣʢʝʥ ʙʦʣʘʜʳ. ʊᴇʪʝʥʰʝ ʪʘʙʠסʠ ʘʧʘʪʪʘʨ ʧʘʡʜʘ ʙʦʣʫ 

ʩʝʙʝʙʽ  ï  çʞʳʣʞʘʡʣʳץ ʛʘʟʜʘʨè  ᴅʩʝʨʽʥʝʥ    ɾʝʨ ʙʝʪʽʥʽש ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳ0,5  ש 
0
ʉ é1,5 

0
ʉ, ʘʣ ʢʝʡ ʞʝʨʣʝʨʜʝ 3,0 

0
ʉ ʞʦסʘʨʣʘʫʳ.  פʘʨץʳʥʜʳ ʝʨʫ ʥᴅʪʠʞʝʩʽʥʜʝ  

ɸʨʢʪʠʢʘ ʤʝʥ ɸʥʪʘʨʢʪʠʢʘʜʘסʳ ʤײʟʜʘʨ ץʘʙʘʪʳʥʳץ שʘʣʳשʜʳסʳ ʤʝʥ ʘʫʜʘʥʳ 

ʘʟʘʷʜʳ.  ɹʠʽʢ ʪʘʫ ʰʳשʜʘʨʳʥʜʘסʳ ʤᴅשʛʽʣʽʢ ץʘʨ ץʘʙʘʪʳʥʜʘסʳ ʩʫ ץʦʨʳ ʘʟʘʷʜʳ. 

ʄײʥʜʘʡ ʟʠʷʥʜʳ װʨʜʽʩʪʝʨʛʝ ɹʽʨʽʢʢʝʥ ױʣʪʪʘʨ ױʡʳʤʳ (ɹױױ) ץʘʪʪʳ ʥʘʟʘʨ 

ʘʫʜʘʨʳʧ ʦʪʳʨ. ɹײʣ ײʡʳʤ  ץʦʨʰʘסʘʥ ʦʨʪʘʥʳ ץʦʨסʘʫ ʤʝʥ ʢʣʠʤʘʪʪʳש ᴇʟʛʝʨʫʽʥʝ 

 שè ʛʘʟʜʘʨʜʳץʘʪʳʩʪʳ   ʙʽʨʥʝʰʝ ʢʦʥʬʝʨʝʥʮʠʷʣʘʨ  ᴇʪʢʽʟʽʧ, çʞʳʣʳʞʘʡʣʳץ

ʘʪʤʦʩʬʝʨʘסʘ ʞʽʙʝʨʽʣʫ ʤᴇʣʰʝʨʽʥ ʘʟʘʡʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʙʘסʜʘʨʣʘʤʘʣʘʨ ʤʝʥ 

  .ʳʟʳ ʟʦʨשʽʰʽʥʜʝ  ʂʠʦʪʦ ʭʘʪʪʘʤʘʩʳʥʳϬ ʤʘ שʩʳʥʳʩʪʘʨʜʳ ʙʝʢʽʪʪʽ. ʉʦʣʘʨʜʳײ

ʂʠʦʪʦ  ʭʘʪʪʘʤʘʩʳ - ʂʠʦʪʦʜʘ (ɾʘʧʦʥʠʷ) 1997 ʞʳʣʳʥʳש ʞʝʣʪʦץʩʘʥ 

ʘʡʳʥʜʘ ץʘʙʳʣʜʘʥסʘʥ ʢʣʠʤʘʪʪʳש ᴇʟʛʝʨʫʽ  ʪʫʨʘʣʳ ʭʘʣʳץʘʨʘʣʳײץ ץʞʘʪ.  ɹײʣ 

ʭʘʪʪʘʤʘ   2008 - 2012 ʞʳʣʜʘʨʳ ʘʨʘʣʳסʳʥʜʘ ʢᴇʤʽʨץʳʰץʳʣ ʛʘʟʜʳש, ʤʝʪʘʥʥʳש 

ʞᴅʥʝ ʪ.ʙ. ʞʳʣʳʞʘʡʣʳץ ʛʘʟʜʘʨʜrש ʘʪʤʦʩʬʝʨʘסʘ ʙʝʨʽʣʫʽʥʽש  ʞʘʣʧʳ ʢᴇʣʝʤʽʥ 

1990 ʞʳʣסʳ ʜʝשʛʝʡʛʝ ץʘʨʘסʘʥʜʘ 5,2 % ʘʟʘʡʪʫʜʳ ץʘʨʘʩʪʳʨʘʜʳ. 

ʂʠʦʪʦ ʭʘʪʪʘʤʘʩʳ 2005 ʞʳʣʳ 16 ʘץʧʘʥʜʘ ʞװʟʝʛʝ ʝʥʜʽ, ʦʥʳ 180 ʤʝʤʣʝʢʝʪ 

ʙʝʢʽʪʪʽ. ʂʠʦʪʦ ʭʘʪʪʘʤʘʩʳ ʠʢʝʤʜʽ ʥʘʨʳץʪʳץ ʤʝʭʘʥʠʟʤʜʽ ײʩʳʥʘʜʳ (ʪʘʟʘ ʜʘʤʫ 

ʤʝʭʘʥʠʟʤʽ, ʙʽʨʛʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥ ʞʦʙʘʣʘʨ, ʢʚʦʪʘʣʘʨʜʳ ʩʘʪʫ). 

ʂʠʦʪʦ ʭʘʪʪʘʤʘʩʳʥʜʘ  ʞʳʣʳʞʘʡʣʳץ ʛʘʟʜʘʨʜʳש ʘʪʤʦʩʬʝʨʘסʘ ʙᴇʣʽʥʫʽ 

ʙʦʡʳʥʰʘ ʤʝʤʣʝʢʝʪʪʝʨ װʰʽʥ  ʙʝʣʛʽʣʽ ʙʽʨ ʣʠʤʠʪʪʝʨ ץʘʨʘʩʪʳʨʳʣסʘʥ.  

ʍʘʪʪʘʤʘסʘ ʩᴅʡʢʝʩ, ɽʫʨʦʦʜʘץ  çʞʳʣʳʞʘʡʣʳץè ʛʘʟʜʘʨʜʳש ʙᴇʣʽʥʫʽʥ 8 %, 

ɾʘʧʦʥʠʷ ʤʝʥ ʂʘʥʘʜʘ ï 6 %, ʐʳסʳʩ ɽʫʨʦʧʘʥʳש ʝʣʜʝʨʽ  ʤʝʥ ʇʨʠʙʘʣʪʠʢʘ ï 8 % 
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ʘʟʘʡʪʫʳ ʢʝʨʝʢ, ʘʣ ʈʝʩʝʡ ʤʝʥ ʋʢʨʘʠʥʘ ï 2008 ï 2012 ʞʳʣʜʘʨʳ ʦʨʪʘʰʘ ʞʳʣʜʳץ 

ʛʘʟʜʘʨʜʳש  ʙᴇʣʽʥʫʽʥ 1990 ʞʳʣסʳ ʜʝשʛʝʡʜʝ ץʘʣʜʳʨʘʜʳ. ɼʘʤʫʰʳ ʝʣʜʝʨ 

 ᴇʟ ʝʨʢʽʤʝʥ ʤʽʥʜʝʪʪʝʤʝ ץᴇʟʜʝʨʽʥʝ ʤʽʥʜʝʪʪʝʤʝ ʘʣʤʘʡʜʳ, ʙʽʨʘ (ʥʜʽʩʪʘʥת,ʳʪʘʡפ)

ʘʣסʘʥ ʞʘסʜʘʡʜʘ ʦʣ װʰʽʥ ץʘʨʞʳ ʘʣʘʜʳ.   

 ʢʦʥʚʝʥʮʠʷʩʳʥʘ 1995 ץʈʘʤʘʣʳ ױױᴇʟʛʝʨʫʽ ʪʫʨʘʣʳ ɹ שʩʪʘʥ ʢʣʠʤʘʪʪʳץʘʟʘפ

ʞʳʣʳ ץʦʩʳʣʳʧ, 1999 ʞʳʣʳ  ʂʠʦʪʦ ʭʘʪʪʘʤʘʩʳʥʘ ץʦʣ ץʦʡʜʳ, ʙʽʨʘץ  ʭʘʪʪʘʤʘ 

2009 ʞʳʣʳ סʘʥʘ ʢװʰʽʥʝ ʝʥʜʽ.  

2015 ʞʳʣʳ ʞʝʣʪʦץʩʘʥ ʘʡʳʥʜʘ ʇʘʨʠʞʜʝ (ʌʨʘʥʮʠʷ) ᴇʪʢʝʥ, 195 ʤʝʤʣʝʢʝʪ 

 .ʘʙʳʣʜʘʥʜʳץ ʘ ʢʝʣʽʩʽʤשʘʥ  ʢʦʥʬʝʨʝʥʮʠʷʜʘ ʢʣʠʤʘʪ ᴇʟʛʝʨʽʩʽ ʪʫʨʘʣʳ ʞʘץʘʪʳʩץ

ʇʘʨʠʞ ʢʦʥʬʝʨʝʥʮʠʷʩʳʥʘ ץʘʪʳʩʫʰʳ ʤʝʤʣʝʢʝʪʪʝʨ ʘʫʘʥʳש ʦʨʪʘʰʘ 

ʪʝʤʧʝʨʘʪʫʨʘʩʥrʳש ʞʦסʘʨʳʣʘʫʳʥ  1,5 ęC ʘʩʳʨʤʘʫסʘ ʢʝʣʽʩʪʽ. ɹײʣ ʢʝʣʽʩʽʤ 

ʢʣʠʤʘʪ ᴇʟʛʝʨʽʩʽʤʝʥ ʢװʨʝʩʫ ʤʝʥ ʢʘʟʙʘʣʳ ʢᴇʤʽʨʪʝʢʪʽʢ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥ ʘʟ 

 ʘʜʘʤ ʜʝʧץ ʘʥ ʙʘʪʳʣסʘ ʢᴇʰʫ ʞʦʣʳʥʜʘ ʞʘʩʘʣסʘ ʵʢʦʥʦʤʠʢʘשʦʣʜʘʪʳʥ ʞʘץ

ʙʘסʘʣʘʥʜʳ. ʂʝʣʽʩʽʤ 2020 ʞʳʣʳ ʢװʰʽʥʝ ʝʥʫ ʢʝʨʝʢ. ʆʩʳ ʞʳʣסʘ ʜʝʡʽʥ ᴅʨ 

ʤʝʤʣʝʢʝʪ çʞʳʣʳʞʘʡʣʳץè ʛʘʟʜʘʨʜʳש ʘʫʘסʘ ʪʘʨʘʡʪʳʥ ʤᴇʣʰʝʨʽʥ ʘʟʘʡʪʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ ױʣʪʪʳץ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥ ʜʘʡʳʥʜʘʫʳ ʪʠʽʩ. 2030 ʞʳʣסʘ ʜʝʡʽʥ 1990 

ʞʳʣסʳ ʢᴇʨʩʝʪʢʽʰʧʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ɽʫʨʦʦʜʘ40% ץ ʜʝʡʽʥ, ʈʝʩʝʡ 20% ʜʝʡʽʥ, 

2005 ʞʳʣʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ɾʘʧʦʥʠʷ 25,4% ʜʝʡʽʥ, פʳʪʘʡ ï 60-65% ʜʝʡʽʥ, 

ʂʘʥʘʜʘ ʤʝʥ ɸפʐ - 30% ʜʝʡʽʥ ʘʟʘʡʪʫʜʳ ʞʦʩʧʘʨʣʘʧ ʦʪʳʨ.  

ʂʣʠʤʘʪ ᴇʟʛʝʨʽʩʽʤʝʥ ʢװʨʝʩʫ װʰʽʥ ʇʘʨʠʞ ʢʦʥʬʝʨʝʥʮʠʷʩʳ  ʜʘʤrסʘʥ 

ʝʣʜʝʨʜʝʥ ʞʳʣʳʥʘ 100 ʤʠʣʣʠʘʨʜ ʜʦʣʣʘʨ ʞʠʥʘʣʫʳ ʢʝʨʝʢ ʜʝʧ ʰʝʰʪʽ.  

çתʣʢʝʥè ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ʞᴅʥʝ çʘʪʦʤè  ʜᴅʩʪװʨʣʽ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥʝ 

ʞʘʪʘʜʳ. ʆʣʘʨ ʜʘ ʵʢʦʣʦʛʠʷ ʞʘסʳʥʘʥ çʪʘʟʘ ʝʤʝʩè. ɸʕʉ ײץʨʳʣʳʩʳ, ץʦʣʜʘʥʳʣʫʳ 

ʞᴅʥʝ ʞײʤʳʩ ʽʩʪʝʫ ʩʝʥʽʤʜʽʣʽʛʽ ᴇʪʝ ʞʦסʘʨʳ ʩʪʘʥʜʘʨʪץʘ ʩᴅʡʢʝʩ ʢʝʣʫ ʢʝʨʝʢ 

(ʏʝʨʥʦʙʳʣʴ ʞᴅʥʝ ʌʫʢʫʩʠʤʘʥʳ ʝʩʢʝ ʘʣʫסʘ ʙʦʣʘʜʳ). 

 ʜʝʧ, ʧʘʡʜʘʣʘʥʫשʘʡʪʘ ᴇץ ʪʘʨʳʥץʘʣʜʳץ שʦʪʳʥʥʳ ץʘʥ ʷʜʝʨʣʳסʦʣʜʘʥʳʣפ

ᴇʪʝ ץʠʳʥ ʤᴅʩʝʣʝ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ.  

 ʤʳʩʘʣʳ,  ʌʨʘʥʮʠʷʜʘ  ï 80 %,  ɹʝʣʴʛʠʷ ,שʘʟʽʨʛʽ ʢʝʟʜʝ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʥʳפ

ï 60 % ʞʫʳץ, ʈʝʩʝʡʜʝ ï 15 %  ɸʕʉ ᴇʥʜʽʨʽʣʝʜʽ.  

ɯʨʽ ʛʠʜʨʦʵʣʝʢʪʨʩʪʘʥʩʘʣʘʨ ʩʘʣסʘʥ ʢʝʟʜʝ ʙʠʽʢ ʧʣʦʪʠʥʘʣʘʨ ʪײʨסʳʟʘʜʳ (200 

ʤé300 ʤ ʜʝʡʽʥ), ʧʘʡʜʘʣʘʥʫסʘ ʞʘʨʘʤʜʳ ʞʝʨʣʝʨʜʽװ שʣʢʝʥ ʘʫʤʘסʳʥ ʩʫ ʙʘʩʘʜʳ, 

ʩʦʥʜʳץʪʘʥ ʦʣ ʘʫʤʘץ ʘʡʥʘʣʳʤʥʘʥ ʰʳסʘʨʳʣʧr ʪʘʩʪʘʣʘʜʳ, ʘʫʳʣ ʞᴅʥʝ ʙʘʣʳץ 

ʰʘʨʫʘʰʳʣʳץʪʘʨʳ ʟʠʷʥ ʰʝʛʝʜʽ.  

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʜᴅʩʪװʨʣʽ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʨʝʩʫʨʩʪʘʨʜʳש (ʢᴇʤʽʨ, ʤײʥʘʡ, 

ʛʘʟ, ʫʨʘʥ ʞᴅʥʝ ʪ.ʙ.) ץʦʨʳ (ʩʫ ʵʥʝʨʛʠʷʩʳʥʘʥ ʙʘʩץʘ) ʰʝʢʪʝʫʣʽ ʝʢʝʥʽʥ ʝʩʢʝʨʫʽʤʽʟ 

ʢʝʨʝʢ. ɹʦʣʞʘʤ ʙʦʡʳʥʰʘ, ʢᴇʤʽʨʜʽץ שʦʨʳ - 15 ʪʨʣʥ ʪ (ʙʘʨʣʘʥסʘʥʳ -  1685 ʤʣʨʜ 

ʪ), ʤײʥʘʡʜʳץ שʦʨʳ ï 500 ʤʣʨʜ ʪ (ʙʘʨʣʘʥסʘʥʳ -  137  ʤʣʨʜ ʪ), ʛʘʟʜʳץ שʦʨʳ  - 

400 ʪʨʣʥ ʤ
3 
 (ʙʘʨʣʘʥסʘʥʳ -  140 ʪʨʣʥ ʤ

3
)
 
, ʘʣ ʫʨʘʥʥʳש ᴅʣʝʤʜʽʢ ץʦʨʳ 1,5 ʤʣʥ ʪ  

 ʘʟʽʨʛʽʜʝʡ ʙʦʣʩʘ, ʦʥʜʘ ʢᴇʤʽʨ  400ץ ʛʝʡʽשʨʘʡʜʳ. ᴄʣʝʤʜʝ ʦʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʜʝײץ

ʞʳʣסʘ, ʤײʥʘʡ 42 ʞʳʣסʘ, ʛʘʟ 61 ʞʳʣסʘ ʞʝʪʝʜʽ.  ɸʣ פʘʟʘץʩʪʘʥסʘ ץʘʪʳʩʪʳ ʘʣʩʘץ,  

ʤײʥʘʡ  70 ʞʳʣסʘ, ʪʘʙʠסʠ ʛʘʟ 85 ʞʳʣסʘ ʞʝʪʝʜʽ. 

ɼᴅʩʪװʨʣʽ ץʘʟʙʘʣʳ ʵʥʝʨʛʦʨʝʩʫʨʩʪʘʨסʘ ʘʜʘʤʜʘʨ ʘʨʥʘʫʣʳ ʘʫʳʨ ʝϬʙʝʢ 

ʘʨϨʳʣʳ ʞϸʥʝ Ϯʣʢʝʥ Ϩʘʨʞʳ ʞϰʤʩʘʫ ʘʨϨʳʣʳ Ϩʦʣ ʞʝʪʢʽʟʝʜʽ, ʦʥʳש ʤᴇʣʰʝʨʽ 

ʞʳʣʜʘʥ-ʞʳʣסʘ ʪʦץʪʘʫʩʳʟ ᴇʩʫʜʝ.  
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ɸʜʘʤʟʘʪץʘ ʢʝʨʝʢ ʵʥʝʨʛʠʷ ʤᴇʣʰʝʨʽ  ʜʝ ʞʳʣʜʘʥ ʞʳʣסʘ ᴇʩʫʜʝ. ʕʥʝʨʛʠʷסʘ 

ʜʝʛʝʥ װʣʢʝʥ ʩײʨʘʥʳʩʪʳש ʙʝʣʛʽʣʽ ʙʽʨ ʙᴇʣʽʛʽʥ ʙʘʩץʘʜʘʡ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽ ï 

ʜϸʩʪϮʨʣʽ ʝʤʝʩ (ץʘʡʪʘ ʞʘסשʳʨʘʪʳʥ ʞᴅʥʝ ץʘʡʪʘ ʞʘסשʳʨʤʘʡʪʳʥ) ʢϺʟʜʝʨʽ ʘʨץʳʣʳ 

  .ʘ ʙʦʣʘʜʳסʘʪʪʘʥʜʳʨʫסʘʥʘץ

  

1.2 ɼᴅʩʪװʨʣʽ ʝʤʝʩ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽ 

 

ɼϸʩʪϮʨʣʽ ʝʤʝʩ ʵʥʝʨʛʠʷ  ʘϤʳʥʳ ï ʙײʣ ץʦʨʰʘסʘʥ ʦʨʪʘʜʘ ʪײʨʘץʪʳ ʪװʨʜʝ 

ʥʝʤʝʩʝ ʧʝʨʠʦʜʪʳ ʪװʨʜʝ ʙʦʣʘʪʳʥ ʵʥʝʨʛʠʷ ʘסʳʥʳ.  ɼᴅʩʪװʨʣʽ ʝʤʝʩ ʵʥʝʨʛʠʷ 

ʢᴇʟʜʝʨʽʥʽש   ʙʘסʘʣʳ ץʘʩʠʝʪʽ  ï ʧʣʘʥʝʪʘʥʳש ʢʝʟ ʢʝʣʛʝʥ ʥװʢʪʝʩʽʥʜʝ ʧʘʡʜʘʣʘʥʫסʘ 

ʙʦʣʘʪʳʥ ץʘʥʜʘʡ ʜʘ ʙʽʨ ʜᴅʩʪװʨʣʽ ʝʤʝʩ ʨʝʩʫʨʩ (ʞʝʣ, ʢװʥ)  ʪʘʫr ʧ, ʧʘʡʜʘʣʘʥʫסʘ 

ʙʦʣʘʪʳʥʜʳסʳʥʜʘ. 

1978 ʞʳʣʳ ɹױױ ɹʘʩ  ɸʩʩʘʤʙʣʝʷʩʳ  ʜᴅʩʪװʨʣʽ ʝʤʝʩ ʞᴅʥʝ ץʘʡʪʘ 

ʞʘסשʳʨʘʪʳʥ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥʽש ʪʽʟʽʤʽʥ ʙʝʢʽʪʪʽ.  ɼϸʩʪϮʨʣʽ ʝʤʝʩ ʵʥʝʨʛʠʷ 

ʢϺʟʜʝʨʽʥʝ ʞʘʪʘʪʳʥʜʘʨ: 

ʘ) ץʘʡʪʘ ʞʘסשʳʨʘʪʳʥ (ʩʘʨץʳʣʤʘʡʪʳʥ) ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽ (פɾʕʂ), ʦʣʘʨסʘ 

ʤʳʥʘʣʘʨ ʞʘʪʘʜʳ: ʢװʥ ʵʥʝʨʛʠʷʩʳ; ʞʝʣ ʵʥʝʨʛʠʷʩʳ;  ʛʝʦʪʝʨʤʘʣʴʜʳץ  ʵʥʝʨʛʠʷ;  

ʪʝשʽʟ ʞᴅʥʝ ʤײʭʠʪ ʘסʳʩʪʘʨʳ ʤʝʥ ʪʦʣץʳʥʜʘʨʳʥrש ʵʥʝʨʛʠʷʩʳ; ɸʡʜʳש ʪʘʨʪʫ 

ʢװʰʽʥʝʥ ʪʫʳʥʜʘʡʪʳʥ ʪʝשʽʟ (ʤײʭʠʪ) ʩʫʳʥʳש ʧʝʨʠʦʜʪʳ ʘסʳʥʜʘʨʳʥʳש 

ʵʥʝʨʛʠʷʩʳ; ʪʝשʽʟ ʩʫʳʥʳש  ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʛʨʘʜʠʝʥʪʽʥʽש ʵʥʝʨʛʠʷʩʳ; ᴇʟʝʥʜʝʨʜʽש 

ʵʥʝʨʛʠʷʩʳ;  ʩʫʜʳש, ʘʫʘʥʳש, ʞʝʨʜʽש ʪᴇʤʝʥ ʧʦʪʝʥʮʠʘʣʜʳ ʞʳʣʫʳʥʳש ʵʥʝʨʛʠʷʩʳ; 

ᴇʩʽʤʜʽʢʪʽʢ ʞᴅʥʝ ʞʘʥʫʘʨʣʳץ ʙʠʦʤʘʩʩʘʥʳש ʵʥʝʨʛʠʷʩʳ; ʪʦʨʬ (ʰʘʤʘʣʳ ʧʘʡʜʘʣʘʥʫ 

ʢʝʟʽʥʜʝ ץʦʨʳ ʪʦʣʳץʪʳʨʳʣʳʧ ʦʪʳʨʳʣʘʪʳʥ ʙʦʣʩʘ); 

ʙ) ʦʩʳ ʫʘץʳʪץʘ ʜʝʡʽʥ ʰʘʤʘʣʳ, ʰʝʢʪʝʫʣʽ ʜʝשʛʝʡʜʝ ʧʘʡʜʘʣʘʥסʘʥ 

ʵʥʝʨʛʦʨʝʩʫʨʩʪʘʨ: 

- ʢᴇʤʽʨʜʝʥ, ʞʘʥʘʪʳʥ ʩʣʘʥʝʮʪʝʥ ʞᴅʥʝ ʙʠʪʫʤʜʳץ ʨʫʜʘʜʘʥ ʘʣʳʥסʘʥ ʩײʡʳץ 

ʞᴅʥʝ ʛʘʟ ʪװʨʽʥʜʝʛʽ ʦʪʳʥʥʳש ʞʘשʘ ʪװʨʣʝʨʽ;  ץʘʪʪʳ ʪײʨʤʳʩʪʳץ ʞᴅʥʝ ʙʘʩץʘʜʘʡ 

 ;(ʘʟʙʘ ʦʨʳʥʜʘʨʳʥ ʠʛʝʨʛʝʥ ʢʝʟʜʝץ שʥʘʡʜʳײʤ) ʘʥ ʛʘʟסʦʩʘʨʣʘʥץ ;ʪʘʨץʘʣʜʳץ

ʙʠʦʤʘʩʩʘʜʘʥ ʘʣʳʥʘʪʳʥ ʩʧʠʨʪʪʝʨ ʤʝʥ  ʪʨʘʥʩʧʦʨʪʪʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʞʘסʘʨ 

ʤʘʡʣʘʨ ʞᴅʥʝ ʩʫʪʝʛʽ. 

ɼϸʩʪϮʨʣʽ ʝʤʝʩ, Ϩʘʡʪʘ ʞʘϬϤʳʨʘʪʳʥ ʵʥʝʨʛʠʷ ʘʜʘʤʥʳϬ ʘʨʥʘʫʣʳ ʽʩ-

ϸʨʝʢʝʪʽʥʽϬ ʥϸʪʠʞʝʩʽ ʝʤʝʩ, ʦʣ ʊʘʙʠϤʘʪʪʳϬ ʩʳʡʳ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ.  

ɼɽפɾʕʂ-ʽʥʽש ʧʦʪʝʥʮʠʘʣʜʳץ ץʦʨʳ ᴇʪʝ װʣʢʝʥ, ʦʥʳש  ʞʳʣʜʳץ ʤᴇʣʰʝʨʽ:  

ʢװʥ ʵʥʝʨʛʠʷʩʳ ï 2300 ʤʣʨʜ ʪ ʰʘʨʪʪʳ ʦʪʳʥ;  ʞʝʣ ʵʥʝʨʛʠʷʩʳ ï 26,7 ʤʣʨʜ ʪ   

ʰʘʨʪʪʳ ʦʪʳʥ; ʪʝשʽʟ ʞᴅʥʝ ʤײʭʠʪ ʘסʳʥʜʘʨʳʥʳש ʵʥʝʨʛʠʷʩʳ ï 30 ʤʣʨʜ ʪ  ʰʘʨʪʪʳ 

ʦʪʳʥ; ʢʽʰʽ ᴇʟʝʥʜʝʨ ʵʥʝʨʛʠʷʩʳ ï 360 ʤʣʨʜ ʪ ʰʘʨʪʪʳ ʦʪʳʥ; ʪᴇʤʝʥ ʧʦʪʝʥʮʠʘʣʜʳ 

ʢᴇʟʜʝʨʜʽש ʞʳʣʫʳʥʳש ʵʥʝʨʛʠʷʩʳ ï 530 ʤʣʨʜ ʪ hʘʨʪʪʳ ʦʪʳʥ; ʙʠʦʤʘʩʩʘʥʳש 

ʵʥʝʨʛʠʷʩʳ   -  10 ʤʣʨʜ ʪ hʘʨʪʪʳ ʦʪʳʥ. 

ᴄʣʝʤʜʽʢ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʉʦʚʝʪ 2050 ʞʳʣסʘ ʜʝʡʽʥ ɼɽפɾʕʂ ץʦʣʜʘʥʫʜʳש 

 ʣײʙ ץʆʜʘ ץʣʝʩʽʥ   40 % ʜʝʡʽʥ ʢᴇʙʝʡʪʫʜʽ  ʞʦʩʧʘʨʣʘʧ ʦʪʳʨ.  ɽʫʨʦʧʘʣʳװ

ʢᴇʨʩʝʪʢʽʰʪʽ 2020 ʞʳʣסʘ ʜʝʡʽʥ 20 %, 2040 ʞʳʣסʘ ʜʝʡʽʥ 30 % ʢᴇʙʝʡʪʫʛʝ 

ʤʽʥʜʝʪʪʝʥʜʽ. פʘʟʽʨʛʽ ʢʝʟʜʝ ʵʥʝʨʛʠʷ ʪײʪʳʥʫʜʳש ᴅʣʝʤʜʽʢ ײץʨʳʣʳʤʳʥʜʘ  

ɼɽפɾʕʂ-ʽʥʽװ שʣʝʩʽ  7 % ʘʩʧʘʡʜʳ. 
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-ɾʕʂפ  ʳסʙʘʣʘʥʩʳʥʜʘ ץʦʪʳʥ-ʵʥʝʨʛʝʪʠʢʘʣʳ שʩʪʘʥʥʳץʘʟʘפ ʘʟʽʨʛʽ ʢʝʟʜʝפ

ʽʥʽװ   שʣʝʩʽ  15 % ʘʡʥʘʣʘʩʳʥʜʘ, ʙײʣ ʢᴇʨʩʝʪʢʽʰʢʝ ʥʝʛʽʟʽʥʝʥ çװʣʢʝʥè 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘʥʳ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ץʦʣ ʞʝʪʪʽ. ɸʣ ʘʣʪʝʨʥʘʪʠʚʪʽʢ ɼɽפɾʕʂ-

ʽʥʽש  (ʢװʥ, ʞʝʣ) װʣʝʩʽ 0,3 %...0,4 % ײץʨʘʡʜʳ.  

 ʣʢʝʥ ʧʦʪʝʥʮʠʘʣʳʥ ʞᴅʥʝ ʦʥʳװ ᴇʪʝ  שɾʕʂ-ʽʥʽפʳ ɼɽסʩʪʘʥʜʘץʘʟʘפ

 ʜʘʡ (ᴇʪʝ ʪᴇʤʝʥ ʢᴇʨʩʝʪʢʽʰ)סʥʜʘʡ ʞʘײʘʞʝʪʪʽʣʽʛʽʥ ʝʩʢʝʨʩʝʢ, ʤץ שʦʣʜʘʥʫʜʳץ

ʝʰʢʽʤʜʽ ץʘʥʘסʘʪʪʘʥʜʳʨʤʘʡʜʳ.  

ɼϸʩʪϮʨʣʽ ʝʤʝʩ ʵʥʝʨʛʠʷ ʢϺʟʜʝʨʽʥ ʧʘʡʜʘʣʘʥʫϤʘ ʢϺʰʫʜʽϬ ʩʝʙʝʧʪʝʨʽ:  

- ʦʨʛʘʥʠʢʘʣʳץ ʦʪʳʥʜʘʨʜʳץ שʦʨʳʥʳש ʩʘʨץʳʣʫʳʥʘ ʜʘʡʳʥ ʙʦʣʫ (çʙʫ 

 ;(ʪʘʣʫʳʥʘץè ʘʷשʘʩʳʨʳʥʳס

- ʵʢʦʣʦʛʠʷʣʳץ ʘʧʘʪʪʳ ʙʦʣʜʳʨʤʘʫ ʞᴅʥʝ ʪʘʙʠסʘʪʪʳ ʙʦʣʘʰʘײ ץʨʧʘץʪʘʨ 

  ;ʪʘʫץʰʽʥ ʩʘװ

 - ʵʥʝʨʛʠʷʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞװʡʝʣʝʨʽʥʝʥ ץʘʰʳץ ʦʨʥʘʣʘʩץʘʥ 

ʤʝʢʝʥʜʝʨʜʝ ʪײʨʘʪʳʥ ʭʘʣʳץʪʳ ʵʥʝʨʛʠʷʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ; 

 - ʜᴅʩʪװʨʣʽ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʨʝʩʫʨʩʪʘʨʪʘʨסʘ (ʤײʥʘʡ, ʛʘʟ, ʢᴇʤʽʨ) ʠʝ ʙʦʣʫ 

 ʛʝʡʽʥשʜʝ שʠʤʳʣʜʘʨʜʳץ ʘʥ ʩʘʷʩʠ ʪʘʨʪʳʩʪʘʨ ʤʝʥ ᴅʩʢʝʨʠץʰʽʥ ʙʦʣʳʧ ʞʘʪװ

ʪᴇʤʝʥʜʝʪʫ;  

 - ʞʳʣʫʣʳץ ʧʨʦʮʝʩʪʝʨʜʝ ʦʨʛʘʥʠʢʘʣʳץ ʦʪʳʥʜʘʨʜʳ ץʦʣʜʘʥʫʜʳ ʘʟʘʡʪʫ 

ʞᴅʥʝ ʦʣʘʨʜʳ ʭʠʤʠʷʣʳץ ᴇʥʜʽʨʽʩʢʝ ʰʠʢʽʟʘʪ ʨʝʪʽʥʜʝ ʩʘץʪʘʫ. 

ʂװʥ ʤʝʥ ʞʝʣʜʽש ʩʘʨץʳʣʤʘʡʪʳʥ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʨʝʩʫʨʩʪʘʨʳ ʝʰʢʽʤʥʽש 

ʤʝʥʰʽʛʽʥʜʝ ʝʤʝʩ ʞᴅʥʝ ʩʘʪʳʣʤʘʡʜʳ.  ʆʣʘʨ ʙʘʨʣʳסʳʤʳʟסʘ ʞᴅʥʝ ᴅʨʢʽʤʛʝ ʪʝשʜʝʡ 

ʙᴇʣʽʧ ʙʝʨʽʣʛʝʥ. ɹײʣ ʩʘʣʘʜʘ ʙᴅʩʝʢʝʣʝʩʪʽʢ ʢװʨʝʩ ʜᴅʩʪװʨʣʽ ʝʤʝʩ ʵʥʝʨʛʝʪʠʢʘʣʳץ 

  .ʳʥʜʘ ᴇʪʝʜʽסʥʘʨʳ ץʘʨʘʣʳץʭʘʣʳ שʳʣʘʨʜrסʦʥʜʳʨץ

ʕʢʩʧʝʨʪʪʽʢ ץʦסʘʤʜʘʩʪʳץʪʳש ʝʩʝʙʽ ʙʦʡʳʥʰʘ ʜᴅʩʪװʨʣʽ ʨʝʩʫʨʩʪʘʨʜʳ 

 ɾʕʂ-ʽʥפʪʘʥ ɼɽץʘ ʜʝʡʽʥ ʪʝʢ ʘʨʪʘ ʙʝʨʝʜʽ. ʉʦʥʜʳסʦʣʜʘʥʫ 2030 ʞʳʣץ

ʘʡʪʘʨʣʳץʪʘʡ ײʟʘץ ʫʘץʳʪ ʙʦʡʳ ʜϸʩʪϮʨʣʽ  ʵʥʝʨʛʝʪʠʢʘϤʘ ʘʣʴʪʝʨʥʘʪʠʚʘ ʜʝʧ 

-ʞᴅʥʝ ᴅʣʝʫʤʝʪʪʽʢ ץʳʟʜʳ ʵʢʦʣʦʛʠʷʣʳשʘ ʙʦʣʤʘʡʜʳ, ʦʣʘʨʜʳ ʤʘסʘʨʘʫץ

ʵʢʦʥʦʤʠʢʘʣʳץ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ Ϩʦʩʳʤʰʘ ʵʥʝʨʛʠʷ 

ʢϺʟʜʝʨ̔ ʜʝʧ ץʘʨʘʫ ʢʝʨʝʢ.  

ϧʘʡʪʘ ʞʘϬϤʳʨʘʪʳʥ ʵʥʝʨʛʝʪʠʢʘʣʳϨ ʨʝʩʫʨʩʪʘʨʜʳϬ ʞʘʣʧʳ Ϩʘʩʠʝʪʪʝʨʽ 

ʤʝʥ ʙʝʣʛʽʣʝʨʽ:   

 ʘ) ʮʠʢʣʜʽʣʽʛʽ ï ʪᴅʫʣʽʢʪʽʢ ʞᴅʥʝ ʤʘʫʩʳʤʜʳץ (ʢᴇʢʪʝʤ, ʞʘʟ, ʢװʟ, ץʳʩ), 

ɾʝʨʜʽש ʘʡʥʘʣʫʳʤʝʥ ʞᴅʥʝ ʦʥʳש ʘʡʥʘʣʫ ʦʩʽʥʽש ʢᴇʣʙʝʫʣʽʛ̔ʥʽש ᴇʟʛʝʨʫʽʤʝʥ, 

ʂװʥʥʽ11 ש ʞʳʣʜʳץ   ʮʠʢʣʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ; 

ʙ) ɼɽϧɾʕʂ-ʥʽϬ ʵʥʝʨʛʝʪʠʢʘʣʳϨ ʙʝʣʩʝʥʜʽʣʽʛʽʥʽϬ (ϨʘʨϨʳʥʜʳʣʳϤʳ) 

ʘʪʤʦʩʬʝʨʘʥʳש ʞʘסʜʘʡ-ʢװʡʽʥʝ (ʙײʣʪ, ʰʘש, ʪװʪʽʥʥʽש ʙʦʣʫʳ) ʪᴅʫʝʣʜʽʣʽʛʽ, ʞʝʨʜʽש 

ʨʝʣʴʝʬʽʥʝ, ʪʝʨʨʠʪʦʨʠʷʜʘ ײץʨʳʣʳʩ ʦʙʲʝʢʪʽʣʝʨʜʽש ʙʦʣʫʳʥʘ (ʘʫʘ ʘסʳʥʜʘʨʳʥʳש 

ʙʘסʳʪʳʥ ץʘʣʳʧʪʘʩʪʳʨʘʪʳʥ) ʪᴅʫʝʣʜʽʣʽʛʽ;  

ʚ) ɼɽϧɾʕʂ-ʥʽϬ ʵʥʝʨʛʠʷʩʳʥʳϬ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳϬ (ʪʳϤʳʟʜʳϤʳʥʳϬ) 

ʘʟʜʳϤʳ, ʙײʣ ɼɽϧɾʕʂ ʪװʨʣʝʥʜʽʨʫ װʰʽʥ װʣʢʝʥ ʘʫʜʘʥʜʳ, ץᴇʣʝʤʜʽ, ʤʘʩʩʘʥʳ 

   ;ʘʞʝʪ ʝʪʝʜʽץ

ʛ) ʘhסʳʥ ʞᴅʥʝ ʦʨʪʘʰʘ ץʫʘʪʪʳ ʵʥʝʨʛʝʪʠʢʘʣʳץ ץʦʥʜʳʨסʳʣʘʨ װʰʽʥ ʵʥʝʨʛʠʷ 

ʞʠʥʘϨʪʘϤʳʰʪʘʨʜʳ ϨʦʣʜʘʥʫʜʳϬ Ϩʘʞʝʪʪʽʛʽ (ʵʣʝʢʪʨʣʽʢ ʘʢʢʫʤʫʣʷʪʦʨʣʘʨ, 

ʞʳʣʫʣʳץ ʘʢʢʫʤʫʣʷʪʦʨʣʘʨ);  
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ʜ) ʞʝʣ ʞϸʥʝ ʢϮʥ ʵʥʝʨʛʠʷʩʳʥʳϬ Ϩʫʘʪʪʳ ʪϮʨʣʝʥʜʽʨʛʽʰʪʝʨʽ 

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʞװʡʝʣʝʨʤʝʥ ʙʽʨʽʛʫʽ ʢʝʨʝʢ, ʙײʣ ʦʣʘʨʜʳש ᴇʥʜʽʨʛʝʥ ʵʥʝʨʛʠʷʩʳʥ 

ʪʦʣʳץ ʧʘʡʜʘʣʘʥʫ װʰʽʥ ץʘʞʝʪ; 

ʝ) ɼɽפɾʕʂ-ʥ̔ש ʵʥʝʨʛʠʷʩʳʥ ץʦʣʜʘʥʫסʘ ʝש ʪʠʽʤʜʽ  ʪװʨʛʝ (ʵʣʝʢʪʨ ʥʝʤʝʩʝ 

ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥʘ) ץʘʟʽʨʛʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʧʘʡʜʘʣʘʥʳʧ ʪϮʨʣʝʥʜʽʨʫ 

ʘʡʪʘʨʣʳϨʪʘʡ Ϩʳʤʙʘʪ.  

  ʳʥʳ ʤʝʥ ʪʠʽʤʜʽʣʽʛʽץʘʨץ שʦʣʜʘʥʫʜʳץ ɾʕʂפʘʟʽʨʛʽ ʢʝʟʜʝ ɼɽפ

ʪʝʭʥʠʢʘʣʳϨ ʤϸʩʝʣʝʣʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʳʧ ʪײʨ, ʘʪʘʧ ʘʡʪʩʘץ, ɼɽϧɾʕʂ 

ʪʝʭʥʠʢʘʩʳ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳϬ ʞʝʪʽʣʜʽʨʽʣʤʝʛʝʥʽʥʝ, Ϩʘʞʝʪʪʽ 

ʢʦʥʩʪʨʫʢʮʠʷʣʳϨ ʞϸʥʝ ʙʘʩϨʘʜʘʡ ʤʘʪʝʨʠʘʣʜʘʨʜʳϬ ʞʦϨʪʳϤʳʥʳ ʙʘʡʣʘʥʳʩʪʳ 

ɼɽפɾʕʂ-ʽʥ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʙʘʣʘʥʩץʘ ᴅʣʽ ʜʝ ʢʝש ʪװʨʜʝ ʝʥʜʽʨʫʛʝ ʤװʤʢʽʥ ʙʦʣʤʘʡ 

ʪײʨ.  

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴅʣʝʤʜʝ ɼɽϧɾʕʂ ץʦʥʜʳʨסʳʣʘʨʳʥ ʞʘʩʘʫʜʘ, ᴅʩʽʨʝʩʝ 

ʘʣסʘʰץʳ ʢʝʟʝʢʪʝ, ʬʦʪʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʜ ̔  (ʬʦʪʦʚʦʣʴʪʘʠʢʘ), ʞʝʣʜʽʢ 

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʘʛʨʝʛʘʪʪʘʨ ʤʝʥ ʙʠʦʤʘʩʩʘʥʳ ᴇשʜʝʫ ץʦʥʜʳʨסʳʣʘʨʳʥ ʞʘʩʘʫʜʘ 

   .ʘʣʘʜʳץʧʨʦʛʨʝʩʩ  ʝʨʝʢʰʝ ʙʘʡ ץʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳס

ϧʘʟʘϨʩʪʘʥʜʘ ɼɽϧɾʕʂ-ʽʥ  Ϩʦʣʜʘʥʫ ʤϮʤʢʽʥʜʽʢʪʝʨʽ Ϻʪʝ Ϯʣʢʝʥ: 

- ʢװʥ ʵʥʝʨʛʠʷʩʳ ʙʦʡʳʥʰʘ: ʢװʥ ʩᴅʫʣʝʩʽʥʽש ʞʳʣ ʙʦʡʳ ʪװʩʫʽʥʽײ שʟʘץʪʳסʳ - 

2200 ʩʘסʘʪ...3000 ʩʘסʘʪ, ʘʣ ʞʳʣʜʳץ ʵʥʝʨʛʠʷ - 1300 ʢɺʪĀʩʘס/ʤ
2
...1800 ʢɺʪĀʩʘס/ ʤ

2
, 

ʢװʥʜʽʢ ʪʦʣʳץ ʨʘʜʠʘʮʠʷ - 3,8 ʢɺʪĀʩʘס/ʤ
2
...5,2 ʢɺʪĀʩʘס/ʤ

2 
ʪʝש, ʙײʣ ᴅʣʝʤ ʙʦʡʳʥʰʘ 

ᴇʪʝ ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰ; 

- ʞʝʣ ʵʥʝʨʛʠʷʩʳ ʙʦʡʳʥʰʘ: ʞʝʣʜʽש ʵʥʝʨʛʝʪʠʢʘʣʳץ ʧʦʪʝʥʮʠʘʣʳ 1,8 ʪʨʣʥ  

ʢɺʪĀʩʘס. ɾʦסשʘʨ ץʘץʧʘʩʳʥʜʘ ʞʝʣʜʽש ʦʨʪʘʰʘ ʞʳʣʜʳץ ʞʳʣʜʘʤʜʳסʳ  7,9 ʤ/ʩ, ʘʣ 

ʐʝʣʝʢ ʘʣץʘʙʳʥʜʘ - 5 ʤ/ʩ...9 ʤ/ʩ  ײץʨʘʡʜʳ; 

 ʧʦʪʝʥʮʠʘʣʳ ʞʳʣʳʥʘ 170 ʊɺʪ, ʘʣ ץʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘʣʳ שʩʪʘʥʥʳץʘʟʘפ -

 .ʫʘʪ ᴇʥʜʽʨʽʣʝʜʽץ  ʘʟʽʨ  ʞʳʣʳʥʘ 78 ʊɺʪץ

ϧʘʟʘϨʩʪʘʥʜʘ ɼɽϧɾʕʂ ʧʘʡʜʘʣʘʥʫʜʳϬ ʥʝʛʽʟʛʽ ʩʝʙʝʧʪʝʨʽ: 

- ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʥrʳש ʠʤʧʦʨʪʳʥ, ᴅʩʽʨʝʩʝ, ʦשʪװʩʪʽʢ ᴇשʽʨʣʝʨʜʝ, 

ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʞᴅʥʝ ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽ  ɼɽפɾʕʂ-ʽʤʝʥ ʘʡʳʨʙʘʩʪʘʫ; 

-  ʰʝʪʪʝ ʦʨʥʘʣʘʩץʘʥ ʝʣʜʽ ʤʝʢʝʥʜʝʨ ʤʝʥ ץʳʩʪʘʫʣʘʨʜʘסʳ ʭʘʣʳץʪʳש  ʵʣʝʢʪʨ 

ʵʥʝʨʛʠʷʩʳʥ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽʥ ʘʨʪʪʳʨʫ; 

- ʵʥʝʨʛʝʪʠʢʘʣʳץ ʞװʡʝʥʽש ʢᴇʤʽʨʜʽש ʥʝʛʽʟʽʥʜʝ ᴇʥʜʽʨʽʣʝʪʽʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷסʘ 

ʪᴅʫʝʣʜʽʣʽʛʽʥ ʘʟʘʡʪʫ ʘʨץʳʣʳ ʵʢʦʣʦʛʠʷʣʳץ ʞװʡʝʥʽ ץʦʨסʘʫ;  

- ɼɽפɾʕʂ ʥʝʛʽʟʽʥʜʝ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ᴇʥʜʽʨʝʪʽʥ ʩʪʘʥʩʘʣʘʨʜʳ ץʦʣʜʘʥʫ 

ʘʨץʳʣʳ  ʵʣʝʢʪʨ ʞʝʣʽʣʝʨʽʥʜʝʛʽ ʰʳסʳʥʜʳ ʘʟʘʡʪʫ ʞᴅʥʝ ʦʣʘʨʜʳש ʞײʤʳʩ ʽʩʪʝʫ 

ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ;   

- ɼɽפɾʕʂ ץʦʥʜʳʨסʳʣʘʨʳʥ ʢʝשʽʥʝʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʢᴇʤʽʨץʳʰץʳʣ 

ʛʘʟʜʳש (ʉʆ2)  ʘʪʤʦʩʬʝʨʘסʘ ʪʘʨʘʡʪʳʥ ʤᴇʣʰʝʨʽʥ ʘʟʘʡʪʫ.  

 ʘסʦʣʜʘʥʘʪʳʥ ʵʥʝʨʛʝʪʠʢʘʥʳ  ʜʘʤʳʪʫץ ɾʕʂ-ʽʥפʩʪʘʥʜʘ ɼɽץʘʟʘפ

ʙʘסʳʪʪʘʣסʘʥ ʘʨʥʘʫʣʳ ʟʘϬʜʘʨ ʤʝʥ ʇʨʝʟʠʜʝʥʪʪʽϬ  ʞʘʨʣʳϤʳ ϨʘʙʳʣʜʘʥϤʘʥ: 

1) çפʘʡʪʘ ʞʘשrס ʨʘʪʳʥ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥ ץʦʣʜʘʥʫʜʳ ץʦʣʜʘʫè: ʙʝʢ.:           

4 ʰʽʣʜʝ, 2009 ʞʳʣ, ˉ 16-IV. 

2) çʕʥʝʨʛʠʷ װʥʝʤʜʝʫ ʞᴅʥʝ ʵʥʝʨʛʠʷʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʳʨʫ ʪʫʨʘʣʳè: ʙʝʢ.:  

 .ʪʘʨ, 2012 ʞʳʣ, ˉ 541-IVשʘץ 13
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 çʞʘʩʳʣ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפʳ. çסʞʘʨʣʳ שʈ ʇʨʝʟʠʜʝʥʪʽʥʽפ (3

ʵʢʦʥʦʤʠʢʘסʘè  ʢᴇʰʫʽ ʙʦʡʳʥʰʘ  ʂʦʥʮʝʧʮʠʷè: ʙʝʢ.:30 ʤʘʤʳʨ, 2013 ʞʳʣ, ˉ 577. 

4) çʄʝʤʣʝʢʝʪʪʽ2030 ש ʞʳʣסʘ ʜʝʡʽʥ ʜʘʤʫʳʥʳש ʉʪʨʘʪʝʛʠʷʩʳè.  

5) çʕʥʝʨʛʝʪʠʢʘʥʳ 2030 ʞʳʣסʘ ʜʝʡʽʥ ʜʘʤʳʪʫʜʳש ʄʝʤʣʝʢʝʪʪʽʢ 

ʙʘסʜʘʨʣʘʤʘʩʳè   ɼɽפɾʕʂ ץʦʣʜʘʥʫʜʳ ʜʘʤʳʪʫʜʳ ץʘʨʘʩʪʳʨʘʜʳ: ʆשʪװʩʪʽʢ ʞᴅʥʝ 

ʐʳסʳʩ  ʘʡʤʘץʪʘʨʜʘ ץʫʘʪʪʘʨʳ 1460 ʄɺʪ ʙʦʣʘʪʳʥ ʛʠʜʨʦʩʪʘʥʩʘʣʘʨʜʳ ʽʩʢʝ ץʦʩʫ, 

2015 ʞʳʣסʘ ʜʝʡʽʥ   ʞʘʣʧʳ ץʫʘʪʳ 300 ʄɺʪ ʪʝ520 ש ʞʝʣ ʵʣʝʢʪʨ ʩʪʘʥʩʘʩrʥ, ʦʥʳש 

ʽʰʽʥʜʝ ɾʦסשʘʨ ץʘץʧʘʩʳʥʜʘ ʧʠʣʦʪʪʳץ ʞʝʣ ʵʣʝʢʪʨ ʩʪʘʥʩʘʩʳʥ ʩʘʣʫ; ʢװʥʜʽʢ 

ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ, ʳʩʪʳץ ʩʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴅʥʝ ʞʳʣʳʪʫ 

    .ʦʣʜʘʥʫץ ʳʰʪʘʨʜʳסʩʦʨ ץʥʜʽʢ ʢʦʣʣʝʢʪʦʨʣʘʨ ʤʝʥ ʞʳʣʫʣʳװʰʽʥ  ʢװ

 

 

ɹʘϨʳʣʘʫ ʩϰʨʘϨʪʘʨʳ 

 

1. ʕʢʩʝʨʛʠʷ ʞᴅʥʝ ʵʥʪʨʦʧʠʷ ʜʝʛʝʥ סײʳʤʜʘʨסʘ ʪװʩʽʥʽʢʪʝʤʝ ʙʝʨʽשʽʟ. 

2. ɹʽʨʽʥʰʽ ʨʝʪʪʽʢ ʞᴅʥʝ ʝʢʽʥʰʽ ʨʝʪʪʽʢ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʨʝʩʫʨʩʪʘʨʜʳ 

ʩʠʧʘʪʪʘשʳʟ. 

3.  ɼᴅʩʪװʨʣʽ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥʝ ץʘʥʜʘʡ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽ ʞʘʪʘʜʳ? 

4. ʂᴇʤʽʨʩʫʪʝʢʪʽʢ ʦʪʳʥʜʘʨʜʘ ʙʦʣʘʪʳʥ ʭʠʤʠʷʣʳץ ʵʥʝʨʛʠʷʥʳ ʧʘʡʜʘʣʳ 

 ?ʘʥʜʘʡץ ʦʣʜʘʥʫ ʢᴇʨʩʝʪʢʽʰʽץ

5. ɾʳʣʳʞʘʡʣʳץ ʛʘʟʜʘʨ ʥʝʜʝʥ ʧʘʡʜʘ ʙʦʣʘʜʳ ʞᴅʥʝ ʦʣʘʨʜʳץ שʘʥʜʘʡ 

ʪװʨʣʝʨʽ ʙʘʨ?  ʆʣʘʨʜʳש ʟʠʷʥʜʳ ʞʘץʪʘʨʳʥʘ ʪװʩʽʥʽʢʪʝʤʝ ʙʝʨʽשʽʟ.   

6. ʂʠʦʪʦ ʭʘʪʪʘʤʘʩʳʥʳש ʥʝʛʽʟʛʽ ʤʘץʩʘʪʳ ʤʝʥ ʪʘʣʘʧʪʘʨʳ ʪʫʨʘʣʳ ʥʝ 

ʙʽʣʝʩʽʟ?  

7. ʇʘʨʠʞ ʢʦʥʬʝʨʝʥʮʠʷʩʳʥʜʘ ץʘʪʳʩʫʰʳ ʤʝʤʣʝʢʝʪʪʝʨ ʢʣʠʤʘʪ ᴇʟʛʝʨʽʩʽ 

ʪʫʨʘʣʳ ץʘʥʜʘʡ  ʢʝʣʽʩʽʤʛʝ ʢʝʣʜʽ ʞᴅʥʝ ץʘʥʜʘʡ ʤʽʥʜʝʪʪʝʨ ץʘʙʳʣʜʘʜʳ? 

8. ɼᴅʩʪװʨʣʽ ʝʤʝʩ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥʝ  ץʘʥʜʘʡ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽ ʞʘʪʘʜʳ? 

 ʘʥʜʘʡ ʵʥʝʨʛʠʷץ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽ (ʳʣʤʘʡʪʳʥץʩʘʨ) ʳʨʘʪʳʥסשʘʡʪʘ ʞʘפ .9

ʢᴇʟʜʝʨʽ ʞʘʪʘʜʳ? 

10.  ɼᴅʩʪװʨʣʽ ʝʤʝʩ, ʰʝʢʪʝʫʣʽ ʜʝשʛʝʡʜʝ ʧʘʡʜʘʣʘʥʘʪʳʥ ʵʥʝʨʛʦʨʝʩʫʨʩʪʘʨʜʳ 

ʘʪʘשʳʟ. 

 ʨʣʽ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥʝʥװʜᴅʩʪ  שʳʨʘʪʳʥ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥʽסשʘʡʪʘ ʞʘפ .11

 ?ʳ ʙʘʨסʘʥʜʘʡ ʘʡʳʨʤʘʰʳʣʳץ

12. ɼɽפɾʕʂ-ʽʥʽש ᴅʣʝʤ ʙʦʡʳʥʰʘ ʧʦʪʝʥʮʠʘʣʳ ץʘʥʜʘʡ ʞᴅʥʝ ʦʥʳ ץʦʣʜʘʥʫ 

ʪʫʨʘʣʳ ץʘʥʜʘʡ ʞʦʩʧʘʨʣʘʨ ʙʘʨ?  

 ʘʥʜʘʡ ʞᴅʥʝ ʦʥʳץ ʧʦʪʝʥʮʠʘʣʳ   שɾʕʂ-ʽʥʽפʳ ɼɽסʩʪʘʥʜʘץʘʟʘפ .13

 ?ʘʥʜʘʡ ʞʦʩʧʘʨʣʘʨ ʙʘʨץ ʦʣʜʘʥʫ ʪʫʨʘʣʳץ

14. ɼᴅʩʪװʨʣʽ ʝʤʝʩ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥ ʧʘʡʜʘʣʘʥʫסʘ ʢᴇʰʫʜʽש ʥʝʛʽʟʛʽ 

ʩʝʙʝʧʪʝʨʽʥ ʘʪʘשʳʟ. 

 ʘʩʠʝʪʪʝʨʽץ ʞʘʣʧʳ שʨʝʩʫʨʩʪʘʨʜʳ ץʳʨʘʪʳʥ ʵʥʝʨʛʝʪʠʢʘʣʳסשʘʡʪʘ ʞʘפ .15

ʤʝʥ ʙʝʣʛʽʣʝʨʽʥʝ   ʪװʩʽʥʽʢʪʝʤʝ ʙʝʨʽשʽʟ. 

 ʘסʦʣʜʘʥʘʪʳʥ ʵʥʝʨʛʝʪʠʢʘʥʳ  ʜʘʤʳʪʫץ ɾʕʂ-ʽʥפʩʪʘʥʜʘ ɼɽץʘʟʘפ .16

ʙʘסʳʪʪʘʣסʘʥ ץʘʥʜʘʡ ʘʨʥʘʫʣʳ ʤʝʤʣʝʢʝʪʪʽʢ ײץʞʘʪʪʘʨ ʤʝʥ ʙʘסʜʘʨʣʘʤʘʣʘʨ ʙʘʨ? 
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2 ʂװʥ ʵʥʝʨʛʠʷʩʳʥ ץʦʣʜʘʥʫ 

 

2.1 ʂװʥ ʩᴅʫʣʝʩʽʥʽש ʞʘʣʧʳ ʩʠʧʘʪʪʘʤʘʩʳ 

 

1996 ʞʳʣʳ  ʢװʥ ʵʥʝʨʛʠʷʩʳʥʳש  ʤᴅʩʝʣʝʣʝʨʽ ʙʦʡʳʥʰʘ ɹװʢʽʣᴅʣʝʤʜʽʢ 

ʢʝʟʜʝʩʫʜʝ (ʍʘʨʘʨʝ ץ, ɿʠʤʙʘʙʚʝ) çɹװʢʽʣᴅʣʝʤʜʽʢ ʢװʥʜʽʢ ʙʘסʜʘʨʣʘʤʘè ʞᴅʥʝ çʂװʥ 

ʵʥʝʨʛʝʪʠʢʘʩʳ ʞᴅʥʝ ʪײʨʘץʪʳ ʜʘʤʫ ʪʫʨʘʣʳ ʍʘʨʘʨʝ ɼʝʢʣʘʨʘʮʠʷʩʳè ץʘʙʳʣʜʘʥʜʳ. 

ɹײʣ ʭʘʣʳץʘʨʘʣʳײץ ץʞʘʪʪʘʨʜʘ  ʢװʥ ʵʥʝʨʛʠʷʩʳ ᴇʥʜʽʨʽʩʪʽ, ʪײʨʤʳʩʪʳ ʵʥʝʨʛʠʷʤʝʥ 

 שʘʥ ʦʨʪʘʥʳסʦʨʰʘץ ʪʘʫʜʘ ʞᴅʥʝץʠ ʨʝʩʫʨʩʪʘʨʜʳ ʩʘסʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝ, ʪʘʙʠץ

ʣʘʩʪʘʥʫʳʥ ʘʟʘʡʪʫʜʘ ʢᴇʨʥʝʢʪʽ ʨᴇʣ ʘʪץʘʨʫ ʢʝʨʝʢ  ʝʢʝʥʜʽʛʽ ʘʪʘʧ ʘʡʪʳʣסʘʥ.    

ʂװʥ ï ɾʝʨʛʝ ʝש ʞʘץʳʥ ʞײʣʜʳʟ, ʨʘʜʠʫʩʳ 696 ʤʳש ʢʤ ʪʝש ʧʣʘʟʤʘʣʳץ ʰʘʨ. 

ɾʝʨʜʝʥ  149 ʤʣʥ ʢʤ  ץʘʰʳץʪʘ ʦʨʥʘʣʘʩץʘʥ. ʂװʥʥʽש ʞʘʨʳץʪʳץ ץʫʘʪʳ  3,86Ā10Įį 

ʢɺʪ, ʙʝʪʢʽ ץʘʙʘʪʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘ 6000 ʂ ʰʘʤʘʩʳʥʜʘ, ʭʠʤʠʷʣʳײץ ץʨʘʤʳ: 

ʩʫʪʝʛʽ -  90 % ʰʘʤʘʩʳʥʜʘ, ʛʝʣʠʡ ï 10 %, ʙʘʩץʘ ʵʣʝʤʝʥʪʪʝʨ ï 0,1 % ʘʟ. 

ʂװʥʜʝʛʽ ʵʥʝʨʛʠʷ ʢᴇʟʽ  ï ʦʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩ  r  15 ʤʣʥ ʛʨʘʜʫʩץʘ ʞʫʳץ   

ʦʨʪʘʣʳץ ʦʙʳʣʳʩʳʥʜʘ ʩʫʪʝʛʽʥʽש ʛʝʣʠʡʛʝ  ʷʜʝʨʣʳץ ʪװʨʣʝʥʫʽʥʽש ʥᴅʪʠʞʝʩʽ.  

ʕʥʝʨʛʠʷ ʂװʥ ץʦʡʥʘʫʳʥʘʥ ʙʝʪʢʽ ץʘʙʘʪץʘ ʩᴅʫʣʝʣʝʥʫ ʘʨץʳʣʳ, ʦʥʘʥ ʢʝʡʽʥ 

 ʘ  ʢʦʥʚʝʢʮʠʷץʘʙʘʪץ ʳץʩʳʨʪ שʨʘʜʠʫʩʳʥʘ ʪʝ 0,2 שʳ ʰʘʤʘʤʝʥ ʰʘʨʜʳסʜʳשʘʣʳץ

ʘʨץʳʣʳ ʞʝʪʝʜʽ. ʇʣʘʟʤʘʥʳש ʢʦʥʚʝʢʪʠʚʪʽ  ץʦʟסʘʣʳʩʳ ʬʦʪʦʩʬʝʨʘʣʳץ  

ʛʨʘʥʫʣʷʮʠʷʥʳ ï ʢװʥʜʝʛʽ ʜʘץʪʘʨʜʳ ʪʫʜʳʨʘʜʳ. ʂװʥʜʝʛʽ ʧʣʘʟʤʘʣʳװ ץʨʜʽʩʪʝʨʜʽש 

ʙʝʣʩʝʥʜʽʣʽʛʽ  ʧʝʨʠʦʜʪʳ ï ᴅʨʙʽʨ 11 ʞʳʣ ʩʘʡʳʥ ᴇʟʛʝʨʝʜʽ.  ʂװʥʥʝʥ ɾʝʨʛʝ ʢʝʣʝʪʽʥ 

ʩᴅʫʣʝʥʽץ  שʫʘʪ r 2Ā10
17 
ɺʪ ʞʫʳץ. 

ʂװʥʥʽש ʩᴅʫʣʝʩʽʥʽש  ʩʧʝʢʪʨʽʥ װʰ ʪʦʧץʘ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ: ʫʣʴʪʨʘʢװʣʛʽʥ 

ʩᴅʫʣʝʣʝʨ (ʪʦʣץʳʥ  ײʟʳʥʜʳסʳ  0,4 ʤʢʤ ʜʝʡʽʥ, ץʘʨץʳʥʜʳʣʳסʳ  9 %);  ʢᴇʨʽʥʝʪʽʥ 

ʩᴅʫʣʝʣʝʨ (ʪʦʣץʳʥ  ײʟʳʥʜʳסʳ  0,4 ʤʢʤ ʜʝʥ  0,7 ʤʢʤ ʜʝʡʽʥ, ץʘʨץʳʥʜʳʣʳסʳ 45  

%);  ʠʥʬʨʘץʳʟʳʣ (ʞʳʣʫʣʳץ) ʩᴅʫʣʝʣʝʨ (ʪʦʣץʳʥ  ײʟʳʥʜʳסʳ 0,7 ʤʢʤ ʘʨʪʳץ, 

 .(% ʳ  46סʳʥʜʳʣʳץʘʨץ

ʉᴅʫʣʝʥʫʜʽ ʩʘʥʜʳץ ʙʘסʘʣʘʫ װʰʽʥ çץʘʨץʳʥʜʳʣʳץè ɽʢ [ɺʪ/ʤ
2
] ʜʝʧ ʘʪʘʣʘʪʳʥ  

ʰʘʤʘ ץʦʣʜʘʥʘʜʳ. ϧʘʨϨʳʥʜʳʣʳϨ ï  ʩᴅʫʣʝʣʝʨʛʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ɾʝʨʜʽ1 ש 

ʰʘʨʰʳ ʤʝʪʨ ʘʫʜʘʥʳʥʘ 1 ʩʝʢʫʥʜʪʘ ʢʝʣʝʪʽʥ ץʫʘʪ. 

ʂװʥ ʩᴅʫʣʝʩʽ ʘʪʤʦʩʬʝʨʘʜʘʥ ᴇʪʢʝʥ ʢʝʟʜʝ ᴅʣʩʽʨʝʡʜʽ, ᴇʡʪʢʝʥʽ ʩᴅʫʣʝʥʽ 

ʙײʣʪʪʘʨ, ʦʟʦʥ, ʱʘש, ʢװʣ, ʪװʪʽʥ ʞᴅʥʝ ʘʵʨʦʟʦʣʜʘʨ  ʙᴇʣʰʝʢʪʝʨʽ   ʙʦʡʳʥʘ ʩʽשʽʨʝʜʽ 

ʞᴅʥʝ ʞʘʨʳץ ʘסʳʥʳʥ ʛʘʟʜʘʨʜʳש ʤʦʣʝʢʫʣʘʣʘʨʳ ʞʘʥ-ʞʘץץʘ ʰʘʰʳʨʘʪʘʜʳ.   

ɾʘʨʳץʪʳ ʤײʥʜʘʡ ʩʽשʽʨʫʣʝʨʜʽ çʘʪʤʦʩʬʝʨʘʥʳϬ ʦʧʪʠʢʘʣʳϨ ʪʳϤʳʟʜʳϤʳ 

ʥʝʤʝʩʝ ʘʪʤʦʩʬʝʨʘʣʳϨ ʤʘʩʩʘ (ɸʌʄ)è ʜʝʛʝʥ סײʳʤ ʘʨץʳʣʳ ʩʠʧʘʪʪʘʡʜʳ.  

ɸʪʤʦʩʬʝʨʘʣʳϨ ʤʘʩʩʘ ʥϺʣʛʝ ʪʝϬ ʙʦʣϤʘʥʜʘ (ɸʌʄ 0 ʙʦʣϤʘʥʜʘ) 

ʘʪʤʦʩʬʝʨʘʥʳש ʞʦסʘʨסʳ ʰʝʢʘʨʘʩʳʥʜʘ ʞᴅʥʝ סʘʨʳʰʪʳץ ʢʝשʽʩʪʽʢʪʝ    ʢװʥ 

ʩᴅʫʣʝʩʽʥʽץ  שʘʨץʳʥʜʳʣʳסʳ ɽʢ = 1360 ɺʪ/ʤĮ ʪʝש ʙʦʣʘʜʳ. 

 ɸʌʄ 1 ʤᴅʥʽ ʂװʥ ʟʝʥʠʪʪʝ ʦʨʥʘʣʘʩץʘʥ ʢʝʟʜʝ ʪʝשʽʟ ʜʝשʛʝʡʽʥʝʥ ʞʦסʘʨʳ ʪʘʟʘ 

ʙײʣʪʩʳʟ ʘʩʧʘʥʥʳש ʦʧʪʠʢʘʣʳץ ʪʳסʳʟʜʳסʳʥʘ  ʩᴅʡʢʝʩ ʢʝʣʝʜʽ.  

ɸʪʤʦʩʬʝʨʘʣʳϨ ʤʘʩʩʘʥʳϬ ʩʪʘʥʜʘʨʪʪʳϨ ʤϸʥʽ  ʨʝʪʽʥʜʝ ɸʌʄ 1,5 

ʩʘʥʘʣʘʜʳ, ʙײʣ ɗ = 41Á49ǋ ʙʦʣסʘʥʜʘ  ɽʢ = 835 ɺʪ/ʤĮ ʪʝש ʙʦʣʘʪʳʥ  ʰʘʤʘ. 

ʆʧʪʠʢʘʣʳץ ʞʠʽʣʽʢʪʝʨ ʜʠʘʧʘʟʦʥʳʥʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʽʢ ʩᴅʫʣʝʣʝʥʫʜʽש  

ʢʚʘʥʪʪʳץ ʩʠʧʘʪʳ ʙʽʣʽʥʝʜʽ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʪʽʢ ʩᴅʫʣʝʣʝʥʫʜʽש ʢʚʘʥʪʳ ï ʬʦʪʦʥ ï 
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ʪʳʥʳʰʪʳϨʪʘϤʳ ʤʘʩʩʘʩʳ ʥϺʣʛʝ ʪʝϬ ʞϸʥʝ ʞʳʣʜʘʤʜʳϤʳ ʞʘʨʳϨʪʳϬ 

ʞʳʣʜʘʤʜʳϤʳ ʪʝϬ   ʵʣʝʤʝʥʪʘʨʣʳϨ ʙϺʣʰʝʢ.  

ʆʥʳש  ʵʣʝʢʪʨʣʽʢ ʟʘʨʷʜʳ, ʤʘʛʥʠʪʪʽʢ  ʤʦʤʝʥʪʽ ʙʦʣʤʘʡʜʳ. ʌʦʪʦʥʜʘʨ 

ʵʥʝʨʛʠʷʩʳ hɜ=[ʵɺ]  ʪʦʣץʳʥ  ײʟʳʥʜʳסʳ ɚ   ʙʦʣסʘʥʜʘ:     

 

hɜ = hc/ ɚ=  1,24/ɚ,                                    (2.1) 

 

ʤײʥʜʘסʳ  h=6,63Ā10
-34

 ɼʞĀʩ  ï ʇʣʘʥʢ ʪײʨʘץʪʳʩʳ; 

ʩ= 2,99Ā10
8
 ʤ/ʩ -  ʞʘʨʳץ ʞʳʣʜʘʤʜʳסʳ; 

ɚ ï ʪʦʣץʳʥ ײʟʳʥʜʳסʳ, ʤʢʤ.  

ʕʣʝʢʪʨʦʥ-ʚʦʣʴʪ  ï ʧʦʪʝʥʮʠʘʣʜʘʨ ʘʡʳʨʳʤʳ 1 ɺ ʪʝש ʝʢʽ ʥװʢʪʝʥʽש 

ʘʨʘʩʳʥʜʘ ʵʣʝʢʪʨʦʥʜʳ ʞʳʣʞʳʪʫסʘ ʢʝʨʝʢ  ʞײʤʳʩ, 1 ʵɺ =1,6Ā10
-19

 ɼʞ. 

ʊʦʣϨʳʥʥʳϬ ʰʝʢʘʨʘʣʳϨ ϰʟʳʥʜʳϤʳ ï ʙײʣ ʬʦʪʦʵʣʝʤʝʥʪʪʽש ʪʠʳʤ ʩʘʣʳʥסʘʥ 

ʟʦʥʘʩʳ ɽg  ʪʝש ʤʘʪʝʨʠʘʣʜʳש ʦʩʳ ײʟʳʥʜʳץʪʘʥ ʙʘʩʪʘʧ ʬʦʪʦʥʜʳ ʩʽשʽʨʝ ʙʘʩʪʘʡʪʳʥ 

  .ɚh= 1,24/ ɽg :ץʟʳʥʜʳײ

ɾʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰ ײʟʳʥ ʪʦʣץʳʥʜʳ ʩᴅʫʣʝʣʝʨʜ ̔ʩʽשʽʨʽʣʝ ʘʣʤʘʡʜ,r ʷסʥʠ 

ʬʦʪʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʫ ʪײʨסʳʩʳʥʘʥ ʙײʣ ʩᴅʫʣʝʣʝʨ ʧʘʡʜʘʩʳʟ.  

ɾʝʨ ʙʝʪʽʥʝ ʪװʩʝʪʽʥ ʢװʥ ʩᴅʫʣʝʣʝʨʽʥʽש ʙʝʣʩʝʥʜʽʣʽʛʽ ʢᴇʧʪʝʛʝʥ ʬʘʢʪʦʨʣʘʨסʘ 

ʙʘʡʣʘʥʳʩʪʳ: ץʘʨʘʩʪʳʨʣrʘʪʳʥ ʘʡʤʘץʪʳש ʝʥʜʽʛʽ ʤʝʥ ʙʦʡʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ; 

ʛʝʦʛʨʘʬʠʷʣʳץ ʞᴅʥʝ ʢʣʠʤʘʪʪʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ; ʘʪʤʦʩʬʝʨʘʥʳש 

ʞʘסʜʘʡʳʥʘ ʙʘʡʣʘʥʳʩʪʳ; ʢװʥʥʽש ʛʦʨʠʟʦʥʪʪʘʥ ʙʠʽʢʪʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ; ɾʝʨʜʝʛʽ 

ʢװʥ ʩᴅʫʣʝʩʽʥʽץ שʘʙʳʣʜʘסʳʰʳʥʳש ʦʨʥʘʣʘʩʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ.  

ɾʝʨ ʙʝʪʽʥʝ ʞʝʪʝʪʽʥ ʞʘʣʧʳ ʢװʥ ʩᴅʫʣʝʩʽ, ᴅʜʝʪʪʝ, װʰ ײץʨʘʫʰʳʜʘʥ ʪײʨʘʜʳ:  

ʘ) ʪ̔ ʢʝʣʝʡ ʢϮʥʜʽʢ ʩϸʫʣʝʣʝʥʫʜʝʥ ï ץʘʙʳʣʜʘסʳʰץʘ ʂװʥʥʝʥ ʪװʩʝʪʽʥ 

ʧʘʨʘʣʣʝʣʴ ʩᴅʫʣʝʣʝʨʜʝʥ; 

ʙ) ʜʠʬʬʫʟʠʷʣʳϨ ʥʝʤʝʩʝ ʰʘʰʳʨʘϬϨʳ ʢϮʥʜʽʢ ʩϸʫʣʝʣʝʥʫʜʝʥ - 

ʘʪʤʦʩʬʝʨʘʣʳץ ʛʘʟʜʘʨ ʤʝʥ ʘʵʨʦʟʦʣʜʘʨʜʘʥ ʰʘסʳʣʳʩʳʧ ʢʝʣʝʪʽʥ ʩᴅʫʣʝʣʝʨ; 

ʚ) ʞʝʨ ʙʝʪʽʥʝʥ ʰʘϤʳʣʳʩϨʘʥ ʢϮʥʜʽʢ ʩϸʫʣʝʣʝʥʫʜʝʥ.  

 

2.2 ʂװʥʜʽʢ ʵʥʝʨʛʝʪʠʢʘʣʳץ ץʦʥʜʳʨסʳʣʘʨʜʳ ʪʦʧʪʘʩʪʳʨʫ 

 

ʂװʥʥʽש ʵʥʝʨʛʠʷʩʳʥ ɾʝʨʜʝ ץʦʣʜʘʥʫ ʢװʥʜʽʢ ʵʥʝʨʛʝʪʠʢʘʣʳץ ץʦʥʜʳʨסʳʣʘʨ  

(ʂʕפ) ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʆʣʘʨʜʳ ʤʳʥʘʜʘʡ ʙʝʣʛʽʣʝʨ ʘʨץʳʣʳ 

ʪʦʧʪʘʩʪʳʨʘʜʳ:  

- ʢװʥʥʽש ʵʥʝʨʛʠʷʩʳʥ ʙʘʩץʘ ʵʥʝʨʛʠʷסʘ ʪװʨʣʝʥʜʽʨʫʜʽש ʪװʨʽ ʙʦʡʳʥʰʘ ï 

ʞʳʣʫʣʳϨ ʞϸʥʝ ʵʣʝʢʪʨʣʽʢ; 

- ʢװʥ ʵʥʝʨʛʠʷʩʳʥ ʞʠʥʘץʪʘʫ ʙʦʡʳʥʰʘ  ï ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʙʘʨ ʞϸʥʝ  

ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʞʦϨ ϨʦʥʜʳʨϤʳʣʘʨ; 

- ʪʝʭʥʠʢʘʣʳץ ʢװʨʜʝʣʽʣʽʛʽ ʙʦʡʳʥʰʘ ï Ϩʘʨʘʧʘʡʳʤ (ʩʫ ץʳʟʜʳʨסʳʰʪʘʨ, 

ʢʝʧʪʽʨʛʽʰʪʝʨ, ץʳʟʜʳʨʫ ʧʝʰʪʝʨʽ ʞᴅʥʝ ʪ. ʙ.) ʞᴅʥʝ ʢϮʨʜʝʣʽ ϨʦʥʜʳʨϤʳʣʘʨ.  

ʂϮʨʜʝʣʽ ʢϮʥʜʽʢ ʵʥʝʨʛʝʪʠʢʘʣʳϨ ϨʦʥʜʳʨϤʘʣʘʨʜʳ  ᴇʟ ʢʝʟʝʛʽʥʜʝ ʝʢʽ ʪʦʧץʘ 

ʙᴇʣʫʛʝ ʙʦʣʘʜʳ. ɹʽʨʽʥʰʽ ʪʦʧ ϨʦʥʜʳʨϤʳʣʘʨʳ ʢװʥ ʵʥʝʨʛʠʷʩʳʥ ʞʳʣʫסʘ 

ʪװʨʣʝʥʜʽʨʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ. ʄײʥʜʘʡ ץʦʥʜʳʨסʳʣʘʨסʘ ʤײʥʘʨʘʣʳץ ʢװʥʜʽʢ 
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ʵʣʝʢʪʨʩʪʘʥʩʘʩr, ʢװʥʜʽʢ ʢᴇʣʜʝʨ, ʧʘʨʘʙʦʣʦʮʠʣʠʥʜʨʣʽʢ  ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʙʘʨ ʂʕפ, 

ʦʥʳש ʽʰʽʥʜʝ, ʩʫ ץʳʟʜʳʨʫסʘ ʘʨʥʘʣסʘʥ ʢװʥʜʽʢ ʢʦʣʣʝʢʪʦʨʣʘʨ ʞʘʪʘʜʳ.  

ɽʢʽʥʰʽ ʪʦʧ ϨʦʥʜʳʨϤʳʣʘʨʳ  ʢװʥ ʵʥʝʨʛʠʷʩʳʥ ʪʽʢʝʣʝʡ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʘ 

ʬʦʪʦʵʣʝʢʪʨʣʽʢ ײץʨʳʣסʳʣʘʨ ʘʨץʳʣʳ ʪװʨʣʝʥʜʽʨʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ. ʆʩʳʣʘʨʜʳש 

ʽʰʽʥʜʝ ʢʝʣʝʰʝʛʽ ʟʦʨ ʵʥʝʨʛʝʪʠʢʘʣʳץ ץʦʥʜʳʨסʣrʘʨ ʨʝʪʽʥʜʝ  ʢϮʥʜʽʢ ʢʦʣʣʝʢʪʦʨʣʘʨ 

ʞϸʥʝ ʢϮʥʜʽʢ ʬʦʪʦʵʣʝʢʪʨʣʽʢ ʪϮʨʣʝʥʜʽʨʛʽʰʪʝʨ ʩʘʥʘʣʘʜʳ. 

 

2.3 ʂװʥ ʵʥʝʨʛʠʷʩʳʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʘ ʪװʨʣʝʥʜʽʨʫ 

 

2.3.1 ʂװʥʜʽʢ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨ. 

ʂװʥʥʽש ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥ ʪʽʢʝʣʝʡ  ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʘ ʪװʨʣʝʥʜʽʨʫ   1821  

ʞʳʣʳ ʘʰʳʣסʘʥ  ɿʝʝʙʝʢʪʽש ʵʬʬʝʢʪʽʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ. ɽʛʝʨ ʭʠʤʠʷʣʳײץ ץʨʘʤʳ 

ᴅʨʪװʨʣʽ ʝʢʽ ᴇʪʢʽʟʛʽʰʪʽײ שʰʪʘʨʳʥ ʙʽʨʽʢʪʽʨʽʧ ʜᴅʥʝʢʝʨʣʝʩʝ ʞᴅʥʝ ʙײʣ ײʰʪʘʨʜʳ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ ᴅʨʪװʨʣʽ ʦʨʪʘסʘ ץʦʡʩʘ (2.1 ʩʫʨʝʪ), ʦʥʜʘ ʦʣʘʨʜʳש ʘʨʘʩʳʥʜʘ 

ʞʳʣʫʣʳץ ʵʣʝʢʪʨ ϨʦʟϤʘʫʰʳ ʢϮʰ (ʕϧʂ) ʧʘʡʜʘ ʙʦʣʘʜʳ: 

 

ɽ = Ŭ(ʊ1 - ʊ2),              (2.2) 

 

ʤײʥʜʘסʳ ʊ1 ï ʙʽʨʽʢʢʝʥ ʳʩʪʳײ ץʰʪʘʨʜʳש ʘʙʩʦʣʶʪʪʽʢ ʪʝʤʧʝʨʘʪʫʨʘʩʳ;  

ʊ2 ï  ʙʽʨʽʢʢʝʥ ʩʫʳײ ץʰʪʘʨʜʳש ʘʙʩʦʣʶʪʪʽʢ ʪʝʤʧʝʨʘʪʫʨʘʩʳ; 

Ŭ  ïʧʨʦʧʦʨʮʠʦʥʘʣʜʳץ   ʢʦʵʬʬʠʮʠʝʥʪ. 

ʀʜʝʘʣ ʪװʨʣʝʥʜʽʨʛʽʰʪʽש ʧʘʡʜʘʣʳ ᴅʩʝʨ ʢʦʵʬʬʠʮʠʝʥʪʽ (ʇʕʂ) ʪʦʣʳץʪʘʡ 

ʳʩʪʳץ ʞᴅʥʝ ʩʫʳײ ץʰʪʘʨʜʳש ʘʙʩʦʣʶʪʪʽʢ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʳʤʝʥ ʘʥʳץʪʘʣʘʜʳ.  

ʅʘץʪʳ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʜʝ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʞʳʣʫ ʙʝʨʽʣʫ (ʞʳʣʫʣʳץ 

ʰʳסʳʥ) ʦʨʳʥ ʙʦʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ʥʘץʪʳ ʇᴄʂ:  

 

                                      ɖ=ɖʦ ɻ(ʊ1-ʊ2)/ʊ1,                                          (2.3) 

 

ʤײʥʜʘסʳ  ɖʦ ɻ<1 - ʪװʨʣʝʥʜʽʨʛʽʰʪʽש ʩʘʣʳʩʪʳʨʤʘʣʳ ʵʣʝʢʪʨʣʽʢ ʇᴄʂ-ʽ. 

 

 

 

2.1 ʩʫʨʝʪ ï ʊʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʽײץ שʨʳʣʳʩʳ 
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ʄʝʪʘʣʜʳϨ ʪʝʨʤʦʵʣʝʢʪʨʦʜʪʘʨʜʳ  ϨʦʣʜʘʥϤʘʥʜʘ  ʇᴄʂ ʤᴅʥʽ ᴇʪʝ ʘʟ  ï

ʧʨʦʮʝʥʪʪʽש ʞװʟʜʽʢ ʙᴇʣʽʛʽʥʝʥ ʘʩʧʘʡʜʳ. ɾʘʨʪʳʣʘʡ  Ϻʪʢʽʟʛʽʰʪʽʢ 

ʪʝʨʤʦʵʣʝʢʪʨʦʜʪʘʨʜʳ ץʦʣʜʘʥסʘʥʜʘ  ʇᴄʂ  10 % ʜʝʡʽʥ ʢᴇʙʝʡʝʜʽ. 

ʓʩʪʳײ ץʰʪʘʨʳ ʢװʥ ʩᴅʫʣʝʣʝʨʽʤʝʥ ץʳʟʜʳʨʳʣʘʪʳʥ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʽʢ 

ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʛʝʥʝʨʘʪʦʨʣʘʨ ʪʽʟʙʝʢʪʝʡ ʞʘʣסʘʥʘʜʳ. ʄײʥʜʘʡ ʛʝʥʝʨʘʪʦʨʣʘʨʜʳ ʘʟ 

 ʰʽʥ ʵʥʝʨʛʠʷ  ʢᴇʟʽװ ʪʳʥʫʰʳʣʘʨ (ʤʘʷʢʪʘʨ ʞᴅʥʝ ʪ.ʙ.)ײʫʘʪ ʧʘʡʜʘʣʘʥʘʪʳʥ ʪץ

ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. 

ʂʝש ʪʘʨʘסʘʥ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʛʝʥʝʨʘʪʦʨʣʘʨʜʳש ʤʘʢʩʠʤʘʣ ʞײʤʳʩʪʳץ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ  ï 200 Áʉ...250 Áʉ. ʆʣʘʨʜʳש ʢʝʨʥʝʫʽ 2 ɺ,  ʪʦʛʳ 1 ɸ, ʘʣ ץʫʘʪʳ 2  

ɺʪ ʰʘʤʘʩʳʥʜʘ ʙʦʣʘʜʳ. 

 

2.3.2 ɾʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʽʢ ʬʦʪʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨ. 

ʌʦʪʦʥʜʘʨ ʙʘʨʣʳץ ʵʣʝʤʝʥʪʘʨʣʳץ ʙᴇʣʰʝʢʪʝʨʤʝʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʽʢ ʪװʨʜʝ 

ᴅʨʝʢʝʪʪʝʩʝʜʽ, ʥᴅʪʠʞʝʩʽʥʜʝ ʩᴅʫʣʝʣʝʥʫ, ʵʥʝʨʛʠʷʥʳ ʩʽשʽʨʫ ʞᴅʥʝ ʰʘʰʳʨʘʪʫ 

ʩʠʷץʪʳ װʨʜʽʩʪʝʨ ʦʨʳʥ ʘʣʘʜʳ. ʂʝʡʙʽʨ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʝʨʜʝ ʬʦʪʦʥʜʘʨʜʳש 

ʘסʳʥʳʥʳש ᴅʨʝʢʝʪʽ ʥᴅʪʠʞʝʩʽʥʜʝ ʽʰʢʽ ʬʦʪʦʵʬʬʝʢʪ ʧʘʡʜʘ ʙʦʣʘʜʳ, ʷסʥʠ 

ʟʘʨʷʜʪʘʣסʘʥ ʙᴇʣʰʝʢʪʝʨʜʽש ʙʘʡʣʘʥʳʩץʘʥ ʢװʡʜʝʥ ʝʨʢʽʥ ʢװʡʛʝ ʢᴇʰʽʧ, p-n 

ᴇʪʢʝʣʽʥʜʝ ʞʠʥʘץʪʘʣʫʳ ʞװʟʝʛʝ ʘʩʘʜʳ. ɹײʣ  ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰ ʵʣʝʤʝʥʪʪʽש 

ʙʝʪʪʝʨʽʥʜʝ ʧʦʪʝʥʮʠʘʣʜʘʨ ʘʡʳʨʳʤʳʥ ʪʫʜʳʨʘʜʳ.    

ɺʝʥʪʠʣʴʜʽʢ ʬʦʪʦʵʬʬʝʢʪ ʥʝʤʝʩʝ ʬʦʪʦʵʣʝʢʪʨʣʽʢ ʵʬʬʝʢʪ ï ʝʢʽ ᴅʨʪʝʢʪʝʩ 

ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʝʨʜʽש (ʥʝʤʝʩʝ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰ ʧʝʥ ʤʝʪʘʣʣ) ʪװʡʽʩʧʝʩ ̔

(ʢʦʥʪʘʢʪʳʩʳ) ʙʘʨ ʞװʡʝʜʝ  ʦʧʪʠʢʘʣʳץ ʜʠʘʧʘʟʦʥʜʘסʳ ʩᴅʫʣʝʣʝʨʜʽש ʢʚʘʥʪʪʘʨʳʥ 

(ʬʦʪʦʥʜʘʨʳʥ) ʩʽשʽʨʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʵʣʝʢʪʨ ϨʦʟϤʘʫʰʳ ʢϮʰʪʽϬ (ʕפʂ)  ʧʘʡʜʘ ʙʦʣʫ 

 .ʙʳʣʳʩʳײץ

ʌʦʪʦʵʣʝʤʝʥʪ - ʬʦʪʦʥʜʘʨʜʳש ʵʥʝʨʛʠʷʩʳʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʘ 

ʪװʨʣʝʥʜʽʨʝʪʽʥ ʵʣʝʢʪʨʦʥʜʳץ ʘʩʧʘʧ.  ɸʩʧʘʧʪʳש ʞײʤʳʩ ʽʩʪʝʫ ʧʨʠʥʮʠʧʽ 

ʬʦʪʦʵʣʝʢʪʨʦʥʜʳϨ ʵʤʠʩʩʠʷϤʘ ʥʝʤʝʩʝ ʽʰʢʽ  ʬʦʪʦʵʬʬʝʢʪʽʛʝ  ʥʝʛʽʟʜʝʣʛʝʥ.  

ʂװʥ ʵʥʝʨʛʠʷʩʳʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʘ ʪװʨʣʝʥʜʽʨʝʪʽʥ, ʵʥʝʨʛʝʪʠʢʘʣʳץ 

ʪײʨסʳʜʘʥ ʪʠʽʤʜʽ ײץʨʳʣסʳʣʘʨ ʨʝʪʽʥʜʝ ʞʘʨʪʳʣʘʡ Ϻʪʢʽʟʛʽʰʪʽʢ ʬʦʪʦʵʣʝʢʪʨʣʽʢ 

ʪϮʨʣʝʥʜʽʨʛʽʰʪʝʨ  (ʌʕʊ) ʩʘʥʘʣʘʜʳ, ᴇʡʪʢʝʥʽ ʤײʥʜʘ ʪʽʢʝʣʝʡ, ʙʽʨ ʩʘʪʳʣʳ 

ʪװʨʣʝʥʜʽʨʫ ʦʨʳʥ ʘʣʘʜʳ. פʘʟʽʨʛʽ ʢʝʟʜʝ ʞʘʩʘʣʳʧ ʞʘʪץʘʥ ʬʦʪʦʵʣʝʤʝʥʪʪʝʨʜʽש 

ʇʕʂ  ʦʨʪʘʰʘ ʤᴅʥʽ 16 %...18 %, ʘʣ ʝש ʪʘשʜʘʫʣʳ ʥײʩץʘʣʘʨʳʥʽʢʽ 25 % ʜʝʡʽʥ 

ʞʝʪʝʜʽ. ɿʝʨʪʭʘʥʘʣʳץ ʞʘסʜʘʡʜʘ ʇʕʂ ʤᴅʥʽ  43,5 %...44,7 % ʜʝʡʽʥ ʞʝʪʪʽ. 

ɾʘʨʪʳʣʘʡ Ϻʪʢʽʟʛʽʰʪʝʨ ʞʘʩʘʡʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨ. ʌʦʪʦʵʣʝʢʪʨʣʽʢ 

ʵʬʬʝʢʪ ᴅʨʪʝʢʪʽ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʽʢ ײץʨʳʣʳʤʳʥʜʘ (ʷסʥʠ ᴇʪʢʽʟʛʽʰʪʽʢʪʝʨʽ 

ᴅʨʪװʨʣʽ ʙʦʣʘʪʳʥ ʝʢʽ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʝʨʜʝʥ ʪײʨʘʪʳʥ ʬʦʪʦʵʣʝʤʝʥʪʪʝ) ʢװʥ 

ʩᴅʫʣʝʩʽ ᴅʩʝʨ ʝʪʢʝʥʜʝ ʧʘʡʜʘ ʙʦʣʘʜʳ. 

ɹײʣ ʵʬʬʝʢʪ ʧʘʡʜʘ ʙʦʣʫʳ װʰʽʥ ʘʨʥʘʫʣʳ ʤʘʪʝʨʠʘʣʜʘʨ ï ʞʘʨʪʳʣʘʡ 

Ϻʪʢʽʟʛʽʰʪʝʨ ץʦʣʜʘʥʳʣʘʜʳ. ʆʣʘʨ ʝʢʽ ʪװʨʣʽ ʙʦʣʘʜʳ:  p-Ϻʪʢʽʟʛʽʰʪʽʢʪʽ ʞϸʥʝ n-

Ϻʪʢʽʟʛʽʰʪʽʢʪʽ. ɸʣ n-ᴇʪʢʽʟʛʽʰʪʽʢ  ʤʘʪʝʨʠʘʣʜʘ ʣɻʝʢʪʨʦʥʜʘʨʜʳϬ ʢϺʧʪʽʛʽʥ 

ʙʽʣʜʽʨʩʝ,     p-ᴇʪʢʽʟʛʽʰʪʽʢ ʦʣʘʨʜʳש ʘʟʜʳסʳʥ ʙʽʣʜʽʨʝʜʽ. 

ʌʕʊ-ʪʽש  ᴅʨʪʝʢʪʽ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʽʢ ײץʨʳʣʳʤʳʥ ʤʳʥʘʜʘʡ 

ʪᴅʩʽʣʜʝʨʤʝʥ ʘʣʫסʘ ʙʦʣʘʜʳ: 

https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%82%D0%BE%D0%BD
https://ru.wikipedia.org/w/index.php?title=%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BF%D1%80%D0%B8%D0%B1%D0%BE%D1%80&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%92%D0%BD%D1%83%D1%82%D1%80%D0%B5%D0%BD%D0%BD%D0%B8%D0%B9_%D1%84%D0%BE%D1%82%D0%BE%D1%8D%D1%84%D1%84%D0%B5%D0%BA%D1%82
https://ru.wikipedia.org/wiki/%D0%92%D0%BD%D1%83%D1%82%D1%80%D0%B5%D0%BD%D0%BD%D0%B8%D0%B9_%D1%84%D0%BE%D1%82%D0%BE%D1%8D%D1%84%D1%84%D0%B5%D0%BA%D1%82
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- ʙʽʨ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʢʝ ᴅʨʪװʨʣʽ ץʦʩʧʘʣʘʨ ץʦʩʫ ʘʨץʳʣʳ (ʤʳʩʘʣʳ, 

ʢʨʝʤʥʠʡʛʝ ʬʦʩʬʦʨ ץʦʩʫ ʘʨץʳʣʳ n-Ϻʪʢʽʟʛʽʰʪʽʢʪʽ,  ʢʨʝʤʥʠʡʛʝ ʙʦʨ ץʦʩʫ ʘʨץʳʣʳ 

p-Ϻʪʢʽʟʛʽʰʪʽʢʪʽ); 

- ʪʠʳʤ ʩʘʣʳʥסʘʥ ʟʦʥʘʣʘʨʳ ʙʽʨ ʢʝʣʢʽ ʝʤʝʩ ᴅʨʪװʨʣʽ ʞʘʨʪʳʣʘʡ 

ᴇʪʢʽʟʛʽʰʪʝʨʜʽ ץʦʩʫ ʘʨץʳʣʳ (ʛʝʪʝʨʝᴇʪʢʝʣʜʝʨ ʞʘʩʘʫ);  

- ʪʠʳʤ ʩʘʣʳʥסʘʥ ʟʦʥʘ ʛʨʘʜʠʝʥʪʽ ʧʘʡʜʘ ʙʦʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ 

ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥ ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ.  

ʌʕʊ  ʞʘʩʘʫסʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨ ( ʇᴄʂ  ʘʟʘʶ ʨʝʪʽ ʙʦʡʳʥʰʘ): 

- ʛʘʣʣʠʡ ʘʨʩʝʥʠʜ ̔  ץʤʳʩʪʳײʘʪʪʳ, ʘʫʳʨ  ʤʦʜʫʣʴ, ʇᴄʂ ï 10 %...25 %, ʞץ)

ʪʝʤʧʝʨʘʪʫʨʘʩʳ  +150 Áʉ ʜʝʡʽʥ, ʩʧʝʢʪʨ ï çʢᴇʨʽʥʝʪʽʥè ʩᴅʫʣʝʣʝʨ);  
- ʤʦʥʦʢʨʠʩʪʘʣʜ  rʢʨʝʤʥʠʡ ʞϸʥʝ  ʧʦʣʠʢʨʠʩʪʘʣʜ  rʢʨʝʤʥʠʡ ( ץʘʪʪʳ, ʇᴄʂ 

ï 12 %...20 %, ʦʣ +25 Áʉ ʙʘʩʪʘʧ ץʳʟסʘʥ ʩʘʡʳʥ - 0.45 %/Áʉ ʘʟʘʷʜʳ, ʩʧʝʢʪʨ ï 

çʢᴇʨʽʥʝʪʽʥ ʩᴅʫʣʝ + ʠʥʬʨʘץʳʟʳʣ ʩᴅʫʣʝè);  
- ʘʤʦʨʬʪ  r ʢʨʝʤʥʠʡ (ʞײʤʩʘץ,  ʇᴄʂ ï 5 %...10 %, ʩʧʝʢʪʨ ï 

çʫʣʴʪʨʦʬʠʦʣʝʪʪʽʢ ʩᴅʫʣʝ + ʢᴇʨʽʥʝʪʽʥ ʩᴅʫʣʝè);  
- ʩʫʣʴʬʠʜ-ʢʘʜʤʠʡʣʽʢ (ʞץײʘ ץʘʙʳʨʰʳץʪʳ, ʞײʤʩʘץ ʠʣ̔ʛʽʰ, ʇᴄʂ ï 5 %...10 

%, ʞײʤʳʩʪʳץ ʪʝʤʧʝʨʘʪʫʨʘ +100 Áʉ ʜʝʡʽʥ, ʩʧʝʢʪʨ ï çʫʣʴʪʨʦʬʠʦʣʝʪʪʽʢ ʩᴅʫʣʝ + 

ʢᴇʨʽʥʝʪʽʥ ʩᴅʫʣʝè);  

- CIGS ï ʤʳʩʪʳש, ʠʥʜʠʡʜʽש, ʛʘʣʠʡʜʽש ʞᴅʥʝ ʩʝʣʝʥʥʽץ שʦʩʧʘʣʘʨʳ.  

ɻʘʣʣʠʡ ʘʨʩʝʥʠʜʽʥʽϬ ʥʝʛʽʟʛʽ ʢʝʤʰʽʣʽʛʽ ï  ʙʘסʘʩʳʥʳש ᴇʪʝ ץʳʤʙʘʪʪʳסʳ.  

ʂʨʝʤʥʠʡ ʦʩʳ ʫʘץʳʪץʘ ʜʝʡʽʥ ʬʦʪʦʵʣʝʤʝʥʪ ʞʘʩʘʡʪʳʥ ʥʝʛʽʟʛʽ ʤʘʪʝʨʠʘʣ 

ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. ʆʥʳץ שʦʨʳ ᴇʪʝ ʤʦʣ.  ɹʽʨʘץ ʦʥʳ ץʦʣʜʘʥʫʜʘסʳ ᴇʪʝ װʣʢʝʥ 

ʤᴅʩʝʣʝ - ʦʥʳ ʪʘʟʘʣʘʫ, ʩʦʥʜʳץʪʘʥ ʪʘʟʘ ʢʨʝʤʥʠʡ ᴇʪʝ ץʳʤʙʘʪ ʪײʨʘʜʳ.  

ʄʳʩʪʳש, ʠʥʜʠʡʜʽש, ʛʘʣʠʡʜʽש ʞᴅʥʝ ʩʝʣʝʥʥʽץ שʦʩʧʘʣʘʨʳ ʞᴅʥʝ 

ʦʨʛʘʥʠʢʘʣʳץ ʤʘʪʝʨʠʘʣʜʘʨ ʬʦʪʦʵʣʝʤʝʥʪʪʝʨ װʰʽʥ ʢʝʣʝʰʝʛʽ ʙʘʨ ʤʘʪʝʨʠʘʣʜʘʨ 

ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. 

ʂʨʝʤʥʠʡ  ʥʝʛʽʟʽʥʜʝ ʬʦʪʦʧʘʥʝʣʴʜʽװ שʰ ʪװʨʽ ʞʘʩʘʣʘʜʳ: 

ʘ) ʤʦʥʦʢʨʠʩʪʘʣʜʘʥ ʞʘʩʘʣϤʘʥ ʬʦʪʦʵʣʝʤʝʥʪʪʝʨ. ʆʥʳ ʞʘʩʘʫ װʰʽʥ ʙʽʨ 

ʪʝʢʪʝʩ ײץʨʳʣʳʤʜʳ ʤʦʥʦʢʨʠʩʪʘʣʜʳ ᴇʥʜʽʨʝʜʽ.  ʄװʥʜʘʡ ʬʦʪʦײʷʰʳץʪʘʨʜʳש ʙʝʪʽ 

ʙʽʨʢʝʣʢʽ ʪʝʛʽʩ ʙʦʣʘʜʳ, ʩʦʥʜʳץʪʘʥ ʢװʥ ʩᴅʫʣʝʣʝʨʽʥ ʞʘץʩʳ ʩʽשʽʨʝʜʽ. ɹײʣʘʨʜʳש  

ʇᴄʂ-ʽ ʙʘʩץʘ ʪװʨʣʝʨʛʝ ץʘʨʘסʘʥʜʘ ʞʦסʘʨʳ, ʙʽʨʘץ ʙʘסʘʩʳ ʢʳʤʙʘʪʪʘʫ. ɹײʣ 

 ʨʳʰʪʘʨ ʪᴅʨʽʟʜʽ ʙʦʣʳʧײʨʳʰʪʘʨʳ ʢʝʩʽʣʛʝʥ ʢʚʘʜʨʘʪʪʘʨ ʥʝʤʝʩʝ ʢᴇʧʙײʪʘʨ ʙץʷʰʳײ

ʢʝʣʝʜʽ; 

ʙ) ʧʦʣʠʢʨʠʩʪʘʣʜʘʥ ʞʘʩʘʣϤʘʥ ʬʦʪʦʵʣʝʤʝʥʪʪʝʨ. ɹײʣ ײʷʰʳץʪʘʨ  ᴅʨ 

ʪʝʢʪʝʩ ʧʦʣʠʢʨʠʩʪʘʣʜʳ ײץʨʳʣʳʤʜʳ ʙʦʣʘʜʳ. ɹײʣʘʨʜʳש ʞʘʨʳץ ʩᴅʫʣʝʩʽʥ ʩʽשʽʨʫ 

ʜʝשʛʝʡʽ ʙʽʨʰʘʤʘ ʪᴇʤʝʥ,  ᴇʡʪʢʝʥʽ ʦʣʘʨʜʳש ʙʽʨʢʝʣʢʽ ʝʤʝʩ ʙʝʪʽ ʞʘʨʳץ 

ʩᴅʫʣʝʣʝʨʽʥʽש ʙʽʨʘʟ ʙᴇʣʽʛʽʥ ʰʘסʳʣʳʩʪʳʨʳʧ, ʢʝʨʽ ץʘʡʪʘʨʘʜʳ; 

ʚ) ʞϰϨʘ ϨʘʙʳʨʰʳϨʪʘʥ (ʧʣʝʥʢʘʜʘʥ) ʞʘʩʘʣϤʘʥ ʬʦʪʦʵʣʝʤʝʥʪʪʝʨ. 

ʄײʥʜʘʡ ʢװʥʜʽʢ ʙʘʪʝʨʝʷʣʘʨʜʳש ʞײʤʳʩ ʽʩʪʝʫ ʧʨʠʥʮʠʧʽ ʢʨʠʩʪʘʣʜʘʥ ʞʘʩʘסʘʥ 

ʬʦʪʦʙʘʪʝʨʝʷʣʘʨʜʳש ʞײʤʳʩ ʽʩʪʝʫ ʧʨʠʥʮʠʧʽʥʝ ץײʩʘʩ. ɹʽʨʘץ ʦʣʘʨ ʠʽʣʛʽʰ 

 ʘסʘ ʦʨʥʘʣʘʩʪʳʨʫסʘʣʘʨסʘʙʳʨץ ץʠʩʳץ ʨʽʥʜʝ ʞʘʩʘʣʘʜʳ ʞᴅʥʝ ʦʣʘʨʜʳװʪʘʨ ʪץʷʰʳײ

ʙʦʣʘʜʳ. ɹײʣ ʬʦʪʦʙʘʪʝʨʝʷʣʘʨʜʳ ʞʘʩʘʫ ʘʨʟʘʥʜʘʫ ʞᴅʥʝ ʦʣʘʨ ʘʡʪʘʨʣʳץʪʘʡ ʪʠʽʤʜʽ. 

ɹʽʨʘץ ʪײʨʤʳʩʪʘ ʩʠʨʝʢ ץʦʣʜʘʥʘʜʳ, ᴇʡʪʢʝʥʽ   ʢʨʠʩʪʘʣʜʳ  ʬʦʪʦʙʘʪʝʨʝʷʣʘʨסʘ 

  .ʘʞʝʪ ʝʪʝʜʽץ ʣʢʝʥ ʘʫʜʘʥʜʳ ( ʰʘʤʘʤʝʥ 2,5 ʝʩʝ)װ ʘʥʜʘסʘʨʘץ



20 
 

ʇʦʣʠʢʨʠʩʪʘʣʜʳ ʞϰϨʘ ϨʘʙʳʨʰʳϨʪʘʨʜʳϬ ʢװʥʜʽʢ ʵʥʝʨʛʝʪʠʢʘ װʰʽʥ 

ʤʘשʳʟʳ ʟʦʨ. ᴄʩʽʨʝʩʝ, ʤʳʩ ʧʝʥ ʠʥʜʠʡʜʽש ʜʠʩʝʣʝʥʠʜ̔ʥʽש (CuInSe2)  ʢװʥ ʩᴅʫʣʝʩʽʥ 

ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ᴇʪʝ ʞʦסʘʨʳ ï ʞʘʨʳץʪʳ99  ש % ʙʽʨʽʥʰʽ ʤʠʢʨʦʥʜʘ ʩʽשʽʨʽʣʝʜʽ 

(ʨץײʩʘʪ ʝʪʽʣʤʝʛʝʥ ʟʦʥʘʥʳש ʝʥʽ ï 1,0 ʵɺ). 

ʂװʥʜʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽש ʘʨʘʩʳʥʜʘ ʦʨʛʘʥʠʢʘʣʳϨ ʤʘʪʝʨʠʘʣʜʘʨʜʳ 

Ϩʦʣʜʘʥʘʪʳʥ ʬʦʪʦʙʘʪʝʨʝʷʣʘʨ ʝʨʝʢʰʝ ʦʨʳʥ ʘʣʘʜʳ. ʆʨʛʘʥʠʢʘʣʳץ ʙʦʷʫʤʝʥ 

ʙʦʷʣסʘʥ ʪʠʪʘʥʥʳש ʜʠʦʢʩʠʜʳʥʘʥ ʞʘʩʘʣסʘʥ ʢװʥʜʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽש ʇᴄʂ-ʽ 

ʘʡʪʘʨʣʳץʪʘʡ ʞʦסʘʨʳ, 11 % ʞʫʳץ.  
ʂʘʜʤʠʡ ʪʝʣʣʫʨʠʜr  (CdTe) ï ʬʦʪʦʙʘʪʝʨʝʷʣʘʨ ʞʘʩʘʫסʘ ץʦʣʜʘʥʳʣʘʪʳʥ 

ʪʘסʳ ʙʽʨ ʤʘʪʝʨʠʘʣ. ʆʥʳש ʨץײʩʘʪ ʝʪʽʣʤʝʛʝʥ ʟʦʥʘʩʳʥʳש ʝʥʽ ʠʜʝʘʣ ʜʝʫʛʝ ʙʦʣʘʜʳ 

(1,44 ʵɺ)  ʞᴅʥʝ ʩᴅʫʣʝ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ᴇʪʝ ʞʦסʘʨʳ. CdTe ץʘʙʳʨʰʳץʪʘʨʳʥ ʞʘʩʘʫ 

ᴅʞʝʧʪʝʫʽʨ ʘʨʟʘʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, Zn, Hg ʞᴅʥʝ ʙʘʩץʘ ʵʣʝʤʝʥʪʪʝʨ ץʦʩʳʣסʘʥ 

CdTe ᴅʨʪװʨʣʽ ץʦʨʳʪʧʘʣʘʨʳʥ (ʘʣʜʳʥ-ʘʣʘ ץʘʩʠʝʪʪʝʨʽ ʙʝʣʛʽʣʝʥʛʝʥ) ᴇʥʜʽʨʫ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞʘסʳʥʘʥ ץʠʳʥ ʝʤʝʩ. 

ᴄʣʝʤʜʝ ʝש ʙʽʨʽʥʰʽ ʬʦʪʦʵʣʝʤʝʥʪ 1883 ʞʳʣʳ ʏʘʨʣʴʟ ʌʨʠʪʪʩʜʳש 

ʟʝʨʪʭʘʥʘʩʳʥʜʘ ʞʘʩʘʣʜʳ. ʆʣ ʘʣʪʳʥʤʝʥ ץʘʧʪʘʣסʘʥ ʩʝʣʝʥʥʝʥ ʞʘʩʘʣסʘʥ,  ʦʥʳש 

ʇᴄʂ-  ̔ᴇʪʝ ʪᴇʤʝʥ (1 %  ʰʘʤʘʩʳʥʜʘ). çBell Telephoneè ʢʦʤʧʘʥʠʷʩʳʥʜʘ ʙʽʨʽʥʰʽ 

ʢʨʝʤʥʠʡʣʽʢ ʬʦʪʦʵʣʝʤʝʥʪ ʞʘʩʘʣʜʳ. 

ʌʦʪʦʵʣʝʤʝʥʪʪʽϬ Ϩϰʨʳʣʳʩʳ ʤʝʥ ʦʥʳϬ ʞϰʤʳʩ ʽʩʪʝʫ ʧʨʠʥʮʠʧʽʥ 

 ɾʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʝʨ ʥʝʛʽʟʽʥʜʝʛʽ ʬʦʪʦʵʣʝʤʝʥʪ ʘʣʶʤʠʥʠʡʣʽʢ .ץʘʨʘʩʪʳʨʘʡʳץ

ʪʘʙʘʥʥʘʥ, ᴇʪʢʽʟʛʽʰʪʽʛʽ ᴅʨʪװʨʣʽ ʝʢʽ ץʘʙʘʪʪʘʥ, ץʦʨסʘʫʰʳ ʰʳʥʳʜʘʥ ʞᴅʥʝ ʪʝʨʽʩ 

ʵʣʝʢʪʨʦʜʪʘʨʜʘʥ  ʪײʨʘʜʳ (2.2 ʩʫʨʝʪ). ʉʳʨʪץʳ ʪʽʟʙʝʢʢʝ ץʦʩʫ װʰʽʥ ץʘʙʘʪʪʘʨʜʳש 

ᴅʨʪװʨʣʽ ʞʘץʪʘʨʳʥʘ ʢʦʥʪʘʢʪʳʣʘʨ ʞʘʣסʘʥʘʜʳ. ʂʘʪʦʜʪʳש ʨᴇʣʽʥ n-Ϻʪʢʽʟʛʽʰʪʽʢʪʽ 

Ϩʘʙʘʪ, ʘʣ ʘʥʦʜ ʨᴇʣʽʥ p-Ϻʪʢʽʟʛʽʰʪʽʢʪʽ ץʘʙʘʪ ʦʨʳʥʜʘʡʜʳ. 

ɹʽʨ ʤʦʥʦʢʨʠʩʪʘʣʜʘ  p- ʞᴅʥʝ n-ʪʠʧʪʽ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʝʨʜʽ 

ʞʘʥʘʩʪʳʨסʘʥ ʢʝʟʜʝ n-ʪʠʧʪʽ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʝʥ p-ʪʠʧʪʽ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʢʝ 

 ʳʥʳ ʞᴅʥʝ  p-ʪʠʧʪʽסʘ ץʜʠʬʬʫʟʠʷʣʳ שʘʣʘʪʳʥ ʵʣʝʢʪʨʦʥʜʘʨʜʳסʦʟץ ʘʨʘʡץ

ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʝʥ  n-ʪʠʧʪʽ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʢʝ ʙʘסʳʪʪʘʣסʘʥ çʪʝʩʽʢʪʝʨè 

ʘסʳʥʳ ʧʘʡʜʘ ʙʦʣʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ p-n Ϻʪʢʝʣ ʤʘשʳʥʜʘס  r p-ʪʠʧʪʽ ʞʘʨʪʳʣʘʡ 

ᴇʪʢʽʟʛʽʰʪʽש ʙʽʨʘʟ ʙᴇʣʽʛʽ ʪʝʨʽʩ ʟʘʨʷʜʪʘʣʘʜʳ, ʘʣ p-n Ϻʪʢʝʣ ʤʘשʳʥʜʘס  r n-ʪʠʧʪʽ 

ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʽש ʙʽʨʘʟ ʙᴇʣʽʛʽ ʦש ʟʘʨʷʜʪʘʣʘʜʳ. ʆʩʳʣʘʡʰʘ,  p-n Ϻʪʢʝʣ 

ʤʘשʳʥʜʘ ʟʘʨʷʜʪʘʣסʘʥ ץʦʩ ץʘʙʘʪ ʧʘʡʜʘ ʙʦʣʘʜʳ. ɹײʣ ʧʘʡʜʘ ʙʦʣסʘʥ ץʦʩ ץʘʙʘʪ 

ʵʣʝʢʪʨʦʥʜʘʨ ʤʝʥ ʪʝʩʽʢʪʝʨʜʽש ʜʠʬʬʫʟʠʷʩʳʥʳʥʳש ʦʜʘʥ ᴅʨʽ ʞװʨʫʽʥʝ ʢʝʜʝʨʛʽ 

ʞʘʩʘʡʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʪʝʧʝ-ʪʝשʜʽʢ ʞʘסʜʘʡ ʦʨʳʥ ʘʣʘʜʳ. ʉʦʥʳʤʝʥ ʞʘʨʳץ 

ʬʦʪʦʵʣʝʤʝʥʪʢʝ ʪװʩʧʝʛʝʥ ʢʝʟʜʝ p-n Ϻʪʢʝʣ ʘʫʤʘϤʳʥʜʘ ʧʦʪʝʥʮʠʘʣʴʜʳϨ ʙʘʨʴʝʨ 

ʧʘʡʜʘ ʙʦʣʘʜʳ. ʆʜʘʥ ᴇʪʫ װʰʽʥ n-ʪʠʧʪʽ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʽש ʵʣʝʢʪʨʦʥʜʘʨʳ 

ʞᴅʥʝ p-ʪʠʧʪʽ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʽש ʪʝʩʽʢʪʝʨʽ ץʦʩʳʤʰʘ ʵʥʝʨʛʠʷ ʞײʤʩʘʫʳ ʢʝʨʝʢ. 

ɾʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʢʝ ʞʘʨʳץ ʪװʩʢʝʥ ʢʝʟʜʝ ʵʣʝʢʪʨʦʥʜʳץ-ʪʝʩʽʢʪʽʢ ʞײʧʪʘʨ 

ʧʘʡʜʘ ʙʦʣʘʜʳ. ʊʦʢ ʪʘʩʳסʳʰʪʘʨʜʳ ʙᴇʣʝʢʪʝʫ װʰʽʥ  ʞᴅʥʝ ʕפʂ ʧʘʡʜʘ ʙʦʣʫ װʰʽʥ 

 ʳʰʪʘʨʜʳ  p-nסʝʤʝʩ ʪʦʢ ʪʘʩʳ שʳʥʘʥ ʪʝסʰ ʙʦʣʫ ʢʝʨʝʢ. ʉʘʥ ʞʘװʦʩʳʤʰʘ ʢץ

Ϻʪʢʝʣ ʘʫʤʘסʳʥʜʘ ʙᴇʣʝʢʪʝʫ ʪʠʽʤʜʽ. p-n Ϻʪʢʝʣ ʘʫʤʘסʳʥʜʘ ʧʘʡʜʘ ʙʦʣסʘʥ çʥʝʛʽʟʛʽ 

ʝʤʝʩè ʪʘʩʳסʳʰʪʘʨ (n-ʪʠʧʪʽ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʝʛʽ ʪʝʩʽʢʪʝʨ ʤʝʥ p-ʪʠʧʪʽ 

ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʝʛʽ ʵʣʝʢʪʨʦʥʜʘʨ) p-n ᴇʪʢʝʣʽʥʝ ʳסʳʩʘʜʳ ʜʘ, ʦʣ ʞʝʨʜʝ 

ʦʣʘʨʜʳ p-n ᴇʪʢʝʣʽʥʽש ᴇʨʽʩʽʥʽש ᴅʨʝʢʝʪʽ ʥᴅʪʠʞʝʩʽʥʜʝ  ʦʣʘʨ ʥʝʛʽʟʛʽ ʪʦʢ ʪʘʩʳסʳʰ 
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ʙʦʣʳʧ ʩʘʥʘʣʘʪʳʥ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʢʝ ʞʝʪʢʽʟʝʜʽ: ʵʣʝʢʪʨʦʥʜʘʨ n-ʪʠʧʪʽ 

ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʢʝ, ʘʣ ʪʝʩʽʢʪʝʨ  p-ʪʠʧʪʽ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʢʝ ᴇʪʝʜʽ. 

ʅᴅʪʠʞʝʩʽʥʜʝ   p-ʪʠʧʪʽ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰ ʘʨʪʳץ ʦש ʟʘʨʷʜ, ʘʣ  n-ʪʠʧʪʽ ʞʘʨʪʳʣʘʡ 

ᴇʪʢʽʟʛʽʰ ʘʨʪʳץ ʪʝʨʽʩ ʟʘʨʷʜ ʞʠʥʘץʪʘʣʘʜʳ. ɹײʣ n-ץʘʙʘʪ ʧʝʥ p-ץʘʙʘʪ ʘʨʘʩʳʥʜʘ 

ʧʦʪʝʥʮʠʘʣʜʘʨ ʘʡʳʨʳʤʳʥ ï ʬʦʪʦʕϧʂ-ʽʥ ʥʝʤʝʩʝ ʙʦʩ ʞϮʨʽʩ ʨʝʞʠʤʽ ʢʝʟʽʥʜʝʛʽ 

ʢʝʨʥʝʫʜ ̔ʪʫʜʳʨʘʜʳ. 

ʌʦʪʦʕפʂ ʤᴅʥʽ ʞʘʨʳץʪʳץ שʘʨץʳʥʜʳʣʳסʳʥʳש ʣʦʛʘʨʠʬʤʽʥʝ ʪʫʨʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣ ᴇʩʝʜʽ.  

ɾʘʨʳץ ʪװʩʢʝʥ  p-n ᴇʪʢʝʣʜʽש ϨʳʩϨʘʰʘ ʪϰʡʳϨʪʘʣʫ ʨʝʞʠʤʽ ʢʝʟʽʥʜʝ ʵʣʝʢʪʨ 

ʪʽʟʙʝʛʽ ʘʨץʳʣʳ ʪʦʢ ʞװʨʝʜʽ. ɹײʣ ʪʦʢ ʞʘʨʳץʪʘʥʫ ʜʝשʛʝʡʽʥʝ ʪʫʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣ 

ʞᴅʥʝ ʧʘʡʜʘ ʙʦʣסʘʥ ʵʣʝʢʪʨʦʥʜʘʨ-ʪʝʩʽʢʪʝʨ ʞײʧʪʘʨ ʩʘʥʳʥʘ ʙʘʡʣʘʥʳʩʪʳ.   

 

 
 

1 ï ɸʣʶʤʠʥʠʡʣʽʢ ʪʘʙʘʥ  (ʪʘʙʘʥ ʵʣʝʢʪʨʦʜ); 2 ï ʢʨʝʤʥʠʡʣʽʢ  ʨ-ץʘʙʘʪ; 

 3 ï n-ץʘʙʘʪ; 4 ï ץʦʨסʘʫʰʳ ʰʳʥʳ; 5 ï ʪʝʨʽʩ ʵʣʝʢʪʨʦʜ. 

2.2 ʩʫʨʝʪ  - ʌʦʪʦʵʣʝʤʝʥʪ ײץʨʳʣʳʩʳ 

 

ʕʣʝʢʪʨʣʽʢ ʪʽʟʙʝʢʢʝ ʧʘʡʜʘʣʳ ʞװʢʪʝʤʝ ץʦʩץʘʥ ʢʝʟʜʝ ʪʦʢ  ʙʽʨʰʘʤʘ ʘʟʘʷʜʳ. 

ᴄʜʝʪʪʝ ʧʘʡʜʘʣʳ ʞϮʢʪʝʤʝʥʽϬ ʢʝʜʝʨʛʽʩʽʥ ʦʥʜʘ ʤʘʢʩʠʤʘʣʜʳ Ϩʫʘʪ ʙϺʣʽʥʝʪʽʥʜʝʡ 

ʝʪʽʧ ʪʘשʜʘʡʜʳ.  

ʌʦʪʦʵʣʝʤʝʥʪʪʝʨʜʽϬ ʞϰʤʳʩ ʨʝʞʠʤʜʝʨʽ ʤʝʥ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ 

  ʳʥʳ ʬʦʪʦʪʦʢ  Iʬסʳʰʪʘʨ  ʘסʘʥ ʪʦʢ ʪʘʩʳסʪʫʜʳʨ ץɾʘʨʳ .ץʘʨʘʩʪʳʨʘʡʳץ

 ʳʰʪʘʨ   ʩʘʥʳʤʝʥסʳʪ ʙʽʨʣʽʛʽ ʽʰʽʥʜʝ  ᴇʪʢʝʥ ʪʦʢ ʪʘʩʳץʨʘʡʜʳ.   Iʬ     ʤᴅʥʽ    ʫʘײץ

ʘʥʳץʪʘʣʘʜʳ: 

 

Ὅʬ Ὣ
ὖ

Ὤ’
 ȟ 

 

(2.4) 

                                                  

ʤײʥʜʘסʳ q ï  ʵʣʝʢʪʨʦʥʥʳש  ʟʘʨ̫ ʜrʥʳש  ʤᴅʥʽ;  

          Pu ï ʬʦʪʦʵʣʝʤʝʥʪ ʩʽשʽʨʛʝʥ ʞʘʨʳץ ץʫʘʪʳ; 

hv ï ʬʦʪʦʥ ʵʥʝʨʛʠʷʩ .r 

u 
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ɹײʣ ʞʝʨʜʝ ʵʥʝʨʛʠʷʩʳ   ɽg  ʪʝש ᴅʨʙʽʨ ʞײʪʳʣסʘʥ ʬʦʪʦʥ ʙʽʨ ʵʣʝʢʪʨʦʥʜʳץ-

ʪʝʩʽʢʪʽʢ ʞײʧ ʪʫʜʳʨʘʜʳ ʜʝʧ ʙʦʣʞʘʡʜʳ. ɹײʣ ʰʘʨʪ ʢʨʝʤʥʠʡ ʥʝʛʽʟʽʥʜʝʛʽ ʢװʥʜʽʢ 

ʵʣʝʤʝʥʪʪʝʨ װʰʽʥ ʞʘץʩʳ ʦʨʳʥʜʘʣʘʜʳ. 

ʂװʥʜʽʢ ʵʣʝʤʝʥʪʪʽש ϨʳʩϨʘʰʘ ʪϰʡʳϨʪʘʣʫ ʨʝʞʠʤʽ ʢʝʟʽʥʜʝ ʞᴅʥʝ ʽʰʢʽ 

ʦʤʜʳץ ʰʳסʳʥ ʥᴇʣʛʝ ʪʝש ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ p-n ᴇʪʢʝʣʽʥʜʝʛʽ ʢʝʨʥʝʫ ̔ʥᴇʣʛʝ ʪʝש, 

ʩʦʥʜʳץʪʘʥ  ϨʳʩϨʘʰʘ ʪϰʡʳϨʪʘʣʫ  ʪʦʛʳ I
Ϩʪ
  ʬʦʪʦʪʦʢץʘ ʪʝש:  IϨʪ=  Iʬ. 

p-n ᴇʪʢʝʣʽʥʽש ʩʳʨʪץʳ ʪʽʟʙʝʛʽ ʪײʡʳץʪʘʣʤʘסʘʥ ʢʝʟʜʝ (ʙʦʩ ʞϮʨʽʩ ʨʝʞʠʤʽ) 

ʬʦʪʦʵʣʝʢʪʨʦʥʜʘʨ n-ץʘʙʘʪץʘ ᴇʪʽʧ, ʦʥʜʘ ʞʠʥʘץʪʘʣʘʜʳ ʞᴅʥʝ ʪʝʨʽʩ ʟʘʨʷʜʪʘʡʜʳ.  

p-ץʘʙʘʪʪʘ ץʘʣסʘʥ ʘʨʪʳץ ʪʝʩʽʢʪʝʨ ʙײʣ ʦʙʳʣʳʩʪʳ ʦש ʟʘʨʷʜʪʘʡʜʳ. 

ʆʩʳʣʘʡʰʘ ʧʘʡʜʘ ʙʦʣסʘʥ ʧʦʪʝʥʮʠʘʣʜʘʨ ʘʡʳʨʳʤʳ ʙʦʩ ʞϮʨʽʩ ʢʝʨʥʝʫʽ  U
ʙʞ  

ʜʝʧ ʘʪʘʣʘʜʳ.  

ɹʦʩ ʞװʨʽʩ ʨʝʞʠʤʽ ʢʝʟʽʥʜʝ ʬʦʪʦʪʦʢ  çץʘʨʘסשʳʣʳץè ʪʦʢץʘ I
Ϩ ʪʝש.  

çפʘʨʘסשʳʣʳץè ʪʦʢʪʳש ʘʙʩʦʣʶʪʪʽʢ ʤᴅʥʽ: 

 

Ὅ ὍὩὼὴ
ὫὟ̂ ̇

ὃὯὝ
ρ Ὅ̕ȟ 

 

 
(2.5) 

 

ʙײʜʘʥ I
ʬ
 è I

0
  ʙʦʣסʘʥʜʘ: 

 

Ὗ̂ ̇

ὃὯὝ

Ὣ
ὰὲ
Ὅͅ

Ὅ
ρ

ὃὯὝ

Ὣ
ὰὲ
Ὅͅ

Ὅ
ȟ  

 
(2.6) 

 

ʤײʥʜʘסʳ  k ï ɹʦʣʴʮʤʘʥ ʪײʨʘץʪʳʩʳ, 1,38Ŀ10
-23

 ɼʞ/ʂ = 0,86Ŀ10
-4 
ɺɻ/ʂ; 

ʊ ï ʘʙʩʦʣʶʪʪʽʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; 

I
0  ï    ץʘʥʳסʫ ʪʦʛʳ; 

A ï p-n-ᴇʪʢʝʣʽʥʽש  ʚʦʣʴʪ-ʘʤʧʝʨʣʽʢ ʩʠʧʘʪʪʘʤʘʩʳʥʳש  ʧʘʨʘʤʝʪʨ̔, ʦʣ  1-

ʜʝʥ  2-ʛʝ ʜʝʡʽʥ ʪᴇʤʝʥʛʽʜʝʡ ʟʘשʜʳʣʳץʧʝʥ ᴇʟʛʝʨʝʜʽ: 

 

ὃ πȟτστ
Ὣ

ὯὝ
ɲὟȟ  

(2.7) 

 

ʤײʥʜʘסʳ  æU ï ʪʦʢʪʳש ʪʳסʳʟʜʳסʳ ᴇʩʢʝʥ ʢʝʟʜʝ ʢʝʨʥʝʫʜʽש ᴇʩʫʽ.  

çפʘʨʘסשʳʣʳץè ʪʦʢ  ʥʝʛʽʟʛʽ ʝʤʝʩ ʪʦʢ ʪʘʩʳסʳʰʪʘʨʜʳש ʨʝʢʦʤʙʠʥʘʮʠʷʩʳ  

ʥᴅʪʠʞʝʩʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʜʳ.   ʈʝʢʦʤʙʠʥʘʮʠʷ ʢʝʟʽʥʜʝ  ʵʣʝʢʪʨʦʥʜʳץ-ʪʝʩʽʢʪʽʢ 

ʞײʧʪʘʨʜʳש ʧʦʪʝʥʮʠʘʣʜʳץ ʵʥʝʨʛʠʷʩʳ ʬʦʪʦʥʜʘʨʜʳש ʩᴅʫʣʝʛʝ ʘʡʥʘʣʫ ʘʨץʳʣʳ 

ʙᴇʣʽʥʝʜʽ   ʥʝʤʝʩʝ ʢʨʠʩʪʘʣʜʘץ ʪʦʨʜʳץ שʳʟʫʳʥʘ ʞײʤʩʘʣʘʜʳ. 

ʆʩʳʣʘʡʰʘ, ʢϮʥʜʽʢ ʵʣʝʤʝʥʪʪʽϬ ʙʦʩ ʞϮʨʽʩ ʨʝʞʠʤʽ ʞʘʨʳץʪʳץ ʜʠʦʜʪʳש 

ʞײʤʳʩ ʨʝʞʠʤʽ ʤʝʥ ʪװʟʝʪʢʽʰ ʜʠʦʜʪʳש ᴇʪʢʽʟʫ  ʨʝʞʠʤʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ.   

ʌʦʪʦʵʣʝʤʝʥʪ ʩʳʨʪץʳ ʞװʢʪʝʤʝʛʝ ץʦʩʳʣסʘʥ ʢʝʟʜʝ ʬʦʪʦʪʦʢ I
ʬ  ʢʝʨʥʝʫʜʽש 

ʦש ʙʘסʳʪʳ ʢʝʟʽʥʜʝ p-n ᴇʪʢʝʣʽʥʽʥʽש çץʘʨʘסשʳʣʳץè ʪʦʛʳʥʘʥ ʘʣʳʥʘʜʳ, ʘʣ 

ʢʝʨʥʝʫʜʽש ʪʝʨʽʩ  ʙʘסʳʪʳ ʢʝʟʽʥʜʝ  ʦסʘʥ ץʦʩʳʣʘʜʳ.  
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ʌʦʪʦʵʣʝʤʝʥʪʪʽש ʚʦʣʴʪ-ʘʤʧʝʨʣʽʢ ʩʠʧʘʪʪʘʤʘʩʳʥʳש  ᴇʨʥʝʛʽ ʤʳʥʘ ʪװʨʜʝ 

ʞʘʟʳʣʘʜʳ: 

 

Ὅ Ὅ Ὡὼὴ
ὫὟ

ὃὯὝ
ρ ὍͅȢ 

 
(2.8) 

 

ʂʝʜʝʨʛʽʩʽ ᴇʟʛʝʨʝʪʽʥ ʞװʢʪʝʤʝʛʝ p-n ᴇʪʢʝʣʽʥ ץʦʩʫʜʳ ץʘʨʘʩʪʳʨʡʳץ. 

ɾװʢʪʝʤʝ ʘʨץʳʣʳ ʞװʨʝʪʽʥ ʪʦʢʪʳש ʙʘסʳʪʳ ʬʦʪʦʪʦʢʪʳש ʙʘסʳʪʳʤʝʥ ᴅʨʢʝʟ ʩᴅʡʢʝʩ 

ʙʦʣʘʜʳ, ʘʣ ʞϮʢʪʝʤʝʥʽϬ ʪʦʛʳ  I
ʞ  p-n ᴇʪʢʝʣʽ ʘʨץʳʣʳ ᴇʪʝʪʽʥ ץʦʨʳʪʳʥʜʳ ʪʦʢץʘ 

ʪʝש. I
ʬ
 ʪʦʛʳʥʳש ʙʘסʳʪʳʥ ʦש ʙʘסʳʪ ʜʝʧ ʘʣʩʘץ, ʦʥʜʘ I

ʞ װʰʽʥ ʤʳʥʘ ᴇʨʥʝʢʪʽ 

ʞʘʟʫסʘ ʙʦʣʘʜʳ: 

 

Ὅ͗ Ὅͅ  Ὅ Ὡὼὴ
ὫὟ̇

ὃὯὝ
ρȟ 

 

(2.9) 

 

ʤײʥʜʘסʳ U
ʞ ï ʞװʢʪʝʤʝʜʝʛʽ ʢʝʨʥʝʫ, ʦʣ  p-n ᴇʪʢʝʣʽʥʜʝʛʽ ʢʝʨʥʝʫʛʝ ʪʝש. 

ʉʦסשʳ (2.9) ᴇʨʥʝʛʽ ʞʘʨʳץ ʪװʩʽʧ ʪײʨסʘʥ  ʬʦʪʦʵʣʝʤʝʥʪʪʽϬ ʞϮʢʪʝʤʝʣʽʢ 

ʚʦʣʴʪ-ʘʤʧʝʨʣʽʢ ʩʠʧʘʪʪʘʤʘʩʳʥ ᴇʨʥʝʢʪʝʡʜʽ. 

ɾװʢʪʝʤʝʣʽʢ ʚʦʣʴʪ-ʘʤʧʝʨʣʽʢ ʩʠʧʘʪʪʘʤʘʥʳש ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʝʣʛʽʣʽ ʙʦʣʩʘ 

ʞᴅʥʝ ʤᴅʥʽ ʙʝʨʽʣʩʝ, ʦʥʜʘ  Iʞ ʞᴅʥʝ  Uʞ ʤᴅʥʜʝʨʽʥ ʙʽʨʪʽʥʜʝʧ, ʞʫʳץʪʘʫ ʪᴅʩʽʣʽ 

ʙʦʡʳʥʰʘ ʘʥʳץʪʘʡʜʳ  (2.3 ʩʫʨʝʪ). 

 

 
 

2.3 ʩʫʨʝʪ ï ɾʘʨʳץ ʘסʳʥʳʥʳץ שʫʘʪʳ ᴅʨʪװʨʣʽ ʙʦʣסʘʥ ʢʝʟʜʝʛʽ  

ʬʦʪʦʵʣʝʤʝʥʪʪʽש ʚʦʣʴʪ-ʘʤʧʝʨʣʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 
 

ɾʘʨʳץ ʪװʩʽʧ ʪײʨסʘʥ  ʬʦʪʦʵʣʝʤʝʥʪʪʽש  p-n ᴇʪʢʝʣʽʥ ʙʘʣʘʤʘ  

(ʵʢʚʠʚʘʣʝʥʪʪʽʢ) ʵʣʝʢʪʨʣʽʢ   ʩײʣʙʘ ʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ. ɹײʣ ʩײʣʙʘʜʘסʳ ʪʦʢ 

ʢᴇʟʽ p-n ᴇʪʢʝʣʽʥʽש ʢʝʨʥʝʫʽʥʝ ʪᴅʫʝʣʜʽ ʝʤʝʩ  ʬʦʪʦʪʦʢʪʳ, ʘʣ ʜʠʦʜ ʞʘʨʳץ  ʪװʩʧʝʛʝʥ 

ʢʝʟʜʝʛʽ    p-n ᴇʪʢʝʣʽʥ ʙʽʣʜʽʨʝʜʽ (2.4 ʩʫʨʝʪ). ɾװʢʪʝʤʝʥʽש ʢʝʜʝʨʛʽʩʽ Rʞ ᴇʟʛʝʨʛʝʥ 

ʢʝʟʜʝ ʬʦʪʦʪʦʢʪʳש ʞװʢʪʝʤʝ ʘʨץʳʣʳ ᴇʪʝʪʽʥ ʙᴇʣʽʛʽʥʽש ʤᴅʥʽ ʞᴅʥʝ  p-n ᴇʪʢʝʣʽ 

ʘʨץʳʣʳ ᴇʪʝʪʽʥ ʙᴇʣʽʛʽʥʽש ʤᴅʥʽ ᴇʟʛʝʨʝʜʽ. 
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2.4 ʩʫʨʝʪ ï ʌʦʪʦʵʣʝʤʝʥʪʪʽש ʙʘʣʘʤʘ (ʵʢʚʠʚʘʣʝʥʪʪʽ)  

ʵʣʝʢʪʨʣʽʢ   ʩײʣʙʘʩʳ 
 

ɾװʢʪʝʤʝʜʝ ʙᴇʣʽʥʝʪʽʥ ʵʣʝʢʪʨʣʽʢ ץʫʘʪ: 
 

ὖ Ὅ͗Ὗ͗ Ὅ̕Ὗ̇ ὍͅὟ͗Ὡὼὴ
ὫὟ̇

ὃὯὝ
Ȣ 

 
(2.10) 

  

rפ ʩץʘ ʪײʡʳץʪʘʣʫ ʞᴅʥʝ ʙʦʩ ʞװʨʽʩ ʨʝʞʠʤʜʝʨʽ ʢʝʟʽʥʜʝ P=0, ᴇʡʪʢʝʥʽ Iʞ 
ʥʝʤʝʩʝ  Uʞ  ʥᴇʣʛʝ ʪʝש ʙʦʣʘʜʳ.   

ᴆʟʘʨʘ ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʬʦʪʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨ ʢװʥʜʽʢ ʙʘʪʝʨʝʷʥʳ 

 ʪʘʨ (ʤʳʩʘʣʳ, 36ץʷʰʳײ ʘʥסʘʥסʨʘʡʜʳ. ʊʽʟʙʝʢʪʝʡ ʞᴅʥʝ ʧʘʨʘʣʣʝʣʴ ʞʘʣײץ

 ʫʘʪʳ ʙʽʨʥʝʰʝץ ʨʘʡʜʳ.  ᴆʟ ʢʝʟʝʛʽʥʜʝ ʤʦʜʫʣʜɹʝʨײץ ʪʘʨ) ʤʦʜʫʣʜɹʝʨʜʽץʷʰʳײ

ʚʘʪʪʘʥ ʞװʟʜʝʛʝʥ ʢʠʣʦʚʘʪʪץʘ ʜʝʡʽʥ ʞʝʪʝʪʽʥ ʧʘʥʝʣʴʜʝʨ ײץʨʘʡʜʳ. ʆʣʘʨ ᴇʥʜʽʨʛʝʥ 

ʪײʨʘץʪʳ ʪʦʢ ʘʢʢʫʤʫʣʷʪʦʨʣʳץ ʙʘʪʝʨʝʷʥʳ ʟʘʨʷʜʪʘʫסʘ ʞײʤʩʘʣʘʜʳ, ʦʜʘʥ ᴅʨʽ 

ʠʥʚʝʨʪʦʨ ʘʨץʳʣʳ ʩʪʘʥʜʘʨʪʪʳץ ʘʡʥʳʤʘʣʳ ʪʦʢץʘ ʪװʨʣʝʥʜʽʨʽʣʽʧ, ʪײʪʳʥʫʰʳסʘ 

ʙʝʨʽʣʝʜʽ.  

ʌʦʪʦɻʣʝʤʝʥʪʪʽϬ ʥʝʛʽʟʛʽ ʵʣʝʢʪʨʣʽʢ ʧʘʨʘʤʝʪʨʣʝʨʽ. ɹʽʨ ʵʣʝʤʝʥʪ ᴇʥʜʽʨʝʪʽʥ 

ʙʦʩ ʞϮʨʽʩ ʢʝʨʥʝʫʽ ʵʣʝʤʝʥʪʪʽש  ᴇʣʰʝʤʜʝʨʽʥʝ ʪᴅʫʝʣʜʽ. ʊʦʢʪʳש ʤᴇʣʰʝʨʽ 

ʞʘʨʳץʪʳץ שʘʨץʳʥʜʳʣʳסʳʥʘ  ʞᴅʥʝ ʵʣʝʤʝʥʪʪʽש ʞʘʨʳץʪʘʥʘʪʳʥ ᴇʣʰʝʤʜʝʨʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ.  

2.5 ʩʫʨʝʪʪʝ ʬʦʪʦʵʣʝʤʝʥʪʪʽש ʞװʢʪʝʤʝʣʽʢ ʩʠʧʘʪʪʘʤʘʩʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʌʦʪʦʵʣʝʤʝʥʪʪʽץ  שʫʘʪʳ  ʢʝʨʥʝʫ 0,47 ɺ ʙʦʣסʘʥ ʢʝʟʜʝ ʤʘʢʩʠʤʘʣ ʤᴅʥʽʥʝ ʞʝʪʝʜʽ. 

ʉʦʥʜʳץʪʘʥ ʬʦʪʦʵʣʝʤʝʥʪʪʽש ʩʘʧʘʩʳʥ ʜײʨʳʩ ʙʘסʘʣʘʫ װʰʽʥ ʦʥʳ ʰʳסʳʩʪʳץ 

ʢʝʨʥʝʫ 0,47 ɺ ʙʦʣʘʪʳʥʜʘʡ ʝʪʽʧ ʞװʢʪʝʤʝʣʝʫ ʢʝʨʝʢ. 

ɾʝʢʝ ʬʦʪʦʣʝʤʝʥʪʪʽש ʵʣʝʢʪʨʣʽʢ ʧʘʨʘʤʝʪʨʣʝʨʽ ʩʪʘʥʜʘʨʪʪʳץ  ʞʘסʜʘʡ 

ʢʝʟʽʥʜʝʛʽ ʚʦʣʴʪ-ʘʤʧʝʨʣʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨ ʪװʨʽʥʜʝ ʢᴇʨʩʝʪʽʣʝʜʽ. ʉʪʘʥʜʘʨʪʪʳץ  

ʞʘסʜʘʡʜʘ  ʞʘʨʳץʪʳ1000  ץ ɺʪ/ʤ
2
, ʪʝʤʧʝʨʘʪʫʨʘ 25 

ʦ
ʉ, ɸʊʄ 1,5 (45

ʦ
 ʙʦʡʣʳץʪʘסʳ  

ʢװʥ ʩʧʝʢʪʨʽ) ʪʝש ʝʪʽʧ ʘʣʳʥʘʜʳ. 

ʊײʨʤʳʩʪʳץ  ʤʘץʩʘʪʪʘ  ץʦʣʜʘʥʳʣʘʪʳʥ,  ʥʦʤʠʥʘʣʜʳ ʢʝʨʥʝʫʽ 12 ɺ 

ʘʢʢʫʤʫʣʷʪʦʨʣʳץ ʙʘʪʘʨʝʷʣʘʨʜʳ ʟʘʨʷʜʪʘʫ װʰʽʥ ʬʦʪʦʵʣʝʢʪʨʣʽʢ ʩʪʘʥʩʘʣʘʨʜʘ  

 .ʘʡʜʳסʘʥ ʢʝʟʜʝ 36 ʬʦʪʦʵʣʝʤʝʥʪʪʽ ʪʽʟʙʝʢʪʝʡ ʞʘʣסʦʣʜʘʥץ

ʄʘʢʩʠʤʘʣ ץʫʘʪץʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʬʦʪʦʵʣʝʤʝʥʪʪʽש ʢʝʨʥʝʫʽʥ ʤʘʢʩʠʤʘʣ 

Ϩʫʘʪ ʢʝʨʥʝʫʽ (ʞϰʤʳʩʪʳϨ ʢʝʨʥʝʫ - Uʞ) ʜʝʧ, ʘʣ ʪʦʢʪʳ - ʤʘʢʩʠʤʘʣ Ϩʫʘʪ ʪʦʛʳ 

(ʞϰʤʳʩʪʳϨ ʪʦʢ -  Iʞ) ʜʝʧ ʘʪʘʡʜʳ (3.3 ʩʫʨʝʪ). 36 ʬʦʪʦʵʣʝʤʝʥʪʪʝʨʜʝʥ ʪײʨʘʪʳʥ 
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ʤʦʜʫʣʜɹʽש ʞײʤʳʩʪʳץ ʢʝʨʥʝʫʽ  ʪʝʤʧʝʨʘʪʫʨʘ  25
ʦ
ʉ  ʙʦʣסʘʥʜʘ 16 ɺ é17 ɺ (ᴅʨ 

ʵʣʝʤʝʥʪʢʝ 0,45 ɺé.0,47 ɺ  ) ʙʦʣʘʜʳ. 

 

 
 

2.5 ʩʫʨʝʪ -  ʌʦʪʦʵʣʝʤʝʥʪʪʽש ʞװʢʪʝʤʝʣʽʢ ʩʠʧʘʪʪʘʤʘʩʳ 

 

ʌʦʪʦʵʣʝʤʝʥʪʪʝʨʜʽש ʞײʤʳʩʳʥʳש ʤʘשʳʟʜʳ ʢᴇʨʩʝʪʢʽʰʽ ʦʣʘʨʜʳש 

ʪʝʤʧʝʨʘʪʫʨʘʣʳϨ ʨʝʞʠʤʽ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. 

 ʳʟʳʣ ʩᴅʫʣʝʣʝʨ ʬʦʪʦʪʦʢ ʪʫʜʳʨʤʘʡʜʳ, ʦʣʘʨ ʪʝʢץʳʥʜʳ ʠʥʬʨʘץʟʳʥ ʪʦʣױ 

ʬʦʪʦʵʣʝʤʝʥʪʪʽ ץʳʟʜʳʨʘʜʳ. ʌʦʪʦʵʣʝʤʝʥʪ  25 
ʦ
ʉ ʞʦסʘʨʳ ʙʽʨ ʛʨʘʜʫʩץʘ ץʳʟʩʘ, 

ʦʥʜʘ ʢʝʨʥʝʫ 0,002 ʚʦʣʴʪץʘ ʢʝʤʠʜʽ (ʷסʥʠ 0,4 %/
ʦ
ʉ). ɸʰʳץ ʢװʥʜʝʨʽ 

ʬʦʪʦʵʣʝʤʝʥʪʪʝʨ 60 
ʦ
ʉ...70 

ʦ
ʉ ʜʝʡʽʥ ץʳʟʘʜʳ, ʙײʣ ʞʘסʜʘʡʜʘ ᴅʨץʘʡʩʳʩʳ           

0,07 ɺ...0,09 ɺ ʞʦסʘʣʪʘʜʳ. ʌʦʪʦʵʣʝʤʝʥʪʪʝʨʜʽש ʇᴄʂ-ʪʝʨʽʥ ʝʩʝʧʪʽʢ ʜʝשʛʝʡʜʝ 

ʪײʨʘץʪʘʥʜʳʨʫ װʰʽʥ ʵʣʝʤʝʥʪʪʝʨʜʽ ʩʫ ʥʝʤʝʩʝ ʘʫʘ ʘʨץʳʣʳ ʩʫʳʪʫ ץʦʣʜʘʥʘʜʳ. 

ᴄʜʝʪʪʝ, ʬʦʪʦʣɻʝʤʝʥʪʪʽש ʇᴄʂ-ʽ 10 %...18 %  ʘʨʘʣʘסʳʥʜʘ ʙʦʣʘʜʳ. ᴆʣʰʝʤʜʝʨʽ  

100 ʤʤĬ100 ʤʤ ʬʦʪʦײʷʰʳץ ʩʪʘʥʜʘʨʪʪʳץ ʞʘסʜʘʡʜʘ 1 ɺʪ...1,6 ɺʪ ᴇʥʜʽʨʝʜʽ. 

ʄʦʜʫʣʜʽש ʙʦʩ ʞװʨʽʩ ʢʝʨʥʝʫʽ ʦʥʳש ʞʘʨʳץʪʘʥʫʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ ʘʟ ʜʝʫʛʝ 

ʙʦʣʘʜʳ, ʘʣ ʙʽʨʘץ ʞײʤʳʩʪʳץ ʪʦʢ ʞʘʨʳץʪʘʥʫסʘ ʪʫʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣ. ɹʝʣʛʽʣʽ ʙʽʨ 

ʧʝʨʠʦʜ ʽʰʽʥʜʝ ץʫʘʪʳ  ʈw ʙʦʣʘʪʳʥ ʤʦʜʫʣʜɹʽש ᴇʥʜʽʨʝʪʽʥ ʵʥʝʨʛʠʷ ʤᴇʣʰʝʨʽ: 

 

W = k Pw E / 1000, (2.11) 

 

ʤײʥʜʘסʳ  ɽ ï ʙʝʣʛʽʣʽ ʙʽʨ ʧʝʨʠʦʜ ʽʰʽʥʜʝ ʠʥʩʦʣʷʮʠʷʥʳש (ʪװʩʢʝʥ ʩᴅʫʣʝʥʽש  

ʵʥʝʨʛʠʷʩʳ) ʤᴅʥʽ; 

k ï  ʬʦʪʦʵʣʝʤʝʥʪʪʽץ שʳʟסʘʥ ʢʝʟʜʝ ץʫʘʪʳʥʳש ʘʟʘʶʳʥ ʞᴅʥʝ ʤʦʜʫʣʛɹʝ 

ʪװʩʝʪʽʥ ʩᴅʫʣʝʣʝʨʜʽש ʪװʩʫ ʙײʨʳʰʳʥ ʝʩʝʧʢʝ ʘʣʘʪʳʥ  ʢʦʵʬʬʠʮʠʝʥʪ, ʞʘʟʜʘ 0,5 

ʪʝש, ʘʣ ץʳʩʪʘ  0,7 ʪʝש. 

ʂϮʥʜʽʢ ʵʣʝʢʪʨʩʪʘʥʩʘʣʘʨʜʳϬ ʇϷʂ-ʪʝʨʽʥ ʞʦϤʘʨʣʘʪʫ ʪϸʩʽʣʜʝʨʽ: 

- ʢװʥ ʞװʨʽʩʽʥ ץʘʜʘסʘʣʘʫʜʳש ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝʩʽʥ ץʦʣʜʘʥʫ, ʦʣ 

ʢװʥ ʩᴅʫʣʝʩʽʥʽש ʬʦʪʦʵʣʝʢʪʨʣʽʢ ʧʘʥʝʣʜʝʨʛʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʪװʩʫʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ, ʙʽʨʘץ ʙײʣ ץʦʥʜʳʨסʳʣʘʨʜʳ ץʦʣʜʘʥʫ ץʳʤʙʘʪ; 
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- ʢװʥ ʩᴅʫʣʝʩʽʥʽש ʰʦסʳʨʣʘʥסʳʰʪʘʨʳʥ (ʢʦʥʮʝʥʪʨʘʪʦʨʣʘʨʳʥ)  ץʦʣʜʘʥʫ, 

ʙʽʨʘץ ʙײʣ ʞʘסʜʘʡʜʘ ʬʦʪʦʧʘʥʝʣʜʝʨʜʽ ʩʫʳʪʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʪʫʨʘ 

ʢʝʣʝʪʽʥʜʽʢʪʝʥ ץʦʥʜʳʨסʳ ʢװʨʜʝʣʽ ʙʦʣʘʜʳ; 

- ʞʘשʙʳʨ ʤʝʥ ץʘʨ, ʰʘש ʤʝʥ ʙײʨʰʘץ  ʬʦʪʦʵʣʝʤʝʥʪʪʝʨʜʽש ᴇʥʜʽʨʝʪʽʥ 

ʵʥʝʨʛʠʷʥʳש ʤᴇʣʰʝʨʽʥ ʘʟʘʡʪʘʜʳ,  ʦʣʘʨʜʳש ʘʢʪʠʚʪʽ ʙᴇʣʰʝʢʪʝʨʽʥ ʩʳʥʜʳʨʫ 

 ʨʜʝװʪʳ ʪץʨʘײʙʝʪʽʥ ʪ שʪʘʥ ʬʦʪʦʵʣʝʢʪʨʣʽʢ ʧʘʥʝʣʜʝʨʜʽץʘʫʧʽʥ ʪʫʜʳʨʘʜʳ. ʉʦʥʜʳץ

ʪʘʟʘʣʘʧ ʪײʨʫ ʢʝʨʝʢ. 

ʌʦʪʦʵʣʝʢʪʨʣʽʢ ʞϮʡʝʣʝʨʜʽ (ʌʕɾ) Ϩʦʣʜʘʥʫ. ʌʕɾ-ʜ̔  ʘʥ ʢʝʟʜʝסʦʣʜʘʥץ 

ʘʚʪʦʥʦʤʜʳ ʪײʪʳʥʫʰʳ ʵʥʝʨʛʠʷʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ ʥʝʤʝʩʝ ᴇʥʜʽʨʽʣʛʝʥ 

ʵʥʝʨʛʠʷʥʳ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʪʘʨʘʪʫʰʳ  ʞװʡʝʛʝ ʙʝʨʝʜʽ. 

ɾʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʽʢ ʌʕɾ ʝש ʘʣʜʳʤʝʥ ʦʥʳש ʙʘסʘʩʳʥʳש 

 ץʘʨʳʰʪʳס ,ʞʘʩʘʥʜʳ ʩʝʨʽʛʽ שʡʝʣʝʨʜʝ (ʞʝʨʜʽװʳʟʜʳ ʝʤʝʩ ʞשʳ  ʤʘסʳʤʙʘʪʪʳʣʳץ

ʩʪʘʥʩʘʣʘʨ ʞᴅʥʝ ʪ.ʙ.) ץʦʣʜʘʥʳʣʜʳ. 

 ,ʳʥʜʳ ʜʘʤʫʜʘ, ᴅʩʽʨʝʩʝץʘʨץ ʘʟʽʨʛʽ ʢʝʟʜʝ ʬʦʪʦʵʥʝʨʛʝʪʠʢʘ ʩʘʣʘʩʳפ

ʬʦʪʦʵʣʝʤʝʥʪʪʝʨʜʽ ᴇʥʜʽʨʫ ɸפʐ, ʌʨʘʥʮʠʷʜʘ, פʳʪʘʡʜʘ, ɻʝʨʤʘʥʠʷʜʘ ʞᴅʥʝ 

ɾʘʧʦʥʠʷʜʘ ץʘʪʪʳ ʜʘʤʳʜʳ.  ɸפʐ-ʪʘ  ʘʫʜʘʥʳ  11449 h ʘʨʰʳ ʤʠʣʴ ʙʦʣʘʪʳʥ  ᴇʪʝ 

 .ʨʳʣʳʩʳ ʙʘʩʪʘʣʜʳײץ שʥʜʽʢ ʵʣʝʢʪʨ ʩʪʘʥʩʘʥʳװʫʘʪʪʳ ʢץ

2015 ʞʳʣʳ ʢװʥ ʵʥʝʨʛʠʷʩʳʥʳװ שʣʝʩʽ  ᴇʥʜʽʨʝʪʽʥ ʵʥʝʨʛʠʷʥʳש ʞʘʣʧʳ 

ʤᴇʣʰʝʨʽʥʽײץ % 20...% 15 שʨʘʫʳ ʢʝʨʝʢ. פʘʟʽʨ ʬʦʪʦʵʥʝʨʛʝʪʠʢʘʣʳץ ʞװʡʝʣʝʨ 

ᴇʥʜʽʨʝʪʽʥ  ʵʥʝʨʛʠʷʥʳש ʙʘסʘʩʳ (20 ʮʝʥʪ/ʢɺʪĀʩʘ40....ס ʮʝʥʪ/ʢɺʪĀʩʘס) ʜᴅʩʪװʨʣʽ 

ʞʦʣʤʝʥ ᴇʥʜʽʨʽʣʛʝʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʳש ʙʘסʘʩʳʥʘʥ  (10 ʮʝʥʪ/ʢɺʪĀʩʘ20...ס 

ʮʝʥʪ/ʢɺʪĀʩʘ2...1,5 (ס ʝʩʝ ʞʦסʘʨʳ ʝʢʝʥʜʽʛʽʥʝ ץʘʨʘʤʘʩʪʘʥ ʙײʣ ʥʘʨʳץʪʳװ שʣʝʩʽ 3,5 

ʤʣʨʜ ʜʦʣʣʘʨʜʘʥ ʘʩʪʳ. ɹʦʣʞʘʤ ʙʦʡʳʥʰʘ, 2040 ʞʳʣʜʘʥ ʙʘʩʪʘʧ ץʘʡʪʘ 

ʞʘסשʳʨʘʪʳʥ ʵʥʝʨʛʝʪʠʢʘʥʳװ שʣʝʩʽ  ᴅʣʝʤʜʽʢ ʵʥʝʨʛʝʪʠʢʘʜʘ ʙʘʩʳʤʜʳʣʳץץʘ ʠʝ 

ʙʦʣʘʜʳ. ʌʦʪʦʵʣʝʢʪʨʣʽʢ ʞװʡʝʣʝʨʜʽש ʙʘסʘʩʳ ʞʳʣ ʩʘʡʳʥ ʘʨʟʘʥʜʘʫʜʘ, ʩʦסשʳ 10 

ʞʳʣʜʘ ʞʳʣ ʩʘʡʳʥ 4 % ʘʨʟʘʥʜʘʧ ʞʘʪʳʨ. ɼʘʤʳʧ ʢʝʣʝ ʞʘʪץʘʥ ʝʣʜʝʨʜʝ ʜʝ 

ʬʦʪʦʵʥʝʨʛʝʪʠʢʘ ʜʝʛʝʥ ץʳʟʳסʫʰʳʣʳץ ץʘʪʪʳ ʘʨʪʫʜʘ. 

ʆʣʴʤʝʜʠʣʴʷ-ʜʝ-ɸʣʘʨʢʦʥʜʘסʳ (ʀʩʧʘʥʠʷ, 2008 ʞ.) ʬʦʪʦʵʣʝʢʪʨʣʽʢ 

ʩʪʘʥʩʘʥʳש  (ʌʕʉ) ʤʘʢʩʠʤʘʣ  ץʫʘʪʳ 60 ʄɺʪ ײץʨʘʡʜʳ. ᴄʣʝʤʜʝʛʽ ʝש ʽʨʽ ʌʕʉ-

ʣʘʨʜʳש ʙʽʨʽ ʩʘʥʘʣʘʪʳʥ ʇʫʵʨʪʦʷʥʦ ( ʀʩʧʘʥʠʷ) ʌʕʉ-ʳʥʳש ʤʘʢʩʠʤʘʣ  ץʫʘʪʳ  50 

ʄɺʪ (2.6 ʩʫʨʝʪ). 

ɸʚʪʦʥʦʤʜʳץ ʦʙʲʝʢʪʽʣʝʨʜʽ, ʬʝʨʤʘʣʘʨʜʳ, ʘʫʳʣʜʳץ ʞʝʨʣʝʨʜʝʛʽ 

ʦʙʲʝʢʪʽʣʝʨʜʽ ʵʥʝʨʛʠʷʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʬʦʪʦʚʦʣʴʪʘʠʢʘ ʞʝʣ 

ʵʥʝʨʛʝʪʠʢʘʣʳץ ץʦʥʜʳʨסʳʣʘʨʤʝʥ ʙʽʨʽʛʽʧ, ʢʦʤʧʣʝʢʩʪʽʢ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʞװʡʝʣʝʨ 

    .ʨʘʡʜʳ (2.7 ʩʫʨʝʪ)ײץ

 

2.3.3 ʂװʥ ʵʥʝʨʛʠʷʩʳʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʘ ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ 

ʪװʨʣʝʥʜʽʨʫ.  

ʂϮʥ ʵʥʝʨʛʠʷʩʳʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʘ ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳϨ ʪϮʨʣʝʥʜʽʨʫʜ ̔

ʝʢʽ ʪװʨʛʝ ʙᴇʣʽʥʝʜʽ: ʤײʥʘʨʘʣʳץ ʩʪʘʥʩʘʣʘʨʜʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʞᴅʥʝ ʤʦʜʫʣʜɹʽʢ 

ʩʪʘʥʩʘʣʘʨʜʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ. ʆʩʳ ʝʢʽ ʪװʨʣʽ ʩʪʘʥʩʘʣʘʨʜʘ ʢϮʥ ʵʥʝʨʛʠʷʩʳ 

ʘʣʜʳʤʝʥ ʙʫʜʳϬ ʵʥʝʨʛʠʷʩʳʥʘ ʪϮʨʣʝʥʜʽʨʽʣʝʜʽ ʜʝ, ʦʥʘʥ ʢʝʡʽʥ ʙʫ ʪʫʨʙʠʥʘʩʳʥʘ 

ʞʘʣϤʘʥϤʘʥ ʵʣʝʢʪʨʛʝʥʝʨʘʪʦʨʳ ʘʨϨʳʣʳ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʘ ʪϮʨʣʝʥʜʽʨʽʣʝʜʽ.  
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2.6 ʩʫʨʝʪ ïPuertollano (ʇʫʵʨʪʦʷʥʦ) 

ʣɻʝʢʪʨ ʩʪʘʥʩʘʩʳ, ץʫʘʪʳ 50 ʄɺʪ 

 
2.7 ʩʫʨʝʪ  - ʂʦʤʧʣʝʢʩʪʽʢ 

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʞװʡʝ  

 

ʂװʥʜʽʢ ʵʣʝʢʪʨ ʩʪʘʥʩʘʣʘʨ (ʂʕʉ) ʤʳʥʘʜʘʡ ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʝʨʜʝʥ ʪײʨʘʜʳ: 

ʦʧʪʠʢʘʣʳץ ʞװʡʝ (ʛʝʣʠʦʩʪʘʪʪʘʨ); ʙʫ ץʘʟʘʥʜʘʨʳ (ʞʳʣʫ ʘʢʢʫʤʫʣʷʪʦʨʣʘʨʳ); 

ʵʣʝʢʪʨʛʝʥʝʨʘʪʦʨʤʝʥ ʞʘʣסʘʥסʘʥ ʙʫ ʪʫʨʙʠʥʘʩʳ; ʘʚʪʦʤʘʪʪʳ ʙʘʩץʘʨʫ ʞװʡʝʩʽ. 

 ɻʝʣʠʦʩʪʘʪʪʘʨ ᴅʨʪװʨʣʽ ʧʽʰʽʥʜʽ ʙʦʣʘʜʳ: ʧʘʨʘʙʦʣʦʮʠʣʠʥʜʨʣʽʢ 

ʢʦʥʮʝʥʪʨʘʪʦʨʣʘʨ; ʧʘʨʘʙʦʣʘʣʳץ  ʢʦʥʮʝʥʪʨʘʪʦʨʣʘʨ;  ʌʨʝʥʝʣ ɹʣʠʥʟʘʩ ;r  ʞʘʟʳץ 

ʘʡʥʘʣʘʨ ʞװʡʝʩʽ. 

Solar-1 ʤײʥʘʨʘʣʳ ʂʕʉ-ʩʳʥʳש (ɹʘʨʩʪʦʫ, ɸʤʝʨʠʢʘ) ץʫʘʪʳ 10 ʄɺʪ, 

ʘʡʥʘʣʘʨʜʳש ʘʫʜʘʥʳ  -73,2 ʤʳש  ʤ
2
, ʛʝʣʠʦʩʪʘʪʪʘʨ ʩʘʥʳ - 1818,  ʙʫ ץʘʟʘʥʳʥʳש 

ʙʠʽʢʪʽʛʽ -14 ʤ, ʜʠʘʤʝʪʨ ̔ -7,2 ʤ, ʙʫʜʳש ʪʝʤʧʝʨʘʪʫʨʘʩ  r - 560 
0
ʉ...1482 

0
ʉ (2.8 

ʩʫʨʝʪ). 

ʌʨʘʥʮʠʷʜʘ ʦʨʥʘʣʘʩץʘʥ  THEMIS  ʤײʥʘʨʘʣʳ ʂʕʉ-ʩʳʥʳץ שʫʘʪʳ 2,5 ʄɺʪ, 

ʘʡʥʘʣʘʨʜʳש ʘʫʜʘʥʳ ï 108 ʤʳש ʤ
2
, ʛʝʣʠʦʩʪʘʪʪʘʨ ʩʘʥʳ - 201, ʤײʥʘʨʘʥʳש ʙʠʽʢʪʽʛʽ 

- 80 ʤ, ʞʳʣʫ ץʘʙʳʣʜʘʡʪʳʥ ʙʝʪʪʽש ʪʝʤʧʝʨʘʪʫʨʘʩ  r- 505 
0
ʉ, ʇᴄʂ-  ̔ - 16 %.   

Eurelios ʤײʥʘʨʘʣʳ ʂʕʉ-ʩʳʥʳש (ʉʠʮʠʣʠʷ)  ץʫʘʪʳ 1 ʄɺʪ,  ʘʡʥʘʣʘʨʜʳש 

ʘʫʜʘʥʳ  - 35 ʤʳש ʤ
2
, , ʛʝʣʠʦʩʪʘʪʪʘʨ ʩʘʥʳ - 182, ʤײʥʘʨʘʥʳש ʙʠʽʢʪʽʛʽ - 35 ʤ,  

ʞʳʣʫ ץʘʙʳʣʜʘʡʪʳʥ ʙʝʪʪʽש ʪʝʤʧʝʨʘʪʫʨʘʩ  r- 512 
0
ʉ, ʇᴄʂ-  ̔ - 16 % (2.9 ʩʫʨʝʪ). 

 

 
2.8 ʩʫʨʝʪ -  Solar-1 ʤײʥʘʨʘʣʳץ  

ʢװʥʜʽʢ ʵʣʝʢʪʨ ʩʪʘʥʩʘʩʳ 

 
2.9 ʩʫʨʝʪ -  Eurelios ʤײʥʘʨʘʣʳץ   

ʢװʥʜʽʢ ʵʣʝʢʪʨ ʩʪʘʥʩʘʩʳ 
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 שʥʘʨʘʥʳײʫʘʪʳ 5 ʄɺʪ,  ʤץ  שʥʘʨʘʣʳ ʂʕʉ-ʩʳʥʳײʘʥ ʤץʳʨʳʤʜʘ ʦʨʥʘʣʘʩפ

ʙʠʽʢʪʽʛʽ - 70 ʤ, ʛʝʣʠʦʩʪʘʪʪʘʨ ʩʘʥʳ ï 1600,   ʙʫʜʳש ʪʝʤʧʝʨʘʪʫʨʘʩ  rï 250 
0
ʉ, 

ʙʫʜʳץ שʳʩʳʤʳ - 4 ʄʇʘ. 

ʀʟʨʘʠʣʜʝ ʦʨʥʘʣʘʩץʘʥ ʤʦʜʫʣʜɹʽʢ ʂʕʉ 560 ʤʦʜʫʣʜʝʥ ʪײʨʘʜʳ, ᴅʨ 

ʤʦʜʫʣʜɹʳײ שʟʳʥʜʳסʳ - 5,2 ʤ,  ʘʧʝʨʪʫʨʘʩʳ - 2,57 ʤ
2
 (2.10 ʩʫʨʝʪ). 

ʇʘʨʘʙʦʣʘʣʳץ ʢʦʥʮʝʥʪʨʘʪʦʨʣʘʨʜʘʥ ʪײʨʘʪʳʥ ʤʦʜʫʣʴʜʽʢ  ʂʕʉ-ʣʘʨʳ ɸפʐ, 

ʌʨʘʥʮʠʷʜʘ, ʀʪʘʣʠʷʜʘ, ɾʘʧʦʥʠʷʜʘ, ɸʚʩʪʨʠʷʜʘ ʞײʤʳʩ ʞʘʩʘʡʜʳ. ʆʣʘʨʜʳש 

 .ʳʥʜʘ ʙʦʣʘʜʳ (2.11 ʩʫʨʝʪ)סʫʘʪʳ ʙʽʨʥʝʰʝ  ʄɺʪ  ʧʝʥ 13,8 ʄɺʪ ʘʨʘʣʳץ

 

 

2.4 ʂװʥ ʵʥʝʨʛʠʷʩʳʥ  ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥʘ ʪװʨʣʝʥʜʽʨʫ  

 

2.4.1 ʂװʥʜʽʢ  ʞʳʣʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞװʡʝʣʝʨʽʥ ʪʦʧʪʘʩʪʳʨʫ ʞᴅʥʝ 

ʦʣʘʨʜʳש ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʝʨʽ. 

 ʂϮʥʜʽʢ  ʞʳʣʫʤʝʥ Ϩʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞϮʡʝʣʝʨʽ ʜʝʧ ʢװʥ ʨʘʜʠʘʮʠʷʩʳʥ 

ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥʳש ʢᴇʟʽ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʘʪʳʥ ʞװʡʝʣʝʨʜʽ ʘʡʪʘʜʳ. ʆʣʘʨʜʳש 

ʙʘʩץʘʜʘʡ ʪᴇʤʝʥʛʽ ʪʝʤʧʝʨʘʪʫʨʘʣʳ ʞʳʣʳʪʫ ʞװʡʝʣʝʨʜʝʥ ʘʡʳʨʤʘʰʳʣʳϤʳ - ʢװʥ 

ʨʘʜʠʘʮʠʷʩʳʥ ʩʽשʽʨʫʛʝ ʞᴅʥʝ ʦʥʳ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥʘ ʪװʨʣʝʥʜʽʨʫʛʝ ʘʨʥʘʣסʘʥ 

ʛʝʣʠʦϨʘʙʳʣʜʘϤʳʰʪʳϬ ʙʦʣʫʳʥʜʘ. 

ʂװʥ ʨʘʜʠʘʮʠʷʩʳʥ ץʦʣʜʘʥʫ ʪᴅʩʽʣʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʢװʥʜʽʢ ʞʳʣʳʪʫ ʞװʡʝʣʝʨʽ 

ʧʘʩʩʠʚʪʽ ʞϸʥʝ ʘʢʪʠʚʪʽ ʙʦʣʳʧ ʙᴇʣʽʥʝʜʽ. 

ʇʘʩʩʠʚʪʽ ʢװʥʜʽʢ ʞʳʣʳʪʫ ʞװʡʝʣʝʨʽ ʜʝʧ  ʢװʥ ʨʘʜʠʘʮʠʷʩʳʥ ץʘʙʳʣʜʘʡʪʳʥ 

ʵʣʝʤʝʥʪ (ʛʝʣʠʦץʘʙʳʣʜʘסʳʰ)  ʨʝʪʽʥʜʝ סʠʤʘʨʘʪʪʳש (װʡʜʽש) ᴇʟʽ ʥʝʤʝʩʝ ʦʥʳש ʞʝʢʝ 

ʵʣʝʤʝʥʪʪʝʨʽ (Ϥʠʤʘʨʘʪ-ʢʦʣʣʝʢʪʦʨ, ϨʘʙʳʨϤʘ-ʢʦʣʣʝʢʪʦʨ,ʰʘʪʳʨ-ʢʦʣʣʝʢʪʦʨ 

ʞϸʥʝ ʪ.ʙ.)  ץʦʣʜʘʥʘʜʳ. 

ɸʢʪʠʚʪʽ  ʞװʡʝʣʝʨʜʝ ʛʝʣʠʦץʘʙʳʣʜʘסʳʰ ʨʝʪʽʥʜʝ סʠʤʘʨʘʪʪʘʨסʘ ץʘʪʳʩʳ 

ʞʦץ, ᴇʟʽʥʰʝ  ʞʝʢʝ ʙϺʣʝʢ ϨϰʨʳʣϤʳ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ɸʢʪʠʚʪʽ ʛʝʣʠʦʞϮʡʝ  ʙʽʨʥʝʰʝ ʪʦʧץʘ ʪʦʧʪʘʩʪʳʨʳʣʘʜʳ: 

   
2.10 ʩʫʨʝʪ - ʇʘʨʘʙʦʣʦʮʠʣʠʥʜʨʣʽʢ 

ʢʦʥʮʝʥʪʨʘʪʦʨʣʘʨʜʘʥ ʪײʨʘʪʳʥ ʤʦʜʫʣʴʜʽʢ   

ʢװʥʜʽʢ ʵʣʝʢʪʨ ʩʪʘʥʩʘʩʳ 

 
 

2.11 ʩʫʨʝʪ   -   ʇʘʨʘʙʦʣʘʣʳץ 

ʢʦʥʮʝʥʪʨʘʪʦʨʣʘʨʜʘʥ ʪײʨʘʪʳʥ  

ʤʦʜʫʣʴʜʽʢ   ʢװʥʜʽʢ ʵʣʝʢʪʨ ʩʪʘʥʩʘʩʳ 
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- Ϩʳʟʤʝʪʽ ʙʦʡʳʥʰʘ (ʳʩʪʳץ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞװʡʝʩʽ, ʞʳʣʫʤʝʥ 

ʞʘʙʜʳץʪʘʫ ʞװʡʝʩʽ, ʞʳʣʫʤʝʥ ʞᴅʥʝ ʩʫʳץʧʝʥ ץʘʤʪʘʤʩʳʟ ʝʪʫ ʤʘץʩʘʪʳʥʜʘסʳ 

ʢײʨʘʤʘ ʞװʡʝ); 

- Ϩʦʣʜʘʥʳʣʘʪʳʥ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘϤʳʰ ʙʦʡʳʥʰʘ  (ʩײʡʳץ, ʘʫʘʣʳץ); 

- ʞϰʤʳʩ ʽʩʪʝʫ ʤʝʨʟʽʤʽ ʙʦʡʳʥʰʘ  (ʞʳʣ ʙʦʡʳ, ʤʘʫʩʳʤʜʳץ); 

- ʩϰʣʙʘʥʳϬ ʪʝʭʥʠʢʘʣʳϨ ʰʝʰʽʤʽ ʙʦʡʳʥʰʘ (ʙʽʨ, ʝʢʽ ʞᴅʥʝ ʢᴇʧ ʢʦʥʪʫʨʣʳ). 

ɸʫʘ ï ʢʝש ʪʘʨʘסʘʥ, ʞײʤʳʩʪʳץ ʜʠʘʧʘʟʦʥʜʘ ץʘʪʧʘʡʪʳʥ ʞʳʣʫ 

ʪʘʩʳʤʘʣʜʘסʳʰ.  ɸʫʘʥʳ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰ ʨʝʪʽʥʜʝ ץʦʣʜʘʥסʘʥ ʢʝʟʜʝ ʞʳʣʳʪʫ  

ʞװʡʝʩʽʥ ʞʝʣʜʝʪʫ ʞװʡʝʩʽʤʝʥ ʙʽʨʛʝ ʞʘʙʜʳץʪʘʫסʘ ʙʦʣʘʜʳ. ɹ̔ ʨʘץ ʘʫʘ ï ʞʳʣʫ 

ʩr ʡrʤʜʳʣʳסʳ ʘʟ ʪʘʩʳʤʘʣʜʘסʳʰ, ʩʦʥʜʳץʪʘʥ  ʘʫʘʣʳץ ʞʳʣʳʪʫ ʞװʡʝʩʽʥ  

ʞʘʙʜʳץʪʘʫ װʰʽʥ  ʩʫʣʳץ  ʞʳʣʳʪʫ ʞװʡʝʩʽʤʝʥ  ʩʘʣʳʩʪʳʨסʘʥʜʘ ʤʝʪʘʣʣ ʰʳסʳʥʳ 

ʢᴇʧ ʙʦʣʘʜʳ.  

ʉʫ ï ʢʝש ʪʘʨʘסʘʥ, ʞʳʣʫ ʩʳʡrʤʜʳʣʳסʳ ʞʦסʘʨʳ ʪʘʩʳʤʘʣʜʘסʳʰ. ɽʛʝʨ 

ʪʝʤʧʝʨʘʪʫʨʘ 0 
0
ʉ ʪᴇʤʝʥ ʙʦʣʩʘ ʩʫסʘ ץʘʪʧʘʡʪʳʥ ʩײʡʳץ  ץʦʩʫ ץʘʞʝʪ. ʄײʥʜʘʡ 

ʛʝʣʠʦʞװʡʝʣʝʨʜʝ ʤʝʪʘʣʣ ʰʳסʳʥʳ ʘʡʪʘʨʣʳץʪʘʡ ʘʟ, ʙײʣ ʦʣʘʨʜʳש ʢʝש 

 ʘʥ ʩʫ ʘʧʧʘʨʘʪʪʘʨ ʤʝʥץץʘʥʳץ ʦʪʪʝʛʽʤʝʥ ץʧʘʣ ʝʪʝʜʽ.  ɹʽʨʘץʦʣʜʘʥʫʳʥʘ ʳץ

  .ʢʦʨʨʦʟʠʷʩʳʥ ʪʫʜʳʨʘʜʳ שʙʳʨʣʘʨʜʳײץ

 ʓʩʪʳϨ ʩʫʤʝʥ Ϩʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽϬ (ʓʉϧɽ) ʤʘʫʩʳʤʜʳϨ ʛʝʣʠʦʞϮʡʝʣʝʨ ̔

ʙʽʨ ʢʦʥʪʫʨʣʳ ʝʪʽʧ ʞʘʩʘʣʘʜʳ ʞᴅʥʝ  ʩʳʨʪץʳ ʦʨʪʘʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʦש ʙʦʣʘʪʳʥ 

ʞʘʟ ʤʝʟʛʽʣʽʥʜʝ ʞᴅʥʝ ᴇʪʧʝʣʽ ʘʡʣʘʨʜʘ ʞײʤʳʩ ʽʩʪʝʡʜʽ. ʆʣʘʨ ץʳʟʤʝʪ ʝʪʝʪʽʥ 

ʦʙʴʝʢʪʽʥʽש ʘʨʥʘʣʳʤʳ  ʤʝʥ ʵʢʩʧʣʫʘʪʘʮʠʷʣʘʫ ʞʘסʜʘʡʣʘʨʳʥʘ  ץʘʨʘʡ ʤײʥʜʘʡ 

ʛʝʣʠʦʞװʡʝʣʝʨ  ץʦʩʳʤʰʘ ʞʳʣʫ ʢᴇʟʽʥ ץʦʣʜʘʥʫʳ ʜʘ  ʤװʤʢʽʥ ʥʝʤʝʩʝ ץʦʣʜʘʥʙʘʫʳ 

ʜʘ ʤװʤʢʽʥ.  

 ʠʤʘʨʘʪʪʳ ʞʳʣrʪʫʜʳϬ ʛʝʣʠʦʞϮʡʝʣʝʨ̔, ᴅʜʝʪʪʝ, ʝʢʽ ʥʝʤʝʩʝ ʢᴇʧנ

ʢʦʥʪʫʨʣʳ ʙʦʣʘʜʳ, ʙײʣ ʞʘסʜʘʡʜʘ  ᴅʨ ʢʦʥʪʫʨʜʘ ᴅʨʪװʨʣʽ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰ 

 ,ʦʩʧʘʩʳץ ʘʥ ʩʫסʦʩʳʣץ ץʡʳײʘʪʧʘʡʪʳʥ ʩץ ʤʢʽʥ (ʛʝʣʠʦʢʦʥʪʫʨʜʘ ïװʦʣʜʘʥʳʣʫʳ ʤץ

ʘʨʘʣʳץ ʢʦʥʪʫʨʣʘʨʜʘ ï ʩʫ, ʪײʪʳʥʫʰʳʥʳש ʢʦʥʪʫʨʳʥʜʘ - ʘʫʘ). 

ɾʳʣ ʙʦʡʳ סʠʤʘʨʘʪʪʳ ʞʳʣʫʤʝʥ ʞᴅʥʝ ʳʩʪʳץ ʩʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש 

 ʨʘʤʳʥʘײץ שϰʨʘʤʘʣʳ ʛʝʣʠʦʞϮʡʝʣʝʨʽ  ʢᴇʧ ʢʦʥʪʫʨʣʳ ʙʦʣʘʜʳ ʞᴅʥʝ  ʦʣʘʨʜʳץ

ʜᴅʩʪװʨʣʽ ʞʳʣʫ ʛʝʥʝʨʘʪʦʨʣʘʨʳ ʩʠʷץʪʳ ץʦʩʳʤʰʘ ʞʳʣʫ ʢᴇʟʜʝʨʽ  ʢʽʨʝʜʽ.  

ɹʽʨ ʢʦʥʪʫʨʣʳ ϨʦʥʜʳʨϤʳʣʘʨ ï ʛʝʣʠʦץʦʥʜʳʨסʳʣʘʨʜʳש ʢʝש ʪʘʨʘסʘʥ ʪװʨʽ. 

ɾʳʣʫ ʪʘʩʳסʳʰʪʳש ʘʡʥʘʣʳʤʳ (ʮʠʨʢʫʣʷʮʠʷʩʳ) ʪʘʙʠסʠ ʙʦʣʘʪʳʥ ʙʽʨ ʢʦʥʪʫʨʣʳ 

ʛʝʣʠʦץʦʥʜʳʨסʳʥʳש ʢʦʥʩʪʨʫʢʮʠʷʩʳ 2.12 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. פʦʥʜʳʨסʳ 

ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʤʝʥ ʞᴅʥʝ ʙʘʢ-ʘʢʢʫʤʫʣʷʪʦʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ.  

ɸʨʪʳϨʰʳʣʳϤʳ: ײץʨʳʣʳʩʳ ץʘʨʘʧʘʡʳʤ, ʇᴄʂ-ʽ ʞʦסʘʨʳ. ʂʝʤʰʽʣʽʛʽ: 

ʩʳʨʪץʳ ʦʨʪʘʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʪʝʨʽʩ ʙʦʣסʘʥʜʘ ʞײʤʳʩ ʽʩʪʝʡ ʘʣʤʘʫʳ 

(ʤʘʫʩʳʤʜʳץ ʞײʤʳʩ ʨʝʞʠʤʽ), ʩʫʜʘ ʦʪʪʝʛʽ ʝʨʽʪʽʥʜʽʩʽ ʙʦʣʫʳʥʘʥ ʢʦʨʨʦʟʠʷʥʳש 

ʙʦʣʫʳ, ʩʫ ʩʘʧʘʩʳʥʘ ʞʦסʘʨʳ ʪʘʣʘʧʪʘʨ ץʦʡʳʣʘʜʳ. 

ɾʳʣʫ ʪʘʩʳϤʳʰʪʳϬ ʘʡʥʘʣʳʤʳ (ʮʠʨʢʫʣʷʮʠʷʩʳ) ʪʘʙʠϤʠ ʙʦʣʘʪʳʥ ʝʢʽ 

ʢʦʥʪʫʨʣʳ ʛʝʣʠʦϨʦʥʜʳʨϤʳ  ʝʢʽ ʢʦʥʪʫʨʜʘʥ ʪײʨʘʜʳ. ɹʽʨʽʥʰʽ ʢʦʥʪʫʨ ʢװʥʜʽʢ 

ʢʦʣʣʝʢʪʦʨʜʘʥ, ʳʩʪʳץ ʩʫ ʞʠʥʘץʪʘʣʘʪʳʥ ʙʘʢʪʘʥ, ʙʘʢ ʽʰʽʥʜʝ ʦʨʥʘʪʳʣסʘʥ ʞʳʣʫ 

ʘʣʤʘʩʪʳʨסʳʰʪʘʥ, ʢʝשʝʡʪʫ ʢװʙʽʩʽʥʝʥ, ʘʫʘ ʰ rסʘʨסʳʰʪʘʥ ʪײʨʘʜʳ. ɽʢʽʥʰʽ ʢʦʥʪʫʨ 

ʳʩʪʳץ ʩʫ ʞʠʥʘץʪʘʡʪʳʥ ʙʘʢʪʘʥ (ʘʢʢʫʤʫʣʷʪʦʨʜʘʥ), ʳʩʪʳץ ʞᴅʥʝ ʩʫʳץ ʩʫ 

 .ʨʘʜʳײʙʳʨʣʘʨʳʥʘʥ, ʞʘʙʫ-ʨʝʪʪʝʫ ʘʨʤʘʪʫʨʘʣʘʨʳʥʘʥ ʪײץ
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ϧʦʥʜʳʨϤʳʥʳϬ ʘʨʪʳϨʰʳʣʳϤʳ ï ʙʽʨʽʥʰʽ ʢʦʥʪʫʨʜʘסʳ ʞʳʣʫ 

ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʪʘʙʠסʠ ʘʡʥʘʣʳʤʳʥ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʛʽ,  ʘʥʪʠʬʨʠʟ 

ʘʨץʘʩʳʥʜʘ  ץʳʩ ʙʦʡʳ ʞײʤʳʩ ʞʘʩʘʫʳ, ʞײʤʳʩ ʽʩʪʝʫ ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ץʳʟʤʝʪ ʝʪʫ 

ʤʝʨʟʽʤʽʥʽש ʘʨʪʫʳ. ʂʝʤʰʽʣʽʛʽ: ʞʳʣʫʘʣʤʘʩʪʳʨסʳʰʪʳץ שʘʞʝʪʪʽʣʽʛʽ, ץʦʩʳʤʰʘ 

ʰʳסʳʥʜʘʨ, ʙʽʨʽʥʰʽ ʢʦʥʪʫʨʜʘסʳ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳ ʞʠʽ ʘʣʤʘʩʪʳʨʫ.  

ɾʳʣʫ ʪʘʩʳϤʳʰʪʳϬ ʘʡʥʘʣʳʤʳ  ʤϸʞʙϮʨʣʽ ʞʘϤʜʘʡʜʘ Ϻʪʝʪʽʥ ʝʢʽ 

ʢʦʥʪʫʨʣʳ ʛʝʣʠʦϨʦʥʜʳʨϤʳ  ʞʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ץʦʥʜʳʨסʳסʘ ץײʩʘʩ, ʪʝʢ ʤײʥʜʘ 

ʙʽʨʽʥʰʽ ʢʦʥʪʫʨ ץʦʩʳʤʰʘ ʩʦʨסʳʰʧʝʥ (ʥʘʩʦʩ) ʩʪʘʥʩʘʤʝʥ, ʙʘʩץʘʨʫ ץʘʣץʘʥʳʤʝʥ, 

ʞʳʣʫ ʨʝʪʪʝʛʽʰʧʝʥ, ʤʘʥʦʤʝʪʨʤʝʥ, ʩʘץʪʘʥʜʳʨסʳʰ ʢʣʘʧʘʥʤʝʥ ʞᴅʥʝ ʨʝʪʪʝʫʰʽ 

ʘʨʤʘʪʫʨʘʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ (2.13 ʩʫʨʝʪ). 

 

 

2.12 ʩʫʨʝʪ ïʙʽʨ ʢʦʥʪʫʨʣʳ 

ʛʝʣʠʦץʦʥʜʳʨסʳ   

 

2.13 ʩʫʨʝʪ ïʝʢʽ ʢʦʥʪʫʨʣʳ ʛʝʣʠʦץʦʥʜʳʨסʳ  

 

 

ɹײʣ ץʦʥʜʳʨסʳʥʳש ʘʨʪʳץʰʳʣʳסʳ: 

-  ʤᴅʞʙװʨʣʽʢ ʘʡʥʘʣʳʤ ʢʦʣʣʝʢʪʦʨʜʳש ʞʳʣʫ ʩʽשʽʨʫʽ 30 % ʞʘץʩʘʨʪʘʜʳ; 

- ʙʘʢ-ʘʢʢʫʤʫʣʷʪʦʨʜʳ ʳסשʘʡʣʳ ʦʨʳʥסʘ ʦʨʥʘʣʘʩʪʳʨʫ ʤװʤʢʽʥʜʽʛʽ; 

- ʦשʪʘʡʣʳ ʨʝʞʠʤʜʝ ʞײʤʳʩ ʽʩʪʝʡ ʘʣʫʳ ʞᴅʥʝ ʙʘʩץʘʨʫʜʳש ʦשʘʡʣʳסʳ. 

ʂʝʤʰʽʣʽʛʽ: ʩʦʨסʳʥʳ װʥʝʤʽ ץʦʣʜʘʥʫ ʞᴅʥʝ ʩʦʨסʳ ʞײʤʳʩʳʥʘ ʞײʤʩʘʣʘʪʳʥ 

 .ʳʥʳסʦʩʳʤʰʘ ʵʥʝʨʛʠʷ ʰʳץ

 ʣʪʪʳ ʞᴅʥʝײʳʣʘʨ ʢϺʧ ʢʦʥʪʫʨʣʳ  ʙʦʣʘʜʳ. ʆʣʘʨ ʙסʦʥʜʳʨץʨʘʤʘʣʳ  ʛʝʣʠʦײפ

ʩʫʳץ ʢװʥʜʝʨʽ  ʛʝʣʠʦʢʦʣʣʝʢʪʦʨ ʓʉפɽ ʞװʡʝʩʽʥ ʪʦʣʳץץʘʥʜʳ ʞʳʣʫʤʝʥ 

 ʦʩʳʤʰʘ ʞʳʣʫץ ,ʦʩʳʣʘʪʳʥץ ʜʘʡʜʘ ʽʩʢʝסʘʥ ʞʘסʘʤʪʘʤʘʩʳʟ ʝʪʝ ʘʣʤʘץ

ʛʝʥʝʨʘʪʦʨʳʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ (2.14 ʩʫʨʝʪ). 
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1-ʛʝʣʠʦʢʦʣʣʝʢʪʦʨ; 2- ʘʢʢʫʤʫʣʷʪʦʨ; 3-ʙʘʩץʘʨʫ ץʘʣץʘʥʳ; 4- ʩʦʨסʳ ʩʪʘʥʩʘʩʳ; 

5-ʢʝשʝʡʪʫ ʢװʙʽʩʽ; 6-ץʦʩʳʤʰʘ ʞʳʣʫ ʢᴇʟʽ; 7- ʳʩʪʳץ ʩʫ ʰʳסʳʩʳ; 8-ʩʫrץ ʩʫ ʢʽʨʽʩʽ; 9-ʩʦʨסʳʰ. 

2.14 ʩʫʨʝʪ ï ʂᴇʧ ʢʦʥʪʫʨʣʳ ײץʨʘʤʘʣʳ ץʦʥʜʳʨסʳ 

 

ʂϮʥʜʽʢ ʢʦʣʣʝʢʪʦʨʣʘʨʜʳ ʪʦʧʪʘʩʪʳʨʫ ʞϸʥʝ ʦʣʘʨʜʳϬ ʢʦʥʩʪʨʫʢʮʠʷʩʳ. 

ɾʘʩʘʣʫ ʧʨʠʥʮʠʧʽ ʙʦʡʳʥʰʘ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨ ʝʢʽ ʪʠʧʢʝ ʙᴇʣʽʥʝʜʽ: ʪϺʤʝʥ 

ʧʦʪʝʥʮʠʘʣʜʳ, ʞʦϤʘʨʳ ʧʦʪʝʥʮʠʘʣʜʳ. 

ʂʦʥʩʪʨʫʢʮʠʷʩʳ ʙʦʡʳʥʰʘ ʦʣʘʨ ʞʘʟʳץ ʢʦʣʣʝʢʪʦʨʣʘʨ, ʬʦʢʫʩʪʘʫʰʳ 

(ʰʦϤʳʨʣʘʥʜʳʨʫʰʳ) ʢʦʥʮʝʥʪʨʘʪʦʨʣʳ ʢʦʣʣʝʢʪʦʨʣʘʨ ʞᴅʥʝ ʚʘʢʫʫʤʜʳ  

ʢʦʣʣʝʢʪʦʨʣʘʨ ʙʦʣʳʧ ʙᴇʣʽʥʝʜʽ.  

 

2.4.2 ʂװʥʜʽʢ ʞʘʟʳץ ʢʦʣʣʝʢʪʦʨʣʘʨ. 

ɾʘʟʳϨ ʢʦʣʣʝʢʪʦʨʣʘʨ (ɾʂ) ʪʽʢʝʣʝʡ ʢʝʣʝʪʽʥ ʩᴅʫʣʝʣʝʨʜʽ ʞᴅʥʝ ʰʘʰʳʨʘץשʳ 

ʩᴅʫʣʝʣʝʨʜʽ ʩʽשʽʨʝʜʽ, ʦʣʘʨʜʳ ʞʳʣʫʪʘʩʳʤʘʣʜʘסʳʰʪʳ  100 
0
ʉ ʪʝʤʧʝʨʘʪʫʨʘסʘ 

ʜʝʡʽʥ ץʳʟʜʳʨʫ װʰʽʥ ʧʘʡʜʘʣʘʥסʘʥ ʪʠʽʤʜʽ. ɸʣ ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʙʘʨ  ʢʦʣʣʝʢʪʦʨ -  

ʩᴅʫʣʝʣʝʥʫʜʽ ʢװʰʝʡʪʝʪʽʥ ʦʧʪʠʢʘʣʳץ ʞװʡʝʩʽ ʙʘʨ ײץʨʳʣסʳ, ʦʥʜʘסʳ 

ʞʳʣʫʪʘʩʳʤʘʣʜʘסʳʰ ʞʦסʘʨסʳ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʜʝʡʽʥ ץʳʟʘʜʳ.  

ɾʘʟʳϨ ʢϮʥʜʽʢ ʢʦʣʣʝʢʪʦʨ ï ʞʘʟʳץ ʧʽʰʽʥʜʽ, ʦʥʳש ʞʘʟʳץ  ʤᴇʣʜʽʨ 

ʦץʰʘʫʣʘסʳʰʳ ʙʘʨ ʞᴅʥʝ ʢװʥ ʩᴅʫʣʝʩʽʥ ʩʽשʽʨʫʛʝ, ʦʥʳ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥʘ 

ʪװʨʣʝʥʜʽʨʫʛʝ ʘʨʥʘʣסʘʥ  ʞʘʟʳץ ʩʽשʽʨʫʰʽ ʧʘʥʝʣʽ ʙʘʨ ײץʨʳʣסʳ. ʆʣʘʨ ᴅʡʥʝʢ 

ʥʝʤʝʩʝ ʧʣʘʩʪʠʢʘʣʳץ ʞʘʙʳʥʥʘʥ (ʙʽʨ, ʝʢʽ, װʰ ץʘʙʘʪ), ʢװʥʛʝ ʙʘסʳʪʪʘʣסʘʥ ʞʘסʳ 

 ʳʥʘסʳ ʞʘסשʘʩʪʳ שʳʰ ʧʘʥʝʣʴʜʝʥ, ʦʥʳסʘʙʳʣʜʘץ ʘʥ ʞʳʣʫסʩʢʝ ʙʦʷʣװʘʨʘ ʪץ

ʦʨʥʘʣʘʩץʘʥ ʦץʰʘʫʣʘסʳʰʪʘʥ  ʞᴅʥʝ ʢʦʨʧʫʩʪʘʥ ʪײʨʘʜʳ (2.15 ʩʫʨʝʪ). ɾʳʣʫ 

ʪʘʩʳʤʘʣʜʘסʳʰץʘ ʘʨʥʘʣסʘʥ ʢʘʥʘʣʜʘʨʳ ʙʘʨ ʞʳʣʫ ץʘʙʳʣʜʘסʳʰ ʘʣʶʤʠʥʠʡʜʝʥ 

ʥʝʤʝʩʝ ʙʦʣʘʪʪʘʥ ʝʢʽ ʪװʨʣʽ ʙʦʣʳʧ ʞʘʩʘʣʳʥʘʜʳ: (ʞʘʟʳץ ץʘשʳʣʪʳʨ-ײץʙʳʨ ʥʝʤʝʩʝ 

ʰʪʘʤʧʪʘʣסʘʥ ʧʘʥʝʣʴʜʝʨ (ײץʙʳʨʣʘʨ ץʘשʳʣʪʳʨ ʽʰʽʥʜʝ) ʙʦʣʘʜʳ.  

2.16 ʩʫʨʝʪʪʝ ʩʽשʽʨʫʰʽ ʧʘʥʝʣʴʜʝʨʜʽש ʙʽʨʥʝʰʝ ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʢᴇʨʩʝʪʽʣʛʝʥ.  
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1-ʢװʥ ʩᴅʫʣʝʩʽ; 2-ʰʳʥʳ; 3-ʢʦʨʧʫʩ; 4-ʞʳʣʫ  

  ;ʳʰסʰʘʫʣʘץʘʙʘʪ; 5-ʞʳʣʫ ʦץ  ʘʙʳʣʜʘʡʪʳʥץ

6-ʥʳסʳʟʜʘʫʰʳ; 7- ʞʳʣʫ ץʘʙʳʣʜʘסʳʰ 

ʧʣʘʩʪʠʥʘʥʳײ שʟʳʥ ʪʦʣץʳʥʜʳ ʩᴅʫʣʝʩʽ. 

2.15 ʩʫʨʝʪ ïʂװʥʜʽʢ ʞʘʟʳץ ʢʦʣʣʝʢʪʦʨ 

 

ɸ) ץʘשʳʣʪʳʨ-ײץʙʳʨ. ɹ) ʢʘʥʘʣʳ ʙʘʨ 

ʛʦʬʨʠʨʣʝʥʛʝʥ ץʘʙʘʪ. ɺ) ʢʘʥʘʣʳ ʙʘʨ 

ʰʪʘʤʧʪʘʣסʘʥ ץʘʙʘʪ.   ɻ) ʪʽʢʙײʨʳʰʪʳ 

ʢʘʥʘʣʜʳ ץʘʙʘʪ. 

2.16 ʩʫʨʝʪ ï ʉʽשʽʨʫʰʽ ʧʘʥʝʣʴʜʝʨʜʽש 

ᴅʨʪװʨʣʽ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳש 

ʩײʣʙʘʣʘʨr 
 

ɾʘʟrץ ʢʦʣʣʝʢʪʦʨʣʘʨʜʳש ʩʽשʽʨʫʰʽ ʧʘʥʝʣʴʜʝʨʽʥʽש ʙʽʨʥʝʰʝ 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳ ʙʘʨ: 

ʳʣʪʳʨʣשʘץ ʰʘץʙʳʨʣʳ, ʧʘʨʘײץ-ʳʣʪʳʨשʘץ ʰʘץʙʳʨʣʳ, ʧʘʨʘײץ -  rʙʦʣʳʧ 

ʙᴇʣʽʥʝʪʽʥ ʧʘʥʝʣʴʜʝʨ; 

- ʩʧʠʨʘʣʴ ʞᴅʥʝ çʞʘʩʪʳץʰʘè  ʪᴅʨʽʟʜʝʩ ʧʘʥʝʣʴʜʝʨ;  

- ʞʳʣʫ ᴇʪʢʽʟʝʪʽʥ ʤʘʪʝʨʠʘʣʳ ʙʘʨ ʧʘʥʝʣʴʜʝʨ;  

- ʚʘʢʫʫʤʜʝʣʛʝʥ ʧʘʥʝʣʴʜʝʨ; 

- ʞʳʣʫʣʳץ  ʪװʪʽʢʰʝʣʝʨʽ ʙʘʨ ʢʦʣʣʝʢʪʦʨʣ .r 

ʇʣʘʩʪʤʘʩʩʘʣʳϨ ʧʘʥʝʣʴʜʝʨ  ʢװʥ ʩᴅʫʣʝʩʽʥʽש ᴅʩʝʨʽʥʝʥ  ʪʝʟ ʝʩʢʽʨʽʧ 

ʢʝʪʝʪʽʥʜʽʢʪʝʥ ʞᴅʥʝ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʛʽ ʪᴇʤʝʥ ʙʦʣסʘʥʜʳץʪʘʥ ʢʝץ שʦʣʜʘʥʳʩʪʘ 

ʝʤʝʩ.  

ʂװʥ ʨʘʜʠʘʮʠʷʩʳʥʳש ᴅʩʝʨʽʥʝʥ ʞʳʣʫץʘʙʳʣʜʘסʳʰ ʧʘʥʝʣʴʜʝʨ ץʦʨʰʘסʘʥ 

ʦʨʪʘʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘʥ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʜʝʡʽʥ (70 
0
ʉ...80 

0
ʉ ʜʝʡʽʥ) 

 ʘ ʢʦʥʚʝʢʪʠʚʪʽ  ʞʳʣʫ ʙʝʨʫʽʥ  ʞᴅʥʝסʘʥ ʦʨʪʘסʦʨʰʘץ שʣ ʦʣʘʨʜʳײʳʟʘʜʳ, ʙץ

ʘʡʥʘʣʘʩʳʥ ʩᴅʫʣʝʣʝʥʜʽʨʫ װʨʜʽʩʪʝʨʽʥ ʪʫʜʳʨʘʜʳ. ɾʳʣʫʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʙײʜʘʥ 

ʜʘ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʠʝ ʙʦʣʫʳ װʰʽʥ ʧʘʥʝʣʜɹʽש ʞʦסʘʨסʳ ʙʝʪʽ 

ʩʧʝʢʪʨʘʣʴʜʳ-ʩʝʣʝʢʪʠʚʪʽ Ϩʘʙʘʪʧʝʥ Ϩʘʧʪʘʣʘʜʳ. ɹײʣ ץʘʙʘʪ ʢװʥʥʽץ שʳʩץʘ 

ʪʦʣץʳʥʜʳ ʩᴅʫʣʝʩʽʥ ʩʽשʽʨʝ ʦʪʳʨʳʧ, ʧʘʥʝʣʜʽײ שʟʳʥ ʪʦʣץʳʥʜʳ ʩʧʝʢʪʨ ʙᴇʣʽʛʽʥʜʝ  

ʞʳʣʫʣʳץ ʩᴅʫʣʝʣʝʨ ʰʳסʘʨʫʳʥ  ʪᴇʤʝʥʜʝʪʝʜʽ. ʄײʥʜʘʡ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ çץʘʨʘ 

ʥʠʢʝʣʴè, çץʘʨʘ ʭʨʦʤè, ʘʣʶʤʠʥʠʡʜʝʛʽ ʤʳʩ ʦʢʩʠʜʽ, ʤʳʩʪʘסʳ ʤʳʩ ʦʢʩʠʜʽ ʞᴅʥʝ 

ʙʘʩץʘ ʜʘ ץʳʤʙʘʪ ץʦʩʧʘʣʘʨ ʥʝʛʽʟʽʥʜʝ ʞʘʩʘʣʘʜʳ. 



33 
 

ɾʘʟrץ ʢʦʣʣʝʢʪʦʨʜʳש ʩʠʧʘʪʪʘʤʘʩʳʥ ʞʘץʩʘʨʪʫʜʳש ʪʘסʳ ʙʽʨ ᴅʜʽʩʽ - 

ʞʳʣʫϨʘʙʳʣʜʘϤʳʰ ʧʘʥʝʣʴ ʤʝʥ ʤϺʣʜʽʨ ʦϨʰʘʫʣʘϤʳʰ ʘʨʘʩʳʥʜʘ ʚʘʢʫʫʤ ʞʘʩʘʫ 

ʘʨץʳʣʳ ʞʳʣʫ ʰʳסʳʥʳʥ ʪᴇʤʝʥʜʝʪʫ.  

ɾʘʟϨr ʢʦʣʣʝʢʪʦʨʜʳϬ ʘʨʪʳϨʰʳʣʳϤʳ - ʪʽʢ ʪװʩʢʝʥ ʞᴅʥʝ ʰʘʰʳʨʘסʘʥ 

ʩᴅʫʣʝʥʽ ץʘʙʳʣʜʘʡ ʘʣʫʳ ʞᴅʥʝ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳץ שʘʨʘʧʘʡʳʤʜʳʣʳסʳ. 

 

2.4.3 ʌʦʢʫʩʪʘʫʰʳ ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʙʘʨ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨ.   

ʌʦʢʫʩʪʘʫʰʳ ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʙʘʨ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨʜʘ  ʩᴅʫʣʝʣʝʥʜʽʨʫ 

ʢᴇʟʽ ʤʝʥ ʩᴅʫʣʝ ץʘʙʳʣʜʘסʳʰ ʘʨʘʩʳʥʘ   ʦʧʪʠʢʘʣʳϨ ϨʦʥʜʳʨϤʳ  -  ʢʦʥʮʝʥʪʨʘʪʦʨ 

ʦʨʥʘʣʘʩʘʜʳ. ʉʦʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ץʘʙʳʣʜʘסʳʰץʘ ʪװʩʢʝʥ ʩᴅʫʣʝ ʘסʳʥʳʥʳש 

ʪʳסʳʟʜʳסʳ ʢᴇʙʝʡʝʜʽ (ʘʫʜʘʥʳ ʙʽʨʜʝʡ ʞʘʟʳץ  ʢʦʣʣʝʢʪʦʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ). 

ɹײʣ ʢᴇʙʝʶʜʽש ʩʘʥʜʳץ ʤᴅʥʽʥ  ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʫ ʜϸʨʝʞʝʩʽ ʜʝʧ ʘʪʘʡʜʳ.  

ʌʦʢʫʩʪʘʫʰʳʩʳ ʙʘʨ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨʜ  rʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳ ʙʦʡʳʥʰʘ 

ʙʳʣʘʡ ʪʦʧʪʘʩʪʳʨʘʜʳ: 

- ʘʡʥʘʣʳ ʞϸʥʝ ʜʠʬʬʫʟʠʷʣʳ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨ, ʦʣʘʨʜʳ 

ʰʘסʳʣʳʩʪʳʨסʳʰʪʘʨʳʥʳש ʧʽʰʽʥʽʥʝ ץʘʨʘʡ  ʵʚʦʣʴʚʝʥʪʪʽ, ʧʘʨʘʙʦʣʘʣʳ, 

ʩʧʠʨʘʣʴʜʳ, ʧʘʨʘʙʦʣʘʣʳ-ʮʠʣʠʥʜʨʣʽ  ʜʝʧ ʙᴇʣʽʥʝʜʽ; 

- ʌʨʝʥʝʣʴʜʽϬ ʮʠʣʠʥʜʨʣʽ ʣʠʥʟʘʩ  rʞϸʥʝ ʌʨʝʥʝʣʴʜʽϬ ʩʬʝʨʘʣʳϨ ʣʠʥʟʘʩʳ 

ϨʦʣʜʘʥʳʣϤʘʥ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨ. 

ʌʦʢʫʩʪʘʫʰʳ ʞװʡʝʣʝʨ ʧʘʨʘʙʦʣʘʣʳ  (ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʫ ʜᴅʨʝʞʝʩʽ ʞʦסʘʨʳ, 

ʞײʤʳʩʪʳץ ʪʝʤʧʝʨʘʪʫʨʘ - 250 
0
ʉ...650 

0
ʉ, ʇᴄʂ ï 60 %...70 %), ʧʘʨʘʙʦʣʘ-

ʮʠʣʠʥʜʨʣʽ ʞϸʥʝ ʞʘʟʳϨ ʧʣʘʩʪʠʥʘʣʳ  (ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʫ ʜᴅʨʝʞʝʩʽ ʪᴇʤʝʥ, 

ʞײʤʳʩʪʳץ ʪʝʤʧʝʨʘʪʫʨʘ - 60 
0
ʉ...140 

0
ʉ, ʇᴄʂ ï 30 %...50 %) ʙʦʣʳʧ 

ʪʦʧʪʘʩʪʳʨʳʣʘʜʳ. 2.17 ʩʫʨʝʪʪʝ ʢʦʥʮʝʥʪʨʘʪʦʨʣʳ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʜʳש ᴅʨʪװʨʣʽ 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨr ʢᴇʨʩʝʪʽʣʛʝʥ.  

 

 

 
 

ɸ) ʧʘʨʘʙʦʣʘ-ʮʠʣʠʥʜʨʣʽ ʢʦʥʮʝʥʪʨʘʪʦʨ. ɹ) ʧʘʨʘʙʦʣʘʣʳ  ʢʦʥʮʝʥʪʨʘʪʦʨ.  

ɺ) ʌʨʝʥʝʣʴʜʽש ʞʘʟʳץ ʣʠʥʟʘʩʳ ʥʝʛʽʟʽʥʜʝ ʞʘʩʘʣסʘʥ ʢʦʥʮʝʥʪʨʘʪʦʨ. 

2.17 ʩʫʨʝʪ ï ᴄʨʪװʨʣʽ ʢʦʥʮʝʥʪʨʘʪʦʨʣʘʨʜʳש ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳ 

 

ʇʘʨʘʙʦʣʘ-ʮʠʣʠʥʜʨʣʽ ʢʦʥʮʝʥʪʨʘʪʦʨ  ʢװʥ ʩᴅʫʣʝʣʝʨʽʥ ʙʽʨ ʩʳʟʳץ ʙʦʡʳʥʘ 

ʞʠʥʘץʪʘʡʜʳ (ʰʦסʳʨʣʘʥʜʳʨʘʜʳ), ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʫ ʜᴅʨʝʞʝʩʽ ʦʨʪʘʰʘ, 

ʞײʤʳʩʪʳץ ʪʝʤʧʝʨʘʪʫʨʘʩʳ - 150 
0
ʉ...400 

0
ʉ, ʇᴄʂ ï 50 %...70 % (2.17, ɸ ʩʫʨʝʪ). 

ʂװʥ ʞװʨʽʩʽʥ ץʘʜʘסʘʣʘʡʪʳʥ (ʙʘʢʳʣʘʡʪʳʥ) ʞװʡʝʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ.  
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ʇʘʨʘʙʦʣʘʣʳ ʢʦʥʮʝʥʪʨʘʪʦʨ  ʝʢʽ ʢʦʦʨʜʠʥʘʪ ʙʦʡʳʥʰʘ ʙʘʩץʘʨʳʣʘʜʳ. ʆʣ 

ʢװʥ ʩᴅʫʣʝʩʽʥ ʰʘסʳʥ ʘʫʜʘʥסʘ ʰʦסʳʨʣʘʥʜʳʨʘʜʳ, ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʫ ʜᴅʨʝʞʝʩʽ 

ʞʦסʘʨʳ, ʞײʤʳʩʪʳץ ʪʝʤʧʝʨʘʪʫʨʘʩʳ - 250 
0
ʉ...650 

0
ʉ, ʇᴄʂ - 60 %...70 %  (2.17, 

ɹ ʩʫʨʝʪ).  

ʌʨʝʥʝʣʴ ʣʠʥʟʘʩʳ ʪײʪʘʩ ᴅʡʥʝʢʪʝʥ ʞʘʩʘʣʘʜʳ ʞᴅʥʝ ʦʥʳש ʢᴇʣʜʝʥʝש 

 .ʠʤʘʩʳʥʘ  ʘʨʥʘʡ rʧʽʰʽʥ  ʙʝʨʽʣʝʜʽ (2.17, ɺ ʩʫʨʝʪ)ץ

2.18 ʩʫʨʝʪʪʝ  çCorningè  ʬʝʨʤʘʩʳʥʳש ʞʳʣʫʣʳץ  ʪװʪʽʛʽ ʞᴅʥʝ ʘʩʪʘʫ 

ʪᴅʨʽʟʜʝʩ ʘʡʥʘʩʳ ʙʘʨ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʳʥʳץ שʠʤʘʩʳ ʢᴇʨʩʝʪʽʣʛʝʥ. ɸʩʪʘʫ ʪᴅʨʽʟʜʝʩ 

ʘʡʥʘʥʳש ʥʝʛʽʟʛʽ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʤʳʥʘʜʘ: ʩᴅʫʣʝ ץʘʙʳʣʜʘסʳʰʪʳש ʮʠʣʠʥʜʨ 

 ;ʨʛʽʟʽʣʛʝʥ ʞʘʥʘʤʘʣʘʨ ʘʡʥʘ ʙʝʪʽʥʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʙʦʣʘʜʳװʘʩʳʥʘ  ʞסʘʙʳʨץ

ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʫ ʜᴅʨʝʞʝʩʽ  ʉ=1. 

ᴄʨ ʧʽʰʽʥʜʝʛʽ ʜʠʬʬʫʟʠʷʣrץ ʰʘסʳʣʳʩʪʳʨסʳʰʪʘʨʳ ʙʘʨ   

ʢʦʥʮʝʥʪʨʘʪʦʨʣʘʨʜʳש ʦʧʪʠʢʘʣʳץ ʇᴄʂ ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥ. ʆʣʘʨʜʳ ʤʝʪʘʣʣ 

ʧʘʨʘץʰʘ ץʘשʳʣʪʳʨʣʘʨʜʳ ʪװʩʢʝ ʙʦʷʫ ʘʨץʳʣʳ ʞʘʩʘʡʜʳ, ʦʥʳש ʞײʤʳʩ ʞʘʩʘʫ 

ʤʝʨʟʽʤʽ ײʟʘץ ʞᴅʥʝ ʘʡʥʘʣʳ ʰʘסʳʣʳʩʪʳʨסʳʰץʘ ץʘʨʘסʘʥʜʘ ʤʘʪʝʨʠʘʣ ʤʝʥ ʦʥʳ 

ʞʘʩʘʫסʘ ʞײʤʩʘʣʘʪʳʥ  ʰʳסʳʥʜʘʨ ʘʡʪʘʨʣʳץʪʘʡ ʘʟ.  

2.19 ʩʫʨʝʪʪʝ ʩʧʠʨʘʣʴ ʧʨʦʬʠʣʴʜʽ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨ ʢᴇʨʩʝʪʽʣʛʝʥ. ʈʘʜʠʘʮʠʷ 

ʪʽʢʝʣʝʡ ʩʧʠʨʘʣʴסʘ ʪװʩʽʧ, ʰʘסʳʣʳʩʘʜʳ, ʩʧʠʨʘʣʴʜʳש ʽʰʽʥʝ ʪװʩʢʝʥ ʩᴅʫʣʝ  

ʜᴇשʛʝʣʝʢ ײץʙʳʨʜʘ ʞײʪʳʣʘʜʳ.  

ʌʦʢʫʩʪʘʫʰʳ ʢʦʥʮʝʥʪʨʘʪʦʨʣʳ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨʜʳש ʘʨʪʳϨʰʳʣʳϤʳ ï

ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʞʦסʘʨʳ ʞʳʣʫ (ʙʫ) ʘʣʫ ʤװʤʢʽʥʜʽʛʽ. ʂʝʤʰʽʣʽʛʽ: ʙʘסʘʩʳ ץʳʤʙʘʪ,  

ʰʘשʥʘʥ װʥʝʤʽ ʪʘʟʘʨʪʫ ʢʝʨʝʢʪʽʛʽ, ʢװʥʜʽʟʛʽ ʫʘץʳʪʪʘ סʘʥʘ  ʞײʤʳʩ ʞʘʩʘʡʪʳʥʜʳסʳ, 

ʢװʥʥʽש ʞװʨʽʩʽʥ ʙʘץʳʣʘʫ ʞװʡʝʩʽ ʤʝʥ װʣʢʝʥ ʢᴇʣʝʤʜʽ ʘʢʢʫʤʫʣʷʪʦʨ ץʘʞʝʪʪʽʣʽʛʽ, 

ʙʘץʳʣʘʫ ʞװʡʝʩʽʥʽש ʞײʤʳʩʳʥʘ ʞײʤʩʘʣʘʪʳʥ  ʵʥʝʨʛʠʷ ʰʳסʳʥʳʥʳש ʙʦʣʫʳ.  

 

 
1-ʙʫ; 2-ʩʝʣʝʢʪʠʚʪʽ ʞʘʙʳʥʳ ʙʘʨ 

ʩᴅʫʣʝ ץʘʙʳʣʜʘסʳʰ; 3- ʬʠʪʠʣʴ; 4-ʘʩʪʘʫ 

ʪᴅʨʽʟʜʝʩ  ʘʡʥʘ;   5-ʰʳʥʳ ץʘʧʪʘʤʘ;                

6 -  ʪװʩʫ ʙײʨʳʰʳ;  7- ʢװʥ ʩᴅʫʣʝʩʽ. 

2.18 ʩʫʨʝʪ  ï ɸʩʪʘʫ ʪᴅʨʽʟʜʝʩ ʘʡʥʘʣ  r

ʛʝʣʠʦʢʦʣʣʝʢʪʦʨ   

 
 

 
 

 
1- ʢʦʣʣʝʢʪʦʨ ײץʙʳʨʳ; 

2- ʰʘסʳʣʳʩʪʳʨסʳʰ ץʘʙʘʪ. 

2.19 ʩʫʨʝʪ ï ʉʧʠʨʘʣʴ  ʧʨʦʬʠʣʴʜʽ 

ʰʘסʳʣʳʩʪʳʨסʳʰʳ ʙʘʨ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨ 
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  .ʙʳʨ ʪᴅʨʽʟʜʝʩ  ʚʘʢʫʫʤʜʝʣʛʝʥ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨײפ   2.4.4

ɺʘʢʫʫʤ ʠʜʝʘʣ ʞʳʣʫײʩʪʘסʳʰ (ʠʟʦʣʷʪʦʨ) ʙʦʣסʘʥʜʳץʪʘʥ,  ʤײʥʜʘʡ 

ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨʜʘʥ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʢʝʪʝʪʽʥ ʞʳʣʫ ʰʳסʳʥʳ ʘʟ ʤᴇʣʰʝʨʜʝ 

ʙʦʣʘʜʳ. ɹʽʨʘץʪʘ ʚʘʢʫʫʤ ʞʘʩʘʧ, ʦʥʳ ʢʦʣʣʝʢʪʦʨʜʘ ײʟʘײ ץʩʪʘʧ ʪײʨʫ ᴇʪʝ ץʠʳʥ. 

ɾʳʣʫϰʩʪʘϤʳʰ (ʞʳʣʫʣʳϨ ʠʟʦʣʷʪʦʨ) ʨʝʪʽʥʜʝ ʚʘʢʫʫʤʜʳ Ϩʦʣʜʘʥʘʪʳʥ 

ʢʦʣʣʝʢʪʦʨʣʘʨ  ᴅʜʝʪʪʝ ʮʠʣʠʥʜʨ ʪײʪʽʢʰʝʣʝʨʜʝʥ ʞʘʩʘʣʘʜʳ. ʆʣʘʨ 

ʞʳʣʫʪʘʩʳʤʘʣʜʘסʳʰʪʳ 80 
0
ʉ...100 

0
ʉ ץʳʟʜʳʨʘʜ ,r ʞʘʟrץ ʢʦʣʣʝʢʪʦʨʣʘʨʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ ʢװʥ ʵʥʝʨʛʠʷʩʳʥ ʪװʨʣʝʥʜʽʨʫ ʪʠʽʤʜʽʣʽʛʥ̔ʽש ʞᴅʥʝ ץʳʟʜʳʨʫ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש ʞʦסʘʨʳ ʙʦʣʫʳʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ.  

 ʘ ᴇʪʝסʨʫײʩʪʘʧ ʪײ ʘ ʞᴅʥʝסʙʳʨ (ʢʦʣʙʘ) ʪᴅʨʽʟʜʝʩ   ʧʽʰʽʥ ʚʘʢʫʫʤ ʞʘʩʘʫײפ

ʳסשʘʡʣʳ. ʉʦʣ ʩʝʙʝʧʪʽ ʜʝ ʪײʨʤʳʩʪʘ ײץʙʳʨ ʪᴅʨʽʟʜʝʩ ʚʘʢʫʫʤʜʝʣʛʝʥ 

ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨ ʢʝץ שʦʣʜʘʥʳʩ ʪʘʧʪʳ.  

ᴆʪʝ ʢʝש ʪʘʨʘסʘʥ ʚʘʢʫʫʤʜʳץ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨʜʳ ʤʳʥʘʜʘʡ ʪʦʧʪʘʨסʘ 

ʙᴇʣʫʛʝ ʙʦʣʘʜʳ: 

- ϸʡʥʝʢ ϨϰʙʳʨʜʳϬ  ʪʠʧʽ  ʙʦʡʳʥʘh (ʢʦʘʢʩʠʘʣʜ ,r Ϩʘʥʘʪʪʳ); 

- ʞʳʣʫʣʳϨ ʢʘʥʘʣʳ ʙʦʡʳʥʰʘ  (çHeat pipeè  ʞʳʣʫʣʳϨ ʪϮʪʽʢʰʝʣʽ ʢʘʥʘʣ, 

ʪʽʢʝʣʝʡ ʘϤʳʥʜʳ ʢʘʥʘʣ). 

ᴄʡʥʝʢ ײץʙʳʨʜʳש ʝʢʽ ʪװʨʣʽ ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʙʘʨ: ʢʦʘʢʩʠʘʣʜ  rϨϰʙʳʨ ʞϸʥʝ 

Ϩʘʥʘʪʪʳ Ϩϰʙʳʨ.   

2.20,ʘ ʩʫʨʝʪʪʝ ʢʦʘʢʩʠʘʣʜ  rϨϰʙʳʨ ʢᴇʨʩʝʪʽʣʛʝʥ, ʦʣ ʪʝʨʤʦʩ ʪᴅʨʽʟʜʝʩ, ʝʢʽ 

ᴅʡʥʝʢ ײץʙʳʨʳʥʳש ʘʨʘʩʳʥʜʘסʳ ʘʫʘʩʳ ʩʦʨʳʣסʘʥ (ʚʘʢʫʫʤ ʞʘʩʘʣסʘʥ) ײץʙʳʨ. ɯʰʢʽ 

 שʙʳʨʜʳײץ ʪʘʥ ʞʳʣʫ ʙʝʨʫ ᴅʡʥʝʢץʘʥ, ʩʦʥʜʳסʘʧʪʘʣץ ʽʨʛʽʰ ʞʘʙʳʥʤʝʥשʙʳʨ ʩʽײץ

ᴇʟʽ ʘʨץʳʣʳ ʦʨʳʥʜʘʣʘʜʳ.  

2.20,ʙ ʩʫʨʝʪʪʝ  Ϩʘʥʘʪʪʳ Ϩϰʙʳʨ ʢᴇʨʩʝʪʽʣʛʝʥ, ʦʣ ʙʽʨ סʘʥʘ ᴅʡʥʝʢ ײץʙʳʨʜʘʥ  

ʪײʨʘʪʳʥ ײץʙʳʨ.  ɺʘʢʫʫʤ  ʦʩʳ ײץʙʳʨʜʳש  ʽʰʽʥʜʝ, ʞʳʣʫʣʳץ ʢʘʥʘʣ 

ʘʡʥʘʣʘʩʳʥʜʘסʳ ʢʝשʽʩʪʽʢʪʝ ʞʘʩʘʣʘʜʳ. ɹײʣ ʢʝשʽʩʪʽʢʪʝ  ʞʳʣʫʣʳץ ʢʘʥʘʣʜʳש 

(ʪװʪʽʢʰʝʥʽש) ʙʽʨ ʙᴇʣʽʛʽ ʤʝʥ   ʘʙʩʦʨʙʝʨ  ʙʽʨʽʢʪʽʨʽʣʛʝʥ.  

ɾʳʣʫʣʳϨ ʢʘʥʘʣʜʳϬ ʪʠʧʽ ʙʦʡʳʥʰʘ ײץʙʳʨ ʪᴅʨʽʟʜʝʩ ʚʘʢʫʫʤʜʝʣʛʝʥ 

ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨ ʝʢʛ̔ʝ ʙᴇʣʽʧ ץʘʨʘʩʪʳʨʘʤʳʟ: çHeat pipeè  ʪʠʧʪʽ ʞʳʣʫʣʳϨ 

ʢʘʥʘʣʳ ʙʘʨ ʢʦʣʣʝʢʪʦʨʣʘʨ ʞϸʥʝ ʪʽʢʝʣʝʡ ʘϤʳʥʜʳ ʞʳʣʫʣʳϨ ʢʘʥʘʣʳ ʙʘʨ 

ʢʦʣʣʝʢʪʦʨʣʘʨ. 

Heat pipeè  ʪʠʧʪʽ ʞʳʣʫʣʳϨ ʢʘʥʘʣʳ (çʞʳʣʫʣʳץ  ʪװʪʽʢʰʝè ʜʝʧ ʪʝ 

ʘʪʘʣʘʜ )r ʚʘʢʫʫʤʜʝʣʛʝʥ ʢʦʣʣʝʢʪʦʨʣʘʨ ʥʘʨʳץʪʘ ʢʝש ʪʘʨʘסʘʥ (2.21 ʩʫʨʝʪ). 

ɾʳʣʫʣʳץ ʪװʪʽʢʰʝʥʽש ᴅʨʝʢʝʪ ʝʪʫ ʧʨʠʥʮʠʧʽ ʞʳʣʫʜʳ ʞʘץʩʳ ᴇʪʢʽʟʝʪʽʥ 

ʤʝʪʘʣʜʘʨʜʘʥ  (ʤʳʩ ʥʝʤʝʩʝ ʘʣʶʤʠʥʠʡ) ʞʘʩʘʣסʘʥ ʪײʡʳץ ʪװʪʽʢʰʝʜʝ ʞʝשʽʣ 

ʙʫʣʘʥʘʪʳʥ (ʙʫʣʘʥʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʪᴇʤʝʥ) ʩײʡʳץ ʙʦʣʘʜʳ. ɾʳʣʫ ʘʣʤʘʩʫ ʦʩʳ 

ʩײʡʳץʪʳש ʢװʥ ʩᴅʫʣʝʩʽʥʽש ᴅʩʝʨʽʥʝʥ ץʳʟʫ rʥᴅʪʠʞʝʩʽʥʜʝ ʦʨʳʥʜʘʣʘʜʳ.  

ʊװʪʽʢʰʝʥʽש ʪᴇʤʝʥʛʽ ʞʘסʳʥʜʘסʳ ʩײʡʳץ  ʞʳʣʫʜʳ ʩʽשʽʨʝ ʦʪʳʨʳʧ, ץʳʟʘʜʳ 

ʞᴅʥʝ ʙʫʣʘʥʘʜʳ. ɹײʣ ʙʫ ʪװʪʽʢʰʝ ʙʦʡʳʤʝʥ  ʞʦסʘʨסʳ ʢᴇʪʝʨʽʣʽʧ, ʦʥʳש ʞʦסʘʨסʳ 

ʙᴇʣʽʛʽʥʝ (ʞʳʣʫ ʞʠʥʘסʳʰץʘ) ʢʝʣʛʝʥʜʝ ʢʦʥʜʝʥʩʘʮʠʷʣʘʥʘʜʳ, ʷסʥʠ ʙʫ ᴇʟʽʥʽש 

ʙʦʡʳʥʜʘסʳ ʞʳʣʫʜʳ ʞʳʣʫ ʞʠʥʘסʳʰץʘ ʙʝʨʫʽ ʥᴅʪʠʞʝʩʽʥʜʝ ץʘʡʪʘʜʘʥ ʩײʡʳץץʘ 

ʘʡʥʘʣʘʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ ʙײʣ  ʩײʡʳץ ץʘʡʪʘʜʘʥ ʪᴇʤʝʥʛʝ ʪװʩʝʜʽ ʜʝ, ʢװʥ ʩᴅʫʣʝʩʽ 

ᴅʩʝʨʽʥʝʥ ʙʫʣʘʥʳʧ, ץʘʡʪʘʜʘʥ ʞʦסʘʨʳ ʢᴇʪʝʨʽʣʝʜʽ, ʦʥʘʥ ʢʝʡʽʥ  

ʢʦʥʜʝʥʩʘʮʠʷʣʘʥʘʜʳ. ʆʩʳʣʘʡʰʘ ʤײʥʜʘʡ װʨʜʽʩ ץʘʡʪʘʣʘʥʳʧ ʦʪʳʨʘʜʳ.   ɾʳʣʫ  
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                      ʘ)                                                              ʙ)              

2.20 ʩʫʨʝʪ ï ɺʘʢʫʫʤʜʝʣʛʝʥ ʢʦʘʢʩʠʘʣʜʳ ײץʙʳʨ (ʘ) ʞᴅʥʝ ץʘʥʘʪʪʳ ײץʙʳʨ (ʙ) 

 

ʞʠʥʘסʳʰʪʘסʳ ʞʳʣʫ ʦʥʳ ʞʘʥʘʤʘʣʘʧ ʞװʨʝʪʽʥ  ʞʳʣʫʪʘʩʳʤʘʣʜʘסʳʰץʘ ʙʝʨʽʣʝʜʽ. 

ʊʽʢʝʣʝʡ ʘϤʳʥʜʳ ʢʘʥʘʣʜʳϨ ʢʦʣʣʝʢʪʦʨʣʘʨʜʘ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰ ᴅʡʥʝʢ 

  ʳʟʘʜʳץ ʘʜʳ ʞᴅʥʝסʟʜʽʢʩʽʟ ʘװ ʳʣʳץʪʽʢʰʝʣʝʨ ʘʨװʘʥ  ʪץʽʰʽʥʝ ʦʨʥʘʣʘʩ שʙʳʨʜʳײץ

(2.22 ʩʫʨʝʪ).  

 

 
 

2.21 ʩʫʨʝʪï ɺʘʢʫʫʤʜʳ ʢʦʣʣʝʢʪʦʨʜʘסʳ 

çHeat pipeè ʞʳʣʫʣʳץ ʪװʪʽʢʰʝʥʽש ʩײʣʙʘʩʳ 

 
 

 

2.22 ʩʫʨʝʪ ï ʊ̔ ʢʝʣʝʡ ʘסʳʥʜʳ 

ʢʘʥʘʣ rʙʘʨ  ʢʦʣʣʝʢʪʦʨ 
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 2.21 ʩʫʨʝʪʪʝ ʚʘʢʫʫʤʜʳ ʢʦʘʢʩʠʘʣʜʳ ײץʙʳʨʜʘ  çHeat pipeè ʪʠʧʪʽ ʞʳʣʫʣʳץ 

ʢʘʥʘʣʜʳש ʦʨʥʘʣʘʩʫʳ ʢᴇʨʩʝʪʽʣʛʝʥ. ᴆʟʽʥʽש ʘʨʟʘʥʜʳסʳ  ʞᴅʥʝ ʟʘץʳʤʜʘʥסʘʥ  ᴅʡʥʝʢ 

 ץʥʜʘʡ ʚʘʢʫʫʤʜʳײʳ ʤסʘ ʙʦʣʘʪʳʥʜʳסʘʡ ʘʣʤʘʩʪʳʨʫשʙʳʨʣʘʨʜʳ ʦײץ

ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨʜʳש  ʢʝש ʪʘʨʘʫʳʥʘ ʩʝʙʝʧ ʙʦʣʜʳ.  ɹײʣ ʢʦʣʣʝʢʪʦʨʣʘʨʜʘסʳ   

ʞʳʣʫ ʘʣʤʘʩʫ װʨʜʽʩʽ - ʘʡʪʘʨʣʳץʪʘʡ ʢװʨʜʝʣʽ  װʨʜʽʩ. ɾʳʣʫ ᴅʡʥʝʢ ײץʙʳʨʜʘʥ  

ʘʣʶʤʠʥʠʡʜʝʥ ʞʘʩʘʣסʘʥ ʞʳʣʫץʘʙʳʣʜʘסʳʰץʘ, ʦʜʘʥ ʞʳʣʫʣʳץ ʪװʪʽʢʰʝʛʝ, ʩʦʜʘʥ 

ʢʝʡʽʥ ʛʝʣʠʦʞװʡʝʥʽש  ʞʳʣʫʪʘʩʳסʳʰʳʥʘ  ʙʝʨʽʣʝʜʽ. ʆʩʳʣʘʡʰʘ ʞʳʣʫ ʘʣʤʘʩʫ 

 ʽʨʝʪʽʥשʥ ʩᴅʫʣʝʩʽʥ  ʩʽװʜʘʡ ʞᴅʥʝ ʢסʣ ʞʘײʘʡʪʘʣʘʥʘʜʳ. ɹץ ʨʜʽʩʽ ʙʽʨʥʝʰʝ ʨʝʪװ

 שʙʝʨ ʪᴅʨʽʟʜʝʩ ʧʽʰʽʥʜʝ ʙʦʣʫʳ ʦʩʳ ʪʠʧʪʽ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨʳʥʳשʰʝ שʘʙʘʪʪʳץ

ʪʠʽʤʜʽʣʽʛʽʥʽש ʞʦסʘʨʳ ʙʦʣʤʘʫʳʥʘ ʩʝʙʝʧ ʙʦʣʜʳ. ʆʣʘʨʜʳש ʤʘʢʩʠʤʘʣʜʳ ʇᴄʂ 

ʤᴅʥ̔ (ʦʧʪʠʢʘʣʳץ ʇᴄʂ çɖϚȻ)  65 % ʜʝʡʽʥ סʘʥʘ ʞʝʪʝʜʽ. 

 ʂʦʘʢʩʠʘʣʜʳ ʚʘʢʫʫʤʜʳײץ ץʙʳʨʜʘ ʪʽʢʝʣʝʡ ʘסʳʥʜʳ ʞʳʣʫʣʳץ ʢʘʥʘʣʜʳ ʜʘ  

ʘ ʙʦʣʘʜסʦʣʜʘʥʳʣʫץ  r (2.22 ʩʫʨʝʪ). ɻʝʣʠʦʢʦʣʣʝʢʪʦʨʜʳש ʙײʣ ʪװʨʽ çUè-ʪᴅʨʽʟʜʝʩ 

ʪϮʪʽʢʰʝʣʽ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨ ʜʝʧ  ʪʝ ʘʪʘʣʘʜʳ.  

ɻʝʣʠʦʢʦʣʣʝʢʪʦʨʜʳש ʙײʣ ʪװʨʽʥʜʝ ʞʳʣʫ ʘʣʤʘʩʫ ʩʘʥʳʥ ʘʟʘʡʪʫ ʝʩʝʙʽʥʝʥ 

(ʞʳʣʫ ʘʣʶʤʠʥʠʡʣʽʢ ʞʳʣʫץʘʙʳʣʜʘסʳʰʪʘʥ ʙʽʨʜʝʥ ʛʝʣʠʦʞװʡʝʥʽש 

ʞʳʣʫʪʘʩʳסʳʰʳ ᴇʪʽʧ ʞʘʪץʘʥ ʪװʪʽʢʰʝʛʝ ʙʝʨʽʣʝʜʽ) ʇᴄʂ ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥʽ ʢʝʡʙʽʨ 

 .ʣʛʽʣʝʨʽʥʜʝ 76 % ʜʝʡʽʥ ʞʝʪʝʜʽװ

ɻʝʣʠʦʢʦʣʣʝʢʪʦʨʜʳש ʙʽʨ ײץʙʳʨʳʥʜʘ ʟʘץʳʤʜʘʥʫ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ     

ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʜʳ ʙװʪʽʥʜʝʡ ʘʫʳʩʪʳʨʫ (ʩʦʣ ʟʘץʳʤʜʘʥסʘʥ ײץʙʳʨʜʳ סʘʥʘ ʝʤʝʩ) 

 .ʢʝʤʰʽʣʽʛʽ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ שʥʜʘʡ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʜʳײʣ ʤײʘʞʝʪ ʙʦʣʘʜʳ. ɹץ

2.23 ʩʫʨʝʪʪʝ  ץʘʥʘʪʪʳ ײץʙʳʨʜʘ çHeat pipeè ʪʠʧʪʽ ʞʳʣʫʣʳץ ʢʘʥʘʣʜʳש 

ʦʨʥʘʣʘʩʫʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 

.  

 
1-ᴅʡʥʝʢ ײץʙʳʨ; 2-ʚʘʢʫʫʤʜʳ ʢʝשʽʩʪʽʢ;  

3-ʞʦסʘʨʳ ʩʝʣʝʢʪʠʚʪʽ ʤʳʩ ʞʘʙʳʥʳ ʙʘʨ  

ʘʙʩʦʨʙʝʨ (ʞʳʣʫʩʽשʽʨʛʽʰ); 4 ïʞʝשʽʣ ʙʫʣʘʥʘʪʳʥ 

ʩײʡʳסʳ ʙʘʨ ʞʳʣʫʣʳץ ʢʘʥʘʣ. 

2.23 ʩʫʨʝʪ - çHeat pipeè ʪʠʧʪʽ ʞʳʣʫʣʳץ 

ʢʘʥʘʣʳ ʙʘʨ ץʘʥʘʪʪʳ ײץʙʳʨ 

1-ᴅʡʥʝʢ ײץʙʳʨ; 2 ï ʚʘʢʫʫʤʜʳץ ʢʝשʽʩʪʽʢ;      

3-ʞʦסʘʨʳ ʩʝʣʝʢʪʠʚʪʽ ʤʳʩ ʞʘʙʳʥʜʳ 

ʘʙʩʦʨʙʝʨ (ʞʳʣʫʩʽשʽʨʛʽʰ); 4- ʞʳʣʫ 

ʪʘʩʳʤʘʣʜʳסʳʰ ʞװʨʝʪʽʥ  ʽʰʢʽ ʞʳʣʫʣʳץ 

ʢʘʥʘʣ;  5- ʞʳʣʫ ʪʘʩʳʤʘʣʜʳסʳʰ ʞװʨʝʪʽʥ  

ʩʳʨʪץʳ ʞʳʣʫʣʳץ ʢʘʥʘʣ. 

2.24 ʩʫʨʝʪ ï ʊʽʢʝʣʝʡ ʘסʳʥʜʳ ʞʳʣʫ 

ʢʘʥʘʣʳ ʙʘʨ ץʘʥʘʪʪʳ ײץʙʳʨʣʘʨ 
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ɹײʣ ʚʘʢʫʫʤʜʳץ ʪʽʢʝʣʝʡ ʘסʳʥʜʳ ʞʳʣʫ ʢʘʥʘʣʳ ʙʘʨ ץʘʥʘʪʪʳ ײץʙʳʨʣʘʨ 

ʢʦʘʢʩʠʘʣʜʳ ײץʙʳʨסʘ ץʘʨʘסʘʥʜʘ ʞʦסʘʨʳ ʦʧʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʩʳʤʝʥ 

ʝʨʝʢʰʝʣʝʥʝʜʽ. ʄײʥʜʘʡ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨʜʳש ʢʝʡʙʽʨʝʫʣʝʨʽʥʽש ʤʘʢʩʠʤʘʣ ʇᴄʂ 

77 %  ʜʝʡʽʥ ʢᴇʪʝʨʽʣʝʜʽ. ɹסײʘʥ ʢʝʡʙʽʨ ʢʦʥʩʪʨʫʢʮʠʷʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨ ᴅʩʝʨ ʝʪʝʜʽ: 

ʞʳʣʫʣʳץ ʪװʪʽʢʰʝʛʝ װʟʜʽʢʩʽʟ ʞʳʣʫ ʙʝʨʝʪʽʥ ʞʘʟʳץ ʘʙʩʦʨʙʝʨʜʽש ʙʦʣʫʳ; ᴅʡʥʝʢ 

  ʙʳʨʜʘʥ ʢʝʨʽײץ שʥ ʩᴅʫʣʝʩʽʥʽװʣ  ʢײʘʙʘʪ ʙʦʣʫʳ, ʙץ ʙʽʨ  שʙʳʨʜʳײץ

ʰʘסʳʣʳʩʫʳʥʳש ʘʟʘʶʳʥʘ ᴅʩʝʨ ʝʪʝʜʽ. ɽʛʝʨ ʙʽʨ ײץʙʳʨ ʟʘץʳʤʜʘʥ ʞʘסʜʘʡʜʘ  

ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʜʳ ʙװʪʽʥʜʝʡ ʘʫʳʩʪʳʨʫ ʞᴅʥʝ  ʛʝʣʠʦʞװʡʝʜʝʛʽ ʙʘʨʣʳץ 

ʞʳʣʫʪʘʩʳʤʘʣʜʘסʳʰʪ rʘסʳʟʫ ץʘʞʝʪ ʝʤʝʩ.  

 שʢʘʥʘʣʜʳ  ʦʨʥʘʣʘʩʪʳʨʫ  ʝ ץʳʥʜʳ  ʞʳʣʫʣʳסʙʳʨʜʘ ʪʽʢʝʣʝʡ ʘײץ ʘʥʘʪʪʳפ

ʪʠʽʤʜʽ ʚʘʨʠʘʥʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ (2.24 ʩʫʨʝʪ). ʄײʥʜʘʡ ʚʘʢʫʫʤʜʳץ 

ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨʳש   ʤʘʢʩʠʤʘʣʜʳ ʇᴄʂ-ʽ 80 % ʜʝʡʽʥ ʞʦסʘʨʣʘʡʜʳ. 

ɿʘץʳʤʜʘʥסʘʥ ײץʙʳʨʣʘʨʜʳ ʞᴇʥʜʝʫ ʢʝʟʽʥʜʝ ʛʝʣʠʦʞװʡʝʥ̔  ʞʳʣʫ ש

ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʙʘʨʣʳסʳʥ ʘסʳʟʫ ץʘʞʝʪ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʤײʥʜʘʡ 

ʢʦʣʣʝʢʪʦʨʣʘʨʜʳײץ שʥʳ ᴇʪʝ ʞʦסʘʨʳ.  

2.25 ʩʫʨʝʪʪʝ ʞʳʣʫʣʳץ ʪװʪʽʢʰʝʣʝʨʽ ʙʘʨ  ʚʘʢʫʫʤʜʳץ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʜʳש 

ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ ʢʝʣʪʽʨʽʣʛʝʥ, ʘʣ 2.26 ʩʫʨʝʪʪʝ ײץʨʘʤʳʥʘ ʙʘʢ-ʘʢʢʫʤʫʣʷʪʦʨ ʤʝʥ 

ʪʽʢʝʣʝʡ ʘסʳʥʜʳ ʞʳʣʫʣʳץ ʢʘʥʘʣʳ ʙʘʨ ץʘʥʘʪʪʳ ײץʙʳʨʣʘʨʜʘʥ ʪײʨʘʪʳʥ 

ʚʘʢʫʫʤʜʳץ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨ ʢʽʨʝʪʽʥ  ʛʝʣʠʦץʦʥʜʳʨסʳʥʳש ʩײʣʙʘʩʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 

 

 

 

 

 

2.25 ʩʫʨʝʪ ï  ɾʳʣʫʣʳץ 

ʪװʪʽʢʰʝʣʝʨʽ ʙʘʨ  ʚʘʢʫʫʤʜʳץ 

ʛʝʣʠʦʢʦʣʣʝʢʪʦʨ 

        

 

2.26 ʩʫʨʝʪ ï ɻʝʣʠʦץʦʥʜʳʨסʳ 
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2.4.5 ɻʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨʜʳש ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʽ. 

 ɻʝʣʠʦʢʦʣʣʝʢʪʦʨ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥʳש  ʜʘʤʳʪʫ ʪʝʥʜʝʥʮʠʷʩʳʥ ʘʥʳץʪʘʫ 

 ʥʝʛʽʟʛʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ (ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʧʘʨʘʤʝʪʨʣʝʨ, ʞʳʣʫ  שʰʽʥ ʦʣʘʨʜʳװ

ʵʥʝʨʛʝʪʠʢʘʣʳϨ ʧʘʨʘʤʝʪʨʣʝʨ; ʢʦʣʣʝʢʪʦʨʜʳϬ ϸʨ ʵʣʝʤʝʥʪʽʥʽϬ ʤʘʪʝʨʠʘʣʳʥ 

ʙʘϤʘʣʘʫ; ʢʦʣʣʝʢʪʦʨ ʞʘʩʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳ)  ʩʘʣʳʩʪʳʨʘ ʦʪʳʨʳʧ, ʤץײʠʷʪ  ʪʘʣʜʘʫ 

ʞʘʩʘʫ ʢʝʨʝʢ.  

ʂʦʥʩʪʨʫʢʪʠʚʪʽʢ ʧʘʨʘʤʝʪʨʣʝʨʛʝ ʞʘʪʘʪʳʥʜʘʨ: ʛʘʙʘʨʠʪʪʽʢ ʞʘʣʧʳ 

ʘʫʜʘʥʳ; ʤʝʥʰʽʢʪʽ ʩʘʣʤʘסʳ ( ʘʫʜʘʥ ʙʽʨʣʽʛʽʥʝ ץʘʪʳʩʪʳ); ʞײʤʳʩʪʳץ ʘʫʜʘʥʥʳש 

ʞʘʣʧʳ ʘʫʜʘʥסʘ ץʘʪʳʥʘʩʳ; ʩʽשʽʨʫʰʽ ʧʘʥʝʣʴʜʝʨʜʝʛʽ ʢʘʥʘʣʜʘʨʜʳש ʤʝʥʰʽʢʪʽ 

  .ʢᴇʣʝʤʽ (ʣʝʩʪʽʢװ)

ʐʝʪʝʣʜʽʢ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʘ ʛʘʙʘʨʠʪʪʽʢ ʞʘʣʧʳ ʘʫʜʘʥ 1 ʤ
2
...6 ʤ

2
 

ʘʨʘʣʳסʳʥʜʘ, ʙʽʨʘץʪʘ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʜʳ53 ש % ʞʫʳסʳʥʳש ʘʫʜʘʥʳ 1,5 ʤ
2
...

 
2,5 

ʤ
2  
ʙʦʣʘʜʳ. ʂʦʣʣʝʢʪʦʨʣʘʨʜʳש   ʛʘʙʘʨʠʪʪʽʢ  ʘʫʜʘʥʳ  ʘʟ ʙʦʣסʘʥ ʩʘʡʳʥ  ʤʝʥʰʽʢʪʽ 

ʙʘסʘʩ  r (1 ʤ
2 
ʘʫʜʘʥסʘ ʝʩʝʧʪʝʛʝʥʜʝ) ᴇʩʝʜʽ. ɻʝʣʠʦʢʦʣʣʝʢʪʦʨʜʳש ʛʘʙʘʨʠʪʪʽʢ 

ʘʫʜʘʥʳ ʤʝʥ  ʤʘʩʩʘʩʳ װʣʢʝʡʛʝʥ ʩʘʡʳʥ ץʦʥʜʳʨסʳʣʘʨʜʳ ʪʘʩʳʤʘʣʜʘʫ ʞᴅʥʝ 

ʤʦʥʪʘʞʜʘʫ  ʢʝʟʽʥʜʝ ʘʡʪʘʨʣʳץʪʘʡ ץʠʳʥʜʳץʪʘʨ ʪʫʳʥʜʘʡʜʳ. ɸפʐ-ʪʘ ʛʘʙʘʨʠʪʪʽʢ 

ʘʫʜʘʥʳ 2,0 ʤ
2
...2,5 ʤ

2
  ʪᴇʤʝʥ ʙʦʣʘʪʳʥ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨ ʞʠʽ (24 %) ʢʝʟʜʝʩʝʜʽ, ʘʣ 

ʛʘʙʘʨʠʪʪʽʢ ʘʫʜʘʥʳ 1,0 ʤ
2 
ʙʦʣʘʪʳʥ ʢʦʣʣʝʢʪʦʨʣʘʨʜʳ ʰʳסʘʨʤʘʡʜʳ ʜʝʩʝ ʜʝ 

ʙʦʣʘʜʳ. ɹʽʨ ʢʦʣʣʝʢʪʦʨʜʳש ʛʘʙʘʨʠʪʪʽʢ ʤʘʢʩʠʤʘʣʜʳ ʘʫʜʘʥʳ 5,0 ʤ
2
 ʰʘʤʘʩʳʥʜʘ. 

ɹʘʪʳʩ ɽʫʨʦʧʘʜʘ ʘʫʜʘʥʳ 1 ʤ
2
...2,5 ʤ

2
 ʙʦʣʘʪʳʥ ʛʝʣʠʦʢʦʣʝʢʪʦʨʣʘʨ ʙʘʩʳʤ (70 % 

ʰʘʤʘʩʳʥʜʘ), ʈʝʩʝʡʜʽש ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨʳʥʳש ʘʫʜʘʥ r 0,8 ʤ
2
...1,5 ʤ

2
 

ʘʨʘʣʳסʳʥʜʘ.    

ʐʝʪʝʣʜʽʢ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨʜʳש ʤʝʥʰʽʢʪʽ ʤʘʩʩʘʩʳ  10 ʢʛ/ʤ
2
...40 ʢʛ/ʤ

2
 

ʘʨʘʣʳסʳʥʜʘ, ʘʣ ʢʝש ʪʘʨʘסʘʥ (70 % ʰʘʤʘʩʳʥʜʘ) ʤʝʥʰʽʢʪʽ ʤʘʩʩʘ 15 ʢʛ/ʤ
2
...25 

ʢʛ/ʤ
2  
ʘʨʘʣʳסʳʥʜʘ ʙʦʣʘʜʳ. ʅʝʛʽʟʽʥʝʥ ʙײʣʘʨʜʳש ʤᴇʣʜʽʨ ʞʳʣʫ ʦץʰʘʫʣʘסʳʰʳ 

(ʠʟʦʣʷʮʠʷʩʳ) ʞᴅʥʝ ʪʦʣʳץʪʘʡ ʤʳʩʪʘʥ ʥʝʤʝʩʝ  ʤʳʩ ʪװʪʽʢʰʝʜʝʥ, ʘʣʶʤʠʥʠʡ 

ʧʘʨʘץʰʘ ץʘשʳʣʪʳʨʜʘʥ ʞʘʩʘʣסʘʥ ʩʽשʽʨʫʰʽ ʵʣʝʤʝʥʪʽ ʙʘʨ. ɸפʐ-ʜʘ 

ʢʦʣʣʝʢʪʦʨʣʘʨʜʳש ʤʝʥʰʽʢʪʽ ʤʘʩʩʘʩʳ 26 ʢʛ/ʤ
2
...35 ʢʛ/ʤ

2
 ʘʨʘʣʳסʳʥʜʘ ʙʦʣʘʜʳ. 

ɹʘʪʳʩ ɽʫʨʦʧʘʜʘ  ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨʜʳ90  ש %  ʤʝʥʰʽʢʪʽ ʤʘʩʩʘʩʳ  20 ʢʛ/ʤ
2
...30 

ʢʛ/ʤ
2
, ʘʣ ʈʝʩʝʡʜʝ  - 20 ʢʛ/ʤ

2
...50 ʢʛ/ʤ

2
  ʘʨʘʣʳסʳʥʜʘ ʙʦʣʘʜʳ.  

ɾʳʣʫ Ϩʘʙʳʣʜʘʡʪʳʥ ϨʘʙʘʪʪʳϬ ʘʫʜʘʥʳʥʳϬ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʜr Ϭ 

ʛʘʙʘʨʠʪʪʽʢ ʘʫʜʘʥʳʥʘ Ϩʘʪʳʥʘʩʳ (ʪʦʣʪʳʨʫ ʢʦʵʬʬʠʮʠʝʥʪʽ ʂʪ) -  

ʛʝʣʠʦʢʦʣʣʝʢʪʦʨ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳש  ʤʘשʳʟʜʳ ʩʘʧʘʣʳץ ʩʠʧʘʪʪʘʤʘʩ.r ʊʦʣʪʳʨʫ 

ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʤᴅʥʽ ʘʟ ʙʦʣסʘʥ ʢʝʟʜʝ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʜʳש ʙװʡʽʨ 

 שʪʘ ʦʥʳץʘʨʳ ʙʦʣʘʜʳ, ʙʽʨʘסʛʝʡ̔  ᴇʪʝ ʞʦשʩʪʘʫ ʜʝײ ʞʳʣʫ שʘʣʘʨʳʥʳסʘʙʳʨץ

ʛʘʙʘʨʠʪʪʽʢ ʘʫʜʘʥʳ ʞʳʣʫץʘʙʳʣʜʘסʳʰʪʳש ʘʫʜʘʥʳʥʘ ץʘʪʳʩʪʳ ʘʣסʘʥʜʘ ʥʝʛʽʟʩʽʟ 

 ʡʽʨʣʽʢװʘʥʜʘ ʙסʙʦʣ שʘʥ ʪʝסʥʝʤʝʩʝ ʦ ץʣʢʝʥ ʙʦʣʘʜʳ. ʂʪ ʤᴅʥʽ ʙʽʨʛʝ ʞʫʳװ

ʦץʰʘʫʣʘסʳʰʪʳץ שʘʣʳשʜʳסʳ ᴇʪʝ ʘʟ ʥʝʤʝʩʝ ʦʣ ʙʦʣʤʘʡʜʳ. ɹײʣ  ʙװʡʽʨʣʽʢ 

 ʐ-ʜʘפʳʥʳʥ ʢᴇʙʝʡʪʝʜʽ. ɸסʳʣʳ ʢʝʪʝʪʽʥ ʞʳʣʫ ʰʳץʘʣʘʨ ʘʨסʘʙʳʨץ

ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨʜʳװ % 80  שʰʽʥ ʪʦʣʪʳʨʫ ʢʦʵʬʬʠʮʠʝʥʪʽ 0,88...0,96 

ʰʘʤʘʩʳʥʜʘ ʙʦʣʘʜʳ. ʊʦʣʪʳʨʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʪᴇʤʝʥʛʽ ʤᴅʥʽ 0,83, ʘʣ ʝש 

ʞʦסʘʨסʳ ʤᴅʥʽ  - 1,0. ʂʪ  ʩʦסשʳ ʤᴅʥʽ (1,0) ʞװʟʫ ʙʘʩʩʝʡʥʜʝʨʽʥʜʝʛʽ ʩʫʜʳ 

ʞʳʣʳʪʫסʘ ʘʨʥʘʣסʘʥ, ʤᴇʣʜʽʨ ʦץʰʘʫʣʘסʳʰʳ ʞᴅʥʝ ʙװʡʽʨʣʽʢ ʦץʰʘʫʣʘסʳʰʳ ʞʦץ 

ʢװʥʜʽʢ ʢʦʣʣʝʢʪʦʨʣʘʨסʘ ץʘʪʳʩʪʳ. ɽʫʨʦʧʘʣʳץ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨʜʳש ʪʦʣʪʳʨʫ 
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ʢʦʵʬʬʠʮʠʝʥʪʽ 0,81...0,99 ʘʨʘʣʳסʳʥʜʘ,  ʢʦʣʣʝʢʪʦʨʣʘʨʜʳװ  % 50  שʰʽʥ              

ʂʪ = 0,9...0,96, ʘʣ ʈʝʩʝʡʜʽש ʢʦʣʣʝʢʪʦʨʣʘʨʳ װʰʽʥ  ʂʪ ï 0,9 ʜʝʡʽʥ.  

ʉʽשʽʨʫʰʽ ʧʘʥʝʣʴʜʝʨ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʩʠʧʘʪʪʘʡʪʳʥ ʤʘשʳʟʜʳ ʧʘʨʘʤʝʪʨ 

ʨʝʪʽʥʜʝ  ʞʳʣʫ ʪʘʩʳʤʘʣʜʘʫ ʢʘʥʘʣʳʥʳϬ  ʤʝʥʰʽʢʪʽ ʢϺʣʝʤʽ. ʂװʥʜʽʢ ʢʦʣʣʝʢʪʦʨʜʘ 

ʩײʡʳץʪʳש ʢᴇʣʝʤʽ ʘʟ ʙʦʣסʘʥ ʩʘʡʳʥ ʦʥʳש ʞʳʣʫʣʳץ ʠʥʝʨʮʠʷʩʳ ʜʘ ʘʟ ʙʦʣʘʪʳʥʳ 

ʙʝʣʛʽʣʽ. ʄײʥʜʘʡ ʞʘסʜʘʡʜʘ ʢʦʣʣʝʢʪʦʨ ʞײʤʳʩ ʨʝʞʠʤʽʥʝ ʪʝʟ ʢʽʨʝʜʽ, ʢʘʥʘʣʜʘסʳ 

ʞʳʣʫʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʞʳʣʜʘʤʜʳסʳ ʘʨʪʘʜʳ. ɸʣ ʙײʣ ʢʘʥʘʣ ץʘʙʳʨסʘʩʳʥʘʥ 

ʩײʡʳץץʘ ʞʳʣʫ ʙʝʨʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥ ʞʦסʘʨʣʘʪʘʜʳ.  

ʐʝʪʝʣʜʽʢ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʘ  ʢʘʥʘʣʜʘʨʜʳש ʤʝʥʰʽʢʪʽ ʢᴇʣʝʤʽ 0,37 ʣ/ʤ
2
...  

4,37 ʣ/ʤ
2
  ʘʨʘʣʳסʳʥʜʘ, ʙʽʨʘץʪʘ ʦʣʘʨʜʳװ  % 80 שʰʽʥ ʙײʣ ʧʘʨʘʤʝʪʨ  0,37 ʣ/ʤ

2
... 

2,37 ʣ/ʤ
2
 ʘʨʘʣʳסʳʥʜʘ ʙʦʣʘʜʳ. ɸʣ ʨʝʩʝʡʣʽʢ ʢʦʣʣʝʢʪʦʨʣʘʨʜʳש ʢʘʥʘʣʜʘʨʳʥʳש  

ʤʝʥʰʽʢʪʽ ʢᴇʣʝʤʽ  0,37 ʣ/ʤ
2
...5,37 ʣ/ʤ

2
 ʰʘʤʘʩʳʥʜʘ.  

ʂװʥʜʽʢ ʢʦʣʣʝʢʪʦʨʜʳש  ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʽ ʩʽϬʽʨʫʰʽ ʧʘʥʝʣʴ (ʞʳʣʫʣʳϨ 

ϨʘʟʘʥʜʳϨ) ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. çײפʙʳʨʣʳ  ʧʘʨʘץʰʘ ץʘשʳʣʪʳʨè ʪװʨʽʥʜʝʛʽ 

ʢʦʣʣʝʢʪʦʨʣʘʨ ʤʳʩ Ϩϰʙʳʨ ʞϸʥʝ ʤʳʩ ʧʣʘʩʪʠʥʘʣʘʨʜʘʥ  ʞʘʩʘʣʘʜʳ. ɼʠʘʤʝʪʨ ̔      

9 ʤʤ...15 ʤʤ ʞᴅʥʝ 20 ʤʤ...28 ʤʤ ʪʝש ʤʳʩ ײץʙʳʨʣʘʨ  ץʘʣʳשʜʳסʳ 0,45 ʤʤ  ʤʳʩ  

ʧʘʨʘץʰʘ ץʘשʳʣʪʳʨסʘ ʜᴅʥʝʢʝʨʣʝʧ ʙʝʢʽʪʝʜʽ. פʘʪʘʨ ʪײʨסʘʥ ײץʙʳʨʣʘʨʜʳש  

ʘʨʘץʘʰʳץʪʳסʳ 100 ʤʤ...150 ʤʤ ʘʩʧʘʫʳ ʢʝʨʝʢ. ױʣʳʙʨʠʪʘʥʠʷʜʘ ץʘʣʳשʜʳסʳ 

0,56 ʤʤ...0,91 ʤʤ ʤʳʩ ʧʘʨʘץʰʘ ץʘשʳʣʪʳʨʣʘʨ  ʧʘʡʜʘʣʘʥʘʜʳ.  

ʂװʥʜʽʢ ʢʦʣʣʝʢʪʦʨʜrש ʤʘשʳʟʜʳ ʩʘʧʘʣʳץ ʢᴇʨʩʝʪʢʽʰʽ ʨʝʪʽʥʜʝ ʦʥʳש  ʞʳʣʫ 

ʵʥʝʨʛʝʪʠʢʘʣʳϨ ʧʘʨʘʤʝʪʨʣʝʨʽ ʩʘʥʘʣʘʜʳ. çʂװʥʜʽʢ ʢʦʣʣʝʢʪʦʨʣʘʨè 28310-89 

ʄʉʉʊ ʙʦʡʳʥʰʘ ʤײʥʜʘʡ ʧʘʨʘʤʝʪʨʣʝʨ ʨʝʪʽʥʜʝ: 

- ʩʽϬʽʨʫʰʽ ʧʘʥʝʣʴʜʽϬ ʪʠʽʤʜʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ (FR) ʤʝʥ ʢʦʣʣʝʢʪʦʨʜʳϬ 

ʦʧʪʠʢʘʣʳϨ ʇϷʂ (ɖ0=ta) ʢϺʙʝʡʪʽʥʜʽʩʽ, ʷסʥʠ FRÖta, ʤײʥʜʘס  r t - ʤᴇʣʜʽʨ 

ʦץʰʘʫʣʘסʳʰʪʳש ᴇʪʢʽʟʛʽʰʪʽʢ ץʘʙʽʣʝʪʽ; a - ʧʘʥʝʣʴʜʽש ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ.  

- ʩʽϬʽʨʫʰʽ ʧʘʥʝʣʴʜʽϬ ʪʠʽʤʜʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ FR  ʤʝʥ ʞʳʣʫ ʰʳϤʳʥʳʥʳϬ 

ʪʦʣʳϨ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽϬ UL  ʢϺʙʝʡʪʽʥʜʽʩʽ, ̫ ʥʠ FRÖUL (ɺʪ/(ʤס
2Öʂ). 

ʂװʥʜʽʢ ʢʦʣʣʝʢʪʦʨʜr  ʣ ʧʘʨʘʤʝʪʨʣʝʨʽ  ʪᴅʞʽʨʠʙʝʣʽʢ ʟʝʨʪʪʝʫ ʢʝʟʽʥʜʝײʙ ש

ʘʥʳץʪʘʣʘʜʳ. ʅᴅʪʠʞʝ ʤʳʥʘ ʪʝשʜʝʫ ʘʨץʳʣʳ ᴇʨʥʝʢʪʝʣʝʜʽ: 

 

     h=FRÖta-FR ULT
*
,                         (2.12) 

 

ʤײʥʜʘס  r h ï ʢʦʣʣʝʢʪʦʨʜʳש ʇᴄʂ- ;̔  

T
*
 ï ʢʝʣʪʽʨʽʣʛʝʥ ʪʝʤʧʝʨʘʪʫʨʘ, ʦʣ ö

÷

õ
æ
ç

å +

2

21 tt
 ʪʝש. 

ɸפʐ-ʳʥʜʘסʳ ʩʝʣʝʢʪʠʚʪʽ ʩʽשʽʨʫʰʽ ץʘʙʘʪʳ ʙʘʨ ʢװʥ ʢʦʣʣʝʢʪʦʨʳ װʰʽʥ 

FRÖUL  ʤᴅʥʽ 3,3 ɺʪ/(ʤ
2
Ȫʉ)...5,3 ɺʪ/(ʤ

2
Ȫʉ) ʘʨʘʣʳסʳʥʜʘ, ʘʣ ʤᴇʣʜʽʨ ʦץʰʘʫʣʘסʳʰʳ 

ʞʦץ ʢʦʣʣʝʢʪʦʨʣʘʨ װʰʽʥ 10 ɺʪ/(ʤ
2
Ȫʉ)...23 ɺʪ/(ʤ

2
Ȫʉ) ʘʨʘʣʳסʳʥʜʘ. ɹʘʪʳʩ 

ɽʫʨʦʧʘʣʳץ ʢʦʣʣʝʢʪʦʨʣʘʨ װʰʽʥ  FRÖUL ʤᴅʥʽ 4,3 ɺʪ/(ʤ
2
Ȫʉ)...9,3 ɺʪ/(ʤ

2
Ȫʉ) 

ʘʨʘʣʳסʳʥʜʘ, ʘʣ ʢʝʡʙʽʨʝʫʣʝʨʽ װʰʽʥ  ʤʘʢʩʠʤʫʤʜʽʢ ʤᴅʥʜʝʨ  6,3 ɺʪ/ (ʤ
2
Ȫʉ)...7,3 

ɺʪ/ (ʤ
2
Ȫʉ) ʘʨʘʣʳסʳʥʜʘ. ɸפʐ-ʳʥʜʘס  r  ʢʦʣʣʝʢʪʦʨʣʘʨʜʳװ  % 90  שʰʽʥ FRÖ(ta) 

ʤᴅʥʽ 0,66...0,81, ʘʣ ʤʘʢʩʠʤʫʤʜʽʢ ʤᴅʥ 0,71...0,76 ʘʨʘʣʳסʳʥʜʘ. ɹʘʪʳʩ ɽʫʨʦʧʘʣʳץ 

ʢʦʣʣʝʢʪʦʨʣʘʨ װʰʽʥ ï 0,71...0,81. 
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ʂϮʥʜʽʢ ʢʦʣʣʝʢʪʦʨʜr Ϭ ʇϷʂ (ɖ) ʘʙʩʦʨʙʝʨʜʝʥ  ʢʦʣʣʝʢʪʦʨʤʝʥ ᴇʪʝʪʽʥ 

ʞʳʣʫʪʘʩʳʤʘʣʜʘסʳʰ ʘʨץʳʣʳ ʘʣʳʥʘʪʳʥ ʧʘʡʜʘʣʳ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥʳש  

ʘʙʩʦʨʙʝʨʛʝ ʢʝʣʽʧ ʪװʩʢʝʥ ʢװʥ ʩᴅʫʣʝʩʽʥʽש ʪʦʣʳץ ʵʥʝʨʛʠʷʩʳʥʘ ץʘʪʳʥʘʩʳʤʝʥ 

ʘʥʳץʪʘʣʘʜʳ.  ʆʧʪʠʢʘʣʳϨ  ʇϷʂ (ɖ0)  - ʢʦʣʣʝʢʪʦʨסʘ ʪװʩʢʝʥ ʩᴅʫʣʝʥʽץ שʘʥʜʘʡ 

ʤᴇʣʰʝʨʽ ʤᴇʣʜʽʨ ʦץʰʘʫʣʘסʳʰ ʘʨץʳʣʳ ᴇʪʽʧ, ʘʙʩʦʨʙʝʨʜʝ ʞײʪʳʣʘʪʳʥʜʳסʳʥ 

ʢᴇʨʩʝʪʝʜʽ.  

ɿʘʤʘʥʘʫʠ ʢʦʣʣʝʢʪʦʨʣʘʨʜʳש ʇᴄʂ ʤʳʥʘ ʬʦʨʤʫʣʘʤʝʥ ʘʥʳץʪʘʣʘʜʳ: 

 

                             

,
2
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D
Ö-=hh              (2.13) 

 

ʤײʥʜʘס  rEg ï ʢʦʣʣʝʢʪʦʨʛʝ ʪװʩʢʝʥ ʪʦʣʳץ ʩᴅʫʣʝʥʽש ʪʳסʳʟʜʳסʳ, ɺʪ/ʤ
2
;  

ȹT ï ʢʦʣʣʝʢʪʦʨʜʘסʳ ʞʳʣʫʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʦʨʪʘʰʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʤʝʥ 

 ;ץʳ ʘʡʳʨʤʘʰʳʣʳסʪʝʤʧʝʨʘʪʫʨʘʩʳ ʘʨʘʩʳʥʜʘ שʘʥ ʦʨʪʘʥʳסʦʨʰʘץ

ɖ0 ï ȹT=0Áʉ ʙʦʣסʘʥʜʘסʳ ʢʦʣʣʝʢʪʦʨʜʳש ʇᴄʂ-ʽ; 

k1, k2 ï ʢʦʵʬʬʠʮʠʝʥʪʪʝʨ, ʦʣʘʨ ʢʦʣʣʝʢʪʦʨ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. 

2.27 ʩʫʨʝʪʪʝ ɸ, ɹ, ɺ, ɻ ʢʦʣʣʝʢʪʦʨʣʘʨʳʥʳש ʇᴄʂ-ʪʝʨʽʥ ᴇʟʘʨʘ ʩʘʣʳʩʪʳʨʫ 

ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. פʘʥʘסʘʪʪʘʥʜʳʨʘʨʣʳץ ᴇʥʽʤʜʽʣʽʛʽ ʤʝʥ ʘʨʟʘʥʜʳʣʳסʳ 

ʘʨץʘʩʳʥʜʘ  ʙʽʨ ץʘʙʘʪʪʳ ᴅʡʥʝʢʪʝʥ ʪײʨʘʪʳʥ ʞʘʟʳץ  ʢʦʣʣʝʢʪʦʨʣʘʨ (ɸ ʪʠʧʪʽ) ʢʝש 

ʪʘʨʘסʘʥ. ɺʘʢʫʫʤʜʳϨ ʢʦʣʣʝʢʪʦʨʣʘʨʜʳϬ (ɹ, ɺ ʪʠʧʪʽ) ץʳʩ ʢʝʟʽʥʜʝ 

ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʘʡʪʘʨʣʳץ  ʙʦʣʘʜʳ.  

 

 
 

ɸ - ʙʽʨ ץʘʙʘʪʪ  rᴅʡʥʝʢʪʝʣʛʝʥ ʞʘʟrץ ʢʦʣʣʝʢʪʦʨ (ʢ1=3,56, ʢ2=0,0146, ɖ0= 0,779); 

ɹ- ʚʘʢʫʫʤʜʳײץ ץʙʳʨʣʳץ ʢʦʣʣʝʢʪʦʨ  (ʢ1=1,33, ʢ2=0,0071, ɖ0= 0,7); 

ɺ - ʨʝʬʣʝʢʪʦʨʳ ʙʘʨ ʚʘʢʫʫʤʜʳײץ  ץʙʳʨʣʳץ ʢʦʣʣʝʢʪʦʨ (ʢ1=0,82, ʢ2=0,0064, ɖ0= 0,661); 

ɻ - ʞʘʟrץ ʧʣʘʩʪʠʢʘʣʳץ ʢʦʣʣʝʢʪʦʨʣʘʨ (ʢ1=27,35, ʢ2=0,1, ɖ0= 0,78). 

2.27 ʩʫʨʝʪ ï ʂװʥʜʽʢ ʢʦʣʣʝʢʪʦʨʣʘʨʜʳש
 
 ʇᴄʂ-ʪʝʨʽʥ ʩʘʣʳʩʪʳʨʫ 

 (Eg=705 ɺʪ/ʤ
2 
ʙʦʣסʘʥ ʢʝʟʜʝ)  
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ɻʝʣʠʦץʦʥʜʳʨסʳʣʘʨʜʳש ʞײʤʳʩʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ 

ʢʦʣʣʝʢʪʦʨʜʳש ʦʨʥʘʣʘʩʫʳʥʳש ʢᴇʣʙʝʫ ʙײʨʳʰʳʥ ʦשʪʘʡʣʘʩʪʳʨʫ ʢʝʨʝʢ. 

ʆשʪװʩʪʽʢʢʝ ʙʘסʳʪʪʘʣסʘʥ ʞʘʟʳץ ʢʦʣʣʝʢʪʦʨʜʳש ʞʘʟ ʢʝʟʽʥʜʝ ʛʦʨʠʟʦʥʪץʘ ץʘʪʳʩʪʳ  

ʦשʪʘʡʣʳ  (ʦʧʪʠʤʘʣʜʳ) ʢᴇʣʙʝʫ ʙײʨʳʰʳ S =Ɋï15Á ʪʝץ  ,שʳʩ ʢʝʟʽʥʜʝ - S.=Ɋ +15Á, 

ʘʣ ʞʳʣ ʙʦʡʳ ץʦʣʜʘʥʳʣʘʪʳʥ ʙʦʣʩʘ, ʦʥʜʘ S.=Ɋ, ʤײʥʜʘסʳ  Ɋ ï ʞʝʨʛʽʣʽʢʪʽ ʞʝʨʜʽש 

ʛʝʦʛʨʘʬʠʷʣʳץ ʝʥʜʽʛʽ.  

 

 

ɹʘϨʳʣʘʫ ʩϰʨʘϨʪʘʨʳ 

 

1. ʂװʥ ʞᴅʥʝ ʦʥʳש ʩᴅʫʣʝʩʽʥʽש  ʩʠʧʘʪʳ (ʩʧʝʢʪʨʽ, ץʫʘʪʳ, ʢʘʨץʳʥʜʳʣʳסʳ) 

ʪʫʨʘʣʳ ʤʘסʣײʤʘʪʪʘʨ ʢʝʣʪʽʨʽשʽʟ. 

2. çɸʪʤʦʩʬʝʨʘʥʳש ʦʧʪʠʢʘʣʳץ ʪʳסʳʟʜʳסʳ ʥʝʤʝʩʝ ʘʪʤʦʩʬʝʨʘʣʳץ ʤʘʩʩʘ 

(ɸʌʄ)è ʜʝʛʝʥ סײʳʤסʘ ʪװʩʽʥʽʢʪʝʤʝ ʙʝʨʽשʽʟ 

3. ɾʝʨ ʙʝʪʽʥʝ ʞʝʪʝʪʽʥ ʞʘʣʧʳ ʢװʥ ʩᴅʫʣʝʩʽʥʽײץ שʨʘʫʰʳʣʘʨʳʥ ʘʪʘשʳʟ.  

4. ʂװʥʜʽʢ ץʦʥʜʳʨסʳʣʘʨʜʳ ץʘʥʜʘʡ ʙʝʣʛʽʣʝʨʽ ʙʦʡʳʥʰʘ ʪʦʧʪʘʩʪʳʨʘʜʳ? 

5. ʂװʥʜʽʢ ʪʝʨʤʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʜʽײץ שʨʳʣʳʩʳ ʤʝʥ ʞײʤʳʩ 

ʽʩʪʝʫ ʧʨʠʥʮʠʧʽʥ ʩʠʧʘʪʪʘשʳʟ. ʆʣʘʨʜʳש ʇʕʂ ץʘʥʜʘʡ ʰʘʤʘʜʘ ʙʦʣʘʜʳ? 

6. ɾʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʽʢ ʬʦʪʦʵʣʝʢʪʨʣʽʢ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨ (ʌʕʊ) 

 ?ʘʥʜʘʡץ  ʇʕʂ שʳʟ. ʆʣʘʨʜʳשʤʳʩ ʽʩʪʝʫ ʧʨʠʥʮʠʧʽʥ ʩʠʧʘʪʪʘײʨʳʣʳʩʳ ʤʝʥ ʞײץ

7. ʌʕʊ  ʞʘʩʘʫסʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʩʠʧʘʪʪʘשʳʟ. 

8. ʌʦʪʦʪʦʢ, ץʳʩץʘʰʘ ʪײʡʳץʪʘʣʫ  ʪʦʛʳ, çץʘʨʘסשʳʣʳץè ʪʦʢ. 

9. ʌʦʪʦʵʣʝʤʝʥʪʪʽש ʞװʢʪʝʤʝʣʽʢ ʚʦʣʴʪ-ʘʤʧʝʨʣʽʢ ʩʠʧʘʪʪʘʤʘʩʳʥ ʞᴅʥʝ 

ʙʘʣʘʤʘ ʵʣʝʢʪʨʣʽʢ   ʩײʣʙʘʩʳʥ ʢʝʣʪʽʨʽשʽʟ.  

10. ʌʦʪʦʵʣʝʤʝʥʪʪʽש ʥʝʛʽʟʛʽ ʵʣʝʢʪʨʣʽʢ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʪʘשʳʟ.  

11. ʂװʥʜʽʢ ʵʣʝʢʪʨʩʪʘʥʩʘʣʘʨʜʳש ʇᴄʂ-ʪʝʨʽʥ ʞʦסʘʨʣʘʪʫ ʪᴅʩʽʣʜʝʨʽ.  

12. ʌʦʪʦʵʣʝʢʪʨʣʽʢ ʞװʡʝʣʝʨʜʽ ץʦʣʜʘʥʫסʘ ץʘʪʳʩʪʳ ʤʳʩʘʣʜʘʨ ʢʝʣʪʽʨʽשʽʟ. 

13. ʂװʥ ʵʥʝʨʛʠʷʩʳʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʘ ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʪװʨʣʝʥʜʽʨʫ 

ʪᴅʩʽʣʽʥʝ ʪװʩʽʥʽʢʪʝʤʝ ʙʝʨʽשʽʟ. 

14. ʄײʥʘʨʘʣʳץ ʤʝʥ ʤʦʜʫʣʴʜʽʢ ʩʪʘʥʩʘʣʘʨʜʳײץ שʨʳʣʳʩʳ ʤʝʥ ʞײʤʳʩ ʽʩʪʝʫ 

ʧʨʠʥʮʠʧʽʥ ʩʠʧʘʪʪʘשʳʟ, ʦʣʘʨʜʳ ץʦʣʜʘʥʫסʘ  ץʘʪʳʩʪʳ ʤʳʩʘʣʜʘʨ ʢʝʣʪʽʨʽשʽʟ. 

15. ʂװʥʜʽʢ ʞʳʣʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞװʡʝʣʝʨʽʥ ץʘʥʜʘʡ ʙʝʣʛʽʣʝʨʽ 

ʙʦʡʳʥʰʘ  ʪʦʧʪʘʩʪʳʨʘʜʳ? ʅʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʝʨʜʽ ʘʪʘשʳʟ. ɸʢʪʠʚʪʽ ʞᴅʥʝ ʧʘʩʩʠʚʪʽ 

ʞװʡʝʣʝʨ.  

16. ɹʽʨ ʞᴅʥʝ ʝʢʽ ʢʦʥʪʫʨʣʳ ʞװʡʝʣʝʨʜʽש ʘʨʪʳץʰʳʣʳסʳʥ, ʢʝʤʰʽʣʽʢʪʝʨʽʥ 

ʘʪʘשʳʟ. 

17. ɾʘʟʳץ ʢװʥʜʽʢ ʢʦʣʣʝʢʪʦʨʣʘʨʜʳש ʪװʨʣʝʨʽʥ, ײץʨʳʣʳʩʳʥ ʞᴅʥʝ ʞײʤʳʩ 

ʽʩʪʝʫ ʧʨʠʥʮʠʧʽʥ ʩʠʧʘʪʪʘשʳʟ.  

18. ʌʦʢʫʩʪʘʫʰʳ ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʙʘʨ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨʜʳש ʪװʨʣʝʨʽʥʝ,  

 .ʽʟשʩʽʥʽʢʪʝʤʝ ʙʝʨʽװʳʥʘ ʪסʰʳʣʳץʨʳʣʳʩʳʥʘ, ʘʨʪʳײץ

  ,ʨʣʝʨʽʥʝװʪ שʙʳʨ ʪᴅʨʽʟʜʝʩ  ʚʘʢʫʫʤʜʝʣʛʝʥ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨʜʳײפ .19

 .ʽʟשʩʽʥʽʢʪʝʤʝ ʙʝʨʽװʳʥʘ ʪסʰʳʣʳץʨʳʣʳʩʳʥʘ, ʘʨʪʳײץ

20. ɻʝʣʠʦʢʦʣʣʝʢʪʦʨʣʘʨʜʳש ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʪʘשʳʟ. ʆʣʘʨʜʳש 

ʤᴅʥʜʝʨʽʥʽש ᴇʟʛʝʨʫ ʜʠʘʧʘʟʦʥʳ  ץʘʥʜʘʡ?  
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3 ɾʝʣ ʵʥʝʨʛʠʷʩʳʥ ץʦʣʜʘʥʫ  

 

3.1 ɾʝʣʜʽש ʞʘʣʧʳ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʞᴅʥʝ ʦʥʳש ʵʥʝʨʛʠʷʩʳʥ 

ʧʘʡʜʘʣʘʥʫʜʳש ʢʝʣʝʰʝʛʽ 

 

ɾʝʣʜʽϬ ʧʘʡʜʘ ʙʦʣʫʳʥʳϬ ʥʝʛʽʟʛʽ ʩʝʙʝʙʽ ï   ʢװʥʥʽש ᴅʩʝʨʽʥʝʥ ʞʝʨ ʙʝʪʽʥʽש 

ᴅʨʢʝʣʢʽ ץʳʟʫʳ. ɾʝʨ ʙʝʪʽ ʙʽʨʢʝʣʢʽ ʝʤʝʩ: ײץʨʣʳץʪʘʨ, ʤײʭʠʪʪʘʨ, ʪʘʫʣʘʨ, 

ʦʨʤʘʥʜʘʨ ʙʽʨ ʝʥʜʽʢ ʙʦʡʳʥʘ ʦʨʥʘʣʘʩʫ  r ʞʝʨ ʙʝʪʽʥʽש ᴅʨʢʝʣʢʽ ʞʳʣʥrʫʳʥʘ  

ʩʝʙʝʧʰ  ̔ ʙʦʣʘʜʳ. ɾʝʨʜʽש ʘʡʥʘʣʫʳ ʜʘ ʘʫʘ ʘסʳʤʜʘʨʳʥʳש ʘʫʳʪץʫʣʘʨʳʥ 

ʪʫʜʳʨʘʜʳ. ʆʩʥrʜʘʡ ʬʘʢʪʦʨʣʘʨ ʘʪʤʦʩʬʝʨʘʥʳש ʞʘʣʧʳ ʘʡʥʘʣʳʤʳʥ 

ʢװʨʜʝʣʝʥʜʽʨʝʜʽ.  

ʕʢʚʘʪʦʨʜʘ ʞʝʨ ʙʝʪʽʥʝ ʞʘץʳʥ ʘʫʤʘץʪʘ  ᴇʪʝ ᴅʣʩʽʟ, ʘʡʥʳʤʘʣʳ ʞʝʣ ʩʦסʘʪʳʥ 

ʪʳʥʳʰʪʳϨ ʘʡʤʘϤʳ ʙʦʣʘʜʳ. ʊʳʥʳʰʪʳץ ʘʡʤʘסʳʥʘʥ ʩʦʣʪװʩʪʽʢʢʝ ʞᴅʥʝ 

ʦשʪװʩʪʽʢʢʝ  ץʘʨʘʡ ʧʘʩʩʘʪʪʘʨ  ʘʡʤʘϨʪʘʨʳ ʦʨʥʘʣʘʩʘʜʳ.  

ʆʣʘʨ ɾʝʨʜʽש ʙʘʪʳʩʪʘʥ ʰʳסʳʩץʘ ץʘʨʘʡ ʘʡʥʘʣʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʙʘʪʳʩץʘ 

 ʩʪʽʢװʪʘʥ, 3.1 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʩʦʣʪץʘʥ. ʉʦʥʜʳסrץʘʨʘʡ ʘʫʳʪץ

ʞʘʨʪʳʰʘʨʜʘס  r ʪײʨʘץʪʳ ʞʝʣʜʝʨ ʩʦʣʪװʩʪʽʢ-ʰʳסʳʩʪʘʥ, ʘʣ ʦשʪװʩʪʽʢ 

ʞʘʨʪʳʰʘʨʜʘסʳ ʞʝʣʜʝʨ ʦשʪװʩʪʽʢ-ʰʳסʳʩʪʘʥ ʩʦסʘʜʳ. 

ɾʝʣ ʩʠʧʘʪʪʘʤʘʩʳʥʘ ʞʝʣʜʽש ʞʳʣʜʘʤʜʳסʳʥrש ʩʘʥʜʳץ ʰʘʤʘʩʳ ʤʝʥ ʞʝʣ 

ʩʦסʘʪʳʥ ʞʘץʪrש ʙʘסʳʪʳ ʢʽʨʝʜʽ. ɾʝʣʜʽש ʞʳʣʜʘʤʜʳסʳ ʤ/ʩ, ʢʤ/ʩʘס, ʰʘʨʪʪʳ 

ᴇʣʰʝʤʤʝʥ (ʙʘʣʣʤʝʥ)  ᴇʣʰʝʥʝʜʽ. 

 ɾʝʣ ʙʘסʳʪʳʥ ʢᴇʨʩʝʪʫ װʰʽʥ ʨʫʤʙ  ץʦʣʜʘʥʘʜʳ. ʈʫʤʙ  ʞʝʣ 

ʞʳʣʜʘʤʜʳסʳʥʳʥʳש ʛʦʨʠʟʦʥʪʘʣʴ ʚʝʢʪʦʨʳ ʤʝʥ ʤʝʨʠʜʠʘʥ  ײץʨʘʡʪʳʥ ʙײʨʳʰʪʳ 

ʙʽʣʜʽʨʝʜʽ, ʥʝʤʝʩʝ  ʞʝʣ ʙʘסʳʪʳʥʳש ʜװʥʠʝ ʞʘץʪʘʨʳʤʝʥ (ʩʦʣʪװʩʪʽʢ, ʦשʪװʩʪʽʢ, 

ʙʘʪʳʩ, ʰʳסʳʩ) ײץʨʘʡʪʳʥ ʙײʨʳʰʳʥ ʙʽʣʜʽʨʝʜʽ.  ʉʦʣʪװʩʪʽʢ  360
0
 ʥʝʤʝʩʝ 0

0
,  

ʰʳסʳʩ  90
0
, ʦשʪװʩʪʽʢ  180

0
, ʙʘʪʳʩ 270

0
 ʙײʨʳʰץʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ʄʝʪʝʦʨʦʣʦʛʠʷʜʘ ʢᴇʢʞʠʝʢ ʰʝשʙʝʨʽʥ 16 ʨʫʤʙץʘ ʙᴇʣʫ ץʘʨʘʩʪʳʨʳʣסʘʥ, 1 ʨʫʤʙ 

22,5
0 
ʩᴅʡʢʝʩ ʢʝʣʝʜʽ (3.2 ʩʫʨʝʪ).  

ʅʝʛʽʟʛʽ  ʙʘϤʳʪʪʘʨ ʨʝʪʽʥʜʝ  ʩʦʣʪװʩʪʽʢ (ʉ), ʦשʪװʩʪʽʢ (ʆ), ʰʳסʳʩ (ʐ), 

ʙʘʪʳʩ (ɹ) ʙʘסʳʪʪʘʨ  ץʘʙʳʣʜʘʥסʘʥ. ɹʘʩץʘ 12 ʨʫʤʙʪʘʨʜʳש ʘʪʘʫʣʘʨʳ - ʥʝʛʽʟʛʽ  

ʨʫʤʙʪʘʨʜʳש ʘʪʘʫʣʘʨʳʥʳש  ʢʦʤʙʠʥʘʮʠʷʩʳ, ʤʳʩʘʣʳ, ʩʦʣʪװʩʪʽʢ-ʰʳסʳʩ (ʉʐ); 

ʩʦʣʪװʩʪʽʢ-ʩʦʣʪװʩʪʽʢ-ʰʳסʳʩ (ʉʉʐ), ʦשʪװʩʪʽʢ-ʦשʪװʩʪʽʢ-ʙʘʪʳʩ (ʆʆɹ). 

ɸʫʤʘץʪʳץ ʧʨʠʥʮʠʧ ʙʦʡrʥʰʘ ʞʝʣʜʝʨʜʽ ϤʘʣʘʤʜʳϨ ʞϸʥʝ ʞʝʨʛʽʣʽʢʪʽ 

ʞʝʣʜʝʨ ʜʝʧ ʙᴇʣʝʜ.̔ נʘʣʘʤʜʳץ ʞʝʣʜʝʨʛʝ ʧʘʩʩʘʪʪʘʨ ʤʝʥ ʙʘʪʳʩ ʞʝʣʜʝʨʽ ʞʘʪʘʜʳ.  

ʇʘʩʩʘʪʪʘʨ  ʩʦʣʪװʩʪʽʢ ʞᴅʥʝ ʦשʪװʩʪʽʢ ʝʥʜʽʢʪʝʨʜʽש ʰʘʤʘʤʝʥ 30Á ʜʝʡʽʥ 

ʩʦʟʳʣʘʜʳ ʞᴅʥʝ ʙʘסʳʪʳ ʤʝʥ ʞʳʣʜʘʤʜʳסʳ ʙʦʡʳʥʰʘ ʘʫʘ ʘסʳʥʳʥʳש 

ʙʽʨʢʝʣʢʽʣʽʛʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ.  

ʉʦʣʪװʩʪʽʢ ʞʘʨʪʳʰʘʨʳʥʳש  ʧʘʩʘʪʪʘʨʳʥʳש ɾʝʨ ʙʝʪʽ ʤʘשʳʥʜʘסʳ ʦʨʪʘʰʘ 

ʞʳʣʜʘʤʜʳסʳ 6 ʤ/ʩ é8 ʤ/ʩ ʞʝʪʝʜʽ. ɹײʣ ʞʝʣʜʝʨ װʣʢʝʥ ʢʦʥʪʠʥʝʥʪʪʝʨʜʽש 

ʤʘשʳʥʜʘ ʞʳʣʜʳץ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʞᴅʥʝ  ʤʘʪʝʨʠʢ װʩʪʽʥʜʝʛʽ ץʳʩʳʤʥʳש ʢʝש 

ʘʫץʳʤʜʘ ᴇʟʛʝʨʫʽʥʽש (ʘʫʳʪץʫʳʥʳש)  ʥᴅʪʠʞʝʩʽʥʜʝ ᴇʟʛʝʨʽʩʢʝ ʪװʩʝʜʽ.  
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3.1 ʩʫʨʝʪ ï ɾʝʨ ʘʪʤʦʩʬʝʨʘʩʳʥʳש 

ʞʘʣʧʳ ʮʠʨʢʫʣʷʮʠʷʩʳ 

 
3.2 ʩʫʨʝʪ -  ʈʫʤʙʳʣʘʨ 

 

 

ʇʘʩʩʘʪʪʘʨ ץʘʙʘʪʳʥʳש ʙʠʽʢʪʽʛʽ 1 ʢʤ-ʜʝʥ 4 ʢʤ ʜʝʡʽʥ ʩʦʟʳʣʘʜʳ. ɹײʣʘʨʜʘʥ 

ʞʦסʘʨʳ ʘʡʥʳʤʘʣʳ ʞʝʣʜʝʨ Ϩʘʙʘʪʳ ʦʨʥʘʣʘʩץʘʥ, ʘʣ ʦʣʘʨʜʘʥ ʜʘ ʞʦסʘʨʳ 

ʧʘʩʩʘʪʪʘʨסʘ ץʘʨʩʳ ʩʦסʘʪʳʥ ʘʥʪʠʧʘʩʩʘʪʪʘʨ ʘʫʤʘϤʳ ʙʦʣʘʜʳ.  ɸʥʪʠʧʘʩʩʘʪʪʘʨ 

     ʦʨʥʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ץʙʠʽʢʪʽʛʽ ʞʳʣ ʤʝʨʟʽʤʽʥʝ ʞᴅʥʝ ʛʝʦʛʨʘʬʠʷʣʳ שʘʙʘʪʳʥʳץ

4 ʢʤ-ʜʝʥ 8  ʢʤ ʜʝʡʽʥ ᴇʟʛʝʨʝʜʽ.   

ɾʝʨʛʽʣʽʢʪʽ ʞʝʣʜʝʨ. ɾʝʨʛʽʣʽʢʪʽ ʞʝʣʜʝʨ ʞʝʨ ʙʝʪʽʥʽש ʩʦʣ ʘʫʤʘץʪʘסʳ  

ʙʝʜʝʨʽʥʽש  ʝʨʝʢʰʝʣʽʢʪʝʨʽ ᴅʩʝʨʽʥʝʥ ʧʘʡʜʘ ʙʦʣʘʜʳ (ʪʝשʽʟ, ʪʘʫʣʘʨ ʞᴅʥʝ ʪ. ʙ.). 

ɹʨʠʟʜʝʨ. ʂװʥʜʽʟʛʽ ʞᴅʥʝ ʪװʥʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ᴇʟʛʝʨʫʽʥʝʥ ʙʨʠʟ ʜʝʧ 

ʘʪʘʣʘʪʳʥ ʞʘϤʘʣʘʫʣʳϨ ʪʝϬʽʟ ʞʝʣʜʝʨʽ ʧʘʡʜʘ ʙʦʣʘʜʳ. ʊʝשʽʟ ʞʘץץʘ ץʘʨʘʡ ʜʘ   

ʞᴅʥʝ ײץʨʣʳץ ʞʘץץʘ ץʘʨʘʡ ʜʘ  ʙʨʠʟʜʽש ʪʘʨʘʫ ʘʫʤʘסʳ ʰʘʤʘʤʝʥ 40 ʢʤ ʜʝʡʽʥ 

ʩʦʟʳʣʘʜʳ. ɹʽʟʜʽש ʝשʜʽʢʪʝ ʙʨʠʟʜʽש ʪʘʨʘʫ ʙʠʽʢʪʽʛʽ 200 ʤ-ʜʝʥ 300 ʤ ʜʝʡʽʥ ʞʝʪʝʜʽ. 

ʄʫʩʩʦʥʜʘʨ. תʣʢʝʥ ʪʝשʽʟ ʙʝʥ ʤײʭʠʪʪʘʨʜʳש ʞʘסʘʣʘʫʣʳץ ʘʫʜʘʥʜʘʨʳʥʜʘסʳ 

ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʞʳʣʜʳץ ᴇʟʛʝʨʫʽ ʜʝ  ʙʨʠʟ ץײʩʘʩ  ʞʝʣ ʘʡʥʘʣʳʤʳʥ 

(ʮʠʨʢʫʣʷʮʠʷʩʳʥ) ʪʫʜʳʨʘʜʳ, ʙʽʨʘץ ʙײʣ ʘʡʥʘʣʳʤ ʞʳʣʜʳץ ʢʝʟʝשʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ. ɹʨʠʟʛʝ ץʘʨʘסʘʥʜʘ װʣʢʝʥ ʤᴇʣʰʝʨʜʝʛʽ ʙײʣ ʘʡʥʘʣʳʤ  ʤʫʩʩʦʥʜʘʨ 

ʜʝʧ ʘʪʘʣʘʜʳ.  

 ɾʝʣʜʽש ʢװʰʽ 12 ʙʘʣʣʜʳץ ɹʦʬʦʨʪ ʰʢʘʣʘʩʳ ʙʦʡʳʥʰʘ ʙʘסʘʣʘʥʘʜʳ. 

ɾʳʣʜʘʤʜʳס  r 3,6 ʤ/ʩ... 5,8  ʤ/ʩ ʘʨʘʣʳסʳʥʜʘ ʙʦʣʘʪʳʥ ʞʝʣʜʝʨ  ϸʣʩʽʟ ʞʝʣʜʝʨ ʜʝʧ 

ʘʪʘʣʘʜʳ. ʆʩʳ ʞʳʣʜʘʤʜʳץʪʘ  ʘץʳʨʳʥ ʞװʨʝʪʽʥ ʞʝʣʜʽʢ ʵʥʝʨʛʝʪʠʢʘʣʳץ ץʦʥʜʳʨסʳ 

(ɾʕפ) ʘʡʥʘʣʘ ʙʘʩʪʘʡʜʳ.  

ɾʳʣʜʘʤʜʳסʳ 5,8 ʤ/ʩ ...8,5 ʤ/ʩ ʘʨʘʣʳסʳʥʜʘ ʙʦʣʘʪʳʥ ʞʝʣʜʝʨ  ʦʨʪʘʰʘ 

ϨʘʨϨʳʥʜʳ ʞʝʣʜʝʨ  ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. ʆʩʳʥʜʘʡ ʞʝʣʜʝʨ ʢʝʟʽʥʜʝ    ɾʕפ ʞײʤʳʩʳ 

  .ʜʘʡ ʞʘʩʘʣʘʜʳסʩʳ ʞʘץʰʽʥ ʞʘװ

 ɾʝʣʜʽש ʞʳʣʜʘʤʜʳסʳ 8,5 ʤ/ʩ...14 ʤ/ʩ   ʘʨʘʣʳסʳʥʜʘ   ʙʦʣסʘʥ  ʢʝʟʜʝ ɾʕפ   

ʝʩʝʧʪʽʢ ʜʠʘʧʘʟʦʥʜʘ ʞײʤʳʩ ʽʩʪʝʡʜʽ ʞᴅʥʝ ʞʳʣʜʘʤʜʳ17 ץ ʤ/ʩ ʢʝʟʽʥʜʝ ץʦʥʜʳʨסʳ 

ʞײʤʳʩʳ ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʰʝʢʪʽʢ ʨʝʞʠʤʛʝ ʞʝʪʝʜʽ.  ɾʳʣʜʘʤʜʳסʳ 14 ʤ/ʩ ʞʦסʘʨʳ 

ʞʝʣʜʝʨ ʢϮʰʪʽ ʞʝʣʜʝʨ, ʞʳʣʜʘʤʜʳסʳ    20 ʤ/ʩ...25 ʤ/ʩ ʞʦסʘʨʳ ʞʝʣʜʝʨ ï ʜʘʫʳʣ, 
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ʘʣ ʞʳʣʜʘʤʜʳסʳ 30 ʤ/ʩ...35 ʤ/ʩ ʞʦסʘʨʳ ʞʝʣʜʝʨ ï Ϩʘʪʪʳ (Ϩϰʡʳʥʜʳ) ʜʘʫʳʣ 

ʞʝʣʜʝʨ ʜʝʧ ʘʪʘʣʘʜʳ.  

ʊʫʨʙʫʣʝʥʪʪʽʢ ʩʘʣʜʘʨʳʥʘʥ ʙʦʣʘʪʳʥ ʞʝʣ ʨʝʞʠʤʜʝʨʽʥʽץ שʘʪʪʳ ʘʫʳʪץʫʳ  

 .ʳʣʳ ʩʠʧʘʪʪʘʣʘʜʳץʘʨ ץʡʳʥʜʳʣʳײץ ʞᴅʥʝ  ץʳʥʜʳʣʳץʘʨץ

ɾʝʣʜʽϬ ϨϰʡʳʥʜʳʣʳϤʳ ï ʙʽʨʥʝʰʝ ʦʥʜʘסʘʥ ʩʝʢʫʥʜ ʽʰʽʥʜʝ ʞʳʣʜʘʤʜʳץ ʧʝʥ 

ʙʘסʳʪ ʙʦʡʳʥʰʘ ʘסʳʥʜʘ ʘʡʪʘʨʣʳץʪʘʡ ʘʫʳʪץʫʜʳש ʙʦʣʫʳ. 

ɾʝʣʜʽϬ  ϨʘʨϨʳʥʜʳʣʳϤʳ ï ʙʽʨʥʝʰʝ ʤʠʥʫʪ ʥʝʤʝʩʝ ʦʥʜʘסʘʥ ʤʠʥʫʪ ʽʰʽʥʜʝ 

ʞʝʣʜʽש ʙʽʨʜʝʥ ʢװʰʝʡʽʧ ʞᴅʥʝ ʙᴅʩʝשʜʝʫʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʙʘסʳʪʳʥʳש ᴇʟʝʨʫʽ.  

ɾʝʣ ʵʥʝʨʛʠʷʩʳʥ ϨʦʣʜʘʥʫʜʳϬ ʢʝʣʝʰʝʛʽʥʝ ʪʦץʪʘʣʘʡʳץ. ɸʫʘ ʘסʳʥʳʥʳש 

ʵʥʝʨʛʠʷʩʳʥ ץʦʣʜʘʥʫ ï ʘʜʘʤʟʘʪʪʳש ʝʨʪʝʜʝʥ ʢʝʣʝ ʞʘʪץʘʥ ʘʨʤʘʥʳ.  ɹʽʨ ʜʝ ʞʝʣʜʝʥ 

ʤʝʭʘʥʠʢʘʣʳץ ʵʥʝʨʛʠʷ ʘʣʘʪʳʥ ʞʝʣ ʜʠʽʨʤʝʥʽ ʤʝʥ ʞʝʣʢʝʥʜʝʨ ʨʝʪʽʥʜʝ ʧʘʡʜʘ 

ʙʦʣʩʘ, ʞʳʣʫʣʳץ ʤʝʥ ʛʠʜʨʘʚʣʠʢʘʣʳץ ץʦʟסʘʣʪץʳʰʪʘʨ ʧʘʡʜʘ ʙʦʣסʘʥ ʞᴅʥʝ  

ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ʵʣʝʢʪʨ ʩʪʘʥʩʘʣʘʨʜʘ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ᴇʥʜʽʨʽʣʛʝʥ ʢʝʟʜʝ 

ʙײʣ װʨʜʽʩ ʪʦץʪʘʧ, ʘʣ ʞʳʣʫ ʵʥʝʨʛʝʪʠʢʘʩʳ ʪʽʨʰʽʣʽʢʢʝ  ץʘʫʽʧ ʪᴇʥʜʽʨʝ ʙʘʩʪʘסʘʥʜʘ, 

ʞʝʣ ʵʥʝʨʛʠʷʩʳʥ ʧʘʡʜʘʣʘʥʫ ץʘʡʪʘ ʞʘʥʜʘʥʘ ʙʘʩʪʘʜ .r  

ʕʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ᴇʥʜʽʨʫ װʰʽʥ ʞʝʣ ʍʍ סʘʩʳʨʜʳ10 ש ï 20 ʞʳʣʜʘʨʜʘʥ 

ʙʘʩʪʘʧ ץʦʣʜʘʥʳʣʘʜʳ. ɸʣʜʳסשʳ ʞװʟʞʳʣʜʳץʪʳ70 ש ï ʰʽ ʞʳʣʜʘʨʳʥʘʥ ʙʘʩʪʘʧ 

ʞʝʣʜʽʢ ʵʥʝʨʛʝʪʠʢʘ ʜʘʤʠ ʙʘʩʪʘʜʳ,  ʍʍI ʞװʟʞʳʣʜʳץץʘ ץʘʨʘʡ ʜʘʤʫ ʘʡʪʘʨʣʳץʪʘʡ 

 ʩʪʽ. ɾʝʣ ʵʥʝʨʛʝʪʠʢʘʩʳʥʘ ʜʝʛʝʥװʜʝʡ ʪװ ʘʟʽʨʛʽ ʢʝʟʜʝץ ,ʳʥ ʘʣʳʧץʘʨץ

 :ʩʽʥʜʽʨʽʣʝʜʽװʢʝʣʝʩʽʜʝʡ ʬʘʢʪʦʨʣʘʨʤʝʥ ʪ ץʫʰʳʣʳסʳʟʳץ

- ʞʝʣ ʵʥʝʨʛʠʷʩ  rʨʝʩʫʨʩʳʥʳש  ʪʘʫʩʳʣʤʘʡʪʳʥʜʳסʳ; 

- ʟʠʷʥʜʳ ʟʘʪʪʘʨ ʤʝʥ çʞʳʣʳʞʘʡʣʳץè ʛʘʟʜʘʨʜr  ;ʙᴇʣʽʥʙʝʫʽ ש

- ᴅʣʝʤʜʽʢ ʥʘʨʳץʪʘ  ʞʝʣʜʽʢ ʵʥʝʨʛʝʪʠʢʘʣʳץ ץʦʥʜʳʨסʳʣʘʨʜʳש ʢᴇʙʝʶʽ;   

- ɾʕץ פʦʥʜʳʨסʳʣʘʨ ʘʨץʳʣʳ ʘʣʳʥʘʪʳʥ  ʵʣʝʢʪʨ ʥɻʝʨʛʠʷʩʳʥʳש 

ʙᴅʩʝʢʝʣʝʩʪʽʢ ʙʘסʘʩʳ ʞʘʥʘʨ ʦʪʳʥʥʳש ʙʘסʘʩʳʥʘ ʪᴅʫʝʣʜʽ ʝʤʝʩʪʽʛʽ; 

- ʞʝʣʜʽʢ ʵʣʝʢʪʨ ʩʪʘʥʩʘʣʘʨʳʥʳש (ɾʕʉ) ײץʨʳʣʳʩʳʥ ʩʘʣʫ ʤʝʨʟʽʤʽʥʽש 

ʳ ʞᴅʥʝ   ɾʕʉ-ʥסʘʣʳץʳʩץ  r  ץʫʘʪ ʧʝʥ ʞʝʨʛʽʣʽʢʪʽ ʢʣʠʤʘʪʪʳץ ʘʞʝʪʪʽץ

ʞʘסʜʘʡʣʘʨסʘ ʙʝʡʽʤʜʝʫ ʤװʤʢʽʥʜʽʛʽ; 

- ʘʣʳʩ ʘʫʜʘʥʜʘʨʜʘסʳ ʪײʪʳʥʫʰʳʣʘʨʜʳ ʦʨʪʘʣʳץʩʳʟʜʘʥʜʳʨסʘʥ ʞװʡʝ 

ʘʨץʳʣʳ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʤʝʥ  ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤװʤʢʽʥʜʽʛʽ. 

ɾʝʣ ʵʥʝʨʛʝʪʠʢʘʩʳʥʳש ʞʦסʘʨʳ ץʘʨץʳʥʜʳ ʜʘʤʫʳ 1990 ʞʳʣʜʘʨʜʘסʳ 

ɻʝʨʤʘʥʠʷסʘ ʪᴅʥ. ɼʠʘʤʝʪʨʽ 12 ʤ...66 ʤ ʘʨʘʣʳסʳʥʜʘ ʙʦʣʘʪʳʥ װ h  ʪʳץʘʣʘץ

ʰʳʥʳʧʣʘʩʪʠʢʘʣʳץ ʞʝʣʜʽʢ  ʜᴇשʛʝʣʝʢʪʝʨʜʝʥ ʪײʨʘʪʳʥ, ʙʽʨ ʘʛʨʝʛʘʪʳʥʳץ שʫʘʪʳ  

30 ʢɺʪ, 130 ʢɺʪ, 600 ʢɺʪ, 1500 ʢɺʪ  ʙʦʣʘʪʳʥ ɾʕפ  ʢᴇʧʪʝʛʝʥ ʪװʨʣʝʨʽʥ 

ʠʛʝʨʛʝʥ  çEnerconè ʬʠʨʤʘʩʳʥʳש ʪᴅʞʽʨʠʙʝʩʽ ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʫסʘ ʣʘʡʳץ. 

ɾʕפ ᴇʥʜʽʨʽʩʽʤʝʥ ץʘʟʽʨʛʽ ʢʝʟʜʝ 300 ʜʝʥ ʘʩʪʘʤ ʬʠʨʤʘʣʘʨ ʘʡʥʘʣʳʩʘʜʳ. 

ɾʕפ ᴇʥʜʽʨʽʩʽ, ᴅʩʽʨʝʩʝ, ɼʘʥʠʷ, ɻʝʨʤʘʥʠ̫ , ɸפʐ ʜʘʤʳסʘʥ. ɾʝʣ 

ʵʥʝʨʛʝʪʠʢʘʩʳʥʳש ʞʘʣʧʳ ץʫʘʪʳ ᴅʣʝʤʜʝ 2009 ʞʳʣʳ 159213 ʄɺʪ ʞʝʪʪʽ. ɾʝʣ 

ʵʥʝʨʛʝʪʠʢʘʩʳ ᴅʣʝʤʜʝ   ʪײʪʳʥʳʣʘʪʳʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʥrʳש ʤᴇʣʰʝʨʽʥʽ2  ש % 

(340 ʊɺʪĀʩʘס) ᴇʥʜʽʨʝʜʽ. ʕʣʝʢʪʨ ʵʥʝʨʛʠʷʩʤrʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝʛʽ  ʞʝʣ 

ʵʥʝʨʛʝʪʠʢʘʩʳʥʳװ שʣʝʩʽ:  ɼʘʥʠʷʜʘ ï 20 %;  ʇʦʨʪʫʛʘʣʠʷʜʘ - 15 %; ʀʩʧʘʥʠʷʜʘ -14 

%;  ɻʝʨʤʘʥʠʷʜʘ ï 9 %. 

ɾʝʣ ʵʥʝʨʛʝʪʠʢʘʩʳ ʝʣʜʝʨʜʽש ʵʥʝʨʛʝʪʠʢʘʣʳץ ץʘʫʽʧʩʽʟʜʽʛʽ ʤʝʥ ʵʢʦʣʦʛʠʷ  

ʤᴅʩʝʣʝʨʽʥ ʰʝʰʫʛʝ ʢᴇʤʝʢʪʝʩʝʪʽʥ  ʵʥʝʨʛʠʷ ʢᴇʟʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  
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 ʜʘʨʣʘʤʘʩʳסɹʘ ץʣʪʪʳױ שʩʪʘʥʜʘ ʞʝʣ ʵʥʝʨʛʝʪʠʢʘʩʳ ʜʘʤʫʳʥʳץʘʟʘפ

ʞʘʩʘʣסʘʥ. פʘʟʘץʩʪʘʥ ʘʡʤʘסʳʥʳ10  ש % ʙᴇʣʽʛʽʥʜʝ ʞʝʣʜʽש ʞʳʣʜʳץ ʦʨʪʘ 

ʞʳʣʜʘʤʜʳסʳ 6 ʤ/ʩ ʞᴅʥʝ ʦʜʘʥ ʞʦסʘʨʳ ʙʦʣʘʜʳ, ʙײʣ ʞʝʣ ʵʥʝʨʛʝʪʠʢʘʩʳʥʳש 

ʢʝʣʝʰʝʢʪʝ ʞʘץʩʳ ʜʘʤʫʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ.  פʘʟʘץʩʪʘʥʜʘסʳ   ʞʝʣ ʵʥʝʨʛʠʷʩʳʥʳש 

ʧʦʪʝʥʮʠʘʣʳ ʰʘʤʘʤʝʥ ʞʳʣʳʥʘ 1820 ʤʣʨʜ  ʢɺʪĀʩʘס. ɾʝʣ ʵʥʝʨʛʠʷʩʳ ʝʣ̔ʤʽʟʜʽש  

ʘʫʤʘץʪʘʨʳʥʳש ʢᴇʧ ʙᴇʣʽʛʽʥʝ ʪʘʨʘʣסʘʥ.  ɾʕʉ ײץʨʳʣʳʩʪʘʨʳʥ ʘʣʜʳʤʝʥ ɾʦʥסʘʨ 

  .ʘʥ ʞᴇʥסʳʥʘ ʩʘʣסʘʥ ʐʝʣʝʢ ʘʫʤʘץʧʘʩʳ ʤʝʥ ɸʣʤʘʪʳ ʦʙʣʳʩʳʥʜʘ ʦʨʥʘʣʘʩץʘץ

 

3.2 ɾʝʣ ʵʥʝʨʛʠʷʩʳ 

 

 ɸסʳʥ ʤʝʥ ץʘʣʘץʪʳש ᴅʩʝʨʣʝʩʫʽʥʝʥ ʤʳʥʘʜʘʡ ʢװʰʪʝʨ ʤʝʥ ײץʙʳʣʳʩʪʘʨ 

ʧʘʡʜʘ ʙʦʣʘʜʳ: 

- ʢʽʨʽʩʪʽʢ ʘסʳʥʥʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʞʳʣʜʘʤʜʳסʳʥʳש ʚʝʢʪʦʨʳʥʘ ʧʘʨʘʣʣʝʣʴ 

ʢʝʜʝʨʛʽʣʽʢ ʢװʰ; 

- ʢʝʜʝʨʛʽʣʽʢ ʢװʢhʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʢᴇʪʝʨʫʰʽ ʢװʰ;  

 ;ʡʳʥʜʘʫʳײץ שʳʥʥrסʘʪʳʥ ʘסʪʳ ʘʡʥʘʣʘ ʘץʘʣʘץ -

- ʘסʳʥʥʳש ʪʫʨʙʫʣʠʟʘʮʠʷʩʳ, ʷסʥʠ ʤᴇʣʰʝʨʽ ʤʝʥ ʙʘסʳʪʳ ʙʦʡʳʥʰʘ ʘסʳʥ 

ʞʳʣʜʘʤʜʳסʳʥʳש ʨʝʪʩʽʟ ᴇʟʛʝʨʽʩʽ; 

- ʢʽʨʽʩʪʽʢ ʘסʳʥʜʳ ʪʝʞʝʫʰʽ ʢʝʜʝʨʛʽ. 

ʂᴇʣʜʝʥʝץ שʠʤʘʩʳʥʳש ʘʫʜʘʥʳ F  ʞʝʣ ʘסʳʥʳʥʳש  ʢʠʥʝʪʠʢʘʣʳץ ʵʥʝʨʛʠʷʩ  r

mV
2
/2 ᴇʨʥʝʛʽ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʘʜʳ.  

ɸʫʜʘʥʳ  F  ʢᴇʣʜʝʥʝץ שʠʤʘʥʳ  V  ʞʳʣʜʘʤʜʳץʧʝʥ  ᴇʪʝʪʽʥ  ʘʫʘ ʤʘʩʩʘʩʳ     

m =rFV ʪʝש ʙʦʣʘʜʳ. ʉʦʥʜʘ ʞʝʣʜʽש ʢʠʥʝʪʠʢʘʣʳץ ʵʥʝʨʛʠʩ̫ʳ:      

    

. 
22

32 FVmV r
=

                                              (3.1)
 

 

(3.1) ʪʝשʜʝʫʽʥʝʥ ʞʝʣ ɻʥʝʨʛʠʷʩʳ ʦʥʳϬ ʞʳʣʜʘʤʜʳϤʳʥʳϬ ʢʫʙʳʥʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣ ʜʝʛʝʥ ʪײʞʳʨʳʤ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ.  

ɾʝʣ ʙʘסʳʪʳʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ץʦʡʳʣסʘʥ ʞᴅʥʝ ʦʩʳ ʙʘסʳʪʪʘ ץʦʟסʘʣʘʪʳʥ 

ʞʘʟʳץʪʳץ (ʤʳʩʘʣʳ, ʢʘʨʫʩʝʣʴ ʪʠʧʪʽ ʞʝʣʜʽʢ ץʦʟסʘʣʪץʳʰ) ʞʝʣ ʵʥʝʨʛʠʷʩʳʥʳש 

  ץʘʨʘʩʪʳʨʘʡʳץ ʳʥסʨʣʝʥʜʽʨʝ ʘʣʘʪʳʥʜʳװʘ ʪץʤʳʩײʘʥʰʘ ʧʘʡʳʟʳʥ ʧʘʡʜʘʣʳ ʞץ

(3.3 ʩʫʨʝʪ). 

  .ʘ V ʢᴇʙʝʡʪʽʥʜʽʩʽ: T=PVץץP ʞʳʣʜʘʤʜʳ שʰʪʽװʫʘʪ T ʢפ

ɸʫʘ ʘסʳʥʳ  ʞʘʟʳץʪʳץץʘ ʪʝʞʝʣʫ ᴅʩʝʨʽʥʝʥ ʪʽʨʝʣʝʜʽ  ʜʝ, ʦʥʳ ʘʡʥʘʣʳʧ  ᴇʪʽʧ, 

Px ʢװʰʽʤʝʥ ʞʘʟʳץʪʳץץʘ ץʳʩʳʤ ʪװʩʽʨʝʜʽ. ʆʩʳ ʢװʰʪʽש ᴅʩʝʨʽʥʝʥ F  ʞʘʟʳץʪʳסʳ 

ʙʝʣʛʽʣʽ ʙʽʨ U  ʞʳʣʜʘʤʜʳץʧʝʥ ʘסʳʥ ʙʘסʳʪʳ ʙʦʡʳʥʰʘ ʦʨʳʥ ʘʫʳʩʪʳʨʘʜʳ        

(3.3 ʩʫʨʝʪ); ʙײʣ ʢʝʟʜʝ ʞϰʤʳʩ  ʊ  ʢװʰʪʽש   U  ʞʳʣʜʘʤʜʳץץʘ ʢᴇʙʝʡʪʽʥʜʽʩʽʥʝ ʪʝש 

ʙʦʣʘʜʳ, ʜʝʤʝʢ: 

 

                              ( )UUVFCPUPT xxx
2

2
-===

r
,                                  (3.2) 
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ʤײʥʜʘסʳ Px ïʢʝʜʝʨʛʽʣʽʢ ʢװʰ;  

Cx ï ʢʝʟ ʢʝʣʛʝʥ ʢʝʜʝʨʛʽʥʽש ʘʵʨʦʜʠʥʘʤʠʢʘʣʳץ ʢʦʵʬʬʠʮʠʝʥʪʽ; 

Fʭ ï ʜʝʥʝ ץʠʤʘʩʳʥʳש ʞʘʟʳץʪʳסʳ, ʜʝʤʝʢ ʜʝʥʝʥʽש ʘסʳʥ ʙʘסʳʪʳʥʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʞʘʟʳץʪʳסʳʥʘ ʧʨʦʝʢʮʠʷʩʳ.  

ɹײʣ ʞʘסʜʘʡʜʘ  ʞʝʣ W=V-U  ʪʝש ʙʦʣʘʪʳʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʞʳʣʜʘʤʜʳϨʧʝʥ 

ʞʘʟʳץʪʳץץʘ ʢʝʣʝʜʽ. פʦʟסʘʣʳʩץʘ ʪװʩʢʝʥ ʞʘʟr  ʜʝʫʽʤʝʥשʪʝ (3.2)  שʪʳץʪʳץ

ᴇʨʥʝʢʪʝʣʝʪʽʥ ʞײʤʳʩʳʥʳש ʢᴇʣʜʝʥʝץ שʠʤʘʩʳʥʳש ʘʫʜʘʥʳ ʦʩʳ ʞʘʟʳץʪʳץʪʳש 

ʘʫʜʘʥʳʥʘ ʪʝש ʞʝʣ ʘסʳʥʳʥʳש ʵʥʝʨʛʠʷʩʳʥʘ ץʘʪʳʥʘʩʳʥ ʘʥʳץʪʘʡʤʳʟ:  
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x                    (3.3) 

 

xh ʘʤʘʥʳ ʞʝʣ ʵʥʝʨʛʠʷʩʳʥ ʧʘʡʜʘʣʘʥʫ ʢʦʵʬʬʠʮʠʝʥʪʽ ʜʝʧ ʘʪʘʡʜʳ, ʦʣ 

ʞʘʟʳץʪʳץʪʳש ʞʝʣ ʙʘסʳʪʳʥʜʘ ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʞʳʣʜʘʤʜʳסʳʥʘ ʪᴅʫʝʣʜʽ. U  

ʞr ʣʜʘʤʜʳץʪʳש ʙʝʣʛʽʣʽ ʙʽʨ ʤᴅʥʽʥʜʝ  xʢʦʵʬʬʠʮʠʝʥʪʽ ʤʘʢʩʠʤʘʣʜʳ ʰʘʤʘסʘ ʠʝ 
ʙʦʣʘʜʳ. U  ʞr ʣʜʘʤʜʳץʪʳש  ʰʘʤʘʩʳ  U=0 ʞᴅʥʝ U =V ʤᴅʥʜʝʨʽ ʘʨʘʣʳסʳʥʜʘ 

ʙʦʣʘʜʳ. x ʢʦʵʬʬʠʮʠʝʥʪʽ  ʤʘʢʩʠʤʘʣ ʙʦʣʫ װʰʽʥ ʞʘʟʳץʪʳץ U=V/3 ʪʝש 

ʞ ʣrʜʘʤʜʳץʧʝʥ ʦʨʳʥ ʘʫʳʩʪʳʨʫʳ ʢʝʨʝʢ. 

  ɾʘʟʳץʪʳץ ʢʝʜʝʨʛʽʣʽʢ ʢװʧhʝʥ ʞײʤʳʩ ʞʘʩʘסʘʥʜʘ ʞʝʣ ʵʥʝʨʛʠʷʩʳʥ 

ʧʘʡʜʘʣʘʥʫ  ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʤʘʢʩʠʤʘʣ ʤᴅʥʽ ɕ=0,192 ʞʦסʘʨʳ ʙʦʣʘ ʘʣʤʘʡʜʳ. 

 

 ʤʳʩʳײʞ שʛʝʣʝʛʽʥʽשʞʝʣʜʽʢ ʜᴇ שʳʰʳʥʳץʘʣʪסʦʟץ ʘʥʘʪʪʳ ʞʝʣפ 3.3

 

 ʳʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨסʛʝʣʝʢʪʝʨ ʞʝʣ ʞʳʣʜʘʤʜʳשʘʥʘʪʪʳ ʞʝʣʜʽʢ ʜᴇפ

ʞʘʟʳץʪʳץʪʘ ʦʨʥʘʣʘʩץʘʥ ץʘʣʘץʪʘʨ ץʦʟסʘʣסʘʥ ʢʝʟʜʝ ʦʨʳʥ ʘʣʘʪʳʥ  ץʠסʘʰ 

ʩʦץץʳʥʳש ᴅʩʝʨʽʥʝʥ ʞײʤʳʩ ʞʘʩʘʡʜʳ. ʆʩʥrʜʘʡ ʜᴇשʛʝʣʝʢʪʽײץ שʨʳʣʳʤʳ  3.4 

ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɻʦʨʠʟʦʥʪʘʣʴ ʙʽʣʽʢʢʝ ץʘʥʘʪʪʘʨ ʙʝʢʽʪʽʣʛʝʥ, ʟʘʤʘʥʘʫʠ ʞʝʣʜʽʢ 

 ʩʘʥʳ ʝʢʽ ʞᴅʥʝ ʦʜʘʥʜʘ ʢᴇʧ ʙʦʣʘʜʳ. ɾʝʣʜʽʢ שʳʰʪʘʨʜʘ ʦʣʘʨʜʳץʘʣʪסʦʟץ

ʜᴇשʛʝʣʝʢʪʽץ שʘʥʘʪʳ ʩʝʨʤʝʫʜʝʥ (ʘ) ʞᴅʥʝ ץʘʣʘץʪʘʥ (ʙ) ʪײʨʘʜʳ (3.4 ʩʫʨʝʪ).  

ɹײʣ ץʘʣʘץ  ʘʡʥʘʣʫ ʞʘʟʳץʪʳסʳʤʝʥ ץʘʥʜʘʡ ʜʘ ʙʽʨ ʙײʨʳʰ j ʞʘʩʘʡʪʳʥʜʘʡ 

ʝʪʽʧ  ʩʝʨʤʝʫʛʝ ʙʝʢʽʪʽʣʛʝʥ. ɹײʣ ʙײʨʳʰ ϨʘʣʘϨʪʳϬ ϨʠϤʘʰʪʘʥʫ ʙϰʨʳʰʳ ʜʝʧ 

ʘʪʘʣʘʜʳ (3.4 ʩʫʨʝʪ). 

  ʧʝʥץʳʥʳ W ʩʘʣʳʩʪʳʨʤʘʣʳ ʞʳʣʜʘʤʜʳסʵʣʝʤʝʥʪʪʝʨʽʥʝ ʘʫʘ ʘ  שʪʳץʘʣʘפ

ʞᴅʥʝ ʰʘʙʫʳʣʜʘʫ (ʩʦϨϨʳʣʘʫ) ʙϰʨʳʰʳ ʜʝʧ ʘʪʘʣʘʪʳʥ Ŭ ʙײʨʳʰʳʤʝʥ ʙʘסʳʪʪʘʣʳʧ, 

R ʢװʰʽʤʝʥ ᴅʩʝʨ ʝʪʝʜʽ. פʘʥʘʪʪʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽ j ʞᴅʥʝ Ŭ ʙײʨʳʰʪʘʨʳʥʘ  

ʙʘʡʣʘʥʳʩʪʳ.  

R ʢװʰʽʥ  Px ʞᴅʥʝ Py ʢװʰʪʝʨʽʥʝ ʞʽʢʪʝʫʛʝ ʙʦʣʘʜʳ (3.5 ʩʫʨʝʪ). Px ʢװʰʽ 

ʪʫʨʘ (ʤʘϬʣʘʡʣʳϨ)  Ϩʳʩʳʤ ʜʝʧ ʘʪʘʣʘʪʳʥ, ʞʝʣʤʝʥ ʙʘסʳʪʪʘʩ ץʳʩʳʤ ʪʫʜʳʨʘʜʳ. 

Py  ʢװʰʽ ʞʝʣʜʽʢ ʜᴇשʛʝʣʝʢʪʽש ʘʡʥʘʣʫ ʞʘʟʳץʪʳסʳʥʜʘ (ʫïʫ) ᴅʩʝʨ ʝʪʝʜʽ ʞᴅʥʝ 
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ʘʡʥʘʣʫ ʤʦʤʝʥʪʽʥ ʪʫʜʳʨʘʜʳ. 

ɼᴇשʛʝʣʝʢʪʽ ʘʡʥʘʣʳʩץʘ ʢʝʣʪʽʨʝʪʽʥ ʢװʰʪʝʨ  Ŭ ʰʘʙʫʳʣ ʙײʨʳʰʳʥʳש ʢʝʡʙʽʨ 

ʤᴅʥʽʥʜʝ ʤʘʢʩʠʤʘʣ ʙʦʣʘʜʳ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ʙʽʨʜʝʡ ʝʤʝʩ, ʞʝʣʜʽʢ ץʪʳ ʞʳʣʜʘʤʜʳץʳ ʙʦʡʳʥʰʘ ʩʳʟʳסʟʳʥʜʳײ  ʘʥʘʪפ

ʜᴇשʛʝʣʝʢʪʽש    ʘʡʥʘʣʤʘʣʳ    ʙʽʣʽʛʽʥʝʥ     ץʘʥʘʪʪʳש    ʵʣʝʤʝʥʪʪʝʨʽ ץʘʰʳץʪʘסʘʥ 

ʩʘʡʳʥ ʙײʣ ʞʳʣʜʘʤʜʳץ ᴇʩʝʜʽ.  

 

 
 

ʘ ï ץʘʣʘץ ʵʣʝʤʝʥʪʽʥʝ ᴅʫʝ ʘסʳʥʳ ʢװʰʽʥʽש ᴅʩʝʨ ʝʪʫ ʩײʣʙʘʩʳ; 

ʙ ï ץʘʣʘץ ʵʣʝʤʝʥʪʽʥʝ ʢʽʨʝʪʽʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʘסʳʥʥʳש ʛʨʘʬʠʢʘʣʳץ ʢʝʩʢʽʥʜʝʤʝʩʽ. 

3.5 ʩʫʨʝʪ ï פʘʣʘץץʘ ʘʫʘ ʘסʳʥʳש ᴅʩʝʨ ʝʪʫ ̔

 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ץʘʣʘץץʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʘסʳʥʥʳש ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʞʳʣʜʘʤʜʳסʳ ʜʘ W ᴇʩʝʜʽ. ɹײʣ ʢʝʟʜʝ ʰʘʙʫʳʣ ʙײʨʳʰʳ Ŭ ʘʟʘʷʜʳ  ʞᴅʥʝ  

 

 

     

 

 

 

 

 

 

 

 

 

3.3 ʩʫʨʝʪ ï ɾʝʣ ʢװʰʽʥʽש 

ʞʘʟʳץʪʳץץʘ ᴅʩʝʨʽ 

 

 

 

 

 

 

 

 

 

 

 

 

3.4 ʩʫʨʝʪ ï פʘʥʘʪʪʳ ʞʝʣʜʽʢ ʜᴇשʛʝʣʝʢʪʽש 

ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʩײʣʙʘʩʳ 


