
 
 

 



 
 

 



 
 

  



 
 

ʈɽʌɽʈɸʊ 

 

ʇɿ: 96 ʩʪʦʨʽʥʢʠ, 29 ʨʠʩʫʥʢʽʚ, 14 ʪʘʙʣʠʮ,ɹ 11 ʜʞʝʨʝʣ 

 

ʆʙô̒ ʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʡ ʩʠʛʥʘʣ.  

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚʠʷʚʠʪʠ ʟʦʥʠ ʟʘʛʘʩʘʥʥʷ ʪʘ 

ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʫ ʐʝʚʯʝʥʢʽʚʩʴʢʦʤʫ 

ʤʽʢʨʦʨʘʡʦʥʽ ʤ. ɿʘʧʦʨʽʞʞʷ ʰʣʷʭʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ 

ʩʝʨʝʜʦʚʠʱʽ MathCAD ʪʘ ʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ  ʩʠʛʥʘʣʫ 

ʤʦʙʽʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ.  

ʄʝʪʦʜʠ ï ʝʤʧʽʨʠʯʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘʛʘʩʘʥʥʷ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʪʨʘʩʘʭ, ʝʢʩʧʨʝʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ, ʯʠʩʝʣʴʥʽ 

ʤʝʪʦʜʠ.  

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʧʦʰʠʨʝʥʥʷ 

ʋʂʍ ʚ ʤʽʩʪʽ: ʤʦʜʝʣʴ ʆʢʘʤʫʨʘ, ʍʘʪʘ, COST-231 ʍʘʪʘ, ʃʽ, ʋʦʣʬʽh-ɯʢʝʛʘʤʽ, ʜʣʷ 

ʜ̔ ʘʧʘʟʦʥʽʚ ʯʘʩʪʦʪ 900 ʄɻʮ ʽ 1800 ʄɻʮ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʩʽ ʚʽʜʦʤʽ ʤʦʜʝʣʽ 

ʙʫʜʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʩʪʘʪʠʩʪʠʢʠ. ʆʩʦʙʣʠʚʽʩʪʶ 

ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʟʦʥ ʟʘʛʘʩʘʥʥʷ ʚ ʤʽʢʨʦʨʘʡʦʥʽ ʐʝʚʯʝʥʢʽʚʩʴʢʠʡ ʤʽʩʪʘ 

ɿʘʧʦʨʽʞʞʷ.  

ʇʨʝʜʩʪʘʚʣʝʥʦ ʜʝʪʘʣʴʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʦʩʣʘʙʣʝʥʥʷ ʋʂʍ ʚ ʫʤʦʚʘʭ 

ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ, ʜʣʷ ʤʦʜʝʣʝʡ ʍʘʪʘ, COST231 ï ʍʘʪʘ, ʋʦʣʬʽh-ɯʢʝʛʘʤʽ ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ MathCAD. 

 

 

 

 

 

ɺɯʃʔʅʀʁ ʇʈʆʉʊɯʈ, ɿɸɻɸʉɸʅʅʗ, ɺɯɼɹʀʊʊʉʗ, ɿɸʃʆʄʃɽʅʅʗ, 

ʈʆɿʉɯʖɺɸʅʅʗ, ʄʆɼɽʃʔ ʆʂɸʄʋʈɸ, ʄʆɼɽʃʔ ʍɸʊɸ, ʄʆɼɽʃʔ COST-

231 ʍɸʊɸ, ʄʆɼɽʃʔ ʃɯ, ʄʆɼɽʃʔ ʋʆʃʌɯʐ-ɯʂɽɻɸʄɯ 
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ɺʊS - (Base Telecommunication Station) ʙʘʟʦʚʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ 

ʩʪʘʥʮʽʷ 

GSM ï Global System for Mobile 

MMDS ï Multichannel Multipoint Distribution System 

PCS ï Personal Communication Systems 

ɸʉ ï ʘʙʦʥʝʥʪʩʴʢʘ ʩʪʘʥʮʽʷ 

ɸʇʉ ï ʘʚʪʦʤʘʪʠʯʥʘ ʧʦʞʝʞʥʘ ʩʠʩʪʝʤʘ 

ɹʉ ï ʙʘʟʦʚʘ ʩʪʘʥʮʽʷ 

ɺʏ ʇPA ï ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʧʫʩʢʦʨʝʛʫʣʶʶʯʠʡ ʘʧʘʨʘʪ 

ɼʉʘʥʇʽʅ ï ʜʝʨʞʘʚʥʽ ʩʘʥʽʪʘʨʥʽ ʧʨʘʚʠʣʘ ʽ ʥʦʨʤʠ 

ɼʉʅ ï ʜʝʨʞʘʚʥʽ ʩʘʥʽʪʘʨʥʽ ʥʦʨʤʠ 

ʂʇʆ ï ʢʦʻʬʽʮʽʝʥʪ ʧʨʠʨʦʜʥʦʾ ʦʩʚʽʪʣʝʥʦʩʪʽ 

ʂʊ ï ʢʦʤʧʴʶʪʦʨʥʘ ʪʝʭʥʽʢʘ 

ʄʂʂʈ ï ʤʽʞʥʘʨʦʜʥʠʡ ʢʦʥʩʫʣʴʪʘʪʠʚʥʠʡ ʢʦʤʽʪʝʪ ʧʦ ʨʘʜʽʦ 

ʇɽʆʄ ï ʧʝʨʩʦʥʘʣʴʥʽ ʝʣʝʢʪʨʦʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʤʘʰʠʥʠ 

ʇʋɽ ï ʧʨʘʚʠʣʘ ʫʣʘʰʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ 

ʉʅʽʇ ï ʩʘʥʽʪʘʨʥʽ ʥʦʨʤʠ ʽ ʧʨʘʚʠʣʘ 

ʋʂʍ ï ʫʣʴʪʨʘʢʦʨʦʪʢʽ ʭʚʠʣʽ 
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ɸʢʪʫʘʣʴʥʽʩʪʴ, ʥʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ. ɿ ʧʦʯʘʪʢʫ 

70-ʭ ʨʦʢʽʚ ʽ ʧʦ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ ʽ ʽʥʞʝʥʝʨʽʚ ʫ ʙʘʛʘʪʴʦʭ 

ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʙʫʣʦ ʧʨʠʜʽʣʝʥʦ ʧʨʦʙʣʝʤʽ ʧʦʰʠʨʝʥʥʷ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ ʭʚʠʣʴ 

(ʋʂʍ) ʚ ʤʽʩʪʘʭ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʨʦʟʚʠʪʢʦʤ ʩʠʩʪʝʤ ʨʘʜʽʦʟʚ'ʷʟʢʫ 

ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ï ʚʽʜ ʪʝʣʝʙʘʯʝʥʥʷ ʜʦ ʩʠʩʪʝʤ ʟʚ'ʷʟʢʫ ʟ ʨʫʭʦʤʠʤʠ 

ʦʙ'ʻʢʪʘʤʠ ʪʘ ʨʘʜʽʦʪʝʣʝʬʦʥʽʾ, ʱʦ ʛʨʘʶʪʴ ʚ ʞʠʪʪʽ ʤʽʩʪ ʚʝʣʠʯʝʟʥʫ ʨʦʣʴ. ɺʧʝʨʰʝ 

ʧʨʦʙʣʝʤʘ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ʮʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚ ʤʽʩʴʢʠʭ ʫʤʦʚʘʭ ʚʠʥʠʢʣʘ 

ʱʝ ʚ 30-ʪʽ ʨʦʢʠ [7]. ʇʽʩʣʷ ʧʝʨʰʠʭ ʨʦʙʽʪ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ 

ʜʽʘʧʘʟʦʥʫ ʤʝʪʨʦʚʠʭ ʭʚʠʣ,ɹ ʽʥʪʝʨʝʩ ʜʦ ʧʨʦʙʣʝʤʠ ʧʦʩʪʫʧʦʚʦ ʧʘʜʘʚ ʯʝʨʝʟ 

ʩʢʣʘʜʥʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʋʂʍ ʨʘʜʽʦʭʚʠʣʴ ʽ ʪʨʫʜʥʦʱʽ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ 

ʢʽʣʴʢʽʩʥʠʭ ʦʮʽʥʦʢ. ɿʘ ʚʣʫʯʥʠʤ ʚʠʩʣʦʚʦʤ ɹ.ɸ. ɺʚʝʜʝʥʩʴʢʦʛʦ [6], ʱʦ 

ʦʧʫʙʣʽʢʫʚʘʚ ʚ 1938 ʨ ʧʝʨʰʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʧʦ ʧʦʰʠʨʝʥʥʶ ʤʝʪʨʦʚʠʭ 

ʨʘʜʽʦʭʚʠʣʴ ʚ ʤʽʩʪʘʭ, ʜʣʷ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ ʭʚʠʣʴ çʤʽʩʴʢʽ ʨʘʡʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʩʦʙʦʶ ʤʽʩʮʝʚʦʩʪʽ, ʧʝʨʝʩʽʯʝʥʽʩʪʴ ʷʢʠʭ ʜʦʚʝʜʝʥʘ ʜʦ ʢʨʘʡʥʽʭ ʤʝʞè. ɺʝʣʠʢʽ 

ʟʘʪʽʥʝʥʥʷ, ʩʪʚʦʨʶʚʘʥʽ ʙʫʜʽʚʣʷʤʠ, ʚʽʜʙʠʪʪ̫, ʜʠʬʨʘʢʮʽʷ ʽ ʨʦʟʩʽʶʚʘʥʥʷ ʭʚʠʣʴ 

ʥʘʜʘʶʪʴ ʧʨʦʮʝʩʫ ʧʦʰʠʨʝʥʥʷ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʡ ʭʘʨʘʢʪʝʨ 

ʽ ʬʦʨʤʫʶʪʴ ʩʢʣʘʜʥʫ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʫ ʩʪʨʫʢʪʫʨʫ ʧʦʣʷ ʟ ʛʣʠʙʦʢʠʤʠ ʽ ʨʽʟʢʠʤʠ 

ʧʨʦʩʪʦʨʦʚʠʤʠ ʟʘʚʤʠʨʘʥʥʷʤʠ. ʎʝ ʩʪʚʦʨʶʻ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ ʜʣʷ ʧʨʦʛʥʦʟʫ ʫʤʦʚ 

ʨʦʙʦʪʠ ʨʘʜʽʦʟʘʩʦʙʽʚ. 

ɹʘʛʘʪʦʧʨʦʤʝʥʝʚʠʡ ʭʘʨʘʢʪʝʨ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ʚ ʫʤʦʚʘʭ ʤʽʩʪʘ 

ʚʠʟʥʘʯʘʻ ʩʧʝʮʠʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʽʩʴʢʦʛʦ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ ʥʘ ʋʂʍ, 

ʧʦʨʦʜʞʫʶʯʠ ʩʧʦʪʚʦʨʝʥʥʷ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʟʘʚʤʠʨʘʥʥʷ ʽ ʷʚʠʱʘ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʧʨʠ ʧʝʨʝʜʘʯʽ ʢʦʜʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

ʽʤʧʫʣʴʩʽʚ [1...14]. ʊʦʤʫ ʧʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʤʽʩʪʘ ʻ ʦʩʥʦʚʥʠʤ 

ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʧʦʰʠʨʝʥʥʷ ʋʂʍ ʚ ʫʤʦʚʘʭ ʤʽʩʪʘ ʽ ʚʠʨʽʰʝʥʥʷ 

ʥʠʟʢʠ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʜʣʷ ʩʠʩʪʝʤ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ. ʇʨʠ ʮʴʦʤʫ ʈɽɿ 

ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʤʝʞʘʭ ʤʽʩʪʘ ʽ ʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʡʦʛʦ ʥʦʨʤʘʣʴʥʦʤʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ. ɿʘʨʘʟ ʩʢʣʘʜʥʦ ʟʥʘʡʪʠ ʚʝʣʠʢʝ ʤʽʩʪʦ, ʚ ʷʢʦʤʫ ʥʝ ʙʫʣʦ ʙ 
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ʨʦʟʛʦʨʥʫʪʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʩʠʩʪʝʤ ʨʘʜʽʦʟʚ'ʷʟʢʫ (ʩʪʽʣʴʥʠʢʦʚʦʛʦ, ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʽ ʪ.ʜ.). ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʠʭ ʈɽɿ ʥʝʦʙʭʽʜʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʦʟʧʦʜʽʣ ʧʦʣʷ ʚʩʝʨʝʜʠʥʽ ʟʘʙʫʜʦʚʠ. ʉʫʯʘʩʥʠʡ ʤʝʛʘʧʦʣʽʩ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʚʟʘʻʤʦʜʽʾ ʨʘʜʽʦʭʚʠʣʴ ʟ ʤʽʩʴʢʦʶ ʟʘʙʫʜʦʚʦʶ ʧʨʝʜʩʪʘʚʣʷʻ ʩʢʣʘʜʥʫ 

ʥʝʦʜʥʦʨʽʜʥʫ ʢʦʥʛʣʦʤʝʨʘʮʽʶ, ʷʢʘ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʽʥʦʜʽ ʥʘ ʩʦʪʥʽ (ʂʠʪʘʡ, 

ɻʦʥʢʦʥʛ, ʉʝʫʣ ʽ ʪ.ʧ.) ʢʽʣʦʤʝʪʨʽʚ. 

ʂʨʽʤ ʪʦʛʦ, ʦʙʩʷʛʠ ʧʝʨʝʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʟʨʦʩʪʘʶʪʴ. 

ʎʠʤ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʦʩʚʦʻʥʥʷ ʥʦʚʠʭ, ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʦʙʣʘʩʪʝʡ ʯʘʩʪʦʪ, ʷʢʝ 

ʨʫʭʘʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʟ ʨʦʟʚʠʪʢʦʤ ʩʠʩʪʝʤ ʟʚ'ʷʟʢʫ ʟ ʨʫʭʦʤʠʤʠ ʦʙ'ʻʢʪʘʤʠ. ɸ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʽʣʴʰ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʤʽʩʴʢʘ ʟʘʙʫʜʦʚʘ ʽ 

ʨʝʣʴʻʬ, ʷʢ ʚʽʜʦʤʦ, ʤʘʪʁʴ ʚʩʝ ʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩʠ ʧʦʰʠʨʝʥʥʷ- 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʨʠʢʣʘʜʦʤ ʩʫʯʘʩʥʦʛʦ ʤʝʛʘʧʦʣʽʩʫ ʻ ʤ. ɿʘʧʦʨʽʞʞʷ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʽʩʥʫʻ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ, ʫʪʚʦʨʝʥʥʷ ʟʦʥ ʟʘʪʽʥʝʥʥʷ ʚ ʮʴʦʤʫ ʤʽʩʪʽ. 

ɿ ʤʝʪʦʶ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʨʦʟʙʦʨʫ, ʨʦʙʦʪʘ ʙʫʣʘ ʨʦʟʙʠʪʘ ʥʘ ʢʽʣʴʢʘ 

ʧʦʩʣʽʜʦʚʥʠʭ ʨʦʟʜʽʣʽʚ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʰʠʨʝʥʥʷ ʋʂʍ ʚ ʤʽʩʴʢʠʭ ʫʤʦʚʘʭ, ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʽ ʤʦʜʝʣʽ ʧʦʰʠʨʝʥʥʷ 

ʨʘʜʽʦʭʚʠʣʴ ʚ ʰʘʨʽ ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ʚ ʤʽʩʪʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʤʧʽʨʠʯʥʠʭ ʤʦʜʝʣʝʡ. ʊʘʢʦʞ ʨʦʟʛʣʷʥʫʪʦ ʟʘʪʫʭʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ 

ʜʣʷ ʤʽʢʨʦʨʘʡʦʥʫ ʐʝʚʯʝʥʢʽʚʩʴʢʠʡ ʨ ɿʘʧʦʨʽʞʞʷ ʽ ʚʠʟʥʘʯʝʥʽ ʟʦʥʠ ʟʘʪʽʥʝʥʥʷ 

ʩʠʛʥʘʣʫ. 

ʋ ʚʠʩʥʦʚʢʫ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ. 

ɺʩʽ ʤʘʪʝʨʽʘʣʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦʛʦ ʦʧʠʩʫ ʽ ʨʦʟʫʤʽʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʥʘʚʝʜʝʥʽ ʚ ʜʦʜʘʪʢʫ ɸ. 
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1 ɸʅɸʃɯɿ ʉʋʏɸʉʅʆɻʆ ʉʊɸʅʋ ʄʆɼɽʃʖɺɸʅʅʗ ʇʆʐʀʈɽʅʅʗ 

ʈɸɼɯʆʍɺʀʃʔ ɺ ʄɯʉʔʂʀʍ ʋʄʆɺɸʍ 

 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʋʂɺ ʚ 

ʫʤʦʚʘʭ ʤʽʩʪʘ, ʧʨʦʚʝʜʝʥʠʡ ʦʛʣʷʜ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʚʟʘʻʤʦʜʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ 

ʤʽʩʴʢʦʶ ʟʘʙʫʜʦʚʦʶ ʽ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ ʪʠʧʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʢʦʥʘʥʦ ʟʽʩʪʘʚʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʤʝʪʦʜʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʠʙʨʘʥʦ ʦʧʪʠʤʘʣʴʥʽ ʜʣʷ ɿʘʧʦʨʽʞʞʷ. ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ 

ʧʨʦʙʣʝʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ 

ʚʠʨʽʰʝʥʥʷ. 

 

1.1 ʆʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ʽ ʤʝʪʦʜʠ ʾʭ ʚʠʨʽʰʝʥʥʷ 

 

ɺ ʜʘʥʠʡ ʯʘʩ ʚʩʝ ʙʽʣʴʰ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ 

ʨʘʜʽʦʩʠʩʪʝʤʠ, ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ ʚʠʱʝ 30 ʄɻʮ. ʊʦʤʫ 

ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ʚ ʮʽʡ ʜʽʣʷʥʮʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʘ ʚ ʫʤʦʚʘʭ ʤʽʩʪʘ ʜʫʞʝ ʘʢʪʫʘʣʴʥʦ, ʪʘʢ ʷʢ ʚʠʨʽʰʝʥʥʷ 

ʟʘʜʘʯ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ, ʯʘʩʪʦʪʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʧʨʦʙʣʝʤ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʝʢʦʣʦʛʽʾ  ̒ʥʝʤʦʞʣʠʚʠʤ ʙʝʟ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʦʚʠʡ ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʂʦʨʝʢʪʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʨʘʜʠʦʪʨʘʩ, 

ʱʦ ʧʨʦʭʦʜʷʪʴ ʚ ʤʽʩʴʢʽʡ ʟʘʙʫʜʦʚʽ, ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʚ ʜʘʥʠʡ ʯʘʩ ʚʢʨʘʡ 

ʚʘʞʣʠʚʠʤ ʽ ʧʨʘʢʪʠʯʥʦ ʟʥʘʯʫʱʠʤ, ʘʜʞʝ ʩʘʤʝ ʚ ʤʽʩʪʘʭ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘʡʙʽʣʴʰʘ 

ʢʽʣʴʢʽʩʪʴ ʨʘʜʽʦʟʘʩʦʙʽʚ. 

ɹʽʣʴʰʽʩʪʴ ʨʦʙʽʪ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʰʠʨʝʥʥʷ ʋʂʍ ʙʫʣʦ ʚʠʢʦʥʘʥʦ 

ʩʪʦʩʦʚʥʦ ʩʠʩʪʝʤ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʚ ʩʠʣʫ ʾʭ ʧʨʘʢʪʠʯʥʦʾ ʟʥʘʯʫʱʦʩʪʽ 

[1,2,3]. ɼʣʷ ʤʝʨʝʞʝʚʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʚʠʢʦʥʘʥʦʛʦ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ, ʧʦʪʨʽʙʥʦ 

ʦʧʪʠʤʘʣʴʥʝ ʧʦʢʨʠʪʪʷ ʪʝʨʠʪʦʨʽʾ, ʚʠʟʥʘʯʝʥʥʷ ʟʦʥ ʚʠʥʠʢʥʝʥʥʷ 

ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʭ ʝʬʝʢʪʽʚ, ʽʥʪʝʨʬʝʨʝʥʮʽʾ, ʪʦʱʦ. ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʤʝʨʝʞʝʚʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʯʘʩʪʦʪʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʙʘʟʦʚʠʭ 

ʩʪʘʥʮʽʡ. ʇʦʜʽʙʥʽ ʟʘʚʜʘʥʥʷ ʽʩʥʫʶʪʴ ʽ ʫ ʚʩʽʭ ʽʥʰʠʭ ʩʠʩʪʝʤʘʭ ʟʚ'ʷʟʢʫ. ʋʤʦʚʠ, ʚ 
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ʷʢʠʭ ʮʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ, ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ ʥʝʚʝʣʠʢʠʭ 

ʧʨʦʩʪʦʨʽʚ ʚʩʝʨʝʜʠʥʽ ʙʫʜʽʚʝʣʴ ʜʦ ʚʝʣʠʯʝʟʥʠʭ ʩʽʣʴʩʴʢʠʭ ʤʽʩʮʝʚʦʩʪʝʡ, ʘʜʞʝ 

ʥʘʰʘ ʢʨʘʾʥʘ ï ʥʘʡʙʽʣʴʰʘ ʢʨʘʾʥʘ ɭʚʨʦʧʠ. ʆʪʞʝ, ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫ ʧʦʰʠʨʝʥʥʷ 

ʨʘʜʽʦʭʚʠʣʴ ʧʦʪʨʽʙʥʽ ʜʣʷ ʧʦʢʨʠʪʪʷ ʩʦʪ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ: ʤʘʢʨʦ-, ʤʽʢʨʦ- ʽ 

ʧʽʢʦʩʦʪʠ, ʚʢʣʶʯʘʶʯʠ ʧʨʦʩʪʽʨ ʫʩʝʨʝʜʠʥʽ ʙʫʜʽʚʝʣʴ ʽ ʩʠʪʫʘʮʽʾ ʚ ʩʧʝʮʽʘʣʴʥʠʭ 

ʩʠʪʫʘʮʽʷʭ, ʪʘʢʠʭ ʷʢ ʪʫʥʝʣʽ ʽ ʟʘʣʽʟʥʽ ʜʦʨʦʛʠ. 

ɺ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʚʝʣʠʯʠʥʘ 

ʟʘʛʘʩʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʤʧʣʝʢʩʫ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʭʘʨʘʢʪʝʨ 

ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: ʚʽʜʙʠʪʪ̫, ʜʠʬʨʘʢʮʽʷ, 

ʨʦʟʩʽʶʚʘʥʥʷ, ʟʘʣʦʤʣʝʥʥʷ ʽ ʝʬʝʢʪ ɼʦʧʣʝʨʘ ʜʣʷ ʨʫʭʦʤʠʭ ʟʘʩʦʙʽʚ ʟʚô̫ ʟʢʫ. 

ɺʽʜʙʠʪʪ̫ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʭʚʠʣʷ ʥʘʪʠʢʘʻʪʴʩʷ ʥʘ 

ʦʙ'ʻʢʪ, ʷʢʠʡ ʟʘ ʨʦʟʤʽʨʘʤʠ ʙʽʣʴʰʠʡ ʟʘ ʜʦʚʞʠʥʫ ʭʚʠʣʽ. ʎʝ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ 

ʦʩʣʘʙʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʧʝʨʝʰʢʦʜʫ ʪʠʧʫ 

ʩʪʽʥʠ, ʘʣʝ ʤʦʞʝ ʪʘʢʦʞ ʟʤʫʩʠʪʠ ʚʽʜʙʠʪʫ ʭʚʠʣʶ ʧʦʰʠʨʶʚʘʪʠʩʷ ʚ ʟʦʚʩʽʤ 

ʽʥʰʦʤʫ ʥʘʧʨʷʤʢʫ. 

ɼʠʬʨʘʢʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʭʚʠʣʷ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʟ 

ʥʝʨʽʚʥʦʶ ʧʦʚʝʨʭʥʝʶ ʟ ʭʘʨʘʢʪʝʨʥʠʤ ʨʘʜʽʫʩʦʤ ʢʨʠʚʠʟʥʠ, ʷʢʠʡ ʻ ʽʩʪʦʪʥʦ 

ʤʝʥʠhʤ ʟʘ ʜʦʚʞʠʥʫʠ ʭʚʠʣʽ. ʎʝ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʨʫʭʫ ʭʚʠʣʽ ʥʘʚʢʦʣʦ ʢʫʪʽʚ ʽ 

ʽʥʰʠʭ ʚʠʛʠʥ̔ʚ. ʎʝʡ ʝʬʝʢʪ ʜʫʞʝ ʢʦʨʠʩʥʠʡ ʚ ʫʤʦʚʘʭ ʙʫʜʠʥʢʫ, ʦʩʢʽʣʴʢʠ ʮʝ 

ʜʦʟʚʦʣʷʻ ʩʠʛʥʘʣʫ ʧʨʦʭʦʜʠʪʠ ʧʦ ʽʥʰʦʤʫ ʰʣʷʭʫ, ʧʦʪʨʘʧʣʷʪʠ ʫ ʟʘʪʽʥʝʥʽ ʜʽʣʷʥʢʠ 

ʧʨʦʩʪʦʨʫ, ʷʢʽ ʥʝ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʫ ʟʦʥʘʭ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ. 

ʈʦʟʩʽʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ ʥʘ ʰʣʷʭʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʦʙ'ʻʢʪ ʨʦʟʤʽʨʦʤ ʤʝʥʰʠʤ, ʥʽʞ ʜʦʚʞʠʥʘ ʭʚʠʣʽ. ʈʝʟʫʣʴʪʘʪʦʤ ʙʫʜʝ 

ʨʦʟʩʽʶʚʘʥʥʷ ʩʠʛʥʘʣʫ, ʚʽʥ ʙʫʜʝ ʨʫʭʘʪʠʩʷ ʧʦ ʨʽʟʥʠʭ ʰʣʷʭʘʭ (ʥʘʧʨʠʢʣʘʜ, 

ʨʦʟʩʽʶʚʘʥʥʷ ʢʨʦʥʘʤʠ ʣʠʩʪʷʥʠʭ̔ ʜʝʨʝʚ). 

ʈʝʬʨʘʢʮʽʷ (ʟʘʣʦʤʣʝʥʥʷ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʧʦʰʠʨʝʥʥʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟ ʧʣʘʚʥʦʶ ʟʤʽʥʦʶ ʚʽʜ ʪʦʯʢʠ ʜʦ ʪʦʯʢʠ 

ʧʦʢʘʟʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ; ʧʨʠʯʦʤʫ ʪʝʨʤʽʥʦʤ "ʧʝʨʝʣʦʤʣʝʥʥʷ" ʯʘʩʪʽʰʝ 

ʥʘʟʠʚʘʻʪʴʩʷ ʨʽʟʢʘ ʟʤʽʥʘ ʥʘʧʨʷʤʢʫ ʧʨʦʤʝʥʽʚ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʜʚʦʭ ʦʜʥʦʨʽʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʟʽ ʩʪʨʠʙʢʘʤʠ ʧʦʢʘʟʥʠʢʽʚ ʟʘʣʦʤʣʝʥʥʷ. ʉʠʛʥʘʣ ʧʽʜʜʘʻʪʴʩʷ ʜʽʾ  
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ʨʝʬʨʘʢʮʽʾ, ʧʨʦʭʦʜʷʯʠ ʯʝʨʝʟ ʧʦʚʽʪʨʷʥʝ ʽ ʚʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʩʪʽʥʠ ʙʫʜʽʚʝʣʴ, 

ʨʽʟʥʽ ʧʝʨʝʢʨʠʪʪʷ ʪʘ ʽʥʰʽ ʧʝʨʝʰʢʦʜʠ. 

ɽʬʝʢʪ ɼʦʧʣʝʨʘ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʚ ʧʨʦʩʪʦʨʽ ʟ ʧʝʚʥʦʶ 

ʰʚʠʜʢʽʩʪʶ ʨʫʭʦʤʦʛʦ ʦʙ'ʻʢʪʫ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʟʤʽʥʶʻʪʴʩʷ ʯʘʩʪʦʪʘ ʚʽʜʙʠʪʦʛʦ 

ʩʠʛʥʘʣʫ. ʎʽ ʝʬʝʢʪʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʤʥʦʞʠʥʥʦʛʦ ʧʦʰʠʨʝʥʥʶ ʦʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʽ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʠ ʦʪʨʠʤʫʻʤʦ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʡ ʝʬʝʢʪ. 

ʋ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ ʤʽʞ ʧʝʨʝʜʘʚʘʯʝʤ ʽ ʧʨʠʡʤʘʯʝʤ ʚ 

ʪʦʯʢʫ ʧʨʠʡʦʤʫ ʧʨʠʭʦʜʷʪʴ ʧʨʦʤʝʥʽ, ʱʦ ʟ'ʷʚʠʣʠʩʷ ʚʥʘʩʣʽʜʦʢ ʜʠʬʨʘʢʮʽʾ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʜʘʭʘʭ ʽ ʚʝʨʪʠʢʘʣʴʥʠʭ ʢʨʘʡʢʘʭ ʙʫʜʽʚʝʣʴ, ʘ ʪʘʢʦʞ ʚʽʜʙʠʪʽ ʚʽʜ 

ʙʫʜʽʚʝʣʴ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʩʪʘʥʮʽʾ. 

ʋʤʦʚʠ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ (ʧʦʛʦʜʘ, ʥʘʷʚʥʽʩʪʴ ʯʠ 

ʚʽʜʩʫʪʥʽʩʪʴ ʣʠʩʪʷ ʫ ʨʦʩʣʠʥʥʦʩʪʽ ʽ ʪ.ʧ.). ɺʩʝ ʮʝ ʦʙʫʤʦʚʣʶʻ ʚʠʧʘʜʢʦʚʠʡ 

ʭʘʨʘʢʪʝʨ ʧʦʣʷ ʚ ʪʦʯʮʽ ʧʨʠʡʦʤʫ. 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ ʜʦ ʮʽʻʾ ʩʫʢʫʧʥʦʩʪʽ ʧʨʦʤʝʥʽʚ 

ʜʦʜʘʻʪʴʩʷ ʧʨʷʤʠʡ ʧʨʦʤʽʥʴ, ʷʢʠʡ ʧʨʠʡʰʦʚ ʚʽʜ ʜʞʝʨʝʣʘ. ɺʠʩʦʪʘ ʙʫʜʽʚʝʣʴ ʤʦʞʝ 

ʙʫʪʠ ʜʦʚʽʣʴʥʦ,ʁ ʘ ʪʘʢʦʞ ʤʦʞʫʪʴ ʟʫʩʪʨʽʯʘʪʠʩʷ ʨʽʟʥʽ ʚʠʜʠ ʧʨʦʬʽʣʽʚ ʜʘʭʽʚ 

(ʧʨʷʤʦʢʫʪʥʠʡ, ʪʨʠʢʫʪʥʠʡ), ʱʦ ʤʽʩʪʷʪʴ ʨʽʟʥʦʛʦ ʨʦʜʫ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ (ʪʨʫʙʠ, 

ʘʥʪʝʥʠ ʽ ʽʥ.). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʣʝ ʚ ʤʽʩʮʽ ʧʨʠʡʦʤʫ, ʷʢʱʦ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ  

ʧʝʨʝʚʠʧʨʦʤʽʥʝʥʥʷ ʚʽʜ ʜʘʭʽʚ ʥʘʚʢʦʣʠʰʥʽʭ ʙʫʜʽʚʝʣʴ, ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʧʨʷʤʦʛʦ ʽ ʚʽʜʙʠʪʦʛʦ ʧʨʦʤʝʥʽʚ. 

ʆʩʥʦʚʥʽ ʤʝʭʘʥʽʟʤʠ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.1. 

 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʄʝʭʘʥʽʟʤʠ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ 
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ɯʩʥʫʻ ʢʽʣʴʢʘ ʧʨʠʯʠʥ, ʷʢʽ ʫʩʢʣʘʜʥʶʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʷʚʠʱʘ ʧʦʰʠʨʝʥʥʷ 

ʨʘʜʽʦʭʚʠʣʴ: 

ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʨʠʡʤʘʯʝʤ ʽ ʧʝʨʝʜʘʚʘʯʝʤ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʚʽʜ ʜʝʢʽʣʴʢʦʭ 

ʤʝʪʨʽʚ ʜʦ ʜʝʢʽʣʴʢʦʭ ʢʽʣʦʤʝʪʨʽʚ; 

ï ʩʪʨʫʢʪʫʨʠ, ʩʪʚʦʨʝʥʽ ʣʶʜʠʥʦʶ, ʽ ʧʨʠʨʦʜʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʣʴʻʬʫ 

ʤʦʞʫʪʴ ʤʘʪʠ ʨʦʟʤʽʨ ʷʢ ʤʝʥʰʝ, ʪʘʢ ʽ ʙʽʣʴʰʝ ʜʦʚʞʠʥʠ ʭʚʠʣʽ; 

ï ʦʧʠʩ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʝ ʤʦʞʝ ʚʨʘʭʫʚʘʪʠ ʚʩʽ ʜʝʪʘʣʽ, ʜʦ 

ʪʦʛʦ ʞ ʚʦʥʦ ʧʦʚʩʷʢʯʘʩ ʟʤʽʥʶʻʪʴʩʷ. 

ɿ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʚʠʜʥʦ, ʱʦ ʧʨʦʮʝʩ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʠʡ. ʊʦʤʫ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʚ 

ʨʦʟʨʦʙʣʝʥʠʡ ʮʽʣʠʡ ʨʷʜ ʤʦʜʝʣʝʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʩʣʘʙʣʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʫʤʦʚʘʭ 

ʤʽʩʪʘ. 

 

1.2 ɿʘʛʘʩʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʧʨʠ ʧʦʰʠʨʝʥʥʽ 

 

ɿʛʽʜʥʦ ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʟʘʛʘʩʘʥʥʷ ʟʨʦʩʪʘʻ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʦ ʩʪʫʧʝʥʷ n ʚʽʜʩʪʘʥʽ d:  

ndLº , 

ʜʝ n ï ʽʥʜʝʢʩ ʟʘʛʘʩʘʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʽ ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ 

ʚʽʜ 2 ʜʦ 6, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʤʽʩʮʝʚʦʩʪʽ [1, 11]. 

ɸʥʘʣʦʛʽʯʥʦ, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʧʨʠʡʤʘʣʴʥʦʾ 

ʘʥʪʝʥʠ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦ ʽʥʜʝʢʩʫ ʟʘʛʘʩʘʥʥʷ:  

n
r dP -º . 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ n ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʫʩʝʨʝʜʥʶʶʪʴ 

ʧʦ ʙʝʟʣʽʯʽ ʨʝʘʣʽʟʘʮʽʡ ʥʘ ʢʦʣ̔ ʟ ʨʘʜʽʫʩʦʤ d ʚʽʜ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʘʥʪʝʥʠ. ʇʨʠ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʨʘʜʽʦʩʠʛʥʘʣʫ ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʚʽʜʩʪʘʥʽ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʮʶ ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢ: 

n
tdPa -= 0rP , 
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ʜʝ tP  ʪʘ rP  ï ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʧʝʨʝʜʘʚʘʯʘ ʪʘ ʧʨʠʡʤʘʯʘ, 

ʚʽʜʧʦʚʽʜʥʦ; 

d ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʝʨʝʜʘʚʘʣʴʥʦ ʁʽ ʧʨʠʡʤʘʣʴʥʦ  ʁʩʪʘʥʮʽʷʤʠ; 

n ï ʧʦʢʘʟʥʠʢ ʟʘʛʘʩʘʥʥʷ; 

 ï ʥʦʨʤʫʚʘʣʴʥʠʡ ʤʥʦʞʥʠʢ [1...8, 11]. 
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2 ʄʆɼɽʃɯ ʇʆʐʀʈɽʅʅʗ ʈɸɼɯʆʍɺʀʃʔ ɺ  

ʈɽɸʃʔʅʀʍ ʋʄʆɺɸʍ 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʧʝʨʝʜʙʘʯʝʥʥʽ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ ʩʠʛʥʘʣʫ ʥʘ ʟʘʜʘʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘ, ʘ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʢʠʜʫ ʡʦʛʦ ʟʥʘʯʝʥʴ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʪʨʘʩʽ. ʈʦʟʨʘʭʫʥʦʢ ʨʘʜʽʦʣʽʥʽʾ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʟʦʥʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʝʨʝʜʘʚʘʯʘ. ʄʦʜʝʣʶʚʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ 

ʩʠʛʥʘʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʝʨʝʜʘʚʘʯʝʤ ʽ ʧʨʠʡʤʘʯʝʤ ʥʘʟʠʚʘʻʪʴʩʷ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʩʠʛʥʘʣ ʥʘ 

ʚʝʣʠʢʽʡ ʚʽʜʩʪʘʥʽ (ʢʽʣʴʢʘ ʩʦʪʝʥʴ ʽ ʪʠʩʷʯ ʤʝʪʨʽʚ). ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʽʥʰʽ ʤʦʜʝʣʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʰʚʠʜʢʦʧʣʠʥʥʽ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʩʠʛʥʘʣʫ ʧʨʠ ʤʘʣʠʭ ʟʩʫʚʘʭ 

ʪʦʯʢʠ ʧʨʠʡʦʤʫ ʫ ʧʨʦʩʪʦʨʽ (ʢʽʣʴʢʘ ʜʦʚʞʠʥ ʭʚʠʣʴ) ʘʙʦ ʟʘ ʢʦʨʦʪʢʠʡ ʯʘʩ 

(ʩʝʢʫʥʜʠ) ï ʚʦʥʠ ʥʘʟʠʚʘʶʪʴʩʷ ʜʨʽʙʥʦʤʘʩʰʪʘʙʥʠʤʠ ʤʦʜʝʣʷʤʠ [4]. 

 

2.1 ʄʦʜʝʣʴ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ 

 

ʄʦʜʝʣʴ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʴ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʧʝʨʝʜʘʚʘʣʴʥʘ ʽ ʧʨʠʡʤʘʣʴʥʘ 

ʘʥʪʝʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʽʜʢʨʠʪʽʡ ʥʝʟʘʪʽʥʝʥʽʡ ʧʝʨʝʰʢʦʜʘʤʠ ʨʘʜʽʦʣʽʥʽʾ. ʎʷ 

ʤʦʜʝʣʴ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʨʘʜʽʦʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ ʯʝʨʝʟ ʩʫʧʫʪʥʠʢʠ ʽ ʜʣʷ 

ʥʘʟʝʤʥʠʭ ʨʘʜʽʦʣʽʥʽʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʜʽʘʧʘʟʦʥʽ ʥʘʜʚʠʩʦʢʠʭ ʯʘʩʪʦʪ (3...30 ɻɻʮ) 

[3, 17, 32]. 

ʇʨʠ ʧʦʰʠʨʝʥʥʽ ʨʘʜʽʦʩʠʛʥʘʣʫ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʦʪʫʞʥʽʩʪʴ ʥʘ 

ʚʠʭʦʜʽ ʧʨʠʡʤʘʣʴʥʦʾ ʘʥʪʝʥʠ ʟʨʫʯʥʦ ʚʠʨʘʟʠʪʠ ʷʢ ʬʫʥʢʮʽʶ ʚʽʜ ʚʽʜʩʪʘʥʽ ʜʦ 

ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʘʥʪʝʥʠ )(dPr : 

( )
2

2
4

)( l
p

Ö=
d

GGP
dP rtt

r

, 

ʜʝ rG  ʪʘ tGï ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʩʠʣʝʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʪʘ ʧʨʠʡʤʘʣʴʥʦ ʾʘʥʪʝʥ. 
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ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʨʠʡʤʘʣʴʥʘ 

ʘʥʪʝʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚʽʜ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʥʘ ʚʽʜʩʪʘʥʽ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ 

ʜʘʣʴʥʽʡ ʟʦʥʽ (ʟʦʥʘ ʌʨʘʫʥʛʦʬʝʨʘ). 

ʈʽʚʥʷʥʥʷ ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʯʘʩʪʦ ʚʠʨʘʞʘʻʪʴʩʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʪʦʯʢʠ ʚʽʜʣʽʢʫ 0d , ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʽ ʌʨʘʫʥʛʦʬʝʨʘ,  

ʆʧʦʨʥʘ ʚʽʜʩʪʘʥʴ 0d  ʟʚʠʯʘʡʥʦ ʚʠʙʠʨʘʪ̒ɹʩʷ ʫ 100 ʤ ʘʙʦ 1 ʢʤ ʜʣʷ ʟʚôʷʟʢʫ 

ʥʘ ʚʽʜʢʨʠʪ̔ʡ ʤ̔ʩʮʝʚʦʩʪ̔.  

ʆʜʥ̔̒ ʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʰʠʨʝʥʥʷ ʨʘʜʦ̔ʩʠʛʥʘʣʫ  ̒

ʡʦʛʦ ʟʘʪʫʭʘʥʥ ̫ʚ ʢʘʥʘʣ ̔ʟʚôʷʟʢʫ. ɼʣʷ ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʘʪʫʭʘʥʥ ̫ (ʚ ʜɹ) ʚ 

ʟʦʥ̔ ʌʨʘʫʥʛʦʬʝʨʘ ʚʠʟʥʘʯʘʻʪɹʩʷ ʚʠʨʘʟʦʤ 

 

)4lg(20)lg(20lg20lg10lg10lg10)( pl ++---== dGG
P

P
dL rt

r

t

. 

 

ɿʨʫʯʥʘ ʽʥʰʘ ʬʦʨʤʘ ʟʘʧʠʩʫ ʟʘʛʘʩʘʥʥʷ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ: 

 

,44,32)lg(20lg20lg10lg10lg10)( +++--== dfGG
P

P
dL rt

r

t

              (2.1) 

ʜʝ  
2

4

l

pʵA
G=

 ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʘʥʪʝʥʠ; 

ʵA
 ï ʝʬʝʢʪʠʚʥʘ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʘʥʪʝʥʠ, ʤ

2
; 

)(dL  ï ʟʘʛʘʩʘʥʥʷ ʩʠʛʥʘʣʫ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ; 

tP , ʪʘ rP  ï ʨʽʚʥʽ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʚʘʯʘ ʽ ʧʨʠʡʤʘʯʘ; 

rG  ʪʘ tG , ï ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʩʠʣʝʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʽ ʧʨʠʡʤʘʣʴʥʽ ʘʥʪʝʥʠ 

ʚʽʜʧʦʚʽʜʥʦ, ʚʠʨʘʞʝʥʽ ʚ ʜʝʮʠʙʝʣʘʭ; 

d ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʨʠʡʤʘʯʝʤ ʽ ʧʝʨʝʜʘʚʘʯʝʤ (ʚ ʢʽʣʦʤʝʪʨʘʭ); 

f ï ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʫ (ʚ ʄɻʮ). 
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ʇʘʨʘʤʝʪʨʠ ʪʘʢʦʛʦ ʦʧʠʩʫ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 

2.1 [3]. 

 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʇʘʨʘʤʝʪʨʠ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ 

 

2.2 ɼʚʦʧʨʦʤʝʥʝʚʘ ʤʦʜʝʣʴ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ 

 

ɼʣʷ ʨʫʭʦʤʠʭ ʩʠʩʪʝʤ ʟʚ'ʷʟʢʫ ʦʧʠʩ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ ʫʟʜʦʚʞ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʚʦʧʨʦʤʝʥʝʚʦʶ ʤʦʜʝʣʣʶ (ʨʠʩʫʥʦʢ 

2.2). 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ɼʚʦʧʨʦʤʝʥʝʚʘ ʤʦʜʝʣʴ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ 

 

ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʧʦʚʝʨʭʥʷ ɿʝʤʣʽ ʻ ʽʜʝʘʣʴʥʠʤ ʚʽʜʙʠʚʘʯʝʤ, ʽ ʢʫʪ 

ʧʘʜʽʥʥʷ ʧʨʦʤʝʥʷ ʜʫʞʝ ʤʘʣʝʥʴʢʠʡ, ʪʦ ʜʣʷ ʮʠʭ ʫʤʦʚ ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʥʘ 

ʚʠʭʦʜʽ ʧʨʠʤʘʣʴʥʦʾ ʘʥʪʝʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ (2.2), ʘ th , rh  ʪʘ  d  ʪʘʢʽ, ʱʦ 

ʮʷ ʟʘʣʝʞʥʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʤʝʨʝʞ ʨʘʜʽʦʤʦʚʣʝʥʥʷ ʪʘ ʜʘʻ 
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ʨʝʟʫʣʴʪʘʪ, ʷʢʠʡ ʜʦʙʨʝ ʟʙʽʛʘʻʪʴʩʷ ʟ ʜʘʥʠʤʠ ʄʂʂʈ (ʄʽʞʥʘʨʦʜʥʠʡ 

ʢʦʥʩʫʣʴʪʘʪʠʚʥʠʡ ʢʦʤʽʪʝʪ ʧʦ ʨʘʜʽʦ) [3]. 

 

.
4

2
r

2
t

rttr
d

hh
GGPP =

     (2.2) 

 

ɿ ʬʦʨʤʫʣʠ (2.2) ʚʠʜʥʦ, ʱʦ ʥʘ ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ ʧʨʠʡʥʷʪʘ ʧʦʪʫʞʥʽʩʪʴ 

ʟʤʝʥʰʫʻʪʴʩʷ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦ d ʟʽ ʰʚʠʜʢʽʩʪʶ 40 ʜɹ ʥʘ ʜʝʢʘʜʫ. ʎʝ 

ʽʩʪʦʪʥʦ ʰʚʠʜʰʝ, ʥʽʞ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

ɼʣʷ ʜʚʦʧʨʦʤʝʥʝʚʦʾ ʤʦʜʝʣʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ (2.2), ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʚ 

ʨʘʜʽʦʢʘʥʘʣʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʦʤ, ʜɹ. 

 

dhGGP rrtr lg40lg20lg10lg10 +---= . 

 

2.3 ʉʪʘʥʜʘʨʪʥʽ ʤʦʜʝʣʽ ʧʦʰʠʨʝʥʥʷ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʨʦʩʪʦʨʽ 

 

ʄʦʜʝʣʽ ʧʦʰʠʨʝʥʥʷ, ʷʢʽ ʦʮʽʥʶʶʪʴ ʩʝʨʝʜʥʶ ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʜʣʷ 

ʨʽʟʥʠʭ ʚʽʜʩʪʘʥʝʡ ʤʽʞ ʧʨʠʡʤʘʯʝʤ ʽ ʧʝʨʝʜʘʚʘʯʝʤ, ʚ ʤʝʞʘʭ ʜʝʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʘʙʦ 

ʪʠʩʷʯ ʤʝʪʨʽʚ, ʥʘʟʠʚʘʶʪʴ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʠʤʠ ʤʦʜʝʣʷʤʠ ʧʦʰʠʨʝʥʥʷ. 

ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʽ ʤʦʜʝʣʽ ʜʦʩʠʪʴ ʧʨʦʩʪʽ ʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʜʫʞʝ ʤʘʣʝʥʴʢʽ ʟʤʽʥʠ, 

ʥʘʧʨʠʢʣʘʜ, ʟʘʛʘʩʘʥʥʷ, ʷʢʽ ʚʠʢʣʠʢʘʥʽ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʤ ʧʦʰʠʨʝʥʥʷʤ. ʎʽ 

ʤʦʜʝʣʽ ʢʦʨʠʩʥʽ ʧʨʠ ʧʨʦʛʥʦʟʽ ʦʭʦʧʣʝʥʥʷ ʩʠʩʪʝʤ ʨʘʜʽʦʟʚ'ʷʟʢʫ ʥʘʚʢʦʣʠʰʥʴʦʾ 

ʤʽʩʮʝʚʦʩʪʽ [1...6].  

 

2.4 ʄʦʜʝʣʴ Okamura 

 

ʄʦʜʝʣʴ Okamura ʟʘʩʥʦʚʘʥʘ ʥʘ ʛʨʘʬʽʯʥʦʤʫ ʧʦʜʘʥʥʽ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ Okamura ʧʨʠ ʚʠʤʽʨʘʭ ʨʽʚʥʽʚ ʨʘʜʽʦʩʠʛʥʘʣʫ ʚ ʤ ʊʦʢʽʦ 

(ʗʧʦʥʽʷ). 
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ʎʝʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʧʽʜʭʽʜ ʻ ʦʜʥʠʤ ʽʟ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ 

ʤʝʪʦʜʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʘʜʽʦʣʽʥʽʡ ʚ ʫʤʦʚʘʭ ʤʽʩʪʘ. ʄʦʜʝʣʴ Okamura 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʤʝʞʘʭ, ʟʘʟʥʘʯʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 2.1. 

 

ʊʘʙʣʠʮʷ 2.1 ï ɼʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʤʦʜʝʣʽ Okamura 

ʇʘʨʘʤʝʪʨ 
ʆʙʣʘʩʪ ̔ʟʘʩʪʦʩʫʚʘʥʥ̫  ʤʦʜʝʣ ̔Okamura 

ʆʩʥʦʚʥʘ ʈʦʟhʠʨʝʥʘ 

ʈʦʙʦʯʘ ʯʘʩʪʦʪʘ, ʄɻʮ ɺʽʜ 150 ʜʦ 2000 ɼʦ 3000 

ʇʨʦʪʷʞʥʩ̔ʪʴ ʪʨʘʩʠ, ʢʤ ɺʽʜ 1 ʜʦ 20 ɼʦ 100 

ɺʠʩʦʪʘ ʘʥʪʝʥʠ ɹʉ, ʤ ɺʽʜ 30 ʜʦ 400 ɺʽʜ 1,5 ʜʦ 1000 

ɺʠʩʦʪʘ ʘʥʪʝʥʠ ɸʉ, ʤ ɺʽʜ 1 ʜʦ 10 ɺʽʜ 1 ʜʦ 10 

 

ʄʦʜʝʣʴ ʆʢʘʤʫʨʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʚʦʧʨʦʤʝʥʝʚʠʡ ʤʦʜʝʣʣʶ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʪʦʯʥʦ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʟʘʛʘʩʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ ʥʘ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʽʡ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʽ ʧʨʠʡʤʘʣʴʥʽ ʘʥʪʝʥʘʤʠ (ʙʽʣʴʰʝ 1 ʢʤ) ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʧʝʨʝʰʢʦʜ. ɿʛʽʜʥʦ ʟ ʤʦʜʝʣʣʶ ʆʢʘʤʫʨʘ ʩʝʨʝʜʥʻ ʟʘʛʘʩʘʥʥʷ ʚ ʜɹ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

 

 ,)()(),()(50 ChHhHdfAdLL rt ---+=                                     (2.3) 

 

ʜʝ 50L
  ï ʩʝʨʝʜʥʷ ʚʝʣʠʯʠʥʘ ʚʪʨʘʪ; 

L(d) ï ʚʪʨʘʪʠ ʚ ʩʚʦʙʦʜʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚ;̔  

),( dfA  ï ʟʘʛʘʩʘʥʥʷ ʚ ʤʽʩʪʽ ʱʦʜʦ ʟʘʛʘʩʘʥʥʷ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʨʠ ʚʠʩʦʪʽ 

ʘʥʪʝʥʠ ʧʝʨʝʜʘʚʘʯʘ ht = 200 ʤ ʽ ʚʠʩʦʪʽ ʧʨʠʡʦʤʥʦʾ ʘʥʪʝʥʠ hr = 3 ʤ; 

ʉ ï ʬʘʢʪʦʨ ʟʘʛʘʩʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʽʩʮʝʚʦʩʪʽ. 

ʂʦʝʬʽʮʽʻʥʪʠ ʚʠʩʦʪʠ ʅ (ht) ʽ ʅ (hr) ʜʣʷ ʘʥʪʝʥ ʙʘʟʦʚʦʾ ʽ ʘʙʦʥʝʥʪʩʴʢʦʾ 

ʩʪʘʥʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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; 

 

 

 

 

 

ʉʢʣʘʜʦʚʽ ʜʣʷ ʟʘʛʘʩʘʥʥʷ ɸ (f, d) ʽ ʉ ʚʠʟʥʘʯʘʶʪʴʩʷ ʛʨʘʬʽʯʥʠʤ ʩʧʦʩʦʙʦʤ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʠʩʫʥʦʢ 2.3 ʽ 2.4. ɼʣʷ ʩʽʣʴʩʴʢʦʾ ʤʽʩʮʝʚʦʩʪʽ ʬʘʢʪʦʨ ʟʘʛʘʩʘʥʥʷ 

ʉ ʥʘ 5 ʜɹ ʤʝʥʰʝ, ʥʽʞ ʜʣʷ ʚʽʜʢʨʠʪʦʛʦ ʧʨʦʩʪʦʨʫ [3, 27]. 

 

 

 

ʈʠʩʫʥʦʢ 2.3 ï ɿʘʣʝʞʥʽʩʪʴ ʟʘʛʘʩʘʥʥʷ ʚ ʤʽʩʪʽ ʱʦʜʦ ʟʘʛʘʩʘʥʥʷ ʚ ʚʽʣʴʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʚʽʜ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ ʽ ʚʽʜʩʪʘʥʽ ʧʨʠ ht=200 ʤ 
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ʈʠʩʫʥʦʢ 2.4 ï ɿʘʣʝʞʥʽʩʪʴ ʬʘʢʪʦʨʘ ʟʘʛʘʩʘʥʥʷ C ʚʽʜ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ ʽ ʪʠʧʫ 

ʤʽʩʮʝʚʦʩʪʽ 

 

2.5 ʄʦʜʝʣʴ ʍʘʪʘ 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʥʘʚʝʜʝʥʘ ʚʠʱʝ ʤʦʜʝʣʴ ʥʝʟʨʫʯʥʘ ʜʣʷ ʦʙʯʠʩʣʝʥʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ɽʆʄ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʾʾ ʨʝʘʣʽʟʘʮʽʾ ʍʘʪʘ ʟʘʧʨʦʧʦʥʫʚʘʚ ʝʤʧʽʨʠʯʥʫ 

ʤʦʜʝʣʴ ʦʧʠʩʫ ʛʨʘʬʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʆʢʘʤʫʨʘ. ʆʪʞʝ, ʤʦʜʝʣʴ 

ʍʘʪʘ ʫ ʚʠʛʣʷʜʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʧʠʩʫ ʪʘʢʦʞ ʟʘʩʥʦʚʘʥʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ ʆʢʘʤʫʨʘ. ʄʦʜʝʣʴ ʍʘʪʘ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʟʤʽʥʽ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʚ 

ʤʝʞʘʭ, ʟʘʟʥʘʯʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 2.2 [1é6, 12,28é30]. 

 

ʊʘʙʣʠʮʷ 2.2 ï ɼʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʤʦʜʝʣʽ ʍʘʪʘ 

ʇʘʨʘʤʝʪʨ 
ʆʙʣʘʩʪ ̔ʧʨʠʤ̔ʥʥʷ ʤʦʜʝʣ ̔ʍʘʪʘ 

ʆʩʥʦʚʥʘ ʈʦʟʰʠʨʝʥʘ 

ʈʦʙʦʯʘ ʯʘʩʪʦʪʘ, ʄɻʮ ɺʽʜ 150 ʜʦ 1500 ʚʽʜ 150 ʜʦ 1500 

ʇʨʦʪʷʞʥʩ̔ʪʴ ʪʨʘʩʠ, ʢʤ ʚʽʜ 1 ʜʦ 20 ɼʦ 80 

ɺʠʩʦʪʘ ʘʥʪʝʥʠ ɹʉ, ʤ ʚʽʜ 30 ʜʦ 200 ʚʽʜ 1,5 ʜʦ 400 

ɺʠʩʦʪʘ ʘʥʪʝʥʠ ɸʉ, ʤ ʚʽʜ 1 ʜʦ 10 ʚʽʜ 1 ʜʦ 10 
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ʉʝʨʝʜʥʻ ʟʘʛʘʩʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ ʚ ʤʽʩʴʢʠʭ ʫʤʦʚʘʭ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʝʤʧʽʨʠʯʥʦʶ ʬʦʨʤʫʣʦʶ, ʜɹ: 

 

),()lg()lg(55,69,44()lg(82,13)lg(16,2655,69)( rtrʛʦʨʦʜ hadhhfL --+-+=            (2.4) 

 

ʜʝ a(hr) ï ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʣʷ ʚʠʩʦʪʠ ʘʥʪʝʥʠ ɸʉ. 

ɼʣʷ ʚʝʣʠʢʠʭ ʤʽʩʪ ʮʝʡ ʧʘʨʘʤʝʪʨ ʩʣʘʙʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʽ ʚʽʜ ʪʠʧʫ 

ʤʽʩʮʝʚʦʩʪʽ, ʧʨʦʪʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʘʧʨʦʢʩʠʤʫʶʯ ̔ʬʦʨʤʫʣʠ: 

ʜʣʷ ʤʘʣʠʭ ʽ ʩʝʨʝʜʥʽʭ ʤʽʩʪ: 

 

( ) ( ).8,0)lg(56,17,0)lg(1,1)( --Ö+= fhfha rr ,
 

 

ʜʣʷ ʚʝʣʠʢʠʭ ʤʽʩʪ: 

 

[ ] ,3001,154,1lg(29,8)(
2

ʄɻʮfʧʨʠhha rr <-Ö=
 

 

[ ] ,30097,475,11lg(2,3)(
2

ʄɻʮfʧʨʠhha rr ²-Ö=
 

 

ʜʣʷ ʧʨʠʤʽʩʴʢʠʭ ʨʘʡʦʥʽʚ, ʜɹ: 

,4,5
28

lg2

2

-ù
ú

ø
é
ê

è
-=

f
LL ʛʦʨʦʜʧʨ

 

 

ʜʣʷ ʩʽʣʴʩʴʢʦʾ ʤʽʩʮʝʚʦʩʪʽ, ʜɹ: 

 

.94,40)lg(33,18)lg(78,4 2 -Ö+Ö-= ffLL ʛʦʨʦʜc
 

 

ʍʦʯʘ ʬʦʨʤʫʣʠ ʍʘʪʘ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʫʚʘʪʠ ʚʩʽ ʩʧʝʮʠʬʽʯʥʽ 

ʧʦʧʨʘʚʢʠ, ʷʢʽ ʜʦʩʪʫʧʥʽ ʚ ʤʝʪʦʜʽ ʆʢʘʤʫʨʘ, ʚʦʥʠ ʤʘʶʪʴ ʽʩʪʦʪʥʝ ʧʨʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ. ʈʦʟʨʘʭʫʥʢʠ ʟʘ ʬʦʨʤʫʣʘʤʠ ʍʘʪʘ (ʨʠʩʫʥʦʢ 2.5) ʜʦʙʨʝ ʟʙʽʛʘʶʪʴʩʷ ʟ 

ʜʘʥʠʤʠ ʤʦʜʝʣʽ ʆʢʘʤʫʨʘ ʜʣʷ ʚʽʜʩʪʘʥʝʡ, ʙʽʣʴʰʠʭ ʟʘ 1 ʢʤ, ɼʦʜʘʪʦʢ ɹ. 
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ʈʠʩʫʥʦʢ 2.5 ï ɿʘʣʝʞʥʽʩʪʴ ʟʘʛʘʩʘʥʥʷ ʩʠʛʥʘʣʫ ʚʽʜ ʚʽʜʩʪʘʥʽ ʥʘ ʨʽʟʥʽʡ ʤʽʩʮʝʚʦʩʪʽ 

 

2.6 ʄʦʜʝʣʴ ʉ0Sʊ  231-ʍʘʪʘ 

 

ɼʣʷ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ 1,5 ... 2 ɻɻʮ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ 

ʉ0ST 231-ʍʘʪʘ, ʷʢʘ ʻ ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʚʘʨʽʘʥʪʦʤ ʤʦʜʝʣʽ ʍʘʪʘ. ʌʦʨʤʫʣʘ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʛʦ ʟʘʛʘʩʘʥʥʷ ʚ ʤʽʩʪʽ (ʜɹ) ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

 

)()lg()lg(55,69,44()lg(82,13)lg(9,333,46)( rtrʛʦʨʦʜ hadhhfL -Ö-+-+=

                

(2.5) 

 

ʜʝ ( ) ( ),8,0)lg(56,17,0)lg(1,1)( --Ö+= fhfha rr  

ʉ = 0 ʜɹ ʜʣʷ ʤʘʣʠʭ ʽ ʩʝʨʝʜʥʽʭ ʤʽʩʪ; 

ʉ = 3 ʜɹ ʜʣʷ ʚʝʣʠʢʠʭ ʤʽʩʪ. 

ʂʦʨʠʛʫʚʘʥʥʷ ʜʣʷ ʧʨʠʤʽʩʴʢʠʭ ʨʘʡʦʥʽʚ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. ɼʣʷ 

ʩʽʣʴʩʴʢʦʾ ʤʽʩʮʝʚʦʩʪʽ ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʘ (hr) ʪʘʢʠʡ ʩʘʤʠʡ, ʱʦ ʽ ʚ ʤʦʜʝʣʽ 

ʍʘʪʘ [1é6]. ʈʝʟʫʣʴʪʘʪ ʟʥʘʭʦʜʠʪʩɹʷ ʚ ɼʦʜʘʪʢʫ ɺ. 
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2.7 ʄʦʜʝʣʴ ʃʽ çʚʽʜ ʟʦʥʠ ʜʦ ʟʦʥʠè 

 

ʋ ʤʦʜʝʣʷʭ ʃʽ ʤʽʩʮʝʚʽʩʪʴ ʢʣʘʩʠʬʽʢʫʶʪʴ ʟʘ ʪʘʢʠʤʠ ʦʟʥʘʢʘʤʠ [1é4, 

29é33]:  

ï ʟʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦ ,ʁ ʩʬʦʨʤʦʚʘʥʦ  ʁʣʶʜʠʥʦʶ (ʭʘʨʘʢʪʝʨ ʟʘʙʫʜʦʚʠ);  

ï ʚʽʜʢʨʠʪʘ ʪʝʨʠʪʦʨʽʷ, ʧʨʠʤʽʩʴʢʘ ʟʦʥʘ, ʤʽʩʴʢʘ ʟʘʙʫʜʦʚʘ; 

ï ʟʘ ʧʨʠʨʦʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʭʘʨʘʢʪʝʨ ʪʨʘʩʠ) ï ʛʣʘʜʢʘ, ʛʦʨʙʠʩʪʘ, 

ʪʨʘʩʘ ʥʘʜ ʚʦʜʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʪʨʘʩʘ ʯʝʨʝʟ ʣʠʩʪʷʥʽ ʣʽʩʠ. 

ʄʦʜʝʣʴ ʃʽ çʚʽʜ ʟʦʥʠ ʜʦ ʟʦʥʠè ʩʪʚʦʨʝʥʘ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʤʽʨʶʚʘʥʴ ʨʽʚʥʷ ʩʠʛʥʘʣʫ (ʣʦʢʘʣʴʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ), ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʨʽʟʥʠʤʠ 

ʘʚʪʦʨʘʤʠ ʜʣʷ ʟʦʥ ʟ ʨʽʟʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʟʘʙʫʜʦʚʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ ʤʦʜʝʣʽ, ʥʘ 

ʚʭʦʜʽ ʧʨʠʡʤʘʯʘ ʘʙʦʥʝʥʪʩʴʢʦʾ ʩʪʘʥʮʽʾ (ɸʉ) ʨʽʚʝʥʴ ʤʝʜʽʘʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʩʠʛʥʘʣʫ ʜʦʨʽʚʥʶʻ: 

 ,)lg()( 54321 aaaaraPdP ʣm ++++++= g                         (2.6) 

 

ʜʝ  ï ʧʨʦʪʷʞʥʽʩʪʴ ʪʨʘʩʠ, ʚʠʨʘʞʝʥʘ ʚ ʤʠʣʷʭ (ʤʠʣʷ = 1,6 ʢʤ); 

ʈʃ ï ʨ̔ ʚʝʥʴ ʄʄʉ ʚ ʪʦʯʮʽ, ʚʽʜʜʘʣʝʥʽʡ ʚʽʜ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ (ɹʉ) ʥʘ 1 

ʤʠʣʶ, ʚʠʤʽʨʷʥʠʡ ʧʨʠ ʩʪʘʥʜʘʨʪʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʘʧʘʨʘʪʫʨʠ; 

ɔ ï ʥʘʭʠʣ ʢʨʠʚʦʾ ʚʪʨʘʪ ʧʦʰʠʨʝʥʥʷ, ʜɹ / ʜʝʢʘʜʘ, ʷʢʠʡ ʯʠʩʝʣʴʥʦ 

ʜʦʨʽʚʥʶʻ ʦʩʣʘʙʣʝʥʥ ʁʩʠʛʥʘʣʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʜʦʚʞʠʥʠ ʪʨʘʩʠ ʚ 10 ʨʘʟʽʚ; 

a1-ʘ5 ï ʧʦʧʨʘʚʦʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ; ʚʚʦʜʷʪʴʩʷ ʚ ʨʘʟʽ, ʢʦʣʠ ʪʝʭʥʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʩʪʘʥʜʘʨʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ 

(ʜʠʚ. ʪʘʙʣʠʮʶ 2.3). 

ʇʦʧʨʘʚʦʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʚ ʪʘʙʣʠʮʽ. 2.4: 

 

,54,29lg202 -= tha                                                                  (2.7 ʘ) 

,77,4lg204 -= rha                                                                     (2.7 ʙ) 
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ʊʘʙʣʠʮʷ 2.3 ï ʇʦʨʽʚʥʷʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ ʽ ʤʦʜʝʣʽ 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʧʘʨʘʤʝʪʨ 

ʉʪʘʥʜʘʨʪʥʝ 

ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ 

ʇʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʈʽʚʝʥʴ ʧʦʪʫʞʥʦʩʪʽ 

ʧʝʨʝʜʘʚʘʯʘ ɹʉ (ʈʙʩ) 
ʈɹʉ = 40ʜɹʤ ʘ1= ʈɹʉ- 40 

ɺʠʩʦʪʘ ʘʥʪʝʥʠ ɹʉ (ht) 100 ʬʫʪʚ̔ (30ʤ)  
ʂʦʝʬ̔ʮ̔ ʥ̒ʪ ʧʽʜʩʠʣʝʥʥ̫  

ʘʥʪʝʥʠ ɹʉ (g1) 
6ʜɹ a3 = g1 - 6 

ɺʠʩʦʪʘ ʘʥʪʝʥʠ ɸʉ (hr) 10 ʬʫʪʦʚ (ɿʤ) a4=10lg(hr /h
*
r), hr*  =3ʤ 

ʂʦʝʬ̔ʮ̔ ʥ̒ʪ ʧʽʜʩʠʣʝʥʥ̫  

ʘʥʪʝʥʠ ɸʉ (g2) 
0 ʜɹ ʘ5=g2 

 

ʇʨʠ ʧʽʜʩʪʘʥʦʚʮʽ ʚ (1.6) ʧʨʦʪʷʞʥʦʩʪʽ ʪʨʘʩʠ, ʚʠʨʘʞʝʥʦʾ ʚ ʢʽʣʦʤʝʪʨʘʭ, 

ʩʣʽʜ ʚʚʝʩʪʠ ʧʦʧʨʘʚʢʫ: 

.204,0)lg(
6,1

lg ggg Ö-=ö
÷

õ
æ
ç

å
Ö= d

d
Zl  

ɿʥʘʭʦʜʠʤʦ: 

 

,)lg(10)lg(20)lg(31,80)( 21

* gghhdPPdP rtʙʩm ++Ö+Ö+++-= g             (2.8) 

 

,204,0
*

gÖ+= ʣʣ PP                                                                          (2.9) 

 

ɺʠʟʥʘʯʠʤʦ ʧʦ ʪʘʙʣʠʮʽ 2.4 ʧʘʨʘʤʝʪʨʠ ʪʨʘʩʠ çʪʠʧʦʚʘ ʧʨʠʤʽʩʴʢʘè ʽ ʧʦ 

(2.9) ʨʽʚʝʥʴ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʥʘ ʚʽʜʩʪʘʥʽ 1 ʢʤ ʚʽʜ ɹʉ: 

 

.86,5384,77,61
*

ʜɹʤPʣ -=+-=  

 

ʇʽʜʩʪʘʚʠʚʰʠ ʮʝ ʟʥʘʯʝʥʥʷ ʽ ɔ = 38,4 ʚ (1.8), ʦʪʨʠʤʘʻʤʦ: 

 

.)lg(10)lg(20)lg(41,3831,134)( 21 gghhdPdP rtʙʩm ++++--=
 

 












































































































































