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                                            ʆʛʣʘʚʣʝʥʠʝ 

 

ɺʚʝʜʝʥʠʝéééééééééééééééééééééééé 
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Ä 1.5. ʈʘʟʚʝʪʚʣʝʥʥʳʝ ʮʝʧʥʳʝ ʨʝʘʢʮʠʠééééééééééé.é 

Ä 1.6. ʊʝʦʨʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷéééééééééééé.. 
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Ä 2.1. ʋʜʘʨʥʘʷ ʚʦʣʥʘéééééééééééééééééé.é. 

Ä 2.2. ɼʝʪʦʥʘʮʠʷééééééééééééééééééééé. 

Ä 2.3. ɼʝʪʦʥʘʮʠʦʥʥʦʝ ʩʛʦʨʘʥʠʝ ʪʦʧʣʠʚʘééééééééééé.. 
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Ä 3.1. ʈʘʩʯʝʪ ʢʦʤʧʦʥʝʥʪʦʚ  ʛʦʨʶʯʝʡ ʩʨʝʜʳ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ           
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Ä 3.4. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʧʨʝʜʝʣʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠéé 
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                                               ɺʚʝʜʝʥʠʝ 

     

   ʊʝʯʝʥʠʝ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʘʚʠʩʷʪ ʦʪ 

ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʨʦʝʥʠʝʤ ʚʝʱʝʩʪʚʘ ʠ ʚʥʝʰʥʠʤʠ 

ʫʩʣʦʚʠʷʤʠ, ʠʤʝʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʨʦʞʜʝʥʠʷ ʠ ʛʨʘʥʠʮʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɺʘʞʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʷʚʣʷʶʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ɹʝʟ ʧʨʝʫʚʝʣʠʯʝʥʠʷ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʠʥʝʪʠʢʘ 

ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ï ʦʩʥʦʚʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʩʠʥʪʝʟʘ ʠ ʨʘʩʧʘʜʘ 

ʩʦʝʜʠʥʝʥʠʡ.  

  ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʠʥʮʠʧʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʝʚʨʘʱʝʥʠʷ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʧʨʠʨʦʜʝ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï ʭʠʤʠʯʝʩʢʠʝ, ʷʜʝʨʥʳʝ. 

ʍʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ  ʧʦ ʤʝʭʘʥʠʟʤʫ ʪʝʯʝʥʠʷ ï 

ʦʢʠʩʣʝʥʠʝ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʛʠʜʨʦʣʠʟ ʠ ʪ.ʜ. ʉʫʱʝʩʪʚʫʶʪ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʥʝʩʢʦʣʴʢʦ ʧʨʠʟʥʘʢʦʚ 

ʪʝʯʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʥʘʧʨʠʤʝʨ, ʛʦʨʝʥʠʝ, ʚʟʨʳʚ.  

  ʍʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʠʤʝʶʪ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʪʝʯʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ, ʪʘʢʠʝ ʢʘʢ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʠʣʠ 

ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ. ʉʢʦʨʦʩʪʴ ʪʘʢʠʭ ʨʝʘʢʮʠʡ ʤʦʞʝʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ 

ʚʦʟʨʘʩʪʘʪʴ ʚ   ʪʝʯʝʥʠʝ  ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʟʘʪʝʤ ʩʥʠʞʘʝʪʩʷ ʠ 

ʧʦʩʪʝʧʝʥʥʦ ʟʘʪʫʭʘʝʪ. ʈʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʚ ʩʣʫʯʘʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ï ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ, ʦʙʲʝʤʘ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʚ ʢʨʠʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ɺ ʢʨʠʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʯʘʩʪʦ ʧʨʦʪʝʢʘʶʪ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ, ʛʦʨʝʥʠʷ, 

ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʟʨʳʚʳ. ʄʥʦʛʠʝ ʷʚʣʝʥʠʷ ʚ 

ʧʨʠʨʦʜʝ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʧʦ ʢʨʠʪʠʯʝʩʢʦʤʫ ʤʘʨʰʨʫʪʫ ï ʦʙʨʘʟʦʚʘʥʠʝ 

ʣʘʚʠʥ, ʩʝʣʝʡ, ʧʦʞʘʨʦʚ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʪʝʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ. 

  ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʦʟʥʠʢʣʠ ʥʦʚʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʥʘʫʢʝ, ʥʘʧʨʠʤʝʨ, ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ, ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ 

ʥʦʚrʭ ʚʝʱʝʩʪʚ, ʵʬʬʝʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ, ʤʝʪʦʜʳ 

ʧʦʣʫʯʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʛʦʨʶʯʠʭ ʚʝʱʝʩʪʚ ï ʬʝʡʝʨʚʝʨʢʦʚ, 

ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ,  ʩʠʥʪʝʟ ʘʣʤʘʟʦʚ, ʚʟʨʳʚʥʳʝ ʩʧʦʩʦʙʳ ʧʨʦʢʣʘʜʢʠ 

ʜʦʨʦʛ, ʩʦʟʜʘʥʠʝ ʜʘʤʙ ʠ ʦʟʝʨ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ.  

  ɺʦʟʥʠʢʣʘ ʥʘʫʢʘ ʦ ʛʦʨʝʥʠʠ ʠ ʚʟʨʳʚʝ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʥʷʪʴ ʤʝʭʘʥʠʟʤ, 

ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʠ ʝʛʦ 

ʧʨʝʢʨʘʱʝʥʠʷ.  

 ʊʝʦʨʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʠ ʣʶʙʘʷ ʜʨʫʛʘʷ ʥʘʫʢʘ, ʚ ʩʚʦʝʤ 

ʨʘʟʚʠʪʠʠ ʧʨʝʪʝʨʧʝʚʘʣʘ ʤʥʦʛʦ ʠʟʤʝʥʝʥʠʡ ʠ ʜʦʧʦʣʥʝʥʠʡ. ʅʘʠʙʦʣʝʝ 

ʘʢʪʠʚʥʘʷ ʬʘʟʘ ʝʝ ʨʘʟʚʠʪʠʷ ʦʪʥʦʩʠʪʩʷ ʢ  XXïXXI ʚʝʢʘʤ.   ɺ ʵʪʦʪ ʧʝʨʠʦʜ 
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ʩʦʟʜʘʥʘ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʰʢʦʣʘ ʛʦʨʝʥʠʷ ʠ ʚʟʨʳʚʘ, ʚʦ ʛʣʘʚʝ ʢʦʪʦʨʦʡ ʩʪʦʷʣʠ 

ʚʳʜʘʶʱʠʝʩʷ ʫʯʝʥʳʝ  ʅ.ʅ. ʉʝʤʝʥʦʚ, ʗ.ɹ. ɿʝʣʴʜʦʚʠʯ, ʖ.ɹ.ʍʘʨʠʪʦʥ, ɼ.ɸ. 

ʌʨʘʥʢ-ʂʘʤʝʥʝʮʢʠʡ, ɸ.ʌ. ɹʝʣʷʝʚ, ʇ.ʌ. ʇʦʭʠʣ, ʂ.ʂ. ɸʥʜʨʝʝʚ, ɺ.ʅ. 

ʂʦʥʜʨʘʪʴʝʚ, ɹ.ʇ. ɾʫʢʦʚ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ.  

  ʊʝʦʨʠʷ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ʅ.ʅ.ʉʝʤʝʥʦʚʘ, ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʘ 

ʮʝʧʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʪʢʨʳʣʘ ʧʫʪʠ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ.  

  ʈʘʙʦʪʳ ɼ.ɸ. ʌʨʘʥʢ-ʂʘʤʝʥʝʮʢʦʛʦ ʧʦ ʪʝʦʨʠʠ ʪʝʧʣʦʚʦʛʦ ʚʟʨʳʚʘ, 

ʧʦʩʚʷʱʝʥʥʳʝ ʤʘʢʨʦʢʠʥʝʪʠʢʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʟʘʢʦʥʘʤʠ ʪʝʧʣʦ - ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʠʤʝʶʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ.  

    ʈʝʞʠʤ ʛʝʪʝʨʦʛʝʥʥʦʡ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʠ 

ʧʦʪʫʭʘʥʠʷ ʩʬʦʨʤʫʣʠʨʦʚʘʣʠ ʗ.ɹ. ɿʝʣʴʜʦʚʠʯ ʠ ɼ.ɸ.  ʌʨʘʥʢ-ʂʘʤʝʥʝʮʢʠʡ. 

   ʊʝʦʨʠʷ ʪʝʧʣʦʚʦʛʦ ʚʟʨʳʚʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʷʚʣʝʥʠʡ, 

ʘʥʘʣʦʛʠʯʥʳʭ ʪʝʧʣʦʚʦʤʫ ʚʟʨʳʚʫ ʧʨʠ ʛʦʨʝʥʠʠ, ʧʨʦʙ ʜʠʵʣʝʢʪʨʠʢʦʚ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ, ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ 

(ʩʧʝʢʘʥʠʝ ʧʦʨʦʰʢʦʚ ʤʝʪʘʣʣʦʚ), ʤʝʭʘʥʠʢʠ ʪʝʯʝʥʠʷ ʧʦʣʠʤʝʨʦʚ.  

  ʊʝʦʨʠʷ ʛʦʨʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʣʘʤʝʥʠ, ʩʦʟʜʘʥʥʘʷ 

ʘʢʘʜʝʤʠʢʦʤ ɸ.ɹ. ɿʝʣʴʜʦʚʠʯʝʤ (ɹ. ʃʴʶʠʩ ʠ ɻ. ʕʣʴʙʝ, ʉ.ʄ. ʂʦʛʘʨʢʦ), 

ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʢʠʥʝʪʠʢʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʘʢʮʠʡ ʠ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ 

ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ, ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʛʦʨʝʥʠʷ. 

  ʉʜʝʣʘʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʪʢʨʳʪʠʷ ʚ ʛʦʨʝʥʠʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʣʝʪʫʯʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʞʠʜʢʦʡ ʬʘʟʳ ʠ 

ʠʩʧʘʨʝʥʠʝ. ʕʪʦ ʣʝʛʣʦ ʚ ʦʩʥʦʚʫ ʪʝʦʨʠʠ ʛʦʨʝʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ. 

    ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʦʙʦʙʱʝʥʠʷ  ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ ʪʝʯʝʥʠʷ 

ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʨʘʩʯʝʪʳ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ.  ʈʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʥʝʪʨʘʜʠʮʠʦʥʥʦʤ ʩʪʠʣʝ ʜʣʷ ʤʦʥʦʛʨʘʬʠʠ ï ʚʳʙʨʘʥʘ ʬʦʨʤʘ ʧʦʩʦʙʠʷ, 

ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ʉʧʠʩʦʢ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʜʘʥʠʡ ʠ ʨʝʩʫʨʩʦʚ  ʀʥʪʝʨʥʝʪʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʢʥʠʛʝ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʢʦʥʮʝ ʠʟʜʘʥʠʷ. 
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ɻʣʘʚʘ 1. ʌʦʨʤʘʣʴʥʘʷ  ʢʠʥʝʪʠʢʘ ʧʨʝʚʨʘʱʝʥʠʷ ʚʝʱʝʩʪʚ 

 

Ä 1.1. ʇʨʠʟʥʘʢʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

 

ʂʨʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʠʨʦʜʝ. 

ɺʟʨʳʚ, ʛʦʨʝʥʠʝ ï ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʦʪʝʢʘʪʴ ʚ ʢʨʠʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʂʨʠʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʛʦʨʝʥʠʷ ʩʚʷʟʘʥ ʩ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠ 

ʧʝʨʝʭʦʜʦʤ ʛʦʨʝʥʠʷ ʚʦ ʚʟʨʳʚ ʠʣʠ ʜʝʬʣʘʛʨʘʮʠʶ. ʆʪʤʝʪʠʤ, ʯʪʦ ʛʦʨʝʥʠʝ ʥʝ 

ʚʩʝʛʜʘ ʧʨʦʪʝʢʘʝʪ ʚ ʢʨʠʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʝʩʣʠ ʝʩʪʴ ʦʩʣʦʞʥʝʥʠʷ ʧʦ 

ʜʠʬʬʫʟʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʧʨʠʤʝʨʝ ʚʟʨʳʚʘ. ʄʥʦʛʠʝ ʘʚʪʦʨʳ, ʫʢʘʟʳʚʘʷ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʝʚʨʘʱʝʥʠʷ 

ʧʨʦʪʝʢʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ, ʥʝ ʦʪʤʝʯʘʶʪ ʨʘʟʣʠʯʠʷ ʚ ʤʝʭʘʥʠʟʤʝ 

ʢʨʠʪʠʯʝʩʢʠʭ ʠ ʙʳʩʪʨʳʭ ʧʨʦʮʝʩʩʦʚ.  

ʊʘʢ,  ʙʳʩʪʨʦʝ ʚʳʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʚʘʪʴ ʩ 

ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʚʳʜʝʣʝʥʠʷ ʠʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. ɺr ʜʝʣʝʥʠʝ 

ʵʥʝʨʛʠʠ ʧʨʠ ʚʟʨʳʚʝ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʚʳʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʧʨʠ 

ʛʦʨʝʥʠʠ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʧʨʠ ʚʟʨʳʚʝ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʵʥʝʨʛʠʷ 

ʚʳʜʝʣʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʟʘʨʷʜʘ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ ʙʳʩʪʨʝʝ, ʯʝʤ ʦʥʘ 

ʧʝʨʝʜʘʝʪʩʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʊʝʯʝʥʠʝ ʚʟʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ, ʘ ʧʨʦʪʝʢʘʝʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʟʨʳʚʥʦʝ ʪʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʤ 

ʪʝʯʝʥʠʝʤ ʩ ʚʳʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ, ʚʦ-ʚʪʦʨʳʭ, ʵʥʝʨʛʠʷ ʚʥʘʯʘʣʝ 

ʚʳʜʝʣʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʙʲʝʤʘ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʘ ʟʘʪʝʤ 

ʧʝʨʝʜʘʝʪʩʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʦʷʚʣʝʥʠʷ 

ʚʟʨʳʚʥʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʧʨʦʮʝʩʩʘ. 

ʊʘʢ ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʚʟʨʳʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʟʥʘʢʘʭ 

ʩʢʦʨʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʦʮʝʩʩʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʦʧʨʝʜʝʣʠʤ ʵʪʦ ʷʚʣʝʥʠʝ ʢʘʢ ʧʨʝʜʝʣʴʥʦʝ ʠʣʠ ʢʨʠʪʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ. ʇʨʝʜʝʣʴʥʦʝ ʠʣʠ ʢʨʠʪʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʦʜʥʦʛʦ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʨʠʟʥʘʢʦʚ ʚʟʨʳʚʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʠʤ ʢʨʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʢʘʢ  ʷʚʣʝʥʠʝ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʠʣʠ ʫʤʝʥʴʰʘʶʱʝʡʩʷ 

ʩʢʦʨʦʩʪʴʶ ʧʨʝʚʨʘʱʝʥʠʷ ʚʝʱʝʩʪʚʘ ʧʨʠ  ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʠʩʪʝʤʫ. 

ɺ ʨʘʤʢʘʭ ʬʦʨʤʘʣʴʥʦʡ ʢʠʥʝʪʠʢʠ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ 

ʜʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʚʟʨʳʚʘ. ɺʟʨʳʚ ï ʵʪʦ ʧʨʝʜʝʣʴʥʳʡ, ʢʨʠʪʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʧʨʦʷʚʣʝʥʠʝʤ 

ʜʝʡʩʪʚʠʷ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɺ ʵʪʦʤ 

ʦʧʨʝʜʝʣʝʥʠʠ ʯʝʨʝʟ ʧʦʥʷʪʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ 
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ʦʧʨʝʜʝʣʝʥʳ ʧʨʠʟʥʘʢʠ ʚʟʨʳʚʘ. ʅʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʚʟʨʳʚʘ ï ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

(ʫʜʘʨ, ʪʨʝʥʠʝ, ʣʦʢʘʣʴʥʳʡ ʥʘʛʨʝʚ, ʠʩʢʨʘ). ɼʘʣʝʝ ʧʨʦʮʝʩʩ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʥʘʨʘʩʪʘʝʪ ʠ ʧʨʦʠʩʭʦʜʠʪ ʩʦʙʩʪʚʝʥʥʦ ʚʟʨʳʚ. ɺ ʵʪʦʤ 

ʧʨʦʮʝʩʩʝ  Ui << Ue. ɿʜʝʩʴ Ui, Ue. ï ʵʥʝʨʛʠʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠ  

ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.    

 

Ä 1.2. ʆʩʥʦʚʳ ʬʦʨʤʘʣʴʥʦʡ ʢʠʥʝʪʠʢʠ ʧʨʝʚʨʘʱʝʥʠʷ ʚʝʱʝʩʪʚ 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʚʦʜʷʪ, ʠʩʧʦʣʴʟʫʷ 

ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʘʣʴʥʦʡ ʢʠʥʝʪʠʢʠ. ʌʦʨʤʘʣʴʥʘʷ 

ʢʠʥʝʪʠʢʘ ï ʥʘʫʢʘ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠʣʠ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚʦ ʚʨʝʤʝʥʠ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʬʦʨʤʘʣʴʥʦʡ 

ʢʠʥʝʪʠʢʝ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʷʚʣʝʥʠʡ ʠ ʦʪʨʘʞʘʶʪ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʠ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʝʱʝʩʪʚʘ ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʝʨʝʟ 

ʢʦʣʠʯʝʩʪʚʦ ʨʝʘʛʠʨʫʶʱʠʭ ʯʘʩʪʠʮ ʚʦ ʚʨʝʤʝʥʠ ʠʣʠ ʩʢʦʨʦʩʪʴʶ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʉʢʦʨʦʩʪʴʶ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʥʘʟʳʚʘʶʪ 

ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʜʘʥʥʦʛʦ ʩʦʨʪʘ ʨʝʘʛʠʨʫʶʪ ʚ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ. ʊʘʢ, ʟʥʘʷ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʠʣʠ 

ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ, ʦʧʨʝʜʝʣʷʶʪ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʚʳʜʝʣʷʶʱʝʡʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ, ʦʧʨʝʜʝʣʷʶʪ ʧʘʨʘʤʝʪʨʳ ʚʟʨʳʚʘ, ʪʘʢʠʝ ʢʘʢ ʚʨʝʤʷ 

ʝʛʦ ʪʝʯʝʥʠʷ, ʤʦʱʥʦʩʪʴ, ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʠ 

ʤʥʦʛʠʝ ʜʨʫʛʠʝ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʝʛʦ 

ʬʦʨʤʘʣʴʥʫʶ ʩʭʝʤʫ: 

 

v1A1 + v 2A2 +...+ v nAn = v 1`A1` + v 2`A2` +...+ v m̀ Am̀ ; 

1

n

i

n
=

ä i A i  
1

2

K

K

½½«½½
/

/

1

m

ii

i

An
=

ä . 

 

ʅʘʡʜʝʤ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʧʦ ʢʦʤʧʦʥʝʥʪʘʤ ɸ1, ɸ2,...ɸn, ʫʯʠʪʳʚʘʷ 

ʩʪʝʭʠʦʤʝʪʨʠʶ ʪʝʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ: 

 

1

1

A

ɸ

dC

dt
u =- ;  2

2

A

A

dC

dt
u =- ;  n

n

AdC

dt
uA =- ; 
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2 1

1 2

1 1AdC dC

dt dtn n

A
- =- =

//
1

/ /

1

1 1 1
,,, , , ,n m

n m

dCdCdC

dt dt dtn n n

A AA
- = = . 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ: ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, 

ʚʦʟʚʝʜʝʥʥʳʤ ʚ ʥʝʢʦʪʦʨʫʶ ʩʪʝʧʝʥʴ. ʇʦʣʫʯʝʥʥʘʷ ʦʙʱʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦ ʩʢʦʨʦʩʪʷʭ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʦʩʥʦʚʥʦʛʦ 

ʧʦʩʪʫʣʘʪʘ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʦʩʥʦʚʥʦʡ ʧʦʩʪʫʣʘʪ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 

n

n

2

2

1

1

1 v

A

v

A

v

A

A
...CCCk

dt

dC
ÖÖ=- , 

 

ʛʜʝ 
1 2, ,n né

nn ï ʧʦʨʷʜʢʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʦ ʢʘʞʜʦʤʫ ʢʦʤʧʦʥʝʥʪʫ: 

n0 =ɜ1+ɜ2+éɜn;  n0 ï ʦʙʱʠʡ ʧʦʨʷʜʦʢ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ.  

ʇʦʨʷʜʦʢ ʧʨʦʮʝʩʩʘ ʠʣʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʦʠʟʚʦʣʴʥʳʤ ʯʠʩʣʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʨʦʙʥʳʤ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʨʷʜʢʠ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ï ʵʪʦ ʥʝʙʦʣʴʰʠʝ ʯʠʩʣʘ 0, 1, 2, 3. ɽʩʣʠ ʨʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʝʪ ʦʙʨʘʪʠʤʦ, ʙʝʩʢʦʥʝʯʥʦ ʤʝʜʣʝʥʥʦ, ʧʦʨʷʜʦʢ ʧʨʦʮʝʩʩʘ ʨʘʚʝʥ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʫʨʘʚʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, 

ʧʨʦʮʝʩʩʘ. ʊʘʢ ʢʘʢ ʚʟʨʳʚʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʪ ʚ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʧʦʨʷʜʦʢ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʶʪ ʧʫʪʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʠʣʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʟ 

ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ. 

ʂʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ï ʵʪʦ ʜʠʬʬʝʨʝʥʮʠʘʣʥɹʦʝ ʫʨʘʚʥʝʥʠʝ, 

ʩʚʷʟʳʚʘʶʱʝʝ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ: 

 

      
/
m
/
m

/
2
/
2

/
1
/
1

n

n

2

2

1

1

1 v

A

v

A

v

A2

v

A

v

A

v

A1

A
...CCCkC...CCk

dt

dC
Ö-ÖÖ=- . 

 

ʀʩʧʦʣʴʟʫʷ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, ʜʘʜʠʤ ʩʣʝʜʫʶʱʝʝ  

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʨʷʜʢʫ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ: ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ï 

ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʠʥʝʪʠʯʝʩʢʦʤ ʫʨʘʚʥʝʥʠʠ.  

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʩʦʩʪʦʠʪ ʚ  ʥʘʭʦʞʜʝʥʠʠ 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ. ɿʥʘʷ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ, ʤʦʞʥʦ ʥʘʡʪʠ 

ʩʢʦʨʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʨʝʰʠʪʴ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ. ɺ ʩʣʦʞʥʳʭ 

ʩʠʩʪʝʤʘʭ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʨʝʘʢʮʠʷʤʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʦʩʥʦʚʥʦʤʫ ʧʦʩʪʫʣʘʪʫ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ 

ʧʨʠʤʝʥʷʶʪ ʧʨʠʥʮʠʧ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʪʝʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 
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ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʧʨʠʥʮʠʧʫ ʚʩʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ. ʕʪʦʪ ʧʨʠʥʮʠʧ ʧʨʠʤʝʥʷʶʪ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʧʦʣʫʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʚ ʢʠʥʝʪʠʯʝʩʢʦʤ ʫʨʘʚʥʝʥʠʠ 

ʥʘʟʳʚʘʶʪ ʢʦʥʩʪʘʥʪʦʡ ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʌʠʟʠʯʝʩʢʠʡ 

ʩʤʳʩʣ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ: ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ 

ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʝʘʛʠʨʫʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʨʘʚʥʳʭ ʝʜʠʥʠʮʝ.  

ʄʦʣʝʢʫʣʷʨʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ï ʵʪʦ ʯʠʩʣʦ ʤʦʣʝʢʫʣ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʵʣʝʤʝʥʪʘʨʥʦʤ ʘʢʪʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. 

ʄʦʣʝʢʫʣʷʨʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʮʝʣʳʤ ʯʠʩʣʦʤ. 

ʕʣʝʤʝʥʪʘʨʥʳʡ ʘʢʪ ï ʵʪʦ ʪʘʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʦʣʥʦʩʪʴʶ ʧʦʪʝʨʷʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʚʝʱʝʩʪʚʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʥʝʨʛʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ʚ ʵʣʝʤʝʥʪʘʨʥʦʤ ʘʢʪʝ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 10 ï 16 

ʢɼʞ/ʤʦʣʴ.  

ʌʦʨʤʘʣʴʥʘʷ ʢʠʥʝʪʠʢʘ ʨʘʩʧʘʜʘ ʥʝʦʙʨʘʪʠʤʳʭ ʨʝʘʢʮʠʡ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʦʚ. ʈʘʟʣʦʞʝʥʠʝ ʘʟʦʤʝʪʘʥʘ, 

ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ, ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʨʘʩʧʘʜ ï ʥʝʦʙʨʘʪʠʤʳʝ ʨʝʘʢʮʠʠ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ:  

 

CH3N2CH3C2H6+N2; 

CH3OCH3CH4+CO+H2; 

1H
3 
Ÿɓ

- 
 +2He

3
. 

 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʩʫʱʝʩʪʚʫʝʪ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ: 

- ʩʦʩʪʘʚʣʷʶʪ ʬʦʨʤʘʣʴʥʫʶ ʩʭʝʤʫ ʭʠʤʠʯʝʩʢʦʡ  ʨʝʘʢʮʠʠ, 

ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʚʥʳ ʧʦʨʷʜʢʫ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ; 

- ʟʘʧʠʩʳʚʘʶʪ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʜʘʥʥʦʡ ʬʦʨʤʘʣʴʥʦʡ 

ʩʭʝʤʳ, ʠʩʧʦʣʴʟʫʷ ʧʦʩʪʫʣʘʪ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ; 

-  ʨʝʰʘʶʪ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʠ ʥʘʭʦʜʷʪ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ.  

ʅʘʡʜʝʤ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ ʥʝʦʙʨʘʪʠʤʦʡ ʨʝʘʢʮʠʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, 

ʠʩʧʦʣʴʟʫʷ ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ. ʉʦʩʪʘʚʠʤ ʬʦʨʤʘʣʴʥʫʶ ʩʭʝʤʫ  

ʧʨʦʮʝʩʩʘ ʧʨʝʚʨʘʱʝʥʠʷ ʚʝʱʝʩʪʚʘ ɸ:  

                              

 

ɿʜʝʩʴ k ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʩ
-1
 . 

ɿʘʧʠʰʝʤ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, ʠʩʧʦʣʴʟʫʷ ʦʩʥʦʚʥʦʡ ʧʦʩʪʫʣʘʪ 

ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ: 

.
k

ɸ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ
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( )1 ( );
d a x k

a x
V dt V

-
- Ö = - 

dc
kc

dt
- = ; ( );

dx
k a x

dt
= -  

0 0

;
( )

x t
dx

kdt
a x

=
-ñ ñ

 

0 0

c t

c

dc
kdt

c
=-ñ ñ

. 

 

ɿʜʝʩʴ a ï ʢʦʣʠʯʝʩʪʚʦ  ʤʦʣʝʡ  ʚʝʱʝʩʪʚʘ  ʚ  ʥʘʯʘʣʴʥʳʡ  ʤʦʤʝʥʪ  

ʚʨʝʤʝʥʠ; (a ï x) ï ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʨʝʘʢʮʠʠ; V ï ʦʙʲʝʤ ʩʠʩʪʝʤʳ, ʤ
3
. ʏʘʩʪʦ ʚ ʨʝʘʢʮʠʷʭ ʦʙʲʝʤ ʥʝ ʤʝʥʷʝʪʩʷ, 

ʧʦʵʪʦʤʫ ʝʛʦ ʤʦʞʥʦ ʚʚʝʩʪʠ ʧʦʜ ʟʥʘʢ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ. 

ʈʝʰʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ: 

 

1
ln

( )

a
k

t a x
=

-
;  01 c

k ln
t c
= , 

    

ʛʜʝ ʩ, c0 ï ʪʝʢʫʱʘʷ ʠ ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʠʨʫʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ, ʢʤʦʣʴ/ʤ
3
. ʈʘʟʤʝʨʥʦʩʪʴ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ ʨʘʚʥʘ:  

 

[k] = [t
-1
]; [k] = [c

ï1
]. 

 

ɺ ʢʠʥʝʪʠʢʝ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʧʝʨʠʦʜʘ ʧʦʣʫʨʘʩʧʘʜʘ, ʠʣʠ ʧʝʨʠʦʜʘ 

ʧʦʣʫʧʨʝʚʨʘʱʝʥʠʷ, ï ʵʪʦ ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʧʦʣʦʚʠʥʘ 

ʚʝʱʝʩʪʚʘ ï (t0,5). ɼʣʷ ʥʝʦʙʨʘʪʠʤʦʡ ʨʝʘʢʮʠʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚʨʝʤʷ 

ʧʦʣʫʧʨʝʚʨʘʱʝʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʠʨʫʶʱʠʭ 

ʚʝʱʝʩʪʚ (ʢʦʣʠʯʝʩʪʚʘ ʚʟʷʪʦʛʦ ʚʝʱʝʩʪʚʘ):  

 

k
t

2ln
5,0 =

. 

 

ʂʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ, ʚʩʪʫʧʠʚʰʝʛʦ ʚ ʨʝʘʢʮʠʶ, ʦʧʨʝʜʝʣʷʶʪ ʧʦ 

ʫʨʘʚʥʝʥʠʶ: )1( kteax --= . ʇʨʠʤʝʨ ʥʝʦʙʨʘʪʠʤʦʡ ʨʝʘʢʮʠʠ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ï ʛʠʜʨʦʣʠʟ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ. ʌʦʨʤʘʣʴʥʘʷ ʩʭʝʤʘ ʨʝʘʢʮʠʠ:  

                                           

                            ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ. 

                                                 

   

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʢʦʣʠʯʝʩʪʚʦ 

ʚʝʱʝʩʪʚʘ ɸ1 ʨʘʚʥʦ ʘ ʤʦʣʝʡ,  ʚʝʱʝʩʪʚʘ ɸ2 ʨʘʚʥʦ b ʤʦʣʝʡ. ʂ ʤʦʤʝʥʪʫ 

ɸ1  +   ɸ2 
k
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ʚʨʝʤʝʥʠ t ʧʨʦʨʝʘʛʠʨʦʚʘʣʦ ʭ ʤʦʣʝʡ ʚʝʱʝʩʪʚʘ ɸ1, ʦʩʪʘʣʦʩʴ (ʘ ï ʭ) ʤʦʣʝʡ 

ʚʝʱʝʩʪʚʘ ɸ1 ʠ (b ï ʭ) ʚʝʱʝʩʪʚʘ ɸ2. ɽʩʣʠ ʦʙʲʝʤ ʩʠʩʪʝʤʳ ʦʙʦʟʥʘʯʠʪʴ ʯʝʨʝʟ 

V, ʪʦ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

/1 ( ) ( ) ( )d a x k a x b x

V dt V V

- - -
- Ö = Ö ; 

/

( ) ( );
dx k

a x b x
dt V
= - Ö - 

/

;
k

k
V
=

 

( ) ( );
dx

k a x b x
dt
= - Ö - 

ñ ñ=--

x

0

t

0

kdt
x)x)(b(a

dx . 

ʀʥʪʝʛʨʠʨʫʷ ʫʨʘʚʥʝʥʠʝ, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʥʩʪʘʥʪʳ 

ʩʢʦʨʦʩʪʠ ʥʝʦʙʨʘʪʠʤʦʡ ʨʝʘʢʮʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ: 

 

1 ( )
ln

( ) ( )

b a x
k

t a b a b x

-
=

- -
. 

 
ɺʝʣʠʯʠʥʳ k ʠ k` ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʨʘʟʤʝʨʥʦʩʪʠ: [k]  = [ʩ

ï1
Āʢʤʦʣʴ

ï1
],            

[k`] = [ʩ
ï1
Āʢʤʦʣʴ

ï1
Āʤ

3
]. 

ʈʘʩʩʤʦʪʨʠʤ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʥʝʦʙʨʘʪʠʤʦʡ ʨʝʘʢʮʠʠ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʠ  ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʥʘʯʘʣʴʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʚʥʳ, ʪʦ ʝʩʪʴ C1 = C2 = C0. ɼʣʷ ʥʝʦʙʨʘʪʠʤʦʡ ʨʝʘʢʮʠʠ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʝʨʠʦʜ ʧʦʣʫʧʨʝʚʨʘʱʝʥʠʷ ʚʝʱʝʩʪʚʘ ʨʘʚʝʥ:  t0,5 = 1 / kC. 

     ʂʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʠ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʠʤʝʶʪ ʚʠʜ: 

 

2( )
( )

d a x
k a x

dt

-
= - ; 

/ 2dc
k C

dx
- = ; 

( )

a
k

a x t
=
-

;  /

0

1 1 1
( )k

t C C
= - . 

 

ʌʦʨʤʘʣʴʥʘʷ ʩʭʝʤʘ ʠ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʥʝʦʙʨʘʪʠʤʦʡ ʨʝʘʢʮʠʠ 

ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
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dc
k

dt
- =; 

0C C kt- = . 

 

ʇʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʥʝʦʙʨʘʪʠʤʦʡ ʨʝʘʢʮʠʠ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʠʨʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ: 

 

t0, 5 =  0,5ʉ / k. 

 

ʌʦʨʤʘʣʴʥʘʷ ʩʭʝʤʘ ʢʠʥʝʪʠʢʠ ʥʝʦʙʨʘʪʠʤʦʡ ʨʝʘʢʮʠʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʧʦʨʷʜʢʘ n ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

½½+++ k

n21 A...AA  ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ. 

 

ʂ ʬʦʨʤʘʣʴʥʦʡ ʩʭʝʤʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʨʠʤʝʥʷʝʤ ʟʘʢʦʥ 

ʜʝʡʩʪʚʫʶʱʠʭ ʤʘʩʩ ʠ ʩʦʩʪʘʚʣʷʝʤ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ. ɺ 

ʢʠʥʝʪʠʯʝʩʢʦʤ ʫʨʘʚʥʝʥʠʠ ʩʢʦʨʦʩʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʢʦʤʧʦʥʝʥʪʫ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ɸ1: 

 
/

1
1 2 ......

( )
( )( ) ( )n

d a x k
a x a x a x

nn

-
- = - - -; 

   
1 2 .......( )( ) ( )n

dx
k a x a x a x

dt
= - - -; 

/

1n

k
k
n-
= . 

 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʨʝʰʠʪʴ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʩʣʦʞʥʦ, ʧʦʵʪʦʤʫ 

ʨʘʩʩʤʦʪʨʠʤ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʥʘʯʘʣʥɹʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚ 

ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʈʘʚʝʥʩʪʚʦ ʥʘʯʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʘʛʠʨʫʶʱʠʭ 

ʚʝʱʝʩʪʚ ʧʦʟʚʦʣʷʝʪ, ʥʝ ʧʨʠʤʝʥʷʷ ʩʣʦʞʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, 

ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʪʘʢ 

ʢʘʢ  ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

 

( )ndx
k a k

dt
= - . 

 

ʋʨʘʚʥʝʥʠʝ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ:  

 

0 0
( )

x t

n

dx
kdt

a x
=

-ñ ñ
; 

1 1

1 1

1 ( )

( 1) ( )

n n

n n

a a x
k

t n a a x

- -

- -

- -
= Ö

- Ö -
; 

0ɸ1   ʧʨʦʜʫʢʪr  ʨʝʘʢʮʠʠ.
k
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1 (1 )[ ] [ ]nk c ʢʤʦʣʴ- -= Ö ;    / 1 (1 ) 3[ ] ]nk c ʢʤʦʣʴ ʤ- -= Ö Ö. 

   

ɺ ʬʦʨʤʘʣʴʥʦʡ ʢʠʥʝʪʠʢʝ  ʦʙʨʘʪʠʤʳʭ ʨʝʘʢʮʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ  

ʦʩʥʦʚʥʦʤʫ ʧʦʩʪʫʣʘʪʫ  ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʚʘʞʥʳʡ 

ʧʨʠʥʮʠʧ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʉʦʛʣʘʩʥʦ 

ʵʪʦʤʫ ʧʨʠʥʮʠʧʫ, ʧʨʷʤʘʷ ʠ ʦʙʨʘʪʥʘʷ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʥʝʟʘʚʠʩʠʤʦ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʕʪʦʪ ʧʨʠʥʮʠʧ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʩʦʩʪʘʚʣʝʥʠʝ  

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʙʨʘʪʠʤʫʶ ʨʝʘʢʮʠʶ ʠ ʟʘʧʠʰʝʤ ʬʦʨʤʘʣʴʥʫʶ ʩʭʝʤʫ 

ʧʨʦʮʝʩʩʘ: 

/

1 1

n m

i i i i

i i

A An n
= =

=ä ä . 

 

ʀʩʧʦʣʴʟʫʷ ʦʩʥʦʚʥʦʡ ʧʦʩʪʫʣʘʪ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ, ʧʨʠʥʮʠʧ 

ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʩʦʩʪʘʚʠʤ ʢʠʥʝʪʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʧʨʦʮʝʩʩʦʚ: 

 

// /
1 1 1 1 2

/ / /
1 2 1 2

n m

n m

dC
kC C C kC C C

dt

n nn n n nA

A A A A A A
- = - ; 

1

1 2
i i

i i

A v v

A A

dC
k C k C

dt
- = -Ô Ô . 

 

ʂʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʥʝ ʠʤʝʝʪ, ʧʦʵʪʦʤʫ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ. 

 

Ä 1.3. ɻʝʪʝʨʦʛʝʥʥʳʝ ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ 

  

ɽʩʣʠ ʨʝʘʢʮʠʷ ʛʦʨʝʥʠʷ ʧʨʦʪʝʢʘʝʪ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ  ʬʘʟ, ʪʦ ʪʘʢʫʶ 

ʨʝʘʢʮʠʶ ʥʘʟʳʚʘʶʪ ʛʝʪʝʨʦʛʝʥʥʦʡ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʛʝʪʝʨʦʛʝʥʥʳʝ 

ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ ʥʝ ʚʩʝʛʜʘ ʧʨʦʪʝʢʘʶʪ ʚ ʢʨʠʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ɽʩʣʠ ʭʠʤʠʯʝʩʢʘʷ ʩʪʘʜʠʷ  ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʚ ʢʨʠʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, 

ʪʦ ʜʠʬʬʫʟʠʦʥʥʘʷ ʩʪʘʜʠʷ ʦʧʨʝʜʝʣʷʝʪ ʦʙʱʫʶ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ï ʚ  

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʛʦʨʶʯʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʛʝʪʝʨʦʛʝʥʥʦʤ 

ʧʨʦʮʝʩʩʝ ʩʦʚʝʨʰʘʝʪʩʷ ʤʘʩʩʦʧʝʨʝʥʦʩ, ʧʦʵʪʦʤʫ ʢʠʥʝʪʠʢʘ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʨʝʘʢʮʠʡ ʩʚʷʟʘʥʘ ʩ ʟʘʢʦʥʘʤʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩ ʥʝ 

ʚʩʝʛʜʘ ʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʘ ʢʨʠʪʠʯʝʩʢʦʛʦ. 

 ɺ ʛʝʪʝʨʦʛʝʥʥʳʭ ʨʝʘʢʮʠʷʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ 

ʬʘʟ, ʨʘʟʣʠʯʘʶʪ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ: 

1) ʧʨʦʚʦʜ ʨʝʘʛʠʨʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʟʦʥʫ ʨʝʘʢʮʠʠ; 

2) ʧʨʦʪʝʢʘʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ; 
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3) ʦʪʚʦʜ ʧʨʦʜʫʢʪʦʚ ʠʟ ʟʦʥʳ ʨʝʘʢʮʠʠ. 

ɽʩʣʠ ʛʝʪʝʨʦʛʝʥʥʘʷ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʜʣʠʪʝʣʴʥʦ, ʪʦ ʚ ʩʠʩʪʝʤʝ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ ï ʨʘʚʝʥʩʪʚʦ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʦʪʦʢʦʚ 

ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. 

ʀʟ ʟʘʢʦʥʦʚ ʜʠʬʬʫʟʠʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʪʦʢ ʚʝʱʝʩʪʚʘ ʚ ʟʦʥʫ ʨʝʘʢʮʠʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʨʘʟʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʘʛʠʨʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʦʙʲʝʤʝ ʠ ʟʦʥʝ ʨʝʘʢʮʠʠ:  

 

0( )xP ʉ ʉb= - ; 

 

P  ï ʧʦʪʦʢ ʚʝʱʝʩʪʚʘ, ʢʤʦʣʴ/ʤ
2Öʩ; ɓ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ 

ʚʝʱʝʩʪʚʘ ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʧʝʨʝʜʘʯʠ, ʩ
-1
Öʤ. 

ʉʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ ʟʦʥʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʦʧʨʝʜʝʣʠʤ ʠʟ ʦʩʥʦʚʥʦʛʦ ʧʦʩʪʫʣʘʪʘ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʛʦʨʶʯʝʛʦ ʚʝʱʝʩʪʚʦ ʧʨʦʪʝʢʘʝʪ ʧʦ ʧʝʨʚʦʤʫ 

ʧʦʨʷʜʢʫ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʫʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʜʣʷ 

ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ ʣʶʙʦʛʦ ʧʦʨʷʜʢʘ. 

ɺ ʤʦʤʝʥʪ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦ  

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʠ ʩʢʦʨʦʩʪʝʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʀʟ ʨʘʚʝʥʩʪʚʘ 

ʥʘʡʜʝʤ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʝʘʛʠʨʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʟʦʥʝ ʨʝʘʢʮʠʠ: 

 

xʠ k C= Ö; ʠ P= ;   
0 x xC C kCb b- = ; 

0xC C
k

b

b
=
+

; 
0

k
ʠ C

k b
=
+

; 

 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʢʠʥʝʪʠʢʠ ʛʝʪʝʨʦʛʝʥʥʦʡ 

ʨʝʘʢʮʠʠ. 

ɸ) ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʦʙʣʘʩʪʠ, ʪʦʛʜʘ ɓ << k;  

u = ɓÅC0 ï ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʜʠʬʬʫʟʠʠ ʚʝʱʝʩʪʚʘ. 

ɹ) ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʢʠʥʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ: k << ɓ; u = kÅC0 

ʀʟ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʡ ʢʠʥʝʪʠʢʠ ʧʨʠ ʜʚʫʭ ʨʝʞʠʤʘʭ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʤʝʜʣʝʥʥʦʡ 

ʩʪʘʜʠʝʡ. 

ʅʘʠʙʦʣʝʝ ʤʝʜʣʝʥʥʘʷ ʩʪʘʜʠʷ ʧʨʦʮʝʩʩʘ ʥʘʟʳʚʘʝʪʩʷ ʣʠʤʠʪʠʨʫʶʱʝʡ. 

ɿʜʝʩʴ 1/ɓ ï ʜʠʬʬʫʟʠʦʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ; 1/k 

ï ʭʠʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. 

ʇʝʨʚʳʡ ʵʪʘʧ ʦʢʠʩʣʝʥʠʷ ʚʝʱʝʩʪʚʘ ʯʘʩʪʦ ʩʚʷʟʘʥ ʩ ʢʠʥʝʪʠʢʦʡ 

ʘʜʩʦʨʙʮʠʠ ʢʠʩʣʦʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʶʯʝʛʦ, ʯʪʦ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʛʝʪʝʨʦʛʝʥʥʫʶ ʨʝʘʢʮʠʶ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʚʝʨʭʥʦʩʪʴ, ʥʘ 

ʢʦʪʦʨʦʡ ʠʤʝʶʪʩʷ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʠ ʥʘ ʥʠʭ ʧʨʦʠʩʭʦʜʠʪ ʟʘʢʨʝʧʣʝʥʠʝ 

ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ.  
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*x  ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. ɿʘʧʠʰʝʤ 

ʬʦʨʤʘʣʴʥʫʶ ʩʭʝʤʫ ʛʝʪʝʨʦʛʝʥʥʦʡ ʨʝʘʢʮʠʠ: 

 
* *

2 2O x O x+ = ; 

                
ʀʟ ʬʦʨʤʘʣʴʥʦʡ ʩʭʝʤʳ ʛʦʨʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ *( )x x-  ï ʢʦʣʠʯʝʩʪʚʦ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʦʛʣʦʱʘʪʴ ʢʠʩʣʦʨʦʜ. 

ɽʩʣʠ ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ t ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʢʨʝʧʠʣʦʩʴ ʭ ʤʦʣʝʡ, ʪʦ 

ʦʩʪʘʣʦʩʴ *( )x x-  ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. ʇʨʠʤʝʥʠʤ ʟʘʢʦʥ ʜʝʡʩʪʚʠʷ ʤʘʩʩ ʢ 

ʜʘʥʥʦʡ ʬʦʨʤʘʣʴʥʦʡ ʩʭʝʤʝ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʨʘʚʥʦ P. 

                                 

*

1 1( )
dx

k P x x k x
dt
= - - ; *

1 1 2( )
dx

k Px x k P k
dt
= - + ; 

*

1
1 2

1 2

( )( )
dx k Px

k P k x
dt k P k
= + -

+
; 

1 2( )A k P k= + ; 
*

1

1 2

k Px
B

k P k
=

+
. 

 

ɽʩʣʠ ʧʨʠ ʛʦʨʝʥʠʠ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʣʠʤʠʪʠʨʫʶʱʘʷ ʩʪʘʜʠʷ ï   

ʩʪʘʜʠʷ ʘʜʩʦʨʙʮʠʠ ʢʠʩʣʦʨʦʜʘ, ʪʦ ʫʨʘʚʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ  ʠʤʝʝʪ 

ʚʠʜ: 

 

( )
dx

A B x
dt
= - ; 

0 0

x t
dx

Adt
B x

=
-ñ ñ

; 1
ln

B
A

t B x
=

-
. 

 

ʅʘʡʜʝʤ ʢʦʣʠʯʝʩʪʚʦ ʪʦʧʣʠʚʘ, ʢʦʪʦʨʦʝ ʩʛʦʨʝʣʦ ʢ ʚʨʝʤʝʥʠ t: 

 

(1 )Atx B e-= - . 

 

Ä 1.4.  ʎʝʧʥʳʝ ʧʨʦʮʝʩʩʳ 

 

ʄʥʦʛʠʝ ʢʨʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚ ʪʦʤ ʯʠʩʣʝ, ʷʜʝʨʥʳʝ, ʧʨʦʪʝʢʘʶʪ 

ʧʦ ʮʝʧʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ʍʠʤʠʯʝʩʢʠʝ ʮʝʧʥʳʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʩ 

ʫʯʘʩʪʠʝʤ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ï ʨʘʜʠʢʘʣʦʚ. ʈʘʜʠʢʘʣʳ ʫʯʘʩʪʚʫʶʪ ʚ ʮʝʧʥʳʭ 

ʧʨʦʮʝʩʩʘʭ ï ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʝʚʨʘʱʝʥʠʝ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʢ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʘʤ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʩʚʦʙʦʜʥʳʭ ʚʘʣʝʥʪʥʦʩʪʝʡ. ʆʩʦʙʝʥʥʦʩʪʴ ʨʘʜʠʢʘʣʦʚ - ʥʘʣʠʯʠʝ 

ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ.  
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ʐʠʨʦʢʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʮʝʧʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʨʠʨʦʜʝ ʦʙʫʩʣʦʚʣʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ. 

ʀʟʫʯʘʷ ʨʝʘʢʮʠʶ ʛʦʨʝʥʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ H2S, ʫʯʝʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʢʩʠʜ ʩʝʨʳ (IV) ʠ ʚʦʜʘ, ʥʦ ʠ 

ʦʢʩʠʜ ʩʝʨʳ (II ),  ʢʦʪʦʨʳʡ ʧʦʷʚʣʷʝʪʩʷ   ʚ  ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʜʦʩʪʠʛʘʷ 

7 % ʦʪ ʠʩʭʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ.  

ɺ ʢʦʥʮʝ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ SO ʠʩʯʝʟʘʝʪ, ʧʝʨʝʭʦʜʷ ʚ SO2. ɺʩʝ ʚʝʱʝʩʪʚʘ 

ʚ ʫʢʘʟʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʦ ʩʧʝʢʪʨʘʤ ʧʦʛʣʦʱʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, SO ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʘ ʩʝʨʳ (II)  ʚʳʟʳʚʘʝʪ ʘʚʪʦʫʩʢʦʨʝʥʠʝ ʨʝʘʢʮʠʠ  ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʝʯʝʥʠʶ ʦʢʠʩʣʝʥʠʷ ʧʦ ʚʟʨʳʚʥʦʤʫ ʤʘʨʰʨʫʪʫ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʛʦʨʝʥʠʝ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʢʘʢ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ 

ʦʢʠʩʣʝʥʠʷ ʚʝʱʝʩʪʚ, ʧʨʦʪʝʢʘʝʪ ʧʦ ʮʝʧʥʦʤʫ ʤʘʨʰʨʫʪʫ. 

 ʎʝʧʥʳʝ ʧʨʦʮʝʩʩʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʜʣʠʥʦʡ ʮʝʧʠ. ʈʘʟʚʝʪʚʣʝʥʥʳʝ 

ʮʝʧʥʳʝ ʧʨʦʮʝʩʩʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʜʣʠʥʦʡ ʚʝʪʚʠ. ɼʣʠʥʘ ʮʝʧʠ ï ʵʪʦ ʯʠʩʣʦ 

ʨʝʘʢʮʠʡ ʠʣʠ ʮʠʢʣʦʚ, ʚʦʟʥʠʢʰʠʭ ʧʦʩʣʝ ʧʝʨʚʠʯʥʦʛʦ ʚʩʪʫʧʣʝʥʠʷ ʚ 

ʨʝʘʢʮʠʶ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʊʘʢ ʢʘʢ 

ʚʩʪʫʧʣʝʥʠʝ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʨʝʘʢʮʠʶ ʜʘʝʪ 

w ʨʘʜʠʢʘʣʦʚ, ʪʦ ʜʣʠʥʘ ʮʝʧʠ I  ʙʫʜʝʪ ʨʘʚʥʘ: 

 

I  = 1 + w + w2 + é = 1 / (1 ï w). 

 

ɺʩʪʫʧʣʝʥʠʝ ʚ ʨʝʘʢʮʠʶ ʦʜʥʦʡ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠʮʳ ʧʨʠʚʦʜʠʪ ʢ 

ʛʝʥʝʨʘʮʠʠ ʦʜʥʦʡ ʯʘʩʪʠʮʳ ï ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʩʪʘʮʠʦʥʘʨʥʦ, ʘ ʜʣʠʥʘ 

ʮʝʧʠ ʨʘʚʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. 

ʂʦʛʜʘ ʦʜʥʘ ʘʢʪʠʚʥʘʷ ʯʘʩʪʠʮʘ ʜʘʝʪ ʙʦʣʴʰʝ ʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʪʦ 

ʜʣʠʥʘ ʮʝʧʠ ʙʫʜʝʪ ʨʘʚʥʘ ʜʣʠʥʝ ʚʝʪʚʠ ï ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʢʘʢ 

ʨʘʟʚʝʪʚʣʝʥʥʳʡ. ɼʣʠʥʘ ʚʝʪʚʠ ï ʵʪʦ ʯʠʩʣʦ ʧʝʨʚʠʯʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʨʝʘʢʮʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʜʦ ʤʦʤʝʥʪʘ ʨʘʟʚʝʪʚʣʝʥʠʷ. ɼʣʠʥʘ ʮʝʧʠ ʠ ʜʣʠʥʘ 

ʚʝʪʚʠ ï ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʧʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʬʦʨʤʘʣʴʥʫʶ ʩʭʝʤʫ ʮʝʧʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ 

ʚʝʱʝʩʪʚʘ, ʦʙʦʟʥʘʯʘʷ ʥʝʩʧʘʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ ʪʦʯʢʦʡ. ɿʘʨʦʞʜʝʥʠʝ ʮʝʧʠ ï 

ʧʨʦʮʝʩʩ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ:  

 

  0. 
0

2 2

k

RH O R HO+ = ¶+ ¶. 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʮʝʧʠ ï ʵʣʝʤʝʥʪʘʨʥʘʷ ʩʪʘʜʠʷ ʮʝʧʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʠʜʫʱʘʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʩʚʦʙʦʜʥʳʭ ʚʘʣʝʥʪʥʦʩʪʝʡ, ʧʨʠʚʦʜʷʱʘʷ ʢ 

ʨʘʩʭʦʜʦʚʘʥʠʶ ʠʩʭʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ: 

 

1. 1

2 2

k
R O RO¶+ ½½ ¶. 
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2. 2

2

k
RO RH ROOH R¶+ ½½ + ¶. 

 

ɺʳʨʦʞʜʝʥʥʦʝ ʨʘʟʚʝʪʚʣʝʥʠʝ ʮʝʧʠ ï ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʦʙʦʜʥʳʭ 

ʨʘʜʠʢʘʣʦʚ ʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ:  

 

3. 3k
ROOH RO OH½½ ¶+ ¶. 

 

ʆʙʨʳʚ ʮʝʧʠ ï ʩʪʘʜʠʷ ʮʝʧʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʠʚʦʜʷʱʘʷ ʢ 

ʠʩʯʝʟʥʦʚʝʥʠʶ ʨʘʜʠʢʘʣʘ: 

 

4. 4k
R R R R¶+ ¶½½ -. 

5. 5

2 2

k
RO R RO R¶+ ¶½½ . 

6. 6

2 2

k
RO RO ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ¶+ ¶½½ . 

7. 7k
RO RO ROOR¶+ ¶½½  . 

 8. 8

2

k
RO RO ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ¶+ ¶½½ . 

 

ɿʥʘʷ ʬʦʨʤʘʣʴʥʫʶ ʩʭʝʤʫ, ʧʨʠʤʝʥʷʷ ʦʩʥʦʚʥʦʡ ʧʦʩʪʫʣʘʪ ʭʠʤʠʯʝʩʢʦʡ 

ʢʠʥʝʪʠʢʠ ʢ ʬʦʨʤʘʣʴʥʦʡ ʩʭʝʤʝ ʧʨʦʮʝʩʩʘ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ  ʢʠʥʝʪʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ ʠ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ɼʣʷ ʵʪʦʛʦ 

ʚʳʙʝʨʝʤ ʣʠʤʠʪʠʨʫʶʱʠʝ ʩʪʘʜʠʠ. 

ɼʣʷ ʨʝʘʢʮʠʠ ʚ ʢʠʥʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʥʝʪ ʜʠʬʬʫʟʠʦʥʥʳʭ 

ʟʘʪʨʫʜʥʝʥʠʡ, ʩʢʦʨʦʩʪʴ ʮʝʧʥʦʛʦ ʧʨʦʮʝʩʩʘ W ʨʘʚʥʘ: 

 

W = k2 Ā [RO2Ā][ RH]. 

 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʮʝʩʩʦʚ 

ʚʳʯʠʩʣʠʪʴ ʪʨʫʜʥʦ, ʥʦ ʚ ʩʠʩʪʝʤʝ ʚʩʝʛʜʘ ʠʤʝʝʪʩʷ ʠʥʠʮʠʘʪʦʨ, ʢʦʪʦʨʳʡ 

ʛʝʥʝʨʠʨʫʝʪ ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ, ʠ ʚ ʨʝʘʢʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʨʘʚʥʦʚʝʩʠʝ. ɺ ʫʩʣʦʚʠʷʭ ʨʘʚʥʦʚʝʩʠʷ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʦʙʦʜʥʳʭ 

ʥʦʚʳʭ ʨʘʜʠʢʘʣʦʚ ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ ʛʠʙʝʣʠ ʨʘʜʠʢʘʣʦʚ: 

 

[ ]
2

6 2iW k RO= Ö ¶. 

 

ɿʜʝʩʴ iW  ï ʩʢʦʨʦʩʪʴ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʮʝʧʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʉʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʚʝʱʝʩʪʚʘ ʙʫʜʝʪ ʨʘʚʥʘ: 

 

[ ]RHi

6

2 W
k

k
W= . 
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ʆʪʥʦʰʝʥʠʝ 
6

2

k

k  ʩʣʫʞʠʪ ʤʝʨʦʡ ʦʢʠʩʣʷʝʤʦʩʪʠ ʚʝʱʝʩʪʚʘ. 

ɽʩʣʠ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʦʙʣʘʩʪʠ, ʪʦ 

ʣʠʤʠʪʠʨʫʶʱʘʷ ʩʪʘʜʠʷ ʨʘʩʭʦʜʦʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʘ ï ʩʪʘʜʠʷ ʩ 

ʢʦʥʩʪʘʥʪʦʡ ʩʢʦʨʦʩʪʠ k1. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʥʦʚʥʳʤ ʧʦʩʪʫʣʘʪʦʤ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ 

ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʚʝʱʝʩʪʚʘ: 

 

W = k0 [RĀ] [O2]. 

 

ɽʩʣʠ ʚ ʩʠʩʪʝʤʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʜʠʢʘʣʦʚ, 

ʪʦ ʩʢʦʨʦʩʪʴ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ ʛʠʙʝʣʠ ʨʘʜʠʢʘʣʦʚ. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʥʘʟʳʚʘʶʪ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʤ.  ʇʨʠ ʪʘʢʦʤ 

ʪʝʯʝʥʠʠ ʮʝʧʥʦʛʦ ʧʨʦʮʝʩʩʘ  ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʪ ʧʦ 

ʬʦʨʤʫʣʝ:  

 

Wi  = k4 [RĀ]
2
; 1

2

4

[ ] i

k
W O W

k
= . 

 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʠʣʠ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʚʝʱʝʩʪʚʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʢʦʨʥʶ ʢʚʘʜʨʘʪʥʦʤʫ ʠʟ ʩʢʦʨʦʩʪʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ. 

 

Ä 1.5. ʈʘʟʚʝʪʚʣʝʥʥʳʝ ʮʝʧʥʳʝ ʨʝʘʢʮʠʠ 

 

ɺ ʮʝʧʥʳʭ ʨʝʘʢʮʠʷʭ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʨʘʟʚʝʪʚʣʝʥʠʝ ʮʝʧʝʡ ʠ ʝʩʣʠ 

ʯʠʩʣʦ ʥʦʚʳʭ ʮʝʧʝʡ ʙʦʣʴʰʝ ʯʠʩʣʘ ʦʙʨʳʚʘʶʱʠʭʩʷ ʮʝʧʝʡ, ʪʦ ʩʢʦʨʦʩʪʴ 

ʨʝʘʢʮʠʠ ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʚʟʨʳʚ, ʭʦʪʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʥʝ ʧʦʚʳʰʘʝʪʩʷ ʥʘʩʪʦʣʴʢʦ, ʯʪʦʙʳ ʙʳʣ ʚʦʟʤʦʞʝʥ 

ʪʝʧʣʦʚʦʡ ʚʟʨʳʚ. ʇʝʨʝʭʦʜ ʨʝʘʢʮʠʠ ʚʦ ʚʟʨʳʚʥʦʡ ʨʝʞʠʤ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ 

ʧʨʠ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʘʚʣʝʥʠʷʭ (ʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ) ʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʝʘʛʠʨʫʶʱʝʡ ʩʤʝʩʠ. ʇʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩʫʱʝʩʪʚʫʶʪ ʧʨʝʜʝʣʳ ʜʘʚʣʝʥʠʡ, ʚ ʦʙʣʘʩʪʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʝʥ ʚʟʨʳʚ ʠʣʠ 

ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʝ. 

ʈʝʘʢʮʠʠ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʳʭ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʘʚʣʝʥʠʷʭ 

ʧʨʦʠʩʭʦʜʠʪ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʝ, ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʚ 18ï19 ʚʝʢʘʭ.  

ʌʫʨʢʨʫʘ ʚ 1788 ʛ. ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʯʠʩʪʳʡ ʢʠʩʣʦʨʦʜ ʧʨʠ ʦʙʳʯʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʬʦʩʬʦʨʦʤ, 

ʥʦ ʵʥʝʨʛʠʯʥʦ ʦʢʠʩʣʷʝʪʩʷ ʚʦʟʜʫʭʦʤ. ʃʘʙʠʣʘʜʴʝʨ (1877 ʛ.) ʦʧʨʝʜʝʣʠʣ, 

ʯʪʦ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʬʦʩʬʦʨʠʩʪʳʡ ʚʦʜʦʨʦʜ ʥʝ 

ʚʦʩʧʣʘʤʝʥʷʝʪʩʷ ʧʨʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʩ ʚʦʟʜʫʭʦʤ, ʘ ʧʦʩʣʝ ʧʦʥʠʞʝʥʠʷ 
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ʜʘʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚʟʨʳʚ. ʇʦʜʦʙʥʳʝ ʷʚʣʝʥʠʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ɾʫʙʝʨʦʤ (1874 ʛ.), ʠʟʫʯʘʚʰʠʤ ʦʢʠʩʣʝʥʠʝ ʤʳʰʴʷʢʘ ʠ ʩʝʨʳ, ʌʨʠʜʝʣʝʤ ʠ 

ʃʘʜʝʥʙʫʨʛʦʤ (1871 ʛ.), ʨʘʩʩʤʘʪʨʠʚʘʚʰʠʤʠ ʦʢʠʩʣʝʥʠʝ ʢʨʝʤʥʠʩʪʦʛʦ 

ʚʦʜʦʨʦʜʘ. ʅ. ʅ. ʉʝʤʝʥʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣ ʧʨʦʮʝʩʩʳ ʪʘʢʦʛʦ ʪʠʧʘ ʢʘʢ 

ʨʝʘʢʮʠʠ ʩ ʨʘʟʚʝʪʚʣʝʥʥʳʤʠ ʮʝʧʷʤʠ ʠ ʧʦʢʘʟʘʣ, ʢʘʢʫʶ ʚʘʞʥʫʶ ʨʦʣʴ 

ʠʛʨʘʝʪ ʜʝʟʘʢʪʠʚʘʮʠʷ (ʛʠʙʝʣʴ) ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʥʘ ʩʪʝʥʢʘʭ ʠ ʚ ʦʙʲʝʤʝ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʚʠʩʷʱʝʡ ʦʪ ʨʘʟʤʝʨʦʚ 

ʩʦʩʫʜʘ. ɼʚʘ ʧʨʝʜʝʣʘ ʚʟʨʳʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʜʣʷ ʩʤʝʩʝʡ ʩ 

ʢʠʩʣʦʨʦʜʦʤ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʬʦʩʬʦʨʠʩʪʳʡ ʚʦʜʦʨʦʜ, ʩʝʨʘ, 

ʩʝʨʦʚʦʜʦʨʦʜ, ʩʝʨʦʫʛʣʝʨʦʜ. 

ʀʥʪʝʥʩʠʚʥʦʝ ʛʦʨʝʥʠʝ ʧʘʨʦʚ ʬʦʩʬʦʨʘ ʚ ʢʠʩʣʦʨʦʜʝ ʧʦʣʥʦʩʪʴʶ 

ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʥʠʞʝ 

ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʨʘʚʥʦʛʦ ~0,05 ʤʤ. ʨʪ. ʩʪ. (ʥʠʞʥʝʝ ʢʨʠʪʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ). ɼʦʩʪʘʪʦʯʥʦ ʧʦʚʳʩʠʪʴ ʜʘʚʣʝʥʠʝ ʥʘ 0,01 

ʤʤ. ʨʪ. ʩʪ., ʯʪʦʙʳ ʩʥʦʚʘ ʧʨʦʠʟʦʰʣʘ ʚʩʧʳʰʢʘ. ʇʨʠ ʜʘʚʣʝʥʠʠ ʥʘ 0,01 ʤʤ 

ʨʪ. ʩʪ. ʥʠʞʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʤʝʩʴ ʤʦʛʣʘ ʩʫʱʝʩʪʚʦʚʘʪʴ ʩʢʦʣʴ ʫʛʦʜʥʦ 

ʜʦʣʛʦ. ʂʨʠʪʠʯʝʩʢʦʝ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʟʘʚʠʩʠʪ ʦʪ 

ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʬʦʩʬʦʨʘ, ʦʪ ʜʠʘʤʝʪʨʘ ʩʦʩʫʜʘ ʠ ʦʪ ʧʨʠʩʫʪʩʪʚʠʷ 

ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ. ʊʘʢ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʙʘʚʣʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ ʩʥʠʞʘʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ. 

ʅʘʣʠʯʠʝ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʝʣʦʚ ʚʟʨʳʚʦʚ ʦʙʲʷʩʥʝʥʦ ʧʦʩʣʝ ʨʘʟʨʘʙʦʪʢʠ 

ʪʝʦʨʠʠ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʮʝʧʥʳʭ ʨʝʘʢʮʠʡ. ʂʘʯʝʩʪʚʝʥʥʦ ʥʘʙʣʶʜʘʝʤʦʝ 

ʷʚʣʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ, 

ʤʝʥʴʰʠʭ ʥʠʞʥʝʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʘʢʪʦʚ ʦʙʨʳʚʘ 

ʮʝʧʝʡ ʧʨʝʚʳʰʘʝʪ ʯʠʩʣʦ ʘʢʪʦʚ ʨʘʟʚʝʪʚʣʝʥʠʷ ʮʝʧʝʡ, ʠ ʛʦʨʝʥʠʝ 

ʩʪʘʥʦʚʠʪʩʷ  ʥʝʚʦʟʤʦʞʥʳʤ. ʇʨʠ ʜʘʚʣʝʥʠʷʭ ʚʳʰʝ ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʘ 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʳʚʘ ʮʝʧʝʡ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʠʟ-ʟʘ ʩʪʦʣʢʥʦʚʝʥʠʡ 

ʯʘʩʪʠʮ ʫʤʝʥʴʰʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʘʢʪʠʚʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 

ʩʪʝʥʦʢ ʩʦʩʫʜʘ. ɼʦʙʘʚʣʝʥʠʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʜʠʘʤʝʪʨʘ 

ʩʦʩʫʜʘ ʟʘʪʨʫʜʥʷʶʪ  ʜʠʬʬʫʟʠʶ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʢ ʩʪʝʥʢʘʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʡ ʦʙʨʳʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʥʠʞʝʥʠʶ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚʪʦʨʦʝ ʢʨʠʪʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ, ʚʳʰʝ ʢʦʪʦʨʦʛʦ ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. 

ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʘʢʪʦʚ ʦʙʨʳʚʘ ʮʝʧʝʡ  ʧʨʝʚʳʰʘʝʪ ʯʠʩʣʦ ʘʢʪʦʚ 

ʨʘʟʚʝʪʚʣʝʥʠʷ ʮʝʧʝʡ, ʥʦ ʦʙʨʳʚ ʮʝʧʝʡ ʧʨʦʠʩʭʦʜʠʪ ʫʞʝ ʥʝ ʥʘ ʩʪʝʥʢʘʭ, ʘ ʚ 

ʦʙʲʝʤʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʦʡʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ. 

ɽʩʣʠ ʧʦʩʪʨʦʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʚʟʨʳʚ, ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʢʨʠʚʘʷ ʚʳʛʣʷʜʠʪ ʪʘʢ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 

ɺʩʷ ʦʙʣʘʩʪʴ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʩʣʝʚʘ ʦʪ ʢʨʠʚʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʩʣʦʚʠʷʤ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʟʨʳʚ ʥʝʚʦʟʤʦʞʝʥ. ʇʨʦʮʝʩʩ 
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ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʚ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ 

ʢʨʠʚʦʡ. ʇʨʠ ʥʝʢʦʪʦʨʦʡ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊ  (ʨʠʩ. 1), ʩʫʱʝʩʪʚʫʝʪ 

ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʜʘʚʣʝʥʠʷ ʈ1 ʥʠʞʝ ʢʦʪʦʨʦʛʦ ʚʟʨʳʚʥʦʝ ʪʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ 

ʥʝʚʦʟʤʦʞʥʦ, ʠ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʜʘʚʣʝʥʠʷ ʈ2, ʚʳʰʝ ʢʦʪʦʨʦʛʦ ʚʟʨʳʚ 

ʪʘʢʞʝ ʥʝʚʦʟʤʦʞʝʥ. 

ɼʘʚʣʝʥʠʝ P ʫʙʳʚʘʝʪ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʟʘʢʦʥʫ 

ʵʢʩʧʦʥʝʥʪʳ. ɿʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ 

ʩʦʩʫʜʘ, ʜʠʘʤʝʪʨʘ ʩʦʩʫʜʘ, ʩʦʩʪʘʚʘ ʩʤʝʩʠ. ɺʝʣʠʯʠʥʘ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ɽ 

ʠʤʝʝʪ, ʚ ʩʣʫʯʘʝ ʤʘʣʦʛʦ ʚʳʭʦʜʘ, ʧʦʨʷʜʦʢ 10
 
 ʢɼʞ/ʤʦʣʴ. ʇʦʣʦʞʝʥʠʝ 

ʪʦʯʢʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʤʳʩʘ ʧʦʣʫʦʩʪʨʦʚʘ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʟʘʚʠʩʠʪ 

ʦʪ ʵʪʠʭ ʞʝ ʧʘʨʘʤʝʪʨʦʚ, ʠ ʦʥʘ ʤʦʞʝʪ ʩʤʝʱʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɿʥʘʯʝʥʠʝ ɽ2 ʜʣʷ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʨʘʚʥʦ 80 

ʢɼʞ/ʤʦʣʴ. ɺʝʣʠʯʠʥʘ ʈ2 ʦʯʝʥʴ ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʜʠʘʤʝʪʨʘ ʠ ʬʦʨʤʳ ʩʦʩʫʜʘ. 

ɺʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʮʝʧʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜ 

ʠʥʜʫʢʮʠʠ t0, ʢʦʪʦʨʳʡ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ (ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʨʝʘʢʮʠʠ) 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʝ ʨʘʟ. ɺʩʣʝʜʩʪʚʠʝ ʣʘʚʠʥʦʦʙʨʘʟʥʦʛʦ ʥʘʨʘʩʪʘʥʠʷ 

ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩ ʚʥʘʯʘʣʝ ʨʘʟʚʠʚʘʝʪʩʷ ʤʝʜʣʝʥʥʦ, ʘ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʥʘʯʠʥʘʝʪ ʠʜʪʠ ʩ ʙʦʣʴʰʦʡ ʠ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʝʡ 

ʩʢʦʨʦʩʪʴʶ ï ʧʨʦʠʩʭʦʜʠʪ ʚʟʨʳʚ. 
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0. ʅ2+ʆ2 =ʅÅ +ʅʆ2Å ï (ʟʘʨʦʞʜʝʥʠʝ ʮʝʧʠ, ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ k0), 

1. OHÅ + H2= H2O+ HÅ ï (ʧʨʦʜʦʣʞʝʥʠʝ ʮʝʧʠ, ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ 

k1), 

 2.  ʅÅ + ʆ2 =  HOÅ + ÅOÅ  ï (ʨʘʟʚʝʪʚʣʝʥʠʝ ʮʝʧʠ, ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ 

k2), 

 3.  H2 + ÅOÅ = ʅÅ + ʅʆÅ  ï (ʧʨʦʜʦʣʞʝʥʠʝ ʮʝʧʠ, ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ 

k3), 

 4. ʅÅ + ʩʪʝʥʢʘ = 0,5ʅ2 ï (ʦʙʨʳʚ ʮʝʧʠ ʥʘ ʩʪʝʥʢʝ, ʢʦʥʩʪʘʥʪʘ k4), 

 5. ʅÅ +ʆ2 +M =ʅʆ2Å + M ï (ʦʙʨʳʚ ʮʝʧʠ ʚ ʦʙʲʝʤʝ, ʢʦʥʩʪʘʥʪʘ k5). 

 

ʆʙʨʘʟʦʚʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ ʅʆ2Å ʧʨʠ ʪʨʦʡʥʦʤ ʩʦʫʜʘʨʝʥʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʨʝʘʢʮʠʷ ʦʙʨʳʚʘ ʮʝʧʠ, ʪʘʢ ʢʘʢ ʵʪʦʪ ʩʚʦʙʦʜʥʳʡ 

ʨʘʜʠʢʘʣ ʤʘʣʦʘʢʪʠʚʝʥ ʠ ʥʝ ʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴ ʮʝʧʴ. ʆʙʨʳʚʦʤ ʮʝʧʝʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʛʠʙʝʣʠ ʥʘ ʩʪʝʥʢʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ Åʆʅ, ÅʆÅ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ, ʪʘʢ ʢʘʢ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʜʠʢʘʣʦʚ Åʅ. 

ʉʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ HÅ, ÅOH, ÅʆÅ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

 

v1 = d[HÅ] / dt = Wi  ï k2[ʅÅ][ʆ2] + k3[ÅʆÅ][ʅ2] + k1[H2][ÅOH] ï 

k4[HÅ] ï k5[HÅ][O2];  

v2 = d[HOÅ] / dt = k2[ʅÅ][ʆ2] +  k3[ÅʆÅ][ʅ2] ï  k1[H2][ÅOH];  

v3 = d[ÅOÅ] / dt  =  k2[ʅÅ][ʆ2] + k3[ÅʆÅ][ʅ2]. 

 

ɿʜʝʩʴ v, v2,  v3 ï ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʜʠʢʘʣʦʚ 

Wi ï ʩʢʦʨʦʩʪʴ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʟʘʨʦʞʜʝʥʠʷ ʮʝʧʠ. 

ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ ʯʝʨʝʟ N ʩʫʤʤʘʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʢʪʠʚʥʳʭ 

ʨʘʜʠʢʘʣʦʚ, ʘ ʪʘʢʞʝ ʫʯʝʩʪʴ, ʯʪʦ [Åʆʅ], [ÅʆÅ] ʤʥʦʛʦ ʤʝʥʴʰʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʢʘʣʦʚ ʚʦʜʦʨʦʜʘ [Åʅ],  ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ 

ʚʳʨʘʞʝʥʠʝ: 

 

dN/dt = Wi + (2k2[ʆ2] ï k4 ï k5[O2])N; 2k2[ʆ2] ï k4 ï k5[O2] = ű. 

 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʟʘʧʠʰʝʤ ʚ 

ʢʦʤʧʘʢʪʥʦʡ ʬʦʨʤʝ: 

 

dN/dt = Wi + űN. 

     

ʉʣʘʛʘʝʤʦʝ űN ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʥʦʩʪʴ ʩʢʦʨʦʩʪʝʡ 

ʨʘʟʚʝʪʚʣʝʥʠʷ ʠ ʦʙʨʳʚʘ ʮʝʧʝʡ; ű ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʬʘʢʪʦʨʘ 

ʘʚʪʦʫʩʢʦʨʝʥʠʷ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʦʙʘ ʵʪʠ ʧʨʦʮʝʩʩʘ ʧʝʨʚʦʛʦ 
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ʧʦʨʷʜʢʘ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ   ʩʚʦʙʦʜʥʳʭ  ʨʘʜʠʢʘʣʦʚ  ʠ  ʩʢʦʨʦʩʪʠ ʠʭ ʤʦʛʫʪ 

ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʚʠʜʝ fN ʠ gN: 

 

dN/dt = W ï(g ï f)N. 

 

ʋʨʘʚʥʝʥʠʝ ʧʝʨʝʜʘʝʪ ʚʘʞʥʝʡʰʠʝ ʯʝʨʪʳ ʮʝʧʥʳʭ ʨʘʟʚʝʪʚʣʝʥʥʳʭ 

ʨʝʘʢʮʠʡ ʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʤʦʜʝʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʮʝʧʥʳʭ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʨʝʘʢʮʠʡ ʚʦʦʙʱʝ, ʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʨʝʘʢʮʠʠ 

ʦʢʠʩʣʝʥʠʷ ʚʦʜʦʨʦʜʘ. 

ʇʨʠ ʫʩʣʦʚʠʠ g > f  ʚ ʩʠʩʪʝʤʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʘʷ   

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ: 

 

N = Wi /(g ï f). 

 

ʅʘʣʠʯʠʝ ʨʝʘʢʮʠʠ ʨʘʟʚʝʪʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʪʦʡ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ f = 0  ʠ 

ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʤʝʥʴʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʦʙʨʳʚʘ. ʉʪʘʮʠʦʥʘʨʥʘʷ ʮʝʧʥʘʷ 

ʨʝʘʢʮʠʷ, ʧʦ ʩʚʦʠʤ ʢʠʥʝʪʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʮʝʧʥʳʭ ʥʝʨʘʟʚʝʪʚʣʝʥʥʳʭ ʨʝʘʢʮʠʡ. 

ʇʨʠ ʫʩʣʦʚʠʠ f > g ʢʦʥʮʝʥʪʨʘʮʠʶ ʯʘʩʪʠʮ ʚ ʩʠʩʪʝʤʝ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

N = Wi (e
űt
 ï1)/ű. 

 

ɸʥʘʣʠʟ ʫʨʘʚʥʝʥʠʷ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʥʘʨʘʩʪʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʩʢʦʨʦʩʪʠ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ. ʏʝʨʝʟ ʢʘʞʜʳʝ  1/ű 

ʩʝʢʫʥʜ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʩʢʦʨʦʩʪʴ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ 

ʚʦʟʨʘʩʪʘʶʪ ʚ 2,718é ʨʘʟ. ɿʘ  ʥʝʩʢʦʣʴʢʠʭ ʠʥʪʝʨʚʘʣʦʚ, ʨʘʚʥʳʭ 1/ű, 

ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʩʤʝʥʷʝʪʩʷ ʚʟʨʳʚʥʳʤ ʧʨʦʪʝʢʘʥʠʝʤ ʧʨʦʮʝʩʩʘ. 

ʇʦʩʣʝ ʧʝʨʠʦʜʘ ʠʥʜʫʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʩʤʝʩʠ. ʊʘʢʦʝ 

ʚʦʩʧʣʘʤʝʥʝʥʠʝ, ʚʳʟʚʘʥʥʦʝ ʫʩʢʦʨʝʥʠʝʤ ʨʝʘʢʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʘʨʘʩʪʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʥʘʟʳʚʘʝʪʩʷ ʮʝʧʥʳʤ, ʚʦʩʧʣʘʤʝʥʝʥʠʝʤ. ʎʝʧʥʦʝ 

ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʥʝ ʩʣʝʜʫʝʪ ʩʤʝʰʠʚʘʪʴ ʩ ʪʝʧʣʦʚʳʤ ʚʦʩʧʣʘʤʝʥʝʥʠʝʤ, 

ʚʦʟʥʠʢʘʶʱʠʤ ʚ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʦʛʨʝʚʘ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʦʤ ʪʝʧʣʦʦʙʤʝʥʝ.  

ʎʝʧʥʦʝ ʚʦʩʧʣʘʤʝʥʝʥʠʝ (ʚʟʨʳʚʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ) ʷʚʣʷʝʪʩʷ 

ʦʙʱʠʤ ʩʚʦʡʩʪʚʦʤ ʚʩʝʭ ʮʝʧʥʳʭ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʨʝʘʢʮʠʡ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʠʥʝʪʠʢʠ ʮʝʧʥʦʛʦ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʥʝʣʴʟʷ 

ʧʦʣʘʛʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʩʪʘʮʠʦʥʘʨʥʦʡ. ʉʪʨʦʛʦʝ 

ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʥʘʯʘʣʴʥʦʛʦ 

ʧʝʨʠʦʜʘ ʨʝʘʢʮʠʠ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʤʦʞʥʦ 
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ʩʯʠʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʤʠ, ʦʢʘʟʳʚʘʝʪʩʷ ʩʣʦʞʥʳʤ. ɼʣʷ 

ʫʧʨʦʱʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʢʣʘʜʦʢ ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʩʦʩʪʦʷʱʠʡ ʚ ʪʦʤ, ʯʪʦ ʧʨʠʥʠʤʘʶʪ 

ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʩʝʭ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʢʨʦʤʝ ʦʜʥʦʛʦ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʚ ʥʘʠʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʄʝʪʦʜ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʫʯʝʥʠʶ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʮʝʧʥʦʛʦ ʧʨʦʮʝʩʩʘ: 

 

dN/dt = Wi + (2k2[ʆ2] ï k4 ï k5[O2])N. 

 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʮʝʧʥʳʭ ʨʝʘʢʮʠʡ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʜʚʫʭ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʨʝʞʠʤʦʚ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ. 

ɽʩʣʠ ʩʢʦʨʦʩʪʴ ʦʙʨʳʚʘ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʪʚʣʝʥʠʷ ʮʝʧʝʡ, ʪʦ ʠʤʝʝʪ 

ʤʝʩʪʦ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʧʨʦʮʝʩʩʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʠʟʫʯʝʥʥʳʭ ʩʣʫʯʘʝʚ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʝʠʟʤʝʨʠʤʦ ʤʘʣʘ. ɽʩʣʠ ʩʢʦʨʦʩʪʴ 

ʦʙʨʳʚʘ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʪʚʣʝʥʠʷ, ʪʦ ʨʘʟʚʠʚʘʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ 

ʘʚʪʦʫʩʢʦʨʷʶʱʠʡʩʷ ʧʨʦʮʝʩʩ, ʟʘʢʘʥʯʠʚʘʶʱʠʡʩʷ ʮʝʧʥʳʤ 

ʚʦʩʧʣʘʤʝʥʝʥʠʝʤ ʩʤʝʩʠ. ʇʝʨʝʭʦʜ ʦʪ ʫʩʣʦʚʠʷ g > f ʢ ʫʩʣʦʚʠʶ f > g ʤʦʞʝʪ 

ʧʨʦʠʟʦʡʪʠ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʦʜʥʦʛʦ ʠʟ ʧʘʨʘʤʝʪʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʢʦʨʦʩʪʠ ʦʙʨʳʚʘ ʠʣʠ ʨʘʟʚʝʪʚʣʝʥʠʷ ʮʝʧʝʡ: ʜʘʚʣʝʥʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʩʪʘʚʘ ʩʤʝʩʠ, ʨʘʟʤʝʨʘ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʫʜʘ, ʩʦʩʪʦʷʥʠʷ 

ʩʪʝʥʦʢ ʩʦʩʫʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʜʥʦʛʦ ʠʟ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʝʨʝʭʦʜ ʦʪ ʥʝʠʟʤʝʨʠʤʦ ʤʝʜʣʝʥʥʦʡ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʨʝʘʢʮʠʠ ʢ ʙʳʩʪʨʦʤʫ ʚʟʨʳʚʥʦʤʫ ʧʨʦʮʝʩʩʫ ʠʣʠ ʥʘʦʙʦʨʦʪ. 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʧʦʜʦʙʥʳʝ ʷʚʣʝʥʠʷ ʚ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʝ 

ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʧʨʝʜʝʣʴʥʳʭ, ʠʣʠ ʢʨʠʪʠʯʝʩʢʠʭ, ʷʚʣʝʥʠʡ. ɿʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʛʦ ʨʝʞʠʤʘ ʢ 

ʜʨʫʛʦʤʫ, ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʧʨʝʜʝʣʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ. 

ʋʩʣʦʚʠʝ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʥʝ ʚʢʣʶʯʘʝʪ ʩʢʦʨʦʩʪʠ ʟʘʨʦʞʜʝʥʠʷ ʮʝʧʝʡ. 

ɺ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩʢʦʨʦʩʪʴ ʟʘʨʦʞʜʝʥʠʷ ʮʝʧʝʡ ʥʝ ʜʦʣʞʥʘ 

ʚʣʠʷʪʴ ʥʘ ʧʦʣʦʞʝʥʠʝ ʦʙʣʘʩʪʠ ʚʦʩʧʣʘʤʝʥʝʥʠʷ. ʂ ʪʘʢʦʤʫ ʚʳʚʦʜʫ 

ʠʟʣʦʞʝʥʥʘʷ ʪʝʦʨʠʷ ʧʨʠʚʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʦʛʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʦʙʨʳʚʘ ʠ 

ʨʘʟʚʝʪʚʣʝʥʠʷ ʮʝʧʝʡ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʦʮʝʩʩʳ 

ʢʚʘʜʨʘʪʠʯʥʳʝ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʪ. ʝ. ʧʨʦʮʝʩʩʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ï ʧʨʦʮʝʩʩʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʝʧʝʡ.  

ʆʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʩʰʠʨʝʥʠʝ 

ʦʙʣʘʩʪʠ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʟʘʨʦʞʜʝʥʠʷ. 

ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʘʩʰʠʨʝʥʠʝ ʦʙʣʘʩʪʠ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʩʤʝʩʠ 

ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʨʘʟʣʠʯʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʈʘʟʨʷʜ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʚʦʙʦʜʥʳʭ 

ʘʪʦʤʦʚ, ʨʘʜʠʢʘʣʦʚ ʠ ʧʨʠʚʦʜʠʪ ʢ ʩʢʦʨʦʩʪʠ ʟʘʨʦʞʜʝʥʠʷ ʮʝʧʝʡ. ʆʙʣʘʩʪʴ 
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ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʯʝʥʴ 

ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʟʘʨʦʞʜʝʥʠʷ ʫʩʣʦʚʠʝ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʧʝʨʝʩʪʘʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʠ ʧʨʠ ʚʳʚʦʜʝ ʫʩʣʦʚʠʷ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʝʧʝʡ. ʂ ʚʳʚʦʜʫ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʝʧʝʡ ʧʨʠʚʦʜʷʪ ʪʘʢʞʝ ʜʘʥʥʳʝ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ 

ʭʦʣʦʜʥʦʛʦ ʧʣʘʤʝʥʠ ʚ ʙʝʜʥʳʭ ʩʝʨʦʫʛʣʝʨʦʜʦʤ ʩʤʝʩʷʭ ʩʝʨʦʫʛʣʝʨʦʜʘ ʩ 

ʚʦʟʜʫʭʦʤ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʤʝʥʠ ʷʚʣʷʝʪʩʷ 

ʪʝʧʣʦʚʳʤ ʧʨʦʮʝʩʩʦʤ ï ʛʦʨʷʱʠʡ ʩʣʦʡ ʧʝʨʝʜʘʝʪ ʪʝʧʣʦ ʙʣʠʟʣʝʞʘʱʠʤ 

ʭʦʣʦʜʥʳʤ ʩʣʦʷʤ ʠ ʥʘʛʨʝʚʘʝʪ ʠʭ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ. ɺ 

ʩʤʝʩʷʭ ʩʝʨʦʫʛʣʝʨʦʜʘ CS2 ʩ ʚʦʟʜʫʭʦʤ ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʧʨʠ ʩʪʦʣʴ ʥʠʟʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ CS2 (0,03 %), ʯʪʦ ʜʘʞʝ 

ʧʦʣʥʦʝ ʩʛʦʨʘʥʠʝ ʩʤʝʩʠ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʦʪʚʝʜʝʥʠʷ ʪʝʧʣʘ) ʥʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʤʝʩʠ ï 

ʪʝʧʣʦʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʤʝʥʠ ʚ ʪʘʢʠʭ ʩʤʝʩʷʭ ʥʝʚʦʟʤʦʞʥʦ.   

ɽʩʣʠ ʧʦʤʝʩʪʠʪʴ ʩʤʝʩʴ ʩʝʨʦʫʛʣʝʨʦʜʘ ʩ ʚʦʟʜʫʭʦʤ, ʥʘʭʦʜʷʱʫʶʩʷ ʚʥʝ 

ʦʙʣʘʩʪʠ ʮʝʧʥʦʛʦ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʚ ʜʣʠʥʥʫʶ ʪʨʫʙʢʫ ʠ ʥʘʛʨʝʪʴ ʦʜʠʥ 

ʢʦʥʝʮ ʪʨʫʙʢʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʮʝʧʥʦʛʦ ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʪʦ ʧʦ ʪʨʫʙʢʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʣʘʤʷ. ʆʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨ, 

ʊ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʣʘʤʷ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʩʤʝʩʷʭ CS2 ï ʚʦʟʜʫʭ 

(ʦʙʣʘʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ), ʰʠʨʝ ʦʙʣʘʩʪʠ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ 

ʪʦʡ ʞʝ ʩʤʝʩʠ. ʊʝʧʣʦʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʤʝʥʠ ʚ ʫʩʣʦʚʠʷʭ ʵʪʠʭ 

ʦʧʳʪʦʚ ʠʩʢʣʶʯʝʥʦ. ɺʦʩʧʣʘʤʝʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ 

ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠʟ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʣʦ ʚʦʩʧʣʘʤʝʥʝʥʠʝ, 

ʚ ʙʣʠʞʘʡʰʠʝ ʩʣʦʠ.  

ɺʳʚʦʜ: ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʟʘʨʦʞʜʝʥʠʷ ʚ ʩʤʝʩʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚʥʝ ʦʙʣʘʩʪʠ 

ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʥʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʩʧʣʘʤʝʥʝʥʠʶ, ʝʩʣʠ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʝʧʝʡ.   
 

Ä 1.6. ʊʝʦʨʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʛʦʨʝʥʠʠ ʚʟʨʳʚʘʭ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʤʘʨʰʨʫʪʳ ʧʨʝʚʨʘʱʝʥʠʷ ʚʝʱʝʩʪʚ, 

ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʝʡ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʋʢʘʟʘʥʥʘʷ 

ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ.  

ɺ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʝʞʠʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʢʦʪʦʨʳʡ ʥʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʠʣʠ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ.  

ʇʝʨʝʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ ï ʵʪʦ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ, ʦʙʨʘʟʫʶʱʝʝʩʷ ʧʨʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ: 
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*( )xy z xyz xz y+ =  +. 

 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʩʙʣʠʞʝʥʠʠ ʘʪʦʤʘ z ʩ ʤʦʣʝʢʫʣʦʡ xy 

ʠʟʤʝʥʷʝʪʩʷ ʵʥʝʨʛʠʷ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ. ʏʪʦʙʳ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʠʟʤʝʥʝʥʠʝʤ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʠʟ ʪʨʝʭ ʘʪʦʤʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ, 

ʧʦʩʪʨʦʠʤ ʜʠʘʛʨʘʤʤʫ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʦʪʢʣʘʜʳʚʘʷ ʧʦ 

ʦʩʠ ʘʙʩʮʠʩʩ ʨʘʩʩʪʦʷʥʠʝ ( )x yr -  ʤʝʞʜʫ ʘʪʦʤʘʤʠ x ʠ y ,ʘ ʧʦ ʦʩʠ x ʦʨʜʠʥʘʪ ï 

ʨʘʩʩʪʦʷʥʠʝ ( )y zr -  ʤʝʞʜʫ ʘʪʦʤʘʤʠ y ʠ z, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚʘʣʝʥʪʥʳʡ ʫʛʦʣ 

ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ x ï y ï z  ʬʠʢʩʠʨʦʚʘʥ ʠ ʨʘʚʝʥ 180Á. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʠ ʧʫʪʠ ʨʝʘʢʮʠʠ  

XY+Z=X+YZ 

 

ʂʦʛʜʘ ʘʪʦʤ z ʥʘʭʦʜʠʪʩʷ ʜʘʣʝʢʦ ʦʪ ʤʦʣʝʢʫʣʳ xy, ʧʦʪʝʥʮʠʘʣʴʥʘʷ 

ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʠʟ ʪʨʝʭ ʘʪʦʤʦʚ ʟʘʚʠʩʠʪ ʦʪ ʤʝʞʘʪʦʤʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 

x yr - . ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʚʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʜʚʫʭʘʪʦʤʥʦʡ ʤʦʣʝʢʫʣʳ xy, ʧʦʢʘʟʘʥʥʦʡ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʜʠʘʛʨʘʤʤʳ, ʨʠʩ.1. ʇʦ ʤʝʨʝ ʩʙʣʠʞʝʥʠʷ ʘʪʦʤʦʚ z ʠ y ʥʘʯʠʥʘʝʪ 

ʩʢʘʟʳʚʘʪʴʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ  ʤʝʞʜʫ ʥʠʤʠ, ʩʚʷʟʴ  x ï y ʦʩʣʘʙʝʚʘʝʪ,  

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ x ï y, ʥʘʯʠʥʘʝʪ ʚʦʟʥʠʢʘʪʴ ʥʦʚʘʷ ʩʚʷʟʴ y ï z. 
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ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʚʦʟʨʘʩʪʘʝʪ ʠ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ 

ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ. ɺ ʩʦʩʪʦʷʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʵʪʦʡ ʪʦʯʢʝ, 

ʤʦʣʝʢʫʣʳ xy ʠʣʠ yz ʦʪʜʝʣʴʥʦ ʥʝ ʩʫʱʝʩʪʚʫʶʪ. ɺ ʤʦʤʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ 

ʤʘʢʩʠʤʫʤʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʘ ʠʟ ʪʨʝʭ ʘʪʦʤʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʧʦʭʦʞʝʝ ʥʘ 

ʥʝʩʪʦʡʢʫʶ ʪʨʝʭʘʪʦʤʥʫʶ ʤʦʣʝʢʫʣʫ. ʕʪʦ ʩʦʩʪʦʷʥʠʝ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ  

ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʣʠ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʩʙʣʠʞʝʥʠʠ ʘʪʦʤʦʚ z ʠ y ʩʚʷʟʴ z ï y ʫʩʠʣʠʚʘʝʪʩʷ, ʘʪʦʤ x ʦʪʜʝʣʷʝʪʩʷ ʦʪ 

ʘʪʦʤʘ y, ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʩʥʠʞʘʝʪʩʷ. ʉʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ 

ʚ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ï ʦʙʨʘʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʤʦʣʝʢʫʣʘ yz ʠ ʘʪʦʤ x. 

ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ ʧʨʷʤʦʛʦ ʧʨʦʮʝʩʩʘ E1; ɽ2 ï ʵʥʝʨʛʠʷ 

ʘʢʪʠʚʘʮʠʠ ʦʙʨʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʦ ʪʝʧʣʦʚʦʡ  ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʙʫʜʝʪ 

ʨʘʚʝʥ: 
2 1H E E-D = -. Eʢʣ ï ʢʣʘʩʩʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʚ 

ʫʨʘʚʥʝʥʠʠ ɸʨʨʝʥʠʫʩʘ. 

ɿʘʧʠʰʝʤ ʬʦʨʤʘʣʴʥʫʶ ʩʭʝʤʫ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ: ʚʝʱʝʩʪʚʦ ɸ1 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ɸ2, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ 

ʘʢʪʠʚʥʳʡ ʢʦʤʧʣʝʢʩ ɸ1ɸ2*, ʢʦʪʦʨʳʡ ʙʳʩʪʨʦ ʨʘʟʣʘʛʘʝʪʩʷ: 

 

ɸ1 + ɸ2= ɸ1ɸ2*           ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ. 

 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ï ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʝʜʣʝʥʥʳʡ, ʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ, ʘ ʝʛʦ ʨʘʩʧʘʜ - ʙʳʩʪʨʳʡ ʠ ʥʝʦʙʨʘʪʠʤʳʡ. 

ʉʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ u ʟʘʧʠʰʝʤ ʯʝʨʝʟ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝɦ ʝʩʪʚ A1, A2, 

A1A2
*
: 

1 2[ ] [ ]u k A A= Ö ; *

3 1 2[ ]u k A A= ;    
* * /

*1 1 2

*

2 1 2

[ ]

[ ] [ ]

k A A
K

k A A
= =

Ö
, 

 

ʛʜʝ *K  ï ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. 

ʆʧʨʝʜʝʣʠʤ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ:  

 
* *

1 2 1 2[ ] [ ] [ ]A A K A A= Ö . 

 

ʊʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʟʘʧʠʩʠ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ:  

 

1 2 1 2

*

3 A A A Au k K C C k C C= Ö Ö = Ö Ö;   *

3 1 2 1 2[ ] [ ] [ ] [ ]k K A A k A AÖ = Ö. 

      

ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʢʦʥʩʪʘʥʪʝ ʨʘʚʥʦʚʝʩʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ: 
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*

3k K k= Ö, 

ʛʜʝ 
3k  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ: 

 

                                            
3

KT
k

h
c= , 

 

ʛʜʝc ï ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʨʘʚʥʳʡ 01, K ï ʧʦʩʪʦʷʥʥʘʷ 

ɹʦʣʴʮʤʘʥʘ, ʨʘʚʥʘʷ 1,38
.
10

-21
ɼʞ/ʛʨʘʜ; T ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; h ï ʧʦʩʪʦʷʥʥʘʷ 

ʇʣʘʥʢʘ, ʨʘʚʥʘʷ 6,602
.
10

-34
ɼʞ/ʩ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʩʚʷʟʘʥʘ ʩʦ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʝʡ ʧʨʦʮʝʩʩʘ. ʕʪʫ ʩʚʷʟʴ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʣʷ 

ʥʘʭʦʞʜʝʥʠʷ ʚʝʣʠʯʠʥʳ ʂ*, ʚʚʦʜʷ ʧʦʥʷʪʠʝ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʠʟʤʝʥʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩʠʩʪʝʤʳ 

ʠʟ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʧʝʨʝʭʦʜʥʦʝ, ʫʯʠʪʳʚʘʷ ʚʩʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, 

ʢʨʦʤʝ ʢʦʦʨʜʠʥʘʪ ʨʝʘʢʮʠʠ. ɽʩʣʠ ʚʝʱʝʩʪʚʘ ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʘʥʜʘʨʪʥʦʤ 

ʩʦʩʪʦʥ̫ʠʠ, ʪʦ ʜʣʷ ʧʨʦʮʝʩʩʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʨʠ  ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ, 

ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ: 

 
* *lnG RT KD =- Ö ; 
* * *G H T SD =D - D; 

* * *lnH T S RT KD =- D =- Ö; 
* *

*

S H

R RTK e e
D D

-

= Ö . 

 

ʇʦʣʫʯʠʤ ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʦʨʠʠ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ k: 

 
* *S H

R RT
KT

k e e
h

c
D -D

= Ö Ö . 

 

ʇʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ ʫʨʘʚʥʝʥʠʷ ɸʨʨʝʥʠʫʩʘ ʧʦ 

ʪʝʦʨʠʠ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʚʝʥ:  

 
*S

R
KT

A e
h

c
D

= Ö Ö. 
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ɺ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʤʦʣʝʢʫʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʙʦʣʴʰʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʠ ʩʣʦʞʥʳʤ ʩʪʨʦʝʥʠʝʤ, 

ʦʩʥʦʚʥʦʡ ʬʘʢʪʦʨ, ʚʣʠʷʶɦ ʠʡ ʥʘ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ï ʵʪʦ 

ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ *SD . 

ɺ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ ʚʝʱʝʩʪʚʘ ʩ ʥʠʟʢʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʠ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʩʥʦʚʥʦʡ ʬʘʢʪʦʨ, 

ʚʣʠʷʶʱʠʡ ʥʘ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ï ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ *HD . 

 

Ä 1.7. ʂʠʥʝʪʠʢʘ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʨʘʤʢʘʭ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ, ʢʦʪʦʨʘʷ  ʠʟʫʯʘʝʪ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʝʚʨʘʱʝʥʠʷ ʚʝʱʝʩʪʚʘ  ʧʨʠ ʥʘʨʫʰʝʥʠʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ  ʨʘʚʥʦʚʝʩʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʮʝʩʩ ʧʨʝʚʨʘʱʝʥʠʷ 

ʚʝʱʝʩʪʚʘ ʥʘʨʫʰʘʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʚ ʩʠʩʪʝʤʝ. ɽʩʣʠ ʵʪʦ 

ʥʘʨʫʰʝʥʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʪʦ ʧʨʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ 

ʥʝʨʘʚʥʦʚʝʩʥʳʤ ʩʦʩʪʦʷʥʠʝʤ  ʧʨʝʥʝʙʨʝʛʘʶʪ ʠʣʠ ʫʯʠʪʳʚʘʶʪ ʠʭ ʢʘʢ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʡ ʬʘʢʪʦʨ, ʚʚʦʜʷ ʤʘʣʳʝ ʧʦʧʨʘʚʢʠ ʢ ʢʦʥʩʪʘʥʪʘʤ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʡ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʛʦʚʦʨʷʪ ʦ  ʨʘʚʥʦʚʝʩʥʦʡ ʢʠʥʝʪʠʢʝ. ʂʦʥʩʪʘʥʪʳ 

ʩʢʦʨʦʩʪʠ ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʢʠʥʝʪʠʢʝ ʚʳʨʘʞʘʶʪʩʷ ʚ ʚʠʜʝ ʬʫʥʢʮʠʡ ʦʪ  

ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ï ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ. 

ɺ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʟʘʩʝʣʝʥʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ  Ni/N (N ï ʧʦʣʥʦʝ ʯʠʩʣʦ ʤʦʣʝʢʫʣ, 

Ni ï ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ Ei) ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʫʨʘʚʥʝʥʠʝʤ: 

                                                

ä -

-
=

l

ll

ii

ktEg

ktEg

N

N

)/exp(

)/exp(1  

 

ʛʜʝ k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, gi, gl ï ʯʠʩʣʘ ʚʦʟʤʦʞʥʳʭ ʢʚʘʥʪʦʚʳʭ 

ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣʳ ʥʘ ʫʨʦʚʥʷʭ ʩ ʵʥʝʨʛʠʷʤʠ ɽi ʠ ɽl.  

ʏʘʩʪʦ ʦʧʝʨʘʪʦʨ ʵʥʝʨʛʠʠ (ʛʘʤʠʣʴʪʦʥʠʘʥ) ʩʠʩʪʝʤʳ ʜʦʧʫʩʢʘʝʪ 

ʨʘʟʜʝʣʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ.  ʕʥʝʨʛʠʶ ɽi  ʚʳʨʘʞʘʶʪ  ʚ ʚʠʜʝ ʩʫʤʤʳ ʵʥʝʨʛʠʡ 

ʥʝʟʘʚʠʩʠʤʳʭ ʠʣʠ ʩʠʩʪʝʤ. ʊʘʢ, ʚ  ʛʘʟʘʭ ɽi  ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʩʫʤʤʳ 

ʵʥʝʨʛʠʡ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʡ ʤʦʣʝʢʫʣ, 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ  ʢʦʣʝʙʘʥʠʡ ʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ. ʂʘʞʜʳʡ ʚʠʜ 

ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʫʥʢʮʠʝʡ  

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 
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ɺ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʨʘʚʥʦʚʝʩʠʷ  

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɹʦʣʴʮʤʘʥʘ ʧʦ ʵʥʝʨʛʠʷʤ ʥʝ ʨʝʘʣʠʟʫʶʪʩʷ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʠʥʝʪʠʢʠ 

ʨʝʘʢʮʠʡ.  

ʊʦʯʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʟʜʝʣʠʪʴ ʢʠʥʝʪʠʢʫ ʥʘ 

ʥʝʨʘʚʥʦʚʝʩʥʫʶ ʠ ʨʘʚʥʦʚʝʩʥʫʶ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʄʦʞʥʦ ʫʢʘʟʘʪʴ ʥʘ  

ʫʩʣʦʚʥʳʝ ʛʨʘʥʠʮʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

ʇʨʠʟʥʘʢʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ 

ʦʩʥʦʚʝ ʦʙʱʠʭ ʩʦʧʦʩʪʘʚʣʝʥʠʡ ʭʘʨʘʢʪʝʨʥʳʭ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʛʘʟʘʭ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʧʦ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ. 

ʉʠʩʪʝʤʘ, ʚʳʚʝʜʝʥʥʘʷ ʠʟ ʩʦʩʪʦʷʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʥʝʤʫ (ʨʝʣʘʢʩʠʨʫʝʪ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʧʨʠ 

ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʯʘʩʪʠʮ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʪʠʧʘʤ 

ʜʚʠʞʝʥʠʡ (ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣʳ).  

ɺ ʛʘʟʘʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ. ʂʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʦʙʤʝʥʠʚʘʶʪʩʷ ʵʥʝʨʛʠʝʡ ʩ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʚ 

ʧʨʦʮʝʩʩʝ ʩʪʦʣʢʥʦʚʝʥʠʷ. ʄʦʣʝʢʫʣʳ ʤʥʦʛʦʢʨʘʪʥʦ ʩʪʘʣʢʠʚʘʶʪʩʷ,  ʧʨʝʞʜʝ 

ʯʝʤ ʧʨʠʦʙʨʝʪʘʶʪ ʠʣʠ ʪʝʨʷʶʪ ʢʚʘʥʪʳ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʵʥʝʨʛʠʡ. ɺ ʩʠʩʪʝʤʝ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʙʱʝʝ ʨʘʚʥʦʚʝʩʠʝ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʠ ʚʨʘʱʘʪʝʣʴʥʳʭ 

ʜʚʠʞʝʥʠʡ. ʂʦʣʝʙʘʪʝʣʴʥʘʷ ʨʝʣʘʢʩʘʮʠʷ, ʚʝʜʫʱʘʷ ʢ ʨʘʚʥʦʚʝʩʠʶ ʢʦʣʝʙʘʥʠʡ 

ʤʦʣʝʢʫʣ ʩ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤʠ ʠ ʚʨʘʱʘʪʝʣʴʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ, ʟʘʥʠʤʘʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ɼʣʷ ʛʘʟʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʩʦʩʪʘʚʘ (ʥʦ ʥʝ ʤʘʣʳʭ ʧʨʠʤʝʩʝʡ). ʊʘʢ, ʚ ʧʣʘʟʤʝ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʣʠʯʠʷ 

ʤʘʩʩ ʵʣʝʢʪʨʦʥʦʚ ʠ ʘʪʦʤʦʚ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʨʘʚʥʦʚʝʩʠʷ ʦʪʜʝʣʴʥʦ ʜʣʷ ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ ʠ 

ʵʣʝʢʪʨʦʥʦʚ. ɺʦʟʥʠʢʘʝʪ ʧʘʨʘʜʦʢʩ ï ʪʝʤʧʝʨʘʪʫʨʘ ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʥʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʢʦʣʝʙʘʪʝʣʴʥʦʡ 

ʨʝʣʘʢʩʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʠ ʪʠʧʘ ʢʦʣʝʙʘʥʠʡ ʤʦʛʫʪ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʨʘʚʥʦʚʝʩʠʷ ʧʦ ʦʪʜʝʣʴʥʳʤ ʛʨʫʧʧʘʤ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ʇʦʜʦʙʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʞʠʜʢʦʩʪʠ ʠ ʢʨʠʩʪʘʣʣʳ. ʆʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ  ʚ ʞʠʜʢʦʩʪʷʭ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʠ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ 

ʩʦʩʪʘʚʣʷʶʪ ʝʜʠʥʦʝ ʮʝʣʦʝ (ʵʥʝʨʛʠʠ ʵʪʠʭ ʚʠʜʦʚ ʜʚʠʞʝʥʠʷ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʣʠʰʴ ʚ ʛʨʫʙʦʤ ʧʨʠʙʣʠʞʝʥʠʠ). ɺ ʪʚʝʨʜʳʭ ʪʝʣʘʭ ʚʩʝ ʜʚʠʞʝʥʠʷ 

ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ ʢʦʣʝʙʘʪʝʣʴʥʳʝ. 

ʈʘʚʥʦʚʝʩʠʝ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʜʦʩʪʠʛʘʶʪʩʷ ʟʘ ʚʨʝʤʝʥʘ 

ʙʦʣʴʰʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʨʝʤʝʥʝʤ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ. ʇʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʩʠʣʴʥʦ ʚʦʟʨʘʩʪʘʶʪ ʠ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʚʨʝʤʝʥʘʤʠ ʜʨʫʛʠʭ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ 
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ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʤʫʱʝʥʠʷ, ʚʳʟʳʚʘʝʤʳʝ 

ʧʨʝʚʨʘʱʝʥʠʝʤ ʚʝʱʝʩʪʚʘ, ʨʝʣʘʢʩʠʨʦʚʘʪʴ ʥʝ ʫʩʧʝʚʘʶʪ. ʉʢʦʨʦʩʪʴ 

ʧʨʦʮʝʩʩʘ  ʩʪʘʥʦʚʠʪʩʷ ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʨʝʤʝʥ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ, ʘ 

ʠʥʦʛʜʘ, ʚ ʧʨʝʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʦʪ ʚʨʝʤʝʥ ʚʨʘʱʘʪʝʣʴʥʳʭ ʠ 

ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʨʝʣʘʢʩʘʮʠʡ. ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʦʙʨʘʪʥʘʷ 

ʩʚʷʟʴ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʪʝʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ, 

ʦʥ ʚʳʟʳʚʘʝʪ. ʕʪʦ ʦʜʥʦ ʠʟ ʧʨʦʷʚʣʝʥʠʡ ʧʨʠʥʮʠʧʘ ʃʝ-ʐʘʪʝʣʴʝ. ʊʘʢ, ʚ 

ʩʠʣʴʥʳʭ ʫʜʘʨʥʳʭ ʚʦʣʥʘʭ ʢʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ, ʦʙʳʯʥʦ ʚʳʨʘʞʘʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ: 

 

),/exp()( ʧʦʩʪʧ

ʧʦʩʪ

ʧʦʩʪʜʠʩʩ kTD
ʊ

ɸ
ʊk -=  

 

ʛʜʝ D ï ʵʥʝʨʛʠʷ ʜʠʩʩʦʮʠʘʮʠʠ, n ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʧ ʧʨʠʥʠʤʘʝʪ 

ʟʥʘʯʝʥʠʷ ʦʪ 1 ʜʦ 4, A ï ʵʤʧʠʨʠʯʝʩʢʘʷ  ʧʦʩʪʦʷʥʥʘʷ. 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʤʢʘʭ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ, ʯʝʤ ʨʘʚʥʦʚʝʩʥʦʡ. 

ʂʨʦʤʝ ʬʦʨʤʘʣʴʥʳʭ ʩʭʝʤ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʷ, ʚʳʨʘʞʘʶʱʠʝ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ 

ʟʘʩʝʣʝʥʥʦʩʪʝʡ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʯʘʩʪʠʮ. ʅʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ  

ʜʘʥʥʳʝ ʦ ʢʦʥʩʪʘʥʪʘʭ ʩʢʦʨʦʩʪʝʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ 

ʵʥʝʨʛʠʠ - ʢʦʣʝʙʘʪʝʣʴʥʦ-ʚʨʘʱʘʪʝʣʴʥʦʛʦ, ʢʦʣʝʙʘʪʝʣʴʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ 

(ʢʦʣʝʙʘʪʝʣʴʥʦ-ʪʨʘʥʩʣʷʮʠʦʥʥʦʛʦ) ʠ ʚʨʘʱʘʪʝʣʴʥʦ-ʪʨʘʥʩʣʷʮʠʦʥʥʦʛʦ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʳʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʠ 

ʥʘʠʙʦʣʝʝ ʤʝʜʣʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʝʨʝʭʦʜʳ ʠ ʚʳʯʠʩʣʠʪʴ (ʠʣʠ 

ʠʟʤʝʨʠʪʴ) ʠʭ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ï ʚʝʣʠʯʠʥʳ, ʦʙʨʘʪʥʳʝ ʚʨʝʤʝʥʘʤ 

ʞʠʟʥʠ ʤʦʣʝʢʫʣ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. 

ɺʳʯʠʩʣʝʥʠʝ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʫʧʨʦʱʘʝʪʩʷ, ʝʩʣʠ ʚ ʥʝʨʘʚʥʦʚʝʩʥʦʡ 

ʩʠʩʪʝʤʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʘʚʥʦʚʝʩʥʳʝ ʧʦʜʩʠʩʪʝʤʳ. ʂʦʥʩʪʘʥʪʳ 

ʩʢʦʨʦʩʪʠ ʚʳʨʘʞʘʶʪʩʷ ʢʘʢ ʬʫʥʢʮʠʠ ʪʝʤʧʝʨʘʪʫʨ ʧʦʜʩʠʩʪʝʤ. 

ɿʘʩʝʣʝʥʥʦʩʪʠ Xi ʪʘʢʠʭ ʫʨʦʚʥʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 
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ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʜʠʩʩʦʮʠʘʮʠʠ ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 
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ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ  ʫʧʨʦʱʘʝʪʩʷ, 

ʟʘʩʝʣʝʥʥʦʩʪʠ ʍi  ʥʝ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʠ 

ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ ï ʪʝʤʧʝʨʘʪʫʨʫ, 

ʢʦʥʮʝʥʪʨʘʮʠʶ, ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ ʚʝʱʝʩʪʚ. 

ɺ ʙʠʥʘʨʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʜʚʫʭʘʪʦʤʥʳʭ ʤʦʣʝʢʫʣ ɸɺ ʠ CD ʩ 

ʙʣʠʟʢʠʤʠ ʯʘʩʪʦʪʘʤʠ ʢʦʣʝʙʘʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʳʡ ʦʙʤʝʥ 

ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʢʚʘʥʪʘʤʠ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʢʘʢ ʦʜʠʥʘʢʦʚʳʭ, ʪʘʢ ʠ 

ʨʘʟʥʳʭ ʤʦʣʝʢʫʣ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʝʱʝʩʪʚ ɸɺ ʠ CD: 
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ɺʳʜʝʣʠʚʰʘʷʩʷ ʵʥʝʨʛʠʷ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʢʚʘʥʪʦʚʳʤ ʩʦʩʪʦʷʥʠʷʤ 

ʧʨʦʜʫʢʪʦʚ ʥʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ. ɺ ʩʣʫʯʘʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʥʦ ʥʝʨʘʚʥʦʚʝʩʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɽʩʣʠ ʚ 

ʧʦʩʣʝʜʫʶʱʠʝ ʨʝʘʢʮʠʠ ʚʩʪʫʧʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ  ʥʝ 

ʫʩʧʝʣʠ ʨʝʣʘʢʩʠʨʦʚʘʪʴ, ʪʦ ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʤʢʘʭ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ. ʂ ʦʙʲʝʢʪʘʤ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʪʥʦʩʷʪʩʷ ʮʝʧʥʳʝ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʨʝʘʢʮʠʠ, ʝʩʣʠ 

ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ, ʚʝʜʫʱʠʤʠ, ʷʚʣʷʶʪʩʷ ʥʝʨʘʚʥʦʚʝʩʥʦ ʚʦʟʙʫʞʜʝʥʥʳʝ 

ʯʘʩʪʠʮʳ. ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʚʝʪʚʣʝʥʠʝ ʮʝʧʝʡ ʙʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʙʥʘʨʫʞʝʥʦ ʚ ʩʤʝʩʷʭ ʅ2 ʩ F2 ʠ ʉʅ3I ʩ F2. ɺ ʩʤʝʩʠ ʅ2 ʩ F2 ʨʘʟʚʝʪʚʣʝʥʠʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʛʝʥʝʨʠʨʦʚʘʥʠʝʤ ʢʦʣʝʙʘʪʝʣʴʥʦ ʚʦʟʙʫʞʜʝʥʥʦʡ ʤʦʣʝʢʫʣʳ 

HF* ʧʦ ʩʭʝʤʝ:  

 

F + ʅ2  = HF* + ʅ. 

 

ʇʨʦʠʩʭʦʜʠʪ ʧʝʨʝʜʘʯʘ  ʚʦʟʙʫʞʜʝʥʠʷ ʥʘ ʤʦʣʝʢʫʣʫ ʅ2 ʠ ʨʝʘʢʮʠʷ: 

 

F2 + ʅ2*  = HF + ʅ +F. 

  

ʅʝʨʘʚʥʦʚʝʩʥʳʝ ʢʨʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʘ ʩʠʩʪʝʤʫ ʜʝʡʩʪʚʫʶʪ ʬʠʟʠʯʝʩʢʠʝ  ʧʦʣʷ - ʜʫʛʦʚʦʡ 

ʨʘʟʨʷʜ, ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ ʠ ʉɺʏ ʧʦʣʝ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ 

ʀʂ, ʋʌ, ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʠʘʧʘʟʦʥʦʚ ʯʘʩʪʦʪ, ʠʦʥʠʟʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ, 

ʞʝʩʪʢʘʷ ʨʘʜʠʘʮʠʷ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʩʠʩʪʝʤʦʡ, ʧʨʠʚʦʜʷ ʢ ʵʣʝʢʪʨʦʥʥʦʤʫ ʚʦʟʙʫʞʜʝʥʠʶ 

ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ, ʠʦʥʠʟʘʮʠʠ ʯʘʩʪʠʮ, ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʥʠʡ. ʇʦʵʪʦʤʫ, ʥʘʧʨʠʤʝʨ, 
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ʠʟʣʫʯʝʥʠʝ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ ʤʦʞʝʪ ʚʦʟʙʫʞʜʘʪʴ ʦʧʪʠʯʝʩʢʠ 

ʨʘʟʨʝʰʝʥʥʳʝ ʠʟʣʫʯʘʪʝʣʴʥʳe ʧʝʨʝʭʦʜʳ. 

ʅʝʨʘʚʥʦʚʝʩʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʢʨʠʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, 

ʠʛʨʘʶʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʧʝʨʚʠʯʥʳʭ ʘʢʪʘʭ ʛʦʨʝʥʠʷ, ʚʟʨʳʚʦʚ, 

ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʊʘʢ, ʥʘ ʙʦʣʴʰʠʭ 

ʚʳʩʦʪʘʭ ʚ ʘʪʤʦʩʬʝʨʝ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʩʦʮʠʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ. ɺ ʥʦʯʥʦʝ ʚʨʝʤʷ 

ʧʨʝʦʙʣʘʜʘʶʪ ʦʙʨʘʪʥʳʝ ʨʝʘʢʮʠʠ ʩ ʚʳʜʝʣʝʥʠʝʤ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ 

ʩʧʦʥʪʘʥʥʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʘ ʚʳʩʦʪʘʭ 25-35 ʢʤ ʬʦʨʤʠʨʫʝʪʩʷ 

ʦʟʦʥʦʚʳʡ ʩʣʦʡ.  

ɺʦ ʚʩʝʭ ʧʨʦʮʝʩʩʘʭ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʩʦʩʪʘʚ ʚʝʨʭʥʠʭ ʩʣʦʝʚ 

ʘʪʤʦʩʬʝʨʳ, ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ɿʝʤʣʠ, ʢʣʠʤʘʪ ʠ ʧʦʛʦʜʘ, ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʩʦʩʪʘʚ ʠʟʣʫʯʝʥʠʷ ʫ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ 

ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʤʦʣʝʢʫʣ ʠ ʘʪʦʤʦʚ. ɺʦ ʤʥʦʛʦʤ, ʙʣʘʛʦʜʘʨʷ 

ʥʝʨʘʚʥʦʚʝʩʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ, 

ʚʦʟʥʠʢʘʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ. 

ʅʝʨʘʚʥʦʚʝʩʥʳʝ ʩʦʩʪʦʷʥʠʷ ʤʦʣʝʢʫʣ ʠʛʨʘʶʪ ʙʦʣʴʰʫʶ ʨʝʰʘʶʱʫʶ 

ʨʦʣʴ ʚ ʧʝʨʚʠʯʥʳʭ ʘʢʪʘʭ ʬʦʪʦʩʠʥʪʝʟʘ. ʂʚʘʥʪʳ ʩʚʝʪʘ ʧʦʛʣʦʱʘʶʪʩʷ 

ʤʦʣʝʢʫʣʘʤʠ ʭʣʦʨʦʬʠʣʣʘ, ʟʘʪʝʤ ʵʥʝʨʛʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʧʝʨʝʜʘʝʪʩʷ 

ʢʦʤʧʣʝʢʩʫ ʭʣʦʨʦʬʠʣʣʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʬʦʪʦʭʠʤʠʯʝʩʢʠʤ 

ʧʨʝʚʨʘʱʝʥʠʝʤ. ɸʪʦʤʳ, ʤʦʣʝʢʫʣʳ, ʩʣʦʞʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʚʳʩʦʢʫʶ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ.   
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ɻʣʘʚʘ 2. ʗʚʣʝʥʠʷ, ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʢʨʠʪʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ 

 

Ä 2.1. ʋʜʘʨʥʘʷ ʚʦʣʥʘ 

 

ɺ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʩʦ ʩʚʝʨʭʟʚʫʢʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʚʦʟʥʠʢʘʶʪ ʫʜʘʨʥʳʝ ʚʦʣʥʳ. ʋʜʘʨʥʘʷ ʚʦʣʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʦʚʝʨʭʥʦʩʪʴ, ʥʘ ʢʦʪʦʨʦʡ ʧʣʦʪʥʦʩʪʴ ʠ ʜʘʚʣʝʥʠʝ, ʘ ʪʘʢʞʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʠʟʤʝʥʷʶʪ ʩʚʦʶ 

ʚʝʣʠʯʠʥʫ. 

ɿʘ ʬʨʦʥʪʦʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʝʨʝʤʝʱʘʝʪʩʷ ʟʦʥʘ ʩʞʘʪʠʷ ï ʩʣʦʡ 

ʚʦʟʜʫʭʘ, ʚ ʢʦʪʦʨʦʤ ʜʘʚʣʝʥʠʝ ʧʨʝʚʳʰʘʝʪ ʘʪʤʦʩʬʝʨʥʦʝ. ɿʘ ʟʦʥʦʡ ʩʞʘʪʠʷ 

ʩʣʝʜʫʝʪ ʟʦʥʘ ʨʘʟʨʷʞʝʥʠʷ, ʛʜʝ ʜʘʚʣʝʥʠʝ ʥʠʞʝ ʘʪʤʦʩʬʝʨʥʦʛʦ. ʋʜʘʨʥʘʷ 

ʚʦʣʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʝʨʝʭʦʜʥʫʶ ʦʙʣʘʩʪʴ,  ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ, ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʚʝʱʝʩʪʚʘ.  

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ ʫʜʘʨʥʦʡ 

ʚʦʣʥʳ v1 ʠ ʩʢʦʨʦʩʪʴ ʩʣʦʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, ʧʝʨʝʤʝʱʘʶʱʝʛʦʩʷ ʟʘ 

ʬʨʦʥʪʦʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ v2, ʧʨʠʤʝʥʷʶʪ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʫʯʘʩʪʦʢ ʬʨʦʥʪʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩ ʧʣʦʱʘʜʴʶ S ʚ ʧʝʨʚʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʟʘʥʠʤʘʶʱʠʡ ʧʦʣʦʞʝʥʠʝ ɸɸ'. ʏʝʨʝʟ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ dt ʥʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʦʜʚʠʥʫʚʰʝʛʦʩʷ ʚʧʝʨʝʜ ʬʨʦʥʪʘ ʥʘʟʦʚʝʤ 

ɺɺ'. ɼʘʚʣʝʥʠʝ ʧʝʨʝʜ ʬʨʦʥʪʦʤ ʚʦʣʥʳ ʦʙʦʟʥʘʯʠʤ  p0, ʘ ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ 

ï ɟ0. ɿʘ ʬʨʦʥʪʦʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʜʘʚʣʝʥʠʝ ʠ ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ 

ʠʟʤʝʥʷʶʪʩʷ ʩʢʘʯʢʦʤ, ʧʨʠʥʠʤʘʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʥʘʯʝʥʠʷ p1 ʠ ɟ1. 

ɿʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ dt ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʬʨʦʥʪʘ ɸɸ' ʩʦ 

ʩʢʦʨʦʩʪʴʶ v2 ʧʨʦʭʦʜʠʪ ʤʘʩʩʘ ʚʦʟʜʫʭʘ (ɟ1 ï ɟ0 )Sdx ʩ ʧʣʦʪʥʦʩʪʴʶ ɟ0. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʤʘʩʩʘ ʚʦʟʜʫʭʘ, ʟʘʢʣʶʯʝʥʥʦʛʦ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ɸɸ' ʠ ɺɺ', ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  ʇʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʧʦʣʫʯʠʤ 

ʬʦʨʤʫʣʫ: 

 

(ɟ1 ï ɟ0)Sdx = ɟ1S v2dt, 

 

ɿʜʝʩʴ dx / dt = v1 ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʬʨʦʥʪʘ ʚʦʣʥʳ. ʇʦʣʫʯʠʤ 

ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ: 

 

v1 =  [ɟ1 / (ɟ1 ï ɟ0)]  
. 
v2. 

 

ɺʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʩʢʘʯʢʘ ʜʘʚʣʝʥʠʷ ȹʨ ʥʘ ʬʨʦʥʪʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ (ʨ1 ï ʨo) S, 

ʠʤʧʫʣʴʩ ʢʦʪʦʨʦʡ ʟʘ ʚʨʝʤʷ dt ʨʘʚʝʥ (ʨ1 ï pa)Sdt. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʵʪʦʡ 

ʩʠʣʳ ʛʘʟ ʚ ʩʣʦʝ dx ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ɸɸ' ʠ ɺɺ',ʨʘʥʝʝ ʥʝʧʦʜʚʠʞʥʳʡ, 

ʧʨʠʦʙʨʝʪʘʝʪ ʩʢʦʨʦʩʪʴ v2 ʠ ʢʦʣʠʯʝʩʪʚʦ ʜʚʠʞʝʥʠʷ, ʨʘʚʥʦʝ: v2 ɟ0dx. 
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ʇʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʜʠʥʘʤʠʢʠ ʠʤʧʫʣʴʩ ʩʠʣʳ ʨʘʚʝʥ ʠʟʤʝʥʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ: 

 

v2Sɟ0dx  = (p1 ï p0)S dt 

 

ʀʩʢʣʶʯʠʚ ʠʟ ʨʘʚʝʥʩʪʚ ʧʦʧʝʨʝʤʝʥʥʦ v1 ʠ v2, ʧʦʣʫʯʠʤ ʜʣʷ ʩʢʦʨʦʩʪʠ 

ʬʨʦʥʪʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠ ʩʢʦʨʦʩʪʠ ʩʣʦʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ: 

 

v1 = [(p1 ï p0) / ( ɟ ï ɟ0) ɟ1 / ɟ0]
0,5

, v2 = [(p1 ï p0) (ɟ0  ï ɟ1) / (ɟ0 ɟ1)]
0,5

. 

 

ʊʘʢ ʢʘʢ ʤʥʦʞʠʪʝʣʴ ɟ1 / (ɟ1 ï ɟ0), ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ, ʪʦ ʩʢʦʨʦʩʪʴ 

ʬʨʦʥʪʘ ʚʦʣʥʳ ʚʩʝʛʜʘ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ 

ʫʜʘʨʥʦʡ ʚʦʣʥʝ. 

ɿʘʤʝʥʠʚ ʚʳʨʘʞʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʯʝʨʝʟ ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʛʘʟʘ ɟ0 =  

1/VO,   dɟ0  = ïdV0 / V0
2
, ʧʦʣʫʯʠʤ ʜʣʷ ʩʢʦʨʦʩʪʠ ʬʨʦʥʪʘ ʚʦʣʥʳ: 

 

v1 = [(ȹp / ȹV0) V0
2
]

0,5
. 

 

ʇʦʩʣʝʜʥʝʝ ʨʘʚʝʥʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ, ʢʘʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʠʩʭʦʜʷʪ ʩ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ ʧʦ ʤʝʨʝ ʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ: ʩʢʘʯʦʢ 

ʜʘʚʣʝʥʠʷ ʚʩʝ ʫʤʝʥʴʰʘʝʪʩʷ ʠ, ʥʘʢʦʥʝʮ, ʩʪʘʥʦʚʠʪʩʷ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʤ; 

ʩʪʘʥʦʚʠʪʩʷ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʤ ʠ ʠʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ dV. 

ʈʘʚʝʥʩʪʚʦ ʧʝʨʝʭʦʜʠʪ ʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʚ 

ʚʦʟʜʫʭʝ. 

ʋʜʘʨʥʘʷ ʚʦʣʥʘ ï ʩʢʘʯʦʢ ʫʧʣʦʪʥʝʥʠʷ ʛʘʟʘ, ʧʣʘʟʤʳ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʩʦ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʛʘʟʘ ʯʝʨʝʟ ʫʜʘʨʥʫʶ ʚʦʣʥʫ ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʤʝʥʷʶʪʩʷ ʚ ʫʟʢʦʡ ʦʙʣʘʩʪʠ. 

ʊʦʣʱʠʥʘ ʬʨʦʥʪʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠʤʝʝʪ ʧʦʨʷʜʦʢ ʜʣʠʥʳ ʩʚʦʙʦʜʥʦʛʦ 

ʧʨʦʙʝʛʘ ʤʦʣʝʢʫʣ, ʦʜʥʘʢʦ ʧʨʠ ʤʥʦʛʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʩʪʦʣʴ ʤʘʣʦʡ ʪʦʣʱʠʥʦʡ ʠ ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ 

ʟʘʤʝʥʠʪʴ ʬʨʦʥʪ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʟʨʳʚʘ, ʩʯʠʪʘʷ, ʯʪʦ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʥʝʸ ʧʘʨʘʤʝʪʨʳ ʛʘʟʘ ʠʟʤʝʥʷʶʪʩʷ ʩʢʘʯʢʦʤ (ʦʪʩʶʜʘ 

ʥʘʟʚʘʥʠʝ çʩʢʘʯʦʢ ʫʧʣʦʪʥʝʥʠʷè). ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʘ ʧʦ ʦʙʝ 

ʩʪʦʨʦʥʳ ʩʢʘʯʢʘ ʩʚʷʟʘʥʳ ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ, ʚʳʪʝʢʘʶʱʠʤʠ 

ʠʟ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ, ʠʤʧʫʣʴʩʘ ʠ ʵʥʝʨʛʠʠ:  

 

ɟ1u1 = ɟ0u0ʨ1 + ɟ1u1
2
 = ʨ0 + ɟ0u0

2
, 

Ů 1 + ʨ1 / ɟ1 + u1
2 
/ 2 = Ů0 + ʨ0 / ɟ0 + u0

2 
/ 2, 

 

ʛʜʝ p1 ï ʜʘʚʣʝʥʠʝ, ɟ1 ï ʧʣʦʪʥʦʩʪʴ, Ů1 ï ʫʜʝʣʴʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ, u1 ï 

ʩʢʦʨʦʩʪʴ ʚʝʱʝʩʪʚʘ ʟʘ ʬʨʦʥʪʦʤ ʚʦʣʥʳ;  p0, ɟ0, Ů0, u0  ï ʪʝ ʞʝ ʚʝʣʠʯʠʥʳ 

ʧʝʨʝʜ ʬʨʦʥʪʦʤ.  
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ʉʢʦʨʦʩʪʴ ʚʪʝʢʘʥʠʷ ʛʘʟʘ ʚ ʨʘʟʨʳʚ u0 ʯʠʩʣʝʥʥʦ ʩʦʚʧʘʜʘʝʪ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʦ ʥʝʚʦʟʤʫʱʸʥʥʦʤʫ ʛʘʟʫ. 

ʋʨʘʚʥʝʥʠʷ ʫʜʘʨʥʦʡ ʘʜʠʘʙʘʪʳ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

Ů1 ï Ů0 = (p1 +  p0)(V0  ï V1), 

ɤ1  ï ɤ0 = (p1  ï  p0)(V0 + V1), 

 

ʛʜʝ V = 1 / ɟ  ï ʫʜʝʣʴʥʳʡ ʦʙʲʸʤ, ɤ = Ů + p / ɟ ï ʫʜʝʣʴʥʘʷ ʵʥʪʘʣʴʧʠʷ.  

ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʘ, ʪʦ ʠʟ  

ʫʨʘʚʥʝʥʠʡ ʫʜʘʨʥʦʡ ʘʜʠʘʙʘʪʳ ʦʧʨʝʜʝʣʷʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʝʯʥʦʛʦ 

ʜʘʚʣʝʥʠʷ p1 ʦʪ ʢʦʥʝʯʥʦʛʦ ʦʙʲʸʤʘ V1 ʧʨʠ ʫʜʘʨʥʦʤ ʩʞʘʪʠʠ ʚʝʱʝʩʪʚʘ ʠʟ 

ʜʘʥʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ p0, V0, ʪʦ ʝʩʪʴ ʟʘʚʠʩʠʤʦʩʪʴ p1 = H(V1, 

p0,,V0). 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʬʨʦʥʪ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʵʥʪʨʦʧʠʷ ʚʝʱʝʩʪʚʘ S 

ʤʝʥʷʝʪʩʷ; ʩʢʘʯʦʢ ʵʥʪʨʦʧʠʠ S1 ï S0 ʜʣʷ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʦʣʴʢʦ ʟʘʢʦʥʘʤʠ ʩʦʭʨʘʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʦʧʫʩʢʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʚʫʭ 

ʨʝʞʠʤʦʚ: ʩʢʘʯʢʘ ʩʞʘʪʠʷ ʠ ʩʢʘʯʢʘ ʨʘʟʨʝʞʝʥʠʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʚʪʦʨʳʤ ʥʘʯʘʣʦʤ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʵʥʪʨʦʧʠʷ ʚʦʟʨʘʩʪʘʝʪ. 

ʋʜʘʨʥʘʷ ʚʦʣʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʦ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ u0 > 

a0 (ʛʜʝ a0 ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʥʝʚʦʟʤʫʱʸʥʥʦʤ ʚʝʱʝʩʪʚʝ). ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʚʦʣʥʳ, ʨʘʚʥʘʷ ʥʫʣʶ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ a0. 

ʉʢʦʨʦʩʪʴ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʞʘʪʦʛʦ ʛʘʟʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʟʘ 

ʥʝʡ, ʷʚʣʷʝʪʩʷ ʜʦʟʚʫʢʦʚʦʡ: u1 < a1 (a1 ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʩʞʘʪʦʤ ʛʘʟʝ). 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʩʣʫʯʘʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ ʚʦʣʥʳ 

ʨʝʘʣʠʟʦʚʘʥ ʚ ʤʦʜʝʣʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ,  ʪʘʢ ʢʘʢ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ʠʤʝʝʪ ʧʨʝʜʝʣʴʥʦ ʧʨʦʩʪʦʡ ʚʠʜ: Ů = ʨ / ɟ(ɔ ï 1), ʨ = RɟT / ɛ, ʛʜʝ ɔ = cp / cv ï 

ʦʪʥʦʰʝʥʠʝ ʪʝʧʣʦʸʤʢʦʩʪʝʡ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʜʘʚʣʝʥʠʠ ʠ ʦʙʲʸʤʝ (ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ), R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ 

ʧʦʩʪʦʷʥʥʘʷ, ɛ ï ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ. ʋʨʘʚʥʝʥʠʝ ʫʜʘʨʥʦʡ ʘʜʠʘʙʘʪʳ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʷʚʥʦʤ ʚʠʜʝ: 

 

0 11

0 1 0

( 1) ( 1)

( 1) ( 1)

V Vp

p V V

g g

g g

+ - -
=
+ - -

. 

 

ʋʜʘʨʥʘʷ ʘʜʠʘʙʘʪʘ (ʘʜʠʘʙʘʪʘ ɻʶʛʦʥʴʦ) ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʳʯʥʦʡ 

ʘʜʠʘʙʘʪʳ ʇʫʘʩʩʦʥʘ. ɼʣʷ ʘʜʠʘʙʘʪʳ ʇʫʘʩʩʦʥʘ ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ: p1 

/ p0 =  (V0 / V1)
ɔ
. ʇʨʠ ʫʜʘʨʥʦʤ ʩʞʘʪʠʠ ʚʝʱʝʩʪʚʘ ʜʣʷ ʜʘʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ V 

ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʴʰʝʝ ʠʟʤʝʥʝʥʠʝ ʨ, ʯʝʤ ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʩʞʘʪʠʠ. 

ʕʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʝʦʙʨʘʪʠʤʦʩʪʠ ʥʘʛʨʝʚʘʥʠʷ ʧʨʠ ʫʜʘʨʥʦʤ 
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ʩʞʘʪʠʠ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʝʨʝʭʦʜʦʤ ʚ ʪʝʧʣʦʪʫ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʧʦʪʦʢʘ, ʥʘʙʝʛʘʶʱʝʛʦ ʥʘ ʬʨʦʥʪ ʫʜʘʨʥʦʡ ʚʦʣʥʳ.  

ʋʜʘʨʥʘʷ ʚʦʣʥʘ ʥʝ ʤʦʞʝʪ ʩʞʘʪʴ ʛʘʟ ʙʦʣʝʝ ʯʝʤ ʚ (ɔ + 1)/(ɔ ï 1) ʨʘʟ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʦʜʥʦʘʪʦʤʥʦʛʦ ʛʘʟʘ ʧʨʝʜʝʣʴʥʦʝ ʩʞʘʪʠʝ ʨʘʚʥʦ 4, ʘ ʜʣʷ 

ʚʦʟʜʫʭʘ ʧʨʝʜʝʣʴʥʦʝ ʩʞʘʪʠʝ ʨʘʚʥʦ 6. ʇʨʝʜʝʣʴʥʦʝ ʩʞʘʪʠʝ ʪʝʤ ʚʳʰʝ, ʯʝʤ 

ʙʦʣʴʰʝ ʪʝʧʣʦʸʤʢʦʩʪʴ ʛʘʟʘ. 

ʅʝʦʙʨʘʪʠʤʦʩʪʴ ʫʜʘʨʥʦʛʦ ʩʞʘʪʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʩʩʝʠʚʘʥʠʠ 

(ʜʠʩʩʠʧʘʮʠʠ) ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʦ ʬʨʦʥʪʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ 

ɼʠʩʩʠʧʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʤʦʞʥʦ ʫʯʝʩʪʴ, ʧʨʠʥʷʚ ʚʦ ʚʥʠʤʘʥʠʝ ʚʷʟʢʦʩʪʴ 

ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʛʘʟʘ. ʇʨʠ ʵʪʦʤ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʩʢʘʯʦʢ ʵʥʪʨʦʧʠʠ ʚ 

ʫʜʘʨʥʦʡ ʚʦʣʥʝ ʥʝ ʟʘʚʠʩʠʪ ʥʠ ʦʪ ʤʝʭʘʥʠʟʤʘ ʜʠʩʩʠʧʘʮʠʠ, ʥʠ ʦʪ ʚʷʟʢʦʩʪʠ 

ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʛʘʟʘ. ʇʦʩʣʝʜʥʠʝ ʦʧʨʝʜʝʣʷʶʪ ʣʠʰʴ ʚʥʫʪʨʝʥʥʶʶ 

ʩʪʨʫʢʪʫʨʫ ʬʨʦʥʪʘ ʚʦʣʥʳ ʠ ʝʛʦ ʪʦʣʱʠʥʫ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʫʜʘʨʥʦʡ ʚʦʣʥʝ 

ʚʩʝ ʚʝʣʠʯʠʥʳ ï u, ʨ, ɟ ʠ ʊ ʤʦʥʦʪʦʥʥʦ ʠʟʤʝʥʷʶʪʩʷ ʦʪ ʩʚʦʠʭ ʥʘʯʘʣʴʥʳʭ 

ʜʦ ʢʦʥʝʯʥʳʭ ʟʥʘʯʝʥʠʡ. ʕʥʪʨʦʧʠʷ ʚʥʫʪʨʠ ʚʦʣʥʳ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʚ 

ʪʦʯʢʝ ʧʝʨʝʛʠʙʘ ʩʢʦʨʦʩʪʠ, ʪʦ ʝʩʪʴ ʚ ʮʝʥʪʨʝ ʚʦʣʥʳ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ 

ʤʘʢʩʠʤʫʤʘ S ʚ ʚʦʣʥʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ  ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ï ʪʝʧʣʦ 

ʥʝʦʙʨʘʪʠʤʳʤ ʦʙʨʘʟʦʤ ʧʝʨʝʢʘʯʠʚʘʝʪʩʷ ʠʟ ʙʦʣʝʝ ʥʘʛʨʝʪʳʭ ʩʣʦʝʚ ʛʘʟʘ ʚ 

ʤʝʥʝʝ ʥʘʛʨʝʪʳʝ. 

ɺ ʨʝʘʣʴʥʦʤ ʛʘʟʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʠʩʭʦʜʷʪ 

ʚʦʟʙʫʞʜʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʜʠʩʩʦʮʠʘʮʠʷ ʤʦʣʝʢʫʣ, 

ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʠʦʥʠʟʘʮʠʷ ʠ ʪ.ʜ., ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ 

ʠ ʠʟʤʝʥʝʥʠʝʤ ʯʠʩʣʘ ʯʘʩʪʠʮ.  ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ ʚ 

ʫʜʘʨʥʦʡ ʚʦʣʥʝ ʧʨʠ ʵʪʦʤ ʠʤʝʶʪ ʚʠʜ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 3, ʛʜʝ ʚʷʟʢʠʡ 

ʩʢʘʯʦʢ ʫʧʣʦʪʥʝʥʠʷ ʠʟʦʙʨʘʞʝʥ ʚ ʚʠʜʝ ʨʘʟʨʳʚʘ. 

ɺ ʠʦʥʠʟʠʨʦʚʘʥʥʦʤ ʛʘʟʝ, ʧʣʘʟʤʝ ʠʦʥʥʘʷ ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʝ ʩʦʚʧʘʜʘʶʪ. ɺ ʩʢʘʯʢʝ ʫʧʣʦʪʥʝʥʠʷ ʥʘʛʨʝʚʘʶʪʩʷ ʪʦʣʴʢʦ ʪʷʞʸʣʳʝ 

ʯʘʩʪʠʮʳ, ʥʦ ʥʝ ʵʣʝʢʪʨʦʥʳ, ʘ ʦʙʤʝʥ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʠʦʥʘʤʠ ʠ 

ʵʣʝʢʪʨʦʥʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʦ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʨʘʟʣʠʯʠʷ ʠʭ 

ʤʘʩʩ. ʈʝʣʘʢʩʘʮʠʷ ʩʚʷʟʘʥʘ ʩ ʚʳʨʘʚʥʠʚʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʦʣʥʳ ʚ ʧʣʘʟʤʝ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ 

ʵʣʝʢʪʨʦʥʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʙʦʣʴʰʝ ʠʦʥʥʦʡ ʠ ʙʣʘʛʦʜʘʨʷ 

ʢʦʪʦʨʦʡ ʵʣʝʢʪʨʦʥʳ ʧʨʦʛʨʝʚʘʶʪʩʷ ʧʝʨʝʜ ʩʢʘʯʢʦʤ ʫʧʣʦʪʥʝʥʠʷ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʛʨʘʜʫʩʦʚ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʚʦʣʥʳ ʚʣʠʷʝʪ ʣʫʯʠʩʪʳʡ ʪʝʧʣʦʦʙʤʝʥ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʠʥʳ 

ʧʨʦʙʝʛʘ ʩʚʝʪʦʚʳʭ ʢʚʘʥʪʦʚ ʙʦʣʴʰʝ ʛʘʟʦʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʙʝʛʦʚ, ʠ 

ʠʤʝʥʥʦ ʠʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʱʠʥʘ ʬʨʦʥʪʘ. ɺʩʝ ʛʘʟʳ ʥʝʧʨʦʟʨʘʯʥʳ ʚ 

ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʜʘʣʸʢʦʡ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʧʦʵʪʦʤʫ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʚʳʭʦʜʷʱʝʝ ʠʟ-ʟʘ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ, 

ʧʦʛʣʦʱʘʝʪʩʷ ʧʝʨʝʜ ʩʢʘʯʢʦʤ ʠ ʧʨʦʛʨʝʚʘʝʪ ʥʝʩʞʘʪʳʡ ʛʘʟ. ɿʘ ʩʢʘʯʢʦʤ ʛʘʟ 

ʦʭʣʘʞʜʘʝʪʩʷ ʟʘ ʩʯʸʪ ʧʦʪʝʨʴ ʥʘ ʠʟʣʫʯʝʥʠʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʰʠʨʠʥʘ 

ʬʨʦʥʪʘ ï ʧʦʨʷʜʢʘ ʜʣʠʥʳ ʧʨʦʙʝʛʘ ʠʟʣʫʯʝʥʠʷ (~ 10
2  
ï 10

-1
 ʩʤ ʚ ʚʦʟʜʫʭʝ 
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ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ). ʏʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʬʨʦʥʪʦʤ, ʪʝʤ 

ʙʦʣʴʰʝ ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʘʯʢʘ ʠ ʪʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʘʟʘ ʧʝʨʝʜ ʩʢʘʯʢʦʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʥʝ 

ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʟʘ ʝʝ ʬʨʦʥʪʦʤ, ʪʘʢ ʢʘʢ ʥʘʛʨʝʪʳʡ ʛʘʟ ʥʝ 

ʧʨʦʧʫʩʢʘʝʪ ʚʠʜʠʤʳʡ ʩʚʝʪ, ʵʢʨʘʥʠʨʫʷ ʬʨʦʥʪ ʚʦʣʥʳ, ʨʠʩ. 3. 

 

   

 
ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ, ʜʘʚʣʝʥʠʷ, ʵʥʪʨʦʧʠʠ 

ʚ ʫʜʘʨʥʦʡ ʚʦʣʥʝ (ʘ, ʙ, ʚ) 

      

ʋʜʘʨʥʳʝ ʘʜʠʘʙʘʪʳ ʜʣʷ ʪʚʸʨʜʳʭ (ʠ ʞʠʜʢʠʭ) ʪʝʣ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ 

ʦʧʳʪʘ. ɼʣʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʞʘʪʠʷ ʪʚʸʨʜʳʭ ʪʝʣ ʥʫʞʥʳ ʜʘʚʣʝʥʠʷ ʚ 

ʤʠʣʣʠʦʥʳ ʘʪʤʦʩʬʝʨ, ʢʦʪʦʨʳʝ ʩʝʡʯʘʩ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʅʘ ʧʨʘʢʪʠʢʝ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʶʪ ʩʣʘʙʳʝ ʫʜʘʨʥʳʝ ʚʦʣʥʳ ʩ ʜʘʚʣʝʥʠʷʤʠ 10
4
 ï 10

5
 ʘʪʤ. ʕʪʦ ʜʘʚʣʝʥʠʷ 

ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʠ ʜʝʪʦʥʘʮʠʠ, ʚʟʨʳʚʘʭ ʚ ʚʦʜʝ, ʫʜʘʨʘʭ ʧʨʦʜʫʢʪʦʚ ʚʟʨʳʚʘ ʦ 

ʧʨʝʛʨʘʜʳ. ʇʦʚʳʰʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʫʜʘʨʥʦʡ ʚʦʣʥʝ ʩ ʪʘʢʠʤʠ ʜʘʚʣʝʥʠʷʤʠ 

ʥʝʚʝʣʠʢʦ, ʠ ʜʣʷ ʨʘʩʯʸʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʧʦʣʴʟʫʶʪʩʷ 

ʵʤʧʠʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ:  

 

ʨ = ɸ[(ɟ / ɟ0) 
n
 ï 1], 

 

ʛʜʝ ʚʝʣʠʯʠʥʘ ɸ ʟʘʚʠʩʠʪ ʦʪ ʵʥʪʨʦʧʠʠ n, ï ʧʦʩʪʦʷʥʥʘʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ 

ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚʘ.  

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʜʘʨʥʳʭ ʚʦʣʥ ʚ ʚʝʱʝʩʪʚʝ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʧʦʣʠʤʦʨʬʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʚʦʟʥʠʢʘʶʪ ʫʧʨʫʛʠʝ ʚʦʣʥʳ. ʇʦʣʠʤʦʨʬʠʟʤ 

ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʫʜʘʨʥʳʭ ʚʦʣʥ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ  ʚʦʟʜʝʡʩʪʚʠʷ 

ʫʜʘʨʥʳʭ ʚʦʣʥ ʥʘ ʤʝʪʘʣʣʳ ʠ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʝʟʢʠ 

ʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʡ. 
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Ä 2.2. ɼʝʪʦʥʘʮʠʷ 

 

ɼʝʪʦʥʘʮʠʷ ï ʦʜʥʘ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʚʟʨʳʚʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʩʢʦʨʦʩʪʥʳʤ ʪʝʯʝʥʠʝʤ 

ʧʨʦʮʝʩʩʘ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʮʝʩʩ ʜʝʪʦʥʘʮʠʠ ʦʢʘʟʘʣʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʤ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʨʝʘʢʮʠʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʦʪʝʢʘʣʘ ʟʘ ʯʨʝʟʚʳʯʘʡʥʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. ʊʝʯʝʥʠʝ 

ʚʟʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘ ʚʨʝʤʷ 1 ʤʢʩ ʚʦʟʤʦʞʥʦ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʣʥʳ ʩʞʘʪʠʷ ʧʨʝʚʨʘʱʘʶʪʩʷ  ʚ ʫʜʘʨʥʳʝ ʚʦʣʥʳ. ɺʦ 

ʤʥʦʛʠʭ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʷʭ ʜʝʪʦʥʘʮʠʶ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ 

ʩʦʚʦʢʫʧʥʦʛʦ ʜʝʡʩʪʚʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʫʜʘʨʥʳʡ ʠʤʧʫʣʴʩ ʠʥʠʮʠʠʨʫʝʪ ʨʝʘʢʮʠʶ, ʘ ʵʥʝʨʛʠʷ ʨʝʘʢʮʠʠ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʤʧʣʠʪʫʜʫ ʚʦʣʥʳ, (ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ɺɺ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1500 ʜʦ 10000 ʤ/ʩ), ʘ ʜʘʚʣʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ 

ʬʨʦʥʪʦʤ ʚʦʣʥʳ ï ʦʪ 1 ʜʦ 50 ɻʇʘ. ɺʦʟʤʦʞʥʦ, ʯʪʦ  ʧʦʩʣʝ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʱʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʝʩʪʨʦʡʢʝ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʘʭ ɺɺ. ʕʪʠʤ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʷʚʣʝʥʠʡ ʚ 

ʧʨʦʪʝʢʘʥʠʠ ʚʟʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʨʠʩ. 4 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʟʨʳʚʯʘʪʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʧʦ ɺɺ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʜʝʪʦʥʘʮʠʠ. ɺʘʞʥʝʡʰʝʝ ʫʩʣʦʚʠʝ ʪʝʯʝʥʠʷ ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ï 

ʚʟʨʳʚʯʘʪʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʦʥʝ, ʧʨʠʤʳʢʘʶʱʝʡ ʢ ʬʨʦʥʪʫ 

ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ. ʂʘʢ ʧʨʘʚʠʣʦ, ʟʘ ʬʨʦʥʪʦʤ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ 

ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ʚ ʧʨʦʜʫʢʪʘʭ ʚʟʨʳʚʘ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʧʦʚʳʰʘʶʪʩʷ. ʇʨʦʜʫʢʪʳ ʚʟʨʳʚʘ ʷʚʣʷʶʪʩʷ ʨʘʙʦʯʝʡ 

ʩʨʝʜʦʡ, ʩʦʚʝʨʰʘʶʱʝʡ ʨʘʙʦʪʫ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʰʠʨʝʥʠʷ.  

ʇʘʨʘʤʝʪʨʳ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

ʫʨʘʚʥʝʥʠʡ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ, ʠʤʧʫʣʴʩʘ, ʵʥʝʨʛʠʠ. ʇʨʦʮʝʩʩ ʜʝʪʦʥʘʮʠʠ 

ɺɺ ʚʦʟʙʫʞʜʘʝʪʩʷ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʝʪʦʥʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ  

ʧʘʨʘʤʝʪʨʳ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ. 

ɼʣʷ ʪʚʝʨʜʳʭ ɺɺ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 10
9
 ï 5

.
10

9
 

H/ʤ
2
.  

ʂʠʥʝʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʧʨʦʮʝʩʩʘ ʚʦʟʙʫʞʜʝʥʠʷ ʜʝʪʦʥʘʮʠʠ ʦʯʝʥʴ 

ʩʣʦʞʥʘ. ʇʨʝʜʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚʦʟʙʫʞʜʝʥʠʷ ʜʝʪʦʥʘʮʠʠ ʷʚʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ:  

1) ʜʘʚʣʝʥʠʝ ʥʘ ʬʨʦʥʪʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ 

ʥʝʢʦʪʦʨʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ʈʢʨ;  

2) ʚ ɺɺ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʟʘʨʷʜʘ. 



 40 

ʕʪʠ ʫʩʣʦʚʠʷ ʚʳʪʝʢʘʶʪ ʠʟ ʧʨʠʥʮʠʧʘ ʦʙ ʫʩʪʦʡʯʠʚʦʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʜʝʪʦʥʘʮʠʠ ʧʦ ʟʘʨʷʜʫ (ʧʨʠʥʮʠʧ ʖ.ɹ. ʍʘʨʠʪʦʥʘ): 

ʫʩʪʦʡʯʠʚʘʷ ʜʝʪʦʥʘʮʠʷ ʚʦʟʤʦʞʥʘ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʨʝʤʷ ʭʠʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ tʨ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ ʙʦʢʦʚʦʡ ʚʦʣʥʳ ʨʘʟʨʝʞʝʥʠʷ ʢ 

ʮʝʥʪʨʘʣʴʥʳʤ ʯʘʩʪʷʤ ʟʘʨʷʜʘ, ʵʥʝʨʛʠʷ ʢʦʪʦʨʦʡ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʬʨʦʥʪʝ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘ ʥʝʦʙʭʦʜʠʤʦʤ 

ʫʨʦʚʥʝ.  

 

 

 

 

 

 

 

 

.  

     

 

 

 

 

 
ʈʠʩ. 4. ʌʦʪʦʛʨʘʬʠʷ ʜʝʪʦʥʘʮʠʠ ʜʠʥʘʤʠʪʘ  (ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ 2000 ʤ/ʩ). 

ʀʥʪʝʨʚʘʣ ʤʝʞʜʫ ʢʘʜʨʘʤʠ 7 ʤʢʩ 

 

ʇʦʣʫʯʝʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ 

ʜʝʪʦʥʘʮʠʠ: d < 2ʩtʨ (ʖ.ɹ. ʍʘʨʠʪʦʥ). ɿʜʝʩʴ ʩ ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ 

ʧʨʦʜʫʢʪʘʭ ʜʝʪʦʥʘʮʠʠ.  

ɺʦʟʙʫʞʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ 

ʜʝʪʦʥʘʮʠʠ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʙʦʣʴʰʠʭ ʣʦʢʘʣʴʥʳʭ ʦʙʲʝʤʘʭ, ʢʦʪʦʨʳʝ 

ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ çʛʦʨʷʯʠʭè ʪʦʯʝʢ. ʊʝʦʨʠʷ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʚʦʣʥ, 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʚʟʨʳʚʯʘʪʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ɺɺ, ʠʟʣʦʞʝʥʳ ʚ ʩʧʝʮʠʘʣʴʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ.  

ʀʤʝʁɦ ʠʝʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ɺɺ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʫʜʘʨ 

ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʜʦʩʪʠʛʘʶʪ ʚʝʣʠʯʠʥ, ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ ʥʘʯʘʣʘ 

ʚʷʟʢʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʠʣʠ ʟʘʨʷʜʘ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ. ɽʩʣʠ ʩʚʦʡʩʪʚʘ 

ɺɺ ʪʘʢʦʚʳ, ʯʪʦ ʝʛʦ ʧʣʘʩʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ Õ << ůh/u (h ï ʪʦʣʱʠʥʘ 

ʦʙʨʘʟʮʘ, ů ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ, u ï ʩʢʦʨʦʩʪʴ ʨʘʜʠʘʣʴʥʦʛʦ 
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ʧʦʪʦʢʘ), ʪʦ ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʚʨʝʤʝʥʠ, ʨʘʚʥʦʛʦ 10 ï 20 ʤʢʩ. ʕʪʦ ʚʨʝʤʷ ʤʥʦʛʦ ʤʝʥʴʰʝʛʦ ʚʨʝʤʝʥʠ 

ʫʜʘʨʘ. ɺʠʜ ʨʘʟʨʫʰʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʝʪ 

ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ, ʟʘʧʘʩʘʝʤʦʡ ʚ ʩʠʩʪʝʤʝ, ʩ ʥʘʯʘʣʘ ʫʜʘʨʘ. ɺ ʧʨʝʜʝʣʴʥʦʤ 

ʩʣʫʯʘʝ ʟʘʨʷʜ ʨʘʟʨʫʰʘʝʪʩʷ ʚ ʚʷʟʢʦʤ ʨʝʞʠʤʝ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ 

ʨʝʞʠʤʘ  ʩʦʩʪʘʚʣʷʝʪ 50 ï 100 ʤʢʩ ʠ  ʩʨʘʚʥʠʤʘ ʩ ʧʦʣʥʳʤ ʚʨʝʤʝʥʝʤ ʫʜʘʨʘ. 

ɺʠʜ ʨʘʟʨʫʰʝʥʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ  ʚʩʣʝʜʩʪʚʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʫʜʘʨʥʠʢʘ ʠʣʠ ʛʨʫʟʘ, ʧʘʜʘʶʱʝʛʦ ʩ ʙʦʣʴʰʦʡ ʚʳʩʦʪʳ. 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 5. ɼʠʘʛʨʘʤʤʘ ʚʟʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

1 ï ɸʜʠʘʙʘʪʘ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚʟʨʳʚʘ, 2 ï ʘʜʠʘʙʘʪʘ ʠʩʭʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʉʪʨʝʣʢʦʡ ʦʙʦʟʥʘʯʝʥʘ ʪʦʯʢʘ ʏʝʧʤʝʥʘ-ɾʫʛʝ 

 

ʋʢʘʟʘʥʥʳʝ ʚʠʜʳ ʨʘʟʨʫʰʝʥʠʡ ʧʨʦʠʩʭʦʜʷʪ ʚ ʨʝʞʠʤʝ ʪʝʧʣʦʚʦʡ ʠʣʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ ʩʞʘʪʠʷ ʟʘʨʷʜʦʚ ɺɺ ʧʨʠ ʫʜʘʨʝ. 

ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʩʞʘʪʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʚ ʦʙʨʘʟʮʝ ɺɺ 

ʟʘʚʠʩʠʪ ʚ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʠ ʦʪ ʚʨʝʤʝʥʠ ʨʘʟʨʫʰʝʥʠʷ ʟʘʨʷʜ  ï 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʙʨʦʩ ʟʘʨʷʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʦʛʨʝʚ ʨʘʩʪʝʢʘʶʱʝʛʦʩʷ ʚʝʱʝʩʪʚʘ, ʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʘʜʠʘʣʴʥʦʤ ʧʦʪʦʢʝ ʥʝʦʜʥʦʨʦʜʥʦ. ʃʦʢʘʣʴʥʳʝ ʨʘʟʦʛʨʝʚʳ 

ʚʝʱʝʩʪʚʘ ʦʩʦʙʝʥʥʦ ʚʝʣʠʢʠ ʚ ʫʟʢʠʭ ʫʯʘʩʪʢʘʭ (ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ), 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʢʦʣʴʮʝʚʦʡ ʟʦʥʝ ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʠ ʧʝʨʠʬʝʨʠʝʡ ʟʘʨʷʜʘ. 

ɺ ʵʪʠʭ çʛʦʨʷʯʠʭè ʫʯʘʩʪʢʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʭʦʨʦʰʦ ʧʝʨʝʤʝʰʘʥʥʫʶ 

ʦʜʥʦʨʦʜʥʫʶ ʩʨʝʜʫ, ʚ ʢʦʪʦʨʦʡ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ  ʟʘ 
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ʩʯʝʪ ʧʨʷʤʦʛʦ ʩʦʫʜʘʨʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ ʛʦʨʶʯʝʛʦ ʠ ʦʢʠʩʣʠʪʝʣʷ, ʝʩʣʠ ʠʭ 

ʵʥʝʨʛʠʷ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʙʘʨʴʝʨ.  

ʅʘ ʜʠʘʛʨʘʤʤʝ ʈ ï V ʧʨʝʚʨʘʱʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ɺɺ ʚ ʢʦʥʝʯʥʳʝ 

ʧʨʦʜʫʢʪʳ ʚʟʨʳʚʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ, ʨʠʩ. 5. 

ʀʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʯʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʈʦ 

ʠ ʥʘʯʘʣʴʥʳʤ ʫʜʝʣʴʥʳʤ ʦʙʲʝʤʦʤ Vʦ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ɺɺ 

ʩʞʠʤʘʝʪʩʷ ʠ ʝʛʦ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʪʦʯʢʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʈʦ, Vʦ) 

ʩʢʘʯʢʦʤ ʠʟʤʝʥʷʝʪʩʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʝ P1 V1 ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʘʜʠʘʙʘʪʳ. ɺ ʩʞʘʪʦʤ ɺɺ ʥʘʯʠʥʘʝʪʩʷ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ. ʉʦʩʪʦʷʥʠʝ 

ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʥʝ ʘʜʠʘʙʘʪʦʡ ʠʩʭʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʘ 

ʘʜʠʘʙʘʪʦʡ ʧʨʦʜʫʢʪʦʚ ʚʟʨʳʚʘ, ʢʦʪʦʨʘʷ ʣʝʞʠʪ ʚʳʰʝ ʠʟ-ʟʘ ʚʳʜʝʣʝʥʠʷ 

ʪʝʧʣʘ. ɽʩʣʠ ʧʨʦʮʝʩʩ ʜʝʪʦʥʘʮʠʠ ʩʪʘʮʠʦʥʘʨʝʥ, ʪʦ ʧʝʨʝʭʦʜ ʦʪ ʠʩʭʦʜʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʢ ʘʜʠʘʙʘʪʝ ʧʨʦʜʫʢʪʦʚ ʚʟʨʳʚʘ ʩʦʚʝʨʰʘʝʪʩʷ ʧʦ ʧʨʷʤʦʡ ʣʠʥʠʠ. 

ʅʘ  ʧʨʷʤʦʡ ʣʠʥʠʠ ʚʩʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʩʪʦʷʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦ 

ɺɺ ʩʦ ʩʢʦʨʦʩʪʴʶ D. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ ʜʝʪʦʥʘʮʠʠ ʊʕʅʘ ʦʪ  ʧʣʦʪʥʦʩʪʠ. 

ʈʘʩʯʝʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

 

ʇʨʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʜʝʪʦʥʘʮʠʠ ʩ ʪʘʢʦʡ ʞʝ ʩʢʦʨʦʩʪʴʶ ʜʦʣʞʥʳ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʠ ʜʨʫʛʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʩʪʦʷʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʜʝʣʝʥʠʶ ʵʥʝʨʛʠʠ. ʇʨʷʤʘʷ ʨʘʚʥʳʭ ʩʢʦʨʦʩʪʝʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ ʈ ï V ʜʠʘʛʨʘʤʤʝ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʩ 

ʦʜʥʦʡ ʘʜʠʘʙʘʪʳ ʥʘ ʜʨʫʛʫʶ ï ʵʪʘ ʧʨʷʤʘʷ ʄʠʭʝʣʴʩʦʥʘ-ʈʝʣʝʷ. ʊʦʯʢʫ 

ʢʘʩʘʥʠʷ ʧʨʷʤʦʡ ʄʠʭʝʣʴʩʦʥʘ-ʈʝʣʝʷ ʩ ʘʜʠʘʙʘʪʦʡ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʚʟʨʳʚʘ ʥʘʟʳʚʘʶʪ ʪʦʯʢʘ ʏʝʧʤʝʥʘ-ɾʫʛʝ. ɺ ʪʦʯʢʝ ʏʝʧʤʝʥʘ-ɾʫʛʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʢʦʥʯʘʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠ ʚʳʜʝʣʝʥʠʝ 
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ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ, ʠʜʫʱʝʛʦ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʜʝʪʦʥʘʮʠʠ.  

ɼʣʷ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʜʝʪʦʥʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʜʘʚʣʝʥʠʝ ʟʘ ʬʨʦʥʪʦʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ,  ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʧʨʦʜʫʢʪʦʚ ʜʝʪʦʥʘʮʠʠ ʟʘ ʬʨʦʥʪʦʤ 

ʚʦʣʥʳ ʚʦ ʚʨʝʤʝʥʠ U = U(t) ʠ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʘʤʦʡ ʚʦʣʥʳ. ɿʥʘʷ 

ʧʘʨʘʤʝʪʨʳ D ʠ U = U{t}, ʥʘ ʚʳʚʦʜʘʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ, 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʜʘʚʣʝʥʠʝ ʟʘ ʬʨʦʥʪʦʤ ʚʦʣʥʳ ʈ, ʧʦʢʘʟʘʪʝʣʴ ʧʦʣʠʪʨʦʧʳ 

ʧʨʦʮʝʩʩʘ ʧ , ʚʨʝʤʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʰʠʨʠʥʫ ʟʦʥʳ ʭʠʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ.  

ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ 

ʜʘʚʣʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʜʝʪʦʥʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ. 

ʏʝʤ ʚʳʰʝ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ, ʪʝʤ ʚʳʰʝ ʜʘʚʣʝʥʠʝ ʚ ʜʝʪʦʥʘʮʠʦʥʥʦʡ 

ʚʦʣʥʝ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʜʝʪʦʥʘʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʧʠʩʘʪʴ ʧʨʦʮʝʩʩ ʜʝʪʦʥʘʮʠʠ ʩ  ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ 

ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ, ʠʤʧʫʣʴʩʘ ʠ ʵʥʝʨʛʠʠ, ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ʜʝʪʦʥʘʮʠʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ 

ʫʩʣʦʚʠʷ ʢʘʩʘʥʠʷ. 

ʋʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ (ʬʫʥʢʮʠʷ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ, 

ʘʪʦʤʦʚ) ʚ ʦʙʱʝʤ ʚʠʜʝ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

)()( 11 TgTRTfnʈ rrr += ,  

 

ʛʜʝ f  ï ʬʫʥʢʮʠʷ ʦʧʠʩʳʚʘʝʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʪʝʧʣʦʚʦʝ ʜʚʠʞʝʥʠʝ; g ï 

ʩʠʣʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʤʝʞʘʪʦʤʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ.  

ʋʨʘʚʥʝʥʠʝ ʃʘʥʜʘʫ-ɿʝʣʴʜʦʚʠʯʘ ʟʘʧʠʩʳʚʘʶʪ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 

ʈ = ɸrn
 

 

ʋʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʚʠʜ ʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʜʦʧʫʱʝʥʠʷʤʠ ʦʧʠʩʳʚʘʝʪ ʩʦʩʪʦʷʥʠʝ ʧʨʦʮʝʩʩʘ ʜʝʪʦʥʘʮʠʠ ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ. ʋʨʘʚʥʝʥʠʝ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʚʳʚʦʜʘ ʩʦʦʪʥʦʰʝʥʠʡ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʳ ʜʝʪʦʥʘʮʠʠ. 

ɸʥʘʣʠʟ ʫʨʘʚʥʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʝʪʦʥʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʠʟʤʝʨʠʪʴ ʣʶʙʳʝ ʜʚʘ 

ʧʘʨʘʤʝʪʨʘ ʚ ʪʦʯʢʝ ʏʝʧʤʝʥʘ-ɾʫʛʝ, ʛʜʝ ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʚʩʝ ʭʠʤʠʯʝʩʢʠʝ 

ʧʨʝʚʨʘʱʝʥʠʷ. 
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Ä 2.3. ɼʝʪʦʥʘʮʠʦʥʥʦʝ ʩʛʦʨʘʥʠʝ ʪʦʧʣʠʚʘ 

 

ɼʝʪʦʥʘʮʠʦʥʥʦʝ ʩʛʦʨʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʨʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʩʛʦʨʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʦʧʣʠʚʥʘʷ ʩʤʝʩʴ ʩʘʤʦʚʦʩʧʣʘʤʝʥʷʝʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʜʘʨʥʳʭ ʚʦʣʥ. ʇʦʩʣʝ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʨʘʙʦʯʝʡ ʩʤʝʩʠ ʦʪ 

ʠʩʢʨʳ ʬʨʦʥʪ ʧʣʘʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ. ɼʘʚʣʝʥʠʝ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʪʦʡ ʯʘʩʪʠ ʟʘʨʷʜʘ ʧʦʚʳʰʘʶʪʩʷ ʜʦ 5 ï 16 ʄʇʘ ʠ  3000 ï 

4000 Áʉ. ʂʘʢ ʧʨʘʚʠʣʦ, ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ 

ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʩʛʦʨʘʥʠʠ ʠ ʩʦʩʪʘʚʣʷʝʪ 1500 ï 2000 ʤ/ʩ. 

ʅʘʠʙʦʣʝʝ ʫʜʘʣʝʥʥʘʷ ʦʪ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ ʯʘʩʪʴ ʩʤʝʩʠ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʝʚʳʰʘʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʫ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ. ʅʦ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʩʛʦʨʘʥʠʠ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʪ.ʢ. ʥʝ 

ʭʚʘʪʘʝʪ ʚʨʝʤʝʥʠ ʜʣʷ ʝʛʦ ʨʘʟʚʠʪʠʷ. ʅʦ ʝʩʣʠ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ, ʪʦ 

ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʝ ʧʨʦʠʟʦʡʜʝʪ ʩ ʚʟʨʳʚʥʳʤ ʭʘʨʘʢʪʝʨʦʤ: ʜʘʚʣʝʥʠʝ ʚ 

ʟʦʥʝ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʊʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʜʝʪʦʥʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, 

ʢʘʢʘʷ ʯʘʩʪʴ ʟʘʨʷʜʘ ʪʦʧʣʠʚʘ ʧʝʨʝʡʜʝʪ ʚʦ ʚʟʨʳʚʥʦʝ ʩʛʦʨʘʥʠʝ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʭʠʤʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʪʦʧʣʠʚʘ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʜʘʚʣʝʥʠʝʤ ʛʘʟʦʚ. ɽʩʣʠ ʥʦʨʤʘʣʴʥʦ ʩʛʦʨʘʝʪ 93 ï 

95 % ʨʘʙʦʯʝʡ ʩʤʝʩʠ, ʘ ʜʝʪʦʥʠʨʫʝʪ 5 ï 7 %, ʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʘʙʘʷ 

ʜʝʪʦʥʘʮʠʷ. ɽʩʣʠ ʚ ʨʝʞʠʤʝ ʚʟʨʳʚʥʦʡ ʜʝʪʦʥʘʮʠʠ ʩʛʦʨʘʝʪ 20 ï 25 % 

ʪʦʧʣʠʚʘ, ʪʦ ʚʦʟʥʠʢʘʝʪ ʩʠʣʴʥʘʷ ʜʝʪʦʥʘʮʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʘʚʘʨʠʠ.  

ɼʝʪʦʥʘʮʠʦʥʥʳʝ ʚʦʣʥʳ ʤʥʦʛʦʢʨʘʪʥʦ ʦʪʨʘʞʘʶʪʩʷ ʦʪ ʩʪʝʥʦʢ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ, ʚʳʟʳʚʘʷ ʭʘʨʘʢʪʝʨʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʪʫʢ, ʨʘʟʨʫʰʘʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʤʝʪʘʣʣʘ, ʨʘʟʨʫʰʘʷ ʤʘʩʣʷʥʫʶ ʧʣʝʥʢʫ ʥʘ ʩʪʝʥʢʘʭ 

ʮʠʣʠʥʜʨʘ. 

ʇʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʩʪʝʥʢʠ ʮʠʣʠʥʜʨʘ, ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ, ʪʘʨʝʣʢʠ ʢʣʘʧʘʥʦʚ, ʜʥʠʱʝ ʧʦʨʰʥʷ, ʚʳʟʳʚʘʷ ʠʭ ʧʝʨʝʛʨʝʚ. 

ʇʨʦʠʩʭʦʜʠʪ ʦʧʣʘʚʣʝʥʠʝ ʤʝʪʘʣʣʘ, ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʮʠʣʠʥʜʨʘ, ʧʦʣʦʤʢʘ ʧʦʨʰʥʝʡ ʠ ʢʦʣʝʮ, ʨʘʟʨʫʰʝʥʠʝ ʧʦʜʰʠʧʥʠʢʦʚ. ɺ 

ʧʨʦʮʝʩʩʝ ʜʝʪʦʥʘʮʠʠ ʪʦʧʣʠʚʘ ʧʨʦʠʩʭʦʜʠʪ ʦʪʩʣʦʝʥʠʝ ʯʘʩʪʠʮ ʥʘʛʘʨʘ ʦʪ 

ʩʪʝʥʦʢ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ ʜʥʠʱʘ ʧʦʨʰʥʷ. ʍʘʨʘʢʪʝʨʥʦʝ ʨʘʟʨʫʰʝʥʠʝ 

ʧʦʨʰʥʷ ʧʨʠ ʜʝʪʦʥʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ɺʝʨʭʥʝʝ ʢʦʣʴʮʦ 

ʧʦʨʰʥʝʚʦʡ ʩʠʩʪʝʤʳ ʩʨʝʟʘʝʪ ʧʝʨʝʤʳʯʢʫ, ʣʦʤʘʝʪ ʚʪʦʨʦʝ ʢʦʣʴʮʦ 

ʠ ʧʝʨʝʤʳʯʢʫ ʧʦʜ ʥʠʤ, ʟʘʢʣʠʥʠʚʘʷ ʤʘʩʣʦʩʲʝʤʥʦʝ ʢʦʣʴʮʦ. 

ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʪʦʥʘʮʠʠ ï ʦʙʨʘʟʦʚʘʥʠʝ 

ʠ ʥʘʢʦʧʣʝʥʠʝ ʚ ʨʘʙʦʯʝʡ ʩʤʝʩʠ ʧʝʨʦʢʩʠʜʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

(ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ). ʇʝʨʦʢʩʠʜʳ  ʨʘʟʣʘʛʘʶʪʩʷ ʚ ʬʘʟʝ 

ʩʛʦʨʘʥʠʷ, ʚʳʜʝʣʷʶʪ ʠʟʙʳʪʦʯʥʫʶ ʵʥʝʨʛʠʶ ʠ ʚʳʟʳʚʘʶʪ ʚʟʨʳʚʥʦʝ 

ʩʛʦʨʘʥʠʝ ʪʦʧʣʠʚʘ. ʇʨʦʮʝʩʩ ʜʝʪʦʥʘʮʠʠ ʪʦʧʣʠʚʘ ï ʮʝʧʥʦʡ ʧʨʦʮʝʩʩ. 

ʇʝʨʦʢʩʠʜʳ (R-ʆ-ʆ-R) ʠ ʛʠʜʨʦʧʝʨʝʢʠʩʠ (R-ʆ-ʆʅ) ï ʵʪʦ ʧʝʨʚʠʯʥʳʝ 
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ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʪʦʧʣʠʚʘ. ʂʦʥʝʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʷʚʣʷʶʪʩʷ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠ ʚʦʜʘ. 

ʇʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʥʦʩʷʪ ʮʝʧʥʦʡ ʭʘʨʘʢʪʝʨ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ 

ʮʝʧʥʳʭ ʨʝʘʢʮʠʡ, ʚʤʝʩʪʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʝʩʪʦʡʢʠʝ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʥʦʚʴ 

ʨʘʟʣʘʛʘʶʪʩʷ, ʚʳʜʝʣʷʶʪ ʪʝʧʣʦʪʫ ʠ ʩʪʘʥʦʚʷʪʩʷ ʥʦʚʳʤʠ ʦʯʘʛʘʤʠ ʨʝʘʢʮʠʡ 

ʦʢʠʩʣʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʧʨʝʨʳʚʥʦ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʨʝʘʢʮʠʡ 

ʧʦʷʚʣʷʶʪʩʷ ʮʝʧʠ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʚʳʟʳʚʘʶʱʠʭ 

ʚʟʨʳʚʥʦʝ ʪʝʯʝʥʠʝ ʨʝʘʢʮʠʠ. ʍʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ 

ʧʨʝʜʝʣʴʥʳʭ, ʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʀʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʜʝʪʦʥʘʮʠʦʥʥʦʤʫ 

ʩʛʦʨʘʥʠʶ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʡ ʧʦʜʙʦʨ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʙʝʥʟʠʥʘ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʜʚʠʛʘʪʝʣʷ. ɺ ʙʝʥʟʠʥʘʭ, ʦʙʣʘʜʘʶʱʠʭ 

ʤʘʣʦʡ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʤʥʦʛʦ ʧʝʨʦʢʩʠʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʚʳʟʳʚʘʪʴ ʜʝʪʦʥʘʮʠʶ. ʋ ʙʝʥʟʠʥʦʚ ʩ ʚʳʩʦʢʦʡ 

ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ 

ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʪʦʥʘʮʠʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʩʢʦʨʦʩʪʴ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʠ ʩʛʦʨʘʥʠʷ ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʭ ʙʝʥʟʠʥʦʚ ʥʠʞʝ, ʯʝʤ 

ʙʝʥʟʠʥʦʚ ʩ ʥʠʟʢʠʤ ʦʢʪʘʥʦʚʳʤ ʯʠʩʣʦʤ. 

ʅʘ ʧʨʦʮʝʩʩ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʪʦʥʘʮʠʠ ʚʣʠʷʶʪ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ, ʬʦʨʤʘ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ, ʫʩʣʦʚʠʷ ʨʘʩʧʳʣʝʥʠʝ ʪʦʧʣʠʚʘ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʩʚʝʯʝʡ. ʅʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʝʪʦʥʘʮʠʠ ʦʢʘʟʳʚʘʶʪ ʠ ʫʩʣʦʚʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺʳʜʝʣʠʤ ʦʩʥʦʚʥʳʝ ʫʩʣʦʚʠʷ ʜʝʪʦʥʘʮʠʠ ʪʦʧʣʠʚʘ. 

1. ʉʦʩʪʘʚ ʪʦʧʣʠʚʘ. ʅʘʠʙʦʣʴʰʘʷ ʜʝʪʦʥʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ 0,9. ʆʙʝʜʥʝʥʠʝ ʩʤʝʩʠ ʩʥʠʞʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʢʠʩʝʡ ʠ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʩʛʦʨʘʥʠʷ ʠ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ.  

2. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʨʠʝʤʦʤ ʩʥʠʞʝʥʠʷ ʜʝʪʦʥʘʮʠʠ 
ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʫʛʣʘ ʦʧʝʨʝʞʝʥʠʷ ʟʘʞʠʛʘʥʠʷ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

ʩʥʠʞʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʥʘʨʘʩʪʘʥʠʷ ʜʘʚʣʝʥʠʷ, 

ʇʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʩʤʝʩʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʝʨʝʜ ʬʨʦʥʪʦʤ 

ʧʣʘʤʝʥʠ.  

3. ɺʣʘʞʥʳʡ ʚʦʟʜʫʭ ʠ ʥʘʣʠʯʠʝ ʧʘʨʦʚ ʚʦʜʳ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 
ʜʝʪʦʥʘʮʠʠ. ɺʦ ʚʣʘʞʥʦʤ ʚʦʟʜʫʭʝ ʪʝʧʣʦ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʥʘʛʨʝʚ ʚʦʜʳ. 

ɺʦʜʘ ʦʙʣʘʜʘʝʪ ʘʥʪʠʜʝʪʦʥʘʮʠʦʥʥʳʤ ʵʬʬʝʢʪʦʤ. ɸʥʪʠʜʝʪʦʥʘʮʠʦʥʥʳʡ 

ʵʬʬʝʢʪ ʚʦʜʷʥʳʭ  ʧʘʨʦʚ ʚʳʟʚʘʥ ʦʙʨʳʚʦʤ ʮʝʧʝʡ ʥʘ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ.  

4. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ ʣʝʛʢʠʭ ʬʨʘʢʮʠʡ ʙʝʥʟʠʥʘ 
ʤʝʥʴʰʝ, ʯʝʤ ʫ ʩʨʝʜʥʠʭ ʠ ʪʷʞʝʣʳʭ. ʊʷʞʝʣʳʝ ʬʨʘʢʮʠʠ ʪʦʧʣʠʚʘ 
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ʧʦʩʪʫʧʘʶʪ ʚ ʮʠʣʠʥʜʨ ʩ ʥʝʢʦʪʦʨʦʡ ʟʘʜʝʨʞʢʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʜʝʪʦʥʘʮʠʠ.  

5. ʋʤʝʥʴʰʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʜʚʠʛʘʪʝʣʴ ʠ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝ ʩʚʷʟʘʥʦ 
ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʩʪʘʪʦʯʥʳʭ ʛʘʟʦʚ ʚ ʮʠʣʠʥʜʨʝ. ʇʨʦʠʩʭʦʜʠʪ ʫʭʫʜʰʝʥʠʝ 

ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʟʜʫʭʘ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʩʛʦʨʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʘʝʪʩʷ ʩʢʣʦʥʥʦʩʪʴ ʪʦʧʣʠʚʘ ʢ 

ʜʝʪʦʥʘʮʠʠ.  

 

Ä 2.4. ʆʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʪʝʦʨʠʠ ʜʝʪʦʥʘʮʠʠ 

 

ɼʝʪʦʥʘʮʠʷ ï ʦʜʥʘ ʠʟ ʬʦʨʤ ʧʨʦʷʚʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʚ 

ʢʦʪʦʨʦʤ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʷʚʣʝʥʠʷ. 

ʉʧʝʮʠʘʣʠʩʪʳ ʧʦ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ɺɺ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʣʫʯʘʷʭ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ 

ʜʝʪʦʥʘʮʠʦʥʥʳʤ ʚʟʨʳʚʦʤ, ʥʝʝʩʪʝʩʪʚʝʥʥʦ ʚʝʣʠʢʠ. ʊʨʝʙʫʝʤʘʷ ʜʣʷ ʪʘʢʠʭ 

ʜʝʡʩʪʚʠʡ ʨʘʙʦʪʘ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʪʝʧʣʦʪʫ ʩʛʦʨʘʥʠʷ ʧʨʠʤʝʥʸʥʥʦʛʦ 

ʟʘʨ̫ʜʘ ɺɺ.  

ʊʘʢ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʚʦʣʥ ʚ ʞʝʣʝʟʝ, ʧʨʠ ʜʘʚʣʝʥʠʠ 

ʦʢʦʣʦ 130 ɻʇʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʪʨʦʡʢʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

ʞʝʣʝʟʘ ʠʟ ʢʫʙʠʯʝʩʢʦʡ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ. ʇʨʦʮʝʩʩ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʞʝʣʝʟʘ. ʇʨʠ ʩʥʷʪʠʠ ʜʘʚʣʝʥʠʷ ʚ ʚʦʣʥʝ ʨʘʟʨʝʞʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ. ʇʨʦʬʠʣʴ ʜʘʚʣʝʥʠʷ ʚ ʫʜʘʨʥʦʡ 

ʚʦʣʥʝ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ: ʦʙʨʘʟʫʝʪʩʷ ʦʙʣʘʩʪʴ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ 

ʫʤʝʥʴʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʨʘʟʨʝʞʝʥʠʷ. ʕʪʦ 

ʷʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʗ.ɹ. ɿʝʣʴʜʦʚʠʯʝʤ, ɸ.ɻ. 

ʀʚʘʥʦʚʳʤ ʠ ʘʚʪʦʨʦʤ ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʦʪʢʨʳʪʠʷ. ʇʨʠ 

ʜʝʪʦʥʘʮʠʠ ʚ ʫʟʢʦʡ ʟʦʥʝ ʰʠʨʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʘʥʛʩʪʨʝʤ ʚʦʟʥʠʢʘʶʪ 

ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʝ ʧʨʦʯʥʦʩʪʴ 

ʞʝʣʝʟʘ ʠ ʩʪʘʣʠ. ʇʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʩʪʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʜʚʝ 

ʯʘʩʪʠ ʩ ʦʯʝʥʴ ʨʦʚʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʨʘʟʨʫʰʝʥʠʷ. ʅʘ ʵʪʦʤ ʧʨʠʥʮʠʧʝ 

ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʬʨʘʛʤʝʥʪʘʮʠʠ ʤʦʨʩʢʠʭ ʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʥʝʬʪʷʥʳʭ 

ʧʣʘʪʬʦʨʤ. 

ʆʙʲʷʩʥʝʥʠʷ ʵʪʠʭ ʷʚʣʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳ, ʥʦ ʦʥʠ 

ʩʚʷʟʘʥʳ ʪʝʦʨʠʝʡ ʩ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʥʝʣʴʟʷ 

ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʳ ʨʘʚʥʦʚʝʩʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ɺʟʨʳʚʥʳʝ ʧʨʦʮʝʩʩʳ 

ʜʝʪʦʥʘʮʠʠ ʧʨʦʪʝʢʘʶʪ ʥʘʩʪʦʣʴʢʦ ʙʳʩʪʨʦ, ʯʪʦ ʦ ʪʝʧʣʦʚʦʤ ʨʘʚʥʦʚʝʩʠʠ 

ʟʜʝʩʴ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠ ʨʝʯʠ. ʅʘ ʬʨʦʥʪʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠ ʚ ʟʦʥʝ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʥʘʨʫʰʘʝʪʩʷ ʨʘʚʥʦʚʝʩʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ 

ʤʝʞʜʫ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤʠ, ʚʨʘʱʘʪʝʣʴʥʳʤʠ, ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʠ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʯʘʩʪʠʮ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʥʦʚʦʛʦ ʢʘʯʝʩʪʚʘ ʩʠʩʪʝʤʳ. ʊʘʢ, ʚʦʟʤʦʞʥʦ, ʯʪʦ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʚʝʱʝʩʪʚʘ 
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ʨʘʩʭʦʜʫʝʪʩʷ ʯʘʩʪʴ ʝʛʦ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʚʦʣʥ.  

ʇʨʠʚʝʜʫ ʦʮʝʥʢʫ ʚʝʣʠʯʠʥʳ ʫʩʢʦʨʝʥʠʷ ʧʨʠ ʜʝʪʦʥʘʮʠʠ ʟʘʨʷʜʘ 

ʪʨʠʥʠʪʨʦʪʦʣʫʦʣʘ ʤʘʩʩʦʡ 0,1 ʢʛ. ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ 

ʪʨʠʥʠʪʨʦʪʦʣʫʦʣʘ ʨʘʚʥʘ 4 ʄɼʞ/ʢʛ, ʚʨʝʤʷ ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʜʝʪʦʥʘʮʠʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʚ 6,9 ʢʤ/ʩ ʨʘʚʥʦ 3,5
.
10
ï6

 

ʩ. ʋʩʢʦʨʝʥʠʝ ʚʝʱʝʩʪʚʘ ʧʨʠ ʪʘʢʠʭ ʩʢʦʨʦʩʪʷʭ ʨʘʚʥʦ 1,5
.
10

3
 g. ʅʝʢʦʪʦʨʳʝ 

ʩʧʝʮʠʘʣʠʩʪʳ ʧʦ ʪʝʦʨʠʠ ʜʝʪʦʥʘʮʠʠ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚʙʣʠʟʠ 

ʜʝʪʦʥʠʨʫʶʱʝʛʦ ʟʘʨʷʜʘ ʚʝʱʝʩʪʚʦ ʨʘʟʨʫʰʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ 

ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ɺɺ, ʥʦ ʠ ʩ ʧʦʤʦʱʴʶ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʩʘʤʦʛʦ 

ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ.  

ɽʩʣʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʟʘʨʷʜʝ ɺɺ ʠʤʝʝʪʩʷ ʧʦʣʦʩʪʴ (ʢʘʥʘʣ), 

ʧʨʦʭʦʜʷʱʘʷ ʚʜʦʣʴ ʝʛʦ ʦʩʠ, ʪʦ ʧʨʠ ʜʝʪʦʥʘʮʠʠ ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʢʘʥʘʣʝ ʛʘʟ  

ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʨʘʩʰʠʨʷʶʱʠʤʠʩʷ ʧʨʦʜʫʢʪʘʤʠ ʜʝʪʦʥʘʮʠʠ. ʇʦ 

ʢʘʥʘʣʫ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʛʘʟʦʚʘʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʩ ʬʨʦʥʪʦʤ, ʟʘ ʢʦʪʦʨʳʤ 

ʚʦʟʜʫʭ ʩʞʘʪ ʠ ʩʠʣʴʥʦ ʥʘʛʨʝʪ. ɻʘʟ ʩʞʠʤʘʝʪ ɺɺ ʚʧʝʨʝʜʠ ʬʨʦʥʪʘ 

ʜʝʪʦʥʘʮʠʠ, ʝʛʦ ʧʣʦʪʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ. ʉʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʚ ʟʘʨʷʜʘʭ ʩ ʚʥʫʪʨʝʥʥʠʤ 

ʢʘʥʘʣʦʤ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʚ ʟʘʨʷʜʘʭ ʙʝʟ ʢʘʥʘʣʘ ʧʨʠ 

ʪʦʡ ʞʝ ʥʘʯʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʋʢʘʟʘʥʥʳʡ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʟʘʨʷʜʘʭ 

ʤʦʱʥʳʭ ɺɺ ʩ ʧʣʦʪʥʦʩʪʴʶ ʙʦʣʝʝ 1 ʛ/ʩʤ
3
. ɺ ʚʝʱʝʩʪʚʘʭ, ʦʙʣʘʜʘʶʱʠʭ 

ʧʦʚʳʰʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ (ʊʕʅ, ɻʄʊɼ), ʚʦʟʨʘʩʪʘʥʠʝ ʩʢʦʨʦʩʪʠ 

ʜʝʪʦʥʘʮʠʠ ʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʪʦʛʦ, ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ 

ʦʞʠʜʘʪʴ ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʷʣʠ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʩʞʘʪʦʛʦ 

ʚʦʟʜʫʭʘ ʧʨʠ ʚʟʨʳʚʘʭ ʪʝʪʨʠʣʘ. ɼʠʘʤʝʪʨ ʢʘʥʘʣʘ ʚʘʨʴʠʨʦʚʘʣʠ 6 ï 13 ʤʤ ʚ 

ʟʘʨʷʜʝ ʪʝʪʨʠʣʘ ʜʠʘʤʝʪʨʦʤ 32 ʤʤ, ʠ ʢʘʥʘʣʝ ʜʠʘʤʝʪʨʦʤ 13 ï 36 ʤʤ ʚ 

ʟʘʨ̫ʜʝ ʪʝʪʨʠʣʘ ʜʠʘʤʝʪʨʦʤ 51 ʤʤ (ʧʣʦʪʥʦʩʪʴ ʪʝʪʨʠʣʘ ʨʘʚʥʘ 0,93 ʛ/ʩʤ
3
). 

ɼʘʚʣʝʥʠʝ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʢʘʥʘʣʝ ʧʨʠ ʚʟʨʳʚʘʭ ʜʦʩʪʠʛʘʣʦ 730 ï 1140 

ʢʛʩ/ʩʤ
2
, ʪʝʤʧʝʨʘʪʫʨʘ 10000 ï 16000 ʂ. ʉʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʩʦʩʪʘʚʣʷʣʘ 

ʜʦ 7790 ʤ/ʩ, ʘ ʩʢʦʨʦʩʪʴ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ ʛʘʟʝ ʜʦ 8840 ʤ/ʩ (ʩʢʦʨʦʩʪʴ 

ʜʝʪʦʥʘʮʠʠ ʙʝʟ ʢʘʥʘʣʘ ʚ ʫʢʘʟʘʥʥʳʭ ʟʘʨʷʜʘʭ ʪʝʪʨʠʣʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 

5300 ʤ/ʩ). ɺ ʣʠʪʳʭ ʪʨʫʙʯʘʪʳʭ ʟʘʨʷʜʘʭ ʧʠʢʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʪʨʦʪʠʣʘ, ʠ 

ʩʧʣʘʚʘ ʪʝʪʨʠʣʘ ʩ ʪʨʦʪʠʣʦʤ 40/60 ʩʢʦʨʦʩʪʴ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ ʛʘʟʝ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 11,7 ʜʦ 12,9 ʢʤ/ʩ ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʟʘʨʷʜʦʚ ʥʝ 

ʙʦʣʝʝ 7740 ʤ/ʩ. ɿʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʫʜʘʨʥʦʡ ʛʘʟʦʚʦʡ ʚʦʣʥʳ ʚ ʢʘʥʘʣʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚʳʯʠʩʣʝʥʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʠ. ʕʪʦʪ ʬʘʢʪ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʲʷʩʥʝʥ ʪʝʤ, ʯʪʦ ʩʞʘʪʳʡ ʚʦʟʜʫʭ ʠʤʝʶʱʠʡ ʩʢʦʨʦʩʪʴ ʦʢʦʣʦ 7000 

ʤ/ʩ, ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʩʪʝʥʢʠ ʢʘʥʘʣʘ, ʩʦʟʜʘʚʘʷ ʚ ʥʠʭ ʜʘʚʣʝʥʠʝ ʦʢʦʣʦ 7000 

ʢʛʩ/ʩʤ
2
. ɺ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ɺɺ ʥʘ ʩʪʝʥʢʘʭ ʢʘʥʘʣʘ ʥʘʯʠʥʘʝʪ 

ʧʨʦʪʝʢʘʪʴ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ, ʵʥʝʨʛʠʷ ʢʦʪʦʨʦʡ ʠʜʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʵʥʝʨʛʠʠ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ ʢʘʥʘʣʝ. ʆʧʳʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ 
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ʥʘʣʠʯʠʝ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʜʚʠʞʫʱʝʡʩʷ ʚ ʢʘʥʘʣʝ ʩʦ ʩʢʦʨʦʩʪʴʶ, 

ʧʨʝʚʳʰʘʶʱʝʡ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʚ ʟʘʨʷʜʝ ʚʟʨʳʚʯʘʪʦʛʦ 

ʚʝʱʝʩʪʚʘ. ʉʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ ʜʝʪʦʥʘʮʠʠ 

ʟʘʨʷʜʘ ɺɺ ʩ ʟʘʢʘʥʯʠʚʘʶʱʠʤʩʷ ʚ ʥʝʤ ʢʘʥʘʣʦʤ. ʇʨʠ ʜʝʪʦʥʘʮʠʠ ʪʘʢʦʛʦ 

ʟʘʨʷʜʘ ʠʟ ʜʦʩʪʘʪʦʯʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ɺɺ, ʥʘʧʨʠʤʝʨ ʪʨʫʙʯʘʪʦʛʦ ʟʘʨʷʜʘ 

(ʊʕʅ, ʪʝʪʨʠʣ, ɻʄʊɼ) ʢʦʥʝʮ ʟʘʨʷʜʘ ʚʟʨʳʚʘʝʪʩʷ ʚ ʤʦʤʝʥʪ ʫʜʘʨʘ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ ʧʦ ʛʣʫʭʦʤʫ ʜʥʫ ʢʘʥʘʣʘ ʝʱʝ ʜʦ ʧʦʜʭʦʜʘ ʬʨʦʥʪʘ ʜʝʪʦʥʘʮʠʦʥʥʦʡ 

ʚʦʣʥʳ. ʆʪ ʪʦʯʢʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʜʚʝ ʜʝʪʦʥʘʮʠʦʥʥʳʝ 

ʚʦʣʥʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʜʚʠʞʝʪʩʷ 

ʥʘʟʘʜ ʠ ʚʩʪʨʝʯʘʝʪʩʷ ʩ ʦʩʥʦʚʥʦʡ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʦʡ. ʇʦʜʦʙʥʳʡ 

ʵʬʬʝʢʪ ʥʝ ʥʘʙʣʶʜʘʶʪ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ɺɺ, ʪʘʢʠʭ 

ʢʘʢ ʪʨʦʪʠʣ ʠʣʠ ʘʤʤʦʥʠʪʳ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʚ ʪʨʫʙʯʘʪʳʭ ʟʘʨʷʜʘʭ ɺɺ ʧʨʠ 

ʧʦʤʝʱʝʥʠʠ ʥʘ ʧʫʪʠ ʚʦʟʜʫʰʥʦʡ ʚʦʣʥʳ ʚ ʢʘʥʘʣʝ ʠʥʝʨʪʥʳʭ ʧʨʝʛʨʘʜ ʚ ʚʠʜʝ 

ʨʘʟʜʝʣʝʥʥʳʭ ʥʝʢʦʪʦʨʳʤ (ʚ ʦʧʳʪʘʭ 40 ʤʤ) ʨʘʩʩʪʦʷʥʠʝʤ ʢʫʩʦʯʢʦʚ ʬʦʣʴʛʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʣʱʠʥʳ. ɺ ʟʘʨʷʜʝ ʊʕʅʘ ʧʣʦʪʥʦʩʪʴʶ 1,5 ʛ/ʩʤ
3
 ʠ 

ʜʠʘʤʝʪʨʦʤ 20 ʤʤ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʦʢʦʣʦ 10000 ʤ/ʩ 

(ʢʘʥʘʣ 5 ʤʤ). ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʣʱʠʥʝ ʧʨʝʛʨʘʜʳ, ʢʦʪʦʨʘʷ ʪʦʨʤʦʟʠʪ ʜʚʠʞʝʥʠʝ 

ʚʦʟʜʫʰʥʦʡ ʚʦʣʥʳ. ɺʙʣʠʟʠ ʧʨʝʛʨʘʜʳ ʛʘʟ ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʚʨʝʤʷ, 

ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ɺɺ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ 

ʧʨʝʛʨʘʜʳ ʟʘʜʝʨʞʢʘ ʚʩʝ ʙʦʣʝʝ ʚʦʟʨʘʩʪʘʝʪ ʠ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʬʨʦʥʪʘ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ 

ʤʘʩʩʳ ʧʨʝʛʨʘʜʳ ʠʥʠʮʠʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ 

ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ. ʉʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʪʘʢʠʭ ʟʘʨʷʜʦʚ ʩʪʘʥʦʚʠʪʴʩʷ 

ʨʘʚʥʦʡ ʦʙʳʯʥʦʡ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʜʘʥʥʦʛʦ ɺɺ ʚ ʩʧʣʦʰʥʦʤ ʟʘʨʷʜʝ ʙʝʟ 

ʢʘʥʘʣʘ.  

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʦʜʦʣʴʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʢʘʥʘʣʘ ʤʝʞʜʫ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ ɺɺ ʠ ʩʪʝʥʢʦʡ ʪʨʫʙʳ ʠʣʠ ʰʥʫʨʘ ʦʢʘʟʳʚʘʝʪ ʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʝʪʦʥʘʮʠʠ ʪʘʢʦʡ ʞʝ ʵʬʬʝʢʪ, ʢʘʢ ʠ ʚʥʫʪʨʝʥʥʠʭ 

ʢʘʥʘʣʦʚ. ɺʧʝʨʝʜʠ ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ ʬʨʦʥʪʘ ʜʚʠʞʝʪʩʷ ʩʣʦʡ ʩʞʘʪʦʛʦ 

ʚʦʟʜʫʭʘ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʛʦ ʧʣʦʪʥʦʩʪʴ ɺɺ ʧʦʚʳʰʘʝʪʩʷ ʜʦ  

ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ ʬʨʦʥʪʘ. ʕʬʬʝʢʪ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʟʘʪʫʭʘʥʠʷ ʜʝʪʦʥʘʮʠʠ 

ʚ ʪʝʭ ɺɺ, ʚ ʢʦʪʦʨʳʭ ʜʝʪʦʥʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ. ʕʬʬʝʢʪ ʧʨʦʜʦʣʴʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʢʘʥʘʣʘ 

ʥʘʙʣʶʜʘʶʪ ʚ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʝ ʠ ʜʠʥʘʤʠʪʝ. ɽʩʣʠ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ 

ʟʘʨʷʜʘ ʙʝʟ ʦʙʦʣʦʯʢʠ ʧʨʝʚʳʰʘʝʪ 3000 ï 5000 ʤ/ʩ, ʪʦ ʜʝʪʦʥʘʮʠʷ ʚ ʪʘʢʦʤ 

ʟʘʨʷʜʝ ʝʱʝ ʩʧʦʩʦʙʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʢʘʥʘʣʘ, ʭʦʪʷ ʠ ʩ 

ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ.  

ɼʝʪʦʥʘʮʠʦʥʥʘʷ ʚʦʣʥʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʡ ʢʦʤʙʠʥʘʮʠʝʡ ʫʜʘʨʥʦʡ 

ʚʦʣʥʳ ʠ ʟʦʥʳ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʚ ʢʦʪʦʨʦʡ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʫʜʘʨʥʳʡ ʬʨʦʥʪ. ʊʘʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʘʥʦ ʚ ʥʝʢʦʪʦʨʳʭ 
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ʪʝʦʨʠʷʭ ʜʝʪʦʥʘʮʠʠ. ʉʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʚʦ ʚʟʨʳʚʯʘʪʦʤ 

ʚʝʱʝʩʪʚʝ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʨʠ ʪʝʭ 

ʞʝ ʫʩʣʦʚʠʷʭ. ʊʘʢ, ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ɺɺ ʧʨʠ ʩʢʦʨʦʩʪʠ ʫʜʘʨʥʦʛʦ 

ʬʨʦʥʪʘ 2 ʢʤ/ʩ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ ʬʨʦʥʪʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 9 ʢʤ/ʩ 

ʠ ʚʳʰʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʪʝʭʥʠʢʘ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʫʜʘʨʥʳʡ 

ʠ ʜʝʪʦʥʘʮʠʦʥʥʳʡ ʬʨʦʥʪ, ʧʦʢʘʟʳʚʘʷ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʧʨʠʨʦʜʫ.  

ʆʙʣʘʩʪʠ ʜʝʪʦʥʘʮʠʠ ʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʥʝʣʴʟʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʢʘʢʦʡ-ʣʠʙʦ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʤʝʞʜʫ ʥʠʤʠ ʩʫʱʝʩʪʚʫʶʪ 

ʦʪʣʠʯʠʷ. ɼʣʷ ʫʜʘʨʥʳʭ ʚʦʣʥ ʥʘʙʣʶʜʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. ɼʣʷ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʚʦʣʥ ʵʪʦ ʥʝ 

ʚʩʝʛʜʘ ʩʦʙʣʶʜʘʝʪʩʷ. ʉʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ ʬʨʦʥʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʠ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ, 

ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ɺɺ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʤʝʩʪʘ ʠʥʠʮʠʠʨʦʚʘʥʠʷ, ʘ ʟʘʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʦʙʲʸʤʫ ɺɺ, ʜʝʪʦʥʘʮʠʦʥʥʘʷ 

ʚʦʣʥʘ ʧʨʦʥʠʢʘʝʪ ʯʝʨʝʟ ʠʥʝʨʪʥʫʶ ʧʨʝʛʨʘʜʫ  ʠ ʚʦʟʥʠʢʘʝʪ ʥʘ ʥʝʢʦʪʦʨʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʠʥʝʨʪʥʦʡ ʧʨʝʛʨʘʜʳ. ʆʙʥʘʨʫʞʝʥʦ ʷʚʣʝʥʠʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʝʪʦʥʘʮʠʠ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʤʝʩʪʘ ʝʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ɺ ʦʧʳʪʘʭ ʧʦ ʫʜʘʨʥʦʤʫ ʠʥʠʮʠʠʨʦʚʘʥʠʶ ʥʠʪʨʦʤʝʪʘʥʘ 

ʜʝʪʦʥʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʥʝ ʚ ʩʣʦʝ, ʢʦʪʦʨʳʡ ʧʝʨʚʳʤ ʧʦʜʚʝʨʛʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʘ ʠʥʠʮʠʠʨʫʝʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ 

ʚʙʣʠʟʠ ʫʜʘʨʥʦʛʦ ʬʨʦʥʪʘ. ʉʢʦʨʦʩʪʥʘʷ ʢʠʥʦʩʲʸʤʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʦʯʘʛʠ ʜʝʪʦʥʘʮʠʠ ʧʦʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʣʴʥʦ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ɺɺ.  

ɺ ʧʦʣʴʟʫ ʪʝʦʨʠʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʤʧʫʣʴʩʘ, 

ʚʳʟʳʚʘʶʱʝʛʦ ʜʝʪʦʥʘʮʠʶ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʬʘʢʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʙʣʠʟʢʘ ʢ ʩʨʝʜʥʠʤ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʩʢʦʨʦʩʪʷʤ 

ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʘʭ ɺɺ. ʂʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʘʪʦʤʦʚ ʧʝʨʝʥʦʩʷʪ 

ʵʥʝʨʛʠʶ, ʠʜʫʱʫʶ ʥʘ ʨʘʟʨʳʚ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʧʨʠ ʜʝʪʦʥʘʮʠʠ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʪʝʦʨʠʷʭ ʜʝʪʦʥʘʮʠʠ ʧʦʣʘʛʘʶʪ, ʯʪʦ  ʨʦʣʴ ʯʘʩʪʠʮ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚʦʣʥʘ ʨʘʩʧʘʜʦʚ ʤʦʣʝʢʫʣ ɺɺ, 

ʠʛʨʘʶʪ ʨʝʟʦʥʘʥʩʥʳʝ ʵʣʝʢʪʨʦʥʳ, ʠʩʧʫʩʢʘʝʤʳʝ ʧʨʠ ʧʨʝʜʳʜʫʱʠʭ 

ʨʘʩʧʘʜʘʭ. ɸʚʪʦʨ ʩʜʝʣʘʣ ʚʳʚʦʜ, ʯʪʦ ʚ ʛʦʤʦʛʝʥʥʳʭ ɺɺ ʚʩʝ ʩʚʷʟʠ ʚ 

ʠʩʭʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʦʢʘʟʳʚʘʶʪʩʷ ʨʘʟʦʨʚʘʥʥʳʤʠ ʧʨʠ ʜʝʪʦʥʘʮʠʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʜʦʣʞʥʳ ʧʦʷʚʣʷʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʘʪʦʤʦʚ. ɺ ʦʩʥʦʚʫ ʪʝʦʨʠʠ 

ʧʦʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ ʨʝʟʦʥʘʥʩʘ, ʠʟʣʦʞʝʥʥʘʷ ʇʦʣʣʠʥʛʦʤ. 

ʀʜʝʷ ʨʝʟʦʥʘʥʩʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʮʠʢʣʠʯʝʩʢʠʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʘʨʷʜʦʚ ʫ ʘʪʦʤʦʚ. ʇʨʠ ʨʘʟʨʳʚʝ ʩʚʷʟʝʡ ʨʝʟʦʥʠʨʦʚʘʚʰʝʡ 

ʤʦʣʝʢʫʣʳ ʜʦʣʞʥʦ ʦʩʚʦʙʦʞʜʘʪʴʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ. 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘʷ ʵʥʝʨʛʠʷ, ʢʦʪʦʨʘʷ ʩʦʦʙʱʘʝʪʩʷ ʵʪʠʤ ʵʣʝʢʪʨʦʥʘʤ, 

ʪʘʢʦʚʘ, ʯʪʦ ʦʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʘʪʦʤʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʢʘʢʠʝ ʦʥʠ 
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ʧʦʢʠʥʫʣʠ ʧʨʠ ʨʘʩʧʘʜʝ. ʅʘʨʫʰʘʷ ʨʝʟʦʥʘʥʩ ʚ ʥʦʚʳʭ ʘʪʦʤʥʳʭ ʛʨʫʧʧʘʭ, 

ʵʪʠ ʵʣʝʢʪʨʦʥʳ ʧʨʠʚʦʜʷʪ ʢ ʜʠʩʩʦʮʠʘʮʠʠ ʥʦʚʳʭ ʤʦʣʝʢʫʣ. ʊʘʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʠʩʩʦʮʠʘʮʠʠ ʧʦ ʦʙʲʸʤʫ ɺɺ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʝʪʦʥʘʮʠʦʥʥʫʶ ʚʦʣʥʫ. 

ɼʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʚ ʛʦʤʦʛʝʥʥʦʤ ɺɺ 

ʪʨʝʙʫʝʪʩʷ ʪʝʤ ʠʣʠ ʠʥʳʤ ʩʧʦʩʦʙʦʤ ʨʘʟʨʫʰʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʩʪʘʨʪʦʚʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʝʛʦ ʤʦʣʝʢʫʣ. ʉʠʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ɺɺ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʨʘʟʣʠʯʠʷʤʠ ʚ  ʨʝʟʦʥʘʥʩʝ ʠʭ ʤʦʣʝʢʫʣ. ʊʘʢ, 

ʥʠʪʨʦʛʣʠʮʝʨʠʥ ʜʝʪʦʥʠʨʫʝʪ ʧʨʠ ʩʦʪʨʷʩʝʥʠʠ, ʘ ʘʤʤʠʘʯʥʫʶ ʩʝʣʠʪʨʫ 

ʥʝʧʨʦʩʪʦ ʟʘʩʪʘʚʠʪʴ ʜʝʪʦʥʠʨʦʚʘʪʴ ʜʘʞʝ ʩ ʧʦʤʦʱʴʶ ʧʦʜʨʳʚʘ ʘʢʪʠʚʥʦʛʦ 

ʟʘʨʷʜʘ. ʆʯʘʛʠ ʜʝʪʦʥʘʮʠʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʦʙʣʘʩʪʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʙʣʘʛʦʜʘʨʷ ʧʨʦʙʝʛʘʤ ʵʣʝʢʪʨʦʥʦʚ, ʠʩʧʫʩʢʘʝʤʳʭ 

ʠʟ ʵʪʦʡ ʦʙʣʘʩʪʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ʨʝʟʦʥʘʥʩʘ ʩʢʦʨʦʩʪʴ 

ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʦʣʝʢʫʣ ʩ ʨʝʟʦʥʘʥʩʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ. ɻʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʨʝʟʦʥʘʥʩʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʷʚʣʷʶʪʩʷ ʩʨʝʜʥʷʷ ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ ʤʝʞʜʫ 

ʧʦʧʘʜʘʥʠʝʤ ʨʝʟʦʥʘʥʩʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʚ ʤʦʣʝʢʫʣʫ ʠ ʥʘʯʘʣʦ ʨʘʟʨʳʚʘ ʝʸ 

ʩʚʷʟʝʡ. ʕʪʘ ʟʘʜʝʨʞʢʘ ʟʘʚʠʩʠʪ ʣʠʰʴ ʦʪ ʧʝʨʠʦʜʦʚ ʨʝʟʦʥʘʥʩʦʚ, 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʤʦʣʝʢʫʣʫ, ʠ ʧʦʪʦʤʫ ʦʥʘ ʷʚʣʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ɺɺ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʭʘʨʘʢʪʝʨʥʦʝ ʩʚʦʡʩʪʚʦ 

ʧʨʦʮʝʩʩʘ ï ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʜʝʪʦʥʘʮʠʠ. ɼʝʪʦʥʘʮʠʷ ʥʝ ʤʦʞʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚʜʦʣʴ ʦʙʨʘʟʮʘ, ʧʦʧʝʨʝʯʥʳʡ ʨʘʜʠʫʩ ʢʦʪʦʨʦʛʦ ʤʝʥʴʰʝ 

ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ɺɺ. 

ʊʘʢʦʡ ʦʙʨʘʟʝʮ ʩʧʦʩʦʙʝʥ ʛʦʨʝʪʴ, ʥʦ ʥʝ ʩʧʦʩʦʙʝʥ ʜʝʪʦʥʠʨʦʚʘʪʴ. 

ʅʝʢʦʪʦʨʳʝ ʚʝʱʝʩʪʚʘ (ʬʫʣʴʤʠʥʘʪ ʩʝʨʝʙʨʘ AgCNO) ʩʧʦʩʦʙʥʳ 

ʜʝʪʦʥʠʨʦʚʘʪʴ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʩʚʝʪʦʚʦʡ ʚʩʧʳʰʢʠ  ʠʣʠ ʜʦʩʪʘʪʦʯʥʦ 

ʤʦʱʥʦʛʦ ʧʫʯʢʘ ʜʨʫʛʦʛʦ  ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ 

ʉɺʏ-ʜʠʘʧʘʟʦʥʝ. ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʯʘʩʪʴ ʜʝʪʦʥʠʨʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ 

ʠʟʣʫʯʘʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, ʠʥʠʮʠʠʨʫʶʱʠʝ ʜʝʪʦʥʘʮʠʶ, ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪ ʢʘʢ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ, ʪʘʢ ʠ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʦʩʪʘʝʪʩʷ ʥʝʨʝʰʝʥʥʦʡ ʟʘʜʘʯʘ ʚʳʷʩʥʝʥʠʷ 

ʧʨʠʨʦʜʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʜʝʪʦʥʠʨʫʶʱʠʭ ʚʦʣʥ. ʇʨʠʨʦʜʘ ʵʪʠʭ ʚʦʣʥ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʥʝ ʪʦʣʴʢʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʨʝʟʦʥʘʥʩʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, 

ʥʦ ʠ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʜʨʫʛʠʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʥʘʧʨʠʤʝʨ, ʠʦʥʦʚ.  

ɺ 1988 ʛ. ʋʦʢʝʨ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʜʝʪʦʥʘʮʠʠ ʚ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʢʦʥʮʝʧʮʠʶ ʬʠʟʠʯʝʩʢʦʡ 

ʢʠʥʝʪʠʢʠ.  

ʂʦʥʮʝʧʮʠʷ ʠʤʝʝʪ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ, ʥʝʪʝʧʣʦʚʦʡ, ʥʝʨʘʚʥʦʚʝʩʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʩʦʢʫʶ ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ 

ʫʜʘʨʥʦʤ ʠʣʠ ʜʝʪʦʥʘʮʠʦʥʥʦʤ ʬʨʦʥʪʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʳʡ ʨʘʟʨʳʚ 

ʩʚʷʟʝʡ ʚ ʤʦʣʝʢʫʣʘʭ ʟʘ ʫʜʘʨʥʳʤ ʬʨʦʥʪʦʤ. ʇʦʩʣʝʜʥʝʝ ʫʪʚʝʨʞʜʝʥʠʝ 
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʪʨʘʢʪʦʚʢʝ ʢʠʥʝʪʠʢʠ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʘʜʣʝʞʘʱʝʤ ʚʳʙʦʨʝ 

ʵʣʝʤʝʥʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʘʟʥʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʢʣʘʩʩʦʚ ɺɺ, ʢʘʢ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ), ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʨʘʜʠʮʠʦʥʥʳʡ ʘʧʧʘʨʘʪ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ, ʠ ʧʨʠ ʵʪʦʤ ʤʦʜʝʣʴ 

ʩʦʭʨʘʥʠʪ ʦʩʥʦʚʥʳʝ ʯʝʨʪʳ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚ ʢʦʥʮʝʧʮʠʠ: ʙʫʜʝʪ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ, ʥʝʪʝʧʣʦʚʦʡ, ʥʝʨʘʚʥʦʚʝʩʥʦʡ, ʩ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ 

ʜʝʪʦʥʘʮʠʦʥʥʦʤ ʬʨʦʥʪʝ.  

ɼʘʣʝʝ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʜʝʪʦʥʘʮʠʠ ʨʘʟʚʠʪʳ ʩ ʮʝʣʴʶ ʦʧʠʩʘʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʢʦʨʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ ʜʝʪʦʥʘʮʠʠ ʩʤʝʩʝʚʦʛʦ ʟʘʨʷʜʘ ʦʪ 

ʦʙʲʝʤʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ɺɺ, ʘ ʜʣʷ ʧʦʨʠʩʪʳʭ ʟʘʨʷʜʦʚ ʦʪ ʧʣʦʪʥʦʩʪʠ.  

ʇʨʝʜʣʦʞʝʥʳ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʛʦ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʮʝʩʩ ʧʨʝʚʨʘʱʝʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʧʨʦʜʫʢʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ  

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤ. 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʛʨʘʥʠʯʝʥʘ, ʘ 

ʠʭ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʥʝ ʤʦʜʝʣʠʨʫʶʪ ʨʝʘʣʴʥʳʝ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ 

ʩʠʩʪʝʤʝ. ʌʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʤʥʦʛʠʝ 

ʬʠʟʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʥʘʙʣʶʜʘʶʱʠʝʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʅʘʧʨʠʤʝʨ, 

ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʘʨʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʧʣʦʪʥʦʩʪʠ ɺɺ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝʪ ʜʝʪʘʣʴʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʵʪʦʛʦ ʷʚʣʝʥʠʷ, ʥʝ ʚʳʷʩʥʝʥʦ, ʢʘʢʠʝ 

ʵʣʝʤʝʥʪʘʨʥʳʝ ʧʨʦʮʝʩʩʳ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 

ʜʝʪʦʥʘʮʠʠ.  

ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʘʷ ʤʦʜʝʣʴ ʚʦʟʙʫʞʜʝʥʠʷ ʜʝʪʦʥʘʮʠʠ ʧʨʝʜʣʦʞʝʥʘ ʚ 

ʨʘʙʦʪʝ ʂ.ʌ. ɻʨʝʙʝʥʢʠʥʘ çʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ ʢʘʢ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʠè (ʈʦʩʩʠʡʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʗʜʝʨʥʳʡ ʎʝʥʪʨ ï 

ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʅʀʀ ʊʝʭʥʠʯʝʩʢʦʡ ʌʠʟʠʢʠ, ʛ. ʉʥʝʞʠʥʩʢ, ʏʝʣʷʙʠʥʩʢʘʷ 

ʦʙʣ., ʈʦʩʩʠʷ). 

ʄʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʪʦʤ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ɺɺ ̫ʚʣʷʶʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʭ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʂʣʶʯʝʚʳʤ 

ʧʘʨʘʤʝʪʨʦʤ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʜʝʪʦʥʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʢʨʠʩʪʘʣʣʘ Eg. ʀʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʫʜʘʨʥʦʤʫ ʠʥʠʮʠʠʨʦʚʘʥʠʶ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʦʮʝʥʢʘ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ Eg 

å 160 ʢɼʞ/ʤʦʣʴ ʜʣʷ ʪʨʠʘʤʠʥʦʪʨʠʥʠʪʨʦʙʝʥʟʦʣʘ (ʊɸʊɹ). ɺ ʨʘʩʯʝʪʘʭ 

ʫʜʘʣʦʩʴ ʩʦʧʦʩʪʘʚʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʜʝʨʞʢʠ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʦʪ ʥʘʯʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ɺɺ. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ɺɺ ʥʝ ʷʚʣʷʶʪʩʷ 

ʛʦʤʦʛʝʥʥʳʤʠ. ʆʥʠ ʧʦʣʫʯʘʶʪʩʷ ʧʫʪʝʤ ʧʨʝʩʩʦʚʘʥʠʷ 
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ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ. ʂʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʩʦʜʝʨʞʠʪ 

ʧʦʨʳ, ʧʫʩʪʦʪʳ ʠ ʜʨʫʛʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʣʦʪʥʦʩʪʴ 

ʧʨʝʩʩʦʚʘʥʥʦʛʦ ɺɺ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʢʨʠʩʪʘʣʣʘ. ʀʟʚʝʩʪʥʦ, ʝʩʣʠ ʧʦʨʠʩʪʦʩʪʴ ɺɺ ʥʝʚʝʣʠʢʘ, ʪʦ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʦʙʨʘʟʮʘʤʠ ʠʟ ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ. ʆʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʦʜʧʦʨʦʛʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ 

ʧʨʝʩʩʦʚʘʥʥʳʝ ɺɺ, ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʚʳʛʦʨʘʥʠʝ ʚ çʛʦʨʷʯʠʭ ʪʦʯʢʘʭè ʠʣʠ 

ʦʯʘʛʘʭ ʛʦʨʝʥʠʷ. ʆʙʩʫʞʜʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ çʛʦʨʷʯʠʭ ʪʦʯʝʢè. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʡ ʠʟ ʥʠʭ ï ʵʪʦ 

ʤʠʢʨʦʢʫʤʫʣʷʮʠʷ ʧʨʠ ʩʭʣʦʧʳʚʘʥʠʠ ʧʦʨ ʚ ɺɺ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʘʣʠʯʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʫʜʘʨʥʦʛʦ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

ʜʝʪʦʥʘʮʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ɺɺ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʨʘʟʨʘʙʦʪʘʥʳ. 

ʇʨʦʮʝʩʩʳ ʧʨʠʚʦʜʷʪ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ʋɺʏ) ʛʝʪʝʨʦʛʝʥʥʳʭ ɺɺ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʛʦʤʦʛʝʥʥʳʤʠ ï ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʠʣʠ ʞʠʜʢʠʤʠ. 

ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʛʦʨʝʥʠʷ D ʠʟ ʦʯʘʛʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʚʨʝʤʝʥʠ ʪʝʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ ʧʨʦʛʨʝʪʦʡ 

ʟʦʥʝ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ. ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʛʦʨʝʥʠʷ  

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʬʦʨʤʫʣʝ:  

 

D å (ɢ / Ű)
0,5

, 

 

ʛʜʝ ɢ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ɺɺ, Ű ï ʚʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʠ ʚ ʧʨʦʛʨʝʪʦʤ ʦʪ ʦʯʘʛʘ ʩʣʦʝ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ɺɺ ʷʚʣʷʝʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ, ʪʦ 

ʟʘʚʠʩʠʤʦʩʪʴ ʝʛʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʤʝʝʪ ʚʠʜ:  

 

ɢ  = ɢ0exp(-Ů /2RT), 

 

ʛʜʝ Ů ï ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʢʨʠʩʪʘʣʣʘ, ɢ0 ï 

ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ. 

Cʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʛʦʨʝʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ: 

 

D = D0exp(ïŮ / 4RT), 

 

ʛʜʝ D0  ï ʢʦʥʩʪʘʥʪʘ.  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʝʨʝʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʟʦʥʫ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʤʧʫʣʴʩʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʚʝʣʠʢʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʨʝʤʝʥʝʤ ʥʘʨʘʩʪʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʬʨʦʥʪʝ 

ʚʦʣʥʳ ʛʦʨʝʥʠʷ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ, 
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ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʚʦʣʥʳ ʛʦʨʝʥʠʷ.  

ʄʦʣʝʢʫʣʷʨʥʳʝ ʢʨʠʩʪʘʣʣʳ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʥʠʭ 

ʧʦʨʷʜʢʘ 1 ï 2 ʵɺ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʜʝʪʦʥʘʮʠʠ ʨʘʚʥʘ 20 

ï 40 ʢɼʞ/ʤʦʣʴ, ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʨʠ ʪʝʧʣʦʚʦʤ 

ʠʥʠʮʠʠʨʦʚʘʥʠʠ ɺɺ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʟʘʜʝʨʞʢʠ ʜʝʪʦʥʘʮʠʠ ʊɸʊɹ ʦʪ 

ʜʘʚʣʝʥʠʷ ʥʘ ʬʨʦʥʪʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʘ ʪʘʢʞʝ ʦʪ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʧʣʦʪʥʦʩʪʠ ɺɺ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚʨʝʤʝʥʘ 

ʟʘʜʝʨʞʢʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʜʝʪʦʥʘʮʠʠ, ʢʦʪʦʨʳʝ ʠ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ.  

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʣʘ ʚʧʝʨʚʳʝ ʦʙʲʷʩʥʠʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ɺɺ ʦʪ ʥʘʯʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 54 

ɻʣʘʚʘ 3. ʈʘʩʯʝʪʳ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʪʠʯʝʩʢʠʭ 

 ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ 

 

Ä 3.1. ʈʘʩʯʝʪ ʢʦʤʧʦʥʝʥʪʦʚ  ʛʦʨʶʯʝʡ ʩʨʝʜʳ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

                                       

ʊʘʢ ʢʘʢ ʥʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʛʦʨʝʥʠʷ ï ʢʣʘʩʩʠʯʝʩʢʠʡ ʢʨʠʪʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʪʦ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʤʘʨʰʨʫʪʘʤ. ʂʘʢ ʧʨʘʚʠʣʦ, ʛʦʨʝʥʠʝ ï ʵʪʦ ʢʨʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, 

ʧʨʦʪʝʢʘʶʱʠʡ ʩ ʜʠʬʬʫʟʠʦʥʥʳʤʠ ʟʘʪʨʫʜʥʝʥʠʷʤʠ.  

ɺ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʩ ʫʯʘʩʪʠʝʤ ʢʠʩʣʦʨʦʜʘ 

ʚʦʟʜʫʭʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʝʛʦ ʩʦʩʪʘʚ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ 

ʧʨʠʥʠʤʘʶʪ, ʯʪʦ ʚʦʟʜʫʭ ʩʦʩʪʦʠʪ ʠʟ 21 % ʢʠʩʣʦʨʦʜʘ ʠ 79 % ʘʟʦʪʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʙʲʝʤʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʟʜʫʭʝ ʩʦʩʪʘʚʠʪ 

79/21=1:3,76. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ 1 ʤ
3
 (ʢʤʦʣʴ) ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʟʜʫʭʝ 

ʧʨʠʭʦʜʠʪʩʷ 3,76 ʤ
3
 (ʢʤʦʣʷ) ʘʟʦʪʘ. 

ʄʘʩʩʦʚʦʝ  ʩʦʦʪʥʦʰʝʥʠʝ ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʟʜʫʭʝ ʩʦʩʪʘʚʣʷʝʪ 

23,3 % ʆ2 ʠ 76,7 % N2. ɽʛʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʠʩʭʦʜʷ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

79
.
28 / 21

.
32 = 1 : 3,29, ʛʜʝ 28; 32 ï ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ.  ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʧʨʦʩʪʳʭ ʠ ʩʣʦʞʥʳʭ ʚʝʱʝʩʪʚ,  

ʩʤʝʩʠ ʛʘʟʦʚ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʚʦʟʜʫʭʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦ 

ʫʨʘʚʥʝʥʠʷʤ: 
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 ï ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ; 
2 2

, ,ʛ O Nn n n ï 

ʢʦʣʠʯʝʩʪʚʦ ʛʦʨʶʯʝʛʦ, ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ ʫʨʘʚʥʝʥʠʷ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ, ʢʤʦʣʴ; ʄʛ 
ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

ʛʦʨʶʯʝʛʦ; Vo - ʦʙʲʝʤ 1 ʢʤʦʣʷ ʛʘʟʘ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (22,4
3ʤ ); 

ʉ, ʅ, S, ʆ ï ʤʘʩʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ 

ʛʦʨʶʯʝʛʦ, %; űʛ ï ʢʦʥʮʝʥʪʨʘʮʠʷ i-ʛʦ ʛʦʨʶʯʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, (% ʦʙ.);  űO ï 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʩʦʩʪʘʚʝ ʛʦʨʶʯʝʛʦ ʛʘʟʘ, (% ʦʙ.); no ï 
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ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʦʜʥʦʛʦ ʢʤʦʣʷ i-ʛʦ 

ʛʦʨʶʯʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʢʤʦʣʴ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʚʦʟʜʫʭʘ ʧʨʠ ʛʦʨʝʥʠʠ ʚ ʫʩʣʦʚʠʷʭ, 

ʦʪʣʠʯʥʳʭ ʦʪ ʥʦʨʤʘʣʴʥʳʭ, ʧʦʣʴʟʫʶʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʳʭ 

ʛʘʟʦʚ: 

 

ʛ

m
PV RT

M
=

, 

ʛʜʝ ʈ ï ʜʘʚʣʝʥʠʝ, ʇʘ; ʊ - ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; V
 
- ʦʙʲʝʤ, ʤ

3
.  

ʇʨʘʢʪʠʯʝʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ 
ʚV ï ʦʙʲʝʤ ʚʦʟʜʫʭʘ, ʬʘʢʪʠʯʝʩʢʠ 

ʧʦʩʪʫʧʠʚʰʠʡ ʚ ʟʦʥʫ ʛʦʨʝʥʠʷ. ʆʪʥʦʰʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʢ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʦʙʲʝʤʫ ʚʦʟʜʫʭʘ ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʟʙʳʪʢʘ 

ʚʦʟʜʫʭʘ Ŭ: 

 

0

ʚ

ʚ

V

V
a=  . 

 

ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ ʧʨʘʢʪʠʯʝʩʢʠʤ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʙʲʝʤʘʤʠ ʚʦʟʜʫʭʘ 

ʥʘʟʳʚʘʝʪʩʷ ʠʟʙʳʪʢʦʤ ʚʦʟʜʫʭʘ
ʚVD : 

 
0

ʚ ʚ ʚV V VD = -;  ( )0 1ʚ ʚV V aD = -. 

                             

ɽʩʣʠ ʠʟʚʝʩʪʥʦ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ, ʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

 

( )
2

2

0

.

0
1 ,

21

O ʧ ʛ

ʚ O

V

V

j
a

j
= +

-

 

                                                 

ʛʜʝ
2Oj ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ, % (ʦʙ.); 

0

.ʧ ʛV -

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʦʙʲʝʤ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ. 

ɼʣʷ ʚʝʱʝʩʪʚ, ʫ ʢʦʪʦʨʳʭ ʦʙʲʝʤ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʨʘʚʝʥ ʦʙʲʝʤʫ 

ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʚʦʟʜʫʭʘ (ʥʘʧʨʠʤʝʨ, ʫʛʣʝʨʦʜ), ʬʦʨʤʫʣʘ ʨʘʩʯʝʪʘ Ŭ 

ʫʧʨʦʱʘʝʪʩʷ: 

 

2

21

21 O

a
j

=
-

. 
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ɺ ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ (ʉʆ, H2, CH4) 

ʬʦʨʤʫʣʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 

 

2 2 4

21
,

21 0,5 0,5 2O ʉO H CH

a
j j j j

=
- + + +

 

ʛʜʝ
2Oj ,

COj ,
2Hj ,

4CHj ï ʩʦʜʝʨʞʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ, % (ʦʙ.). 

ɽʩʣʠ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʝʛʦ ʚ ʚʦʟʜʫʭʝ, ʪʦ ʬʦʨʤʫʣʫ  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

 

( )
2

2 2

0

.

0 0
1 ,

O ʇ ɻ

ʚ O O

V

V

j
a

j j
= +

-

 2

2 2

0

0
1

O

O O

j
a

j j
= +

-
 , 

                                                         

ʛʜʝ
2

0

Oj ï ʠʩʭʦʜʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ, % 

(ʦʙ.); 0

.ʇ ɻV ï  ʦʙʲʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʳ. 

ʏʘʩʪʦ ʚ ʨʘʩʯʝʪʘʭ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʤʘʩʩʫ ʚʦʟʜʫʭʘ, ʧʦʰʝʜʰʝʛʦ 

ʥʘ ʛʦʨʝʥʠʝ: 

,ʚ ʚ ʚm Vr=  2 2 2 2 0

0 0 1

,
N N O O

ʚ

M M PT

V PT

j j
r

+
=   33,47 10ʚ

P

T
r -= Ö , 

ʛʜʝ ʈ ï ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʇʘ; ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, 
ʚr ï 

ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʢʛ/ʤ
3
. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʧʨʦʩʪʳʭ ʧʨʠʤʝʨʦʚ ʨʝʘʢʮʠʡ ʛʦʨʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʦʪʝʢʘʶʪ ʢʘʢ ʢʨʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ.    

ɽʩʣʠ ʛʦʨʶʯʝʝ ʚʝʱʝʩʪʚʦ ʷʚʣʷʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʭʠʤʠʯʝʩʢʠʤ 

ʩʦʝʜʠʥʝʥʠʝʤ, ʜʣʷ ʨʘʩʯʝʪʘ ʦʙʲʝʤʘ ʚʦʟʜʫʭʘ  ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ ʚ ʚʦʟʜʫʭʝ (ʛʦʨʝʥʠʝ ʤʝʪʘʥʘ): 

 

CH4 + 2O2 + 2 3,76 N2 = CO2 +2H2O+ 2 3,76 N2. 

 

ʀʟ ʫʨʘʚʥʝʥʠʷ ʥʘʭʦʜʠʤ: 

 

2
2On = ,

2
2 3,76 7,52Nn = Ö = ,

4
1CHn = . 
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ʆʧʨʝʜʝʣʷʝʤ ʦʙʲʝʤ ʚʦʟʜʫʭʘ: 

 

0 2 7,52
9,52

1
ʚV

+
= =   ʤ

3
/ʤ

3
 , (ʢʤʦʣʴ/ʢʤʦʣʴ). 

ʈʘʩʩʯʠʪʳʚʘʝʤ ʤʘʩʩʫ ʚʦʟʜʫʭʘ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʛʦʨʝʥʠʷ: 

 

0,79 28 0,21 32
9,52 9,52 1,28 12,2

22,4
ʚm

Ö + Ö
= = Ö =    ʢʛ/ʤ

3
. 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʠ ʤʘʩʩʳ ʚʦʟʜʫʭʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʛʦʨʝʥʠʷ 1 ʢʛ ʛʦʨʶʯʝʛʦ ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʘ: ʉ ï 60 %, ʅ ï 5 %, Oï 2 5 %, N 

ï 5 %, W ï 5 % (ʚʣʘʞʥʦʩʪʴ)  ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ  

2,5a= ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 305 ʂ ʠ  ʜʘʚʣʝʥʠʝ 99 500 ʇʘ, ʨʘʩʯʝʪ ʧʨʦʚʦʜʠʤ 

ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

0 60 25
0,269 5 5,9

3 8
ʚV

å õ
= + + =æ ö

ç ÷

 ʤ
3
/ʢʛ. 

 

ʂʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: 

 
0 2,5 5,9 14,75ʚ ʚV Va= = Ö =  ʤ

3
/ʢʛ. 

ʅʘʭʦʜʠʤ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ, ʧʦʰʝʜʰʝʛʦ ʥʘ ʛʦʨʝʥʠʝ ʚʝʱʝʩʪʚʘ ʧʨʠ 

ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʛʦʨʝʥʠʷ: 

 

( )

14,75 101325 305
16,8

99500 273
ʚ ʨʪ

V
Ö Ö

= =
Ö

 ʤ
3
/ʢʛ, 

( )

99500 273
16,8 1,28 18,9

305 101325
ʚ ʚʚ ʨʪ

m Vr
Ö

= = Ö =
Ö

 ʢʛ/ʢʛ. 

 

 

Ä 3.2. ɸʜʠʘʙʘʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ  ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, 

ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʪʦʧʦʢ ʠ ʜʨʫʛʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 
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ʫʩʪʘʥʦʚʦʢ. ɺʘʞʥʦʩʪʴ ʫʢʘʟʘʥʥʳʭ ʨʘʩʯʝʪʦʚ ʩʚʷʟʘʥʘ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʢʘʢ ʧʝʨʝʭʦʜ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ ʚ ʢʨʠʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʟʨʳʚʫ, ʜʝʪʦʥʘʮʠʠ ʠ 

ʨʘʟʨʫʰʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʀʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ 

ʚʳʯʠʩʣʝʥʠʡ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ  ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʧʨʦʛʨʘʤʤʳ. ʈʘʟʨʘʙʦʪʘʥʳ ʫʧʨʦʱʝʥʥʳʝ ʤʝʪʦʜʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʧʨʦʩʪʦʪʦʡ, ʥʦ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʜʦʩʪʘʪʦʯʥʫʶ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ, ʚʟʨʳʚʘ ʠ ʜʨʫʛʠʭ 

ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ.  

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ 

ʷʚʣʷʝʪʩʷ ʘʜʠʘʙʘʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɸʜʠʘʙʘʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʚʷʟʘʥʘ ʩ ʨʝʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʯʝʥʠʷ 

ʚʟʨʳʚʘ, ʛʦʨʝʥʠʷ. ʇʦʢʘʟʘʪʝʣʝʥ ʩʣʝʜʫʶʱʠʡ ʧʨʠʤʝʨ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʡ 

ʚʘʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ. ɺ ʢʦʥʮʝ 19 ʚʝʢʘ  ʧʦʷʚʠʣʠʩʴ  ʩʚʝʜʝʥʠʷ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʡ  

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʥʘ ʦʩʥʦʚʝ ʘʤʤʠʘʯʥʦʡ 

ʩʝʣʠʪʨʳ. ʐʘʭʪʝʨʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʣʠ ʚʟʨʳʚʦʚ ʨʫʜʥʠʯʥʳʭ 

ʛʘʟʦʚ, ʝʩʣʠ ʧʨʠʤʝʥʷʣʠ ʚ ʢʘʯʝʩʪʚʝ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ ʘʤʤʠʘʯʥʫʶ 

ʩʝʣʠʪʨʫ. ʂʦʤʠʩʩʠʷ ʧʦ ʚʟʨʳʚʯʘʪʳʤ ʚʝʱʝʩʪʚʘʤ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʄʘʨʩʝʣʝʥʘ ɹʝʨʪʣʦ ʠʩʩʣʝʜʦʚʘʣʘ ʵʪʠ ʩʦʦʙʱʝʥʠʷ  ʠ ʚʳʷʚʠʣʘ ʧʨʠʯʠʥʫ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʤʝʩʝʡ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʩ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʦʡ. 

ʇʨʠʯʠʥʘ ʟʘʢʣʶʯʘʣʘʩʴ  ʚ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʟʨʳʚʘ ʘʤʤʠʘʯʥʦʡ 

ʩʝʣʠʪʨʳ  ï 1600 ʛʨʘʜʫʩʦʚ (ʜʣʷ ʜʠʥʘʤʠʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʟʨʳʚʘ ʧʨʝʚʳʰʘʝʪ 

4000 ʛʨʘʜʫʩʦʚ). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʝʪʘʥ ʩʧʦʩʦʙʝʥ ʚʟʨʳʚʘʪʴʩʷ ʣʠʰʴ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʅʘ ʦʩʥʦʚʝ ʩʝʣʠʪʨʳ ʩʪʘʣʠ ʚʳʧʫʩʢʘʪʴ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ çʘʥʪʠʛʨʠʟʫʪʥʳʝè ʚʝʱʝʩʪʚʘ, ʩʧʝʮʠʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ 

ʜʣʷ ʧʦʜʟʝʤʥʳʭ ʚʟʨʳʚʦʚ ʚ ʰʘʭʪʘʭ, ʦʧʘʩʥʳʭ ʧʦ ʛʘʟʫ ʠ ʧʳʣʠ. ʇʦʜʦʙʥʳʝ 

ʚʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ  ʥʘʟʳʚʘʶʪ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʤʠ. ʇʨʠʤʝʥʝʥʠʝ ʠʭ 

ʧʨʦʠʟʚʝʣʦ ʥʘʩʪʦʷʱʠʡ ʧʝʨʝʚʦʨʦʪ ʚ ʛʦʨʥʦʤ ʜʝʣʝ.   

 ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ ʚʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ ʩʦʜʝʨʞʘʪ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʘʤʤʠʘʯʥʫʶ ʩʝʣʠʪʨʫ, ʪʨʦʪʠʣ ʠʣʠ ʥʠʪʨʦʵʬʠʨʳ. ʆʩʦʙʳʝ 

ʩʚʦʡʩʪʚʘ  ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʤ, 

ʯʪʦ ʚ ʠʭ ʩʦʩʪʘʚ ʚʚʦʜʷʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (12 ï 75 % ʧʦ 

ʤʘʩʩʝ) ʢʦʤʧʦʥʝʥʪʳ (ʭʣʦʨʠʜʳ ʢʘʣʠʷ, ʥʘʪʨʠʷ, ʘʤʤʦʥʠʷ), ʠʥʛʠʙʠʨʫʶʱʠʝ 

ʦʢʠʩʣʝʥʠʝ ʤʝʪʘʥʘ ʠ ʜʨʫʛʠʭ ʛʦʨʶʯʠʭ ʚʝʱʝʩʪʚ ʠ ʧʦʥʠʞʘʶʱʠʝ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʟʨʳʚʘ. ɼʝʡʩʪʚʠʝ ʭʣʦʨʠʜʦʚ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʪʦʥʢʦʠʟʤʝʣʴʯʸʥʥʦʤ ʚʠʜʝ. ʇʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʚʳʰʝ ʜʣʷ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭ 10 % ʥʠʪʨʦʛʣʠʮʝʨʠʥʘ ʠ 90 % 

ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʦʣʝʡ. ɺ  ʰʧʫʨʘʭ ʩ ʧʨʦʯʥʳʤʠ ʩʪʝʥʢʘʤʠ ʦʥʠ ʜʝʪʦʥʠʨʫʶʪ 

ʩ ʧʦʣʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ, ʘ ʚ ʦʪʢʨʳʪʦʤ ʟʘʨʷʜʝ ʜʝʪʦʥʠʨʫʝʪ ʪʦʣʴʢʦ 

ʥʠʪʨʦʛʣʠʮʝʨʠʥ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʚʳʜʝʣʷʝʤʘʷ ʵʥʝʨʛʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ 
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ʧʨʦʜʫʢʪʦʚ ʚʟʨʳʚʘ ʦʯʝʥʴ ʤʘʣʳ ʠ ʥʝ ʦʧʘʩʥʳ ʚ ʦʪʥʦʰʝʥʠʠ ʚʦʩʧʣʘʤʝʥʝʥʠʷ 

ʛʘʟʘ. 

ɺ ʉʉʉʈ ʚ ʦʙʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ, 

ʚʢʣʶʯʘʶʱʝʡ ʰʝʩʪʴ ʢʣʘʩʩʦʚ, ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ ɺɺ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ 

IIIðVI ʢʣʘʩʩʳ (ʢ ʧʝʨʚʳʤ ʜʚʫʤ ʢʣʘʩʩʘʤ ʦʪʥʦʩʠʣʠ ʥʝʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ 

ʚʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ ʦʪʢʨʳʪʳʭ ʨʘʟʨʘʙʦʪʢʘʭ ʠ ʚ 

ʰʘʭʪʘʭ, ʥʝ ʦʧʘʩʥʳʭ ʧʦ ʩʢʦʧʣʝʥʠʶ ʛʘʟʘ ʠ ʧʳʣʠ). ʉʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʚʟʨʳʚʯʘʪʳʭ  ʚʝʱʝʩʪʚ III  ʢʣʘʩʩʘ ʩʦʩʪʘʚʣʷʝʪ 3,6 ï 4,6 

ʢʤ/ʩ. ʂ ʥʠʤ ʦʪʥʦʩʷʪ ʘʤʤʦʥʠʪʳ ɸʇ-4ɾɺ, ɸʇ-5ɾɺ, ʇɾɺ-20,  ʧʦʙʝʜʠʪ 

ɺʇ-4  ʩ  ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʪʦʡ ʚʟʨʳʚʘ 200 ɼʞ/ʛ.  ʂ VI ʢʣʘʩʩʫ ʦʪʥʦʩʷʪ 

ʫʛʣʝʥʠʪ ˉ 7 ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʝʪʦʥʘʮʠʠ 1,6 - 1,8 ʢʤ/ʩ ʠ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʪʦʡ 

ʚʟʨʳʚʘ ʦʢʦʣʦ 90 ɼʞ/ʛ.  

ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʦ ʫʩʣʦʚʠʷʤʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ.  

ʈʘʩʯʝʪ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ 

ʚʳʧʦʣʥʠʪʴ, ʨʝʰʘʷ ʫʨʘʚʥʝʥʠʷ ʂʠʨʭʛʦʬʘ ʜʣʷ ʠʟʦʙʘʨʥʦʛʦ ʠ ʠʟʦʭʦʨʥʦʛʦ 

ʧʨʦʮʝʩʩʘ: 
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ɿʜʝʩʴ ȹʅ, ȹU ï ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ, ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ, 

ɼʞ/ʤʦʣʴ; ʉʨ, ʉv ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʦʙʘʨʥʘʷ ʠ ʠʟʦʭʦʨʥʘʷ  ʪʝʧʣʦʝʤʢʦʩʪʠ,  

ɼʞ/ʤʦʣʴ
.
ʛʨʘʜ; v ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʦʨʤʘʣʴʥʦʡ 

ʩʭʝʤʳ ʧʨʦʮʝʩʩʘ, T ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ. 

ʀʥʪʝʛʨʠʨʫʷ ʫʨʘʚʥʝʥʠʷ ʂʠʨʭʛʦʬʘ, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ (3, 4) ʜʣʷ 

ʨʘʩʯʝʪʘ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʠʟʦʙʘʨʥʦʤ ʠʣʠ ʠʟʦʭʦʨʥʦʤ ʧʨʦʮʝʩʩʝ. 
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ʇʝʨʝʡʜʝʤ ʢ ʩʪʘʥʜʘʨʪʥʳʤ ʫʩʣʦʚʠʷʤ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ 

ʨʘʩʯʝʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠʟʦʙʘʨʥʦʛʦ ʠ ʠʟʦʭʦʨʥʦʛʦ ʧʨʦʮʝʩʩʘ: 
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ʋʨʘʚʥʝʥʠʷ (3, 4) ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʧʨʠ ʣʶʙʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʝʩʣʠ ʟʘʜʘʥʘ ʬʦʨʤʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ  (ʩ ʫʢʘʟʘʥʠʝʤ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ) ʠ ʠʟʚʝʩʪʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʦʙʘʨʥʳʭ 

ʠʣʠ ʠʟʦʭʦʨʥʳʭ ʪʝʧʣʦʝʤʢʦʩʪʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ 

ʟʘʧʠʩʘʪʴ ʬʦʨʤʘʣʴʥʫʶ ʩʭʝʤʫ ʧʨʦʮʝʩʩʘ ï ʫʢʘʟʘʪʴ ʚʩʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ. 

ɹʦʣʝʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʪʝʧʣʦʝʤʢʦʩʪʴ, 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʤʝʩʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʮʝʩʩʘ, ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ. 

ʂʨʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʫʶʪ ʢʘʢ ʥʘʛʨʝʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʊ1  ʜʦ ʊ2. ʆʮʝʥʢʫ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʟʦʙʘʨʥʦʛʦ (5) ʠ ʠʟʦʭʦʨʥʦʛʦ (6) ʧʨʦʮʝʩʩʦʚ ʧʦ ʤʦʜʝʣʠ ʥʘʛʨʝʚʘ  

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʷʪ ʧʦ ʬʦʨʤʫʣʘʤ: 
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ʅʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʫʨʘʚʥʝʥʠʷʭ (5, 6) 

2THD
2TUD  ï ʵʪʦ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ, ʚʟʨʳʚʘ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ ʚ ʢʨʠʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ2. ʀʥʜʝʢʩʳ ʧʨʠ 

ʪʝʧʣʦʝʤʢʦʩʪʷʭ ʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 

ʨʘʩʯʝʪʘʭ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ.  ɺ ʨʘʩʯʝʪʘʭ 

ʵʥʪʘʣʴʧʠʠ ʠʣʠ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ (ʫʨʘʚʥʝʥʠʷ 3, 4) ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʩʫʤʤʳ ʧʦ ʪʝʧʣʦʝʤʢʦʩʪʷʤ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ʠ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ. ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʦ ʥʝ ʦʪʤʝʯʝʥʦ ʚʦ ʤʥʦʛʠʭ ʫʯʝʙʥʳʭ 

ʧʦʩʦʙʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʳ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ, ʚʟʨʳʚʘ, ʚ ʪʦʤ, ʯʠʩʣʝ, ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʥʦʛʨʘʬʠʠ 
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ʗ.ɹ. ɿʝʣʴʜʦʚʠʯʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʛʦʨʝʥʠʷ ʠ 

ʚʟʨʳʚʘ, ʄ.: ʅʘʫʢʘ, 1980. ï ʩ. 24-26). ʊʘʢ, ʝʩʣʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʦʨʤʘʣʴʥʦʡ ʩʭʝʤʳ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 
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ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʚʠʩʷʪ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʬʦʨʤʘʣʴʥʦʡ ʩʭʝʤʳ ʧʨʦʮʝʩʩʘ, ʧʦʵʪʦʤʫ ʨʘʩʯʝʪ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʟʦʙʘʨʥʳʭ ʠʣʠ ʠʟʦʭʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʦʜʷʪ ʠʟ 

ʫʨʘʚʥʝʥʠʡ: 
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ʅʝʜʦʩʪʘʪʦʢ ʫʨʘʚʥʝʥʠʡ (7, 8), ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʪʦʯʥʦʩʪʴ, ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʪʦʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʨʘʞʘʝʪʩʷ ʚ ʥʝʷʚʥʦʡ ʬʦʨʤʝ. 

ɺ ʦʮʝʥʢʝ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʠʣʠ ʚʟʨʳʚʘ ʥʘ 

ʚʦʟʜʫʭʝ ʫʯʠʪʳʚʘʶʪ, ʯʪʦ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ ʩʦʜʝʨʞʠʪʩʷ ʘʟʦʪ ʚʦʟʜʫʭʘ. ɺ 

ʨʘʩʯʝʪʘʭ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʪʦʯʥʦʩʪʠ (ʦʮʝʥʦʯʥʳʝ ʨʘʩʯʝʪʳ) ʫʨʘʚʥʝʥʠʷ 

ʧʨʠʥʠʤʘʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ, ʫʯʠʪʳʚʘʷ ʪʝʯʝʥʠʝ ʨʝʘʢʮʠʠ ʥʘ ʚʦʟʜʫʭʝ: 
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ɿʜʝʩʴ vO2 ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʬʦʨʤʘʣʴʥʦʡ ʩʭʝʤʝ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʚʤʝʩʪʦ ʚʝʣʠʯʠʥ 
2THD , 

2TUD  ʧʦʩʪʘʚʣʷʶʪ 

ʩʪʘʥʜʘʨʪʥʳʝ ʟʥʘʯʝʥʠʷ 0

298UD , 0

298HD . ʅʘʧʨʠʤʝʨ, ʜʣʷ ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ 

ʙʫʪʘʥʘ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ vO2 ʚ ʫʨʘʚʥʝʥʠʷʭ (9, 10) ʨʘʚʝʥ 

6,5: 

 

                                       C4H10 +6,5O2 = 4CO2+ 5H2O 

 

ʈʘʩʯʝʪ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (5,6,9,10) ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʚʳʰʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ. ʅʝ ʚʩʝʛʜʘ ʧʨʘʚʠʣʴʥʦ 

ʩʦʩʪʘʚʣʷʶʪ ʬʦʨʤʘʣʴʥʫʶ ʩʭʝʤʫ ʧʨʦʮʝʩʩʘ, ʥʝ ʫʯʠʪʳʚʘʶʪ ʭʠʤʠʯʝʩʢʦʝ 

ʨʘʚʥʦʚʝʩʠʝ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ï ʜʠʩʩʦʮʠʘʮʠʶ ʤʦʣʝʢʫʣ ʚʦʜʳ, 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʜʨʫʛʠʭ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʘ ʙʦʣʝʝ 

ʧʨʦʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ. ɼʠʩʩʦʮʠʘʮʠʷ  ʠʜʝʪ ʩ ʟʘʪʨʘʪʦʡ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ. ʈʘʩʯʝʪ ʩʪʘʥʦʚʠʪʩʷ ʪʝʤ ʙʦʣʝʝ ʥʝʪʦʯʥʳʤ, ʯʝʤ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʠ ʥʠʞʝ ʜʘʚʣʝʥʠʝ ï ʧʨʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ 

ʙʣʘʛʦʧʨʠʷʪʥʝʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʠʣʴʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ.  

ʊʘʢ, ʧʨʠ ʛʦʨʝʥʠʠ ʚ ʢʠʩʣʦʨʦʜʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʠʣʠ ʜʨʫʛʠʭ 

ʚʳʩʦʢʦʢʘʣʦʨʠʡʥʳʭ ʪʦʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ  ʚʳʩʦʢʘ  ʠ ʨʘʩʯʝʪ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʦʰʠʙʢʘʤ. ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʵʪʦ ʧʨʠʤʝʨʦʤ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʛʦʨʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʢʠʩʣʦʨʦʜʝ 

ʧʨʦʪʝʢʘʝʪ ʧʦʣʥʦʩʪʴʶ ʠ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʧʘʨʳ ʚʦʜʳ ʅ2ʆ ʩ 

ʪʝʧʣʦʝʤʢʦʩʪʴʶ 33,6 ɼʞ/ʤʦʣʴ
.
ʛʨʘʜ. ɼʣʷ ʚʦʜʦʨʦʜʥʦ-ʢʠʩʣʦʨʦʜʥʦʡ 

ʛʦʨʶʯʝʡ ʩʤʝʩʠ ʜʝʣʝʥʠʝʤ ʪʝʧʣʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ 241,8 

ʢɼʞ/ʤʦʣʴ ʥʘ ʪʝʧʣʦʝʤʢʦʩʪʴ 33,6 ɼʞ/ʤʦʣʴ
.
ʛʨʘʜ, ʧʨʠʙʘʚʣʷʷ ʪʝʤʧʝʨʘʪʫʨʫ 

ʊ1=298 ʂ, ʧʦʣʫʯʠʤ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ 7498 ʂ.  

ɼʣʷ ʩʣʫʯʘʷ ʩʛʦʨʘʥʠʷ ʪʚʝʨʜʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʢʠʩʣʦʨʦʜʝ (ʉ+ʆ2=ʉʆ2, 

ȹH = ï393,6 ʢɼʞ/ʤʦʣʴ; ʠʟʦʙʘʨʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 37,11 

ɼʞ/ʤʦʣʴ
.
ʂ) ʧʦʣʫʯʠʤ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ ~10904 ʂ. ʊʝʤʧʝʨʘʪʫʨʳ 

ʪʘʢʦʛʦ ʞʝ ʧʦʨʷʜʢʘ ʧʦʣʫʯʘʶʪʩʷ ʠ ʜʣʷ ʜʨʫʛʠʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʪʦʧʣʠʚ. 

ɽʩʣʠ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʤʝʪʘʥʘ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʘʣʴʥʦʡ ʩʭʝʤʦʡ CH4+O2=CO2+2H2O ʧʦ ʬʦʨʤʫʣʝ 

(5) ʠ ʫʯʝʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʘʨʦʚ ʚʦʜʳ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 42, 53 ɼʞ/ʤʦʣʴ
.
ʛʨʘʜ, ʪʝʧʣʦʪʫ ʩʛʦʨʘʥʠʷ ʤʝʪʘʥʘ 890300 

ɼʞ/ʤʦʣʴ, ʧʦʣʫʯʠʤ ʨʘʩʯʝʪʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ 6797 ʂ: 
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ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʥʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ï ʵʪʦ ʧʣʘʟʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʝʱʝʩʪʚʘ. ʈʝʘʣʴʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʢʠʩʣʦʨʦʜʥʳʭ  ʩʤʝʩʝʡ ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ 3000 ï 

4000 ʂ.  

ɻʣʘʚʥʘʷ ʧʨʠʯʠʥʘ ʦʪʣʠʯʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ  

ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʚʳʰʝ 3000 ʂ ʩʪʘʥʦʚʠʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʠʩʩʦʮʠʘʮʠʷ 

ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʩ ʟʘʪʨʘʪʦʡ ʵʥʝʨʛʠʠ. ʅʘʨʷʜʫ ʩ ʦʙʨʘʪʠʤʳʤʠ  

ʨʝʘʢʮʠʷʤʠ  ʛʦʨʝʥʠʷ ʚʦʟʤʦʞʥʳ  ʨʝʘʢʮʠʠ  ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʦʙʦʜʥʳʭ ʘʪʦʤʦʚ 

ʠ ʨʘʜʠʢʘʣʦʚ (ʅ2 = 2ʅ ï 431 ɼʞ/ʤʦʣʴ;  ʅ2ʆ = ʅ + ʆʅ ï 498 ɼʞ/ʤʦʣʴ;    

ʆ2 = 2ʆ ï 494 ɼʞ/ʤʦʣʴ), ʢʦʪʦʨʳʝ ʠʜʫʪ ʩ ʙʦʣʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ. 

ʕʪʠ ʧʨʦʮʝʩʩʳ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʬʦʨʤʘʣʴʥʦʡ ʩʭʝʤʳ  

ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʋʯʪʝʤ ʜʠʩʩʦʮʠʘʮʠʶ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʨʠ ʨʘʩʯʝʪʝ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʚʦʜʦʨʦʜʘ 

ʚ ʢʠʩʣʦʨʦʜʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ  ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʨʘʚʥʝʥʠʝʤ, ʪʘʙʣ. 1: 
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ʂʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʳ H2 + 0,5ʆ2 = H2O 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ:           
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ɿʜʝʩʴ x ï ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ, ʘʪʤ.: 1 ï ʧʘʨʮʠʘʣʴʥʦʝ 

ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ ʚʦʜʳ ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʣʥʦʛʦ ʩʤʝʱʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 

ʨʝʘʢʮʠʠ ʚ  ʩʪʦʨʦʥʫ ʝʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʘʪʤ.  

ʉʚʦʜʢʘ ʧʦʩʪʦʷʥʥʳʭ ɸ, ɺ ʜʣʷ ʨʝʘʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʘ  ʚ ʪʘʙʣ. 1. 

ɺ ʬʦʨʤʘʣʴʥʦʡ ʩʭʝʤʝ ʧʨʦʮʝʩʩʘ, ʩ ʫʯʝʪʦʤ ʚʚʝʜʝʥʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ,  

ʚʝʣʠʯʠʥʘ x ʫʢʘʟʳʚʘʝʪ ʥʘ ʯʠʩʣʦ ʤʦʣʝʡ ʚʦʜʳ, ʨʘʩʧʘʜʘʶʱʠʭʩʷ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʦʜʦʨʦʜ ʠ ʢʠʩʣʦʨʦʜ. ɼʦʣʷ 

ʦʩʪʘʚʰʠʭʩʷ ʤʦʣʝʡ ʚʦʜʳ ʨʘʚʥʘ 1 ï x. 

ʊʝʤʧʝʨʘʪʫʨʫ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʦ 

ʫʨʘʚʥʝʥʠʶ: 
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ɿʜʝʩʴ ʚ ʟʥʘʤʝʥʘʪʝʣʝ  ʫʢʘʟʘʥʳ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʩ ʫʯʝʪʦʤ 

ʜʠʩʩʦʮʠʘʮʠʠ ʚʦʜʳ, ʘ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʨʘʚʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 28,8; 29,4 ɼʞ/ʤʦʣʴ
.
ʂ.  

ʉʦʩʪʘʚʣʷʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ï ʪʨʠ ʫʨʘʚʥʝʥʠʷ ʩ ʪʨʝʤʷ 

ʥʝʠʟʚʝʩʪʥʳʤʠ x, T, K. 
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ʈʝʰʘʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ  ʚʝʣʠʯʠʥ x, ʊ: x = 0,348; ʊ 

= 4261 ʂ. ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʪʨʫʜʥʦʩʪʝʡ, ʠʩʧʦʣʴʟʫʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ çMapleè v.8, 

çSigmaè v.6 ʠ ʪ.ʜ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʪʝʤʧʝʨʘʪʫʨʘ 

T1 ʨʘʚʥʘ 298 ʂ, ʧʦʣʫʯʠʤ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ 4559 ʂ.  

 

ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʫʨʘʚʥʝʥʠʷ lgK=A/T+B ʜʣʷ ʨʝʘʢʮʠʡ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ 

 
ʉʦʝʜʠʥʝʥʠʝ ɸ ɺ ʉʦʝʜʠʥʝʥʠʝ ɸ ɺ 

ʉʆ 5 794 +4,680 ʥ-ʉ4ʅ10 7 835 -24,02 

CO2 20 600 +0,153 ʥ-ʉ5ʅ12 9050 -28,95 

ʅʉ1 4796 +0,525 ʥ-ʉ6ʅ14 10 210 -33,89 

ʅ2O 12 650 -2,32 ʥ-ʉ8ʅ18 1170 -38,86 

NH3 2410 -5,20 ʉʅ30ʅ 10560 -6,91 

CH4 3 958 +4,24 ʉ2ʅ50ʅ 12 370 -11,72 

ʉ2ʅ2 -11850 +3,08 ʉʅ3ʆʉʅ3 9 635 -12,10 

ʉ2ʅ4 -2276 -2,82 ʉ2ʅ5ʆʉ2ʅ5 12940 -22,46 

ʉ2ʅ6 4505 -14,06 HCOH 6090 -1,05 

ʉ3ʅ6 (ʧʨʦʧʝʥ) -979 +7,59 CH3COH 9206 -5,99 

ʉ3ʅ8 6685 -19,07 ʉʅ3ʉ1 4300 -4,70 

ʉ4ʅ8 (ʙʫʪʝʥ-1) 105 -12,66 ʉ2ʅʙʉ1 5560 -9,48 

 



 65 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʦʯʥʳʡ ʨʘʩʯʝʪ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʤʦʜʝʣʠ 

çʥʘʛʨʝʚʘ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ T2è. ɺʦ-ʧʝʨʚʳʭ, ʥʝ ʫʯʪʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʦ-ʚʪʦʨʳʭ, ʥʝ ʫʯʪʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʦʙʘʨʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɺ-ʪʨʝʪʴʠʭ, ʜʣʷ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʫʨʘʚʥʝʥʠʷ (7, 8) ʠ ʩʦʩʪʘʚʠʪʴ ʬʦʨʤʘʣʴʥʫʶ ʩʭʝʤʫ ʧʨʦʮʝʩʩʘ ʪʘʢ, ʯʪʦʙʳ 

ʫʯʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʘʪʦʤʦʚ ʠ ʨʘʜʠʢʘʣʦʚ ʧʨʠ ʜʠʩʩʦʮʠʘʮʠʠ 

ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʠ ʚʩʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ ʠʣʠ 

ʚʟʨʳʚʘ. 

 

Ä 3.3. ʈʝʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

 

ɺʳʧʦʣʥʷʷ ʨʘʩʯʝʪʳ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʪʠʯʝʩʢʠʭ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʨʦʚʝʨʠʪʴ ʵʪʠ ʨʘʩʯʝʪʳ ʥʘ 

ʧʨʘʢʪʠʢʝ ʥʝʚʦʟʤʦʞʥʦ. ɸʜʠʘʙʘʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ï ʧʨʦʮʝʩʩ 

ʠʟʦʣʠʨʦʚʘʥʥʳʡ, ʙʝʟ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʦʩʫʱʝʩʪʚʠʪʴ ʥʘ 

ʧʨʘʢʪʠʢʝ ʥʝʚʦʟʤʦʞʥʦ. ʄʦʞʥʦ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʫʩʣʦʚʠʷʤ ʘʜʠʘʙʘʪʳ ʠ 

ʫʯʝʩʪʴ ʧʨʠʙʣʠʞʝʥʠʝ ʚ ʨʘʩʯʝʪʘʭ. ɽʩʣʠ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʙʳʩʪʨʦ (ʚʟʨʳʚʥʦʝ ʨʘʟʣʦʞʝʥʠʝ), ʪʦ ʧʦʪʝʨʠ ʪʝʧʣʘ  ʧʨʦʠʩʭʦʜʷʪ ʚʩʣʝʜʩʪʚʠʝ 

ʠʟʣʫʯʝʥʠʷ ʥʘʛʨʝʪʳʭ ʚʝʱʝʩʪʚ. ʕʪʦʪ ʬʘʢʪʦʨ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ, 

ʧʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʦʜʨʦʙʥʦ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ ʧʦʪʝʨʠ ʪʝʧʣʘ ʥʘ 

ʠʟʣʫʯʝʥʠʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʪʳʭ ʚʝʱʝʩʪʚ ʚ 

ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ: 

 

W=ůT
4
, 

 

ʛʜʝ
 
ů ï ʧʦʩʪʦʷʥʥʘʷ ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ, ʨʘʚʥʘʷ 5,67032

.
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪ ʧʣʘʤʝʥʠ ʛʦʨʷʱʝʛʦ ʚʦʜʦʨʦʜʘ ʚ ʢʠʩʣʦʨʦʜʝ 

ʧʣʦʱʘʜʴʶ 1 ʤ
2
, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4261 ʂ ʟʘ 1 ʩʝʢʫʥʜʫ ʧʨʦʠʩʭʦʜʷʪ 

ʧʦʪʝʨʠ ʪʝʧʣʘ, ʨʘʚʥʳʝ 1,869
.
10

7
 ɼʞ. ʇʨʝʜʧʦʣʦʞʠʤ, ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ 

ʛʦʨʝʥʠʷ ʪʘʢʦʚʘ, ʯʪʦ ʚ ʩʝʢʫʥʜʫ ʦʙʨʘʟʫʝʪʩʷ 1 ʤʦʣʴ ʚʦʜʳ. ʇʦʪʝʨʠ ʪʝʧʣʘ ʚ 

ʪʘʢʦʤ ʠʩʪʦʯʥʠʢʝ ʙʫʜʫʪ ʧʨʝʚʳʰʘʪʴ ʵʥʪʘʣʴʧʠʶ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ï 

ʬʠʟʠʯʝʩʢʠ ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʧʨʦʪʝʢʘʪʴ ʥʝ ʤʦʞʝʪ.   

ɼʣʷ ʨʘʩʯʝʪʘ ʨʝʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 

ʚʚʦʜʷʪ ʧʘʨʘʤʝʪʨʳ  ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʥʘ ʠʟʣʫʯʝʥʠʝ ʠ ʪʝʧʣʦʦʙʤʝʥ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ, ʟʘʪʨʘʪʳ 

ʵʥʝʨʛʠʠ ʥʘ ʠʟʣʫʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ 40-70 % ʦʪ ʦʙʱʝʡ ʤʦʱʥʦʩʪʠ 

ʠʩʪʦʯʥʠʢʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʥʝʙʨʝʛʘʷ ʜʠʩʩʦʮʠʘʮʠʝʡ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ (x = 0), ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʣʴʥʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ 



 66 

ʦʪ ʫʩʣʦʚʠʡ ʝʛʦ ʧʨʦʪʝʢʘʥʠʷ ʠ ʜʣʷ ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ ʚʦʜʦʨʦʜʘ ʣʝʞʠʪ ʚ 

ʧʨʝʜʝʣʘʭ 2700-2500 ʂ:    

 

241800 0,6
298 2757 ,

33,6
T K
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= + =  241800 0,3
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= + =  

 

ʆʮʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʮʝʩʩʘ ʧʨʠ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʷʭ (ʠʟʣʫʯʝʥʠʝ, 

ʜʠʬʬʫʟʠʷ, ʜʨʫʛʠʝ ʚʠʜʳ ʪʝʧʣʦʦʙʤʝʥʘ). ʇʨʝʜʧʦʣʦʞʠʤ, ʧʦʪʝʨʠ ʪʝʧʣʘ 

ʩʦʩʪʘʚʣʷʶʪ Ŭ %. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ x, ʊ, ʂ  

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.2. 

 

ʊʘʙʣʠʮʘ 2 

ʇʘʨʘʤʝʪʨʳ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ  

ʚʦʜʦʨʦʜʘ ʚ ʢʠʩʣʦʨʦʜʝ 

 
N ʇʦʪʝʨʠ ʪʝʧʣʘ ʚ ʢʨʠʪʠʯʝʩʢʦʤ 

ʧʨʦʮʝʩʩʝ, % 

ʉʪʝʧʝʥʴ 

ʜʠʩʩʦʮʠʘʮʠʠ ʚʦʜʳ  

(x) 

ʊʝʤʧʝʨʘʪʫʨʘ, 

ʂ 

1 0 0,3481 4559 

2 10 0,3080 4407 

3 20 0,2626 4238 

4 40 0,1538 4407 

5 60 0,0366 3042 

6 70 0,0052 2141 

 

ɸʥʘʣʠʟʠʨʫʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ, ʪʘʙʣ. 2, ʦʪʤʝʪʠʤ ï ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʩʥʠʞʘʝʪʩʷ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ɺʪʦʨʦʡ ʚʳʚʦʜ ʥʦʩʠʪ ʥʝʩʢʦʣʴʢʦ ʥʝʦʞʠʜʘʥʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʆʢʘʟʳʚʘʝʪʩʷ, ʦʩʥʦʚʥʳʝ ʧʦʪʝʨʠ ʪʝʧʣʘ ʚ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ʥʝ ʚʩʝʛʜʘ ʧʨʦʠʩʭʦʜʷʪ ʚʩʣʝʜʩʪʚʠʝ ʜʠʩʩʦʮʠʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʪʝʨʷʝʪʩʷ  ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 
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ʠʟʣʫʯʝʥʠʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʠʟʣʫʯʝʥʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʩʯʝʪʦʚ ʨʝʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʛʦʨʝʥʠʷ, 

ʚʟʨʳʚʘ (ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ, ʤʦʥʦʛʨʘʬʠʠ, ʥʘʫʯʥʳʝ ʩʪʘʪʴʠ) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. 

ɿʘʧʠʰʝʤ  ʬʦʨʤʘʣʴʥʫʶ ʩʭʝʤʫ ʛʦʨʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ 

ʢʠʩʣʦʨʦʜʘ ʠ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʫʯʪʝʤ ʚʦʟʤʦʞʥʳʝ ʧʨʦʜʫʢʪʳ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ:  

 

2 2 21,5H O H O O H+ = + + 

 

ʈʝʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʢʠʩʣʦʨʦʜʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 

3000 ʂ. ʇʨʠ ʫʢʘʟʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ʚʦʜʳ ʥʘ 

ʚʦʜʦʨʦʜ ʠ ʢʠʩʣʦʨʦʜ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,01 ï 0,03. ʊʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʧʨʠ 

ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ 0,01 ï 0,03 ʥʝ ʧʨʝʚʳʰʘʶʪ 1 %. ʊʝʧʣʦʚʳʝ ʧʦʪʝʨʠ 

ʧʨʦʮʝʩʩʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʘʙʣ. 2,  

ʩʦʩʪʘʚʣʷʶʪ 60 %. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʥʦʚʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʧʨʦʠʩʭʦʜʷʪ 

ʚʩʣʝʜʩʪʚʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʥʘʛʨʝʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ  

ʧʣʘʤʝʥʠ (ʠʥʬʨʘʢʨʘʩʥʘʷ, ʚʠʜʠʤʘʷ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʘʷ ʯʘʩʪʠ ʩʧʝʢʪʨʘ).  

 

Ä 3.4. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʧʨʝʜʝʣʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ 

ʨʘʟʣʠʯʥʳʭ ʩʤʝʩʝʡ ʛʦʨʶʯʠʭ ʚʝʱʝʩʪʚ ʚ ʢʠʩʣʦʨʦʜʝ ʥʝʦʙʭʦʜʠʤʦ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ ï 1830 ʢɼʞ, ʥʘʟʳʚʘʝʤʦʝ ʧʨʝʜʝʣʴʥʦʡ ʪʝʧʣʦʪʦʡ 

ʛʦʨʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʠʞʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʧʨʝʜʝʣ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʥʠʟʰʝʡ ʪʝʧʣʦʪʝ ʩʛʦʨʘʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʝʩʣʠ ʧʨʠʥʷʪʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʣʘʤʝʥʠ, ʨʘʚʥʦʝ 1830 ʢɼʞ/ʤ
3
 , ʪʦ ʥʠʞʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʧʨʝʜʝʣ 

ʨʘʚʝʥ: 

 

    

                                                                                                                         
   

  

ʛʜʝ Qʥ ï ʥʠʟʰʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʛʦʨʶʯʝʛʦ ʚʝʱʝʩʪʚʘ, ʢɼʞ/ʤ
3
. 

ʅʠʞʥʠʡ ʠ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʦʧʨʝʜʝʣʷʶʪ 

ʧʦ ʬʦʨʤʫʣʘʤ ʠʥʪʝʨʧʦʣʷʮʠʠ: 
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ʛʜʝ n ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠ ʢʠʩʣʦʨʦʜʝ ʚ ʫʨʘʚʥʝʥʠʠ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ; a, b ï ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3. 

 

ʊʘʙʣʠʮʘ 3 

ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ ʧʨʝʜʝʣʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʚ 

ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

 
ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʧʨʝʜʝʣʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʂʦʵʬʬʠʮʠʝʥʪʳ 

a b 

ʅʠʞʥʠʡ 8,684 4,679 

ɺʝʨʭʥʠʡ nÒ7,5 1,550 0,560 

n>7,5 0,768 6,554 

 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʧʨʝʜʝʣʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʧʘʨʦʚ ʞʠʜʢʠʭ ʠ 

ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ, ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʧʨʝʜʝʣʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ: 
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ʛʜʝ Pʥ(ʚ) ï ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʚʝʱʝʩʪʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʠʞʥʝʤʫ (ʚʝʨʭʥʝʤʫ) ʧʨʝʜʝʣʫ ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʇʘ; P0 ï 

ʜʘʚʣʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʇʘ. 

ɼʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʫʨʘʚʥʝʥʠʶ 

ɸʥʪʫʘʥʘ, ʪʘʙʣ. 1 ʧʨʠʣʦʞʝʥʠʷ ʠʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ ʠʟʦʙʘʨʳ ɺʘʥʪ-ɻʦʬʬʘ: 

 

                                       
lg ,

B
P A

C t
= -

+   

                                        
2

ln
.

d P H

dT RT

D
=       

 

ʛʜʝ A, B, C ï ʢʦʥʩʪʘʥʪʳ ɸʥʪʫʘʥʘ ; t ï ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ; ȹH ï ʪʝʧʣʦʪʘ 

ʠʩʧʘʨʝʥʠʷ ʞʠʜʢʦʩʪʠ, ɼʞ/ʤʦʣʴ.   

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʧʨʝʜʝʣʦʚ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʩʤʝʩʝʡ 

ʛʦʨʶʯʠʭ ʛʘʟʦʚ  ʠʩʧʦʣʴʟʫʶʪ ʧʨʘʚʠʣʦ ʃʝ-ʐʘʪʝʣʴʝ: 
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ʛʜʝ űʥ(ʚ)  ï ʥʠʞʥʠʡ (ʚʝʨʭʥʠʡ) ʧʨʝʜʝʣ ʚʦʩʧʣʘʤʝʥʝʥʠʷ  ʛʦʨʶʯʝʛʦ ʛʘʟʘ, % 

(ʦʙ.); ɛ ï ʤʦʣʴʥʘʷ ʜʦʣʷ ʛʦʨʶʯʝʛʦ ʛʘʟʘ ʚ ʩʤʝʩʠ. 

ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʧʨʝʜʝʣʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ T1, ʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T2 ʦʥʠ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 
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ʛʜʝ  űʥʛ1, űʥʛ2 ï ʥʠʞʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʧʨʝʜʝʣ ʚʦʩʧʣʘʤʝʥʝʥʠʷ 

(ʅʂʇɺ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ T1,T2; űʚʛ1, űʚʛ2 ï ʚʝʨʭʥʠʡ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʧʨʝʜʝʣ ʚʦʩʧʣʘʤʝʥʝʥʠʷ (ɺʂʇɺ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʦʮʝʥʦʯʥʳʭ ʨʘʩʯʝʪʘʭ  ʅʂʇɺ  ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠʥʠʤʘʶʪ 1550 ʂ, 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ɺʂʇɺ ï 1100 ʂ. 

ʇʨʠ ʨʘʟʙʘʚʣʝʥʠʠ ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʠʥʝʨʪʥʳʤʠ ʛʘʟʘʤʠ (N2, ʉO2, 

ʧʘʨʳ ʅ2O) ʦʙʣʘʩʪʴ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʩʫʞʘʝʪʩʷ: ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʩʥʠʞʘʝʪʩʷ, 

ʘ ʥʠʞʥʠʡ ï ʚʦʟʨʘʩʪʘʝʪ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ (ʬʣʝʛʤʘʪʠʟʘʪʦʨʘ), 

ʧʨʠ ʢʦʪʦʨʦʡ ʥʠʞʥʠʡ ʠ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʩʤʳʢʘʶʪʩʷ, 

ʥʘʟʳʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ ʬʣʝʛʤʘʪʠʟʠʨʫʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ űʬ. 

ʉʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʥʘʟʳʚʘʶʪ ʤʠʥʠʤʘʣʴʥʳʤ 

ʚʟʨʳʚʦʦʧʘʩʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ (ʄɺʉʂ). ʉʦʜʝʨʞʘʥʠʝ 

ʢʠʩʣʦʨʦʜʘ ʥʠʞʝ ʄɺʉʂ ʥʘʟʳʚʘʶʪ ʙʝʟʦʧʘʩʥʳʤ. ʈʘʩʯʝʪ ʫʢʘʟʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʦʜʷʪ ʧʦ ʬʦʨʤʫʣʘʤ, ʪʘʙʣ. 4: 
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1,2 4,2,

ʙʝʟO ʆj j= -
 

ʛʜʝ ȹH
0
f ï ʩʪʘʥʜʘʨʪʥʘʷ ʪʝʧʣʦʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʛʦʨʶʯʝʛʦ, ɼʞ/ʤʦʣʴ; 

'

ih
, 

''

ih
,

'

ʬh ,
''

ʬh  ï ʢʦʥʩʪʘʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʚʠʜʘ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʤʦʣʝʢʫʣʝ ʛʦʨʶʯʝʛʦ ʠ ʚʠʜʘ ʬʣʝʛʤʘʪʠʟʘʪʦʨʘ; mi ï ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ i-ʛʦ 

ʵʣʝʤʝʥʪʘ (ʩʪʨʫʢʪʫʨʥʦʡ ʛʨʫʧʧʳ) ʚ ʤʦʣʝʢʫʣʝ ʛʦʨʶʯʝʛʦ. 
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                                                                                                   ʊʘʙʣʠʮʘ 4  

ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʄʌʂ 

                                                                                                                                        
ʇʘʨʘʤʝʪʨʳ, ʄʦʣʴ/ɼʞ ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʨʘʟʙʘʚʣʝʥʠʠ ʩʤʝʩʠ 

ɸʟʦʪ ʇʘʨʳ ʚʦʜʳ ɼʠʦʢʩʠʜ 

ʫʛʣʝʨʦʜʘ 

'

fh  
0,864 Ö10-5 0,800Ö 10-5 0,735 Ö10-5 

'

ʬh  
1,256 0,780 0,579 

'

ch  
2,5277 1,651 1,251 

'

ʥh  
0,7592 0,527 0,418 

'

ʦh  
0,197 1,446 0,542 

'

Nh  
-0,151 -0,147 -0,135 

'

cch =  
1,500 1,500 1,500 

''

ʬh  
2,800 2,236 2,020 

''

ch  
5,946 5,000 4,642 

''

ʥh  
1,486 1,250 1,160 

''

ʦh  
-2,973 -2,500 -2,321 

''

cch =  
0 0 0 

''

Nh  
0 0 0 

 

ʈʘʩʯʝʪ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʜʨʫʛʦʡ ʤʝʪʦʜʠʢʝ ï 

ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʜʚʫʭ ʫʩʣʦʚʠʷʭ: 

- ʚ ʪʦʯʢʝ ʬʣʝʛʤʘʪʠʟʘʮʠʠ ʛʦʨʶʯʘʷ ʩʤʝʩʴ ʠʤʝʝʪ ʧʨʝʜʝʣʴʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ 1500 ʂ; 

- ʩʤʝʩʴ ʷʚʣʷʝʪʩʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʫʛʣʝʨʦʜʘ ʜʦ 
ʉʆ, ʚʦʜʦʨʦʜʘ ï ʜʦ ʅ2O. 

ʋʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʚ ʩʣʫʯʘʝ ʨʘʟʙʘʚʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʤ 

ʛʘʟʦʤ ʧʨʝʜʩʪʘʚʣʷʝʤ ʚ ʚʠʜʝ: 

 

( )0 . iʥ ʛ Pi ʧʛ Pʬ ʬQ ʊ ʊ ʉ n C nè ø= - +ê úä , 
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ʛʜʝ Tʛ ï ʧʨʝʜʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʧʨʠʤʝʨʥʦ 1500 ʂ; ʉʨi, Cʨʬ  ï 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʧʣʦʝʤʢʦʩʪʴ i-ʛʦ ʧʨʦʜʫʢʪʘ ʛʦʨʝʥʠʷ ʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʛʘʟʘ 

(ʬʣʝʛʤʘʪʠʟʘʪʦʨʘ), ʢɼʞ/(ʤʦʣʴ
.
ʂ); nʧʛ ï ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʡ i-ʛʦ ʧʨʦʜʫʢʪʘ 

ʛʦʨʝʥʠʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʤʝʩʠ, ʤʦʣʴ/ʤʦʣʴ; nʬ ï ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʡ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʛʘʟʘ ʚ ʪʦʯʢʝ ʬʣʝʛʤʘʪʠʟʘʮʠʠ, ʤʦʣʴ/ʤʦʣʴ. 
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( )

0 .
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-
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ʇʨʠʥʷʚ ʦʙʲʝʤ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʟʘ 100 %, ʦʧʨʝʜʝʣʷʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʶ, ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ  (% ʦʙ.): 

 

2 2

100.i
i

ʛ O N ʬ

n

n n n n
j=

+ + +
 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʦʧʨʝʜʝʣʠʤ ʥʠʞʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʧʨʝʜʝʣ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʙʫʪʘʥʘ ʚ ʚʦʟʜʫʭʝ. ɼʣʷ ʨʘʩʯʝʪʘ ʧʦ ʬʦʨʤʫʣʝ ʥʘʭʦʜʠʤ 

ʥʠʟʰʫʶ ʪʝʧʣʦʪʫ ʩʛʦʨʘʥʠʷ ʚʝʱʝʩʪʚʘ 2882,3 ʢɼʞ/ʤʦʣʴ. ʕʪʫ ʚʝʣʠʯʠʥʫ 

ʥʘʜʦ ʧʝʨʝʚʝʩʪʠ ʚ ʜʨʫʛʫʶ ʨʘʟʤʝʨʥʦʩʪʴ ï ʢɼʞ/ʤ
3
: 

 

32882,3 1000
128,7 10

22,4
ʥQ

Ö
= = Ö ʢɼʞ/ʤ

3
.  

 

ʇʨʦʚʦʜʠʤ ʨʘʩʯʝʪ ʅʂʇɺ: 

 

3

1830 100
1,42%.

128,7 10
ʥj

Ö
= =

Ö
 

       

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ  1,9 %. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ 

ʨʘʩʯʝʪʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʩʪʘʚʠʣʘ 25 %.       

ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʧʨʝʜʝʣʳ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʤʝʪʘʥʦʣʘ ʚ ʚʦʟʜʫʭʝ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, 

ʯʪʦ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʝʜʝʣʳ ʩʦʩʪʘʚʣʷʶʪ 280 ï 312 ʂ. ɸʪʤʦʩʬʝʨʥʦʝ 

ʜʘʚʣʝʥʠʝ ʥʦʨʤʘʣʴʥʦʝ. 

ʆʧʨʝʜʝʣʠʤ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʥʠʞʥʝʤʫ (7 Áʉ) ʠ ʚʝʨʭʥʝʤʫ (39 Áʉ) ʧʨʝʜʝʣʘʤ ʚʦʩʧʣʘʤʝʥʝʥʠʷ. ʇʦ 

ʫʨʘʚʥʝʥʠʶ ɸʥʪʫʘʥʘ ʥʘʭʦʜʠʤ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʠ ʧʨʦʚʦʜʠʤ 

ʨʘʩʯʝʪ ʅʂʇɺ: 
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1660,454
lg 8,22777 1,65999;

245,818 7
ʥP = - =

+
 

45,7 . . . 45,7 133,2 6092,8ʥP ʤʤʨʪʩʪ= = Ö = ʇʘ; 

1660,454
lg 8,22777 2,39789;

245,818 39
ʚP = - =

+
 

250 . . . 250 133,2 33300ʛP ʤʤʨʪʩʪ= = Ö = ʇʘ. 

6092,8 100
6 %,

101325
ʥj

Ö
= =  

33300 100
32,9 %.

101325
ʚj

Ö
= =  

 

ɼʣʷ ʨʘʩʯʝʪʘ  ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʧʨʝʜʝʣʦʚ ʚʦʩʧʣʘʤʝʥʝʥʠʷ (ʂʇɺ) 

ʩʤʝʩʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ 40 % ʧʨʦʧʘʥʘ, 50 % ʙʫʪʘʥʘ ʠ 10 % ʧʨʦʧʠʣʝʥʘ ʧʦ 

ʧʨʘʚʠʣʫ ʃʝ-ʐʘʪʝʣʴʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʂʇɺ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʛʦʨʶʯʠʭ ʚʝʱʝʩʪʚ: ʉ3ʅ8 ï 2,1-9,5 %; ʉ3ʅ6 ï 2,2-10,3 %; C4H10 ï 1,9-9,1 %; 

 

1
2,0 %,

0,4 0,1 0,5

2,1 2,2 1,9

ʩʤ

ʥj = =

+ +

 

1
9,38 %.

0,4 0,1 0,5

9,5 10,1 9,1

ʩʤ

ʚj = =

+ +

 

 

ɼʣʷ ʨʘʩʯʝʪʘ  ʙʝʟʦʧʘʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʨʘʟʙʘʚʣʝʥʠʠ 

ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ ʩʤʝʩʠ ʧʘʨʦʚ ʘʮʝʪʦʥʘ ʚ ʚʦʟʜʫʭʝ ʥʘʭʦʜʠʤ ʪʝʧʣʦʪʫ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʮʝʪʦʥʘ 248,1
.
10

3
 ɼʞ/ʤʦʣʴ. ʀʟ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʳ 

ʘʮʝʪʦʥʘ (ʉ3ʅ60) ʩʣʝʜʫʝʪ, ʯʪʦ 3, 6, 1.c ʥ om m m= = = ɿʥʘʯʝʥʠʷ ʦʩʪʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʚʳʙʠʨʘʝʤ ʠʟ ʪʘʙʣ. 5 ʜʣʷ 

ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ: 

 
5 30,735 10 248 10 0,579 1,251 3 0,418 6 0,542 1

100 48,1%;
2,020 1 4,642 3 1,160 6 2,321 1

ʬj
-Ö Ö Ö + + Ö + Ö + Ö

= =
- + Ö + Ö - Ö

 

%;7,10
844,4

1,48100
2

=
-

=ʆj
 %.6,82,47,102,1

2
=-Ö=

ʙʝʟʆj  

     

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʩʠʩʪʝʤʝ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʘʨʦʚ ʘʮʝʪʦʥʘ, ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ, ʜʦ 



 73 

8,6 % ʩʤʝʩʴ ʩʪʘʥʦʚʠʪʩʷ ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʡ. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʞʝ 

ʢʠʩʣʦʨʦʜʘ, ʨʘʚʥʦʤ 10,7 %, ʵʪʘ ʩʤʝʩʴ ʙʫʜʝʪ ʧʨʝʜʝʣʴʥʦʡ ʧʦ 

ʚʟʨʳʚʘʝʤʦʩʪʠ.  

ɼʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ  ʪʦʯʢʠ ʬʣʝʛʤʘʪʠʟʘʮʠʠ (ʄʌʂ, ʄɺʉ, 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʛʦʨʶʯʝʛʦ ʚʝʱʝʩʪʚʘ) ʧʨʠ ʨʘʟʙʘʚʣʝʥʠʠ ʩʤʝʩʠ  ʙʫʪʘʥʘ ʠ 

ʚʦʟʜʫʭʘ ʜʠʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ ʟʘʧʠʰʝʤ ʬʦʨʤʘʣʴʥʫʶ ʩʭʝʤʫ ʭʠʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʙʫʪʘʥʘ ʜʦ ʉʆ ʠ ʅ2O ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ: 

 

ʉ4H10 + 4,5O2 + 4,5Ö3,76N2 = 4ʉʆ + 5ʅ2O + 4,5Ö3,76N2. 

 

ʈʘʩʩʯʠʪʘʝʤ ʥʠʟʰʫʶ ʪʝʧʣʦʪʫ ʵʪʦʡ ʨʝʘʢʮʠʠ1529,4 ʢɼʞ/ʤʦʣʴ, 

ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʧʦ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʠ ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʛʘʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1500 ʂ, ʨʘʩʩʯʠʪʳʚʘʝʤ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʡ ʜʠʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ ʚ ʪʦʯʢʝ ʬʣʝʛʤʘʪʠʟʘʮʠʠ: 

             

.8,7
)2951500(1085,50

10)76,35,481,31585,39473,33)(2951500(4,1529
3

3

ʤʦʣʴ

ʤʦʣʴ
nʬ =

-Ö

ÖÖ+Ö+Ö--
=

-

-

 
        

ʆʧʨʝʜʝʣʷʝʤ ʄʌʂ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ: 

 

%.26
8,776,35,45,41

1008,7
=

+Ö++

Ö
=ʬj

 

         

ʇʨʦʚʝʜʝʤ ʨʘʩʯʝʪ ʄɺʉʂ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʦʨʶʯʝʛʦ ʚ ʪʦʯʢʝ 

ʬʣʝʛʤʘʪʠʟʘʮʠʠ: 

 

%;9,14
8,776,35,45,41

1005,4
2

=
+Ö++

Ö
=ʆj

 

%.3,3
8,776,35,45,41

1001
=

+Ö++

Ö
=ʛj

 

 

Ä 3.5. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʝʜʝʣʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ 

 

 ʅʠʞʥʠʡ (ʚʝʨʭʥʠʡ) ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʝʜʝʣ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ 

ʨʘʚʥʘ ʥʠʞʥʝʤʫ (ʚʝʨʭʥʝʤʫ) ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤʫ ʧʨʝʜʝʣʫ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʝʜʝʣʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ, ʦʜʥʘʢʦ ʦʥʠ ʤʘʣʦ 

ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʪʦʯʥʦʩʪʠ. 
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ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʝʜʝʣʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ (ʊʇɺ) ʞʠʜʢʦʩʪʝʡ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ: 

 

( ) ,ʥ ʚ ʢʠʧt t lk= - 

 

ʛʜʝ ( )ʥ ʚt  ï ʥʠʞʥʠʡ (ʚʝʨʭʥʠʡ) ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʝʜʝʣ ʚʦʩʧʣʘʤʝʥʝʥʠʷ; 

ʢʠʧt  ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ, ʉ̄;  k, l ï ʢʦʥʩʪʘʥʪʳ ʜʣʷ ʛʨʫʧʧ ʛʦʤʦ-

ʣʦʛʠʯʝʩʢʠʭ ʨʷʜʦʚ ʞʠʜʢʦʩʪʝʡ, ʪʘʙʣ. 5. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʝʜʝʣʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʧʦ 

ʠʟʚʝʩʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʧʨʝʜʝʣʦʚ: 

 

,
100

0)(

)(

ʈ
ʈ

ʚʥ

ʚʥ

j
=  

 

ʛʜʝ 
( )ʥ ʚʈ ï ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʠʞʥʝʤʫ 

(ʚʝʨʭʥʝʤʫ) ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤʫ ʧʨʝʜʝʣʫ ʚʦʩʧʣʘʤʝʥʝʥʠʷ; 
)(ʚʥj ï ʥʠʞʥʠʡ 

(ʚʝʨʭʥʠʡ) ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʧʨʝʜʝʣ ʚʦʩʧʣʘʤʝʥʝʥʠʷ; 
0ʈï ʘʪʤʦʩʬʝʨʥʦʝ 

ʜʘʚʣʝʥʠʝ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ ɸʥʪʫʘʥʘ ʦʧʨʝʜʝʣʷʝʤ ʪʝʤʧʝʨʘʪʫʨʫ ʚʝʱʝʩʪʚʘ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʜʘʥʥʦʝ ʜʘʚʣʝʥʠʝ. ʕʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʠʞʥʠʤ (ʚʝʨʭʥʠʤ) ʧʨʝʜʝʣʦʤ ʚʦʩʧʣʘʤʝʥʝʥʠʷ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʊʇɺ ʤʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ʪʝʤʧʝʨʘʪʫʨʘ ʝʛʦ ʢʠʧʝʥʠʷ 

ʨʘʚʥʘ 65 Áʉ) ʦʧʨʝʜʝʣʷʝʤ ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʞʠʨʥʳʭ ʩʧʠʨʪʦʚ: 

 

;6,2766,37,33655746,0 ʂʉtʥ =¯=-Ö=
 

;303300,15656928,0 ʂʉtʚ =¯=-Ö=
 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʊʇɺ ʤʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩʦʩʪʘʚʣʷʶʪ 

280 ï 312 ʂ.  

ʅʘʧʨʠʤʝʨ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʝʜʝʣʳ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʘʮʝʪʦʥʘ, ʝʩʣʠ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʧʨʝʜʝʣʳ ʚ ʚʦʟʜʫʭʝ 

ʨʘʚʥʳ 2,2 ï 13,0 %. ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ï ʥʦʨʤʘʣʴʥʦʝ. 
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ʊʘʙʣʠʮʘ 5 

ɺʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʦʚ k ʠ l ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʧʨʝʜʝʣʦʚ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʞʠʜʢʦʩʪʝʡ 

 

 

ʇʨʦʚʝʜʝʤ ʨʘʩʯʝʪ ʜʘʚʣʝʥʠʷ  ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʘʮʝʪʦʥʘ, ʜʣʷ 

ʥʠʞʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʝʜʝʣʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ: 

 

;2230
100

1013252,2
ʇʘPʥ =

Ö
=

  
;13172

100

1013250,13
ʇʘPʚ =

Ö
=

 

.;..73,16
32,133

2230
ʩʪʨʪʤʤPʥ ==

 
....8,98

13332

13172
ʩʪʨʪʤʤPʚ ==

 
 

ʀʟ ʫʨʘʚʥʝʥʠʷ ɸʥʪʫʘʥʘ ʦʧʨʝʜʝʣʷʝʤ ʜʣʷ ʘʮʝʪʦʥʘ: 

 

7,25058;A= 1281,721;ɺ= 237,088.ʉ=  
lg 1,2235;ʥP =  lg 1,9994;ʚP =  

1281,721
237,088 25 248 ;

7,25058 1,2235
ʥt ʉ ʂ= - =- ¯ =

-  

.2807088,237
9994,125058,7

721,1281
ʂʉtʚ =¯=-

-
=

 
 

Ä 3.6. ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ ï ʤʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʩʪʠ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʚ ʫʩʣʦʚʠʷʭ ʩʧʝʮʠʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʧʣʘʤʝʥʝʥʠʝ 

ʧʘʨʦʚ ʞʠʜʢʦʩʪʠ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʙʝʟ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʝʨʝʭʦʜʘ ʛʦʨʝʥʠʷ 

ʚ ʩʪʘʮʠʦʥʘʨʥʳʡ ʜʠʬʬʫʟʠʦʥʥʳʡ ʨʝʞʠʤ. 

ɻʦʤʦʣʦʛʠʯʝʩʢʠʡ ʨʷʜ ʇʘʨʘʤʝʪʨʳ (ʥ / ʚ) 

k l 

ʅʦʨʤʘʣʴʥʳʝ ʘʣʢʘʥʳ 0,6957 / 0,7874 73,8 / 50,3 

2-ʤʝʪʠʣʘʣʢʘʥʳ 0,6885 / 0,7900 74,9 / 52,2 

ʅʦʨʤʘʣʴʥʳʝ 1-ʘʣʢʘʥʳ 0,6867 / 0,7876 74,5 / 49,5 

ʅʦʨʤʘʣʴʥʳʝ ʞʠʨʥʳʝ ʩʧʠʨʪʳ 0,5746 / 0,6928 73,8  / 50,3 

2-ʤʝʪʠʣʢʘʨʙʠʥʦʣʳ 0,6582 / 0,7278 44,1 / 21,5 

ʥ-ɸʣʢʠʣʬʦʨʤʠʘʪʳ 0,5359 / 0,6050 47,6 / 25,0 

ʥ-ɸʣʢʠʣʘʮʝʪʘʪʳ 0,5940 / 0,7761 50,9 / 40,8 
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ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ï ʤʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʞʠʜʢʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʚ ʫʩʣʦʚʠʷʭ ʩʧʝʮʠʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʦʠʩʭʦʜʠʪ 

ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʧʘʨʦʚ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʭʦʜʦʤ ʛʦʨʝʥʠʷ ʚ 

ʩʪʘʮʠʦʥʘʨʥʳʡ ʜʠʬʬʫʟʠʦʥʥʳʡ ʨʝʞʠʤ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ 

ʪʝʤʧʝʨʘʪʫʨ ʚʩʧʳʰʢʠ ʠ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ ɺ.ʀ. ɹʣʠʥʦʚʘ: 

 

,ʚʩʧ

A
T

P D n
=
Ö Ö

 

                                       

ʛʜʝ Tʚʩʧ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ (ʚʦʩʧʣʘʤʝʥʝʥʠʷ); ɸ ï ʵʤʧʠʨʠʯʝʩʢʘʷ 

ʢʦʥʩʪʘʥʪʘ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ, ʪʘʙʣ. 6; P ï ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʩʧʳʰʢʠ (ʚʦʩʧʣʘʤʝʥʝʥʠʷ); D ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʛʦʨʶʯʝʛʦ ʚ ʚʦʟʜʫʭʝ; n ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠ ʢʠʩʣʦʨʦʜʝ ï ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʡ ʢʠʩʣʦʨʦʜʘ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ (ʜʦ ʉO2, H2ʆ, SO2) ʦʜʥʦʛʦ ʤʦʣʷ 

ʛʦʨʶʯʝʛʦ ʚʝʱʝʩʪʚʘ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ ʥʝʢʦʪʦʨʳʭ ʛʘʟʦʚ ʠ ʧʘʨʦʚ ʚ ʚʦʟʜʫʭʝ ʧʨʠ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ D ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1 ʧʨʠʣʦʞʝʥʠʷ. ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʚ ʩʧʨʘʚʦʯʥʠʢʘʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ ʦʧʨʝʜʝʣʷʶʪ ʧʦ 

ʬʦʨʤʫʣʝ: 

 
410

.

i i

D
M m

-

=
Dä  

  
D - ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, ʤ

2
/ʩ; mi ï ʢʦʣʠʯʝʩʪʚʦ i-ʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʤʦʣʝʢʫʣʝ ʛʦʨʶʯʝʛʦ ʚʝʱʝʩʪʚʘ; ȹMi ï ʘʪʦʤʥʳʝ (ʵʣʝʤʝʥʪʥʳʝ) 

ʩʦʩʪʘʚʣʷʶʱʠʝ, ʪʘʙʣ. 7. 

 
ʊʘʙʣʠʮʘ 6  

ʇʘʨʘʤʝʪʨʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ 

                                                                                                                                        
ʆʧʨʝʜʝʣʷʝʤʳʡ ʧʘʨʘʤʝʪʨ ɸ, ʤ2.ʂ.ʇʘ.ʩ-1 

ʊʝʤʧʝʨʘʪʫʨʘ, ʂ, 

           ʚʩʧʳʰʢʠ ʚ ʟʘʢʨʳʪʦʤ ʪʠʛʣʝ 

           ʚʩʧʳʰʢʠ ʚ ʦʪʢʨʳʪʦʤ ʪʠʛʣʝ 

           ʚʦʩʧʣʘʤʝʥʝʥʠʷ 

 

28,0 

45,3 

53,3 
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 ʊʘʙʣʠʮʘ 7 

ɿʥʘʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʣʷ ʨʘʩʯʝʪʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ 

 
ʅʘʟʚʘʥʠʝ i-ʛʦ ʵʣʝʤʝʥʪʘ 

 

ɿʥʘʯʝʥʠʝ ȹʄ 

ʋʛʣʝʨʦʜ (ʉ) 25-50 

ɺʦʜʦʨʦʜ (ʅ) 1 

ʂʠʩʣʦʨʦʜ (0) 17 

ɸʟʦʪ (N) 16 

ʉʝʨʘ(S) 48 

ʍʣʦʨ (ʉL) 37 

ɹʨʦʤ (ɺr) 79 

ʁʦʜ (J) 104 

ʌʪʦʨ (F) 16 

 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ 273 ʂ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ 

D ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ: 

 

,
273

n

T

T
D D

å õ
= æ ö
ç ÷

 

 

ɿʥʘʯʝʥʠʝ ȹʄ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ ʠʭ ʧʦʣʦʞʝʥʠʷ ʚ 

ʤʦʣʝʢʫʣʝ ʛʦʨʶʯʝʛʦ. 

ȹʄ = 25 ï ʜʣʷ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʚʭʦʜʷʱʠʭ ʚ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʮʠʢʣ; 

ȹʄ = 25 + ɿʉ ï ʜʣʷ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʦʪʢʨʳʪʦʡ ʮʝʧʠ, ʝʩʣʠ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʥʦ ʚʦʩʴʤʠ (ʉ Ò 8); 

ȹʄ  = 50 ï ʜʣʷ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʦʪʢʨʳʪʦʡ ʮʝʧʠ ʧʨʠ ʉ > 8; 

ȹʄ = 25 + 2ʉ ï ʜʣʷ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʚʭʦʜʷʱʠʭ ʚ ʥʝʘʨʦʤʘʪʠʯʝʩʢʠʡ 

ʮʠʢʣ ʧʨʠ ʉ < 8; 

ȹʄ = 42 ï ʜʣʷ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʚʭʦʜʷʱʠʭ ʚ ʥʝʘʨʦʤʘʪʠʯʝʩʢʠʡ ʮʠʢʣ, 

ʝʩʣʠ ʉ>8. 

ʄʝʥʝʝ ʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʪʝʤʧʝʨʘʪʫʨ ʚʩʧʳʰʢʠ ʚ ʟʘʢʨʳʪʦʤ 

ʪʠʛʣʝ ʧʦ ʬʦʨʤʫʣʝ ʕʣʝʷ: 

 

18 ,ʚʩ ʢʠʧt t k= -  

                                                     

 tʢʠʧ ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ, Áʉ;  k ï ʢʦɻʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

                   k=4mC+mH+4mS+mN-2mO-2mCI-3mF-3mBr, 
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ʛʜʝ 4mC +mH+4mS+mN-2mO-2mCI-3mF-3mBr ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ, 

ʚʦʜʦʨʦʜʘ, ʩʝʨʳ, ʘʟʦʪʘ, ʢʠʩʣʦʨʦʜʘ, ʭʣʦʨʘ, ʬʪʦʨʘ, ʙʨʦʤʘ ʚ ʤʦʣʝʢʫʣʝ 

ʛʦʨʶʯʝʛʦ ʚʝʱʝʩʪʚʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ ʚ ʟʘʢʨʳʪʦʤ ʪʠʛʣʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ 

ʥʠʞʥʝʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʧʨʝʜʝʣʫ ʚʦʩʧʣʘʤʝʥʝʥʠʷ: 

 
2

,
0,875

ʥ
ʚʩ

t
t

+
=  

 

ʕʪʘ ʬʦʨʤʫʣʘ ʧʨʠʤʝʥʠʤʘ, ʝʩʣʠ 0 < tʚʩ< 160. 

 

  

Ä 3.7. ʊʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ï ʤʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʤʝʩʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʙʝʟ ʚʣʠʥ̫ʠʷ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʟʘʞʠʛʘʥʠʷ. 

ʈʘʩʯʝʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ʧʨʦʚʦʜʷʪ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʆʧʨʝʜʝʣʷʶʪ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʥʳʭ ʮʝʧʝʡ: 

 

( 1)
,

2

p p

ʮ

M M
m

-
=  

                                                          

ʛʜʝ mʮ - ʦʙʱʝʝ ʯʠʩʣʦ ʮʝʧʝʡ; ʄʈ ï ʢʦʣʠʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ 

ʤʦʣʝʢʫʣʝ ʛʦʨʶʯʝʛʦ ʚʝʱʝʩʪʚʘ ïʉH3, ïʆʅ, ʬʝʥʠʣ. 

ʌʝʥʠʣʴʥʘʷ ʛʨʫʧʧʘ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʢʦʥʮʝʚʦʡ, ʪʘʢ ʠ ʚ ʩʝʨʝʜʠʥʝ ʮʝʧʠ. 

ʆʧʨʝʜʝʣʷʶʪ ʜʣʠʥʫ ʢʘʞʜʦʡ ʮʝʧʠ (ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ) ʠ 

ʩʨʝʜʥʶʶ ʜʣʠʥʫ ʮʝʧʠ: 

                                                                                                                      

,
i i

ʮ

m C
l

m
=
ä

 
 

ʛʜʝ ʉi ï ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ i-ʡ ʮʝʧʠ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʜʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʛʨʫʧʧʘ -ʆʅ ʫʜʣʠʥʷʝʪ 

ʮʝʧʴ, ʘ ʬʝʥʠʣʴʥʘʷ ʛʨʫʧʧʘ ʫʤʝʥʴʰʘʝʪ ʝʝ ʥʘ ʦʜʠʥ ʘʪʦʤ ʫʛʣʝʨʦʜʘ. 

ʇʦ ʪʘʙʣ. 2 ï 4  ʧʨʠʣʦʞʝʥʠʷ ʧʦ ʩʨʝʜʥʝʡ ʜʣʠʥʝ ʮʝʧʠ ʦʧʨʝʜʝʣʷʶʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʫ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ 

ʤʦʞʥʦ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʘʤ: 
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300 116 5 , 5; 300 38 5, 5.c ct l l t l l= + - ¢ = - - 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ 2,2-

ʜʠʤʝʣʛʝʢʩʘʥʘ ʟʘʧʠʰʝʤ ʩʪʨʫʢʪʫʨʥʫʶ ʬʦʨʤʫʣʫ ʛʦʨʶʯʝʛʦ ʚʝʱʝʩʪʚʘ ʠ 

ʦʧʨʝʜʝʣʠʤ ʢʦʣʠʯʝʩʪʚʦ ʮʝʧʝʡ: 

 

               

H3C C

CH3

CH3

CH2 CH2 CH2 CH3

1 2 3 4 5 6

7

8
 

    

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʫʢʪʫʨʥʦʡ ʬʦʨʤʫʣʦʡ ʄʈ = 4, ʪʘʢ ʢʘʢ ʚ 

ʤʦʣʝʢʫʣʝ ʩʦʜʝʨʞʠʪʩʷ ʯʝʪʳʨʝ ʛʨʫʧʧʳ ïʉʅ3: 

 

4(4 1)
6.

2
ʮm

-
= =  

 

ʅʘʭʦʜʠʤ ʜʣʠʥʫ ʢʘʞʜʦʡ ʠʟ ʰʝʩʪʠ ʮʝʧʝʡ ʠ ʩʨʝʜʥʶʶ ʜʣʠʥʫ ʮʝʧʠ:  

 

 

ʇʨʦʚʦʜʠʤ ʨʘʩʯʝʪ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʮʝʧʠ, ʠʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ:    

 
3 6 3 3

4,5.
6

ʮm
Ö + Ö

= =  

                                          

ʇʦ ʪʘʙʣ. ʧʨʠʣʦʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ʨʘʚʥʘ 643 ʂ.  

 

 

 

 

 

 

 

mi 1-6 7-6 8-6 1-7 1-8 7-8 

Ci 6 6 6 3 3 3 
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ɻʣʘʚʘ 4. ʂʨʠʪʠʯʝʩʢʠʝ ʚʟʨʳʚʥʳʝ ʧʨʦʮʝʩʩʳ 

 

Ä 4.1. ɺʠʜʳ ʚʟʨʳʚʦʚ ʠ ʦʩʥʦʚʥʳʝ ʫʩʣʦʚʠʷ ʠʭ ʪʝʯʝʥʠʷ 

 

ɺʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ ï ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʠʣʠ ʩʤʝʩʠ, 

ʩʧʦʩʦʙʥʳ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʥʘʛʨʝʚʘʥʠʝ, ʪʨʝʥʠʝ, 

ʫʜʘʨ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ) ʢ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, 

ʧʨʦʪʝʢʘʶʱʝʡ ʚ ʧʨʝʜʝʣʴʥʳʭ, ʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ.  

ʆʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʟʨʳʚʥʦʡ ʨʝʘʢʮʠʠ ï ʩʢʦʨʦʩʪʴ 

ʚʟʨʳʚʘ. ʈʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʝ ʧʝʨʝʤʝʱʘʝʪʩʷ ʬʨʦʥʪ ʨʝʘʢʮʠʠ ʚ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ, ʥʘʟʳʚʘʶʪ ʩʢʦʨʦʩʪʴʶ ʚʟʨʳʚʯʘʪʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. ɼʣʷ ɺɺ 

ʭʘʨʘʢʪʝʨʥʳ ʪʨʠ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʘ ʧʨʝʚʨʘʱʝʥʠʷ: 

1. ɻʦʨʝʥʠʝ. 

2. ɺʟʨʳʚʥʦʝ ʛʦʨʝʥʠʝ. 

3. ɺʟʨʳʚ-ʜʝʪʦʥʘʮʠʷ. 

ʇʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ɺɺ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʚʳʜʝʣʷʝʤʦʛʦ ʪʝʧʣʘ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʧʨʦʮʝʩʩʘ. ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦʪʣʠʯʠʝ 

ʛʦʨʝʥʠʷ ʦʪ ʚʟʨʳʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʦʮʝʩʩʘ 

ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʧʝʨʝʜʘʯʝʡ ʪʝʧʣʘ ʦʪ ʦʜʥʦʛʦ 

ʛʦʨʷʱʝʛʦ ʩʣʦʷ ɺɺ ʢ ʜʨʫʛʦʤʫ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʠʬʬʫʟʠʝʡ ʠ 

ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ. ʇʨʦʮʝʩʩ ʛʦʨʝʥʠʷ 

ɺɺ ʠʤʝʝʪ ʩʢʦʨʦʩʪʴ ʦʪ ʤʠʣʣʠʤʝʪʨʦʚ ʜʦ ʜʝʩʷʪʢʦʚ ʩʘʥʪʠʤʝʪʨʦʚ ʚ ʩʝʢʫʥʜʫ. 

ʅʝʢʦʪʦʨʳʝ ɺɺ ʤʦʛʫʪ ʩʛʦʨʝʪʴ ʥʘ ʚʦʟʜʫʭʝ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʜʦ ʜʝʩʷʪʢʦʚ 

ʤʝʪʨʦʚ ʚ ʩʝʢʫʥʜʫ, ʥʦ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ ʝʱʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʧʦʢʘʟʘʪʝʣʝʤ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚ ʪʘʢʦʤ ɺɺ ʧʦʣʥʦʮʝʥʥʦʛʦ 

ʚʟʨʳʚʯʘʪʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. 

ɺʟʨʳʚʥʦʝ ʛʦʨʝʥʠʝ ʧʦ ʩʚʦʝʤʫ ʤʝʭʘʥʠʟʤʫ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʪ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ɺɺ. ʉʣʦʡ ɺɺ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʪʝʧʣʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʧʨʦʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʝʛʦ ʠʩʧʘʨʝʥʠʷ, 

ʟʘʪʝʤ ʧʘʨʳ ʠʩʧʘʨʠʚʰʝʛʦʩʷ ʚʝʱʝʩʪʚʘ ʧʨʦʛʨʝʚʘʶʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʠʭ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʠ ʚʦʩʧʣʘʤʝʥʷʶʪʩʷ. ɺʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʝ ʛʦʨʝʥʠʷ (ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ) ʧʦʚʳʰʘʝʪʩʷ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʥʝ ʧʨʦʠʟʦʡʜʝʪ ʧʦʣʥʦʝ ʭʠʤʠʯʝʩʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʧʘʨʦʚ 

ʚʝʱʝʩʪʚʘ ʚ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ.   

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʝʪʦʥʘʮʠʷ, ʵʪʦ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʭʠʤʠʯʝʩʢʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʚʦʟʙʫʞʜʘʝʪʩʷ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ, ʜʚʠʞʫʱʝʡʩʷ ʧʦ ʤʘʩʩʝ ɺɺ 

ʩʦ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʜʘʥʥʦʤ ʚʝʱʝʩʪʚʝ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʜʝʪʦʥʘʮʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʛʣʘʚʝ 2. ʊʘʢ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʝʪʦʥʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʩʣʦʞʥʳ, ʘ ʠʭ ʩʚʦʡʩʪʚʘ ʥʝ ʚʩʝʛʜʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʱʠʤ ʧʨʠʥʷʪʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ.  
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ʈʠʩ. 7. ʉʭʝʤʘ ʪʝʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʜʝʪʦʥʘʮʠʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʜʘʚʣʝʥʠʝ (p) ï 

ʧʫʪʴ ʨʝʘʢʮʠʠ (x) 

  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʪʝʯʝʥʠʠ 

ʧʨʦʮʝʩʩʘ ʜʝʪʦʥʘʮʠʠ, ʚʦ ʬʨʦʥʪʝ ʚʦʣʥʳ ʚ ʚʝʱʝʩʪʚʝ ʩʢʘʯʢʦʤ ʤʝʥʷʝʪʩʷ 

ʜʘʚʣʝʥʠʝ, ʧʣʦʪʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ ʫʩʣʦʚʠʡ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʟʦʥʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʜʝʪʦʥʘʮʠʦʥʥʘʷ 

ʚʦʣʥʘ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʤʘʩʩʝ ɺɺ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʠʟʤʝʨʷʝʤʦʡ ʪʳʩʷʯʘʤʠ 

ʤʝʪʨʦʚ ʚ ʩʝʢʫʥʜʫ (ʢʠʣʦʤʝʪʨʘʤʠ ʚ ʩʝʢʫʥʜʫ). ɽʩʣʠ ʚ ʟʦʥʝ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ, ʧʦ ʢʘʢʠʤ ʣʠʙʦ ʧʨʠʯʠʥʘʤ ʜʘʚʣʝʥʠʝ ʩʥʠʟʠʪʩʷ ʜʦ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʧʨʝʜʝʣʦʚ, ʜʝʪʦʥʘʮʠʦʥʥʘʷ ʚʦʣʥʘ ʥʘʯʥʝʪ ʦʩʣʘʙʝʚʘʪʴ, ʟʘʤʝʜʣʷʪʴʩʷ ʠ 

ʟʘʪʫʭʘʪʴ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʝʪʦʥʘʮʠʷ ɺɺ ʧʨʝʢʨʘʪʠʪʩʷ. 

ʇʨʠ ʜʝʪʦʥʘʮʠʠ ʨʝʘʢʮʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʦʯʝʥʴ ʙʳʩʪʨʦ (ʚ ʛʘʟʦʚʳʭ 

ʩʤʝʩʷʭ 1,0 ï 3,5 ʢʤ/ʩ, ʚ ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ ʜʦ 10 ʢʤ/ʩ), ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʠʨʦʜʳ ɺɺ, ʩʚʦʡʩʪʚ ʠ ʨʘʟʤʝʨʦʚ ʟʘʨʷʜʘ.  

ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʜʝʪʦʥʘʮʠʠ ʚʦ ʚʟʨʳʚʯʘʪʦʤ ʚʝʱʝʩʪʚʝ, 

ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʢʦʪʦʨʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʟʳʚʘʝʤʦʝ 

ʥʘʯʘʣʴʥʳʤ ʠʤʧʫʣʴʩʦʤ. ɺʦʟʜʝʡʩʪʚʠʝ ʥʘʯʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠ 

ʚʦʟʙʫʞʜʝʥʠʝ ʚʦ ʚʟʨʳʚʯʘʪʦʤ ʚʝʱʝʩʪʚʝ ʚʟʨʳʚʯʘʪʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ 

ʥʘʟʳʚʘʝʪʩʷ ʠʥʠʮʠʠʨʦʚʘʥʠʝʤ. ɼʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʵʥʝʨʛʠʠ:  

ï ʪʝʧʣʦʚʘʷ (ʠʩʢʨʘ, ʧʣʘʤʷ, ʥʘʛʨʝʚ);  

ï ʤʝʭʘʥʠʯʝʩʢʘʷ (ʫʜʘʨ, ʪʨʝʥʠʝ, ʚʠʙʨʘʮʠʷ);  

ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ (ʠʩʢʨʦʚʦʡ ʨʘʟʨʷʜ ʚ ʛʘʟʝ, ʦʙʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʤ 

ʧʫʯʢʦʤ);  

ï ʭʠʤʠʯʝʩʢʘʷ (ʨʝʘʢʮʠʷ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʩ ʚʳʜʝʣʝʥʠʝʤ 

ʪʝʧʣʘ ʠʣʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ.)  

ɺʳʙʦʨ ʚʠʜʘ ʵʥʝʨʛʠʠ ʠ ʝʛʦ ʤʦʱʥʦʩʪʠ ʜʣʷ ʧʦʜʘʯʠ ʥʘʯʘʣʴʥʦʛʦ 

ʠʤʧʫʣʴʩʘ ʟʘʚʠʩʷʪ ʦʪ ʩʚʦʡʩʪʚ ɺɺ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. 

ʍ 

ʈ 
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ʄʦʞʥʦ ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨʳ ʨʘʟʣʠʯʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʟʨʳʚʯʘʪʳʭ 

ʚʝʱʝʩʪʚ. ɺʟʨʳʚ ʭʣʦʨʠʩʪʦʛʦ ʘʟʦʪʘ ʤʦʞʥʦ ʚʦʟʙʫʜʠʪʴ ʧʫʪʝʤ ʧʦʤʝʱʝʥʠʷ 

ʚʝʱʝʩʪʚʘ ʥʘ ʢʘʤʝʨʪʦʥ ʠʣʠ ʛʠʪʘʨʥʫʶ ʩʪʨʫʥʫ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʟʚʫʯʘʥʠʷ 

ʜʨʫʛʦʛʦ ʢʘʤʝʨʪʦʥʘ ʩ ʪʦʡ ʞʝ ʯʘʩʪʦʪʦʡ, ʠʣʠ ʚʦʟʙʫʞʜʝʥʠʷ ʟʚʫʯʘʥʠʷ ʪʦʡ ʞʝ 

ʩʪʨʫʥʳ ʜʨʫʛʦʡ ʛʠʪʘʨʳ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʘʤʝʨʪʦʥʘʤʠ ʠ ʛʠʪʘʨʘʤʠ 

ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ. ɺʟʨʳʚ ʪʨʦʪʠʣʦʚʦʡ ʰʘʰʢʠ ʥʝ ʚʩʝʛʜʘ  

ʧʦʩʣʝʜʫʝʪ ʧʨʠ ʧʦʤʝʱʝʥʠʠ ʝʝ ʧʦʜ ʧʘʨʦʚʦʡ ʤʦʣʦʪ. ɻʨʝʤʫʯʝʝ ʩʝʨʝʙʨʦ 

ʚʟʨʳʚʘʝʪʩʷ ʧʨʠ ʧʨʠʢʦʩʥʦʚʝʥʠʠ ʘʚʪʦʨʫʯʢʠ ʠʣʠ ʣʝʛʢʦʤ ʨʘʩʪʠʨʘʥʠʠ ʧʦʜ 

ʩʣʦʝʤ ʚʦʜʳ. ʁʦʜʠʩʪʳʡ ʘʟʦʪ ʤʦʞʝʪ ʚʟʦʨʚʘʪʴʩʷ ʦʪ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚ 

ʚʦʟʜʫʭʝ. ɺɺ ʥʘ ʦʩʥʦʚʝ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʪʨʝʙʫʶʪ ʤʦʱʥʦʛʦ 

ʥʘʯʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʤʦʛʫʪ ʥʝ ʚʟʨʳʚʘʪʴʩʷ ʜʘʞʝ 

ʧʨʠ ʚʟʨʳʚʝ ʚ ʥʠʭ ʪʨʦʪʠʣʘ.  

     

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 8. ʉʭʝʤʘ ʫʩʪʦʡʯʠʚʦʡ ʠ ʥʝʫʩʪʦʡʯʠʚʦʡ ʜʝʪʦʥʘʮʠʠ: 

  ʘ) ï ʜʝʪʦʥʘʮʠʷ ʫʩʪʦʡʯʠʚʘ (ʜʦʩʪʘʪʦʯʥʳʡ ʜʠʘʤʝʪʨ ʟʘʨʷʜʘ ɺɺ); ʙ) ï ʜʝʪʦʥʘʮʠʷ 

ʥʝʫʩʪʦʡʯʠʚʘ (ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʜʠʘʤʝʪʨ ʟʘʨʷʜʘ ɺɺ) 

 

ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʢʘʞʜʦʝ ɺɺ ʠʤʝʝʪ 

ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʝʪʦʥʘʮʠʠ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʪʝʧʝʥʠ 

ʠʟʤʝʣʴʯʝʥʠʷ ʝʛʦ ʯʘʩʪʠʮ, ʧʣʦʪʥʦʩʪʠ. ʇʦʩʪʦʷʥʥʘʷ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝ ʤʛʥʦʚʝʥʥʦ, ʘ ʚ ʪʝʯʝʥʠʝ ʦʯʝʥʴ ʢʦʨʦʪʢʦʛʦ ʧʨʦʤʝʞʫʪʢʘ 

ʚʨʝʤʝʥʠ ï ʧʝʨʠʦʜʘ ʨʘʟʛʦʥʘ ʜʝʪʦʥʘʮʠʠ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ ʧʝʨʠʦʜʘ 

ɺɺ 

ɺɺ 

ʇɺ 

ʇɺ 

ʌʨʦʥʪ ʫʜʘʨʥʦʡ ʚʦʣʥʳ 

ʌʨʦʥʪ ʫʜʘʨʥʦʡ ʚʦʣʥʳ 

ɿʦʥʘ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ 

ɿʦʥʘ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ 

ɿʦʥʘ ʭʠʤ. ʨʝʘʢʮʠʡ 
ʘ 

ʙ 
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ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ɺɺ ʠ ʤʦʱʥʦʩʪʠ ʥʘʯʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʧʝʨʠʦʜ ʨʘʟʛʦʥʘ ʜʝʪʦʥʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ ʧʝʨʝʜʘʥʥʦʛʦ 

ɺɺ ʥʘʯʘʣʴʥʳʤ ʠʤʧʫʣʴʩʦʤ. ʏʝʤ ʙʦʣʴʰʝ ʵʥʝʨʛʠʷ, ʧʝʨʝʜʘʥʥʘʷ ʥʘʯʘʣʴʥʳʤ 

ʠʤʧʫʣʴʩʦʤ, ʪʝʤ ʙʦʣʴʰʝ ʯʘʩʪʠʮ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦʚʣʝʯʝʥʦ ʚ ʭʠʤʠʯʝʩʢʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʤ ʙʦʣʴʰʝ ʚʳʜʝʣʝʥʦ ʪʝʧʣʘ. ʂʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʚʦʟʨʘʩʪʘʝʪ ʜʘʚʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʚʟʨʳʚʘ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ 

ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʘ ʜʝʪʦʥʘʮʠʠ. ɽʩʣʠ ʤʦʱʥʦʩʪʴ ʥʘʯʘʣʴʥʦʛʦ 

ʠʤʧʫʣʴʩʘ ʤʘʣʘ, ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʜʝʪʦʥʘʮʠʠ,  ʚʟʨʳʚ  ʧʨʦʠʩʭʦʜʠʪ ʩ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʩʢʦʨʦʩʪʴ ʙʫʜʝʪ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʪʴʩʷ, ʜʝʪʦʥʘʮʠʷ ʟʘʪʫʭʥʝʪ 

(ʧʨʦʠʟʦʡʜʝʪ ʥʝʧʦʣʥʘʷ ʜʝʪʦʥʘʮʠʷ ɺɺ) ʠʣʠ ʞʝ ʚʟʨʳʚʯʘʪʦʝ ʧʨʝʚʨʘʱʝʥʠʝ 

ʤʦʞʝʪ ʧʝʨʝʡʪʠ ʚ ʦʙʳʯʥʦʝ ʛʦʨʝʥʠʝ (ʧʨʦʠʟʦʡʜʝʪ ʚʳʛʦʨʘʥʠʝ ɺɺ ï 

ʜʝʬʣʘʛʨʘʮʠʷ). ʇʨʠ ʜʦʩʪʘʪʦʯʥʦʡ ʵʥʝʨʛʠʠ ʥʘʯʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ 

ʜʝʪʦʥʘʮʠʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʡ ʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ɺɺ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ.  

ʋʩʪʦʡʯʠʚʳʡ ʭʘʨʘʢʪʝʨ ʜʝʪʦʥʘʮʠʠ ʚʦʟʤʦʞʝʥ, ʝʩʣʠ ʜʠʘʤʝʪʨ ʤʘʩʩʳ 

ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ ʨʘʚʝʥ ʢʨʠʪʠʯʝʩʢʦʤʫ ʜʠʘʤʝʪʨʫ d, ʩʚʦʡʩʪʚʝʥʥʦʤʫ 

ʜʘʥʥʦʤʫ ʚʟʨʳʚʯʘʪʦʤʫ ʚʝʱʝʩʪʚʫ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʠʣʠ ʙʦʣʴʰʝ ʝʛʦ. 

ɼʚʠʞʝʥʠʝ ʬʨʦʥʪʘ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩʚʝʨʭʚʳʩʦʢʠʤ 

ʜʘʚʣʝʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚʟʨʳʚʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʟʦʥʝ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ɿʘ ʬʨʦʥʪʦʤ  ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʙʨʦʩ ʨʝʘʛʠʨʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʪʦʨʦʥʳ.  ɽʩʣʠ ʚʨʝʤʷ ʨʘʟʙʨʦʩʘ 

ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʚ ʪʝʯʝʥʠʝ, ʢʦʪʦʨʦʛʦ ɺɺ 

ʧʨʦʨʝʘʛʠʨʫʝʪ ʠ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʧʨʦʜʫʢʪʳ ʚʟʨʳʚʘ, ʪʦ ʜʘʚʣʝʥʠʝ ʚ 

ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʝ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʝʝ 

ʜʚʠʞʝʥʠʷ ʠ ʜʝʪʦʥʘʮʠʷ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ. ɽʩʣʠ ʞʝ ʚʨʝʤʷ ʨʘʟʙʨʦʩʘ 

ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʪʦ ʜʘʚʣʝʥʠʝ ʚ ʟʦʥʝ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ ʙʳʩʪʨʦ ʧʘʜʘʝʪ, ʩʪʘʥʦʚʠʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʠʪʘʥʠʷ ʬʨʦʥʪʘ 

ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʠ ʜʝʪʦʥʘʮʠʷ ʟʘʪʫʭʘʝʪ.  

ɺ ʟʘʨʷʜʘʭ ɺɺ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʨʘʜʠʘʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ 

ʚʝʱʝʩʪʚʘ ʩ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʟʦʥʝ 

ʨʝʘʢʮʠʠ ʠ ʚ ʧʨʦʜʫʢʪʘʭ ʜʝʪʦʥʘʮʠʠ. ʕʪʦʪ ʵʬʬʝʢʪ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥ  ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʨʷʜʘ ʠ ʧʦʩʪʝʧʝʥʥʦ ʦʩʣʘʙʣʷʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʝʛʦ ʦʩʠ. 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚʦ ʬʨʦʥʪʝ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʤʝʥʴʰʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʝʪʦʥʘʮʠʷ ʟʘʪʫʭʘʝʪ. ɼʣʷ ʢʘʞʜʦʛʦ ɺɺ ʩʫʱʝʩʪʚʫʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʜʠʘʤʝʪʨ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʜʝʪʦʥʘʮʠʦʥʥʘʷ ʚʦʣʥʘ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʝ ʟʘʪʫʭʘʷ. ʂʨʠʪʠʯʝʩʢʠʡ 

ʜʠʘʤʝʪʨ ʟʘʚʠʩʠʪ ʦʪ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʣʦʪʥʦʩʪʴ 

ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʨʘ ʝʛʦ ʟʝʨʥʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʤʝʥʴʰʘʝʪʩʷ, ʥʦ  ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʦʣʴʰʠʭ, ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ɺɺ.  
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ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʜʠʘʤʝʪʨʘ ʜʝʪʦʥʘʮʠʠ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ɺɺ ʠ ʠʭ ʩʤʝʩʷʭ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʨʘʟʤʝʨʘ ʟʝʨʥʘ ɺɺ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʯʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

ʂʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʜʝʪʦʥʘʮʠʠ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʚ ʣʠʪʦʤ 

ɺɺ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʣʠ ʜʦʙʘʚʣʝʥʠʝ ʚ ʨʘʩʧʣʘʚ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʊʘʢ, ʧʨʝʜʝʣʴʥʳʡ  ʢʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ 

ʪʨʦʪʠʣʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 22 ï 

25 ʤʤ, ʘ ʚ ʣʠʪʦʤ ʚʝʱʝʩʪʚʝ  ʢʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʨʘʚʝʥ 31 ï 33 ʤʤ. 

ɺʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʠʤʝʪʴ ʩʘʤʳʡ ʨʘʟʣʠʯʥʳʡ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ. ʇʨʠ ʚʟʨʳʚʝ ʚʳʜʝʣʷʶʪʩʷ ʛʘʟʳ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʤ. ʆʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ 

ʚʟʨʳʚʝ ʠʤʝʝʪ ʚʦʣʥʘ ʜʝʪʦʥʘʮʠʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʯʝʨʝʟ ʟʘʨʷʜ. ɺʦʣʥʘ 

ʜʚʠʞʝʪʩʷ ʚʦ ʚʟʨʳʚʯʘʪʦʤ ʚʝʱʝʩʪʚʝ ʪʘʢ, ʢʘʢ ʝʩʣʠ ʙʳ  ʚʝʱʝʩʪʚʦ ʙʳʣʦ 

ʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʴʶ. ʇʦʵʪʦʤʫ ʚ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʚʟʨʳʚʘ  ʧʨʠʤʝʥʷʶʪ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʪʝʦʨʠʶ ʜʝʪʦʥʘʮʠʠ. 

ʀʩʭʦʜʥʳʤ ʫʩʣʦʚʠʝʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʜʝʪʦʥʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʚʟʨʳʚʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʟʦʥʝ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʤʳʢʘʶʱʝʡ ʢ ʬʨʦʥʪʫ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʧʦʣʥʳ. ʌʨʦʥʪ 

ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʪʜʝʣʷʶʱʫʶ 

ʟʦʥʫ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʢʮʠʷ ʚʟʨʳʚʘ, ʦʪ ʥʝ ʟʘʭʚʘʯʝʥʥʦʛʦ ʚʟʨʳʚʦʤ 

ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ. ʌʨʦʥʪ ʚʦʣʥʳ ʜʝʪʦʥʘʮʠʠ ʜʚʠʞʝʪʩʷ ʩ ʦʯʝʥʴ 

ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʪʦʛʦ ʬʨʦʥʪʘ.  

ɺ 1944 ʛʦʜʫ ʩʦʚʝʪʩʢʠʝ ʫʯʝʥʳʝ ʃ.ɼ. ʃʘʥʜʘʫ ʠ ʂ.ʇ. ʉʪʘʥʶʢʦʚʠʯ  

ʧʨʝʜʣʦʞʠʣʠ ʬʦʨʤʫʣʫ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ, ʩʚʷʟʳʚʘʶʱʝʛʦ ʦʙʲʝʤ ʠ 

ʜʘʚʣʝʥʠʝ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ: 

 

P1 / P2 = (V2 / V1)
k
, 

 

ɿʜʝʩʴ P1, P2 ï ʜʘʚʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʲʝʤʘʤ V1 , V2. 

ɼʣʷ ʤʥʦʛʠʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ k ʨʘʚʥʦ 3. ʉʢʦʨʦʩʪʴ 

ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ D ʨʘʚʥʘ: 

 

                            D = [2(k
2
  - 1)Ug]

0,5 
, D = 12,6(U)

0,5 
  

 

ʛʜʝ U, g ï ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ, ʢʛ
.
ʤ/ʢʛ; ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ, ʤ/ʩ
2
. 

ɼʣʷ ʪʨʦʪʠʣʘ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ ʨʘʚʥʘ 400000 ʢʛ
.
ʤ/ʢʛ. 

ʉʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 8000 ʤ/ʩ: 

 

                         D = 12,6(400000)
0,5

 = 8000 ʤ/ʩ. 
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ɼʘʚʣʝʥʠʝ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ ʈ ʟʘ ʬʨʦʥʪʦʤ ʚʦʣʥʳ ʜʝʪʦʥʘʮʠʠ, ʪʘʢ ʞʝ 

ʢʘʢ ʠ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ, ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʟʥʘʯʠʪʝʣʴʥʝʝ ʚʝʣʠʯʠʥʳ k ʠ 

U , ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦ ʜʘʚʣʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʧʣʦʪʥʦʩʪʠ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ ʨ, ʚʳʨʘʞʝʥʥʦʡ ʚ ʝʜʠʥʠʮʘʭ ʤʘʩʩʳ, 

ʦʪʥʝʩʝʥʥʳʭ ʢ 1 ʤ
3
. 

ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʜʘʚʣʝʥʠʷ ʥʘ ʬʨʦʥʪʝ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ 

ʠʤʝʝʪ ʚʠʜ: 

  

P = 2(k ï1)pUg = 4pUg. 

 

ɼʣʷ ʪʨʦʪʠʣʘ ʤʦʞʥʦ ʧʨʠʥʷʪʴ p = 1600 ʢʛ/ʤ
3
, ʧʦʵʪʦʤʫ ʜʘʚʣʝʥʠʝ 

ʨʘʚʥʦ: 

  

P = 4 
. 
1600 

.
 400000 = 2560000000 ʢʛ/ʤ

2
. 

 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʟʨʳʚʝ  ʚʝʱʝʩʪʚʘ 

ʦʢʘʟʳʚʘʶʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʠʤʠ ʠ ʚʦ ʤʥʦʛʦ ʨʘʟ ʧʨʝʚʦʩʭʦʜʷʪ 

ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʨʘʟʜʘʚʣʠʚʘʥʠʝ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʩʨʝʜ. ʀʤʝʥʥʦ ʵʪʠʤ ʠ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʨʫʰʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʚʟʨʳʚʘ. 

ʆʯʝʥʴ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʟʘ ʬʨʦʥʪʦʤ ʚʦʣʥʳ ʜʝʪʦʥʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʚʟʨʳʚʥʳʝ ʛʘʟʳ ʫʩʪʨʝʤʣʷʶʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ u ʚ ʩʪʦʨʦʥʫ 

ʜʚʠʞʝʥʠʷ ʚʦʣʥʳ ʜʝʪʦʥʘʮʠʠ. 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ, ʨʘʩʩʤʦʪʨʠʤ 

ʫʜʣʠʥʝʥʥʳʡ ʟʘʨʷʜ, ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʨʘʚʥʦ ʝʜʠʥʠʮʝ. 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʵʪʦʪ ʟʘʨʷʜ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʫʶ ʜʣʠʥʫ. ʊʦʛʜʘ ʟʘ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ (1 ʩ) ʚʦʣʥʘ ʜʝʪʦʥʘʮʠʠ ʧʨʦʡʜʝʪ ʚʜʦʣʴ ʟʘʨʷʜʘ ʧʫʪʴ, 

ʨʘʚʥʳʡ D. ʉʢʦʨʦʩʪʴ, ʩʦʦʙʱʘʝʤʘʷ ʚʟʨʳʚʥʦʤʫ ʛʘʟʫ, ʙʫʜʝʪ ʨʘʚʥʘ, ʢʘʢ 

ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʚʝʣʠʯʠʥʝ u. ʄʘʩʩʘ ʛʘʟʘ ʙʫʜʝʪ ʨʘʚʥʘ ʤʘʩʩʝ  

ʨʘʟʣʦʞʠʚʰʝʛʦʩʷ ʟʘ 1 ʩ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ. ʕʪʘ ʤʘʩʩʘ ʩʦʩʪʘʚʣʷʝʪ 

ʚʝʣʠʯʠʥʫ Dp. ʇʨʦʠʟʚʝʜʝʥʠʝ ʤʘʩʩʳ ʥʘ ʩʢʦʨʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ 

ʜʚʠʞʝʥʠʷ. ʆʥʦ ʨʘʚʥʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ Dpu. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʥʦʚʥʳʤʠ ʟʘʢʦʥʘʤʠ ʤʝʭʘʥʠʢʠ ʢʦʣʠʯʝʩʪʚʦ 

ʜʚʠʞʝʥʠʷ ʨʘʚʥʦ ʠʤʧʫʣʴʩʫ ʩʠʣʳ, ʪ.ʝ. ʧʨʦʠʟʚʝʜʝʥʠʶ ʩʠʣʳ, ʚʳʟʳʚʘʶʱʝʡ 

ʜʚʠʞʝʥʠʝ, ʥʘ ʚʨʝʤʷ ʝʝ ʜʝʡʩʪʚʠʷ. ɺʨʝʤʷ ʜʝʡʩʪʚʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʟʘʜʘʯʝ ʨʘʚʥʦ ʝʜʠʥʠʮʝ, ʘ ʩʠʣʘ ʨʘʚʥʘ ʈ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤʧʫʣʴʩ ʨʘʚʝʥ  

ʚʝʣʠʯʠʥʝ P: 

 

P = Dpu, u = P / Dp, u = [2Ug(k ï 1) / (k + 1)]
0,5

, u = D / (k + 1), 

u =  3,16 
.
 ( U)

0,5
. 
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Ä 4.2. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ 

 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ɺɺ, ʪʘʢʠʝ ʢʘʢ  

ʤʦʱʥʦʩʪʴ, ʙʨʠʟʘʥʪʥʦʩʪʴ, ʬʫʛʘʩʥʦʩʪʴ, ʪʝʧʣʦʪʘ ʚʟʨʳʚʘ, ʢʠʩʣʦʨʦʜʥʳʡ 

ʙʘʣʘʥʩ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ.  

ʄʦʱʥʦʩʪʴ ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ U, ʚʳʜʝʣʷʝʤʦʡ ʧʨʠ ʚʟʨʳʚʝ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʘʩʩʳ ɺɺ  ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ t: 

 

N = 1/m (dU / dt). 

 

ʄʦʱʥʦʩʪʴ ʠʟʤʝʨʷʶʪ ʚ ʢɼʞ/(ʢʛ
.
ʩ) ʆ ʤʦʱʥʦʩʪʠ ɺɺ ʤʦʞʥʦ ʩʫʜʠʪʴ, 

ʧʦ ʚʳʜʝʣʷʝʤʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ (ʦʙʱʘʷ ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ), ʘ ʪʘʢʞʝ ʧʦ 

ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ (ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ ʚʥʫʪʨʠ 

ɺɺ), ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ʦʙʳʯʥʦ ʥʝʩʢʦʣʴʢʦ ʢʠʣʦʤʝʪʨʦʚ ʚ ʩʝʢʫʥʜʫ. 

ʊʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʙʱʫʶ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʨʘʙʦʪʫ, 

ʢʦʪʦʨʫʶ ʤʦʞʝʪ ʩʦʚʝʨʰʠʪʴ ʚʟʨʳʚ. ɼʣʷ ʧʦʨʦʭʦʚ ʢʨʠʪʝʨʠʝʤ ʤʦʱʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ʇʦʨʦʭ ʜʦʣʞʝʥ ʛʦʨʝʪʴ 

ʙʳʩʪʨʦ ʠ ʩ ʙʦʣʴʰʠʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ, ʥʦ ʥʝ ʩʣʠʰʢʦʤ ʙʳʩʪʨʦ, ʯʪʦʙʳ 

ʛʦʨʝʥʠʝ ʥʝ ʧʝʨʝʰʣʦ ʚʦ ʚʟʨʳʚ.  

ɹʨʠʟʘʥʪʥʦʩʪʴ ï ʵʪʦ ʜʨʦʙʣʝʥʠʝ ʩʨʝʜʳ, ʦʢʨʫʞʘʶʱʝʡ ʟʘʨʷʜ. 

ɹʨʠʟʘʥʪʥʦʝ ʜʝʡʩʪʚʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʨʠʤʝʨʥʦ ʜʚʫʭ 

ʨʘʜʠʫʩʦʚ ʟʘʨʷʜʘ. ɺʦ ʚʨʝʤʷ ʚʟʨʳʚʘ ʠʤʧʫʣʴʩ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʳʤ, ʚ 

ʵʧʠʮʝʥʪʨʝ ʠ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ ʜʨʦʙʠʪ (ʢʨʦʰʠʪ) 

ʥʘʭʦʜʷʱʠʝʩʷ ʵʣʝʤʝʥʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʦ ʵʪʦʡ ʩʘʤʦʡ ʧʨʠʯʠʥʝ 

ʙʨʠʟʘʥʪʥʳʝ ɺɺ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʚʤʝʩʪʦ ʧʦʨʦʭʘ, ʪʘʢ ʢʘʢ ʟʘʨʷʜ ʨʘʟʦʨʚʝʪ 

ʢʘʟʝʥʥʫʶ ʯʘʩʪʴ ʩʪʚʦʣʘ. ʏʠʩʣʝʥʥʦʡ ʤʝʨʦʡ ʙʨʠʟʘʥʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʜʣʠʥʘ 

ʩʤʷʪʠʷ ʩʚʠʥʮʦʚʦʛʦ ʮʠʣʠʥʜʨʘ ʩ ʨʘʜʠʫʩʦʤ 1 ʩʤ ʚʟʨʳʚʦʤ 10 ʛʨʘʤʤ 

ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʦ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʫ ʢʦʥʮʘ ʮʠʣʠʥʜʨʘ (ʙʨʠʟʘʥʪʥʦʩʪʴ 

ʧʦ ʂʘʩʪʫ); ʠ ʦʪʢʣʦʥʝʥʠʝ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʚʟʨʳʚʦʤ ʟʘʨʷʜʘ ɺɺ 

ʤʘʩʩʦʡ 1 ʛʨʘʤʤ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʙʨʠʟʘʥʪʥʦʩʪʠ ʧʦ ʦʙʞʘʪʠʶ 

ʩʚʠʥʮʦʚʦʛʦ ʮʠʣʠʥʜʨʘ (ʙʨʠʟʘʥʪʥʦʩʪʴ ɻʝʩʩʫ). ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ 

ʪʦʣʩʪʦʡ ʩʪʘʣʴʥʦʡ ʧʣʘʩʪʠʥʳ, ʥʘ ʢʦʪʦʨʦʡ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʥʘʭʦʜʠʪʩʷ ʩʚʠʥʮʦʚʳʡ ʮʠʣʠʥʜʨ ʜʣʠʥʦʡ 60 ʤʤ, ʜʠʘʤʝʪʨʦʤ 40 ʤʤ, ʨʠʩ. 9. 

ʅʘ ʮʠʣʠʥʜʨ ʯʝʨʝʟ ʙʦʣʝʝ ʪʦʥʢʫʶ ʩʪʘʣʴʥʫʶ ʧʣʘʩʪʠʥʢʫ ʫʩʪʘʥʦʚʣʝʥ (40 

ʤʤ) ʟʘʨʷʜ ɺɺ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʜʝʪʦʥʘʪʦʨʦʤ ˉ 8 (ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ 

ʠʩʧʳʪʘʥʠʷʭ ʜʝʪʦʥʘʪʦʨ ˉ8 ʩʦʜʝʨʞʠʪ 0,5 ʛ ʛʨʝʤʫʯʝʡ ʨʪʫʪʠ ʠ 1,0 ʛ 

ʪʝʪʨʠʣʘ). ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʙʨʠʟʘʥʪʥʦʩʪʠ ɺɺ ʥʦʨʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

(ʪʨʦʪʠʣ, ʪʨʠʥʠʪʨʦʙʝʥʟʦʣ) ʧʨʠʤʝʥʷʶʪ ʟʘʨʷʜ ʤʘʩʩʦʡ 50 ʛ, ʜʣʷ ʚʳʩʦʢʦ 

ʙʨʠʟʘʥʪʥʳʭ ɺɺ (ʊʕʅ, ʛʝʢʩʦʛʝʥ) ï 25 ʛ (ʧʨʠ ʙʦʣʴʰʠʭ ʟʘʨʷʜʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʮʠʣʠʥʜʨʘ). ʈʘʟʥʠʮʘ  ʤʝʞʜʫ ʥʘʯʘʣʴʥʦʡ ʠ 

ʢʦʥʝʯʥʦʡ ʚʳʩʦʪʦʡ  ʮʠʣʠʥʜʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʙʨʠʟʘʥʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ. ɺ 
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ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ (ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʤʦʱʥʳʭ ʚʳʩʦʢʦʧʣʦʪʥʳʭ ɺɺ) 

ʚʤʝʩʪʦ ʩʚʠʥʮʦʚʦʛʦ ʮʠʣʠʥʜʨʘ ʫʧʦʪʨʝʙʣʷʶʪ ʮʠʣʠʥʜʨ ʠʟ ʢʨʘʩʥʦʡ ʤʝʜʠ, 

ʠʤʝʶʱʠʡ ʙʦʣʴʰʫʶ ʧʨʦʯʥʦʩʪʴ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʧʦʢʘʟʘʪʝʣʴ ʙʨʠʟʘʥʪʥʦʩʪʠ 

ʦʧʨʝʜʝʣʷʶʪ, ʧʨʠʤʝʥʷʷ ʤʝʜʥʳʡ ʮʠʣʠʥʜʨ. 

 

ʊʘʙʣʠʮʘ 8 

ɹʨʠʟʘʥʪʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ɺɺ 

  

ɺʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ ɹʨʠʟʘʥʪʥʦʩʪʴ, ʤʤ 

ʊʕʅ 24 

ɻʝʢʩʦʛʝʥ 24 

ʊʝʪʨʠʣ 18 ï 20 

ʇʠʢʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 18 

ʊʨʦʪʠʣ 16 

ɼʠʥʘʤʠʪ  (62 % ʥʠʪʨʦʛʣʠʮʝʨʠʥʘ) 16 

ɸʤʤʦʥʠʪ  80/20 (80 % ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ  20 %   

ʪʨʦʪʠʣʘ) 

10 ï 12 

ɸʤʤʦʥʘʣ 16 

ɼʠʥʘʤʦʥ 12 ï 14 

ʀʛʜʘʥʠʪ 10 ï 12 

ʍʣʦʨʘʪʠʪ 10 

 

 

 

 

 

 

ʈʠʩ. 9. ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʪʳ ɺɺ: 
ʘ ï ʨʘʟʨʝʟ ʩʚʠʥʮʦʚʦʡ ʙʦʤʙʳ; ʙ ï ʨʘʟʨʝʟ ʟʘʨʷʞʝʥʥʦʡ ʙʦʤʙʳ; ʚ ï ʨʘʟʨʝʟ ʙʦʤʙʳ ʧʦʩʣʝ 

ʚʟʨʳʚʘ 

       

ɽʩʣʠ ʚʟʨʳʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʪʝʥʘʭ ʟʜʘʥʠʷ, ʪʦ ʬʫʛʘʩʥʦʝ ʜʝʡʩʪʚʠʝ 

ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤ, ʨʘʙʦʪʘ ʚʟʨʳʚʘ ʯʝʨʝʟ ʚʟʨʳʚʥʫʶ ʚʦʣʥʫ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ  ʩʪʝʥ ʠ ʦʙʨʫʰʝʥʠʶ ʟʜʘʥʠʷ ʠʣʠ ʝʛʦ ʯʘʩʪʠ. 

ʄʘʢʩʠʤʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʚʟʨʳʚ ʠʤʝʝʪ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʨʫʰʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʟʘʨʷʜʳ ʛʨʘʥʘʪ 

ʦʙʣʘʯʘʶʪ ʚ ʢʦʨʧʫʩ, ʧʨʠʯʝʤ, ʯʝʤ ʦʥ ʙʫʜʝʪ ʤʘʩʩʠʚʥʝʡ (ʜʦ ʥʝʢʦʪʦʨʦʛʦ 
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ʧʨʝʜʝʣʘ), ʪʝʤ ʬʫʛʘʩʥʦʝ ʜʝʡʩʪʚʠʝ ʙʫʜʝʪ ʩʠʣʴʥʝʝ (ʪʘʢʠʝ ɺɺ ʥʘʟʳʚʘʶʪ 

ʦʩʢʦʣʦʯʥʦ-ʬʫʛʘʩʥʳʤʠ).  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʝʤʝʮʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ 

ʊʨʘʫʮʣʴ ʠʟʦʙʨʝʣ ʩʣʝʜʫʶʱʠʡ ʩʧʦʩʦʙ. ʆʥ ʚʟʷʣ ʮʠʣʠʥʜʨ ʠʟ ʩʚʠʥʮʘ 

(ʚʳʩʦʪʦʡ ʠ ʜʠʘʤʝʪʨʦʤ ʜʚʘʜʮʘʪʴ ʩʘʥʪʠʤʝʪʨʦʚ) ʠ ʚʳʩʚʝʨʣʠʣ ʚ ʥʝʤ 

ʫʛʣʫʙʣʝʥʠʝ, ʚ ʢʦʪʦʨʦʝ ʧʦʤʝʩʪʠʣ ʜʝʩʷʪʴ ʛʨʘʤʤʦʚ ʚʟʨʳʚʯʘʪʢʠ. ʇʣʦʪʥʦ 

ʟʘʙʠʚ ʟʘʨʷʜ ʧʝʩʢʦʤ, ʦʥ ʧʨʦʠʟʚʝʣ ʚʟʨʳʚ. ɺʥʫʪʨʠ  ʮʠʣʠʥʜʨʘ ʦʙʨʘʟʦʚʘʣʘʩʴ 

ʧʦʣʦʩʪʴ. ʅʘʣʠʚ ʠʟ ʤʝʥʟʫʨʢʠ ʚʦʜʳ, ʊʨʘʫʮʣʴ ʦʧʨʝʜʝʣʠʣ ʝʝ ʦʙʲʝʤ, ʨʠʩ. 9. 

ʏʝʤ ʤʦʱʥʝʝ ʚʝʱʝʩʪʚʦ, ʪʝʤ ʙʦʣʴʰʝ, ʝʩʪʝʩʪʚʝʥʥʦ, ʧʦʣʫʯʘʣʩʷ ʦʙʲʝʤ 

ʧʦʣʦʩʪʠ, ʢʦʪʦʨʳʡ ʊʨʘʫʮʣʴ ʠ ʧʨʝʜʣʦʞʠʣ ʩʯʠʪʘʪʴ ʤʝʨʦʡ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʠʤʠʪʠʚʥʦʩʪʴ 

ʤʝʪʦʜʘ, ʦʥ ʙʳʣ ʨʝʢʦʤʝʥʜʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘ 5 

ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʲʝʟʜʝ ʧʦ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ ʚ ɹʝʨʣʠʥʝ ʚ 1903 ʛ. ʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʄʝʪʦʜ ʊʨʘʫʮʣʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ɺɺ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʨʫʩʩʢʠʤ ʮʘʨʝʤ 

ʇʝʪʨʦʤ 1, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʚʳʩʦʪʳ ʚʳʙʨʦʩʘ ʛʨʫʟʘ, 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ɺɺ.   

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ɺɺ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʦʙʲʝʤʫ ʚʳʙʨʦʩʘ 

ʚʦʨʦʥʢʠ ʚʟʨʳʚʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ 

ʜʦʩʪʠʞʝʥʠʝ ʠʜʝʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʜʝʪʦʥʘʮʠʠ. ʇʦʜʙʠʨʘʶʪ ʜʠʘʤʝʪʨ ɺɺ 

ʪʘʢ, ʯʪʦʙʳ ʧʨʠʨʦʩʪ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʠʘʤʝʪʨʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʙʣʠʟʢʠʭ ʢ 

ʠʜʝʘʣʴʥʦʤʫ ʚʟʨʳʚʫ ʨʝʞʠʤʦʚ ʜʝʪʦʥʘʮʠʠ. ɼʣʷ ʚʳʭʦʜʘ ʥʘ ʥʦʨʤʘʣʴʥʳʡ 

ʨʝʞʠʤ ʜʝʪʦʥʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʜʣʠʥʘ ʟʘʨʷʜʘ ʧʨʠ ʤʦʱʥʦʤ 

ʠʥʠʮʠʘʪʦʨʝ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʤʝʥʝʝ 3-ʭ ʝʛʦ ʜʠʘʤʝʪʨʦʚ.  

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʦʧʨʝʜʝʣʷʶʪ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʧʳʪʦʚ ʧʦ ʧʘʜʝʥʠʶ ʛʨʫʟʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʘʩʩʳ ʥʘ 

ʚʝʱʝʩʪʚʦ. ʊʘʢ, ʛʨʫʟ ʤʘʩʩʦʡ 2 ʢʛ, ʦʪʧʫʱʝʥʥʳʡ ʩ ʚʳʩʦʪʳ 4 ʩʤ, ʚʳʟʳʚʘʝʪ 

ʚʟʨʳʚ ʙʦʣʝʝ ʯʝʤ ʚ 50 % ʩʣʫʯʘʝʚ. ɺ ʪʘʙʣ. 9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʢ ʚʟʨʳʚʫ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʚʳʩʦʪʝ 

ʧʘʜʝʥʠʷ ʛʨʫʟʘ. ʇʘʜʘʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʳʩʦʪʳ, ʛʨʫʟ ʤʘʩʩʦʡ 2 ʢʛ ʚʳʟʦʚʝʪ 

ʚʟʨʳʚ ʚ 50 % ʦʧʳʪʦʚ, ʪʘʙʣ. 9. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ  ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʟʘʨʷʜʘ ʤʝʭʘʥʠʯʝʩʢʠʤ ʫʜʘʨʦʤ, 

ʠʣʠ ʧʣʘʤʝʥʝʤ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ ɺɺ ʢʘʢ ʊʕʅ, ʘʟʠʜ ʩʚʠʥʮʘ, ʛʝʢʩʦʛʝʥ, 

ʪʝʥʝʨʝʩ. ʋʢʘʟʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʚʳʟʳʚʘʶʪ ʜʝʪʦʥʘʮʠʶ ʚʝʱʝʩʪʚʘ, ʥʦ ʥʘ 

ʜʝʪʦʥʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚʣʠʷʶʪ ʦʯʝʥʴ ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ 

ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʠ ʝʛʦ ʬʦʨʤʘ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʥʘʣʠʯʠʝ 

ʧʦʩʪʦʨʦʥʥʠʭ ʚʝʱʝʩʪʚ ʠ ʪ.ʜ. 
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ʊʘʙʣʠʮʘ 9  

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʙʨʠʟʘʥʪʥʦʩʪʴ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʥʝʢʦʪʦʨʳʭ ɺɺ 

 

ɺʟʨʳʚʯʘʪʦʝ 

ʚʝʱʝʩʪʚʦ 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʢ ʫʜʘʨʫ, ʩʤ 

ʌʫʛʘʩʥʦʩʪʴ, ʤʣ ɹʨʠʟʘʥʪʥʦʩʪʴ, ʤʤ 

ɻʨʝʤʫʯʘʷ ʨʪʫʪʴ 2 25 ï 

ɸʟʠʜ ʩʚʠʥʮʘ 3 20 ï 

ʅʠʪʨʦʛʣʠʮʝʨʠʥ 4 590 22 

ʅʠʪʨʦʛʣʠʢʦʣʴ ï 620 22 

ʇʠʨʦʢʩʠʣʠʥ 20 ï ï 

ʊʕʅ 25 ï ï 

ɻʝʢʩʦʛʝʥ 35 470 24 

ʊʝʪʨʠʣ 40 340 19 

ʊʨʠʥʠʪʨʦʙʝʥʟʦʣ 45 330 - 

ʊʨʠʥʠʪʨʦʬʝʥʦʣ ï 350 16 

ʊʨʦʪʠʣ 80 285 16 

ɸʤʤʦʥʠʪ ˉ6 80 400 13 

ɸʤʤʦʥʠʪ ˉ8 90 240 11 

ɼʳʤʥʳʡ ʧʦʨʦʭ 90 ï 110 ï ï 

ɹʝʟʜʳʤʥʳʡ ʧʦʨʦʭ 60 ï 90 ï ï 

    

ʂʘʢ ʧʨʘʚʠʣʦ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ɺɺ, 

ʪʘʢ ʞʝ ʥʝ ʧʝʨʝʥʦʩʷʪ ʦʛʥʷ. ɻʦʨʝʥʠʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʙʠʣʴʥʦ ʠ  

ʧʝʨʝʭʦʜʠʪ ʚʦ ʚʟʨʳʚ ʠʣʠ ʜʝʪʦʥʘʮʠʶ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʟʘʨʷʜ ʩ 

ʧʨʠʝʤʣʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʜʦʙʥʳʝ ɺɺ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʚʠʜʝ 

ʩʤʝʩʠ (ʛʝʢʩʦʛʝʥ ʩ ʪʨʦʪʠʣʦʤ ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 

ʫʜʘʨʫ, ʯʝʤ ʛʝʢʩʦʛʝʥ, ʠ ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʴʶ, ʯʝʤ ʫ ʪʨʦʪʠʣʘ). ɺ ʟʘʨʷʜʳ ʠʟ 

ɺɺ ʚʚʦʜʷʪʩʷ çʣʝʛʠʨʫʶʱʠʝ ʜʦʙʘʚʢʠè, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪ 

ʬʣʝʛʤʘʪʠʟʘʪʦʨʘʤʠ. ʌʣʝʛʤʘʪʠʟʘʪʦʨʳ ʩʥʠʞʘʶʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʚʝʱʝʩʪʚʘ ʢ ʚʟʨʳʚʫ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʬʣʝʛʤʘʪʠʟʘʪʦʨʘ, ʧʨʦʩʪʨʝʣʝʥʥʳʡ 

ʧʫʣʝʡ ʙʦʝʧʨʠʧʘʩ ʠʣʠ ɺɺ, ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʩʥʘʨʷʜʝ ʧʨʠ ʚʳʩʪʨʝʣʝ ʠʟ 

ʦʨʫʜʠʷ, ʥʝ ʜʝʪʦʥʠʨʫʶʪ. 

ʊʝʨʤʦʩʪʦʡʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʦʯʝʥʴ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ 

ʚʳʙʦʨʝ ɺɺ. ʊʨʦʪʠʣ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ, ʧʨʠ ʥʝʢʦʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʞʝʪ çʧʦʪʝʯʴè ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ 

çʪʨʦʪʠʣʦʚʳʤ ʤʘʩʣʦʤè, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʡ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʚʟʨʳʚʘ. ʋ ʥʝʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʤʝʭʘʥʠʯʝʩʢʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ (ʛʝʢʩʦʛʝʥ ʥʝ ʟʘʣʠʚʘʶʪ, ʘ ʟʘʧʦʣʥʷʶʪ ʧʦʣʦʩʪʠ ʧʦʜ 

ʥʝʙʦʣʴʰʠʤ ʜʘʚʣʝʥʠʝʤ ï ʧʨʝʩʩʫʶʪ).  
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ʍʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ ï ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʚʦ 

ʚʨʝʤʝʥʠ ï ʚʟʨʳʚʯʘʪʢʘ ʥʝ ʜʦʣʞʥʘ ʩʦ ʚʨʝʤʝʥʝʤ ʨʘʟʣʦʞʠʪʴʩʷ, ʠ, 

ʝʩʪʝʩʪʚʝʥʥʦ, ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʚʟʦʨʚʘʪʴʩʷ. ʊʘʢ ʯʪʦ ʥʘʡʪʠ ʚʝʱʝʩʪʚʦ, 

ʦʪʚʝʯʘʶʱʝʝ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʥʝ ʧʨʦʩʪʦ. ɹʦʝʧʨʠʧʘʩʳ, ʦʩʪʘʚʰʠʝʩʷ ʩʦ 

ʚʨʝʤʝʥ ʚʦʡʥʳ ʠ ʥʝ ʧʦʪʝʨʷʚʰʠʝ ʩʚʦʠʭ ʚʟʨʳʚʥʳʭ ʢʘʯʝʩʪʚ ï ʧʨʠʤʝʨ ɺɺ 

ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʚʩʝʤ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ.   

ʍʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʛʨʝʤʫʯʝʡ ʨʪʫʪʠ, ʢʦʪʦʨʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʤʝʪʘʣʣʘʤʠ, ʨʘʟʲʝʜʘʝʪ ʠʭ ʠ ʦʙʨʘʟʫʝʪ ʛʨʝʤʫʯʠʝ ʩʦʣʠ (ʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʯʝʤ ʩʘʤʘ ʛʨʝʤʫʯʘʷ 

ʨʪʫʪʴ). ʇʠʢʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʦʙʨʘʟʫʝʪ ʩ ʤʝʪʘʣʣʘʤʠ ʚʟʨʳʚʯʘʪʳʝ ʩʦʣʠ ï 

ʧʠʢʨʘʪʳ.  

ɻʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʚʙʠʨʘʪʴ ʚ ʩʝʙʷ ʚʦʜʫ (ʩʚʦʡʩʪʚʝʥʥʘ, 

ʥʘʧʨʠʤʝʨ ʘʤʤʦʥʠʪʘʤ) ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʢʘʯʝʩʪʚʦ ʪʘʢʦʛʦ ɺɺ ʫʭʫʜʰʘʝʪʩʷ,  

ʚʝʱʝʩʪʚʦ ʪʝʨʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʜʝʪʦʥʘʮʠʠ.  

 

Ä 4.3. ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʚʟʨʳʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʱʝʩʪʚ 

 

ʅʘ ʚʟʨʳʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʱʝʩʪʚ ʚʣʠʷʶʪ ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ ʠ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʣʦʪʥʦʩʪʴ, ʚʝʱʝʩʪʚʘ.  

ɺ ʦʜʥʦʨʦʜʥʳʭ ʤʦʱʥʳʭ ɺɺ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʠʭ ʧʣʦʪʥʦʩʪʠ, ʨʠʩ. 10.  

ɺ ʩʤʝʩʝʚʳʭ ɺɺ ʥʘ ʦʩʥʦʚʝ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʠʣʠ ʩʣʘʙʳʭ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ (ʜʠʥʠʪʨʦʪʦʣʫʦʣ) ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʜʝʪʦʥʘʮʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʠʥʦʡ. ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʦʪ 

ʥʘʩʳʧʥʦʡ ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʧʨʝʜʝʣʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʜʝʪʦʥʘʮʠʠ, ʥʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʩʢʦʨʦʩʪʴ 

ʜʝʪʦʥʘʮʠʠ ʥʘʯʠʥʘʝʪ ʧʘʜʘʪʴ,  ʚʟʨʳʚʥʦʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʩʦʚʩʝʤ 

ʧʨʝʢʨʘʪʠʪʴʩʷ. ʋʚʝʣʠʯʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʟʘʨʷʜʦʚ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ 

ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʤʦʞʥʦ ʩʤʝʩʪʠʪʴ ʪʦʯʢʫ ʧʝʨʝʛʠʙʘ ʢʨʠʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʜʝʪʦʥʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʝʡ ʧʣʦʪʥʦʩʪʠ.  

ʈʘʟʣʠʯʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ 

ʜʝʪʦʥʘʮʠʠ. ɺ ʤʦʱʥʳʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ɺɺ ʬʨʦʥʪ ʜʝʪʦʥʘʮʠʦʥʥʦʡ 

ʚʦʣʥʳ ʩʯʠʪʘʝʪʩʷ ʛʦʤʦʛʝʥʥʳʤ; ʩʠʣʴʥʘʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ 

ʧʦ ʟʘʨʷʜʫ, ʩʞʠʤʘʝʪ ʚʧʝʨʝʜʠ ʣʝʞʘʱʠʝ ʩʣʦʠ ɺɺ, ʚʳʟʳʚʘʷ ʠʭ ʨʘʟʦʛʨʝʚ ʠ 

ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʚʦʟʙʫʞʜʝʥʠʷ ʜʝʪʦʥʘʮʠʠ 

ʥʘʟʳʚʘʝʪʩʷ ʛʦʤʦʛʝʥʥʳʤ. ɼʦʩʪʘʪʦʯʥʳʡ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʨʝʘʢʮʠʠ 

ʨʘʟʦʛʨʝʚ ʩʣʦʷ ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʧʨʠ ʩʢʦʨʦʩʪʷʭ 

ʜʝʪʦʥʘʮʠʠ 6000 ï 8000 ʤ/ʩ. ɻʦʤʦʛʝʥʥʳʡ ʧʨʦʮʝʩʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ɺɺ ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʜʥʦʨʦʜʥʦʩʪʠ. 

 

 



 91 

     1                                                                 2 

2800

3000

3200

3400

3600

3800

4000

0,9 1 1,1 1,2 1,3

ʇʣʦʪʥʦʩʪʴ ɺɺ, ʛ/ʩʤ3

ʉ
ʢ
ʦ
ʨ
ʦ
ʩ
ʪ
ʴ
 
ʜ
ʝ
ʪ
ʦ
ʥ
ʘ
ʮ
ʠ
ʠ
,
 
ʤ
/
ʩ

2000

4000

6000

8000

10000

0 0,2 0,4 0,6 0,8 1

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʊʕʅʘ

ʉ
ʢ
ʦ
ʨ
ʦ
ʩ
ʪ
ʴ
 
ʜ
ʝ
ʪ
ʦ
ʥ
ʘ
ʮ
ʠ
ʠ
,
 
ʤ
/
ʩ

 
 

ʈʠʩ. 10. ʉʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʚ ʩʤʝʩʷʭ ʥʘ ʦʩʥʦʚʝ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ (1) ʠ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʤʦʱʥʳʭ ɺɺ (2) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ 

     

ʇʨʠ ʤʝʥʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʜʝʪʦʥʘʮʠʠ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ 

ʩʯʝʪ ʩʞʘʪʠʷ ʧʣʦʪʥʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʩʣʦʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʥʝ ʤʦʞʝʪ ʩʘʤʦ 

ʧʦ ʩʝʙʝ ʷʚʠʪʴʩʷ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ. 

ɺʦʟʙʫʞʜʝʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʤʝʥʴʰʠʭ ʩʢʦʨʦʩʪʷʭ 

ʜʝʪʦʥʘʮʠʠ ʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʥʝ ʧʦ ʤʝʭʘʥʠʟʤʫ ʛʦʤʦʛʝʥʥʦʛʦ ʨʘʟʦʛʨʝʚʘ, ʘ 

ʧʫʪʝʤ ʨʘʟʦʛʨʝʚʘ ʦʪʜʝʣʴʥʳʭ ʦʯʘʛʦʚ ʚ ʩʝʯʝʥʠʠ ʟʘʨʷʜʘ ɺɺ, ʚ ʢʦʪʦʨʳʭ 

ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʵʥʝʨʛʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. ʊʘʢʠʤʠ ʣʦʢʘʣʴʥʳʤʠ ʦʯʘʛʘʤʠ 

ʤʦʛʫʪ ʷʚʠʪʴʩʷ ʧʫʟʳʨʴʢʠ ʛʘʟʘ, ʥʘʛʨʝʚʘʶʱʠʝʩʷ ʧʨʠ ʩʞʘʪʠʠ ʜʦ ʦʯʝʥʴ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ɺɺ ʥʘ ʦʩʥʦʚʝ ʧʝʥ ʠ ʵʤʫʣʴʩʠʡ), ʘ ʪʘʢʞʝ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʚʢʣʶʯʝʥʠʷ, ʚʳʟʳʚʘʶʱʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʤʘʩʩʳ, ʚʥʫʪʨʝʥʥʝʝ ʪʨʝʥʠʝ ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʩʠʣʴʥʳʡ ʤʝʩʪʥʳʡ 

ʨʘʟʦʛʨʝʚ (ʧʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʜʣʷ ʞʠʜʢʠʭ ʠ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʩʤʝʩʝʡ). 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ɺɺ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʧʨʦʜʫʢʪʳ ʚʟʨʳʚʘ ʥʝ ʤʛʥʦʚʝʥʥʦ, ʪʦ ʚ ʩʞʘʪʳʭ ʧʨʦʜʫʢʪʘʭ ʚʟʨʳʚʯʘʪʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʝ ʚʩʝʛʜʘ ʠʤʝʶʪʩʷ ʯʘʩʪʠʯʢʠ ʝʱʝ ʥʝ 

ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ɺɺ ʠʣʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ, ʜʦʛʦʨʘʷ, ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʢʘʢʦʛʦ-ʪʦ ʚʨʝʤʝʥʠ ʧʠʪʘʶʪ ʩʚʦʝʡ ʵʥʝʨʛʠʝʡ ʫʜʘʨʥʫʶ ʚʦʣʥʫ. 

ɻʦʨʝʥʠʝ ʯʘʩʪʠʯʝʢ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʚʦʣʥʫ ʨʘʟʨʝʞʝʥʠʷ, ʟʘʤʝʜʣʷʝʪʩʷ, ʠ ʠʭ 

ʵʥʝʨʛʠʷ ʜʣʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩʪʘʥʦʚʠʪʩʷ ʙʝʩʧʦʣʝʟʥʦʡ, ʚʦʟʥʠʢʘʶʪ ʧʦʪʝʨʠ 

ʭʠʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʇʨʠ ʠʥʠʮʠʠʨʦʚʘʥʠʠ ʜʝʪʦʥʘʮʠʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʘʨʷʜʘʭ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ɺɺ, 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʫʧʘʢʦʚʢʠ, ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʜʝʣʴʥʳʡ ʜʠʘʤʝʪʨ 

ʟʘʨʷʜʘ ʪʘʙʣ. 10. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʟʘʨʷʜʘ ʥʠʞʝ ʧʨʝʜʝʣʴʥʦʛʦ, 
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ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦʪʝʨʠ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʉʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʧʨʠ ʚʝʣʠʯʠʥʝ ʜʠʘʤʝʪʨʘ, ʤʝʥʴʰʝʛʦ ʥʝʢʦʪʦʨʦʛʦ 

ʢʨʠʪʠʯʝʩʢʦʛʦ, ʥʝ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʧʨʦʮʝʩʩʘ ʫʩʪʦʡʯʠʚʦʡ ʜʝʪʦʥʘʮʠʠ. 

ʀʥʠʮʠʠʨʫʶʱʠʝ ɺɺ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʨʝʘʢʮʠʠ, 

ʜʝʪʦʥʠʨʫʶʪ ʚ ʟʘʨʷʜʘʭ ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 0,01 ï 0,1 ʤʤ. ɼʣʷ 

ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ɺɺ (ʘʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ ʠʣʠ ʠʛʜʘʥʠʪ) 

ʢʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʩʤ. 

ʂʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʦʧʨʝʜʝʣʷʶʱʝʡ ʜʝʪʦʥʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ɺɺ ʠ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʪʦʣʱʠʥʝ ʟʦʥʳ ʨʝʘʢʮʠʠ. 

ɺʝʣʠʯʠʥʘ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ɺɺ 

ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠ ʟʘʚʠʩʠʪ ʦʪ ʙʦʢʦʚʦʛʦ ʦʪʚʦʜʘ 

ʛʘʟʦʚ, ʚʠʜʘ ʦʙʦʣʦʯʢʠ, ʚ ʢʦʪʦʨʫʶ ʟʘʢʣʶʯʝʥ ʟʘʨʷʜ. ʄʘʩʩʠʚʥʘʷ ʦʙʦʣʦʯʢʘ 

ʫʤʝʥʴʰʘʝʪ ʧʦʪʝʨʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʜʜʝʨʞʘʥʠʶ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ. 

ʀʪʘʢ, ʚʳʷʩʥʠʣʠ, ʯʪʦ ʜʣʷ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʚʝʱʝʩʪʚ (ʪʨʦʪʠʣ, ʛʝʢʩʦʛʝʥ) ʢʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʜʝʪʦʥʘʮʠʠ ʪʝʤ 

ʤʝʥʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʧʣʦʪʥʦʩʪʴ ɺɺ. ʇʨʠ ʜʝʪʦʥʘʮʠʠ ɺɺ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʙʨʠʟʘʥʪʥʦʛʦ ɺɺ (ʘʤʤʘʪʦʣ 50/50) 

ʥʘʙʣʶʜʘʝʪʩʷ ñʧʝʨʝʭʦʜʥʘʷò ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ 

ʜʝʪʦʥʘʮʠʠ, ʦʪ ʧʣʦʪʥʦʩʪʠ. ʕʬʬʝʢʪ ʦʙʲʷʩʥʷʶʪ  ʪʘʢ. ʕʥʝʨʛʠʷ ʧʨʝʚʨʘʱʝʥʠʷ 

ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ï ʪʨʦʪʠʣʘ ʠʣʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʜʨʫʛʦʛʦ ʤʦʱʥʦʛʦ ɺɺ 

ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʩʦʜʝʨʞʘʥʠʠ ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʠ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ 

ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʜʘʣʴʥʝʡʰʝʛʦ ʫʧʣʦʪʥʝʥʠʷ ɺɺ, ʚ ʩʦʩʪʦʷʥʠʠ ʙʝʟ 

ʧʦʜʜʝʨʞʢʠ ʵʥʝʨʛʠʝʡ ʚʪʦʨʠʯʥʳʭ ʨʝʘʢʮʠʡ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʝʪʦʥʘʮʠʶ.  

ʅʘ ʜʠʘʤʝʪʨ ʠ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʚʣʠʷʶʪ ʨʘʟʤʝʨʳ ɺɺ. ɼʣʷ 

ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʝʥ  ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ɺɺ ʚʝʣʠʯʠʥʘ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ  ʜʝʪʦʥʘʮʠʠ ʚʦʟʨʘʩʪʘʝʪ. ʊʘʢ, ʜʣʷ ʪʨʦʪʠʣʘ ʧʨʠ  

ʚʝʣʠʯʠʥʝ ʯʘʩʪʠʮ 0,06 ʤʤ ʢʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʜʝʪʦʥʘʮʠʠ ʨʘʚʝʥ 9 ʤʤ, ʘ 

ʧʨʠ ʚʝʣʠʯʠʥʝ ʯʘʩʪʠʮ 0,5 ʤʤ ʦʥ ʩʦʩʪʘʚʣʷʝʪ 28 ʤʤ. 

ʉʦʜʝʨʞʘʥʠʝ ʠʥʝʨʪʥʳʭ ʠ ʤʝʜʣʝʥʥʦ ʨʝʘʛʠʨʫʶʱʠʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʟʘ 

ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʟʦʥʳ ʨʝʘʢʮʠʠ ʠ ʨʘʩʩʝʷʥʠʝ ʵʥʝʨʛʠʠ ʠʥʝʨʪʥʳʤʠ 

ʯʘʩʪʠʮʘʤʠ. ʇʨʠ ʩʤʝʰʠʚʘʥʠʠ ɺɺ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ ʤʦʞʥʦ 

ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʥʠʟʠʪʴ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ, ʦʜʥʘʢʦ ʝʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʘʜʠʫʩʘ ʟʘʨʷʜʘ ʠʟʤʝʥʠʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʄʝʥʴʰʘʷ 

ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʪʘʢʞʝ ʦʙʲʷʩʥʷʝʪʩʷ ʟʘʪʨʘʪʦʡ ʵʥʝʨʛʠʠ ʥʘ ʧʨʦʮʝʩʩ 

ʨʘʟʦʛʨʝʚʘʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ (ʠʟʤʝʣʴʯʝʥʠʷ) ʠʥʝʨʪʥʳʭ ʯʘʩʪʠʮ.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ɺɺ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ, ʯʝʤ ʚʩʝ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ 

ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ, ʦʜʥʘʢʦ, ʥʦ ʥʝ ʚʳʚʝʜʝʥʦ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ɺɺ ʠ ʩʪʨʦʝʥʠʷ ʝʛʦ ʤʦʣʝʢʫʣʳ. ʅʘʠʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʜʝʪʦʥʘʮʠʠ 

ʦʪʣʠʯʘʶʪʩʷ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷ ʠ ʥʠʪʨʦʵʬʠʨʳ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʥʠʪʨʦ (ïNO2) ʠʣʠ ʥʠʪʨʘʪʥʳʭ (ïONO2) ʛʨʫʧʧ, ʩ ʥʝʙʦʣʴʰʠʤ 
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ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʥʫʣʝʚʳʤ, ʠʣʠ ʥʝʙʦʣʴʰʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʢʠʩʣʦʨʦʜʥʳʤ ʙʘʣʘʥʩʦʤ ʠ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʥʝ ʙʦʣʝʝ 300. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʯʝʪʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʫʢʘʟʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ  ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ. ʅʘʧʨʠʤʝʨ, ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʜʝʪʦʥʘʮʠʠ 

ʦʪʣʠʯʘʝʪʩʷ ʥʠʪʨʘʪ ʛʠʜʨʘʟʠʥʘ H5N2NO3 ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 95 (8,69 

ʢʤ/ʩ), ʥʠʪʨʦʛʫʘʥʠʜʠʥ CH5N3NO2 ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 105  (8,2 ʢʤ/ʩ).  

ʅʘ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʚʣʠʷʝʪ ʭʘʨʘʢʪʝʨ ʩʚʷʟʠ ʥʠʪʨʦʛʨʫʧʧ (ïNO2) ʩ 

ʫʛʣʝʨʦʜʦʤ. ʊʘʢ, ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʘʟʦʪ ʛʨʫʧʧʳ ïNO2 ʩʚʷʟʘʥ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʫʛʣʝʨʦʜʦʤ,  ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʥʘʯʘʣʴʥʦʤʫ ʠʤʧʫʣʴʩʫ, ʯʝʤ ʥʠʪʨʦʵʬʠʨʳ, ʫ 

ʢʦʪʦʨʳʭ ʘʟʦʪ ʩʚʷʟʘʥ ʩ ʫʛʣʝʨʦʜʦʤ ʯʝʨʝʟ ʦʜʠʥ ʠʟ ʢʠʩʣʦʨʦʜʦʚ ʛʨʫʧʧʳ ï

ONO2 (ïOïNO2) ʠʣʠ ʥʠʪʨʦʘʤʠʥʳ, ʠʤʝʶʱʠʝ ʩʚʷʟʴ =NïNO2.  

ɼʠʥʘʤʠʪʳ ʚ ʟʘʨʷʜʘʭ ʜʠʘʤʝʪʨʦʤ ʤʝʥʴʰʝ ʥʝʢʦʪʦʨʦʡ ʢʨʠʪʠʯʝʩʢʦʡ 

ʚʝʣʠʯʠʥʳ ʩʧʦʩʦʙʥʳ ʜʝʪʦʥʠʨʦʚʘʪʴ ʩ ʥʦʨʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ 6000 ï 8000 

ʤ/ʩ ʠ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʜʦʩʪʠʛʘʶʱʝʡ 2000 ï 3000 ʤ/ʩ. ʇʨʠʯʠʥʳ 

ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳ. ʇʨʠ ʠʥʠʮʠʠʨʦʚʘʥʠʠ ɺɺ ʚʝʣʠʯʠʥʘ 

ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʤʦʱʥʦʩʪʠ ʠʥʠʮʠʠʨʫʶʱʝʛʦ 

ʠʤʧʫʣʴʩʘ, ʪʘʢ ʠ ʦʪ ʨʘʟʤʝʨʦʚ ʟʘʨʷʜʘ ʠ ʧʨʦʯʥʦʩʪʠ ʝʛʦ ʦʙʦʣʦʯʢʠ, ʪʘʙʣ. 3, 4. 

ɼʝʪʦʥʘʮʠʷ ʩ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ ʚʦʟʤʦʞʥʘ ʠ ʚ ʤʦʱʥʳʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ɺɺ, ʥʘʧʨʠʤʝʨ, ʛʝʢʩʦʛʝʥʝ, ʪʝʪʨʠʣʝ ʠ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ɺɺ ʩʨʝʜʥʝʡ 

ʤʦʱʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʪʨʦʪʠʣʝ, ʧʠʢʨʠʥʦʚʦʡ ʢʠʩʣʦʪʝ ʧʨʠ ʧʣʦʪʥʦʩʪʠ 

ʤʝʥʝʝ ʠʣʠ ʨʘʚʥʦʡ 1 ʛ/ʩʤ
3
. ɼʝʪʦʥʘʮʠʷ ʟʘʨʷʜʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 2000 ʤ/ʩ 

ʚʦʟʤʦʞʥʘ ʧʨʠ ʜʠʘʤʝʪʨʝ ʟʘʨʷʜʘ ʚʝʱʝʩʪʚʘ 15 ʤʤ (ʛʝʢʩʦʛʝʥ) ʠ 30 ʤʤ ʜʣʷ 

ʪʨʦʪʠʣʘ (ʨʘʟʤʝʨ ʯʘʩʪʠʮ 1 ï 1,6 ʤʤ). ɼʝʪʦʥʘʮʠʷ ʩ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ 

ʚʦʟʤʦʞʥʘ ʚ ɺɺ ʧʦʥʠʞʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ï ʩʤʝʩʠ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʩ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʚʟʨʳʚʯʘʪʳʤ ʚʝʱʝʩʪʚʦʤ.  

ɺ 1946 ï 1947 ʛʦʜʘʭ ʚ ʐʚʝʮʠʠ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʩ 35 % ʞʝʣʘʪʠʥ-

ʜʠʥʘʤʠʪʦʤ ʩʦʩʪʘʚʘ: 35 % ʩʤʝʩʠ ʥʠʪʨʦʛʣʠʮʝʨʠʥʘ ʩ ʥʠʪʨʦʛʣʠʢʦʣʝʤ (1:1), 

5 % ʥʠʪʨʦʢʣʝʪʯʘʪʢʠ, 58 % ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ, 2 % ʜʨʝʚʝʩʥʦʡ ʤʫʢʠ. ɺ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ɺɺ ʜʝʪʦʥʘʮʠʷ ʩ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ (2000 ʤ/ʩ) ʚʦʟʥʠʢʘʝʪ 

ʦʪ ʢʘʧʩʶʣʷ ʜʝʪʦʥʘʪʦʨʘ ˉ8. ɽʩʣʠ ʜʠʘʤʝʪʨ ʟʘʨʷʜʘ ʧʨʝʚʳʰʘʝʪ 32 ʤʤ, 

ʥʘʙʣʶʜʘʶʪ ʧʝʨʝʭʦʜ ʜʝʪʦʥʘʮʠʠ ʩ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ ʢ ʥʦʨʤʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ 5400 ʤ/ʩ. ʇʨʠʤʝʥʷʷ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʜʝʪʦʥʘʪʦʨ (1 ʛ ʊʕʅʘ), 

ʠʥʠʮʠʠʨʫʶʪ ʜʝʪʦʥʘʮʠʶ ʩ ʥʦʨʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʄʠʥʠʤʘʣʴʥʳʡ 

ʜʠʘʤʝʪʨ ʟʘʨʷʜʘ, ʚ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʦ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʜʝʪʦʥʘʮʠʠ (ʢʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ), ʤʝʥʴʰʝ ʜʣʷ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ 

ʜʝʪʦʥʘʮʠʠ, ʯʝʤ ʜʣʷ ʙʦʣʴʰʦʡ. ʇʝʨʝʭʦʜʳ ʦʪ ʜʝʪʦʥʘʮʠʠ ʩ ʥʦʨʤʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʢ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ ʥʝʚʦʟʤʦʞʥʳ. ʇʝʨʝʭʦʜʳ ʦʪ ʤʘʣʦʡ ʢ 

ʥʦʨʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʦʟʤʦʞʥʳ. ɼʣʷ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʘ ʥʝʦʙʭʦʜʠʤʦ, 

ʯʪʦʙʳ ʚ ʧʨʝʜʝʣʘʭ ʜʠʘʤʝʪʨʘ ʟʘʨʷʜʘ, ʩʥʘʙʞʝʥʥʦʛʦ ʦʪʨʝʟʢʦʤ ʧʨʦʯʥʦʡ 

ʦʙʦʣʦʯʢʠ, ʜʣʠʥʘ ʙʳʣʘ ʨʘʚʥʘ ʜʠʘʤʝʪʨʫ ʟʘʨʷʜʘ. 
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ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʟʘʨʷʜ, ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʣʷ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ 

ʜʝʪʦʥʘʮʠʠ, ʠʥʝʨʪʥʦʛʦ ʧʦʨʦʰʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʦʪ ʤʘʣʦʡ ʜʦ ʥʦʨʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. ɺʘʞʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʝʪʦʥʘʮʠʠ ʩ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʥʝʢʦʪʦʨʦʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ ʟʘʨʷʜʘ ɺɺ. ɺ ʟʘʨʷʜʘʭ ʜʠʘʤʝʪʨʦʤ 

ʚʳhʝ ʧʨʝʜʝʣʴʥʦʛʦ ʤʦʞʝʪ ʩʪʘʮʠʦʥʘʨʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʜʝʪʦʥʘʮʠʷ 

ʪʦʣʴʢʦ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ. ɹʨʠʟʘʥʪʥʦʝ ʜʝʡʩʪʚʠʝ ʧʨʦʜʫʢʪʦʚ ʚʟʨʳʚʘ 

ʜʠʥʘʤʠʪʘ (35 %) ʧʨʠ ʜʝʪʦʥʘʮʠʠ ʩ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ.  

ʀʤʧʫʣʴʩʳ ʚʟʨʳʚʘ, ʠʟʤʝʨʝʥʥʳʝ ʥʘ ʙʘʣʣʠʩʪʠʯʝʩʢʦʤ ʤʘʷʪʥʠʢʝ ʧʨʠ 

ʜʝʪʦʥʘʮʠʠ ʜʠʥʘʤʠʪʘ ʩ ʤʘʣʦʡ ʠ ʥʦʨʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʦʪʣʠʯʘʶʪʩʷ 

ʣʠʰʴ ʚ ʤʘʣʦʡ ʩʪʝʧʝʥʠ. ʀʤʧʫʣʴʩ ʚʟʨʳʚʘ ʧʨʠ ʜʝʪʦʥʘʮʠʠ ʩ ʥʦʨʤʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʚʩʝ ʞʝ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ. ʇʨʠ ʵʪʦʤ ʬʫʛʘʩʥʦʝ ʜʝʡʩʪʚʠʝ 

ʚʟʨʳʚʘ ʧʨʠ ʜʝʪʦʥʘʮʠʠ ɺɺ ʩ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ ʙʫʜʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ ʬʫʛʘʩʥʦʤʫ ʜʝʡʩʪʚʠʶ ɺɺ ʜʝʪʦʥʠʨʫʶʱʠʭ ʩ 

ʥʦʨʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ.  

ɺʝʣʠʯʠʥʘ ʯʘʩʪʠʮ ɺɺ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ. 

ʌʦʨʤʘ ʟʝʨʝʥ ʠ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʦ ʨʘʟʤʝʨʘʤ ʚʣʠʷʶʪ ʥʘ 

ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʧʦʨʦʰʢʦʚ ʜʘʞʝ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʘʟʤʝʨʳ ʟʘʨʷʜʘ 

ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ ʠ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʥʝ ʜʦʣʞʥʘ ʙʳ ʟʘʚʠʩʝʪʴ ʦʪ 

ʜʠʘʤʝʪʨʘ. ɼʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ɹʝʨʫʪ ʜʚʘ ʟʘʨʷʜʘ ʦʜʠʥʘʢʦʚʦʡ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ. ʆʜʠʥ 

ʟʘʨʷʜ ʩʦʩʪʦʠʪ ʠʟ ʧʫʯʢʘ ʪʨʫʙʦʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʤʦʱʥʦʛʦ ɺɺ (ʊʕʅʘ), 

ʜʨʫʛʦʡ ʠʟ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ ʊʕʅʘ ʪʦʡ ʞʝ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ, 

ʢʘʢ ʠ ʪʨʫʙʯʘʪʳʡ ʟʘʨʷʜ. ɼʝʪʦʥʘʮʠʷ ʚ ʪʨʫʙʯʘʪʦʤ ʟʘʨʷʜʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ (8,6 ʢʤ/ʩ), ʙʦʣʝʝ ʚʳʩʦʢʦʡ, ʯʝʤ ʚ ʩʧʣʦʰʥʦʤ 

(ʣʠʪʦʤ) ʟʘʨʷʜʝ ʊʕʅʘ (7,9 ʢʤ/ʩ). ɺ ʟʘʨʷʜʝ ʧʨʝʩʩʦʚʘʥʥʦʛʦ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ ʪʦʡ ʞʝ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ, ʩʢʦʨʦʩʪʴ 

ʜʝʪʦʥʘʮʠʠ (7,0 ʢʤ/ʩ) ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʩʧʣʦʰʥʦʤ. ʇʨʠ 

ʦʜʠʥʘʢʦʚʦʡ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʚʩʝʭ ʟʘʨʷʜʦʚ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʚ 

ʩʢʦʨʦʩʪʷʭ ʜʝʪʦʥʘʮʠʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʦʣʴʢʦ ʨʘʟʣʠʯʠʝʤ ʬʦʨʤ ʠ 

ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ (ʧʦʨʦʰʢʘ, ʢʨʠʩʪʘʣʣʦʚ) ɺɺ (ʪʘʙʣ. 10, 11). 

ʄʦʱʥʦʩʪʴ ʚʟʨʳʚʘ ʞʠʜʢʠʭ ɺɺ ʚʩʝʛʜʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ 

ʩʠʣʳ ʠʥʠʮʠʘʪʦʨʘ ʠ ʚʠʜʘ ʦʙʦʣʦʯʢʠ, ʯʝʤ ʜʣʷ ʦʙʳʯʥʳʭ ʪʚʝʨʜʳʭ ɺɺ. 

ɺʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʪʨʦʪʠʣ, ʪʨʠʥʠʪʨʦʙʝʥʟʦʣ), ʥʦ ʯʘʱʝ ʚʩʝʛʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʤʝʩʠ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʥʫʪʴ 

ʪʨʝʙʫʝʤʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ, 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. ʊʘʢ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ɺɺ ʚ 

ʙʦʝʧʨʠʧʘʩʘʭ ʷʚʣʷʝʪʩʷ ʥʝ ʯʠʩʪʳʡ ʪʨʦʪʠʣ, ʘ ʝʛʦ ʩʤʝʩʠ ʩ ʘʤʤʠʘʯʥʦʡ 

ʩʝʣʠʪʨʦʡ (ʘʤʤʘʪʦʣʳ). ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʝʚʳʭ ɺɺ, ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʚʟʨʳʚʯʘʪʳʝ, ʪʘʢ ʠ ʥʝʚʟʨʳʚʯʘʪʳʝ ʩʦʝʜʠʥʝʥʠʷ. 
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ɹʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʤʝʩʝʚʳʝ ɺɺ, ʢʦʪʦʨʳʝ ʚ 

ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʦʙʳʯʥʦ ʩʦʜʝʨʞʘʪ ʩʦʣʠ, ʩʧʦʩʦʙʥʳʝ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 

ʚʳʜʝʣʷʪʴ ʢʠʩʣʦʨʦʜ (ʥʠʪʨʘʪʳ, ʨʝʞʝ ï ʧʝʨʭʣʦʨʘʪʳ). ɺ ʢʘʯʝʩʪʚʝ ʛʦʨʶʯʝʛʦ 

ʧʨʠʤʝʥʷʶʪ ʚʝʱʝʩʪʚʘ ï ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʧʨʦʜʫʢʪʳ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ, ʦʪʭʦʜʳ ʮʝʣʣʶʣʦʟʥʦʡ ʠ ʟʝʨʥʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ ʤʝʪʘʣʣʦʚ) ʠʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ɺɺ, 

ʚʳʜʝʣʷʶʱʠʝ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʛʦʨʶʯʠʝ ʛʘʟʳ CO, CH4, H2 ʠ ʩʘʞʫ (ʪʨʦʪʠʣ, 

ʜʠʥʠʪʨʦʥʘʬʪʘʣʠʥ).  

                                                                                                 ʊʘʙʣʠʮʘ 10 

ʂʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʜʝʪʦʥʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 

ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ 1,0 ʛ/ʩʤ
3 
ʠ ʨʘʟʤʝʨʘʭ ʯʘʩʪʠʮ 0,1 ï 0,2 ʤʤ 

 

ɺɺ ʂʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʜʝʪʦʥʘʮʠʠ, ʤʤ 

ʉʪʝʢʣʷʥʥʘʷ ʦʙʦʣʦʯʢʘ ɹʫʤʘʞʥʘʷ ʦʙʦʣʦʯʢʘ 

ɸʟʠʜ ʩʚʠʥʮʘ 0,01 ï 0,02 ï 

ʊʕʅ 1,0 ï 1,5 ï 

ɻʝʢʩʦʛʝʥ 1,0-1,5 4 

ʊʝʪʨʠʣ ï 7 

ʊʨʦʪʠʣ 8 ï 10 11 

ɸʤʤʦʥʠʪ ˉ 6 10 ï 12 12 

 

ɺʚʝʜʝʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʦʢʠʩʣʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʩʪʦʠʤʦʩʪʴ ɺɺ ʠ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʦʚʳʩʠʪʴ ʬʫʛʘʩʥʦʝ ʜʝʡʩʪʚʠʝ 

(ʙʨʠʟʘʥʪʥʦʩʪʴ ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʧʦʥʠʞʘʝʪʩʷ ʩʢʦʨʦʩʪʴ 

ʜʝʪʦʥʘʮʠʠ). ʉʦʩʪʘʚ ʪʘʢʠʭ ʩʤʝʩʝʡ ʦʙʳʯʥʦ ʧʦʜʙʠʨʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʢʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ ʙʣʠʟʢʠʡ ʢ ʥʫʣʶ, ʦʩʦʙʝʥʥʦ ʵʪʦ 

ʢʘʩʘʝʪʩʷ ɺɺ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ.  

ʉʤʝʩʠ ʚʝʱʝʩʪʚ (ʜʠʥʘʤʦʥʳ, ʘʤʤʦʥʠʪʳ) ʦʙʳʯʥʦ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ 

ʥʝʜʦʩʪʘʪʢʠ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚ ʩʤʝʩʠ (ʠʣʠ ʤʘʣʦʛʦ ʩʦʜʝʨʞʘʥʠʷ) 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ɺɺ, ʪʘʢʠʝ ʚʝʱʝʩʪʚʘ ʪʝʨʷʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʜʝʪʦʥʠʨʦʚʘʪʴ 

ʧʨʠ ʩʠʣʴʥʦʤ ʫʧʣʦʪʥʝʥʠʠ (ʚʳʰʝ 1,4 ʛ/ʩʤ
3
). ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʦʛʦ, 

ʯʪʦ ʚ ʩʤʝʩʝʚʳʭ ɺɺ, ʥʘʧʨʠʤʝʨ ʚ ʘʤʤʦʥʠʪʘʭ, ʧʨʝʚʨʘʱʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʦʪʝʢʘʝʪ ʥʝ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. ɹʦʣʝʝ ʘʢʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʤʦʛʫʪ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ ʙʳʩʪʨʝʝ ʜʨʫʛʠʭ. ʅʘ 

ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʣʠʷʝʪ 

ʜʘʚʣʝʥʠʝ, ʧʦʵʪʦʤʫ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʭʠʤʠʯʝʩʢʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʜʫʢʪʦʚ ʠʭ 

ʧʨʝʚʨʘʱʝʥʠʷ ʩʤʝʱʘʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. ʇʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʭʠʤʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ ʠ ʩʥʠʞʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ.  

ʇʨʠ ʩʠʣʴʥʦʤ ʫʧʣʦʪʥʝʥʠʠ ʘʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ ʤʦʞʝʪ ʚʝʩʪʠ ʩʝʙʷ ʚ 

ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʝ ʢʘʢ ʠʥʝʨʪʥʦʝ ʚʝʱʝʩʪʚʦ ʠ, ʧʦʛʣʦʱʘʷ ʵʥʝʨʛʠʶ, 

ʩʜʝʣʘʪʴ ʩʤʝʩʴ ʥʝʩʧʦʩʦʙʥʦʡ ʢ ʜʝʪʦʥʘʮʠʠ. 
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ʂʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʜʝʪʦʥʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ɺɺ 

 

  ɺɺ ʂʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ, ʤʤ  

ʊʕʅ ʧʨʝʩʩʦʚʘʥʥʳʡ 2,0 ï 3,2 

ʊʕʅ (1,0 ʛ/ʩʤ3) 0,7 ï 0,86 

ʅʠʪʨʦʛʣʠʮʝʨʠʥ ʧʨʠ t = 20 Áʉ 2,5 

ʅʠʪʨʦʛʣʠʮʝʨʠʥ ʧʨʠ t = 80 Áʉ 1,0 

ɻʝʢʩʦʛʝʥ 2,5 ï 4,4 

ʊʝʪʨʠʣ 5,0 ï 7,0 

ʇʠʢʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 7,0ï 9,0 

ʊʨʦʪʠʣ (ʧʨʝʩʩʦʚʘʥʥʳʡ) 10,0 ï 12,0 

ʊʨʦʪʠʣ (ʣʠʪʦʡ) 31 ï 33 

ʊʨʦʪʠʣ ʧʨʠ t = 260 Áʉ 6,0 

ʊʨʦʪʠʣ ʧʨʠ ʧʣʘʚʣʝʥʠʠ 50 ï 60 

ʇʝʨʭʣʦʨʘʪ ʘʤʤʦʥʠʷ 25 ï 30 

ʉʤʝʩʴ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʩ ʪʦʨʬʦʤ 

0,9 ʛ/ʩʤ3 

10 ï 12 

ʉʤʝʩʴ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʩ ʪʦʨʬʦʤ 

0,7 ʛ/ʩʤ3 

35,0 

ɸʤʤʦʥʠʪʳ 15 ï 30 

ʆʢʪʦʛʝʥ 4,0 

ɸʟʠʜ ʩʚʠʥʮʘ <10-2 

    

ʇʦʨʦʰʢʦʦʙʨʘʟʥʳʝ ʚʝʱʝʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴʶ, ʩʢʣʦʥʥʳ ʢ ʩʣʝʞʠʚʘʥʠʶ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʫʚʣʘʞʥʝʥʠʠ ʥʘ 1 % ʧʦʥʠʞʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʜʝʪʦʥʘʮʠʠ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʵʪʠ ʩʤʝʩʠ 

ʚʚʦʜʷʪ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʳ ï ʙʨʠʟʘʥʪʥʳʝ ɺɺ: ʊʕʅ, ʛʝʢʩʦʛʝʥ. ʇʨʠʤʝʥʷʶʪ 

ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ï ʙʦʣʝʝ ʪʦʥʢʦʝ 

ʠʟʤʝʣʴʯʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʣʫʯʰʝʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ 

ʛʦʨʶʯʠʤ ʠ ʦʢʠʩʣʠʪʝʣʝʤ. 

ɽʩʣʠ ʛʦʨʶʯʠʤ ʩʣʫʞʘʪ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ (ʘʣʶʤʠʥʠʡ), ʪʦ 

ʦʢʠʩʣʠʪʝʣʝʤ ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʚʝʱʝʩʪʚʘ ʩ ʘʢʪʠʚʥʳʤ ʢʠʩʣʦʨʦʜʦʤ, ʥʦ 

ʠ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʩʚʷʟʘʥʥʳʤ ʢʠʩʣʦʨʦʜʦʤ, ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʧʦʩʦʙʥʳʝ 

ʚʩʪʫʧʘʪʴ ʚ ʵʢʟʦʪʝʨʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʩ ʤʝʪʘʣʣʦʤ. ɸʣʶʤʠʥʠʡ 

ʦʢʠʩʣʷʝʪʩʷ ʜʦ Al2O3, ʚʦʜʦʨʦʜ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʘ CO2 ʧʝʨʝʭʦʜʠʪ ʚ CO. 

ʇʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʶʪ ʩʤʝʩʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ɺɺ ʩ 

ʤʝʪʘʣʣʘʤʠ.  

ɺʟʨʳʚʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ɺɺ, ʩʦʜʝʨʞʘʱʠʭ ʥʝʚʟʨʳʚʯʘʪʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʧʨʦʪʝʢʘʝʪ ʚ 2 ʩʪʘʜʠʠ: ʩʥʘʯʘʣʘ ʜʝʪʦʥʠʨʫʝʪ ʦʩʥʦʚʥʦʝ ɺɺ, ʟʘʪʝʤ ʩ 
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ʧʨʦʜʫʢʪʘʤʠ ʚʟʨʳʚʘ ʨʝʘʛʠʨʫʝʪ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʥʘʧʦʣʥʠʪʝʣʴ, ʫʚʝʣʠʯʠʚʘʷ 

ʵʥʝʨʛʠʶ ʚʟʨʳʚʘ ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʚʳʰʘʷ ʬʫʛʘʩʥʦʝ ʜʝʡʩʪʚʠʝ. 

ʀʟ ʩʤʝʩʝʚʳʭ ɺɺ ʚ ʙʦʝʧʨʠʧʘʩʘʭ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʫʜʦʙʥʳʝ ʚ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʠʪʴʝʚʳʝ ʩʤʝʩʠ ʠ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ 

ʪʨʦʪʠʣʘ (ʩʦʜʝʨʞʘʥʠʝ 30 %) ʩ ʚʝʱʝʩʪʚʘʤʠ (ʘʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ, ʛʝʢʩʦʛʝʥ, 

ʊʕʅ, ʜʠʥʠʪʨʦʥʘʬʪʘʣʠʥ) ʀʟ ʪʘʢʠʭ ɺɺ ʜʝʣʘʶʪ ʦʪʣʠʚʢʠ ʥʫʞʥʦʡ ʬʦʨʤʳ. 

ʇʨʠ ʚʟʨʳʚʝ ʩʤʝʩʝʡ ʠʟ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ɺɺ, ʢʘʞʜʳʡ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ 

ʨʘʟʣʘʛʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʩ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ.  

ʄʦʱʥʳʝ ʙʨʠʟʘʥʪʥʳʝ ɺɺ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩ ʜʦʙʘʚʢʦʡ 

ʬʣʝʛʤʘʪʠʟʘʪʦʨʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 4 ï 8 %. ʌʣʝʛʤʘʪʠʟʘʪʦʨʳ ï ʚʝʱʝʩʪʚʘ, 

ʚʚʦʜʠʤʳʝ ʜʣʷ ʩʥʠʞʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ɺɺ, ʫʚʝʣʠʯʝʥʠʷ 

ʚʦʜʦʩʪʦʡʢʦʩʪʠ, ʫʣʫʯʰʝʥʠʷ ʧʨʝʩʩʫʝʤʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ; ʜʣʷ ʵʪʠʭ 

ʮʝʣʝʡ ʧʨʠʤʝʥʷʶʪ ʧʘʨʘʬʠʥ, ʮʝʨʝʟʠʥ, ʚʘʟʝʣʠʥ, ʚʦʩʢ ʠ ʨʘʟʣʠʯʥʳʝ 

ʧʦʣʠʤʝʨʳ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʧʨʠʤʝʥʷʶʪ ʩʤʝʩʝʚʳʝ ɺɺ ʥʘ 

ʦʩʥʦʚʝ ʞʠʜʢʦʛʦ ʢʠʩʣʦʨʦʜʘ (ʦʢʩʠʣʠʢʚʠʪʳ), ʞʠʜʢʠʭ ʠ ʟʘʛʫʱʝʥʥʳʭ 

ʥʠʪʨʦʵʬʠʨʦʚ ʠ ʥʠʪʨʦʧʘʨʘʬʠʥʦʚ (ʜʠʥʘʤʠʪʳ, ʩʦʣʴʚʝʥʠʪʳ), ʩʦʣʝʡ 

ʛʠʜʨʘʟʠʥʘ (ʘʩʪʨʘʣʠʪʳ). 

ʆʩʦʙʘʷ ʛʨʫʧʧʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ɺɺ ï ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ 

(ʘʥʪʠʛʨʠʟʫʥʪʥʳʝ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʚ 

ʰʘʭʪʘʭ, ʦʧʘʩʥʳʭ ʧʦ ʛʘʟʫ ʠ ʧʳʣʠ. ʇʦʜʦʙʥʳʝ ʚʝʱʝʩʪʚʘ, ʧʦ ʩʦʩʪʘʚʫ 

ʩʭʦʜʥʳʝ ʩ ʘʤʤʦʥʠʪʘʤʠ, ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʧʣʘʤʝʛʘʩʠʪʝʣʠ ï 

ʭʣʦʨʠʜʳ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 12ï70 % (ʢʘʢ ʧʨʘʚʠʣʦ, 20 ï 25 %). 

ʇʣʘʤʝʛʘʩʠʪʝʣʴ, ʧʦʛʣʦʱʘʝʪ ʯʘʩʪʴ ʪʝʧʣʘ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʦʩʧʣʘʤʝʥʝʥʠʶ 

ʤʝʪʘʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʠʣʠ ʫʛʦʣʴʥʦʡ ʧʳʣʠ. ʇʣʘʤʝʛʘʩʠʪʝʣʴ ʣʠʙʦ 

ʚʚʦʜʷʪ ʚ ʩʤʝʩʴ ʟʘʨʘʥʝʝ ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ, ʣʠʙʦ ʦʥ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʚʟʨʳʚʝ ʚ 

ʘʢʪʠʚʥʦʤ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʥʠʪʨʘʪʦʤ 

ʢʘʣʠʷ ʠ ʭʣʦʨʠʜʦʤ ʘʤʤʦʥʠʷ. ʊʝʧʣʦʪʘ ʚʟʨʳʚʘ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ  ɺɺ 2,1 

ï 3,8 ʄɼʞ/ʢʛ, ʩʢʦʨʦʩʪʴ  ʜʝʪʦʥʘʮʠʠ  ʜʦʩʪʠʛʘʝʪ   4,5 ʢʤ/ʩ. 

 

Ä 4.4. ʂʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ 

 

ɺʘʞʥʝʡʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʠ ʨʝʘʢʮʠʡ ʠʭ 

ʚʟʨʳʚʯʘʪʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʘ ʢʠʩʣʦʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ 

(ʂɹ), ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʨʝʘʢʮʠʠ ʚʟʨʳʚʘ. ʊʦʣʴʢʦ ʥʘ 

ʦʩʥʦʚʝ ʫʤʝʥʠʷ ʦʮʝʥʠʪʴ ʵʪʠ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ, ʤʘʩʩʘ ʠ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ, ʛʝʦʤʝʪʨʠʷ ʝʛʦ ʟʘʢʣʘʜʢʠ) ʚʦʟʤʦʞʥʦ 

ʦʧʪʠʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʣʷʭ.  

ʂʠʩʣʦʨʦʜʥʳʤ ʙʘʣʘʥʩʦʤ ʥʘʟʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʥʦʝ ʚ ʧʨʦʮʝʥʪʘʭ 

ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʩʚʦʙʦʜʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʦʩʪʘʶʱʝʛʦʩʷ ʧʦʩʣʝ ʦʢʠʩʣʝʥʠʷ 

ʚʩʝʛʦ ʫʛʣʝʨʦʜʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ɺɺ, ʚ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʉʆ2, ʚʩʝʛʦ 
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ʚʦʜʦʨʦʜʘ ʚ H2O, ʚʩʝʭ ʤʝʪʘʣʣʦʚ ʚ ʚʳʩʰʠʝ ʦʢʩʠʜʳ ʢ ʤʘʩʩʝ ʚʟʷʪʦʛʦ ɺɺ. 

ɸʟʦʪ ʜʦʣʞʝʥ ʚʳʜʝʣʷʪʴʩʷ ʚ ʚʠʜʝ N2.  

ʌʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʢʠʩʣʦʨʦʜʥʳʤ ʙʘʣʘʥʩʦʤ ʠ 

ʚʟʨʳʚʯʘʪʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʪ, (ʪʘʙʣ. 12),  ʥʦ ʨʘʩʯʝʪ ʢʠʩʣʦʨʦʜʥʦʛʦ 

ʙʘʣʘʥʩʘ ʚʘʞʝʥ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ɺɺ.  

ɺʝʱʝʩʪʚʘ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʢʠʩʣʦʨʦʜʥʳʤ ʙʘʣʘʥʩʦʤ (ʩʝʣʠʪʨʘ, 

ʥʠʪʨʦʛʣʠʮʝʨʠʥ, ʦʢʠʩʣʠʪʝʣʠ) ʥʝʦʙʭʦʜʠʤʦ ʩʤʝʰʠʚʘʪʴ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ, 

ʠʤʝʶʱʠʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʢʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ 

ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʫʶʪ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʥʝ ʩʦʜʝʨʞʠʪʩʷ 

ʢʠʩʣʦʨʦʜʘ. ʇʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʢʠʩʣʦʨʦʜʥʦʤ ʙʘʣʘʥʩʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʨʳʚʘ ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʷʜʦʚʠʪʳʝ ʛʘʟʳ (ʉʆ), ʩʘʞʘ (ʉ), ʘ ʧʨʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ï ʦʢʩʠʜʳ ʘʟʦʪʘ. ʇʦʵʪʦʤʫ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʝʤʷʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ɺɺ ʪʘʢʦʛʦ ʩʦʩʪʘʚʘ, ʯʪʦʙʳ ʠʭ ʢʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ 

ʧʨʠʙʣʠʞʘʣʩʷ ʢ ʥʫʣʶ. ʂʠʩʣʦʨʦʜ ɺɺ ʨʘʩʭʦʜʫʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʥ ʠʜʸʪ ʥʘ ʦʢʠʩʣʝʥʠʝ ʤʝʪʘʣʣʦʚ, ʚʦʜʦʨʦʜʘ, ʩʝʨʳ ʚ 

ʜʠʦʢʩʠʜ, ʫʛʣʝʨʦʜʘ ʧʝʨʚʦʩʪʝʧʝʥʥʦ ʚ ʦʢʩʠʜ, ʜʘʣʝʝ ʚ ʜʠʦʢʩʠʜ. 

ʂʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʤʦʞʥʦ 

ʚʳʯʠʩʣʠʪʴ ʧʦ ʠʭ ʭʠʤʠʯʝʩʢʠʤ ʬʦʨʤʫʣʘʤ.  

ʊʘʙʣʠʮʘ 12 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ. ʋʜʝʣʴʥʳʡ ʚʝʩ 

 ʟʘʨʷʜʘ 1600 ʢʛ/ʤ
3 

1 ʇʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ 1000 ʢʛ/ʤ3. 2 ʇʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ 4100 ʢʛ/ʤ3. 3 79 % 

ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ, 21 % ʪʨʦʪʠʣʘ. 4 28 % ʥʠʪʨʦʛʣʠʮʝʨʠʥʘ, 57 % ʥʠʪʨʦʮʝʣʣʶʣʦʟʳ 

(ʢʦʣʣʦʢʩʠʣʠʥʘ), 11 % ʜʠʥʠʪʨʦʪʦʣʫʦʣʘ, 3 % ʮʝʥʪʨʘʣʠʪʘ, 1 % ʚʘʟʝʣʠʥʘ. 

 

ɽʩʣʠ ɺɺ ʩʦʜʝʨʞʠʪ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, ʚʦʜʦʨʦʜʘ ʠ ʘʟʦʪʘ ʠ ʝʛʦ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʟʦʙʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ CaHbNcOd, ʪʦ ʝʛʦ 

ʢʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ ʚʳʯʠʩʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ:  

 

  

ɺʟʨʳʚʯʘʪʳʝ 

ʚʝʱʝʩʪʚʘ 

 

ʂɹ, % 

ȹH 

ʤɼʞ/ʢʛ 

(ʢʢʘʣ/ʢʛ) 

V, ʤ3/ʢʛ, 

(ʣ/ʢʛ) 

ʉʢʦʨʦʩʪʴ 

ʜʝʪʦʥʘʮʠʠ, 

ʢʤ/ʩʝʢ 

ʊʨʦʪʠʣ ï74,0 4,2 (1000) 0,75 (750) 7,0 

ʊʝʪʨʠʣ ï47,4 4,6 (1100) 0,74 (740) 7,6 

ɻʝʢʩʦʛʝʥ ï21,6 5,4 (1300) 0,89 (890) 8,1 

ʊʕʅ ï10,1 5,9 (1400) 0,79 (790) 7,8 

ʅʠʪʨʦʛʣʠʮʝʨʠʥ +3,5 6,3 (1500) 0,69 (690) 7,7 

ɸʤʦʥʠʪ ˉ 63 0 4,2 (1000) 0,89 (890) 51 

ʅʠʪʨʘʪ ʘʤʤʦʥʠʷ +20,0 1,6   (380) 0,98 (980) ~1,51 

ɸʟʠʜ ʩʚʠʥʮʘ ï 1,7   (400) 0,23 (230) 5,32 

ɹʘʣʣʠʩʪʠʪʥʳʡ 

ʧʦʨʦʭ4 

ï45 3,56 (860) 0,97 (970) 7,0 
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[ ](2 0,5 )
16 100%,

(12 14 16 )

d a b
ʂɹ

a b c d

- +
=

+ + +
 

 

ʟʜʝʩʴ a ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, b ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, d ï ʯʠʩʣʦ 

ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ ɺɺ,  ʟʥʘʤʝʥʘʪʝʣʴ ï ʵʪʦ ʤʘʩʩʘ ʤʦʣʷ ɺɺ, 

ʛ/ʤʦʣʴ.  

ɼʣʷ ʩʤʝʩʝʚʳʭ ɺɺ ʚʳʯʠʩʣʝʥʠʝ ʂɹ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʧʨʦʮʝʥʪʥʦʤʫ 

ʩʦʜʝʨʞʘʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʠ ʧʦ ʝʝ ʫʩʣʦʚʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ, 

ʠʣʠ ʧʦ ʚʝʣʠʯʠʥʝ ʢʠʩʣʦʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, 

ʧʨʠʚʦʜʠʤʦʛʦ ʚ ʩʧʨʘʚʦʯʥʠʢʘʭ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʢʨʦʤʝ ʘʪʦʤʦʚ 

ʚʦʜʦʨʦʜʘ, ʢʠʩʣʦʨʦʜʘ, ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʚ ʩʦʩʪʘʚ ɺɺ ʚʭʦʜʠʪ ʘʣʶʤʠʥʠʡ ʠ 

ʝʛʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʳʨʘʞʘʝʪʩʷ ʫʩʣʦʚʥʦʡ ʬʦʨʤʫʣʦʡ CaHbNcOdAl l, 

ʢʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ ɺɺ ʚʳʯʠʩʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ:  

 

[ ](2 0,5 1,5 )
16 100%

(12 14 16 27 )

d a b l
ʂɹ

a b c d l

- + +
=

+ + + +
 

 

ɿʜʝʩʴ  l ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʘʣʶʤʠʥʠʷ ʚ ʫʩʣʦʚʥʦʡ ʬʦʨʤʫʣʝ ɺɺ. 

ʂʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ ʩʤʝʩʝʚʳʭ ɺɺ ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʱʝ ʚʳʯʠʩʣʷʶʪ, ʦʪʥʦʩʷ 

ʢ ʦʜʥʦʤʫ ʢʠʣʦʛʨʘʤʤʫ ʩʤʝʩʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ ʠʤʝʝʪ 

ʚʠʜ:  

 

[ ](2 0,5 1,5 )
16 100%

1000

d a b l
ʂɹ

- + +
=  

 

ʇʨʠʤʝʨ 1. ɺʳʯʠʩʣʠʪʴ ʢʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ ʥʠʪʨʦʛʣʠʮʝʨʠʥʘ 

C3H5(ONO2)3.  

ʈʝʰʝʥʠʝ. ɺ ʤʦʣʝʢʫʣʝ ʥʠʪʨʦʛʣʠʮʝʨʠʥʘ ʯʠʩʣʦ ʘʪʦʤʦʚ: ʢʠʩʣʦʨʦʜʘ d = 

9, ʫʛʣʝʨʦʜʘ a = 3, ʘʟʦʪʘ  c = 3 ʠ ʚʦʜʦʨʦʜʘ b = 5. ʇʦʜʩʪʘʚʣʷʷ ʚ ʬʦʨʤʫʣʫ  

ʵʪʠ ʜʘʥʥʳʝ, ʧʨʦʚʝʜʝʤ ʨʘʩʯʝʪ ʢʠʩʣʦʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʥʠʪʨʦʛʣʠʮʝʨʠʥʘ: 

 

[ ](2 0,5 )
16 100%,

(12 14 16 )

d a b
ʂɹ

a b c d

- +
=

+ + +
 

 
[ ]9 (2 3 0,5 5)

16 100 3,52%.
(12 3 5 14 3 16 9)

ʂɹ
- +

= =
+ + +

 

 

ʅʠʪʨʦʛʣʠʮʝʨʠʥ ʦʙʣʘʜʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʢʠʩʣʦʨʦʜʥʳʤ ʙʘʣʘʥʩʦʤ, 

ʧʦʵʪʦʤʫ ʝʛʦ ʧʨʠʤʝʥʷʶʪ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʢʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ. 
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ʇʨʠʤʝʨ 2. ɺʳʯʠʩʣʠʪʴ ʢʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ ʪʨʠʥʠʪʨʦʪʦʣʫʦʣʘ 

(ʪʨʦʪʠʣʘ) C7H5(NO2)3. 

ʈʝʰʝʥʠʝ. ɺ ʤʦʣʝʢʫʣʝ ʪʨʠʥʠʪʨʦʪʦʣʫʦʣʘ ʯʠʩʣʦ ʘʪʦʤʦʚ: ʢʠʩʣʦʨʦʜʘ d 

= 6, ʫʛʣʝʨʦʜʘ a = 7, ʘʟʦʪʘ c = 3 ʠ ʚʦʜʦʨʦʜʘ b = 5. ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʜʘʥʥʳʝ 

ʚ ʬʦʨʤʫʣʫ, ʧʨʦʚʝʜʝʤ ʨʘʩʯʝʪ ʢʠʩʣʦʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ:         

 

[ ](2 0,5 )
16 100%,

(12 14 16 )

d a b
ʂɹ

a b c d

- +
=

+ + +

 

[ ]6 (2 7 0,5 5)
16 100 74%.

(12 7 5 14 3 16 6)
ʂɹ

- +
= =-

+ + +
 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʵʪʦʛʦ ʨʘʩʯʝʪʘ, ʪʨʠʥʠʪʨʦʪʦʣʫʦʣ ʠʤʝʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʢʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ.  

ʇʨʠʤʝʨ 3. ɺʳʯʠʩʣʠʪʴ ʢʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ 

(ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ) NH4NO3. 

ʈʝʰʝʥʠʝ. ɺ  ʤʦʣʝʢʫʣʝ  NH4NO3  ʯʠʩʣʦ  ʘʪʦʤʦʚ:  ʢʠʩʣʦʨʦʜʘ d = 3, 

ʫʛʣʝʨʦʜʘ a = 0, ʘʟʦʪʘ c = 2 ʠ ʚʦʜʦʨʦʜʘ b = 4. ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ ʜʣʷ 

ʨʘʩʯʝʪʘ, ʧʦʣʫʯʠʤ:  

 

[ ](2 0,5 )
16 100 %,

(12 14 16 )

d a b
ʂɹ

a b c d

- +
=

+ + +
 

[ ]3 (0 0,5 4)
16 100 20 %.

(4 14 2 16 3)
ʂɹ

- +
= =
+ +

 

 

ɸʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ.  

ʇʨʠʤʝʨ 4. ɺʳʯʠʩʣʠʪʴ ʢʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ ʘʤʤʦʥʘʣʘ. ɸʤʤʦʥʘʣ  

ʩʦʩʪʦʠʪ ʠʟ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ (80 %), ʪʨʦʪʠʣʘ C7H5(NO2)3 (15 %) ʠ 

ʘʣʶʤʠʥʠʷ (5 %). ʈʘʩʯʝʪ ʚʳʧʦʣʥʠʪʴ ʜʣʷ  ʤʘʩʩʳ ɺɺ, ʨʘʚʥʦʡ 1 ʢʛ.  

ʈʝʰʝʥʠʝ. ʇʝʨʚʳʡ ʩʧʦʩʦʙ ï ʧʦ ʫʩʣʦʚʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ 

ʩʤʝʩʠ. ɺ 1000 ʛ ɺɺ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ  ʩʦʜʝʨʞʠʪʩʷ 800 ʛ NH4NO3 (ʤʘʩʩʘ 

ʦʜʥʦʛʦ ʤʦʣʷ ʄ = 80), 150 ʛ ʪʨʦʪʠʣʘ (ʄ = 227) ʠ 50 ʛ ʘʣʶʤʠʥʠʷ. ʏʠʩʣʦ 

ʤʦʣʝʡ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 1 ʢʛ ʠʭ ʩʤʝʩʠ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩʦʩʪʘʚʣʷʝʪ: 

ʘʤʤʠʘʯʥʘʦʡ ʩʝʣʠʪʨʳ 800 / 80 = 10 ʤʦʣʴ, ʪʨʦʪʠʣʘ 150 / 227 = 0,66 ʤʦʣʴ, 

ʘʣʶʤʠʥʠʷ 50 / 27 = 1,85 ʤʦʣʴ, ʠʣʠ ʚ ʥʝʡ ʩʦʜʝʨʞʠʪʩʷ 10NH4NO3 + 

0,66C7H5(NO2)3 + 1,85Al.  

ɼʣʷ ʚʳʚʦʜʘ ʫʩʣʦʚʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʳ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʠʤʝʪʴ 

ʦʙʱʠʡ ʚʠʜ CaHbNcOdAl l, ʚʳʯʠʩʣʷʝʤ ʯʠʩʣʦ ʤʦʣʝʡ: 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ a = 0,66 Ĭ 7 =  4,62; 

ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ b = 10 Ĭ 4 + 0,66 Ĭ 5 = 43,3; 

ʘʪʦʤʦʚ ʘʟʦʪʘ ʩ = 10 Ĭ  2 + 0,66 Ĭ 3 = 21,98; 
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ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ d = 10 Ĭ 3 + 0,66 Ĭ 6 = 33,96; 

ʘʪʦʤʦʚ ʘʣʶʤʠʥʠʷ l = 1,85. 

ʋʩʣʦʚʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʚʝʱʝʩʪʚʘ ʠʤʝʝʪ ʚʠʜ 

C4,62H43,3N21,28O33,96Al 1,85, ʘ ʢʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ ɺɺ ʨʘʚʝʥ: 

  

                           [ ](2 0,5 1,5 )
16 100%,

1000

d a b l
ʂɹ

- + +
=  

[ ]33,96 (2 4,62 0,5 43,3 1,5 1,85)
16 100 0,47%.

1000
ʂɹ

- + +
= =  

 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ï ʧʦ ʚʝʣʠʯʠʥʝ ʢʠʩʣʦʨʦʜʥʦʛʦ 

ʙʘʣʘʥʩʘ ʠ ʜʦʣʝ ʤʘʩʩʳ (wi) ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʤʝʩʝʚʦʛʦ ɺɺ. ʌʦʨʤʫʣʘ 

ʜʣʷ ʨʘʩʯʝʪʘ ʢʠʩʣʦʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʚʠʜ: 

 

ʂɹ=ʂɹ1Ĭw1+ʂɹ2Ĭw2+...+ʂɹnĬwn. 

 

ʂʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ NH4NO3 ʨʘʚʝʥ +20 %, ʜʣʷ ʪʨʦʪʠʣʘ ʂɹ = ï74 

%, ʜʣʷ ʘʣʶʤʠʥʠʷ ʂɹ = ï (3 Ĭ 16) / (2 Ĭ 27) = ï88,9 %. ɼʣʷ  ʩʤʝʩʠ 

ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʂɹ = 0,8 Ĭ 20 + 0,15 Ĭ (ï74) + 0,05 Ĭ (ï88,9) = 0,47 %.  

ʇʨʠʤʝʨ 5. ʂʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʦʪʠʣʘ (ʂɹ = ï74 %) ʩʣʝʜʫʝʪ 

ʜʦʙʘʚʠʪʴ ʢ 1 ʢʛ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ (ʂɹ = 20 %), ʯʪʦʙʳ ʢʠʩʣʦʨʦʜʥʳʡ 

ʙʘʣʘʥʩ ʩʤʝʩʠ ʙʳʣ ʨʘʚʝʥ ʥʫʣʶ?  

ʈʝʰʝʥʠʝ. ʆʙʦʟʥʘʯʠʚ ʠʩʢʦʤʫʶ ʤʘʩʩʫ ʪʨʦʪʠʣʘ ʟʘ x, ʠʩʧʦʣʴʟʫʷ 

ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʙʘʣʘʥʩʘ, ʧʦʣʫʯʠʤ ʨʘʩʯʝʪʥʫʶ ʬʦʨʤʫʣʫ ʧʨʠ ʫʩʣʦʚʠʠ 

ʨʘʚʝʥʩʪʚʘ ʂɹ = 0:  

 
74 1000

20 0.
1000 1000

x

x x

-
+ =

+ +
 

 

ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʝ, ʦʧʨʝʜʝʣʠʤ x = 270,3 ʛ.  

 

Ä 4.5. ʊʝʧʣʦʪʳ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 

 

ʈʘʩʯʝʪ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʨʝʘʢʮʠʡ ʚʟʨʳʚʘ ʧʨʦʠʟʚʦʜʷʪ ʥʘ ʦʩʥʦʚʝ 

ʧʝʨʚʦʛʦ ʥʘʯʘʣʘ (ʟʘʢʦʥʘ) ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʟʘʢʦʥʘ ɻʝʩʩʘ. ʉʦʛʣʘʩʥʦ 

ʧʝʨʚʦʤʫ ʥʘʯʘʣʫ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʚʩʷ ʪʝʧʣʦʪʘ, ʩʦʦʙʱʝʥʥʘʷ ʩʠʩʪʝʤʝ, 

ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʥʘ 

ʩʦʚʝʨʰʝʥʠʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʦʡ:  

 

,Q dU Ad d= +
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ʛʜʝ U ï ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ; ɸ ï ʨʘʙʦʪʘ. 

ɼʣʷ ʩʣʫʯʘʷ ʠʟʦʙʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʜʘʚʣʝʥʠʷ ʈ = 

const) ʵʪʦ ʫʨʘʚʥʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʚʟʨʳʚʘ 

QP, ʧʨʠʤʝʪ ʚʠʜ: dQP = dU + PdV = d(U + PV) ʠʣʠ dQP = dʅ, ʛʜʝ 

ʚʝʣʠʯʠʥʘ ʅ = U + PV ʥʘʟʳʚʘʝʪʩʷ ʵʥʪʘʣʴʧʠʝʡ. ʕʥʪʘʣʴʧʠʷ ʷʚʣʷʝʪʩʷ 

ʬʫʥʢʮʠʝʡ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʩʣʫʯʘʝ 

ʠʟʦʭʦʨʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʦʙʲʸʤʘ V = const) ʪʝʧʣʦʚʦʡ 

ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʚʟʨʳʚʘ ʨʘʚʝʥ: 

  

,
n

i

Q U nRT=D - Dä
 

ʛʜʝ ȹn ï ʨʘʟʥʦʩʪʴ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʛʘʟʦʚʳʭ 

ʢʦʤʧʦʥʝʥʪʘʭ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʘʢʮʠʠ ʚʟʨʳʚʘ; R = 8,31 ɼʞ / (ʤʦʣʴĀʂ) ï 

ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ; T ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ. 

ɼʣʷ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʧʨʠ 

ʧʦʩʪʦʷʥʩʪʚʝ ʪʝʤʧʝʨʘʪʫʨʳ ʊ = const), ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʚʳʯʠʩʣʷʶʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ɻʝʩʩʘ:  

 

,i i j j

i j

H n H n HD = D - Dä ä
 

 

ʛʜʝ ȹH ï ʩʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʠ 

ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ (i,j). ʕʪʠ ʚʝʣʠʯʠʥʳ ʙʝʨʫʪ ʠʟ  ʩʧʨʘʚʦʯʥʠʢʦʚ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ; n ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʨʝʘʢʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʨʦʤʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʟʥʘʢʦʚ 

ʩʫʱʝʩʪʚʫʝʪ ʪʝʨʤʦʭʠʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʟʥʘʢʦʚ ʪʝʧʣʦʪʳ ʠ ʨʘʙʦʪʳ. 

ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʝʡ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ Q ʧʨʦʪʠʚʦʧʦʣʦʞʝʥ ʧʦ ʟʥʘʢʫ 

ʠʟʤʝʥʝʥʠʶ ʵʥʪʘʣʴʧʠʡ ʨʝʘʢʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʚʝʣʠʯʠʥʘ 

ʠʟʤʝʥʝʥʠʷ ʵʥʪʘʣʴʧʠʡ ʨʝʘʢʮʠʠ ʦʪʨʠʮʘʪʝʣʴʥʘ, ʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ (+Q), ʠ, ʥʘʦʙʦʨʦʪ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʝʣʠʯʠʥʘ 

ʠʟʤʝʥʝʥʠʷ ʵʥʪʘʣʴʧʠʡ ʨʝʘʢʮʠʠ ʧʦʣʦʞʠʪʝʣʴʥʘ, ʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ 

ʪʝʧʣʦʧʦʛʣʦʱʝʥʠʝʤ (-Q).  

ʇʨʠʤʝʨ 1. ʈʘʩʩʯʠʪʘʪʴ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʚʟʨʳʚʯʘʪʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ 1 ʢʛ ʥʠʪʨʦʛʣʠʮʝʨʠʥʘ.  

ʈʝʰʝʥʠʝ. ɿʘʧʠʰʝʤ ʬʦʨʤʘʣʴʥʫʶ ʩʭʝʤʫ ʧʨʦʮʝʩʩʘ ʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʠʟ ʟʘʢʦʥʘ ɻʝʩʩʘ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʨʘʩʧʘʜ ʥʠʪʨʦʛʣʠʮʝʨʠʥʘ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʟʦʪʘ, ʢʠʩʣʦʨʦʜʘ, ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʚʦʜʳ: 

 

ʉ3ʅ5(ONO2)3 = 3CO2 + 2,5H2O + 1,5N2 + 0,25O2; 
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ȹH
0
298 = ï393,5 Ā 3 ï 241,8 Ā 2,5 + 0Ā1,5 + 0Ā0,25 ï (ï364,8Ā1) = 

= ï1420,2 ʢɼʞ/ʤʦʣʴ. 

 

ɿʜʝʩʴ ï393,5; ï241,8; ï364,8 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʧʣʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ 

ʉʆ2, H2O, ʉ3ʅ5(ONO2)3, ʢɼʞ/ʤʦʣʴ. ɺ 1 ʢʛ ɺɺ ʩʦʩʪʘʚʘ ʉ3ʅ5(ONO2)3 

ʩʦʜʝʨʞʠʪʩʷ ʩʣʝʜʫʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʴ ʚʝʱʝʩʪʚʘ ï 4,41. ʊʝʧʣʦʪʘ 

ʚʟʨʳʚʘ ʨʘʚʥʘ: 

 

Q = ï (ï1420,2) ʢɼʞ/ʤʦʣʴ
.
4,41 ʤʦʣʴ/ʢʛ = 6263,1 ʢɼʞ/ʢʛ. 

 

ʇʨʠʤʝʨ 2. ʈʘʩʩʯʠʪʘʪʴ ʪʝʧʣʦʪʫ, ʚʳʜʝʣʷʝʤʫʶ ʧʨʠ ʩʛʦʨʘʥʠʠ 1 ʢʛ 

ʯʝʨʥʦʛʦ ʧʦʨʦʭʘ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʈʝʰʝʥʠʝ. ɺʟʨʳʚʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʯʝʨʥʦʛʦ ʧʦʨʦʭʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʘʣʴʥʦʡ ʩʭʝʤʦʡ: 

 

2KNO3 + 3C + S = N2 + 3CO2 + K2S. 

 

ʇʨʦʚʝʜʝʤ ʨʘʩʯʝʪ ʵʥʪʘʣʴʧʠʠ ʧʨʦʮʝʩʩʘ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ 

ʩʣʝʜʩʪʚʠʝʤ ʠʟ ʟʘʢʦʥʘ ɻʝʩʩʘ: 

 

ȹH
0
298 =  ï393,5Ā3  ï  428,4 + 493,2

.
2 =  ï622,5 ʢɼʞ. 

 

ɿʜʝʩʴ ï393,5; ï428,4; ï493,2 ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ  

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ CO2, K2S, KNO3, ʢɼʞ/ʤʦʣʴ.  

ʋʩʣʦʚʥʘʷ  ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʧʦʨʦʭʘ ʨʘʚʥʘ 270,2 ʛ/ʤʦʣʴ, ʧʦʵʪʦʤʫ ʚ 1 

ʢʛ ʩʦʜʝʨʞʠʪʩʷ 1000/270,2 = 3,7 ʤʦʣʴ ʧʦʨʦʭʘ. ʇʨʠ ʩʛʦʨʘʥʠʠ 1 ʢʛ ʯʝʨʥʦʛʦ 

ʧʦʨʦʭʘ ʚʳʜʝʣʷʝʪʩʷ ʪʝʧʣʦʪʳ Q = ïȹH
0
298 = 622,5 

.
 3,7 = 2303,25 ʢɼʞ.  

 

Ä 4.6. ʂʫʤʫʣʷʪʠʚʥʳʝ ʟʘʨʷʜʳ 

 

ɺ 30 ï 40-ʭ ʛʦʜʘʭ 20 ʚʝʢʘ ʫʯʝʥʳʝ ʩʪʘʣʠ ʠʟʫʯʘʪʴ ʦʩʦʙʫʶ ʬʦʨʤʫ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʟʨʳʚʘ, ʚʦʟʥʠʢʘʶʱʫʶ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʫʤʫʣʷʮʠʠ. ɼʦ 

ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ʵʪʦ ʷʚʣʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʢʘʢ 

ʥʝʦʙʳʯʥʦʝ ʠ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʥʝʜʦʦʮʝʥʠʚʘʣʠ. ɺʦ ʚʨʝʤʷ 

ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ʫʯʝʥʳʝ ʦʙʨʘʪʠʣʠʩʴ ʢ ʵʪʦʤʫ ʷʚʣʝʥʠʶ, 

ʢʦʛʜʘ ʩʪʘʣʠ ʩʦʟʜʘʚʘʪʴ ʦʩʦʙʳʝ ʢʫʤʫʣʷʪʠʚʥʳʝ ʩʥʘʨʷʜʳ, ʙʦʤʙʳ ʜʣʷ 

ʙʦʨʴʙʳ ʩ ʪʘʥʢʘʤʠ. ʕʪʠ ʩʨʝʜʩʪʚʘ ʩ ʣʝʛʢʦʩʪʴʶ ʧʨʦʥʠʟʳʚʘʣʠ ʩʘʤʫʶ 

ʧʨʦʯʥʫʶ ʙʨʦʥʶ ʪʘʥʢʘ ʢʫʤʫʣʷʪʠʚʥʦʡ ʩʪʨʫʝʡ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʚʟʨʳʚʝ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʟʘʨʷʜʘ ʥʝʦʙʳʯʥʦ ʚʝʣʠʢʘ: 
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ʵʥʝʨʛʠʷ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʪʦʥʢʦʡ ʢʫʤʫʣʷʪʠʚʥʦʡ ʩʪʨʫʝ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʤʝʪʴ ʩʢʦʨʦʩʪʴ, ʧʨʝʚʳʰʘʶʱʫʶ ʥʝ ʪʦʣʴʢʦ  ʧʝʨʚʫʶ 

ʢʦʩʤʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ, ʨʘʚʥʫʶ 8 ʢʤ/ʩ, ʥʦ ʠ  ʚʪʦʨʫʶ ï 11,2 ʢʤ/ʩ. ʇʨʠ 

ʚʟʨʳʚʝ ʛʘʟʳ ʜʚʠʞʫʪʩʷ ʠʟ ʤʝʩʪʘ, ʛʜʝ ʠʭ ʜʘʚʣʝʥʠʝ ʙʦʣʴʰʝ, ʪʫʜʘ, ʛʜʝ 

ʜʘʚʣʝʥʠʝ ʤʝʥʴʰʝ. ʕʥʝʨʛʠʷ, ʚʳʜʝʣʝʥʥʘʷ ʧʨʠ ʚʟʨʳʚʝ, ʙʳʩʪʨʦ 

ʨʘʩʩʝʠʚʘʝʪʩʷ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʙʣʠʞʘʝʪʩʷ 

ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʅʘʧʨʘʚʣʝʥʥʦʝ ʜʝʡʩʪʚʠʝ ʚʟʨʳʚʘ ʚ 

ʮʝʣʦʤ ʥʝ ʠʟʤʝʥʷʝʪ ʵʪʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ.  

ʉ ʧʦʤʦʱʴʶ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚʟʨʳʚʘ ʩʦʟʜʘʝʪʩʷ  ʙʦʣʝʝ 

ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ, ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʛʦ ʨʝʟʫʣʴʪʘʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʟʘʨʷʜ ʩ ʚʳʝʤʢʦʡ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʦʨʤʳ. ʇʨʠ 

ʚʟʨʳʚʝ ʚʟʨʳʚʥʳʝ ʛʘʟʳ ʫʩʪʨʝʤʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʝʤʢʠ, ʢ ʝʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ. ʉʭʦʜʷʱʠʝʩʷ ʩʪʨʫʠ ʛʘʟʦʚ 

ʩʦʫʜʘʨʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʦʙʨʘʟʫʶʪ ʦʯʝʥʴ ʤʦʱʥʳʡ ʛʘʟʦʚʳʡ ʧʦʪʦʢ, 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʜʦʣʴ ʦʩʠ ʚʳʝʤʢʠ. ʕʪʦʪ ʧʦʪʦʢ ʥʘʟʳʚʘʝʪʩʷ ʢʫʤʫʣʷʪʠʚʥʦʡ 

ʩʪʨʫʝʡ, ʚʳʝʤʢʘ ʚ ʟʘʨʷʜʝ, ʚʳʟʳʚʘʶʱʘʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʦʡ ʩʪʨʫʠ, 

ʥʘʟʳʚʘʝʪʩʷ ʢʫʤʫʣʷʪʠʚʥʦʡ ʚʳʝʤʢʦʡ, ʘ ʚʩʝ ʷʚʣʝʥʠʝ ï ʢʫʤʫʣʷʮʠʝʡ, ʪ.ʝ. 

ʩʦʙʠʨʘʥʠʝʤ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ, ʧʦʚʳʰʝʥʠʝʤ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʅʘ ʨʠʩ. 11 ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʢʫʤʫʣʷʪʠʚʥʦʡ ʩʪʨʫʠ ʧʨʠ 

ʚʟʨʳʚʝ ʜʝʪʦʥʘʪʦʨʘ ʩ ʚʦʛʥʫʪʦʡ ʪʦʨʮʝʚʦʡ ʯʘʩʪʴʶ ï ʢʫʤʫʣʷʪʠʚʥʦʡ 

ʚʳʝʤʢʦʡ. ʏʝʨʝʟ 6 ʤʢʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʥʘ ʪʦʤ 

ʫʯʘʩʪʢʝ, ʛʜʝ ʢʦʥʯʘʝʪʩʷ ʜʝʪʦʥʠʨʫʶʱʠʡ ʰʥʫʨ, ʥʘʙʣʶʜʘʝʪʩʷ ʚʟʜʫʪʠʝ; 

ʯʝʨʝʟ 8 ʤʢʩ ʩʪʘʥʦʚʷʪʩʷ ʟʘʤʝʪʥʳ ʝʱʝ ʜʚʘ ʚʟʜʫʪʠʷ (ʚʳʰʝ ʧʝʨʚʦʛʦ), 

ʢʦʪʦʨʳʝ ʚʳʟʚʘʥʳ ʚʟʨʳʚʦʤ ʠʥʠʮʠʠʨʫʶʱʝʛʦ ʟʘʨʷʜʘ ʘʟʠʜʘ ʩʚʠʥʮʘ ʠ 

ʥʘʯʘʣʦʤ ʜʝʪʦʥʘʮʠʠ ʦʩʥʦʚʥʦʛʦ ʟʘʨʷʜʘ ʪʝʪʨʠʣʘ. ʏʝʨʝʟ 10 ʤʢʩ ʜʝʪʦʥʘʮʠʷ 

ʦʩʥʦʚʥʦʛʦ ʟʘʨʷʜʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʠ ʥʘ ʩʣʝʜʫʶʱʝʤ ʢʘʜʨʝ (15 ʤʢʩ) ʚʠʜʥʦ 

ʨʘʟʨʫʰʝʥʠʝ ʛʠʣʴʟʳ ʠ ʨʘʟʣʝʪ ʦʩʢʦʣʢʦʚ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

ʏʝʨʝʟ 15 ʤʢʩ ʧʦʩʣʝ ʧʦʜʨʳʚʘ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʘ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʷ, 

ʚʳʙʨʘʩʳʚʘʝʤʘʷ ʠʟ ʫʛʣʫʙʣʝʥʠʷ ʪʦʨʮʘ ʢʘʧʩʶʣʷ. ʇʨʠ ʚʟʨʳʚʝ ʢʘʧʩʶʣʷ ʩ 

ʚʦʛʥʫʪʳʤ ʜʥʦʤ ʩ ʪʦʨʮʘ ʛʠʣʴʟʳ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʫʷ ʤʝʪʘʣʣʘ ʛʠʣʴʟʳ ï 

ʩʣʝʜʩʪʚʠʝ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ. ʉʢʦʨʦʩʪʴ ʧʦʨʷʜʢʘ 3300 ʤ/ʩ, ʧʨʠ 

ʚʟʨʳʚʝ ʢʘʧʩʶʣʷ ʩ ʧʣʦʩʢʠʤ ʪʦʨʮʦʤ ʩʢʦʨʦʩʪʴ ʨʘʟʣʝʪʘ ʦʩʢʦʣʢʦʚ ʧʦ ʦʩʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3000 ʤ/ʩ. ʈʘʜʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʟʣʝʪʘ ʦʩʢʦʣʢʦʚ ʠ ʚ 

ʪʦʤ ʠ ʚ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʝʪ 2600 ʤ/ʩ.  

ɻʘʟʦʚʘʷ ʢʫʤʫʣʷʪʠʚʥʘʷ ʩʪʨʫʷ ʠʤʝʝʪ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ. 

ʉʢʦʨʦʩʪʴ ʝʝ ʜʚʠʞʝʥʠʷ ʟʘʤʝʪʥʦ ʚʳʰʝ ʩʢʦʨʦʩʪʠ ʨʘʩʰʠʨʝʥʠʷ ʚʟʨʳʚʥʳʭ 

ʛʘʟʦʚ. ɻʘʟʦʚʘʷ ʢʫʤʫʣʷʪʠʚʥʘʷ ʩʪʨʫʷ, ʝʜʚʘ ʫʩʧʝʚ ʦʙʨʘʟʦʚʘʪʴʩʷ, 

ʥʝʤʝʜʣʝʥʥʦ ʧʦʩʣʝ ʵʪʦʛʦ ʙʳʩʪʨʦ ʨʘʩʰʠʨʷʝʪʩʷ. ɽʝ ʧʣʦʪʥʦʩʪʴ, ʜʘʚʣʝʥʠʝ ʠ 

ʩʢʦʨʦʩʪʴ ʙʳʩʪʨʦ ʩʥʠʞʘʶʪʩʷ. ʇʦʵʪʦʤʫ ʢʫʤʫʣʷʮʠʷ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ ʤʦʞʝʪ 

ʩʯʠʪʘʪʴʩʷ ʥʘʠʙʦʣʝʝ ʷʨʢʠʤ ʠ ʩʠʣʴʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʧʦʚʳʰʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʥʝʨʛʠʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʟʨʳʚʘ. 
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ʈʠʩ. 11. ɺʟʨʳʚ ʜʝʪʦʥʘʪʦʨʘ ʩ ʚʦʛʥʫʪʦʡ ʪʦʨʮʝʚʦʡ ʯʘʩʪʴʶ 
 ʀʥʠʮʠʠʨʦʚʘʥʠʝ ʜʝʪʦʥʠʨʫʶʱʠʤ ʰʥʫʨʦʤ. ʎʠʬʨʳ ʧʦʜ ʢʘʜʨʘʤʠ ʧʦʢʘʟʳʚʘʶʪ ʚʨʝʤʷ ʚ 

ʤʠʢʨʦʩʝʢʫʥʜʘʭ ʧʦʩʣʝ ʟʘʤʳʢʘʥʠʷ ʮʝʧʠ ʧʦʜʨʳʚʘ (2, 6, 9, 15, 16, 38, 77, 96 ʤʢʩ) 

 

ʗʚʣʝʥʠʝ ʢʫʤʫʣʷʮʠʠ ʤʦʞʥʦ ʫʩʠʣʠʪʴ ʠ ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ, 

ʝʩʣʠ ʦʩʫʱʝʩʪʚʠʪʴ ʢʫʤʫʣʷʪʠʚʥʫʶ ʩʪʨʫʶ ʥʝ ʠʟ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ, ʘ ʠʟ 

ʤʝʪʘʣʣʘ. ʕʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʫʯʰʝ ʚʩʝʛʦ ʧʨʠ  ʥʘʣʠʯʠʠ ʚ ʟʘʨʷʜʝ 

ʢʦʥʠʯʝʩʢʦʡ  ʢʫʤʫʣʷʪʠʚʥʦʡ  ʚʳʝʤʢʠ. ɺʳʝʤʢʘ ʩʥʘʙʞʘʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʦʙʣʠʮʦʚʢʦʡ, ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɽʩʣʠ ʦʙʣʠʮʦʚʢʘ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʩʪʘʣʠ, ʪʦ ʝʝ ʪʦʣʱʠʥʘ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 

ʧʨʠʤʝʨʥʦ 1/30 ï 1/60 ʯʘʩʪʴ ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʷ ʢʫʤʫʣʷʪʠʚʥʦʡ ʚʳʝʤʢʠ 

ʇʨʠ ʚʟʨʳʚʝ ʤʝʪʘʣʣ ʦʙʣʠʮʦʚʢʠ ʩ ʪʘʢʦʡ ʩʠʣʦʡ ʩʞʠʤʘʝʪʩʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ, ʯʪʦ ʚʥʫʪʨʠ ʤʝʪʘʣʣʘ ʚʦʟʥʠʢʘʶʪ ʜʘʚʣʝʥʠʷ, 

ʠʟʤʝʨʷʝʤʳʝ ʤʠʣʣʠʦʥʘʤʠ ʘʪʤʦʩʬʝʨ. ʄʝʪʘʣʣ ʧʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʥʘʯʠʥʘʝʪ ʪʝʯʴ ʧʦʜʦʙʥʦ ʞʠʜʢʦʩʪʠ, ʧʦʪʦʤʫ ʯʪʦ ʜʘʚʣʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʝʚʦʩʭʦʜʠʪ ʚʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʣʶʙʦʛʦ ʩʘʤʦʛʦ ʧʨʦʯʥʦʛʦ 

ʤʝʪʘʣʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʠʟ ʩʞʠʤʘʶʱʝʡʩʷ ʤʘʩʩʳ ʤʝʪʘʣʣʘ 

ʚʳʧʣʝʩʢʠʚʘʝʪʩʷ ʧʦ ʦʩʠ ʚʳʝʤʢʠ ʪʦʥʢʘʷ ʩʪʨʫʷ ʤʝʪʘʣʣʘ, ʜʚʠʞʫʱʘʷʩʷ 

ʥʝʦʙʳʯʘʡʥʦ ʙʳʩʪʨʦ.  

ʈʘʩʯʝʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʢʫʤʫʣʷʮʠʠ, ʧʨʠʚʦʜʷʪ ʢ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ. ʉʢʦʨʦʩʪʴ ʢʫʤʫʣʷʪʠʚʥʦʡ 

ʩʪʨʫʠ u ʨʘʚʥʘ: 
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u = u0 ( 1/sinŬ ï 1 / tgŬ ), 

 

ʛʜʝ Ŭ ï ʫʛʦʣ ʤʝʞʜʫ ʦʙʨʘʟʫʶʱʠʤʠ ʢʦʥʠʯʝʩʢʦʡ ʢʫʤʫʣʷʪʠʚʥʦʡ ʚʳʝʤʢʠ ʠ 

ʝʝ ʦʩʴʶ; u0 ï ʩʢʦʨʦʩʪʴ, ʩʦʦʙʱʘʝʤʘʷ ʚʟʨʳʚʥʳʤʠ ʛʘʟʘʤʠ ʤʝʪʘʣʣʫ 

ʦʙʣʠʮʦʚʢʠ ʢʫʤʫʣʷʪʠʚʥʦʡ ʚʳʝʤʢʠ. ɺʝʣʠʯʠʥʫ u0 ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʤ ʩʧʦʩʦʙʦʤ. ʆʙʦʟʥʘʯʠʤ ʪʦʣʱʠʥʫ ʦʙʣʠʮʦʚʢʠ d ʠ ʧʣʦʪʥʦʩʪʴ 

ʤʝʪʘʣʣʘ ʦʙʣʠʮʦʚʢʠ p. ʇʨʠʤʳʢʘʶʱʝʝ ʢ ʦʙʣʠʮʦʚʢʝ ʚʟʨʳʚʯʘʪʦʝ ʚʝʱʝʩʪʚʦ 

ʠʤʝʝʪ ʩʨʝʜʥʶʶ ʪʦʣʱʠʥʫ d1 ʠ ʧʣʦʪʥʦʩʪʴ ʨ1. Cʥʘʨʫʞʠ ʢʫʤʫʣʷʪʠʚʥʳʡ 

ʟʘʨʷʜ ʠʤʝʝʪ ʦʙʦʣʦʯʢʫ ʠʟ ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ ʠ ʪʦʡ ʞʝ ʪʦʣʱʠʥʳ, ʯʪʦ ʠ 

ʢʫʤʫʣʷʪʠʚʥʘʷ ʚʳʝʤʢʘ. ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʘ ʤʦʞʥʦ 

ʧʨʠʥʷʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʦʙʦʣʦʯʢʠ ʢʫʤʫʣʷʪʠʚʥʦʡ ʚʳʝʤʢʠ ʨʘʚʥʘ: 

 

u0 = 2 (Ug)
0,5

 
.
 1 / (1 + 2pd / d1 ʨ1)

0,5
. 

 

ʇʨʝʜʧʦʣʦʞʠʤ, ʟʘʨʷʜ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ ï ʪʨʦʪʠʣ, ʘ ʦʙʣʠʮʦʚʢʘ 

ʩʪʘʣʴʥʘʷ, ʪʦ 2 (Ug)
0,5

 = 4000 ʤ/ʩ. ɼʦʧʫʩʪʠʤ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʧʣʦʪʥʦʩʪʝʡ 

ʚʝʱʝʩʪʚ ʨʘʚʥʦ 5, ʦʪʥʦʰʝʥʠʝ ʪʦʣʱʠʥʳ ʦʙʣʠʮʦʚʢʠ ʢ ʪʦʣʱʠʥʝ ɺɺ ʨʘʚʥʦ 

0,1. ʇʨʦʚʝʜʝʤ  ʨʘʩʯʝʪ ʩʢʦʨʦʩʪʠ: u0 = 2300 ʤ/ʩ.  

ɽʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ  ʫʛʦʣ ʢʫʤʫʣʷʪʠʚʥʦʡ ʚʳʝʤʢʠ ʩʦʩʪʘʚʣʷʝʪ 15Á, sinŬ 

= 0,26; tgŬ = 0,27. ʊʦʛʜʘ, ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ, 

ʩʢʦʨʦʩʪʴ  ʢʫʤʫʣʷʪʠʚʥʦʡ ʩʪʨʫʠ u = 17 600 ʤ/ʩ = 17,6 ʢʤ/ʩ.  

ɼʝʣʘʷ ʚʳʝʤʢʠ ʩ ʦʯʝʥʴ ʤʘʣʳʤʠ ʫʛʣʘʤʠ, ʚʳʧʫʩʢʘʷ ʢʫʤʫʣʷʪʠʚʥʫʶ 

ʩʪʨʫʶ ʚ ʩʪʝʢʣʷʥʥʫʶ ʪʨʫʙʢʫ, ʚ ʢʦʪʦʨʦʡ ʥʝʪ ʚʦʟʜʫʭʘ, ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ 

ʩʢʦʨʦʩʪʠ ʩʪʨʫʠ ʜʦ 100 ʢʤ/ʩ.     

ɽʩʣʠ ʢʫʤʫʣʷʪʠʚʥʘʷ ʩʪʨʫʷ ʜʚʠʞʝʪʩʷ ʚ ʚʦʟʜʫʭʝ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʜʦʣʛʦ, ʪʦ ʦʥʘ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʨʫʰʘʝʪʩʷ ʠ ʩʛʦʨʘʝʪ ʚ ʚʦʟʜʫʭʝ ʧʦʜʦʙʥʦ 

ʪʦʤʫ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩ ʤʝʪʝʦʨʠʪʘʤʠ. ʋʩʪʦʡʯʠʚʳʝ ʩʪʨʫʠ ʚ ʚʦʟʜʫʭʝ  

ʥʘʙʣʶʜʘʶʪ ʧʨʠ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚ ʚ ʧʨʝʜʝʣʘʭ 5 ï 10 ʢʤ/ʩ. 

ʂʫʤʫʣʷʪʠʚʥʘʷ ʩʪʨʫʷ, ʫʜʘʨʷʷʩʴ ʦ ʧʨʝʛʨʘʜʫ, ʧʨʦʠʟʚʦʜʠʪ ʥʘ ʥʝʝ 

ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʦʝ ʜʘʚʣʝʥʠʝ  P: 

 

P = 0,25pu
2
 

                             

ʌʦʨʤʫʣʘ ʧʦʣʫʯʝʥʘ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʢʫʤʫʣʷʪʠʚʥʘʷ ʩʪʨʫʷ ʫʧʦʜʦʙʣʷʝʪʩʷ ʩʪʨʫʝ ʞʠʜʢʦʩʪʠ, ʘ ʧʨʝʛʨʘʜʘ ï 

ʩʣʦʶ ʞʠʜʢʦʩʪʠ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʨʝʛʨʘʜʘ ʩʪʘʣʴʥʘʷ. ʊʦʛʜʘ p =780 ʄ/ʤ
3
. ɿʜʝʩʴ 780 

ï ʪʝʭʥʠʯʝʩʢʘʷ ʤʘʩʩʘ (ʝʜʠʥʠʮʘ ʪʝʭʥʠʯʝʩʢʦʡ ʤʘʩʩʳ ʨʘʚʥʘ 9,8 ʢʛ). ʇʨʠ 

ʩʢʦʨʦʩʪʠ 10000 ʤ/ʩ ʜʘʚʣʝʥʠʝ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 2000000 ʢʛ/ʩʤ
2
. 

ʇʨʠ ʜʘʚʣʝʥʠʠ ʚ ʤʠʣʣʠʦʥ ʢʠʣʦʛʨʘʤʤʦʚ ʥʘ ʢʚʘʜʨʘʪʥʳʡ ʩʘʥʪʠʤʝʪʨ 

ʤʝʪʘʣʣ ʩʪʘʥʦʚʠʪʩʷ ʧʦʜʚʠʞʥʳʤ, ʢʘʢ ʞʠʜʢʦʩʪʴ, ʠ ʢʫʤʫʣʷʪʠʚʥʘʷ ʩʪʨʫʷ 
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ʧʨʦʙʠʚʘʝʪ ʚ ʥʝʤ ʦʪʚʝʨʩʪʠʝ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʛʦ ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ ʙʦʣʴʰʝ 

ʜʠʘʤʝʪʨʘ ʢʫʤʫʣʷʪʠʚʥʦʡ ʩʪʨʫʠ. 

ʊʦʣʱʠʥʘ ʧʨʦʙʠʚʘʝʤʦʛʦ ʩʣʦʷ  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʝʦʨʠʝʡ (ʬʦʨʤʫʣʘ ʃʘʚʨʝʥʪʴʝʚʘ-ʊʝʡʣʦʨʘ) ʨʘʚʥʘ: 

 

ɺ = L(p1 / p2), 

 

ʛʜʝ p1 / p2 ʦʪʥʦʰʝʥʠʝ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʪʨʫʠ ʢ  ʧʣʦʪʥʦʩʪʠ ʧʨʝʛʨʘʜʳ. 

ɼʣʠʥʘ ʢʫʤʫʣʷʪʠʚʥʦʡ ʩʪʨʫʠ L ʜʦʣʞʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʚʥʷʪʴʩʷ 

ʜʣʠʥʝ ʦʙʨʘʟʫʶʱʝʡ ʢʫʤʫʣʷʪʠʚʥʦʡ ʚʳʝʤʢʠ. ʌʘʢʪʠʯʝʩʢʠ ʦʥʘ ʦʢʘʟʳʚʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʧʨʠ 

ʧʦʣʝʪʝ ʢʫʤʫʣʷʪʠʚʥʦʡ ʩʪʨʫʠ ʝʝ ʛʦʣʦʚʥʘʷ ʯʘʩʪʴ ʠʤʝʝʪ ʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ, ʯʝʤ ʝʝ ʭʚʦʩʪʦʚʘʷ. ʇʦʵʪʦʤʫ ʩʪʨʫʷ ʚ ʧʦʣʝʪʝ 

ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʠ ʝʝ ʧʨʦʙʠʚʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʝʪ. 

ʆʙʳʯʥʦ ʢʫʤʫʣʷʪʠʚʥʘʷ ʩʪʨʫʷ ʜʦʩʪʠʛʘʝʪ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʧʨʦʙʠʚʥʦʡ ʩʠʣʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʟʘʨʷʜʘ, ʨʘʚʥʦʤ ʧʨʠʤʝʨʥʦ ʜʚʫʤ 

ʜʠʘʤʝʪʨʘʤ ʦʪʚʝʨʩʪʠʷ ʢʫʤʫʣʷʪʠʚʥʦʡ ʚʳʝʤʢʠ. ʇʨʠ ʵʪʦʤ ʩʪʨʫʷ ʩʧʦʩʦʙʥʘ 

ʧʨʦʙʠʪʴ ʩʪʘʣʴʥʫʶ ʙʨʦʥʶ, ʚ 3 ʨʘʟʘ ʠ ʙʦʣʝʝ ʧʨʝʚʦʩʭʦʜʷʱʫʶ ʧʦ ʪʦʣʱʠʥʝ 

ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ ʢʫʤʫʣʷʪʠʚʥʦʡ ʚʳʝʤʢʠ. ʅʘ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʟʘʨʷʜʘ ʩʪʨʫʷ ʥʘʯʠʥʘʝʪ ʨʘʟʨʫʰʘʪʴʩʷ ʠ ʙʳʩʪʨʦ ʪʝʨʷʝʪ 

ʩʚʦʶ ʧʨʦʙʠʚʥʫʶ ʩʠʣʫ. 

ɽʩʣʠ ʚʳʝʤʢʘ ʠʤʝʝʪ ʥʝʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ, ʪʦ ʧʨʠ ʚʟʨʳʚʝ ʦʙʨʘʟʫʝʪʩʷ 

ʢʦʨʦʪʢʘʷ ʢʫʤʫʣʷʪʠʚʥʘʷ ʩʪʨʫʷ, ʜʚʠʞʫʱʘʷʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦ. ʆʥʘ 

ʧʨʦʙʠʚʘʝʪ ʥʝʙʦʣʴʰʠʝ ʧʦ ʪʦʣʱʠʥʝ ʧʨʝʛʨʘʜʳ. ʈʘʟʨʫʰʝʥʠʝ ʩʪʨʫʠ ʚ ʧʦʣʝʪʝ 

ʧʨʦʪʝʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʝʝ ʠ ʩʪʨʫʷ ʩʦʭʨʘʥʷʝʪ ʧʨʦʙʠʚʥʦʝ 

ʜʝʡʩʪʚʠʝ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ, ʚ ʩʦʪʥʠ ʨʘʟ ʧʨʝʚʳʰʘʶʱʠʭ ʜʠʘʤʝʪʨ 

ʢʫʤʫʣʷʪʠʚʥʦʡ ʚʳʝʤʢʠ. 

ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʟʘʨʷʜʦʚ ʩ ʥʝʛʣʫʙʦʢʠʤʠ ʢʫʤʫʣʷʪʠʚʥʳʤʠ ʚʳʝʤʢʘʤʠ 

ʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʜʝʪʦʥʘʪʦʨʳ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ  ʜʝʪʦʥʘʪʦʨʳ ʚ   

ʤʝʪʘʣʣʠʯʝʩʢʠʭ  ʦʙʦʣʦʯʢʘʭ  ʩ ʫʛʣʫʙʣʝʥʠʝʤ  ʚ ʪʦʨʮʦʚʦʡ  ʯʘʩʪʠ. ʇʨʠ 

ʚʟʨʳʚʝ ʫʢʘʟʘʥʥʳʭ ʜʝʪʦʥʘʪʦʨʦʚ ʚʦʟʥʠʢʘʶʪ ʥʝʙʦʣʴʰʠʝ ʢʫʤʫʣʷʪʠʚʥʳʝ 

ʩʪʨʫʠ, ʠʤʝʶʱʠʝ ʬʦʨʤʫ ʢʫʩʦʯʢʦʚ ʤʝʪʘʣʣʘ ʨʘʟʤʝʨʦʤ 1 ï 2 ʤʤ. ɽʩʣʠ 

ʦʙʦʣʦʯʢʘ ʜʝʪʦʥʘʪʦʨʘ ʤʝʜʥʘʷ, ʪʦ ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʝʛʦ ʚʟʨʳʚʝ 

ʢʫʤʫʣʷʪʠʚʥʘʷ ʩʪʨʫʷ ʩʦʭʨʘʥʷʝʪ ʩʠʣʴʥʦʝ ʧʨʦʙʠʚʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʜʦ 5 ʤ. ɺ ʛʨʘʞʜʘʥʩʢʦʡ ʚʟʨʳʚʥʦʡ ʪʝʭʥʠʢʝ ʢʫʤʫʣʷʪʠʚʥʳʝ 

ʟʘʨʷʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʝʜʢʦ. ʀʭ ʤʦʱʥʦʝ ʧʨʦʙʠʚʥʦʝ 

ʜʝʡʩʪʚʠʝ ʥʝ ʥʘʰʣʦ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʅʝʩʦʤʥʝʥʥʦ, ʯʪʦ ʢʫʤʫʣʷʪʠʚʥʳʝ ʟʘʨʷʜʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤʠ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ. ʇʨʠ ʧʦʤʦʱʠ ʢʫʤʫʣʷʪʠʚʥʳʭ ʟʘʨʷʜʦʚ, ʚʟʨʳʚʘʝʤʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʦʞʥʦ ʧʨʦʙʠʚʘʪʴ ʰʧʫʨʳ ʚ ʩʘʤʳʭ 

ʧʨʦʯʥʳʭ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜʘʭ. ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʚʟʨʳʚʘ 

ʨʘʩʯʠʱʘʪʴ ʦʙʨʘʟʫʶʱʠʡʩʷ ʰʧʫʨ ʦʪ ʤʝʣʢʦʨʘʟʜʨʦʙʣʝʥʥʦʡ ʧʦʨʦʜʳ, ʯʪʦʙʳ 
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ʩʣʝʜʫʶʱʠʡ ʚʟʨʳʚ ʜʝʡʩʪʚʦʚʘʣ ʛʣʫʙʞʝ ʥʘ ʥʝ ʨʘʟʨʫʰʝʥʥʫʶ ʩʢʘʣʫ. ʇʨʠ 

ʧʦʤʦʱʠ ʢʫʤʫʣʷʪʠʚʥʳʭ ʟʘʨʷʜʦʚ ʤʦʞʥʦ ʪʘʢʞʝ ʧʨʦʙʠʚʘʪʴ ʦʪʚʝʨʩʪʠʷ ʚ 

ʩʪʘʣʴʥʳʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪʘʭ ʠ ʜʨʦʙʠʪʴ ʢʨʫʧʥʳʝ ʢʘʤʥʠ ʠʟ 

ʪʚʝʨʜʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷʭ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʚʦʝʦʙʨʘʟʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʢʫʤʫʣʷʮʠʠ. ɺ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʥʘʙʣʶʜʘʶʪ ʩʢʦʧʣʝʥʠʷ ʟʚʝʟʜ, ʥʘʟʳʚʘʝʤʳʝ ʛʘʣʘʢʪʠʢʘʤʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ 

ʵʪʠʭ ʛʘʣʘʢʪʠʢ ʠʩʧʫʩʢʘʶʪ ʤʦʱʥʳʝ ʨʘʜʠʦʚʦʣʥʳ. ʀʭ ʥʘʟʳʚʘʶʪ 

ʨʘʜʠʦʛʘʣʘʢʪʠʢʘʤʠ. ɹʣʠʞʘʡʰʝʡ ʢ ʥʘʤ ʨʘʜʠʦʛʘʣʘʢʪʠʢʦʡ ʷʚʣʷʝʪʩʷ 

ʛʘʣʘʢʪʠʢʘ, ʦʙʦʟʥʘʯʝʥʥʘʷ ʘʩʪʨʦʥʦʤʘʤʠ ʄ82. ʀʟ ʥʝʝ ʚʳʙʨʦʰʝʥ ʨʷʜ 

ʚʦʜʦʨʦʜʥʳʭ ʩʪʨʫʡ (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 1,5 ʤʠʣʣʠʦʥʘ ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ). 

ɻʦʣʦʚʥʳʝ ʯʘʩʪʠ ʵʪʠʭ ʩʪʨʫʡ ʠʤʝʶʪ ʩʢʦʨʦʩʪʴ, ʜʦʭʦʜʷʱʫʶ ʜʦ 3000 ʢʤ/ʩ. 

ʇʦʭʦʞʠʝ ʩʪʨʫʠ ʥʘʙʣʶʜʘʶʪ ʚ ʜʨʫʛʠʭ ʨʘʜʠʦʛʘʣʘʢʪʠʢʘʭ (ʄ87, ɿʉ48, 

ɿʉ273, ɿʉ275, ʅɻʂ4651). ʋ ʧʦʩʣʝʜʥʝʡ ʛʘʣʘʢʪʠʢʠ ʅɻʂ4651 ʥʘʙʣʶʜʘʶʪ 

ʜʚʝ ʩʪʨʫʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ ʠ ʠʤʝʶʱʠʝ 

ʜʣʠʥʫ ʦʢʦʣʦ 50000 ʩʚʝʪʦʚʳʭ ʣʝʪ. 

ʅʝ ʚʳʧʦʣʥʷʷ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʵʪʠʭ ʷʚʣʝʥʠʡ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚʳʙʨʦʩʳ ʥʘʧʨʘʚʣʝʥʥʳʭ ʛʘʟʦʚʳʭ ʩʪʨʫʡ ʚ ʜʘʣʴʥʝʤ ʢʦʩʤʦʩʝ ʤʦʞʥʦ ʪʘʢʞʝ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʚʟʨʳʚʘ.  

ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʚʟʨʳʚʘ 

ʚ ʪʝʭʥʠʢʝ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʣ ʩʧʦʩʦʙ ʩʚʘʨʢʠ ʤʝʪʘʣʣʦʚ ʠ ʜʨʫʛʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʧʦʤʦʱʠ ʢʫʤʫʣʷʮʠʠ. ʉʚʘʨʢʘ ʤʝʪʦʜʦʤ ʢʫʤʫʣʷʪʠʚʥʦʛʦ 

ʚʟʨʳʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʩʧʦʩʦʙʦʤ (ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ 

ʢʫʤʫʣʷʪʠʚʥʘʷ ʩʚʘʨʢʘ, ʠʤʝʶʱʘʷ ʮʝʣʴʶ ʧʦʣʫʯʘʪʴ ʜʚʫʭʩʣʦʡʥʳʡ ʤʘʪʝʨʠʘʣ, 

ʥʘʧʨʠʤʝʨ, ʣʠʩʪʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ ʩʣʦʝʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ï 

ʦʙʳʯʥʦʡ ʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʘʣʶʤʠʥʠʷ ʠ ʤʝʜʠ, ʩʝʨʝʙʨʘ ʠ ʙʨʦʥʟʳ). 

ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʚʘʨʢʫ ʜʚʫʭ ʣʠʩʪʦʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʜʠʥ ʠʟ 

ʣʠʩʪʦʚ ʢʣʘʜʫʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʥʘ ʧʨʦʯʥʦʝ ʧʣʦʩʢʦʝ ʦʩʥʦʚʘʥʠʝ. ɺʪʦʨʦʡ 

ʣʠʩʪ ʧʦʜʚʝʰʠʚʘʶʪ ʥʘʜ ʥʠʤ ʩ ʥʝʙʦʣʴʰʠʤ ʥʘʢʣʦʥʦʤ ʠ ʧʦʚʝʨʭ ʵʪʦʛʦ 

ʚʪʦʨʦʛʦ ʣʠʩʪʘ ʧʦʤʝʱʘʶʪ ʥʝʙʦʣʴʰʦʡ ʩʣʦʡ ʤʦʱʥʦʛʦ ʚʟʨʳʚʯʘʪʦʛʦ 

ʚʝʱʝʩʪʚʘ. ʇʨʠ ʚʟʨʳʚʝ ʟʘʨʷʜʘ ʚʦʟʥʠʢʘʶʪ ʜʘʚʣʝʥʠʷ, ʧʨʝʚʦʩʭʦʜʷʱʠʝ 

ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʤʝʪʘʣʣʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʨʳʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʩʦʫʜʘʨʷʶʱʠʭʩʷ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʪʦʥʢʫʶ ʢʫʤʫʣʷʪʠʚʥʫʶ ʩʪʨʫʶ ʠ 

ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʙʠʩʩʝʢʪʨʠʩʳ ʫʛʣʘ, ʦʙʨʘʟʫʝʤʦʛʦ 

ʩʦʫʜʘʨʷʶʱʠʤʠʩʷ ʩʣʦʷʤʠ. ʈʘʟʣʠʯʥʳʝ ʜʝʬʝʢʪʳ ʠ ʟʘʛʨʷʟʥʝʥʠʷ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʨʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʜʘʣʷʶʪʩʷ, ʘ 

ʩʣʦʠ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʩʞʠʤʘʶʪʩʷ ʚʳʩʦʢʠʤʠ ʜʘʚʣʝʥʠʷʤʠ ʧʦ ʚʥʦʚʴ 

ʚʦʟʥʠʢʘʶʱʝʡ, ʩʦʚʝʨʰʝʥʥʦ ʯʠʩʪʦʡ ʠ ʩʚʦʙʦʜʥʦʡ ʦʪ ʜʝʬʝʢʪʦʚ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʆʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʘʢʠʤ ʧʫʪʝʤ ʤʦʛʫʪ ʙʳʪʴ ʩʦʝʜʠʥʝʥʳ 

ʙʳʩʪʨʦ ʠ ʥʘʜʝʞʥʦ ʪʘʢʠʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʜʘʶʪʩʷ ʜʨʫʛʠʤ 

ʩʧʦʩʦʙʘʤ ʩʚʘʨʢʠ ʠʣʠ ʩʧʘʡʢʠ. 
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ʇʨʠ ʩʚʘʨʢʝ ʚʟʨʳʚʦʤ ʢʫʤʫʣʷʪʠʚʥʘʷ ʩʪʨʫʷ ʫʥʦʩʠʪ ʧʦʚʝʨʭʥʦʩʪʥʳʡ 

ʩʣʦʡ ʩʚʘʨʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʊʦʣʱʠʥʘ ʵʪʦʛʦ ʩʣʦʷ ʥʝʚʝʣʠʢʘ ʠ ʤʦʞʝʪ 

ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʧʦʜʙʦʨʦʤ ʫʛʣʘ, ʧʦʜ ʢʦʪʦʨʳʤ ʩʦʫʜʘʨʷʶʪʩʷ ʩʚʘʨʠʚʘʝʤʳʝ 

ʣʠʩʪʳ ʤʘʪʝʨʠʘʣʘ. ɽʩʣʠ ʧʨʦʠʩʭʦʜʠʪ ʩʚʘʨʢʘ ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʧʣʦʪʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʦ ʪʦʣʱʠʥʘ ʫʥʦʩʠʤʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʝʪ ʩʣʝʜʫʶʱʫʶ ʜʦʣʶ d 

ʦʪ ʧʦʣʥʦʡ ʪʦʣʱʠʥʳ ʩʚʘʨʠʚʘʝʤʳʭ ʣʠʩʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʫʤʫʣʷʪʠʚʥʫʶ ʩʪʨʫʶ ʫʭʦʜʠʪ ʦʯʝʥʴ ʥʝʙʦʣʴʰʘʷ 

ʜʦʣʷ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʵʪʦʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʦʩʚʦʙʦʞʜʝʥʠʷ ʩʚʘʨʠʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪ ʜʝʬʝʢʪʦʚ ʠ ʟʘʛʨʷʟʥʝʥʠʡ. 

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢʫʤʫʣʷʮʠʠ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʜʝʪʦʥʠʨʫʶʱʠʡ ʰʥʫʨ ʥʦʚʦʛʦ ʪʠʧʘ, ʩʦʟʜʘʥʥʳʡ ʚ ʐʚʝʮʠʠ. 

ʆʩʥʦʚʥʘʷ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʵʪʦʪ ʰʥʫʨ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʦʣʫʶ ʧʣʘʩʪʤʘʩʩʦʚʫʶ ʪʨʫʙʢʫ, ʚʥʫʪʨʝʥʥʠʝ ʩʪʝʥʢʠ ʢʦʪʦʨʦʡ 

ʧʦʢʨʳʪʳ ʪʦʥʢʠʤ ʩʣʦʝʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʤʘʩʩʘ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ ʥʝʜʦʩʪʘʪʦʯʥʘ, 

ʯʪʦʙʳ ʧʝʨʝʜʘʚʘʪʴ ʫʩʪʦʡʯʠʚʫʶ ʚʦʣʥʫ ʜʝʪʦʥʘʮʠʠ. ʀʟ ʧʨʦʜʫʢʪʦʚ ʚʟʨʳʚʘ 

ʚʦʟʥʠʢʘʝʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʢʫʤʫʣʷʪʠʚʥʘʷ ʩʪʨʫʷ, ʢʦʪʦʨʘʷ 

ʠʥʠʮʠʠʨʫʝʪ ʚʟʨʳʚʯʘʪʦʝ ʚʝʱʝʩʪʚʦ  ʠ  ʧʝʨʝʜʘʝʪ ʜʘʣʴʰʝ ʚʦʣʥʫ ʜʝʪʦʥʘʮʠʠ. 

ɺʳʜʝʣʷʝʤʘʷ ʦʙʱʘʷ ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ ʥʝʟʥʘʯʠʪʝʣʴʥʘ, ʩʪʝʥʢʠ ʪʨʫʙʢʠ ʥʝ 

ʨʘʟʨʫʰʘʶʪʩʷ, ʨʘʟʨʫʰʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʝ ʧʝʨʝʜʘʝʪʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ.  

ʊʨʫʙʯʘʪʳʡ ʜʝʪʦʥʠʨʫʶʱʠʡ ʰʥʫʨ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʦʙʳʯʥʳʭ ʰʥʫʨʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʫʜʣʠʥʝʥʥʳʝ ʟʘʨʷʜʳ, ʩʧʦʩʦʙʥʳʝ ʧʨʠ 

ʩʚʦʝʡ ʜʝʪʦʥʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʴ ʚʦʢʨʫʛ ʩʝʙʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʨʫʰʝʥʠʷ, 

ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʡ ʩʚʦʝʡ ʟʘʜʘʯʠ ï ʧʝʨʝʜʘʪʴ ʜʝʪʦʥʘʮʠʦʥʥʳʡ ʠʤʧʫʣʴʩ ʚ 

ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ. 

 

Ä 4.7. ʈʘʩʯʝʪ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʟʨʳʚʝ  

ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ 

 

ʂʘʢʠʤ ʙʳ ʤʦʱʥʳʤ ʥʝ ʙʳʣ ʚʟʨʳʚ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʨʝʜʝ (ʚʦʟʜʫʭ, 

ʚʦʜʘ, ʛʦʨʥʘʷ ʧʦʨʦʜʘ), ʚʟʨʳʚʥʳʝ ʛʘʟʳ ʚ ʮʝʣʦʤ ʥʝ ʤʦʛʫʪ  

ʨʘʩʧʨʦʩʪʨʘʥʠʪʴʩʷ ʦʪ ʤʝʩʪʘ ʚʟʨʳʚʘ ʜʘʣʴʰʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʨʘʥʠʮʳ. ɺ 

ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʥʦʨʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʟʨʳʚʥʳʝ ʛʘʟʳ ʧʨʦʭʦʜʷʪ 

ʧʫʪʴ, ʚ ʩʨʝʜʥʝʤ ʪʦʣʴʢʦ ʚ 12 ʨʘʟ ʧʨʝʚʳʰʘʶʱʠʡ ʨʘʜʠʫʩ ʟʘʨʷʜʘ.  

ʆʪʜʝʣʴʥʳʝ ʛʘʟʦʚʳʝ ʩʪʨʫʠ ʧʨʦʨʳʚʘʶʪʩʷ ʚ 3 ï 4 ʨʘʟʘ ʜʘʣʴʰʝ, ʥʦ ʠ ʠʭ ʧʫʪʴ 

ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥ. ʈʘʟʨʫʰʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʚʟʨʳʚʘ, ʘ ʪʝʤ ʙʦʣʝʝ ʩʠʣʴʥʳʡ 

ʟʚʫʢ ʚʟʨʳʚʘ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʙʦʣʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ. ɽʱʝ ʜʘʣʴʰʝ ʧʝʨʝʜʘʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʠ ʪʘʢ ʧʣʘʚʥʦ, ʯʪʦ ʝʛʦ ʥʝ ʩʣʳʰʠʪ ʫʭʦ 

ʯʝʣʦʚʝʢʘ, ʥʦ ʦʪʣʠʯʥʦ ʚʦʩʧʨʠʥʠʤʘʶʪ ʧʨʦʩʪʝʡʰʠʝ ʧʨʠʙʦʨʳ. ʀʟʚʝʩʪʥʦ,   

ʥʘʧʨʠʤʝʨ, ʯʪʦ ʧʨʠ ʚʟʨʳʚʝ ʦʛʨʦʤʥʦʛʦ ʤʝʪʝʦʨʠʪʘ ʥʘʜ ʨʘʡʦʥʦʤ 

ʇʦʜʢʘʤʝʥʥʦʡ ʊʫʥʛʫʩʢʠ ʚ 1908 ʛ. ʚʦʣʥʘ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ 
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ʪʨʠʞʜʳ ʦʙʦʛʥʫʣʘ ʟʝʤʥʦʡ ʰʘʨ. ʇʦʚʳʰʝʥʠʝ  ʜʘʚʣʝʥʠʷ ʙʳʣʦ ʜʦʚʦʣʴʥʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʠ ʜʦʩʪʠʛʘʣʦ ʜʦ 1 ʢʛʩ/ʤ
2
. 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ ʥʘ ʙʦʣʴʰʠʝ 

ʨʘʩʩʪʦʷʥʠʷ, ʥʘʜʦ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʧʦʥʷʪʠʠ ʚʦʟʜʫʰʥʳʭ ʫʜʘʨʥʳʭ ʚʦʣʥ.  

ɼʝʡʩʪʚʠʝ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʦʛʨʘʥʠʯʝʥʦ ʪʝʤ, ʯʪʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʪʦʨʤʦʟʠʪ ʨʘʩʰʠʨʷʶʱʠʝʩʷ ʛʘʟʳ, ʘ ʚ ʩʣʫʯʘʝ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʛʘʟʦʚʳʭ ʩʪʨʫʡ, ʛʘʟʦʚʳʝ ʩʪʨʫʠ ʨʘʩʰʠʨʷʶʪʩʷ ʠ ʩʣʠʚʘʶʪʩʷ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʅʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʟʘʨʷʜʘ ʦʙʣʘʢʦ 

ʨʘʩʰʠʨʷʶʱʠʭʩʷ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʘʚʠʣʴʥʫʶ 

ʰʘʨʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ (ʪʦʯʥʝʝ, ʦʩʪʘʶʪʩʷ ʦʪʩʪʫʧʣʝʥʠʷ ʦʪ ʵʪʦʡ ʬʦʨʤʳ ʟʘ 

ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʨʘʩʰʠʨʷʶʱʠʝʩʷ ʛʘʟʳ ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʦʢʨʫʞʘʶʱʠʤ   

ʚʦʟʜʫʭʦʤ ï ʪʫʨʙʫʣʝʥʪʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ).  

ɽʩʣʠ ʚʟʨʳʚʥʳʝ ʛʘʟʳ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ 

ʚʝʱʝʩʪʚ, ʢʦʪʦʨʦʝ ʥʝ ʦʢʠʩʣʠʣʠʩʴ (ʪ.ʝ. ʥʝ ʩʦʝʜʠʥʠʣʠʩʴ ʩ ʢʠʩʣʦʨʦʜʦʤ) ʚ 

ʧʨʦʮʝʩʩʝ ʜʝʪʦʥʘʮʠʠ, ʪʦ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʩ ʚʦʟʜʫʭʦʤ ʚʳʟʳʚʘʝʪ 

ʠʥʪʝʥʩʠʚʥʦʝ ʜʦʛʦʨʘʥʠʝ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ. ʇʦʷʚʣʷʝʪʩʷ ʷʨʢʦʝ ʧʣʘʤʷ,  

ʵʥʝʨʛʠʷ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ ʚʦʟʨʘʩʪʘʝʪ. ʇʦʜʦʙʥʦʝ ʷʚʣʝʥʠʝ  ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʚʟʨʳʚʘ ʪʨʦʪʠʣʦʚʳʭ ʟʘʨʷʜʦʚ ʚ ʚʦʟʜʫʭʝ. ʆʥʦ ʜʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʠʠ 

ʚʟʨʳʚʘ ʜʦ 10-20 %. ʋʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʪʨʦʪʠʣʘ ʧʨʠ ʚʟʨʳʚʝ ʚ ʘʪʤʦʩʬʝʨʝ 

ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ, ʚʳʜʝʣʷʝʤʦʡ ʪʨʦʪʠʣʦʤ ʧʨʠ ʚʟʨʳʚʝ ʚ ʛʨʫʥʪʝ. ʆʜʥʘʢʦ 

ʵʥʝʨʛʠʷ, ʧʦʣʫʯʘʝʤʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ, ʥʝ ʫʩʧʝʚʘʝʪ ʧʝʨʝʜʘʪʴʩʷ ʧʝʨʝʜʥʝʡ 

ʯʘʩʪʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠ ʠʜʝʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʥʘʛʨʝʚʘʥʠʝ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʠ ʚʟʨʳʚʝ ʚ ʚʦʜʝ 

ʚʦʟʤʦʞʥʳ ʪʘʢʞʝ ʠ ʩʣʦʞʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. 

ʏʪʦʙʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʟʦʥʫ, ʛʜʝ ʜʝʡʩʪʚʫʶʪ ʚʟʨʳʚʥʳʝ ʛʘʟʳ ʠ 

ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʥʘʧʨʘʚʣʝʥʥʦʝ ʨʘʩʰʠʨʝʥʠʝ, ʥʫʞʥʘ ʫʩʣʦʚʥʘʷ ʤʝʨʘ ʜʣʠʥʳ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʩʚʝʩʪʠ ʢ ʝʜʠʥʦʡ ʩʠʩʪʝʤʝ ʚʟʨʳʚʳ ʣʶʙʦʛʦ ʤʘʩʰʪʘʙʘ. 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʚʟʨʳʚʯʘʪʦʝ ʚʝʱʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʰʘʨʘ. 

ʈʘʜʠʫʩ ʰʘʨʘ R ʜʣʷ ʪʨʦʪʠʣʘ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʚʟʨʳʚʯʘʪʳʭ  ʚʝʱʝʩʪʚ 

ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

R = 0,05 
. 
 (m)

1/3
, 

 

ʛʜʝ R ʚʳʨʘʞʝʥʦ ʚ ʤʝʪʨʘʭ, m ï ʤʘʩʩʘ ʟʘʨʷʜʘ  ʚ ʢʠʣʦʛʨʘʤʤʘʭ. 

ɺʝʣʠʯʠʥʘ R ï ʨʘʜʠʫʩ ʟʘʨʷʜʘ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʢ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʝ, 

ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʤʝʨʦʡ ʜʣʠʥʳ ʧʨʠ ʦʧʠʩʘʥʠʠ ʜʝʡʩʪʚʠʡ 

ʚʟʨʳʚʘ ʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʨʝʜʘʭ. ʋʜʦʙʩʪʚʦ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʡ 

ʬʦʨʤʫʣʳ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʩʚʝʩʪʠ ʢ ʝʜʠʥʦʡ ʢʘʨʪʠʥʝ ʚʟʨʳʚʳ 

ʟʘʨʷʜʦʚ ʚʩʝʭ ʨʘʟʤʝʨʦʚ. 

ʇʨʠ ʨʘʩʰʠʨʝʥʠʠ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ ʦʥʠ ʦʪʪʝʩʥʷʶʪ ʚʦʟʜʫʭ, 

ʦʢʨʫʞʘʶʱʠʡ ʟʘʨʷʜ. ɽʩʣʠ ʚʦʟʜʫʭ ʠʤʝʝʪ ʜʘʚʣʝʥʠʝ, ʙʣʠʟʢʦʝ ʢ 

ʥʦʨʤʘʣʴʥʦʤʫ ʘʪʤʦʩʬʝʨʥʦʤʫ ʜʘʚʣʝʥʠʶ, ʪ.ʝ. ʝʩʣʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 
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ʚʟʨʳʚʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ, ʛʜʝ ʚʦʟʜʫʭ ʤʝʥʝʝ ʧʣʦʪʝʥ, 

ʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʧʨʠʤʝʨʥʦ ʚ 1200 ï 1500 ʨʘʟ 

ʤʝʥʴʰʝ ʧʣʦʪʥʦʩʪʠ ʦʙʳʯʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ. 

ʄʘʩʩʘ ʚʦʟʜʫʭʘ, ʨʘʚʥʘʷ ʤʘʩʩʝ ʟʘʨʷʜʘ, ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʦʙʲʝʤʝ, 

ʨʘʚʥʦʤ 1200-1500 ʦʙʲʝʤʘʤ ʟʘʨʷʜʘ, ʠʣʠ ʚ ʰʘʨʝ, ʠʤʝʶʱʝʤ ʨʘʜʠʫʩ, 

ʨʘʚʥʳʡ R1: 

 

                    R1 = [(1200)
1/3

 ï (1500)
1/3
] R  ʠʣʠ  R1 = (11 - 12) R 

 

ʈʘʩʯʝʪʥʳʡ ʨʘʜʠʫʩ R1 ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʝʡʩʪʚʠʡ ʚʟʨʳʚʘ ʚ ʚʦʟʜʫʭʝ. ʇʨʦʡʜʷ ʨʘʩʩʪʦʷʥʠʝ, ʨʘʚʥʦʝ 

R1, ʤʘʩʩʘ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ ʚʳʪʝʩʥʷʝʪ ʚʦ ʚʩʝ ʩʪʦʨʦʥʳ ʨʘʚʥʫʶ ʩʝʙʝ ʤʘʩʩʫ 

ʚʦʟʜʫʭʘ. ʕʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ  ʟʘʪʦʨʤʦʟʠʪʴ  ʨʘʩʰʠʨʝʥʠʝ ʚʟʨʳʚʥʳʭ 

ʛʘʟʦʚ ʠ ʨʘʩʩʪʨʦʠʪʴ ʠʭ ʥʘʧʨʘʚʣʝʥʥʳʝ ʩʪʨʫʠ. ʅʘ ʨʘʩʩʪʦʷʥʠʠ, ʙʣʠʟʢʦʤ ʢ 

R1, ʚʟʨʳʚʥʳʝ ʛʘʟʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʩʬʝʨʠʯʝʩʢʦʝ ʦʙʣʘʢʦ, ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʩʰʠʨʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʦ. ɺʩʝ ʦʧʠʩʘʥʥʳʝ ʨʘʥʝʝ 

ʜʝʡʩʪʚʠʷ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʪʦʣʴʢʦ ʥʘ 

ʨʘʩʩʪʦʷʥʠʷʭ, ʥʝ ʧʨʝʚʦʩʭʦʜʷʱʠʭ R1. 

ɺ ʩʠʣʫ ʟʘʢʦʥʘ ʤʝʭʘʥʠʢʠ çʜʝʡʩʪʚʠʝ ʨʘʚʥʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʶè 

ʚʟʨʳʚʥʳʝ ʛʘʟʳ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʚʦʟʜʫʭʦʤ ʩʞʠʤʘʶʪ ʵʪʦʪ ʚʦʟʜʫʭ ʠ 

ʩʦʦʙʱʘʶʪ ʝʤʫ ʥʝʢʦʪʦʨʫʶ ʩʢʦʨʦʩʪʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʜʠʫʩʦʚ, ʠʜʫʱʠʭ 

ʦʪ ʮʝʥʪʨʘ ʚʟʨʳʚʘ. ʄʘʩʩʘ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ, ʨʘʩʰʠʨʷʷʩʴ, ʚʳʪʝʩʥʷʝʪ 

ʦʢʨʫʞʘʶʱʠʡ ʝʝ ʚʦʟʜʫʭ ʠ ʦʙʨʘʟʫʝʪ ʚʦʢʨʫʛ ʩʝʙʷ ʟʦʥʫ ʩʞʘʪʦʛʦ, 

ʫʧʣʦʪʥʝʥʥʦʛʦ ʠ ʨʘʟʦʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ. ʕʪʘ ʟʦʥʘ ʜʝʡʩʪʚʫʝʪ ʥʘ 

ʦʢʨʫʞʘʶʱʠʡ, ʝʱʝ ʥʝ ʚʦʟʤʫʱʝʥʥʳʡ ʚʦʟʜʫʭ ʠ ʩʞʠʤʘʝʪ ʝʛʦ. ʊʘʢʠʤ 

ʩʧʦʩʦʙʦʤ ʩʞʘʪʠʝ ʙʳʩʪʨʦ ʧʝʨʝʜʘʝʪʩʷ ʚʩʝ ʜʘʣʴʰʝ ʠ ʜʘʣʴʰʝ ʦʪ ʤʝʩʪʘ 

ʚʟʨʳʚʘ. 

ʊʝʦʨʠʷ ʠ ʦʧʳʪ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʚʦʟʜʫʭʝ ʚʩʣʝʜ ʟʘ ʚʦʣʥʦʡ ʩʞʘʪʠʷ 

ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʚʦʣʥʘ ʨʘʟʨʝʞʝʥʠʷ. ɺ ʚʦʣʥʝ ʩʞʘʪʠʷ ʜʘʚʣʝʥʠʝ, ʧʣʦʪʥʦʩʪʴ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʨʝʚʳʰʘʶʪ ʵʪʠ ʚʝʣʠʯʠʥʳ ʜʣʷ ʚʦʟʜʫʭʘ, ʝʱʝ ʥʝ 

ʟʘʭʚʘʯʝʥʥʦʛʦ ʚʦʣʥʦʡ. ɺ ʚʦʣʥʝ ʨʘʟʨʝʞʝʥʠʷ, ʥʘʦʙʦʨʦʪ, ʜʘʚʣʝʥʠʝ, 

ʧʣʦʪʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʠʞʝ ʩʚʦʠʭ ʟʥʘʯʝʥʠʡ, ʯʝʤ ʚ 

ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʦʣʥ ʩʞʘʪʠʷ ʠ ʨʘʟʨʝʞʝʥʠʷ ʧʝʨʝʜʘʝʪ ʜʝʡʩʪʚʠʝ ʚʟʨʳʚʘ 

ʯʝʨʝʟ ʚʦʟʜʫʭ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʷʱʠʝ 

ʚʝʣʠʯʠʥʫ R1. 

ɽʩʣʠ ʚʟʨʳʚ ʦʯʝʥʴ ʩʠʣʴʥʳʡ, ʪʦ ʚʦʟʜʫʰʥʳʝ ʚʦʣʥʳ ʤʦʛʫʪ ʦʭʚʘʪʠʪʴ 

ʚʝʩʴ ʟʝʤʥʦʡ ʰʘʨ, ʯʪʦ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʚʟʨʳʚʝ ʪʫʥʛʫʩʩʢʦʛʦ ʤʝʪʝʦʨʠʪʘ ʚ 

1908 ʛ., ʧʨʠ ʚʟʨʳʚʝ ʚʫʣʢʘʥʘ ʂʨʘʢʘʪʘʫ ʚ 1883 ʛʦʜʫ, ʘ ʪʘʢʞʝ ʧʨʠ ʷʜʝʨʥʳʭ 

ʚʟʨʳʚʘʭ. 

ɺʦʣʥʳ ʩʞʘʪʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʚʦʟʜʫʭʝ ʥʝʩʢʦʣʴʢʦ ʙʳʩʪʨʝʝ, ʯʝʤ 

ʟʚʫʢ. ʏʝʤ ʟʥʘʯʠʪʝʣʴʥʝʝ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʪʝʤ ʙʳʩʪʨʝʝ ʜʚʠʞʝʪʩʷ 
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ʚʦʣʥʘ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʦʣʥʘ 

ʩʞʘʪʠʷ ʠʤʝʝʪ ʚ ʩʚʦʝʡ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ. ɼʘʣʝʝ 

ʜʘʚʣʝʥʠʝ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʟʦʥʘ ʩʞʘʪʠʷ ʧʝʨʝʭʦʜʠʪ ʧʣʘʚʥʦ ʚ ʟʦʥʫ 

ʨʘʟʨʝʞʝʥʠʷ. ʅʘ ʧʝʨʝʜʥʝʤ ʬʨʦʥʪʝ ʚʦʣʥʳ ʩʞʘʪʠʷ ʜʘʚʣʝʥʠʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɺʦʣʥʳ ʪʘʢʦʛʦ ʨʦʜʘ 

ʥʘʟʳʚʘʶʪʩʷ ʫʜʘʨʥʳʤʠ ʚʦʣʥʘʤʠ. ɺʦʟʜʫʰʥʳʝ ʫʜʘʨʥʳʝ ʚʦʣʥʳ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʵʥʝʨʛʠʠ, ʧʝʨʝʜʘʥʥʦʡ ʦʢʨʫʞʘʶʱʝʤʫ ʚʦʟʜʫʭʫ 

ʚʟʨʳʚʦʤ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʆʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʷʚʣʷʝʪʩʷ 

ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʟʘ ʬʨʦʥʪʦʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. ʀʟʙʳʪʦʯʥʦʝ 

ʜʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʢʘʯʢʦʤ  ȹP ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʜʭʦʜʝ ʚʦʣʥʳ 

ʢ ʤʝʩʪʫ ʨʝʛʠʩʪʨʘʮʠʠ ʜʘʚʣʝʥʠʷ. 

ɺʦʟʜʫʰʥʳʝ ʫʜʘʨʥʳʝ ʚʦʣʥʳ ʥʘʧʦʤʠʥʘʶʪ ʜʝʪʦʥʘʮʠʦʥʥʳʝ ʚʦʣʥʳ, ʥʦ 

ʤʝʞʜʫ ʥʠʤʠ ʝʩʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʨʘʟʣʠʯʠʝ: ʜʝʪʦʥʘʮʠʦʥʥʘʷ ʚʦʣʥʘ 

ʦʩʚʦʙʦʞʜʘʝʪ ʵʥʝʨʛʠʶ, ʩʢʨʳʪʫʶ ʚʦ ʚʟʨʳʚʯʘʪʦʤ ʚʝʱʝʩʪʚʝ ʠ ʩʘʤʘ ʩʝʙʷ 

ʜʚʠʞʝʪ. ʇʦʵʪʦʤʫ ʚ ʢʘʞʜʦʤ ʚʟʨʳʚʯʘʪʦʤ ʚʝʱʝʩʪʚʝ ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ 

ʜʝʪʦʥʘʮʠʠ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʘʷ ʠ ʧʦʩʪʦʷʥʥʘʷ (ʝʩʣʠ ʜʝʪʦʥʘʮʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ). 

ʋʜʘʨʥʘʷ ʚʦʣʥʘ ʜʚʠʞʝʪʩʷ ʟʘ ʩʯʝʪ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʦʪ ʚʟʨʳʚʥʳʭ 

ʛʘʟʦʚ,  ʠ ʧʦʩʪʝʧʝʥʥʦ ʪʝʨʷʝʪ ʝʝ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʦʤʫ, ʯʪʦ ʵʥʝʨʛʠʷ 

ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʥʘʛʨʝʚʘʥʠʝ ʚʦʟʜʫʭʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʦʥʘ ʧʨʦʭʦʜʠʪ, ʘ  

ʦʙʲʝʤ ʚʦʟʜʫʭʘ, ʟʘʭʚʘʪʳʚʘʝʤʦʛʦ ʚʦʣʥʦʡ, ʚʩʝ ʚʨʝʤʷ ʨʘʩʪʝʪ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ. ʇʦ ʤʝʨʝ ʝʝ 

ʫʜʘʣʝʥʠʷ ʦʪ ʤʝʩʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʘʚʣʝʥʠʝ ʥʘ ʬʨʦʥʪʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ 

ʥʝʧʨʝʨʳʚʥʦ ʧʘʜʘʝʪ.  ʇʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʥʝʣʴʟʷ 

ʧʦʣʥʦʩʪʴʶ ʦʪʦʙʨʘʟʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʩʪʳʭ ʬʦʨʤʫʣ. 

ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʫʜʘʨʥʳʭ ʚʦʣʥ ʚʟʨʳʚʘ, ʢʘʢ ʵʪʦ ʙʳʣʦ 

ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʉʉʉʈ ʄ.ɸ. ʉʘʜʦʚʩʢʠʤ, ʃ.ʀ. ʉʝʜʦʚʳʤ ʠ ʚ 

ɸʥʛʣʠʠ ʊʝʡʣʦʨʦʤ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʬʨʦʥʪʝ 

ʚʦʣʥʳ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʧʦʜʦʙʠʷ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʵʪʘ ʚʝʣʠʯʠʥʘ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʘʙʩʦʣʶʪʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʤʘʩʩʳ ʟʘʨʷʜʘ, ʘ ʧʦʣʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʷʝʪʩʷ, ʝʩʣʠ ʠʟʚʝʩʪʥʳ: ʦʪʥʦʰʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʤʝʩʪʘ ʚʟʨʳʚʘ r ʢ 

ʨʘʜʠʫʩʫ ʟʘʨʷʜʘ R, ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ U ʜʣʷ ʜʘʥʥʦʛʦ ʚʟʨʳʚʯʘʪʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠ ʜʘʚʣʝʥʠʝ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʈ0. 

ʆʩʥʦʚʦʡ ʪʝʦʨʠʠ ʨʘʩʯʝʪʘ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʠʤʝʶʱʝʡʩʷ ʚ 

ʚʦʟʜʫʭʝ ʚʩʣʝʜʩʪʚʠʝ ʩʞʘʪʠʷ ʝʛʦ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʢ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚʦʟʜʫʭʘ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʪʥʦʰʝʥʠʷ ʵʥʝʨʛʠʠ, ʩʦʜʝʨʞʘʚʰʝʡʩʷ ʜʦ ʚʟʨʳʚʘ ʚ ʦʙʲʝʤʝ, ʢʦʪʦʨʳʡ ʚ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʟʘʭʚʘʯʝʥ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ. ʕʥʝʨʛʠʷ, ʧʦʣʫʯʝʥʥʘʷ 

ʝʜʠʥʠʮʝʡ ʦʙʲʝʤʘ ʚʦʟʜʫʭʘ ʦʪ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, 
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ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʜʘʚʣʝʥʠʶ ȹP. ʕʥʝʨʛʠʷ, ʩʦʜʝʨʞʘʚʰʘʷʩʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʚʦʟʜʫʭʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʜʘʚʣʝʥʠʶ 

ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʚʦʟʜʫʭʘ P0. ʆʙʱʘʷ ʵʥʝʨʛʠʷ, ʚʳʜʝʣʝʥʥʘʷ ʧʨʠ ʚʟʨʳʚʝ, 

ʨʘʚʥʘ mU. ʆʙʱʘʷ ʵʥʝʨʛʠʷ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʚʦʟʜʫʭʝ, ʟʘʭʚʘʯʝʥʥʦʤ 

ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ, ʨʘʩʧʨʦʩʪʨʘʥʠʚʰʝʡʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ R ʦʪ ʤʝʩʪʘ ʚʟʨʳʚʘ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʛʦ ʟʘʨʷʜʘ (ʩʚʦʙʦʜʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʚʦʟʜʫʭʝ), 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ r
3.
P0. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ, ʯʪʦ ȹP/P  

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ mU / r
3 . 

P0.  

ʇʫʪʝʤ ʧʦʜʙʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʨʘʟʣʘʛʘʷ ʬʫʥʢʮʠʶ ȹP/P  ʚ ʨʷʜ, 

ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ: 

 

ȹP / P  = A1 (mU / r
3 . 

P0) + A2(mU / r
3 . 

P0)
2/3

 + A
3
(mU / r

3 . 
P0))

1/3
. 

 

ɼʣʷ ʪʨʦʪʠʣʘ ʠ ʜʨʫʛʠʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ 

ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʨʘʩʯʝʪʘ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ: 

 

ȹP = 7m / r
3
 + 2,7m

2/3 
/ r

2
 +  0,84m

1/3 
/ r. 

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ R = 0,05 
. 
(m)

1/3
, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʉʘʜʦʚʩʢʦʛʦ ʚ 

ʜʨʫʛʦʡ ʬʦʨʤʝ: 

 

ȹP = 56 000 (R / r)
3 
+ 1080(R / r)

2
 + 16,8 (R / r). 

 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʙʳʪʢʘ ʜʘʚʣʝʥʠʷ ʜʣʷ 

ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʦʪ ʪʨʦʪʠʣʘ, 

ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

 

ȹP=56000 (U1 / U 
. 
(R / r)

3
+1080(U1 / U)

2/3  
(R / r)

2
+16,8(U1 / U)

1/3 .
(R / r). 

 

ɿʜʝʩʴ U1, U ï ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʱʝʩʪʚʘ ʠ ʪʨʦʪʠʣʘ. 

ʌʦʨʤʫʣʳ ʩʧʨʘʚʝʜʣʠʚʳ ʧʨʠ ʚʟʨʳʚʝ ʟʘʨʷʜʘ, ʦʢʨʫʞʝʥʥʦʛʦ ʩʦ ʚʩʝʭ 

ʩʪʦʨʦʥ ʚʦʟʜʫʭʦʤ. ɽʩʣʠ ʟʘʨʷʜ ʚʟʨʳʚʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʘ, ʪʦ 

ʚʦʣʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʝ ʚ ʧʦʣʥʦʡ ʩʬʝʨʝ, ʘ ʪʦʣʴʢʦ ʚ ʧʦʣʫʩʬʝʨʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʦʙʲʝʤ ʚʦʟʜʫʭʘ, ʟʘʭʚʘʪʳʚʘʝʤʦʛʦ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ, 

ʫʤʝʥʴʰʘʝʪʩʷ ʚʜʚʦʝ. ʇʦʣʫʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʟʨʳʚʝ ʟʘʨʷʜʘ ʤʘʩʩʦʡ ʚʜʚʦʝ ʙʦʣʴʰʝʡ. ɼʣʷ 

ʨʘʩʯʝʪʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʚʟʨʳʚʝ ʟʘʨʷʜʘ, ʣʝʞʘʱʝʛʦ ʥʘ 

ʟʝʤʣʝ (ʠʣʠ ʥʘʭʦʜʷʱʝʛʦʩʷ ʚʙʣʠʟʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ), ʥʝʦʙʭʦʜʠʤʦ ʚ 

ʬʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʠʟʙʳʪʢʘ ʜʘʚʣʝʥʠʷ ʧʦʜʩʪʘʚʠʪʴ ʚʤʝʩʪʦ ʚʝʣʠʯʠʥʳ m 

ʫʜʚʦʝʥʥʫʶ ʚʝʣʠʯʠʥʫ ʤʘʩʩʳ 2 m: 

 

ȹP = 14 m / r
3
 + 4,3 m

2/3 
/ r

2
  + 1,1 m

1/3 
/ r. 
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ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʬʨʦʥʪʝ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʥʝ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʟʘʨʷʜ 

ʚʟʨʳʚʘʝʪʩʷ ʚ ʚʦʟʜʫʭʝ ʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʥʦ ʠ ʚ ʜʨʫʛʠʭ 

ʫʩʣʦʚʠʷʭ. 

 

Ä 4.8. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʜʘʨʥʳʭ ʚʦʣʥ ï ʩʢʦʨʦʩʪʴ, ʦʪʨʘʞʝʥʠʝ, 

ʜʚʠʞʝʥʠʝ ʚʦʟʜʫʭʘ, ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʠ ʠʤʧʫʣʴʩ 

 

ʋʜʘʨʥʘʷ ʚʦʟʜʫʰʥʘʷ ʚʦʣʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʢʦʪʦʨʘʷ 

ʧʨʝʚʦʩʭʦʜʠʪ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʟʥʘʯʠʪʝʣʴʥʝʝ ʠʟʙʳʪʦʯʥʦʝ 

ʜʘʚʣʝʥʠʝ ʥʘ ʝʝ ʬʨʦʥʪʝ. ʈʘʩʯʝʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ, ʜʘʶʪ ʬʦʨʤʫʣʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʝ ʩʢʦʨʦʩʪʠ v: 

 

v = c(1 + 0,83 ȹP / P)
0,5

, c = 20,1(T)
0,5

. 

 

ɿʜʝʩʴ ʩ ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʚʦʟʜʫʭʝ, ʤ/ʩ. ʆʥʘ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ T, K. 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʡ ʜʣʷ ʨʘʩʯʝʪʘ  ʬʦʨʤʫʣʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʦʪ ʟʘʨʷʜʘ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʤʝʩʪʫ 

ʩʢʦʨʦʩʪʴ ʬʨʦʥʪʘ ʚʦʣʥʳ ʥʝʧʨʝʨʳʚʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʧʦʩʪʝʧʝʥʥʦ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ. 

ɺʦʟʜʫʰʥʘʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ, ʚʩʪʨʝʯʘʷ ʧʨʝʛʨʘʜʫ, ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʥʝʝ. 

ɼʘʚʣʝʥʠʝ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʨʠʤʝʨʥʦ ʫʜʚʘʠʚʘʝʪʩʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʠʟʙʳʪʢʘ 

ʜʘʚʣʝʥʠʷ ȹPʦʪʨ ʚ ʦʪʨʘʞʝʥʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʝ: 

 

ȹPʦʪʨ.= ȹP(2 + 6 / (1 + 7 ȹP / P). 

 

ɽʩʣʠ ʥʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚʝʣʠʢʦ, ʪʦ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚ 

ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʝ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴʩʷ ʚ 6 ï 8 ʨʘʟ. 

ɿʘ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩʣʝʜʫʝʪ ʚʦʣʥʘ 

ʨʘʟʨʷʞʝʥʠʷ. ʕʪʦ ʥʘʛʣʷʜʥʦ ʚʠʜʥʦ, ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʚʟʨʳʚʘ 

ʚʳʙʠʚʘʝʪ ʩʪʝʢʣʘ. ʆʯʝʥʴ ʯʘʩʪʦ ʚʳʙʠʪʳʝ ʩʪʝʢʣʘ ʧʘʜʘʶʪ ʥʝ ʚʥʫʪʨʴ 

ʧʦʤʝʱʝʥʠʷ, ʘ ʚʳʣʝʪʘʶʪ ʥʘʨʫʞʫ, ʥʘʚʩʪʨʝʯʫ ʫʜʘʨʥʦʡ ʚʦʣʥʝ. ɺʦʟʜʫʭ, 

ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʫʜʘʨʥʘʷ ʚʦʣʥʘ, ʜʚʠʞʝʪʩʷ ʚ ʟʦʥʝ ʩʞʘʪʠʷ ʚ ʪʫ ʞʝ 

ʩʪʦʨʦʥʫ, ʢʫʜʘ ʠʜʝʪ ʚʦʣʥʘ, ʘ ʚ ʟʦʥʝ ʧʦʜʩʦʩʘ ï ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ 

ʩʪʦʨʦʥʫ. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ v1 ʥʘʠʙʦʣʴʰʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ 

ʬʨʦʥʪʦʤ ʚʦʣʥʳ: 

 

v1 = ȹP/ (vd), v1  = 80 000ȹP / v, 
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ʛʜʝ v, d ï ʩʢʦʨʦʩʪʴ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠ ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʨʘʚʥʘʷ 0,125 

ʪʝʭʥʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʤʘʩʩʳ/ʤ
3
. 

ɼʣʷ ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʨʘʚʥʘ 400 ʤ/ʩ. ʉ ʫʯʝʪʦʤ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʡ 

ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʟʜʫʭʘ: 

 

v1  = 200ȹP. 

 

ʊʘʢ, ʧʨʠ   ʠʟʙʳʪʦʯʥʦʤ  ʜʘʚʣʝʥʠʠ 0,3 ï 4 ʢʛ/ʩʤ
2
 ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʟʘ 

ʬʨʦʥʪʦʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩʦʩʪʘʚʠʪ 60 ï 80 ʤ/ʩ, ʯʪʦ ʨʘʚʥʦ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

ʧʨʠ ʩʠʣʴʥʦʤ ʫʨʘʛʘʥʝ. ʇʨʠ ʪʘʢʦʤ ʜʘʚʣʝʥʠʠ ʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʟʘ 

ʬʨʦʥʪʦʤ ʚʦʣʥʳ ʫʜʘʨʥʳʝ ʚʦʣʥʳ ʦʯʝʥʴ ʤʦʱʥʳʭ ʚʟʨʳʚʦʚ ʤʦʛʫʪ 

ʨʘʟʨʫʰʘʪʴ ʢʘʧʠʪʘʣʴʥʳʝ ʟʜʘʥʠʷ ʠ ʪʷʞʝʣʦ ʪʨʘʚʤʠʨʦʚʘʪʴ ʣʶʜʝʡ. ʇʨʠ 

ʚʟʨʳʚʘʭ ʟʘʨʷʜʦʚ ʤʝʥʴʰʝʡ ʤʘʩʩʳ ʪʝ ʞʝ ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʥʝ 

ʧʨʠʯʠʥʷʶʪ ʩʠʣʴʥʳʭ ʨʘʟʨʫʰʝʥʠʡ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʚʟʨʳʚʘʭ 

ʤʘʣʳʭ ʟʘʨʷʜʦʚ ʜʝʡʩʪʚʠʝ ʚʦʣʥʳ ʜʣʠʪʩʷ ʦʯʝʥʴ ʥʝʜʦʣʛʦ ï ʚʘʞʥʦ ʟʥʘʪʴ 

ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ t ʠ ʠʤʧʫʣʴʩ I (ʫʜʝʣʴʥʳʡ ʠʤʧʫʣʴʩ ʠʟʙʳʪʦʯʥʦʛʦ 

ʜʘʚʣʝʥʠʷ) ʫʜʘʨʥʦʡ ʚʦʣʥʳ. ɺʨʝʤʷ ʜʝʡʩʪʚʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʧʦʪʦʤʫ ʯʪʦ ʠʤʝʥʥʦ ʵʪʦ ʜʘʚʣʝʥʠʝ 

ʚʳʟʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʨʘʟʨʫʰʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʦʧʳʪʦʚ ʠ ʨʘʩʯʝʪʦʚ ʜʣʷ ʚʟʨʳʚʘ ʪʨʦʪʠʣʘ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʤʝʝʪ ʚʠʜ: 

 

t = 0,0015(r)
1/2

(m)
1/6

, 

 

ʛʜʝ r ʚʳʨʘʞʝʥʦ ʚ ʤʝʪʨʘʭ, m ï ʚ ʢʠʣʦʛʨʘʤʤʘʭ, t ï ʚ ʩʝʢʫʥʜʘʭ. 

ɸʥʘʣʠʟʠʨʫʷ ʬʦʨʤʫʣʫ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʯʪʦ ʧʨʠʙʣʠʞʝʥʥʦ ʚʨʝʤʷ 

ʜʝʡʩʪʚʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʜʚʦʝ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ ʚʦʣʥʳ 

ʦʪ ʤʝʩʪʘ ʚʟʨʳʚʘ ʜʦ ʜʘʥʥʦʡ ʪʦʯʢʠ. 

ʇʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʚʨʝʤʝʥʠ t ʨʘʟʨʫʰʝʥʠʷ, 

ʧʨʦʠʟʚʦʜʠʤʳʝ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʜʝʣʴʥʳʤ 

ʠʤʧʫʣʴʩʦʤ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ I . 

ɺʝʣʠʯʠʥʘ I ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʟ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ 

ʦʪ ʚʨʝʤʝʥʠ ʚ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʝ. ʋʜʝʣʴʥʳʡ ʠʤʧʫʣʴʩ ʯʠʩʣʝʥʥʦ 

ʨʘʚʝʥ ʧʣʦʱʘʜʠ, ʢʦʪʦʨʘʷ ʦʛʨʘʥʠʯʝʥʘ ʢʨʠʚʦʡ ʜʘʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ, ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʣʠʥʠʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʘʚʣʝʥʠʶ ʚ 

ʥʝʚʦʟʤʫʱʝʥʥʦʤ ʚʦʟʜʫʭʝ. ʅʘʙʣʶʜʝʥʠʷ ʠ ʨʘʩʯʝʪʳ  ʜʣʷ ʪʨʦʪʠʣʘ ʠ ʜʨʫʛʠʭ 

ʚʟʨrʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʥʦʨʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʜʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ: 

 

I = 40 m 
2/3 

/ r, I = 40(U1 / U)
1/2

(m 
2/3 

/ r). 
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ʛʜʝ I ʚʳʨʘʞʘʝʪʩʷ ʚ ʢʛʩ
.
 ʩ/ʤ

2
, m ï ʚ ʢʠʣʦʛʨʘʤʤʘʭ,  r ï ʚ ʤʝʪʨʘʭ. U1 ï 

ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʚʟʨʳʚ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʚʝʣ 

ʫʜʝʣʴʥʳʡ ʠʤʧʫʣʴʩ; U ï ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʪʨʦʪʠʣʘ, ʨʘʚʥʘʷ (ʧʨʠʤʝʨʥʦ) 

400000 ʢʛ
.
ʤ/ʢʛ ʠʣʠ 4000000 ʢʛ

.
ʤ/ʪʝʭʥ. ʝʜ. ʤʘʩʩʳ. 

ʋʜʝʣʴʥʳʡ ʠʤʧʫʣʴʩ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʩʢʦʨʦʩʪʠ ʨʘʟʣʝʪʘ ʚʟʨʳʚʥʳʭ 

ʛʘʟʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʚʦʟʜʫʰʥʫʶ ʫʜʘʨʥʫʶ ʚʦʣʥʫ. ʕʪʘ ʩʢʦʨʦʩʪʴ, ʢʘʢ ʙʳʣʦ 

ʨʘʩʩʤʦʪʨʝʥʦ ʚʳʰʝ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʥʦʤʫ ʢʦʨʥʶ ʠʟ ʫʜʝʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ.  

ʇʨʠʚʝʜʝʥʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʦʪʥʦʩʷʪʩʷ ʢ ʚʟʨʳʚʫ ʟʘʨʷʜʘ ʚ 

ʚʦʟʜʫʭʝ. ɽʩʣʠ ʟʘʨʷʜ ʚʟʨʳʚʘʝʪʩʷ ʚ ʠʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ 

ʧʦʧʨʘʚʢʠ, ʠʩʭʦʜʷ ʠʟ ʪʝʭ ʞʝ ʩʦʦʙʨʘʞʝʥʠʡ, ʢʘʢʠʝ ʙʳʣʠ ʫʯʪʝʥʳ ʧʨʠ 

ʨʘʩʯʝʪʘʭ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʟʘʨʷʜ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʪʦ 

ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ ʟʘʨʷʜʘ ʜʦʣʞʥʦ ʙʳʪʴ ʫʜʚʦʝʥʦ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʥʦʨʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʬʦʨʤʫʣʘ ʠʤʝʝʪ ʚʠʜ: 

 

I = 63 m 
2/3 

/ r. 

 

ʆʩʢʦʣʢʠ ʚʟʦʨʚʘʚʰʝʛʦʩʷ ʟʘʨʷʜʘ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʝʥ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʦʙʦʣʦʯʢʫ ʠʣʠ ʦʙʦʣʦʯʢʫ ʠʟ ʜʨʫʛʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʠ ʨʘʟʣʝʪʘʶʪʩʷ ʥʘ ʙʦʣʴʰʠʝ 

ʨʘʩʩʪʦʷʥʠʷ. 

ʅʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʟʣʝʪʘ ʦʩʢʦʣʢʦʚ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʤʘʩʩʳ ʟʘʨʷʜʘ ʠ ʦʙʦʣʦʯʢʠ ʠ ʦʪ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɼʣʷ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʥʦʨʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ (ʪʨʦʪʠʣ) ʤʦʞʥʦ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦʧʳʪʘ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʥʘʧʠʩʘʪʴ ʬʦʨʤʫʣʫ: 

 

v2  = 2500[(1 / (1 + m1 / m) ï a]
0,5

, 

 

ʛʜʝ v2 ï ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʟʣʝʪʘ ʦʩʢʦʣʢʦʚ, ʚʳʨʘʞʝʥʥʘʷ ʚ  ʤʝʪʨʘʭ ʚ 

ʩʝʢʫʥʜʫ; m1 ï ʤʘʩʩʘ ʦʙʦʣʦʯʢʠ, m ï ʤʘʩʩʘ ʟʘʨʷʜʘ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɺʝʣʠʯʠʥʘ ʘ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʦʙʦʣʦʯʢʠ. ɼʣʷ ʩʪʘʣʠ ʘ = 

0,05, ʜʣʷ ʤʝʥʝʝ ʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʘ = 0,02 . 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʫʤʝʥʴʰʘʝʪ ʩʢʦʨʦʩʪʴ ʨʘʟʣʝʪʘ ʦʩʢʦʣʢʦʚ. 

ʅʘʠʙʦʣʴʰʘʷ ʜʘʣʴʥʦʩʪʴ ʨʘʟʣʝʪʘ ʜʣʷ ʞʝʣʝʟʥʦʡ ʦʙʦʣʦʯʢʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 10000d, ʛʜʝ d ï ʪʦʣʱʠʥʘ ʦʙʦʣʦʯʢʠ ʟʘʨʷʜʘ, ʢʦʪʦʨʘʷ ʧʨʠ 

ʚʟʨʳʚʝ ʜʨʦʙʠʪʩʷ ʠ ʦʙʨʘʟʫʝʪ ʦʪʜʝʣʴʥʳʝ ʦʩʢʦʣʢʠ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʨʠ 

ʪʦʣʱʠʥʝ ʦʙʦʣʦʯʢʠ ʚ 1 ʩʤ ʜʘʣʴʥʦʩʪʴ ʨʘʟʣʝʪʘ ʙʫʜʝʪ ʦʢʦʣʦ 100 ʤ. 

ʈʘʟʣʝʪʘʶʱʠʝʩʷ ʦʩʢʦʣʢʠ ʦʙʦʣʦʯʢʠ ʟʘʨʷʜʘ, ʘ ʪʘʢʞʝ ʦʩʢʦʣʢʠ 

ʧʨʝʜʤʝʪʦʚ, ʨʘʟʨʫʰʝʥʥʳʭ ʜʝʡʩʪʚʠʝʤ ʚʟʨʳʚʘ, ʦʧʘʩʥʳ ʢʘʢ ʜʣʷ ʯʝʣʦʚʝʢʘ, 

ʪʘʢ ʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪʦʚ, ʦʢʨʫʞʘʶʱʠʭ ʤʝʩʪʦ ʚʟʨʳʚʘ. ʆʩʦʙʝʥʥʦ 

ʦʧʘʩʥʦ ʪʦ, ʯʪʦ ʦʩʢʦʣʢʠ, ʠʤʝʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ (ʙʦʣʝʝ 1500 
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ʤ/ʩ), ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʜʝʪʦʥʘʮʠʶ ʟʘʨʷʜʦʚ ɺɺ, ʝʩʣʠ ʦʥʠ ʧʨʦʥʠʢʘʶʪ 

ʚʥʫʪʨʴ ʠʭ. ɼʝʪʦʥʘʮʠʶ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʪʘʢʞʝ ʢʫʤʫʣʷʪʠʚʥʘʷ ʩʪʨʫʷ. 

ʅʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʦʩʢʦʣʢʦʚ ʦʯʝʥʴ ʙʳʩʪʨʦ ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʠʭ 

ʫʜʘʣʝʥʠʷ ʦʪ ʤʝʩʪʘ ʚʟʨʳʚʘ. ʉʢʦʨʦʩʪʴ v3 ʥʘ ʨʘʩʩʪʦʷʥʠʠ r ʦʪ ʤʝʩʪʘ ʚʟʨʳʚʘ 

ʧʨʠʙʣʠʞʝʥʥʦ ʦʧʨʝʜʝʣʷʶʪ ʠʟ ʬʦʨʤʫʣʳ: 

 

v3  = v0 exp ï [(p / (p1d)r], 

 

v0 ï ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʟʣʝʪʘ ʦʩʢʦʣʢʦʚ. 

 

Ä 4.9. ʂʨʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ  ʚ ʚʦʜʝ 

 

ɺʟʨʳʚ ʚ ʚʦʜʝ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʰʪʘʤʧʦʚʢʠ ʠʟʜʝʣʠʡ ʠʟ ʤʝʪʘʣʣʘ. ʅʦ 

ʚʟʨʳʚ ʚ ʚʦʜʝ ʠʤʝʝʪ ʠ ʩʦʚʩʝʤ ʠʥʦʝ, ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ. ɼʝʡʩʪʚʠʝ ʚʟʨʳʚʘ ʥʘ ʚʦʜʫ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʜʝʡʩʪʚʠʷ ʩʠʣʳ 

ʥʘ ʣʶʙʫʶ ʥʝʩʞʠʤʘʝʤʫʶ ʩʨʝʜʫ. ɼʚʠʞʝʥʠʝ ʚʦʜʳ ʧʦʩʣʝ ʚʟʨʳʚʘ ʧʦʟʚʦʣʷʝʪ 

ʠʟʫʯʠʪʴ ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʚʟʨʳʚʘ ʚ ʛʨʫʥʪʘʭ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚʟʨʳʚʥʠʢ ʤʦʞʝʪ 

ʩʪʦʣʢʥʫʪʴʩʷ ʩʦ ʚʟʨʳʚʥʳʤʠ ʨʘʙʦʪʘʤʠ, ʧʨʦʚʦʜʠʤʳʤʠ ʧʦʜ ʚʦʜʦʡ ʚ ʛʨʫʥʪʝ, 

ʩʢʘʣʝ, ʧʦʠ ʨʘʟʨʫʰʝʥʠʠ ʙʝʪʦʥʘ, ʤʝʪʘʣʣʘ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʇʨʠ ʚʟʨʳʚʝ ʚ ʚʦʜʝ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʧʨʠ ʚʟʨʳʚʝ ʚ ʣʶʙʦʡ ʠʥʦʡ ʩʨʝʜʝ, 

ʧʨʦʠʩʭʦʜʠʪ ʜʝʪʦʥʘʮʠʷ ʟʘʨʷʜʘ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚʟʨʳʚʥʳʝ ʛʘʟʳ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʤʝʶʪ ʜʘʚʣʝʥʠʝ, ʚʦ ʤʥʦʛʦ ʨʘʟ ʧʨʝʚʦʩʭʦʜʷʱʝʝ ʜʘʚʣʝʥʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʚʦʜʳ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚʟʨʳʚʥʳʝ ʛʘʟʳ ʠʥʪʝʥʩʠʚʥʦ ʦʪʪʝʩʥʷʶʪ ʚʦʜʫ ʚʦ ʚʩʝ 

ʩʪʦʨʦʥʳ ʦʪ ʤʝʩʪʘ ʚʟʨʳʚʘ ʠ ʨʘʩʰʠʨʷʶʪʩʷ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ. ʕʪʦ 

ʨʘʩʰʠʨʝʥʠʝ ʧʦʭʦʞʝ ʥʘ ʥʘʯʘʣʴʥʳʝ ʩʪʘʜʠʠ ʨʘʩʰʠʨʝʥʠʷ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ 

ʧʨʠ ʚʟʨʳʚʝ ʚ ʚʦʟʜʫʭʝ. ɺʦʜʘ, ʦʢʨʫʞʘʶʱʘʷ ʤʝʩʪʦ ʚʟʨʳʚʘ, ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʘʟʘʤ, ʯʝʤ ʚʦʟʜʫʭ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʯʝʥʴ ʙʳʩʪʨʦʤʫ ʠʩʯʝʟʥʦʚʝʥʠʶ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ 

ʠ ʪʦʨʤʦʞʝʥʠʶ ʜʚʠʞʝʥʠʷ ʦʩʢʦʣʢʦʚ ʦʙʦʣʦʯʢʠ, ʝʩʣʠ ʟʘʨʷʜ ʥʘʭʦʜʠʪʩʷ ʚ 

ʦʙʦʣʦʯʢʝ. ʇʨʠ ʚʟʨʳʚʝ ʚ ʚʦʜʝ ʦʯʝʥʴ ʙʳʩʪʨʦ ʦʙʨʘʟʫʝʪʩʷ ʰʘʨʦʦʙʨʘʟʥʳʡ 

ʛʘʟʦʚʳʡ ʧʫʟʳʨʴ. 

ɺʳʪʝʩʥʷʝʤʘʷ ʠʟ ʵʪʦʛʦ ʧʫʟʳʨʷ ʚʦʜʘ ʧʦʣʫʯʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʧʦ ʨʘʜʠʫʩʘʤ, ʠʩʭʦʜʷʱʠʤ ʦʪ ʮʝʥʪʨʘ 

ʚʟʨʳʚʘ. ɺ ʚʦʜʝ ʧʝʨʝʜʘʝʪʩʷ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ ʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʝʛʦ ʚʦʜʘ ʥʝʤʥʦʛʦ ʩʞʠʤʘʝʪʩʷ. ʆʙʣʘʩʪʴ ʵʪʦʛʦ ʩʞʘʪʠʷ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʢʘʯʢʦʤ ʜʘʚʣʝʥʠʷ ʠʟʚʥʝ, ʪ.ʝ. ʬʨʦʥʪʦʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ 

ʚʦʜʝ. 

ʋʜʘʨʥʘʷ ʚʦʣʥʘ ʚ ʚʦʜʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʠʩʭʦʜʷ ʠʟ ʪʝʭ ʞʝ 

ʧʨʝʜʧʦʩʳʣʦʢ, ʢʦʪʦʨʳʝ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʠʟʫʯʝʥʠʷ ʚʦʟʜʫʰʥʳʭ 

ʫʜʘʨʥʳʭ ʚʦʣʥ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʘʟ, 
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ʯʨʝʟʚʳʯʘʡʥʦ ʩʠʣʴʥʦ ʩʞʘʪʳʡ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʠʣʘʤʠ, ʪ.ʝ. ʩ ʦʯʝʥʴ 

ʩʠʣʴʥʳʤ ʧʨʠʪʷʞʝʥʠʝʤ ʤʦʣʝʢʫʣ ʚʦʜʳ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʕʪʦ ʧʨʠʪʷʞʝʥʠʝ 

ʥʘʩʪʦʣʴʢʦ ʫʧʣʦʪʥʷʝʪ ʚʦʜʫ, ʢʘʢ ʝʩʣʠ ʙʳ ʦʥʘ ʙʳʣʘ ʩʞʘʪʘ ʚʥʝʰʥʠʤ 

ʜʘʚʣʝʥʠʝʤ, ʧʨʠʤʝʨʥʦ ʚ 10000 ʨʘʟ ʧʨʝʚʦʩʭʦʜʷʱʠʤ ʥʦʨʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ʊʘʢ ʢʘʢ ʨʘʟʣʠʯʥʳʝ ʚʥʝʰʥʠʝ ʥʘʛʨʫʟʢʠ ʧʦʯʪʠ ʥʝ 

ʤʦʛʫʪ ʠʟʤʝʥʠʪʴ ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ, ʪʦ ʦʙʳʯʥʦ ʦʥʘ ʩʯʠʪʘʝʪʩʷ ʥʝʩʞʠʤʘʝʤʦʡ. 

ʅʦ ʧʨʠ ʚʟʨʳʚʝ ʥʝʢʦʪʦʨʦʝ ʩʞʘʪʠʝ ʝʝ ʚʩʝ ʞʝ ʚʦʟʥʠʢʘʝʪ ʠ ʵʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʚ ʚʦʜʝ ʚʝʩʴʤʘ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʟʘ 

ʬʨʦʥʪʦʤ ʚʦʜʷʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. 

ʆʙʦʙʱʝʥʥʫʶ ʬʦʨʤʫʣʫ ʉʘʜʦʚʩʢʦʛʦ ʜʣʷ ʚʦʜʳ, ʫʯʠʪʳʚʘʷ, ʯʪʦ 

ʜʘʚʣʝʥʠʝ P0 ʙʦʣʴʰʝ ʚ 10000 ʨʘʟ, ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

 

ȹP = 7(U1 / U) 
. 
(m / r)

3 
+ 58(U1 / U)

2/3 . 
(1 / r)

2
m

2/3 
+ 391(U1 / U)

1/3 . 
(1 / 

r)m
1/3

. 

 

ʈʘʩʯʝʪʳ, ʧʨʦʠʟʚʦʜʠʤʳʝ ʪʘʢʠʤ ʧʫʪʝʤ, ʩʣʦʞʥʳ;  ʥʘ ʧʨʘʢʪʠʢʝ 

ʦʢʘʟʳʚʘʝʪʩʷ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʳʤ ʧʨʠʤʝʥʷʪʴ ʠ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʩʧʦʩʦʙʳ, 

ʭʦʪʷ ʦʥʠ ʠ ʥʝ ʚʧʦʣʥʝ ʪʦʯʥʳʝ ʧʨʠ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʠʣʠ ʦʯʝʥʴ ʤʘʣʳʭ 

ʜʘʚʣʝʥʠʷʭ, ʥʝ ʠʤʝʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʋʯʠʪʳʚʘʷ ʩʢʘʟʘʥʥʦʝ, ʥʘ ʧʨʘʢʪʠʢʝ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʨʘʩʯʝʪʘ 

ʜʘʚʣʝʥʠʷ ʥʘ ʬʨʦʥʪʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ ʚʦʜʝ ʬʦʨʤʫʣʫ ʘʤʝʨʠʢʘʥʩʢʦʛʦ 

ʫʯʝʥʦʛʦ ʂʦʫʣʘ: 

 

ȹP = 533(m
1/3 

/ r)
1,13

. 

 

ʆʙʘ ʩʧʦʩʦʙʘ ʨʘʩʯʝʪʘ ʜʘʶʪ ʩʦʚʧʘʜʘʶʱʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʠ ʟʥʘʯʝʥʠʷʭ  ʚ ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʡ 10 ï 1000 ʢʛʩ/ʩʤ
2
. 

ɼʣʷ ʟʘʨʷʜʘ ʪʨʦʪʠʣʘ ʤʘʩʩʦʡ 1 ʢʛ, ʚʟʦʨʚʘʥʥʦʛʦ ʚ ʚʦʜʝ, ʨʘʩʯʝʪʳ ȹP 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 13. 

ʊʘʙʣʠʮʘ 13 

ʈʘʩʯʝʪʳ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʘʤ 

ʉʘʜʦʚʩʢʦʛʦ ʠ ʂʦʫʣʘ 

 
ʌʦʨʤʫʣʘ              ʈʘʩʩʪʦʷʥʠʝ, ʤ; ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ, ʘʪʤ 

0,53        1,06      2,12        4,24       8,5      17      39 

ʉʘʜʦʚʩʢʦʛʦ 995 428 200 96 43 23 12 

ʂʦʫʣʘ 1095 502 229 105 48 22 11 

     

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʝʡʩʪʚʠʷ ʚʟʨʳʚʘ ʚ ʚʦʜʝ ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. ʂʦʛʜʘ ʬʨʦʥʪ ʚʦʜʷʥʦʡ ʫʜʘʨʥʦʡ 

ʚʦʣʥʳ ʜʦʭʦʜʠʪ ʜʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥʳ ʩʞʘʪʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. ɺʦʜʘ, 



 119 

ʥʘʭʦʜʷʱʘʷʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʛʨʦʤʥʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘ ʬʨʦʥʪʦʤ ʫʜʘʨʥʦʡ 

ʚʦʣʥʳ, ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʙʦʜʥʦ ʜʚʠʛʘʪʴʩʷ   ʚ ʩʪʦʨʦʥʫ ʩʣʘʙʦ 

ʩʦʧʨʦʪʠʚʣʷʶʱʝʛʦʩʷ ʚʦʟʜʫʭʘ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʝʝ. ʉʥʘʯʘʣʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʚʩʧʣʝʩʢ ʟʘ ʩʯʝʪ ʙʳʩʪʨʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩʠʣʴʥʦ 

ʩʞʘʪʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚʦʜʳ. ɼʘʣʝʝ ʥʘʯʠʥʘʝʪʩʷ ʦʙʱʠʡ ʧʦʜʲʝʤ 

ʚʩʝʡ ʤʘʩʩʳ ʚʦʜʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʤʝʞʜʫ ʝʝ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʛʘʟʦʚʳʤ 

ʧʫʟʳʨʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚʦʟʥʠʢʘʝʪ ʩʪʦʣʙ ʚʦʜʳ (ʩʫʣʪʘʥ), 

ʧʦʜʥʠʤʘʶʱʠʡʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʳʩʦʪʫ ʥʘʜ ʤʝʩʪʦʤ ʚʟʨʳʚʘ. 

ʕʥʝʨʛʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʛʦ ʩʪʦʣʙʘ, ʧʝʨʝʜʘʝʪʩʷ 

ʚʦʜʝ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʨʘʩʰʠʨʝʥʠʷ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʛʘʟʦʚʦʤ ʧʫʟʳʨʝ. ʕʥʝʨʛʠʷ ʩʞʘʪʠʷ ʙʳʩʪʨʦ ʧʝʨʝʭʦʜʠʪ ʚ ʵʥʝʨʛʠʶ ʜʚʠʞʝʥʠʷ 

ʚʦʜʳ ʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʚʦʜʝ ʠ ʚ ʛʘʟʦʚʦʤ ʧʫʟʳʨʝ ʙʳʩʪʨʦ 

ʠʩʯʝʟʘʝʪ. ɺ ʛʣʫʙʴ ʚʦʜʳ ʦʪ ʝʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʚʠʞʝʪʩʷ ʬʨʦʥʪ 

ʚʦʣʥʳ ʨʘʟʨʝʞʝʥʠʷ, ʟʘ ʢʦʪʦʨʳʤ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ 

ʠʩʯʝʟʘʝʪ. 

ɺʦʣʥʘ ʨʘʟʨʝʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʣʥʦʡ, ʦʪʨʘʞʝʥʥʦʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʜʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʫʩʣʦʚʠʡ ʦʪʨʘʞʝʥʠʷ ʫʜʘʨʥʳʭ ʚʦʣʥ ʦʪ ʤʘʩʩʠʚʥʳʭ 

ʥʝʩʞʠʤʘʝʤʳʭ ʧʨʝʛʨʘʜ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʧʨʠ 

ʦʪʨʘʞʝʥʠʠ ʦʪ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠʩʯʝʟʘʝʪ 

ʚʦʚʩʝ. 

ʌʨʦʥʪ ʚʦʣʥʳ ʨʘʟʨʝʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʰʘʨʦʚʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʮʝʥʪʨ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʚ ʚʦʟʜʫʭʝ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʚʦʜʳ ʥʘ ʚʳʩʦʪʝ w. ʕʪʘ ʚʳʩʦʪʘ ʨʘʚʥʘ ʛʣʫʙʠʥʝ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ 

ʮʝʥʪʨ ʚʟʨʳʚʘ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ. 

ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʟʦʥʘ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʚʦʜʝ ʠʤʝʝʪ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʟʨʝʟʝ ʬʦʨʤʫ ʧʦʣʫʤʝʩʷʮʘ. ʆʥʘ ʦʛʨʘʥʠʯʝʥʘ ʩʥʠʟʫ 

ʬʨʦʥʪʦʤ ʚʦʣʥʳ ʩʞʘʪʠʷ, ʘ ʩʚʝʨʭʫ ï ʬʨʦʥʪʦʤ ʚʦʣʥʳ ʨʘʟʨʝʞʝʥʠʷ. ʆʙʘ 

ʬʨʦʥʪʘ ʚʟʘʠʤʥʦ ʧʝʨʝʩʝʢʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. 

ɼʝʡʩʪʚʠʝ ʚʟʨʳʚʘ ʚ ʚʦʜʝ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʛʣʫʙʠʥʳ, ʥʘ ʢʦʪʦʨʫʶ 

ʦʧʫʱʝʥ ʟʘʨʷʜ ʚ ʚʦʜʫ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʱʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ 

ʜʝʡʩʪʚʠʠ ʚʟʨʳʚʘ ʧʨʠ ʥʘʣʠʯʠʠ ʟʘʙʦʡʢʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʘʙʦʡʢʦʡ 

ʷʚʣʷʝʪʩʷ ʩʣʦʡ ʚʦʜʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘʜ ʟʘʨʷʜʦʤ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʜʚʠʞʝʥʠʝ ʚʦʜʳ 

ʧʨʠ ʚʟʨʳʚʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʚʟʨʳʚʘ ʚ ʚʦʜʝ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʧʦʤʦʱʠ ʚʟʨʳʚʘ ʧʝʨʝʙʠʪʴ ʩʚʘʶ ʧʦʜ 

ʚʦʜʦʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʢ ʩʚʘʝ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʢʨʝʧʷʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʟʘʨʷʜ. ʉʦ ʩʪʦʨʦʥʳ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʟʘʨʷʜʫ, ʥʘʜʦ ʧʨʠʢʨʝʧʣʷʪʴ ʩʦʩʫʜ ʩ 

ʚʦʟʜʫʭʦʤ, ʥʘʧʨʠʤʝʨ ʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʢʦʥʩʝʨʚʥʳʭ ʙʘʥʦʢ, ʧʦʚʝʨʥʫʪʳʭ 

ʦʪʚʝʨʩʪʠʷʤʠ ʚʥʠʟ. ʇʨʠ ʚʟʨʳʚʝ ʚʦʜʘ ʩʞʠʤʘʝʪ ʙʘʥʢʠ ʩ ʚʦʟʜʫʭʦʤ ʠ 

ʩʦʦʙʱʘʝʪ ʩʚʘʝ ʚ ʟʦʥʝ ʚʟʨʳʚʘ ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʚ 

ʩʪʦʨʦʥʫ ʚʦʟʜʫʰʥʦʡ ʧʦʣʦʩʪʴ. 



 120 

ʆʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʘʢʠʤ ʧʫʪʝʤ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ 

ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʧʦʜʨʳʚʘ ʩʚʘʠ ʟʘʨʷʜ ʚ 2 ï 6 ʨʘʟ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʩʥʠʟʠʪʴ ʚʨʝʜʥʦʝ ʜʝʡʩʪʚʠʝ ʚʦʜʷʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. 

ɺʤʝʩʪʦ ʧʫʩʪʳʭ ʢʦʥʩʝʨʚʥʳʭ ʙʘʥʦʢ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʪʘʢʞʝ ʢʫʩʦʢ 

ʩʫʭʦʛʦ, ʥʝ ʫʩʧʝʚʰʝʛʦ ʧʨʦʤʦʢʥʫʪʴ, ʜʝʨʝʚʘ. ɺ ʧʦʨʘʭ ʪʘʢʦʛʦ ʜʝʨʝʚʘ 

ʩʦʜʝʨʞʠʪʩʷ ʤʥʦʛʦ ʚʦʟʜʫʭʘ. ɼʝʨʝʚʦ ʥʘʤʥʦʛʦ ʩʠʣʴʥʝʝ ʩʞʠʤʘʝʪʩʷ, ʯʝʤ 

ʚʦʜʘ, ʠ ʧʨʦʠʟʚʦʜʠʪ ʪʘʢʦʝ ʞʝ ʜʝʡʩʪʚʠʝ, ʢʘʢ ʙʘʥʢʘ ʩ ʚʦʟʜʫʭʦʤ. 

 

Ä 4.10. ʈʘʩʯʝʪʳ ʧʘʨʘʤʝʪʨʦʚ ʚʟʨʳʚʘ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ 

 

ɺʟʨʳʚ ʜʣʷ ʜʨʦʙʣʝʥʠʷ, ʨʳʭʣʝʥʠʷ ʠ ʚʳʙʨʦʩʘ ʧʦʨʦʜ ʧʨʠʤʝʥʷʶʪ   ʥʘ 

ʦʩʥʦʚʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ, ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. 

ɺʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʛʦʨʥʦʤ ʠ ʩʪʨʦʠʪʝʣʴʥʦʤ ʜʝʣʝ ʜʣʷ 

ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ï ʜʣʷ ʜʨʦʙʣʝʥʠʷ ʠ ʨʘʟʨʳʭʣʝʥʠʷ ʢʨʝʧʢʠʭ ʧʦʨʦʜ ʠ 

ʜʣʷ ʚʳʙʨʦʩʘ ʠʣʠ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʩʩ ʧʦʨʦʜʳ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʣʦʩʪʝʡ (ʚʳʝʤʦʢ) ʠʣʠ ʜʘʤʙ, ʧʣʦʪʠʥ, ʧʝʨʝʤʳʯʝʢ, 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʩʪʨʦʚʦʚ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʧʝʨʝʜʘʯʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʚʟʨʳʚʯʘʪʦʝ ʚʝʱʝʩʪʚʦ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʚʥʫʪʨʠ ʤʘʩʩʠʚʘ ʪʦʡ ʧʦʨʦʜʳ, ʥʘ ʢʦʪʦʨʫʶ ʚʟʨʳʚ ʜʦʣʞʝʥ ʜʝʡʩʪʚʦʚʘʪʴ. ɼʣʷ 

ʵʪʦʡ ʮʝʣʠ ʧʝʨʝʜ ʚʟʨʳʚʦʤ ʚ ʧʦʨʦʜʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʙʫʨʠʪʴ ʰʧʫʨ 

(ʩʢʚʘʞʠʥʫ) ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ. 

ʇʦʜʛʦʪʦʚʢʘ ʩʢʚʘʞʠʥʳ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ ʟʚʝʥʦʤ ʚʦ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪʘʭ, ʥʘ ʯʪʦ 

ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʤʥʦʛʦ ʩʠʣ ʠ ʩʨʝʜʩʪʚ. ɺʨʝʤʷ ʜʣʷ ʵʪʦʡ ʧʦʜʛʦʪʦʚʢʠ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʚʨʝʤʝʥʝʤ, ʟʘʪʨʘʯʠʚʘʝʤʳʤ ʥʘ ʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ ʚ ʛʦʨʥʳʭ 

ʧʦʨʦʜʘʭ. ʌʦʨʤʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʢʚʘʞʠʥ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʟʘʨʷʜʘ ɺɺ 

ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʥʝ ʪʦʣʴʢʦ ʪʨʝʙʦʚʘʥʠʷʤ, ʚʳʪʝʢʘʶʱʠʤ ʠʟ ʬʠʟʠʢʠ 

ʚʟʨʳʚʘ, ʥʦ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʥʘʠʙʦʣʝʝ  ʵʢʦʥʦʤʠʯʥʦʛʦ 

ʠ ʫʜʦʙʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʚʟʨʳʚʘ. 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʟʨʳʚʦʚ ʤʘʣʦʛʦ ʤʘʩʰʪʘʙʘ ʚ ʪʚʝʨʜʳʭ ʧʦʨʦʜʘʭ 

ʧʦʯʪʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʠʜʦʤ ʝʤʢʦʩʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ 

ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʷʚʣʷʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʰʧʫʨ (ʠʣʠ ʩʢʚʘʞʠʥʘ), 

ʚʳʙʫʨʠʚʘʝʤʳʡ ʚ ʧʦʨʦʜʝ. ʆʙʲʝʤ ʰʧʫʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ 

ʟʘʨʷʜʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʦʣʥʦʩʪʴʶ. ʅʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʰʧʫʨʘ, ʙʦʣʝʝ 

ʙʣʠʟʢʘʷ ʢ ʚʳʭʦʜʫ (ʢ ʫʩʪʴʶ), ʧʦʩʣʝ ʟʘʨʷʞʘʥʠʷ ʟʘʧʦʣʥʷʝʪʩʷ ʧʨʦʙʢʦʡ ʠʟ 

ʛʨʫʥʪʘ, ʥʘʟʳʚʘʝʤʦʡ ʟʘʙʦʡʢʦʡ. ʀʥʦʛʜʘ ʦʢʘʟʳʚʘʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

ʦʩʪʘʚʣʷʪʴ ʚ ʰʧʫʨʝ ʧʫʩʪʳʝ ʤʝʩʪʘ, ʟʘʧʦʣʥʝʥʥʳʝ ʚʦʟʜʫʭʦʤ, ʪʘʢ ʢʘʢ ʪʘʢʠʝ 

ʧʦʣʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʚʟʨʳʚʘ, ʧʦʪʦʤʫ ʯʪʦ 

ʩʦʟʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʨʦʜʳ. ɹʦʣʝʝ 

ʪʦʛʦ, ʜʣʷ ʫʩʠʣʝʥʠʷ ʩʤʝʱʝʥʠʡ ʧʦʨʦʜʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʚʝʣʠʯʝʥʠʷ 
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ʨʘʟʨʫʰʝʥʠʡ ʧʦʨʦʜʳ ʙʫʨʷʪ ʰʧʫʨʳ, ʢʦʪʦʨʳʝ ʦʩʪʘʚʣʷʶʪ ʧʨʠ ʚʟʨʳʚʝ 

ʧʫʩʪʳʤʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʩʧʦʩʦʙ ʫʩʠʣʝʥʠʷ ʜʝʡʩʪʚʠʷ ʚʟʨʳʚʘ ʧʨʠ ʧʦʤʦʱʠ 

ʫʩʪʨʦʡʩʪʚʘ ʢʘʤʝʨ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʟʘʨʷʜʘ ʙʦʣʴʰʝʛʦ ʦʙʲʝʤʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʦʤ ʟʘʨʷʜʘ. ʇʨʠ ʵʪʦʤ ʚʟʨʳʚʥʳʝ ʛʘʟʳ ʧʝʨʝʜʘʶʪ 

ʵʥʝʨʛʠʶ ʚʟʨʳʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʜʳ, 

ʦʢʨʫʞʘʶʱʝʡ ʚʟʨʳʚ; ʜʘʚʣʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʥʦ ʤʘʩʩʘ 

ʧʦʨʦʜʳ, ʩʤʝʱʘʝʤʘʷ ʚʟʨʳʚʥʳʤʠ ʛʘʟʘʤʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʉʥʠʞʘʝʪʩʷ 

ʤʝʩʪʥʦʝ ʯʨʝʟʤʝʨʥʦʝ ʨʘʟʨʫʰʝʥʠʝ, ʜʨʦʙʣʝʥʠʝ ʠ ʥʘʛʨʝʚʘʥʠʝ ʧʦʨʦʜʳ, ʘ 

ʪʘʢʞʝ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʪʝʨʷʝʪʩʷ ʚʙʣʠʟʠ ʟʘʨʷʜʘ ʠ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʧʦʨʦʜʘ 

ʨʘʚʥʦʤʝʨʥʝʝ ʜʨʦʙʠʪʩʷ ʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʤʝʩʪʘ ʚʟʨʳʚʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʚʟʨʳʚʘ ʥʘ ʧʦʨʦʜʫ 

ʚ ʮʝʣʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʵʪʦ ʤʦʞʝʪ ʦʧʨʘʚʜʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʫʩʪʨʦʡʩʪʚʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʚ ʢʘʤʝʨʝ, ʛʜʝ ʨʘʟʤʝʱʘʝʪʩʷ ʟʘʨʷʜ. ɿʘʨʷʜʳ ʤʦʛʫʪ 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʩʢʚʘʞʠʥʘʭ, ʧʨʦʙʫʨʝʥʥʳʭ ʚ ʧʦʨʦʜʝ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʛʣʫʙʠʥʫ.  

ɽʩʣʠ ʞʝ ʪʨʝʙʫʝʪʩʷ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʢʘʤʝʨʳ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ 

ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʪʦ ʵʪʦ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʟʨʳʚʦʚ ʟʘʨʷʜʦʚ, ʧʦʤʝʱʘʝʤʳʭ ʚ ʩʢʚʘʞʠʥʝ. ʉʥʘʯʘʣʘ 

ʥʝʙʦʣʴʰʦʡ ʟʘʨʷʜ ʩʚʦʠʤ ʚʟʨʳʚʦʤ ʥʝʤʥʦʛʦ ʨʘʩʰʠʨʷʝʪ ʩʢʚʘʞʠʥʫ ʚ ʤʝʩʪʝ 

ʚʟʨʳʚʘ. ʕʪʦ ʤʝʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʚʚʝʜʝʥʠʷ ʪʫʜʘ ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ 

ʟʘʨʷʜʘ. ɺʟʨʳʚʘʷ ʝʛʦ, ʧʦʣʦʩʪʴ ʚ ʧʦʨʦʜʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪ. ɺ ʵʪʦʡ 

ʧʦʣʦʩʪʠ ʧʦʤʝʱʘʶʪ ʝʱʝ ʙʦʣʝʝ ʢʨʫʧʥʳʡ ʟʘʨʷʜ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʫʚʝʣʠʯʠʚʘʶʪ ʧʦʣʦʩʪʴ ʜʦ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʟʤʝʨʦʚ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʢ ʩʦʟʜʘʥʠʶ ʦʯʝʥʴ ʢʨʫʧʥʳʭ ʧʦʣʦʩʪʝʡ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʠ ʨʘʟʨʫʰʘʶʪʩʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʝʩʘ ʧʦʨʦʜʳ, ʚʳʟʳʚʘʶʱʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʛʦʨʥʦʝ 

ʜʘʚʣʝʥʠʝ. ɺ ʢʨʫʧʥʳʭ ʚʟʨʳʚʘʭ, ʢʦʛʜʘ ʤʘʩʩʘ ʟʘʨʷʜʘ ʩʦʩʪʘʚʣʷʝʪ ʩʦʪʥʠ ʠ 

ʪʳʩʷʯʠ ʪʦʥʥ, ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʨʘʟʤʝʱʝʥʠʝ ʟʘʨʷʜʘ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʢʘʤʝʨʘʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʘʟʤʝʨʦʚ ʠʣʠ ʚ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʳʭ 

ʰʪʦʣʴʥʷʭ, ʰʘʭʪʘʭ. 

ʇʨʝʜʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ ʥʘ ʚʳʙʨʦʩ ʧʨʠ ʧʦʤʦʱʠ 

ʩʠʩʪʝʤʳ ʫʜʣʠʥʝʥʥʳʭ ʟʘʨʷʜʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʢʘʭ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʤʝʨ ʫʚʝʣʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ  ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʚʟʨʳʚʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʫʩʪʦʪʳ ʟʘʧʦʣʥʷʪʴ ʚʦʜʦʡ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚʦʜʘ ʧʝʨʝʜʘʝʪ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʵʥʝʨʛʠʶ ʚʟʨʳʚʘ. ʀʤʝʝʪʩʷ ʪʘʢʞʝ ʙʦʣʴʰʦʡ ʦʧʳʪ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ ʧʠʨʦʢʩʠʣʠʥʦʚʳʭ ʧʦʨʦʭʦʚ, 

ʫʪʨʘʪʠʚʰʠʭ ʩʚʦʠ ʢʦʥʜʠʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʘʨʪʠʣʣʝʨʠʠ. ʕʪʠ ʧʦʨʦʭʘ 

ʭʦʨʦʰʦ ʚʟʨʳʚʘʶʪʩʷ  ʚ ʚʦʜʝ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʚʦʜʳ ʠʩʧʘʨʷʝʪʩʷ, ʥʘ ʯʪʦ 

ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʯʘʩʪʴ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ɺʦʜʷʥʳʝ ʧʘʨʳ, ʨʘʩʰʠʨʷʷʩʴ, 

ʜʦʧʦʣʥʷʶʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʨʘʩʰʠʨʷʶʱʠʭʩʷ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ. ʕʪʦ 
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ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʜʝʡʩʪʚʠʷ  ʚʟʨʳʚʘ ʥʘ ʙʦʣʝʝ ʜʘʣʴʥʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 

ʟʘʨʷʜʘ. ɺʦʟʤʦʞʥʦ ʫʩʠʣʝʥʠʝ ʜʨʦʙʷʱʝʛʦ ʜʝʡʩʪʚʠʷ ʚʟʨʳʚʘ ʧʫʪʝʤ 

ʫʚʝʣʠʯʝʥʠʷ ʢʘʤʝʨʳ ʙʝʟ ʝʝ ʟʘʧʦʣʥʝʥʠʷ ʚʦʜʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʝʡʩʪʚʠʝ 

ʚʟʨʳʚʘ   ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʚʦʟʜʫʭ.  

ʇʦʨʦʜʘ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʝʣ ʚʟʨʳʚ, ʧʝʨʝʤʝʱʘʝʪʩʷ ʠ 

ʫʧʣʦʪʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʜʘʚʣʝʥʠʷ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʢʦʣʴʞʝʥʠʷ. 

ɺ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜʘʭ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʞʝʩʪʢʦʩʪʴʶ ʠ ʭʨʫʧʢʦʩʪʴʶ, 

ʚʦʢʨʫʛ ʧʦʣʦʩʪʠ, ʦʩʪʘʶʱʝʡʩʷ ʧʦʩʣʝ ʚʟʨʳʚʘ, ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʬʝʨʠʯʝʩʢʠʡ 

ʩʣʦʡ ʤʝʣʢʦ ʨʘʟʜʨʦʙʣʝʥʥʦʡ ʧʦʨʦʜʳ. ʕʪʦʪ ʩʣʦʡ ʧʨʦʥʠʟʘʥ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ʩʢʦʣʴʞʝʥʠʷ. ɽʩʣʠ ʧʨʦʠʟʚʝʩʪʠ ʨʘʟʨʝʟ ʧʦʨʦʜʳ, ʪʦ ʵʪʠ  ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʫʪ 

ʠʤʝʪʴ ʚʠʜ ʩʧʠʨʘʣʝʡ, ʠʜʫʱʠʭ ʧʦʜ ʫʛʣʦʤ 45 Á ʢ ʨʘʜʠʫʩʘʤ, ʧʨʦʚʝʜʝʥʥʳʤ 

ʠʟ ʮʝʥʪʨʘ ʚʟʨʳʚʘ. 

ɿʘ ʫʧʣʦʪʥʝʥʥʳʤ ʩʣʦʝʤ ʩʣʝʜʫʝʪ ʟʦʥʘ, ʧʨʦʥʠʟʘʥʥʘʷ ʨʘʜʠʘʣʴʥʳʤʠ 

ʪʨʝʱʠʥʘʤʠ. ʕʪʠ ʪʨʝʱʠʥʳ ʨʘʩʭʦʜʷʪʩʷ ʚ ʚʠʜʝ ʣʫʯʝʡ, ʥʘʯʠʥʘʶʱʠʭʩʷ ʥʘ 

ʛʨʘʥʠʮʝ ʚʥʫʪʨʝʥʥʝʛʦ ʫʧʣʦʪʥʝʥʥʦʛʦ ʷʜʨʘ. ʄʝʞʜʫ ʵʪʠʤʠ ʪʨʝʱʠʥʘʤʠ 

ʦʙʳʯʥʦ ʠʤʝʶʪʩʷ ʠ ʪʨʝʱʠʥʳ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʨʘʜʠʫʩʘʤ. ʊʨʝʱʠʥʳ 

ʚʦʟʥʠʢʘʶʪ ʪʦʛʜʘ, ʢʦʛʜʘ ʜʘʚʣʝʥʠʝ ʧʦʩʣʝ ʚʟʨʳʚʘ ʩʥʠʞʘʝʪʩʷ ʠ ʧʨʦʠʩʭʦʜʠʪ 

ʥʝʙʦʣʴʰʦʝ ʩʤʝʱʝʥʠʝ ʧʦʨʦʜʳ ʢ ʮʝʥʪʨʫ ʚʟʨʳʚʘ. 

ɺʟʨʳʚ, ʥʝ ʚʳʟʳʚʘʶʱʠʡ ʚʳʙʨʦʩʘ ʧʦʨʦʜʳ, ʥʘʟʳʚʘʶʪ ʢʘʤʫʬʣʝʪʦʤ 

ʠʣʠ ʢʘʤʫʬʣʝʪʥʳʤ ʚʟʨʳʚʦʤ. ʆʙʨʘʟʫʶʱʫʶʩʷ ʧʨʠ ʪʘʢʦʤ ʚʟʨʳʚʝ ʧʦʣʦʩʪʴ 

ʥʘʟʳʚʘʶʪ ʢʘʤʫʬʣʝʪʥʦʡ ʧʦʣʦʩʪʴʶ. ʆʙʲʝʤ ʵʪʦʡ ʧʦʣʦʩʪʠ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 

ʵʥʝʨʛʠʠ, ʚʳʜʝʣʷʝʤʦʡ ʧʨʠ ʚʟʨʳʚʝ. ʊʘʢ ʢʘʢ ʵʪʘ ʵʥʝʨʛʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʤʘʩʩʝ ʟʘʨʷʜʘ, ʪʦ ʦʙʲʝʤ ʧʦʣʦʩʪʠ ʜʦʣʞʝʥ ʙʳʪʴ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʤʘʩʩʝ ʟʘʨʷʜʘ ʠ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚʟʨʳʚʯʘʪʦʛʦ 

ʚʝʱʝʩʪʚʘ. 

ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ ʨʘʜʠʫʩ ʢʘʤʫʬʣʝʪʥʦʡ ʧʦʣʦʩʪʠ ʜʣʷ ʦʜʥʦʛʦ 

ʢʠʣʦʛʨʘʤʤʘ ʪʨʦʪʠʣʘ ʯʝʨʝʟ R, ʪʦ ʨʘʜʠʫʩ ʧʦʣʦʩʪʠ ʧʨʠ ʚʟʨʳʚʝ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʟʘʨʷʜʘ ɺɺ ʨʘʚʝʥ: 

 

R = km
1/3

(U1 / U), 

 

ʛʜʝ U1 ï ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʨʠʤʝʥʝʥʥʦʛʦ ʧʨʠ ʚʟʨʳʚʝ ʚʟʨʳʚʯʘʪʦʛʦ 

ʚʝʱʝʩʪʚʘ; U ï ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʪʨʦʪʠʣʘ; k ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʚʥʳʡ 0,1 ï 

0,4 ʤ/(ʢʛ)
1/3

. 

ʊʘʢ ʢʘʢ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʠʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʢ ʜʨʫʛʠʤ (ʚ ʬʦʨʤʫʣʝ ʵʪʠ 

ʚʝʣʠʯʠʥʳ ʩʪʦʷʪ ʧʦʜ ʟʥʘʢʦʤ ʢʫʙʠʯʥʦʛʦ ʢʦʨʥʷ, ʯʪʦ ʝʱʝ ʙʦʣʝʝ ʩʥʠʞʘʝʪ 

ʚʣʠʷʥʠʝ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ), ʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, 

ʯʪʦ ʨʘʜʠʫʩ ʢʘʤʫʬʣʝʪʥʦʡ ʧʦʣʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʩʳ ʟʘʨʷʜʘ: 

 

R = km
1/3

. 
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ɺʝʣʠʯʠʥʘ k ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜʳ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʚʟʨʳʚ. 

ɺʝʣʠʯʠʥʘ R ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʮʝʥʢʠ ʵʥʝʨʛʠʠ, 

ʚʳʜʝʣʷʝʤʦʡ ʧʨʠ ʚʟʨʳʚʝ, ʥʦ ʢʨʫʧʥʳʝ ʢʘʤʫʬʣʝʪʥʳʝ ʧʦʣʦʩʪʠ ʪʨʫʜʥʦ 

ʩʦʭʨʘʥʠʪʴ. ʀʭ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʥʝ ʚʳʜʝʨʞʠʚʘʝʪ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʦʙʨʫʰʠʚʘʝʪʩʷ ʧʦʜ ʚʝʩʦʤ ʚʳʰʝʣʝʞʘʱʝʡ ʧʦʨʦʜʳ, ʧʨʦʯʥʦʩʪʴ ʢʦʪʦʨʦʡ 

ʥʘʨʫʰʝʥʘ ʧʨʠ ʚʟʨʳʚʝ. 

ʈʘʟʤʝʨʳ ʟʦʥ ʩʞʘʪʠʷ ʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ R ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʨʘʜʠʫʩʫ 

ʢʘʤʫʬʣʝʪʥʦʡ ʧʦʣʦʩʪʠ. ʈʘʟʤʝʨʳ ʟʦʥ ʩʞʘʪʠʷ R1 ʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ R2 

ʨʘʚʥʳ: R1~2 R, R2~4 R. 

ʇʨʠ ʚʟʨʳʚʝ ʚ ʧʦʨʦʜʝ ʚʦʟʥʠʢʘʝʪ ʚʟʨʳʚʥʘʷ ʚʦʣʥʘ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʚʦ ʚʩʝ ʩʪʦʨʦʥʳ ʦʪ ʤʝʩʪʘ ʚʟʨʳʚʘ. ʕʪʘ ʚʦʣʥʘ ʠʤʝʝʪ 

ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ ʚʟʨʳʚʥʳʤʠ ʫʜʘʨʥʳʤʠ ʚʦʣʥʘʤʠ ʚ ʚʦʟʜʫʭʝ ʠ ʦʩʦʙʝʥʥʦ ʚ 

ʚʦʜʝ. ʀʤʝʶʪʩʷ ʠ ʦʪʣʠʯʠʷ, ʢʦʪʦʨʳʝ ʚʳʨʘʞʝʥʳ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ 

ʦʧʨʝʜʝʣʝʥʥʝʝ ʚʳʨʘʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʨʦʜʳ ʠ ʯʝʤ ʵʪʘ ʧʦʨʦʜʘ ʷʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʧʦʨʠʩʪʦʡ. ʉʫʱʥʦʩʪʴ ʪʘʢʠʭ ʦʪʣʠʯʠʡ ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ. ʇʨʠ 

ʥʝʙʦʣʴʰʠʭ ʜʘʚʣʝʥʠʷʭ ʠ ʜʝʬʦʨʤʘʮʠʷʭ ʩʪʨʫʢʪʫʨʘ ʧʦʨʦʜʳ ʩʦʭʨʘʥʷʝʪʩʷ. 

ʉʞʠʤʘʝʤʦʩʪʴ ʧʦʨʦʜʳ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ, ʧʦʵʪʦʤʫ ʧʨʠ ʥʝʙʦʣʴʰʠʭ 

ʜʘʚʣʝʥʠʷʭ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʞʘʪʠʷ ʚ ʧʦʨʦʜʝ ʦʢʘʟʳʚʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʡ. ʇʨʠ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ ʧʦʨʦʜʘ ʥʘʯʠʥʘʝʪ 

ʨʘʟʨʫʰʘʪʴʩʷ ʠ ʝʝ ʩʞʠʤʘʝʤʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʇʦʨʦʜʘ ʪʝʨʷʝʪ 

ʩʚʦʶ ʞʝʩʪʢʦʩʪʴ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ, 

ʧʝʨʝʜʘʶʱʝʡ ʙʦʣʝʝ ʩʠʣʴʥʳʝ ʜʘʚʣʝʥʠʷ, ʦʢʘʟʳʚʘʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʡ. ʅʘ ʬʨʦʥʪʝ ʚʦʣʥʳ ʚʧʝʨʝʜ ʚʳʨʳʚʘʶʪʩʷ ʥʝʙʦʣʴʰʠʝ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʜʘʚʣʝʥʠʷ. ʅʝʩʢʦʣʴʢʦ ʧʦʟʜʥʝʝ ʧʨʠʭʦʜʷʪ ʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʠ ʜʘʚʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʚʦʣʥʳ ʯʝʨʝʟ ʢʘʢʦʡ-ʣʠʙʦ ʫʯʘʩʪʦʢ ʜʘʚʣʝʥʠʷ ʚ ʧʦʨʦʜʝ ʥʘʨʘʩʪʘʶʪ, ʘ ʧʦʪʦʤ 

ʩʥʠʞʘʶʪʩʷ. ʇʦʵʪʦʤʫ ʪʘʢʠʝ ʚʦʣʥʳ ʥʝʣʴʟʷ ʥʘʟʳʚʘʪʴ ʫʜʘʨʥʳʤʠ. ʅʘʟʚʘʥʠʝ 

çʫʜʘʨʥʳʝ ʚʦʣʥʳè ʩʦʭʨʘʥʷʝʪʩʷ ʪʦʣʴʢʦ ʪʘʤ, ʛʜʝ ʚ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ ʚʦʣʥʳ 

ʠʤʝʝʪʩʷ ʩʢʘʯʦʢ ʫʧʣʦʪʥʝʥʠʷ (ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʦʥ ʦʪʩʫʪʩʪʚʫʝʪ) 

ʠ ʜʘʚʣʝʥʠʝ ʥʘ ʬʨʦʥʪʝ ʚʦʣʥʳ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ. 

ɺʦʣʥʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʠ ʚʟʨʳʚʝ ʧʦʩʪʝʧʝʥʥʦ ʥʘʨʘʩʪʘʝʪ ʜʘʚʣʝʥʠʝ, 

ʥʘʟʳʚʘʶʪ ʦʙʳʯʥʦ ʚʟʨʳʚʥʳʤʠ ʚʦʣʥʘʤʠ. ɺʝʣʠʯʠʥʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ 

ʜʝʡʩʪʚʠʝ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ ʚ ʧʦʨʦʜʝ, ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, 

ʩʦʟʜʘʚʘʝʤʦʝ ʵʪʦʡ ʚʦʣʥʦʡ. ʕʪʦ ʜʘʚʣʝʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʨʦʜʝ. ʆʥʦ 

ʜʝʡʩʪʚʫʝʪ ʥʘ ʧʣʦʱʘʜʢʫ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʤʳʩʣʝʥʥʦ ʚʳʜʝʣʠʪʴ ʚ ʧʦʨʦʜʝ, 

ʨʘʩʧʦʣʘʛʘʷ ʵʪʫ ʧʣʦʱʘʜʢʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʥʘʧʨʘʚʣʝʥʠʶ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ. ɽʩʣʠ ʪʘʢʫʶ ʧʣʦʱʘʜʢʫ ʨʘʩʧʦʣʦʞʠʪʴ 

ʠʥʘʯʝ, ʪʩ ʜʘʚʣʝʥʠʝ ʦʢʘʞʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʠʤ. ɼʘʚʣʝʥʠʝ ʚ ʪʚʝʨʜʦʤ 

ʪʝʣʝ ʥʘʟʳʚʘʶʪ ʥʘʧʨʷʞʝʥʠʝʤ (ʥʘʧʨʷʞʝʥʠʝʤ ʩʞʘʪʠʷ). ʄʘʢʩʠʤʘʣʴʥʳʝ  
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ʨʘʜʠʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩʞʘʪʠʷ ʚ ʧʦʨʦʜʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʧʠʩʳʚʘʶʪʩʷ 

ʬʦʨʤʫʣʘʤʠ ʜʣʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʉʘʜʦʚʩʢʦʛʦ.  

ɼʣʷ ʨʘʩʯʝʪʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʘʜʠʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʦʱʝ ʠ 

ʫʜʦʙʥʝʝ ʧʨʠʤʝʥʷʪʴ ʬʦʨʤʫʣʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʦʚ. ɼʣʷ 

ʤʛ̫ʢʠʭ, ʥʝʩʢʘʣʴʥʳʭ ʛʨʫʥʪʦʚ (ʩʫʛʣʠʥʢʦʚ ʠ ʪ.ʧ.) ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʨʘʜʠʘʣʴʥʳʭ, ʥʘʧʨʷʞʝʥʠʡ ů ʨʘʚʥʳ: 

 

ů = FKm / (20r
3
), 

 

ʛʜʝ F ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʛʣʫʙʠʥʫ ʟʘʢʣʘʜʢʠ ʟʘʨʷʜʘ; K ï  

ʚʝʣʠʯʠʥʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʘ. 

ɺʝʣʠʯʠʥʘ F  ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ. ʇʨʠ ʚʟʨʳʚʝ 

ʚʙʣʠʟʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʜʳ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʜʨʦʙʣʝʥʠʝ ʧʦʨʦʜʳ  ʠ ʥʘ ʚʳʙʨʦʩ ʝʝ ʥʘʨʫʞʫ. ɺʩʣʝʜʩʪʚʠʝ 

ʵʪʦʛʦ ʫʤʝʥʴʰʘʝʪʩʷ ʵʥʝʨʛʠʷ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʚʟʨʳʚʥʦʡ ʚʦʣʥʝ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ. ʋʤʝʥʴʰʝʥʠʝ ʠ ʚʳʨʘʞʘʝʪʩʷ 

ʚʝʣʠʯʠʥʦʡ F. 

ɿʥʘʯʝʥʠʝ F  ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʝʩʣʠ ʛʣʫʙʠʥʘ ʟʘʣʦʞʝʥʠʷ ʟʘʨʷʜʘ 

h ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʥʫʣʷ ʜʦ ʚʝʣʠʯʠʥʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʢʘʤʫʬʣʝʪʥʳʡ ʚʟʨʳʚ, ʪ.ʝ. ʥʝ ʚʦʟʥʠʢʘʝʪ ʚʳʙʨʦʩʘ ʛʨʫʥʪʘ ʧʨʠ ʚʟʨʳʚʝ. 

 ʅʠʞʝ  ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ F ʦʪ h/R0 ʜʣ̫ ɺɺ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ, 

ʪʘʙʣ. 14. 

ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʛʨʫʥʪʦʚ ʚʝʣʠʯʠʥʘ K ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʣʘʞʥʦʩʪʠ ʛʨʫʥʪʘ, ʪʘʙʣ. 15. 

ɺ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜʘʭ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʩ 

ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʧʦʨʦʜʳ. ʇʦʪʝʨʠ ʵʥʝʨʛʠʠ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 

ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ ʚ ʧʦʨʦʜʝ ʩʚʷʟʘʥʳ ʩ ʧʣʦʪʥʦʩʪʴʶ. ʕʪʠ ʧʦʪʝʨʠ ʪʝʤ 

ʤʝʥʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʧʣʦʪʥʦʩʪʴ ʧʦʨʦʜʳ, ʧʦʪʦʤʫ ʯʪʦ ʚ ʙʦʣʝʝ ʧʣʦʪʥʳʭ 

ʧʦʨʦʜʘʭ ʤʝʥʴʰʝ ʨʘʟʨʫʰʝʥʠʷ ʠ ʩʤʝʱʝʥʠʷ, ʚʳʟʳʚʘʝʤʳʝ ʚʟʨʳʚʦʤ, ʯʝʤ ʚ 

ʧʦʨʦʜʘʭ ʤʝʥʝʝ ʧʣʦʪʥʳʭ. 

ʊʘʙʣʠʮʘ 14 

ɿʘʚʠʩʠʤʦʩʪʴ   F ʦʪ h/R0  ʜʣʷ  ɺɺ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ 
 

h / R0   0 3 6 9 12 

F 0,2 0,5 0,7 0,8 1 

 

ʊʘʙʣʠʮʘ 15 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ K ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʨʫʥʪʦʚ 

 
ɻʨʫʥʪ ʃʝʩ ʉʫʛʣʠʥʦʢ ʉʫʭʘʷ ʛʣʠʥʘ ʄʦʢʨʘʷ ʛʣʠʥʘ 

K 30-120 90-200 700-1400 3500-10000 
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ʇʨʠ ʫʯʝʪʝ ʵʪʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʝʝ. 

ʈʘʩʯʝʪ ʨʘʜʠʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʨʦʜʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʠʥʪʝʨʝʩ ʪʦʣʴʢʦ ʚ ʪʝʭ ʟʦʥʘʭ, ʛʜʝ ʚʟʨʳʚʥʘʷ ʚʦʣʥʘ ʩʧʦʩʦʙʥʘ ʧʨʦʠʟʚʝʩʪʠ ʪʝ 

ʠʣʠ ʠʥʳʝ ʨʘʟʨʫʰʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʩʯʠʪʘʪʴʩʷ ʩ ʧʦʪʝʨʷʤʠ 

ʵʥʝʨʛʠʠ ʥʘ ʵʪʠ ʨʘʟʨʫʰʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʨʘʩʯʝʪʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʤʘʩʩʳ ʟʘʨʷʜʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ, ʧʨʦʡʜʝʥʥʦʛʦ 

ʚʟʨʳʚʥʦʡ ʚʦʣʥʦʡ. ɽʩʣʠ ʚʳʨʘʟʠʪʴ ʧʣʦʪʥʦʩʪʴ ʧʦʨʦʜʳ d ʚ ʢʠʣʦʛʨʘʤʤʘʭ ʥʘ 

ʢʫʙʠʯʝʩʢʠʡ ʤʝʪʨ, ʪʦ ʤʦʞʥʦ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʜʠʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʩʢʘʣʴʥʳʭ ʧʦʨʦʜʘʭ ʧʨʠʤʝʥʠʪʴ ʬʦʨʤʫʣʫ ɸ.ʅ. ʍʘʥʫʢʘʝʚʘ: 

 

ů = Fd(0,77m / r
3
 ï 0,4(m

2/3
) / r

2 
+ 0,11(m

1/3
) / r. 

 

ʊʘʢ, ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʜʠʘʙʘʟʘ, ʛʨʘʥʠʪʘ, ʤʨʘʤʦʨʘ, ʠʟʚʝʩʪʥʷʢʘ, 

ʪʫʬʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 3300, 2650, 2790, 2530, 2120 ʢʛ/ʤ
3
. 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ ʬʦʨʤʫʣʫ ʍʘʥʫʢʘʝʚʘ, ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ 

ʨʘʜʠʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜʘʭ. 

ɺʨʝʤʷ ʜʝʡʩʪʚʠʷ ʚʦʣʥʳ t ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ. ɺ 

ʪʚʝʨʜʳʭ ʧʦʨʦʜʘʭ ʤʦʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ 

ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ ʚʟʨʳʚʘ: 

 

                                             t = (m
1/3

) / 2000. 

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʩʤʝʱʝʥʠʷ v ʨʘʚʥʘ ů/150. ɺ ʵʪʦʡ ʬʦʨʤʫʣʝ 

ʢʦʵʬʬʠʮʠʝʥʪ  ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʠʭ ʝʜʠʥʠʮʘʭ ʚʳʨʘʞʝʥʳ v ʠ ů. ɺ 

ʧʨʠʚʝʜʝʥʥʦʡ ʬʦʨʤʫʣʝ ů ʚʳʨʘʞʝʥʦ, ʢʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʚ ʢʠʣʦʛʨʘʤʤʘʭ ʥʘ 

ʢʚʘʜʨʘʪʥʳʡ ʩʘʥʪʠʤʝʪʨ, ʘ ʩʢʦʨʦʩʪʴ ï ʚ ʤʝʪʨʘʭ ʚ ʩʝʢʫʥʜʫ. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʟʨʳʚʘ ʚ ʛʨʫʥʪʘʭ ʠʤʝʝʪ 

ʩʤʝʱʝʥʠʝ ʧʦʨʦʜʳ S (ʤʤ) ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ. ʕʪʦ 

ʩʤʝʱʝʥʠʝ ʧʨʠʙʣʠʞʝʥʥʦ ʨʘʚʥʦ: 

 

S = (F 
.
 d / 3000)(7,7m / r

3
 - 4 (m

2/3
) / r

2 
+ 1,1(m

1/3
) / r. 

 

ʊʘʢ, ʧʨʠ ʚʟʨʳʚʝ 1 ʢʛ ʪʨʦʪʠʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʜʳ (F = 0,2) 

ʩʤʝʱʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʤ ʙʫʜʫʪ ʨʘʚʥʳ ʧʨʠʤʝʨʥʦ 1 ʤʤ. 

ɽʩʣʠ ʟʘʨʷʜ ʜʣʠʥʦʡ L, ʪʦ ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʝʣʠʯʠʥ 

ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʪʝ ʞʝ ʩʘʤʳʝ ʬʦʨʤʫʣʳ, ʥʦ ʚ ʥʠʭ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ 

ʵʢʚʠʚʘʣʝʥʪʥʳʡ  ʟʘʨʷʜ. ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʟʘʨʷʜ ʨʘʚʝʥ  2rm / L, ʧʨʠ ʫʩʣʦʚʠʠ 

R < L, ʛʜʝ L ï ʜʣʠʥʘ ʟʘʨʷʜʘ.  

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʤʝʱʝʥʠʷ ʧʨʠ ʚʟʨʳʚʝ ʦʪʥʦʩʷʪʩʷ ʢ 

ʪʚʝʨʜʳʤ (ʩʢʘʣʴʥʳʤ) ʛʦʨʥʳʤ ʧʦʨʦʜʘʤ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʙʣʠʟʢʠ ʢ ʥʠʤ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʤʝʱʝʥʠʷ ʚ ʤʷʛʢʠʭ ʚʦʜʥʳʭ ʛʨʫʥʪʘʭ. ʄʷʛʢʠʝ ʛʨʫʥʪʳ 

(ʛʣʠʥʘ, ʩʫʛʣʠʥʦʢ, ʧʝʩʦʢ), ʥʝ ʥʘʩʳʱʝʥʥʳʝ ʚʦʜʦʡ, ʦʪʣʠʯʘʶʪʩʷ ʧʦ 



 126 

ʨʝʦʣʦʛʠʠ ʦʪ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ. ʇʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ ʚ 

ʤʷʛʢʠʭ ʛʨʫʥʪʘʭ ʧʫʟʳʨʴʢʠ ʚʦʟʜʫʭʘ ʩʞʠʤʘʶʪʩʷ. ʉʦʜʝʨʞʘʱʠʡʩʷ ʚ ʥʠʭ ʛʘʟ 

ʧʨʠ ʩʞʘʪʠʠ ʥʘʛʨʝʚʘʝʪʩʷ. ʊʝʧʣʦʪʘ ʦʪ ʛʘʟʘ ʦʯʝʥʴ ʙʳʩʪʨʦ ʧʝʨʝʜʘʝʪʩʷ 

ʦʢʨʫʞʘʶʱʝʡ ʚʦʜʝ ʠ ʯʘʩʪʠʮʘʤ ʛʨʫʥʪʘ. ʊʘʢʠʤ ʧʫʪʝʤ ʪʝʨʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ. ɺʟʨʳʚʥʘʷ ʚʦʣʥʘ ʙʳʩʪʨʦ 

ʦʩʣʘʙʝʚʘʝʪ, ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʴʰʠʤʠ, ʯʝʤ ʵʪʦ ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʚ ʩʢʘʣʴʥʳʭ ʛʨʫʥʪʘʭ.  

ʉʢʦʨʦʩʪʠ ʩʤʝʱʝʥʠʷ ʧʦʨʦʜʳ ʦʪ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ ʠʟʤʝʥʷʶʪʩʷ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʠ ʚʦʟʨʘʩʪʘʶʪ ʧʦ ʚʝʣʠʯʠʥʝ, ʝʩʣʠ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʚʦʣʥʳ 

ʨʘʟʨʝʞʝʥʠʷ. ɺ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜʘʭ ʪʦʯʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʨʠ ʚʟʨʳʚʝ ʚ 

ʚʦʜʝ, ʚʙʣʠʟʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʚʦʣʥʘ ʨʘʟʨʝʞʝʥʠʷ. ʆʥʘ 

ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʜʠʫʩʦʚ, ʨʘʩʭʦʜʷʱʠʭʩʷ ʠʟ ʮʝʥʪʨʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʪʘʢʦʡ ʚʳʩʦʪʝ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʨʦʜʳ, ʢʦʪʦʨʘʷ 

ʨʘʚʥʘ ʛʣʫʙʠʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʘʨʷʜʘ. 

ɺ ʙʦʣʝʝ ʩʫʭʠʭ, ʥʝ ʥʘʩʳʱʝʥʥʳʭ ʚʦʜʦʡ, ʤʷʛʢʠʭ ʛʨʫʥʪʘʭ ʚʦʣʥʘ 

ʨʘʟʨʝʞʝʥʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʩʣʘʙʦ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʛʣʦʱʝʥʠʝʤ ʵʥʝʨʛʠʠ 

ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ ʚ ʤʷʛʢʠʭ ʛʨʫʥʪʘʭ ʧʨʠ ʩʞʘʪʠʠ ʩʨʝʜʳ ʠʟʙʳʪʦʯʥʳʤ 

ʜʘʚʣʝʥʠʝʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʢ ʮʝʥʪʨʫ ʚʦʣʥʳ 

ʨʘʟʨʝʞʝʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʟʨʳʚʘ ʷʚʣʷʝʪʩʷ 

ʜʨʦʙʣʝʥʠʝ ʧʦʨʦʜʳ. ɼʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚ 

ʜʨʦʙʣʝʥʠʷ ʠʤʝʝʪ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ. ʈʘʩʩʤʦʪʨʠʤ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʢʦʣʦ ʤʝʩʪʘ 

ʚʟʨʳʚʘ ʚʦʟʥʠʢʘʝʪ ʩʠʩʪʝʤʘ ʪʨʝʱʠʥ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʠʩʭʦʜʠʪ 

ʜʨʦʙʣʝʥʠʝ ʧʦʨʦʜʳ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ʦʩʢʦʣʢʠ, ʢʦʪʦʨʳʝ ʦʯʝʥʴ ʤʘʣʳ 

ʚʙʣʠʟʠ ʤʝʩʪʘ ʚʟʨʳʚʘ, ʥʦ ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʨʘʟʤʝʨʘʭ ʧʦ ʤʝʨʝ 

ʫʜʘʣʝʥʠʷ ʦʪ ʥʝʛʦ. ʅʦ ʠ ʙʣʠʟʢʦ ʢ ʤʝʩʪʫ ʚʟʨʳʚʘ ʧʨʦʠʩʭʦʜʠʪ ʯʨʝʟʚʳʯʘʡʥʦ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʜʨʦʙʣʝʥʠʝ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʨʦʜʘ ʯʨʝʟʤʝʨʥʦ 

ʠʟʤʝʣʴʯʘʝʪʩʷ ʠ ʥʘ ʵʪʦ ʙʝʩʧʦʣʝʟʥʦ ʫʭʦʜʠʪ ʥʝʤʘʣʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ. 

ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʳʤ ʧʦʧʳʪʢʘʤ ʩʥʠʟʠʪʴ 

ʧʝʨʝʛʨʫʟʢʫ ʚ ʧʦʨʦʜʝ ʚʦʟʣʝ ʤʝʩʪʘ ʚʟʨʳʚʘ. ɺʳʰʝ ʙʳʣʠ ʫʢʘʟʘʥʳ ʧʨʠʝʤʳ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ, ʥʘʧʨʠʤʝʨ, ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʧʦʣʦʩʪʠ, ʛʜʝ 

ʧʦʤʝʱʘʝʪʩʷ ʟʘʨʷʜ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɿʦʥʘ ʜʨʦʙʣʝʥʠʷ ʠʤʝʝʪ ʨʘʟʤʝʨʳ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 4 ʨʘʟʘ 

ʧʨʝʚʳʰʘʶʱʠʝ ʨʘʟʤʝʨʳ ʢʘʤʫʬʣʝʪʥʦʡ ʧʦʣʦʩʪʠ. ɼʣʷ ʧʨʦʯʥʳʭ ʩʢʘʣʴʥʳʭ 

ʧʦʨʦʜ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʘʜʠʫʩ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ ʜʣʷ ʚʟʨʳʚʯʘʪʳʭ 

ʚʝʱʝʩʪʚ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʨʘʚʝʥ: 

 

R = 7(m / ů1)
1/3

, 
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ʛʜʝ R ʠʟʤʝʨʝʥʦ ʚ ʤʝʪʨʘʭ, ʤʘʩʩʘ ʟʘʨʷʜʘ m ï ʚ ʢʠʣʦʛʨʘʤʤʘʭ, ʚʨʝʤʝʥʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʨʦʜʳ ʥʘ ʨʘʟʨʳʚ ů1 ʚ ʢʠʣʦʛʨʘʤʤʘʭ ʥʘ ʢʚʘʜʨʘʪʥʳʡ 

ʩʘʥʪʠʤʝʪʨ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʟʨʳʚʘ ʥʘ ʚʳʙʨʦʩ ʚ ʦʙʱʝʤ ʚʠʜʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʨʷʜʘ ʫʧʨʦʱʝʥʠʡ, ʥʝ ʠʩʢʘʞʘʶʱʠʭ 

ʩʫʱʥʦʩʪʠ ʦʙʱʝʛʦ ʭʘʨʘʢʪʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʷʚʣʝʥʠʡ, ʥʦ 

ʠʟʙʘʚʣʷʶʱʠʭ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʚʣʝʢʘʪʴʩʷ ʦʪ ʛʣʘʚʥʦʛʦ, ʟʘʥʠʤʘʷʩʴ 

ʛʨʦʤʦʟʜʢʠʤʠ ʨʘʩʯʝʪʘʤʠ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ. 

ɺʟʨʳʚ ʥʘ ʚʳʙʨʦʩ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʵʪʘʧʘ: ʩʥʘʯʘʣʘ 

ʚʳʙʨʘʩʳʚʘʝʤʘʷ ʧʦʨʦʜʘ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʚʟʨʳʚʥʳʤʠ ʛʘʟʘʤʠ; 

ʧʦʪʦʤ ʢʫʩʢʠ ʧʦʨʦʜʳ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʠʣʠ ʩʧʣʦʰʥʦʡ ʤʘʩʩʦʡ ʨʘʟʣʝʪʘʶʪʩʷ 

ʚ ʩʪʦʨʦʥʳ, ʧʨʝʦʜʦʣʝʚʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʠ ʧʘʜʘʷ ʚʥʠʟ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ. 

ʇʝʨʚʳʡ ʵʪʘʧ ʫʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʫʩʢʦʨʷʝʤʘʷ ʜʘʚʣʝʥʠʝʤ 

ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ ʤʘʩʩʘ ʧʦʨʦʜʳ ʜʚʠʞʝʪʩʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʳʪʳʚʘʝʪ 

ʩʣʦʞʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʶ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʪʝʨʷʤ ʵʥʝʨʛʠʠ ʠ ʠʟʤʝʥʷʝʪ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʧʦʨʦʜʦʡ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʚʟʨʳʚʘ ʧʦʨʦʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚʦʢʨʫʛ 

ʟʘʨʷʜʘ ʠ ʤʝʞʜʫ ʟʘʨʷʜʦʤ ʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʥʘʯʠʥʘʝʪ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʢʨʠʚʳʤ ʣʠʥʠʷʤ, ʠʜʫʱʠʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʨʷʜʘ ʢ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʜʳ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʦʣʦʩʪʴ, ʩʦʜʝʨʞʘʱʘʷ 

ʚʟʨʳʚʥʳʝ ʛʘʟʳ, ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺʟʨʳʚʥʳʝ ʛʘʟʳ ʦʪʜʘʶʪ ʩʚʦʶ 

ʵʥʝʨʛʠʶ ʧʦʨʦʜʝ, ʦʭʣʘʞʜʘʶʪʩʷ ʠ ʠʭ ʜʘʚʣʝʥʠʝ ʙʳʩʪʨʦ ʧʘʜʘʝʪ. ʇʘʜʝʥʠʝ 

ʜʘʚʣʝʥʠʷ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʘʣʴʥʝʡʰʝʡ ʥʘʨʘʩʪʘʥʠʝ 

ʩʢʦʨʦʩʪʠ ʧʦʨʦʜʳ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʆʙʳʯʥʦ ʧʨʠ ʵʪʦʤ ʚʳʙʨʦʩʘ ʥʝʪ, ʘ  ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʜʳ ʧʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʦʝ ʚʩʧʫʯʠʚʘʥʠʝ. ʕʪʦ 

ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʢʘʜʨʘʭ ʢʠʥʦʩʲʝʤʢʠ ʚʟʨʳʚʘ ʥʘ ʚʳʙʨʦʩ. 

ɼʘʣʴʥʝʡʰʝʝ ʜʚʠʞʝʥʠʝ ʧʦʨʦʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʠʥʝʨʮʠʠ. ʕʪʦ 

ʜʚʠʞʝʥʠʝ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚʪʦʨʦʡ ʵʪʘʧ ʚʳʙʨʦʩʘ ʚʟʨʳʚʦʤ. 

ʇʨʠ ʚʟʨʳʚʝ ʚ ʧʦʨʦʜʝ ʚʦʟʥʠʢʘʝʪ ʚʟʨʳʚʥʘʷ ʚʦʣʥʘ, ʢʦʪʦʨʘʷ ʜʚʠʞʝʪʩʷ 

ʙʳʩʪʨʦ ï ʧʨʘʢʪʠʯʝʩʢʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʟʚʫʢʘ. ʕʪʘ ʚʦʣʥʘ ʜʦʩʪʠʛʘʝʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʜʳ. ʇʨʠ ʦʪʨʘʞʝʥʠʠ ʦʪ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʟʨʳʚʥʘʷ 

ʚʦʣʥʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʠʟ ʚʦʣʥʳ, ʩʞʠʤʘʶʱʝʡ ʧʦʨʦʜʫ, ʚ ʚʦʣʥʫ ʨʘʟʨʝʞʝʥʠʷ, 

ʚʳʟʳʚʘʶʱʫʶ ʨʘʩʪʷʞʝʥʠʝ, ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜʳ. ʇʨʠ 

ʵʪʦʤ ʧʦʷʚʣʷʶʪʩʷ ʥʝʙʦʣʴʰʠʝ ʢʫʩʢʠ ʧʦʨʦʜʳ, ʢʦʪʦʨʳʝ ʦʪʨʳʚʘʶʪʩʷ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʜʩʢʘʢʠʚʘʶʪ ʚʚʝʨʭ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʆʜʥʘʢʦ 

ʵʪʦ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʥʘʯʘʣʦʤ ʚʳʙʨʦʩʘ. ʕʪʦ ʪʦʣʴʢʦ ʧʦʷʚʣʝʥʠʝ ʦʪʢʦʣʘ, 

ʚʳʟʳʚʘʝʤʦʛʦ ʦʪʨʘʞʝʥʠʝʤ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʷʚʣʝʥʠʡ ʚʟʨʳʚʘ ʚ ʧʦʨʦʜʝ ʥʝʨʝʜʢʦ 

ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʦ ʪʦʤ, ʚ ʯʝʤ ʞʝ ʧʨʦʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 
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ʫʜʘʨʘ ʚʟʨʳʚʥʳʭ ʛʘʟʦʚ ʠ ʚ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʜʝʡʩʪʚʠʝ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʠʭ. 

ʈʘʟʨʳʚʘ ʤʝʞʜʫ ʜʝʡʩʪʚʠʝʤ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʫʜʘʨʘ ʛʘʟʦʚ, ʪ.ʝ. 

ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ, ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʛʘʟʦʚ ʧʦ ʩʫʱʝʩʪʚʫ ʥʝʪ. 

ʇʨʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦʮʝʩʩʘʭ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ ʚ ʧʦʨʦʜʝ ʠ ʧʦʜʩʢʦʢ ʦʩʢʦʣʢʦʚ ʧʨʠ ʦʪʢʦʣʝ. ʕʪʠ 

ʷʚʣʝʥʠʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʜʝʡʩʪʚʠʶ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ. 

ɼʘʣʝʝ ʥʘʯʠʥʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦ ʥʘʨʘʩʪʘʶʱʝʝ ʩʤʝʱʝʥʠʝ ʙʦʣʴʰʠʭ ʤʘʩʩ 

ʧʦʨʦʜʳ ï ʧʨʦʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʨʘʩʰʠʨʷʶʱʠʭʩʷ ʚʟʨʳʚʥʳʭ 

ʛʘʟʦʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʚʟʨʳʚʘ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʨʦʜʳ 

ʠʩʢʨʠʚʣʷʶʪʩʷ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ ʙʦʣʝʝ ʤʦʱʥʦʡ ʷʚʣʷʝʪʩʷ ʚʦʣʥʘ 

ʨʘʟʨʝʞʝʥʠʷ. ʀʩʢʨʠʚʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʡ ʜʚʠʞʝʥʠʷ ʧʦʨʦʜʳ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʡ ʭʘʨʘʢʪʝʨ. ɼʚʠʞʝʥʠʝ ʧʦʨʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʨʘʜʠʫʩʦʚ, ʨʘʩʭʦʜʷʱʠʭʩʷ ʠʟ ʮʝʥʪʨʘ ʚʟʨʳʚʘ. ʃʠʥʠʠ ʜʚʠʞʝʥʠʷ ʚʩʝ ʙʦʣʝʝ ʠ 

ʙʦʣʝʝ ʦʪʢʣʦʥʷʶʪʩʷ ʚʚʝʨʭ, ʚ ʩʪʦʨʦʥʫ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʜʳ, 

ʩʪʨʝʤʷʩʴ ʥʘʡʪʠ ʩʝʙʝ ʚʳʭʦʜ ʥʘʨʫʞʫ. 

ʏʝʤ ʩʠʣʴʥʝʝ ʜʝʡʩʪʚʠʝ ʚʟʨʳʚʘ, ʪʝʤ ʩʠʣʴʥʝʝ ʜʨʦʙʠʪʩʷ ʧʦʨʦʜʘ ʠ ʪʝʤ 

ʟʥʘʯʠʪʝʣʴʥʝʝ ʠʟʤʝʥʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʝʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʟʨʳʚʘ. ʇʨʠ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʨʘʩʩʝʠʚʘʝʪʩʷ ʚ ʛʨʫʥʪʝ ʠ ʪʝʤ ʤʝʥʴʰʝ ʝʝ 

ʦʩʪʘʝʪʩʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʣʥʳ ʨʘʟʨʝʞʝʥʠʷ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʚʦʣʥʳ ʨʘʟʨʝʞʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʩʣʦʚʠʷʤʠ ʚʟʨʳʚʘ ʥʘ 

ʜʨʦʙʣʝʥʠʝ ʧʦʨʦʜʳ. ʇʨʠ ʚʟʨʳʚʝ ʥʘ ʚʳʙʨʦʩ ʣʠʥʠʠ ʜʚʠʞʝʥʠʷ ʧʦʨʦʜʳ 

ʙʫʜʫʪ ʤʝʥʴʰʝ ʟʘʚʠʩʝʪʴ ʦʪ ʚʣʠʷʥʠʷ ʚʦʣʥʳ ʨʘʟʨʝʞʝʥʠʷ ï ʣʠʥʠʠ ʙʫʜʫʪ 

ʙʦʣʝʝ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʦʙʱʠʭ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʟʨʳʚʘ ʥʘ ʚʳʙʨʦʩ ʤʦʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ ʧʦʨʦʜʘ ʜʚʠʞʝʪʩʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʷʤʦʣʠʥʝʡʥʦ, ʧʦ ʨʘʜʠʫʩʘʤ, ʨʘʩʭʦʜʷʱʠʤʩʷ ʠʟ ʮʝʥʪʨʘ 

ʚʟʨʳʚʘ. ɽʩʣʠ ʧʨʠ ʵʪʦʤ ʚʳʜʝʣʠʪʴ ʚ ʛʨʫʥʪʝ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʠʤʝʶʱʠʝ ʬʦʨʤʫ ʚʳʪʷʥʫʪʳʭ ʫʩʝʯʝʥʥʳʭ ʧʠʨʘʤʠʜ, ʜʚʠʞʫʱʠʭʩʷ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʪʦ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʵʪʠʭ ʧʠʨʘʤʠʜ ʙʫʜʝʪ ʨʘʟʣʠʯʥʦʡ. ʅʘʠʙʦʣʝʝ ʙʳʩʪʨʦ ʜʦʣʞʥʘ ʜʚʠʛʘʪʴʩʷ ʪʘ 

ʧʠʨʘʤʠʜʘ, ʢʦʪʦʨʘʷ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʣʠʥʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ 

ʢʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʟʘʨʷʜʘ ʜʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʨʦʜʳ. ʋʢʘʟʘʥʥʘʷ ʣʠʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʣʠʥʠʝʡ ʥʘʠʤʝʥʴʰʝʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʦ ʵʪʦʡ ʣʠʥʠʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʤʘʩʩʘ 

ʧʦʨʦʜʳ, ʦʢʘʟʳʚʘʶʱʘʷ ʥʘʠʤʝʥʴʰʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʰʠʨʷʶʱʠʤʩʷ 

ʚʟʨʳʚʥʳʤ ʛʘʟʘʤ, ʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʨʦʜʳ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʝʝ ʜʚʠʞʝʥʠʷ. 

 ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʨʦʥʢʠ ʧʨʠ ʚʟʨʳʚʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ 

ʝʝ ʨʘʟʤʝʨʦʚ ʦʪ ʤʘʩʩʳ ʟʘʨʷʜʘ m, ʛʣʫʙʠʥʳ ʝʛʦ ʟʘʣʦʞʝʥʠʷ  h, ʧʣʦʪʥʦʩʪʠ 

ʧʦʨʦʜʳ d.  
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʨʦʜʘ ʤʦʞʝʪ ʧʦʜʥʷʪʴʩʷ ʥʘ ʪʫ ʠʣʠ 

ʠʥʫʶ ʚʳʩʦʪʫ. ʉʢʦʨʦʩʪʴ, ʧʦʣʫʯʝʥʥʘʷ ʧʦʨʦʜʦʡ, ʜʚʠʞʫʱʝʡʩʷ ʚʜʦʣʴ ʦʪʢʦʩʘ 

ʙʫʜʫʱʝʡ ʚʦʨʦʥʢʠ, ʜʦʩʪʘʪʦʯʥʘ, ʯʪʦʙʳ  ʚʳʙʨʦʩʠʪʴ ʝʝ ʟʘ ʢʨʘʡ ʚʦʨʦʥʢʠ, ʪ.ʝ. 

ʯʪʦʙʳ ʧʦʜʥʷʪʴ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʵʪʦʡ ʧʦʨʦʜʳ ʜʦ ʫʨʦʚʥʷ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ 

ʥʘʚʘʣʘ, ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʨʦʥʢʫ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚʦʨʦʥʢʘ ʠʤʝʝʪ ʬʦʨʤʫ 

ʢʦʥʫʩʘ, ʚʝʨʰʠʥʘ ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʚʟʨʳʚʘ, ʘ ʚʳʩʦʪʘ ʨʘʚʥʘ 

h. ʎʝʥʪʨ ʪʷʞʝʩʪʠ ʪʘʢʦʛʦ ʢʦʥʫʩʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʝ 1/4h ʧʦʜ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʨʦʜʳ. ʋʯʠʪʳʚʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʥʷʪʴ ʧʦʨʦʜʫ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʚʘʣʘ ʚʦʢʨʫʛ ʚʦʨʦʥʢʠ, 

ʚʳʩʦʪʫ ʧʦʜʲʝʤʘ ʧʦʨʦʜʳ ʫ ʢʨʘʷ ʚʦʨʦʥʢʠ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʚʥʦʡ 1/3h , 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʘʤ ʜʠʥʘʤʠʢʠ ʜʣʷ ʧʦʜʲʝʤʘ ʥʘ ʪʘʢʫʶ ʚʳʩʦʪʫ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʦʙʱʠʪʴ ʧʦʨʦʜʝ ʩʢʦʨʦʩʪʴ, ʨʘʚʥʫʶ (g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ 

ʪʝʣʘ): 

 

v = (2 / 3gh)
1/2

, 

 

ʉʢʦʨʦʩʪʴ v ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ. ɼʝʡʩʪʚʠʝ 

ʚʟʨʳʚʘ ʩʦʦʙʱʘʝʪ ʨʘʟʜʨʦʙʣʝʥʥʦʡ ʧʦʨʦʜʝ ʜʚʠʞʝʥʠʝ ʥʘ ʢʨʘʶ ʚʦʨʦʥʢʠ ʧʦʜ 

ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ. ʄʘʩʩʫ ɺɺ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʚʦʨʦʥʢʠ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ:  

 

m = ((d 
. 
h

7/2
) / A)(0,5 + 0,5n

2
)
2
. 

 

ɿʜʝʩʴ ʚʝʣʠʯʠʥʘ n ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ ʨʘʜʠʫʩʘ ʚʦʨʦʥʢʠ ʢ ʛʣʫʙʠʥʝ 

ʟʘʣʦʞʝʥʠʷ ʟʘʨʷʜʘ; A ï ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʩʚʦʡʩʪʚ ʛʨʫʥʪʘ. 

ʄʘʩʩʘ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʦʡ 

ʚʦʨʦʥʢʠ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʣʦʪʥʦʩʪʠ ʧʦʨʦʜʳ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʟʨʳʚ, ʠ ʛʣʫʙʠʥʝ ʟʘʣʦʞʝʥʠʷ ʟʘʨʷʜʘ ʚ ʩʪʝʧʝʥʠ 7/2. ʆʙʲʝʤ 

ʚʳʙʨʘʩʳʚʘʝʤʦʡ ʧʦʨʦʜʳ ʪʘʢʞʝ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ h
3
. ʄʘʩʩʘ ʟʘʨʷʜʘ 

ʚʦʟʨʘʩʪʘʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʦʙʲʝʤ ʚʳʙʨʘʩʳʚʘʝʤʦʡ ʧʦʨʦʜʳ. ʏʝʤ ʛʣʫʙʞʝ 

ʜʦʣʞʥʘ ʙʳʪʴ ʚʦʨʦʥʢʘ, ʪʝʤ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʥʘʜʦ ʟʘʪʨʘʪʠʪʴ, ʯʪʦʙʳ 

ʧʨʝʦʜʦʣʝʪʴ ʩʠʣʫ ʪʷʞʝʩʪʠ. 

ɺ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʝ ʚʟʨʳʚʥʦʛʦ ʜʝʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʟʘʨʷʜʘ ʠʤʝʝʪʩʷ 

ʨʷʜ ʬʦʨʤʫʣ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʠ ʪʝʦʨʠʷʭ. 

ʇʦʵʪʦʤʫ ʨʘʩʯʝʪʳ ʥʝ ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʶʪ. ʉʦʧʦʩʪʘʚʠʤ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʫʶ 

ʚ ʧʨʘʢʪʠʢʝ ʚʟʨʳʚʥʦʛʦ ʜʝʣʘ ʬʦʨʤʫʣʫ ʄ.ʄ. ɹʦʨʝʩʢʦʚʘ ʠ  ʝʝ ʘʥʘʣʠʟ (ʢʥʠʛʘ 

ɻ.ʀ. ʇʦʢʨʦʚʩʢʦʛʦ çɺʟʨʳʚè). ʌʦʨʤʫʣʘ ʄ.ʄ. ɹʦʨʝʩʢʦʚʘ ʜʣʷ ʨʘʩʯʝʪʘ 

ʨʘʜʠʫʩʘ ʚʦʨʦʥʢʠ ʧʨʠ ʚʟʨʳʚʝ ʚʳʚʝʜʝʥʘ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʧʨʦʰʣʦʛʦ 

ʚʝʢʘ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʌʦʨʤʫʣʘ ʠ ʦʩʥʦʚʳʚʘʣʘʩʴ ʥʘ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʦʧʳʪʦʚ, ʥʦ 

ʦʧʳʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʣʠʟʢʠʤʠ ʧʦ ʤʘʩʩʝ ʟʘʨʷʜʘʤʠ, 

ʚʦʨʦʥʢʠ ʪʘʢʞʝ ʧʦʣʫʯʘʣʠʩʴ ʙʣʠʟʢʠʝ ʧʦ ʨʘʟʤʝʨʘʤ. ɻ.ʀ. ʇʦʢʨʦʚʩʢʠʡ 
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ʦʪʤʝʪʠʣ, ʯʪʦ ʄ.ʄ. ɹʦʨʝʩʢʦʚ ʥʝ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʤʘʩʩʘ ʟʘʨʷʜʘ ʜʦʣʞʥʘ 

ʚʦʟʨʘʩʪʘʪʴ ʙʳʩʪʨʝʝ, ʯʝʤ ʦʙʲʝʤ ʚʳʙʨʦʰʝʥʥʦʡ ʧʦʨʦʜʳ, ʠ ʧʨʠʥʷʣ, ʯʪʦ ʦʥ 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʦʙʲʝʤʫ ʚʦʨʦʥʢʠ. ʆʥ ʧʦʜʦʙʨʘʣ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʫʯʝʪʘ ʧʦʢʘʟʘʪʝʣʷ ʚʳʙʨʦʩʘ ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʬʦʨʤʫʣ ʩ ʜʘʥʥʳʤʠ 

ʦʧʳʪʦʚ ʠ  ʧʦʣʫʯʠʣ ʬʦʨʤʫʣʫ: 

 

m = Kh
3
(0,4 + 0,6n

3
). 

 

ɺʝʣʠʯʠʥʘ, ʩʪʦʷʱʘʷ ʚ ʩʢʦʙʢʘʭ, ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ ʧʦʢʘʟʘʪʝʣʷ 

ʚʳʙʨʦʩʘ. ʌʫʥʢʮʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠʷ, ʚʭʦʜʷʱʝʛʦ ʚ  ʬʦʨʤʫʣʫ, ʚʳʚʝʜʝʥʥʫʶ 

ʚʳʰʝ, ʠ ʠʤʝʶʱʝʛʦ ʚʠʜ: (0,5 + 0,5n
2
)
2
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʪʦʡ ʩʪʝʧʝʥʠ 

ʪʦʯʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪʩʷ ʦʪ ʦʙʳʯʥʳʭ ʨʘʩʯʝʪʦʚ ʚʦ ʚʟʨʳʚʥʦʤ ʜʝʣʝ, 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʳʝ ʬʦʨʤʫʣʳ ʜʘʶʪ ʙʣʠʟʢʠʝ ʨʝʟʫʣʴʪʘʪʳ.  

ʇʨʦʚʝʜʝʤ ʨʘʩʯʝʪ ʨʘʜʠʫʩʘ ʚʦʨʦʥʢʠ ʧʦ ʬʦʨʤʫʣʝ ɹʦʨʝʩʢʦʚʘ: 

 

R = h[m / (0,6Kh
3
) ï 2 / 3]

1/3
. 

 

ɺʪʦʨʦʡ ʨʘʩʯʝʪ ʚʳʧʦʣʥʠʤ, ʧʨʠʤʝʥʷʷ ʬʦʨʤʫʣʫ, ʫʢʘʟʘʥʥʫʶ ʚ ʢʥʠʛʝ 

ɻ.ʀ. ʇʦʢʨʦʚʩʢʦʛʦ ç ɺʟʨʳʚè (ʩʤ. ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʫʶ ʩʩʳʣʢʫ 26): 

 

R = h[2(m / (Kh
7/2

)
1/2

 ï 1]
1/2

. 

 

ʊʘʢ, ʧʨʠ ʤʘʩʩʝ ʪʨʦʪʠʣʘ 1 ʢʛ (ʚʝʣʠʯʠʥʘ K ʨʘʚʥʘ 1), ʛʣʫʙʠʥʝ ʟʘʢʣʘʜʢʠ 

ʟʘʨʷʜʘ ɺɺ 1 ʤ ʨʘʩʯʝʪ ʨʘʜʠʫʩʘ ʚʦʨʦʥʢʠ ʧʦ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʬʦʨʤʫʣʘʤ 

ʧʨʠʚʦʜʠʪ ʢ ʦʜʠʥʘʢʦʚʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ï 1 ʤ. ʇʨʠ ʤʘʩʩʝ ʟʘʨʷʜʘ ɺɺ 10 ʢʛ ʠ 

ʛʣʫʙʠʥʝ ʟʘʢʣʘʜʢʠ 2 ʤ  ʨʘʜʠʫʩʳ ʨʘʚʥʳ 1,78; 2,24 ʤ.  

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʘʩʩʳ ʟʘʨʷʜʘ ʠ ʛʣʫʙʠʥʳ ʟʘʢʣʘʜʢʠ ʬʦʨʤʫʣʘ 

ɹʦʨʝʩʢʦʚʘ ʜʘʝʪ ʟʘʥʠʞʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʊʘʢ, ʧʨʦʚʝʜʝʤ ʨʘʩʯʝʪ ʤʘʩʩʳ 

ʟʘʨʷʜʘ, ʟʘʣʦʞʝʥʥʦʛʦ ʥʘ ʛʣʫʙʠʥʫ 50 ʤ, ʧʨʠ ʚʝʣʠʯʠʥʝ n, ʨʘʚʥʦʡ 2. ʇʦ 

ʬʦʨʤʫʣʝ ɹʦʨʝʩʢʦʚʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʣʦʞʠʪʴ ʟʘʨʷʜ ʤʘʩʩʦʡ 525 ʪʦʥʥ, ʘ ʧʦ 

ʚʪʦʨʦʡ ʬʦʨʤʫʣʝ ʤʘʩʩʘ ʟʘʨʷʜʘ ʨʘʚʥʘ 5520 ʪʦʥʥ. ʕʢʩʧʝʨʠʤʝʥʪ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʩʯʝʪʳ ʙʦʣʝʝ ʪʦʯʥʳ, ʢʦʛʜʘ ʧʨʠʤʝʥʷʶʪ ʬʦʨʤʫʣʫ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ɻ.ʀ. ʇʦʢʨʦʚʩʢʦʛʦ. 

ɺʦ ʚʟʨʳʚʥʦʤ ʜʝʣʝ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʣʫʯʘʡ, ʢʦʛʜʘ n = 1,  h = 1 

ʤ. ʆʙʲʝʤ ʢʦʥʠʯʝʩʢʦʡ ʚʦʨʦʥʢʠ ʨʘʚʝʥ  1ʤ
3
. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʨʷʜ, 

ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʦʡ ʚʦʨʦʥʢʠ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʚʳʙʨʦʩ ʧʨʠ n = 1. ɺʦʨʦʥʢʘ, ʫ 

ʢʦʪʦʨʦʡ R = h ʠ n =1, ʥʘʟʳʚʘʝʪʩʷ   ʚʦʨʦʥʢʦʡ ʥʦʨʤʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ   ʠʣʠ  

ʥʦʨʤʘʣʴʥʳʤ ʛʦʨʥʦʤ. 

ʉʦʧʦʩʪʘʚʣʷʷ ʬʦʨʤʫʣʫ ʩ ʦʧʳʪʥʳʤʠ ʜʘʥʥʳʤʠ, ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ɺɺ ʥʘ ʚʳʙʨʦʩ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʛʦʨʥʝ ʧʨʷʤʦ 
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ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʧʣʦʪʥʦʩʪʠ ʧʦʨʦʜʳ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʢʘʢ ʥʘ ʩʢʘʣʴʥʳʝ ʧʦʨʦʜʳ, ʪʘʢ ʠ ʥʘ ʤʷʛʢʠʝ ʛʨʫʥʪʳ. ʄʝʭʘʥʠʯʝʩʢʘʷ 

ʧʨʦʯʥʦʩʪʴ ʧʦʨʦʜʳ ʟʜʝʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʝ ʦʢʘʟʳʚʘʝʪ. 

ʌʦʨʤʫʣʳ, ʚʳʚʝʜʝʥʥʳʝ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ, ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʨʘʩʯʝʪʘ ʦʯʝʥʴ 

ʢʨʫʧʥʳʭ ʟʘʨʷʜʦʚ. 
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ɻʣʘʚʘ 5. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ  ʧʨʦʮʝʩʩʦʚ 

 

Ä 5.1. ʄʦʜʝʣʴ ʮʝʧʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʨʦʮʝʩʩʘ 

 

ʉʦʟʜʘʥʠʶ ʤʦʜʝʣʝʡ ʷʜʝʨʥʳʭ ʚʟʨʳʚʦʚ ʫʜʝʣʷʶʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʦʩʷʪ ʢʘʢ ʥʘʫʯʥʳʡ, ʪʘʢ ʠ ʧʨʠʢʣʘʜʥʦʡ 

ʭʘʨʘʢʪʝʨ.  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʷʜʝʨʥʦʛʦ ʠʣʠ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ ʩʢʦʨʦʩʪʴ ʨʘʩʧʘʜʘ ʠʣʠ ʩʠʥʪʝʟʘ  ʷʜʝʨ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ, ʪʘʢʠʤʠ ʢʘʢ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʚʟʨʳʚʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʝʘʛʠʨʫʶʱʠʭ ʯʘʩʪʠʮ, ʥʘʣʠʯʠʝʤ ʦʙʦʣʦʯʢʠ, 

ʢʦʣʠʯʝʩʪʚʦʤ ʚʳʜʝʣʷʶʱʝʡʩʷ ʵʥʝʨʛʠʠ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʩʠʩʪʝʤʳ, 

ʩʢʦʨʦʩʪʴʶ ʨʘʟʣʝʪʘ ʦʩʢʦʣʢʦʚ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ.  

 

     

 

 

 

 

 

                   

 

            
ʈʠʩ.12. ʉʭʝʤʘ ʨʘʟʚʠʪʠʷ ʮʝʧʥʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʤʦʜʝʣʴ ʚʟʨʳʚʘ, 

ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʬʦʨʤʘʣʴʥʳʭ ʟʘʢʦʥʘʭ ʢʠʥʝʪʠʢʠ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ 

ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ ʩʦʩʪʘʚʠʤ ʬʦʨʤʘʣʴʥʫʶ ʩʭʝʤʫ ʧʨʦʮʝʩʩʘ ʠ ʧʨʠʤʝʥʠʤ ʢ 

ʥʝʡ ʦʩʥʦʚʥʦʡ ʧʦʩʪʫʣʘʪ ʬʦʨʤʘʣʴʥʦʡ ʢʠʥʝʪʠʢʠ.  

ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʥʝʦʙʨʘʪʠʤʦ, ʥʝʡʪʨʦʥʳ ʥʝ 

ʧʦʢʠʜʘʶʪ ʟʦʥʫ ʨʝʘʢʮʠʠ (ʷʜʝʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʢʨʫʞʝʥʦ ʦʪʨʘʞʘʪʝʣʷʤʠ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 100 %), ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʥʝ 

ʧʦʢʠʜʘʶʪ ʟʦʥʫ ʨʝʘʢʮʠʠ, ʚ ʷʜʝʨʥʦʤ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʫʶʪʩʷ 2 ʥʝʡʪʨʦʥʘ. 

ʕʥʝʨʛʠʷ ʙʳʩʪʨʦʛʦ ʥʝʡʪʨʦʥʘ 1 ʄʵɺ. 

 

92U
235 

 + 0n
1 
 Ÿ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ + 2 0n

1 
. 

 

ʉʭʝʤʘ ʮʝʧʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 12. ʏʠʩʣʦ 

ʯʘʩʪʠʮ ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ  ʠ ʧʦ ʠʩʪʝʯʝʥʠʠ ʪʨʝʭ ʮʠʢʣʦʚ ʜʝʣʝʥʠʷ  

ʚʤʝʩʪʦ 1 ʥʝʡʪʨʦʥʘ ʚ ʨʝʘʢʮʠʠ ʫʯʘʩʪʚʫʶʪ 8 ʥʝʡʪʨʦʥʦʚ ʠ ʪ.ʜ. 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʘʣʴʥʦʡ ʩʭʝʤʦʡ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʩʢʦʨʦʩʪʠ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ɡ ʠʤʝʝʪ ʚʠʜ:    

 

ɡ= ïdN/dt = kaU 
. 
an . 

 

ɿʜʝʩʴ aU, an ï ʘʢʪʠʚʥʦʩʪʠ ʷʜʝʨ ʫʨʘʥʘ-235 ʠ ʥʝʡʪʨʦʥʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; N ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʧʘʚʰʠʭʩʷ ʷʜʝʨ ʫʨʘʥʘ 235. ɿʘʤʝʥʠʤ 

ʘʢʪʠʚʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ, ʫʯʠʪʳʚʘʷ ʮʝʧʥʦʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʘ, 

ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

-dN/dt ~ k(N0 ï (ɜ0 / 2)2 
t/t0

) ɜ02 
t/t0 

. 

 

ɿʜʝʩʴ N0 ï ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʷʜʝʨ ʫʨʘʥʘ, ʘʪʦʤ/ʤ
3
; k ï 

ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʚʟʨʳʚʘ, 1 / (ʘʪʦʤ
.
ʩ); ɜ0 ï ʥʘʯʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʡʪʨʦʥʦʚ ʚ ʦʙʲʝʤʝ ʟʘʨʷʜʘ, ʥʝʡʪʨʦʥ/ʤ
3
; t ï  ʚʨʝʤʷ ʦʪ ʥʘʯʘʣʘ ʚʟʨʳʚʘ, ʩ; t 0 

ï ʚʨʝʤʷ ʞʠʟʥʠ ʥʝʡʪʨʦʥʘ, ʨʘʚʥʦʝ 5
.
10
ï9

 ʩ; 2 ï ʯʠʩʣʦ ʥʝʡʪʨʦʥʦʚ ʚ 

ʬʦʨʤʘʣʴʥʦʡ ʩʭʝʤʝ ʮʝʧʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʅʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʷʜʝʨ ʫʨʘʥʘ-235 ʨʘʚʥʘ: 

 

N0 = (19,04 
. 
10

6.
6,022 

. 
10

23
) / 235 = 4,88

.
10

28
 ʘʪʦʤʦʚ/ʤ

3
, 

 

ʛʜʝ 19,04 ï ʧʣʦʪʥʦʩʪʴ ʫʨʘʥʘ, ʛ/ʩʤ
3
; 6,022

.
10

23
 ï ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ; 10

6
 ï 

ʧʝʨʝʩʯʝʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ; 235 ï ʘʪʦʤʥʘʷ ʤʘʩʩʘ ʫʨʘʥʘ. 

ʅʘʯʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʪʨʦʥʦʚ ɜ0 ʦʧʨʝʜʝʣʠʤ ʠʟ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 

ʨʘʩʯʝʪʘ ʘʢʪʠʚʥʦʩʪʠ ʨʘʩʧʘʜʘ ʷʜʝʨ ʫʨʘʥʘ. ɼʣʷ ʵʪʦʛʦ ʧʨʦʚʝʜʝʤ ʨʘʩʯʝʪ 

ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʧʘʜʦʚ ʷʜʝʨ ʫʨʘʥʘ ʟʘ 1 ʩʝʢʫʥʜʫ ʚ 1ʤ
3
 (A), ʫʯʠʪʳʚʘʷ, ʯʪʦ 

ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʨʘʩʧʘʜ ï ʥʝʦʙʨʘʪʠʤʘʷ ʨʝʘʢʮʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ: 

 

A = 6,022 
. 
10

23.
m 

. 
ln2 / (235

.
t0,5); 

A = (19,04
.
10

6 . 
6,022

.
10

23
) 

. 
ln2 / (235 

. 
2,22

.
10

16
) = 1,524

.
10

12 
 

ʨʘʩʧʘʜʦʚ/ʩ; 

 

ʛʜʝ m ï ʤʘʩʩʘ  ʫʨʘʥʘ, t0,5 ï ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ, ʨʘʚʥʳʡ 7,04
.
10

8
 ʣʝʪ 

(2,22
.
10

16
 ʩ).  

ʋʯʠʪʳʚʘʷ ʚʨʝʤʷ ʞʠʟʥʠ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʝʡʪʨʦʥʦʚ 

ʧʨʠ ʨʘʩʧʘʜʝ ʦʜʥʦʛʦ ʷʜʨʘ (2 ʥʝʡʪʨʦʥʘ), ʦʧʨʝʜʝʣʠʤ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʥʝʡʪʨʦʥʦʚ ɜ0 ʚ ʦʙʲʝʤʝ ʟʘʨʷʜʘ ʜʦ ʚʟʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ: 

 

ɜ0  =  2 
. 
1,524

.
10

12 . 
5

.
10
ï9

 = 1,524
.
10

4
 ʥʝʡʪʨʦʥʦʚ/ʤ

3
. 

 

ʈʘʩʯʝʪʥʘʷ ʤʦʱʥʦʩʪʴ ʚʟʨʳʚʘ ʧʨʠ ʨʘʩʧʘʜʝ 1 ʢʛ ʫʨʘʥʘ ʨʘʚʥʘ 2
.
10

14
 

ʄɺʪ ʠʣʠ 2
.
10

20 
ɺʪ. 
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ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚʨʝʤʷ ʚʟʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʙʫʜʝʪ ʥʝʩʢʦʣʴʢʦ 

ʙʦʣʴʰʝ, ʪʘʢ ʢʘʢ ʚ ʤʦʜʝʣʠ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʥʘʣʠʯʠʝ ʧʨʠʤʝʩʝʡ, 

ʧʦʛʣʦʱʘʶʱʠʭ ʥʝʡʪʨʦʥʳ, ʨʘʟʣʝʪ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʠ ʧʦʪʝʨʠ 

ʥʝʡʪʨʦʥʦʚ. ʈʝʘʣʴʥʦʝ ʚʨʝʤʷ ʚʟʨʳʚʘ ʷʜʝʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ ʤʠʢʨʦʩʝʢʫʥʜʳ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʩʝʢʫʥʜ ʠ ʟʘʚʠʩʠʪ ʦʪ 

ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʆʮʝʥʢʫ ʢʨʠʪʠʯʝʩʢʦʡ ʤʘʩʩʳ ʫʨʘʥʘ-235 ʧʨʦʚʝʜʝʤ ʧʦ ʚʨʝʤʝʥʠ 

ʞʠʟʥʠ ʥʝʡʪʨʦʥʘ. ʉʢʦʨʦʩʪʴ ʥʝʡʪʨʦʥʦʚ (ʵʥʝʨʛʠʷ 1 ʄʵɺ) ʨʘʚʥʘ ~10
7
 ʤ/ʩ. 

ɺʨʝʤʷ ʞʠʟʥʠ ʥʝʡʪʨʦʥʘ 5
.
10
ï9 
ʩ. ʂʨʠʪʠʯʝʩʢʠʡ ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ 

ʷʜʝʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʚʠʜʝ ʩʬʝʨʳ (2R = 1
.
10

7. 
5

.
10
ï9

)
 
 ʨʘʚʝʥ 0,05 ʤ. 

ʈʘʜʠʫʩ ʚʟʨʳʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 2,5 ʩʤ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʩʩʝ ʫʨʘʥʘ 1246 ʛ.  

ɹʦʣʝʝ ʪʦʯʥʳʝ ʨʘʩʯʝʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʧʨʦʙʝʛ ʯʘʩʪʠʮ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʟʘʨʷʜʘ, ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ,  

ʚʝʨʦʷʪʥʦʩʪʠ ʟʘʭʚʘʪʘ ʥʝʡʪʨʦʥʘ ʷʜʨʦʤ ʫʨʘʥʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʚʝʣʠʯʠʥʫ ʢʨʠʪʠʯʝʩʢʦʡ ʤʘʩʩʳ ʫʨʘʥʘ-235 0,9 ï 1 ʢʛ. ɺ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ 

ʚʦʝʥʥʳʭ ʷʜʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʢʨʠʪʠʯʝʩʢʘʷ ʤʘʩʩʘ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʪʦʪʳ 

ʫʨʘʥʘ-235 ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʢʠʣʦʛʨʘʤʤʦʚ. 

 

  

            

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 13. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ çʠʜʝʘʣʴʥʦʛʦè ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ ʦʪ ʚʨʝʤʝʥʠ 

          

ʂʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ ʚʟʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʠʤ ʠʟ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ. ʊʘʢ, ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 0   N0 >> ɜ0, ʘ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʨʘʚʥʘ ʚʝʣʠʯʠʥʝ, ʦʙʨʘʪʥʦʡ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʥʝʡʪʨʦʥʘ, ʫʤʥʦʞʝʥʥʦʡ ʥʘ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ. ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ ʮʝʧʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʦʣʫʯʠʤ 

ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ: 

 

3,4e-7 3,5e-7 3,6e-7 3,7e-7 3,8e-7 3,9e-7 4,0e-7 4,1e-7 4,2e-7

0

1e+36

2e+36

3e+36

4e+36

5e+36

6e+36

t, ʩ

V,  

ʘ/ʩ 

 

1.1037 

 

  

 

5.1036 

 

 

 

 
3

.
10

3

6
 

 

 

 

 

1
.
1

0
36

  

 3.10-7                                3,68.10-7                          4.19-7    Ű, ʩ         
t, c 
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2 
. 
10

8
 
.
1,524

.
10

4
 = k 

. 
1,524

.
10

4 . 
4,88

.
10

28 
, k = 4,098

.
10
ï21

 1/(ʩ
. 
ʘʪʦʤ). 

 

ʂʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʤʦʜʝʣʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

ïdN/dt ~ 4,098
.
10

-21 . 
(4,88

.
10

28
 ï 7621

.
10

4 . 
2 

t/t0
) 1,524 

. 
10

4 . 
2

t/t0
. 

ïdN/dt ~ 6,245
.
10
ï17

 
. 
(4,88

.
10

28
 ï 7621

.
10

4 . 
2 

t/t0
) 

. 
2

t/t0
. 

t/t0 = 200000000 
.
 t. 

 

ʅʘ ʦʩʥʦʚʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ 

ʚʳʧʦʣʥʠʪʴ ʦʮʝʥʢʠ ʚʟʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ɺʨʝʤʷ ʪʝʯʝʥʠʷ ʚʟʨʳʚʘ ʜʦ ʧʦʣʥʦʛʦ ʠʟʨʘʩʭʦʜʦʚʘʥʠʷ ʫʨʘʥʘ-235 

ʦʧʨʝʜʝʣʠʤ ʠʟ ʫʩʣʦʚʠʷ ïdN/dt = 0. ʉʦʛʣʘʩʥʦ ʢʠʥʝʪʠʯʝʩʢʦʤʫ 

ʫʨʘʚʥʝʥʠʶ, ʚʨʝʤʷ ʚʟʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʪʦʤʦʚ ʫʨʘʥʘ, ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʚ ʦʙʲʝʤʝ, ʚʨʝʤʝʥʠ 

ʞʠʟʥʠ ʥʝʡʪʨʦʥʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 4,12
.
10
ï7

 ʩ. ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, 

ʯʪʦ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʚʨʝʤʷ ʚʟʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʚʟʷʪʦʛʦ ʫʨʘʥʘ, ʪʘʢ ʢʘʢ ʥʘʯʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ N0 ʨʘʟʣʠʯʥʦ.   

ʀʥʪʝʛʨʠʨʫʷ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, ʧʦʣʫʯʠʤ ʧʨʠʙʣʠʞʝʥʥʫʶ 

ʬʦʨʤʫʣʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ ʫʨʘʥʘ (x), ʨʘʩʧʘʚʰʠʭʩʷ ʢ 

ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ t: 

 

dx/dt = k 
.  
(N0 ï 0,5 

.  
x) 

. 
x;k = (1/N0 

.  
t)

 
ln [x 

. 
(2N0  ï ɜ0) / ɜ0(2N0  ï x)];  

x ~ ɜ0
 . 
e

200 000 000t 
. 

 

ʅʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʦʩʣʝ ʧʝʨʠʦʜʘ ʠʥʜʫʢʮʠʠ ʢʦʣʠʯʝʩʪʚʦ ʫʨʘʥʘ, 

ʚʩʪʫʧʠʚʰʝʛʦ ʚ ʨʝʘʢʮʠʶ, ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʘʨʘʩʪʘʶʪ ʧʦ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʨʠʩ. 13. 

ʅʘ ʨʠʩ. 13 ʧʦ ʦʩʠ Y ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʷʜʝʨʥʦʛʦ 

ʚʟʨʳʚʘ ʦʪ ʚʨʝʤʝʥʠ (ʘʪʦʤ/ʩ). ɺ ʪʝʯʝʥʠʝ 360 ï 370 ʥʘʥʦʩʝʢʫʥʜ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʠʦʜ ʠʥʜʫʢʮʠʠ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʢʦʧʣʝʥʠʝ ʥʝʡʪʨʦʥʦʚ. ɹʳʩʪʨʳʡ  ʨʦʩʪ ʩʢʦʨʦʩʪʠ ʷʜʝʨʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ 30 ï 40 ʥʘʥʦʩʝʢʫʥʜ ʠ ʜʦʩʪʠʛʘʝʪ ʚʝʣʠʯʠʥʳ, 

ʨʘʚʥʦʡ 4,8
.
10

36
 ʘʪʦʤʦʚ ʚ ʩʝʢʫʥʜʫ. ɿʘ ʚʨʝʤʷ 400 ï 415 ʥʘʥʦʩʝʢʫʥʜ 

ʚʟʨʳʚʥʦʡ ʧʨʦʮʝʩʩ ʧʦʣʥʦʩʪʴʶ  ʟʘʚʝʨʰʘʝʪʩʷ, ʘ ʝʛʦ ʩʢʦʨʦʩʪʴ ʝʛʦ 

ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ.  

ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʨʘʥʝʝ, ʚ ʤʦʜʝʣʠ ʨʘʩʩʤʦʪʨʝʥʦ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʝ 

ʚʟʨʳʚʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʷʜʝʨʥʦʝ ɺɺ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ 100 %. ʇʨʝʜʧʦʣʘʛʘʣʠ, ʯʪʦ ʩʠʩʪʝʤʘ 

ʟʘʤʢʥʫʪʘ, ʧʦʪʝʨʷ ʯʘʩʪʠʮ ʚ ʧʨʦʮʝʩʩʝ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʥʝʡʪʨʦʥʳ ʧʦʢʠʜʘʶʪ ʟʦʥʫ ʨʝʘʢʮʠʠ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʰʠʨʝʥʠʝ ʚʝʱʝʩʪʚʘ, 

ʝʛʦ ʥʘʛʨʝʚ, ʠʩʧʘʨʝʥʠʝ, ʠʦʥʠʟʘʮʠʷ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ 
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ʘʢʪʠʚʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʥʷʶʪʩʷ, ʘ ʚʨʝʤʷ 

ʨʝʘʢʮʠʠ ʨʝʘʣʴʥʦʛʦ ʚʟʨʳʚʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʦʵʪʦʤʫ ʚ ʨʝʘʣʴʥʳʭ 

ʷʜʝʨʥʳʭ  ʚʟʨʳʚʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺɺ 

ʚʩʝʛʜʘ ʤʝʥʴʰʝ 100 %. ʋʢʘʟʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʤʦʞʥʦ ʫʯʝʩʪʴ ʚ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʥʦ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʙʫʜʝʪ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʣʝʜʫʶʱʝʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʧʦʩʪʨʦʠʤ ʤʦʜʝʣʴ ʷʜʝʨʥʦʛʦ 

ʚʟʨʳʚʘ, ʫʯʠʪʳʚʘʷ ʨʘʩʰʠʨʝʥʠʝ ʚʟʨʳʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʧʨʦʮʝʩʩʝ 

ʜʝʣʝʥʠʷ ʷʜʝʨ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʮʝʩʩʘ.  

ʇʨʝʜʧʦʣʦʞʠʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʠ ʟʘʨʷʜʘ (ʨʘʟʚʠʪʠʝ ʚʟʨʳʚʘ ʥʘ 10 ï 15 

%) ʨʘʚʥʘ 10
8
 ʂ. ʉʢʦʨʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʟʘʨʷʜʘ ï 10 ʢʤ/ʩ. ʅʘʯʘʣʴʥʳʡ 

ʨʘʜʠʫʩ ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʙʲʝʤʦʤ 1 ʤ
3
 ï 62 ʩʤ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʡʪʨʦʥʦʚ ʠ ʘʪʦʤʦʚ ʫʨʘʥʘ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʜʠʫʩʘ ʚ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ, ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʚʟʨʳʚʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʠʤ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 

ïdN/dt ~ 1,488
.
10

-11
 
. 
 (4,88

.
10

28
  ï 7621

.
2 

t/t0
) 

.
2

t/t0
) / (62 + 10

.
10

5.
t)

6
. 

 

ɿʜʝʩʴ 62 + 10
.
10

5.
t ï ʨʘʜʠʫʩ ʟʘʨʷʜʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, ʩʤ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 14. ʈʘʟʚʠʪʠʝ ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʟʘʨʷʜʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 

10 ʢʤ/ʩ 

   

ɺʘʞʥʦ, ʯʪʦ ʨʘʩʰʠʨʝʥʠʝ ʟʘʨʷʜʘ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʞʠʟʥʠ 

ʥʝʡʪʨʦʥʘ t0 ʚʥʫʪʨʠ ʟʘʨʷʜʘ. ʊʘʢ, ʯʘʩʪʦʪʘ ʩʪʦʣʢʥʦʚʝʥʠʡ ʨʝʘʛʠʨʫʶʱʠʭ 

t,ʩ6,0e-7 7,0e-7 8,0e-7 9,0e-7 1,0e-6 1,1e-6

0

5e+35

1e+36

2e+36

2e+36

V, ʘʪ/ʩ
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ʯʘʩʪʠʮ Z ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ Z ~ aU 
. 
an, ʚʨʝʤʷ ʞʠʟʥʠ ʥʝʡʪʨʦʥʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ (62 + 10
.
10

5.
t)

6
:  

 

t0  =  5
.
10

-9 .  
[(62 + 10

.
10

5 .  
t) / 62]

6
;  t/t0 = 4,7666 t 

. 
10

13 
/ (62 + 10

.
10

5 . 
t)

6
. 

 

ʇʦʜʩʪʘʚʣʷʷ ʚʨʝʤʷ ʞʠʟʥʠ ʥʝʡʪʨʦʥʘ ʚ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, 

ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʟʘʨʷʜʘ 

ʩʦ ʩʢʦʨʦʩʪʴʶ 10 ʢʤ/ʩ, ʨʠʩ. 14. ʇʨʠ ʨʘʩʰʠʨʝʥʠʠ ʷʜʝʨʥʦʛʦ ʟʘʨʷʜʘ 

ʩʥʠʞʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʝʣʝʥʠʷ ʷʜʝʨ, ʤʦʱʥʦʩʪʴ ʚʟʨʳʚʘ. ɺʨʝʤʷ 

ʚʟʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 1 ï 1,1 ʤʠʢʨʦʩʝʢʫʥʜʳ.  

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʫʢʘʟʘʪʴ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ 

ʧʦʜʭʦʜʘ ʢ ʩʦʟʜʘʥʠʶ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʤʘʩʩʳ ʷʜʝʨʥʦʛʦ ʟʘʨʷʜʘ. ʇʝʨʚʳʡ 

ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʙʳʩʪʨʦʤ, ʚʟʨʳʚʥʦʤ ʩʙʣʠʞʝʥʠʠ ʟʘʨʷʜʦʚ ʷʜʝʨʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. ʄʦʱʥʦʩʪʴ ʚʟʨʳʚʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʝʩʣʠ ʧʨʠʤʝʥʷʶʪ 

ʭʠʤʠʯʝʩʢʠʝ ɺɺ, ʜʘʶʱʠʝ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʩʙʣʠʞʝʥʠʷ ʟʘʨʷʜʘ 8 ï 10 

ʢʤ/ʩ.  

 

  

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 15. ʉʭʝʤʘ ʧʦʪʝʨʴ ʥʝʡʪʨʦʥʦʚ ʧʨʠ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʝ ʷʜʝʨʥʦʛʦ ʟʘʨʷʜʘ 

 

ʈʘʩʰʠʨʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʚʟʨʳʚʘ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʧʨʠ 

ʚʝʣʠʯʠʥʘʭ ʟʘʨʷʜʘ, ʙʣʠʟʢʠʭ ʢ ʢʨʠʪʠʯʝʩʢʦʡ ʤʘʩʩʝ. ʇʨʝʜʧʦʣʦʞʠʤ, ʨʘʜʠʫʩ 

ʷʜʝʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʨʘʚʝʥ 3 ï 4 ʩʤ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʟʨʳʚʘ. 

ɼʦʩʪʘʪʦʯʥʦ ʩʢʦʨʦʩʪʠ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʚʟʨʳʚʘ ʥʘ ʫʨʦʚʥʝ 5 ï 8 

ʢʤ/ʩ, ʯʪʦʙʳ ʤʦʱʥʦʩʪʴ ʚʟʨʳʚʘ ʩʥʠʟʠʣʘʩʴ ʚ 10 ʨʘʟ. ʇʨʠ ʩʢʦʨʦʩʪʠ 

ʨʘʟʙʨʦʩʘ ʷʜʝʨʥʦʛʦ ʟʘʨʷʜʘ 10 ʢʤ/ʩ ʤʦʱʥʦʩʪʴ ʚʟʨʳʚʘ ʩʥʠʞʘʝʪʩʷ ʚ ʩʦʪʥʠ 

ʨʘʟ.  

ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʧʨʠ ʚʟʨʳʚʝ. ʊʘʢ, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ çʠʜʝʘʣʴʥʦʛʦè ʚʟʨʳʚʘ ʨʘʚʥʘ 4,8
.
10

36
 ʘʪʦʤʦʚ/ʩ. ʇʨʠ 

ʨʘʩʰʠʨʝʥʠʠ ʟʘʨʷʜʘ ʚ ʧʨʦʮʝʩʩʝ ʚʟʨʳʚʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 ʢʤ/ʩ ʩʢʦʨʦʩʪʴ 

ɡ

n

t0 

R 

25

% 

25

% 

25

% 
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ʩʥʠʞʘʝʪʩʷ ʜʦ 2
.
10

36 
ʘʪʦʤʦʚ/ʩ. ʇʨʠ ʨʘʩʰʠʨʝʥʠʠ ʟʘʨʷʜʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 20 

ʢʤ/ʩ ʤʦʱʥʦʩʪʴ ʚʟʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʥʠʞʘʝʪʩʷ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʚʟʨʳʚʘ 

ʢʘʢ ʪʘʢʦʚʦʛʦ ʥʝʪ ï ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʙʨʦʩ ʷʜʝʨʥʦʛʦ ʟʘʨʷʜʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʢʦʥʩʪʨʫʢʮʠʷ ʟʘʨʷʜʘ, 

ʩʢʦʨʦʩʪʴ ʩʙʣʠʞʝʥʠʷ ʟʘʨʷʜʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʤʘʩʩʳ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ  ʤʦʱʥʦʛʦ ʚʟʨʳʚʘ ʥʝʦʙʭʦʜʠʤʦ ʢʘʢ ʤʦʞʥʦ ʜʦʣʴʰʝ 

ʫʜʝʨʞʠʚʘʪʴ ʚʟʨʳʚʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʧʫʪʝʤ 

ʟʘʢʣʶʯʝʥʠʷ ʝʛʦ ʚ ʧʣʦʪʥʫʶ ʩʪʘʣʴʥʫʶ ʦʙʦʣʦʯʢʫ.  

ɺʪʦʨʦʡ ʤʝʪʦʜ ʚʦʟʤʦʞʝʥ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʘʢʠʭ ʫʩʣʦʚʠʡ, ʢʦʛʜʘ 

ʷʜʝʨʥʦʝ ʛʦʨʶʯʝʝ ʩʞʠʤʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ  ʤʦʱʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. 

ʕʪʦʪ ʩʧʦʩʦʙ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʷʜʝʨʥʳʭ ʚʟʨʳʚʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʥʘʟʳʚʘʝʪʩʷ ʤʝʪʦʜʦʤ ʠʤʧʣʦʟʠʠ ï ʩʞʘʪʠʷ. ʊʘʢ, ʧʨʠʤʝʥʷʷ 

ʤʦʱʥʳʝ  ʚʟʨʳʚʳ ʭʠʤʠʯʝʩʢʦʛʦ ɺɺ, ʤʦʞʥʦ ʩʞʘʪʴ ʫʨʘʥ-235 ʠʣʠ 

ʧʣʫʪʦʥʠʡ-239 ʚ ʧʷʪʴ ʨʘʟ. ʇʨʠ ʪʘʢʦʤ ʩʞʘʪʠʠ ʚʨʝʤʷ ʞʠʟʥʠ ʥʝʡʪʨʦʥʦʚ 

ʩʥʠʟʠʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 25 ʨʘʟ, ʛʦʨʶʯʝʝ ʧʝʨʝʡʜʝʪ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʧʨʦʠʟʦʡʜʝʪ ʷʜʝʨʥʳʡ ʚʟʨʳʚ. ʄʝʪʦʜ ʠʤʧʣʦʟʠʠ ʧʦʟʚʦʣʷʝʪ ʩ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʷʜʝʨʥʦʝ ʛʦʨʶʯʝʝ ʠ ʧʦʣʫʯʘʪʴ ʤʦʱʥʳʝ ʚʟʨʳʚʥʳʝ ʷʜʝʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʝʣʝʥʠʠ ʫʨʘʥʘ-235 ʠʣʠ ʧʣʫʪʦʥʠʷ-239. 

ʇʦʪʝʨʠ ʥʝʡʪʨʦʥʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚʦ ʚʨʝʤʷ ʚʟʨʳʚʘ, ʤʦʞʥʦ ʫʯʝʩʪʴ, 

ʨʘʩʩʤʘʪʨʠʚʘʷ ʬʦʨʤʫ ʷʜʝʨʥʦʛʦ ʟʘʨʷʜʘ ʠ ʚʨʝʤʷ ʞʠʟʥʠ ʥʝʡʪʨʦʥʘ. ʇʨʠ 

ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʝ ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʩʬʝʨʳ, ʠʤʝʶʱʝʡ ʨʘʜʠʫʩ ɡn
.
t0, ʦʢʦʣʦ 75 % ʥʝʡʪʨʦʥʦʚ ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ 

ʜʝʣʝʥʠʠ ʷʜʝʨ ʫʨʘʥʘ, ʨʠʩ. 15. ʇʦʪʝʨʠ ʥʝʡʪʨʦʥʦʚ ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʤ, ʯʪʦ 

ʜʣʠʥʘ ʧʨʦʙʝʛʘ 75 % ʯʘʩʪʠʮ ʧʨʝʚʳʰʘʝʪ ʨʘʟʤʝʨ, ʨʘʚʥʳʡ ɡn
.
t0.    

ʉ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʥʝʡʪʨʦʥʦʚ ʧʨʠ ʷʜʝʨʥʦʤ ʚʟʨʳʚʝ ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʪʨʦʥʦʚ n1 ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʥʫʪʨʠ 

ʟʘʨʷʜʘ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

 

n1 = 4ˊ /3 ɜ0 [(0,75R
3
 + 0,25(R + 2,5)

3
 - 2,5

3
] 2

t/t0
. 

 

ɿʜʝʩʴ R ï ʨʘʜʠʫʩ ʩʬʝʨʳ, ʚ ʢʦʪʦʨʦʡ ʚʩʝ ʥʝʡʪʨʦʥʳ ʫʯʘʩʪʚʫʶʪ ʚ 

ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʜʝʣʝʥʠʷ ʷʜʝʨ ʫʨʘʥʘ-325, ʩʤ (ʥʘ ʨʠʩ. 10 ʵʪʘ ʯʘʩʪʴ 

ʟʘʨʷʜʘ ʚʳʜʝʣʝʥʘ ʪʝʤʥʳʤ ʮʚʝʪʦʤ); (R + 2,5) ï ʨʘʜʠʫʩ ʘʪʦʤʥʦʛʦ ʟʘʨʷʜʘ, 

ʩʤ; 2,5 ï ʜʣʠʥʘ ʧʨʦʙʝʛʘ ʥʝʡʪʨʦʥʘ ʚ ʫʨʘʥʝ-235, ʩʤ. ɡn ï ʩʢʦʨʦʩʪʴ 

ʥʝʡʪʨʦʥʘ, ʤ/ʩ; t0 ï ʚʨʝʤʷ ʞʠʟʥʠ ʥʝʡʪʨʦʥʘ, ʩ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʦʜʝʣʴ ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ ʥʘʟʳʚʘʝʪʩʷ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ. ɺ ʤʦʜʝʣʷʭ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʧʨʠʤʝʥʷʶʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʣʷ ʝʝ ʘʥʘʣʠʟʘ, ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ ʚʟʨʳʚʘ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʚʘʪʴ 

ʤʦʱʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʧʨʠʤʝʨʘ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʜʝʨʥʳʭ 
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ʚʟʨʳʚʦʚ ʷʚʣʷʝʪʩʷ ʯʠʩʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʘ ʝʝ ʨʝʰʝʥʠʝ ʟʘʚʠʩʠʪ 

ʦʪ ʩʧʦʩʦʙʘ ʨʘʩʯʝʪʘ.  

ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʬʦʨʤʫʣ, ʟʘʧʠʰʝʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ: 

 

ɡ = (k 
.  
ɜ0 

. 
(N0  ï 0,5 

. 
n) 

.
 n1) / ((R + 2,5) + 10

.
10

5 . 
t)

6
; 

n1 = 4 ɜ0 ˊ / 3 [(0,75R
3
 + (R + 2,5)

3
 ï 2,5

3
] 2

t/t0
; 

t0  = 5
.
10
ï9. 

[((R + 3,5) + 10
.
10

5 . 
t) / 3,5]

6
. 

 

ʇʨʠʤʝʥʷʷ ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ 

ʘʜʝʢʚʘʪʥʦ ʦʮʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ, ʥʦ ʠ ʚʳʯʠʩʣʠʪʴ 

ʢʨʠʪʠʯʝʩʢʫʶ ʤʘʩʩʫ ʫʨʘʥʘ-235. ʊʘʢ, ʧʨʠ ʤʘʩʩʝ ʷʜʝʨʥʦʛʦ ʛʦʨʶʯʝʛʦ  

ʤʝʥʝʝ  1,2 ʢʛ ʮʝʧʥʘʷ ʷʜʝʨʥʘʷ ʨʝʘʢʮʠʷ ʥʝ ʨʘʟʚʠʚʘʝʪʩʷ, ʪʘʢ ʢʘʢ n1 = 0, ʯʪʦ 

ʩʣʝʜʫʝʪ ʠʟ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ.   

ʉʣʝʜʫʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʦʜʝʣʠ ʷʜʝʨʥʳʭ ʚʟʨʳʚʦʚ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 10 ʪʨʠʣʣʠʦʥʦʚ 

ʦʧʝʨʘʮʠʡ ʚ ʩʝʢʫʥʜʫ, ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʤʠ. ʇʨʠʯʠʥʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʷʜʝʨʥʳʭ ʚʟʨʳʚʘʭ ʨʘʟʚʠʚʘʶʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʠʝ 

ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʷʶʪʩʷ ʢʚʘʥʪʦʚʳʝ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʵʬʬʝʢʪʳ. ʈʘʩʯʝʪʥʳʝ ʤʝʪʦʜʳ ʩ ʫʯʝʪʦʤ ʢʚʘʥʪʦʚʳʭ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʬʬʝʢʪʦʚ (ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ, ʜʘʚʣʝʥʠʷ, ʨʘʙʦʪʳ 

ʩʞʘʪʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ) ʚʳʧʦʣʥʝʥʳ, ʚ ʦʩʥʦʚʥʦʤ, ʜʣʷ ʧʨʦʩʪʝʡʰʠʭ 

ʩʠʩʪʝʤ. ɼʣʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʨʠʤʝʥʷʶʪ 

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. 

 

Ä 5.2. ʂʚʘʥʪʦʚʳʝ ʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʵʬʬʝʢʪʳ ʚʦ ʚʟʨʳʚʥʳʭ 

ʧʨʦʮʝʩʩʘʭ 

 

ʂʚʘʥʪʦʚʳʝ ʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʵʬʬʝʢʪʳ ʚʦ ʚʟʨʳʚʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʚʠʪʠʷ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʥʘ ʬʨʦʥʪʝ ʫʜʘʨʥʦʡ 

ʚʦʣʥʳ, ʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʣʦʞʝʥ ʚ ʨʘʩʯʝʪʥʦʡ ʯʘʩʪʠ. ʊʘʢ, 

ʦʜʥʘ ʠʟ ʦʙʲʝʢʪʠʚʥʳʭ ʧʨʠʯʠʥ, ʥʝ ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʘʪʦʤʦʚ, ʦʙʫʩʣʦʚʣʝʥʘ ʩʣʦʞʥʦʩʪʴʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʪʫ 

ʝʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʦʩʥʦʚ. ʆʩʥʦʚʳ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚ 20 ï 30-ʭ ʛʦʜʘʭ ʜʚʘʜʮʘʪʦʛʦ 

ʚʝʢʘ. ʊʦʯʥʳʝ ʨʘʩʯʝʪʳ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʚʳʧʦʣʥʝʥʳ ʪʦʣʴʢʦ ʚ 

ʢʦʥʮʝ 50-ʭ ʛʦʜʦʚ ʂʠʥʦʰʠʪʦʡ, ʇʝʢʝʨʠʩʦʤ, ʍʘʨʪʦʤ ʠ  ɻʝʨʮʙʝʨʛʦʤ. 

ʉʪʨʦʛʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʘʪʦʤʥʳʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʪʨʝʭ ʠ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʵʣʝʢʪʨʦʥʦʚ, ʩʚʷʟʘʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
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ʩʣʦʞʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʢʣʘʜʦʢ, ʥʝ ʧʨʠʚʦʜʷʱʠʭ ʢ  ʪʦʯʥʦʩʪʠ,  

ʧʨʝʚʦʩʭʦʜʷʱʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ.  

ɺʳʧʦʣʥʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʣʥʦʚʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʯʝʪʘʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ, ʚʚʝʜʝʥʥʳʭ 

ʚ ʚʦʣʥʦʚʫʶ ʬʫʥʢʮʠʶ, ʘ ʝʝ ʥʘʭʦʞʜʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʠʩʢʫʩʩʪʚʘ ʚʳʙʦʨʘ  

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʠʜʘ ʬʫʥʢʮʠʠ. ɼʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ 

ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʜʦʩʪʠʛʥʫʪʘ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ 

ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʛʘʤʠʣʴʪʦʥʠʘʥʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʫʯʝʩʪʴ ʨʘʜʠʘʮʠʦʥʥʳʝ 

ʧʦʧʨʘʚʢʠ ʢ ʫʨʦʚʥʷʤ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʵʥʝʨʛʠʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 1S1/2 

ʚʦʜʦʨʦʜʦʧʦʜʦʙʥʦʛʦ ʘʪʦʤʘ, ʠʦʥʘ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʪʝʦʨʠʠ ɼʠʨʘʢʘ:  

 

ɽ/m =  ïZ
2
/2 ï Z

4 
/ 8 c

2
, 

 

ʛʜʝ ɽ ï ʵʥʝʨʛʠʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʠʣʠ ʚʦʜʦʨʦʜʦʧʦʜʦʙʥʦʛʦ ʘʪʦʤʘ, ʘ.ʝ.ʵ.; m 
ï ʵʬʬʝʢʪʠʚʥʘʷ ʠʣʠ ʧʨʠʚʝʜʝʥʥʘʷ ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ; Z ï ʟʘʨʷʜ ʷʜʨʘ; ʩ ï 

ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʘʪʦʤʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʨʘʚʥʘʷ 137, 03604 

ʘʪʦʤʥʳʭ ʝʜʠʥʠʮ ʩʢʦʨʦʩʪʠ.  

ʉʦʧʦʩʪʘʚʣʷʷ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʫʨʦʚʥʷ ʵʥʝʨʛʠʡ ʧʦ ɼʠʨʘʢʫ ʠ 

ʐʨʝʜʠʥʛʝʨʫ (ɽ/m = ïZ
2
/2) ʦʪʤʝʪʠʤ, ʯʪʦ ʧʝʨʚʘʷ ʧʦʧʨʘʚʢʘ ʧʦ ʪʝʦʨʠʠ 

ʚʦʟʤʫʱʝʥʠʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ  ïZ
4
/8c

2
, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʘʩʯʝʪʘʭ 

ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ 
1
ʅ ʚ 4 ʠʣʠ 5 ʟʥʘʯʘʱʝʡ ʮʠʬʨʝ.   

ɺ ʨʘʙʦʪʝ ɼʠʨʘʢʘ ʜʘʥʦ ʥʝʩʢʦʣʴʢʦ ʬʦʨʤ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʢʚʘʥʪʦʚʦʡ 

ʤʝʭʘʥʠʢʠ ï ʤʛʥʦʚʝʥʥʘʷ ʬʦʨʤʘ, ʪʦʯʝʯʥʘʷ, ʬʨʦʥʪʘʣʴʥʘʷ. ʂ ʩʦʞʘʣʝʥʠʶ, 

ʚʩʝ ʨʘʩʯʝʪʥʳʝ ʤʝʪʦʜʳ ʦʩʥʦʚʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ 

ʧʨʠʤʝʥʷʶʪ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʚʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ɼʠʨʘʢʘ ʚʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ 

ʐʨʝʜʠʥʛʝʨʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʬʨʦʥʪʘʣʴʥʦʡ ʬʦʨʤʝ, ʚ ʢʦʪʦʨʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴ ʬʨʦʥʪʘ ʚʦʣʥʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʦʣʥʦʚʳʤ ʫʨʘʚʥʝʥʠʝʤ. 

ʈʘʟʚʠʪʠʝ ʬʨʦʥʪʘʣʴʥʦʡ ʬʦʨʤʳ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʜʘʝʪ ʥʝʩʦʤʥʝʥʥʳʡ 

ʧʨʦʛʨʝʩʩ ʚ ʨʘʟʚʠʪʠʠ ʦʙʱʠʭ, ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʪʨʦʝʥʠʠ 

ʚʝʱʝʩʪʚʘ. ʇʨʝʜʧʦʣʘʛʘʣʠ, ʯʪʦ, ʠʩʩʣʝʜʫʷ ʩʚʦʡʩʪʚʘ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ 

ʩʦʩʪʦʷʥʠʡ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʵʥʝʨʛʠʶ ʦʩʥʦʚʥʳʭ ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʘ, 

ʤʦʣʝʢʫʣʳ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʥʝ ʧʨʠʤʝʥʷʷ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʠʣʠ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ 

ʥʘʜʝʞʜʳ ʥʝ ʚʩʝʛʜʘ ʦʧʨʘʚʜʘʥʳ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ ʵʪʦʡ ʢʥʠʛʠ, ʨʘʩʯʝʪʳ 

ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʩ ʧʦʤʦʱʴʶ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʐʨʝʜʠʥʛʝʨʘ, ʥʝ ʠʤʝʶʪ ʰʠʨʦʢʦʛʦ, ʤʘʩʩʦʚʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʚ 

ʩʠʣʫ ʠʭ ʩʣʦʞʥʦʩʪʠ. ʂ ʪʦʤʫ ʞʝ, ʧʨʠʤʝʥʝʥʠʝ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʨʘʚʠʣʴʥʦʡ ʩʭʦʜʠʤʦʩʪʠ 

ʠʥʪʝʛʨʘʣʦʚ ʜʚʠʞʝʥʠʷ.       
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ʇʦʧʳʪʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ  ʘʪʦʤʘ ʚ ʚʠʜʝ 

ʢʦʤʙʠʥʘʮʠʠ ʤʛʥʦʚʝʥʥʦʡ ʠ ʪʦʯʝʯʥʦʡ ʬʦʨʤ ʩʜʝʣʘʥʘ ʚ ʨʘʙʦʪʝ ʃʦʧʘʥʦʚʘ 

ɸ.ʅ.. ʈʘʩʯʝʪʥʳʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʤʙʠʥʘʮʠʠ ʤʛʥʦʚʝʥʥʦʡ ʠ 

ʪʦʯʝʯʥʦʡ ʬʦʨʤ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ, ʧʦʟʚʦʣʷʝʪ  ʫʧʨʦʩʪʠʪʴ ʨʘʩʯʝʪʳ ʠ ʥʝ 

ʧʨʠʙʝʛʘʪʴ ʢ ʩʣʦʞʥʳʤ ʤʝʪʦʜʘʤ ʥʘʭʦʞʜʝʥʠʷ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʜʣʷ 

ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʆʧʝʨʘʪʦʨ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʨʘʚʝʥ ʧʨʦʠʟʚʝʜʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ ʥʘ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ. ɼʣʷ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ  

ʦʧʝʨʘʪʦʨ ʅ  ʠʤʝʝʪ ʚʠʜ: 

 

ʅ = (1 + x1
2
) T  +  x1x2 / (1 + x1

2
 ï 2 x1x2cosq )0,5

 U. 

 

ɿʜʝʩʴ T,U ï ʦʧʝʨʘʪʦʨʳ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ; x1, x2, q  ï 

ʧʘʨʘʤʝʪʨʳ ʢʦʨʨʝʣʷʮʠʠ.  

ɼʣʷ ʨʘʩʯʝʪʘ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʤʠʢʨʦʩʦʩʪʦʷʥʠʡ ʚ ʦʪʜʝʣʴʥʳʭ 

ʪʦʯʢʘʭ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʦʚʦʜʷʪ ʨʘʩʯʝʪ ʬʘʟʦʚʦʛʦ ʦʙʲʝʤʘ 

ʩʠʩʪʝʤʳ.  

ʌʦʨʤʘʣʠʟʤ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʥʘ ʦʜʥʦʵʣʝʢʪʨʦʥʥʫʶ ʩʠʩʪʝʤʫ ʠ ʧʦʣʫʯʠʪʴ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʥʝʨʛʠʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʦʨʦʜʦʧʦʜʦʙʥʦʛʦ ʘʪʦʤʘ 

ʚ ʨʝʣʷʪʠʚʠʩʪʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ:  

 

E/m   = c
.
( c

2
 ï Z

2
 )

0,5
 ï c

2
. 

 

ʇʝʨʚʳʝ ʪʨʠ ʧʦʧʨʘʚʢʠ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʬʫʥʢʮʠʠ ʚ ʨʷʜ ʧʨʠʚʦʜʷʪ ʢ 

ʩʣʝʜʫʶʱʝʤʫ ʟʥʘʯʝʥʠʶ ʵʥʝʨʛʠʠ: 

 

E / m =-Z
2 
/ 2 ï Z

4 
/ 8c

2
 ï Z

6 
/ 16c

4
 ï 5Z

8 
/ 128c

6
 + é 

     

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʘʪʦʤʘ 

ʫʛʣʝʨʦʜʘ ʧʨʠ ʢʦʨʨʝʣʷʮʠʠ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʵʣʝʢʪʨʦʥʦʚ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʠʩʢʣʶʯʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʵʤʧʠʨʠʯʝʩʢʠʭ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ, ʘ 

ʬʘʟʦʚʳʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʦʧʠʩʳʚʘʣʠ ʤʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʡ 

ʩʪʘʪʠʩʪʠʢʠ. ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ xi, xk, qi, qik ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ 

ʧʝʨʝʤʝʥʥʳʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʨʠ ʫʩʣʦʚʠʠ ʤʠʥʠʤʫʤʘ ʵʥʝʨʛʠʠ E ʘʪʦʤʘ ʠʣʠ 

ʠʦʥʘ: 

 

H1y = Ey, H1 = T1 + U1  , ä ÖÖÖ+= TxNnT iii )1( 22

1
, 

0,5 0,5

1 2 2 2

1 1
[( (1 ) ( ) ) ]

(1 2 cos 2 ( 2 cos

i k
i i

i i i i k i k ik

x x
U Z x x

r x x x x x xq q
=- Ö Ö + - - Ö Ö

+ - Ö Ö + - Ö Ö Ö
ä ä ä  



 142 

ɿʜʝʩʴ H1 ï ʛʘʤʠʣʴʪʦʥʠʘʥ ʩʠʩʪʝʤʳ, y ï ʦʜʥʦʵʣʝʢʪʨʦʥʥʘʷ ʚʦʣʥʦʚʘʷ 

ʬʫʥʢʮʠʷ, T1, U1 ï ʦʧʝʨʘʪʦʨʳ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʩʠʩʪʝʤʳ, T ï ʦʧʝʨʘʪʦʨ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʡ 

ʩʠʩʪʝʤʳ, i, k ï ʠʥʜʝʢʩʳ ʩʫʤʤʠʨʦʚʘʥʠʷ (i = k), r ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʙʱʝʛʦ 

ʮʝʥʪʨʘ ʤʘʩʩ ʜʦ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʷʪ ʢʦʨʨʝʣʷʮʠʶ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʯʘʩʪʠʮ, xi = r / r1, xk 

= r / rk ; qi, qik ï ʫʛʣʳ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ r, r i, rk, z ï ʟʘʨʷʜ ʷʜʨʘ, ni ï 

ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʫʨʦʚʥʝ ʩ ʛʣʘʚʥʳʤ ʢʚʘʥʪʦʚʳʤ 

ʯʠʩʣʦʤ Ni, Ni > 1. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʦ ʦʩʥʦʚʥʳʝ ʩʦʩʪʦʷʥʠʷ ʫʛʣʝʨʦʜʘ ʥʘ ʧʨʠʤʝʨʝ 

ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʛʦ ʠʦʥʘ ʩ ʟʘʨʷʜʦʤ +4. ʋʨʘʚʥʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ x, q;: 

 

T1 = (1+ x
2
) Ö T , 

1 2 0,5

6 (1 )

(1 2 cos )

x x
U

r r x x q

Ö +
=- +

+ - Ö Ö
. 

 

ɺʘʨʴʠʨʫʷ ʧʘʨʘʤʝʪʨʳ ʢʦʨʨʝʣʷʮʠʠ dE = 0, ʦʧʨʝʜʝʣʠʤ ʪʦʯʢʠ ʬʘʟʦʚʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ: x = 1, q  = p. 

ɻʨʘʬʠʯʝʩʢʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ, ʧʨʦʚʝʜʸʥʥʦʛʦ ʦʪ ʷʜʨʘ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, ʚ 

ʜʘʥʥʫʶ ʪʦʯʢʫ, ʨʠʩ. 16,17. 

ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ E ʟʘʚʠʩʷʪ ʦʪ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ 

ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʷ W: 

 

dE = EwWdx1...dxkdq1...dqk . 

 

ʛʜʝ Ew ï ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʫʨʘʚʥʝʥʠʷʤʠ 

ʢʦʨʨʝʣʷʮʠʠ.  

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʠʦʥʘ ʫʛʣʝʨʦʜʘ ʉ
+4

 ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ 

ʨʘʚʥʳ: 

qq
q

dxdxW
x

xx

x
x

E ),(
)1(2

)
)cos21(

)1(6(

2

2

5,02

Ö
+Ö

-+
-+Ö

Öññ-= . 

                

ʈʘʩʩʤʘʪʨʠʚʘʣʠ ʪʨʠ ʤʦʜʝʣʠ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ. ɺ 

ʧʝʨʚʦʡ ʤʦʜʝʣʠ ʧʦʣʘʛʘʣʠ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ 
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ʪʦʯʢʝ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ x=1, q=p, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʠʞʥʝʡ 

ʵʥʝʨʛʠʠ ʫʛʣʝʨʦʜʘ ʉ
4+

: 

 

E = ï (Z ï 0,25)
2
. 

 

ɺʦ ʚʪʦʨʦʡ ʤʦʜʝʣʠ ʧʦʣʘʛʘʣʠ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʧʦ ʬʘʟʦʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʤʠʥʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ. 

ʊʘʢ, ʚ ʪʝʣʝʩʥʦʤ ʫʛʣʝ ʦʙʲʸʤʦʤ V = 1 ï cos(q/2) ʥʘʭʦʜʠʣʠ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ x ʠ ʧʨʠ ʫʩʣʦʚʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ 

ʦʙʲʸʤʘ dE =  0 ʨʘʩʩʯʠʪʳʚʘʣʠ ʵʥʝʨʛʠʶ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʛʣʝʨʦʜʘ 

ʉ
4+

:  

q
q

q
q

q

d

dE

E

)
2

cos1(

)
2

cos1()(

-ñ

-Öñ

=
. 

                                            

ɿʜʝʩʴ ʥʠʞʥʠʡ ʠ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʨʘʚʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0, 2p ʨʘʜ. 

ɺ ʪʨʝʪʴʝʤ ʤʝʪʦʜʝ ʬʘʟʦʚʳʡ ʦʙʲʸʤ ʘʪʦʤʘ ʠʣʠ ʠʦʥʘ ʨʘʟʙʠʚʘʣʠ ʥʘ 

ʯʘʩʪʠ ʠ ʚ ʢʘʞʜʦʤ ʵʣʝʤʝʥʪʝ ʦʧʨʝʜʝʣʷʣʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʠ 

ʦʙʲʸʤʘ, ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʬʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʵʣʝʤʝʥʪʫ ʬʘʟʦʚʦʛʦ ʦʙʲʸʤʘ: 

 

W = A Ö ʇ Ö DVi; W(x,q) = A Ö Dp1
3 Ö Dp2

3DV1 Ö DV2, 

 

ʟʜʝʩʴ ʇ ï ʟʥʘʢ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʝʣʠʯʠʥ, Dpi, DVi ï ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ 

ʠʤʧʫʣʴʩʘ ʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʦʙʲʸʤʘ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʬʘʟʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʢʪʨʦʥʘ, A ï ʥʦʨʤʠʨʫʶʱʠʡ ʤʥʦʞʠʪʝʣʴ. 

ɿʘʨʷʜ ʠʦʥʘ ʫʛʣʝʨʦʜʘ +5, ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 1s
1
, ʦʩʥʦʚʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. ɼʣʠʥʘ ʚʝʢʪʦʨʘ a1 ʨʘʚʥʘ  0,16662667 ʘ.ʝ.ʜ. (ʘʪʦʤʥʳʭ ʝʜʠʥʠʮ 

ʜʣʠʥʳ). 

ɿʘʨʷʜ ʠʦʥʘ ʫʛʣʝʨʦʜʘ +3, ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 1s
2
2s

1
, 

ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɺʝʢʪʦʨʳ a1, a2 ʠ a3, a4 ʣʝʞʘʪ ʚʦ ʚʟʘʠʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ. ɼʣʠʥʳ ʚʝʢʪʦʨʦʚ a1, a2 ʨʘʚʥʳ 

0,17491343 ʘ.ʝ.ʜ., ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ a3, a4 ʨʘʚʥʳ 0,97174127 ʘ.ʝ.ʜ.. ʋʛʣʳ 

ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ a1,a2 ʠ a3, a4 ʩʦʩʪʘʚʣʷʶʪ p ʨʘʜ. 

ɿʘʨʷʜ ʠʦʥʘ ʫʛʣʝʨʦʜʘ +1, ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 1s
2
2s

2
2p

1
, 

ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɺʝʢʪʦʨʳ a1, a2 ʠ a3, a4, a5 ʣʝʞʘʪ ʚʦ ʚʟʘʠʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ. ɼʣʠʥʳ ʚʝʢʪʦʨʦʚ a1, a2 ʨʘʚʥʳ 

0,17422027 ʘ.ʝ.ʜ., ʫʛʦʣ ʤʝʞʜʫ ʥʠʤʠ ʩʦʩʪʘʚʣʷʝʪ p ʨʘʜ. ɼʣʠʥʳ ʚʝʢʪʦʨʦʚ 
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a3, a4, a5 ʨʘʚʥʳ 1,1461859 ʘ.ʝ.ʜ., ʫʛʣʳ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ a3 ʠ a4, a4 ʠ a5, 

a3 ʠ a5 ʩʦʩʪʘʚʣʷʶʪ 2p/3 ʨʘʜ. 

ɸʪʦʤ ʫʛʣʝʨʦʜʘ, ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 1s
2
2s

2
2p

2
, ʦʩʥʦʚʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. ɺʝʢʪʦʨʳ a1, a2 ʠ a3, a4, a5, a6 ʣʝʞʘʪ ʚʦ ʚʟʘʠʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ. ɼʣʠʥʳ ʚʝʢʪʦʨʦʚ a1, a2 ʨʘʚʥʳ 

0,17245802 ʘ.ʝ.ʜ., ʫʛʦʣ ʤʝʞʜʫ ʥʠʤʠ ʨʘʚʝʥ p ʨʘʜ. ɼʣʠʥʳ ʚʝʢʪʦʨʦʚ a3, a4, 

a5, a6 ʨʘʚʥʳ 1,2774668 ʘ.ʝ.ʜ., ʫʛʣʳ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ a3 ʠ a6, a4 ʠ a5 

ʩʦʩʪʘʚʣʷʶʪ p ʨʘʜ. 

ʀʦʥ ʫʛʣʝʨʦʜʘ C
-1
, ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 1s

2
2s

2
2p

3
, ʦʩʥʦʚʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. ɼʣʠʥʳ ʚʝʢʪʦʨʦʚ a1 ʠ a2 ʨʘʚʥʳ 0,1722143 ʘ.ʝ.ʜ.,ʫʛʦʣ ʤʝʞʜʫ 

ʥʠʤʠ ʨʘʚʝʥ 3,120778 ʨʘʜ. ɼʣʠʥʳ ʚʝʢʪʦʨʦʚ a3, a4, a5, a6 ʩʦʩʪʘʚʣʷʶʪ 

1,2874891 ʘ.ʝ.ʜ., ʜʣʠʥʘ ʚʝʢʪʦʨʘ a7 ʨʘʚʥʘ 1,3120277 ʘ.ʝ.ʜ.. 

ɺ ʪʘʙʣ. 17 ʩʦʧʦʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʯʸʪʥʳʝ 

ʧʦʪʝʥʮʠʘʣʳ ʠʦʥʠʟʘʮʠʠ ʫʛʣʝʨʦʜʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʯʸʪʥʳʝ 

ʧʦʪʝʥʮʠʘʣʳ ʠʦʥʠʟʘʮʠʠ ʙʨʘʣʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʍʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʨʘʩʯʸʪʘ ʥʘʙʣʶʜʘʣʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʠ 3, ʚ ʢʦʪʦʨʦʡ ʬʫʥʢʮʠʶ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ 

ʥʘʭʦʜʠʣʠ ʠʟ ʧʨʠʥʮʠʧʘ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. 

 

    
ʈʠʩ. 16. ɼʠʘʛʨʘʤʤʘ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ 

 ʩ ʢʦʥʬʠʛʫʨʘʮʠʝʡ 1s2 

r1, r2 ï ʚʝʢʪʦʨʳ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ; ɗ ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ, x = r1/r2 

 

ʈʘʩʯʸʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʥʝ 

ʫʯʠʪʳʚʘʶʪ ʥʝʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʘʪʦʤʥʳʭ ʩʠʩʪʝʤʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʳ ʯʘʩʪʠʮ ʦʪ ʠʤʧʫʣʴʩʘ. ʉ ʫʯʸʪʦʤ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ 

ʧʦʧʨʘʚʦʢ, ʚʢʣʶʯʘʷ ʩʜʚʠʛ ʃʵʤʙʘ ʠ ʤʘʩʩ-ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 1s
1
 ʠʦʥʘ C

+5
 ʧʦʣʫʯʝʥʦ 

ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ, ʨʘʚʥʦʝ ï18,0086348244 ʘ.ʝ.ʵ. 

ʉʣʝʜʫʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦ ʟʥʘʯʝʥʠʝ ʪʦʯʥʝʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʝʜʸʥʥʳʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ. 

ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʨʘʩʯʸʪʦʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʩ ʧʦʤʦʱʴʶ 

ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʨʘʚʥʦ 0,23 ʵɺ. 

 

? 

r1 

r2 
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ʉʢʝʧʪʠʯʝʩʢʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʤʝʪʦʜʘʤ ʨʘʩʯʝʪʘ, ʥʝ ʧʨʠʤʝʥʷʶʱʠʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʣʠ ʧʦʜʛʦʥʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ, 

ʤʦʞʥʦ ʥʘʛʣʷʜʥʦ ʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʥʘ ʧʨʠʤʝʨʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʵʥʝʨʛʠʠ ʩʚʷʟʝʡ ʘʢʪʠʥʦʠʜʦʚ ʠ 

ʣʘʥʪʘʥʦʠʜʦʚ (All -Electron ab Initio Methods). ɼʦʩʪʘʪʦʯʥʦ ʧʦʣʥʳʡ ʦʙʟʦʨ 

ʧʦ ʨʘʩʯʝʪʘʤ ʩʪʨʫʢʪʫʨ ʘʢʪʠʥʦʠʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ ɺʘʣʝʨʠʠ 

ʇʝʨʰʠʥʦʡ. ʊʘʢ, ʧʨʠʤʝʥʷʷ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʢʦʨʨʝʣʷʮʠʠ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ 

ʵʣʝʢʪʨʦʥʦʚ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʯʪʦ ʨʘʟʣʠʯʠʝ ʚ ʨʘʩʯʝʪʘʭ ʵʥʝʨʛʠʠ ʦʩʥʦʚʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʘʢʪʠʥʦʠʜʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʨʝʣʷʪʠʚʠʩʪʩʢʦʤ 

ʠ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʷʭ, ʩʦʩʪʘʚʠʪ ʩʦʪʥʠ ʠ ʜʘʞʝ ʪʳʩʷʯʠ ʵɺ.  

 

ʊʘʙʣʠʮʘ 16  

ʈʘʩʯʸʪ ʵʥʝʨʛʠʠ ʦʩʥʦʚʥʳʭ ʩʦʩʪʦʷʥʠʡ ʫʛʣʝʨʦʜʘ 

 

 

ɺ ʨʘʙʦʪʝ ʇʝʨʰʠʥʦʡ  ʨʘʟʣʠʯʥʳʝ ʘʚʪʦʨʳ ʜʘʶʪ ʥʝʚʝʨʥʳʝ ʦʮʝʥʢʠ 

ʤʝʞʜʫ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤʠ ʠ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ ʦʩʥʦʚʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʫʨʦʚʥʝ ʥʝʩʢʦʣʴʢʠʭ ʵɺ (ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, 

ʨʘʟʥʠʮʘ ʜʦʣʞʥʘ ʜʦʩʪʠʛʘʪʴ ʩʦʪʝʥ ʵɺ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʤʝʥʝʥʠʠ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʘʩʯʝʪʦʚ. ʌʘʢʪʠʯʝʩʢʠ ʨʘʩʯʝʪ ʧʦʣʥʦʡ 

ʵʥʝʨʛʠʠ ʘʪʦʤʘ ʥʝ ʧʨʦʚʝʜʝʥ, ʘ ʨʘʟ ʥʝ ʧʨʦʚʝʜʝʥ ʧʦʣʥʳʡ ʢʚʘʥʪʦʚʳʡ ʨʘʩʯʝʪ, 

ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʚʳʧʦʣʥʝʥʦ ʜʣʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʪʦ ʦ ʪʦʯʥʳʭ 

ʦʪʢʣʦʥʝʥʠʷʭ ʤʝʞʜʫ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤʠ ʠ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ  

ʫʧʦʤʠʥʘʪʴ ʥʝʢʦʨʨʝʢʪʥʦ.  

ɼʣʷ ʧʦʣʥʦʛʦ ʠ ʩʪʨʦʛʦʛʦ ʨʘʩʯʝʪʘ ʵʥʝʨʛʠʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʘʪʦʤʘ (Initio Methods) ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʨʘʩʯʝʪ 

ʵʥʝʨʛʠʠ ʚ ʨʝʣʷʪʠʚʠʩʪʩʢʦʤ ʠ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʷʭ ʚʩʝʭ 

ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʢʘʞʜʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ.  

 

 

 

ɿʘʨʷʜ ʫʛʣʝʨʦʜʘ 
ʄʦʜʝʣʴ ʨʘʩʯʸʪʘ, ʵʥʝʨʛʠʠ, (-E), ʘ.ʝ.ʵ. 

1 2 3 

ï1 37,911264 37,900472 37,899514 

0 37,886117 37,871532 37,851914 

+1 37,513099 37,489114 37,437534 

+2 36,921412 36,648953 36,539663 

+3 35,113324 34,619462 34,780146 

+4 33,062500 32,457565 32,409978 

+5 18,008635 18,008635 18,008635 
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ʈʘʩʯʸʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʠʦʥʠʟʘʮʠʠ 

ʫʛʣʝʨʦʜʘ 

 

ʀʦʥʠʟʘʮʠʷ ʠʦʥʘ ʠʣʠ 

ʘʪʦʤʘ 

ʇʦʪʝʥʮʠʘʣ 

ʠʦʥʠʟʘʮʠʠ, ʵɺ. 

ʄʦʜʝʣʴ ʨʘʩʯʸʪʘ 3 

ʇʦʪʝʥʮʠʘʣʳ 

ʠʦʥʠʟʘʮʠʠ, 

ʵʢʩʧʝʨʠʤʝʥʪ, ʵɺ 

C
ï1

 ï e = C
0 

1,295174 1,27 ï 1,37 

C
0
 ï e = C

+1 
11,275031 11,24 ï 11,264 

C
+1

 ï e = C
+2 

24,430531 24,28 ï 24,80 

C
+2

 ï e = C
+3 

47,875401 47,55 ï 47,9 

C
+3

 ï e = C
+4 

64,490849 64,1 ï 64,5 

C
ï1

 ï e = C
0 

1,295174 1,27 ï 1,37 

C
0
 ï e = C

+1 
11,275031 11,24 ï 11,264 

 

 

 
ʈʠʩ. 17. ɺʝʢʪʦʨʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʫʛʣʝʨʦʜʘ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ (1 ï7): ʉ+5, ʉ+4, ʉ+3, ʉ+2, ʉ+1, ʉ0, ʉ-1 
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ʉʫʤʤʠʨʫʷ ʵʥʝʨʛʠʠ ʚʩʝʭ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʣʫʯʠʤ ʧʦʣʥʫʶ ʵʥʝʨʛʠʶ 

ʘʪʦʤʘ (ʪʦʯʥʝʝ, ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʘʪʦʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ 

ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʠ ʠʭ çʚʝʩʦʚʦʛʦè 

ʚʢʣʘʜʘ).  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʦʮʝʥʠʤ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤʠ ʠ 

ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ ʵʥʝʨʛʠʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ  

ʚʦʜʦʨʦʜʦʧʦʜʦʙʥʦʛʦ ʠʦʥʘ ʛʘʬʥʠʷ (Hf, Z = 72).  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʨʘʩʯʝʪʦʤ ʵʥʝʨʛʠʷ 

ʚʦʜʦʨʦʜʦʧʦʜʦʙʥʦʛʦ ʠʦʥʘ ʨʘʚʥʘ: 

 

E = ïZ
2 
/ 2  = ï72

2 
/ 2 = ï2592 ʘ.ʝ.ʵ. 

 

ʈʝʣʷʪʠʚʠʩʪʩʢʠʡ ʨʘʩʯʝʪ (ʙʝʟ ʫʯʝʪʘ ʤʘʩʩ-ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʜʨʫʛʠʭ ʪʦʥʢʠʭ ʵʬʬʝʢʪʦʚ) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ 

ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ: 

 

E = 137(137
2
 ï 72

2
)
0,5

 ï 137
2 
 = ï2801 ʘ.ʝ.ʵ. 

 

ɿʜʝʩʴ 137 ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʘʪʦʤʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʠ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʨʘʩʯʝʪʦʤ  

ʨʘʚʥʦ 209 ʘ.ʝ.ʵ. ʠʣʠ 5684,94 ʵɺ. ʋʯʝʪ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ, ʧʨʠʚʦʜʠʪ ʢ ʝʱʝ ʙʦʣʝʝ 

ʩʠʣʴʥʦʤʫ ʨʘʟʣʠʯʠʶ ʤʝʞʜʫ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʠ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʠʤ 

ʨʘʩʯʝʪʦʤ.  

ɺ ʨʘʙʦʪʘʭ, ʧʨʠʤʝʥʷʶʱʠʭ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʯʠʩʪʳʝ ʨʘʩʯʝʪʳè, 

ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʩʯʝʪ ʵʥʝʨʛʠʠ ʜʠʩʩʦʮʠʘʮʠʠ ʛʠʜʨʠʜʘ ʛʘʬʥʠʷ HfH4, 

ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʨʝʣʷʪʠʚʠʩʪʩʢʦʤ ʠ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʷʭ.  

ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ʨʘʩʯʝʪʘʤʠ ʘʚʪʦʨʳ ʜʘʶʪ ʥʘ ʫʨʦʚʥʝ 0,022 ʘ.ʝ.ʵ. ʠʣʠ  0,6 

ʵɺ. ɸʥʘʣʠʟ ʵʪʠʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʘʚʪʦʨʳ 

ʧʨʠʤʝʥʷʶʪ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ (ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ɼʠʨʘʢʘïʌʦʢʘ). 

ʊʘʢ ʥʘʟʳʚʘʝʤʳʝ çʯʠʩʪʳʝ ʨʘʩʯʝʪʳè ʜʣʷ ʪʨʘʥʩʫʨʘʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝ 

ʚʳʧʦʣʥʝʥʳ ʠ ʚ ʥʘʯʘʣʝ 21 ʚʝʢʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʜʣʷ ʨʘʩʯʝʪʘ ʵʥʝʨʛʠʠ ʩʞʘʪʠʷ 

ʘʪʦʤʘ ʠ ʤʦʣʝʢʫʣʳ ʚʦʜʦʨʦʜʘ ʜʦ ʨʘʩʩʪʦʷʥʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʶʪ 

ʜʝʡʩʪʚʦʚʘʪʴ ʷʜʝʨʥʳʝ ʩʠʣʳ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʚʘʞʥʦ ʜʣʷ ʦʮʝʥʢʠ 

ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʝʥʥʦʡ ʥʘ ʩʞʘʪʠʝ ʚʝʱʝʩʪʚʘ ʚ ʷʜʝʨʥʳʭ ʠ ʪʝʨʤʦʷʜʝʨʥʳʭ 

ʚʟʨʳʚʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʮʝʥʠʚʘʶʪ ʵʥʝʨʛʠʶ 

ʩʞʘʪʠʷ ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʯʠ ʧʦ ʩʙʣʠʞʝʥʠʶ ʷʜʝʨ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʥʝ 

ʫʯʠʪʳʚʘʷ ʥʘʣʠʯʠʝ ʵʣʝʢʪʨʦʥʦʚ. ʇʦʜʦʙʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʛʨʫʙʳʤ 

ʠ ʥʝ ʦʪʨʘʞʘʝʪ ʨʝʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʩʞʘʪʠʠ ʚʝʱʝʩʪʚʘ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʝʚʦʟʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʥʳ ʠʣʠ ʧʨʦʪʦʥʳ ʠ 

ʧʨʦʚʦʜʠʪʴ ʩʞʘʪʠʝ ʵʪʠʭ ʯʘʩʪʠʮ. ʅʝʢʦʨʨʝʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠ ʨʘʩʯʝʪʳ, 
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ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʢʫʣʦʥʦʚʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʣʷ ʜʚʫʭ ʯʘʩʪʠʮ 

ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʩ ʧʦʤʦʱʴʶ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʩʞʘʪʠʷ ʦʪ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʠʭ ʚʦʣʥ ʧʦ ʚʝʱʝʩʪʚʫ (ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ). 

ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʪʦʤʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. ɺ ʘʪʦʤʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ (6,626176
.
10

-34
 ɼʞ/ʩ), ʜʝʣʝʥʥʘʷ 

ʥʘ 2ˊ, ʨʘʚʥʘ ʝʜʠʥʠʮʝ; ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ ʨʘʚʥʘ ʝʜʠʥʠʮʝ;  ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ 

(2,99792458
.
10

8
 ʤ/ʩ) ʨʘʚʥʘ 137,0360387 ʘʪʦʤʥʳʭ ʝʜʠʥʠʮ ʩʢʦʨʦʩʪʠ, ʟʘʨʷʜ 

ʵʣʝʢʪʨʦʥʘ (1,6021892
.
10

-19
 ʂʣ) ʨʘʚʝʥ ʝʜʠʥʠʮʝ; ʘʪʦʤʥʘʷ ʝʜʠʥʠʮʘ ʵʥʝʨʛʠʠ 

ʨʘʚʥʘ 4,3594302
.
10

-18
 ɼʞ; ʘʪʦʤʥʘʷ ʝʜʠʥʠʮʘ ʜʣʠʥʳ ï 5,2917706

.
10

-11
 ʤ. 

ʇʨʦʮʝʜʫʨʘ ʨʘʩʯʝʪʘ ʚʢʣʶʯʘʝʪ ʩʦʩʪʘʚʣʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠ ʚʳʙʦʨ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʧʦ ʬʘʟʦʚʳʤ 

ʪʨʘʝʢʪʦʨʠʷʤ ʤʠʥʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ. ɺ ʪʝʣʝʩʥʦʤ ʫʛʣʝ ʦʙʲʸʤʦʤ 

V =  1 ï cos(q  / 2) ʥʘʭʦʜʠʤ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ x ʠ ʧʨʠ ʫʩʣʦʚʠʠ 

ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʦʙʲʸʤʘ dE = 0 ʨʘʩʩʯʠʪʳʚʘʝʤ ʵʥʝʨʛʠʶ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ʅʘʧʨʠʤʝʨ, ʦʙʱʘʷ ʵʥʝʨʛʠʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʚ 

ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʨʘʚʥʘ ʩʫʤʤʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ: 

;E T U= +
2 1

.
2

p
E

m r
= -  

 

ʋʯʠʪʳʚʘʷ ʢʚʘʥʪʦʚʳʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ (ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ  

ʠʤʧʫʣʴʩʦʤ ʠ ʨʘʜʠʫʩʦʤ ʜʦ ʪʦʯʢʠ ʬʘʟʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ  p= 1 / r), ʧʦʣʫʯʠʤ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩ ʦʜʥʠʤ ʥʝʠʟʚʝʩʪʥʳʤ: 

 

2

1 1
.

2
E

r r
= -  

   

ʇʦ ʫʩʣʦʚʠʶ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʧʦ ʬʘʟʦʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ (dE = 0)  

ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʦʙʲʸʤʘ V = 1 ï cos(q /2) ʵʥʝʨʛʠʷ ʨʘʚʥʘ ï0,5 ʘ.ʝ.ʵ., 

ʧʦʵʪʦʤʫ ʧʦʣʥʳʡ ʠʥʪʝʛʨʘʣ ʜʚʠʞʝʥʠʷ (ʵʥʝʨʛʠʷ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ) ʨʘʚʝʥ ï0,5 ʘ.ʝ.ʵ. 

ɺ ʨʝʣʷʪʠʚʠʩʪʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʘʪʦʤʘ 

ʚʦʜʦʨʦʜʘ ʠʤʝʝʪ ʚʠʜ: 

 

2 2 2137 1
1 137 137 .E r

r r
= + - -  

 

ɿʜʝʩʴ 137 ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʘʪʦʤʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ.  
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ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʬʘʟʦʚʦʛʦ 

ʦʙʲʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 18. 

ɸʥʘʣʠʟʠʨʫʷ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʜʠʘʛʨʘʤʤʫ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ 

ʩʞʘʪʠʷ ʚʦʜʦʨʦʜʘ ʜʦ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʬʘʟʦʚʦʛʦ ʦʙʲʝʤʘ 

0,01 ï 0,001 ʘ.ʝ.ʜ. (5,29
.
10

-13 
ï 5,29

.
10

-14
ʤ) ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ 

ʵʥʝʨʛʠʶ, ʨʘʚʥʫʶ 4368,15; 118510,70 ʘʪʦʤʥʳʭ ʝʜʠʥʠʮ ʵʥʝʨʛʠʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʣʠ 0,118814 ï 3,223491 ʄʵɺ. ʆʮʝʥʢʘ  ʵʥʝʨʛʠʠ ʩʞʘʪʠʷ 

ʚʦʜʦʨʦʜʘ ʚ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 0,133 ï 

13,57 ʄʵɺ ï ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʨʘʩʯʝʪʦʤ ʧʦʣʫʯʝʥʦ 

ʟʘʚʳʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʩʞʘʪʠʷ ʚʦʜʦʨʦʜʘ.   

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʚʳʩʢʘʟʘʪʴ ʫʪʚʝʨʞʜʝʥʠʝ, 

ʯʪʦ ʜʣʷ ʨʘʩʯʝʪʘ ʵʥʝʨʛʠʠ ʩʞʘʪʠʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ 

ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ, ʚʦ-ʧʝʨʚʳʭ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʨʘʩʯʝʪʘ. ɺʦ-ʚʪʦʨʳʭ, 

ʦʮʝʥʢʘ ʵʥʝʨʛʠʠ ʩʞʘʪʠʷ ʥʘ ʦʩʥʦʚʝ ʢʫʣʦʥʦʚʩʢʠʭ ʩʠʣ ʙʝʟ ʫʯʝʪʘ 

ʢʚʘʥʪʦʚʳʭ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ ʥʝ ʘʜʝʢʚʘʪʥʘ. ʊʘʢ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʨʘʩʯʝʪʘʭ ʩʠʣ ʪʦʣʴʢʦ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʠʚʝʜʝʥʘ ʵʥʝʨʛʠʷ 

ʩʞʘʪʠʷ ʜʦ ʨʘʩʩʪʦʷʥʠʡ, ʥʘ ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʶʪ ʜʝʡʩʪʚʦʚʘʪʴ ʷʜʝʨʥʳʝ 

ʩʠʣʳ, ʨʘʚʥʘʷ 0,15 ʄʵɺ.  

 
ʘ)                                                                ʙ) 

 

 

 

 

 

 

 

 

 
 

 

ʈʠʩ. 18. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ: 
ʘ) ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʚ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʦʤ ʠ ʨʝʣʷʪʠʚʠʩʪʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʷʭ; ʙ) ʧʨʠ 

ʩʞʘʪʠʠ ʜʚʫʭ ʷʜʝʨ ʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ  

 

ɺʳʧʦʣʥʠʤ ʨʘʩʯʝʪʳ ʵʥʝʨʛʠʠ ʩʞʘʪʠʷ ʜʣʷ ʤʦʣʝʢʫʣʳ ʚʦʜʦʨʦʜʘ. 

ʆʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʨʘʩʯʝʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʤʦʣʝʢʫʣʝ 

ʚʦʜʦʨʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʪʦʯʢʠ ʬʘʟʦʚʦʛʦ ʦʙʲʝʤʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʠʥʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʳ, ʨʠʩ. 18, ʙ. ʕʪʠ 
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