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ʉɶɿ   ɹʆʐʀ 

Yusupbekov N.R., Muxammeodv B.I., Gôulomov Sh.M. Texnologik jarayonlarni nazorat qilish va 

avtomatlashtirish. ï T.: Oôqituvchi, 2011. ï 576 b.  

ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ʦʣʠʡ ʚʘ ˄ʨʪʘ ʤʘʭʩʫʩ ʪʘʲʣʠʤ ʚʘʟʠʨʣʠʛʠʜʘ ʦʣʠʙ 

ʙʦʨʠʣʘʸʪʛʘʥ ʪʘʜʙʠʨʣʘʨʥʠʥʛ ʘʩʦʩʠʡ ʤʘץʩʘʜʠ ï ʪʘʲʣʠʤ ʪʠʟʠʤʠ ʠʩʣʦ״ʘʪʣʘʨʠʥʠ ״ʘʸʪʛʘ 

ʪʘʜʙʠץ ʵʪʠʰ, ʟʘʤʦʥ ʪʘʣʘʙʣʘʨʠʛʘ ʞʘʚʦʙ ʙʝʨʘʜʠʛʘʥ ʶץʦʨʠ ʤʘʣʘʢʘʣʠ, ʨʘץʦʙʘʪʙʘʨʜʦʰ 

ʤʫʪʘʭʘʩʩʠʩʣʘʨ ʪʘʡʸʨʣʘʰʛʘ ץʘʨʘʪʠʣʛʘʥ. ʂʘʜʨʣʘʨ ʪʘʡʸʨʣʘʰ ʩʦ״ʘʩʠʜʘʛʠ ʜʘʚʣʘʪ ʩʠʸʩʘʪʠ 

ʫʟʣʫʢʩʠʟ ʪʘʲʣʠʤ ʪʠʟʠʤʠ ʦʨץʘʣʠ ʸʰʣʘʨʥʠ ʠʥʪʝʣʣʝʢʪʫʘʣ, ʤʘʲʥʘʚʠʡ-ʘ״ʣʦץʠʡ ʞʠ״ʘʪʜʘʥ 

ʪʘʨʙʠʷʣʘʰ ʚʘ ״ʘʨ ʪʦʤʦʥʣʘʤʘ ʙʘʨʢʘʤʦʣ ʰʘʭʩʥʠ ʰʘʢʣʣʘʥʪʠʨʠʰʥʠ ʥʘʟʘʨʜʘ ʪʫʪʘʜʠ. 

ʄʘʤʣʘʢʘʪʠʤʠʟʜʘ ʂʘʜʨʣʘʨ ʪʘʡʸʨʣʘʰ ʤʠʣʣʠʡ ʜʘʩʪʫʨʠʥʠʥʛ ʙʠʨʠʥʯʠ (1997-2001 ʡʠʣʣʘʨ) 

ʚʘ ʠʢʢʠʥʯʠ (2001-2005 ʡʠʣʣʘʨ) ʙʦʩץʠʯʣʘʨʠ ʷʢʫʥʣʘʥʠʙ, ʫʯʠʥʯʠ-ʩʠʬʘʪ ʙʦʩץʠʯʠʛʘ 

(2005-2009 ʡʠʣʣʘʨ) ˄ʪʠʣʜʠ. ɶʪʛʘʥ ʚʘץʪ ʤʦʙʘʡʥʠʜʘ ʙʘʨʯʘ ʦʣʠʡ ʪʘʲʣʠʤ ʤʫʘʩʩʘʩʘʣʘʨʠʜʘ 

ʷʥʛʠ ʜʘʚʣʘʪ ʪʘʲʣʠʤ ʩʪʘʥʜʘʨʪʣʘʨʠ ʠʰʣʘʙ ʯʠץʠʣʠʙ, ˄ץʫʚ ʞʘʨʘʸʥʠʛʘ ʪʘʜʙʠץ 

  .ʜʘץʠʣʠʥʤʦץ

ʄʘʬʢʫʨʘʚʠʡ ״ʘʤʜʘ ʤʘʟʤʫʥ ʚʘ ʤʦ״ʠʷʪʠ ʞʠ״ʘʪʠʜʘʥ ʵʩʢʠʨʛʘʥ ˄ץʫʚ 

ʘʜʘʙʠʸʪʣʘʨʠʥʠʥʛ ʤʘʲʣʫʤ ץʠʩʤʠ ʷʥʛʠ ʪʘʲʣʠʤ ʪʠʟʠʤʠʥʠʥʛ ʪʘʣʘʙ ʚʘ ʵ״ʪʠʸʞʣʘʨʠʛʘ 

ʞʘʚʦʙ ʙʝʨʘ ʦʣʤʘʡ ץʦʣʜʠ.  

ʄʠʣʣʠʡ ʠʩʪʠץʣʦʣ סʦʷʩʠʛʘ ʩʦʜʠץ, ʝʪʘʨʣʠ ʠʥʪʝʣʣʝʢʪʫʘʣ ʩʘʣʦ״ʠʷʪʛʘ ʵʛʘ, ʠʣʤ-

ʬʘʥʥʠʥʛ ʟʘʤʦʥʘʚʠʡ ʶʪʫץʣʘʨʠ ʘʩʦʩʠʜʘ ʤʫʩʪʘץʠʣ ʬʠʢʨ ʚʘ ʤʫʰʦ״ʘʜʘ ʶʨʠʪʘ ʦʣʘʜʠʛʘʥ 

ʢʘʜʨʣʘʨʥʠ ʪʘʨʙʠʷʣʘʰʜʘ ״ʘʤʜʘ ʨʘץʦʙʘʪʙʘʨʜʦʰ, ʶץʦʨʠ ʤʘʣʘʢʘʣʠ ʤʫʪʘʭʘʩʩʠʩʣʘʨʥʠ 

ʪʘʡʸʨʣʘʰʜʘ ʜʘʨʩʣʠʢ ʚʘ ˄ץʫʚ ʘʜʘʙʠʸʪʣʘʨʠʥʠʥʛ ʷʥʛʠ ʘʚʣʦʜʠʥʠ ʷʨʘʪʠʰ ʤʫ״ʠʤ ʤʘʩʘʣʘ 

ʙ˄ʣʠʙ ץʦʣʤʦץʜʘ.  

ɼʘʨʩʣʠʢ ʚʘ ˄ץʫʚ ʘʜʘʙʠʸʪʣʘʨʠʥʠ ʤʘʟʤʫʥʠ ʚʘ ʤʦ״ʠʷʪʠ ʞʠ״ʘʪʠʜʘʥ ʪʘʣʘʙʘʣʘʨʜʘ 

ʤʫʩʪʘץʠʣ ʚʘ ʵʨʢʠʥ ʬʠʢʨʣʘʰ, ʦʣʜʠʥʜʘʥ ʙʠʣʠʤʣʘʨʥʠ ʙʦʩץʠʯʤʘ-ʙʦʩץʠʯ ʙʦʡʠʪʠʰ, 

ʤʫʢʘʤʤʘʣʣʘʰʪʠʨʠʙ ʙʦʨʠʰ, ʤʫʩʪʘץʠʣ ʪʘʲʣʠʤ ʦʣʠʰ, ʜʦʣʟʘʨʙ ʷʥʛʠ ʙʠʣʠʤʣʘʨʥʠ ˄ץʫʚ 

ʘʜʘʙʠʸʪʣʘʨʠʜʘʥ ʠʟʣʘʙ ʪʦʧʠʰ ʢ˄ʥʠʢʤʘʣʘʨʠʥʠ ״ʦʩʠʣ ץʠʣʠʰʥʠ ʪʘʲʤʠʥʣʘʰʠ ʣʦʟʠʤ. 

ʄʘʟʢʫʨ ʜʘʨʩʣʠʢʥʠ ʸʟʠʰ ʞʘʨʘʸʥʠʜʘ ״ʘʨ ʙʠʨ ʙʦʙ ʸʢʠ ʤʘʚʟʫʥʠʥʛ ʤʘʟʤʫʥʠ 

ʪʫʰʫʥʘʨʣʠ,  ʠʣʤʠʡ סʦʷ ʚʘ ʪʫʰʫʥʯʘʣʘʨ ʤʦ״ʠʷʪʠʥʠ ʘʥʠץ ʚʘ ʨʘʚʰʘʥ ʙʘʸʥ ʵʪʠʛhʘ ״ʘʤʜʘ 

ʤʘʚʟʫʣʘʨʥʠʥʛ ʙʠʨ-ʙʠʨʠʛʘ ʤʘʥʪʠץʘʥ ʙʦסʣʠץʣʠʛʠ ʚʘ ʢʝʪʤʘ-ʢʝʪʣʠʛʠʥʠʥʛ ʩʘץʣʘʥʠʰʠʛʘ 

ʵʲʪʠʙʦʨ ʙʝʨʜʠʢ. 

 ʠʯ ʣʦʪʠʥץʠʯʤʘ-ʙʦʩץʫʚ ʡʠʣʠʜʘʥ ʙʦʰʣʘʙ ʪʘʣʘʙʘʣʘʨʥʠʥʛ ʙʦʩץ˄ 2005-2006

ʘʣʠʬʙʦʩʠʛʘ ˄ץʠʰʛʘ ˄ʪʠʰʣʘʨʠ ʤʫʥʦʩʘʙʘʪʠ ʙʠʣʘʥ ʊʦʰʢʝʥʪ ʜʘʚʣʘʪ ʪʝʭʥʠʢʘ 
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ʫʥʠʚʝʨʩʠʪʝʪʠ ʧʨʦʬʝʩʩʦʨʣʘʨʠ (ʤʫʘʣʣʠʬʣʘʨ) ״ʘʤʢʦʨʣʠʢʜʘ ʫʰʙʫ ʜʘʨʩʣʠʢʥʠ ʷʨʘʪʠʰʛʘ 

ʘʣʦ״ʠʜʘ ʘ״ʘʤʠʷʪ ʙʝʨʜʠʢ. 

ʄʠʣʣʠʡ ʠʩʪʠץʣʦʣ סʦʷʩʠʛʘ ʩʦʜʠץ, ʠʥʪʝʣʣʝʢʪʫʘʣ ʩʘʣʦ״ʠʷʪʛʘ ʵʛʘ, ʠʣʤ-ʬʘʥʥʠʥʛ 

ʟʘʤʦʥʘʚʠʡ ʶʪʫץʣʘʨʠ ʘʩʦʩʠʜʘ ʤʫʩʪʘץʠʣ ʬʠʢʨ ʚʘ ʤʫʰʦ״ʘʜʘ ʶʨʠʪʘ ʦʣʘʜʠʛʘʥ ʢʘʜʨʣʘʨʥʠ 

ʪʘʡʸʨʣʘʰʜʘ çʊʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʚʘ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰè ʬʘʥʠ 

ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨ ʚʘ ʠʰʣʘʙ ʯʠץʘʨʠʰʥʠ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʦʰʠʨʠʰ, ʤʘ״ʩʫʣʦʪ 

ʩʠʬʘʪʠʥʠ ʶץʦʨʠ ʜʘʨʘʞʘʛʘ ʢ˄ʪʘʨʠʰ, ʭʘʨʘʞʘʪʣʘʨʥʠ ʢʘʤʘʡʪʠʨʠʰ, ʤʝ״ʥʘʪ 

ʰʘʨʦʠʪʣʘʨʠʥʠ ʷʭʰʠʣʘʰ, ʠʰʣʘʙ ʯʠץʘʨʠʰʜʘ ʭʘʚʬʩʠʟʣʠʢ ʪʝʭʥʠʢʘʩʠʥʠ ʪʘʲʤʠʥʣʘʰ, 

ʘʪʨʦʬ-ʤʫ״ʠʪʥʠ ʤʫ״ʦʬʘʟʘ ץʠʣʠʰ ʚʘ ʙʦʰץʘ ʜʦʣʟʘʨʙ ʤʫʘʤʤʦʣʘʨʥʠ ״ʘʣ ץʠʣʠʰʜʘ ʤʫ״ʠʤ 

ʘ״ʘʤʠʷʪʛʘ ʵʛʘ ʙ˄ʣʠʙ, ʪʘʣʘʙʘʣʘʨʛʘ ˄ʟ ʠʭʪʠʩʦʩʣʠʢʣʘʨʠʥʠ ʥʘʟʘʨʠʡ ״ʘʤʜʘ ʘʤʘʣʠʡ 

ʞʠ״ʘʪʜʘʥ ʯʫץʫʨ ʵʛʘʣʣʘʰʛʘ ʸʨʜʘʤ ʙʝʨʘʜʠ. 

ʊʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʚʘ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ ï ʪʝʭʥʠʢʘ 

ʪʘʨʘץץʠʸʪʠʥʠʥʛ ʘʩʦʩʠʡ ʡ˄ʥʘʣʠʰʣʘʨʠʜʘʥ ʙʠʨʠ ʙ˄ʣʠʙ, ʠʣʤʠʡ ʪʘʜץʠץʦʪʣʘʨʛʘ ʪʦʙʦʨʘ 

ʢʝʥʛʨʦץ ʢʠʨʠʙ ʙʦʨʠʙ, ʬʘʥ ʚʘ ʪʝʭʥʠʢʘʥʠ ʨʠʚʦʞʣʘʥʪʠʨʠʰ ʫʯʫʥ ʷʥʛʠ ʠʤʢʦʥʠʷʪʣʘʨ ʦʯʠʙ 

ʙʝʨʘʜʠ. ʐʫʥʠʥʛʜʝʢ, ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ ʘʚʚʘʣʣʘʨʠ ʠʥʩʦʥ ʙʦhץʘʨʠʰʛʘ ץʦʜʠʨ ʙ˄ʣʘ 

ʦʣʤʘʛʘʥ ʷʥʛʠ, ʶץʦʨʠ ʠʥʪʝʥʩʠʚ ʞʘʨʘʸʥʣʘʨʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʰʛʘ, ʪʘʙʠʘʪʜʘ ʤʘʲʣʫʤ 

ʙ˄ʣʤʘʛʘʥ ʷʥʛʠ, ʩʘʤʘʨʘʣʠ ʤʘʪʝʨʠʘʣʣʘʨʥʠ ʷʨʘʪʠʰʛʘ ʠʤʢʦʥ  ʙʝʨʘʜʠ. 

ʊʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠʥʛ ʤʫʨʘʢʢʘʙʣʘʰʫʚʠ ʚʘ ʞʘʜʘʣʣʘʰʫʚʠ ʟʘʤʦʥʘʚʠʡ ʠʰʣʘʙ 

ʯʠץʘʨʠʰ ʢʦʨʭʦʥʘʣʘʨʠʥʠ ʙʦʰץʘʨʠʰ ʬʘץʘʪ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʚʘ ʙʦʰץʘʨʫʚʯʠ ״ʠʩʦʙʣʘʰ 

ʪʝʭʥʠʢʘʩʠʥʠ ץ˄ʣʣʘʙ, ʢʝʥʛ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ ʥʘʪʠʞʘʩʠʜʘ ʩʘʤʘʨʘʣʠ ʙ˄ʣʠʰʛʘ ʦʣʠʙ 

ʢʝʣʘʜʠ. 

çʊʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʚʘ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰè ʬʘʥʠʥʠ 

 ʠʣʠʰץ ʩʘʜ, ʪʘʣʘʙʘʣʘʨʛʘ ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠ ʥʘʟʦʨʘʪץʠʪʠʰʜʘʥ ʤʘץ˄

ʫʩʫʣʣʘʨʠ ʚʘ ʚʦʩʠʪʘʣʘʨʠ, ʘʭʙʦʨʦʪʣʘʨʥʠ ʤʘʩʦʬʘʛʘ ʫʟʘʪʠʰ ʪʠʟʠʤʣʘʨʠ, ʦʙʲʝʢʪʣʘʨ, 

ʨʦʩʪʣʘʰ ץʦʥʫʥʣʘʨʠ, ʨʦʩʪʣʘʛʠʯʣʘʨ, ʞʘʨʘʸʥʛʘ ʪʘʲʩʠʨ ʵʪʫʚʯʠ ץʫʨʠʣʤʘʣʘʨ ʚʘ ʘʚʪʦʤʘʪʠʢ 

ʨʦʩʪʣʘʰ ״ʘʤʜʘ ʙʦʰץʘʨʫʚ ʪʠʟʠʤʣʘʨʠ ʙ˄ʡʠʯʘ ʘʥʠץ ʙʠʣʠʤ ʙʝʨʠʰ ʚʘ ʦʣʠʥʛʘʥ 

ʙʠʣʠʤʣʘʨʥʠ ʩʦ״ʘ ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʠʥʠ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʣʛʘʥ ʬʫʢʮʠʦʥʘʣ 

ʯʠʟʤʘʣʘʨʠʥʠ ʪʫʟʠʰ ʚʘ ʫʣʘʨʥʠ ˄ץʠʰʜʘ ʬʦʡʜʘʣʘʥʠʰʛʘ ˄ʨʛʘʪʠʰʜʘʥ ʠʙʦʨʘʪ. 

ʌʘʥʥʠ ˄ʨʛʘʥʠʰ ʜʘʚʦʤʠʜʘ ʪʘʣʘʙʘʣʘʨ ץʫʡʠʜʘʛʠʣʘʨʥʠ ʙʠʣʠʰʣʘʨʠ ʢʝʨʘʢ: 

ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ ʪʘ״ʣʠʣ ץʠʣʠʰ; ʙʦʰץʘʨʠʰ ʦʙʲʝʢʪʠ ʚʘ 

ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ (ʙʦʰץʘʨʠʰ)ʛʘ ʙ˄ʣʛʘʥ ʪʘʣʘʙʣʘʨʥʠ ʪʫʟʠʰ (ʰʘʢʣʣʘʥʪʠʨʠʰ); ʠʰʣʘʙ 
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ʯʠץʘʨʠʰ ʞʘʨʘʸʥʣʘʨʠʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʚʘ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰʥʠʥʛ ʩʭʝʤʘʩʠʥʠ ˄ץʠʰ; 

ʥʘʟʦʨʘʪ ץʠʣʠʰ ʚʘ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰʥʠʥʛ ʘʩʦʩʠʡ ʚʦʩʠʪʘʣʘʨʠʥʠ ʪʘʥʣʘʰ. 

çʊʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʚʘ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰè ʬʘʥʠʥʠ 

˄ʨʛʘʥʠʰ ʦʣʜʠʥʛʠ ˄ץʫʚ ʢʫʨʩʣʘʨʠʜʘ ʵʛʘʣʣʘʥʛʘʥ çʆʣʠʡ ʤʘʪʝʤʘʪʠʢʘè, çʀʥʬʦʨʤʘʪʠʢʘ ʚʘ 

ʘʭʙʦʨʦʪ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠè, çʕʣʝʢʪʨʦʪʝʭʥʠʢʘ, ʵʣʝʢʪʨʦʥʠʢʘ ʚʘ ʵʣʝʢʪʨ ʶʨʠʪʤʘʣʘʨè, 

çʊʝʭʥʠʢ ʪʠʟʠʤʣʘʨʥʠ ʙʦʰץʘʨʠʰè, çʀʰʣʘʙ ʯʠץʘʨʠʰʥʠʥʛ ʘʩʦʩʠʡ ʞʘʨʘʸʥʣʘʨʠ ʚʘ 

ʫʩʢʫʥʘʣʘʨʠè ״ʘʤʜʘ ʪʘʲʣʠʤ ʡ˄ʥʘʣʠʰʣʘʨʠ ʙ˄ʡʠʯʘ ʪʘʨʤʦץ ʪʝʭʥʦʣʦʛʠʷ ʚʘ ʫʩʢʫʥʘʣʘʨʠ 

ʢʘʙʠ ʙʠʣʠʤʣʘʨ ʘʩʦʩʠʜʘ ʪʘʰʢʠʣ ץʠʣʠʥʛʘʥ. 

ʄʘʟʢʫʨ ʬʘʥʥʠ ˄ʨʛʘʥʠʰ ʜʘʚʦʤʠʜʘ ʦʣʠʥʛʘʥ ʙʠʣʠʤʣʘʨ ʪʘʣʘʙʘʣʘʨʥʠ ʤʘʚʞʫʜ 

ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ ʷʥʘʜʘ ʯʫץʫʨʨʦץ ʪʘ״ʣʠʣ ץʠʣʠʰʛʘ, ʰʫʥʠʥʛʜʝʢ, ʪʘʣʘʙʘʣʘʨʛʘ ˄ʟ 

ʠʭʪʠʩʦʩʣʠʢʣʘʨʠ ʙ˄ʡʠʯʘ ʤʫʪʘʭʘʩʩʠʩʣʠʢ ʬʘʥʣʘʨʥʠ ʥʘʟʘʨʠʡ ʚʘ ʘʤʘʣʠʡ ʞʠ״ʘʪʜʘʥ 

ʤʫʢʘʤʤʘʣ ʵʛʘʣʣʘʰʜʘ, ʠʣʤʠʡ-ʪʘʜץʠץʦʪ ʠʰʣʘʨʥʠ ˄ʪʢʘʟʠʰʜʘ, ʙʠʪʠʨʫʚ ʠʰʣʘʨʠʥʠ 

ʙʘʞʘʨʠʰʜʘ ״ʘʤʜʘ ʤʫʪʘʭʘʩʩʠʩ ʣʘʚʦʟʠʤʣʘʨʠʜʘ ʬʘʦʣʠʷʪ ʢ˄ʨʩʘʪʠʰʣʘʨʠʜʘ ʬʦʡʜʘʣʠʜʠʨ. 

ʄʘʟʢʫʨ ʜʘʨʩʣʠʢ ʙʘʢʘʣʘʚʨʠʘʪ ʪʘʲʣʠʤ ʡ˄ʥʘʣʠʰʣʘʨʠ: 

 5520100 ï ʀʩʩʠץʣʠʢ ʵʥʝʨʛʝʪʠʢʘʩʠ; 5520400 ï ʄʝʪʘʣʣʫʨʛʠʷ; 5520700 ï 

ʊʝʭʥʦʣʦʛʠʢ ʤʘʰʠʥʘʣʘʨ ʚʘ ʞʠ״ʦʟʣʘʨ; 5521500 ï ɸʩʙʦʙʩʦʟʣʠʢ; 5521800 ï 

ɸʚʪʦʤʘʪʣʘʰʪʠʨʠʰ ʚʘ ʙʦʰץʘʨʫʚ; 5522300 ï ʊ˄ץʠʤʘʯʠʣʠʢ, ʝʥʛʠʣ ʚʘ ץʦסʦʟ ʩʘʥʦʘʪʠ 

ʙʫʶʤʣʘʨʠ ʢʠʤʸʚʠʡ ʪʝʭʥʦʣʦʛʠʷʩʠ; 5522400 ï ʂʠʤʸʚʠʡ ʪʝʭʥʦʣʦʛʠʷ (ʠʰʣʘʙ ʯʠץʘʨʠʰ 

ʪʫʨʣʘʨʠ ʙ˄ʡʠʯʘ); 5522500 ï ʅʝʬʪʴ ʚʘ ʥʝʬʪʴ-ʛʘʟʥʠ ץʘʡʪʘ ʠʰʣʘʰ ʪʝʭʥʦʣʦʛʠʷʩʠ; 

5522600 ï ɪסʦʯʩʦʟʣʠʢ ʩʘʥʦʘʪʠ ʪʝʭʥʦʣʦʛʠʷʩʠ, ʤʘʰʠʥʘʣʘʨʠ ʚʘ ʞʠ״ʦʟʣʘʨʠ; 5522900 ï 

ɹʠʦʪʝʭʥʦʣʦʛʠʷ; 5540300 ï ʅʝʬʪʴ ʚʘ ʛʘʟ ʠʰʠ; 5541100 ï ʆʟʠץ-ʦʚץʘʪ ʪʝʭʥʦʣʦʛʠʷʩʠ 

(ʤʘ״ʩʫʣʦʪ ʪʫʨʣʘʨʠ ʙ˄ʡʠʯʘ); 5850100 ï ɸʪʨʦʬ-ʤʫ״ʠʪ ʤʫ״ʦʬʘʟʘʩʠ (ʪʘʨʤʦץʣʘʨ ʙ˄ʡʠʯʘ); 

5140900 ï ʂʘʩʙ ʪʘʲʣʠʤʠ (ʙʘʢʘʣʘʚʨʠʘʪ ʪʘʲʣʠʤ ʡ˄ʥʘʣʠʰʣʘʨʠ ʙ˄ʡʠʯʘ) ʪʘʣʘʙʘʣʘʨʠ ʫʯʫʥ 

ʪʫʟʠʣʛʘʥ ʷʥʛʠ ʥʘʤʫʥʘʚʠʡ ʜʘʩʪʫʨ ʘʩʦʩʠʜʘ ʸʟʠʣʜʠ. 

ʊʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʚʘ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰð ʫʟʣʫʢʩʠʟ 

ʨʠʚʦʞʣʘʥʫʚʯʠ ʪʠʟʠʤ ʙ˄ʣʠʙ, ʫ ʠʰʣʘʙ ʯʠץʘʨʠʰʥʠʥʛ ˄ʟʠʛʘ ʭʦʩ ʭʫʩʫʩʠʷʪʣʘʨʠ ʚʘ ʬʘʥ-

ʪʝʭʥʠʢʘʥʠʥʛ ʢ˄ʧʯʠʣʠʢ ʩʦ״ʘʣʘʨʠ ʙʠʣʘʥ ʫʟʚʠʡ  ʙʦסʣʘʥʛʘʥʜʠʨ. ʀʰʣʘʙ ʯʠץʘʨʠʰʥʠ 

ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰʜʘ ʶץʦʨʠ ʩʘʤʘʨʘʜʦʨʣʠʢʢʘ ʵʨʠʰʠʰʥʠʥʛ ʙʝʚʦʩʠʪʘ ʰʘʨʪʠ ʘʩʦʩʠʡ ʚʘ 

ʸʨʜʘʤʯʠ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʞʘʨʘʸʥʣʘʨʠʥʠ ʤʝʭʘʥʠʟʘʮʠʷʣʘʰ ״ʠʩʦʙʣʘʥʘʜʠ. 

ɸʚʪʦʤʘʪʣʘʰʪʠʨʠʰʥʠ ʨʠʚʦʞʣʘʥʪʠʨʠʰ ʞʘʨʘʸʥʠʛʘ ץʫʡʠʜʘʛʠ ʢ˄ʧ ʩʦʥʣʠ ץʦʥʫʥʠʡ ʚʘ 

ʪʘʩʦʜʠʬʠʡ ʦʤʠʣʣʘʨ ʪʘʲʩʠʨ ʢ˄ʨʩʘʪʘʜʠ: ʪʝʭʥʦʣʦʛʠʷ ʚʘ ץʫʨʠʣʤʘʥʠʥʛ ״ʦʣʘʪʠ ״ʘʤʜʘ 

ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰʛʘ ʪʘʡʸʨʛʘʨʣʠʛʠ, ʭʦʤʘʰʸ, ʷʨʠʤ ʤʘ״ʩʫʣʦʪʣʘʨ ʚʘ ʵʥʝʨʛʝʪʠʢ 
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ʨʝʩʫʨʩʣʘʨʥʠʥʛ ʩʠʬʘʪʠ ״ʘʤʜʘ ʙʘʨץʘʨʦʨʣʠʛʠ, ʭʦʜʠʤʣʘʨʥʠʥʛ ʤʘʣʘʢʘʩʠ, ʠʰʯʠ ʚʘ   

ʤʫʪʘʭʘʩʩʠʩʣʘʨ   ʬʘʦʣʠʷʪʠʥʠ  ʪʘʰʢʠʣ ʵʪʠʰ  ʚʘ  ״ʦʢʘʟʦ. 

ʊʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʚʘ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ ʬʘץʘʪ ʠʰʣʘʙ 

ʯʠץʘʨʠʰ ʪʝʭʥʠʢʘʩʠʥʠ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ״ʘʤʜʘ ʤʝ״ʥʘʪ ʰʘʨʦʠʪʣʘʨʠʥʠ ʷʭʰʠʣʘʰ 

ʙʠʣʘʥʛʠʥʘ ʵʤʘʩ, ʙʘʣʢʠ ʠʰʣʘʙ ʯʠʢʘʨʠʰ ʨʝʥʪʘʙʝʣʣʠʛʠʥʠ ʦʰʠʨʠʰ, ʙʠʨʣʠʢ ʤʘ״ʩʫʣʦʪʛʘ 

ʢʝʪʘʜʠʛʘʥ ʤʦʜʜʠʡ ʚʘ ʤʝ״ʥʘʪ ʭʘʨʘʞʘʪʣʘʨʠʥʠ ʧʘʩʘʡʪʠʨʠʙ, ʫʥʠʥʛ ʪʝʭʥʠʢ-ʠץʪʠʩʦʜʠʡ 

ʢ˄ʨʩʘʪʢʠʯʣʘʨʠʥʠ ʦʨʪʪʠʨʠʰ ʙʠʣʘʥ ʙʦסʣʠץ. 

ʀʢʪʠʩʦʜʠʡ ʦʤʠʣʣʘʨ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ ʦʙʲʝʢʪʠʥʠ ʪʘʥʣʘʙ ʦʣʠʰʜʘ ʘʩʦʩʠʡ ʦʤʠʣ 

 ʪʠʩʦʜʠʡ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʦʨʪʪʠʨʠʰץʠʩʦʙʣʘʥʘʜʠ. ʉʘʥʦʘʪʜʘ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰʥʠʥʛ ʠ״

ʦʤʠʣʣʘʨʠ ʞʫʜʘ ʢ˄ʧ. ׳ʦʟʠʨʛʠ ʰʘʨʦʠʪʜʘ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰʥʠʥʛ ʠץʪʠʩʦʜʠʡ 

ʩʘʤʘʨʘʜʦʨʣʠʛʠʛʘ ʭʠʟʤʘʪ ʢ˄ʨʩʘʪʫʚʯʠ ʭʦʜʠʤʣʘʨ ʩʦʥʠʥʠ ʢʘʤʘʡʪʠʨʠʰ ״ʠʩʦʙʠʛʘʛʠʥʘ 

ʵʨʠʰʠʰʛʘ ʢ˄ʧ ʭʦʣʣʘʨʜʘ ʠʤʢʦʥ ʙ˄ʣʤʘʡʜʠ, ʯʫʥʢʠ ʟʘʤʦʥʘʚʠʡ ʟʘʚʦʜʣʘʨ, ʢʦʨʭʦʥʘʣʘʨ, 

ʙ˄ʣʠʥʤʘʣʘʨʛʘ ʥʠʩʙʘʪʘʥ ʢʘʤ ʤʠץʜʦʨʜʘʛʠ ʦʜʘʤʣʘʨ ʙʠʣʘʥ ʭʠʟʤʘʪ ʢ˄ʨʩʘʪʠʣʘʜʠ. ʐʫʥʠʥʛ 

ʫʯʫʥ ʠץʪʠʩʦʜʠʡ ʩʘʤʘʨʘʜʦʨʣʠʢʥʠ ʦʰʠʨʠʰ ʦʤʠʣʣʘʨʠʛʘ ץʫʡʠʜʘʛʠʣʘʨʥʠ ʢʠʨʠʪʠʰ 

ʤʫʤʢʠʥ: ʤʘ״ʫʣʦʪ ʩʠʬʘʪʠʥʠ ʦʰʠʨʠʰ, ʭʦʤ ʘʰʸ ʚʘ ʪʫʨʣʠ ʭʠʣ ʵʥʝʨʛʠʷ ʩʘʨʬʠʥʠ, ʠʰʣʘʙ 

ʯʠʢʘʨʠʰ ʯʠץʠʥʜʠʣʘʨʠʥʠ ʢʘʤʘʡʪʠʨʠʰ, ʠʰʣʘʙ ʯʠץʘʨʠʰ ʨʠʪʤʠʥʠ ʦʰʠʨʠʰ, ʤʝ״ʥʘʪ 

ʫʥʫʤʜʦʨʣʠʛʠʥʠ ʚʘ ʯʠץʘʨʠʣʘʸʪʛʘʥ ʤʘ״ʩʫʣʦʪ ʭʘʞʤʠʥʠ ʦʰʠʨʠʰ, ʭʠʟʤʘʪ ʢ˄ʨʩʘʪʫʚʯʠ 

ʭʦʜʠʤʣʘʨʥʠʥʛ ʤʝ״ʥʘʪ ʰʘʨʦʠʪʠʥʠ ʠʰʣʘʙ ʯʠץʘʨʠʰʥʠʥʛ ʢʠʰʠʣʘʨ ״ʘʸʪʠ ʚʘ ʩʦסʣʠʛʠ 

ʫʯʫʥ ʭʘʚʬʣʠ ʙ˄ʣʛʘʥ ״ʫʜʫʜʣʘʨʜʘʛʠ ʟʘʨʘʨʣʠ ʠʰʣʘʨʥʠ ʡ˄ץʦʪʠʰ ״ʠʩʦʙʠʛʘ ʷʭʰʠʣʘʰ. 

ʃʦʡʠ״ʘʣʘʥʘʸʪʛʘʥ ʚʘ ץʫʨʠʣʘʸʪʛʘʥ ʷʥʛʠ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʢʦʨʭʦʥʘʣʘʨʠʜʘ 

ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ ʪʝʭʥʦʣʦʛʠʷ ʙʠʣʘʥ ʫʟʚʠʡ ʨʘʚʠʰʜʘ ʙʦסʣʘʥʠʰʠ ʢʝʨʘʢ. ɾʘʜʘʣ ʪʝʭʥʠʢ 

ʪʘʨʘץץʠʸʪ ʪʫʬʘʡʣʠ çʸʰè ʠʰʣʘʙ ʯʠץʘʨʠʰ ʤʘʲʣʫʤ ʜʘʚʨʜʘʥ ʩ˄ʥʛ çʵʩʢʠʨʘʜʠè ʚʘ 

ʷʥʛʠʣʘʰʥʠ ʪʘʣʘʙ ץʠʣʘʜʠ, ʰʫ ʞʫʤʣʘʜʘʥ ʘʤʘʣʜʘʛʠ ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ ʥʘʟʦʨʘʪ 

 ʘʤʜʘ ʪʘʢʦʤʠʣʣʘʰʛʘʥʣʘʨʠ״ ʠʣʠʰ ʚʘ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ ʪʠʟʠʤʣʘʨʠʥʠ ʷʥʘʜʘ ʟʘʤʦʥʘʚʠʡץ

ʙʠʣʘʥ ʘʣʤʘʰʪʠʨʠʰʥʠ ʪʘʣʘʙ ץʠʣʘʜʠ. ɸʤʘʣʜʘʛʠ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʢʦʨʭʦʥʘʣʘʨʠʜʘʛʠ 

ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ ʪʠʟʠʤʣʘʨʠʥʠ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰʜʘ, ʰʫʥʠʥʛʜʝʢ,ʪʝʭʥʦʣʦʛʠʷ ʚʘ 

ʞʠʭʦʟʣʘʨʥʠ ʷʥʛʠʣʘʰʜʘ ʤʫʩʪʘץʠʣ ʠץʪʠʩʦʜʠʡ ʙʘ״ʦʣʘʰʣʘʨ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ. 

ʊʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠʥʛ ʤʫʨʘʢʢʘʙʣʘʰʫʚʠ ʚʘ ʞʘʜʘʣʣʘʰʫʚʠ ʪʫʬʘʡʣʠ 

ʟʘʤʦʥʘʚʠʡ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʢʦʨʭʦʥʘʣʘʨʠʥʠ ʙʦʰץʘʨʠʰ ʫʣʘʨʥʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ 

ʪʝʭʥʠʢʘʩʠ ʚʘ ʙʦʰץʘʨʫʚʯʠ ״ʠʩʦʙʣʘʰ ʪʝʭʥʠʢʘʩʠʥʠ ˄ץ ʣʣʘʙ ʢʝʥʛ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ 

ʘʩʦʩʠʜʘʛʠʥʘ ʩʘʤʘʨʘʣʠ ʙ˄ʣʠʰʠʛʘ ʵʨʠʰʠʣʘʜʠ. ɸʚʪʦʤʘʪʣʘʰʪʠʨʠʰ ʪʘʣʘʙʣʘʨʠ 
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ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨ ʣʦʡʠ״ʘʣʘʥʘʸʪʛʘʥ ʙʦʩץʠʯʜʘʸ״ ץʠʩʦʙʛʘ ʦʣʠʥʛʘʥʜʘ  

ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ  ʢʘʪʪʘ  ʩʘʤʘʨʘ  ʙʝʨʘʜʠ. 

ʖץʦʨʠʜʘ ʘʡʪʠʣʛʘʥʣʘʨʜʘʥ, ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ ʥʘʟʦʨʘʪ ץʠʣʠh 

ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰʥʠʥʛ ʠʣʤʠʡ-ʪʝʭʥʠʢ, ʠץʪʠʩʦʜʠʡ ʞʠ״ʘʪʣʘʨʠ ʩʘʥʦʘʪ ʪʘʨʘץץʠʸʪʠʥʠ, 

ʤʝ״ʥʘʪʢʘʰʣʘʨʥʠʥʛ ʤʘʜʘʥʠʷʪʠʥʠ ʚʘ ʪʫʨʤʫʰ ʜʘʨʘʞʘʩʠʥʠ ʢ˄ʪʘʨʠʰʥʠ ʪʘʲʤʠʥʣʘʰʜʘ 

ʢʘʪʪʘ ʘ״ʘʤʠʷʪʛʘ ʵʛʘ ʙ˄ʣʠʰʠ ʢʝʣʠʙ ʯʠץʘʜʠ. ɹʠʨʦץ ʩʘʥʦʘʪʥʠ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰʜʘ 

ʤʫʚʘʬʬʘץʠʷʪʛʘ ʵʨʠʰʠʰʥʠʥʛ ʤʫ״ʠʤ ʰʘʨʪʠ - ʦʣʠʡ ʪʘʲʣʠʤ ʤʫʘʩʩʘʩʘʣʘʨʠʜʘ, ʣʦʡʠ״ʘ 

ʠʥʩʪʠʪʫʪʣʘʨʠʜʘ ʚʘ ʠʰʣʘʙ ʯʠץʘʨʠʰʥʠ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ ʤʘʩʘʣʘʣʘʨʠʥʠ ʶץʦʨʠ ʠʣʤʠʡ-

ʪʝʭʥʠʢ ʜʘʨʘʞʘʜʘ ״ʘʣ ץʠʣʠʰʛʘ ץʦʜʠʨ ʢʦʨʭʦʥʘʣʘʨʜʘ ʘʚʪʦʤʘʪʠʢʘ ʙ˄ʡʠʯʘ ʢ˄ʧ ʩʦʥʣʠ 

ʤʘʣʘʢʘʣʠ ʢʘʜʨʣʘʨ, ʤʫʪʘʭʘʩʩʠʩʣʘʨ ʝʪʠʰʪʠʨʠʰʜʘʥ ʠʙʦʨʘʪ. 

 ʫʚ ʶʨʪʣʘʨʠʜʘ ʦʣʠʙ ʙʦʨʠʣʘʸʪʛʘʥץ˄ ʦʟʠʨʛʠ ʢʫʥʜʘ ʨʝʩʧʫʙʣʠʢʘʤʠʟʜʘʛʠ ʦʣʠʡ׳

ʪʘʜʙʠʨʣʘʨʥʠʥʛ ʘʩʦʩʠʡ ʤʘץʩʘʜʠ ʤʫʪʘʭʘʩʩʠʩʣʘʨ ʪʘʡʸʨʣʘʰ ʩʠʬʘʪʠʥʠ ʪʫʙʜʘʥ 

ʷʭʰʠʣʘʰʜʠʨ. ɹʫ ʠʰʣʘʨʥʠ ʞʘʜʘʣʣʘʰʪʠʨʠʰʜʘ ʪʘʲʣʠʤ, ʬʘʥ ʚʘ ʠʰʣʘʙ ʯʠʢʘʨʠʰʥʠʥʛ 

ʫʟʚʠʡ ʘʣʦץʘʜʘ ʙ˄ʣʠʰʠ ʘʩʦʩʠʡ ʦʤʠʣʜʠʨ. 

ʊʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʚʘ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ ʙ˄ʡʠʯʘ ʤʫ״ʠʤ 

ʚʘʟʠʬʘʣʘʨʥʠ ʤʫʚʘʬʬʘץʠʷʪʣʠ ״ʘʣ ʵʪʠʰ ʫʯʫʥ ʶץʦʨʠ ʤʘʣʘʢʘʣʠ ʢʘʜʨʣʘʨ ʢʝʨʘʢ. ɹʫʥʜʘʡ 

ʢʘʜʨʣʘʨ ʪʫʙʜʘʥ ʷʥʛʠ ʠʣʤʠʡ סʦʷʣʘʨʛʘ ʚʘ ʶʢʩʘʢ ʪʝʭʥʠʢ ʝʯʠʤʣʘʨʥʠ ״ʘʣ ʵʪʠʰ 

 ʠʸʪʠ ʘʩʦʩʠʜʘץץʭ˄ʞʘʣʠʛʠʥʠ ʬʘʥ-ʪʝʭʥʠʢʘ ʪʘʨʘ ץʦʙʠʣʠʷʪʠʛʘ ʵʛʘ ʙ˄ʣʠʰʣʘʨʠ ʟʘʨʫʨ. ʍʘʣץ

ʞʘʜʘʣʣʘʰʪʠʨʠʰ ð ʙʦʟʦʨ ʠץʪʠʩʦʜʠʸʪʠ ʰʘʨʦʠʪʠʜʘʛʠ ʤʫ״ʠʤ ʚʘʟʠʬʘʣʘʨʜʘʥ 

 .ʜʠʨץʣʠסʠʩʦʙʣʘʥʘʜʠ. ɹʫ ʫʣʢʘʥ ʠʰʣʘʨʥʠ ʙʘʞʘʨʠʰ ʢʘʜʨʣʘʨʥʠʥʛ ʤʘʣʘʢʘʩʠʛʘ ʙʦ״

ʍʘʣץ ʭ˄ʞʘʣʠʛʠ ʫʯʫʥ ʶץʦʨʠ ʤʘʣʘʢʘʣʠ ʢʘʜʨʣʘʨ ʪʘʡʸʨʣʘʰʜʘ çʊʝʭʥʦʣʦʛʠʢ 

ʞʘʨʘʸʥʣʘʨʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʚʘ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰè ʬʘʥʠ ʢʘʪʪʘ ʘ״ʘʤʠʷʪʛʘ ʵʛʘ. ɹʫ ʬʘʥ 

ʪʘʣʘʙʘʣʘʨʛʘ ˄ʟ ʠʭʪʠʩʦʩʣʠʢʣʘʨʠʥʠ ʥʘʟʘʨʠʡ ʞʠ״ʘʪʜʘʥ ʯʫץʫʨ ʵʛʘʣʣʘʰʛʘ, ʫʣʘʨʥʠʥʛ 

ʙʠʣʠʤʣʘʨʠʥʠ ʤʫʩʪʘ״ʢʘʤʣʘʰʛʘ, ʠʰʣʘʙ ʯʠץʘʨʠʰ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʦʰʠʨʠʰ ʚʘ ʪʝʭʥʦ-

ʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʜʘʥ ʫʥʫʤʣʠ ʬʦʡʜʘʣʘʥʠʰ ʡ˄ʣʣʘʨʠʥʠ ˄ʨʛʘʪʘʜʠ. ɸʚʪʦʤʘʪʣʘʰʪʠʨʠʰ 

ʙʦʨʘʩʠʜʘ ʵʥʛ ʤʘʩʲʫʣʠʷʪʣʠ ʠʰʣʘʨ ʵʩʘ, ʰʫʙ״ʘʩʠʟ, ʢʘʜʨʣʘʨ ʟʠʤʤʘʩʠʛʘ ʪʫʰʘʜʠ. ɹʫʛʫʥʛʠ 

ʢʫʥ ʢʘʜʨʣʘʨʠ ʷʥʛʠ ʪʝʭʥʠʢʘ ʚʘ ʪʝʭʥʦʣʦʛʠʷʜʘʥ ʬʦʡʜʘʣʘʥʠʰʛʘ, ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ 

ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰʥʠ ʢʝʥʛ ʞʦʨʠʡ ʵʪʠʰʛʘ, ʠʰʣʘʙ ʯʠץʘʨʠʰ ʟʘʭʠʨʘʣʘʨʠʥʠ ʘʥʠץʣʘʰ ʚʘ 

ʫʥʠ ʞʘʜʘʣʣʘʰʪʠʨʠʰʛʘ ץʦʜʠʨ ʙ˄ʣʠʰʣʘʨʠ ʢʝʨʘʢ. ʍʫʩʫʩʘʥ, ʸʰ ʢʘʜʨʣʘʨ ʦʣʜʠʜʘ ʬʘʥ-

ʪʝʭʥʠʢʘ ʪʘʨʘץץʠy ʪʠʥʠʥʛ ʡ˄ʣ ʙʦʰʣʦʚʯʠʩʠ ʙ˄ʣʠʰʜʝʢ ʤʘʩʲʫʣʠʷʪʣʠ ʚʘʟʠʬʘ ʪʫʨʘʜʠ. 

ʐʫʥʠʥʛ ʫʯʫʥ ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʚʘ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ 
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ʘʩʦʩʣʘʨʠʥʠ ʰʫ ʩʦ״ʘ ʤʫʪʘʭʘʩʩʠʩʣʘʨʠʛʠʥʘ ʵʤʘʩ, ʙʘʣʢʠ ʪʝʭʥʦʣʦʛ-ʢʦʥʩʪʨʫʢʪʦʨʣʘʨ, 

ʠץʪʠʩʦʜʯʠʣʘʨ ʚʘ ʙʦʰץʘʣʘʨ ״ʘʤ ʙʠʣʠʰʣʘʨʠ ʤʫ״ʠʤ. 

çʊʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʚʘ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰè ʬʘʥʠ ʙ˄ʡʠʯʘ 

˄ʟʙʝʢ ʪʠʣʠʜʘ ʜʘʨʩʣʠʢʣʘʨ 1982, 1997 ʡʠʣʣʘʨʠ ʥʘʰʨ ץʠʣʠʥʛʘʥ  (ʅ. ʈ. ʖʩʫʬʙʝʢʦʚ. ɹ. ʕ. 

ʄʫʭʘʤʝʜʦʚ, ʐ. ʄ. נʫʣʦʤʦʚ: 

1) ɸʚʪʦʤʘʪʠʢʘ ʚʘ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʧʨʦʮʝʩʩʣʘʨʠʥʠʥʛ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʣʠʰʠ; 

2) ʊʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ ʙʦʰץʘʨʠʰ ʩʠʩʪʝʤʘʣʘʨʠ. ʊʦʰʢʝʥʪ, çɶʢʠʪʫʚʯʠè).  

 ʘʪʦʨ ʷʥʛʠʣʠʢʣʘʨ ʶʟ ʙʝʨʜʠ. ɸʥʘץ ʘʩʠʜʘ ʙʠʨ״ʪʛʘ ʢʝʣʠʙ ʫʰʙʫ ʬʘʥ ʩʦץʦʟʠʨʛʠ ʚʘ׳

ʰʫ ʷʥʛʠʣʠʢʣʘʨ ʘʩʦʩʠʜʘ ʬʘʥʥʠ ˄ץʠʪʠʰʜʘ ״ʘʤ ˄ʟʛʘʨʪʠʨʠʰʣʘʨ ץʠʣʠʥʜʠ. 

ʄʘʟʢʫʨ ʜʘʨʩʣʠʢ ʤʫʘʣʣʠʬʣʘʨʥʠʥʛ ʊʦʰʢʝʥʪ ʜʘʚʣʘʪ ʪʝʭʥʠʢʘ ʫʥʠʚʝʨʩʠʪʝʪʠʜʘ 

çʊʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʚʘ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰè ʬʘʥʠ ʙ˄ʡʠʯʘ ʦʣʠʙ 

ʙʦʨʛʘʥ ʢ˄ʧ ʡʠʣʣʠʢ ʠʣʤʠʡ-ʧʝʜʘʛʦʛʠʢ ʪʘʞʨʠʙʘʣʘʨʠ ʘʩʦʩʠʜʘ ʸʟʠʣʜʠ. ɼʘʨʩʣʠʢʜʘ 

ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʚʘ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰʥʠʥʛ ʘʩʦʩʠʡ ʙ˄ʣʠʤʣʘʨʠ, 

ʷʲʥʠ ʪʝʭʥʦʣʦʛʠʢ ʧʘʨʘʤʝʪʨʣʘʨʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʫʩʫʣʣʘʨʠ ʚʘ ʚʦʩʠʪʘʣʘʨʠ, ʪʝʭʥʦʣʦʛʠʢ 

ʞʘʨʘʸʥʣʘʨʥʠ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ, ʙʦhץʘʨʠʰ, ʣʦʡʠ״ʘʣʘʰ ʚʘ ʟʘʤʦʥʘʚʠʡ ʠʰʣʘʙ ʯʠץʘʨʠʰ 

ʞʘʨʘʸʥʣʘʨʠʥʠ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ ʙʘʸʥ ʵʪʠʣʛʘʥ. 

ʄʫʘʣʣʠʬʣʘʨ ʫʰʙʫ ʜʘʨʩʣʠʢʥʠ ʸʟʠʰ ʞʘʨʘʸʥʠʜʘ ˄ʟʣʘʨʠʥʠʥʛ ץʠʤʤʘʪʣʠ ʬʠʢʨ-

ʤʫʣʦ״ʘʟʘʣʘʨʠ ʙʠʣʘʥ ʷץʠʥʜʘʥ ʸʨʜʘʤ ʙʝʨʛʘʥ ʊʦʰʢʝʥʪ ʜʘʚʣʘʪ ʪʝʭʥʠʢʘ 

ʫʥʠʚʝʨʩʠʪʝʪʠʥʠʥʛ ʧʨʦʬʝʩʩʦʨ-  ʦʨ״ʫʨ ʤʠʥʥʘʪʜʦʨʯʠʣʠʢʣʘʨʠʥʠ ʠʟץʠʪʫʚʯʠʣʘʨʠʛʘ ʯʫץ˄

ʵʪʘʜʠʣʘʨ. ʐʫʥʠʥʛʜʝʢ, ʜʘʨʩʣʠʢ ˄ץ ʣʸʟʤʘʩʠ ʙʠʣʘʥ ʪʘʥʠʰʠʙ, ʫʥʠʥʛ ʩʠʬʘʪʠʥʠ ʷʭʰʠʣʘʰʛʘ 

 .ʘʪʣʘʨʠ ʫʯʫʥ ʪʝʭʥʠʢʘ ʬʘʥʣʘʨʠ ʜʦʢʪʦʨʣʘʨʠ, ʧʨʦʬʝʩʩʦʨʣʘʨ ʍ.ɿ״apaʪʠʣʛʘʥ ʤʘʩʣʘץ

ʀʛʘʤʙʝʨʜʠʝʚ ʚʘ ʄ.ɸ. ʀʩʤʦʠʣʦʚʛʘ ʩʘʤʠʤʠʡ ʪʘʰʘʢʢʫʨ ʙʠʣʜʠʨʘʜʠʣʘʨ. 

ɼʘʨʩʣʠʢʥʠʥʛ ʩʠʬʘʪʠʥʠ ʷʭʰʠʣʘʰʛʘ ץʘʨʘʪʠʣʛʘʥ ʙʘʨʯʘ ʪʘʢʣʠʬ ʚʘ ʤʫʣʦ״ʘʟʘʣʘʨʥʠ 

ʤʫʘʣʣʠʬʣʘʨ ʤʘʤʥʫʥʠʷʪ ʙʠʣʘʥ ץʘʙʫʣ ץʠʣʘʜʠʣʘʨ. 

  

        ʄʫʘʣʣʠʬʣʘʨ  
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ɹ ʀ ʈ ʀ ʅ ʏ ʀ     ɹ ɶ ʃ ʀ ʄ 

ʊɽʍʅʆʃʆɻʀʂ ʇɸʈɸʄɽʊʈʃɸʈʅʀ ʅɸɿʆʈɸʊ פʀʃʀʐ 

ʋʉʋʃʃɸʈʀ ɺɸ ɺʆʉʀʊɸʃɸʈʀ 

 

I ʙʦʙ. ʄɽʊʈʆʃʆɻʀʗ ɸʉʆʉʃɸʈʀ ɺɸ ɶʃʏɸʐ 

ɺʆʉʀʊɸʃɸʈʀ 

 

1.1- Ä ʄɽʊʈʆʃʆɻʀʗ ׳ɸפʀɼɸ ɸʉʆʉʀʁ ʊʋʐʋʅʏɸʃɸʈ 

ʄʝʪʨʦʣʦʛʠʷ ð ˄ʣʯʘʰʣʘʨ, ʫʥʠ ʪʘʲʤʠʥʣʘʰ ʫʩʫʣʣʘʨʠ ʚʘ ʚʦʩʠʪʘʣʘʨʠ ״ʘʤʜʘ 

ʪʘʣʘʙ ʵʪʠʣʛʘʥ ʘʥʠץʣʠʢʢʘ ʵʨʠʰʠʰ ʡʫʣʣʘʨʠ ״ʘץʠʜʘʛʠ ʬʘʥ. ʄʝʪʨʦʣʦʛʠʷʥʠʥʛ 

ʘʩʦʩʠʥʠ ˄ʣʯʘʰʥʠʥʛ ʫʤʫʤʠʡ ʤʘʩʘʣʘʣʘʨʠ, ʬʠʟʠʢ ʢʘʪʪʘʣʠʢʣʘʨ ʙʠʨʣʠʛʠ ʚʘ 

ʫʣʘʨʥʠʥʛ ʪʠʟʠʤʣʘʨʠ ״ʘץʠʜʘʛʠ ʤʘʲʣʫʤʦʪʣʘʨ, ˄ʣʯʘʰʥʠʥʛ ʫʩʫʣ ʚʘ ʚʦʩʠʪʘʣʘʨʠ, 

˄ʣʯʘʰ ʥʘʪʠʞʘʩʠʥʠʥʛ ʪ˄סʨʠʣʠʛʠʥʠ ʘʥʠץʣʘʰ ʫʩʫʣʣʘʨʠ ʚʘ ״ʦʢʘʟʦʣʘʨ ״ʦʩʠʣ 

 ,ʣʠʢ, ʦʧʪʠʢץʠʣʘʜʠ. ɶʣʯʘʰʛʘ ʜʦʠʨ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢʣʘʨ ʤʝʭʘʥʠʢ, ʵʣʝʢʪʨ, ʠʩʩʠץ

ʘʢʫʩʪʠʢ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ. ɹʫ ʢʘʪʪʘʣʠʢʣʘʨʥʠʥʛ ʙʠʨ ʪʫʨʠ ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥ 

ʨʠʚʦʞʣʘʥʠʰʠʥʠʥʛ ʙʝʚʦʩʠʪʘ ʢ˄ʨʩʘʪʢʠʯʠ ʙ˄ʣʩʘ, ʙʦʰץʘʣʘʨʠ ʰʫ ʞʘʨʘʸʥ ʙʠʣʘʥ 

ʬʫʥʢʮʠʦʥʘʣ ʙʦסʣʘʥʛʘʥ ʙ˄ʣʘʜʠ. 

ʌʠʟʠʢ ״ʦʜʠʩʘʣʘʨʥʠ ˄ʨʛʘʥʠʰ ʚʘ ʫʣʘʨʜʘʥ ʘʤʘʣʜʘ ʬʦʡʜʘʣʘʥʠʰ ʪʫʨʣʠ ʬʠʟʠʢ 

ʢʘʪʪʘʣʠʢʣʘʨʥʠ ˄ʣʯʘʰ, ʷʲʥʠ ʤʘʲʣʫʤʦʪ ʦʣʠʰ ʙʠʣʘʥ ʙʦסʣʠʢ. ʄʘʲʣʫʤʦʪ ץʘʥʯʘ 

ʪ˄ʣʘ ʚʘ ʭʦʣʠʩʦʥʘ ʙ˄ʣʩʘ, ʬʠʟʠʢ ʭʦʜʠʩʘʣʘʨʥʠʥʛ ʪʫʙ ʤʘʲʥʦʩʠʥʠ ʪʫʰʫʥʠʰ 

ʰʫʥʯʘʣʠʢ ʯʫץʫʨ ʙ˄ʣʘʜʠ. ʌʠʟʠʢ ʢʘʪʪʘʣʠʢʥʠʥʛ ʤʫʘʡʷʥ ץʠʡʤʘʪʠ ʪʝʭʥʦʣʦʛʠʢ 

ʞʘʨʘʸʥʥʠʥʛ ʨʠʚʦʞʣʘʥʠʰʠ ״ʘʢʠʜʘʛʠ ʤʘʲʣʫʤʦʪʥʠʥʛ ʤʫ״ʠʤ ץʠʩʤʠʜʠʨ. ʊʫʨʣʠ 

ʫʩʫʣ ʚʘ ʘʩʙʦʙʣʘʨ ʦʨץʘʣʠ ʠʬʦʜʘʣʘʥʛʘʥ ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʥʠʥʛ ״ʦʣʘʪʠ ״ʘץʠʜʘʛʠ 

ʘʭʙʦʨʦʪʣʘʨʥʠ ʤʘʲʣʫʤʦʪ, ʷʲʥʠ ʠʥʬʦʨʤʘʮʠʷ ʜʝʙ ʙʠʣʘʤʠʟ. ʀʥʬʦʨʤʘʮʠʷʣʘʨ, 

ʘʩʦʩʘʥ, ˄ʣʯʘʰ ʘʩʙʦʙʣʘʨʠ ʚʘ ץʫʨʠʣʤʘʣʘʨʠ ʸʨʜʘʤʠʜʘ ʦʣʠʥʘʜʠ. 

ʌʠʟʠʢ ʦʙʲʝʢʪʥʠʥʛ ʩʠʬʘʪ ʞʠ״ʘʪʜʘʥ ʫʤʫʤʠʡ, ʣʝʢʠʥ ʤʠץʜʦʨ ʞʠ״ʘʪʜʘʥ ״ʘʨ 

ʙʠʨ ʦʙʲʝʢʪ ʫʯʫʥ ʘʣʦ״ʠʜʘ ʭʫʩʫʩʠʷʪʠ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢ ʜʝʙ ʘʪʘʣʘʜʠ. ʐʫʥʜʘʡ 

 ʠʡʤʘʪʠץ ʘʨ ʙʠʨ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢ ʘʡʥʘʥ ʰʫ ʢʘʪʪʘʣʠʢʥʠʥʛ ʩʦʥʣʠ״ ,ʠʣʠʙץ
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ʙʠʨʣʠʛʠʛʘ ʢʫʧʘʡʪʤʘʩʠʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʛʘʥ ʠʥʜʠʚʠʜʫʘʣ ץʠʡʤʘʪʠ ʙʠʣʘʥ 

ʠʬʦʜʘʣʘʥʘʜʠ. 

ɹʠʨ-ʙʠʨʠʛʘ ʤʫʘʡʷʥ ʵʨʢʩʠʟʣʠʢ ʙʠʣʘʥ ʙʦסʣʘʥʛʘʥ ʢʘʪʪʘʣʠʢʣʘʨ ʡʠסʠʥʜʠʩʠ 

ʬʠʟʠʢ ʢʘʪʪʘʣʠʢʣʘʨ ʪʠʟʠʤʠ ʜʝʡʠʣʘʜʠ. ʌʠʟʠʢ ʢʘʪʪʘʣʠʢʣʘʨ ʪʠʟʠʤʠ ʘʩʦʩʠʡ, 

 ʘץʦʩʠʣʘ ʢʘʪʪʘʣʠʢʣʘʨʜʘʥ ʠʙʦʨʘʪ. ʊʠʟʠʤʛʘ ʢʠʨʛʘʥ ʚʘ ʙʦʰ״ ʰʠʤʯʘ ʚʘ˄ץ

ʪʠʟʠʤʣʘʨʛʘ ʥʠʩʙʘʪʘʥ ʰʘʨʪʣʠ ʨʘʚʠʰʜʘ ʵʨʢʠʥ ״ʠʩʦʙʣʘʥʛʘʥ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢ 

ʘʩʦʩʠʡ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢ ʜʝʙ ʘʪʘʣʘʜʠ. 

ʍʘʣץʘʨʦ ʙʠʨʣʠʢʣʘʨ ʪʠʟʠʤʠ ð ʉʀ (Sisteme International - SI) ʬʘʥ ʚʘ 

ʪʝʭʥʠʢʘʥʠʥʛ ʙʘʨʯʘ ʩʦ״ʘʣʘʨʠ ʫʯʫʥ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢʣʘʨʥʠʥʛ ʫʥʠʚʝʨʩʘʣ ʪʠʟʠʤʠ 

ʙ˄ʣʠʙ, 1960 ʡʠʣʥʠʥʛ ʦʢʪʷʙʨʴ ʦʡʠʜʘ ɶʣʯʦʚ ʚʘ ʪʘʨʦʟʠʣʘʨ XI ɹʦʰ 

ʢʦʥʬʝʨʝʥʮʠʷʩʠʜʘ ץʘʙʫʣ ץʠʣʠʥʛʘʥ. 

ʉʀ ʥʠʥʛ ʞʦʨʠʡ ʵʪʠʣʠʰʠ ʰʫ ʪʠʟʠʤʜʘ ʥʘʟʘʨʜʘ ʪʫʪʠʣʛʘʥ ʚʘ ʫʥʠʥʛ 

ʪʘʨʢʠʙʠʛʘ ʢʠʨʤʘʡʜʠʛʘʥ (ʘʤʤʦ ״ʦʟʠʨ ˄ʣʯʦʚ ʙʠʨʣʠʢʣʘʨʠ ʩʠʬʘʪʠʜʘ 

 ,ʠʩʦʙʣʘʰʜʘ״ ʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠץʠץʣʣʘʥʠʣʘʸʪʛʘʥ) ʙʠʨʣʠʢʣʘʨʥʠʥʛ ʠʣʤʠʡ-ʪʘʜ˄ץ

ʠʰʣʘʙ ʯʠץʘʨʠʰ ʚʦʩʠʪʘʣʘʨʠ ʚʘ ʘʩʙʦʙ ʫʩʢʫʥʘʣʘʨʠʥʠ ʣʦʡʠ״ʘʣʘʰʜʘ, ץʫʨʠʣʠʰ 

 ʫʚ-ʪʘʲʣʠʤץ˄ ʫʨʠʣʛʘʥ ʦʙʲʝʢʪʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʰʜʘ, ʰʫʥʠʥʛʜʝʢץ ʘʤʜʘ״

ʠʰʣʘʨʠʜʘ ʢ˄ʧ ץʠʡʠʥʯʠʣʠʢʣʘʨ ʪʫסʜʠʨʘʸʪʛʘʥ ˄ʣʯʦʚ ʙʠʨʣʠʢʣʘʨʠʜʘʛʠ ʪʫʨʣʠ 

 ʣʣʘʥʠʣʘʸʪʛʘʥ ʘʡʨʠʤ ˄ʣʯʦʚ˄ץ ʦʟʠʨʛʠ״ ʘʤ ʙʝʨʘʜʠ. ʉʀ ʥʠʥʛ״ʠʣʣʠʢʢʘ ʙʘʨ״

ʪʠʟʠʤʣʘʨʠʛʘ ʥʠʩʙʘʪʘʥ ʤʫ״ʠʤ ʘʬʟʘʣʣʠʛʠ ʰʫʥʜʘʢʠ, ʫ ðʫʥʠʚʝʨʩʘʣ; ˄ʣʯʦʚ 

ʙʠʨʣʠʢʣʘʨʠʥʠ ʙʠʨʭʠʣʣʘʰʪʠʨʛʘʥ; ʘʩʦʩʠʡ, ץ˄ʰʠʤʯʘ ʚʘ ˄ʟ ״ʦʩʠʣʘʚʠʡ 

ʙʠʨʣʠʢʣʘʨʠʥʠ ʘʤʘʣʠʸʪ ʫʯʫʥ ץʫʣʘʡ ˄ʣʯʘʤʣʘʨʛʘ ʤʫʞʘʩʩʘʤʣʘʰʪʠʨʛʘʥ; ʢʦʛʝʨʝʥʪ, 

ʷʲʥʠ ״ʦʩʠʣʘʚʠʡ ʙʠʨʣʠʢʣʘʨ ˄ʣʯʘʤʣʘʨʠʥʠ ʘʥʠץʣʦʚʯʠ ʬʠʟʠʢ ʪʝʥʛʣʘʤʘʣʘʨʜʘʛʠ 

ʤʫʪʘʥʦʩʠʙʣʠʢ ʢʦʵʬʬʠʮʠʝʥʪʣʘʨʠʥʠ ʪʫʛʘʪʛʘʥ ʪʠʟʠʤʠʜʠʨ. ʋʥʠʥʛ ʪʘʪʙʠץʠ ʙʠʣʘʥ 

 .ʠʩʦʙʣʘʰ ʪʝʥʛʣʘʤʘʣʘʨʠʥʠʥʛ ʸʟʠʣʠʰʠ ʘʥʯʘ ʩʦʜʜʘʣʘʰʜʠ״

ʍʘʣץʘʨʦ ʙʠʨʣʠʢʣʘʨ ʪʠʟʠʤʠ (ʉʀ) ʜʘ ʝʪʪʠʪʘ ʘʩʦʩʠʡ ʚʘ ʠʢʢʠʪʘ ץ˄hʠʤʯʘ 

ʢʘʪʪʘʣʠʢ ץʘʙʫʣ ץʠʣʠʥʛʘʥ. ʐʫʥʠʥʛʜʝʢ, ʫʣʘʨ ʘʩʦʩʠʜʘ ʢʧ˄ʛʠʥʘ ״ʦʩʠʣʘʚʠʡ 

ʢʘʪʪʘʣʠʢʣʘʨ ʚʘ ʫʣʘʨʥʠʥʛ ʙʠʨʣʠʢʣʘʨʠ ״ʘʤ ʪʘʩʜʠץʣʘʥʛʘʥ. 1.1-ʞʘʜʚʘʣʜʘ ʭʘʣץʘʨʦ 

ʙʠʨʣʠʢʣʘʨ ʪʠʟʠʤʠ (ʉʀ) ʜʘ ʠʬʦʜʘʣʘʥʛʘʥ ʘʩʦʩʠʡ ʚʘ ץ˄hʠʤʯʘ ״ʘʤʜʘ ˄ץʫʚ 

ʞʘʨʘʸʥʠʜʘ ʪʝʟ-ʪʝʟ ʫʯʨʘʙ ʪʫʨʘʜʠʛʘʥ ʤʫ״ʠʤ ״ʦʩʠʣʘʚʠʡ ʢʘʪʪʘʣʠʢʣʘʨʥʠʥʛ ʣ˄ʯʦʚ 

ʙʠʨʣʠʢʣʘʨʠ, ʙʝʣʛʠʣʘʨʠ ʢʝʣʪʠʨʠʣʛʘʥ. 
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1.1 ʞʘʜʚʘʣ. 

 ʘʨʦ (ʉʀ) ʙʠʨʣʠʢʣʘʨ ʪʠʟʠʤʠץʘʣ׳

ʊ
ʘ
ʨ
ʪ
ʠ
ʙ
 
ˉ

 ʂʘʪʪʘʣʠʢʣʘʨ ɶʣʯʦʚ ʙʠʨʣʠʛʠ פʠʩץʘʨʪʠʨʠʣʛʘʥ 

ʙʝʣʛʠʣʘʨʠ 

 ʦʩʠʣʘ׳

ʙʠʨʣʠʢʣʘ

ʨ ˄ʣʯʦʚʠ ˄ʟʙʝʢʯʘ ״ʘʣץʘʨʦ 

ɸʩʦʩʠʡ ʙʠʨʣʠʢʣʘʨ 

1 ʋʟʫʥʣʠʢ ʤʝʪʨ ʤ m - 

2 ʄʘʩʩʘ ʢʠʣʦʛʨʘʤʤ ʢʛ kg - 

3 ɺʘץʪ ʩʝʢʫʥʜ ʉ S - 

4 ʊʦʢ ʢʫʯʠ ʘʤʧʝʨ ɸ ɸ - 

5 ʊʝʨʤʦʜʠʥʘʤʠʢ ʂʝʣʴʚʠʥ ʛʨʘʜʫʩʠ ʂ ʂ - 

6 ɪʨʫסʣʠʢ ʢʫʯʠ ʢʘʥʜʝʣʘ ʢʜ cd - 

7 ʄʦʜʜʘ 

ʤʠץʜʦʨʠ 

ʤʦʣʴ ʤʦʣʴ mol - 

 ʰʠʤʯʘ ʙʠʨʣʠʢʣʘʨ˄פ

1 ʗʩʩʠ ʙʫʨʯʘʢ ʨʘʜʠʘʥ ʨʘʜ rad - 

2 ʌʘʟʦʚʠʡ 

ʙʫʨʯʘʢ 

ʩʪʝʨʘʜʠʘʥ ʩʨ sr - 

 ʦʩʠʣʘ ʙʠʨʣʠʢʣʘʨ׳

1 ʖʟʘ ʤʝʪʨ ʢʚʘʜʨʘʪ ʤ
2
 m

2
 i (ʤ)

2
 

ʘʞʤ ʤʝʪʨ ʢʫʙ ʤ׳ 2
3
 m

3
 I (ʤ)

3
 

3 ʏʘʩʪʦʪʘ ɻʝʨʮ ɻʮ Hz I:(c) 

4 ɿʠʯʣʠʢ ʂʠʣʦʛʨʘʤʤ 

ʪʘץʩʠʤ ʤʝʪʨ ʢʫʙ 

ʢʛ/ʤ
3
 kg/ m

3
 (1ʢʛ):(1ʤ

3
) 

5 ʊʝʟʣʠʢ ʤʝʪʨ ʪʘץʩʠʤ 

ʩʝʢʫʥʜ 

ʤ/ʩ m/s (1ʤ):(1ʩ) 

6 ɹʫʨʯʘʢ ʪʝʟʣʠʢ ʨʘʜʠʘʥ ʪʘץʩʠʤ ʨʘʜ/ʩ rad/s (1ʨʘʜ):(1ʩ) 
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ʩʝʢʫʥʜ 

7 ʊʝʟʣʘʥʠʰ ʤʝʪʨ ʪʘץʩʠʤ 

ʩʝʢʫʥʜ ʢʚʘʜʨʘʪ 

ʤ/ʩ
2
 m/s

2
 (1ʤ):(1ʩ)

2
 

8 ɹʫʨʯʘʢ 

ʪʝʟʣʘʥʠʰ 

ʨʘʜʠʘʥ ʪʘץʩʠʤ 

ʩʝʢʫʥʜ ʢʚʘʜʨʘʪ 

ʨʘʜ/ʩ
2
 rad/s

2
 (1ʨʘʜ):(1ʩ)

2
 

9 ʂʫʯ ʅʴʶʪʦʥ ʅ N (1ʢʛ):(1ʤ): 

(1ʩ)
2
 

10 ɹʦʩʠʤ ʥʴʶʪʦʥ ʪʘץʩʠʤ 

ʤʝʪʨ ʢʚʘʜʨʘʪ 

ʅ/ʤ
2
 N/m

2
 (1ʅ):(1ʤ)

2
 

 

11 

ɼʠʥʘʤʠʢ 

 ʣʠʢץʦʚʫʰʦץ

ʅʴʶʪʦʥ 

ʢ˄ʧʘʡʪʠʨʠʣʛʘʥ 

ʩʝʢʫʥʜ ʪʘץʩʠʤ 

ʤʝʪʨ 

 

ʅȚʩ/ʤ
2
 

 

NȚS/m
2
 

 

(1ʅ)Ț(1ʩ): 

(1ʤ)
2
 

12 ʂʠʥʝʤʘʪʠʢ 

 ʣʠʢץʦʚʫʰʦץ

ʤʝʪʨ ʢʚʘʜ. ʪʘץʩʠʤ 

ʩʝʢʫʥʜ 

ʤ
2
/ʩ m

2
/s (1ʤ)

2
:(1ʩ) 

13 ʀʰ, ʵʥʝʨʛʠʷ, 

ʠʩʩʠץʣʠʢ 

ʤʠץʜʦʨʠ 

ʞʦʫʣʴ ɾ J (1ɾ):(1ʩ) 

 ʫʚʚʘʪ ʚʘʪʪ ɺʪ W (1ɾ): (1ʩ)פ 14

15 ʕʣʝʢʪʨ 

ʤʠץʜʦʨʠ 

ʢʫʣʦʥ ʂʣ G (1A):(1c) 

 

 

16 

ʕʣʝʢʪʨ 

ʢʫʯʣʘʥʠʰ, 

ʞʣʝʢʪʨ 

ʧʦʪʝʥʮʠʘʣʣʘʨ 

ʘʡʠʨʤʘʩʠ, 

ʵʣʝʢʪʨ 

ʶʨʠʪʫʚʯʠ ʢʫʯ 

 

 

ʚʦʣʪʴ 

 

 

ɺ 

 

 

V 

 

 

(1Bʪ):(1A) 

17 ʕʣʝʢʪʨ ʚʦʣʪʴ ʪʘץʩʠʤ ʤʝʪʨ ɺ/ʤ V/m (1ɺ):(1ʤ) 
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ʤʘʡʜʦʥʠ 

ʥʫʯʣʘʥʛʘʥʣʠʛʠ 

18 ʕʣʝʢʪʨ 

 ʘʨʰʠʣʠʢץ

ʆʤ ʆʤ Ý (1ɺʪ):(1ɸ) 

ʊ
ʘ
ʨ
ʪ
ʠ
ʙ
 
ˉ

 ʂʘʪʪʘʣʠʢʣʘʨ ɶʣʯʦʚ ʙʠʨʣʠʛʠ פʠʩץʘʨʪʠʨʠʣʛʘʥ 

ʙʝʣʛʠʣʘʨʠ 

 ʦʩʠʣʘ׳

ʙʠʨʣʠʢʣʘʨ 

˄ʣʯʦʚʠ ˄ʟʙʝʢʯʘ ״ʘʣץʘʨʦ 

19 ʕʣʝʢʪʨ ʩʠסʠʤ ʌʘʨʘʜʘ ʌ F (1ʂ):(1ɺ) 

20 ʄʘʛʥʠʪ 

ʠʥʜʫʢʮʠʷʩʠ 

ʦץʠʤʠ 

ɺʝʙʝʨ ɺɹ Wb (1ʢ):(1ʆʤ) 

21 ʀʥʜʫʢʪʠʚʣʠʢ ʛʝʥʨʠ ɻʥ ʅ (1ɺʙ):(1ɸ) 

22 ʄʘʛʥʠʪ 

ʠʥʜʫʢʮʠʷʩʠ 

ʪʝʩʣʘ ʪʣ ʊ (1ɺʙ):(1ʤ)
2
 

23 ʄʘʛʥʠʪ 

ʤʘʡʜʦʥʠ 

ʢʫʯʣʘʥʛʘʥʣʠʛʠ 

ʘʤʧʝʨ ʪʘץʩʠʤ 

ʤʝʪʨ 

ɸ/ʄ ɸ/m (1ɸ):(1ʤ) 

24 ʄʘʛʥʠʪ 

ʶʨʠʪʫʚʯʠ ʢʫʯ 

ɸʤʧʝʨ ɸ ɸ (1ɸ) 

25 ɪʨʫסʣʠʢ ʦץʠʤʠ ʃʶʤʝʥ ʃʤ Lm (1ץʜ):(1ʩʨ) 

26 ʈʘʚʰʘʥʣʠʢ ʢʘʥʜʝʣʘ ʪʘץʩʠʤ 

ʤʝʪʨ ʢʚʘʜʨʘʪ ʸʢʠ 

ʥʠʪ ʣʶʢʩ 

ʢʜ/ʤ
2
 cd/m

2
 (1ʢɸ):(1ʤ)

2
 

27 ɪʨʠʪʠʣʠʰ 

ʜʘʨʘʞʘʩʠ 

ʃʶʢʩ ʃʂ Lk (1ʣʤ):(1ʤ)
2
 

 

ʐʫʥʜʘʡ ʩʦʭʘʣʘʨ ʙʦʨʢʠ, ʫʥʜʘ ʉʀ ʙʠʨʣʠʢʣʘʨʠʥʠ ʠʰʣʘʪʠʰ ״ʠʩʦʙʣʘʰʣʘʨʜʘ 

ʙʠʨ ʦʟ ץʠʡʠʥʯʠʣʠʢʣʘʨ ʪʫסʜʠʨʘʜʠ. ʄʘʩʘʣʘʥ, ʉʀ ʛʘ ʙʠʥʦʘʥ ʤʘʩʩʘʥʠ ʜʦʠʤʦ 

ʢʠʣʦʛʨʘʤʤʣʘʨʜʘ ʣ˄ʯʘʰ ʥʦץʫʣʘʡ. ʋ ʛʦ״ ʛʨʘʤʤ (ʛ) ʣʘʨʜʘ ʠʬʦʜʘʣʘʥʩʘ, ʛʦʭ ʪʦʥʥʘ 

(ʪ) ʣʘʨʜʘ ʣ˄ʯʘʥʘʜʠ. ʐʫ ʩʘʙʘʙʣʠ ʤʘʩʩʘʥʠ ʛʨʘʤʤ (ʛ), ʤʠʣʣʠʛʨʘʤʤ (ʤʛ), ʪʦʥʥʘ (ʪ) 
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ʢʘʙʠ ʙʠʨʣʠʢʣʘʨʜʘ ʠʬʦʜʘʣʘʰ ץʫʣʘʡ. ʋʣʘʨ ʘʩʦʩʠʜʘ ʤʘʩʩʘ ״ʠʩʦʙʠʥʠ ʰʫ 

ʙʠʨʣʠʢʣʘʨʜʘ ʦʣʠʙ ʙʦʨʠʰ ʭʘʪʦ ״ʠʩʦʙʣʘʥʤʘʡʜʠ. 

ʐʫʥʠʥʛ ʫʯʫʥ, ʙʘʲʟʠ ״ʠʩʦʙʣʘʰʣʘʨʜʘ ץʫʣʘʡʣʠʢ ʷʨʘʪʠʰ ʤʘץʩʘʜʠʜʘ 

ʙʠʨʣʠʢʣʘʨʥʠʥʛ ˄ʥʣʠʢ ʢʘʨʨʘʣʠ ʚʘ ʫʣʫʰʣʠ ץʠʡʤʘʪʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. 

ɹʠʨʣʠʢʣʘʨʥʠʥʛ ʫʥʣʠʢ ʢʘʨʨʘʣʠ ʚʘ ʫʣʫʰʣʠ ץʠʡʤʘʪʣʘʨʠ ʙʘʨʯʘ 

ʙʠʨʣʠʢʣʘʨʜʘʥ ʵʤʘʩ, ʙʘʣʢʠ ʘʤʘʣʠʡ ״ʠʩʦʙʣʘʨʜʘ ץʫʣʘʡʣʠʢ ʷʨʘʪʘʜʠʛʘʥ 

ʙʠʨʣʠʢʣʘʨʜʘʥʛʠʥʘ ״ʦʩʠʣ ץʠʣʠʥʘʜʠ. ʐʫʥʜʘʡ ʩʦ״ʘʣʘʨ ״ʘʤ ʙʦʨʢʠ, ʫʣʘʨʜʘ ʜʦʠʤʦ 

ʢʘʨʨʘʣʠ ʸʢʠ ʫʣʫʰʣʠ ʙʠʨʣʠʢʣʘʨʜʘʥʛʠʥʘ ʠʰʣʘʪʠʣʘʜʠ (ʤʘʩʘʣʘʥ, ʯʠʟʤʘʯʠʣʠʢʜʘ 

ʫʣʘʨʥʠʥʛ ˄ʣʯʘʤʣʘʨʠ ʬʘץʘʪ ʤʠʣʣʠʤʝʪʨ ð ʤʤ ʜʘ ʠʬʦʜʘʣʘʥʘʜʠ). 

1.2-ʞʘʜʚʘʣ. 

ɹʠʨʣʠʢʣʘʨʥʠʥʛ ʢʘʨʨʘʣʠ ʚʘ ʫʣʫʰʣʠ ץʠʡʤʘʪʣʘʨ 

ˉ
 ̄

 

ʂʘʪʪʘʣʠʢ ʥʦʤʠ 

ɹʝʣʛʠʣʘʨʠ 

ʉʀ ʙʠʨʣʠʢʣʘʨʠ ʉʀ ʥʠʥʛ ʢʘʨʨʘʣʠ 

ʚʘ ʫʣʫʰʣʠ 

ʙʠʨʣʠʢʣʘʨʠ 

ʉʀ ʛʘ 

ʢʠʨʤʘʛʘʥ 

ʙʠʨʣʠʢʣʘʨ 

1 ʋʟʫʥʣʠʢ ʤ (ʤʝʪʨ) ʢʤ; ʩʤ; ʤʤ; ʤʢʤ; 

ʥʤ. 

 

2 ʖʟʘ ʤ
2
 (ʤʝʪʨ 

ʢʚʘʜʨʘʪ) 

ʢʤ
2
; ʜʤ

2
; ʩʤ

2
 ʤʤ

2
  

ʠʤ ʤסʘʞʤ ʚʘ ʩʠ׳ 3
3
 (ʤʝʪʨ ʢʫʙ) ʜʤ

3
; ʩʤ

3
; ʤʤ

3
 ʣ (ʣʠʪʨ) 

4 ʗʩʩʠ ʙʫʨʯʘʢ ʨʘʜ (ʨʘʜʠʘʥ) ʤʨʘʜ; 

ʤʢʨʘʜ 

...
0
, (ʛʨʘʜʫʩ) 

...ǋ (ʤʠʥʫʪ) 

éě(ʩʝʢʫʥʜ) 

 

5 

 

ɺʘץʪ 

 

ʩ (ʩʝʢʫʥʜ) 

 

ʢʩ; ʤʩ; ʤʢʩ; 

ʉʫʪ (ʩʫʪʢʘ) 

ʉʦʘʪ (ʩʦʘʪ, 

ʤʠʥ) 

6 ʊʝʟʣʠʢ ʤ/ʩ - ʢʤ/ʩʦʘʪ 

7 ɸʡʣʘʥʠʰʣʘʨ 

ʪʘʢʨʦʨʣʠʛʠ 

ʩ
-1
 - ʤʠʥ

-1
 

8 ʄʘʩʩʘ ʢʛ (ʢʠʣʦʛʨʘʤʤ) ʄʛ; ʛ; ʤʛ; ʤʢʛ ʪ (ʪʦʥʥʘ) 
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9 ʂʫʯ, ʦסʠʨʣʠʢ ʅ (ʥʴʶʪʦʥ) ʄʅ; ʢʅ; ʤʢʅ  

10 ʂʫʯ ʤʦʤʝʥʪʠ ʅȚʤ ʄʅȚʤ; ʢʅȚʤ; 

ʤʢʅȚʤ 

 

11 ɹʦʩʠʤ ʇʘ (ʧʘʩʢʘʣ)ɹ ɻʇʘ; ʄʇʘ; ʢʇʘ; 

ʤʢʇʘ 

 

12 ɼʠʥʘʤʠʢ 

 ʣʠʢץʦʚʫʰʦץ

ʇʘȚʩ ʤʇʘȚʩ  

13 ʂʠʥʝʪʠʢ 

 ʣʠʢץʦץʦʚʫʰץ

ʤ
2
/ʩ ʤʤ

2
/ʩ  

14 ʕʥʝʨʛʠʷ, ʠʰ ɾ (ʞʦʫʣʴ) ʊɾ; ɻɾ; ʄɾ; 

ʢɾ; ʤɾ 

ʕɺ 

(ʵʣʝʢʪʨʦʥ 

ʚʦʣʪʴ) 

 ;ʫʚʚʘʪ ɺʪ (ʚʘʪʪ) ɻɺʪ; ʄɺʪ; ʢɺʪפ 15

ʤʢɺʊ 

 

  ʘʨʦʨʘʪ ʂ (ʢʝʣʴʚʠʥ) ʄʂ; ʢʂ; ʤʢʂ׳ 16

17 ʕʣʝʢʪʨ ʪʦʢʠ 

(ʵʣʝʢʪʨ ʪʦʢʠʥʠʥʛ 

ʢʫʯʠ) 

ɸ (ʘʤʧʝʨ) ʢɸ; ʄɸ; ʤʢɸ; 

ʥɸ; ʧɸ 

 

18 ʕʣʝʢʪʨ ʤʠץʜʦʨʠ, 

ʵʜʝʢʪʨ ʟʘʨʷʜ 

ʂʣ (ʂʫʣʦʥ) ʤʂʣ; ʤʢʂʣ; ʥʂʣ; 

ʧʂʣ 

 

19 ʄʦʜʜʘ ʤʠץʜʦʨʠ ʤʦʣʴ ʢʤʦʣʴ; ʤʤʦʣʴ; 

ʤʢʤʦʣʴ 

 

20 ʄʦʣʷʨ ʤʘʩʩʘ ʢʛ/ʤʦʣʴ ʛ/ʤʦʣʴ  

 

1.1 ʚʘ 1.2- ʞʘʜʚʘʣʣʘʨʜʘ ʬʘʥ, ʪʝʭʥʠʢʘ ʚʘ ʭʘʣץ ʭ˄ʞʘʣʠʛʠʥʠʥʛ ʪʫʨʣʠ 

ʩʦ״ʘʣʘʨʠʜʘ ʢʝʥʛ ץ˄ʣʣʘʥʠʣʘʜʠʛʘʥ ʙʠʨʣʠʢʣʘʨʥʠʥʛ ˄ʥʣʠʢ ʢʘʨʨʘʣʠ ʚʘ ʫʣʫʰʣʠ 

 .ʠʡʤʘʪʣʘʨʠ ʢʝʣʪʠʨʠʣʛʘʥץ

ʄʘʤʣʘʢʘʪʠʤʠʟʜʘ ˄ʣʯʦʚʣʘʨʥʠʥʛ ʤʫʰʪʘʨʘʢʣʠʛʠ ɶʟʙʝʢʠʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʠ 

ɺʘʟʠʨʣʘʨ ʄʘʭʢʘʤʘʩʠʥʠʥʛ ʩʪʘʥʜʘʨʪʣʘʨ ʜʘʚʣʘʪ ץ˄ʤʠʪʘʩʠ ʚʘ ʤʝʪʨʦʣʦʛʠʢ 

ʤʫʘʩʩʘʩʘʣʘʨʠ ʪʦʤʦʥʠʜʘʥ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ. 
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1.2- Ä. ɶʃʏɸʐʃɸʈ. ɶʃʏɸʐ ʊʋʈʃɸʈʀ 

ɶʣʯʘʰ ð ʬʠʟʠʢ ʢʘʪʪʘʣʠʢʣʘʨ ץʠʡʤʘʪʣʘʨʠʥʠ ʪʘʞʨʠʙʘʜʘ ʤʘʭʩʫʩ ʪʝʭʥʠʢ 

ʚʦʩʠʪʘʣʘʨ ʸʨʜʘʤʠʜʘ ʘʥʠץʣʘʰ. 

ʂ˄ʧ ״ʦʣʣʘʨʜʘ ˄ʣʯʘʰ ʞʘʨʘʸʥʠʜʘ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠ ʰʫʥʜʘʡ ʬʠʟʠʢ 

ʢʘʪʪʘʣʠʢ ʙʠʣʘʥ ʪʘʢץʦʩʣʘʥʘʜʠʢʠ, ʫʥʛʘ 1 ʛʘ ʪʝʥʛ ʙ˄ʣʛʘʥ ץʠʡʤʘʪ ʙʝʨʠʣʘʜʠ ʚʘ ʫ 

ʬʠʟʠʢ ʢʘʪʪʘʣʠʢ ʙʠʨʣʠʛʠ ʸʢʠ ˄ʣʯʦʚ ʙʠʨʣʠʛʠ ʜʝʡʠʣʘʜʠ. 

ɶʣʯʘʰ ʥʘʪʠʞʘʩʠ ð ʢʘʪʪʘʣʠʢʥʠʥʛ ˄ʣʯʘʰ ʫʩʫʣʠ ʙʠʣʘʥ, ʤʘʩʘʣʘʥ, 

ʢʘʪʪʘʣʠʢʥʠ ˄ʣʯʦʚ ʙʠʨʣʠʛʠ ʙʠʣʘʥ ʪʘץץʦʩʣʘʰ ʸʨʜʘʤʠʜʘ ʪʦʧʠʣʛʘʥ ץʠʡʤʘʪʠʜʘʥ 

ʠʙʦʨʘʪ. ɶʣʯʘʰ ʥʘʪʠʞʘʩʠʥʠ ʪʝʥʛʣʘʤʘ ʢ˄ʨʠʥʠʰʠʜʘ ץʫʡʠʜʘʛʠʯʘ ʸʟʠʰ ʤʫʤʢʠʥ: 

)1.1(* qUQʸʢʠ
q

Q
U ==  

ʙʫ ʝʨʜʘ, Qð˄ʣʯʘʥʘʸʪʛʘʥ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢ, U ð ˄ʣʯʘʰ  ʥʘʪʠʞʘʩʠ ʸʢʠ ˄ʣʯʘʥʘʸʪʛʘʥ 

ʢʘʪʪʘʣʠʢʥʠʥʛ  ʩʦʥ Ϩʠʡʤʘʪʠ, q ð ʬʠʟʠʢ ʢʘʪʪʘʣʠʢ ʙʠʨʣʠʛʠ. 

(1.1) ʪʝʥʛʣʘʤʘ ʣ˄ʯʘʰʥʠʥʛ ʘʩʦʩʠʡ ʪʝʥʛʣʘʤʘʩʠ  ʜʝʡʠʣʘʜʠ. ʋʥʠʥʛ ʥ˄ʛ 

ʪʦʤʦʥʠ ʣ˄ʯʘʰ ʥʘʪʠʞʘʩʠ ʜʝʙ ʶʨʠʪʠʣʘʜʠ. ɶʣʯʘʰ ʥʘʪʠʞʘʩʠ ʜʦʠʤʦ ʣ˄ʯʘʤʣʠ 

ʢʘʪʪʘʣʠʢ ʙʣ˄ʠʙ, ʫ ʟ˄ ʥʦʤʠʛʘ ʵʛʘ ʙʣ˄ʛʘʥ q ʙʠʨʣʠʢʜʘʥ ״ʘʤʜʘ ʘʡʥʠ ʙʠʨʣʠʢʜʘʥ 

ʣ˄ʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʜʘ ʥʝʯʪʘ ʙʦʨʣʠʛʠʥʠ ʘʥʛʣʘʪʘʜʠʛʘʥ U ʩʦʥʜʘʥ ʪʘʰʢʠʣ 

ʪʦʧʛʘʥ. 

ɶʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠʥʛ ʩʦʥ ץʠʡʤʘʪʠ ʙʝʚʦʩʠʪʘ, ʙʠʣʚʦʩʠʪʘ, 

ʙʠʨʣʘʰʪʠʨʠʙ ʚʘ ʙʠʨʛʘʣʠʢʜʘ ʣ˄ʯʘʰ ʫʩʫʣʣʘʨʠ ʸʨʜʘʤʠʜʘ ʪʦʧʠʣʘʜʠ. ʃʘʙʦʨʘʪʦʨʠʷ 

ʘʤʘʣʠʸʪʠʜʘ ʚʘ ʠʣʤʠʡ ʪʝʢʰʠʨʠʰʣʘʨʜʘ ʙʠʨʣʘʰʪʠʨʠʙ ʚʘ ʙʠʨʛʘʣʠʢʜʘ ʣ˄ʯʘʰ 

ʫʩʫʣʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. 

ɹʝʚʦʩʠʪʘ ʣ˄ʯʘʰ ʜʝʙ ʰʫʥʜʘʡ ʣ˄ʯʘʰʛʘ ʘʡʪʠʣʘʜʠʢʠ, ʫʥʜʘ ʣ˄ʯʘʥʘʸʪʛʘʥ 

ʢʘʪʪʘʣʠʢʥʠʥʛ ʠʟʣʘʥʘʸʪʛʘʥ ץʠʡʤʘʪʠ ʪʘʞʨʠʙʘ ʤʘʲʣʫʤʦʪʣʘʨʠʜʘʥ ʙʝʚʦʩʠʪʘ 

ʘʥʠץʣʘʥʘʜʠ. ʄʘʩʘʣʘʥ, ״ʘʨʦʨʘʪʥʠ ʪʝʨʤʦʤʝʪʨ ʙʠʣʘʥ, ʙʦʩʠʤʥʠ ʤʘʥʦʤʝʪʨ ʙʠʣʘʥ, 

ʫʟʫʥʣʠʢʥʠ ʯʠʟסʠʯ ʙʠʣʘʥ ʣ˄ʯʘʰ ʚʘ ״ʦʢʘʟʦ ʙʝʚʦʩʠʪʘ ʣ˄ʯʘʰʜʘʥ ʠʙʦʨʘʪ. 

ɹʝʚʦʩʠʪʘ ʣ˄ʯʘʰ ʪʝʥʛʣʘʤʘʩʠ ץʫʡʠʜʘʛʠ ʢʨ˄ʠʥʠʰʛʘ ʵʛʘ: 
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nCQʙʝʚ *. =                                (1.2) 

ʙʫ ʝʨʜʘ, Qʙʝʚ ð ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʥʢʥʠʥʛ ʫʥʠʥʛ ʫʯʫʥ Ϩʘʙʫʣ Ϩʠʣʠʥʛʘʥ ˄ʣʯʦʚ 

ʙʠʨʣʠʢʣʘʨʠʜʘʛʠ Ϩʠʡʤʘʪʠ; ʉðʨʘϨʘʤʣʠ ϲʠʩʦʙʣʘʰ Ϩʫʨʠʣʤʘʩʠ ʰʢʘʣʘʩʠ ʙ˄ʣʠʥʤʘʣʘʨʠʥʠʥʛ ʸʢʠ 

ʙʠʨ ʤʘʨʪʘ ʢ˄ʨʩʘʪʠʰʠʥʠʥʛ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢ ʙʠʨʣʠʢʣʘʨʠʜʘʛʠ Ϩʠʡʤʘʪʠ; n ð ʰʢʘʣʘ 

ʙ˄ʣʠʥʤʘʣʘʨʠʥʠʥʛ ϲʠʩʦʙʠʜʘ ʠʥʜʠʢʘʪʦʨʣʠ Ϩʫʨʠʣʤʘ ʙ˄ʡʠʯʘ ʦʣʠʥʛʘʥ ʩʘʥʦϨ. 

ɹʠʣʚʦʩʠʪʘ ˄ʣʯʘʰ ʜʝʙ ʰʫʥʜʘʡ ˄ʣʯʘʰʛʘ ʘʡʪʠʣʘʜʠʢʠ, ʫʥʜʘ ˄ʣʯʘʰ 

ʥʘʪʠʞʘʩʠ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢ ʙʠʣʘʥ ʤʘʲʣʫʤ ʤʫʥʦʩʘʙʘʪ ʸʨʜʘʤʠʜʘ ʙʦסʣʘʥʛʘʥ 

ʢʘʪʪʘʣʠʢʣʘʨʥʠ ʙʝʚʦʩʠʪʘ ˄ʣʯʘʰʛʘ ʘʩʦʩʣʘʥʛʘʥ ʙ˄ʣʘʜʠ. ɹʠʣʚʦʩʠʪʘ ˄ʣʯʘʰ 

ʪʝʥʛʣʘʤʘʩʠ ץʫʡʠʜʘʛʠ ʢ˄ʨʠʥʠʰʛʘ ʵʛʘ: 

),...,,( 21

n

ʙʝʚʙʠʣ QQQfQ =              (1.3) 

ʙʫ ʝʨʜʘ, Qʙʠʣ. ð ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠʥʛ ʠʟʣʘʥʛʘʥ Ϩʠʡʤʘʪʠ; Q1,Q2,é,Q
n
ʙʝʚ ð 

ʙʝʚʦʩʠʪʘ ˄ʣʯʘʥʘʜʠʛʘʥ ʢʘʪʪʘʣʠʢʣʘʨʥʠʥʛ ʩʦʥ Ϩʠʡʤʘʪʣʘʨʠ. 

ɹʠʣʚʦʩʠʪʘ ˄ʣʯʘʰʛʘ ˄ʪʢʘʟʛʠʯʥʠʥʛ ʩʦʣʠʰʪʠʨʤʘ ʵʣʝʢʪʨ ץʘʨʰʠʣʠʛʠʥʠ ʫʥʠʥʛ 

 ʘʨʰʠʣʠʛʠ, ʫʟʫʥʣʠʛʠ ʚʘ ʢʫʥʜʘʣʘʥʛ ʢʝʩʠʤʠʥʠ ʶʟʠ ʙ˄ʡʠʯʘ ʪʦʧʠʰ; ʤʦʜʜʘץ

ʟʠʯʣʠʛʠʥʠ ʫʥʠʥʛ ʤʘʩʩʘʩʠ ʚʘ ʭʘʞʤʠʥʠ ˄ʣʯʘʰ ʥʘʪʠʞʘʩʠ ʙ˄ʡʠʯʘ ʪʦʧʠʰ ʚʘ 

ʙʦʰץʘʣʘʨ ʤʠʩʦʣ ʙ˄ʣʘ ʦʣʘʜʠ. ɹʠʣʚʦʩʠʪʘ ˄ʣʯʘʰʣʘʨ ʙʝʚʦʩʠʪʘ ˄ʣʯʘʰʣʘʨʥʠʥʛ 

ʠʣʦʞʠ ʙ˄ʣʤʘʛʘʥ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʞʘʨʘʸʥʣʘʨʠʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰʜʘ ʢʝʥʛ 

 .ʣʣʘʥʘʜʠ˄ץ

ɹʠʨʣʘʰʪʠʨʠʙ ˄ʣʯʘʰ ʙʠʨ ʥʝʯʘ ʙʠʨ ʥʦʤʣʠ ʢʘʪʪʘʣʠʢʣʘʨʥʠ ʙʠʨ ʚʘץʪʜʘ 

˄ʣʯʘʰʜʘʥ ʠʙʦʨʘʪʢʠ, ʫʥʜʘ ʠʟʣʘʥʛʘʥ ʢʘʪʪʘʣʠʢʣʘʨʥʠʥʛ ץʠʡʤʘʪʣʘʨʠ ʙʝʚʦʩʠʪʘ 

˄ʣʯʘʰʜʘ ״ʦʩʠʣ ץʠʣʠʥʛʘʥ ʪʝʥʛʣʘʤʘʣʘʨ ʪʠʟʠʤʠʜʘʥ ʪʦʧʠʣʘʜʠ. 

ɹʠʨ ʚʘץʪʜʘ ʠʢʢʠ ʸʢʠ ʙʠʨ ʥʝʯʘ ʥʦʤʣʠ ʪʫʨʣʠ ʢʘʪʪʘʣʠʢʣʘʨʥʠ, ʫʣʘʨʥʠʥʛ 

ʦʨʘʩʠʜʘʛʠ ʬʫʥʢʮʠʦʥʘʣ ʤʫʥʦʩʘʙʘʪʣʘʨʥʠ ʪʦʧʠʰ ʫʯʫʥ ʦʣʠʙ ʙʦʨʠʣʛʘʥ ˄ʣʯʘʰʣʘʨ 

ʙʠʨʛʘʣʠʢʜʘ ˄ʣʯʘʰ ʜʝʡʠʣʘʜʠ. ɾʫʤʣʘʜʘʥ ˄ʣʯʘʰ ʨʝʟʠʩʪʦʨʠʥʠʥʛ 20Áʉ ʜʘʛʠ 

ʵʣʝʢʪʨ ץʘʨʰʠʣʠʛʠ ʚʘ ״ʘʨʦʨʘʪ ʢʦʵʬʬʠʮʠʝʥʪʣʘʨʠ ʫʥʠʥʛ ץʘʨʰʠʣʠʛʠʥʠ ʪʫʨʣʠ 

 .ʘʨʦʨʘʪʣʘʨʜʘ ʙʝʚʦʩʠʪʘ ˄ʣʯʘʰ ʤʘʲʣʫʤʦʪʣʘʨʠ ʙ˄ʡʠʯʘ ʪʦʧʠʣʘʜʠ״

ɶʣʯʘʰʣʘʨ ʷʥʘ ʤʫʪʣʘץ ʚʘ ʥʠʩʙʠʡ ˄ʣʯʘʰʣʘʨʛʘ ʙ˄ʣʠʥʘʜʠ. 

ɹʠʪʪʘ ʸʢʠ ʙʠʨ ʥʝʯʘ ʘʩʦʩʠʡ ʢʘʪʪʘʣʠʢʣʘʨʥʠ ʬʠʟʠʢ ʢʦʥʩʪʘʥʪʘʣʘʨ 

 ץʠʡʤʘʪʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʙ ʸʢʠ ʬʦʡʜʘʣʘʥʤʘʩʜʘʥ ʙʝʚʦʩʠʪʘ ˄ʣʯʘʰ ʤʫʪʣʘץ

˄ʣʯʘʰ ʜʝʙ ʘʪʘʣʘʜʠ. ʄʘʩʘʣʘʥ, ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ ʸʨʜʘʤʠʜʘ ʙʘʞʘʨʠʣʛʘʥ ˄ʣʯʘʰʣʘʨ 
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ʤʫʪʣʘץ ˄ʣʯʘʰʜʠʨ, ʯʫʥʢʠ ʫʥʜʘ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢ ץʠʡʤʘʪʠʥʠ ʙʝʚʦʩʠʪʘ 

ʦʣʠʥʘʜʠ. 

ɹʠʨʦʨ ʢʘʪʪʘʣʠʢʥʠʥʛ ʰʫ ʠʩʤʣʠ ʙʠʨʣʠʢ ʚʘʟʠʬʘʩʠʥʠ ʙʘʞʘʨʘʸʪʛʘʥ 

ʢʘʪʪʘʣʠʢʢʘ ʥʠʩʙʘʪʠʥʠ ˄ʣʯʘʰ ʸʢʠ ʢʘʪʪʘʣʠʢʥʠ ʰʫ ʠʩʤʣʠ ʙʠʨʣʠʢ ʢʘʪʪʘʣʠʢ ʜʝʙ 

 ,ʠʣʠʥʛʘʥ ʢʘʪʪʘʣʠʢ ʙ˄ʡʠʯʘ ˄ʣʯʘʰ ʥʠʩʙʠʡ ˄ʣʯʘʰ ʜʝʙ ʘʪʘʣʘʜʠ. ʄʘʩʘʣʘʥץ ʘʙʫʣץ

 ʘʨʦʨʘʪʥʠ ʪʝʨʤʦʵʣʝʢʪʨ ʵʬʬʝʢʪʜʘʥ ʬʦʡʜʘʣʘʥʠʰʛʘ ʘʩʦʩʣʘʥʛʘʥ ˄ʣʯʘʰ ʸʢʠ״

ʤʘʩʩʘʥʠ ʪʦʨʪʠʰ ʫʩʫʣʠ ʙʠʣʘʥ, ʷʲʥʠ ʤʘʩʩʘʛʘ ʤʫʪʘʥʦʩʠʙ ʙ˄ʣʛʘʥ ʦסʠʨʣʠʢ ʢʫʯʠʜʘʥ 

ʬʦʡʜʘʣʘʥʠʰ ʫʩʫʣʠ ʙʠʣʘʥ ˄ʣʯʘʰ ʥʠʩʙʠʡ ˄ʣʯʘʰʜʘʥ ʠʙʦʨʘʪ. ʅʠʩʙʠʡ ˄ʣʯʘʰʜʘʥ 

ʢʘʪʪʘ ʘʥʠץʣʠʢ ʟʘʨʫʨ ʙ˄ʣʛʘʥ ״ʦʣʣʘʨʜʘ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. 

ɶʣʯʘʰʣʘʨ ˄ʣʯʘʰ ʘʩʦʩʠʥʠ ʘʥʠץʣʘʙ ʙʝʨʘʜʠʛʘʥ ʬʠʟʠʢ ״ʦʜʠʩʘʣʘʨʛʘ 

ʘʩʦʩʣʘʥʠʙ ʦʣʠʙ ʙʦʨʠʣʘʜʠ. ʄʘʩʘʣʘʥ, ʤʦʜʜʘʥʠʥʛ ʢʝʥʛʘʡʠʰʠ ʙ˄ʡʠʯʘ ״ʘʨʦʨʘʪʥʠ 

˄ʣʯʘʰ, ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʫʚʯʠ ʩʫʶץʣʠʢ ʫʩʪʫʥʠʥʠʥʛ ʢ˄ʪʘʨʠʣʠʰʠ ʙ˄ʡʠʯʘ 

ʩʠʡʨʘʢʣʘʥʠʰ (ʚʘʢʫʫʤ)ʥʠ ˄ʣʯʘʰ. ɶʣʯʘʰʥʠʥʛ ʙʠʨʦʨ ʘʩʦʩʠʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʰ 

ʫʯʫʥ ʪʫʨʣʠ ʪʝʭʥʠʢ ʚʦʩʠʪʘʣʘʨ ץʣ˄ʣʘʥʠʣʘʜʠ. ɶʣʯʘʰʣʘʨʜʘ ץʣ˄ʣʘʥʠʣʘʜʠʛʘʥ ʚʘ 

ʥʦʨʤʘʣʣʘʰʛʘʥ ʤʝʪʨʦʣʦʛʠʢ ʭʦʩʩʘʣʘʨʛʘ ʵʛʘ ʙʫʣʛʘʥ ʪʝʭʥʠʢ ʚʦʩʠʪʘʣʘʨ ʣ˄ʯʘʰ 

ʚʦʩʠʪʘʩʠ ʜʝʡʠʣʘʜʠ. ɶʣʯʘʰ ʘʩʦʩʠ ʚʘ ʚʦʩʠʪʘʩʠʥʠ ʙʝʣʛʠʣʘʙ ʙʝʨʘʜʠʛʘʥ ʫʩʫʣʣʘʨ 

ʤʘʞʤʫʠ ʣ˄ʯʘʰ ʫʩʫʣʠ ʜʝʡʠʣʘʜʠ. 

ɶʣʯʘʰʣʘʨʜʘ ʙʝʚʦʩʠʪʘ ʙʘ״ʦʣʘʰ, ʜʠʬʬʝʨʝʥʮʠʘʣ, ʣ˄ʯʦʚ ʙʠʣʘʥ ʪʘץץʦʩʣʘʰ ʚʘ 

ʥʦʣʴ (ʢʦʤʧʝʥʩʘʮʠʦʥ) ʫʩʫʣʣʘʨ ʢʝʥʛ ʪʘʨץʘʣʛʘʥ. 

ɹʝʚʦʩʠʪʘ ʙʘ״ʦʣʘʰ ʫʩʫʣʠ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢ ʤʠץʜʦʨʠʥʠ ʙʝʚʦʩʠʪʘ 

˄ʣʯʘʰ ʘʩʙʦʙʠʥʠʥʛ ״ʠʩʦʙʣʘʰ ץʫʨʠʣʤʘʩʠ ʙ˄ʡʠʯʘ ʙʝʚʦʩʠʪʘ ʪʦʧʠʰ ʠʤʢʦʥʠʥʠ 

ʙʝʨʘʜʠ. ʄʘʩʘʣʘʥ, ʙʦʩʠʤʥʠ ʧʨʫʞʠʥʘʣʠ ʤʘʥʦʤʝʪʨ ʙʠʣʘʥ, ʤʘʩʩʘʥʠ ʮʠʬʝʨʙʣʘʪʣʠ 

ʪʘʨʦʟʠʜʘ, ʪʦʢ ʢʫʯʠʥʠ ʘʤʧʝʨʤʝʪʨ ʙʠʣʘʥ ʣ˄ʯʘʰ ʚʘ ״ʦʢʘʟʦ. ɹʫ ʫʩʫʣʜʘ ʣ˄ʯʘʰ 

ʘʥʠץʣʠʛʠ ʫʥʯʘ ʢʘʪʪʘ ʙʣ˄ʤʘʩʘ ״ʘʤ, ʣ˄ʯʘʰ ʞʘʨʘʸʥʠʥʠʥʛ ʪʝʟʣʠʛʠ ʫʥʠ ʘʤʘʣʜʘ 

 .ʫʩʫʣʛʘ ʘʡʣʘʥʪʠʨʘʜʠ ץʣ˄ʣʘʥʠʰʜʘ ʪʝʥʛʠ ʡʫץ

ɼʠʬʬʝʨʝʥʮʠʘʣ ʫʩʫʣ ʣ˄ʯʘʥʘʸʪʛʘʥ ʚʘ ʤʘʲʣʫʤ ʢʘʪʪʘʣʠʢʣʘʨʥʠʥʛ 

ʘʡʠʨʤʘʩʠʥʠ ʣ˄ʯʘʰʥʠ ʭʘʨʘʢʪʝʨʣʘʡʜʠ. ʄʘʩʘʣʘʥ, ʛʘʟ ʘʨʘʣʘʰʤʘʩʠ ʪʘʨʢʠʙʠʥʠ 

 ʪ˄ʢʘʟʫʚʯʘʥʣʠʢ ץʦʩʣʘʰ ʡʣ˄ʠ ʙʠʣʘʥ ʠʩʩʠץץʪ˄ʢʘʟʫʚʯʘʥʣʠʛʠʛʘ ʪʘ ץʘʚʦʥʠʥʛ ʠʩʩʠ״

ʙ˄ʡʠʯʘ ʣ˄ʯʘʰ. 
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 .ʣ˄ʣʘʥʘʜʠץ ʦʩʣʘʰ ʫʩʫʣʠץץʣ˄ʯʘʰʣʘʨʜʘ ʣ˄ʯʦʚ ʙʠʣʘʥ ʪʘ ץʦʷʪʜʘ ʘʥʠנ

ɹʫʥʜʘ ʣ˄ʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢ ʣ˄ʯʦʚ ʸʨʜʘʤʠʜʘ ʪʦʧʠʣʛʘʥ ʢʘʪʪʘʣʠʢʣʘʨ ʙʠʣʘʥ 

ʪʘʢץʦʩʣʘʥʘʜʠ. ʄʘʩʘʣʘʥ, ʟ˄ʛʘʨʤʘʩ ʪʦʢʥʠʥʛ ʢʫʯʣʘʥʠʰʠʥʠ ʵʣʝʢʪʨ ʶʨʠʪʫʚʯʠ ʢʫʯʠ 

ʥʦʨʤʘʣ ʵʣʝʤʝʥʪ ʕʖʂ ʠʛʘ ʪʝʥʛ ʙʣ˄ʛʘʥ ʪʘץץʦʩʣʘʰ ʢʦʤʧʝʥʩʘʪʦʨʠʜʘ ʣ˄ʯʘʰ ʸʢʠ 

ʤʘʩʩʘʥʠ ʧʠʰʘʥʛʣʠ ʪʘʨʦʟʣʘʨʜʘ ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʫʚʯʠ ʪʦʰʣʘʨ ʙʠʣʘʥ ʣ˄ʯʘʰ. ɹʫ 

ʫʩʫʣ ʪʘʲʩʠʨ ʵʪʫʚʯʠ ʢʘʪʪʘʣʠʢʣʘʨʥʠʥʛ ʣ˄ʯʘʰ ʥʘʪʠʞʘʩʠʛʘ ʪʘʲʩʠʨʠʥʠ 

ʢʘʤʘʡʪʠʨʠʰʛʘ ʠʤʢʦʥ ʙʝʨʘʜʠ. 

ʅʦʣʴ (ʢʦʤʧʝʥʩʘʮʠʦʥ) ʫʩʫʣ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠ ץʠʡʤʘʪʠ ʤʘʲʣʫʤ 

ʙ˄ʣʛʘʥ ʢʘʪʪʘʣʠʢ ʙʠʣʘʥ ʪʘץץʦʩʣʘʰʜʘʥ ʠʙʦʨʘʪ, ʘʤʤʦ ʫʣʘʨ ʦʨʘʩʠʜʘʛʠ ʘʡʠʨʤʘ 

ʤʘʲʣʫʤ ʢʘʪʪʘʣʠʢʥʠ ˄ʟʛʘʨʪʠʨʠʰ ʫʩʫʣʠ ʙʠʣʘʥ ʥʦʣʛʘ ʢʝʣʪʠʨʠʣʘʜʠ. 

ʇʦʪʝʥʮʠʦʤʝʪʨʣʘʨ, ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʛʘʥ ʢ˄ʧʨʠʢʣʘʨ ʚʘ ʙʦʰץʘʣʘʨ ʥʦʣʴ ʫʩʫʣʛʘ 

ʘʩʦʩʣʘʥʛʘʥ ʘʩʙʦʙʣʘʨʛʘ ʤʠʩʦʣ ʙ˄ʣʘ ʦʣʘʜʠ. ʅʦʣʴ ʫʩʫʣ ˄ʣʯʘʰʥʠʥʛ ʶץʦʨʠ 

ʘʥʠץʣʠʛʠʥʠ ʪʘʲʤʠʥʣʘʡʜʠ. 

 

1.3-Ä. ɶʃʏɸʐ ɶɿɻɸʈʊʀʈʀʐʃɸʈʀ ɺɸ ɶɿɻɸʈʊʂʀʏʃɸʈʀ 

ʊʝʭʥʦʣʦʛʠʢ ˄ʣʯʘʰʣʘʨʥʠʥʛ ʤʦ״ʠʷʪʠʥʠ ʪʝʭʥʠʢ ʞʠ״ʘʪʜʘʥ ץʠʩץʘʯʘ 

 ʫʡʠʜʘʛʠʯʘ ʠʬʦʜʘʣʘʰ ʤʫʤʢʠʥ: çʥʠʤʘʥʠ, Ϩʘʥʜʘʡ Ϩʠʣʠʙ ʚʘ ʥʠʤʘ ʙʠʣʘʥץ

˄ʣʯʘʥʘʜʠ?è. ʐʫʥʠʥʛ ʫʯʫʥ, ʙʫʥʜʘʥ ʢʝʡʠʥ ʘʥʠץ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢʣʘʨʥʠ ˄ʣʯʘʰ 

ʫʩʫʣʣʘʨʠ ʚʘ ˄ʣʯʘʰʣʘʨʥʠʥʛ ʵʥʛ ʢʝʥʛ ʪʘʨץʘʣʛʘʥ ʠʰʦʥʯʣʠ ʠʰʯʠ ʚʦʩʠʪʘʣʘʨʠ: 

˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʣʘʨʠ ʚʘ ˄ʣʯʘʰ ʘʩʙʦʙʣʘʨʠ ץʘʨʘʙ ʯʠץʠʣʘʜʠ. 

ʂ˄ʧʯʠʣʠʢ ״ʦʣʣʘʨʜʘ ˄ʣʯʘʰʣʘʨ ˄ʣʯʘʥʘʸʪʛʘʥ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢʥʠ ʦʣʜʠʥʜʘʥ 

˄ʟʛʘʨʪʠʨʠʰ ʙʠʣʘʥ ʙʦסʣʠʢ.. 

ɶʣʯʘʰ ˄ʟʛʘʨʪʠʨʠʰʠ - ʙʠʪʪʘ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢʥʠʥʛ ˄ʣʯʘʤʠʥʠ ʙʦʰץʘ ʬʠʟʠʢ 

ʢʘʪʪʘʣʠʢʥʠʥʛ ˄ʣʯʘʤʠʛʘ ˄ʟʛʘʨʪʠʨʠʰʜʘʥ ʠʙʦʨʘʪʜʠʨ. ʄʠʩʦʣ ʪʘʨʠץʘʩʠʜʘ ʈ 

ʙʦʩʠʤʥʠ ʜʝʬʦʨʤʘʮʠʦʥ ʤʘʥʦʤʝʪʨ ʸʨʜʘʤʠʜʘ ʣ˄ʯʘʰʥʠ ץʘʨʘʙ ʯʠץʘʤʠʟ. ɹʦʩʠʤ 

ʪʘʲʩʠʨʠʜʘ ʥʘʡʯʘʩʠʤʦʥ ʧʨʫʞʠʥʘ ʙʫʨʘʣʘʜʠ (ʫʥʠʥʛ ʵʨʢʠʥ ʫʯʠ ʙʠʨʦʟ ʩʠʣʞʠʡʜʠ) ð 

ʙʫ ˄ʟʛʘʨʪʠʨʠʰʥʠʥʛ ʙʠʨʠʥʯʠ ʙʦʩץʠʯʠ: 

æʈŸæl. ʅʘʡʯʘʩʠʤʦʥ ʧʨʫʞʠʥʘ ʫʯʠʥʠʥʛ 

ʩʠʣʞʠʰʠ ˄ץʥʠʥʛ ʙʫʨʠʣʠʰ ʙʫʨʯʘʛʠʛʘ 

ʟ˄ʛʘʨʘʜʠ: æ l Ÿæű ð ʙʫ ˄ʟʛʘʨʪʠʨʠʰʥʠʥʛ 
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1.1 ï ʨʘʩʤ  ætŸæl ˄ʟʛʘʨʪʢʠʯʣʘʨ 

ʩʭʝʤʘʩʠ          
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ʠʢʢʠʥʯʠ ʙʦʩץʠʯʠʜʠʨ. ɶʢʜʘ ʩʪʨʝʣʢʘ ʤʘʚʞʫʜ ʙʣ˄ʠʙ, ʫʥʠʥʛ ʫʯʠ ʙʣ˄ʠʥʤʘʣʠ ʰʢʘʣʘ 

ʙ˄ʡʠʯʘ ʩʠʣʞʠʡʜʠ ð ʙʫ ˄ʟʛʘʨʪʠʨʠʰʥʠʥʛ ʫʯʠʥʯʠ ʙʦʩץʠʯʠʜʠʨ æűŸæʘ, ʫ 

ʣ˄ʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠʥʛ ʩʦʥ ץʠʡʤʘʪʠʥʠ ʦʣʠʰʛʘ ʠʤʢʦʥ ʙʝʨʘʜʠ. ʋʤʫʤʠʡ ״ʦʣʜʘ 

 :ʘʤʤʘ ʟ˄ʛʘʨʪʠʨʠʰʣʘʨʥʠ ʙʫʥʜʘʡ ʸʟʠʰ ʤʫʤʢʠʥ״

alP DDDD j  

ɶʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʠ ð ˄ʣʯʘʰʣʘʨ ʚʦʩʠʪʘʩʠ ʩʠʬʘʪʠʜʘ ˄ʣʯʘʰ ˄ʟʛʘʨʪʠʨʠʰʠ 

æʈŸæʘ ʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʰʛʘ ʠʤʢʦʥ ʙʝʨʜʠ. ʂʘʪʪʘʣʠʢʥʠʥʛ ʢʝʪʤʘ-ʢʝʪ 

˄ʟʛʘʨʪʠʨʠʰʣʘʨ ץʘʪʦʨʠʜʘʥ ʙʠʪʪʘʩʠ ʶʟ ʙʝʨʘʜʠʛʘʥ ˄ʣʯʘʰ ʚʦʩʠʪʘʣʘʨʠ ʵʣʝʤʝʥʪʠ 

˄ʟʛʘʨʪʠʨʠʰ ʵʣʝʤʝʥʪʠ ʜʝʙ ʘʪʘʣʘʜʠ. ɶʟʛʘʨʪʠʨʠʰ ʵʣʝʤʝʥʪʠ ״ʘʨ ʜʦʠʤ ״ʘʤ 

ʢʦʥʩʪʨʫʢʪʠʚ ʘʞʨʘʣʠʙ ʪʫʨʤʘʡʜʠ, ʷʲʥʠ ˄ʣʯʘʰ ʚʦʩʠʪʘʩʠ ʪʫʟʠʣʠʰʠʥʠʥʛ ʘʡʥʠ 

ʙʠʪʪʘ ʵʣʝʤʝʥʪʠ ʠʢʢʠ ʚʘ ʫʥʜʘʥ ʦʨʪʠץ ˄ʟʛʘʨʪʠʨʠʰ ʵʣʝʤʝʥʪʠʛʘ ʵʛʘ ʙ˄ʣʠʰʠ 

ʤʫʤʢʠʥ. 

ɶʣʯʘʰ ʘʭʙʦʨʦʪʠ ʩʠʛʥʘʣʠ ״ʘʤʤʘ ˄ʟʛʘʨʠʰʣʘʨʠʥʠʥʛ ʘʤʘʣʛʘ ʦʰʠʰʠʥʠ 

ʪʘʲʤʠʥʣʦʚʯʠ  

˄ʟʛʘʨʪʠʨʠʰ ʵʣʝʤʝʥʪʣʘʨʠ ʪ˄ʧʣʘʤʠ ˄ʣʯʘʰ ʚʦʩʠʪʘʩʠʥʠʥʛ ˄ʣʯʘʰ ʤʘϨʩʘʜʠ 

ʜʝʡʠʣʘʜʠ. ɶʣʯʘʰ ʟʘʥʞʠʨʠʜʘ ʙʝʚʦʩʠʪʘ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠʥʛ ʪʘʲʩʠʨʠʜʘ 

ʙ˄ʣʛʘʥ ʙʠʨʠʥʯʠ ˄ʟʛʘʨʪʠʨʠʰ ʵʣʝʤʝʥʪʠʥʠʥʛ ץʠʩʤʠ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪ ʜʝʡʠʣʘʜʠ. 

ʉʝʟʛʠʨ ʵʣʝʤʝʥʪʥʠʥʛ ˄ʣʯʘʰ ʚʦʩʠʪʘʩʠʥʠ ʘʥʠץʣʘʰʜʘ ʵʲʪʠʙʦʨʣʠ ʙ˄ʣʠʰ ʚʘ ʫʥʠ 

ʭʠʤʦʷ ʘʨʤʘʪʫʨʘʩʠ ʙʠʣʘʥ ʯʘʣʢʘʰʪʠʨʤʘʩʣʠʢ ʢʝʨʘʢ, ʯʫʥʢʠ ʙʫ ʘʨʤʘʪʫʨʘ 

˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʢʘ ʙʝʚʦʩʠʪʘ ʪʝʛʠʙ ʪʫʨʘʜʠ. çɶʣʯʘʰ ˄ʟʛʘʨʪʠʨʠʰʠè 

ʪʫʰʫʥʯʘʩʠ  

ç˄ʣʯʦʚ ˄ʟʛʘʨʪʢʠʯʠè ʪʫʰʫʥʯʘʩʠʛʘ ץʘʨʘʛʘʥʜʘ ʘʥʯʘ ʢʝʥʛ ʤʘʲʥʦʛʘ ʵʛʘ, ʯʫʥʢʠ ʘʡʥʠ 

ʙʠʨ ˄ʣʯʦʚ ˄ʟʛʘʨʪʠʨʠʰʠ ˄ʣʯʦʚ ˄ʟʛʘʨʪʢʠʯʣʘʨʥʠʥʛ ʠʰ (ʪʘʲʩʠʨ) ʧʨʠʥʮʠʧʠ ʪʫʨʣʠʯʘ 

ʙ˄ʣʛʘʥ ʢʝʪʤʘ ʢʝʪʣʠʢ ʙʠʣʘʥ ʙʘʞʘʨʠʣʠʰʠ ʤʫʤʢʠʥ. 1.1-ʨʘʩʤʜʘ ʘʡʥʠ ʙʠʨ ʭʠʣ 

 ʘʨʦʨʘʪ ˄ʣʯʘʰ ˄ʟʛʘʨʪʠʨʠʰʠʥʠ ʤʝʭʘʥʠʢ æl ʩʠʣʞʠʰʛʘ ˄ʟʛʘʨʪʠʨʘʜʠʛʘʥ ʪʫʨʣʠ״.

˄ʟʛʘʨʪʢʠʯʣʘʨʛʘ ʤʠʩʦʣʣʘʨ ʢʝʣʪʠʨʠʣʛʘʥ. ɹʠʨʠʥʯʠ ״ʦʣʜʘ ʙʫ ʩʠʤʦʙ ʫʩʪʫʥʠʥʠʥʛ 

 ʘʨʦʨʘʪ ʢ˄ʪʘʨʠʣʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ʢʝʥʛʘʡʠʰʠʜʘʛʠ ʩʠʣʞʠʰʠ ʙ˄ʣʩʘ, ʠʢʢʠʥʯʠ״

 ʘʨʦʨʘʪ ʢʝʥʛʘʡʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠʛʘ ʵʛʘ״ ʘʪʣʘʤʣʘʨʠ ʪʫʨʣʠʯʘ ʙ˄ʣʛʘʥץ ʦʣʜʘ ð״

ʙ˄ʣʛʘʥ ʙʠʤʝʪʘʣʣ ʧʣʘʩʪʠʥʢʘʣʘʨʥʠʥʛ ʩʠʣʞʠʰʠ; ʫʯʠʥʯʠ ״ʦʣʜʘ ð ״ʘʨʦʨʘʪ 

˄ʣʯʘʥʘʜʠʛʘʥ ʤʫ״ʠʪ ʙʠʣʘʥ ʙʝʚʦʩʠʪʘ ʘʣʦץʘʜʘ ʙ˄ʣʛʘʥ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪ ʙʠʣʘʥ ʙʦסʣʠץ 
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ʘʩʙʦʙ ʢ˄ʨʩʘʪʢʠʯʠʥʠʥʛ (ʩʪʨʝʣʢʘʩʠʥʠʥʛ) ʩʠʣʞʠʰʠ. ʐʫʥʜʘʡ ץʠʣʠʙ, ˄ʣʯʘʰ 

˄ʟʛʘʨʪʠʨʠʰʠʥʠʥʛ ʢ˄ʨʩʘʪʤʘʩʠ ʥʠʤʘʥʠ ʚʘ ʥʠʤʘʛʘ ʘʡʣʘʥʪʠʨʠʰ ʢʝʨʘʢ, ʜʝʛʘʥ 

ʩʘʚʦʣʛʘʛʠʥʘ ʞʘʚʦʙ ʙʝʨʘʜʠ, ʘʥʠץ ˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʣʘʨʠʥʠʥʛ ʢ˄ʨʩʘʪʠʰʠ ʵʩʘ ʙʫʥʠ 

ʪʘʙʠʘʪʘʥ ץʘʥʜʘʡ ʙʘʞʘʨʠʰ ʤʫʤʢʠʥ, ʜʝʛʘʥ ʩʘʚʦʣʛʘ ʞʘʚʦʙ ʙʝʨʘʜʠ. ɸʩʣʠʜʘ ˄ʣʯʘʰ 

˄ʟʛʘʨʪʢʠʯʠ ʙʠʨ ʭʫʩʫʩʠʡ ˄ʣʯʘʰ ˄ʟʛʘʨʪʠʨʠʰʠʥʠ ʙʘʞʘ-ʨʫʚʯʠ ʤʘʲʣʫʤ ʘʤʘʣ 

ʧʨʠʥʮʠʧʠʜʘ ʷʩʘʣʛʘʥ ʪʝʭʥʠʢ ץʫʨʠʣʤʘʥʠ ʠʬʦʜʘʣʘʡʜʠ. 

ɶʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʠʥʠʥʛ ʘʩʦʩʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨʠʜʘʥ ʙʠʨʠ ˄ʟʛʘʨʪʠʨʠʰ 

ʢʦʵʬʬʠʮʠʝʥʪʠ ʙ˄ʣʠʙ, ʫ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠ ʘʢʩʣʘʥʪʠʨʫʚʯʠ ˄ʟʛʘʨʪʢʠʯʥʠʥʛ 

ʯʠץʠʰʠʜʘʛʠ ʩʠʛʥʘʣʥʠʥʛ ˄ʟʛʘʨʪʢʠʯ ʢʠʨʠʰʠʜʘʛʠ ʩʠʛʥʘʣʛʘ ʥʠʩʙʘʪʠʥʠ 

ʠʬʦʜʘʣʘʡʜʠ. 

ʌʫʥʢʮʠʦʥʘʣ ʚʘʟʠʬʘʩʠʛʘ ʢ˄ʨʘ ˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʣʘʨʠʥʠ ץʫʡʠʜʘʛʠ ʪʫʨʣʘʨʛʘ 

ʘʞʨʘʪʠʰ ץʘʙʫʣ ץʠʣʠʥʛʘʥ: ʙʠʨʣʘʤʯʠ, ʦʨʘʣʠʢ, ʤʘʩʰʪʘʙʣʠ, ʫʟʘʪʫʚʯʠ ʚʘ ʙʦʰץʘʣʘʨ. 

ɹʠʨʣʘʤʯʠ ˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʠ ð ˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʠ ʙʠʨʠʥʯʠ ʙʦʩץʠʯʠ 

ʙ˄ʣʠʙ, ʫʥʛʘ ˄ʣʯʘʥʘʸʪʛʘʥ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢ ץʠʡʤʘʪʠʥʠ ʙʦʰץʘ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢ 

 ʠʡʤʘʪʠʛʘ ˄ʟʛʘʨʪʠʨʘʜʠ, ʤʘʩʘʣʘʥ, ʜʝʬʦʨʤʘʮʠʦʥ ʤʘʥʦʤʝʪʨʥʠʥʛ ʥʘʡʩʠʤʦʥץ

ʧʨʫʞʠʥʘʩʠ. ɹʠʨʣʘʤʯʠ ˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʠ ʸʨʜʘʤʠʜʘ ˄ʣʯʘʥʘʜʠʛʘʥ ʢʘʪʪʘʣʠʢ ʸʢʠ 

˄ʟʛʘʨʪʠʨʠʣʘʜʠʛʘʥ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢ ʙʦʰץʘ ˄ʟʛʘʨʪʢʠʯʛʘ ʸʢʠ ˄ʣʯʘʰ ʘʩʙʦʙʠʛʘ 

ʫʟʘʪʠʣʠʰʠ ʤʫʤʢʠʥ. 

ʆʨʘʣʠʢ ˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʠ ð ˄ʣʯʘʰ ʟʘʥʞʠʨʠʜʘ ʙʠʨʣʘʤʯʠ ˄ʟʛʘʨʪʢʠʯʜʘʥ 

ʢʝʡʠʥʛʠ ˄ʨʠʥʥʠ ʵʛʘʣʣʘʛʘʥ ˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯ ʙ˄ʣʠʙ ˄ʣʯʘʥʘʸʪʛʘʥ ʬʠʟʠʢ 

ʢʘʪʪʘʣʠʢʥʠ ʫʥʠʬʠʢʘʮʠʷ (ʙʠʨ ʭʠʣ) ʩʠʛʥʘʣʛʘ ˄ʟʛʘʨʪʠʨʠʰʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘʥ 

˄ʟʛʘʨʪʢʠʯʜʠʨ. 

ʋʟʘʪʫʚʯʠ ˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʠ ð ˄ʣʯʘʰ ʘʭʙʦʨʦʪʠ ʩʠʛʥʘʣʣʘʨʠʥʠ 

ʤʘʩʦʬʘʜʘʥ ʪʫʨʠʙ ʫʟʘʪʠʰ ʫʯʫʥ ʤ˄ʣʞʘʣʣʘʥʛʘʥ ˄ʟʛʘʨʪʢʠʯʜʠʨ. 

ʄʘʩʰʪʘʙʣʠ ˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʠ ð ʢʘʪʪʘʣʠʢʥʠ ʙʝʨʠʣʛʘʥ ʤʘʨʪʘ ˄ʣʯʘʰ 

ʫʯʫʥ ʤ˄ʣʞʘʣʣʘʥʛʘʥ ˄ʟʛʘʨʪʢʠʯ. 

ʀʩʪʘʛʘʥ ʚʘʟʠʬʘʥʠ ʙʘʞʘʨʫʚʯʠ ˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʠ ˄ʣʯʘʰ ʘʩʙʦʙʠ ʙʠʣʘʥ 

ʢʦʥʩʪʨʫʢʪʠʚ ʙʠʨʣʘʰʪʠʨʠʣʛʘʥ ʙ˄ʣʠʰʠ ʸʢʠ ˄ʟʠ ʘʣʦ״ʠʜʘ ץʫʨʠʣʤʘʥʠ ʪʘʰʢʠʣ 

ʵʪʠʰʠ ʤʫʤʢʠʥ. ɶʣʯʘʰ ʦʙʲʝʢʪʠʛʘ ˄ʨʥʘʪʠʣʛʘʥ ʚʘ ˄ʣʯʘʤʣʘʨʠ, ʤʘʩʩʘʩʠ ״ʘʤʜʘ 

ʪʘʲʩʠʨ ʢ˄ʨʩʘʪʫʚʯʠ ʦʤʠʣʣʘʨʛʘ ʤʫʩʪʘ״ʢʘʤʣʠʛʠʛʘ ʥʠʩʙʘʪʘʥ ʘʣʦ״ʠʜʘ ʪʘʣʘʙʣʘʨʛʘ 
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ʞʘʚʦʙ ʙʝʨʫʚʯʠ, ʟʘʨʫʨ ʸʨʜʘʤʯʠ ʵʣʝʤʝʥʪʣʘʨ ʙʠʣʘʥ ʙʠʨʛʘ ˄ʣʯʦʚ 

˄ʟʛʘʨʪʢʠʯʣʘʨʠʥʠʥʛ ʙʠʨ ץʘʪʦʨ ʢʦʥʩʪʨʫʢʪʠʚ ʪ˄ʧʣʘʤʠʥʠ ʜʘʪʯʠʢ ʜʝʙ ʘʪʘʰ ץʘʙʫʣ 

 .ʠʣʠʥʛʘʥץ

ʏʠץʠʰ ʩʠʛʥʘʣʠʥʠʥʛ ʪʫʨʠʛʘ ץʘʨʘʙ ʙʠʨ ʭʠʣʣʘʰʪʠʨʠʣʛʘʥ, ʪʘʙʠʠʡ ʸʢʠ 

ʜʠʩʢʨʝʪ (ʢʦʥʪʘʢʪʣʠ) ʩʠʛʥʘʣʣʘʨ ʬʘʨץ ץʠʣʠʥʘʜʠ. 

ʏʠץʠʰ ʩʠʛʥʘʣʣʘʨʠ ʙʠʨ ʭʠʣʣʘʰʪʠʨʠʣʛʘʥ ˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʣʘʨʠ 

ʯʠץʠʰʜʘ ˄ʣʯʘʥʘʸʪʛʘʥ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢʥʠʥʛ ʪʫʨʠʛʘ ʙʦסʣʠץ ʙ˄ʣʤʘʛʘʥ ״ʦʣʜʘ 

ʤʘʭʩʫʩ ץʫʨʠʣʤʘʣʘʨ ʸʨʜʘʤʠʜʘ ʰʘʢʣʣʘʥʘʜʠʛʘʥ ʩʠʛʥʘʣʣʘʨʛʘ ʵʛʘ (ʫʣʘʨ ʪʝʛʠʰʣʠ 

ʜʘʚʣʘʪ ʘʥʜʦʟʘʣʘʨʠʜʘ ʢ˄ʟʜʘ ʪʫʪʠʣʛʘʥ). 

ʏʠץʠʰ ʩʠʛʥʘʣʣʘʨʠ ʪʘʙʠʠʡ ʙ˄ʣʛʘʥ ˄ʣʯʦʚ ˄ʟʛʘʨʪʢʠʯʣʘʨʠ ʰʫʥʜʘʡ 

 ,ʠʰʜʘʛʠ ʩʠʛʥʘʣʣʘʨ ʪʘʙʠʠʡ ʡ˄ʣ ʙʠʣʘʥ ʰʘʢʣʣʘʥʘʜʠץʫʨʠʣʤʘʣʘʨʢʠ, ʫʣʘʨʜʘ ʯʠץ

ʷʲʥʠ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠ ʙʠʨʣʘʤʯʠ ʘʣʤʘʰʪʠʨʠʰ ʫʯʫʥ ʵʥʛ ʦʜʜʠʡ ʚʘ 

ʩʘʤʘʨʘʣʠ ʡ˄ʣ ʙʠʣʘʥ ʰʘʢʣʣʘʥʘʜʠ. ɶʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʣʘʨʥʠʥʛ ʞʫʜʘ ʭʠʣʤʘ-

ʭʠʣʣʠʛʠʛʘ ץʘʨʘʤʘʡ ʪʘʙʠʠʡ ʯʠץʠʰ ʩʠʛʥʘʣʣʘʨʠʥʠʥʛ ʪʫʨʣʘʨʠ, ʦʜʘʪʜʘ, ˄ʥʪʘ ʙʠʣʘʥ 

ʯʝʛʘʨʘʣʘʜʠ: ʩʠʣʞʠʰ, ʙʫʨʠʰ ʙʫʨʯʘʛʠ, ʢʫʯʣʘʥʠʰʠ, ʚʘץʪ ʦʨʘʣʠסʠ, ˄ʟʛʘʨʤʘʩ ʚʘ 

˄ʟʛʘʨʫʚʯʘʥ ʢʫʯʣʘʥʠʰ, ʘʢʪʠʚ ʚʘ ʢʦʤʧʣʝʢʩ ץʘʨʰʠʣʠʢ, ʵʣʝʢʪʨ ʩʠסʠʤ, ʯʘʩʪʦʪʘ 

(ʪʘʢʨʦʨʠʡʣʠʢ). ʊʘʙʠʠʡ ʩʠʛʥʘʣʣʠ ˄ʣʯʦʚ ˄ʟʛʘʨʪʢʠʯʣʘʨʠʥʠʥʛ ʙʘʲʟʠ ״ʦʣʣʘʨʜʘ 

 ʫʨʠʣʤʘʣʘʨʠʜʘ ʚʘ ʫʥʯʘ ʤʫʨʘʢʢʘʙ ʙ˄ʣʤʘʛʘʥץ ʣʣʘʥʠʰʠ ʘʩʦʩʘʥ ʣʦʢʘʣ ʥʘʟʦʨʘʪ˄ץ

ʦʙʲʝʢʪʣʘʨʥʠ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰʜʘ ʠץʪʠʩʦʜʠʡ ʚʘ ʪʝʭʥʠʢ ʞʠ״ʘʪʜʘʥ ʤʘץʩʘʜʛʘ 

ʤʫʚʦʬʠץʜʠʨ. 

ʊʘʙʠʠʡ ʩʠʛʥʘʣʣʘʨʥʠ ʙʠʨ ʭʠʣʣʘʰʪʠʨʠʣʛʘʥ ʩʠʛʥʘʣʣʘʨʛʘ ʘʡʣʘʥʪʠʨʠʰ ʫʯʫʥ 

ʤʘʭʩʫʩ ʤʝʲʸʨʣʦʚʯʠ ˄ʟʛʘʨʪʢʠʯʣʘʨ ʢ˄ʟʜʘ ʪʫʪʠʣʛʘʥ. 

ɼʠʩʢʨʝʪ ʯʠץʠʰ ʩʠʛʥʘʣʣʠ ˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʣʘʨʠ (ʨʝʣʝʣʠ ˄ʟʛʘʨʪʢʠʯʣʘʨ) 

ʯʠץʠʰʜʘ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢ ʤʘʲʣʫʤ ץʠʡʤʘʪʛʘ ʵʨʠʰʛʘʥʜʘ ˄ʟ ״ʦʣʘʪʠʥʠ 

˄ʣʯʦʚʯʠ ʢʦʥʪʘʢʪʛʘ ʵʛʘ. ʋʣʘʨ ʘʩʦʩʘʥ ʪʝʭʥʦʣʦʛʠʢ ʩʠʛʥʘʣʠʟʘʮʠʷ ʫʯʫʥ ץ˄ʣʣʘʥʘʜʠ. 

ɶʣʯʦʚ ץʫʨʠʣʤʘʣʘʨʠʜʘ ʘʭʙʦʨʦʪʥʠ ʫʟʘʪʠʰ ʚʦʩʠʪʘʩʠ ʵʥʝʨʛʠʷ ʸʢʠ ʤʦʜʜʘ 

ʦץʠʤʣʘʨʠ ״ʠʩʦʙʣʘʥʘʜʠ. ɶʣʯʦʚ ˄ʟʛʘʨʪʢʠʯʠʥʠʥʛ ʸʢʠ ʘʩʙʦʙʥʠʥʛ ʢʠʨʠʰʠʛʘ 

ʵʥʝʨʛʠʷ ʢʠʨʤʘʩʘ (˄ʣʯʘʰ ʦʙʲʝʢʪʠʜʘʥ ʸʢʠ ʦʣʜʠʥʛʠ ˄ʟʛʘʨʪʢʠʯʜʘʥ), ˄ʣʯʘʰ 

ʘʭʙʦʨʦʪʠʥʠ ʫʟʘʪʠʰ ʤʫʤʢʠʥ ʙ˄ʣʤʘʡʜʠ. ɹʫʥʠ ʭʠʩʦʙʛʘ ʦʣʠʙ, ʙʘʨʯʘ ʙʠʨʣʘʤʯʠ 

˄ʟʛʘʨʪʢʠʯʣʘʨ ʠʢʢʠ ʛʫʨʫ״ʛʘ ʙ˄ʣʠʥʘʜʠ: ʛʝʥʝʨʘʪʦʨʣʠ ʚʘ ʧʘʨʘʤʝʪʨʠʢ ˄ʟʛʘʨʪʢʠʯʣʘʨ. 
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ɻʝʥʝʨʘʪʦʨʣʠ ˄ʟʛʘʨʪʢʠʯʣʘʨ ð ʰʫʥʜʘʡ ˄ʟʛʘʨʪʢʠʯʢʠ, ʫʣʘʨʜʘ ʘʭʙʦʨʦʪ 

ʦץʠʤʠʥʠ ʰʘʢʣʣʘʥʪʠʨʠʰ ʫʯʫʥ ץ˄ʰʠʤʯʘ ʤʘʥʙʘʜʘʥ ʵʥʝʨʛʠʷ ʪʘʣʘʙ ץʠʣʠʥʤʘʡʜʠ. 

ʄʘʩʘʣʘʥ, ʪʝʨʤʦʞʫʬʪ ״ʘʨʦʨʘʪʥʠ ʪʝʨʤʦʕʖʂ ʛʘ ʘʡʣʘʥʪʠʨʠʙ, ʵʥʝʨʛʠʷʥʠ ʬʘץʘʪ 

˄ʣʯʘʰ ʦʙʲʝʢʪʠʜʘʥʛʠʥʘ ʦʣʘʜʠ. ʐʫʥʜʘʡ ץʠʣʠʙ, ʛʝʥʝʨʘʪʦʨʣʠ ˄ʟʛʘʨʪʢʠʯʣʘʨʜʘ 

ʵʥʝʨʛʠʷ ʚʘ ʘʭʙʦʨʦʪ ʦץʠʤʣʘʨʠʥʠʥʛ ʡ˄ʥʘʣʠʰʣʘʨʠ ʙʠʨ ʭʠʣ ʙ˄ʣʘʜʠ. 

ʇʘʨʘʤʝʪʨʠʢ ˄ʟʛʘʨʪʢʠʯʣʘʨ ð ʰʫʥʜʘʡ ˄ʟʛʘʨʪʢʠʯʣʘʨʢʠ, ʫʣʘʨʜʘ ʵʥʝʨʛʠʷ 

ʚʘ ʘʭʙʦʨʦʪ ʦץʠʤʣʘʨʠʥʠʥʛ ʡ˄ʥʘʣʠʰʣʘʨʠ ʙʠʨ ʭʠʣ ʙ˄ʣʤʘʡʜʠ. ɾʫʤʣʘʜʘʥ, ʘʛʘʨ 

ʦʙʲʝʢʪʜʘ ץʘʨʰʠʣʠʛʠ ״ʘʨʦʨʘʪʛʘ ʙʦסʣʠץ ʙ˄ʣʛʘʥ ʪʝʨʤʦʨʝʟʠʩʪʦʨ ˄ʨʥʘʪʠʣʛʘʥ ʙ˄ʣʩʘ, 

ʫ ״ʦʣʜʘ ʘʭʙʦʨʦʪ ʦʣʠʰ ʫʯʫʥ ʘʩʙʦʙʜʘʥ ʸʢʠ ˄ʟʛʘʨʪʢʠʯʜʘʥ ʪʝʨʤʦʨʝʟʠʩʪʦʨʛʘ ʪʦʢ 

˄ʪʢʘʟʠʰ ʟʘʨʫʨ. ʊʦʢʥʠʥʛ ˄ʟʛʘʨʠʰʠ ˄ʣʯʘʥʘʸʪʛʘʥ ״ʘʨʦʨʘʪʥʠʥʛ ˄ʟʛʘʨʠʰʠ ״ʘץʠʜʘʛʠ 

ʘʭʙʦʨʦʪ ʙ˄ʣʘʜʠ. ɸʭʙʦʨʦʪ ʩʠʛʥʘʣʠʥʠʥʛ ʠʥʪʝʥʩʠʚʣʠʛʠ ʤʘʥʙʘ ʩʠʛʥʘʣʠ 

ʠʥʪʝʥʩʠʚʣʠʛʠʛʘ ʙʦסʣʠʢ ʙ˄ʣʠʙ, ʙʫ ʧʘʨʘʤʝʪʨʠʢ ˄ʟʛʘʨʪʢʠʯʣʘʨʥʠʥʛ ˄ʟʠʛʘ ʭʦʩ 

ʭʫʩʫʩʠʷʪʠʜʠʨ. 

 

1.4- Ä. ɶʃʏɸʐ ɺʆʉʀʊɸʃɸʈʀ, ʋʃɸʈʅʀʅɻ ʕʃɽʄɽʅʊʃɸʈʀ ɺɸ 

ʇɸʈɸʄɽʊʈʃɸʈʀ 

ɶʣʯʘʰ ʚʦʩʠʪʘʣʘʨʠ ˄ʣʯʘʰʣʘʨʜʘ ʠʰʣʘʪʠʣʘʜʠ ʚʘ ʫʣʘʨ ʥʦʨʤʘʣʣʘʰʛʘʥ 

ʤʝʪʨʦʣʦʛʠʢ ʭʦʩʩʘʣʘʨʛʘ, ʷʲʥʠ ʢʘʪʪʘʣʠʢʣʘʨʥʠʥʛ ʤʘʲʣʫʤ ʩʦʥʣʠ ץʠʡʤʘʪʣʘʨʠʛʘ 

 ʣʠʛʠ ʚʘ ʠʰʦʥʯʣʠʣʠʛʠʥʠ ʠʬʦʜʘʣʦʚʯʠץʘʤʜʘ ˄ʣʯʘʰ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʘʥʠ״

ʭʦʩʩʘʣʘʨʠʛʘ ʵʛʘ ʙ˄ʣʘʜʠ. 

ɶʣʯʘʰ ʚʦʩʠʪʘʣʘʨʠʥʠʥʛ ʘʩʦʩʠʡ ʪʫʨʣʘʨʠʛʘ ˄ʣʯʦʚʣʘʨ, ˄ʣʯʘʰ ʘʩʙʦʙʣʘʨʠ, 

˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʣʘʨʠ ʚʘ ˄ʣʯʘʰ ץʫʨʠʣʤʘʣʘʨʠ ʢʠʨʘʜʠ. 

ɶʣʯʦʚ ð ʙʝʨʠʣʛʘʥ ˄ʣʯʘʤʜʘʛʠ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢʥʠ ץʘʡʪʘ ˄ʣʯʘʰ ʫʯʫʥ 

ʤ˄ʣʞʘʣʣʘʥʛʘʥ ˄ʣʯʘʰ ʚʦʩʠʪʘʩʠ. ʄʘʩʘʣʘʥ, ץʘʜʦץʪʦʰ ð ʤʘʩʩʘ ˄ʣʯʦʚʠ; ˄ʣʯʦʚ 

ʨʝʟʠʩʪʦʨʠ ð ʵʣʝʢʪʨ ץʘʨʰʠʣʠʢ ˄ʣʯʦʚʠ; ʸʨʠʪʠʰ ʣʘʤʧʘʩʠ ð ʸʨʫסʣʠʢ ˄ʣʯʦʚʠ ʚʘ 

 .ʦʢʘʟʦ״

ɹʠʨ ʭʠʣ ˄ʣʯʘʤʣʠ ʪʫʨʣʠ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢʥʠ ʢʘʡʪʘ ˄ʣʯʘʡʜʠʛʘʥ ʙʠʨ ץʠʡʤʘʪʣʠ 

 ʘʡʪʘ ˄ʣʯʘʡʜʠʛʘʥ ʢ˄ʧץ ʘʪʦʨ ʙʠʨ ʥʦʤʣʠ ʢʘʪʪʘʣʠʢʣʘʨʥʠץ ʘʤʜʘ ʪʫʨʣʠ ˄ʣʯʘʤʜʘʛʠ״

 ,ʠʯʣʘʨסʠʡʤʘʪʣʠ ˄ʣʯʦʚʣʘʨʛʘ ʙ˄ʣʠʥʤʘʣʠ ʯʠʟץ ʠʡʤʘʪʣʠ ˄ʣʯʦʚʣʘʨ ʙʦʨ. ʂ˄ʧץ

ʠʥʜʫʢʪʠʚʣʠʢ ʚʘʨʠʦʤʝʪʨʠ ʚʘ ʙʦʰץʘʣʘʨ ʤʠʩʦʣ ʙ˄ʣʘ ʦʣʘʜʠ. ʄʘʭʩʫʩ ʪʘʥʣʘʥʛʘʥ, 
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ʬʘץʘʪ ʘʣʦ״ʠʜʘʛʠʥʘ ʵʤʘʩ, ʙʘʣʢʠ ʪʫʨʣʠ ʙʠʨʠʢʤʘʣʘʨʜʘ ʪʫʨʣʠ ˄ʣʯʘʤʣʠ ץʘʪʦʨ ʙʠʨ 

ʥʦʤʣʠ ʢʘʪʪʘʣʠʢʣʘʨʥʠ ץʘʡʪʘ ˄ʣʯʘʰ ʤʘץʩʘʜʠʜʘ ץ˄ʣʣʘʥʠʣʘʜʠʛʘʥ ˄ʣʯʦʚʣʘʨ 

ʢʦʤʧʣʝʢʪʠ ˄ʣʯʦʚʣʘʨ ʪ˄ʧʣʘʤʠʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. ʄʘʩʘʣʘʥ, ץʘʜʦץʪʦʰʣʘʨ ʪ˄ʧʣʘʤʠ, 

ʫʯʣʠʢʣʠ ʫʟʫʥʣʠʢ ˄ʣʯʦʚʣʘʨʠ ʪ˄ʧʣʘʤʠ, ˄ʣʯʦʚ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʠ ʪ˄ʧʣʘʤʠ ʚʘ 

 ʘʡʪʘץ ʣʘʥʛʘʥ ʤʘʭʩʫʩסʫʨʠʣʤʘʣʘʨʠ ʙʠʣʘʥ ʙʦץ ץʦʢʘʟʦ. ɶʣʯʦʚʣʘʨ ʤʘʛʘʟʠʥʠðʩʘʥʦ״

ʫʣʘʛʠʯʣʘʨʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʙʠʪʪʘ ʢʦʥʩʪʨʫʢʪʠʚ ʙʫʪʫʥ ץʠʣʠʙ ʙʠʨʣʘʰʪʠʨʠʣʛʘʥ 

˄ʣʯʦʚʣʘʨ ʪ˄ʧʣʘʤʠ. ɶʣʯʦʚʣʘʨ ʤʘʛʘʟʠʥʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʘʜʘ ʢʝʥʛ ץ˄ʣʣʘʥʠʣʘʜʠ: 

 .ʠʤʣʘʨ ʤʘʛʘʟʠʥʠ, ʠʥʜʫʢʪʠʚʣʠʢʣʘʨ ʤʘʛʘʟʠʥʠסʘʨʰʠʣʠʢ ʤʘʛʘʟʠʥʠ, ʩʠץ

ɶʣʯʦʚʣʘʨʛʘ ʩʪʘʥʜʘʨʪ ʥʘʤʫʥʘʣʘʨ ʚʘ ʥʘʤʫʥʘ ʤʦʜʜʘʣʘʨ ״ʘʤ ʢʠʨʘʜʠ. 

ʉʪʘʥʜʘʨʪ ʥʘʤʫʥʘ ð ʤʦʜʜʘ ʚʘ ʤʘʪʝʨʠʘʣʣʘʨʥʠʥʛ ʭʦʩʩʘʣʘʨʠʥʠ ʸʢʠ 

ʪʘʨʢʠʙʠʥʠ ʭʘʨʘʢʪʝʨʣʦʚʯʠ ʢʘʪʪʘʣʠʢʣʘʨʥʠʥʛ ʙʠʨʣʠʛʠʥʠ ץʘʡʪʘ ʪʠʢʣʘʰ ʫʯʫʥ 

˄ʣʯʦʚ. ʄʘʩʘʣʘʥ, ʪʘʨʢʠʙʠʜʘʛʠ ʢʠʤʸʚʠʡ ʵʣʝʤʝʥʪʣʘʨʠ ʢ˄ʨʩʘʪʠʣʛʘʥ ʬʝʨʨʦʤʘʛʥʠʪ 

ʤʘʪʝʨʠʘʣʣʘʨ ʭʦʩʩʘʣʘʨʥʠʥʛ ʩʪʘʥʜʘʨʪ ʥʘʤʫʥʘʩʠ. 

ʅʘʤʫʥʘ ʤʦʜʜʘ ð ʪʘʩʜʠץʣʘʥʛʘʥ ʩʧʝʮʠʬʠʢʘʮʠʷʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥ, ʪʘʡʸʨʣʘʰ 

ʰʘʨʪʣʘʨʠʛʘ ʨʠʦʷ ץʠʣʠʥʛʘʥʜʘ ʪʠʢʣʘʥʘʜʠʛʘʥ ʤʘʲʣʫʤ ʭʦʩʩʘʣʘʨʛʘ ʵʛʘ ʙ˄ʣʛʘʥ 

ʤʦʜʜʘʜʘʥ ʠʙʦʨʘʪ ˄ʣʯʦʚ. ʄʘʩʘʣʘʥ, çʪʦʟʘè ʛʘʟʣʘʨ, çʪʦʟʘè ʤʝʪʘʣʣʘʨ, çʪʦʟʘè ʩʫʚ. 

ʂʫʟʘʪʫʚʯʠ ʠʜʨʦʢ ץʠʣʠʰʠ ʫʯʫʥ ץʫʣʘʡ ʰʘʢʣʜʘʛʠ ˄ʣʯʦʚ ʘʭʙʦʨʦʪʠ ʩʠʛʥʘʣʠʥʠ 

ʠʰʣʘʙ ʯʠץʫʚʯʠ ˄ʣʯʘʰ ʚʦʩʠʪʘʩʠ ˄ʣʯʦʚ ʘʩʙʦʙʠ ʜʝʡʠʣʘʜʠ. ɶʣʯʦʚ ʘʩʙʦʙʠʜʘ 

ʢʫʟʘʪʫʚʯʠ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠʥʛ ʩʦʥ ץʠʡʤʘʪʠʥʠ ˄ץʠʡʜʠ ʸʢʠ ʩʘʥʘʡʜʠ. ɶʣʯʦʚ 

ʘʩʙʦʙʣʘʨʠ ʘʥʘʣʦʛ ʚʘ ʨʘץʘʤʣʠ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ. ɸʥʘʣʦʛ ˄ʣʯʦʚ ʘʩʙʦʙʣʘʨʠʜʘ 

ʘʩʙʦʙʥʠʥʛ ʢ˄ʨʩʘʪʠʰʠ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢ ˄ʟʛʘʨʠʰʠʥʠʥʛ ʫʟʣʫʢʩʠʟ 

ʬʫʥʢʮʠʷʩʠʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʘʜʠ, ʨʘϨʘʤʣʠ ˄ʣʯʦʚ ʘʩʙʦʙʣʘʨʠʜʘ ʵʩʘ ʢ˄ʨʩʘʪʠʰʣʘʨ 

˄ʣʯʦʚ ʘʭʙʦʨʦʪʠ ʩʠʛʥʘʣʠʥʠ ʜʠʩʢʨʝʪ ˄ʟʛʘʨʪʠʨʠʰ ʥʘʪʠʞʘʩʠʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʛʘʥ 

ʨʘץʘʤʣʠ ʰʘʢʣʜʘ ʠʬʦʜʘʣʘʥʛʘʥ ʙ˄ʣʘʜʠ. 

ʂʝʡʠʥʛʠ ʚʘץʪʣʘʨʜʘ ʨʘץʘʤʣʠ ʘʩʙʦʙʣʘʨ ʙʦʨʛʘʥ ʩʘʨʠ ʢʝʥʛʨʦץ ץ˄ʣʣʘʥʘ 

ʙʦʰʣʘʥʜʠ, ʯʫʥʢʠ ʫʣʘʨʥʠʥʛ ʢ˄ʨʩʘʪʫʚʣʘʨʠ ʦʩʦʥʛʠʥʘ ץʘʡʜ ץʠʣʠʥʘʜʠ, ʫʣʘʨʥʠ ʕ׳ʄ 

ʛʘ ʢʠʨʠʪʠʰ ץʫʣʘʡ. ʈʘץʘʤʣʠ ʘʩʙʦʙʣʘʨʥʠʥʛ ʪʫʟʠʣʠʰʠ ˄ʣʯʘʰʜʘ ʘʥʘʣʦʛ ʘʩʙʦʙʣʘʨʛʘ 

 ʘʤʣʠץʣʠʢʢʘ ʵʨʠʰʠʰʛʘ ʠʤʢʦʥ ʙʝʨʘʜʠ. ʐʫ ʙʠʣʘʥ ʙʠʨʛʘ ʨʘץʘʨʘʛʘʥʜʘ ʢʘʪʪʘ ʘʥʠץ

ʘʩʙʦʙʣʘʨ ץ˄ʣʣʘʥʛʘʥʜʘ ˄ץʠʰ ʭʘʪʦʣʠʛʠ ʙ˄ʣʤʘʡʜʠ. ɸʤʤʦ ʘʥʘʣʦʛ ʘʩʙʦʙʣʘʨ 

ʨʘץʘʤʣʠ ʘʩʙʦʙʣʘʨʛʘ ץʘʨʘʛʘʥʜʘ ʘʥʯʘʛʠʥʘ ʩʦʜʜʘ ʚʘ ʘʨʟʦʥʜʠʨ. 
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ɶʣʯʦʚ ʘʩʙʦʙʣʘʨʠ ʢ˄ʨʩʘʪʫʚʯʠ, ץʘʡʜ ץʠʣʫʚʯʠ, ʢʦʤʙʠʥʘʮʠʷʣʘʥʛʘʥ, 

ʠʥʪʝʛʨʘʣʣʦʚʯʠ ʚʘ ʞʘʤʣʦʚʯʠ ʘʩʙʦʙʣʘʨʛʘ ʙ˄ʣʠʥʘʜʠ. ʂ˄ʨʩʘʪʫʚʯʠ ʘʩʙʦʙʣʘʨʜʘ 

ʨʘץʘʤʣʠ ץʠʡʤʘʪʣʘʨ ʰʢʘʣʘ ʸʢʠ ʨʘץʘʤʣʠ ʪʘʙʣʦʜʘʥ ˄ץʠʣʘʜʠ. ϧʘʡʜ Ϩʠʣʫʚʯʠ 

ʘʩʙʦʙʣʘʨʜʘ ʢ˄ʨʩʘʪʫʚʣʘʨʥʠ ʜʠʘʛʨʘʤʤʘ ץʦסʦʟʠʜʘ ʸʟʠʙ ʦʣʠʰ ʸʢʠ ʨʘץʘʤʣʠ ʪʘʨʟʜʘ 

ʯʦʧ ʵʪʠʰ ʢ˄ʟʜʘ ʪʫʪʠʣʘʜʠ. ʂʦʤʙʠʥʘʮʠʷʣʘʥʛʘʥ ʘʩʙʦʙʣʘʨ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠ 

ʙʠʨ ʚʘץʪʥʠʥʛ ˄ʟʠʜʘ ʢ˄ʨʩʘʪʘʜʠ ״ʘʤʜʘ ץʘʡʜ ץʠʣʘʜʠ. ʀʥʪʝʛʨʘʣʦʚʯʠ ʘʩʙʦʙʣʘʨʜʘ 

˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢ ʚʘץʪ ʙ˄ʡʠʯʘ ʸʢʠ ʙʦʰץʘ ʵʨʢʣʠ ˄ʟʛʘʨʫʚʯʠ ʙ˄ʡʠʯʘ 

ʠʥʪʝʛʨʘʣʣʘʥʘʜʠ. ɾʘʤʣʦʚʯʠ ʘʩʙʦʙʣʘʨʜʘ ʢʨ˄ʩʘʪʠʰʣʘʨ ʪʫʨʣʠ ʢʘʥʘʣʣʘʨ ʙ˄ʡʠʯʘ 

ʫʥʛʘ ʢʝʣʪʠʨʠʣʛʘʥ ʠʢʢʠ ʸʢʠ ʙʠʨ ʥʝʯʘ ʢʘʪʪʘʣʠʢʥʠʥʛ ʡʠסʠʥʜʠʩʠ ʙʠʣʘʥ 

ʬʫʥʢʮʠʦʥʘʣ ʙʦסʣʘʥʛʘʥ ʙ˄ʣʘʜʠ. 

ʋʣʯʘʰʛʘ ʜʦʠʨ ʘʭʙʦʨʦʪʥʠ ʫʟʘʪʠʰ, ˄ʟʛʘʨʪʠʰ, ʠʰʣʦʚ ʙʝʨʠʰ ʚʘ ʩʘץʣʘʰ ʫʯʫʥ 

 ʠʣʠʰʠ ʤʫʤʢʠʥ ʙ˄ʣʤʘʡʜʠʛʘʥץ ʫʣʘʡ ʙ˄ʣʛʘʥ, ʘʤʤʦ ʢʫʟʘʪʫʚʯʠ ʙʝʚʦʩʠʪʘ ʠʜʨʦʢץ

ʰʘʢʣʜʘʛʠ ʩʠʛʥʘʣʥʠ ʠʰʣʘʙ ʯʠץʫʚʯʠ ˄ʣʯʘʰ ʚʦʩʠʪʘʩʠ ˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʠ ʜʝʙ 

ʘʪʘʣʘʜʠ. ʀʥʩʦʥ ˄ʟʠʥʠʥʛ ʩʝʟʛʠ ʦʨʛʘʥʣʘʨʠ ʙʠʣʘʥ ˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʠ ʩʠʛʥʘʣʣʘʨʠʥʠ 

 ,ʠʣʘ ʦʣʤʘʡʜʠ. ɶʟʛʘʨʪʠʨʠʣʘʜʠʛʘʥ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢ ð ʢʠʨʠʰ ʢʘʪʪʘʣʠʛʠץ ʘʙʫʣץ

ʫʥʠʥʛ ˄ʟʛʘʨʪʠʨʠʣʛʘʥʠ ʵʩʘ ʯʠϨʠʰ ʢʘʪʪʘʣʠʛʠ ʜʝʡʠʣʘʜʠ. ʂʠʨʠʰ ʚʘ ʯʠץʠʰ 

ʢʘʪʪʘʣʠʢʣʘʨʠ ʦʨʘʩʠʜʘʛʠ ʙʦסʣʘʥʠʰʥʠ ˄ʟʛʘʨʪʢʠʯ ʬʫʥʢʮʠʷʩʠ ץʘʨʦʨ ʪʦʧʪʠʨʘʜʠ. 

ɶʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʣʘʨʠ ˄ʣʯʦʚ ʘʩʙʦʙʣʘʨʠʥʠʥʛ, ʪʫʨʣʠ ˄ʣʯʦʚ ʪʠʟʠʤʣʘʨʠʥʠʥʛ, ʙʠʨʦʨ  

ʞʘʨʘʸʥʣʘʨʥʠ ʘʚʪʦʤʘʪʠʢ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʸʢʠ ʙʦʰץʘʨʠʰ ʪʠʟʠʤʣʘʨʠʥʠʥʛ ʪʘʨʢʠʙʠʡ 

 ʠʩʦʙʣʘʥʘʜʠ. ɶʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢ ʙʝʨʠʣʛʘʥ ˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʠ״ ʠʩʤʠץ

ʙʠʨʣʘʤʯʠ ˄ʟʛʘʨʪʢʠʯ ʜʝʡʠʣʘʜʠ. ɹʠʨʣʘʤʯʠ ˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʣʘʨʠ, ʢ˄ʧʠʥʯʘ, 

ʜʘʪʯʠʢ ʜʝʙ ʶʨʠʪʠʣʘʜʠ. ʋʥʠʥʛ ʙʝʚʦʩʠʪʘ ˄ʣʯʘʥʘʸʪʛʘʥ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢ 

ʪʘʲʩʠʨʠʜʘʛʠ ץʠʩʤʠ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪ ʜʝʡʠʣʘʜʠ. ʄʘʩʘʣʘʥ, ʪʝʨʤʦʵʣʝʢʪʨʠʢ 

ʪʝʨʤʦʤʝʪʨʜʘ ʪʝʨʤʦʞʫʬʪ, ʤʘʥʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨʜʘ ʪʘʨʤʦʙʘʣʣʦʥ ʘʥʘ ʰʫʥʜʘʡ 

ʵʣʝʤʝʥʪʣʘʨʜʠʨ. ɶʣʯʦʚ ʘʩʙʦʙʣʘʨʠ ʚʘ ˄ʟʛʘʨʪʢʠʯʣʘʨʠ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠʥʛ 

ʪʫʨʠʛʘ ץʘʨʘʙ ʪʝʛʠʰʣʠ ʥʦʤʣʘʨʛʘ ʵʛʘ ʙ˄ʣʘʜʠ, ʤʘʩʘʣʘʥ, ʪʝʨʤʦʤʝʪʨʣʘʨ, 

ʤʘʥʦʤʝʪʨʣʘʨ, ʜʠʬʤʘʥʦʤʝʪʨʣʘʨ, ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ, ʩʘʪ״ ˄ʣʯʘʛʠʯʣʘʨ, ʛʘʟ 

ʘʥʘʣʠʟʘʪʦʨʣʘʨʠ, ʢʦʥʮʝʥʪʨʘʪʦʤʝʪʨʣʘʨ, ʥʘʤ ˄ʣʯʘʛʠʯʣʘʨ ʚʘ ״ʦʢʘʟʦ. 

ɸʡʨʠʤ ˄ʣʯʦʚ ʚʦʩʠʪʘʣʘʨʠ ʚʘ ˄ʣʯʦʚ ʪʠʟʠʤʣʘʨʠʜʘʥ ʪʘʰץʘʨʠ ʤʫʨʘʢʢʘʙ 

ʘʭʙʦʨʦʪ-˄ʣʯʦʚ ʪʠʟʠʤʣʘʨʠ ״ʘʤ ץ˄ʣʣʘʥʘʜʠ. ʋʣʘʨ ʢ˄ʧʣʘʙ ʪʝʭʥʦʣʦʛʠʢ ʫʩʢʫʥʘʣʘʨʜʘ 
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ʘʚʪʦʤʘʪʠʢ ˄ʣʯʘʰʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʰʥʠʛʠʥʘ ʪʘʲʤʠʥʣʘʙ ץʦʣʤʘʡ (˄ʣʯʦʚ ʢʘʥʘʣʣʘʨʠ 

ʩʦʥʠ ʤʠʥʛ-ʤʠʥʛʣʘʙ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ), ʙʘʣʢʠ ˄ʣʯʘʰ ʥʘʪʠʞʘʣʘʨʠʥʠ ʙʝʨʠʣʛʘʥ 

ʘʣʛʦʨʠʪʤʣʘʨ ʙ˄ʡʠʯʘ ʟʘʨʫʨ ץʘʡʪʘ ʠʰʣʘʰʥʠ ״ʘʤ ʙʘʞʘʨʘʜʠ. ʐʫ ʤʫʥʦʩʘʙʘʪ ʙʠʣʘʥ 

˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʣʘʨʠʥʠʥʛ ʘʭʙʦʨʦʪ-״ʠʩʦʙʣʘʰ ʤʘʰʠʥʘʣʘʨʠ ʚʘ ץʫʨʠʣʤʘʣʘʨʠ 

ʢʠʨʠʰʠʛʘ ʢʝʣʘʜʠʛʘʥ ʩʠʛʥʘʣʣʘʨʠʥʠ ʫʥʠʬʠʢʘʮʠʷʣʘʰʪʠʨʠʰ (ʙʠʨ ʭʠʣʣʘʰʪʠʨʠʰ) 

ʟʘʨʫʨʘʪʠ ʪʫסʠʣʘʜʠ. ʉʠʛʥʘʣʣʘʨʥʠ ʫʥʠʬʠʢʘʮʠʷʣʘʰʪʠʨʠʰ ˄ʣʯʦʚ ʘʩʙʦʙʣʘʨʠ 

ʪʫʨʣʘʨʠʥʠ ʤʠʥʠʤʫʤʛʘ ʢʝʣʪʠʨʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. 

ɶʣʯʦʚ ʚʦʩʠʪʘʣʘʨʠ ˄ʣʯʘʰ ʞʘʨʘʸʥʠʜʘʛʠ ʙʘʞʘʨʘʸʪʛʘʥ ʚʘʟʠʬʘʩʠʛʘ ץʘʨʘʙ ʠʰ, 

ʥʘʤʫʥʘ ʚʘ ʵʪʘʣʦʥ ˄ʣʯʦʚ ʘʩʙʦʙʣʘʨʠʛʘ ʙ˄ʣʠʥʘʜʠ. 

ʀʰ ˄ʣʯʦʚ ʘʩʙʦʙʣʘʨʠ ʭʘʣץ ʭ˄ʞʘʣʠʛʠʥʠʥʛ ʙʘʨʯʘ ʪʘʨʤʦץʣʘʨʠʜʘ ʘʤʘʣʠʡ 

˄ʣʯʘʰʣʘʨ ʫʯʫʥ ʤ˄ʣʞʘʣʣʘʥʛʘʥ. ʋʣʘʨ ʘʥʠʢʣʠʛʠ ʦʨʪʪʠʨʠʣʛʘʥ ˄ʣʯʦʚ ʘʩʙʦʙʣʘʨʠʛʘ 

ʚʘ ʪʝʭʥʠʢ ˄ʣʯʦʚ ʘʩʙʦʙʣʘʨʠʛʘ ʙ˄ʣʠʥʘʜʠ. 

ʅʘʤʫʥʘ ˄ʣʯʦʚ ʘʩʙʦʙʣʘʨʠ ʠʰ ˄ʣʯʦʚ ʘʩʙʦʙʣʘʨʠʥʠ ʪʝʢʰʠʨʠʰ ʚʘ ʫʣʘʨʥʠ 

˄ʟʣʘʨʠ ʙ˄ʡʠʯʘ ʜʘʨʘʞʘʣʘʰʛʘ ʭʠʟʤʘʪ ץʠʣʘʜʠ. 

ʕʪʘʣʦʥ ʘʩʙʦʙʣʘʨʠ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢ ʙʠʨʠʢʣʘʨʠʥʠ ץʘʡʪʘ ʪʠʢʣʘʰ ʚʘ ʩʘץʣʘʰ, 

ʫʣʘʨʥʠʥʛ ˄ʣʯʘʤʣʘʨʠʥʠ ʥʘʤʫʥʘ ˄ʣʯʦʚ ʘʩʙʦʙʣʘʨʠ ʦʨץʘʣʠ ʭʘʣץ ʭ˄ʞʘʣʠʛʠʜʘ 

 ʠʣʘʜʠ. ʌʠʟʠʢץ ʣʣʘʥʘʜʠʛʘʥ ʠʰ ˄ʣʯʦʚ ʚʦʩʠʪʘʣʘʨʠʛʘ ˄ʪʢʘʟʠʰʛʘ ʭʠʟʤʘʪ˄ץ

ʢʘʪʪʘʣʠʢʣʘʨʥʠʥʛ ʙʠʨʣʠʢʣʘʨʠ ˄ʣʯʘʤʠ ʰʫ ʫʩʫʣ ʙʠʣʘʥ ʵʪʘʣʦʥʣʘʨʜʘʥ ʥʘʤʫʥʘ 

˄ʣʯʦʚ ʘʩʙʦʙʣʘʨʠ ʸʨʜʘʤʠʜʘ ʙʦʰץʘ ˄ʣʯʦʚ ʘʩʙʦʙʣʘʨʠʛʘ ˄ʪʢʘʟʠʣʘʜʠ. 

ɶʣʯʘʰ ʚʦʩʠʪʘʣʘʨʠʥʠʥʛ ʢ˄ʨʩʘʪʠʰʣʘʨʠʜʘʛʠ ʭʘʪʦʣʠʢʣʘʨʥʠ ʘʥʠץʣʘʰ ʸʢʠ 

ʫʣʘʨʥʠʥʛ ʢ˄ʨʩʘʪʠʰʣʘʨʠʛʘ ʪʫʟʘʪʠʰ ʢʠʨʠʪʠʰ ʤʘץʩʘʜʠʜʘ ˄ʣʯʦʚ ʚʦʩʠʪʘʣʘʨʠ 

ʢ˄ʨʩʘʪʠʰʣʘʨʠʥʠ ʥʘʤʫʥʘ ˄ʣʯʦʚ ʘʩʙʦʙʣʘʨʠʥʠʥʛ ʢ˄ʨʩʘʪʠʰʣʘʨʠʛʘ ʪʘץץʦʩʣʘʰ ʜʝʙ 

ʘʪʘʣʘʜʠ. 

ʐʢʘʣʘ ʘʩʙʦʙʥʠ ʪʝʢʰʠʨʠ h ʙ˄ʣʠʥʤʘʣʘʨʠʛʘ ץʘʙʫʣ ץʠʣʠʥʛʘʥ ˄ʣʯʦʚ 

ʙʠʨʣʠʢʣʘʨʠʜʘ ʠʬʦʜʘʣʘʥʛʘʥ ץʠʡʤʘʪʣʘʨ ʙʝʨʠʰ ʦʧʝʨʘʮʠʷʩʠ ʜʘʨʘʞʘʣʘʰ ʜʝʙ 

ʘʪʘʣʘʜʠ. 

ɶʣʯʘʰ ʚʦʩʠʪʘʣʘʨʠ ʸʨʜʘʤʠʜʘ ˄ʣʯʘʥʘʸʪʛʘʥ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢʣʘʨ ˄ʣʯʘʰ 

ʘʭʙʦʨʦʪʠ ʩʠʛʥʘʣʠ ʬʦʡʜʘʣʘʥʠʣʘʜʠʛʘʥ ʙʠʨʦʨ ʯʠץʠʰ ʢʘʪʪʘʣʠʛʠʛʘ ˄ʟʛʘʨʪʠʨʠʣʘʜʠ. 

ʌʠʟʠʢ ʢʘʪʪʘʣʠʢʥʠ ˄ʣʯʘʰʜʘ ˄ʣʯʦʚ ץʫʨʠʣʤʘʩʠ (ʘʩʙʦʙʠ) ʬʠʟʠʢ ʢʘʪʪʘʣʠʢʥʠ 

ʢ˄ʨʩʘʪʢʠʯʥʠʥʛ ʤʫʪʘʥʦʩʠʙ ʩʠʣʞʠʪʘʜʠ: 
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)(Bf=j                            (1.4) 

ʙʫ ʝʨʜʘ, ű ð ʘʩʙʦʙ ʢ˄ʨʩʘʪʢʠʯʠʥʠʥʛ ʙʫʨʯʘʢʣʠ ʸʢʠ ʯʠʟʠϨʣʠ ʩʠʣʞʠʰʠ, ɺ ð ˄ʣʯʘʥʘʸʪʛʘʥ 

ʬʠʟʠʢ ʢʘʪʪʘʣʠʢ. 

(1.4) ʙʦסʣʘʥʠʰ ʘʩʙʦʙ ʰʢʘʣʘʩʠʥʠʥʛ ʪʝʥʛʣʘʤʘʩʠ ʸʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʩʠ 

ʜʝʡʠʣʘʜʠ. 

 ʠʙʘʪ ʥʘʪʠʞʘʜʘ ˄ʣʯʘʥʘʜʠʛʘʥץʘʥʜʘʡ ˄ʣʯʦʚ ʘʩʙʦʙʠʥʠʥʛ ʠʰʠ ʦץ ʘʨ׳

ʢʘʪʪʘʣʠʢʥʠ ʢ˄ʨʩʘʪʢʠʯʥʠʥʛ ʩʠʣʞʠʰʠʛʘ ʤʦʩʣʘʙ ˄ʟʛʘʨʠʨʠʰʛʘ ʢʝʣʪʠʨʠʣʘʜʠ. ʐʫ 

ʩʘʙʘʙʣʠ ˄ʣʯʘʰ ʘʩʙʦʙʠʥʠ ʩʭʝʤʘʪʠʢ ʨʘʚʠʰʜʘ, ˄ʣʯʘʥʘʸʪʛʘʥ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢ ɺ ʥʠ 

ʢ˄ʨʩʘʪʢʠʯʥʠʥʛ ʤʝʭʘʥʠʢ ʩʠʣʞʠʰ ʤʠץʜʦʨʠ ű ʛʘ ˄ʟʛʘʨʪʠʨʘʜʠʛʘʥ ˄ʟʛʘʨʪʢʠʯ ʜʝʙ 

 .ʘʨʘʰ ʤʫʤʢʠʥץ

ʆʨʘʣʠץ ˄ʟʛʘʨʪʠʰʣʘʨ ʩʦʥʠʛʘ ץʘʨʘʙ ʘʩʙʦʙʥʠ ʙ˄סʠʥʣʘʨʛʘ ʙ˄ʣʠʰ ʤʫʤʢʠʥ, ʙʫ 

ʙ˄סʠʥʣʘʨʥʠʥʛ ״ʘʨ ʙʠʨʠ ʘʩʙʦʙ ʠʯʠʜʘ ɺ ʤʠץʜʦʨʥʠ ʤʘʲʣʫʤ ʪʘʨʟʜʘ ˄ʟʛʘʨʪʠʨʘʜʠ. 

ɸʥʘ ʰʫ ʙ˄סʠʥʣʘʨ ʤʘʞʤʫʘʩʠ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠʥʛ ʪʘʣʘʙ ʵʪʠʣʛʘʥ 

˄ʟʛʘʨʠʰʠʥʠ ʢ˄ʨʩʘʪʢʠʯʥʠʥʛ ʩʠʣʞʠʰʠ ű ʛʘ ˄ʟʛʘʨʪʠʨʘʜʠ. 

 

1.2ï ʨʘʩʤ. ɶʣʯʦʚ ʘʩʙʦʙʠʥʠʥʛ ʫʤʫʤʣʘʰʛʘʥ ʩʪʨʫʢʪʫʨʘʩʠ ʩʭʝʤʘʩʠ 

ʀʩʪʘʣʛʘʥ ˄ʣʯʦʚ ʘʩʙʦʙʠʥʠʥʛ ʩʪʨʫʢʪʫʨʘ ʩʭʝʤʘʩʠ, ʫʥʠʥʛ ʠʰʣʘʰ, 

ʧʨʠʥʮʠʧʠʜʘʥ ץʘʪʲʠ ʥʘʟʘʨ, ʢʝʪʤʘ-ʢʝʪ ʫʣʘʥʛʘʥ ˄ʣʯʘʰ ʙ˄סʠʥʣʘʨʠ ɶɹ1, ɶɹ2, 

ɶɹ3,.....,ɶɹn, (1.2-ʨʘʩʤ) ץʘʪʦʨʠʜʘʥ ʪʫʟʠʣʛʘʥ ʟʘʥʞʠʨ ʢʘʙʠ ʪʘʩʚʠʨʣʘʥʠʰʠ ʤʫʤʢʠʥ. 

ɹʠʨʠʥʯʠ ʙ˄סʠʥ ɶɹ1ʫʯʫʥ ʢʠʨʠʰ ץʠʡʤʘʪʠ ʙ˄ʣʠʙ ɺ ʢʘʪʪʘʣʠʢ ʭʠʟʤʘʪ ʢʠʣʘʜʠ. ׳ʘʨ 

ʙʠʨ ʙ˄סʠʥʥʠʥʛ ʯʠʢʠʰ ץʠʡʤʘʪʠ ʢʝʡʠʥʛʠ ʙ˄סʠʥ ʫʯʫʥ ʢʠʨʠʰ ץʠʡʤʘʪʠ ʙ˄ʣʠʙ 

ʭʠʟʤʘʪ ץʠʣʘʜʠ. ʆʭʠʨʛʠ ɶɹn ʙ˄סʠʥʥʠʥʛ ʯʠʢʠʰ ץʠʡʤʘʪʠ ʢ˄ʨʩʘʪʢʠʯʥʠʥʛ ɺn= ű 

ʩʠʣʞʠʰʠʥʠ ʘʥʛʣʘʪʘʜʠ. 

ʋʤʫʤʠʡ ״ʦʣʜʘ ˄ʣʯʦʚ ʚʦʩʠʪʘʣʘʨʠʥʠʥʛ ʩʪʨʫʢʪʫʨʘ ʩʭʝʤʘʩʠʥʠ ץʫʨʠʰ 

ʧʨʠʥʮʠʧʠʛʘ ץʘʨʘʙ ʠʢʢʠ ʛʫʨʫ״ʛʘ ʙ˄ʣʠʰ ʤʫʤʢʠʥ: ʪ˄סʨʠ ˄ʟʛʘʨʪʠʨʘʜʠʛʘʥ ˄ʣʯʘʰ 

ʩʭʝʤʘʩʠ ʚʘ ʩʠʛʥʘʣʠ ʤʦʩʣʘʰʪʠʨʠʣʘʜʠʛʘʥ ˄ʣʯʘʰ ʩʭʝʤʘʣʘʨʠ. ʊ˄סʨʠ ˄ʟʛʘʨʪʠʨʠʰ 

ʧʨʠʥʮʠʧʠ ʙ˄ʡʠʯʘ ץʫʨʠʣʤʘ ˄ʣʯʦʚ ʚʦʩʠʪʘʣʘʨʠʜʘ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢ 

ɺ 
ɶʙ1 ɶʙ2 ɶʙ3 ɶʙn 

ɶʣʯʦʚ ʘʩʙʦʙʠ 

Bn=y ɺ1 ɺ2 ɺ3 ɺn-

1 
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ʜʘʩʪʣʘʙʢʠ ˄ʟʛʘʨʪʢʠʯʛʘ ʸʢʠ ʫʥʠʥʛ ˄ʣʯʘʰ ʟʘʥʞʠʨʠ ץʠʩʤʠʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʛʘʥ 

ʩʝʟʛʠʨ ʵʣʝʤʝʥʪʛʘ ʢʝʣʘʜʠ. ɶʣʯʘʰ ʟʘʥʞʠʨʠʜʘ, ʦʜʘʪʜʘ, ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠ 

ʘʭʙʦʨʦʪʥʠʥʛ ʙʠʨʦʨ ʵʣʪʫʚʯʠʩʠ (ʵʣʝʢʪʨ ʪʦʢʠ ʢʫʯʠ ʸʢʠ ʢʫʯʣʘʥʠʰʠ. ʩʠץʠʣʛʘʥ ״ʘʚʦ 

ʙʦʩʠʤʠ ʚʘ ʙʦʰץʘʣʘʨ) ʩʠʛʥʘʣʠʛʘ ˄ʟʛʘʨʪʠʨʠʰ ʢʠʨʠʪʠʰ ʙ˄ʡʠʯʘ ʘʤʘʣʛʘ 

ʦʰʠʨʠʣʘʜʠ. ʉ˄ʥʛʨʘ ʤʘʟʢʫʨ ʩʠʛʥʘʣ ʢʫʯʘʡʪʠʨʠʣʘʜʠ ʚʘ ʩʘʥʘʰ ץʫʨʠʣʤʘʩʠʛʘ 

ʫʟʘʪʠʣʘʜʠ. ʕʥʛ ʩʦʜʜʘ ʚʘʨʠʘʥʪʜʘ ʰʫ ʩʭʝʤʘʜʘʥ ʬʘץʘʪ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪ ʚʘ ʩʘʥʘʰ 

 ʨʠ ˄ʟʛʘʨʪʢʠʯ ʩʭʝʤʘʣʘʨʠ ʩʦʜʜʘ, ʠʰʦʥʯʣʠ, ʝʪʘʨʣʠס˄ʦʣʠʰʠ ʤʫʤʢʠʥ. ʊץ ʫʨʠʣʤʘʩʠץ

ʪʝʟʢʦʨʣʠʢʢʘ ʵʛʘ ״ʘʤʜʘ ʫʥʯʘ ץʠʤʤʘʪʛʘ ʪʫʰʤʘʡʜʠ. ɸʤʤʦ ʫʣʘʨʜʘʥ, ʘʤʘʣʜʘ, ʢʠʯʠʢ 

ʩʠʛʥʘʣʣʘʨʠʥʠ ˄ʣʯʘʰʜʘ ʬʦʡʜʘʣʘʥʠʙ ʙ˄ʣʤʘʡʜʠ. ɼʝʬʬʝʨʝʥʮʠʘʣ ˄ʟʛʘʨʪʢʠʯʣʘʨ ʚʘ 

ʫʣʘʨ ʙʠʣʘʥ ˄ʣʯʘʰ ʩʭʝʤʘʣʘʨʠ ʩʠʛʥʘʣʠ ʪ˄סʨʠ ˄ʟʛʘʨʪʢʠʯ ʩʭʝʤʘʣʘʨʠ ʪʫʨʣʘʨʠʜʘʥ 

ʙʠʨʠʜʠʨ. 

ʉʠʛʥʘʣʥʠ ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʘʜʠʛʘʥ ˄ʣʯʘʰ ʩʭʝʤʘʣʘʨʠ ʩʪʨʫʢʪʫʨʘʩʠ 1.3-

ʨʘʩʤʜʘ ʢʝʣʪʠʨʠʣʛʘʥ. ɶʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢ ʍ ʜʘʩʪʣʘʙʢʠ ˄ʟʛʘʨʪʢʠʯ ɼɶ ʛʘ ʸʢʠ 

ʫʥʠʥʛ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪʠ ʉʕ ʛʘ ʢʝʣʘʜʠ ʚʘ ʈʭ ʩʠʛʥʘʣʛʘ ʘʡʣʘʥʪʠʨʠʣʘʜʠ, ʙʫ ʩʠʛʥʘʣ 

ʢʦʤʧʝʥʩʘʮʠʷ ʢʫʨʠʣʤʘʩʠ ʂϧ ʜʘʥ ʯʠץץʘʥ ʈ ʩʠʛʥʘʣ ʙʠʣʘʥ ʤʦʩʣʘʰʪʠʨʠʣʘʜʠ. 

ʂʦʤʧʝʥʩʘʮʠʷ ץʫʨʠʣʤʘʩʠ ʂϧ ʯʠץʠʰ ʩʠʛʥʘʣʠ ű ʥʠ ʢʦʤʧʝʥʩʘʮʠʷ ץʠʣʫʚʯʠ ʈʢ 

ʩʠʛʥʘʣʛʘ ˄ʟʛʘʨʪʠʨʘʜʠ. 

 

1.3. ï ʨʘʩʤ. ʉʠʛʥʘʣʥʠ ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʫʚʯʠ ˄ʣʯʦʚ ʘʩʙʦʙʣʘʨʠʥʠʥʛ ʩʪʨʫʢʪʫʨʘ 

ʩʭʝʤʘʩʠ. 

ʅʦʙʘʣʘʥʩ ʩʠʛʥʘʣʠ æʈ ʥʦʤʫʚʦʬʠץʣʘʰʪʠʨʠʰ ʠʥʜʠʢʘʪʦʨʠ ʅʀ ʦʨץʘʣʠ 

ʢʫʯʘʡʪʠʨʛʠʯ ʂ ʢʠʨʠʰʠʛʘ ʙʝʨʠʣʘʜʠ. ʂʫʯʘʡʪʠʨʛʠʯʥʠʥʛ ʯʠץʠʰ ʩʠʛʥʘʣʠ 

ʠʥʪʝʛʨʘʣʣʦʚʯʠ ʢʫʨʠʣʤʘ ʀϧ ʛʘ (ʤʘʩʘʣʘʥ, ʨʝʚʝʨʩʠʚ ʜʚʠʛʘʪʝʣʠʛʘ) ʪʘʲʩʠʨ ץʠʣʘʜʠ 

ʸʢʠ ʯʠץʠʰ ʩʠʛʥʘʣʠ ű ʢʫʯʘʡʪʠʨʛʠʯ ʯʠץʠʰʠʜʘʥ ʦʣʠʥʘʜʠʛʘʥ ʩʠʛʥʘʣ ʡ˄ץ ʙ˄ʣʛʘʥʜʘ 

˄ʟʛʘʨʤʘʡ ץʦʣʘʚʝʨʘʜʠ. ʉʠʛʥʘʣ ʘʩʙʦʙ ʢ˄ʨʩʘʪʢʠʯʠ ɸʂ ʚʘ ʢʦʤʧʝʥʩʘʮʠʷ ץʫʨʠʣʤʘʩʠ 

ʂϧ ʛʘ ʙʝʨʠʣʘʜʠ. ʐʫʥʜʘʡ ץʠʣʠʙ, ʯʠץʠʰ ʩʠʛʥʘʣʠ ű ˄ʣʯʘʥʘʸʪʛʘʥ X ʢʘʪʪʘʣʠʢ 

 ʦʨʠץʣʘʡʜʠ. ʉʠʛʥʘʣʥʠ ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʫʚʯʠ ʘʩʙʦʙʣʘʨ ʶץʠʡʤʘʪʠʥʠ ʘʥʠץ

ʉʕ       

ɼɶ 
ʅʀ ʂ ʀפ 

ʂפ 
y ʈʢ 

y ʈʭ æʈ ʍ 

 

ɸʂ 
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ʘʥʠץʣʠʢʢʘ ʵʛʘ ʙ˄ʣʠʙ, ʢʠʯʠʢ ʩʠʛʥʘʣʣʘʨʥʠ ˄ʣʯʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ, ʘʤʤʦ 

ʫʣʘʨʥʠʥʛ ʪʝʟʢʦʨʣʠʛʠ ʢʘʤ, ʙʘ״ʦʩʠ ʶץʦʨʠ, ʠʰʦʥʯʣʠʣʠʛʠ ʵʩʘ ʪ˄סʨʠ ˄ʟʛʘʨʪʢʠʯ 

ʘʩʙʦʙʣʘʨʠʥʠʢʠʛʘ ץʘʨʘʛʘʥʜʘ ʧʘʩʪ. 

 

 

 

1.5-Ä. ɶʃʏɸʐ ʍɸʊʆʃʀʂʃɸʈʀ  ɺɸ ɸʅʀפʃʀʂ ʉʀʅʌʀ 

ɶʣʯʘʰ ʥʘʪʠʞʘʩʠʜʘ, ʦʜʘʪʜʘ, ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠʥʛ ״ʘץʠץʠʡ 

 ʧʠʥʯʘ, ʬʠʟʠʢ ʢʘʪʪʘʣʠʢʥʠʥʛ˄פ .ʠʡʤʘʪʠ ʪʦʧʠʣʘʜʠץ ʠʣʘʜʠʛʘʥץ ץʠʡʤʘʪʠʜʘʥ ʬʘʨץ

 ʠʡʤʘʪʠ ˄ʨʥʠʜʘ ʫʥʠʥʛץ ʠʡʤʘʪʠ ʥʦʤʘʲʣʫʤ ʙ˄ʣʘʜʠ ʚʘ ʰʫ ʢʘʪʪʘʣʠʢʥʠʥʛץ ʠʡץʠץʘ״

ʪʘʞʨʠʙʘ ʸʨʜʘʤʠʜʘ ʪʦʧʠʣʛʘʥ ץʠʡʤʘʪʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. ɹʫ ץʠʡʤʘʪ 

ʢʘʪʪʘʣʠʢʥʠʥʛ ״ʘץʠץʠʡ ץʠʡʤʘʪʠʛʘ ʰʫʥʯʘ ʷʢʠʥ ʙ˄ʣʘʜʠʢʠ ʢ˄ʟʜʘ ʪʫʪʠʣʛʘʥ ʤʘץʩʘʜ 

ʫʯʫʥ ʫʥʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʤʫʤʢʠʥ. ʂʘʪʪʘʣʠʢʥʠʥʛ ˄ʣʯʘʰ ʫʩʫʣʠ ʙʠʣʘʥ ʪʦʧʠʣʛʘʥ 

 ʠʡʤʘʪʠ ˄ʣʯʘʰ ʥʘʪʠʞʘʩʠ ʜʝʡʠʣʘʜʠ. ɶʣʯʘʰ ʥʘʪʠʞʘʩʠ ʙʠʣʘʥ ˄ʣʯʘʥʘʸʪʛʘʥץ

ʢʘʪʪʘʣʠʢʥʠʥʛ ״ʘץʠʢʠʡ ץʠʡʤʘʪʠ ʦʨʘʩʠʜʘʛʠ ʬʘʨץ ˄ʣʯʘʰ ʭʘʪʦʣʠʛʠ ʜʝʡʠʣʘʜʠ. 

ɶʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢ ʙʠʨʣʠʢʣʘʨʠʜʘ ʠʬʦʜʘʣʘʥʛʘʥ ˄ʣʯʘʰ ʭʘʪʦʣʠʛʠ ˄ʣʯʘʰʥʠʥʛ 

ʤʫʪʣʘץ ʭʘʪʦʣʠʛʠ ʜʝʡʠʣʘʜʠ: 

æʍ=ʍ-ʍ(1.5)           ״ 

ʙʫ ʝʨʜʘ, æʍ ð ʤʫʪʣʘϨ ʭʘʪʦʣʠʢ; Xð˄ʣʯʘʰ ʥʘʪʠʞʘʩʠ; Xϲ ð ˄ʣʯʘʥʘʸʪʛʘʧ 

ʢʘʪʪʘʣʠʢʥʠʥʛ ʭʘʢʠϨʠʡ ʢʠʡʤʘʪʠ. 

ɶʣʯʘʰ ʤʫʪʣʘץ ʭʘʪʦʣʠʛʠʥʠʥʛ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠʥʛ ״ʘʢʠץʠʡ 

 .ʠʡʤʘʪʠʛʘ ʥʠʩʙʘʪʠ ˄ʣʯʘʰʥʠʥʛ ʥʠʩʙʠʡ ʭʘʪʦʣʠʛʠ ʜʝʡʠʣʘʜʠץ

ɶʣʯʘʰ ʭʘʪʦʣʠʢʣʘʨʠ ʫʣʘʨʥʠʥʛ ʢʝʣʠʙ ʯʠץʠʰʠ ʩʘʙʘʙʣʘʨʠʛʘ ʢ˄ʨʘ ʤʫʥʪʘʟʘʤ, 

ʪʘʩʦʜʠʬʠʡ ʚʘ ץ˄ʧʦʣ ʭʘʪʦʣʠʢʣʘʨʛʘ ʙ˄ʣʠʥʘʜʠ. 

ʄʫʥʪʘʟʘʤ ʭʘʪʦʣʠʢ ʜʝʡʠʣʛʘʥʜʘ ʬʘץʘʪ ʙʠʪʪʘ ʢʘʪʪʘʣʠʢʥʠ ץʘʡʪʘ-ץʘʡʪʘ 

˄ʣʯʘʛʘʥʜʘ ˄ʟʛʘʨʤʘʩ ʙ˄ʣʠʙ ץʦʣʘʜʠʛʘʥ ʸʢʠ ʙʠʨʦʨ ץʦʥʫʥ ʙ˄ʡʠʯʘ ˄ʟʛʘʨʘʜʠʛʘʥ 

˄ʣʯʘʰ ʭʘʪʦʣʠʛʠ ʪʫʰʫʥʠʣʘʜʠ. ʋʣʘʨ ʘʥʠץ ץʠʡʤʘʪ ʚʘ ʠʰʦʨʘʛʘ ʵʛʘ ʙ˄ʣʘʜʠ, ʫʣʘʨʥʠ 

ʪʫʟʘʪʤʘʣʘʨ ʢʠʨʪʠʰ ʙʠʣʘʥ ʡ˄ץʦʪʠʰ ʤʫʤʢʠʥ. 

ʂʘʪʪʘʣʠʢʥʠ ˄ʣʯʘʰ ʥʘʪʠʞʘʩʠʜʘ ʦʣʛʘʥ ץʠʡʤʘʪʛʘ ʤʫʥʪʘʟʘʤ ʭʘʪʦʣʠʢʥʠ 

ʡ˄ץʦʪʠʰ ʤʘץʩʘʜʠʜʘ ץ˄ʰʠʣʘʜʠʛʘʥ ץʠʡʤʘʪ ʪʫʟʘʪʤʘ ʜʝʙ ʘʪʘʣʘʜʠ. ʆʜʘʪʜʘ, 
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ʤʫʥʪʘʟʘʤ ʭʘʪʦʣʠʢʣʘʨ ʠʥʩʪʨʫʤʝʥʪʘʣ (˄ʣʯʘʰ ʘʩʙʦʙʣʘʨʠ), ˄ʣʯʘʰ ʫʩʫʣʣʘʨʠ, 

ʩʫʙʲʝʢʪʠʚ (ʥʦʘʥʠץ˄ ץʠʰ), ˄ʨʥʘʪʠʰ, ʫʩʣʫʙʠʡ ʭʘʪʦʣʠʢʣʘʨʛʘ ʙ˄ʣʠʥʘʜʠ. 

ʀʥʩʪʨʫʤʝʥʪʘʣ ʭʘʪʦʣʠʢ ʜʝʡʠʣʛʘʥʜʘ ץ˄ʣʣʘʥʘʸʪʛʘʥ ˄ʣʯʦʚ ʘʩʙʦʙʣʘʨʠ 

ʭʘʪʦʣʠʢʣʘʨʠʛʘ ʙʦסʣʠץ ʙ˄ʣʛʘʥ ˄ʣʯʘʰ ʭʘʪʦʣʠʢʣʘʨʠ ʪʫʰʫʥʠʣʘʜʠ. ʖץʦʨʠ 

ʘʥʠץʣʠʢʜʘ ˄ʣʯʘʡʜʠʛʘʥ ʘʩʙʦʙʣʘʨ ץ˄ʣʣʘʥʛʘʥʜʘ ˄ʣʯʦʚ ʘʩʙʦʙʣʘʨʠʥʠʥʛ 

ʪʘʢʦʤʠʣʣʘʰʤʘʛʘʥʠ ʦʨץʘʩʠʜʘ ʢʝʣʠʙ ʯʠץʘʜʠʛʘʥ ʠʥʩʪʨʫʤʝʥʪʘʣ ʭʘʪʦʣʠʢʣʘʨ 

ʪʫʟʘʪʤʘ ʢʠʨʠʪʠʰ ʫʩʫʣʠ ʙʠʣʘʥ ʡ˄ץʦʪʠʣʘʜʠ. ʊʝʭʥʠʢ ˄ʣʯʦʚ ʘʩʙʦʙʣʘʨʠʥʠʥʛ 

ʠʥʩʪʨʫʤʝʥʪʘʣ ʭʘʪʦʣʠʢʣʘʨʠʥʠ ʡ˄ץʦʪʠʙ ʙ˄ʣʤʘʡʜʠ, ʯʫʥʢʠ ʙʫ ʘʩʙʦʙʣʘʨʥʠ 

ʪʝʢʰʠʨʠʣʛʘʥʜʘ ʪʫʟʘʪʤʘʣʘʨ ʙʠʣʘʥ ʪʘʲʤʠʥʣʘʥʤʘʡʜʠ. 

ɶʣʯʘʰ ʫʩʫʣʠ ʭʘʪʦʣʠʛʠ ʜʝʡʠʣʛʘʥʜʘ ʫʩʫʣʥʠʥʛ ʪʘʢʦʤʠʣʣʘʰʤʘʛʘʥʣʠʛʠ 

ʦʨץʘʩʠʜʘ ʢʝʣʠʙ ʯʠץʘʜʠʛʘʥ  ʭʘʪʦʣʠʢ ʪʫʰʫʥʠʣʘʜʠ. ʋʣʘʨ, ʢ˄ʧʠʥʯʘ, ʷʥʛʠ ʫʩʫʣʣʘʨ 

 ʣʘʥʠʰʥʠ ʪʘʭʤʠʥʠʡסʠʡ ʙʦץʠץʘ״ ʠʡʤʘʪʣʘʨ ʦʨʘʩʠʜʘʛʠץ ,ʣʣʘʛʘʥʜʘ˄ץ

ʘʧʧʦʨʦʢʩʠʤʘʮʠʷ ץʠʣʫʚʯʠ ʪʝʥʛʣʘʤʘʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʣʛʘʥʜʘ ʧʘʡʜʦ ʙ˄ʣʘʜʠ. 

ɶʣʯʘʰ ʫʩʫʣʠ ʭʘʪʦʣʠʛʠ ˄ʣʯʦʚ ʚʦʩʠʪʘʩʠ, ʭʫʩʫʩʘʥ, ˄ʣʯʘʰ ץʫʨʠʣʤʘʩʠ, ʙʘʲʟʠʜʘ ʵʩʘ, 

˄ʣʯʘʰ ʥʘʪʠʞʘʩʠ ʭʘʪʦʣʠʢʣʘʨʠʥʠ ʙʘ״ʦʣʘʰʜʘ ʵʲʪʠʙʦʨʛʘ ʦʣʠʥʠʰʠ ʣʦʟʠʤ. 

ʉʫʙʲʝʢʪʠʚ ʭʘʪʦʣʠʢʣʘʨ ʢʫʟʘʪʫʚʯʠʥʠʥʛ ʰʘʭʩʠʡ ʭʫʩʫʩʠʷʪʣʘʨʠʜʘʥ 

ʤʘʩʘʣʘʥ, ʙʠʨʦʨ ʩʠʛʥʘʣ ʙʝʨʠʣʛʘʥ ʧʘʡʪʥʠ ʢʘʡʜ ץʠʣʠʰʜʘ ʢʝʯʠʢʠʰ ʸʢʠ 

ʰʦʰʠʣʠʰʜʘʥ, ʰʢʘʣʘ ʙʠʨ ʙ˄ʣʠʤʠ ʯʝʛʘʨʘʩʠʜʘ ʢ˄ʨʩʘʪʫʚʥʠ ʥʦʪ˄סʨʠ ʸʟʠʙ ʦʣʠʰʜʘʥ, 

ʧʘʨʘʣʣʘʢʩʜʘʥ ʚʘ ״ʦʢʘʟʦʜʘʥ ʢʝʣʠʙ ʯʠץʘʜʠ. ʇʘʨʘʣʣʘʢʩʜʘʥ ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʭʘʪʦʣʠʢ 

ʜʝʡʠʣʛʘʥʜʘ ʩʘʥʘʰ ʭʘʪʦʣʠʛʠʛʘ ʢʠʨʘʜʠʛʘʥ, ʰʢʘʣʘ ʩʠʨʪʠʜʘʥ ʙʠʨʦʨ ʤʘʩʦʬʘʜʘ 

ʞʦʡʣʘʰʛʘʥ ʩʪʨʝʣʢʘ ʰʫ ʩʠʨʪʛʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʙ˄ʣʤʘʛʘʥ ʡ˄ʥʘʣʠʰʜʘ ʚʠʟʠʨʣʘʰ 

(ʙʝʣʛʠʣʘʰ) ʥʘʪʠʞʘʩʠʜʘ ʢʝʣʠʙ ʯʠʢʘʜʠʛʘʥ ʭʘʪʦʣʠʢ ʪʫʰʫʥʠʣʘʜʠ. 

ɶʨʥʘʪʠʰ ʭʘʪʦʣʠʛʠ ˄ʣʯʦʚ ʘʩʙʦʙʠ ʩʪʨʝʣʢʘʩʠʥʠʥʛ ʰʢʘʣʘ ʙʦʰʣʘʥסʠʯ 

ʙʝʣʛʠʩʠʛʘ ʥʦʪ˄סʨʠ ˄ʨʥʘʪʠʣʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ʸʢʠ ˄ʣʯʘʰ ʚʦʩʠʪʘʩʠʥʠ 

ʵʲʪʠʙʦʨʩʠʟʣʠʢ ʙʠʣʘʥ, ʤʘʩʘʣʘʥ, ʚʝʨʪʠʢʘʣ ʸʢʠ ʛʦʨʠʟʦʥʪʘʣ ʙ˄ʡʠʯʘ 

˄ʨʥʘʪʠʣʤʘʩʣʠʛʠ ʥʘʪʠʞʘʩʠʜʘ ʢʝʣʠʙ ʯʠץʘʜʠ. 

ɶʣʯʘʰ ʫʩʣʫʙʠ ʭʘʪʦʣʠʢʣʘʨʠ ʢʘʪʪʘʣʠʢʣʘʨʥʠ (ʙʦʩʠʤ ״ʘʨʦʨʘʪ ʚʘ ʙ. ʥʠ) 

˄ʣʯʘʰ ʫʩʣʫʙʠ ʙʠʣʘʥ ʙʦסʣʠץ ʙ˄ʣʛʘʥ ʚʘ ץ˄ʣʣʘʥʘʸʪʛʘʥ ˄ʣʯʘʰ ʘʩʙʦʙʣʘʨʠʛʘ ʙʦסʣʠץ 

ʙ˄ʣʤʘʛʘʥ ʭʘʪʦʣʠʢʣʘʨʠʜʘʥ ʠʙʦʨʘʪ. 
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ɶʣʯʘʰʣʘʨʥʠ, ʘʡʥʠץʩʘ, ʘʥʠץ ˄ʣʯʘʰʣʘʨʥʠ ʙʘʞʘʨʠʰʜʘ ˄ʣʯʘʰ ʥʘʪʠʞʘʩʠʥʠ 

ʤʫʥʪʘʟʘʤ ʭʘʪʦʣʠʢʣʘʨ ʘʥʯʘʛʠʥʘ ʙʫʟʠʰʠ ʤʫʤʢʠʥ. ʐʫʥʠʥʛ ʫʯʫʥ, ˄ʣʯʘʰʣʘʨʥʠ 

ʙʘʞʘʨʠʰʛʘ ʢʠʨʠʰʠʰʜʘʥ ʘʚʚʘʣ ʙʫ ʭʘʪʦʣʠʢʣʘʨʥʠʥʛ ʙʘʨʯʘ ʤʘʥʙʘʣʘʨʠʥʠ ʘʥʠץʣʘʰ 

ʚʘ ʫʣʘʨʥʠ ʡ˄ץʦʪʠʰ ʯʦʨʘʣʘʨʠʥʠ ʢ˄ʨʠʰ ʟʘʨʫʨ. ɸʤʤʦ ʤʫʥʪʘʟʘʤ ʭʘʪʦʣʠʢʣʘʨʥʠ 

ʪʦʧʠʰ ʚʘ ʡ˄ץʦʪʠʰ ʫʯʫʥ ʫʟʠʣ-ʢʝʩʠʣ ץʦʠʜʘʣʘʨ ʙʝʨʠʰ ʘʤʘʣʜʘ ʤʫʤʢʠʥ ʵʤʘʩ, ʯʫʥʢʠ 

ʪʫʨʣʠ ʢʘʪʪʘʣʠʢʣʘʨʥʠ ˄ʣʯʘʰ ʫʩʫʣʣʘʨʠ סʦʷʪʜʘ ʪʫʨʣʠ-ʪʫʤʘʥʜʠʨ. 

 

ʊʘʩʦʜʠʬʠʡ ʭʘʪʦʣʠʢ ʜʝʡʠʣʛʘʥʜʘ ʬʘץʘʪ ʙʠʪʪʘ ʢʘʪʪʘʣʠʢʥʠ ץʘʡʪʘ-ץʘʡʪʘ 

˄ʣʯʘʰ ʤʦʙʘʡʥʠʜʘ ʪʘʩʦʜʠʬʠʡ ˄ʟʛʘʨʫʚʯʠ ˄ʣʯʘʰ ʭʘʪʦʣʠʛʠ ʪʫʰʫʥʠʣʘʜʠ. 

ʊʘʩʦʜʠʬʠʡ ʭʘʪʦʣʠʢʥʠʥʛ ʙʦʨʣʠʛʠʥʠ ʬʘץʘʪ ʙʠʪʪʘ ʢʘʪʪʘʣʠʢʥʠ ʙʠʨ ʭʠʣ 

ʩʠʥʯʢʦʚʣʠʢ ʙʠʣʘʥ ץʘʡʪʘ-ץʘʡʪʘ ˄ʣʯʘʥʛʘʥʜʘʛʠʥʘ ʩʝʟʠʰ ʤʫʤʢʠʥ. ɸʛʘʨ ʭʘʨ ʙʠʨ 

˄ʣʯʘʰ ʥʘʪʠʞʘʩʠ ʙʦʰץʘʣʘʨʜʘʥ ʬʘʨץ ץʠʣʩʘ, ʫ ״ʦʣʜʘ ʪʘʩʦʜʠʬʠʡ ʭʘʪʦʣʠʢ ʤʘʚʞʫʜ 

ʙ˄ʣʘʜʠ. ʐʫ ʭʘʪʦʣʠʢʣʘʨʥʠ ʙʘ״ʦʣʘʰ ʵ״ʪʠʤʦʣʣʘʨ ʥʘʟʘʨʠʷʩʠ ʚʘ ʤʘʪʝʤʘʪʠʢ 

ʩʪʘʪʠʩʪʠʢʘ ʥʘʟʘʨʠʷʩʠʛʘ ʘʩʦʩʣʘʥʛʘʥ ʙ˄ʣʠʙ, ʫʣʘʨ ˄ʣʯʘʰ ʥʘʪʠʞʘʩʠ ˄ʣʯʘʥʘʸʪʛʘʥ 

ʢʘʪʪʘʣʠʢʥʠʥʛ ״ʘץʠץʠʡ ץʠʡʤʘʪʠʛʘ ʷץʠʥʣʘʰʠʰ ʜʘʨʘʞʘʩʠʥʠ ʙʘʭʦʣʘʰ ʫʩʫʣʣʘʨʠʥʠ, 

ʭʘʪʦʣʠʢʥʠʥʛ ʵ״ʪʠʤʦʣʠʡ ʯʝʛʘʨʘʩʠʥʠ ʙʘ״ʦʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ, ʷʲʥʠ ʥʘʪʠʞʘʥʠ 

ʘʥʠץʣʘʰ, ʙʦʰץʘʯʘ ʘʡʪʛʘʥʜʘ, ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠʥʛ ״ʘץʠץʠʡ ץʠʡʤʘʪʠʛʘ 

ʘʥʯʘʛʠʥʘ ʷץʠʥ ץʠʡʤʘʪʠʥʠ ʪʦʧʠʰ ʚʘ ʢʫʟʘʪʠʰ ʥʘʪʠʞʘʩʠʥʠ ʪʦʧʠʰ ʠʤʢʦʥʠʥʠ 

ʙʝʨʘʜʠ. 

ɶʣʯʘʰʥʠʥʛ ץ˄ʧʦʣ ʭʘʪʦʣʠʛʠ ʜʝʡʠʣʛʘʥʜʘ ʙʝʨʠʣʛʘʥ ʰʘʨʪʣʘʨ 

ʙʘʞʘʨʠʣʛʘʥʜʘ ʶʟ ʙʝʨʘʜʠʛʘʥ, ʢʫʪʠʣʛʘʥ ʥʘʪʠʞʘʜʘʥ ʪʫʙʜʘʥ ʬʘʨץ ץʠʣʘʜʠʛʘʥ ˄ʣʯʘʰ 

ʭʘʪʦʣʠʛʠ ʪʫʰʫʥʠʣʘʜʠ. 

ɶʣʯʘʰʜʘʥ ʢ˄ʟʜʘ ʪʫʪʠʣʛʘʥ ʤʘץʩʘʜ ʚʘ ˄ʣʯʘʰ ʘʥʠץʣʠʛʠʛʘ ץ˄ʡʠʣʘʜʠʛʘʥ 

ʪʘʣʘʙʣʘʨʛʘ ץʘʨʘʙ ˄ʣʯʘʰʣʘʨ ʘʥʠץ (ʣʘʙʦʨʘʪʦʨʠʷ) ʚʘ ʪʝʭʥʠʢ ˄ʣʯʘʰʣʘʨʛʘ ʙ˄ʣʠʥʘʜʠ. 

ɶʣʯʘʰ ʥʘʪʠʞʘʩʠʥʠʥʛ ˄ʣʯʘ-ʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢ ״ʘץʠץʠʡ ץʠʡʤʘʪʠʛʘ ʷץʠʥʣʠʛʠʥʠ 

ʠʬʦʜʘʣʦʚʯʠ ˄ʣʯʘʰ ʩʠʬʘʪʠ ˄ʣʯʘʰ ʘʥʠץʣʠʛʠ ʜʝʙ ʘʪʘʣʘʜʠ. ɸʥʠץʣʠʢʥʠ 

ʦʰʠʨʠʰʛʘ ʠʥʪʠʣʠʙ, ʙʠʟ ˄ʣʯʘʰ ʭʘʪʦʣʠʛʠʥʠ ʢʘʤʘʡʪʠʨʠʰʠʤʠʟ ʣʦʟʠʤ. ɸʤʤʦ 

ʘʥʠץʣʠʢʥʠ ʦʰʠʨʠʰ ʫʩʫʣʣʘʨʠ, ʢ˄ʧʠʥʯʘ, ʤʫʨʘʢʢʘʙ ʙ˄ʣʘʜʠ ʚʘ ץʠʤʤʘʪ ʪʫʨʘʜʠ. 

ʐʫʥʠʥʛ ʫʯʫʥ, ʘʚʚʘʣ ˄ʣʯʘʰʥʠʥʛ ʢʦʥʢʨʝʪ ʰʘʨʪ-ʰʘʨʦʠʪʣʘʨʠ ʚʘ ʤʘץʩʘʜʣʘʨʛʘ 

ʙʦסʣʠץ ʙ˄ʣʛʘʥ ʤʘץʙʫʣ ʘʥʠץʣʠʢʥʠ ʙʘ״ʦʣʘʙ ʦʣʠʰ ʚʘ ʟʘʨʫʨ ʙ˄ʣʩʘ, ʩ˄ʥʛʨʘ 
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ʘʥʠץʣʠʢʥʠ ʦʰʠʨʠʰ ʯʦʨʘʣʘʨʠʥʠ ʢ˄ʨʠʰ ʣʦʟʠʤ. ɶʣʯʘʰʥʠ ʙʘʞʘʨʫʚʯʠ 

ʘʩʙʦʙʣʘʨʥʠʥʛ ʢ˄ʨʩʘʪʠʰʠ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠʥʛ ״ʘץʠץʠʡ ץʠʡʤʘʪʠʜʘʥ ʬʘʨץ 

 ʠʡ ʢ˄ʨʩʘʪʠʰʠץʠץʘ״ ʠʣʘʜʠ. ʐʫʥʠʥʛ ʫʯʫʥ, ˄ʣʯʦʚ ʘʩʙʦʙʠʥʠʥʛ ʢ˄ʨʩʘʪʠʰʠ ʚʘץ

ʜʝʛʘʥ ʪʫʰʫʥʯʘʣʘʨ ʤʘʚʞʫʜ. 

ʂʘʪʪʘʣʠʢʥʠʥʛ ʩʘʥʦץץʘ ʢ˄ʨʘ ʪʦʧʠʣʛʘʥ ץʠʡʤʘʪʠ ˄ʣʯʦʚ ʘʩʙʦʙʠʥʠʥʛ 

ʢ˄ ʨʩʘʪʠʰʠ ʜʝʡʠʣʘʜʠ. ɹʫ ʢʘʪʪʘʣʠʢʥʠʥʛ ʥʘʤʫʥʘ ʘʩʙʦʙʣʘʨ ʦʨץʘʣʠ ʘʥʠץʣʘʥʛʘʥ 

ʢ˄ʨʩʘʪʠʰʠ ϲʘϨʠϨʠʡ ʢ˄ʨʩʘʪʠʰʠ ʜʝʡʠʣʘʜʠ. 

ɸʩʙʦʙʥʠʥʛ ʢ˄ʨʩʘʪʠʰʠ ʚʘ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠʥʛ ״ʘץʠץʠʡ ץʠʡʤʘʪʠ 

ʦʨʘʩʠʜʘʛʠ ʬʘʨץ ˄ʣʯʦʚ ʘʩʙʦʙʠʥʠʥʛ ʭʘʪʦʩʠ ʜʝʡʠʣʘʜʠ. ʂʘʪʪʘʣʠʢʥʠʥʛ ״ʘץʠץʠʡ 

 ʣʘʰ ʤʫʤʢʠʥ ʙ˄ʣʤʘʛʘʥʠ ʩʘʙʘʙʣʠ, ˄ʣʯʦʚ ʪʝʭʥʠʢʘʩʠʜʘ ʥʘʤʫʥʘץʠʡʤʘʪʠʥʠ ʘʥʠץ

ʘʩʙʦʙʥʠʥʛ ʢ˄ʨʩʘʪʠʰʠ ʰʫ ʢʘʪʪʘʣʠʢʥʠʥʛ ״ʘץʠץʠʡ ʢʠʡʤʘʪʠ ʜʝʙ ץʘʙʫʣ ץʠʣʠʥʘʜʠ. 

ɸʛʘʨ ʍʢ ʙʠʣʘʥ ʩʘʥʦץ ʢ˄ʨʩʘʪʠʰʠʜʘʛʠ ץʠʡʤʘʪʥʠ, X״ ʙʠʣʘʥ ״ʘץʠץʠʡ 

 :ʭʘʪʦʣʠʢʥʠ ʪʦʧʘʤʠʟ ץʫʡʠʜʘʛʠ ʠʬʦʜʘʜʘʥ æʍ  ʤʫʪʣʘץ ,ʠʡʤʘʪʥʠ ʙʝʣʛʠʣʘʩʘʢץ

ʭʢ ʍXX -=D                                (1.6) 

ɶʣʯʦʚ ʘʩʙʦʙʠʥʠʥʛ ʤʫʪʣʘץ ʭʘʪʦʣʠʛʠ ʜʝʙ, ʰʫ ʘʩʙʦʙʥʠʥʛ ʢ˄ʨʩʘʪʠʰʠ 

ʙʠʣʘʥ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠʥʛ ״ʘʢʠץʠʡ ץʠʡʤʘʪʠ ʦʨʘʜʘʛʠ ʬʘʨץץʘ ʘʡʪʠʣʘʜʠ. ɹʫ 

ʝʨʜʘ, ʭʘʪʦʣʠʢʣʘʨ ʧʣʶʩ ʸʢʠ ʤʠʥʫʩ ʠʰʦʨʘʩʠ ʙʠʣʘʥ ʢʘʪʪʘʣʠʢʥʠʥʛ ʙʠʨʣʠʢʣʘʨʠʜʘ 

ʠʬʦʜʘʣʘʥʘʜʠ. ʄʫʪʣʘץ ʭʘʪʦʣʠʢ ʢʘʪʪʘʣʠʛʠʥʠʥʛ ״ʘץʠץʠʡ ץʠʡʤʘʪʠʛʘ ʥʠʩʙʘʪʠ 

ʥʠʩʙʠʡ ʭʘʪʦʣʠʢ ʜʝʙ ʘʪʘʣʘʜʠ. ʅʠʩʙʠʡ ʭʘʪʦʣʠʢ ʦʨץʘʣʠ ˄ʣʯʘʰʥʠʥʛ ʘʥʠץʣʠʢ 

ʜʘʨʘʞʘʩʠʥʠ ʠʬʦʜʘʣʘʰ ʞʫʜʘ ץʫʣʘʡ. 
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ʆʜʘʪʜʘ, ״ʘʢʠץʠʡ ץʠʡʤʘʪ ð ʍϨ ʚʘ ʪʦʧʠʣʛʘʥ ץʠʡʤʘʪʣʘʨ ʍʢ ʛʘ ʥʠʩʙʘʪʘʥ æʍ 

ʞʫʜʘ ʢʠʯʠʢ ʙ˄ʣʘʜʠ, ʷʲʥʠ 

ʢx ʍʍʚʘXX ¢D¢D  

ʐʫʥʠʥʛ ʫʯʫʥ, ץʫʡʠʜʘʛʠ ʠʬʦʜʘʥʠ ʸʟʠʰ ʤʫʤʢʠʥ: 
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ʐʫʥʜʘʡ ץʠʣʠʙ, ʥʠʩʙʠʡ ʭʘʪʦʣʠʢʥʠ ״ʠʩʦʙʣʘʰʜʘ ʤʫʪʣʘץ ʭʘʪʦʣʠʢʥʠʥʛ 

ʘʩʙʦʙʥʠʥʛ ʢ˄ʨʩʘʪʠʰʠʛʘ ʥʠʩʙʘʪʠʥʠ ʦʣʠʰ ʤʫʤʢʠʥ. ʅʠʩʙʠʡ ʭʘʪʦʣʠʢ % ʣʘʨʜʘ 

ʠʬʦʜʘʣʘʥʘʜʠ. 

ʂʘʪʪʘʣʠʢʥʠʥʛ ״ʘץʠץʠʡ ץʠʡʤʘʪʠʥʠ ʘʥʠץʣʘʰ ʫʯʫʥ ˄ʣʯʦʚ ʘʩʙʦʙʠʥʥʥʛ 

ʢ˄ʨʩʘʪʠʰʠʛʘ ʪʫʟʘʪʠʰ ʢʠʨʠʪʠʣʘʜʠ. ʋʥʠʥʛ ʩʦʥ ץʠʡʤʘʪʠ ʪʝʩʢʘʨʠ ʠʰʦʨʘ ʙʠʣʘʥ 

ʦʣʠʥʛʘʥ ʤʫʪʣʘץ ץʠʡʤʘʪʛʘ ʪʝʥʛ: 

               ʊ=ʍ״-ʍʢ           y ʢʠ            ʊ=-æʍ                   (1.9) 

ʙʫ ʝʨʜʘ,  ʊ-ʪʫʟʘʪʤʘ. 

ɸʩʙʦʙʥʠʥʛ ʭʘʪʦʣʠʛʠ ʰʢʘʣʘ ʜʠʘʧʘʟʦʥʠʥʠʥʛ ʬʦʠʟʣʘʨʠʜʘ ʠʬʦʜʘʣʘʥʘʜʠ. 

ɹʫʥʜʘʡ ʭʘʪʦʣʠʢʣʘʨ ʢʝʣʪʠʨʠʣʛʘʥ ʭʘʪʦʣʠʢ ʜʝʡʠʣʘʜʠ ʚʘ ʤʫʪʣʘץ ʭʘʪʦʣʠʢʥʠʥʛ ʘʩʙʦʙ 

˄ʣʯʘʰ ʯʝʛʘʨʘʩʠʛʘ ʥʠʩʙʘʪʠʛʘ ʪʝʥʛ, ʷʲʥʠ 
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ʙʫ ʝʨʜʘ, N ð ʘʩʙʦʙʥʠʥʛ ˄ʣʯʘʰ ʯʝʛʘʨʘʩʠ. 

ʄʠʩʦʣ. ʖץʦʨʠʛʠ ˄ʣʯʘʰ ʯʝʛʘʨʘʩʠ 300
0
 ʉ ʙ˄ʣʛʘʥ ʧʦʪʝʥʮʠʦʤʝʪʨʥʠʥʛ 

ʢ˄ʨʩʘʪʠʰʠ ʍʢ = 240
0
ʉ ʚʘ ˄ʣʯʘʥʘʸʪʛʘʥ ״ʘʨʦʨʘʪʥʠʥʛ ״ʘץʠץʠʡ ץʠʡʤʘʪʠ X״ = 

241,2Áʉ ʙ˄ʣʛʘʥʠʜʘʛʠ ʤʫʪʣʘץ, ʥʠʩʙʠʡ, ʢʝʣʪʠʨʠʣʛʘʥ ʭʘʪʦʣʠʢʣʘʨʠ ʪʦʧʠʣʩʠʥ. 

ʄʫʪʣʘץ ʭʘʪʦʣʠʢ (1.6) ʠʬʦʜʘ ʙ˄ʡʠʯʘ æʍ= ð 1,2Áʉ, ʥʠʩʙʠʡ ʭʘʪʦʣʠʢ (1.8) 

ʠʬʦʜʘ ʙ˄ʡʠʯʘ b= ð-0,5%, ʢʝʣʪʠʨʠʣʛʟʥ ʭʘʪʦʣʠʢ (1.10) ʠʬʦʜʘ ʙ˄ʡʠʯʘ j = 0,4%. 

ʍʘʪʦʣʠʢ ץʠʡʤʘʪʠ ˄ʣʯʘʰ ʘʩʙʦʙʠ ʘʥʠץʣʠʛʠʥʠ, ʜʝʤʘʢ, ˄ʣʯʘʰ ʥʘʪʠʞʘʩʠʥʠ 

ʭʘʤ ʭʘʨʘʢʪʝʨʣʘʡʜʠ. ɶʣʯʘʰ ʘʥʠץ ʙ˄ʣʠʰʠ ʫʯʫʥ ʭʘʪʦʩʠ ʢʠʯʠʢ ʙ˄ʣʛʘʥ ʘʩʙʦʙʣʘʨʜʘʥ 

ʬʦʡʜʘʣʘʥʠʰ ʣʦʟʠʤ. ɸʤʤʦ ʭʘʪʦʩʠʟ ʘʩʙʦʙʣʘʨ ʪʘʡʸʨʣʘʰ ʤʫʤʢʠʥ ʵʤʘʩ. ʍʘʪʦʩʠ 

ʢʠʯʠʢ ʙ˄ʣʛʘʥ ʘʩʙʦʙʣʘʨ ʙʠʣʘʥ ʠʰʣʘʰʜʘ ʢʘʪʪʘ ʵ״ʪʠʸʪʢʦʨʣʠʢ ʪʘʣʘʙ ʵʪʠʣʘʜʠ. 

ʊʝʭʥʠʢ ˄ʣʯʘʰʣʘʨ ʫʯʫʥ ʙʝʣʛʠʣʘʥʛʘʥ ץʠʡʤʘʪʜʘʥ ʦʰʤʘʡʜʠʛʘʥ ʡ˄ʣ ץ˄ʡʠʣʘʜʠʛʘʥ 

ʭʘʪʦʩʠ ʙʦʨ ʘʩʙʦʙʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ.       

ɸʩʙʦʙ ʢ˄ʨʩʘʪʠʰʠʥʠʥʛ ʩʪʘʥʜʘʨʪ ʡ˄ʣ ץ˄ʷʜʠʛʘʥ ʵʥʛ ʢʘʪʪʘ ʭʘʪʦʣʠʛʠ ʡ˄ʣ 

 ʜʦʨʠ ˄ʣʯʘʰʣʘʨ ʦʣʠʙ ʙʦʨʠʣʘʸʪʛʘʥץʡʠʣʘʜʠʛʘʥ ʭʘʪʦʣʠʢ ʜʝʡʠʣʘʜʠ. ʍʘʪʦʣʠʢ ʤʠ˄ץ

ʪʘʰץʠ ʤʫ״ʠʪʛʘ (ʘʪʨʦʬ ʤʫ״ʠʪ ״ʘʨʦʨʘʪʠ, ʘʪʤʦʩʬʝʨʘ ʙʦʩʠʤʠ, ʪʝʙʨʘʥʠʰ ʚʘ 

ʙʦʰץʘʣʘʨʛʘ) ʙʦסʣʠץ ʙ˄ʣʛʘʥʠ ʩʘʙʘʙʣʠ ʘʩʦʩʠʡ ʚʘ ץ˄ʰʠʤʯʘ ʭʘʪʦʣʠʢʣʘʨ 

ʪʫʰʫʥʯʘʣʘʨʠ ʢʠʨʠʪʠʣʘʜʠ. 



 36 

ɶʣʯʘʰ ʘʩʙʦʙʠ ʫʯʫʥ ʪʝʭʥʠʢ ʰʘʨʦʠʪʣʘʨ ʠʤʢʦʥ ʙʝʨʛʘʥ, ʤʘʭʩʫʩ ʷʨʘʪʠʣʛʘʥ 

ʥʦʨʤʘʣ ʠʰ ʰʘʨʦʠʪʠʜʘ ʡ˄ʣ ץ˄ʡʠʣʛʘʥ ʭʘʪʦ ʘʩʦʩʠʡ ʭʘʪʦʣʠʢ ʜʝʡʠʣʘʜʠ. ɸʪʨʦʬ-

ʤʫ״ʠʪʠʥʛ ʥʦʨʤʘʣ ״ʦʣʘʪʠ ʜʝʙ 20Áʉ ״ʘʨʦʨʘʪ ʚʘ 101325 ʅ/ʤ
2
 (760 ʤʤ ʩʠʤ. ʫʩʪ) 

ʘʪʤʦʩʬʝʨʘ ʙʦʩʠʤʠ ץʘʙʫʣ ץʠʣʠʥʛʘʥ. ʊʘʰץʠ ʰʘʨʦʠʪ ˄ʟʛʘʨʠʰʠʥʠʥʛ ʘʩʙʦʙʣʘʨʛʘ 

ʙ˄ʣʛʘʥ ʪʘʲʩʠʨʠʜʘʥ ʢʝʣʠʙ ʯʠץץʘʥ ʭʘʪʦ ץ˄ʰʠʤʯʘ ʭʘʪʦʣʠʢʜʠʨ. ɶʣʯʦʚ 

ʘʩʙʦʙʣʘʨʠʥʠʥʛ ʩʠʬʘʪʠ ʫʣʘʨʥʠʥʛ ʭʘʪʦʣʠʢʣʘʨʠʜʘʥ ʪʘʰץʘʨʠ ʘʩʙʦʙʣʘʨ ʚʘʨʠʘʮʠʷʩʠ, 

ʩʝʟʛʠʨʣʠʛʠ ʚʘ ʩʝʟʛʠʨʣʠʢ ʯʝʛʘʨʘʩʠ ʙʠʣʘʥ ʭʘʨʘʢʪʝʨʣʘʥʘʜʠ. 

ɹʠʨ ʢʘʪʪʘʣʠʢʥʠ ʢ˄ʧ ʤʘʨʪʘ ʪʘʢʨʦʨʠʡ ˄ʣʯʘʰʣʘʨ ʥʘʪʠʞʘʩʠʜʘ ʘʩʙʦʙ 

ʢ˄ʨʩʘʪʠʰʣʘʨʠ ʦʨʘʩʠʜʘʛʠ ʵʥʛ ʢʘʪʪʘ ʬʘʨץ ˄ʣʯʦʚ ʘʩʙʦʙʠʥʠʥʛ ʚʘʨʠʘʮʠʷʩʠ ʜʝʡʠʣʘʜʠ. 

ɺʘʨʠʘʮʠʷ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠ ʤʘʲʣʫʤ ʙʠʨ ʤʠץʜʦʨʛʘʯʘ ʘʩʪʘ-ʩʝʢʠʥ ʦʰʠʨʠʙ 

ʚʘ ʢʘʤʘʡʪʠʨʠʙ ʘʥʠץʣʘʥʘʜʠ. ɺʘʨʠʘʮʠʷ ˄ʣʯʦʚ ʘʩʙʦʙʠʥʠʥʛ ʤʝʭʘʥʠʟʤʠ, 

ʦʨʘʣʠץʣʘʨʠ, ʛʠʩʪʝʨʝʟʠʩʠ ʚʘ ʙʦʰץʘ ץʠʩʤʣʘʨʜʘʛʠ ʠʰץʘʣʘʥʠʰʠ ʩʘʙʘʙʣʠ ʢʝʣʠʙ 

ʯʠץʘʜʠ. ɺʘʨʠʘʮʠʷ (V) ˄ʣʯʦʚ ʘʩʙʦʙʠ ʰʢʘʣʘʩʠ ʤʘʢʩʠʤʘʣ ץʠʡʤʘʪʠʥʠʥʛ ʬʦʠʟʠ 

 ʠʡʤʘʪʠʜʘʥ ʦʰʠʙץ ʡʠʣʘʜʠʛʘʥ ʭʘʪʦʣʠʢ˄ץ ʠʩʦʙʠʜʘ ʠʬʦʜʘʣʘʥʠʙ, ʘʩʦʩʠʡ ʡ˄ʣ״

ʢʝʪʤʘʩʣʠʛʠ ʣʦʟʠʤ: 

%100
minmax

Ö
-

D
=

NN

N
V                 (1.11) 

ʙʫ ʝʨʜʘ, æN' ð ʘʩʙʦʙ ʢ˄ʨʩʘʪʠʰʠʜʘʛʠ ʵʥʛ ʢʘʪʪʘ ʬʘʨϨ; Nmax ʚʘ Nmin ðʘʩʙʦʙ 

ʰʢʘʣʘʩʠʥʠʥʛ ʶϨʦʨʠ ʚʘ Ϩʫʡʠ Ϩʠʡʤʘʪʣʘʨʥ. 

ɸʩʙʦʙ ʢ˄ʨʩʘʪʠʰʠʥʠʥʛ ʘʥʠץʣʠʛʠʛʘ ʫʥʠʥʛ ʩʝʟʛʠʨʣʠʛʠ ʭʘʤ ʢʘʪʪʘ ʪʘʲʩʠʨ 

 ʣʠ ʸʢʠ ʙʫʨʯʘʢ ʩʠʣʞʠʰʠʥʠʥʛ ʫ ʩʠʣʞʠʰʥʠ ʭʦʩʠʣץʠʣʘʜʠ. ɸʩʙʦʙ ʩʪʨʝʣʢʘʩʠ ʯʠʟʠץ

 :ʠʣʛʘʥ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢ ˄ʟʛʘʨʠʰʠʛʘ ʥʠʩʙʘʪʠ ʘʩʙʦʙʥʠʥʛ ʩʝʟʛʠʨʣʠʛʠ ʜʝʡʠʣʘʜʠץ

Q

n
S
D

D
=                                            (1.12) 

ʙʫ ʝʨʜʘ, S ð ʘʩʙʦʙʥʠʥʛ ʩʝʟʛʠʨʣʠʛʠ; æn ð ʩʪʨʝʣʢʘ ʩʠʣʞʠʰʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ; æQ ð 

˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠʥʛ ˄ʟʛʘʨʠʰʠ. 

ʉʝʟʛʠʨʣʠʛʠ ʶץʦʨʠ ʙ˄ʣʛʘʥ ʘʩʙʦʙʣʘʨ ʘʩʦʩʘʥ ʘʥʠץ ˄ʣʯʘʰʣʘʨ ʫʯʫʥ 

ʠʰʣʘʪʠʣʘʜʠ. 

ɶʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢ ץʠʡʤʘʪʠʥʠʥʛ ʘʩʙʦʙ ʢ˄ʨʩʘʪʠʰʠʛʘ ʪʘʲʩʠʨ ץʠʣʘ 

ʦʣʘʜʠʛʘʥ ʵʥʛ ʢʠʯʠʢ ˄ʟʛʘʨʠʰʠ ʩʝʟʛʠʨʣʠʢ ʯʝʛʘʨʘʩʠ ʜʝʡʠʣʘʜʠ. 
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ʐʢʘʣʘ ʚʘ ʩʪʨʝʣʢʘʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʘʩʙʦʙʣʘʨ ʫʯʫʥ ʘʩʙʦʙʥʠʥʛ ʩʝʟʛʠʨʣʠʛʠʛʘ 

ʪʝʩʢʘʨʠ ʙ˄ʣʛʘʥ ʢʘʪʪʘʣʠʢ ʰʢʘʣʘ ʙ˄ʣʠʥʤʘʩʠ Ϩʠʡʤʘʪʠ ʜʝʡʠʣʘʜʠ: 

n

Q
C
D

D
=                                           (1.13) 

ʙʫ ʝʨʜʘ, ʉðʰʢʘʣʘ ʙ˄ʣʠʥʤʘʩʠʥʠʥʛ Ϩʠʡʤʘʪʠ. 

ʀʢʢʠʪʘ ʸʥʤʘ-ʸʥ ʙʝʣʛʠ (ʰʪʨʠʭ ʸʢʠ ʥʫʢʪʘʣʘʨ) ʦʨʘʩʠʜʘʛʠ ʬʘʨץ ð ʢhʘʣʘ 

ʙ˄ʣʠʥʤʘʩʠ ʜʝʡʠʣʘʜʠ. ʐʢʘʣʘ ʙ˄ʣʠʥʤʘʩʠʥʠʥʛ ץʠʡʤʘʪʠ ʩʪʨʝʣʢʘʥʠ ʙʠʨ ʙ˄ʣʠʥʤʘʛʘ 

ʩʠʣʞʠʪʛʘʥ ʢʘʪʪʘʣʠʢ ץʠʡʤʘʪʠʥʠʥʛ ˄ʟʛʘʨʠʰʠʥʠ ʭʘʨʘʢʪʝʨʣʘʡʜʠ. 

ɹʘʲʟʘʥ ʢʘʪʪʘʣʠʢʥʠʥʛ ʭʘץʠץʠʡ ץʠʡʤʘʪʠʥʠ ʪʦʧʠʰ ʫʯʫʥ ʘʩʙʦʙ ʢ˄ʨʩʘʪʠʰʠʥʠ 

ʪʫʟʘʪʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ ʂ ʛʘ ʢ˄ʧʘʡʪʠʨʠʣʘʜʠ: 

ʢx XkX Ö=                                   (1.14) 

ɶʣʯʦʚ ʘʩʙʦʙʠ ʢ˄ʨʩʘʪʠʰʠʥʠʥʛ ʢʝʯʠʢʠʰʠ ʫʥʠʥʛ ʠʥʝʨʮʠʷʩʠʥʠ, ʷʲʥʠ 

ʢʘʪʪʘʣʠʢ ˄ʟʛʘʨʛʘʥ ʚʘץʪʜʘʥ ʘʩʙʦʙ ʢ˄ʨʩʘʪʠʰʠʥʠʥʛ ʩʠʣʞʠʰʠʛʘʯʘ ˄ʪʛʘʥ ʚʘץʪʥʠ 

ʭʘʨʘʢʪʝʨʣʘʡʜʠ. ɸʩʙʦʙ ʢ˄ʨʩʘʪʠʰʠʥʠʥʛ ʢʝʯʠʢʠʰʠ ץʘʥʯʘ ʢʘʤ ʙ˄ʣʩʘ, ʘʩʙʦʙʥʠʥʛ 

ʩʠʬʘʪʠ ʰʫʥʯʘ ʶץʦʨʠ ʙ˄ʣʘʜʠ. 

ɶʣʯʘʰ ʚʦʩʠʪʘʣʘʨʠʥʠʥʛ ʫʤʫʤʣʘʰʛʘʥ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʩʠ ʘʩʦʩʠʡ ʚʘ 

 ʠʡʤʘʪʣʘʨʠ ʙʠʣʘʥ, ʰʫʥʠʥʛʜʝʢ, ˄ʣʯʘʰץ ʰʠʤʯʘ ʭʘʪʦʣʠʢʣʘʨʥʠʥʛ ʯʝʛʘʨʘʚʠʡ˄ץ

ʚʦʩʠʪʘʣʘʨʠ ʘʥʠץʣʠʛʠʛʘ ʪʘʲʩʠʨ ʵʪʫʚʯʠ ʙʦʰץʘ ʧʘʨʘʤʝʪʨʣʘʨ ʙʠʣʘʥ 

ʠʬʦʜʘʣʘʥʘʜʠʛʘʥ ʘʥʠץʣʠʢ ʩʠʥʬʠʜʘʥ ʠʙʦʨʘʪ; ʧʘʨʘʤʝʪʨʣʘʨʥʠʥʛ ץʠʡʤʘʪʠ ˄ʣʯʘʰ 

ʚʦʩʠʪʘʣʘʨʠʥʠʥʛ ʘʡʨʠʤ ʪʫʨʣʘʨʠ ʫʯʫʥ ʩʪʘʥʜʘʨʪʣʘʨʜʘ ʙʝʣʛʠʣʘʥʛʘʥ. ɶʣʯʘʰ 

ʚʦʩʠʪʘʣʘʨʠʥʠʥʛ ʘʥʠץʣʠʢ ʩʠʥʬʠ ʫʣʘʨʥʠʥʛ ʘʥʠץʣʠʢ ʭʦʩʩʘʣʘʨʠʥʠ ʭʘʨʘʢʪʝʨʣʘʡʜʠ, 

ʘʤʤʦ ʫʣʘʨ ʰʫ ʚʦʩʠʪʘʣʘʨ ʸʨʜʘʤʠʜʘ ʦʣʠʙ ʙʦʨʠʣʛʘʥ ˄ʣʯʘʰʣʘʨʥʠʥʛ ʙʝʚʦʩʠʪʘ 

ʢ˄ʨʩʘʪʢʠʯʠ ʙ˄ʣʘ ʦʣʤʘʡʜʠ.ʏʫʥʢʠ ʘʥʠץʣʠʢ ˄ʣʯʘʰ ʫʩʫʣʣʘʨʠʛʘ ״ʘʤʜʘ ˄ʣʯʘʰ 

˄ʪʢʘʟʠʣʘʸʪʛʘʥ ʰʘʨʦʠʪʛʘ ״ʘʤ ʙʦסʣʠץ. ʁ˄ʣ ץ˄ʡʠʣʘʜʠʛʘʥ ʘʩʦʩʠʡ ʭʘʪʦʣʠʢʣʘʨ 

ʯʝʛʘʨʘʣʘʨʠ ʢʝʣʪʠʨʠʣʛʘʥ (ʥʠʩʙʠʡ) ʭʘʪʦʣʠʢʣʘʨ ʢ˄ʨʠʥʠʰʠʜʘ ʙʝʨʠʣʛʘʥ ˄ʣʯʘʰ 

ʘʩʙʦʙʣʘʨʠ ʫʯʫʥ ץʫʡʠʜʘʛʠ ʩʦʥʣʘʨ ץʘʪʦʨʠʜʘʥ ʦʣʠʥʛʘʥ ʘʥʠץʣʠʢ ʩʠʥʬʠ ʙʝʨʠʣʘʜʠ: 

(1, 1,5; 2,0; 2,5; 3; 4; 5; 6)Ț10
n
, ʙʫ ʝʨʜʘ, n = 1,0; ð 1; -2 ʚʘ ״ʦʢʘʟʦ. 

ɶʣʯʘʰ ʘʩʙʦʙʠʥʠʥʛ ʘʥʠץʣʠʢ ʩʠʥʬʠ ʬʦʠʟʣʘʨʜʘ ״ʠʩʦʙʣʘʥʛʘʥ ʵʥʛ ʢʘʪʪʘ 

ʢʝʣʪʠʨʠʣʛʘʥ ʭʘʪʦʣʠʢʢʘ ʪʝʥʛ: 

%100%100
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jAA        (1.15) 
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ʊʫʨʣʠ ˄ʣʯʦʚ ʘʩʙʦʙʣʘʨʠ ʫʯʫʥ ɼʘʚʣʘʪ ʩʪʘʥʜʘʨʪʠʜʘ ʪʫʨʣʠ ʘʥʠץʣʠʢ 

ʩʠʥʬʣʘʨʠ ץʘʙʫʣ ץʠʣʠʥʛʘʥ. ʋʣʘʨ ʘʩʙʦʙʥʠʥʛ ʮʠʬʝʨʙʣʘʪʠʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥ. 

ʄʘʩʘʣʘʥ, ʰʢʘʣʘʩʠ 0ð100Áʉ ʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʛʘʥ ʣʦʛʦʤʝʪʨʥʠ ʜʘʨʘʞʘʣʘʰ 

ʥʘʪʠʞʘʩʠʜʘ ʤʫʪʣʘץ ʭʘʪʦʣʠʢʥʠʥʛ ץʫʡʠʜʘʛʠ ץʠʡʤʘʪʣʘʨʠ ʦʣʠʥʛʘʥ: 

ʐʢʘʣʘʩʠ ʙʝʣʛʠʩʠ, Áʉ . . .         0       20       40     60         80         100 

ʄʫʪʣʘץ ʭʘʪʦʣʠʢ,     æʭ, Áʉ ...   0,4      1,6      1,0     0,4        0          - 0,6 

ɹʫ ʝʨʜʘ, ʣʦʛʦʤʝʪʨʥʠʥʛ ʢʝʣʪʠʨʠʣʛʘʥ ʭʘʪʦʩʠ 

%6,1%100
100

6,1
%100max =Ö=Ö

D
=

N

X
j  

ʖץʦʨʠʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨʛʘ ʢ˄ʨʘ ʘʥʠץʣʠʢ ʩʠʥʬʠʥʠ 2,0 ʛʘ ʪʝʥʛ 

ʜʝʙ ʦʣʘʤʠʟ (ʷʭʣʠʪʣʘʰ ʢʘʪʪʘʣʘʰʪʠʨʠʰ ʪʦʤʦʥ ʦʣʠʙ ʙʦʨʠʣʘʜʠ). 

ʁ˄ʣ ץ˄ʡʠʣʘʜʠʛʘʥ ʭʘʪʦʣʠʢʣʘʨʠ ʯʝʛʘʨʘʣʘʨʠ ʬʦʠʟʣʘʨʜʘ ʠʬʦʜʘʣʘʥʘʜʠʛʘʥ 

ʥʠʩʙʠʡ ʭʘʪʦʣʠʢʣʘʨʜʘʥ ʠʙʦʨʘʪ ʘʩʙʦʙʣʘʨʥʠʥʛ ʘʥʠץʣʠʢ ʩʠʥʬʣʘʨʠ ץʘʚʩ ʠʯʠʜʘ 

ʸʟʠʣʛʘʥ ʩʦʥʣʘʨ ʙʠʣʘʥ ʙʝʣʛʠʣʘʥʘʜʠ (ʤʘʩʘʣʘʥ, 5%), ʙʫ ʩʦʥʣʘʨ ʡ˄ʣ ץ˄ʡʠʣʘʜʠʛʘʥ 

ʘʩʦʩʠʡ ʥʠʩʙʠʡ ʭʘʪʦʣʠʢʣʘʨ ץʠʡʤʘʪʠ ʙʠʣʘʥ ʫʩʪʤʘ-ʫʩʪ ʪʫʰʘʜʠ. ʄʘʩʘʣʘʥ, 2,5 

ʘʥʠץʣʠʢ ʩʠʥʬʠʜʘʛʠ, ʰʢʘʣʘʩʠ 0ð100 ʤɺ ʙ˄ʣʛʘʥ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ ʫʯʫʥ 

ʰʢʘʣʘʥʠʥʛ ʠʭʪʠʸʨʠʡ ʙʝʣʛʠʩʠʜʘ ʘʩʦʩʠʡ ʥʠʩʙʠʡ ʭʘʪʦʣʠʢ Ñ2,5% ʜʘʥ ʦʰʤʘʡʜʠ, 

ʷʲʥʠ ʰʢʘʣʘʥʠʥʛ ʠʭʪʠʸʨʠʡ ʙʝʣʛʠʩʠʜʘ ʤʫʪʣʦץ ʭʘʪʦʣʠʢ (ʤɺ ʣʘʨʜʘ) 

ʢXX Ö°¢D
100

5,2
 

ʙʫ ʝʨʜʘ, ʍʢ ð ʘʩʙʦʙʥʠʥʛ ʢ˄ʨʩʘʪʠʰʠ. 

ʁ˄ʣ ץ˄ʡʠʣʘʜʠʛʘʥ ʭʘʪʦʣʠʢʣʘʨʠ ʰʢʘʣʘ ʫʟʫʥʣʠʛʠ ʙʠʣʘʥ ʘʥʠץʣʘʥʘʜʠʛʘʥ 

ʤʝʲʸʨʣʦʚʯʠ ץʠʡʤʘʪʣʘʨʛʘ ʙʦסʣʠץ ʬʦʠʟʣʘʨʜʘ ʠʬʦʜʘʣʘʥʘʜʠʛʘʥ ʘʩʙʦʙʣʘʨʥʠʥʛ 

ʘʥʠץʣʠʢ ʩʠʥʬʣʘʨʠ ʙʫʨʯʘʢʯʘ ʙʠʣʘʥ ʘʞʨʘʪʠʙ ץ˄ʡʠʣʛʘʥ ʩʦʥʣʘʨ ʙʠʣʘʥ ʙʝʣʛʠʣʘʥʘʜʠ 

(ʤʘʩʘʣʘʥ, 05; 1,5), ʙʫ ʩʦʥʣʘʨ ʡ˄ʣ ץ˄ʡʠʣʘʜʠʛʘʥ ʘʩʦʩʠʡ ʢʝʣʪʠʨʠʣʛʘʥ ʭʘʪʦʣʠʢʣʘʨ 

 .ʠʡʤʘʪʠ ʙʠʣʘʥ ʫʩʪʤʘ-ʫʩʪ ʪʫʰʘʜʠץ

ʄʘʩʘʣʘʥ, ʰʢʘʣʘʩʠ 5ð50 ʤɺ ʚʘ ʘʥʠץʣʠʢ ʩʠʥʬʠ 2,5 ʙ˄ʣʛʘʥ 

ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ ʫʯʫʥ ʡ˄ʣ ץ˄ʡʠʣʘʜʠʛʘʥ ʘʩʦʩʠʡ ʤʫʪʣʘץ ʭʘʪʦʣʠʢ ץʫʡʠʜʘʛʠ ʠʬʦʜʘ 

ʙ˄ʡʠʯʘ (ʤɺʣʘʨʜʘ) ״ʠʩʦʙʣʘʥʘʜʠ: 

1,1
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455,2

100
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ʙʫ ʝʨʜʘ, NH = Nmax - Nmin ʚʘ Nmin ʘʩʙʦʙ ʢhʘʣʘʩʠʥʠʥʛ ʦʭʠʨʛʠ ʚʘ ʙʦh ʣʘʥϤʠʯ Ϩʠʡʤʘʪʣʘʨʠ. 

ɶʣʯʘʰ ʫʯʫʥ ʘʩʙʦʙ ʪʘʥʣʘʰʜʘ ʫʥʠʥʛ ʘʥʠץʣʠʢ ʩʠʥʬʠ ʘʩʦʩʠʡ ʯʝʛʘʨʘʚʠʡ 

ʤʫʪʣʦץ ʭʘʪʦʣʠʢ ʙʠʣʘʥ ʘʥʠץʣʘʥʠʰʠʥʠ ʵʲʪʠʙʦʨʛʘ ʦʣʠ h ʣʦʟʠʤ, ʙʫ ʭʘʪʦʣʠʢ 

ʰʢʘʣʘʥʠʥʛ ʪʫʨʣʠ ʙʝʣʛʠʣʘʨʠʜʘ ʥʠʩʙʠʡ ʭʘʪʦʣʠʢʥʠʥʛ ʪʫʨʣʠ ץʠʡʤʘʪʣʘʨʠʛʘ ʤʦʩ 

ʢʝʣʘʜʠ. 

ʄʘʩʘʣʘʥ, ʰʢʘʣʘʩʠ 0...150 ʤɺ ʚʘ ʘʥʠץʣʠʢ ʩʠʥʬʠ 1,5 ʙ˄ʣʛʘʥ 

ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ ʫʯʫʥ ʘʩʦʩʠʡ ʯʝʛʘʨʘʚʠʡ ʤʫʪʣʦץ ʭʘʪʦʣʠʢ 2,25 ʤɺ ʛʘ ʪʝʥʛ ʙ˄ʣʠʙ, 

ʰʢʘʣʘʥʠʥʛ 25 ʚʘ 100 ʤɺ ʙʝʣʛʠʣʘʨʠʜʘ ʥʠʩʙʠʡ ʭʘʪʦʣʠʢ ʪʝʛʠʰʣʠʯʘ ץʫʡʠʜʘʛʠʛʘ 

ʪʝʥʛ ʙ˄ʣʘʜʠ (% ʣʘʨʜʘ): 

25,2100
100

25,2

9100
25

25,2
100

100

25
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ʅʠʩʙʠʡ ʭʘʪʦʣʠʢʥʠ ʢʘʤʘʡʪʠʨʠʰ ʤʘץʩʘʜʠʜʘ ˄ʣʯʘʰ ʘʩʙʦʙʠ ʢhʘʣʘʩʠʥʠʥʛ 

ʶץʦʨʠʛʠ ʯʝʛʘʨʘʩʠʥʠ ʰʫʥʜʘʡ ʪʘʥʣʘʰ ʣʦʟʠʤʢʠ, ʣ˄ʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠʥʛ 

ʢʫʪʠʣʘʜʠʛʘʥ ץʠʡʤʘʪʠ (ʢ˄ʨʩʘʪʠʰʠ) ʫʥʠʥʛ ʦʭʠʨʛʠ ʫʯʠʥʯʠ ץʠʩʤʠʜʘ (ʸʢʠ ʦʭʠʨʛʠ 

ʷʨʤʠʜʘ) ʞʦʡʣʘʰʠʰʠ ʤʘץʩʘʜʛʘ ʤʫʚʦʬʠץ. 

ɶʣʯʘʰ ʚʦʩʠʪʘʣʘʨʠʥʠʥʛ ʭʘʪʦʣʠʢʣʘʨʠ ʩʪʘʪʠʩʪʠʢ ʚʘ ʜʠʥʘʤʠʢ ʭʘʪʦʣʠʢʣʘʨʛʘ 

ʙ˄ʣʠʥʘʜʠ. ʉʪʘʪʠʩʪʠʢ ״ʘʪʦʣʠʢ ˄ʟʛʘʨʤʘʩ ʢʘʪʪʘʣʠʢʣʘʨʥʠ ʣ˄ʯʘʰ ʫʯʫʥ 

ʬʦʡʜʘʣʘʥʠʣʘʜʠʛʘʥ ˄ʣʯʘʰ ʚʦʩʠʪʘʩʠ ʭʘʪʦʣʠʛʠʜʠʨ. ɸʛʘʨ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢ 

ʚʘץʪʥʠʥʛ ʬʫʥʢʮʠʷʩʠ ʙ˄ʣʩʘ, ʚʦʩʠʪʘʣʘʨʥʠ ʜʠʥʘʤʠʢ ʭʘʪʦʣʠʛʠ ʜʝʙ ʘʪʘʣʘʜʠʛʘʥ 

ʫʤʫʤʠʡ ʭʘʪʦʣʠʢʥʠʥʛ ʪʘʰʢʠʣ ʵʪʫʚʯʠʩʠ ʭʦʩʠʣ ʙ˄ʣʘʜʠ. ɼʠʥʘʤʠʢ ʨʝʞʠʤʜʘ 

ʫʤʫʤʠʡ ʭʘʪʦʣʠʢ ʩʪʘʪʠʩʪʠʢ ʚʘ ʜʠʥʘʤʠʢ ʭʘʪʦʣʠʢʣʘʨ ʡʠסʠʥʜʠʩʠʛʘ ʪʝʥʛ. 

ʀʢʢʠ ʸʢʠ ʫʥʜʘʥ ʦʨʪʠץ ˄ʣʯʦʚ ʚʦʩʠʪʘʣʘʨʠʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ˄ʣʯʘʰ ʪʠʟʠʤʠʜʘʥ 

ʬʦʡʜʘʣʘʥʛʘʥʜʘ ʪʠʟʠʤʥʠʥʛ ʤʫʪʣʘץ ʭʘʪʦʣʠʛʠ 

22

2

2

1 ... nʪʠʟ ʍʍʍʍ D++D+D°=D       (1.16) 

ʠʬʦʜʘ ʙʠʣʘʥ ʘʥʠץʣʘʥʘʜʠ, ʙʫ ʝʨʜʘ, æʍ1, æʍ2,..., æʍn ð ʪʠʟʠʤʥʠʥʛ 1-, 2-,..., 

n- ˄ʣʯʦʚ ʚʦʩʠʪʘʩʠ. 

ʊʠʟʠʤʥʠʥʛ ʥʠʩʙʠʡ ʚʘ ʢʝʣʪʠʨʠʣʛʘʥ ʭʘʪʦʣʠʛʠ ʰʫʥʛʘ ˄ʭʰʘʰ ʘʥʠץʣʘʥʘʜʠ 

22

2

2

1 ... nʪʠʟ bbbb +++°=       (1.17) 
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22

2

2

1 ... nʪʠʟ jjjj +++°=      (1.18) 

 

1-ɹʆɹɻɸ ʊɽɻʀʐʃʀ ʊɸʗʅʏ ʉɶɿ ɺɸ ʀɹʆʈɸʃɸʈ ʊɽʈʄɸʉʀ 

1. ʊʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰ 

2. ʀʰʣʘʙ ʯʠץʘʨʠʰʥʠ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ 

3. ɸʚʪʦʤʘʪʣʘʰʪʠʨʠʰ ʪʠʟʠʤʠ 

4. ɹʠʨʣʘʤʯʠ ʘʩʙʦʙ 

5. ʀʢʢʠʣʘʤʯʠ ʘʩʙʦʙ 

6. ʄʘʨʢʘʟʣʘʰʪʠʨʠʣʛʘʥ ʙʦʰץʘʨʠʰ ʪʠʟʠʤʠ 

7. ʄʝʪʨʦʣʦʛʠʷ 

8.  ɶʣʯʘʰ ʪʫʨʣʘʨʠ 

9. ɶʣʯʘʰ ʚʦʩʠʪʘʣʘʨʠ 

10. ɶʣʯʘʰ ʭʘʪʦʣʠʢʣʘʨʠ 

11. ɸʥʠץʣʘʰ ʩʠʥʬʠ 

12. ʐʢʘʣʘ ʙʣ˄ʠʥʤʘʩʠ ץʠʡʤʘʪʠ 

13. ʉʝʟʛʠʨʣʠʢ 

14. ɶʣʯʘʰ ʯʝʛʘʨʘʩʠ 

ʅɸɿʆʈɸʊ ʉɸɺʆʃʃɸʈʀ 

1. ʄʝ״ʥʘʪ ʫʥʫʤʜʦʨʣʠʛʠʥʠ ʦʰʠʨʠʰʜʘ ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ ʥʘʟʦʨʘʪ 

 ?ʘʥʜʘʡץ ʠʣʠʰ ʚʘ  ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰʠʥʠʥʛ ʨʦʣʠץ

2. ɹʠʨʣʘʤʯʠ ʟ˄ʛʘʨʪʢʠʯ, ʙʠʨʣʘʤʯʠ ʚʘ ʠʢʢʠʣʘʤʯʠ ʘʩʙʦʙʣʘʨ ʭʘץʠʜʘ ץʘʥʜʘʡ 

ʪʫʰʫʥʯʘʛʘ ʵʛʘʩʠʟ? 

3. ʀʰʣʘʙ ʯʠץʘʨʠʰʥʠ ʘʚʪʦʤʘʪʣʘʰʜʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʚʘ ʵʣʝʢʪʨʦʥ 

ʭʠʩʦʙʣʘʰ ʤʘʰʠʥʘʣʘʨʠʥʠʥʛ ץʣ˄ʣʘʥʠʰʠ ʥʠʤʘʥʠ ʙʝʨʘʜʠ? 

4. ʄʝʪʨʦʣʦʛʠʷ ʥʠʤʘ? 

5. ɶʣʯʘʰ ʜʝʛʘʥʜʘ ʥʠʤʘʥʠ ʪʫʰʫʥʘʩʠʟ? 

 ?ʘʥʜʘʡ ʣ˄ʯʘʰ ʪʫʨʣʘʨʠ ʤʘʚʞʫʜפ .6

7. ɶʣʯʘʰ ʭʘʪʦʣʠʛʠ ʥʠʤʘ? 
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8. ɶʣʯʘʰ ʭʘʪʦʣʠʢʣʘʨʠʥʠʥʛ ʢʝʣʠʙ ʯʠץʠʰ ʩʘʙʘʙʣʘʨʠ ʚʘ ץʘʥʜʘʡ 

ʭʘʪʦʣʠʢʣʘʨʠʥʠ ʙʠʣʘʩʠʟ? 

9. ɸʥʠץʣʠʢ ʩʠʥʬʠ ʥʠʤʘ? 

 

II ʙʦʙ. ׳ɸʈʆʈɸʊʅʀ ɶʃʏɸʐ 

 

2.1-Ä. ׳ɸʈʆʈɸʊ ɺɸ ʋʅʀ ɶʃʏɸʐɼɸɻʀ ɸʉʆʉʀʁ ʊʋʐʋʅʏɸʃɸʈ 

 ʠʤ ʧʘʨʘʤʝʪʨʠ ʙ˄ʣʠʙ, ʘʤʘʣʜʘ״ʘʨʦʨʘʪ ð ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠʥʛ ʤʫ׳

ʘʨʦʨʘʪʣʘʨ ʙʠʣʘʥ ʠ״ ʦʨʠץʘʤ ʶ״ ,ʘʤ ʧʘʩʪ״  hʢ˄ʨʠʰʛʘ ʪ˄סʨʠ ʢʝʣʘʜʠ. 

ɾʠʩʤʠʠʥʛ ״ʘʨʦʨʘʪʠ ʤʦʣʝʢʫʣʘʣʘʨʥʠʥʛ ʠʩʩʠץʣʠʢ ״ʘʨʘʢʘʪʠʜʘʥ ״ʦʩʠʣ 

ʙ˄ʣʘʜʠʛʘʥ ʠʯʢʠ ʢʠʥʝʪʠʢ ʵʥʝʨʛʠʷʩʠ ʙʠʣʘʥ ʙʝʣʛʠʣʘʥʘʜʠʛʘʥ ץʠʟʜʠʨʠʣʛʘʥʣʠʢ 

ʜʘʨʘʞʘʩʠ ʦʨץʘʣʠ ʭʘʨʘʢʪʝʨʣʘʥʘʜʠ. ׳ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰ ʘʤʘʣʜʘ ʠʢʢʘʣʘʩʠʜʘʥ 

ʙʠʨʠʥʠʥʛ ץʠʟʜʠʨʠʣʠʰ ʜʘʨʘʞʘʩʠ ʤʘʲʣʫʤ ʙ˄ʣʛʘʥ ʠʢʢʠ .ʞʠʩʤʥʠʥʛ 

 ʦʩʣʘʰ ʸʨʜʘʤʠʜʘʛʠʥʘ ʤʫʤʢʠʥ ʙ˄ʣʘʜʠ. ɾʠʩʤʣʘʨʥʠʥʛץץʠʟʜʠʨʠʣʠʰʠʥʠ ʪʘץ

 ʙ˄ʣʛʘʥ ʚʘ ץʣʠסʘʨʦʨʘʪʛʘ ʙʦ״ ʦʩʣʘʰʜʘ ʫʣʘʨʥʠʥʛץץʠʟʜʠʨʠʣʛʘʥʣʠʢ ʜʘʨʘʞʘʩʠʥʠ ʪʘץ

ʦʩʦʥʛʠʥʘ ˄ʣʯʘʥʘʜʠʛʘʥ ʬʠʟʠʢ ʭʦʩʩʘʣʘʨʠʜʘʥ ʙʠʨʦʨʪʘʩʠʥʠ ˄ʟʛʘʨʪʠʨʠʰʜʘʥ 

ʬʦʡʜʘʣʘʥʠʣʘʜʠ. 

ʄʦʣʝʢʫʣʘʣʘʨʥʠʥʛ ˄ʨʪʘʯʘ ʢʠʥʝʪʠʢ ʵʥʝʨʛʠʷʩʠ ʚʘ ʠʜʝʘʣ ʛʘʟ ״ʘʨʦʨʘʪʠ 

ʦʨʘʩʠʜʘʛʠ ʙʦסʣʘʥʠʰ ץʫʡʠʜʘʛʠ ʪʝʥʛʣʘʤʘ ʙʠʣʘʥ ʠʬʦʜʘʣʘʥʘʜʠ: 

TKE Ö=
2

3
           (2.1) 

ʙʫ ʝʨʜʘ, ʂ. ð 1,380Ț10
-23

 ɾȚʂ
-1

, ð ɹʦʣʴʮʤʘʥ ʜʦʠʤʠʡʩʠ; ʊ ð ʞʠʩʤ ʤʫʪʣʘϨ ϲʘʨʦʨʘʪʠ, 

0
ʂ. 

ɸʛʘʨ ʞʠʩʤʥʠʥʛ ״ʘʨʦʨʘʪʠ ʪʫʨʣʠʯʘ ʙ˄ʣʩʘ, ʫʣʘʨ ʙʠʨ-ʙʠʨʠʛʘ ʪʝʛʠʙ ʪʫʨʛʘʥʠʜʘ 

ʵʥʝʨʛʠʷʣʘʨʥʠʥʛ ʪʝʥʛʣʘʰʫʚʠ ʨ˄ʡ ʙʝʨʘʜʠ: ʶץʦʨʠʨʦ״ ץʘʨʦʨʘʪʛʘ ʚʘ, ʜʝʤʘʢ, 

ʤʦʣʝʢʫʣʘʣʘʨʠʥʠʥʛ ʢ˄ʧʨʦץ ˄ʨʪʘʯʘ ʢʠʥʝʪʠʢ ʵʥʝʨʛʠʷʩʠʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʞʠʩʤ ˄ʟ 

ʠʩʩʠץʣʠʛʠʥʠ (ʵʥʝʨʛʠʷʩʠʥʠ) ʢʘʤʨʦ״ ץʘʨʦʨʘʪʛʘ ʚʘ, ʜʝʤʘʢ, ʤʦʣʝʢʫʣʘʣʘʨʠʥʠʥʛ 

ʢʘʤʨʦץ ˄ʨʪʘʯʘ ʢʠʥʝʪʠʢ ʵʥʝʨʛʠʷʩʠʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʞʠʩʤʛʘ ʙʝʨʘʜʠ. ʐʫʥʜʘʡ ץʠʣʠʙ, 

 ʘʤ״ ,ʘʤ ʩʠʬʘʪ״ ʣʠʢ ˄ʪʢʘʟʠʰ ʞʘʨʘʸʥʣʘʨʠʥʠʥʛץʣʠʢ ʘʣʤʘʰʠʰ, ʠʩʩʠץʘʨʦʨʘʪ ʠʩʩʠ״

ʤʠʢʜʦʨʠʡ ʪʦʤʦʥʣʘʨʠʥʠ ʭʘʨʘʢʪʝʨʣʘʡʜʠʛʘʥ ʧʘʨʘʤʝʪʨʜʠʨ. ɸʤʤʦ ״ʘʨʦʨʘʪʥʠ 

ʙʝʚʦʩʠʪʘ ˄ʣʯʘʰ ʤʫʤʢʠʥ ʵʤʘʩ: ʫʥʠ ʞʠʩʤʥʠʥʛ ״ʘʨʦʨʘʪʛʘ ʙʠʨ ץʠʡʤʘʪʣʠ ʙʦסʣʠץ 
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ʙ˄ʣʛʘʥ ץʘʥʜʘʡʜʠʨ ʙʦʰץʘ ʬʠʟʠʢ ʧʘʨʘʤʝʪʨʣʘʨʠ ʙ˄ʡʠʯʘ ʘʥʠץʣʘʰ ʤʫʤʢʠʥ. 

 ,ʘʨʰʠʣʠʢץ ʘʞʤ, ʫʟʫʥʣʠʢ, ʵʣʝʢʪʨ״ ,ʧʘʨʘʤʝʪʨʣʘʨʛʘ ʤʘʩʘʣʘʥ ץʣʠסʘʨʦʨʘʪʛʘ ʙʦ׳

ʪʝʨʤʦʵʣʝʢʪʨ ʶʨʠʪʫʚʯʠ ʢʫʯ, ʥʫʨʣʘʥʠʰʥʠʥʛ ʵʥʝʨʛʝʪʠʢ ʨʘʚʰʘʥʣʠʛʠ ʚʘ ״ʦʢʘʟʦʣʘʨ 

ʢʠʨʘʜʠ. 

 ʘʨʦʨʘʪ ˄ʣʯʘʡʜʠʛʘʥ ʘʩʙʦʙʥʠ 1598 ʡʠʣʜʘ ɻʘʣʠʣʝʡ ʙʠʨʠʥʯʠ ʙ˄ʣʠʙ ʪʘʚʩʠʷ׳

ʵʪʛʘʥ. ʉ˄ʥʛʨʘ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚ, ʌʘʨʝʥʛʝʡʪʣʘʨ ʪʝʨʤʦʤʝʪʨ ʠʰʣʘʙ ʯʠץʠʰʛʘʥ. 

ɶʣʯʘʥʘʸʪʛʘʥ ״ʘʨʦʨʘʪʥʠʥʛ ʩʦʥ ץʠʡʤʘʪʠʥʠ ʪʦʧʠʰ ʫʯʫʥ ״ʘʨʦʨʘʪʣʘʨ 

ʰʢʘʣʘʩʠʥʠ ˄ʨʥʘʪʠʰ, ʷʲʥʠ ʩʘʥʦץ ʙʦʰʠʥʠ ʚʘ ״ʘʨʦʨʘʪ ʦʨʘʣʠסʠʥʠʥʛ ˄ʣʯʦʚ 

ʙʠʨʣʠʛʠʥʠ ʪʘʥʣʘʰ ʣʦʟʠʤ. 

ʂʠʤʸʚʠʡ ʪʦʟʘ ʤʦʜʜʘʣʘʨʥʠʥʛ ʦʩʦʥ ʪʠʢʣʘʥʘʜʠʛʘʥ (ʘʩʦʩʠʡ ʨʝʧʝʨ ʚʘ ʪʘʷʥʯ) 

 ʘʪʦʨץ ʘʨʦʨʘʪ ʦʨʘʣʠʛʠʜʘʛʠ״ ʪʘʣʘʨʠ ʙʠʣʘʥ ʯʝʛʘʨʘʣʘʥʛʘʥץʘʡʥʘʰ ʚʘ ʵʨʠʰ ʥʫץ

ʙʝʣʛʠʣʘʨ, ״ʘʨʦʨʘʪ ʰʢʘʣʘʩʠʥʠ ״ʦʩʠʣ ץʠʣʘʜʠ. ɹʫ ״ʘʨʦʨʘʪʣʘʨʛʘ t' ʚʘ tôô ץʠʡʤʘʪʣʘʨ 

ʙʝʨʠʣʛʘʥ. ʋ ״ʦʣʜʘ ˄ʣʯʦʚ ʙʠʨʣʠʛʠ: 

n

tt
ʛʨʘʜʫʩ

¡-¡¡
=1       (2.2) 

ʙʫ ʝʨʜʘ t¡ ʚʘ t¡¡ðʦʩʦʥ ʪʠʢʣʘʥʘʜʠʛʘʥ ˄ʟʛʘʨʤʘʩ ϲʘʨʦʨʘʪʣʘʨ: n ð t¡¡, t¡ ʪʘʷʥʯ ʥʫϨʪʘʣʘʨ 

ʦʨʘʩʠʜʘʛʠ ϲʘʨʦʨʘʪ ʦʨʘʣʠϤʠ ʙ˄ʣʠʥʘʜʠʛʘʥ ʙʫʪʫʥ ʩʦʥ. 

 :ʘʨʦʨʘʪ ʰʢʘʣʘʩʠʥʠʥʛ ʪʝʥʛʣʘʤʘʩʠ׳

)'''(
'''

'
' tt

vv

vv
tt -Ö

-

-
+=              (2.3) 

ʙʫ ʝʨʜʘ, t' ʚʘ t" ð ʤʦʜʜʘʥʥʥʛ ʪʘʷʥʯ ʥʫϨʪʘʣʘʨʠ (760 ʤʤ ʩʠʤ. ʫʩʪ. ʙʦʩʠʤʠʜʘ ʚʘ ʦϤʠʨʣʠʢ 

ʢʫʯʠʥʠʥʛ 980, 665 ʩʤ/ʩ
2
 ʪʝʟʣʘʥʠʰʠʜʘ ʤʫʟʥʠʥʛ ʵʨʠʰ ʚʘ ʩʫʚʥʠʥʛ ʢʘʡʥʘʰ ϲʘʨʦʨʘʪʣʘʨʠ); ɡ' ʚʘ 

ɡ"ðt', t" ϲʘʨʦʨʘʪʣʘʨʜʘʛʠ ʤʦʜʜʘʥʠʥʛ (ʩʫʶϨʣʠʢʥʠʥʛ) ϲʘʞʤʠ; ɡ ð t ϲʘʨʦʨʘʪʜʘʛʠ ʤʦʜʜʘʥʠʥʛ 

(ʩʫʶϨʣʠʢʥʠʥʛ) ϲʘʞʤʠ. 

ʊʘʙʠʘʪʜʘ ״ʘʞʤʠʡ ʢʝʥʛʘʡʠʰʠ ʚʘ ״ʘʨʦʨʘʪʠ ʯʠʟʠץʣʠ ʙʦסʣʘʥʛʘʥ ʩʫʶץʣʠʢʣʘʨ 

ʙ˄ʣʤʘʡʜʠ. ʐʫʥʠʥʛ ʫʯʫʥ, ״ʘʨʦʨʘʪʣʘʨʥʠʥʛ ʢ˄ʨʩʘʪʠʰʠ ʪʝʨʤʦʤʝʪʨʛʘ ʩʦʣʠʥʘʜʠʛʘʥ 

ʤʦʜʜʘʥʠʥʛ (ʩʠʤʦʙ, ʩʧʠʨʪ ʚʘ ʙʦʰץʘʣʘʨ) ʪʘʙʠʘʪʠʛʘ ʙʦסʣʠץ. ʌʘʥ ʚʘ ʪʝʭʥʠʢʘʥʠʥʛ 

ʨʠʚʦʞʣʘʥʠʰʠ ʙʠʣʘʥ ʪʝʨʤʦʤʝʪʨʛʘ ʩʦʣʠʥʘʜʠʛʘʥ ʤʦʜʜʘʥʠʥʛ ʙʠʨʦʥʪʘ ʭʫʩʫʩʠʷʪʠ 

ʙʠʣʘʥ ʙʦסʣʘʥʤʘʛʘʥ ʷʛʦʥʘ ״ʘʨʦʨʘʪ ʰʢʘʣʘʩʠʥʠ ʷʨʘʪʠʰ ʟʘʨʫʨʘʪʠ ʧʘʡʜʦ ʙ˄ʣʘʜʠ. 

1848 ʡʠʣʜʘ ʠʥʛʣʠʟ ʬʠʟʠʛʠ ʂʝʣʴʚʠʥ ʪʝʨʤʦʜʠʥʘʤʠʢʘʥʠʥʛ ʠʢʢʠʥʯʠ ץʦʥʫʥʠ 

ʘʩʦʩʠʜʘ ʷʥʛʠ ״ʘʨʦʨʘʪ ʰʢʘʣʘʩʠʥʠ ʪʫʟʠʰʥʠ ʪʘʢʣʠʬ ץʠʣʜʠ. ʊʝʨʤʦʜʠʥʘʤʠʢ 

 :ʘʨʦʨʘʪʣʘʨ ʰʢʘʣʘʩʠʥʠʥʛ ʪʝʥʛʣʘʤʘʩʠ״
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)4.2(%100*
0100 QQ

Q
T

-
=  

ʙʫ ʝʨʜʘ, Q100 ʚʘ Q0 ð ʩʫʚʥʠʥʛ Ϩʘʡʥʘʰ ʚʘ ʤʫʟʥʠʥʛ ʵʨʠʰ ϲʘʨʦʨʘʪʣʘʨʠʛʘ ʤʦʩ ʠʩʩʠϨʣʠʢ 

ʤʠʢʜʦʨʣʘʨʠ; Q ð ʊ ϲʘʨʦʨʘʪʛʘ ʤʦʩ ʠʩʩʠϨʣʠʢ ʤʠʢʜʦʨʠ. 

ɶʣʯʦʚ ʚʘ ʚʘʟʥʣʘʨ ʙ˄ʡʠʯʘ 1960 ʡʠʣʜʘ ˄ʪʢʘʟʠʣʛʘʥ XI ʭʘʣץʘʨʦ ʢʦʥʬʝʨʝʥʮʠʷ 

) ʘʨʦʨʘʪ ʰʢʘʣʘʩʠ: ʂʝʣʴʚʠʥ ʛʨʘʜʫʩʠ״ ʘʨʦʨʣʘʨʠʜʘ ʠʢʢʠץ
0
ʂ) ˄ʣʯʦʚ ʙʠʨʣʠʛʠ ʙʠʣʘʥ 

˄ʣʯʘʥʘʜʠʛʘʥ ʪʝʨʤʦʜʠʥʘʤʠʢ ʰʢʘʣʘ ʚʘ ʎʝʣʴʩʠʡ ʛʨʘʜʫʩʠ (Áʉ) ˄ʣʯʦʚ ʙʠʨʣʠʛʠ 

ʙʠʣʘʥ ˄ʣʯʘʥʘʜʠʛʘʥ ʭʘʣץʘʨʦ ʘʤʘʣʠʡ ʰʢʘʣʘʣʘʨʥʠʥʛ ץ˄ʣʣʘʥʠʰʠ ʢ˄ʟʜʘ ʪʫʪʠʣʛʘʥ. 

ʂʝʣʴʚʠʥ ʪʝʨʤʦʜʠʥʘʤʠʢ ʰʢʘʣʘʩʠʜʘʛʠ ʧʘʩʪʢʠ ʥʫץʪʘ ð ʤʫʪʣʘץ ʥʦʣʴ ʥʫץʪʘ (ʂ) 

ʙ˄ʣʠʙ, ʷʛʦʥʘ. ʵʢʩʧʝʨʠʤʝʥʪʘʣ ʘʩʦʩʠʡ ʥʫץʪʘ ʵʩʘ ʩʫʚʥʠʥʛ ʫʯʣʠʢ ʥʫץʪʘʩʠʜʠʨ. ɹʫ 

ʥʫץʪʘʥʠʥʛ ʩʦʥ ץʠʡʤʘʪʠ 273,15 
0
ʂ. ʉʫʚʥʠʥʛ ʤʫʟ, ʩʫʶץ, ʛʘʟ ʬʘʟʘʣʘʨʠʜʘʛʠ 

ʤʫʚʦʟʘʥʘʪ ʥʫץʪʘʩʠ ʙ˄ʣʛʘʥ ʩʫʚʥʠʥʛ ʫʯʣʠʢ ʥʫץʪʘʩʠ ʤʫʟ ʵʨʠʰ ʥʫץʪʘʩʠʜʘʥ 0,01 ʂ 

ʶץʦʨʠʨʦץ ʪʫʨʘʜʠ. ʊʝʨʤʦʜʠʥʘʤʠʢ ״ʘʨʦʨʘʪ ʊ ״ʘʨʬʠ ʙʠʣʘʥ ʩʦʥ ץʠʡʤʘʪʣʘʨʠ ʵʩʘ 
0
ʂ 

ʙʠʣʘʥ ʠʬʦʜʘʣʘʥʘʜʠ. 

ɸʤʘʣʠʡ ˄ʣʯʘʰʣʘʨʜʘ ʠʰʣʘʪʠʣʘʜʠʛʘʥ ʭʘʣץʘʨʦ ʘʤʘʣʠʡ ״ʘʨʦʨʘʪ ʰʢʘʣʘʩʠ 

ʪʝʨʤʦʜʠʥʘʤʠʢ ʰʢʘʣʘ ʢ˄ʨʠʥʠʰʠʜʘ ʠʰʣʘʥʛʘʥ. ɹʫ ʰʢʘʣʘ ʢʠʤʸʚʠʡ ʪʦʟʘ 

ʤʦʜʜʘʣʘʨʥʠʥʛ ʙʠʨ ץʘʜʘʨ ʦʩʦʥ ʪʠʢʣʘʥʘʜʠʛʘʥ ˄ʟʛʘʨʤʘʩ ץʘʡʥʘʰ ʚʘ ʵʨʠʰ 

ʥʫץʪʘʣʘʨʠ ʘʩʦʩʠʜʘ ʪʫʟʠʣʛʘʥ. ʋʣʘʨʥʠʥʛ ʩʦʥʣʠ ץʠʡʤʘʪʠ ʛʘʟʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨ 

ʦʨץʘʣʠ ʘʥʠץʣʘʥʛʘʥ ʙ˄ʣʠʙ, ʭʘʣץʘʨʦ ʘʤʘʣʠʡ ״ʘʨʦʨʘʪ ʰʢʘʣʘʩʠ ˄ʣʯʦʚ ʚʘ ʚʘʟʥʣʘʨ 

ʙ˄ʡʠʯʘ ˄ʪʢʘʟʠʣʛʘʥ XI ʫʤʫʤʠʡ ʢʦʥʬʝʨʝʥʮʠʷʜʘ ץʘʙʫʣ ץʠʣʠʥʛʘʥ. 

ʍʘʣץʘʨʦ ʘʤʘʣʠʡ ʰʢʘʣʘ ʙ˄ʡʠʯʘ ˄ʣʯʘʥʘʜʠʛʘʥ ״ʘʨʦʨʘʪ t ״ʘʨʬʠ ʙʠʣʘʥ, ʩʦʥʣʠ 

 ʪʝʨʤʦʜʠʥʘʤʠʢ ʰʢʘʣʘ ץʠʡʤʘʪʠ ʵʩʘ Áʉ ʙʝʣʛʠʩʠ ʙʠʣʘʥ ʠʬʦʜʘʣʘʥʘʜʠ. ʄʫʪʣʘץ

ʙ˄ʡʠʯʘ ʠʬʦʜʘʣʘʥʛʘʥ ״ʘʨʦʨʘʪ ʙʠʣʘʥ ʰʫ ״ʘʨʦʨʘʪʥʠʥʛ ʭʘʣץʘʨʦ ʰʢʘʣʘ ʙ˄ʡʠʯʘ 

ʠʬʦʜʘʩʠ ʦʨʘʩʠʜʘʛʠ ʤʫʥʦʩʘʙʘʪ ץʫʡʠʜʘʛʠ ʪʝʥʛʣʘʤʘ ʦʨץʘʣʠ ʘʥʠץʣʘʥʘʜʠ: 

T=t+273,15            (2,5) 

ʙʫ ʝʨʜʘ, ʊ ð ʤʫʪʣʘϨ ʪʝʨʤʦʜʠʥʘʤʠʢ ʰʢʘʣʘʜʘʛʠ 
0
ʂ ϲʘʨʦʨʘʪ; t ð ʭaʣϨʘʨʦ ʘʤʘʣʠʡ 

ʰʢʘʣʘʜʘʛʠ Áʉ ϲʘʨʦʨʘʪ. 

ɸʥʛʣʠʷ ʚʘ ɸפʐ ʜʘ 1715 ʡʠʣʜʘ ʪʘʢʣʠʬ ץʠʣʠʥʛʘʥ ʌʘʨʝʥʛʝʡʪ ʰʢʘʣʘʩʠ (Áנ) 

 ʚʘ ʩʫʚʥʠʥʛ (נ32Á) ʪʘʩʠץʪʘ: ʤʫʟʥʠʥʛ ʵʨʠʰ ʥʫץʣʣʘʥʘʜʠ. ɹʫ ʰʢʘʣʘʜʘ ʠʢʢʠ ʥʫ˄ץ

 ץʘʨʦ ʘʤʘʣʠʡ ʰʢʘʣʘ, ʤʫʪʣʘץʠʣʠʙ ʦʣʠʥʛʘʥ. ʍʘʣץ ʘʩʦʩ (נ212Á) ʪʘʩʠץʘʡʥʘʰ ʥʠץ



 44 

ʪʝʨʤʦʜʠʥʘʤʠʢ ʰʢʘʣʘ ʚʘ ʌʘʨʝʥʛʝʡʪ ʰʢʘʣʘʩʠ ʙ˄ʡʠʯʘ ״ʠʩʦʙʣʘʥʛʘʥ ״ʘʨʦʨʘʪ 

ʤʫʥʦʩʘʙʘʪʠ ץʫʡʠʜʘʛʠʯʘ: 

t
0
C=T

0
K-273,15=0,556(n

0
F-32)         (2.6) 

ʙʫ ʝʨʜʘ, n ð ʌʘʨʝʥʛʝʡʪ ʰʢʘʣʘʩʠ ʙ˄ʡʠʯʘ ʛʨʘʜʫʩʣʘʨ ʩʦʥʠ. 

 ʠʣʠʥʛʘʥ ʚʘ 1971 ʡʠʣ 1 ʷʥʚʘʨʜʘʥ ʤʘʞʙʫʨʠʡץ ʘʙʫʣץ ʦʟʠʨ 1968 ʡʠʣʜʘ׳

ʞʦʨʠʡ ʵʪʠʣʛʘʥ ʍʘʣץʘʨʦ ʘʤʘʣʠʡ ״ʘʨʦʨʘʪ ʰʢʘʣʘʩʠ (ʄʇʊʐ-68) ץ˄ʣʣʘʥʠʣʘʜʠ. 

ʄʇʊʐ-68 ״ʘʨʦʨʘʪʥʠ 13,81 ʜʘʥ 6300Áʂ ʛʘʯʘ ʦʨʘʣʠץʜʘ ˄ʣʯʘʰʥʠ ʪʘʲʤʠʥʣʘʡʜʠ. 

ɿʘʤʦʥʘʚʠʡ ʪʝʨʤʦʤʝʪʨʠʷ ˄ʣʯʘʰʥʠʥʛ ʪʫʨʣʠ ʫʩʫʣ ʚʘ ʚʦʩʠʪʘʣʘʨʠʛʘ ʵʛʘ. ׳ʘʨ 

ʙʠʨ ʫʩʫʣ ˄ʟʠʛʘ ʭʦʩ ʙ˄ʣʠʙ, ʫʥʠʚʝʨʩʘʣʣʠʢ ʭʫʩʫʩʠʷʪʠʛʘ ʵʛʘ ʵʤʘʩ. ɹʝʨʠʣʛʘʥ 

ʰʘʨʦʠʪʜʘ ʦʧʪʠʤʘʣ ˄ʣʯʘʰ ʫʩʫʣʠ ˄ʣʯʘʰʛʘ ץ˄ʡʠʣʛʘʥ ʘʥʠץʣʠʢ ʰʘʨʪʠ ʚʘ 

˄ʣʯʘʰʥʠʥʛ ʜʘʚʦʤʠʡʣʠʛʠ ʰʘʨʪʠ, ״ʘʨʦʨʘʪʥʠ ץʘʡʜ ץʠʣʠʰ ʚʘ ʘʚʪʦʤʘʪʠʢ ʙʦʰץʘʨʠʰ 

ʟʘʨʫʨʘʪʠ ʸʨʜʘʤʠʜʘ ʙʝʣʛʠʣʘʥʘʜʠ. 

ʅʘʟʦʨʘʪ ץʠʣʠʥʘʜʠʛʘʥ ʤʫ״ʠʪʣʘʨ ʪʘʰץʠ ʰʘʨʦʠʪʥʠ ˄ʟʛʘʨʪʠʨʛʘʥʜʘ ʬʠʟʠʢ 

ʭʦʩʩʘʣʘʨʠʥʠʥʛ ʪʫʨʣʠ ʘʛʨʝʩʩʠʚʣʠʛʠ ʚʘ ʪʫʨסʫʥʣʠʛʠ ʜʘʨʘʞʘʩʠ ʙʠʣʘʥ ʩʫʶץ, 

ʩʦʯʠʣʫʚʯʘʥ, ʛʘʟʩʠʤʦʥ ʸʢʠ ץʘʪʪʠץ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ. 

 ʣʘʨʛʘ״ʫʡʠʜʘʛʠ ʛʫʨʫץ ʘʨʘʙץ ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰ ʘʩʙʦʙʠ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠʛʘ׳

ʙ˄ʣʠʥʘʜʠ: 

1. ʂʝʥʛʘʡʠʰ ʪʝʨʤʦʤʝʪʨʣʘʨʠ. ɹʫ ʪʝʨʤʦʤʝʪʨʣʘʨ ״ʘʨʦʨʘʪ ˄ʟʛʘʨʠʰʠ ʙʠʣʘʥ 

ʩʫʶץʣʠʢ ʸʢʠ ץʘʪʪʠץ ʞʠʩʤʣʘʨ ״ʘʞʤʠʥʠʥʛ ʸʭʫʜ ʯʠʟʠץʣʠ ˄ʣʯʘʤʣʘʨʠʥʠʥʛ 

˄ʟʛʘʨʠʰʠʛʘ ʘʩʦʩʣʘʥʛʘʥ. 

2. ʄʘʥʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨ. ɹʫ ʘʩʙʦʙʣʘʨ ʤʦʜʜʘʣʘʨ ״ʘʞʤʠ ˄ʟʛʘʨʤʘʩ 

ʙ˄ʣʛʘʥʜʘ ״ʘʨʦʨʘʪ ˄ʟʛʘʨʠʰʠ ʙʠʣʘʥ ʙʦʩʠʤʥʠʥʛ ˄ʟʛʘʨʠʰʠʛʘ ʘʩʦʩʣʘʥʛʘʥ; 

 ʘʨʦʨʘʪ ʪʘʲʩʠʨʠʜʘ ˄ʟʛʘʨʛʘʥ ʪʝʨʤʦʵʣʝʢʪʨ ʶʨʠʪʫʚʯʠ ʢʫʯʥʠʥʛ׳ .3

˄ʟʛʘʨʠʰʠʛʘ ʘʩʦʩʣʘʥʘʥ  yʨʘʚʰʘʥʣʠʛʠʥʠ ˄ʣʯʘʰ ʘʩʙʦʙʠ; ʙ) ʨʘʥʛʣʠ ʧʠʨʦʤʝʪʨʣʘʨ 

(ʩʧʝʢʪʨʘʣ ʥʠʩʙʘʪ ʧʠʨʦʤʝʪʨʣʘʨʠ) - ʞʠʩʤʥʠʥʛ ʠʩʩʠץʣʠʢʜʘʥ ʥʫʨʣʘʥʠʰ 

ʩʧʝʢʪʨʠʜʘʛʠ ʵʥʝʨʛʠʷʥʠʥʛ ʪʘץʩʠʤʣʘʥʠʰʠʥʠ ˄ʣʯʘʰʛʘ ʘʩʦʩʣʘʥʛʘʥ; ʚ) ʨʘʜʠʘʮʠʦʥ 

ʧʠʨʦʤʝʪʨʣʘʨ ð ʠʩʩʠץ ʞʠʩʤ ʥʫʨʣʘʥʠʰʠʥʠʥʛ ץʫʚʚʘʪʠʥʠ ˄ʟʛʘʨʠʰʠʛʘ ʘʩʦʩʣʘʥʛʘʥ. 

ʅʫʨʣʘʥʠʰ ʪʝʨʤʦʤʝʪʨʣʘʨʠ ״ʘʨʦʨʘʪ ʢʦʥʪʘʢʪʩʠʟ ˄ʣʯʘʰ ʫʩʫʣʠ ״ʠʩʦʙʣʘʥʘʜʠ. 

2.1 ï ʞʘʜʚʘʣ. 

 ʉʘʥʦʘʪʜʘ ״ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰ ʚʦʩʠʪʘʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʯʝʛʘʨʘʣʘʨʠ 
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ɶʣʯʘʰ 

ʚʦʩʠʪʘʩʠ ʪʫʨʠ 

ɶʣʯʘʰ ʚʦʩʠʪʘʣʘʨʠʥʠʥʛ ʪʫʨʣʠ ʪʫʤʘʥʣʠʛʠ ɼʘʚʦʤʣʠ 

ʬʦʡʜʘʣʘʥʠʰ 

ʯʝʛʘʨʘʩʠ 
1 2 3 4 

ʂʝʥʛʘʡʠʰ 

ʪʝʨʤʦʤʝʪʨʣʘʨʠ 

ʉʫʶץʣʠʢʢʘ ʦʠʜ ʪʝʨʤʦʤʝʪʨʣʘʨ 

ɼʠʦʤʝʪʨʠʢ, ʙʝʤʝʪʘʣʣ ʪʝʨʤʦʤʝʪʨʣʘʨ 

-200 

-150 

750 

700 

ʄʘʥʦʤʝʪʨʠʢ 

ʪʝʨʤʦʤʝʪʨʣʘʨ 

ɻʘʟʣʠ 

ʉʫʶץʣʠʢʣʠ 

ɹʫס ï ʩʫʶץʣʠʢʣʠ (ʂʦʥʜʝʥʩʘʮʠʦʥ) 

-150 

-150 

-50 

1000 

600 

300 

ʊʝʨʦʵʣʝʢʪʨʠʢ 

ʪʝʨʤʦʤʝʪʨʣʘʨ 

ʊʝʨʤʦʵʣʝʢʪʨʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨ -200 2500 

 ʘʨʰʠʣʠʢפ

ʪʝʨʤʦʤʝʪʨʣʘʨʠ 

ʄʝʪʘʣʣ  ץʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠ 

ʗʨʠʤ ˄ʪʢʘʟʛʠʯʣʠ ץʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠ 

-260 

-272 

1100 

600 

ʇʠʨʦʤʝʪʨʣʘʨ ʂʚʘʟʠʤʦʥʦʭʨʘʤʘʪʠʢ ʧʠʨʦʤʝʪʨʣʘʨ 

ʉʧʝʢʪʨʘʣ ʥʠʩʙʘʪʣʠ ʧʠʨʦʤʝʪʨʣʘʨ 

ʊ˄ʣʠץ ʥʫʨʣʘʥʠʰ ʧʠʨʦʤʝʪʨʣʘʨʠ 

700 

300 

50 

6000 

2800 

3500 

ʕʥʛ ץʫʣʘʡ, ʘʥʠץ ʚʘ ʠʰʦʥʯʣʠ ˄ʣʯʘʰ ʫʩʫʣʣʘʨʠ - ״ʘʨʦʨʘʪʥʠʥʛ ʙʠʨʣʘʤʯʠ 

ʜʘʪʯʠʢʣʘʨʠ ʩʠʬʘʪʠʜʘ ץʘʨʰʠʣʠʢ ʪʝʨʤʦ˄ʟʛʘʨʪʢʠʯʠ ʚʘ ʪʝʨʤʦʵʣʝʢʪʨ 

˄ʟʛʘʨʪʢʠʯʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʘʜʠʛʘʥ ʢʦʥʪʘʢʪʣʠ ʫʩʫʣʣʘʨʠ ״ʠʩʦʙʣʘʥʘʜʠ. 

2.1-ʞʘʜʚʘʣʜʘ ʩʘʥʦʘʪʜʘ ״ʘʨʦʨʘʪʥʠ ʵʥʛ ʢ˄ʧ ʪʘʨץʘʣʛʘʥ ˄ʣʯʘʰ 

ʚʦʩʠʪʘʣʘʨʠʥʠʥʛ ץ˄ʣʣʘʥʠʰ ʯʝʛʘʨʘʣʘʨʠ ʢ˄ʨʩʘʪʠʣʛʘʥ. 

 

2.2-Ä. ʂɽʅɻɸʁʀʐ ʊɽʈʄʆʄɽʊʈʃɸʈʀ 

ʉʫʶץʣʠʢʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ʘʩʙʦʙ ʠʯʠʛʘ ʩʦʣʠʥʛʘʥ 

ʪʝʨʤʦʤʝʪʨ ʩʫʶʢʣʠʛʠʥʠʥʛ ״ʘʞʤʠ ״ʘʨʦʨʘʪ ʢ˄ʪʘʨʠʣʠʰʠ ʸʢʠ ʧʘʩʘʡʠʰʠʜʘ 

˄ʟʛʘʨʠʰʠʛʘ ʘʩʦʩʣʘʥʛʘʥ. ʉʫʶץʣʠʢʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨð200
0
ʉ ʜʘʥ + 750Áʉ ʛʘʯʘ 

ʦʨʘʣʠץʜʘʛʠ ״ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰ ʫʯʫʥ ʠʰʣʘʪʠʣʘʜʠ. ʐʠʰʘ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ 

ʠh ʣʘʪʠʣʠʰ ʫʩʫʣʠ ʩʦʜʜʘ, ʘʥʠץʣʠʛʠ ʝʪʘʨʣʠ ʜʘʨʘʞʘʜʘ ʶץʦʨʠ ʚʘ ʘʨʟʦʥ ʙ˄ʣʛʘʥʠ 

ʩʘʙʘʙʣʠ ʣʘʙʦʨʘʪʦʨʠʷ ʚʘ ʩʘʥʦʘʪʜʘ ʢʝʥʛ ʪʘʨץʘʣʛʘʥ. ʐʠʰʘ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ 

ʩʫʶʢʣʠʛʠ ʩʠʬʘʪʠʜʘ ʩʠʤʦʙ, ʪʦʣʫʦʣ, ʵʪʠʣ ʩʧʠʨʪ (ʵʪʘʥʦʣ), ʢʝʨʦʩʠʥ, ʧʝʪʨʦʣʝʡ 
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ʵʬʠʨ, ʧʝʥʪʘʥ ʚʘ ʙʦʰץʘʣʘʨ ʠʰʣʘʪʠʣʘʜʠ. ʋʣʘʨʥʠʥʛ ʢ˄ʣʣʘʥʠʰ ʯʝʛʘʨʘʣʘʨʠ 2.2- 

ʞʘʜʚʘʣʜʘ ʢʝʣʪʠʨʠʣʛʘʥ. 

2.2 ï ʞʘʜʚʘʣ. 

 ʊʝʨʤʦʤʝʪʨʣʘʨʛʘ ʩʦʣʠʥʘʜʠʛʘʥ ʩʫʶץʣʠʢʣʘʨʥʠʥʛ ץ˄ʣʣʘʥʠʰ ʯʝʛʘʨʘʣʘʨʠ 

ʉʫʶץʣʠʢ פ˄ʣʣʘʥʠʰ 

ʯʝʛʘʨʘʣʘʨʠ, 
0
ʉ ʜʘ 

ʇʘʩʪʢʠ ʖץʦʨʠ 

ʉʠʤʦʙ -35 750 

ʊʦʣʫʦʣ -90 200 

ʕʪʠʣ ʩʧʠʨʪʠ (ʵʪʘʥʦʣ) -80 70 

ʂʝʨʦʩʠʥ -60 200 

ʇʝʪʨʦʣʝʡ ʵʬʠʨ -120 25 

ʇʝʥʪʘʥ -200 20 

 

ʉʫʶץʣʠʢʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨ ʦʨʘʩʠʜʘ ʵʥʛ ʢ˄ʧ ʪʘʨץʘʣʛʘʥ ʩʠʤʦʙʣʠ 

ʪʝʨʤʦʤʝʪʨʣʘʨʜʠʨ. ʉʠʤʦʙ ʢʝʥʛʘʡʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠʥʠʥʛ ʢʠʯʠʢʣʠʛʠ ʪʝʨʤʦʤʝʪʨʠʷ 

ʥʫץʪʘʠ ʥʘʟʘʨʠʜʘʥ ʫʥʠʥʛ ʢʘʤʯʠʣʠʛʠ ״ʠʩʦʙʣʘʥʘʜʠ. ʉʫʶץʣʠʢʥʠʥʛ ʠʩʩʠץʣʠʢʜʘʥ 

ʢʝʥʛʘʡʠʰʠ ״ʘʞʤʠʡ ʢʝʥʛʘʡʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ ʙʠʣʘʥ ʭʘʨʘʢʪʝʨʣʘʥʘʜʠ. ɹʫ 

ʢʦʵʬʬʠʮʠʝʥʪ ץʫʡʠʜʘʛʠ ʪʝʥʛʣʘʤʘ ʦʨץʘʣʠ ʘʥʠץʣʘʥʘʜʠ: 

ʛʨʘʜ
ttv

vv tt

tt /1,
)( 120

12

2,1
-

-
=b     (2.7) 

ʙʫ ʝʨʜʘ, vt1 ʚʘ vt2 ð ʩʫϨʁʣʠʢʥʠʥʛ t1 ʚʘ t2 ϲʘʨʦʨʘʪʣʘʨʜʘʛʠ ϲʘʞʤʠ; v0 ð ʰʫ ʩʫʶϨʣʠʢʥʠʥʛ 

0Áʉ ʜʘʛʠ ʭʘʞʤʠ 

ɓ ʢʦʵʬʬʠʮʠʝʥʪ ץʘʥʯʘ ʢʘʪʪʘ ʙ˄ʣʩʘ, ״ʘʞʤʠʡ ʢʝʥʛʘʡʠʰ ״ʘʨʦʨʘʪʥʠʥʛ 1
0
ʉ ʛʘ 

˄ʟʛʘʨʠʰʠʛʘ ʰʫʥʯʘ ʢʘʪʪʘ ʙ˄ʣʘʜʠ. ʊʝʨʤʦʤʝʪʨʣʘʨʜʘ ״ʘʞʤʠʡ ʢʝʥʛʘʡʠʰ ״ʘʨʦʨʘʪ 

ʢʦʵʬʬʠʮʠʝʥʪʠ ʶץʦʨʠ ʙ˄ʣʛʘʥ ʩʫʶץʣʠʢʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʤʘץʩʘʜʛʘ ʤʫʚʦʬʠץ. 

ɶʣʯʘʰʥʠʥʛ ʤʘץʩʘʜʠ ʚʘ ʯʝʛʘʨʘʩʠʛʘ ץʘʨʘʙ ʪʝʨʤʦʤʝʪʨʣʘʨ ʢʝʥʛʘʡʠʰ 

ʢʦʵʬʬʠʮʠʝʥʪʠ ʢʠʯʠʢ ʙ˄ʣʛʘʥ ʪʫʨʣʠ ʤʘʨʢʘʣʠ ʰʠʰʘʣʘʨʜʘʥ ʪʘʸʨʣʘʥʘʜʠ. 

ʊʝʭʥʠʢʘʜʘ ץ˄ʣʣʘʥʘʜʠʛʘʥ ʩʫʶץʣʠʢʣʠ ʰʠʰʘ ʪʝʨʤʦʤʝʪʨʣʘʨ ץʫʡʠʜʘʛʠ ʭʠʣʣʘʨʛʘ 

ʙ˄ʣʠʥʘʜʠ: 
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1. ʂ˄ʨʩʘʪʠʰʣʘʨʠʛʘ ʪʫʟʘʪʠʰ ʢʠʨʠʪʠʣʤʘʡʜʠʛʘʥ ʪʝʨʤʦʤʝʪʨʣʘʨ (ʢʝʥʛ 

ʤʠץʸʩʜʘ ץ˄ʣʣʘʥʠʣʘʜʠʛʘʥ ʪʝʨʤʦʤʝʪʨʣʘʨ): ʘ) ʩʠʤʦʙʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨ (ð35 ʜʘʥ 

+750Áʉ ʛʘʯʘ); ʙ) ʦʨʛʘʥʠʢ ʩʫʶץʣʠʢʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨ (ð200 ʜʘʥ + 200Áʉ ʛʘʯʘ). 

2. ʂ˄ʨʩʘʪʠʰʣʘʨʠʛʘ ʪʫʟʘʪʠʰ ʢʠʨʠʪʠʣʘʜʠʛʘʥ ʪʝʨʤʦʤʝʪʨʣʘʨ: ʘ) ʘʥʠץʣʠʢ 

ʜʘʨʘʞʘʩʠ ʶץʦʨʠ ʩʠʤʦʙʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨ (ð35 ʜʘʥ + 600Áʉ ʛʘʯʘ); ʙ) ʘʥʠץ 

˄ʣʯʦʚʣʘʨʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘʥ ʩʠʤʦʙʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨ (0 ʜʘʥ +500Áʉ ʛʘʯʘ); ʚ) 

ʦʨʛʘʥʠʢ ʩʫʶץʣʠʢʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨ (ð80 ʜʘʥ +100Áʉʛʘʯʘ). 

ʊʫʟʠʣʠʰʣʘʨʠʥʠʥʛ ʭʠʣʤʘ-ʭʠʣʣʠʛʠʛʘ ץʘʨʘʤʘʡ ʙʘʨʯʘ ʩʫʶץʣʠʢʣʠ 

ʪʝʨʤʦʤʝʪʨʣʘʨ ʠʢʢʠ ʘʩʦʩʠʡ ʪʫʨʥʠʥʛ ʙʠʨʠʛʘ: ʪʘʸץʯʘ ʰʘʢʣʠʜʘʛʠ ʸʢʠ ʰʢʘʣʘʩʠ 

ʠʯʠʛʘ ˄ʨʥʘʪʠʣʛʘʥ ʪʝʨʤʦʤʝʪʨʣʘʨ ʪʫʨʠʛʘ ʪʝʛʠʰʣʠ ʙ˄ʣʘʜʠ. ʊʘʸץʯʘ ʰʘʢʣʠʜʘʛʠ 

ʪʝʨʤʦʤʝʪʨ ץʘʣʠʥ ʜʝʚʦʨʣʠ, ʪʘʰץʠ ʜʠʘʤʝʪʨʠ 6...8 ʤʤ ʛʘʯʘ ץʠʣʠʙ ʪʘʡʸʨʣʘʥʛʘʥ 

ʢʘʧʠʣʣʷʨ ʥʘʡʯʘʜʘʥ ʠʙʦʨʘʪ. ʅʘʡʯʘʥʠʥʛ ʧʘʩʪʢʠ ץʠʩʤʠ ʩʫʶץʣʠʢ ʩʘץʣʘʥʘʜʠʛʘʥ 

ʨʝʟʝʨʚʫʘʨ ״ʦʩʠʣ ץʠʣʘʜʠ. ʋʣʘʨʥʠʥʛ ʰʢʘʣʘʩʠ ʙʝʚʦʩʠʪʘ ʢʘʧʠʣʣʷʨʥʠʥʛ ʩʠʨʪʠʜʘ 

ʜʘʨʘʞʘʣʘʥʘʜʠ. 

ʐʢʘʣʘʩʠ ʠʯʠʛʘ ˄ʨʥʘʪʠʣʛʘʥ ʪʝʨʤʦʤʝʪʨʣʘʨʜʘ ʢʘʧʠʣʣʷʨ ʥʘʡʯʘʩʠ ʠʥʛʠʯʢʘ 

ʜʝʚʦʨʣʠ ʙ˄ʣʠʙ, ʨʝʟʝʨʚʫʘʨʠ ʢʝʥʛʘʡʪʠʨʠʣʛʘʥ. ʐʢʘʣʘ ʜʘʨʘʞʘʣʘʨʠ ʷʩʩʠ ʰʠʰʘ 

ʧʣʘʩʪʠʥʢʘʜʘ ʞʦʡʣʘʰʛʘʥ ʚʘ ʢʘʧʠʣʣʷʨ ʙʠʣʘʥ ʙʠʨʛʘʣʠʢʜʘ ʨʝʟʝʨʚʫʘʨʛʘ ʸʧʠʰʛʘʥ 

ʰʠʰʘ ץʦʙʠץ ʠʯʠʛʘ ʦʣʠʥʛʘʥ. ׳ʦʟʠʨʛʠ ʚʘץʪʜʘ ʰʢʘʣʘʩʠ ʠʯʠʛʘ ˄ʨʥʘʪʠʣʛʘʥ ʸʢʠ 

ʙʫʨʯʘʢʣʠ (ʪʝʨʤʦʤʝʪʨʥʠʥʛ ʧʘʩʪʢʠ ץʠʩʤʠ 90Á, 120Á, 135Á ʣʠ ʙʫʨʯʘʢ ״ʦʩʠʣ ץʠʣʘʜʠ) 

ʪʝʭʥʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨ ʪʘʡʸʨʣʘʥʘʜʠ. ʖץʦʨʠ ʜʘʨʘʞʘʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨʜʘ 

ʢʘʧʠʣʣʷʨʣʘʨʜʘʛʠ ʩʫʶʢʣʠʢ ʫʩʪʠʜʘʛʠ ʙ˄ʰʣʠץ ʠʥʝʨʪ ʛʘʟ ʙʠʣʘʥ ʪ˄ʣʜʠʨʠʣʘʜʠ. 

 ʣʘʥʠʰʠʥʠ ʘʚʪʦʤʘʪʠʢ ʨʘʚʠʰʜʘ ʪʘʲʤʠʥʣʘʰ ʚʘץʘʨʦʨʘʪʥʠʥʛ ʤʘʲʣʫʤ ʜʘʨʘʞʘʜʘ ʩʘ׳

ʫʥʠʥʛ ʤʘʲʣʫʤ ץʠʡʤʘʪʠʥʠ ʩʠʛʥʘʣʠʟʘʮʠʷ ʢʠʣʠʰ ʫʯʫʥ ʢʦʥʪʘʢʪʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨ 

 ʢʦʥʪʘʢʪʣʠ ʙ˄ʣʠʙ ץʣʣʘʥʠʣʘʜʠ. ɹʫʥʜʘʡ ʪʝʨʤʦʤʝʪʨʣʘʨ ʠʢʢʠ ʸʢʠ ʫʥʜʘʥ ʢ˄ʧʨʦ˄ץ

ʶץʦʨʠʜʘʛʠ ʢʦʥʪʘʢʪ ˄ʨʥʠ ˄ʟʛʘʨʫʚʯʘʥ ʙ˄ʣʘʜʠ. ׳ʘʨʦʨʘʪʥʠ ʩʫʶץʣʠʢʣʠ ʰʠʰʘ 

ʪʝʨʤʦʤʝʪʨ ʙʠʣʘʥ ˄ʣʯʘʰ ʘʥʠץʣʠʛʠʜʘʛʠ ʭʘʪʦʣʠʢʣʘʨ ʙʠʨ ץʘʪʦʨ ʬʘʢʪʦʨʣʘʨʛʘ 

ʙʦסʣʠץ: ʪʝʢʰʠʨʠʣʤʘʛʘʥ ʰʢʘʣʘ ʙ˄ʣʠʥʤʘʣʘʨʠ ʫʯʫʥ ʢʠʨʠʪʠʣʘʜʠʛʘʥ ʪʫʟʘʪʠʰ 

 ʪʘʩʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ; ʪʝʨʤʦʤʝʪʨʥʠʥʛץʣʠʛʠ; ʥʦʣʴ ʥʫץʠʡʤʘʪʠʥʠʥʛ ʥʦʘʥʠץ

˄ʣʯʘʥʘʸʪʛʘʥ ʤʫ״ʠʪʛʘ ʢʠʨʠʰ ʯʫץʫʨʣʠʛʠʥʠʥʛ ״ʘʨ ʭʠʣʣʠʛʠ; ʪʘʰץʠ ʙʦʩʠʤʥʠʥʛ 
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˄ʟʛʘʨʠʰʠ; ʪʝʨʤʦʤʝʪʨ ʠʥʝʨʮʠʷʩʠʥʠʥʛ ʚʘ ʨʝʟʝʨʚʫʘʨ ʙʠʣʘʥ ʘʪʨʦʬ-ʤʫ״ʠʪ 

ʠʩʩʠʢʣʠʛʠʥʠʥʛ ʤʫʚʦʟʘʥʘʪʠ. 

ʍʘʪʦʣʠʢʣʘʨʛʘ ʩʘʙʘʙ ʙ˄ʣʘʜʠʛʘʥ ʢʝʣʪʠʨʠʣʛʘʥ ʦʤʠʣʣʘʨʜʘʥ ʵʥʛ ʘ״ʘʤʠʷʪʣʠʩʠ 

ʥʦʣʴ ʥʫץʪʘʩʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ ״ʘʤʜʘ ʪʝʨʤʦʤʝʪʨʥʠʥʛ ˄ʣʯʘʥʘʸʪʛʘʥ ʤʫ״ʠʪʛʘ ʢʠʨʠʰ 

ʯʫץʫʨʣʠʛʠʥʠʥʛ ״ʘʨ ʭʠʣʣʠʛʠʜʠʨ. 

ɸʛʘʨ ʪʝʨʤʦʤʝʪʨʥʠ ʠʰʣʘʪʠʣʠʰ ʰʘʨʦʠʪʣʘʨʠʛʘ ʢ˄ʨʘ ˄ʣʯʘʥʘʸʪʛʘʥ ʤʫʭʠʪʛʘ 

ʪ˄ʣʠץ ʢʠʨʠʪʠʙ ʙ˄ʣʤʘʩʘ, ʫʥʜʘ ʫʥʠʥʛ ʨʝʟʝʨʚʫʘʨʠ ʚʘ ʩʫʶץʣʠʢ ʫʩʪʫʥʠ ʪʫʨʣʠ 

 ʠʙ ʪʫʨʛʘʥ ʫʩʪʫʥʛʘ ʪʫʟʘʪʤʘץʠʪʜʘʥ ʯʠ״ʘʨʦʨʘʪʜʘ ʙ˄ʣʘʜʠ.  ɶʣʯʘʥʘʸʪʛʘʥ ʤʫ״

 :ʫʡʠʜʘʛʠ ʪʝʥʛʣʘʤʘ ʙ˄ʡʠʯʘ ʢʠʨʠʪʠʣʘʜʠץ

)( 12, 21
ttnt tt -Ö=D b       (2.8) 

ʙʫ ʝʨʜʘ, n ð ʯʠϨʠʙ ʪʫʨʛʘʥ ʫʩʪʫʥʜʘʛʠ ʜʘʨʘʞʘʣʘʨ (ʛʨʘʜʫʩʣʘʨ) ʩʦʥʠ; ɓt1 , t2 ð 

ʰʠʰʘʜʘʛʠ ʩʫʶϨʣʠʢʥʠʥʛ ʢʝʥʛʘʡʠʰ  ʢʦʵʬʬʠʮʠʝʥʪʠ (ʩʠʤʦʙ ʫʯʫʥ 0,00016, ʩʧʠʨʪ ʫʯʫʥ 0,001), 

1/Áʉ; t2 ð ʪʝʨʤʦʤʝʪʨ ʢ˄ʨʩʘʪʘʸʪʛʘʥ ϲʘʨʦʨʘʪ, Áʉ;t1 ð ʤʫϲʠʪʜʘʥ ʯʠϨʠʙ ʪʫʨʛʘʥ ʫʩʪʫʥʥʠʥʛ 

˄ʨʪʘʯʘ ϲʘʨʦʨʘʪʠ. 

ɸʛʘʨ ʯʠץʠʙ ʪʫʨʛʘʥ ʫʩʪʫʥ ״ʘʨʦʨʘʪʠ ˄ʣʯʘʥʘʸʪʛʘʥ ʤʫ״ʠʪ ״ʘʨʦʨʘʪʠʜʘʥ ʢʘʤ 

ʙ˄ʣʩʘ, ʫʥʜʘ æt ʪʫʟʘʪʤʘ ʠʰʦʨʘʩʠ ʤʫʩʙʘʪ, ʦʨʪʠץ ʙ˄ʣʩʘ, ʤʘʥʬʠʡ ʙ˄ʣʘʜʠ. ʏʠץʠʙ 

ʪʫʨʛʘʥ ʫʩʪʫʥ ״ʠʩʦʙʠʛʘ ʧʘʡʜʦ ʙ˄ʣʘʜʠʛʘʥ ʭʘʪʦʣʠʢ ʘʥʯʘ ʢʘʪʪʘ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ ʚʘ 

ʰʫʥʠʥʛ ʫʯʫʥ, ʫʥʠ ʵʲʪʠʙʦʨʛʘ ʦʣʤʘʩʣʠʢʥʠʥʛ ʠʣʦʞʠ ʡ˄ץ. 

ɺʘʟʠʬʘʩʠ ʚʘ ץ˄ʣʣʘʥʠʰ ʩʦ״ʘʩʠʛʘ ʢ˄ʨʘ ʩʫʶץʣʠʢʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨ ʦʜʘʪʜʘ 

ʣʘʙʦʨʘʪʦʨʠʷ ʪʝʨʤʦʤʝʪʨʣʘʨʠ, ʫʤʫʤʩʘʥʦʘʪ ʚʘ ʤʘʭʩʫʩ ʚʘʟʠʬʘʣʘʨʥʠ ʙʘʞʘʨʫʚʯʠ 

ʪʝʭʥʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨ, ץʠʰʣʦץ ʭ˄ʞʘʣʠʢ ʫʯʫʥ ʤ˄ʣʞʘʣʣʘʥʛʘʥ ʪʝʨʤʦʤʝʪʨʣʘʨ, 

ʤʝʪʨʦʣʦʛʠʢ, ʤʘʠʰʠʡ ʪʝʨʤʦʤʝʪʨʣʘʨʛʘ ʙ˄ʣʠʥʘʜʠ. 

ʉʫʶץʣʠʢʣʠ ʰʠʰʘ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʢʘʤʯʠʣʠʛʠʛʘ ʰʢʘʣʘ ʙ˄ʡʠʯʘ 

 ʠʣʠʙ, ʫʣʘʨʥʠ ʤʘʩʦʬʘʛʘ ʫʟʘʪʠʙץ ʫʣʘʡʣʠʛʠ, ʢ˄ʨʩʘʪʠʰʣʘʨʥʠ ʢʘʡʜץʠʩʦʙʣʘʰ ʥʦ״

ʙ˄ʣʤʘʩʣʠʛʠ, ʠʩʩʠʢʣʠʢ ʠʥʝʨʮʠʷʩʠʥʠʥʛ ʢʘʪʪʘʣʠʛʠ (ʢ˄ʨʩʘʪʠʰʣʘʨʥʠʥʛ ʢʝʯʠʢʠʰʠ) 

ʚʘ ʘʩʙʦʙʣʘʨʥʠʥʛ ʤʝʭʘʥʠʢ ʥʫץʪʘʠ ʥʘʟʘʨʜʘʥ ʤʫʩʪʘ״ʢʘʤ ʵʤʘʩʣʠʛʠ ʢʠʨʘʜʠ. 

ɼʠʣʘʪʦʤʝʪʨ ʚʘ ʙʠʤʝʪʘʣʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ 

 .ʞʠʩʤ ʯʠʟʠʢʣʠ ˄ʣʯʘʤʠʥʠʥʛ ˄ʟʛʘʨʠʰʠʛʘ ʘʩʦʩʣʘʥʛʘʥ ץʘʪʪʠץ ʘʨʦʨʘʪ ˄ʟʛʘʨʥʰʠʜʘ״

 ʣʠ ˄ʣʯʘʤʠʥʠʥʛ ˄ʟʛʘʨʠʰʠץʞʠʩʤ ʯʠʟʠ ץʙ˄ʣʛʘʥ ʢʘʪʪʠ ץʣʠסʘʨʦʨʘʪ ˄ʟʛʘʨʠʰʠʛʘ ʙʦ׳

ʪʝʥʛʣʘʤʘ ʦʨץʘʣʠ ץʫʡʠʜʘʛʠʯʘ ʠʬʦʜʘʣʘʥʘʜʠ: 
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)1(0 tll rt Ö+= b        (2.9) 

ʙʫ ʝʨʜʘ, lt - t ϲʘʨʦʨʘʪʜʘ ϨʘʪʪʠϨ ʞʠʩʤʥʠʠʛ ʫʟʫʥʣʠʛʠ; l0 ð ʰʫ ʞʠʩʤʥʠʥʛ 0Áʉ ʜʘʛʠ 

ʫʟʫʥʣʠʛʠ; ɓr ð ˄ʨʪʘʯʘ ʯʠʟʠϨʣʠ ʢʝʥʛʘʡʠʰ ʢʦʵʬʬʠʮʠʝʥʛʠ (0
0
ʉ ʜʘʥ t Áʉ ʛʘʯʘ ʙ˄ʣʛʘʥ ϲʘʨʦʨʘʪʣʘʨ 

ʦʨʘʣʠϤʠʜʘ). 

ɼʠʣʘʪʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨ, ʦʜʘʪʜʘ, ʠʩʩʠץʣʠʢʜʘʥ ʢʝʥʛʘʡʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ 

ʢʘʪʪʘ ʙ˄ʣʛʘʥ ʤʝʪʘʣʣ ʥʘʡʯʘ (ʘʢʪʠʚ ʵʣʝʤʝʥʪ) ʚʘ ʠʩʩʠץʣʠʢʜʘʥ ʢʝʥʛʘʡʠʰ 

ʢʦʵʬʬʠʮʢʝʥʪʠ ʞʫʜʘ ʢʠʯʠʢ ʙ˄ʣʛʘʥ ʥʘʡʯʘ ʠʯʠʜʘ ʞʦʡʣʘʰʛʘʥ ʩʪʝʨʞʝʥʜʘʥ ʠʙʦʨʘʪ. 

ɼʠʣʘʪʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʘʢʪʠʚ ʵʣʝʤʝʥʪʠ (ʥʘʡʯʘʩʠ) ʥʠʥʛ ʘʩʦʩʠ 

ʤʘʪʝʨʠʘʣʣʘʨʠ ʞʝʟ ʃ62 (ɓ
Ț
r = 18,3 õ 23,6Ț10

-6
. 

0
ʉ

-1
) ʸʢʠ ʥʠʢʝʣʣʘʥʛʘʥ ʧ˄ʣʘʪ 

ʍʅ60ɺ, 10ʍ17ʅ13ʄ2ʊ (ɓ
Ț
r=20Ț 

Ț10
-6 0
ʉ

-1
) ʙ˄ʣʘʜʠ. ʇʘʩʩʠʚ ʵʣʝʤʝʥʪ ʩʠʬʘʪʠʜʘ, ʦʜʘʪʜʘ, ʠʥʚʘʨ ʢʦʪʠʰʤʘʩʠ (ɓ

n
r == 

0,9Ț10
-6 0
ʉ

-1
 ʘʨʦʨʘʪ ʦʨʪʛʘʥʜʘ ʘʢʪʠʚ ʵʣʝʤʝʥʪ (ʥʘʡʯʘ) ʩʪʝʨʞʝʥʛʘ׳ .ʣʣʘʥʘʜʠ˄ץ (

ʥʥʩʙʘʪʘʥ ʘʥʯʘ ʢ˄ʧʨʦʢ ʫʟʘʷʜʠ. ʉʪʝʨʞʝʥʥʠʥʛ ʩʠʣʞʠʰʠ (ʯ˄ʟʠʣʠʰʠ) ״ʘʨʦʨʘʪʥʠʥʛ 

˄ʟʛʘʨʠʰʠʛʘ ʪ˄סʨʠ ʤʫʪʘʥʦʩʠʙʣʠʢʜʘ ʙ˄ʣʘʜʠ ʚʘ ʥʘʡʯʘʥʠʥʛ ʙʦʰʣʘʥסʠʯ ʫʟʫʥʣʠʛʠ 

ʙʠʣʘʥ ʘʥʠץʣʘʥʘʜʠ. 

ɼʠʣʘʪʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨ ʩʫʶץʣʠʢʣʘʨ ״ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʰʜʘ ʭʘʤʜʘ 

 ʣʘʰ ʫʯʫʥ ʚʘץʘʨʦʨʘʪʥʠ ʤʘʲʣʫʤ ʜʘʨʘʞʘʜʘ ʘʚʪʦʤʘʪʠʢ ʨʘʚʠʰʜʘ ʩʘ״

ʩʠʛʥʘʣʠʟʘʮʠʷʜʘ ץ˄ʣʣʘʥʠʣʘʜʠ. ɼʠʣʘʪʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨ 1,5 ʚʘ 2,5 ʘʥʠץʣʠʢ 

ʩʠʥʬʣʘʨʠʜʘ ʯʠץʘʨʠʣʘʜʠ, ʫʣʘʨʥʠʥʛ ʶץʦʨʠʛʠ ˄ʣʯʘʰ ʯʝʛʘʨʘʩʠ 500Áʉ ʛʘʯʘ. 

ɸʬʟʘʣʣʠʢʣʘʨʠ: ʠʰʦʥʯʣʠ, ʦʜʜʠʡ ʚʘ ʘʨʟʦʥ. 

ʂʘʤʯʠʣʠʢʣʘʨʠ: ʘʩʙʦʙ ˄ʣʯʘʤʣʘʨʠ ʢʘʪʪʘ, ״ʘʨʦʨʘʪ ʙʠʨ ʥʫץʪʘʜʘ ʵʤʘʩ, ʙʘʣʢʠ 

 .ʘʞʤʜʘ ˄ʣʯʘʥʘʜʠ, ʠʩʩʠʢʣʠʢ ʠʥʝʨʮʠʷʩʠ ʢʘʪʪʘ״

ɹʠʤʝʪʘʣʣ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪʠ ʢʘʚʰʘʨʣʘʥʛʘʥ ʠʢʢʠʪʘ 

ʧʣʘʩʪʠʥʢʘʜʘʥ ʪʘʡʸʨʣʘʥʛʘʥ ʧʨʫʞʠʥʘʜʘʥ ʠʙʦʨʘʪ. ɹʫ ʧʣʘʩʪʠʥʢʘ ʠʩʩʠץʣʠʢʜʘʥ 

ʢʝʥʛʘʡʠʰ ״ʘʨʦʨʘʪ ʢʦʵʬʬʠʮʠʝʥʪʠ ʪʫʨʣʠʯʘ ʙ˄ʣʛʘʥ ʤʝʪʘʣʣʘʨʜʘʥ ʪʘʡʸʨʣʘʥʘʜʠ. 

-ʘʜʠ. ʂʘʚʰʘʨʣʘʥʛʘʥ ʧʣʘʩʪʠʥʢʘʣʘʨ ʙʠʨסʘʨʦʨʘʪ ʟ˄ʛʘʨʛʘʥʜʘ ʧʣʘʩʪʠʥʢʘʣʘʨ ʦ׳

ʙʠʨʠʛʘ ʥʠʩʙʘʪʘʥ ʩʠʣʞʠʡ ʦʣʤʘʛʘʥʣʠʛʠ ʩʘʙʘʙʣʠ ʧʨʫʞʠʥʘ ʠʩʩʠץʣʠʢʜʘʥ ʢʝʥʛʘʡʠʰ 

 ʘʜʠ. ʇʣʘʩʪʠʥʢʘʣʘʨסʘʨʦʨʘʪ ʢʦʵʬʬʠʠʠʝʥʪʠ ʢʘʤ ʙ˄ʣʛʘʥ ʧʣʘʩʪʠʥʢʘ ʪʦʤʦʥʛʘ ʦ״

ʫʟʘʡʠʰʠʥʠʥʛ ״ʘʨʦʨʘʪ ʢʦʵʬʬʠʮʠʝʥʪʠ ʬʘʨץʠ ץʘʥʯʘ ʢʘʪʪʘ ʙ˄ʣʩʘ, ʧʨʫʞʠʥʘʥʠʥʛ 

 ʠʰʠ ʰʫʥʯʘ ʢ˄ʧ ʙ˄ʣʘʜʠ. ɹʠʤʝʪʘʣʣ ʪʝʨʤʦʤʝʪʨʣʘʨ ʙʠʣʘʥסʘʨʦʨʘʪ ˄ʟʛʘʨʠʰʠʜʘʛʠ ʦ״
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 ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰ ʯʝʛʘʨʘʩʠ ð150Áʉ ʜʘʥ +700Áʉ ʛʘʯʘ, ʭʘʪʦʩʠ 1...1,5%. ɹʫ״

ʪʫʨʜʘʛʠ ʪʝʨʤʦʤʝʪʨʣʘʨ ״ʘʨʦʨʘʪʥʠ ʤʘʲʣʫʤ ʜʘʨʘʞʘʜʘ ʘʚʪʦʤʘʪʠʢ ʨʘʚʠʰʜʘ ʨʦʩʪʣʘʰ 

ʚʘ ʩʠʛʥʘʣʠʟʘʮʠʷ ʫʯʫʥ ץ˄ʣʣʘʥʠʣʘʜʠ. 

 

2.ɿ- Ä. ʄɸʅʆʄɽʊʈʀʂ ʊɽʈʄʆʄɽʊʈʃɸʈ 

 

ʄʘʥʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨ ʪʝʭʥʠʢ ʘʩʙʦʙ ʙ˄ʣʠʙ, ʪʝʨʤʦʪʠʟʠʤʥʠʥʛ ʠ  h

ʤʦʜʜʘʩʠ ʞʠʭʘʪʠʜʘʥ ʛʘʟʣʠ, ʩʫʶץʣʠ ʚʘ ʢʦʥʜʝʥʩʘʮʠʦʥ (ʙʫס-

ʩʫʶץʣʣʢʣʠ) ʪʝʨʤʦʤʝʪʨʣʘʨʛʘ ʙ˄ʣʠʥʘʜʠ. ɹʫ ʘʩʙʦʙʣʘʨ ʩʫʶץ ʚʘ 

ʛʘʟʩʠʤʦʥ ʤʫ״ʠʪʣʘʨʥʠʥʛ ð150 ʜʘʥ + 1000Áʉ ʛʘʯʘ ʙ˄ʣʛʘʥ 

 ʣʣʘʥʠʣʘʜʠ. ʄʘʥʦʤʝʪʨʠʢ˄ץ ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʰ ʫʯʫʥ״

ʪʝʨʤʦʤʝʪʨʣʘʨ ʢ˄ʨʩʘʪʫʚʯʠ ʚʘ ˄ʟʠʸʟʘʨ ץʠʣʠʙ ʠʰʣʘʥʘʜʠ. 

ʋʟʠʸʟʘʨ ʪʝʨʤʦʤʝʪʨʣʘʨ ʜʦʠʨʘʚʠʡ ʸʢʠ ʣʝʥʪʘʩʠʤʦʥ ʜʠʘʛʨʘʤʤʘ 

 ʦʟʠʥʠ ʩʠʥʭʨʦʥסʦץ ʦʟʠ ʙʠʣʘʥ ʪʘʲʤʠʥʣʘʥʘʜʠ. ɼʠʘʛʨʘʤʤʘסʦץ

ʜʚʠʛʘʪʝʣʴ, ʙʘʲʟʠ ʪʫʨʣʘʨʠʜʘ ʵʩʘ ʩʦʘʪ ʤʝʭʘʥʠʟʤʠ ʩʠʣʞʠʪʘʜʠ. 

ʄʘʥʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨ ʢʠʤʸ ʩʘʥʦʘʪʠʜʘ ʢʝʥʛ 

 ʣʣʘʥʠʣʘʜʠ, ʋʣʘʨ ʧʦʨʪʣʘʰ ʭʘʚʬʠ ʙʦʨ ʞʦʡʣʘʨʜʘ˄ץ

ʠʰʣʘʪʠʣʠʰʠ ʤʫʤʢʠʥ. ɹʫ ״ʦʣʜʘ ʜʠʘʛʨʘʤʤʘ ץʦסʦʟʠ ʩʦʘʪ 

ʤʝʭʘʥʠʟʤʠ ʙʠʣʘʥ ʶʨʠʪʠʣʘʜʠ. ʄʘʥʦʤʝʪʨʠʢ 

ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʩʭʝʤʘʩʠ 2.1-ʨʘʩʤʜʘ ʢʨ˄ʩʘʪʠʣʛʘʥ. ɸʩʙʦʙ 

ʪʝʨʤʦʙʘʣʣʦʥ 1, ʢʘʧʠʣʣʷʨ ʥʘʡʯʘ 2 ʚʘ ʤʘʥʦʤʝʪʨʠʢ ץʠʩʤ 3ð9 

ʜʘʥ ʠʙʦʨʘʪ. ʄʘʥʦʤʝʪʨʠʢ ʧʨʫʞʠʥʘ 3 ʥʠʥʛ ʙʠʨ ʫʯʠ ʪʫʪץʠʯ 4 

ʛʘ ʢʘʚʰʘʨʣʘʥʛʘʥ. ʋ ʢʘʥʘʣ ʦʨʢʘʣʠ ʧʨʫʞʠʥʘʥʠʥʛ ʠʯʢʠ ʙ˄ʰʣʠסʠʥʠ ʪʝʨʤʦʙʘʣʣʦʥ 

ʙʠʣʘʥ ʫʣʘʡʜʠ. ʇʨʫʞʠʥʘʥʠʥʛ ʠʢʢʠʥʯʠ ʙ˄ʰ ʫʯʠ ʛʝʨʤʝʪʠʢʣʘʥʛʘʥ ʚʘ ʪʦʨʪץʠʯ 5 

ʸʨʜʘʤʠʜʘ ʩʝʢʪʦʨ 6 ʙʠʣʘʥ ʙʦסʣʘʥʛʘʥ. ɹʫ ʩʝʢʪʦʨ ˄ʟ ʥʘʚʙʘʪʠʜʘ ʪʨʠʙʢʘ 7 ʙʠʣʘʥ 

ʪʠʰʣʠ ʠʣʘʰʠʰ ʚʦʩʠʪʘʩʠʜʘ ʫʣʘʥʛʘʥ. ʊʨʠʙʢʘ 7 ʥʠʥʛ ˄ץʠʛʘ ʩʪʨʝʣʢʘ 8 ˄ʨʥʘʪʠʣʛʘʥ. 

ʋʟʘʪʠʰ ʤʝʭʘʥʠʟʤʜʘʛʠ ʦʨʘʣʠץʥʠ ʪ˄ʣʜʠʨʠʰ ʫʯʫʥ ʩʧʠʨʘʣʴ ʪʦʣʘ 9 ˄ʨʥʘʪʠʣʛʘʥ, 

ʫʥʠʥʛ ʠʯʢʠ ˄ʨʘʤʠʥʠʥʛ ʫʯʠ ʪʨʠʙʢʘ ˄ץʠʛʘ ʫʣʘʥʛʘʥ. 

ɸʩʙʦʙʥʠʥʛ ʪʝʨʤʦʙʘʣʣʦʥ, ʢʘʧʠʣʣʷʨ ʚʘ ʤʘʥʦʤʝʪʨʠʢ ʧʨʫʞʠʥʘʩʠ ʠʰ 

ʤʦʜʜʘʩʠ, ʘʩʦʩʘʥ, ʛʘʟ (ʛʘʟʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨʜʘ) ʚʘ ʩʫʶץʣʠʢ                       

1

2

4

5

3

6

7

9

8

2.1 ï ʨʘʩʤ. 

ʄʘʥʦʤʝʪʨʠʢ 

ʪʝʨʤʦʤʝʪʨ 
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(ʩʫʶץʣʠʢʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨʜʘ) ʙʠʣʘʥ ʙʦʰʣʘʥסʠʯ ʙʦʩʠʤʜʘ ʪ˄ʣʜʠʨʠʣʘʜʠ.               

ʊʝʨʤʦʙʘʣʣʦʥ ʠʩʠʰʠ ʙʠʣʘʥ ʠʰ ʤʦʜʜʘʩʠʥʠʥʛ ʛʝʨʤʝʪʠʢʣʘʥʛʘʥ ʪʝʨʤʦʪʠʟʠʤʜʘʛʠ 

ʙʦʩʠʤʠ ʦʰʘʜʠ, ʙʫʥʠʥʛ ʥʘʪʠʞʘʩʠʜʘ ʧʨʫʞʠʥʘ ʸʡʠʣʘ ʙʦʰʣʘʡʜʠ ʚʘ ʫʥʠʥʛ ʙ˄ʰ ʫʯʠ 

ʩʠʣʞʠʡʜʠ. ʇʨʫʞʠʥʘ ʙ˄ʰ ʫʯʠʥʠʥʛ ʩʠʣʞʠʰʠ ʫʟʘʪʠʰ ʤʝʭʘʥʠʟʤʠ ʦʨץʘʣʠ 

(ʪʦʨʪץʠʯ, ʩʝʢʪʦʨ ʚʘ ʪʨʠʙʢʘ) ʢ˄ʨʩʘʪʢʠʯʥʠʥʛ ״ʦʣʘʪʠ ʙ˄ʡʠʯʘ ״ʠʩʦʙʛʘ ʦʣʠʥʘʜʠ. 

ʊʝʨʤʦʙʘʣʣʦʥ, ʦʜʘʪʜʘ, ʟʘʥʛʣʘʤʘʩ ʧ˄ʣʘʪʜʘʥ ʠʰʣʘʥʘʜʠ, ʢʘʧʠʣʣʷʨ ʵʩʘ ʞʝʟʜʘʥ ʸʢʠ 

ʧ˄ʣʘʪʜʘʥ ʠʰʣʘʥʠʙ, ʫʥʠʥʛ ʪʘʰץʠ ʜʠʘʤʝʪʨʠ 2,5 ʤʤ, ʠʯʢʠ ʜʠʘʤʝʪʨʠ ʵʩʘ 0,35 ʤʤ ʛʘ 

ʪʝʥʛ ʙ˄ʣʘʜʠ. ɸʩʙʦʙ ʚʘʟʠʬʘʩʠʛʘ ʢ˄ʨʘ ʢʘʧʠʣʣʷʨ ʥʘʡʯʘʥʠʥʛ ʫʟʫʥʣʠʛʠ ʪʫʨʣʠʯʘ (0,6 

ʤ ʜʘʥ 60 ʤ ʛʘʯʘ) ʙ˄ʣʘʜʠ. ʄʘʥʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʜʘ ʙʠʨ ʯʫʣסʘʤʣʠ, ʢ˄ʧ 

ʯʫʣסʘʤʣʠ (ʯʫʣסʘʤʣʘʨ ʩʦʥʠ 6 ʜʘʥ 9 ʛʘʯʘ) ʚʘ ʩʧʠʨʘʣʣʠ ʤʘʥʦʤʝʪʨʠʢ ʧʨʫʞʠʥʘʣʘʨ 

ʠʰʣʘʪʠʣʘʜʠ. 

ɻʘʟʣʠ ʤʘʥʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ʛʝʨʤʝʪʠʢ 

ʙʝʨʢʠʪʠʣʛʘʥ ʪʝʨʤʦʪʠʟʠʤʜʘʛʠ ʠʥʝʨʪ ʛʘʟ ʙʦʩʠʤʠʥʠʥʛ ״ʘʨʦʨʘʪʛʘ ʙʦסʣʠץʣʠʛʠʛʘ 

ʘʩʦʩʣʘʥʛʘʥ. ɻʘʟʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨʜʘʛʠ ʙʦʰʣʘʥסʠʯ ʙʦʩʠʤ ״ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰ 

ʯʝʛʘʨʘʣʘʨʠʛʘ ʙʦסʣʠץ ʙ˄ʣʠʙ, ʦʜʘʪʜʘ 0,98...4,9 ʄʅ/ʤ
2
 (10...50 ʢʛʢ/ʩʤ

2
) ʥʠ ʪʘʰʢʠʣ 

 ʘʨʦʨʘʪʣʘʨʥʠ ˄ʣʯʘʰ״ ʠʣʘʜʠ. ɹʫ ʪʝʨʤʦʤʝʪʨʣʘʨ ð 150Áʉ ʜʘʥ +1000Áʉ ʛʘʯʘץ

ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. ɻʘʟʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʠʰ ʤʦʜʜʘʩʠ ʩʠʬʘʪʠʜʘ ʘʟʦʪ 

ʠʰʣʘʪʠʣʘʜʠ. 

ɻʘʟʣʠ, ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʠʰʠ ʠʜʝʘʣ ʛʘʟ ʙʦʩʠʤʠ ʚʘ ״ʘʨʦʨʘʪʠ ʦʨʘʩʠʜʘ 

ʪ˄סʨʠ ʯʠʟʠץʣʠ ʤʫʥʦʩʘʙʘʪ ˄ʨʥʘʪʫʚʯʠ ʐʘʨʣʴ ץʦʥʫʥʠʛʘ ʘʩʦʩʣʘʥʛʘʥ: 

 

[ ])(1 00 ttPPt -+= b      (2.10) 

ʙʫ ʝʨʜʘ, ʈ0 ʚʘ ʈt ð ʛʘʟʥʠʥʛ 0 ʚʘ t ϲʘʨʦʨʘʪʣʘʨʜʘʛʠ ʙʦʩʠʤʠ; ɓ ðʛʘʟ ʢʝʥʛʘʡʠʰʠʥʠʥʛ 

ʪʝʨʤʠʢ ʢʦʵʬʬʠʮʠʝʥʪʠ; t0 ʚʘ t ð Áʉ ʜʘ ʙʝʨʠʣʛʘʥ ʙʦʰʣʘʥϤʠʯ ʚʘ ʦʭʠʨʛʠ ϲʘʨʦʨʘʪʣʘʨ. 

ʊʝʨʤʦʤʝʪʨ ʰʢʘʣʘʩʠ ʪʝʢʠʩ, ʙʫ ʵʩʘ ʫʥʠʥʛ ʘʬʟʘʣʣʠʛʠ ״ʠʩʦʙʣʘʥʘʜʠ. 

 ʫʡʠʜʘʛʠ ʠʬʦʜʘʜʘʥץ ʠ ʪʫʬʘʡʣʠ ʙʦʩʠʤʥʠʥʛ ˄ʟʛʘʨʠʰʠץʘʨʦʨʘʪʣʘʨ ʬʘʨ׳

ʘʥʠץʣʘʥʘʜʠ: 

)( 000 ttPPPP t -=-=D b     (2.11) 

ɻʘʟ ʙʠʣʘʥ ʪ˄ʣʜʠʨʠʣʛʘʥ ʪʝʨʤʦʤʝʪʨ   ʪʠʟʠʤʠʜʘʛʠ   ʙʦʰʣʘʥסʠʯ ʙʦʩʠʤ: 
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)( 0

0
tt

P
P

-

D
=
b

                        (2.12) 

ʊʝʨʤʦʤʝʪʨ ʪʠʟʠʤʠʜʘʛʠ ʙʦʰʣʘʥסʠʯ ʙʦʩʠʤ ʢʘʪʪʘ ʙ˄ʣʛʘʥʠ ʫʯʫʥ ʘʪʤʦʩʬʝʨʘ 

ʙʦʩʠʤʠʥʠʥʛ ʘʩʙʦʙ ʢ˄ʨʩʘʪʠʰʠʛʘ ʙ˄ʣʛʘʥ ʪʘʲʩʠʨʠ ʞʫʜʘ ʢʘʤ, ʰʫʥʠʥʛ ʫʯʫʥ, ʫʥʠ 

ʘʤʘʣʜʘ ״ʠʩʦʙʛʘ ʦʣʤʘʩʘ ״ʘʤ ʙ˄ʣʘʜʠ. 

ɸʪʨʦʬ ʤʫ״ʠʪ ״ʘʨʦʨʘʪʠʥʠʥʛ +20Áʉ ʜʘʥ ʯʝʪʛʘ ʯʠץʠʰʠ ˄ʣʯʘʰʜʘ ʭʘʪʦʣʠʢ 

ʧʘʡʜʦ ʙ˄ʣʠʰʠʛʘ ʩʘʙʘʙ ʙ˄ʣʘʜʠ. ɹʫ ʭʘʪʦʣʠʢʥʠ ʢʫʡʠʜʘʛʠ ʪʝʥʛʣʘʤʘʜʘʥ ״ʠʩʦʙʣʘʙ 

ʯʠץʠʰ ʤʫʤʢʠʥ: 

)( 0tt
v

v
t M

ʙ

M
M -=D     (2.13) 

ʙʫ ʝʨʜʘ, vʤ ð ʤʘʥʦʤʩʪʨʠʢ ʧʨʫʞʠʥʘʥʠʥʛ ϲʘʞʤʠ; vʙ ð ʪʝʨʤʦʙʘʣʣʦʥʥʠʥʛ ϲʘʞʤʠ; tʤ ð 

ʤʘʥʦʤʝʪʨ ʘʪʨʦʬʠʜʘʛʠ Áʉ ʜʘ ʙʝʨʠʣʛʘʥ ϲʘʨʦʨʘʪ; t0 ð ʘʩʙʦʙ ʜʘʨʘʞʘʣʘʥʛʘʥ ʚʘϨʪʜʘʛʠ 

ϲʘʨʦʨʘʪ (20Áʉ) 

ʂʘʧʠʣʣʷʨ ʥʘʡʯʘ ʠʩʠʰʠʜʘʥ ʢʝʣʠʙ ʯʠʢץʘʥ ʭʘʪʦʣʠʢ: 

)( 0tt
v

v
t ʢ

ʙ

ʢ
ʢ -=D    (2.14) 

ʙʫ ʝʨʜʘ, vʢ ð ʢʘʧʠʣʣʷʨ ʥʘʡʯʘʥʥʥʛ ϲʘʞʤʠ; tʢ ð ʢʘʧʠʣʣʷʨ ʘʪʨʦʬʠʜʘʛʠ Áʉ ʜʘ ʙʝʨʠʣʛʘʥ 

ϲʘʨʦʨʘʪ. 

 

ʊʝʨʤʦʙʘʣʣʦʥ ״ʘʞʤʠ ʪʝʨʤʦʤʝʪʨ ʛʝʨʤʝʪʠʢ (ʸʧʠץ) ʪʠʟʠʤʠ ״ʘʞʤʠʥʠʥʛ 90% 

ʠʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. ʊʝʨʤʦʙʘʣʣʦʥ, ʢʘʧʠʣʣʷʨ ʚʘ ʧʨʫʞʠʥʘʣʘʨʥʠʥʛ ʥʠʩʙʠʡ 

 ʨʠ ʪʘʥʣʘʥʛʘʥ ʪʘʨʟʜʘ ʢʘʧʠʣʣʷʨʣʘʨʠ 40 ʤ ʫʟʫʥʣʠʢʜʘʛʠס˄ʘʞʤʣʘʨʠ ʪ״

ʪʝʨʤʦʤʝʪʨʣʘʨ ״ʘʨʦʨʘʪʥʠ ʢʦʤʧʝʥʩʘʮʠʷʩʠʟ ʝʪʘʨʣʠ ʜʘʨʘʞʘʜʘ ʘʥʠץ ˄ʣʯʘʡ ʦʣʘʜʠ. 

ʂʘʧʠʣʣʷʨ ʞʫʜʘ ״ʘʤ ʫʟʫʥ ʙ˄ʣʩʘ, ʪʩʨʤʦʙʘʣʣʦʥʥʠʥʛ ʢʝʨʘʢʣʠ ״ʘʞʤʠ ״ʘʜʜʘʥ 

ʪʘʰץʘʨʠ ʢʘʪʪʘʣʘʰʘʜʠ, ʥʘʪʠʞʘʜʘ ʘʩʙʦʙʥʠʥʛ ʠʩʩʠץʣʠʢ ʠʥʝʨʮʠʷʩʠ ʦʰʠʙ ʢʝʪʘʜʠ. 

 ʪʠʜʘ ʤʘʥʦʤʝʪʨʠʢ ʧʨʫʞʠʥʘ ʚʘ ʢʘʧʠʣʣʷʨץʩʘ, ʠʰʣʘʪʠʰ ʚʘץʦʣʣʘʨʜʘ, ʘʡʥʠ״ ʘʤʤʘ׳

ʥʘʡʯʘʥʠ ʘʪʨʦʬʠʜʘʛʠ ץʠʟʠʛʘʥ ʙʫʶʤʣʘʨ ʪʘʲʩʠʨʠʜʘʥ ʵ״ʪʠʸʪ ץʠʣʠʰ ʟʘʨʫʨ. ɹʘʲʟʘʥ 

 ʠʣʠʰ ʫʯʫʥץ ʘʜʠʛʘʥ ʭʘʪʦʣʠʢʥʠ ʢʦʤʧʝʥʩʘʮʠʷץʘʨʦʨʘʪ ˄ʟʛʘʨʠʠhʜʘʥ ʢʝʣʠʙ ʯʠ״

ʤʘʥʦʤʝʪʨʠʢ ʧʨʫʞʠʥʘʥʠʥʛ ʫʟʘʪʫʚʯʠ ʤʝʭʘʥʠʟʤʠ ʠʯʠʛʘ ˄ʨʥʘʪʠʣʛʘʥ ʙʠʤʝʪʘʣʣ 

ʩʧʠʨʘʣʴ ʢ˄ʨʠʥʠʰʠʜʘʛʠ ʢʦʤʧʝʥʩʘʮʠʦʥ ץʫʨʣʤʘʜʘʥ ʬʦʡʜʘʣʘʥʘʜʠ. ɹʠʤʝʪʘʣʣ 

ʩʧʠʨʘʣʴ ʤʦʥʦʤʝʪʨʠʢ ʧʨʫʞʠʥʘ ״ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʰʜʘ ʘʩʦʩʠʡ ʧʨʫʞʠʥʘʛʘ ʥʠʩʙʘʪʘʥ 

ʪʝʩʢʘʨʠ ʡ˄ʥʘʣʠʰʜʘ ״ʘʨʘʢʘʪ ץʠʣʘʜʠ. 



 53 

ɸʪʨʦʬ-ʤʫ״ʠʪ ״ʘʚʦ ״ʘʨʦʨʘʪʠʥʠ ˄ʟʛʘʨʠʰʠ ʢʘʧʠʣʣʷʨʜʘ ʚʘ ʤʘʥʦʤʝʪʨʠʢ 

ʧʨʫʞʠʥʘʜʘ ʠʰ-ʤʦʜʜʘʩʠʥʠʥʛ ʢʝʥʛʘʡʠʰʛʘ ʪʘʲʩʠʨ ץʠʣʘʜʠ. ɹʫ ״ʦʣ ʪʝʨʤʦʪʠʟʠʤ 

ʙʦʩʠʤʠʥʠ ʚʘ ʪʝʨʤʦʤʝʪʨʥʠʥʛ ʢ˄ʨʩʘʪʠʰʠʥʠ ʭʘʤ ˄ʟʛʘʨʪʠʨʘʜʠ. ɹʫ ʪʘʲʩʠʨʥʠ 

ʢʘʤʘʡʪʠʨʠʰ ʫʯʫʥ ʧʨʫʞʠʥʘ ʚʘ ʢʘʧʠʣʣʷʨ ʠʯʢʠ ״ʘʞʤʠʥʠʥʛ ʪʝʨʤʦʙʘʣʣʦʥ ״ʘʞʤʠʛʘ 

ʥʠʩʙʘʪʠʥʠ ʢʘʤʘʡʪʠʨʠʰʛʘ ״ʘʨʘʢʘʪ ץʠʣʠʥʘʜʠ. ɹʫʥʠʥʛ ʫʯʫʥ ʪʝʨʤʦʙʘʣʣʦʥ 

ʫʟʫʥʣʠʛʠ ʸʢʠ ʫʥʠʥʛ ʜʠʘʤʝʪʨʠ ʦʨʪʪʠʨʠʣʘʜʠ. ɻʘʟʣʠ ʤʘʥʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨ 

ʪʝʨʤʦʙʘʣʣʦʥʠʥʠʥʛ ʫʟʫʥʣʠʛʠ 500 ʤʤ ʜʘʥ ʦʨʪʤʘʩʣʠʛʠ ʣʦʟʠʤ, ʪʝʨʤʦʙʘʣʣʦʥ 

ʜʠʘʤʝʪʨʠ ʫʰʙʫ: 5, 8, 10, 12, 16, 20, 25 ʚʘ 30 ʤʤ ץʘʪʦʨʜʘʥ ʪʘʥʣʘʥʘʜʠ. ʂʘʧʠʣʣʷʨ 

ʫʟʫʥʣʠʛʠ 0,6 ʜʘʥ ʪʦ 60 ʤ ʛʘʯʘ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ. 

ʄʘʭʩʫʩ ʪʘʡʸʨʣʘʥʛʘʥ ʛʘʟʣʠ ʤʘʥʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨ 0Áʉ ʜʘʥ ʧʘʩʪ 

 .ʣʣʘʥʠʣʘʜʠ˄ץ ʘʤ״ ʘʨʦʨʘʪʣʘʨʥʠ ˄ʣʯʘʰ ʫʯʫʥ״

ʄʘʩʘʣʘʥ, ʚʦʜʦʨʦʜ ʛʘʟʣʠ ʪʝʨʤʦʤʝʪʨ ð250
0
ʉ ʛʘʯʘ, ʛʝʣʠʡʣʠʩʠ ʵʩʘ ð267Áʉ 

ʛʘʯʘ ״ʘʨʦʨʘʪʣʘʨʜʘ ʠʰʣʘʪʠʣʠʰʠ ʤʫʤʢʠʥ. 

ɻʘʟʣʠ ʤʘʥʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ˄ʟʠʛʘ ʭʦʩ ʢʘʤʯʠʣʠʢʣʘʨʠʜʘʥ ʙʠʨʠ, 

ʫʣʘʨʥʠʥʛ ʠʩʩʠץʣʠʢ ʠʥʝʨʮʠʷʩʠʥʠʥʛ ʢʘʪʪʘʣʠʛʠʜʠʨ. ɹʫʥʠʥʛ ʩʘʙʘʙʠ ʪʝʨʤʦʙʘʣʣʦʥ 

ʜʝʚʦʨʣʘʨʠ ʙʠʣʘʥ ʫʥʠ ʪ˄ʣʜʠʨʛʘʥ ʛʘʟ ˄ʨʪʘʩʠʜʘʛʠ ʠʩʩʠʢʣʠʢ ʘʣʤʘʰʠʰ 

ʢʦʵʬʬʠʮʠʝʥʪʠʥʠʥʛ ʢʠʯʠʢʣʠʛʠ ʚʘ ʛʘʟʥʠʥʛ ʠʩʩʠץʣʠʢ ˄ʪʢʘʟʠʰ ץʦʙʠʣʠʷʪʠʥʠʥʪ 

ʢʘʤʣʠʛʠʜʠʨ. 

ʉʫʶץʣʠʢʣʠ ʤʘʥʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨ ʪʠʟʠʤʠ ʙʦʰʣʘʥסʠʯ ʙʦʩʠʤ 

ʦʩʪʠʜʘ ʩʫʶʢʣʠʢ ʙʠʣʘʥ ʪ˄ʣʜʠʨʠʣʘʜʠ. ɹʫʥʠʥʛ ʫʯʫʥ ʩʠʤʦʙ, ʢʩʠʣʦʣ, ʧʨʦʧʠʣ 

ʘʣʢʦʛʦʣʴ, ʤʝʪʘʢʩʠʣʦʣ ʚʘ ״ʦʢʘʟʦʣʘʨ ʠʰʣʘʪʠʣʘʜʠ. ʉʫʶʢʣʠʢʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨ ʫʯʫʥ 

ʙʦסʣʦʚʯʠ ʢʘʧʠʣʣʷʨʣʘʨ ʫʟʫʥʣʠʛʠ 0,6 ʤ ʜʘʥ 10 ʤʝʪʨʛʘʯʘ ʙ˄ʣʘʜʠ. ɹʫ ʪʝʨʤʦʤʝʪʨʣʘʨ 

ð 150Áʉ ʜʘʥ 600Áʉ ʛʘʯʘ ʙ˄ʣʛʘʥ ״ʘʨʦʨʘʪʣʘʨʥʠ ˄ʣʯʘʰʛʘ ʠʤʢʦʥ ʙʝʨʘʜʠ. 

ʊʝʨʤʦʙʘʣʣʦʥ ״ʘʨʦʨʘʪʠ t0 ʜʘʥ t ʛʘʯʘ ʦʨʪʪʠʨʠʣʛʘʥʜʘ ʫʥʜʘʛʠ ʩʫʶʢʣʠʢ 

ʢʝʥʛʘʷʜʠ, ʦʨʪʠʢʯʘ ״ʘʞʤ ʢʘʧʠʣʣʷʨʛʘ ʚʘ ʤʦʥʦʤʝʪʨʠʢ ʧʨʫʞʠʥʘʛʘ ʪʘʲʩʠʨ ʵʪʘʜʠ. 

ɹʨʦץ, ʪʝʨʤʦʙʘʣʣʦʥ ʚʘ ʢʘʧʠʣʣʷʨ ץʘʪʪʠץʣʠʛʠ ʤʦʥʦʤʝʪʨʠʢ ʧʨʫʞʠʥʘʥʠʢʠʜʘʥ 

ʘʥʯʘʛʠʥʘ ʢ˄ʧ, ʰʫʥʠʥʛ ʫʯʫʥ, ʪʠʟʠʤ ״ʘʞʤʠʥʠʥʛ ʦʨʪʪʠʨʠʣʠʰʠ ʤʦʥʦʤʝʪʨʠʢ 

ʧʨʫʞʠʥʘ ״ʘʞʤʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ ״ʠʩʦʙʠʜʘʥ ʙ˄ʣʘʜʠ. ʄʦʥʦʤʝʪʨʠʢ ʧʨʫʞʠʥʘʥʠʥʛ 

ʜʝʬʦʨʤʘʮʠʷʣʘʥʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ʫʥʠʥʛ ʵʨʢʠʥ ʫʯʠ ʩʠʣʞʠʡʜʠ. 
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ʉʫʶץʣʠʢ ʫʯʫʥ ״ʘʨʦʨʘʪ ʪʘʲʩʠʨʠʜʘ ˄ʟʛʘʨʛʘʥ ʙʦʩʠʤʥʠ ץʫʡʠʜʘʛʠ ʪʝʥʛʣʘʤʘ 

ʦʨץʘʣʠ ʪʦʧʠʰ ʤʫʤʢʠʥ: 

tP DÖ=D
m

b
    (2.15) 

ʙʫ ʝʨʜʘ, æʈ ð ʙʝʨʠʣʛʘʥ ʙʦʩʠʤʥʠʥʛ ˄ʟʛʘʨʠʰʠ, ʅ/ʤ
2
; ɓ ð ʙʝʨʠʣʛʘʥ ʩʫʢʁʣʠʢʥʠʥʛ ʭʘʞʤʠʡ 

ʢʝʥʛʘʡʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ, 
ʛʨʘʜ

1
; æt - ϲʘʨʦʨʘʪʥʠʥʛ ˄ʟʛʘʨʠʰʠ, Áʉ; ɛ ï ʙʝʨʠʣʛʘʥ ʩʫʶϨʣʠʢ 

ʭʘʞʤʠʥʠʥʛ ʢʘʤʘʡʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ, ʤ
2
/ʅ. 

ʊʝʨʤʦʙʘʣʣʦʥʜʘʥ ʩʠץʠʙ ʯʠץʘʨʠʣʘʜʠʛʘʥ ʦʨʪʠʢʯʘ ʩʫʶץʣʠʢ ״ʘʞʤʠ ץʫʡʠʜʘʛʠ 

ʪʝʥʛʣʘʤʘ ʸʨʜʘʤʠʜʘ ״ʠʩʦʙʣʘʥʠʰʠ ʤʫʤʢʠʥ: 

))(3( 00 ttaVV --=D b   (2.16) 

ʙʫ ʝʨʜʘ, V0 ð t0 ϲʘʨʦʨʘʪʜʘ ʪeʨʤʦʙʘʣʣʦʥʜʘʛʠ ʩʫʶϨʣʠʢ ʭʘʞʤʠ; ʘ ð ʪʝʨʤʦʙʘʣʣʦʥ 

ʤʘʪeʨʠʘʣʠ ʯʠʟʠʢʣʠ ʢʝʥʛʘʡʠʰʠʥʠʥʛ ʪʝʤʧeʨʘʪʫʨʘ ʢʦʵʬʬʠʮʠʝʥʪʠ; ɓ ð ʩʫʶʢʣʠʢ ϲʘʞʤʠʡ 

ʢʝʥʛʘʡʠʰʠʥʠʥʛ ʪʝʤʧeʨʘʪʫʨʘ ʢʦʵʬʬʠʮʠʝʥʪʠ. 

(2.16) ʪʝʥʛʣʘʤʘʜʘʥ ʢ˄ʨʠʥʘʜʠʢʠ, ץʠʟʜʠʨʠʰʜʘ ʩʫʶץʣʠʢ ״ʘʞʤʠʥʠʥʛ 

˄ʟʛʘʨʠʰʠ ״ʘʨʦʨʘʪʥʠʥʛ ʯʠʟʠץʣʠ ʬʫʥʢʮʠʷʩʠʜʘʥ ʠʙʦʨʘʪ ʵʢʘʥ. ʐʫʥʠʥʛ ʫʯʫʥ, 

ʩʫʶץʣʠʢʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʰʢʘʣʘʩʠ ʛʘʟʣʠ ʪʝʨʤʦʤʝʪʨʥʠʢʠ ʢʘʙʠ ʪʝʢʠʩ 

ʙ˄ʣʘʜʠ. 

ʊʝʨʤʦʤʝʪʨʜʘʛʠ ʩʫʶץʣʠʢ ץʘʡʥʘʙ ʢʝʪʤʘʩʣʠʛʠ ʫʯʫʥ ʫʥʜʘʛʠ ʙʦh ʣʘʥסʠʯ 

ʙʦʩʠʤ 1,47...4,96 ʤʅ/ʤ
2
 (15...50 ʢʛ/ʩʤ

2
) ʛʘʯʘ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ. 

ʊʘʲʢʠʜʣʘʙ ʘʡʪʘʤʠʟʢʠ ʘʪʨʦʬ - ʤʫ״ʠʪ ״ʘʨʦʨʘʪʠʥʠʥʛ ˄ʟʛʘʨʠʰʠʜʘʥ ʢʝʣʠʙ 

ʯʠץʘʜʠʛʘʥ ʭʘʪʦʣʠʢ ʩʫʶץʣʠʢʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨʜʘ ʛʘʟʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨʛʘ ץʘʨʘʛʘʥʜʘ 

ʢʘʪʪʘ. ɹʫ ʭʘʪʦʣʠʢʣʘʨ ʛʘʟʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨ ʫʯʫʥ ״ʠʩʦʙʣʘʥʘʜʠʛʘʥ ʪʝʥʛʣʘʤʘʣʘʨ 

ʙ˄ʡʠʯʘ ״ʠʩʦʙʣʘʥʘʚʝʨʘʜʠ. ʂʘʧʠʣʣʷʨ ״ʘʨʦʨʘʪʠʥʠʥʛ ˄ʟʛʘʨʠʰʠʜʘ ʘʡʥʠץʩʘ ʢʘʪʪʘ 

ʭʘʪʦʣʠʢʣʘʨ ʶʟʘʛʘ ʢʝʣʘʜʠ. ʐʫʥʠʥʛ ʫʯʫʥ, ʢʘʧʠʣʣʷʨʥʠʥʛ ʫʟʫʥʣʠʛʠ ʢʘʪʪʘ ʙ˄ʣʛʘʥʜʘ 

ʢʦʤʧʝʥʩʘʮʠʦʥ ץʫʨʠʣʤʘʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʟʘʨʫʨ. 

ʉʫʶץʣʠʢʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨʜʘ ʪʝʨʤʦʙʘʣʣʦʥʥʠʥʛ ʤʘʥʦʤʝʪʨʛʘ ʥʠʩʙʘʪʘʥ 

ʙʘʣʘʥʜʣʠʛʠ ʙ˄ʡʠʯʘ ʪʫʨʣʠʯʘ ʞʦʡʣʘʰʠʰʠʜʘʥ ʢʝʣʠʙ ʯʠץʘʜʠʛʘʥ ʭʘʪʦʣʠʢʥʠ ״ʘʤ 

ʵʲʪʠʙʦʨʛʘ ʦʣʠʰ ʣʦʟʠʤ. ɹʫ ʭʘʪʦʣʠʢʥʠ, ʘʩʙʦʙʥʠ ˄ʨʥʘʪʛʘʥʜʘʥ ʢʝʡʠʥ, ʥʦʣʥʠ 

ʪ˄סʨʠʣʘʰ ״ʠʩʦʙʠʛʘ ʢʦʤʧʝʥʩʘʮʠʷ ץʠʣʠʰ ʤʫʤʢʠʥ. 
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ʄʘʥʦʤʝʪʨʠʢ ʢʦʥʜʝʥʩʘʮʠʦʥ (ʙʫס- ʩʫʶץʣʠʢʣʠ) ʪʝʨʤʦʤʝʪʨʣʘʨ ð 50 Áʉ 

ʜʘʥ + 300Áʉ ʛʘʯʘ ״ʘʨʦʨʘʪʣʘʨʥʠ ˄ʣʯʘʡʜʠ. ʂʦʥʜʝʥʩʘʪ ʩʠʬʘʪʠʜʘ ʬʨʝʦʥ (ʉʅ2נʉlð

25Áʉ . . . + 80Áʉ ʛʘʯʘ); ʧʨʦʧʠʣʝʥ (ʉ3ʅ6 ð 50
0
ʉ . . . +60Áʉ ʛʘʯʘ); ʤʝʪʠʣ ʭʣʦʨʠʜ 

(ʉʅ3ʉl, 0 ... 125Áʉ ʛʘʯʘ); ʘʮʝʪʦʥ (ʉ3ʅ6ʆ 100Áʉ . . . 200Áʉ ʛʘʯʘ); ʵʪʠʣ ʙʝʥʟʦʣ 

(ʉ8ʅ10 ð 160Áʉ . . . 300Áʉ ʛʘʯʘ) ʚʘ ״ʘʢʘʟʦʣʘʨ ʠʰʣʘʪʠʣʘʜʠ. 

ɹʫ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʪʝʨʤʦʙʘʣʣʦʥʣʘʨʠ ״ʘʞʤʠʥʠʥʛ 2/3 ץʠʩʤʠ ʧʘʩʪ 

 ʣʠʢ ʙʠʣʘʥ ʪ˄ʣʜʠʨʠʣʘʜʠ. ʊʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʙʝʨʢץʘʡʥʘʡʜʠʛʘʥ ʩʫʶץ ʘʨʦʨʘʪʜʘ״

ʪʠʟʠʤʠʜʘ ʜʦʠʤ ʙʫסʣʘʥʠʰ ʚʘ ʢʦʥʜʝʥʩʘʮʥʷʣʘʥʠʰʥʠʥʛ ʜʠʥʘʤʠʢ ʤʫʚʦʟʘʥʘʪʠ 

ʤʘʚʞʫʜ. ׳ʘʨʦʨʘʪ ʢ˄ʪʘʨʠʣʠʰʠ ʙʠʣʘʥ ʙʠʨʛʘ ʙʫסʣʘʥʠʰ ʢʫʯʘʡʠʙ, ʙʫסʥʠʥʛ 

ʵʣʘʩʪʠʢʣʠʛʠ ˄ʩʘʜʠ, ʰʫʥʠʥʛ ʫʯʫʥ, ʢʦʥʜʝʥʩʘʮʠʷʣʘʥʠʰ ʞʘʨʘʸʥʠ ʢʫʯʘʷʜʠ. ɹʫʥʠʥʛ 

ʥʘʪʠʞʘʩʠʜʘ ʪ˄ʡʠʥʛʘʥ ʙʫס ʤʘʲʣʫʤ ״ʘʨʦʨʘʪʜʘ ʤʦʩ ʤʫʘʡʷʥ ʙʦʩʠʤʛʘ ʵʨʠʰʘʜʠ. ɹʫס 

ʙʦʩʠʤʠ ״ʘʨʦʨʘʪ ˄ʟʛʘʨʠʰʠ ʙʠʣʘʥ ˄ʟʛʘʨʠʙ, ʢʘʧʠʣʣʷʨʥʠ ʪ˄ʣʜʠʨʛʘʥ ʤʫʭʠʪ ʦʨץʘʣʠ 

ʤʘʥʦʤʝʪʨʠʢ ʧʨʫʞʠʥʘʛʘ ˄ʪʘʜʠ. 

ʊ˄ʡʠʥʛʘʥ ʙʫס ʙʦʩʠʤʠʥʠʥʛ ʟ˄ʛʘʨʠʰʠ ״ʘʨʦʨʘʪ ˄ʟʛʘʨʠʰʠʛʘ ʤʫʪʘʥʦʩʠʙ ʵʤʘʩ, 

ʰʫʥʠʥʛ ʫʯʫʥ, ʢʦʥʜʝʥʩʘʮʠʦʥ ʪʝʨʤʦʤʝʪʨʥʠʥʛ ʰʢʘʣʘʩʠ ʥʦʪʝʢʠʩ ʙ˄ʣʘʜʠ. 

ʂʘʧʠʣʣʷʨ ʚʘ ʤʦʥʦʤʝʪʨʠʢ ʧʨʫʞʠʥʘ ״ʘʨʦʨʘʪʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʢʦʥʜʝʥʩʘʮʠʦʥ 

ʪʝʨʤʦʤʝʪʨ ʪʠʟʠʤʠʜʘ ʙʦʩʠʤ ץʠʡʤʘʪʠʛʘ ʪʘʲʩʠʨ ʵʪʤʘʡʜʠ; ʙʫʥʜʘʡ ʪʫʨ 

ʪʝʨʤʦʤʝʪʨʣʘʨʜʘ ʢʘʧʠʣʣʷʨ ʫʟʫʥʣʠʛʠ ʘʩʦʩʘʥ ʢʘʧʠʣʣʷʨʜʘʛʠ ʩʫʶץʣʠʢ ʠʰץʘʣʘʥʠʰʠ 

ʙʠʣʘʥ ʯʝʛʘʨʘʣʘʥʘʜʠ. ʂʦʥʜʝʥʩʘʮʠʦʥ ʪʝʨʤʦʤʝʪʨʣʘʨ ʙʦʰץʘ ʪʫʨʜʘʛʠ 

ʪʝʨʤʦʤʝʪʨʣʘʨʛʘ ץʘʨʘʛʘʥʜʘ ʘʥʯʘ ʩʝʟʛʠʨʜʠʨ. ɹʫ ʪ˄ʡʠʥʛʘʥ ʛʘʟ ʙʦʩʠʤʠ ״ʘʨʦʨʘʪ 

ʢ˄ʪʘʨʠʣʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ʞʫʜʘ ʪʝʟ ʦʨʪʠʰʠ ʙʠʣʘʥ ʪʫʰʫʥʪʠʨʠʣʘʜʠ. 

ʊʫʟʠʣʠʰʠ ʙ˄ʡʠʯʘ ʢʦʥʜʝʥʩʘʮʠʦʥ ʪʝʨʤʦʤʝʪʨʣʘʨ ʶץʦʨʠʜʘ ʢ˄ʨʠʣʛʘʥʣʘʨʛʘ 

˄ʭʰʘʰ, ʘʤʤʦ ʪʝʨʤʦʙʘʣʣʦʥ ˄ʣʯʘʤʣʘʨʠ ʢʠʯʠʢ (ʜʠʘʤʝʪʨʠ 10...12 ʤʤ, ʫʟʫʥʣʠʛʠ 

80...125 ʤʤ). 

ʊʝʨʤʦʤʝʪʨ ʪʠʟʠʤʠʜʘʛʠ ʙʦʩʠʤ ˄ʣʯʘʥʘʸʪʛʘʥ ״ʘʨʦʨʘʪʥʠʥʛ ʶʢʦʨʠʛʠ 

ʯʝʛʘʨʘʩʠʜʘ 3,5 ʄʅ/ʤ
2
 ʜʘʥ ʦʰʤʘʡʜʠ, ʧʘʩʪʢʠ ʯʝʛʘʨʘʩʠʜʘ ʵʩʘ ʙʠʨ ʥʝʯʘ ʶʟ ʂʅ/ʤ

2
 

ʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. ʐʫʥʠʥʛ ʫʯʫʥ, ʫʣʘʨʥʠʥʛ ʢ˄ʨʩʘʪʠʰʠʛʘ, ʘʡʥʠץʩʘ ʫʥʯʘ ʶץʦʨʠ 

ʙ˄ʣʤʘʛʘʥ ״ʘʨʦʨʘʪʣʘʨʜʘ, ʙʘʨʦʤʝʪʨʠʢ ʙʦʩʠʤʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʪʘʲʩʠʨ ʵʪʘʜʠ. 

ʄʘʥʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨ ʙʘʨʯʘ ʪʫʨʣʘʨʥʠʥʛ ʢ˄ʨʩʘʪʠʰʣʘʨʠ ʠʰ 

ʤʦʜʜʘʩʠʥʠʥʛ ʬʠʟʠʢ ʭʦʣʘʪʣʘʨʠʛʘ ʚʘ ʫʣʘʨʥʠʥʛ ʠʩʩʠץʣʠʢ-ʬʠʟʠʢ ʭʦʩʩʘʣʘʨʠʛʘ 
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ʙʦסʣʠץ ʙ˄ʣʠʙ, ʢʘʪʪʘ ʢʝʯʠʢʠʰʣʘʨʛʘ ʵʛʘ. ɻʘʟʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨ ʵʥʛ ʢ˄ʧ, ʙʫס-

ʩʫʁץʣʠʢʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨ ʵʩʘ ʵʥʛ ʢʘʤ ʢʝʯʠʢʠʰʛʘ ʵʛʘ (ʛʘʟ ʙʠʣʘʥ 

ʪ˄ʣʜʠʨʠʣʛʘʥʣʘʨʠʛʘ ʥʠʩʙʘʪʘʥ 2,5 ʤʘʨʪʘ ʢʘʤ. 

ʀʢʢʠʣʘʤʯʠ ʘʩʙʦʙʣʘʨ ʙʠʣʘʥ ʠʰʣʘʰ ʫʯʫʥ ʢ˄ʨʩʘʪʠʰʥʠ ʤʘʩʦʬʘʜʘʥ 

ʫʟʘʪʘʜʠʛʘʥ ʵʣʝʢʪʨ ʚʘ ʧʥʝʚʤʘʪʠʢ ʤʘʥʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨ ʪʘʡʸʨʣʘʥʘʜʠ. ɹʫ 

ʘʩʙʦʙʣʘʨʜʘ ״ʘʨʦʨʘʪ ʫʥʠʬʠʢʘʮʠʷʣʘʥʛʘʥ ʵʣʝʢʪʨ ʸʢʠ ʧʥʝʚʤʘʪʠʢ ʩʠʛʥʘʣʛʘ 

˄ʟʛʘʨʪʠʨʠʣʘʜʠ. 

ʄʘʥʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨ ʪʫʟʠʣʠʰʠ ʩʦʜʜʘʣʠʛʠ ʚʘ ʘʚʪʦʤʘʪʠʢ ʸʟʠʰʠ 

ʙʠʣʘʥ ʘʞʨʘʣʠʙ ʪʫʨʘʜʠ. ʋʥʠʥʛ ʷʥʘ ʙʠʨ ʘʬʟʘʣʣʠʢʣʘʨʠʜʘʥ ʙʠʨʠ, ʫʥʜʘʥ ʸʥסʠʥ ʚʘ 

ʧʦʨʪʣʘʰ ʭʘʚʬʠ ʙʦʨ ʙ˄ʣʛʘʥ ʤʫ״ʠʪʜʘ ʬʦʡʜʘʣʘʥʠʰ ʤʫʤʢʠʥʣʠʛʠʜʘʜʠʨ. ʋʥʠʥʛ 

ʢʘʤʯʠʣʠʢʣʘʨʠʛʘ ʪʠʟʠʤʥʠʥʛ ʛʝʨʤʝʪʠʢʣʠʛʠ ʙʫʟʠʣʛʘʥʜʘ ʪʫʟʘʪʠʰ ץʠʡʠʥʣʠʛʠ ʚʘ 

ʢʧ˄ ״ʦʣʣʘʨʜʘ ʪʝʨʤʦʙʘʣʣʦʥ .˄ʣʯʘʤʣʘʨʠʥʠʥʛ ʢʘʪʪʘʣʠʛʠ ʢʠʨʘʜʠ. 

ɻʘʟʣʠ ʚʘ ʩʫʶʢʣʠʢʣʠ ʤʘʥʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʘʥʠץʣʠʢ ʩʠʥʬʠ 1; 1,5 

ʚʘ 2,5; ʢʦʥʜʝʥʩʘʮʠʦʥ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʢʠ 1,5; 2,5 ʚʘ 4. 

 

2.4-Ä. ʊɽʈʄʆʕʃɽʂʊʈ ʊɽʈʄʆʄɽʊʈʃɸʈ 

 ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰʥʠʥʛ ʪʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨ (ʪʝʨʤʦʞʫʬʪ) ʫʩʫʣʠ ʪʝʨʤʦ׳

ʕʖʂ ʥʠʥʛ ״ʘʨʦʨʘʪʛʘ ʙʦסʣʠץʣʠʛʠʛʘ ʘʩʦʩʣʘʥʛʘʥ. ɹʫ ʘʩʙʦʙ ð 200Áʉ ʜʘʥ + 2500Áʉ 

ʛʘʯʘ ʙ˄ʣʛʘʥ ״ʘʨʦʨʘʪʣʘʨʥʠ ˄ʣʯʘʰʜʘ ʪʝʭʥʠʢʘʥʠʥʛ ʪʫʨʣʠ ʩʦ״ʘʣʘʨʠ 

ʚʘ ʠʣʤʠʡ-ʪʝʢʰʠʨʠʰ ʠʰʣʘʨʠʜʘ ʢʝʥʛ ץ˄ʣʣʘʥʘʜʠ. ʊʝʨʤʦʵʣʝʢʪʨ 

ʪʝʨʤʦʤʝʪʨʣʘʨ   ʸʨʜʘʤʠʜʘ ״ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰ 1821 ʡʠʣʜʘ ɿʝʝʙʝʢ 

ʢʘʰʬ ʵʪʛʘʥ ʪʝʨʤʦʵʣʝʢʪʨ ״ʦʜʠʩʘʩʠʛʘ ʘʩʦʩʣʘʥʛʘʥ. ɹʫ ״ʦʜʠʩʘʥʠʥʛ 

 ʣʣʘʥʠʰ ʠʢʢʠ ʭʠʣ ʤʝʪʘʣʣ ʩʠʤʜʘʥ˄ץ ʘʨʦʨʘʪʣʘʨʥʠ ˄ʣʯʘʰʜʘ״

ʠʙʦʨʘʪ ʟʘʥʞʠʨʜʘ ʫʣʘʨʥʠʥʛ ʢʘʚʰʘʨʣʘʥʛʘʥ   ʞʦʡʠʜʘ ״ʘʨʦʨʘʪʣʘʨ 

ʬʘʨץʠ ״ʠʩʦʙʠʛʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠʛʘʥ ʕʖʂ ʵʬʬʝʢʪʠʛʘ ʘʩʦʩʣʘʥʛʘʥ. 

ʭʠʣ ׳ʘʨ ʭʠʣ ɸ ʚʘ ɺ ˄ʪʢʘʟʛʠʯʣʘʨʜʘʥ ʠʙʦʨʘʪ ʟʘʥʞʠʨʥʠ ʢ˄ʨʠʙ ʯʠץʘʤʠʟ (2.2-ʨʘʩʤ).     

ʊʝʨʤʦʞʫʬʪʥʠʥʛ ˄ʣʯʘʥʘʸʪʛʘʥ ʤʫ״ʠʪʛʘ ʪʝʛʠʙ ʪʫʨʛʘʥ ʞʦʡʠ, ʢʘʚʰʘʨʣʘʥʛʘʥ ʫʯʠ 1 

ʠʩʩʠץ ʫʣʘʥʤʘ, ˄ʟʛʘʨʤʘʩ tʦ ״ʘʨʦʨʘʪʣʠ ʤʫ״ʠʪʜʘʛʠ ʞʦʡʠ 2 ʵʩʘ (ʵʨʢʠʥ ʫʯʠ) ʩʦʚʫץ 

ʫʣʘʥʤʘ ʜʝʡʠʣʘʜʠ. ɸ ʚʘ ɺ ˄ʪʢʘʟʛʠʯʣʘʨ ʪʝʨʤʦʵʣʝʢʪʨʦʜʣʘʨ ʜʝʡʠʣʘʜʠ. ɹʫʥʜʘʡ 

ʢʘʚʰʘʨʣʘʥʛʘʥ ˄ʪʢʘʟʛʠʯʣʘʨ ʵʩʘ ʪʝʨʤʦʞʫʬʪ ʜʝʙ ʘʪʘʣʘʜʠ, ʫʣʘʨʜʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠʛʘʥ 

1

2

ɸ ɺ

 t0

 t

2.2ïʨʘʩʤ. 

ʀʢʢʠ 

˄ʪʢʘʟʛʠʯʣʠ 

ʪʝʨʤʦʤʝʪʨʠʢ 

ʟʘʥʞʠʨ 
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ʵʣʝʢʪʨ ʶʨʠʪʫʚʯʠ ʢʫʯ ʪʝʨʤʦʵʣʝʢʪʨ ʶʨʠʪʫʚʯʠ ʢʫʯ (ʊʕʖʂ) ʜʝʡʠʣʘʜʠ. ʊʕʖʂ 

 ʤʝʪʘʣʣʥʠʥʛ ʵʨʢʠʥ ץʦʩʠʣ ʙ˄ʣʠʰʠʥʠʥʛ ʩʘʙʘʙʠ ʵʨʢʠʥ ʵʣʝʢʪʨʦʥʣʘʨ ʟʠʯʣʠʛʠ ʢ˄ʧʨʦ״

ʵʣʝʢʪʨʦʥʣʘʨ ʟʠʯʣʠʛʠ ʢʘʤʨʦץ ʤʝʪʘʣʣʛʘ ʜʠʬʬʫʟʠʷʩʠ ʙʠʣʘʥ ʠʟʦ״ʣʘʥʘʜʠ. ʐʫ 

ʧʘʡʪʜʘ ʠʢʢʠ ʭʠʣ ʤʝʪʘʣʣʥʠʥʛ ʙʠʨʠʢʠʰ ʞʦʡʠʜʘ ʧʘʡʜʦ ʙ˄ʣʘʜʠʛʘʥ ʵʣʝʢʪʨ ʤʘʡʜʦʥ 

ʜʠʬʬʫʟʠʷʛʘ ץʘʨʰʠʣʠʢ ʢ˄ʨʩʘʪʘʜʠ. ʕʣʝʢʪʨʦʥʣʘʨʥʠʥʛ ʜʠʬʬʫʟʠʦʥ ˄ʪʠʰ ʪʝʟʣʠʛʠ 

ʵʣʝʢʪʨ ʤʘʡʜʦʥ ʪʘʲʩʠʨʠʜʘ ʫʣʘʨʥʠʥʛ ץʘʡʪʘ ˄ʪʠʰ ʪʝʟʣʠʛʠʛʘ ʪʝʥʛ ʙ˄ʣʛʘʥʜʘ 

 ʘʨʦʨ ʪʦʧʘʜʠ. ɹʫ ʤʫʚʦʟʘʥʘʪʜʘ ɸ ʚʘ ɺ ʤʝʪʘʣʣʘʨץ ʦʣʘʪʠ״ ʘʨʘʢʘʪʣʠ ʤʫʚʦʟʘʥʘʪ״

ʦʨʘʩʠʜʘ ʧʦʪʝʥʮʠʘʣʣʘʨ ʘʡʠʨʤʘʩʠ ʧʘʡʜʦ ʙ˄ʣʘʜʠ. ʕʣʝʢʪʨʦʥʣʘʨ ʜʠʬʬʫʟʠʷʩʠʥʠʥʛ 

ʞʘʜʘʣʣʠʛʠ ˄ʪʢʘʟʛʠʯʣʘʨ ʙʠʨʠʢʢʘʥ ʞʦʡʥʠʥʛ ״ʘʨʦʨʘʪʠʛʘ ״ʘʤ ʙʦסʣʠץ ʙ˄ʣʛʘʥʠ 

ʩʘʙʘʙʣʠ ʙʠʨʠʥʯʠ ʚʘ ʠʢʢʠʥʯʠ ʫʣʘʥʤʘʣʘʨʜʘ ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʕʖʂ ״ʘʤ ʪʫʨʣʠʯʘ 

ʙ˄ʣʘʜʠ. 

ɸʛʘʨ ʢʘʚʰʘʨʣʘʥʛʘʥ ˄ʪʢʘʟʛʠʯʣʘʨ ʙʠʨ ʭʠʣ ʙ˄ʣʩʘ ʚʘ ʫʣʘʨʥʠʥʛ ʠʢʢʠ ʫʯʠ 

ʪʫʨʣʠʯʘ ״ʘʨʦʨʘʪʜʘ ץʠʟʜʠʨʠʣʩʘ, ʫ ״ʦʣʜʘ ˄ʪʢʘʟʛʠʯʥʠʥʛ ʠʩʩʠץʨʦץ ץʠʩʤʠʜʘʥ 

ʩʦʚʫץʨʦץ ץʠʩʤʠʛʘ ʙ˄ʰ ʵʣʝʢʪʨʦʥʣʘʨʥʠʥʛ ʜʠʬʬʫʟʠʷʣʘʥʠʰʠ ʪʝʩʢʘʨʠ 

ʡ˄ʥʘʣʠʰʜʘʛʠ ʜʠʬʬʫʟʠʷʩʠʜʘʥ ʞʘʜʘʣʨʦץ ʙ˄ʣʘʜʠ. ʇʦʪʝʥʮʠʘʣʣʘʨ ʘʡʠʨʤʘʩʠ 

ʵʣʝʢʪʨʦʥʣʘʨʥʠʥʛ ʠʩʩʠץʣʠʢ ʜʠʬʬʫʟʠʷʩʠʛʘ ʪʝʩʢʘʨ ʡ˄ʥʘʣʠʰʜʘ ʪʘʲʩʠʨ ץʠʣʘʜʠ, 

ʙʫʥʠʥʛ ʥʘʪʠʞʘʩʠʜʘ ʤʫʚʦʟʘʥʘʪ ״ʦʣʘʪʠ ץʘʨʦʨ ʪʦʧʛʫʥʯʘ ˄ʪʢʘʟʛʠʯʥʠʥʛ ʠʩʩʠץʨʦץ 

ʫʯʠ ʤʫʩʙʘʪ ʠʰʦʨʘʜʘ ʟʘʨʷʜʣʘʥʘʜʥ. ɹʠʥʦʙʘʨʠʥ, ʭʘʨ ʭʠʣ ɸ ʚʘ ɺ ˄ʪʢʘʟʛʠʯʣʘʨʜʘʥ 

ʪʘʰʢʠʣ ʪʦʧʛʘʥ ʵʥʛ ʩʦʜʜʘ ʪʝʨʤʦʵʣʝʢʪʨ ʟʘʥʞʠʨʜʘ ʪ˄ʨʪʪʘ ʪʫʨʣʠʯʘ ʊʕʖʂ ״ʦʩʠʣ 

ʙ˄ʣʘʜʠ. ʗʲʥʠ ʠʢʢʠʪʘ ʊʕʖʂ ɸ ʚʘ ɺ ˄ʪʢʘʟʛʠʯʣʘʨʥʠʥʛ ʢʘʚʰʘʨʣʘʥʛʘʥ ʫʯʠʜʘ; 

ʙʠʪʪʘ ʊʕʖʂ ɸ ˄ʪʢʘʟʛʠʯʥʠʥʛ ʫʯʠʜʘ; ʙʠʪʪʘ ʊʕʖʂ ɺ ˄ʪʢʘʟʛʠʯʥʠʥʛ ʫʯʠʜʘ. ʐʫʥʠ 

ʥʘʟʘʨʜʘ ʪʫʪʠʙ, 2.2-ʨʘʩʤʜʘ ʪʘʩʚʠʨʣʘʥʛʘʥ ʟʘʥʞʠʨʜʘʛʠ ʊʕʖʂ ʢʘʪʪʘʣʠʛʠʥʠ 

ʘʥʠץʣʘʰ ʤʫʤʢʠʥ. ɿʘʥʞʠʨʥʠ ʩʦʘʪ ʩʪʨʝʣʢʘʩʠ ״ʘʨʘʢʘʪʠʛʘ ʪʝʩʢʘʨʠ ʡ˄ʥʘʣʠh ʜʘ 

ʢʫʟʘʪʩʘʢ, ץʫʡʠʜʘʛʠ ʥʘʪʠʞʘ ʯʠץʘʜʠ: 

)()(),( 00 tetettE BAABAB +=    (2.17) 

ʙʫ ʝʨʜʘ, ɽɸɺ(t,t0)ðʠʢʘʣʘ ʬʘʢʪʦʨ ʪʘʲʩʠʨʠʜʘʛʠ ʞʘʤʣʘʥʛʘʥ ʊʕʖʂ; ʝɸɺ(t) ʚʘ ʝAB(t0) ð A 

ʚʘ B ˄ʪʢʘʟʛʠʯʣʘʨ ʫʯʠʜʘʛʠ ʧʦʪʝʮʮʠʘʣʣʘʨ ϲʘʤʜʘ ϲʘʨʦʨʘʪʣʘʨ ʘʡʠʨʤʘʩʠ ʠʘʪʠʞʘʩʠʜʘ ϲʦʩʠʣ 

ʙ˄ʣʛʘʥ ʊʕʖʂ. 

ɸʛʘʨ ʢʘʚʰʘʨʣʘʥʛʘʥ ʫʯʣʘʨʥʠʥʛ ״ʘʨʦʨʘʪʠ ʙʠʨ ʭʠʣ ʙ˄ʣʩʘ, ʊʕʖʂ ʥʦʣʛʘ ʪʝʥʛ 

ʙ˄ʣʘʜʠ, ʯʫʥʢʠ ʠʢʢʘʣʘ ʢʘʚʰʘʨʜʘ ״ʘʤ ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʊʕʖʂ ʥʠʥʛ ץʠʡʤʘʪʠ ʙʠʨ-
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ʙʠʨʠʛʘ ʪʝʥʛ ʙ˄ʣʠʙ, ˄ʟʘʨʦ ץʘʨʘʤʘ-ץʘʨʰʠ ʪʦʤʦʥʛʘ ʡ˄ʥʘʣʛʘʥ ʙ˄ʣʘʜʠ. ɼʝʤʘʢ, t = t0 

ʙ˄ʣʩʘ. 

0)()( 0)( 0
=+= oBAABtAB teteE    (2.18) 

)()( 00 tete BAAB -=                      (2.19) 

(2.19) ʥʘʪʠʞʘʥʠ (2.17) ʛʘ ʢ˄ʡʩʘʢ, ץʫʡʠʜʘʛʠʛʘ ʵʛʘ ʙ˄ʣʘʤʠʟ: 

)()(),( 00 tABtABttAB eeE -=               (2.20) 

(2.20) ʪʝʥʛʣʘʤʘʜʘʥ ʢ˄ʨʠʥʠʙ ʪʫʨʠʙʜʠʢʠ,. ʊʕʖʂ ʠʢʢʠʪʘ ˄ʟʛʘʨʫʚʯʘʥ t ʚʘ t0 

 .ʘʨʦʨʘʪʥʠʥʛ ʤʫʨʘʢʢʘʙ ʬʫʥʢʮʠʷʩʠʜʘʥ ʠʙʦʨʘʪ ʵʢʘʥ״

ʋʣʘʥʤʘʣʘʨʜʘʥ ʙʠʨʠʥʠʥʛ ״ʘʨʦʨʘʪʠ ˄ʟʛʘʨʤʘʩ, ʤʘʩʘʣʘʥ, tʦ = ʩʦnst ʙ˄ʣʩʘ, 

ʫʥʜʘ 

)(),( 0
tfE ttAB =                              (2.21) 

 

(2.21) ʠʬʦʜʘ ʤʘʟʢʫʨ ʪʝʨʤʦʞʫʬʪ ʫʯʫʥ 

ʜʘʨʘʞʘʣʘʰ ʡ˄ʣʠ ʙʠʣʘʥ ʊʕʖʂ ʚʘ ״ʘʨʦʨʘʪ 

ʥʠʩʙʘʪʠʥʠ ʪʦʧʠʰ, ״ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰ ʤʘʩʘʣʘʩʠʥʠ 

ʪʝʩʢʘʨʠ ʝʯʠʰ ʢʝʨʘʢʣʠʛʠʥʠ, ʷʲʥʠ 

ʪʝʨʤʦʞʫʬʪʥʠʥʛ ʊʕʖפ ʠʥʠ ˄ʣʯʘʰ ʙʠʣʘʥ 

 ʣʘʰ ʤʫʤʢʠʥʣʠʛʠʥʠץʠʡʤʘʪʠʥʠ ʘʥʠץ ʘʨʦʨʘʪʥʠʥʛ״

ʙʠʣʜʠʨʘʜʠ. 

ɶʣʯʘʰ ʘʩʙʦʙʠʥʠ ʫʣʘʰ ʫʯʫʥ ʫʣʘʥʤʘʣʘʨʜʘʥ ʙʠʨʠʜʘʛʠ ʟʘʥʞʠʨʥʠ (2.3 - 

ʨʘʩʤ.), ʘ) ʸʢʠ ʪʝʨʤʦʵʣʝʢʪʨʦʜʣʘʨʜʘʥ ʙʠʨʠʥʠ ʫʟʠʰ (2.3-ʨʘʩʤ, ʙ) ʢʝʨʘʢ. 

ʊʝʨʤʦʞʫʬʪ ʟʘʥʞʠʨʠʛʘ ʫʯʠʥʯʠ ʉ ˄ʪʢʘʟʛʠʯʥʠ ʫʣʘʰ ʚʘʨʠʘʥʪʣʘʨʠʜʘʛʠ 

ʞʘʤʣʘʥʛʘʥ ʊʕʖʂ ʥʠ ʢ˄ʨʠʙ ʯʠʢʘʤʠʟ. 2. 3 ʨʘʩʤ, ʘ ʜʘʛʠ ʚʘʨʠʘʥʪ ʫʯʫʥ: 

ɽɸɺʉ(t,t0,t0) = eAɺ(t)+eɺʉ(t0)+eCA(t)                    (2.22) 

t= t0, ʷʲʥʠ ʫʣʘʥʤʘʣʘʨʠʥʠʥʛ ״ʘʨʦʨʘʪʠ ʪʝʥʛ ʙ˄ʣʩʘ,  

E ABC(t0)=eAB(t0)+eBC(t0)+eCA(t0)=0,         (2.23)  

ʙʫ ʪʝʥʛʣʘʤʘʜʘʥ ʤʘʲʣʫʤʢʠ, 

eBC(t0)+eCA(t0)=-eAB(t0)           (2.24) 

ɸ ɺ

ʉ ʉ

 ʘ
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  t   t
  0   0
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ɸ

ɺ

ɺ ʉ

ʉ

ʉ

  ʙ

2.3 ïʨʘʩʤ. ʋʯʠʥʯʠ 

˄ʪʢʘʟʛʠʯ(˄ʣʯʘʰ ʘʩʙʦʙʠ)ʥʠ 

ʪʝʨʤʦʞʫʬʪ 

ʟʘʥʞʠʨʠʛʘ ʫʣʘʰ ʩʭʝʤʘʩʠ 
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(2.24) ʪʝʥʛʣʘʤʘ ʥʘʪʠʞʘʩʠʥʠ (2.21) ʛʘ, ץʡ˄ʠʙ ʯʠץʩʘʢ, (2.20) ʪʝʥʛʣʘʤʘ ʢʝʣʠʙ 

ʯʠʢʘʜʠ. 

2.3-ʨʘʩʤ, ʙ ʜʘʛʠ ʚʘʨʠʘʥʪ ʫʯʫʥ: 

EABC(t,t1,t0)=eAB(t)+eBC(t1)+eCB(t1)+eBA(t0)       (2.25)  

ɸʛʘʨ ʝʚʩ(t1) = ð ʝʩʚ(t1) ʚʘ ʝBɸ(t0) =ðʝɸɺ(t0) ״ʠʩʦʙʛʘ ʦʣʠʥʩʘ, (2.25) ʪʝʥʛʣʘʤʘ 

(2.20) ʪʝʥʛʣʘʤʘʛʘ ʘʡʣʘʥʘʜʠ. 

ɹʫʥʜʘʥ ץʫʡʠʜʘʛʠ ʤʫ״ʠʤ ʭʫʣʦʩʘʥʠ ʯʠץʘʨʠʰ ʤʫʤʢʠʥ: ʊʝʨʤʦʞʫʬʪʥʠʥʛ 

ʟʘʥʞʠʨʠ ʫʯʣʘʨʠʛʘ ״ʘʨʦʨʘʪʠ ʙʠʨ ʭʠʣ ʙ˄ʣʛʘʥ ʫʯʠʥʯʠ ˄ʪʢʘʟʛʠʯ ʫʣʘʥʛʘʥʜʘ ״ʘʤ 

ʊʕʖʂ ˄ʟʛʘʨʤʘʡʜʠ.  

ɼʝʤʘʢ, ʪʝʨʤʦʞʫʬʪ ʟʘʥʞʠʨʠʛʘ ʫʣʘʰ ʩʠʤʣʘʨʠ, ˄ʣʯʦʚ ʘʩʙʦʙʣʘʨʠ ʚʘ 

 ʘʨʦʨʘʪʥʠ ʪʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨ׳ .ʘʨʰʠʣʠʢʣʘʨʥʠ ʫʣʘʰ ʤʫʤʢʠʥ ʵʢʘʥץ

ʸʨʜʘʤʠʜʘ ˄ʣʯʘʰ ʫʯʫʥ ʪʝʨʤʦʤʝʪʨ ״ʦʩʠʣ ץʠʣʘʜʠʛʘʥ ʪʝʨʤʦ ʕʖʂ ʥʠ ʚʘ ʵʨʢʠʥ 

ʫʯʣʘʨʥʠʥʛ ״ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʰ ʢʝʨʘʢ. ɸʛʘʨ ״ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰʜʘ ʪʝʨʤʦʤʝʪʨ 

ʫʯʣʘʨʠʥʠʥʛ ״ʘʨʦʨʘʪʠ 0Áʉ ʛʘ ʪʝʥʛ ʙ˄ʣʩʘ, ʫʥʜʘ ˄ʣʯʘʥʘʸʪʛʘʥ ״ʘʨʦʨʘʪ ʜʘʨʘʞʘʣʘʰ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʩʠʜʘʥ (ʞʘʜʚʘʣʣʘʨ, ʛʨʘʬʠʢʣʘʨʜʘʥ) (2.4-ʨʘʩʤ) ʜʘʨ״ʦʣ ʪʦʧʠʣʘʜʠ. 

 ɹʫ ʜʘʨʘʞʘʣʘʰ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʩʠ, ʪʝʨʤʦ ʕʖʂ 

ʙʠʣʘʥ ״ʘʨʦʨʘʪ ʦʨʘʩʠʜʘ ʤʫʥʦʩʘʙʘʪ ˄ʨʥʘʪʘʜʠ. 

ʊʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʜʘʨʘʞʘʣʘʰ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʩʠ, ʦʜʘʪʜʘ, ʵʨʢʠʥ ʫʯʣʘʨʠʥʠʥʛ 

 ʣʘʥʘʜʠ. ɸʛʘʨץʘʨʦʨʘʪʠ 0Áʉ ʛʘ ʪʝʥʛ ʙ˄ʣʛʘʥʜʘ ʘʥʠ״

ʵʨʢʠʥ ʫʯʣʘʨʠʥʠʥʛ ״ʘʨʦʨʘʪʠ ʘʤʘʣʜʘ 0Áʉ ʜʘʥ ʬʘʨץ 

 ʘʨʦʨʘʪʥʠ״ ʠʣʩʘ-ʶ, ʘʤʤʦ ˄ʟʛʘʨʤʘʩ ʙ˄ʣʩʘ, ʫʥʜʘץ

ʜʘʨʘʞʘʣʘʰ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʩʠʜʘʥ ʪʦʧʠʰ ʫʯʫʥ 

ʪʝʨʤʦʞʫʬʪʣʘʨ ״ʦʩʠʣ ץʠʣʘʜʠʛʘʥ ʪʝʨʤʦ ʕʖʂ ʥʠʛʠʥʘ ʵʤʘʩ, ʙʘʣʢʠ ʨɻʢʠʥ ʫʯʣʘʨʠ 

 ʘʨʦʨʘʪʠ t0Í0 ʙ˄ʣʛʘʥʜʘ ʪʫʟʘʪʠʰ״ ʘʤ ʙʠʣʠʰ ʟʘʨʫʨ. ʕʨʢʠʥ ʫʯʣʘʨʠ״ ʘʨʦʨʘʪʠ t0 ʥʠ״

ʢʠʨʠʪʠʰ ʫʯʫʥ ʪʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨ ״ʦʩʠʣ ץʠʣʘʜʠʛʘʥ ʪʝʨʤʦ ʕʖʂ ɽ(t0,t0) ʛʘ 

ɽ(t0-0) ʥʠ ʢ˄ʰʠʰ ʣʦʟʠʤ: ʪʝʨʤʦ ʕʖʂ ɽ(t0,0} ץʠʡʤʘʪʠ ʪʦʧʠʣʘʜʠ: 

E(t,t0)+E(t0,0)=E(t,0)              (2.26) 

ʊʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨ ʠʰ ʫʣʘʥʤʘʩʠ ״ʘʨʦʨʘʪʠ t ʚʘ ʵʨʢʠʥ ʫʯʣʘʨʠ 

 ʘʨʦʨʘʪʠ 0Áʉ ʙ˄ʣʛʘʥʜʘ, ʷʲʥʠ ʜʘʨʘʞʘʣʘʰ ʰʘʨʪʠ ʙʘʞʘʨʠʣʛʘʥʜʘ ʰʫʥʜʘʡ ɽ(t,t0)״

ɽ

ɽ

 (t, t0)ɽ
 (t, t0)

/

 (t , 00 )
/

ɽ

ɽ

 (t, 0)

 (t , 00 )ɽ

t       to 0
/

t t

2.4 ï ʨʘʩʤ. 

ʊʝʨʤʦʵʣʝʢʪʨ 

ʪʝʨʤʦʤʝʪʨʥʠʥʛ 

ʵʨʢʠʥ ʫʯʣʘʨʠ 

ʪʝʧʤʝʨʘʪʫʨʘʩʠʛʘ 

ʪʫʟʘʪʤʘ ʢʠʨʠʪʠʰ       
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ʕʖʂ ʥʠ ״ʦʩʠʣ ץʠʣʘʜʠ. ɸʛʘʨ ˄ʣʯʘʰ ʞʘʨʘʸʥʠʜʘ ʵʨʢʠʥ ʫʯʣʘʨ ״ʘʨʦʨʘʪʠ ʙʠʨʦʨ 

ʷʥʛʠ tò0 ץʠʡʤʘʪ ץʘʙʫʣ ץʠʣʩʘ, ʫʥʜʘ ʪʝʨʤʦʤʝʪʨ ״ʦʩʠʣ ʢʠʣʘʜʠʛʘʥ ʪʝʨʤʦʕʖʂ ɽ(t,t0) 

ʛʘ (2.4-ʨʘʩʤ) ʚʘ ʵʨʢʠʥ ʫʯʣʘʨ ״ʘʨʦʨʘʪʠʛʘ ʢʠʨʠʪʠʣʘʜʠʛʘʥ ʪʫʟʘʪʠʰ ɽ(t'0, 0) ʛʘ, 

ʜʘʨʘʞʘʣʘʰ ʰʘʨʪʠʛʘ ʤʦʩ ʪʝʨʤʦ ʕʖʂ ʵʩʘ 

E(t0,t'0)+E(t'0,0)=E(tt,0)       (2.27) 

ʛʘ ʪʝʥʛ ʙ˄ʣʘʜʠ 

ʊʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨʥʠʥʛ ʵʨʢʠʥ ʫʯʣʘʨʠ ״ʘʨʦʨʘʪʠʛʘ ʢʠʨʠʪʠʣʘʜʠʛʘʥ 

ʪʫʟʘʪʤʘ ץʠʡʤʘʪʠ ʪʝʨʤʦʤʝʪʨʥʠʥʛ ʜʘʨʘʞʘʣʘʰ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʩʠʛʘ ʙʦסʣʠץ ʙ˄ʣʘʜʠ, 

ʫ ʵʩʘ ʪʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨ ʪʘʡʸʨʣʘʥʘʜʠʛʘʥ ˄ʪʢʘʟʛʠʯ ʤʘʪʝʨʠʘʣʣʘʨ ʙʠʣʘʥ 

ʙʝʣʛʠʣʘʥʘʜʠ. 

ʊʫʟʘʪʤʘʥʠ ʢʠʨʠʪʠʰ ʫʩʫʣʠʜʘʥ ץʘʪʲʠʡ ʥʘʟʘʨ (ʭʠʩʦʙʠʡ ʸʢʠ ʘʚʪʦʤʘʪʠʢ) 

ʪʫʟʘʪʤʘ ʢʠʨʠʪʠʰ ʫʩʣʫʙʠ ˄ʟʛʘʨʤʘʡ ץʦʣʘʜʠ: ץʘʡʩʠ ʫʩʫʣ ʙʠʣʘʥ ʪʫʟʘʪʤʘ (״ʠʩʦʙʠʡ 

ʸʢʠ ʘʚʪʦʤʘʪʠʢ) ʢʠʨʠʪʠʣʛʘʥʠʜʘʥ ץʘʪʲʠ ʥʘʟʘʨ, ʩʭʝʤʘʜʘ ɽ(t,o) ץʠʡʤʘʪ ʦʣʠʥʘʜʠ, ʙʫ 

 ʠʥʜʠ ʪʝʨʤʦ ʕʖK(t, 0)סʰʠʣʘʜʠ. ʁʠ˄ץ ʠʡʤʘʪ ʢʝʡʠʥ ʪʝʨʤʦʞʫʬʪ ʪʝʨʤʦ ʕʖK ʠʛʘץ

ʜʘʨʘʞʘʣʘʰ ץʠʡʤʘʪʠʛʘ ʤʦʩ ʢʝʣʘʜʠ. 

 ʠʜʘ ʤʘʩʘʣʘʣʘʨʥʠ ʝʯʠʰ ʫʯʫʥ ʪʝʨʤʦʵʣʝʢʪʨ״ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰʛʘ ʦʠʜ ʘʣʦ׳

ʪʝʨʤʦʤʝʪʨʣʘʨʥʠ ˄ʣʯʘʰ ʘʩʙʦʙʠ ʙʠʣʘʥ ˄ʣʯʘʰʥʠʥʛ ʪʫʨʣʠ ʫʩʫʣʣʘʨʠ ץ˄ʣʣʘʥʠʣʘʜʠ. 

ʊʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨʠ ˄ʟʛʘʨʪʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠʥʠ ʦʨʪʪʠʨʠʰ ʫʯʫʥ ʙʠʨ 

ʥʝʯʘ ʪʝʨʤʦʞʫʬʪʣʘʨʥʠ (ʪʝʨʤʦʙʘʪʘʨʝʷʣʘʨʥʠ) ʢʝʪʤʘ-ʢʝʪ ʫʣʘʰʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. 

ɹʫʥʜʘ ʪʝʨʤʦʞʫʬʪʣʘʨ ״ʦʩʠʣ ʢʠʣʘʜʠʛʘʥ ʪʝʨʤʦ ʕʖʂ ץ˄ʰʠʣʘʜʠ, ʷʲʥʠ n ʪʘ 

ʪʝʨʤʦʞʫʬʪʜʘʥ ʪʫʟʠʣʛʘʥ ʪʝʨʤʦʙʘʪʘʨʝʷʣʘʨ ʪʝʨʤʦ ʕʖʂ ʘʣʦ״ʠʜʘ ʦʣʠʥʛʘʥ 

ʪʝʨʤʦʞʫʬʪ ʪʝʨʤʦ ʕʖʂ ʠʜʘʥ ʢʘʪʪʘ. 

ʀʢʢʠ ʥʫץʪʘ ʦʨʘʩʠʜʘʛʠ ״ʘʨʦʨʘʪ ʬʘʨץʠʥʠ ˄ʣʯʘʰ ʫʯʫʥ ʜʠʬʬʝʨʝʥʮʠʘʣ 

ʪʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨ ʢ˄ʣʣʘʥʠʣʘʜʠ. ʋ ʠʢʢʠʪʘ ץʘʨʘʤʘ-ץʘʨʰʠ ʫʣʘʥʛʘʥ ʙʠʨ ʭʠʣ 

ʪʝʨʤʦʤʝʪʨʜʘʥ ʪʫʟʠʣʛʘʥ. ɸʛʘʨ ״ʘʨʦʨʘʪʣʘʨ ʬʘʨץʠ ˄ʣʯʘʥʘʸʪʛʘʥ ʥʫץʪʘʣʘʨʥʠʥʛ 

 ʦʩʠʣ״ ʪʘʣʘʨʜʘ ʪʝʨʤʦʤʝʪʨץʘʨʦʨʘʪʥ ʙʠʣʘʥ ˄ʟʘʨʦ ʪʝʥʛ ʙ˄ʣʩʘ, ʫʥʜʘ ˄ʰʘ ʥʫ״

 ʦʣʜʘ ʪʝʨʤʦʤʝʪʨʣʘʨʜʘʛʠ ʟʘʥʞʠʨ״ ʘʤ ʪʝʥʛ ʙ˄ʣʘʜʠ. ɹʫʥʜʘʡ״ ʠʣʘʜʠʛʘʥ ʊʕʖʂ ʣʘʨץ

ʪʦʢʠ ʥʦʣʛʘ ʪʝʥʛ ʙ˄ʣʘʜʠ, ʯʫʥʢʠ ץʘʨʘʤʘ-ץʘʨʰʠ ʫʣʘʥʛʘʥʜʘ ʙʠʨ ʪʝʨʤʦʞʫʬʪʥʠʥʛ 

ʊʕʖʂʠ ʙʦʰץʘ ʪʝʨʤʦʞʫʬʪʥʠʥʛ ʊʕʖʂ ʠ ʙʠʣʘʥ ʢʦʤʧʝʥʩʘʮʠʷ ץʠʣʠʥʘʜʠ ʚʘ ˄ʣʯʦʚ 

ʘʩʙʦʙʠ ʥʦʣʥʠ ʢ˄ʨʩʘʪʘʜʠ. ɸʛʘʨ t1 ʚʘ t2 ״ʘʨʦʨʘʪʣʘʨ ʪʫʨʣʠʯʘ ʙ˄ʣʩʘ, ʫ ״ʦʣʜʘ ץʘʡʩʠ 
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 ʠʛʘ ʤʫʪʘʥʦʩʠʙ ʙ˄ʣʛʘʥ ʟʘʥʞʠʨץʘʨʦʨʘʪʣʘʨ ʬʘʨ״ ,ʘʨʘʙץ ʦʨʠ ʙ˄ʣʠʰʠʛʘץʘʨʦʨʘʪ ʶ״

ʪʦʢʠ ʙʠʨʦʨ ʡ˄ʥʘʣʠʰʜʘ ʦץʘʜʠ, ʙʫʥʠ ˄ʣʯʦʚ ʘʩʙʦʙʠ ʢ˄ʨʩʘʪʘʜʠ. 

ʊʝʨʤʦʵʣʝʢʪʨ ʤʘʪʝʨʠʘʣʣʘʨ ʚʘ ʪʝʨʤʦʵʣʝʢʪʨ ˄ʟʛʘʨʪʢʠʯʣʘʨ 

ʊʫʨʣʠ ˄ʪʢʘʟʛʠʯʣʘʨʥʠʥʛ ʠʭʪʠʸʨʠʡ ʞʫʬʪʠ ʪʝʨʤʦʵʣʝʢʪʨ ˄ʟʛʘʨʪʢʠʯʥʠ 

ʪʘʰʢʠʣ ʵʪʠʰʠ ʤʫʤʢʠʥ, ʘʤʤʦ ״ʘʨ ʙʠʨ ʞʫʬʪʣʠʢ ״ʘʤ ʘʤʘʣʜʘ ץ˄ʣʣʘʥʠʰʛʘ 

ʷʨʘʡʚʝʨʤʘʡʜʠ. ɿʘʤʦʥʘʚʠʡ ˄ʣʯʘʰ ʪʝʭʥʠʢʘʩʠ ʪʝʨʤʦʵʣʝʢʪʨ ˄ʪʢʘʟʛʠʯʣʘʨ 

ʪʘʡʸʨʣʘʥʘʜʠʛʘʥ ʤʘʪʝʨʠʘʣʣʘʨʛʘ ʢ˄ʧʜʘʥ-ʢ˄ʧ ʪʘʣʘʙʣʘʨ ץ˄ʷʜʠ, ʘʤʤʦ ʙʫ ʪʘʣʘʙʣʘʨʥʠ 

ʞʫʜʘ ʢʘʤ, ʩʦʥʣʠ ʤʘʪʝʨʠʘʣʣʘʨʛʠʥʘ ץʦʥʜʠʨʘʜʠ. ɸʩʦʩʠʡ ʪʘʣʘʙʣʘʨ ץʫʡʠʜʘʛʠʣʘʨʜʘʥ 

ʠʙʦʨʘʪ: ʶץʦʨʠ ״ʘʨʦʨʘʪʣʘʨ ʪʘʲʩʠʨʠʛʘ ʯʠʜʘʤʣʠʣʠʢ, ʊʕʖʂ ʥʠʥʛ ʚʘץʪ ʙ˄ʡʠʯʘ 

˄ʟʛʘʨʤʘʩʣʠʛʠ, ʫʥʠʥʛ ʠʣʦʞʠ ʙʦʨʠʯʘ ʢʘʪʪʘ ץʠʡʤʘʪʛʘ ʵʛʘ ʙ˄ʣʠʰʠ ʚʘ ״ʘʨʦʨʘʪʛʘ ʙʠʨ 

 ʘʨʦʨʘʪ ʢʦʵʬʬʠʮʠʝʥʪʠʥʠʥʛ ʢʘʪʪʘ ʙ˄ʣʤʘʩʣʠʛʠ״ ʘʨʰʠʣʠʢץ ,ʣʠʛʠץʣʠסʠʡʤʘʪʣʠ ʙʦץ

ʚʘ ʢʘʪʪʘ ʵʣʝʢʪʨ ˄ʪʢʘʟʫʚʯʘʥʣʠʢ. 

ɹʘʨʯʘ ʤʘʪʝʨʠʘʣʣʘʨ ʚʘ ץʦʪʠʰʤʘʣʘʨ ʫʯʫʥ ʊʕʖʂ ʥʠʥʛ ״ʘʨʦʨʘʪʛʘ 

ʬʫʥʢʮʠʦʥʘʣ ʙʦסʣʠץʣʠʛʠ ʤʫʨʘʢʢʘʙ ʙ˄ʣʠʙ, ʫʥʠ ʘʥʘʣʠʪʠʢ ʠʬʦʜʘʣʘʰ ʘʥʯʘ ץʠʡʠʥ. 

ʇʣʘʪʠʥʦʨʦʜʠʡ ð ʧʣʘʪʠʥʘ ʞʫʬʪʠ ʙʫʥʜʘʥ ʠʩʪʠʩʥʦʜʠʨ. ɹʫ ʞʫʬʪʣʠʢ ʫʯʫʥ ʊʕʖʂ 

ʙʠʣʘʥ ״ʘʨʦʨʘʪ ʦʨʘʩʠʜʘʛʠ ʙʦסʣʘʥʠʰ 300 ʜʘʥ 1300Áʉ ʛʘʯʘ ʙ˄ʣʛʘʥ ʦʨʘʣʠʢʜʘ, ʩʦʚʫץ 

ʫʣʘʥʤʘ ״ʘʨʦʨʘʪʠ 0
0
ʉ ʙ˄ʣʛʘʥʜʘ ʝʪʘʨʣʠʯʘ ʘʥʠץʣʠʢʜʘ ʧʘʨʘʙʦʣʘʛʘ ʤʦʩ ʢʝʣʘʜʠ: 

E(t,t0)=a+bt+ct
2
                (2.28) 

ʙʫ ʝʨʜʘ, ʘ b ʚʘ ʩ ð ʩʫʨʴʤʘ (630,5
0
ʉ), ʢʫʤʫʰ (950, 8Áʉ) ʚʘ ʦʣʪʠʥ (1063

0
C) ʣʘʨʥʠʥʛ 

Ϩʦʪʠʰ ϲʘʨʦʨʘʪʠ ʙʫʡʠʯʘ ʘʥʠϨʣʘʥʘʜʠʛʘʥ ʜʦʠʤʠʡʣʘʨ. 

 ʫʡʠʜʘʛʠ ʤʝʪʘʣʣ ʪʝʨʤʦʵʣʝʢʪʨʦʜʣʠ ʪʝʨʤʦʵʣʝʢʪʨץ ʪʜʘץʦʟʠʨʛʠ ʚʘ׳

ʪʝʨʤʦʤʝʪʨʣʘʨ ץ˄ʣʣʘʥʘʜʠ. ʋʣʘʨʥʠʥʛ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨʠ 2.3-ʞʘʜʚʘʣʜʘ 

ʢʝʣʪʠʨʠʣʛʘʥ. 

ʍʨʦʤʝʣʴ ð ʢʦʧʝʣʣʠ (56% ʉʠ ð 44%Ni) ʪʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨʣʘʨ 

ʩʪʘʥʜʘʨʪ ʪʝʨʤʦʤʝʪʨʣʘʨ ʦʨʘʩʠʜʘ ʵʥʛ ʢʘʪʪʘ ˄ʟʛʘʨʪʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠʛʘ ʵʛʘ (70...90 

ʤʢ ɺ/Áʉ). ʊʝʨʤʦʵʣʝʢʪʨʦʜ ʜʠʘʤʝʪʨʠ 1 ʤʤ ʜʘʥ ʢʘʤ ʙ˄ʣʛʘʥ ʪʝʨʤʦʤʝʪʨʣʘʨ ʫʯʫʥ 

ʯʝʛʘʨʘʚʠʡ ץ˄ʣʣʘʥʠʰʠ 600Áʉ ʜʘʥ ʢʘʤ ʚʘ, ʤʘʩʘʣʘʥ, ʜʠʘʤʝʪʨʠ 0,2...0,3 ʤʤ ʙ˄ʣʛʘʥ 

ʪʝʨʤʦʵʣʝʢʪʨʦʜʣʘʨ ʫʯʫʥ ʬʘץʘʪ 400Áʉ ʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. ʖץʦʨʠʛʠ ˄ʣʯʘʰ ʯʝʛʘʨʘʩʠ 

ʢʦʧʝʣʣʠ ʵʣʝʢʪʨʦʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʩʠʥʠʥʛ ʙʘʨץʘʨʦʨʣʠʛʠʛʘ ʙʦסʣʠץ 



 62 

ʅʠʢʝʣʴ-ʭʨʦʤ ð ʥʠʢʝʣʴ-ʘʣʶʤʠʥʠʡʣʠ (94%Ni + 2%ɸ1 + 2,5% ʄn + 1 

%Si+0,5% ʢ˄ʰʠʣʤʘ) ʪʝʨʤʦʤʝʪʨʣʘʨ ʪʫʨʣʠ ʤʫ״ʠʪ ״ʘʨʦʨʘʪʣʘʨʠʥʠ ʢʝʥʛ 

ʯʝʛʘʨʘʣʘʨʜʘ ˄ʣʯʘʰ ʫʯʫʥ ʢ˄ʣʣʘʥʠʣʘʜʠ. ʋʣʘʨ ʘʚʚʘʣ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʣʠ 

ʪʝʨʤʦʤʝʪʨʣʘʨ ʜʝʙ ʶʨʠʪʠʣʘʨ ʵʜʠ. ʅʠʢʝʣʴ-ʘʣʶʤʠʥʠʡ ʩʠʤʜʘʥ ʪʘʡʸʨʣʘʥʛʘʥ 

ʪʝʨʤʦʵʣʝʢʪʨʦʜ ʦʢʩʠʜʣʘʥʠʰʛʘ ʥʠʢʝʣʴ-ʭʨʦʤʛʘ ʥʠʩʙʘʪʘʥ ʢʘʤʨʦץ ʯʠʜʘʤʣʠ. 

 ʣʠʢ. ɼʠʘʤʝʪʨʠסʦʨʠʛʠ ʯʝʛʘʨʘʩʠ ʪʝʨʤʦʵʣʝʢʪʨʦʜ ʜʠʘʤʝʪʨʠʛʘ ʙʦץʣʣʘʥʠʰʥʠʥʛ ʶ˄פ

3...5 ʤʤ ʙ˄ʣʛʘʥ ʪʝʨʤʦʵʣʝʢʪʨʦʜʣʘʨ ʫʯʫʥ ץ˄ʣʣʘʥʠʰʥʠʥʛ ʶץʦʨʠ ʯʝʛʘʨʘʩʠ ʥʠʢʝʣʴ-

ʭʨʦʤ-ʥʠʢʝʣʴ-ʘʣʶʤʠʥʠʡʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨʜʘ 1000Áʉ ʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. 0,2...0,3 ʤʤ 

ʜʠʘʤʝʪʨ ʫʯʫʥ 600Áʉ ʜʘʥ ʦʨʪʠץ ʵʤʘʩ. 

ʇʣʘʪʠʥʘ-ʨʦʜʠʡ (90% ʧʣʘʪʠʥʘð10% ʨʦʜʠʡ)-ʧʣʘʪʠʥʘʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨ ʫʟʦץ 

ʚʘץʪ ʜʘʚʦʤʠʜʘ 0 ʜʘʥ 1300Áʉ ״ʘʨʦʨʘʪ ʦʨʘʣʠסʠʜʘ, ץʠʩץʘ ʚʘץʪ ʜʘʚʦʤʠʜʘ 1600Áʉ 

ʛʘʯʘ ʙ˄ʣʛʘʥ ʦʨʘʣʠץʜʘ ʠʰʣʘʰʠ ʤʫʤʢʠʥ. ʄʘʟʢʫʨ ʪʝʨʤʦʤʝʪʨʣʘʨ ʦʢʩʠʜʣʘʥʘʜʠʛʘʥ 

ʚʘ ʥʝʡʪʨʘʣ ʤʫ״ʠʪʣʘʨʜʘ ʜʘʨʘʞʘʣʘʰ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʩʠʥʠʥʛ ʙʘʨץʘʨʦʨʣʠʛʠʥʠ 

ʩʘץʣʘʡʜʠ. ʋʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʤʘʢʩʘʜʠʛʘ ץʘʨʘʙ, ʵʪʘʣʦʥ ʥʘʤʫʥʘʣʠ ʚʘ ʠʰ 

ʪʝʨʤʦʤʝʪʨʣʘʨʠʛʘ ʙ˄ʣʠʥʘʜʠ. ʊ˄סʨʠ ʠʰʣʘʪʠʣʛʘʥʜʘ ʜʘʨʘʞʘʣʘʰ ʫʟʦץ ʚʘץʪ 

ʜʘʚʦʤʠʜʘ ˄ʟʛʘʨʤʘʡʜʠ. ʂʘʤʯʠʣʠʢʣʘʨʠʛʘ ʪʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʙʦʰץʘ 

ʪʫʨʣʘʨʠʥʠʢʠʛʘ ʥʠʩʙʘʪʘʥ ʊʕʖʂ ʢʘʤʣʠʛʠʜʠʨ. ʊʝʨʤʦʵʣʝʢʪʨʦʜ ʩʠʤʠ ʜʠʘʤʝʪʨʠ 0,3 

ʸʢʠ 0,5 ʤʤ ʙʣ˄ʘʜʠ. 

ʇʣʘʪʠʥʦʨʦʜʠʡ (30% ʨʦʜʠʡʣʠ)ðʧʣʘʪʠʥʦʨʦʜʠʡʣʠ (6% ʨʦʜʠʡʣʠ) 

ʪʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨʣʘʨ ʫʟʦץ ʚʘץʪ ʜʘʚʦʤʠʜʘ ״ʘʨʦʨʘʪʣʘʨʥʠʥʛ +300 ʜʘʥ ʪʦ 

1600Áʉ ʛʘʯʘ ʦʨʘʣʠסʠʜʘ, ץʠʩץʘ ʚʘץʪ ʜʘʚʦʤʠʜʘ 1800Áʉ ʛʘʯʘ ץ˄ʣʣʘʥʘʜʠ. ʄʫʩʙʘʪ 

ʵʣʝʢʪʨʦʜ ð 30% ʨʦʜʠʡ ʚʘ 70% ʧʣʘʪʠʥʘ ץʦʪʠʰʤʘʩʠʜʘʥ, ʤʘʥʬʠʡ ʵʣʝʢʪʨʦʜ 6% 

ʨʦʜʠʡ ʚʘ 94% ʧʣʘʪʠʥʘ ץʦʪʠʰʤʘʩʠʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ.  

ʄʘʟʢʫʨ ʪʝʨʤʦʤʝʪʨʣʘʨ ʧʣʘʪʠʥʘʨʦʜʠʡ-ʧʣʘʪʠʥʘʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨʛʘ 

 ʘʨʦʨʣʠʛʠ ʶʢʦʨʠʣʠʛʠ ʙʠʣʘʥץʘʨʘʛʘʥʜʘ ʜʘʨʘʞʘʣʘʰ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨʠʥʠʥʛ ʙʘʨץ

ʘʞʨʘʣʠʙ ʪʫʨʘʜʠ. 

ɺʦʣʴʬʨʘʤʨʝʥʠʡ ð ʚʦʣʴʬʨʘʤʨʝʥʠʡʣʠ (ʊɺʈð5/20 ʚʘ ʊɺʈð10/20) 

ʪʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨʣʘʨ ʫʟʦץ ʚʘץʪ ʜʘʚʦʤʠʜʘ 0 ʜʘʥ 2200Áʉ ʛʘʯʘ ʚʘ ץʠʩץʘ ʚʘʢʪ 

ʜʘʚʦʤʠʜʘ 2500
0
ʉ ʛʘʯʘ, ʰʫʥʠʥʛʜʝʢ, ʚʘʢʫʫʤʜʘ, ʥʝʡʪʨʘʣ ʚʘ ʪʠʢʣʘʥʘʜʠʛʘʥ 

ʤʫ״ʠʪʣʘʨʜʘ ״ʘʨʦʨʘʪʣʘʨʥʠ ˄ʣʯʘʰʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘʥ 
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2.3 ï ʞʘʜʚʘʣ. 

 ʉʪʘʥʜʘʨʪ ʪʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨʣʘʨ 

ʊʝʨʤʦʵʣʝʢʪʨ 

ʪʝʨʤʦʤʝʪʨʣʘʨ 

ʪʫʨʠ 

ɼʘʨʘʞʘʣʘʰ 

ʙʝʣʛʠʩʠ, 

ʷʥʛʠʩʠ 

(ʵʩʢʠʩʠ) 

ʇʘʩʪʢʠ 

˄ʣʯʘʰ 

ʯʝʛʘʨʘʩʠ, 
0
ʉ 

ʖץʦʨʠʛʠ ˄ʣʯʘʰ ʯʝʛʘʨʘʩʠ, 
0
ʉ 

ʋʟʦץ ʚʘץʪ 

 ʣʣʘʥʠʰʜʘ˄ץ

 ʪץʘ ʚʘץʠʩפ

 ʣʣʘʥʠʰʜʘ˄ץ

ʄʠʩ ï ʢʦʧʝʣʣʠ - -200 100 600 

ʄʠʩ ï ʤʠʩ-

ʥʠʢʝʣʣʠ 

ʊ -200 400 600 

ʊʝʤʠʨ ï ʤʠʩ-

ʥʠʢʝʣʣʠ 

J -200 700 900 

ʍʨʦʤʝʣʴ ï 

ʢʦʧʝʣʣʠ 

(XK)  -50 600 800 

ʅʠʢʝʣʴïʭʨʦʤ ï 

ʤʠʩ-ʥʠʢʝʣʣʠ 

E -100 700 900 

ʅʠʢʝʣʴïʭʨʦʤ ï 

ʥʠʢʝʣʣʠ 

K - - - 

ɸʣʶʤʠʥʠʡʣʠ 

(ʭʨʦʤʝʣʴ-

ʘʣʶʤʝʣʣʠ) 

(XA)  -200 1000 1300 

ʇʣʘʪʠʥʦʨʦʜʠʡ 

(10%) ï 

ʧʣʘʪʠʥʘʣʠ 

S(ʇʇ) 0 1300 1600 

ʇʣʘʪʠʥʦʨʦʜʥʠʡ 

(30%) ï 

ʧʣʘʪʠʥʦʨʦʜʠʡʣʠ 

(6%) 

ɺ(ʇʈ) 300 1600 1800 

ɺʦʣʴʬʨʘʤʨʝʥʠʡ 

(5%) ï 

ʚʦʣʴʬʨʘʤʨʝʥʠʡʣʠ 

(ɺʈ) 0 2200 2500 
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(20%) 

 

ʄʫʩʙʘʪ ʪʝʨʤʦʵʣʝʢʪʨʦʜ 95% 

ʚʦʣʴʬʨʘʤʜʘʥ ʚʘ 5% ʨʝʥʠʡʜʘʥ ʸʢʠ 90% 

ʚʦʣʴʬʨʘʤʜʘʥ ʚʘ 10% ʨʝʥʠʡʜʘʥ ʪʘʰʢʠʣ 

ʪʦʧʛʘʥ ץʦʪʠʰʤʘ, ʤʘʥʬʠʡ ʵʣʝʢʪʨʦʜ 80% 

ʚʦʣʴʬʨʘʤʜʘʥ ʚʘ 20% ʨʝʡʥʠʜʘʥ ʪʘʰʢʠʣ 

ʪʦʧʛʘʥ ץʦʪʠʰʤʘ. 

 ʉʘʥʦʘʪʜʘ ʪʝʨʤʦʵʣʝʢʪʨ 

˄ʟʛʘʨʪʢʠʯʣʘʨʥʠʥʛ 9 ʪʫʨʠʜʘʥ 

ʬʦʡʜʘʣʘʥʠʣʘʜʠ. 2.5 - ʨʘʩʤʜʘ ʙʘʲʟʠ 

ʩʪʘʥʜʘʨʪ ʪʝʨʤʦʵʣʝʢʪʨ 

ʪʝʨʤʦʤʝʪʨʣʘʨʠʥʠʥʛ ʕʖʂʠ ʙʠʣʘʥ ״ʘʨʦʨʘʪ ʦʨʘʩʠʜʘʛʠ ʙʦסʣʘʥʠʰ ʢ˄ʨʩʘʪʠʣʛʘʥ. 

ʊʍʂ ʪʫʨʠʜʘʛʠ ʪʝʨʤʦʞʫʬʪ ʙʦʰץʘ ʩʪʘʥʜʘʨʪ ʪʝʨʤʦʞʫʬʪʣʘʨʛʘ ץʘʨʘʛʘʥʜʘ ʘʥʯʘ 

ʢʘʪʪʘ ʊʕʖʂ ״ʦʩʠʣ ץʠʣʘ ʦʣʘʜʠ. 

ʊʝʨʤʦʵʣʝʢʪʨ ʛʝʥʝʨʘʪʦʨ, ʪʝʨʤʦʵʣʝʢʪʨ ʩʦʚʠʪʛʠʯ ʚʘ ʪʫʨʣʠ ˄ʣʯʦʚ 

ʘʩʙʦʙʣʘʨʠʜʘ ʷʨʠʤ ˄ʪʢʘʟʛʠʯʣʠ ʪʝʨʤʦʞʫʬʪʣʘʨ ʠʰʣʘʪʠʣʘʜʠ. 

ʋʣʘʨʥʠʥʛ ʊʕʖʂ ʤʝʪʘʣʣ ʚʘ ʤʝʪʘʣʣ ץʦʪʠʰʤʘʣʘʨʠʜʘʥ ʠʰʣʘʥʛʘʥ 

ʦʜʜʠʡ ʪʝʨʤʦʞʫʬʪʣʘʨ ʊʕʖʂʠʜʘʥ 5...10 ʤʘʨʪʘ ʢʘʪʪʘ.ɹʫ 

ʪʝʨʤʦʞʫʬʪʣʘʨʜʘ ʪʝʨʤʦʵʣʝʢʪʨʦʜ ʤʘʪʝʨʠʘʣʣʘʨ ʩʠʬʘʪʠʜʘ ZnSB ʚʘ 

CdSb ץʦʪʠʰʤʘʣʘʨʠ ʠʰʣʘʪʠʣʘʜʠ. 

ʊʫʨʣʠ ʤʫ״ʠʪʣʘʨ ״ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʡʜʠʛʘʥ ʪʝʨʤʦʞʫʬʪʥʠʥʛ 

ʩʭʝʤʘʩʠ 2.6- ʨʘʩʤʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥ. ʋ סʠʣʦʬ 1, ץ˄ʟסʘʣʤʘʩ ʸʢʠ 

 ,ʘʣʠץʘʣʤʘʩ ʰʪʫʮʝʨ ʙʠʣʘʥ ʥʘʡʯʘ 6 ʦʨסʘʣʫʚʯʠ ʰʪʫʮʝʨ 2, ʢ˄ʟסʟ˄ץ

ʰʪʫʮʝʨ ״ʘʨʘʢʘʪʜʘ ʙ˄ʣʛʘʥʜʘ ʵʩʘ סʠʣʦʬ ʙʠʣʘʥ ʙʝʚʦʩʠʪʘ  ʫʣʘʥʛʘʥ 

ʢʘʣʣʘʢ 3 ʜʘʥ ʠʙʦʨʘʪ. פʦʧץʦץʜʘ ʠʟʦʣʷʮʠʦʥ ʤʘʪʝʨʠʘʣʜʘʥ 

ʠʰʣʘʥʛʘʥ ʫʣʘʛʠʯ 4 ʞʦʡʣʘʰʛʘʥ. ɹʫʥʜʘ ʪʝʨʤʦʞʫʬʪʥʠ ˄ʣʯʦʚ 

ʘʩʙʦʙʠ ʙʠʣʘʥ ʫʣʘʡʜʠʛʘʥ ʪʝʨʤʦʵʣʝʢʪʨʦʜ 5 ʚʘ ʩʠʤʣʘʨ ʫʯʫʥ 

 .ʠʯʣʘʨʠ ʙʦʨץʠʩץ

0         400           800      1200  t, 
0
C 

ɽ, ʤʚ 

ʍʂ ʂ 

ɺʈ S 

B 

10 

20 

30 

40 

50 

2.5 ï ʨʘʩʤ. ʉʪʘʥʜʘʨʪ ʪʝʨʤʦʵʣʝʢʪʨ 

ʪʝʨʤʦʤʝʪʨʣʘʨʠʥʠʥʛ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨʠ. 

 

2.6 ï ʨʘʩʤ. 
ʊʝʨʤʦʞʫʬʪ 

ʪʫʟʠʣʠʰʠ 
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 ʘʨʦʨʘʪʣʘʨ ʫʯʫʥ ʧ˄ʣʘʪʥʠʥʛ״ ʠʣʦʬʣʘʨʠ ʢ˄ʧʠʥʯʘ +1000Áʉ ʛʘʯʘס ʠʤʦʷ׳

ʪʫʨʣʠ ʨʫʩʫʤʣʘʨʠʜʘʥ ʪʘʡʸʨʣʘʥʘʜʠ. ɹʫʥʜʘʥ ״ʘʤ ʶץʦʨʠʨʦ״ ץʘʨʦʨʘʪʣʘʨʜʘ ץʠʡʠʥ 

ʵʨʠʡʜʠʛʘʥ ʙʠʨʠʢʤʘʣʘʨʜʘʥ ʪʘʡʸʨʣʘʥʛʘʥ ʤʘʭʩʫʩ סʠʣʦʬʣʘʨ ʠʰʣʘʪʠʣʘʜʠ. 

ʆʭʠʨʛʠ ʚʘץʪʜʘ ʢʘʙʝʣʣ ʪʫʨʜʘʛʠ ʪʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨʣʘʨ ʢʝʥʛ 

ʪʘʨץʘʣʤʦץʜʘ. ʋʣʘʨ ʙʦʩʠʤ 40 ʄʇʘ ʙ˄ʣʛʘʥʜʘ ð50 ʜʘʥ +1100Áʉ ʛʘʯʘ ʙ˄ʣʛʘʥ  

 ʠʜʘ ʢ˄ʣʣʘʥʘʜʠ. ʂʘʙʝʣʣ ʪʫʨʜʘʛʠ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛסʘʨʦʨʘʪʣʘʨ ʦʨʘʣʠ״

ʤʫ״ʠʤ ʘʬʟʘʣʣʠʛʠ ʫʣʘʨʥʠʥʛ ɸʕʉʣʘʨʥʠʥʛ ʵʥʝʨʛʝʪʠʢ ʨʝʘʢʪʦʨʣʘʨʠʜʘ                            

ʠʰʣʘʰʛʘ ʠʤʢʦʥ ʪʫסʜʠʨʘʜʠʛʘʥ ʨʘʜʠʘʮʠʦʥ ʯʠʜʘʤʣʠʣʠʛʠ, ʰʫʥʠʥʛʜʝʢ, ʠʩʩʠץʣʠʢ 

ʟʘʨʙʣʘʨʠʛʘ, ʪʝʙʨʘʥʠʰʛʘ ʚʘ ʤʝʭʘʥʠʢ ʢʫʯʣʘʨʛʘ ʥʠʩʙʘʪʘʥ ʯʠʜʘʤʣʠʣʠʛʠʥʠʥʛ 

ʶץʦʨʠʣʠʛʠ ʢʠʨʘʜʠ. 

ʉʠʨʪ ״ʘʨʦʨʘʪʣʘʨʠʥʠ ˄ʣʯʘʰʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘʥ ʪʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨʣʘʨ 

ʤʘʭʩʫʩ ʪʫʟʠʣʠʰʛʘ ʵʛʘ. ɹʫʥʜʘʡ ʪʝʨʤʦʞʫʬʪʣʘʨʜʘʥ ʢʠʤʸ ʩʘʥʦʘʪʠʜʘ ʢʝʥʛ 

ʬʦʡʜʘʣʘʥʠʣʘʜʠ, ʫʣʘʨ ʪʫʨʣʠ ʫʩʢʫʥʘ, ץʫʚʫʨ, ʤʘʰʠʥʘʣʘʨʥʠʥʛ ʘʡʣʘʥʫʚʯʠ ץʠʩʤʠ ʚʘ 

 .ʠʣʘʜʠץ ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʰʛʘ ʭʠʟʤʘʪ״ ʦʢʘʟʦʣʘʨʥʠʥʛ ʩʠʨʪ״

ʄʘʭʩʫʩ ʪʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨʣʘʨʜʘʥ ʚʝʨʪʠʢʘʣ ʫʩʢʫʥʘʣʘʨʜʘ (ʘʤʤʠʘʢ 

ʩʠʥʪʝʟʠ ʢʦʣʦʥʥʘʣʘʨʠʜʘ, ʤʝʪʘʥʦʣ ʚʘ ״ (.״ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰ ʫʯʫʥ ʠh ʣʘʪʠʣʘʜʠʛʘʥ 

ʢ˄ʧ ʟʦʥʘʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠ ʢ˄ʨʩʘʪʠʰ ʤʫʤʢʠʥ. 

ʊʝʨʤʦʞʫʬʪʣʘʨʥʠʥʛ ʘʩʦʩʠʡ ʢʘʤʯʠʣʠʛʠ ʩʠʬʘʪʠʜʘ ʫʣʘʨʥʠʥʛ 

ʠʥʝʨʮʠʦʥʣʠʛʠʥʠʥʛ ʢʘʪʪʘʣʠʛʠʥʠ ʢ˄ʨʩʘʪʠʰ ʤʫʤʢʠʥ (5 ʤʠʥʫʪʜʘʥ ״ʘʤ ʦʰʘʜʠ). 

ʊʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨ ʵʨʢʠʥ ʫʯʣʘʨʠ ״ʘʨʦʨʘʪʠʥʠʥʛ ˄ʟʛʘʨʠʰʠʥʠ 

ʢʦʤʧʝʥʩʘʮʠʷʣʘʰ ʫʩʫʣʣʘʨʠ ʪʝʨʤʦʞʫʬʪ ʩʦʚʫץ ʫʣʘʥʤʘʣʘʨʠ ״ʘʨʦʨʘʪʠ ˄ʟʛʘʨʤʘʩ 

ʙ˄ʣʛʘʥʜʘʛʠʥʘ ʪ˄סʨʠ ˄ʣʯʘʰ ʤʫʤʢʠʥ. ɸʤʤʦ ʙʫ ״ʘʨʦʨʘʪʣʘʨ ˄ʟʛʘʨʤʘʩ ʙ˄ʣʠʙ ץʦʣʘ 

ʦʣʤʘʡʜʠ. ʐʫʥʠʥʛ ʫʯʫʥ, ʪʝʨʤʦʤʝʪʨʥʠʥʛ ʩʦʚʫץ ʫʣʘʥʤʘʩʠʥʠ ˄ʣʯʘʰ ʦʙʲʝʢʪʠʜʘʥ 

ʥʘʨʠʨʦץץʘ ״ʘʨʦʨʘʪʥʠʥʛ ˄ʟʛʘʨʤʘʩ ʟʦʥʘʩʠʛʘ ʦʣʠʰ ʣʦʟʠʤ. ʐʫ ʤʘʢʩʘʜʜʘ ʤʘʭʩʫʩ 

ʢʦʤʧʝʥʩʘʮʠʦʥ (ʫʟʘʡʪʠʨʫʚʯʠ) ʩʠʤʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. 

ʖץʦʨʠʜʘ ʘʡʪʠʣʛʘʥʠʜʝʢ, ʪʝʨʤʦʞʫʬʪ ʙʠʣʘʥ ״ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰʜʘ 

ʪʝʨʤʦʞʫʬʪʥʠʥʛ ʵʨʢʠʥ ʫʯʣʘʨʠʜʘʛʠ ״ʘʨʦʨʘʪʥʠʥʛ ˄ʟʛʘʨʠʰʠʛʘ ץʘʨʘʙ ʪʫʟʘʪʠʰ 

ʢʠʨʠʪʠʣʘʜʠ. ʉʘʥʦʘʪʜʘ ʘʚʪʦʤʘʪʠʢ ʨʘʚʠʰʜʘ ʪʫʟʘʪʠʰ ʢʠʨʠʪʠʰ ʫʯʫʥ ʢ˄ʧʨʠʢ 

ʩʭʝʤʘʣʘʨ ʢ˄ʣʣʘʥʠʣʘʜʠ(2.7-ʨʘʩʤ). 
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ʂ˄ʧʨʠʢ ʪʝʨʤʦʞʫʬʪʛʘ ʢʝʪʤʘ-ʢʝʪ ʫʣʘʥʘʜʠ. ʋʥʠʥʛ R,1 R2, R3 ץʘʨʰʠʣʠʢʣʘʨʠ 

ʤʘʥʛʘʥʠʥʜʘʥ, R4 ʵʩʘ ʤʠʩʜʘʥ ʠʰʣʘʥʘʜʠ. Rg ץ˄ʰʠʤʯʘ ץʘʨʰʠʣʠʢ ʢ˄ʧʨʠʢʢʘ 

ʙʝʨʠʣʛʘʥ ʢʫʯʣʘʥʠʰʥʠ ʝʪʘʨʣʠ ʜʘʨʘʞʘʜʘ ʪʘʲʤʠʥʣʘʙ ʙʝʨʠʰ ʫʯʫʥ ״ʠʟʤʘʪ ץʠʣʘʜʠ.. 

ʕʥʝʨʛʠʷ ˄ʟʛʘʨʤʘʩ ʪʦʢ ʤʘʥʙʘʠʜʘʥ ʦʣʠʥʛʘʥʜʘ ʫʥʠʥʛ ˄ʟʛʘʨʠʰʠʛʘ ʢʘʨʘʙ, ʢ˄ʧʨʠʢʥʠ 

ʪʫʨʣʠʯʘ ʜʘʨʘʞʘʣʘʥʛʘʥ ʪʝʨʤʦʞʫʬʪʣʘʨ ʙʠʣʘʥ ʠʰʣʘʰʛʘ ʨʦʩʪʣʘʰ ʤʫʤʢʠʥ. 

 

 

2.7 ï ʨʘʩʤ. ʊʝʨʤʦʞʫʬʪ ʵʨʢʠʥ ʫʯʣʘʨʠʥʠʥʛ ״ʘʨʦʨʘʪʠʥʠ ʘʚʪʦʤʘʪʠʢ 

ʢʦʤʧʝʥʩʘʮʠʷʣʘʰ ʩʭʝʤʘʩʠ 

 

ʊʝʨʤʦʞʫʬʪ ʢʦʤʧʝʥʩʘʮʠʦʥ ʢ˄ʧʨʠʢʢʘʯʘ ʪʝʨʤʦʵʣʝʢʪʨʦʜ ʩʠʤʣʘʨ ʙʠʣʘʥ 

ʫʣʘʥʘʜʠ, ʢ˄ʧʨʠʢʜʘʥ ˄ʣʯʘʰ ʘʩʙʦʙʠʛʘʯʘ ʵʩʘ ʤʠʩ ʩʠʤʣʘʨ ʫʣʘʥʘʜʠ. 

ʊʝʨʤʦʞʫʬʪ 2 ʵʨʢʠʥ ʫʯʣʘʨʠʥʠʥʛ ʜʘʨʘʞʘʣʘʥʠʰ ״ʘʨʦʨʘʪʠʜʘ ʢ˄ʧʨʠʢ 1 

ʤʫʚʦʟʘʥʘʪ ʭʦʣʘʪʜʘ ʙ˄ʣʠʙ, ʢ˄ʧʨʠʢʥʠʥʛ ab ʫʯʣʘʨʠʜʘʛʠ ʧʦʪʝʥʮʠʘʣʣʘʨ ʘʡʠʨʤʘʩʠ 

ʥʦʣʛʘ ʪʝʥʛ ʙ˄ʣʘʜʠ. ʕʨʢʠʥ ʫʯʣʘʨʠʥʠʥʛ ״ʘʨʦʨʘʪʠ ˄ʟʛʘʨʠʰʠ ʙʠʣʘʥ ʙʠʨʛʘ R4 

 ʘʤ ˄ʟʛʘʨʘʜʠ, ʥʘʪʠʞʘʜʘ ʢ˄ʧʨʠʢ ʤʫʚʦʟʘʥʘʪʠ ʙʫʟʠʣʘʜʠ ʚʘ״ ʠʡʤʘʪʠץ ʘʨʰʠʣʠʢʥʠʥʛץ

ʫʥʠʥʛ ʘb ʫʯʣʘʨʠʜʘʛʠ ʧʦʪʝʥʮʠʘʣʣʘʨ ʘʡʠʨʤʘʩʠ ˄ʟʛʘ-ʨʘʜʠ. ɹʫ ʘʡʠʨʤʘʥʠʥʛ 

 ʘʨʦʨʘʪʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʩʘʙʘʙʣʠ ʧʘʡʜʦ ʙ˄ʣʛʘʥ ʊʕʖʂ״ ʠʡʤʘʪʠ ʵʨʢʠʥ ʫʯʣʘʨʠʜʘʛʠץ

ʥʠʥʛ ʪʝʩʢʘʨʠ ʠʰʦʨʘʣʠ ץʠʡʤʘʪʠʛʘ ʪʝʥʛ ʙ˄ʣʘʜʠ. 

ʄʠʣʣʠʚʦʣʴʪʤʝʪʨʣʘʨ 
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ʊʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨʣʘʨ (ʪʝʨʤʦʞʫʬʪʣʘʨʥʠ)ʜʘʛʠ ʊʕʖʂʥʠ ˄ʣʯʘʰ ʫʯʫʥ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨʣʘʨ, ʧʦʪʝʥʮʠʦʤʝʪʨʣʘʨ ʚʘ ʤʝʲʸʨʣʦʚʯʠ 

˄ʟʛʘʨʪʢʠʯʣʘʨ ʢʝʥʛ ץ˄ʣʣʘʥʠʣʤʦץʜʘ. 

ʄʠʣʣʠʚʦʣʴʪʤʝʪʨ ð ʤʘʛʥʠʪʦʵʣʝʢʪʨ ˄ʣʯʘʰ ʘʩʙʦʙʠ ʙ˄ʣʠʙ, ʫʥʠʥʛ ʠʰʣʘʰ 

ʧʨʠʥʮʠʧʠ ץ˄ʟסʘʣʫʚʯʘʥ ʨʘʤʢʘʜʘʥ ˄ʪʘʸʪʛʘʥ ʪʦʢʥʠʥʛ ˄ʟʛʘʨʤʘʩ ʤʘʛʥʠʪ ʤʘʡʜʦʥʠ 

ʙʠʣʘʥ ˄ʟʘʨʦ ʪʘʲʩʠʨʠʛʘ ʘʩʦʩʣʘʥʛʘʥ. 

ʄʠʣʣʠʚʦʣʴʪʤʝʪʨʥʠʥʛ ʪʫʟʠʣʠʰʠ 2.8 - ʨʘʩʤʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥ. 

ɼʦʠʤʠʡ ʤʘʛʥʠʪʥʠʥʛ ץʫʪʙ ʫʯʣʘʨʠ 2 ʚʘ 

ʪʘʷʥʯ ʪʦʚʦʥʦʩʪʣʘʨʠ 8 ʜʘ ʘʡʣʘʥʘʜʠʛʘʥ ˄ץʣʘʨʜʘ 

ʞʦʡʣʘʰʛʘʥ ˄ʟʘʢ 3 ʦʨʘʩʠʜʘʛʠ (״ʘʚʦ ʦʨʘʣʠסʠʜʘ) 

ʨʘʤʢʘ 5 ʙʦʨ. ʈʘʤʢʘʥʠʥʛ ʫʯʣʘʨʠ ˄ץʣʘʨ 7 ʛʘ 

ʫʣʘʥʛʘʥ ʈʘʤʢʘʛʘ ʢʨʦʥʰʪʝʡʥ 9, ʩʪʨʝʣʢʘ 10 

ʫʣʘʥʛʘʥ. 

ʉʪʨʝʣʢʘʥʠʥʛ ʫʯʠ ʰʢʘʣʘ 11 ʙ˄ʡʣʘʙ 

ʩʠʣʞʠʡʜʠ. ʈʘʤʢʘ ʪʝʨʤʦʞʫʬʪ ʟʘʞʠʨʠʛʘ 

ʫʣʘʥʛʘʥʜʘ ʩʧʠʨʘʣʴ-ʧʨʫʞʠʥʘ 6 ʜʘʥ ʢʝʣʘʜʠʛʘʥ 

ʪʦʢ ʨʘʤʢʘʜʘʥ ˄ʪʘʜʠ. ʈʘʤʢʘʥʠʥʛ ʯʫʣסʘʤʠ 

ʦʨץʘʣʠ ʪʦʢ ˄ʪʛʘʥʜʘ ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʤʘʛʥʠʪ ʤʘʡʜʦʥʠ ʙʠʣʘʥ ʜʦʠʤʠʡ ʤʘʡʜʦʥ 

˄ʨʪʘʩʠʜʘʛʠ ˄ʟʘʨʦ ʪʘʲʩʠʨ ʥʘʪʠʞʘʩʠʜʘ ʘʡʣʘʥʪʠʨʫʚʯʠ ʤʦʤʝʥʪ ״ʦʩʠʣ ʙ˄ʣʘʜʠ, ʰʫ 

ʩʘʙʘʙʣʠ ʨʘʤʢʘ ʩʪʨʝʣʢʘ 10 ʙʠʣʘʥ ʙʠʨʛʘ ʘʡʣʘʥʘʜʠ. ʉʧʠʨʘʣʴ 6 ʙʫ ʘʡʣʘʥʠʰʛʘ 

ʪʝʩʢʘʨʠ ʪʘʲʩʠʨ ץʠʣʘʜʠ. ʊʕʖʂ ʠʛʘ ʩʪʨʝʣʢʘʥʠʥʛ ʤʫʘʡʷʥ ʙʠʨ ʚʘʟʠʷʪʠ ʪ˄סʨʠ 

ʢʝʣʘʜʠ.ʊʦʢ ˄ʪʤʘʛʘʥ ʧʘʡʪʜʘ ʵʣʘʩʪʠʢ ʧʨʫʞʠʥʘʣʘʨ 6 ʨʘʤʢʘʥʠ ʙʦʰʣʘʥסʠʯ ʚʘʟʠʷʪʛʘ 

 .ʘʡʪʘʨʘʜʠ, ʩʪʨʝʣʢʘʥʠʥʛ ʰʢʘʣʘ 11 ʙ˄ʡʠʯʘ ʢ˄ʨʩʘʪʠʰʠ ʵʩʘ ʥʦʣʛʘ ʪʝʥʛ ʙ˄ʣʘʜʠץ

ʂʨʦʥʰʪʝʡʥ 9 ʩʪʨʝʣʢʘʥʠ ʤʫʚʦʟʘʥʘʪ ״ʦʣʘʪʠʜʘ ʩʘץʣʘʰʠ ʫʯʫʥ ʧʦʩʘʥʛʠ 4 ʙʠʣʘʥ 

ʪʘʲʤʠʥʣʘʥʛʘʥ. ɸʩʙʦʙ ʰʢʘʣʘʩʠ Áʉ ʜʘ ʜʘʨʘʞʘʣʘʥʛʘʥ. ʈʘʤʢʘʜʘʥ ˄ʪʘʸʪʛʘʥ ʪʦʢ 

ʙʠʣʘʥ ʜʦʠʤʠʡ ʤʘʛʥʠʪ ʤʘʡʜʦʥ ʦʨʘʩʠʜʘʛʠ ˄ʟʘʨʦ ʪʘʲʩʠʨ ʪʫʬʘʡʣʠ ʧʘʡʜʦ ʙ˄ʣʛʘʥ 

ʘʡʣʘʥʪʠʨʫʚʯʠ  ʤʦʤʝʥʪ ץʫʡʠʜʘʛʠ ʠʬʦʜʘ  ʦʨץʘʣʠ ʘʥʠץʣʘʥʘʜʠ. 

M(ʘʡʣ)=ʉ1ɺ1I                   (2.29) 

8

7

6

5

1

2

3

4

6 7
8 9 10 11

100

2.8 ï ʨʘʩʤ. ʄʠʣʣʠʚʦʣʴʪʤʝʪʨʥʠʥʛ 
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ʙʫ ʝʨʜʘ, ʄʘʡʣ ð ʘʡʣʘʥʪʠʨʫʚʯʠ ʤʦʤʝʥʪ; ʉ1 ð ʨʘʤʢʘʥʠʥʛ ʛʝʦʤʝʪʨʠʢ ˄ʣʯʘʤʠ ʚʘ 

ʯʫʣϤʘʤʣʘʨʠ ʩʦʥʠ ʙʠʣʘʥ ʘʥʠϨʣʘʥʘʜʠʛʘʥ ʜʦʠʤʠʡ ʢʦʵʬʬʠʮʠʝʥʪ; ɺ ð ʦʨʘʣʠʢʜʘʛʠ ʤʘʛʥʠʪ 

ʠʥʜʫʢʮʠʷʩʠ; I ð ʨʘʤʢʘʜʘʛʠ ʪʦʢ. 

ɸʡʣʘʥʠʰʛʘ ʪʝʩʢʘʨʠ ʪʘʲʩʠʨ ʵʪʫʚʯʠ ʤʦʤʝʥʪ: 

Mʪʝʩ=ʉ2ɽű                  (2.30) 

ʙʫ ʝʨʜʘ, ʉ2 ð ʵʣʘʩʪʠʢ ʵʣʝʤʝʥʪ (ʩʧʠʨʘʣʴ ð ʧʨʫʞʠʥʘ ʸʢʠ ʯ˄ʟʠʣʛʘʥ ʪʦʣʘʣʘʨ) ˄ʣʯʘʤʠʜʘʥ 

ʵʥʠϨʣʘʥʘʜʠʛʘʥ ʜʦʠʤʠʡ ʢoʵʬʬʠʮʠʝʥʪ; ɽ ð ʩʧʠʨʘʣʴ ʧʨʫʞʠʥʘʣʘʨʠʥʠʥʛ ʵʣʘʩʪʠʢ ʤʦʜʫʣʠ ʸʢʠ 

ʯ˄ʟʠʣʛʘʥ ʪʦʣʘʣʘʨʥʠʥʛ ʩʠʣʞʠʰ ʤʦʜʫʣʠ; ű ð ʵʣʘʩʪʠʢ ʵʣʝʤʝʥʪʥʠʥʛ ʙʫʨʠʣʠʰ ʙʫʨʯʘʛʠ. 

 

ɸʛʘʨ ʄʘʡʣ = ʄʪʝʩ ʷʲʥʠ ʤʫʚʦʟʘʥʘʪ ״ʦʣʘʪʠ ʙ˄ʣʩʘ, 

ʉ2ɽű=ʉ1BI              (2.31) 

ʫ ״ʦʣʜʘ 

I
E

B
CI

E

B

ʉ

ʉ
ÖÖ=ÖÖ=

2

1j           (2.32) 

ɸʩʙʦʙ ʪʫʟʠʣʠʰʣʘʨʠ ʧʘʨʘʤʝʪʨʣʘʨʠʛʘ ʙʦסʣʠץ ʙ˄ʣʛʘʥ ʉ, ɺ, ɽ ʢʘʪʪʘʣʠʢʣʘʨ 

˄ʣʯʘʰ ʞʘʨʘʸʥʠʜʘ ˄ʟʛʘʨʤʘʡʜʠ, ʰʫʥʠʥʛ ʫʯʫʥ, 

ű=KȚI           (2.33) 

ʙʫ  ʝʨʜʘ,  

E

B
CK =  

(2.33) ʠʬʦʜʘʜʘʥ ʧʠʨʦʤʝʪʨʠʢ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ ʰʢʘʣʘʩʠ ʯʠʟʠץʣʠ 

ʵʢʘʥʣʠʛʠʥʠ ʢ˄ʨʠʰ ʤʫʤʢʠʥ. 

ɸʩʙʦʙ ץ˄ʟסʘʣʫʚʯʘʥ ʪʠʟʠʤʠʥʠʥʛ ʙʫʨʠʣʠʰ ʙʫʨʯʘʛʠ ʨʘʤʢʘʜʘʥ ˄ʪʘʸʪʛʘʥ ʪʦʢ 

ʢʫʯʠʜʘʥ ʪʘʰץʘʨʠ ʷʥʘ ʪʝʨʤʦʞʫʬʪ, ʫʣʘʡʜʠʛʘʥ ʩʠʤʣʘʨ ʚʘ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨʣʘʨʥʠʥʛ 

ʠʯʢʠ ץʘʨʰʠʣʠʛʠʛʘ ʭʘʤ ʙʦסʣʠץ:  

 
MCT

T

RRR

E
KlK

++
=Ö=j                    (2.34) 

ʙʫ ʝʨʜʘ, ɽʪð ʊʕʖʂ; Rɇ ð ʪʝʨʤʞʫʬʪ ʢaʨʰʠʣʠʛʠ; Rʩðʫʣʘʡʜʠʛʘʥ ʩʠʤʣʘʨ ʢʘʨʰʠʣʠʛʠ; 

Rʤ ð ʤʠʣʣʠʚʦʣʴʪʤʝʛʨʥʠʥʛ ʠʯʢʠ Ϩʘʨʠʰʣʠʛʠ. 

(2.34) ʠʬʦʜʘʜʘʥ ʘʩʙʦʙ ʩʪʨʝʣʢʘʩʠʥʠʥʛ ʯʝʪʛʘ ʯʠʢʠʰʠ ʊʕʖʂ ʥʠʥʛ ˄ʟʛʘʨʤʘʩ 

 ʣʠʢ ʵʢʘʥʣʠʛʠ ʢ˄ʨʠʥʠʙסʘʨʰʠʣʠʢʣʘʨʠʛʘ ʙʦץ ʠʡʤʘʪʠʜʘ ʟʘʥʞʠʨʥʠʥʛ ʪʫʨʣʠץ

ʪʫʨʠʙʜʠ. ʐʫʥʠʥʛ ʫʯʫʥ, ʘʩʙʦʙʥʠʥʛ ʜʘʨʘʞʘʣʘʥʠʰʠ ʟʘʥʞʠʨ ʪʘʰץʠ ץʠʩʤʠʥʠʥʛ 
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ʤʫʘʡʷʥ ץʘʨʠhʠʣʠʛʠʜʘ (Rʪʘ h= Rʪ + Rʩ)   ʙʘʞʘʨʠʣʘʜʠ ʚʘ ˄ץ ʰʠʤʯʘ ʭʘʪʦʣʠʢʣʘʨʛʘ 

ʡ˄ʣ ˄ץ ʡʤʘʩʣʠʢ ʫʯʫʥ ʧʠʨʦʤʝʪʨʠʢ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨʥʠ ˄ʨʥʘʪʠʰ ʞʘʨʘʸʥʠʜʘ ʰʫ 

 ʘʨʰʠʣʠʢʥʠʥʛ ʜʘʨʘʞʘʣʠץ ʠץʣʘʥʠʰʠ ʰʘʨʪ. ʆʜʘʪʜʘ, ʪʘʰץʩʘ ץʘʨʰʠʣʠʢ ʘʥʠץ

ʤʠץʜʦʨʠ 0,6; 1,6; 5; 15; 25 ʆʤʛʘ ʪʝʥʛ ʙ˄ʣʠʙ, ʘʩʙʦʙʥʠʥʛ ʰʢʘʣʘʩʠ ʚʘ ʧʘʩʧʦʨʪʠʜʘ 

ʢ˄ʨʩʘʪʠʣʘʜʠ. ʊʘʰץʠ ץʘʨʰʠʣʠʢʥʠ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ ʰʢʘʣʘʩʠʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥ 

 .ʘʨʰʠʣʠʢʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠץ ʘʨʰʠʣʠʢʢʘ ʪʝʥʛʣʘʰʪʠʨʠʰ ʫʯʫʥ ˄ʟʛʘʨʫʚʯʠץ

ɶʣʯʘʰ ʘʩʙʦʙʠ ʩʠʬʘʪʠʜʘ ʠʰʣʘʪʠʣʘʜʠʛʘʥ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨʣʠ 

ʪʝʨʤʦʵʣʝʢʪʨʣʘʨ ʢʦʤʧʣʝʢʪʠʥʠʥʛ ʢʘʤʯʠʣʠʛʠ ˄ʣʯʘʰ ʘʩʙʦʙʠʜʘ ʪʦʢ 

ʤʘʚʞʫʜʣʠʛʠʜʠʨ. ʊʦʢ ץʠʡʤʘʪʠʛʘ, ʷʲʥʠ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨʥʠʥʛ ʢ˄ʨʩʘʪʠʰʠʛʘ 

ʊʕʖʂ ʜʘʥ ʪʘʰץʘʨʠ ʟʘʥʞʠʨʥʠʥʛ ץʘʨʰʠʣʠʛʠ ״ʘʤ ʪʘʲʩʠʨ ץʠʣʘʜʠ: 

MCT RRRR ++=ä  

 ʘʨʰʠʣʠʢʥʠʥʛ ˄ʟʛʘʨʠʰʠ ˄ʣʯʘʰʜʘ ʩʦʜʠʨ ʙ˄ʣʘʜʠʛʘʥ ʭʘʪʦʣʠʢʢʘץ ʘʨ ʙʠʨ׳

ʦʣʠʙ ʢʝʣʘʜʠ. ʅʦץʫʣʘʡ ʰʘʨʦʠʪʜʘ ʙʫ ʭʘʪʦʣʠʢ ʘʩʦʩʠʡ ʭʘʪʦʣʠʢ ʤʠץʜʦʨʠʜʘʥ 

(ʘʥʠץʣʠʢ ʩʠʥʬʠʜʘʥ). ʦʰʠʙ ʢʝʪʠʰʠ ʤʫʤʢʠʥ. 

ʊʝʭʥʠʢ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨʜʘ ʨʘʤʢʘ ʢʘʨʰʠʣʠʛʠʥʠʥʛ ʤʠʣʣʠʚʦʣʴʤʝʪʨ ʫʤʫʤʠʡ 

 ʵʤʘʩ. ʄʠʣʣʠʚʦʣʴʪʤʝʪʨʥʠʥʛ ʫʤʫʤʠʡ ץʘʨʰʠʣʠʛʠʛʘ ʥʠʩʙʘʪʠ 1:3 ʜʘʥ ʦʨʪʠץ

 .ʘʨʦʨʘʪ ʢʦʵʬʬʠʮʠʝʥʪʠ ʢʘʤʘʡʠʙ ʙʦʨʘʜʠ״ ʘʨʰʠʣʠʛʠʥʠ ʦʨʪʪʠʨʠʙ ʙʦʨʠʣʩʘ, ʫʥʠʥʛץ

ʐʫ ʙʠʣʘʥ ʘʪʨʦʬ-ʤʫʭʠʪ ״ʘʨʦʨʘʪʠ ˄ʟʛʘʨʠʰʠʜʘʥ ʢʝʣʠʙ ʯʠץʘʜʠʛʘʥ ʭʘʪʦʣʠʢ ״ʘʤ 

ʢʘʤʘʷʜʠ. ɸʛʘʨ ʪʝʨʤʦʞʫʬʪ ʵʨʢʠʥ ʫʯʣʘʨʠʥʠʥʛ ״ʘʨʦʨʘʪʠ ˄ʣʯʘʰ ʞʘʨʘʸʥʠʜʘ ʢʝʥʛ 

ʯʝʛʘʨʘʣʘʨʜʘ ˄ʟʛʘʨʩʘ, ʫʥʜʘ ʢ˄ʧʨʠʢ ʩʭʝʤʘʩʠʜʘʥ ʬʦʡʜʘʣʘʥʛʘʥ ״ʦʣʜʘ ʩʦʚʫץ 

ʫʣʘʥʤʘʣʘʨ ״ʘʨʦʨʘʪʠʥʠ ʢʦʤʧʝʥʩʘʮʠʷ ץʠʣʠʰ ʫʩʫʣʠ ץ˄ʣʣʘʥʠʣʘʜʠ. 

ʉʘʥʦʘʪʜʘ ʚʘ ʣʘʙʦʨʘʪʦʨʠʷʣʘʨʜʘ ץ˄ʣʣʘʥʠʣʘʜʠʛʘʥ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨʣʘʨ 

ʢ˄ʨʩʘʪʫʚʯʠ, ˄ʟʠ ʸʟʫʚʯʠ ʚʘ ʨʦʩʪʣʦʚʯʠ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ. ʊʫʟʠʣʠʰʠʥʠʥʛ 

ʙʘʞʘʨʠʣʠʰʠ ʥʫץʪʘʠ ʥʘʟʘʨʠʜʘʥ ʘʩʙʦʙʣʘʨ ʰʯʠʪʜʘ ˄ʨʥʘʪʠʣʘʜʠʛʘʥ ʚʘ ʢ˄ʯʤʘ 

ʙ˄ʣʘʜʠ. ʂ˄ʯʤʘ ʘʩʙʦʙʣʘʨ ʫʯʫʥ 0,2; 0,5 ʚʘ 1,0, ʰʯʠʪʜʘ ˄ʨʥʘʪʠʣʘʜʠʛʘʥʣʘʨʠ ʫʯʫʥ 

0,5; 1,0 ʚʘ 1,5 ʘʥʠץʣʠʢ ʩʠʥʬʣʘʨʠ ʙʝʣʛʠʣʘʥʛʘʥ. 

 

ʇʦʪʝʥʮʠʦʤʝʪʨʣʘʨ 

ɸʩʙʦʙʣʘʨʛʘ ˄ʣʯʘʰ ʘʥʠץʣʠʛʠ ʥʫץʪʘʠ ʥʘʟʘʨʠʜʘʥ ˄ץ ʡʠʣʘʜʠʛʘʥ ʪʘʣʘʙʣʘʨ 

ʦʰʛʘʥʣʠʛʠ ʩʘʙʘʙʣʠ ״ʦʟʠʨ ״ʘʨʦʨʘʪʥʠ ʪʝʨʤʦʞʫʬʪ ʙʠʣʘʥ ˄ʣʯʘʰʜʘ 
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ʤʠʣʣʠʚʦʣʴʪʤʝʪʨʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʰʜʘʛʠ ʢʘʤʯʠʣʠʢʣʘʨʜʘʥ ״ʦʣʠ ʙ˄ʣʛʘʥ 

ʢʦʤʧʝʥʩʘʮʠʦʥ ʸʢʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʢ ʫʩʫʣ ʪʦʙʦʨʘ ʢʝʥʛ ץ˄ʣʣʘʥʠʣʤʦץʜʘ. 

ʇʦʪʝʥʮʠʦʤʝʪʨʠʢ ˄ʣʯʘʰ ʫʩʫʣʠ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ ʸʨʜʘʤʠʜʘ ʦʣʠʙ 

ʙʦʨʠʣʘʜʠʛʘʥ ˄ʣʯʘʰʜʘʥ ʘʥʯʘ ʘʬʟʘʣʜʠʨ: ʧʦʪʝʥʮʠʦʤʝʪʨʥʠʥʛ ʢ˄ʨʩʘʪʠʰʠ ʪʘʰץʠ 

ʟʘʥʞʠʨ ץʘʨʰʠʣʠʢʣʘʨʠʥʠʥʛ ˄ʟʛʘʨʠʰʠʛʘ, ʘʩʙʦʙ ״ʘʨʦʨʘʪʠʛʘ ʙʦסʣʠץ ʵʤʘʩ. 

ʇʦʪʝʥʮʠʦʤʝʪʨʜʘ ʪʝʨʤʦʞʫʬʪ ʵʨʢʠʥ ʫʯʣʘʨʠ ״ʘʨʦʨʘʪʠʥʠʥʛ ˄ʟʛʘʨʠʰʠʛʘ ʘʚʪʦʤʘʪʠʢ 

ʨʘʚʠʰʜʘ ʪʫʟʘʪʠʰ ʢʠʨʠʪʠʣʘʜʠ, ʰʫʥʠʥʛ ʫʯʫʥ, ˄ʣʯʘʰ ʘʥʠץʣʠʛʠ ʶץʦʨʠ ʙ˄ʣʘʜʠ. 

ʇʦʪʝʥʮʠʦʤʝʪʨʠʢ ˄ʣʯʘʰ ʫʩʫʣʠ ˄ʣʯʘʥʘʸʪʛʘʥ ʪʝʨʤʦʞʫʬʪ ʊʕʖʂ ʠʥʠ 

ʧʦʪʝʮʠʘʣʣʘʨ ʘʡʠʨʤʘʩʠ. ʙʠʣʘʥ ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʰʛʘ ʘʩʦʩʣʘʥʛʘʥ. ɹʫ 

ʧʦʪʝʥʮʠʘʣʣʘʨ ʘʡʨʤʘʩʠ ʢʘʣʠʙʨʣʘʥʛʘʥ ץʘʨʰʠʣʠʢʜʘ ʸʨʜʘʤʯʠ ʪʦʢ ʤʘʥʙʘʠʜʘʥ ״ʦʩʠʣ 

ʙ˄ʣʘʜʠ. ʇʦʪʝʥʮʠʘʣʣʘʨ ʘʡʠʨʤʘʩʠ ʪʝʨʤʦʞʫʬʪ ʊʕʖʂ ʥʠʥʛ ʪʝʩʢʘʨʠ ʠʰʦʨʘʣʠ 

 .ʠʡʤʘʪʠʛʘ ʪʝʥʛץ

 ʣ ʙʠʣʘʥ˄ץ ,ʘʨʦʨʘʪ ʸʢʠ ʊʕʖʂ ʥʠ ˄ʣʯʘʰ ʫʯʫʥ ʢ˄ʣʣʘʥʠʣʘʜʠʛʘʥ׳

ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʘʜʠʛʘʥ ʧʦʪʝʥʮʠʦʤʝʪʨʥʠʥʛ ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ 2.9-ʨʘʩʤʜʘ 

ʢ˄ʨʩʘʪʠʣʛʘʥ. 

ʊʦʢ ʸʨʜʘʤʯʠ ɽ ʤʘʥʙʘʜʘʥ ʟʘʥʞʠʨʛʘ ˄ʪʘʜʠ. ɹʫ ʟʘʥʞʠʨʥʠʥʛ b ʚʘ ʉ ʥʫץʪʘʣʘʨʠ 

˄ʨʪʘʩʠʜʘ Rʨ ˄ʟʛʘʨʫʚʯʘʥ ץʘʨʰʠʣʠʢ ð ʨʝoʭʦʨʜ ʫʣʘʥʛʘʥ. ʈʝʦʭʦʨʜ L ʫʟʫʥʣʠʢʜʘʛʠ 

ʢʘʣʠʙʨʣʘʥʛʘʥ ʩʠʤʜʘʥ ʠʙʦʨʘʪ. b ʥʫץʪʘ ʚʘ ʦʨʘʣʠʢʜʘʛʠ ʨʝʦʭʦʨʜʥʠʥʛ ʩʠʨʧʘʥʫʚʯʠ 

ʢʦʥʪʘʢʪʣʠ ʩʠʨʧʘʥסʠʯʠ ʞʦʡʣʘʰʛʘʥ ״ʘʨ ץʘʥʜʘʡ D ʥʫץʪʘ ˄ʨʪʘʩʠʜʘʛʠ ʧʦʪʝʥʮʠʘʣʣʘʨ 

ʘʡʠʨʤʘʩʠ RbD ץʘʨʰʠʣʠʢʢʘ ʪ˄סʨʠ ʤʫʪʘʥʦʩʠʙʣʠʢʜʘ ʙ˄ʣʘʜʠ. Kʝʪʤʘ-ʢʝʪ ʫʣʘʥʛʘʥ 

ʪʝʨʤʦʞʫʬʪ ʙʠʣʘʥ ʘʣʤʘʰʣʘʙ ʫʣʘʛʠʯ ʇ ʦʨʢʘʣʠ ʩʝʟʛʠʨ ʥʦʣʴ ʠʥʜʠʢʘʪʦʨ ʅʀ 

ʫʣʘʥʘʜʠ, ʪʝʨʤʦʞʫʬʪ ʟʘʥʞʠʨʠʜʘ ʪʦʢ ʙʦʨʣʠʛʠ ʰʫ ʠʥʜʠʢʘʪʦʨ ʦʨʢʘʣʠ ʘʥʠץʣʘʥʘʜʠ. 

ʊʝʨʤʦʞʫʬʪʥʠʥʛ ʪʦʢʠ Rbd ʪʘʨʤʦץʜʘ ʨyʜʘʤʯʠ ʤʘʥʙʘ ʪʦʢʠ ʙʠʣʘʥ ʙʠʨ ʡ˄ʥʘʣʠʰʜʘ 

ʶʨʘʜʠʛʘʥ ץʠʣʠʙ ʫʣʘʥʘʜʠ. ʊʕʖʂ ʥʠ ˄ʣʯʘʰ ʫʯʫʥ ʨʝʦʭʦʨʜ ʩʠʨʧʘʥסʠʯʠ ʥʦʣʴ 

ʠʥʜʠʢʘʪʦʨ ʩʪʨʝʣʢʘʩʠʥʠ ʥʦʣʥʠ ʢ˄ʨʩʘʪʛʫʥʯʘ ʩʫʨʘʜʠ. 
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2.9 ï ʨʘʩʤ. פ˄ʣ ʙʠʣʘʥ ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʘʜʠʛʘʥ ʧʦʪʝʥʮʠʦʤʝʪʨ ʩʭʝʤʘʩʠ 

 

ɸʡʥʠ ʧʘʡʪʜʘ RbD ʢʘʨʰʠʣʠʢʜʘʛʠ ʢʫʯʣʘʥʠʰʥʠʥʛ ʢʘʤʘʡʠʰʠ ˄ʣʯʘʯʘʸʪʛʘʥ 

ʊʕʖʂ ʛʘ ʪʝʥʛ ʙ˄ ʣʘʜʠ. פʫʡʠʜʘʛʠ ʪʝʥʛʣʘʤʘ ʙʫ ״ʦʣʘʪʥʠ ʭʘʨʘʢʪʝʨʣʘʡʜʠ: 

E(t,t0)-IȚRbD=0                (2.35) 

ʸʢʠ 

E(t,t0)=IȚRbD                    (2.36) 

ʙʫ ʝʨʜʘ, I RbDð-ɽ ʤʘʥʙʘ ʢʫʯʣʘʥʠʰʠʥʠʥʛ ʪʘʨʤʦϨʜʘʛʠ ʪʫʰʫʚʠ. 

ɿʘʥʞʠʨ ʪʘʨʤʦϤʠʜʘʛʠ ʪʦʢ ʢʫʯʠ ʙʫʪʫʥ ʟʘʥʞʠʨʜʘʛʠ ʪʦʢ ʢʫʯʠʛʘ ʪʝʥʛ, 

ʜʝʤʘʢ: 

BCbD

bD

R

E

R

U
=              (2.37) 

ʙʫʥʜʘʥ, 

BC

bD

bD
R

R
EU =           (2.38) 

ʂʦʤʧʝʥʩʘʮʠʷ ʧʘʡʪʠʜʘ Ub,ɼ=E(t,t0) ʥʘʟʘʨʜʘ ʪʫʪʠʣʩʘ; 

ɺɼ

BC

bɼ

tt U
R

R
EE ==),( 0

 (2,39) 
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ʈʝʦʭʦʨʜ ʢʘʣʠʙʨʣʘʥʛʘʥ ץʘʨʰʠʣʠʢʢʘ, ʷʲʥʠ ʫʥʠʥʛ ʭʘʨ ʙʠʨ ʫʟʫʥʣʠʛʠʥʠʥʛ 

ʪʝʥʛ ʪʘʨʤʦסʠ ʙʠʨ ʭʠʣ ץʘʨʰʠʣʠʢʢʘ ʵʛʘ ʙ˄ʣʛʘʥʠ ʫʯʫʥ 

L

l
EE tt =), 0

(                 (2,40) 

ʐʫʥʜʘʡ ץʠʣʠʙ, E(t,t0) ʪʝʨʤʦʞʫʬʪʥʠʥʛ ʊʕʖʂ ʨʝʦʭʦʨʜ ʢʘʨʰʠʣʠʛʠ RBC 

ʪʘʨʤʦסʠʜʘʛʠ ʢʫʯʣʘʥʠʰ ʪʫʰʫʚʠ ʤʠץʜʦʨʠ ʙʠʣʘʥ ʘʥʠץʣʘʥʠʙ, ץʦʣʛʘʥ 

 ʵʤʘʩ. RBC ʨʝʦʭʦʨʜ ʰʢʘʣʘ ʙʠʣʘʥ ʪʘʲʤʠʥʣʘʥʠʰʠ ʚʘ ʰʢʘʣʘ ץʣʠסʘʨʰʠʣʠʢʣʘʨʛʘ ʙʦץ

ʙ˄ʣʠʥʤʘʣʘʨʠ ʤʠʣʣʠʚʦʣʴʪ ʸʢʠ ״ʘʨʦʨʘʪ ʙʠʨʣʠʢʣʘʨʠʛʘ ʪʝʥʛ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ. 

ʊʕʖʂ ʥʠ ˄ʣʯʘʰ ʘʥʠץʣʠʛʠ ʨʝʦʭʦʨʜ ʟʘʥʞʠʨʠʜʘʛʠ I ʪʦʢ ʢʫʯʠʥʠʥʛ ˄ʟʛʘʨʤʘʩʣʠʛʠʛʘ 

ʙʦסʣʠʢ. ʊʦʢ ʢʦʤʧʝʥʩʘʮʠʦʥ ʫʩʫʣ ʙʠʣʘʥ ʙʝʨʠʣʘʜʠ ʚʘ ʥʘʟʦʨʘʪ ץʠʣʠʥʘʜʠ. ɹʫʥʠʥʛ 

ʫʯʫʥ ʧʦʪʝʥʮʠʦʤʝʪʨ ʩʭʝʤʘʩʠʛʘ ʥʦʨʤʘʣ ʵʣʝʤʝʥʪʣʠ ץ˄ʰʠʤʯʘ ʢʦʥʪʫʨ ʢʠʨʠʪʠʣʘʜʠ. 

ʆʜʘʪʜʘ, ʥʦʨʤʘʣ ʵʣʝʤʝʥʪ (ʅʕ) ʚʘʟʠʬʘʩʠʥʠ ʩʠʤʦʙ-ʢʘʜʤʠʡʣʠ ʛʘʣʴʚʘʥʠʢ ɺʝʩʪʦʥ 

ʵʣʝʤʝʥʪʠ ʙʘʞʘʨʘʜʠ. ɹʫ ʵʣʝʤʝʥʪʥʠʥʛ ʵʣʝʢʪʨ ʶʨʠʪʫʚʯʠ ʢʫʯʠ20Áʉʜʘ 1.0183ɺ ʛʘ 

ʪʝʥʛ. ʅʕ ʘʣʤʘʰʣʘʙ ʫʣʘʛʠʯ ʇ ʦʨץʘʣʠ ץʘʨʰʠʣʠʢ Rʅʕ ʫʯʣʘʨʠʛʘ ʫʣʘʥʘʜʠ ʚʘ ʫʥʠʥʛ 

ʕʖʂʠ ʸʨʜʘʤʯʠ ʪʦʢ ʤʘʥʙʘʠ ɽ ʥʠʥʛ ʕʖʂʠ ʪʦʤʦʥ ʡ˄ʥʘʣʛʘʥ ʙ˄ʣʘʜʠ. פʘʨʰʠʣʠʢ R 

ʸʨʜʘʤʠʜʘ ʢʦʤʧʝʥʩʘʮʠʦʥ ʟʘʥʞʠʨʜʘʛʠ ʪʦʢ ʢʫʯʠʥʠ ʨʦʩʪʣʘʰ ʙʠʣʘʥ ʅʀ ʥʠʥʛ 

ʩʪʨʝʣʢʘʩʠ ʥʦʣʥʠ ʢ˄ʨʩʘʪʠʰʠʛʘ ʵʨʠʰʠʣʘʜʠ. ɹʫʥʜʘʡ ״ʦʣʜʘ ʢʦʤʧʝʥʩʘʮʠʦʥ 

ʟʘʥʞʠʨʜʘʛʠ ʪʦʢ ʢʫʯʠ ץʫʡʠʜʘʛʠʯʘ ʠʬʦʜʘʣʘʥʘʜʠ 

ʅʕ

ʅʕ

R

E
l =          (2.41) 

ʊʝʨʤʦʞʫʬʪʥʠʥʛ ʊʕʖʂ ʥʠ ˄ʣʯʘʰʜʘ ʇ ʘʣʤʘʰʣʘʙ ʫʣʘʛʠʯ ʀ ʚʘʟʠʷʪʜʘʥ ɶ 

ʚʘʟʠʷʪʛʘ ˄ʪʢʘʟʠʣʘʜʠ. ʈʝʦʭʦʨʜ Rʈ ʥʠʥʛ ɼ ʩʠʨʧʘʥסʠʯʠʥʠ ʩʠʣʞʠʪʠʙ b ʚʘ ʩ 

ʥʫʢʪʘʣʘʨ ʦʨʘʩʠʜʘʛʠ ʧʦʪʝʥʮʠʘʣʣʘʨ ʘʡʠʨʤʘʩʠʥʠ ʪʝʨʤʦʞʫʬʪ ʊʕʖʂ ʠʛʘ 

ʪʝʥʛʣʘʰʪʠʨʠʣʘʜʠ. ʐʫ ʧʘʡʪʜʘ ʪʝʨʤʦʞʫʬʪ ʟʘʥʞʠʨʠʜʘʛʠ ʪʦʢ ʢʫʯʠ 0 ʛʘ ʪʝʥʛ, 

ʰʫʥʠʥʛ ʫʯʫʥ, 

ɺɼ

ʅʕ

ʅʕ

ɺɼtt R
R

E
RlE Ö=Ö=),( 0

       (2.42) 

ɽʅʕ ʚʘ Rʥʵ ʣʘʨʥʠʥʛ ץʠʡʤʘʪʠ ˄ʟʛʘʨʤʘʩ ʙ˄ʣʛʘʥʠ ʫʯʫʥ ʊʕʖʂ ʥʠ ʘʥʠץʣʘʰ 

 .ʣʘʰ ʙʠʣʘʥ ʙʘʨʘʚʘʨʜʠʨץʠʥʠʥʛ ʫʟʫʥʣʠʛʠʥʠ ʘʥʠסʘʨʰʠʣʠʢ ʪʘʨʤʦץ

ʕʖʂ ʥʠ ʢʦʤʧʝʥʩʘʮʠʦʥ ʫʩʫʣ ʙ˄ʡʠʯʘ ˄ʟʛʘʨʫʚʯʘʥ ʪʦʢ ʰʘʨʦʠʪʠʜʘ ״ʘʤ ˄ʣʯʘʰ 

ʤʫʤʢʠʥ. ɸʤʤʦ ʙʫ ״ʦʣʜʘ ˄ʣʯʘʰ ʘʥʠץʣʠʛʠ ʙʠʨʤʫʥʯʘ ʧʘʩʪʨʦץ, ˄ʟʛʘʨʫʚʯʘʥ ʪʦʢʜʘ 
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ʠʰʣʘʡʜʠʛʘʥ ʘʩʙʦʙʣʘʨ ʵʩʘ ʙʠʨʤʫʥʯʘ ʤʫʨʘʢʢʘʙʨʦץʜʠʨ. ʂ˄ʯʤʘ ʧʦʪʝʥʮʠʦʤʝʪʨʣʘʨ 

ʮʝʭ ʚʘ ʣʘʙʦʨʘʪʦʨʠʷ ʰʘʨʦʠʪʣʘʨʠʜʘ ʪʝʢʰʠʨʫʚ ʚʘ ʜʘʨʘʞʘʣʘʰ ʠʰʣʘʨʠʜʘ ʕʖʂ ʥʠ 

ʢʦʤʧʝʥʩʘʮʠʦʥ ʫʩʫʣ ʙ˄ʡʠʯʘ ˄ʣʯʘʰ ʫʯʫʥ ץ˄ʣʣʘʥʠʣʘʜʠ; ʥʘʤʫʥʘ ʧʦʪʝʥʮʠʘʤʝʪʨʣʘʨ 

ʘʥʠץ ˄ʣʯʘʰʣʘʨʜʘ ʠʰʣʘʪʠʣʘʜʠ. ɹʫ ʘʩʙʦʙʣʘʨʥʠʥʛ ˄ʣʯʘʰ ʩʭʝʤʘʣʘʨʠ ʶץʦʨʠʜʘ 

ʢ˄ʨʠʣʛʘʥ ʩʭʝʤʘʛʘ ˄ʭʰʘʰ, ʬʘץʘʪ ʬʘʨץʠ ʰʫʥʜʘʢʠ, ˄ʣʯʦʚ ʨʝʦʭʦʨʜʠ ʥʘʤʫʥʘ 

 .ʘʨʰʠʣʠʢʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ ʩʝʢʮʠʷʣʘʨ ʰʘʢʣʠʜʘ ʪʘʡʸʨʣʘʥʘʜʠץ

 

 

 

 

 

 

 

 

 

2.10 ï ʨʘʩʤ. ɸʚʪʦʤʘʪʠʢ ʧʦʪʝʥʮʠʦʤʝʪʨʥʠʥʛ ʪʫʟʠʣʠʰ ʩʭʝʤʘʩʠ. 

ʖץʦʨʠʜʘ ʢ˄ʨʠʣʛʘʥ ʧʦʪʝʥʮʠʦʤʝʪʨʣʘʨʜʘ ˄ʣʯʘʰ ʟʘʥʞʠʨʠʥʠʥʛ ʥʦʙʘʣʘʥʩ 

ʪʦʢʠ ʥʦʣʴ ʠʥʜʠʢʘʪʦʨ ʘʩʙʦʙʠ ʩʪʨʝʣʢʘʩʠʥʠ ʭʘʨʘʢʘʪʛʘ ʢʝʣʪʠʨʘʜʠ, ʘʚʪʦʤʘʪʠʢ 

ʧʦʪʝʥʮʠʦʤʝʪʨʣʘʨʜʘ ʵʩʘ ʙʫ ʘʩʙʦʙ ʡ˄ץ. ʋʥʠʥʛ ˄ʨʥʠʛʘ ʵʣʝʢʪʨʦʥ ʙʣʦʢ ʠʰʣʘʪʠʣʘʜʠ. 

ʂ˄ʯʤʘ ʧʦʪʝʥʮʠʦʤʝʪʨʣʘʨʜʘʥ ʬʘʨץʣʠ ˄ʣʘʨʦʢ, ʘʚʪʦʤʘʪʠʢ 

ʧʦʪʝʥʮʠʦʤʝʪʨʣʘʨʜʘʛʠ ʨʝʦʭʦʨʜʥʠʥʛ ʩʠʨʧʘʥסʠʯʠ ץ˄ʣ ʙʠʣʘʥ ʵʤʘʩ, ʙʘʣʢʠ ʤʘʭʩʫʩ 

 ʘʣʠ ʘʚʪʦʤʘʪʠʢ ʨʘʚʠʰʜʘ ʩʠʣʞʠʡʜʠ. 2.10-ʨʘʩʤʜʘ ʘʚʪʦʤʘʪʠʢץʫʨʠʣʤʘ ʦʨץ

ʧʦʪʝʥʮʠʦʤʝʪʨʥʠʥʛ ʪʫʟʠʣʠʰ ʩʭʝʤʘʩʠ ʢ˄ʨʩʘʪʠʣʛʘʥ. 

ʊʇ ʪʝʨʤʦʞʫʬʪʣʠ ʊʕʖʂ ɽʭ ʥʠ ˄ʣʯʘʰ ʫʥʠ ʢʘʣʠʙʨʣʘʥʛʘʥ RP ʨʝʦʭʦʨʜ 

ʢʫʯʣʘʥʠʰʠʥʠʥʛ ʢʘʤʘʡʠʰʠ ʙʠʣʘʥ ʪʘץʢʦʩʣʘʰ ʦʨץʘʣʠ ʙʘʞʘʨʠʣʘʜʠ. 

ʇʦʪʝʥʮʠʦʤʝʪʨʥʠʥʛ ʢʦʤʧʝʥʩʘʮʠʦʥ ʩʭʝʤʘʩʠ ʩʠʨʧʘʥסʠʯ ʂ ʣʠ ʨʝʦʭʦʨʜ Rʨ, ˄ʟʛʘʨʤʘʩ 

ʢʫʯʣʘʥʠʰ ɽʭ ʥʠ ˄ʟʛʘʨʫʚʯʘʥ ʢʫʯʣʘʥʠʰʛʘ ʘʡʣʘʥʪʠʨʠʙ ʙʝʨʫʚʯʠ ʵʣʝʢʪʨʦʥ 

ʢʫʯʘʡʪʠʨʛʠʯ 1, ʨʝʚʝʨʩʠʚ ʵʣʝʢʪʨ ʜʚʠʛʘʪʝʣʴ 2 ʚʘ ʪʦʢ ʤʘʥʙʘʠ ɽʘ ʜʘʥ ʠʙʦʨʘʪ. 

ʕʣʝʢʪʨ ʜʚʠʛʘʪʝʣʴ 2 ʨʝʜʫʢʪʦʨ 3 ʦʨץʘʣʠ ʩʠʨʧʘʥסʠʯ ʂ ʚʘ ʩʪʨʝʣʢʘ 4 ʙʠʣʘʥ 

ʙʦסʣʘʥʛʘʥ. ʂʦʤʧʝʥʩʘʮʠʦʥ ʩʭʝʤʘʥʠʥʛ ʩʠʨʧʘʥסʠʯʠ ʨʝʦʭʦʨʜ ʙ˄ʡʣʘʙ ʢʫʯʣʘʥʠʰ 

ʪʫʰʫʚʠ ʪʦʤʦʥ ʘʚʪʦʤʘʪʠʢ ʩʠʣʞʠʡʜʠ. ɹʫ ʩʠʣʞʠʰ ʨʝʚʝʨʩʠʚ ʵʣʝʢʪʨ ʜʚʠʛʘʪʝʣʴ ʈɼ 
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ʸʨʜʘʤʠʜʘ ʙʘʞʘʨʠʣʘʜʠ ʚʘ ʥʦʤʫʚʦʟʘʥʘʪ (ʢʫʯʣʘʥʠʰ ʥʦʣʛʘ ʪʝʥʛ) ʙ˄ʣʛʫʥʠʯʘ ʜʘʚʦʤ 

ʵʪʘʜʠ. ʐʫʥʜʘʡ ץʠʣʠʙ ʩʠʨʧʘʥסʠʯ ʂ ʚʘ ʫʥʛʘ ʙʠʨʠʢʪʠʨʠʣʛʘʥ ʩʪʨʝʣʢʘʥʠʥʛ ʚʘʟʠʷʪʠ 

ʊʕʖʂ ʥʠʥʛ ץʠʡʤʘʪʠʥʠ, ʜʝʤʘʢ, ˄ʣʯʘʥʘʸʪʛʘʥ ״ʘʨʦʨʘʪʥʠ ʢ˄ʨʩʘʪʘʜʠ. פʘʨʰʠʣʠʢ R 

ʢʦʤʧʝʥʩʘʮʠʦʥ ʟʘʥʞʠʨʜʘʛʠ ʠʰ ʪʦʢʠʥʠ ʨʦʩʪʣʘʰ ʫʯʫʥ ʭʠʟʤʘʪ ץʠʣʘʜʠ. 

 2.11-ʨʘʩʤʜʘ ʟʘʤʦʥʘʚʠʡ ʘʚʪʦʤʘʪʠʢ ʧʦʪʝʥʮʠʦʤʝʪʨ (ʂʉʇ-4) ˄ʣʯʘʰ 

 ʠʩʤʠʥʠʥʛ ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ ʢʝʣʪʠʨʠʣʛʘʥ. ʇʦʪʝʥʮʠʦʤʝʪʨ ˄ʣʯʘʰץ

ʢ˄ʧʨʠʛʠʥʠʥʛ ʜʠʘʛʦʥʘʣʣʘʨʠʜʘʥ ʙʠʨʠʛʘ ʵʣʝʢʪʨʦʥ ʢʫʯʘʡʪʠʨʛʠʯ ʕʂ ʚʘ ʪʝʨʤʦʞʫʬʪ 

ʊʇ ʢʝʪʤʘ-ʢʝʪ ʫʣʘʥʛʘʥ. ʊʝʨʤʦʞʫʬʪʥʠ ʫʣʘʰ ʵʣʝʢʪʨʦʤʘʛʥʠʪ ʤʘʡʜʦʥ ʪʘʲʩʠʨʠʥʠ 

ʢʘʤʘʡʪʠʨʠʰ ʫʯʫʥ ʤ˄ʣʞʘʣʣʘʥʛʘʥ ʬʠʣʴʪʨ (ʨʘʩʤʜʘ ʬʠʣʴʪʨʥʠʥʛ Rʬ ð ʉʬ ʩʦʜʜʘ 

ʩʭʝʤʘʩʠ ʢ˄ʨʩʘʪʠʣʛʘʥ) ʦʨץʘʣʠ ʙʘʞʘʨʠʣʘʜʠ. ɶʣʯʘʰ ʢ˄ʧʨʠʛʠʥʠʥʛ ʠʢʢʠʥʯʠ 

ʜʠʘʛʦʥʘʣʠʛʘ ʩʪʘʙʠʣʣʘʰʛʘʥ ʪʦʢ ʤʘʥʙʘʠ ʉʊʄ ʫʣʘʥʘʜʠ. ɹʫ ʤʘʥʙʘ ˄ʣʯʘʰ 

ʟʘʥʞʠʨʠʜʘʛʠ ʠʰ ʪʦʢʠʥʠʥʛ ˄ʟʛʘʨʤʘʩʣʠʛʠʥʠ ʪʘʲʤʠʥʣʘʡʜʠ. 

 ʊʝʨʤʦʞʫʬʪ ʊʇ ʜʘʥ (ʸʢʠ ʙʠʨʦʥ ʙʦʰץʘ ʜʘʪʯʠʢʜʘʥ) ʦʣʠʥʛʘʥ ˄ʣʯʘʰ 

ʘʭʙʦʨʦʪʠ ʩʠʛʥʘʣʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʙʠʣʘʥ ʵʣʝʢʪʨʦʥ ʢʫʯʘʡʪʠʨʛʠʯʥʠʥʛ ʢʠʨʠʰʠʛʘ 

ʥʦʙʘʣʘʥʩʣʠʢ ʩʠʛʥʘʣʠ ʙʝʨʠʣʘʜʠ. ɹʫ ʩʠʛʥʘʣ ʤʘʲʣʫʤ ʙʠʨ ˄ʟʛʘʨʪʛʠʯ ʦʨץʘʣʠ 

˄ʟʛʘʨʫʚʯʘʥ ʪʦʢʢʘ ʘʡʣʘʥʠʙ, ʨʝʚʝʨʩʠʚ ʜʚʠʛʘʪʝʣʴ ʈɼ ʘʡʣʘʥʠʰ ״ʦʣʘʪʠʛʘ ʢʝʣʛʫʥʯʘ 

ʢʫʯʘʷʜʠ. ʈʝʚʝʨʩʠʚ ʜʚʠʛʘʪʝʣʥʠʥʛ ʘʡʣʘʥʠʰ ʡ˄ʥʘʣʠʰʠ ʥʦʙʘʣʘʥʩʣʠʢ ʠʰʦʨʘʩʠʛʘ 

ʙʦסʣʠץ. ɹʫ ʘʡʣʘʥʠʰ ʥʘʪʠʞʘʩʠʜʘ ʤʝʭʘʥʠʢ ʫʟʘʪʤʘ (ʰʢʠʚ ʸʢʠ ʪʨʦʩ) ʸʨʜʘʤʠʜʘ Rʨ 

ʨʝʦʭʦʨʜ ʩʠʨʧʘʥסʠʯʠ ʥʦʙʘʣʘʥʩʣʠʢ ʩʠʛʥʘʣʠ ˄ʯʛʫʥʯʘ ʩʠʣʞʠʡʜʠ. 
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2.11 ï ʨʘʩʤ. ɸʚʪʦʤʘʪʠʢ ʧʦʪʝʥʮʠʦʤʝʪʨ ˄ʣʯʘʰ ץʠʩʤʠʥʠʥʛ ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ 

ɹʫʣʘʨʜʘʥ ʪʘʰץʘʨʠ ʧʦʪʝʛʮʠʦʤʝʪʨ ˄ʣʯʘʰ ʩʭʝʤʘʩʠʛʘ ץʫʨʠʣʤʘʥʠʥʛ ʫʤʫʤʘʥ 

ʥʦʨʤʘʣ ʠʰʠʥʠ ʪʘʲʤʠʥʣʦʚʯʠ ʙʠʨ ʢʘʪʦʨ ʵʣʝʤʝʥʪʣʘʨ ʢʠʨʘʜʠ. R ,h Rʢ, rʢ 

 ʠʣʘʜʠ: ʙʫʥʜʘץ ʘʨʰʠʣʠʛʠ Rp ʥʠ ʨʦʩʪʣʘʰ ʫʯʫʥ ʭʠʟʤʘʪץ ʘʨʰʠʣʠʢʣʘʨ ʨʝʦʭʦʨʜץ

ʘʩʙʦʙʥʠʥʛ ʜʘʨʘʞʘʣʘʥʠʰ ʚʘ ˄ʣʯʘʰ ʦʨʘʣʠסʠ, ʷʲʥʠ ˄ʣʯʘʰ ʯʝʛʘʨʘʣʘʨʠ ʥʘʟʘʨʜʘ 

ʪʫʪʠʣʠʰʠ ʣʦʟʠʤ. פʘʨʰʠʣʠʢ Rʥ ʚʘ ʛʥ ʣʘʨ ʸʨʜʘʤʠʜʘ ʰʢʘʣʘ ʙʦʰʣʘʥʠʰʠ 

ʨʦʩʪʣʘʥʘʜʠ. Rd ʙʘʣʣʘʩʪʣʠ ץʘʨʰʠʣʠʢ, Rʨʪ, Rʨʪ ʚʘ Rʩ ʨʝʟʠʩʪʦʨʣʘʨ ʉʊʄ ʪʘʲʤʠʥʣʘʰ 

ʤʘʥʙʘʠʥʠʥʛ ʠʰ ʪʦʢʠʥʠ ʯʝʢʣʘʰ ʚʘ ʨʦʩʪʣʘʰ ʫʯʫʥ ץ˄ʣʣʘʥʠʣʘʜʠ. Rʤ ʨʝʟʠʩʪʦʨ 

ʪʝʨʤʦʞʫʬʪ ʵʨʢʠʥ ʫʯʣʘʨʠʜʘʛʠ ״ʘʨʦʨʘʪ ˄ʟʛʘʨʠʰʠʥʠʥʛ ʪʘʲʩʠʨʠʥʠ ʢʦʤʧʝʥʩʘʮʠʷ 

 ʠʣʠʰ ʫʯʫʥ ʤ˄ʣʞʘʣʣʘʥʛʘʥ ʚʘ ʪʝʨʤʦʞʫʬʪ ʫʯʣʘʨʠ ʫʣʘʥʛʘʥ ʞʦʡ, ʷʲʥʠ ʘʩʙʦʙʥʠʥʛץ

ʢʠʨʠʰ ʧʘʥʝʣʠʜʘ ʞʦʡʣʘʰʛʘʥ, RM ʜʘʥ ʪʘʰץʘʨʠ ״ʘʤʤʘ ʨʝʟʠʩʪʦʨʣʘʨ ʤʘʥʛʘʥʠʥʜʘʥ, 

Rʤ ʨʝʟʠʩʪʦʨ ʵʩʘ ʤʠʩ ʸʢʠ ʥʠʢʝʣʜʘʥ ʪʘʡʸʨʣʘʥʘʜʠ. 

ʇʦʪʝʥʮʠʦʤʝʪʨʣʘʨʥʠʥʛ ʪʫʨʣʠ ʭʠʣ ˄ʣʯʘʤʣʘʨʜʘʛʠ ʢ˄ʨʩʘʪʫʚʯʠ, ץʘʡʜ 

 .ʘʨʠʣʘʜʠץʠʣʫʚʯʠ, ʩʠʛʥʘʣ ʙʝʨʫʚʯʠ, ʨʦʩʪʣʦʚʯʠ ʪʫʨʣʘʨʠ ʯʠץ

ɸʚʪʦʤʘʪʠʢ ʧʦʪʝʥʮʠʦʤʝʪʨʣʘʨʥʠʥʛ ʘʥʠץʣʠʢ ʩʠʥʬʠ: 0,25; 0,5 ʚʘ 1,0. 

ʊʝʨʤʦʞʫʬʪʥʠʥʛ ʊʕʖʂ ʠʥʠ ʘʥʠץ ˄ʣʯʘʰ ʚʘ ʤʘʛʥʠʪʦʵʣʝʢʪʨ ʤʠʣʣʠʚʦʣʴʤʝʪʨ 

 ʘʤʜʘ ʘʚʪʦʤʘʪʠʢ ʧʦʪʝʥʮʠʦʤʝʪʨʣʘʨʥʠ ʪʝʢʰʠʨʠʰ ʫʯʫʥ ˄ʟʛʘʨʤʘʩ ʪʦʢʜʘ״

ʠʰʣʘʡʜʠʛʘʥ ʣʘʙʦʨʘʪʦʨʠʷ ʧʦʪʝʥʮʠʦʤʝʪʨʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ: ʢ˄ʯʤʘ ʇʇ-63 
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ʚʘ ʇʇ-70; ʥʘʤʫʥʘ ʈ330, ʈ371 ʚʘ ʙʦʰץʘ ʧʦʪʝʥʮʠʦʤʝʪʨʣʘʨ. ʅʘʤʫʥʘ ʘʩʙʦʙʣʘʨʥʠʥʛ 

ʘʥʠץʣʠʢ ʩʠʥʬʠ: 0,002 ʚʘ 0,005. 

ʊʝʨʤʦʕʖKʥʠʥʛ ʤʝʲʸʨʣʦʚʯʠ ˄ʟʛʘʨʪʢʠʯʠ. 

ʊʝʨʤʦʵʣʝʢʪʨʠʢ ˄ʟʛʘʨʪʢʠʯʣʘʨʜʘʥ ʦʣʠʥʛʘʥ ʘʭʙʦʨʦʪʥʠ ʕ׳ʄʛʘ ʸʢʠ 

ʘʚʪʦʤʘʪʠʢ ʨʦʩʪʣʘʰ ʪʠʟʠʤʠʛʘ ʢʠʨʠʪʠʰ ʫʯʫʥ ʤʝʲʸʨʣʦʚʯʠ ˄ʟʛʘʨʪʢʠʯ ʢʝʥʛ 

 ʣʣʘʥʘʜʠ. ʋ ʪʝʨʤʦʵʣʝʢʪʨ ˄ʟʛʘʨʪʢʠʯʣʘʨʥʠʥʛ ʩʠʛʥʘʣʣʘʨʠʥʠ 0ð5 mɸ ˄ʟʛʘʨʤʘʩ˄ץ

ʪʦʢʜʘʛʠ ʙʠʨ ʭʠʣʣʘʰʪʠʨʠʣʛʘʥ ʩʠʛʥʘʣʛʘ ʘʣʤʘʰʪʠʨʠʰ ʫʯʫʥ ʤ˄ʣʞʘʣʣʘʥʛʘʥ. 

ʄʝʲʸʨʣʦʚʯʠ ˄ʟʛʘʨʪʢʠʯʥʠʥʛ ʠʰʣʘʰʠ ʠʰ ʪʦʢʠ ˄ʟʛʘʨʫʚʯʠ ʢʫʯʛʘ ʵʛʘ 

ʙ˄ʣʛʘʥ ʧʦʪʝʥʮʠʦʤʝʪʨʥʠʥʛ ʩʭʝʤʘʩʠʜʘʥ ʬʦʡʜʘʣʘʥʛʘʥ ״ʦʣʜʘ ʪʝʨʤʦ ʕʖʂ ʥʠʥʛ 

ʢʦʤʧʝʥʩʘʮʠʷʣʦʚʯʠ ˄ʣʯʘʰ ʫʩʫʣʠʛʘ ʘʩʦʩʣʘʥʛʘʥ.  

 

 

 

2.12 ï ʨʘʩʤ. ʊʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨ (ʪʝʨʤʦʞʫʬʪ) ʙʠʣʘʥ ʠʰʣʘʡʜʠʛʘʥ 

ʤʝʲʸʨʣʦʚʯʠ ˄ʟʛʘʨʪʢʠʯʥʠʥʛ ʩʭʝʤʘʩʠ. 

ɶʟʛʘʨʪʢʠʯʥʠʥʛ ʩʭʝʤʘʩʠ 2.12-ʨʘʩʤʜʘ ʢʝʣʪʠʨʠʣʛʘʥ. ɹʫ ʝʨʜʘ, I ð ˄ʣʯʘʰ 

ʢʦʥʪʫʨʠ; II ð ʢʦʤʧʝʥʩʘʮʠʷ ʢʦʥʪʫʨʠ. I ʢʦʥʪʫʨʜʘ ʪʫʟʘʪʫʚʯʠ ʢ˄ʧʨʠʢ ʊʂ, ʯʠץʠʰ 

ʪʦʢʠ Iʯʠץ ʙ˄ʣʛʘʥ ʢʫʯʘʡʪʠʨʛʠʯ ʂ1 ʚʘ ʨʝʟʠʩʪʦʨ Rʪ ʙʦʨ. 
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I ʢʦʥʪʫʨʛʘ נ ʚʘ ɼ ʫʟʘʡʪʫʨʫʚʯʠ ˄ʪʢʘʟʛʠʯʣʘʨ ʸʨʜʘʤʠʜʘ ʪʝʨʤʦʞʫʬʪ ɸɺ 

ʫʣʘʥʛʘʥ. ʊʫʟʘʪʫʚʯʠ (ʢʦʨʨʝʢʪʦʨʣʦʚʯʠ) ʢ˄ʧʨʠʢ ʪʝʨʤʦʞʫʬʪʥʠʥʛ ʙ˄ʰ ʫʯʠ 

 ,ʘʨʦʨʘʪʠʥʠʥʛ ˄ʟʛʘʨʠʰʠʛʘ ʘʚʪʦʤʘʪʠʢ ʪʫʟʘʪʤʘ ʢʠʨʠʪʠʰ ʫʯʫʥ, ʰʫʥʠʥʛʜʝʢ״

˄ʣʯʘʰʥʠʥʛ ʢʫʡʠ ʯʝʛʘʨʘʩʠ 0Áʉ ʛʘ ʪʝʥʛ ʙ˄ʣʤʘʛʘʥ ˄ʟʛʘʨʪʢʠʯʣʘʨʜʘ ʙʦʰʣʘʥסʠʯ 

ʪʝʨʤʦ ʕʖʂ ʥʠ ʢʦʤʧʝʥʩʘʮʠʷʣʘʰ ʫʯʫʥ ʤ˄ʣʞʘʣʣʘʥʛʘʥ. ʂ˄ʧʨʠʢ ʤʘʥʙʘʠʥʠʥʛ ʘb 

ʜʠʘʛʦʥʘʣʠʛʘ ˄ʟʛʘʨʤʘʩ ʪʦʢʥʠʥʛ ʙʘʨץʘʨʦʨʣʘʰʪʠʨʠʣʛʘʥ ʢʫʯʣʘʥʠʰʠ ʫʣʘʥʛʘʥ. R1,R2 

ʚʘ R3 ʨʝʟʠʩʪʦʨʣʘʨ ð ʤʘʥʛʘʥʠʥʜʘʥ, Rʤ ʨʝʟʠʩʪʦʨ ʵʩʘ ʤʠʩʜʘʥ ʷʩʘʣʛʘʥ. K1 

ʢʫʯʘʡʪʠʨʛʠʯ ʠʢʢʠʪʘ ʢʘʩʢʘʜʜʘʥ ʠʙʦʨʘʪ: ʠʢʢʠ ʪʘʢʪʣʠ ʠʢʢʠ ʷʨʠʤ ʜʘʚʨʣʠ ʩʭʝʤʘ 

ʙ˄ʡʠʯʘ ʙʘʞʘʨʠʣʛʘʥ ʤʘʛʥʠʪ ʄʂ ʚʘ ˄ʟʛʘʨʤʘʩ ʪʦʢʥʠʥʛ ʢʫʯʘʡʠʰʠ ʨʝʞʠʤʠʜʘ 

ʠʰʣʦʚʯʠ ʷʨʠʤ ˄ʪʢʘʟʛʠʯʣʠ ʢʫʯʘʡʪʠʨʛʠʯ ʂ. ʂʫʯʘʡʪʠʨʛʠʯ K1 - ʥʦʣʴðʠʥʜʠʢʘʪʦʨ 

ʚʘʟʠʬʘʩʠʥʠ ʙʘʞʘʨʘʜʠ. 

II ʢʦʤʧʝʤʩʘʮʠ̫  ʢʦʥʪʫʨʠʛʘ Rʢʢ ʨʝʟʠʩʪʦʨ ʚʘ ʪʝʩʢʘʨʠ ʙʦסʣʘʥʠʰ (ʘʣʦץʘ) 

ʢʫʯʘʡʪʠʨʛʠʯʠ K2 ʢʠʨʘʜʠ. ɹʫ ʢʫʯʘʡʪʠʨʛʠʯ ʂ1 ʢʫʯʘʡʪʠʨʛʠʯʛʘ ˄ʭʰʘʡʜʠ, ʣʝʢʠʥ 

ʢʫʯʘʡʪʠʨʛʠʯʥʠʥʛ ʯʠץʠʰ ʪʦʢʠ ʙ˄ʡʠʯʘ ʯʫץʫʨ ʤʘʥʬʠʡ ʙʦסʣʘʥʠʰ ʙʠʣʘʥ ʫʣʘʥʛʘʥ. 

ʂ2 ʢʫʯʘʡʪʠʨʛʠʯʥʠʥʛ Imʙ, ʯʠץʠh ʪʦʢʠ II ʢʦʥʪʫʨʥʠʥʛ ʠʰʯʠ ʪʦʢʠ ״ʠʩʦʙʣʘʥʘʜʠ ʚʘ 

ʙʫ ʪʦʢ Rʢʢ ץʘʨʰʠʣʠʢ ʙ˄ʡʣʘʙ ʪ˄ʛʘʥʜʘ ʫʥʜʘ II ʢʦʥʪʫʨ ʪʦʤʦʥʠʜʘʥ Ukk =ImʙȚRʢʢ 

ʢʦʤʧʝʥʩʘʮʠʷʣʦʚʯʠ ʢʫʯʣʘʥʠʰ ʚʫʞʫʜʛʘ ʢʝʣʪʠʨʠʣʘʜʠ. I ʢʦʥʪʫʨ ʪʦʤʦʥʠʜʘʥ Rʘb 

ʨʝʟʠʩʪʦʨʛʘ ʪʫʟʘʪʫʚʯʠ ʢ˄ʧʨʠʢ ʊʂ ʥʠʥʛ ʩd ˄ʣʯʦʚ ʜʠʘʛʦʥʘʣʠʜʘ ʚʫʞʫʜʛʘ ʢʝʣʫʚʯʠ 

Ucd(1 ʢʫʯʣʘʥʠʰ ʙʠʣʘʥ ʢ˄ʰʠʣʛʘʥ EAB(t,t0) ʪʝʨʤʦʵʣʝʢʪʨ ˄ʟʛʘʨʪʢʠʯ ʩʠʛʥʘʣʠ 

ʢʝʣʪʠʨʠʣʘʜʠ. ɹʫ ʢʫʯʣʘʥʠʰ, ʶץʦʨʠʜʘ ʘʡʪʠʣʛʘʥʠʜʝʢ, ʪʝʨʤʦ˄ʟʛʘʨʪʢʠʯʥʠʥʛ ʙ˄ʰ 

ʫʯʣʘʨʠʜʘʛʠ ״ʘʨʦʨʘʪʥʠʥʛ ʪʫʟʘʪʤʘʩʠʛʘ ʪʝʥʛ, ʷʲʥʠ Ucd=EAB(tô0,to). 

ʐʫʥʜʘʡ ץʠʣʠʙ, ʙʫ EAB(t,t0)= EAB(t,tô0)+Ucd ʛʘ ʪʝʥʛ ʷʢʢʘ ʩʠʛʥʘʣ Ukk 

ʢʫʯʣʘʥʠʰ ʙʠʣʘʥ ʪʘץץʦʩʣʘʥʘʜʠ. æU=EAB(t,t0)-Ukk ʛʘ ʪʝʥʛ ʥʦʙʘʣʘʥʩʣʠʢ ʂ1 

ʢʫʯʘʡʪʠʨʛʠʯʛʘ ʙʝʨʠʣʘʜʠ, ʫ ʝʨʜʘ ˄ʟʛʘʨʤʘʩ ʪʦʢʥʠʥʛ æU ʩʠʛʥʘʣʠ ʘʚʚʘʣ ʤʘʛʥʠʪ 

ʢʫʯʘʡʪʠʨʛʠʯ ʄʂ ʜʘ ˄ʟʛʘʨʫʚʯʠ ʪʦʢ ʩʠʛʥʘʣʠʛʘ ʘʡʣʘʥʪʠʨʠʣʘʜʠ, ʩ˄ʥʛʨʘ 

ʢʫʯʘʡʪʠʨʠʣʘʜʠ ʚʘ ʷʥʘ ˄ʟʛʘʨʤʘʩ ʪʦʢ ʩʠʛʥʘʣʠʛʘ ʘʡʣʘʥʪʠʨʠʣʘʜʠ, ʫ ˄ʟʛʘʨʤʘʩ 

ʪʦʢʥʠʥʛ ʷʨʠʤ ˄ʪʢʘʟʛʠʯʣʠ ʢʫʯʘʡʪʠʨʛʠʯʠ ʗʂ ʜʘ ʢ˄ʰʠʤʯʘ ʨʘʚʠʰʜʘ 

ʢʫʯʘʡʪʠʨʠʣʘʜʠ. ʂ1 ʢʫʯʘʡʪʠʨʛʠʯʥʠʥʛ ʯʠץʠʰ ʩʠʛʥʘʣʠ Iʯʠץ ʪʦʢʠʥʠ ʚʫʞʫʜʛʘ 

ʢʝʣʪʠʨʘʜʠ, ʫ Rʊʅ ʪʘhץʠ ʟʘʥʞʠʨʛʘ ʢʝʣʘʜʠ ʚʘ ʢʝʡʠʥ ʢʫʯʘʡʪʠʨʛʠʯ ʦʨץʘʣʠ ʪʝʩʢʘʨʠ 

ʘʣʦץʘ ʢʫʯʘʡʪʠʨʛʠʯʠ ʂ2 ʛʘ ʢʝʣʘʜʠ. ʂ2 ʢʫ ʯʘʡʪʠʨʛʠʯʥʠʥʛ Iʪ6 ʯʠץʠʰ ʪʦʢʠ ˄ʟʛʘʨʘʜʠ 
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ʚʘ Rʢʢ ʨʝʟʠʩʪʦʨʜʘ Ukk, ʢʫʯʣʘʥʠʰ ʧʘʩʘʡʠʰʠʥʠ (ʪʫ ʰʠʰʠʥʠ) æU ʥʦʙʘʣʘʥʩ 

ʢʦʤʧʝʥʩʘʮʠʷʣʘʰʥʠʥʛ ʩʪʘʪʠʢ ʭʘʪʦʩʠ ʜʝʙ ʘʪʘʣʫʚʯʠ ʙʠʨʦʨ ʢʠʯʠʢ ŭU ʢʘʪʪʘʣʠʢʢʘʯʘ 

˄ʟʛʘʨʪʠʨʘʜʠ. 

ʂʦʤʧʝʥʩʘʮʠʷʣʘʰʥʠʥʛ ʩʪʘʪʠʢ ʭʘʪʦʩʠʥʠʥʛ ʤʘʚʞʫʜ ʙ˄ʣʠʰʠ I ˄ʣʯʘʰ 

ʢʦʥʪʫʨʠʜʘ ʢʦʤʧʝʥʩʘʮʠʷʣʘʥʤʘʛʘʥ ʪʦʢ ˄ʪʠʰʛʘ ʦʣʠʙ ʢʝʣʘʜʠ. ɹʫʥʜʘ ˄ʣʯʘʥʫʚʯʠ 

ʪʝʨʤʦʕʖʂ ץʘʥʯʘʣʠʢ ʢʘʪʪʘ ʙ˄ʣʩʘ, ʙʫ ʪʦʢ ʰʫʥʯʘʣʠʢ ʢʘʪʪʘ ʙ˄ʣʘʜʠ. 

ʉʪʘʪʠʢ ʘʚʪʦʢʦʤʧʝʥʩʘʮʠʦʥ ʩʭʝʤʘ ʙ˄ʡʠʯʘ ʙʘʞʘʨʠʣʛʘʥ ץʫʨʠʣʤʘʣʘʨʜʘ 

ʙʫʥʜʘʡ ʭʘʪʦʣʠʢʥʠ ʡ˄ץʦʪʠʙ ʙ˄ʣʤʘʡʜʠ, ʯʫʥʢʠ ˄ʟʛʘʨʪʢʠʯʥʠʥʛ Iʯʠץ ʯʠץʠʰ ʪʦʢʠ ʚʘ 

ʢʦʤʧʝʥʩʘʮʠʷ ʢʦʥʪʫʨʠʥʠʥʛ Iʪʙ ʪʦʢʠ ʙʫ ʭʘʪʦʣʠʢʥʠʥʛ ʤʘʚʞʫʜʣʠʛʠ ʙʠʣʘʥ 

ʘʥʠץʣʘʥʘʜʠ ʚʘ ʫʥʛʘ ʤʫʪʘʥʦʩʠʙʜʠʨ. ʐʫ ʙʠʣʘʥ ʙʠʨʛʘ ʘʚʪʦʢʦʤʧʝʥʩʘʮʠʦʥ 

ʩʭʝʤʘʥʠʥʛ ʩʪʘʪʠʢ ʭʘʪʦʩʠ, ʘʛʘʨ ʢʫʯʘʡʪʠʨʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ ʢʘʪʪʘ ʙ˄ʣʛʘʥ 

ʢʫʯʘʡʪʠʨʛʠʯ ʬʦʡʜʘʣʘʥʠʣʩʘ, ʘʥʯʘ ʢʘʤʘʡʪʠʨʠʣʠʰʠ ʤʫʤʢʠʥ. 

ʕʥʜʠ ˄ʣʯʘʥʘʸʪʛʘʥ ʪʝʨʤʦ ʕʖʂ ɽɸɺ(t,t0) ʙʠʣʘʥ ˄ʟʛʘʨʪʢʠʯʥʠʥʛ ʯʠץʠʰ ʪʦʢʠ 

Iʯʠץ ʦʨʘʩʠʜʘʛʠ ʤʘʪʝʤʘʪʠʢ ʙʦסʣʘʥʠʰʥʠ ץʘʨʘʙ ʯʠʢʘʤʠʟ. 

ʖץʦʨʠʜʘ ʘʡʪʠʣʛʘʥʣʘʨʛʘ ʤʫʚʦʬʠץ 

æU=Eɸɹ(t,t0)-Uʢʢ                   (2.43) 

ʂ1 ʚʘ ʂ2  ʢʫʯʘʡʪʠʨʛʠʯʣʘʨʥʠʥʛ ʯʠץʠʰʠʜʘ ץʫʡʠʜʘʛʠ ʩʠʛʥʘʣʣʘʨ ʰʘʢʣʣʘʥʘʜʠ: 
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2 ð ʢʫʯʘʡʪʠʨʛʠʯ ʂ1 ʚʘ ʂ2 ʣʘʨʥʠʥʛ ʢʫʯʘʡʪʠʨʠʰ 

ʢʦʵʬʬʠʮʠʝʥʪʣʘʨʠ; Iʢʠʨ = æU/Rʢʨ ʢʫʯʘʡʪʠʨʛʠʯʥʠʥʛ ʢʠʨʠʰ ʟʘʥʞʠʨʠʜʘ æU ʩʠʛʥʘʣ 

ʚʫʞʫʜʛʘ ʢʝʣʪʠʨʘʜʠʛʘʥ ʪʦʢ; Rʢʠʨ ð K1 ʢʫʯʘʡʪʠʨʛʠʯ ʢʠʨʠʰ ʟʘʥʞʠʨʠʥʠʥʛ 

 :ʘʨʰʠʣʠʛʠ. Rʢʢ ʨʝʟʠʩʪʦʨʜʘ ʢʫʯʣʘʥʠʰʥʠʥʛ ʪʫʰʠʰʠʥʠ ʪʦʧʘʤʠʟץ
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(2.43), (2.44) ʚʘ (2.46) ʠʬʦʜʘʣʘʨ ʦʨץʘʣʠ ʫʰʙʫʥʠ ʪʦʧʘʤʠʟ: 

Iʯʠץ=KȚEAB(t,t0)                            (2.47) 
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˄ʟʛʘʨʪʢʠʯʥʠʥʛ ˄ʟʛʘʨʪʠʨʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ 

ùú
ø

éê
è Ö=¤ )/(1 21 kk

kk RKKʜʘK  

ʐʫʥʜʘʡ ץʠʣʠʙ, ʤʝʲʸʨʣʦʚʯʠ ˄ʟʛʘʨʪʢʠʯʥʠʥʛ ʯʠץʠʰ ʪʦʢʠ ʪʝʨʤʦʵʣʝʢʪʨ 

˄ʟʛʘʨʪʢʠʯ (ʊʕɶ) ʥʠʥʛ ʩʠʛʥʘʣʠʛʘ ʤʫʪʘʥʦʩʠʙ ʙ˄ʣʘʜʠ. 

ʂʠʨʠʰ ʩʠʛʥʘʣʠʥʠʥʛ ץʠʡʤʘʪʠʛʘ ץʘʨʘʙ, ʪʝʨʤʦʵʣʝʢʪʨ ˄ʟʛʘʨʪʢʠʯʣʘʨ ʙʠʣʘʥ 

ʠʰʣʦʚʯʠ ʤʝʲʸʨʣʦʚʯʠ ˄ʟʛʘʨʪʢʠʯʣʘʨ 0,6...1,5 ʘʥʠץʣʠʢ ʩʠʥʬʣʘʨʠʛʘ ʵʛʘ. 

 

2.5-Ä. פɸʈʐʀʃʀʂ ʊɽʈʄʆʄɽʊʈʃɸʈ 

 ʘʨʦʨʘʪ ˄ʟʛʘʨʠʰʠ״ ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠ ʙʠʣʘʥ ˄ʣʯʘʰץ ʘʨʦʨʘʪʥʠ׳

ʙʠʣʘʥ ˄ʪʢʘʟʛʠʯ ״ʘʤʜʘ ʷʨʠʤ ˄ʪʢʘʟʛʠʯʣʘʨ ʵʣʝʢʪʨ ץʘʨʰʠʣʠʛʠʥʠʥʛ ˄ʟʛʘʨʠʰ 

ʭʫʩʫʩʠʷʪʠʛʘ ʘʩʦʩʣʘʥʛʘʥ. ɼʝʤʘʢ, ˄ʪʢʘʟʛʠʯ ʸʢʠ ʷʨʠʤ ˄ʪʢʘʟʛʠʯʥʠʥʛ ʵʣʝʢʪʨ 

 ʘʨʦʨʘʪʠ ʬʫʥʢʮʠʷʩʠʜʘʥ ʠʙʦʨʘʪ, ʷʲʥʠ R = f(t). ɹʫ״ ʘʨʰʠʣʠʛʠ ʫʥʠʥʛץ

ʬʫʥʢʮʠʷʥʠʥʛ ʢ˄ʨʠʥʠʰʠ ʪʝʨʤʦʤʝʪʨ ץʘʨʰʠʣʠʛʠ ʤʘʪʝʨʠʘʣʠʥʠʥʛ ʭʦʩʩʘʣʘʨʠʛʘ 

ʙʦסʣʠץ. ʂ˄ʧʯʠʣʠʢ ʪʦʟʘ ʤʝʪʘʣʣʘʨʥʠʥʛ ʵʣʝʢʪʨ ץʘʨʰʠʣʠʛʠ ״ʘʨʦʨʘʪ ʢ˄ʪʘʨʠʣʠʰʠ 

ʙʠʣʘʥ ʦʨʪʘʜʠ, ʤʝʪʘʣʣ ʦʢʩʠʜʣʘʨʠ (ʷʨʠʤ ˄ʪʢʘʟʛʠʯʣʘʨ)ʥʠʥʛ ץʘʨʰʠʣʠʛʠ ʵʩʘ 

ʢʘʤʘʷʜʠ. פʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠʥʠ ʪʘʡʸʨʣʘʰʜʘ ץʫʡʠʜʘʛʠ ʪʘʣʘʙʣʘʨʛʘ ʞʘʚʦʙ 

ʙʝʨʫʚʯʠ ʪʦʟʘ ʤʝʪʘʣʣʘʨ ץ˄ʣʣʘʥʠʣʘʜʠ: 

1) ˄ʣʯʘʥʘʸʪʛʘʥ ʤʫ״ʠʪʜʘ ʤʝʪʘʣʣ ʦʢʩʠʜʣʘʥʤʘʩʣʠʛʠ ʚʘ ʢʠʤʸʚʠʡ ʪʘʨʢʠʙʠ 

˄ʟʛʘʨʤʘʩʣʠʛʠ ʢʝʨʘʢ; 

2) ʤʝʪʘʣʣʥʠʥʛ ״ʘʨʦʨʘʪʛʘ ץʘʨʰʠʣʠʢ ʢʦʵʬʬʠʮʠʝʥʪʠ ʝʪʘʨʣʠ ʜʘʨʘʞʘʜʘ ʢʘʪʪʘ 

ʚʘ ʙʘʨץʘʨʦʨʣʘʰʛʘʥ ʙ˄ʣʠʰʠ ʣʦʟʠʤ; 

 ʙ˄ʡʠʯʘ ץʨʠ ʸʢʠ ʨʘʚʦʥ ʵʛʨʠ ʯʠʟʠס˄ʘʨʦʨʘʪ ˄ʟʛʘʨʠʰʠ ʙʠʣʘʥ ʪ״ ʘʨʰʠʣʠʢץ (3

ʢʝʩʢʠʥ ʯʝʪʛʘ ʯʠץʠʰʣʘʨʩʠʟ ʚʘ ʛʠʩʪʝʨʝʟʠʩ ״ʦʣʘʪʣʘʨʠʩʠʟ ˄ʟʛʘʨʠʰʠ ʢʝʨʘʢ; 

4) ʩʦʣʠʰʪʠʨʤʘ ʵʣʝʢʪʨ ץʘʨʰʠʣʠʢ ʝʪʘʨʣʠʯʘ ʢʘʪʪʘ ʙ˄ʣʠʰʠ ʢʝʨʘʢ. ʄʘʲʣʫʤ 

 ,ʦʨʠʜʘʛʠ ʪʘʣʘʙʣʘʨʛʘ ʧʣʘʪʠʥʘ, ʤʠʩ, ʥʠʢʝʣʴ, ʪʝʤʠʨץʠʜʘ ʶסʘʨʦʨʘʪʣʘʨ ʦʨʘʣʠ״

ʚʦʣʴʬʨʘʤ ʢʘʙʠ ʤʝʪʘʣʣʘʨ ʞʘʚʦʙ ʙʝʨʘʜʠ. 

 ʘʨʰʠʣʡʛʠʥʠʥʛ ˄ʟʛʘʨʠʰʠʥʠץ ʘʨʦʨʘʪ ˄ʟʛʘʨʠʰʠ ʙʠʣʘʥ ʵʣʝʢʪʨ׳

ʭʘʨʘʢʪʝʨʣʦʚʯʠ ʧʘʨʘʤʝʪʨ ʵʣʝʢʪʨ ץʘʨʰʠʣʠʢʥʠʥʛ ״ʘʨʦʨʘʪ ʢʦʵʬʬʠʮʠʝʥʪʠ 
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ʜʝʡʠʣʘʜʠ. ׳ʘʨʦʨʘʪ ʢʦʵʬʬʠʮʠʝʥʪʠ ״ʘʨʦʨʘʪʛʘ ʙʦסʣʠץ ʙ˄ʣʛʘʥ ʤʝʪʘʣʣʘʨ ʫʯʫʥ ʫ 

ʬʘץʘʪ ״ʘʨʦʨʘʪʥʠʥʛ ״ʘʨ ʙʠʨ ץʠʡʤʘʪʠ ʫʯʫʥ ʘʥʠץʣʘʥʠʰʠ ʤʫʤʢʠʥ: 

))(
1

(
0 dt

dR

R
a t=                (2.48) 

ʙʫ ʝʨʜʘ, R0 ʚʘ Rt ð 0 ʚʘ tÁʉ ϲʘʨʦʨʘʪʜʘʛʠ Ϩʘʨʰʠʣʠʢ.  

ʊeʤʧʝʨʘʪʫʨʘ ʢʦʵʬʬʠʮʠʝʥʪʠ Áʉ 
-1
 ʸʢʠ 

0
ʂ

-1
 ʣʘʨʜʘ ʠʬʦʜʘʣʘʥʘʜʠ. K˄ʧʛʠʥʘ 

ʩʦʬ ʤʝʪʘʣʣʘʨ ʫʯʫʥ ״ʘʨʦʨʘʪ ʢʦʵʬʬʠʮʠʝʥʪʠ 0,0035 ... ð 0,065 ʂ
-1
 ʯʝʛʘʨʘʣʘʨʜʘ 

ʸʪʘʜʠ. ʗʨʠʤ ˄ʪʢʘʟʛʠʯʣʠ ʤʝʪʘʣʣʘʨ ʫʯʫʥ ״ʘʨʦʨʘʪ ʢʦʵʬʬʠʮʠʝʥʪʠ ʤʘʥʬʠʡ ʚʘ 

ʤʝʪʘʣʣʘʨʥʠʢʠʜʘʥ ʙʠʨ ʪʘʨʪʠʙʛʘ ʢ˄ʧ (0,01 . . . 0,015 ʂ
-1
) ʙ˄ʣʘʜʠ. 

 ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠʥʠ ʪʘʡʸʨʣʘʰ ʫʯʫʥ ʤʠʩ, ʧʣʘʪʠʥʘ, ʥʠʢʝʣʴץ ʦʟʠʨ׳

ʚʘ ʪʝʤʠʨʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. 

ʄʠʩ ʘʨʟʦʥ ʤʘʪʝʨʠʘʣ ʙ˄ʣʠʙ, ʫʥʠʥʛ ץʘʨʰʠʣʠʛʠ ʘʤʘʣʜʘ ״ʘʨʦʨʘʪʛʘ ʯʠʟʠץʣʠ 

ʙʦסʣʠץ, ʷʲʥʠ 

Rt=R0(1+at)                     (2.49) 

ʙʫ ʝʨʜʘ, Rt ʚʘ R0 - t ʚʘ 0Áʉ ϲʘʨʦʨʘʪʜʘ ʪʝʨʤʦʤʝʪʨ Ϩʘʨʰʠʣʠʛʠ; ʘ ð ʤʠʩ ʩʠʤʥʠʥʛ 

ϲʘʨʦʨʘʪ ʢʦʵʬʬʠʮʠʝʥʪʠ: ʘ = 4,28Ț10
-3

 ʂ
-1

 

ʄʠʩ ʦʢʩʠʜʣʘʥʠʰʠ ʪʫʬʘʡʣʠ ʫ 200Áʉ ʜʘʥ ʦʨʪʠץ ʙ˄ʣʤʘʛʘʥ ״ʘʨʦʨʘʪʣʘʨʥʠ 

˄ʣʯʘʰʜʘ ץ˄ʣʣʘʥʠʣʘʜʥ. ʄʠʩʥʠʥʛ ʢʘʤʯʠʣʠʢʣʘʨʠʛʘ ʫʥʠʥʛ ʩʦʣʠʰʪʠʨʤʘ 

ʘʨʰʠʣʠʛʠʥʠʥʛ ʢʘʤʣʠʛʠʥʠ ʢʠʨʠʪʩʘ ʙ˄ʣʘʜʠ; ů=17Ț10ץ
-7
 ʆʤȚʤ. ʉʦʣʠʰʪʠʨʤʘ 

 ʘʥʯʘץ ʘʨʰʠʣʠʢץ ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʥʠʥʛ ˄ʣʯʘʤʠʛʘ ʪʘʲʩʠʨ ʵʪʘʜʠ: ʩʦʣʠʰʪʠʨʤʘץ

ʢʘʤ ʙ˄ʣʩʘ, ʩʠʤ ʰʫʥʯʘ ʢ˄ʧ ʢʝʨʘʢ ʙ˄ʣʘʜʠ, ʰʫʥʠʥʛ ʫʯʫʥ, ʪʝʨʤʦʤʝʪʨ ˄ʣʯʘʤʠ ʰʫʥʯʘ 

ʢʘʪʪʘ ʙ˄ʣʘʜʠ. 

ʄʠʩʜʘʥ ʪʘʡʸʨʣʘʥʛʘʥ ץʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠ ð200 ʜʘʥ + 200Áʉ ʛʘʯʘ 

 ʘʨʰʠʣʠʢʣʘʨץ ʣʣʘʥʠʣʘʜʠ. ʅʦʤʠʥʘʣ˄ץ ʪ ʜʘʚʦʤʠʜʘ ˄ʣʯʘʰʜʘץʚʘ ץʘʨʦʨʘʪʣʘʨʥʠ ʫʟʦ״

0Áʉ ʜʘ 10, 50 ʚʘ 100 ʆʤ ʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. 

ɸʤʘʣʠʸʪʜʘ ʷʥʘ R0=53 ʆʤ ʣʠ ʪʝʨʤʦʤʝʪʨ ʠʰʣʘʡʜʠ. ɹʫ ץʘʨʰʠʣʠʢ 

ʪʝʨʤʦʤʝʪʨʣʘʨʠ ʫʯʫʥ ץʫʡʠʜʘʛʠ ʙʝʣʛʠʣʘʰʣʘʨ ʢʠʨʠʪʠʣʛʘʥ: 1 ʆʤ, 5 ʆʤ, 10 ʆʤ 

(R0=53 ʆʤ ʳʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʠ ɻʨ. 23 ʜʝʙ ʙʝʣʛʠʣʘʥʛʘʥ). 

ʇʣʘʪʠʥʘ ð ץʠʤʤʘʪʙʘ״ʦ ʤʘʪʝʨʠʘʣ. ʂʠʤʸʚʠʡ ʞʠ״ʘʪʜʘʥ ʠʥʝʨʪ ʚʘ ʩʦʬ ״ʦʣʜʘ 

ʦʩʦʥʣʠʢ ʙʠʣʘʥ ʦʣʠʥʘʜʠ. ʇʣʘʪʠʥʘʜʘʥ ʪʘʡʸʨʣʘʥʛʘʥ ץʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠð

260 ʜʘʥ +1100Áʉ ʛʘʯʘ ״ʘʨʦʨʘʪʣʘʨʥʠ ˄ʣʯʘʰ ʫʯʫʥ ץ˄ʣʣʘʥʠʣʘʜʠ. ʇʣʘʪʠʥʘ 
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ʣʘʥʠʰʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʠʙ,ðסʣʠʛʠ ʤʫʨʘʢʢʘʙ ʙʦץʣʠסʘʨʦʨʘʪʛʘ ʙʦ״ ʘʨʰʠʣʠʛʠʥʠʥʛץ

183 ʜʘʥ 0Áʉ ʛʘʯʘ ״ʘʨʦʨʘʪ ʦʨʘʣʠסʠʜʘ ץʫʡʠʜʘʛʠʯʘ ʸʟʠʣʠʰʠ ʤʫʤʢʠʥ: 

Rt=R0[1+At+Bt
2
+Ct

3
(t-100)]      (2.50) 

0 ʜʘʥ  + 630Áʉ ʛʘʯʘ ʦʨʘʣʠʢʜʘ ʵʩʘ, ץʫʡʠʜʘʛʠʯʘ  ʠʬʦʜʘʣʘʥʘʜʠ: 

Rt=R0(1+At+Bt
2
)                        (2.51) 

ʙʫ ʝʨʜʘ, Rt ʚʘ R0 ð ʤʦʩ ʨʘʚʠʰʜʘ t ʚʘ 0Áʉ ϲʘʨʦʨʘʪʣʘʨʜʘ ʧʣʘʪʠʥʘ ʢʘʨʰʠʣʠʛʠ; ɸ, ɺ, ʉ ð 

˄ʟʛʘʨʤʘʩ ʢʦʵʬʬʠʮʠʝʥʪʣʘʨ ʙ˄ʣʠʙ, ʫʣʘʨʥʠʥʛ Ϩʠʡʤʘʪʠ ʪʝʨʤʦʤʝʪʨʥʠ ʜʘʨʘʞʘʣʘʰʜʘ ʢʠʩʣʦʨʦʜ, 

ʩʫʚ ʚʘ ʦʣʪʠʥʛʫʛʫʨʪʥʠʥʛ Ϩʘʡʥʘʰ ʥʫϨʪʘʣʘʨʠ ʙ˄ʡʠʯʘ ʘʥʠϨʣʘʥʘʜʠ. 

 

ʉʪʘʥʜʘʨʪ ץʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠʜʘ ץ˄ʣʣʘʥʠʣʘʜʠʛʘʥ ʇʃ- 2 ʤʘʨʢʘʣʠ 

ʧʣʘʪʠʥʘ ʫʯʫʥ (2.50) ʚʘ (2.51) ʪʝʥʛʣʘʤʘʣʘʨʜʘʛʠ ʢʦʵʬʬʠʮʠʝʥʪʣʘʨ ץʫʡʠʜʘʛʠ 

 :ʠʡʤʘʪʣʘʨʛʘ ʵʛʘץ

ɸ = 3,96847Ț10 
-3
 1/Áʉ; ɺ = ð 5,847Ț10

-7
 1/

0
ʉ; ʉ = ð 4,22Ț10

-12
1/Áʉ. 

ʊʝʭʥʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠ ʪʘʡʸʨʣʘʰʜʘ ʠʰʣʘʪʠʣʘʜʠʛʘʥ ʇʃ-2 ʤʘʨʢʘʣʠ 

ʧʣʘʪʠʥʘ ʫʯʫʥ R100/R0 = 1,391 

0Áʉ ʜʘ ʧʣʘʪʠʥʘʣʠ ץʘʨʰʠʣʢʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠ ץʫʡʠʜʘʛʠ ץʘʨʰʠʣʠʢʣʘʨʛʘ ʵʛʘ 

ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ: 1, 5, 10, 50, 100 ʚʘ 500 ʆʤ (ʘʤʘʣʜʘ R0 = 46 ʆʤ ʣʠ ʪʝʨʤʦʤʝʪʨ 

ʠʰʣʘʪʠʣʘʜʠ). ɹʫ ץʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠ ʫʯʫʥ ˄ʟʛʘʨʠʰʥʠʥʛ ʥʦʤʠʥʘʣ 

ʩʪʘʪʠʩʪʠʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʩʠʛʘ ץʫʡʠʜʘʛʠ ʙʝʣʛʠʣʘʰʣʘʨ ʢʠʨʠʪʠʣʛʘʥ: 1ʇ, 5ʇ, 10ʇ, 

50ʇ, 100ʇ ʚʘ 500ʇ (R0==46 ʆʤ ץʘʨʰʠʣʠʢʣʠ ʪʝʨʤʦʤʝʪʨ ɻʨ. 21 ʜʝʙ ʙʝʣʛʠʣʘʥʛʘʥ). 

ʇʣʘʪʠʥʘʥʠʥʛ ʢʘʤʯʠʣʠʢʣʘʨʠʜʘʥ ʙʠʨʠ ʫʥʠʥʛ ʪʠʢʣʦʚʯʠ ʤʫ״ʠʪʜʘ ʤʝʪʘʣʣ 

ʙʫסʣʘʨʠ, ʫʛʣʝʨʦʜ ʦʢʩʠʜʠ ʚʘ ʙʦʰץʘ ʤʦʜʜʘʣʘʨ ʙʠʣʘʥ ʠʬʣʦʩʣʘʥʠʰʠʜʠʨ. ɹʫ 

ʘʡʥʠץʩʘ ʶץʦʨʠ ״ʘʨʦʨʘʪʣʘʨʜʘ ʥʘʤʦʸʥ ʙ˄ʣʘʜʠ. 

ʅʠʢʝʣʣʠ ʚʘ ʪʝʤʠʨʣʠ ץʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠ ð60 ʜʘʥ + 180Áʉ ʛʘʯʘ 

 ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠץ ʠʜʘ ʠʰʣʘʡʜʠ. ʅʠʢʝʣʴ ʚʘ ʪʝʤʠʨסʘʨʦʨʘʪʣʘʨ ʦʨʘʣʠ״

ʢʘʪʪʘ ״ʘʨʦʨʘʪ   ʢʦʵʬʬʠʮʠʝʥʪʠʛʘ ʵʛʘ: 

aN1=(6,21-6,34)Ț10
-3
K

-1
 

aFe=(6,25-6,57)Ț10
-3
K

-1 

ʚʘ ʩʦʣʠʰʪʠʨʤʘ ץʘʨʰʠʣʠʛʠ ʢʘʪʪʘ: 

ŭN1=1,18-1,38Ț10
-7
ʆʤȚʤ; 



 82 

ŭFe=0,55-0,61Ț10
-7
ʆʄȚʤ. 

 

ɸʤʤʦ ʙʫ ʤʝʪʘʣʣʘʨ ץʫʡʠʜʘʛʠ ʢʘʤʯʠʣʠʢʣʘʨʛʘ ʵʛʘ: 

ʫʣʘʨʥʠ ʩʦʬ ʭʦʣʜʘ ʦʣʠʰ ץʠʡʠʥ, ʙʫ ʵʩʘ ʙʠʨ-ʙʠʨʠʥʠ 

ʘʣʤʘʰʪʠʨʘ ʦʣʘʜʠʛʘʥ ץʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠ 

ʪʘʡʸʨʣʘʰʜʘ ץʠʡʠʥʯʠʣʠʢ ʪʫסʜʠʨʘʜʠ; ʪʝʤʠʨ ʚʘ, 

ʘʡʥʠץʩʘ, ʥʠʢʝʣʴ ץʘʨʰʠʣʠʛʠʥʠʥʛ ״ʘʨʦʨʘʪʛʘ 

ʙʦסʣʠץʣʠʛʠ ʦʜʜʠʡ ʵʤʧʠʨʠʢ ʪʝʥʛʣʘʤʘʣʘʨ ʙʠʣʘʥ 

ʠʬʦʜʘʣʘʥʘʜʠʛʘʥ ʵʛʨʠ ʯʠʟʠץʣʘʨʜʘʥ ʠʙʦʨʘʪ ʵʤʘʩ; 

ʥʠʢʝʣʴ ʚʘ, ʘʡʥʠץʩʘ, ʪʝʤʠʨ ʥʠʩʙʘʪʘʥ ʧʘʩʪ 

 ʘʨʰʠʣʠʢץ ʘʤ ʦʩʦʥʛʠʥʘ ʦʢʩʠʜʣʘʠʘʜʠ. ɹʫ ʢʘʤʯʠʣʠʢʣʘʨ״ ʘʨʦʨʘʪʣʘʨʜʘ״

ʪʝʨʤʦʤʝʪʨʣʘʨʠʥʠ ʪʘʡʸʨʣʘʰʜʘ ʥʠʢʝʣʴ ʚʘ ʪʝʤʠʨ ץ˄ʣʣʘʰʥʠ ʯʝʢʣʘʙ ץ˄ʷʜʠ. 

2.13-ʨʘʩʤʜʘ ʶץʦʨʠʜʘ ʢ˄ʨʠʣʛʘʥ ʩʦʣʠʰʪʠʨʤʘ ʵʣʝʢʪʨ ץʘʨʰʠʣʠʢʥʠʥʛ 

ʤʝʪʘʣʣʘʨ ״ʘʨʦʨʘʪʛʘ ʙʦסʣʘʥʠʰʠ ʙʝʨʠʣʛʘʥ. 

 ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠʥʠ (ʪʝʨʤʠʩʪʦʨʣʘʨʥʠ) ʪʘʡʸʨʣʘʰ ʫʯʫʥ ʷʨʠʤפ

˄ʪʢʘʟʛʠʯʣʘʨ (ʙʘʲʟʠ ʤʝʪʘʣʣʘʨʥʠʥʛ ʦʢʩʠʜʣʘʨʠ) ʭʘʤ                  

ʠʰʣʘʪʠʣʘʜʠ. ʗʨʠʤ ˄ʪʢʘʟʛʠʯʣʘʨʥʠʥʛ ʤʫ״ʠʤ ʘʬʟʘʣʣʠʛʠ  

ʫʣʘʨʥʠʥʛ            

                                          .ʘʨʦʨʘʪ ʢʦʵʬʬʠʮʠʝʥʪʠʥʠʥʛ ʢʘʪʪʘʣʠʛʠʜʠʨ״

ʊʝʨʤʦץʘʨʰʠʣʠʢʣʘʨ ʪʘʡʸʨʣʘʰʜʘ ʪʠʪʘʥ, ʤʘʛʥʠʡ, ʪʝʤʠʨ, 

ʤʘʨʛʘʥʝʮ, ʢʦʙʘʣʴʪ, ʥʠʢʝʣʴ, ʤʠʩ ʦʢʩʠʜʣʘʨʠ ʸʢʠ ʙʘʲʟʠ 

ʤʝʪʘʣʣʘʨʥʠʥʛ (ʤʘʩʘʣʘʠ, ʛʝʨʤʘʥʠʡ) ʢʨʠʩʪʘʣʣʘʨʠ ʪʫʨʣʠ 

ʘʨʘʣʘʰʤʘʣʘʨ ʙʠʣʘʥ ʙʠʨʛʘʣʠʢʜʘ ץ˄ʣʣʘʥʘʜʠ. 

ʗʨʠʤ ˄ʪʢʘʟʛʠʯ ʪʝʨʤʦʤʝʪʨ ץʘʨʰʠʣʠʛʠ (ʪʝʨʤʦʨʝʟʠʩʪʦʨ 

 ʫʡʠʜʘʛʠʯʘץ  ʣʘʥʠʰסʘʨʦʨʘʪ ʦʨʘʩʠʜʘʛʠ ʙʦ״ ʘʨʰʠʣʠʛʠ) ʙʠʣʘʥץ

ʠʬʦʜʘʣʘʥʠʰʠ ʤʫʤʢʠʥ: 
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R0 ץʠʡʤʘʪ ʊ0 ״ʘʨʦʨʘʪʜʘ ʪʝʨʤʦʤʝʪʨ ץʘʨʰʠʣʠʛʠ ʙʠʣʘʥ 

ʘʥʠץʣʘʥʘʜʠ, ɺ ץʠʡʤʘʪ ʵʩʘ, ʪʝʨʤʦʤʝʪʨ ʪʘʡʸʨʣʘʥʘʜʠʛʘʥ ʷʨʠʤ 
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2.13 ï ʨʘʩʤ. ɹʘʲʟʠ 

ʤʝʪʘʣʣʘʨ ʩʦʣʠʰʪʠʨʤʘ 

 ʘʨʰʠʣʠʛʠʥʠʥʛץ

ʪʝʤʧʝʨʘʪʫʨʘʛʘ 

ʙʦסʣʠץʣʠʛʠ 
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2.14 ï ʨʘʩʤ. 

ʇʣʘʪʠʥʘʣʠ 

 ʘʨʰʠʣʠʢץ

ʪʝʨʤʦʤʝʪʨʠʥʠʥʛ 

ʩʝʟʛʠʨ ʵʣʝʤʝʥʪʠ 
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˄ʪʢʘʟʛʠʯ ʤʘʪʝʨʠʘʣʠʛʘ ʙʦסʣʠʢ. 

1,5 
0
ʂ ʚʘ ʫʥʜʘʥ ʶץʦʨʠ ״ʘʨʦʨʘʪʣʘʨʥʠ ˄ʣʯʘʰ ʫʯʫʥ ʛʝʨʤʘʥʠʡʣʠ 

ʪʝʨʤʦʨʝʟʠʩʪʦʨʣʘʨ ʘʡʥʠץʩʘ ʢʝʥʛ ʪʘʨץʘʣʛʘʥ. 

-100 ʜʘʥ +300Áʉʛʘʯʘ ״ʘʨʦʨʘʪʣʘʨʥʠ ˄ʣʯʘʰ ʫʯʫʥ ʦʢʩʠʜʣʘʥʫʚʯʠ ʷʨʠʤ 

˄ʪʢʘʟʛʠʯ ʤʘʪʝʨʠʘʣʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. ʗʨʠʤ ˄ʪʢʘʟʛʠʯʣʠ ʪʝʨʤʦʨʝʟʠʩʪʦʨʥʠʥʛ 

˄ʟʛʘʨʠʰ ʢʦʵʬʬʠʮʠʝʥʪʣʘʨʠ ʤʝʪʘʣʣ ʩʠʤʜʘʥ ץʠʣʠʥʛʘʥ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪʣʠ 

 ɸʤʤʦ .ץʘʨʘʛʘʥʜʘ ʙʠʨ ʥʝʯʘ ʪʘʨʪʠʙʛʘ ʦʨʪʠץ ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠʥʠʢʠʛʘץ

ʠʥʜʠʚʠʜʫʘʣ ʜʘʨʘʞʘʣʘʰ ʟʘʨʫʨʘʪʠ ״ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰʜʘ ʷʨʠʤ ˄ʪʢʘʟʛʠʯʣʠ 

ʪʝʨʤʦʨʝʟʠʩʪʦʨʣʘʨʥʠ ʢʝʥʛ ץ˄ʣʣʘʥʠʰ ʠʤʢʦʥʠʥʠ ʯʝʢʣʘʙ ץ˄ʷʜʠ. 

 ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰʜʘ ʄʄʊ-1, ʄʄʊ-4, ʄʄʊ-6, ʂʄʊ-1, ʂʄʊ-4 ʪʫʨʜʘʛʠ׳

ʪʝʨʤʦץʘʨʰʠʣʠʢʣʘʨ ʠʰʣʘʪʠʣʘʜʠ. 

ʗʨʠʤ ˄ʪʢʘʟʛʠʯʣʠ ʪʝʨʤʦʨʝʟʠʩʪʦʨʣʘʨ ʢ˄ʧʨʦץ ʪʝʨʤʦʩʠʛʥʘʣʠʟʘʮʠʷ ʚʘ 

ʘʚʪʦʤʘʪʠʢ ״ʠʤʦʷ ץʫʨʠʣʤʘʣʘʨʠʜʘ ץ˄ʣʣʘʥʘʜʠ. 

 ʠʤʦʷ״ ʠץʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠ ʪʝʨʤʦʵʣʝʤʝʥʪ (ʩʝʟʛʠʨ ʵʣʝʤʝʥʪ) ʚʘ ʪʘʰפ

 .ʠʜʘʥ ʪʫʟʠʣʛʘʥסʦʙʠץ

ʄʝʪʘʣʣ ץʘʨʰʠʣʠʢʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪʠ, ʦʜʘʪʜʘ, ʰʠʰʘ, 

ʢʚʘʨʮ, ʢʝʨʘʤʠʢʘ, ʩʣʶʜʘ ʸʢʠ ʧʣʘʩʪʤʘʩʩʘʜʘʥ ץʠʣʠʥʛʘʥ ʢʘʨʢʘʩʛʘ ˄ʨʘʣʛʘʥ ʩʠʤ ʸʢʠ 

ʣʝʥʪʘʜʘʥ ʠʙʦʨʘʪ. 

ʉʝʟʛʠʨ ʵʣʝʤʝʥʪʣʠ ʪʝʨʤʦʤʝʪʨ ʫʯʠʥʠʥʛ ץʠʩץʠʯʣʘʨʠʛʘ ˄ʣʯʦʚ ʘʩʙʦʙʠʛʘ 

ʙʦʨʘʜʠʛʘʥ ʩʠʤʣʘʨ ʫʣʘʥʛʘʥ. 

ʇʣʘʪʠʥʘʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪʠ ʠʢʢʠʪʘ ʸʢʠ ʪ˄ʨʪʪʘ ʢʝʨʘʤʠʢ 

ʢʘʨʢʘʩ 1 ʥʠʥʛ ʢʘʧʠʣʣʷʨ ʢʘʥʘʣʣʘʨʠʜʘ ʞʦʡʣʘʰʛʘʥ ʢʝʪʤʘ-ʢʝʪ ʫʣʘʥʛʘʥ ʩʧʠʨʘʣʣʘʨ 2 

ʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ (2.14-ʨʘʩʤ). ʂʘʨʢʘʩ ʢʘʥʘʣʣʘʨʠ ʢʝʨʘʤʠʢ ʢʫʢʫʥ 3 ʙʠʣʘʥ 

ʪ˄ʣʜʠʨʠʣʘʜʠ, ʙʫ ʢʫʢʫʥ ʠʟʦʣʷʪʦʨ ʙ˄ʣʠʙ ʭʠʟʤʘʪ ץʠʣʘʜʠ ʚʘ ʩʧʠʨʘʣʥʠʥʛ ʧʨʫʞʠʥʘʛʘ 

˄ʭʰʘʰ ʵʛʠʣʫʚʯʘʥʣʠʛʠʥʠ ʪʘʲʤʠʥʣʘʡʜʠ. ʉʧʠʨʘʣ ʫʯʣʘʨʠʛʘ ʧʣʘʪʠʥʘʣʠ ʸʢʠ ʠʨʠʜʠʡ-

ʨʦʜʠʡʣʠ (60% ʨʦʜʠʡʣʠ) ʩʠʤʜʘʥ ץʠʣʠʥʛʘʥ ץʫʣʦץʯʘʣʘʨ 4 ʢʘʚʰʘʨʣʘʥʛʘʥ. ʂʝʨʘʤʠʢ 

ʢʘʨʢʘʩʜʘ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪ  

ʤʘʭʩʫʩ ʛʣʘʟʫʨʴ (ʸʢʠ ʪʝʨʤʦʮʝʤʝʥʪ) 5 ʙʠʣʘʥ ʛʝʨʤʝʪʠʟʘʮʠʷʣʘʥʘʜʠ. ʂʘʨʢʘʩ  

ʢʘʥʘʣʠʥʠʥʛ ʩʧʠʨʘʣʣʘʨʠ ʚʘ ʜʝʚʦʨʯʘʣʘʨʠ ʦʨʘʩʠʜʘʛʠ ʙ˄ʰʣʠץ ʘʣʶʤʠʥʠʡ  

ʦʢʩʠʜʠ ʢʫʢʫʥʠ ʙʠʣʘʥ ʪ˄ʣʜʠʨʠʣʛʘʥ, ʫ ʠʟʦʣʷʪʦʨ ʙ˄ʣʠʙ ʭʠʟʤʘʪ ץʠʣʘʜʠ ״ʘʤʜʘ  
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             ʩʧʠʨʘʣʣʘʨ ʚʘ ʢʘʨʢʘʩ ʦʨʘʩʠʜʘ ʠʩʩʠץʣʠʢ ʢʦʥʪʘʢʪʠʥʠ ʦʰʠʨʘʜʠ. ʇʣʘʪʠʥʘʣʠ 

 ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠʥʠʥʛ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪʣʘʨʠ ʜʠʘʤʝʪʨʠ 0,04...0,07 ʤʤ ʣʠץ

ʧʣʘʪʠʥʘ ʩʠʤʜʘʥ ʪʘʡʸʨʣʘʥʘʜʠ. 

 .ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠʥʠʥʛ ʪʫʟʠʣʠʰʠ 2.15-ʨʘʩʤʜʘ ʢʝʣʪʠʨʠʣʛʘʥפ

 ʠʣʠʥʛʘʥ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪʠ ʪ˄ʨʪ ʢʘʥʘʣʣʠץ ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʠʥʠʥʛ ʩʠʤʜʘʥפ

ʢʝʨʘʤʠʢ ʢʘʨʢʘʩ 2 ʛʘ ʞʦʡʣʘʰʪʠʨʠʣʛʘʥ. ʄʝʭʘʥʠʢ ʰʠʢʘʩʪʣʘʥʠʰʜʘʥ ʚʘ 

˄ʣʯʘʥʘʸʪʛʘʥ ʸʢʠ ʘʪʨʦʬ - ʤʫ״ʠʪʥʠʥʛ ʟʘʨʘʨʣʠ ʪʘʲʩʠʨʠʜʘʥ 

ʩʘץʣʘʥʠʰ ʫʯʫʥ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪ ״ʠʤʦʷ ץʦʙʠסʠ 3 ʛʘ 

ʞʦʡʣʘʰʪʠʨʠʣʛʘʥ. ʋ ʢʝʨʘʤʠʢ ʚʪʫʣʢʘ 4 ʙʠʣʘʥ 

ʟʠʯʣʘʰʪʠʨʠʣʛʘʥ. ʉʝʟʛʠʨ ʵʣʝʤʝʥʪʥʠʥʛ ʢʫʣʦץʯʘʣʘʨʠ 5 

ʠʟʦʣʷʮʠʦʥ ʢʝʨʘʤʠʢ ʥʘʡʯʘ 6 ʦʨץʘʣʠ ˄ʪʘʜʠ. 

ʐʫʣʘʨʥʠʥʛ ״ʘʤʤʘʩʠ ˄ʣʯʘʰ ʦʙʲʝʢʪʠʜʘ ʨʝʟʴʙʘʣʠ 

ʰʪʫʮʝʨ 8 ʸʨʜʘʤʠʜʘ ˄ʨʥʘʪʠʣʛʘʥ ״ʠʤʦʷ סʠʣʦʬʠ 7 ʜʘ 

ʞʦʡʣʘʰʛʘʥ. ׳ʠʤʦʷ סʠʣʦʬʠʥʠʥʛ ʫʯʠʜʘ ʪʝʨʤʦʤʝʪʨʥʠʥʛ 

ʫʣʘʡʜʠʛʘʥ ʫʯʠ 9 ʞʦʡʣʘʰʛʘʥ. ʋʯʠʜʘ ʪʝʨʤʦʤʝʪʨ 

 ʢʘʤʣʘʰ ʚʘ ʩʠʤʣʘʨʥʠ ʫʣʘʰ ʫʯʫʥ ʚʠʥʪʣʘʨ״ʯʘʣʘʨʠʥʠ ʤʘץʫʣʦץ

11 ʙ˄ʣʛʘʥ ʠʟʦʣʷʮʠʦʥ ʢʦʣʦʜʢʘ ʞʦʡʣʘʰʛʘʥ. ʋʯʠ ץʦʧץʦץ 

ʙʠʣʘʥ ʸʧʠʣʘʜʠ. ʉʠʤʣʘʨ ʰʪʫʮʝʨ ʦʨץʘʣʠ ʯʠץʘʨʠʣʘʜʠ. ʊʘʰץʠ 

ʵʣʝʢʪʨ ʚʘ ʤʘʛʥʠʪ ʤʘʡʜʦʥʣʘʨʠ ʪʘʲʩʠʨʠʥʠ ʢʘʤʘʡʪʠʨʠʰ ʫʯʫʥ 

 ʠʣʠʙץ ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠʥʠʥʛ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪʣʘʨʠ ʠʥʜʫʢʪʠʚʩʠʟ ˄ʨʘʤʣʠץ

ʷʩʘʣʘʜʠ. 

 ʘʨʰʠʣʠʢʥʠ ˄ʣʯʘʰ ʫʯʫʥ ʪʝʨʤʦʤʝʪʨ ʙ˄ʡʣʘʙ ʪʦʢ ˄ʪʠʰʠ ʣʦʟʠʤ. ɹʫʥʜʘפ

ɾʦʫʣʴ ð ʃʝʥʮ ץʦʥʫʥʠʛʘ ʢ˄ʨʘ ʠʩʩʠץʣʠʢ ʘʞʨʘʣʠʙ, ʫ ʪʝʨʤʦʤʝʪʨʥʠ ˄ʣʯʘʥʘʸʪʛʘʥ 

ʤʫ״ʠʪ ״ʘʨʦʨʘʪʠʛʘ ץʘʨʘʛʘʥʜʘ ʶץʦʨʠʨʦ״ ץʘʨʦʨʘʪʛʘʯʘ ץʠʟʜʠʨʘʜʠ. ʅʘʪʠʞʘʜʘ ʫʥʠʥʛ 

 .ʘʨʰʠʣʠʛʠ ʪʝʛʠʰʣʠʯʘ ˄ʟʛʘʨʘʜʠץ

ʉʘʥʦʘʪ ʰʘʨʦʠʪʣʘʨʠʜʘ ˄ʣʯʘʰ ʪʦʢʠ ʰʫʥʜʘʡ ״ʠʩʦʙʣʘʥʘʜʠʢʠ, ʥʘʪʠʞʘʜʘ ˄ʟ-

˄ʟʠʥʠ ץʠʟʜʠʨʠʰ ״ʠʩʦʙʠʛʘ ʶʟ ʙʝʨʘʜʠʛʘʥ ʭʘʪʦʣʠʢ 0Áʉ ʜʘʛʠ ʪʝʨʤʦʤʝʪʨ 

 ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠʥʠʥʛפ .ʙ˄ʣʤʘʡʜʠ ץʘʨʰʠʣʠʛʠ 0,1% R0 ʜʘʥ ʦʨʪʠץ

ʢʘʤʯʠʣʠʛʠ ð ץ˄ʰʠʤʯʘ ʪʦʢ ʤʘʥʙʘʠʥʠʥʛ ʟʘʨʫʨʣʠʛʠʜʠʨ. 

ʊʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʚʘ ʙʦʰץʘ ץʘʨʰʠʣʠʢ ˄ʟʛʘʨʪʠʨʫʚʯʠʣʘʨʥʠʥʛ            
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2.15 ï ʨʘʩʤ. 

 ʘʨʰʠʣʠʢפ

ʪʝʨʤʦʤʝʪʨʠʥ

ʠʛ ʪʫʟʠʣʠʰʠ 
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 ʘʨʰʠʣʠʢʣʘʨʠʥʠ ˄ʣʯʘʰ ʫʯʫʥ: ʣʦʛʦʤʝʪʨʣʘʨ, ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʛʘʥ ʚʘץ

ʤʫʚʦʟʘʥʘʪʣʘʰʤʘʛʘʥ ʢ˄ʧʨʠʢ ʩʭʝʤʘʣʘʨʠ, ʢʦʤʧʝʥʩʘʮʠʦʥ ʫʩʫʣ ʚʘ 

ʪʝʨʤʦץʘʨʰʠʣʠʢʥʠʥʛ ʤʝʲʸʨʣʦʚʯʠ ˄ʟʛʘʨʪʢʠʯʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. 

ʃʦʛʦʤʝʪʨʣʘʨ 

ʃʦʛʦʤʝʪʨ, ʢ˄ʧʠʥʯʘ, ʪʝʭʥʠʢ ץʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠ ʙʠʣʘʥ ʙʠʨʛʘʣʠʢʜʘ 

 ʣʣʘʥʘʜʠ. ʃʦʛʦʤʝʪʨʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ʠʢʢʠ˄ץ ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰ ʫʯʫʥ״

ʵʣʝʢʪʨ ʟʘʥʞʠʨʠʜʘʛʠ ʪʦʢʣʘʨ ʥʠʩʙʘʪʠʥʠ ˄ʣʯʘʰʛʘ ʘʩʦʩʣʘʥʛʘʥ. ɿʘʥʞʠʨʣʘʨʜʘʥ 

ʙʠʨʠʛʘ ץʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʠ, ʠʢʢʠʥʯʠʩʠʛʘ ʵʩʘ ˄ʟʛʘʨʤʘʩ ץʘʨʰʠʣʠʢ ʫʣʘʥʛʘʥ. 

2.16-ʨʘʩʤʜʘ ʣʦʛʦʤʝʪʨʥʠʥʛ ʩʭʝʤʘʩʠ ʢʝʣʪʠʨʠʣʛʘʥ. ʋ ˄ʟʘʨʦ ʚʘ ʩʪʨʝʣʢʘ 3 ʙʠʣʘʥ 

ʙʠʢʨ ץʠʣʠʙ ʤʘʭʢʘʤʣʘʥʛʘʥ ʠʢʢʠʪʘ ʨʘʤʘʯʘʣʘʨ 1 ʚʘ 

2ʜʘʥ ʠʙʦʨʘʪ. ɹʫ ʨʘʤʘʯʘʣʘʨ ʵʩʘ ʜʦʠʤʠʡ ʤʘʛʥʠʪ ץʫʪʙ 

ʫʯʣʠʢʣʘʨʠ 4 ʚʘ 5 ʙʠʣʘʥ ˄ʟʘʢ ʦʨʘʩʠʜʘʛʠ ״ʘʚʦ 

ʪʠʨץʠʰʠʜʘ ʞʦʡʣʘʰʪʠʨʠʣʛʘʥ. ɹʫ ʪʠʨץʠʰ ʙʠʨ ʪʝʢʠʩ 

 ʠʣʠʥʤʘʛʘʥ, ʰʫʥʠʥʛ ʫʯʫʥ, ʤʘʛʥʠʪ ʠʥʜʫʢʮʠʷʩʠץ

 ʪʘʣʘʨʠʜʘ (ʨʘʤʘʯʘʣʘʨ ʚʘץʠʡʤʘʪʣʘʨʠ ʫʥʠʥʛ ʪʫʨʣʠ ʥʫץ

ʩʪʨʝʣʢʘʥʠʥʛ ʙʫʨʠʣʠʰ ʙʫʨʯʘʢʣʘʨʠ ʪʫʨʣʠʯʘ 

ʙ˄ʣʛʘʥʜʘ) ʪʫʨʣʠʯʘ ʙ˄ʣʘʜʠ. ʄʘʨʢʘʟʜʘʥ ץʫʪʙ 

ʫʯʣʠʢʣʘʨʠ ʯʝʪʣʘʨʠʛʘ ץʘʨʘʙ ״ʘʚʦ ʪʠʨץʠʰʠ ʢʘʤʘʷʜʠ 

ʚʘ ʤʦʩ ʨʘʚʠʰʜʘ ʤʘʨʢʘʟʜʘʥ ץʫʪʙ ʫʯʣʠʢʣʘʨʠ 

ʯʝʪʣʘʨʠʛʘ ץʘʨʘʙ ʪʠʨץʠʰʜʘ ʤʘʛʥʠʪ ʠʥʜʫʢʮʠʷʩʠ 

˄ʩʘʜʠ. ʃʦʛʦʤʝʪʨʥʠʥʛ ʠʢʢʘʣʘ ʨʘʤʢʘʩʠ ʙʠʪʪʘ ˄ʟʛʘʨʤʘʩ 

ʪʦʢ ʤʘʥʙʘʠ ɽ ʜʘʥ ʪʘʲʤʠʥʣʘʥʘʜʠ, ʫʣʘʨ ʘʡʣʘʥʪʠʨʫʚʯʠ 

ʤʦʤʝʥʪʣʘʨʠ ʙʠʨ-ʙʠʨʠʛʘ ʢʘʨʰʠ ʡ˄ʥʘʣʘʜʠʛʘʥ ץʠʣʠʙ ʫʣʘʥʛʘʥ. ɸʡʣʘʥʪʠʨʫʚʯʠ 

ʤʦʤʝʥʪʣʘʨ ʄ1 ʚʘ ʄ2 ʥʠʥʛ ץʠʡʤʘʪʠ ʤʦʩ ʨʘʚʠʰʜʘ ץʫʡʠʜʘʛʠʛʘ ʪʝʥʛ: 

ʄ1=ʉ1ɺ111                      (2.53) 

ʄ2=ʉ2ɺ212               (2.54) 

ʙʫ ʝʨʜʘ, ʉ1 ʚʘ ʉ2 ð ʨʘʤʘʯʘʣʘʨʥʠʥʛ ʛʝʦʤʝʪʨʠʢ ˄ʣʯʘʤʣʘʨʠ ʚʘ ʫʣʘʨʜʘʛʠ ʩʠʤ ʫʨʘʤʣʘʨʠ 

ʩʦʥʠ ʙʠʣʘʥ ʘʥʠϨʣʘʥʘʜʠʛʘʥ ˄ʟʛʘʨʤʘʩ ʢʦʵʬʬʠʮʠʝʥʪʣʘʨ; ɺ1 ʚʘ ɺ2 ð ʨʘʤʘʯʘʣʘʨ ʞʦʡʣʘʰʛʘʥ 

ʞʦʡʜʘʛʠ ʤʘʛʥʠʪ ʠʥʜʫʢʮʠʷʣʘʨʠ; 11 ʚʘ 12 ð ʨʘʤʘʯʘʣʘʨʜʘʥ ʪ˄ʘʸʪʛʘʥ ʪʦʢ ʢʫʯʣʘʨʠ. 
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2.16 ï ʨʘʩʤ. 

ʃʦʛʦʤʝʪʨʥʠʥʛ 

     ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ 
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ʈʘʤʘʯʘʣʘʨ ץʘʨʰʠʣʠʛʠ ʪʝʥʛ, ʷʲʥʠ R1 = R2 ʚʘ R= Rt ʙ˄ʣʩʘ, I1= I2 ʚʘ ʄ1=ʄ2 

ʙ˄ʣʠʙ, ʢ˄ʟסʘʣʫʚʯʠ ʪʠʟʠʤ ʤʫʚʦʟʘʥʘʪ ״ʦʣʘʪʜʘ ʙ˄ʣʘʜʠ. ɸʛʘʨ ʪʝʨʤʦʤʝʪʨ ʢʘʨʰʠʣʠʛʠ 

˄ʟʛʘʨʩʘ, ʨʘʤʘʯʘʣʘʨʜʘʥ ʙʠʨʠʜʘ ʪʦʢ ʢʫʯʘʷʜʠ, ʰʫ ʩʘʙʘʙʣʠ ʤʦʤʝʥʪʣʘʨ ʤʫʚʦʟʘʥʘʪʠ 

ʙʫʟʠʣʠʙ, ץ˄ʟסʘʣʫʚʯʘʥ ʪʠʟʠʤ ʵʩʘ ״ʘʨʘʢʘʪʛʘ ʢʝʣʘʜʠ. ʊʦʢʠ ʢʫʯʘʡʛʘʥ ʨʘʤʘʯʘ ʤʘʛʥʠʪ 

ʠʥʜʫʢʮʠʷʩʠ ʢʠʯʠʢ ʪʠʨץʠʰʛʘ ʢʠʨʘʜʠ, ʠʢʢʠʥʯʠ ʨʘʤʘʯʘ ʵʩʘ ʤʘʛʥʠʪ ʠʥʜʫʢʮʠʷʩʠ 

ʢʘʪʪʘ ʪʠʨʢʠʰʛʘ ʢʠʨʘʜʠ. ʄʘʲʣʫʤ ʙʠʨ ״ʦʣʘʪʜʘ ʨʘʤʘʯʘʣʘʨ ʤʦʤʝʥʪʠ 

ʤʫʚʦʟʘʥʘʪʣʘʰʘʜʠ, ʷʲʥʠ 

              ʉ1ɺ1I1=C2B2I2             (2.55) 

ɹʫ ʪʝʥʛʣʘʤʘʜʘʥ 
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ʢʝʣʠʙ ʯʠץʘʜʠ. 11 ʚʘ 12 ʥʠʥʛ ʪʘʲʤʠʥʣʘʰ ʤʘʥʙʘʠ ɽ ʦʨץʘʣʠ ʠʬʦʜʘʣʘʥʛʘʥ 

 :ʫʡʠʜʘʛʠ ʥʘʪʠʞʘʛʘ ʵʛʘ ʙ˄ʣʘʤʠʟץ ,ʡʩʘʢ˄ץ ʠʡʤʘʪʣʘʨʥʠץ
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B=f(ű) ʙ˄ʣʛʘʥʠ ʫʯʫʥ 
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R,R1 ʚʘ R2 ð ʜʦʠʤʠʡ ʢʘʪʪʘʣʠʢʣʘʨ ʙ˄ʣʛʘʥʠ ʫʯʫʥ ץ˄ʟסʘʣʫʚʯʘʥ ʪʠʟʠʤʥʠʥʛ 

ʙʫʨʠʣʠʰ ʙʫʨʯʘʛʠ ʪʝʨʤʦʤʝʪʨ ץʘʨʰʠʣʠʛʠ ץʠʡʤʘʪʠʛʘ ʙʦסʣʠʢ: 

ű=f(Rt)                                      (2.61) 
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ʐʫʥʜʘʡ ץʠʣʠʙ, ץ˄ʟסʘʣʫʚʯʘʥ ʪʠʟʠʤʥʠʥʛ ʙʫʨʠʣʠʰ ʙʫʨʯʘʛʠ ʸʢʠ ʄ1 ʚʘ ʄ2 

ʤʦʤʝʥʪʣʘʨ ʪʝʥʛ ʙ˄ʣʛʘʥʜʘʛʠ (ʪʠʟʠʤʥʠʥʛ ʤʫʚʦʟʘʥʘʪ ״ʦʣʘʪʠ) ʣʦʛʦʤʝʪʨ ʢ˄ʨʩʘʪʠʰʠ 

ʪʝʨʤʦʤʝʪʨ ץʘʨʰʠʣʠʛʠʛʘ ʙʦסʣʠץ ʚʘ ʪʘʲʤʠʥʣʘʰ ʢʫʯʣʘʥʠʰʠʛʘ ʙʦסʣʠץ ʵʤʘʩ. 

ʊʝʥʛʣʘʤʘʣʘʨʥʠ ʢʝʣʪʠʨʠʙ ʯʠץʘʨʠʰʜʘ ʪʘʷʥʯʣʘʨʜʘʛʠ ʠʰץʘʣʘʥʠʰ, ʠʩʩʠץʣʠʢ 

˄ʪץʘʟʫʚʯʠʣʘʨʥʠʥʛ ץʘʨʰʠʣʠʢ ʤʦʤʝʥʪʣʘʨʠ, ץ˄ʟסʘʣʫʚʯʘʥ ʪʠʟʠʤʥʠʥʛ ʠʥʝʨʮʠʷ 

ʤʦʤʝʥʪʣʘʨʠ ʚʘ ץʘʪʦʨ ʙʦʰץʘ ʦʤʠʣʣʘʨ ʵʲʪʠʙʦʨʛʘ ʦʣʠʥʤʘʜʠ. ʐʫʥʠʥʛ ʫʯʫʥ, 

ʘʤʘʣʜʘ ʣʦʛʦʤʝʪʨʥʠʥʛ ʢ˄ʨʩʘʪʠʰʠ ʙʠʣʘʥ ʪʘʲʤʠʥʣʘʰ ʢʫʯʣʘʥʠʰʠ ʦʨʘʩʠʜʘ 

 .ʣʘʥʠʰ ʙʦʨסʘʥʜʘʡʜʠʨ ʙʦץ

ʃʦʛʦʤʝʪʨʥʠʥʛ ʩʝʟʛʠʨʣʠʛʠʥʠ ʦʰʠʨʠʰ ʚʘ ״ʘʨʦʨʘʪ ʢʦʤʧʝʥʩʘʮʠʷʩʠʥʠ ʘʤʘʣʛʘ 

ʦʰʠʨʠʰ ʠʤʢʦʥʠʷʪʠ ʙ˄ʣʠʰʠ ʫʯʫʥ ʩʠʤʤʝʪʨʠʢ ʢ˄ʧʨʠʢʣʠ ˄ʣʯʘʰ ʩʭʝʤʘʩʠʛʘ ʵʛʘ 

ʙ˄ʣʛʘʥ ʣʦʛʦʤʝʪʨ ץ˄ʣʣʘʥʘʜʠ. 

ʂ˄ʯʤʘ ʘʩʙʦʙʣʘʨ ʫʯʫʥ ʣʦʛʦʤʝʪʨʣʘʨʥʥʥʛ ʘʥʠץʣʠʢ ʩʠʥʬʠ 0,2; 0,5 ʚʘ 1,0 ʥʠ, 

ʰʯʠʪʜʘ ˄ʨʥʘʪʠʣʛʘʥ ʩʪʘʮʠʦʥʘʨ (ʪʫʨסʫʥ) ʘʩʙʦʙʣʘʨ ʫʯʫʥ 0,5, 1,0, 1,5, 2,0 ʚʘ 2,5 ʥʠ 

ʪʘʰʢʠʣ ʵʪʘʜʠ. ʃʦʛʦʤʝʪʨʣʘʨ ʢ˄ʨʩʘʪʫʚʯʠ, ˄ʟʠ ʸʟʘʨ, ʰʫʥʠʥʛʜʝʢ, ʩʠʛʥʘʣ ʙʝʨʠʰ ʚʘ 

ʨʦʩʪʣʘʰ ʫʯʫʥ ץ˄ʰʠʤʯʘ ץʫʨʠʣʤʘʣʘʨʠ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ. 

 ʘʨʰʠʣʠʢʣʘʨ ˄ʣʯʘʰʥʠʥʛ ʢ˄ʧʨʠʢ ʩʭʝʤʘʩʠפ

ʊʝʨʤʦʤʝʪʨʣʘʨ ץʘʨʰʠʣʠʛʠʥʠ ˄ʣʯʘʰ ʫʯʫʥ ʵʣʝʢʪʨʦʪʝʭʥʠʢʘʜʘ 

ʬʦʡʜʘʣʘʥʠʣʘʜʠʛʘʥ ʦʜʘʪʜʘʛʠ ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʛʘʥ ʚʘ 

ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʤʘʛʘʥ ʢ˄ʧʨʠʢ ʩʭʝʤʘʣʘʨʠʥʠ ץ˄ʣʣʘʰ ʤʫʤʢʠʥ. 

ʄʫʚʦʟʘʥʘʪ ʢ˄ʧʨʠʢʣʘʨʠ ʠʢʢʠ ʭʠʣ: ʣʘʙʦʨʘʪʦʨʠʷʜʘ (ʥʦʘʚʪʦʤʘʪʠʢ) ʚʘ 

ʩʘʥʦʘʪʜʘ ʠʰʣʘʪʠʣʘʜʠʛʘʥ (ʘʚʪʦʤʘʪʠʢ) ʙ˄ʣʘʜʠ. ʗʨʠʤ ˄ʪʢʘʟʛʠʯʣʠ 

ʪʝʨʤʦץʘʨʰʠʣʠʢʣʘʨʥʠʥʛ ˄ʣʯʦʚ ʘʩʙʦʙʠ ʩʠʬʘʪʠʜʘ ʵʩʘ, 

ʦʜʘʪʜʘ, ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʤʘʛʘʥ ʢ˄ʧʨʠʢʣʘʨ ʭʠʟʤʘʪ 

  .ʠʣʘʜʠץ

2.17 - ʨʘʩʤʜʘ ʢʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʠ 

ʫʣʘʥʘʜʠʛʘʥ, ˄ʟʛʘʨʤʘʩ ʪʦʢʜʘ ʠʰʣʘʡʜʠʛʘʥ 

ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʛʘʥ ʢ˄ʧʨʠʢʥʠʥʛ ʧʨʠʥʮʠʧʠʘʣ 

ʩʭʝʤʘʩʠ ʢʝʣʪʠʨʠʣʛʘʥ. ʂ˄ʧʨʠʢ ʠʢʢʠʪʘ ʜʦʠʤʠʡ 

ʢʘʨʰʠʣʠʢʣʘʨ (ʨʝʟʠʩʪʦʨʣʘʨ) R1 ʚʘ R2, ʨʝʦʭʦʨʜ Rp, 

 ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʠ Rt ʚʘ ʫʣʘʡʜʠʛʘʥ ʩʠʤʣʘʨʥʠʥʛץ
2.17ïʨʘʩʤ. 

ʄʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʛ

ʘʥ r˄ʧʨʠʢʥʠʥʛ 

ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ. 
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ʢʘʨʰʠʣʠʢʣʘʨʠ Rʩʠʤ ʜʘʥ ʠʙʦʨʘʪ. ʂ˄ʧʨʠʢʥʠʥʛ ʙʠʨ ʜʠʘʛʦʥʘʣʠʛʘ ɽ ˄ʟʛʘʨʤʘʩ ʪʦʢ 

ʤʘʥʙʘʠ, ʠʢʢʠʥʯʠʩʠʛʘ ʵʩʘ ʘʣʤʘʰʣʘʙ ʫʣʘʛʠʯ ʇ ʦʨץʘʣʠ ʥʦʣ ɹ ʠʥʜʠʢʘʪʦʨ ʅʇ 

ʫʣʘʥʘʜʠ. ʈʝʦʭʦʨʜ Rʨ ʥʠʥʛ ʩʠʨʧʘʥסʠʯʠ ʩʠʣʞʠʰʠ ʪʫʬʘʡʣʠ ʢ˄ʧʨʠʢʥʠʥʛ 

ʵʨʠʰʠʣʛʘʥ ʤʫʚʦʟʘʥʘʪ ״ʦʣʘʪʠʜʘ ʫʥʠʥʛ ʜʠʘʛʦʥʘʣʠʜʘʛʠ ʪʦʢ ʢʫʯʠ ʥʦʣʛʘ ʪʝʥʛ 

ʙ˄ʣʘʜʠ. ʐʫ ʧʘʡʪʜʘ ʢ˄ʧʨʠʢʥʠʥʛ b ʚʘ d ʫʯʣʘʨʠʜʘʛʠ ʧʦʪʝʥʮʠʘʣʣʘʨ ʪʝʥʛ ʙ˄ʣʘʜʠ. I 

ʤʘʥʙʘ ʪʦʢʠ ʢ˄ʧʨʠʢʥʠʥʛ ʘ ʫʯʠʜʘ ʠʢʢʠʛʘ ð 11 ʚʘ 12 ʛʘ ʙ˄ʣʠʥʘʜʠ. 

ɼʝʤʘʢ, R1 ʚʘ R2 ץʘʨʰʠʣʠʢʣʘʨ ʙʠʨ-ʙʠʨʠʛʘ ʪʝʥʛ ʙ˄ʣʛʘʥʠ ʫʯʫʥ ץʫʡʠʜʘʛʠ 

ʪʝʥʛʣʘʤʘʥʠ ʸʟʠʰ ʤʫʤʢʠʥ: 

     R1I1=R2I2                           (2.62) 

ʂ˄ʧʨʠʢʥʠʥʛ bʩ ʚʘ ʩd ʝʣʢʘʣʘʨʠʜʘʛʠ ʧʦʪʝʥʮʠʘʣʣʘʨ ״ʘʤ ʪʝʥʛ ʙ˄ʣʘʜʠ, ʷʲʥʠ 

   IPRP=I t(Rt+2Rʩʠʤ)                (2.63) 

(2.62) ʪʝʥʛʣʘʤʘʥʠ (2. 63) ʪʝʥʛʣʘʤʘʛʘ ʙ˄ʣʩʘʢ 

  
tʩʠʤtPp IRR

IR

IR

IR

)2(

2211

+
=              (2.64) 

ɸʛʘʨ I0=0,11=Ip ʚʘ I2=I t   ʙ˄ʣʩʘ, 

R1(Rt+2Rʩʠʤ)=RpR2              (2.65) 

ʩʠʤpt R
R

R
RR 2

1

2 -=                  (2.66) 

                ɸʛʘʨ ʘʪʨʦʬʜʘʛʠ ״ʘʨʦʨʘʪʥʠ ʜʦʠʤʠʡ ʜʝʙ ״ʠʩʦʙʣʘʩʘʢ,  

2Rʩʠʤ = ʩʦnst. 

ʋ ״ʦʣʜʘ (2. 66) ʪʝʥʛʣʘʤʘ ץʫʡʠʜʘʛʠ ʢ˄ʨʠʥʠʰʥʠ ʦʣʘʜʠ: 

   Rt=KȚRp-K1=f(Rp)          (2.67) 

ʐʫʥʜʘʡ ץʠʣʠʙ, Rt. ˄ʟʛʘʨʠʰʠ ʙʠʣʘʥ ʨʝʦʭʦʨʜ 

 ʘʨʰʠʣʠʛʠ Rp ˄ʟʛʘʨʪʠʨʠʙ, ʢ˄ʧʨʠʢʥʠ ʤʫʚʦʟʘʥʘʪ ʭʦʣʘʪʛʘץ

ʢʝʣʪʠʨʠʰ ʤʫʤʢʠʥ. ɶʣʯʘʥʘʸʪʛʘʥ ʤʫ״ʠʪ ״ʘʨʦʨʘʪʠʥʠʥʛ 

˄ʟʛʘʨʠʰʠ ʢʘʪʪʘ ʙ˄ʣʠʙ, Rp ʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʩʘʙʘʙʣʠ ʶʟʘʛʘ 

ʢʝʣʘʜʠʛʘʥ ʭʘʪʦʣʠʢ ʤʠʢʜʦʨʠ ʢ˄ʧʘʡʠʙ ʢʝʪʠʰ ʭʘʚʬʠ 

ʧʘʡʜʦ ʙ˄ʣʛʘʥʜʘ, ץʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʠʥʠʥʛ ʫʯ ʩʠʤʣʠ 

ʫʣʘʰ ʩʭʝʤʘʩʠ ʢ˄ʣʣʘʥʘʜʠ (2. 18-ʨʘʩʤ).  

2.18 ï  ʨʘʩʤ. ʋʯ 

ʩʠʤʣʠ ʫʣʘʰ 

ʩʭʝʤʘʩʠ. 
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ɹʫʥʜʘʡ ʫʣʘʰ ʫʩʫʣʠʜʘ ʙʠʨ ʩʠʤʥʠʥʛ ץʘʨʰʠʣʠʛʠ Rt ʢʘʨʰʠʣʠʢʢʘ, ʠʢʢʠʥʯʠ 

ʩʠʤʥʠʥʛ ʢʘʨʰʠʣʠʛʠ ʵʩʘ Rp ˄ʟʛʘʨʫʚʯʠ ץʘʨʰʠʣʠʢʢʘ ץ˄ʰʠʣʘʜʠ. ʂ˄ʧʨʠʢ 

ʤʫʚʦʟʘʥʘʪʠʥʠʥʛ ʪʝʥʛʣʘʤʘʩʠ ץʫʡʠʜʘʛʠʯʘ ʙ˄ʣʘʜʠ: 

 ,)(
1

2

R

R
RRRR ʩʠʤpcʠʠt +=+                   (2.68) 

                                           R1=R2 ʙ˄ʣʩʘ, 

R+Rʩʠʤ=Rp+Rʩʠʤ                      (2.69) 

ɹʫ ʪʝʥʛʣʘʤʘʜʘʥ ʢ˄ʨʠʥʠʙ ʪʫʨʠʙʜʠʢʠ, ʫʯ ʩʠʤʣʠ ʩʭʝʤʘʜʘ ʩʠʤʣʘʨʥʠʥʛ 

 .ʠʣʤʘʡʜʠץ ʘʨʰʠʣʠʛʠ ˄ʣʯʘʰ ʥʘʪʠʞʘʩʠʛʘ ʪʘʲʩʠʨץ

ʋʯ ʩʠʤʣʠ ʩʭʝʤʘʣʘʨʜʘ ״ʘʨ ʙʠʨ ʣʠʥʠʷʜʘʛʠ ʘʣʦ״ʠʜʘ ʤʦʩʣʘʰ ץʘʨʰʠʣʠʢʣʘʨʠ 

ʸʨʜʘʤʠʜʘ ʙʝʨʠʣʛʘʥ Rʩʠʤ ץʠʡʤʘʪʛʘʯʘ ʦʣʠʙ ʙʦʨʠʣʘʜʠ. ʄʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʛʘʥ 

ʢ˄ʧʨʠʢ ʩʭʝʤʘʣʘʨʠʥʠʥʛ ʢʘʤʯʠʣʠʛʠ (ץ˄ʣ ʤʘʥʠʧʫʣʷʮʠʷʩʠʥʠ ʙʘʞʘʨʠʰ ʟʘʨʫʨʠʷʪʠ) 

ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʤʘʛʘʥ ʢ˄ʧʨʠʢʣʘʨ ʩʭʝʤʘʩʠʜʘ ʙʘʨʪʘʨʘʬ ʵʪʠʣʛʘʥ. 

      ʄʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʤʘʛʘʥ ʢ˄ʧʨʠʢʣʘʨ ״ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰ ʫʯʫʥ ץʘʨʰʠʣʠʢ 

ʪʝʨʤʦʤʝʪʨʣʘʨʠ ʙʠʣʘʥ ʙʠʨʛʘʣʠʢʜʘ ״ʘʤ ץ˄ʣʣʘʥʠʣʘʜʠ. ɸʤʤʦ ʫʣʘʨʜʘʥ ʛʘʟ 

ʘʥʘʣʠʟʘʪʦʨʣʘʨʠʜʘ, ʢʦʥʮʝʥʪʨʘʪʦʨʤʝʨʣʘʨʜʘ ʚʘ ץʘʪʦʨ ˄ʣʯʘʰ ʚʦʩʠʪʘʣʘʨʠʜʘ ʢʝʥʛ 

ʬʦʡʜʘʣʘʥʠʣʘʜʠ. 

ʄʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʤʘʛʘʥ ʢ˄ʧʨʠʢʣʘʨ ״ʘʨʦʨʘʪʥʠ ʙʝʚʦʩʠʪʘ ˄ʣʯʘʰ 

ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. 2.19- ʨʘʩʤʜʘ ʙʫ ʢʫʧʨʠʢʥʠʥʛ ʩʭʝʤʘʩʠ ʢʝʣʪʠʨʠʣʛʘʥ: R ð 

ʨʦʩʪʣʘʰ ץʘʨʰʠʣʠʛʠ; R1,R2,R3 ð ʢ˄ʧʨʠʢʥʠʥʛ ʜʦʠʤʠʡ ץʘʨʰʠʣʠʢʣʘʨʠ; Rʤ ð 

ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ ץʘʨʰʠʣʠʛʠ; Rʥ ð ʥʘʟʦʨʘʪ ʢʘʨʰʠʣʠʛʠ; 

ʅ (ʥʘʟʦʨʘʪ) ״ʦʣʘʪʠʜʘʥ ɶ ˄ʣʯʘʰ ״ʦʣʘʪʠʛʘ ˄ʪʢʘʟʠʰ 

ʘʣʤʘʰʣʘʙ ʫʣʘʛʠʯʠ ð ʇ; Rt ð ץʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʠ; 

ʇðɶ ״ʦʣʘʪʜʘ ʪʫʨʛʘʥʠʜʘ Rt ʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʙʠʣʘʥ 

ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ ʦʨʢʘʣʠ ʪʘʲʤʠʥʣʘʰ ʢʫʯʣʘʥʠʰʠʛʘ 

ʪ˄סʨʠ ʤʫʪʘʥʦʩʠʙ ʙ˄ʣʛʘʥ ʪʦʢ ˄ʪʘʜʠ. ɼʝʤʘʢ, ʪʦʢ 

˄ʟʛʘʨʤʘʩ ʙ˄ʣʠʰʠ ʢʝʨʘʢ, ʙʫ ʚʘʟʠʬʘʥʠ ʨʦʩʪʣʘʰ 

ʢʘʨʰʠʣʠʛʠ R ʙʘʞʘʨʘʜʠ. ʊʘʲʤʠʥʣʘʰ ʢʫʯʣʘʥʠʰʠʥʠ 

ʥʘʟʦʨʘʪ ץʘʨʰʠʣʠʛʠ Rʥ ʙʘʞʘʨʘʜʠ. RH ʥʠʥʛ ץʠʡʤʘʪʠ 

ʰʫʥʜʘʡ ʪʘʥʣʘʥʠʰʠ ʢʝʨʘʢʢʠ, ʢʘʨʰʠʣʠʢ ʫʣʘʥʛʘʥʜʘ 

2.19 ï ʨʘʩʤ. 

ʄʫʚʦʟʥʘʪʣʘʰʪʠʨʠʣ- 

ʤʘʛʘʥ ʢ˄ʧʨʠʢʥʠʥʛ 

ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ 
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ʘʩʙʦʙ ʩʪʨʝʣʢʘʩʠ ʰʢʘʣʘʜʘʛʠ ץʠʟʠʣ ʯʠʟʠץʣʠ ʙʝʣʛʠʥʠ ʢ˄ʨʩʘʪʩʠʥ. 

Rt ץʘʨʰʠʣʠʢ ˄ʟʛʘʨʛʘʥʜʘ, ʘʣʤʘʰʣʘʙ ʫʣʘʛʠʯ ɶ ʚʘʟʠʷʪʜʘ ʪʫʨʛʘʥʠʜʘ, 

ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ ʦʨץʘʣʠ ʢʫʯʠ ʰʫ ˄ʟʛʘʨʠʰʠʛʘ ʪ˄סʨʠ ʤʫʪʘʥʦʩʠʙ ʙ˄ʣʛʘʥ ʪʦʢ 

˄ʪʘʜʠ: 

K

RRRR
UI t

abM

312 -
Ö=               (2.70) 

ɹʫʥʜʘ ʂ (ʆʤ
3
 ʣʘʨʜʘ) ʫʰʙʫ ץʠʡʤʘʪʛʘ ʪʝʥʛ:                      

RM(R1+Rt)Ț(R2+R3)+R2R3(R1+Rt)+R1Rt(R2+R3)   (2.71)                                   

 (2.70) ʪʝʥʛʣʘʤʘʜʘʥ ʢ˄ʨʠʥʘʜʠʢʠ, ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ ʦʨץʘʣʠ ˄ʪʘʜʠʛʘʥ ʪʦʢ 

ʢʫʯʠ ʪʘʲʤʠʥʣʘʰ ʢʫʯʣʘʥʠʰʠ Uab ʛʘ ʪ˄סʨʠ ʤʫʪʘʥʦʩʠʙ, ʜʝʤʘʢ ʪʦʢʥʠ ˄ʟʛʘʨʤʘʩ 

ʩʘץʣʘʙ ʪʫʨʠʰ ʢʝʨʘʢ ʵʢʘʥ. 

ʄʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʤʘʛʘʥ ʢ˄ʧʨʠʢʣʘʨʥʠʥʛ ʘʬʟʘʣʣʠʢʣʘʨʠʛʘ ʩʭʝʤʘʩʠʥʠʥʛ 

ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʘʜʠʛʘʥ ץʫʨʠʣʤʘʥʠ ʪʘʣʘʙ ʵʪʤʘʡʜʠʛʘʥ ʩʦʜʜʘʣʠʛʠʥʠ, ʢʠʯʠʢ 

 .ʘʨʰʠʣʠʢʣʘʨʥʠ ˄ʣʯʘʰ ʫʯʫʥ ʠʰʣʘʪʠʰ ʤʫʤʢʠʥʣʠʛʠʥʠ ʢʠʨʠʪʠʰ ʤʫʤʢʠʥץ

ʄʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʤʘʛʘʥ ʢ˄ʧʨʠʢʣʘʨʥʠʥʛ ʢʘʤʯʠʣʠʢʣʘʨʠʛʘ ʢ˄ʨʩʘʪʠʰʣʘʨʠʥʠʥʛ 

ʪʘʲʤʠʥʣʘʰ ʢʫʯʣʘʥʠʰʠ ˄ʟʛʘʨʠʰʠʛʘ ʙʦסʣʠץʣʥʛʠʥʠ, ʢ˄ʧʨʠʢ ʰʢʘʣʘʩʠʥʠʥʛ 

ʯʠʟʠץʩʠʟʣʠʛʠʥʠ ʢʠʨʠʪʠʰ ʤʫʤʢʠʥ. 

ʄʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʛʘʥ ʘʚʪʦʤʘʪʠʢ ʢ˄ʧʨʠʢʣʘʨʜʘ ʨʝʦʭʦʨʜʥʠʥʛ ʩʠʨʧʘʥסʠʯʠ 

ʘʚʪʦʤʘʪʠʢ ʨʘʚʠh ʜʘ ʩʠʣʞʠʡʜʠ. ɹʫʥʜʘʡ ʢ˄ʧʨʠʢʣʘʨʥʠʥʛ ˄ʣʯʘʰ ʩʭʝʤʘʩʠ ˄ʟʛʘʨʤʘʩ 

ʸʢʠ ˄ʟʛʘʨʫʚʯʘʥ ʪʦʢ ʤʘʥʙʘʠʜʘʥ ʪʘʲʤʠʥʣʘʥʘʜʠ. ɶʟʛʘʨʫʚʯʘʥ ʪʦʢ 

ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʛʘʥ ʢ˄ʧʨʠʢʣʘʨʠʜʘ ʘʢʪʠʚ ץʘʨʰʠʣʠʢʣʘʨ ״ʘʣ ץʠʣʫʚʯʠ 

ʘ״ʘʤʠʷʪʛʘ ʵʛʘ, ʰʫʥʠʥʛ ʫʯʫʥ, ˄ʟʛʘʨʤʘʩ ʪʦʢ ʢ˄ʧʨʠʢʣʘʨʠ ʫʯʫʥ ʯʠץʘʨʠʣʛʘʥ 

ʶץʦʨʠʜʘʛʠ ʪʝʥʛʣʘʤʘʣʘʨ ˄ʟʛʘʨʫʚʯʘʥ ʢ˄ʧʨʠʢʣʘʨ ʫʯʫʥ ״ʘʤ ʷʨʘʡʜʠ. ɶʟʛʘʨʫʚʯʘʥ ʪʦʢ 

ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʛʘʥ ʢ˄ʧʨʠʢʣʘʨʠ ʙʠʨ ץʘʪʦʨ ʘʬʟʘʣʣʠʢʣʘʨʛʘ ʵʛʘ: ˄ʣʯʘʰ 

ʩʭʝʤʘʩʠ ʢʫʯ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠʥʠʥʛ ʙʠʨ ˄ʨʘʤʠʜʘʥ ʪʘʲʤʠʥʣʘʥʘʜʠ, ʷʲʥʠ ץ˄ʰʠʤʯʘ 

ʪʘʲʤʠʥʣʘʰ ʤʘʥʙʘʠ ʪʘʣʘʙ ץʠʣʠʥʤʘʡʜʠ, ʰʫ ʙʠʣʘʥ ʙʠʨʛʘ ʪʝʙʨʘʥʠʰ ˄ʟʛʘʨʪʛʠʯ 

(ʚʠʙʨʦ˄ʟʛʘʨʪʛʠʯ) ʥʠʥʛ ״ʘʤ ʟʘʨʫʨʠʷʪʠ ʙ˄ʣʤʘʡʜʠ. ʄʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʛʘʥ 

ʘʚʪʦʤʘʪʠʢ ʢ˄ʧʨʠʢʣʘʨʥʠʥʛ ʪʫʨʠ ʢ˄ʧ, ʣʝʢʠʥ ʫʣʘʨʥʠʥʛ ʠʰ ʧʨʠʥʮʠʧʠ ʙʠʨ ʭʠʣ. 

ʄʠʩʦʣ ʩʠʬʘʪʠʜʘ ʢ˄ʨʩʘʪʫʚʯʠ ʚʘ ˄ʟʠʸʟʘʨ ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʛʘʥ ʘʚʪʦʤʘʪʠʢ 
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ʢ˄ʧʨʠʢʥʠʥʛ ˄ʟʛʘʨʫʚʯʘʥ ʪʦʢʜʘʥ ʪʘʲʤʠʥʣʘʥʫʚʯʠ ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ 2.20-

ʨʘʩʤʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥ. 

ʂ˄ʨʩʘʪʫʚʯʠ ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʛʘʥ ʢʧ˄ʨʠʢʣʘʨ ʭʘʤ ʰʫ ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘ 

ʙ˄ʡʠʯʘ ʠʰʣʘʡʜʠ, ʣʝʢʠʥ ʫʣʘʨʜʘ ʸʟʫʚ ʙʣʦʢʠ ʡ˄ʢ. 2.20- ʨʘʩʤʜʘʛʠ ʧʨʠʥʮʠʧʠʘʣ 

ʩʭʝʤʘʜʘ ץʫʡʠʜʘʛʠ ʰʘʨʪʣʠ ʙʝʣʛʠʣʘʨ ץʘʙʫʣ ʢʠʣʠʥʛʘʥ: 

 

ʉɼ

ʈɼ

ʕʂ

ʘ

ʚ

6,3ʚ

Rp

Rʰ

Rʇ

RʟRʜ

Rʙ

R1 R2

Rʣ Rʣ

Rt

 

2.20 ï ʨʘʩʤ. ʄʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʛʘʥ ʘʚʪʦʤʘʪʠʢ ʢ˄ʧʨʠʢʥʠʥʛ ʧʨʠʥʮʠʧʠʘʣ 

ʩʭʝʤʘʩʠ. 

Rp ð ʨʝʦʭʦʨʜ; R hð ʨʝʦʭʦʨʜ ʰʫʥʪʠ, ʫ Rp ץʘʨʰʠʣʠʛʠʥʠ ʙʝʣʛʠʣʘʥʛʘʥ ץʠʡʤʘʪʛʘ ʝʪʢʘʟʠʙ 

ʪʫʨʠʰ ʫʯʫʥ ʭʠʟʤʘʪ ץʠʣʘʜʠ; Rn ð ˄ʣʯʘʰ ʦʨʘʣʠסʠʥʠ ʙʝʣʛʠʣʘʰ ץʘʨʰʠʣʠʛʠ; Rʜ ð ʰʢʘʣʘ 

ʙʦʰʣʘʥסʠʯ ץʠʡʤʘʪʠʥʠ ʨʦʩʪʣʦʚʯʠ ʢ˄ʰʠʤʯʘ ʢʘʨʰʠʣʠʢ; R1, R2, R3 ð ʢ˄ʧʨʠʢ ʩʭʝʤʘʩʠʥʠʥʛ 

 ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʠ; Rʣ ðץ ʘʨʰʠʣʠʢ; Rt ðץ ʘʨʰʠʣʠʢʣʘʨʠ; Rʙ ð ʪʦʢʥʠ ʯʝʢʣʦʚʯʠ ʙʘʣʣʘʩʪץ

ʣʠʥʠʷ ץʘʨʰʠʣʠʛʠʥʠ ʨʦʩʪʣʦʚʯʠ ץʘʨʰʠʣʠʢ; ʕʂ ð ʵʣʝʢʪʨʦʥ ʢʫʯʘʡʪʠʨʛʠʯ; ʈɼ ð ʘʩʠʥʭʨʦʥ 

ʢʦʥʜʝʥʩʘʪʦʨʣʠ ʨʝʚʝʨʩʠʚ ʜʚʠʛʘʪʝʣʴ; ʉɼ ð ʜʠʘʛʨʘʤʤʘ ʣʝʥʪʘʩʠʥʠ ʩʠʣʞʠʪʫʚʯʠ ʩʠʥʭʨʦʥ 

ʜʚʠʛʘʪʝʣʴ. 

 

ʂ˄ʧʨʠʢʣʠ ˄ʣʯʘʰ ʩʭʝʤʘʩʠʜʘʛʠ ʙʘʨʯʘ ץʘʨʰʠʣʠʢʣʘʨ ʤʘʥʛʘʥʠʥ ʩʠʤʜʘʥ 

ʪʘʡʸʨʣʘʥʘʜʠ. 2.20- ʨʘʩʤʜʘʥ ʢ˄ʨʠʥʠʙ ʪʫʨʠʙʜʠʢʠ, ץʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʠ ʫʯ 

ʩʠʤʣʠ ˄ʣʯʘʰ ʩʭʝʤʘʩʠ ʫʩʫʣʠʜʘ ʫʣʘʥʛʘʥ. ɹʫ ״ʦʣʜʘ ʪʝʨʤʦʤʝʪʨʥʠ ʢ˄ʧʨʠʢ ʙʠʣʘʥ 

ʫʣʘʡʜʠʛʘʥ ʩʠʤʣʘʨʥʠʥʛ ץʘʨʰʠʣʠʛʠ ʢ˄ʧʨʠʢʥʠʥʛ Rt ʚʘ R1 ʝʣʢʘʣʘʨʠʛʘ 

ʪʘץʩʠʤʣʘʥʘʜʠ. ʐʫʥʠʥʛ ʫʯʫʥ, ʘʪʨʦʬ-ʤʫ״ʠʪ ״ʘʨʦʨʘʪʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʥʘʪʠʞʘʩʠʜʘ 
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ʫʣʘʥʛʘʥ ʩʠʤʣʘʨ ץʘʨʰʠʣʠʛʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʩʘʙʘʙʣʠ ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʭʘʪʦʣʠʢ 

 ʘʨʰʠʣʠʛʠ Rt ʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ʢ˄ʧʨʠʢץ ʠʡʤʘʪʠ ʢʘʤʘʷʜʠ. ʊʝʨʤʦʤʝʪʨץ

ʩʭʝʤʘʩʠʥʠʥʛ ʤʫʚʦʟʘʥʘʪʠ ʡ˄ץʦʣʘʜʠ, ʘ ʚʘ b ʯ˄ץץʠʣʘʨʜʘʥ ʢʫʯʘʡʪʠʨʛʠʯʥʠʥʛ ʢʠʨʠʰ 

 ʠʩʤʠʛʘ ʥʦʙʘʣʘʥʩ ʢʫʯʣʘʥʠʰ ʢʝʣʘʜʠ. ʂʫʯʘʡʪʠʨʛʠʯ ʙʫ ʢʫʯʣʘʥʠʰʥʠ ʨʝʚʝʨʩʠʚץ

ʜʚʠʛʘʪʝʣʴ ʠʰʛʘ ʪʫʰʛʫʥʯʘ ʢʫʯʘʡʪʠʨʘʜʠ. ɼʚʠʛʘʪʝʣʥʠʥʛ ʯʠץʠʰ ʚʘʣʠ ʨʝʦʭʦʨʜ 

ʩʠʨʧʘʥסʠʯʠ ʚʘ ʢʘʨʝʪʢʘ ʙʠʣʘʥ ʢʠʥʝʤʘʪʠʢ ʙʦסʣʘʥʛʘʥʣʠʛʠ ʫʯʫʥ ʙʫ ʚʘʣ ʫʣʘʨʥʠ 

ʥʦʙʘʣʣʘʩʪ ʢʫʯʣʘʥʠʰ ʢʘʤʘʡʠʙ, ʥʦʣʛʘ ʪʝʥʛ ʙ˄ʣʛʫʥʯʘ ʩʠʣʞʠʪʘʜʠ. ʂ˄ʧʨʠʢ ʩʭʝʤʘ 

ʤʫʚʦʟʘʥʘʪ ״ʦʣʘʪʠʛʘ ʢʝʣʛʘʥʜʘ ʨʝʚʝʨʩʠʚ ʜʚʠʛʘʪʝʣʥʠʥʛ ʨʦʪʦʨʠ ʪ˄ʭ-ʪʘʡʜʠ, ʨʝʦʭʦʨʜ 

ʩʠʨʧʘʥסʠʯʠ ʵʩʘ ʢ˄ʨʩʘʪʢʠʯʣʠ ʢʘʨʝʪʢʘ ʙʠʣʘʥ ʙʠʨʛʘ ˄ʣʯʘʥʘʸʪʛʘʥ ʪʝʨʤʦʤʝʪʨ 

 .ʘʨʰʠʣʥʛʠʛʘ ʪʝʥʛ ʭʦʣʘʪʥʠ ʵʛʘʣʣʘʡʜʠץ

ɶʟʛʘʨʤʘʩ ʪʦʢ ʤʘʥʙʘʠʜʘʥ ʠʰʣʘʡʜʠʛʘʥ ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʛʘʥ ʢ˄ʧʨʠʢʥʠʥʛ 

˄ʣʯʘʰ ʩʭʝʤʘʩʠ ״ʘʤ ʶץʦʨʠʜʘʛʠʛʘ ˄ʭʰʘʰ, ʬʘץʘʪ ʫʥʠʥʛ ʵʣʝʢʪʨʦʥ ʢʫʯʘʡʪʠʨʛʠʯʠ 

ʪʝʙʨʘʥʠʰ ˄ʟʛʘʨʪʛʠʯʠ ʙʠʣʘʥ ʪʘʲʤʠʥʣʘʥʛʘʥ. ʐʫʥʠʥʛ ʫʯʫʥ, ʫʥʠʥʛ ʢʫʯʘʡʪʠʨʠʰ 

 .ʠʩʤʠ ʧʦʪʝʥʮʠʦʤʝʪʨʥʠʢʠʛʘ ˄ʭʰʘʰץ

ʄʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʛʘʥ ʘʚʪʦʤʘʪʠʢ ʢ˄ʧʨʠʢʣʘʨ ץʫʡʠʜʘʛʠ ʘʬʟʘʣʣʠʢʣʘʨʛʘ 

ʵʛʘ: 1) ʢ˄ʧʨʠʢʥʠʥʛ ʢ˄ʨʩʘʪʠʰʠ ʪʘʲʤʠʥʣʘʰ ʢʫʯʣʘʥʠʰʠʛʘ ʙʦסʣʠץ ʵʤʘʩ; 2) 

ʘʩʙʦʙʥʠʥʛ ʢ˄ʨʩʘʪʠʰʠ ״ʘʨʦʨʘʪ ˄ʟʛʘʨʠʰʠ ʙʠʣʘʥ ʯʠʟʠץʣʠ ʙʦסʣʘʥʛʘʥ; 3) ˄ʣʯʘʰʣʘʨ 

(ʢ˄ʧʨʠʢʥʠ ʤʚʦʟʘʥʘʪʣʘʰʪʠʨʠʰ) ʘʚʪʦʤʘʪʠʢ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ; 4) 

ʪʝʨʤʦץʘʨʰʠʣʠʢ ʫʣʘʰʥʠʥʛ ʫʯ ʩʠʤʣʠ ʫʩʫʣʠ ʫʣʘʰ ʩʠʤʣʘʨʠ ץʘʨʰʠʣʠʛʠʥʠʥʛ 

˄ʟʛʘʨʠʰʠʜʘʥ ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʢ˄ʨʩʘʪʠʰʣʘʨʜʘʛʠ ʭʘʪʦʣʠʛʠʥʠ ʢʝʩʢʠʥ ʢʘʤʘʡʪʠʨʠʰ 

ʸʢʠ ״ʘʪʦʥʠ ʡ˄ץʦʪʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. 

ʂʘʤʯʠʣʠʢʣʘʨʠʛʘ ץʫʡʠʜʘʛʠʣʘʨ ʢʠʨʘʜʠ: 1) ʩʭʝʤʘʜʘ ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʰ 

ʫʯʫʥ ץʫʨʠʣʤʘʥʠʥʛ ʟʘʨʫʨʣʠʛʠ; 2) ʢʠʯʠʢ ץʘʨʰʠʣʠʢʣʘʨʥʠ ˄ʣʯʘʰ ץʠʡʠʥʣʠʛʠ ʸʢʠ 

ʤʫʪʣʘץʦ ʤʫʤʢʠʥ ʵʤʘʩʣʠʛʠ. 

 ɸʈʐʀʃʀʂʃɸʈʅʀ ɶʃʏɸʐʅʀʅɻ ʂʆʄʇɽʅʉɸʎʀʆʅ ʋʉʋʃʀפ

ɸʥʠץ ˄ʣʯʘʰʣʘʨʜʘ, ʷʲʥʠ ʭʘʪʦʣʠʢʣʘʨʛʘ ʡ˄ʣ ץ˄ʡʠʣʤʘʩʣʠʢ ʸʢʠ ʭʘʪʦʣʠʢʣʘʨ 

ʤʠʥʠʤʫʤʛʘ ʢʝʣʪʠʨʠʣʠʰʠ ʣʦʟʠʤ ʙ˄ʣʛʘʥʜʘ, ʰʫʥʠʥʛʜʝʢ, ʧʘʩʪ ״ʘʨʦʨʘʪʣʘʨʥʠ 

˄ʣʯʘʰʜʘ ˄ʣʯʘʰʥʠʥʛ ʢʦʤ-ʧʝʥʩʘʮʠʦʥ ʫʩʫʣʠ ʪʘʨץʘʣʛʘʥ. ɹʫ ʫʩʫʣʥʠʥʛ ʤʦ״ʠʷʪʠ 

 ʫʡʠʜʘʛʠʜʘʥ ʠʙʦʨʘʪ: ˄ʣʯʘʥʘʸʪʛʘʥ ʨʝʟʠʩʪʦʨʜʘ ʚʘ ʫ ʙʠʣʘʥ ʢʝʪʤʘ-ʢʝʪ ˄ʣʯʘʥʘʸʪʛʘʥץ

ʥʘʤʫʥʘ ʨʝʟʠʩʪʦʨʜʘ ʢʫʯʣʘʥʠʰ ʪʫʰʫʚʠ ʪʘץץʦʩʣʘʥʘʜʠ 2.21-ʨʘʩʤʜʘ ץʘʨʰʠʣʠʢʥʠ 
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ʢʦʤʧʝʥʩʘʮʠʦʥ ʫʩʫʣʜʘ ˄ʣʯʘʰ ʩʭʝʤʘʩʠ ʢ˄ʨʩʘʪʠʣʛʘʥ. ʈʝʟʠʩʪʦʨʣʘʨʜʘʛʠ ʢʫʯʣʘʥʠʰ 

ʪʫʰʫʚʠ, ʦʜʘʪʜʘ, ʧʦʪʝʥʮʠʦʤʝʪʨ ʸʨʜʘʤʠʜʘ ˄ʣʯʘʥʘʜʠ. ɹʫ ״ʦʣʜʘ ʪʘʲʤʠʥʣʘʰ 

ʢʫʯʣʘʥʠʰʠ ˄ʣʯʘʰ ʥʘʪʠʞʘʩʠʛʘ ʪʘʲʩʠʨ ʵʪʤʘʡʜʠ, ʰʫʥʠʥʛʜʝʢ, ˄ʣʯʘʰ ʩʠʤʣʘʨʠ 

 ʦʪʠʣʘʜʠ, ʯʫʥʢʠ ˄ʣʯʘʰ ʧʘʡʪʣʘʨʠʜʘץ˄ʘʨʰʠʣʠʛʠʥʠʥʛ ʪʘʲʩʠʨʠ ʙʫʪʫʥʣʘʡ ʡץ

ʧʦʪʝʥʮʠʦʤʝʪʨʥʠ ˄ʣʯʘʰ ʨʝʟʠʩʪʦʨʠ ʙʠʣʘʥ ʫʣʘʡʜʠʛʘʥ ʘʩʙʦʙʣʘʨʜʘ ʪʦʢ ʥʦʣʛʘ ʪʝʥʛ 

ʙ˄ʣʘʜʠ. 

ɶʣʯʘʥʘʸʪʛʘʥ ʨʝʟʠʩʪʦʨ R ˄ʥʘʤʫʥʘ ʨʝʟʠʩʪʦʨ RH (2. 

21-ʨʘʩʤ) ʙʠʣʘʥ ʢʝʪʤʘ-ʢʝʪ ʫʣʘʥʛʘʥ. ʅʘʤʫʥʘ ʨʝʟʠʩʪʦʨ 

ʩʠʬʘʪʠʜʘ ʢʘʨʰʠʣʠʢ ʤʘʛʘʟʠʥʣʘʨʠ ʸʢʠ ʢʘʨʰʠʣʠʢʥʠʥʛ 

ʥʘʤʫʥʘ סʘʣʪʘʢʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. ɿʘʥʞʠʨʜʘʛʠ 

˄ʣʯʘʰ ʪʦʢʠ ˄ʟʛʘʨʫʚʯʘʥ ʨʝʟʠʩʪʦʨ R ʸʨʜʘʤʠʜʘ 

˄ʨʥʘʪʠʣʘʜʠ. 

ɹʠʨ ʪʦʤʦʥʜʘʥ, ʪʦʢ ʥʘʤʫʥʘ ʨʝʟʠʩʪʦʨʜʘ ʢʫʯʣʘʥʠʰ 

ʪʫʰʫʚʠ ʙ˄ʡʠʯʘ ʘʥʠץʣʘʥʘʜʠ: 

éééééé.I=UH/Rʅ                                (2.72) 

ʙʫ ʝʨʜʘ, UH ð ʥʘʤʫʥʘ ʨʝʟʠʩʪʦʨʜʘ ʢʫʯʣʘʥʠʰ ʪʫʰʫʚʠ, mɺ; 

RH ð ʥʘʤʫʥʘ ʨʝʟʠʩʪʦʨ Ϩʘʨʰʠʣʠʛʠ, ʆʤ. 

ʀʢʢʠʥʯʠ ʪʦʤʦʥʜʘʥ, 

I=U /˄R  ˄                 (2.73) 

ʙʫ ʝʨʜʘ, U ð˄ ˄ʣʯʘʥʘʸʪʛʘʥ ʨʝʟʠʩʪʦʨʜʘ ʢʫʯʣʘʥʠʰ ʪʫʰʫʚʠ,  

mɺ; R ˄ð ˄ʣʯʘʥʘʸʪʛʘʥ ʨʝʟʠʩʪʦʨʥʠʥʛ ʥʦʤʘʲʣʫʤ Ϩʘʨʰʠʣʠʛʠ, ʆʤ. 

(2.72) ʚʘ (2.73) ʣʘʨʜʘʥ ˄ʣʯʘʥʘʸʪʛʘʥ ʨʝʟʠʩʪʦʨ ץʘʨʰʠʣʠʛʠʥʠ ʪʦʧʘʤʠʟ: 

 

R =˄RHȚU /˄UH       (2.74) 

ʂ˄ʨʠʣʛʘʥ ʚʘʨʠʘʥʪʜʘ ʢʦʤʧʝʥʩʘʮʠʦʥ ʫʩʫʣ ʤʝʭʘʥʠʢ ˄ʣʯʘʰʣʘʨ ʫʯʫʥ ʥʦץʫʣʘʡ, 

ʯʫʥʢʠ ʨʝʟʠʩʪʦʨ ץʘʨʰʠʣʠʛʠʥʠ ʪʦʧʠʰ ʫʯʫʥ ʥʘʚʙʘʪ ʙʠʣʘʥ ˄ʣʯʘʥʘʸʪʛʘʥ ʥʘʤʫʥʘ 

ʨʝʟʠʩʪʦʨʜʘʛʠ ʢʫʯʣʘʥʠʰ ʪʫʰʫʚʠʥʠ ˄ʣʯʘʰ ʣʦʟʠʤ ʚʘ ʩ˄ʥʛʨʘ ˄ʣʯʘʥʘʸʪʛʘʥ ʨʝʟʠʩʪʦʨ 

 ʠʩʦʙʣʘʰ ʢʝʨʘʢ״ ʘʨʰʠʣʠʛʠʥʠץ

ʇʦʪʝʥʮʠʦʤʝʪʨ

R E

RH R?

2.21 ï ʨʘʩʤ.  

 ʘʨʰʠʣʠʢפ

˄ʣʯʘʰʥʠʥʛ 

ʢʦʤʧʝʥʩʘʮʠʦʥ ʫʩʫʣʠ 

ʩʭʝʤʘʩʠ 
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ʊʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʢʠʯʠʢ ץʘʨʰʠʣʠʢʣʘʨʠʥʠ ˄ʣʯʘʰ ʫʯʫʥ ʘʚʪʦʤʘʪʠʢ 

ʢʦʤʧʝʥʩʘʮʠʦʥ ʘʩʙʦʙʣʘʨ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ, ʫʣʘʨ ʢʦʤʧʝʥʩʘʮʠʦʥ ˄ʣʯʘʰ ʫʩʫʣʠʥʠʥʛ 

ʠʞʦʙʠʡ ʭʦʩʩʘʣʘʨʠʛʘ ʵʛʘ. 

ʊʝʨʤʦʤʝʪʨʥʠ ʫʣʘʰʥʠʥʛ ʪ˄ʨʪ ʩʠʤʣʠ ʩʭʝʤʘʩʠ ʩʠʤʣʘʨ ץʘʨʰʠʣʠʛʠʥʠʥʛ 

˄ʣʯʘʰ ʥʘʪʠʞʘʣʘʨʠʛʘ ʪʘʲʩʠʨʠʥʠ ʙʫʪʫʥʣʘʡ ʙʘʨʪʘʨʘʬ ʵʪʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. 

 

 

 

2.22 ï ʨʘʩʤ. ʂʠʯʠʢ ״ʘʨʦʨʘʪʣʘʨʥʠ ˄ʣʯʘʰ ʫʯʫʥ ʘʚʪʦʤʘʪʠʢ  

ʢʦʤʧʝʥʩʘʮʠʦʥ ʘʩʙʦʙʥʠʥʛ ʩʭʝʤʘʩʠ. 

 

ʂʠʯʠʢ ״ʘʨʦʨʘʪʣʘʨʥʠ ˄ʣʯʘʰ ʫʯʫʥ ˄ʟʛʘʨʫʚʯʘʥ ʪʦʢ ʘʚʪʦʤʘʪʠʢ ʢʦʤʧʝʥʩʘʮʠʦʥ 

ʘʩʙʦʙʥʠʥʛ ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ 2.22- ʨʘʩʤʜʘ ʢʝʣʪʠʨʠʣʛʘʥ. פʘʨʰʠʣʠʢ 

ʪʝʨʤʦʤʝʪʨʠ Rt ʪʘʲʤʠʥʣʘʰ ʤʘʥʙʘʠʜʘʥ ˄ʟʛʘʨʫʚʯʘʥ I ʪʦʢ ʙʠʣʘʥ ʪʘʲʤʠʥʣʘʥʘʜʠ. 

ɸʩʙʦʙʥʠʥʛ ˄ʣʯʘʰ ʩʭʝʤʘʩʠ Tʨ ʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠʜʘʥ ʰʫʥʜʘʡ ʪʘʲʤʠʥʣʘʥʘʜʠʢʠ, 

˄ʣʯʘʰ ʪʦʢʠ I=˄KȚI ʙ˄ʣʘʜʠ. ɸʛʘʨ ʪʝʨʤʦʤʝʪʨʜʘ ʢʫʯʣʘʥʠʰ Uab ʙʠʣʘʥ ʢʦʤʧʝʥʩʘʮʠʷ 

 ʠʣʠʥʤʘʛʘʥ ʙ˄ʣʩʘ, ʫʥʜʘ ʢʫʯʘʡʪʠʨʛʠʯ ʢʠʨʠʰʠʛʘ ʩʠʛʥʘʣ ʙʝʨʠʣʘʜʠ. ɹʫ ʩʠʛʥʘʣץ

ʨʝʚʝʨʩʠʚ ʜʚʠʛʘʪʝʣʥʠ ʚʘ ʨʝʦʭʦʨʜ ʩʠʨʧʘʥסʠʯʠ Rp ʥʠ ʢʫʯʣʘʥʠʰ Uab ʪʫʰʫʚʠʥʠ (Rt 

ʜʘ) ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʤʘʛʫʥʯʘ ״ʘʨʘʢʘʪ ץʠʣʠʰʛʘ (ʩʠʣʞʠʰʛʘ) ʤʘʞʙʫʨ ץʠʣʘʜʠ. ɹʫ 

 :ʫʡʠʜʘʛʠ ʪʝʥʛʣʠʢ ʙʘʞʘʨʠʣʘʜʠץ ʦʣʜʘ״

IRt=Uab=I R˄ab 

ʸʢʠ  

IRt=KȚI(RH+mRʧʨ),    é.     (2.75) 

ʙʫ ʝʨʜʘ, 
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Rʥ ʨʝʟʠʩʪʦʨ ʘʩʙʦʙ ʰʢʘʣʘʩʠʥʠʥʛ ʩʘʥʦץ ʙʦʰʠʥʠ ʙʝʣʛʠʣʘʰʛʘ ʭʠʟʤʘʪ ץʠʣʘʜʠ, 

R  h ʵʩʘ ʣ˄ʯʘʰ ʜʠʘʧʘʟʦʥʠʥʠ ˄ʨʥʘʪʘʜʠ. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʠ ʂ ʥʠ 

ʘʤʘʣʜʘ ˄ʟʛʘʨʤʘʩ ʜʝʙ ץʘʨʘʙ, ʘʩʙʦʙ ʢ˄ʨʩʘʪʠhʣʘʨʠ m ʪʘʲʤʠʥʦʪ ʢʫʯʣʘʥʠʰʠ 

ʪʝʙʨʘʥʠʰʠʛʘ ʚʘ ʪʝʨʤʦʤʝʪʨʥʠ ʫʣʘʰ ʩʠʤʣʘʨʠ ץʘʨʰʠʣʠʛʠʥʠʥʛ ˄ʟʛʘʨʠʰʠʛʘ ʙʦסʣʠץ 

ʵʤʘʩ, ʜʝʙ ״ʠʩʦʙʣʘʰ ʤʫʤʢʠʥ. 

 

 ɸʈʐʀʃʀʂ ʊɽʈʄʆʄɽʊʈʀʅʀʅɻ ʄɽʒɪʈʃʆɺʏʀ ɶɿɻɸʈʊʂʀʏʀפ

 

 ʄ ʛʘ ʸʢʠ׳ʘʨʰʠʣʠʢ ʪʝʨʤʦ ˄ʟʛʘʨʪʢʠʯʠ ʸʨʜʘʤʠʜʘ ʦʣʠʥʛʘʥ ʘʭʙʦʨʦʪʥʠ ʕפ

ʘʚʪʦʤʘʪʠʢ ʨʦʩʪʣʘʰ ʪʠʟʠʤʠʛʘ ʢʠʨʠʪʠʰ ʫʯʫʥ ʯʠץʠʰʜʘ 0 ð 5 mA ˄ʟʛʘʨʤʘʩ ʪʦʢ 

ʩʠʛʥʘʣʠʥʠ ʰʘʢʣʣʘʥʪʠʨʫʚʯʠ ʤʝʲʸʨʣʦʚʯʠ ʫʟʛʘʨʪʢʠʯʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. 

 ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʠ ʙʠʣʘʥ ʙʠʨʛʘ ʠʰʣʦʚʯʠ ʤʝʲʸʨʣʦʚʯʠ ʪʦʢʣʠפ

˄ʟʛʘʨʪʢʠʯʥʠʥʛ ʩʭʝʤʘʩʠ 2.23 - ʨʘʩʤʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥ. ɹʫ ˄ʟʛʘʨʪʢʠʯ ʩʭʝʤʘʩʠʛʘ ʚʘ 

ʠʰʣʘʰ ʧʨʠʥʮʠʧʠʛʘ ʢ˄ʨʘ ʪʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨ ʙʠʣʘʥ ʙʠʨ ʢʦʤʧʣʝʢʪʜʘ 

ʠʰʣʦʚʯʠ ʤʝʲʸʨʣʦʚʯʠ ˄ʟʛʘʨʪʢʠʯʛʘ ˄ʭʰʘʰ (2. 12-ʨʘʩʤʛʘ ʢʘʨʘʥʛ). ɹʫ 

ʩʭʝʤʘʣʘʨʥʠʥʛ ʬʘʨץʠ ʰʫʥʜʘʢʠ, ˄ʟʛʘʨʪʢʠʯʜʘ ʪʫʟʘʪʫʚʯʠ ʢ˄ʧʨʠʢ ʊʂ ˄ʨʥʠʜʘ ˄ʣʯʦʚ 

ʥʦʤʫʚʦʟʘʥʘʪ ʢ˄ʧʨʠʛʠ ɶʂ ʬʦʡʜʘʣʘʥʠʣʘʜʠ, ʫʥʠʥʛ ʝʣʢʘʣʘʨʠʜʘʥ ʙʠʨʠʛʘ ʫʯ 

˄ʪʢʘʟʛʠʯʣʠ ʩʭʝʤʘ ʙ˄ʡʠʯʘ ץʘʨʰʠʣʠʢ ʪʝʨʤʦ ˄ʟʛʘʨʪʢʠʯʠ Rt ʫʣʘʥʛʘʥ. פʦʣʛʘʥ 

 ʘʨʰʠʣʠʢʣʘʨ ʫʣʦʚʯʠ ˄ʪʢʘʟʛʠʯʣʘʨץ ʘʨʰʠʣʠʢʣʘʨ ʤʘʥʛʘʥʠʥʜʘʥ ʷʩʘʣʛʘʥ. Rʣץ

 ʠʣʘʜʠ. ʂ˄ʧʨʠʢʥʠʥʛץ ʠʡʤʘʪʛʘ ʤʦʩʣʘʰ ʫʯʫʥ ʭʠʟʤʘʪץ ʘʨʰʠʣʠʢʣʘʨʠʥʠ ʥʦʤʠʥʘʣץ

ab ʜʠʘʛʦʥʘʣʠʛʘ ˄ʟʛʘʨʤʘʩ ʪʦʢʥʠʥʛ ʙʘʨץʘʨʦʨʣʘʰʪʠʨʠʣʛʘʥ U ʢʫʯʣʘʥʠʰʠ ʫʣʘʥʛʘʥ. 

ɶʟʛʘʨʪʢʠʯʥʠʥʛ ʯʠץʠʰ ʪʦʢʠ 1ʯʠץ ʢ˄ʧʨʠʢʥʠʥʛ ˄ʣʯʦʚ ʜʠʘʛʦʥʘʣʠʜʘʛʠ Ucd 

ʢʫʯʣʘʥʠʰʛʘ ʤʫʪʘʥʦʩʠʙ ʚʘ ʫʣʘʨ ʦʨʘʩʠʜʘʛʠ ʤʫʥʦʩʘʙʘʪ (2. 47) ʛʘ ʤʦʩ ״ʦʣʜʘ 

ʙʝʨʠʣʠʰʠ ʤʫʤʢʠʥ: 

Iʯʠץ=KȚUcd               (2.77) 

Ucd = ʂʢ Rt ʙ˄ʣʛʘʥʠ ʫʯʫʥ(ʙʫ ʝʨʜʘ, ʂʢ ð ʢ˄ʧʨʠʢʥʠ ˄ʟʛʘʨʪʠʨʠʰ 

ʢʦʬɻʬʠʮʠʝʥʪʠ) 
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Iʯʠץ=KkȚKȚRt           (2.78) 
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2.23 ï ʨʘʩʤ. פʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʠ ʙʠʣʘʥ ʠʰʣʘʡʜʠʛʘʥ ʤʝʲʸʨʣʦʚʯʠ 

˄ʟʛʘʨʪʢʠʯʥʠʥʛ ʩʭʝʤʘʩʠ. 

 

ʐʫʥʜʘʡ ץʠʣʠʙ, ʤʝʲʸʨʣʦʚʯʠ ˄ʟʛʘʨʪʢʠʯʥʠʥʛ ʪʦʢʣʠ ʩʠʛʥʘʣʠ ץʘʨʰʠʣʠʢ 

ʪʝʨʤʦʤʝʪʨʠ ץʘʨʰʠʣʠʛʠʛʘ ʤʫʪʘʥʦʩʠʙ ʙ˄ʣʠʙ,ʫʥʠʥʛ ʘʥʠץʣʠʢ ʩʠʥʬʣʘʨʠ 0,6ð1,5. 

 

2.6-Ä. ʅʋʈʃɸʅʀʐ ʇʀʈʆʄɽʊʈʃɸʈʀ 

ʖץʦʨʠʜʘ ʢ˄ʨʠʣʛʘʥ, ״ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘʥ ʙʘʨʯʘ 

ʪʝʨʤʦʤʝʪʨʣʘʨ ʪʝʨʤʦʤʝʪʨʥʠʥʛ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪʠ ʙʠʣʘʥ ˄ʣʯʘʥʘʸʪʛʘʥ ʞʠʩʤ ʸʢʠ 

ʤʫ״ʠʪ ʦʨʘʩʠʜʘ ʙʝʚʦʩʠʪʘ ʢʦʥʪʘʢʪ ʙ˄ʣʠʰʠʥʠ ʪʘץʦʟʦ ʵʪʘʨ ʵʜʠ. ʐʫʥʠʥʛ ʫʯʫʥ, 

 ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰʥʠʥʛ ʙʫʥʜʘʡ ʫʩʫʣʣʘʨʠ ʙʘʲʟʘʥ ʢʦʥʪʘʢʪʣʠ ʫʩʫʣʣʘʨ ʜʝʙ״

ʶʨʠʪʠʣʘʜʠ. ɹʫ ʫʩʫʣʥʠ ץ˄ʣʣʘʰʥʠʥʛ ʶץʦʨʠ ʯʝʛʘʨʘʩʠ 1800...ð2500Áʉ. ɸʤʤʦ 

ʩʘʥʦʘʪʜʘ ʚʘ ʪʘʜץʠץʦʪʣʘʨʜʘ ʙʫʥʜʘʥ ʶץʦʨʠ ״ʘʨʦʨʘʪʣʘʨʥʠ ״ʘʤ ˄ʣʯʘʰʛʘ ʪ˄סʨʠ 
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ʢʝʣʘʜʠ. ɹʫʥʜʘʥ ʪʘʰץʘʨʠ, ʢ˄ʧʠʥʯʘ ˄ʣʯʘʥʘʸʪʛʘʥ ʞʠʩʤ ʚʘ ʤʫ״ʠʪ ʙʠʣʘʥ 

ʪʝʨʤʦʤʝʪʨʥʠʥʛ ʙʝʚʦʩʠʪʘ ʢʦʥʪʘʢʪʠ ʤʫʤʢʠʥ ʙ˄ʣʤʘʡʜʠ. ɹʫʥʜʘʡ ״ʦʣʣʘʨʜʘ 

 .ʣʣʘʥʠʣʘʜʠ˄ץ ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰʥʠʥʛ ʢʦʥʪʘʢʪʩʠʟ ʫʩʫʣʠ״

ʅʫʨʣʘʥʠʰ ʧʠʨʦʤʝʪʨʣʘʨʠʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ץʠʟʜʠʨʠʣʛʘʥ 

ʞʠʩʤʥʠʥʛ ʠʩʩʠץʣʠʛʠ ʪʘʲʩʠʨʠʜʘ ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʥʫʨʣʘʥʠʰ ʵʥʝʨʛʠʷʩʠʥʠ ˄ʣʯʘʰʛʘ 

ʘʩʦʩʣʘʥʛʘʥ. ʅʫʨʣʘʥʠʰ ʧʠʨʦʤʝʪʨʣʘʨʠ 20 ʜʘʥ 6000Áʉ ʛʘʯʘ ʙ˄ʣʛʘʥ ״ʘʨʦʨʘʪʣʘʨʥʠ 

˄ʣʯʘʰʜʘ ʠʰʣʘʪʠʣʘʜʠ. 

ʀʩʩʠץʣʠʢ ʥʫʨʣʘʥʠʰʠ ʥʫʨʣʘʥʘʸʪʛʘʥ ʞʠʩʤ ʠʯʢʠ ʵʥʝʨʛʠʷʩʠʥʠʥʛ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪ ʪ˄ʣץʠʥʣʘʨʠ ʪʘʨʟʠʜʘ ʪʘʨץʘʣʠʰ ʞʘʨʘʸʥʠʜʘʥ ʠʙʦʨʘʪ. ɹʫ ʪ˄ʣץʠʥʣʘʨ 

ʙʦʰץʘ ʞʠʩʤʣʘʨ ʪʦʤʦʥʠʜʘʥ ʶʪʠʣʛʘʥʜʘ ʫʣʘʨ ץʘʡʪʘʜʘʥ ʠʩʩʠץʣʠʢ ʵʥʝʨʛʠʷʩʠʛʘ 

ʘʡʣʘʥʘʜʠ. ɾʠʩʤʣʘʨ ״ʘʨʦʨʘʪʠʛʘ ʪʝʥʛ ʙ˄ʣʛʘʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪ ʪ˄ʣץʠʥʣʘʨʥʠ 0 ʜʘʥ Ð 

ʛʘʯʘ ʙ˄ʣʛʘʥ ʦʨʘʣʠץʜʘ ʪʘʨץʘʪʘʜʠ. פʘʪʪʠץ ʚʘ ʩʫʶץ ʤʦʜʜʘʣʘʨʥʠʥʛ ʢ˄ʧʠ 

ʥʫʨʣʘʥʠʰʥʠʥʛ ʫʟʣʫʢʩʠʟ ʩʧʝʢʪʨʠʛʘ ʵʛʘ, ʷʲʥʠ ʙʘʨʯʘ ʫʟʫʥʣʠʢʣʘʨʜʘʛʠ ʪ˄ʣץʠʥʣʘʨʥʠ 

ʪʘʨץʘʪʘʜʤ. ɹʦʰץʘ ʤʦʜʜʘʣʘʨ (ʩʦʬ ʤʝʪʘʣʣʘʨ ʚʘ ʛʘʟʣʘʨ) ʥʫʨʣʘʥʠʰʥʠʥʛ ʩʝʣʝʢʪʠʚ 

ʩʧʝʢʪʦʨʠʛʘ ʵʛʘ, ʷʲʥʠ ʫʣʘʨ ʪ˄ʣץʠʥʣʘʨʥʠ ʩʧʝʢʪʨʥʠʥʛ ʤʘʲʣʫʤ ʯʝʛʘʨʘʣʘʨʠʜʘʛʠʥʘ 

ʪʘʨץʘʪʘʜʠ. ʊ˄ʣץʠʥ ʫʟʫʥʣʠʛʠ ɚ å 0,4 ʜʘʥ ɚ å 0,76ʤʢʤ) ʛʘʯʘ ʙ˄ʣʛʘʥ ʯʝʛʘʨʘ 

ʢ˄ʨʠʥʘʜʠʛʘʥ ʩʧʝʢʪʨʛʘ ʤʦc ʢʝʣʘʜʠ. ʂ˄ʨʠʥʘʜʠʛʘʥ ʩʧʝʢʪʨʥʠʥʛ ״ʘʨ ʙʠʨ ʪ˄ʣץʠʥ 

ʫʟʫʥʣʠʛʠ ʤʘʲʣʫʤ ʨʘʥʛʛʘ ʤʦʩ ʢʝʣʘʜʠ. 

ɚ å 0,4 ʜʘʥ ɚ å 0,44 ʤʢʤ ʛʘʯʘ ʙ˄ʣʛʘʥ ʪ˄ʣץʠʥ eʟʫʥʣʠʢʣʘʨʠ ʪ˄ץ ʙʠʥʘʬʰʘ 

ʨʘʥʛʛʘ, ɚ å 0,44 ʜʘʥ ɚ å 0,49 ʤʢʤ ʛʘʯʘ ð ʢ˄ʢ ʟʘʥʛʦʨʠ, ɚ å  0,49 ʜʘʥ ɚ å 0,59 ʤʢʤ 

ʛʘʯʘ ʪ˄ץ ʚʘ ʦʯ ʷʰʠʣ; ɚ å 0,58 ʜʘʥ ɚ å 0,63 ʤʢʤ ʛʘʯʘ ð ʩʘʨʠץð ʪ˄ץ ʩʘʨʠʢ; ɚ å 

0,63 ʜʘʥ ɚ å 0,76 ʤʢʤ ʛʘʯʘ ð ʦʯ ʚʘ ʪ˄ץ ץʠʟʠʣ ʨʘʥʛʛʘ ʤʦʩ ʢʝʣʘʜʠ. 

ɚ å 0,76 ʫʟʫʥʣʠʢʜʘʛʠ ʪ˄ʣץʠʥʣʘʨ ʢ˄ʨʠʥʤʘʡʜʠʛʘʥ ʠʥʬʨʘץʠʟʠʣ ʠʩʩʠץʣʠʢ 

ʥʫʨʠʛʘ ʢʠʨʘʜʠ. 

 ʘʨʦʨʘʪʠʥʠ ʦʨʪʪʠʨʠʙ ʙʦʨʛʘʥ ʩʘʨʠ ʚʘ ʫʥʠʥʛ ʨʘʥʛʠ״ ʠʟʜʠʨʠʣʛʘʥ ʞʠʩʤפ

˄ʟʛʘʨʠʙ ʙʦʨʠʰʠ ʙʠʣʘʥ ʩʧʝʢʪʨʘʣ ʵʥʝʨʛʝʪʠʢ ʨʘʚʰʘʥʣʠʢ, ʷʲʥʠ ʤʘʲʣʫʤ 

ʫʟʫʥʣʠʢʜʘʛʠ ʪ˄ʣץʠʥʣʘʨ (ʨʘʚʰʘʥʣʠʢ) ʪʝʟʜʘ ʦʨʪʘʜʠ, ʰʫʥʠʥʛʜʝʢ, ʡʠסʠʥʜʠ 

(ʠʥʪʝʛʨʘʣ) ʥʫʨʣʘʥʠʰ ʩʝʟʠʣʘʨʣʠ ʦʨʪʘʜʠ. פʠʟʜʠʨʠʣʛʘʠ ʞʠʩʤʣʘʨʥʠʥʛ ʢ˄ʨʩʘʪʠʣʛʘʥ 

ʭʦʩʩʘʣʘʨʠʜʘʥ ʫʣʘʨʥʠʥʛ ״ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʰʜʘ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. ʐʫ ʭʦʩʩʘʣʘʨʛʘ 



 98 

 ʘʨʘʙ ʥʫʨʣʘʥʠʰ ʧʠʨʦʤʝʪʨʣʘʨʠ ʢʚʘʟʠʤʦʥʦʭʨʦʤʘʪʠʢ (ʦʧʪʠʢ) ʩʧʝʢʪʨʘʣ ʥʠʩʙʘʪʣʠץ

(ʨʘʥʛʣʠ) ʚʘ ʪ˄ʣʠץ ʥʫʨʣʘʥʠʰʣʠ (ʨʘʜʠʘʮʠʦʥ) ʧʠʨʦʤʝʪʨʣʘʨʛʘ ʙ˄ʣʠʥʘʜʠ. 

ʅʘʟʘʨʠʡ ʞʠ״ʘʪʜʘʥ ʤʫʪʣʘץ ץʦʨʘ ʞʠʩʤʥʠʥʛ ʥʫʨ ʯʠץʘʨʠʰʠ ״ʦʜʠʩʘʩʠʛʘ 

ʘʩʦʩʣʘʥʠʰ ʤʫʤʢʠʥ, ʫʥʜʘ ʥʫʨ ʯʠץʘʨʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ ʜʝʙ 1 ץʘʙʫʣ ץʠʣʠʥʘʜʠ. 

ɸʛʘʨ ʞʠʩʤ ˄ʟʠʛʘ ʪʫʰʘʸʪʛʘʥ ʥʫʨ ʵʥʝʨʛʠʷʩʠʥʠ ʙʫʪʫʥʣʘʡ ʶʪʩʘ, ʫ ʞʠʩʤʥʠ ʤʫʪʣʘץ 

 ʦʨʘ ʞʠʩʤ ʜʝʡʠʣʘʜʠ. ɹʘʨʯʘ ʨʝʘʣ ʬʠʟʠʢ ʞʠʩʤʣʘʨ ˄ʟʠʛʘ ʪʫʰʘʸʪʛʘʥ ʥʫʨʣʘʨʥʠʥʛץ

ʙʠʨʦʨ ץʠʩʤʠʥʠ ץʘʡʪʘʨʠʰ ץʦʙʠʣʠʷʪʠʛʘ ʵʛʘ. ʐʫʥʠʥʛ ʫʯʫʥ, ʞʠʩʤʥʠʥʛ ʥʫʨ 

ʯʠץʘʨʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ ʙʠʨʜʘʥ ʢʠʯʠʢ, ʰʫ ʙʠʣʘʥ ʙʠʨʛʘ ʫ ʤʘʲʣʫʤ ʞʠʩʤ 

ʪʘʙʠʘʪʠʛʘ ״ʘʤ, ʫʥʠʥʛ ʩʠʨʪץʠ ״ʦʣʘʪʠʛʘ ״ʘʤ ʙʦסʣʠץ. ʊʘʙʠʘʪʜʘ ʤʫʪʣʘץ ץʦʨʘ ʞʠʩʤ 

ʡ˄ץ, ʘʤʤʦ ˄ʟ ʭʦʩʩʘʣʘʨʠʛʘ ʢ˄ʨʘ ʤʫʪʣʘץ ץʦʨʘ ʞʠʩʤʛʘ ʷץʠʥ ʙ˄ʣʛʘʥ ʞʠʩʤʣʘʨ 

ʤʘʚʞʫʜ. ʄʘʩʘʣʘʥ, ץʦʨʘ סʘʜʠʨ-ʙʫʜʠʨ ʙ˄ʸץ (ʥʝʬʪʴ ץʫʨʫʤʠ) ʙʠʣʘʥ ץʦʧʣʘʥʛʘʥ ʞʠʩʤ 

ʙʘʨʯʘ ʥʫʨ ʵʥʝʨʛʠʷʩʠʥʥ 96% ʛʘʯʘ ʶʪʘʜʠ. 

ʉʧʝʢʪʨʘʣ ʵʥʝʨʛʝʪʠʢ ʨʘʚʰʘʥʣʠʢ ʚʘ ʠʥʪʝʛʨʘʣ ʥʫʨʣʘʥʠʰ ʤʦʜʜʘʥʠʥʛ ʬʠʟʠʢ 

ʭʦʩʩʘʣʘʨʠʛʘ ʙʦסʣʠץ. ʐʫʥʠʥʛ ʫʯʫʥ, ʧʠʨʦʤʝʪʨʣʘʨ ʰʢʘʣʘʩʠ ʤʫʪʣʘץ ץʦʨʘ ʞʠʩʤ 

ʥʫʨʣʘʥʠʰʠ ʙ˄ʡʠʯʘ ʜʘʨʘʞʘʣʘʥʘʜʠ. ׳ʘʨʦʨʘʪ ʦʨʪʠʰʠ ʙʠʣʘʥ ʩʧʝʢʪʨʘʣ ʵʥʝʨʛʝʪʠʢ 

ʨʘʚʰʘʥʣʠʢʥʠʥʛ ʦʨʪʠʰʠ ʪʫʨʣʠ ʫʟʫʥʣʠʢʜʘʛʠ ʪ˄ʣץʠʥʣʘʨ ʫʯʫʥ ʪʫʨʣʠʯʘ ʚʘ 

ʥʠʩʙʘʪʘʥ ʫʥʯʘ ʶץʦʨʠ ʙ˄ʣʤʘʛʘʥ ״ʘʨʦʨʘʪʣʘʨ ʩʦ״ʘʩʠʜʘ ʤʫʪʣʘץ ץʦʨʘ ʞʠʩʤ ʫʯʫʥ 

ɺʠʥ ʪʝʥʛʣʘʤʘʩʠ ʙʠʣʘʥ ʪʘʚʩʠʬʣʘʥʘʜʠ: 

T

C

eCE l
l l

2

5

10

-
-ÖÖ=            (2.79) 

ʙʫʥʜʘ ɽ0ɚ ð ɚ ʫʟʫʥʣʠʢʜʘʛʠ ʪ˄ʣϨʠʥ ʫʯʫʥ ʤʫʪʣʦϨ Ϩʦʨʘ ʞʠʩʤʥʥʥʛ ʩʧʝʢʪʨʘʣ ʵʥʝʨʛʝʪʠʢ 

ʨʘʚʰʘʥʣʠʛʠ; ʊðÅ ʞʠʩʤʥʠʥʛ ʤʫʪʣʘϨ ϲʘʨʦʨʘʪʠ; C1 ʚʘ ʉ2 ð ʥʫʨʣʘʥʠʰʥʠʥʛ Ϩʘʙʫʣ Ϩʠʣʠʥʛʘʥ 

ʙʠʨʣʠʢʣʘʨ ʪʠʟʠʤʠʛʘ ʙʦϤʣʠϨ ʙ˄ʣʛʘʥ ʢʦʥʩʪʘʥʪʘʣʘʨʠ Ϩʠʡʤʘʪʠ; ʉ1 = 2 ˊhC
2
,h ð ʇʣʘʥʢ 

ʜʦʠʤʠʡʩʠ; ʉ ð ʸʨʫϤʣʠʢ ʪʝʟʣʠʛʠ; ʉ2 = NhC/Rr , N ð ɸʚʦʛʘʜʨʦ ʜʦʠʤʠʡʩʠ; Rr ð ʫʥʠʚʝʨʩʘʣ ʛʘʟ 

ʜʦʠʤʠʡʩʠ; ʝð ʥʘʪʫʨʘʣ ʣʦʛʘʨʠʬʤ ʘʩʦʩʠ. 

ʊʫʨʣʠ ʫʟʫʥʣʠʢʜʘʛʠ ʪ˄ʣץʠʥʣʘʨʥʠʥʛ ʩʧʝʢʪʨʘʣ ʵʥʝʨʛʝʪʠʢ ʨʘʚʰʘʥʣʠʛʠ ʙʠʨ 

ʭʠʣ ʙ˄ʣʤʘʛʘʥʠ ʫʯʫʥ ɺʠʥ ʪʝʥʛʣʘʤʘʩʠʥʠ ʦʧʪʠʢ ʧʠʨʦʤʝʪʨʠʷʜʘ ʤʘʲʣʫʤ 

ʫʟʫʥʣʠʢʜʘʛʠ ʪ˄ʣץʠʥʣʘʨ ʫʯʫʥ ץ˄ʣʣʘʥʠʣʘʜʠ (ʦʜʘʪʜʘ ʪ˄ʣץʠʥ ʫʟʫʥʣʠʛʠ 0,65 ʸʢʠ 

0,66 ʤʢʤ ʙ˄ʣʛʘʥ ץʠʟʠʣ ʨʘʥʛ ʫʯʫʥ). ɺʠʥ ʪʝʥʛʣʘʤʘʩʠʜʘʥ ʪʘʭʤʠʥʘʥ 3000 
0
ʂ ʛʘʯʘ 

ʙ˄ʣʛʘʥ ״ʘʨʦʨʘʪʣʘʨ ʫʯʫʥ ʬʦʡʜʘʣʘʥʩʘ ʙ˄ʣʘʜʠ. ʋʥʜʘʥ ״ʘʤ ʶץʦʨʠʨʦ״ ץʘʨʦʨʘʪʣʘʨʜʘ 
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ʤʫʪʣʘץ ץʦʨʘ ʞʠʩʤʥʠʥʛ ʥʫʨʣʘʥʠʰ ʞʘʜʘʣʣʠʛʠ ʇʣʘʥʢ ʪʝʥʛʣʘʤʘʩʠ ʙʠʣʘʥ 

ʭʘʨʘʢʪʝʨʣʘʥʘʜʠ: 

15

10 )1(
2

-
-

- -ÖÖ= T

C

eCE l
l l      (2.80) 

ʄʫʪʣʘץ ץʦʨʘ ʞʠʩʤʥʠʥʛ ʠʥʪʝʛʨʘʣ ʥʫʨʣʘʥʠʰʠ ʉʪʝʬʘʥ ð ɹʦʣʴʮʤʘʥ 

ʪʝʥʛʣʘʤʘʩʠ ʙʠʣʘʥ ʪʘʚʩʠʬʣʘʥʘʜʠ: 

4

00
100
ö
÷

õ
æ
ç

å
=

T
CE                       (2.81) 

ʙʫ ʝʨʜʘ, ʉʦ ð ʤʫʪʣʘϨ Ϩʦʨʘ ʞʠʩʤʥʠʥʛ ʥʫʨʣʘʥʠʰ ʜʦʠʤʠʡʩʠ; ʊ ð ʥʫʨʣʘʥʘʸʪʛʘʥ 

ʩʠʨʪʥʠʥʛ ʤʫʪʣʘϨ ϲʘʨʦʨʘʪʠ, 
0
ʂ. 

ʈʝʘʣ ʬʠʟʠʢ ʞʠʩʤʣʘʨ ʵʥʝʨʛʠ̫ ʥʠ ʤʫʪʣʘץ ץʦʨʘ ʞʠʩʤʛʘ ץʘʨʘʛʘʥʜʘ ʢʘʤʨʦץ 

ʞʘʜʘʣʣʠʢ ʙʠʣʘʥ ʥʫʨʣʘʥʪʠʨʘʜʠ. ʂʚʘʟʠʤʦʥʦʭʨʦʤʘʪʠʢ ʧʠʨʦʤʝʪʨ ʙʠʣʘʥ ״ʘʤ ʪ˄ʣʘ 

ʥʫʨʣʘʥʠʰ ʧʠʨʦʤʝʪʨʠ ʙʠʣʘʥ ˄ʣʯʘʰ ʥʘʪʠʞʘʩʠʜʘ ʰʘʨʪʣʠ ״ʘʨʦʨʘʪ ʜʝʙ ʘʪʘʣʘʜʠʛʘʥ 

 ʠʡץʠץʘ״ (ʘʨʦʨʘʪʠʜʘʥ״ ʨʘʚʰʘʥʣʠʢ) ʘʨʦʨʘʪʜʘʥ״ ʘʨʦʨʘʪʛʘ ʵʛʘ ʙ˄ʣʠʥʘʜʠ. ʐʘʨʪʣʠ״

 .ʘʨʦʨʘʪʛʘ ˄ʪʠʰ ʫʯʫʥ ɺʠʥ ʪʝʥʛʣʘʤʘʩʠʥʠ ˄ʟʛʘʨʪʠʨʠʰʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ״

ʌʠʟʠʢ ʞʠʩʤʥʠʥʛ ʢʚʘʟʠʤʦʥʦʭʨʦʤʘʪʠʢ ʧʠʨʦʤʝʪʨ ʸʨʜʘʤʠʜʘ ˄ʣʯʘʥʛʘʥ 

ʸʨʫסʣʠʢ ״ʘʨʦʨʘʪʠ ʊ ̫ʙ˄ʡʠʯʘ ״ʘץʠץʠʡ ״ʘʨʦʨʘʪʠ ʊ ץʠʡʤʘʪʠ ץʫʡʠʜʘʛʠ ʪʝʥʛʣʘʤʘ 

ʙʠʣʘʥ ʠʬʦʜʘʣʘʥʘʜʠ: 
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T
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           (2.82) 

ʙʫ ʝʨʜʘ, ʊ ̫ð ʞʠʩʤʥʠʥʛ ʧʠʨʦʤʝʪʨ ʸʨʜʘʤʠʜʘ ʫʣʯʘʥʛʘʥ ʨʘʚʰʘʥʣʠʢ (ʰʘʨʪʣʠ) ϲʘʨʦʨʘʪʠ, 

0
ʂ; ɚ. ð ʪ˄ʣϨʠʥ ʫʟʫʥʣʠʛʠ, ʤʢʤ; ʉ2 ð ɺʠʥ ʪʝʥʛʣʘʤʘʩʠ ʜʦʠʤʠʡʩʠ; ɽɚð ʞʠʩʤʥʠʥʛ ʙʝʨʠʣʛʘʥ 

ʪ˄ʣϨʠʥ ʫʟʫʥʣʠʛʠ ʫʯʫʥ Ϩʦʨʘʣʠʢ ʜʘʨʘʞʘʩʠ. 

ʈʝʘʣ ʞʠʩʤ ״ʘʨʦʨʘʪʠ ʊ ʥʠʥʛ ʪ˄ʣʠץ ʥʫʨʣʘʥʠʰ ʧʠʨʦʤʝʪʨʠ ʸʨʜʘʤʠʜʘ 

˄ʣʯʘʥʘʸʪʛʘʥ ״ʘץʠץʠʡ ץʠʡʤʘʪʠ ץʫʡʠʜʘʛʡ ʪʝʥʛʣʘʤʘ ʙʠʣʘʥ ʠʬʦʜʘʣʘʥʘʜʠ: 

4
1

e
ʫTT =                              (2.83) 

ʙʫ ʝʨʜʘ, ʊʫ ð ʪ˄ʣʠϨ ʥʫʨʣʘʥʠʰ ʧʠʨʦʤʝʪʨʠ ʙʠʣʘʥ ˄ʣʯʘʥʛʘʥ ʰʘʨʪʣʠ ϲʘʨʦʨʘʪ; Ů ð ʙʘʨʯʘ 

ʫʟʫʥʣʠʢʜʘʛʠ ʪ˄ʣϨʠʥʣʘʨ ʫʯʫʥ ʞʠʩʤʥʠʥʛ Ϩʦʨʘʣʠʢ ʜʘʨʘʞʘʩʠ. 

ʂʚʘʟʠʤʦʥʦʭʨʦʤʘʪʠʢ (ʦʧʪʠʢ) ʧʠʨʦʤʝʪʨʣʘʨ 

ʆʧʪʠʢ ʧʠʨʦʤʝʪʨʣʘʨʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ״ʘʨʦʨʘʪʠ ˄ʣʯʘʥʘʸʪʛʘʥ 

ʞʠʩʤʥʠʥʛ ʥʫʨʣʘʥʠʰ ʨʘʚʰʘʥʣʠʛʠʥʠ ʵʪʘʣʦʥ ʞʠʩʤʣʘʨʥʠʥʛ ʤʦʥʦʭʨʦʤʘʪʠʢ 
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ʥʫʨʣʘʥʠʰ ʨʘʚʰʘʥʣʠʛʠ ʙʠʣʘʥ ʩʦʣʠʰʪʠʨʠʰʛʘ ʘʩʦʩʣʘʛʘʥ. ʕʪʘʣʦʥ ʞʠʩʤ ʩʠʬʘʪʠʜʘ, 

ʦʜʘʪʜʘ, ʥʫʨʣʘʥʠʰ ʨʘʚʰʘʥʣʠʛʠ ʨʦʩʪʣʘʥʘʜʠʛʘʥ ʯ˄סʣʘʥʠʰ ʣʘʤʧʘʩʠʥʠʥʛ ʪʦʣʘʩʠʜʘʥ 

ʬʦʡʜʘʣʘʥʠʣʘʜʠ. ɹʫ ʛʫʨʫ״ʜʘʛʠ ʢʝʥʛ ʪʘʨץʘʣʛʘʥ ʘʩʙʦʙʣʘʨʜʘʥ ʙʠʨʠ ð ʯ˄סʣʘʥʠʰ 

ʪʦʣʘʩʠ ʡ˄ץʦʣʠʙ ʢʝʪʘʜʠʛʘʥ ʤʦʥʦʭʨʦʤʘʪʠʢ ʦʧʪʠʢ ʧʠʨʦʤʝʪʨʜʠʨ. ɹʫ ʘʩʙʦʙʥʠʥʛ 

ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ 2.24- ʨʘʩʤʜʘ ʢʝʣʪʠʨʠʣʛʘʥ. פʠʟʜʠʨʠʣʛʘʥ ʞʠʩʤʥʠʥʛ 

ʥʫʨʣʘʥʠʰ ʦץʠʤʠ ʦʙʲʝʢʪʠʚ 1 ʦʨץʘʣʠ ʡʠסʠʣʘʜʠ ʚʘ ʧʠʨʦʤʝʪʨʠʢ ʣʘʤʧʘ 2 ʥʠʥʛ ʪʦʟʘ 

ʶʟʘʩʠʛʘ ʧʨʦʝʢʮʠʷʣʘʥʘʜʠ. ʆʢʫʣʷʨ 3 ʸʨʜʘʤʠʜʘ ʦʙʲʝʢʪʥʠʥʛ ʪʘʩʚʠʨʠ ʙʠʣʘʥ 

ʢʝʩʠʰʛʘʥ ʣʘʤʧʘ ʪʦʣʘʩʠʥʠʥʛ ʪʘʩʚʠʨʠ ʢʫʟʘʪʠʣʘʜʠ. ʃʘʤʧʘ ʪʦʣʘʩʠ ʪʘʲʤʠʥʣʘʰ 

ʤʘʥʙʘʠ ɽ ʥʠʥʛ ˄ʟʛʘʨʤʘʩ ʪʦʢʠʜʘʥ ʯ˄סʣʘʥʘʜʠ. ʄʘʥʙʘʥʠʥʛ ʢʫʯʣʘʥʠʰʠ ʨʝʦʩʪʘʪ R 

ʸʨʜʘʤʠʜʘ ʩʝʢʠʥ-ʘʩʪʘ ʨʦʩʪʣʘʰ ʡ˄ʣʠ ʙʠʣʘʥ ʦʙʲʝʢʪ ʚʘ ʪʦʣʘ ʨʘʚʰʘʥʣʠʢʣʘʨʠ 

ʪʝʥʛʣʘʰʛʫʥʯʘ ʦʰʠʨʠʙ ʙʦʨʠʣʘʜʠ. ʐʫ ʧʘʡʪ ʦʙʲʝʢʪ ʪʘʩʚʠʨʠ ʙʠʣʘʥ ʢʝʩʠʰʛʘʥ 

ʪʦʣʘʥʠʥʛ ץʠʩʤʠ, ʨʘʩʤʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥʠʜʝʢ, ʡ˄ץʦʣʠʙ ʢʝʪʘʜʠ. ʈʘʚʰʘʥʣʠʢʣʘʨʠ 

ʪʝʥʛʣʘʰʛʘʥʜʘʥ ʩ˄ʥʛ ʪʦʢ ʢʫʯʠʥʠ ʸʢʠ ʣʘʤʧʘ ʢʫʯʣʘʥʠʰʠʥʠ ˄ʣʯʘʡʜʠʛʘʥ ʘʩʙʦʙ 

ʙʠʣʘʥ ʧʠʨʦʤʝʪʨ ʢ˄ʨʩʘʪʠʰʣʘʨʠ ״ʠʩʦʙʣʘʥʘʜʠ. 

ʆʧʪʠʢ ʧʠʨʦʤʝʪʨʣʘʨʥʠʥʛ ״ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰ ʦʨʘʣʠסʠ 800Áʉ ʜʘʥ 10000Áʉ  

ʛʘʯʘ. ʁ˄ʣ ץ˄ʡʠʣʘʜʠʛʘʥ ʘʩʦʩʠʡ ʭʘʪʦʣʠʢʣʘʨ ʯʝʛʘʨʘʩʠ Ñ1,5% ʜʘʥ ʦʰʤʘʡʜʠ. 

 



 101 

2.24 ï ʨʘʩʤ. ʆʧʪʠʢ ʧʠʨʦʤʝʪʨʥʠʥʛ ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ 

ʆʧʪʠʢ ʧʠʨʦʤʝʪʨ ʢ˄ʯʤʘ ʘʩʙʦʙʜʠʨ. ʋ ʙʠʣʘʥ ʫʟʣʫʢʩʠʟ ˄ʣʯʘʰ ʚʘ ״ʘʨʦʨʘʪʥʠ 

 .ʠʣʠʰ ʤʫʤʢʠʥ ʵʤʘʩץ ʘʡʜץ

ɹʫʥʜʘʡ ʧʠʨʦʤʝʪʨʜʘʥ ʬʘʨץʣʠ ˄ʣʘʨʦץ, ʬʦʪʦʵʣʝʤʝʥʪʣʠ ʧʠʨʦʤʝʪʨʣʘʨ 

(ʬʦʪʦʵʣʝʢʪʨ ʧʠʨʦʤʝʪʨʣʘʨ) ʢ˄ʨʩʘʪʠʰʣʘʨʥʠ ʸʟʠʙ ʦʣʠʰ ʚʘ ʫʣʘʨʥʠ ʤʘʩʦʬʘʛʘ 

ʫʟʘʪʠʰ ʠʤʢʦʥʠʛʘ ʵʛʘ. ɹʫ ʘʩʙʦʙʣʘʨʜʘʥ ʪʝʟ ˄ʪʘʜʠʛʘʥ ʞʘʨʘʸʥʣʘʨʜʘʛʠ ״ʘʨʦʨʘʪʥʠ 

˄ʣʯʘʰʜʘ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. 

ʌʦʪʦʵʣʝʢʪʨ ʧʠʨʦʤʝʪʨʣʘʨʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ʬʦʪʦʵʣʝʤʝʥʪʥʠʥʛ 

ʬʦʪʦʪʦʢʥʠ ˄ʟʛʘʨʪʠʨʠʰ ʭʫʩʫʩʠʷʪʠʛʘ ʘʩʦʩʣʘʥʛʘʥ. ʌʦʪʦʪʦʢ ʪʫʰʘʸʪʛʘʥ ʸʨʫסʣʠʢ 

ʦץʠʤʠ ʠʥʪʝʥʩʠʚʣʠʛʠʛʘ ʙʦסʣʠץ ʙ˄ʣʠʙ, ʫʥʠʥʛ ʢʫʯʠ ץʫʡʠʜʘʛʠ ʪʝʥʛʣʘʤʘ ʦʨץʘʣʠ 

ʘʥʠץʣʘʥʘʜʠ: 

I = aĀT
n
 (2.84) 

ʙʫ ʝʨʜʘ, ʘ ð ʘʩʙʦʙʥʠʥʛ ʩʝʟʛʠʨʣʠʛʠʛʘ ʙʦϤʣʠϨ ʙ˄ʣʛʘʥ ʘʩʙʦʙ ʜʦʠʤʠʡʩʠ; nðʘʩʙʦʙʥʠʥʛ 

ʩʧʝʢʪʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʩʠʛʘ ʙʦϤʣʠϨ ʙ˄ʣʛʘʥ ʘʩʙʦʙ ʜʦʠʤʠʡʩʠ; ʊðʬʠʟʠʢ ʞʠʩʤʥʠʥʛ ϲʘʨʦʨʘʪʠ. 

ʆʣʠʥʛʘʥ ״ʘʨʦʨʘʪʥʠʥʛ ʥʫʨʣʘʥʠʰʠʥʠ ʭʘʨʘʢʪʝʨʣʦʚʯʠ ʬʦʪʦʪʦʢ ʞʫʜʘ ʢʠʯʠʢ 

ʙ˄ʣʠʙ, ʫʥʠ ʢʫʯʘʡʪʠʨʠʰ ʫʯʫʥ ʵʣʝʢʪʨʦʥ ʢʫʯʘʡʪʠʨʛʠʯʣʘʨ ץ˄ʣʣʘʥʘʜʠ. 

 

 

 

 

 

 

 

 

 

 

 

ʌʕʇ (2.25-ʨʘʩʤ) ʪʫʨʠʜʘʛʠ ʬʦʪʦʵʣʝʢʪʨ ʧʠʨʦʤʝʪʨʣʘʨʜʘ ʥʫʨ ʦץʠʤʠ ʙ˄ʡʠʯʘ 

ʤʘʥʬʠʡ ʪʝʩʢʘʨʠ ʙʦסʣʘʥʠʰʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. ʄʘʟʢʫʨ ʙʦסʣʘʥʠʰ ʸʨʫסʣʠʛʠ 

ʵʣʝʢʪʨʦʥ ʢʫʯʘʡʪʠʨʛʠʯ ʯʠץʠʰʠʜʘ ʢʫʯʣʘʥʠʰ ʬʫʥʢʮʠʷʩʠʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʛʘʥ 

2.25 ï ʨʘʩʤ. ʌʦʪʦʵʣʝʢʪʨ ʧʠʨʦʤʝʪʨʥʠʥʛ ʧʨʠʥʮʠʧʠʘʣ 

ʩʭʝʤʘʩʠ 
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 .ʠʟʜʠʨʠʰ ʣʘʤʧʘʩʠʥʠʥʛ ʬʦʪʦʵʣʝʤʝʥʪʥʠ ʸʨʠʪʠʰʠ ʙʠʣʘʥ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠץ

ʅʫʨʣʘʥʘʸʪʛʘʥ ʞʠʩʤʜʘʥ ʯʠץʘʸʪʛʘʥ ʥʫʨ ʦץʠʤʠ ʣʠʥʟʘ ʙʠʣʘʥ ʙʠʨ ʞʦʡʛʘ ʡʠסʠʣʘʜʠ 

ʚʘ ץʠʟʠʣ ʸʨʫסʣʠʢ ʬʠʣʴʪʨʠ 2 ʢʘʩʩʝʪʘʩʠʥʠʥʛ ʶץʦʨʠ ʪʝʰʠʛʠ ʦʨץʘʣʠ ʬʦʪʦʵʣʝʤʝʥʪ. 

3 ʛʘ ʪʫʰʘʜʠ.  

ʌʦʪʦʵʣʝʤʝʥʪʛʘ ʢʘʩʩʝʪʘʥʠʥʛ ʧʘʩʪʢʠ ʪʝʰʠʛʠ ʦʨץʘʣʠ ״ʘʤ ʯ˄סʣʘʥʠʰ ʣʘʤʧʘʩʠ 

4 ʜʘʥ ʥʫʨ ʦץʠʤʠ ʪʫʰʘʜʠ. ʌʦʪʦʵʣʝʤʝʥʪʥʠʥʛ ʛʘʣʤʘ-ʛʘʣ ʛʦ״ ʥʫʨʣʘʥʘʸʪʛʘʥ 

ʞʠʩʤʜʘʥ, ʛʦ״ ʯ˄סʣʘʥʠʰ ʣʘʤʧʘʩʠʜʘʥ ʸʨʠʪʠʣʠʰʠ ʸʨʫסʣʠʢ ʬʠʣʴʪʨʠ ʢʘʩʩʝʪʘʩʠʥʠʥʛ 

ʦʣʜʠʛʘ ˄ʨʥʘʪʠʣʛʘʥ ʸʨʫסʣʠʢ ʤʦʜʫʣʷʪʦʨʠʥʠʥʛ 50 ɻʮ ʯʘʩʪʦʪʘ ʙʠʣʘʥ ʪʝʙʨʘʥʫʚʯʠ 

ʪ˄ʩʠסʠ 5 ʸʨʜʘʤʠʜʘ ʪʘʲʤʠʥʣʘʥʘʜʠ. 

ɪʨʫסʣʠʢ ʬʠʣʴʪʨʠ ʢʘʩʩʝʪʘʩʠʜʘ ʪʝʙʨʘʥʫʚʯʠ ʪ˄ʩʠץ ʚʘ ʪʝʰʠʢʣʘʨ ʰʘʢʣʠ 

ʰʫʥʜʘʡ ʪʘʥʣʘʥʛʘʥʢʠ, ʬʦʪʦʵʣʝʤʝʥʪʛʘ ʠʢʢʘʣʘ ʥʫʨʣʘʥʠʰ ʤʘʥʙʘʠʥʠʥʛ ʩʠʥʫʩʦʠʜʘʣ 

˄ʟʛʘʨʫʚʯʠ ʥʫʨ ʦץʠʤʣʘʨʠ ʪʫʰʘʜʠ. ɹʫʥʜʘ ʠʢʢʘʣʘ ʥʫʨ ʦץʠʤʣʘʨʠʥʠʥʛ ʬʘʟʘʣʘʨʠ 

180Á ʛʘ ʩʠʣʞʠʛʘʥ ʙ˄ʣʘʜʠ. 

ʌʦʪʦʵʣʝʤʝʥʪ ʯʠץʠʰʠʜʘ ʬʦʪʦʪʦʢ ʧʘʡʜʦ ʙ˄ʣʘʜʠ, ʫʥʠʥʛ ʢʘʪʪʘʣʠʛʠ ʞʠʩʤ ʚʘ 

ʣʘʤʧʘ ʪʦʤʦʥʠʜʘʥ ʸʨʠʪʠʣʛʘʥʣʠʢ ʜʘʨʘʞʘʩʠʛʘ ʙʦסʣʠץ. ʐʫ ʸʨʠʪʠʣʛʘʥʣʠʢʣʘʨ ʪʝʥʛ 

ʙ˄ʣʤʘʩʘ, ʬʦʪʦʵʣʝʤʝʥʪ ʟʘʥʞʠʨʠʜʘ ˄ʟʛʘʨʫʚʯʘʥ ʬʦʪʦʪʦʢ ״ʦʩʠʣ ʙ˄ʣʠʙ, ʫ ʸ ʞʠʩʤ 

ʬʦʪʦʪʦʢʠ ʙʠʣʘʥ, ʸ ʣʘʤʧʘ ʬʦʪʦʪʦʢʠ ʙʠʣʘʥ ʫʩʪʤʘ-ʫʩʪ ʪʫʰʘʜʠ. ɹʫ ʪʦʢ 

ʬʦʪʦʵʣʝʤʝʥʪ ʯʠץʠʰʠʜʘ R1 ʨʝʟʠʩʪʦʨʜʘ ʢʫʯʣʘʥʠʰʥʠʥʛ ʩʠʥʫʩʦʠʜʘʣ ʪʫʰʫʚʠʥʠ 

 ʠʯʣʠ ʵʣʝʢʪʨʦʥץʘʣʠ ʫʯ ʙʦʩץʠʣʘʜʠ, ʙʫ ʢʫʯʣʘʥʠʰ ʉ ʢʦʥʜʝʥʩʘʪʦʨ ʦʨץ ʦʩʠʣ״

ʢʫʯʣʘʥʠʰ ʢʫʯʘʡʪʠʨʛʠʯʠ 6 ʛʘ ʫʟʘʪʠʣʘʜʠ. ʌʦʪʦʪʦʢʥʠʥʛ ʥʫʨ ʦץʠʤʣʘʨʠ ʬʘʨץʠʛʘ 

ʤʫʪʘʥʦʩʠʙ ʙ˄ʣʛʘʥ ˄ʟʛʘʨʫʚʯʠ ʪʘʰʢʠʣ ʵʪʫʚʯʠʩʠ 6 ʢʫʯʘʡʪʠʨʛʠʯʜʘ ʢʫʯʘʡʪʠʨʠʣʘʜʠ 

ʚʘ ʬʦʪʦʩʝʟʛʠʨ ʜʝʪʝʢʪʦʨ 7 ʦʨץʘʣʠ ʵʣʝʢʪʨʦʥ ʣʘʤʧʘʛʘ ʫʟʘʪʠʣʘʜʠ. ʐʫ ʣʘʤʧʘ ʪʦʢʠ 

ʯʠץʠʰ ʧʘʨʘʤʝʪʨʠʜʘʥ ʠʙʦʨʘʪ. ʕʣʝʢʪʨʦʥ ʣʘʤʧʘʥʠʥʛ ʘʥʦʜ ʟʘʥʞʠʨʠʛʘ ʤʘʥʬʠʡ 

ʪʝʩʢʘʨʠ ʙʦסʣʘʥʠʰʣʠ ʣʘʤʧʘ 4 ʫʣʘʥʛʘʥ. ʃʘʤʧʘʥʠ ץʠʟʜʠʨʠʰ ʪʦʢʠ ˄ʣʯʘʥʘʸʪʛʘʥ 

ʞʠʩʤ ʚʘ ʣʘʤʧʘʥʠʥʛ ʸʨʠʪʠʣʛʘʥʣʠʛʠ ˄ʟʘʨʨ ʪʝʥʛ ʙ˄ʣʛʫʥʯʘ ʚʘ ʬʦʪʦʪʦʢʥʠʥʛ 

˄ʟʛʘʨʫʚʯʠ ʪʘʰʢʠʣ ʵʪʫʚʯʠʩʠ ˄ʟʘʨʦ ʥʦʣʛʘ ʪʝʥʛ ʙ˄ʣʛʫʥʯʘ ˄ʟʛʘʨʪʠʨʠʙ ʙʦʨʠʣʘʜʠ. ɹʫ 

ʙʠʣʘʥ ʣʘʤʧʘʜʘʛʠ ʪʦʢ ʢʫʯʠ ˄ʣʯʘʥʘʸʪʛʘʥ ʞʠʩʤʥʠʥʛ ʸʨʫסʣʠʢ ״ʘʨʦʨʘʪʠ ʙʠʣʘʥ ʙʠʨ 

 .ʦʣʘʜʠץ ʙ˄ʣʠʙ ץʣʠסʠʡʤʘʪʣʠ ʙʦץ

ʃʘʤʧʘʥʠ ʪʘʲʤʠʥʣʦʚʯʠ ʪʦʢ ʢʫʯʠ ʪʝʟʢʦʨ ʘʚʪʦʤʘʪʠʢ ʧʦʪʝʥʮʠʦʤʝʪʨ ʙʠʣʘʥ 

ʣʘʤʧʘ ʟʘʥʞʠʨʠʜʘʛʠ R ץʘʨʰʠʣʠʢʜʘʛʠ ʢʫʯʣʘʥʠʰ ʪʫʰʫʚʠ ʤʠץʜʦʨʠ ʙ˄ʡʠʯʘ 
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˄ʣʯʘʥʘʜʠ. ʇʦʪʝʥʮʠʦʤʝʪʨ ʸʨʫסʣʠʢ ״ʘʨʦʨʘʪʠ ʜʘʨʘʞʘʣʘʨʠ ʙʠʣʘʥ ʜʘʨʘʞʘʣʘʥʛʘʥ. 

ʌʦʪʦʵʣʝʢʪʨ ʧʠʨʦʤʝʪʨʥʠʥʛ ˄ʣʯʘʰ ʯʝʛʘʨʘʣʘʨʠ 800 ʜʘʥ 4000Áʉ ʛʘʯʘ. ɸʩʦʩʠʡ 

ʭʘʪʦʣʠʢ ˄ʣʯʘʰ ʶץʦʨʠ ʯʝʛʘʨʘʩʠʥʠʥʛ Ñ1% ʠʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ 

ʉʧʝʢʪʨʘʣ ʥʠʩʙʘʪʣʠ (ʨʘʥʛʣʠ) ʧʠʨʦʤʝʪʨʣʘʨ 

ʈʘʥʛʣʠ ʸʢʠ ʩʧʝʢʪʨʘʣ ʧʠʨʦʤʝʪʨʣʘʨ ץʠʟʜʠʨʠʣʛʘʥ ʞʠʩʤʥʠʥʛ ʥʫʨʣʘʥʠʰ 

ʩʧʝʢʪʨʠʜʘʛʠ ʵʥʝʨʛʠʷʥʠʥʛ ʥʠʩʙʠʡ ʪʘץʩʠʤʣʘʥʠʰʠ ʙ˄ʡʠʯʘ ״ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰʛʘ 

ʤ˄ʣʞʘʣʣʘʥʛʘʥ. ׳ʘʨʦʨʘʪ ʯ˄סʣʘʥʛʘʥ ʞʠʩʤʥʠʥʛ ʩʧʝʢʪʨʠʜʘ ʪʘʥʣʘʥʛʘʥ ʩʦ״ʘ, 

ʤʘʩʘʣʘʥ, ʢ˄ʢ ʩʦ״ʘʣʘʨʜʘʛʠ ʨʘʚʰʘʥʣʠʢʣʘʨ ʥʠʩʙʘʪʠʜʘʥ ʘʥʠץʣʘʥʘʜʠ. ɸʛʘʨ 

ʯ˄סʣʘʥʛʘʥ ʞʠʩʤʥʠʥʛ ʥʫʨʣʘʥʠʰ ʩʧʝʢʪʨʠʜʘ ɚ1 ʚʘ ɚ2 ʪ˄ʣץʠʥ ʫʟʫʥʣʠʛʠʜʘʛʠ ʠʢʢʠʪʘ 

ʤʦʥʦʭʨʦʤʘʪʠʢ ʥʫʨʣʘʥʠʰ (ץʠʟʠʣ ʚʘ ʢ˄ʢ ʩʦ״ʘʜʘ) ʪʘʥʣʘʥʩʘ, ״ʘʨʦʨʘʪ ˄ʟʛʘʨʠʰʠ 

ʙʠʣʘʥ ʙʫ ʥʫʨʣʘʥʠʰʣʘʨ ʨʘʚʰʘʥʣʠʢʣʘʨʠʥʠʥʛ ʥʠʩʙʘʪʠ ״ʘʤ ˄ʟʛʘʨʘʜʠ. פʦʨʘ 

ʙ˄ʣʤʘʛʘʥ ʞʠʩʤ ʫʯʫʥ ʨʘʚʰʘʥʣʠʢʣʘʨ ʥʠʩʙʘʪʠ ץʫʡʠʜʘʛʠʯʘ ʠʬʦʜʘʣʘʥʘʜʠ: 

ʢRR

2

1

l

l

e

e
=                   (2.85) 

ʙʫ ʝʨʜʘ, Ůɚ1 ʚʘ Ůɚ2 ð ɚ1 ʚʘ ɚ2 ʪ˄ʣϨʠʥ ʫʟʫʥʣʠʢʣʘʨʠʥʠʥʛ ʥʫʨʣʘʥʠʰ Ϩʦʙʠʣʠʷʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʠ; RϨ ð Ϩʦʨʘ ʞʠʩʤ ʫʯʫʥ ɚ1 ʚʘ ɚ2 ʪ˄ʣϨʠʥ ʫʟʫʥʣʠʢʣʘʨʠ ʨʘʚʰʘʥʣʠʛʠ ʥʠʩʙʘʪʠ. 

 

2.26 ï ʨʘʩʤ. ʌʦʪʦʵʣʝʤʝʥʪʣʠ ʨʘʥʛʣʠ ʧʠʨʦʤʝʪʨʥʠʥʛ ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ. 

 

ʌʦʪʦʵʣʝʤʝʥʪʣʠ ʨʘʥʛʣʠ ʧʠʨʦʤʝʪʨʥʠʥʛ ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ 2.26- ʨʘʩʤʜʘ 

ʢ˄ʨʩʘʪʠʣʛʘʥ. ɶʣʯʘʥʘʸʪʛʘʥ ʞʠʩʤʜʘʥ ʯʠץץʘʥ ʥʫʨʣʘʥʠʰ ʦʙʲʝʢʪʠʚ 1 ʦʨץʘʣʠ ˄ʪʠʙ, 

ʬʦʪʦʵʣʝʤʝʥʪ 3 ʛʘ ʪʫʰʘʜʠ. ʌʦʪʦʵʣʝʤʝʥʪ ʦʣʜʠʜʘ ץʠʟʠʣ ʚʘ ʢ˄ʢ ʬʠʣʴʪʨʣʠ 

ʘʡʣʘʥʫʚʯʠ ʜʠʩʢʩʠʤʦʥ ʦʙʪʶʨʘʪʦʨ 2 ˄ʨʥʘʪʠʣʛʘʥ. ʌʦʪʦʵʣʝʤʝʥʪ ʛʦץ ״ʠʟʠʣ, ʛʦ״ ʢ˄ʢ 

ʨʘʥʛʣʘʨ ʙʠʣʘʥ ʨyʠʪʠʣʘʜʠ ʚʘ ʰʫʥʛʘ ʢ˄ʨʘ ʪʝʛʠʰʣʠ ʠʤʧʫʣʴʩʣʘʨ ʯʠץʘʨʘʜʠ. ɹʫ 

ʠʤʧʫʣʴʩʣʘʨ ʵʣʝʢʪʨʦʥ ʢʫʯʘʡʪʠʨʛʠʯ 4 ʙʠʣʘʥ ʢʫʯʘʡʪʠʨʠʣʠʙ, ʣʦʛʘʨʠʬʤʣʦʚʯʠ 
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 .ʠʣʠʥʘʜʠץ ʘʡʜץ ʘʣʠ ˄ʟʛʘʨʤʘʩ ʪʦʢʢʘ ʘʡʣʘʥʪʠʨʠʣʘʜʠ. ɹʫ ʪʦʢץʫʨʠʣʤʘ 5 ʦʨץ

ʇʠʨʦʤʝʪʨʥʠʥʛ ˄ʣʯʘʰ ʯʝʛʘʨʘʩʠ 1400Áʉ ʜʘʥ 2800Áʉ ʛʘʯʘ. ɸʩʦʩʠʡ ʭʘʪʦʣʠʢ ˄ʣʯʘʰ 

ʶץʦʨʠʛʠ ʯʝʛʘʨʘʩʠʥʠʥʛ Ñ1% ʠʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. 

 ʜʘ. ʋʣʘʨץʪʜʘ ʇʀʊ-1 ʜʝʙ ʘʪʘʣʘʜʠʛʘʥ ʧʠʨʦʤʝʪʨʣʘʨ ʢʝʥʛ ʸʡʠʣʤʦץʦʟʠʨʛʠ ʚʘ׳

ʩʧʝʢʪʨʘʣ ʥʠʩʙʘʪʣʠ ʧʠʨʦʤʝʪʨʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʠʙ, ʭʦʪʠʨʘʩʠʜʘ ʩʘץʣʘʥʘʜʠʛʘʥ 

ʘʭʙʦʨʦʪ ʘʩʦʩʠʜʘ ״ʠʩʦʙʣʘʥʘʜʠʛʘʥ ʪʫʟʘʪʠʰʥʠ ʘʚʪʦʤʘʪʠʢ ʢʠʨʠʪʠʣʘʜʠ. ʇʠʨʦʤʝʪʨ 

800...2000Áʉ ˄ʣʯʘʰ ʜʠʘʧʘʟʦʥʠʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘʥ. ׳ʘץʠץʠʡ ״ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰ 

ʭʘʪʦʣʠʛʠ Ñ 1 % ʜʘʥ ʦʰʤʘʡʜʠ. 

ʊ˄ʣʠץ ʥʫʨʣʘʥʠʰ (ʨʘʜʠʘʮʠʦʥ) ʧʠʨʦʤʝʪʨʣʘʨʠ 

ʈʘʜʠʘʮʠʦʥ ʧʠʨʦʤʝʪʨʣʘʨ (ʪ˄ʣʠץ ʥʫʨʣʘʥʠʰ ʧʠʨʦʤʝʪʨʣʘʨʠ) ץʠʟʜʠʨʠʣʛʘʥ 

ʞʠʩʤʥʠʥʛ ״ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʰʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘʥ. ʇʠʨʦʤʝʪʨ ʦʧʪʠʢ ʪʠʟʠʤ (ʣʠʥʟʘ, 

ʦʡʥʘ) ʙʠʣʘʥ ʪʘʲʤʠʥʣʘʥʛʘʥ. ɹʫ ʪʠʟʠʤ ʞʠʩʤʜʘʥ ʯʠץץʘʥ ʥʫʨʣʘʨʥʠ ʤʠʪʪʠ 

ʪʝʨʤʦʙʘʪʘʨʝʷ, ץʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʠ ʚʘ ʷʨʠʤ ˄ʪʢʘʟʛʠʯʣʠ ʪʝʨʤʦץʘʨʰʠʣʠʢʣʘʨʜʘʥ 

ʠʙʦʨʘʪ ˄ʟʛʘʨʪʛʠʯʛʘ ʪ˄ʧʣʘʡʜʠ. ɶʣʯʘʰ ʘʩʙʦʙʣʘʨʠ ʩʠʬʘʪʠʜʘ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ, 

ʘʚʪʦʤʘʪʠʢ ʧʦʪʝʥʮʠʦʤʝʪʨ ʚʘ ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʛʘʥ ʢ˄ʧʨʠʢʣʘʨʜʘʥ 

ʬʦʡʜʘʣʘʥʠʣʘʜʠ. 

 

2.27 ï ʨʘʩʤ. ʈʘʜʠaʮʠʦʥ ʧʠʨʦʤʝʪʨʥʠʥʛ ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ. 

2.27- ʨʘʩʤʜʘ ʪʝʨʤʦʙʘʪʘʨʝʷʣʠ ʨʘʜʠʘʮʠʦʥ ʧʠʨʦʤʝʪʨʥʠʥʛ ʧʨʠʥʮʠʧʠʘʣ 

ʩʭʝʤʘʩʠ ʢ˄ʨʩʘʪʠʣʛʘʥ. ʇʠʨʦʤʝʪʨ ʦʙʲʝʢʪʠʚ ʣʠʥʟʘ 1 ʚʘ ʦʢʫʣʷʨʣʠ ʪʝʣʝʩʢʦʧ 2 ʜʘʥ 

ʠʙʦʨʘʪ. ʅʫʨʣʘʥʠʰ ʤʘʥʙʘʠʜʘʥ ʯʠץץʘʥ ʥʫʨʣʘʨʥʠʥʛ ʡ˄ʣʠʜʘ ʯʝʢʣʦʚʯʠ ʜʠʘʬʨʘʛʤʘ 3 

˄ʨʥʘʪʠʣʛʘʥ, ʦʙʲʝʢʪʠʚ ʣʠʥʟʘ ʬʦʢʫʩʠʜʘ ʵʩʘ ʪʝʨʤʦʙʘʪʘʨʝʷ 4 ʞʦʡʣʘʰʛʘʥ. ʆʢʫʣʷʨ 

ʣʠʥʟʘ ʦʣʜʠʛʘ ʢ˄ʟʥʠ ʤʫ״ʦʬʘʟʘ ץʠʣʫʚʯʠ ʨʘʥʛʣʠ ʰʠʰʘ 5 ץ˄ʡʠʣʛʘʥ. 
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ʊʝʨʤʦʙʘʪʘʨʝʷʜʘ ʪ˄ʧʣʘʥʛʘʥ ʥʫʨʣʘʨ ʫʥʠ ץʠʟʜʠʨʘ ʙʦʰʣʘʡʜʠ ʚʘ ʥʫʨʣʘʥʠʰʥʠʥʛ 

ʪ˄ʣʠץ ʵʥʝʨʛʠʷʩʠʛʘ ʤʫʪʘʥʦʩʠʙ ʙ˄ʣʛʘʥ ʕʖʂ ʧʘʡʜʦ ʙ˄ʣʘʜʠ. ɹʫ ʕʖʂ 

ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ ʙʠʣʘʥ ˄ʣʯʘʥʘʜʠ. 

100Á ʜʘʥ 4000Á ʛʘʯʘ ״ʘʨʦʨʘʪʥʠ ˄ʣʯʘʡʜʠʛʘʥ ʨʘʜʠʘʮʠʦʥ ʧʠʨʦʤʝʪʨʣʘʨʥʠʥʛ 

ʪʫʨʣʠ ʪʫʟʠʣʠʰʣʘʨʠ ʤʘʚʞʫʜ ʙ˄ʣʠʙ, ʫʣʘʨ ˄ʟʣʘʨʠʥʠʥʛ ʦʧʪʠʢ ʪʠʟʠʤʠ, 

ʪʝʨʤʦʞʫʬʪʣʘʨʥʠ ʫʣʘʰ ʩʭʝʤʘʩʠ ʚʘ ʙʦʰץʘ ʵʣʝʤʝʥʪʣʘʨʠ ʙʠʣʘʥ ʬʘʨץ ץʠʣʘʜʠ. 

ɶʟʛʘʨʪʢʠʯʣʘʨʠ ץʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʠʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʛʘʥ ʙʘʲʟʠ ʨʘʜʠʘʮʠʦʥ 

ʧʠʨʦʤʝʪʨʣʘʨʛʘ ʥʠʩʙʘʪʘʥ ʢʠʯʠʢ, ʤʘʩʘʣʘʥ, 20Áʉ ʜʘʥ 100Áʉ ʛʘʯʘ ״ʘʨʦʨʘʪʣʘʨʥʠ 

˄ʣʯʘʡ ʦʣʘʜʠ. ɶʟʛʘʨʪʛʠʯ ץʘʙʫʣ ץʠʣʘʜʠʛʘʥ ʥʫʨʣʘʨ ʵʥʝʨʛʠʷʩʠʥʠ ʘʥʠ״ ץʠʩʦʙʛʘ 

ʦʣʠʰ ʞʫʜʘ ץʠʡʠʥ. ʏʫʥʢʠ ˄ʟʛʘʨʪʢʠʯ ʚʘ ʘʪʨʦʬ ʤʫ״ʠʪ ˄ʨʪʘʩʠʜʘ ˄ʟʘʨʦ ʠʩʩʠץʣʠʢ 

ʘʣʤʘʰʫʚʠ ʤʘʚʞʫʜ. ʐʫʥʠʥʛ ʫʯʫʥ, ʘʩʙʦʙ ״ʠʩʦʙʛʘ ʦʣʠʙ ʙ˄ʣʤʘʡʜʠʛʘʥ ʭʘʪʦʣʘʨʛʘ 

ʡ˄ʣ ץ˄ʡʠʰʠ ʪʘʙʠʠʡ. 

ʃʝʢʠʥ ʰʫ ʢʘʤʯʠʣʠʢʣʘʨʛʘ ץʘʨʘʤʘʡ, ʨʘʜʠʘʮʠʦʥ ʧʠʨʦʤʝʪʨʣʘʨ ʩʘʥʦʘʪʜʘ ʞʫʜʘ 

ʢʝʥʛ ץ˄ʣʣʘʥʠʣʘʜʠ. ʇʠʨʦʤʝʪʨʣʘʨʥʠʥʛ ʢ˄ʨʩʘʪʠʰʣʘʨʠʥʠ ʤʘʩʦʬʘʛʘ ʫʟʘʪʠʰ ʸʢʠ 

ʘʚʪʦʤʘʪʠʢ ʨʘʚʠʰʜʘ ʸʟʠʙ ʦʣʠʰ ʚʘ ʫʣʘʨ ʸʨʜʘʤʠʜʘ ״ʘʨʦʨʘʪʥʠ ʨʦʩʪʣʘʰ ʤʫʤʢʠʥ. 

2500Áʉ ʛʘʯʘ ״ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰʜʘ ʧʠʨʦʤʝʪʨ ʢ˄ʨʩʘʪʠʰʣʘʨʠʥʠʥʛ ʭʘʪʦʩʠ Ñ1,5%, 

2500Áʉ ʜʘʥ ʦʨʪʠ״ ץʘʨʦʨʘʪʥʠ ˄ʣʯʘʛʘʥʜʘ ʵʩʘ Ñ2,5% ʜʘʥ ʦʰʤʘʡʜʠ. 

ʉʝʨʠʷʣʘʙ ʯʠץʘʨʠʣʘʸʪʛʘʥ ɸʇʀʈ-ʉ ʪʫʨʠʜʘʛʠ ʪ˄ʣʠץ ʥʫʨʣʘʥʠʰ 

ʧʠʨʦʤʝʪʨʣʘʨʠ ״ʘʨʦʨʘʪʥʠ 30 ʜʘʥ 2500Áʉ ʛʘʯʘ ʙ˄ʣʛʘʥ ʦʨʘʣʠץʜʘ ˄ʣʯʘʰʛʘ 

ʤ˄ʣʞʘʣʣʘʥʛʘʥ. ʄʘʭʩʫʩ ʪʘʡʸʨʣʘʥʛʘʥ ʧʠʨʦʤʝʪʨʣʘʨð100 ʜʘʥ +3500Áʉ ʛʘʯʘ 

 .ʣʣʘʥʠʣʘʜʠ˄ץ ʠʜʘסʘʨʦʨʘʪʣʘʨ ʦʨʘʣʠ״

 

2.7-Ä. ׳ɸʈʆʈɸʊʅʀ ʄɸʍʉʋʉ ɶʃʏɸʐ ʊɽʈʄʆʄɽʊʈʃɸʈʀ  

 ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʰ״ ʞʠʩʤʣʘʨ ʩʠʨʪʠʥʠʥʛ ץʘʪʪʠפ

 

ʉʠʨʪʣʘʨʥʠʥʛ ״ʘʨʦʨʘʪʠʥʠ ʢʦʥʪʘʢʪʣʠ ʚʘ ʢʦʥʪʘʢʪʩʠʟ ʫʩʫʣʣʘʨ ʙʠʣʘʥ ˄ʣʯʘʰ 

ʤʫʤʢʠʥ. ׳ʘʨʦʨʘʪʥʠ ʢʦʥʪʘʢʪʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨ ʙʠʣʘʥ ˄ʣʯʘʰʜʘ, ʦʜʘʪʜʘ, ʠʢʢʠʪʘ 

ʤʫʘʤʤʦ ʤʘʚʞʫʜ: 

1) ʪʝʨʤʦʤʝʪʨ ʚʘ ˄ʣʯʘʥʘʸʪʛʘʥ ʩʠʨʪ ״ʘʨʦʨʘʪʣʘʨʠʥʠʥʛ ʪʝʥʛʣʠʛʠʥʠ 

ʪʘʲʤʠʥʣʘʰ ʢʝʨʘʢ; 
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2) ʪʝʨʤʦʤʝʪʨ ʙʠʣʘʥ ˄ʣʯʘʰ ʞʦʡʠʜʘ ״ʘʨʦʨʘʪʥʠʥʛ ʸʢʠ ʩʠʨʪʥʠʥʛ ״ʘʨʦʨʘʪ 

ʤʘʡʜʦʥʠʥʠʥʛ ʙʫʟʠʙ ʢ˄ʨʩʘʪʠʣʠʰʠʥʠ ʡ˄ץʦʪʠʰ ʟʘʨʫʨ. 

ʊʝʨʤʦʤʝʪʨ ʚʘ ˄ʣʯʘʥʘʸʪʛʘʥ ʩʠʨʪ ״ʘʨʦʨʘʪʣʘʨʠʥʠʥʛ ʪʝʥʛʣʠʛʠʥʠ ʪʘʲʤʠʥʣʘʰ 

ʫʯʫʥ ˄ʣʯʘʰ ʦʙʲʝʢʪʠ ʩʠʨʪʠʜʘʥ ʪʝʨʤʦʤʝʪʨʛʘ ʠʩʩʠץʣʠʢ ˄ʪʠʰʠʥʠʥʛ ʵʥʛ ʷʭʰʠ 

ʰʘʨʦʠʪʣʘʨʠʥʠ ʷʨʘʪʠʰ ʣʦʟʠʤ. ʗʭʰʠ ʠʩʩʠץʣʠʢ ʢʦʥʪʘʢʪʠʥʠ ʪʘʲʤʠʥʣʘʰ ʫʯʫʥ 

ʤʘʭʩʫʩ ʪʘʡʸʨʣʘʥʛʘʥ ʪʝʨʤʦʤʝʪʨʥʠ ʩʠʨʪʛʘ ʝʣʠʤʣʘʰ, ʢʘʚʰʘʨʣʘʰ ʸʢʠ ʧʘʡʚʘʥʜʣʘʰ 

ʤʘץʩʘʜʛʘ ʤʫʚʦʬʠץ.. 

ɶʣʯʘh ʦʙʲʝʢʪʠ ʩʠʨʪʠʥʠʥʛ ״ʘʨʦʨʘʪʠ ʸʢʠ ״ʘʨʦʨʘʪ ʤʘʡʜʦʥʠʥʠʥʛ 

ʙʫʟʠʣʠʰʠʛʘ ʪʝʨʤʦʤʝʪʨʥʠʥʛ ˄ʣʯʘʥʘʸʪʛʘʥ ʩʠʨʪʛʘ ץ˄ʰʠʤʯʘ ʠʩʩʠץʣʠʢ ʦʣʠʙ 

ʢʝʣʠʰʠ ʸʢʠ ʦʣʠʙ ʢʝʪʠʰʠ ʩʘʙʘʙ ʙ˄ʣʠʙ, ʠʰʣʘʛʘʥ ʚʘץʪʠʜʘ ʶʟ ʙʝʨʘʜʠ. ʐʫʥʠʥʛ 

ʫʯʫʥ, ʩʠʨʪ ״ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʰ ʞʦʡʠʜʘ ץ˄ʰʠʤʯʘ ʠʩʩʠץʣʠʢ ʘʣʤʘʰʠʰ 

ʙ˄ʣʤʘʡʜʠʛʘʥ ʰʘʨʦʠʪʣʘʨ ʷʨʘʪʠʰ ʢʝʨʘʢ. ɹʘʲʟʘʥ ʪʝʨʤʦʤʝʪʨ ʦʨץʘʣʠ ʠʩʩʠץʣʠʢ 

ʘʣʤʘʰʠʰʠʜʘʥ ץʦʯʠʰ ʤʫʤʢʠʥ ʙ˄ʣʤʘʛʘʥʜʘ, ʰʫ ʠʩʩʠץʣʠʢ ʘʣʤʘʰʠʰʥʠ ״ʘʨʦʨʘʪ 

˄ʣʯʘʥʘʜʠʛʘʥ ʞʦʡʜʘʥ ʙʦʰץʘ ʞʦʡʛʘ ʢ˄ʯʠʨʠʰʛʘ ״ʘʨʘʢʘʪ ץʠʣʠʥʘʜʠ. 

ʉʠʨʪ ״ʘʨʦʨʘʪʠʥʠ, ʤʘʩʘʣʘʥ, ץʫʚʫʨ ״ʘʨʦʨʘʪʠʥʠ ʫʟʣʫʢʩʠʟ ˄ʣʯʘʰ ʫʯʫʥ 

ʪʝʨʤʦʤʝʪʨʥʠ ʩʠʨʪʛʘ ʤʘʭʩʫʩ ץʠʩץʠʯ ʙʠʣʘʥ ʪʘץʘʙ ץʫʡʠʣʘʜʠ. פʫʚʫʨʥʠʥʛ 

ʠʟʦʣʷʮʠʷʩʠ ʙʦʨʣʠʛʠ ˄ʣʯʘʰ ʞʦʡʠʜʘʥ ʠʩʩʠץʣʠʢʥʠ ʯʠץʠʙ ʢʝʪʠʰʠ (ʸʢʠ ʠʩʩʠץʣʠʢ 

ʢʠʨʠʙ ʢʝʣʠʰʠ) ʘʤʘʣʜʘ ʤʫʤʢʠʥ ʵʤʘʩʣʠʛʠʥʠ ʪʘץʦʟʦ ץʠʣʘʜʠ ʚʘ ʰʫʥʠʥʛ ʫʯʫʥ, 

ʪʝʨʤʦʤʝʪʨ ʩʠʨʪ ״ʘʨʦʨʘʪʠʥʠ ʙʫʟʠʙ ʢ˄ʨʩʘʪʤʘʡʜʠ. 

 ʘʨʦʨʘʪʠʥʠ״ ʘʨʘʢʘʪʜʘʛʠ ʩʠʨʪʣʘʨʥʠʥʛ (ʚʘʣʣʘʨʥʠʥʛ, ʢʘʣʘʥʜʨʣʘʨʥʠʥʛ ʚʘ ʙ.)׳

˄ʣʯʘʰ ʘʥʯʘʛʠʥʘ ʤʫʨʘʢʢʘʙ. ɹʫʥʜʘʡ ״ʦʣʜʘ ʥʫʨʣʘʥʠʰ ʙ˄ʡʠʯʘ ʢʦʥʪʘʢʪʩʠʟ ˄ʣʯʘʰ 

ʫʩʫʣʣʘʨʠʜʘʥ ʬʦʡʜʘ-ʣʘʥʠʰ ʤʘץʩʘʜʛʘ ʤʫʚʦʬʠץ, ʘʤʤʦ ʙʫ ʫʩʫʣʣʘʨʥʠ ץ˄ʣʣʘʰʥʠ 

ʘʤʘʣʛʘ ʦʰʠʨʠʙ ʙʫʣʤʘʡʜʠ, ʯʫʥʢʠ ˄ʣʯʘʥʘʸʪʛʘʥ  ʩʠʨʪʥʠ ʪʫסʨʠʜʘʥ-ʪʫסʨʠ ʢ˄ʨʠʰ 

ʤʫʤʢʠʥ ʵʤʘʩ ʚʘ ״. ʐʫʥʠʥʛ ʫʯʫʥ, ʢʦʥʪʘʢʪʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨ ʢʝʥʛ ץ˄ʣʣʘʥʠʣʘʜʠ. 

ɹʫʥʜʘ ʠʩʩʠץʣʠʢ ץʘʙʫʣ ץʠʣʛʠʯ (ʪʝʨʤʦʧʨʠʸʤʥʠʢ) ʙʠʣʘʥ ״ʘʨʦʨʘʪʠ ˄ʣʯʘʥʘʸʪʛʘʥ 

ʩʠʨʪʥʠʥʛ ʠʰץʘʣʘʥʠʰʠʛʘ ʙʦסʣʠץ ʙ˄ʣʛʘʥ ץʘʪʦʨ ץ˄ʰʠʤʯʘ ʭʘʪʦʣʠʢʣʘʨ ʧʘʡʜʦ 

ʙ˄ʣʘʜʠ. ʐʫ ʭʘʪʦʣʠʢʣʘʨ ʪʝʨʤʦʧʨʠʸʤʥʠʢ ʢʦʥʪʘʢʪʠʥʠʥʛ ʪ˄סʨʠʣʠʛʠʛʘ, ʥʘʟʦʨʘʪ 

 ʘʨʘʢʘʪ״ ʉʠʨʪ ʘʡʣʘʥʤʘ .ץʣʠסʘ ʦʤʠʣʣʘʨʛʘ ʙʦץʠʣʠʥʘʸʪʛʘʥ ʩʠʨʪ ʪʦʟʘʣʠʛʠʛʘ ʚʘ ʙʦʰץ

 ʘʣʠ ʘʤʘʣʛʘץʫʨʠʣʤʘ ʦʨץ ʠʣʛʘʥʜʘ ʩʠʛʥʘʣʥʠʥʛ ʫʟʘʪʠʣʠʰʠ ʘʡʣʘʥʤʘ ʢʦʥʪʘʢʪʣʠץ

ʦʰʠʨʠʣʘʜʠ. ʋʥʠʥʛ ʩʦʜʜʘ ʚʘʨʠʘʥʪʠ ʢʦʥʪʘʢʪ ʭʘʣץʘʣʘʨʠʜʠʨ. 
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ɸʣʘʥʛʘ (ʛʘʟ  ʦץʠʤʣʘʨʠʥʠʥʛ) ״ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʰ 

ɸʣʘʥʛʘ ״ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʰʥʠʥʛ ˄ʟʠʛʘ ʭʦʩ ʭʫʩʫʩʠʷʪʣʘʨʠ ʚʘ 

 ʘʨʦʨʘʪʣʘʨ״ ʠʡʠʥʯʠʣʠʢʣʘʨʠ ʙʦʨ. ɶʣʯʘʰ ʫʩʫʣʠʥʠ ʪʘʥʣʘʰʜʘ ˄ʣʯʘʥʘʸʪʛʘʥץ

ʜʘʨʘʞʘʩʠ, ʤʘץʙʫʣ ʘʥʠץʣʠʢ ʚʘ ʘʣʘʥʛʘ ʪʫʨʠ ʪʘ״ʣʠʣ ץʠʣʠʥʘʜʠ. ɸʣʘʥʛʘ ״ʘʨʦʨʘʪʠ 

ʢ˄ʧʛʠʥʘ ʩʘʥʦʘʪ ץʫʨʠʣʤʘʣʘʨʠʜʘ 1600...1900Áʉ ʘʪʨʦʬʠʜʘ ʙ˄ʣʘʜʠ. ʋʥʠ ʥʫʨʣʘʥʠʰ 

ʧʠʨʦʤʝʪʨʣʘʨʠ ʸʢʠ ʢʦʥʪʘʢʪʣʠ ʪʝʨʤʦʤʝʪʨʣʘʨ ʸʨʜʘʤʠʜʘ ˄ʣʯʘʥʘʜʠ. ɹʫ ״ʘʨʦʨʘʪʥʠ 

ʥʫʨʣʘʥʠʰ ʙ˄ʡʠʯʘ ˄ʣʯʘʛʘʥʜʘ ʫʥʠ ʧʠʨʦʤʝʪʨʥʠʥʛ ʚʠʟʠʨʣʘʰ ˄ץʠ ʙ˄ʡʣʘʙ ʬʘʟʦʚʠʡ 

˄ʨʪʘʣʘʰʪʠʨʠʰ ʶʟ ʙʝʨʘʜʠ. ɶʣʯʘʰ ʥʘʪʠʞʘʣʘʨʠʛʘ ʘʣʘʥʛʘʜʘʛʠ ʥʫʨʣʘʥʠʰ 

ʢʦʤʧʦʥʝʥʪʣʘʨʠ ʪʘʲʩʠʨ ʵʪʘʜʠ. ʇʠʨʦʤʝʪʨ ץʘʙʫʣ ץʠʣʘʜʠʛʘʥ ʪ˄ʣץʠʥʣʘʨ ʫʟʫʥʣʠʛʠʥʠ 

ʪʘʥʣʘʰ ʢʘʪʪʘ ʘ״ʘʤʠʷʪ ʢʘʩʙ ʵʪʘʜʠ. ɻʘʟʣʘʨʥʠʥʛ ʥʫʨ ʪʘʨץʘʪʤʘʡʜʠʛʘʥ ʠʩʩʠץ ʸʢʠ 

ʩʦʚʫץ ץʠʩʤʣʘʨʠʥʠ ʤʘʭʩʫʩ ʙ˄ʷʤʘʩʜʘʥ ʪʫʨʠʙ, ʧʠʨʦʤʝʪʨʣʘʨ ʙʠʣʘʥ ˄ʣʯʘʙ 

ʙ˄ʣʤʘʡʜʠ. 

ɹʫʥʜʘʡ ˄ʣʯʘʰʥʠʥʛ ʢʘʤʯʠʣʠʢʣʘʨʠʜʘʥ ʙʠʨʠ ״ʘʨʦʨʘʪʥʠ ʦʧʪʠʢ ˄ץ ʙ˄ʡʣʘʙ 

˄ʨʪʘʣʘʰʪʠʨʠʰʜʠʨ. ʐʫʥʠʥʛ ʫʯʫʥ, ʪʦʧʠʣʛʘʥ ʥʘʪʠʞʘ ʘʣʘʥʛʘʥʠʥʛ ץʘʡʩʠ ʥʫץʪʘʩʠʛʘ 

ʪʝʛʠʰʣʠ ʵʢʘʥʠʥʠ ʘʥʠץʣʘʙ ʙ˄ʣʤʘʡʜʠ. ɹʫ ʞʠ״ʘʪʜʘʥ ˄ʣʯʘʤʣʘʨʠ ʫʥʯʘ ʢʘʪʪʘ 

ʙ˄ʣʤʘʛʘʥ ʪʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠ ץ˄ʣʣʘʰ ʢʘʪʪʘ ʘʬʟʘʣʠʢʣʘʨʛʘ ʵʛʘ. ɸʤʤʦ 

ʙʫʥʜʘʡ ʪʝʨʤʦʤʝʪʨʥʠʥʛ ״ʘʨʦʨʘʪʠ ʛʘʟ ״ʘʨʦʨʘʪʠʜʘʥ ʘʥʯʘ (1ʆʆ...2ʆʆÁʉ ʛʘ) ʬʘʨץ 

 .ʣʘʥʘʜʠץʣʠʢ ʙʘʣʘʥʩʠ ʙ˄ʡʠʯʘ ʘʥʠץʠʣʠʰʠ ʤʫʤʢʠʥ, ʯʫʥʢʠ ʫ ʪʝʨʤʦʤʝʪʨʥʠʥʛ ʠʩʩʠץ

ʕʨʠʪʤʘʥʠʥʛ ״ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʰ 

ʕʨʠʪʤʘʣʘʨʥʠʥʛ ״ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʰ ʤʫʨʘʢʢʘʙʣʠʛʠ ʘʩʦʩʘʥ ʪʝʨʤʦʤʝʪʨ ״ʠʤʦʷ 

 ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʰʜʘ״ ʣʠʢ. ʊʫʟ ʵʨʠʪʤʘʣʘʨʠʥʠʥʛסʠʣʦʬʠʥʠʥʛ ʟʘʥʛʣʘʰʠ ʙʠʣʘʥ ʙʦס

 ʠʣʦʬʣʘʨʠ ʙʠʨ ʥʝʯʘ ˄ʥ ʩʦʘʪʜʘʥ ʢʝʡʠʥ ʵʨʠʪʤʘʥʠʥʛ ʘʛʨʝʩʩʠʚ ʪʘʲʩʠʨʠס ʠʤʦʷ״

ʩʘʙʘʙʣʠ ʠʰʜʘʥ ʯʠץʘʜʠ. ʐʫʥʠʥʛ ʫʯʫʥ, ʢ˄ʧʠʥʯʘ סʠʣʦʬʥʠ ʩʠʬʘʪʩʠʟ, ʘʨʟʦʥ, 

ʦʩʦʥʣʠʢ ʙʠʣʘʥ ʘʣʤʘʰʪʠʨʠʣʘʜʠʛʘʥ, ʙʠʨ ʚʘץʪʜʘ ʪʝʨʤʦʞʫʬʪ ʵʣʝʢʪʨʦʜʠʜʘʥ ʠʙʦʨʘʪ 

ʙ˄ʣʘʜʠʛʘʥ ʧ˄ʣʘʪʜʘʥ ʷʩʘʣʘʜʠ. ʐʠʰʘ ʵʨʠʪʤʘʣʘʨʠ ״ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʰ ʫʯʫʥ ״ʠʤʦʷ 

 .ʦ ʤʝʪʘʣʣʘʨʜʘʥ ʷʩʘʣʘʜʠ״ʠʤʤʘʪʙʘץ ʠʣʦʬʣʘʨʠ ʫʛʣʝʨʦʜʣʠ ʸʢʠס

 ʠʡʠʥʯʠʣʠʢʣʘʨ ʧʘʡʜʦץ ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʰʜʘ ʤʘʲʣʫʤ״ ʠʪʣʘʨ״ʤʫ ץʦʚʫʰʦפ

ʙ˄ʣʘʜʠ. ɹʫ ״ʦʣʣʘʨʜʘ ʠʩʩʠץʣʠʢʢʘ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪʥʠ ʦʩʦʥʛʠʥʘ ʪʦʟʘʣʘʰʥʠ, 

ʢ˄ʧʠʥʯʘ ʘʣʤʘʰʪʠʨʠʰʥʠ ״ʘʤ ʪʘʲʤʠʥʣʘʰ ʟʘʨʫʨ. ɹʫʥʜʘ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪ ʙʠʣʘʥ 
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˄ʣʯʘʥʘʸʪʛʘʥ ʤʫ״ʠʪ ʦʨʘʩʠʜʘ ʝʪʘʨʣʠ ʜʘʨʘʞʘʜʘ ʷʭʰʠ ʢʦʥʪʘʢʪ ʪʘʲʤʠʥʣʘʥʛʘʥ 

ʙ˄ʣʠʰʠ ʢʝʨʘʢ. 

ɹʠʨʦʨ ˄ʣʯʘʰ ʫʩʫʣʠʥʠ ʪʘʥʣʘʰ ʚʘ ʫʥʠʥʛ ʢʦʥʩʪʨʫʢʪʠʚ ʙʘʞʘʨʠʣʠʰʠ ʵʨʠʪʤʘ 

 ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʰʥʠʥʛ ʢʦʥʢʨʝʪ ʰʘʨʦʠʪʣʘʨʠ, ʫʣʘʨʥʠʥʛ ʪʫʨʣʠ ʤʘʪʝʨʠʘʣʣʘʨ״

ʙʠʣʘʥ ˄ʟʘʨʦ ʪʘʲʩʠʨʣʘʰʫʚʠ, ʥʫʨʣʘʥʠʰ ץʦʙʠʣʠʷʪʠ ʚʘ ʙʦʰץʘ ʬʠʟʠʢ ״ʘʤʜʘ 

ʢʠʤʸʚʠʡ ʭʦʩʩʘʣʘʨʠ ʙʠʣʘʥ ʙʝʣʛʠʣʘʥʘʜʠ. 

 

2.8-Ä. ׳ʘʨʦʨʘʪ ˄ʣʯʘʰʥʠʥʛ ʟʘʤʦʥʘʚʠʡ ʚʦʩʠʪʘʣʘʨʠ 

 ʣʠʢʜʘ ˄ʣʯʘʰ ʙʫ ʞʫʜʘ ʤʫʨʘʢʢʘʙ ʞʘʨʘʸʥ. ʂ˄ʨʠʙץʦʨʠ ʘʥʠץʘʨʦʨʘʪʥʠ ʶ׳

ʯʠץʠʣʛʘʥ ʝʯʠʤʣʘʨ ״ʘʣ ץʠʣʠʥʘʸʪʛʘʥ ʤʘʩʘʣʘʥʠʥʛ ʬʘץʘʪ ʥʘʟʘʨʠʡ ץʠʩʤʠʜʠʨ. 

ɸʤʘʣʜʘ ʬʘץʘʪ ˄ʣʯʘʰ ʪʠʟʠʤʠʥʠ ʷʨʘʪʠʰ ʪ˄סʨʠʩʠʜʘʛʠʥʘ ˄ʡʣʘʰʛʘ ʪ˄סʨʠ ʢʝʣʠʙʛʠʥʘ 

 ʠʩʦʙʣʘʰ ʤʘʞʤʫʠʛʘ ʸʢʠ ɸɹʉ ʛʘ״ ʦʣʤʘʡ, ʙʘʣʢʠ ʦʣʠʥʛʘʥ ʢʘʪʪʘʣʠʢʥʠ ʥʘʟʦʨʘʪ ïץ

 ʨʠ ʢʝʣʘʜʠ. ʂ˄ʧʠʥʯʘ ˄ʣʯʘʥʛʘʥס˄ʨʠʩʠʜʘ ˄ʡʣʘʰʛʘ ʪס˄ʠʣʠʙ ʢʠʨʠʪʠʰ ʪץ ʘʥʜʘʡץ

ʢʘʪʪʘʣʠʢ ˄ʟʠ ʙʠʨ ʙʦʡʣʠʢʥʠ ʠʬʦʜʘʣʘʡʜʠ, ʙʠʨʦץ ʫ ʪʝʛʠʰʣʠ ʙʦʰץʘʨʫʚʯʠ ʪʘʲʩʠʨ 

ʪ˄סʨʠʩʠʜʘ ץʘʨʦʨ ץʘʙʫʣ ץʠʣʠʰ ʫʯʫʥ ʸʢʠ ʢʝʡʠʥʯʘʣʠʢ ʠʰʣʦʚ ʙʝʨʠʰ ʚʘ ʪʘ״ʣʠʣ 

 .ʘʨʠʰ ʪʠʟʠʤʠʥʠʥʛ ʤʘʲʣʫʤʘʪʣʘʨ ʙʘʟʘʩʠʛʘ ʢʠʨʠʪʠʣʠʰʠ ʢʝʨʘʢץʠʣʠʰ ʫʯʫʥ ʙʦʰץ

ɼʘʪʯʠʢʜʘʥ ʦʣʠʥʛʘʥ ʩʠʛʥʘʣʥʠ ʬʠʣʴʪʨʜʘʥ ˄ʪʢʘʟʠʰ ʟʘʨʫʨ, ʯʫʥʢʠ ʢ˄ʧʠʥʯʘ 

˄ʣʯʘʰʣʘʨ ʩʘʥʦʘʪ ʭʘʣʘץʠʪʣʘʨʠ ʰʘʨʦʠʪʠʜʘ ˄ʪʢʘʟʠʣʘʜʠ ʚʘ ˄ʣʯʘʰ ץʠʩʤʠʥʠ 

ʙʦʰץʘʨʠʰ ʤʘʞʤʫʠʜʘʥ ʘʞʨʘʪʠʙ ʪʫʨʘʜʠʛʘʥ ʛʘʣʴʚʘʥʠʢ ʘʞʨʘʪʛʠʯ (ʠʟʦʣʷʮʠʷ) 

ʙ˄ʣʠʰʠ ʤʘץʩʘʜʛʘ ʤʫʚʦʬʠץʜʠʨ. ʐʫʥʠʥʛ ʫʯʫʥ ñʵʩʢʠʯʘò ʫʩʫʣʜʘ ʙʘʞʘʨʠʣʛʘʥ 

ʩʦʚʦʜʣʠ ʝʯʠʤ ʪʘץʜʠʤ ʵʪʠʣʩʘ, ʫ ʝʪʘʨʣʠʯʘ ʤʫʨʘʢʢʘʙ, ץ˄ʧʦʣ ʚʘ ʥʦʨʝʥʪʘʙʝʣʴ 

ʙ˄ʣʠʰʠ ʘʥʠץ ʙ˄ʣʠʙ ץʦʣʘʜʠ. ɹʠʨʦץ, ʘʛʘʨ ʩʠʛʥʘʣʣʘʨʥʠ ʤʝʲʸʨʣʘʰʥʠʥʛ ʢʣʘʩʩʠʢ 

ʤʘʩʘʣʘʩʠʥʠ ʝʯʠʰʛʘ, ʫʣʘʨʥʠ ʬʠʣʴʪʨʣʘʰ ʚʘ ʪʠʟʠʤ ץʠʩʤʣʘʨʠʥʠ ʛʘʣʴʚʘʥʠʢ 

ʘʞʨʘʪʠʰʛʘ ʵ״ʪʠʸʞ ʙʦʨ ʵʢʘʥ, ʫ ״ʦʣʜʘ ʩʘʥʦʘʪ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ ʚʦʩʠʪʘʣʘʨʠ 

ʙʦʟʦʨʠʜʘ ʪʝʛʠʰʣʠ ʪʘʡʸʨ ʝʯʠʤʣʘʨ ʤʘʚʞʫʜʣʠʛʠ ʵ״ʪʠʤʦʣʠ ʙʦʨ. ʄʘʟʢʫʨ ״ʦʣʜʘ Data 

forth ʬʠʨʤʘʩʠʥʠʥʛ ʤʦʜʫʣʣʘʨʠ ץʠʟʠץʠʰ ʫʡסʦʪʘʜʠ. ɸʛʘʨ ״ʘʨʦʨʘʪʥʠ 

ʪʝʨʤʦץʘʨʰʠʣʠʢʣʘʨ ʸʨʜʘʤʠʜʘ ˄ʣʯʘʰ ʪ˄סʨʠʩʠʜʘ ʘʥʠץ ʛʘʧʠʨʘʜʠʛʘʥ ʙ˄ʣʩʘʢ, ʫ 

 ʦʣʜʘ ʙʫ ʬʠʨʤʘ ʪʘʢʣʠʬ ʵʪʘʸʪʛʘʥ ʝʯʠʤ ʞʫʜʘ ʩʦʜʜʘ ʢ˄ʨʠʥʘʜʠ: ʜʘʪʯʠʢ, ʤʘʩʘʣʘʥ״
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Pt100 ʧʣʘʪʠʥʘʣʠ ץʘʨʰʠʣʠʢʣʘʨ ʪʝʨʤʦʤʝʪʨʠ ʦʣʠʥʘʜʠ ʚʘ SCM5B34 ʸʢʠ SCM5B35 

ʤʦʜʫʣʠʛʘ ʫʣʘʥʘʜʠ. (2.28 ï ʨʘʩʤ, ʘ,ʙ,ʚ). 

ʈʘʩʤʜʘ ץʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʠʥʠʥʛ RTD ʠʢʢʠ, ʫʯ ʚʘ ʪ˄ʨʪ ʩʠʤʣʠ ʫʣʘʥʠʰʠ 

ʚʘʨʠʘʥʪʣʘʨʠ ʢ˄ʨʩʘʪʠʣʛʘʥ. ʐʫʥʠ ʘʡʪʠʙ ˄ʪʠʰ ʞʦʠʟʢʠ, ʠʢʢʠ ʩʠʤʣʠ ʫʣʘʥʠʰ 

ʫʣʦʚʯʠ ʩʠʤʣʘʨʥʠʥʛ ʫʟʫʥʣʠʛʠ ʫʥʯʘ ʢʘʪʪʘ ʙ˄ʣʤʘʛʘʥ ʚʘ ˄ʣʯʘʰʣʘʨʥʠʥʛ ʧʨʝʮʠʟʠʦʥ 

ʘʥʠץʣʠʛʠ ʪʘʣʘʙ ʵʪʠʣʤʘʡʜʠʛʘʥ ʪʠʟʠʤʣʘʨʜʘ ʬʦʡʜʘʣʘʥʠʣʘʜʠ; ʙʫʥʜʘʡ 

ʢʦʥʬʠʛʫʨʘʮʠʷʥʠʥʛ ʤʫ״ʠʤ ʭʫʩʫʩʠʷʪʠ ʝʯʠʤʥʠʥʛ ץʠʡʤʘʪʠ ʤʠʥʠʤʘʣ ʵʢʘʥʣʠʛʠʜʠʨ. 

ʊ˄ʨʪ ʩʠʤʣʠ ʫʣʘʥʠʰ, ʦʜʘʪʜʘ ˄ʣʯʘʰ ʣʘʙʘʨʘʪʦʨʠʷʣʘʨʠʜʘ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. ɹʫʥʜʘʡ 

ʢʦʥʬʠʛʫʨʘʮʠʷʜʘ ʤʘʢʩʠʤʘʣ ʘʥʠץʣʠʢʢʘ ʵʨʠʰʠʣʘʜʠ; SCM5B35 ʤʦʜʫʣʠ ʘʥʘ ʰʫ 

ʤʘץʩʘʜʣʘʨ ʫʯʥ ʤʘʭʩʫʩ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ. ʋʯ ʩʠʤʣʠ ʫʣʘʥʠʰ ʦʥʛʣʠ ʢʝʣʠʰʫʚ 

ʩʠʬʘʪʠʜʘ ʠʰʪʠʨʦʢ ʵʪʘʜʠ; ʫ ʩʘʥʦʘʪ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰʜʘ ʢ˄ʧʠʥʯʘ 

ʬʦʡʜʘʣʘʥʠʣʘʜʠʛʘʥ ʜʘʪʯʠʢʥʠ ʫʣʘʰ ʚʘʨʠʘʥʪʠ ״ʠʩʦʙʣʘʥʘʜʠ. ɹʫʣʘʨʥʠʥʛ ״ʘʤʤʘʩʠ 

ʦʧʝʨʘʪʠʚ ʭʠʟʤʘʪ ʢ˄ʨʩʘʪʠʰ ʫʯʫʥ ʝʪʘʨʣʠʯʘ ץʫʣʘʡ ʚʘ ʙʠʨʣʘʤʯʠ ˄ʟʛʘʨʪʛʠʯʣʘʨʜʘʥ 

ʩʠʛʥʘʣʣʘʨʥʠ ץʫʨʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ. ʀʰʯʠ ״ʘʨʦʨʘʪʣʘʨʥʠʥʛ -40 ʜʘʥ Ñ85 
0
ʉ 

ʛʘʯʘ ʙ˄ʣʛʘʥ ʢʝʥʛ ʦʨʘʣʠסʠ ʢ˄ʧʯʠʣʠʢ ״ʦʣʣʘʨʜʘ ʤʦʜʫʣʣʘʨʥʠ ˄ʣʯʘʰ ʥʫץʪʘʩʠʛʘ 

ʙʝʚʦʩʠʪʘ ʷץʠʥ ʞʦʡʜʘ, ʢʦʤʧʝʥʩʘʮʠʷʣʦʚʯʠ ʩʠʤʣʘʨʥʠʥʛ ץʠʩץʘ ʫʟʫʥʣʠʛʠ ״ʠʩʦʙʠʛʘ 

ʤʘʙʣʘס ʪʝʞʘʙ ʚʘ ץ˄ʰʠʤʯʘ ʠʩʠʪʠʰ ʸʢʠ ʩʦʚʫʪʠʰʜʘʥ ʚʦʟ ʢʝʯʠʙ, ʞʦʡʣʘʰʪʠʨʠʰʛʘ 

ʠʤʢʦʥ ʙʝʨʘʜʠ. 

ʗʥʘ ʰʫʥʠ ʪʘʢʠʜʣʘʰ ʞʦʠʟʢʠ, Data forth ʬʠʨʤʘʩʠ ʤʦʜʫʣʣʘʨʠʜʘʥ 

ʬʦʡʜʘʣʘʥʠʰ ï ʩʠʛʥʘʣʣʘʨʠ ʤʝʲʸʨʣʘʰʪʠʨʠʰ ʤʘʩʘʣʘʣʘʨʠʥʠʥʛ ʷʛʦʥʘ ʝʯʠʤʠ ʵʤʘʩ, 

ʙʠʨʦץ ʫʥʠ ʰʫʙ״ʘʩʠʟ ʜʘʚʨ ʙʠʣʘʥ ʪʝʢʰʠʨʠʣʛʘʥ ʢʣʘʩʩʠʢʘʛʘ ʪʘʘʣʣʫץʣʠʣʘʨ 

ʪʦʠʬʘʩʠʛʘ ʢʠʨʠʪʠʰ ʤʫʤʢʠʥ. 

2.28 ï ʨʘʩʤ. ɼʘʪʯʠʢʥʠʥʛ SCM5B35 ʤʦʜʫʣʠʛʘ ʫʣʘʰ ʚʘʨʠʘʥʪʣʘʨʠ. 
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2-ɹʆɹɻɸ ʊɽɻʀʐʃʀ ʊɸʗʅʏ ʉɶɿ ɺɸ ʀɹʆʈɸʃɸʈ ʊɽʈʄɸʉʀ 

 ʘʨʦʨʘʪ׳ .1

2. ʂʝʥʛʘʡʠʰ ʪʝʨʤʦʤʝʪʨʣʘʨʠ 

3. ʄʘʥʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨ 

4. ʊʝʨʤʦʙʘʣʣʦʥ 

5. ʂʘʧʠʣʣʷʨ ʥʘʡʯʘ 

6. ʄʘʥʦʤʝʪʨʠʢ ʧʫʨʞʠʥʘ (ʩʝʟʛʠʨ ʵʣʝʤʝʥʪ) 

7. ʊʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨʣʘʨ 

8. ʄʠʣʣʠʚʦʣʴʪʤʝʪʨʣʘʨ 

9. ʇʦʪʝʥʮʠʦʤʝʪʨʣʘʨ 

10. ʈʝʦʭʦʨʜ (ʢʘʣʠʙʨʣʘʥʛʘʥ ץʘʨʰʠʣʠʢ) 

11. ʕʣʝʢʪʨʦʥ ʢʫʯʘʡʪʠʨʛʠʯ 

12. ɸʚʪʦʤʘʪʠʢ ʧʦʪʝʥʮʠʦʤʝʪʨ 

13. ʊʝʨʤʦʞʫʬʪ ʙʠʣʘʥ ʠʰʣʘʡʜʠʛʘʥ ʤʝʲʸʨʣʦʚʯʠ ʟ˄ʛʘʨʪʢʠʯ 

 ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠפ .14

15. ʃʦʛʦʤʝʪʨ 



 111 

 ʘʨʰʠʣʠʢʣʘʨ ʣ˄ʯʘʰʥʠʥʛ ʢʧ˄ʨʠʢ ʫʩʫʣʠפ .16

17. ʄʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʛʘʥ ʘʚʪʦʤʘʪʠʢ ʢʧ˄ʨʠʢʣʘʨ 

 ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʠʥʠʥʛ ʫʯ ʩʠʤʣʠ ʣ˄ʘʰ ʫʩʫʣʠפ .18

 ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʠ ʙʠʣʘʥ ʠʰʣʘʡʜʠʛʘʥ ʤʝʲʸʨʣʦʚʯʠ ʟ˄ʛʘʨʪʢʠʯפ .19

20. ʅʫʨʣʘʥʠʰ ʧʠʨʦʤʝʪʨʣʘʨʠ 

21. ʆʧʪʠʢ (ʢʚʘʟʠʤʦʥʦʭʨʦʤʘʪʠʢ) ʧʠʨʦʤʝʪʨ 

22. ʈʘʥʛʣʠ ʧʠʨʦʤʝʪʨ 

23. ʊ˄ʣʠץ ʥʫʨʣʘʥʠʰ (ʨʘʜʠʘʮʠʦʥ) ʧʠʨʦʤʝʪʨ 

ʅɸɿʆʈɸʊ ʉɸɺʆʃʃɸʈʀ 

 ?ʘʥʜʘʡ ʣ˄ʯʦʚ ʙʠʨʣʠʢʣʘʨʠʥʠ ʙʠʣʘʩʠʟʤʠץ ʘʨʦʨʘʪʥʠ״ ʘʨʦʨʘʪ ʥʠʤʘ ʚʘ׳ .1

 ʣʘʙ ʙʝʨʠʥʛ״ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰ ʫʩʫʣʣʘʨʠʥʠ ʠʟʦ׳ .2

3. ʂʝʥʛʘʡʠʰ ʪʝʨʤʦʤʝʪʨʣʘʨʠʥʠʥʛ ʪʫʨʣʘʨʠʥʠ ʚʘ ʠʰʣʘʰ ʫʩʫʣʣʘʨʠʥʠ 

ʪʫʰʫʥʪʠʨʠʙ ʙʝʨʠʥʛ. 

4. ʄʘʥʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʪʫʨʣʘʨʠ ʚʘ ʠʰʣʘʰ ʧʨʠʥʮʧʣʘʨʠʥʠ 

ʪʫʰʫʥʪʠʨʠʥʛ. 

5. ɸʪʨʦʬ ʤʫ״ʠʪ ״ʘʨʦʨʘʪʠ +20
0
ʉ ʜʘʥ ʯʝʪʛʘ ʯʠץץʘʥʜʘ ʤʘʥʦʤʝʪʨʠʢ 

ʪʝʨʤʦʤʝʪʨʣʘʨʜʘ ץʘʥʜʘʡ ʭʘʪʦʣʠʢ ʧʘʡʜʦ ʙʣ˄ʘʜʠ? 

 ʘʨʦʨʘʪʥʠ ʢʝʥʛʘʡʠʰ ʚʘ ʤʘʥʦʤʝʪʨʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨ ʙʠʣʘʥ ʣ˄ʯʘʰʜʘ׳ .6

 ?ʙʦʨ ץʘʥʜʘʡ ʬʘʨץ

7. ʊʝʨʤʦʵʬʬʝʢʪ ʥʠʤʘ? 

 ?ʘʥʜʘʡ ʩʪʘʥʜʘʨʪ ʪʝʨʤʦʵʣʝʢʪʨ ʪʝʨʤʦʤʝʪʨʣʘʨʠʥʠ ʙʠʣʘʩʠʟפ .8

9. ʄʠʣʣʠʚʦʣʴʪʤʝʪʨʥʠ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠʥʠ ʪʫʰʫʥʪʠʨʠʥʛ? 

10. ʇʦʪʝʥʮʠʦʤʝʪʨʣʘʨʥʠ ʪʫʨʣʘʨʠ ʚʘ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠʥʠ ʪʫʰʫʥʪʠʨʠʥʛ. 

11. ʊʝʨʤʦʞʫʬʪ ʙʠʣʘʥ ʠʰʣʘʡʜʠʛʘʥ ʤʝʲʸʨʣʦʚʯʠ ʟ˄ʛʘʨʪʛʠʯʥʠ ʙʦʰץʘʨʠʰ 

ʪʠʟʠʤʠʜʘ ʨʦʣʠ ʚʘ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠʥʠ ʪʫʰʫʥʪʠʨʠʥʛ. 

 ʘʨʦʨʘʪʥʠ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ ʚʘ ʧʦʪʝʥʮʠʦʤʝʪʨ ʙʠʣʘʥ ˄ʣʯʘʰ ˄ʨʪʘʩʠʜʘ׳ .12

 ?ʙʦʨ ץʘʥʜʘʡ ʬʘʨץ

 ?ʠʜʘ ʪʦʢ ʤʘʥʙʘʠ ʢʝʨʘʢʤʠ״ʘʨʦʨʘʪʥʠ ʪʝʨʤʦʞʫʬʪ ʙʠʣʘʥ ˄ʣʯʘʰʜʘ ʘʣʦ׳ .13

 .ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠʥʠ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠʥʠ ʪʫʰʫʥʪʠʨʠʥʛפ .14

 ?ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠʥʠ ʙʠʣʘʩʠʟץ ʘʥʜʘʡ ʩʪʘʥʜʘʨʪ ʩʘʥʦʘʪפ .15
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16. ʃʦʛʦʤʝʪʨʥʠ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠʥʠ ʪʫʰʫʥʪʠʨʠʥʛ. 

 ʘʨʰʠʣʠʢʣʘʨ ʣ˄ʯʘʰʥʠʥʛ ʢʧ˄ʨʠʢ ʩʭʝʤʘʣʘʨʠʥʠ ʯʠʟʠʙ, ʠʰʣʘʰפ .17

ʧʨʠʥʮʠʧʠʥʠ ʪʫʰʫʥʪʠʨʠʥʛ. 

18. ɸʚʪʦʤʘʪʠʢ ʢʧ˄ʨʠʢʣʘʨʥʠʥʛ ʪʫʨʣʘʨʠ ʚʘ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠʥʠ 

ʪʫʰʫʥʪʠʨʠʥʛ. 

 ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʠʥʠʥʛ ʤʝʲʸʨʣʦʚʯʠ ʟ˄ʛʘʨʪʢʠʯʠʥʠʥʛ ʠʰʣʘʰפ .19

ʧʨʠʥʮʠʧʠʥʠ ʪʫʰʫʥʪʠʨʠʥʛ. 

 ʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠ ʙʠʣʘʥץ ʘʨʦʨʘʪʥʠ ʪʝʨʤʦʞʫʬʪ ˄ʣʯʘʰ׳ .20

ʣ˄ʯʘʰʜʘʥ ץʘʥʜʘʡ ʬʘʨץ ץʠʣʘʜʠ? 

 ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰʜʘ ʣʦʛʦʤʝʪʨ ʚʘ ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʛʘʥ ʘʚʪʦʤʘʪʠʢ׳ .21

ʢ˄ʧʨʠʢ ʘʩʙʦʙʣʘʨʠ ʦʨʘʩʠʜʘ ץʘʥʜʘʡ ʬʘʨץ ʙʦʨ? 

22. ʅʠʤʘ ʫʯʫʥ ״ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰʜʘ ʥʫʨʣʘʥʠʰ ʧʠʨʦʤʝʪʨʣʘʨʠʥʠ 

ʢʦʥʪʘʢʪʩʠʟ ʫʩʫʣ ʜʝʙ ʘʪʘʣʘʜʠ? 

23. ʅʫʨʣʘʥʠʰ ʧʠʨʦʤʝʪʨʣʘʨʠʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠʥʠ ʪʫʰʫʥʪʠʨʠʥʛ. 

24. ʆʧʪʠʢ, ʨʘʥʛʣʠ, ʨʘʜʠʘʮʠʦʥ ʧʠʨʦʤʝʪʨʣʘʨ ʦʨʘʩʠʜʘ ץʘʥʜʘʡ ʬʘʨץ ʙʦʨ? 

25. ʅʫʨʣʘʥʠʰ ʧʠʨʦʤʝʪʨʣʘʨʠʥʠʥʛ ʶץʦʨʠ ʣ˄ʯʘʰ ʯʝʛʘʨʘʩʠ ץʘʥʯʘ? 

26. ʅʫʨʣʘʥʠʰ ʧʠʨʦʤʝʪʨʣʘʨʠ ʢʠʤʸ ʩʘʥʦʘʪʠʥʠʥʛ ץʘʥʜʘʡ ʪʘʨʤʦץʣʘʨʠʜʘ 

ʢʝʥʛ ʠʰʣʘʪʠʣʘʜʠ? 

 ʵʨʠʪʤʘʣʘʨʠʥʠʥʛ ץʦץʦʚʫʰץ ʞʠʩʤʣʘʨ ʩʠʨʪʠʥʠ, ʘʣʘʥʛʘ ʚʘ ץʘʪʪʠפ .27

 ?ʘʥʜʘʡ ʤʫʘʤʤʦʣʘʨ ʤʘʚʞʫʜץ ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʰʜʘ״

III ʙʦʙ. ɹʆʉʀʄʅʀ ɶʃʏɸʐ  

3.1-Ä. ɸʉʆʉʀʁ ʄɸʒʃʋʄʆʊʃɸʈ ɺɸ ʊɸʉʅʀʌʀ 

ɹʦʩʠʤ ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠʥʛ ʘʩʦʩʠʡ ʧʘʨʘʤʝʪʨʣʘʨʠʜʘʥ ʙʠʨʠʜʠʨ. 

ʀʰʣʘʙ ʯʠץʘʨʠʰ ʞʘʨʘʸʥʣʘʨʠʥʠʥʛ ʪ˄סʨʠ ʦʣʠʙ ʙʦʨʠʣʠʰʠ, ʢ˄ʧʠʥʯʘ, ʙʦʩʠʤ 

ʢʘʪʪʘʣʠʛʠʛʘ ʙʦסʣʠץ ʙ˄ʣʘʜʠ. 

ʊʝʢʠʩ ʩʠʨʪʛʘ ʥʦʨʤʘʣ ʪʘʲʩʠʨ ʢ˄ʨʩʘʪʫʚʯʠ ʪʝʢʠʩ ʪʘץʩʠʤʣʘʥʛʘʥ ʢʫʯ ʙʦʩʠʤ 

ʜʝʙ ʘʪʘʣʘʜʠ: 

S

F
P= ,                    (3.1) 
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ʙʫ ʝʨʜʘ, S ð ʪʝʢʠʩʣʠʢ ʶʟʠ; נ ð ʰʫ ʪʝʢʠʩʣʠʢ ʶʟʠʛʘ ʪʝʢʠʩ ʚʘ ʪʠʢ ʪʘʲʩʠʨ 

 .ʠʣʘʜʠʛʘʥ ʙʦʩʠʤ ʢʫʯʠץ

 

ɹʦʩʠʤ ʭʘʣץʘʨʦ ʙʠʨʣʠʢʣʘʨ ʪʠʟʠʤʠʜʘ ʧʘʩʢʘʣʴ (ʇʘ) ʙʠʣʘʥ ˄ʣʯʘʥʘʜʠ. 1 ʇʘ 

ʘʪʠʜʘʥ ʢʫʯʛʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʙ˄ʣʛʘʥ 1 ʤ״ʠʡʤʘʪʠ ʞʠץ
2
 ʶʟʘʛʘ ʪʝʢʠʩ ʪʘץʩʠʤʣʘʥʛʘʥ 

1 ʅ ʢʫʯ ״ʦʩʠʣ ץʠʣʛʘʥ ʙʦʩʠʤʛʘ ʪʝʥʛ (ʅ/ʤ
2
). ʂʘʨʨʘʣʠ ʢʇʘ ʚʘ ʄʇʘ ʙʠʨʣʠʢʣʘʨ ʢʝʥʛ 

ʣʣʘʥʠʣʘʜʠ, ʢʛʢ/ʩʤ˄ץ
2
, ʙʘʨ, ʢʛʢ/ʤ

2
 (ʤʤ ʩʫʚ ʫʩʪ.), ʤʤ ʩʠʤ. ʫʩʪ. ʢʘʙʠ ʙʠʨʣʠʢʣʘʨʜʘʥ 

 ʘʤ ʬʦʡʜʘʣʘʥʠʰ ʤʫʤʢʠʥ. 3.1-ʞʘʜʚʘʣʜʘ ʢ˄ʧ ʫʯʨʘʡʜʠʛʘʥ ʙʦʩʠʤ ʙʠʨʣʠʢʣʘʨʠʥʠʥʛ״

ʥʠʩʙʘʪʠ ʢʝʣʪʠʨʠʣʛʘʥ.  

3.1 ï ʞʘʜʚʘʣ. 

ɹʦʩʠʤʥʠʥʛ ʪʫʨʣʠ ˄ʣʯʦʚ ʙʠʨʣʠʢʣʘʨʠ ʦʨʘʩʠʜʘʛʠ ʥʠʩʙʘʪʠ. 

ɹʠʨʣʠʢʣʘʨ ʇʘ ɹʘʨ ʢʛʢ/ʩʤ
2
 ʢʛʤ/ʤ

2
 (ʤʤ 

ʩʫʚ. ʫʩʪ) 

ʤʤ ʩʠʤ. 

ʫʩʪ. 

1 ʇʘ 1 10
-5
 1,0197Ț10

-5
 0,10197 7,6006Ț10

-5
 

1 ɹʘʨ 10
5
 1 1,0197 1,0197Ț10

4
 750,06 

1 ʢʛʢ/ʩʤ
2
 9,8066Ț10

4
 0,98066 1 10

4
 735,56 

1 ʢʛʢ/ʤ
2
 

(ʤʤ.ʩʫʚ. 

ʫʩʪ) 

9,8066 0,98066Ț10
-4
 10

-4
 1 7,3566Ț10

-4
 

1 ʤʤ ʩʠʤ. 

ʫʩʪ 

133,32 1,3332Ț10
-3
 1,33595Ț10

-

3
 

13,595 1 

 

ɶʣʯʘʰʜʘ ʤʫʪʣʘץ, ʦʨʪʠʢʯʘ, ʘʪʤʦʩʬʝʨʘ ʚʘ ʚʘʢʫʫʤ ʙʦʩʠʤʣʘʨ ʤʘʚʞʫʜ. ʈʤʫʪ ð 

ʤʫʪʣʘץ ʙʦʩʠʤ ð ʤʦʜʜʘ ʭʦʣʘʪʠʥʠʥʛ (ʩʫʶʢʣʠʢ, ʛʘʟ, ʙʫס) ʧʘʨʘʤʝʪʨʠ ʙ˄ʣʠʙ, ʈʘʪʤ 

ð ʘʪʤʦʩʬʝʨʘ ʚʘ ʈʦʨʪ ð ʦʨʪʠʢʯʘ ʙʦʩʠʤʣʘʨ ʡʠסʠʥʜʠʩʠʜʘʥ ʠʙʦʨʘʪ: 

ʈʤʫʪ=ʈʘʪʤ+ʈʦʨʪ              (3.2) 

ʆʨʪʠץʯʘ ʙʦʩʠʤ ʤʫʪʣʘץ ʚʘ ʘʪʤʦʩʬʝʨʘ ʙʦʩʠʤʣʘʨʠ ʦʨʘʣʘʨʠʜʘʛʠ ʬʘʨץʜʘʥ 

ʠʙʦʨʘʪ: 

ʈʦʨʪ=ʈʤʫʪ-ʈʘʪʤ                (3.3) 
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ɸʪʤʦʩʬʝʨʘ ʙʦʩʠʤʠ ð ʝʨ ʘʪʤʦʩʬʝʨʘʩʠʜʘʛʠ ״ʘʚʦ ʫʩʪʫʥʠʥʠʥʛ ʙʦʩʠʤʠ; 

ʫʥʠʥʛ ץʠʡʤʘʪʠ ʙʘʨʦʤʝʪʨʣʘʨ ʙʠʣʘʥ ˄ʣʯʘʥʘʜʠ, ʰʫʥʠʥʛ ʫʯʫʥ, ʙʫ ʙʦʩʠʤ ʢ˄ʧʠʥʯʘ 

ʙʘʨʦʤʝʪʨʠʢ ʙʦʩʠʤ ʜʝʙ ʘʪʘʣʘʜʠ. ɸʛʘʨ ʤʫʪʣʘץ ʙʦʩʠʤ ʘʪʤʦʩʬʝʨʘ ʙʦʩʠʤʠʜʘʥ 

ʢʠʯʠʢ ʙ˄ʣʩʘ, ʚʘʢʫʫʤ (ʩʠʡʨʘʢʣʘʥʠʰ) ʩʦʜʠʨ ʙ˄ʣʘʜʠ. 

ʈʚ=ʈʘʪʤ-ʈʤʫʪ                   (3.4) 

ɹʦʩʠʤ ʘʩʙʦʙʣʘʨʠ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠʛʘ ʚʘ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠʥʛ ʪʫʨʠʛʘ 

ʢ˄ʨʘ ץʫʡʠʜʘʛʠ ʪʫʨʣʘʨʛʘ ʙ˄ʣʠʥʘʜʠ. 

ɹʦʩʠʤ ˄ʣʯʘʡʜʠʛʘʥ ʘʩʙʦʙʣʘʨ ʠʰʣʘʰ ʧʨʠʥʮʠʧʣʘʨʠʛʘ ʢ˄ʨʘ ʩʫʶץʣʠʢʣʠ, 

ʜʝʬʦʨʤʘʮʠʦʥ (ʧʨʫʞʠʥʘʣʠ), ʶʢ-ʧʦʨʰʝʥʣʠ, ʵʣʝʢʪʨ, ʠʦʥʣʠ ʚʘ ʠʩʩʠץʣʠʢ ʪʫʨʣʘʨʠʛʘ 

ʙ˄ʣʠʥʘʜʠ. 

ɶʣʯʘʥʘʸʪʛʘʥ ʙʦʩʠʤ ʢʘʪʪʘʣʠʢʛʠʥʠʥʛ ʪʫʨʠʛʘ ʢ˄ʨʘ ˄ʣʯʘʰ ʘʩʙʦʙʣʘʨʠ 

 :ʫʡʠʜʘʛʠ ʪʫʨʣʘʨʛʘ ʙ˄ʣʠʥʘʜʠץ

1) ʤʘʥʦʤʝʪʨ ð ʤʫʪʣʘץ ʚʘ ʦʨʪʠץʯʘ ʙʦʩʠʤʥʠ ˄ʣʯʘʡʜʠ; 

2) ʙʘʨʦʤʝʪʨ ð ʘʪʤʦʩʬʝʨʘ ʙʦʩʠʤʠʥʠ ˄ʣʯʘʡʜʠ; 

3) ʚʘʢʫʫʤʤʝʪʨ ð ʙʝʨʢ ʠʜʠʰ ʠʯʠʜʘʛʠ ʩʫʶץʣʠʢ ʚʘ ʛʘʟ ʙʦʩʠʤʠʥʠʥʛ 

ʩʠʡʨʘʢʣʘʥʠʰʠʥʠ ˄ʣʯʘʡʜʠ; 

4) ʤʘʥʦʚʘʢʫʫʤʤʝʪʨ ð ʦʨʪʠץʯʘ ʙʦʩʠʤ ʚʘ ʩʠʡʨʘʢʣʘʥʠʰʣʘʨʥʠ ˄ʣʯʘʡʜʠ; 

5) ʥʘʧʦʨʦʤʝʨ ð ʢʠʯʠʢ ץʠʡʤʘʪʣʠ ʦʨʪʠץʯʘ ʙʦʩʠʤʥʠ ˄ʣʯʘʡʜʠ; 

6) ʪʷʛʦʤʝʨ ð ʢʠʯʠʢ ץʠʡʤʘʪʣʠ ʩʠʡʨʘʢʣʘʥʠʰʥʠ ˄ʣʯʘʡʜʠ; 

7) ʪʷʛʦʥʘʧʦʨʦʤʝʨ ð ʢʠʯʠʢ ץʠʡʤʘʪʣʠ ʙʦʩʠʤ ʚʘ ʩʠʡʨʘʢʣʘʥʠʰʣʘʨʥʠ 

˄ʣʯʘʡʜʠ; 

8) ʜʠʬʬʝʨʝʥʮʠʘʣ ʤʘʥʦʤʝʪʨ ð ʠʢʢʠ ʙʦʩʠʤ 

ʘʡʠʨʤʘʩʠʥʠ (ʙʦʩʠʤʣʘʨ ʬʘʨץʠʥʠ) ˄ʣʯʘʡʜʠ. 

 ʘʣʛʘʥ ʫʩʫʣʣʘʨ ʚʘץʫʡʠʜʘ ʩʘʥʦʘʪʜʘ ʵʥʛ ʢ˄ʧ ʪʘʨפ

ʘʩʙʦʙʣʘʨ ʢ˄ʨʠʙ ʯʠץʠʣʛʘʥ. 

 

3.2-Ä. ʉʋʖפʃʀʂʃʀ ɹʆʉʀʄ ɶʃʏɸʐ 

ɸʉɹʆɹʃɸʈʀ 

 

P2

2
1

 ʤʤ

 
1

h
h

2

 H

4

3

0

3.1 ï ʨʘʩʤ. ʀʢʢʠ 

ʥʘʡʯʘʣʠ ʤʘʥʦʤʝʪʨ 
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ʉʫʶץʣʠʢʣʠ ʙʦʩʠʤ ˄ʣʯʘʰ ʘʩʙʦʙʣʘʨʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ˄ʣʯʘʥʘʸʪʛʘʥ 

ʙʦʩʠʤʥʠʥʛ ʩʫʶץʣʠʢ ʫʩʪʫʥʠʥʠʥʛ ʛʠʜʨʦʩʪʘʪʠʢ ʙʦʩʠʤʠ ʙʠʣʘʥ 

ʤʫʚʦʟʘʥʘʪʣʘʰʠʰʠʛʘ ʘʩʦʩʣʘʥʛʘʥ. ɸʩʙʦʙʣʘʨ ʪʫʨʣʠ ʠʰ ʩʫʶץʣʠʢʣʘʨʠ, ʢ˄ʧʠʥʯʘ 

ʩʠʤʦʙ, ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʤʦʡʠ, ʩʫʚ ʚʘ ʩʧʠʨʪ ʙʠʣʘʥ ʪ˄ʣʜʠʨʠʣʘʜʠ. 

ɸʩʙʦʙʣʘʨʜʘ ʪʫʪʘʰ ʠʜʠʰʣʘʨ ʧʨʠʥʮʠʧʠ ץ˄ʣʣʘʥʘʜʠ. ʋʣʘʨʜʘ ʠʰ ʩʫʶץʣʠʛʠ 

ʩʘʪ״ʣʘʨʠ ʫʣʘʨ ʫʩʪʠʜʘʛʠ ʙʦʩʠʤ ʪʝʥʛ ʙ˄ʣʛʘʥʜʘ ʤʦʩ ʪʫʰʘʜʠ, ʙʦʩʠʤ ʪʝʥʛ 

ʙ˄ʣʤʘʛʘʥʜʘ ʵʩʘ, ʩʫʶץʣʠʢ ʩʘʪ״ʠ ʰʫʥʜʘʡ ʭʦʣʘʪʥʠ ʵʛʘʣʣʘʡʜʠʢʠ, ʙʠʨ ʠʜʠʰʜʘʛʠ 

ʦʨʪʠץʯʘ ʙʦʩʠʤ ʙʦʰץʘ ʠʜʠʰʜʘʛʠ ʩʫʶץʣʠʢʥʠʥʛ ʦʨʪʠץʯʘ ʫʩʪʫʥʠʥʠʥʛ ʛʠʜʨʦʩʪʘʪʠʢ 

ʙʦʩʠʤ ʙʠʣʘʥ ʤʫʚʦʟʘʥʘʪʣʘʰʪʠʨʠʣʘʜʠ. ʂ˄ʧʛʠʥʘ ʩʫʶץʣʠʢʣʠ ʤʘʥʦʤʝʪʨʣʘʨ ʠʰ 

ʩʫʶץʣʠʛʠʥʠʥʛ ʢ˄ʨʠʥʘʜʠʛʘʥ ʩʘʪ״ʠʛʘ ʵʛʘ. ɶh ʘ ʩʘʪ״ ʙ˄ʡʠʯʘ ʢ˄ʨʩʘʪʠʰʣʘʨʥʠ 

ʙʝʚʦʩʠʪʘ ʸʟʠʙ ʦʣʠʰ ʤʫʤʢʠʥ. ʐʫʥʜʘʡ ʩʫʶץʣʠʢʣʠ ʘʩʙʦʙʣʘʨ ʛʫʨʫ״ʠ ʙʦʨʢʠ, 

ʫʣʘʨʜʘ ʠʰ ʩʫʶץʣʠʛʠʥʠʥʛ ʩʘʪ״ʠ ʙʝʚʦʩʠʪʘ ʢ˄ʨʠʥʠʙ ʪʫʨʤʘʡʜʠ. ʉʘʪ״ʥʠʥʛ 

˄ʟʛʘʨʠʰʠ ץʘʣץʦʚʠʯʥʠʥʛ ʩʠʣʞʠʰʠʛʘ ʸʢʠ ʙʦʰץʘ ץʫʨʠʣʤʘ ʪʘʩʥʠʬʣʘʨʠʥʠʥʛ 

˄ʟʛʘʨʠʰʠʛʘ ʦʣʠʙ ʢʝʣʘʜʠ. ɹʫ ʪʘʩʥʠʬʣʘʨ ʸ ʨʘץʘʤʣʠ ץʫʨʠʣʤʘʣʘʨ ʸʨʜʘʤʠʜʘ 

ʣ˄ʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʥʠʥʛ ʙʝʚʦʩʠʪʘ ʢ˄ʨʩʘʪʠʰʠʥʠ, ʸʢʠ ʫʥʠʥʛ ץʠʡʤʘʪʠʥʠ 

˄ʟʛʘʨʪʠʨʠʰ ʚʘ ʤʘʩʦʬʘʛʘ ʫʟʘʪʠʰʥʠ ʪʘʲʤʠʥʣʘʡʜʠ. 

ʉʫʶץʣʠʢʣʠ ʘʩʙʦʙʣʘʨʥʠʥʛ ʙʘʲʟʠ ʪʫʨʣʘʨʠʥʠ ʢ˄ʨʠʙ ʯʠץʘʤʠʟ. 

ʀʢʢʠ ʥʘʡʯʘʣʠ ʤʘʥʦʤʝʪʨ. ɹʦʩʠʤ, ʩʠʡʨʘʢʣʘʥʠʰ ʚʘ ʙʦʩʠʤʣʘʨ ʘʡʠʨʤʘʩʠʥʠ 

(ʬʘʨץʠʥʠ) ˄ʣʯʘʰ ʫʯʫʥ ʩʘʪ״ʠ ʢ˄ʨʠʥʘʜʠʛʘʥ ʠʢʢʠ ʥʘʡʯʘʣʠ U-ʩʠʤʦʥ 

ʤʘʥʦʤʝʪʨʣʘʨʜʘʥ, ʚʘʢʫʫʤʤʝʪʨʣʘʨʜʘʥ ʚʘ ʜʠʬʤʘʥʦʤʝʪʨʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. 

ɹʫʥʜʘʡ ʤʘʥʦʤʝʪʨʥʠʥʛ ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ 3.1-ʨʘʩʤʜʘ ʪʘʩʚʠʨʣʘʥʛʘʥ. ʀʢʢʠ ʪʠʢ 

ʪʫʪʘʰ ʥʘʡʯʘ 1 ʚʘ 2 ʤʝʪʘʣʣ ʸʢʠ ʸסʦʯ ʘʩʦʩ 3 ʛʘ ʤʘ״ʢʘʤʣʘʥʛʘʥ ʙ˄ʣʠʙ, ʫʥʛʘ ʰʢʘʣʘ 4 

˄ʨʥʘʪʠʣʛʘʥ. 

ɸʛʘʨ ʥʘʡʯʘʥʠʥʛ ʦʯʠץ ץʠʩʤʠʜʘʛʠ ʩʫʶץʣʠʢ ʫʩʪʫʥʠʥʠʥʛ ʛʠʜʨʦʩʪʘʪʠʢ 

ʙʦʩʠʤʠ ʠʢʢʠʥʯʠ ץʠʩʤʠʜʘʛʠ ʙʦʩʠʤ ʙʠʣʘʥ ʤʦʩ ʢʝʣʩʘ, ʘʩʙʦʙʜʘ ʩʫʶץʣʠʢ ʫʩʪʫʥʠ 

ʙʘʣʘʥʜʣʠʢʣʘʨʠ ʙʠʨ ״ʠʣ ״ʦʣʘʪʜʘ ʙ˄ʣʘʜʠ. ʐʫʥʛʘ ʘʩʦʩʣʘʥʠʙ, ץʫʡʠʜʘʛʠ ʠʬʦʜʘʥʠ 

ʸʟʠʰ ʤʫʤʢʠʥ: 

ʈʤʫʪȚS=PʘʪʤȚS+HȚSȚg(ɟ-ɟ1)      (3.5) 

ʙʫ ʝʨʜʘ, ʈʤʫʪ ï ˄ʣʯʘʥʘʸʪʛʘʥ ʙʦʩʠʤ, ʇʘ; 

ʈʘʪʤ ï ʘʪʤʦʩʬʝʨʘ ʙʦʩʠʤʠ, ʇʘ; 
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S -  ʥʘʡʯʘ ʢʝʩʠʤʠʥʠʥʛ ʶʟʠ, ʤ
2 

ʅ ï ʩʫʶץʣʠʢ ʩʘʪ״ʠʥʠʥʛ (ʫʩʪʫʥ ʫʟʫʥʣʠʛʠʥʠʥʛ) ʬʘʨץʠ, ʤ; 

ɟ ï ʩʫʶץʣʠʢʥʠʥʛ ʟʠʯʣʠʛʠ, ʢʛ/ʤ
3
;                                                          

ɟ1 ï ʤʦʥʦʤʝʪʨʜʘʛʠ ʩʫʶץʣʠʢ ʫʩʪʠʜʘʛʠ ʤʫ״ʠʪʥʠʥʛ ʟʠʯʣʠʛʠ, ʢʛ/ʤ
3
;                 

g ï ʪʝʟʣʘʥʠʰ ʢʫʯʠ, ʤ/ʩ
2
. 

ɼʝʤʘʢ, 

ʈʤʫʪ=Pʘʪʤ+HȚg(ɟ-ɟ1),                (3.6) 

ʈʦʨʪ=ʈʤʫʪ ï Pʘʪʤ = HȚg(ɟ-ɟ1).    (3.7) 

ɸʛʘʨ ʘʥʦʤʝʪʨʜʘʛʠ ʩʫʶץʣʠʢ ʫʩʪʠʜʘ ʛʘʟ ʙ˄ʣʩʘ, ʫ ״ʦʣʜʘ: 

ʈʦʨʪ = ʈʤʫʪ - Pʘʪʤ = HȚgȚɟ.         (3.8) 

ʉʫʶץʣʠʢ ʫʩʪʫʥʠ ʙʘʣʘʥʜʣʠʛʠʥʠ ʪʦʧʠʰ ʫʯʫʥ ʠʢʢʠ ʤʘʨʪʘ ʫʩʪʫʥ 

ʙʘʣʘʥʜʣʠʢʣʘʨʠʥʠ ״ʠʩʦʙʣʘʙ ʯʠץʠʰ (ʙʠʨ ʪʠʨʩʘʢʜʘʛʠ ʢʘʤʘʡʠʰʠʥʠ, ʠʢʢʠʥʯʠʩʠʜʘ 

ʵʩʘ, ʢ˄ʧʘʡʠʰʠʥʠ) ʚʘ ʫʣʘʨʥʠʥʛ ץʠʡʤʘʪʠʥʠ ץ˄ʰʠʰ ʣʦʟʠʤ, ʷʲʥʠ 

H=h1+h2                                     (3.9) 

ɹʦʩʠʤʣʘʨ ʬʘʨץʠʥʠ (˄ʟʛʘʨʠʰʠʥʠ) ˄ʣʯʘʰʜʘ ʩʫʶץʣʠʢʣʠ ʜʠʬʬʝʨʝʥʮʠʘʣ ʠʢʢʠ 

ʥʘʡʯʘʣʠ ʤʘʥʦʤʝʪʨʥʠʥʛ ʙʠʨ ʪʠʨʩʘʛʠʛʘ (ʤʫʩʙʘʪ) ʢʘʪʪʘ ʙʦʩʠʤ, ʠʢʢʠʥʯʠ ʪʠʨʩʘʛʠʛʘ 

ʵʩʘ (ʤʘʥʬʠʡ) ʢʠʯʠʢ ʙʦʩʠʤ ʙʝʨʠʣʘʜʠ. ʄʫʩʙʘʪ ʚʘ ʤʘʥʬʠʡ ʪʠʨʩʘʢʣʘʨʜʘʛʠ ʩʫʶץʣʠʢ 

ʩʘʪ״ʠʥʠʥʛ ʬʘʨץʠ ˄ʣʯʘʥʘʸʪʛʘʥ ʙʦʩʠʤʣʘʨ ʬʘʨץʠʛʘ ʤʫʪʘʥʦʩʠʙ (æʈ): 

æP=P1-P2=HȚg(ɟ-ɟ1).      ....    (3.10) 

ʄʘʥʦʤʝʪʨʣʘʨʜʘ ʠʰ ʩʫʶץʣʠʛʠ ʢʘʧʠʣʣʷʨ ʢʫʯʣʘʨʥʠʥʛ ʪʘʲʩʠʨʠʜʘʥ ʭʘʣʦʩ 

ʙ˄ʣʠʰ ʫʯʫʥ ʠʯʢʠ ʜʠʘʤʝʪʨʠ 8... 10 ʤʤ ʙ˄ʣʛʘʥ ʰʠʰʘ ʥʘʡʯʘʣʘʨʜʘʥ 

ʬʦʡʜʘʣʘʥʠʣʘʜʠ. ɸʛʘʨ ʠʰ ʩʫʶץʣʠʛʠ ʩʠʬʘʪʠʜʘ ʩʧʠʨʪ ʦʣʠʥʩʘ, ʥʘʡʯʘʣʘʨʥʠʥʛ 

ʜʠʘʤʝʪʨʠʥʠ ʢʘʤʘʡʪʠʨʠʰ ʤʫʤʢʠʥ. 

ʀʢʢʠ ʥʘʡʯʘʣʠ ʤʘʥʦʤʝʪʨʣʘʨʜʘʛʠ ʭʘʪʦʣʠʢʣʘʨ ʤʘʥʙʘʠ ʤʘ״ʘʣʣʠʡ ʵʨʢʠʥ 

ʪʫʰʠʰ ʪʝʟʣʘʥʠʰʠ g ʥʠʥʛ ״ʠʩʦʙʠʡ ץʠʡʤʘʪʠʜʘʥ ʯʝʪʛʘ ʯʠץʠʰʠ, ʠʰ ʩʫʶץʣʠʛʠ ʚʘ 

˄ʣʯʘʥʘʸʪʛʘʥ ʤʫ״ʠʪʥʠʥʛ ʟʠʯʣʠʛʠ ɟ ʭʘʤ ɟ1, h1 ʚʘ h2 ʙʘʣʘʥʜʣʠʢʣʘʨʥʠ ˄ʣʯʘʰʜʘʛʠ 

ʭʘʪʦʣʘʨʜʘʥ ʠʙʦʨʘʪ. ʋʣʘʨʥʠʥʛ ʢ˄ʨʩʘʪʠʰ ʭʘʪʦʩʠ 20Áʉ ״ʘʨʦʨʘʪʜʘ 2 ʤʤ ʜʘʥ 

ʦʰʤʘʡʜʠ. ʋʣʘʨ ʥʦʘʛʨʝʩʩʠʚ ʩʫʶץʣʠʢ ʚʘ ʛʘʟʣʘʨʥʠʥʛ ʦʨʪʠץʯʘ ʙʦʩʠʤʠ ʚʘ 

ʩʠʡʨʘʢʣʘʥʠʰʠʥʠ 0...10 ʢʇʘ ʯʝʛʘʨʘʣʘʨʜʘ ˄ʣʯʘʰ ʫʯʫʥ ʤ˄ʣʞʘʣʣʘʥʛʘʥ. ʄʘʟʢʫʨ 
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ʘʩʙʦʙʣʘʨʜʘʥ ʙʦʩʠʤʣʘʨ ʬʘʨץʠʥʠ ˄ʣʯʘʰʜʘ ʜʠʬʤʘʥʦʤʝʪʨ ʩʠʬʘʪʠʜʘ ʬʦʡʜʘʣʘʥʠʰ 

ʤʫʤʢʠʥ. 

ʊʫʟʠʣʠʰʠʛʘ ץʘʨʘʙ ʥʘʡʯʘʣʠ ʩʫʶץʣʠʢʣʠ ʘʩʙʦʙʣʘʨʥʠʥʛ ʙʠʨ ʥʘʡʯʘʣʠ 

(ʢʦʩʘʣʠ), ʦסʤʘ ʥʘʡʯʘʣʠ ʚʘ ʙʦʰץʘ ʪʫʨʣʘʨʠ ʤʘʚʞʫʜ. ɹʫ ʘʩʙʦʙʣʘʨ ʠʢʢʠ ʥʘʡʯʘʣʠ 

ʘʩʙʦʙʥʠʥʛ ʙʠʨ ʪʫʨʠ ʙ˄ʣʠʙ, ʠʢʢʠʥʯʠ ʥʘʡʯʘ ˄ʨʥʠʛʘ ʢʝʥʛ ʠʜʠʰ (ʢʦʩʘ) 

ʠʰʣʘʪʠʣʘʜʠ. 

ʉʫʶץʣʠʢʣʠ ʘʩʙʦʙʣʘʨ ʣʘʙʦʨʘʪʦʨʠʷ ʚʘ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʪʘʞʨʠʙʘʩʠʜʘ ʢʝʥʛ 

 ʣʣʘʥʘʜʠ. ʋʣʘʨʥʠʥʛ ʢʘʤʯʠʣʠʢʣʘʨʠ ð ʢ˄ʨʩʘʪʠʰʣʘʨʥʠ ʤʘʩʦʬʘʛʘ ʫʟʘʪʠʰ˄ץ

ʤʫʤʢʠʥ ʵʤʘʩʣʠʛʠ, ˄ʣʯʘʰ ʯʝʛʘʨʘʣʘʨʠʥʠʥʛ ʢʠʯʠʢʣʠʛʠ, ʢ˄ʨʩʘʪʠʰʣʘʨʥʠʥʛ ʷץץʦʣ 

ʵʤʘʩʣʠʛʠ ʚʘ ʤʝʭʘʥʠʢ ʤʫʩʪʘ״ʢʘʤ ʵʤʘʩʣʠʛʠʜʘʥ ʠʙʦʨʘʪ. 

ʊʝʭʥʠʢ ˄ʣʯʘʰʣʘʨʜʘ ʢʦʤʙʠʥʘʮʠʷʣʘʰʛʘʥ ʩʫʶץʣʠʢʣʠ-ʤʝʭʘʥʠʢ ʘʩʙʦʙʣʘʨ 

 ʠʰ ץʣʠ ˄ʣʘʨʦץʦʨʠʜʘ ʢ˄ʨʠʣʛʘʥ ʘʩʙʦʙʣʘʨʜʘʥ ʬʘʨץʣʣʘʥʘʜʠ. ʋʣʘʨ ʶ˄ץ

ʩʫʶץʣʠʛʠʥʠʥʛ ʢ˄ʨʠʥʘʜʠʛʘʥ ʩʘʪ״ʠʛʘ ʵʛʘ ʵʤʘʩ. ʋʣʘʨʛʘ ץʘʣץʦʚʠʯʣʠ, ץ˄ʥסʠʨʦץʣʠ 

ʚʘ ״ʘʣץʘʣʠ ʘʩʙʦʙʣʘʨ ʢʠʨʘʜʠ. 

 ʦʚʠʯʣʠ ʜʠʬʤʘʥʦʤʝʪʣʘʨʥʠʥʛ ʠʰʣʘʰץʘʣפ .ʦʚʠʯʣʠ ʜʠʬʤʘʥʦʤʝʪʨʣʘʨץʘʣפ

ʧʨʠʥʮʠʧʘ ʢʦʩʘʣʠ ʤʘʥʦʤʝʪʨʣʘʨʥʠʢʠʛʘ ˄ʭʰʘʰ, ʘʤʤʦ ʫʣʘʨʜʘ ʙʦʩʠʤʥʠ ˄ʣʯʘʰʜʘ 

ʢʦʩʘʜʘʛʠ ʩʫʶץʣʠʢ ʩʘʪ״ʠ ʙʘʣʘʥʜʣʠʛʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ץʘʣץʦʚʠʯʥʠʥʛ 

ʩʠʣʞʠʰʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. ʋʟʘʪʠʰ ץʫʨʠʣʤʘʩʠ ʸʨʜʘʤʠʜʘ ץʘʣץʦʚʠʯʥʠʥʛ 

ʩʠʣʞʠʰʠ ʩʪʨʝʣʢʘʛʘ ʫʟʘʪʠʣʘʜʠ. ɹʫʣʘʨ, ʢ˄ʧʠʥʯʘ, ʙʦʩʠʤʥʠʥʛ ˄ʟʛʘʨʠʰʠʥʠ ˄ʣʯʘʰ 

ʫʯʫʥ ʠʰʣʘʪʠʣʘʜʠ. 

3. 2- ʨʘʩʤʜʘ ץʘʣץʦʚʠʯʣʠ ʜʠʬʤʘʥʦʤʝʪʨ ʩʭʝʤʘʩʠ ʢ˄ʨʩʘʪʠʣʛʘʥ. ʂʘʪʪʘ ʙʦʩʠʤ 

ʙʝʨʠʣʘʜʠʛʘʥ ʠʜʠʰ ʤʫʩʙʘʪ, ʢʠʯʠʢ ʙʦʩʠʤ ʙʝʨʠʣʘʜʠʛʘʥ ʠʜʠʰ ʤʘʥʬʠʡ ʜʝʡʠʣʘʜʠ. 

ʄʫʩʙʘʪ ʠʜʠʰʛʘ P1 > ʈ2 ʙʦʩʠʤ ʙʝʨʠʣʛʘʥʜʘ ʫʥʜʘʛʠ ʩʫʶץʣʠʢ ʩʘʪ״ʠ h2 ʛʘ ʧʘʩʘʡʠʙ, 

ʤʘʥʬʠʡ ʠʜʠʰʜʘʛʠ ʩʘʪ״ h1 ʛʘ ʢ˄ʪʘʨʠʣʘʜʠ. ʈ1 ï ʈ2 ʙʦʩʠʤʣʘʨ ʘʡʠʨʤʘʩʠ ʩʫʶץʣʠʢ 

ʫʩʪʫʥʠʥʛ h ʫʟʫʥʣʠʛʠ ʦʨץʘʣʠ ʤʫʚʦʟʘʥʘʪʣʘʰʘʜʠ: 
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ʈ1ʈ2

ʈ =1 2ʈ

ʈ1ʈ2

ʈ1 2>ʈ

h

h
1

h2

 

3.2 ï ʨʘʩʤ. פʘʣץʦʚʠʯʣʠ ʜʠʬʤʘʥʦʤʝʪʨ ʩʭʝʤʘʩʠ 

 

h=h1+h2                  ........           (3.11) 

ɹʦʩʠʤʣʘʨ ʬʘʨץʠʥʠʥʛʛ ʤʫʚʦʟʘʥʘʪ ʰʘʨʪʠ ץʫʡʠʜʘʛʠ ʪʝʥʛʣʘʤʘ ʦʨʢʘʣʠ 

ʠʬʦʜʘʣʘʥʘʜʠ: 

P1-P2=æP=hȚg(ɟ-ɟ1) ....         (3.12) 

ʙʫ ʝʨʜʘ, æʈ ð ʙʦʩʠʤʣʘʨ ʬʘʨϨʠ, ʇʘ; 

ɟ ð ʜʠʬʤʘʥʦʤʝʪʨ ʠʯʠʜʘʛʠ ʩʫʶϨʣʠʢʥʠʥʛ ʟʠʯʣʠʛʠ, ʢʛ/ʤ
3
. 

 

ʎʠʣʠʥʜʨ ʰʘʢʣʠʜʘʛʠ ʠʜʠʰʣʘʨ ʫʯʫʥ ʙʫ ʰʘʨʪ ץʫʡʠʜʘʛʠ ʪʝʥʛʣʘʤʘ ʦʨץʘʣʠ 

ʠʬʦʜʘʣʘʥʘʜʠ: 

S1Țh1=S2Țh2                         (3.13) 

ʙʫ ʝʨʜʘ, S1 ð ʤʘʥʬʠʡ ʠʜʠʰ ʢʝʩʠʤʠʥʠʥʛ ʶʟʘʩʠ, ʤ
2
; S2 ð ʤʫʩʙʘʪ ʠʜʠʰ ʢʝʩʠʤʠʥʠʥʛ 

ʶʟʘʩʠ, ʤ
2
; 

 

ʸʢʠ 

44

2

2

2

1

D
h

d
h

Ö
Ö=

Ö
Ö

pp
        (3.14) 

ʙʫ ʝʨʜʘ, d ʚʘ Dðʤʘʥʬʠʡ ʚʘ ʤʫʩʙʘʪ ʠʜʠʰʣʘʨʥʠʥʛ ʜʠʘʤʝʪʨʠ, ʤ. 

 

(3. 14) ʪʝʥʛʣʘʤʘʜʘʥ 
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2

2

21
d

D
hh =                            (3.15) 

(3. 15) ʪʝʥʛʣʘʤʥʠ (3. 11) ʛʘ ץ˄ʡʩʘʢ, ץʫʡʠʜʘʛʠʛʘ ʵʛʘ  ʙ˄ʣʘʤʠʟ: 

öö
÷

õ
ææ
ç

å
+=

2

2

2 1
d

D
hh                     (3.16) 

(3. 16) ʥʠ (3. 12) ʛʘ ץ˄ʷʤʠʟ 

)(1 12

2

221 rr-ÖÖöö
÷

õ
ææ
ç

å
+=D=- g

d

D
hPPp       (3.17) 

ʄʘʲʣʫʤ ʘʩʙʦʙ ʫʯʫʥ (1 + 
2

2

d

D
) ʚʘ g(ɟ -ɟ1) ʢʘʪʪʘʣʠʢʣʘʨ ʜʦʠʤʠʡ ʙ˄ʣʛʘʥʠ ʫʯʫʥ 

ʫʣʘʨʥʠ ʂ ʚʘ ʂ1 ʦʨʢʘʣʠ ʠʬʦʜʘʣʘʩʘʢ: 

P1-P2=æP=KȚK1Țh2                                     (3.18) 

ʐʫʥʜʘʡ ץʠʣʠʙ, ʜʠʬʤʘʥʦʤʝʪʨ ʠʜʠʰʣʘʨʠʜʘʛʠ ʙʦʩʠʤʣʘʨ ʬʘʨץʠ 

 ʘʞʤʠ״ ʦʚʠʯʥʠʥʛ ʩʠʣʞʠʰʠ ʙʠʣʘʥ ʪʘʲʨʠʬʣʘʥʘʜʠ. ɸʛʘʨ ʤʫʩʙʘʪ ʠʜʠʰʥʠʥʛץʘʣץ

˄ʟʛʘʨʤʘʩ ʙ˄ʣʠʙ, ʤʘʥʬʠʡ ʠʜʠʰʥʠʥʛ ʜʠʘʤʝʪʨʠ ʚʘ ʫʟʫʥʣʠʛʠ ˄ʟʛʘʨʪʠʨʠʣʩʘ, 

ʙʦʩʠʤʣʘʨ ʬʘʨץʠʥʠ ˄ʣʯʘʰ ʯʝʛʘʨʘʣʘʨʠʥʠ ˄ʟʛʘʨʪʠʨʠʰ ʤʫʤʢʠʥ. (3.11) ʚʘ (3.15) 

ʪʝʥʛʣʘʤʘʣʘʨʥʠ ʙʠʨʛʘʣʠʢʜʘ ʝʯʠʙ, ʤʘʥʬʠʡ ʠʜʠʰʥʠʥʛ ʜʠʘʤʝʪʨʠʥʠ ʪʦʧʘʤʠʟ, ʷʲʥʠ: 

2

2

hh

h
Dd

-
=                                             (3.19) 

(3.19) ʪʝʥʛʣʘʤʘʜʘʥ D, h ʚʘ h2 ʣʘʨʥʠʥʛ ʙʝʨʠʣʛʘʥ ץʠʡʤʘʪʣʘʨʠʜʘ ʤʘʥʬʠʡ 

ʠʜʠʰʥʠʥʛ ʢʝʨʘʢʣʠ ʜʠʘʤʝʪʨʠ ʘʥʠץʣʘʥʘʜʠ. 

 ʩʘʜʣʘʨʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘʥץʦʚʠʯʣʠ ʜʠʬʤʘʥʦʤʝʪʨʣʘʨʥʠʥʛ ʪʫʨʣʠ ʤʘץʘʣפ

ʭʠʣʣʘʨʠ ʯʠץʘʨʠʣʘʜʠ. ʉʠʤʦʙ ʙʠʣʘʥ ʪ˄ʣʜʠʨʠʣʛʘʥ ʜʠʬʤʘʥʦʤʝʪʨʣʘʨ ʫʯʫʥ ʙʦʩʠʤ 

ʬʘʨץʠʥʠ ˄ʣʯʘʰ ʯʝʛʘʨʘʩʠ 6,3 ʜʘʥ 25 ʄʇʘ ʛʘʯʘ, ʦʨʪʠץʯʘ ʙʦʩʠʤʥʠ ˄ʣʯʘʰ ʯʝʛʘʨʘʩʠ 

ʵʩʘ 4 ʜʘʥ 40 ʄʇʘ ʛʘʯʘ. ʄʦʡ ʙʠʣʘʥ ʪ˄ʣʜʠʨʠʣʛʘʥ ʜʠʬʤʘʥʦʤʝʪʨʣʘʨ ʫʯʫʥ ʙʦʩʠʤ 

ʬʘʨץʠʥʠ ˄ʣʯʘʰ ʯʝʛʘʨʘʩʠ 40 ʇʘ ʜʘʥ 4 ʢʇʘ ʛʘʯʘ, ʩʪʘʪʠʢ ʦʨʪʠץʯʘ ʙʦʩʠʤʥʠ ˄ʣʯʘʰ 

ʯʝʛʘʨʘʩʠ ʵʩʘ 0,25 ʄʇʘ ʛʘʯʘ. ʊʝʭʥʠʢ ʜʠʬʤʘʥʦʤʝʪʨʣʘʨ 1 ʚʘ 1,5 ʘʥʠץʣʠʢ ʩʠʥʬʠʜʘ 

ʯʠץʘʨʠʣʘʜʠ. פʘʣץʦʚʠʯ ʩʠʣʞʠʰʠ ʙʦʩʠʤʥʠʥʛ ʤʘʢʩʠʤʘʣ ʬʘʨץʠʜʘ 

ʜʠʬʤʘʥʦʤʝʪʨʥʠʥʛ ʙʘʨʯʘ ʪʫʨʣʘʨʠ ʫʯʫʥ 30,5 ʤʤ ʛʘ ʪʝʥʛ. 
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ʂ˄ʨʩʘʪʠʰʣʘʨʥʠ 50 ʤ ʜʘʥ ʦʨʪʠץ ʤʘʩʦʬʘʛʘ ʫʟʘʪʠʰ ʟʘʨʫʨ ʙ˄ʣʛʘʥ ״ʦʣʣʘʨʜʘ 

ʵʣʝʢʪʨ ʚʘ ʧʥʝʚʤʘʪʠʢ ˄ʟʛʘʨʪʢʠʯʣʠ ʤʘʩʦʬʘʛʘ ʫʟʘʪʫʚʯʠ ʜʠʬʤʘʥʦʤʝʪʨʣʘʨ 

 .ʣ˄ʣʘʥʘʜʠץ

ɸʩʙʦʙʩʦʟ.ʣʠʢ ʩʘʥʦʘʪʠ ɼʇ ʪʫʨʠʜʘʛʠ ʢ˄ʨʩʘʪʫʚʯʠ ʚʘ ˄ʟʠ ʸʟʘʨ ץʘʣץʦʚʠʯʣʠ 

ʜʠʬʤʘʥʦʤʝʪʨʣʘʨ ʯʠץʘʨʘʜʠ. ɽʪʪʠ ʪʫʨ ð ˄ʣʯʘʤʣʠ ʘʣʤʘʰʪʠʨʠʣʘʜʠʛʘʥ ʤʘʥʬʠʡ 

ʠʜʠʰʣʘʨ ʯʠץʘʨʠʣʘʜʠ. ʋʣʘʨ 25 ʄʇʘ ʛʘʯʘ ʩʪʘʪʠʢ ʙʦʩʠʤʜʘ 6,3 ʢʇʘ ʜʘʥ 0,1 ʄʇʘ 

ʛʘʯʘ ʙ˄ʣʛʘʥ ʙʦʩʤʣʘʨ ʬʘʨץʠʥʠ ˄ʣʯʘʡʜʠ. ɸʩʙʦʙʣʘʨʥʠʥʛ ʭʘʪʦʣʠʢʣʘʨʠ ˄ʣʯʘʰ  

ʯʝʛʘʨʘʩʠʥʠʥʛ   Ñ2% ʠʜʘʥ ʦʰʤʘʡʜʠ. 

ʖץʦʨʠʜʘ ʢ˄ʨʠʣʛʘʥ ʩʫʶץʣʠʢʣʠ ʤʘʥʦʤʝʪʨʣʘʨʥʠʥʛ ʚʘ ʜʠʬʤʘʥʦʤʝʪʨʣʘʨʥʠʥʛ 

ʘʬʟʘʣʣʠʛʠ ʫʣʘʨʥʠʥʛ ʩʦʜʜʘʣʠʛʠ ʚʘ ʢʘʪʪʘ ʘʥʠץʣʠʢʜʘ ˄ʣʯʘʰʜʘ ʠʰʦʥʯʣʠʣʠʛʠʜʘʜʠʨ. 

 ʣʠʢ ʩʠʬʘʪʠʜʘץʦʚʠʯʣʠ ʜʠʬʤʘʥʦʤʝʪʨʣʘʨʜʘ ʪ˄ʣʜʠʨʫʚʯʠ ʠʰʯʠ ʩʫʶץʘʣפ

ʩʠʤʦʙ, ʚʘʟʝʣʠʥ ʤʦʡʠ, ʰʫʥʠʥʛʜʝʢ, ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʤʦʡʠ ʠʰʣʘʪʠʣʘʨ ʵʜʠ, ʘʤʤʦ 

ʩʠʤʦʙʥʠʥʛ ʟʘʨʘʨʣʠʣʠʛʠ ʪʫʬʘʡʣʠ ʫʥʠʥʛ ʠʰʣʘʪʠʣʠʰʠ ʢʝʩʢʠʥ ʯʝʢʣʘʥʛʘʥ, ʰʫʥʠʥʛ 

ʫʯʫʥ, ץʘʣץʦʚʠʯʣʠ ʘʩʙʦʙʣʘʨ ˄ʨʥʠʛʘ ʢ˄ʧʨʦץ ʜʝʬʦʨʤʘʮʠʦʥ ʘʩʙʦʙʣʘʨ 

ʠʰʣʘʪʠʣʤʦץʜʘ. 

 

3.ɿ-Ä. ɼɽʌʆʈʄɸʎʀʆʅ (ʇʈʋɾʀʅɸʃʀ) ɸʉɹʆɹʃɸʈ 

ʇʨʫʞʠʥʘʣʠ ʘʩʙʦʙʣʘʨʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ʙʦʩʠʤ ʪʘʲʩʠʨʠʜʘ ʪʫʨʣʠ 

ʵʣʘʩʪʠʢ ʵʣʝʤʝʥʪʣʘʨʥʠʥʛ ʜʝʬʦʨʤʘʮʠʷʣʘʥʠʰʠ ʸʢʠ ʫʣʘʨʥʠʥʛ ʢʫʯʠʥʠ ˄ʣʯʘʰʛʘ 

ʘʩʦʩʣʘʥʛʘʥ. ʕʣʘʩʪʠʢ ʵʣʝʤʝʥʪʜʘ ʙʦʩʠʤ ʢʫʯʠ ʪʘʲʩʠʨʠʜʘ ʚʫʞʫʜʛʘ ʢʝʣʘʜʠʛʘʥ 

ʜʝʬʦʨʤʘʮʠʷʣʘʥʠʰ ʥʘʪʠʞʘʩʠʜʘ ˄ʣʯʦʚ ʘʩʙʦʙʠʥʠʥʛ ʩʪʨʝʣʢʘʩʠ ʪ˄סʨʠ ʯʠʟʠץʣʠ ʸʢʠ 

ʙʫʨʯʘʢʣʠ ʰʢʘʣʘ ʙ˄ʡʠʯʘ ʩʠʣʞʠʙ, ʙʦʩʠʤ ץʠʡʤʘʪʠ ʈ ʥʠ ʢ˄ʨʩʘʪʘʜʠ. 

ʇʨʫʞʠʥʘʣʠ ʘʩʙʦʙʣʘʨʥʠʥʛ ˄ʣʯʘʰ ʘʥʠץʣʠʛʠ ʶץʦʨʠ ʙ˄ʣʠʰʠ ʫʯʫʥ ʫʣʘʨʜʘʛʠ 

ʵʣʘʩʪʠʢ ʵʣʝʤʝʥʪʣʘʨ ʵʣʘʩʪʠʢʣʠʢ ʤʦʜʫʣʠ ʚʘ ʠʩʩʠץʣʠʢ ʢʝʥʛʘʡʠʰ 

ʢʦʵʬʬʠʮʠʝʥʪʣʘʨʠ ʢʘʤ ʙ˄ʣʛʘʥ ʤʘʪʝʨʠʘʣʣʘʨʜʘʥ ʪʘʡʸʨʣʘʥʛʘʥ ʙ˄ʣʠʰʠ ʚʘ 

ʛʠʩʪʝʨʝʟʠʩ ״ʘʤʜʘ ץʦʣʜʠץ ʵʣʘʩʪʠʢʣʠʢ ״ʦʜʠʩʘʣʘʨʠ ʙ˄ʣʤʘʩʣʠʛʠ ʪʘʣʘʙ ץʠʣʠʥʘʜʠ. 
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3.3 - ʨʘʩʤ. ʕʣʘʩʪʠʢ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪʣʘʨ 

 

ʇʨʫʞʠʥʘʣʠ ʘʩʙʦʙʣʘʨ ʦʨʪʠץʯʘ ʙʦʩʠʤ, ʩʠʡʨʘʢʣʘʥʠʰ, ʙʦʩʠʤʣʘʨ ʬʘʨץʠ ʚʘ 

ʰʫ ʢʘʙʠʣʘʨʥʠ ˄ʣʯʘʰ ʫʯʫʥ ץ˄ʣʣʘʥʘʜʠ. ʂʝʥʛ ʪʘʨץʘʣʛʘʥ ʵʣʘʩʪʠʢ ʩʝʟʛʠʨ 

ʵʣʝʤʝʥʪʣʘʨ 3.3-ʨʘʩʤʜʘ ʪʘʩʚʠʨʣʘʥʛʘʥ, ʫʣʘʨʛʘ ʥʘʡʯʘʣʠ ʧʨʫʞʠʥʘ (ʘ), ʩʠʣʴʬʦʥʣʠ 

(ʙ), ʷʩʩʠ ʚʘ ʛʦʬʨʣʘʥʛʘʥ ʤʝʤʙʨʘʥʘʣʘʨ (ʚ, ʛ), ʤʝʤʙʨʘʥʘʣʠ ץʫʪʠʯʘ (ʜ), ʙʠʢʨ 

ʤʘʨʢʘʟʣʠ ʶʤʰʦץ ʤʝʤʙʨʘʥʘʣʘʨ (ʝ) ʢʠʨʘʜʠ. 

ʉʪʘʪʠʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʥʠʥʛ ʰʘʢʣʠ ʚʘ ʪʠʢʣʠʛʠ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪʥʠʥʛ 

ʪʫʟʠʣʠʰʠʛʘ, ʤʘʪʝʨʠʘʣʛʘ ʚʘ ״ʘʨʦʨʘʪʛʘ ʙʦסʣʠץ. ʉʝʟʛʠʨ ʵʣʝʤʝʥʪʣʘʨʥʠʥʛ 

ʵʣʘʩʪʠʢʣʠʢ ״ʦʣʘʪʠ ʢʫʯ ʙ˄ʡʠʯʘ ץʘʪʪʠץʣʠʢ ʢʦʵʬʬʠʮʠʝʥʪʠ ʙʠʣʘʥ ʭʘʨʘʢʪʝʨʣʘʥʘʜʠ: 

h

SP

h

F
K ʵ

F

Ö
==                           (3.20) 

ʙʫ ʝʨʜʘ, ϣ, Sʕ ð ʤʦʩ ʨʘʚʠʰʜʘ ʵʣʘʩʪʠʢ ʩʝʟʛʠʨ ʵʣʩʤʝʥʪʛʘ ʪʘʲʩʠʨ ʵʪʘʜʠʛʘʥ ʢʫʯ ʚʘ 

ʵʣʝʤʝʥʪʥʠʥʛ ʬʦʡʜʘʣʠ ʶʟʠ; h ð ʩʝʟʛʠʨ ʵʣʝʤʝʥʪ ʵʨʢʠʥ ʫʯʠʥʠʥʛ ʩʠʣʞʠʰʠ. 

ʇʨʫʞʠʥʘʣʠ ʘʩʙʦʙʣʘʨʥʠʥʛ ʘʬʟʘʣʣʠʛʠ ʫʣʘʨʥʠʥʛ ʩʦʜʜʘʣʠʛʠ, ʠʰʦʥʯʣʠʣʠʛʠ, 

ʫʥʠʚʝʨʩʘʣʣʠʛʠ, ʠʭʯʘʤʣʠʛʠ ʚʘ ˄ʣʯʘʥʘʸʪʛʘʥ ʢʘʪʪʘʣʠʢʣʘʨʥʠʥʛ ʢʘʪʪʘ ʜʠʘʧʘʟʦʥʠʜʘʥ 

ʠʙʦʨʘʪ. 

ʅʘʡʯʘʩʠʤʦʥ ʧʨʫʞʠʥʘʣʠ ʘʩʙʦʙʣʘʨ. ʉʝʟʛʠʨ ʵʣʝʤʝʥʪ ʩʠʬʘʪʠʜʘ 

ʥʘʡʯʘʩʠʤʦʥ ʤʘʥʦʤʝʪʨʠʢ ʧʨʫʞʠʥʘ ʠʰʣʘʪʠʣʛʘʥ ʜʝʬʦʨʤʘʮʠʦʠ ʘʩʙʦʙʣʘʨ 

ʣʘʙʦʨʘʪʦʨʠʷ ʚʘ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʘʤʘʣʠʸʪʠʜʘ ʢʝʥʛ ʪʘʨץʘʣʛʘʥ. ɸʡʥʠץʩʘ, ʙʠʨ 

˄ʨʘʤʣʠ ʥʘʡʯʘʩʠʤʦʥ ʧʨʫʞʠʥʘʣʠ ʘʩʙʦʙ ð ʤʘʥʦʤʝʪʨ, ʚʘʢʫʫʤʤʝʪʨ, 

ʤʘʥʦʚʘʢʫʫʤʤʝʪʨ ʚʘ ʜʠʬʤʘʥʦʤʝʪʨʣʘʨ ʞʫʜʘ ʢ˄ʧ ץ˄ʣʣʘʥʘʜʠ. 

ʅʘʡʯʘʩʠʤʦʥ ʧʨʫʞʠʥʘʣʠ ʘʩʙʦʙʣʘʨʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ˄ʣʯʘʥʘʸʪʛʘʥ 

ʙʦʩʠʤʥʠʥʛ ʵʣʘʩʪʠʢ ʜʝʬʦʨʤʘʮʠʷ ʢʫʯʠ ʙʠʣʘʥ ʤʫʚʦʟʘʥʘʪʣʘʰʫʚʠʛʘ ʘʩʦʩʣʘʥʛʘʥ. 
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ɸʡʣʘʥʘ ʸʡʠ ʙ˄ʡʠʯʘ ʙʫʢʠʣʛʘʥ ʵʣʣʠʧʪʠʢ ʸʢʠ ʷʩʩʠ ʦʚʘʣ ʢʝʩʠʤʣʠ ʥʘʡʯʘʩʠʤʦʥ 

ʧʨʫʞʠʥʘ ʠʯʠʜʘʛʠ ʦʨʪʠץʯʘ ʙʦʩʠʤ ʸʢʠ ʩʠʡʨʘʢʣʘʥʠʰʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʥʘʪʠʞʘʩʠʜʘ 

˄ʟʠʥʠʥʛ ʙʫʢʠʣʠʰʠʥʠ ˄ʟʛʘʨʪʠʨʘʜʠ (3.3-ʨʘʩʤ, ʘ). 

ɶʣʯʘʥʘʸʪʛʘʥ ʠʯʢʠ ʚʘ ʪʘʰץʠ ʘʪʤʦʩʬʝʨʘ ʙʦʩʠʤʣʘʨʠ ʬʘʨץʠ ʪʘʲʩʠʨʠʜʘ 

ʥʘʡʯʘʣʠ ʧʨʫʞʠʥʘ ʜʝʬʦʨʤʘʮʠʷʣʘʥʘʜʠ: ʥʘʡʯʘ ʢʝʩʠʤʠʥʠʥʛ ʢʠʯʠʢ ˄ץʠ 

ʢʘʪʪʘʣʘʰʘʜʠ, ʢʘʪʪʘ ˄ץʠ ʢʠʯʠʢʣʘʰʘʜʠ, ʙʫʥʜʘ ʧʨʫʞʠʥʘ ʜʝʬʦʨʤʘʮʠʷʣʘʥʘʜʠ ʚʘ 

ʫʥʠʥʛ ʵʨʢʠʥ ʫʯʠ 1...3 ʤʤ ʛʘ ʩʠʣʞʠʡʜʠ. 5 ʄʇʘ ʛʘʯʘ ʙ˄ʣʛʘʥ ʙʦʩʠʤ ʫʯʫʥ ʥʘʡʯʘʣʠ 

ʧʨʫʞʠʥʘʣʘʨʥʠ ʞʝʟʜʘʥ, ʙʨʦʥʟʘʜʘʥ, ʫʥʜʘʥ ״ʘʤ ʶץʦʨʠ ʙʦʩʠʤʣʘʨ ʫʯʫʥ ð 

ʣʝʛʠʨʣʘʥʛʘʥ ʧ˄ʣʘʪ ʚʘ ʥʠʢʝʣʴ  ץʦʪʠʰʤʘʣʘʨʠʜʘʥ ʪʘʡʸʨʣʘʥʘʜʠ. 

 

3.4-ʨʘʩʤʜʘ ʙʠʨ ˄ʨʘʤʣʠ ʧʨʫʞʠʥʘʣʠ 

ʤʘʥʦʤʝʪʨʣʘʨʥʠʥʛ ʢʠʥʝʤʘʪʠʢ ʩʭʝʤʘʩʠ ʢʝʣʪʠʨʠʣʛʘʥ. 

ɹʦʩʠʤ ˄ʟʛʘʨʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ʧʨʫʞʠʥʘ 3 ʫʯʥʥʠʥʛ 

ʩʠʣʞʠʰʠ ʪʦʨʪץʠ 5 ʦʨץʘʣʠ 6 ʩʝʢʪʦʨʛʘ ʫʟʘʪʠʣʘʜʠ. 

ʉʝʢʪʦʨʥʠʥʛ ʙʫʨʯʘʢʣʠ ʩʠʣʞʠʰʠ ʪʠʰʣʠ ʠʣʘʰʤʘ 

ʸʨʜʘʤʠʜʘ ʪʨʠʙʢʘ 2 ʥʠʥʛ ʘʡʣʘʥʠʰʠʛʘ ʦʣʠʙ ʢʝʣʘʜʠ. 

ʊʨʠʙʢʘʥʠʥʛ ˄ץʠʛʘ ʢ˄ʨʩʘʪʫʚʯʠ ʩʪʨʝʣʢʘ 4 

ʙʠʨʠʢʪʠʨʠʣʛʘʥ. 

ʅʘʡʯʘʥʠʥʛ ʙ˄ʰ ʫʯʠʜʘ ʩʠʣʞʠʰ ʫʥʯʘ ʢʘʪʪʘ 

ʙ˄ʣʤʘʛʘʥʠ ʩʘʙʘʙʣʠ, ʢ˄ʧʠʥʯʘ, ʢ˄ʧ ˄ʨʘʤʣʠ ʥʘʡʯʘʩʠʤʦʥ ʧʨʫʞʠʥʘʣʘʨ ʠʰʣʘʪʠʣʘʜʠ. 

ʂ˄ʧ ˄ʨʘʤʣʠ (ʛʝʣʠʢʦʠʜʘʣ) ʥʘʡʯʘʩʠʤʦʥ ʧʨʫʞʠʞʠʥʘʣʠ ʤʘʥʦʤʝʪʨʣʘʨʥʠʥʛ ʠʰ 

ʦʨʛʘʥʠ ʦʣʪʠ, ʪ˄ץץʠʟ ʨ˄ʘʤʣʠ ʷʩʩʠ ʥʘʡʯʘʜʘʥ ʭʦʩʠʣ ץʠʣʠʥʛʘʥ ʮʠʣʠʥʜʨʠʢ ʩʧʠʨʘʣʴ 

ʰʘʢʣʛʘ ʵʛʘ. ɻʝʣʠʢʦʠʜʘʣ ʥʘʡʯʘʩʠʤʦʥ ʧʨʫʞʠʥʘʣʠ ʤʘʥʦʤʝʪʨʣʘʨ ʟ˄ʠʸʟʘʨ ʚʘ 

ʢ˄ʨʩʘʪʠʰʣʘʨʥʠ ʤʘʩʦʬʘʛʘ ʫʟʘʪʫʚʯʠ ʙʣ˄ʘʜʠ. 

ʅʘʡʯʘʩʠʤʦʥ ʧʨʫʞʠʥʘʣʠ ʤʘʥʦʤʝʪʨʣʘʨ ʢʨ˄ʩʘʪʠʰ, ʸʟʠʰ, ʩʠʛʥʘʣ ʙʝʨʠʰ ʚʘ 

ʢ˄ʨʩʘʪʠʰʣʘʨʥʠ ʤʘʩʦʬʘʛʘ ʫʟʘʪʠʰ ʫʯʫʥ ʤ˄ʣʞʘʣʣʘʥʛʘʥ. 

   ʦʟʠʨ ʧʥʝʚʤʘʪʠʢ ʚʘ ʵʣʝʢʪʨ ʜʘʪʯʠʢʣʘʨʥʠʥʛ ʫʥʠʬʠʢʘʮʠʷʣʘʥʛʘʥ׳

ʪʠʟʠʤʛʘ ʢʠʨʠʪʠʣʛʘʥ ʧʨʫʞʠʥʘʣʠ ʘʩʙʦʙʣʘʨʥʠʥʛ ʢʧ˄ ʪʫʨʣʘʨʠ   

         ʯʠץʤʦץʜʘ. 

               ɹʫ ʘʩʙʦʙʣʘʨ ʩʪʘʥʜʘʨʪ ʧʥʝʚʤʘʪʠʢ, ʵʣʝʢʪʨ ʩʠʛʥʘʣʣʘʨʜʘ 

3.4 ï ʨʘʩʤ. ʇʨʫʞʠʥʘʣʠ 

ʤʘʥʦʤʝ ʪʨʥʠʥʛ 

ʢʠʥʝʤʘʪʠʢ ʩʭʝʤʘʩʠ 
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ʠʰʣʘʡʜʠʛʘʥ ʠʢʢʠʣʘʤʯʠ ʘʩʙʦʙʣʘʨ ʚʘ ʤʘʭʩʫʩ ץʫʨʠʣʤʘʣʘʨ ʤʘʞʤʫʘʩʠʜʘ ץ˄ʣʣʘʥʘʜʠ. 

ɸʩʙʦʙʩʦʟʣʠʢ ʩʘʥʦʘʪʠ 0,1 ʜʘʥ 1000 ʄʇʘ (1...10000 ʢʛʢ/ʩʤ
2
) ʛʘʯʘ ʙ˄ʣʛʘʥ 

ʙʦʩʠʤʣʘʨʥʠ ʫʣʯʘʡʜʠʛʘʥ ʘʩʙʦʙʣʘʨ ʠʰʣʘʙ ʯʠץʘʨʘʜʠ. ʊʝʭʥʠʢ ʤʘʥʦʤʝʪʨ, 

ʚʘʢʫʫʤʤʝʪʨ ʚʘ ʤʘʥʦʚʘʢʫʫʤʤʝʪʨʣʘʨ 1; 1,6; 2,5 ʚʘ 4 ʘʥʠץʣʠʢ ʩʠʥʬʠʛʘ ʵʛʘ. ʅʘʤʫʥʘ 

ʘʩʙʦʙʣʘʨʥʠʥʛ ʘʥʠץʣʠʢ ʩʠʥʬʠ 0,16; 0,25 ʚʘ 0,4. 

ʉʠʣʴʬʦʥʣʠ ʘʩʙʦʙʣʘʨ. ʉʝʟʛʠʨ ʵʣʝʤʝʥʪ ʩʠʬʘʪʠʜʘ ʩʠʣʴʬʦʥ ʢʝʥʛ 

 ʜʘ. ʉʠʣʴʬʦʥʣʘʨ ʞʝʟ, ʙʨʦʥʟʘ, ʟʘʥʛʣʘʤʘʩ ʧ˄ʣʘʪ, ʧʣʘʩʪʤʘʩʩʘ ʚʘץʣʣʘʥʤʦ˄ץ

ʙʦʰץʘʣʘʨʜʘʥ ʪʘʡʸʨʣʘʥʘʜʠ. ʋʣʘʨʥʠʥʛ ʙʘʲʟʠ ʪʫʨʣʘʨʠ ʚʠʥʪʩʠʤʦʥ ʧʨʫʞʠʥʘʣʠ 

 ʣʠʢ ʪʘʲʩʠʨʠץʠʣʠʙ ʪʘʡʸʨʣʘʥʘʜʠ, ʙʫʥʠʥʛ ʥʘʪʠʞʘʩʠʜʘ ʛʠʩʪʝʨʝʟʠʩ ʚʘ ʥʦʯʠʟʠץ

ʢʘʤʘʡʠʙ, ʘʩʙʦʙʥʠʥʛ ˄ʣʯʘʰ ʯʝʛʘʨʘʩʠ ʢʝʥʛʘʷʜʠ. ʉʠʣʴʬʦʥʣʘʨ ʙʠʨ ץʘʪʣʘʤʣʠ ʚʘ ʢ˄ʧ 

 ʘʪʣʘʤʣʠ ʙ˄ʣʘʜʠ. ʆʜʘʪʜʘ, ʩʠʣʴʬʦʥʣʘʨʥʠʥʛ ʜʠʘʤʝʪʨʠ 12...100 ʤʤ, ʫʟʫʥʣʠʛʠץ

13...100 ʤʤ, ץʘʪʣʘʤʣʘʨʠ (ʛʦʬʨʠʣʘʨʠ) ʩʦʥʠ 4...24 ʘʪʨʦʬʠʜʘ ʙ˄ʣʘʜʠ. 

ʉʠʣʴʬʦʥʣʘʨʥʠʥʛ ʩʠʣʞʠʰʠ 2,8...21 ʤʤ. ʋʣʘʨʥʠʥʛ ʩʠʣʞʠʰ ʢʘʪʪʘʣʠʛʠ 

ʩʠʣʴʬʦʥʣʘʨʥʠ ʟ˄ʠʸʟʘʨ ʘʩʙʦʙʣʘʨʜʘ ץʣ˄ʣʘʰʛʘ ʠʤʢʦʥ ʙʝʨʘʜʠ. ʉʠʣʴʬʦʥʛʘ ʪʘʲʩʠʨ 

ʵʪʛʘʥ ʠʯʢʠ ʸʢʠ ʪʘʰץʠ ʙʦʩʠʤ ʥʘʪʠʞʘʩʠʜʘ ʩʠʣʴʬʦʥ ʫʟʫʥʣʠʛʠ ʟ˄ʛʘʨʘʜʠ. 

 

ʂ˄ʨʩʘʪʫʚʯʠ ʚʘ ˄ʟʠʸʟʘʨ ʘʩʙʦʙʣʘʨʜʘ ʩʠʣʴʬʦʥʣʠ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪʣʘʨʜʘʥ 

 ʫʡʠʜʘʛʠ ʪʫʨʣʘʨʠ ʠʰʣʘʪʠʣʘʜʠ: ʄʉʇ, ʄʉʉ (ʤʘʥʦʤʝʪʨʣʘʨ); ʄɺʉʉץ

(ʤʘʥʦʚʘʢʫʫʤʤʝʪʨʣʘʨ); ɺʉʇ, ɺʉʉ 

(ʚʘʢʫʫʤʤʝʪʨʣʘʨ); ɼʉʇ, ɼʉʉ (ʜʠʬʤʦʥʘʤʝʪʨʣʘʨ); 

ʅʉʇ, ʅʉʉ (ʥʘʧʦʨʦʤʝʪʨʣʘʨ); ʊʤʉʇ, ʊʤʉʉ 

(ʪʷʛʦʤʝʪʨʣʘʨ); ʊʅʉʇ, ʊʅʉʉ 

(ʪʷʛʦʥʘʧʦʨʦʤʝʪʨʣʘʨ). ɹʫ ʘʩʙʦʙʣʘʨʥʠʥʛ 

ʢ˄ʧʯʠʣʠʛʠ ʧʥʝʚʤʘʪʠʢ ʚʘ ʫʥʠʬʠʢʘʮʠʷʣʘʥʛʘʥ 

ʵʣʝʢʪʨ ʜʘʪʯʠʢʣʘʨ ʪʠʟʠʤʠʛʘ ʢʠʨʘʜʠ. 

ʉʠʣʴʬʦʥʣʠ ʥʘʧʦʨʦʤʝʪʨ ʚʘ ʪʷʛʦʤʝʪʨʣʘʨʜʘ 

ʢʠʯʠʢ ʙʦʩʠʤʣʘʨʥʠ 40000 ʇʘ (4000 ʢʛʢ/ʤ
2
); 

ʚʘʢʫʫʤʤʥʠ (0,1 ʤ ʇɸ ʛʘʯʘ); ʤʫʪʣʘץ ʙʦʩʠʤʥʠ (2,5 

ʤʇʘ ʛʘʯʘ); ʦʨʪʠץʯʘ ʙʦʩʠʤʥʠ (60 ʤʇʘ ʛʘʯʘ); 

3.5 ï ʨʘʩʤ. ʉʠʣʴʬʦʥʣʠ 

ʧʥʝʚʤʘʪʠʢ  

ʪʷʛʦʥʘʧʦʨʤʝʪʨʥʠʥʛ 

ʧʨʠʥʮʠʧʠʘʣ 
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ʙʦʩʠʤʣʘʨ ʬʘʨץʠʥʠ (0,25 ʤʇʘ ʛʘʯʘ) ˄ʣʯʘʰ ʫʯʫʥ ץ˄ʣʣʘʥʘʜʠ. 

3.5-ʨʘʩʤʜʘ ʩʠʣʴʬʦʥʣʠ ʧʥʝʚʤʘʪʠʢ ʪʷʛʦʥʘʧʦʨʦʤʝʪʨ (ʊʅʉ-ʇ) ʥʠʥʛ 

ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ ʢ˄ʨʩʘʪʠʣʛʘʥ. ɹʫ ʘʩʙʦʙ ˄ʣʯʘʰʥʠʥʛ ʧʥʝʚʤʘʪʠʢ ʪʘʨʤʦסʠʛʘ 

ʢʠʨʘʜʠ. ʋʥʠʥʛ ʚʘʟʠʬʘʩʠ ʙʦʩʠʤ ʸʢʠ ʩʠʡʨʘʢʣʘʥʠʰʥʠ ʤʘʩʦʬʘʛʘ ʫʟʘʪʫʚʯʠ 

ʤʫʪʘʥʦʩʠʙ ʧʥʝʚʤʘʪʠʢ ʩʠʛʥʘʣʛʘ ʫʟʣʫʢʩʠʟ ʘʡʣʘʥʪʠʨʠʰʜʠʨ. 

ɸʩʙʦʙʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ʧʥʝʚʤʘʪʠʢ ʢʫʯ ʢʦʤʧʝʥʩʘʮʠʷʩʠʛʘ ʘʩʦʩʣʘʥʛʘʥ. 

ʂʦʤʧʝʥʩʘʮʠʷ ʤʘʭʩʫʩ ʧʥʝʚʤʘʪʠʢ ץʫʨʠʣʤʘ ʸʨʜʘʤʠʜʘ ʙʘʞʘʨʠʣʘʜʠ. ɶʣʯʘʥʘʸʪʛʘʥ 

ʙʦʩʠʤ ʸʢʠ ʩʠʡʨʘʢʣʘʥʠʰ ʩʠʣʴʬʦʥ ð ʩʝʟʛʠʨ ʵʣʝʤʝʥʪ 9 ʸʨʜʘʤʠʜʘ ʤʫʪʘʥʦʩʠʙ 

ʢʫʯʛʘ ʘʡʣʘʥʘʜʠ. ɹʫ ʢʫʯ ʘʚʪʦʤʘʪʠʢ ʨʘʚʠʰʜʘ ʪʝʩʢʘʨʠ ʙʦסʣʘʥʠʰ ʢʫʯʠ ʦʨץʘʣʠ 

ʤʫʚʦʟʘʥʘʪʣʘʰʘʜʠ. ʄʫʚʦʟʘʥʘʪʣʘʰ ʨʠʯʘʛ 8, ʟʘʩʣʦʥʢʘ (ʪ˄ʩʠץ) 4 ʚʘ ɻ-ʩʠʤʦʥ 

ʨʠʯʘʛʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ ʧʠʰʘʥʛʣʠ ʤʝʭʘʥʠʟʤ ʦʨץʘʣʠ ʙʘʞʘʨʠʣʘʜʠ. ʊʝʩʢʘʨʠ 

ʙʦסʣʘʥʠʰ ʢʫʯʠ ʢʦʤʧʝʥʩʘʮʠʦʥ ʵʣʝʤʝʥʪ ð ʪʝʩʢʘʨʠ ʙʦסʣʘʥʠʰ ʩʠʣʴʬʦʥʠ 7 ʜʘʛʠ 

ʩʠץʠʣʛʘʥ ״ʘʚʦ ʙʦʩʠʤʠ ʦʨץʘʣʠ ״ʦʩʠʣ ʙ˄ʣʘʜʠ. ɶʣʯʘʥʘʸʪʛʘʥ ʙʦʩʠʤ ˄ʟʛʘʨʠʰʠ 

ʙʠʣʘʥ ʧʠʰʘʥʛ 8 ʚʘ ʪ˄ʩʠ4 ץ ʩʦʧʣʦ 5 ʛʘ ʥʠʩʙʘʪʘʥ ʩʠʣʞʠʡʜʠ. ʅʘʪʠʞʘʜʘ ʩʦʧʣʦ 5 

ʥʠʥʛ ʡ˄ʣʠʜʘ (ʢʘʥʘʣʠʜʘ) ʥʦʤʦʩʣʠʢ ʩʠʛʥʘʣʠ ʧʘʡʜʦ ʙ˄ʣʘʜʠ. ɹʫ ʩʠʛʥʘʣ 

ʢʫʯʘʡʪʠʨʛʠʯ 6 ʜʘʥ ʪʝʩʢʘʨʠ ʙʦסʣʘʥʠʰ ʩʠʣʴʬʦʥʠʛʘ ʢʝʣʘʸʪʛʘʥ ʙʦʩʠʤʥʠ 

˄ʟʛʘʨʪʠʨʘʜʠ. ɶʣʯʘʥʘʸʪʛʘʥ ʧʘʨʘʤʝʪʨʥʠʥʛ ˄ʣʯʦʚʠ ʙ˄ʣʛʘʥ ʙʦʩʠʤ ʙʠʨ ʡ˄ʣʘ 

ʤʘʩʦʬʘʛʘ ʫʟʘʪʠʰ ʣʠʥʠʷʩʠʛʘ (ʢʘʥʘʣʠʛʘ) ״ʘʤ ʶʙʦʨʠʣʘʜʠ. ɸʩʙʦʙʥʠ ʩʦʟʣʘʰ ʫʯʫʥ 

ʨʦʣʠʢ 2 ʭʠʟʤʘʪ ץʠʣʘʜʠ, ʫ ʨʠʯʘʛ 1 ʚʘ 8 ʣʘʨ ʙ˄ʡʣʘʙ ״ʘʨʘʢʘʪ ץʠʣʘʜʠ. ʇʨʫʞʠʥʘ 3 

ʘʩʙʦʙʥʠ ʥʦʣʴ ʙʝʣʛʠʩʠʛʘ ʩʦʟʣʘʡʜʠ. 

ʇʥʝʚʤʘʪʠʢ ʩʠʛʥʘʣʥʠ 300 ʤ ʤʘʩʦʬʘʛʘ ʫʟʘʪʠʰ ʤʫʤʢʠʥ. ɹʫʥʜʘʡ ʩʠʣʴʬʦʥʣʠ 

ʘʩʙʦʙʣʘʨ ʪʫʨʣʠ ʭʠʣʜʘ ʚʘ ʨʫʩʫʤʜʘ ʯʠץʘʨʠʣʘʜʠ ״ʘʤʜʘ ʪʫʨʣʠ ʯʝʛʘʨʘʣʠ ˄ʣʯʦʚʣʘʨʛʘ 

ʤ˄ʣʞʘʣʣʘʥʛʘʥ. ʋʣʘʨʥʠʥʛ ʘʥʠץʣʠʢ ʩʠʥʬʠ 1 ʚʘ 1,5. 

ʉʠʣʴʬʦʥʣʘʨʥʠʥʛ ʘʩʦʩʠʡ ʢʘʤʯʠʣʠʢʣʘʨʠ ʛʠʩʪʝʨʝʟʠʩ ʤʘʚʞʫʜʣʠʛʠ ʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʥʠʥʛ ʙʠʨʤʫʥʯʘ ʥʦʯʠʟʠץʣʠʛʠʜʠʨ. ɻʠʩʪʝʨʝʟʠʩ ʪʘʲʩʠʨʠʥʠ 

ʢʘʤʘʡʪʠʨʠʰ ʚʘ ʙʠʢʨʣʠʢʥʠ ʦʰʠʨʠʰ ʤʘץʩʘʜʠʜʘ, ʢ˄ʧʠʥʯʘ, ʩʠʣʴʬʦʥ ʠʯʠʛʘ 

ʧʨʫʞʠʥʘ ˄ʨʥʘʪʠʣʘʜʠ. 

ʄʝʤʙʨʘʥʘʣʠ ʘʩʙʦʙʣʘʨ. ʉ˄ʥʛʛʠ ʡʠʣʣʘʨʜʘ ʤʝʤʙʨʘʥʘʣʠ ʘʩʙʦʙʣʘʨ ʪʦʙʦʨʘ 

ʢʝʥʛ ץ˄ʣʣʘʥʤʦץʜʘ. ɹʫ ʘʩʙʦʙʣʘʨʜʘ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪ ʩʠʬʘʪʠʜʘ ʵʣʘʩʪʠʢ 

ʤʘʪʝʨʠʘʣʣʘʨʜʘʥ ʪʘʡʸʨʣʘʥʛʘʥ ʶʤʰʦץ, ʰʫʥʠʥʛʜʝʢ ʛʦʬʨʣʘʥʛʘʥ ʧʣʘʩʪʠʥʢʘʩʠʤʦʥ 
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ʤʝʤʙʨʘʥʘʣʘʨ ʸʢʠ ʛʦʬʨʣʘʥʛʘʥ ʤʝʤʙʨʘʥʘ ץʫʪʠʯʘʣʘʨ ʠʰʣʘʪʠʣʘʜʠ. ʄʝʤʙʨʘʥʘʣʠ 

ʘʩʙʦʙʣʘʨ ʙʠʣʘʥ ʫʥʯʘ ʢʘʪʪʘ ʙ˄ʣʤʘʛʘʥ ʦʨʪʠץʯʘ ʙʦʩʠʤʣʘʨ ʚʘ ʩʠʡʨʘʢʣʘʥʠʰʣʘʨ 

 ʠ ˄ʣʯʘʥʠʙ, ʤʘʥʦʤʝʪʨʣʘʨ, ʥʘʧʦʨʤʝʪʨʣʘʨ, ʪʷʛʦʤʝʪʨʣʘʨ ʚʘץʘʤʜʘ ʙʦʩʠʤʣʘʨ ʬʘʨ״

ʜʠʬʤʘʥʦʤʝʪʨʣʘʨ ʨʫʩʫʤʣʠ ʘʩʙʦʙʣʘʨ ʤʘʚʞʫʜ. 

ʄʝʤʙʨʘʥʘʥʠʥʛ ʵʛʠʣʠʰʜʘʛʠ ʵʣʘʩʪʠʢʣʠʛʠ ʫʥʠʥʛ ʛʝʦʤʝʪʨʠʢ ˄ʣʯʘʤʣʘʨʠʛʘ 

(ʜʠʘʤʝʪʨʠ, ץʘʣʠʥʣʠʛʠ, ʛʦʬʨʣʘʨʠʥʠʥʛ ʩʦʥʠ, ʰʘʢʣʠʛʘ), ʤʘʪʝʨʠʘʣʠʛʘ ״ʘʤʜʘ ʫʥʛʘ 

ʪʘʲʩʠʨ ץʠʣʘʜʠʛʘʥ ʙʦʩʠʤʛʘ ʙʦסʣʠץ. ʄʝʤʙʨʘʥʘʜʘʛʠ ʛʦʬʨʣʘʨ ʫʥʠʥʛ ʙʠʢʨʣʠʛʠʥʠ 

ʦʰʠʨʘʜʠ ʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʩʠʥʠʥʛ ʪ˄סʨʠ ʯʠʟʠץʣʠ ʙ˄ʣʠʰʠʥʠ ʪʘʲʤʠʥʣʘʡʜʠ. 

ʄʝʤʙʨʘʥʘʥʠʥʛ ʙʠʢʨʣʠʛʠʥʠ ʦʰʠʨʠʰ ʤʘץʩʘʜʠʜʘ ʫʥʠʥʛ ˄ʨʪʘ ץʠʩʤʠʛʘ 

 ,ʤʘʪʝʨʠʘʣʜʘʥ ʷʩʘʣʛʘʥ ʜʠʩʢ ʸʢʠ ʧʨʫʞʠʥʘ ˄ʨʥʘʪʠʣʘʜʠ. ʄʝʤʙʨʘʥʘ ʨʝʟʠʥʘ ץʘʪʪʠץ

ʧʣʘʩʪʤʘʩʩʘ, ʣʘʪʫʥʴ, ʙʨʦʥʟʘ ʚʘ ʙʦʰץʘ ʤʘʪʝʨʠʘʣʣʘʨʜʘʥ ʪʘʡʸʨʣʘʥʘʜʠ. ɹʨʦʥʟʘʜʘʥ 

ʪʘʡʸʨʣʘʥʛʘʥ ʤʝʤʙʨʘʥʘʥʠʥʛ ץʘʣʠʥʣʠʛʠ ˄ʣʯʘʥʘʜʠʛʘʥ ʙʦʩʠʤ ץʠʡʤʘʪʠʛʘ ץʘʨʘʙ 

0,02...1,0 ʤʤ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ. 

ʄʝʤʙʨʘʥʘʛʘ ʠʢʢʘʣʘ ʪʦʤʦʥʜʘʥ ʪʘʲʩʠʨ ʵʪʘʜʠʛʘʥ ʙʦʩʠʤʣʘʨ ʬʘʨץʠ ʪʘʲʩʠʨʠʜʘ 

ʫʥʠʥʛ ʤʘʨʢʘʟʠ ʩʠʣʞʠʡʜʠ. ʄʝʤʙʨʘʥʘ ʤʘʨʢʘʟʠʥʠʥʛ ʙʦʩʠʤ ʪʘʲʩʠʨʠʜʘ ʩʠʣʞʠʰʠ 

ʢʘʪʪʘ ʵʤʘʩ ʚʘ 1,5...2.0 ʤʤ ʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. ɹʫ ״ʦʣ ʘʩʙʦʙʣʘʨʥʠʥʛ ʩʝʟʛʠʨʣʠʛʠʥʠ 

ʢʘʤʘʡʪʠʨʘʜʠ ʚʘ ʫʟʘʪʠʰ ʩʦʥʠ ʢʘʪʪʘ ʙ˄ʣʛʘʥ ʤʝʭʘʥʠʟʤ ץ˄ʣʣʘʰʥʠ ʪʘʣʘʙ ʵʪʘʜʠ. 

ʄʝʤʙʨʘʥʘ ʘʩʙʦʙʣʘʨʥʠʥʛ ʙʫ ʢʘʤʯʠʣʠʢʣʘʨʠ ʫʣʘʨʥʠ ʠʰʣʘʪʠʰ ʜʦʠʨʘʩʠʥʠ 

ʯʝʢʣʘʡʜʠ. 

ʄʝʤʙʨʘʥʘ ʵʣʘʩʪʠʢ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪʣʘʨ 

ʢ˄ʧʨʦץ ʤʝʤʙʨʘʥʘʣʠ ץʫʪʠʯʘ ʢ˄ʨʠʥʠʰʠʜʘ 

ʙ˄ʣʠʙ, ʘʩʙʦʙʣʘʨ ʢʠʯʠʢ ʙʦʩʠʤ ʚʘ 

ʩʠʡʨʘʢʣʘʥʠʰʥʠ ˄ʣʯʘʰʜʘ ʠʰʣʘʪʠʣʘʜʠ. 

ɹʫʥʜʘʡ ʤʝʤʙʨʘʥʘʣʠ ʘʩʙʦʙʣʘʨ Ñ250 

ʇʘ ʜʘʥ Ñ25 ʢʇʘ ʛʘʯʘ ʙ˄ʣʛʘʥ ˄ʣʯʘʰ 

ʯʝʛʘʨʘʣʘʨʠʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘʥ. ʋʣʘʨʥʠʥʛ 

ʘʥʠץʣʠʢ ʩʠʥʬʠ 1,5 ʚʘ 2,5. 

ʕʣʝʢʪʨ ʚʘ ʧʥʝʚʤʘʪʠʢ ʪʘʨʤʦץʣʘʨ 

ʪʘʨʢʠʙʠʛʘ ʢʠʨʛʘʥ ʶʤʰʦץ ʤʝʤʙʨʘʥʘʣʠ 

ʜʠʬʤʘʥʦʤʝʪʨʣʘʨ (ɼʄ) ʢʝʥʛ ʪʘʨץʘʣʛʘʥ. 3.6-

3.6 ï ʨʘʩʤ. ʖʤʰʦץ 

ʤʝʤʙʨʘʥʘʣʠ 

ʜʠʬʤʘʥʦʤʝʪʨʥʠʥʛ 

ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ 
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ʨʘʩʤʜʘ ʤʝʤʙʨʘʥʘʣʠ ʵʣʝʢʪʨ ʜʠʬʤʘʥʦʤʝʪʨʥʠʥʛ ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ 

ʢʝʣʪʠʨʠʣʛʘʥ. 

ɸʩʙʦʙʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ʵʣʝʢʪʨ ʩʠʛʥʘʣʣʠ ʢʫʯ ʢʦʤʧʝʥʩʘʮʠʷʩʠʛʘ 

ʘʩʦʩʣʘʥʛʘʥ. ɶʣʯʘʥʘʸʪʛʘʥ ʙʦʩʠʤʣʘʨ ʬʘʨץʠ ʤʝʤʙʨʘʥʘʣʠ ˄ʣʯʘʰ ʙʣʦʢʠ 12 ʥʠʥʛ 

ʤʫʩʙʘʪ ʚʘ ʤʘʥʬʠʡ ʢʘʤʝʨʘʣʘʨʠʛʘ ʙʝʨʠʣʘʜʠ. ʄʝʤʙʨʘʥʘ ʸʨʜʘʤʠʜʘ ʙʦʩʠʤʣʘʨ ʬʘʨץʠ 

ʤʫʪʘʥʦʩʠʙ ʢʫʯʛʘ ʘʡʣʘʥʪʠʨʠʣʘʜʠ. ʄʝʤʙʨʘʥʘʜʘ ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʢʫʯ ʧʠʰʘʥʛ 11 

ʸʨʜʘʤʠʜʘ ˄ʟʛʘʨʪʛʠʯʥʠʥʛ ʧʠʰʘʥʛʣʠ ʫʟʘʪʠʰ ʤʝʭʘʥʠʟʤʠʛʘ ʫʟʘʪʠʣʘʜʠ. ɶʟʛʘʨʪʛʠʯ 

ʊ-ʩʠʤʦʥ ʧʠʰʘʥʛ 1, ɻ-ʩʠʤʦʥ ʧʠʰʘʥʛ 2 ʚʘ ʧʠʰʘʥʛ 8 ʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʠʙ, ʪʝʩʢʘʨʠ 

ʙʦסʣʘʥʠʰ ʢʫʯʠ ʙʠʣʘʥ ʤʫʚʦʟʘʥʪʣʘʥʘʜʠ. ʊʝʩʢʘʨʠ ʙʦסʣʘʥʠʰ ʢʫʯʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨ 

ʤʝʭʘʥʠʟʤ 9 ʜʘ (ʪʝʩʢʘʨʠ ʙʦסʣʘʥʠʰ ץʫʨʠʣʤʘʩʠ) ʙʦʩʠʤʣʘʨ ʬʘʨץʠ ˄ʟʛʘʨʠʰʠ ʙʠʣʘʥ 

 ʯʘʩʠ 5 ʥʠץʦʩʠʣ ʙ˄ʣʘʜʠ. ɹʫʥʜʘ ʧʠʰʘʥʛʣʠ 8, ʥʦʤʦʩʣʠʢ ʠʥʜʠʢʘʪʦʨʠ 6 ʥʠʥʛ ʙʘʡʨʦ״

ʩʠʣʞʠʪʘʜʠ. ʀʥʜʠʢʘʪʦʨʜʘ ʧʘʡʜʦ ʙ˄ʣʛʘʥ ʥʦʤʦʩʣʠʢ ʵʣʝʢʪʨ ʩʠʛʥʘʣʠ ʢʫʯʘʡʪʠʨʛʠʯ 7 

ʜʘ ʢʫʯʘʷʜʠ ʚʘ ʤʘʛʥʠʪʦʵʣʝʢʪʨ ʢʫʯ ץʫʨʠʣʤʘʩʠ 9 ʛʘ ʢʝʣʘʜʠ. ʐʫ ʙʠʣʘʥ ʙʠʨʛʘ ʙʫ 

ʩʠʛʥʘʣ ʤʘʩʦʬʘʛʘ ʫʟʘʪʠʰ ʣʠʥʠʷʩʠʛʘ ʢʝʣʘʜʠ ʚʘ ˄ʣʯʘʥʘʸʪʛʘʥ ʧʘʨʘʤʝʪʨ ץʠʡʤʘʪʠʥʠ 

ʙʠʣʜʠʨʘʜʠ. ʐʫʥʜʘʡ ץʠʣʠʙ, ʘʩʙʦʙʥʠʥʛ ʯʠץʠʰ ʩʠʛʥʘʣʠ ˄ʣʯʘʥʘʸʪʛʘʥ ʙʦʩʠʤʣʘʨ 

ʬʘʨץʠʛʘ ʪ˄סʨʠ ʤʫʪʘʥʦʩʠʙ. ɸʩʙʦʙʥʠʥʛ ʥʦʣʴ ʙʝʣʛʠʩʠʛʘ ʩʦʟʣʘʥʠʰʠ ʧʨʫʞʠʥʘ 4 

ʸʨʜʘʤʠʜʘ ʙʘʞʘʨʠʣʘʜʠ. ɹʫ ʪʫʨʜʘʛʠ ʘʩʙʦʙʣʘʨ ʙʦʩʠʤʣʘʨʥʠ 100 ʇʘ ʜʘʥ 6,3 ʢʇʘ ʛʘʯʘ 

ʯʝʛʘʨʘʣʘʨʜʘ ˄ʣʯʘʰ ʫʯʫʥ ʤʦʩʣʘʥʛʘʥ, ʘʩʙʦʙʣʘʨʥʠʥʛ ʘʥʠץʣʠʢ ʩʠʥʬʠ 1. 

ʄʝʤʙʨʘʥʘʣʠ ʘʩʙʦʙʣʘʨʥʠʥʛ ʢʘʤʯʠʣʠʛʠ ð ʩʝʟʛʠʨ ʵʣʝʤʝʥʪ ץ˄ʟסʘʣʫʚʯʘʥ 

ʤʘʨʢʘʟʠʥʠʥʛ ʩʫʩʪ ʶʨʠʰʠ, ʤʝʤʙʨʘʥʘ ʙʠʢʨʣʠʛʠʥʠ ״ʠʩʦʙʜʘʥ ʯʝʢʣʘʥʠʰʠ ʚʘ ʫʥʠ 

ʨʦʩʪʣʘʰ ʤʫʨʘʢʢʘʙʣʠʛʠʜʘʜʠʨ. ʉʝʟʛʠʨ ʵʣʝʤʝʥʪʣʘʨʥʠʥʛ ʙʫ ʢʘʤʯʠʣʠʛʠ ʵʣʝʢʪʨ ʚʘ 

ʧʥʝʚʤʘʪʠʢ ʢʫʯ ʢʦʤʧʝʥʩʘʮʠʷʩʠ ʩʭʝʤʘʩʠ ʙ˄ʡʠʯʘ ץʫʨʠʣʛʘʥ ʘʩʙʦʙʣʘʨʜʘ ʙʘʨʪʘʨʘʬ 

ʵʪʠʣʘʜʠ. 

 ʠʪʣʘʨ ʙʦʩʠʤʠʥʠ ˄ʣʯʘʰ״ʣʠʢʣʘʨ ʚʘ ʢʠʤʸʚʠʡ ʘʛʨʝʩʩʠʚ ʤʫץʩʫʶ ץʦʚʫʰʦפ

ʫʯʫʥ ʤʝʤʙʨʘʥʘʣʠ ʤʘʥʦʤʝʪʨʣʘʨ ʵʥʛ ץʫʣʘʡ, ʯʫʥʢʠ ʘʩʙʦʙʣʘʨ ʥʠʧʧʝʣʠʜʘʛʠ ʪ˄סʨʠ ʚʘ 

ʢʝʥʛ ʢʘʥʘʣ ״ʘʤʜʘ ʤʝʤʙʨʘʥʘ ʦʩʪʠʜʘʛʠ ʢʘʪʪʘ ʙ˄ʰʣʠץ ץʦʚʫʰʦץ ʩʫʶץʣʠʢ ʫʯʫʥ 

ʵʨʢʠʥ ʡ˄ʣ ʦʯʠʙ ʙʝʨʘʜʠ ʚʘ ʠʬʣʦʩʣʘʥʠʰ ʵ״ʪʠʤʦʣʠʥʠʥʛ ʦʣʜʠʥʠ ʦʣʘʜʠ. ɸʩʙʦʙ 

ʩʝʟʛʠʨ ץʠʩʤʠʥʠʥʛ ʩʦʜʜʘ ʰʘʢʣʠ ʤʝʤʙʨʘʥʘʥʠ ʘʛʨʝʩʩʠʚ ʤʫ״ʠʪ ʪʘʲʩʠʨʠʜʘʥ 

ʝʥʛʠʣʣʠʢ ʙʠʣʘʥ ״ʠʤʦʷ ץʠʣʘʜʠ. ɹʫʥʠʥʛ ʫʯʫʥ ʤʝʤʙʨʘʥʘʥʠʥʛ ʧʘʩʪʢʠ ʩʠʨʪʠ 
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ʢʠʤʸʚʠʡ ʯʠʜʘʤʣʠ ʤʝʪʘʣʣʜʘʥ ץʠʣʠʥʛʘʥ ʶʧץʘ ʬʦʣʴʛʘ ʙʠʣʘʥ ʸʢʠ ʯʠʜʘʤʣʠ 

ʧʣʘʩʪʤʘʩʩʘ (ʬʪʦʨʦʧʣʘʩʪ ʚʘ ״.)ʜʘʥ ץʠʣʠʥʛʘʥ ʧʣʸʥʢʘ ʙʠʣʘʥ ץʦʧʣʘʥʘʜʠ. 

3.4- Ä. ʕʃɽʂʊʈ ɸʉɹʆɹʃɸʈ 

ʕʣʝʢʪʨ ʘʩʙʦʙʣʘʨʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ʙʦʩʠʤʥʠ ʫ ʙʠʣʘʥ ʬʫʥʢʮʠʦʥʘʣ 

ʙʦסʣʠץ ʙ˄ʣʛʘʥ ʙʠʨʦʨ ʵʣʝʢʪʨ ʢʘʪʪʘʣʠʢʢʘ ʙʝʚʦʩʠʪʘ ʸʢʠ ʙʠʣʚʦʩʠʪʘ ˄ʟʛʘʨʪʠʨʠʰʛʘ 

ʘʩʦʩʣʘʥʛʘʥ. ɹʫʣʘʨʛʘ ʠʥʜʫʢʪʠʚ, ʩʠסʠʤʣʠ, ץʘʨʰʠʣʠʢʣʠ, ʧʴʝʟʦʵʣʝʢʪʨ ʚʘ ʙʦʰץʘ 

ʤʘʥʦʤʝʪʨʣʘʨ ʢʠʨʘʜʠ. 

ɹʦʩʠʤ ˄ʣʯʘʰʥʠʥʛ ʵʥʛ ʢ˄ʧ ʪʘʨץʘʣʛʘʥ ʚʦʩʠʪʘʣʘʨʠ ʢʫʯ ʢʦʤʧʝʥʩʘʮʠʷʩʠ 

ʘʩʦʩʠʜʘ ץʫʨʠʣʛʘʥ ʘʩʙʦʙʣʘʨ ״ʠʩʦʙʣʘʥʘʜʠ. ɹʠʨʦץ ʫʣʘʨ ״ʘʨʦʨʘʪ ʭʘʪʦʣʠʛʠ, ʪʝʟ 

ʪʘʲʩʠʨʯʘʥʣʠʛʠ, ʛʘʙʘʨʠʪ ˄ʣʯʘʤʣʘʨʠ ʚʘ ʤʘʩʩʘʩʠ ʙ˄ʡʠʯʘ ʘʥʯʘ ʤʫʢʘʤʤʘʣ ʠʥʜʫʢʪʠʚ, 

ʩʠסʠʤʣʠ, ʪʝʥʟʦʨʝʟʠʩʪʦʨʣʠ, ʧʴʝʟʦʵʣʝʢʪʨʠʢ ˄ʟʛʘʨʪʢʠʯʣʘʨʜʘʥ ʦʨץʘʜʘ ץʦʣʘʜʠ. 

ɹʫʥʜʘʥ ʪʘʰץʘʨʠ, ʢʫʯ ʢʦʤʧʝʥʩʘʮʠʷʣʠ ˄ʟʛʘʨʪʢʠʯʣʘʨʥʠʥʛ ʚʘ ʧʠʰʘʥʛʣʠ 

ʪʠʟʠʤʣʘʨʥʠʥʛ ʪʫʟʠʣʠʰʠʜʘ ״ʘʨʘʢʘʪʣʘʥʫʚʯʠ ץʠʩʤʣʘʨʥʠʥʛ ʙ˄ʣʠʰʠ ˄ʣʯʘʰ 

ʚʦʩʠʪʘʣʘʨʠʥʠʥʛ ʟʘʨʙʛʘ ʯʠʜʘʤʣʠʣʠʛʠʛʘ 

 ʡʠʣʘʜʠʛʘʥ ʟʘʤʦʥʘʚʠʡ ʪʘʣʘʙʣʘʨʥʠʥʛ˄ץ

 .ʠʡʠʠʣʘʰʪʠʨʘʜʠץ ʦʥʜʠʨʠʣʠʰʠʥʠץ

 ʦʟʠʨ ʤʠʢʨʦʵʣʝʤʝʥʪʣʠ ʪʝʭʥʠʢʘʥʠ ʢʝʥʛ׳

ʞʦʨʠʡ ʢʠʣʠʰ ʭʘʤʜʘ ʢʦʥʩʪʨʫʢʪʠʚ ʝʯʠʤʣʘʨʥʠ 

ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ʘʩʦʩʠʜʘ ʶץʦʨʠʜʘ ץʘʨʘʙ 

ʯʠץʠʣʛʘʥ ʙʦʩʠʤʥʠ ˄ʣʯʘʰʥʠʥʛ ʘʥʲʘʥʘʚʠʡ 

ʚʦʩʠʪʘʣʘʨʠ ʷʥʘʜʘ ʟʘʤʦʥʘʚʠʡ ʢʦʤʧʣʝʢʩ ץʫʨʠʣʤʘʣʘʨ 

ʙʠʣʘʥ ʩʠץʠʙ ʯʠץʘʨʠʣʤʦץʜʘ. ɹʫ ʘʣʙʘʪʪʘ, ʪʫʨʣʠ ʪʘʨʤʦץʣʘʨʜʘ ʊɾɸɹʊ ʥʠ 

ʷʨʘʪʠʰʜʘ ʰʘʨʪ ʚʘ ʪʘʣʘʙʣʘʨʥʠʥʛ               

ʪʫʨʣʠ ʪʫʤʘʥʣʠʛʠ ʩʘʙʘʙʣʠ ʘʚʚʘʣ ʠʰʣʘʙ ʯʠץʘʨʠʣʛʘʥ ʙʦʩʠʤʥʠ ˄ʣʯʘʰ 

˄ʟʛʘʨʪʢʠʯʣʘʨʠʜʘʥ (ɹɶɶ) 

ʬʦʡʜʘʣʘʥʠʰʜʘʥ ʪ˄ʣʘ ʚʦʟ ʢʝʯʠʰ ʢʝʨʘʢʣʠʛʠʥʠ ʘʥʛʣʘʪʤʘʡʜʠ.    

 

ʀʥʜʫʢʪʠʚ ʘʩʙʦʙʣʘʨʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ סʘʣʪʘʢ ʠʥʜʫʢʪʠʚʣʠʛʠʥʠʥʛ 

ʪʘʰץʠ ʙʦʩʠʤ ʪʘʲʩʠʨʠʜʘʥ ˄ʟʛʘʨʠʰʠʛʘ  ʘʩʦʩʣʘʥʛʘʥ. 

ʈ 1

2

3
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3.7-ʨʘʩʤʜʘ ʠʥʜʫʢʪʠʚ ˄ʟʛʘʨʪʠʨʫʚʯʠ ʵʣʝʤʝʥʪ ʙʠʣʘʥ ʞʠ״ʦʟʣʘʥʛʘʥ ʙʦʩʠʤʥʠ 

˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʠʥʠʥʛ ʩʭʝʤʘʩʠ ʢ˄ʨʩʘʪʠʣʛʘʥ. ɹʦʩʠʤʥʠ ץʘʙʫʣ ץʠʣʫʚʯʠ ʤʝʤʙʨʘʥʘ 

1 ˄ʨʘʤʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪ 2 ʥʠʥʛ ״ʘʨʘʢʘʪʣʘʥʫʚʯʠ ʷʢʦʨʠ ״ʠʩʦʙʣʘʥʘʜʠ. 

ʋʣʯʘʥʘʸʪʛʘʥ ʙʦʩʠʤ ʪʘʲʩʠʨʠʜʘ ʤʝʤʙʨʘʥʘ ʩʠʣʞʠʡʜʠ, ʙʫ ʠʥʜʫʢʪʠʚ ˄ʟʛʘʨʪʢʠʯʣʠ 

ʵʣʝʤʝʥʪʥʠʥʛ ʵʣʝʢʪʨ ץʘʨʘʰʠʣʠʛʠʥʠ ˄ʟʛʘʨʪʠʨʘʜʠ. ɸʛʘʨ סʘʣʪʘʢʥʠʥʛ ʘʢʪʠʚ 

 ʦʪʠʣʩʘ, ˄ʟʛʘʨʪʢʠʯץ˄ʠʩʦʙʛʘ ʦʣʠʥʤʘʩʘ ʚʘ ˄ʟʘʢʜʘ ʡ״ ʠʤʣʘʨʠץʘʨʰʠʣʠʛʠ, ʤʘʛʥʠʪ ʦץ

ʵʣʝʤʝʥʪʥʠʥʛ L ʠʥʜʫʢʪʠʚʣʠʛʠʥʠ ץʫʡʠʜʘʛʠ ʪʝʥʛʣʘʤʘ ʙ˄ʡʠʯʘ ʘʥʠץʣʘʰ ʤʫʤʢʠʥ. 

L=W
2
ɛ0ȚS/ŭ            (3.21) 

ʙʫ ʝʨʜʘ, W ð סʘʣʪʘʢ ˄ʨʘʤʣʘʨʠ ʩʦʥʠ, ɛ0 ð .״ʘʚʦʥʠʥʛ ʤʘʛʥʠʪ 

ʩʠʥʛʜʠʨʫʚʯʘʥʣʠʛʠ, S ð ʤʘʛʥʠʪ ˄ʪʢʘʟʛʠʯ ʢ˄ʥʜʘʣʘʥʛ ʢʝʩʠʤʠʥʠʥʛ ʶʟʠ, ŭð״ʘʚʦ 

ʦʨʘʣʠʛʠʥʠʥʛ ʫʟʫʥʣʠʛʠ. 

ʄʝʤʙʨʘʥʘʥʠʥʛ ʜʝʬʦʨʤʘʮʠʷ ʢʘʪʪʘʣʠʛʠ ˄ʣʯʘʥʘʸʪʛʘʥ ʙʦʩʠʤʛʘ 

ʤʫʪʘʥʦʩʠʙʣʠʛʠʥʠ ʵʲʪʠʙʦʨʛʘ ʦʣʠʙ, 

ŭ=KȚP                     (3.22) 

3.21) ʪʝʥʛʣʘʤʘʥʠ ץʫʡʠʜʘʛʠ ʢ˄ʨʠʥʠʰʛʘ ʢʝʣʪʠʨʘʤʠʟ: 

L=W
2
Țɛ0ȚS/KȚP     (3.23) 

(3.23) ʪʝʥʛʣʘʤʘ ʙʦʩʠʤʥʠ ˄ʣʯʘʰ ʠʥʜʫʢʪʠʚ ˄ʟʛʘʨʪʢʠʯʥʠʥʛ ʩʪʘʪʠʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʩʠʥʠ ʠʬʦʜʘʣʘʡʜʠ. 

L ʥʠ ˄ʣʯʘʰ, ʦʜʘʪʜʘ, ˄ʟʛʘʨʫʚʯʘʥ ʪʦʢ ʢ˄ʧʨʠʢʣʘʨʠ ʸʢʠ ʨʝʟʦʥʘʥʩʣʠ LC-

ʢʦʥʪʫʨʣʘʨ ʪʦʤʦʥʠʜʘʥ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ. 0,5... 1,0 ʄʇʘ ʙʦʩʠʤʜʘ ʤʝʤʙʨʘʥʘʥʠʥʛ 

 ʘʣʠʥʣʠʛʠ 0,1 ...0,3 ʤʤ, ʙʦʩʠʤ 20...30 ʤʇʘ ʙ˄ʣʛʘʥʜʘ ʵʩʘ 1,3 ʤʤ. ʄʝʤʙʨʘʥʘʥʠʥʛץ

ʩʠʣʞʠʰʠ ʤʠʣʣʠʤʝʪʨʥʠʥʛ ʶʟʜʘʥ ʙʠʨ ʫʣʫʰʠʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. ʀʥʜʫʢʪʠʚ ʙʦʩʠʤ 

˄ʟʛʘʨʪʢʠʯʣʘʨʥʠʥʛ ʘʩʦʩʠʡ ʭʘʪʦʩʠ Ñ (0,2ð5)%. 

ʉʠסʠʤʣʠ ʤʘʥʦʤʝʪʨʣʘʨʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ 

ʙʦʩʠʤ ʟ˄ʛʘʨʠʰʠ ʙʠʣʘʥ ʷʩʩʠ ʢʦʥʜʝʥʩʘʪʦʨ ץʦʧʣʘʤʘʣʘʨʠ 

ʦʨʘʩʠʜʘʛʠ ʤʘʩʦʬʘʥʠ ˄ʟʛʘʨʪʠʨʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ʫʥʠʥʛ 

ʩʠסʠʤʠʥʠʥʛ ˄ʟʛʘʨʠʰʠʛʘ ʘʩʦʩʣʘʥʛʘʥ. ʉʠסʠʤʣʠ 

ʤʘʥʦʤʝʪʨʥʠʥʛ ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ 3.8-ʨʘʩʤʜʘ 

ʢʝʣʪʠʨʠʣʛʘʥ. ɶʣʯʘʥʘʸʪʛʘʥ ʙʦʩʠʤ  ʘʩʙʦʙʛʘ ʥʘʡʯʘ 1 ʦʨץʘʣʠ 

ʙʝʨʠʣʘʜʠ ʚʘ ʤʝʤʙʨʘʥʘ 2 ʦʨץʘʣʠ  

1

2

3
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 ʦʩʠʣ״ ʦʧʣʘʤʘʣʘʨʠʥʠץ ʠʣʠʥʘʜʠ. ʄʝʤʙʨʘʥʘ 2 ʚʘ ʵʣʝʢʪʨʦʜ 3 ʢʦʥʜʝʥʩʘʪʦʨץ ʘʙʫʣץ

 .ʘʣʠ ʙʘʞʘʨʠʣʘʜʠץʠʣʘʜʠ. ʂʦʥʜʝʥʩʘʪʦʨ ʵʩʘ ˄ʣʯʘʰ ʩʭʝʤʘʩʠʛʘ ʫʣʘʛʠʯ 4 ʣʘʨ ʦʨץ

ʂʦʥʜʝʥʩʘʪʦʨ ʩʠסʠʤʠʥʠʥʛ ץʦʧʣʘʤʘʣʘʨ ˄ʨʪʘʩʠʜʘʛʠ ʤʘʩʦʬʘʛʘ ʙʦסʣʠץʣʠʛʠ 

 ʣʘʥʘʜʠץʫʡʠʜʘʛʠ ʪʝʥʛʣʘʤʘ ʙ˄ʡʠʯʘ ʘʥʠץ

l

S
ʉ

eÖ
=                (3.24) 

ʙʫ ʝʨʜʘ, S ð Ϩʦʧʣʘʤʘʣʘʨ ʶʟʠ; Ů ð Ϩʦʧʣʘʤʘʣʘʨ ʦʨʘʩʠʜʘʛʠ ʤʫϲʠʪʥʠʥʛ ʜʠʵʣʝʢʪʨʠʢ 

ʩʠʥʛʜʠʨʫʚʯʘʥʣʠʛʠ; l ð Ϩʦʧʣʘʤʘʣʘʨ ʦʨʘʩʠʜʘʛʠ ʤʘʩʦʬʘ. 

ɹʦʩʠʤ ʪʘʲʩʠʨʠʜʘ ʤʝʤʙʨʘʥʘ ʵʛʠʣʠʙ, ʵʪʝʢʪʨʦʜ 3 ʛʘ ʷץʠʥʣʘʰʘʜʠ. 

ʄʝʤʙʨʘʥʘʥʠʥʛ ʵʛʠʣʠʰʠ ʥʘʪʠʞʘʩʠʜʘ l ʤʘʩʦʬʘ ˄ʣʯʘʥʘʸʪʛʘʥ ʙʦʩʠʤʛʘ ʥʠʩʙʘʪʘʥ 

ʤʫʪʘʥʦʩʠʙ ˄ʟʛʘʨʘʜʠ. פʦʧʣʘʤʘʣʘʨ ʶʟʠ ʚʘ ʜʠʵʣʝʢʪʨʠʢ ʩʠʥʛʜʠʨʫʚʯʘʥʣʠʢ ˄ʣʯʘʰ 

ʞʘʨʘʝʥʠʜʘ ˄ʟʛʘʨʤʘʡʜʠ.  

ʐʫʥʠʥʛ ʫʯʫʥ, (3.24) ʠʬʦʜʘʥʠ ץʫʡʠʜʘʛʠʯʘ ʸʟʠʰ ʤʫʤʢʠʥ: 

C=K/l                  (3.25) 

ʙʫ ʝʨʜʘ, 

K=SȚŮ 

ʐʫʥʜʘʡ ץʠʣʠʙ, ʢʦʥʜʝʥʩʘʪʦʨ ʩʠסʠʤʠ ˄ʣʯʘʥʘʸʪʛʘʥ ʙʦʩʠʤʛʘ ʤʫʪʘʥʦʩʠʙʜʠʨ. 

ʉ ʥʠ ˄ʣʯʦʚ ʘʭʙʦʨʦʪʠ ʩʠʛʥʘʣʠʛʘ ʘʡʣʘʥʪʠʨʠʰ ʫʯʫʥ, ʦʜʘʪʜʘ, ˄ʟʛʘʨʫʚʯʘʥ ʪʦʢ 

ʢ˄ʧʨʠʢʣʘʨʠʜʘʥ ʸʢʠ ʨʝʟʦʥʘʥʩʣʠ LC- ʢʦʥʪʫʨʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. ʉʠסʠʤʣʠ 

ʘʩʙʦʙʣʘʨ 120 ʤʇʘ ʛʘʯʘ ʙ˄ʣʛʘʥ ʙʦʩʠʤʥʠ ˄ʣʯʘʰʜʘ ץ˄ʣʣʘʥʘʜʥ. ʄʝʤʙʨʘʥʘʥʠʥʛ 

 ʘʣʠʥʣʠʛʠ 0,05...1 ʤʤ. ʋʣʘʨʜʘʥ ʪʝʟ ˄ʟʛʘʨʫʚʯʠ ʙʦʩʠʤʣʘʨʥʠ ˄ʣʯʘʰʜʘץ

ʬʦʡʜʘʣʘʥʠʣʘʜʠ. ʉʠסʠʤʣʠ ʤʘʥʦʤʝʪʨʣʘʨʥʠʥʛ ʢ˄ʨʩʘʪʠʰʠʛʘ ʘʪʨʦʬ ʤʫ״ʠʪʥʠʥʛ 

 ʦʧʣʘʤʘʣʘʨץ ʘʨʦʨʘʪ ˄ʟʛʘʨʠʰʠ ʥʘʪʠʞʘʩʠʜʘ״ ʠʣʘʜʠ. ʏʫʥʢʠץ ʘʨʦʨʘʪʠ ʪʘʲʩʠʨ״

ʦʨʘʩʠʜʘʛʠ ʤʘʩʦʬʘ ˄ʟʛʘʨʘʜʠ. ʉʠסʠʤʣʠ ʤʘʥʦʤʝʪʣʘʨʥʠʥʛ ʷʥʘ ʙʠʨ ʢʘʤʯʠʣʠʛʠ 

ʧʘʨʘʟʠʪ ʩʠסʠʤʣʘʨ ʪʘʲʩʠʨʠʜʠʨ. ɶʣʯʘʰ ʭʘʪʦʣʠʛʠ ʘʩʙʦʙ ʰʢʘʣʘʩʠʥʠʥʛ Ñ0,2...5% 

ʠʜʘʥ ʦʰʤʘʡʜʠ. 

 ʘʨʰʠʣʠʢ ʤʘʥʦʤʝʪʨʣʘʨʠʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪפ

 ʠ ʙʦʩʠʤ ʪʘʲʩʠʨʠʜʘ ˄ʟʛʘʨʠʰʠʛʘ ʘʩʦʩʣʘʥʛʘʥ. ʉʝʟʛʠʨץʘʨʰʠʣʠʛʠʥʠʥʛ ʪʘʰץ

ʵʣʝʤʝʥʪʣʘʨ ץʘʪʦʨʠʛʘ ʤʘʥʛʘʥʠʥ, ʧʣʘʪʠʥʘ, ʢʦʥʩʪʘʥʪʘʥ, ʚʦʣʴʬʨʘʤ, ʷʨʠʤ˄ʪʢʘʟʛʠʯ 

ʚʘ ״ʦʢʘʟʦʣʘʨ ʢʠʨʘʜʠ. פʘʨʰʠʣʠʢ ʤʘʥʦʤʝʪʨʣʘʨʠʜʘ ץ˄ʣʣʘʰ ʫʯʫʥ ʵʥʛ ץʫʣʘʡʠ 

ʤʘʥʛʘʥʠʥʜʠʨ. 
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ʄʘʥʛʘʥʠʥ æR ʵʣʝʢʪʨ ץʘʨʰʠʣʠʢ ʦʨʪʪʠʨʤʘʩʠʥʠʥʛ ʈ ʙʦʩʠʤʛʘ ʥʠʩʙʘʪʘʥ 

ʯʠʟʠץʣʠ ʙʦסʣʘʥʠʰʠʛʘ ʵʛʘ: 

æR=KpȚRȚP             (3.26) 

ʙʫ ʝʨʜʘ, ʂʨðʤʘʥʛʘʥʠʥ Ϩʘʨʰʠʣʠʛʠʥʠʥʛ ˄ʟʛʘʨʠʰ ʢʦʵʬʬʠʮʥʝʥʪʠ, 1/ʇʘ; R ð Ϩʘʨʰʠʣʠʢ, 

ʆʤ. 

ʄʘʥʛʘʥʠʥ ץʘʨʰʠʣʠʛʠʥʠʥʛ ʯʠʟʠץʣʠ ʙʦסʣʘʥʠʰʠ ʪʘʞʨʠʙʘ ʤʘʲʣʫʤʦʪʣʘʨʠʜʘʥ 

3000 ʤʇʘ ʙʦʩʠʤʛʘʯʘ ʪʘʩʜʠץʣʘʥʘʜʠ. ɹʫʥʜʘʥ ʪʘʰץʘʨʠ, ʤʘʥʛʘʥʠʥ ʟʣʝʢʪʨ 

 ʘʨʦʨʘʪ ʢʦʵʬʬʠʮʠʝʥʪʠ ʞʫʜʘ ʢʠʯʠʢ. ɶʟʛʘʨʪʛʠʯ ʩʝʟʛʠʨʣʠʛʠʥʠʥʛ״ ʘʨʰʠʣʠʛʠʥʠʥʛץ

ʢʠʯʠʢʣʠʛʠ ʙʫ ʤʘʥʦʤʝʪʨʣʘʨʥʠ ʞʫʜʘ ʶץʦʨʠ (100 ʤʇʘ ʜʘʥ ʦʨʪʠץ) ʙʦʩʠʤʣʘʨʥʠ 

˄ʣʯʘʰ ʫʯʫʥ ץ˄ʣʣʘʰʛʘ ʡ˄ʣ ץ˄ʡʤʘʡʜʠ. ʄʘʥʛʘʥʠʥ ʫʯʫʥ ʂʨ =22,95Ț10
-2
 ʜʘʥ 

24,61Ț10
-2
 1/ʇʘ ʛʘʯʘ.  

ɶʟʛʘʨʪʛʠʯʜʘʛʠ ʤʘʥʛʘʥʠʥ ץʘʨʰʠʣʠʛʠʥʠ ˄ʣʯʘʰ ʫʯʫʥ, ʦʜʘʪʜʘ, ʢ˄ʧʨʠʢʣʘʨ, 

ʘʥʠץ ˄ʣʯʦʚʣʘʨ ʫʯʫʥ ʵʩʘ ʧʦʪʝʥʮʠʦʤʝʪʨʣʘʨ ץ˄ʣʣʘʥʘʜʠ. ʄʘʥʛʘʥʠʥ ץʘʨʰʠʣʠʢʣʠ 

ʤʘʥʦʤʝʪʨʣʘʨʥʠʥʛ ʡ˄ʣ ץ˄ʷʜʠʛʘʥ ʘʩʦʩʠʡ ʭʘʪʦʩʠ Ñ 1 % ʜʘʥ ʦʰʤʘʡʜʠ. ɸʩʙʦʙʩʦʟʣʠʢ 

ʩʘʥʦʘʪʠʜʘ ʯʠץʘʨʠʣʘʸʪʛʘʥ ʄʄ-2500 ʤʘʥʛʘʥʠʥʣʠ ʤʘʥʦʤʝʪʨʣʘʨ 2500 ʤʇʘ ʛʘʯʘ 

ʙʦʩʠʤʥʠ ˄ʣʯʘʡʜʠ. 

ʗʨʠʤ˄ʪʢʘʟʛʠʯʣʠ ʜʘʪʯʠʢʣʘʨʥʠʥʛ ʧʴʝʟʦʢʦʵʬʬʠʮʠʝʥʪʠ ʤʘʥʛʘʥʠʥʥʠʢʠʜʘʥ 

ʤʠʥʛ ʤʘʨʪʘ ʦʨʪʠץ, ʣʝʢʠʥ ʜʘʪʯʠʢʣʘʨ ץʘʨʰʠʣʠʛʠʥʠʥʛ ʙʦʩʠʤʛʘ ʙ˄ʣʛʘʥ ʙʦסʣʘʥʠʰʠ 

ʥʦʯʠʟʠץʣʠʜʠʨ. ɹʫʥʜʘʥ ʪʘʰץʘʨʠ, ʢʘʪʪʘ ʤʠץʜʦʨʜʘʛʠ ʛʠʩʪʝʨʝʟʠʩ ʤʘʚʞʫʜ ʙ˄ʣʠʙ, 

 ʘʨʰʠʣʠʢ ʜʘʪʯʠʢʣʘʨʠץ ʘʤ ˄ʟ ʪʘʲʩʠʨʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. ʗʨʠʤ˄ʪʢʘʟʛʠʯʣʠ״ ʘʨʦʨʘʪ״

ʤʝʭʘʥʠʢ ʞʠ״ʘʪʜʘʥ ʧʠʰʠץ ʵʤʘʩ, ʫʣʘʨ 10 ʤʇʘ ʜʘʥ ʦʨʪʠץ ʙʦʩʠʤʣʘʨʥʠ ˄ʣʯʘʰʛʘ 

ʷʨʦץʩʠʟ. 

ʕʣʝʢʪʨ ץʘʨʰʠʣʠʢ ʫʩʫʣʠ ʙ˄ʡʠʯʘ ʙʦʩʠʤʥʠ ˄ʣʯʘʰʜʘ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪ 

ʩʠʬʘʪʠʜʘ ʪʝʥʟʦʜʘʪʯʠʢʣʘʨ ץ˄ʣʣʘʥʠʣʘʜʠ. ʊʝʥʟʦʤʝʪʨʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ʢʫʯ 

ʸʢʠ ʫʥʛʘ ʤʫʪʘʥʦʩʠʙ ʙ˄ʣʛʘʥ ʜʝʬʦʨʤʘʮʠʷʥʠ ʜʝʬʦʨʤʘʮʠʷʣʘʥʛʘʥ ʞʠʩʤʛʘ 

ʸʧʠʰʪʠʨʠʣʛʘʥ ʩʠʤ ץʘʨʰʠʣʠʛʠʥʠʥʛ ˄ʟʛʘʨʠʰʠʛʘ ʘʡʣʘʥʪʠʨʠʰʜʘʥ ʠʙʦʨʘʪ. 

ɼʝʪʘʣʠʛʘ ʸʧʠʰʪʠʨʠʣʛʘʥ ʪʝʥʟʦʜʘʪʯʠʢʣʘʨ ˄ʣʯʘʥʘʸʪʛʘʥ ʙʦʩʠʤ ʈ ʥʠ ʵʣʝʢʪʨ 

 ʘʨʰʠʣʠʢ ˄ʟʛʘʨʠʰʠ ʙʠʣʘʥ ʩʝʟʘʜʠ. ɹʫ ʪʝʥʟʦʩʝʟʛʠʨʣʠʢ ʢʦʵʬʬʠʮʠʝʥʪʘ Kʊ ʙʠʣʘʥץ

ʙʘʭʦʣʘʥʘʜʠ: 

ll
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ɹʫʥʜʘ æR/Rð ʪʝʥʟʦʤʝʪʨ ץʘʨʰʠʣʠʛʠʥʠʥʛ ʥʠʩʙʠʡ ˄ʟʛʘʨʠʰʠ; æl/l ð 

cʠʤʥʠʥʛ ʥʠʩʙʠʡ ʜʝʬʦʨʤʘʮʠʷʩʠ; Kʪ ð ʢʦʵʬʬʠʮʠʝʥʪ ץʠʡʤʘʪʠ ʤʝʪʘʣʣʘʨ ʫʯʫʥ 0,5 

... 4,0 ʯʝʛʘʨʘʩʠʜʘ ʙ˄ʣʘʜʠ. 

ʖץʦʨʠ ʤʝʪʨʦʣʦʛʠʢ ʚʘ ʬʦʡʜʘʣʘʥʠʰ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨʠʛʘ ʵʛʘ ʙ˄ʣʛʘʥ 

ʪʝʥʟʦʨʝʟʠʩʪʦʨʣʠ ʙʦʩʠʤʥʠ ˄ʣʯʘʰ ˄ʟʛʘʨʪʢʠʯʣʘʨʠ ʙʠʨ ץʘʪʦʨ ʘʬʟʘʣʣʠʢʣʘʨʠʛʘ ʢ˄ʨʘ: 

ʛʘʙʘʨʠʪ ˄ʣʯʘʤʣʘʨʠ ʚʘ ʤʘʩʩʘʩʠ ʢʠʯʠʢ, ʚʘץʪ ʙ˄ʡʠʯʘ ʶץʦʨʠ ʜʘʨʘʞʘʜʘ ʙʘʨץʘʨʦʨ, 

ʘʥʠץʣʠʛʠ ʶץʦʨʠ, ʪʝʙʨʘʥʠʰʛʘ ʯʠʜʘʤʣʠʣʠʛʠ, ʪʫʨʣʠ ʘʛʨʝʩʩʠʚ ʤʫ״ʠʪʣʘʨ ʙʠʣʘʥ 

ʢʦʥʪʘʢʪʜʘ ʠʰʣʘʰʠ ʤʫʤʢʠʥʣʠʛʠ, ʫʯץʫʥʛʘ ״ʘʚʬʩʠʟ ץʠʣʠʙ ʠʰʣʘʛʘʥʠʛʘ ʢ˄ʨʘ ʷʥʘʜʘ 

ʢʝʥʛʨʦץ ʪʘʨץʘʣʤʦץʜʘ. ɸʚʪʦʤʘʪʠʢ ʥʘʟʦʨʘʪʥʠʥʛ ʩʘʥʦʘʪ ʪʠʟʠʤʣʘʨʠ ʫʯʫʥ ʚʘ 

˄ʟʛʘʨʤʘʩ ʪʦʢʥʠʥʛ (0...5; 0...20 ʸʢʠ 4...20 ʤɸ) ʩʪʘʥʜʘʨʪ ʯʠץʠʰ ʩʠʛʥʘʣʣʘʨʠ ʙʠʣʘʥ 

ʠʰʣʦʚʯʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʪʝʭʥʠʢʘʩʠ ʘʩʦʩʠʜʘʛʠ ʊɾɸɹʊ ʪʘʨʢʠʙʠʜʘʛʠ ʪʠʟʠʤʣʘʨ 

ʫʯʫʥ ʉʘʧʬʠʨ ʪʫʨʢʫʤʠʜʘʛʠ ʵʣʝʢʪʨ ˄ʣʯʦʚ ʪʝʥʟʦʤʝʪʨʠʢ ˄ʟʛʘʨʪʢʠʯʣʘʨʠ ʤʘʞʤʫʘʩʠ 

ʠʰʣʘʙ ʯʠץʘʨʠʣʤʦץʜʘ: ʦʜʘʪʜʘʛʠʯʘ ʠʰʣʘʥʛʘʥ ʉʘʧʬʠʨ-22 ʚʘ ʧʦʨʪʣʘʰʜʘʥ 

 ʣʠʢ ʩʠʥʬʠ 0,25 ʚʘץʠʤʦʷʣʘʥʛʘʥ ʪʫʨʜʘʛʠ ʉʘʧʬʠʨ-22 Ex. ɶʟʛʘʨʪʢʠʯʣʘʨʥʠʥʛ ʘʥʠ״

0,5. 

ʉʘʧʬʠʨ ʪʫʨʢʫʤʠʜʘʛʠ ˄ʣʯʦʚ ˄ʟʛʘʨʪʢʠʯʣʘʨ ʤʘʞʤʫʘʩʠ ʤʫʪʣʘץ ʚʘ ʦʨʪʠץʯʘ 

ʙʦʩʠʤʥʠ, ʩʠʡʨʘʢʣʘʥʠʰʥʠ, ʰʫʥʠʥʛʜʝʢ ʩʫʶץʣʠʢ ʚʘ ʛʘʟʣʘʨʥʠʥʛ ʩʘʨʬʣʘʥʠʰʠʥʠ, 

ʢʠʤʸʚʠʡ ʘʢʪʠʚ, ץʦʚʫʰʦץ ʚʘ ʢʨʠʩʪʘʣʣʘʥʫʚʯʠ ʩʫʶץʣʠʢʣʘʨʥʠʥʛ ʩʘʪ״ 

ʙʘʣʘʥʜʣʠʛʠʥʠ, ʩʫʶץ ʤʫ״ʠʪ ʟʠʯʣʠʛʠʥʠ ʚʘ ʙʦʩʠʤ ʙʠʣʘʥ ʙʦסʣʠץ ʙʦʰץʘ 

ʢʘʪʪʘʣʠʢʣʘʨʥʠ ʢʝʥʛ ʜʦʠʨʘʜʘ ʥʘʟʦʨʘʪ ץʠʣʠʰʛʘ ʠʤʢʦʥ ʙʝʨʫʚʯʠ ʜʘʪʯʠʢʣʘʨ 

 ʘʪʦʨʠʛʘ ʢʠʨʘʜʠ. ʉʘʧʬʠʨʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ʢʨʝʤʥʠʡʥʠʥʛ ʛʝʪʝʨʦʵʧʠʪʘʢʩʠʘʣץ

ʧʣʸʥʢʘʣʘʨʠʜʘʛʠ ʪʝʥʟʦʨʝʟʠʩʪʠʚ ʵʬʬʝʢʪʜʘʥ ʬʦʡʜʘʣʘʥʠʰʛʘ ʘʩʦʩʣʘʥʛʘʥ. 

ɶʣʯʘʥʘʸʪʛʘʥ ʧʘʨʘʤʝʪʨʥʠʥʛ ʪʘʲʩʠʨʠ ʪʝʭʥʦʧʣʸʥʢʘʣʠ ʷʨʠʤ ˄ʪʢʘʟʛʠʯʣʠ 

ʪʝʥʟʦʨʝʟʠʩʪʦʨʣʠ ʵʣʝʤʝʥʪʥʠ ʜʝʬʦʨʤʘʮʠʷʣʘʡʜʠ. ʊʝʥʟʦʨʝʟʠʩʪʦʨʣʘʨ 

ʜʝʬʦʨʤʘʮʠʷʩʠ ʥʘʪʠʞʘʩʠʜʘ ץʘʨʰʠʣʠʢʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʵʣʝʢʪʨʦʥ ץʫʨʠʣʤʘʣʘʨ 

ʸʨʜʘʤʠʜʘ ʤʝʲʸʨʣʘʰʪʠʨʠʣʛʘʥ ʪʦʢʣʠ ʯʠץʠʰ ʩʠʛʥʘʣʠʛʘ ʘʡʣʘʥʘʜʠ. 

ʉʘʧʬʠʨ-22 ˄ʟʛʘʨʪʢʠʯʠ ʢʦʤʧʣʝʢʪʠ ʢʫʯʘʡʪʠʨʫʚʯʠ ץʫʨʠʣʤʘʩʠ ʙ˄ʣʛʘʥ ˄ʣʯʦʚ 

ʙʣʦʢʠʜʘʥ ʚʘ ʤʘʥʙʘ ʙʣʦʢʠʜʘʥ ʠʙʦʨʘʪ. ʉʝʟʛʠʨ ʵʣʝʤʝʥʪ ʜʝʬʦʨʤʘʮʠʷʩʠ, 

˄ʣʯʘʥʘʸʪʛʘʥ ʧʘʨʘʤʝʪʨʥʠʥʛ ʤʫʪʘʥʦʩʠʙ ʢʘʪʪʘʣʠʛʠ ʢʨʝʤʥʠʡʣʠ 

ʪʝʥʟʦʨʝʟʠʩʪʦʨʣʘʨʥʠʥʛ ץʘʨʰʠʣʠʛʠʥʠ ˄ʟʛʘʨʪʠʨʘʜʠ. ʕʣʝʢʪʨʦʥ ץʫʨʠʣʤʘ 
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3.9 ï ʨʘʩʤ. ʉʘʧʬʠʨ ï 22 ɼɼ-ɽʍ ʙʦʩʠʤʣʘʨ ʬʘʨץʠʥʠ ˄ʣʯʦʚʯʠ ˄ʟʛʘʨʪʢʠʯʥʠʥʛ 

ʩʭʝʤʘʩʠ. 

3.9- ʨʘʩʤʜʘ ʉʘʧʬʠʨ-22 ɼɼ-ɽʭ ʙʦʩʠʤʣʘʨ ʬʘʨץʠʥʠ ˄ʣʯʦʚʯʠ  ˄ʟʛʘʨʪʢʠʯʥʠʥʛ 

ʩʭʝʤʘʩʠ ʢ˄ʨʩʘʪʠʣʛʘʥ. ʊʝʥʟʦ˄ʟʛʘʨʪʢʠʯ 4 ʤʝʪʘʣʣ ʤʝʤʙʨʘʥʘʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʠʙ, ʫʥʛʘ 

ʶץʦʨʠ ʪʦʤʦʥʜʘʥ ʥʦʤʫʚʦʟʘʥʘʪ ʢ˄ʧʨʠʢʥʠʥʛ ʝʣʢʘʣʘʨʠʥʠ ʪʘʰʢʠʣ ʵʪʫʚʯʠ ʪ˄ʨʪʪʘ 

ʢʨʝʤʥʠʡʣʠ ʪʝʥʟʦʨʝʟʠʩʪʦʨʣʘʨ ʙʠʣʘʥ ʯʘʥʛʣʘʪʠʣʛʘʥ ʩʘʧʬʠʨʣʠ ʤʝʤʙʨʘʥʘ 

ʢʘʚʰʘʨʣʘʥʛʘʥ. ʊʝʥʟʦ˄ʟʛʘʨʪʢʠʯ 2 ʘʩʦʩʛʘ ʤʘ״ʢʘʤʣʘʥʛʘʥ ʚʘ ʣ˄ʯʘʥʘʸʪʛʘʥ ʤʫ״ʠʪʜʘʥ 

ʠʢʢʠʪʘ ʘʞʨʘʪʫʚʯʠ ʤʝʪʘʣʣ ʤʝʤʙʨʘʥʘʣʘʨ 1 ʚʘ 3 ʙʠʣʘʥ ʙ˄ʣʠʥʛʘʥ. ʊʝʨʤʦ˄ʟʛʘʨʪʢʠʯ 

ʚʘ ʤʝʤʙʨʘʥʘʣʘʨ ʦʨʘʩʠʜʘʛʠ ʙʝʨʢ ʙ˄h ʣʠץʣʘʨ ʧʦʣʠʤʝʪʠʣʩʠʣʦʢʩʘʥʣʠ ʩʫʶץʣʠʢ 

ʙʠʣʘʥ ʪ˄ʣʜʠʨʠʣʛʘʥ. ɹʦʩʠʤʣʘʨʥʠʥʛ ˄ʣʯʘʥʫʚʯʠ ʬʘʨץʠ ʈ1ðʈ2ð

ʪʝʥʟʦ˄ʟʛʘʨʪʢʠʯʣʘʨʛʘ ʤʝʤʙʨʘʥʘ ʚʘ ʩʫʶץʣʠʢʣʘʨ ʦʨץʘʣʠ ʪʘʲʩʠʨ ץʠʣʘʜʠ. 

ʊʝʥʟʦʟ˄ʛʘʨʪʢʠʯ ʛʝʨʤʝʪʠʢ ʯʠץʠʰʣʘʨ 5 ʦʨץʘʣʠ ʵʣʝʢʪʨʦʥ ץʫʨʠʣʤʘ 6 ʛʘ ʫʣʘʥʘʜʠ. 

ʐʫ ץʫʨʠʣʤʘ ʸʨʜʘʤʠʜʘ ʪʝʥʟʦʨʝʟʠʩʪʦʨʣʘʨ ץʘʨʰʠʣʠʛʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ 

ʤʝʲʸʨʣʘʰʪʠʨʠʣʛʘʥ ʪʦʢʣʠ ʯʠץʠʰ ʩʠʛʥʘʣʠʛʘ ʘʣʤʘʰʘʜʠ, ʫ ʤʘʩʦʬʘʜʘʥ ʪʫʨʠʙ 

ʫʟʘʪʠʰ ʫʯʫʥ ״ʘʚʬʩʠʟ ʫʯ ˄ʪʢʘʟʛʠʯʣʠ ʩʠʤ ʙ˄ʡʠʯʘ ʪʘʤʲʠʥʦʪ ʙʣʦʢʠ 7 ʛʘ ʫʟʘʪʠʣʘʜʠ. 

ʊʘʲʤʠʥʦʪ ʙʣʦʢʠ ʧʦʨʪʣʘʰʛʘ ״ʘʚʬʩʠʟ ʭʦʥʘʛʘ ˄ʨʥʘʪʠʣʘʜʠ ʚʘ ʙʠʨʣʘʤʯʠ 

˄ʟʛʘʨʪʢʠʯʥʠʥʛ ʠʢʢʠ ˄ʪץʘʟʛʠʯʣʠ ʩʠʤ ʙ˄ʡʠʯʘ ʪʘʲʤʠʥʦʪʠʥʠ ʪʘʲʤʠʥʣʘʡʜʠ. ʐʫ 

ʣʠʥʠʷʥʠʥʛ ˄ʟʠʜʘʥ ʯʠץʫʚʯʠ ʪʦʢʣʠ ʩʠʛʥʘʣ ʫʟʘʪʠʣʘʜʠ. ʂ˄ʨʩʘʪʠʣʛʘʥ ʚʘʟʠʬʘ ʙʠʣʘʥ 

ʙʠʨ ץʘʪʦʨʜʘ ʪʘʲʤʠʥʦʪ ʙʣʦʢʠ ʯʠץʠʰ ʩʠʛʥʘʣʠʥʠʥʛ ץʫʚʚʘʪʠʥʠ ʪʘʰץʠ RH 

ʶʢʣʘʥʠʰʥʠ ʫʣʘʰ ʫʯʫʥ ʟʘʨʫʨ ץʠʡʤʘʪʛʘʯʘ ʦʰʠʨʘʜʠ ʚʘ ʯʠץʠʰ ʩʠʛʥʘʣʠʥʠʥʛ 

ʙʝʨʠʣʛʘʥ ץʠʡʤʘʪʠʥʠ ʰʘʢʣʣʘʥʪʠʨʘʜʠ (0...5, 0...20 ʸʢʠ 4...20ʤɸ). ʆʨʪʠץʯʘ ʙʦʩʠʤ, 

ʤʫʪʣʘץ ʙʦʩʠʤ ʚʘ ʩʠʡʨʘʢʣʘʥʠʰʣʘʨʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰʜʘ ʪʝʥʟʦʨʝʟʠʩʪʦʨʣʠ ˄ʣʯʦʚ 
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˄ʟʛʘʨʪʢʠʯʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. ʌʘʨץʠ ʰʫʥʜʘʢʠ, ˄ʣʯʦʚʯʠ ˄ʟʛʘʨʪʢʠʯ, 

ʦʙʲʝʢʪʛʘ çʧʣʶʩʣʠ ʢʘʤʝʨʘè ʙʠʣʘʥ, çʤʠʥʫʩʣʠ ʢʘʤʝʨʘè ʦʨץʘʣʠ ʵʩʘ ʘʪʤʦʩʬʝʨʘ 

ʙʠʣʘʥ ʫʣʘʥʘʜʠ. ʄʫʪʣʘץ ʙʦʩʠʤʥʠ ˄ʣʯʦʚʯʠ ˄ʟʛʘʨʪʢʠʯʣʘʨʜʘ ʤʠʥʫʩʣʠ ʢʘʤʝʨʘ 

ʚʘʢʫʫʤʣʘʥʘʜʠ. 

ʆʨʪʠץʯʘ ʙʦʩʠʤʥʠ, ʩʠʡʨʘʢʣʘʰʠʰ ʚʘ ʙʦʩʠʤʣʘʨ ʬʘʨץʠʥʠ ˄ʣʯʘʡʜʠʛʘʥ 

ʪʝʥʟʦʨʝʟʠʩʪʦʨʣʠ ˄ʣʯʦʚʯʠ ʫʟʛʘʨʪʢʠʯʣʘʨʥʠʥʛ ʘʥʠץʣʠʢ ʩʠʥʬʣʘʨʠ 0,6; 1,0; 1,5. 

ɶʣʯʘʰ ʯʝʛʘʨʘʣʘʨʠ: ʦʨʪʠץʯʘ ʙʦʩʠʤð0...10
-3
ʜʘʥ 0...60 ʤʇʘ ʛʘʯʘ; ʩʠʡʨʘʢʣʘʥʠʰð

1...0 ʜʘʥ ð 10...0 ʢʇʘ ʛʘʯʘ; ʤʫʪʣʘץ ʙʦʩʠʤ -0...2,5 ʢʇʘ ʜʘʥ 0...2,5 ʤʇʘ ʛʘʯʘ; 

ʙʦʩʠʤʣʘʨ ʬʘʨץʠ 0...1 ʢʇʘ ʜʘʥ 0...2,5 ʤʇʘ ʛʘʯʘ. 

ʇʴʝʟʦʵʣʝʢʪʨʠʢ ʤʘʥʦʤʝʪʨʣʘʨʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ʙʘʲʟʠ ʢʨʠʩʪʘʣʣ 

ʤʦʜʜʘʣʘʨʥʠʥʛ ʤʝʭʘʥʠʢ ʢʫʯ ʪʘʲʩʠʨʠʜʘ ʵʣʝʢʪʨ ʟʘʨʷʜ ״ʦʩʠʣ ץʠʣʠʰ ץʦʙʠʣʠʷʪʠʛʘ 

ʘʩʦʩʣʘʥʛʘʥ. ɹʫ ״ʦʜʠʩʘ ʧʴʝʟʦʵʬʬʝʢʪ ʜʝʙ 

ʘʪʘʣʘʜʠ. ʇʴʝʟʦʵʬʬʝʢʪ ʢʚʘʨʮ, ʪʫʨʤʘʣʠʥ, 

ʩʝʛʥʝʪ ʪʫʟʠ, ʙʘʨʠʡ ʪʠʪʘʥʘʪ ʚʘ ʙʦʰץʘ 

ʤʦʜʜʘʣʘʨ ʢʨʠʩʪʘʣʣʘʨʠʜʘ ʢʫʟʘʪʠʣʘʜʠ. 

ɹʫ ʪʫʨʜʘʛʠ ʘʩʙʦʙʣʘʨʜʘ ʢ˄ʧʠʥʯʘ ʢʚʘʨʮ 

ʠʰʣʘʪʠʣʘʜʠ. ʂʚʘʨʮʥʠʥʛ ʧʴʝʟʦʵʣʝʢʪʨ 

ʵʬʬʝʢʪʠ +500Áʉ ʛʘʯʘ ʙ˄ʣʛʘʥ ״ʘʨʦʨʘʪʛʘ 

ʙʦסʣʠץ ʵʤʘʩ, ʣʝʢʠʥ +570Áʉ ʜʘʥ ʦʰʛʘʥ 

 ʘʨʦʨʘʪʜʘ ʙʫ ʵʬʬʝʢʪ ʥʦʣʛʘ ʪʝʥʛ ʙ˄ʣʠʙ״

 .ʦʣʘʜʠץ

 ʢʫʯ ʪʘʲʩʠʨʠʜʘ ʢʨʠʩʪʘʣʣ ʧʣʘʩʪʠʥʢʘ ʶʟʘʣʘʨʠʜʘ ʧʘʡʜʦ ʙ˄ʣʘʜʠʛʘʥ ʵʣʝʢʪʨ נ

ʟʘʨʷʜ ʫʰʙʫ ʪʝʥʛʣʘʤʘ ʙʠʣʘʥ ʪʦʧʠʣʘʜʠ: 

Q=KʧȚF               (3.28) 

ʙʫ ʝʨʜʘ, ʂʧðʧʴʝʟʦʵʣʝʢʪʨʠʢ ʜʦʠʤʠʡ, ʂʣ/ʅ. ʂʧ ʥʠʥʛ ץʠʡʤʘʪʠ ʧʣʘʩʪʠʥʘʥʠʥʛ 

˄ʣʯʘʤʠʛʘ ʙʦסʣʠʢ ʵʤʘʩ ʚʘ ʢʨʠʩʪʘʣʣʥʠʥʛ ʪʘʙʠʘʪʠ ʙʠʣʘʥ ʙʝʣʛʠʣʘʥʘʜʠ. ʂʚʘʨʮ ʫʯʫʥ 

ʂʧ=2,1 Ț 10
-12

 ʂʣ/ʥ. 

3.10 - ʨʘʩʤʜʘ ʧʴʝʟʦʵʣʝʢʪʨʠʢ ʤʘʥʦʤʝʪʨʥʠʥʛ ʩʭʝʤʘʩʠ ʢ˄ʨʩʘʪʠʣʛʘʥ. 

ɶʣʯʘʥʘʸʪʛʘʥ ʙʦʩʠʤʥʠ 4 ʤʝʤʙʨʘʥʘ ʢʫʯʛʘ ʘʡʣʘʥʪʠʨʘʜʠ, ʙʫ ʢʫʯ ʵʩʘ ʜʠʘʤʝʪʨʠ 5 ʤʤ 

ʚʘ ץʘʣʠʥʣʠʛʠ 1 ʤʤ ʙ˄ʣʛʘʥ ʢʚʘʨʮ ʧʣʘʩʪʠʥʘʣʘʨ 2 ʥʠʥʛ ʫʩʪʫʥʣʘʨʠʥʠ ʩʠץʠʣʠʰʛʘ 

5

1

2

3

4 ʈ

3.10 ï ʨʘʩʤ. 

ʇʴʝʟʦʵʣʝʢʪʨʠʢ 

ʤʘʥʦʤʝʪʨ ʩʭʝʤʘʩʠ 
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ʤʘʞʙʫʨ ץʠʣʘʜʠ. ɺʫʞʫʜʛʘ ʢʝʣʘʸʪʛʘʥ Q ʵʣʝʢʪʨ ʟʘʨʷʜ 1 ʯʠץʠʰʣʘʨ ʦʨץʘʣʠ ʢʘʪʪʘ 

ʢʠʨʠʰ ץʘʨʰʠʣʠʛʠʛʘ (10
13

 ʆʤ) ʵʛʘ ʙ˄ʣʛʘʥ ʵʣʝʢʪʨʦʥ ʢʫʯʘʡʪʠʨʛʠʯ 5 ʛʘ ʫʟʘʪʠʣʘʜʠ. 

ɿʘʨʷʜʥʠʥʛ ץʠʡʤʘʪʠ ˄ʣʯʘʥʘʸʪʛʘʥ ʈ ʙʦʩʠʤ ʙʠʣʘʥ ץʫʡʠʜʘʛʠʯʘ ʙʦסʣʘʥʛʘʥ: 

.                                 Q=KʧȚSȚP                    (3.29) 

ʙʫ ʝʨʜʘ, S ð ʤʝʤʙʨʘʥʘʥʠʥʛ ʩʘʤʘʨʘʣʠ ʶʟʠ. 

ɸʩʙʦʙʥʠʥʛ ʠʥʝʨʮʠʦʥʘʣʣʠʛʠʥʠ ʢʘʤʘʡʪʠʨʠʰ ʫʯʫʥ ʢʘʤʝʨʘ 3 ʥʠʥʛ ״ʘʞʤʠ 

ʤʠʥʠʤʘʣʣʘʰʪʠʨʠʣʘʜʠ. 

100 ʤʇʘ (1000 ʢʛʢ/ʩʤ
2
) ʛʘʯʘ ʙʦʩʠʤʣʘʨʥʠ ˄ʣʯʘʰʛʘ ʠʤʢʦʥ ʙʝʨʫʚʯʠ 

ʧʴʝʟʦʢʚʘʨʮʣʠ ʤʘʥʦʤʝʪʨʣʘʨ ʪʝʟ ˄ʟʛʘʨʫʚʯʠ ʙʦʩʠʤʣʘʨʥʠ ˄ʣʯʘʰʜʘ ʢʝʥʛ ץ˄ʣʣʘʥʘʜʠ. 

ʇʴʝʟʦʵʬʬʝʢʪʥʠʥʛ ʘʬʟʘʣʣʠʛʠ ʫʥʠʥʛ ʠʥʝʨʮʠʦʥʩʠʟʣʠʛʠʜʠʨ. ɹʫ ʘʩʙʦʙʣʘʨ 

ʙʦʩʠʤʣʘʨʠ ʪʝʟ ˄ʟʛʘʨʘʜʠʛʘʥ ʞʘʨʘʸʥʣʘʨʥʠ (ʢʘʚʠʪʘʮʠʷ, ʧʦʨʪʣʘʰ) ˄ʨʛʘʥʠʰʜʘ ʞʫʜʘ 

 .ʣʠʢ ʩʠʥʬʠ 1,5; 2,0ץʫʣʘʡ. ʇʴʝʟʦʵʣʝʢʪʨ ʤʘʥʦʤʝʪʨʣʘʨʥʠʥʛ ʘʥʠץ

 

3-ɹʆɹɻɸ ʊɽɻʀʐʃʀ ʊɸʗʅʏ ʉɶɿ ɺɸ ʀɹʆʈɸʃɸʈ ʊɽʈʄɸʉʀ 

1. ɹʦʩʠʤ 

2. ɹʦʩʠʤʥʠ ʣ˄ʯʦʚ ʙʠʨʣʠʢʣʘʨʠ 

3. ɹʦʩʠʤ ʣ˄ʯʘʰ ʫʩʫʣʣʘʨʠ 

4. ʉʫʁץʣʠʢʣʠ ʤʘʥʦʤʝʪʨʣʘʨ 

5. ɼʝʬʦʨʤʘʮʠʦʥ (ʧʨʫʞʠʥʘʣʠ) ʘʩʙʦʙʣʘʨ 

6. ʖʢ-ʧʦʨʰʝʥʣʠ ʤʘʥʦʤʝʪʨ 

7. ʕʣʝʢʪʨʠʢ ʤʘʥʦʤʝʪʨʣʘʨ 

8. ʉʠʣʴʬʦʥ 

9. ʄʝʤʙʨʘʥʘ 

10. ʄʘʥʦʤʝʪʨ 

11. ɼʠʬʬʝʨʝʥʮʠʘʣ ʤʘʥʦʤʝʪʨ 

12. ɺʘʢʫʫʤʤʝʪʨ 

13. ʄʘʥʦʚʘʢʫʫʤʤʝʪʨ 

14. ʊʷʛʦʤʝʪʨ 

15. ʅʘʧʦʨʦʤʝʪʨ 

ʅɸɿʆʈɸʊ ʉɸɺʆʃʃɸʈʀ 
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1. ɹʦʩʠʤ ʥʠʤʘ ʚʘ ʙʦʩʠʤʥʠ ץʘʥʜʘʡ ʣ˄ʯʦʚ ʙʠʨʣʠʢʣʘʨʠʥʠ ʙʠʣʘʩʠʟ? 

2. ɹʦʩʠʤʥʠ ʣ˄ʯʘʰ ʫʩʫʣʣʘʨʠʥʠ ʠʟʦʭʣʘʙ ʙʝʨʠʥʛ? 

3. ʉʫʁץʣʠʢʣʠ ʤʘʥʦʤʝʪʨʣʘʨʥʠʥʛ ʪʫʨʣʘʨʠ ʚʘ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠʥʠ 

ʪʫʰʫʥʪʠʨʠʥʛ? 

4. ɼʝʬʦʨʤʘʮʠʦʥ ʤʘʥʦʤʝʪʨʣʘʨʥʠ ʪʫʨʣʘʨʠʥʠ ʚʘ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠʥʠ 

ʪʫʰʫʥʪʠʨʠʥʛ? 

5. ʖʢ-ʧʦʨʰʝʥʣʠ ʤʘʥʦʤʝʪʨ ץʘʝʨʜʘ ʠʤʰʣʘʪʠʣʘʜʠ? 

6. ʕʣʝʢʪʨʠʢ ʤʦʥʦʤʝʪʨʥʠʥʛ ʪʫʨʣʘʨʠʥʠ ʚʘ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠʥʠ 

ʪʫʰʫʥʪʠʨʠʥʛ? 

 ?ʘʥʜʘʡ ʙʦʩʠʤ ʪʫʨʣʘʨʠʥʠ ʙʠʣʘʩʠʟפ .7

 

IV ʙ ʦ ʙ. ʄʆɼɼɸ ʉɸʈʌʀ ɺɸ ʄʀפɼʆʈʀʅʀ ɶʃʏɸʐ 

4.1- Ä. ɸʉʆʉʀʁ ʄɸʒʃʋʄʆʊʃɸʈ ɺɸ ʊɸʉʅʀʌʀ 

ʀʰʣʘʙ ʯʠץʘʨʠʣʘʸʪʛʘʥ ʤʘ״ʩʫʣʦʪ ʩʠʬʘʪʠʥʠ ʚʘ ʊɾɸɹʊ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ 

ʦʰʠʨʠʰ ʟʘʨʫʨʣʠʛʠ ʪʫʨʣʠ ʤʦʜʜʘʣʘʨ ʩʘʨʬʠ ʚʘ ʤʠץʜʦʨʠʥʠ ʘʥʠץ ˄ʣʯʘʰ 

ʤʘʩʘʣʘʣʘʨʠʥʠ ʤʫʚʘʬʬʘץʠʷʪʣʠ ״ʘʣ ʵʪʠʰʥʠ ʪʘץʦʟʦ ʵʪʘʜʠ. ʉʘʥʦʘʪʜʘ ʩʘʨʬ ˄ʣʯʘʰ 

ʪʠʟʠʤʣʘʨʠʥʠʥʛ ץ˄ʣʣʘʥʠʰʠ ʩʘʨʬʣʘʥʘʸʪʛʘʥ ʵʥʝʨʛʠʷ ʵʣʪʫʚʯʠʣʘʨʠʥʠ (ʩʫʚ, ʛʘʟ, ʙʫס, 

ʸʥʠʣסʠ) ״ʠʩʦʙʛʘ ʦʣʠʰ ʚʘ ʥʘʟʦʨʘʪ ץʠʣʠʰ ʙ˄ʡʠʯʘ ʢ˄ʧʛʠʥʘ ʪʝʭʥʠʢ ʤʘʩʘʣʘʣʘʨʥʠʥʛ 

 ʙʫʣ ʨʝʞʠʤʠʥʠ ʠʰʣʘʙץʠʣʠʥʠʰʠʥʠ ʩʦʜʜʘʣʘʰʪʠʨʘʜʠ, ʞʘʨʘʸʥʥʠʥʛ ʵʥʛ ʤʘץ ʘʣ״

ʯʠץʘʨʠʰʥʠʥʛ ʘʥʠץ ʰʘʨʪ-ʰʘʨʦʠʪʣʘʨʠʛʘ ʙʦסʣʠ״ ץʦʣʜʘ ʪʝʟ ʘʥʠץʣʘʰʛʘ ʠʤʢʦʥ 

ʙʝʨʘʜʠ. 

ʄʘ״ʩʫʣʦʪʥʠ ״ʠʩʦʙʛʘ ʦʣʠʰ ʞʘʨʘʸʥʣʘʨʠʜʘ ʤʦʜʜʘʣʘʨʥʠʥʛ ʩʘʨʬʠ ʚʘ 

ʤʠץʜʦʨʠʥʠ ˄ʣʯʘʰ ʚʦʩʠʪʘʣʘʨʠʛʘ ʞʫʜʘ ʶץʦʨʠ ʘʥʠץʣʠʢ ʞʠ״ʘʪʠʜʘʥ ʢʘʪʪʘ ʪʘʣʘʙʣʘʨ 

 .ʡʠʣʘʜʠ˄ץ

ʉʘʨʬ ˄ʣʯʘʰ ʫʯʫʥ ʠʰʣʘʪʠʣʘʜʠʛʘʥ ʘʩʙʦʙʣʘʨ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ ʜʝʙ ʘʪʘʣʘʜʠ. 

ʄʦʜʜʘʥʠʥʛ ʙʝʨʠʣʛʘʥ ʢʘʥʘʣ ʢʝʩʠʤʠ ʦʨץʘʣʠ ʚʘץʪ ʙʠʨʣʠʛʠ ʠʯʠʜʘ ˄ʪʛʘʥ ʤʠץʜʦʨʠ 

ʤʦʜʜʘ ʩʘʨʬʠ ʜʝʡʠʣʘʜʠ. ʉʘʨʬ ˄ʣʯʘʡʜʠʛʘʥ ʘʩʙʦʙʣʘʨ ʦʥʠʡ ʩʘʨʬʥʠ ˄ʣʯʘʡʜʠ ʚʘ 

ʪʝʭʥʦʣʦʛʠʢ ʨʝʞʠʤʣʘʨ (ʘʡʥʠץʩʘ ʫʟʣʫʢʩʠʟ ʞʘʨʘʸʥʣʘʨʜʘ) ʠʰʠʥʠʥʛ 

ʙʘʨץʘʨʦʨʣʠʛʠʥʠ ʥʘʟʦʨʘʪ ץʠʣʠʰʛʘ, ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʥʠʥʛ ˄ʪʠʠhʥʠ ״ʘʨ ʙʠʨ 
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ʦʥʜʘ ʘʚʪʦʤʘʪʠʢ ʨʘʚʠʰʜʘ ʨʦʩʪʣʘʰʛʘ ʚʘ ʨʝʞʠʤʥʠ ʙʝʨʠʣʛʘʥ ʡ˄ʥʘʣʠʰʜʘ ʩʦʟʣʘʰʛʘ 

ʠʤʢʦʥ ʙʝʨʘʜʠ. 

ʄʦʜʜʘʥʠʥʛ ״ʘʞʤʠʡ ʩʘʨʬʠ ʣ/ʩ, ʤ
3
/ʩ, ʤ

3
/ʩʦʘʪ, ʤʘʩʩʘ ʩʘʨʬʠ ʵʩʘ ʢʛ/ʩ, ʢʛ/ʩʦʘʪ, 

ʪ/ʩʦʘʪ ʚʘ ״ʦʢʘʟʦʣʘʨʜʘ ˄ʣʯʘʥʘʜʠ. ɸʩʙʦʙʣʘʨ ״ʠʩʦʙʣʘʛʠʯʣʘʨ (ʠʥʪʝʛʨʘʪʦʨʣʘʨ) 

ʙʠʣʘʥ ʪʘʲʤʠʥʣʘʥʠʰʠ ʤʫʤʢʠʥ, ʫʥʜʘ ʙʫ ʘʩʙʦʙʣʘʨ ϲʠʩʦʙʣʘʛʠʯʣʠ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ 

ʜʝʡʠʣʘʜʠ 

ʄʦʜʜʘ ʤʠץʜʦʨʠʥʠ ˄ʣʯʘʡʜʠʛʘʥ ʘʩʙʦʙʣʘʨ ϲʠʩʦʙʣʘʛʠʯʣʘʨ ʜʝʙ ʘʪʘʣʘʜʠ. 

 ʪ (ʩʫʪʢʘ, ʦʡ ʚʘץʜʦʨʠʥʠ ʠʩʪʘʣʛʘʥ ʚʘץʠʩʦʙʣʘʛʠʯʣʘʨ ˄ʟʣʘʨʠʜʘʥ ˄ʪʛʘʥ ʤʦʜʜʘ ʤʠ׳

 ʠץʠʩʦʙʣʘʛʠʯ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠ ʬʘʨ״ ʜʦʨʠץʦʢʘʟʦ) ʤʦʙʘʡʥʠʜʘ ˄ʣʯʘʡʜʠ. ʋʥʠʥʛ ʤʠ״

ʙʠʣʘʥ ʘʥʠץʣʘʥʘʜʠ. ʄʦʜʜʘ ʤʠץʜʦʨʠ ״ʘʞʤʠʡ (ʣʠʪʨ, ʤ
3
) ʸʢʠ ʤʘʩʩʘ (ʢʛ, ʪ) 

ʙʠʨʣʠʢʣʘʨʠʜʘ ʠʬʦʜʘʣʘʥʘʜʠ. ׳ʠʩʦʙʣʘʛʠʯʣʘʨ ʙʝʚʦʩʠʪʘ ˄ʣʯʘʰ ʘʩʙʦʙʣʘʨʠ ʙ˄ʣʠʙ, 

ʫʣʘʨʥʠʥʛ ʰʢʘʣʘʩʠ ʙ˄ʡʠʯʘ ʦʣʠʥʛʘʥ ʢ˄ʨʩʘʪʢʠʯʣʘʨ ץ˄ʰʠʤʯʘ ״ʠʩʦʙʣʘʰʥʠ ʪʘʣʘʙ 

 .ʠʣʤʘʡʜʠץ

ʉʘʥʦʘʪʜʘ ʢʝʥʛ ʪʘʨץʘʣʛʘʥ ʩʘʨʬ ʚʘ ʤʠץʜʦʨ ˄ʣʯʘʛʠʯʣʘʨ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ʚʘ 

ʪʫʟʠʣʠʰʣʘʨʠʛʘ ʢ˄ʨʘ ʙʠʨ ץʘʥʯʘ ʛʫʨʫ״ʣʘʨʛʘ ʙ˄ʣʠʥʘʜʠ. ʀʰʣʘʙ ʯʠץʘʨʠʰʜʘ 

ʩʫʶץʣʠʢ, ʙʫס ʚʘ ʛʘʟʣʘʨʥʠʥʛ ʩʘʨʬʠʥʠ ˄ʣʯʘʡʜʠʛʘʥ ʘʩʙʦʙʣʘʨʥʠʥʛ ץʫʡʠʜʘʛʠ 

ʪʫʨʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ: 

1) ʙʦʩʠʤ ʬʘʨץʠ ˄ʟʛʘʨʫʚʯʘʥ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ; 2) ʙʦʩʠʤ ʬʘʨץʠ ˄ʟʛʘʨʤʘʩ 

ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ; 3) ʪʝʟʣʠʢ ʙʦʩʠʤʠ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨʠ; 4) ˄ʟʛʘʨʫʚʯʘʥ ʩʘʪ״ʣʠ 

ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ; 5) ʠʥʜʫʢʮʠʦʥ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ; 6) ʫʣʴʪʨʘʪʦʚʫʰ ʩʘʨʬ 

˄ʣʯʘʛʠʯʣʘʨ; 7) ʢʘʣʦʨʠʤʝʪʨʠʢ (ʠʩʩʠץʣʠʢ) ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ; 8) ʠʦʥʣʠ ʩʘʨʬ 

˄ʣʯʘʛʠʯʣʘʨ. 

ɶʣʯʘʥʘʸʪʛʘʥ ʤʦʜʜʘʥʠʥʛ ʪʫʨʠʛʘ ʢ˄ʨʘ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ ʩʫʚ, ʤʘʟʫʪ ,ʙʫס, ʛʘʟ 

ʚʘ ״ʦʢʘʟʦʣʘʨʥʠ ˄ʣʯʘʛʠʯʣʘʨʠʛʘ ʙ˄ʣʠʥʘʜʠ. 

ʉʫʶץʣʠʢ ʚʘ ʛʘʟʣʘʨʥʠʥʛ ʤʠץʜʦʨʠʥʠ ˄ʣʯʘʡʜʠʛʘʥ ״ʠʩʦʙʣʘʛʠʯʣʘʨ ץʫʡʠʜʘʛʠ 

ʘʩʦʩʠʡ ʛʫʨʫ״ʣʘʨʛʘ ʙ˄ʣʠʥʘʜʠ: 

 ʠʩʦʙʣʘʛʠʯʣʘʨʠ; 3) ʚʘʟʥ״ ʠʩʦʙʣʘʛʠʯʣʘʨʠ; 2) ʪʝʟʣʠʢ״ ʘʞʤ״ (1

 .ʠʩʦʙʣʘʛʠʯʣʘʨʠ״

 ʘʣʛʘʥ ʫʩʫʣʣʘʨץʠʣʠʰʜʘ ʢʝʥʛ ʪʘʨץ ʫʡʠʜʘ ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ ʥʘʟʦʨʘʪפ

ʚʘ ʘʩʙʦʙʣʘʨ ʢ˄ʨʠʙ ʯʠץʠʣʛʘʥ. 
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4.2- Ä. ɹʆʉʀʄ ʌɸʈפʃɸʈʀ ɶɿɻɸʈʋɺʏɸʅ ʉɸʈʌ ɶʃʏɸɻʀʏʃɸʈ 

 ʣʘʨʠ ˄ʟʛʘʨʫʚʯʘʥץʩʘʨʬʠʥʠ ʙʦʩʠʤ ʬʘʨ סʣʠʢ, ʛʘʟ ʚʘ ʙʫץʫʚʫʨʣʘʨʜʘʛʠ ʩʫʶפ

ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ ʙʠʣʘʥ ˄ʣʯʘʰ ʢʝʥʛ ʪʘʨץʘʣʛʘʥ ʚʘ ʷʭʰʠ ˄ʨʛʘʥʠʣʛʘʥ. ʉʘʨʬʥʠ 

ʙʫʥʜʘʡ ʫʩʫʣ ʙʠʣʘʥ ˄ʣʯʘʰ ʩʫʶץʣʠʢ ʸʢʠ ʛʘʟ ˄ʪʘʸʪʛʘʥ ץʫʚʫʨʜʘ ʢʠʯʠʢ ʜʠʘʤʝʪʨʣʠ 

ʪ˄ʩʠץ-ʜʠʘʬʨʘʛʤʘ. 4.1 ï ʨʘʩʤ,ʘ, ʩʦʧʣʦ 4.1 ï ʨʘʩʤ,ʙ, ɺʝʥʪʫʨʠ ʩʦʧʣʦʩʠ 4.1 ï ʨʘʩʤ, ʚ 

ʚʘ ɺʝʥʪʫʨʠ ץʫʚʫʨʠ 4.1 ï ʨʘʩʤ, ʛ ˄ʨʥʘʪʠʰ ʥʘʪʠʞʘʩʠʜʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠʛʘʥ ʤʦʜʜʘ 

ʧʦʪʝʥʮʠʘʣ ʵʥʝʨʛʠʷʩʠ (ʩʪʘʪʠʢ ʙʦʩʠʤʠ) ʥʠʥʛ ˄ʟʛʘʨʠʰʠʥʠ ˄ʣʯʘʰʛʘ ʘʩʦʩʣʘʥʛʘʥ. 

ʂʠʯʠʢ ʜʠʘʤʝʪʨʣʠ ʪ˄ʩʠץ ʚʘʟʠʬʘʩʠʥʠ ʙʘʞʘʨʫʚʯʠ ʪʦʨʘʡʪʠʨʠʰ ץʫʨʠʣʤʘʩʠ ץʫʚʫʨʛʘ 

˄ʨʥʘʪʠʣʠʙ, ʤʘ״ʘʣʣʠʡ ʪʦʨʘʡʠʰʥʠ ״ʦʩʠʣ ץʠʣʘʜʠ. ʉʫʶץʣʠʢ, ʛʘʟ ʸʢʠ ʙʫץ סʫʚʫʨʥʠʥʛ 

ʢʝʩʠʤʠ ʪʦʨʘʡʛʘʥ ʞʦʡʠʜʘʥ ˄ʪʘʸʪʛʘʥʠʜʘ ʫʥʠʥʛ ʪʝʟʣʠʛʠ ʦʰʘʜʠ. ʊʝʟʣʠʢʥʠʥʛ ʚʘ, 

ʙʠʥʦʙʘʨʠʥ, ʢʠʥʝʪʠʢ ʵʥʝʨʛʠʷʥʠʥʛ ʦʨʪʠʰʠ ʦץʠʤʥʠʥʛ ʢʝʩʠʤʠ ʪʦʨʘʡʛʘʥ ʞʦʡʠʜʘ 

ʧʦʪʝʥʮʠʘʣ ʵʥʝʨʛʠʷʥʠʥʛ ʢʘʤʘʡʠʰʠʛʘ ʦʣʠʙ ʢʝʣʘʜʠ. ɹʫʥʜʘ ʪ˄ʩʠץʜʘʥ ʢʝʡʠʥʛʠ 

ʩʪʘʪʠʢ ʙʦʩʠʤ ʫʥʜʘʥ ʦʣʜʠʥʛʠ ʩʪʘʪʠʢ ʙʦʩʠʤʜʘʥ  ʢʘʤ ʙ˄ʣʘʜʠ. ʐʫʥʜʘʡ ץʠʣʠʙ, 

ʤʦʜʜʘ ʪʦʨʘʡʪʠʨʠʰ ץʫʨʠʣʤʘʩʠʜʘʥ ˄ʪʠʰʜʘ ʙʦʩʠʤʣʘʨ ʬʘʨץʠ æʈ = ʈ1ðʈ2 ʭʦʩʠʣ 

ʙ˄ʣʘʜʠ. ɹʫ ʙʦʩʠʤʣʘʨ ʬʘʨץʠ ʦץʠʤ ʪʝʟʣʠʛʠ ʚʘ ʤʦʜʜʘ ʩʘʨʬʠʛʘ ʤʫʪʘʥʦʩʠʙ ʙ˄ʣʘʜʠ. 

ɼʝʤʘʢ, ʪʦʨʘʡʪʠʨʠʰ ץʫʨʠʣʤʘʩʠ ״ʦʩʠʣ ץʠʣʛʘʥ ʙʦʩʠʤ ʬʘʨץʣʘʨʠ ץʫʚʫʨʜʘʥ ˄ʪʘʸʪʛʘʥ 

ʤʦʜʜʘ capʬʠʥʠʥʛ ˄ʣʯʦʚʠ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ. ʉʘʨʬʥʠʥʛ ʩʦʥ ץʠʡʤʘʪʠ ʵʩʘ 

ʜʠʬʤʘʥʦʤʝʪʨ ˄ʣʯʘʛʘʥ æʈ ʙʦʩʠʤʣʘʨ ʬʘʨץʠ ʙ˄ʡʠʯʘ ʘʥʠץʣʘʥʘʜʠ. 

 

 

4.1 ʨʘʩʤ. ʉʪʘʥʜʘʨʪ ʪʦʨʘʡʪʠʨʫʚʯʠ ץʫʨʠʣʤʘʣʘʨ ʩʭʝʤʘʩʠ: ʘ ï ʜʠʘʬʨʘʛʤʘ, ʙ ï ʩʦʧʣʦ,  

ʚ ï ɺʝʥʪʫʨʠ ʩʦʧʣʦʩʠ, ʛ ï ɺʝʥʪʫʨʠ ץʫʚʫʨʠ. 
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ʉʫʶץʣʠʢ, ʛʘʟ ʚʘ ʙʫסʣʘʨʥʠʥʛ ʩʘʨʬʠʥʠ ˄ʣʯʘʰ, ʫʯʫʥ ʪʦʨʘʡʪʠʨʠʰ ץʫʨʠʣʤʘʩʠ 

ʩʠʬʘʪʠʜʘ ʩʪʘʥʜʘʨʪ ʜʠʘʬʨʘʛʤʘʣʘʨ, ʩʦʧʣʦʣʘʨ, ɺʝʥʪʫʨʠ ʩʦʧʣʦʩʠ ʚʘ ɺʝʥʪʫʨʠ 

 .ʫʚʫʨʣʘʨʠ ʠʰʣʘʪʠʣʘʜʠץ

4.1.-ʨʘʩʤ, ʘ ʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥ ʜʠʘʬʨʘʛʤʘ ʜʫʤʘʣʦץ ʪʝʰʠʢʣʠ ʶʧץʘ ʜʠʩʢʜʘʥ 

ʠʙʦʨʘʪ. ʊʝʰʠʢʥʠʥʛ ʤʘʨʢʘʟʠ ץʫʚʫʨ ˄ץʠʜʘ ʸʪʠʰʠ ʢʝʨʘʢ. ʆץʠʤʥʠʥʛ ʪʦʨʘʡʠʰʠ 

ʜʠʘʬʨʘʛʤʘ ʦʣʜʠʜʘ ʙʦʰʣʘʥʘʜʠ ʚʘ ʫʥʜʘʥ ˄ʪʛʘʯ, ʤʘʲʣʫʤ ʤʘʩʦʬʘʜʘʥ ʩ˄ʥʛ, ˄ʟʠʥʠʥʛ 

ʵʥʛ ʢʠʯʠʢ ʢʝʩʠʤʠʛʘ ʵʨʠʰʘʜʠ. ʋʥʜʘʥ ʢʝʡʠʥ ʦץʠʤ ʪʦʙʦʨʘ ʢʝʥʛʘʡʠʙ, ץʫʚʫʨʥʠʥʛ 

ʪ˄ʣʠץ ʢʝʩʠʤʠʛʘ ʵʨʠʰʘʜʠ. ʄʦʜʜʘ ʜʠʘʬʨʘʛʤʘʜʘʥ ˄ʪʛʘʥʜʘ, ʜʠʘʬʨʘʛʤʘ ʦʨץʘʩʠʜʘʛʠ 

ʙʫʨʯʘʢʣʘʨʜʘ ç˄ʣʠʢè ʟʦʥʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠ. ɹʫ ʝʨʜʘ, ʙʦʩʠʤ ʬʘʨץʣʘʨʠ ʥʘʪʠʞʘʩʠʜʘ 

ʩʫʶץʣʠʢʥʠʥʛ ʪʝʩʢʘʨʠ ʡ˄ʥʘʣʠʰʜʘʛʠ ״ʘʨʘʢʘʪʠ ʸʢʠ ʠʢʢʠʣʘʤʯʠ ʦץʠʤ ʧʘʡʜʦ 

ʙ˄ʣʘʜʠ. ʉʫʶץʣʠʢʥʠʥʛ ץʦʚʫʰʦץʣʠʛʠʜʘʥ ʘʩʦʩʠʡ ʚʘ ʠʢʢʠʣʘʤʯʠ ʦץʠʤ ʙʠʨ-ʙʠʨʠʛʘ 

 ʠʣʘʜʠ. ɹʫʥʜʘ ʜʠʘʬʨʘʛʤʘץ ʦʩʠʣ״ ʠʣʠʙ, ʫʶʨʤʘʣʘʨץ ʘʨʘʢʘʪ״ ʘʨʰʠץ-ʘʨʘʤʘץ

ʦʨץʘʩʠʜʘ ʙʠʨʤʫʥʯʘ ʵʥʝʨʛʠʷ ʩʘʨʬʣʘʥʘʜʠ, ʜʝʤʘʢ, ʙʦʩʠʤ ״ʘʤ ʤʘʲʣʫʤ ʜʘʨʘʞʘʜʘ 

ʢʘʤʘʷʜʠ. ɼʠʘʬʨʘʛʤʘ ʦʣʜʠʜʘʛʠ ʟʘʨʨʘʯʘʣʘʨ ʡ˄ʥʘʣʠʰʠʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʚʘ 

ʫʣʘʨʥʠʥʛ ʜʠʘʬʨʘʛʤʘ ʦʨץʘʩʠʜʘʛʠ ʩʠץʠʣʠʰʠ ʧʦʪʝʥʮʠʘʣ ʵʥʝʨʛʠʷʥʠʥʛ ˄ʟʛʘʨʠʰʠʛʘ 

ʜʝʷʨʣʠ ʪʘʲʩʠʨ ʢ˄ʨʩʘʪʤʘʡʜʠ. 

4.1-ʨʘʩʤ ʘ ʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥʠʜʝʢ, ʈ1 ʚʘ ʈ2 ʙʦʩʠʤʣʘʨ ʜʠʘʬʨʘʛʤʘ ʜʠʩʢʠʥʠʥʛ 

ʦʣʜʠ ʚʘ ʦʨץʘʩʠʜʘ ˄ʨʥʘʪʠʣʛʘʥ ʘʣʦ״ʠʜʘ ʪʝʰʠʢʣʘʨ ʸʨʜʘʤʠʜʘ ˄ʣʯʘʥʘʜʠ. ʉʦʧʣʦʥʠʥʛ 

(4.1-ʨʘʩʤ, ʙ) ʢʠʨʠʰ ץʠʩʤʠ ʨʘʚʦʥ ʪʦʨʘʡʛʘʥ, ʯʠץʠʰ ץʠʩʤʠ ʵʩʘ ʮʠʣʠʥʜʨʜʘʥ 

ʠʙʦʨʘʪ. ʉʦʧʣʦʥʠʥʛ ʧʨʦʬʠʣʠ ʰʘʨʨʘʯʘʥʠʥʛ ʪ˄ʣʠץ ʩʠץʠʣʠʰʠʥʠ ʪʘʲʤʠʥʣʘʡʜʠ ʚʘ 

ʩʦʧʣʦʜʘʛʠ ʮʠʣʠʥʜʨ ʪʝʰʠʛʠʥʠʥʛ ʶʟʠ ʦץʠʤʥʠʥʛ ʤʠʥʠʤʘʣ ʢʝʩʠʤʠʛʘ ʪʝʥʛ ʜʝʙ 

 .ʠʩʦʙʣʘʥʠʰʠ ʤʫʤʢʠʥ״

ʉʦʧʣʦʥʠʥʛ ʦʨץʘ ץʠʩʤʠʜʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠʛʘʥ ʫʶʨʤʘʣʠ ״ʘʨʘʢʘʪ 

ʜʠʘʬʨʘʛʤʘʜʘʛʠʛʘ ʢ˄ʨʘ ʢʘʤ ʵʥʝʨʛʠʷ ʡ˄ץʦʪʠʰʣʘʨʛʘ ʦʣʠʙ ʢʝʣʘʜʠ. ʉʦʧʣʦʥʠʥʛ ʦʣʜ 

ʚʘ ʦʨץʘʩʠʜʘʛʠ ʈ1 ʚʘ ʈ2 ʙʦʩʠʤʣʘʨ ʭʫʜʜʠ ʜʠʘʬʨʘʛʤʘʥʠʢʠʜʝʢ ˄ʣʯʘʥʘʜʠ. 

4.1-ʨʘʩʤ, ʚ ʜʘ ɺʝʥʪʫʨʠ ʩʦʧʣʦʩʠ ʪʘʩʚʠʨʣʘʥʛʘʥ. ɺʝʥʪʫʨʠ ʩʦʧʣʦʩʠ ץʠʩץʘ 

ʮʠʣʠʥʜʨʠʢ ץʠʩʤʛʘ ˄ʪʫʚʯʠ ʮʠʣʠʥʜʨʠʢ ʢʠʨʠʰ ץʠʩʤ ʚa ʢʝʥʛʘʶʚʯʠ ʢʦʥʫʩʩʠʤʦʥ 

ʜʠʬʬʫʟʦʨ ץʠʩʤʜʘʥ ʠʙʦʨʘʪ. ʊʦʨʘʡʪʠʨʠh ץʫʨʠʣʤʘʩʠʥʠʥʛ ʙʫʥʜʘʡ ʰʘʢʣʠʜʘ, 

ʯʠץʠʰ ʜʠʬʬʫʟʦʨʠ ʤʘʚʞʫʜʣʠʛʠ ʪʫʬʘʡʣʠ ʙʦʩʠʤ ʡ˄ץʦʣʠʰʠ ʜʠʘʬʨʘʛʤʘ ʚʘ 

ʩʦʧʣʦʜʘʛʠ ʙʦʩʠʤ ʡ˄ץʦʣʠʰʠʛʘ ʥʠʩʙʘʪʘʥ ʘʥʯʘ ʢʘʤ ʙ˄ʣʘʜʠ. ʈ1 ʚʘ ʈ2 ʙʦʩʠʤʣʘʨ 
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ɺʝʥʪʫʨʠ ʩʦʧʣʦʩʠʥʠʥʛ ʠʯʢʠ ʙ˄ʰʣʠסʠ ʙʠʣʘʥ ʘʡʣʘʥʘ ʙ˄ʡʠʯʘ ʞʦʡʣʘʰʛʘʥ ʪʝhʠʢʣʘʨ 

ʦʨץʘʣʠ ʙʦסʣʘʥʛʘʥ ״ʘʣץʘ ʢʘʤʝʨʘʣʘʨ ʸʨʜʘʤʠʜʘ ˄ʣʯʘʥʘʜʠ. 

4.1-ʨʘʩʤ, ʛ ʜʘ ɺʝʥʪʫʨʠ ץʫʚʫʨʠ ʪʘʩʚʠʨʣʘʥʛʘʥ. ɺʝʥʪʫʨʠ ץʫʚʫʨʠ ʢʠʨʠʰ 

ʮʠʣʠʥʜʨʠʢ ץʫʚʫʨʠ, ʢʠʨʠʰ ʢʦʥʫʩʠ, ˄ʨʪʘ ʮʠʣʠʥʜʨʠʢ ץʫʚʫʨʠ ʚʘ ʜʠʬʬʫʟʦʨ ʯʠץʠʰ 

ʢʦʥʫʩʠʜʘʥ ʪʫʟʠʣʛʘʥ. ʈ1 ʚʘ ʈ2 ʙʦʩʠʤʣʘʨ ʢʠʨʠʰ ʢʦʥʫʩʠʥʠʥʛ ʦʣʜʠ ʚʘ ˄ʨʪʘ 

ʮʠʣʠʥʜʨʠʢ ץʫʚʫʨʠʥʠʥʛ ˄ʨʪʘ ץʠʩʤʣʘʨʠʜʘ ˄ʨʥʘʪʠʣʛʘʥ ʘʣʦ״ʠʜʘ ʪʝʰʠʢʣʘʨ 

ʸʨʜʘʤʠʜʘ ˄ʣʯʘʥʘʜʠ. 

ʊʦʨʘʡʪʠʨʠʰ ץʫʨʠʣʤʘʣʘʨʠ ʚʫʞʫʜʛʘ ʢʝʣʪʠʨʠʣʛʘʥ ʙʦʩʠʤʣʘʨ ʬʘʨץʠ ʦʨץʘʣʠ 

ʤʦʜʜʘ ʩʘʨʬʠʥʠ ˄ʣʯʘʰ ʧʨʠʥʮʠʧʠ ʚʘ ʫʣʘʨʥʠʥʛ ʘʩʦʩʠʡ ʪʝʥʛʣʘʤʘʣʘʨʠ ʪʦʨʘʡʪʠʨʠʰ 

 ʘʪ ʙʫ ʪʝʥʛʣʘʤʘʣʘʨʜʘʛʠץʫʨʠʣʤʘʣʘʨʠʥʠʥʛ ʙʘʨʯʘ ʪʫʨʣʘʨʠ ʫʯʫʥ ʙʠʨ ʭʠʣ. ʌʘץ

ʪʘʞʨʠʙʘ ʦʨץʘʣʠ ʘʥʠץʣʘʥʘʜʠʛʘʥ ʙʘʲʟʠ ʢʦʵʬʬʠʮʠʝʥʪʣʘʨ ʙʠʨ-ʙʠʨʠʜʘʥ ʬʘʨץ 

  .ʠʣʘʜʠץ

ʉʠץʠʣʫʚʯʠ ʤʫʭʠʪ (ʛʘʟ, ʙʫס) ʩʘʨʬʠʥʠ ˄ʣʯʘʰʜʘ, ʘʡʥʠץʩʘ, ʙʦʩʠʤʣʘʨ ʬʘʨץʠ 

ʢʘʪʪʘ ʙ˄ʣʛʘʥʜʘ, ʤʦʜʜʘ ʦץʠʤʠ ʪʦʨʘʡʪʠʨʠʰ ץʫʨʠʣʤʘʩʠʜʘʥ ˄ʪʘʸʪʛʘʥʜʘʛʠ 

ʙʦʩʠʤʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ʤʦʜʜʘ ʟʠʯʣʠʛʠʥʠʥʛ ˄ʟʛʘʨʠʰʠʥʠ ʵʲʪʠʙʦʨʛʘ 

ʦʣʠʰ ʟʘʨʫʨ. ʃʝʢʠʥ ʛʘʟ ʸʢʠ ʙʫסʥʠʥʛ ʪʦʨʘʡʪʠʨʠʰ ץʫʨʠʣʤʘʩʠʜʘʥ ˄ʪʠʰ ʚʘץʪʠ ʢ˄ʧ 

ʙ˄ʣʤʘʛʘʥʠ ʩʘʙʘʙʣʠ, ʤʦʜʜʘʥʠʥʛ ʩʠץʠʣʠʰʠ ʚʘ ʢʝʥʛʘʡʠʰʠ ʘʜʠʘʙʘʪʠʢ ʨʘʚʠʰʜʘ, 

ʷʲʥʠ ʠʩʩʠץʣʠʢ ʘʣʤʘʰʠʥʫʚʠʩʠʟ ˄ʪʘʜʠ. 

ɼʝʤʘʢ, ʛʘʟ ʚʘ ʙʫס ʩʘʨʬʠʥʠ ״ʠʩʦʙʣʘʰ ʪʝʥʛʣʘʤʘʣʘʨʠ ʩʫʶץʣʠʢ ʩʘʨʬʠʥʠ 

 .ʠʣʘʜʠץ ץʠʩʦʙʣʘʰ ʪʝʥʛʣʘʤʘʩʠʜʘʥ Ů ʢʦʵʬʬʠʮʠʝʥʪʥʠʥʛ ʤʘʚʞʫʜʣʠʛʠ ʙʠʣʘʥ ʬʘʨ״

ɸʛʘʨ Ů=1 ʙ˄ʣʩʘ, ʙʫ ʪʝʥʛʣʘʤʘʣʘʨʥʠ ʩʠץʠʣʤʘʡʜʠʛʘʥ ʩʫʶץʣʠʢʣʘʨ ʫʯʫʥ ״ʘʤ ץ˄ʣʣʘʰ 

ʤʫʤʢʠʥ. ɹʠʨ ץʘʪʦʨ ˄ʟʛʘʨʪʠʨʠʰʣʘʨʜʘʥ ʩ˄ʥʛ ץʫʡʠʜʘʛʠ ״ʘʞʤʠʡ ʚʘ ʤʘʩʩʘʚʠʡ ʩʘʨʬ 

ʪʝʥʛʣʘʤʘʩʠʛʘ ʵʛʘ ʙ˄ʣʘʤʠʟ: 

r
e

P
daQx

D
ÖÖÖÖ= 23109986,3        (4.1) 

PdaQm DÖÖÖÖÖ= re 23109986,3    (4.2) 

 

ʙʫ ʝʨʜʘ, ʘ ï ʩʘʨʬ ʢʦʵʬʬʠʮʠʝʥʪʠ, Ů ï ʢʝʥʛʘʡʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ, d ï ʪʦʨʘʡʪʠʨʠʰ 

Ϩʫʨʠʣʤʘʩʠ ʪʝʰʠʛʠʥʠʥʛ ʜʠʘʤʝʪʨʠ, æʈ=ʈ1-ʈ2 ï ʪʦʨʘʡʪʠʨʠʰ Ϩʫʨʠʣʤʘʩʠʜʘ ˄ʣʯʘʥʛʘʥ ʙʦʩʠʤ 

ʬʘʨϨʣʘʨʠ, ɟ ï ʤʦʜʜʘ ʟʠʯʣʠʛʠ. 
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ʂ˄ʧʠʥʯʘ, ʩʘʨʬʥʠ ץʫʚʫʨ ʜʠʘʤʝʪʨʠ D ʦʨʢʘʣʠ ʠʬʦʜʘʣʘʰ ʣʦʟʠʤ ʙʣ˄ʘʜʠ. ʋʥʜʘ 

çʪʦʨʘʡʪʠʨʠʰ ץʫʨʠʣʤʘʩʠ ʤʦʜʫʣʠè ʪʫʰʫʥʯʘʩʠ ʢʠʨʠʪʠʣʘʜʠ. 

                   
2

ö
÷

õ
æ
ç

å
=

D

d
m                                           (4.3) 

(4.1) ʚʘ (4.2) ʪʝʥʛʣʘʤʘʣʘʨʛʘ m ʥʠ ʢʠʨʠʪʩʘʢ, ʘʤʘʣʜʘ ץʫʡʠʜʘʛʠ ʩʘʨʬ 

ʪʝʥʛʣʘʤʘʩʠʛʘ ʵʛʘ ʙ˄ʣʘʤʠʟ ʘʤʘʣʜʘ ʪʝʥʛʣʘʤʘʣʘʨʠʥʠ ץʫʡʠʜʘʛʠ ʢ˄ʨʠʥʠʰʜʘ 

ʠʰʣʘʪʠʰ ʤʫʤʢʠʥ: 

ʩʦʘʪʤ
P

DmaQx /,01252,0 32

r
e

D
ÖÖÖÖ=              (4.4) 

ʩʦʘʪʢʛPDmaQm /,01252,0 2 DÖÖÖÖÖ= re          (4.5) 

(4.4) ʚʘ 4.5) ʪʝʥʛʣʘʤʘʣʘʨ ʩʘʨʬʥʠ ʘʩʦʩʠʡ ״ʠʩʦʙʣʘʰ ʪʝʥʛʣʘʤʘʩʠʜʠʨ. ʋʣʘʨʥʠ 

 ʫʨʠʣʤʘʣʘʨʠʥʠʥʛ ʭʠʩʦʙʠ ʙʘʞʘʨʠʣʘʜʠ ʚʘ ʙʦʩʠʤʣʘʨץ ʣʣʘʥʠʙ, ʪʦʨʘʡʪʠʨʠʰ˄ץ

ʬʘʨץʠʥʠ ˄ʣʯʘʰʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘ ʜʠʬʬʝʨʝʥʮʠʘʣ ʤʘʥʦʤʝʪʨʥʠʥʛ ʧʘʨʘʤʝʪʨʣʘʨʠ 

ʪʘʥʣʘʥʘʜʠ. ɸʩʦʩʠʡ ʪʝʥʛʣʘʤʘʣʘʨʜʘʛʠ ץʠʡʤʘʪʣʘʨ ץʫʡʠʜʘʛʠ ʙʠʨʣʠʢʣʘʨʜʘ 

ʠʬʦʜʘʣʘʥʘʜʠ: D ð ʤʤ; æʈ ð ʢʛʢ/ʤ
2
; ɟ ð ʢʛ/ʤ

3
. 

ʉʘʨʬʥʠ ˄ʣʯʘʰʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘʥ ʪʦʨʘʡʪʠʨʠʰ ץʫʨʠʣʤʘʣʘʨʠʥʠ ״ʠʩʦʙʣʘʰ 

ʫʩʫʣʠ ʚʘ ʪʘʨʪʠʙʠ ɼʘʚʣʘʪ ʉʪʘʥʜʘʨʪʣʘʨ ʂʦʤʠʪʝʪʠ ʪʦʤʦʥʠʜʘʥ ʪʘʩʜʠץʣʘʥʛʘʥ 

ʥʦʨʤʘʪʠʚ ״ʫʞʞʘʪʜʘ: çɻʘʟ ʚʘ ʩʫʶץʣʠʢʣʘʨ ʩʘʨʬʠʥʠ ʩʪʘʥʜʘʨʪ ʪʦʨʘʡʪʠʨʠʰ 

 .ʣʘʥʛʘʥץʦʠʜʘʣʘʨʠè (ʈɼ 50-213-80)ʜʘ ʘʥʠץ ʘʣʠ ˄ʣʯʘʰץʫʨʠʣʤʘʣʘʨʠ ʦʨץ

ʉʪʘʥʜʘʨʪ ʪʦʨʘʡʪʠʨʠʰ ץʫʨʠʣʤʘʣʘʨʠʛʘ ʈɼ 50-213-80 ץʦʠʜʘʣʘʨʠ 

ʪʘʣʘʙʣʘʨʠʥʠ ץʘʥʦʘʪʣʘʥʪʠʨʫʚʯʠ ʚʘ ʤʦʜʜʘ ʩʘʨʬʠʥʠ ʠʥʜʠʚʠʜʫʘʣ ʜʘʨʘʞʘʩʠʟ 

˄ʣʯʘʰʜʘ ץ˄ʣʣʘʥʘʜʠʛʘʥ ʜʠʘʬʨʘʛʤʘʣʘʨ, ʩʦʧʣʦʣʘʨ, ɺʝʥʪʫʨʠ ʩʦʧʣʦʣʘʨʠ ʚʘ ɺʝʥʪʫʨʠ 

 .ʫʚʫʨʣʘʨʠ ʢʠʨʘʜʠץ

1982 ʡʠʣʜʘʥ ʙʦʰʣʘʙ çɻʘʟ ʚʘ ʩʫʶץʣʠʢ ʩʘʨʬʠʥʠ ʩʪʘʥʜʘʨʪ ʪʦʨʘʡʪʠʨʫʚʯʠ 

 .ʦʠʜʘʣʘʨʠè ʞʦʨʠʡ ʵʪʠʣʜʠץ ʫʨʠʣʤʘʣʘʨ ʈɼ 50-213-80 ʸʨʜʘʤʠʜʘ ˄ʣʯʘʰץ

ʊʦʨʘʡʪʠʨʫʚʯʠ ץʫʨʠʣʤʘʥʠ ʪʘʥʣʘʰʜʘ ץʫʡʠʜʘʛʠ ʤʫʣʦ״ʘʟʘʣʘʨʜʘʥ 

ʬʦʡʜʘʣʘʥʠʰ ʟʘʨʫʨ: 

1) ʪʦʨʘʡʪʠʨʫʚʯʠ ץʫʨʠʣʤʘʣʘʨʜʘ ʙʦʩʠʤʥʠʥʛ ʡ˄ץʦʣʠʰʠ ץʫʡʠʜʘʛʠ ʢʝʪʤʘ-

ʢʝʪʣʠʢʜʘ ʦʨʪʠʙ ʙʦʨʘʜʠ: ɺʝʥʪʫʨʠ ץʫʚʫʨʠ, ɺʝʥʪʫʨʠ ʩʦʧʣʦʩʠ, ʩʦʧʣʦ, ʜʠʘʬʨʘʛʤʘ; 
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2) m ʚʘ æʈ ʣʘʨʥʠʥʛ ʙʠʨ ʭʠʣ ץʠʡʤʘʪʣʘʨʠʜʘ ʚʘ ʙʦʰץʘ ʰʘʨʪ-ʰʘʨʦʠʪʣʘʨʜʘ 

ʩʦʧʣʦ ʜʠʘʬʨʘʛʤʘʛʘ ץʘʨʘʛʘʥʜʘ ʶץʦʨʠʨʦץ ʘʥʠץʣʠʢʥʠ (ʘʡʥʠץʩʘ ʢʠʯʠʢ m ʣʘʨ ʫʯʫʥ) 

ʪʘʲʤʠʥʣʘʡʜʠ; 

3) ʪʦʨʘʡʪʠʨʫʚʯʠ ץʫʨʠʣʤʘ ʢʠʨʠʰ ʧʨʦʬʠʣʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʸʢʠ 

ʠʬʣʦʩʣʘʥʠʰʠ ʬʦʡʜʘʣʘʥʠʰ ʞʘʨʘʸʥʠʜʘ ʜʠʘʬʨʘʛʤʘʥʠʥʛ ʩʘʨʬ ʢʦʵʬʬʠʮʠʝʥʪʠʛʘ 

ʢ˄ʧʨʦץ ʪʘʲʩʠʨ ʵʪʘʜʠ. 

ɼʠʬʤʘʥʦʤʝʪʨʥʠʥʛ ʪʫʨʠ ʚʘ ʭʠʣʠ ץʫʡʠʜʘʛʠ ʰʘʨʪʣʘʨʛʘ ʢ˄ʨʘ ʪʘʥʣʘʥʘʜʠ: 

1) ʜʠʬʤʘʥʦʤʝʪʨ ʘʡʥʠ ʘʩʙʦʙʥʠ ʠʰʣʘʪʠʰʛʘ ʦʠʜ ץ˄ʣʣʘʥʤʘʜʘ 

ʢ˄ʨʩʘʪʠʣʛʘʥ ʤʫ״ʠʪʣʘʨʥʠʥʛʛʠʥʘ  ʩʘʨʬʠʥʠ ˄ʣʯʘʰ ʫʯʫʥ ץ˄ʣʣʘʥʠʰʠ ʤʫʤʢʠʥ (ʘʛʘʨ 

ʜʠʬʤʘʥʦʤʝʪʨ ʩʝʟʛʠʨ ʵʣʝʤʝʥʪʠʥʠ ʫʟʣʫʢʩʠʟ ״ʠʤʦʷ ץʠʣʠʥʤʘʸʪʛʘʥ ʸʢʠ ʘʞʨʘʪʫʚʯʠ 

ʠʜʠʰʣʘʨ ץ˄ʣʣʘʥʤʘʸʪʛʘʥ ʙ˄ʣʩʘ); 

2) ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʜʘʥ ʬʦʡʜʘʣʘʥʫʚʯʠ ʜʠʬʤʘʠʦʤʝʪʨ ʤʦc ʥʦʨʤʘʪʠʚ 

 ;ʦʥʜʠʨʠʰʠ ʣʦʟʠʤץ ʫʞʞʘʪʣʘʨ ʪʘʣʘʙʠʥʠ״

 ʫʨʠʣʤʘ ʦʣʜʠʜʘץ ʫʚʫʨʜʘʛʠ ʤʘʢʩʠʤʘʣ ʠʰ ʙʦʩʠʤʠ ʪʦʨʘʡʪʠʨʫʚʯʠץ (3

ʜʠʬʤʘʥʦʤʝʪʨ ʤ˄ʣʞʘʣʣʘʥʛʘʥ ʤʘʢʩʠʤʘʣ ʠʰ ʙʦʩʠʤʠʜʘʥ ʢʘʪʪʘ ʙ˄ʣʤʘʩʣʠʛʠ ʢʝʨʘʢ. 

ɸʩʙʦʙʩʦʟʣʠʢ ʩʘʥʦʘʪʠʜʘ ץʫʡʠʜʘʛʠ ץʘʪʦʨʜʘʛʠ ʙʦʩʠʤ ʬʘʨץʠ ʯʝʛʘʨʘʣʘʨʠʛʘ 

ʤʦc ʢʝʣʘʜʠʛʘʥ ʜʠʬʤʘʥʦʤʝʪʨʣʘʨ ʯʠץʘʨʠʣʘʜʠ: 10; 16; 25; 40; 63; 100; 160; 250; 

400; 630; 1000; 1600; 2500; 4000; 6300; 10000; 16000 ʚʘ 25000 ʇʘ ״ʘʤʜʘ 0,04; 

0,063; 0,1; 016; 0,25; 0,4; ʚʘ 0,63 ʤʇʘ. ɼʠʬʤʘʥʦʤʝʪʨʥʠʥʛ ʶץʦʨʠʛʠ ˄ʣʯʘʰ 

ʯʝʛʘʨʘʩʠ ʙʝʨʠʣʛʘʥ ʵʥʛ ʢʘʪʪʘ ʩʘʨʬʛʘ ʤʦʩ ʢʝʣʠʰʠ ʢʝʨʘʢ. 

ʕʥʛ ʢʘʪʪʘ ʩʘʨʬ ץʫʡʠʜʘʛʠ ʢʘʪʦʨʛʘ ʤʦc ʢʝʣʠʰʠ ʟʘʨʫʨ: 1,0; 1,25; 1,5; 2,0; 3,2; 

4,0; 5,0; 6,3; 8,0; 10 ʚʘ ״ʦʢʘʟʦ. 

4.3-Ä. ɹʆʉʀʄ ʌɸʈפʃɸʈʀ ɶɿɻɸʈʄɸʉ ʉɸʈʌ 

ɶʃʏɸɻʀʏʃɸʈ 

ɹʦʩʠʤ ʬʘʨץʣʘʨʠ ˄ʟʛʘʨʤʘʩ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ ð 

ʨʦʪʘʤʝʪʨʣʘʨ ʣʘʙʦʨʘʪʦʨʠʷʣʘʨʜʘ ʚʘ ʩʘʥʦʘʪʜʘ ʢʝʥʛ ʠʰʣʘʪʠʣʠʙ, 

ʪʦʟʘ ״ʘʤʜʘ ʙʠʨʦʟ ʠʬʣʦʩʣʘʥʛʘʥ ʙʠʨ ʞʠʥʩʣʠ ʩʫʶץʣʠʢ ʚʘ 

ʛʘʟʣʘʨʥʠʥʛ ʩʘʨʬʠʥʠ ˄ʣʯʘʰʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘʥ. 

ɸʩʙʦʙʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ˄ʣʯʘʥʘʸʪʛʘʥ ʤʫ״ʠʪ 

ʦץʠʤʠʥʠʥʛ ʧʘʩʪʜʘʥ ʶץʦʨʠʛʘ ˄ʪʠʰʠʜʘ ʢʦʥʫʩʩʠʤʦʥ ʥʘʡʯʘ ʠʯʠʛʘ 

b

a

b

a

s

G?

1

2

4.2 ï ʨʘʩʤ. 

 ʦʚʠʯʣʠץʘʣפ

ʨʦʪʘʤʝʪʨ 

ʩʭʝʤʘʩʠ 

                                                                                                                                                           

ʩʭʝʤʘʩʠ 
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ʞʦʡʣʘʰʛʘʥ ץʘʣץʦʚʠʯʥʠʥʛ ʚʝʨʪʠʢʘʣ (ʪʠʢ) ʩʠʣʞʠʰ ״ʦʣʘʪʠʛʘ ʘʩʦʩʣʘʥʛʘʥ. 

 ʦʚʠʯ ʚʘ ʢʦʥʫʩʩʠʤʦʥ ʥʘʡʯʘץʘʣץ ʦʣʘʪʠ ˄ʟʛʘʨʠʰʠ ʙʠʣʘʥ״ ʦʚʠʯʥʠʥʛץʘʣפ

ʜʝʚʦʨʣʘʨʠ ʦʨʘʩʠʜʘʛʠ ˄ʪʠʰ ʢʝʩʠʤʠ ˄ʟʛʘʨʘʜʠ, ʥʘʪʠʞʘʜʘ ˄ʪʠʰ ʢʝʩʠʤʠʜʘʛʠ 

˄ʣʯʘʥʘʸʪʛʘʥ ʤʦʜʜʘ ʦץʠʤʠʥʠʥʛ ʪʝʟʣʠʛʠ ״ʘʤ ˄ʟʛʘʨʘʜʠ. ɹʝʨʠʣʛʘʥ ʤʫ״ʠʪʥʠʥʛ ״ʘʨ 

ʙʠʨ ʩʘʨʬ ʢʘʪʪʘʣʠʛʠʛʘ ץʘʣʦץʦʚʠʯʥʥʥʛ ʤʫʘʡʷʥ ״ʦʣʘʪʠ ʤʦc ʢʝʣʘʜʠ. ʈʦʪʘʤʝʪʨʣʘʨ 

ʙʦʩʠʤ ʬʘʨץʣʘʨʠ ˄ʟʛʘʨʫʚʯʘʥ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨʛʘ ʥʠʩʙʘʪʘʥ ʙʠʨ ץʘʪʦʨ 

ʘʬʟʘʣʣʠʢʣʘʨʛʘ ʵʛʘ: ʨʦʪʘʤʝʪʨʣʘʨʥʠʥʛ ʰʢʘʣʘʣʘʨʠ ʪʝʥʛ ʙ˄ʣʠʥʤʘʣʠ ʙ˄ʣʠʙ, ʫʥʯʘ 

ʢʘʪʪʘ ʙ˄ʣʤʘʛʘʥ ʩʘʨʬʣʘʨʥʠ ˄ʣʯʘʰʛʘ ʠʤʢʦʥ ʙʝʨʘʜʠ; ʙʦʩʠʤʥʠʥʛ ʡ˄ץʦʣʠʰʠ ʢʠʯʠʢ 

ʚʘ ʫ ʩʘʨʬ ʢʘʪʪʘʣʠʛʠʛʘ ʙʦסʣʠץ ʵʤʘʩ; ʨʦʪʘʤʝʪʨʣʘʨʥʠʥʛ ˄ʣʯʘʰ ʯʝʛʘʨʘʩʠ ʢʘʪʪʘ: 

1

10

min

max =
Q

Q
 

ɸʩʙʦʙʥʠʥʛ ˄ʣʯʘʰ ץʠʩʤʠ (4.2-ʨʘʩʤ) ʚʝʨʪʠʢʘʣ ʪʠʢ ʞʦʡʣʘʰʛʘʥ ʢʦʥʫʩʩʠʤʦʥ 

ʥʘʡʯʘ 1 ʚʘ ץʘʣץʦʚʠʯ 2 ʜʘʥ ʠʙʦʨʘʪ. 

ʂʦʥʫʩʩʠʤʦʥ ʥʘʡʯʘʜʘʛʠ ״ʘʣץʘʥʠʥʛ ʢʝʩʠʤ ʶʟʠ ʙʘʣʘʥʜʣʠʢʢʘ ʤʫʪʘʥʦʩʠʙ 

˄ʟʛʘʨʘʜʠ. ʇʘʩʪʜʘʥ ʶץʦʨʠʛʘ ˄ʪʘʜʠʛʘʥ ʩʫʶץʣʠʢ ʸʢʠ ʛʘʟ ʦץʠʤʠ ʪʦʤʦʥʠʜʘʥ 

 .ʦʨʠʛʘ ʢ˄ʪʘʨʘʜʠץʦʚʠʯʛʘ ʢ˄ʨʩʘʪʠʣʘʜʠʛʘʥ ʢʫʯʣʘʨ ʤʫʚʦʟʘʥʘʪʣʘʰʛʫʥʯʘ ʫʥʠ ʶץʘʣץ

ʂʫʯʣʘʨ ʤʫʚʦʟʘʥʘʪʣʘʰʛʘʥʜʘ ץʘʣץʦʚʠʯ ʤʘʲʣʫʤ ʙʘʣʘʥʜʣʠʢʜʘ ʪ˄ʭʪʘʡʜʠ, ʙʫ ʵʩʘ 

ʩʘʨʬ ʤʠץʜʦʨʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. פʘʣץʦʚʠʯʥʠʥʛ ʠʰ ״ʦʣʘʪʠʜʘʛʠ, ʷʲʥʠ ˄ʣʯʘʥʘʸʪʛʘʥ 

ʤʫ״ʠʪʛʘ ʙʘʪʘʤʦʤ ʯ˄ʢʢʘʥ ʧʘʡʪʠʜʘʛʠ ʦסʠʨʣʠʛʠ 

            )( jjVG kkk -=           (4.6) 

ʙʫ ʝʨʜʘ, GϨ ðϨʘʣϨʦʘʠʯʠʠʥʛ ʦϤʠʨʣʥʛʠ, ʢʛ; VϨðϨʘʣϨʦʚʠʯ ϲʘʞʤʠ, ʤ
3
; jϨ ðϨʘʣϨʦʚʠʯ 

ʪʘʡʸʨʣaʥʛʘʥ ʤʘʪʝʨʠʘʣʥʠʥʛ ʩʦʣʠʰʪʠʨʤʘ ʦϤʠʨʣʠʛʠ, ʢʛ/ʤ
3
; j ð ˄ʣʯʘʥʘʸʪʛʘʥ ʤʫϲʠʪʥʠʥʛ 

ʩʦʣʠʰʪʠʨʤʘ ʦϤʠʨʣʠʛʠ, ʢʛ/ʤ
3
. 

ɹʫ ״ʦʣʜʘ ץʘʣץʦʚʠʯʥʠʥʛ ʦסʠʨʣʠʢ ʢʫʯʠ ʧʘʩʪʛʘ ץʘʨʘʪʠʣʛʘʥ. פʘʣץʦʚʠʯʥʠʥʛ 

ʦסʠʨʣʠʛʠ ʶץʦʨʠʛʘ ʡ˄ʥʘʣʛʘʥ ʦץʠʤ ʢʫʯʠ ʙʠʣʘʥ ʤʫʚʦʟʘʥʘʪʣʘʰʘʜʠ: 

S=(P1-P2)Țf0                         (4.7) 

ʙʫ ʝʨʜʘ, ʈ1 ʚʘ ʈ2 ð ʤʫϲʠʪʥʠʥʛ ϨʘʣϨʦʚʠʯʜʘʥ ʦʣʜʠʥʛʠ ʚʘ ʢʝʡʠʥʛʠ ʙʦʩʠʤʠ, ʇʘ; f0 ð 

ϨʘʣϨʦʚʠʯ ʢʝʩʠʤʠʥʠʥʛ ʜʠʘʤʩʪʨʠ ʵʥʛ ʢʘʪʪʘ ʞʦʡʜʘʛʠ ʶʟʠ, ʤ
2
. 

 ʠʤʠʛʘ ʤʦʩ ʙ˄ʣʛʘʥ ʤʫʚʦʟʘʥʘʪ ʭʦʣʘʪʠʜʘʛʠץʠʪ ˄ʟʛʘʨʤʘʩ ʦ״ʦʚʠʯʥʠʥʛ ʤʫץʘʣפ

ʦסʠʨʣʠʢ ʢʫʯʠ ʚʘ ʠʪʘʨʫʚʯʠ ʢʫʯ ˄ʨʪʘʩʠʜʘʛʠ ʪʝʥʛʣʠʢ ץʫʡʠʜʘʛʠʯʘ:. 

Vץ(jץ-j)=(P1-P2)Țf0                (4.8) 
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ɹʫ ״ʦʣʜʘ ʠʰץʘʣʘʥʠʰ ʢʫʯʠ ʵʲʪʠʙʦʨʛʘ ʦʣʠʥʤʘʡʜʠ; (4.8) ʪʝʥʛʣʘʤʘ ʘʩʦʩʠʜʘ 

 ʠץʦʚʠʯʜʘʛʠ ʙʦʩʠʤʣʘʨ ʬʘʨץʘʣץ

0

21

)(

j

jjV
PPP ʢʢ -
=D=-    (4.9) 

æʈ ð ʙʦʩʠʤʣʘʨ ʬʘʨץʠ, ʇʘ. 

(4.9) ʪʝʥʛʣʘʤʘ ʙʦʩʠʤʣʘʨ ʬʘʨץʠʥʠʥʛ ץʘʣץʦʚʠʯ ״ʘʞʤʠʛʘ, ʢʝʩʠʤ  ʶʟʠʛʘ, 

 ʠʨʣʠʢʣʘʨʠʛʘ, ʷʲʥʠ ˄ʣʯʘʰ ʞʘʨʘʸʥʠʜʘסʠʪʥʠʥʛ ʩʦʣʠʰʪʠʨʤʘ ʦ״ʦʚʠʯ ʚʘ ʤʫץʘʣץ

˄ʟʛʘʨʤʘʡʜʠʛʘʥ ʢʘʪʪʘʣʠʢʣʘʨʛʘ ʙʦסʣʠץʣʠʛʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. ɼʝʤʘʢ, ʩʘʨʬ 

˄ʣʯʘʥʘʸʪʛʘʥʜʘʛʠ ʙʦʩʠʤʣʘʨ ʬʘʨץʠ ˄ʟʛʘʨʤʘʩ. ɶʣʯʘʥʘʸʪʛʘʥ ʤʫ״ʠʪʥʠʥʛ 

ʢʦʥʫʩʩʠʤʦʥ ʥʘʡʯʘ ʜʝʚʦʨʣʘʨʠ ʚʘ ץʘʣץʦʚʠʯ ʦʨʘʩʠʜʘʛʠ ˄ʪʠʰ ʪʝʟʣʠʛʠ: 

j

PPg
v

)(2 21-=               (4.10) 

ʙʫ ʝʨʜʘ, v ð ˄ʪʠʰ ʪʝʟʣʠʛʠ, ʤ/ʩ. 

(4.10) ʪʝʥʛʣʘʤʘʜʘʥ 

g

jv
PPP

2

2

21

Ö
=D=-                                     (4.11) 

(4.9) ʚʘ (4.11) ʪʝʥʛʣʘʤʘʣʘʨʥʠ ʪʝʥʛʣʘʰʪʠʨʩʘʢ, 

ʦʨʘʣʠץ ʦץʠʤ ʪʝʟʣʠʛʠʛʘ ʵʛʘ ʙ˄ʣʘʤʠʟ: 

0

)(2

fj

jjVg
v ʢʢ

Ö

-Ö
=                                       (4.12) 

ʆץʠʤʥʠʥʛ ״ʘʣץʘ ʦʨʘʣʠסʠʜʘʛʠ ʪʝʟʣʠʛʠ ʚʘ 

ʫʥʠʥʛ ʶʟʘʩʠ ʤʘʲʣʫʤ ʙ˄ʣʛʘʯ, ˄ʣʯʘʥʘʸʪʛʘʥ 

ʤʫ״ʠʪʥʠʥʛ ״ʘʞʤʠʡ ʩʘʨʬʠʥʠ ʘʥʠץʣʘʰ ʤʫʤʢʠʥ: 

0

)(2

fj

jjVg
faQ ʢʢ

ʭ
Ö

-Ö
Ö=                             (4.13) 

ʙʫ ʝʨʜʘ, Qx ð ˄ʣʯʘʥʘʸʪʛʘʥ ʤʫϲʠʪʥʠʥʛ ϲʘʞʤʠʡ 

ʩʘʨʬʠ, ʤ
3
/ʩʦʘʪ; ʘ ð ʩʘʨʬ ʢʦʵʬʬʠʮʠʝʥʪʠ, ʙʫ ʪʘʞʨʠʙʘʜʘ 

ʦʣʠʥʛʘʥ ʢʘʪʘʣʠʢ ʙ˄ʣʠʙ, ʩʫʶϨʣʠʢʥʠʥʛ ʢʘʣϨʦʚʠʯʛʘ 

ʠʰϨʘʣʘʥʠʰ ʪʘʲʩʠʨʠʥʠ, ʤʫϲʠʪ ʫʶʨʤʘʩʠ ϲʦʩʠʣ ʙʫʣʛʘʥʜʘʛʠ 

ʙʦʩʠʤ ʡ˄Ϩʦʣʠʰʠʥʠ ʥʘʟʘʨʜʘ ʪʫʪʘʜʠ. ʀʣʜʠʟ ʦʩʪʠʜʘʛʠ 

 

4.3 ï ʨʘʩʤ. ʐʠʰʘ 

ʥʘʡʯʘʣʠ ʨʦʪʘʤʝʪʨ 
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ʢʘʪʪʘʣʠʢʣʘʨ ˄ʟʛʘʨʤʘʩ ʙ˄ʣʛʘʥʠ ʫʯʫʥ ʫʣʘʨʥʠ ʂ ʢʦʵʬʬʠʮʠʝʥʪ ʙʠʣʘʥ ʘʣʤʘʰʪʠʨʠʰ ʤʫʤʢʠʥ: 

ʋʥʜʘ 

Q״=aȚFȚK                              (4.14) 

ɹʫ ʙʦסʣʘʥʠʰ ʯʠʟʠץʣʠ ʙ˄ʣʛʘʥʠ ʩʘʙʘʙʣʠ ʨʦʪʘʤʝʪʨʥʠʥʛ ʰʢʘʣʘʩʠ ʪʝʥʛ 

ʙ˄ʣʠʥʤʘʣʠ ʙ˄ʣʘʜʠ. ʈʦʪʘʤʝʪʨʣʘʨʥʠʥʛ ʩʘʨʬ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘ ʥʠ ʘʥʠץʣʘʰ 

ʘʥʘʣʠʪʠʢ ʫʩʫʣʜʘ ʪʦʧʠʰ ץʠʡʠʥ ʙ˄ʣʛʘʥ ʙʠʨ ץʘʪʦʨ ʢʘʪʪʘʣʠʢʣʘʨʛʘ ʙʦסʣʠץ. ʐʫʥʠʥʛ 

ʫʯʫʥ, ״ʘʨ ʙʠʨ ʨʦʪʘʤʝʪʨ ʪʘʞʨʠʙʘ ʡ˄ʣʠ ʙʠʣʘʥ ʜʘʨʘʞʘʣʘʥʘʜʠ. ʉʘʨʬ ʪʝʥʛʣʘʤʘʩʠʛʘ 

ʢʠʨʛʘʥ ʙʘʨʯʘ ʢʘʪʪʘʣʠʢʣʘʨ ʜʘʨʘʞʘʣʘʥʠʰ ʰʘʨʪʣʘʨʠʛʘ ʤʫʚʦʬʠץ ʙ˄ʣʛʘʥʜʘʛʠʥʘ 

ʰʢʘʣʘʥʠʥʛ ʙʫ ʪʘʨʟʜʘ ʜʘʨʘʞʘʣʘʥʠʰʠ ʘʥʠץ ʙ˄ʣʘʜʠ. 

ʃʘʙʦʨʘʪʦʨʠʷ ʚʘ ʩʘʥʦʘʪʜʘ ʰʠʰʘ (ʩʘʨʬʥʠ ʞʦʡʠʜʘ ˄ʣʯʘʡʜʠʛʘʥ) ʚʘ 

ʤʝʪʘʣʣʜʘʥ ʷʩʘʣʛʘʥ (ʢ˄ʨʩʘʪʠʰʣʘʨʥʠ ʤʘʩʦʬʘʛʘ ʫʟʘʪʘʜʠʛʘʥ) ʨʦʪʘʤʝʪʨʣʘʨ 

ʯʠץʘʨʠʣʘʜʠ. 

4.3-ʨʘʩʤʜʘ ʰʠʰʘ ʥʘʡʯʘʣʠ ʨʦʪʘʤʝʪʨʥʠʥʛ ʪʫʟʠʣʠʰ ʩʭʝʤʘʩʠ ʢ˄ʩʘʪʠʣʛʘʥ. ɹʫ 

ʘʩʙʦʙ ʢʦʨʧʫʩ 5 ʛʘ ʫʩʪʫʥʣʘʨ 4 ʸʨʜʘʤʠʜʘ ˄ʨʥʘʪʠʣʛʘʥ ʢʦʥʫʩʩʠʤʦʥ ʰʠʰʘ ʥʘʡʯʘ 2 

ʜʘʥ ʠʙʦʨʘʪ. ʅʘʡʯʘ ʠʯʠʜʘ ʧʘʩʪʜʘʥ ʶץʦʨʠʛʘ ʦץʘʜʠʛʘʥ ʩʫʶץʣʠʢ ʸʢʠ ʛʘʟ ʦץʠʤʠ 

ʪʘʲʩʠʨʠʜʘ ʪʠʢ ״ʘʨʘʢʘʪ ץʠʣʫʚʯʠ ץʘʣץʦʚʠʯ 1 ʙʦʨ. Acʙʦʙʥʠʥʛ ʰʢʘʣʘʩʠ 3 ʙʝʚʦʩʠʪʘ 

ʥʘʡʯʘ ʫʩʪʠʛʘ (ʯʠʟʠʰ ʡ˄ʣʠ ʙʠʣʘʥ) ʜʘʨʘʞʘʣʘʥʘʜʠ. ׳ʠʩʦʙʣʘʰʣʘʨ ץʘʣץʦʚʠʯʥʠʥʛ 

ʫʩʪʢʠ ʛʦʨʠʟʦʥʪʘʣ ʪʝʢʠʩʣʠʛʠ ʙ˄ʡʠʯʘ ʦʣʠʙ ʙʦʨʠʣʘʜʠ. 

ʂʦʥʫʩʩʠʤʦʥ ʥʘʡʯʘʣʠ ʰʠʰʘ ʨʦʪʘʪʘʤʝʪʨʣʘʨ ʩʫʚ 

ʙ˄ʡʠʯʘ 3000 ʣ/ʩʦʘʪ ʚʘ ״ʘʚʦ ʙ˄ʡʠʯʘ 40 ʤ
3
/ʩʦʘʪ ˄ʣʯʦʚ 

ʯʝʛʘʨʘʩʠʛʘ; 0,6 ʤʇʘ (6 ʢʛʢ/ʩʤ
2
) ʛʘʯʘ ʠʰ ʙʦʩʠʤʠʛʘ 

ʤ˄ʣʞʘʣʣʘʥʛʘʥ. ɸʩʦʩʠʡ ʭʘʪʦʣʠʢ Ñ2,5%. 

4.4-ʨʘʩʤʜʘ ʢ˄ʨʩʘʪʠʰʣʘʨʥʠ ʤʘʩʦʬʘʛʘ ʵʣʝʢʪʨ 

ʜʠʬʬʝʨʝʥʮʠʘʣ-ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʦʨץʘʣʠ ʫʟʘʪʘʜʠʛʘʥ 

ʨʦʪʘʤʝʪʨ ʩʭʝʤʘʩʠ ʢʝʣʪʠʨʠʣʛʘʥ. ʈʦʪʘʤʝʪʨʥʠʥʛ ˄ʣʯʘʰ 

 ʠʩʤʠ ʜʠʘʬʨʘʛʤʘ 2 ʚʘ ʮʠʣʠʥʜʨʠʢ ʤʝʪʘʣʣ ʢʦʨʧʫʩ 1 ʜʘʥץ

ʠʙʦʨʘʪ. 

ɼʠʘʬʨʘʛʤʘ 2 ʪʝʰʠʛʠʜʘ ʰʪʦʢ 4 ʛʘ ʙʠʢʨ ץʠʣʠʙ 

˄ʨʥʘʪʠʣʛʘʥ ʢʦʥʫʩʩʠʤʦʥ ץʘʣץʦʚʠʯ 3 ״ʘʨʘʢʘʪ ץʠʣʘʜʠ. 

ʐʪʦʢʥʠʥʛ ʫʩʪʢʠ ץʠʩʤʠʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣ 

4.4 ï ʨʘʩʤ. 

ʂ˄ʨʩʘʪʠʰʣʘʨʥʠ 

ʤʘʩʦʬʘʛʘ ʵʣʝʢʪʨ 

ʜʠʬʬʝʨʝʥʮʠʘʣ ï 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ 
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ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʠ ˄ʟʛʘʨʪʛʠʯʥʠʥʛ ˄ʟʘʛʠ 5 ˄ʨʥʘʪʠʣʛʘʥ. ɶʟʘʢ ʥʘʡʯʘ 6 ʠʯʠʜʘ 

ʞʦʡʣʘʰʛʘʥ, ʥʘʡʯʘ ʪʘʰץʘʨʠʩʠʜʘ ʵʩʘ ˄ʟʛʘʨʪʛʠʯʥʠʥʛ סʘʣʪʘʛʠ 7 ʙʦʨ. 

 

ʐʢʘʣʘʩʠʟ ʨʦʪʘʤʝʪʣʘʨ ʢ˄ʨʩʘʪʫʚʯʠ ʸʢʠ ץʘʡʜ ץʠʣʫʚʯʠ ʠʢʢʠʣʘʤʯʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣ-ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʠ ʘʩʙʦʙ ʪʘʨʢʠʙʠʜʘ ʠʰʣʘʪʠʣʘʜʠ. ʈʦʪʘʤʝʪʨʣʘʨ 

ʦʨʪʠץʯʘ ʠʰ ʙʦʩʠʤʠ ʪʘʲʩʠʨʠʜʘʛʠ ʤʫ״ʠʪ ʩʘʨʬʠʥʠ ˄ʣʯʘʰ ʫʯʫʥ (6,27 ʤʇʘ) 

ʯʠץʘʨʠʣʘʜʠ. ɹʫ ʘʩʙʦʙʣʘʨ ʢʘʪʪʘʨʦץ ʦʨʪʠץʯʘ ʙʦʩʠʤʣʘʨʛʘ 

 ʘʨʠ, ˄ʟʛʘʨʤʘʩ 0...5 ʤɸ ʪʦʢʣʠץʘʨʠʣʘʜʠ. ɹʫʥʜʘʥ ʪʘʰץʘʤ ʤ˄ʣʞʘʣʣʘʙ ʯʠ״

ʯʠץʠʰ ʩʠʛʥʘʣʠ ʙʠʣʘʥ ʠʰʣʘʡʜʠʛʘʥ ʨʦʪʘʤʝʪʨʣʘʨ ״ʘʤ ʤʘʚʞʫʜ. ʋʣʘʨʥʠʥʛ ʩʫʚ 

ʙ˄ʡʠʯʘ ˄ʣʯʘʰ ʯʝʛʘʨʘʩʠ 16000 ʣ/ʩʦʘʪ. ɸʩʦʩʠʡ ʭʘʪʦʣʠʢ Ñ1,5%. 

ʇʦʨʪʣʘʰ ʚʘ ʸʥסʠʥ ʭʘʚʬʠ ʙʦʨ ʞʦʡʣʘʨʜʘ ʢ˄ʨʩʘʪʠʰʣʘʨʥʠ ʤʘʩʦʬʘʛʘ 

ʧʥʝʚʤʘʪʠʢ ʫʟʘʪʘʜʠʛʘʥ ʨʦʪʘʤʝʪʨʣʘʨ ʠʰʣʘʪʠʣʘʜʠ. ɹʫʥʜʘʡ ʨʦʪʘʤʝʪʨʥʠʥʛ 

ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ 4.5-ʨʘʩʤʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥ. ɹʫ ʨʦʪʘʤʝʪʨʥʠʥʛ ˄ʣʯʘʰ ץʠʩʤʠ 

ʢʦʥʫʩʩʠʤʦʥ ץʘʣץʦʚʠʯ 1, ʜʠʘʬʨʘʛʤʘ 2 ʚʘ ʧ˄ʣʘʪʜʘʥ ʠʰʣʘʥʛʘʥ ʮʠʣʠʥʜʨʠʢ ץʫʚʫʨ 3 

ʜʘʥ ʠʙʦʨʘʪ. פʘʣץʦʚʠʯ ʢʦʥʫʩʩʠʤʦʥ ץʫʚʫʨ ʠʯʠʜʘ ״ʘʨʘʢʘʪ ץʠʣʫʚʯʠ ʨʦʪʘʤʝʪʨ 

ʪʫʨʣʘʨʠ ״ʘʤ ʤʘʚʞʫʜ. ʐʪʦʢ 4 ʛʘ ʠʢʢʠʪʘ ʮʠʣʠʥʜʨʠʢ ʤʘʛʥʠʪ 5 ʙʠʨʠʢʪʠʨʠʣʛʘʥ. ɹʫ 

ʤʘʛʥʠʪʣʘʨ ʙʠʨ-ʙʠʨʠʛʘ ʙʠʨ ʭʠʣ ʠʰʦʨʘʣʠ ץʫʪʙʣʘʨʠ ʙʠʣʘʥ ץʘʨʘʪʠʣʛʘʥ. 

ʄʘʛʥʠʪʣʘʨ ץʘʣץʦʚʠʯ ʙʠʣʘʥ ʙʠʨʛʘ ʥʘʡʯʘ 6 ʠʯʠʜʘ ʩʠʣʞʠʡʜʠ. 

ʅʘʡʯʘ ʵʩʘ ʤʘʛʥʠʪʤʘʩ ʤʘʪʝʨʠʘʣʜʘʥ ʪʘʡʸʨʣʘʥʘʜʠ. ʊʘʰץʘʨʠʜʘʥ ʥʘʡʯʘ ʧʠʰʘʥʛ 8 ʛʘ 

˄ʨʥʘʪʠʣʛʘʥ ʤʘʛʥʠʪ 7 ʙʠʣʘʥ ˄ʨʘʣʛʘʥ. 

ʎʠʣʠʥʜʨʠʢ ʤʘʛʥʠʪʣʘʨ 5 ʙʠʣʘʥ ʪʘʰץʠ ʤʘʛʥʠʪ 7 ʤʘʛʥʠʪʣʠ ʤʫʬʪʘ ״ʦʩʠʣ 

 ʘʨʘʢʘʪʣʘʥʠʰʠ״ ʦʚʠʯʥʠʥʛ ʤʘʛʥʠʪ ʤʫʬʪʘ ʚʘ ʧʠʰʘʥʛ 8 ʸʨʜʘʤʠʜʘץʘʣפ .ʠʣʘʜʠץ

˄ʣʯʘʥʘʸʪʛʘʥ ʩʘʨʬ ʤʠץʜʦʨʠʥʠ ʰʢʘʣʘ 10 ʜʘ ʞʦʡʣʘʰʛʘʥ ʢ˄ʨʩʘʪʫʚʯʠ ʩʪʨʝʣʢʘ 9 ʛʘ 

ʫʟʘʪʘʜʠ. ʄʘʩʦʬʘʛʘ ʧʥʝʚʤʘʪʠʢ ʫʟʘʪʠʰ ʤʝʭʘʥʠʟʤʠ ʢʦʤʧʝʥʩʘʮʠʷ ʩʭʝʤʘʩʠ ʘʩʦʩʠʜʘ 

ʠʰʣʘʡʜʠʛʘʥ ˄ʟʛʘʨʪʛʠʯʜʘʣ ʠʙʦʨʘʪ (çʇʥʝʚʤʘʪʠʢ ˄ʟʛʘʨʪʢʠʯʣʘʨèʛʘ ץʘʨʘʥʛ, VIII 

ʙʦʙ.) ɶʣʯʘʰ ʪʠʟʠʤʠʜʘʛʠ ʪʝʙʨʘʥʠʰʣʘʨʥʠ ʢʘʤʘʡʪʠʨʠʰ ʫʯʫʥ ʜʝʤʧʬʝʨʣʦʚʯʠ 

 ʫʨʠʣʤʘ 28 ʠʰʣʘʪʠʣʘʜʠ. ʇʥʝʚʤʦ ʫʟʘʪʠʰʣʠ ʨʦʪʘʤʝʪʨʣʘʨʥʠʥʛ ʩʝʨʠʷʣʠץ

ʠʰʣʘʥʘʜʠʛʘʥ ʨʫʩʫʤʣʘʨʠ 6,27 ʤʇʘ ʠʰ ʙʦʩʠʤʠʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘʥ. 



 146 

11

13

28

14

12

25

9

8
7

S

N

6
5

5

N

4

10

1

2

3

27

17

20
21

18

2216

19

26

15

23

24

 

4.5 ï ʨʘʩʤ. ʂ˄ʨʩʘʪʠʰʣʘʨʥʠ ʤʘʩʦʬʘʛʘ ʧʥʝʚʤʘʪʠʢ ʫʟʘʪʘʜʠʛʘʥ ʨʦʪʘʤʝʪʨ ʩʭʝʤʘʩʠ. 

ɹʫ ʘʩʙʦʙʣʘʨ ʙʠʣʘʥ (ʩʫʚ ʙ˄ʡʠʯʘ 16 ʤ
3
/ʩʦʘʪ) ʛʘʯʘ ʩʘʨʬʣʘʨ ˄ʣʯʘʥʘʜʠ. ɸʩʦʩʠʡ 

ʭʘʪʦʣʠʢ Ñ1,5% ʜʘʥ ʦʰʤʘʡʜʠ. 

4.4- Ä. ɶɿɻɸʈʋɺʏɸʅ ʉɸʊ׳ʃʀ ʉɸʈʌ ɶʃʏɸɻʀʏʃɸʈ 

ɶʟʛʘʨʫʚʯʘʥ ʩʘʪϲʣʠ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ʩʫʶץʣʠʢʥʠʥʛ 

ʠʜʠʰ ʪʫʙʠʜʘʛʠ ʸʢʠ ʫʥʠʥʛ ʸʥ ʜʝʚʦʨʣʘʨʠʜʘʛʠ ʪʝʰʠʢʜʘʥ ʵʨʢʠʥ ʦץʠʙ ʯʠץʠʰʠʜʘʛʠ 

ʩʘʪ״ ʙʘʣʘʥʜʣʠʛʠʥʠ ˄ʣʯʘʰʛʘ ʘʩʦʩʣʘʥʛʘʥ. ɹʫ ʘʩʙʦʙʣʘʨ ʢʠʤʸ ʚʘ ʙʦʰץʘ 

ʩʘʥʦʘʪʣʘʨʜʘ ʞʫʜʘ ʘʛʨʝʩʩʠʚ ʩʫʶץʣʠʢʣʘʨ ʩʘʨʬʠʥʠ ˄ʣʯʘʰʜʘ, ʰʫʥʠʥʛʜʝʢ, ʛʘʟ 

ʙʠʣʘʥ ʘʨʘʣʘʰʛʘʥ ʧʫʣʴʩʣʘʥʫʚʯʠ ʦץʠʤ ʚʘ ʩʫʶʢʣʠʢʣʘʨ ʩʘʨʬʠʥʠ ˄ʣʯʘʰʜʘ 

ʠʰʣʘʪʠʣʘʜʠ. ɶʟʛʘʨʫʚʯʘʥ ʩʘʪ״ʣʠ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ ʙʘʨʯʘ ״ʦʣʣʘʨʜʘ ʩʫʶץʣʠʢ 

ʩʘʨʬʥʥʠ ʘʪʤʦʩʬʝʨʘ ʙʦʩʠʤʠʜʘ ˄ʣʯʘʡʜʠ, ʰʫʥʠʥʛ ʫʯʫʥ, ʙʫ ʘʩʙʦʙʣʘʨʥʠʥʛ 

ʠʰʣʘʪʠʣʠʰʠ ʯʝʢʣʘʥʛʘʥ. 

ɶʟʛʘʨʫʚʯʘʥ ʩʘʪ״ʣʠ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ ʪʘʨʢʠʙʠʛʘ ץʘʙʫʣ ץʠʣʫʚʯʠ ʩʠסʠʤ 

(ʠʜʠʰ) ʚʘ ʩʫʶץʣʠʢ ʩʘʪ״ ʙʘʣʘʥʜʣʠʛʠʥʠ ˄ʣʯʘʡʜʠʛʘʥ ʘʩʙʦʙ ʢʠʨʘʜʠ. ʉʘʪ״ 

ʙʘʣʘʥʜʣʠʛʠ ˄ʣʯʘʛʠʯʠ ʩʠʬʘʪʠʜʘ ʠʩʪʘʣʛʘʥ ʩʘʪ״ ʙʘʣʘʥʜʣʠʛʠʥʠ ˄ʣʯʘʰ ʘʩʙʦʙʠ 

ʠʰʣʘʪʠʣʠʰʠ ʤʫʤʢʠʥ. פʘʙʫʣ ץʠʣʫʚʯʠ ʩʠסʠʤ ʩʠʬʘʪʠʜʘ ʵʩʘ ʜʫʤʘʣʦץ (ʜʠʘʬʨʘʛʤʘ) 

ʸʢʠ ʪʠʨץʠʰ ʪʝʰʠʢʣʠ ʮʠʣʠʥʜʨʠʢ ʸʭʫʜ ʪ˄ʨʪʙʫʨʯʘʢ ʠʜʠʰ ʭʠʟʤʘʪ ץʠʣʘʜʠ. ɹʫʥʜʘʡ 
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ʠʜʠʰʣʘʨʜʘʛʠ ʩʫʶץʣʠʢ ʩʘʨʬʠ ʫʥʠʥʛ ʩʘʪ״ ʙʘʣʘʥʜʣʠʛʠ ʙ˄ʡʠʯʘ ʘʥʠץʣʘʥʘʜʠ. 

ɼʠʘʬʨʘʛʤʘ ʠʜʠʰ ʪʘʛʠʜʘ ʸʢʠ ʫʥʠʥʛ ʸʥ ʜʝʚʦʨʣʘʨʠʜʘ ʞʦʡʣʘʰʠʰʠ ʤʫʤʢʠʥ, ʣʝʢʠʥ 

ʩʫʶץʣʠʢ ʩʘʪ״ʠ ʫ ʦץʠʙ ʯʠץʘʜʠʛʘʥ ʪʝʰʠʢʜʘʥ ʶץʦʨʠʜʘ ʙ˄ʣʠʰʠ ʣʦʟʠʤ. 

ʊʠʨץʠʰʥʠʥʛ ʪʝʰʠʢʣʘʨʠ ʠʜʠʰʥʠʥʛ ʬʘץʘʪ ʸʥ ʜʝʚʦʨʣʘʨʠʜʘ ʞʦʡʣʘʰʛʘʥ ʙ˄ʣʠʰʠ 

ʢʝʨʘʢ, ʙʫ ״ʦʣʜʘ ʠʜʠʰʜʘʛʠ ʩʫʶץʣʠʢ ʩʘʪ״ʠ ʪʝʰʠʢʥʠʥʛ ʫʩʪʢʠ ʯʝʪʠʜʘʥ ʙʘʣʘʥʜ 

ʙ˄ʣʤʘʩʣʠʛʠ ʣʦʟʠʤ. 

1

ʅ

2

3

4 5 6 7

ʉʠץʠʣʛʘʥ
ʘʚʦ״

 

4.6 ï ʨʘʩʤ. ʉʫʶץʣʠʢ ʦץʠʙ ʯʠץʘʜʠʛʘʥ ʪʠʨץʠʰ ʪʝʰʠʢʣʠ ʩʘʨʬ ˄ʣʯʘʛʠʯ. 

 

4.6-ʨʘʩʤʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥ ʩʘʨʬ ˄ʣʯʘʛʠʯ ʠʢʢʠ ʰʪʫʮʝʨʣʠ ʪ˄ʨʪ-ʙʫʨʯʘʢ ʠʜʠʰ 2 

ʜʘʥ ʠʙʦʨʘʪ. ʐʪʫʮʝʨʣʘʨʜʘʥ ʙʠʨʠ ʠʜʠʥhʠʥʛ ʸʥʠʜʘ ʞʦʡʣʘʰʛʘʥ ʙ˄ʣʠʙ, ʩʫʶץʣʠʢʥʠ 

ʢʠʨʠʪʠʰ ʫʯʫʥ, ʠʢʢʠʥʯʠʩʡ ʵʩʘ ʧʘʩʪʜʘ ʞʦʡʣʘʰʛʘʥ ʙ˄ʣʠʙ, ʩʫʶץʣʠʢʥʠʥʛ ʦץʠʙ 

ʯʠץʠʰʠ ʫʯʫʥ ʭʠʟʤʘʪ ץʠʣʘʜʠ. ʀʜʠʰ ʠʯʢʠ ʪʦʤʦʥʠʜʘʥ ʪ˄ʩʠץ ʙʠʣʘʥ ʙ˄ʣʠʥʛʘʥ, ʙʫ 

ʪ˄ʩʠץץʘ ʧʨʦʬʠʣʣʘʥʛʘʥ ʪʝʰʠʢʣʠ ʰʯʠʪ ʛʝʨʤʝʪʠʢ ʨʘʚʠʰʜʘ ʤʘ״ʢʘʤʣʘʥʛʘʥ. 

ʀʜʠʰʜʘʛʠ ʩʫʶץʣʠʢ ʦץʠʙ ʯʠץʘʜʠʛʘʥ ʪʠʨץʠʰ ʦʣʜʠʛʘ ʤʫ״ʦʬʘʟʘʣʦʚʯʠ סʠʣʦʬʣʠ 

ʧʴʝʟʦʤʝʪʨʠʢ ʥʘʡʯʘ 1 ʯ˄ʢʪʠʨʠʣʘʜʠ. ׳ʘʡʜʘʣʛʘʥ ״ʘʚʦ ʤʠץʜʦʨʠ ʥʘʟʦʨʘʪ ʩʪʘʢʘʥʯʘʩʠ 

4 ʸʨʜʘʤʠʜʘ ʪʝʢʰʠʨʠʣʘʜʠ. ׳ʘʚʦ ʙʦʩʠʤʠ ʨʝʜʫʢʪʦʨ 6 ʦʨץʘʣʠ ˄ʟʛʘʨʤʘʩ ץʠʣʠʙ 

ʩʘץʣʘʥʠʙ ʪʫʨʠʣʘʜʠ ʚʘ ʤʘʥʦʤʝʪʨ 5 ʙʠʣʘʥ ˄ʣʯʘʥʘʜʠ. ʌʠʣʴʪʨ 7 ״ʘʚʦʥʠ ʪʦʟʘʣʘʡʜʠ. 

ʇʴʝʟʦʤʩʪʨʠʢ ʥʘʡʯʘʜʘʛʠ ʙʦʩʠʤ ʪʠʨץʠʰ ʦʣʜʠʜʘʛʠ ʩʫʶץʣʠʢ ʫʩʪʫʥʠʥʠʥʛ ʟʠʯʣʠʛʠ 

ʚʘ ʙʘʣʘʥʜʣʠʛʠ ʙʠʣʘʥ, ʜʝʤʘʢ, ʩʫʶץʣʠʢʥʠʥʛ ʤʘʩʩʘʚʠʡ ʩʘʨʬʠʛʘ ʙʦסʣʠץ. 

ʇʴʝʟʦʤʝʪʨʠʢ ʥʘʡʯʘʜʘʛʠ ʛʠʜʨʦʜʠʥʘʤʠʢ ʙʦʩʠʤʥʠʥʛ ץʠʡʤʘʪʠ ʜʠʬʤʘʥʦʤʝʪʨ 3 

ʙʠʣʘʥ ˄ʣʯʘʥʘʜʠ. 4.6-ʨʘʩʤʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʩʘʨʬ ˄ʣʯʘʛʠʯʥʠʥʛ ʭʫʩʫʩʠʷʪʣʘʨʠʜʘʥ 

ʙʠʨʠ ʠʢʢʠʣʘʤʯʠ ʘʩʙʦʙ ʰʢʘʣʘʩʠʥʠʥʛ ʙ˄ʣʠʥʤʘʣʘʨʠ ʪʝʥʛʣʠʛʠʜʘʜʠʨ. 
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ʊʠʨץʠʰʣʠ ʩʘʨʬ ˄ʣʯʘʛʠʯʜʘ ʩʫʶץʣʠʢʥʠʥʛ ״ʘʞʤʠʡ ʩʘʨʬʠ ץʫʡʠʜʘʛʠ 

ʪʝʥʛʣʘʤʘ ʙʠʣʘʥ ʘʥʠץʣʘʥʘʜʠ: 

LSaQx 043,4 ÖÖ=             (4.15) 

ʙʫ ʝʨʜʘ, ʘ ï ʩʘʨʬ ʢʦʵʬʬʠʮʠʝʥʪʠ; S0 ï ʪʠʨϨʠʰʥʠʥʛ ʶʟʘʩʠ; L ï ʪʠʨϨʠʰʜʘʛʠ 

ʩʫʶϨʣʠʢʥʠʥʛ ʙʘʣʘʥʜʣʠʛʠ. 

ʊʠʨץʠʰʣʠ ʩʘʨʬ ˄ʣʯʘʛʠʯʥʠʥʛ ʩʘʨʬ ʢʦʵʬʬʠʮʠʝʥʪʠ ʪʠʨץʠʰʥʠʥʛ ʛʝʦʤʝʪʨʠʢ 

ʰʘʢʣʠʛʘ, ʘʡʥʠץʩʘ ʢʠʨʠʰ ץʠʩʤʠʜʘʛʠ ץʠʨʨʘʥʠʥʛ ˄ʪʢʠʨʣʠʛʠʛʘ ʙʦסʣʠץ. ʊʘץʨʠʙʠʡ 

 .ʠʣʠʥʘʜʠץ ʘʙʫʣץ ʠʡʤʘʪʠʥʠ 0,6 ʛʘ ʪʝʥʛ ʜʝʙץ ʠʩʦʙʜʘ ʩʘʨʬ ʢʦʵʬʬʠʮʠʝʥʪʠ ʘ ʥʠʥʛ״

ʉʘʨʬ ʢʦʵʬʬʠʮʠʝʥʪʠʥʠʥʛ ʘʥʠץ ץʠʡʤʘʪʠ ʘʩʙʦʙʥʠʥʛ ˄ʟʠʥʠ ʜʘʨʘʞʘʣʘʰʜʘ 

ʘʥʠץʣʘʥʘʜʠ. 

ʊʠʨץʠʰʣʠ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨʜʘ ʙʦʩʠʤ ʜʠʬʤʘʥʦʤʝʪʨ ʦʨץʘʣʠ ˄ʣʯʘʥʘʜʠ. 

ʉʘʨʬ ˄ʣʯʘʛʠʯ ʙʠʣʘʥ ʜʠʬʤʘʥʦʤʝʪʨ ˄ʨʪʘʩʠʜʘʛʠ ʧʥʝʚʤʘʪʠʢ ʥʘʡʥʠʥʛ ʫʟʫʥʣʠʛʠ 35 

ʤ ʜʘʥ, ʜʠʬʤʘʥʦʤʝʪʨ ʚʘ ʠʢʢʠʣʘʤʯʠ ʘʩʙʦʙʣʘʨʥʠ ʫʣʦʚʯʠ ʥʘʡʥʠʥʛ ʫʟʫʥʣʠʛʠ ʵʩʘ 

300 ʤʝʪʨʜʘʥ ʦʰʤʘʩʣʠʛʠ ʢʝʨʘʢ. ɶʣʯʘʰ ʯʝʛʘʨʘʩʠ 10...50 ʤ
3
/ʩʦʘʪ ʙ˄ʣʛʘʥ 

 .ʫʨʠʣʤʘʥʠʥʛ ʘʩʦʩʠʡ ʭʘʪʦʩʠ Ñ3,5%ץ

 

 

4.5- Ä. ʕʃɽʂʊʈʆʄɸɻʅʀʊ ʉɸʈʌ ɶʃʏɸɻʀʏʃɸʈ 

ʕʣʝʢʪʨʦʤʘʛʥʠʪ (ʠʥʜʫʢʮʠʦʥ) ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ 

ʪʘʰץʠ ʤʘʛʥʠʪ ʤʘʡʜʦʥʠ ʪʘʲʩʠʨʠʜʘ ʵʣʝʢʪʨ ʪʦʢʠʥʠ ˄ʪʢʘʟʫʚʯʠ ʩʫʶץʣʠʢ ʦץʠʤʠʜʘ 

 ʥʠ ˄ʣʯʘʰʛʘ ʘʩʦʩʣʘʥʛʘʥ. ʀʥʜʫʢʮʠʦʥ ʩʘʨʬ ˄ʣʯʘʛʠʯʥʠʥʛ פʦʩʠʣ ʙ˄ʣʛʘʥ ʕʖ״

ʩʭʝʤʘʩʠ 4.7-ʨʘʩʤʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥ. 

ʄʘʛʥʠʪʥʠʥʛ N ʚʘ S ץʫʪʙʣʘʨʠ ʦʨʘʩʠʜʘ ʤʘʛʥʠʪ ʤʘʡʜʦʥʠ ʢʫʯ ʯʠʟʠץʣʘʨʠ 

ʡ˄ʥʘʣʠʰʠʛʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʨʘʚʠʰʜʘ ʩʫʶץʣʠʢ ץʫʚʫʨʠ 1 ˄ʪʘʜʠ. פʫʚʫʨʥʠʥʛ 

ʤʘʛʥʠʪ ʤʘʡʜʦʥʠʜʘʥ ˄ʪʘʜʠʛʘʥ ץʠʩʤʠ ʥʦʤʘʛʥʠʪ ʤʘʪʝʨʠʘʣ (ʬʪʦʨʦʧʣʘʩʪ, ʵʙʦʥʠʪ ʚʘ 

ʙʦʰץʘʣʘʨ) ʜʘʥ ʪʘʡʸʨʣʘʥʘʜʠ. פʫʚʫʨ ʜʝʚʦʨʣʘʨʠʜʘ ʙʠʨ-ʙʠʨʠʛʘ ʜʠʘʤʝʪʨʘʣ ץʘʨʘʤʘ-

 ʘʨʰʠ ʡ˄ʥʘʣʛʘʥ ˄ʣʯʘʰ ʵʣʝʪʢʨʦʜʣʘʨʠ 2 ˄ʨʥʘʪʠʣʛʘʥ. ʄʘʛʥʠʪ ʤʘʡʜʦʥʠ ʪʘʲʩʠʨʠʜʘץ

ʩʫʶץʣʠʢʜʘʛʠ ʠʦʥʣʘʨ ״ʘʨʘʢʘʪʛʘ ʢʝʣʘʜʠ ʚʘ ˄ʟ ʟʘʨʷʜʣʘʨʠʥʠ ˄ʣʯʘʰ ʵʣʝʢʪʨʦʜʣʘʨʠʛʘ 

ʙʝʨʠʙ, ʫʣʘʨʜʘ ʕʖʂ ״ʦʩʠʣ ץʠʣʘʜʠ. ʆץʠʤ ʪʝʟʣʠʛʠʛʘ ʤʫʪʘʥʦʩʠʙ, ʕʖʂ ʥʠʥʛ 
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 ʠʡʤʘʪʠ, ʤʘʛʥʠʪ ʤʘʡʜʦʥʠ ˄ʟʛʘʨʤʘʩ ʙ˄ʣʛʘʥʜʘ, ʵʣʝʢʪʨʦʤʘʛʥʠʪ ʠʥʜʫʢʮʠʷʩʠʥʠʥʛץ

ʘʩʦʩʠʡ ʪʝʥʛʣʘʤʘʩʠ ʦʨץʘʣʠ ʘʥʠץʣʘʥʘʜʥ: 

E=BȚDȚv˄ʨʪ       (4.16) 

ʙʫ ʝʨʜʘ, ɺ ðʤʘʛʥʠʪ Ϩʫʪʙʣʘʨʠ ʦʨʘʣʠʛʠʜʘ ϲoʩʠʣ ʙ˄ʣʛʘʥ ʵʣʝʢʪʨ ʤʘʛʥʠʪ ʠʥʜʫʢʮʠʷ, ʊʣ; D 

ð Ϩʫʚʫʨʥʠʥʛ ʠʯʢʠ ʜʠʘʤʝʪʨʠ (ʵʣʝʢʪʨʦʜʣʘʨ ʦʨʘʩʠʜʘʛʠ ʤʘʩʦʬʘ), ʤ; v˄ʨʪ ðʦϨʠʤʥʠʧʛ ˄ʨʪʘʯʘ 

ʪʝʟʣʠʛʠ, ʤ/ʩ. 

ʊʝʟʣʠʢʥʠ Q ״ʘʞʤʠʡ ʩʘʨʬ ʦʨץʘʣʠ ʠʬʦʜʘʣʘʩʘʢ 

Q
D

B
E
p

4
=           (4.17) 

ɹʫ ʠʬʦʜʘʜʘʥ ˄ʟʛʘʨʤʘʩ ʤʘʛʥʠʪ ʤʘʡʜʦʥʠʜʘ ʕʖʂ ʥʠʥʛ 

 .ʘʜʠץʨʠ ʤʫʪʘʥʦʩʠʙ ʵʢʘʥʣʠʛʠ ʢʝʣʠʙ ʯʠס˄ʠʡʤʘʪʠ ʩʘʨʬʛʘ ʪץ

ʀʥʜʫʢʮʠʦʥ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ ʵʣʝʢʪʨ ʪ˄ʢʘʟʠʰ ץʦʙʠʣʠʷʪʠ 

10
-3
... 

10
-5
ʩʤ/ʤ ʜʘʥ ʢʘʤ ʙ˄ʣʤʘʛʘʥ ʩʫʶץʣʠʢʣʘʨʜʘ ʠʰʣʘʪʠʣʘʜʠ. 

ɶʟʛʘʨʤʘʩ ʤʘʛʥʠʪ ʤʘʡʜʦʥʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʠʥʜʫʢʮʠʦʥ 

ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨʥʠʥʛ ʘʩʦʩʠʡ ʢʘʤʯʠʣʛʠ ð ʤʘʛʥʠʪ 

ʵʣʝʢʪʨʦʜʣʘʨʠʜʘ ץʫʪʙʣʘʥʠʰ ʚʘ ʛʘʣʴʚʘʥʠʢ ʕʖʂʥʠʥʛ ʧʘʡʜʦ 

ʙ˄ʣʠʰʠʜʘʜʠʨ. ɹʫ ʢʘʤʯʠʣʠʢʣʘʨ ״ʘʨʘʢʘʪʜʘʛʠ ʩʫʶץʣʠʢʜʘ ʤʘʛʥʠʪ ʤʘʡʜʦʥ 

ʪʦʤʦʥʠʜʘʥ ʠʥʜʫʢʮʠʷʣʘʥʛʘʥ ʕʖפ ʥʠ ʪ˄סʨʠ ˄ʣʯʘʰʛʘ ʡ˄ʣ ץ˄ʡʤʘʡʜʠ ʸʢʠ 

 ʠʡʠʥʣʘʰʪʠʨʘʜʠ.                                                                                            ʐʫʥʠʥʛץ

ʫʯʫʥ, ˄ʟʛʘʨʤʘʩ ʤʘʛʥʠʪ ʤʘʡʜʦʥʠʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ ʩʫʶץ ʤʝʪʘʣʣʘʨ, 

ʩʫʶץʣʠʢʥʠʥʛ ʧʫʣʴʩʣʘʥʫʚʯʠ ʦץʠʤʠ ʩʘʨʬʠʥʠ ˄ʣʯʘʰʜʘ ʚʘ ץʫʪʙʣʘʥʠʰ ˄ʟ 

ʪʘʲʩʠʨʠʥʠ ʢ˄ʨʩʘʪʠʰʛʘ ʫʣʛʫʨʤʘʡʜʠʛʘʥ ץʠʩץʘ ʚʘץʪʣʠ ˄ʣʯʘʰʣʘʨʜʘ ʠʰʣʘʪʠʣʘʜʠ. 

 ʦʟʠʨ ʠʥʜʫʢʮʠʦʥ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨʥʠʥʛ ʢ˄ʧʯʠʣʠʛʠʜʘ ˄ʟʛʘʨʫʚʯʘʥ ʤʘʛʥʠʪ׳

ʤʘʡʜʦʥʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. ɸʛʘʨ ʤʘʛʥʠʪ ʤʘʡʜʦʥ Ű ʚʘץʪʜʘ f ʯʘʩʪʦʪʘ ʙʠʣʘʥ 

˄ʟʛʘʨʩʘ, ʕʖʂ ץʫʡʠʜʘʛʠ ʪʝʥʛʣʘʤʘ ʦʨץʘʣʠ ʘʥʠץʣʘʥʘʜʠ: 

tp
p

f
D

BQ
E ÖÖ

Ö

ÖÖ
= 2sin

4 max                  (4.18) 

ʙʫ ʝʨʜʘ, 

tp f

B
B

Ö
=

2sin
max ðʠʥʜʫʢʮʠʷʥʠʥʛ ʘʤʧʣʠʪʫʜʘ ץʠʡʤʘʪʠ. 

1

2

3

N S

4.7ïʨʘʩʤ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪ 

ʩʘʨʬ ˄ʣʯʘʛʠʯ 

ʩʭʝʤʘʩʠ 
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ɶʟʛʘʨʫʚʯʘʥ ʤʘʛʥʠʪ ʤʘʡʜʦʥʠʜʘ ʵʣʝʢʪʨʦʢʠʤʚyʠʡ ʞʘʨʘʸʥʣʘʨ ˄ʟʛʘʨʤʘʩ 

ʤʘʡʜʦʥʛʘ ץʘʨʘʛʘʥʜʘ ʢʘʤʨʦץ ʪʘʲʩʠʨ ʢ˄ʨʩʘʪʘʜʠ. ɶʟʛʘʨʫʚʯʘʥ ʤʘʛʥʠʪ ʤʘʡʜʦʥʣʠ 

ʠʥʜʫʢʮʠʦʥ ʩʘʨʬ ˄ʣʯʘʛʠʯʥʠʥʛ ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ 4.8-ʨʘʩʤʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥ. 

ʏʠʟʤʘʜʘ ץʫʡʠʜʘʛʠ ʙʝʣʛʠʣʘʨ ץʘʙʫʣ ץʠʣʠʥʛʘʥ: ʉɹʕɶ ð ˄ʟʛʘʨʫʚʯʘʥ ʤʘʛʥʠʪ 

ʤʘʡʜʦʥʣʠ ʩʘʨʬ ˄ʣʯʘʛʠʯʥʠʥʛ ʙʠʨʣʘʤʯʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪ ˄ʟʛʘʨʪʛʠʯʠ; ʄʘʛʥʠʪ 

ʤʘʡʜʦʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪ 4 ʸʨʜʘʤʠʜʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠ: ʆʂðʦʨʘʣʠץʜʘʛʠ ˄ʣʯʘʰ 

ʢʫʯʘʡʪʠʨʛʠʯʠ 0...5 ʤɸ ˄ʛʟʘʨʤʘʩ ʪʦʢ ʯʠץʠʰ ʩʠʛʥʘʣʠʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ˄ʟʛʘʨʪʛʠʯ; 

ɶɸð˄ʣʯʦʚ ʘʩʙʦʙʠ, ʠʥʪʝʛʨʘʪʦʨ ʚʘ ״ʦʢʘʟʦ; R ð ץʘʨʰʠʣʠʢ. 

 ʠʩʤʠ ʠʯʠʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪ 4 ʸʨʜʘʤʠʜʘ ʪʝʥʛץ ʫʚʫʨ 1 ʥʠʥʛ ʥʦʤʘʛʥʠʪפ

ʙ˄ʣʠʥʤʘʣʠ  

ʤʘʛʥʠʪ ʤʘʡʜʦʥ ״ʦʩʠʣ ʙ˄ʣʘʜʠ. ʉʫʶץʣʠʢʜʘ ʤʘʛʥʠʪ 

ʤʘʡʜʦʥʠ ʪʘʲʩʠʨʠʜʘ ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʕʖʂ ʩʫʶץʣʠʢ 

capʬʠʛʘ ʪ˄סʨʠ ʤʫʪʘʥʦʩʠʙ ʙ˄ʣʠʙ, ʵʣʝʢʪʨʦʜʣʘʨ 2 ʚʘ 3 

ʦʨץʘʣʠ ʦʨʘʣʠץʜʘʛʠ ˄ʣʯʘʰ ʢʫʯʘʡʪʠʨʛʠʯʠʛʘ 

ʫʟʘʪʠʣʘʜʠ, ʙʫ ʝʨʜʘ,ʥ ʩʘʨʬʛʘ ʤʫʪʘʥʦʩʠʙ ʢʫʯʣʘʥʛʘʥ 

ʩʠʛʥʘʣ ʯʠץʘʜʠ. ʂʫʯʣʘʥʛʘʥ ʩʠʛʥʘʣ ʩʘʨʬ ʙʠʨʣʠʛʠʜʘ 

ʜʘʨʘʞʘʣʘʥʛʘʥ ˄ʣʯʘ h ʘʩʙʦʙʠʛʘ ʢʝʣʘʜʠ. 

ʋʥʠʬʠʢʘʮʠʷʣʘʰʛʘʥ ʵʣʝʢʪʨ ʯʠץʠʰ ʩʠʛʥʘʣʠʥʠʥʛ (ʆ...5ʤɸ) ʤʘʚʞʫʜʣʠʛʠ 

ʠʢʢʠʣʘʤʯʠ ʥʘʟʦʨʘʪ ʘʩʙʦʙʣʘʨʠʥʠ ˄ץ ʣʣʘʰʛʘ ʠʤʢʦʥ ʙʝʨʘʜʠ. 

 

ʀʥʜʫʢʮʠʦʥ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ ʙʠʨ ץʘʪʦʨ ʘʬʟʘʣʣʠʢʣʘʨʛʘ ʵʛʘ. 

ɹʫʣʘʨ ʠʥʝʨʮʠʦʥ ʵʤʘʩ, ʙʫ ״ʦʣ ʪʝʟ ˄ʟʛʘʨʫʚʯʘʥ ʩʘʨʬʣʘʨʥʠ 

˄ʣʯʘʰʜʘ ʚʘ ʫʣʘʨʥʠ ʘʚʪʦʤʘʪʠʢ ʨʦʩʪʣʘʰ ʪʠʟʠʤʣʘʨʠʜʘ ʠʰʣʘʪʠʰʜʘ 

ʞʫʜʘ ʤʫ״ʠʤ. ɶʣʯʘʰ ʥʘʪʠʞʘʣʘʨʠʛʘ ʩʫʶץʣʠʢʜʘʛʠ ʟʘʨʨʘʯʘʣʘʨ ʚʘ ʛʘʟ ʧʫʬʘʢʯʘʣʘʨʠ 

ʪʘʲʩʠʨ ץʠʣʤʘʡʜʠ. ʉʘʨʬ ˄ʣʯʘʛʠʯʥʠʥʛ ʢ˄ʨʩʘʪʠʰʣʘʨʠ ˄ʣʯʘʥʘʸʪʛʘʥ ʩʫʶץʣʠʢ 

ʭʫʩʫʩʠʷʪʣʘʨʠʛʘ (ץʦʚʫʰʦץʣʠʢ, ʟʠʯʣʠʢ) ʚʘ ʦץʠʤ ʭʘʨʘʢʪʝʨʠʛʘ (ʣʘʤʠʥʘʨ, 

ʪʫʨʙʫʣʝʥʪ) ʙʦסʣʠץ ʵʤʘʩ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨʥʠʥʛ ʢʘʤʯʠʣʠʢʣʘʨʠʛʘ ʣ˄ʯʘʥʘʸʪʛʘʥ ʤʫ״ʠʪ 

ʵʣʝʢʪʨ ˄ʪʢʘʟʫʚʯʘʥʣʠʛʠ ץʠʡʤʘʪʠʥʠʥʛ ʤʠʥʠʤʘʣʣʠʛʠʛʘ ץ˄ʡʠʣʛʘʥ ʪʘʣʘʙʥʠ ʢʠʨʠʪʠʰ 

1

23

R

4

ʉɹʕ?

? ?

? ?

4.8 ï ʨʘʩʤ. ɶʟʛʘʨʫʚʯʘʥ 

ʤʘʛʥʠʪ ʤʘʡʜʦʥʣʠ 

ʠʥʜʫʢʮʠʦʥ ʩʘʨʬ 
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ʣʦʟʠʤ, ʙʫ ʫʣʘʨʥʠ ץ˄ʣʣʘʥʠʰ ʜʦʠʨʘʩʠʥʠ ʯʝʢʣʘʡʜʠ. ɶʣʯʘʰ ʩʭʝʤʘʩʠʥʠʥʛ 

ʤʫʨʘʢʢʘʙʣʠʛʠ. 

ʀʥʜʫʢʮʠʦʥ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ 1...2500 ʤ
3
/ʩʦʘʪ ʚʘ ʫʥʜʘʥ ʢʘʪʪʘ ʯʝʛʘʨʘʜʘ 

ʜʠʘʤʝʪʨʠ 3...1000 ʤʤ ʚʘ ʫʥʜʘʥ ʢʘʪʪʘ ץʫʚʫʨʣʘʨʜʘ, ʩʫʶץʣʠʢʥʠʥʛ ʯʠʟʠץʣʠ ʪʝʟʣʠʛʠ 

0,6... 10 ʤ/ʩ ʛʘʯʘ ʙ˄ʣʛʘʥʜʘ, ʩʘʨʬ ˄ʣʯʘʰʣʘʨʥʠ ʪʘʲʤʠʥʣʘʡ ʦʣʘʜʠ. ɸʩʙʦʙʣʘʨʥʠʥʛ 

ʘʥʠץʣʠʢ ʩʠʥʬʠ 0,6; 1; 1,5; 2; 2,5. 

4.6- Ä. ʋʃʔʊʈɸʊʆɺʋʐʃʀ,  ʀʉʉʀפʃʀʂ ɺɸ  ʀʆʅʃʀ ʉɸʈʌ 

ɶʃʏɸɻʀʏʃɸʈ 

ʀʬʣʦʩʣʘʥʛʘʥ, ʪʝʟ ʢʨʠʩʪʘʣʣʘʥʘʜʠʛʘʥ ʚʘ 

ʘʛʨʝʩʩʠʚ ʩʫʶץʣʠʢʣʘʨ, ʰʫʥʠʥʛʜʝʢ, ʪʝʟ ˄ʟʛʘʨʫʚʯʘʥ 

ʚʘ ʧʫʣʴʩʣʘʥʫʚʯʠ ʦץʠʤʣʘʨ, ʘʡʥʠץʩʘ, ʵʣʝʢʪʨ 

˄ʪʢʘʟʤʘʡʜʥʛʘʥ ʩʫʶץʣʠʢʣʘʨ ʩʘʨʬʠʥʠ ˄ʣʯʘʰʜʘ 

ʠʥʜʫʢʮʠʦʥ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨʥʠ ʠʰʣʘʪʠʙ ʙ˄ʣʤʘʛʘʥ 

 ʫʨʠʣʤʘʣʘʨʜʘʥץ ʦʣʣʘʨʜʘ ʫʣʴʪʨʘʪʦʚʫʰʣʠ״

ʬʦʡʜʘʣʘʥʠʣʘʜʠ. ʉʘʨʬ ˄ʣʯʘʰʥʠʥʛ 

ʫʣʴʪʨʘʪʦʚʫʰʣʠ ʫʩʫʣʠ ץʫʚʫʨʛʘ ʥʠʩʙʘʪʘʥ 

ʫʣʴʪʨʘʪʦʚʫʰ ʪʝʟʣʠʛʠʥʠʥʛ ʦץʠʤ ʪʝʟʣʠʛʠʛʘ 

ʙʦסʣʠץʣʠʛʠʛʘ ʘʩʦʩʣʘʥʛʘʥ. ʊʦʚʫʰ ʪ˄ʣץʠʥʠʥʠʥʛ 

 ʘʣʠʰʠʜʘ ʪʦʚʫʰʥʠʥʛץʠʪʜʘ ʪʘʨ״ʘʨʘʢʘʪʜʘʛʠ ʤʫ״

ʤʘʥʙʘʜʘʥ ץʘʙʫʣ ץʠʣʫʚʯʠ ץʫʨʠʣʤʘʛʘ ʝʪʠʙ ʙʦʨʠʰ 

ʪʝʟʣʠʛʠ ʬʘץʘʪ ʪʦʚʫʰʥʠʥʛ ʪʝʟʣʠʛʠʛʘ ʵʤʘʩ, ʙʘʣʢʠ 

 ʙ˄ʣʘʜʠ. ʉʘʨʬ ˄ʣʯʘʰʥʠʥʛ ץʣʠסʘʤ ʙʦ״ ʠʪʥʠʥʛ ʪʝʟʣʠʛʠʛʘ״ʠʣʫʚʯʠ ʤʫץ ʘʨʘʢʘʪ״

ʫʣʴʪʨʘʪʦʚʫʰʣʠ ʧʨʠʥʮʠʧʠ ʰʫʥʛʘ ʘʩʦʩʣʘʥʛʘʥ. ɸʛʘʨ ʪʦʚʫʰ ʪ˄ʣץʠʥʠ ʦץʠʤ 

ʡ˄ʥʘʣʠʰʠʜʘ ״ʘʨʘʢʘʪ ץʠʣʩʘ, ʫʣʘʨʥʠʥʛ ʪʝʟʣʠʛʠ ץ˄ʰʠʣʘʜʠ, ʪʦʚʫʰ ʦץʠʤʛʘ ץʘʨʰʠ 

ʡ˄ʥʘʣʩʘ, ʪʝʟʣʠʢʣʘʨ ʘʡʠʨʤʘʩʠ ʪʦʧʠʣʘʜʠ. ʋʣʴʪʨʘʪʦʚʫʰʥʠʥʛ ʦץʠʤ ʙ˄ʡʠʯʘ ʚʘ ʫʥʛʘ 

 ʘʸʪʛʘʥץʠʤ ʪʝʟʣʠʛʠʛʘ, ʙʠʥʦʙʘʨʠʥ, ʦץʠ ʦץʘʨʰʠ ʡ˄ʥʘʣʠʰʜʘʛʠ ʪʝʟʣʠʛʠʥʠʥʛ ʬʘʨץ

ʩʫʶץʣʠʢ ʩʘʨʬʠʛʘ ʤʫʪʘʥʦʩʠʙ. ʫʣʴʪʨʘʪʦʚʫʰʣʠ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨʥʠʥʛ ʠʰʣʘʰ 

ʧʨʠʥʮʠʧʠ ץʫʡʠʜʘʛʠʣʘʨʛʘ ʘʩʦʩʣʘʥʛʘʥ: 

1) ʫʣʴʪʨʘʪʦʚʫʰʥʠʥʛ ʦץʠʤ ʙ˄ʡʣʘʙ ʚʘ ʫʥʛʘ ץʘʨʰʠ ʡ˄ʥʘʣʠʰʜʘʛʠ ʚʘץʪ 

ʪʘʬʦʚʫʪʠʥʠ ˄ʣʯʘʰ;  

4.9 ï ʨʘʩʤ. ʋʣʴʪʨʘʪʦʚʫʰʣʠ 
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2) ʫʣʴʪʨʘʪʦʚʫʰ ʪʝʙʨʘʥʠʰʣʘʨʠʥʠʥʛ ʦץʠʤ  ʙ˄ʡʣʘʙ ʚʘ ʫʥʛʘ ץʘʨʰʠ 

ʡ˄ʥʘʣʠʰʜʘʛʠ ʪʝʙʨʘʥʠʰʣʘʨʠ ʬʘʟʘʣʘʨʠʥʠʥʛ ʩʠʣʞʠʰʠʥʠ ˄ʣʯʘʰ; 

3) ʘʚʪʦʪʝʙʨʘʥʠʰʣʘʨ ʩʭʝʤʘʩʠ ʚʫʞʫʜʛʘ ץʝʣʪʠʨʛʘʥ ʚʘ ʰʫ ʙʠʣʘʥ ʙʠʨʛʘ 

ʦץʠʤ ʙ˄ʡʣʘʙ ״ʘʤʜʘ ʫʥʛʘ ץʘʨʰʠ ʠ˄ʥʘʣʠʰʜʘ ״ʦʩʠʣ ʢʠʣʠʥʛʘʥ ʫʣʴʪʨʘʪʦʚʫʰ 

ʪʝʙʨʘʥʠʰʣʘʨʠ ʯʘʩʪʦʪʘʩʠʥʠʥʛ ʘʡʠʨʤʘʩʠʥʠ ˄ʣʯʘʰ. 

ʋʣʴʪʨʘʪʦʚʫʰʣʠ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨʜʘʥ ʙʠʨʠʥʠʥʛ ʪʫʟʠʣʠʰ ʩʭʝʤʘʩʠ 4.9 - 

ʨʘʩʤʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥ. ɹʫ ʘʩʙʦʙ ʠʢʢʠ ʢʘʥʘʣʣʠ ʬʘʟʘʚʠʡ ʩʭʝʤʘ ʙ˄ʡʠʯʘ ʠʰʣʘʡʜʠ. 

ʋʣʴʪʨʘʪʦʚʫʰʣʠ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ ץʫʡʠʜʘʛʠ ʘʩʦʩʠʡ ץʠʩʤʣʘʨʜʘʥ ʠʙʦʨʘʪ: ʋʊɻ-

ʫʣʴʪʨʘʪʦʚʫʰ ʛʝʥʝʨʘʪʦʨʠʥʠʥʛ ʪʘʲʤʠʥʣʘʰ ʤʘʥʙʘʠ; ʅɶ1, ʚʘ ʅɶ2 ʥʫʨʣʘʥʫʚʯʠ 

˄ʟʛʘʨʪʢʠʯʣʘʨ; פʇ1 ʚʘ פʇ2-ץʘʙʫʣ ץʠʣʫʚʯʠ ʧʴʝʟʦ˄ʟʛʘʨʪʢʠʯʣʘʨ; ʌפ-ʬʘʟʘ 

˄ʟʛʘʨʪʠʨʫʚʯʠ ץʫʨʠʣʤʘ, ʬʘʟʘʚʠʡ ʩʠʣʞʠʰʣʘʨʥʠ ˄ʟʛʘʨʪʛʠʯʣʘʨ ʢʘʥʘʣʠ 

ʘʩʠʤʤʝʪʨʠʷʩʠ ʡ˄ʣʠ ʙʠʣʘʥ ʙʘʨʪʘʨʘʬ ʵʪʘʜʠ; ʂ-ʵʣʝʢʪʨʦʥ ʢʫʯʘʡʪʠʨʛʠʯ, ɶɸ - ˄ʣʯʘʰ 

ʘʩʙʦʙʠ. ɶʣʯʘʰ ʘʩʙʦʙʠ ʩʘʨʬ ʙʠʨʣʠʛʠʜʘ ʜʘʨʘʞʘʣʘʥʘʜʠ. ʇʴʝʟʦʵʣʝʤʝʥʪʣʘʨ 

ʩʠʬʘʪʠʜʘ, ʢ˄ʧʠʥʯʘ, ʙʘʨʠʡ ʪʠʪʘʥʘʪʜʘʥ ʠʰʣʘʥʛʘʥ ʧʣʘʩʪʠʥʢʘʣʘʨ ʠʰʣʘʪʠʣʘʜʠ. 

ʇʴʝʟʦʵʣʝʤʝʥʪʣʘʨ ʢʚʘʨʮ, ʪʠʪʘʥʘʪʮʠʨʢʦʥʠʡ, ʩʦʧʦʣ ״ʘʤʜʘ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥ 

ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ.  

ʋʣʴʪʨʦʪʦʚʫʰ ʠʤʧʫʣʴʩʣʘʨʠ ץʫʚʫʨ ˄ץʠʛʘ ʰʫʥʜʘʡ ʙʫʨʯʘʢʜʘ ʶʙʦʨʠʣʘʜʠʢʠ, 

ʫʣʘʨʥʠʥʛ ʙʠʨ ʢʘʥʘʣʜʘʛʠ ʡ˄ʥʘʣʠʰʠ ʦץʠʤ ʡ˄ʥʘʣʠʰʠʛʘ ʤʦʩ ʢʝʣʩʠʥ, ʠʢʢʠʥʯʠ 

ʢʘʥʘʣʜʘʛʠ ʡ˄ʥʘʣʠʰʠ ʵʩʘ ʦʢʠʤʛʘ ץʘʨʰʠ ʙʦʨʘʜʠ. ʉʫʶץʣʠʢ ״ʘʨʘʢʘʪʩʠʟ ʙʫʣʛʘʥ 

ʧʘʡʪʜʘ ʠʤʧʫʣʴʩʥʠ D ʤʘʩʦʬʘʛʘ ʫʟʘʪʠʰ ʚʘץʪʠ ץʫʡʠʜʘʛʠʯʘ 

aC

D
=t          (4.19) 

ʙʫ ʝʨʜʘ, Ű-ʠʤʧʫʣʴʩʥʠ ʫʟʘʪʠʰ ʚʘץʪʠ, ʩ; ʉʘ-ʩʫʶץʣʠʢʜʘʛʠ ʪʦʚʫʰʥʠʥʛ 

ʪʘʨץʘʣʠʰ ʪʝʟʣʠʛʠ, ʤ/ʩ. 

ɸʛʘʨ ʩʫʶץʣʠʢ v ʪʝʟʣʠʢʜʘ ״ʘʨʘʢʘʪ ץʠʣʩʘ, ʡ˄ʥʘʣʠʰʜʘʛʠ ʪʦʚʫʰʥʠʥʛ 

ʪʘʨץʘʣʠʰ ʪʝʟʣʠʢ ʢʦʤʧʦʥʝʥʪʠ v cos 0 ʢʘʙʠ ʠʬʦʜʘʣʘʥʘʜʠ. ʀʤʧʫʣʴʩʥʠʥʛ 

ʥʫʨʣʘʥʫʚʯʠ ʤʘʥʙʘʣʘʨ ʦʨʘʩʠʜʘʛʠ ʦץʠʤ ʡ˄ʥʘʣʠʰʠʜʘ ʪʘʨץʘʣʠʰʠ: 

q
t

cos
1

Ö+
=

vC

D

a

      (4.20) 

ʦץʠʤʛʘ ץʘʨʰʠ ʡ˄ʥʘʣʠʰʜʘ ʪʘʨץʘʣʠʰʠ: 
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q
t

cos
2

Ö-
=

vC

D

a

      (4.21) 

ʀʢʢʘʣʘ ʢʘʥʘʣʜʘʛʠ ʯʘʩʪʦʪʘʣʘʨ ʬʘʨץʠ: 

D

v
fff

qcos
21

Ö
=-=D     (4.22) 

æf - ʯʘʩʪʦʪʘʣʘʨ ʬʘʨץʠ, ɻʮ; ɗ-ʩʫʶץʣʠʢʜʘ ʪ˄ʣץʠʥʣʘʨʥʠʥʛ ʪʘʨץʘʣʠʰ, ʙʫʨʯʘʛʠ 

ʐʫʥʜʘʡ ץʠʣʠʙ, ʩʫʶץʣʠʢ ״ʘʨʘʢʘʪʠʥʠʥʛ ʪʝʟʣʠʛʠʥʠ ʢʫʨʩʘʪʫʚʯʠ ʯʘʩʪʦʪʘʣʘʨ 

ʬʘʨץʠ ʬʘץʘʪ ʰʫ ʪʝʟʣʠʢʢʘ ʙʦסʣʠץ. ʋʣʴʪʨʘʪʦʚʫʰ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ ʩʘʨʬʥʠ 

ʢʦʥʪʘʢʪʩʠʟ ˄ʣʯʘʰʥʠ ʪʘʲʤʠʥʣʘʡʜʘ ʚʘ  ʙʦʰץʘ ʫʩʫʣʣʘʨʥʠ ץ˄ʣʣʘʙ ʙ˄ʣʤʘʛʘʥ 

 ʦʣʣʘʨʜʘ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. ʄʫʨʘʢʢʘʙʣʠʛʠ ʪʫʬʘʡʣʠ ʙʫ aʩʙʦʙʣʘʨ ʢʝʥʛ״

ʪʘʨץʘʣʤʘʛʘʥ. ʋʣʘʨʥʠʥʛ ʢʘʪʪʘ ʢʘʤʯʠʣʠʢʣʘʨʠ: ʘʩʙʦʙ ʢʫʨʩʘʪʠʰʛʘ ˄ʣʯʘʥʘʸʪʛʘʥ 

ʤʫʭʠʪʥʠʥʛ ʬʠʟʠʢ-ʢʠʤʸʚʠʡ ʭʦʩʩʘʣʘʨʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ ״ʘʤʜʘ ʤʫ״ʠʪʥʠʥʛ ״ʘʨʦʨʘʪʠ, 

ʫʣʴʪʨʘʪʦʚʫʰ ʪʝʟʣʠʛʠʛʘ ʪʘʩʠʨ ʵʪʘʜʠ. ɸʩʙʦʙʥʠʥʛ ʘʩʦʩʠʡ ʭʘʪʦʩʠ ˄ʣʯʘʰ ʯʝʛʘʨʘʩʠ 

(7000 ʣ/ʩʦʘʪ)ʥʠʥʛ Ñ2% ʠʥʠ ʪʘʰʢʠʣ ץʠʣʘʜʠ. 

ʀʩʩʠץʣʠʢ (ʢʘʣʦʨʠʤʝʪʨʠʢ) ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ 

ʩʫʶץʣʠʢ ʸʢʠ ʛʘʟ ʦץʠʤʠʥʠʥʛ ʸʨʜʘʤʯʠ ʵʥʝʨʛʠʷ ʤʘʥʙʘʠ ʸʨʜʘʤʠʜʘ ץʠʟʜʠʨʠʣʠʰʠʛʘ 

ʘʩʦʩʣʘʥʛʘʥ. ɹʫ ʵʥʝʨʛʠʷ ʤʘʥʙʘʠ ʦץʠʤ ʪʝʟʣʠʛʠ ʚʘ ץʠʟʜʠʨʫʚʯʠ ץʫʨʠʣʤʘʣʘʨʜʘʛʠ 

ʠʩʩʠץʣʠʢ ʩʘʨʬʠʛʘ ʙʦסʣʠʢ ʙ˄ʣʛʘʥ ״ʘʨʦʨʘʪʣʘʨ ʬʘʨץʠʥʠ ʚʫʞʫʜʛʘ ʢʝʣʪʠʨʘʜʠ. ɸʛʘʨ 

ʦʢʠʤʥʠʥʛ ʘʪʨʦʬ - ʤʫ״ʠʪʛʘ ʙʝʨʛʘʥ ʠʩʩʠץʣʠʛʠʥʠ ʵʲʪʠʙʦʨʛʘ ʦʣʤʘʩʘʢ ץʠʟʜʠʨʫʚʯʠ 

ʘʩʙʦʙ ʩʘʨʬʣʘʥʛʘʥ ʚʘ ʦץʠʤʛʘ ʫʟʘʪʠʣʛʘʥ ʠʩʩʠץʣʠʢ ˄ʨʪʘʩʠʜʘʛʠ  ʠʩʩʠץʣʠʢ ʙʘʣʘʥʩʠ 

ʪʝʥʛʣʘʤʘʩʠ ץʫʠʠʜʘʛʠʯʘ ʙ˄ʣʘʜʠ: 

gt=KȚQmȚCpȚæt           (4.23) 

ʙʫ ʝʨʜʘ, gt - ץʠʟʜʠʨʠʨʛʠʯʥʠʥʛ ʩʫʶץʣʠʢ ʸʢʠ ʛʘʟʛʘ ʙʝʨʛʘʥ ʠʩʩʠץʣʠʢ 

ʤʠץʜʦʨʠ, ɺʪ; ʂ - ץʫʚʫʨ ʢʝʩʠʤʠ ʙ˄ʡʠʯʘ ״ʘʨʦʨʘʪʥʠʥʛ ʥʦʪʝʢʠʩ ʪʘʨץʘʣʠʰʠʛʘ 

ʪʫʟʘʪʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ; Qm - ʤʫ״ʠʪʥʠʥʛ ʤʘʩʩʘ ʩʘʨʬʠ, ʢʛ/ʩ; ʉp - ʤʫ״ʠʪʥʠʥʛ 

˄ʟʛʘʨʤʘʩ ʙʦʩʠʤʜʘʛʠ ʩʦʣʠʰʪʠʨʤʘ ʠʩʩʠץʣʠʢ ʩʠסʠʤʠ, ɾ/ (ʢʛ ʢ); æt-ʦץʠʤ 

 ,ʠץʠʡʤʘʪʠʥʠʥʛ ʬʘʨץ ʠʟʜʠʨʠʰʜʘʥ ʘʚʚʘʣʛʠ ʚʘ ʢʝʡʠʥʛʠ ˄ʨʪʘʯʘץ ʘʨʦʨʘʪʠʥʠʥʛ״
0
ʂ. 

ʂʘʣʦʨʠʤʝʪʨʠʢ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨʜʘ ʦץʠʤʛʘ ʠʩʩʠץʣʠʢ, ʦʜʘʪʜʘ, ʵʣʝʢʪʨ 

 ʦʣʜʘ״ ʘʣʠ ʙʝʨʠʣʘʜʠ. ɹʫץʠʟʜʠʨʛʠʯ ʦʨץ

gt=0.24ȚI
2
ȚR         (4.24) 

(4.23) ʚʘ (4.24) ʠʬʦʜʘʣʘʨ ʘʩʦʩʠʜʘ ʤʘʩʩʘ ʩʘʨʬʥʠ ʪʦʧʘʤʠʟ: 
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224.0
  (4.25) 

ʂʘʣʦʨʠʤʝʪʨʠʢ  ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ ʠʢʢʠ ʛʫʨʫ״ʛʘ ʙ˄ʣʠʥʘʜʠ. ʋʣʘʨʜʘʥ 

ʙʠʨʠʥʯʠʩʠʜʘ ʩʘʨʬ ץʠʟʜʠʨʛʠʯ ʠʩʪʝʲʤʦʣ ץʠʣʛʘʥ ץʫʚʚʘʪ ʤʠץʜʦʨʠʜʘʥ ʘʥʠץʣʘʥʘʜʠ. 

ɹʫ ץʫʚʚʘʪ ˄ʟʛʘʨʤʘʩ  

 

 ʠ æt ʥʠץʘʨʦʨʘʪʣʘʨ ʬʘʨ״

ʪʘʲʤʠʥʣʘʡʜʠ. ʀʢʢʠʥʯʠ ʛʫʨʫ״ʜʘʛʠ 

ʢʘʣʦʨʠʤʝʪʨʠʢ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ ʩʘʨʬ 

 ʫʚʚʘʪʜʘʛʠץ ʠʟʠʪʛʠʯʛʘ ʙʝʨʠʣʛʘʥ ˄ʟʛʘʨʤʘʩץ

æt ״ʘʨʦʨʘʪʣʘʨ ʬʘʨץʠʜʘʥ ʘʥʠץʣʘʥʘʜʠ. 

 ʠ, ʦʜʘʪʜʘ, ʪʝʨʤʦʞʫʬʪʣʘʨץʘʨʦʨʘʪʣʘʨ ʬʘʨ׳

ʸʢʠ ץʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠ ʦʨץʘʣʠ 

˄ʣʯʘʥʘʜʠ. פʘʨʰʠʣʠʢ ʪʝʨʤʦʤʝʪʨʣʘʨʠʥʠ ʙʠʨ 

ʤʝʲʸʨʣʠ ʦץʠʤ ʢʝʩʠʤʠʥʠ ץʦʧʣʘʡʜʠʛʘʥ ʪ˄ʨ ʰʘʢʣʠʜʘ ʪʘʡʸʨʣʘʙ, ʢʝʩʠʤ ʙ˄ʡʠʯʘ 

˄ʨʪʘʯʘ ״ʘʨʦʨʘʪʥʠ ˄ʣʯʘʰ ʤʫʤʢʠʥ. ɶʣʯʘʥʘʸʪʛʘʥ ʤʫ״ʠʪ ʦʜʘʪʜʘ, 1...3
0
ʉ ʛʘ 

 ʫʚʚʘʪץ ʠʣʠʥʛʘʥץ ʠʟʜʠʨʠʣʘʜʠ, ʰʫʥʠʥʛ ʫʯʫʥ, ʩʘʨʬ ˄ʣʯʘʥʛʘʥ ʧʘʡʪʜʘʛʠ ʠʩʪʝʲʤʦʣץ

ʢʘʪʪʘ ʙ˄ʣʤʘʡʜʠ. ʄʦʜʜʘ ʩʘʨʬʠʥʠ ˄ʣʯʘʰʜʘ, ʢ˄ʧʠʥʯʘ, ʠʢʢʠʥʯʠ ʛʫʨʫ״ ʩʘʨʬ 

˄ʣʯʘʛʠʯʣʘʨʠ ʠʰʣʘʪʠʣʘʜʠ.  

4.10-ʨʘʩʤʜʘ ʠʢʢʠʥʯʠ ʛʫʨʫ״ ʩʘʨʬ ˄ʣʯʘʛʠʯʥʠʥʛ ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ 

ʪʘʩʚʠʨʣʘʥʛʘʥ. ʉʘʨʬ ˄ʣʯʘʛʠʯʛʘ ʢʝʪʤʘ-ʢʝʪ ʫʣʘʥʛʘʥ ʠʢʢʠʪʘ ץʘʨʰʠʣʠʢ 

ʪʝʨʤʦʤʝʪʨʣʘʨʘ 1 ʚʘ 2 ˄ʨʥʘʪʠʣʛʘʥ. 

ʊʝʨʤʦʤʝʪʨʣʘʨʥʠʥʛ ʢʝʪʤʘ-ʢʝʪ ʫʣʘʥʠʰʠ ʫʣʘʨʜʘʛʠ ʪʦʢʥʠʥʛ ʪʝʥʛʣʠʛʠʥʠ 

ʪʘʲʤʠʥʣʘʡʜʠ. ɹʫ ״ʦʣ ʪʝʨʤʦʤʝʪʨʣʘʨʥʠ ץʠʟʠʪʛʠʯ 3 ʜʘʥ ʘʚʚʘʣʛʠ ʚʘ ʫʥʜʘʥ ʢʝʡʠʥʛʠ 

 ʘʨʰʠʣʠʢפ .ʠ ʙ˄ʡʠʯʘ ʜʘʨʘʞʘʣʘʰʛʘ ʠʤʢʦʥ ʙʝʨʘʜʠץʘʨʦʨʘʪʣʘʨ ʬʘʨ״

ʪʝʨʤʦʤʝʪʨʣʘʨʠʥʠʥʛ ʠʢʢʠ ʪʠʨʩʘʛʠ R1 ʚʘ R2 ʜʦʠʤʠʡ ץʘʨʰʠʣʠʢʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʛʘʥ 

ʢ˄ʧʨʠʢ ʪʠʨʩʘʢʣʘʨʠʛʘ ʫʣʘʥʘʜʠ. 

ʂʘʣʦʨʠʤʝʪʨʠʢ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨʥʠʥʛ ʘʬʟʘʣʣʠʢʣʘʨʠ ð ʶץʦʨʠ ʘʥʠץʣʠʢ 

ʩʠʥʬʠʛʘ ʵʛʘ (ʭʘʪʦʩʠ Ñ0,5...1%); ˄ʣʯʘʰ ʜʠʘʧʘʟʦʥʠ ʢʘʪʪʘ (10:1); ʧʫʣʴʩʣʘʥʫʚʯʠ ʚʘ 

ʢʠʯʠʢ ʩʘʨʬʣʘʨʥʠ ˄ʣʯʘʰ ʠʤʢʦʥʠ ʙʦʨ. ɹʫ ʘʩʙʦʙʣʘʨʥʠʥʛ ʢʘʤʯʠʣʠʛʠ ð ʙʝʨʠʣʛʘʥ 

1 23

Rt
Rt

R1 R2

v

4.10 ï ʨʘʩʤ. ʂʘʣʦʨʠʤʝʪʨʠʢ ʩʘʨʬ 

˄ʣʯʘʛʠʯ ʩʭʝʤʘʩʠ 
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 ʫʚʚʘʪʠʥʥʛ ʜʦʠʤʠʡʣʠʛʠʥʠץ ʠʤʥʠ ʠʩʠʪʠʰ ʫʯʫʥ ʵʣʝʢʪʨץʠ ʚʘ ʦץʘʨʦʨʘʪʣʘʨ ʬʘʨ״

ʘʚʪʦʤʘʪʠʢ ʨʘʚʠʰʜʘ ʩʘץʣʘʰ ʤʫʨʘʢʢʘʙ. ʂʘʣʦʨʠʤʝʪʨʠʢ ʩʘʨʬ ˄ʣʯʘʛʠʯʣʘʨ ʘʩʦʩʘʥ 

ʛʘʟʣʘʨ ʩʘʨʬʠʥʠ ˄ʣʯʘʰ ʫʯʫʥ ʠʰʣʘʪʠʣʘʜʠ. 

ɻʘʟʣʘʨ ʩʘʨʬʠʥʠ ˄ʣʯʘʰ ʫʯʫʥ ʠʦʥʣʠ ˄ʣʯʘʰ ʫʩʫʣʠʜʘʥ ʬʦʡʜʘʣʘʥʠʰ 

ʤʫʤʢʠʥ. ɹʫ ʫʩʫʣ ץʫʚʫʨʜʘʥ ˄ʪʘʸʪʛʘʥ ʛʘʟʣʘʨʥʠʥʛ ʨʘʜʠʦʘʢʪʠʚ ʥʫʨʣʘʥʠʰ 

ʤʘʥʙʘʣʘʨʠ ʸʨʜʘʤʠʜʘ ʜʘʚʨʠʡ ʠʦʥʣʘʥʠʰʠʛʘ ʘʩʦʩʣʘʥʛʘʥ. ɻʘʟʥʠʥʛ ʠʦʥʣʘʰʛʘʥ 

 ʘʙʫʣץ ʥʫʨʣʘʥʠʰ (ץʣʠסʪ ʛʘʟ ʪʝʟʣʠʛʠʛʘ ʙʦץʙʫ ʚʘ) ʪ ˄ʪʛʘʯץʠʩʤʠ ʤʘʲʣʫʤ ʚaץ

 ʦʩʠʣ ʙ˄ʣʘʜʠ. ʐʫʥʜʘʥ ʩ˄ʥʛ״ ʠʣʛʠʯʠʛʘ ʙʦʨʘʜʠ ʚʘ ʙʫ ʝʨʜʘ, ʪʦʢ ʠʤʧʫʣʴʩʠץ

ʠʤʧʫʣʴʩ ʢʫʯʣʘʥʘʜʠ ʚʘ ʙʠʨ ץʘʪʦʨ ˄ʟʛʘʨʪʠʰʣʘʨʜʘʥ ʩ˄ʥʛ ʩʘʨʬ ʙʠʨʣʠʛʠʛʘ 

ʢʝʣʪʠʨʠʣʘʜʠ. ʐʫ ʙʠʣʘʥ ʙʠʨʛʘ ״ʘʨʘʢʘʪʜʘʛʠ ʦץʠʤʛʘ ʚʘץʪʠ-ʚʘץʪʠ ʙʠʣʘʥ ʠʟʦʪʦʧʣʠ 

ʨʘʜʠʦʘʢʪʠʚ ʥʠʰʦʥʣʘʨ ʢʠʨʠʪʠʣʘʜʠ. ɹʫ ʥʠʰʦʥʣʘʨʜʘʥ ʯʠץʘʜʠʛʘʥ ʠʤʧʫʣʴʩʣʘʨ 

 ʘʪʦʨ ˄ʟʛʘʨʪʫʚʯʠ ʵʣʝʤʝʥʪʣʘʨץ ʘʣʠ ʪʫʪʠʣʘʜʠ ʚʘץʫʨʠʣʤʘ ʦʨץ ʠʣʫʚʯʠץ ʘʙʫʣץ

ʸʨʜʘʤʠʜʘ ˄ʣʯʘʰ ʘʩʙʦʙʠʛʘ ʫʟʘʪʠʣʘʜʠ. 

ʀʦʥʣʠ ʘʩʙʦʙʣʘʨ ʠʰʜʘ סʦʷʪ ץʫʣʘʡ ʚʘ ʠʰʦʥʯʣʠ, ʘʤʤʦ ʫʣʘʨʥʠ ʠʰʣʘʪʠʰ, 

 ʘʪʠʰ ʚʘ ʪʘʲʤʠʨʣʘʰ ʫʯʫʥ ʤʘʭʩʫʩ ʭʠʟʤʘʪ ʭʦʥʘ, ʭʠʟʤʘʪ ʢ˄ʨʩʘʪʫʚʯʠ ʭʦʜʠʤʣʘʨסʟ˄ץ

ʪʘʣʘʙ ץʠʣʠʥʘʜʠ, ʨʘʜʠʘʢʪʠʚ ʥʫʨʣʘʥʠʰʜʘʥ ʪʝʛʠʰʣʠ ״ʠʤʦʷ ʢʝʨʘʢ ʙ˄ʣʘʜʠ. ʐʫʥʠʥʛ 

ʫʯʫʥ, ʘʤʘʣʜʘ ʩʘʨʬʥʠ ˄ʣʯʘʰ ʫʯʫʥ ʥʝʡʪʨʘʣ ʥʫʨʣʘʥʠʰ, ʤʘʩʘʣʘʥ, ʫʣʴʪʨʘʪʦʚʫʰ 

ʥʫʨʣʘʥʠʰ ʤʘʲץʫʣʨʦץ. 

 

 

4.7-Ä. ʉʋʖפʃʀʂ ɺɸ ɻɸɿʃɸʈ ʄʀפɼʆʈʀʅʀ ɶʃʏɸʐ 

ʉʫʶץʣʠʢ ʚʘ ʛʘʟʣʘʨ ʤʠץʜʦʨʠʥ ˄ʣʯʘʰʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘʥ ״ʠʩʦʙʣʘʛʠʯʣʘʨ 

˄ʟʣʘʨʠʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠʛʘ ʢ˄ʨʘ ״ʘʞʤ, ʪʝʟʣʠʢ ʚʘ ʚʘʟʥ ״ʠʩʦʙʣʘʛʠʯʣʘʨʠʛʘ 

ʙ˄ʣʠʥʘʜʠ. ʂ˄ʧʨʦ״ ץʘʞʤ ʚʘ ʪʝʟʣʠʢ ״ʠʩʦʙʣʘʛʠʯʣʘʨʠ ʠʰʣʘʪʠʣʘʜʠ. ɻʘʟ ʤʠץʜʦʨʠʥʠ 

˄ʣʯʘʰʜʘ ״ʘʞʤ ״ʠʩʦʙʣʘʛʠʯʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. 

ɺʘץʪ ʦʨʘʣʠסʠ t1 ð t2 ʜʘʛʠ ʦץʠʤ, ʤʘʩʩʘ ʚʘ ʵʥʝʨʛʠʷ ʡʠסʠʥʜʠʩʠʥʠ ʢ˄ʨʩʘʪʫʚʯʠ 

˄ʣʯʘʰ ʘʩʙʦʙʠ ״ʠʩʦʙʣʘʛʠʯ ʜʝʙ ʘʪʘʣʘʜʠ. ׳ʠʩʦʙʣʘʛʠʯʣʘʨ ˄ʟ ʬʫʥʢʮʠʷʩʠʥʠ 

 :ʙʘʞʘʨʘʜʠ ץʫʡʠʜʘʛʠ ʠʬʦʜʘʛʘ ʤʫʚʦʬʠץ

         t

t

t

dgQ Ö=ñ
2
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                         (4.26) 
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ʙʫ ʝʨʜʘ, Q ð ʚʘϨʪ ʦʨʘʣʠϤʠʜʘ ʩʘʨʬʣʘʥʘʜʠʛʘʥ ʤʦʜʜʘ ʤʠʢʜʦʨʠ; g ð ʚʘϨʪ ʙʠʨʣʠʛʠ ʠʯʠʜʘ 

ʤʦʜʜʘ ʸʢʠ ʵʥʝʨʛʠʷ ʩʘʨʬʠ. 

 ʘʞʤ ʙ˄ʡʠʯʘ, ʪʝʟʣʠʢ״ ʜʦʨʠʥʠץʠʩʦʙʣʘʛʠʯʣʘʨʠ ʤʦʜʜʘ ʤʠ״ ʘʞʤ׳

 ʘʤ״ ʠʩʦʙʣʘʛʠʯ״ ʠʤ ʪʝʟʣʠʛʠ ʙ˄ʡʠʯʘ ˄ʣʯʘʡʜʠ. ʀʢʢʘʣʘץʠʩʦʙʣʘʛʠʯʣʘʨʠ ʵʩʘ ʦ״

ʤʦʜʜʘʥʠʥʛ ʘʩʙʦʙ ʠʰʣʘʙ ʪʫʨʛʘʥ ʚʘץʪʜʘ ʫʥʜʘʥ ˄ʪʛʘʥ ʫʤʫʤʠʡ ʤʠץʜʦʨʠʥʠ 

ʢ˄ʨʩʘʪʘʜʠ. ʄʘʲʣʫʤ ʚʘץʪ ʦʨʘʣʠסʠʜʘʛʠ ʤʦʜʜʘ ʤʠץʜʦʨʠʥʠ ʘʥʠץʣʘʰ ʫʯʫʥ ʦʣʠʥʛʘʥ 

ʚʘץʪ ʦʨʘʣʠסʠʥʠʥʛ ʙʦʰʣʘʥʠʰʠ ʚʘ ʦʭʠʨʠʜʘʛʠ ״ʠʩʦʙʣʘʛʠʯ ʢ˄ʨʩʘʪʠʰʠʥʠ ʙʝʣʛʠʣʘʰ 

ʢʝʨʘʢ. ׳ʠʩʦʙʣʘʛʠʯ ʢ˄ʨʩʘʪʠʰʣʘʨʠʥʠʥʛ ʬʘʨץʠ ʰʫ ʚʘץʪ ʦʨʘʣʠסʠ ʠʯʠʜʘ ʘʩʙʦʙʜʘʥ 

˄ʪʛʘʥ ʤʦʜʜʘ ʤʠץʜʦʨʠʛʘ ʪʝʥʛ ʙ˄ʣʘʜʠ. 

ϱʘʞʤ ϲʠʩʦʙʣʘʛʠʯʣʘʨʠʥʠʥʛ ʠʰʣʘʰ ʧʨʠʥʮʠʧʠ ʩʫʶץʣʠʢ ʸʢʠ ʛʘʟ ʦץʠʤʠ 

ʤʫʘʡʷʥ ʤʠץʜʦʨʛʘ ð ʧʦʨʮʠʷ (ʜʦʟʘ) ʣʘʨʛʘ ʙ˄ʣʠʥʠʙ ʩʘʨʬʣʘʥʠʰʠ ʚʘ ʙʫ ʧʦʨʮʠʷʣʘʨ 

ʩʦʥʠʥʠ ״ʠʩʦʙʣʘʰ ʡ˄ʣʠ ʙʠʣʘʥ ʩʘʨʬʣʘʥʘʸʪʛʘʥ ʤʦʜʜʘ ʤʠץʜʦʨʠʥʠ ʘʥʠץʣʘʰʛʘ 

ʘʩʦʩʣʘʥʘʜʠ. 

ʉʘʨʬʣʘʥʘʸʪʛʘʥ ʧʦʨʮʠʷʣʘʨ ʩʦʥʠ ʡʠסʠʥʜʠʩʠ ״ʠʩʦʙʣʘʰ ʤʝʭʘʥʠʟʤʠ 

ʸʨʜʘʤʠʜʘ ʘʥʠץʣʘʥʘʜʠ. ׳ʘʞʤ ״ʠʩʦʙʣʘʛʠʯʣʘʨʠ ʘʩʦʩʘʥ ʪʦʟʘ, ʤʝʭʘʥʠʢ 

ʘʨʘʣʘʰʤʘʣʘʨʩʠʟ ʙ˄ʣʛʘʥ ʩʫʶץʣʠʢ ʚʘ ʛʘʟʣʘʨ ʤʠץʜʦʨʠʥʠ ˄ʣʯʘʰʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘʥ. 

ʋʣʘʨʥʠʥʛ ʘʩʦʩʠʡ ʘʬʟʘʣʣʠʢʣʘʨʠ ˄ʣʯʘʰ ʭʘʪʦʣʠʛʠʥʠʥʛ ʢʠʯʠʢʣʠʛʠ ʚʘ ˄ʣʯʘʰ 

ʯʝʛʘʨʘʩʠʥʠʥʛ ʢʘʪʪʘʣʠʛʠʜʠʨ. 

ʊʫʟʠʣʠʰʠʛʘ ʢ˄ʨʘ ״ʘʞʤ ״ʠʩʦʙʣʘʛʠʯʣʘʨʠ ʦʚʘʣʩʠʤʦʥ ʰʝʩʪʝʨʥʷʣʠ, 

ʨʦʪʘʮʠʦʥ, ʧʦʨʰʝʥʣʠ, ʜʠʘʬʨʘʛʤʘʣʠ, ʙʘʨʘʙʘʥʣʠ ʚʘ ʙʦʰץʘ ʭʠʣ ʪʫʨʣʘʨʛʘ ʙ˄ʣʠʥʘʜʠ. 

ʉʫʶץ ʤʦʜʜʘʣʘʨ ʤʠץʜʦʨʠʥʠ ˄ʣʯʘʰ ʫʯʫʥ ʦʚʘʣʩʠʤʦʥ ʰʝʩʪʝʨʥʷʣʠ ʚʘ 

ʧʦʨʰʝʥʣʠ ״ʠʩʦʙʣʘʛʠʯʣʘʨ ʢʝʥʛ ץ˄ʣʣʘʥʠʣʘʜʠ. 4.11-ʨʘʩʤʜʘ ʦʚʘʣʩʠʤʦʥ 

ʰʝʩʪʝʨʥʷʣʠ ״ʠʩʦʙʣʘʛʠʯʥʠʥʛ ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʩʠ ʢ˄ʨʩʘʪʠʣʛʘʥ. 
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4.11 ï ʨʘʩʤ. ʆʚʘʣʩʠʤʦʥ ʰʝʩʪʝʨʥʷʣʠ ״ʠʩʦʙʣʘʛʠʯ ʩʭʝʤʘʩʠ 

ʐʝʩʪʝʨʥʷʣʘʨ ʦץʠʤʥʠʥʛ ʢʠʨʠʰʠʛʘ ʢ˄ʨʘ ʙʠʨ-ʙʠʨʠʥʠ ʢʝʪʤʘ-ʢʝʪ ״ʘʨʘʢʘʪʛʘ 

ʢʝʣʪʠʨʘʜʠ. ʋʣʘʨ ʘʡʣʘʥʛʘʥʜʘ ʰʝʩʪʝʨʥʷ ʦʚʘʣʠ ʚʘ ˄ʣʯʘʰ ʢʘʤʝʨʘʩʠ ʜʝʚʦʨʠ ʙʠʣʘʥ 

ʯʝʢʣʘʥʛʘʥ ʩʫʶץʣʠʢʥʠʥʛ ʤʫʘʡʷʥ ״ʘʞʤʠ ʯʠץʘʨʠʙ ʶʙʦʨʠʣʘʜʠ. ʐʝʩʪʝʨʥʷʥʠʥʛ ʙʠʨ 

ʤʘʨʪʘ ʪʣ˄ʠץ ʘʡʣʘʥʠʰʠʛʘ ״ʠʩʦʙʣʘʛʠʯ ˄ʣʯʦʚ ʢʘʤʝʨʘʩʠʥʠʥʛ ״ʘʞʤʠ ʡʠסʠʥʜʠʩʠʛʘ 

ʪʝʥʛ ʙ˄ʣʛʘʥ ʪ˄ʨʪʪʘ ʤʘʲʣʫʤ ״ʘʞʤʜʘʛʠ ʩʫʶץʣʠʢ ʦץʠʙ ˄ʪʘʜʠ. ׳ʠʩʦʙʣʘʛʠʯʜʘʥ 

˄ʪʛʘʥ ʩʫʶץʣʠʢ ʤʠץʜʦʨʠ ʰʝʩʪʝʨʥʷʥʠʥʛ ʘʡʣʘʥʠʰʣʘʨ ʩʦʥʠʛʘ ʢ˄ʨʘ ʘʥʠץʣʘʥʘʜʠ. I 

 ʘʨʘʢfʪʠ״ ʣʠʢ ˄ʥʛ ʰʝʩʪʝʨʥʷʥʠ ʩʦʘʪ ʩʪʨʝʣʢʘʩʠץʦʣʘʪʜʘ (4.11-ʨʘʩʤ) ʩʫʶ״

ʡ˄ʥʘʣʠʰʠʜʘ ʘʡʣʘʥʪʠʨʘʜʠ, ˄ʥʛ ʰʝʩʪʝʨʥʷ ʵʩʘ ˄ʟ ʥʘʚʙʘʪʠʜʘ ʯʘʧ ʰʝʩʪʝʨʥʷʥʠ ʩʦʘʪ 

ʩʪʨʝʣʢʘʩʠ ״ʘʨʘʢʘʪʠ ʡ˄ʥʘʣʠʰʠʛʘ ץʘʨʰʠ ʘʡʣʘʥʪʠʨʘʜʠ. ɹʫ ״ʦʣʘʪʜʘ ˄ʥʛ ʰʝʩʪʝʨʥʷ 

ʩʫʶץʣʠʢʥʠʥʛ 1-ץʠʩʤʠʥʠ ʯʠץʘʨʠʙ ʪʘʰʣʘʡʜʠ. II ״ʦʣʘʪʜʘ ʰʝʩʪʝʨʥʷ ʩʫʶץʣʠʢʥʠʥʛ 

ʷʥʛʠ 2-ץʠʩʤʠʥʠ ʯʠץʘʨʘʜʠ. ɶʥʛ ʰʝʩʪʝʨʥʷ ʵʩʘ ʘʚʚʘʣ ʯʠץʘʨʠʣʛʘʥ 1-״ʘʞʤʥʠ 

 ʠʰʠʛʘ ʫʟʘʪʘʜʠ. ʀʰ ʧʘʡʪʠʜʘ ʘʡʣʘʥʪʠʨʫʚʯʠ ʤʦʤʝʥʪ ʠʢʢʘʣʘץʠʩʦʙʣʘʛʠʯʥʠʥʛ ʯʠ״

ʰʝʩʪʝʨʥʷʛʘ ״ʘʤ ʪʘʲʩʠʨ ץʠʣʘʜʠ. III ״ʦʣʘʪʜʘ ʯʘʧ ʰʝʩʪʝʨʥʷ ʝʪʘʢʣʦʚʯʠ ʙ˄ʣʠʙ, 

ʩʫʶץʣʠʢʥʠʥʛ 2-״ʘʞʤʠʥʠ ʯʠץʘʨʘʜʠ. IV ״ʦʣʘʪʜʘ ˄ʥʛ ʰʝʩʪʝʨʥʷ 3-״ʘʞʤʥʠ 

ʯʠץʘʨʠʰʥʠ ʪʘʤʦʤʣʘʡʜʠ, ʯʘʧ ʰʝʩʪʝʨʥʷ ʵʩʘ 2-״ʘʞʤʥʠ ״ʠʩʦʙʣʘʛʠʯʛʘ ʢʠʨʠʪʘʜʠ. V 

 ʘʤ ʷʨʠʤ ʘʡʣʘʥʠʰʥʠ״ ʘʨʠʣʘʜʠ, ʠʢʢʘʣʘ ʰʝʩʪʝʨʥʷץʘʞʤ ʙʘʪʘʤʦʤ ʯʠ״-ʦʣʘʪʜʘ 3״

ʙʘʞʘʨʠʙ ˄ʥʛ ʰʝʩʪʝʨʥʷ  ʷʥʘ ʝʪʘʢʣʦʚʯʠ ʙ˄ʣʠʙ ץʦʣʘʜʠ. ʐʝʩʪʝʨʥʷʣʘʨ 

ʘʡʣʘʥʠʰʠʥʠʥʛ ʠʢʢʠʥʯʠ ʷʨʠʤʠ ʶץʦʨʠʜʘʛʠʜʝʢ ˄ʪʘʜʠ. ʉʫʶץʣʠʢʥʠʥʛ ״ʘʞʤʠ 

ʰʝʩʪʝʨʥʷʣʘʨ ʘʡʣʘʥʠʰʠʛʘ ʤʦʩ.  

ʆʚʘʣʩʠʤʦʥ ʰʝʩʪʝʨʥʷʣʠ ʩʫʶץʣʠʢ ״ʠʩʦʙʣʘʛʠʯʣʘʨʠ 0,8...36 ʤ
3
/ʩʦʘʪ 

ʯʝʛʘʨʘʜʘʛʠ ˄ʣʯʘʰʣʘʨʥʠ ʪʘʲʤʠʥʣʘʡʜʠ. ʐʘʨʪʣʠ ˄ʪʠʰ ʜʠʘʤʝʪʨʣʘʨʠ 15...80 ʤʤ, 
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ʘʩʙʦʙʥʠʥʛ ʭʘʪʦʩʠ Ñ0,5%, ʠʰ ʙʦʩʠʤ 1,57 ʤʇʘ (16 ʢʛʢ/ʩʤ
2
 ʠʩʦʙʣʘʛʠʯ׳ .(

ʠʰʣʘʰʠʜʘ ץʫʚʫʨʜʘʛʠ ʙʦʩʠʤʥʠʥʛ ʡ˄ץʦʪʠʣʠʰʠ ʪʘʭʤʠʥʘʥ 0,02 ʄʇʘ (0,2 ʢʛʢ/ʩʤ
2
). 

ɻʘʟʩʠʤʦʥ ʤʦʜʜʘʣʘʨ ʤʠץʜʦʨʠʥʠ ˄ʣʯʘʰ ʫʯʫʥ ʜʠʘʬʨʘʛʤʘʣʠ, ʨʦʪʘʮʠʦʥ ʚʘ 

ʙʘʨʘʙʘʥʣʠ ״ʠʩʦʙʣʘʛʠʯʣʘʨ ʢʝʥʛ ץ˄ʣʣʘʥʠʣʘʜʠ. 4.12 ʨʘʩʤʜʘ ɻʂʌ ʪʫʨʠʜʘʛʠ 

ʜʠʘʬʨʘʛʤʘʣʠ ״ʠʩʦʙʣʘʛʠʯ ʩʭʝʤʘʩʠ ʢ˄ʨʩʘʪʠʣʛʘʥ. 

ɼʠʘʬʨʘʛʤʘ 1 ʙʠʣʘʥ ʙ˄ʣʠʥʛʘʥ 

 ʠʩʦʙʣʘʛʠʯʥʠʥʛ ʠʢʢʠ ʢʘʤʝʨʘʩʠ (I ʚʘ II) ʤʘʲʣʫʤ״

ʮʠʢʣ ʙ˄ʡʠʯʘ ʛʘʟʛʘ ʪ˄ʣʠʙ ʚʘ ʙ˄ʰʘʙ ʪʫʨʘʜʠ. ɹʫ 

ʢʘʤʝʨʘʣʘʨ ʨʠʯʘʛ 6  

ʦʨץʘʣʠ ʢʣʘʧʘʥʣʘʨ 3ð4 ʙʠʣʘʥ ʙʦסʣʘʥʛʘʥ ʙ˄ʣʠʙ, 

ʶץʦʨʠʛʠ  

ʢʣʘʧʘʥʣʘʨ ʙʝʨʢʠʣʛʘʥʜʘ ʛʘʟ I ʢʘʤʝʨʘʛʘ, ʧʘʩʪʢʠ 

ʢʣʘʧʘʥʣʘʨ 

ʙʝʢʠʣʛʘʥʜʘ II ʢʘʤʝʨʘʛʘ ˄ʪʘʜʠ. 

ɻʘʟ I ʢʘʤʝʨʘʛʘ ʢʠʨʛʘʥʜʘ ʫʥʠʥʛ ʙʦʩʠʤ ʢʫʯʠ ʜʠʘʬʨʘʛʤʘʥʠ ˄ʥʛ ʪʦʤʦʥʛʘ 

ʩʫʨʘʜʠ, II ʢʘʤʝʨʘ ʪʦʨʘʷ ʙoʰʣʘʡʜʠ ʚʘ ʫʥʜʘʛʠ ʛʘʟ ʤʠץʜʦʨʠ ʙʠʨ ʧʦʨʮʠʷ ʙ˄ʣʠʙ, 

ʪʝʰʠʢ 5 ʦʨץʘʣʠ ʩʘʨʬʛʘ ˄ʪʘʜʠ. ɼʠʘʬʨʘʛʤʘ ˄ʥʛʛʘ ʩʫʨʠʣʠʙ ʤʘʲʣʫʤ ʦʨʘʣʠץץʘ 

ʢʝʣʛʘʥʜʘ, ʨʠʯʘʛ 6 ʧʘʩʪʢʠ ʢʣʘʧʘʥʣʘʨʥʠ ʙʝʨʢʠʪʘʜʠ. ʕʥʜʠ ʛʘʟ II  ʢʘʤʝʨʘʛʘ ʡʠסʠʣʘʜʠ 

ʚʘ ʜʠʘʬʨʘʛʤʘʥʠ ʯʘʧʛʘ ʩʫʨʠʙ I ʢʘʤʝʨʘʜʘʛʠ ʛʘʟʥʠ ʪʝʰʠʢ 5 ʦʨʢʘʣʠ ʩʘʨʬʛʘ 

ʯʠץʘʨʘʜʠ. ɼʠʘʬʨʘʛʤʘ ʤʘʲʣʫʤ ʦʨʘʣʠץץʘ ʩʫʨʠʣʛʘʥʜʘ ʨʠʯʘʛ 6 ʵʥʜʠ ʶץʦʨʠ 

ʢʣʘʧʘʥʣʘʨʥʠ ʸʧʘʜʠ, ʛʘʟ I ʢʘʤʝʨʘʜʘ ʡʠסʠʣʘʜʠ. ʐʫʥʜʘʡ ץʠʣʠʙ, ʢʘʤʝʨʘʣʘʨʜʘʥ ʪʝʥʛ 

ʤʠץʜʦʨʘʛʠ ʛʘʟ ʧʦʨʮʠʷʣʘʨʠ ʤʘʲʣʫʤ ʮʠʢʣ ʙ˄ʡʠʯʘ ʩʘʨʬʛʘ ʯʠץʠʙ ʪʫʨʘʜʠ. 

ʈʠʯʘʛʥʠʥʛ ״ʘʨ ʙʠʨ ʮʠʢʣʜʘʛʠ ״ʘʨʘʢʘʪʠ ״ʠʩʦʙʣʘʛʠʯ 7 ʢ˄ʨʩʘʪʢʠʯʠʜʘ ״ʠʩʦʙʣʘʥʠʙ 

ʪʫʨʘʜʠ. 

ʈʦʪʘʮʠʦʥ ״ʠʩʦʙʣʘʛʠʯ (4.13-ʨʘʩʤ). ʢ˄ʧ ʤʠץʜʦʨʜʘʛʠ ʛʘʟ ״ʘʞʤʠʥʠ ˄ʣʯʘʰʛʘ 

ʤ˄ʣʞʘʣʣʘʥʛʘʥ. ɹʫ ʘʩʙʦʙʜʘ ˄ʣʯʦʚ 8 ʨʘץʘʤʠ ʢ˄ʨʠʥʠʰʠʜʘʛʠ ʠʢʢʠʪʘ ʨʦʪʦʨ I 

ʸʨʜʘʤʠʜʘ ʙʘʞʘʨʠʣʘʜʠ. ɹʫ ʨʦʪʦʨʣʘʨ סʠʣʦʬ 2 ʠʯʠʜʘ ʘʡʣʘʥʘʜʠ. ׳ʠʩʦʙʣʘʛʠʯʛʘ ʛʘʟ 

ʪ˄ʨʣʠ ʬʠʣʴʪʨʥʠʥʛ ʢʠʨʠʰ ʪʘʨʤʦסʠ ʦʨץʘʣʠ ʢʝʣʘʜʠ. ʈʦʪʦʨʣʘʨ ״ʠʩʦʙʣʘʛʠʯ ʢʠʨʠʰʠ 

ʚʘ ʯʠץʠʰʠʜʘʛʠ ʙʦʩʠʤʣʘʨ ʬʘʨץʠ ״ʠʩʦʙʠʛʘ ʘʡʣʘʥʘʜʠ. ʈʦʪʦʨʣʘʨʜʘʥ ʙʠʨʠ ʘʩʙʦʙʜʘʥ 

˄ʪʛʘʥ ʛʘʟ ״ʘʞʤʠʥʠ ʢ˄ʨʩʘʪʫʚʯʠ ״ʠʩʦʙʣʘʰ ʤʝʭʘʥʠʟʤʠ ʙʠʣʘʥ ʙʦסʣʘʥʛʘʥ. 

1 4 5
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3

2
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4.12 ï ʨʘʩʤ. ɻʌʂ ʪʫʨʠʜʘʛʠ 

ʛʘʟ              ״ʠʩʦʙʣʘʛʠʯ 
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 ʠʣʦʬ ʜʝʚʦʨʠ ʚʘ ʨʦʪʦʨʣʘʨס ʘʞʤʠ״ ʠʩʦʙʣʘʛʠʯʥʠʥʛ ˄ʣʯʘʰ׳

ʦʨʘʩʠʜʘʛʠ ʢʘʤʝʨʘ ʦʨץʘʣʠ ʘʥʠץʣʘʥʘʜʠ. 

ʈʦʪʘʮʠʦʥ ״ʠʩʦʙʣʘʛʠʯʣʘʨ 40...40 000 ʤ
3
/ʩʦʘʪ ʩʘʨʬʥʠ 

˄ʣʯʘʰʛʘ ʤ˄ʣʞʘʣʣʘʙ ʯʠץʘʨʠʣʘʜʠ. ʀʰ ʙʦʩʠʤʣʘʨʠ: 0,1: 0,6: 

1,6 ʚʘ 6,4 ʤʇɸ. ʐʘʨʪʣʠ ˄ʪʠʰ ʜʠʘʤʝʪʨʣʘʨʠ 50...1200 ʤʤ. 

ɸʩʙʦʙʣʘʨʥʠʥʛ ʘʥʠץʣʠʢ ʩʠʥʬʠ 1 ʚʘ 1,5. ׳ʠʩʦʙʣʘʛʠʯ ˄ʨʥʘʪʠʣʠʰʜʘʛʠ ʙʦʩʠʤ 

ʡ˄ץʦʪʠʣʠʰʠ 35...40 ʤʤ ʩʫʚ ʫʩʪ. ʜʘʥ ʦʰʤʘʡʜʠ. 

ʉʫʶץʣʠʢ ʤʠץʜʦʨʠʥʠ ˄ʣʯʘʡʜʠʛʘʥ ʪʝʟʣʠʢ ״ʠʩʦʙʣʘʛʠʯʣʘʨʠ ״ʘʨʘʢʘʪʜʘʛʠ 

ʦץʠʤʥʠʥʛ ˄ʨʪʘʯʘ ʪʝʟʣʠʛʠʥʠ ˄ʣʯʘʰ ʧʨʠʥʮʠʧʠʛʘ ʘʩʦʩʣʘʥʛʘʥ. 

ʉʫʶץʣʠʢ ʤʠץʜʦʨʠ ʦץʠʤ ״ʘʨʘʢʘʪʠ ʪʝʟʣʠʛʠ ʙʠʣʘʥ ץʫʡʠʜʘʛʠ ʥʠʩʙʘʪ ʦʨץʘʣʠ 

ʙʦסʣʘʥʛʘʥ: 

Q=v˄ʨʪȚS         (4.27) 

ʙʫ ʝʨʜʘ, Q ð ϲʘʞʤʠʡ ʩʘʨʬ ʤ
3
/ʩ; v˄pʪ ð ʦϨʠʤʥʠʥʛ ˄ʨʪʘʯʘ ʪʝʟʣʠʛʠ, ʤ/ʩ; S ð ʦϨʠʤʥʠʥʛ 

ʢ˄ʥʜʘʣʘʥʛ ʢʝʩʠʤ ʶʟʠ, ʤ
2
. 

ʆץʠʤ ʡ˄ʣʠʛʘ ˄ʨʥʘʪʠʣʛʘʥ ʧʘʨʨʘʢʣʘʨʥʠʥʛ ʘʡʣʘʥʠʰ ʩʦʥʠʛʘ ץʘʨʘʙ ʘʩʙʦʙʜʘʥ 

˄ʪʛʘʥ ʩʫʶץʣʠʢ ʤʠʢʜʦʨʠʥʠ ʘʥʠץʣʘʰ ʤʫʤʢʠʥ. ʇʘʨʨʘʢʣʘʨ ʘʠʣʘʥʠʰʠʥʠʥʛ ʪʝʟʣʠʛʠ 

ʦץʠʤ ʪʝʟʣʠʛʠʛʘ ʤʫʪʘʥʦʩʠʙʜʠʨ: 

n=KȚv˄ʨʪ              (4.28) 

ʙʫ ʝʨʜʘ, ʧ - ʧʘʨʨʘʢʣʘʨʥʠʥʛ ʘʡʣʘʥʠʰ ʩʦʥʠ, 1/ʩ; ʂ ð ʘʩʙʦʙʥʠʥʛ  ʛʝʦʤʝʪʨʠʢ ϲʘʞʤʠʛʘ 

ʙʦϤʣʠϨ ʙ˄ʣʛʘʥ ʜʦʡʤʠʡʩʠ, ʤ
-1

. 

ɸʛʘʨ (4.27) ʪʝʥʛʣʘʤʘʥʠ ʥʘʟʘʨʜʘ ʪʫʪʩʘʢ: 

S

Q
Kn Ö=          (4.29) 

ʇʘʨʨʘʢʣʘʨʥʠʥʛ Ű ʚʘץʪ  ʠʯʠʜʘʛʠ ʘʡʣʘʥʠʰʣʘʨ ʩʦʥʠ ʘʩʙʦʙʜʘʥ ʰʫ ʚʘץʪ ʠʯʠʜʘ 

˄ʪʛʘʥ ʤʦʜʜʘ ʩʘʨʬʠʛʘ ʤʫʪʘʥʦʩʠʙ: 

tt ÖÖ=Ö= Q
S

K
nN   (4.30) 

 

ʄ 

1 2

1

4.13 ï ʨʘʩʤ. 
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4.14 ï ʨʘʩʤ. ʉʧʠʨʘʣʩʠʤʦʥ ʧʘʨʨʘʢʣʠ ʩʫʶץʣʠʢ ״ʠʩʦʙʣʘʛʠʯʠ. 

ʇʘʨʨʘʢʣʘʨʥʠʥʛ ʰʘʢʣʠʛʘ ʢ˄ʨʘ ʪʝʟʣʠʢ ״ʠʩʦʙʣʘʛʠʯʣʘʨʠ ʠʢʢʠ ʛʫʨʫ״ʛʘ 

ʙ˄ʣʠʥʘʜʠ: ʩʧʠʨʘʣʩʠʤʦʥ ʚʘ ץʘʥʦʪʣʠ. 

ʉʧʠʨʘʣʩʠʤʦʥ ʧʘʨʨʘʢʣʘʨ ˄ʣʯʘʥʘʸʪʛʘʥ ʦץʠʤʛʘ ʥʠʩʙʘʪʘʥ ʧʘʨʨʘʣʣʝʣ, ץʘʥʦʪʣʠ 

ʧʘʨʨʘʢʣʘʨ ʵʩʘ ʦץʠʤ ˄ץʠʛʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʞʦʡʣʘʰʘʜʠ. ʉʧʠʨʘʣʩʠʤʦʥ ʧʘʨʨʘʢʣʠ 

ʪʝʟʣʠʢ ״ʠʩʦʙʣʘʛʠʯʣʘʨʠ ʢ˄ʧ ʤʠץʜʦʨʜʘʛʠ ʩʫʚ ʩʘʨʬʠʥʠ ˄ʣʯʘʰʜʘ ʠʰʣʘʪʠʣʘʜʠ. 

4.14- ʨʘʩʤʜʘ ʩʧʠʨʘʣʩʠʤʦʥ (ʛʦʨʠʟʦʥʪʘʣ) ʧʘʨʨʘʢʣʠ ʩʫʚ ״ʠʩʦʙʣʘʛʠʯ ʢ˄ʨʩʘʪʠʣʛʘʥ. 

ʉʫʶץʣʠʢ ʦץʠʤʠ ʘʩʙʦʙʥʠʥʛ ʢʦʨʧʫʩʠʛʘ ʢʝʣʠʙ, ʰʘʨʨʘ ʪ˄סʨʠʣʘʛʠʯ 5 ʦʨץʘʣʠ ʢ˄ʧ 

ʢʠʨʠʤʣʠ ʚʠʥʪ ʰʘʢʣʠʜʘ ʠʰʣʘʥʛʘʥ ʧʘʨʨʘʢ ʢʫʨʘʢʯʘʣʘʨʠ 2 ʛʘ ʡ˄ʥʘʣʘʜʠ. 

ʇʘʨʨʘʢʥʠʥʛ ʘʡʣʘʥʠʰʠ ʯʝʨʚʷʢʣʠ ʞʫʬʪ 6 ʚʘ ʫʟʘʪʠʰ ʤʝʭʘʥʠʟʤʠ 3 ʦʨץʘʣʠ 

 .ʠʩʦʙʣʘʰ ʤʝʭʘʥʠʟʤʠ 4 ʛʘ ʫʟʘʪʠʣʘʜʠ״

ɹʫ ״ʠʩʦʙʣʘʛʠʯʣʘʨ 50...200 ʤʤ ʰʘʨʪʣʠ ˄ʪʠʰʛʘ ʤ˄ʣʞʘʣʣʘʥʠʙ, ʩʘʨʬʠʥʠ 

70...1700 ʤ
3
/ʩʦʘʪ ʚʘ Ñ2...3% ʭʘʪʦ ʙʠʣʘʥ ˄ʣʯʘʡʜʠ. ʄʫ״ʠʪʥʠʥʛ ʙʦʩʠʤʠ 0,98 ʤʇʘ 

(10 ʢʛʢ/ʩʤ
2
) ʜʘʥ ʦʰʤʘʩʣʠʛʠ ʢʝʨʘʢ. 

ʉʫʶץʣʠʢʥʠ ʧʘʨʨʘʢʢʘ ʫʟʘʪʠʰ ʫʩʫʣʠʛʘ ʢ˄ʨʘ ץʘʥʦʪʣʠ ״ʠʩʦʙʣʘʛʠʯʣʘʨ ʙʠʨ 

ʰʘʨʨʘʣʠ ʚʘ ʢ˄ʧ ʰʘʨʨʘʣʠ ʙ˄ʣʘʜʠ. 
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4.15-ʨʘʩʤʜʘ ʙʠʨ ʰʘʨʨʘʣʠ (ʘ) ʚʘ ʢ˄ʧ ʰʘʨʨʘʣʠ (ʙ) ״ʠʩʦʙʣʘʛʠʯʣʘʨ ʩʭʝʤʘʩʠ 

ʢ˄ʩʘʪʠʣʛʘʥ. ɹʫ ״ʠʩʦʙʣʘʛʠʯʣʘʨʜʘ ʩʫʶץʣʠʢ ʘʩʙʦʙʥʠʥʛ ʧʘʨʨʘʢʣʘʨʠʛʘ ʪʘʥʛʝʥʮʠʘʣʴ 

ʨʘʚʠʰʜʘ ʡ˄ʥʘʣʪʠʨʠʣʘʜʠ. ʇʘʨʨʘʢʣʠ 

 ʠʤʜʘץʠʩʦʙʣʘʛʠʯʣʘʨ ʘʛʨʝʩʩʠʚ ʙ˄ʣʤʘʛʘʥ ʦ״

ʠʰʣʘʩʘ ʚʘ ʦץʠʤ ״ʘʨʦʨʘʪʠ 30Áʉ ʜʘʥ ʦʰʤʘʩʘ, 

ʫʣʘʨʥʠʥʛ ʧʘʨʨʘʛʠ ʧʣʘʩʪ-ʤʘʩʩʘʜʘʥ ʪʘʡʸʨʣʘʥʘʜʠ. 

ʆץʠʤ ״ʘʨʦʨʘʪʠ 90Áʉ ʜʘʥ ʶץʦʨʠ ʙ˄ʣʩʘ, ʧʘʨʨʘʢʣʘʨ 

ʞʝʟʜʘʥ ʪʘʡʸʨʣʘʥʘʜʠ. 

 

4.8- Ä. ʉʆʏʀʃʋɺʏɸʅ ʄɸʊɽʈʀɸʃʃɸʈ ɺɸ ɼʆʅɸʃʀ 

ɹʋʖʄʃɸʈʅʀʅɻ ʄʀפɼʆʈʀʅʀ ɶʃʏɸʐ 

ʊʫʨʣʠ ʭʠʣ ʩʦʯʠʣʫʚʯʘʥ ʤʘʪʝʨʠʘʣʣʘʨʥʠ ˄ʣʯʘʰ ʚʘ ʤʝʲʸʨʣʘʰ, ʩʦʯʠʣʫʚʯʘʥ 

ʙʫʶʤʣʘʨʥʠ ״ʠʩʦʙʛʘ ʦʣʠʰ ʚʦʩʠʪʘʣʘʨʠ ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ, ʦʨʪʠʰ-

ʪʫʰʠʨʠʰ ʠʰʣʘʨʠʥʠ ʚʘ ʩʘʚʜʦ-״ʠʩʦʙ ʦʧʝʨʘʮʠʷʣʘʨʠʥʠ ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰʜʘ ʢʝʥʛ 

 ʣʣʘʥʠʣʘʜʠ. ɹʫʥʜʘʡ ˄ʣʯʘʰ ʚʦʩʠʪʘʣʘʨʠʛʘ ʜʦʟʘʪʦʨʣʘʨ, ʪʘʨʦʟʠʣʘʨ, ʚʘ ʪʫʨʣʠ ʭʠʣ˄ץ

ʪʝʥʟʦʨʝʟʠʩʪʦʨʣʠ ˄ʟʛʘʨʪʢʠʯʣʘʨ ʢʠʨʘʜʠ. 

ʊʘʨʦʟʠ ð ץʘʪʪʠץ, ʩʦʯʠʣʫʚʯʘʥ ʸʢʠ ʩʫʶץ ʤʦʜʜʘʣʘʨʥʠʥʛ ʤʘʩʩʘʩʠʥʠ ˄ʣʯʘʰ 

ʫʯʫʥ ʤ˄ʣʞʘʣʣʘʥʛʘʥ ˄ʣʯʘʰ ʚʦʩʠʪʘʩʠʜʠʨ. ʊʘʨʦʟʠʣʘʨ, ʦʜʘʪʜʘ, ʪʦʨʪʠʰ 

ʧʨʠʥʮʠʧʠʛʘ, ʤʫʚʦʟʘʥʘʪʣʦʚʯʠ ʤʦʤʝʥʪʥʠ ʚʫʞʫʜʛʘ ʢʝʣʪʠʨʠʰ ʫʩʣʫʙʠ, ץ˄ʣʣʘʥʠʰ 

ʩʦ״ʘʩʠ, ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʣʛʘʥʣʠʢ ʜʘʨʘʞʘʩʠ, ʪʦʨʪʠʰ ʯʝʛʘʨʘʩʠʛʘ ʚʘ ʭʦʢʘʟʦʛʘ ʢ˄ʨʘ 

ʪʘʩʥʠʬʣʘʥʘʜʠ. 

ʊʦʨʪʠʰ ʧʨʠʥʮʠʧʠʛʘ ʢʨ˄ʘ ʪʘʨʦʟʠʣʘʨ ʜʠʩʢʨʝʪ (ʜʘʚʨʠʡ) ʚʘ ʫʟʣʫʢʩʠʟ 

ʠʰʣʘʡʜʠʛʘʥ ʪʘʨʦʟʠʣʘʨʛʘ ʘʞʨʘʣʘʜʠ. ʄʫʚʦʟʘʥʘʪʣʦʚʯʠ ʤʦʤʝʥʪʥʠ ʚʫʞʫʜʛʘ 

ʢʝʣʪʠʨʠʰ ʫʩʣʫʙʠʛʘ ʢʨ˄ʘ ʪʘʨʦʟʠʣʘʨ ʠʢʢʠ ʛʫʨʫ״ʛʘ ʙʫʣʠʥʘʜʠ: ʤʝʭʘʥʠʢ (ʰʘʡʠʥʣʠ 

ʚʘ ʧʨʫʞʠʥʘʣʠ) ʚʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢ ʪʘʨʦʟʠʣʘʨ. פʣ˄ʣʘʥʠʰ ʩʦ״ʘʩʠ ʚʘ ʪʦʨʪʠʰ 

ʯʝʛʘʨʘʨʘʨʠʛʘ ʢʨ˄ʘ ʪʘʨʦʟʠʣʘʨ ʫʤʫʤʠʡ ʚʘʟʠʬʘʥʠ ʙʘʞʘʨʫʚʯʠ ʣʘʙʦʨʘʪʦʨʠʷ 

ʪʘʨʦʟʠʣʘʨʠʛʘ, ʪʝʭʥʦʣʦʛʠʢ ʪʘʨʦʟʠʣʘʨʛʘ; ʘʚʪʦʤʘʪʣʘʰʪʠʨʠʰ ʜʘʨʘʞʘʩʠʛʘ ʢ˄ʨʘ 

ʥʦʘʚʪʦʤʘʪʠʢ ʚʘ ʘʚʪʦʤʘʪʠʢ ʪʘʨʦʟʠʣʘʨʛʘ ʙ˄ʣʠʥʘʜʠ. 

ɼʦʟʘʪʦʨʣʘʨ ð ʩʦʯʠʣʫʚʯʘʥ (ʚʘ ʩʫʶץ) ʤʘʪʝʨʠʘʣʣʘʨʥʠʥʛ ʤʘʩʩʘʣʘʨʠ ʸʢʠ 

 ʫʨʠʣʤʘʜʠʨ. ɼʦʟʘʪʦʨʣʘʨץ ʘʞʤʣʘʨʠʥʠ ʘʚʪʦʤʘʪʠʢ ʣ˄ʯʘʙ ʙʝʨʫʚʯʠ (ʜʦʟʘʣʦʚʯʠ)״

ʘ

ʙ

4.15 ï ʨʘʩʤ. ɹʠʨ ʰʘʨʨʘʣʠ 

(ʘ) ʚʘ ʢ˄ʧ ʰʘʨʨʘʣʠ (ʙ) 

 ʠʩʦʙʣʘʛʠʯʣʘʨ״




