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ʇʨʝʜʠʩʣʦʚʠʝ 

 

1 ʇʆɼɻʆʊʆɺʃɽʅ ʇʫʙʣʠʯʥʳʤ ʘʢʮʠʦʥʝʨʥʳʤ ʦʙʱʝʩʪʚʦʤ çʉʠʣʦʚʳʝ ʤʘʰʠʥʳ ï 

ɿʊʃ, ʃʄɿ, ʕʣʝʢʪʨʦʩʠʣʘ, ʕʥʝʨʛʦʤʘʰʵʢʩʧʦʨʪè (ʇɸʆ çʉʠʣʦʚʳʝ ʤʘʰʠʥʳè) ʥʘ ʦʩʥʦʚʝ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʝʨʝʚʦʜʘ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʘʥʛʣʦʷʟʳʯʥʦʡ ʚʝʨʩʠʠ ʩʪʘʥʜʘʨʪʘ, ʫʢʘʟʘʥʥʦʛʦ 

ʚ ʧʫʥʢʪʝ 4 

 

2 ɺʅɽʉɽʅ ʊʝʭʥʠʯʝʩʢʠʤ ʢʦʤʠʪʝʪʦʤ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʊʂ 016 

çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘè 

 

3 ʋʊɺɽʈɾɼɽʅ ʀ ɺɺɽɼɽʅ ɺ ɼɽʁʉʊɺʀɽ ʇʨʠʢʘʟʦʤ ʌʝʜʝʨʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʠ ʤʝʪʨʦʣʦʛʠʠ ʦʪ 30 ʥʦʷʙʨʷ 2021 ʛ. ˉ 1646-ʩʪ 

 

4 ʅʘʩʪʦʷʱʠʡ ʩʪʘʥʜʘʨʪ ʠʜʝʥʪʠʯʝʥ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʩʪʘʥʜʘʨʪʫ ʄʕʂ 62097:2019 

çʄʘʰʠʥʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʨʘʜʠʘʣʴʥʳʝ ʠ ʦʩʝʚʳʝ. ʄʝʪʦʜʦʣʦʛʠʷ ʧʝʨʝʥʦʩʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʠ ʚ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘè (IEC 62097:2019 çHydraulic machines, radial and axial ð 

Methodology for performance transposition from model to prototypeè, IDT). 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʥʘʩʪʦʷʱʝʛʦ ʩʪʘʥʜʘʨʪʘ ʠʟʤʝʥʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʠʤʝʥʦʚʘʥʠʷ 

ʫʢʘʟʘʥʥʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ɻʆʉʊ ʈ 1.5ï

2012 (ʧʫʥʢʪ 3.5). 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʥʘʩʪʦʷʱʝʛʦ ʩʪʘʥʜʘʨʪʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʤʝʩʪʦ 

ʩʩʳʣʦʯʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʥʘʮʠʦʥʘʣʴʥʳʝ 

ʩʪʘʥʜʘʨʪʳ, ʩʚʝʜʝʥʠʷ ʦ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ɼɸ 

 
 

5 ɺɿɸʄɽʅ ɻʆʉʊ ʈ 55002ï2012 (ʄʕʂ 62097:2009) 

 

ʇʨʘʚʠʣʘ ʧʨʠʤʝʥʝʥʠʷ ʥʘʩʪʦʷʱʝʛʦ ʩʪʘʥʜʘʨʪʘ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʩʪʘʪʴʝ 26 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦʪ 29 ʠʶʥʷ 2015 ʛ. ˉ 162-ʌɿ çʆ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè. ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʩʪʘʥʜʘʨʪʫ 

ʧʫʙʣʠʢʫʝʪʩʷ ʚ ʝʞʝʛʦʜʥʦʤ (ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 1 ʷʥʚʘʨʷ ʪʝʢʫʱʝʛʦ ʛʦʜʘ) 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʫʢʘʟʘʪʝʣʝ çʅʘʮʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳè, ʘ ʦʬʠʮʠʘʣʴʥʳʡ ʪʝʢʩʪ 

ʠʟʤʝʥʝʥʠʡ ʠ ʧʦʧʨʘʚʦʢ ï ʚ ʝʞʝʤʝʩʷʯʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʫʢʘʟʘʪʝʣʝ çʅʘʮʠʦʥʘʣʴʥʳʝ 

ʩʪʘʥʜʘʨʪʳè. ɺ ʩʣʫʯʘʝ ʧʝʨʝʩʤʦʪʨʘ (ʟʘʤʝʥʳ) ʠʣʠ ʦʪʤʝʥʳ ʥʘʩʪʦʷʱʝʛʦ ʩʪʘʥʜʘʨʪʘ 

http://docs.cntd.ru/document/420284277
http://docs.cntd.ru/document/420284277
http://docs.cntd.ru/document/420284277
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʚʝʜʦʤʣʝʥʠʝ ʙʫʜʝʪ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ ʙʣʠʞʘʡʰʝʤ ʚʳʧʫʩʢʝ 

ʝʞʝʤʝʩʷʯʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʢʘʟʘʪʝʣʷ çʅʘʮʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳè. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʫʚʝʜʦʤʣʝʥʠʝ ʠ ʪʝʢʩʪʳ ʨʘʟʤʝʱʘʶʪʩʷ ʪʘʢʞʝ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ï ʥʘ ʦʬʠʮʠʘʣʴʥʦʤ ʩʘʡʪʝ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʠ ʤʝʪʨʦʣʦʛʠʠ ʚ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ (www.rst.gov.ru) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

É IEC, 2019 

É ʆʬʦʨʤʣʝʥʠʝ. ʌɻɹʋ çʈʉʊè, 2021 

 

ʅʘʩʪʦʷʱʠʡ ʩʪʘʥʜʘʨʪ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥ, 

ʪʠʨʘʞʠʨʦʚʘʥ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʢʘʯʝʩʪʚʝ ʦʬʠʮʠʘʣʴʥʦʛʦ ʠʟʜʘʥʠʷ ʙʝʟ ʨʘʟʨʝʰʝʥʠʷ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʠ ʤʝʪʨʦʣʦʛʠʠ 
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ʅɸʎʀʆʅɸʃʔʅʓʁ ʉʊɸʅɼɸʈʊ ʈʆʉʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ 

 

ʄɸʐʀʅʓ ɻʀɼʈɸɺʃʀʏɽʉʂʀɽ ʈɸɼʀɸʃʔʅʓɽ ʀ ʆʉɽɺʓɽ 

ʄʝʪʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʴʥʦʡ ʛʠʜʨʦʤʘʰʠʥʳ  

ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʪʫʨʥʦʡ ʛʠʜʨʦʤʘʰʠʥʳ 

 
Hydraulic machines, radial and axial. 

Performance conversion method from model to prototype  

ɼʘʪʘ ʚʚʝʜʝʥʠʷ ï 2022-01-
01 

 
 

1 ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʅʘʩʪʦʷʱʠʡ ʩʪʘʥʜʘʨʪ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʂʇɼ ʠ ʨʘʙʦʯʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʪʫʨʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʧʳʪʘʥʠʡ ʤʦʜʝʣʴʥʦʡ ʛʠʜʨʦʤʘʰʠʥʳ ʩ ʫʯʝʪʦʤ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ, ʚʢʣʶʯʘʷ 

ʚʣʠʷʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʅʘʩʪʦʷʱʠʡ ʩʪʘʥʜʘʨʪ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʦʥʪʨʘʢʪʥʳʭ ʤʦʜʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʤʘʰʠʥ. ɼʘʥʥʳʝ ʤʦʜʝʣʴʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʠ ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʵʪʠʤ ʜʘʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʤʦʛʫʪ ʦʪʤʝʥʷʪʴ ʠʣʠ 

ʧʦʜʤʝʥʷʪʴ ʧʨʦʚʝʜʝʥʠʝ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʛʠʜʨʦʤʘʰʠʥʳ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʜʣʷ ʤʦʜʝʣʴʥʦʡ ʛʠʜʨʦʤʘʰʠʥʳ. 

 

2 ʅʦʨʤʘʪʠʚʥʳʝ ʩʩʳʣʢʠ 

ɺ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʦʨʤʘʪʠʚʥʳʝ ʩʩʳʣʢʠ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʩʪʘʥʜʘʨʪʳ [ʜʣʷ ʜʘʪʠʨʦʚʘʥʥʳʭ ʩʩʳʣʦʢ ʧʨʠʤʝʥʷʶʪ ʪʦʣʴʢʦ ʫʢʘʟʘʥʥʦʝ ʠʟʜʘʥʠʝ 

ʩʩʳʣʦʯʥʦʛʦ ʩʪʘʥʜʘʨʪʘ, ʜʣʷ ʥʝʜʘʪʠʨʦʚʘʥʥʳʭ ï ʧʦʩʣʝʜʥʝʝ ʠʟʜʘʥʠʝ (ʚʢʣʶʯʘʷ ʚʩʝ 

ʠʟʤʝʥʝʥʠʷ)]: 

IEC 60193, Hydraulic turbines, storage pumps and pump-turbines ï Model 

acceptance tests (ʊʫʨʙʠʥʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ, ʘʢʢʫʤʫʣʠʨʫʶʱʠʝ ʥʘʩʦʩʳ ʠ 

ʪʫʨʙʦʥʘʩʦʩʳ. ʇʨʠʝʤʦʯʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʤʦʜʝʣʠ) 

 

ʀʟʜʘʥʠʝ ʦʬʠʮʠʘʣʴʥʦʝ 
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3 ʊʝʨʤʠʥʳ, ʦʧʨʝʜʝʣʝʥʠʷ, ʦʙʦʟʥʘʯʝʥʠʷ ʠ ʝʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʧʨʠʤʝʥʷʶʪʩʷ ʥʠʞʝʫʧʦʤʷʥʫʪʳʝ ʦʙʱʠʝ ʪʝʨʤʠʥʳ, 

ʦʧʨʝʜʝʣʝʥʠʷ, ʦʙʦʟʥʘʯʝʥʠʷ ʠ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʪʝʨʤʠʥʳ ʦʙʲʷʩʥʷʶʪʩʷ ʪʘʤ, ʛʜʝ ʦʥʠ ʧʦʷʚʣʷʶʪʩʷ. 

ʀʉʆ ʠ ʄʕʂ ʚʝʜʫʪ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʘʜʨʝʩʘʤ: 

- ʕʣʝʢʪʨʦʧʝʜʠʷ ʄʕʂ: ʜʦʩʪʫʧʥʘ ʥʘ http://www.electropedia.org/; 

- ʧʣʘʪʬʦʨʤʘ ʦʥʣʘʡʥ ʧʨʦʩʤʦʪʨʘ ʀʉʆ: ʜʦʩʪʫʧʥʘ ʥʘ http://www.iso.org/obp 

ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʫʤʝʥʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʩʠʩʪʝʤʘ ʝʜʠʥʠʮ 

ʠʟʤʝʨʝʥʠʷ (ʉʀ, ʩʤ. ʀʉʆ 80000-4). ɺʩʝ ʪʝʨʤʠʥʳ ʜʘʥʳ ʚ ʙʘʟʦʚʳʭ ʝʜʠʥʠʮʘʭ ʉʀ 

ʠʣʠ ʧʨʦʠʟʚʦʜʥʳʭ ʩʚʷʟʘʥʥʳʭ ʝʜʠʥʠʮʘʭ. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʜʝʡʩʪʚʠʪʝʣʴʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʝʜʠʥʠʮ1). ʃʶʙʘʷ ʜʨʫʛʘʷ ʩʠʩʪʝʤʘ ʝʜʠʥʠʮ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʩʣʝ ʧʠʩʴʤʝʥʥʦʛʦ ʩʦʛʣʘʩʠʷ ʜʦʛʦʚʘʨʠʚʘʶʱʠʭʩʷ ʩʪʦʨʦʥ. 

 

ʇʨʠʤʝʯʘʥʠʝ ï ʈʘʟʲʷʩʥʝʥʠʝ ʣʶʙʦʛʦ ʪʝʨʤʠʥʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʣʠ ʝʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ, ʦ ʢʦʪʦʨʳʭ ʠʜʝʪ ʨʝʯʴ, ʜʦʣʞʥ r ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥ r ʜʦʛʦʚʘʨʠʚʘʶʱʠʤʠʩʷ 

ʩʪʦʨʦʥʘʤʠ ʚ ʧʠʩʴʤʝʥʥʦʡ ʬʦʨʤʝ ʜʦ ʥʘʯʘʣʘ ʠʩʧʳʪʘʥʠʷ. 

 

3.1 ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

3.1.1 ʪʦʯʢʘ: ʇʦʣʦʞʝʥʠʝ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʝ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʥʘʙʦʨʘʤʠ ʧʦʢʘʟʘʥʠʡ ʠ/ʠʣʠ ʟʘʧʠʩʝʡ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ 

ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʠ ʥʘʩʪʨʦʡʢʘʭ, ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʠʜʨʦʤʘʰʠʥʳ ʧʨʠ ʵʪʦʤ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʠ ʵʪʠʭ ʥʘʩʪʨʦʡʢʘʭ. 

3.1.2 ʠʩʧʳʪʘʥʠʷ: ʀʩʧʳʪʘʥʠʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʥʘʙʦʨ ʪʦʯʝʢ ʠ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʜʨʦʤʘʰʠʥʳ ʚ ʟʘʜʘʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ ʨʝʞʠʤʦʚ. 

3.1.3 ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ɺʩʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʯʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʛʠʜʨʦʤʘʰʠʥʘʤ ʠʟ-ʟʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ. 

 

 

1)   N = kgĿmĿs-2;    Pa = kgĿm-1Ŀs-2;    J = kgĿm2Ŀs-2;    W = kgĿm2Ŀs-3.  

 

http://www.electropedia.org/
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3.1.4 ʦʩʥʦʚʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

ʇʦʜʤʥʦʞʝʩʪʚʦ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʪ. ʝ. ʤʦʱʥʦʩʪʴ, ʨʘʩʭʦʜ 

ʠ/ʠʣʠ ʫʜʝʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʂʇɼ, ʨʘʟʛʦʥʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʠ/ʠʣʠ 

ʨʘʩʭʦʜ. 

 

ʇʨʠʤʝʯʘʥʠʝ 1 ï ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʢʘʚʠʪʘʮʠʠ. 

 

3.1.5 ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ: ʇʦʜʤʥʦʞʝʩʪʚʦ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʦʜʝʣʴʥʦʡ ʛʠʜʨʦʤʘʰʠʥʝ. 

 

ʇʨʠʤʝʯʘʥʠʝ 1 ï ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʪʫʨʥʦʡ 

ʛʠʜʨʦʤʘʰʠʥʳ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʪʦʯʥʳʤ, ʯʝʤ ʵʪʦ ʜʦʩʪʠʞʠʤʦ ʜʣʷ ʦʩʥʦʚʥʳʭ ʜʘʥʥʳʭ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʠʟ-ʟʘ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʳʭ ʧʨʘʚʠʣ ʧʦʜʦʙʠʷ. 

 

3.1.6 ʛʘʨʘʥʪʠʠ: ʇʨʦʝʢʪʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ, ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʧʦ 

ʢʦʥʪʨʘʢʪʫ. 

3.1.7 ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ: ʇʝʨʝʩʯʝʪ ʂʇɼ ʛʠʜʨʦʤʘʰʠʥʳ. 

 

3.2 ʇʝʨʝʯʝʥʴ ʦʧʨʝʜʝʣʝʥʠʡ ʧʦ ʧʫʥʢʪʘʤ 

ʇʦʜʨʘʟʜʝʣ ʅʘʟʚʘʥʠʝ 

3.3 ʀʥʜʝʢʩʳ ʠ ʦʙʦʟʥʘʯʝʥʠʷ 

3.4 ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʪʝʨʤʠʥʳ 

3.5 ʌʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʠ ʩʚʦʡʩʪʚʘ 

3.6 ʊʝʨʤʠʥʳ ʨʘʩʭʦʜʘ, ʩʢʦʨʦʩʪʠ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

3.7 ʊʝʨʤʠʥʳ ʜʘʚʣʝʥʠʷ 

3.8 ʊʝʨʤʠʥʳ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ 

3.9 ʊʝʨʤʠʥʳ ʥʘʧʦʨʘ 

3.10 ʊʝʨʤʠʥʳ ʤʦʱʥʦʩʪʠ ʠ ʤʦʤʝʥʪʘ 

3.11 ʊʝʨʤʠʥʳ ʂʇɼ 

3.12 ʊʝʨʤʠʥʳ ʜʠʥʘʤʠʢʠ ʞʠʜʢʦʩʪʠ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

3.13 ɹʝʟʨʘʟʤʝʨʥʳʝ ʪʝʨʤʠʥʳ 
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3.3 ʀʥʜʝʢʩʳ ʠ ʦʙʦʟʥʘʯʝʥʠʷ 

ʇʫʥʢʪ ʊʝʨʤʠʥ ʆʧʨʝʜʝʣʝʥʠʝ 
ʀʥʜʝʢʩ ʠ 
ʦʙʦʟʥʘʯʝʥʠʝ 

 

3.3.1 ɹʘʟʦʚʦʝ ʩʝʯʝʥʠʝ 
ʩʦ ʩʪʦʨʦʥʳ 
ʚʳʩʦʢʦʛʦ 
ʜʘʚʣʝʥʠʷ 

ʉʝʯʝʥʠʝ ʤʘʰʠʥʳ ʥʘ ʩʪʦʨʦʥʝ 
ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʩʦ ʩʩʳʣʢʦʡ ʥʘ 
ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 
ʛʘʨʘʥʪʠʡʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
(ʩʤ. ʄʕʂ 60193) 

1  

3.3.2 ɹʘʟʦʚʦʝ ʩʝʯʝʥʠʝ 
ʩʦ ʩʪʦʨʦʥʳ 
ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʉʝʯʝʥʠʝ ʤʘʰʠʥʳ ʥʘ ʩʪʦʨʦʥʝ 
ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʩʦ ʩʩʳʣʢʦʡ ʥʘ 
ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 
ʛʘʨʘʥʪʠʡʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
(ʩʤ. ʄʕʂ 60193) 

2  

3.3.3 ɿʘʜʘʥʥʳʡ ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, 
ʦʙʦʟʥʘʯʘʶʱʠʡ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ, 
ʪʘʢʠʭ ʢʘʢ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ, 
ʨʘʩʭʦʜ ʠ ʪ. ʜ., ʜʣʷ ʢʦʪʦʨʳʭ ʜʘʶʪʩʷ 
ʛʘʨʘʥʪʠʠ ʧʦ ʜʨʫʛʠʤ ʚʝʣʠʯʠʥʘʤ  

sp  

3.3.4 ʊʫʨʙʠʥʘ ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, 
ʦʙʦʟʥʘʯʘʶʱʠʡ ʤʦʜʝʣʴʥʫʶ 
ʛʠʜʨʦʤʘʰʠʥʫ (M), ʙʘʟʦʚʫʶ 
ʤʦʜʝʣʴʥʫʶ ʛʠʜʨʦʤʘʰʠʥʫ (M*) ʠʣʠ 
ʥʘʪʫʨʥʫʶ ʛʠʜʨʦʤʘʰʠʥʫ (P) 

A, B  

3.3.5 ʅʘʪʫʨʥʘʷ 
ʛʠʜʨʦʤʘʰʠʥʘ 

ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, 
ʦʙʦʟʥʘʯʘʶʱʠʡ ʟʥʘʯʝʥʠʷ, 
ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʡ 
ʛʠʜʨʦʤʘʰʠʥʝ 

P  

3.3.6 ʄʦʜʝʣʴ ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, 
ʦʙʦʟʥʘʯʘʶʱʠʡ ʟʥʘʯʝʥʠʷ, 
ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʤʦʜʝʣʴʥʦʡ 
ʛʠʜʨʦʤʘʰʠʥʝ 

M  

3.3.7 ɹʘʟʦʚʘʷ 
ʤʦʜʝʣʴʥʘʷ 
ʛʠʜʨʦʤʘʰʠʥʘ  

ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, 
ʦʙʦʟʥʘʯʘʶʱʠʡ ʟʥʘʯʝʥʠʷ, 
ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʤʦʜʝʣʴʥʦʡ 
ʛʠʜʨʦʤʘʰʠʥʝ ʠ ʦʪʥʦʩʷʱʠʝʩʷ ʢ 
ʧʦʩʪʦʷʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʯʠʩʣʘ 
ʈʝʡʥʦʣʴʜʩʘ, ʙʘʟʦʚʦʤʫ ʜʠʘʤʝʪʨʫ, 
ʙʘʟʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ 
twM* = 20 ÁC ʠ ʙʘʟʦʚʦʡ ʧʣʦʪʥʦʩʪʠ 
ʚʦʜʳ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ 
pamb = 101325 ʇʘ ʠ ʧʨʠ ʙʘʟʦʚʦʤ 
ʟʥʘʯʝʥʠʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 
ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, 
RaCOM* ʩʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ 12 

M* ʠʣʠ *  

3.3.8 ʋʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, ʦʪʥʦʩʷʱʠʡʩʷ 
ʢ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

E  

3.3.9 ʆʙʲʝʤʥʳʡ ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, ʦʪʥʦʩʷʱʠʡʩʷ 
ʢ ʨʘʩʭʦʜʫ 

Q  

3.3.10 ʄʦʤʝʥʪ ʠʣʠ 
ʜʠʩʢʦʚʦʝ ʪʨʝʥʠʝ 

ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, ʦʪʥʦʩʷʱʠʡʩʷ 
ʢ ʤʦʤʝʥʪʫ ʠʣʠ ʜʠʩʢʦʚʦʤʫ ʪʨʝʥʠʶ  

T  
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ʇʫʥʢʪ ʊʝʨʤʠʥ ʆʧʨʝʜʝʣʝʥʠʝ 
ʀʥʜʝʢʩ ʠ 
ʦʙʦʟʥʘʯʝʥʠʝ 

 

3.3.11 ɹʘʟʦʚʳʡ ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, 
ʦʙʦʟʥʘʯʘʶʱʠʡ ʟʥʘʯʝʥʠʷ, 
ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʟʘʜʘʥʥʦʤʫ ʙʘʟʦʚʦʤʫ 
ʫʩʣʦʚʠʶ 

ref  

3.3.12 ʆʧʪʠʤʘʣʴʥʘʷ 
ʪʦʯʢʘ 

ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, 
ʦʙʦʟʥʘʯʘʶʱʠʡ  

ʦʧʪʠʤʘʣʴʥʫʶ ʪʦʯʢʫ ʂʇɼ 

opt  

3.3.13 ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ 
ʜʠʘʤʝʪʨ 

ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, ʦʪʥʦʩʷʱʠʡʩʷ 
ʢ ʟʥʘʯʝʥʠʶ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 
ʜʠʘʤʝʪʨʘ 

d  

3.3.14 ʉʢʦʨʦʩʪʴ ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, ʦʪʥʦʩʷʱʠʡʩʷ 
ʢ ʟʥʘʯʝʥʠʶ ʩʢʦʨʦʩʪʠ 

u  

3.3.15 ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, ʦʪʥʦʩʷʱʠʡʩʷ 
ʢ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ 

h  

3.3.16 ʇʣʦʩʢʘʷ ʧʣʘʩʪʠʥʘ ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, ʦʪʥʦʩʷʱʠʡʩʷ 
ʢ ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʝ 

f  

3.3.17 ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, ʦʪʥʦʩʷʱʠʡʩʷ 
ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ 
ʪʦʯʢʝ 

i  

3.3.18 ʂʦʤʧʦʥʝʥʪ ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, ʦʪʥʦʩʷʱʠʡʩʷ 
ʢ ʢʦʤʧʦʥʝʥʪʫ ʠʩʩʣʝʜʫʝʤʦʡ 
ʛʠʜʨʦʤʘʰʠʥʳ 

CO  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɺ ʦʙʱʝʤ 
ʩʣʫʯʘʝ 
ʵʪʠ 
ʪʝʨʤʠʥʳ 
ʧʨʝʜʩʪʘʚ-
ʣʝʥʳ CO 

3.3.19 ʉʧʠʨʘʣʴʥʘʷ 
ʢʘʤʝʨʘ 

ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, ʦʪʥʦʩʷʱʠʡʩʷ 
ʢ ʩʧʠʨʘʣʴʥʦʡ ʢʘʤʝʨʝ, ʠʩʩʣʝʜʫʝʤʦʡ 
ʛʠʜʨʦʤʘʰʠʥʳ 

SP 

3.3.20 ʉʪʘʪʦʨ ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, ʦʪʥʦʩʷʱʠʡʩʷ 
ʢ ʩʪʘʪʦʨʫ ʠʩʩʣʝʜʫʝʤʦʡ 
ʛʠʜʨʦʤʘʰʠʥʳ 

SV 

3.3.21 ʅʘʧʨʘʚʣʷʶʱʠʡ 
ʘʧʧʘʨʘʪ 

ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, ʦʪʥʦʩʷʱʠʡʩʷ 
ʢ ʥʘʧʨʘʚʣʷʶʱʝʤʫ ʘʧʧʘʨʘʪʫ 
ʠʩʩʣʝʜʫʝʤʦʡ ʛʠʜʨʦʤʘʰʠʥʳ 

GV 

3.3.22 ʈʘʙʦʯʝʝ ʢʦʣʝʩʦ ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, ʦʪʥʦʩʷʱʠʡʩʷ 
ʢ ʨʘʙʦʯʝʤʫ ʢʦʣʝʩʫ ʠʩʩʣʝʜʫʝʤʦʡ 
ʛʠʜʨʦʤʘʰʠʥʳ 

RU 

3.3.23 ʆʪʩʘʩʳʚʘʶʱʘʷ 
ʪʨʫʙʘ 

ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, ʦʪʥʦʩʷʱʠʡʩʷ 
ʢ ʦʪʩʘʩʳʚʘʶʱʝʡ ʪʨʫʙʝ 
ʠʩʩʣʝʜʫʝʤʦʡ ʛʠʜʨʦʤʘʰʠʥʳ 

DT 

3.3.24 ʅʝʧʦʜʚʠʞʥʳʝ 
ʵʣʝʤʝʥʪʳ 

ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, ʦʪʥʦʩʷʱʠʡʩʷ 
ʢ ʥʝʧʦʜʚʠʞʥʳʤ ʵʣʝʤʝʥʪʘʤ 
ʠʩʩʣʝʜʫʝʤʦʡ ʛʠʜʨʦʤʘʰʠʥʳ 

ST 

3.3.25 ɺʨʘʱʘʶʱʠʝʩʷ 
ʵʣʝʤʝʥʪʳ 

ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, ʦʪʥʦʩʷʱʠʡʩʷ 
ʢ ʚʨʘʱʘʶʱʠʤʩʷ ʵʣʝʤʝʥʪʘʤ 
ʠʩʩʣʝʜʫʝʤʦʡ ʛʠʜʨʦʤʘʰʠʥʳ 

TR 

3.3.26 ʅʝʧʦʜʚʠʞʥʳʝ 
ʵʣʝʤʝʥʪʳ 

ʇʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ, ʦʪʥʦʩʷʱʠʡʩʷ 
ʢ ʥʝʧʦʜʚʠʞʥʳʤ ʵʣʝʤʝʥʪʘʤ 
ʠʩʩʣʝʜʫʝʤʦʡ ʛʠʜʨʦʤʘʰʠʥʳ, 
ʦʙʨʘʱʝʥʥʳʝ ʢ ʨʘʙʦʯʝʤʫ ʢʦʣʝʩʫ 

TS 

 ʊʝʨʤʠʥʳ çʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝè ʠ çʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝè ʦʧʨʝʜʝʣʷʶʪ ʜʚʝ ʩʪʦʨʦʥʳ 
ʤʘʰʠʥʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʠ ʧʦʵʪʦʤʫ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʨʝʞʠʤʘ 
ʨʘʙʦʪʳ ʤʘʰʠʥʳ. 
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3.4 ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʪʝʨʤʠʥʳ 

ʇʫʥʢʪ ʊʝʨʤʠʥ ʆʧʨʝʜʝʣʝʥʠʝ ʆʙʦʟʥʘ-
ʯʝʥʠʝ 

ɽʜ. 
ʠʟʤ. 

3.4.1 ɻʠʜʨʦʤʘʰʠʥr  ʩ 
ʨʘʜʠʘʣʴʥʳʤ 
ʧʦʪʦʢʦʤ 

ʈʘʜʠʘʣʴʥʦ-ʦʩʝʚʳʝ ʪʫʨʙʠʥʳ 
(ʪʫʨʙʠʥʳ ʌʨʝʥʩʠʩʘ) ʠ ʨʘʜʠʘʣʴʥʦ-
ʦʩʝʚʳʝ ʦʙʨʘʪʠʤʳʝ ʥʘʩʦʩ-ʪʫʨʙʠʥʳ 

ï ï 

3.4.2 ɻʠʜʨʦʤʘʰʠʥʳ ʩ 
ʦʩʝʚʳʤ ʧʦʪʦʢʦʤ 

ʇʦʚʦʨʦʪʥʦ-ʣʦʧʘʩʪʥʳʝ ʪʫʨʙʠʥʳ 
(ʪʫʨʙʠʥʳ ʂʘʧʣʘʥʘ), ʛʦʨʠʟʦʥʪʘʣʴʥʦ-
ʢʘʧʩʫʣʴʥʳʝ ʪʫʨʙʠʥʳ ʠ 
ʧʨʦʧʝʣʣʝʨʥʳʝ ʪʫʨʙʠʥʳ 

ï ï 

3.4.3 ʅʦʤʠʥʘʣʴʥʳʡ 
ʜʠʘʤʝʪʨ 

ʅʦʤʠʥʘʣʴʥʳʡ ʜʠʘʤʝʪʨ 
ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʤʘʰʠʥʳ 

(ʩʤ. ʄʕʂ 60193) 

D ʤ 

3.4.4 ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ 
ʜʠʘʤʝʪʨ 

ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, 
ʫʤʥʦʞʝʥʥʘʷ ʥʘ 4, ʨʘʟʜʝʣʝʥʥʘʷ ʥʘ 
ʜʣʠʥʫ ʦʢʨʫʞʥʦʩʪʠ ʩʝʯʝʥʠʷ 

d
h
 ʤ 

3.4.5 ɼʠʘʤʝʪʨ ʩʪʫʧʠʮʳ 
ʠʣʠ ʦʙʦʜʘ 
ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʩʪʫʧʠʮʳ 
ʠʣʠ ʦʙʦʜʘ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ, ʪʦʪ, 
ʢʦʪʦʨʳʡ ʙʦʣʴʰʝ 

D
d
 ʤ 

3.4.6 ʈʘʜʠʫʩ ʩʪʫʧʠʮʳ 
ʠʣʠ ʦʙʦʜʘ 
ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ ʩʪʫʧʠʮʳ 
ʠʣʠ ʦʙʦʜʘ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ, ʪʦʪ, 
ʢʦʪʦʨʳʡ ʙʦʣʴʰʝ 

r
d
 ʤ 

3.4.7 ʆʪʢʨʳʪʠʝ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛ
ʦ ʢʦʤʧʦʥʝʥʪʘ 

ʆʪʢʨʳʪʠʝ (ʨʘʩʩʪʦʷʥʠʝ) ʤʝʞʜʫ 
ʜʚʫʤʷ ʙʣʠʟʣʝʞʘʱʠʤʠ ʣʦʧʘʩʪʷʤʠ 
ʩʦ ʩʪʦʨʦʥʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 
ʩʦ ʩʪʦʨʦʥʳ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ 
ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ, ʣʦʧʘʪʢʘʤʠ 
ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʠʣʠ 
ʢʦʣʦʥʥʘʤʠ ʩʪʘʪʦʨʘ  

a ʤ 

3.4.8 ʇʝʩʦʯʥʘʷ 
ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʧʝʩʦʯʥʘʷ 
ʰʝʨʦʭʦʚʘʪʦʩʪʴ [10] 

k
s
 ʤ 

3.4.9 ʉʨʝʜʥʷʷ 
ʘʨʠʬʤʝʪʠʯʝʩʢʘʷ 
ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʆʪʢʣʦʥʝʥʠʝ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʩʨʝʜʥʠʤ 
ʘʨʠʬʤʝʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ 

Ra ʤ 
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3.5 ʌʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʠ ʩʚʦʡʩʪʚʘ 

ʇʫʥʢʪ ʊʝʨʤʠʥ ʆʧʨʝʜʝʣʝʥʠʝ ʆʙʦʟʥʘ-
ʯʝʥʠʝ 

ɽʜ. 
ʠʟʤ. 

3.5.1 ʋʩʢʦʨʝʥʠʝ ʩʠʣʳ 
ʪʷʞʝʩʪʠ 

ʃʦʢʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʩʢʦʨʝʥʠʷ 
ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʤʝʩʪʝ ʠʩʧʳʪʘʥʠʷ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʠ ʰʠʨʦʪʳ 
(ʩʤ. ʄʕʂ 60193) 

g ʤĿʩ
ï2

 

3.5.2 ʊʝʤʧʝʨʘʪʫʨʘ ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʛʨʘʜʫʩʘʭ 
ʎʝʣʴʩʠʷ (ʩʤ. ʄʕʂ 60193) 

t
w
 ÁC 

3.5.3 ʇʣʦʪʥʦʩʪʴ ʚʦʜʳ ʄʘʩʩʘ ʚʦʜʳ ʚ ʝʜʠʥʠʮʝ ʝʝ ʦʙʲʝʤʘ 
(ʩʤ. ʄʕʂ 60193) 

ʇʨʠʤʝʯʘʥʠʝ 1 ï r ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʤʝʩʪʦ r
w  

r, r
w
 ʢʛĿʤ

ï3
 

3.5.4 ɼʠʥʘʤʠʯʝʩʢʘʷ 
ʚʷʟʢʦʩʪʴ 

ɺʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ 
ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʞʠʜʢʦʩʪʠ 
(ʩʤ. ʀʉʆ 8000-4) 

m ʇʘĿʩ 

3.5.5 ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ 
ʚʷʟʢʦʩʪʴ 

ʆʪʥʦʰʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ 
ʢ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ. ɿʥʘʯʝʥʠʷ 
ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 
ʪʝʤʧʝʨʘʪʫʨʳ (ʩʤ.  ʄʕʂ 60193) 

n ʤ
2
Ŀʩ
ï1

 

3.6 ʊʝʨʤʠʥʳ ʨʘʩʭʦʜʘ, ʩʢʦʨʦʩʪʠ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʇʫʥʢʪ ʊʝʨʤʠʥ ʆʧʨʝʜʝʣʝʥʠʝ ʆʙʦʟʥʘ-
ʯʝʥʠʝ 

ɽʜ. 
ʠʟʤ. 

3.6.1 ʈʘʩʭʦʜ ʆʙʲʝʤ ʚʦʜʳ, ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ 
ʧʨʦʪʝʢʘʶʱʠʡ ʯʝʨʝʟ ʣʶʙʦʝ ʩʝʯʝʥʠʝ 
ʚ ʩʠʩʪʝʤʝ 

Q ʤ
3
Ŀʩ
ï1

 

3.6.2 ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʄʘʩʩʘ ʚʦʜʳ, ʧʨʦʪʝʢʘʶʱʘʷ ʯʝʨʝʟ 
ʣʶʙʦʝ ʩʝʯʝʥʠʝ ʩʠʩʪʝʤʳ ʟʘ 
ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ 

(rQ) ʢʛĿʩ
ï1

 

3.6.3 ʈʘʩʭʦʜ 
ʛʠʜʨʦʤʘʰʠʥʳ 

ʈʘʩʭʦʜ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʤʝʨʥʦʝ 
ʩʝʯʝʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʚʳʩʦʢʦʛʦ 
ʜʘʚʣʝʥʠʷ 

Q
1
 ʤ

3
Ŀʩ
ï1

 

3.6.4 ʈʘʩʭʦʜ ʧʨʦʪʝʯʝʢ ʆʙʲʝʤ ʚʦʜʳ, ʧʨʦʪʝʢʘʶʱʠʡ ʟʘ 
ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʯʝʨʝʟ ʟʘʟʦʨʳ ʚ 
ʣʘʙʠʨʠʥʪʥʦʤ ʫʧʣʦʪʥʝʥʠʠ 

q ʤ
3
Ŀʩ
ï1

 

3.6.5 ʈʘʩʭʦʜ ʥʝʪʪʦ ʆʙʲʝʤ ʚʦʜʳ, ʧʨʦʪʝʢʘʶʱʠʡ ʟʘ 
ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʯʝʨʝʟ ʨʘʙʦʯʝʝ 
ʢʦʣʝʩʦ. ʆʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ Q

1
-q ʜʣʷ 

ʪʫʨʙʠʥ ʠ Q
1
+q ʜʣʷ ʥʘʩʦʩʦʚ 

Q
m

 ʤ
3
Ŀʩ
ï1

 

3.6.6 ʉʨʝʜʥʷʷ 
ʩʢʦʨʦʩʪʴ 

ʈʘʩʭʦʜ, ʧʦʜʝʣʝʥʥʳʡ ʥʘ ʧʣʦʱʘʜʴ 
ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

v ʤĿʩ
ï1

 

3.6.7 ʆʢʨʫʞʥʘʷ 
ʩʢʦʨʦʩʪʴ 

ʆʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʥʘ 
ʥʦʤʠʥʘʣʴʥʦʤ ʜʠʘʤʝʪʨʝ 

u = pDn 

u ʤĿʩ
ï1

 

3.6.8 ʏʘʩʪʦʪʘ 
ʚʨʘʱʝʥʠʷ 

ʂʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ ʟʘ ʝʜʠʥʠʮʫ 
ʚʨʝʤʝʥʠ 

n ʩ
ï1
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3.7 ʊʝʨʤʠʥʳ ʜʘʚʣʝʥʠʷ  

ʇʫʥʢʪ ʊʝʨʤʠʥ ʆʧʨʝʜʝʣʝʥʠʝ ʆʙʦʟʥʘ-
ʯʝʥʠʝ 

ɽʜ. 
ʠʟʤ. 

3.7.1 ɸʪʤʦʩʬʝʨʥʦʝ 
ʜʘʚʣʝʥʠʝ 

ɸʙʩʦʣʶʪʥʦʝ ʜʘʚʣʝʥʠʝ ʦʢʨʫʞʘʶʱʝʛʦ 
ʚʦʟʜʫʭʘ. ɿʥʘʯʝʥʠʷ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʡ 
ʘʪʤʦʩʬʝʨʳ ʧʨʠʚʝʜʝʥʳ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʚ 
ʄʕʂ 60193. 

p
amb

 ʇʘ 

 

3.8 ʊʝʨʤʠʥʳ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ 

ɺ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮ ʤʘʩʩʘ (ʢʛ) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʙʘʟʦʚʳʭ 

ʚʝʣʠʯʠʥ. ʕʥʝʨʛʠʷ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ, ʠʟʚʝʩʪʥʘʷ ʢʘʢ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʪʝʨʤʠʥʘ ʚʤʝʩʪʦ 

ʵʥʝʨʛʠʠ ʥʘ ʣʦʢʘʣʴʥʫʶ ʝʜʠʥʠʮʫ ʚʝʩʘ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʥʘʧʦʨʦʤ ʠ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʧʨʝʜʳʜʫʱʠʭ ʧʫʙʣʠʢʘʮʠʷʭ. 

ʇʦʩʣʝʜʥʠʡ ʪʝʨʤʠʥ çʥʘʧʦʨè ʠʤʝʝʪ ʪʦʪ ʥʝʜʦʩʪʘʪʦʢ, ʯʪʦ ʚʝʩ ʷʚʣʷʝʪʩʷ ʩʠʣʦʡ, 

ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʣʦʢʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʠʟ-ʟʘ ʩʠʣʳ ʪʷʞʝʩʪʠ g, 

ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩ ʰʠʨʦʪʦʡ, ʥʦ ʪʘʢʞʝ ʠ ʩ ʚʳʩʦʪʦʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʪʝʨʤʠʥ çʥʘʧʦʨè ʚʩʝ ʝʱʝ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʚ ʫʧʦʪʨʝʙʣʝʥʠʠ, ʧʦʪʦʤʫ ʯʪʦ ʦʥ ʦʯʝʥʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʯʠʩʣʝʥʳ ʦʙʘ ʩʚʷʟʘʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʪʝʨʤʠʥʘ, ʢʦʥʢʨʝʪʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʪʝʨʤʠʥʳ ʚ ʥʘʩʪʦʷʱʝʤ ʧʦʜʨʘʟʜʝʣʝ ʠ 

ʦʩʥʦʚʥʳʝ ʪʝʨʤʠʥʳ ï ʚ 3.9. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʬʘʢʪʦʨʦʤ g, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʣʦʢʘʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʫʩʢʦʨʝʥʠʷ ʟʘ ʩʯʝʪ ʩʠʣʳ ʪʷʞʝʩʪʠ. 

ʇʫʥʢʪ ʊʝʨʤʠʥ ʆʧʨʝʜʝʣʝʥʠʝ ʆʙʦʟʥʘ-
ʯʝʥʠʝ 

ɽʜ. 
ʠʟʤ. 

3.8.1 ʋʜʝʣʴʥʘʷ 
ʛʠʜʨʘʚʣʠʯʝʩ-
ʢʘʷ ʵʥʝʨʛʠʷ 
ʛʠʜʨʦʤʘʰʠʥʳ 

ʋʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʦʜʳ, ʜʦʩʪʫʧʥʘʷ 
ʤʝʞʜʫ ʤʝʨʥʳʤʠ ʩʝʯʝʥʠʷʤʠ ʚʳʩʦʢʦʛʦ (1) 
ʠ ʥʠʟʢʦʛʦ (2) ʜʘʚʣʝʥʠʷ ʛʠʜʨʦʤʘʰʠʥʳ ʩ 
ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʩʞʠʤʘʝʤʦʩʪʠ 
(ʩʤ. ʄʕʂ 60193) 

E ɼʞĿʢʛ
ï1

 

3.8.2 ʋʜʝʣʴʥʘʷ 
ʛʠʜʨʘʚʣʠʯʝʩ-
ʢʘʷ ʵʥʝʨʛʠʷ 
ʨʘʙʦʯʝʛʦ 
ʢʦʣʝʩʘ 

ɼʣʷ ʪʫʨʙʠʥ: ʏʠʩʪʘʷ ʫʜʝʣʴʥʘʷ 
ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʜʝʡʩʪʚʫʶʱʘʷ 
ʥʘ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ  

ɼʣʷ ʥʘʩʦʩʦʚ: ʋʜʝʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ 
ʵʥʝʨʛʠʷ, ʧʨʦʠʟʚʦʜʠʤʘʷ ʨʘʙʦʯʠʤ 
ʢʦʣʝʩʦʤ 

E
m

 ɼʞĿʢʛ
ï1

 

3.8.3 ʇʦʪʝʨʠ 
ʫʜʝʣʴʥʦʡ 
ʛʠʜʨʘʚʣʠʯʝʩ-
ʢʦʡ ʵʥʝʨʛʠʠ ʚ 
ʛʠʜʨʦʤʘʰʠʥʝ 

ʇʦʪʝʨʠ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 
ʵʥʝʨʛʠʠ ʚ ʛʠʜʨʦʤʘʰʠʥʝ, ʢʦʪʦʨʳʝ 
ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʥʝʨʛʠʠ, ʨʘʩʩʝʷʥʥʦʡ 
ʤʝʞʜʫ ʜʚʫʤʷ ʩʝʯʝʥʠʷʤʠ ʪʫʨʙʠʥʳ/ʥʘʩʦʩʘ 

E
L
= E ï E

m = E
Ls

 + E
Lm

= ×ɽ
Lf

 + ×ɽ
Lk

 

E
L
 ɼʞĿʢʛ

ï1
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ʇʫʥʢʪ ʊʝʨʤʠʥ ʆʧʨʝʜʝʣʝʥʠʝ ʆʙʦʟʥʘ-
ʯʝʥʠʝ 

ɽʜ. 
ʠʟʤ. 

3.8.4 ʇʦʪʝʨʠ 
ʫʜʝʣʴʥʦʡ 
ʛʠʜʨʘʚʣʠʯʝʩ-
ʢʦʡ ʵʥʝʨʛʠʠ ʚ 
ʩʪʘʮʠʦʥʘʨʥʦʡ 
ʯʘʩʪʠ 

ʇʦʪʝʨʠ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 
ʵʥʝʨʛʠʠ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʯʘʩʪʠ, ʢʦʪʦʨʳʝ 
ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʠ 
ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ 

E
Ls

 ɼʞĿʢʛ
ï1

 

3.8.5 ʇʦʪʝʨʠ 
ʫʜʝʣʴʥʦʡ 
ʛʠʜʨʘʚʣʠʯʝʩ-
ʢʦʡ ʵʥʝʨʛʠʠ ʚ 
ʨʘʙʦʯʝʤ 
ʢʦʣʝʩʝ 

ʇʦʪʝʨʠ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 
ʵʥʝʨʛʠʠ ʚ ʨʘʙʦʯʝʤ ʢʦʣʝʩʝ, ʢʦʪʦʨʳʝ 
ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʠ 
ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ 

E
Lm

 ɼʞĿʢʛ
ï1

 

3.8.6 ʇʦʪʝʨʠ 
ʪʨʝʥʠʷ 
ʫʜʝʣʴʥʦʡ 
ʛʠʜʨʘʚʣʠʯʝʩ-
ʢʦʡ ʵʥʝʨʛʠʠ 

ʇʦʪʝʨʠ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 
ʵʥʝʨʛʠʠ, ʚʳʟʚʘʥʥʳʝ ʪʨʝʥʠʝʤ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

E
Lf

 ɼʞĿʢʛ
ï1

 

3.8.7 ʂʠʥʝʪʠʯʝʩʢʠʝ 
ʧʦʪʝʨʠ 
ʫʜʝʣʴʥʦʡ 
ʛʠʜʨʘʚʣʠʯʝʩ-
ʢʦʡ ʵʥʝʨʛʠʠ 

ʇʦʪʝʨʠ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 
ʵʥʝʨʛʠʠ, ʚʳʟʚʘʥʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ 
ʵʬʬʝʢʪʦʤ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 
ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʨʝʥʠʷ, ʪʘʢʦʛʦ ʢʘʢ 
ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ, ʨʘʟʜʝʣʝʥʠʝ ʧʦʪʦʢʘ, 
ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʠ 
ʪ. ʜ. 

E
Lk

 ɼʞĿʢʛ
ï1

 

 

3.9 ʊʝʨʤʠʥʳ ʥʘʧʦʨʘ 

ʇʫʥʢʪ ʊʝʨʤʠʥ ʆʧʨʝʜʝʣʝʥʠʝ ʆʙʦʟʥʘ-
ʯʝʥʠʝ 

ɽʜ. 
ʠʟʤ. 

3.9.1 ʅʘʧʦʨ ʪʫʨʙʠʥʳ 
ʥʝʪʪʦ ʠʣʠ 
ʥʘʧʦʨ ʥʘʩʦʩʘ 

ʂʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʝʜʠʥʠʮʳ ʚʝʩʘ 
ʚʦʜʳ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʩʝʯʝʥʠʠ  

H = E / g 

ʉʤ. 3.7.1 ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ E 

H ʤ 

 



ɻʆʉʊ ʈ ʄʕʂ 62097ï2021 
 

10 
 

3.10 ʊʝʨʤʠʥʳ ʤʦʱʥʦʩʪʠ ʠ ʤʦʤʝʥʪʘ 

ʇʫʥʢʪ ʊʝʨʤʠʥ ʆʧʨʝʜʝʣʝʥʠʝ ʆʙʦʟʥʘ-
ʯʝʥʠʝ 

ɽʜ. 
ʠʟʤ. 

3.10.1 ʄʦʱʥʦʩʪʴ 
ʪʫʨʙʠʥʳ ʠʣʠ 
ʥʘʩʦʩʘ 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ, 
ʧʝʨʝʜʘʚʘʝʤʘʷ ʚʘʣʦʤ ʪʫʨʙʠʥʳ ʠʣʠ ʢ 
ʚʘʣʫ ʥʘʩʦʩʘ ʩ ʫʯʝʪʦʤ ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʧʦʪʝʨʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʚ 
ʧʦʜʰʠʧʥʠʢʘʭ ʠ ʫʧʣʦʪʥʝʥʠʷʭ ʚʘʣʘ 
(ʩʤ. ʨʠʩʫʥʢʠ A.1 ʠ A.2) 

P ɺʪ 

3.10.2 ɻʠʜʨʘʚʣʠʯʝʩ-
ʢʘʷ ʤʦʱʥʦʩʪʴ 

ʄʦʱʥʦʩʪʴ, ʜʦʩʪʫʧʥʘʷ ʜʣʷ ʚʳʨʘʙʦʪʢʠ 
ʵʥʝʨʛʠʠ (ʜʣʷ ʪʫʨʙʠʥʳ) ʠʣʠ 
ʧʝʨʝʜʘʚʘʝʤʘʷ ʚʦʜʝ (ʜʣʷ ʥʘʩʦʩʘ)  

P
h
 = E(rQ)

1
 

P
h
 ɺʪ 

3.10.3 ʄʝʭʘʥʠʯʝʩ-
ʢʘʷ ʤʦʱʥʦʩʪʴ 
ʨʘʙʦʯʝʛʦ 
ʢʦʣʝʩʘ 

ʄʦʱʥʦʩʪʴ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʯʝʨʝʟ 
ʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ ʚʘʣʦʤ ʠ ʨʘʙʦʯʠʤ 
ʢʦʣʝʩʦʤ 

P
m

 ɺʪ 

3.10.4 ʄʦʱʥʦʩʪʴ 
ʨʘʙʦʯʝʛʦ 
ʢʦʣʝʩʘ 

ɼʣʷ ʪʫʨʙʠʥ: ʄʦʱʥʦʩʪʴ, 
ʧʨʦʠʟʚʦʜʠʤʘʷ ʨʘʙʦʯʠʤ ʢʦʣʝʩʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ E
m

(rQ
m

)
1
 ʠʣʠ P

m
ĿP

Ld
 

ɼʣʷ ʥʘʩʦʩʦʚ: ʄʦʱʥʦʩʪʴ, 
ʧʨʦʠʟʚʦʜʠʤʘʷ ʨʘʙʦʯʠʤ ʢʦʣʝʩʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ  E
m

(rQ
m

)
1
 ʠʣʠ P

m
ĿP

Ld
 

P
r
 ɺʪ 

3.10.5 ɼʠʩʢʦʚʳʝ 
ʧʦʪʝʨʠ 

ʇʦʪʝʨʠ ʤʦʱʥʦʩʪʠ, ʚʳʟʚʘʥʥʳʝ 
ʪʨʝʥʠʝʤ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 

P
Ld

 ɺʪ 

3.10.6 ʇʦʪʝʨʠ 
ʤʝʭʘʥʠʯʝʩʢʦʡ 
ʤʦʱʥʦʩʪʠ 
(ʇʦʪʝʨʠ 
ʤʦʱʥʦʩʪʠ ʚ 
ʧʦʜʰʠʧʥʠʢʝ) 

ʇʦʪʝʨʠ ʤʦʱʥʦʩʪʠ, ʚʳʟʚʘʥʥʳʝ 
ʪʨʝʥʠʝʤ ʚ ʥʘʧʨʘʚʣʷʶʱʝʤ ʠ ʦʧʦʨʥʦʤ 
ʧʦʜʰʠʧʥʠʢʘʭ ʚʘʣʘ ʠ ʫʧʣʦʪʥʝʥʠʷ 
ʚʘʣʘ ʛʠʜʨʦʤʘʰʠʥʳ 

P
Lm

 ɺʪ 

3.10.7 ʂʨʫʪʷʱʠʡ 
ʤʦʤʝʥʪ 

ʄʦʤʝʥʪ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʯʝʨʝʟ 
ʩʦʝʜʠʥʝʥʠʝ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʠ ʚʘʣʘ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 
ʤʦʱʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ, P

m
 

T
m

 ʅĿʤ 
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3.11 ʊʝʨʤʠʥʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʇʫʥʢʪ ʊʝʨʤʠʥ ʆʧʨʝʜʝʣʝʥʠʝ ʆʙʦʟʥʘ-
ʯʝʥʠʝ 

ɽʜ. 
ʠʟʤ. 

3.11.1 ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ 
ʂʇɼ 

a) <ʪʫʨʙʠʥʘ>: ʦʪʥʦʰʝʥʠʝ 
ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʨʘʙʦʯʝʛʦ 
ʢʦʣʝʩʘ ʢ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ 

h
h
 = P

m
 / P

h
 

b) <ʥʘʩʦʩ>: ʦʪʥʦʰʝʥʠʝ 
ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʨʘʙʦʯʝʛʦ 
ʢʦʣʝʩʘ ʢ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ 

h
h
 = P

h
 / P

m
 

h
h
 ï 

3.11.2 ʂʇɼ ʫʜʝʣʴʥʦʡ 
ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 
ʵʥʝʨʛʠʠ 

a) <ʪʫʨʙʠʥʘ>: h
E
 = E

m
/E  

b) <ʥʘʩʦʩ>: h
E
 = E/E

m
 

(ʩʤ. ʨʠʩʫʥʢʠ A.1 ʠ A.2) 

h
E
 ï 

3.11.3 ʆʙʲʝʤʥʳʡ ʂʇɼ a) <ʪʫʨʙʠʥʘ>: h
Q
 = Q

m
/Q

1
  

b) <ʥʘʩʦʩ>: h
Q
 = Q

1
/Q

m
 

(ʩʤ. ʨʠʩʫʥʢʠ A.1 ʠ A.2) 

h
Q
 ï 

3.11.4 ʄʦʱʥʦʩʪʥʦʡ ʂʇɼ 
(ʂʇɼ ʤʦʱʥʦʩʪʠ 
ʜʠʩʢʦʚʦʛʦ 
ʪʨʝʥʠʷ) 

a) <ʪʫʨʙʠʥʘ>: h
T
 = P

m
/P

r
  

b) <ʥʘʩʦʩ>: h
T
 = P

r
/P

m  

(ʩʤ. ʨʠʩʫʥʢʠ A.1 ʠ A.2) 

h
T 

ï 

3.11.5 ʄʝʭʘʥʠʯʝʩʢʠʡ 
ʂʇɼ 

a) <ʪʫʨʙʠʥʘ>: h
m

 = P/P
m

 

b) <ʥʘʩʦʩ>: h
m

 = P
m

/P 

(ʩʤ. ʨʠʩʫʥʢʠ A.1 ʠ A.2) 

h
m

 ï 

3.11.6 ʇʦʧʨʘʚʢʘ ʂʇɼ ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʂʇɼ ʧʨʠ ʜʚʫʭ 
ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʩʭʦʞʠʭ ʨʝʞʠʤʘʭ 
ʨʘʙʦʪʳ  

Dh ï 

3.11.7 ʆʪʥʦʩʠʪʝʣʴʥʘʷ 
ʧʦʧʨʘʚʢʘ ʂʇɼ 

ʆʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʦʧʨʘʚʢʠ ʂʇɼ ʢ 
ʟʥʘʯʝʥʠʶ ʂʇɼ 

 Dh
D=

h

 

D ï 

3.11.8 ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ 
ʤʘʢʩʠʤʘʣʴʥʳʡ 
ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ 
ʂʇɼ  

ʂʇɼ ʠʜʝʘʣʴʥʦʡ ʤʦʜʝʣʴʥʦʡ 
ʛʠʜʨʦʤʘʰʠʥʳ ʧʨʠ ʟʘʜʘʥʥʦʤ ʯʠʩʣʝ 
ʈʝʡʥʦʣʴʜʩʘ ʠ ʩ ʛʣʘʜʢʦʡ 
ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʟ 
ʢʘʢʠʭ-ʣʠʙʦ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 
ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʢʨʦʤʝ ʧʦʪʝʨʴ ʥʘ 
ʪʨʝʥʠʝ ʠ ʧʨʦʪʝʯʢʠ 

h
hAmax

 ï 

3.11.9 ʂʦʵʬʬʠʮʠʝʥʪ 
ʢʦʨʨʝʢʮʠʠ ʂʇɼ 

ʂʦʨʨʝʢʮʠʷ ʫʩʣʦʚʠʡ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ 
ʧʦʪʝʨʴ 

( )
( )

hMopt

corr

hAmaxM

1-

1-
k

h
=

h
 

corrk  ï 



ɻʆʉʊ ʈ ʄʕʂ 62097ï2021 
 

12 
 

3.12 ʊʝʨʤʠʥʳ ʜʠʥʘʤʠʢʠ ʞʠʜʢʦʩʪʠ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

ʇʫʥʢʪ ʊʝʨʤʠʥ ʆʧʨʝʜʝʣʝʥʠʝ ʆʙʦʟʥʘ-
ʯʝʥʠʝ 

ɽʜ. 
ʠʟʤ. 

3.12.1 ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʛʠʜʨʦʤʘʰʠʥʳ 
D u

Re
Ö

=
n

 

Re ï 

3.12.2 ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ 
ʢʦʤʧʦʥʝʥʪʘ 
ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʢʦʤʧʦʥʝʥʪʘ 
ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

Re
d
 = d

h
 v / n 

Re
d
 ï 

3.12.3 ʂʦʵʬʬʠʮʠʝʥʪ 
ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ 
ʜʣʷ ʧʦʪʦʢʘ ʚ ʪʨʫʙʝ 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʜʣʷ 
ʪʨʫʙʳ 

Lf

2

2

E

L v

d

l=

Ö

, 

ʛʜʝ d ï ʜʠʘʤʝʪʨ ʪʨʫʙʳ, ʤ; 
 L ï ʜʣʠʥʘ ʪʨʫʙʳ, ʤ 

l ï 

3.12.4 ʂʦʵʬʬʠʮʠʝʥʪ 
ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ 
ʜʣʷ ʧʣʦʩʢʦʡ 
ʧʣʘʩʪʠʥʳ 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʜʣʷ 
ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʳ 

Lf
f 3

2

E
C

B L w

Q

=
Ö
Ö

, 

ʛʜʝ B ï ʰʠʨʠʥʘ ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʳ, 
ʤ; 
 L ï ʜʣʠʥʘ ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʳ, ʤ; 
 Q ï ʨʘʩʭʦʜ, ʧʨʦʭʦʜʷʱʠʡ ʚʜʦʣʴ 
ʧʣʘʩʪʠʥʳ, ʤ3/ʩ; 
 w ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 
ʧʦʪʦʢʘ, ʤ/ʩ 

C
f 

ï 

3.12.5 ʂʦʵʬʬʠʮʠʝʥʪ 
ʧʦʪʝʨʴ ʥʘ 
ʜʠʩʢʦʚʦʝ ʪʨʝʥʠʝ 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʜʣʷ 
ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʘ 

Ld
m 4

3 5

w d
8

P
C

n D

=
p
r Ö Ö

, 

ʛʜʝ D
d
 ï ʜʠʘʤʝʪʨ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʜʠʩʢʘ, ʤ 

C
m

 ï 

3.12.6 ʆʪʥʦʩʠʪʝʣʴʥʳʝ 
ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ 
ʧʦʪʝʨʠ 
ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 
ʵʥʝʨʛʠʠ 

ʄʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠ ʫʜʝʣʴʥʦʡ 
ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʜʝʣʝʥʥʳʝ ʥʘ 
E, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʯʠʩʣʘ 
ʈʝʡʥʦʣʴʜʩʘ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (ʚ 
ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʦʥʠ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ %) 

 d
E
 = E

Lf
/E 

d
E
 ï 

3.12.7 ʆʪʥʦʩʠʪʝʣʴʥʳʝ 
ʥʝʤʘʩʰʪʘʙʠʨʫʝ-
ʤʳʝ ʧʦʪʝʨʠ 
ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 
ʵʥʝʨʛʠʠ 

ʅʝʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠ ʫʜʝʣʴʥʦʡ 
ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʜʝʣʝʥʥʳʝ ʥʘ 
E, ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ 
ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʠ 
ʰʝʨʦʭʦʚʘʪʦʩʪʠ   

 d
ns

 = E
Lk

/E 

d
ns

 ï 
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ʇʫʥʢʪ ʊʝʨʤʠʥ ʆʧʨʝʜʝʣʝʥʠʝ ʆʙʦʟʥʘ-
ʯʝʥʠʝ 

ɽʜ. 
ʠʟʤ. 

3.12.8 ɹʘʟʦʚʳʝ 
ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ 
ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ 
ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ 

ɿʥʘʯʝʥʠʝ d
E
 ʜʣʷ ʤʦʜʝʣʴʥʦʡ 

ʛʠʜʨʦʤʘʰʠʥʳ ʩ ʛʣʘʜʢʦʡ 
ʧʦʚʝʨʭʥʦʩʪʴʶ, ʨʘʙʦʪʘʶʱʝʡ ʧʨʠ 

ʙʘʟʦʚʦʤ ʯʠʩʣʝ ʈʝʡʥʦʣʴʜʩʘ Re = 7Ŀ10
6
 

d
Eref

 ï 

3.12.9 ɹʘʟʦʚʳʝ 
ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ 
ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ 
ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ 
ʢʦʤʧʦʥʝʥʪʝ 
ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

ɿʥʘʯʝʥʠʝ d
Eref

 ʜʣʷ ʢʘʞʜʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

d
ECOref

 ï 

3.12.10 ʆʪʥʦʩʠʪʝʣʴʥʳʝ 
ʧʦʪʝʨʠ ʥʘ 
ʜʠʩʢʦʚʦʝ ʪʨʝʥʠʝ 

ʇʦʪʝʨʠ ʥʘ ʜʠʩʢʦʚʦʝ ʪʨʝʥʠʝ P
Ld,  

ʨʘʟʜʝʣʝʥʥʳʝ ʥʘ P
m 

 Ld
T

m

P

P
d =   

d
T
 ï 

3.12.11 ɹʘʟʦʚʳʝ ʧʦʪʝʨʠ ʥʘ 
ʜʠʩʢʦʚʦʝ ʪʨʝʥʠʝ 

ɿʥʘʯʝʥʠʝ d
T
 ʜʣʷ ʤʦʜʝʣʴʥʦʡ 

ʛʠʜʨʦʤʘʰʠʥʳ ʩ ʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʦʡ 
ʧʦʚʝʨʭʥʦʩʪʴʶ, ʨʘʙʦʪʘʶʱʝʡ ʧʨʠ 
ʥʦʤʠʥʘʣʴʥʦʤ ʯʠʩʣʝ ʈʝʡʥʦʣʴʜʩʘ 

Re
ref

 = 7Ŀ10
6
 

d
Tref
 ï 

 
3.13 ʊʝʨʤʠʥʳ ʙʝʟʨʘʟʤʝʨʥʳʭ ʚʝʣʠʯʠʥ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʤʘʰʠʥʳ ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ 

ʙʝʟʨʘʟʤʝʨʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ ʦʩʥʦʚʝ E = 1, D = 1 ʠ r = 1 ʠʣʠ ʥʘ ʦʩʥʦʚʝ n = 1, 

D = 1 ʠ r = 1. ɽʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ: H, ʤ; D, ʤ; E, ɼʞĿʢʛ
ï1

; n, ʩ
ï1

; r, ʢʛĿʤ
ï3

; T, ʅĿʤ; 

P, ɺʪ; Q, ʤ
3
Ŀʩ
ï1
. ʆʪʥʦʰʝʥʠʷ ʵʪʠʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʪʝʨʤʠʥʦʚ ʢ ʜʨʫʛʠʤ 

ʩʫʱʝʩʪʚʫʶʱʠʤ ʦʧʨʝʜʝʣʝʥʠʷʤ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ ʄʕʂ 60193. 
 

ʇʫʥʢʪ ʊʝʨʤʠʥ ʆʧʨʝʜʝʣʝʥʠʝ ʆʙʦʟʥʘ-
ʯʝʥʠʝ 

ɽʜ. 
ʠʟʤ. 

3.13.1 ʂʦʵʬʬʠʮʠʝʥʪ 
ʩʢʦʨʦʩʪʠ 
ʧʦʪʦʢʘ ʜʣʷ 
ʢʘʞʜʦʛʦ 
ʢʦʤʧʦʥʝʥʪʘ 
ʧʨʦʪʦʯʥʦʡ 
ʯʘʩʪʠ 

ʆʪʥʦʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 
ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ 
ʢʘʞʜʦʤ ʢʦʤʧʦʥʝʥʪʝ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 
ʢ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ u 

 
CO

uCO

v

u
k =  

k
uCO

 ï 

3.13.2 ʈʘʟʤʝʨʥʳʡ 
ʢʦʵʬʬʠʮʠʝʥʪ 
ʜʣʷ ʢʘʞʜʦʛʦ 
ʢʦʤʧʦʥʝʥʪʘ 
ʧʨʦʪʦʯʥʦʡ 
ʯʘʩʪʠ 

ʆʪʥʦʰʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 
ʜʠʘʤʝʪʨʘ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 
ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʢ ʙʘʟʦʚʦʤʫ 
ʜʠʘʤʝʪʨʫ 

 
hCO

dCO

d

D
k =  

k
dCO

 ï 

3.13.3 ʈʘʟʤʝʨʥʳʡ 
ʢʦʵʬʬʠʮʠʝʥʪ 
ʧʦʪʝʨʴ ʥʘ 
ʜʠʩʢʦʚʦʝ 
ʪʨʝʥʠʝ 

ʆʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʩʪʫʧʠʮʳ ʠʣʠ 
ʦʙʦʜʘ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʢ ʙʘʟʦʚʦʤʫ 
ʜʠʘʤʝʪʨʫ 

 
D

Dd
T =k  

k
T
 ï 
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ʇʫʥʢʪ ʊʝʨʤʠʥ ʆʧʨʝʜʝʣʝʥʠʝ ʆʙʦʟʥʘ-
ʯʝʥʠʝ 

ɽʜ. 
ʠʟʤ. 

3.13.4 ʂʦʵʬʬʠʮʠʝʥʪ 
ʤʘʩʰʪʘʙʠʨʫʝ-
ʤʳʭ ʧʦʪʝʨʴ 
ʛʠʜʨʘʚʣʠʯʝʩ-
ʢʦʡ ʵʥʝʨʛʠʠ 
ʜʣʷ ʢʘʞʜʦʛʦ 
ʢʦʤʧʦʥʝʥʪʘ 
ʧʨʦʪʦʯʥʦʡ 
ʯʘʩʪʠ 

ɼʣʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʜʠʘʣʴʥʦʡ 
ʛʠʜʨʦʤʘʰʠʥʳ: 

( )
ECOref

ECOref 0,2

CO dCO1 0,351 u

d
d

=
+ Ö k Ök

  

ɼʣʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʦʩʝʚʦʡ 
ʛʠʜʨʦʤʘʰʠʥʳ: 

( )
ECOref

ECOref ERUref 0,2

CO dCO1 0,25 u

d d
d

= =
+ Ö k Ök

 

ɼʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 
ʦʩʝʚʦʡ ʛʠʜʨʦʤʘʰʠʥʳ: 

ECOref ESTref 0,0123d d= =  

d
ECOref

 ï 

3.13.5 ʂʦʵʬʬʠʮʠʝʥʪ 
ʤʘʩʰʪʘʙʠʨʫʝ-
ʤʳʭ ʧʦʪʝʨʴ 
ʥʘ ʜʠʩʢʦʚʦʝ 
ʪʨʝʥʠʝ 

Tref
Tref 0,4

T1 0,154   
d

d
=
+ k

 
d

Tref
 ï 

3.13.6 ʂʦʵʬʬʠʮʠʝʥʪ 
ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʷ ʧʦʪʝʨʴ 

ʆʪʥʦʰʝʥʠʝ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ 
ʢ ʦʙʱʠʤ ʧʦʪʝʨʷʤ 

h1
V

d
=
-h

 

V ï 

3.13.7 ʂʦʵʬʬʠʮʠʝʥʪ 
ʙʳʩʪʨʦʭʦʜ-
ʥʦʩʪʠ 

ʂʦʵʬʬʠʮʠʝʥʪ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ  
0,5

1
QE 0,75

n Q
N

E

Ö
=  

N
QE

 ï 

3.13.8 ʂʦʵʬʬʠʮʠʝʥʪ 
ʩʢʦʨʦʩʪʠ 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ  

ED 0,5

n D
n

E

Ö
=  

n
ED

 ï 

3.13.9 ʂʦʵʬʬʠʮʠʝʥʪ 
ʨʘʩʭʦʜʘ 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ  

1
ED 2 0,5

Q
Q

D E
=

Ö
 

Q
ED

 ï 

3.13.10 ʂʦʵʬʬʠʮʠʝʥʪ 
ʤʦʱʥʦʩʪʠ 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ  

m
ED 2 1,5

1w

P
P

D E
=
r Ö Ö

 

P
ED

 ï 

3.13.11 ʂʦʵʬʬʠʮʠʝʥʪ 
ʵʥʝʨʛʠʠ 

ʂʦʵʬʬʠʮʠʝʥʪ ʵʥʝʨʛʠʠ  

nD 2 2

E
E

n D
=

Ö
 

E
nD

 ï 

3.13.12 ʂʦʵʬʬʠʮʠʝʥʪ 
ʨʘʩʭʦʜʘ 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ  

1
nD 3

Q
Q

n D
=
Ö

 

Q
nD

 ï 

3.13.13 ʂʦʵʬʬʠʮʠʝʥʪ 
ʤʦʱʥʦʩʪʠ 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ 

m
nD 3 5

1w

P
P

n D
=
r Ö Ö

 

P
nD

 ï 
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4 ʄʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ 

 

4.1 ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

4.1.1 ʄʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠ 

ʇʦʪʦʢ ʵʥʝʨʛʠʠ ʯʝʨʝʟ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʤʘʰʠʥʳ ʠ ʨʘʟʣʠʯʥʳʝ ʧʦʪʝʨʠ, 

ʧʨʦʠʟʚʝʜʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʤʘʰʠʥʝ 

ʤʦʞʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʪʠʧʠʯʥʳʤʠ ʜʠʘʛʨʘʤʤʘʤʠ ʧʦʪʦʢʘ, ʧʦʢʘʟʘʥʥʳʤʠ ʚ A.1.  

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʯʝʪʥʦʡ ʬʦʨʤʫʣʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ 

ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ, ʷʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʂʇɼ. ɼʘʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʂʇɼ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

hE, ʦʙʲʝʤʥʳʡ ʂʇɼ hQ ʠ ʂʇɼ ʜʠʩʢʦʚʦʛʦ ʪʨʝʥʠʷ hT. ɺ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʬʬʝʢʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʞʜʦʛʦ ʠʟ ʜʘʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʂʇɼ. 

ʉʨʝʜʠ ʧʦʪʝʨʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʥʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʂʇɼ, ʩʣʝʜʫʶʱʠʝ 

ʧʦʪʝʨʠ ʧʦʜʚʝʨʞʝʥʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʯʠʩʣʦʤ 

ʈʝʡʥʦʣʴʜʩʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴ  ʁʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʵʪʠ 

ʧʦʪʝʨʠ ʚ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʫʢʘʟʳʚʘʶʪ ʢʘʢ çʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠè: 

- ʧʦʪʝʨʠ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʩʣʝʜʩʪʚʠʝ ʪʨʝʥʠʷ: ELf; 

- ʧʦʪʝʨʠ ʥʘ ʧʨʦʪʝʯʢʠ: q; 

- ʧʦʪʝʨʠ ʥʘ ʜʠʩʢʦʚʦʝ ʪʨʝʥʠʝ: PLd. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʢʘʞʜʦʛʦ ʠʟ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʚʠʜʦʚ ʧʦʪʝʨʴ ʜʣʷ 

ʢʘʞʜʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʧʘʨʘʤʝʪʨʘ ʜʘʝʪʩʷ ʢʘʢ ʬʫʥʢʮʠʷ ʦʪ 

ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʛʠʜʨʦʤʘʰʠʥʳ, ʢʨʦʤʝ ʨʘʩʭʦʜʘ (d
E
 = ELf/E ʠ 

d
ʊ
 = ʈLd/ʈm). 

ELf ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʤʘʰʠʥʳ ʠ 

ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʚ ʢʘʞʜʦʤ ʢʦʤʧʦʥʝʥʪʝ, ʘ ʠʤʝʥʥʦ - ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ ELf = × ELfCO. 

ʄʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ ʥʘ ʜʘʥʥʳʝ ʧʦʪʝʨʠ ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʣʠʯʠʷ 

ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʫ ʪʫʨʙʠʥʳ ɸ ʠ ʪʫʨʙʠʥʳ ɺ, ʠ 

ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1). 

ʆʩʪʘʣʴʥʳʝ ʧʦʪʝʨʠ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘʟʳʚʘʶʪʩʷ 

çʢʠʥʝʪʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠè ʠʣʠ çʥʝʤʘʩʰʪʘʙʠʨʫʝʤʳʤʠ ʧʦʪʝʨʷʤʠè ʠ ʚʳʨʘʞʘʪʁʩʷ 
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ʬʦʨʤʫʣʦʡ ELk = × ELkCO. ʇʨʠʥʷʪʦ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ELk/Em ʦʩʪʘʝʪʩʷ ʦʜʠʥʘʢʦʚʳʤ 

ʜʣʷ ʪʫʨʙʠʥʳ ɸ ʠ ʪʫʨʙʠʥʳ ɺ. 

ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ELf ʤʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ ʥʘ ʜʠʩʢʦʚʦʝ ʪʨʝʥʠʝ PLd ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʯʠʩʣʦʤ ʈʝʡʥʦʣʴʜʩʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʜʣʷ ʪʫʨʙʠʥʳ ɸ ʠ 

ʪʫʨʙʠʥʳ ɺ. ɺ ʩʚʷʟʠ ʩ ʥʘʣʠʯʠʝʤ ʨʘʜʠʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʠ ʜʝʬʦʨʤʘʮʠʠ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʩʣʦʷ ʚ ʧʨʝʜʝʣʘʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʣʦʱʘʜʠ ʤʝʞʜʫ ʨʘʙʦʯʠʤ ʢʦʣʝʩʦʤ ʠ 

ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʯʘʩʪʷʤʠ, ʤʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ ʥʘ PLd ʥʝʤʥʦʛʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʵʬʬʝʢʪʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʥʘ ELf. ɺ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʧʨʠʥʷʪʦ, ʯʪʦ 

ʤʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ ʥʘ ʜʠʩʢʦʚʦʝ ʪʨʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ 

ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ D.7ïD.9. 

ʇʨʠ ʫʩʣʦʚʠʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʦʩʝʚʳʭ ʛʠʜʨʦʤʘʰʠʥ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ (ʚʪʫʣʢʠ) ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʥʠʯʪʦʞʥʦ ʤʘʣr, ʠ ʠʭ ʤʘʩʰʪʘʙʥʳʡ 

ʵʬʬʝʢʪ ʥʝ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ. 

ʄʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ ʥʘ ʧʦʪʝʨʠ ʦʪ ʧʨʦʪʝʯʝʢ q ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʚ ʟʘʟʦʨʝ ʫʧʣʦʪʥʝʥʠʷ ʨʘʙʦʯʝʛʦ 

ʢʦʣʝʩʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʩʘʤʠ ʧʦʪʝʨʠ ʦʪ ʧʨʦʪʝʯʝʢ ʷʚʣʷʶʪʩʷ ʥʝʙʦʣʴʰʠʤʠ, 

ʠ ʤʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ ʥʘ ʜʘʥʥʳʝ ʧʦʪʝʨʠ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʛʝʦʤʝʪʨʠʷ ʫʧʣʦʪʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʦʜʦʙʥʘ ʜʣʷ 

ʪʫʨʙʠʥʳ ɸ ʠ ʪʫʨʙʠʥʳ ɺ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʷʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 1, 

ʪʦ ʤʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ ʥʘ ʧʦʪʝʨʠ ʦʪ ʧʨʦʪʝʯʝʢ ʥʝ ʧʨʠʥʠʤʘʶʪ ʚʦ ʚʥʠʤʘʥʠʝ, ʠ 

ʦʙʲʝʤʥʳʝ ʂʇɼ ʪʫʨʙʠʥ ɸ ʠ ɺ ʩʯʠʪʘʪʁʩʷ ʨʘʚʥʳʤʠ. 

ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʥʘʩʪʦʷʱʠʡ ʩʪʘʥʜʘʨʪ ʨʝʢʦʤʝʥʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʧʨʘʚʦʯʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ hQ, ʧʨʠʚʝʜʝʥʥʫʶ ʚ F.2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʂʇɼ: 

- ʜʣʷ ʨʘʜʠʘʣʴʥʦ-ʦʩʝʚʳʭ ʛʠʜʨʦʤʘʰʠʥ: 

ʤʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ ʥʘ ʧʦʪʝʨʠ: hE, hT; 

ʢʦʨʨʝʢʮʠʷ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʧʦʜʦʙʠʷ ʚ ʛʝʦʤʝʪʨʠʠ ʫʧʣʦʪʥʝʥʠʡ ʧʦ 

hQ; 

- ʜʣʷ ʦʩʝʚʳʭ ʤʘʰʠʥ: 

ʤʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ ʥʘ ʧʦʪʝʨʠ: hE. 
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4.1.2 ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʪʝʨʴ ʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʪʨʝʥʠʝ  

ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʫʣʳ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ ʷʚʣʷʝʪʩʷ ʫʯʝʪ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 

ʪʝʯʝʥʠʝ ʚʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ: 

- ʪʨʝʥʠʝ ʚ ʪʨʫʙʝ; 

- ʪʨʝʥʠʝ ʥʘ ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʝ; 

- ʜʠʩʢʦʚʦʝ ʪʨʝʥʠʝ. 

ɼʣʷ ʧʦʪʦʢʘ ʪʨʝʥʠʷ ʚ ʪʨʫʙʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʘʛʨʘʤʤʘ ʂʦʫʣʙʨʫʢʘ, ʘ ʥʝʷʚʥʘʷ 

ʬʦʨʤʫʣʘ ʂʦʫʣʙʨʫʢʘ ʤʦʞʝʪ ʙʳʪʴ ʫʧʨʦʱʝʥʘ ʜʦ ʷʚʥʦʛʦ ʚʳʨʘʞʝʥʠ,̫ ʢʘʢ ʧʦʢʘʟʘʥʦ 

ʥʠʞʝ (ʩʤ. B.1). 

 

0,2

4 s ref
0

h d

0,74 8 10 0,26
k Re

d Re

è øå õ
é ùl=l Ö Ö Ö + +æ ö
é ùç ÷ê ú

, (1) 

ʛʜʝ    Reref = 7Ŀ106; 

ɚ0 ï ʧʦʩʪʦʷʥʥʘʷ, ʨʘʚʥʘʷ 0,0085; 

ks ï ʧʝʩʦʯʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ; 

dh ï ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʢʦʤʧʦʥʝʥʪʘ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ; 

Red ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʢʦʤʧʦʥʝʥʪʘ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʝ 

ʧʦ ʬʦʨʤʫʣʝ h h
d

d v d v
Re Re

D u

Ö Ö
= =
n Ö

. 

ɼʣʷ ʩʦʦʪʥʦʰʝʥʠʷ ʧʝʩʦʯʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ks ʠ Ra, ʪʦ ʜʦ ʩʠʭ ʧʦʨ 

ʩʦʦʙʱʘʣʦʩʴ ʦ ʰʠʨʦʢʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ, 

ʦʜʥʘʢʦ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ: 

 s

h h

5 
k Ra

d d
@ . (2) 

ɿʘʪʝʤ ʬʦʨʤʫʣʘ (1) ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

0,2

5 ref
0

h h

0,74 4 10 0,26
ReRa D u

d d v Re

è øå õÖ
é ùl=l Ö Ö Ö + Ö +æ ö

Öé ùç ÷ê ú

. (3) 

ʈʠʩʫʥʦʢ 1 ʧʦʢʘʟʳʚʘʝʪ ʦʩʥʦʚʥʫʶ ʢʦʥʮʝʧʮʠʶ ʧʝʨʝʩʯʝʪʘ ʧʦʪʝʨʴ ʦʪ ʪʫʨʙʠʥʳ ɸ 

ʢ ʪʫʨʙʠʥʝ ɺ ʚʢʣʶʯʘʷ ʨʘʟʣʠʯʥʳʝ ʧʨʠʤʝʨʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ: 

- B1: ʛʠʜʨʦʤʘʰʠʥʘ c ʦʯʝʥʴ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʩʦ ʩʥʠʞʝʥʠʝʤ ʂʇɼ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʫʨʙʠʥʦʡ ɸ; 
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- B2: ʛʠʜʨʦʤʘʰʠʥʘ ʩ ʧʨʠʝʤʣʝʤʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ; 

- B3: ʛʣʘʜʢʘʷ ʛʠʜʨʦʤʘʰʠʥʘ.  

 

Re 

l 

ʐʝʨʦʭʦʚʘʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ɻʣʘʜʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ReB 

A 
B1 

B2 

B3 

ReA 

 

ʈʠʩʫʥʦʢ 1 ï ʄʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ɼʣʷ ʨʘʩʯʝʪʘ ʨʘʟʥʠʮʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʂʇɼ ʤʝʞʜʫ ʜʚʫʤʷ ʨʘʙʦʯʠʤʠ 

ʪʦʯʢʘʤʠ ɸ ʠ ɺ ʩʦ ʩʭʦʜʥʳʤʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʠ ʨʘʟʥʳʭ ʯʠʩʣʘʭ 

ʈʝʡʥʦʣʴʜʩʘ ʠ ʨʘʟʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ 

ʬʦʨʤʫʣʳ (3) ʤʦʛʫʪ ʙʳʪʴ ʚʳʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ (ʪʘʢʞʝ ʩʤ.  ɸ.2.2): 

 
A B

EA

E A B
E Eref

ref
­

å õDh l -l
D = =d Öæ ö

h lç ÷
. (4) 

ɼʠʘʛʨʘʤʤʘ ʂʦʫʣʙʨʫʢʘ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʪʝʯʝʥʠʷ ʚ ʪʨʫʙʘʭ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʥʘ ʧʣʦʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʩʣʝʜʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʠʞʝ. 
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5 s ref
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 (5) 

 

ʛʜʝ     Reref = 7Ŀ106; 

Cf0 ï ʧʦʩʪʦʷʥʥʘʷ, ʨʘʚʥʘʷ 0,0032; 
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Ref ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʝ 

ʬʦʨʤʫʣʦʡ 
f

L w L w
Re Re

D u

Ö Ö
= = Ö
n Ö

; 

L ï ʜʣʠʥʘ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; 

w ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʥʘ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʫʪʝʤ ʟʘʤʝʥʳ l ʚ ʬʦʨʤʫʣʝ (4) ʥʘ Cf, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʬʦʨʤʫʣʝ (5), 

ʬʦʨʤʫʣʘ (4) ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ ʧʦʪʝʨʴ 

ʥʘ ʪʨʝʥʠʝ ʣʦʧʘʩʪʝʡ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʦʩʝʚʳʭ ʛʠʜʨʦʤʘʰʠʥ. 

ɸʥʘʣʦʛʠʯʥʫʶ ʬʦʨʤʫʣʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʜʣʷ ʜʠʩʢʦʚʦʛʦ 

ʪʨʝʥʠʷ ʚʳʚʦʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ D ʠ [8]): 
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 (6) 

ʛʜʝ     Reref = 7Ŀ10
6; 

Cm0 ï ʧʦʩʪʦʷʥʥʘʷ, ʨʘʚʥʘʷ 0,0019; 

ksT ï ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʧʝʩʦʯʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ RaT: 

ksT = 5ĿRaT; 

RaT ï ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

ʧʨʦʬʠʣʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʯʘʩʪʠ, ʚʳʭʦʜʷʱʝʡ ʥʘ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʬʦʨʤʫʣʦʡ (13); 

ReT  ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʜʠʩʢʘ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ ʬʦʨʤʫʣʝ 

 

2 2 2 2

d d d d
T 2 2

2  

D D 2

r r r D
Re Re Re Re

u D

Öw Öw
= = Ö = Ö = Ö
n Ö

; 

rd ï ʨʘʜʠʫʩ ʩʪʫʧʠʮʳ ʠʣʠ ʦʙʦʜʘ ʢʦʣʝʩʘ, ʙʝʨʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ, ʤ;  

w ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʜʠʩʢʘ, ʨʘʜ/ʩ. 

ʉ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ (6) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ ʧʦʧʨʘʚʢʠ ʜʣʷ ʂʇɼ 

ʜʠʩʢʦʚʦʛʦ ʪʨʝʥʠʷ (ʩʤ. ɸ.2.4): 

 
T mA mB

TA B Tref

TA mref

C C

C
­

å õDh -
D = =d Öæ ö

h ç ÷
 . (7) 
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4.2 ʂʇɼ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ  

4.2.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

ʄʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠ ŭEref ʠʟ ʬʦʨʤʫʣʳ (4) ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʪʝʨʷʤ ʚ 

ʤʦʜʝʣʴʥʦʡ ʛʠʜʨʦʤʘʰʠʥʝ ʩ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʧʨʠ Reref = 7Ŀ106) ʠ ʚʳʨʘʞʝʥʳ 

ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʤʘʰʠʥʳ. ʆʥʠ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ ʠ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ ɺ ʜʣʷ ʛʠʜʨʦʤʘʰʠʥ ʩ ʨʘʜʠʘʣʴʥʳʤ 

ʧʦʪʦʢʦʤ ʠ ʚ ʧʨʠʣʦʞʝʥʠʠ ʉ ʜʣʷ ʛʠʜʨʦʤʘʰʠʥ ʦʩʝʚʦʛʦ ʪʠʧʘ. 

ʇʫʪʝʤ ʧʦʜʩʪʘʥʦʚʢʠ ʬʦʨʤʫʣʳ (3) ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ ʚ ʬʦʨʤʫʣʫ (4) 

ʚʳʚʦʜʷʪ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʝʨʝʩʯʝʪʘ ʜʣʷ ʢʦʤʧʦʥʝʥʪʘ 

ʤʘʰʠʥʳ (ʩʤ. ɺ.2): 
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­
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h lç ÷
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, (8) 

ʛʜʝ    ŭECOref ï ʙʘʟʦʚʳʝ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ (ʩʤ. A.2.2 ʠ B.2.2); 

kuCO ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʦʪʦʯʥʦʡ 

ʯʘʩʪʠ (ʩʤ. B.2.1); 

dECOref  ï ʙʘʟʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ ʢʘʞʜʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ (ʩʤ. B.2.2). 

ʇʦʩʣʝ ʵʪʦʛʦ ʧʝʨʝʩʯʝʪ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʚʩʝʡ 

ʛʠʜʨʦʤʘʰʠʥʳ ʤʘʰʠʥʳ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ: 

 
E

EA B ECOA B

EA

­ ­

Dh
D = = D

h
ä . (9) 

ʉʪʨʫʢʪʫʨʘ ʬʦʨʤʫʣʳ ʧʦʜʭʦʜʠʪ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʨʝʘʢʪʠʚʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʤʘʰʠʥ.  

4.2.2 ʈʘʜʠʘʣʴʥʦ-ʦʩʝʚʳʝ ʛʠʜʨʦʤʘʰʠʥʳ  

ɼʣʷ ʨʘʜʠʘʣʴʥʦ-ʦʩʝʚʳʭ ʛʠʜʨʦʤʘʰʠʥ ʬʦʨʤʫʣʘ (8) ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ, ʠʩʧʦʣʴʟʫʷ dECOref 

ʠ kuCO, ʢʦʪʦʨʳʝ ʙʳʣʠ ʟʘʜʘʥʳ ʚ 6.3.2 ʠ 6.3.3 ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʦʪ ʩʧʠʨʘʣʴʥʦʛʦ ʢʘʤʝʨʳ ʜʦ ʦʪʩʘʩʳʚʘʶʱʝʡ ʪʨʫʙʳ. 
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4.2.3 ʆʩʝʚʳʝ ʛʠʜʨʦʤʘʰʠʥʳ 

ɼʣʷ ʦʩʝʚʳʭ ʛʠʜʨʦʤʘʰʠʥ, ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ 

ʯʘʩʪʠ, ʥʝʧʦʜʚʠʞʥʳʝ ʯʘʩʪʠ ʠ ʣʦʧʘʩʪʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʧʨʘʚʢʘ 

ʂʇɼ, DEST, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʦ ʬʦʨʤʫʣʝ (8), ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ, ʢʘʢ ʠ ʜʣʷ 

ʨʘʜʠʘʣʴʥʦ-ʦʩʝʚʳʭ ʛʠʜʨʦʤʘʰʠʥ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʳʡ 

ʬʘʢʪʦʨ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʜʣʷ ʚʩʝʭ ʥʝʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ 

ʢʘʢ 0,8 ʜʦʣʝʡ ʦʪ ʬʘʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ kuST  ʜʣʷ ʣʦʧʘʪʦʢ ʥʘʧʨʘʚʣʷʶʱʝʛʦ 

ʘʧʧʘʨʘʪʘ, ʘ ʠʤʝʥʥʦ: kuST = 0,8 Ŀ kuGV. ɿʥʘʯʝʥʠʝ kuST ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 6.3.4. 

ʂʘʢ ʫʢʘʟʘʥʦ ʚ 4.1.2, ʬʦʨʤʫʣʘ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ ʜʣʷ ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʬʦʨʤʫʣʦʡ (5), ʜʦʣʞʥʘ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʣʦʧʘʩʪʷʤ ʨʘʙʦʯʝʛʦ 

ʢʦʣʝʩʘ: 
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 . (10) 

 

4.3 ʆʙʝ̡ʤʥʳʡ ʂʇɼ 

ʆʮʝʥʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʥʦʛʦ ʂʇɼ ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, 

ʯʪʦ ʜʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʟʘʟʦʨʦʚ, ʣʘʙʠʨʠʥʪʦʚ, ʨʘʟʛʨʫʟʦʯʥʳʭ ʦʪʚʝʨʩʪʠʡ/ʪʨʫʙ ʧʦʜʦʙʥʘ ʚ 

ʤʦʜʝʣʴʥʦʡ ʠ ʥʘʪʫʨʥʦʡ ʛʠʜʨʦʤʘʰʠʥʘʭ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʠ ʫʧʣʦʪʥʝʥʠʷ ʩʯʠʪʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ, 

ʝʩʣʠ ʦʪʢʣʦʥʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʪʘʙʣʠʮ r1. 
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ʊʘʙʣʠʮʘ 1  ï ɼʦʧʫʩʪʠʤʳʝ ʦʪʢʣʦʥʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʫʧʣʦʪʥʝʥʠʡ ʤʦʜʝʣʴʥʦʡ ʠ ʥʘʪʫʨʥʦʡ 

ʛʠʜʨʦʤʘʰʠʥ  

ʈʘʟʤʝʨ ʠ ʢʦʥʩʪʨʫʢʮʠʷ  ɼʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʘʪʫʨʥʦʡ 
ʛʠʜʨʦʤʘʰʠʥʳ  

ʈʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ ʚ ʫʧʣʦʪʥʝʥʠʠ ʨʘʙʦʯʝʛʦ 

ʢʦʣʝʩʘ a 

0 ~  + 20 % 

ɼʠʘʤʝʪʨ ʫʧʣʦʪʥʝʥʠʷ °5  % 

ʆʩʝʚʘʷ ʜʣʠʥʘ ʟʘʟʦʨʦʚ ʚ ʫʧʣʦʪʥʝʥʠʠ a 0 ~  ī 20 % 

ʂʦʣʠʯʝʩʪʚʦ ʱʝʣʝʡ ʠʣʠ ʧʦʣʦʩʪʝʡ  ɼʦʣʞʥʦ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤ  

ʌʦʨʤʘ ʱʝʣʝʡ ʠʣʠ ʧʦʣʦʩʪʝʡ (ʩʤ. 
ʧʨʠʣʦʞʝʥʠʝ F) 

ɼʦʣʞʥʳ ʙʳʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʦʜʦʙʥʳ  

ʇʨʠʤʝʯʘʥʠʝ ï ɺ ʩʣʫʯʘʝ ʩ ʛʠʜʨʦʤʘʰʠʥʘʤʠ ʦʩʝʚʦʛʦ ʪʠʧʘ ʩʣʦʚʘ, ʦʪʤʝʯʝʥʥʳʝ 

ʩʠʤʚʦʣʦʤ çʘè, ʩʣʝʜʫʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ çʟʘʟʦʨ ʣʦʧʘʩʪʴ-ʢʘʤʝʨʘè ʠ çʪʦʣʱʠʥʘ 
ʧʝʨʠʬʝʨʠʡʥʦʡ ʢʨʦʤʢʠ ʣʦʧʘʩʪʠè ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʦʪʥʦʰʝʥʠʠ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʠ 
ʪʦʣʱʠʥʳ ʧʝʨʠʬʝʨʠʠ ʣʦʧʘʩʪʠ ʧʨʠʤʝʥʷʶʪ ʪʦʣʴʢʦ ʵʪʠ ʜʚʘ ʢʨʠʪʝʨʠʷ. 

 

ɽʩʣʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʦʜʦʙʠʝ ʫʧʣʦʪʥʝʥʠʡ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʤʦʜʝʣʴʥʦʡ ʠ 

ʥʘʪʫʨʥʦʡ ʛʠʜʨʦʤʘʰʠʥ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ, ʪʦ ʦʙʲʝʤʥʳʡ ʂʇɼ ʜʦʣʞʝʥ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 
Q QB

QA B

QA QA

1
­

Dh h
D = = -

h h
.       (11) 

ɽʩʣʠ ʤʝʞʜʫ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʦʩʦʙʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʯʝʪʘ DQ, ʜʦʧʫʩʢʘʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʬʦʨʤʫʣʫ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʚ F.2. 

4.4 ʂʇɼ ʤʦʱʥʦʩʪʠ (ʜʠʩʢʦʚʦʝ ʪʨʝʥʠʝ) 

4.4.1 ʈʘʜʠʘʣʴʥʦ-ʦʩʝʚʳʝ ʛʠʜʨʦʤʘʰʠʥʳ 

ɼʠʩʢʦʚʦʝ ʪʨʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʂʇɼ ʨʘʜʠʘʣʴʥʦ-

ʦʩʝʚʳʭ ʛʠʜʨʦʤʘʰʠʥ ʩ ʥʠʟʢʦʡ ʙʳʩʪʨʦʭʦʜʥʦʩʪʴʶ. ʇʨʠʚʝʜʝʥʥʘʷ ʥʠʞʝ ʬʦʨʤʫʣʘ 

ʧʝʨʝʩʯʝʪʘ ʵʥʝʨʛʠʠ (12) ʧʦʣʫʯʝʥʘ ʧʫʪʝʤ ʧʦʜʩʪʘʥʦʚʢʠ ʬʦʨʤʫʣʳ (6) ʚ ʬʦʨʤʫʣʫ (7). 

ʕʪʘ ʬʦʨʤʫʣʘ ʦʧʨʝʜʝʣʷʝʪ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʂʇɼ ʤʦʱʥʦʩʪʠ ʜʠʩʢʦʚʦʛʦ ʪʨʝʥʠʷ 

ʜʣʷ ʨʘʜʠʘʣʴʥʦ-ʦʩʝʚʳʭ ʛʠʜʨʦʤʘʰʠʥ, ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ 

ʈʝʡʥʦʣʴʜʩʘ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ D). 

 
T mA mB

TA B Tref

TA mref

C C

C
­

å õDh -
D = =d Öæ ö

h ç ÷
. 

ʊʝʤ ʩʘʤʳʤ 

0,2 0,2
6 6

4 4TA TB
TA B Tref T T

A A B B

7 10 7 10
  7,5 10 7,5 10

Ra Ra
d

D Re D Re
­

è øå õ å õÖ Ö
é ùD = Ö Ö k + - Ö k +æ ö æ ö
é ùç ÷ ç ÷ê ú

,(12) 
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ʛʜʝ     ŭTref =1-hTref  ï ʙʘʟʦʚʳʝ ʧʦʪʝʨʠ ʥʘ ʜʠʩʢʦʚʦʝ ʪʨʝʥʠʝ (ʩʤ. A.2.4); 

dTref   ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ ʥʘ ʜʠʩʢʦʚʦʝ ʪʨʝʥʠʝ (ʩʤ. D.2); 

kT    ï ʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʥʘ ʜʠʩʢʦʚʦʝ ʪʨʝʥʠʝ (ʩʤ. D.1); 

RaT ï ʙʘʟʦʚʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʬʦʨʤʫʣʝ (13). 

4.4.2 ʆʩʝʚʳʝ ʛʠʜʨʦʤʘʰʠʥʳ 

ɼʣʷ ʦʩʝʚʳʭ ʛʠʜʨʦʤʘʰʠʥ ʪʨʝʥʠʝ ʦ ʢʦʨʧʫʩ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʚʳʟʳʚʘʝʪ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʝ ʧʦʪʝʨʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ. 

ʇʦʵʪʦʤʫ DT ʩʯʠʪʘʝʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ ʜʣʷ ʦʩʝʚʳʭ ʛʠʜʨʦʤʘʰʠʥ. 

 

5 ʐʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʦʜʝʣʴʥʦʡ ʠ ʥʘʪʫʨʥʦʡ 

ʛʠʜʨʦʤʘʰʠʥ  

 

5.1 ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʂʇɼ ʤʘʰʠʥʳ. 

ʇʦʣʠʨʦʚʢʘ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʚʳʰʘʝʪ ʂʇɼ, ʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʪʦʠʤʦʩʪʴ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. ʂʨʦʤʝ ʪʦʛʦ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʥʘʪʫʨʥʦʡ 

ʛʠʜʨʦʤʘʰʠʥʳ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʴʰʝ, ʯʝʤ ʦʞʠʜʘʝʤʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʩʣʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
 

ʂʇɼ 

ʉʪʦʠʤʦʩʪʴ 

ʐʝʨʦʭʦʚʘʪʘʷ ɻʨʫʙʘʷ ʄʘʣʘʷ 

ʂ
ʇ
ɼ 

ʉ
ʪ
ʦ
ʠ
ʤ
ʦ
ʩ
ʪ
ʴ

 

ʈʝʢʦʤʝʥʜʫʝʤʳʡ 
ʜʠʘʧʘʟʦʥ 
ʰʝʨʦʭʦʚʘʪʦʩʪʠ 
ʧʦʚʝʨʭʥʦʩʪʠ 

 

ʈʠʩʫʥʦʢ 2 ï ɺʣʠʷʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʂʇɼ ʠ ʩʪʦʠʤʦʩʪʴ ʪʫʨʙʠʥʳ 

ʇʦʚʳʰʝʥʠʝ ʂʇɼ, ʜʦʩʪʠʞʠʤʦʝ ʧʫʪʝʤ ʟʘʤʝʥʳ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʦ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʂʇɼ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʩ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ, 

ʠʟʤʝʨʝʥʥʦʡ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠ ʩ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ 

ʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɼʣʷ ʧʨʦʝʢʪʦʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 
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- ʜʣʷ ʦʮʝʥʢʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ 

ʥʘʪʫʨʥʦʡ ʛʠʜʨʦʤʘʰʠʥʳ ʜʦʣʞʥʘ ʠʟʤʝʨʷʪʴʩʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʝʤ ʘʛʨʝʛʘʪʝ, ʢʦʛʜʘ 

ʵʪʦ ʚʦʟʤʦʞʥʦ ʠʣʠ ʩʦʛʣʘʩʦʚʳʚʘʪʴʩʷ ʤʝʞʜʫ ʩʪʦʨʦʥʘʤʠ; 

- ʜʘʥʥʳʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʪʝʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʣʝʞʘʪ ʟʘʤʝʥʝ, 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʚʣʘʜʝʣʴʮʝʤ ʚʤʝʩʪʝ ʩʦ ʩʧʝʮʠʬʠʢʘʮʠʝʡ ʠʣʠ 

ʩʦʛʣʘʩʦʚʘʥʳ ʤʝʞʜʫ ʩʪʦʨʦʥʘʤʠ.  

 

5.2 ʀʟʤʝʨʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ  

5.2.1 ʇʨʦʮʝʜʫʨʘ 

ʀʟʤʝʨʝʥʠʷ ʜʦʣʞʥʳ ʧʨʘʚʠʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʨʝʜʥʶʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʩʣʝʜʦʚʘʪʴ ʥʦʨʤʘʪʠʚʥʳʤ ʩʩʳʣʢʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ 

ʨʘʟʜʝʣʝ 2. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʠʬʨʦʚʦʡ ʤʠʢʨʦʧʨʦʬʠʣʦʤʝʨ ʩ ʚʳʥʦʩʥʳʤ 

ʱʫʧʦʤ ʜʣʷ Ra < 50 ʤʢʤ ʠ ʮʠʬʨʦʚʦʡ ʛʣʫʙʠʥʦʤʝʨ ʜʣʷ Ra > 50 ʤʢʤ. ʆʞʠʜʘʝʤʘʷ 

ʥʝʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ Ra ʩʦʩʪʘʚʣʷʝʪ Ñ20 % ʦʪ ʧʦʢʘʟʘʥʠʡ ʜʣʷ ʮʠʬʨʦʚʦʛʦ 

ʤʠʢʨʦʧʨʦʬʠʣʦʤʝʨʘ ʠ Ñ40 % ʦʪ ʧʦʢʘʟʘʥʠʡ ʜʣʷ ʮʠʬʨʦʚʦʛʦ ʛʣʫʙʠʥʦʤʝʨʘ. ʕʪʠ 

ʟʥʘʯʝʥʠʷ ʥʝʪʦʯʥʦʩʪʝʡ ʙʳʣʠ ʦʮʝʥʝʥʳ ʠʟ ʠʟʤʝʨʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʘ ʪʘʢʞʝ ʘʚʪʦʨʘʤʠ ʥʘʩʪʦʷʱʝʛʦ ʩʪʘʥʜʘʨʪʘ. ʅʦ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ 

(ʚʢʣʶʯʘʷ ʩʘʤ ʧʨʠʙʦʨ) ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʵʪʦ ʟʥʘʯʝʥʠʝ ʥʝʪʦʯʥʦʩʪʠ. 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʜʦʣʞʥʘ ʠʟʤʝʨʷʪʴʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʩʪʘʭ. ʉʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, 

ʩʦʭʨʘʥʷʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʯʝʢ, ʢʘʢ ʫʢʘʟʘʥʦ ʥʠʞʝ: 

- ʩʧʠʨʘʣʴʥʘʷ ʢʘʤʝʨʘ: ʜʝʚʷʪʴ ʪʦʯʝʢ ʠ ʙʦʣʝʝ; ʚ ʪʨʝʭ ʨʘʜʠʘʣʴʥʳʭ ʩʝʯʝʥʠʷʭ: 

ʚʭʦʜ, ʩʝʨʝʜʠʥʘ, ʨʘʡʦʥ ʟʫʙʘ; 

- ʜʚʘ ʢʘʥʘʣʘ ʩʪʘʪʦʨʘ: ʰʝʩʪʴ ʪʦʯʝʢ ʠ ʙʦʣʝʝ ʚ ʢʘʞʜʦʤ ʢʘʥʘʣʝ ʩʪʘʪʦʨʘ; ʜʚʝ 

ʪʦʯʢʠ ʥʘ ʢʘʞʜʦʡ ʩʪʦʨʦʥʝ ʢʦʣʦʥʥʳ, ʦʜʥʘ ʪʦʯʢʘ ʥʘ ʚʝʨʭʥʝʤ ʧʦʷʩʝ ʩʪʘʪʦʨʘ, ʦʜʥʘ 

ʪʦʯʢʘ ʥʘ ʥʠʞʥʝʤ ʧʦʷʩʝ ʩʪʘʪʦʨʘ; 

- ʜʚʘ ʢʘʥʘʣʘ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ: 10 ʪʦʯʝʢ ʠ ʙʦʣʝʝ ʚ ʢʘʞʜʦʤ ʢʘʥʘʣʝ 

ʤʝʞʜʫ ʜʚʫʤʷ ʣʦʧʘʪʢʘʤʠ, ʰʝʩʪʴ ʪʦʯʝʢ ʩʦ ʩʪʦʨʦʥʳ ʚʭʦʜʘ ʚ ʥʘʧʨʘʚʣʷʶʱʠʡ 

ʘʧʧʘʨʘʪ, ʜʚʝ ʪʦʯʢʠ ʩʦ ʩʪʦʨʦʥʳ ʚʳʭʦʜʘ ʠʟ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ, ʦʜʥʘ ʪʦʯʢʘ 

ʥʘ ʚʝʨʭʥʝʤ ʢʦʣʴʮʝ, ʦʜʥʘ ʪʦʯʢʘ ʥʘ ʥʠʞʥʝʤ ʢʦʣʴʮʝ; 

- ʪʨʠ ʤʝʞʣʦʧʘʩʪʥʳʭ ʢʘʥʘʣʘ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ: 10 ʪʦʯʝʢ ʠ ʙʦʣʝʝ ʚ ʢʘʥʘʣʝ ʩ 

ʫʯʝʪʦʤ: 
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- ʜʣʷ ʨʘʜʠʘʣʴʥʳʭ ʤʘʰʠʥ: ʪʨʠ ʪʦʯʢʠ ʚ ʨʝʛʠʦʥʝ A ʩ ʪʳʣʴʥʦʡ ʩʪʦʨʦʥʳ 

ʣʦʧʘʩʪʠ, ʪʨʠ ʪʦʯʢʠ ʚ ʨʝʛʠʦʥʝ A ʩ ʨʘʙʦʯʝʡ ʩʪʦʨʦʥʳ ʣʦʧʘʩʪʠ, ʦʜʥʘ ʪʦʯʢʘ ʚ ʨʝʛʠʦʥʝ 

B ʩ ʪʳʣʴʥʦʡ ʩʪʦʨʦʥʳ, ʦʜʥʘ ʪʦʯʢʘ ʚ ʨʝʛʠʦʥʝ B ʩ ʨʘʙʦʯʝʡ ʩʪʦʨʦʥʳ, ʦʜʥʘ ʪʦʯʢʘ ʥʘ 

ʩʪʫʧʠʮʝ ʠ ʦʜʥʘ ʪʦʯʢʘ ʥʘ ʦʙʦʜʝ (ʨʝʛʠʦʥʳ A ʠ B ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3); 

- ʜʣʷ ʦʩʝʚʳʭ ʪʫʨʙʠʥ: ʧʷʪʴ ʪʦʯʝʢ ʩʦ ʩʪʦʨʦʥʳ ʨʘʟʨʷʞʝʥʠʷ ʠ ʧʷʪʴ ʪʦʯʝʢ ʩʦ 

ʩʪʦʨʦʥʳ ʜʘʚʣʝʥʠʷ (ʩʤ. ʨʠʩʫʥʦʢ 4); 

- ʦʪʩʘʩʳʚʘʶʱʘʷ ʪʨʫʙʘ: 10 ʪʦʯʝʢ ʠ ʙʦʣʝʝ; 70 % ʠʟ ʥʠʭ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ 

ʚ ʢʦʣʝʥʝ; 

- ʥʝʧʦʜʚʠʞʥʳʝ ʯʘʩʪʠ ʜʣʷ ʜʠʩʢʦʚʦʛʦ ʪʨʝʥʠʷ: ʯʝʪʳʨʝ ʪʦʯʢʠ ʠ ʙʦʣʝʝ ʥʘ 

ʫʯʘʩʪʢʘʭ, ʦʙʨʘʱʝʥʥʳʭ ʢ ʧʨʦʙʥʳʤ ʪʦʯʢʘʤ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ; 

- ʚʨʘʱʘʶʱʠʝʩʷ ʯʘʩʪʠ ʜʣʷ ʜʠʩʢʦʚʦʛʦ ʪʨʝʥʠʷ;  

- ʚʥʝʰʥʷʷ ʯʘʩʪʴ ʩʪʫʧʠʮʳ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ: ʜʚʝ ʪʦʯʢʠ ʠ ʙʦʣʝʝ, ʙʣʠʞʝ ʢ 

ʚʥʝʰʥʝʡ ʧʝʨʠʬʝʨʠʠ; 

- ʚʥʝʰʥʷʷ ʯʘʩʪʴ ʦʙʦʜʘ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ: ʜʚʝ ʪʦʯʢʠ ʠ ʙʦʣʝʝ, ʙʣʠʞʝ ʢ 

ʚʥʝʰʥʝʡ ʧʝʨʠʬʝʨʠʠ. 

ʇʦʩʢʦʣʴʢʫ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʚʨʘʱʘʶʱʝʡʩʷ ʯʘʩʪʠ ʦʢʘʟʳʚʘʝʪ ʜʦʤʠʥʠʨʫʶʱʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʤʦʤʝʥʪ ʜʠʩʢʦʚʦʛʦ ʪʨʝʥʠʷ, ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʢʘʢ 

ʫʢʘʟʘʥʦ ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ, ʜʦʣʞʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ RaT ʚ ʬʦʨʤʫʣʝ (13): 

 TR TS
T

2

3

Ra Ra
Ra

+
= , (13) 

ʛʜʝ 

RaTR  ï ʩʨʝʜʥʷʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʠʟʤʝʨʝʥʥʘʷ ʥʘ ʚʨʘʱʘʶʱʝʡʩʷ ʯʘʩʪʠ; 

RaTS  ï ʩʨʝʜʥʷʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʠʟʤʝʨʝʥʥʘʷ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ. 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞʥʘ ʠʟʤʝʨʷʪʴʩʷ ʚ ʪʦʤ ʚʠʜʝ, ʚ ʢʘʢʦʤ ʦʥʘ 

ʧʦʷʚʣʷʝʪʩʷ ʧʨʠ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʢʨʘʰʠʚʘʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦʣʞʥʘ 

ʙʳʪʴ ʠʟʤʝʨʝʥʘ ʧʦʚʝʨʭ ʩʣʦʷ ʢʨʘʩʢʠ. 

ɼʣʷ ʦʩʝʚʳʭ ʤʘʰʠʥ ʟʥʘʯʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʫʢʘʟʘʥʥʦʝ ʚ ʬʦʨʤʫʣʝ (14), 

ʜʦʣʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʜʣʷ ʚʩʝʭ 

ʥʝʧʦʜʚʠʞʥʳʭ ʜʝʪʘʣʝʡ. 

 
SV GV

ST
2

Ra Ra
Ra

+
= . (14) 

5.2.2 ʐʝʨʦʭʦʚʘʪʦʩʪʠ ʤʦʜʝʣʴʥʦʡ ʠ ʥʘʪʫʨʥʦʡ ʛʠʜʨʦʤʘʰʠʥ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʢʦʤʧʦʥʝʥʪʘʭ ʤʦʜʝʣʴʥʦʡ ʛʠʜʨʦʤʘʰʠʥʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʳʩʦʢʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɽʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʵʪʦ ʫʩʣʦʚʠʝ, 
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ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʦʪ ʜʚʫʭ ʜʦ ʯʝʪʳʨʝʭ ʪʦʯʝʢ ʟʘʤʝʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʩ 

ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʥʘʧʨʠʤʝʨ ʩʪʘʪʦʨʥʳʤʠ ʢʦʣʦʥʥʘʤʠ, 

ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʣʦʧʘʪʢʘʤʠ ʠʣʠ ʣʦʧʘʩʪʷʤʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʦʚʝʩʪʠ ʟʘʤʝʨʳ ʤʠʥʠʤʫʤ ʥʘ ʜʚʫʭ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʷʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʪʫʨʥʦʡ ʛʠʜʨʦʤʘʰʠʥʳ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʝʢʪʥʳʝ ʟʥʘʯʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʥʘʪʫʨʥʦʡ ʛʠʜʨʦʤʘʰʠʥʳ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʧʦʩʪʘʚʱʠʢʦʤ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʟʘʤʝʨʳ, ʢʦʛʜʘ ʢʦʤʧʦʥʝʥʪʳ ʪʫʨʙʠʥʳ ʩʦʙʠʨʘʶʪ ʥʘ ʟʘʚʦʜʝ, ʘ ʪʘʢʞʝ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʝʥʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʘʚʥʦ ʠʣʠ 

ʤʝʥʴʰʝ ʧʨʦʝʢʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʢʦʤʧʦʥʝʥʪʘ. 

5.2.3 ʀʟʤʝʨʝʥʠʝ ʦʯʝʥʴ ʰʝʨʦʭʦʚʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʰʝʨʦʭʦʚʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʪʘʨʳʭ ʤʘʰʠʥ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʨʠʥʷʪʳ ʚʦ ʚʥʠʤʘʥʠʝ ʦʧʠʩʘʥʥʳʝ ʥʠʞʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʟʥʘʯʝʥʠʡ Ra, 

ʧʨʝʚʳʰʘʶʱʠʭ 50 ʤʢʤ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʠʣʴʥʦ ʨʞʘʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ.  

ɿʥʘʯʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘ ʩʪʘʨʳʭ ʤʘʰʠʥʘʭ ʯʘʩʪʦ ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʳ 

ʣʶʙʦʛʦ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʜʠʘʧʘʟʦʥʘ ʧʦʨʪʘʪʠʚʥʳʭ ʠʟʤʝʨʠʪʝʣʝʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, 

ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʚʝʜʝʥʠʝ ʟʘʤʝʨʦʚ. 

ɺ ʪʘʢʠʭ ʩʠʪʫʘʮʠʷʭ ʦʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʪʣʠʪʴ ʬʦʨʤʳ 

ʩʘʤʳʭ ʭʘʨʘʢʪʝʨʥʳʭ ʤʝʩʪ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʣʘʩʪʠʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʠʟʤʝʨʷʪʴ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʵʪʠʭ ʦʪʣʠʚʦʢ, ʠʩʧʦʣʴʟʫʷ ʚʟʘʠʤʦʩʦʛʣʘʩʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ Ra.   

ɼʨʫʛʦʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʩʨʝʜʥʝʡ ʛʣʫʙʠʥʳ ʵʪʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʜʠʢʘʪʦʨ ʯʘʩʦʚʦʛʦ ʪʠʧʘ, ʯʪʦʙʳ 

ʫʩʢʦʨʠʪʴ ʠʟʤʝʨʝʥʠʝ. ʅʘʢʦʥʝʯʥʠʢ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʪʝʨʞʥʷ ʠʥʜʠʢʘʪʦʨʘ ʜʦʣʞʝʥ 

ʙʳʪʴ ʦʩʪʨʳʤ, ʩ ʫʛʣʦʤ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 30Á ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʣʠʥʠʠ.  

ʄʝʩʪʘ ʠʟʤʝʨʝʥʠʡ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʢʘʟʘʥʠʷʤ 5.2.1. ʀʟʤʝʨʝʥʥʘʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʜʝʣʝʥʘ ʥʘ 10, ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʟʥʘʯʝʥʠʝ Ra 1). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʵʪʦʛʦ ʤʝʪʦʜʘ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʧʝʮʠʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ððððððððð 

 
1)

 ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪ ɹ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ 10 ʦʩʥʦʚʘʥ ʥʘ ʦʜʥʦʤ ʢʦʥʢʨʝʪʥʦʤ 
ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʘʨʦʡ ʨʘʜʠʘʣʴʥʦ-ʦʩʝʚʦʡ ʪʫʨʙʠʥʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ 
ʧʨʦʚʦʜʠʣʠʩʴ ʜʦ ʠ ʧʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʪʘʪʦʨʘ ʠ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ. ɼʣʷ 
ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ʛʣʫʙʦʢʠʤʠ ʧʫʩʪʦʪʘʤʠ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʧʣʦʱʘʜʴ ʧʫʩʪʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ 

(ʤʝʥʝʝ 10 % ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʢʦʤʧʦʥʝʥʪʘ). ɽʩʣʠ ʧʣʦʱʘʜʴ ʦʙʣʘʩʪʠ ʩ ʛʣʫʙʦʢʠʤʠ 

ʧʫʩʪʦʪʘʤʠ ʟʥʘʯʠʪʝʣʴʥʘ, ʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʚʟʘʠʤʥʦʝ ʩʦʛʣʘʰʝʥʠʝ ʦ ʪʦʤ, 

ʢʘʢ ʫʯʠʪʳʚʘʪʴ ʵʪʠ ʛʣʫʙʦʢʠʝ ʧʫʩʪʦʪʳ. 

ʊʘʢʞʝ ʜʣʷ ʩʠʣʴʥʦ ʨʞʘʚʳʭ ʠ ʦʯʝʥʴ ʰʝʨʦʭʦʚʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʦʟʤʦʞʥʦ 

ʧʨʠʤʝʥʷʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʰʘʙʣʦʥʳ, ʝʩʣʠ ʜʦʩʪʠʛʥʫʪʘ ʜʦʛʦʚʦʨʝʥʥʦʩʪʴ ʦʙ ʠʭ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʚ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʟʥʘʯʝʥʠʝ Ra. 

ʉʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚʳʙʦʨʫ ʟʥʘʯʠʤʳʭ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ʀʩʭʦʜʷ ʠʟ ʪʝʢʫʱʝʛʦ ʫʨʦʚʥʷ ʟʥʘʥʠʡ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʙʣʘʩʪʠ, 

ʠʤʝʶʱʠʝ ʨʘʩʩʝʷʥʥʳʝ ʛʣʫʙʦʢʠʝ ʧʫʩʪʦʪʳ, ʥʝ ʩʦʟʜʘʶʪ ʩʪʦʣʴʢʦ ʧʦʪʝʨʴ, ʩʢʦʣʴʢʦ 

ʫʢʘʟʘʣʦ ʙʳ ʠʭ ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʣʠʥʠʠ ʧʦʪʦʢʘ ʥʘʜ ʪʘʢʠʤʠ 

ʦʙʣʘʩʪʷʤʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʧʫʩʪʦʪʳ, ʥʝ ʜʦʭʦʜʷ ʜʦ ʜʥʘ, ʠ ʥʝ ʩʦʟʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʠʭ ʧʦʪʝʨʴ. ʇʦʵʪʦʤʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʛʥʦʨʠʨʦʚʘʪʴ ʫʯʘʩʪʢʠ ʩ ʫʛʣʫʙʣʝʥʠʝʤ 

ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1,5 ʤʤ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʫʪʚʝʨʞʜʝʥʠʷ ʙʳʣʠ ʧʨʠʥʷʪʳ ʚʦ ʚʥʠʤʘʥʠʝ, 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ kS ʠ Ra, ʦʧʠʩʘʥʥʦʝ ʬʦʨʤʫʣʦʡ (2), ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʤʝʥʝʥʦ ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʩʠʣʴʥʦ ʨʞʘʚʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ. 

5.3 ɼʠʘʧʘʟʦʥ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʊʘʙʣʠʮʘ 2 ʧʦʢʘʟʳʚʘʝʪ ʨʝʢʦʤʝʥʜʫʝʤʳʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʜʣʷ ʤʦʜʝʣʝʡ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʜʫʨʫ ʧʝʨʝʩʯʝʪʘ, ʜʝʪʘʣʴʥʦ 

ʦʧʠʩʘʥʥʫʶ ʚ ʨʘʟʜʝʣʝ 8. 

ʊʘʙʣʠʮʘ 2 ï ʈʝʢʦʤʝʥʜʫʝʤʳʡ ʜʠʘʧʘʟʦʥ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ ʜʣʷ ʤʦʜʝʣʴʥʦʡ ʛʠʜʨʦʤʘʰʠʥʳ  

ʂʦʤʧʦʥʝʥʪ SP SV GV RU DT TR TS 

RaCOM (ʤʢʤ) 0,4 ï 
1,6 

0,4 ï 
1,6 

0,2 ï 
0,8 

0,2 ï 
0,8 

0,4 ï 
1,6 

0,4 ï 
1,6 

0,4 ï 
1,6 

 

ʊʘʙʣʠʮ r3 ʠ 5 ʧʦʢʘʟʳʚʘʶʪ ʤʠʥʠʤʘʣʴʥʳʝ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʧʨʦʪʦʪʠʧʘ, ʥʠʞʝ ʢʦʪʦʨʳʭ ʥʝ ʦʞʠʜʘʝʪʩʷ ʚʣʠʷʥʠʝ 

ʥʘ ʂʇɼ. ʊʘʙʣʠʮ r4 ʠ 6 ʧʦʢʘʟʳʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʥʦʚʳʭ ʪʫʨʙʠʥ. 
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ʊʘʙʣʠʮʘ 3 ï ʄʠʥʠʤʘʣʴʥʳʝ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʜʣʷ ʥʦʚʳʭ ʨʘʜʠʘʣʴʥʳʭ 

ʠʣʠ ʜʠʘʛʦʥʘʣʴʥʳʭ ʥʘʪʫʨʥʳʭ ʛʠʜʨʦʤʘʰʠʥ 

 
ʋʜʝʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

E, ɼʞĿʢʛ-1 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ (ʤʢʤ) ʢʦʤʧʦʥʝʥʪʘ 300 850 1 400 3 000 8 000 

ʉʧʠʨʘʣʴʥʘʷ ʢʘʤʝʨʘ Ra
SP

 җ 5,0 җ 3,2 җ 3,2 җ 3,2 җ 3,2 

ʉʪʘʪʦʨ Ra
SV

 җ 5,0 җ 3,2 җ 1,6 җ 1,6 җ 1,6 

ʅʘʧʨʘʚʣʷʶʱʠʡ 
ʘʧʧʘʨʘʪ 

Ra
GV

 җ 1,8 җ 1,4 җ 1,0
 a

 җ 0,8
 a

 җ 0,8
 a

 

ʈʘʙʦʯʝʝ ʢʦʣʝʩʦ Ra
RU

 җ 1,8 җ 1,4 җ 1,0
 a

 җ 0,8
 a

 җ 0,8
 a

 

ʆʪʩʘʩʳʚʘʶʱʘʷ ʪʨʫʙʘ Ra
DT

 җ 5,0 җ 3,2 җ 3,2 җ 3,2 җ 3,2 

ɺʨʘʱʘʶʱʠʝʩʷ ʯʘʩʪʠ Ra
TR

 җ 5,0 җ 3,2 җ 1,6 җ 1,6 җ 1,6 

ʅʝʧʦʜʚʠʞʥʳʝ ʯʘʩʪʠ Ra
TS

 җ 5,0 җ 3,2 җ 1,6 җ 1,6 җ 1,6 

a ɽʩʪʴ ʧʨʠʟʥʘʢʠ ʪʦʛʦ, ʯʪʦ ʥʝʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ Ra ʤʦʛʫʪ ʫʭʫʜʰʠʪʴʩʷ ʚ ʪʝʯʝʥʠʝ 
ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ. 
ʅʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦʙʳ ʣʫʯʰʝ ʧʦʥʷʪʴ ʷʚʣʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ 

ʩ ʦʙʨʘʙʦʪʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʛʜʘ ʤʘʰʠʥʘ ʨʘʙʦʪʘʝʪ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ. 

ʇʨʠʤʝʯʘʥʠʝ ī ɿʥʘʯʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʜʣʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʫʜʝʣʴʥʦʡ 
ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʣʠʥʝʡʥʦ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʳ. 

 

ʊʘʙʣʠʮʘ 4 ï ʄʘʢʩʠʤʘʣʴʥʳʝ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʜʣʷ ʥʦʚʳʭ ʨʘʜʠʘʣʴʥʳʭ 

ʠʣʠ ʜʠʘʛʦʥʘʣʴʥʳʭ ʥʘʪʫʨʥʳʭ ʛʠʜʨʦʤʘʰʠʥ 

 
ʋʜʝʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ  

E, ɼʞĿʢʛ-1 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ (ʤʢʤ) ʢʦʤʧʦʥʝʥʪʘ ¢ 2 000 > 2 000 

ʉʧʠʨʘʣʴʥʘʷ ʢʘʤʝʨʘ Ra
SP

 ¢ 25,0 ¢ 12,5 

ʉʪʘʪʦʨ Ra
SV

 ¢ 25,0 ¢ 12,5 

ʅʘʧʨʘʚʣʷʶʱʠʡ ʘʧʧʘʨʘʪ Ra
GV

 ¢ 12,5 ¢ 6,3 

ʈʘʙʦʯʝʝ ʢʦʣʝʩʦ Ra
RU

 

¢ 3,2 ʜʣʷ ʨʝʛʠʦʥʘ ɸ ʥʘ 
ʩʪʦʨʦʥʝ ʨʘʟʨʷʞʝʥʠʷ; 

¢ 6,3 ʜʣʷ ʦʩʪʘʣʴʥʳʭ 
ʨʝʛʠʦʥʦʚ 

¢ 3,2 ʜʣʷ ʚʩʝʭ 
ʨʝʛʠʦʥʦʚ  

ʆʪʩʘʩʳʚʘʶʱʘʷ ʪʨʫʙʘ Ra
DT

 ¢ 25,0 ¢ 12,5 

ɺʨʘʱʘʶʱʠʝʩʷ ʯʘʩʪʠ Ra
TR

 ¢ 25,0 ¢ 12,5 

ʅʝʧʦʜʚʠʞʥʳʝ ʯʘʩʪʠ Ra
TS

 ¢ 25,0 ¢ 12,5 
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 B 

 A 

 

 B 

 A 

 

 B 

 A 

 A 

ʊʫʨʙʠʥʘ 

E ¢ 2 000 ɼʞĿʢʛ-1 

ʊʫʨʙʠʥʘ 

E > 2 000 ɼʞĿʢʛ -1 

ʅʘʩʦʩ-ʪʫʨʙʠʥʘ 

A 

A 

B 

A 

B B 

A 

 

 

ʈʠʩʫʥʦʢ 3 ï ɿʦʥʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʦʧʘʩʪʝʡ ʨʘʜʠʘʣʴʥʦ-ʦʩʝʚʦʡ 

ʛʠʜʨʦʤʘʰʠʥʳ 

 

ʊʘʙʣʠʮʘ 5 ï ʄʠʥʠʤʘʣʴʥʳʝ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʜʣʷ ʥʦʚʳʭ ʦʩʝʚʳʭ 

ʥʘʪʫʨʥʳʭ ʛʠʜʨʦʪʫʨʙʠʥ 

 
ʋʜʝʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ E, ɼʞĿʢʛ-1 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ (ʤʢʤ) ʢʦʤʧʦʥʝʥʪʘ 30 130 300 600 

ʉʧʠʨʘʣʴʥʘʷ ʢʘʤʝʨʘ Ra
SP

 җ 6,3 җ 4,0 җ 3,2 җ 2,0 

ʉʪʘʪʦʨ Ra
SV

 җ 6,3 җ 4,0 җ 3,2 җ 2,0 

ʅʘʧʨʘʚʣʷʶʱʠʡ ʘʧʧʘʨʘʪ Ra
GV

 җ 6,3 җ 4,0 җ 3,2 җ 2,0 

ʈʘʙʦʯʝʝ ʢʦʣʝʩʦ Ra
RU

 җ 2,4 җ 1,3 җ 0,8
 a

 җ 0,6
 a

 

ʆʪʩʘʩʳʚʘʶʱʘʷ ʪʨʫʙʘ Ra
DT

 җ 6,3 җ 4,0 җ 3,2 җ 2,0 

a ɽʩʪʴ ʧʨʠʟʥʘʢʠ ʪʦʛʦ, ʯʪʦ ʥʝʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ Ra ʤʦʛʫʪ ʫʭʫʜʰʠʪʴʩʷ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ. 

ʅʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦʙʳ ʣʫʯʰʝ ʧʦʥʷʪʴ ʷʚʣʝʥʠʷ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʩ ʦʙʨʘʙʦʪʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʛʜʘ ʤʘʰʠʥʘ ʨʘʙʦʪʘʝʪ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ. 

ʇʨʠʤʝʯʘʥʠʝ ī ɿʥʘʯʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʜʣʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʫʜʝʣʴʥʦʡ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʣʠʥʝʡʥʦ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʳ. 
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ʊʘʙʣʠʮʘ 6 ï ʄʘʢʩʠʤʘʣʴʥʳʝ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʜʣʷ ʥʦʚʳʭ ʦʩʝʚʳʭ 

ʥʘʪʫʨʥʳʭ ʛʠʜʨʦʪʫʨʙʠʥ 

 
ʋʜʝʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ E, 

ɼʞĿʢʛ-1 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ (ʤʢʤ) ʢʦʤʧʦʥʝʥʪʘ ¢ 300 > 300 

ʉʧʠʨʘʣʴʥʘʷ ʢʘʤʝʨʘ Ra
SP

 ¢ 25,0 ¢ 12,5 

ʉʪʘʪʦʨ Ra
SV

 ¢ 25,0 ¢ 12,5 

ʅʘʧʨʘʚʣʷʶʱʠʡ ʘʧʧʘʨʘʪ Ra
GV

 ¢ 12,5 ¢ 6,3 

ʈʘʙʦʯʝʝ ʢʦʣʝʩʦ Ra
RU

 ¢ 6,3 ¢ 3,2 

ʆʪʩʘʩʳʚʘʶʱʘʷ ʪʨʫʙʘ Ra
DT

 ¢ 25,0 ¢ 12,5 

 

 

A A 

 

ʈʠʩʫʥʦʢ 4 ï ɿʦʥʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʣʦʧʘʩʪʠ ʦʩʝʚʦʡ ʛʠʜʨʦʤʘʰʠʥʳ 

 

6 ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ ʠ 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʥʠʤ ʧʘʨʘʤʝʪʨʳ 

 

6.1 ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʤ ʧʦʜʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ dECOref ʠ kuCO, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʧʨʘʚʢʠ ʂʇɼ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʠ 

ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ dTref ʠ kT, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʝʨʝʩʯʝʪʘ ʂʇɼ ʜʠʩʢʦʚʦʛʦ 

ʪʨʝʥʠʷ. ʆʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʙʘʟʦʚʦʤʫ ʟʥʘʯʝʥʠʶ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ Reref = 7Ŀ106 ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʰʠʥʘʤ ʩ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 
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6.2 ʂʦʵʬʬʠʮʠʝʥʪ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ 

ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʤʘʰʠʥʘ ʣʶʙʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʝʡ 

ʙʳʩʪʨʦʭʦʜʥʦʩʪʴʶ ʚ ʪʦʯʢʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʇɼ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ: 

 

0,5 0,5
0,51 nD

QE QE ED ED0,75 0,75

nD

       ʠʣʠ      
n Q Q

N N n Q
E E

Ö
= = Ö =  , (15) 

ʛʜʝ     E ï ʫʜʝʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʤʘʰʠʥʳ, ɼʞĿʢʛ-1; 

Q1 ï ʨʘʩʭʦʜ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʤʘʰʠʥʫ, ʤ3/ʩ; 

n ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ, ʩ-1. 

ɼʣʷ ʦʙʨʘʪʠʤʳʭ ʥʘʩʦʩ-ʪʫʨʙʠʥ, ʧʨʦʚʦʜʷʪ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʂʇɼ ʧʨʠ ʨʘʙʦʪʝ ʚ 

ʨʝʞʠʤʝ ʪʫʨʙʠʥʳ ʠ ʚ ʨʝʞʠʤʝ ʥʘʩʦʩʘ. ɼʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʠʩʭʦʜʥʳʝ, 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ ʧʨʠ ʨʘʙʦʪʝ ʚ ʪʫʨʙʠʥʥʦʤ ʠʣʠ ʥʘʩʦʩʥʦʤ 

ʨʝʞʠʤʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺʦ ʚʨʝʤʷ ʧʝʨʝʩʯʝʪʘ ʩʜʚʠʛ ʧʦ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, 

ʦʙʲʝʤʥʦʤʫ ʨʘʩʭʦʜʫ ʠ ʤʦʱʥʦʩʪʠ ʚʳʟʳʚʘʝʪ ʩʜʚʠʛ NQE.  

ʆʜʥʘʢʦ ʵʪʘ ʨʘʟʥʠʮʘ ʦʯʝʥʴ ʤʘʣʘ. ʅʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʷ NQE ʥʘ 1 % 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʥʠʮʝ ʚ ʂʇɼ ʤʝʥʝʝ ʯʝʤ ʥʘ 0,01 %. 

ʊʘʢ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪʳ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʘʰʠʥ ʨʘʟʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʜʣʷ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʡ ʧʨʦʪʦʪʠʧʘ ʦʯʝʥʴ ʙʣʠʟʢʠ, ʪʦ ʚʦʟʤʦʞʥʦ 

ʟʘʬʠʢʩʠʨʦʚʘʪʴ dECOref, kuCO, dTref ʠ kT ʟʘʨʘʥʝʝ ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ 

ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʤʦʜʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʙʱʠʝ ʟʥʘʯʝʥʠʷ dECOref, kuCO, dTref ʠ kT 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʠ ʩʦʛʣʘʩʦʚʘʥʳ ʜʦ ʪʦʛʦ, ʢʘʢ ʙʫʜʫʪ ʫʩʪʘʥʦʚʣʝʥʳ 

ʛʘʨʘʥʪʠʠ ʂʇɼ. 

6.3 ʇʘʨʘʤʝʪʨʳ ʜʣʷ ʧʝʨʝʩʯʝʪʘ ʂʇɼ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

6.3.1 ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʳ dECOref 

ʠ kuCO ʜʣʷ ʤʦʜʝʣʠ ʩ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʬʦʨʤʫʣʝ ʨʘʩʯʝʪʘ ʧʦʧʨʘʚʢʠ, ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʫʨʘʚʥʝʥʠʡ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʘʭ 4, 5, 6 ʠ 7. 
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6.3.2 ʈʘʜʠʘʣʴʥʦ-ʦʩʝʚʳʝ ʪʫʨʙʠʥʳ 

ʊʘʙʣʠʮʘ 7 ï ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʠʥʜʝʢʩ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ dECOref ʠ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʬʘʢʪʦʨ ʩʢʦʨʦʩʪʠ k
uCO

 ʜʣʷ ʨʘʜʠʘʣʴʥʦ-ʦʩʝʚʳʭ ʛʠʜʨʦʤʘʰʠʥ 

6.3.3 ʅʘʩʦʩ-ʪʫʨʙʠʥʳ 

6.3.3.1 ʊʫʨʙʠʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʊʘʙʣʠʮʘ 8 ï ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʠʥʜʝʢʩ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ d
ECOref

 ʠ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʬʘʢʪʦʨ ʩʢʦʨʦʩʪʠ k
uCO

 ʜʣʷ ʥʘʩʦʩ-ʪʫʨʙʠʥʳ ʚ ʪʫʨʙʠʥʥʦʤ ʨʝʞʠʤʝ 

ʂʦʤʧʦʥʝʥʪ ʧʨʦʪʦʯʥʦʡ 
ʯʘʩʪʠ 

d
ECOref 

 k
uCO

 

ʉʧʠʨʘʣʴʥʘʷ ʢʘʤʝʨʘ d
ESPref 

= 0,45/100 k
uSP = -0,5 N

QE
 + 0,34 

ʂʦʣʦʥʥʳ ʩʪʘʪʦʨʘ d
ESVref 

= (-N
QE + 0,45)/100 k

uSV = -1,4 N
QE

 + 0,57 

ʃʦʧʘʪʢʠ ʥʘʧʨʘʚʣʷʶʱʝʛʦ 
ʘʧʧʘʨʘʪʘ 

d
EGVref 

= (-2,9N
QE + 1,65)/100 k

uGV = -3,3 N
QE

 + 1,23 

ʈʘʙʦʯʝʝ ʢʦʣʝʩʦ d
ERUref 

= (3,4N
QE + 1,35)/100 k

uRU = -1,3 N
QE

 + 0,87 

ʆʪʩʘʩʳʚʘʶʱʘʷ ʪʨʫʙʘ d
EDTref 

= (0,5N
QE + 0,05)/100 k

uDT = 0,31 

ʇʨʠʤʝʯʘʥʠʝ ī ɺʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʬʦʨʤʫʣʳ ʜʝʡʩʪʚʠʪʝʣʴʥʳ ʜʣʷ 

0,06 ¢ N
QE ¢ 0,20. ɿʘ ʧʨʝʜʝʣʘʤʠ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʷ ʥʝ ʧʨʦʚʝʨʷʶʪʩʷ. ɺ ʩʣʫʯʘʝ 

ʝʩʣʠ ʬʦʨʤʫʣʳ ʧʝʨʝʩʯʝʪʘ ʧʨʠʤʝʥʷʶʪʩʷ ʢ ʦʮʝʥʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʨʘʢʪʥʳʭ ʤʦʜʝʣʴʥʳʭ 

ʠʩʧʳʪʘʥʠʡ, ʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʢʣʶʯʝʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʰʝʥʠʝ ʤʝʞʜʫ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ. 

ʂʦʤʧʦʥʝʥʪ ʧʨʦʪʦʯʥʦʡ 
ʯʘʩʪʠ 

d
ECOref

 k
uCO

 

ʉʧʠʨʘʣʴʥʘʷ ʢʘʤʝʨʘ d
ESPref 

= 0,40/100 k
uSP = -0,5 NQE + 0,33 

ʂʦʣʦʥʥʳ ʩʪʘʪʦʨʘ d
ESVref 

= (-NQE + 0,40)/100 k
uSV = -1,4 NQE + 0,60 

ʃʦʧʘʪʢʠ ʥʘʧʨʘʚʣʷʶʱʝʛʦ 
ʘʧʧʘʨʘʪʘ 

d
EGVref 

= (-2,9NQE + 1,65)/100 k
uGV = -3,3 NQE + 1,29 

ʈʘʙʦʯʝʝ ʢʦʣʝʩʦ d
ERUref 

= (3,4NQE + 0,55)/100 k
uRU = -1,3 NQE + 0,90 

ʆʪʩʘʩʳʚʘʶʱʘʷ ʪʨʫʙʘ d
EDTref 

= (0,5NQE + 0,05)/100 k
uDT = 0,28 

ʇʨʠʤʝʯʘʥʠʝ ī ɺʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʬʦʨʤʫʣʳ ʜʝʡʩʪʚʠʪʝʣʴʥʳ ʜʣʷ  0,06 ¢ N
QE
¢ 0,30. 

ɿʘ ʧʨʝʜʝʣʘʤʠ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʷ ʥʝ ʧʨʦʚʝʨʷʶʪʩʷ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʬʦʨʤʫʣʳ 

ʧʝʨʝʩʯʝʪʘ ʧʨʠʤʝʥʷʶʪʩʷ ʢ ʦʮʝʥʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʨʘʢʪʥʳʭ ʤʦʜʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʪʦ 

ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʢʣʶʯʝʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʰʝʥʠʝ ʤʝʞʜʫ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ 

ʩʪʦʨʦʥʘʤʠ. 
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6.3.3.2 ʅʘʩʦʩʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʊʘʙʣʠʮʘ 9 ï ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʠʥʜʝʢʩ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ d
ECOref

 ʠ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʬʘʢʪʦʨ ʩʢʦʨʦʩʪʠ k
uCO

 ʜʣʷ ʥʘʩʦʩ-ʪʫʨʙʠʥʳ ʚ ʥʘʩʦʩʥʦʤ ʨʝʞʠʤʝ 

ʂʦʤʧʦʥʝʥʪ ʧʨʦʪʦʯʥʦʡ 
ʯʘʩʪʠ 

d
ECOref  k

uCO
 

ʉʧʠʨʘʣʴʥʘʷ ʢʘʤʝʨʘ d
ESPref 

= 0,45/100 k
uSP 

= -0,5 N
QE

 + 0,31 

ʂʦʣʦʥʥʳ ʩʪʘʪʦʨʘ d
ESVref 

= (-N
QE 

+ 0,50)/100 k
uSV 

= -1,4 N
QE

 + 0,53 

ʃʦʧʘʪʢʠ ʥʘʧʨʘʚʣʷʶʱʝʛʦ 
ʘʧʧʘʨʘʪʘ 

d
EGVref 

= (-2,9N
QE 

+ 1,65)/100 k
uGV 

= -3,3 N
QE

 + 0,96 

ʈʘʙʦʯʝʝ ʢʦʣʝʩʦ d
ERUref 

= (3,4N
QE 

+ 1,55)/100 k
uRU 

= -1,3 N
QE

 + 0,79 

ʆʪʩʘʩʳʚʘʶʱʘʷ ʪʨʫʙʘ d
EDTref 

= (0,5N
QE 

+ 0,05)/100 k
uDT 

= 0,27 

ʇʨʠʤʝʯʘʥʠʝ ī ɺʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʬʦʨʤʫʣʳ ʜʝʡʩʪʚʠʪʝʣʴʥʳ ʜʣʷ 0,06 ¢ N
QE 
¢ 0,20. 

ɿʘ ʧʨʝʜʝʣʘʤʠ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʷ ʥʝ ʧʨʦʚʝʨʷʶʪʩʷ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʬʦʨʤʫʣʳ 

ʧʝʨʝʩʯʝʪʘ ʧʨʠʤʝʥʷʶʪʩʷ ʢ ʦʮʝʥʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʨʘʢʪʥʳʭ ʤʦʜʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʪʦ 

ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʢʣʶʯʝʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʰʝʥʠʝ ʤʝʞʜʫ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ 

ʩʪʦʨʦʥʘʤʠ. 

6.3.4 ʆʩʝʚrʝ ʛʠʜʨʦʤʘʰʠʥʳ 

ʊʘʙʣʠʮʘ 10 ï ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʠʥʜʝʢʩ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ d
ECOref

 ʠ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʬʘʢʪʦʨ ʩʢʦʨʦʩʪʠ k
uCO

 ʜʣʷ ʦʩʝʚʳʭ ʛʠʜʨʦʤʘʰʠʥ  

 

  

ʂʦʤʧʦʥʝʥʪ ʧʨʦʪʦʯʥʦʡ 
ʯʘʩʪʠ 

d
ECOref  k

uCO
  

ʈʘʙʦʯʝʝ ʢʦʣʝʩʦ dERUref = 2,45/100 kuRU = 1,03  

ɺʩʝ ʥʝʧʦʜʚʠʞʥʳʝ ʯʘʩʪʠ dESTref = 1,23/100 kuST = 0,19 

ʇʨʠʤʝʯʘʥʠʝ ī ɺʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʬʦʨʤʫʣʳ ʜʝʡʩʪʚʠʪʝʣʴʥʳ ʜʣʷ 0,25 ¢ N
QE ¢ 0,70. 

ɿʘ ʧʨʝʜʝʣʘʤʠ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʷ ʥʝ ʧʨʦʚʝʨʷʶʪʩʷ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʬʦʨʤʫʣʳ 

ʧʝʨʝʩʯʝʪʘ ʧʨʠʤʝʥʷʶʪʩʷ ʢ ʦʮʝʥʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʨʘʢʪʥʳʭ ʤʦʜʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʪʦ 

ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʢʣʶʯʝʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʰʝʥʠʝ ʤʝʞʜʫ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ 

ʩʪʦʨʦʥʘʤʠ. 
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6.4 ʇʘʨʘʤʝʪʨʳ ʜʣʷ ʧʝʨʝʩʯʝʪʘ ʂʇɼ ʤʦʱʥʦʩʪʠ (ʜʠʩʢʦʚʦʝ ʪʨʝʥʠʝ) 

6.4.1 ʈʘʜʠʘʣʴʥʦ-ʦʩʝʚʳʝ ʪʫʨʙʠʥʳ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ dTref ʠ kT ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ (ʩʤ. D.3): 

Tref 2

QE

0,004 1
0,44

100
d

N

å õ
= + Öæ ö
ç ÷

   ʜʣʷ 0,06 ¢ NQE ¢ 0,30,  (16) 

kT = ï 5,7 NQE + 2,0 ʠʣʠ 1,0, ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ. (17) 

ʌʦʨʤʫʣʘ dTref ʜʝʡʩʪʚʠʪʝʣʴʥʘ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠʘʧʘʟʦʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ. ɿʘ ʧʨʝʜʝʣʘʤʠ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʷ ʥʝ 

ʧʨʦʚʝʨʷʶʪʩʷ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʬʦʨʤʫʣʳ ʧʝʨʝʩʯʝʪʘ ʧʨʠʤʝʥʷʶʪʩʷ ʢ ʦʮʝʥʢʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʨʘʢʪʥʳʭ ʤʦʜʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʢʣʶʯʝʥʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʰʝʥʠʝ ʤʝʞʜʫ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ. 

6.4.2 ʅʘʩʦʩ-ʪʫʨʙʠʥʳ 

6.4.2.1 ʊʫʨʙʠʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ dTref ʠ kT ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ (ʩʤ. D.3): 

Tref 2

QE

0,012 1
0,97

100
d

N

å õ
= + Öæ ö
ç ÷

   ʜʣʷ 0,06 ¢ NQE ¢ 0,20,  (18) 

kT = ï 8,3 NQE + 2,7 ʠʣʠ 1,0, ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ. (19) 

ʌʦʨʤʫʣʘ dTref ʜʝʡʩʪʚʠʪʝʣʴʥʘ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠʘʧʘʟʦʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ. ɿʘ ʧʨʝʜʝʣʘʤʠ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʷ ʥʝ 

ʧʨʦʚʝʨʷʶʪʩʷ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʬʦʨʤʫʣʳ ʧʝʨʝʩʯʝʪʘ ʧʨʠʤʝʥʷʶʪʩʷ ʢ ʦʮʝʥʢʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʨʘʢʪʥʳʭ ʤʦʜʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʢʣʶʯʝʥʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʰʝʥʠʝ ʤʝʞʜʫ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ. 

6.4.2.2 ʅʘʩʦʩʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ dTref ʠ kT ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ (ʩʤ. D.3): 

Tref 2

0 015 1
1 23

N 100QE

,
d ,

å õ
= + Öæ öæ ö
ç ÷

 ʜʣʷ 0,06 ¢ NQE ¢ 0,20,  (20) 

kT = ï 7,5 NQE + 2,7 ʠʣʠ 1,0, ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ. (21) 

ʌʦʨʤʫʣʘ dTref ʜʝʡʩʪʚʠʪʝʣʴʥʘ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠʘʧʘʟʦʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ. ɿʘ ʧʨʝʜʝʣʘʤʠ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʷ ʥʝ 

ʧʨʦʚʝʨʷʶʪʩʷ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʬʦʨʤʫʣʳ ʧʝʨʝʩʯʝʪʘ ʧʨʠʤʝʥʷʶʪʩʷ ʢ ʦʮʝʥʢʝ 
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ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʨʘʢʪʥʳʭ ʤʦʜʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʢʣʶʯʝʥʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʰʝʥʠʝ ʤʝʞʜʫ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ. 

6.4.3 ʆʩʝʚʳʝ ʤʘʰʠʥʳ 

ʊʨʝʥʠʝ ʥʘ ʚʪʫʣʢʝ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʦʩʝʚʳʭ ʤʘʰʠʥ ʚʳʟʳʚʘʝʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʦʩʝʚʳʭ ʤʘʰʠʥ dTref ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 0. 

 

7 ʇʝʨʝʩʯʝʪ ʥʘ ʥʘʪʫʨʥʫʶ ʛʠʜʨʦʤʘʰʠʥʫ 

 

7.1 ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʘ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʙʦʯʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʴʥʦʡ ʛʠʜʨʦʤʘʰʠʥʳ ʚ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʪʫʨʥʦʡ 

ʛʠʜʨʦʤʘʰʠʥʳ. ʇʝʨʚʳʡ ï çʦʜʥʦʩʪʫʧʝʥʯʘʪʳʡ ʤʝʪʦʜè, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʙʦʯʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʠ ʚ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʯʢʝ ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʚ ʨʘʙʦʯʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʪʫʨʥʦʡ ʪʫʨʙʠʥʳ ʚ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʯʢʝ (M Ÿ P). ɼʨʫʛʦʡ ï 

çʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʤʝʪʦʜè. ʇʨʠ ʵʪʦʤ ʤʝʪʦʜʝ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʩʥʘʯʘʣʘ ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ 

ʚ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ, ʦʧʠʩʘʥʥʦʡ ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ (ReM*) ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ (RaCOM*) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʠʩʫʥʢʦʤ 5. ʕʪʦʪ ʧʨʦʮʝʩʩ (M Ÿ M*) ʥʘʟʳʚʘʝʪʩʷ çʥʦʨʤʘʣʠʟʘʮʠʝʡè. ɿʘʪʝʤ, ʧʦʩʣʝ 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʚ 

ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʪʫʨʥʦʡ ʛʠʜʨʦʤʘʰʠʥʳ (M* Ÿ P).  
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ReMopt RePReM* = Reref

hh

˨͙͊ͨ͊ͦͤ͘
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dEPopt

hhMopt hhPopt

˹͙ͦͪͣ͊͊͘͡ͼ͙Ύ ͦͭ ReM i R͟eM*

̏ͺͺ͔ͭ͟ 
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1,0

˥͊͒͊͟͡Ύ ͍͔ͨͦͪͻͤͦͫͭΈ

hhM*

ͫ

RaCOM*

dEMopt

dEref

dns

 

ʈʠʩʫʥʦʢ 5 ï ʅʦʨʤʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʪ 
i

ReM  ʜʦ *M Re  ʠ ʦʪ *M Re  ʜʦ PRe  

 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʥʦʨʤʘʣʠʟʘʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ: 

- ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ReM* ʨʘʚʥʦ ʙʘʟʦʚʦʤʫ ʯʠʩʣʫ 

ʈʝʡʥʦʣʴʜʩʘ Reref = 7 Ŀ 106; 

- ʟʥʘʯʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ RaCOM* ʨʘʚʥʳ 

ʙʘʟʦʚʳʤ ʟʥʘʯʝʥʠʷʤ RaCOMref, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 12. 

ʇʨʦʮʝʜʫʨʳ ʚʳʯʠʩʣʝʥʠʡ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʝ 8. ʄʝʪʦʜ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʧʝʨʝʩʯʝʪʘ ʜʦʣʞʝʥ ʧʨʠʤʝʥʷʪʴʩʷ, ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʡ ʜʣʷ 

ʢʦʥʪʨʘʢʪʥʳʭ ʤʦʜʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

ʍʦʪʷ ʵʪʠ ʜʚʘ ʤʝʪʦʜʘ ʜʘʶʪ ʩʣʝʛʢʘ ʦʪʣʠʯʘʶʱʠʝʩʷ ʟʥʘʯʝʥʠʷ ʧʝʨʝʩʯʝʪʘ, 

çʦʜʥʦʩʪʫʧʝʥʯʘʪʳʡ ʤʝʪʦʜè ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʧʝʨʝʩʯʝʪʘ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʣʴʢʦ ʚ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʯʢʝ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʪ ʫʪʦʯʥʠʪʴ ʧʨʦʮʝʩʩ ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʨʠ 

ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ ʈʝʡʥʦʣʴʜʩʘ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. 

ʇʝʨʝʩʯʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʞʜʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

i-ʡ ʪʦʯʢʠ ʠʩʧʳʪʘʥʠʡ (ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ȹEM->M*i, ȹQM->M*i,   

ȹTM->M*i ʠ ʧʦʩʪʦʷʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʪʦʯʝʢ ʜʣʷ ȹEM*->P, ȹQM*->P, 

ȹTM*->P) ʨʘʩʩʯʠʪʘʥʳ ʜʣʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʩʭʦʞʠʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ, ʠʩʧʦʣʴʟʫʷ 

ʬʦʨʤʫʣʳ (22) ï (33): 
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- ʦʪ ʠʩʧʳʪʘʥʥʦʡ ʤʦʜʝʣʠ ʢ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ (ʰʘʛ 1, ʛʜʝ ʪʫʨʙʠʥʘ ɸ ï ʵʪʦ ʄ, ʘ 

ʪʫʨʙʠʥʘ ɺ ï ʵʪʦ M*) 

- ʠ ʦʪ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʢ ʥʘʪʫʨʥʦʡ ʛʠʜʨʦʤʘʰʠʥʝ (ʰʘʛ 2, ʛʜʝ ʪʫʨʙʠʥʘ ɸ ï ʵʪʦ 

M* ʠ ʪʫʨʙʠʥʘ ɺ ï ʵʪʦ P). 

7.2 ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʂʇɼ 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʂʇɼ hhAmax ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ ʂʇɼ ʠʜʝʘʣʴʥʦʡ ʤʦʜʝʣʠ ʧʨʠ ʫʢʘʟʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʠ ʛʣʘʜʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʢʨʦʤʝ 

ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʠ ʧʨʦʪʝʯʝʢ.  

ɺ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ 

ʂʇɼ ʤʦʜʝʣʠ hhAmaxref ʦʧʨʝʜʝʣʝʥ ʧʨʠ ʙʘʟʦʚʳʭ ʫʩʣʦʚʠʷʭ (Reref ʠ RaCOMref). 

ʕʪʦ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 ( )( )hAmaxref Eref Tref Q1 1  h = -d Ö -d Ö h,
 

ʛʜʝ    ŭEref  ï ʙʘʟʦʚʳʝ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

(ʩʤ. B.3.2 ʜʣʷ ʨʘʜʠʘʣʴʥʦ-ʦʩʝʚʳʭ ʪʫʨʙʠʥ, B.3.3 ʜʣʷ ʥʘʩʦʩ-ʪʫʨʙʠʥ ʠ C.6 ʜʣʷ 

ʦʩʝʚʳʭ ʪʫʨʙʠʥ); 

ŭTref   ï  ʙʘʟʦʚʳʝ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʜʠʩʢʦʚʳʝ ʧʦʪʝʨʠ (ʩʤ. D.3.1); 

hQ  ï ʦʙʲʝʤʥʳʡ ʂʇɼ. ʊʦʣʴʢʦ ʜʣʷ ʨʘʩʯʝʪʘ hhAmaxMref hQ ʨʘʚʝʥ 0,99 ʜʣʷ 

ʨʘʜʠʘʣʴʥʳʭ ʤʘʰʠʥ ʠ ʨʘʚʝʥ 1,00 ʜʣʷ ʦʩʝʚʳʭ ʤʘʰʠʥ. 

ɼʘʣʝʝ hhAmaxMref ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ 11. 
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ʊʘʙʣʠʮʘ 11 ï ʈʘʩʯʝʪ h
hAmaxMref

  

  
ŭEref 

hEmax =1ï

ŭEref 
ŭTref hT=1ïŭTref h

Q
 h

hAmaxMref=hEmaxȚhTȚhQ
 

ʆʩʝʚʘʷ 
ʪʫʨʙʠʥʘ 

0,0450 0,9550 0,0000 1,0000 1,0000 0000,10000,19550,0 ÖÖ  

ʈʘʜʠʘʣʴʥʦ-
ʦʩʝʚʘʷ 
ʪʫʨʙʠʥʘ 

0,0375 0,9625 2
QE

0,00005
+0,0050

N

 
2

QE

0,00005
-0,9950

N

 
0,9900 9900,0

0,00005
-0,99509625,0

2
QE

Ö
ö
ö

÷

õ

æ
æ

ç

å
Ö

N

 

ʅʘʩʦʩ-
ʪʫʨʙʠʥʘ 
(ʪʫʨʙʠʥʥʳʡ 
ʨʝʞʠʤ) 

0,0485 0,9515 2
QE

0,00015
+0,0110

N

 
2

QE

0,00015
-0,9890

N

 
0,9900 9900,0

0,00015
-0,98909515,0

2
QE

Ö
ö
ö

÷

õ

æ
æ

ç

å
Ö

N

 

ʅʘʩʦʩ-
ʪʫʨʙʠʥʘ 
(ʥʘʩʦʩʥʳʡ 
ʨʝʞʠʤ) 

0,0520 0,9480 2
QE

0,00019
+0,0140

N

 
2

QE

0,00019
-0,9860

N

 
0,9900 9900,0

0,00019
-0,98609480,0

2
QE

Ö
ö
ö

÷

õ

æ
æ

ç

å
Ö

N

 

ɿʥʘʯʝʥʠʷ hhAmaxMref ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 

ʈʠʩʫʥʦʢ 6 ï ɹʘʟʦʚʳʡ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʂʇɼ 

ɽʛʦ ʟʥʘʯʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʦ ʚ ʫʩʣʦʚʠʷ ʪʦʯʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʂʇɼ (ReM and RaCOM), ʪ. ʝ. ʚ hhAmaxM ʜʦ ʩʨʘʚʥʝʥʠʷ ʩ hhMopt. 

ɽʩʣʠ ʥʘ ʤʦʜʝʣʠ ʜʦʩʪʠʛʥʫʪʦ ʟʥʘʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʂʇɼ ʚʳʰʝ, ʯʝʤ hhAmaxM, 

ʟʥʘʯʠʪ, ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʥʠʞʝ ʩʪʘʥʜʘʨʪʥʳʭ ʟʥʘʯʝʥʠʡ.  

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʦʪʝʨʴ, 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʵʪʠʤ ʩʪʘʥʜʘʨʪʦʤ, (dECOref, dTref, 1-hQ) ʨʘʚʥʦʤʝʨʥʦ 

ʆʩʝʚʘʷ ʪʫʨʙʠʥʘ 

ʈʘʜʠʘʣʴʥʦ-ʦʩʝʚʘʷ ʪʫʨʙʠʥʘ 

ʅʘʩʦʩ-ʪʫʨʙʠʥʘ (ʊʫʨʙʠʥʥʳʡ ʨʝʞʠʤ) 

ʅʘʩʦʩ-ʪʫʨʙʠʥʘ (ʅʘʩʦʩʥʳʡ ʨʝʞʠʤ) 

re
f 
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ʫʤʝʥʴʰʘʶʪʩʷ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʠʭ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ kcorr, ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
( )
( )

hMopt

corr

hAmaxM 

1-

1-
k

h
=

h
. 

ʆʧʪʠʤʘʣʴʥʳʡ ʂʇɼ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʦʚʝʨʝʥ ʧʨʠ ʟʥʘʯʝʥʠʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, 

ʙʣʠʟʢʦʤ ʢ ʟʥʘʯʝʥʠʶ ʦʢʨʫʞʘʶʱʠʭ ʪʦʯʝʢ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ. 

7.3 ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʂʇɼ 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʂʇɼ ʥʘʪʫʨʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʩʯʠʪʘʥ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʳ: 

( )( )( )* * *M M M

EM* TM* QM*hM*
E Q T

hM EM TM QM

1 1 1
­ ­ ­

h Öh Öhh
= = +D Ö +D Ö +D

h h Öh Öh M M M

, 

 (22) 

( )( )( )
M* P M* P M* P

EP TP QPhP
E Q T

hM* EM* TM* QM*

1 1 1
­ ­ ­

h Öh Öhh
= = +D Ö +D Ö +D

h h Öh Öh
. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʤʥʦʞʠʪʝʣʷʤ 
hM

*hM

h

h
 ʠ 

*hM

hP

h

h
. 

ʆʪʙʨʘʩʳʚʘʥʠʷ ʯʣʝʥʦʚ ʚʪʦʨʦʛʦ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʦʚ ʜʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʪʦʯʥʦʡ ʬʦʨʤʫʣʳ: 

( )
M M* M M* M M*

hM*
hM M* hM hM E Q T

hM

1
­ ­ ­

­

å õh
Dh =h Ö - @h Ö D +D +Dæ ö

hç ÷
 

  (23) 

( )
M* P M* P M* P

hP
hM* P hM* hM* E Q T

hM*

1
­ ­ ­

­

å õh
Dh =h Ö - @h Ö D +D +Dæ ö

hç ÷
. 

ɺ ʩʣʫʯʘʝ ʦʩʝʚʳʭ ʛʠʜʨʦʤʘʰʠʥ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʦʜʦʙʥʳʤʠ ʟʘʟʦʨʘʤʠ

0
PM*PM**MM*MM

QTQT ====
­­­­

DDDD . ʊʦʛʜʘ ʧʨʠʚʝʜʝʥʥʘʷ ʚʳʰʝ ʬʦʨʤʫʣʘ ʫʧʨʦʱʝʥʥʦ 

ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

 ( )1
M M*

hM* EM*
E

hM EM
­

h h
= = +D

h h
, 

 (24) 

 ( )
M* P

hP EP

hM* EM*

1 E ­

h h
= = +D

h h
 

ʠʣʠ 
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 ( )
M M*

hM*
hM M* hM hM E

hM

1
­­

å õh
Dh =h Ö - =h Ö Dæ ö

hç ÷
, 

 (25) 

 ( )
M* P

hP
hM* P hM* hM E

hM*

1
­­

å õh
Dh =h Ö - =h Ö Dæ ö

hç ÷
 

7.4 ʋʜʝʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

7.4.1 ʊʫʨʙʠʥʥʳʡ ʨʝʞʠʤ 

ɺ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʫʜʝʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʣʝʜʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ: 

M M*

2 2 2 2

M* M* M* EM M* M*

M M M EM* M M E

1
  

1

E n D n D

E n D n D
­

å õå õ å õ å õ å õ å õh
= Ö Ö = Ö Öæ öæ ö æ ö æ ö æ ö æ öæ öh +Dç ÷ ç ÷ ç ÷ ç ÷ ç ÷ç ÷

, 

  (26) 

M* P

2 2 2 2

P P P M* P P

M* M* M* EP M* M* E

1

1

E n D n D

E n D n D
­

å õå õ å õ å õ å õ å õh
= Ö Ö = Ö Öæ öæ ö æ ö æ ö æ ö æ öæ öh +Dç ÷ ç ÷ ç ÷ ç ÷ ç ÷ç ÷

. 

7.4.2 ʅʘʩʦʩʥʳʡ ʨʝʞʠʤ 

ɺ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʫʜʝʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʣʝʜʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ: 

 ( )
M M*

2 2 2 2

M* M* M* EM* M* M*
E

M M M EM M M

  1
E n D n D

E n D n D ­

å õ å õ å õ å õ å õh
= Ö Ö = Ö Ö +Dæ ö æ ö æ ö æ ö æ ö

hç ÷ ç ÷ ç ÷ ç ÷ ç ÷
, 

  (27) 

 ( )
M* P

2 2 2 2

P P P EP P P
E

M* M* M* EM* M* M*

  1
E n D n D

E n D n D ­

å õ å õ å õ å õ å õh
= Ö Ö = Ö Ö +Dæ ö æ ö æ ö æ ö æ ö

hç ÷ ç ÷ ç ÷ ç ÷ ç ÷
.  

 

7.5 ʈʘʩʭʦʜ 

7.5.1 ʊʫʨʙʠʥʥʳʡ ʨʝʞʠʤ 

ɺ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʫʜʝʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʣʝʜʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ: 

 
*

M M*

3 3

QM1M* M* M* M* M*

1M M M M MQM

1

1 Q

Q n D n D

Q n D n D
­

å õå õ å õh
= Ö Ö = Ö Öæ öæ ö æ öæ öh +Dç ÷ ç ÷ç ÷

, 

  (28) 

 

M* P

3 3

QM*1P P P P P

1M* M* M* QP M* M*

1

1 Q

Q n D n D

Q n D n D
­

å õå õ å õh
= Ö Ö = Ö Öæ öæ ö æ öæ öh +Dç ÷ ç ÷ç ÷

. 

 

7.5.2 ʅʘʩʦʩʥʳʡ ʨʝʞʠʤ 

ɺ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʫʜʝʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʣʝʜʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ: 
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 ( )
M M*

3 3

QM*1M* M* M* M* M*

1M M M QM M M

1 Q

Q n D n D

Q n D n D ­

å õ å õh
= Ö Ö = Ö Ö +Dæ ö æ ö

hç ÷ ç ÷
, 

  (29) 

 ( )
M* P

3 3

QP1P P P P P

1M* M* M* QM* M* M*

1 Q

Q n D n D

Q n D n D ­

å õ å õh
= Ö Ö = Ö Ö +Dæ ö æ ö

hç ÷ ç ÷
. 

 

7.6 ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ 

7.6.1 ʊʫʨʙʠʥʥʳʡ ʨʝʞʠʤ 

ɺ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʫʜʝʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʣʝʜʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ: 

 ( )
M M*

2 5 2 5

mM* 1M* M* M* TM* M* M* M*

mM 1M M M TM 1M M M

1 T

T n D n D

T n D n D ­

å õ å õ å õ å õ å õr h r
= Ö Ö Ö = Ö Ö Ö +Dæ ö æ ö æ ö æ ö æ ö
r h rç ÷ ç ÷ ç ÷ ç ÷ ç ÷

, 

  (30) 

 ( )
M* P

2 5 2 5

mP 1P P P TP 1P P P

mM* 1M* M* M* TM* 1M* M* M*

1 T

T n D n D

T n D n D ­

å õ å õ å õ å õ å õr h r
= Ö Ö Ö = Ö Ö Ö +Dæ ö æ ö æ ö æ ö æ ö
r h rç ÷ ç ÷ ç ÷ ç ÷ ç ÷

. 

7.6.2 ʅʘʩʦʩʥʳʡ ʨʝʞʠʤ 

ɺ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʫʜʝʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʣʝʜʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ: 

 

M M*

2 5 2 5

mM* 1M* M* M* TM 1M* M* M*

mM 1M M M TM* 1M M M

1

1 T

T n D n D

T n D n D
­

å õå õ å õ å õ å õ å õr h r
= Ö Ö Ö = Ö Ö Öæ öæ ö æ ö æ ö æ ö æ öæ ör h r +Dç ÷ ç ÷ ç ÷ ç ÷ ç ÷ç ÷

, 

  (31) 

 

M* P

2 5 2 5

mP 1P P P mM* 1P P P

mM* 1M* M* M* TP 1M* M* M*

1

1 T

T n D n D

T n D n D
­

å õå õ å õ å õ å õ å õr h r
= Ö Ö Ö = Ö Ö Öæ öæ ö æ ö æ ö æ ö æ öæ ör h r +Dç ÷ ç ÷ ç ÷ ç ÷ ç ÷ç ÷

. 

 

7.7 ʄʦʱʥʦʩʪʴ 

7.7.1 ʊʫʨʙʠʥʥʳʡ ʨʝʞʠʤ 

ʇʨʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʱʥʦʩʪʴ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʷʤ: 

 mM* M* mM* 1M* hM*P E Q=r Ö Ö Öh, 

ʛʜʝ     rM* ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʨʠ pambM* = 101325 ʇʘ 

ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ twM* = 20 ÁC. 

ɼʘʣʝʝ                                            mP 1P mP 1P hPP E Q=r Ö Ö Öh.                                                       (32) 
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7.7.2 ʅʘʩʦʩʥʳʡ ʨʝʞʠʤ 

ʇʨʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʱʥʦʩʪʴ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʷʤ: 

 mM* M* mM* 1M*

hM*

1
P E Q=r Ö Ö Ö

h
, 

ʛʜʝ rM* ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʨʠ  

pambM* = 101325 ʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ twM* = 20 ÁC. 

ɼʘʣʝʝ                                     mP 1P mP 1P

hP

1
P E Q=r Ö Ö Ö

h
 .                                               (33) 

8 ʇʨʦʮʝʜʫʨʘ ʨʘʩʯʝʪʘ 

8.1 ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ, ʦʧʠʩʘʥʥʳʝ ʚ ʄʕʂ 60193, ʜʣʷ ʢʘʞʜʦʡ 

ʨʝʞʠʤʥʦʡ ʪʦʯʢʠ ʧʦʣʫʯʘʶʪʩʷ ʘʙʩʦʣʶʪʥʳʝ ʜʘʥʥʳʝ ʠʩʧʳʪʘʥʠʡ ʤʦʜʝʣʠ, ʪʘʢʠʝ ʢʘʢ 

ɖM, EM, QM, TM, PM, ReM ʠ ʪ. ʜ. ʉ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʙʩʦʣʶʪʥʳʭ ʜʘʥʥʳʭ 

ʤʦʜʝʣʠ ʠ ʧʨʦʪʦʪʠʧʘ, ʪʘʢʠʭ ʢʘʢ n, D, g ʠ r, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʜʘʥʥʳʝ ʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʪʫʨʥʦʡ ʛʠʜʨʦʤʘʰʠʥʳ. 

ʇʨʠʣʘʛʘʝʤʳʝ ʙʣʦʢ-ʩʭʝʤʳ (ʨʠʩʫʥʢʠ 7, 8 ʠ 9) ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʩʶ ʧʨʦʮʝʜʫʨʫ, 

ʥʘʯʠʥʘʷ ʩ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ ʠ ʟʘʢʘʥʯʠʚʘʷ ʨʘʩʯʝʪʦʤ 

ʜʘʥʥʳʭ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʪʫʨʥʦʡ ʪʫʨʙʠʥʳ, ʢʘʢ ʦʧʠʩʳʚʘʝʪʩʷ ʚ 

ʧʨʠʣʦʞʝʥʠʠ F.  

ɼʚʘ ʤʝʪʦʜʘ ʦʧʠʩʘʥʳ: 

- çʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡè (ʩʤ. ʨʠʩʫʥʢʠ 7 ʠ 8), ʷʚʣʷʶʱʠʡʩʷ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʤ 

ʩʧʦʩʦʙʦʤ;  

- çʦʜʥʦʩʪʫʧʝʥʯʘʪʳʡè (ʩʤ. ʨʠʩʫʥʦʢ 9) ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʯʢʠ.  

ʇʨʦʮʝʜʫʨʘ ʨʘʩʯʝʪʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʠ ʤʦʱʥʦʩʪʠ ʥʘ ʚʩʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʦʡ ʪʫʨʙʠʥʳ ʧʨʠ ʟʘʜʘʥʥʦʡ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ 

ʚʳʭʦʜʥʦʡ/ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦ ʠʥʪʝʨʧʦʣʠʨʦʚʘʪʴ ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ ʧʝʨʝʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʪʫʨʳ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʦ ʠʟʤʝʨʝʥʥʳʤ ʪʦʯʢʘʤ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʠ. 
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8.2 ɹʘʟʦʚʘʷ ʤʦʜʝʣʴ 

ɺ ʪʝʯʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʪʨʫʜʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ 

ʥʝʠʟʤʝʥʥʳʤ ʜʣʷ ʚʩʝʭ ʨʝʞʠʤʦʚ ʚʩʝʛʦ ʜʠʘʧʘʟʦʥʘ ʠʩʧʳʪʘʥʠʡ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʚʝʩʪʠ ʜʘʥʥʳʝ ʚʩʝʭ ʠʩʧʳʪʘʥʥʳʭ ʨʝʞʠʤʦʚ ʢ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢ ʙʘʟʦʚʤr ʫʩʣʦʚʠʷʤ ʦʧʨʝʜʝʣʝʥ ʢʘʢ 

çʥʦʨʤʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʠʩʧʳʪʘʥʠʡè.  

ʉʣʝʜʫʶʱʠʝ ʙʘʟʦʚʳʝ ʫʩʣʦʚʠʷ ʜʦʣʞʥʳ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ: 

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ: ReM* = Reref = 7 Ŀ 10
6
. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʤʦʜʝʣʠ:  twM* = twref = 20 ÁC. 

ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ: pambM* = pambref= 101325 ʇʘ. 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ: RaCOM* = RaCOMref ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʘʙʣʠʮʝʡ 12.  

ʅʘʣʦʞʝʥʥr ʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʦʜʦʙʥʳʝ ʫʧʣʦʪʥʝʥʠʷ ʩ ʠʩʧʳʪʘʥʥʦʡ ʤʦʜʝʣʴʶ. 

ʊʘʙʣʠʮʘ 1 2  ï ɹʘʟʦʚʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ RaCOMref 

ʂʦʤʧʦʥʝʥʪ SP SV GV RU DT TR TS 

RaCOMref (ʤʢʤ) 0,8 0,8 0,4 0,4 0,8 0,8 0,8 

 

8.3 ʉʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʫʥʠʢʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ 

DM* ʜʦʣʞʝʥ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʷʤʠ, ʫʢʘʟʘʥʥʳʤʠ ʚ 8.2.  

ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʧʦʜʦʙʠʷ ʫʧʣʦʪʥʝʥʠʡ ʤʝʞʜʫ ʤʦʜʝʣʷʤʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʤʝʪʦʜ: 

- ʧʝʨʚʳʡ ʰʘʛ: ʦʪ ʢʘʞʜʦʡ ʠʩʧʳʪʘʥʥʦʡ ʤʦʜʝʣʠ ʢ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʙʝʟ 

ʢʦʨʨʝʢʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʫʧʣʦʪʥʝʥʠʷ; 

- ʚʪʦʨʦʡ ʰʘʛ: ʦʪ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʢ ʤʦʜʝʣʠ ʩ ʫʢʘʟʘʥʥʳʤʠ ʫʧʣʦʪʥʝʥʠʷʤʠ. 

ɻʝʦʤʝʪʨʠʷ ʫʧʣʦʪʥʝʥʠʡ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʦʪʥʦʩʠʪʩʷ ʢ ʫʢʘʟʘʥʥʦʤʫ ʜʠʘʤʝʪʨʫ. 

8.4 ʇʨʦʮʝʜʫʨʘ ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠʩʧʳʪʘʥʠʡ: ʰʘʛ 1 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ i ʚ ʟʥʘʯʝʥʠʷ ʧʨʠ ʙʘʟʦʚʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʝʩʯʝʪ ʂʇɼ ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴʩʷ 

ʧʦ ʩʣʝʜʫʶʱʝʡ ʧʨʦʮʝʜʫʨʝ (ʩʤ. ʨʠʩʫʥʦʢ 7): 

- ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ NQE ʚ ʪʦʯʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʂʇɼ ʧʦ 

ʬʦʨʤʫʣʝ (15); 
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- ʩʨʘʚʥʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʂʇɼ ʧʦ ʠʩʧʳʪʘʥʠʷʤ hhMopt ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʂʇɼ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤ ʚ ʫʩʣʦʚʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʂʇɼ ʤʦʜʝʣʠ 

hhAmaxM; 

- ʨʘʩʯʝʪ ʠʥʜʝʢʩʘ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ dECOref ʠ ʠʥʜʝʢʩʘ ʩʢʦʨʦʩʪʠ kuCO 

ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʚ ʪʦʯʢʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʇɼ (ʩʤ. 6.3); 

- ʨʘʩʯʝʪ ʠʥʜʝʢʩʘ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʜʠʩʢʦʚʳʭ ʧʦʪʝʨʴ dTref ʠ ʨʘʟʤʝʨʥʦʛʦ 

ʠʥʜʝʢʩʘ ʜʠʩʢʦʚʳʭ ʧʦʪʝʨʴ kT ʚ ʪʦʯʢʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʇɼ (ʩʤ. 6.4); 

- ʩʧʝʮʠʬʠʢʘʮʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʜʝʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʜʣʷ ʤʦʜʝʣʠ ʠ 

ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ, ʚʳʨʘʞʝʥʥʦʡ RaCOM (ʩʤ. 5.2.2) ʠ RaCOM* (ʩʤ. 8.2) ʢʘʞʜʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ;  

- ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʫʧʣʦʪʥʝʥʠʡ, ʝʩʣʠ ʦʥʠ ʥʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʦʜʦʙʥʳʝ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ F); 

- ʨʘʩʯʝʪ ʟʥʘʯʝʥʠʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʧʨʘʚʦʢ: 

DEMŸM*: ʬʦʨʤʫʣʳ (8) ʠ (10); 

DTMŸM*: ʬʦʨʤʫʣʘ (12); 

- ʨʘʩʯʝʪ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʧʦ ʬʦʨʤʫʣʘʤ (22) ï (33). 
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8.5 ʇʨʦʮʝʜʫʨʘ ʧʝʨʝʩʯʝʪʘ ʥʘ ʥʘʪʫʨʥʫʶ ʛʠʜʨʦʤʘʰʠʥʫ: ʰʘʛ 2 

ɼʣʷ ʧʝʨʝʩʯʝʪʘ ʜʘʥʥʳʭ ʧʨʠ ʙʘʟʦʚʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʫʩʣʦʚʠʷ ʧʨʦʪʦʪʠʧʘ, 

ʧʝʨʝʩʯʝʪ ʂʇɼ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʧʦ ʩʣʝʜʫʶʱʝʡ ʧʨʦʮʝʜʫʨʝ (ʩʤ. ʨʠʩʫʥʦʢ 8): 

- ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ NQE* ʚ ʪʦʯʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʂʇɼ ʧʦ 

ʬʦʨʤʫʣʝ (15); 

- ʩʨʘʚʥʝʥʠʝ ʙʘʟʦʚʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʂʇɼ hhM*opt ʩ ʙʘʟʦʚʳʤ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʤʘʢʩʠʤʘʣʴʥʳʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʂʇɼ hhAmaxref; 

- ʨʘʩʯʝʪ ʠʥʜʝʢʩʘ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ dECOref* ʠ ʠʥʜʝʢʩʘ ʩʢʦʨʦʩʪʠ kuCO* 

ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʚ ʪʦʯʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʂʇɼ (ʩʤ. 6.3); 

- ʨʘʩʯʝʪ ʠʥʜʝʢʩʘ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʜʠʩʢʦʚʳʭ ʧʦʪʝʨʴ dTref* ʠ ʨʘʟʤʝʨʥʦʛʦ 

ʠʥʜʝʢʩʘ ʜʠʩʢʦʚʳʭ ʧʦʪʝʨʴ kT* ʚ ʪʦʯʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʂʇɼ (ʩʤ. 6.4);  

- ʦʧʨʝʜʝʣʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʨʦʪʦʪʠʧʘ, ʚʳʨʘʞʝʥʥʦʡ RaCOP ʢʘʞʜʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ (ʩʤ. 5.2.2); 

- ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʫʧʣʦʪʥʝʥʠʡ, ʝʩʣʠ ʦʥʠ ʥʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʦʜʦʙʥʳʝ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ F); 

- ʨʘʩʯʝʪ ʟʥʘʯʝʥʠʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʧʨʘʚʦʢ: 

DEM*ŸP: ʬʦʨʤʫʣʳ (8) ʠ (10); 

DQM*ŸP: ʬʦʨʤʫʣʘ (11); 

DTM*ŸP: ʬʦʨʤʫʣʘ (12); 

- ʨʘʩʯʝʪ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʪʫʨʥʦʡ ʛʠʜʨʦʤʘʰʠʥʳ ʧʦ 

ʬʦʨʤʫʣʘʤ (22) ï (33). 
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8.6 ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʦʜʥʦʰʘʛʦʚʳʡ ʤʝʪʦʜ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʯʢʠ  

ɼʣʷ ʧʝʨʝʩʯʝʪʘ ʜʘʥʥʳʭ ʚ ʪʦʯʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʂʇɼ ʥʘ ʫʩʣʦʚʠʷ ʧʨʦʪʦʪʠʧʘ, 

ʧʝʨʝʩʯʝʪ ʂʇɼ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʧʦ ʩʣʝʜʫʶʱʝʡ ʧʨʦʮʝʜʫʨʝ (ʩʤ. ʨʠʩʫʥʦʢ 9): 

- ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ NQE ʚ ʪʦʯʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʂʇɼ ʧʦ 

ʬʦʨʤʫʣʝ (15); 

- ʩʨʘʚʥʝʥʠʝ ʪʦʯʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʂʇɼ ʧʦ ʠʩʧʳʪʘʥʠʷʤ hhM*opt ʩ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʤʘʢʩʠʤʘʣʴʥʳʤ ʂʇɼ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤ ʚ ʫʩʣʦʚʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʂʇɼ ʤʦʜʝʣʠ hhAmaxM. ɽʩʣʠ ʟʥʘʯʝʥʠʝ hhMopt ʚʳʰʝ, ʯʝʤ hhAmaxM, ʪʦ 

ʵʪʦʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ. ʉʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʤʝʪʦʜ; 

- ʨʘʩʯʝʪ ʠʥʜʝʢʩʘ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ dECOref ʠ ʠʥʜʝʢʩʘ ʩʢʦʨʦʩʪʠ kuCO 

ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʚ ʪʦʯʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʂʇɼ (ʩʤ. 6.3); 

- ʨʘʩʯʝʪ ʠʥʜʝʢʩʘ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʜʠʩʢʦʚʳʭ ʧʦʪʝʨʴ dTref ʠ ʨʘʟʤʝʨʥʦʛʦ 

ʠʥʜʝʢʩʘ ʜʠʩʢʦʚʳʭ ʧʦʪʝʨʴ kT ʚ ʪʦʯʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʂʇɼ (ʩʤ. 6.4);  

- ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʜʝʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʚʳʨʘʞʝʥʥʦʡ RaCOM ʠ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘʪʫʨʥʦʡ ʛʠʜʨʦʤʘʰʠʥʳ, ʚʳʨʘʞʝʥʥʦʡ RaCOP ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

(ʩʤ. 5.2.2);  

- ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʫʧʣʦʪʥʝʥʠʡ, ʝʩʣʠ ʦʥʠ ʥʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʦʜʦʙʥʳʝ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ F); 

- ʨʘʩʯʝʪ ʟʥʘʯʝʥʠʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʧʨʘʚʦʢ: 

DEMŸP: ʬʦʨʤʫʣʳ (8) ʠ (10); 

DQMŸP: ʬʦʨʤʫʣʘ (11); 

DTMŸP: ʬʦʨʤʫʣʘ (12); 

- ʨʘʩʯʝʪ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʪʫʨʥʦʡ ʛʠʜʨʦʤʘʰʠʥʳ ʧʦ 

ʬʦʨʤʫʣʘʤ (22) ï (33). 
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8.7 ʅʝʦʙʭʦʜʠʤʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʅʝʦʙʭʦʜʠʤʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʪʫʨʥʦʡ ʛʠʜʨʦʤʘʰʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 13. 

ʊʘʙʣʠʮʘ 13 ï ʅʝʦʙʭʦʜʠʤʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
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ʇʨʠʣʦʞʝʥʠʝ ɸ 

(ʩʧʨʘʚʦʯʥʦʝ) 

ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʠ ʠʭ ʧʨʠʙʣʠʞʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ 

A.1 ʆʩʥʦʚʥʘʷ ʢʦʥʮʝʧʮʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʪʝʨʴ ʠ ʤʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ 

A.1.1 ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʌʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ, ʫʢʘʟʘʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ, 

ʧʦʣʫʯʝʥʳ ʥʘ ʩʣʝʜʫʶʱʝʡ ʦʩʥʦʚʝ.  

A.1.2 ʉʪʨʫʢʪʫʨʘ ʧʦʪʝʨʴ ʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʂʇɼ 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ ɸ.1 ʠ ɸ.2, ʧʦʪʝʨʠ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʤʘʰʠʥʘʭ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʪʳʨʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʪʝʨʴ (ʩʤ. ʄʕʂ 60193, [7], 

[9]). 

ʆʥʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

- ʧʦʪʝʨʠ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ: E
L
; 

- ʧʦʪʝʨʠ ʦʪ ʧʨʦʪʝʯʝʢ: q; 

- ʜʠʩʢʦʚʳʝ ʧʦʪʝʨʠ ʪʨʝʥʠʷ: P
Ld

; 

- ʧʦʪʝʨʠ ʪʨʝʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢʘʭ: P
Lm

. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʘʞʜʳʤ ʪʠʧʦʤ ʧʦʪʝʨʴ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʂʇɼ): 

- ʂʇɼ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ: h
E
; 

- ʦʙʲʝʤʥʳʡ ʂʇɼ: h
Q
; 

- ʂʇɼ ʜʠʩʢʦʚʦʛʦ ʪʨʝʥʠʷ: h
T
; 

- ʤʝʭʘʥʠʯʝʩʢʠʡ ʂʇɼ: h
m
. 
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ʈʠʩʫʥʦʢ ɸ.1 - ɼʠʘʛʨʘʤʤʘ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʜʣʷ ʪʫʨʙʠʥʳ 

 



ɻʆʉʊ ʈ ʄʕʂ 62097ï2021 
 

55 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ ɸ.2 ï ɼʠʘʛʨʘʤʤʘ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʜʣʷ ʥʘʩʦʩʘ 

 

ʆʪʥʦʰʝʥʠʝ P
m

/P
h
 (ʜʣʷ ʪʫʨʙʠʥʳ) ʠʣʠ P

h
/P

m
 (ʜʣʷ ʥʘʩʦʩʘ) ʦʧʨʝʜʝʣʷʝʪ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʂʇɼ h
h
, ʚʳʨʘʞʝʥʥʳʡ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ  h

E
, h

Q
 ʠ h

T
. 

ɺ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʤʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ h
h
, ʧʨʠ ʵʪʦʤ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ h
m

 ʚ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. 

A.1.3 ʇʦʜʦʙʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʇʦʜʦʙʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʤʝʞʜʫ ʪʫʨʙʠʥʦʡ ɸ ʠ ʪʫʨʙʠʥʦʡ ɺ 

ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʜʦʙʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩʢʦʨʦʩʪʝʡ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ 

ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ. ʆʜʥʘʢʦ, ʧʦʜʦʙʠʝ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩʢʦʨʦʩʪʝʡ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ 

ʥʝʚʦʟʤʦʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟ-ʟʘ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ ʧʦʪʦʢʘ ʚʥʫʪʨʠ 

ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ. ɽʩʣʠ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʜʦʙʠʝ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩʢʦʨʦʩʪʝʡ ʥʘ ʩʪʦʨʦʥʝ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ, ʦʪʢʣʦʥʝʥʠʝ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩʢʦʨʦʩʪʝʡ ʥʘ ʩʪʦʨʦʥʝ 
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ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʝʛʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ɺ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ 

ʤʝʞʜʫ ʪʫʨʙʠʥʦʡ ɸ ʠ ʪʫʨʙʠʥʦʡ ɺ ʜʦʩʪʠʛʘʶʪʩʷ, ʢʦʛʜʘ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʜʦʙʠʝ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʩʢʦʨʦʩʪʝʡ ʥʘ ʩʪʦʨʦʥʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ [1]. ʊʦʛʜʘ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ E
m

, Q
m

 ʠ P
r
 ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʧʦʜʦʙʠʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʧʦʧʨʘʚʦʢ ʥʘ 

ʤʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ. 

2 2

B B
mB mA

A A

n D
E E

n D

å õ å õ
= Ö Öæ ö æ ö
ç ÷ ç ÷

, 

3

B B
mB mA

A A

n D
Q Q

n D

å õ å õ
= Ö Öæ ö æ ö
ç ÷ ç ÷

 ʠ 

3 5

B B
rB rA

A A

n D
P P

n D

å õ å õ
= Ö Öæ ö æ ö
ç ÷ ç ÷

. (A.1) 

A.1.4 ʇʝʨʝʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ [6] 

ʂʦʛʜʘ h
E
, h

Q
 ʠ h

T ʪʫʨʙʠʥʳ ɺ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʝʭ ʞʝ ʧʘʨʘʤʝʪʨʦʚ ʪʫʨʙʠʥʳ ɸ 

ʚʩʣʝʜʩʪʚʠʝ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ, ʧʘʨʘʤʝʪʨʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʫʨʙʠʥʳ ɺ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ E
m

, Q
m

 ʠ P
r
 

ʧʦʜʦʙʥʳ ʤʝʞʜʫ ʪʫʨʙʠʥʦʡ ɸ ʠ ʪʫʨʙʠʥʦʡ ɺ.  

a) ɼʣʷ ʪʫʨʙʠʥ: 

E
mB

 = h
EB
ĿE

B
   ʠ   E

mɸ
 = h

Eɸ
ĿE
ɸ
 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

 

A B

2 2 2 2

B B EA B EA
B A A

A A E A EA E

2 2 2 2

B B B B
A

EA A A A E

EA

=

1 1
       

1
1

B

B A

A

n D n D
E E E

n D n D

n D n D
E E

n D n D
­

å õ å õ å õ å õ å õ å õh h
= Ö Ö Ö Ö Ö Ö =æ ö æ ö æ ö æ ö æ ö æ ö

h h +Dhç ÷ ç ÷ ç ÷ ç ÷ ç ÷ ç ÷

å õ
æ ö å õå õ å õ å õ å õ
æ ö= Ö Ö Ö = Ö Ö Öæ öæ ö æ ö æ ö æ öæ öDh +Dæ öç ÷ ç ÷ ç ÷ ç ÷ç ÷+æ öhç ÷

                (A.2) 

Q
mB

 = h
QB
ĿQ

1B
   ʠ   Q

mɸ
 = h

Qɸ
ĿQ

1A
 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

 

A B

3 3

QA QAB B B B
1B 1A 1A

A A QB A A QA

3 3

B B B B
1A 1A

QA A A A Q

QA

=

1 1
       

1
1

Q

n D n D
Q Q Q

n D n D

n D n D
Q Q

n D n D
­

å õå õå õ å õ å õ å õh h
= Ö Ö Ö Ö Ö Ö =æ öæ öæ ö æ ö æ ö æ öæ öh h +Dhç ÷ ç ÷ ç ÷ ç ÷ç ÷ ç ÷

å õ
æ ö å õå õ å õ å õ å õ
æ ö= Ö Ö Ö = Ö Ö Öæ öæ ö æ ö æ ö æ öæ öDh +Dæ öç ÷ ç ÷ ç ÷ ç ÷ç ÷+æ öhç ÷

              (A.3) 

mB
rB

TB

 
P

P =
h

 ʠ mA
rA

TA

 
P

P =
h

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,              mB 1B B 1B hBP E Q= Ö Ö Ör h                                         (A.4) 
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b) ɼʣʷ ʥʘʩʦʩʦʚ: 

B
mB

EB

 E
E =

h
 ʠ A

mA

EA

 E
E =

h
 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

 

( )
A B

2 2 2 2

B B EB B B EA E
B M A

A A EA A A EA

2 2 2 2

B E B B
A E A

A A EA A A

=

     1 1B

n D n D
E E E

n D n D

n D n D
E E

n D n D ­

å õ å õ å õ å õ å õ å õh h +Dh
= Ö Ö Ö Ö Ö Ö =æ ö æ ö æ ö æ ö æ ö æ ö

h hç ÷ ç ÷ ç ÷ ç ÷ ç ÷ ç ÷

å õ å õ å õ å õ å õDh
= Ö Ö + Ö = Ö Ö +D Öæ ö æ ö æ ö æ ö æ ö

hç ÷ ç ÷ ç ÷ ç ÷ ç ÷

                  (A.5) 

1B
mB

QB

 Q
Q =

h
 ʠ 1A

mA

QA

 Q
Q =

h
 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

  

( )

3 3

QB QA QB B B B
1B 1A 1A

A A QA A A QA

3 3

QB B B B
1A QA B 1A

A A QA A A

       1 1

n D n D
Q Q Q

n D n D

n D n D
Q Q

n D n D
­

å õ å õå õ å õ å õ å õh h +Dh
= Ö Ö Ö = Ö Ö Ö =æ ö æ öæ ö æ ö æ ö æ ö

h hç ÷ ç ÷ ç ÷ ç ÷ç ÷ ç ÷

å õå õ å õ å õ å õDh
= Ö Ö + Ö = Ö Ö +D Öæ öæ ö æ ö æ ö æ ö

hç ÷ ç ÷ ç ÷ ç ÷ç ÷

            (A.6) 

rB TB mB  P P=h Ö  ʠ rA TA mA  P P=h Ö  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, mB 1B B 1B hB / P E Q= Ö Ör h .                                              (A.7) 

ʇʝʨʝʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʥʝʨʘʩʯʝʪʥʳʭ ʪʦʯʝʢ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʳʤ. ɺ 

ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʥʝʨʘʩʯʝʪʥʳʭ ʪʦʯʢʘʭ 

ʨʘʩʩʯʠʪʳʚʘʪʁʩʷ ʪʝʤ ʞʝ ʩʧʦʩʦʙʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣ (A.2) ï (A.7) ʩ DE AŸB, DQ AŸB
 

ʠ DT AŸB
, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʪʦʯʢʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʂʇɼ. 

A.1.5 ʄʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠ 

ʉʣʝʜʫʶʱʠʝ ʧʦʪʝʨʠ ʧʦʜʣʝʞʘʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʩ ʫʯʝʪʦʤ ʨʘʟʥʠʮʳ ʯʠʩʝʣ 

ʈʝʡʥʦʣʴʜʩʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ: 

- ʧʦʪʝʨʠ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠʟ-ʟʘ ʪʨʝʥʠʷ: E
Lf

; 

- ʦʙʲʝʤʥʳʝ ʧʦʪʝʨʠ ʦʪ ʧʨʦʪʝʯʝʢ: q; 

- ʜʠʩʢʦʚʳʝ ʧʦʪʝʨʠ ʪʨʝʥʠʷ: P
Ld

. 

ɺ ʜʨʫʛʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʘʭ ʚʝʣʠʯʠʥʘ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ 

ʦʮʝʥʠʚʘʣʘʩʴ ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʝʝ ʦʪʥʦʰʝʥʠʝ ʢ ʦʙʱʝʡ ʩʫʤʤʝ ʧʦʪʝʨʴ, 

ʢʦʪʦʨʘʷ ʙʳʣʘ ʦʙʦʟʥʘʯʝʥʘ ʢʘʢ V, ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʦ ʢʘʢ ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʦʩʪʦʷʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʤʘʰʠʥ. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʘʨʘʤʝʪʨʘʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʟʘʜʘʥʘ ʢʘʢ ʬʫʥʢʮʠʷ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʤʘʰʠʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʠ 
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ʜʠʩʢʦʚʦʛʦ ʪʨʝʥʠʷ (ŭ
E
 = E

Lf
/E ʠ ŭ

T
 = P

Ld
/P

m
). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʤʘʩʰʪʘʙʥʳʡ 

ʵʬʬʝʢʪ ʧʦ ʢʘʞʜʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʂʇɼ ʦʪʜʝʣʴʥʦ, ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʪʴ ʠʟʤʝʥʝʥʠʝ ʢʘʞʜʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʫʢʘʟʘʥʦ ʚ A.1.4. 

 

A.2 ɺʳʚʦʜ ʬʦʨʤʫʣ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ ʠ ʧʨʠʙʣʠʞʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ, 

ʚʚʝʜʝʥʥʳʝ ʜʣʷ ʫʧʨʦʱʝʥʠʷ 

A.2.1 ʉʦʦʪʥʦʰʝʥʠʝ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ ʚ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ŭ
E
 ʠ ʚ ʂʇɼ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ h

E
  

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠ ŭ
E
 ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʥʝʤʘʩʰʪʘʙʠʨʫʝʤʳʝ 

ʧʦʪʝʨʠ ŭ
ns

 ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ, ʢʘʢ ʠ ʚ ʄʕʂ 60193. ʉʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʵʪʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʠ ʂʇɼ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʢʦʪʦʨʘʷ ʥʘʧʨʷʤʫʶ ʧʝʨʝʥʦʩʠʪʩʷ ʩ 

ʪʫʨʙʠʥʳ ɸ ʥʘ ʪʫʨʙʠʥʫ ɺ ʧʦ ʟʘʢʦʥʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ, ʷʚʣʷʝʪʩʷ E
m
, ʘ ʥʝ E. ʏʪʦʙʳ 

ʧʨʦʩʪʦ ʦʙʲʷʩʥʠʪʴ ʚʳʚʦʜ ʬʦʨʤʫʣ, ʥʦʚʳʝ ʧʘʨʘʤʝʪʨʳ, '
Ed  ʠ '

nsd , ʦʧʨʝʜʝʣʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ E
m
, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ ɸ.1. 

 

ʊʘʙʣʠʮʘ A.1 ï ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ 

 ʊʫʨʙʠʥʘ ʅʘʩʦʩ 
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h
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E E
d = =h
ä ä  Lf Lf

ns

E m

1E E

E E
d = =

h

ä ä  

ʅʦʚʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 
'
Ed  ʠ '

nsd  

Lf'

E

m

E

E
d =
ä

. ʊʘʢ ʢʘʢ mE  ʧʦʜʦʙʥʦ, '
Ed  ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʦ ʦʪʥʦʰʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʪʝʨʴ. 

( ) ( )' '

EB EA B Ad d = l l
 

 
Lk'

ns

m

E

E
d =
ä

. ʊʘʢ ʢʘʢ mE  ʧʦʜʦʙʥʦ,  

'
nsd  ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʢʘʢ ʜʣʷ ʪʫʨʙʠʥʳ ɸ, ʪʘʢ ʠ ʜʣʷ 

ʪʫʨʙʠʥʳ ɺ: ' '

nsB nsAd =d 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ A.1 
 

 ʊʫʨʙʠʥʘ ʅʘʩʦʩ 

ʆʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 
'dʠ ʩʪʘʥʜʘʨʪʥʳʤ 

d  

E‏ –EϽ‏E
ns‏   ̉   ' –nsϽ‏ns

E‏ '
E‏
'

–E
ns‏   ̉   

ns‏
'

–E
 

ʀʟʤʝʥʝʥʠʝ nsd  

EB EA

nsB nsAd d
=

h h
 

EB EAnsB nsAh Öd =h Öd 

ʅʦʚʦʝ ʚʳʨʘʞʝʥʠʝ 

h
E
 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ '
Ed  

ʠ '
nsd  

( )

( )

Lf Lkm
E

E ns

Lf Lk

E

m

' '

E E ns

     1

     1

     1

E E EE

E E

E E

E

- +
h = = =

= -d -d =

å õ+
= -h Ö =æ öæ ö

ç ÷

= -h Ö d +d

ä ä

ä ä
 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  

E ' '

E ns

1

1
h =

+d +d
 

( )

( )

E
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h
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
' '

E E ns1h = -d -d 

'
Ed  ʧʝʨʝʩʯʠʪʳʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʪʨʝʥʠʷ.  

'
nsd  ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʢʘʢ ʜʣʷ ʪʫʨʙʠʥʳ ɸ, ʪʘʢ ʠ ʜʣʷ ʪʫʨʙʠʥʳ ɺ. 

 

A.2.2 ʇʝʨʝʩʯʝʪ ʂʇɼ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ h
E
 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ A.2.1, h
E
 ʚʳʨʘʞʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʜʣʷ ʪʫʨʙʠʥ ʠ ʜʣʷ 

ʥʘʩʦʩʦʚ. ʕʪʦ ʚʳʟʚʘʥʦ ʦʪʣʠʯʠʝʤ ʚ ʚʳʨʘʞʝʥʠʠ h
E
; ʜʣʷ ʪʫʨʙʠʥ E

m
 ʚʳʩʪʫʧʘʝʪ ʢʘʢ 

ʯʠʩʣʠʪʝʣʴ, ʘ ʜʣʷ ʥʘʩʦʩʦʚ E
m

 ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʟʥʘʤʝʥʘʪʝʣʴ. ʅʝʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠ 

'
nsd , ʵʪʦ ʦʙʱʘʷ ʚʝʣʠʯʠʥʘ ʜʣʷ ʪʫʨʙʠʥʳ ɸ ʠ ʪʫʨʙʠʥʳ ɺ, ʘ ŭ

ns
 ʥʝʪ. ʄʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠ 

'
Ed  ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʩʯʠʪʘʥʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʪʨʝʥʠʷ ʦʪ ʪʫʨʙʠʥʳ ɸ ʢ 

ʪʫʨʙʠʥʝ ɺ, ʘ ŭ
E
 ʥʝʪ. 

ʆʪʩʶʜʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ ʫʯʝʪʘ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ 

ʜʣʷ h
E
: 
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ʊʘʙʣʠʮʘ A.2 ï ʆʧʨʝʜʝʣʝʥʠʷ ʧʨʠ ʧʝʨʝʩʯʝʪʝ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ  

 ʊʫʨʙʠʥʘ ʅʘʩʦʩ 

EhD  ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 
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ʛʜʝ l ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʪʨʝʥʠʷ 

EhD  ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

'
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' A B
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å õl l
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 ' A B

E Eref
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å õl l
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EhD  ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

Eref
d  

ʊʘʢ ʢʘʢ 
' Eref
Eref

Eref

d
d =

h
, 

EB EA A B
E Eref

Eref ref ref

å õh Öh l l
Dh = Öd Ö -æ ö

h l lç ÷

. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

E EB A B
Eref

EA Eref ref

å õDh h l -l
= Öd Öæ ö

h h lç ÷
 

ʊʘʢ ʢʘʢ '

Eref Eref Erefd =h Öd, 

  

A B
E Eref Eref

ref ref

å õl l
Dh =h Öd Ö -æ ö

l lç ÷
. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ErefE A
Eref

EA EA ref

Bå õhDh l -l
= Öd Öæ ö

h h lç ÷
 

ʇʨʠʙʣʠʞʝʥʥʘʷ 
ʬʦʨʤʫʣʘ, 

ʜʘʥʥʘʷ ʚ ʥʘʩʪʦʷʱʝʤ 

ʩʪʘʥʜʘʨʪʝ 

ʊʘʢ ʢʘʢ EB

Eref

1
h
º

h
, 

E A B
E Eref

EA ref

å õDh l -l
D = ºd Öæ ö

h lç ÷
 

ʊʘʢ ʢʘʢ Eref

EA

1
h

º
h

, 

E A B
E Eref

EA ref

å õDh l -l
D = ºd Öæ ö

h lç ÷
 

ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ Dh
E
 ʦʪʣʠʯʘʝʪʩʷ ʜʣʷ ʪʫʨʙʠʥ ʠ ʥʘʩʦʩʦʚ. ʆʜʥʘʢʦ ʧʫʪʝʤ 

ʚʚʝʜʝʥʠʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʦʧʠʩʘʥʥʦʡ ʚ ʥʠʞʥʠʭ ʷʯʝʡʢʘʭ ʪʘʙʣʠʮʳ, ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ, ʚ 

ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʱʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʪʫʨʙʠʥ ʠ ʥʘʩʦʩʦʚ. 

A.2.3 ʇʝʨʝʩʯʝʪ ʦʙʲʝʤʥʦʛʦ ʂʇɼ h
Q
 

ʂʘʢ ʠ ʜʣʷ h
E
, ʫʨʘʚʥʝʥʠʝ ʜʣʷ h

Q
  ʚʳʨʘʞʝʥʦ ʧʦ-ʨʘʟʥʦʤʫ ʜʣʷ ʪʫʨʙʠʥ ʠ ʥʘʩʦʩʦʚ. 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʪʝʨʴ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʥʦʩʠʤʦʝ ʥʘ ʪʫʨʙʠʥʫ ɺ, ʨʘʚʥʦ Q
m

 (ʘ ʥʝ Q
1
), ʠ 
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ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʳʭ ʧʦʪʝʨʴ ʥʘ ʧʨʦʪʝʯʢʠ q ʧʨʝʚʳʰʘʝʪ Q
m

 ʠ ʚʳʨʘʞʘʝʪʩʷ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ ɸ.3.  

ɿʘʪʝʤ ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʝʨʝʩʯʠʪʘʥʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʂʇɼ Dh
Q
. 

ʊʘʙʣʠʮʘ A.3 ï ʆʧʨʝʜʝʣʝʥʠʷ ʧʨʠ ʧʝʨʝʩʯʝʪʝ ʦʙʲʝʤʥʦʛʦ ʂʇɼ  

 ʊʫʨʙʠʥʘ ʅʘʩʦʩ 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  
0,5

2

B k fA B B A

2

mB k fB A A mA

  
q A D q

Q A D Q

å õ å õz +z
= Ö Öæ ö æ ö
z +zç ÷ ç ÷

, 

ʛʜʝ kz  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʢʦʨʦʩʪʥʳʤ 

ʧʦʪʝʨʷʤ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʪʝʯʝʢ ʯʝʨʝʟ ʟʘʟʦʨ ʚ ʫʧʣʦʪʥʝʥʠʠ 
(ʥʝʤʘʩʰʪʘʙʠʨʫʝʤʳʡ); 

fz  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʪʝʨʷʤ 

ʪʨʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʪʝʯʝʢ ʯʝʨʝʟ ʟʘʟʦʨ ʚ ʫʧʣʦʪʥʝʥʠʠ 
(ʤʘʩʰʪʘʙʠʨʫʝʤʳʡ); 

A ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʟʘʟʦʨʘ ʚ ʫʧʣʦʪʥʝʥʠʠ. 

ʂʦʛʜʘ ʨʘʟʤʝʨʳ ʫʧʣʦʪʥʝʥʠʷ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʵʣʝʤʝʥʪʳ 
ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʦʜʦʙʥʳ ʤʝʞʜʫ ʪʫʨʙʠʥʦʡ ɸ ʠ ʪʫʨʙʠʥʦʡ ɺ,  
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zz
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 ʦʯʝʥʴ ʤʘʣʳʝ ʟʥʘʯʝʥʠʷ, 

ʚʝʣʠʯʠʥʦʡ ʧʦʧʨʘʚʢʠ ʦʙʲʝʤʥʦʛʦ ʂʇɼ (ʦʪʨʠʮʘʪʝʣʴʥʦʡ) ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 0 Q =hD  (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ F) 
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A.2.4 ʇʝʨʝʩʯʝʪ ʂʇɼ ʤʦʱʥʦʩʪʠ (ʜʠʩʢʦʚʦʝ ʪʨʝʥʠʝ) h
T  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʱʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ P
r
 ʧʝʨʝʥʦʩʠʪʩʷ ʥʘʧʨʷʤʫʶ ʩ ʪʫʨʙʠʥʳ 

ʥʘ ʪʫʨʙʠʥʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ (ʥʝ P
m

). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʜʠʩʢʦʚʳʝ ʧʦʪʝʨʠ ŭ
T
, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ 

m

Ld

P

P
, 

ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: 

ʊʘʙʣʠʮʘ A.4 ï ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʠʥʦʚ ʧʨʠ ʧʝʨʝʩʯʝʪʝ ʂʇɼ ʤʦʱʥʦʩʪʠ  
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ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ A.4, ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ Dh
T
 ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʟʥʳʤ 

ʜʣʷ ʪʫʨʙʠʥ ʠ ʥʘʩʦʩʦʚ. ʆʜʥʘʢʦ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʦʧʠʩʘʥʥʦʡ ʚ ʥʠʞʥʠʭ 

ʷʯʝʡʢʘʭ ʪʘʙʣʠʮʳ, ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ, ʚ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʱʘʷ 

ʬʦʨʤʫʣʘ ʜʣʷ ʪʫʨʙʠʥ ʠ ʥʘʩʦʩʦʚ.  
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ʇʨʠʣʦʞʝʥʠʝ ɺ 

(ʩʧʨʘʚʦʯʥʦʝ) 

ʄʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ ʥʘ ʧʦʪʝʨʠ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʛʠʜʨʦʤʘʰʠʥ ʨʘʜʠʘʣʴʥʦʛʦ ʪʠʧʘ 

B.1 ʄʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ ʥʘ ʧʦʪʝʨʠ ʪʨʝʥʠʷ  

B.1.1 ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʧʦʪʝʨʠ ʪʨʝʥʠʷ  

ʄʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ, ʪʦ ʝʩʪʴ ʠʟʤʝʥʝʥʠʝ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ, ʚʳʟʚʘʥʥʦʝ ʨʘʟʥʦʩʪʴʶ 

ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʜʣʷ 

ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʳ ʠ ʜʣʷ ʪʨʫʙʳ. ʆʜʥʘʢʦ, ʥʘʩʪʦʷʱʠʡ ʩʪʘʥʜʘʨʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʛʠʜʨʦʤʘʰʠʥʳ, 

ʠʩʢʣʶʯʘʷ ʣʦʧʘʩʪʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʚ ʦʩʝʚʳʭ ʛʠʜʨʦʤʘʰʠʥʘʭ, ʚʘʨʴʠʨʫʝʪʩʷ ʩʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʝ ʂʦʫʣʙʨʫʢʘ, ʦʧʠʩʳʚʘʶʱʝʡ ʧʦʪʦʢ ʚ ʪʨʫʙʝ. 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʦʨʠʛʠʥʘʣʴʥʘʷ ʬʦʨʤʫʣʘ ʂʦʫʣʙʨʫʢʘ ʜʘʝʪʩʷ ʢʘʢ ʥʝʷʚʥʘʷ ʬʫʥʢʮʠʷ 

(ʩʤ. ʨʠʩʫʥʦʢ B.1), ʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʪʝʨʴ ʧʨʦʩʪʳʤ 

ʚʳʯʠʩʣʝʥʠʝʤ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʘʷ ʬʦʨʤʫʣʘ, 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʅʠʰʭʪʘʚʠʮʝʤ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʷʚʥʫʶ ʬʫʥʢʮʠʶ ʠ ʜʘʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʪʝ ʞʝ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʠ ʬʦʨʤʫʣʘ ʂʦʫʣʙʨʫʢʘ (ʩʤ. [3] ʠ [5]). 

ʅʦʚʘʷ ʬʦʨʤʫʣʘ: 

 

0,2

4 s ref
0

h d

0,74 8 10 0,26
k Re

d Re

è øå õ
é ùl=l Ö Ö + +æ ö
é ùç ÷ê ú

,                                  (B.1) 

ʛʜʝ     Re
ref

  ï ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ 7Ŀ106; 

ɚ
0
   ï ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʨʘʚʥʦʡ 0,0085; 

k
S
  ï ʧʝʩʦʯʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ; 

d
h
  ï ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙʳ/ʢʘʥʘʣʘ/ʚʦʜʦʚʦʜʘ; 

Re
d
  ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʚ ʪʨʫʙʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ h

d

d v
Re

Ö
=
n

. 
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ʉʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʦʨʠʛʠʥʘʣʴʥʦʡ ʬʦʨʤʫʣʦʡ ʂʦʫʣʙʨʫʢʘ ʠ ʬʦʨʤʫʣʦʡ ʚ ʥʘʩʪʦʷʱʝʤ 

ʩʪʘʥʜʘʨʪʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ ɺ.1.  

 

ʈʠʩʫʥʦʢ B.1 ï ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʠ 
ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 

 

ɺ ʥʝʢʦʪʦʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʧʝʩʦʯʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ 

ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʥʘ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʤʝʶʱʝʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʪʝ ʞʝ ʩʘʤʳʝ, ʯʪʦ ʠ ʥʘ ʩʦʚʝʨʰʝʥʥʦ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘʟʳʚʘʶʪ çʜʦʧʫʩʪʠʤʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴè, 

ʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʠʤʝʶʱʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʨʘʤʢʘʭ, ʩʯʠʪʘʝʪʩʷ 

çʛʠʜʨʘʚʣʠʯʝʩʢʠ ʛʣʘʜʢʦʡè (ʩʤ. ʢʨʠʚʳʝ ɺ ʠ ʉ ʥʘ ʨʠʩʫʥʢʝ ɺ.2). 

ɺ ʦʪʥʦʰʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʪʝʨʴ ʥʘ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʥʝʝ 

ʩʦʦʙʱʘʣʦʩʴ ʦ ʥʝʢʦʪʦʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ, ʦʪʨʘʞʝʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʝ ɺ.2. ʇʦ ʜʘʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ 

ʦʪʨʘʞʘʶʪ ʜʨʫʛʫʶ ʪʝʥʜʝʥʮʠʶ ʚ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ ʤʝʞʜʫ ʢʘʪʝʛʦʨʠʷʤʠ ʛʣʘʜʢʠʭ ʠ 

ʰʝʨʦʭʦʚʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ [12]-[15]. 
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ʈʠʩʫʥʦʢ B.2 ï ʈʘʟʣʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɚ ʚ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ 

 

ʂʨʠʚʘʷ çɸè ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʰʝʨʦʭʦʚʘʪʦʡ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ 

ʪʨʫʙʦʡ (ʄʫʜʠ) ʠʣʠ ʰʝʨʦʭʦʚʘʪʦʡ ʤʦʜʝʣʴʥʦʡ ʪʫʨʙʠʥʳ (ɻʝʥʨʠ) [17]. ʆʥʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʜʦʧʫʩʪʠʤʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʯʝʥʴ ʤʘʣʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ. ʌʦʨʤʫʣʘ ʂʦʫʣʙʨʫʢʘ ʦʧʠʩʳʚʘʝʪ ʜʘʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʦʧʫʩʪʠʤʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʘ ʥʫʣʶ. 

ɿʘʚʠʩʠʤʦʩʪʴ çɺè ʦʪʨʘʞʘʝʪ ʜʘʥʥʳʝ ʧʦ ʧʝʩʦʯʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ 

ʦʧʳʪʥʳʤ ʧʫʪʝʤ (ʅʠʢʫʨʘʜʟʝ). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʦʧʫʩʪʠʤʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʨʠʚʦʜʠʪʩʷ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ: 

 
s adm

h d

5 8k

d Re
º Ö

l
 . 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʳʨʘʞʝʥʥʳʝ ʢʨʠʚʦʡ çʉè, ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʳʪʦʚ ʩ 

ʨʠʬʣʝʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʣʠ ʩ ʟʝʨʥʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʦʪʜʝʣʴʥʳʤʠ 

ʦʩʪʨʳʤʠ ʧʝʩʯʠʥʢʘʤʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʦʧʫʩʪʠʤʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʚʳʰʝ. 

ʅʘʩʪʦʷʱʠʡ ʩʪʘʥʜʘʨʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʜʦʧʫʩʪʠʤʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʢʘʢ ʦʯʝʥʴ 

ʤʘʣʝʥʴʢʫʶ, ʠ ʬʦʨʤʫʣʫ ʂʦʫʣʙʨʫʢʘ ʜʦʧʫʩʢʘʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʨʘʩʯʝʪʦʚ ʤʘʩʰʪʘʙʥʦʛʦ 

ʵʬʬʝʢʪʘ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ. 

 

B.1.2 ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʝʩʦʯʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ k
S
 ʠ 

ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ Ra 

ʉʦʦʪʥʦʰʝʥʠʝ ʧʝʩʦʯʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ k
s
 ʠ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʡ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ Ra ʰʠʨʦʢʦ ʦʧʠʩʘʥʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [14]. ʆʜʥʘʢʦ ʜʣʷ ʮʝʣʝʡ 

ʥʘʩʪʦʷʱʝʛʦ ʩʪʘʥʜʘʨʪʘ ʧʨʠʥʷʪʦ, ʯʪʦ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʚʦʟʤʦʞʥʦ, 

ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʧʝʩʦʯʥʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: 
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 s 5 k Ra= Ö . (B.2) 

ʊʦʛʜʘ ʬʦʨʤʫʣʘ (B.1) ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

0,2

5 ref
0

h d

0,74 4 10 0,26
ReRa

d Re

è øå õ
é ùl=l Ö Ö + +æ ö
é ùç ÷ê ú

. (B.3) 

B.2 ʇʦʢʦʤʧʦʥʝʥʪʥʳʡ ʧʝʨʝʩʯʝʪ ʂʇɼ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ  

B.2.1 ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ [9] 

ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʬʦʨʤʫʣʳ (ɺ.ɿ) ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦʣʫʯʘʝʤ: 

 

0,2

5 CO ref
CO 0

hCO dCO

0,74 4 10 0,26
Ra Re

d Re

è øå õ
é ùl =l Ö Ö + +æ ö
é ùç ÷ê ú

, (B.4) 

ʛʜʝ ʠʥʜʝʢʩ CO  ï ʦʙʦʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ; 

Re
dCO

  ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ:  

 CO hCO
dCO

v d
Re

Ö
=

n
. 

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʤʘʰʠʥʳ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʢʘʢ: 

 
u D

Re
Ö

=
n

, 

ʛʜʝ     u  ï ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʥʘ ʙʘʟʦʚʦʤ ʜʠʘʤʝʪʨʝ; 

D ï ʙʘʟʦʚʳʡ ʜʠʘʤʝʪʨ ʤʘʰʠʥʳ. 

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 CO hCO
dCO

v d
Re Re

u D

Ö
= Ö

Ö
. 

ʇʫʪʝʤ ʟʘʤʝʥʳ Re
dCO

 ʚ ʬʦʨʤʫʣʝ (ɺ.4) ʧʦʣʫʯʘʝʤ: 

 

0,2

5 CO ref
CO 0

hCO CO hCO

0,74 4 10 0,26
Ra ReD u D

d D v d Re

è øå õÖ
é ùl =l Ö Ö Ö + Ö +æ ö

Öé ùç ÷ê ú

. (B.5) 

ʇʨʠ ʚʚʝʜʝʥʠʠ ʜʚʫʭ ʥʦʚʳʭ ʬʘʢʪʦʨʦʚ, k
dCO

 ʠ k
uCO

, ʬʦʨʤʫʣʫ (B.5) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

0,2

5 CO ref
CO 0

dCO uCO dCO

1 1
0,74 4 10 0,26

Ra Re

D Re

è øå õ
é ùl =l Ö Ö Ö + Ö +æ ö

k k Öké ùç ÷ê ú

, (B.6) 

ʛʜʝ    k
dCO

  ï ʨʘʟʤʝʨʥʳʡ ʬʘʢʪʦʨ ʢʦʤʧʦʥʝʥʪʘ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ: 

 hCOA hCOB hCO
dCO

A B

d d d

D D D
k = = = ; (B.7) 
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kuCO  ï ʬʘʢʪʦʨ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʧʨʠ ʧʨʦʭʦʜʝ ʢʦʤʧʦʥʝʥʪʘ: 

 COA COB CO
uCO

A B

v v v

u u u
k = = = . (B.8) 

ʂʦʛʜʘ ʜʘʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ ɺ.3, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʷ k
dCO

 ʠ k
uCO

 ʧʦ ʬʦʨʤʫʣʘʤ (ɺ.9) ʠ 

(ɺ.1), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 

D 

DSP 

aSV 
aGV 

IRU 

aRU 

BGV 

 

ʈʠʩʫʥʦʢ B.3 ï ʍʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʘʢʪʦʨʳ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʟʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

uSP

SP 1

2

SP

4 1v Q

u u D
k = = Ö

pÖ
,   SV 1

uSV

SV SV

1

SV

v Q

u u Z a B
k = = Ö

Ö Ö
,   GV 1

uGV

GV GV GV

1

 

v Q

u u Z a B
k = = Ö

Ö Ö
, 

 
RU 1 1

uRU

RU RURU RU RU

1 1v Q Q

u u u Z SZ a dl
k = = Ö = Ö

ÖÖ Öñ
,   DT 1

uDT 2

4 1v Q

u u D
k = = Ö

pÖ
 (B.9) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʤʝʨʥʳʝ ʬʘʢʪʦʨʳ ʟʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

 
SP

dSP

D

D
k = ,   

( )
SV SV

dSV

SV SV

2 a B

D a B

Ö
k =

Ö +
,   

( )
GV GV

dGV

GV GV

2 a B

D a B

Ö
k =

Ö +
, 

( ) ( )

2

RU RU
0 RU

dRU

RU RUcrown RUband RU RUcrown RUband

4  4  

2  2  

l

a dl S

D l a a D l a a

Ö
k = =

Ö + + + +

ñ
, ʠ dDT 1k = (B.10) 

ʛʜʝ    S
RU

  ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʤʝʞʜʫ ʣʦʧʘʩʪʷʤʠ ʨʘʙʦʯʝʛʦ 

ʢʦʣʝʩʘ;  
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Z   ï ʢʦʣʠʯʝʩʪʚʦ ʣʦʧʘʪʦʢ ʠʣʠ ʣʦʧʘʩʪʝʡ; 

a
RUcrown

, a
RUband ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʳʭʦʜʥʳʤʠ ʢʨʦʤʢʘʤʠ ʣʦʧʘʩʪʝʡ ʥʘ ʩʪʫʧʠʮʝ ʠ 

ʦʙʦʜʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɿʥʘʯʝʥʠʷ k
dCO

 ʠ k
uCO

 ʨʘʩʩʯʠʪʳʚʘʶʪ ʜʣʷ ʤʘʰʠʥ ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʀʭ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʫʢʘʟʘʥʳ ʚ B.4. 

 

ɺ.2.2 ɺʳʚʦʜ ʬʦʨʤʫʣʳ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ ʜʣʷ ʧʦʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʧʝʨʝʩʯʝʪʘ 

ʉʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠ ŭ
ECO

 ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʢʘʢ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠ ʛʣʘʜʢʦʡ ʪʫʨʙʠʥʳ ɸ, ʨʘʙʦʪʘʶʱʝʡ ʧʨʠ Re
ref
. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ ŭ
ECOref

 ʩʦʦʪʥʦʩʷʪʩʷ ʩ ɚ
COref
. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʨʘʚʥʝʥʠʝ, 

ʧʨʠʚʝʜʝʥʥʦʝ ʚ ʢʦʥʮʝ ʪʘʙʣʠʮʳ ɸ.2.2, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 ECO COA COB CO
ECO ECO ref ECOref

EA COref COref

å õDh l -l Dl
D = =d Ö =d Öæ ö

h l lç ÷
. (B.11) 

DɚCO  ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ (B.6): 

0,2 0,2

5 5COA ref COB ref
CO 0

A dCO uCO dCO A B dCO uCO dCO B

1 1 1 1
0,74 4 10 4 10

Ra Re Ra Re

D Re D Re

è øå õ å õ
é ùDl = Öl Ö Ö Ö + Ö - Ö Ö + Öæ ö æ ö

k k Ök k k Öké ùç ÷ ç ÷ê ú

, (B.12) 

ɚCOref - ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ, ʢʦʛʜʘ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʤʘʰʠʥʳ ʷʚʣʷʝʪʩʷ Re
ref

 ʠʣʠ 

ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʷʚʣʷʝʪʩʷ refdCOuCOdCOref ReRe ÖÖ= kk .  

ʇʦʩʢʦʣʴʢʫ Reref = 7Ŀ106 ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʟʦʚʦʡ ʪʫʨʙʠʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʘ ʠʤʝʥʥʦ 0º
D

Ra
), ɚCOref ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

0,2 0,2

ref
COref 0 0

uCO dCO ref uCO dCO

1
0,74 0,26 0,74 0,26

Re

Re

è ø è øå õ å õ
é ù é ùl =l Ö Ö + =l Ö Ö +æ ö æ ö

k Ök Ö k Öké ù é ùç ÷ ç ÷ê ú ê ú
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ʊʦʛʜʘ D
ECO

  ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʟʘʤʝʥʳ Dɚ
CO

  ʠ ɚCOref
  ʚ ʬʦʨʤʫʣʝ (B.11) ʧʦ 

ʬʦʨʤʫʣʝ (B.12) ʠ ʬʦʨʤʫʣʝ (B.13). 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

 

( )
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5 5COA COB
uCO uCO
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ECO ECOref 0,2

uCO dCO
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. (B.14) 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʠʚʝʜʝʥʥʘʷ ʚʳʰʝ ʬʦʨʤʫʣʘ ʧʝʨʝʧʠʩʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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, (B.15) 

ʛʜʝ   dECOref ï ʠʥʜʝʢʩ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ: 

( )
ECOref

ECOref ECOref 0,2

uCO dCO1 0,351
d

d
=d Ö

+ Ö k Ök
. 

ʉʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ŭ
ECOref

 ʧʨʠʚʝʜʝʥʳ ʚ B.3, ʘ ʟʥʘʯʝʥʠʷ k
uCO

 ʠ k
dCO

 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ B.4. ɿʥʘʯʝʥʠʷ d
ECOref

 ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ŭ
ECOref

, k
uCO

 ʠ k
dCO

 ʧʦʢʘʟʘʥʳ ʚ B.5. 

ɿʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʶʪ ʂʇɼ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʚʩʝʡ ʪʫʨʙʠʥʳ, 

Dh
E
, ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 
E

E ECO

EA

Dh
=D = D

h
ä  . (B.16) 

 

B.3 ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʨʘʜʠʘʣʴʥʳʭ ʛʠʜʨʦʤʘʰʠʥ 

B.3.1 ʆʧʨʝʜʝʣʝʥʠʝ  

ʉʦʛʣʘʩʥʦ B.2, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ 

ʧʦʪʝʨʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ (ʩʧʠʨʘʣʴʥʘʷ ʢʘʤʝʨʘ, 

ʢʦʣʦʥʥʳ ʩʪʘʪʦʨʘ, ʣʦʧʘʪʢʠ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ, ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ, ʦʪʩʘʩʳʚʘʶʱʘʷ 

ʪʨʫʙʘ) ʧʦ ʚʳʨʘʞʝʥʠʶ: 

 
LfCO

ECOref

E

E
d = ,  

ʛʜʝ     ŭECOref ï ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ; 

E
LfCO

 ï ʧʦʪʝʨʠ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʪʦʯʢʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʇɼ ʧʨʠ ʙʘʟʦʚʦʤ ʟʥʘʯʝʥʠʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʚʳʟʚʘʥʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʪʨʝʥʠʝʤ;  

E  ï ʫʜʝʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʤʘʰʠʥʳ. 
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ʉʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʯʠʩʣʝʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, 

ʚʳʧʦʣʥʝʥʥʳʤ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʦʜʝʣʷʭ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, [6]. ɼʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʚ ʧʨʦʪʦʯʥʳʭ ʯʘʩʪʷʭ ʧʨʠʤʝʥʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ, ʦʪʨʘʞʘʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. 

ɼʣʷ ʩʧʠʨʘʣʴʥʦʡ ʢʘʤʝʨʳ ʠ ʦʪʩʘʩʳʚʘʶʱʝʡ ʪʨʫʙʳ: 

- ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʪʨʫʙʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ ʂʦʫʣʙʨʫʢʘ, 

ʜʠʘʛʨʘʤʤʦʡ ʄʫʜʠ, ʬʦʨʤʫʣʦʡ ɹʣʘʟʠʫʩʘ ʠʣʠ ʬʦʨʤʫʣʦʡ ʅʠʢʫʨʘʜʟʝ. 

ɼʣʷ ʢʦʣʦʥʥ ʩʪʘʪʦʨʘ ʠ ʣʦʧʘʪʦʢ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ: 

- ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʳ ʚ ʧʦʪʦʢʝ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤ 

ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ; 

- ʨʘʩʯʝʪ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʘʧʨʘʚʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʦʩʥʦʚʥʦʛʦ 

ʧʦʪʦʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʯʠʩʣʝʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʥʝʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ. 

ɼʣʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ: 

- ʨʘʩʯʝʪ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʘʧʨʘʚʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʦʩʥʦʚʥʦʛʦ 

ʧʦʪʦʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʯʠʩʣʝʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʥʝʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ (CFD ʘʥʘʣʠʟ). 

ʆʮʝʥʢʘ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʤʝʪʦʜʦʤ ʨʘʩʯʝʪʘ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ 

ʦʜʥʠʤ ʠʟ ʩʣʝʜʫʶʱʠʭ ʤʝʪʦʜʦʚ: 

- ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ, ʚʳʟʚʘʥʥʳʭ ʢʘʩʘʪʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʚ 

ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ, ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ; 

- ʨʘʩʩʝʠʚʘʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʚʳʟʚʘʥʥʦʝ ʥʝʜʦʩʪʘʪʢʦʤ ʩʢʦʨʦʩʪʠ ʵʥʝʨʛʠʠ 

ʧʦʪʦʢʘ ʟʘ ʚʳʭʦʜʥʦʡ ʢʨʦʤʢʦʡ ʣʦʧʘʩʪʠ/ʢʦʣʦʥʥʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʢʘʢ 

ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. 

ɿʥʘʯʝʥʠʷ ŭ
ECOref

, k
uCO

, k
dCO

 ʠ d
ECOref

, ʫʢʘʟʘʥʥʳʝ ʚ ʧʨʠʣʦʞʝʥʠʠ B, ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʜʠʘʧʘʟʦʥʦʚ 

ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ:  

- ʜʣʷ ʨʘʜʠʘʣʴʥʦ-ʦʩʝʚʳʭ ʪʫʨʙʠʥ 0,06 ¢ N
QE ¢ 0,30; 

- ʜʣʷ ʥʘʩʦʩ-ʪʫʨʙʠʥ 0,06 ¢ N
QE ¢ 0,20. 

 

B.3.2 ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ŭ
E ʜʣʷ ʨʘʜʠʘʣʴʥʦ-ʦʩʝʚʳʭ ʛʠʜʨʦʪʫʨʙʠʥ 

ɿʥʘʯʝʥʠʷ ŭ
ECOref

, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʪʠʧʠʯʥʳʭ ʤʦʜʝʣʝʡ, ʥʘʥʝʩʝʥʳ ʥʘ 

ʛʨʘʬʠʢ B.4 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ ʠ ʧʦʢʘʟʘʥʳ ʥʠʞʝ. 
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ʈʠʩʫʥʦʢ B.4 - ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠ 
ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʢʘʞʜʦʤ ʢʦʤʧʦʥʝʥʪʝ ʨʘʜʠʘʣʴʥʦ-ʦʩʝʚʳʭ ʪʫʨʙʠʥ 
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B.3.3 ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ŭ
E
 ʚ ʦʙʨʘʪʠʤʳʭ ʥʘʩʦʩ-ʪʫʨʙʠʥʘʭ 

B.3.3.1 ʊʫʨʙʠʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ɿʥʘʯʝʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʪʝʨʴ ʥʘʩʦʩ-ʪʫʨʙʠʥ ʨʘʩʩʯʠʪʘʥʳ 

ʦʪʜʝʣʴʥʦ ʜʣʷ ʪʫʨʙʠʥʥʦʛʦ ʠ ʥʘʩʦʩʥʦʛʦ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. ʆʥʠ ʥʘʥʝʩʝʥʳ ʥʘ ʛʨʘʬʠʢ ʚ 
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ʈʠʩʫʥʦʢ B.5 - ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠ 
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B.3.3.2 ʅʘʩʦʩʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ɿʥʘʯʝʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʪʝʨʴ ʥʘʩʦʩ-ʪʫʨʙʠʥ ʨʘʩʩʯʠʪʘʥʳ 

ʦʪʜʝʣʴʥʦ ʜʣʷ ʪʫʨʙʠʥʥʦʛʦ ʠ ʥʘʩʦʩʥʦʛʦ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. ʆʥʠ ʥʘʥʝʩʝʥʳ ʥʘ ʛʨʘʬʠʢ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ ʜʣʷ ʪʦʯʢʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʂʇɼ ʚ ʪʫʨʙʠʥʥʦʤ ʠʣʠ ʥʘʩʦʩʥʦʤ ʨʝʞʠʤʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʈʠʩʫʥʦʢ B.6 - ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʢʘʞʜʦʤ ʢʦʤʧʦʥʝʥʪʝ ʥʘʩʦʩ-ʪʫʨʙʠʥʳ ʚ ʥʘʩʦʩʥʦʤ ʨʝʞʠʤʝ 

B.4 ʌʘʢʪʦʨ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ k
uCO

 ʠ ʨʘʟʤʝʨʥʳʡ ʬʘʢʪʦʨ k
dCO

 ʨʘʜʠʘʣʴʥʳʭ ʤʘʰʠʥ [9]  

B.4.1 ʆʧʨʝʜʝʣʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʤʘʰʠʥ ʤʦʞʥʦ 

ʚʳʯʠʩʣʠʪʴ ʬʘʢʪʦʨ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ k
uCO

 ʧʦ ʬʦʨʤʫʣʝ (B.9) ʠ ʨʘʟʤʝʨʥʳʡ ʬʘʢʪʦʨ k
dCO

 ʧʦ 

ʬʦʨʤʫʣʝ (B.10), ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ B.2.  
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B.4.2 k
uCO
 ʠ k

dCO
  ʜʣ ̫ʨʘʜʠʘʣʴʥʦ-ʦʩʝʚʳʭ ʪʫʨʙʠʥ 

ʉʤ. ʨʠʩʫʥʦʢ B.7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ B.7 ï k
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 ʚ ʢʘʞʜʦʤ ʢʦʤʧʦʥʝʥʪʝ ʨʘʜʠʘʣʴʥʦ-ʦʩʝʚʦʡ ʛʠʜʨʦʪʫʨʙʠʥʳ
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B.4.3 k
uCO

 ʠ k
dCO

 ʜʣʷ ʥʘʩʦʩ-ʪʫʨʙʠʥ 

B.4.3.1 ʊʫʨʙʠʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʉʤ. ʨʠʩʫʥʦʢ B.8. 
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ʈʠʩʫʥʦʢ B.8 ï k
uCO

 ʠ k
dCO

 ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘʩʦʩ-ʪʫʨʙʠʥʳ  

ʧʨʠ ʨʘʙʦʪʝ ʚ ʪʫʨʙʠʥʥʦʤ ʨʝʞʠʤʝ 
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4.3.2 ʅʘʩʦʩʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʉʤ. ʨʠʩʫʥʦʢ B.9. 
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 ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘʩʦʩ-ʪʫʨʙʠʥʳ ʧʨʠ ʨʘʙʦʪʝ ʚ 

ʥʘʩʦʩʥʦʤ ʨʝʞʠʤʝ 
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B.5 ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʠʥʜʝʢʩ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ d
ECOref

  

B.5.1 ʆʧʨʝʜʝʣʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ŭ
ECOref

, ʬʘʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʨʘʩʭʦʜʘ k
uCO

 ʠ ʨʘʟʤʝʨʥʦʛʦ ʬʘʢʪʦʨʘ k
dCO

, 

ʠʥʜʝʢʩ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ d
ECOref

 ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ B.2.2. ɼʣʷ 

ʫʧʨʦʱʝʥʠʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ d
ECOref

 ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ. 

 

B.5.2 ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ d
ECOref

 ʠ d
Eref

 ʜʣʷ ʨʘʜʠʘʣʴʥʦ-ʦʩʝʚʳʭ ʛʠʜʨʦʪʫʨʙʠʥ  

ʉʤ. ʨʠʩʫʥʦʢ B.10.  

 

0,0 
0,5 
1,0 
1,5 
2,0 
2,5 
3,0 
3,5 
4,0 
4,5 
5,0 

0,06 0,08 0,10 0,12 0,14 0,16 0,18 0,20 0,22 0,24 0,26 0,28 0,30 

N QE 

d
 E

re
f  ×

 1
0

0
 

d Eref  = 3,05/100 
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 d ESPref  = 0,40/100 
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d EGVref  = (  2,9 N QE  + 1,65)/100 
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  d ERUref   = (3,4 N QE  + 0,55)/100 
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   d EDTref   = (0,5 N QE  + 0,05)/100 

 

ʈʠʩʫʥʦʢ B.10 ï ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ d
ECOref

 ʠ d
Eref

 ʜʣʷ ʨʘʜʠʘʣʴʥʦ-ʦʩʝʚʳʭ ʛʠʜʨʦʪʫʨʙʠʥ  
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B.5.3 ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ d
ECOref

 ʠ d
Eref

 ʜʣʷ ʥʘʩʦʩ-ʪʫʨʙʠʥ 

B.5.3.1 ʊʫʨʙʠʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʉʤ. ʨʠʩʫʥʦʢ B.11. 

 

0,0 
0,5 
1,0 
1,5 
2,0 
2,5 
3,0 
3,5 
4,0 
4,5 
5,0 

0,06 0,08 0,10 0,12 0,14 0,16 0,18 0,20 0,22 

N QE 

d
 E

re
f  ×

 1
0

0
 

 d Eref  = 3,95/100 
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 d ESPref  = 0,45/100 
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d ESVref  = (  N QE  + 0,45)/100 
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 d EGVref  = (  2,9 N QE  + 1,65)/100 
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 d ERUref  = (3,4N QE  + 1,35)/100 
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d EDTref  = (0,5 N QE  + 0,05)/100 

  

ʈʠʩʫʥʦʢ B.11 ï ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ d
ECOref

 ʠ d
Eref

 ʜʣʷ ʥʘʩʦʩ-ʪʫʨʙʠʥʳ ʧʨʠ ʨʘʙʦʪʝ ʚ 

ʪʫʨʙʠʥʥʦʤ ʨʝʞʠʤʝ 

  

IEC   219/09 



ɻʆʉʊ ʈ ʄʕʂ 62097ï2021 
 

80 
 

B.5.3.2 ʅʘʩʦʩʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʉʤ. ʨʠʩʫʥʦʢ B.12. 
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 d Eref  = 4,20/100 
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d ESPref  = 0,45/100 
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 d ESVref  = (  N QE  + 0,50)/100 
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d EGVref  = (  2,9 N QE  + 1,65)/100 
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ʈʠʩʫʥʦʢ B.12 ï ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ d
ECOref

 ʠ d
Eref

 ʜʣʷ ʥʘʩʦʩ-ʪʫʨʙʠʥʳ ʚ ʥʘʩʦʩʥʦʤ ʨʝʞʠʤʝ  
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ʇʨʠʣʦʞʝʥʠʝ ʉ 

(ʩʧʨʘʚʦʯʥʦʝ) 

ʄʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ ʥʘ ʧʦʪʝʨʠ ʫʜʝʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ  

ʵʥʝʨʛʠʠ ʦʩʝʚʳʭ ʤʘʰʠʥ [9] 

 

ʉ.1 ʄʘʩʰʪʘʙʠʨʫʝʤʳʝ ʧʦʪʝʨʠ ʚ ʦʩʝʚʳʭ ʤʘʰʠʥʘʭ 

ʍʦʪʷ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ ʦʩʝʚʳʭ ʧʨʦʪʦʯʥʳʭ ʤʘʰʠʥ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʝʪ, ʚ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʜʚʫʭ ʯʘʩʪʷʭ: ʦʜʥʘ ʯʘʩʪʴ ʜʣʷ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ, ʘ ʜʨʫʛʘʷ ï ʜʣʷ ʚʩʝʭ 

ʜʨʫʛʠʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɼʣʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʯʘʩʪʠ ʧʦʪʝʨʴ ʚ ʣʦʧʘʩʪʷʭ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʧʨʠʤʝʥʷʝʪʩʷ 

ʬʦʨʤʫʣʘ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ ʜʣʷ ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʳ [ʬʦʨʤʫʣʘ (5)]. ɼʣʷ ʥʝʧʦʜʚʠʞʥʳʭ 

ʯʘʩʪʝʡ ʬʦʨʤʫʣʘ ʜʣʷ ʧʦʪʦʢʘ ʚ ʪʨʫʙʝ [ʬʦʨʤʫʣʘ (1)] ʧʨʠʤʝʥʷʝʪʩʷ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ, ʢʘʢ 

ʠ ʜʣʷ ʨʘʜʠʘʣʴʥʦ-ʦʩʝʚʳʭ ʪʫʨʙʠʥ. 

 

ʉ.2 ʌʦʨʤʫʣʘ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ ʜʣʷ ʣʦʧʘʩʪʝʡ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ [8] 

ʀʟ ʬʦʨʤʫʣʳ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ ʜʣʷ ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʳ [ʬʦʨʤʫʣʘ (5)] 

ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʣʦʧʘʩʪʝʡ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ: 
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, (C.1) 

ʛʜʝ  ŭ
ERUref

 ïʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʘ ̫ ʙʘʟʦʚʘ ̫ ʤʘʩʰʪʘʙʠʨʫʝʤʘ ̫ ʧʦʪʝʨ ̫ ʜʣʷ ʨʘʙʦʯʠʭ 

ʣʦʧʘʪʦʢ, ʢʦʛʜʘ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʤʘʰʠʥʳ Re
A
 ʨʘʚʥʦ ʙʘʟʦʚʦʤʫ ʯʠʩʣʫ ʈʝʡʥʦʣʴʜʩʘ, 

Re
ref

 = 
6107Ö , ʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, Ra

COM*
, ʢʘʢ ʫʢʘʟʘʥʦ ʚ 

ʪʘʙʣʠʮʝ 12, ʪ. ʝ. Ra
COM*

 = Ra
COMref

.; 
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L  ï ʜʣʠʥʘ ʣʦʧʘʩʪʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ; 

w  ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ; 

u  ï ʧʝʨʠʬʝʨʠʡʥʘʷ ʩʢʦʨʦʩʪʴ ʣʦʧʘʩʪʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ; 

k
uRU

  ï ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʬʘʢʪʦʨ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʜʣʷ ʧʨʦʭʦʜʘ ʯʝʨʝʟ 

ʤʝʞʣʦʧʘʩʪʥʦʡ ʢʘʥʘʣ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ: 

 ; 

k
dRU

  ï ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʨʘʟʤʝʨʥʳʡ ʬʘʢʪʦʨ ʜʣʷ ʟʦʥʳ ʣʦʧʘʩʪʝʡ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ: 

 ; 

d
ERUref

 ï ʠʥʜʝʢʩ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʦʪʝʨʴ ʜʣʷ ʣʦʧʘʩʪʝʡ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ: 

 . (C.2) 

 

C.3 ʌʦʨʤʫʣʘ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ ʜʣʷ ʥʝʧʦʜʚʠʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʌʦʨʤʫʣʘ ʧʝʨʝʩʯʝʪʘ D
E
 ʚʳʚʦʜʠʪʩʷ ʠʟ ʬʦʨʤʫʣʳ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ ʜʣʷ ʧʦʪʦʢʘ 

ʚ ʪʨʫʙʝ [ʬʦʨʤʫʣʘ (1)]. ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʪʝʢʩʪʝ ʩʪʘʥʜʘʨʪʘ ʢʘʢ 

ʬʦʨʤʫʣʘ (8). 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʬʦʨʤʫʣʳ (8) ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʦʪʝʨʴ ʚʦ ʚʩʝʭ 

ʥʝʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʘʭ ʚʚʦʜʷʪʩʷ ʜʚʘ ʫʧʨʦʱʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʝ, ʯʪʦ ʜʣʷ ʪʫʨʙʠʥʳ A 

ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ Re
A
 ʥʝ ʧʦʩʪʦʷʥʥʦ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʫʨʙʠʥʘ B 

ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʦʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ Re
B
. 

1) ʌʘʢʪʦʨ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʦ ʚʩʝʭ 

ʥʝʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 0,8 ʦʪ ʬʘʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ 

ʥʘʧʨʘʚʣʷʶʱʝʤ ʘʧʧʘʨʘʪʝ, k
uGV
. ɿʥʘʯʝʥʠʝ k

uGV
 ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 0,24 ʜʣʷ 

ʦʩʝʚʳʭ ʤʘʰʠʥ ʙʝʨʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. 

2) ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʚʩʝʭ ʥʝʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ 

ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʤʝʞʜʫ ʰʝʨʦʭʦʚʘʪʦʩʪʷʤʠ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʠ 

ʩʪʘʪʦʨʘ. 

ɿʘʪʝʤ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ ʧʝʨʝʩʯʝʪʘ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʤʘʩʰʪʘʙʠʨʫʝʤʳʤ ʧʦʪʝʨʷʤ 

ʥʝʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ ʜʣʷ ʦʜʥʦʡ ʦʪʜʝʣʴʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʠ i: 

 ,(C.3) 

  


