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II 
 

ʇʨʝʜʠʩʣʦʚʠʝ 
 

ʎʝʣʠ ʠ ʧʨʠʥʮʠʧʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʳ ʌʝ-

ʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʦʪ 27 ʜʝʢʘʙʨʷ 2002 ʛ. ˉ 184-ʌɿ çʆ ʪʝʭʥʠʯʝʩʢʦʤ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʠè, ʘ ʧʨʘʚʠʣʘ ʧʨʠʤʝʥʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ï 

ɻʆʉʊ ʈ 1.0 ï 2004 çʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝ-

ʥʠʷè              

          ʉʚʝʜʝʥʠʷ ʦ ʩʪʘʥʜʘʨʪʝ 

         1 ʇʆɼɻʆʊʆɺʃɽʅ ɸʚʪʦʥʦʤʥʦʡ ʥʝʢʦʤʤʝʨʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ çʅʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʢʦʥʪʨʦʣʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤè (ɸʅʆ 

çʅʀʎ ʂɼè) ʥʘ ʦʩʥʦʚʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʘʫʪʝʥʪʠʯʥʦʛʦ ʧʝʨʝʚʦʜʘ ʩʪʘʥʜʘʨʪʘ, ʫʢʘʟʘʥʥʦʛʦ ʚ 

ʧʫʥʢʪʝ 4  

         2 ɺʅɽʉɽʅ ʊʝʭʥʠʯʝʩʢʠʤ ʢʦʤʠʪʝʪʦʤ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʊʂ 358 çɸʢʫʩʪʠʢʘè 

         3 ʋʊɺɽʈɾɼɽʅ ʀ ɺɺɽɼɽʅ ɺ ɼɽʁʉʊɺʀɽ ʇʨʠʢʘʟʦʤ ʌʝʜʝʨʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʠ ʤʝʪʨʦʣʦʛʠʠ ʦʪ                          20     ʛ. ˉ 

         4 ʅʘʩʪʦʷʱʠʡ ʩʪʘʥʜʘʨʪ ʠʜʝʥʪʠʯʝʥ ʝʚʨʦʧʝʡʩʢʦʤʫ ʩʪʘʥʜʘʨʪʫ ɽʅ 12354-5:2009 
çɸʢʫʩʪʠʢʘ ʟʜʘʥʠʡ. ʆʮʝʥʢʘ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʜʘʥʠʡ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʭ 
ʵʣʝʤʝʥʪʦʚ. ʏʘʩʪʴ 5. ʋʨʦʚʥʠ ʰʫʤʘ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠè̫ (EN 12354-5:2009 
çBuilding acoustics. Estimation of acoustic performance of buildings from the performance 
of elements. Part 5. Sounds levels due to the service equipmentè).  
ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʥʘʩʪʦʷʱʝʛʦ ʩʪʘʥʜʘʨʪʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʤʝʩʪʦ 

ʩʩʳʣʦʯʥʳʭ  ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʥʘʮʠʦʥʘʣʴʥʳʝ ʩʪʘʥ-
ʜʘʨʪʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʩʚʝʜʝʥʠʷ ʦ ʢʦʪʦʨʳʭ 
ʧʨʠʚʝʜʝʥʳ ʚ  ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ɼɸ 
5 ɺɺɽɼɽʅ ɺʇɽʈɺʓɽ 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʩʪʘʥʜʘʨʪʫ ʧʫʙʣʠʢʫʝʪʩʷ ʚ ʝʞʝʛʦʜʥʦ ʠʟʜʘʚʘʝʤʦʤ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʫʢʘʟʘʪʝʣʝ çʅʘʮʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳè, ʘ ʪʝʢʩʪ ʠʟʤʝʥʝʥʠʡ ʠ ʧʦʧʨʘʚʦʢï ʚ ʝʞʝ-
ʤʝʩʷʯʥʦ ʠʟʜʘʚʘʝʤʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʫʢʘʟʘʪʝʣʷʭ çʅʘʮʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳè. ɺ ʩʣʫʯʘʝ ʧʝʨʝ-
ʩʤʦʪʨʘ (ʟʘʤʝʥʳ) ʠʣʠ ʦʪʤʝʥʳ ʥʘʩʪʦʷʱʝʛʦ ʩʪʘʥʜʘʨʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʚʝʜʦʤʣʝʥʠʝ ʙʫʜʝʪ 
ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ ʝʞʝʤʝʩʷʯʥʦ ʠʟʜʘʚʘʝʤʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʫʢʘʟʘʪʝʣʝ 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 
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ʀʟʜʘʥʠʝ ʦʬʠʮʠʘʣʴʥʦʝ  1 
 

ʅɸʎʀʆʅɸʃʔʅʓʁ ʉʊɸʅɼɸʈʊ ʈʆʉʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ 

ɸʢʫʩʪʠʢʘ ʟʜʘʥʠʡ 

ʄɽʊʆɼʓ ʈɸʉʏɽʊɸ ɸʂʋʉʊʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɿɼɸʅʀʁ ʇʆ 
ʍɸʈɸʂʊɽʈʀʉʊʀʂɸʄ ʀʍ ʕʃɽʄɽʅʊʆɺ 

ʏʘʩʪʴ 5 

ʐʫʤ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠ ̫

Building acoustics. Estimation of acoustic performance of buildings from the performance of elements. 
Part 5. Sounds levels due to the service equipment 

ɼʘʪʘ ʚʚʝʜʝʥʠʷ ï  

 
1 ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʅʘʩʪʦʷʱʠʡ ʩʪʘʥʜʘʨʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝ-

ʥʠʷ ʰʫʤʘ ʚ ʟʜʘʥʠʠ, ʚʳʟʚʘʥʥʦʛʦ ʨʘʙʦʪʦʡ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠ.̫ ʂʘʢ ʠ ʩʪʘʥʜʘʨʪ 

ʜʣʷ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ [41], ʥʘʩʪʦʷʱʠʡ ʩʪʘʥʜʘʨʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʩʘʥʠʪʘʨʥʦ-

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʠ ʦʭʣʘ-

ʞʜʝʥʠʷ, ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʠʥʞʝʥʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʣʠʬʪʳ, ʤʫʩʦʨʦʧʨʦʚʦʜʳ, 

ʢʦʪʣʳ, ʚʝʥʪʠʣʷʪʦʨʳ, ʥʘʩʦʩʳ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʢʨʳʚʘʝʤʳʝ ʚʦʨʦʪʘ ʘʚʪʦʩʪʦʷʥʦʢ, ʘ 

ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʜʨʫʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʩʦʝʜʠʥʷʝʤʦʛʦ ʢ ʟʜʘʥʠʶ ʠʣʠ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʥʝʤ. ʆʮʝʥʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʠʟʤʝʨʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʁ-

ʱʠʭ ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʰʫʤʘ, ʪʘʢ ʠ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʷʶʪ ʚ ʧʦ-

ʣʦʩʘʭ ʯʘʩʪʦʪ. 

ʅʘʩʪʦʷʱʠʡ ʩʪʘʥʜʘʨʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʯʝʪʥʳʭ 

ʩʭʝʤ, ʦʧʨʝʜʝʣʷʝʪ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʧʝʨʝʯʝʥʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʣʠʯʠʥ. ʉʪʘʥʜʘʨʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʵʢʩʧʝʨʪʦʚ ʚ ʦʙʣʘʩʪʠ ʘʢʫʩʪʠ-

ʢʠ ʠ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʦʢʫʤʝʥʪʦʚ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʜʨʫʛʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩ ʫʯʝʪʦʤ ʨʝʛʠʦʥʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. 

ɺ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʚʷʟʠ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʠʟʤʝʨʷʝʤʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʘʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ. ɺ ʩʪʘʥʜʘʨʪʝ ʫʢʘʟʘʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ. ʇʦʣɹ-

ʟʦʚʘʪʝʣʷʤ, ʦʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʟʥʘʪʴ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ ʨʘʩʯʝʪʘ, ʠʤʝʁ-

ʠɦʭ ʩʚʦʁ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠ ʦʛʨʘʥʠʯʝʥʠʷ.  

ʈʘʩʯʝʪʥʳʝ ʤʦʜʝʣʠ ʦʩʥʦʚʘʥʳ ʥʘ ʦʧʳʪʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ. ʆʥʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʢʞʝ ʜʣʷ ʜʨʫʛʠʭ ʪʠʧʦʚ ʟʜʘ-
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ʥʠʡ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʨʘʟʤʝʨʳ ʠʭ ɻʣʝʤʝʥʪʦʚ ʥʝ ʩʣʠʰʢʦʤ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʠʤʝʥʷʝ-

ʤʳʭ ʚ ʞʠʣʳʭ ʟʜʘʥʠʷʭ. 

 

2 ʅʦʨʤʘʪʠʚʥʳʝ ʩʩʳʣʢʠ  

ɺ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʦʨʤʘʪʠʚʥʳʝ ʩʩʳʣʢʠ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʩʪʘʥʜʘʨʪʳ. ʅʝʜʘʪʠʨʦʚʘʥʥʫ  ʁʩʩʳʣʢʫ ʦʪʥʦʩʷʪ ʢ ʧʦʩʣʝʜʥʝʡ ʨʝʜʘʢʮʠʠ ʩʩʳʣʦʯʥʦʛʦ ʩʪʘʥ-

ʜʘʨʪʘ, ʚʢʣʶʯʘʷ ʝʛʦ ʠʟʤʝʥʝʥʠʷ. 

ɽʅ 12354-1:2000 ɸʢʫʩʪʠʢʘ ʟʜʘʥʠʡ. ʆʮʝʥʢʘ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʜʘʥʠʡ 

ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʭ ɻʣʝʤʝʥʪʦʚ. ʏʘʩʪʴ 1. ɿʚʫʢʦʠʟʦʣʷʮʠʷ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ ʤʝʞʜʫ 

ʧʦʤʝʱʝʥʠʷʤʠ (EN 12354-1:2000, Building acoustics ï Estimation of acoustic 

performance in buildings from the performance of elements ï  Part 1: Airborne sound 

insulation between rooms) 

ɽʅ 12354-2 ɸʢʫʩʪʠʢʘ ʟʜʘʥʠʡ. ʆʮʝʥʢʘ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʜʘʥʠʡ ʧʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʭ ɻʣʝʤʝʥʪʦʚ. ʏʘʩʪʴ 2. ɿʚʫʢʦʠʟʦʣʷʮʠʷ ʫʜʘʨʥʦʛʦ ʰʫʤʘ ʤʝʞʜʫ 

ʧʦʤʝʱʝʥʠʷʤʠ (EN 12354-2, Building acoustics ï Estimation of acoustic performance in 

buildings from the performance of elements ï Part 2: Impact sound insulation between 

rooms) 

ɽʅ 13141-1 ʉʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʟʜʘʥʠʡ. ʀʩʧʳʪʘʥʠʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʙʦʯʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪʦʚ/ʠʟʜʝʣʠʡ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ ʞʠʣʳʭ ʟʜʘʥʠʡ. ʏʘʩʪʴ 1. 

ʅʘʨʫʞʥʳʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʫʩʪʘʥʦʚʢʠ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ (EN 13141-1, Ventilation for 

buildings ï Performance testing of components/products for residential ventilation ï Part 1: 

Externally and internally mounted air transfer devices) 

ɽʅ 13141-2 ʉʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʟʜʘʥʠʡ. ʀʩʧʳʪʘʥʠʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʙʦʯʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪʦʚ/ʠʟʜʝʣʠʡ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ ʞʠʣʳʭ ʟʜʘʥʠʡ. ʏʘʩʪʴ 2. 

ɺʳʪʷʞʥʳʝ ʠ ʥʘʛʥʝʪʘʶʱʠʝ ʢʦʥʝʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ (EN 13141-2, Ventilation for buildings ï 

Performance testing of components/products for residential ventilation ï Part 2: Exhaust 

and supply air terminal devices) 

ɽʅ ʀʉʆ 3740 ɸʢʫʩʪʠʢʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ 

ʰʫʤʘ. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʚʳʙʦʨʫ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ 

(EN ISO 3740, Acoustics ï Determination of sound power levels of noise sources ï 

Guidelines for the use of basic standards) 

ɽʅ ʀʉʆ 3741 ɸʢʫʩʪʠʢʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ 

ʰʫʤʘ. ʊʦʯʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʨʝʚʝʨʙʝʨʘʮʠʦʥʥʳʭ ʢʘʤʝʨ (EN ISO 3741, Acoustics ï 
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Determination of sound power levels of noise sources using sound pressure ï Precision 

methods for reverberation rooms) 

 ɽʅ ʀʉʆ 3743 (ʚʩʝ ʯʘʩʪʠ) ɸʢʫʩʪʠʢʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ 

ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ. ʊʝʭʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʣʷ ʤʘʣʳʭ ʧʝʨʝʥʦʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ ʚ 

ʨʝʚʝʨʙʝʨʘʮʠʦʥʥʳʭ ʧʦʣ̫ʭ [EN ISO 3743 (All parts), Acoustics ï Determination of sound 

power levels and sound energy levels of noise sources using sound pressure ï 

Engineering methods for small movable sources in reverberant fields] 

ɽʅ ʀʉʆ 3744 ɸʢʫʩʪʠʢʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ 

ʰʫʤʘ. ʊʝʭʥʠʯʝʩʢʠʡ ʤʝʪʦʜ ʚ ʩʫʱʝʩʪʚʝʥʥʦ ʩʚʦʙʦʜʥʦʤ ʟʚʫʢʦʚʦʤ ʧʦʣʝ ʥʘʜ 

ʟʚʫʢʦʦʪʨʘʞʘʶʱʝʡ ʧʣʦʩʢʦʩʪʴʶ (EN ISO 3744, Acoustics ï Determination of sound power 

levels of noise sources using sound pressure ï Engineering method in an essentially free 

field over a reflecting plane) 

ɽʅ ʀʉʆ 3745 ɸʢʫʩʪʠʢʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ 

ʰʫʤʘ. ʊʦʯʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʟʘʛʣʫʰʝʥʥʳʭ ʠ ʧʦʣʫ ʟʘʛʣʫʰʝʥʥʳʭ ʢʘʤʝʨ (EN ISO 3745, 

Acoustics ï Determination of sound power levels and sound energy levels of noise 

sources using sound pressure ï Precision methods for anechoic rooms and hemi-

anechoic rooms) 

ɽʅ ʀʉʆ 3746 ɸʢʫʩʪʠʢʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ 

ʰʫʤʘ. ʆʨʠʝʥʪʠʨʦʚʦʯʥʳʡ ʤʝʪʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʜ 

ʟʚʫʢʦʦʪʨʘʞʘʶʱʝʡ ʧʣʦʩʢʦʩʪʴʶ (EN ISO 3746, Acoustics ï Determination of sound power 

levels of noise sources using sound pressure ï Survey method using an enveloping 

measurement surface over a reflecting plane) 

ɽʅ ʀʉʆ 3747 ɸʢʫʩʪʠʢʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ 

ʰʫʤʘ. ʄʝʪʦʜ ʩʨʘʚʥʝʥʠʷ ʥʘ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ (EN ISO 3747, Acoustics. Determination of 

sound power levels of noise sources using sound pressure ï Comparison method in situ) 

ɽʅ ʀʉʆ 3822-1 ɸʢʫʩʪʠʢʘ. ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠ ʁʰʫʤʘ 

ʧʨʠʙʦʨʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʏʘʩʪʴ 1. ʄʝʪʦʜ 

ʠʟʤʝʨʝʥʠʡ (EN ISO 3822-1, Acoustics ï Laboratory tests on noise emission from 

appliances and equipment used in water supply installations ï Method of measurement) 

ɽʅ ʀʉʆ 3822-2 ɸʢʫʩʪʠʢʘ. ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠ ʁʰʫʤʘ 

ʧʨʠʙʦʨʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʏʘʩʪʴ 2. 

ʋʩʣʦʚʠʷ ʫʩʪʘʥʦʚʢʠ ʠ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʣʠʚʥʳʭ ʢʨʘʥʦʚ ʠ ʩʤʝʩʠʪʝʣʴʥʳʭ ʚʝʥʪʠʣʝʡ 

(EN ISO 3822-2,  Laboratory tests on noise emission from appliances and equipment used 
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in water supply installations ï Part 2: Mounting and operating conditions for draw-off taps 

and mixing valves) 

ɽʅ ʀʉʆ 3822-3 ɸʢʫʩʪʠʢʘ. ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠ ʁʰʫʤʘ 

ʧʨʠʙʦʨʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ʏʘʩʪʴ 3. 

ʋʩʣʦʚʠʷ ʤʦʥʪʘʞʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʚʤʝʩʪʥʦ ʨʘʙʦʪʘʶʱʠʭ ʚʝʥʪʠʣʝʡ ʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (EN ISO 3822-3, Acoustics. Laboratory tests on noise 

emission from appliances and equipment used in water supply installations ï Part 3: 

Mounting and operating conditions for in-line valves and appliances) 

ɽʅ ʀʉʆ 3822-4 ɸʢʫʩʪʠʢʘ. ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠ ʁʰʫʤʘ 

ʧʨʠʙʦʨʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ʏʘʩʪʴ 4. 

ʋʩʣʦʚʠʷ ʤʦʥʪʘʞʘ ʠ ʨʘʙʦʪʳ ʜʣʷ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ (EN ISO 3822-4, Acoustics ï 

Laboratory tests on noise emission from appliances and equipment used in water supply 

installations ï Part 4: Mounting and operating conditions for special appliances) 

ɽʅ ʀʉʆ 7235 ɸʢʫʩʪʠʢʘ. ʀʟʤʝʨʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʝ ʜʣʷ ʟʘʛʣʫʰʘʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʚ ʚʦʟʜʫʭʦʚʦʜʘʭ, ʠ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʥʦʩʠʤʳʝ ʧʦʪʝʨʠ, ʧʦʪʦʢʦʚʳʡ ʰʫʤ ʠ ʧʘʜʝʥʠʝ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ 

(EN ISO 7235, Acoustics ï Laboratory measurement procedures for ducted silencers and 

air-terminal units. Insertion loss, flow noise and total pressure loss) 

ɽʅ ʀʉʆ 10846-1 ɺʠʙʨʘʮʠʷ. ʀʟʤʝʨʝʥʠʷ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʝʨʝʜʘʪʦʯʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʏʘʩʪʴ 1. 

ʆʙʱʠʝ ʧʨʠʥʮʠʧʳ ʠʟʤʝʨʝʥʠʡ (EN ISO 10846-1, Acoustics and vibration ï Laboratory 

measurement of vibro-acoustic transfer properties of resilient elements ï Part 1:  

Principles and guidelines) 

ɽʅ ʀʉʆ 10846-2 ɺʠʙʨʘʮʠʷ. ʀʟʤʝʨʝʥʠʷ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʝʨʝʜʘʪʦʯʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʏʘʩʪʴ 2. 

ʇʨʷʤʦʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ ʫʧʨʫʛʠʭ ʦʧʦʨ ʜʣʷ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʚʠʙʨʘʮʠʠ (EN ISO 10846-2, Acoustics and vibration ï Laboratory 

measurement of vibro-acoustic transfer properties of resilient elements ï Part 2: Direct 

method for determination of the dynamic stiffness of resilient supports for translatory 

motion) 

ɽʅ ʀʉʆ 10846-3 ɺʠʙʨʘʮʠʷ. ʀʟʤʝʨʝʥʠʝ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʝʨʝʜʘʪʦʯʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʏʘʩʪʴ 3. 

ʂʦʩʚʝʥʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ ʫʧʨʫʛʠʭ ʦʧʦʨ ʜʣʷ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʚʠʙʨʘʮʠʠ (EN ISO 10846-3, Acoustics and vibration ï Laboratory 
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measurement of vibro-acoustic transfer properties of resilient elements ï Part 3: Indirect 

method for determination of the dynamic stiffness of resilient supports for translatory) 

ɽʅ ʀʉʆ 10846-4 ɺʠʙʨʘʮʠʷ. ʀʟʤʝʨʝʥʠʝ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʝʨʝʜʘʪʦʯʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʏʘʩʪʴ 4. 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʞʝʩʪʢʦʩʪʴ ʥʝʦʧʦʨʥʳʭ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʚʠʙʨʘʮʠʠ (EN ISO 10846-4, Acoustics and vibration ï Laboratory 

measurement of vibro-acoustic transfer properties of resilient elements ï Part 4: Dynamic 

stiffness of elements other than resilient supports for translatory motion) 

ɽʅ ʀʉʆ 11691 ɸʢʫʩʪʠʢʘ. ʀʟʤʝʨʝʥʠʝ ʚʥʦʩʠʤʳʭ ʧʦʪʝʨʴ ʢʘʥʘʣʴʥʳʭ ʛʣʫʰʠʪʝʣʝʡ 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʪʦʢʘ. ʆʨʠʝʥʪʠʨʦʚʦʯʥʳʡ ʤʝʪʦʜ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ (EN ISO 

11691, Acoustics ï Measurement of insertion loss of ducted silencers without flow ï La-

boratory survey method) 

 

3 ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʧʨʠʤʝʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʝʨʤʠʥʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʦʧʨʝʜʝʣʝʥʠʷʤʠ: 

3.1 ɸʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʜʘʥʠʡ  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʱʠʪʳ ʦʪ ʰʫʤʘ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʦʛʣʘʩʥʦ [41] ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪ ʨʘʟʣʠʯʥʳʤʠ ʫʨʦʚʥʷʤʠ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʫʨʦʚʥʠ ʚ ʦʢʪʘʚ-

ʥʳʭ ʧʦʣʦʩʘʭ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʫʨʦʚʥʠ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʭ S ʠʣʠ F ʠʣʠ ʵʢʚʠʚʘʣʝʥʪʥʝr ʫʨʦʚʥʠ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. ɼʣʷ ʫʢʘʟʘʥʥʳʭ ʚʝʣʠ-

ʯʠʥ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʧʦʧʨʘʚʢʠ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʣʦʱʘʜʠ ʟʚʫʢʦʧʦ-

ʛʣʦʱʝʥʠʷ ʠʣʠ ʚʨʝʤʝʥʠ ʨʝʚʝʨʙʝʨʘʮʠʠ.  

ɸʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʜʘʥʠʷ ʚʳʨʘʞʘʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʨʦʚʥʷʤʠ ʟʚʫʢʘ 

ɸ ʠʣʠ C ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʫʨʦʚʥʷʤ ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ*. 

ʇʨʠʤʝʯʘʥʠʝ ï ʋʨʦʚʥʠ ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ ʧʨʠʤʝʥʷʶʪ ʪʘʢʞʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ NC-, NR- ʠʣʠ RC- ʫʨʦʚʥʝʡ ʰʫʤʘ (ʜʦʧʫʩʪʠʤʳʭ ʠʣʠ ʦʮʝʥʦʯʥʳʭ), ʢʘʢ ʦʧʠʩʘʥʦ 

ʚʦ ʤʥʦʛʠʭ ʨʫʢʦʚʦʜʩʪʚʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʦʬʠʩʦʚ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʟʜʘʥʠʡ, ʰʢʦʣ ʠ ʟʨʝ-

ʣʠʱʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

3.1.1  ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ɸ  (A-weighted maximum sound pressure 

level) maxAL , ʜɹɸ:  ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ɸ ʚ ʧʦʤʝʱʝʥʠʠ ʧʨʠ ʨʘʙʦʪʝ  

ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠ ̫ʟʜʘʥʠ.̫ 
                                                 

*
 ɼʘʥʥʳʝ ʫʨʦʚʥʠ ʤʦʞʥʦ ʠʟʤʝʨʷʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ (ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʚ ʯʘʩʪʦʪʥʳʭ ʧʦ-

ʣʦʩʘʭ) ʩ ʧʦʤʦʱʴʶ ʰʫʤʦʤʝʨʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʠʜʦʤ ʯʘʩʪʦʪʥʦʡ ʢʦʨʨʝʢʮʠʠ. 
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ʇʨʠʤʝʯʘʥʠʝ ï ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ɸ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʫʨʦʚʥ ʁʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ ʦʪ 63 ʜʦ 8000 ɻʮ ʧʨʠ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʭ S  ʠʣʠ F ( maxASL ʠʣʠ maxAFL ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʦʢʪʘʚʥʳʭ 

ʧʦʣʦʩʘʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʝʜʝʥʥʳʤ (
nASL max,

,
nAFL max,
) ʠʣʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʤ 

(
nTASL max,

,
nTAFL max,

). 

3.1.2 ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʥʝʧʨʝʨʳʚʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ɸ (A-weighted equivalent 

continuous sound pressure level) 
AeqL , ʜɹɸ: ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ɸ  ʚ ʧʦʤʝ-

ʱʝʥʠʠ ʧʨʠ ʨʘʙʦʪʝ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠ ̫ʟʜʘʥʠ.̫ 

ʇʨʠʤʝʯʘʥʠʝ ï ɼʘʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʵʢʚʠʚʘʣʝʥʪ-

ʥʦʤʫ ʫʨʦʚʥ ʁʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ ʦʪ 63 ʜʦ 8000 ɻʮ. ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʝʜʝʥʥʳʤ 
nAeqL ,

 ʠʣʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥ-

ʥʳʤ 
nTAeqL ,

. 

3.1.3 ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ʉ   (C-weighted maximum sound pressure 

level) maxʉL , ʜɹʉ: ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ʉ ʚ ʧʦʤʝʱʝʥʠʠ ʧʨʠ ʨʘʙʦʪʝ 

ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠ ̫ʟʜʘʥʠ.̫ 

ʇʨʠʤʝʯʘʥʠʝ ï ɼʘʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʧʦ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʫʨʦʚʥʁ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ ʦʪ 31,5 ʜʦ 8000 ɻʮ  ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʨʝʤʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ S ʠʣʠ F ( maxʉSL ʠʣʠ maxʉFL ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʝʜʝʥʥʳʤ (
nʉSL max,
,

nʉFL max,
) 

ʠʣʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʤ (
nTʉSL max,

,
nTʉFL max,

). 

3.1.4  ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ʉ  (C-weighted equivalent sound 

pressure level) 
ʉeqL , ʜɹʉ: ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ʉ ʚ ʧʦʤʝʱʝʥʠʠ ʧʨʠ ʨʘʙʦʪʝ 

ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠ ̫ ʟʜʘʥʠ.̫ 

ɼʘʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ ʫʨʦʚʥ ʁʟʚʫʢʦʚʦ-

ʛʦ ʜʘʚʣʝʥʠʷ ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ ʦʪ 31,5 ʜʦ 8000 ɻʮ. ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʦʢʪʘʚʥʳʭ 

ʧʦʣʦʩʘʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʝʜʝʥʥʳʤ 
nʉeqL ,
 ʠʣʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʤ 

nTʉeqL ,
. 

3.1.5 ʉʚʷʟʴ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ  

ʋʨʦʚʥʠ ʟʚʫʢʘ ɸ ʠ ʉ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʫʨʦʚʥʷʤ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʦʢʪʘʚʥʳʭ 

ʧʦʣʦʩʘʭ. 

ʋʨʦʚʥʠ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ L  ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʤʝʥʝʥʥʦʡ ʚʨʝʤʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ, ʪ. ʝ. ʦʪ  S, F, ʠʣʠ ʦʪ ʠʥʪʝʨʚʘʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ (ʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ʫʨʦʚʥʠ). ʋʨʦʚʥʠ ʩ ʫʢʘʟʘʥʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘʚʠʩʪ̫ ʦʪ ʚʠʜʘ ʰʫʤʘ 
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ʠ ʥʝ ʤʦʛʫʪ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʦʜʠʥ ʯʝʨʝʟ ʜʨʫʛʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʮʝʥʢʫ ʫʨʦʚʥʷ ʚ ʦʢʪʘʚʥʦʡ ʧʦʣʦʩʝ ʚʳʧʦʣʥʷʶʪ ʧʨʠ ʪʦʡ ʞʝ ʚʨʝʤʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ, 

ʯʪʦ ʠ ʫʨʦʚʝʥʴ ʚʦ ʚʩʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ.  

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʟʚʫʢʦʚʦ-

ʛʦ ʜʘʚʣʝʥʠʷ L, ʧʨʠʚʝʜʝʥʥʳʤ ʫʨʦʚʥʝʤ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ nL  ʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʤ 

ʫʨʦʚʥʝʤ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ nTL  ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ. ɼʘʥʥʘʷ ʩʚʷʟʴ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

 
A

A
LL

ref

n lg10+= ,    (1ʘ) 

 
V

TA
LL

refref

nnT
16,0

lg10+= ,    (1ʙ) 

ʛʜʝ A  ï ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʧʣʦʱʘʜʴ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ ʧʨʠʝʤʥʦʛʦ ʧʦʤʝʱʝʥʠ,̫ ʤ2; 

refA  ï ʩʪʘʥʜʘʨʪʥʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʧʣʦʱʘʜ ɹʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ*, ʨʘʚʥʘ  ̫10 ʤ2; 

refT  ï ʩʪʘʥʜʘʨʪʥʦʝ ʚʨʝʤʷ ʨʝʚʝʨʙʝʨʘʮʠʠ, ʨʘʚʥʦʝ 0,5 ʩ; 

V  ï ʦʙʝ̡ʤ ʧʦʤʝʱʝʥʠʷ, ʤ3. 

ɺ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʩʫʤʤʘʨʥʳʡ ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 

nL  ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ ʚ ʧʦʤʝʱʝʥʠʠ ʦʪ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʨʝ-

ʤʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʫʩʨʝʜʥʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʧʦʜʣʝ-

ʞʘʱʝʡ ʦʧʨʝʜʝʣʝʥʠ.ʁ ɼʨʫʛʠʝ ʚʝʣʠʯʠʥʳ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʝ. 

3.2 ɸʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ  

ɸʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʡ ʦʪʨʘʞʘʶʪ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʧʝ-

ʨʝʜʘʚʘʪʴ ʰʫʤ ʠʩʪʦʯʥʠʢʦʚ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ ʦʪʥʦʩʪ̫ʩʷ ʢʘʢ ʢ ʩʪʨʫʢʪʫʨʥʦʤʫ, ʪʘʢ ʠ ʢ ʚʦʟʜʫʰʥʦʤʫ ʰʫʤʫ.  

 ɼʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʩʪʘʥʦʚʦʢ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʠʩʪʦʯʥʠʢʠ ʰʫʤʘ ʨʘʟʣʠʯʥʳ ʠ 

ʠʭ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʘʭ. ɺʝʣʠʯʠʥʳ, ʦʪʥʦʩʷ-

ʱʠʝʩʷ ʢ ʠʩʪʦʯʥʠʢʘʤ ʰʫʤʘ,  ʠʤʝʶʪ ʪʝ ʞʝ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ ʠ ʧʦʜʣʝʞʘ-

ʱʠʝ ʦʮʝʥʢʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʜʘʥʠʷ. 

 ɺ ɽʅ 12354-1 ʠ ɽʅ 12354-2 ʯʘʩʪʠʯʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʵʣʝʤʝʥʪʳ, ʟʚʫʢʦʧʝʨʝʜʘʯʘ 

ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʜʘʥʠʷ. ʇʦ-

ʵʪʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʣʠʯʠʥʳ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ. 

 

                                                 

* ɺ ʜʨʫʛʠʭ ʯʘʩʪʷʭ ɽʅ 12354 ʩʪʘʥʜʘʨʪʥʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʧʣʦʱʘʜʠ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ ʦʙʦʟʥʘʯʝʥʘ 0A . 
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4 ʄʦʜʝʣʠ ʨʘʩʯʝʪʘ 

4.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʢʘʢ ʧʦ ʚʦʟʜʫʭʫ, ʪʘʢ ʠ ʧʦ ɻʣʝʤʝʥʪʘʤ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ ʩʦʟʜʘʝʪ ʚ ʧʦʤʝʱʝʥʠʠ ʰʫʤ ʧʨʠ ʨʘʙʦʪʝ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠ.̫ 

ʇʨʝʦʙʣʘʜʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʫʩʪʘʥʦʚʦʢ, ʘ ʪʘʢʞʝ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʠʥʞʝʥʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 

ʫʩʪʘʥʦʚʢʠ ʯʘʩʪʦ ʩʦʜʝʨʞʘʪ ʥʝʩʢʦʣʴʢʦ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ ʠ ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʪʦʯʝʢ ʩʦ-

ʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩʦ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʤʝʪʦʜ 

ʨʘʩʯʝʪʘ. 

ʇʨʠʤʝʯʘʥʠʝ ï ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʤʘʣʦʛʦ ʯʠʩʣʘ 

ʥʘʜʝʞʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʦʪʩʫʪ-

ʩʪʚʠʝ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʜʣʷ ʩʪʨʫʢʪʫʨʥʳʭ ʰʫʤʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʙʦʯʘʷ 

ʛʨʫʧʧʘ CEN/TC126/WG7* ʨʘʙʦʪʘʝʪ ʚ ʫʢʘʟʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʈʫʢʦʚʦʜʩʪʚʘ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 

ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ɺ, ʉ ʠ D. 

 ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʷ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝ-

ʣʝʥʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʜʫʰʥʦʛʦ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʯʠ-

ʪʘʪʴ ʥʝʟʘʚʠʩʠʤʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʊʘʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʬʠʟʠʯʝʩʢʠʡ ʦʙʲ-

ʝʢʪ, ʦʪʜʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʠʣʠ ʩʦʯʝʪʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʪʦʯʝʢ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʩʠʩʪʝʤʳ. ʄʝʪʦʜʳ ʨʘʩʯʝʪʘ 

ʦʩʥʦʚʘʥʳ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʘʞʜʦʛʦ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ ʩ ʧʦʤʦʱʴʶ ʟʘʚʠʩʷʱʝʡ ʦʪ 

ʚʨʝʤʝʥʠ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ. 

ʉʫʤʤʘʨʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝʤ 

ʚʢʣʘʜʦʚ ʢʘʞʜʦʛʦ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ.  

 ʈʘʩʩʤʘʪʨʠʚʘʶʪ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘ ʟʚʫʢʦʧʝʨʝʜʘʯʠ: 

  - ʚʦʟʜʫʰʥʘʷ ʟʚʫʢʦʧʝʨʝʜʘʯʘ ʧʦ ʚʦʟʜʫʭʦʚʦʜʘʤ ʠ/ʠʣʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤ; 

 - ʚʦʟʜʫʰʥʘʷ ʟʚʫʢʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ; 

 - ʩʪʨʫʢʪʫʨʥʘʷ ʟʚʫʢʦʧʝʨʝʜʘʯʘ ʧʦ ʩʪʨʦʠʪʝʣʴʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ. 

 ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʩʠʪʫʘʮʠʡ ʦʧʠʩʘʥ ʦʙʱʠʡ ʧʦʜʭʦʜ. 

ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʦʙʱʠʭ ʤʦʜʝʣʝʡ ʢ ʥʝʢʦʪʦʨʳʤ ʪʠʧʘʤ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʠ ʫʩʪʘʥʦʚʦʢ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʟʜʝʣʝ 5. 

                                                 
* ʈʘʙʦʯʘʷ ʛʨʫʧʧʘ WG7 çʃʘʙʦʨʘʪʦʨʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʠʥʞʝʥʝʨ-
ʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʜʘʥʠʡè ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ TC126 çɸʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʠ ʟʜʘʥʠʡ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚè ʆʨʛʘʥʠʟʘʮʠʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʶʟʘ CEN (ɼʘʣʝʝ 
ʚʝʟʜʝ ï ʈʘʙʦʯʘʷ ʛʨʫʧʧʘ WG7). 
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 ʉʫʤʤʘʨʥʳʡ ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ ʚ ʦʢʪʘʚ-

ʥʳʭ ʧʦʣʦʩʘʭ nL  ʦʧʨʝʜʝʣʷʶʪ ʧʫʪʝʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʚʢʣʘʜʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʩʪʦʯ-

ʥʠʢʦʚ ʠ ʫʯʝʪʘ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ ʠʣʠ ʚʩʧʦʤʦʛʘʪʝʣʴ-

ʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʬʦʨʤʫʣʝ 
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ʛʜʝ nL   ï ʩʫʤʤʘʨʥʳʡ ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ, 

ʩʦʟʜʘʚʘʝʤʳʡ ʠʩʪʦʯʥʠʢʘʤʠ ʰʫʤʘ i, j ʠ k, ʜɹ; 

idnL ,,
  ï ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ i, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʟʚʫʢʦʧʝʨʝʜʘʯʝʡ ʧʦ ʚʦʟʜʫʭʦʚʦʜʫ ʠʣʠ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʜɹ; 

janL ,,  
 ï ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ j, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʟʚʫʢʦʧʝʨʝʜʘʯʝʡ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ ʯʝʨʝʟ ʩʪʨʦʠʪʝʣʴʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʜɹ; 

ksnL ,,  
 ï ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ k, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʟʚʫʢʦʧʝʨʝʜʘʯʝʡ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʯʝʨʝʟ ʩʪʨʦʠʪʝʣʴʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʜʣʷ, ʜɹ;
 

m   ï ʯʠʩʣʦ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʟʚʫʢʦʧʝʨʝʜʘʯʝʡ ʧʦ ʚʦʟʜʫʭʦʚʦʜʘʤ; 

n   ï ʯʠʩʣʦ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ; 

o   ï ʯʠʩʣʦ ʠʩʪʦʯʥʠʢʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ. 

 ʂʦʛʜʘ ʘʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʚʨʝʤʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ F, ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ 2, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʮʝʥʢʫ ʚʝʨʭʥʝʛʦ 

ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʆʮʝʥʢʦʡ ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 

 ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʨʘʩʯʝʪʥʳʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʘ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʜʘʥʠʡ ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ ʥʘ ʦʩʥʦʚʝ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʦʢʪʘʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʈʘʩʯʝʪʳ 

ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʷʪʴ ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ ʦʪ 63 ʜʦ 4000 ɻʮ, ʝʩʣʠ ʙʦʣʝʝ ʫʟʢʠʡ ʜʠʘʧʘʟʦʥ 

ʥʝʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʦʮʝʥʢʘ ʦʜʥʠʤ ʯʠʩʣʦʤ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʜʘʥʠʷ (ʢʦʨʨʝʢʪʠʨʦʚʘʥʥʘʷ ʧʦ ɸ ʠʣʠ ʉ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [41]. 

ʇʨʠʤʝʯʘʥʠʝ ï ɼʘʥʥʳʝ ʨʘʩʯʝʪʳ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʯʘʩʪʦʪ ʚʥʝ 

ʫʢʘʟʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʨʠ ʥʘʣʠʯʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʥʥʳʭ ʦʙ ʵʣʝʤʝʥʪʘʭ. ʆʜʥʘʢʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʩʚʝʜʝʥʠʷ ʦ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʜʣʷ ʨʘʩʰʠʨʝʥʥʦʛʦ, ʦʩʦʙʝʥʥʦ ʚ 

ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ, ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ (ʩʤ. ʪʘʢʞʝ ʧʨʠʣʦʞʝʥʠʝ G). 
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ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʠʬʬʫʟʥʦʩʪʴ ʟʚʫʢʦʚʦʛʦ 

ʧʦʣ̫ ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ. ʉʫʱʝʩʪʚʝʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʜʠʬʬʫʟʥʦʩʪʠ ʚʦʟʤʦʞʥʳ 

ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ. ʊʘʢ ʢʘʢ ʰʫʤ ʦʪ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 

ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤ, ʪʦ ʥʘʨʫʰʝʥʠʝ ʜʠʬʬʫʟʥʦʩʪʠ ʟʚʫʢʦʚʦʛʦ 

ʧʦʣʷ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ. ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʫʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʠʥʞʝʥʝʨʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ 

ʫʩʪʘʥʦʚʢʘʤ. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʵʪʦʤ ʧʨʠʚʝʜʝʥ rʚ ʧʨʠʣʦʞʝʥʠʠ G.  

4.2 ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ ʧʦ ʚʦʟʜʫʭʦʚʦʜʘʤ ʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤ 

4.2.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

 ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʚʦʟʜʫʭʦʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʝʨʝʜʘʶʱʠʤ ʰʫʤ 

ʵʣʝʤʝʥʪʦʤ, ʪʘʢ ʠ ʠʩʪʦʯʥʠʢʦʤ ʰʫʤʘ. ʇʨʠ ʨʘʩʯʝʪʘʭ ʢʘʞʜrʡ ʠʩʪʦʯʥʠʢ ʰʫʤʘ 

ʨʘʩʩʤʘʪʨʠʚʘʪʁ ʦʪʜʝʣʴʥʦ, ʘ ʠʩʪʦʯʥʠʢʠ ʠ ʵʣʝʤʝʥʪʳ ʩʯʠʪʘʶʪ ʥʝʟʘʚʠʩʠʤʳʤʠ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ, ʨʝʟʦʥʘʥʩʥʳʝ ʠ ʤʦʜʘʣʴʥʳʝ 

ʵʬʬʝʢʪʳ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʧʦʣʘʛʘʶʪ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤʠ. 

 ʆʙʳʯʥʦ ʚʝʣʠʯʠʥʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ, ʷʚʣʷʝʪʩʷ 

ʫʨʦʚʝʥʴ ʝʛʦ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ wL , ʠʟʣʫʯʘʝʤʦʡ ʚ ʚʦʟʜʫʭʦʚʦʜ. ɿʚʫʢʦʧʝʨʝʜʘʯʫ ʯʝʨʝʟ 

ʚʦʟʜʫʭʦʚʦʜ ʦʧʠʩʳʚʘʶʪ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥ ̫ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ wLD  ʢʘʞʜrʤ 

ʦʪʜʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚʦʟʜʫʭʦʚʦʜʘ. ʉʫʤʤʘʨʥʦʝ ʟʚʫʢʦʚʦʝ ʜʘʚʣʝʥʠʝ ʚ ʧʨʠʝʤʥʦʤ 

ʧʦʤʝʱʝʥʠʠ ʦʙʨʘʟʫʝʪʩʷ ʣʠʙʦ ʟʚʫʢʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʦʪʢʨʳʪʦʛʦ ʢʦʥʮʘ ʚʦʟʜʫʭʦʚʦʜʘ (ʩʤ. 

ʧʦʤʝʱʝʥʠʝ ʘ ʥʘ ʨʠʩʫʥʢʝ 1), ʣʠʙʦ ʟʚʫʢʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩʪʝʥʦʢ ʚʦʟʜʫʭʦʚʦʜʘ 

(ʧʦʤʝʱʝʥʠʝ b). ʉʫʤʤʘʨʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʧʣʦʱʘʜʠ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ ʧʦʤʝʱʝʥʠʷ, ʢʦʪʦʨʫ  ʁ ʧʨʠʚʦʜʷʪ (ʥʦʨʤʠʨʫʶʪ) ʢ 

ʩʪʘʥʜʘʨʪʥʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʣʦʱʘʜʠ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ, ʨʘʚʥʦʡ 10 ʤ2.  

 

ʈʠʩʫʥʦʢ 1 ï ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʦʪ ʠʩʪʦʯʥʠʢʘ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ ʧʦ ʟʜʘʥʠʶ ʯʝʨʝʟ ʩʠʩʪʝʤʫ 

ʚʦʟʜʫʭʦʚʦʜʦʚ ʚ ʧʨʠʝʤʥʳʝ ʧʦʤʝʱʝʥʠʷ (a ʠ b) 
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 ʉʫʤʤʘʨʥʳʡ ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ 
dnL ,
 ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʰʫʤʘ ʚ ʚʦʟʜʫʭʦʚʦʜʝ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 

ä
=

+D-=
e

i ref

iWwdn
A

LLL
1

,,

4
lg10 ,    (3ʘ) 

ʛʜʝ WL   ï ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ, ʜɹ; 

iWL ,D   ï ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʵʣʝʤʝʥʪʦʤ i, ʜɹ; 

e  ï ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʧʦʤʝʱʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠʝʤʥʳʤ ʧʦʤʝɦʝʥʠʝʤ; 

refA   ï ʩʪʘʥʜʘʨʪʥʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘ  ̫ʧʣʦʱʘʜ ɹʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ, ʨʘʚʥʘ  ̫10 ʤ2.  

ʇʨʠʤʝʯʘʥʠʝ 1 ï ɼʘʥʥʘ  ̫ʬʦʨʤʫʣʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʠʬʬʫʟʥʦʩʪʴ ʟʚʫʢʦʚʦʛʦ ʧʦʣ̫ ʚ 

ʧʦʤʝʱʝʥʠʠ. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʜʠʬʬʫʟʥʦʩʪʠ ʯʘʩʪʦ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ. ɺ 

[30] ʦʪʤʝʯʝʥʦ ʚʣʠʷʥʠʝ ʥʘʨʫʰʝʥʠʷ ʫʩʣʦʚʠʷ ʜʠʬʬʫʟʥʦʩʪʠ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘ 

ʩʫʤʤʘʨʥʳʝ ʫʨʦʚʥʠ ʰʫʤʘ. ʇʨʠʚʝʜʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ 

ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ.  

ʇʨʠʤʝʯʘʥʠʝ 2 ï ɽʩʣʠ ʠʥʪʝʨʝʩʫʶʪʩʷ ʫʨʦʚʥʝʤ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʝ ʧʦʤʝʱʝʥʠ,̫ ʪʦ ʥʘ ʥʝʛʦ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʠʣʠ ʜʘʞʝ ʧʨʝʦʙʣʘʜʘʪʴ 

ʧʨʷʤʦʡ ʟʚʫʢ ʦʪ ʵʣʝʤʝʥʪʘ, ʠʟʣʫʯʘʶʱʝʛʦ ʰʫʤ ʚ ʧʦʤʝʱʝʥʠʝ. ɼʣʷ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r  ʦʪ ʵʣʝʤʝʥʪʘ, ʠʤʝʶʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ Q, ʧʦʩʣʝʜʥʝʝ ʩʣʘʛʘʝʤʦʝ ʚ ʬʦʨʤʫʣʝ (3ʘ) ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʤʝʥʝʥʦ ʥʘ 

ù
ù
ú

ø

é
é
ê

è
+

refAr

Q 4

4
lg10

2p
.  (3ʙ) 

 ʀʟʣʫʯʘʝʤʘʷ ʚ ʧʦʤʝʱʝʥʠʝ ʟʚʫʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠ ̫

ʠʟʣʫʯʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ (ʧʦʩʣʝʜʥʠʡ ʵʣʝʤʝʥʪ ʚ ʮʝʧʠ ei = ) ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʤʝʱʝʥʠ.̫ ʕʪʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʧʦʩʣʝʜʥʠʤ ʵʣʝʤʝʥʪʦʤ ʚʦʟʜʫʭʦʚʦʜʘ. ɼʣʷ 

ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ ʚʣʠʷʥʠʝ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʫʯʠʪʳʚʘʶʪ, ʧʨʠʤʝʥʷ ̫

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʦʜ rʠʟʤʝʨʝʥʠʷ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥ ̫ʟʚʫʢʦʚʦʡ 

ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʵʣʝʤʝʥʪʘ ʩʣʝʜʫʝʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪ ɹ(ʩʤ. ʧʨʠʣʦʞʝʥʠʝ ɽ).  

 ɽʩʣʠ ʠʩʪʦʯʥʠʢʦʤ ʰʫʤʘ ʚ ʚʦʟʜʫʭʦʚʦʜʝ ʷʚʣʷʝʪʩʷ ʟʚʫʢʦʚʦʝ ʧʦʣʝ ʚ ʜʨʫʛʦʤ 

ʧʦʤʝʱʝʥʠʠ, ʪʦ ʘʢʫʩʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʟʜʫʭʦʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʨʘʞʝʥʘ ʧʨʠʚʝʜʝʥʥʦʡ ʨʘʟʥʦʩʪʴʶ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 
snD ,
 ʩʠʩʪʝʤʳ 

ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ɽʅ 12354-1. ʈʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʨʘʩʩʯʠʪʳʚʘʶʪ 

ʧʦ ʬʦʨʤʫʣʝ 
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ʛʜʝ 
snD ,
 ï ʧʨʠʚʝʜʝʥʥʘ  ̫ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʧʨʠ ʢʦʩʚʝʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʟʚʫʢʦʧʝʨʝʜʘ-

ʯʝ ʯʝʨʝʟ ʩʠʩʪʝʤʫ s, ʜɹ; 

1S  ï ʧʣʦʱʘʜʴ ʧʝʨʚʦʛʦ ʵʣʝʤʝʥʪʘ (1=i ) ʩʠʩʪʝʤʳ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʚ ʧʦʤʝʱʝʥʠʠ 

ʠʩʪʦʯʥʠʢʘ (ʥʘʧʨʠʤʝʨ, ʦʪʚʝʨʩʪʠʷ, ʩʝʢʮʠʠ ʚʦʟʜʫʭʦʚʦʜʘ ʠʣʠ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦ-

ʛʦ ʫʩʪʨʦʡʩʪʚʘ), ʤ2. 

ʇʨʠʤʝʯʘʥʠʝ ï ɼʣʷ ʫʩʪʨʦʡʩʪʚ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʠʣʠ ʧʘʨʳ ʦʢʦʥʝʯʥʳʭ ʚʦʟʜʫʭʦʨʘʩ-

ʧʨʝʜʝʣʠʪʝʣʝʡ ʚ ʧʨʦʩʪʳʭ ʩʠʩʪʝʤʘʭ ʚʝʥʪʠʣʷʮʠʠ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ ʜʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʠʟʤʝʨʷʝʪʩʷ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ 
enD ,
 (ʩʤ. ɽʅ 13141-1 ʠ ɽʅ 13141-2). ʌʦʨʤʫʣʫ 

(4) ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ 

ʪʘʢʠʭ (ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ) ʵʣʝʤʝʥʪʦʚ. 

4.2.2 ʀʩʪʦʯʥʠʢʠ 

 ʀʩʪʦʯʥʠʢʘʤʠ ʰʫʤʘ ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʚʝʥʪʠʣʷʪʦʨʳ ʠʣʠ 

ʛʦʨʝʣʢʠ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪ ʰʫʤ ʚʙʣʠʟʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʠʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʥʠʭ, 

ʥʘʧʨʠʤʝʨ ʧʦʪʦʢʦʚʳʡ ʰʫʤ ʨʝʰʝʪʦʢ, ʧʦʚʦʨʦʪʦʚ ʠ ʛʣʫʰʠʪʝʣʝʡ, ʠʣʠ ʰʫʤ, ʧʦʩʪʫʧʘʶʱʠʡ 

ʚ ʚʦʟʜʫʭʦʚʦʜ ʠʟʚʥʝ. 

 ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʢʘʟʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʫʨʦʚʥʝʤ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ WL  ʢʘʢ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʧʦ ʚʦʟʜʫʭʦ-

ʚʦʜʫ, ʪʘʢ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʣʫʯʘʝʤʦʡ ʚ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʋʨʦʚʝʥʴ ʟʚʫ-

ʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʩʚʷʟʘʥ ʩ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ. ʋʨʦʚʝʥʴ ʟʚʫ-

ʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ ʦʧʨʝʜʝʣʷʶʪ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʟʤʝʨʝʥʠʡ. 

 4.2.2.1 ɺʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

 ɼʣʷ ʢʘʥʘʣʴʥʳʭ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʨʘʟʣʠʯʘʶʪ ʫʨʦʚʝʥʴ ʟʚʫ-

ʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʚʭʦʜʝ ʚʦʟʜʫʭʦʚʦʜʘ 
inWL , ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʚʳʭʦʜʝ 

ʚʦʟʜʫʭʦʚʦʜʘ 
outWL  ʠ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʤʦʜʫʣʷ 

unitWL . ɺʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ 

ʫʨʦʚʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʪʦʢʘ, ʘ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ 

ʤʦʱʥʦʩʪʠ ʤʦʜʫʣʷ ʦʪʥʦʩʷʪ ʢ ʩʪʨʫʢʪʫʨʥʦʤʫ ʰʫʤʫ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡ-

ʩʪʚʘ. ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ ʦʧʨʝʜʝʣʷʶʪ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʟʤʝʨʝʥʠʡ (ʩʤ. ʪʘʢʞʝ ʧʨʠʣʦʞʝʥʠʝ ɺ). 
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 4.2.2.2 ʇʦʪʦʢʦʚʳʡ ʰʫʤ 

 ɼʣʷ ʠʩʪʦʯʥʠʢʦʚ ʧʦʪʦʢʦʚʦʛʦ ʰʫʤʘ, ʪʘʢʠʭ ʢʘʢ ʨʝʰʝʪʢʠ, ʦʪʚʦʜ,r ʠʟʤʝʨʠʪʝʣʠ ʨʘʩ-

ʭʦʜʘ ʚʦʟʜʫʭʘ, ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʢʣʘʧʘʥ,r ʧʣʘʩʪʠʥʯʘʪʳʝ ʛʣʫʰʠʪʝʣʠ ʠ ʜʨ., ʫʨʦʚʝʥʴ 

ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʧʨʷʤʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ. ʆʮʝʥʢʠ ʧʨʦʠʟʚʦ-

ʜʷʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ ɺ). 

4.2.2.3 ʐʫʤ, ʧʨʦʥʠʢʘʶʱʠʡ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʠ ʫʩʪʨʦʡʩʪʚʘ 

 ɼʣʷ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʟʘ ʩʯʝʪ ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʥʘ ʦʢʦʥʯʘʥʠʷʭ 

ʚʦʟʜʫʭʦʚʦʜʘ, ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʦʪʚʝʨʩʪʠʷʭ ʫʩʪʨʦʡʩʪʚ, ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦ-

ʩʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʩʚʝʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʧʦʪʝʨʴ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʦʪʚʝʨ-

ʩʪʠ̫ʤʠ ʠʣʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʋʨʦʚʝʥʴ ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʚʦʟʜʫʭʦʚʦʜ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ 

WL  ʦʧʨʝʜʝʣʷʶʪ ʧʦʪʝʨʷʤʠ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ 
oitD ,

 (ʩʤ. 4.2.3) ʧʦ ʬʦʨʤʫʣʝ 

       
4

lg10,0

co
oitW

S
DLL +-= ,    (5) 

ʛʜʝ 
oitD ,

 ï ʧʦʪʝʨʠ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʦʪʚʝʨʩʪʠʝʤ ʚʦʟʜʫʭʦʚʦʜʘ 

ʠʣʠ ʫʩʪʨʦʡʩʪʚʘ ʰʫʤʘ ʩʥʘʨʫʞʠ ʚʥʫʪʨʴ, ʜɹ; 

0L  ï ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ, ʜɹ;    

coS  ï ʧʣʦʱʘʜʴ ʦʪʢʨʳʪʦʛʦ ʢʦʥʮʘ ʚʦʟʜʫʭʦʚʦʜʘ, ʤ2. 

ʇʨʠʤʝʯʘʥʠʝ ï ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʨ ɹʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʦʪʚʝʨʩʪʠʝʤ ʫʩʪʨʦʡʩʪʚʘ 

ʤʦʛʫʪ ʙʳʪʴ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʷʭ. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʪʝʨʠ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ 

ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʪ. ʝ. ʦʪʚʝʨʩʪʠʝʤ, ʩʥʘʨʫʞʠ ʚʥʫʪʨʴ ʚʦʟʜʫʭʦʚʦʜʘ, 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʝʨʝʟ ʧʦʪʝʨʠ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʠʟʥʫʪʨʠ ʥʘʨʫʞʫ, ʠ ʥʘʦʙʦʨʦʪ (ʩʤ. ʧʨʠʣʦ-

ʞʝʥʠʝ ɽ). 

 ʊʘʢ ʢʘʢ ʟʚʫʢʦʧʝʨʝʜʘʯʘ ʰʫʤʘ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠ ̫ʦʪʚʝʨʩʪʠʷ ʠʣʠ ʫʩʪʨʦʡʩʪʚʘ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʛʨʘʞʜʘʶʱʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʧʦʤʝʱʝʥʠʷ, ʪʦ ʜʘʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚ ʧʦʪʝʨʷʭ ʧʨʠ ʧʝʨʝʜʘʯʝ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ 

ʵʣʝʤʝʥʪʦʤ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ ʚʣʠʷʥʠʝ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʫʯʠʪʳʚʘʶʪ, ʧʨʠʤʝʥʷ ̫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʦʜ r ʠʟʤʝʨʝʥʠʷ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʧʦʪʝʨʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʵʣʝʤʝʥʪʦʤ ʩʣʝʜʫʝʪ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ ɽ). 

4.2.2.4 ʐʫʤ, ʧʨʦʥʠʢʘʶʱʠʡ ʯʝʨʝʟ ʩʪʝʥʢʠ ʚʦʟʜʫʭʦʚʦʜʘ 

 ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʰʫʤʘ, ʧʨʦʥʠʢʘʶʱʝʛʦ ʚ ʚʦʟʜʫʭʦʚʦʜ ʩʥʘʨʫʞʠ 

(ʯʝʨʝʟ ʫʧʣʦʪʥʝʥʠ)̫, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʩʚʝʥʥʦ ʧʦ ʠʟʤʝʨʝʥʥʳʤ ʧʦʪʝʨʷʤ ʧʨʠ 
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ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʚʦʟʜʫʭʦʚʦʜʘ. ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ WL  ʜʣʷ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʠʣʠ ʧʨʦʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʚ ʚʦʟʜʫʭʦʚʦʜʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦ 

ʟʚʫʢʦʠʟʦʣʷʮʠʠ oiR  ʚʦʟʜʫʭʦʚʦʜʘ (ʧʦʪʝʨʠ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʩʥʘʨʫʞʠ ʚʥʫʪʨʴ) ʧʦ 

ʬʦʨʤʫʣʘʤ: 

 
ucd

dcducd

doiouW
S

SS
SRLL

,

,,

, lg106lg10
+

--+-= , 

            (6) 

 
dcd

dcducd

doiodW
S

SS
SRLL

,

,,

, lg106lg10
+

--+-= , 

ʛʜʝ oL  ï ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ ʩʥʘʨʫʞʠ ʚʦʟʜʫʭʦʚʦʜʘ, ʜɹ; 

oiR  ï ʟʚʫʢʦʠʟʦʣʷʮʠ ̫ʚʦʟʜʫʭʦʚʦʜʘ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʩʥʘʨʫʞʠ ʚʥʫʪʨʴ, ʜɹ;  

dS  ï ʧʣʦʱʘʜʴ ʚʦʟʜʫʭʦʚʦʜʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʰʫʤʘ ʚ ʧʦʤʝʱʝ-

ʥʠʠ, ʤ2; 

dcdS ,
 ï ʧʣʦʱʘʜʴ ʚʳʭʦʜʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʯʘʩʪʠ ʚʦʟʜʫʭʦʚʦʜʘ, ʥʘʭʦʜʷ-

ʱʝʡʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʰʫʤʘ ʚ ʧʦʤʝʱʝʥʠʠ, ʤ2; 

ucdS ,
 ï ʧʣʦʱʘʜʴ ʚʭʦʜʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʯʘʩʪʠ ʚʦʟʜʫʭʦʚʦʜʘ, ʥʘʭʦʜʷ-

ʱʝʡʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʰʫʤʘ ʚ ʧʦʤʝʱʝʥʠʠ, ʤ2. 

ʇʨʠʤʝʯʘʥʠʝ 1 ï ɿʚʫʢʦʚʦʝ ʧʦʣʝ ʚʥʝ ʚʦʟʜʫʭʦʚʦʜʘ ʩʯʠʪʘʝʪʩʷ ʜʠʬʬʫʟʥʳʤ, ʘ 

ʚʥʫʪʨʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʣʦʩʢʘʷ ʟʚʫʢʦʚʘʷ ʚʦʣʥʘ. 

ʇʨʠʤʝʯʘʥʠʝ 2 ï ʆʧʨʝʜʝʣʝʥʠʝ ʟʚʫʢʦʠʟʦʣʷʮʠʷ oiR  ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥʦ ʥʘ 

ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʥʘ ʠʟʤʝʨʝʥʠʷʭ oiR  ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʪ. ʝ. ʠʟʥʫʪʨʠ ʥʘʨʫʞʫ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ ɽ). 

 ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤʳ ʦʙʱʠʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ 

ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ ɺ). 

4.2.3 ɿʚʫʢʦʧʝʨʝʜʘʯʘ   

 ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʰʫʤʘ 

ʚ ʩʠʩʪʝʤʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʥʘʧʨʠʤʝʨ ʥʘ ʧʨʷʤrʭ ʫʯʘʩʪʢʘʭ ʚʦʟʜʫʭʦʚʦʜʘ, ʥʘ 

ʚʥʫʪʨʝʥʥʝʡ ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʝʡ ʦʙʣʠʮʦʚʢʝ, ʚ ʦʪʚʦʜʘʭ, ʜʨʦʩʩʝʣʷʭ, ʩʪʳʢʘʭ, ʛʣʫʰʠʪʝ-

ʣʷʭ, ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ, ʨʝʰʝʪʢʠ, ʩʪʝʥʢʠ ʚʦʟʜʫʭʦʚʦʜʘ. ʉʥʠʞʝʥʠʝ 

ʫʨʦʚʥʷ ʚʳʨʘʞʘʶʪ ʣʠʙʦ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ WL'D  ʝʜʠʥʠʮʝʡ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ (ʤʦʜʫʣʝʤ) ʠʣʠ ʥʘ ʝʜʠʥʠʮʝʡ ʜʣʠʥʳ ʵʣʝʤʝʥʪʘ, ʣʠʙʦ ʩʚʷʟʘʥʥʤrʠ ʩ ʥʠʤ ʚʝʣʠ-

ʯʠʥʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʟʚʫʢʦʠʟʦʣʷʮʠʷ ʚʦʟʜʫʭʦʚʦʜʘ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʠʟʥʫʪʨʠ ʥʘʨʫʞʫ 
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ioR , ʚʥʦʩʠʤʳʤʠ ʧʦʪʝʨʷʤʠ ʛʣʫʰʠʪʝʣʷ ʰʫʤʘ iD  ʠʣʠ ʧʦʪʝʨʷʤʠ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ 

ʫʩʪʨʦʡʩʪʚʘ tD . 

 ɼʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ WLD  ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʨʠ 

ʨʘʩʯʝʪʘʭ ʧʦ ʬʦʨʤʫʣʝ (3ʘ) ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠʚʝʜʝʥʥʳʝ ʥʠʞʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʥʘ ʤʝʪʦʜʳ 

ʠʟʤʝʨʝʥʠʡ. 

4.2.3.1 ɼʣʷ ʤʦʜʫʣ̫ 

unitWW LL ,D=D ,   (7) 

ʛʜʝ 
unitWL ,D  ï ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʤʦʜʫʣʝʤ, ʜɹ. 

4.2.3.2 ɺ ʩʣʫʯʘʝ ʵʣʝʤʝʥʪʦʚ ʩ ʠʟʚʝʩʪʥʳʤ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ 

 lLL WW 'D=D ,      (8) 

ʛʜʝ WL'D  ï ʩʥʠʞʝʥʠʝ ʫʨʦʚʥ  ̫ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʝʜʠʥʠʮʝʡ ʜʣʠʥʳ ʵʣʝʤʝʥʪʘ, ʜɹ/ʤ; 

l  ï ʬʘʢʪʠʯʝʩʢʘʷ ʜʣʠʥʘ ʵʣʝʤʝʥʪʘ, ʠʟʤʝʨʝʥʥʘʷ ʚʜʦʣʴ ʦʩʝʚʦʡ ʣʠʥʠʠ 

ʚʦʟʜʫʭʦʚʦʜʘ, ʤ. 

4.2.3.3 ɺ ʩʣʫʯʘʝ ʵʣʝʤʝʥʪʦʚ ʚʦʟʜʫʭʦʚʦʜʘ ʩ ʟʘʜʘʥʥʳʤʠ ʚʥʦʩʠʤʳʤʠ ʧʦʪʝʨʷʤʠ 

 iW DL =D ,      (9) 

ʛʜʝ iD  ï ʚʥʦʩʠʤʳʝ ʧʦʪʝʨʠ ʵʣʝʤʝʥʪʦʚ ʚʦʟʜʫʭʦʚʦʜʘ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʣʷ ʛʣʫʰʠʪʝʣʝʡ 

ʰʫʤʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɽʅ ʀʉʆ 7235 ʠʣʠ ɽʅ ʀʉʆ 11691, ʜʣʷ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ï ʧʦ ɽʅ 13141-1, ʜʣʷ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ï ʩʦʧʦʩʪʘʚʠʤʳʤ ʩʧʦʩʦ-

ʙʦʤ, ʜɹ. 

ʇʨʠʤʝʯʘʥʠʝ ï ɼʣʷ ʛʣʫʰʠʪʝʣʝʡ ʚʥʦʩʠʤʳʝ ʧʦʪʝʨʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʢʘʟʘʥʥʳʤ ʤʝ-

ʪʦʜʦʤ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʭʦʨʦʰʝʡ ʦʮʝʥʢʦʡ ʧʦʪʝʨ ɹʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʵʣʝʤʝʥʪʘ. 

4.2.3.4 ɺ ʉʣʫʯʘʝ ʦʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦʟʜʫʭʦʚʦʜʘ ʩ ʟʘʜʘʥʥʳʤʠ ʚʥʦʩʠʤʳʤʠ 

ʧʦʪʝʨʷʤʠ 

 
ioiiW DDL ,+=D ,     (10) 

ʛʜʝ iD  ï ʚʥʦʩʠʤʳʝ ʧʦʪʝʨʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʣʷ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɽʅ 13141-2, ʜɹ; 

ioiD ,
 ï ʧʦʪʝʨʠ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʦʪʢʨʳʪʳʭ ʢʦʥʮʦʚ ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ɽʅ ʀʉʆ 7235  (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ ɽ), ʜɹ. 
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4.2.3.5 ɺ ʩʣʫʯʘʝ ʵʣʝʤʝʥʪʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʧʦʪʝʨʷʤʠ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ 

 tW DL =D ,     (11) 

ʛʜʝ tD  ï ʧʦʪʝʨʠ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʣʷ ʚʦʟʜʫʭʦ-

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɽʅ ʀʉʆ 7235  ʠʣʠ ʩʦʧʦʩʪʘʚʠʤʳʤ 

ʩʧʦʩʦʙʦʤ ʜʣʷ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʜɹ. 

ʇʨʠʤʝʯʘʥʠʝ ï ʇʦʪʝʨʠ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʩʪʦʷʱʠʤ ʩʪʘʥʜʘʨʪʦʤ ʧʦʪʝʨʠ ʧʨʠ ʟʚʫʢʦʧʝ-

ʨʝʜʘʯʝ ʦʪʢʨʳʪʳʭ ʢʦʥʮʦʚ ʚʦʟʜʫʭʦʚʦʜʘ, ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʛʨʘʞʜʘ-

ʶ ʠɦʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʤʝʱʝʥʠʷ, ʪ.ʝ. ʚ ʩʝʨʝʜʠʥʝ ʧʦʤʝʱʝʥʠʷ, ʫ ʩʪʝʥʳ ʠʣʠ ʚʙʣʠʟʠ ʫʛʣʘ. 

4.2.3.6 ɺ ʩʣʫʯʘʝ ʵʣʝʤʝʥʪʦʚ ʩ ʟʘʜʘʥʥʦʡ ʟʚʫʢʦʠʟʦʣʷʮʠʝʡ  

 
p4

lg103lg10
, W

+++=D
d

dc

ioW
S

S
RL ,    (12) 

ʛʜʝ ioR  ï ʟʚʫʢʦʠʟʦʣʷʮʠʷ ʚʦʟʜʫʭʦʚʦʜʘ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʠʟʥʫʪʨʠ ʥʘʨʫʞʫ, ʜɹ; 

W ï ʫʛʦʣ ʚʦʢʨʫʛ ʚʦʟʜʫʭʦʚʦʜʘ, ʚ ʢʦʪʦʨrʡ ʧʨʦʠʩʭʦʜʠʪ ʠʟʣʫʯʝʥʠʝ, ʨʘʜ, (ʧʦ ʮʝʥʪʨʫ 

ʧʦʤʝʱʝʥʠʷ p4=W , ʫ ʩʪʝʥʳ p2=W , ʚʙʣʠʟʠ ʫʛʣʘ p=W ). 

ʇʨʠʤʝʯʘʥʠʝ 1 ï  ɺ ʜʘʥʥʦʡ ʬʦʨʤʫʣʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩ,̫ ʯʪʦ ʪʦʣʴʢʦ ʧʦʣʦʚʠʥʘ ʟʚʫ-

ʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʚʥʫʪʨʠ ʚʦʟʜʫʭʦʚʦʜʘ ʫʯʘʩʪʚʫʝʪ ʚ ʝʝ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʥʘʨʫʞʫ. 

ʇʨʠʤʝʯʘʥʠʝ 2 ï  ɿʚʫʢʦʠʟʦʣʷʮʠʷ ioR  ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʤʝʨʝʥʘ 

ʠʣʠ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʟʚʫʢʦʠʟʦʣʷʮʠʠ oiR , ʠʟʤʝʨʝʥʥʦʡ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʟʚʫʢʦ-

ʧʝʨʝʜʘʯʠ, ʪ. ʝ. ʩʥʘʨʫʞʠ ʚʥʫʪʨʴ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ ɽ). 

4.2.3.7 ʀʟʣʫʯʘʶʱʠʡ ʵʣʝʤʝʥʪ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠ ̫

 ɼʣʷ ʵʣʝʤʝʥʪʘ, ʠʟʣʫʯʘʶʱʝʛʦ ʟʚʫʢʦʚʫʶ ʤʦʱʥʦʩʪʴ ʚ ʧʦʤʝʱʝʥʠʝ, ʧʨʠ ʦʧʨʝʜʝʣʝ-

ʥʠʠ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʧʦʣʦʞʝʥʠʷ 

ʵʣʝʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʥʠʮ ʧʦʤʝʱʝʥʠ,̫ ʨʘʩʩʤʘʪʨʠʚʘʷ ʝʛʦ ʢʘʢ ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ, 

ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʫʣʫ  

 
W-D=D DLL elementWW ,

,    (13) 

ʛʜʝ 
elementWL ,D  ï ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʙʝʟ 

ʫʯʝʪʘ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ, ʜɹ;  

WD  ï ʠʥʜʝʢʩ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʣʫʯʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ, ʜɹ. 

 ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʦʙʱʠʝ ʧʨʘʚʠʣʘ ʧʦ ʦʮʝʥʢʝ 

ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ ɽ). 
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4.3 ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ 

 4.3.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

ʆʩʥʦʚʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ, ʷʚʣʷʝʪʩʷ 

ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ wL . ʉʫʤʤʘʨʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʤʝʱʝ-

ʥʠʠ ʠʩʪʦʯʥʠʢʘ ʟʘʚʠʩʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʪ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ 

sourceA  ʜʘʥʥʦʛʦ ʧʦʤʝʱʝʥʠ.̫ ʅʘ ʬʘʢʪʠʯʝʩʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ ʚʣʠʷʝʪ 

ʪʘʢʞʝ ʬʦʨʤʘ ʧʦʤʝʱʝʥʠʷ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʠ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ. ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʦʪ ʧʦʤʝʱʝʥʠʷ ʠʩʪʦʯ-

ʥʠʢʘ ʚ ʧʨʠʝʤʥʦʝ ʧʦʤʝʱʝʥʠʝ ʦʙʳʯʥʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʰʫʤʘ ʧʦ ʨʘʟ-

ʣʠʯʥʳʤ ʧʫʪ̫ʤ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ i ʧʦʤʝʱʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʠ ʵʣʝʤʝʥʪʘʤʠ j ʧʨʠʝʤʥʦʛʦ 

ʧʦʤʝʱʝʥʠʷ. ʊʘʢʫ  ʁʟʚʫʢʦʧʝʨʝʜʘʯʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʟʚʫʢʦʠʟʦʣʷʮʠʝʡ ʧʦʙʦʯʥʦʛʦ ʰʫʤʘ 

ijR . 

 

ʈʠʩʫʥʦʢ 2 ï ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʦ ʧʫʪʠ ij  

 ʉʫʤʤʘʨʥʳʡ ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ 
anL ,
 ʜʣʷ 

ʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʰʫʤʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ 

ä
==

=
nm

ji

L

an
ijanL

,

1,1

10/

,
,,10lg10 ,    (14) 

ʛʜʝ 
ijanL ,,
 ï ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʚʦʟʙʫʞʜʝʥʠʝʤ ʵʣʝʤʝʥʪʘ i  ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʠ ʧʝʨʝʜʘʥʥʳʡ 

ʠʟʣʫʯʘʶʱʝʤʫ ʣɻʝʤʝʥʪʫ j  ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ, ʜɹ; 

m  ï ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ i  ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʟʚʫʢʦʧʝʨʝʜʘ-

ʯʝ; 

ʩ ʵʣʝʤʝʥʪʦʤ i ʠ ʧʨʠʝʤʥʳʤ ʧʦʤʝʱʝʥʠʝʤ ʩ 

ʵʣʝʤʝʥʪʦʤ j 

ʇʨʠʝʤʥʦʝ 

ʧʦʤʝʱʝʥʠʝ  
ʇʦʤʝʱʝʥʠʝ 

ʠʩʪʦʯʥʠʢʘ  
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n  ï ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ j  ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʟʚʫʢʦʧʝʨʝʜʘ-

ʯʝ.  

 ʇʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ 
ijanL ,,
 ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʫʪʠ ʟʚʫʢʦʧʝʨʝʜʘʯʠ i j ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʫʨʦʚʥ ʁʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯ-

ʥʠʢʘ WL , ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʵʣʝʤʝʥʪʫ i ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ (
isD ,
) ʠ ʟʚʫʢʦʠʟʦʣʷʮʠʠ 

ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠ ̫ ʚ ʧʨʠʝʤʥʦʝ ʧʦʤʝʱʝʥʠʝ ʧʦ ʧʫʪʠ ij  

(
refijR ,

) (ʩʤ. ʨʠʩʫʥʦʢ 2) 

  
4

lg10lg10,,,,

ref

ref

i

refijisWijan

A

S

S
RDLL ---+= ,  (15) 

ʛʜʝ WL  ï ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ, ʜɹ; 

isD ,
 ï ʟʚʫʢʦʧʝʨʝʜʘʯʘ ʵʣʝʤʝʥʪʫ i ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ, ʜɹ; 

refijR ,
 - ʟʚʫʢʦʠʟʦʣʷʮʠʷ ʧʦʙʦʯʥʦʛʦ ʰʫʤʘ ʜʣʷ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʯʝʨʝʟ ʵʣʝʤʝʥʪ i ʚ 

ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʢ ʵʣʝʤʝʥʪʫ j ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ ʩ ʦʧʦʨʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʧʣʦʱʘʜʠ 10=refS  ʤ2, ʜɹ; 

iS  ï ʧʣʦʱʘʜʴ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ i ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ, ʤ2; 

refA  ï ʩʪʘʥʜʘʨʪʥʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʧʣʦʱʘʜ ɹʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ, ʤ2, 10=refA ʤ2. 

ʇʨʠʤʝʯʘʥʠʝ 1 ï ʇʨʝʜʧʦʣʘʛʘʝʪʩ,̫ ʯʪʦ ʦʧʦʨʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʜʘʚʣʝʥʠʷ ʠ ʤʦʱ-

ʥʦʩʪʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʦʦʪʥʦʰʝʥʠʶ 1/ 2

00 =refref pWcr , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʪʘʣʦʥʥʳʤ ʚʝʣʠʯʠ-

ʥʘʤ ʚ ʀʉʆ ʠ 40000 =cr ʅĀʩ/ʤ3
. 

ʇʨʠʤʝʯʘʥʠʝ 2 ï ʇʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ ʠʩ-

ʪʦʯʥʠʢʘ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʦʮʝʥʠʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 4, -= Wan LL . 

 ʇʦʩʨʝʜʩʪʚʦʤ 
isD ,
 ʫʯʠʪʳʚʘʶʪ ʚʣʠʷʥʠʝ: 

 - ʬʦʨʤʳ ʧʦʤʝʱʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ; 

 - ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʣʫʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ (ʥʘʧʨʘʚʣʝʥʥʦʩʪ)ɹ; 

 - ʧʨʷʤʦʛʦ ʠ ʙʣʠʞʥʝʛʦ ʧʦʣʷ ʠʩʪʦʯʥʠʢʘ. 

ʇʦʩʣʝʜʥʠʡ ʧʫʥʢʪ ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʟʚʫʢʦʧʝʨʝ-

ʜʘʯʘ ʚ ʜʠʬʬʫʟʥʦʤ ʧʦʣʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʟʚʫʢʦʠʟʦʣʷʮʠʝʡ ʧʦʙʦʯʥʦʛʦ 

ʰʫʤʘ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʧʝʨʝʜʘʯʘ ʧʨʷʤʦʛʦ ʟʚʫʢʘ ʠ ʚʣʠʷʥʠʝ ʙʣʠʞʥʝʛʦ ʧʦʣʷ ʠʩʪʦʯʥʠʢʘ 

ʜʦʣʞʥʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʦʪʜʝʣʴʥʦ (ʩʤ. ʪʘʢʞʝ 4.3.3). 
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4.3.2 ʀʩʪʦʯʥʠʢʠ 

 ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʣʠ ʯʘʩʪʠʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʫʨʦʚʥʝʤ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ WL , ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʷʪ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʝʨʠʝʡ ʩʪʘʥʜʘʨʪʦʚ ɽʅ ʀʉʆ 3740. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʠʩʪʦʯʥʠʢʦʚ 

ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʧʨʠʣʦʞʝʥʠʠ ʉ. 

 ɽʩʣʠ ʨʝʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʦʛʨʘʞʜʝʥʳ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ, ʪʦ ʪʘʢʘʷ ʢʦʤ-

ʙʠʥʘʮʠʷ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʠʩʪʦʯʥʠʢ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱ-

ʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ WD  ʦʛʨʘʞʜʝʥʠʝʤ ʠ ʫʨʦʚ-

ʥʁ  ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʟʦʣʠʨʫʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦ ʬʦʨʤʫʣʝ 
wsourceWW DLL -= ,

. ʕʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥʘ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ [37].  

 ʂʦʥʩʪʨʫʢʮʠʷ ʟʜʘʥʠʷ ʤʦʞʝʪ ʚʦʟʙʫʞʜʘʪʴʩʷ ʢʘʢ ʧʨʷʤrʤ, ʪʘʢ ʠ ʦʪʨʘʞʝʥʥʳʤ (ʨʝ-

ʚʝʨʙʝʨʘʮʠʦʥʥʳʤ) ʟʚʫʢʦʚʳʤ ʧʦʣʝʤ ʠʩʪʦʯʥʠʢʘ. ʏʘʩʪʦ ʠʩʪʦʯʥʠʢʠ ʠʣʠ ʠʭ ʯʘʩʪʠ ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʙʣʠʟʢʦ ʢ ʦʛʨʘʞʜʘʶʱʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʧʦʤʝʱʝʥʠʷ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʥʘʨʷʜʫ ʩ 

ʧʨʤ̫r ʤ ʟʚʫʢʦʤ ʚʘʞʥʦ ʚʣʠʷʥʠʝ ʙʣʠʞʥʝʛʦ ʧʦʣʷ. ʇʦʜʦʙʥʳʝ ʵʬʬʝʢʪʳ ʩʣʝʜʫʝʪ ʫʯʠʪʳ-

ʚʘʪʴ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʰʫʤʘ ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ (ʩʤ. 4.3.3). 

4.3.3 ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ 

 ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʚʳʨʘʞʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 
isD ,
, ʢʦʪʦʨʘʷ 

ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʚʥʘ ʜʝʩʷʪʠʢʨʘʪʥʦʤʫ ʣʦʛʘʨʠʬʤʫ ʦʪʥʦʰʝʥʠʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ 

iincW ,
 ʧʘʜʘʶʱʝʡ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʵʣʝʤʝʥʪ i ʢ ʧʦʣʥʦʡ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯ-

ʥʠʢʘ 

 
W

W
D

iinc

is

,

, lg10= .     (16ʘ) 

 ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʫʯʠʪʳʚʘʝʪ ʵʬʬʝʢʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʚ ʧʦ-

ʤʝʱʝʥʠʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʠ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʨʷʤʦʡ ʟʚʫʢ 

ʠ ʚʣʠʷʥʠʝ ʙʣʠʞʥʝʛʦ ʧʦʣ̫ ʠʩʪʦʯʥʠʢʘ. 

 ʉ ʫʯʝʪʦʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʠ ʜʠʬʬʫʟʥʦʩʪʠ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʬʦʨʤʫʣʘ 

(16ʘ) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ 
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,    (16b) 

ʛʜʝ 'Q  ï ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ 

ʙʣʠʞʥʝʛʦ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ; 
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ir  ï ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʜʦ ʵʣʝʤʝʥʪʘ i, ʤ; 

sA  ï ʢɻʚʠʚʘʣʝʥʪʥʘʷ ʧʣʦʱʘʜʴ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ ʧʦʤʝʱʝʥʠ ̫ʠʩʪʦʯʥʠʢʘ,  ʤ2; 

tS  ï ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʦʛʨʘʞʜʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʤʝʱʝʥʠʷ ʠʩʪʦʯʥʠʢʘ; 

iS  ï ʧʣʦʱʘʜʴ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ i ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ, ʤ2. 

ʇʨʠʤʝʯʘʥʠʝ ï ʏʣʝʥ 
SAe /-

 ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝʤ ʙʦʣʝʝ ʠʟʚʝʩʪʥʦʛʦ ʚʳʨʘʞʝʥʠʷ 

( a-1 ), ʛʜʝ a ï ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ. 

 ʇʨʠ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ ʵʣʝʤʝʥʪʘ ʚ ʧʦʤʝʱʝʥʠʠ ʩ ʩʫʝɦ-

ʩʪʚʝʥʥʦ ʜʠʬʬʫʟʥʳʤ ʟʚʫʢʦʚʳʤ ʧʦʣʝʤ ʜʘʥʥʘʷ ʬʦʨʤʫʣʘ ʤʦʞʝʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘ-

ʥʘ ʬʦʨʤʫʣʦʡ 

 
s

i
is

A

S
D lg10, º .     (16c) 

 sA  ʠ a ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʜʘʥʥʳʤ ʦʙ ʵʣʝʤʝʥʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [30]. ɺ ʙʦ-

ʣʝʝ ʩʣʦʞʥʳʭ ʩʠʪʫʘʮʠʷʭ (ʥʝʩʦʨʘʟʤʝʨʥʦʝ ʠʣʠ ʩʦʩʪʘʚʥʦʝ ʧʦʤʝʱʝʥʠʝ, ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʦʙʲʝʢʪʦʚ) ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʤʦʜʝʣʠ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ, ʘ ʪʘʢʞʝ ʧʨʠ-

ʤʝʥʷʪʴ ʤʝʪʦʜʳ [30] (ʧʨʠʣʦʞʝʥʠʝ D) ʜʣʷ ʦʮʝʥʢʠ estimates TVA /16,0=  ʠʣʠ sA  ʜʣʷ ʢʘʞʜʦʛʦ 

ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʤʝʱʝʥʠʷ ʠʩʪʦʯʥʠʢʘ. 

4.3.4 ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠ ̫

 ɿʚʫʢʦʧʝʨʝʜʘʯʫ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠ ̫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɽʅ 12354-1 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʟʚʫʢʦʠʟʦʣʷʮʠʝʡ ʧʦʙʦʯʥʦʛʦ ʰʫʤʘ 
refijR ,

. ʉʣʝʜʫʷ ɽʅ 12354-1, 

ʧʨʝʜʧʦʣʘʛʘʪʁ, ʯʪʦ ʩʪʝʥʘ, ʦʪʜʝʣʷʶʱʘʷ ʧʦʤʝʱʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʦʪ ʧʨʠʝʤʥʦʛʦ 

ʧʦʤʝʱʝʥʠʷ (ʨʘʟʜʝʣʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ), ʢʘʢ ʧʨʘʚʠʣʦ, ʫʯʘʩʪʚʫʝʪ ʚ ʢʦʩʚʝʥʥʦʡ 

ʟʚʫʢʦʧʝʨʝʜʘʯʝ, ʧʦʵʪʦʤʫ ʝʝ ʧʣʦʱʘʜʴ ʧʨʠʥʠʤʘʪʁ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʧʣʦʱʘʜʠ. ɺ ʩʠʪʫʘʮʠʷʭ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥʜʘʨʪʝ, ʢʦʩʚʝʥʥʘʷ 

ʟʚʫʢʦʧʝʨʝʜʘʯʘ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʤʠʤʦ ʨʘʟʜʝʣʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʇʦʵʪʦʤʫ ʚ 

ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʦʧʦʨʥʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ ʧʨʠʥʠʤʘʪʁ ʨʘʚʥʳʤ ʩʪʘʥʜʘʨʪʥʦʤʫ 

ʟʥʘʯʝʥʠʶ 10=refS  ʤ2. 

 ɿʚʫʢʦʠʟʦʣʷʮʠ ʁ ʧʦʙʦʯʥʦʛʦ ʰʫʤʘ 
refijR ,

 ʨʘʩʩʯʠʪʳʚʘʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ɽʅ 2354-1 ʥʘ ʦʩʥʦʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʨʘʟʫʶʱʠʭ ʧʫʪʠ ʟʚʫ-

ʢʦʧʝʨʝʜʘʯʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʤʝʥʝʥʠ̫ ʜʘʥʥrʭ ʤʝʪʦʜʦʚ 

ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ F. 

ʇʨʠ ʙʣʠʟʢʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʰʫʤʘ ʢ ʩʪʨʦʠʪʝʣʴʥʦʤʫ ʵʣʝʤʝʥʪʫ ʟʚʫʢʦ-

ʠʟʦʣʷʮʠʷ ʜʘʥʥʦʛʦ ʣɻʝʤʝʥʪʘ ʧʦ ɽʅ 12354-1 ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʧʨʠʤʝʥʠʤʦʡ. ʉʣʝʜʫʝʪ 
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ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʧʨʷʤʦʛʦ ʠ ʙʣʠʞʥʝʛʦ ʟʚʫʢʦʚʳʭ ʧʦʣʝʡ ʧʫʪʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʜʙʦ-

ʨʘ ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ 

ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʟʚʫʢʦʧʝʨʝʜʘʯʠ 
isD ,
. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʟʚʫʢʦʧʝʨʝʜʘʯʫ ʧʨʷʤʦʛʦ ʠʣʠ ʙʣʠʞʥʝʛʦ ʧʦʣʷ ʠʩʪʦʯʥʠʢʘ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʧʫʪʴ ʟʚʫʢʦʧʝʨʝ-

ʜʘʯʠ. 

4.4 ʉʪʨʫʢʪʫʨʥʘʷ ʟʚʫʢʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ 

 4.4.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

ɿʚʫʢʦʚʘʷ ʤʦʱʥʦʩʪʴ, ʠʟʣʫʯʘʝʤʘʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʟʜʘʥʠʷ ʠʩʪʦʯʥʠʢʦʤ ʰʫʤʘ, ʟʘ-

ʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʪʦʯʥʠʢʘ, ʫʩʣʦʚʠʡ ʤʦʥʪʘʞʘ ʠ ʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ, ʩʣʫʞʘʱʝ-

ʛʦ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʠʩʪʦʯʥʠʢʘ ʰʫʤʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ 
instWsL ,
, ʧʝʨʝʜʘʥʥʦʡ ʥʝʩʫʱʝʤʫ ʵʣʝʤʝʥʪʫ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ 

ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ 
cWsL ,
 ʠʩʪʦʯʥʠʢʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʚʷʟʠ 

iCD ,
 

ʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ i. ɿʚʫʢʦʚʘ  ̫ʤʦʱʥʦʩʪ ɹʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ ʤʘʢ-

ʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ, ʢʦʪʦʨʫʶ ʦʥ ʩʧʦʩʦʙʝʥ ʧʝʨʝʜʘʪʴ ʥʝʩʫʱʝʤʫ ʵʣʝʤʝʥʪʫ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ.  

 ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʠʟ ʧʦʤʝʱʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʚ ʧʨʠʝʤʥʦʝ ʧʦʤʝʱʝʥʠʝ ʦʙʳʯʥʦ ʚʢʣʶ-

ʯʘʝʪ ʚ ʩʝʙʷ ʟʚʫʢʦʧʝʨʝʜʘʯʫ ʧʦ ʧʫʪʠ, ʦʙʨʘʟʦʚʘʥʥʦʤʫ ʥʝʩʫʱʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʟʜʘʥʠʷ 

ʧʦʤʝɦ ʝʥʠʷ ʠʩʪʦʯʥʠʢʘ (i)  ʠ ʧʨʠʝʤʥʦʛʦ ʧʦʤʝʱʝʥʠʷ (j). ʊʘʢʘʷ ʟʚʫʢʦʧʝʨʝʜʘʯʘ ʤʦʞʝʪ 

ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʟʚʫʢʦʠʟʦʣʷʮʠʝʡ ʧʦʙʦʯʥʦʛʦ ʰʫʤʘ 
ijR  ʧʦ ʟʘʜʘʥʥʦʤʫ ʧʫʪʠ ʩ 

ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʜʣʷ ʚʦʟʜʫʰʥʦʛʦ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʚ ʚʦʟʜʫʰʥʳʡ saD . 

 

ʈʠʩʫʥʦʢ 3 ï ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʦʪ ʠʩʪʦʯʥʠʢʘ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠ ̫

ʇʨʠʝʤʥʦʝ 

ʵʣʝʤʝʥʪʦʤ j ʧʨʠʝʤʥʦʛʦ ʧʦʤʝʱʝʥʠʷ  

ʕʣʝʤʝʥʪ ʩʦʝʜʠʥʝʥʠʷ 

 

ʅʝʩʫʱʠʡ  

ʣɻʝʤʝʥʪ i  

ʟʜʘʥʠʷ 

ʤʝʞʜʫ ʵʣʝʤʝʥʪʦʤ i 

ʧʦʤʝʱʝʥʠʷ ʠʩʪʦʯʥʠʢʘ 
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   ʉʫʤʤʘʨʥʳʡ ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʠʝʤʥʦʤ 

ʧʦʤʝʱʝʥʠʠ 
snL ,
 ʜʣʷ ʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʰʫʤʘ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 

 ä
=

=
n

j

L

sn
ijsnL

1

10/

,
,,10lg10 ,    (17) 

ʛʜʝ 
ijsnL ,,

 ï ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ, 

ʩʦʟʜʘʥʥʳʡ ʠʩʪʦʯʥʠʢʦʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʥʝʩʫʱʝʤ ʵʣʝʤʝʥʪʝ 

ʟʜʘʥʠʷ i ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ, ʠ ʧʝʨʝʜʘʥʥʳʡ ʦʪ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ i ʢ 

ʠʟʣʫʯʘʶʱʝʤʫ ʵʣʝʤʝʥʪʫ j, ʨʘʩʧʦʣʦʞʝʥʥʦʤʫ ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ, ʜɹ; 

n  ï ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ j ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʟʚʫʢʦʧʝʨʝʜʘʯʝ. 

 ʇʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ 
ijsnL ,,

 ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʫʪʠ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ij  ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ (ʩʤ. ʨʠʩʫʥʦʢ 3) 

  4/lg10lg10,,,,,, ref

ref

i

refijisaiinstWsijsn A
S

S
RDLL ----= ,   (18ʘ) 

ʛʜʝ 
iinstWsL ,,
 ï ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ, ʧʝʨʝʜʘʥʥʦʛʦ 

ʥʝʩʫʱʝʤʫ ʵʣʝʤʝʥʪʫ  i, ʥʘ ʢʦʪʦʨʦʤ ʦʥ ʫʩʪʘʥʦʚʣʝʥ, ʜɹ; 

 
isaD ,
 ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʚ ʚʦʟʜʫʰʥʳʡ ʜʣʷ 

ʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ i  ʟʜʘʥʠʷ, ʜɹ; 

 
refijR ,

 ï ʟʚʫʢʦʠʟʦʣʷʮʠʷ ʧʦʙʦʯʥʦʛʦ ʰʫʤʘ ʧʦ ʧʫʪʠ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʦʪ ʵʣʝʤʝʥʪʘ i ʠʟ 

ʧʦʤʝʱʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʢ ʵʣʝʤʝʥʪʫ j ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ ʩ ʦʧʦʨʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʧʣʦʱʘʜʠ 10=refS  ʤ2, ʜɹ; 

 iS  ï ʧʣʦʱʘʜʴ ʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʟʜʘʥʠʷ i ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ, ʤ2; 

 
refA  ï ʩʪʘʥʜʘʨʪʥʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʧʣʦʱʘʜɹ  ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ, 10=refA  ʤ2. 

ʇʨʠʤʝʯʘʥʠʝ 1 ï ʇʨʝʜʧʦʣʘʛʘʝʪʩ,̫ ʯʪʦ ʦʧʦʨʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʜʘʚʣʝʥʠʷ ʠ 

ʤʦʱʥʦʩʪʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʦʦʪʥʦʰʝʥʠʶ 1/ 2

00 =refref pWcr , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʪʘʣʦʥʥʳʤ 

ʚʝʣʠʯʠʥʘʤ ʚ ʀʉʆ ʠ 40000 =cr ʅĀʩ/ʤ3
. 

 ʋʨʦʚʝʥʴ ʧʝʨʝʜʘʥʥʦʡ ʥʝʩʫʱʝʤʫ ʵʣʝʤʝʥʪʫ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʰʫʤʘ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʩʪʦʯʥʠʢʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʫ ʩʚʷʟʠ ʧʦ 

ʬʦʨʤʫʣʝ 

 
iCcWsiinstWs DLL ,,,, -= ,    (18) 

ʛʜʝ 
cWsL ,
ï ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʠʩʪʦʯʥʠʢʘ, ʜɹ; 

ʄʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʥʝʩʫʱʝʛʦ 
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iCD ,
ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʠʩʪʦʯʥʠʢʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʥʝʩʫʱʝʤ ʵʣʝʤʝʥʪʝ 

ʟʜʘʥʠʷ i, ʜɹ; 

ʇʨʠʤʝʯʘʥʠʝ 2 ï ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʩʣʫʯʘʷʭ ʧʝʨʝʜʘʥʥʘʷ ʤʦʱʥʦʩʪ ɹʤʦʞʝʪ 

ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʟʥʘʯʝʥʠʷʤ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʦʟ-

ʙʫʞʜʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʩʠʣʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʩ ʫʨʦʚʥʝʤ ʩʠ-

ʣʳ FL , ʫʨʦʚʝʥʴ ʧʝʨʝʜʘʥʥʦʡ ʤʦʱʥʦʩʪʠ ʨʘʚʝʥ{}iF YL Relg10+ . ɺ ʩʣʫʯʘʝ ʠʩʪʦʯʥʠʢʘ ʢʠʥʝʤʘʪʠ-

ʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʩ ʫʨʦʚʥʝʤ ʩʢʦʨʦʩʪʠ ʚʠʙʨʘʮʠʠ VL  ʫʨʦʚʝʥʴ ʧʝʨʝʜʘʥ-

ʥʦʡ ʤʦʱʥʦʩʪʠ ʨʘʚʝʥ { } 60Relg10 -+ iV ZL . ɺ ʜʨʫʛʠʭ ʧʨʠʙʣʠʞʝʥʠʷʭ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ 

ʜʨʫʛʠʝ ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ D). 

4.4.2 ʀʩʪʦʯʥʠʢʠ 

 ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʠʣʠ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ 

ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ 
cWsL ,
. 

ɼʘʥʥʫʶ ʚʝʣʠʯʠʥʫ ʩʣʝʜʫʝʪ ʠʟʤʝʨʷʪʴ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʢʦʪʦʨʳʝ, ʦʜʥʘʢʦ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʨʘʙʦʪʘʥʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʦʜʝ-

ʣʠ ʦʙʱʝʛʦ ʚʠʜʘ ʜʘʥʥʫʶ ʚʝʣʠʯʠʥʫ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩ-

ʪʦʯʥʠʢʘ, ʯʪʦʙʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʝ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʤʝ-

ʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ. ɺ ʧʨʠʣʦʞʝʥʠʠ D ʧʨʠʚʝʜʝʥʳ  ʩʣʝʜʫʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝ-

ʥʠʷ ʦ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʝ: 

 - ʫʢʘʟʘʥʠʷ ʥʘ ʚʦʟʤʦʞʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʟʤʝʨʝʥʠʷʤ; 

- ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥ r ʧʦ ʜʨʫʛʠʤ ʩʚʷʟʘʥʥʳʤ  

ʚʝʣʠʯʠʥʘʤ, ʪʘʢʠʤ ʢʘʢ ʩʢʦʨʦʩʪʴ ʚʠʙʨʘʮʠʠ ʚ ʪʦʯʢʝ ʦʧʦʨʳ (ʧʨʠ ʥʫʣʝʚʦʡ ʞʝʩʪʢʦʩʪʠ 

ʦʧʦʨ), ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʠʣʘ ʠʣʠ ʫʨʦʚʝʥɹ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

 - ʦʙʦʙʱʝʥʥʳʝ ʦʮʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʙʦʣʝʝ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

4.4.3 ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʵʣʝʤʝʥʪʳ ʤʦʥʪʘʞʘ  

 ʄʦʱʥʦʩʪʴ ʰʫʤʘ, ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʚ ʥʝʩʫʱʝʤ ʵʣʝʤʝʥʪʝ ʟʜʘʥʠʷ, ʟʘʚʠʩʠʪ ʦʪ ʟʚʫ-

ʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʪʦʯʥʠʢʘ, ʩʧʦʩʦʙʘ 

ʤʦʥʪʘʞʘ ʠ ʚʠʜʘ ʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʟʜʘʥʠʷ. ʋʢʘʟʘʥʥʘʷ ʤʦʱʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʚʷʟʠ iCD ,  ʜʣʷ ʵʣʝʤʝʥʪʘ i  

 
iinj

sc
iC

W

W
D

,

, lg10= ,     (19ʘ) 

ʛʜʝ scW  ï ʟʚʫʢʦʚʘʷ ʤʦʱʥʦʩʪ ɹʠʩʪʦʯʥʠʢʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ , ɺʪ; 
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iinjW ,
 ï ʟʚʫʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ, ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʠʩʪʦʯʥʠʢʦʤ ʚ 

ʥʝʩʫʱʝʤ ʵʣʝʤʝʥʪʝ ʟʜʘʥʠʷ i, ɺʪ. 

  ɽʩʣʠ ʚʦʟʙʫʞʜʝʥʠʝ ʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʝʜʠʥʩʪʚʝʥʥʫʶ ʪʦʯʢʫ 

ʚʦʟʙʫʞʜʝʥʠʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʝʩʫʱʝʤʫ ʵʣʝʤʝʥʪʫ ʟʜʘʥʠʷ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʚʠʞ-

ʥʦʩʪʴʶ ʠʩʪʦʯʥʠʢʘ sY , ʪʦ 

{}is

is

iC
YY

YY
D

Re
lg10

2

,

+
= ,    (19b) 

ʛʜʝ iY  - ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʟʜʘʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʪʦʯʢʝ ʚʦʟʙʫʞʜʝʥʠʷ, ʤ/ʅĀʩ. 

ʇʨʠʤʝʯʘʥʠʝ ï ɽʩʣʠ ʠʩʪʦʯʥʠʢ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʩʠʣʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʠ 

ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʚʭʦʜʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ, ʪʦ 

   
{}i

s

iC
Y

Y
D

Re
lg10, º .    (19ʩ) 

ɼʣʷ ʠʩʪʦʯʥʠʢʘ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʩ ʤʘʣʦʡ ʚʭʦʜʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʩʧʨʘʚʝʜʣʠʚʘ 

ʧʨʠʙʣʠʞʝʥʥʘʷ ʬʦʨʤʫʣʘ 

 { }isiC ZYD Relg10, -º .    (19d) 

 ɺʣʠʷʥʠʝ ʫʧʨʫʛʠʭ ʦʧʦʨ (ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ) ʫʯʠʪʳʚʘʝʪʩʷ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʤ ʩʚʷʟʠ. 

 ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʝʩʫʱʝʤʫ ʵʣʝʤʝʥʪʫ ʟʜʘʥʠʷ 

ʯʝʨʝʟ ʫʧʨʫʛʫʶ ʦʧʦʨʫ ʩ ʧʝʨʝʭʦʜʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ 
mkY ,

  

{}is

mkis

iC
YY

YYY
D

Re
lg10

2

,

,

++
= .    (19ʝ) 

 ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʦʙʱʠʭ ʩʠʪʫʘʮʠʡ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʷʟʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ D. 

4.4.4 ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ 

 ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʚʫʢʦʠʟʦʣʷʮʠʝʡ ʧʦ-

ʙʦʯʥʦʛʦ ʰʫʤʘ 
ijR  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɽʅ 12354-1 ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʚ ʚʦʟʜʫʰʥʳʡ saD . ʆʮʝʥʢʫ ʟʚʫʢʦʠʟʦʣʷʮʠʷ ʧʦʙʦʯʥʦʛʦ ʰʫʤʘ ʚʳʧʦʣ-

ʥʷʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 4.3.4. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʚ 

ʚʦʟʜʫʰʥʳʡ ʩʚʷʟʳʚʘʝʪ ʤʦʱʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ, ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʚ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʩʦ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʴʶ ʧʘʜʘʶʱʝʛʦ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ, ʩʦʟʜʘʶʱʝʛʦ 
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ʪʘʢʦʡ ʞʝ ʫʨʦʚʝʥʴ ʵʥʝʨʛʠʠ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʥʝʩʫʱʝʤ ʵʣʝʤʝʥʪʝ ʟʜʘʥʠʷ i. ɽʛʦ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 

 
aiiinc

siiinj

isa
EW

EW
D

,,

,,

,
/

/
lg10= ,    (20ʘ) 

ʛʜʝ 
iinjW ,
 ï ʟʚʫʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ, ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʦʤ ʚ 

ʥʝʩʫʱʝʤ ʵʣʝʤʝʥʪʝ ʟʜʘʥʠʷ i, ɺʪ; 

 
siE ,
 ï ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡ ʵʣʝʤʝʥʪʘ i, ʚʦʟʙʫʞʜʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʳʤ ʰʫʤʦʤ, ɼʞ; 

 
iincW ,
 ï ʟʚʫʢʦʚʘ  ̫ʤʦʱʥʦʩʪ ɹʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʵʣʝʤʝʥʪ i, ɺʪ;  

 
aiE ,
 ï ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡ ʵʣʝʤʝʥʪʘ i, ʚʦʟʙʫʞʜʝʥʥʘʷ ʚʦʟʜʫʰʥʳʤ ʰʫʤʦʤ , ɼʞ. 

 ʇʨʠ ʵʪʦʤ ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ, ʚʦʟʙʫʞʜʝʥʥʳʝ ʚʦʟ-

ʜʫʰʥʳʤ ʰʫʤʦʤ, ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʨʨʝʢʪʠʨʫʶʪ ʩ ʫʯʝʪʦʤ ʠʭ ʚʢʣʘʜʘ. ɺ ʩʣʫʯʘʝ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʥʝʩʫʱʝʤ ʵʣʝʤʝʥʪʝ ʟʜʘ-

ʥʠʷ ʠʟʛʠʙʥʳʭ ʚʦʣʥ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʚʫʢʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʦʟʜʫʰ-

ʥʦʛʦ ʰʫʤʘ it ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʟʣʫʯʝʥʠʷ is  ʩʚʦʙʦʜʥʳʭ ʠʟʛʠʙʥʳʭ ʚʦʣʥ ʵʣʝʤʝʥʪʘ i , 

iis

ii
isa

Tc

m
D

sr
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,00
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2,22
lg10= ,   (20b) 

ʛʜʝ im  ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʣʝʤʝʥʪʘ i, ʢʛ/ʤ2; 

it ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʚʫʢʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ i  ʜʣʷ ʚʦʟʜʫʰʥʦʛʦ 

ʰʫʤʘ ʩ ʫʯʝʪʦʤ ʪʦʣʴʢʦ ʩʚʦʙʦʜʥʳʭ ʠʟʛʠʙʥʳʭ ʚʦʣʥ ( iiR tlg10-= );  

 is  ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʠʟʛʠʙʥʳʭ ʚʦʣʥ; 

 
isT ,
 ï ʚʨʝʤʷ ʩʪʨʫʢʪʫʨʥʦʡ ʨʝʚʝʨʙʝʨʘʮʠʠ ʵʣʝʤʝʥʪʘ i, ʩ. 

 ʉʚʝʜʝʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠ ʁ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʣʫʯʘʝʚ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ F. 

 

5 ʇʨʠʤʝʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ 

5.1 ʈʘʩʯʝʪ ʰʫʤʘ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ 

5.1.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

ʉʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʚ ʟʜʘʥʠʷʭ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʠ ʵʣʝʤʝʥʪʦʚ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʰʫʤʘ ʠ ʧʫʪʷʤʠ ʟʚʫʢʦʧʝʨʝʜʘʯʠ. ʇʝʨʚʠʯʥʳʝ ʠʩ-

ʪʦʯʥʠʢʠ ʰʫʤʘ ʚ ʩʠʩʪʝʤʘʭ ʚʝʥʪʠʣʷʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʭʦʜʷʪʩʷ ʚʥʫʪʨʠ ʚʦʟʜʫʭʦʨʘʩ-
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ʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʦʤʝʱʝʥʠʷʭ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʠʣʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʟʜʘʥʠʷ (ʥʘ ʢʨʳʰʝ). ɺʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʦʙʳʯʥʦ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʚʝʥʪʠʣʷʪʦʨ,r ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ, ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʤʝʭʘʥʠ-

ʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ, ʦʭʣʘʞʜʘʶʱʠʝ ʢʦʤʧʨʝʩʩʦʨ,r ʚʦʜʷʥʳʝ ʥʘʩʦʩ,r ʫʚʣʘʞʥʠʪʝʣʠ ʚʦʟʜʫ-

ʭʘ, ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʠʣʠ ʦʭʣʘʜʠʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʬʠʣʴʪʨ rʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʟʘ-

ʩʣʦʥʢʠ. 

 ɼʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ ʰʫʤʘ ʤʦʛʫʪ ʙʳʪʴ ʚʥʫʪʨʠ ʚʦʟʜʫʭʦʚʦʜʦʚ ʠ 

ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʝʡ, ʛʜʝ ʰʫʤ ʚʳʟʚʘʥ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ ʚʦʟʜʫʭʘ ʠ ʚʦʟʜʫʰʥʳʤ 

ʧʦʪʦʢʦʤ ʥʘ ʦʩʪʨʳʭ ʢʨʘʷʭ. ʇʦʪʦʢʦʚʳʡ ʰʫʤ ʦʙʳʯʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʰʫʤ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ 

ʚʠʙʨʘʮʠʠ ʩʪʝʥʦʢ ʚʦʟʜʫʭʦʚʦʜʦʚ. ʐʫʤ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʚ ʚʦʟʜʫʭʦʚʦʜ ʯʝʨʝʟ 

ʩʪʝʥʫ, ʦʪʚʝʨʩʪʠʷ ʥʘ ʚʭʦʜʝ ʠ/ʠʣʠ ʚʳʭʦʜʝ, ʝʩʣʠ ʚʦʟʜʫʭʦʚʦʜ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ 

ʰʫʤʘ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ  ʰʘʭʪʫ ʠʣʠ ʧʦʤʝʱʝʥʠʝ 

ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

 ʀʩʪʦʯʥʠʢʘʤʠ ʰʫʤʘ ʠ/ʠʣʠ ʟʚʫʢʦʧʝʨʝʜʘʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶ-

ʱʠʝ  ʪʠʧʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ: 

  - ʚʦʟʜʫʭʦʚʦʜʳ; 

  - ʛʣʫʰʠʪʝʣʠ ʰʫʤʘ; 

  - ʩʦʝʜʠʥʝʥʠʷ ʚʦʟʜʫʭʦʚʦʜʦʚ; 

  - ʦʪʚʦʜʳ ʠ ʧʦʚʦʨʦʪʳ; 

  - ʤʝʩʪʘ ʠʟʤʝʥʝʥʠ̫ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ; 

  - ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʟʘʩʣʦʥʢʠ (ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʰʫʤ); 

  - ʘʧʧʘʨʘʪʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʠ ʠʟʣʫʯʝʥʥʡr ʰʫʤ, ʚʥʦʩʠ-

ʤ ʝr ʧʦʪʝʨʠ); 

  - ʨʝʛʫʣʷʪʦʨʳ ʠ ʢʣʘʧʘʥʳ (ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʠ ʠʟʣʫʯʝʥʥʳʡ ʰʫʤ); 

  - ʧʘʪʨʫʙʢʠ ʠ ʥʘʛʥʝʪʘʪʝʣʴʥʳʝ ʠ ʚʳʧʫʩʢʥʳʝ ʦʪʚʝʨʩʪʠʷ (ʧʦʪʝʨʠ ʧʨʠ ʦʪʨʘʞʝʥʠʠ). 

  ʐʫʤ ʩʠʩʪʝʤ rʚʝʥʪʠʣʷʮʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʟʜʘʥʠʶ ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʚʦʟʜʫ-

ʭʦʚʦʜʘʤ (ʩʤ. 4.2), ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʚʝʥʪʠʣʷʪʦʨʦʚ ʠ ʜʚʠʛʘʪʝʣʝʡ (ʩʤ. 4.4) ʠ 

ʠʥʦʛʜʘ ʯʝʨʝʟ ʧʦʤʝʱʝʥʠʷ ʟʜʘʥʠ ̫(ʩʤ. 4.3). ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʚʦʟʜʫʭʦʚʦʜ ʷʚʣʷʝʪʩʷ  

ʢʦʩʚʝʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʟʚʫʢʦʧʝʨʝʜʘʯʝʡ ʤʝʞʜʫ ʧʦʤʝʱʝʥʠʷʤʠ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ-

ʩ ̫ ʧʨʠʚʝʜʝʥʥʦʡ ʨʘʟʥʦʩʪʴʶ ʫʨʦʚʥʝʡ 
snD ,
 ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ɽʅ 12354-1. 

 ɼʣʷ ʤʦʜʝʣʠ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɽʅ 12354-1 ʠ ɽʅ 12354-2 ʚʘʞʥʦʡ 

ʷʚʣʝ̫ʪʩʷ ʟʚʫʢʦʠʟʦʣʷʮʠ ̫ʩʪʨʦʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
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 ɼʣʷ ʨʘʩʯʝʪʘ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʰʫʤʘ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʧʦ-

ʤʝʱʝʥʠʷʭ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʨʫʢʦʚʦʜʩʪʚʘ, ʭʦʪʷ ʢʘʞʜʦʝ ʠʟ ʥʠʭ, ʢʘʢ ʠ ʥʘʩʪʦʷʱʠʡ 

ʩʪʘʥʜʘʨʪ, ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʳʤ. ɼʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴʩʷ ʢ [1] ï [3]. 

ɺ ʧʨʠʣʦʞʝʥʠʠ ʅ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʤʝʱʝʥʠʡ ʜʣʷ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ. 

5.1.2 ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 

5.1.2.1 ʀʩʪʦʯʥʠʢʠ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ 

ʇʦʣʘʛʘʶʪ, ʯʪʦ ʚʦʟʜʫʰʥʳʡ ʰʫʤ ʚʝʥʪʠʣʷʪʦʨʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʣʫʯʘʝʤʳʡ ʚ 

ʟʘʤʢʥʫʪʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʚʝʥʪʠʣʷʪʦʨ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʨʦʚʥʝʤ ʟʚʫʢʦ-

ʚʦʡ ʤʦʱʥʦʩʪʠ 
unitWL ,
. ɼʘʥʥʳʡ ʫʨʦʚʝʥʴ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʩʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ 

ʨʘʩʯʝʪʦʚ ʧʦ 4.2 ʜʣʷ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ. 

ɽʩʣʠ  ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʦʛʨʘʞʜʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʤʝʱʝʥʠʷ ʚʝʣʠʢʦ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʪʠʧʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʦʟʜʫʭʦʨʘʩ-

ʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʥʘʩʦʩʳ, ʭʦʣʦʜʠʣʴʥʠʢʠ ʠ ʪ. ʧ., ʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʫʨʦʚ-

ʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʠʩʪʦʯ-

ʥʠʢʘ ʰʫʤʘ ʤʦʞʝʪ ʙʳʪʴ ʚʥʝʩʝʥʘ ʧʦʧʨʘʚʢʘ ʥʘ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʝ ʧʦʤʝʱʝʥʠ ̫ʠ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʝ ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʩʤ. 4.3). ɽʩʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩ-

ʧʦʣʦʞʝʥʳ ʙʣʠʟʢʦ ʢ ʠʩʪʦʯʥʠʢʫ ʰʫʤʘ, ʪʦ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ ʩ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʤ ʫʨʦʚʥʶ ʟʚʫʢʦʚʦʡ ʤʦʱ-

ʥʦʩʪʠ 
unitWL ,
ʤʦʜʫʣʷ, ʫʢʘʟʘʥʥʦʤʫ ʠʟʛʦʪʦʚʠʪʝʣʝʤ, ʙʝʟ ʚʥʝʩʝʥʠʷ ʧʦʧʨʘʚʢʠ ʥʘ ʟʚʫʢʦʧʦ-

ʛʣʦʱʝʥʠʝ ʧʦʤʝʱʝʥʠʷ. 

ɽʩʣʠ ʙʦʣʴʰʠʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʚʦʟʜʫʭʦʚʦʜʳ ʧʨʠʩʦʝʜʠʥʷʶʪ ʢ ʚʦʟʜʫʭʦʨʘʩʧʨʝ-

ʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʩ ʧʝʨʚʠʯʥʳʤ ʛʣʫʰʠʪʝʣʝʤ ʰʫʤʘ, ʪʦ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ 

ʰʫʤ, ʠʟʣʫʯʘʝʤʳʡ ʚʦʟʜʫʭʦʚʦʜʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʜʝʞʥʦʡ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʡ ʤʦʱ-

ʥʦʩʪʠ, ʠʟʣʫʯʘʝʤʦʡ ʚʦʟʜʫʭʦʚʦʜʦʤ, ʤʦʞʝʪ ʙʳʪʴ ʚʟʷʪ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʚʦʟ-

ʜʫʰʥʦʛʦ ʰʫʤʘ ʫʩʪʘʥʦʚʢʠ ʥʘ ʚʭʦʜʝ ʠʣʠ ʚʳʭʦʜʝ ʚʦʟʜʫʭʦʚʦʜʘ 
inWL ,

 ʠ/ʠʣʠ 
outWL ,
, ʪʘʢ ʢʘʢ 

ʟʚʫʢʦʠʟʦʣʷʮʠʷ ʧʘʥʝʣʝʡ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʚʦʟʜʫʭʦʚʦʜʘ ʩ ʤʘʣʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪ-

ʥʦʩʪʴʶ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʘ. ʅʝ ʜʦʧʫʩʢʘʶʪʩʷ ʤʘʣʳʝ ʧʨʦʩʚʝʪʳ ʤʝʞʜʫ ʥʝʩʫʱʠʤ ʵʣʝ-

ʤʝʥʪʦʤ (ʧʦʣʦʤ) ʠ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʦʡ, ʪʘʢ ʢʘʢ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʧʨʦʩʚʝʪʝ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʜʠʬʬʫʟʥʦʤ ʟʚʫʢʦʚʦʤ ʧʦʣʝ. ʄʠʥʝ-
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ʨʘʣʴʥʘʷ ʚʘʪʘ, ʟʘʧʦʣʥʷʶʱʘʷ ʧʨʦʩʚʝʪ, ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʥʝʩʫʱʠʡ ʵʣʝʤʝʥʪ. 

 

5.1.2.2 ʀʩʪʦʯʥʠʢʠ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ ʚʦʟʜʫʭʦʚʦʜʘ 

 ɺʦʟʜʫʰʥʳʡ ʰʫʤ ʚʝʥʪʠʣʷʪʦʨʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʣʫʯʝʥʥʳʡ ʚ ʚʦʟʜʫʭʦʚʦʜ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʪʁ ʫʨʦʚʥʷʤʠ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ 
inWL ,

 ʠ 
outWL ,

 ʚ ʨʝʘʣʴʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. 

ɼʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤ rʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʘʤʠ ʰʫʤʘ,  

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʩʫʤʤʘʨʥʳʤ ʫʨʦʚʥʷʤ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʥʘ 

ʚʭʦʜʝ ʠʣʠ ʚʳʭʦʜʝ ʩʠʩʪʝʤʳ. ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ (ʨʝʛʫʣʷ-

ʪʦʨʦʚ ʨʘʩʭʦʜʘ, ʟʘʜʚʠʞʝʢ, ʚʳʭʦʜʥʳʭ ʦʪʚʝʨʩʪʠʡ) ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʚʦʟʜʫ-

ʭʦʚʦʜʝ (ʠ ʧʘʜʝʥʠʷ ʜʘʚʣʝʥʠʷ). ʀʟʛʦʪʦʚʠʪʝʣʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ ʜʦʣʞʥʳ 

ʫʢʘʟʳʚʘʪʴ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

5.1.2.3 ʀʩʪʦʯʥʠʢʠ ʧʝʨʝʠʟʣʫʯʝʥʥʦʛʦ ʰʫʤʘ 

 ʋʨʦʚʥʠ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ 

ʚ ʩʠʩʪʝʤʝ ʚʝʥʪʠʣʷʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʥʘʩʪʦʣʴʢʦ ʚʳʩʦʢʠ, ʯʪʦ ʚʦʟʜʫʭʦʚʦʜ (ʠ/ʠʣʠ ʝʛʦ ʵʣʝ-

ʤʝʥʪʳ) ʤʦʞʝʪ ʧʝʨʝʠʟʣʫʯʘʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʵʪʦʡ ʵʥʝʨʛʠʠ ʚ ʧʦʤʝʱʝʥʠʷ. ʋʨʦʚʝʥʴ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʪʘʢʦʛʦ ʰʫʤʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ 

ʠ ʨʘʟʤʝʨʦʚ ʠʟʣʫʯʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʦʟʜʫʭʦʚʦʜʘ. ɿʥʘʯʝʥʠʷ ʰʫʤʦʚʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ (ʩʤ. 4.2) ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʭ ʠʟʛʦʪʦʚʠʪʝʣʠ. 

5.1.2.4 ʀʩʪʦʯʥʠʢʠ ʩʪʨʫʢʪʫʨʥʦʛʦ  ʰʫʤʘ 

 ʇʨʝʜʧʦʣʘʛʘʪʁ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʚ ʩʠʩʪʝʤʝ ʚʝʥʪʠ-

ʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʚʝʥʪʠʣʷʪʦʨ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʩʪʦʯʥʠʢʘʤʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ 

ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʠʚʦʜ ʣʠʙʦ ʦʭʣʘʞʜʘʶʱʠʡ ʢʦʤʧʨʝʩʩʦʨ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʨʦʚʥʝʤ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʩʪʨʫʢ-

ʪʫʨʥʦʛʦ ʰʫʤʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʣʠʙʦ ʵʢʚʠʚʘ-

ʣʝʥʪʥʦʛʦ ʫʨʦʚʥʷ ʩʠʣʳ, ʣʠʙʦ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʫʨʦʚʥʷ ʩʢʦʨʦʩʪʠ ʚʠʙʨʘʮʠʠ ʚ ʦʧʦʨʥʳʭ 

ʪʦʯʢʘʭ (ʥʘ ʦʧʦʨʘʭ ʠʣʠ ʥʘ ʣʘʧʘʭ ʘʛʨʝʛʘʪʘ). ɼʘʥʥʳʝ ʫʨʦʚʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʫʢʘʟʘʥʳ ʜʣʷ 

ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʝ. 

 ɺʝʥʪʠʣʷʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʘ ʣʝʛʢʠʭ ʩʪʘʣʴʥʳʭ ʨʘʤʘʭ ʠʣʠ ʦʧʦʨʘʭ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʠʩʪʦʯʥʠʢ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ. ʊʘ-

ʢʦʡ ʠʩʪʦʯʥʠʢ ʧʨʦʠʟʚʦʜʠʪ ʩʠʣʦʚʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ. ɺ ʧʨʠʣʦʞʝʥʠʠ D 
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ʧʨʝʜʩʪʘʚʣʝʥ ʫʧʨʦʱʝʥʥʳʡ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʫʨʦʚʥ ̫ʩʠʣʳ ʪʘʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘ ʦʩʥʦ-

ʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʫʨʦʚʥ ̫ʩʢʦʨʦʩʪʠ ʚʠʙʨʘʮʠʠ ʧʨʠʝʤʥʦʡ ʧʣʠʪʳ. 

 ʂʨʫʧʥʳʝ ʦʭʣʘʞʜʘʶʱʠʝ ʢʦʤʧʨʝʩʩʦʨʳ ʠʣʠ ʜʨʫʛʠʝ ʪʷʞʝʣʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʳʝ ʠʣʠ ʩʤʦʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʚʠʙʨʦʠʟʦʣʷʪʦʨʘʭ, ʤʦʛʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ (ʩ ʥʠʟʢʦʡ ʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ), ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʤʝʨʝʥʥʳʡ ʫʨʦʚʝʥʴ ʩʢʦʨʦʩʪʠ ʚʠʙʨʘʮʠʠ.    

ʇʨʠʤʝʯʘʥʠʝ 1 ï ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʚʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʠʟʤʝʨʝʥʥʦʤʫ ʫʨʦʚʥ ʁʩʠʣʳ ʠʣʠ ʫʨʦʚʥ ʁʩʢʦʨʦʩʪʠ ʚʠʙʨʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ, ʢʘʢ ʫʢʘʟʘʥʦ ʚ ʧʨʠʤʝʯʘʥʠʠ 2 ʚ 4.4.1. 

ʇʨʠʤʝʯʘʥʠʝ 2 ï ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʥʝ ʚʩʝʛʜʘ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʯʝʪʥʳʤ ʜʘʥʥʳʤ. ɺʝʥʪʠʣʷʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʞʝʣʘʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʥʘ ʫʩʪʦʡʯʠʚʦʤ ʦʩʥʦʚʘʥʠʠ, ʢʦʪʦʨʦʝ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧrʪʘʥʠʡ ʧʨʠ ʚʚʝʜʝʥʠʠ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥʦ ʚʥʝʰʥʠʤʠ ʚʠʙʨʦʠʟʦʣʷʪʦʨʘʤʠ (ʫʧʨʫʛʘʷ ʧʦʜʚʝʩʢʘ). 

ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʦ-

ʠʟʚʦʜʠʪʝʣʠ ʨʝʢʦʤʝʥʜʫʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʝʨʳ. 

5.1.2.5 ʀʩʪʦʯʥʠʢʠ ʧʝʨʝʢʨʝʩʪʥʦʛʦ ʰʫʤʘ (ʧʝʨʝʢʨʝʩʪʥʳʝ ʧʦʤʝʭʠ) 

  ʐʫʤ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʠʟ ʦʜʥʦʛʦ ʧʦʤʝʱʝʥʠʷ ʚ ʜʨʫʛʦʝ (ʩʤʝʞʥʦʝ ʠʣʠ ʫʜʘ-

ʣʝʥʥʦʝ). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʪʨʫʢʪʫʨʥʳʡ ʰʫʤ, ʦʜʥʘʢʦ ʚʦʟʜʫʰʥʳʡ ʰʫʤ ʠʟ ʧʦʤʝʱʝʥʠʷ 

ʠʩʪʦʯʥʠʢʘ ʧʝʨʝʜʘʝʪʩʷ ʚ ʧʨʠʝʤʥʦʝ ʧʦʤʝʱʝʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʚʦʟʜʫʭʦʚʦʜʫ. ʋʨʦʚʥʠ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʩ ʫʯʝʪʦʤ çʤʦ-

ʩʪʦʚʦʛʦè ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʦʟʜʫʭʦʚʦʜʘ ʠ ʦʮʝʥʢʠ ʧʦʪʝʨ ɹʥʘ ʚʭʦʜʝ ʠ ʚ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ. ɼʘʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʩʣʝʜʫʝʪ ʩʦʧʦʩʪʘʚʠʪʴ ʩ ʨʝʟʫʣʴʪʘʪʦʤ 

ʜʝʡʩʪʚʠʷ ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʤʝʞʜʫ ʪʝʤʠ ʞʝ ʧʦʤʝʱʝʥʠʷʤʠ (ʩʤ. ɽʅ 12354-1). ʐʫʤ ʤʦʞʝʪ 

ʧʨʦʥʠʢʘʪʴ ʚ ʚʦʟʜʫʭʦʚʦʜ ʠ ʠʟʣʫʯʘʪʴʩʷ ʝʛʦ ʩʪʝʥʢʘʤʠ ʠʣʠ ʚʭʦʜʥʳʤ ʠ ʚʳʭʦʜʥʳʤ ʦʪʚʝʨ-

ʩʪʠʷʤʠ ʚʦʟʜʫʭʦʚʦʜʘ. 

5.2 ʈʘʩʯʝʪ ʰʫʤʘ ʦʪʦʧʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ 

5.2.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

  ʆʩʥʦʚʥʳʤʠ ʚʠʜʘʤʠ ʦʪʦʧʣʝʥʠʷ ʷʚʣʷʶʪʩʷ: 

  - ʩʠʩʪʝʤʳ ʚʦʜʷʥʦʛʦ ʦʪʦʧʣʝʥʠʷ ʩ ʨʘʜʠʘʪʦʨʘʤʠ ʠʣʠ ʢʦʥʚʝʢʪʦʨʘʤʠ; 

  - ʩʠʩʪʝʤʳ ʚʦʟʜʫʰʥʦʛʦ ʦʪʦʧʣʝʥʠʷ; 

  - ʪʝʧʣʳʝ ʧʦʣr; 

  - ʧʦʪʦʣʦʯʥʳʝ ʩʠʩʪʝʤʳ. 



ɻʆʉʊ ʈ ɽʅ 12354-5ï2012 
 

30 
 

 ʉʠʩʪʝʤʘ ʚʦʜʷʥʦʛʦ ʦʪʦʧʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ. ʆʜʥʘʢʦ 

ʥʝʢʦʪʦʨʳʝ ʠʩʪʦʯʥʠʢʠ hʫʤʘ ʩʠʩʪʝʤ ʚʦʜʷʥʦʛʦ ʦʪʦʧʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʠ, 

ʥʘʩʦʩ rʠ ʢʣʘʧʘʥʳ, ʤʦʛʫʪ ʙʳʪʴ ʠ ʚ ʜʨʫʛʠʭ ʪʠʧʘʭ ʩʠʩʪʝʤ. 

 ʊʠʧʠʯʥʘʷ ʩʠʩʪʝʤʘ ʚʦʜʷʥʦʛʦ ʦʪʦʧʣʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʛʝʥʝʨʘʪʦʨʘ ʪʝʧʣʘ, ʪʝʧʣʦʚʦʡ 

ʩʝʪʠ, ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʥʘʩʦʩʘ, ʢʣʘʧʘʥʦʚ ʠ ʨʘʜʠʘʪʦʨʦʚ. ʆʧʠʩʘʥʠʝ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 

ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʩʠʩʪʝʤ ʩ ʚʦʜʦʡ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠʤʝʝʪʩʷ ʚ [4]. ɻʝʥʝʨʘʪʦ-

ʨʦʤ ʪʝʧʣʘ ʤʦʞʝʪ ʙʳʪʴ ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʴ (ʢʦʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ), ʠʣʠ, ʚ ʩʣʫʯʘʝ ʮʝʥ-

ʪʨʘʣʴʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʢʣʘʧʘʥʘʤʠ. 

 ʀʩʪʦʯʥʠʢʦʤ ʰʫʤʘ ʚ ʢʦʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ 

ʠ/ʠʣʠ ʚʝʥʪʠʣʷʪʦʨ ʩʠʩʪʝʤʳ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ. ʐʫʤ ʦʪ ʧʦʤʝʱʝʥʠʷ ʢʦʪʝʣʴʥʦʡ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʝʪʩʷ ʢʘʢ ʚʦʟʜʫʰʥʳʤ ʧʫʪʝʤ ʯʝʨʝʟ ʟʜʘʥʠʝ (ʩʤ. 4.3), ʪʘʢ ʠ ʯʝʨʝʟ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʁ 

(ʩʤ. 4.4). ɼʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʪʨʫʙʦʧʨʦʚʦʜʳ, ʨʘʜʠʘʪʦʨʳ, ʩʠʩʪʝʤʘ 

ʧʦʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʳʟʳʚʘʶʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʰʫʤ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʧʦ ʪʝʧ-

ʣʦʥʦʩʠʪʝʣʶ (ʚʦʜʝ) ʠ/ʠʣʠ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠʶ ʟʜʘʥʠʷ (ʩʤ. 4.4). ɼʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʠʩ-

ʪʦʯʥʠʢʘʤʠ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ ʤʦʛʫʪ ʙʳʪʴ ʚʳʭʣʦʧʥʳʝ ʦʪʚʝʨʩʪʠʷ ʠʣʠ ʦʪʚʝʨʩʪʠʷ ʚʦʟʜʫ-

ʭʦʟʘʙʦʨʥʠʢʦʚ. ʐʫʤ ʦʪ ʫʢʘʟʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʧʦ ʧʦʤʝʱʝʥʠ-

ʷʤ ʟʜʘʥʠʷ ʠʣʠ ʥʘʨʫʞʫ (ʚ ʜʨʫʛʠʝ ʟʜʘʥʠʷ). ʊʘʢʠʝ ʩʠʪʫʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɽʅ 12354-4*.  

 ɺʘʞʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʤʦʜʝʣʠ ʟʚʫʢʦʧʝʨʝʜʘʯʠ  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ɽʅ 12354-1 ʠ ɽʅ 12354-2 ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʷ ʠ 

ʠʥʜʝʢʩʳ ʩʥʠʞʝʥʠʷ ʚʠʙʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʷ. 

 

5.2.2 ʋʢʘʟʘʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ  

 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ ʩʠʩʪʝʤ rçʛʦʨʝʣʢʘ/ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʴè ʧʨʠʚʝ-

ʜʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ ɺ). ʆ ʩʪʨʫʢʪʫʨʥʦʤ 

ʰʫʤʝ ʠʤʝʝʪʩʷ ʤʝʥʴʰʝ ʠʥʬʦʨʤʘʮʠʠ, ʭʦʪʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʤ ʥʝʣʴʟʷ ʧʨʝʥʝʙʨʝʛʘʪʴ ʚ 

ʩʠʩʪʝʤʘʭ ʦʪʦʧʣʝʥʠʷ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. 

   ʉʠʩʪʝʤʳ ʧʦʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʩʦʝʜʠʥʷʶʱʠʭ ʚʦ-

ʜʦʥʘʛʨʝʚʘʪʝʣʴ ʩ ʨʘʩʰʠʨʠʪʝʣʴʥʳʤ ʙʘʢʦʤ (ʨʘʩʰʠʨʠʪʝʣʝʤ), ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ ʩʘʤʦʡ 

ʚʳʩʦʢʦʡ ʪʦʯʢʝ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ. ʇʦ ʩʦʦʙʨʘʞʝʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʪʨʫ-

ʙr  ʩʠʩʪʝʤʳ ʧʦʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ, ʯʝʤ ʜʨʫʛʠʝ ʪʨʫʙʳ ʩʠʩʪʝʤʳ. 

ʊʘʢʠʝ ʪʨʫʙʳ ʦʙʳʯʥʦ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʷʶʪ ʚ ʧʦʣʫ ʚʝʨʭʥʠʭ ʵʪʘʞʝʡ ʟʜʘʥʠʷ, ʚ ʩʠʣʫ ʯʝʛʦ  

                                                 
*
 ɽʅ 12354-4 çɸʢʫʩʪʠʢʘ ʟʜʘʥʠʡ. ʆʮʝʥʢʘ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʜʘʥʠʡ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʭ 

ʵʣʝʤʝʥʪʦʚ. ʏʘʩʪʴ 4. ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʠʟ ʧʦʤʝʱʝʥʠʷ ʥʘʨʫʞʫè. 
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ʦʩʥʦʚʥʦʝ ʠʟʣʫʯʝʥʠʷ ʰʫʤʘ ʠʩʭʦʜʠʪ ʦʪ ʧʦʣʘ. ɺ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʟʜʘʥʠʷʭ ʰʫʤ ʦʪ ʢʦ-

ʪʝʣʴʥʳʭ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʝʥʠʝʤ. ʈʘʟʤʝʨʳ ʪʨʫʙ ʪʘʢʦʚʳ, ʯʪʦ ʩʪʨʫʢʪʫʨ-

ʥʳʡ ʰʫʤ ̫ʚʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤ. 

 ʎʠʨʢʫʣʷʮʠʦʥʥʳʝ ʥʘʩʦʩʳ, ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʩʠʣʥɹʦʛʦ ʰʫʤʘ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʷʪ ʩ ʭʦʨʦʰʝʡ ʟʚʫʢʦʠʟʦʣʷʮʠʝʡ. ʀʭ ʫʨʦʚʥʠ ʟʚʫʢʦʚʦʡ ʤʦʱ-

ʥʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʚʝʩʪʥʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ. ʇʝʨʝʜʘʚʘʝʤʳʡ ʰʫʤ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʢʘʢ ʧʦ ʚʦʜʝ, ʪʘʢ ʠ ʧʦ ʨʘʜʠʘʪʦ-

ʨʘʤ ʚ ʤʝʩʪʘʭ ʠʟʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ. ɺ ʟʜʘʥʠʷʭ ʩʨʝʜʥʝʡ ʚʳʩʦʪʳ ʦʩʥʦʚʥʘʷ 

ʯʘʩʪʴ ʰʫʤʘ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʚʦʜʝ. ɺ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʷʭ (10 ʵʪʘʞʝʡ ʠ ʙʦʣʝʝ) ʤʦʞʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʙʦʣʝʝ ʦʜʥʦʛʦ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʥʘʩʦʩʘ.  

 ʊʝʧʣʦʦʙʤʝʥʥʠʢʠ ʥʝ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʰʫʤʘ, ʥʦ ʦʥʠ ʫʧʨʘʚʣʷʶʪʩʷ ʧʨʠ ʧʦ-

ʤʦʱʠ ʢʣʘʧʘʥʦʚ. ʉʪʘʨʳʝ ʠʣʠ ʜʦʣʛʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʢʣʘʧʘʥʳ ʪʘʢʞʝ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ 

ʰʫʤ (ʟʚʫʢʦʧʝʨʝʜʘʯʘ ʧʦ ʪʝʧʣʦʥʦʩʠʪʝʣʶ ʠ ʢʦʩʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʟʚʫʢʦʧʝʨʝʜʘʯʘ ʯʝ-

ʨʝʟ ʨʘʜʠʘʪʦʨ rʠ ʵʣʝʤʝʥʪ rʟʜʘʥʠʷ).  

 ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ ʷʚʣʷʝʪʩʷ ʢʣʘʧʘʥ, ʩʦʝʜʠʥʝʥ-

ʥʳʡ ʩ ʨʘʜʠʘʪʦʨʦʤ. ʐʫʤ, ʛʝʥʝʨʠʨʫʝʤʳʡ ʚ ʢʣʘʧʘʥʝ, ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʨʘʜʠʘʪʦʨ, ʢʦʪʦʨʳʡ 

ʵʬʬʝʢʪʠʚʥʦ ʠʟʣʫʯʘʝʪ ʰʫʤ. ɼʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʜʝʣʠʪʴ ʰʫʤ ʪʝʧʣʦ-

ʥʦʩʠʪʝʣʷ ʦʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ, ʥʝʣʴʟʷ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʠʪʴ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ  ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ [5].  

 ɻʦʨʷʯʘʷ ʚʦʜʘ ʚ ʨʘʜʠʘʪʦʨʝ ʩʘʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ ʰʫʤʘ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʢʦʛʜʘ ʚ ʪʨʫʙʘʭ ʩʠʩʪʝʤʳ ʠʤʝʝʪʩʷ ʥʝʨʘʩʪʚʦʨʝʥʥʳʡ ʚʦʟʜʫʭ.  

5.3 ʈʘʩʯʝʪ ʰʫʤʘ ʣʠʬʪʦʚ 

5.3.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

 ʃʠʬʪr, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʜʚʝʰʝʥʥʳʝ ʥʘ ʪʨʦʩʘʭ 

ʠʣʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ, ʩʦʩʪʦʷʪ ʠʟ ʧʦʜʲʝʤʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʘʙʠʥʳ 

ʣʠʬʪʘ, ʧʨʦʪʠʚʦʚʝʩʦʚ, ʧʦʜʚʝʩʥʳʭ ʪʨʦʩʦʚ, ʥʘʧʨʘʚʣʷʶʱʠʭ ʠ ʜʚʝʨʝʡ ʣʠʬʪʘ. ʇʦʜʲʝʤ-

ʥʳʡ ʤʝʭʘʥʠʟʤ ʨʘʟʤʝʱʝʥ ʣʠʙʦ ʚ ʤʘʰʠʥʥʦʤ ʧʦʤʝʱʝʥʠʠ, ʣʠʙʦ ʚ ʢʦʣʦʜʮʝ ʰʘʭʪʳ ʣʠʬ-

ʪʘ.  

 ʇʦʜʲʝʤʥʳʡ ʤʝʭʘʥʠʟʤ ʩʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʜʚʝʨʴʤʠ ʣʠʬʪʘ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʜʫʰʥʦʛʦ (ʩʤ. 4.3) ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ (ʩʤ. 4.4). 

ʅʘʧʨʘʚʣʷʶʱʠʝ ʣʠʬʪʘ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʘʤʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ. 
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5.3.2 ʋʢʘʟʘʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 

 ɿʚʫʢʦʧʝʨʝʜʘʯʫ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ ʦʪ ʧʦʜʲʝʤʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ 

4.2, ʠʩʧʦʣʴʟʫʷ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ . ʊʘʢ ʢʘʢ ʤʘʰʠʥʥʳʝ ʧʦʤʝ-

ʱʝʥʠʷ ʣʠʬʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʘʣʳ, ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʟʘʤʢʥʫʪʦʝ ʥʝʢʫʙʠʯʝʩʢʦʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ, ʟʚʫʢʦʚʳʝ ʧʦʣʷ ʚ ʥʠʭ ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʜʠʬʬʫʟʥʦʛʦ ʧʦʣʷ. ɺ ʪʘʢʠʭ ʩʣʫ-

ʯʘʷʭ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪ ʯʠʩ-

ʣʝʥʥʦ ʨʘʚʥʳʤ ʫʨʦʚʥʶ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ( ʩʤ.  ʪʘʢʞʝ [6]). 

 ʋʧʨʫʛʠʝ ʦʧʦʨʳ (ʚʠʙʨʦʠʟʦʣʷʪʦʨʳ) ʧʦʜʲʝʤʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ [4]. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʩʩʠʚʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʤʝʶʪʩʷ ʩʦʩʝʜʥʠʝ ʩ 

ʤʘʰʠʥʥʳʤ ʧʦʤʝʱʝʥʠʝʤ ʠʣʠ ʟʜʘʥʠʝʤ ʞʠʣʳʝ ʧʦʤʝʱʝʥʠ ̫ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʥʠʤʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʠʙʨʦʠʟʦʣʷʮʠʠ ʧʦʜ̡ʝʤʥʦʛʦ ʤʝ-

ʭʘʥʠʟʤʘ ʩ ʧʦʤʦʱʴʶ ʤʘʩʩʠʚʥʦʡ (ʙʝʪʦʥʥʦʡ) ʨʘʤr ʧʦʚʝʨʭ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ. ɼʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʫʧʨʫʛʠʭ ʦʧʦʨ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʦʜʲʝʤʥʳʡ ʤʝʭʘʥʠʟʤ ʠ 

ʪʨʦʩʳ ʧʨʦʪʠʚʦʚʝʩʦʚ (ʙʘʣʘʥʩʠʨʦʚʦʯʥʭr ʛʨʫʟʦʚ) ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʦʙʱʝʡ ʥʘʛʨʫʟʢʠ, ʥʝ 

ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʜʠʥʘʤʠʯʝʩʢʫ  ʁʨʘʙʦʯʫʶ ʥʘʛʨʫʟʢʫ. 

 ʅʘʧʨʘʚʣʷʶʱʠʝ ʜʦʣʞʥʳ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʪʷʞʝʣʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʟʜʘʥʠʷ ʠ 

ʢʨʝʧʠʪʴʩʷ ʪʦʣʴʢʦ ʚ ʤʝʩʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʙʦʣʴʰʠʤ ʠʤʧʝʜʘʥʩʦʤ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʟʚʫ-

ʢʦʧʝʨʝʜʘʯʠ ʙʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʫʧʨʫʛʠʝ ʦʧʦʨʳ. ʅʘʧʨʘʚʣʷʶʱʠʝ ʜʦʣʞʥʳ 

ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʪʘʢ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʣʘʚʥʦʝ ʜʚʠʞʝʥʠʝ ʢʘʙʠʥʳ ʣʠʬʪʘ. 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ ʠ ʨʫʯʥʳʝ ʜʚʝʨʠ ʣʠʬʪʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʘʤʠ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʰʫʤʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʩʪʨʫʢʪʫʨʥʳʡ ʰʫʤ, ʚʳʟʚʘʥʥʳʡ ʨʘʙʦʪʦʡ ʜʚʝʨʝʡ ʥʘ ʣʠʬʪʦ-

ʚʦʡ ʧʣʦʱʘʜʢʝ, ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ  ʚ ʩʦʩʝʜʥʠʭ ʧʦʤʝʱʝʥʠʷʭ. 

5.4 ʈʘʩʯʝʪ ʰʫʤʘ ʫʩʪʘʥʦʚʦʢ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

5.4.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

 ʐʫʤ ʩʠʩʪʝʤʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ ʰʫʤʳ ʢʨʘʥʦʚ, ʢʣʘʧʘʥʦʚ, 

ʥʘʩʦʩʦʚ ʠ ʪ. ʜ. ʧʨʠ ʧʦʜʘʯʝ ʚʦʜʳ, ʟʘʧʦʣʥʝʥʠʠ ʚʘʥʥ, ʨʘʢʦʚʠʥ ʠʣʠ ʙʘʩʩʝʡʥʦʚ ʩ ʧʨʝʩʥʦʡ 

ʚʦʜʦʡ. ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʪʁ ʰʫʤ ʦʪ ʙʨʳʟʛ ʚʦʜʳ. ʐʫʤ ʩʣʠʚʘ ʚʦʜʳ ʠʟ ʙʘʯʢʦʚ ʠ ʨʘʢʦ-

ʚʠʥ ʨʘʩʩʤʦʪʨʝʥ ʜʘʣʝʝ ʦʪʜʝʣʴʥʦ ʢʘʢ ʰʫʤ ʩʠʩʪʝʤ ʢʘʥʘʣʠʟʘʮʠʠ. 

ʊʠʧʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʰʫʤʘ ʫʩʪʘʥʦʚʦʢ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚʠʜʳ ʟʚʫʢʦʧʝʨʝʜʘʯʠ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 ʇʫʪʠ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʦʪ ʫʩʪʘʥʦʚʦʢ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʦʢʘʟʘʥ rʥʘ ʨʠʩʫʥʢʝ 4. 
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ʈʠʩʫʥʦʢ 4 ï ʇʫʪʠ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

 ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʪʠʧʠʯʥʳʝ ʩʠʪʫʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʯʘʩʪʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠ ʧʫʪʠ ʟʚʫʢʦʧʝʨʝʜʘʯʠ.  

 ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʳ ʠʩʪʦʯʥʠʢʠ ʰʫʤʘ ʠ ʧʫʪʠ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʦʪ ʢʨʘʥʘ ʥʘʜ ʨʘ-

ʢʦʚʠʥʦʡ. 

 

ʈʠʩʫʥʦʢ 5 ï ʇʫʪʠ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʦʪ ʢʨʘʥʘ ʥʘʜ ʨʘʢʦʚʠʥʦʡ  

ʐʫʤ,  

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ  

ʧʦ ʞʠʜʢʦʩʪʠ  

ʐʫʤ,  

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ  

ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ  

ʐʫʤ,  

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ  

ʧʦ ʚʦʟʜʫʭʫ 

ʆʧʦʨʳ 

ʩʠʩʪʝʤʳ 

ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʆʧʦʨʳ 

ʠʩʪʦʯʥʠʢʘ 

ʉʪʨʫʷ ʚʦʜʳ ʠʟ ʢʨʘʥʘ ʂʨʘʥ ʥʘʜ ʨʘʢʦʚʠʥʦʡ 

ʉʪʨʫʢʪʫʨʥʳʡ 
ʰʫʤ  

ʐʫʤ, ʨʘʩʧʨʦʩʪʨʘ-
ʥʷʶʱʠʡʩʷ ʧʦ ʞʠʜ-

ʢʦʩʪʠ 

ɺʦʟʜʫʰʥʳʡ 
ʰʫʤ  

ɺʦʟʜʫʰʥʳʡ 
ʰʫʤ  

ʊʨʫʙʦʧʨʦʚʦʜʥʘʷ 
ʩʠʩʪʝʤʘ  

ʕʣʝʤʝʥʪʳ ʟʜʘʥʠʷ  ʕʣʝʤʝʥʪʳ ʟʜʘʥʠʷ  

ʕʣʝʤʝʥʪʳ ʢʨʝʧʣʝʥʠʷ 
ʨʘʢʦʚʠʥʳ 

ʕʣʝʤʝʥʪʳ ʢʨʝʧʣʝʥʠʷ 
ʪʨʫʙ 

ʈʘʢʦʚʠʥʘ 
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ʊʘʙʣʠʮʘ 1 ï ʇʝʨʝʯʝʥʴ ʠʩʪʦʯʥʠʢʦʚ ʠ ʚʠʜʦʚ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʚ ʩʠʩʪʝʤʘʭ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

ʕʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʚʦ-
ʜʦʩʥʘʙʞʝʥʠʷ 

ʉʨʝʜʘ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʉʨʝʜʩʪʚʦ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʚ ʟʜʘʥʠʝ 

ɺʦʟʜʫʭ 
ʉʪʨʦʠʪʝʣʴ-
ʥʳʝ ʢʦʥ-
ʩʪʨʫʢʮʠʠ 

ɾʠʜʢʦʩʪʴ 
ʉʤʦʥʪʠʨʦ-
ʚʘʥʥʳʡ 
ʦʙʲʝʢʪ 

ʕʣʝʤʝʥʪʳ 
ʢʨʝʧʣʝʥʠʷ 

ʊʨʫʙʳ 

ʂ
ʣ
ʘ
ʧ
ʘ
ʥ
ʳ
 
ʠ
 
ʢ
ʨ
ʘ
ʥ
ʳ

 

ɺʦʜʦʨʘʟʙʦʨʥʳʝ 
ʢʨʘʥʳ 

 Ĭ Ĭ Ĭ Ĭ Ĭ 

ʐʣʘʥʛʦʚʳʝ ʢʨʘ-
ʥ  r

 Ĭ Ĭ Ĭ Ĭ Ĭ 

ʇʨʦʜʫʚʦʯʥʳʝ 
ʢʣʘʧʘʥʳ 

 Ĭ Ĭ Ĭ Ĭ Ĭ 

ɿʘʜʚʠʞʢʠ, ʬʠ-
ʪʠʥʛʠ: 

- ʟʘʧʦʨʥʳʝ ʢʨʘʥʳ 
- ʫʛʣʦʚʳʝ ʟʘʧʦʨ-
ʥʳʝ ʢʨʘʥʳ 

- ʦʙʨʘʪʥʳʝ ʢʣʘ-
ʧʘʥʳ 

 

Ĭ Ĭ (Ĭ) (Ĭ) Ĭ 

ɼʨʦʩʩʝʣʴʥʳʝ 
ʢʣʘʧʘʥʳ 

 Ĭ Ĭ Ĭ Ĭ Ĭ 

ʈʝʜʫʢʮʠʦʥʥʳʝ 
ʢʣʘʧʘʥʳ: 

- ʨʝʛʫʣʷʪʦʨʳ ʚʳ-
ʧʫʩʢʥʳʭ ʢʣʘʧʘʥʦʚ 

- ʜʫʰʝʚʳʝ ʩʤʝ-
ʩʠʪʝʣʠ 

- ʨʝʛʫʣʷʪʦʨʳ 
ʨʘʩʭʦʜʘ 

- ʘʥʪʠʚʘʢʫʫʤʥʳʝ 
ʢʣʘʧʘʥʳ 

- ʦʙʨʘʪʥʳʝ ʢʣʘ-
ʧʘʥʳ 

 

Ĭ Ĭ   Ĭ 

ʀʥʳʝ ʨʝʜʫʢʮʠ-
ʦʥʥʳʝ ʢʣʘʧʘʥʳ 

 Ĭ Ĭ (Ĭ) (Ĭ) Ĭ 

ʊʨʫʙʳ  Ĭ Ĭ Ĭ Ĭ Ĭ 

ʉʣʠʚʥʳʝ ʙʘʯʢʠ Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ 

(ʎʠʨʢʫʣʷʮʠʦʥʥʳʝ) 
ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʠ, 
ʢʦʪʣ  r (Ĭ) Ĭ Ĭ Ĭ Ĭ (Ĭ) 

ʈ
ʝ
ʟ
ʝ
ʨ
ʚ
ʫ
ʘ
ʨ
ʳ

 ɺʘʥʥʳ       

ɼʫʰʝʚʳʝ ʧʦʜʜʦʥʳ       

ʉʣʠʚʥʳʝ ʙʘʯʢʠ Ĭ Ĭ Ĭ Ĭ   

ʈʘʢʦʚʠʥʳ       

ʋʤʳʚʘʣʴʥʠʢʠ       

ɺʦʜʦʥʘʧʦʨʥʳʝ 
ʥʘʩʦʩʳ Ĭ Ĭ Ĭ Ĭ Ĭ Ĭ 

ɼʨʫʛʠʝ  
ʠʩʪʦʯʥʠʢʠ 
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 ʅʘ ʨʠʩʫʥʢʝ 6 ʠʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʰʫʤʘ ʜʣʷ ʥʘʩʪʝʥʥʦʛʦ ʢʨʘʥʘ. 

 

ʈʠʩʫʥʦʢ 6 ï ʇʫʪʠ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʰʫʤʘ ʜʣʷ ʥʘʩʪʝʥʥʦʛʦ ʢʨʘʥʘ 

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʛʠʜʨʦʤʘʩʩʘʞʥʦʡ ʚʘʥʥʳ. 

 

 

 

ʘ) ʊʨʝʭʛʨʘʥʥʳʡ ʫʛʦʣ    ʙ) ʉʭʝʤʘ ʟʚʫʢʦʧʝʨʝʜʘʯʠ 

 1 ï ʫʧʨʫʛʦʝ ʦʩʥʦʚʘʥʠʝ; 2 ï ʧʦʣ;  

3 ï 1-ʷ ʩʪʝʥʘ; 4 ï 2-ʷ ʩʪʝʥʘ    

ʈʠʩʫʥʦʢ 7 ï ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʰʫʤʘ ʦʪ ʛʠʜʨʦʤʘʩʩʘʞʥʦʡ ʚʘʥʥʳ 

ɻʠʜʨʦʤʘʩʩʘʞʥʘʷ ʚʘʥʥʘ  

ʉʪʨʫʷ ʥʘʜ ʚʘʥʥʦʡ  ɻʠʜʨʦʤʘʩʩʘʞʥʳʝ ʬʦʨʩʫʥʢʠ 
(ʛʠʜʨʦʥʘʩʦʩ)  

ʉʪʨʫʢʪʫʨʥʳʡ ʰʫʤ  ɺʦʟʜʫʰʥʳʡ ʰʫʤ  

ɻʠʜʨʦʥʘʩʦʩ ʥʘ 
ʧʦʣʫ  

ɻʠʜʨʦʥʘʩʦʩ 
ʥʘ 1-ʡ ʩʪʝʥʝ  

ɻʠʜʨʦʥʘʩʦʩ 
ʥʘ 2-ʡ ʩʪʝʥʝ  

ʇʦʣ  1-ʷ ʩʪʝʥʘ 2-ʷ ʩʪʝʥʘ 

ʕʣʝʤʝʥʪʳ ʟʜʘʥʠʷ  

ʂʨʘʥ ʥʘʜ ʨʘʢʦʚʠʥʦʡ ʉʪʨʫʷ ʚʦʜʳ ʠʟ ʢʨʘʥʘ 

ʐʫʤ, ʨʘʩʧʨʦ-
ʩʪʨʘʥʷʶʱʠʡʩʷ 
ʧʦ ʞʠʜʢʦʩʪʠ 

ʉʪʨʫʢʪʫʨʥʳʡ ʰʫʤ  
ʉʪʨʫʢʪʫʨʥʳʡ 

ʰʫʤ  

ɺʦʟʜʫʰʥʳʡ 
ʰʫʤ  

ʊʨʫʙʦʧʨʦʚʦʜʥʘʷ 
ʩʠʩʪʝʤʘ  

ʕʣʝʤʝʥʪʳ ʢʨʝʧʣʝʥʠʷ 
ʪʨʫʙ  

ʕʣʝʤʝʥʪʳ ʟʜʘʥʠʷ  

ʕʣʝʤʝʥʪʳ ʢʨʝʧʣʝʥʠʷ 
ʥʘʩʪʝʥʥʦʛʦ ʢʨʘʥʘ  

ʕʣʝʤʝʥʪʳ ʢʨʝʧʣʝʥʠʷ 
ʨʘʢʦʚʠʥʳ ʠʣʠ ʚʘʥʥʳ  

ʈʘʢʦʚʠʥʘ ʠʣʠ ʚʘʥʥʘ 

ʕʣʝʤʝʥʪʳ ʟʜʘʥʠʷ  
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5.4.2 ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 

 ʀʩʪʦʯʥʠʢʠ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʦʙʳʯʥʦ ʩʦʟʜʘʶʪ ʩʪʨʫʢʪʫʨʥʳʡ ʰʫʤ, ʢʦʪʦ-

ʨr ʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʩʪʨʦʠʪʝʣʴʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠʣʠ ʥʘ ʤʦʥʪʘʞʥʫʶ 

ʦʩʥʘʩʪʢʫ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ (
cwsL ,
, FL ) ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʦʚ 

ʠʟʤʝʨʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʈʘʙʦʯʝʡ ʛʨʫʧʧʦʡ WG7 (ʩʤ. [38], [39]). ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʠʩʪʦʯʥʠʢʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʪʦʯʝʯʥʳʝ ʠʩʪʦʯʥʠʢʠ. ɺ ʩʣʫʯʘʝ ʢʣʘ-

ʧʘʥʦʚ ʠ ʢʨʘʥʦʚ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʰʫʤ ʚʦʜʳ ʠ ʝʛʦ ʟʚʫʢʦʧʝʨʝʜʘʯʫ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫ-

ʯʘʷʭ (ʨʘʢʦʚʠʥʳ, ʧʨʦʜʫʚʦʯʥʳʝ ʢʣʘʧʘʥʳ) ʩʦʟʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʦʟʜʫʰʥʳʡ ʰʫʤ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʫʨʦʚʥʝʤ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ wL .  

 ʇʨʠ ʨʘʩʯʝʪʘʭ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʧʦ ʧʫʪʷʤ, ʧʦʢʘʟʘʥʥʳʤ ʥʘ ʨʠʩʫʥʢʘʭ 4, 5, 6 ʠ 7, 

ʚʢʣʘʜʳ ʚʦʟʜʫʰʥʦʛʦ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʦʚ, ʘ ʪʘʢʞʝ ʚʢʣʘʜ ʰʫʤʘ ʚʦʜʳ ʚ ʩʫʤʤʘʨʥʳʡ  

ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ nL  ʜʦʣʞʥ rʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʦʪʜʝʣʴʥʦ. ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (2) nL  ʨʘʩʩʯʠʪʳʚʘʶʪ ʢʘʢ ʩʫʤʤʫ ʚʢʣʘʜʦʚ. ɺ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʚʠʜʘ ʠʩʪʦʯʥʠʢʘ ʠ ʫʩʣʦʚʠʡ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʨʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʩʣʫʯʘʠ: 

   - ʚʦʟʜʫʰʥʳʡ ʰʫʤ, ʠʟʣʫʯʝʥʥʳʡ ʠʩʪʦʯʥʠʢʦʤ; 

  - ʩʪʨʫʢʪʫʨʥʳʡ ʰʫʤ, ʧʝʨʝʜʘʥʥʳʡ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠ ʁʟʜʘʥʠʷ ʠʣʠ ʩʦʝʜʠʥʠʪʝʣʴ-

ʥ ʝr ʵʣʝʤʝʥʪ;r 

  - ʩʪʨʫʢʪʫʨʥʳʡ ʰʫʤ ʠ ʰʫʤ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʧʦ ʚʦʜʝ, ʧʝʨʝʜʘʥʥʳʝ ʧʦ ʪʨʫ-

ʙʦʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʝ. 

 ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʘʙʣʠʮ r1 ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʩʣʝʜʫʶʱʠʝ ʫʢʘʟʘʥʠʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ: 

 ʘ) ʢʨʘʥr ʠ ʢʣʘʧʘʥ:r 

 1) ʢʨʘʥʳ ʠ ʢʣʘʧʘʥʳ ʦʙʳʯʥʦ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʢʦʩʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʟʚʫ-

ʢʦʧʝʨʝʜʘʯʠ ʧʦ ʪʨʫʙʘʤ ʠ ʰʫʤʘ ʚʦʜʳ, ʧʝʨʝʜʘʶʱʠʤʩʷ ʵʣʝʤʝʥʪʘʤ ʟʜʘʥʠʷ ʯʝʨʝʟ ʵʣʝ-

ʤʝʥʪʳ ʢʨʝʧʣʝʥʠʷ (ʭʦʤʫʪʳ, ʟʘʞʠʤʳ ʠ ʪ. ʜ.) (ʧʫʪʠ 1 ʠ 2 ʥʘ ʨʠʩʫʥʢʝ 4). ɺʩʪʨʦʝʥʥʳʝ ʢʣʘ-

ʧʘʥr ʩʘʤʠ ʷʚʣʷʶʪʩʷ ʧʫʪʷʤʠ ʟʚʫʢʦʧʝʨʝʜʘʯʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʪ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʤʝʪʦʜʘ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʠʟʣʫʯʝʥʠ ̫ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʠ ʰʫʤʘ ʚʦʜ,r ʘ ʪʘʢ-

ʞʝ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʵʬʬʝʢʪʠʚʥʦʡ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʣʠ ʩʠʣ ʚ ʪʦʯʢʘʭ ʩʦʝʜʠʥʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʳ. ʅʝʢʦʪʦʨʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʨʘʩʯʝʪʫ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʠ ʰʫʤʘ ʚʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ [7]. ɺ ʩʣʫʯʘʝ ʚʩʪʨʦʝʥʥʳʭ ʬʠʪʠʥʛʦʚ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʠ ʰʫʤʘ ʚʦʜʳ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʡ ʧʦ [29].  
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 ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʙʣʠʞʝʥʠʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʦʪʜʝʣʴʥʳʝ ʚʢʣʘʜʳ ʩʪʨʫʢ-

ʪʫʨʥʦʛʦ ʰʫʤʘ ʠ ʰʫʤʘ ʚʦʜʳ, ʘ ʧʝʨʝʜʘʯʫ ʩʫʤʤʘʨʥʦʡ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʰʫʤʘ ʦʪ ʵʣʝʤʝʥʪʦʚ ʢʨʝʧʣʝʥʠʷ ʢ ʵʣʝʤʝʥʪʘʤ ʟʜʘʥʠʷ. ɼʣʷ ʵʣʝʤʝʥʪʦʚ ʢʨʝʧʣʝʥʠʷ ʪʘʢʦʝ 

ʧʨʠʙʣʠʞʝʥʠʝ ʜʦʧʫʩʪʠʤʦ ʧʨʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʠʩ-

ʪʦʯʥʠʢʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʝʭ ʧʦʚʦʨʦ-

ʪʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʩʯʠʪʘʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʰʫʤʘ, ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʛʦ 

ʢʨʠʪʝʨʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʢʨʘʥʳ, ʪʨʫʙʦʧʨʦʚʦʜʳ ʠ 

ʦʩʥʘʩʪʢʫ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ ʰʫʤʘ ʚʥʫʪʨʝʥʥʝʡ 

ʢʘʥʘʣʠʟʘʮʠʠ (ʩʤ. [38] ʠ 5.5). ʆʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʦʛʦ ʤʝʪʦ-

ʜʘ, ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʩʪʦʯʥʠʢ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʠʣʦʚʦʝ ʚʦʟʙʫʞʜʝʥʠʝ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʘʩʩʠʚʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʷʭ ʩ ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ >'m  150  ʢʛ/ʤ2. ʕʪʦ ʥʝ ʦʟʥʘʯʘʝʪ ʥʝ-

ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʦʜʝʣʠ ʜʣʷ ʣʝʛʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ 

ʜʦʣʞʥʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʞʜʦʤ ʨʝʘʣʴʥʦʤ ʩʣʫʯʘʝ ʦʪʜʝʣʴʥʦ. 

 ʏʘʩʪʴ ʰʫʤʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʝ (ʧʫʪʠ 1 ʠ 2 ʥʘ ʨʠʩʫʥʢʝ 

4), ʧʨʠʙʣʠʞʝʥʥʦ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʬʦʨʤʫʣʝ (D.6ʘ). ɼʘʥʥʘ  ̫ʬʦʨʤʫʣʘ ʦʩʥʦʚʘʥʘ ʥʘ 

ʤʝʪʦʜʘʭ ʠʟʤʝʨʝʥʠʡ ʧʦ ɽʅ ʀʉʆ 3822 ʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʛʨʫʙʦʡ ʦʮʝʥʢʠ ʰʫʤʘ, 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʢʨʘʥʘʤʠ, ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ: 

  - ʰʫʤ ʥʝ ʧʝʨʝʜʘʝʪʩʷ ʢʨʘʥʦʤ ʟʜʘʥʠʶ. ʀʤʝʝʪʩʷ ʚ ʚʠʜʫ ʚʩʪʨʦʝʥʥʳʡ ʢʨʘʥ ʠʣʠ 

ʢʨʘʥ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʦʪʜʘʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʦʤʝʱʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʪʘʢ, ʯʪʦ 

ʩʦʟʜʘʚʘʝʤʘʷ ʠʤ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ (ʧʫʪʴ 3 ʥʘ ʨʠʩʫʥʢʝ 4) ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙ-

ʣʘʜʘʶʱʠʤ ʠʟʣʫʯʝʥʠʝʤ ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ; 

  - ʪʨʫʙʦʧʨʦʚʦʜʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʨʫʙ; 

  - ʪʨʫʙʳ ʩʪʷʥʫʪʳ ʞʝʩʪʢʠʤʠ ʭʦʤʫʪʘʤʠ; 

  - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʨʘʥʦʤ ʠ ʧʝʨʚʦʡ ʪʦʯʢʦʡ ʢʨʝʧʣʝʥʠʷ ʢ ʩʪʝʥʝ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʜʦʩʪʘʪʦʯʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʨʠʝʤʥʦʛʦ ʧʦʤʝʱʝʥʠʷ; 

  - ʚʦʟʙʫʞʜʘʝʤʘʷ ʩʪʝʥʘ ʷʚʣʷʝʪʩʷ ʤʘʩʩʠʚʥʦʡ ʦʜʥʦʨʦʜʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ; 

 2) ʢʨʘʥʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʵʣʝʤʝʥʪʘʭ ʟʜʘʥʠʷ ʠʣʠ ʨʘʢʦʚʠ-

ʥʘʭ, ʪʘʢʞʝ ʧʝʨʝʜʘʶʪ ʰʫʤ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ (ʧʫʪʴ 3 ʥʘ ʨʠʩʫʥʢʝ 4, ʩʤ. 

ʪʘʢʞʝ ʨʠʩʫʥʢʠ 5 ʠ 6). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʘʥʥʳʡ ʰʫʤ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʰʫʤʦʤ, ʧʝʨʝʜʘʚʘʝʤʳʤ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʝ (ʧʫʪʠ 1 ʠ 2 ʥʘ 

ʨʠʩʫʥʢʝ 4). ʕʪʦʪ ʰʫʤ ʜʦʣʞʝʥ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʦʪʜʝʣʴʥʦ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʞʝʩʪʢʠʤʠ 

ʤʘʩʩʠʚʥʳʤʠ ʩʪʝʥʘʤʠ (>'m  150  ʢʛ/ʤ2) ʪʘʢʦʡ ʢʨʘʥ ʧʨʠʙʣʠʞʝʥʥʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 
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ʢʘʢ ʠʩʪʦʯʥʠʢ ʩʠʣʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. ɼʣʷ ʣʝʛʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʪʘʢʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 

ʪʨʝʙʫʝʪ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ;  

 3) ʜʣʷ ʢʨʘʥʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʨʝʟʝʨʚʫʘʨʘʭ (ʚʘʥʥʘ ʠʣʠ ʫʤʳʚʘʣʴʥʠʢ), ʙʝʟ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʟʜʘʥʠʷ, ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʰʫʤʘ ʧʨʝʜʩʪʘʚʣʝʥ rʥʘ ʨʠʩʫʥʢʝ 4. ʂʦʤʙʠʥʘʮʠʶ ʢʨʘʥʘ ʠ ʨʝʟʝʨʚʫʘʨʘ ʫʧʨʦʱʝʥʥʦ ʤʦʞ-

ʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʝʜʠʥʳʡ ʠʩʪʦʯʥʠʢ ʰʫʤʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʡ ʦʙʝɦʡ ʵʢʚʠʚʘʣʝʥʪ-

ʥʦʡ ʩʠʣʦʡ. ʇʨʠ ʵʪʦʤ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʧʦ [39]. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʦʠʟʚʦʣʴʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʢʨʘʥʦʚ ʠ ʨʝʟʝʨʚʫʘʨʦʚ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ 

ʧʫʪʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʞʜʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ. ʅʝʦʙʭʦ-

ʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʘʜʝʢʚʘʪʥʫʶ ʤʦʜʝʣʴ (ʩʤ. [8]).  

 ɺ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ, ʢʘʢʦʡ ʠʟ ʚʳʰʝʫʧʦʤʷ-

ʥʫʪʭr ʩʣʫʯʘʝʚ ʠʣʠ ʠʭ ʩʦʯʝʪʘʥʠʝ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜʷʱʠʤ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʝʡ ʩʠ-

ʩʪʝʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʟʘʨʘʥʝʝ. ʇʨʠʤʝʨ rʫʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʞʜʦʡ ʯʘ-

ʩʪʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5 ʠ 6. 

ʇʨʠʤʝʯʘʥʠʝ ï ʐʫʤʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʘʥʦʚ ʠ ʚʝʥʪʠʣʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠ-

ʩʷʪ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʜʘʚʣʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʚʳʧʫʩʢʥʦʝ ʠ ʜʨʦʩʩʝʣʴʥʳʝ ʫʩʪʨʦʡ-

ʩʪʚʘ). ʅʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʘʣʴʥʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʠʤʝʶʱʠʝ ʦʪʥʦʰʝʥʠʝ ʢ ʫʩʣʦ-

ʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

b) ʥʘʩʦʩʳ ʚ ʫʩʪʘʥʦʚʢʘʭ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʰʫʤʘ ʠ ʰʫʤʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʧʦ ʚʦʜʝ. ɺ ʩʣʫʯʘʝ ʚʩʪʨʦʝʥʥʳʭ ʥʘʩʦʩʦʚ (ʙʝʟ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʵʣʝʤʝʥʪʘʤ ʟʜʘʥʠʷ) ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʡ ʰʫʤ ʠ ʰʫʤ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʧʦ ʚʦʜʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʫʪʷʤ 1 ʠ 2 ʥʘ ʨʠʩʫʥʢʝ 4. ʈʘʟʨʘʙʦ-

ʪʘʥʥ ʝr ʜʣʷ ʚʩʪʨʦʝʥʥʳʭ ʥʘʩʦʩʦʚ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʰʫʤʘ [29], ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʝ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝ-

ʥ  rʜʣʷ ʥʘʩʦʩʦʚ ʚ ʩʠʩʪʝʤʝ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 

 ɽʩʣʠ ʥʘʩʦʩ ʧʦʜʢʣʶʯʝʥ ʢ ʵʣʝʤʝʥʪʫ ʟʜʘʥʠʷ, ʪʦ ʫʯʠʪʳʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʰʫʤ, 

ʧʝʨʝʜʘʚʘʝʤʳʡ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠ ʁʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʥʘʩʦʩʘ ʢ ʜʘʥʥʦʤʫ ʵʣʝʤʝʥʪʫ 

(ʧʫʪʴ 3 ʥʘ ʨʠʩʫʥʢʝ 4). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʘʥʥʫʶ ʯʘʩʪʴ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʤʝʪʦʜʘʤʠ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʈʘʙʦʯʝʡ ʛʨʫʧʧʦʡ WG7; 

 c) ʚ ʩʣʫʯʘʝ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʮʠʩʪʝʨʥ, ʙʘʢʦʚ, ʢʦʪʣʦʚ ʠ ʪ. ʧ. ʩʪʨʫʢʪʫʨʥʳʡ ʰʫʤ 

ʦʧʠʩʳʚʘʶʪ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʠʣʦʡ ʠʣʠ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʴʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʘ-

ʤʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʈʘʙʦʯʝʡ ʛʨʫʧʧʦʡ WG7 (ʩʤ. [39]). ʐʫʤ ʧʨʠ ʢʦʩʚʝʥʥʦʡ ʚʦʟʜʫʰʥʦʡ 

ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʪʘʢʞʝ ʤʦʞʝʪ ʠʛʨʘʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ. ɼʣʷ 

ʦʮʝʥʢʠ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ ʦʧʨʝʜʝʣʷʪʁ wL  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʘʤʠ, ʨʘʟʨʘʙʦʪʘʥ-

ʥʳʤʠ ʈʘʙʦʯʝʡ ʛʨʫʧʧʦʡ WG7 (ʩʤ. [39]); 
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 d) ʠʩʪʦʯʥʠʢʠ ʰʫʤʘ ʚʳʪʷʥʫʪʦʡ ʬʦʨʤʳ (ʚʘʥʥʳ, ʛʠʜʨʦʤʘʩʩʘʞʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠ 

ʪ. ʜ.) ʟʘʢʨʝʧʣʷʶʪ ʚ ʙʦʣʝʝ ʯʝʤ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʚʘʥ-

ʥ ,r ʧʨʠʢʨʝʧʣʝʥʥʦʡ ʢ ʧʦʣʫ ʠ ʜʚʫʤ ʩʪʝʥʘʤ). ʇʨʠʤʝʨ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 7. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʠʩʪʦʯʥʠʢʠ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʪʨʝʭʤʝʨʥʳʝ ʠ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʪʜʝʣʴʥʦ (ʩʤ. [9]). ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʪʘʢʠʭ ʠʩʪʦʯ-

ʥʠʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʘʤʠ ʠʟʤʝʨʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʈʘʙʦʯʝʡ ʛʨʫʧ-

ʧʦʡ WG7. 

 ʇʨʠ ʚʦʟʜʫʰʥʦʡ ʟʚʫʢʦʧʝʨʝʜʘʯʝ (ʩʤ. 4.3) ʟʚʫʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʚʦʟʜʫʰ-

ʥʦʛʦ ʰʫʤʘ WaL , ʠʟʤʝʨʝʥʥʘʷ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ ʉ), ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʚ ʬʦʨʤʫʣʝ (15). ʉ ʧʦʤʦʱʴʶ ʧʨʠʙʣʠʞʝʥʥʦʡ ʬʦʨʤʫʣʳ (16b) ʤʦʞʥʦ ʦʮʝʥʠʪʴ  

ʟʚʫʢʦʧʝʨʝʜʘʯʫ ʧʨʠ ʜʠʬʬʫʟʥʦʤ ʧʦʣʝ ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ. ʇʦʜʦʙʥʳʝ ʣʘʙʦʨʘʪʦʨ-

ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʷʤʦʤ ʠ ʙʣʠʞʥʝʤ ʟʚʫʢʦʚʦʤ ʧʦʣʝ 

ʚʙʣʠʟʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʫʝʪ ʩʧʦʩʦʙ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʢ ʵʣʝʤʝʥʪʫ (ʩʪʝʥʘ ʠʣʠ ʧʦʣ), ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʦʤʫ ʢ ʦʙʦ-

ʨʫʜʦʚʘʥʠʶ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ 

ʧʨʠ ʪʨʝʭʧʣʦʩʢʦʩʪʥʦʡ ʫʩʪʘʥʦʚʢʝ ʢʦʩʚʝʥʥʘʷ ʚʦʟʜʫʰʥʘʷ ʟʚʫʢʦʧʝʨʝʜʘʯʘ ʜʦʣʞʥʘ ʫʯʠʪʳ-

ʚʘʝʪʩʷ. 

 ʇʨʠ ʩʪʨʫʢʪʫʨʥʦʡ ʟʚʫʢʦʧʝʨʝʜʘʯʝ (ʩʤ. 4.4) ʩʫʤʤʘ ʧʝʨʚʳʭ ʜʚʫʭ ʩʣʘʛʘʝʤʳʭ 

iCcWs DL ,, +  ʚ ʬʦʨʤʫʣʝ (18ʘ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʨʦʚʝʥʴ ʤʦʱʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫ-

ʤʘ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ i ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ. ɼʘʥʥʳʡ ʫʨʦʚʝʥʴ 

ʤʦʱʥʦʩʪʠ, ʥʘʟʳʚʘʝʤʳʡ ʧʝʨʝʜʘʥʥʳʤ ʫʨʦʚʥʝʤ ʤʦʱʥʦʩʪʠ ʵʣʝʤʝʥʪʘ i, ʤʦʞʝʪ ʙʳʪʴ 

ʦʮʝʥʝʥ ʧʦ ʫʨʦʚʥʶ ʧʝʨʝʜʘʥʥʦʡ ʤʦʱʥʦʩʪʠ 
inWsL ,,
 ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʝʩʫʱʝʡ ʧʨʠʝʤʥʦʡ 

ʧʣʠʪʝ, ʠʟʤʝʨʝʥʥʦʤʫ ʚ ʣʘʙʦʨʘʪʦʨʠʠ (ʩʤ. D.1.2); 

e) ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʩʪʨʫʷ ʚʦʜʳ (ʥʘʧʨʠʤʝʨ, ʥʘ ʚʳʭʦʜʝ ʠʟ ʜʫʰʘ ʠʣʠ ʢʨʘʥʘ), 

ʙʨʳʟʛʠ ʥʘ ʩʪʝʥʢʘʭ ʙʘʩʩʝʡʥʘ, ʚʘʥʥʳ ʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʧʨʝʦʙ-

ʣʘʜʘʶʱʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʠʣʠ ʚʦʟʜʫʰʥʳʡ ʰʫʤ. ʇʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʚʢʣʘʜ ʰʫʤʘ ʦʪ ʢʘʞʜʦ-

ʛʦ ʠʟ ʫʢʘʟʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʪʜʝʣʴʥʦ (ʩʤ. ʨʠʩʫʥʢʠ 5, 6 ʠ 7). 

5.5 ʈʘʩʯʝʪ ʰʫʤʘ ʚʥʫʪʨʝʥʥʝʡ ʢʘʥʘʣʠʟʘʮʠʠ 

5.5.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

 ʂʘʥʘʣʠʟʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩʦʩʪʦʷʪ ʠʟ ʢʦʤʙʠʥʘʮʠʠ ʪʨʫʙ ʩ ʪʨʦʡʥʠʢʘʤʠ, ʦʪʚʦʜʘ-

ʤʠ, ʩʦʝʜʠʥʝʥʠʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʨʝʧʣʝʥʠʷ (ʯʘʩʪʦ ʩ ʧʦʤʦʱʴʶ ʭʦʤʫʪʦʚ). ɺʠʙʨʘʮʠʷ, ʚʳʟʳʚʘʝʤʘʷ ʜʚʠʞʝʥʠʝʤ  ʧʦʪʦʢʘ 
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ʠʣʠ ʧʘʜʝʥʠʝʤ ʚʦʜʳ ʚ ʪʨʫʙʘʭ, ʧʦʨʦʞʜʘʝʪ ʣʠʙʦ ʚʦʟʜʫʰʥʳʡ  ʰʫʤ, ʣʠʙʦ ʧʝʨʝʜʘʝʪʩʷ ʥʘ 

ʢʦʥʩʪʨʫʢʮʠʠ (ʩʪʝʥʳ, ʧʦʣʳ). ɼʣʷ ʩʥʠʞʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʢʨʝʧʣʝʥʠʷ (ʩʤ. [9] ʠ [10]). 

 ʇʨʠ ʢʦʩʚʝʥʥʦʡ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʚʦʟʜʫʰʥʳʡ ʠ ʩʪʨʫʢʪʫʨʥʳʡ ʰʫʤ ʠʟʤʝʨʷʪʁ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ [38] ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ D). ʆʧʨʝʜʝʣʷ-

ʶʪ ʜʚʝ ʚʝʣʠʯʠʥʳ: ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ anL  ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ scL , ʧʨʠʤʝʥʠ-

ʤ ʝr ʜʣʷ ʫʢʘʟʘʥʥʦʡ ʯʘʩʪʠ ʢʘʥʘʣʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʘ ʢʨʝʧʣʝ-

ʥʠʷ. ʂʘʥʘʣʠʟʘʮʠʦʥʥʳʝ ʪʨʫʙʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʳ ʩ ʥʝʩʫʱʝʡ ʩʪʝʥʦʡ ʯʝʨʝʟ ʜʚʝ ʪʦʯ-

ʢʠ ʢʨʝʧʣʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʠ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʳʝ ʢʘʢ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʠʩʪʦʯʥʠʢ ʩʯʠʪʘʶʪ 

ʦʜʥʦʪʦʯʝʯʥʳʤ. ʊʘʢʠʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʨʫʢ-

ʪʫʨʥʦʛʦ ʠ ʚʦʟʜʫʰʥʦʛʦ (ʩʤ. 5.5.2). 

 ʉʪʘʥʜʘʨʪ [38] ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ 

ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʩʠcʪʝʤ: ʨʘʢʦʚʠʥʳ, ʫʥʠʪʘʟʳ, ʚʘʥʥʳ, ʚʦʜʦʦʪʚʦʜʳ ʠʣʠ ʘʢʪʠʚʥʳʝ 

ʫʩʪʘʥʦʚʢʠ (ʥʘʩʦʩʳ). 

5.5.2 ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 

 ʋʨʦʚʝʥʴ ʤʦʱʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ WL  ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ 

ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ 
cWsL ,
 ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʜʚʫʤ 

ʚʝʣʠʯʠʥʘʤ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʦ [38],  ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ (ʉ.1) ʠ (D.8) ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʉ 

ʠ D  ʥʘʩʪʦʷʱʝʛʦ ʩʪʘʥʜʘʨʪʘ. 

 ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ ʠʟʣʦʞʝʥ ʚ 4.3. ʉ ʧʦʤʦʱʴʶ 

ʧʨʠʙʣʠʞʝʥʥʦʡ  ʬʦʨʤʫʣʳ (16b) ʦʮʝʥʠʚʘʶʪ ʟʚʫʢʦʧʝʨʝʜʘʯʫ ʧʨʠ ʜʠʬʬʫʟʥʦʤ ʟʚʫʢʦʚʦʤ 

ʧʦʣʝ ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ (ʩʤ. ʪʘʢʞʝ ʧʨʠʣʦʞʝʥʠʝ ʉ). 

 ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʠʟʣʦʞʝʥ ʚ 4.4. ʆʧʦʨʥʳʤ 

ʵʣʝʤʝʥʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʘʷ ʧʣʠʪʘ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʢʦ-

ʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʙʝʩʢʦʥʝʯʥʦʡ ʧʣʘʩʪʠʥʳ 

(ʩʤ. F.3.1). ʇʨʝʜʧʦʣʘʛʘʷ ʩʠʣʦʚʦʡ ʭʘʨʘʢʪʝʨ ʠʩʪʦʯʥʠʢʘ, ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʦʜʚʠʞ-

ʥʦʩʪʴ ʧʨʠʥʠʤʘʪʁ ʚ ʢʘʯʝʩʪʚʝ (ʚʳʩʦʢʦʛʦ) ʦʧʦʨʥʦʛʦ ʟʥʘʯʝʥʠʷ 3

, 10-=refsY ʤ/ʅĀʩ, ʫʩʪʘʥʘʚ-

ʣʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʩʚʷʟʴ ʚʝʣʠʯʠʥ ʧʨʠʣʦʞʝʥʠ ̫D ʩ ʧʦʜʚʠʞʥʦʩʪʴʶiY  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʠʣʦʞʝʥʠʝʤ F. 
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 ɽʩʣʠ ʠʟʚʝʩʪʝʥ ʫʨʦʚʝʥʴ ʩʪʨʫʢʪʫʨʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʪ ʤʦʥʪʘʞʥʦʡ ʩʪʝʥʳ ʢ 

ʧʦʤʝʱʝʥʠ ʁ
situSSL ,

 (ʠʟʤʝʨʝʥʥʳʡ, ʥʘʧʨʠʤʝʨ, ʧʦ [38]), ʪʦ ʩʫʤʤʘʨʥʳʡ ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦ-

ʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʧʦ ʬʦʨʤʫʣʝ  

 2

,,,, lg107,34 fLLL situSScWssnp +-+= ,   (21) 

5.6 ʈʘʩʯʝʪ ʰʫʤʘ ʜʨʫʛʠʭ ʚʠʜʦʚ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

5.6.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

 ʂ ʜʨʫʛʠʤ ʚʠʜʘʤ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪʥʦʩʷʪʩʷ ʤʫʩʦʨʦʧʨʦʚʦʜʳ, ʢʦʪʣʳ, 

ʥʘʩʦʩʳ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʢʨʳʚʘʝʤʳʝ ʚʦʨʦʪʘ (ʰʣʘʛʙʘʫʤʳ) ʘʚʪʦʩʪʦʷʥʦʢ ʠ ʜʨʫʛʦʝ ʙʳ-

ʪʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʨʘʩʯʝʪ ʰʫʤʘ ʪʘʢʦʛʦ ʨʦʜʘ ʦʙʦʨʫʜʦʚʘʥʠ ̫ʤʦ-

ʞʝʪ ʙʳʪʴ ʘʥʘʣʦʛʠʯʝʥ ʨʘʩʯʝʪʫ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚʳʰʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʍʦʪʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʜʣʷ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ ʥʝʪ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʰʫʤʫ ʚʥʫʪʨʠ ʢʚʘʨʪʠʨ, 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʚʠʜʦʚ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ, ʥʘʧʨʠʤʝʨ ʧʦʩʫʜʦʤʦʝʯʥʳʝ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ 

ʩʪʠʨʘʣʴʥʳʝ ʤʘʰʠʥʳ, ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ. 

 ʐʫʤ ʧʦʩʫʜʦʤʦʝʯʥʭr ʤʘʠhʥ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚ ʧʦʤʝʱʝʥʠʷʭ, ʛʜʝ ʦʥʠ ʫʩʪʘʥʦʚ-

ʣʝʥʳ, ʪ. ʢ. ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʣʠʰʴ ʧʨʷʤʦʝ ʠʟʣʫʯʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ. ʂʦʩʚʝʥ-

ʥʘʷ ʚʦʟʜʫʰʥʘʷ ʟʚʫʢʦʧʝʨʝʜʘʯʘ ʚ ʜʨʫʛʠʝ ʧʦʤʝʱʝʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ʋʨʦʚʝʥʴ ʰʫʤʘ 

ʩʪʠʨʘʣʴʥʳʭ ʤʘʰʠʥ ʚ ʧʦʤʝʱʝʥʠʠ, ʛʜʝ ʦʥʠ ʫʩʪʘʥʦʚʣʝʥʳ, ʦʙʫʩʣʦʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ ʚʦʟ-

ʜʫʰʥʳʤ ʰʫʤʦʤ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʚ ʩʤʝʞʥʳʭ 

ʧʦʤʝʱʝʥʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʟʚʫʢʦʧʝʨʝʜʘʯʝʡ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ. 

5.6.2 ʈʫʢʦʚʦʜʷʱʠʝ ʫʢʘʟʘʥʠʷ 

ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ WL  ʧʦʩʫʜʦʤʦʝʯʥʳʭ ʠ ʩʪʠʨʘʣʴʥʳʭ ʤʘʰʠʥ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʯʘʩʪʠ ʄʕʂ 60335-2 *). 

ʉʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʀʤʝʶʪʩʷ 

ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʝʪʦʜʘ ʧʨʠʝʤʥʦʡ ʧʣʘʩʪʠʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʚʠ-

ʚʘʣʝʥʪʥʦʛʦ ʫʨʦʚʥʷ ʩʠʣ.r ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʥʘ 

ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ (ʥʘʠʙʦʣʝʝ ʚʘʞʥʘʷ ʦʙʣʘʩʪʴ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ) ʧʦʜʦʙʥʦ ʠʤʧʝʜʘʥ-

ʩʫ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʤʘʩʩʳ ʦʙʳʯʥʦ ʦʪ 5 ʜʦ 10 ʢʛ [11]. ʂʘʢ ʫʢʘʟʘʥʦ ʚ ʧʨʠʣʦʞʝʥʠʠ F, 

ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʰʫʤʘ ʠʩʪʦʯʥʠʢʘ 
cWsL ,
 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʣʠʯʠʥ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʚʷʟʠ. 

                                                 
*
 ʄʕʂ 60335-2 ʇʨʠʙʦʨʳ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʙʳʪʦʚʦʛʦ ʠ ʘʥʘʣʦʛʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɹʝʟʦʧʘʩʥʦʩʪʴ.  
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 ʂʘʢ ʧʨʘʚʠʣʦ, ʢʘʢʦʡ-ʣʠʙʦ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʟʚʫʢʦʧʝʨʝʜʘʶʱʠʡ ʵʣʝʤʝʥʪ ʧʨʠ ʨʘʙʦ-

ʪʝ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʥʦ ʠʥʦʛʜʘ ʧʨʠʤʝʥʷʶʪ ʟʚʫʢʦʠʟʦʣʠʨʫʶʱʠʝ ʢʦʞʫʭʠ 

ʠʣʠ ʫʧʨʫʛʠʝ ʦʧʦʨʳ. 

 ɺʦʟʜʫʰʥʳʡ ʰʫʤ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ ʩʦʟʜʘʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʧʦʤʝʱʝʥʠʠ, 

ʛʜʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʩʪʘʥʦʚʣʝʥʦ ʜʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʅʘ ʜʦʩʪʘʪʦʯʥʦʤ ʨʘʩʩʪʦʷ-

ʥʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ (ʚ ʩʣʫʯʘʝ ʨʝʚʝʨʙʝʨʘʮʠʦʥʥʦʛʦ ʧʦʣ̫) ʚ ʢʘʯʝʩʪʚʝ ʦʮʝʥʢʠ ʧʨʠʚʝʜʝʥʥʦ-

ʛʦ ʫʨʦʚʥ ̫ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʫʨʦʚʝʥɹ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ, 

ʫʤʝʥʴʰʝʥʥʳʡ ʥʘ 4 ʜɹ.  

ʋʨʦʚʝʥʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦ 4.4.1 ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʚ ʚʦʟʜʫʰʥʳʡ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʣʦʞʝ-

ʥʠʝʤ F. 

 

6 ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʨʘʩʯʝʪʘ 

ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʨʘʩʯʝʪʘ ʫʨʦʚʥʝʡ ʰʫʤʘ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠ ̫ʚ ʟʜʘ-

ʥʠʷʭ, ʟʘʚʠʩʠʪ ʦʪ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦʙ ʠʩʪʦʯʥʠʢʘʭ ʠ ʩʪʨʫʢʪʫʨʘʭ, ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʫ-

ʝʤʦʡ ʩʠʪʫʘʮʠʠ, ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ. ʉʣʝʜʫʝʪ ʦʪʣʠʯʘʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦʙ ʠʩʪʦʯ-

ʥʠʢʝ ʰʫʤʘ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʨʘʩʯʝʪʘ ʟʚʫʢʦʧʝʨʝʜʘʯʠ. ɿʥʘʯʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝ-

ʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʪʦʤ ʧʦʢʘ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ʆʙʦʙʱʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʥʘ  ̫ʥʝʦʧʨʝ-

ʜʝʣʝʥʥʦʩʪ ɹʦʮʝʥʢʠ ʦʜʥʠʤ ʯʠʩʣʦʤ (ʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʭ ʧʦ ɸ ʠʣʠ ʧʦ ʉ ʫʨʦʚʥʝʡ ʰʫʤʘ), 

ʢʦʪʦʨʘʷ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʧʦʢʨʳʪʠʷ 2 ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʥʘ ʜʦ 5 ʜɹ ʜʣʷ ʠʩʭʦʜʥʳʭ ʜʘʥ-

ʥʳʭ ʦʙ ʠʩʪʦʯʥʠʢʝ ʰʫʤʘ ʠ 5 ʜɹ ʜʣʷ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʟʚʫʢʦʧʝʨʝʜʘʯʠ. ʇʨʠ ʧʨʝʜʧʦ-

ʣʘʛʘʝʤʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʵʪʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʫʤʤʘʨʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʙʫʜʝʪ ʜʦʩʪʠʛʘʪʴ 7 ʜɹ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʧʳʪʝ ʧʨʠʤʝʥʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤʳʭ 

ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ, ʚ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʮʝʥʢʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʜʣʷ ʨʘʟ-

ʥʳʭ ʪʠʧʦʚ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʠ ʜʝʪʘʣʠʟʘʮʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʨʘʚʥʝʥʠʷ. 
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ʊʘʙʣʠʮʘ 2 ï ʆʙʱʘʷ ʦʮʝʥʢʘ ʨʘʩʰʠʨʝʥʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʜʘʥʠ ̫

ʊʠʧ ʠʩʪʦʯʥʠʢʘ 
ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 
ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 
ʦʙ ʠʩʪʦʯʥʠʢʝ, ʜɹ 

ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 
ʟʚʫʢʦʧʝʨʝʜʘʯʠ, ʜɹ 

ʇʨʠʤʝʯʘʥʠʷ 

ɺʩʝ ʪʠʧʳ 5 5 

ɹʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝ-
ʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠ 
ʤʘʩʩʠʚʥʳʭ ʩʪʨʦʠ-
ʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠ-

ʷʭ 

ʉʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ 2 2  

ʉʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ 3 4  

ʃʠʬʪr 4 3  

ʋʩʪʘʥʦʚʢʠ 
ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

3 5  

ɹʳʪʦʚʳʝ ʧʨʠʙʦʨʳ ʠ 
ʦʙʦʨʫʜʦʚʘʥʠʝ 

3 3  
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ʇʨʠʣʦʞʝʥʠʝ ɸ 

(ʦʙʷʟʘʪʝʣʴʥʦʝ) 

ʇʝʨʝʯʝʥʴ ʦʩʥʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ 

ʊʘʙʣʠʮʘ ɸ.1 ï ʇʝʨʝʯʝʥʴ ʦʙʦʟʥʘʯʝʥʠʡ 

ʆʙʦʟʥʘʯʝʥʠʝ ɺʝʣʠʯʠʥʘ ɽʜ. ʠʟʤ. 

A  
ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʧʣʦʱʘʜʴ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ 

ʧʨʠʝʤʥʦʛʦ ʧʦʤʝʱʝʥʠʷ 
ʤ2 

refA  ʉʪʘʥʜʘʨʪʥʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʧʣʦʱʘʜʴ ʟʚʫ-
ʢʦʧʦʛʣʦʱʝʥʠʷ, ʨʘʚʥʘ  ̫10 ʤ2 

ʤ2 

sA  
ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʧʣʦʱʘʜʴ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ 

ʧʦʤʝʱʝʥʠ ̫ʠʩʪʦʯʥʠʢʘ 
ʤ2 

0c  ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʚʦʟʜʫʭʝ ʤ/ʩ 

d  
ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʤʝʥʪʦʤ, ʠʟʣʫʯʘʶ-

ʱʠʤ ʰʫʤ, ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʦʡ ʚ ʧʦʤʝʱʝ-
ʥʠʠ; ʜʠʘʤʝʪʨ ʚʦʟʜʫʭʦʚʦʜʘ 

ʤ 

snD ,
 

ʇʨʠʚʝʜʝʥʥʘ  ̫ ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʧʨʠ ʢʦʩ-
ʚʝʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʯʝʨʝʟ ʩʠ-
ʩʪʝʤʫ s  

ʜɹ 

itD ,
 ʇʦʪʝʨʠ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʵʣʝʤʝʥʪʦʤ i  

ʩʠʩʪʝʤʳ 
ʜɹ 

oitD ,
 

ʇʦʪʝʨʠ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʦʪʚʝʨʩʪʠʡ 
ʚʦʟʜʫʭʦʚʦʜʘ ʠʣʠ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʟʚʫʢʦʧʝʨʝ-
ʜʘʯʝ ʩʥʘʨʫʞʠ ʚʥʫʪʨʴ  

ʜɹ 

iotD ,
 

ʇʦʪʝʨʠ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʦʪʚʝʨʩʪʠʡ 
ʚʦʟʜʫʭʦʚʦʜʘ ʠʣʠ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʟʚʫʢʦʧʝʨʝ-
ʜʘʯʝ ʠʟʥʫʪʨʠ ʥʘʨʫʞʫ 

ʜɹ 

isD ,
 ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʵʣʝʤʝʥʪʫ i  ʚ ʧʦʤʝʱʝʥʠʠ 

ʠʩʪʦʯʥʠʢʘ  
ʜɹ 

iD  
ɺʥʦʩʠʤʳʝ ʧʦʪʝʨʠ ʛʣʫʰʠʪʝʣʷ ʰʫʤʘ ʠʣʠ 

ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚʦʟʜʫʭʦʚʦʜʘ 
ʜɹ 

WD  
ʂʦʵʬʬʠʮʠʝʥʪ ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʟʚʫʢʦʚʦʡ 

ʤʦʱʥʦʩʪʠ ʢʦʞʫʭʦʤ (ʦʛʨʘʞʜʝʥʠʝʤ) 
ʜɹ 

iCD ,
 ʂʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʠʩʪʦʯʥʠʢʘ, ʫʩʪʘʥʦʚ-

ʣʝʥʥʦʛʦ ʥʘ ʥʝʩʫʱʝʤ ʵʣʝʤʝʥʪʝ ʟʜʘʥʠʷ i  
ʜɹ 

isaD ,
 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-
ʛʦ ʰʫʤʘ ʚ ʚʦʟʜʫʰʥʳʡ ʜʣʷ ʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥ-
ʪʘ i  

ʜɹ 

WD  
ʀʥʜʝʢʩ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʣʫʯʘʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ ʠʣʠ ʠʩʪʦʯʥʠʢʘ ʚ ʧʦʤʝʱʝʥʠʠ 
ʜɹ 

e  
ʏʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʧʦʤʝʱʝʥʠʝʤ ʠʩ-

ʪʦʯʥʠʢʘ ʠ ʧʨʠʝʤʥʳʤ ʧʦʤʝʱʝʥʠʝʤ 
- 

aiE .  
ʕʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡ ʵʣʝʤʝʥʪʘ i, ʚʦʟʙʫʞ-

ʜʝʥʥʘʷ ʚʦʟʜʫʰʥʳʤ ʰʫʤʦʤ 
ɼʞ 

siE .  
ʕʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡ ʵʣʝʤʝʥʪʘ i, ʚʦʟʙʫʞ-

ʜʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʳʤ ʰʫʤʦʤ 
ɼʞ 

f  
ʉʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʧʦʣʦʩʳ 

ʯʘʩʪʦʪ 
ɻʮ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ ɸ.1 
 

ʆʙʦʟʥʘʯʝʥʠʝ ɺʝʣʠʯʠʥʘ ɽʜ. ʠʟʤ. 

mk  
ʉʨʝʜʥ̫̫ ʧʦ ʯʘʩʪʦʪʝ ʧʝʨʝʭʦʜʥʘʷ ʜʠʥʘʤʠ-

ʯʝʩʢʘʷ ʞʝʩʪʢʦʩʪʴ ʫʧʨʫʛʦʡ ʦʧʦʨr m  
ʅ/ʤ 

l  
ɼʣʠʥʘ ʵʣʝʤʝʥʪʘ, ʠʟʤʝʨʝʥʥʘʷ ʚʜʦʣʴ ʦʩʝ-

ʚʦʡ ʣʠʥʠʠ ʚʦʟʜʫʭʦʚʦʜʘ 
ʤ 

refl  ʆʧʦʨʥʘʷ ʜʣʠʥʘ, 1=refl ʤ ʤ 

nL  
ʉʫʤʤʘʨʥʳʡ ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦ-

ʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ ʦʪ ʚʩʝʭ ʠʩʪʦʯʥʠ-
ʢʦʚ 

ʜɹ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ 

20 ʤʢʇʘ 

nTL  
ʉʫʤʤʘʨʥʳʡ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʡ ʫʨʦʚʝʥʴ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ ʦʪ ʚʩʝʭ ʠʩ-
ʪʦʯʥʠʢʦʚ 

ʜɹ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ 

20 ʤʢʇʘ 

idnL ,,
 

ʇʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 
ʰʫʤʘ, ʧʝʨʝʜʘʥʥrʡ ʯʝʨʝʟ ʪʨʫʙʫ ʠʣʠ ʚʦʟʜʫʭʦ-
ʚʦʜ ʦʪ ʠʩʪʦʯʥʠʢʘ i  

ʜɹ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ 

20 ʤʢʇʘ 

janL ,,
 

ʇʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 
ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ, ʧʝʨʝʜʘʥʥʦʛʦ ʯʝʨʝʟ ʢʦʥ-
ʩʪʨʫʢʮʠʶ ʟʜʘʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ j  

ʜɹ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ 

20 ʤʢʇʘ 

ksnL ,,
 

ʇʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 
ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ, ʧʝʨʝʜʘʥʥʳʡ ʯʝʨʝʟ ʢʦʥ-
ʩʪʨʫʢʮʠʶ ʟʜʘʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ k  

ʜɹ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ 

20 ʤʢʇʘ 

oL  
ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ 

ʠʩʪʦʯʥʠʢʘ ʠ/ʠʣʠ ʩʥʘʨʫʞʠ ʚʦʟʜʫʭʦʚʦʜʘ  

ʜɹ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ 

20 ʤʢʇʘ 

ijanL ,,
 

ʇʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 
ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʚʦʟ-
ʙʫʞʜʝʥʠʝʤ ʵʣʝʤʝʥʪʘ i  ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯ-

ʥʠʢʘ ʠ ʧʝʨʝʜʘʥʥʳʡ ʠʟʣʫʯʘʶʱʝʤʫ ʵʣʝʤʝʥʪʫ j  

ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ 

ʜɹ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ 

20 ʤʢʇʘ 

ijsnL ,,
 

ʇʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 
ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ, 
ʩʦʟʜʘʥʥʳʡ ʠʩʪʦʯʥʠʢʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ 
ʥʝʩʫʱʝʤ ʵʣʝʤʝʥʪʝ ʟʜʘʥʠʷ i  ʚ ʧʦʤʝʱʝʥʠʠ 

ʠʩʪʦʯʥʠʢʘ, ʠ ʧʝʨʝʜʘʥʥʳʡ ʦʪ ʚʦʟʙʫʞʜʝʥʥʦʛʦ 
ʵʣʝʤʝʥʪʘ i  ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʘ-

ʶʱʝʤʫ ʵʣʝʤʝʥʪʫ j  ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ  

ʜɹ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ 

20 ʤʢʇʘ 

WL , waL  
ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 

ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ 

ʜɹ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ 
1 ʤĀɺʪ 

inWL ,
 ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʚʭʦʜʝ ʚʦʟ-

ʜʫʭʦʚʦʜʘ 

ʜɹ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ 
1 ʤĀɺʪ 

outWL ,
 ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʚʳʭʦʜʝ 

ʚʦʟʜʫʭʦʚʦʜʘ 

ʜɹ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ 
1 ʤĀɺʪ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ ɸ.1 
 

ʆʙʦʟʥʘʯʝʥʠʝ ɺʝʣʠʯʠʥʘ ɽʜ. ʠʟʤ. 

unitWL ,
 ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʤʦʜʫʣʷ  

ʜɹ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ 
1 ʤĀɺʪ 

cWsL ,
 ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ 

ʜɹ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ 
1 ʤĀɺʪ 

instWsL ,
 

ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ 
ʰʫʤʘ, ʧʝʨʝʜʘʥʥʦʛʦ ʥʝʩʫʱʝʤʫ ʵʣʝʤʝʥʪʫ, ʥʘ 
ʢʦʪʦʨʦʤ ʦʥ ʫʩʪʘʥʦʚʣʝʥ (ʧʝʨʝʜʘʥʥʘʷ ʤʦʱ-
ʥʦʩʪʴ) 

ʜɹ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ 
1 ʤĀɺʪ 

im  ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʣʝʤʝʥʪʘ i  ʢʛ/ ʤ2 

m  

ʏʠʩʣʦ ʵʣʝʤʝʥʪʦʚ i  ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠ-
ʢʘ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʟʚʫʢʦʧʝʨʝʜʘʯʝ; ʯʠʩʣʦ ʠʩ-
ʪʦʯʥʠʢʦʚ ʰʫʤʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʜʘʯʝʡ ʰʫʤʘ 
ʧʦ ʚʦʟʜʫʭʦʚʦʜʫ, ʯʠʩʣʦ ʫʧʨʫʛʠʭ ʦʧʦʨ 

- 

n  

ʏʠʩʣʦ ʵʣʝʤʝʥʪʦʚ j  ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʝɦ-

ʥʠʠ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʟʚʫʢʦʧʝʨʝʜʘʯʝ; ʯʠʩʣʦ ʠʩ-
ʪʦʯʥʠʢʦʚ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ; ʯʠʩʣʦ ʦʪʚʝʪʚʣʝ-
ʥʠʡ ʚʦʟʜʫʭʦʚʦʜʘ 

- 

o  ʏʠʩʣʦ ʠʩʪʦʯʥʠʢʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ - 

Q  
ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ 

ʵʣʝʤʝʥʪʘ 
- 

'Q  
ʕʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʨʘʚʣʝʥ-

ʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʩ ʫʯʝʪʦʤ ʙʣʠʞʥʝʛʦ ʟʚʫʢʦʚʦʛʦ 
ʧʦʣʷ 

- 

ir  
ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩ-

ʪʦʯʥʠʢʘ ʜʦ ʵʣʝʤʝʥʪʘ i  
- 

iR  ɿʚʫʢʦʠʟʦʣʷʮʠʷ ʵʣʝʤʝʥʪʘ ʟʜʘʥʠʷ i  - 

refijR ,
 

ɿʚʫʢʦʠʟʦʣʷʮʠʷ ʧʦʙʦʯʥʦʛʦ ʰʫʤʘ ʦʪ ʵʣʝ-
ʤʝʥʪʘ i ʠʟ ʧʦʤʝʱʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʢ ʵʣʝʤʝʥʪʫ j 
ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ ʩ ʦʧʦʨʥʳʤ ʟʥʘʯʝʥʠ-
ʝʤ ʧʣʦʱʘʜʠ 10=refS  ʤ2 

ʜɹ 

oiR  
ɿʚʫʢʦʠʟʦʣʷʮʠʷ ʚʦʟʜʫʭʦʚʦʜʘ ʧʨʠ ʟʚʫʢʦʧʝ-

ʨʝʜʘʯʝ ʩʥʘʨʫʞʠ ʚʥʫʪʨʴ 
ʜɹ 

ioR  
ɿʚʫʢʦʠʟʦʣʷʮʠʷ ʚʦʟʜʫʭʦʚʦʜʘ ʧʨʠ ʟʚʫʢʦʧʝ-

ʨʝʜʘʯʝ ʠʟʥʫʪʨʠ ʥʘʨʫʞʫ 
ʜɹ 

1S  
ʇʣʦʱʘʜʴ ʧʝʨʚʦʛʦ ʵʣʝʤʝʥʪʘ (1=i ) ʩʠʩʪʝʤʳ 

ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ 
ʤ2 

coS  ʇʣʦʱʘʜʴ ʦʪʢʨʳʪʦʛʦ ʢʦʥʮʘ ʚʦʟʜʫʭʦʚʦʜʘ ʤ2 

iS  
ʇʣʦʱʘʜʴ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ i  ʠʣʠ 

ʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ i  ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ 
ʤ2 

dS  
ʇʣʦʱʘʜʴ ʚʦʟʜʫʭʦʚʦʜʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʰʫʤʘ ʚ ʧʦʤʝʱʝʥʠʠ 
ʤ2 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ ɸ.1 
 

ʆʙʦʟʥʘʯʝʥʠʝ ɺʝʣʠʯʠʥʘ ɽʜ. ʠʟʤ. 

dcdS ,
 

ʇʣʦʱʘʜʴ ʚʳʭʦʜʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 
ʯʘʩʪʠ, ʥʘʭʦʜʷʱʘʷʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʰʫʤʘ 
ʚ ʧʦʤʝʱʝʥʠʠ 

ʤ2 

ucdS ,
 

ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʦʟʜʫʭʦʚʦ-
ʜʘ ʥʘ ʚʭʦʜʝ ʯʘʩʪʠ ʚʦʟʜʫʭʦʚʦʜʘ, ʥʘʭʦʜʷʱʘʷʩʷ 
ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʰʫʤʘ ʚ ʧʦʤʝʱʝʥʠʠ 

ʤ2 

tS  
ʉʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʦʛʨʘʞʜʘʶʱʠʭ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʧʦʤʝʱʝʥʠʷ 
ʤ2 

T  
ɺʨʝʤʷ ʨʝʚʝʨʙʝʨʘʮʠʠ; ʩʠʤʚʦʣ ʪʨʘʥʩʧʦʥʠ-

ʨʦʚʘʥʠʷ ʚʝʢʪʦʨʘ 
ʩ 

refT  
ʉʪʘʥʜʘʨʪʥʦʝ ʚʨʝʤʷ ʨʝʚʝʨʙʝʨʘʮʠʠ; 

5,0=refT  ʩ 

isT ,
 ɺʨʝʤʷ ʩʪʨʫʢʪʫʨʥʦʡ ʨʝʚʝʨʙʝʨʘʮʠʠ ʵʣʝʤʝʥ-

ʪʘ i  
ʩ 

V  ʆʙʲʝʤ ʧʦʤʝʱʝʥʠʷ ʤ3 

iinjW ,
 

ɿʚʫʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ, 
ʧʝʨʝʜʘʥʥʘʷ ʠʩʪʦʯʥʠʢʦʤ ʚ ʦʧʦʨʥʳʡ ʵʣʝʤʝʥʪ 
ʟʜʘʥʠʷ i  

ɺʪ 

iincW ,
 ɿʚʫʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ, ʧʘ-

ʜʘʶʱʝʛʦ ʥʘ ʵʣʝʤʝʥʪ i  
ɺʪ 

scW  
ɿʚʫʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʩʪʨʫʢʪʫʨʥʦ-

ʛʦ hʫʤʘ  
ɺʪ 

Y  
ʄʝʭʘʥʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ (Z/1= ) (ʢʦʤ-

ʧʣʝʢʩʥʘʷ ʚʝʣʠʯʠʥʘ) 
ʤ/ʅĀʩ 

{}iYRe  
ʈʝʘʣʴʥʘʷ ʯʘʩʪʴ ʧʦʜʚʠʞʥʦʩʪʠ ʵʣʝʤʝʥʪʘ i  ʚ 

ʪʦʯʢʝ ʚʦʟʙʫʞʜʝʥʠʷ 
ʤ/ʅĀʩ 

Z  
ʄʝʭʘʥʠʯʝʩʢʠʡ ʠʤʧʝʜʘʥʩ (ʢʦʤʧʣʝʢʩʥʘʷ ʚʝ-

ʣʠʯʠʥʘ) 
ʅĀʩ/ʤ 

WL'D  
ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʝʜʠ-

ʥʠʮʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʝʜʠʥʠʮʝʡ ʜʣʠʥʳ 
ʵʣʝʤʝʥʪʘ 

ʜɹ 

iWL ,'D  ʉʥʠʞʝʥʠʝ ʫʨʦʚʥ̫ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʵʣʝ-
ʤʝʥʪʦʤ i  

ʜɹ 

W 
ʊʝʣʝʩʥʳʡ ʫʛʦʣ, ʚ ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-

ʣʫʯʝʥʠʝ 
ʨʘʜ 

it 
ʂʦʵʬʬʠʮʠʝʥʪ ʟʚʫʢʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʵʣʝ-

ʤʝʥʪʘ i  ʜʣʷ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ; iiR tlg10-=   
- 

is  
ʂʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʠʟʛʠ-

ʙʥʳʭ ʚʦʣʥ ʵʣʝʤʝʥʪʘ i  
- 
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ʇʨʠʣʦʞʝʥʠʝ ɺ 

(ʩʧʨʘʚʦʯʥʦʝ) 

ʀʩʪʦʯʥʠʢʠ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ ʚ ʩʠʩʪʝʤʘʭ ʚʝʥʪʠʣʷʮʠʠ 

ɺ.1 ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʚʝʥʪʠʣʷʪʦʨʦʚ 

 ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʚʝʥʪʠʣʷʪʦʨʦʚ ʜʦʣʞʝʥ ʫʢʘʟʳʚʘʪʴʩʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʚʝʥʪʠʣʷʪʦʨ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [40], 

[42]. ʉʧʨʘʚʦʯʥʠʢʠ ʠ ʨʫʢʦʚʦʜʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʫʨʦʚʥʷ 

ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʚʝʥʪʠʣʷʪʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʝ  ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʩʤ., ʥʘʧʨʠʤʝʨ, [1]). 

ɺ.2 ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʦʚʦʛʦ ʰʫʤʘ 

 ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʰʫʤʘ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ ʥʘ 

ʢʣʘʧʘʥʘʭ, ʨʝʰʝʪʢʘʭ, ʜʝʤʧʬʝʨʘʭ, ʛʣʫʰʠʪʝʣʷʭ, ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʚʦʟʜʫʭʦʚʦʜʦʚ, 

ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɽʅ ʀʉʆ 7235. ɺ ʩʧʨʘʚʦʯʥʠʢʘʭ ʠ ʨʫʢʦʚʦʜʩʪʚʘʭ 

ʩʦʜʝʨʞʠʪʩʷ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʦʚʦʛʦ 

ʰʫʤʘ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʩʤ., 

ʥʘʧʨʠʤʝʨ, [1]). ʆʜʥʘʢʦ ʟʚʫʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʧʦʪʦʢʦʚʦʛʦ ʰʫʤʘ ʟʘʯʘʩʪʫʶ ʙʦʣʴʰʝ 

ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʩʠʩʪʝʤʝ (ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ), ʯʝʤ 

ʦʪ ʩʚʦʡʩʪʚ ʩʘʤʦʛʦ ʵʣʝʤʝʥʪʘ. 
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ʇʨʠʣʦʞʝʥʠʝ ʉ 

(ʩʧʨʘʚʦʯʥʦʝ) 

ʀʩʪʦʯʥʠʢʠ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ 

ʉ.1 ʀʩʪʦʯʥʠʢʠ ʰʫʤʘ 

ʉ.1.1 ʀʥʞʝʥʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʛʠʜʨʦʤʘʩʩʘʞʥʳʭ ʚʘʥʥ   

 ʉʪʨʫʢʪʫʨʥʳʡ ʠ ʚʦʟʜʫʰʥʳʡ ʰʫʤ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʛʠʜʨʦʤʘʩʩʘʞʥʳʭ 

ʚʘʥʥ ʠʟʤʝʨʷʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [39]  ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ D). 

ɺʦʟʜʫʰʥʳʡ ʰʫʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʨʦʚʥʝʤ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ WAL  ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʩʯʠʪʘʥ ʧʦ 4.3. 

ʉ.1.2 ʉʠʩʪʝʤʳ ʢʘʥʘʣʠʟʘʮʠʠ 

 ʉʪʨʫʢʪʫʨʥʳʡ ʠ ʚʦʟʜʫʰʥʳʡ ʰʫʤ ʧʨʠʙʦʨʦʚ ʩʠʩʪʝʤ ʢʘʥʘʣʠʟʘʮʠʠ ʠʟʤʝʨʷʪʁ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ [38] ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ D). ɺʦʟʜʫʰʥʳʡ ʰʫʤ ʚʳ-

ʨʘʞʘʁʪ ʧʨʠʚʝʜʝʥʥʳʤ ʫʨʦʚʥʝʤ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ anL . ʊʘʢʦʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʰʫʤʘ ʧʨʠʤʝʥʠʤ ʢ ʫʯʘʩʪʢʘʤ ʩʠʩʪʝʤ ʢʘʥʘʣʠʟʘʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʣʠʥʦʡ ʦʢʦʣʦ 3 ʤ. 

 ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ ʜʣʷ ʫʢʘʟʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʨʘʩʩʯʠ-

ʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 

 4
4

lg10 +=+= an

ref

anW L
A

LL .    (ʉ.1) 

 ʌʦʨʤʫʣʫ (ʉ.1) ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʨʘʩʯʝʪʘʭ ʧʦ 5.5.2. 

ʉ.1.3 ʆʪʦʧʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ 

 ɼʣʷ ʢʦʪʣʦʚ ʩ ʛʦʨʝʣʢʘʤʠ ʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʧʦʜʘʯʝʡ ʚʦʟʜʫʭʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʦʪʦʧʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ P , ʢɺʪ, ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʤ ʧʦ ɸ ʫʨʦʚʥʝʤ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ WAL , ʜɹɸ, ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫ-

ʣʦʡ [12] 

 PLWA lg1257+= .            (ʉ.2) 

ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ʧʦ ʬʦʨʤʫʣʝ (ʉ.2) ʩʦʩʪʘʚʣʷʝʪ Ñ 5 ʜɹɸ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʚʝʣʠʯʠʥʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʋ ʢʦʪʣʦʚ, ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤʦʡ ʚʳʪʷʞʢʠ, ʚʦʟʤʦʞʥʦ ʩʥʠʟʠʪʴ ʢʦʨʨʝʢʪʠʨʦ-

ʚʘʥʥʳʡ ʧʦ ɸ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʜʦ 20 ʜɹɸ. 
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ʉ.2 ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ 

ɽʩʣʠ ʠʩʪʦʯʥʠʢʠ ʰʫʤʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚʙʣʠʟʠ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʷ, ʪʦ ʦʮʝʥʢʘ ʫʨʦʚ-

ʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ ʯʠʩʣʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʫʨʦʚʥ ̫

ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ. 

ɼʣʷ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʦ [13]: 

 - ʧʨʠ ʙʣʠʟʢʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʢ ʩʪʝʥʝ ʧʨʷʤʦʝ ʠʟʣʫʯʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ, ʠ ʟʚʫʢʦʠʟʦʣʷʮʠʷ ʩʪʝʥʳ ʧʨʠ ʜʠʬʬʫʟʥʦʤ ʧʦʣʝ ʥʝ ʜʘʝʪ 

ʜʦʩʪʦʚʝʨʥʦʡ ʦʮʝʥʢʠ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʰʫʤʘ ʯʝʨʝʟ ʩʪʝʥʫ; 

 - ʚ ʩʣʫʯʘʝ ʩʠʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʣʦʢʘʣʴʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʩʪʝʥʳ 

ʩʭʦʞʝ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʠ ʩʣʝʜʫʝʪ ʩʦʙʣʶʜʘʪʴ ʦʩʤʦʪʨʠʪʝʣʴʥʦʩʪʴ, ʦʩʦ-

ʙʝʥʥʦ ʥʘ ʯʘʩʪʦʪʘʭ ʥʠʞʝ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ʩʪʝʥʳ. 

ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʷʤʦʛʦ ʠ ʙʣʠʞʥʝʛʦ ʧʦ-

ʣʝʡ ʠʩʪʦʯʥʠʢʦʚ ʟʚʫʢʦʧʝʨʝʜʘʯʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʢʦʨʨʝʢʪʥʦ ʦʮʝʥʝʥʘ ʚʝʣʠʯʠʥʘʤʠ, ʧʦʣʫ-

ʯʝʥʥʳʤʠ ʜʣʷ ʜʠʬʬʫʟʥʦʛʦ ʧʦʣ̫ (
ijR , 

isD ,
). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ 

ʟʚʫʢʦʠʟʦʣʷʮʠʠ, ʨʘʟʨʘʙʘʪʳʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ɿʚʫʢʦʚʦʝ ʧʦʣʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʠʩʪʦʯʥʠʢʦʤ hʫʤʘ 

ʠ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʟʜʘʥʠʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʠʬʬʫʟʥʦʝ 

ʟʚʫʢʦʚʦʝ ʧʦʣʝ ʩ ʤʘʣʳʤ ʟʘʪʫʭʘʥʠʝʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʟʚʫʢʦʚʦʛʦ ʜʘʚ-

ʣʝʥʠ̫. ʇʦ ʠʟʚʝʩʪʥʦʤʫ ʠʣʠ ʨʘʩʩʯʠʪʘʥʥʦʤʫ ʫʨʦʚʥ ʁʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ WL'  ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʡ ʧʣʦʱʘʜʴʶ ( bl³ ) ʤ2 ʠʩʪʦʯʥʠʢʘ ʥʘ ʨʘʩʩʪʦʷʥʠʷ h  ʦʪ ɻʣʝʤʝʥʪʘ ʟʜʘʥʠʷ ʫʨʦ-

ʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʧʦ ʬʦʨʤʫʣʝ [14] 
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ʇʨʠʣʦʞʝʥʠʝ D 

(ʩʧʨʘʚʦʯʥʦʝ) 

ʀʩʪʦʯʥʠʢʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ 

D.1 ʀʟʤʝʨʝʥʠʝ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ 

D.1.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

ʀʟʤʝʨʝʥʠʝ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʟ-

ʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʠʙʨʘʮʠʠ ʠʩʪʦʯʥʠʢʘ ʚ ʪʦʯʢʘʭ ʝʛʦ ʢʦʥʪʘʢʪʘ ʩ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

(ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʜʚʠʞʝʥʠʝ ʵʪʠʭ ʪʦʯʝʢ ʥʝ ʦʛʨʘʥʠʯʝʥʦ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʠʥʳʤʠ ʩʚʷ-

ʟʷʤʠ) ʠ ʠʟʤʝʨʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʚʭʦʜʥʳʭ ʧʦʜʚʠʞʥʦʩʪʝʡ ʠʩʪʦʯʥʠʢʘ ʜʣʷ ʚʩʝʭ 

ʰʝʩʪʠ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ɼʣʷ ʠʩʪʦʯʥʠʢʘ ʠʣʠ ʝʛʦ ʯʘʩʪʝʡ  ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʪʦʯʢʘʤʠ ʢʦʥ-

ʪʘʢʪʘ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ  

  refsfs

T

sfcWs WvYvL /lg10
1**

,

-

= ,   (D.1ʘ) 

ʛʜʝ 
sfv  ï ʢʦʤʧʣʝʢʩʥʳʡ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʚʠʙʨʘʮʠʠ ʜʣʷ ʪʦʯʝʢ ʠʩʪʦʯʥʠʢʘ ʩʦ ʤʥʦʛʠʤʠ 

ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʤĀʩ; 

 sY  ï ʢʦʤʧʣʝʢʩʥʘʷ ʤʘʪʨʠʮʘ ʚʭʦʜʥʳʭ ʧʦʜʚʠʞʥʦʩʪʝʡ ʠʩʪʦʯʥʠʢʘ, ʤ/ʅĀʩ; 

 * ï ʩʠʤʚʦʣ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ; 

 T  ï ʩʠʤʚʦʣ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ ʚʝʢʪʦʨʘ; 

 
refW  ï ʦʧʦʨʥʘʷ ʟʚʫʢʦʚʘʷ ʤʦʱʥʦʩʪʴ, ɺʪ; 

refW = 1 ʧɺʪ. 

ɼʣʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʪʦʯʢʠ ʢʦʥʪʘʢʪʘ ʠ ʦʜʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʜʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ 

ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

 
sref

sf

cWs
YW

v
L

1
lg10

2

, = ,    (D.1b) 

ʛʜʝ 
sfv  ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʠʙʨʘʮʠʠ ʠʩʪʦʯʥʠʢʘ ʚ ʪʦʯʢʝ 

ʢʦʥʪʘʢʪʘ, ʤ/ʩ; 

 sY  ï ʚʭʦʜʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ, ʤ/ʅĀʩ. 

 ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʜʘʥʥʳʭ ʬʦʨʤʫʣ  

ʠʣʠ ʥʘ ʘʥʘʣʦʛʠʯʥʳʭ ʬʦʨʤʫʣʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ,  

ʧʨʠʤʝʥʠʤʳʭ ʢ ʢʦʥʢʨʝʪʥʳʤ ʚʠʜʘʤ ʠʣʠ ʛʨʫʧʧʘʤ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʩʤ. ʪʘʢʞʝ [15]). 

ʅʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʧʨʠʚʝʜʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʥʘʩʪʦʷʱʝʛʦ ʧʨʠʣʦʞʝʥʠʷ. 
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D.1.2 ʀʥʞʝʥʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ 

ʠʩʪʦʯʥʠʢʘ 

 ʄʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʠʤ ʦʩʥʦʚʘʥʠʝʤ ʠ/ʠʣʠ ʤʦʥʪʘʞʥʳ-

ʤʠ ʦʧʦʨʘʤʠ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʯʠʩʪʦ ʩʠʣʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʧʨʠ-

ʣʘʛʘʝʤʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʝʩʫʱʝʤʫ ʵʣʝʤʝʥʪʫ ʟʜʘʥʠʷ. ʊʘʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʜʦʧʫ-

ʩʪʠʤʦ, ʢʦʛʜʘ ʦʧʦʨʥʳʡ ʵʣʝʤʝʥʪ ʟʜʘʥʠʷ ʦʙʣʘʜʘʝʪ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʞʝʩʪʢʦʩʪʴʶ. ʆʥʦ 

ʦʧʨʘʚʜʘʥʦ ʠ ʚ ʩʣʫʯʘʝ ʠʩʪʦʯʥʠʢʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʪʦʯʢʘʤʠ ʢʦʥʪʘʢʪʘ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝ-

ʩʢʦʣʴʢʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʝʩʣʠ ʠʩʪʦʯʥʠʢ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʜʥʦʡ ʩʠʣʦʡ 

ʠʣʠ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ. ɼʣʷ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠʭ ʚʭʦʜʥʘʷ ʤʝʭʘ-

ʥʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʦʯʝʥʴ ʚʳʩʦʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʚʠʞʥʦʩʪʷʤʠ ʥʝʩʫʱʠʭ ʵʣʝ-

ʤʝʥʪʦʚ ʟʜʘʥʠʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ ʦʧʦʨʥʦʤʫ ʟʥʘʯʝʥʠʶ 3

, 10-=refsY  ʤ/ʅĀʩ. 

D.1.2.1 ɻʠʜʨʦʤʘʩʩʘʞʥʳʝ ʚʘʥʥʳ ʢʘʢ ʧʨʠʤʝʨ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ 

ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʠʩʪʦʯʥʠʢʘ 

  ɺ ʩʪʘʥʜʘʨʪʝ [39] ʦʧʨʝʜʝʣʝʥ  rʤʝʪʦʜʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʦʟʜʫʰʥʦʛʦ ʠ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʜʘʥʠʷ. ɺ ʥʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʢʦʥʩʪʨʫʢʮʠʷʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʥʠʟʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʚʠʞ-

ʥʦʩʪʴʶ (ʤʘʩʩʠʚʥʳʝ ʧʦʣʳ ʠʣʠ ʩʪʝʥʳ, ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 

220 ʢʛ/ʤ2). ɼʣʷ ʩʪʨʫʢʪʫʨʥʳʭ ʰʫʤʦʚ ʣʘʙʦʨʘʪʦʨʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ. 

 ʀʩʧʳʪʫʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʧʣʠʪʳ ʪʨʝʭʧʣʦʩʢʦʩʪʥʦʛʦ ʩʪʝʥʜʘ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ D.1 (ʚʘʥʥʫ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚ ʫʛʣʫ ʧʦʤʝʱʝʥʠʷ ʠ ʧʨʠʢʨʝʧʣʷʶʪ 

ʢ ʧʦʣʫ ʠ ʜʚʫʤ ʩʪʝʥʘʤ). ʅʘ ʢʘʞʜʦʡ ʠʟ ʪʨʝʭ ʧʣʠʪ ʠʟʤʝʨʷʶʪ ʩʨʝʜʥʶʶ (ʧʦ ʧʣʦʩʢʦʩʪʠ)  

ʩʢʦʨʦʩʪʴ ʚʠʙʨʘʮʠʠ ʠ ʚʨʝʤʷ ʩʪʨʫʢʪʫʨʥʦʡ ʨʝʚʝʨʙʝʨʘʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʨʘʩʩʯʠʪʳʚʘʶʪ ʩʪʨʫʢʪʫʨʥʫʶ ʤʦʱʥʦʩʪʴ, ʚʦʟʙʫʞʜʝʥʥʫʶ ʚ ʢʘʞʜʦʡ 

ʠʟ ʧʣʠʪ. ɺ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʱʥʦʩʪʠ ʚʥʦʩʷʪ ʧʦʧʨʘʚʢʠ ʥʘ ʨʘʟʥʦʩʪʴ 

ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʦʜʚʠʞʥʦʩʪʷʤʠ ʧʣʠʪ ʠ ʚʭʦʜʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʦʙ-

ʨʘʟʮʦʚʦʡ ʧʣʠʪʳ, ʦʧʨʝʜʝʣʷʷ ʧʨʠ ʵʪʦʤ ʪʨʠ ʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʱʥʦʩʪʠ 

inWsL ,,
 ( 1=i  ʜʦ 3). 

 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪ ʯʝʪʳʨʝ ʚʝʣʠʯʠʥʳ: 

ʤʦʱʥʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ WaL  ʠʩʪʦʯʥʠʢʘ (ʩʤ. ʉ.1) ʠ ʪʨʠ ʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪʳ ʤʦʱʥʦʩʪʠ 
inWsL ,,
 ( i =1, 2, 3). 
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1 ï ʫʧʨʫʛʠʡ ʩʣʦʡ 

ʈʠʩʫʥʦʢ D.1 ï ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʩ ʪʨʝʤʷ ʧʣʠʪʘʤʠ 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʦʯʝʥʴ ʚʳʩʦʢʘ 

ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʨʘʚʥʝʥʘ ʦʧʦʨʥʦʤʫ ʟʥʘʯʝʥʠ ʁ 3

, 10-=refsY  ʤ/ʅĀʩ. ʇʦʵʪʦʤʫ ʫʨʦʚʝʥʴ ʟʚʫ-

ʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʨʘʩʩʯʠʪʳʚʘʶʪ 

ʧʦ ʬʦʨʤʫʣʘʤ: 

 2330lg10 ,,,,,, +=--= ¤ inWsrecinWscWs LYLL ,   (D.2ʘ) 

 { } 30Relg10 ,, --= iupiC YD ,    (D.2b) 

ʛʜʝ 
recY ,¤

 ï ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪ ɹ ʦʙʨʘʟʮʦʚʦʡ ʧʣʠʪʳ, ʧʨʠʥʷʪʘʷ ʨʘʚʥʦʡ 

6

, 105 -

¤ Ö=recY  ʤ/ʅĀʩ. 

 
iupY ,
 ï ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʧʣʠʪʳ i  ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʠʩ-

ʪʦʯʥʠʢʘ, ʤ/ʅĀʩ. 

 ʇʦʩʢʦʣʴʢʫ ʨʘʟʥʦʩʪʴ 
iCcWs DL ,, -  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʨʦʚʝʥʴ ʤʦʱʥʦʩʪʠ ʩʪʨʫʢ-

ʪʫʨʥʦʛʦ ʰʫʤʘ, ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʚ ʵʣʝʤʝʥʪʝ ʟʜʘʥʠʷ i , ʥʘʟʳʚʘʝʤʳʡ ʫʨʦʚʥʝʤ ʧʝʨʝʜʘʥ-

ʥʦʡ ʤʦʱʥʦʩʪʠ i  ʠ ʦʙʦʟʥʘʯʘʝʤʦʡ 
iinstWsL ,,
 [ʩʤ. ʬʦʨʤʫʣʫ (18)], ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʝʝ ʢʦʤ-

ʧʦʥʝʥʪ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʠʩʧʦʣʴʟʫʷ 
inWsL ,,
, ʧʦ ʬʦʨʤʫʣʝ 

 
rec

iup

inWsiinstWs
Y

Y
LL

,

,

,,,, lg10
¤

+= ,          (D.3) 

D.1.2.2 ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʩʠʣʘ ʠʩʪʦʯʥʠʢʘ ʜʣʷ ʧʨʠʝʤʥʦʡ ʧʣʠʪʳ 

 ɺʠʙʨʘʮʠʷ ʤʝʭʘʥʠʟʤʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠ ̫ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʠ ʩ 

ʚʳʩʦʢʦʡ ʚʭʦʜʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʝʢ ʢʦʥʪʘʢʪʘ ʤʦʛʫʪ ʙʳʪʴ 



ɻʆʉʊ ʈ ɽʅ 12354-5ï2012 
 

54 
 

ʦʧʠʩʘʥʳ ʯʝʨʝʟ ʦʜʥʫ ʩʠʣʫ, ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʫʶ ʚʩʝʤʫ ʚʦʟʙʫʞʜʝʥʠʶ. ɼʘʥʥʘʷ ʩʠʣʘ, 

ʥʘʟʳʚʘʝʤʘʷ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʠʣʦʡ 
eqF , ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʥʝʩʫʱʝʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ. ʊʘʢʦʝ ʫʧʨʦʱʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʢʣʠʢ, ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʦʪʢʣʠʢʫ 

ʨʝʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ, ʩʚʷʟʘʥʥr ʭ ʢʘʢ ʩ ʠʩʪʦʯʥʠʢʦʤ, ʪʘʢ ʠ 

ʩ ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʝʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʵʢʚʠʚʘʣʝʥʪʝʥ ʤʝʪʦʜʫ ʧʦ D.1.2.1, ʥʦ ʦʪʣʠʯʘʝʪ-

ʩʷ ʬʦʨʤʦʡ ʧʨʝʜʩʪʘʚʣʝʥʠ ̫ʨʝʟʫʣʴʪʘʪʦʚ. 

 ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʠʟʤʝʨʝʥʠʡ ʫʧʨʫʛʦ ʫʩʪʘʥʦʚʣʝʥʥʫ  ʁʧʣʠʪʫ ʧʨʠʤʝʥʷʪʁ ʚ ʢʘʯʝ-

ʩʪʚʝ ʧʨʠʝʤʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʘʥʘʣʦʛʠʯʥʦʡ ʧʨʠʝʤʥʦʤʫ ʨʝʚʝʨʙʝʨʘʮʠʦʥʥʦʤʫ ʧʦʤʝʝɦ-

ʥʠʁ. ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʫʨʦʚʝʥʴ ʩʠʣʳ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʠʟʤʝʨʝʥʥʦʡ ʧʨʠ ʨʘʙʦʪʘʶʱʝʤ 

ʠʩʪʦʯʥʠʢʝ ʩʢʦʨʦʩʪʠ ʚʠʙʨʘʮʠʠ ʧʣʠʪ r 2v  ʠ ʩʣʝʜʫʶʱʠʤ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ: ʚʭʦʜʥʘʷ 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʪʦʯʢʝ ʚʦʟʙʫʞʜʝʥʠʷ Y, ʤʘʩʩʘ M  ʠ ʚʨʝʤʷ ʩʪʨʫʢʪʫʨʥʦʡ 

ʨʝʚʝʨʙʝʨʘʮʠʠ sT  ʧʦ ʬʦʨʤʫʣʝ 
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ʇʨʠʤʝʯʘʥʠʝ ï ʇʦʜʦʙʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ 

ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ, ʢʘʢ ʩʪʠʨʘʣʴʥʳʝ ʤʘʰʠʥʳ ʠ ʚʝʥʪʠʣʷʪʦʨʳ (ʩʤ. 51 ʠ 5.6). 

 ɼʣʷ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠʭ ʚʭʦʜʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʚʳʩʦʢʘ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʧʦʜʚʠʞʥʦʩʪʷʤʠ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 

ʦʧʦʨʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ 3

, 10-=refsY  ʤ/ʅĀʩ. ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʩʪʨʫʢ-

ʪʫʨʥʦʛʦ ʰʫʤʘ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 

 30lg10 ,,, -=+= eqFseqFcWs LYLL ,   (D.5ʘ) 

ʛʜʝ 
eqFL ,

 ï (ʵʢʚʠʚʘʣʝʥʪʥʳʡ) ʫʨʦʚʝʥʴ ʩʠʣʳ ʠʩʪʦʯʥʠʢʘ, ʜɹ; 

 sY  ï ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ, ʤ/ʅĀʩ; 3

, 10-=refsY  ʤ/ʅĀʩ. 

 ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʠʩʪʦʯʥʠʢʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʥʝʩʫʱʝʤ 

ʵʣʝʤʝʥʪʝ ʟʜʘʥʠʷ i  ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ ʬʦʨʤʫʣʦʡ 

 {} 30Relg10, --= iiC YD .    (D.5b) 

 ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʷ ʜʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʤʝʝʪ ʦʪ-

ʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʫʢʘʟʳʚʘʶʱʝʝ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʰʫʤʘ ʥʠʞʝ ʤʦʱʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʠʩʪʦʯʥʠʢʘ. 

 ɺ ʧʨʠʣʦʞʝʥʠʠ F ʧʨʠʚʝʜʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʮʝʥʢʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦ-

ʩʪʠ iY  ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ. 
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D.1.2.3 ʄʝʪʦʜ ʟʘʤʝʱʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʠʣʳ ʠʩʪʦʯʥʠʢʘ 

 ɼʣʷ ʠʩʪʦʯʥʠʢʦʚ ʩ ʚʳʩʦʢʦʡ ʚʭʦʜʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʤʦʞʥʦ ʨʘʟʨʘ-

ʙʦʪʘʪʴ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ 
eqF  ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʟʘʤʝʱʝʥʠʷ (ʩʤ. [11], [16]). ɼʣʷ 

ʵʪʦʛʦ ʠʟʤʝʨʷʶʪ ʚʳʭʦʜʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ 

ʠʣʠ ʫʨʦʚʝʥʴ ʩʢʦʨʦʩʪʠ ʚʠʙʨʘʮʠʠ) ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠ ʟʘʤʝɦʘʶʱʝʛʦ ʠʩ-

ʪʦʯʥʠʢʘ ʩ ʠʟʚʝʩʪʥʳʤ (ʠʟʤʝʨʝʥʥʳʤ) ʫʨʦʚʥʝʤ ʩʠʣʳ. ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʫʨʦʚʝʥʴ ʩʠʣʳ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 

 ( )sourcesubsourcesourcesubFeqF LLLL ..,, -+= ,    (D.6) 

 ʅʘ ʧʨʘʢʪʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʟʘʤʝʱʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʜʘʨʪ-

ʥʫʶ ʫʜʘʨʥʫʶ ʤʘʰʠʥʫ. ɺ ʧʨʠʣʦʞʝʥʠʠ F ʧʨʠʚʝʜʝʥ rʩʚʝʜʝʥʠʷ ʦʙ ʫʨʦʚʥʝ ʩʠʣʳ  ʜʣʷ 

ʜʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʝʤʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʤʘʣʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦ-

ʜʚʠʞʥʦʩʪʴʶ.  

 ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚ̫-

ʟʠ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʘʤ (D.5). 

D.1.2.4 ʆʙʦʨʫʜʦʚʘʥʠʝ ʫʩʪʘʥʦʚʦʢ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

 ʉʪʨʫʢʪʫʨʥʳʡ ʫhʤ, ʚʳʟʚʘʥʥʳʡ ʨʘʙʦʪʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʦʢ ʚʦʜʦʩʥʘʙʞʝ-

ʥʠ̫ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ ʠʟʤʝʨʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɽʅ ʀʉʆ 3822 ʚ ʩʧʝʮʠʘʣʴʥʦʡ 

ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʠ ʚʳʨʘʞʘʝʪʩʷ ʫʨʦʚʥʝʤ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 

apL . ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʦʧʨʝʜʝʣʷʶʪ ʫʨʦʚʝʥɹ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ (ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ, 

ʨʘʚʥʦʡ ʦʧʦʨʥʦʤʫ ʟʥʘʯʝʥʠʶ 3

, 10-=refsY  ʤ/ʅĀʩ) ʧʦ ʬʦʨʤʫʣʘʤ 
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 {} 30Relg10, --= iiC YD .    (D.7b) 

 ɺ ʧʨʠʣʦʞʝʥʠʠ F ʧʨʠʚʝʜʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʮʝʥʢʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦ-

ʩʪʠ iYʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

D.1.2.5 ʆʙʦʨʫʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʢʘʥʘʣʠʟʘʮʠʠ 

 ʉʪʨʫʢʪʫʨʥʳʡ ʠ ʚʦʟʜʫʰʥʳʡ ʰʫʤ ʩʠʩʪʝʤ ʢʘʥʘʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʶʪ ʚ ʫʩʣʦʚʠʷʭ 

ʩʪʘʥʜʘʨʪʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤ ʢʘʥʘʣʠʟʘʮʠʠ ʠ ʢʦʥ-

ʢʨʝʪʥʦʛʦ ʩʧʦʩʦʙʘ ʤʦʥʪʘʞʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [38] (ʩʤ. ʨʠʩʫʥʦʢ D.2). 

 ʂʘʥʘʣʠʟʘʮʠʦʥʥʳʝ ʪʨʫʙʳ ʤʦʥʪʠʨʫʶʪ ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠʩʦʝʜʠʥʷʶʪ ʢ 

ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʩʪʝʥʝ. ʀʟʤʝʨʷʶʪ ʠʟʣʫʯʘʝʤʳʡ ʠʤʠ ʰʫʤ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʥʳʡ ʰʫʤ,  
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ʠʟʣʫʯʘʝʤʳʡ ʩʪʝʥʦʡ. ɺʢʣʘʜ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʟʘʪʝʤ ʚʳʯʠʪʘʶʪ, ʠ ʨʝʟʫʣʴʪʘʪ ʚʳʨʘʞʘ-

ʶʪ ʧʨʠʚʝʜʝʥʥʳʤ ʫʨʦʚʥʝʤ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ anL   ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ.  ɼʘʣʴʥʝʡʰʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʤ. ʚ ʧʨʠʣʦʞʝʥʠʠ ʉ. 

 ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʢʘʥʘʣʠʟʘʮʠʠ ʤʦʥ-

ʪʠʨʫʶʪ ʚʥʝ ʧʨʠʝʤʥʦʛʦ ʧʦʤʝʱʝʥʠʷ ʠ ʧʨʠʩʦʝʜʠʥʷʶʪ ʪʨʫʙʳ ʢ ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʩʪʝʥʝ. 

ʀʟʤʝʨʷʶʪ (ʩ ʫʯʝʪʦʤ ʢʦʩʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʟʚʫʢʦʧʝʨʝʜʘʯʠ) ʩʪʨʫʢʪʫʨʥʳʡ ʰʫʤ, ʚr -

ʟʚʘʥʥʳʡ ʚʠʙʨʘʮʠʡ, ʧʝʨʝʜʘʥʥʦʡ ʩʪʝʥʝ ʯʝʨʝʟ ʢʨʝʧʣʝʥʠʷ, ʠ ʠʟʣʫʯʝʥʥʳʡ ʚ ʧʨʠʝʤʥʦʝ 

ʧʦʤʝʱʝʥʠʝ. ʀʟʤʝʨʷʶʪ ʪʘʢʞʝ ʚʦʟʜʫʰʥʳʡ ʰʫʤ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʯʝʨʝʟ ʩʪʝʥʫ ʚ ʧʨʠʝʤ-

ʥʦʝ ʧʦʤʝʱʝʥʠʝ (ʢʦʛʜʘ ʪʨʫʙʳ ʦʪʩʦʝʜʠʥʝʥ rʦʪ ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʩʪʝʥʳ), ʢʦʪʦʨʳʡ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʯʠʪʘʶʪ ʠʟ ʠʟʣʫʯʝʥʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ 

ʧʨʠʤʝʥʠʤ ʪʦʣʴʢʦ ʜʣʷ ʪʨʫʙ, ʷʚʣʷʶʱʠʭʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʩʠʣʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ (ʯʪʦ 

ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤ ʩʣʫʯʘʝ ʧʣʘʩʪʠʢʦʚʳʭ ʪʨʫʙ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʤʘʩ-

ʩʠʚʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ). ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʫʶ 

ʧʨʦʮʝʜʫʨʫ. ʀʟʤʝʨʷʶʪ ʘʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʩʪʝʥʳ ʠ ʚʳʨʘ-

ʞʘʶʪ ʠʭ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʢʣʠʢʘ ʢʦʥʩʪʨʫʢʮʠʠ. ʋʨʦʚʝʥʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʠʟʤʝ-

ʨʷʶʪ ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ ʨʘʟʥʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʢʣʠʢʘ ʤʝʞʜʫ ʠʩʧʳʪʫʝʤʦʡ ʨʘʟʜʝʣʠ-

ʪʝʣʴʥʦʡ ʠ ʦʙʨʘʟʮʦʚʦʡ ʩʪʝʥʘʤʠ.  ʈʝʟʫʣʴʪʘʪ ʥʘʟʳʚʘʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʠ ʦʙʦʟʥʘʯʘʶʪ 
scnL ,

. 

  

1 ï ʚʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ; 2 ï ʢʨʝʧʣʝʥʠʝ ʢ ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʩʪʝʥʝ; 3 ï ʧʦʤʝʱʝʥʠʝ ʠʩʪʦʯʥʠʢʘ;  

 4 ï ʧʨʠʝʤʥʦʝ ʧʦʤʝʱʝʥʠʝ  

ʈʠʩʫʥʦʢ D.2 ï ʉʪʘʥʜʘʨʪʥʘʷ ʠʩʧʳʪʘʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʢʘ-

ʥʘʣʠʟʘʮʠʠ ʧʦ [38]  

 ʉ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʠʣʦʚʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʘʚʣʝʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʝʩʫʱʝʡ ʩʪʝʥʝ, ʧʦʩʢʦʣʴʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʳʤ ʜʠʘʧʘʟʦʥʦʤ ʚʦʟʙʫʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ ʠ ʩʨʝʜʥʠʭ ʯʘʩʪʦʪ (ʥʘ 
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ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʥʝʣʴʟʷ ʧʨʝʥʝʙʨʝʛʘʪʴ ʚʣʠʷʥʠʝʤ ʤʦʤʝʥʪʦʚ ʩʠʣʳ) ʠ ʪʦʯʢʠ 

ʢʨʝʧʣʝʥʠʷ ʪʨʫʙ ʢ ʩʪʝʥʘʤ ʦʙʳʯʥʦ ʨʘʩʧʦʣʦʞʝʥʳ ʜʘʣʝʢʦ ʦʪ ʢʨʘʝʚ ʩʪʝʥʳ (ʚ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʚʣʠʷʥʠʝʤ ʤʦʤʝʥʪʦʚ ʩʠʣʳ ʥʝʣʴʟʷ ʙʫʜʝʪ ʧʨʝʥʝʙʨʝʯʴ ʜʘʞʝ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ 

ʯʘʩʪʦʪ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʦʜʥʫ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʜʚʠʞʝʥʠʷ 

ʠʩʪʦʯʥʠʢʘ (ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʩʪʝʥʝ). ʂʨʦʤʝ ʪʦʛʦ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʪʨʫʙʳ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʚʭʦʜʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʥʝʩʫʱʝʡ ʩʪʝʥʳ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʪʨʫʙʫ ʠʩʪʦʯʥʠʢʦʤ ʩʠʣʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. ʊʦʛʜʘ ʧʦʜʚʠʞʥʦʩʪ ɹ

ʠʩʪʦʯʥʠʢʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʘʚʥʦʡ 3

, 10-=refsY  ʤ/ʅĀʩ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ  ʧʦ ʬʦʨʤʫʣʘʤ: 

 5,23lg8lg107,34 2

, ++=-+-= fLfLLL scSSRsccWs ,  (D.8ʘ) 

 {} 30Relg10, --= iiC YD ,    (D.8b) 

ʛʜʝ scL  ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [38];  

SSRL  ï ʩʪʨʫʢʪʫʨʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʟʮʦʚʦʡ ʩʪʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [38]. 

ɺ ʧʨʠʣʦʞʝʥʠʠ F ʧʨʠʚʝʜʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʮʝʥʢʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦ-

ʩʪʠ iYʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

D.1.3 ʀʥʞʝʥʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʠʟʚʝʩʪʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʦʜʚʠʞʥʦʩʪʴʶ ʠʩʪʦʯʥʠʢʘ 

 ʇʨʠ ʠʟʚʝʩʪʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʥʳʭ 

ʜʘʥʥʳʭ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʜʨʫʛʠʝ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʠ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʩʚʷʟʠ. 

 ʂʘʢ ʧʨʠʤʝʨ ʨʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʠʣʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʩʪʘʥ-

ʜʘʨʪʥʫʶ ʫʜʘʨʥʫʶ ʤʘʰʠʥʫ, ʚʭʦʜʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʧʦʜʚʠʞʥʦʩʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʤʘʩʩʳ ( 5,0=M  ʢʛ; MjYs w/1= ), ʢʦʪʦ-

ʨʘʷ ʧʨʠʣʘʛʘʝʪ ʚʦʟʙʫʞʜʝʥʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ i  , ʠʤʝ-

ʶʱʝʛʦ ʜʝʡʩʪʚʠʪʝʣʴʥʫ  ʁʤʝʭʘʥʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ is ZY /1= . ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪ ɹʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

 

 115lg105, º--= fLL FcWs
 ʜɹ ʦʪʥʦʩʠʪʝʣʴʥʦ 1 ʧɺʪ, ʥʘ ʪʨʝʪʴ ʦʢʪʘʚʳ, (D.9ʘ) 

 ( )[ ]2, 1lg10lg10 iiiC MYMYD ww ++-=  ʜɹ   (D.9b) 
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ɺ ʧʨʠʣʦʞʝʥʠʠ F ʧʨʠʚʝʜʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʮʝʥʢʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦ-

ʩʪʠ iYʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

 ʆʮʝʥʢʫ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʩ-

ʭʦʜʷ ʠʟ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʦʙʱʠʭ ʚʳʨʘʞʝʥʠʷʭ ʜʣʷ ʧʦʜʚʠʞʥʦ-

ʩʪʠ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ ʤʘʰʠʥ, ʪʘʢʠʭ ʢʘʢ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʤʘʩʩʘ, ʙʘʣʢʠ, ʧʣʠʪʳ, ʪʨʫʙʳ 

ʠ ʪ. ʜ. ɼʣʷ ʥʝʙʦʣʴʰʠʭ ʠʩʪʦʯʥʠʢʦʚ ʭʦʨʦʰʫʶ ʦʮʝʥʢʫ ʧʦʜʚʠʞʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ, ʧʨʝʜʩʪʘʚʠʚ ʝʛʦ ʚ ʚʠʜʝ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʤʘʩʩʳ. ɼʣʷ ʠʩʪʦʯʥʠʢʦʚ ʩ ʥʝʞʝʩʪ-

ʢʠʤʠ ʦʧʦʨʘʤʠ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʜʚʠʞʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʤʘʩʩʘ ʠʩʪʦʯʥʠʢʘ ʠ ʞʝʩʪ-

ʢʦʩʪʴ ʝʛʦ ʦʧʦʨ. ɺ ʪʘʙʣʠʮʝ D.1 ʧʨʠʚʝʜʝʥ rʥʝʢʦʪʦʨʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʧʦʜʚʠʞʥʦʩʪʠ 

ʪʠʧʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʡ. 

ʊʘʙʣʠʮʘ D.1 ï ʆʮʝʥʢʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʪʠʧʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ 

ʊʠʧ ʢʦʥʩʪʨʫʢʮʠʠ ʀʟʚʝʩʪʥʳʝ ʚʝʣʠʯʠʥʳ ʇʦʜʚʠʞʥʦʩʪʴ (Y ʤ/ʅĀʩ) 

ʉʦʩʨʝʜʦʪʦʯʝʥ-
ʥʘʷ ʤʘʩʩʘ 

ʄ [ʢʛ] 1]2[ -fMp  

ʂʦʥʝʮ ʩʪʝʨʞʥʷ r[ʢʛ/ʤ3], Lc [ʤ/ʩ], ][ 2ʤS  
1][ -ScLr  

ɹʘʣʢʘ r[ʢʛ/ʤ3], Lc [ʤ/ʩ], t [ʤ],  1]6,7[ -tfctw Lr  

ʇʣʠʪʘ r[ʢʛ/ʤ3], Lc [ʤ/ʩ], t [ʤ] 12 ]3,2[ -tcLr  

ʊʨʫʙʘ r[ʢʛ/ʤ3], Lc [ʤ/ʩ], t [ʤ], ʨʘʜʠʫʩ 

r  [ʤ] 

1]63[ -rfctr Lr  

ʄʘʩʩʦʚʦ-
ʧʨʫʞʠʥʥʘʷ ʩʠ-
ʩʪʝʤʘ  

ʄ [ʢʛ], s [ʅ/ʤ], ][-h  

( ) ( )
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2

2 2
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 ʄʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʠ ʧʝʨʝʜʘʥʥʘʷ ʤʦʱʥʦʩʪʴ ʜʣʷ ʜʚʫʭ ʪʠʧʦʚ ʥʝʩʫʱʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʬʦʨʤʫʣʘʤ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ D.3. 
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                   124,, =AcWsL ʜɹɸ;                     119,, =AcWsL ʜɹɸ;  - - - - - 102,, =AcWsL ʜɹɸ 

ʇ ʨʠʤʝ ʯʘʥ ʠʝ ï ɺʩʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʭ ʧʦ ɸ ʫʨʦʚʥʝʡ 

ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ. 

ʈʠʩʫʥʦʢ D.3 ï ʄʦʱʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʫʜʘʨʥʦʡ ʤʘʰʠʥʳ: ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘ̫ 

ʤʦʱʥʦʩʪ ɹʠʩʪʦʯʥʠʢʘ, ʧʝʨʝʜʘʥʥʘʷ ʤʦʱʥʦʩʪʴ ʜʣʷ ʜʝʨʝʚʷʥʥʦʛʦ ʠ ʙʝʪʦʥʥʦʛʦ ʧʦʣʘ  

D.1.4 ʀʥʞʝʥʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʤʘʣʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ 

ʠʩʪʦʯʥʠʢʘ 

 ʄʘʰʠʥʳ ʩ ʤʘʩʩʠʚʥʳʤʠ ʞʝʩʪʢʠʤʠ ʨʘʤʘʤʠ ʠ/ʠʣʠ ʦʧʦʨʘʤʠ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ 

ʦʧʠʩʳʚʘʶʪʩʷ ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʢʦʨʦʩʪʴ 

ʚʠʙʨʘʮʠʠ ʚ ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʥʝʩʫʱʝʤʫ ʵʣʝʤʝʥʪʫ ʟʜʘʥʠʷ. ʆʜʥʘʢʦ 

ʪʘʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʧʨʠʤʝʥʠʤʦ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʫʧʨʫʛʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ 

ʥʘ ʥʝʩʫʱʝʤ ʵʣʝʤʝʥʪʝ ʟʜʘʥʠʷ. ʕʪʦ ʧʨʠʙʣʠʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʠ ʚ ʩʣʫ-

ʯʘʝ ʠʩʪʦʯʥʠʢʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʪʦʯʢʘʤʠ ʢʦʥʪʘʢʪʘ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ, ʝʩʣʠ ʠʩʪʦʯʥʠʢ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚʠʙʨʘ-

ʮʠʠ 
eqv , ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʧʦʨʥʳʤ ʵʣʝʤʝʥʪʘʤ ʟʜʘʥʠʷ. ʊʘʢʦʝ ʫʧʨʦʱʝʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʢʣʠʢ, ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʦʪʢʣʠʢʫ ʨʝʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʨʠ ʥʝʢʦʪʦʨʳʭ 

ʦʛʨʘʥʠʯʝʥʠʷʭ, ʩʚʷʟʘʥʥr ʭ ʢʘʢ ʩ ʠʩʪʦʯʥʠʢʦʤ, ʪʘʢ ʠ ʩ ʥʝʩʫʱʠʤ ʵʣʝʤʝʥʪʦʤ.  

ʏʘʩʪʦʪʘ, ɻʮ 

, 
ʜ
ɹɸ

 (
ʦ
ʪ
ʥ
ʦ
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ʴ
ʥ
ʦ
 
1
 
ʧ
ɺ
ʪ

) 
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ʇʨʠʤʝʯʘʥʠʝ ï ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ, ʨʝʘʣʠʟʫʶʱʠʝ ʜʘʥʥrʡ ʧʦʜʭʦʜ, ʥʘʭʦʜʷʪʩʷ ʚ 

ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ [36]*. 

 ɺʭʦʜʥʦʡ ʠʤʧʝʜʘʥʩ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʩʦʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʤʧʝʜʘʥʩʘʤʠ ʥʝ-

ʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʠʤʧʝʜʘʥʩʘ ʪʘʢʦʛʦ ʠʩʪʦʯ-

ʥʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʦ 6

, 10=refsZ ʤ/ʅĀʩ. ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 

 eqv

ref

ref

seqvcWs L
W

v
ZLL ,

2

,, lg10lg10 =++= .   (D.10ʘ) 

 ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʚʦʡʩʪʚʘ ʫʧʨʫʛʠʭ ʦʧʦʨ 

m, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʠʭ (ʩʨʝʜʥʝʡ ʧʦ ʯʘʩʪʦʪʝ) ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʝʨʝʭʦʜʥʦʡ ʞʝʩʪʢʦ-

ʩʪʴʶ mk , ʠʟʤʝʨʝʥʥʳʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɽʅ ʀʉʆ 10846-1, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨ-

ʤʫʣʝ 

    {} 60Relg10
2

2

, +-= i

m

iC Y
k

D
w

.    (D.10b) 

ɺ ʧʨʠʣʦʞʝʥʠʝ F ʧʨʠʚʝʜʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʮʝʥʢʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦ-

ʩʪʠ iY  ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

D.2 ʂʨʝʧʣʝʥʠʝ ʥʘ ʫʧʨʫʛʠʭ ʦʧʦʨʘʭ 

 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʧʨʫʛʠʭ ʦʧʦʨ (ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ) ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ɽʅ ʀʉʆ 10846-1 ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʳʚʘʶʪʩʷ ʤʘʪʨʠʮʝʡ ʧʝʨʝʭʦʜʥʳʭ ʜʠʥʘʤʠ-

ʯʝʩʢʠʭ ʞʝʩʪʢʦʩʪʝʡ (ʜʣʷ hʝʩʪʠ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ). ʆʜʥʘʢʦ ʜʣʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʧʝʨʝʭʦʜʥʫʶ ʜʠʥʘʤʠʯʝ-

ʩʢʫ  ʁʞʝʩʪʢʦʩʪ ɹʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʝʩʫʱʝʤʫ ʵʣʝʤʝʥʪʫ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʧʝʨʝʭʦʜʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ 
1,2k  ʠʣʠ ʫʩʨʝʜʥʝʥʥʦʡ ʧʦ ʯʘ-

ʩʪʦʪʝ ʧʝʨʝʭʦʜʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ avk  ʧʨʠʚʝʜʝʥʳ ʚ ɽʅ ʀʉʆ 10846-2. ʇʦ-

ʩʣʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʫʨʦʚʥʝʤ ʫʩʨʝʜʥʝʥʥʦʡ ʧʦ ʯʘʩʪʦʪʝ ʧʝʨʝʭʦʜ-

ʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ kavL  (ʜɹ ʦʪʥʦʩʠʪʝʣʴʥʦ 1 ʅ/ʤ). ʀʩʧʦʣʴʟʫʷ ʧʝʨʝʭʦʜʥʫʶ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʞʝʩʪʢʦʩʪʴ mk  ʦʧʦʨʳ, ʧʝʨʝʭʦʜʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʫʧʨʫʛʦʡ ʦʧʦʨʳ ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ 

 
m

mk
k

j
Y

w
=, .     (D.11) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʚ ʬʦʨʤʫʣʝ (19ʝ) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ 

                                                 
*
 [36] ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɻʆʉʊ ʈ 53573ï2009 çɺʠʙʨʘʮʠʷ. ʀʟʤʝʨʝʥʠʷ ʚʠʙʨʘʮʠʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ 
ʤʘʰʠʥʦʡ ʯʝʨʝʟ ʫʧʨʫʛʠʝ ʠʟʦʣʷʪʦʨʳ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷè 
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ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʚʷʟʠ ʧʨʠ ʥʘʣʠʯʠʠ [ʬʦʨʤʫʣʘ (19e)] ʠ ʧʨʠ ʦʪ-

ʩʫʪʩʪʚʠʠ [ʬʦʨʤʫʣʘ (19b)] ʫʧʨʫʛʦʡ ʦʧʦʨʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʣʠʷʥʠʝ ʫʧʨʫʛʦʡ ʦʧʦʨr, ʪ. ʝ. 

ʠʟʤʝʥʝʥʠʝ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ (ʠʣʠ ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʷ ʩʠʣʳ, ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʥʝʩʫʱʝʤʫ 

ʵʣʝʤʝʥʪʫ), ʠ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 
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 ɼʘʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʤʘʩʩʠʚʥʦʛʦ ʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʠʩʪʦʯ-

ʥʠʢʘ, ʧʦʜʦʙʥʦʛʦ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʤʘʩʩʝ (ʜʣʷ ʢʦʪʦʨʦʛʦ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ Mkmo /2 =w ), ʠ ʠʜʝʘʣʴʥʦʡ ʫʧʨʫʛʦʡ ʦʧʦʨʳ. ɼʣʷ ʨʝʘʣʴʥʳʭ ʦʧʦʨ ʥʘ 

ʩʨʝʜʥʠʭ ʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʜʘʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʟʘʯʘʩʪʫʶ ʥʝʜʝʡʩʪʚʠʪʝʣʴʥʦ (ʠʟ-ʟʘ 

ʚʥʫʪʨʝʥʥʠʭ ʨʝʟʦʥʘʥʩʦʚ). 

ɺ ʧʨʠʣʦʞʝʥʠʝ F ʧʨʠʚʝʜʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʮʝʥʢʝ ʧʦʜʚʠʞʥʦʩʪʠ iY  ʥʝʩʫʱʠʭ 

ʵʣʝʤʝʥʪʦʚ. 

D.3 ʆʮʝʥʢʘ ʜʘʥʥʳʭ ʦ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ, ʫʧʨʫʛʠʭ ʦʧʦʨʘʭ ʠ 

ʧʦʜʚʠʞʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʩʪʨʫʢʪʫʨʥʦʤ ʰʫʤʝ ʦʪ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʩʦʙʨʘʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʕʪʠ ʜʘʥʥʳʝ ʙʫʜʫʪ 

ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʷʪʩʷ ʚ 

ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ D.4 ʧʨʠʚʝʜʝʥr  ʫʨʦʚʥʠ ʟʚʫʢʦʚʦʡ 

ʤʦʱʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʟʤʝʨʝʥʠʡ ʩʠʣʳ ʠʣʠ ʩʢʦʨʦʩʪʠ ʚʠʙʨʘʮʠʠ [11], [17], [18]. ɼʘʥʥʳʝ ʙʳʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ 

ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ (D.5), (D.9) ʠ (D.10). 
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  ʫʜʘʨʥʘʷ ʤʘʰʠʥʘ; ʬʦʨʤʫʣʘ (D.9); 5,02 fZs p=  ʤ/ʅĀʩ 

  ʜʨʝʣʴ; ʬʦʨʤʫʣʘ (D.5); 
3

, 10-=refsY ʅĀʩ/ʤ 

  ʩʪʠʨʘʣʴʥʘʷ ʤʘʰʠʥʘ; ʬʦʨʤʫʣʘ (D.5); 
3

, 10-=refsY  ʅĀʩ/ʤ 

  ʧʦʩʫʜʦʤʦʝʯʥʘʷ ʤʘʰʠʥʘ; ʬʦʨʤʫʣʘ (D.5); 
3

, 10-=refsY  ʅĀʩ/ʤ 

  ʢʦʪʝʣ; ʬʦʨʤʫʣʘ (D.5); 
3

, 10-=refsY  ʅĀʩ/ʤ 

  ʟʘʧʦʣʥʷʶʱʘʷʩʷ ʚʘʥʥʘ; ʬʦʨʤʫʣʘ (D.5); 
3

, 10-=refsY  ʅĀʩ/ʤ 

  ʣʠʬʪ ʥʘ ʫʧʨʫʛʠʭ ʦʧʦʨʘʭ; ʬʦʨʤʫʣʘ (D.10); 
610=refZ  ʤ/ʅĀʩ 

 

ʈʠʩʫʥʦʢ D.4 ï ɿʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʫʨʦʚʥ ̫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ 

ʥʝʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ (D.5), 

(D.9) ʠ (D.10) ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʩʠʣʳ ʠʣʠ ʩʢʦʨʦʩʪʠ ʚʠʙʨʘʮʠʠ [11], 

[17], [18]  

ʏʘʩʪʦʪʘ, ɻʮ 
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ʇʨʠʣʦʞʝʥʠʝ ɽ 

(ʩʧʨʘʚʦʯʥʦʝ) 

ʇʝʨʝʜʘʯʘ ʰʫʤʘ ʧʦ ɻʣʝʤʝʥʪʘʤ ʚʦʟʜʫʭʦʚʦʜʦʚ ʠ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ 

E.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

 ɸʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʥʘʨʫʞʫ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʰʫʤʘ ʚʜʦʣʴ ʚʦʟʜʫʭʦʚʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʵʣʝʤʝʥʪʘ ʚʳʨʘ-

ʞʘʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. ɼʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʨʝʥʳ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

 ʅʘ ʦʩʥʦʚʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʩʧʨʘ-

ʚʦʯʥʠʢʦʚ ʠ ʨʫʢʦʚʦʜʩʪʚ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʧʦʪʝʨʴ ʧʨʠ ʧʝʨʝʜʘʯʝ ʰʫʤʘ ʯʝʨʝʟ 

ʵʣʝʤʝʥʪʳ ʚʦʟʜʫʭʦʚʦʜʦʚ (ʩʤ., ʥʘʧʨʠʤʝʨ, [1], ʩʧʨʘʚʦʯʥʠʢ [2] ʠ [3]). ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʚʠ-

ʜʦʚ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʩʪʦʷʱʝʤ ʧʨʠʣʦʞʝʥʠʠ ʠʟʣʦʞʝʥʳ ʧʦʜʭʦʜʳ ʥʘ ʦʩʥʦʚʝ ʨʫʢʦʚʦʜʩʪʚʘ 

[1] ʠ ʩʧʨʘʚʦʯʥʠʢʘ [2]. 

ɽ.2 ʉʪʝʥʢʘ ʚʦʟʜʫʭʦʚʦʜʘ 

 ɿʚʫʢʦʠʟʦʣʷʮʠ ʁ ioR  ʚʦʟʜʫʭʦʚʦʜʘ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʠʟʥʫʪʨʠ ʥʘʨʫʞʫ ʨʘʩʩʯʠʪʳ-

ʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 
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4
lg10+-= ,     (ɽ.1) 

ʛʜʝ iL  ï ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʚʦʟʜʫʭʦʚʦʜʘ, ʜɹ; 

oL  ï ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʜʠʬʬʫʟʥʦʤ ʧʦʣʝ ʩʥʘʨʫʞʠ ʚʦʟʜʫʭʦʚʦʜʘ, 

ʜɹ; 

dS  ï ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʚʦʟʜʫʭʦʚʦʜʘ, ʚʠʜʠʤʘʷ ʠʟ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʧʦʤʝʱʝʥʠʷ, ʤ2;  

A  ï ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʧʣʦʱʘʜʴ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ ʧʨʠʝʤʥʦʛʦ ʧʦʤʝʱʝʥʠ ̫ʟʘ ʧʨʝ-

ʜʝʣʘʤʠ ʚʦʟʜʫʭʦʚʦʜʘ, ʤ2. 

ɿʚʫʢʦʠʟʦʣʷʮʠ ʁ oiR  ʚʦʟʜʫʭʦʚʦʜʘ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʩʥʘʨʫʞʠ ʚʥʫʪʨʴ ʨʘʩʩʯʠʪʳ-

ʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 
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ʛʜʝ cdS  ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʦʟʜʫʭʦʚʦʜʘ, ʤ2. 

ʇʨʠʤʝʯʘʥʠʝ ï ʆʧʨʝʜʝʣʝʥʠʝ ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʜʣʷ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʡ ʟʚʫʢʦʧʝʨʝʜʘʯʠ 

ʧʦ ʬʦʨʤʫʣʘʤ (ɽ.1) ʠ (ɽ.2) ʚʳʧʦʣʥʷʶʪ ʧʦ [1]. ɺ ʩʧʨʘʚʦʯʥʠʢʝ [2] ʬʦʨʤʫʣʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʟ-



ɻʆʉʊ ʈ ɽʅ 12354-5ï2012 
 

64 
 

ʥʫʪʨʠ ʦʧʨʝʜʝʣʝʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦ ʜʨʫʛʦʤʫ (ʦʰʠʙʦʯʥʦ), ʭʦʪʷ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʪʘʢʦʝ ʞʝ, ʢʘʢ ʚ [1]. ʆʙʳʯʥʦ ʟʚʫʢʦʧʝʨʝʜʘʯʘ ʜʣʷ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʚʳʩʦʢʠʭ 

ʯʘʩʪʦʪʘʭ ʦʪʣʠʯʘʝʪʩʷ ʥʘ 3 ʜɹ, ʪ. ʝ. 3+= oiio RR ʜɹ. 

 ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʪʝʨʠʘʣʘ (ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʤʝʪʘʣʣʝ 5000ºLc  ʤ/ʩ) ʠ 

ʜʠʘʤʝʪʨʘ ʚʦʟʜʫʭʦʚʦʜʘ d  ( p/4 cdSd= ïʜʣʷ ʚʦʣʥʦʚʦʜʘ ʢʨʫʛʣʦʛʦ, ʦʚʘʣʴʥʦʛʦ ʠ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ) ʟʥʘʯʝʥʠʷ ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʩʚʷʟʘʥ rʟʘʚʠʩʠʤʦʩʪʴʶ, ʚʳʨʘʞʘʝʤʦʡ ʬʦʨʤʫʣʦʡ 
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ʛʜʝ ok  ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʚ ʚʦʟʜʫʭʝ, ʤ-1, ok om cf /2p= ; 

Rf  ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ, ɻʮ , Rf dcL p/= ; 

 
reff  ï ʦʧʦʨʥʘʷ ʯʘʩʪʦʪʘ, ɻʮ, 8000=reff  ɻʮ. 

 ʅʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʵʪʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʤʝʥʴʰʝ, ʯʝʤ ʧʦ 

ʬʦʨʤʫʣʝ (ɽ.3), ʩʪʨʝʤʷʩʴ ʢ ʥʫʣʶ ʚ ʩʣʫʯʘʝ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠ ʦʚʘʣʴʥʳʭ ʚʦʟʜʫʭʦʚʦʜʦʚ. 

 ɿʥʘʯʝʥʠʷ ʜʘʥʥʳʭ ʚʝʣʠʯʠʥ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʚʦʟʜʫʭʦʚʦʜʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʚ 

[19] ʠ ʩʧʨʘʚʦʯʥʠʢʝ [2]. 

ɽ.3 ʇʨʷʤʦʡ ʚʦʟʜʫʭʦʚʦʜ ʙʝʟ ʦʙʣʠʮʦʚʢʠ 

ʉʥʠʞʝʥʠʝ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʰʫʤʘ ʧʦ ʧʨʷʤʦʤʫ ʥʝʦʙʣʠʮʦʚʘʥ-

ʥʦʤʫ ʚʦʟʜʫʭʦʚʦʜʫ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ-ʟʘ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʯʝʨʝʟ ʩʪʝʥʢʠ ʚʦʟʜʫ-

ʭʦʚʦʜʘ ʥʘʨʫʞʫ, ʢʦʪʦʨʫʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʟʚʫʢʦʠʟʦʣʷʮʠʝʡ ioR . ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʟʚʫʢʦ-

ʚʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʚʦʟʜʫʭʦʚʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʬʦʨʤʫʣʝ 

 ( )daL ioR

W /3710,17'
10/-

+=D  ,    (ɽ.4) 

ʛʜʝ a  ï ʧʦʩʪʦʷʥʥʘʷ ʟʘʪʫʭʘʥʠʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʪʠʧʘ ʚʦʟʜʫʭʦʚʦʜʘ ʠ ʩʨʝʜʳ, ʧʝʨʝʤʝ-

ʱʘʝʤʦʡ ʚ ʪʨʫʙʝ.  

ɼʣʷ ʛʣʘʜʢʠʭ ʪʨʫʙ ʩ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʦʡ ʚ ʩʪʝʥʝ ʟʘʪʫʭʘʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʡ-

ʩʪʚʘʤʠ ʞʠʜʢʦʩʪʠ (ʩʤ. [19]). ɼʣʷ ʛʘʟʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 0p , ʇʘ, ʠ ʪʝʤʧʝʨʘʪʫʨʳ T, ʂ, ʧʦ-

ʩʪʦʷʥʥʫʶ ʟʘʪʫʭʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 
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 ɼʣʷ ʚʦʟʜʫʭʦʚʦʜʦʚ ʚ ʩʠʩʪʝʤʝ ʚʝʥʪʠʣʷʮʠʠ ʟʥʘʯʝʥʠʝ a  ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ  ( ºa 0), 

ɼʣʷ ʣʝʛʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʦʟʜʫʭʦʚʦʜʦʚ ʧʦʩʪʦʷʥʥʘʷ ʟʘʪʫʭʘʥʠʷ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 

08,0=a  ʜʣʷ ʢʨʫʛʣʳʭ, ʜʦ 02,0=a  ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʚʦʟʜʫʭʦʚʦʜʦʚ. 

 ɽʩʣʠ ʧʦ ʪʨʫʙʝ, ʞʝʩʪʢʦ ʟʘʜʝʣʘʥʥʦʡ ʚ ʩʪʝʥʝ, ʪʝʯʝʪ ʞʠʜʢʦʩʪʴ, ʪʦ ʧʦ ɻʤʧʠʨʠʯʝ-

ʩʢʦʡ ʦʮʝʥʢʝ 06,0=a . 

ɽ.4 ʇʨʷʤʦʡ ʦʙʣʠʮʦʚʘʥʥʳʡ ʚʦʟʜʫʭʦʚʦʜ/ʛʣʫʰʠʪʝʣ ɹ

 ʉʥʠʞʝʥʠʝ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʰʫʤʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʧʦ ʧʨʷʤʦʤʫ ʦʙʣʠ-

ʮʦʚʘʥʥʦʤʫ ʚʦʟʜʫʭʦʚʦʜʫ, ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʦʛʣʦʱʝʥʠʷ ʰʫʤʘ ʦʙʣʠʮʦʚʢʦʡ, ʭʦʪʷ ʧʝ-

ʨʝʜʘʯʘ ʰʫʤʘ ʥʘʨʫʞʫ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ. ʉʥʠʞʝʥʠʝ ʰʫʤʘ ʪʦʥʢʦʡ 

ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʝʡ ʦʙʣʠʮʦʚʢʦʡ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ (ɽ.4) ʧʨʠ 

aÖ= 37,17a . ʉʚʝʜʝʥʠʷ ʦ ʢʦʵʬʬʠʮʠʝʥʪʝ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ [30]. 

ɽ.5 ɺʦʟʜʫʭʦʚʦʜ ʩ ʧʝʨʝʤʝʥʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ  

 ʉʥʠʞʝʥʠʝ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʧʦ ʚʦʟʜʫʭʦʚʦʜʫ ʰʫʤʘ ʩ 

ʧʝʨʝʤʝʥʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ ʧʣʦʱʘʜʝʡ r  ʠ  ʦʪ 

ʯʘʩʪʦʪʳ (ʜʣʷ ʨʘʩʰʠʨʷʶʱʝʛʦʩʷ ʚʦʟʜʫʭʦʚʦʜʘ). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ 

ʧʨʠʥʠʤʘʝʪʩʷ 1<r , ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ  ï 1>r . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʞʝʥʠʝ ʟʚʫʢʦʚʦʡ 

ʤʦʱʥʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 
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ʛʜʝ r  ï ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʜʦ ʠ ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʷ 

(
afterbefor SS / ) ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʰʫʤʘ; 

pf  ï ʚʝʨʭʥʷ  ̫ʯʘʩʪʦʪʘ ʧʣʦʩʢʦʡ ʟʚʫʢʦʚʦʡ ʚʦʣʥr ʜʦ ʠʟʤʝʥʝʥʠʷ ʩʝʯʝʥʠʷ ʚʦʟʜʫʭʦ-

ʚʦʜʘ, ɻʮ; 
pf bco 2/=  ʠʣʠ 

pf dco /586,0 Ö= . 

ɽʩʣʠ ʚʦʟʜʫʭʦʚʦʜ ʨʘʩʰʠʨʷʝʪʩʷ ʠ 
pff > , ʪʦ 0' =D WL . 

ɽ.6 ʆʪʚʝʪʚʣʝʥʠʷ ʚʦʟʜʫʭʦʚʦʜʘ 

 ʉʥʠʞʝʥʠʝ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʰʫʤʘ ʧʦ ʚʦʟʜʫʭʦʚʦʜʫ ʚ 

ʥʝʩʢʦʣʴʢʦ ʝʛʦ ʦʪʚʝʪʚʣʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʪʥʦʰʝʥʠʝʤ ʠʭ ʧʣʦʱʘʜʝʡ 

ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ 
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int, lg10' ,     (ɽ.7) 
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ʛʜʝ 
jS  ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʪʚʝʪʚʣʝʥʠʷj , ʤ2; 

 n  ï  ʯʠʩʣʦ ʦʪʚʝʪʚʣʝʥʠʡ ʚʦʟʜʫʭʦʚʦʜʘ. 

 ʌʦʨʤʫʣʘ (ɽ.7) ʩʧʨʘʚʝʜʣʠʚʘ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. ʅʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʯʘʩʪʦʪʘʭ ʩʥʠʞʝʥʠʝ ʰʫʤʘ ʚ ʦʪʚʝʪʚʣʝʥʠʷʭ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ. 

ɽ.7 ɺʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʪʚʝʨʩʪʠ ̫

 ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ  ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʦʪʚʝʨʩʪʠ ̫ʚ 

ʟʘʤʢʥʫʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʝʨʷʤʠ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ 
iotD ,

 ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʠʟʤʝʨʝʥʘ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʦʪʨʘ-

ʞʝʥʠʷ ʦʪ ʢʦʥʮʘ ʚʦʟʜʫʭʦʚʦʜʘ. ɽʩʣʠ ʠʟʤʝʨʷʶʪ ʚʥʦʩʠʤʳʝ ʧʦʪʝʨʠ iD  ʫʩʪʨʦʡʩʪʚʘ, ʪʦ ʢ 

ʥʠʤ ʜʦʙʘʚʣʷʶʪ ʦʪʨʘʞʝʥʠʷ ʦʪ ʢʦʥʮʘ. ɼʣʷ ʦʪʚʝʨʩʪʠʡ ʪʘʢʠʝ ʦʪʨʘʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʫʯʪʝʥʳ ʨʘʩʯʝʪʦʤ ʧʦ ʬʦʨʤʫʣʝ  
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4
1lg10 ,    (ɽ.8) 

ʛʜʝ ok  ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ (ok 0/2 cfp= ) ʚ ʚʦʟʜʫʭʝ, ʤ; 

W ï ʫʛʦʣ ʠʟʣʫʯʝʥʠʷ, ʨʘʜ.  

ɽʩʣʠ ʦʪʚʝʨʩʪʠʝ ʚʦʟʜʫʭʦʚʦʜʘ ʨʘʩʧʦʣʦʞʝʥʦ: 

ï ʚ ʮʝʥʪʨʝ ʧʦʤʝʱʝʥʠʷ, ʪʦ p4=W ;  

ï ʥʘ ʦʛʨʘʞʜʘʶʱʝʡ ʧʣʦʩʢʦʩʪʠ ʧʦʤʝʱʝʥʠ,̫ ʪʦ p2=W ,  

ï ʫ ʧʨʠʤʳʢʘʥʠʷ ʜʚʫʭ ʧʣʦʩʢʦʩʪʝʡ ʧʦʤʝʱʝʥʠʷ , ʪʦ p=W ,  

ï ʚ ʫʛʣʫ ʧʦʤʝʱʝʥʠʷ, ʪʦ 2/p=W ; 

 coS  ï ʧʣʦʱʘʜʴ ʦʪʚʝʨʩʪʠʷ ʚʦʟʜʫʭʦʚʦʜʘ, ʤ2. 

 ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʠʟ ʟʘʤʢʥʫʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʚʦʟʜʫ-

ʭʦʚʦʜ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʝʨʷʤʠ ʧʨʠ ʧʝʨʝʜʘʯʝ 
oitD ,
, ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʳʚʘʶʪ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʧʦ 
iotD ,

 ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʫʛʣʝ W 

 ( ) öö
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õ
ææ
ç

å W
+--Ö=
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D
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D iot
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,
2

6,1lg101102lg10 , .  (ɽ.9) 

ɽ.8 ʀʟʣʫʯʝʥʠʝ ʦʪʚʝʨʩʪʠʡ 

 ʅʘ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʷʤʦʤ ʠ ʦʪʨʘʞʝʥʥʦʤ ʟʚʫʢʦʚʦʤ ʧʦʣʝ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʦʪʨʘʞʝʥʠ ̫ ʦʪ ʛʨʘʥʠʮ ʧʦʤʝʱʝʥʠʷ. ʅʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʵʪʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʜʝʢʩʦʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ WD  (ʩʤ. ɽʅ 12354-4), ʘ ʥʘ 

ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʚʣʠʷʥʠʝ ʦʪʨʘʞʝʥʠʡ ʩʥʠʞʘʝʪʩʷ ʜʦ 0 ʜɹ. ʀʥʜʝʢʩ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 
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lg10D .      (ɽ.10ʘ) 

ʇʨʠʤʝʯʘʥʠʝ ï ɼʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʙʦʣʝʝ ʪʦʯʥʦ, ʝʩʣʠ 

ʫʯʝʩʪʴ ʯʘʩʪʦʪʫ. ɼʣʷ ʦʪʚʝʨʩʪʠʡ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʭ ʦʪ ʧʣʦʩʢʦʩʪʠ WD  ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ 

ʬʦʨʤʫʣʝ 
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1lg10 0 ,     (ɽ.10b) 

ʕʪʘ ʚʝʣʠʯʠʥʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ 3 ʜɹ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʜʦ 0 ʜɹ ʥʘ ʚʳʩʦʢʠʭ ʯʘ-

ʩʪʦʪʘʭ. ɺʦʟʤʦʞʥʳ ʩʦʧʦʩʪʘʚʠʤʳʝ ʦʮʝʥʢʠ ʜʣʷ ʜʨʫʛʠʭ ʧʦʟʠʮʠʡ [ʩʤ. ʪʘʢʞʝ ɽʅ 12354-3* (ʧʨʠʣʦ-

ʞʝʥʠʝ D)]. 

 ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʷʤʦʛʦ ʟʚʫʢʘ  ʦʪʚʝʨʩʪʠ ̫ʚʦʟʜʫʭʦʚʦʜʘ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʦʪʚʝʨʩʪʠʷ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʥʘ ʚʳʩʦʢʠʭ 

ʯʘʩʪʦʪʘʭ, ʦʩʦʙʝʥʥʦ ʚʳʰʝ 
coSf /5> , ʠ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ Q 

ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ 4 ʜʦ 8 ʜʣʷ ʫʛʣʦʚ ʦʪ 0Á ʜʦ 45Á. 

 ʏʘʩʪʦ ʦʙʘ ʵʬʬʝʢʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʜʥʠʤ ʵʬʬʝʢʪʠʚʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʭʦʪʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ ʚʝʨʥʳʤ, ʝʩʣʠ ʧʨʷʤʦʡ ʟʚʫʢ ʧʨʝʦʙʣʘʜʘ-

ʝʪ, ʠ ʟʚʫʢʦʠʟʦʣʷʮʠ ʁʦʪʚʝʨʩʪʠ ̫ʠʟʤʝʨʷʶʪ ʩ ʦʪʨʘʞʝʥʠʝʤ ʦʪ ʩʚʦʙʦʜʥʦʛʦ ʢʦʥʮʘ ʚʦʟʜʫ-

ʭʦʚʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʘ ʠʣʣʶʩʪʨʘʮʠʷ ʠʟ [1] ʜʣʷ ʠʟʣʫʯʝʥʠʷ ʧʦʜ ʫʛʣʦʤ 

45Á. 

 

ʈʠʩʫʥʦʢ ɽ.1 ï ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ Q  ʦʪʚʝʨʩʪʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʤʝʩʪʘʭ ʧʦʤʝʱʝʥʠ ̫ʜʣʷ ʠʟʣʫʯʝʥʠʷ ʧʦʜ ʫʛʣʦʤ 45Á ʢʘʢ ʬʫʥʢʮʠʷ ʠʭ ʧʣʦʱʘʜʠ ʠ ʯʘʩʪʦʪʳ 

                                                 
*
 ɽʅ 12354-3:2000 çɸʢʫʩʪʠʢʘ ʟʜʘʥʠʡ. ʆʮʝʥʢʘ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʜʘʥʠʡ ʧʦ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʘʤ  ʵʣʝʤʝʥʪʦʚ. ʏʘʩʪʴ 3.ɿʚʫʢʦʠʟʦʣʷʮʠʷ ʚʥʝʰʥʝʛʦ ʰʫʤʘè. 
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(ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʵʬʬʝʢʪ ʚʣʠʷʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʦʪʚʝʨʩʪʠʡ ʚʙʣʠʟʠ 

ʦʪʨʘʞʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦ [1]) 

 ʉʦʛʣʘʩʥʦ [41] ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʪʨʘʞʝʥʥʳʤ ʧʦʣʝʤ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʨʘʚʝʜʣʠʚʘ 

ʬʦʨʤʫʣʘ (10). 
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ʇʨʠʣʦʞʝʥʠʝ F 

(ʩʧʨʘʚʦʯʥʦʝ) 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʰʫʤʘ ʚ ʟʜʘʥʠʠ 

F.1 ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʩʦʝʜʠʥʝʥʠʷ 

 ʆʧʨʝʜʝʣʝʥʠʝ 
ijR  ʥʘ ʦʩʥʦʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ ʨʘʩʩʤʦʪ-

ʨʝʥʦ ʚ ɽʅ 12354-1. ɿʚʫʢʦʧʝʨʝʜʘʯʫ ʯʝʨʝʟ ʩʦʝʜʠʥʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʠʥʜʝʢʩʦʤ ʩʥʠʞʝ-

ʥʠʷ ʚʠʙʨʘʮʠʠ 
ijK . ɺ ɽʅ 12354-1 ʦʧʠʩʘʥʘ ʟʚʫʢʦʧʝʨʝʜʘʯʘ ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ ʧʦʤʝʝɦ-

ʥʠ̫ʤʠ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʷʭ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠʝʤʥʦʝ ʧʦ-

ʤʝʱʝʥʠʝ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʤʝʥʪʦʚ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʤʝʱʝʥʠ-

ʝʤ ʠʩʪʦʯʥʠʢʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʪʘʢʠʭ ʩʠʪʫʘʮʠʷʭ ʜʣʷ ʢʘʞʜʦʛʦ ʧʫʪʠ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʤʦ-

ʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝ ʞʝ ʬʦʨʤʫʣʳ, ʧʨʠ ʫʩʣʦʚʠʷʭ: 

 - 
ijK  ʥʝ ʷʚʣʷʝʪʩʷ ʠʥʚʘʨʠʘʥʪʥʦʡ ʚʝʣʠʯʠʥʦʡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ, ʥʦ ʜʦʣʞʝʥ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥ ʜʣʷ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʯʝʨʝʟ ʢʘʞʜʦʝ ʠʟ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʫ-

ʪʠ;   

 - ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʟʚʫʢʦʧʝʨʝʜʘʯʫ ʥʝ ʪʦʣʴʢʦ ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʦʙʦʜʥʳʭ ʠʟ-

ʛʠʙʥʳʭ ʚʦʣʥ, ʥʦ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʦʣʥʘʤʠ ʜʨʫʛʠʭ ʪʠʧʦʚ, ʯʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩ ʧʦʤʦ-

ʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʢʮʠʠ KD . 

 ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʥʝʩʢʦʣʴʢʠʭ ʧʫʪʝʡ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ i ʠ j ʚʩʝ ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʥʷʪʳ ʚʦ ʚʥʠʤʘʥʠʝ ʢʘʢ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʪʘʢ 

ʠ ʦʙʲʝʜʠʥʝʥʥʳʝ ʚ 
refijR ,
. ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʠʥʜʝʢʩ ʩʥʠʞʝʥʠʷ ʚʠʙʨʘʮʠʠ ʤʝʞʜʫ ʵʣʝʤʝʥ-

ʪʦʤ i ʠ j ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʥʘ ʦʜʥʦʤ ʢʦʥʢʨʝʪʥʦʤ ʧʫʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥ 

ʧʦ ʬʦʨʤʫʣʝ  
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ʛʜʝ 
jil ,
 ï ʜʣʠʥʘ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ i ʠ j, ʤ; 

kji aaa ,,  ï ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʜʣʠʥr ʧʦʛʣʦʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ i, j ʠ k, ʤ;   

KD  ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʢʮʠʠ ʠʥʜʝʢʩʘ ʩʥʠʞʝʥʠʷ ʚʠʙʨʘʮʠʠ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʝ-

ʙʦʣʴʰʦʝ ʫʤʝʥʴʰʝʥʠʝ ʝʛʦ ʟʥʘʯʝʥʠ ̫ʚ ʩʚʷʟʠ ʩ ʥʘʣʠʯʠʝʤ ʜʨʫʛʠʭ ʪʠʧʦʚ ʚʦʣʥ, ʦʪʣʠʯʥʳʭ 

ʦʪ ʩʚʦʙʦʜʥʳʭ ʠʟʛʠʙʥʳʭ ʚʦʣʥ, ʜɹ. 
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 ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʧʨʠʤʝʥʠʤʦʛʦ ʜʣʷ ʭʦʨʦʰʦ ʜʝʤʧʬʠʨʦʚʘʥʥʳʭ 

ʠʣʠ ʥʝ ʩʣʠʰʢʦʤ ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ, ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʜʣʠʥʘ ʠʭ ʧʦʛʣʦʱʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʥʷʪʘ ʯʠʩʣʝʥʥʦ ʨʘʚʥʦʡ ʧʣʦʱʘʜʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. 

 ʉʦʛʣʘʩʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʜʘʥʥʳʤ ʟʥʘʯʝʥʠʷ KD  ʧʨʠʥʠʤʘʶʪ ʨʘʚʥʳʤʠ 4 ʜɹ 

ʜʣʷ ʜʚʫʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 6 ʜɹ ʜʣʷ ʪʨʝʭ ʠ ʙʦʣʝʝ ʩʦʝʜʠʥʝʥʠʡ. ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ ʟʥʘʯʝ-

ʥʠʝ ʜʣʷ 
ijK , ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʙʳʚʘʝʪ ʤʝʥʴʰʝ ʤʠʥʫʩ 5 ʜɹ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʫʤʤʘʨ-

ʥʦʡ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠ ʁ[20]. 

 ʇʨʠ ʥʘʣʠʯʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʫʪʝʡ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʧʦʜʭʦ-

ʜʷʱʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ SEA (Statistical Energy Analysis), ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʳʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʚ ʨʘʩʯʝʪʥʳʝ ʤʦʜʝʣʠ [21]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

SEA-ʤʦʜʝʣʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʧʨʷʤʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʠʥʜʝʢʩʘʤʠ ʩʥʠ-

ʞʝʥʠʷ ʚʠʙʨʘʮʠʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦʪʝʨʴ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʦʮʝʥʢʝ ʟʚʫ-

ʢʦʧʝʨʝʜʘʯʠ ʧʨʠ SEA-ʤʦʜʝʣʠʨʦʚʘʥʠʠ. ɼʣʷ ʝʜʠʥʠʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʚʷʟʴ ʠʥʜʝʢʩʘ 

ʩʥʠʞʝʥʠʷ ʚʠʙʨʘʮʠʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʪʝʨʴ ʩʦʝʜʠʥʝʥʠʷ 
ijh  ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

(F.2ʘ), ʜʣʷ ʢʦʤʙʠʥʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʚʳʨʘʞʘʝʪʩʷ 

ʬʦʨʤʫʣʦʡ (F.2b): 
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ʛʜʝ 
ijh  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ i ʠ j;     

*

ih  ï ʦʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʵʣʝʤʝʥʪʘ i (
isfT ,/2,2= ); 

ijl  ï ʜʣʠʥʘ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ i ʠ j (ʦʜʥʦ ʩʦʝʜʠʥʝʥʠʝ) ʠʣʠ ʤʝʞʜʫ ʵʣʝʤʝʥ-

ʪʘʤʠ i ʠ 1+i  (ʥʝʩʢʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʡ), ʤ; 

cf  ï ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʵʣʝʤʝʥʪʘ, ɻʮ. 

F.2 ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʚ ʚʦʟʜʫʰʥʳʡ 

 ɼʣʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʝ (18ʘ) ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʚ ʚʦʟʜʫʰʥʳʡ saD . ʆʥ ʩʚʷʟʳʚʘʝʪ ʟʚʫ-

ʢʦʚʫ  ʁʤʦʱʥʦʩʪ ɹʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ, ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʩ ʤʦʱʥʦʩʪʴ  ʁʧʘ-

ʜʘʶʱʝʛʦ ʥʘ ʵʣʝʤʝʥʪ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ, ʚʳʟʳʚʘʶʱʝʛʦ ʚ ʵʣʝʤʝʥʪʝ ʩʚʦʙʦʜʥʳʝ ʢʦʣʝ-

ʙʘʥʠ̫ ʪʦʡ ʞʝ ʵʥʝʨʛʠʠ. 
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 ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ, ʩʠʣʘ ʢʦʪʦʨʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʜʥʦʨʦʜʥʦʤʫ ʥʝʩʫʱʝʤʫ 

ʵʣʝʤʝʥʪʫ ʟʜʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʚ ʚʦʟʜʫʰʥʳʡ ʜʣʷ 

ʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ i ʟʜʘʥʠʷ ʩʦʛʣʘʩʥʦ  ɽʅ 12354-1 (ʧʨʠʣʦʞʝʥʠʝ ɺ) ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʧʦ ʬʦʨʤʫʣʝ 
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ʛʜʝ 
icf ,
 ï ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʵʣʝʤʝʥʪʘ i, ɻʮ; 

is  ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʠʟʛʠʙʥʳʭ ʚʦʣʥ ʵʣʝʤʝʥʪʘ i; 

im  ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʣʝʤʝʥʪʘ i, ʤ2; 

f  ï ʩʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ, ɻʮ. 

 ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʷʚʣʷʝʪʩʷ ʪʦʯʥʦʡ ʜʣʷ ʯʘʩʪʦʪ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʡ ( )1ºicf s  ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʝʝ ʧʨʠʙʣʠʞʝʥʠʝ ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ʂʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫ-

ʯʝʥʠʷ ʵʣʝʤʝʥʪʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ɽʅ 12354-1 (ʧʨʠʣʦʞʝʥʠʝ ɺ). 

F.3 ʇʦʜʚʠʞʥʦʩʪʴ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʷ 

F.3.1 ʆʜʥʦʨʦʜʥʳʝ ʵʣʝʤʝʥʪʳ 

  ɺ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ, ʧʨʝʚʳʰʘʶʱʠʭ ʥʘʠʙʦʣʝʝ ʥʠʟʢʫ  ʁʨʝʟʦʥʘʥʩʥʫ  ʁʯʘʩʪʦʪʫ 11f , 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ im  ʠ ʠʟʛʠʙʥʳʤ ʤʦʤʝʥʪʦʤ 'B  [22]. ɼʣʷ ʵʣʝʤʝʥʪʘ i  ʙʦʣʴʰʠʭ 

ʨʘʟʤʝʨʦʚ (ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʵʣʝʤʝʥʪʘ), ʧʦʜʚʠʞʥʦʩʪʴ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ  

 ( ) ( )112

'
, /1500003,2

8

1 --

¤ º=== cl

i

ii fttc
Bm

YY r ,  (F.4) 

ʛʜʝ cf  ï ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʵʣʝʤʝʥʪʘ, ɻʮ;  

im  ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʣʝʤʝʥʪʘ, ʢʛ/ʤ2; 

r ï (ʵʬʬʝʢʪʠʚʥʘʷ) ʧʣʦʪʥʦʩʪʴ ʵʣʝʤʝʥʪʘ, ʢʛ/ʤ3; 

Lc  ï ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʵʣʝʤʝʥʪʘ, ʤ/ʩ; 

t  ï ʪʦʣʱʠʥʘ ʵʣʝʤʝʥʪʘ, ʤ. 

 ʈʝʟʦʥʘʥʩʥʫ  ʁʯʘʩʪʦʪʫ ʩʚʦʙʦʜʥʦ ʦʧʝʨʪʦʡ ʥʝʩʫʱʝʡ ʧʣʘʩʪʠʥʳ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ 

ʬʦʨʤʫʣʝ 
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ʛʜʝ 1l , 2l  ï ʜʣʠʥʘ ʠ ʰʠʨʠʥʘ ʧʣʘʩʪʠʥʳ, ʤ. 
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ʕʬʬʝʢʪʠʚʥʦʝ ʦʧʠʨʘʥʠʝ ʧʣʘʩʪʠʥ rʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʧʨʠ ʩʚʦʙʦʜʥʦʤ 

ʦʧʠʨʘʥʠʠ ʥʘ ʥʝʞʝʩʪʢʠʝ ʦʧʦʨr, ʪ. ʝ. ʥʘ ʣʝʛʢʠʝ ʙʘʣʢʠ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʥʠʞʥʁʁ ʨʝʟʦ-

ʥʘʥʩʥʫ  ʁʯʘʩʪʦʪʫ. 

ʅʠʞʝ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʢʦʤʧʣʝʢʩ-

ʥʦʡ ʚʝʣʠʯʠʥʦʡ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʞʝʩʪʢʦʩʪʴʶ ʥʝʩʫʱʝʛʦ ʵʣʝʤʝʥʪʘ. 

ɺ ʩʣʫʯʘʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʣʘʩʪʠʥ ʧʦʜʚʠʞʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʪʦʡ ʞʝ ʬʦʨʤʫ-

ʣʝ (F.4) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʢʨʫʪʷʱʝʛʦ ʤʦ-

ʤʝʥʪʘ. 

F.3.2 ʕʣʝʤʝʥʪʳ ʩ ʙʘʣʢʘʤʠ 

 ʕʣʝʤʝʥʪʳ ʩ ʙʘʣʢʘʤʠ ʚ ʨʘʟʥʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʯʘʩʪʠ ʧʣʘʩʪʠʥ rʤʝʞʜʫ ʙʘʣʢʘʤʠ 

[ʩʤ. ʬʦʨʤʫʣʫ (F.5)] [23]: 

 - ʧʨʠ 11ff <  ʧʨʠʤʝʥʷʶʪ ʬʦʨʤʫʣʫ (F.4) ʩ ʵʬʬʝʢʪʠʚʥʦʡ ʦʙʱʝʡ ʞʝʩʪʢʦʩʪʴʶ ʠʟ-

ʛʠʙʘ yxeff BBB ''' = ʠ ʧʦʛʦʥʥʦʡ ʤʘʩʩʦʡ m ;  

ʧʨʠ 11ff >  ʜʣʷ ʚʦʟʙʫʞʜʝʥʠ ̫ʤʝʞʜʫ ʙʘʣʢʘʤʠ:  

a) ʜʣʷ ʯʘʩʪʠ ʧʣʘʩʪʠʥʳ ʤʝʞʜʫ ʙʘʣʢʘʤʠ ʧʨʠʤʝʥʷʶʪ ʬʦʨʤʫʣʫ (F.4); 

b) ʜʣʷ ʚʦʟʙʫʞʜʝʥʠ ̫ʙʘʣʦʢ ʧʨʠʤʝʥʷʶʪ 'B  ʠ m  ʪʘʚʨʦʚʦʛʦ ʧʨʦʬʠʣʷ ʠʣʠ ʦʧʨʝʜʝ-

ʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ 
1

/'4
-

ö
÷
õæ

ç
å= bbbbeam mBwbmY . 

F.3.3 ɺʦʟʙʫʞʜʝʥʠʝ ʫ ʛʨʘʥʠʮ ʠ ʫʛʣʦʚ 

 ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [24] ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʚʙʣʠʟʠ ʛʨʘ-

ʥʠʮ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

- ʜʣʷ ʞʝʩʪʢʠʭ ʢʨʘʝʚ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʘ ʦʪ ʠʩʪʦʯʥʠʢʘ 

{} { } ( )[ ] { }( ) ( )ù
ú

ø
é
ê

è
-º-= ¤¤

42

,0,
4

1
Re21ReRe akakYakJYY BBiBii  ʜʣʷ 1¢akB    (F.6ʘ) 

 - ʜʣʷ ʞʝʩʪʢʦʛʦ ʫʛʣʘ ʩ ʛʨʘʥʷʤʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ a, b ʦʪ ʠʩʪʦʯʥʠʢʘ 

{} { } ( ) ( ) ( )[ ]22

0, 2221ReRe bakJbkJakJYY BoBoBii ++--= ¤  
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  (F.6.b) 
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F.4 ʀʟʤʝʨʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʟʚʫʢʦʧʝʨʝʜʘʯʠ 

F.4.1 ɺʦʟʜʫʰʥʘʷ ʟʚʫʢʦʧʝʨʝʜʘʯʘ  

 ʉʫʤʤʘʨʥʫʶ ʚʦʟʜʫʰʥʫʶ ʟʚʫʢʦʧʝʨʝʜʘʯʫ ʯʝʨʝʟ ʟʜʘʥʠʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʨʝ-

ʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʧʦ ɽʅ ʀʉʆ 140-4*, ʚʳʨʘʞʘʷ ʝʝ, ʥʘʧʨʠʤʝʨ, ʧʨʠʚʝʜʝʥʥʦʡ ʨʘʟʥʦ-

ʩʪɹʶ ʫʨʦʚʥʝʡ nD  ʤʝʞʜʫ ʧʦʤʝʱʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠʝʤʥʳʤ ʧʦʤʝʱʝʥʠʝʤ. ɼʘʥʥʘʷ 

ʚʝʣʠʯʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʮʝʥʢʠ ʩʫʤʤʘʨʥʦʛʦ ʧʨʠʚʝʜʝʥʥʦʛʦ ʫʨʦʚʥʷ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚʩʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʚʦʟʙʫʞʜʝʥʳ ʪʦʣʴʢʦ ʜʠʬʬʫʟʥʳʤ ʟʚʫʢʦʚʳʤ ʧʦʣʝʤ. ɺ ʪʘʢʦʤ 

ʩʣʫʯʘʝ 
siis ASD /lg10, = ʜʣʷ ʢʘʞʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ i  ʠ ʬʦʨʤʫʣʳ (12) ʠ (13) ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʲʝʜʠʥʝʥʳ ʚ ʬʦʨʤʫʣʫ 

 n

s

W

ji

Rs

Wan D
A

L
A

LL ij --=+-= ä
-

4
lg1010lg10

4
lg10

,

,
10/  , (F.7) 

ʛʜʝ 
anL ,
 ï ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ, ʜɹ; 

 WL  ï ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ, ʜɹ; 

 sA  ï ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʧʣʦʱʘʜʴ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ ʧʦʤʝʱʝʥʠ ̫ʠʩʪʦʯʥʠʢʘ, ʤ2;  

 
ijR  ï ʟʚʫʢʦʠʟʦʣʷʮʠʷ ʜʣʷ ʢʦʩʚʝʥʥʦʛʦ ʧʫʪʠ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ij , ʜɹ; 

 nD  ï ʧʨʠʚʝʜʝʥʥʘ  ̫ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʤʝʞʜʫ ʧʦʤʝʱʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠʝʤ-

ʥʳʤ ʧʦʤʝʱʝʥʠʝʤ, ʜɹ. 

 ɺ ʥʝʢʦʪʦʨʳʭ ʩʠʪʫʘʮʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʝʥʠʝ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʚ 

ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪ. ʝ. ʠʟ ʧʨʠʝʤʥʦʛʦ ʧʦʤʝʱʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʝ ʠʩʪʦʯʥʠʢʘ. ʇʨʠ-

ʚʝʜʝʥʥʫ  ʁʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 

 
ref

source

sr

reci

n
A

A
LLD lg10--=  ,    (F.8) 

ʛʜʝ reci

nD  ï ʧʨʠʚʝʜʝʥʥʘʷ ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ 

ʠʟ ʧʨʠʝʤʥʦʛʦ ʧʦʤʝʝɦʥʠʷ ʚ ʧʦʤʝʱʝʥʠʝ ʠʩʪʦʯʥʠʢʘ, ʜɹ; 

rL  ï ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ, ʩʦʟʜʘʥʥʳʡ ʠʩʪʦʯʥʠ-

ʢʦʤ ʰʫʤʘ ʚ ʵʪʦʤ ʧʦʤʝʱʝʥʠʠ, ʜɹ; 

sL  ï ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʠʝʤʥʦʛʦ ʧʦʤʝʱʝʥʠʷ, ʜɹ; 

                                                 
*
 ɽʅ ʀʉʆ 140-4 çɸʢʫʩʪʠʢʘ ï ʀʟʤʝʨʝʥʠʝ ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʚ ʟʜʘʥʠʷʭ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ. ʏʘʩʪʴ 4. 

ʀʟʤʝʨʝʥʠʝ ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ ʤʝʞʜʫ ʧʦʤʝʱʝʥʠʷʤʠ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭè 
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  sourceA  ï ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʧʣʦʱʘʜʴ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ ʧʦʤʝʱʝʥʠ ̫ʠʩʪʦʯʥʠʢʘ, ʤ2. 

F.4.2 ɿʚʫʢʦʧʝʨʝʜʘʯʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ  

 ʉʫʤʤʘʨʥʘʷ ʟʚʫʢʦʧʝʨʝʜʘʯʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠʶ ʟʜʘʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠ̫ʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʜʘʨʥʦʡ ʤʘʰʠʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ɽʅ ʀʉʆ 140-7*. ɿʚʫʢʦʧʝʨʝʜʘʯʫ ʤʦʞʥʦ ʪʘʢʞʝ ʚʳʨʘʟʠʪʴ ʧʨʠʚʝʜʝʥʥʦʡ ʨʘʟʥʦʩʪʴʶ ʫʨʦʚ-

ʥ̫  ʚʦʟʙʫʞʜʘʶʱʝʡ ʩʠʣʳ ʠ ʫʨʦʚʥ ̫ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 
nFpD ,
 ʧʦ ʬʦʨʤʫʣʝ 

 
ref

rFnFp
A

A
LLD lg10, --=  ,    (F.9) 

ʛʜʝ 
nFpD ,
 ï ʧʨʠʚʝʜʝʥʥʘ  ̫ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʚʦʟʙʫʞʜʘʶʱʝʡ ʩʠʣr ʚ ʧʦʤʝʱʝʥʠʠ ʠʩ-

ʪʦʯʥʠʢʘ ʠ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠ ̫ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ, ʜɹ; 

 FL  ï ʫʨʦʚʝʥʴ ʩʠʣʳ ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ, ʜɹ; 

 rL  ï ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ, ʜɹ; 

 A  ï ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʧʣʦʱʘʜʴ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ ʧʨʠʝʤʥʦʛʦ ʧʦʤʝʱʝʥʠ,̫ ʤ2. 

 ɺʤʝʩʪʦ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʙʫʜʠʪʝʣʷ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʫʜʘʨʥʘʷ ʤʘʰʠʥʘ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʫʨʦʚʝʥʴ ʩʠʣʳ ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ 

ʧʨʠʥʠʤʘʶʪ ʩʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ F.1. ʇʨʠʤʝʨʥʦ ʜʦ 1000 ɻʮ ʦʥ ʨʘʚʝʥ 

1210/5,2lg10 -= fLF  ʜɹ ʠʣʠ 1210/8,0lg10 -= fLF  ʜɹ ʜʣʷ 1/3-ʦʢʪʘʚʥʳʭ ʧʦʣʦʩ, ʯʪʦ ʙʣʠʟʢʦ 

ʢ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʞʠʜʘʝʤʳʤ ʟʥʘʯʝʥʠʷʤ [22]. 

ʊʘʙʣʠʮʘ F.1 ï ʋʨʦʚʝʥʴ ʩʠʣʳ FL  ʦʪʥʦʩʠʪʝʣʴʥʦ 1 ʧʅ ʜʣʷ ʫʜʘʨʥʦʡ ʤʘʰʠʥʳ ʚ ʦʢ-

ʪʘʚʥʳʭ ʧʦʣʦʩʘʭ 

ʉʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʘʷ 
ʯʘʩʪʦʪʘ ʦʢʪʘʚʥʦʡ 
ʧʦʣʦʩʳ, ɻʮ 

31 63 125 250 500 1000 2000 4000 

ʋʨʦʚʝʥʴ ʩʠʣʳ FL   139 142 145 148 151 154 156 156 

  ʂʦʛʜʘ ʠʩʪʦʯʥʠʢ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʩʪʦʯʥʠʢʦʤ ʩʠʣʳ, ʟʘʬʠʢʩʠ-

ʨʦʚʘʥʥʳʤ ʚ ʪʦʯʢʝ ʠʟʤʝʨʝʥʠʷ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ, ʬʦʨʤʫʣʳ (18) ʠ (19) ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʲʝʜʠʥʝʥʳ ʚ ʬʦʨʤʫʣʫ 

 
nFpcWssn DLL ,,, 30-+= .     (F.10) 

 ɼʣʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʙʦʣʝʝ ʧʨʘʢʪʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʟʚʫʢʦʧʝʨʝʜʘʯʠ 

ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪ. ʝ. ʩʦʟʜʘʚʘʷ ʟʚʫʢʦʚʫ  ʁʤʦʱʥʦʩʪʴ ʚ ʧʨʠʝʤʥʦʤ ʧʦ-

                                                 
* ɽʅ ʀʉʆ 140-7:1998 çɸʢʫʩʪʠʢʘ. ʀʟʤʝʨʝʥʠʝ ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʚ ʟʜʘʥʠʷʭ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ. 
ʏʘʩʪʴ 7. ʀʟʤʝʨʝʥʠʝ ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʫʜʘʨʥʦʛʦ ʰʫʤʘ ʧʦʣʦʤ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭè.  
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ʤʝʱʝʥʠʠ ʠ ʠʟʤʝʨʷʷ ʫʨʦʚʝʥʴ ʩʢʦʨʦʩʪʠ ʚ ʪʦʯʢʝ ʚʦʟʙʫʞʜʝʥʠʷ ʠʣʠ ʚ ʪʦʯʢʝ ʚ ʧʦʤʝʱʝʥʠʠ 

ʠʩʪʦʯʥʠʢʘ. ʈʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʧʨʠ ʵʪʦʤ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 

 5,109lg10 2

,, +--= fLLD svr

reci

nFp ,   (F.11) 

ʛʜʝ reci

nFpD ,  ï ʧʨʠʚʝʜʝʥʥʘ  ̫ʨʘʟʥʦʩʪʴ ʫʨʦʚʥ ̫ʚʦʟʙʫʞʜʘʶʱʝʡ ʩʠʣr ʚ ʧʦʤʝʱʝʥʠʠ ʠʩ-

ʪʦʯʥʠʢʘ ʠ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʝʤ ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ , ʜɹ; 

 
svL ,
 ï ʫʨʦʚʝʥʴ ʩʢʦʨʦʩʪʠ ʚʠʙʨʘʮʠʠ ʚ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʚ ʪʦʯʢʝ, ʛʜʝ ʧʨʠʣʦ-

ʞʝʥʘ ʚʦʟʙʫʞʜʘʶʱʘʷ ʩʠʣʘ,  ʜɹ ʦʪʥʦʩʠʪʝʣʴʥʦ 10-9 ʤ/ʩ; 

 rL  ï ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ ʩ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟ-

ʜʫʰʥʦʛʦ ʰʫʤʘ ʚ ʵʪʦʤ ʧʦʤʝʱʝʥʠʠ, ʜɹ ʦʪʥʦʩʠʪʝʣʴʥʦ 20 ʤʢʇʘ; 

 f  ï ʩʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ, ɻʮ. 
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ʇʨʠʣʦʞʝʥʠʝ G 

(ʩʧʨʘʚʦʯʥʦʝ) 

ʋʨʦʚʥʠ ʰʫʤʘ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ 

 ʉʦʟʜʘʥʥʳʝ ʠʩʪʦʯʥʠʢʘʤʠ ʰʫʤʘ ʠʣʠ ʵʣʝʤʝʥʪʘʤʠ ʟʜʘʥʠʷ ʫʨʦʚʥʠ ʟʚʫʢʦʚʦʛʦ ʜʘʚ-

ʣʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʠ ʠʟʤʝʨʝʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [41] ʷʚʣʷʶʪʩʷ 

ʩʨʝʜʥʠʤʠ ʧʦ ʧʦʤʝʱʝʥʠ ʁʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʟʦʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,5 ʤ ʦʪ ʝʛʦ ʛʨʘʥʠʮ. 

 ʅʦ ʨʝʘʣʴʥʦ ʦʥʠ ʠʤʝʶʪ ʨʘʟʙʨʦʩ,  ʠʟʤʝʥʷʷʩʴ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʷ. ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʙʳʯʥʦ ʦʙʨʘʪʥʦ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʦ ʯʠʩʣʫ ʤʦʜ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ (ʤʦʜʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ) [25], [26], [27], 

[28]. ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʫʨʦʚʥʝʡ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʜʣʷ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩ ʨʘʩ-

ʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 
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ʛʜʝ 
octp,s  ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʦʢʪʘʚʥʦʡ ʧʦʣʦ-

ʩʝ, ʜɹ;  

 )( fn  ï ʤʦʜʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ, ɻʮ-1; 

 oc  ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʚʦʟʜʫʭʝ (ʩʤco /340º ),ʤ/ʩ; 

 V  ï ʦʙʲʝʤ ʧʦʤʝʱʝʥʠʷ, ʤ3; 

 tS  ï ʧʣʦʱʘʜʴ ʦʛʨʘʞʜʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʤʝʱʝʥʠʷ, ʤ2; 

 L  ï ʦʙʱʘʷ ʜʣʠʥʘ ʛʨʘʥʠʮ ʧʦʤʝʱʝʥʠʷ, ʤ; 

 f  ï ʩʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʦʢʪʘʚʥʦʡ ʧʦʣʦʩʳ, ɻʮ. 

 ʀʟ-ʟʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʚ ʧʦʤʝʱʝʥʠʠ ʜʘʥʥʳʡ ʨʘʟʙʨʦʩ ʷʚʣʷʝʪ-

ʩʷ ʩʣʝʜʩʪʚʠʝʤ ʦʙʳʯʥʦ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʮʝʥʪʨʝ ʧʦʤʝʱʝʥʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤ ʧʦ ʧʦʤʝʱʝʥʠ.ʁ ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʡ ʧʦʧʨʘʚʢʦʡ ʋʦʪʝʨʭʘʫʩʘ (Waterhouse correction), ʫʯʠʪʳʚʘʶʱʝʡ ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʧʦʤʝʱʝʥʠʷ [ʩʤ. ʬʦʨʤʫʣʫ (G.2) ʠ ʨʠʩʫʥʦʢ G.1]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʝʥʴʰʝ, ʠ ʜʣʷ ʩʝʨʝʜʠʥʳ ʧʦ-

ʤʝʱʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʤʝʥʝʝ 2 ʤ ʦʪ ʩʪʝʥʳ ʦʥʘ ʩʪʨʝʤʠʪʩʷ ʢ ʧʦʣʦʚʠʥʝ ʦʪ ʫʢʘʟʘʥ-

ʥʳʭ ʥʘ ʨʠʩʫʥʢʝ ʟʥʘʯʝʥʠʡ. ʇʦʧʨʘʚʢʫ ʋʦʪʝʨʭʘʫʩʘ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 
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ʈʠʩʫʥʦʢ G.1 ï ʇʨʠʤʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʧʨʘʚʢʠ ʋʦʪʝʨʭʘʫʩʘ ʦʪ ʯʘʩʪʦʪʳ ʜʣʷ ʜʚʫʭ 

ʚʳʩʦʢʠʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʦʤʝʱʝʥʠʡ ʥʠʞʥʝʛʦ ʵʪʘʞʘ 

 ʇʨʠ ʦʮʝʥʢʝ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʩʪʦʷʱʠʤ ʩʪʘʥʜʘʨ-

ʪʦʤ ʜʘʞʝ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʧʨʠʤʝʥʷʣʘʩʴ ʪʝʦʨʠ ̫ʜʠʬʬʫʟʥʦʛʦ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ. ʅʝʢʦ-

ʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʫʨʦʚʥʠ ʰʫʤʘ ʟʘʚʳʰʝʥ rʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʠʟʤʝʨʝʥʥʳʤʠ ʩʨʝʜʥʠʤʠ ʫʨʦʚʥʷʤʠ ʚ ʧʦʤʝʱʝʥʠʠ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ. ʋʨʦʚʥʠ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʩ ʫʯʝʪʦʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦ-

ʥʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (G.1), ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʛʨʘ-

ʥʠʮʳ ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. 

ʏʘʩʪʦʪʘ, ɻʮ 
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ʇʨʠʣʦʞʝʥʠʝ H 

(ʩʧʨʘʚʦʯʥʦʝ) 

ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʠʩʪʝʤ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʅ.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

 ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦʤʝʱʝʥʠʡ ʩ ʠʥʞʝʥʝʨʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʚ ʟʜʘʥʠʠ ʠ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʯʘʩʪʦ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʥʘ ʨʘʥʥʝʡ ʩʪʘ-

ʜʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ ʝʱʝ ʥʝʪ ʧʦʜʨʦʙʥʳʭ ʜʘʥʥʳʭ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʜʝʪʘʣʴʥʳʝ ʨʘʩ-

ʯʝʪʳ ʥʝʚʳʧʦʣʥʠʤ.r ɺ ʮʝʣʷʭ ʦʙʣʝʛʯʝʥʠʷ ʧʨʠʥʷʪʠʷ ʥʝʢʦʪʦʨʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʝh-

ʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʥʠʞʝʩʣʝʜʫʶʱʠʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ. ʆʥʠ ʜʘʥʳ ʜʣʷ 

ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ, ʥʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʠ ʢ ʜʨʫʛʦʤʫ ʩʦʧʦʩʪʘ-

ʚʠʤʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʧʦʤʝʱʝʥʠʡ (ʥʘʧʨʠʤʝʨ, ʦʪʦʧʠʪʝʣʴʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠ,ʁ ʣʠʬ-

ʪʘʤ ʠ ʪ. ʜ.). 

ʅ.2 ɺʳʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ 

 ɺʘʞʥʦ, ʯʪʦʙʳ ʚʝʥʪʠʣʷʮʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠ ʩʠʩʪʝʤʘ ʚʦʟʜʫʭʦʚʦʜʦʚ ʧʦ ʧʘʨʘʤʝʪ-

ʨʘʤ ʜʘʚʣʝʥʠʷ ʠ ʧʦʪʦʢʫ ʚʦʟʜʫʭʘ ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʚ ʦʪʥʦʰʝʥʠʠ ʰʫʤʘ. ɺ ʩʣʦʞʥʦʡ 

ʩʠʩʪʝʤʝ ʚʦʟʜʫʭʦʚʦʜʦʚ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʚʦʨʦʪʘʤʠ ʠ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʨʘʟʤʝʨʘʤʠ 

ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʴʰʦʝ ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʚ ʩʠʣʫ ʯʝʛʦ ʚʝʥʪʠʣʷʪʦʨ ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ 

ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʧʦʣʥʦʤ ʜʘʚʣʝʥʠʠ. ʕʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠ-

ʷʤʠ ʜʣʷ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʚʳʟʳʚʘʝʪ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʰʫʤʘ ʠ ʚʠʙʨʘʮʠʠ ʚ ʚʦʟʜʫʭʦʚʦʜʘʭ, 

ʘ ʪʘʢʞʝ ʰʫʤʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘʠʣʫʯʰʠʡ ʵʥʝʨ-

ʛʦʵʬʬʝʢʪʠʚʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʙʝʩʰʫʤʥʳʤ. ɹʝʩʰʫʤʥʘʷ ʚʝʥʪʠʣʷʮʠ-

ʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʦʙʳʯʥʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʚʦʟʜʫʭʦʚʦʜr ʩ ʙʦʣʴʰʠʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝ-

ʯʝʥʠʝʤ, ʫʤʝʨʝʥʥʳʤʠ ʨʘʜʠʫʩʘʤʠ ʧʦʚʦʨʦʪʘ, ʩ ʨʘʩʩʝʢʘʪʝʣʷʤʠ ʧʦʪʦʢʘ; ʢʘʤʝʨʳ ʚʳʨʘʚ-

ʥʠʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʜʦ ʠ ʧʦʩʣʝ ʚʝʥʪʠʣʷʪʦʨʘ; ʥʠʟʢʦʢʦʤʧʨʝʩʩʠʦʥʥʳʝ ʘʢʪʠʚʥʳʝ ʰʫʤʦ-

ʛʣʫʰʠʪʝʣʠ. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʵʢʦʥʦʤʠʯʝʩʢʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ, ʯʝʤ ʧʦʩʣʝ-

ʜʫʶʱʠʝ ʟʘʪʨʘʪʳ ʥʘ ʚʠʙʨʦ- ʠ ʟʚʫʢʦʠʟʦʣʷʮʠʶ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ ʩ ʮʝʣʴʶ ʚʳʧʦʣʥʝ-

ʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʰʫʤʫ ʠ ʚʠʙʨʘʮʠʠ. 

 ʅʝʦʙʭʦʜʠʤʦ ʧʣʘʥʠʨʦʚʘʪʴ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʩʠʩʪʝʤʳ ʚ ʠʩʧʨʘʚʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʚʦ ʠʟʙʝʞʘʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʚʥʷ ʰʫʤʘ ʩʠʩʪʝʤʳ ʧʨʠ ʨʘʙʦʪʝ ʚ ʥʝʦʧʪʠ-

ʤʘʣʴʥʦʤ ʨʝʞʠʤʝ. ʅʝʦʙʭʦʜʠʤʘ ʨʝʛʫʣʷʨʥʘʷ ʟʘʤʝʥʘ ʚʦʟʜʫʰʥʳʭ ʬʠʣʴʪʨʦʚ ʠ ʙʘʣʘʥʩʠ-

ʨʦʚʢʘ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ. ʀʟʥʦʩ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ, ʦʩʦʙʝʥʥʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠʣʠ ʚ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʨʝʜʝ ʤʦʞʝʪ ʫʭʫʜʰʠʪʴ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʝʨʷʪʴ. 
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ʅ.3 ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʦʤʝʱʝʥʠ ̫ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 ʇʦʤʝʱʝʥʠʷ ʩ ʠʥʞʝʥʝʨʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʦʪʜʝʣʷʶʪ  ʦʪ ʧʦ-

ʤʝʱʝʥʠʡ, ʛʜʝ ʰʫʤ ʥʝʞʝʣʘʪʝʣʝʥ. ʄʘʣʝʥʴʢʠʝ ʢʣʘʜʦʚʢʠ, ʪʫʘʣʝʪ rʠ ʪ. ʜ. ʤʦʛʫʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʟʚʫʢʦʧʝʨʝʜʘʯʠ. 

 ɼʣʷ ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʙʦʣʴʰʠʝ ʧʦʤʝʱʝʥʠʷ. ʅʝʦʙ-

ʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʚʝʥʪʠʣʷʮʠʦʥʥʫʶ ʫʩʪʘʥʦʚʢʫ ʧʦʜʘʣʴʰʝ ʦʪ ʧʣʠʪ ʠ ʩʪʝʥ. ɾʝʣʘʪʝʣʴ-

ʥʦ, ʯʪʦʙʳ ʠʤʝʣʩʷ ʜʦʩʪʫʧ ʢ ʫʩʪʘʥʦʚʢʝ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ, ʘ ʰʫʤʦʛʣʫʰʠʪʝʣʠ ʨʘʩʧʦʣʘʛʘ-

ʣʠʩʴ ʚʙʣʠʟʠ ʦʪ ʫʩʪʘʥʦʚʢʠ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʚʦʟʜʫʭʦʚʦʜ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚ ʥʝʤ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʜʘʚʣʝʥʠʷ. ɼʣʷ 

ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ, ʝʩʣʠ ʚʦʟʤʦʞʥʦ, ʨʝʟʢʠʭ ʠʟʛʠʙʦʚ ʠ ʧʦʚʦʨʦʪʦʚ ʦʩʥʦʚʥʦʛʦ ʚʦʟ-

ʜʫʭʦʚʦʜʘ. 

 ɺʦʟʜʫʭʦʚʦʜʳ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʠʤʝʶʪ ʛʦʨʘʟʜʦ ʤʝʥʴʰʫʶ ʟʚʫʢʦʠʟʦʣʷ-

ʮʠ,ʁ ʯʝʤ ʢʨʫʛʣʳʝ. ʅʝ ʩʣʝʜʫʝʪ ʨʘʩʧʦʣʘʛʘʪʴ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʚʦʟʜʫʭʦʚʦʜʳ ʚʙʣʠʟʠ ʣʝʛ-

ʢʠʭ ʩʪʝʥ ʠʣʠ ʧʦʜʚʝʩʥʳʭ ʧʦʪʦʣʢʦʚ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʢʨʳʪʳʝ ʰʘʭʪʳ ʩ 

ʜʦʩʪʘʪʦʯʥʦʡ ʟʚʫʢʦʠʟʦʣʷʮʠʝʡ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʝʨʝʜʘʯʫ ʰʫʤʘ ʚ ʜʨʫʛʠʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ. 

 ɺʦʟʜʫʭʦʟʘʙʦʨʥʳʝ ʠ ʚʳʧʫʩʢʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʜʦʣʞʥʳ ʩʦʟʜʘʚʘʪʴ ʠʟʙʳʪʦʯʥʳʝ 

ʫʨʦʚʥʠ ʰʫʤʘ ʚʙʣʠʟʠ ʟʜʘʥʠʷ, ʠʟʤʝʨʠʪʴ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦ ɽʅ 12354-4. ɼʣʷ ʟʘʱʠʪʳ ʦʪ  

ʚʦʟʜʝʡʩʪʚʠʷ ʰʫʤʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʛʣʫʰʠʪʝʣʠ ʠ ʵʢʨʘʥʳ. 

ʅ.4 ɿʚʫʢʦʠʟʦʣʷʮʠʷ ʧʦʤʝʱʝʥʠʡ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ  

 ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʜʣʷ ʩʪʝʥ ʠ ʧʣʠʪ ʷʚʣʷʶʪʩʷ ʞʝʩʪʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ 

ʢʠʨʧʠʯ, ʙʝʪʦʥ ʠ ʪ. ʧ. 

 ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʝʛʢʠʭ ʜʚʦʡʥʳʭ ʩʪʝʥ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʦʩʥʦʚʥʫʶ 

ʯʘʩʪʦʪʫ ʨʝʟʦʥʘʥʩʘ ʜʚʦʡʥʦʡ ʩʪʝʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʚʝʥʪʠʣʷʮʠ-

ʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʩʳ ʩʪʝʥ r

(ʥʘʧʨʠʤʝʨ, ʥʘʣʦʞʝʥʠʝʤ 3 ï 5 ʩʣʦʝʚ ʛʠʧʩʦʢʘʨʪʦʥʘ ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ), ʧʨʠʤʝʥʝʥʠʝʤ 

ʫʧʨʫʛʠʭ ʫʧʦʨʦʚ ʠʣʠ ʢʘʥʘʣʦʚ, ʩʦʟʜʘʥʠʝʤ ʙʦʣʴʰʠʭ ʚʦʟʜʫʰʥʭr ʟʘʟʦʨʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʅ.5 ɿʚʫʢʦʠʟʦʣʷʮʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʠ ʚʠʙʨʦʠʟʦʣʷʮʠʷ         

ʅ.5.1 ʄʘʩʩʠʚʥʘʷ ʩʪʨʫʢʪʫʨʘ  

 ʂʘʢ ʧʨʘʚʠʣʦ, ʤʘʩʩʘ ʯʘʩʪʠ ʫʩʪʘʥʦʚʦʯʥʦʡ ʧʣʠʪʳ, ʤʝʥʴʰʝʡ ʠʣʠ ʧʦʯʪʠ ʨʘʚʥʦʡ 

ʧʣʦʱʘʜʠ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʧʦʯʪʠ ʧʦʢʨʳʚʘʶʱʝʡ ʧʣʦʱʘʜʴ ʧʦʜ ʫʩʪʘʥʦʚʢʦʡ) 
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ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʤʘʩʩʫ ʫʩʪʘʥʦʚʢʠ. ʄʘʩʩʘ ʧʣʠʪʳ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʤ ʩʣʦʝʤ ʙʝʪʦʥʘ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʪʘʥʦʚʢʫ ʤʝʥʴ-

ʰʝʡ ʤʘʩʩʳ. ʇʣʠʪʳ ʪʦʣʱʠʥʦʡ 220 ï 250 ʤʤ ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ.  

 ʈʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪ rʧʣʠʪʳ structuref  ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʫʤʤʘʨʥʦʡ ʤʘʩʩʝ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʧʣʠʪ,r ʘ ʞʝʩʪʢʦʩʪʴ ʧʣʠʪʳ ʩ ʫʯʝʪʦʤ 

ʰʠʨʠʥʳ ʧʨʦʣʝʪʦʚ ʤʝʞʜʫ ʦʧʦʨʘʤʠ. ʇʝʨʚʘʷ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʰʝ 

ʣʶʙʦʡ ʯʘʩʪʦʪ rʚʨʘʱʝʥʠʷ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ unitf , ʩ ʫʯʝʪʦʤ ʯʘʩʪʦʪʳ ʚʨʘʝɦ-

ʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʚʝʥʪʠʣʷʪʦʨʘ, ʦʭʣʘʞʜʘʶʱʠʭ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʥʘʩʦʩʦʚ ʠ ʜʨ. ʈʝ-

ʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʠʟʦʣʷʪʦʨʦʚ isolf , ʜʦʣʞʥʘ ʙʳʪʴ ʝʱʝ ʥʠʞʝ, ʫʜʦʚʣʝʪʚʦʨʷʷ ʫʩʣʦʚʠʶ 

4/unitisol ff < . ʈʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪ rʥʝ ʜʦʣʞʥ rʩʦʚʧʘʜʘʪʴ. ʅʘʛʨʫʟʢʘ ʦʧʦʨ ʫʩʪʘʥʦʚʢʠ 

ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʜʠʥʘʢʦʚʘ. ʅʘʛʨʫʟʢʘ ʦʧʦʨ ʚʳʟʳʚʘʝʪ ʩʪʘʪʠʯʝʩʢʫ  ʁʦʩʘʜʢʫ b ʚʠʙʨʦʠʟʦ-

ʣʷʪʦʨʘ, ʨʘʚʥʫ  ʁ 2/320 isolf  ʤʤ. ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ  ̫ ʦʩʘʜʢʘ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ 

25 ʤʤ ʜʣʷ ʩʪʘʣʴʥʳʭ ʧʨʫʞʠʥ ʠ 12 ʤʤ ʜʣʷ ʨʝʟʠʥʦʚʳʭ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ, ʯʪʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʝ  isolf  = 3,6 ɻʮ ʜʣʷ ʩʪʘʣʴʥʳʭ ʧʨʫʞʠʥ ʠ 5,2 ɻʮ ʜʣʷ ʨʝʟʠʥʦ-

ʚʳʭ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ. 

ʅ.5.2 ʃʝʛʢʘʷ ʩʪʨʫʢʪʫʨʘ 

 ɺʝʥʪʠʣʷʮʠʦʥʥʫʶ ʫʩʪʘʥʦʚʢʫ ʥʝ ʩʣʝʜʫʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʧʣʘʚʘʶʱʠʝ ʧʦʣʳ, ʛʘʟʦʙʝʪʦʥʥʳʝ ʧʣʠʪʳ, ʜʝʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ 

ʩʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʫʩʪʨʦʡʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʚʝʥʪʠʣʷʮʠʦʥʥʘ  ̫

ʫʩʪʘʥʦʚʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʞʝʩʪʢʦʤ ʧʨʦʬʠʣʝ ʩ ʙʦʣʴʰʠʤ ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ. 

ʋʧʦʨʘʤʠ ʨʘʤ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʦʣʞʥ rʙʳʪʴ ʞʝʩʪʢʠʝ ʩʪʝʥ rʠʣʠ ʞʝʩʪʢʠʝ 

ʢʦʣʦʥʥr , ʥʝ ʠʤʝʶʱʠʝ ʞʝʩʪʢʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʜʨʫʛʠʤʠ ʯʘʩʪʷʤʠ ʟʜʘʥʠʷ. ɼʘʞʝ ʥʝʙʦʣʴʰʠʝ 

ʧʦ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʳ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘ-

ʥʠʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʧʨʫʛʦ ʧʦʜʚʝʰʠʚʘʪʴ ʫʩʪʘʥʦʚʢʫ ʥʘ ʢʨʳʝh. 

 ɺʠʙʨʦʠʟʦʣʷʪʦʨʳ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʩ ʦʩʥʦʚʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʦʡ isolf  ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ ʚ ʪʨʠ ʨʘʟʘ ʤʝʥʴʰʝʡ, ʯʝʤ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʩʪʨʫʢʪʫʨʳ structuref . ɺʠʙ-

ʨʦʠʟʦʣʷʪʦʨʳ, ʘ ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʣʞʥʳ ʧʨʦʝʢʪʠʨʦʚʘʪʴʩʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞ-

ʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʪʝʨʴ. ʅʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʙʘʣʦʢ ʢʘʢ ʥʝʦʪʲʝʤʣʝ-

ʤʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʚʠʙʨʦʠʟʦʣʷʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ. 
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ʅ.6 ʊʨʫʙʳ ʠ ʚʦʟʜʫʭʦʚʦʜʳ 

 ɺʠʙʨʠʨʫʶʱʠʝ ʯʘʩʪʠ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ 

ʚʥʝʰʥʠʝ ʠʣʠ ʚʥʫʪʨʝʥʥʠʝ ʚʠʙʨʦʠʟʦʣʷʪʦʨʳ, ʪ. ʝ. ʜʚʠʛʘʪʝʣʴ, ʚʝʥʪʠʣʷʪʦʨ, ʥʘʩʦʩʳ ʠ ʪ.ʧ.,  

ʥʝ ʜʦʣʞʥʳ ʧʦʜʩʦʝʜʠʥʷʪʴʩʷ ʢ ʢʦʥʩʪʨʫʢʮʠʷʤ ʟʜʘʥʠʷ, ʪʘʢ ʢʘʢ ʵʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪ 

ʩʪʨʫʢʪʫʨʥʳʡ ʰʫʤ. 

 ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʘʨʤʘʪʫʨʘ, ʪʨʫʙʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʰʣʘʥʛʠ, ʚʦʟ-

ʜʫʭʦʚʦʜʳ ʠ ʪ. ʜ. ʥʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʢʨʝʧʣʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘ-

ʥʠʷ. ʍʦʤʫʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʦʩʥʘʱʝʥʳ ʠʟʦʣʷʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠʣʠ ʙʳʪʴ ʞʝʩʪʢʦ 

ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʥʘ ʦʧʦʨʝ (ʥʘʧʨʠʤʝʨ, ʥʘ ʙʝʪʦʥʥʳʭ ʙʣʦʢʘʭ), ʢʦʪʦʨʳʝ ʦʧʠʨʘʶʪʩʷ ʥʘ 

ʫʧʨʫʛʠʝ ʧʨʦʢʣʘʜʢʠ ʥʘ ʧʣʠʪʝ. ʋʧʨʫʛʠʝ ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʦʜʢʣʘʜʦʢ ʠ ʭʦ-

ʤʫʪʦʚ, ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʬʠʟʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟ-

ʢʘʭ (ʪ. ʝ. ʙʳʪʴ ʩʪʦʡʢʠʤʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʣʘʛʠ, ʱʝʣʦʯʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ). 

 ɺʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʧʦʤʝʱʝʥʠʠ ʧʦ-ʨʘʟʥʦʤʫ ʧʝʨʝʜʘʶʪ 

ʰʫʤ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ. ɺʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʚ ʫʛʣʘʭ, ʫʚʝʣʠʯʠʚʘʶʪ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʰʫʤ ʚ ʧʦʤʝʱʝʥʠʠ. ɺʳʙʦʨ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʝʡ ʜʦʣʞʝʥ ʧʨʠʥʠʤʘʪʴʩʷ ʩ ʫʯʝʪʦʤ ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠ.̫ 
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ʇʨʠʣʦʞʝʥʠʝ I 

(ʩʧʨʘʚʦʯʥʦʝ) 

ʇʨʠʤʝʨʳ ʨʘʩʯʝʪʘ 

I.1 ʉʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ 

 ʉʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ ʦʙʩʣʫʞʠʚʘʝʪ ʥʝʙʦʣʴʰʦʝ ʦʬʠʩʥʦʝ ʟʜʘʥʠʝ. ʅʘ ʨʠʩʫʥʢʝ I.1 

ʠʟʦʙʨʘʞʝʥ:r ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ ʩ ʚʝʥʪʠʣʷʪʦʨʦʤ ʠ ʫʢʘʟʘʥʳ ʝʛʦ ʨʘʟʤʝʨ;r ʦʬʠʩʥʦʝ 

ʧʦʤʝʱʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʝʥʪʠʣʠʨʫʝʪ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ; ʟʘʤʢʥʫʪʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʯʝʨʝʟ 

ʢʦʪʦʨʦʝ ʧʨʦʭʦʜʠʪ ʚʦʟʜʫʭʦʚʦʜ. ɺ ʪʘʙʣʠʮʝ I.1 ʧʨʠʚʝʜʝʥʳ ʵʪʘʧʳ ʨʘʩʯʝʪʘ ʠ ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ (ʚ ʦʩʥʦʚʥʦʤ ʠʟ [1] ʠ [2]). ʇʨʠʤʝʨ ʚʢʣʶʯʘʝʪ ʨʘʩʯʝʪ ʰʫʤʘ ʚʝʥʪʠʣʷʪʦʨʘ ʚ ʧʦ-

ʤʝʱʝʥʠʠ h, ʧʦʪʦʢʦʚʦʛʦ ʰʫʤʘ ʛʣʫʰʠʪʝʣʷ ʩ ʚ ʧʦʤʝʱʝʥʠʠ h, ʧʦʪʦʢʦʚʦʛʦ ʰʫʤʘ ʚ ʚʦʟʜʫ-

ʭʦʟʘʙʦʨʥʠʢʘʭ ʚ ʧʦʤʝʱʝʥʠʠ ʠ ʰʫʤʘ, ʠʟʣʫʯʝʥʥʦʛʦ ʚʦʟʜʫʭʦʚʦʜʦʤ e ʚ ʦʢʨʫʞʘʶʱʝʝ ʟʘ-

ʤʢʥʫʪʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

 

ʈʠʩʫʥʦʢ I.1 ï ʇʨʠʤʝʨ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤ r

 

 

 

 

2,5 ʤ 
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ʊʘʙʣʠʮʘ I.1 ï ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʰʫʤʘ, ʠʟʣʫʯʘʝʤʦʛʦ ʚ ʧʦʤʝʱʝʥʠʝ h (ʨʠʩʫʥʦʢ I.1) ʠ 

ʰʫʤʘ ʚʝʥʪʠʣʷʪʦʨʘ ʯʝʨʝʟ ʚʳʭʦʜʥʳʝ ʦʪʚʝʨʩʪʠʷ (ʨʝʰʝʪʢʠ) 

 
ʆʙʦ-
ʟʥʘʯʝ
ʯʝ-
ʥʠʝ 
ʵʣʝ-
ʤʝʥ-
ʪʘ 

ʅʘʠʤʝ-
ʥʦʚʘʥʠʝ 
ʣɻʝʤʝʥ-
ʪʘ ʠʣʠ 
ʝʛʦ ʭʘ-
ʨʘʢʪʝ-
ʨʠʩʪʠʢ 

ʆʧʨʝ-
ʜʝʣʝ̫-
ʤʘ ̫
ʚʝʣʠʯʠ-
ʥʘ 

 
ʇʨʠʤʝʯʘʥʠʝ ʠʣʠ 
ʠʩʪʦʯʥʠʢ 

ʉʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ 
ʦʢʪʘʚʥʦʡ ʧʦʣʦʩʳ, ɻʮ 

ʂʦʨ-
ʨʝʢʪʠ-
ʨʦʚʘʥ-
ʚʘʥ-
ʥʦʝ ʧʦ 
ɸ ʟʥʘ-
ʯʝʥʠʝ  

63 125 250 500 1000 2000 

ʘ ɺʝʥʪʠʣʷ-
ʪʦʨ 

WL  ʋʢʘʟʘʪʴ ʠʟʛʦʪʦʚʠ-
ʪʝʣ̫; ʮʝʥʪʨʦʙʝʞ-
ʥr ʡ ʚʝʥʪʠʣʷʪʦʨ 

( 44,0=q  ʤ
3
/ʩ); 

60=Dʈ ʇʘ)  

63,0 64,0 65,0 60,0 55,0 50,0 62 

-   + ʢʦʨʨʝʢʮʠʷ  
ʨʘʙʦʯʝʡ ʪʦʯʢʠ [1] 6,0 6,0 6,0 6,0 6,0 6,0 - 

b ʇʦʚʦʨʦʪ 
ʚʦʟʜʫʭʦ-
ʚʦʜʘ 

WLD  [1] 
0,0 0,0 1,0 2,0 3,0 3,0 - 

ʩ ɻʣʫʠh-
ʪʝʣʴ 

WLD  220/200s ; l1500; 

ʋʢʘʟʘʪʴ 
ʠʟʛʦʪʦʚʠʪʝʣ ̫

2,0 6,0 13,0 25,0 32,0 30,0 - 

d ʆʪʚʝʪʚ-
ʣʝʥʠʝ 

WLD  [1]; S-ʦʪʥʦʰʝʥʠʝ = 
0,5 + ʟʘʪʫʭʘʥʠʝ ʚ 
ʠʟʛʠʙʝ 

3,0 3,0 3,0 3,0 4,0 5,0 - 

ʝ ɿʘʪʫʭʘ-
ʥʠʝ ʚ 
ʚʦʟʜʫʭʦ-
ʚʦʜʝ 

WLD  [1], 0,4=l ʤ 

3,0 0,4 0,5 0,6 1,0 1,0 - 

f ʆʪʚʝʪʚ-
ʣʝʥʠʝ 

WLD  ʇʨʠʣʦʞʝʥʠʝ ɽ;  
S-ʦʪʥʦʰʝʥʠʝ =0,34   4,6 4,6 4,6 4,6 4,6 4,6 - 

ʝô ɿʘʪʫʭʘ-
ʥʠʝ ʚ 
ʚʦʟʜʫʭʦ-
ʚʦʜʝ 

WLD  [1], 5,2=l ʤ 

1,9 0,3 0,3 0,4 0,6 0,6 - 

g ʈʝʰʝʪʢʘ 
WLD  ʇʨʠʣʦʞʝʥʠʝ ɽ 

(ʧ.ɽ.8); ʧʣʦʩʢʘ ,̫ 

350=S  ʩʤ
2
 

 

15,3 9,7 4,9 1,8 0,5 0,1 - 

h ɿʘʪʫʭʘ-
ʥʠʝ ʚ ʧʦ-
ʤʝʱʝʥʠʠ 

A/4lg10

 

10== refAA ʤ
2
 

-4,0 -4,0 -4,0 -4,0 -4,0 -4,0 - 

  )(, gL dn
 ʌʦʨʤʫʣʘ (3ʘ) = aô- 

(b + c + d + e + f + 
eô + g) + h 

32,5 42,0 39,7 24,6 11,2 7,6 32 

h  )(, fL dn
 ʂʘʢ (g), ʤʝʥʴʰʝ 
ʯʝʤ ʟʘʪʫʭʘʥʠʝ  
ʚʦʟʜʫʭʦʚʦʜʘ f  

37,0 42,2 40,0 24,9 11,8 8,2 33 

 

 

 ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ɸ ʚ ʧʦʤʝʱʝʥʠʠ h, ʠʟʣʫʯʘʝʤʦʛʦ 

ʚʳʭʦʜʥʤrʠ ʦʪʚʝʨʩʪʠʷʤʠ ʙʫʜʝʪ ʨʘʚʝʥ 36 ʜɹɸ, ʘ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ʉ ʚ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ ʨʘʚʝʥ 48 ʜɹʉ. 
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 ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʘʢʞʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʦʣ ̫ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2 ʤ 

(ʬʦʨʤʫʣʘ 3b), ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʚʳʰʝ ʥʘ 1 ʜɹ. 

ʊʘʙʣʠʮʘ I.2 ï ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʰʫʤʘ ʚ ʧʦʤʝʱʝʥʠʠ h (ʨʠʩʫʥʦʢ I.1) ʠ ʧʦʪʦʢʦʚʦʛʦ 

ʰʫʤʘ ʛʣʫʰʠʪʝʣʷ ʯʝʨʝʟ ʚʳʭʦʜʥʳʝ ʦʪʚʝʨʩʪʠʷ (ʨʝʰʝʪʢʠ) 

 
ʆʙʦ-
ʟʥʘ-
ʯʝʥʠʝ 
ʵʣʝ-
ʤʝʥʪʘ 

ʅʘʠʤʝʥʦ-
ʚʘʥʠʝ ʵʣʝ-
ʤʝʥʪʘ ʠʣʠ 
ʝʛʦ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢ 

ʆʧʨʝʜʝ-
ʣʷʝʤʘʷ 
ʚʝʣʠʯʠ-
ʥʘ 

 
ʇʨʠʤʝʯʘʥʠʝ 
ʠʣʠ ʠʩʪʦʯʥʠʢ 

ʉʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ 
ʦʢʪʘʚʥʦʡ ʧʦʣʦʩʳ, ɻʮ 

ʂʦʨ-
ʨʝʢʪʠ-
ʨʦʚʘʥ-
ʚʘʥ-
ʥʦʝ ʧʦ 
ɸ ʟʥʘ-
ʯʝʥʠʝ 

63 125 250 500 1000 2000 

c 
ʀʩʪʦʯʥʠʢ 

ʰʫʤʘ 
WL  

[1]; ʇʘP 50=D , 

=v 5 ʤ/ʩ 
28,0 24,0 20,0 16,0 8,0  17 

d  äD wL   23,9 14,1 9,4 6,5 6,8 7,4 - 

h  

A/4lg10

 

)(, gL dn
 

 
 

4,1 

 

9,9 

 

10,6 

 

9,5 

 

1,2 

 

-7,4 

 

9 

 ʇʦʩʢʦʣʴʢʫ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ɸ, ʠʟʣʫʯʘʝʤʳʡ ʦʜʥʠʤ ʦʪʚʝʨʩʪʠʝʤ, ʨʘʚʝʥ 9 ʜɹɸ, ʪʦ 

ʝʛʦ  ʚʣʠʷʥʠʝʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ʊʘʙʣʠʮʘ I.3 ï ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʰʫʤʘ ʚ ʧʦʤʝʱʝʥʠʠ h (ʨʠʩʫʥʦʢ I.1) ʠ ʧʦʪʦʢʦʚʦʛʦ 

ʰʫʤʘ, ʠʟʣʫʯʝʥʥʦʛʦ ʚʳʭʦʜʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ (ʨʝʰʝʪʢʦʡ) 

 
ʆʙʦ-
ʟʥʘ-
ʯʝʥʠʝ 
ʵʣʝ-
ʤʝʥʪʘ 

ʅʘʠʤʝʥʦ-
ʚʘʥʠʝ ʵʣʝ-
ʤʝʥʪʘ ʠʣʠ 
ʝʛʦ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢ 

ʆʧʨʝʜʝ-
ʣʷʝʤʘʷ 
ʚʝʣʠʯʠ-
ʥʘ 

 
ʇʨʠʤʝʯʘʥʠʝ 
ʠʣʠ ʠʩʪʦʯʥʠʢ 

ʉʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ 
ʦʢʪʘʚʥʦʡ ʧʦʣʦʩʳ, ɻʮ 

ʂʦʨ-
ʨʝʢʪʠ-
ʨʦʚʘʥ-
ʚʘʥ-
ʥʦʝ ʧʦ 
ɸ ʟʥʘ-
ʯʝʥʠʝ 

63 125 250 500 1000 2000 

f  WL  

ʋʢʘʟʘʪʴ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣ;̫ ʧʨʠ 

=v 5ʤ/ʩ 

33,0 34,0 30,0 31,0 31,0 22,0 34 

h 
ɿʘʪʫʭʘʥʠʝ ʚ 

ʧʦʤʝʱʝʥʠʠ 

A/4lg10

 

10== refAA ʤ2 

 

-4,0 -4,0 -4,0 -4,0 -4,0 -4,0 

- 

  
 

)(, gL dn
 

ʌʦʨʤʫʣʘ (3ʘ) = 

aô- (b + c + d + e 

+ f + eô + g) + h 29,0 30.0 26.0 27.0 27.0 18.0 30 

  )(, fL dn
 ʊʦ ʞʝ, ʯʪʦ ʜʣʷ h 

29,0 30.0 26.0 27.0 27.0 18.0 30 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ɸ ʚ ʧʦʤʝʱʝʥʠʠ, ʠʟʣʫʯʘʝʤʦʛʦ ʚʳʭʦʜ-

ʥ ʤrʠ ʦʪʚʝʨʩʪʠʷʤʠ (ʜʚʫʭ ʨʝʰʝʪʦʢ), ʨʘʚʝʥ 33 ʜɹɸ, ʘ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ʉ ʚ ʪʦʤ ʞʝ ʜʠʘʧʘ-

ʟʦʥʝ ʯʘʩʪʦʪ ʨʘʚʝʥ 38 ʜɹʉ. ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʝʥʴʰʝ ʚʝʣʠʯʠʥʳ ʰʫʤʘ, ʦʙʫʩʣʦʚʣʝʥʥʦ-

ʛʦ ʚʝʥʪʠʣʷʪʦʨʦʤ, ʥʦ ʝʛʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ. 

ʊʘʙʣʠʮʘ I.4 ï ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʰʫʤʘ ʚ ʧʦʤʝʱʝʥʠʠ h (ʨʠʩʫʥʦʢ I.1): ʩʫʤʤʘʨʥʳʡ 

ʫʨʦʚʝʥʴ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʚʝʥʪʠʣʷʪʦʨʦʤ, ʧʦʪʦʢʦʚʳʡ ʰʫʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʛʣʫʰʠʪʝʣʝʤ 

ʠ ʧʦʪʦʢʦʚʳʡ ʰʫʤ, ʠʟʣʫʯʘʝʤʳʡ ʚʳʭʦʜʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ (ʨʝʰʝʪʢʘʤʠ) 

 
ʆʙʦ-
ʟʥʘ-
ʯʝʥʠʝ 
ʵʣʝ-
ʤʝʥʪʘ 

ʅʘʠʤʝʥʦ-
ʚʘʥʠʝ ʵʣʝ-
ʤʝʥʪʘ ʠʣʠ 
ʝʛʦ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢ 

ʆʧʨʝ-
ʜʝʣʝ̫-
ʤʘ ̫
ʚʝʣʠ-
ʯʠʥʘ 

 
ʇʨʠʤʝʯʘʥʠʝ ʠʣʠ 
ʠʩʪʦʯʥʠʢ 

ʉʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ 
ʦʢʪʘʚʥʦʡ ʧʦʣʦʩʳ, ɻʮ ʋʨʦ-

ʚʝʥʴ 
ʟʚʫʢʘ 
ɸ  63 125 250 500 1000 2000 

 
ʇʦʤʝʱʝʥʠʝ, 
ʩʫʤʤʘʨʥʳʡ 
ʫʨʦʚʝʥʴ 

dnL ,
 

ʌʦʨʤʫʣʘ (2) ʩ 
ʨʝʟʫʣʴʪʘʪʘʤʠ 
ʪʘʙʣʠʮ I.1, I.2, I.3 

40,0 45,4 43,0 32,1 30,2 21,4 37 

  
)( fanLd

 

16,0=A

7,0/9016,0/ Ö=TV

 

36,8 42,3 39,9 28,9 27,0 18,3 34 

 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʤʤʘʨʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ɸ ʚ ʧʦʤʝʱʝʥʠʠ ʨʘʚʝʥ 34 ʜɹɸ, 

ʫʨʦʚʝʥʴ ʟʚʫʢʘ ʉ ï 45 ʜɹʉ. 

ʊʘʙʣʠʮʘ I.5 ï ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʰʫʤʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʦʤ ʝ ʚʦʟʜʫʭʦʚʦʜʘ 

ʥʘ ʨʠʩʫʥʢʝ I.1 

 
ʆʙʦ-
ʟʥʘ-
ʯʝʥʠʝ 
ʵʣʝ-
ʤʝʥʪʘ 

ʅʘʠʤʝʥʦ-
ʚʘʥʠʝ ʵʣʝ-
ʤʝʥʪʘ ʠʣʠ 
ʝʛʦ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢ 

ʆʧʨʝ-
ʜʝʣʝ̫-
ʤʘ ̫
ʚʝʣʠ-
ʯʠʥʘ 

 
ʇʨʠʤʝʯʘʥʠʝ ʠʣʠ 
ʠʩʪʦʯʥʠʢ 

ʉʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ 
ʦʢʪʘʚʥʦʡ ʧʦʣʦʩʳ, ɻʮ ʋʨʦ-

ʚʝʥʴ 
ʟʚʫʢʘ 
ɸ  63 125 250 500 1000 2000 

 ɺʝʥʪʠʣʷʪʦʨ 
WL  ʚ 

ʵʣʝʤʝʥʪ
ʝ ʝ 

ʂʘʢ ʚ ʧʨʝʜʳʜʫʱʝʡ 
ʪʘʙʣʠʮʝ ʜʣʷ 
ʵʣʝʤʝʥʪʦʚ a-d 

64,0 61,0 54,0 36, 22,0 18,0 49 

e ɺʦʟʜʫʭʦʚʦʜ ioR  [2] 50,0 55,0 55,0 52,0 44,0 35,0 - 

e  wLD  
ʌʦʨʤʫʣʘ (13); ʦʢʦʣʦ 
ʧʦʪʦʣʢʘ; ß200 ʤʤ; 

l = 2 ʤ 

34,0 39,0 39,0 36,0 28,0 19,0 - 

  dnL ,
 

ʬʦʨʤʫʣʘ (2) 30,0 22,0 15,0 0,0 -6,0 -1,0 - 

  dL  16,0=A

2,1/3016,0/ Ö=TV  
34,0 26,0 19,0 4,0 -2,0 3,0 16 
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 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʤʤʘʨʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ɸ ʚ ʟʘʤʢʥʫʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʚʝʥ 

16 ʜɹɸ, ʫʨʦʚʝʥʴ ʟʚʫʢʘ ʉ ï 34 ʜɹʉ. 

I.2 ɻʠʜʨʦʤʘʩʩʘʞʥʘ  ̫ʚʘʥʥʘ 

 ʈʠʩʫʥʦʢ I.2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʠʜʨʦʤʘʩʩʘʞʥʫʶ ʚʘʥʥʫ (ʜʘʣʝʝ ï ʚʘʥʥʘ), ʫʩʪʘʥʦʚʣʝʥ-

ʥʫʶ ʥʘ ʧʦʣ ʚʘʥʥʦʡ ʢʦʤʥʘʪʳ (ʧʦʤʝʱʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʰʫʤʘ) ʠ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʧʨʠ-

ʢʨʝʧʣʝʥʥʫʶ ʢ ʩʪʝʥʝ. ʂʦʩʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʟʚʫʢʦʧʝʨʝʜʘʯʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʦʣʫ ʠ 

ʩʪʝʥʝ. ɹʝʪʦʥʥʳʡ ʧʦʣ ʠʤʝʝʪ ʪʦʣʱʠʥʫ 200 ʤʤ, ʙʝʪʦʥʥʘʷ ʩʪʝʥʘ ï 100 ʤʤ. ɺ ʜʘʥʥʦʤ 

ʧʨʠʤʝʨʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʡ ʰʫʤ, ʧʝʨʝʜʘʶʱʠʡʩʷ ʧʦ ʜʠʘʛʦʥʘʣʠ ʚ ʧʨʠʝʤʥʦʝ 

ʧʦʤʝʱʝʥʠʝ. ʇʦʙʦʯʥʳʝ ʧʫʪʠ ʟʚʫʢʦʧʝʨʝʜʘʯʠ  ʫʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ I.3. 

 

ʈʘʟʤʝʨʳ:  

 - ʜʣʠʥʘ ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʘ ʩʦ ʩʪʝʥʦʡ 4 ʤ; 

 - ʨʘʟʤʝʨʳ ʧʦʤʝʱʝʥʠʷ ʠʩʪʦʯʥʠʢʘ (3 Ĭ 4 Ĭ 2,5) ʤ; 

 - ʨʘʟʤʝʨʳ ʧʨʠʝʤʥʦʛʦ ʧʦʤʝʱʝʥʠʷ (5 Ĭ 4 Ĭ 2,5) ʤ; 

 - ʪʦʣʱʠʥʘ ʙʝʪʦʥʥʦʛʦ ʧʦʣʘ 200 ʤʤ; 

 - ʪʦʣʱʠʥʘ ʙʝʪʦʥʥʦʡ ʩʪʝʥ r100 ʤʤ  

ʈʠʩʫʥʦʢ I.2 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʚʘʥʥʳ 

 

 

 

 

ʇʨʠʝʤʥʦʝ 

ʧʦʤʝʱʝʥʠʝ 

ʇʦʤʝʱʝʥʠʝ 

ʠʩʪʦʯʥʠʢʘ 
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ʈʠʩʫʥʦʢ I.3 ï ʇʦʙʦʯʥʳʝ ʧʫʪʠ ʢʦʩʚʝʥʥʦʡ ʟʚʫʢʦʧʝʨʝʜʘʯʠ 

 ʂʘʞʜʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʙʦʯʥʦʛʦ ʰʫʤʘ 
ijsnL ,,

 ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ 

ʬʦʨʤʫʣʝ (18ʘ) (ʩʤ. 4.4.1) ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʝʨʝʜʘʥʥʳʤ ʤʦʱʥʦʩʪʷʤ, ʢʦʨʨʝʢʪʠʨʫ-

ʶʱʝʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʠ ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʧʦʙʦʯʥʦʛʦ ʰʫʤʘ ʧʦ ʬʦʨʤʫʣʝ 

 4,,,,, ---= ijisaiinstWsijsn RDLL . 

 ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʚʘʥʥʳ [39] 

 ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʚʘʥʥʫ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʩʪʝʥʜʝ ʩ ʪʨʝʤʷ ʧʣʠʪʘʤʠ, ʧʦ ʢʘʞʜʦʡ ʠʟ 

ʢʦʪʦʨʳʭ ʧʝʨʝʜʘʝʪʩʷ ʢʦʤʧʦʥʝʥʪʘ ʤʦʱʥʦʩʪʠ 
inWsL ,,
 (ʤʦʱʥʦʩʪʴ ʢʦʨʨʝʢʪʠʨʦʚʘʥʘ ʥʘ ʪʦʣ-

ʱʠʥʫ ʙʝʪʦʥʥʦʡ ʧʣʠʪʳ 100 ʤʤ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ 

6

, 105 -

¤ Ö=recY ʤ/ʅĀʩ). ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʠʚʦʜʷʪ ʚ 1/3-ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ ʯʘʩʪʦʪ. 

 ɿʚʫʢʦʚʘʷ ʤʦʱʥʦʩʪʴ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠʠ  

 ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ ʚʘʥʥʘ ʧʨʠʢʨʝʧʣʝʥʘ ʢ ʧʦʣʫ (ʠʥʜʝʢʩ 1) ʠ ʢ ʦʜʥʦʡ 

ʩʪʝʥʝ (ʠʥʜʝʢʩ 2), ʧʦʵʪʦʤʫ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʪʦʣʴʢʦ ʜʚʝ ʢʦʤʧʦʥʝʥʪ rʤʦʱʥʦʩʪʠ. 

 ʂʘʞʜʫ  ʁʢʦʤʧʦʥʝʥʪʫ ʧʝʨʝʜʘʥʥʦʡ ʤʦʱʥʦʩʪʠ  
iinstWsL ,,
 ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 

 
rec

i

inWsiinstWs
Y

Y
LL

,

,

,,,, lg10
¤

¤
+= , 

ʛʜʝ  
iY ,¤
 ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪ ɹʧʨʠʝʤʥʦʡ ʧʣʠʪʳ (ʧʦʣʘ ʠʣʠ ʩʪʝʥʳ), ʨʘʩ-

ʩʯʠʪʳʚʘʝʤʘʷ  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [39]. 

 ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʜʣʷ ʩʪʝʥ r 6

2, 105 -

¤ Ö=Y  ʤ/ʅĀʩ ʠ ʜʣʷ ʧʦʣʘ 6

1, 1025,1 -

¤ Ö=Y  ʤ/ʅĀʩ. 

 ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʚ ʚʦʟʜʫʰʥʳʡ 

 ʂʦʨʨʝʢʪʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʩʯʠʪʳʚʘʶʪ ʜʣʷ ʢʘʞʜʦʡ ʧʨʠʝʤʥʦʡ ʧʣʠʪʳ 

(ʧʦʣʘ ʠ ʩʪʝʥʳ) ʧʦ ʬʦʨʤʫʣʝ (20b) (ʩʤ. 4.4.4), ʢʦʪʦʨʘʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ 
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 ( ) iiiiisa cfmRD srph lg10/2lg10lg10, -+-= , 

ʛʜʝ  ih ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʧʨʠʝʤʥʦʡ ʧʣʠʪʳ,   

iR  ï ʟʚʫʢʦʠʟʦʣʷʮʠʷ. 

 ɿʚʫʢʦʠʟʦʣʷʮʠʷ ʧʦʙʦʯʥʦʛʦ ʰʫʤʘ 

 ʏʝʪʳʨʝ ʟʥʘʯʝʥʠʷ ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʧʦʙʦʯʥʦʛʦ ʰʫʤʘ 
ijR  ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ 

ɽʅ 12354-1. 

 ɺ ʪʘʙʣʠʮʘʭ I.6 ʠ I.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ 

ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ ʧʦʣʦʤ ʠ ʩʪʝʥʦʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʪʘʙʣʠʮʝ I.7 ʧʨʝʜʩʪʘʚʣʝʥ ʩʫʤʤʘʨʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ. 

 

ʊʘʙʣʠʮʘ I.6ʘ ï ʇʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 
1,,snL , ʚ ʧʨʠʝʤʥʦʤ ʧʦ-

ʤʝʱʝʥʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʟʚʫʢʦʧʝʨʝʜʘʯʝʡ ʯʝʨʝʟ ʧʦʣ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʵʣʝʤʝʥʪʘ ʠʣʠ 

ʝʛʦ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʆʧʨʝʜʝʣʷʝʤʘʷ 
ʚʝʣʠʯʠʥʘ 

ʉʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʦʢʪʘʚʥʦʡ 
ʧʦʣʦʩʳ, ɻʮ 

ʋʨʦ-
ʚʝʥʴ 
ʟʚʫʢʘ 
ɸ 63 125 250 500 1000 2000 

ʀʩʪʦʯʥʠʢ (ʣʘ-
ʙʦʨʘʪʦʨʥʳʡ) 1,wsnL  67,6 67,3 64,4 48,4 42,5 41,3  

ʀʩʪʦʯʥʠʢ 
(ʫʩʪʘʥʦʚʣʝʥ-
ʥr ʡ) 

1,,instwsnL  61,6 61,3 58,4 42,4 36,5 35,3  

ʂʦʵʬʬʠʮʠʝʥʪ 
ʧʦʪʝʨʴ 

hlg10  -11,5 -12,5 -13,5 -14,5 -15,5 -16,5  

ɿʚʫʢʦʠʟʦʣʷ-
ʮʠʷ R  

R  42,2 41,4 49,3 57,7 63,9 71,7  

ʕʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 

slg10  -1,0 0,5 0,0 0,0 0,0 0,0  

ʂʦʨʨʝʢʪʠʨʫ-
ʶʱʠʡ ʢʦʵʬʬʠ-
ʮʠʝʥʪ  

asD ,
 -26,1 -24,8 -30,3 -36,6 -40,8 -46,6  

ɿʚʫʢʦʠʟʦʣʷ-
ʮʠ

i̫jR (ʧʦʙʦʯʥʦ-

ʛʦ ʰʫʤʘ), 
EN 12354-1 

11R  

12R  

48,4 
48,0 

48,9 
48,9 

57,3 
56,8 

66,2 
65,6 

72,9 
72,4 

81,2 
80,6 

 

ʇʨʠʚʝʜʝʥʥʳʡ 
ʫʨʦʚʝʥʴ ʟʚʫʢʦ-
ʚʦʛʦ ʜʘʚʣʝʥʠʷ 

11,,snL  

12,,snL  

13,,snL  

35,4 
35,8 
38,6 

33,3 
33,2 
36,3 

27,4 
27,8 
30,6 

8,8 
9,4 

12,2 

0,4 
0,9 
3,7 

-3,3 
-2,7 
0,0 

22 
22 
25 
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ʊʘʙʣʠʮʘ I.6b ï ʇʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʠʝʤʥʦʤ 

ʧʦʤʝʱʝʥʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʟʚʫʢʦʧʝʨʝʜʘʯʝʡ ʯʝʨʝʟ ʩʪʝʥʫ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʵʣʝʤʝʥʪʘ ʠʣʠ 

ʝʛʦ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʆʧʨʝʜʝʣʷʝʤʘʷ 
ʚʝʣʠʯʠʥʘ 

ʉʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʦʢʪʘʚʥʦʡ 
ʧʦʣʦʩʳ, ɻʮ 

ʋʨʦ-
ʚʝʥʴ 
ʟʚʫʢʘ 
ɸ 63 125 250 500 1000 2000 

ʀʩʪʦʯʥʠʢ (ʣʘ-
ʙʦʨʘʪʦʨʥʳʡ) 

1,wsnL  54,6 55,6 56,1 38,8 31,2 32,0  

ʀʩʪʦʯʥʠʢ 
(ʫʩʪʘʥʦʚʣʝʥʥʳʡ) 

1,,instwsnL  54,6 55,6 56,1 38,8 31,2 32,0  

ʂʦʵʬʬʠʮʠʝʥʪ 
ʧʦʪʝʨʴ 

hlg10  -11,5 -12,5 -13,5 -14,5 -15,5 -16,5  

ɿʚʫʢʦʠʟʦʣʷʮʠʷ 

R  
R  37,9 36,6 44,2 52,2 58,2 66,2  

ʕʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 

slg10  -8,0 -3,0 0,0 0,0 0,0 0,0  

ʂʦʨʨʝʢʪʠʨʫʶ-
ʱʠʡ ʢʦʵʬʬʠʮʠ-
ʝʥʪ  

asD ,
 -17,9 -19,5 -28,1 -34,1 -38,1 -44,1  

ijR (ʧʦʙʦʯʥʳʡ), 

EN 12354-1 
11R  

12R  

47,5 
47,7 

48,9 
48,7 

56,8 
56,4 

65,6 
64,9 

72,4 
72,0 

80,6 
80,0 

 

ʇʨʠʚʝʜʝʥʥʳʡ 
ʫʨʦʚʝʥʴ ʟʚʫʢʦ-
ʚʦʛʦ ʜʘʚʣʝʥʠʷ 

11,,snL  

12,,snL  

13,,snL  

21,0 
20,8 
23,9 

22,2 
22,5 
25,4 

23,4 
23,8 
26,6 

3,4 
4,0 
6,7 

-7,1 
-6,7 
-3,9 

-8,5 
-7,9 
-5,2 

16 
16 
19 

ʊʘʙʣʠʮʘ I.7 ï ʉʫʤʤʘʨʥʳʡ ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 
1,,snL , 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʚʘʥʥʦʡ ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ  

ʇʨʠʚʝʜʝʥʥʳʡ 
ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ 
ʜʘʚʣʝʥʠʷ 

ʉʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʦʢʪʘʚʥʦʡ 
ʧʦʣʦʩʳ, ɻʮ  ʋʨʦʚʝʥʴ ʟʚʫʢʘ 

ɸ 
63 125 250 500 1000 2000 

1,,snL  39 36 31 12 4 0 25 

2,,snL  24 25 27 7 -4 -5 19 

totalsnL ,,
 39 37 32 13 4 1 26 

  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ɸ ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ, ʦʙʫ-

ʩʣʦʚʣʝʥʥʳʡ ʰʫʤʦʤ ʚʘʥʥʳ, ʨʘʚʝʥ 26 ʜɹɸ. 

I.3 ʉʘʥʠʪʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʘ  ̫ʩʠʩʪʝʤʘ 

ʅʘ ʨʠʩʫʥʢʝ I.4 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʧʨʠʝʤʥʦʛʦ ʧʦʤʝʱʝʥʠ,̫ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʧʦ 

ʜʠʘʛʦʥʘʣʠ ʥʠʞʝ ʚʘʥʥʦʡ ʢʦʤʥʘʪʳ ʩ ʫʥʠʪʘʟʦʤ ʠ ʩʤʳʚʥʳʤ ʙʘʯʢʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ 

ʩʪʝʥʝ ʠ ʧʨʠʢʨʝʧʣʝʥʥʳʤ ʢ ʩʪʝʥʝ ʠ ʧʦʣʫ. ʋʢʘʟʘʥʳ ʪʘʢʞʝ ʧʦʙʦʯʥʳʝ ʧʫʪʠ ʩʪʨʫʢʪʫʨʥʦʡ 

ʟʚʫʢʦʧʝʨʝʜʘʯʠ. ʇʦʤʝʱʝʥʠʷ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 
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  - ʨʘʟʤʝʨʳ ʧʦʤʝʱʝʥʠ ̫ʠʩʪʦʯʥʠʢʘ ʚ ʧʣʘʥʝ (4,52 Ĭ 3,40) ʤ, ʚʳʩʦʪʘ 3,0 ʤ, ʨʘʟʤʝ-

ʨʳ ʧʨʠʝʤʥʦʛʦ ʧʦʤʝʱʝʥʠ ̫ʚ ʧʣʘʥʝ ï (4,52 Ĭ 4,50) ʤ, ʚʳʩʦʪʘ 2,75 ʤ; 

  - ʧʦʣ/ʧʦʪʦʣʦʢ: ʘʨʤʠʨʦʚʘʥʥʳʡ ʙʝʪʦʥ ʪʦʣʱʠʥʦʡ 180 ʤʤ, 2300=r ʢʛ/ʤ3,         

414'=m  ʢʛ/ʤ2; 

  - ʨʘʟʜʝʣʠʪʝʣʴʥʘʷ ʩʪʝʥʘ ʠ ʩʪʝʥʘ ʚ ʥʠʞʥʝʤ ʧʦʤʝʱʝʥʠʠ: ʛʠʧʩʦʚʳʝ ʙʣʦʢʠ ʪʦʣʠɦ-

ʥʦʡ 100 ʤʤ, 920=r  ʢʛ/ʤ3; ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʪʝʥ 92'=m  ʢʛ/ʤ2; ʩʪʝʥʳ ʞʝʩʪʢʦ 

ʩʚʷʟʘʥ rʩ ʦʢʨʫʞʘʶʱʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʙʝʟ ʫʧʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ; 

- ʜʨʫʛʠʝ ʙʦʢʦʚʳʝ ʩʪʝʥʳ: ʩʠʣʠʢʘʪʥʳʝ ʙʣʦʢʠ ʪʦʣʱʠʥʦʡ 240 ʤʤ, 2000=r  ʢʛ/ʤ3; 

490'=m  ʢʛ/ʤ2 ʩ ʦʙʣʠʮʦʚʢʦʡ. 

ɺʣʠʷʥʠʝʤ ʩʪʝʥ, ʥʝ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʟʚʫʢʦʧʝʨʝʜʘʯʝ, ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

 

ʇʨʠʤʝʯʘʥʠʝ ï ɺ ʧʦʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʩʪʝʥʘ ʠ ʧʦʣ ʚʦʟʙʫʞʜʘʶʪʩʷ ʩʤʳʚʥʳʤ 

ʙʘʯʢʦʤ ʯʝʨʝʟ ʤʦʥʪʘʞʥʳʝ ʦʧʦʨʳ. 

ʈʠʩʫʥʦʢ I.4 ï ʇʨʠʤʝʨ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʰʫʤʘ ʩʘʥʠʪʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤ r 

ʋʢʘʟʘʥʥʳʝ ʜʘʥʥʳʝ ʦʙ ʠʩʪʦʯʥʠʢʝ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʩ ʤʝʪʦ-

ʜʦʤ ʧʨʠʝʤʥʳʭ ʧʣʠʪ ʧʦ [39]. ʀʩʧʦʣʴʟʦʚʘʥʥʳʡ ʧʨʠ ʨʘʩʯʝʪʘʭ ʩʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ ʷʚʣ̫-

ʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʧʝʢʪʨʦʤ ʤʦʱʥʦʩʪʠ ʰʫʤʘ. ʉʧʝʢʪʨ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʟʘʧʠʩʠ ʚʩʝʛʦ 

ʧʨʦʮʝʩʩʘ ʩʤʳʚʘ (55 ʩʝʢʫʥʜ) ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʥʘ ʢʦʨʦʪʢʠʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ ʵʢʚʠ-

ʚʘʣʝʥʪʥʦʛʦ ʫʨʦʚʥʷ ʰʫʤʘ 
eqL  ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʵʪʠʭ ʠʥʪʝʨʚʘʣʘʭ 

ʜʣʷ ʢʘʞʜʦʡ 1/3-ʦʢʪʘʚʥʦʡ ʧʦʣʦʩʳ (ʥʘʠʭʫʜʰʠʡ ʩʣʫʯʘʡ ʜʣʷ ʚʩʝʭ ʯʘʩʪʦʪʥʳʭ ʧʦʣʦʩ ʠ 

ʚʩʝʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ). ʀʟʤʝʨʝʥʥʳʝ ʫʨʦʚʥʠ ʤʦʱʥʦʩʪʠ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʪʦʯʥʠʢʘ ʰʫʤʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ I.8. 
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ʊʘʙʣʠʮʝ I.8 ï ʋʨʦʚʥʠ ʟʚʫʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʧʦ ɸ ʧʝʨʝʜʘʚʘʝʤʦʡ ʦʪ ʠʩʪʦʯʥʠʢʘ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠʠ (ʠʟʤʝʨʝʥ rʧʦ 

[39],  ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ï ʧʦ ɽʅ 12354-5) 

ʅʘʠʤʝʥʦʚʘ-
ʥʠʝ ʵʣʝʤʝʥʪʘ 
ʠʣʠ ʝʛʦ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢ 

ʆʧʨʝʜʝʣʷʝ-
ʤʘʷ ʚʝʣʠʯʠʥʘ 

ʇʨʠʤʝʯʘʥʠʝ 
ʠʣʠ ʠʩʪʦʯʥʠʢ 

ʉʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ 
ʦʢʪʘʚʥʦʡ ʧʦʣʦʩʳ, ɻʮ 

ʂʦʨʨ
ʝʢʪʠ
ʨʦʚʘ
ʥʥʦʝ 
ʧʦ 
ɸ 
ʟʥʘʯ
ʝʥʠʝ 

63 125 250 500 1000 2000 

wallsWL ;,
 ʠʟʤʝʨʝʥʥʳʡ 61034,5 -Ö=plateY

ʤ/ʅĀʩ 
61,7 59,8 47,2 44,9 38,8 27,2 48 

installedWL ,
 

platewall YY /lg10+  6101,24 -Ö=wallY  

ʤ/ʅĀʩ 
68,2 66,3 53,7 51,5 45,4 33,7 54 

scWL ,
 

platesource YY /lg10+

 

3100,1 -Ö=sourceY  

ʤ/ʅĀʩ 
84,4 82,5 69,9 67,6 61,6 49,9 70 

floorsWL ;,
 ʠʟʤʝʨʝʥʥʳʡ 61034,5 -Ö=plateY  

ʤ/ʅĀʩ 
57,4 56,2 44,0 42,4 34,9 28,9 44 

installedWL ,
 

platewall YY /lg10+  61065,1 -Ö=floorY  

ʤ/ʅĀʩ 
52,3 51,1 38,9 37,3 29,8 23,8 39 

scWL ,
 

platesource YY /lg10+

 

3100,1 -Ö=sourceY  

ʤ/ʅĀʩ 
80,1 78,9 66,7 65,1 57,6 51,6 67 

ʉʫʤʤʘʨʥʳʝ ʫʨʦʚʥʠ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʦʪʜʝʣʴʥʦ ʜʣʷ ʜʚʫʭ 

ʧʦʙʦʯʥʳʭ ʧʫʪʝʡ ʟʚʫʢʦʧʝʨʝʜʘʯʠ ʜʣʷ ʢʘʞʜʳʭ ʠʟ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʪʝʥ ʠ ʧʦʣʘ ʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ I.9. 

ʊʘʙʣʠʮʘ I.9 ï ʉʫʤʤʘʨʥʳʝ ʫʨʦʚʥʠ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʟʚʫʢʦʧʝʨʝʜʘʯʝ ʯʝʨʝʟ 

ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ ʜʣʷ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ I.4 ʠ ʜʘʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘ ʠʟ ʪʘʙʣʠʮʳ I.8 

ʆʧʨʝʜʝʣʷʝʤʘʷ 
ʚʝʣʠʯʠʥʘ 

ʇʨʠʤʝʯʘʥʠʝ ʠʣʠ 
ʠʩʪʦʯʥʠʢ 

ɼʘʥʥʳʝ 

ʉʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ 
ʦʢʪʘʚʥʦʡ ʧʦʣʦʩʳ, ɻʮ 

ʋʨʦ-
ʚʝʥʴ 
ʟʚʫʢʘ 
ɸ 

63 125 250 500 1000 2000 

wallWscL ,
 ɺʦʟʙʫʞʜʝʥʥʘʷ 

ʩʪʝʥʘ 
 84,4 82,5 69,9 67,6 61,6 49,9 70 

wallcD ,
 ʉʪʝʥʘ 

6101,24 -Ö=wallY  

ʤ/ʅĀʩ 
16,2 16,2 16,2 16,2 16,2 16,2  

wallsaD ,
 ʉʪʝʥʘ 

ʌʦʨʤʫʣʘ (20b), 

92'=m ʢʛ/ʤ
2
 

-13,6 -17,3 -17,4 -20,0 -26,9 -32,9  

refijR ,
 ʇʫʪʴ ʩʪʝʥʘ ï ʧʦʣ; 

EN 12354-1 
10=refS ʤ

2
 43,0 46,0 50,2 54,7 64,6 73,0  

( )
refi SS /lg10   8,12=iS  ʤ

2
 1,1 1,1 1,1 1,1 1,1 1,1  

( )4/lg10 refA   10=refA  ʤ
2
 4,0 4,0 4,0 4,0 4,0 4,0  
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ I.9 
 

ʆʧʨʝʜʝʣʷʝʤʘʷ 
ʚʝʣʠʯʠʥʘ 

ʇʨʠʤʝʯʘʥʠʝ ʠʣʠ 
ʠʩʪʦʯʥʠʢ 

ɼʘʥʥʳʝ 

ʉʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ 
ʦʢʪʘʚʥʦʡ ʧʦʣʦʩʳ, ɻʮ 

ʋʨʦ-
ʚʝʥʴ 
ʟʚʫʢʘ 
ɸ  

63 125 250 500 1000 2000 

ijsnL ,,
 ij-ʧʫʪɹ ʩʪʝʥʘ ï ʧʦʣʘ ʌʦʨʤʫʣʘ (18) 33,8 32,6 15,9 11,7 2,6 -11,4 18 

refijR ,
 

ʩʪʝʥʘ > ʩʪʝʥʳ; EN 

12354-1 
10=refS ʤ

2
 37,0 41,2 35,9 37,7 49,0 57,8  

ijsnL ,,
 

Ij-ʧʫʪɹ ʩʪʝʥʘ ï 

ʩʪʝʥʘ 
ʌʦʨʤʫʣʘ (18) 39,8 37,4 30,1 28,7 18,3 3,8 29 

floorWscL ,
 

ɺʦʟʙʫʞʜʝʥʥʳʡ 

ʧʦʣ 
 80,1 78,9 66,7 65,1 57,6 51,6 67 

florcD ,
 ʇʦʣ 

61065,1 -Ö=floorY

ʤ/ʅĀʩ 
27,8 27,8 27,8 27,8 27,8 27,8  

floorsaD ,
 ʇʦʣ 

ʫʨʘʚʥ.20b, 

414'=m ʢʛ/ ʤ
2
 

- 15,5 -19,4 -26,7 -33,2 -39,1 -44,8  

refijR ,
 

ʇʫʪʴ ʧʦʣ ï ʧʦʣ; EN 

12354-1 
10=refS  ʤ

2
 42,4 45,9 50,1 54,7 64,6 73,0  

( )
refi SS /lg10   4,15=iS  ʤ

2
 1,9 1,9 1,9 1,9 1,9 1,9  

( )4/lg10 refA   10=refA  ʤ
2
 4,0 4,0 4,0 4,0 4,0 4,0  

ijsnL ,,
 ʧʫʪɹ Ij: ʧʦʣ ï ʧʦʣ ʌʦʨʤʫʣʘ (18) 19,5 18,7 9,7 9,9 -1,5 -10,3 10 

refijR ,
 

ʇʫʪʴ ʧʦʣ ï ʩʪʝʥʘ; 

EN 12354-1 
10=refS  ʤ

2
 29,1 32,3 43,7 53,5 62,1 70,1  

ijsnL ,,
 ʧʫʪʠ Ij: ʧʦʣ ï ʩʪʝʥʳ ʌʦʨʤʫʣʘ (18) 32,8 32,3 16,1 11,1 1,0 -7,4 18 

totalsnL ,,
  ʌʦʨʤʫʣʘ (17) 41,4 39,6 30,5 28,9 18,5 4,4 29 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ɸ ʚ ʧʨʠʝʤʥʦʤ ʧʦʤʝʱʝʥʠʠ, ʚʳ-

ʟʚʘʥʥʳʡ ʫʥʠʪʘʟʦʤ ʠ ʩʤʳʚʥʳʤ ʙʘʯʢʦʤ, ʨʘʚʝʥ 29 ʜɹɸ. 

 




