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ʇʈɽɼʀʉʃʆɺʀɽ ʂʆ 2-ʄʋ ʊʆʄʋ 
 

ɺ ʵʪʦʡ ʯʘʩʪʠ ʦʙʱʝʛʦ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ʜʠʩʮʠʧʣʠʥʝ 

çʇʨʦʮʝʩʩʳ ʠ ʘʧʧʘʨʘʪʳ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡè ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʢ ʧʨʘʢʪʠʯʝʩʢʠʤ ʠ ʣʘʙʦʨʘʪʦʨʥʳʤ ʟʘʥʷʪʠʷʤ, 

ʢʫʨʩʦʚʦʤʫ ʧʨʦʝʢʪʫ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʪʘʢʦʤ ʦʙʲʸʤʝ, ʯʪʦʙʳ ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʧʦʜʢʨʝʧʠʪʴ ʚʩʝ ʪʝ-

ʤʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʢʫʨʩʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ  ʚʘʞʝʥ ʧʨʠ ʪʦʤ ʦʛʨʘʥʠʯʝʥʥʦʤ ʣʠʤʠʪʝ 

ʫʯʝʙʥʳʭ ʯʘʩʦʚ, ʢʦʪʦʨʳʡ ʚʳʜʝʣʷʝʪʩʷ ʥʘ ʠʟʫʯʝʥʠʝ ʚʩʝʡ ʜʠʩʮʠʧʣʠʥʳ. 

ʇʨʠ ʧʝʨʚʦʤ ʚʟʛʣʷʜʝ ʥʘ ʩʦʩʪʘʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʟʘʥʷʪʠʡ 

ʦʱʫʱʘʝʰʴ ʠʭ ʥʝʢʫʶ ʥʝʧʦʣʥʦʪʫ. ʅʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʙʥʘʨʫʞʠʚʘʝʰʴ, ʯʪʦ ʦʥʠ ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʥʝ ʜʫʙʣʠʨʫʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʘ ʩ ʜʨʫʛʦʡ ï ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʦʭʚʘʪʳʚʘʶʪ  ʚʝʩʴ ʣʝʢʮʠʦʥʥʳʡ ʢʫʨʩ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʚʦʧʨʦʩʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʚʩʝʛʦ ʜʚʘ ʧʨʘʢʪʠʯʝ-

ʩʢʠʭ ʟʥʘʯʝʥʠʷ. ʅʦ ʟʘʪʦ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʧʨʘʢʪʠʢʫʤʝ ʯʝʪʳʨʝ ʠʟ ʧʷʪʠ ʣʘʙʦʨʘʪʦʨ-

ʥʳʭ ʨʘʙʦʪ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ  ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  ʥʘʩʪʦʣʴʢʦ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ, ʯʪʦ ʚʩʷ ʵʪʘ ʙʦʣʴʰʘʷ ʠ ʚʘʞʥʘʷ ʧʨʦʙʣʝʤʘ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʜʢʨʝʧʣʝʥʥʦʡ 

ʨʝʰʝʥʠʝʤ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʪʝ ʞʝ ʩʘʤʳʝ ʧʷʪʴ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʨʘʙʦʪ ʭʦʨʦʰʦ ʧʦʜʢʨʝʧʣʷʶʪ ʜʨʫʛʠʝ ʪʝʤʘʪʠʯʝʩʢʠʝ ʨʘʟʜʝʣʳ ʜʠʩʮʠʧʣʠʥʳ (ʛʠʜʨʦ-

ʤʝʭʘʥʠʢʫ, ʪʝʧʣʦ-ʠ ʤʘʩʩʦʧʝʨʝʥʦʩ). 

   ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʚ ʨʘʩʯʝʪ ʠ ʪʦ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ  ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʯʘʩʪʠ ʢʫʨʩʘ ʥʘʡʜʫʪ ʩʚʦʝ ʨʘʟʚʠʪʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʦʜʢʨʝʧʣʝʥʠʝ ʚ ʜʨʫʛʠʭ ʜʠʩ-

ʮʠʧʣʠʥʘʭ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʨʘʟʜʝʣ çʄʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠè - ʚ ʜʠʩʮʠʧʣʠʥʝ çʆʩ-

ʥʦʚʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʪʚʦʨʯʝʩʪʚʘè, ʨʘʟʜʝʣ ʧʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʦ-

ʮʝʩʩʘʤ ï ʚ ʜʠʩʮʠʧʣʠʥʝ çʄʝʭʘʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʝʜʧʨʠʷʪʠʡ ʩʪʨʦʡʠʥʜʫ-

ʩʪʨʠʠè, ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʝ, ʪʝʧʣʦ-ʤʘʩʩʦʧʝʨʝʥʦʩʥʳʝ ʧʨʦʮʝʩʩʳ ï ʚ ʜʠʩʮʠʧʣʠʥʘʭ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʠ ʩʧʝʮʠʘʣʠʟʘʮʠʡ. 

ʀ, ʥʘʢʦʥʝʮ, ʥʝʣʴʟʷ ʥʝ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠ ̫ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʠ ʤʝʪʦʜʠʢʫ ʚʳ-

ʧʦʣʥʝʥʠʷ ʢʫʨʩʦʚʦʛʦ ʧʨʦʝʢʪʘ. ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʫʨʩʦʚʦʡ 

ʧʨʦʝʢʪ ʧʦ ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʜʠʩʮʠʧʣʠʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʧʨʦʝʢʪʘʤʠ 

ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ çɺʷʞʫʱʠʝ ʚʝʱʝʩʪʚʘè ʠ çʄʝʭʘʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʝʜ-

ʧʨʠʷʪʠʡ ʩʪʨʦʡʠʥʜʫʩʪʨʠʠè. ʊʘʢʦʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦ-

ʚʳʩʠʪʴ ʛʣʫʙʠʥʫ ʠ ʢʦʥʢʨʝʪʥʦʩʪʴ ʧʨʦʝʢʪʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʧʦ ʢʘʞʜʦʡ ʜʠʩʮʠʧʣʠʥʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʦʢʨʘʱʘʝʪʩʷ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʪʨʫʜʦʟʘʪʨʘʪ ʧʦ ʪʨʝʤ ʧʨʦʝʢʪʘʤ ʠʟ-ʟʘ 

ʠʩʢʣʶʯʝʥʠʷ ʜʫʙʣʠʨʫʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʨʘʟʜʝʣʦʚ, ʥʝʨʝʜʢʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ 

ʢʘʞʜʦʤ ʦʪʜʝʣʴʥʦʤ ʧʨʦʝʢʪʝ. 

ɹʦʣʝʝ ʯʝʤ ʜʚʘʜʮʘʪʠʣʝʪʥʠʡ ʦʧʳʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʦ ɺɻɸ-

ʉʋ ʧʦʜʪʚʝʨʜʠʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʨʠʝʤʘ. 

ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʦ 2-ʤ ʪʦʤʝ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʨʘʟʨʘʙʦʪʦʢ ʠʤʝʝʪ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ, ʘʚʪʦʨ ʩʯʝʣ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ  ʧʨʝʜʩʪʘʚʠʪʴ ʠʭ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤʠ ʯʘʩʪʷʤʠ, ʠʤʝʶʱʠʤʠ ʩʚʦʠ ʨʫʙʨʠʢʘʮʠʠ, ʧʨʠʣʦʞʝʥʠʷ ʠ ʪ.ʧ. 

ʊʘʢʘʷ ʘʚʪʦʥʦʤʠʷ ʨʘʟʜʝʣʦʚ ʫʧʨʦʱʘʝʪ ʧʦʣʴʟʦʚʘʥʠʝ ʠʤʠ. 
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ʆɹʑɸʗ ʄɽʊʆɼʀʂɸ ʇʈʆɺɽɼɽʅʀʗ  

ʇʈɸʂʊʀʏɽʉʂʀʍ ɿɸʅʗʊʀʁ 
 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʚ ʵʪʦʡ ʯʘʩʪʠ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ ʪʝʤʘʪʠʢʘ ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʩʣʝʜʫʶʱʠʡ ʧʦʨʷʜʦʢ ʠʭ ʦʩʚʦʝʥʠʷ. 

  ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʦʙʲʷʚʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʪʝʤʫ ʦʯʝʨʝʜʥʳʭ ʟʘ-

ʥʷʪʠʡ, ʫʪʦʯʥʷʝʪ ʚʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ. 

 ʆʯʝʨʝʜʥʦʝ ʟʘʥʷʪʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʙʝʛʣʦʛʦ ʦʩʤʦʪʨʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʩʪʫʜʝʥ-

ʯʝʩʢʠʭ ʞʫʨʥʘʣʦʚ ʜʣʷ ʦʬʦʨʤʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʥʘ ʧʨʝʜʤʝʪ ʚʳʧʦʣʥʝ-

ʥʠʷ ʜʦʤʘʰʥʝʛʦ ʟʘʜʘʥʠʷ; ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘ ʢʦʣʣʝʢʪʠʚʥʦʝ ʦʙʩʫʞʜʝʥʠʝ ʚʳ-

ʥʦʩʷʪʩʷ ʦʪʜʝʣʴʥʳʝ ʚʦʧʨʦʩʳ ʟʘʜʘʥʠʷ. 

 ɼʘʣʝʝ ʧʨʦʚʦʜʠʪʩʷ ʢʦʣʣʝʢʪʠʚʥʦʝ ʦʙʩʫʞʜʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ʚʳ-

ʥʝʩʝʥʥʳʭ ʥʘ ʩʘʤʦʧʦʜʛʦʪʦʚʢʫ. 

 ʅʘ ʢʦʥʢʫʨʩʥʦʡ ʦʩʥʦʚʝ ʩʪʫʜʝʥʪʳ ʚʳʧʦʣʥʷʶʪ ʩʥʘʯʘʣʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʘ 

ʟʘʪʝʤ, ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʣʣʝʢʪʠʚʥʦ ʨʝʰʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ 

 ʇʦ ʢʘʞʜʦʤʫ ʵʪʘʧʫ ʟʘʥʷʪʠʡ ʩʪʫʜʝʥʪ ʪʝʩʪʠʨʫʝʪʩʷ ʙʘʣʴʥʦʡ ʦʮʝʥʢʦʡ; ʧʦ ʩʦ-

ʚʦʢʫʧʥʦʩʪʠ ʙʘʣʴʥʳʭ ʦʮʝʥʦʢ ʚʳʩʪʘʚʣʷʝʪʩʷ ʠʪʦʛʦʚʘʷ ʦʮʝʥʢʘ ʧʦ ʪʝʤʝ. 

 ɼʣʷ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ ʧʦ ʧʨʝʜʣʘʛʘʝʤʳʤ ʧʦ ʢʘʞʜʦʡ ʪʝʤʝ ʚʦʧʨʦ-

ʩʘʤ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ: 

 1. ʐʤʠʪʴʢʦ ɽ.ʀ. ʇʨʦʮʝʩʩʳ ʠ ʘʧʧʘʨʘʪʳ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɽ.ʀ. ʐʤʠʪʴʢʦ. ï ɺʦʨʦʥʝʞ: ʀʟʜ-ʚʦ ɺɻɸ-

ʉʋ. ï 2009. ï ʊʦʤ 1,      ʩ. 

 2. ʇʘʚʣʦʚ ʂ.ʌ., ʈʦʤʘʥʢʦʚ ʇ.ɻ., ʅʦʩʢʦʚ ɸ.ɸ. ʇʨʠʤʝʨʳ ʠ ʟʘʜʘʯʠ ʧʦ ʢʫʨʩʫ 

ʧʨʦʮʝʩʩʦʚ ʠ ʘʧʧʘʨʘʪʦʚ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ / 

ʇʦʜ ʨʝʜ. ʯʣ.-ʢʦʨʨ. ɸʅ ʉʉʉʈ ʇ.ɻ. ʈʦʤʘʥʢʦʚʘ. ï 14 ʠʟʜ., ʩʪʝʨʝʦʪʠʧ. ʇʝʨʝʧʝʯʘʪʢʘ 

ʩ ʠʟʜ. 1987 ʛ. ï ʄ.: ʆʆʆ ʀɼ çɸʣʴʷʥʩè, 2007. ï 576 ʩ. 

          3. ʂʘʩʘʪʢʠʥ ɸ.ɻ. ʆʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʘʧʧʘʨʘʪʳ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ: 

ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. 14 ʠʟʜ., ʩʪʝʨʝʦʪʠʧ. ʇʝʨʝʧʝʯʘʪʢʘ ʩ 9-ʛʦ ʠʟʜ. 1973 ʛ. ï ʄ.: 

ʆʆʆ ʀɼ çɸʣʴʷʥʩè, 2008. ï 753 ʩ. 
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ʊʝʤʘ 1. ʉʊʈʋʂʊʋʈʅɸʗ ʄʆɼɽʃʔ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ 

ʇʈʆʎɽʉʉɸ 

1.1. ʎʝʣʴ ʟʘʥʷʪʠʷ 

ʆʩʚʦʠʪʴ ʚʦʧʨʦʩʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ  ʥʘ ʵʪʘʧʝ 

ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ. 
 

1.2 ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ  

1.ʆʧʨʝʜʝʣʝʥʠʷ: çʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩè, çʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʝʨʝʜʝʣè, 

çʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷè; ʚʠʜʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʩʧʦʩʦʙʫ ʠʭ 

ʨʝʘʣʠʟʘʮʠʠ. 

2. ʇʦʥʷʪʠʝ ʪʠʧʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʠʭ ʚʠʜʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ. 

3. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʪʝʛʦʨʠʡ 

ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʨʠʯʠʥʥʦʩʪʠ ʠ ʩʣʫʯʘʡʥʦʩʪʠ. 

4. ʇʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʨʦʣʴ. 

5. ʆʩʥʦʚʥʳʝ ʠʜʝʠ ʠ ʧʨʠʥʮʠʧʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (ɸʉʋʊʇ). 
 

1.3. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

[1] ï ɺʚʝʜʝʥʠʝ, ʧ. ʧ. 2.1, 2.2, 2.3, 2.4, 2.5. 
 

1.4. ʉʦʜʝʨʞʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʘʥʷʪʠʷ 

1.4.1. ʆʙʩʫʜʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʫʱʝʩʪʚʦ ʚʦʧʨʦʩʦʚ, ʚʳʥʝʩʝʥʥʳʭ ʥʘ ʩʘʤʦ-

ʧʦʜʛʦʪʦʚʢʫ ʚ ʧ.ʧ. 1 - 5. 

1.4.2. ʇʨʝʜʩʪʘʚʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ʉʦʩʪʘʚʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʠ ʦʧʝ-

ʨʘʪʦʨʥʫʶ ʩʭʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ;  ʧʨʝʜʣʦʞʠʚ ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʘʧʧʘ-

ʨʘʪʘ ʠʟ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʭʝʤʳ (ʧʦ ʩʦʛʣʘʩʦʚʘʥʠʶ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ) ʩʪʨʫʢʪʫʨ-

ʥʫʶ ʩʭʝʤʫ, ʢʘʢ ʦʩʥʦʚʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩ-

ʩʦʤ ʚ ʚʳʙʨʘʥʥʦʤ ʘʧʧʘʨʘʪʝ. ʅʘ ʩʭʝʤʝ ʧʨʝʜʩʪʘʚʠʪʴ ʛʣʘʚʥʳʝ, ʥʘ ʚʟʛʣʷʜ ʩʪʫʜʝʥʪʘ, 

ʚʭʦʜʥʳʝ (ʨʝʛʫʣʠʨʫʝʤʳʝ, ʥʝʨʝʛʫʣʠʨʫʝʤʳʝ, ʩʣʫʯʘʡʥʳʝ) ʠ ʚʳʭʦʜʥʳʝ,  ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʮʝʩʩʘ; ʭʦʪʷ ʙʳ ʚ ʩʣʦʚʝʩʥʳʭ ʚʳʨʘʞʝʥʠʷʭ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚʥʫʪʨʝʥʥʠʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʥʠʤʠ, ʥʘʤʝʪʠʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʨʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ 

ʚ ʚʠʜʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ  ʧʨʦʮʝʩʩʦʤ ʯʝʨʝʟ 

ɸʉʋʊʇ.   

1.5. ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ. ʇʦʜʚʝʜʝʥʠʝ ʠʪʦʛʦʚ 

ʉʪʫʜʝʥʪ ʧʦʣʫʯʘʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʟʘʜʘʥʠʷ (ʩʤ. ʪʘʙʣʠʮʫ) ʠ ʧʝʨʝ-

ʥʦʩʠʪ ʝʛʦ ʚ ʨʘʙʦʯʠʡ ʞʫʨʥʘʣ.  

ɺʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʦʟʠʮʠʷʤ. 

1. ɿʘʜʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʨʠʚʝʜʝʥʥʦʡ ʪʘʙʣʠʮʳ ʩ ʟʘʧʦʣʥʝʥʥʦʡ 

ʧʦʩʣʝʜʥʝʡ ʢʦʣʦʥʢʦʡ. 

2. ɺ ʘʧʧʘʨʘʪʫʨʥʦʤ ʦʬʦʨʤʣʝʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ; 

ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʤʝʨʳ, ʧʨʠ- 

ʚʝʜʝʥʥʳʝ ʚ ʇʨʠʣ.3 ʨʘʟʜʝʣʘ çʂʫʨʩʦʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝè-ʂʇ ʥʘʩʪʦʷʱʝʛʦ ʫʯʝʙ-

ʥʦʛʦ ʧʦʩʦʙʠʷ. ʇʨʠʤʝʨ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʨʠʚʝʜʝʥ ʪʘʤ ʞʝ 

ʚ ʇʨʠʣ.2. 
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ʊʘʙʣʠʮʘ 1.1. 

ɺʘʨʠʘʥʪʳ ʟʘʜʘʥʠʡ 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʝʨʝʜʝʣʳ 

ʇʝʨʝʯʝʥʴ ʚʭʦʜʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ* 

ʇʝʨʝʯʝʥʴ ʚʳʭʦʜʥʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʦʧʝʨʘʮʠʠ (ʧʨʝʜʣʘ-

ʛʘʶʪʩʷ ʩʪʫʜʝʥʪʦʤ) 
ʇʨʦʠʟʚʦʜʩʪʚʦ ʢʦʤʦʚʦʡ 

ʥʝʛʘʰʝʥʦʡ ʠʟʚʝʩʪʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʰʘʭʪʥʦʡ 

ʧʝʯʠ 

ɼʦʩʪʘʚʢʘ ʩʳʨʴʷ; 

ʧʦʜʛʦʪʦʚʢʘ ʩʳʨʴʷ; 

ʦʙʞʠʛ; 

ʦʪʧʨʘʚʢʘ ʛʦʪʦʚʦʡ  

ʧʨʦʜʫʢʮʠʠ 

ʉʦʜʝʨʞʘʥʠʝ 33ʠMqCOʉʘʉʆ ; 

ʚʣʘʞʥʦʩʪʴ ʩʳʨʴʷ; 

ʢʨʫʧʥʦʩʪʴ ʢʫʩʢʦʚ; 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʞʠʛʘ-950 ʉ
ʦ

; 

ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʚ ʧʝʯʠ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ; 

ʩʦʜʝʨʞʘʥʠʝ 

ʘʢʪʠʚʥʳʭ MqOʠʉʘʆ ; 

ʩʢʦʨʦʩʪʴ ʛʘʰʝʥʠʷ ʠʟʚʝʩʪʠ; 

ʩʦʜʝʨʞʘʥʠʝ 

ʥʝʧʦʛʘʩʠʚʰʠʭʩʷ ʟʝʨʝʥ 

 

 

ʇʨʦʠʟʚʦʜʩʪʚʦ  

ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʛʠʧʩʘ 

ɼʦʩʪʘʚʢʘ ʩʳʨʴʷ; 

ʧʦʜʛʦʪʦʚʢʘ ʩʳʨʴʷ; 

ʪʝʧʣʦʚʘʷ ʦʙʨʘʙʦʪʢʘ -

ʚʘʨʠʘʥʪʳ 

- ʛʠʧʩʦʚʘʨʦʯʥʳʡ ʢʦʪʝʣ, 

- ʚʨʘʱʘʶʱʘʷʩʷ ʧʝʯʴ; 

ʧʦʤʦʣ; 

ʦʪʧʨʘʚʢʘ ʛʦʪʦʚʦʡ  

ʧʨʦʜʫʢʮʠʠ 

ʉʦʜʝʨʞʘʥʠʝ OHCaSO 24 2Ö ; 

ʚʣʘʞʥʦʩʪʴ ʩʳʨʴʷ; 

ʢʨʫʧʥʦʩʪʴ ʢʫʩʢʦʚ; 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʞʠʛʘ; 

ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ  

ʚ ʪʝʧʣʦʚʦʤ ʘʧʧʘʨʘʪʝ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ  

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ; 

ʩʦʜʝʨʞʘʥʠʝ ʆʅCaSO 24 5,0Ö ; 

ʪʦʥʢʦʩʪʴ ʧʦʤʦʣʘ; 

ʩʨʦʢʠ ʩʭʚʘʪʳʚʘʥʠʷ; 

ʤʘʨʢʘ ʧʦ ʧʨʦʯʥʦʩʪʠ 

 

ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʢʝʨʘʤʠʯʝʩʢʦʛʦ 

ʢʠʨʧʠʯʘ; 

 

ɼʦʩʪʘʚʢʘ ʩʳʨʴʷ; 

ʧʦʜʛʦʪʦʚʢʘ ʩʳʨʴʷ; 

ʧʦʜʛʦʪʦʚʢʘ  

ʬʦʨʤʦʚʦʯʥʦʡ ʤʘʩʩʳ; 

ʬʦʨʤʦʚʘʥʠʝ; 

ʩʫʰʢʘ; 

ʦʙʞʠʛ; 

ʦʪʧʨʘʚʢʘ ʛʦʪʦʚʦʡ  

ʧʨʦʜʫʢʮʠʠ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʳʨʴʷ; 

ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʩʳʨʴʷ; 

ʚʣʘʞʥʦʩʪʴ ʩʳʨʴʷ; 

ʬʦʨʤʦʚʦʯʥʘʷ ʚʣʘʞʥʦʩʪʴ; 

ʚʣʘʞʥʦʩʪʴ ʩʫʰʠʣʴʥʦʛʦ 

ʘʛʝʥʪʘ; 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʞʠʛʘ; 

ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʚ ʧʝʯʠ  

ʠ ʜʨ. 

 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ; 

ʚʥʝʰʥʠʡ ʚʠʜ ʠʟʜʝʣʠʡ; 

ʧʨʦʯʥʦʩʪʴ; 

ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ; 

ʧʣʦʪʥʦʩʪʴ;                     ʮʚʝʪ; 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 1.1. 
 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʝʨʝʜʝʣʳ 

ʇʝʨʝʯʝʥʴ ʚʭʦʜʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ* 

ʇʝʨʝʯʝʥʴ ʚʳʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ 

 

ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʦʡ  

ʪʨʦʪʫʘʨʥʦʡ  

ʧʣʠʪʢʠ 

ɼʦʩʪʘʚʢʘ ʩʳʨʴʷ  

(ʮʝʤʝʥʪ ʧʝʩʦʢ, ʚʦʜʘ,  

ʜʦʙʘʚʢʠ); 

ʧʨʠʛʦʪʦʚʣʝʥʠʝ  

ʬʦʨʤʦʚʦʯʥʦʡ ʩʤʝʩʠ; 

ʬʦʨʤʦʚʘʥʠʝ ʠʟʜʝʣʠʡ - 

 ʚʘʨʠʘʥʪʳ: 

 - ʣʠʪʴʝ, 

 - ʚʠʙʨʦʬʦʨʤʦʚʘʥʠʝ, 

 - ʧʨʝʩʩʦʚʘʥʠʝ; 

ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʘʷ  

ʦʙʨʘʙʦʪʢʘ; 

ʦʪʧʨʘʚʢʘ ʛʦʪʦʚʦʡ  

ʧʨʦʜʫʢʮʠʠ 

 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ  

ʮʝʤʝʥʪʘ; 

ʪʦʥʢʦʩʪʴ ʧʦʤʦʣʘ ʮʝʤʝʥʪʘ; 

ʘʢʪʠʚʥʦʩʪʴ ʮʝʤʝʥʪʘ; 

ʩʨʦʢʠ ʩʭʚʘʪʳʚʘʥʠʷ; 

ʟʝʨʥʦʚʦʡ ʩʦʩʪʘʚ ʧʝʩʢʘ; 

ʧʨʠʤʝʩʠ ʚ ʧʝʩʢʝ; 

ʩʦʩʪʘʚ ʬʦʨʤʦʚʦʯʥʦʡ ʩʤʝʩʠ; 

ʧʦʜʚʠʞʥʦʩʪʴ ʩʤʝʩʠ; 

ʧʣʦʪʥʦʩʪʴ ʦʪʬʦʨʤʦʚʘʥʥʦʛʦ 

ʠʟʜʝʣʠʷ; 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ; 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʝʧʣʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ 

 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ; 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ 

ʠʟʜʝʣʠʡ; 

ʯʠʩʪʦʪʘ ʧʦʚʝʨʭʥʦʩʪʠ; 

ʧʨʦʯʥʦʩʪʴ; 

ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ; 

ʠʩʪʠʨʘʝʤʦʩʪʴ 

 

 

ʇʨʠʤʝʯʘʥʠʝ ʢ ʪʘʙʣ.1.1: * - ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʣʝʜʫʝʪ ʨʘʩʧʨʝʜʝʣʠʪʴ ʧʦ ʧʝʨʝʜʝʣʘʤ;  

                                              ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʧʦʚʪʦʨʷʪʴʩʷ, ʤʦʛʫʪ ʙʳʪʴ ʚʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

 



3. ʆʧʝʨʘʪʦʨʥʘʷ ʩʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠ-

ʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʪʠʧʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʞʜʦʛʦ 

ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʦ ʚ ʇʨʠʣ. 4, ʘ ʧʨʠʤʝʨ ʦʧʝʨʘʪʦʨʥʦʡ ʩʭʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʇʨʠʣ. 2 (ʩʤ. ʨʘʟʜʝʣ ʂʇ). 

4. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ ʚ ʦʜʥʦʤ ʠʟ ʦʧʨʝʜʝʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ. ɿʘ ʦʩʥʦʚʫ ʧʨʠʥʠʤʘʝʪʩʷ 

ʦʙʦʙʱʝʥʥʳʡ ʚʘʨʠʘʥʪ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʩʣʦʞʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ.1.1. 

 

                             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɺ ʚʳʧʦʣʥʷʝʤʦʤ ʟʘʜʘʥʠʠ  ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʥʠʤʘʝʪ ʢʦʥʝʯʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʳʤʠ ʨʝʰʝʥʠʷʤʠ. ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ  ʠʩ-

ʧʦʣʥʠʪʝʣʴ ʨʘʟʜʝʣʷʝʪ ʥʘ ʨʝʛʫʣʠʨʫʝʤʳʝ, ʥʝʨʝʛʫʣʠʨʫʝʤʳʝ  ʠ ʩʣʫʯʘʡʥʳʝ, ʧʨʠ-

ʩʚʦʠʚ ʠʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʠʤʚʦʣʳ xi, uj, zk. ʇʦʜ ʨʠʩʫʥʢʦʤ  ʧʨʠʚʦʜʠʪ ʧʝʨʝʯʝʥʴ 

ʩʠʤʚʦʣʦʚ, ʥʘʧʦʣʥʷʷ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʤʳʩ-

ʣʦʤ. ʇʨʠ ʵʪʦʤ ʩʦʩʪʘʚ ʧʝʨʝʤʝʥʥʳʭ ʧʦʜ ʩʠʤʚʦʣʘʤʠ  x ʠ  u  ʥʘʟʥʘʯʘʝʪʩʷ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʠʝʤ, ʘ ʩʦʩʪʘʚ ʧʝʨʝʤʝʥʥʳʭ ʧʦʜ ʩʠʤʚʦʣʦʤ  z  ʠʩʧʦʣʥʠʪʝʣʴ 

ʧʨʝʜʣʘʛʘʝʪ ʩʘʤʦʩʪʦʪ̫ʝʣʴʥʦ.                             

ɺ ʟʘʢʣʶʯʝʥʠʝ ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʠʩʧʦʣʥʠʪʝʣʴ ʜʘʝʪ ʧʦʷʩʥʝʥʠʷ ʚʩʝʤ ʚʦʟʤʦʞ-

ʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʚʷʟʷʤ ʪʠʧʘ y = f(x,y) ï ʥʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʫʥʢʪʠʨ-

ʥʳʤʠ ʩʪʨʝʣʢʘʤʠ. ʇʨʠ ʵʪʦʤ ʢʨʦʤʝ ʩʫʱʥʦʩʪʠ, ʚʣʠʷʥʠʷ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʥʘ ʚʭrʦʜʥʳʝ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʅʘ ʵʪʦʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠʩʧʦʣʥʠʪʝʣʴ ʤʦʞʝʪ ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʦ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʠ ʚʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʣʠ ʧʝʨʝʚʝʩʪʠ ʠʭ ʠʟ ʦʜʥʦʡ ʛʨʫʧʧʳ 

ʚ ʜʨʫʛʫʶ. 
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ʊʝʤʘ 2.   ʆɹʑʀɽ ɺʆʇʈʆʉʓ ʄʆɼɽʃʀʈʆɺɸʅʀʗ  

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ 

 (ʢʦʣʣʦʢʚʠʫʤ ʧʦ ʪʝʤʝ) 
 

 

 2.1. ʎʝʣʴ ʟʘʥʷʪʠʷ 

 ɿʘʢʨʝʧʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʩʚʦʝʥʠʠ ʣʝʢʮʠʦʥ-

ʥʦʛʦ ʢʫʨʩʘ ʧʦ ʚʦʧʨʦʩʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
 

 2.2. ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ  

1. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʘʢ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʫʧʨʘʚʣʝ-

ʥʠʷ. ʇʦʥʪ̫ʠ̫ çʤʦʜʝʣʴè ʠ çʤʦʜʝʣʠʨʦʚʘʥʠʝè. ɺʠʜʳ  ʤʦʜʝʣʝʡ. 

2.  ʆʙʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʬʠʟʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. ɺʠʜʳ ʤʦʜʝʣʝʡ. 

ʇʨʠʚʝʩʪʠ ʧʨʠʤʝʨʳ ʠʟ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʥɹʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ. 

3. ʇʦʥʷʪʠʷ  ʧʦʜʦʙʠʷ. ʈʘʩʩʤʦʪʨʝʪʴ ʚʠʜʳ ʧʦʜʦʙʠʷ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝ-

ʨʘʭ. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʦʙʠʷ. ɻʣʘʚʥʳʝ ʫʩʣʦʚʠʷ ʧʦʜʦʙʠʷ. 

4.  ʇʨʘʚʠʣʘ (ʪʝʦʨʝʤʳ) ʧʦʜʦʙʠʷ. ʌʦʨʤʫʣʠʨʦʚʢʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝ-

ʥʠʝ. 

5. ʆʙʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʜʦʙʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʢ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʙʝʟʨʘʟʤʝʨʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ. 

6. ɺʳʧʦʣʥʠʪʴ ʧʦʜʦʙʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʥʘ ʧʨʠʤʝʨʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ (ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ). 

7. ʂʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ: ʠʭ ʩʚʦʡʩʪʚʘ ʠ ʟʥʘʯʝʥʠʝ (ʨʘʩʩʤʦʪʨʝʪʴ ʥʘ ʧʨʠʤʝʨʝ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ). 

8. ʉʫʱʥʦʩʪʴ, ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

9.  ɺʠʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʠʩʪʦʯʥʠʢʠ ʠʭ ʩʦʟʜʘʥʠʷ. 

10.  ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ.  

11. ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʨʝʘʣʠʟʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 
 

 

2.3. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 
[1] ï ʛʣʘʚʘ 3. 
 

 

2.4. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʟʘʥʷʪʠʷ. ʇʦʜʚʝʜʝʥʠʝ ʠʪʦʛʦʚ 

 ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʚʳʟʳʚʘʝʪ ʦʜʥʦʛʦ ʠʟ ʩʪʫʜʝʥʪʦʚ ʢ ʜʦʩʢʝ, ʚʤʝʩʪʝ ʩ ʘʫʜʠ-

ʪʦʨʠʝʡ ʟʘʩʣʫʰʠʚʘʝʪ ʦʪʚʝʪ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚʦʧʨʦʩʫ, ʧʨʝʜʣʘʛʘʝʪ ʘʫʜʠʪʦʨʠʠ 

ʚʥʝʩʪʠ ʚ ʩʦʩʪʦʷʚʰʠʡʩʷ ʦʪʚʝʪ ʧʦʧʨʘʚʢʠ, ʜʦʧʦʣʥʝʥʠʷ, ʩʚʦʠ ʚʝʨʩʠʠ, ʘʢʮʝʥʪʠʨʫ-

ʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʚʝʨʩʠʠ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʨʘʩʢʨʳʚʘʶʱʝʡ ʩʫʪʴ ʚʦʧʨʦʩʘ. 

ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʪʚʝʪʦʚ ʫ ʜʦʩʢʠ, ʜʦʧʦʣʥʝʥʠʡ ʠ ʨʝʧʣʠʢ ʩ ʤʝʩʪʘ ʢʘʞ-

ʜʳʡ ʩʪʫʜʝʥʪ ʧʦʣʫʯʘʝʪ ʠʪʦʛʦʚʫʶ ʦʮʝʥʢʫ ʟʥʘʥʠʡ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʥʝʜʨʷʝʤʦʡ ʚ ʚʫʟʘʭ ʨʝʡʪʠʥʛʦʚʦʡ ʩʠʩʪʝʤʦʡ ʦʮʝʥʢʠ 

ʟʥʘʥʠʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʪʫʜʝʥʪʦʚ, ʧʦʣʫʯʠʚʰʠʭ çʦʪʣʠʯʥʫʶè ʦʮʝʥʢʫ, ʦʩʚʦʙʦ-

ʜʠʪʴ ʥʘ  ʩʝʤʝʩʪʨʦʚʦʤ ʵʢʟʘʤʝʥʝ ʧʦ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʝ ʦʪ ʦʪʚʝʪʦʚ ʧʦ ʚʦʧʨʦʩʘʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʝʨʝʥʝʩʝʥʠʝʤ ʦʮʝʥʢʠ çʦʪʣʠʯʥʦè ʚ ʦʙʱʠʡ ʨʝʟʫʣʴʪʘʪ ʵʢʟʘʤʝ-

ʥʘ. 
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ʊʝʤʘ 3.  ʆʉʅʆɺʅʓɽ ʉɺʆʁʉʊɺɸ ɾʀɼʂʆʉʊɽʁ ʀ ɻɸɿʆɺ 
 

3.1. ʎʝʣʴ ʟʘʥʷʪʠ.̫ ɺʦʩʩʪʘʥʦʚʠʪʴ ʚ ʧʘʤʷʪʠ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʟʥʘʥʠʷ 

ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʚʦʧʨʦʩʘʤ; ʧʦʣʫʯʠʪʴ ʥʘʚʳʢʠ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘ-

ʜʘʯ. 

3.2.  ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ 

1. ɼʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ; ʦʙʲʷʩʥʠʪʴ, ʚ 

ʯʸʤ ʩʦʩʪʦʠʪ ʦʪʣʠʯʠʝ ʧʣʦʪʥʦʩʪʠ ʘʙʩʦʣʶʪʥʦʡ ʦʪ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚ ʝʩʪʝ-

ʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

2. ʂʘʢʦʝ ʧʦʥʷʪʠʝ ʧʣʦʪʥʦʩʪʠ ʩʦʛʣʘʩʥʦ ʧ.1. ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʞʠʜʢʦʩʪʝʡ ʠ 

ʛʘʟʦʚ?  

3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

4. ʈʘʟʤʝʨʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʉʀ; ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚ ʪʝʭʥʠʢʝ; ʧʝʨʝʭʦʜʳ ʦʪ ʦʜʥʠʭ ʝʜʠʥʠʮ ʠʟʤʝ-

ʨʝʥʠʷ ʢ ʜʨʫʛʠʤ. 

5. ɼʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʚʷʟʢʦʩʪʠ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪʘ  ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ  

ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʝʤ ʩʜʚʠʛʘ ʚ ʜʚʠʞʫʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʠ ʩʢʦʨʦʩʪʴʶ (ʛʨʘʜʠʝʥ-

ʪʦʤ ʩʢʦʨʦʩʪʠ) ʝʸ ʪʝʯʝʥʠʷ. ɼʠʥʘʤʠʯʝʩʢʠʡ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʚʷʟʢʦʩʪʠ. 

6. ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ. 

7. ɼʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ; ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷ-

ʞʝʥʠʝ ʥʘ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮʘʭ; ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝ-

ʥʠʷ. 
   

3.3. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

[1] ï ʧ. 6.2 

[2] ï ʛʣʘʚʘ 1- ʧ.ʧ. 1, 2, 5, 7, 8. 
 

3.4. ʉʦʜʝʨʞʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʘʥʷʪʠʷ 
 

3.4.1. ʇʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ 

 ʆʙʩʫʜʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʫʱʝʩʪʚʦ ʚʦʧʨʦʩʦʚ 1 - 4, ʚʳʥʝʩʝʥʥʳʭ ʥʘ ʩʘʤʦ-

ʧʦʜʛʦʪʦʚʢʫ (ʧ. 3.2).  ʈʝʰʠʪʴ ʧʨʝʜʣʘʛʘʝʤʫʶ ʥʠʞʝ ʠʣʠ ʧʦʜʦʙʥʫʶ ʝʡ ʟʘʜʘʯʫ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ.   

ɿʘʜʘʯʘ 3.1. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʣʦʪʥʦʩʪʴ ʩʚʝʞʝ-

ʧʨʠʛʦʪʦʚʣʝʥʥʦʡ ʩʤʝʩʠ ʜʣʷ ʬʦʨʤʦʚʘʥʠʷ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʩʦʩʪʘʚʠʣʘ 1,68 

ʛ/ʩʤ
3
. ʇʨʝʜʩʪʘʚʠʪʴ ʧʦʣʫʯʝʥʥʳʡ  ʨʝʟʫʣʴʪʘʪ ʚ ʢʛ/ʤ

3
, ʢʛ/ʣ, ʪ/ʤ

3
. ʇʨʠ ʧʝʨʝʚʦʜʝ 

ʦʜʥʠʭ ʝʜʠʥʠʮ ʚ ʜʨʫʛʠʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʝʨʝʭʦʜʥʳʤʠ ʤʥʦʞʠʪʝ-

ʣʷʤʠ. 

ʇʨʠʤʝʨ:  [ʛ/ʩʤ
3
]Ÿ[ ʢʛ/ʤ

3
] =1.68ɛ1/ɛ2, ʛʜʝ ɛ1 ï ʤʥʦʞʠʪʝʣʴ ʧʝʨʝʭʦʜʘ ʦʪ [ʛ] 

ʚ [ʢʛ] ï 10
-3
; ɛ2 ï ʤʥʦʞʠʪʝʣʴ ʧʝʨʝʭʦʜʘ ʦʪ [ʩʤ

3
]
 
ʢ [ʤ

3
] ï 10

-6
. 

 

3.4.2. ʇʣʦʪʥʦʩʪʴ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʞʠʜʢʦʩʪʝʡ ʠ ʰʣʘʤʦʚ  
  

ʈʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ           

          ɼʣʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʞʠʜʢʦʩʪʝʡ: 
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n

n

ʩʤ

xxx

rrrr
+++= ...

1

2

2

1

1 ,                     (3.1) 

ʛʜʝ  x1, x2, xn ï ʤʘʩʩʦʚʳʝ ʜʦʣʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ;  

       ɟʩʤ, ɟ1, ɟ2, ɟn ï ʧʣʦʪʥʦʩʪʠ ʩʤʝʩʠ ʠ ʝʸ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɼʣʷ 2-ʭ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʰʣʘʤʘ: 
ʞtʩʤ

xx

rrr

-
+=

11
,                                   (3.2) 

ʛʜʝ ʭ ï ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʪʚʸʨʜʦʡ ʬʘʟʳ ʚ ʰʣʘʤʝ; 

      ɟʪ, ɟʞ ï ʧʣʦʪʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʚʸʨʜʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟ. 

ɿʘʜʘʯʘ 3.2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʢʨʦʛʦ ʧʦʤʦʣʘ ʧʝʩʢʘ ʧʦʣʫʯʝʥ ʰʣʘʤ ʧʣʦʪʥʦ-

ʩʪʴʶ 1,61 ʛ/ʩʤ
3
. ʆʧʨʝʜʝʣʠʪʴ ʩʦʜʝʨʞʘʥʠʝ (ʤʘʩʩʦʚʳʝ ʜʦʣʠ) ʧʝʩʢʘ (ʇ) ʠ ʚʦʜʳ 

(ɺ) ʚ ʰʣʘʤʝ. ʇʨʝʜʩʪʘʚʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚ ʢʛ/ʢʛ. 

ʆʪʚʝʪ: ʇ = 0,6 ʢʛ/ʢʛ, ɺ = 0,4 ʢʛ/ʢʛ. 
 

3.4.3. ʇʣʦʪʥʦʩʪʴ ʛʘʟʦʚ 
 

ʈʘʩʯʸʪʥʳʝ ʬʦʨʤʫʣʳ 
 

ʇʣʦʪʥʦʩʪʴ ʦʪʜʝʣʴʥʦʛʦ ʛʘʟʘ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ɟ0, ʢʛ/ʤ
3 
: 

                                                               
4,220

ʄ
=r ,                                            (3.3) 

ʛʜʝ ʄ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʛʘʟʘ, ʢʛ/ʤʦʣʴ; 

          ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ ʠ ʜʘʚʣʝʥʠʠ ʈ: 

                                              
0

0

0

0
0 4,22 ʈʊ

ʈʊʄ

ʈʊ

ʈʊ

Ö

Ö
Ö=

Ö

Ö
=rr  ,                                   (3,4)              

ʛʜʝ ʊ0 ï ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʊ0=273,15 ʂ  

              (ʚ ʨʘʩʯʸʪʘʭ ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ 273 ʂ); 

       ʈ0 ï ʜʘʚʣʝʥʠʝ ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʈ0=1,013Ā10
5
ʇʘ (1ʘʪʤ); 

      ʊ ʠ ʈ ï ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʂ ʠ ʜʘʚʣʝʥʠʷ ʚ ʇʘ  

              (ʚ ʨʘʩʯʸʪʘʭ ʜʣʷ ʫʜʦʙʩʪʚʘ ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʈ ʠ ʈ0 

                      ʚ ʘʪʤʦʩʬʝʨʘʭ); 

ʧʣʦʪʥʦʩʪʴ ʩʤʝʩʠ ʛʘʟʦʚ, ɟʩʤ: 

                                                          Ö++=
2

2

1

1

yyʩʤ

rr
r é,                                   (3.5)                            

ʛʜʝ ɟ1, ɟ2 ï ʧʣʦʪʥʦʩʪʠ ʚʭʦʜʷʱʠʭ ʚ ʩʤʝʩʴ ʛʘʟʦʚ, ʢʛ/ʤ
3
; 

      ʫ1, ʫ2 ï ʦʙʲʸʤʥʳʝ ʜʦʣʠ ʵʪʠʭ ʛʘʟʦʚ. 
 

ɿʘʜʘʯʘ 3.3. ʆʧʨʝʜʝʣʠʪʴ ʧʣʦʪʥʦʩʪʴ ʘʟʦʪʘ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚ 

ʥʘʛʨʝʪʦʤ ʜʦ 127Á ʉ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʩʦʩʪʦʷʥʠʠ. 

ʆʪʚʝʪ: ɟ0 = 1,25 ʢʛ/ʤ
3
, ɟ = 0,85 ʢʛ/ʤ

3
. 

 

ɿʘʜʘʯʘ 3.4. (ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʜʦʤʘʰʥʝʡ ʧʨʦʨʘʙʦʪʢʠ). 

ɺ ʩʫʰʠʣʴʥʫʶ ʢʘʤʝʨʫ ʧʦʩʪʫʧʘʶʪ ʜʳʤʦʚʳʝ ʛʘʟʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 127 Áʉ 

ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ:               ʉʆ2 ï 0,095ʤ
3
/ʤ

3
 

ʅ2ʆ ï 0,198ʤ
3
/ʤ

3 
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N ï 0,707ʤ
3
/ʤ

3
 

ʆʧʨʝʜʝʣʠʪʴ ʧʣʦʪʥʦʩʪʴ ʩʤʝʩʠ ʛʘʟʦʚ ʥʘ ʚʭʦʜʝ ʚ ʩʫʰʠʣʴʥʳʡ ʘʧʧʘʨʘʪ. 

ʆʪʚʝʪ: ɟʩʤ = 0,0837ʢʛ/ʤ
3
. 

 

3.4.4. ɺʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ 

           ʆʙʩʫʜʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʫʱʝʩʪʚʦ ʚʦʧʨʦʩʦʚ 5, 6, ʧʨʝʜʣʦʞʝʥʥʳʭ ʜʣʷ 

ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ (ʧ. 3.2). 

ɿʘʜʘʯʘ 3.5. ʀʩʭʦʜʷ ʠʟ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ ʜʣʷ ʞʠʜʢʦʩʪʥʦʛʦ ʪʨʝʥʠʷ 

                                                     
dl

dw
Fʪʨ Ö-= m ,                                                (3.6)                                          

ʛʜʝ Fʪʨ ï ʩʠʣʘ ʪʨʝʥʠʷ ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʩʣʦʷʤʠ ʜʚʠʞʫʱʝʡʩʷ ʞʠʜʢʦʩʪʠ; 

       S ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ; 

      dw/dl ï ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ,                                                    

ʦʧʨʝʜʝʣʠʪɹ ʨʘʟʤʝʨʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʷʟʢʦʩʪʠ ɛ, ʢʠʥʝʤʘʪʠ-

ʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʷʟʢʦʩʪʠ ɜ, ʢʘʢ ɜ = ɛ/ɟ, ʛʜʝ ɟ ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ 

ʠʣʠ ʛʘʟʘ. 

ʆʪʚʝʪ: [ɛ] = [ʇʘĀʩ], [ɜ] = [ʤ
2
/ʩ]. 

 

ɿʘʜʘʯʘ 3.6 (ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʜʦʤʘʰʥʝʡ ʧʨʦʨʘʙʦʪʢʠ). 

ʇʨʝʜʣʦʞʠʪʝ ʩʭʝʤʫ ʧʨʠʙʦʨʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʚʷʟʢʦʩʪʠ. ɺ ʧʨʠʙʦʨʝ ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʨʘʞʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʬʦʨʤʫʣʳ 

(3.6) 
 

3.4.5. ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʚ ʞʠʜʢʦʩʪʷʭ 

 ʆʙʩʫʜʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʫʱʝʩʪʚʦ ʚʦʧʨʦʩʘ 7, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʜʣʷ ʩʘʤʦ-

ʧʦʜʛʦʪʦʚʢʠ  (ʧ. 3.2). 
 

ɿʘʜʘʯʘ 3.7. ʀʩʭʦʜʷ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʞʠʜʢʦ-

ʩʪʠ (ů) ʢʘʢ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʪʳ (ɸ) ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʝʜʠʥʠʮʳ ʧʣʦʱʘʜʠ ʥʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (S)                                            
S

ɸ
=s ,                                         (3.7)                                                            

ʠʣʠ ʢʘʢ ʦʪʥʦʰʝʥʠʷ ʩʠʣʳ (F) ʢ ʜʣʠʥʝ ʦʪʨʳʚʘ ʧʣʸʥʢʠ ʞʠʜʢʦʩʪʠ (l): 

                                                 
l

F
=s                                                        (3.8)                                                              

ʧʨʝʜʩʪʘʚʠʪʴ ʨʘʟʤʝʨʥʦʩʪʠ [ů] ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʨʤʫʣ (3.7) ʠ (3.8); ʧʨʠ-

ʚʝʩʪʠ ʠʭ ʢ ʦʙʱʝʤʫ ʚʠʜʫ. 
 

ɿʘʜʘʯʘ 3.8 (ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ).  ʇʨʝʜ-

ʣʦʞʠʪʝ ʩʭʝʤʫ ʧʨʠʙʦʨʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʤʝʪʦʜʦʤ ʦʪʨʳʚʘ. 
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ʊʝʤʘ 4. ʀʅɾɽʅɽʈʅʓɽ ɿɸɼɸʏʀ ɻʀɼʈʆʉʊɸʊʀʂʀ 
 

4.1. ʎʝʣʴ ʟʘʥʷʪʠʷ 

ʋʪʦʯʥʠʪʴ ʩʫʱʥʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʛʠʜʨʦʩʪʘʪʠʢʠ (ʟʘʢʦʥ ʇʘʩʢʘ-

ʣʷ), ʦʩʚʦʠʪʴ ʨʝʰʝʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ ʛʠʜʨʦʩʪʘʪʠʢʠ. 
 

 4.2. ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ  

  1. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʕʡʣʝʨʘ ʜʣʷ ʧʦʢʦʷʱʝʡʩʷ ʞʠʜ-

ʢʦʩʪʠ, ʚʳʚʦʜ ʫʨʘʚʥʝʥʠʷ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ. 

2. ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʛʠʜʨʦʩʪʘʪʠʢʠ ʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʨʤʝ. 

3. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʛʠʜʨʦʩʪʘʪʠʢʠ 
 

4.3. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

      [1] ï ʧ.ʧ. 6.3, 6.4. 
 

4.4. ʉʦʜʝʨʞʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʘʥʷʪʠʷ 

ʆʙʩʫʜʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʫʱʝʩʪʚʦ ʚʦʧʨʦʩʦʚ 1 - 3, ʚʳʥʝʩʝʥʥʳʭ ʥʘ ʩʘʤʦ-

ʧʦʜʛʦʪʦʚʢʫ. ʈʝʰʠʪʴ ʧʨʝʜʣʘʛʘʝʤʳʝ ʥʠʞʝ ʟʘʜʘʯʠ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘ-

ʪʳ ʨʝh ʝʥʠʷ. 

 

 

ɿʘʜʘʯʘ 4.1. ɺ ʤʘʩʩʦʧʦʜʛʦʪʦʚʠ-

ʪʝʣʴʥʦʤ ʮʝʭʝ ʟʘʚʦʜʘ ʷʯʝʠʩʪʦʙʝʪʦʥ-

ʥʳʭ ʠʟʜʝʣʠʡ ʰʣʘʤʙʘʩʩʝʡʥ ʜʣʷ ʥʘʢʦ-

ʧʣʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʧʝʩʯʘʥʦʛʦ ʰʣʘʤʘ 

(ʨʠʩ. 4.1) ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ: ʚʳʩʦʪʘ ʅ = 8,0 ʤ; 

ʜʠʘʤʝʪʨ D = 5 ʤ. ʅʘ ʨʘʩʩʪʦʷʥʠʠ b = 

0,6 ʤ ʦʪ ʜʥʘ ʙʘʩʩʝʡʥʘ ʫʩʪʨʦʝʥ ʢʨʫʛ-

ʣʳʡ ʣʘʟ ʜʠʘʤʝʪʨʦʤ d = 0,8 ʤ ʜʣʷ ʧʣʘ-

ʥʦʚʦʛʦ ʦʩʤʦʪʨʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʚʥʫʪʨʝʥʥʝʡ ʤʝʰʘʣʢʠ. ʂʨʳʰʢʘ ʣʘʟʘ 

ʢʨʝʧʠʪʩʷ ʢ ʦʙʝʯʘʡʢʝ ʣʘʟʘ ʩʪʘʣʴʥʳʤʠ 

ʙʦʣʪʘʤʠ, ʨʘʩʧʦʣʘʛʘʝʤʳʤʠ ʧʦ ʦʢʨʫʞ-

ʥʦʩʪʠ. ɼʠʘʤʝʪʨ ʙʦʣʪʘ 10 ʤʤ.  ʈʘʩʯʸʪ-

ʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʙʦʣʪʘ 

ʥʘ ʨʘʩʪʷʞʝʥʠʝ  ůʨ = 180 ʄʇʘ. ʈʘʩʩʯʠ-

ʪʘʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʙʦʣʪʦʚ ʜʣʷ  

ʚʦʩʧʨʠʷʪʠʷ  ʢʨʳʰʢʦʡ ʛʠʜʨʦ- 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʰʣʘʤʘ ʧʣʦʪʥʦʩʪʴʶ 1600 ʢʛ/ʤ
3
, ʝʩʣʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳ-

ʩʦʪʘ ʟʘʧʦʣʥʝʥʠʷ ʰʣʘʤʙʘʩʩʝʡʥʘ ʅ1 = 7,6 ʤ, ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘʜ 

 ʧʦʚʝʨʭʥʦʩʪʴʶ ʰʣʘʤʘ ʦʪʩʫʪʩʪʚʫʝʪ.  

ʆʪʚʝʪ: n = 6 ʰʪ. 
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ʈʠʩ. 4.1. ʉʭʝʤʘ ʰʣʘʤʙʘʩʩʝʡʥʘ             



 

ɿʘʜʘʯʘ 4.2.  ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʤʝ-

ʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʤʝʝʪʩʷ ʧʨʝʩʩ ʩ ʨʫʯʥʳʤ 

ʧʨʠʚʦʜʦʤ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʧʨʦʯʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʩʞʘʪʠʝ (ʨʠʩ 4.2). ɼʠʘ-

ʤʝʪʨ ʨʘʙʦʯʝʛʦ ʧʦʨʰʥʷ (2) ɼ = 300 ʤʤ; 

ʜʠʘʤʝʪʨ ʧʦʨʰʥʷ ʛʠʜʨʦʥʘʩʦʩʘ (1) d = 

40 ʤʤ; ʜʣʠʥʘ ʨʫʢʦʷʪʠ (3) ʨʫʯʥʦʛʦ 

ʧʨʠʚʦʜʘ L = 0,6 ʤ. ʩʦʦʪʥʦʰʝʥʠʝ ʧʣʝʯ 

ʨʳʯʘʞʥʦʡ ʩʠʩʪʝʤʳ 10/1. 

ʈʘʩʩʯʠʪʘʪʴ: 

1) ʩʠʣʫ F2 ʧʝʨʝʜʘʚʘʝʤʫʶ ʨʘʙʦ-

ʯʠʤ ʧʦʨʰʥʝʤ ʧʨʝʩʩʘ ʥʘ ʠʩʧʳʪʫʝʤʳʡ 

ʦʙʨʘʟʝʮ, ʝʩʣʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʠʣʘ ʥʘ-

ʞʘʪʠʷ ʨʫʢʦʡ ʥʘ ʨʳʯʘʛ ʧʨʝʩʩʘ ʩʦʩʪʘʚʣʷʝʪ f = 250 ʅ. 

2) ʦʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʢʘʝʤʳʡ ʨʘʟʤʝʨ ʨʝʙʨʘ (ʘ) ʠʩʧʳʪʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʝʩʣʠ ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʨʝʜʥʷʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘ-

ʪʠʝ ʚ ʥʸʤ ʩʦʩʪʘʚʣʷʝʪ Rcʞ= 28 ʄʇʘ. 

ʆʪʚʝʪ: F2 = 140625 H, a = 7,1 ʩʤ. 

 

ɿʘʜʘʯʘ 4.3. (ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʜʦʤʘʰʥʝʡ ʧʨʦʨʘʙʦʪʢʠ). 

ʄʘʥʦʤʝʪʨ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʝ, ʟʘʧʦʣʥʝʥʥʦʤ 

ʞʠʜʢʦʩʪʴʶ, ʧʦʢʘʟʳʚʘʝʪ ʜʘʚʣʝʥʠʝ ʨ=0,018 ʄʇʘ. 

ʅʘ ʢʘʢʫʶ ʚʳʩʦʪʫ h ʥʘʜ ʫʨʦʚʥʝʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʤʘʥʦʤʝʪʨʘ ʧʦʜʥʠʤʝʪʩʷ ʚ ʦʪʢʨʳʪʦʡ ʧʴʝʟʦʤʝʪʨʠ-

ʯʝʩʢʦʡ ʪʨʫʙʢʝ ʞʠʜʢʦʩʪʴ, ʥʘʭʦʜʷɦ ʘʷʩʷ ʚ ʪʨʫʙʦ-

ʧʨʦʚʦʜʝ, ʝʩʣʠ ʵʪʘ ʞʠʜʢʦʩʪʴ: 

ʘ) ʚʦʜʘ 

ʙ) 25-% ʨʘʩʪʚʦʨ ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʴʮʠʷ, 

ɟ=1195 ʢʛ/ʤ
3
.  

ʆʪʚʝʪ: ʘ) h = 1,83 ʤ, ʙ) h = 1,54 ʤ. 

  

 

 

 

 

 

 

 

 

 

 

17 

ʈʠʩ. 4.3.  ʂ ʟʘʜʘʯʝ 4.3 
 

ʈʠʩ. 4.2. ʂ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ 4.2 



ʊʝʤʘ 5. ʆʉʅʆɺʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ  

ɻʀɼʈʆɼʀʅɸʄʀʏɽʉʂʀʍ ʇʆʊʆʂʆɺ 
 

5.1. ʎʝʣʴ ʟʘʥʷʪʠʷ 

ʋʩʚʦʠʪʴ ʩʫʱʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʪʝʨʤʠʥʦʚ ʠ ʧʦʥʷʪʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚ ʭʦ-

ʜʝ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. 
 

5.2. ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ 

1. ʆʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ; ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ  ʛʠʜʨʦʜʠʥʘʤʠʢʦʡ. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʨʘʩʭʦʜʘ ʧʦʪʦʢʘ, ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ, ʨʘʟʤʝʨʥʦ-

ʩʪʠ. 

3. ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ, ʠʭ ʧʨʠʤʝʥʝʥʠʝ. 

4. ʈʝʞʠʤʳ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʝʡ, ʦʮʝʥʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ. 

5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʠ ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ ʧʨʠ ʫʩʪʦʷʚʰʝʤʩʷ ʣʘʤʠ-

ʥʘʨʥʦʤ ʧʦʪʦʢʝ. 

6. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʚ ʪʫʨʙʫʣʝʥʪʥʦʤ ʧʦʪʦʢʝ. 
 

5.3.  ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

[1] ï ʧ. 6.5 

[2] ï ʧʦ ʫʩʤʦʪʨʝʥʠʶ ʩʪʫʜʝʥʪʘ 

[3] ï ʛʣʘʚʘ 2, ʨʘʟʜʝʣ 5, 6. 
 

5.4. ʉʦʜʝʨʞʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʘʥʷʪʠʷ 

ʆʙʩʫʜʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʫʱʝʩʪʚʦ ʚʦʧʨʦʩʦʚ 1- 6, ʚʳʥʝʩʝʥʥʳʭ ʥʘ ʩʘʤʦ-

ʧʦʜʛʦʪʦʚʢʫ. ʈʝʰʠʪʴ ʧʨʝʜʣʘʛʘʝʤʳʝ ʥʠʞʝ ʟʘʜʘʯʠ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘ-

ʪʳ ʨʝh ʝʥʠʷ. 

ʈʠʩ. 5.1. ʉʭʝʤʘ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ  

    ʪʠʧʘ çʪʨʫʙʘ ʚ ʪʨʫʙʝè  

 

ɿʘʜʘʯʘ 5.1. ʅʘ ʟʘʚʦʜʝ ʧʦ ʧʨʦ-

ʠʟʚʦʜʩʪʚʫ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʠʨʧʠʯʘ ʩ 

ʮʝʣʴʶ ʵʢʦʥʦʤʠʠ ʪʝʧʣʦʚʳʭ ʨʝʩʫʨʩʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʪʠʣʠʟʘʮʠʷ ʜʳʤʦ-

ʚʳʭ ʛʘʟʦʚ, ʦʪʭʦʜʷʱʠʭ ʦʪ ʦʙʞʠʛʦʚʦʡ 

ʧʝʯʠ. ɼʣʷ ʵʪʦʛʦ ʫʩʪʘʥʦʚʣʝʥ ʪʝʧʣʦ-

ʦʙʤʝʥʥʠʢ ʪʠʧʘ çʪʨʫʙʘ ʚ ʪʨʫʙʝè 

(ʨʠʩ.5.1).  

ʇʦ ʚʥʫʪʨʝʥʥʝʡ ʪʨʫʙʝ ʪʝʧʣʦʦʙ-

ʤʝʥʥʠʢʘ ʜʠʘʤʝʪʨʦʤ d = 51Ĭ3 ʤʤ ʪʝ-

ʯʝʪ  ʥʘʛʨʝʚʘʝʤʘʷ  ʚʦʜʘ,  ʧʦʩʪʫʧʘʶ-

ʱʘʷ 

ʟʘʪʝʤ ʚ ʦʪʦʧʠʪʝʣʴʥʳʝ ʙʘʪʘʨʝʠ. ɺ ʤʝʞʪʨʫʙʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʚʠʞʝʪʩʷ 

ʚʩʪʨʝʯʥʳʡ ʧʦʪʦʢ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʧʦʜ ʘʙʩʦʣʶʪʥʳʤ ʜʘʚʣʝʥʠʝʤ 0,15 ʄʇʘ. ɼʠʘ-

ʤʝʪʨ ʥʘʨʫʞʥʦʡ ʪʨʫʙʳ D = 153Ĭ3 ʤʤ. 

ʆʧʨʝʜʝʣʠʪʴ: 

1) ʦʙʲʸʤʥʳʡ ʨʘʩʭʦʜ ʚʦʜʳ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʪʨʫʙʝ ï Vʚ; 
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2) ʩʢʦʨʦʩʪʴ ʚʦʜʳ ʚ ʪʨʫʙʝ ï wʚ; 

3) ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ ʠ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʚʦʜʳ ʥʘ ʚʭʦʜʝ ʚ 

ʪʨʫʙʫ ʠ ʥʘ ʚʳʭʦʜʝ; 

 

4) ʦʙʲʸʤʥʳʝ ʨʘʩʭʦʜʳ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʤʝʞʪʨʫʙʥʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ï Vʛ1, Vʛ2; 

5) ʩʢʦʨʦʩʪʠ ʛʘʟʘ ï wʛ1, wʛ2; 

6) ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ ï Reʛ1, Reʛ2 ʠ ʨʝʞʠʤʳ ʪʝʯʝʥʠʷ ʛʘʟʘ ʥʘ 

ʚʭʦʜʝ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʤʝʞʪʨʫʙʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʝʩʣʠ: 

1) ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʦʜʳ ʩʦʩʪʘʚʣʷʝʪ ʄʚ=500ʢʛ/ʯ, ʝʸ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʚʭʦʜʝ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ï tʚ1 = 10 Áʉ, ʥʘ ʚʳʭʦʜʝ ï tʚ2 = 80 Áʉ; 

2) ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʛʘʟʘ ʩʦʩʪʘʚʣʷʝʪ ʄʛ = 550 ʢʛ/ʯ, ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʚʭʦʜʝ ï tʛ1 = 300 Áʉ, ʥʘ ʚʳʭʦʜʝ ï tʛ2 = 150 Áʉ. 

ʋʢʘʟʘʥʠʷ ʢ ʨʘʩʯʸʪʫ: 

1) ʚ ʫʢʘʟʘʥʥʳʭ ʨʘʟʤʝʨʘʭ ʪʨʫʙ ʧʝʨʚʘʷ ʮʠʬʨʘ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʨʫʞʥʦʤʫ 

ʜʠʘʤʝʪʨʫ, ʚʪʦʨʘʷ ï ʢ ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ ʪʨʫʙʳ; 

2) ʥʝʦʙʭʦʜʠʤʳʝ ʩʧʨʘʚʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʇʨʠʣʦʞʝ-

ʥʠʷʭ ʢ ʧʨʘʢʪʠʯʝʩʢʠʤ ʟʘʥʷʪʠʷʤ, ʧʨʠ ʵʪʦʤ ʧʣʦʪʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ ʜʳʤʦʚʳʭ ʛʘ-

ʟʦʚ ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ ʢʘʢ ʜʣʷ ʘʟʦʪʘ; 

3) ʧʨʠ ʨʘʩʯʸʪʘʭ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʤʝʞʪʨʫʙʥʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʫʣʫ   Re = ɟĀwĀd /ɻɛ, 

ʛʜʝ d  ɻï ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʤʝʞʪʨʫʙʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʆʪʚʝʪʳ ʢ ʟʘʜʘʯʝ 5.1: wʚ = 0,088 ʤ/ʩ; Reʚ1 = 3028 ï ʨʝʞʠʤ ʧʝʨʝʭʦʜʥʦʡ; 

Reʚ2 = 11108 ï ʨʝʞʠʤ ʪʫʨʙʫʣʝʥʪʥʳʡ; wʛ1 = 12,8 ʤ/ʩ; wʛ2 = 9,44 ʤ/ʩ; Reʛ1 = 31624 

ï ʨʝʞʠʤ ʪʫʨʙʫʣʝʥʪʥʳʡ; Reʛ2 = 39502 ï ʨʝʞʠʤ ʪʫʨʙʫʣʝʥʪʥʳʡ. 

 
ʈʠʩ. 5.2. ʉʭʝʤʘ ʢʦʞʫʭʦʪʨʫʙʯʘʪʦʛʦ 

 ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʩ ʩʝʛʤʝʥʪʥʳʤʠ  

ʧʦʧʝʨʝʯʥʳʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ 

 

ɿʘʜʘʯʘ 5.2 (ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ 

ʜʦʤʘʰʥʝʡ ʧʨʦʨʘʙʦʪʢʠ). 

ʂʦʞʫʭʦʪʨʫʙʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʠʤʝ-

ʝʪ 19 ʚʥʫʪʨʝʥʥʠʭ ʪʨʫʙ ʜʠʘʤʝʪʨʦʤ 

20Ĭ2 ʤʤ, ʧʦ ʢʦʪʦʨʳʤ (ʨʠʩ 5.2.) ʧʨʦ-

ʪʝʢʘʝʪ ʚʦʜʘ. ɺʦʜʘ ʧʦʜʚʦʜʠʪʩʷ ʩ ʧʦ-

ʤʦɦʴʶ ʪʨʫʙʳ ʜʠʘʤʝʪʨʦʤ 57Ĭ3,5 ʤʤ. 

ʉʢʦʨʦʩʪʴ ʚʦʜʳ ʚ ʵʪʦʡ ʪʨʫʙʝ ʩʦʩʪʘʚʣʷ-

ʝʪ 1,4 ʤ/ʩ. (ʚʦʜʘ ʜʚʠʞʝʪʩʷ ʩʥʠʟʫ 

ʚʚʝʨʭ) ʆʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʚʦʜʳ wʚ 

ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʪʨʫʙʘʭ ʢʦʞʫʭʦʪʨʫʙʥʦ-

ʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ. 

ʆʪʚʝʪ: wʚ = 0,72 ʤ/ʩ. 
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ʊʝʤʘ 6. ʆʉʅʆɺʅʓɽ ʋʈɸɺʅɽʅʀʗ ɻʀɼʈʆɼʀʅɸʄʀʂʀ 

(ʢʦʣʣʦʢʚʠʫʤ ʧʦ ʪʝʤʝ) 
 

6.1. ʎʝʣʴ ʟʘʥʷʪʠʷ 

ɿʘʢʨʝʧʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʩʫʱʥʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʷ ʠ 

ʧʫʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. 
 

6.2. ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ 

1. ʋʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ (ʩʧʣʦʰʥʦʩʪʠ) ʧʦʪʦʢʘ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʨʤʝ. 

2. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ï 

ʫʨʘʚʥʝʥʠʝ ʕʡʣʝʨʘ. 

3. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʨʝʘʣʴʥʦʡ (ʚʷʟʢʦʡ) ʞʠʜʢʦʩʪʠ 

ï ʫʨʘʚʥʝʥʠʝ ʅʘʚʴʝ-ʉʪʦʢʩʘ. 

4. ʋʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʜʣʷ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. 

5. ʋʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʜʣʷ ʨʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. 
 

6.3. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

[1] - ʧ. 6.6 

[3] ï ʛʣʘʚʘ 2, ʧ.ʧ. 7, 8, 9. 
 

6.4. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʟʘʥʷʪʠʷ. ʇʦʜʚʝʜʝʥʠʝ ʠʪʦʛʦʚ  

ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʚʳʟʳʚʘʝʪ ʦʜʥʦʛʦ ʠʟ ʩʪʫʜʝʥʪʦʚ ʢ ʜʦʩʢʝ, ʚʤʝʩʪʝ ʩ ʘʫʜʠʪʦ-

ʨʠʝʡ ʟʘʩʣʫʰʠʚʘʝʪ ʦʪʚʝʪ, ʧʨʝʜʣʘʛʘʝʪ ʘʫʜʠʪʦʨʠʠ ʚʥʝʩʪʠ ʚ ʩʦʩʪʦʷʚʰʠʡʩʷ ʦʪʚʝʪ 

ʧʦʧʨʘʚʢʠ, ʜʦʧʦʣʥʝʥʠʷ, ʩʚʦʠ ʚʝʨʩʠʠ, ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʚʝʨʩʠʠ, ʚ ʥʘʠ-

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʨʘʩʢʨʚrʘʶɦʝʡ ʩʫʱʥʦʩʪʴ ʚʦʧʨʦʩʘ. 

ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʪʚʝʪʦʚ ʫ ʜʦʩʢʠ, ʜʦʧʦʣʥʝʥʠʡ ʠ ʨʝʧʣʠʢ ʩ ʤʝʩʪʘ ʢʘʞ-

ʜʳʡ ʩʪʫʜʝʥʪ ʧʦʣʫʯʘʝʪ ʠʪʦʛʦʚʫʶ ʦʮʝʥʢʫ ʟʥʘʥʠʡ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʥʝʜʨʷʝʤʦʡ ʚ ʚʫʟʘʭ ʨʝʡʪʠʥʛʦʚʦʡ ʩʠʩʪʝʤʦʡ ʦʮʝʥʢʠ 

ʟʥʘʥʠʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʪʫʜʝʥʪʦʚ, ʧʦʣʫʯʠʚʰʠʭ ʦʪʣʠʯʥʫʶ ʦʮʝʥʢʫ, ʦʩʚʦʙʦʜʠʪʴ 

ʥʘ  ʩʝʤʝʩʪʨʦʚʦʤ ʵʢʟʘʤʝʥʝ ʧʦ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʝ ʦʪ ʦʪʚʝʪʦʚ ʧʦ ʨʘʩʩʤʦʪʨʝʥ-

ʥʳʤ ʚʦʧʨʦʩʘʤ. 
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ʊʝʤʘ 7. ʇʈʀʅʎʀʇʓ ʀɿʄɽʈɽʅʀʗ ʉʂʆʈʆʉʊɽʁ ʀ ʈɸʉʍʆɼʆɺ  

ɾʀɼʂʆʉʊʀ ʅɸ ʆʉʅʆɺɽ ʋʈɸɺʅɽʅʀʗ ɹɽʈʅʋʃʃʀ 
 

7.1. ʎʝʣʴ ʟʘʥʷʪʠʷ 

ɿʘʢʨʝʧʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ  ʟʥʘʥʠʷ ʧʦ ʪʝʤʝ. ʆʩʚʦʠʪʴ ʠʥʞʝʥʝʨʥʳʝ ʤʝʪʦʜʳ 

ʨʘʩʯʝʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ɹʝʨʥʫʣʣʠ. 
 

7.2. ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ 
1. ʀʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʩ ʧʦʤʦʱʴʶ 

ʧʥʝʚʤʦʤʝʪʨʠʯʝʩʢʠʭ ʪʨʫʙʦʢ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʤʘʥʦʤʝʪʨʘ. 

2. ʀʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʠ ʨʘʩʭʦʜʦʚ ʞʠʜʢʦʩʪʝʡ ʩ ʧʦʤʦʱʴʶ ʜʨʦʩʩʝʣʴʥʳʭ 

ʧʨʠʙʦʨʦʚ. 

3. ʈʘʩʯʸʪ ʩʢʦʨʦʩʪʠ ʠʩʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠʟ ʨʝʟʝʨʚʫʘʨʘ ʯʝʨʝʟ ʜʦʥʥʦʝ ʦʪ-

ʚʝʨʩʪʠʝ. 
 

7.3.  ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

[1] ï ʧ. 7.3. 

[2] ï ʧʨʠʤʝʨʳ 1-19; 1-20; 1-21 (ʘʥʘʣʦʛʠʯʥʳʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʟʘʜʘ-

ʯʘʤ). 
 

7.4. ʉʦʜʝʨʞʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʘʥʷʪʠʷ 

ʆʙʩʫʜʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʫʱʝʩʪʚʦ ʚʦʧʨʦʩʦʚ 1 - 3, ʚʳʥʝʩʝʥʥʳʭ ʥʘ ʩʘʤʦ-

ʧʦʜʛʦʪʦʚʢʫ. ʈʝʰʠʪʴ ʧʨʝʜʣʘʛʘʝʤʳʝ ʥʠʞʝ ʟʘʜʘʯʠ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘ-

ʪʳ ʨʝh ʝʥʠʷ. 

 

 
ʈʠʩ. 7.1. ʈʠʩʫʥʦʢ ʢ ʟʘʜʘʯʝ 7.1 

 

ɿʘʜʘʯʘ 7.1. ʅʘ ʪʝʧʣʦʚʦʤ ʱʠʪʝ 

ʮʝʭʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʰʧʘʣ ʫʩʪʘʥʦʚʣʝʥ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʜʠʘ-

ʬʨʘʛʤʝʥʥʳʡ ʧʨʠʙʦʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʨʘʩʭʦʜʦʚ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʚ 

ʢʘʤʝʨʳ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʜʝʣʠʡ. 

ɼʣʷ ʝʛʦ ʪʘʨʠʨʦʚʢʠ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠʙʦʨ 

ʪʘʢʞʝ ʜʠʘʬʨʘʛʤʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʦ 

ʫʧʨʦʱʸʥʥʦʛʦ ʪʠʧʘ (ʨʠʩ 7.1.) ʩʦ ʩʣʝ-

ʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

ɼʠʘʤʝʪʨ ʧʘʨʦʧʦʜʚʦʜʷʱʝʡ ʪʨʫʙʳ D = 

200 ʤʤ; ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ ʚ ʜʠʘʬʨʘʛʤʝ 

d0 = 82 ʤʤ; ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ ʚ 

ʜʠʘʬʨʘʛʤʝ a = 0,61. 

ʆʧʨʝʜʝʣʠʪʴ ʨʘʩʭʦʜ  ʧʘʨʘ ʧʦ  ʦʙʲʝʤʫ 

(Vʧ) ʠ ʧʦ ʤʘʩʩʝ (ʄʧ), ʩʢʦʨʦʩʪʴ ʧʘʨʘ ʚ ʧʘʨʦʧʦʜʚʦʜʷʱʝʡ ʪʨʫʙʝ (w), ʝʩʣʠ U-

ʦʙʨʘʟʥʳʡ ʤʘʥʦʤʝʪʨ ʟʘʬʠʢʩʠʨʦʚʘʣ ʤʝʞʜʫ ʩʝʯʝʥʠʷʤʠ 1 - 1 ʠ 2 - 2 ʧʝʨʝʧʘʜ ʧʴʝ-

ʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ h = 147 ʤʤ. ʨʪ. ʩʪ., ʥʘʩʳʱʝʥʥʳʡ ʧʘʨ ʧʦʩʪʫʧʘʝʪ ʧʦʜ 

ʠʟʙrʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʈʠʟʙ = 0,2 ʄʇʘ (ʩʤ. ʇʨʠʣ. 8). 

ʆʪʚʝʪ: Vʧ = 2964 ʤ
3
/ʯ, ʄʧ = 1778 ʢʛ/ʯ, w = 26,2 ʤ/ʩ. 
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ʈʠʩ. 7.2. ʈʠʩʫʥʦʢ ʢ ʟʘʜʘʯʝ 7.2 

      ɿʘʜʘʯʘ 7.2.  ɺ ʙʝʪʦʥʦʩʤʝʩʠʪʝʣʴʥʦʤ 

ʦʪʜʝʣʝʥʠʠ ʟʘʚʦʜʘ ɾɹʀ ʫʩʪʘʥʦʚʣʝʥʘ ʸʤʢʦʩʪʴ 

ʥʘ 6ʤ
3
 ʜʣʷ ʟʘʧʘʩʘ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ, ʠʤʝʶ-

ʱʘʷ ʜʦʥʥʦʝ ʩʣʠʚʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. ʀʟʙʳʪʦʯ-

ʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ ʦʪʩʫʪ-

ʩʪʚʫʝʪ. ɺ ʚʷʟʠ ʩ ʨʝʤʦʥʪʥʳʤʠ ʨʘʙʦʪʘʤʠ ʚʦʟ-

ʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʣʥʦʤ ʦʧʦʨʦʞʥʝ-

ʥʠʠ ʸʤʢʦʩʪʠ. 

ʊʨʝʙʫʝʪʩʷ ʨʘʩʩʯʠʪʘʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʵʪʦʛʦ ʚʨʝʤʷ (Ű) ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ  ʩʣʠʚ ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ ʯʝʨʝʟ ʥʠʞʥʶʶ ʦʪʚʦʜʥʫʶ ʪʨʫʙʫ 

ʜʠʘʤʝʪʨʦʤ d  = 56 ʭ 3 ʤʤ ʩ ʢʨʘʥʦʤ, ʘ   ʫʨʦ-

ʚʝʥʴ  ʚʦʜʳ  ʚ  ʙʘʢʝ  ʢ  ʤʦʤʝʥʪʫ ʥʘʯʘʣʘ ʩʣʠʚʘ 

ʅ = 2,5 ʤ; ʧʨʠʥʷʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ Ŭ = 0,61. 

ʆʪʚʝʪ: Ű = 1433 ʩ. 
 

ɿʘʜʘʯʘ 7.3 (ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʜʦʤʘʰʥʝʡ ʧʨʦʨʘʙʦʪʢʠ). 

ʇʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 200 ʤʤ 

ʧʨʦʪʝʢʘʝʪ ʤʠʥʝʨʘʣʴʥʦʝ ʤʘʩʣʦ ʩ ʧʣʦʪʥʦʩʪʴʶ ɟ = 900 ʢʛ/ʤ
3
. ɺ ʪʨʫʙʦʧʨʦʚʦʜʝ 

ʫʩʪʘʥʦʚʣʝʥʘ ʜʠʘʬʨʘʛʤʘ  (ʨʠʩ. 7.2) ʩ ʦʩʪʨʳʤʠ ʢʨʘʷʤʠ (ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ Ŭ 

= 0,61). ɼʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ ʜʠʘʬʨʘʛʤʳ 76 ʤʤ. ʈʪʫʪʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ 

ʤʘʥʦʤʝʪʨ, ʧʨʠʩʦʝʜʠʥʸʥʥʳʡ ʢ ʜʠʘʬʨʘʛʤʝ, ʧʦʢʘʟʳʚʘʝʪ ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ 102 

ʤʤ. ʆʧʨʝʜʝʣʠʪʴ ʨʘʩʭʦʜ ʤʘʩʣʘ Vʤ ʠ ʝʛʦ ʩʢʦʨʦʩʪʴ w ʚ ʪʨʫʙʝ. 

ʆʪʚʝʪ: Vʤ = 0,0154 ʤ
3
/ʯ; w = 0,49 ʤ/ʩ. 

 

ɿʘʜʘʯʘ 7.4 (ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʜʦʤʘʰʥʝʡ ʧʨʦʨʘʙʦʪʢʠ). 

   ʀʟ ʦʪʚʝʨʩʪʠʷ ʜʠʘʤʝʪʨʦʤ d0 = 10 ʤʤ ʚ ʜʥʝ ʦʪʢʨʳʪʦʛʦ ʙʘʢʘ, ʚ ʢʦʪʦʨʦʤ ʧʦʜ-

ʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʚʳʩʦʪʦʡ ʅ = 900 ʤʤ, ʚʳʪʝʢʘʝʪ 

750 ʣʠʪʨʦʚ ʞʠʜʢʦʩʪʠ ʚ 1 ʯʘʩ. ʆʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ Ŭ. ʉʢʦʣʴʢʦ 

ʚʨʝʤʝʥʠ (Ű) ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʦʧʦʨʦʞʥʝʥʠʷ ʙʘʢʘ, ʝʩʣʠ ʧʨʝʢʨʘʪʠʪʴ ʧʦʜʘʯʫ ʚ ʥʝ-

ʛʦ ʞʠʜʢʦʩʪʠ? ɼʠʘʤʝʪʨ ʙʘʢʘ D = 800 ʤʤ 

ʆʪʚʝʪ: Ŭ = 0,61; Ű = 1,25 ʯ. 
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ʊʝʤʘ 8. ɼɺʀɾɽʅʀɽ ʊɽʃ ɺ ɾʀɼʂʆʉʊʗʍ 
 
 

8.1. ʎʝʣʴ ʟʘʥʷʪʠʷ 

ɿʘʢʨʝʧʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʧʦ ʪʝʤʝ ʠ ʦʩʚʦʠʪʴ ʨʝʰʝʥʠʝ ʧʨʘʢʪʠʯʝ-

ʩʢʠʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʘʞʜʝʥʠʝʤ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʛʘʟʦʚʳʭ ʠ ʞʠʜʢʠʭ ʩʨʝ-

ʜʘʭ. 
 

8.2. ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ 

1. ʆʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʝʣ ʚ ʞʠʜʢʦʩʪʷʭ. 

2. ʉʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ rʪ̫ʞʝʩʪʠ. 

3. ʆʮʝʥʢʘ ʨʝʞʠʤʘ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʯʝʨʝʟ ʢʨʠʪʝʨʠʡ ɸʨʭʠʤʝʜʘ. 

4. ʉʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. 
 

8.3. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

[1] ï ʧ. 6.8.1. 

[2] ï ʛʣʘʚʘ 3 ï ʧ.ʧ. 1, 2, 3, 4. 
 

8.4. ʉʦʜʝʨʞʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʘʥʷʪʠʷ 

ʆʙʩʫʜʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʫʱʝʩʪʚʦ ʚʦʧʨʦʩʦʚ 1 - 4, ʚʳʥʝʩʝʥʥʳʭ ʥʘ ʩʘʤʦ-

ʧʦʜʛʦʪʦʚʢʫ. ʈʝʰʠʪʴ ʧʨʝʜʣʘʛʘʝʤʳʝ ʥʠʞʝ ʟʘʜʘʯʠ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘ-

ʪʳ ʨʝh ʝʥʠʷ. 

ɿʘʜʘʯʘ 8.1. ʉ ʢʘʢʦʡ ʩʢʦʨʦʩʪʴʶ ʙʫʜʫʪ ʦʩʘʞʜʘʪʴʩʷ ʯʘʩʪʠʮʳ ʧʝʩʢʘ ʫʩʣʦʚ-

ʥʦ ʰʘʨʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʜʠʘʤʝʪʨʦʤ 10 ʤʢʤ; ʘ) ʚ ʚʦʜʝ ʧʨʠ 20 Áʉ; ʙ) ʚ ʚʦʟʜʫʭʝ 

ʧʨʠ 20 ʠ 110 Áʉ.
 

ʆʪʚʝʪ: ʘ) 9Ā10
-5 
ʤ/ʩ; ʙ) ʧʨʠ 20 Áʉ ï 8Ā10

-3 
ʤ/ʩ, ʧʨʠ 110 Áʉ ï 6Ā10

-3 
ʤ/ʩ. 

 

 
ʈʠʩ. 8.1. ʈʠʩʫʥʦʢ ʢ ʟʘʜʘʯʝ 8.2 

ɿʘʜʘʯʘ 8.2. ʏʝʨʝʟ ʧʳʣʝʦʩʘʜʠʪʝʣʴʥʫʶ 

ʢʘʤʝʨʫ ʧʦʣʦʯʥʦʛʦ ʪʠʧʘ (ʨʠʩ 8.1.) ʧʨʦʭʦʜʷʪ 

ʟʘʧʳʣʸʥʥʳʝ ʜʳʤʦʚʳʝ ʛʘʟʳ  ʠʟ ʩʫʰʠʣʴʥʦʛʦ 

ʙʘʨʘʙʘʥʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʫʰʢʘ 

ʛʣʠʥʳ. ʈʘʩʩʯʠʪʘʪʴ, ʢʘʢʦʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮʳ 

ʛʣʠʥʳ (dʯ) ʦʩ̫ʜʫʪ ʥʘ ʧʦʣʢʘʭ ʢʘʤʝʨʳ, ʝʩʣʠ: 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʣʢʘʤʠ h = 100 ʤʤ; 

ʚr ʩʦʪʘ ʢʘʤʝʨʳ H = 4 ʤ, ʜʣʠʥʘ L = 4,55 ʤ, 

ʰʠʨʠʥʘ B = 1,71 ʤ; ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʛʘʟʦʚ 

ʄ = 2500 ʢʛ/ʯ. 

     ʉʦʩʪʘʚ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʜʣʷ ʥʦʨʤʘʣʥɹʳʭ  

ʫʩʣʦʚʠʡ: ʉʆ2 ï 0,036 ʤ
3
/ʤ

3
, ʆ2 ï 0,129 ʤ

3
/ʤ

3
, ʅ2ʆ ï 0,079 ʤ

3
/ʤ

3
, N2 ï 0,756 

ʤ
3
/ʤ

3
; 

ʊʝʤʧʝʨʘʪʫʨʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʥʘ ʚʭʦʜʝ ï t1 = 110 Áʉ, ʥʘ ʚʳʭʦʜʝ t2 = 106 Áʉ. ʀʟ-

ʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʨʘʩʯʝʪʝ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʟʥʘʯʝʥʠʝ 

ʨʘʙʦʯʝʡ ʩʢʦʨʦʩʪʠ wp = 0,5woc, ʛʜʝ woc ï ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ. 

ʆʪʚʝʪ: dʯ = 0.144Ā10
-3 
ʤ. 

 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 8.2. 
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1. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʚ ʢʘʤʝʨʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʣʦʪ-

ʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʠɦʭ ʜʳʤʦʚʦʛʦ ʛʘʟʘ ʠ ʧʣʦʪʥʦʩʪʴ  ʩʤʝʩʠ ʛʘʟʦʚ (ʩʤ. ʪʝʤʫ 3). 

2. ʆʧʨʝʜʝʣʷʝʪʩʷ ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʘ ʯʝʨʝʟ ʥʝʛʦ ï ʩʢʦ-

ʨʦʩʪʴ ʠʭ ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʢʘʤʝʨʳ. 

3. ʆʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʪʦʢʦʤ ʜʣʠʥʳ ʢʘʤʝʨʳ. 

4. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʧʦʣʢʘʤʠ ʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʤ 

ʚʨʝʤʝʥʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

woc ʠ ʨʘʙʦʯʝʡ wp ʩʢʦʨʦʩʪʝʡ ʦʩʘʞʜʝʥʠʷ. 

5. ɺ ʇʨʠʣʦʞʝʥʠʷʭ ʥʘʭʦʜʷʪ ʟʥʘʯʝʥʠʷ ʚʷʟʢʦʩʪʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʧʨʠ ʨʘʙʦ-

ʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ ʛʣʠʥʳ; ʧʨʠ ʵʪʦʤ ɛʩ ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ 

ʢʘʢ ʜʣʷ N2, ʘ ɟʛʣʠʥʳ = 2450 ʢʛ/ʤ
3
. 

6. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʯʝʡ ʩʢʦʨʦʩʪʴʶ ʧʦ ʦʩʥʦʚʥʦʡ ʬʦʨʤʫʣʝ ʜʣʷ ʩʢʦ-

ʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ï ʬ.(6.91) [1] ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ dʯ ʚʥʘʯʘʣʝ ʢʘʢ ʜʣʷ ʣʘ-

ʤʠʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ï ʬ.(6.92) [1]. 

7. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ wp ʠ dʯ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ 

ʈʝʡʥʦʣʴʜʩʘ; ʝʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ Re < 2, ʪʦ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʯʠ-

ʪʘʝʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ, ʝʩʣʠ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʦʚʦʝ ʦʧʨʝʜʝ-

ʣʝʥʠʝ dʯ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɝ = 18,5/Re
0.6

 ʠ ʪ. ʜ. 
 

ɿʘʜʘʯʘ 8.3 (ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʜʦʤʘʰʥʝʡ ʧʨʦʨʘʙʦʪʢʠ) 

ʆʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʚ ʚʦʜʝ ʧʨʠ 25 Áʉ ʧʨʦʜʦʣʛʦʚʘʪʳʭ ʯʘʩ-

ʪʠʮ ʫʛʣʷ (ɟ = 1400 ʢʛ/ʤ
3
), ʧʣʘʩʪʠʥʯʘʪʳʭ ʯʘʩʪʠʮ ʩʣʘʥʮʘ (ɟʪ = 2200 ʢʛ/ʤ

3
), 

ʠʤʝʶʱʠʭ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ d  ɻ= 2 ʤʤ. 

ʆʪʚʝʪ: ʘ) 0,08 ʤ/ʩ;  ʙ) 0,11 ʤ/ʩ. 
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ʊʝʤʘ 9. ʊʈʀ ʊʀʇɸ ʉʄɽʐɸʅʅʓʍ ɿɸɼɸʏ ɻʀɼʈʆɼʀʅɸʄʀʂʀ 
 

9.1. ʎʝʣʴ ʟʘʥʷʪʠʷ 

ɿʘʢʨʝʧʠʪ ɹʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʧʦ ʪʝʤʝ ʠ ʦʩʚʦʠʪʴ ʨʝʰʝʥʠʝ ʧʨʘʢʪʠʯʝ-

ʩʢʠʭ ʟʘʜʘʯ. 

9.2. ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ 

 1. ʆʩʥʦʚʥʳʝ ʪʨʠ ʪʠʧʘ ʩʤʝʰʘʥʥʳʭ ʟʘʜʘʯ. 

 2. ɼʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ ʯʝʨʝʟ ʥʝʧʦʜʚʠʞʥʳʝ ʟʝʨʥʠʩʪʳʝ ʩʣʦʠ. 

 3. ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʢʠʧʷʱʝʛʦ (ʧʩʝʚʜʦʢʠʧʷʱʝʛʦ) ʟʝʨʥʠʩʪʦʛʦ ʩʣʦʷ. 

 4. ʇʥʝʚʤʦʪʨʘʥʩʧʦʨʪ ʧʦʨʦʰʢʦʚʳʭ ʠ ʟʝʨʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 5. ɻʠʜʨʦʪʨʘʥʩʧʦʨʪ ʧʦʨʦʰʢʦʚʳʭ ʠ ʟʝʨʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ.  
 

9.3. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

[1] ï ʧ. 6.8.3.1. ï 6.8.3.5; 

[2] ï ʛʣʘʚʘ 3, ʧ.ʧ. 1 ï 35; 
 

9.4. ʉʦʜʝʨʞʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʘʥʷʪʠʷ 

ʆʙʩʫʜʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʫʱʝʩʪʚʦ ʚʦʧʨʦʩʦʚ 1 ï 5, ʚʳʥʝʩʝʥʥʳʭ ʥʘ ʩʘʤʦ-

ʧʦʜʛʦʪʦʚʢʫ. ʈʝʰʠʪʴ ʧʨʝʜʣʘʛʘʝʤʳʝ ʥʠʞʝ ʟʘʜʘʯʠ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘ-

ʪʳ ʨʝʰʝʥʠʷ. 
 

ɿʘʜʘʯʘ 9.1.  ɺ ʩʫʰʠʣʢʝ ʩ ʢʠʧʷʱʠʤ ʩʣʦʝʤ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ ʩʫʰʠʪʩʷ 

ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ. ʆʧʨʝʜʝʣʠʪʴ ʢʨʠʪʠʯʝʩʢʫʶ w0
'
, ʨʘʙʦʯʫʶ wʨ, ʠ ʜʝʡʩʪʚʠʪʝʣʴ-

ʥʫʶ wʜ (ʚ ʩʚʦʙʦʜʥʦʤ ʦʙʲʸʤʝ ʤʝʞʜʫ ʚʟʚʝʰʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ) ʩʢʦʨʦʩʪʠ ʚʦʟ-

ʜʫʭʘ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ʧʝʩʦʢ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ: 

0 - 0,16 ʤʤ ï 1 % (0,01); 

0,16 - 0,315 ʤʤ ï 20 % (0,20); 

0,315 - 0,63 ʤʤ ï 62 % (0,62); 

0,63 - 1,25 ʤʤ ï 12 % (0,12); 

1,25 - 2,5 ʤʤ ï 5 % (0,05); 

2,5 ï 5 ʤʤ ï 0 % (0,00); 

ʅʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʝʩʢʘ ï 1400 ʢʛ/ʤ
3
; 

ʇʣʦʪʥʦʩʪʴ ʚ ʟʝʨʥʝ - 2650 ʢʛ/ʤ
3
; 

ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ï 250 Áʉ; 

ʏʠʩʣʦ ʧʩʝʚʜʦʦʞʠʞʝʥʠʷ kw = 2; 

ʆʪʚʝʪ: w0' = 0,097 ʤ/ʩ, wʨ = 0,195 ʤ/ʩ, wʜ = 0,4 ʤ/ʩ. 
 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 1: 

1) ʚʳʯʠʩʣʷʶʪʩʷ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʟʸʨʝʥ ʧʝʩʢʘ di ʚʦ 

ʬʨʘʢʮʠʷʭ ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʟʝʨʥʘ ʧʝʩʢʘ, ʧʨʠʥʠʤʘʝʤʦʛʦ ʚ ʨʘʩʯʸʪ: 
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1

ii
ʵ dx

d
ÖS

= ,                                                                                                              

ʛʜʝ xi ï ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʧʝʩʢʘ ʦʧʨʝʜʝʣʸʥʥʦʡ ʬʨʘʢʮʠʠ, 

     25 



       di ï ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʟʝʨʝʥ ʧʝʩʢʘ ʚʦ ʬʨʘʢʮʠʠ; 

2) ʚ ʇʨʠʣʦʞʝʥʠʷʭ ʥʘʭʦʜʷʪ ɛ ʚʦʟʜʫʭʘ ʧʨʠ 250 
ʦ
ʉ; 

3) ʚʳʯʠʩʣʷʶʪ ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʧʨʠ 250 Áʉ; 

4) ʧʦ ʬʦʨʤʫʣʝ (6.113)  [1] ʚʳʯʠʩʣʷʶʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ 

ɸʨʭʠʤʝʜʘ ï Arʧʩ; 

5) ʠʟ ʬʦʨʤʫʣ r             
ʧʩ

ʧʩ
ʧʩ

Ar

Ar

Ö+
=

22,51400
Re  

ʦʧʨʝʜʝʣʷʶʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ  - Reʧʩ; 

6) ʯʝʨʝʟ ʢʨʠʪʝʨʠʡ Reʧʩ ʦʧʨʝʜʝʣʷʶʪ w'0 ʢʘʢ  
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=¡
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; 

7) ʠʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʩʝʚʜʦʦʞʠʞʝʥʠʷ kw, ʥʘʭʦʜʷʪ ʟʥʘ-

ʯʝʥʠʝ wʨ:                                                    wʨ = kwĀw0; 

8) ʦʧʨʝʜʝʣʷʶʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʃʷʱʝʥʢʦ Lyʧʩ; 
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9) ʠʩʧʦʣʴʟʫʷ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʪʝʨʠʷ ʃʷʱʝʥʢʦ ʦʪ ʢʨʠʪʝʨʠʷ 

ɸʨʭʠʤʝʜʘ (ʇʨʠʣ. ʧ. 13.3 ʢ ʯʝʪʚʝʨʪʦʡ ʯʘʩʪʠ ʥʘʩʪʦʷʱʝʛʦ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ) 

ʥʘʭʦʜʷʪ ʧʦʨʦʟʥʦʩʪʴ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʛʦ ʩʣʦʷ Ů; 

10) ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʚ ʩʚʦʙʦʜʥʦʤ ʩʝʯʝʥʠʠ ʩʣʦʷ ʦʧʨʝʜʝʣʷʶʪ 

ʢʘʢ 

                                                              wʜ= wʨ/Ů. 

ɿʘʜʘʯʘ 9.2. ʆʧʨʝʜʝʣʠʪʴ ʜʠʘʤʝʪʨ ʰʘʨʦʦʙʨʘʟʥʳʭ ʯʘʩʪʠʮ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩ-

ʢʘ d ʧʣʦʪʥʦʩʪʴʶ 2650 ʢʛ/ʤ
3
, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ 1 ʤ/ʩ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 Áʉ. ɼʣʷ ʥʘʡʜʝʥ-

ʥʦʛʦ ʨʘʟʤʝʨʘ ʟʸʨʝʥ ʧʝʩʢʘ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʯʥʸʪʩʷ 

ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪ ʯʘʩʪʠʮ (wʩʚ) ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 

(6.116) [1]. 

ʆʪʚʝʪ: d = 2,1 ʤʤ, wʩʚ = 10,7 ʤ/ʩ. 
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ʊʝʤʘ 10. ʈɸʉʏɽʊ ɻʀɼʈɸɺʃʀʏɽʉʂʀʍ ʉʆʇʈʆʊʀɺʃɽʅʀʁ  

ɺ ʊʈʋɹɸʍ ʀ ʂɸʅɸʃɸʍ. ɸʇʇɸʈɸʊʓ ɼʃʗ ʇɽʈɽʄɽʐʀɺɸʅʀʗ 

ɾʀɼʂʆʉʊɽʁ ʀ ɻɸɿʆɺ 
 

 

10.1. ʎʝʣʴ ʟʘʥʷʪʠʷ 

ʆʩʚʦʠʪʴ ʤʝʪʦʜʳ ʨʘʩʯʝʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʪʨʫʙʘʭ ʠ ʢʘʥʘʣʘʭ, ʤʦʱʥʦʩʪʠ 

ʧʨʠʚʦʜʦʚ ʢ ʥʘʩʦʩʘʤ ʠ ʢʦʤʧʨʝʩʩʦʨʥʳʤ ʤʘʰʠʥʘʤ. 
 

10.2. ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ 

1.ʋʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʜʣʷ ʨʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. ʈʘʩʯʝʪ ʧʦʪʝʨʷʥʥʦʛʦ

 ʥʘʧʦʨʘ.    

2.ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʨʴ ʥʘʧʦʨʘ ʠʟ-ʟʘ ʪʨʝʥʠʷ ʞʠʜʢʦʩʪʠ ʦ ʩʪʝʥʢʠ ʪʨʫʙʳ 

ʠʣʠ ʢʘʥʘʣʘ. 

3.ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʥʳʭ ʧʦʪʝʨʴ ʥʘʧʦʨʘ. 

4.ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʦʚ. 

5. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʥʪʠʣʷʪʦʨʦʚ. 
 

10.3.  ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

[1] ï 6.7.2.; 6.8.5. 

[2] ï ʛʣʘʚʘ 1, ʧ.ʧ. 20, 21, 22. 
 

10.4. ʉʦʜʝʨʞʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʘʥʷʪʠʷ 

ʆʙʩʫʜʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʫʱʝʩʪʚʦ ʚʦʧʨʦʩʦʚ 1-5, ʚʳʥʝʩʝʥʥʳʭ ʥʘ ʩʘʤʦ-

ʧʦʜʛʦʪʦʚʢʫ. 

ʈʝʰʠʪʴ ʧʨʝʜʣʘʛʘʝʤʳʝ ʥʠʞʝ ʟʘʜʘʯʠ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʝ-

ʰʝʥʠʷ. 

ɿʘʜʘʯʘ 10.1. ʅʘ ʟʘʚʦʜʝ ɾɹʀ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʫʟʝʣ ʧʦ ʧʨʠʛʦʪʦʚʣʝ-

ʥʠʶ ʩʤʘʟʦʯʥʳʭ ʩʦʩʪʘʚʦʚ (ʨʠʩ. 10.1).  

ʇʦʜʘʯʘ ʩʦʩʪʘʚʦʚ ʢ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʤ ʧʦʩʪʘʤ ʬʦʨʤʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʛʠʜʨʦʥʘʩʦʩʦʤ. ʈʘʩʩʯʠʪʘʪʴ, ʢʘʢʦʡ 

ʜʦʣ-ʞʥʘ ʙʳʪʴ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʧʨʠ-

ʚʦʜʘ (N) ʢ ʥʘʩʦʩʫ, ʝʩʣʠ: ʧʝʨʝʢʘʯʢʘ 

ʩʤʘʟʦʯʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ 

ʩʪʘʣʴʥʳʤ, ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʚʥʫʪʨʝʥ-

ʥʝʡ ʢʦʨʨʦʟʠʝʡ, ʪʨʫʙʘʤ ʜʠʘʤʝʪʨʦʤ d = 

150 ʤʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ ʧʦ-

ʜʘʯʠ 60ʤ, ʚʳʩʦʪʘ ʧʦʜʲʝʤʘ ʅ = 3 ʤ. ʅʘ 

ʪʨʫʙʦʧʨʦʚʦʜʝ ʫʩʪʘʥʦʚʣʝʥ  r2 ʢʨʘʥʘ, 1 

ʜʠʘʬʨʘʛʤʘ d0 = 32 ʤʤ ʠ 5 ʦʪʚʦʜʦʚ ʧʦʜ 

ʫʛʣʦʤ 90Ü (Rʦ/d = 3); ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚ ʮʝʭʝ 15 ÜC ʩʤʘʟʦʯʥʳʡ ʩʦʩʪʘʚ ʠʤʝʝʪ 

ʧʣʦʪʥʦʩʪʴ ɟ = 890 ʢʛ/ʤį, ʚʷʟʢʦʩʪʴ ɛ = 6,5Ŀ10į ʇʘʩ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʦʩʘ 
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ʈʠʩʫʥʦʢ 10.1 - ʉʭʝʤʘ ʫʟʣʘ ʧʦ ʧʨʠʛʦ-

ʪʦʚʣʝʥʠʶ ʩʤʘʟʦʯʥʳʭ ʩʦʩʪʘʚʦʚ 



 V = 10 ʤį/ʯ. ʅʘʜ ʞʠʜʢʦʩʪʴʶ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʨʘʟʨʝʞʝʥʠʝ  ʨ1 = 200 ʤʤ ʨʪ.ʩʪ. 

(ʨ2 = 1 ʘʪʤ). 

ʆʪʚʝʪ: N = 0,61 ʢɺʪ. 
 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ: 

1) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦʜʘ V ʠ 

ʜʠʘʤʝʪʨʘ d ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʩʤʘʟʦʯʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʪʨʫʙʝ; 

2) ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ ʠ ʦʪʥʦʰʝʥʠʝ d/ʝ, ʛʜʝ ʝ ï 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ (ʩʤ. ʇʨʠʣ., ʪʘʙʣ. ʇ.3.);  

3) ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ɚ = f(Re, d/l) (ʇʨʠʣ., ʨʠʩ.ʇ.1) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ɚ; 

4) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʝʨʷʥʥʦʝ ʥʘ ʪʨʝʥʠʝ ʜʘʚʣʝʥʠʝ 
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 5) ʧʦ ʪʘʙʣ. ʇ.4 ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ɕ1, ɕ2, ɕ3; 

6) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʝʨʷʥʥʦʝ ʥʘ ʤʝʩʪʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʘʚʣʝʥʠʝ  
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7) ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʘʚʣʝʥʠʝ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʩʢʦʨʦʩʪʥʦʡ ʥʘʧʦʨ  

                                                      ȹpʩʢ = ɟĀɤĮ/2; 

8) ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʘʚʣʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʜʥʷʪʠʷ ʞʠʜʢʦʩʪʠ ʥʘ ʟʘ-

ʜʘʥʥʫʶ ʚʳʩʦʪʫ                                            ȹpʧʦʜ = ɟĀgĀH; 

9) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ ʥʘʜ ʞʠʜʢʦʩʪʴʶ ʚ ʧʨʠʝʤʥʦʡ ʠ ʦʪ-

ʜʘʶʱʝʡ ʝʤʢʦʩʪʷʭ                                        ȹpʜʦʧ = (p2 ï p1); 

10)    ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʚ ʥʘʩʦʩʝ 

                ȹp = ȹpʪʨ+ ȹpʤ.ʩ + ȹpʧʦʜ + ȹpʜʦʧ; 

11)  ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʢ ʥʘʩʦʩʫ 

                                                   N = VĀȹp/(1000Āɖ), ʢɺʪ. 
 

ɿʘʜʘʯʘ 10.2 (ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʜʦʤʘʰʥʝʡ ʧʨʦʨʘʙʦʪʢʠ). 

ʇʦ ʧʨʷʤʦʤʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʜʣʠʥʦʡ 150 ʤʤ ʥʝʦʙʭʦʜʠ-

ʤʦ ʧʦʜʘʚʘʪʴ 10 ʤį/ʯ ʞʠʜʢʦʩʪʠ. ɼʦʧʫʩʪʠʤʘʷ ʧʦʪʝʨʷ ʥʘʧʦʨʘ 10 ʤ. ʆʧʨʝʜʝʣʠʪʴ 

ʪʨʝʙʫʝʤʳʡ ʜʠʘʤʝʪʨ d ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʨʠʥʠʤʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ɚ = 0,03. 

ʆʪʚʝʪ: d = 50 ʤʤ. 
 

ɿʘʜʘʯʘ 10.3 (ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʜʦʤʘʰʥʝʡ ʧʨʦʨʘʙʦʪʢʠ). 

ʇʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʧʝʨʝʢʘʯʠʚʘʝʪʩʷ ʞʠʜʢʦʩʪʴ. ɺʦ 

ʩʢʦʣʴʢʦ ʨʘʟ ʚʦʟʨʘʩʪʝʪ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ (N2/N1), ʝʩʣʠ ʯʝʨʝʟ ʪʨʫʙʫ ʙʫʜʝʪ ʧʨʦʭʦ-

ʜʠʪʴ ʫʜʚʦʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʯʠʪʘʪʴ ʧʦʩʪʦʷʥʥʳʤ, ȹpʜʦʧ = 0. 

ʆʪʚʝʪ: N2/N1 = 8. 
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ʊʝʤʘ 11. ʊɽʇʃʆʇɽʈɽʅʆʉʅʓɽ ʇʈʆʎɽʉʉʓ 

(ʢʦʣʣʦʢʚʠʫʤ ʧʦ ʪʝʤʝ) 
 

11.1. ʎʝʣʴ ʟʘʥʷʪʠʷ 

ɿʘʢʨʝʧʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʩʫʱʥʦʩʪʠ ʪʝʧʣʦʧʝʨʝʥʦʩ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
 

11.2. ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ 

1. ʄʝʩʪʦ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. 

2. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʧʣʦʧʝʨʝʥʦʩʦʤ. 

3. ʇʝʨʝʜʘʯʘ ʪʝʧʣʦʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝ-

ʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʥʝʧʦʜʚʠʞʥʦʡ ʩʨʝʜʳ. 

4. ʇʝʨʝʜʘʯʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʢʦʥʚʝʢʮʠʝʡ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝ-

ʥʠʝ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ. 

5. ʇʝʨʝʜʘʯʘ ʪʝʧʣʦʪʳ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʠʟʜʝʣʠʝʤ ʠ ʜʚʠʞʫʱʠʤʩʷ ʛʘʟʦ-

ʚʳʤ ʧʦʪʦʢʦʤ. ʋʨʘʚʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

6. ʊʝʧʣʦʚʦʝ ʧʦʜʦʙʠʝ, ʢʨʠʪʝʨʠʠ ʪʝʧʣʦʚʦʛʦ ʧʦʜʦʙʠʷ. 
 

11.3. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ: 

[1] ï ʧ.ʧ. 7.1. ï 7.8. 

[3] ï ʛʣʘʚʘ 7, ʧ.ʧ. 3, 4, 5. 
 

11.4. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʟʘʥʷʪʠʷ. ʇʦʜʚʝʜʝʥʠʝ ʠʪʦʛʦʚ 

ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʚʳʟʳʚʘʝʪ ʦʜʥʦʛʦ ʠʟ ʩʪʫʜʝʥʪʦʚ ʢ ʜʦʩʢʝ, ʚʤʝʩʪʝ ʩ ʘʫʜʠʪʦ-

ʨʠʝʡ ʟʘʩʣʫʰʠʚʘʝʪ ʦʪʚʝʪ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚʦʧʨʦʩʫ, ʧʨʝʜʣʘʛʘʝʪ ʚʥʝʩʪʠ ʚ ʩʦ-

ʩʪʦʷʚʰʠʡʩʷ  ʦʪʚʝʪ  ʧʦʧʨʘʚʢʠ,  ʜʦʧʦʣʥʝʥʠʷ,   ʩʚʦʠ  ʚʝʨʩʠʠ,   ʘʢʮʝʥʪʠʨʫʝʪ  

ʚʥʠʤʘʥʠʝ  

ʘʫʜʠʪʦʨʠʠ ʥʘ ʚʝʨʩʠʠ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʨʘʩʢʨʳʚʘʶʱʝʡ ʩʫʪʴ ʚʦʧʨʦʩʘ. 

ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʪʚʝʪʦʚ ʫ ʜʦʩʢʠ, ʜʦʧʦʣʥʝʥʠʡ ʠ ʨʝʧʣʠʢ ʩ ʤʝʩʪʘ ʢʘʞ-

ʜʳʡ ʩʪʫʜʝʥʪ ʧʦʣʫʯʘʝʪ ʠʪʦʛʦʚʫʶ ʦʮʝʥʢʫ ʟʥʘʥʠʡ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʥʝʜʨʷʝʤʦʡ ʚ ʚʫʟʘʭ ʨʝʡʪʠʥʛʦʚʦʡ ʩʠʩʪʝʤʦʡ ʦʮʝʥʢʠ 

ʟʥʘʥʠʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʪʫʜʝʥʪʦʚ, ʧʦʣʫʯʠʚʰʠʭ ʦʪʣʠʯʥʫʶ ʦʮʝʥʢʫ, ʦʩʚʦʙʦʜʠʪʴ 

ʥʘ  ʩʝʤʝʩʪʨʦʚʦʤ ʵʢʟʘʤʝʥʝ ʧʦ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʝ ʦʪ ʦʪʚʝʪʦʚ ʥʘ ʚʦʧʨʦʩʳ ʢʦʣ-

ʣʦʢʚʠʫʤʘ.  
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ʊʝʤʘ 12. ʀʅɾɽʅɽʈʅʓɽ ɿɸɼɸʏʀ ʊɽʇʃʆʇɽʈɽʅʆʉɸ 
 

12.1. ʎʝʣʴ ʟʘʥʷʪʠʷ 
ʆʩʚʦʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʝʧʣʦʧʝʨʝʥʦʩʘ. 
 

12.2. ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ 

1. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʧʣʦʚʳʭ ʟʘʜʘʯ. 

2. ɿʘʜʘʯʘ ʦ ʜʚʫʩʪʦʨʦʥʥʝʤ ʥʘʛʨʝʚʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠʟʜʝʣʠʷ. 

3. ɿʘʜʘʯʘ ʦʙ ʦʜʥʦʩʪʦʨʦʥʥʝʤ ʥʘʛʨʝʚʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠʟʜʝʣʠʷ. 

4. ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ (ʥʘ ʧʨʠʤʝʨʝ ʧʣʦ-

ʩʢʦʡ ʩʪʝʥʢʠ). 
 

12.3.  ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

[1] ï ʧ. ʧ. 7.8.1 ï 7.8.4. 

[2] ï ʛʣʘʚʘ 4 ʧ.ʧ. 1 ï 23 (ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʩʧʨʘʚʦʯʥʳʡ ʤʘʪʝʨʠʘʣ). 
 

12.4. ʉʦʜʝʨʞʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʘʥʷʪʠʷ 
ʆʙʩʫʜʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʫʱʝʩʪʚʦ ʚʦʧʨʦʩʦʚ 1 - 4, ʚʳʥʝʩʝʥʥʳʭ ʥʘ ʩʘʤʦ-

ʧʦʜʛʦʪʦʚʢʫ. 

ʈʝʰʠʪʴ ʧʨʝʜʣʘʛʘʝʤʳʝ ʥʠʞʝ ʟʘʜʘʯʠ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʝ-

ʰʝʥʠʷ. 

 ɿʘʜʘʯʘ 12.1. ɸʚʪʦʢʣʘʚ 3,6Ĭ19 ʤ 

ʩ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ 20 ʤʤ (ʪʦʨʮʝ-

ʚʳʝ ʢʨʳʰʢʠ - ʚ ʚʠʜʝ ʧʦʣʫʩʬʝʨ, 

ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʢʨʳʰʝʢ ï D́
2
) 

ʠʤʝʝʪ ʥʘʨʫʞʥʫʶ ʦʙʰʠʚʢʫ ʠʟ 

ʩʪʘʣʴʥʳʭ ʣʠʩʪʦʚ ʪʦʣʱʠʥʦʡ 1ʤʤ, 

ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʚʳʧʦʣʥʝʥʘ ʠʟ 

ʩʪʝʢʣʦʚʘʪʥʳʭ ʩʝʛʤʝʥʪʦʚ (ɟ = 180 

ʢʛ/ʤį) ʪʦʣʱʠʥʦʡ 150 ʤʤ (ʨʠʩ 12.1). ɺ ʘʚʪʦʢʣʘʚʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʝʧʣʦʚʘʷ ʦʙʨʘ-

ʙʦʪʢʘ ʷʯʝʠʩʪʦʙʝʪʦʥʥʳʭ ʙʣʦʢʦʚ ʚ ʦʙʲʝʤʝ V = 80 ʤį ʧʦ ʨʝʞʠʤʫ: 

ʧʦʜʲʝʤ ʜʘʚʣʝʥʠʷ ʜʦ 10 ʘʪʠ ï 2 ʯ; 

ʚʳʜʝʨʞʢʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 10 ʘʪʠ ï 6 ʯ; 

ʩʙʨʦʩ ʜʘʚʣʝʥʠʷ ʜʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ï 3 ʯ. 

ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʦʪʜʘʥʥʦʡ ʘʚʪʦʢʣʘʚʦʤ ʚʦ 

ʚʥʝʥhʶʶ ʩʨʝʜʫ ʥʘ 1-ʦʡ ʠ 2-ʦʡ ʩʪʘʜʠʷʭ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ  (Q1 ʠ Q2), ʩʨʝʜ-

ʥʶʶ (ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʪʘʜʠʡ) ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙh ʠʚʢʠ (tʥ
1
 

ʠ tʥ
2
), ʝʩʣʠ: 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʮʝʭʝ tʩ = 15 ÁC; 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ ʩʦʩʪʘʚʠ-

ʣʠ: 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʘʚʪʦʢʣʘʚʘ - 

ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ Ŭ1
1
 = 6300 ɺʪ/(ʤĮĿʂ); 

ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ Ŭ1
2
 = 12000 ɺʪ/(ʤĮĿʂ); 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʘʚʪʦʢʣʘʚʘ - 

30 

ʈʠʩ. 12.1. ʂ ʟʘʜʘʯʝ 12.1 



ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ Ŭ2
1
 = 12 ɺʪ/(ʤĮĿʂ); 

ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ Ŭ2
2
 = 22 ɺʪ/(ʤĮĿʂ). 

ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʨʝʜʩʪʘʚʴʪʝ ʚ ʚʠʜʝ ʨʘʩʭʦʜʘ ʧʘ-

ʨʘ ʦʙʱʝʛʦ ï ʇ, ʢʛ ʠ ʫʜʝʣʴʥʦʛʦ (ʥʘ 1ʤį ʠʟʜʝʣʠʡ) ï ʇʫʜ, ʢʛ/ʤį. 

ʆʪʚʝʪ: Q1 = 34837 ʢɼʞ; Q2 = 209497 ʢɼʞ; ʇ = 80 ʢʛ; ʇʫʜ = 1 ʢʛ/ʤį; tʧ
1
 = 

16,8 ÁC; tʧ
2
 = 17 ÁC. 

 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ: 

1) ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʠ (ʩʤ. [1] ʬ. (7.2)) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʢʘʢ ʜʣʷ ʫʜʝʣʴʥʦʛʦ ʧʦʪʦʢʘ, ʠʣʠ ʧʨʠʤʝʥʠʪʝʣʥɹʦ ʢ ʧʨʠʚʝʜʝʥʥʳʤ ʦʙʦʟʥʘʯʝʥʠʷʤ 

ʦʥʦ ʠʤʝʝʪ ʚʠʜ: 

                                                  q = kĿ(tʩʚ ï tʩʥ), 

ʛʜʝ tʩʚ ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ ʚʥʫʪʨʠ ʘʚʪʦʢʣʘʚʘ: 

      tʩʥ ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ ʩʥʘʨʫʞʠ ʘʚʪʦʢʣʘʚʘ: 

2) ʪʘʢ ʢʘʢ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʘʚʪʦʢʣʘʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʘʚʪʦ-

ʢʣʘʚʝ ʨʘʚʥʦʤʝʨʥʦ ʧʦʜʥʠʤʘʝʪʩʷ ʦʪ ʥʘʯʘʣʴʥʦʡ tʩʘ
ʥ 
(ʤʦʞʥʦ ʧʨʠʥʷʪʴ 15 Áʉ) ʜʦ 

ʢʦʥʝʯʥʦʡ tʩʘ
ʢ
, ʪʦ ʜʣʷ ʵʪʦʡ ʩʪʘʜʠʠ ʚ ʨʘʩʯʝʪ ʩʣʝʜʫʝʪ ʚʢʣʶʯʠʪʴ tʩʘ = (tʩʘ

ʥ
 + tʩʘ

ʢ
)/2: 

3) ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʜʣʷ 1-ʦʡ ʠ 2-

ʦʡ ʩʪʘʜʠʡ - ʢ1, ʢ2; 

                                       ,
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ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʟʥʘʯʝʥʠʷ ɚ1, ɚ2, ɚ3 ʠʤʝʶʪʩʷ ʚ ʇʨʠʣʦʞʝʥʠ̫ ʭ: 

4) ʧʦ ʦʩʥʦʚʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʫʜʝʣʴʥʳʝ 

ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ ʜʣʷ 1-ʦʡ ʠ 2-ʦʡ ʩʪʘʜʠʡ - q1 ʠ q2; 

5) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʧʣʦʦʙʤʝʥʘ ʘʚʪʦʢʣʘʚʘ ʩ ʚʥʝʰʥʝʡ ʩʨʝ-

ʜʦʡ ï Sʘ; 

6) ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦʣʥʳʝ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʚʦ ʚʥʝʰʥʶʶ ʩʨʝʜʫ ʜʣʷ 1-

ʦʡ ʠ 2-ʦʡ ʩʪʘʜʠʡ ï Q1 ʠ Q2 ʧʦ ʬʦʨʤʫʣʝ    Q = 3,6ĿqĿŰĿSʘ, ʢɼʞ, 

ʛʜʝ Ű - ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʘʜʠʠ, ʯ; 

7) ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʣʥʳʝ ʪʝʧʣʦʧʦʪʝʨʠ      Q = Q1 + Q2; 

8) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘ ʇ, ʢʛ, ʪʨʝʙʫʝʤʦʝ ʥʘ ʢʦʤʧʝʥʩʘʮʠʶ 

ʚʥʝʥhʠʭ ʪʝʧʣʦʧʦʪʝʨʴ  ʇ = Q/r, 

ʛʜʝ r - ʵʥʪʘʣʴʧʠʷ ʧʘʨʘ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ; 

9) ʚʳʯʠʩʣʷʶʪʩʷ ʫʜʝʣʴʥʳʝ ʧʦʪʝʨʠ ʧʘʨʘ ʇ = ʇ/V; 

10) ʧʦ ʫʨʘʚʥʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʦʙʰʠʚʦʯʥʦʛʦ ʣʠʩʪʘ ʚ ʚʦʟʜʫʰʥʫʶ ʩʨʝʜʫ ʮʝʭʘ: 

             q = ŬĿ(tʥ ï tʩ) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʡʜʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘ-

ʯʝʥʠʷ tʥ
1
 ʠ tʥ

2
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ɿʘʜʘʯʘ 12.2 (ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ 

ʜʦʤʘʰʥʝʡ ʧʨʦʨʘʙʦʪʢʠ). ʉʪʝʥʢʘ ʧʝʯʠ 

(ʨʠʩ. 12.2) ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʣʦʝʚ: ʦʛ-

ʥʝʫʧʦʨʥʦʛʦ ʢʠʨʧʠʯʘ (ŭ1 = 500 ʤʤ) ʠ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʠʨʧʠʯʘ (ŭ2 = 250 ʤʤ). 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʠ ʧʝʯʠ t1 = 1300 ÁC, 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ t5 = 25 

ÁC.  

ʆʧʨʝʜʝʣʠʪʴ:  

1) ʫʜʝʣʴʥʳʝ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ q; 

2) ʪʝʤʧʝʨʘʪʫʨʫ t3 ʥʘ ʛʨʘʥʠʮʝ ʤʝ-

ʞʜʫ ʦʛʥʝʫʧʦʨʥʳʤ ʠ ʩʪʨʦʠʪʝʣʴʥʳʤ 

ʢʠʨʧʠʯʦʤ. 

 

 

 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʦʪ ʧʝʯʥʳʭ ʛʘʟʦʚ ʢ ʩʪʝʥʢʝ 

                                           Ŭ1 = 34,8 ɺʪ/(ʤĮĿÁC);  

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʩʪʝʥʢʠ ʢ ʥʘʨʫʞʥʦʤʫ ʚʦʟʜʫʭʫ  

                                           Ŭ2 = 16.2 ɺʪ/(ʤĮĿÁC);  

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʛʥʝʫʧʦʨʥʦʛʦ ʢʠʨʧʠʯʘ  

                                                     ɚ1 = 1,16 ɺʪ/(ʤĿÁC);  

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʠʨʧʠʯʘ 

                                                     ɚ2 = 0,58 ɺʪ/(ʤĿÁC). 

ʆʪʚʝʪ: q = 1340 ɺʪ/ʤĮ, t3 = 684 ÁC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

32 

ʈʠʩ. 12.2. ʂ ʟʘʜʘʯʝ 12.2 



ʊʝʤʘ 13. ʄɸʉʉʆʇɽʈɽʅʆʉʅʓɽ ʇʈʆʎɽʉʉʓ 

(ʢʦʣʣʦʢʚʠʫʤ ʧʦ ʪʝʤʝ) 
 

13.1. ʎʝʣʴ ʟʘʥʷʪʠʷ 

ɿʘʢʨʝʧʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʩʫʱʥʦʩʪʠ ʤʘʩʩʦʧʝʨʝʥʦʩ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
 

13.2. ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ 

1. ɺʠʜʳ ʤʘʩʩʦʧʝʨʝʥʦʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ; ʦʩ-

ʥʦʚʥʳʝ ʪʝʨʤʠʥʳ ʠ ʧʦʥʷʪʠʷ. 

2. ɿʥʘʯʝʥʠʝ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʝʡ; ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʜʣʷ ʥʝʧʦʜʚʠʞʥʦʡ ʩʨʝʜʳ. 

3. ʄʘʩʩʦʧʝʨʝʥʦʩ ʚ ʧʦʜʚʠʞʥʦʡ ʩʨʝʜʝ. 

4. ʄʘʩʩʦʧʝʨʝʥʦʩ ʥʘ ʛʨʘʥʠʮʝ ʧʦʜʚʠʞʥʦʡ ʠ ʥʝʧʦʜʚʠʞʥʦʡ ʩʨʝʜ. 

5. ʄʘʩʩʦʦʙʤʝʥʥʦʝ ʧʦʜʦʙʠʝ; ʢʨʠʪʝʨʠʠ ʤʘʩʩʦʦʙʤʝʥʥʦʛʦ ʧʦʜʦʙʠʷ 
 

13.3. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

[1] ï ʧ. ʧ. 8.1. ï 8.6. 
 

13.4. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʟʘʥʷʪʠʷ. ʇʦʜʚʝʜʝʥʠʝ ʠʪʦʛʦʚ 

ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʚʳʟʳʚʘʝʪ ʦʜʥʦʛʦ ʠʟ ʩʪʫʜʝʥʪʦʚ ʢ ʜʦʩʢʝ, ʚʤʝʩʪʝ ʩ ʘʫʜʠʪʦ-

ʨʠʝʡ ʟʘʩʣʫʰʠʚʘʝʪ ʦʪʚʝʪ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚʦʧʨʦʩʫ, ʧʨʝʜʣʘʛʘʝʪ ʚʥʝʩʪʠ ʚ ʩʦ-

ʩʪʦʷʚʰʠʡʩʷ   ʦʪʚʝʪ   ʧʦʧʨʘʚʢʠ,   ʜʦʧʦʣʥʝʥʠʷ,   ʩʚʦʠ  ʚʝʨʩʠʠ, ʘʢʮʝʥʪʠʨʫʝʪ 

ʚʥʠʤʘʥʠʝ  

ʘʫʜʠʪʦʨʠʠ ʥʘ ʚʝʨʩʠʠ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʨʘʩʢʨʳʚʘʶʱʝʡ ʩʫʱʥʦʩʪʴ ʚʦʧʨʦ-

ʩʘ. 

ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʪʚʝʪʦʚ ʫ ʜʦʩʢʠ, ʜʦʧʦʣʥʝʥʠʡ ʠ ʨʝʧʣʠʢ ʩ ʤʝʩʪʘ ʢʘʞ-

ʜʳʡ ʩʪʫʜʝʥʪ ʧʦʣʫʯʘʝʪ ʠʪʦʛʦʚʫʶ ʦʮʝʥʢʫ ʟʥʘʥʠʡ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʥʝʜʨʷʝʤʦʡ ʚ ʚʫʟʘʭ ʨʝʡʪʠʥʛʦʚʦʡ ʩʠʩʪʝʤʦʡ ʦʮʝʥʢʠ 

ʟʥʘʥʠʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʪʫʜʝʥʪʦʚ, ʧʦʣʫʯʠʚʰʠʭ ʦʪʣʠʯʥʫʶ ʦʮʝʥʢʫ, ʦʩʚʦʙʦʜʠʪʴ 

ʥʘ  ʩʝʤʝʩʪʨʦʚʦʤ ʵʢʟʘʤʝʥʝ ʧʦ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʝ ʦʪ ʦʪʚʝʪʦʚ ʥʘ ʚʦʧʨʦʩʳ ʢʦʣ-

ʣʦʢʚʠʫʤʘ.  
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ʊʝʤʘ 14.  ɺʃɸɻʆʇɽʈɽʅʆʉʅʓɽ (ʄɸʉʉʆʇɽʈɽʅʆʉʅʓɽ)  

ʇʈʆʎɽʉʉʓ ɺ ʉʊʈʆʀʊɽʃʔʅʓʍ ʊɽʍʅʆʃʆɻʀʗʍ 
 

14.1. ʎʝʣʴ ʟʘʥʷʪʠʷ 

ʆʩʚʦʠʪʴ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʨʘʩʯʝʪʦʚ ʚʣʘʞʥʦʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʠʟʜʝʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. 
  
14.2. ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ  
        (ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʘ ʟʘʥʪ̫ʠʷ) 

1. ʇʨʘʢʪʠʯʝʩʢʠʝ ʩʠʪʫʘʮʠʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʘ ʦʮʝʥʢʘ ʚʣʘʞʥʦʩʪ-

ʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʟʜʝʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. 

2. ɺʣʘʛʦʦʙʤʝʥ ʤʝʞʜʫ ʛʘʟʦʚʦʡ (ʧʘʨʦʚʦʟʜʫʰʥʦʡ) ʩʨʝʜʦʡ ʠ ʠʟʜʝʣʠʝʤ 

(ʢʦʥʩʪʨʫʢʮʠʝʡ): ʚʦʟʤʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʣʘʛʦʦʙʤʝʥʘ, ʚʣʠʷʥʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʛʘʟʦʚʦʡ ʩʨʝʜʳ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʨʫʢʪʫʨʳ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʠʟ-

ʜʝʣʠʠ: 

3. ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʧʦ ʩʫʭʦʤʫ ʠ ʤʦʢʨʦʤʫ ʪʝʨʤʦʤʝʪʨʘʤ, ʙʘ-

ʨʦʤʝʪʨʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʦʙʱʝʝ ʠ ʧʘʨʮʠʘʣʴʥʦʝ, ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʵʥʪʘʣʴʧʠʷ: ʦʧʨʝʜʝʣʝʥʠʷ, ʚʦʟʤʦʞʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ: 

4. ɼʚʠʞʫʱʘʷ ʩʠʣʘ ʚʣʘʛʦʧʝʨʝʥʦʩʘ. ɺʣʘʞʥʦʩʪʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʤʘ-

ʪʝʨʠʘʣʦʤ ʠ ʩʨʝʜʦʡ: 

5. ʋʨʘʚʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ ʚʣʘʛʠ. 

6. ʋʨʘʚʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʣʘʛʦʦʪʜʘʯʠ. 

7. ʉʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʭ ʚʣʠʷʥʠʝ 

ʥʘ ʤʘʩʩʦʧʝʨʝʥʦʩʥʳʝ ʧʨʦʮʝʩʩʳ..   
 

14.3. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 
[1] ïʧ. 8.1.  

[2] ï ʛʣʘʚʘ 6 ʧ.ʧ. 1, 2, 3, 5, 6: ʛʣʘʚʘ 10 ʧ.ʧ. 1, 2, 3, 4, 5. 
 

14.4. ʉʦʜʝʨʞʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʘʥʷʪʠʷ 

ʆʙʩʫʜʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʫʱʝʩʪʚʦ ʚʦʧʨʦʩʦʚ 1-5, ʚʳʥʝʩʝʥʥʳʭ ʥʘ ʩʘʤʦ-

ʧʦʜʛʦʪʦʚʢʫ. ʈʝʰʠʪʴ ʧʨʝʜʣʘʛʘʝʤʳʝ ʥʠʞʝ ʟʘʜʘʯʠ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘ-

ʪʳ ʨʝh ʝʥʠʷ. 

ɿʘʜʘʯʘ 14.1. ɺʦʟʜʫʭ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʇ = 745 ʤʤ. ʨʪ. ʩʪ., ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 34Áʉ ʥʘʩʳʱʝʥ ʚʦʜʷʥʳʤ ʧʘʨʦʤ. ʆʧʨʝʜʝʣʠʪʴ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝ-

ʥʠʝ ʚʦʟʜʫʭʘ (pʚ) ʚ ʩʤʝʩʠ ʩ ʚʦʜʷʥʳʤ ʧʘʨʦʤ, ʦʙʲʝʤʥʦʝ ʠ ʤʘʩʩʦʚʦʝ (ʘʙʩʦʣʶʪʥʦʝ 

ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ) ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʝʤ ʧʘʨʘ (Yyy ,, ), ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʰʥʦ-

ʧʘʨʦʚʦʡ ʩʤʝʩʠ (ɟʩʤ), ʩʨʘʚʥʠʪʴ ʝʝ ʩ ʧʣʦʪʥʦʩʪʴʶ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ (ɟʚ). 

ʆʪʚʝʪ: ʨʚ = 705 ʤʤ. ʨʪ. ʩʪ., y = 0,0535, y  = 0,0339,  Y = 0,0351 ʢʛ ʧʘʨʘ/ʢʛ 

ʚʦʟʜʫʭʘ,  ɟʩʤ = 1,105 ʢʛ/ʤ
3
,  ɟʩʚ = 1,13 ʢʛ/ʤ

3
. 

 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

1. ʇʦ ʇʨʠʣ., ʪʘʙʣ.8.ʇ, ʥʘʭʦʜʷʪ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ï 

ʨʧ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
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2. ʆʧʨʝʜʝʣʷʶʪ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʩʤʝʩʠ ʩ ʧʘʨʦʤ ʧʦ ʬʦʨ-

ʤʫʣʝ                                                           ʨʚ = ʇ ï ʨʧ. 

3. ʆʧʨʝʜʝʣʷʶʪ ʤʦʣʴʥʫʶ (ʦʙʲʝʤʥʫʶ) ʜʦʣʶ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ ʩʤʝʩʠ: 

                 y = ʨʧ/ʇ. 

4. ʆʧʨʝʜʝʣʷʶʪ ʤʘʩʩʦʚʫʶ ʜʦʣʶ ʧʘʨʘ: 

                  
)1( yMyM

yM
y

ʚʧ

ʧ

-Ö+Ö

Ö
= , 

ʛʜʝ ʄʧ ʠ ʄʚ ï ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠ ʚʦʟʜʫʭʘ (ʩʤ. ʇʨʠʣ., ʪʘʙʣ.ʇ.1). 

5. ʆʧʨʝʜʝʣʷʶʪ ʤʘʩʩʦʚʫʶ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʘʨʦʚ ʚʦʜʳ: 

                     
y

y
Y

-
=

1
. 

6. ʆʧʨʝʜʝʣʷʶʪ ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʰʥʦ-ʧʘʨʦʚʦʡ ʩʤʝʩʠ: 

         )(
4,22 0

0
ʧʧʚʚʩʤ ʄʄ

ʇʊ

ʇʊ
rrr Ö+ÖÖ

ÖÖ

Ö
= , 

ʛʜʝ ʊʦ ʠ ʇʦ ï ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ  

                      (ʇʦ =760 ʤʤ. ʨʪ. ʩʪ.); 

7. ʆʧʨʝʜʝʣʷʶʪ ʧʣʦʪʥʦʩʪʴ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ ʧʨʠ ʪʝʭ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʜʘʚʣʝʥʠʠ:                           
0

0

4,22 ʇʊ

ʊʇʄʚ
ʚ ÖÖ

ÖÖ
=r . 

 

ɿʘʜʘʯʘ 14.2. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟ-

ʜʝʣʠʡ ʫʩʪʘʥʦʚʣʝʥ ʧʘʨʦʛʝʥʝʨʘʪʦʨ, ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʧʨʠʨʦʜʥʦʤ ʛʦʨʶʯʝʤ ʛʘʟʝ. 

ʈʘʩʭʦʜ ʛʦʨʶʯʝʛʦ ʛʘʟʘ ʩʦʩʪʘʚʣʷʝʪ V = 145 ʤ
3
/ʯ; ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ 

ʥʘ ʛʦʨʝʥʠʝ  Ŭ = 1,05: ʨʘʩʭʦʜ ʚʦʜʳ ʥʘ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʝ qʚ = 1500 ʢʛ/ʯ. ʆʧʨʝʜʝ-

ʣʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ (űʧʛ) ʠ ʵʥʪʘʣʴʧʠʶ (ɱʧʛ) ʧʘʨʦʛʘʟʦʚʦʡ  ʩʤʝʩʠ ʥʘ 

ʚʭʦʜʝ ʚ ʢʘʤʝʨʫ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ, ʝʩʣʠ ʝʝ ʪʝʤʧʝʨʘʪʫʨʘ tʧʛ = 90 Áʉ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ; 

- ʤʘʩʩʘ ʩʫʭʠʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ (ʜʳʤʦʚʳʭ ʛʘʟʦʚ), ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʩʛʦʨʘʥʠʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʪʦʧʣʠʚʘ ʩ Ŭ = 1,05, ʩʦʩʪʘʚʠʣʘ qʩʛ = 12,3 ʢʛ/(ʤ
3
 ʛʦʨʁ-

ʯʝʛʦ ʛʘʟʘ); 

- ʤʘʩʩʘ ʧʘʨʦʚ ʚʦʜʳ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʩʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ, qʅ2ʆ = 1,7 

ʢʛ/ʤ
3
. 

ʆʪʚʝʪ: űʧʛ = 0,79, ɱ = 2799 ʢɼʞ/ʢʛ. 
 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 14.2: 

1) ʦʧʨʝʜʝʣʷʶʪ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ (ʪʦ ʞʝ, ʯʪʦ ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʘ-

ʨʦʚ ʚʦʜʳ Y ) ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ (xʧʛ) ʧʦ ʬʦʨʤʫʣʝ: 

                                                    
ʩʛ

ʧʚ
ʧʛ G

G
x = , 

ʛʜʝ  ʧʚG  ï ʚʳʭʦʜ ʠʟ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʧʘʨʦʚ ʚʦʜʳ: 

                                                             VqqG OHʚʧʚ Ö+=
2

; 

-ʩʛG  ʚʳʭʦʜ ʠʟ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʩʫʭʠʭ ʛʘʟʦʚ:                                  
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                                                    VqG ʩʛʩʛ Ö= ; 

2) ʦʧʨʝʜʝʣʷʶʪ űʧʛ, ʧʨʝʦʙʨʘʟʦʚʘʚ ʦʪʥʦʩʠʪʝʣʴʥʦ űʧʛ ʬʦʨʤʫʣʫ: 

                                 
ʥʘʩʧʛ

ʥʘʩʧʛ

ʨʇ

p
x

Ö-

Ö
Ö=

j

j
622,0 , 

ʛʜʝ ʇ -  ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ (ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʢʘʢ ʘʪʤʦ-

ʩʬʝʨʥʦʝ); 

       ʨʥʘʩ ï ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

             (ʩʤ. ʇʨʠʣ., ʪʘʙʣ. ʇ.8.); 

3) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʪʘʣʴʧʠʠ ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ (ʢɼʞ/ʢʛ) ʧʨʠʤʝʥʠʤʘ 

ʬʦʨʤʫʣʘ                                             ɱʧʛ = ʩʩʛĀt + xĀΞʧ, 

ʛʜʝ ʩʩʛ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʫʭʠʭ ʛʘʟʦʚ ʚ ʢɼʞ/(ʢʛĀʂ); ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʡ 

              ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ ʢɼʞ/(ʤ
3
Āʂ) ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʠʟ ʇʨʠʣ. ʢ 4 ï ʡ ʯʘʩʪʠ 

              ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ, ʪʘʙʣ. ʇ.3.1, ʢʘʢ ʜʣʷ N2;  

ʦʢʦʥʯʘʪʝʣʴʥʦ                                         ʩʩʛ = ʩN2/ɟN2, 

ʛʜʝ  ɟN2 ï ʧʣʦʪʥʦʩʪʴ ʘʟʦʪʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ: 

                                                                                                

ʊ

ʊM N

N

0

4,22

2

2
Ö=r . 

ɿʘʜʘʯʘ 14.3 (ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ). 

     ʈʘʩʩʯʠʪʘʪʴ ʵʥʪʘʣʴʧʠʶ ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʧʘʨʦʛʝ-

ʥʝʨʘʪʦʨʦʤ, ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʧʘʨʦʛʘʟʦʚʫʶ ʩʤʝʩʴ ʩ űʧʛ 60Ǎ, tʧʛ = 110Áʉ. 

ʆʪʚʝʪ:  ɱʧʛ = 2629 ʢɼʞ/ʢʛ. 
 

ɿʘʜʘʯʘ 14.4. ʆʧʨʝʜʝʣʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ (qu) ʠʩʧʘʨʝʥʠʷ ʚʣʘʛʠ ʩ ʦʪʢʨʳ-

ʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʦʡ ʩʪʝʥʦʚʦʡ ʧʘʥʝʣʠ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʪʝʧʣʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ  tʧʛ = 95 Áʉ 

ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

- ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ (ʚ ʦʙʲʝʤʥʳʭ ʜʦʣʷʭ ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦ-

ʚʠʡ): 

yʉʆ2 = 0,095 ʤ
3
/ʤ

3
; 

yʅ2ʆ = 0,198 ʤ
3
/ʤ

3
; 

yN2   = 0,707 ʤ
3
/ʤ

3
:   

- ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ ʦʤʳʚʘʶʪ ʧʦʚʝʨʭʥʦʩʪʴ ʧʘʥʝʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 0,2 ʤ/ʩ; 

ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ - ʘʪʤʦʩʬʝʨʥʦʝ; 

- ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʝʧʣʦʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ ʜʣʷ ʨʘʩʯʝʪʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʠʣʦ xʧ 

= 0,340 ʢʛ/ʢʛ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʣʘʛʦʦʪʜʘʯʠ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʜʣʷ ʧʨʘʢʪʠʢʠ 

ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʝʝ ʢʨʠʪʝʨʠʘʣʴʥʦʝ ʫʨʘʚ-

ʥʝʥʠʝ                                          Nu' = ɸĀRe
n
Ā(Pr')

0,33
ĀGu

0,135
,                                      

(ɸ) 

ʛʜʝ Nu' = 
D

luÖb  (ʟʜʝʩʴ ub  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʣʘʛʦʦʪʜʘʯʠ; Dï ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʚʦʜʳ ʚ ʛʘʟʦʚʦʡ  ʩʨʝʜʝ    ʧʨʦʜʫʢʪʦʚ 
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ʛʦʨʝʥʠʷ; l  ï ʦʧʨʝʜʝʣʷʶʱʠʡ ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ); 

          Re = 
m

r lwÖÖ
 ï ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ ʈʝʡʥʦʣʴʜʩʘ; 

Pr' = 
Dʧʛ

ʧʛ

Ör

m
ʤʘʩʩʦʦʙʤʝʥʥʳʡ ʢʨʠʪʝʨʠʡ ʇʨʘʥʜʪʣʷ; 

Gu = (ʊʩ ï ʊʤ)/ʊʩ ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ ɻʫʭʤʘʥʘ, ʛʜʝ ʊʩ ʠ ʊʤ ï 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʭʦʛʦ ʠ ʤʦʢʨʦʛʦ ʪʝʨʤʦʤʝʪʨʦʚ ʜʣʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ; ʟʥʘʯʝʥʠʷ ʢʦ-

ʵʬʬʠ- 

ʮʠʝʥʪʘ ɸ ʠ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ n ʚ ʫʨʘʚʥʝʥʠʠ (ɸ) ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʠʟ ʩʣʝʜʫʶ-

ʱʝʡ ʪʘʙʣʠʮʳ 

 ʊʘʙʣʠʮʘ 14.1 

ɿʥʘʯʝʥʠʷ ɸ ʠ n 

Re A n 

1- 200 0,9 0,5 

200 ï 6000 0,87 0,54 

6000 ï 70000 0,347 0,65 
 

 ʉʪʝʥʦʚʘʷ ʧʘʥʝʣʴ ʚ ʢʘʤʝʨʝ ʨʘʩʧʦʣʦʞʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʦʪʢʨʳʪʘʷ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʠʤʝʝʪ ʨʘʟʤʝʨʳ 3Ĭ3 ʤ. 

 ʆʪʚʝʪ:  qu = 0,0655 ʢʛ/(ʤ
2
Āʩ) 

 

 ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 14.4: 

1) ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʥʠʤʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʧʦʚʝʨʭʥʦ-

ʩʪʥʦʡ ʤʘʩʩʦʦʪʜʘʯʠ                              qu  = ɓuĀ(xʧ ï x),                                  

(ɹ) 

ʛʜʝ  xʧ ï ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʨʘʙʘʪʳ-

ʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ, ʢʛ/ʢʛ; 

         x ï ʪʦ ʞʝ ʚ ʷʜʨʝ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ;  

2) ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʟʥʘʯʝʥʠʷ x:  

                                     
2222

22

NNCOCO

OHOH

yMyM

yM
x

Ö+Ö

Ö
= ; 

3) ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ Nu' ʠʟ ʟʘʚʠʩʠʤʦʩʪʠ (ɸ), ʜʣʷ ʯʝʛʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ Re, Pr', Gu; 

ʧʨʠ ʨʘʩʯʝʪʝ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ ( Re =
ʧʛ

ʧʛ lw

m

r ÖÖ
) ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ: 

ʧʛrï ʧʣʦʪʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ:   

                                
T

TyMyMyʄ NNOHOHCOʉʆ

ʧʛ

0

4,22

222222 Ö
Ö+Ö+Ö

=r ; 

l ï ʨʘʟʤʝʨ ʠʟʜʝʣʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ; 

ɛʧʛ ï ʚʷʟʢʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ, ʜʣʷ ʝʝ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʠʘʛʨʘʤʤʦʡ (ʇʨʠʣʦʞʝʥʠʝ 14 ʢ 4-ʡ ʯʘʩʪʠ ʥʘʩʪʦʷ-

ʱʝʛʦ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ), ʧʨʠʨʘʚʥʷʚ ʚʷʟʢʦʩʪʴ ʩʤʝʩʠ ʛʘʟʦʚ ʢ ʚʷʟʢʦʩʪʠ ʘʟʦʪʘ 

(N2): 
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 ʧʨʠ ʨʘʩʯʝʪʝ ʢʨʠʪʝʨʠʷ ʇʨʘʥʜʪʣʷ (Pr' = ɛʧʛ/(ɟʧʛĀD)) ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫ-

ʟʠʠ D ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʠʟ ʇʨʠʣʦʞʝʥʠʷ, ʪʘʙʣ.9, ʢʘʢ ʜʣʷ ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ ʚʦʜʳ ʚ 

ʘʟʦʪ, ʝʛʦ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

     
2
3

0
0

0
ö
ö

÷

õ

æ
æ

ç

å
Ö=

T

T

P

P
DD ; 

 ʧʨʠ ʨʘʩʯʝʪʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ɻʫʭʤʘʥʘ (Gu = (Tc ï Tʤ)/ʊʩ) 

ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʊʤ ʥʘʭʦʜʠʪʩʷ ʧʦ ɱ -  x ï ʜʠʘʛʨʘʤʤʝ; 

4) ʦʧʨʝʜʝʣʷʶʪ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʣʘʛʦʦʪʜʘʯʠ: 

                                                   ɓu = Nu'ĀD/l 

ʛʜʝ ʧʘʨʘʤʝʪʨ l ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʦʣʱʠʥʝ ʤʘʩʩʦʦʙʤʝʥʥʦʛʦ (ʚʣʘʛʦʦʙ-

ʤʝʥʥʦʛʦ) ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʧʨʠʥʷʪʴ l = 20 

ʤʤ; 

5) ʦʧʨʝʜʝʣʷʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʚʣʘʛʠ ʧʦ ʫʨʘʚʥʝʥʠʶ (ɹ); ʧʨʠ 

ʵʪʦʤ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʥʘʡʜʝʥʥʦʝ ʧʦ ʧ.4 ʟʥʘʯʝʥʠʝ ɓ ʠʤʝʝʪ 

ʨʘʟʤʝʨʥʦʩʪʴ ʤ/ʩ, ʘ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦ qu ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʨʘʟʤʝʨʥʦʩʪʴ ʢʛ/(ʤ
2
Āʩ); ʩ ʫʯʝʪʦʤ ʧʦʩʣʝʜʥʝʛʦ ʨʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ ʜʦʣʞʥʘ ʠʤʝʪʴ 

ʚʠʜ: 

                                              qu = ɓuĀ(xʧ ï x)Āɟʧʛ. 
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ʊʝʤʘ 15. ʄɸʉʆʆʇɽʈɽʅʆʉʅʓɽ ʇʈʆʎɽʉʉʓ ɺ ʇʈʀʃʆɾɽʅʀʀ 

ʂ ʇʈʆʎɽʉʉɸʄ ʉʋʐʂʀ ʉʊʈʆʀʊɽʃʔʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ ʀ ʀɿɼɽʃʀʁ 
        

15.1. ʎʝʣʴ ʟʘʥʷʪʠʷ 

ʇʨʠʦʙʨʝʩʪʠ ʥʘʚʳʢʠ ʨʘʩʯʝʪʦʚ ʩʫʰʠʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
 

15.2. ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ 
1. ʉʫʱʥʦʩʪʴ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʩʫʰʢʠ. 

2. ʉʫʰʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ɱ ï x - 

ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʚʣʘʞʥʦʛʦ ʚʦʟʜʫʭʘ. 

3. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʥʘ ɱ ï x - ʜʠʘʛʨʘʤʤʝ ʜʣʷ ʚʣʘʞʥʦʛʦ ʚʦʟʜʫʭʘ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ. 

4. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʥʘ ɱ ï x ï ʜʠʘʛʨʘʤʤʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʫʰ-

ʢʠ. 

5. ʊʝʧʣʦʚʦʡ ʙʘʣʘʥʩ ʧʨʦʮʝʩʩʘ ʢʦʥʚʝʢʪʠʚʥʦʡ ʩʫʰʢʠ. ʈʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ 

ʪʦʧʣʠʚʘ ʥʘ ʧʨʦʮʝʩʩ. 

15.3. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

[3] ï ʛʣʘʚʘ ʍV, ʧ.ʧ. 1, 2, 3, 6. 
 

15.4. ʉʦʜʝʨʞʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʘʥʷʪʠʷ 

 ʆʙʩʫʜʠʪʴ ʩʫʱʝʩʪʚʦ ʚʦʧʨʦʩʦʚ 1 ï 5, ʚʳʥʝʩʝʥʥʳʭ ʥʘ ʩʘʤʦʧʦʜʛʦʪʦʚʢʫ. 

ʈʝʰʠʪʴ ʧʨʝʜʣʘʛʘʝʤʳʝ ʥʠʞʝ ʟʘʜʘʯʠ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ. 

 ʂ ʟʘʥʷʪʠʶ ʢʘʞʜʳʡ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ ʧʦʜʛʦʪʦʚʠʪʴ ʢʩʝʨʦʢʦʧʠʶ ɱ ï x ï 

ʜʠʘʛʨʘʤʤʳ. 
 

 ɿʘʜʘʯʘ 15.1. ʆʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ɱ ï x ï ʜʠʘʛʨʘʤʤʳ ʚʣʘʛʦʩʦʜʝʨʞʘ-

ʥʠʝ (x), ʵʥʪʘʣʴʧʠʶ (ɱ), ʪʝʤʧʝʨʘʪʫʨʫ ʤʦʢʨʦʛʦ ʪʝʨʤʦʤʝʪʨʘ (tʤ), ʪʦʯʢʫ ʨʦʩʳ (tʨ) 

ʜʣʷ ʚʦʟʜʫʭʘ, ʧʦʢʠʜʘʶʱʝʛʦ ʩʫʰʠʣʢʫ ʧʨʠ  t = 50 Áʉ ʠ  ű = 0,7. 

 ʆʪʚʝʪ: x = 0,06 ʢʛ/ʢʛ, ɱ = 209 ʢɼʞ/ʢʛ,  tʤ = 43 Áʉ,  tʨ = 42 Áʉ. 
 

 ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 15.1: 

1) ʩʦʩʪʦʷʥʠʝ ʚʦʟʜʫʭʘ, ʧʦʢʠʜʘʶʱʝʛʦ ʩʫʰʠʣʢʫ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʦʯʢʦʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʣʠʥʠʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʩʪʦʷʥ-

ʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ (t = 50 Áʉ,  ű = 0,7); ʢʦʪʦʨʦʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʩʢʦʤʳʝ ʧʘʨʘʤʝʪʨʳ x ʠ ɱ; 

2) ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʢʨʦʛʦ ʪʝʨʤʦʤʝʪʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ 

ʣʠʥʠʠ  ɱ = const ʩ ʣʠʥʠʝʡ, ʦʪʚʝʯʘʶʱʝʡ ʟʥʘʯʝʥʠʶ ű = 100 %; 

3) ʪʦʯʢʘ ʨʦʩʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʘʨʦʚʦʟ-

ʜʫʰʥʘʷ ʩʤʝʩʴ ʥʘʡʜʝʥʥʦʛʦ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʘʩʳʱʝʥʥʦʡ ʚʦʜʷʥʳʤ 

ʧʘʨʦʤ, ʯʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʣʠʥʠʠ x = const ʩ ʣʠʥʠʝʡ ű = 

100 %. 

ɿʘʜʘʯʘ 15.2. ʉʫʰʠʣʴʥʳʡ ʧʨʦʮʝʩʩ (ʉʇ, ʩʤ.ʩʭʝʤʫ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦʟ-

ʜʫʭʦʤ, ʥʘʛʨʝʪʳʤ ʚ ʢʘʣʦʨʠʬʝʨʝ (ʂ). ʆʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟ-

ʜʫʭʘ (L), ʧʘʨʘʤʝʪʨʳ ʚʦʟʜʫʭʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʘʣʦʨʠʬʝʨʘ (t1,ű1,x1,ɱ1), ʢʦʣʠʯʝʩʪʚʦ 
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ʪʝʧʣʦʪʳ, ʧʦʣʫʯʘʝʤʦʝ ʚʦʟʜʫʭʦʤ ʚ ʢʘʣʦʨʠʬʝʨʝ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʠʩʭʦʜʥʳʭ ʜʘʥ-

ʥʳʭ. 

 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʟʜʫʭʘ: ʘʪʤʦʩʬʝʨʥʦʛʦ ï  xʦ = 0,01 ʢʛ/ʢʛ, tʦ = 20 Áʉ; 

                                         ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʘʣʦʨʠʬʝʨʘ ï  x2  = 0,028 ʢʛ/ʢʛ, t2 = 34 

Áʉ. 

 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʩʫʰʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ: 

     ʚʣʘʞʥʦʩʪʴ (ʩʯʠʪʘʷ ʥʘ ʦʙʱʫʶ ʤʘʩʩʫ): 

ʥʘʯʘʣʴʥʘʷ   Uʥ = 50 %, 

ʢʦʥʝʯʥʘʷ     Uʢ = 13 %; 

     ʪʝʤʧʝʨʘʪʫʨʘ:    

                                         ʥʘʯʘʣʴʥʘʷ  tʤ1 = 18 Áʉ, 

    ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʫʰʠʣʢʠ  tʤ2  = 42 Áʉ,                         

ʩʨʝʜʥʷʷ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ (ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʜʦ 13 %) ʩʤ = 1,34 

ʢɼʞ/(ʢʛĀʂ). ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʫʰʠʣʢʠ ʧʦ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʤʫ ʤʘʪʝʨʠʘʣʫ 

                                                             Gʩ = 1 ʪ/ʯ.  

 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʥʫʪʨʝʥʥʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʪʨʦʡʩʪʚ: 

    ʤʘʪʝʨʠʘʣ ï ʩʪʘʣʴ, 

    ʦʙʱʘʷ ʤʘʩʩʘ ï Gʪ = 600 ʢʛ. 

 ʊʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ï 10 % ʦʪ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ                                                                                    

ʩʣʘʛʘʝʤʳʭ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ. 

 

                            

 

 

 

 

 

 

 

 

 

 

 
 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ: 

 1) ʦʧʨʝʜʝʣʷʶʪ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʘʨʝʥʥʦʡ ʚ ʩʫʰʠʣʢʝ ʚʣʘʛʠ (W) ʧʦ ʬʦʨʤʫʣʝ    

                                                       
100

kʥ
c

UU
GW

¡-¡
Ö= , 

ʛʜʝ  U'ʥ ʠ U'k ï ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʚʣʘʞʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫ-

ʭʦʛʦ ʝʛʦ ʩʦʩʪʦʷʥʠʷ, %, ʜʣʷ ʝʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʥʠʤʘ ʬʦʨʤʫʣʘ 

                                                             
U

U
U

-

Ö
=¡

100

100
, 

ʛʜʝ  U ï ʚʣʘʞʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʦʪʥʝʩʝʥʥʘʷ ʢ ʝʛʦ ʦʙʱʝʡ ʤʘʩʩʝ; 
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ʈʠʩ.15.1. ʉʭʝʤʘ ʩʫʰʠʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 
 

 ʉʇ 
  

  ʂ 



 2) ʧʦ ɱ - x ï ʜʠʘʛʨʘʤʤʝ ʥʘʭʦʜʷʪ ʧʘʨʘʤʝʪʨʳ ʩʦʩʪʦʷʥʠʷ ʚʦʟʜʫʭʘ ʜʦ ʢʘʣʦ-

ʨʠʬʝʨʘ (tʦ, xʦ, űʦ, ɱʦ) ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʫʰʠʣʢʠ (t2, x2, ű2, ɱ2); 

3) ʦʧʨʝʜʝʣʷʶʪ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ (L, ʢʛ/ʯ) ʥʘ ʠʩʧʘʨʝʥʠʝ Wʢʛ/ʯ ʚʣʘʛʠ: 

                                                   
02 xx

W
L

-
= ; 

4) ʦʧʨʝʜʝʣʷʶʪ ʨʘʩʭʦʜ ʪʝʧʣʦʪʳ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ (Qʪ, 

ʢɼʞ/ʯ):                                             )( 02 I-IÖ=LQʊ ; 

5) ʦʧʨʝʜʝʣʷʶʪ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʨʠʚʥʝʩʝʥʥʦʝ ʚ ʩʫʰʠʣʢʫ ʩ ʠʩʧʘ-

ʨʷʝʤʦʡ ʚʣʘʛʦʡ (Qʚ):                     )0( 1-ÖÖ= ʤʚʚ tcWQ  

 (ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʩʣʝʜʫʝʪ ʚʳʯʝʩʪʴ ʠʟ ʦʙʱʠʭ ʟʘʪʨʘʪ, ʪʘʢ ʢʘʢ ʵʥʪʘʣʴʧʠʷ 

ʚʦʟʜʫʭʘ ɱ2 ʚʢʣʶʯʘʝʪ ʵʥʪʘʣʴʧʠʶ ʧʘʨʦʚ ʚʦʜʳ, ʠʩʯʠʩʣʝʥʥʫʶ ʦʪʥʦʩʠʪʝʣʴʥʦ 0Áʉ; 

6) ʦʧʨʝʜʝʣʷʶʪ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʥʘʛʨʝʚ ʤʘʪʝʨʠʘʣʘ 

(Qʤ):                                             )( 12 ʤʤʤʤ ttʩGQ -ÖÖ= , 

ʛʜʝ  G ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʫʰʠʣʢʠ ʧʦ ʚʳʩʫʰʝʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʢʛ/ʯ: 

                                                           )
100

1( k

ʩ

U
GG +Ö= ; 

7) ʦʧʨʝʜʝʣʷʶʪ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʥʘʛʨʝʚ ʪʨʘʥʩʧʦʨʪ-

ʥʳʭ ʫʩʪʨʦʡʩʪʚ (Qʪ):                      )( 21 vʤʊʊʊ ttʩGQ -ÖÖ= , 

ʛʜʝ  ʩʪ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʪʘʣʠ  (ʩʤ. ʇʨʠʣʦʞʝʥʠʝ, ʪʘʙʣ. ʇ.5.);         

8) ʦʧʨʝʜʝʣʷʶʪ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ (Q), ʧʨʦʠʟʚʦʜʠʤʦʡ 

ʢʘʣʦʨʠʬʝʨʦʤ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ: 

                              1,1)( Ö++-= TʤʚT QQQQQ ; 

9) ʦʧʨʝʜʝʣʷʶʪ ʵʥʪʘʣʴʧʠʶ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ ʩʫʰʠʣʢʫ (ɱ1), ʠʩʭʦʜʷ ʠʟ 

ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ:                  
L

Q
=I-I 01 , 

ʦʪʢʫʜʘ                                                  0I+=I
L

Q
; 

10) ʧʦ ɱ - x ï ʜʠʘʛʨʘʤʤʝ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ɱ1 ʠ x1 = x0 ʥʘʭʦʜʷʪ ʦʩʪʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ï t1 ʠ ű1. 
 

 ɿʘʜʘʯʘ 15.3. (ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ). 

 ʂʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʣʘʛʠ (W) ʫʜʘʣʷʝʪʩʷ ʠʟ ʤʘʪʝʨʠʘʣʘ ʚ ʩʫʰʠʣʢʝ, ʝʩʣʠ 

ʚʦʟʜʫʭ ʧʦʩʪʫʧʘʝʪ ʚ ʩʫʰʠʣʢʫ ʚ ʢʦʣʠʯʝʩʪʚʝ L = 200 ʢʛ/ʯ (ʩʯʠʪʘʷ ʥʘ ʘʙʩʦʣʶʪʥʦ 

ʩʫʭʦʡ ʚʦʟʜʫʭ) ʩ t1 = 95 Áʉ, ű1 = 5 %, ʘ ʫʭʦʜʠʪ ʠʟ ʩʫʰʠʣʢʠ ʩ t2 = 50 Áʉ ʠ ű2  = 60 

%? ʆʧʨʝʜʝʣʠʪʴ ʪʘʢʞʝ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ (l). 

 ʆʪʚʝʪ:  W = 4 ʢʛ/ʯ, l = 50 ʢʛ/ʢʛ. 
 

          ɿʘʜʘʯʘ 15.4 (ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ). 

 ɺʦʟʜʫʭ ʧʝʨʝʜ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʩʫʰʠʣʢʫ ʧʦʜʦʛʨʝʚʘʝʪʩʷ ʚ ʢʘʣʦʨʠʬʝʨʝ ʜʦ 

t1 = 113 Áʉ. ʇʨʠ ʚʳʭʦʜʝ ʠʟ ʩʫʰʠʣʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ t2 = 60 Áʉ ʠ ű2 = 

30%.ʆʧʨʝʜʝʣʠʪʴ ʪʦʯʢʫ ʨʦʩʳ ʚʦʟʜʫʭʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʢʘʣʦʨʠʬʝʨ. ʇʨʦʮʝʩʩ 

ʩʫʰʢʠ ʠʜʝʪ ʧʦ ʣʠʥʠʠ  J = const. 

 ʆʪʚʝʪ:  tʨ = 25Áʉ. 
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ɺɺɽɼɽʅʀɽ ʂ ʃɸɹʆʈɸʊʆʈʅʆʄʋ ʇʈɸʂʊʀʂʋʄʋ 
 

ʉʦʚʤʝʩʪʥʦ ʩ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʟʘʥʷʪʠʷʤʠ ʠ ʢʫʨʩʦʚʳʤ ʧʨʦʝʢʪʦʤ ʣʘʙʦʨʘ-

ʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ ʧʦ ʢʫʨʩʫ çʇʨʦʮʝʩʩʳ ʠ ʘʧʧʘʨʘʪʳ ʚ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡè ʟʘʢʨʝʧʣʷʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʧʦ ʵʪʦʡ ʚʘʞʥʦʡ 

ʜʣʷ ʙʫʜʫʱʝʛʦ ʠʥʞʝʥʝʨʘ-ʪʝʭʥʦʣʦʛʘ ʜʠʩʮʠʧʣʠʥʝ, ʨʘʟʚʠʪʠʷ ʥʘʚʳʢʦʚ ʧʨʘʢʪʠʯʝ-

ʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʠ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʘʢʪʠʢʫʤ ʥʦʩʠʪ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʭʘʨʘʢʪʝʨ. ɺ ʥʝʛʦ ʚʢʣʶʯʝʥʳ ʣʘʙʦ-

ʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʦʜʥʦʤʫ ʠʟ ʦʩʥʦʚʥʳʭ ʧʝʨʝʜʝʣʦʚ 

ʦʙʦʙʱʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠʟʜʝʣʠʡ: ʧʨʠʛʦʪʦʚʣʝʥʠʶ ʬʦʨʤʦʚʦʯ-

ʥʳʭ ʩʤʝʩʝʡ, ʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʶ ʧʦ ʪʨʫʙʘʤ, ʬʦʨʤʦʚʘʥʠʶ, ʪʝʧʣʦʚʦʡ ʦʙʨʘ-

ʙʦʪʢʝ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʩʪʫʜʝʥʪ ʫʚʠʜʠʪ, ʢʘʢ ʤʦʞʥʦ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʧʨʠʤʝʥʠʪʴ ʦʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʪʝʧ-

ʣʦ-ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʜʣʷ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝh ʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦ ʧʦʤʦʞʝʪ ʩʪʫʜʝʥʪʫ ʦʩʚʦʠʪʴ ʤʝʪʦʜʠʢʫ ʬʠʟʠʯʝʩʢʦʛʦ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ,  ʚ ʣʘʙʦʨʘ-

ʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ 1 ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʩ-

ʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʨʘʢʪʠʢʫʤʝ, ʥʘʨʷʜʫ ʩ ʩʘʤʳʤ ʩʦʚʨʝʤʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ, 

ʢʘʢʦʚʳʤ ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʘʷ ʕɺʄ, ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ, ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʚ-

ʰʠʭʩʷ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʧʨʘʢʪʠʢʝ ʨʘʥʝʝ, ʧʦʤʦʛʘʝʪ ʩʪʫʜʝʥʪʫ ʣʫʯʰʝ ʫʩʚʦ-

ʠʪʴ ʦʩʥʦʚʥʳʝ ʠʜʝʠ ʠ ʧʨʠʥʮʠʧʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʫʚʠʜʝʪʴ 

ʙʦʣʝʝ ʰʠʨʦʢʦ ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ, ʩʦʩʪʘʚʠʚʰʠʭ ʦʩʥʦʚʫ ʣʘʙʦʨʘ-

ʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ, ʷʚʠʣʠʩʴ ʠʪʦʛʦʤ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʬʝʜʨʳ 

ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠʟʜʝʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪ-

ʚʝʥʥʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʃʘʙʦʨʘʪʦʨʥʦʤʫ ʧʨʘʢʪʠ-

ʢʫʤʫ ʧʨʝʜʰʝʩʪʚʦʚʘʣʦ ʠʟʜʘʥʠʝ ʤʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʡ, ʧʦ ʦʪʜʝʣʴʥʳʤ ʨʘʙʦ-

ʪʘʤ: ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪ r  ̄1 ʠ ˉ 5 ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. ɽ.ʀ. ʐʤʠʪʴʢʦ, 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ. ʀ.ʀ. ʇʝʨʚʫʰʠʥʳʤ; ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ 2 ʠ ˉ 4 ï ʜ-

ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. ɽ.ʀ. ʐʤʠʪʴʢʦ, ʩʪ. ʧʨʝʧ. ʊ.ɻ. ʉʚʷʪʩʢʦʡ; ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘ-

ʙʦʪʘ ˉ 3 ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. ɽ.ʀ. ʐʤʠʪʴʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. ɺ.ʊ. 

ʇʝʨʮʝʚʳʤ. ʅʘʩʪʦʷʱʝʝ ʠʟʜʘʥʠʝ ʜʦʧʦʣʥʝʥʦ ʥʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠ-

ʝʤ ʨʘʙʦʪ*.  

ʃʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʨʘʩʩʯʠʪʘʥʳ ʥʘ 34 ʯʘʩʘ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ.  

 

 

________________________________ 
 

*ʇʨʠʤʝʯʘʥʠʝ: ʘʚʪʦʨʳ ɽ.ʀ. ʐʤʠʪʴʢʦ, ɼ.ʅ. ʂʦʨʦʪʢʠʭ, ɺ.ɺ. ʄʳʩʢʦʚ. 
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ʇʦʜʛʦʪʦʚʢʘ ʢ ʢʘʞʜʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ʚʢʣʶʯʘʝʪ ʠʟʫʯʝʥʠʝ ʣʝʢʮʠ-

ʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʧʝʨʝʯʥʝʤ ʢʦʥʪʨʦʣʴʥʳʭ 

ʚʦʧʨʦʩʦʚ, ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʤʝʪʦʜʠʢʦʡ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ. 

 

ʇʦ ʚʳʧʦʣʥʝʥʥʳʤ ʣʘʙʦʨʘʪʦʨʥʳʤ ʨʘʙʦʪʘʤ ʩʦʩʪʘʚʣʷʝʪʩʷ ʦʪʯʝʪ, ʢʦʪʦʨʳʡ 

ʟʘʱʠʱʘʝʪʩʷ ʧʝʨʝʜ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ. ɺ ʦʪʯʝʪʝ ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʴ: 

1) ʥʘʟʚʘʥʠʝ ʨʘʙʦʪʳ; 

2) ʮʝʣʴ ʨʘʙʦʪʳ; 

3) ʧʝʨʝʯʝʥʴ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʘʪʝʨʠʘʣʦʚ; 

4) ʤʝʪʦʜʠʢʫ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ; 

5) ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʚ ʚʠʜʝ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʩʯʝʪʦʚ, ʪʘʙʣʠʮ, ʛʨʘʬʠʯʝ-

ʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ; 

6) ʚʳʚʦʜʳ. 
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ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ1 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʇɽʈɽʄɽʐʀɺɸʅʀʗ 

ɺ ʉʄɽʉʀʊɽʃɽ ɻʀɼʈʆʄɽʍɸʅʀʏɽʉʂʆɻʆ ʊʀʇɸ 
 

1.1. ʎʝʣʴ ʨʘʙʦʪʳ 

ʈʝʘʣʠʟʦʚʘʪʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʝ-

ʨʝʤʝʰʠʚʘʥʠʷ ʩʤʝʩʠ, ʦʙʣʘʜʘʶʱʝʡ ʩʚʦʡʩʪʚʘʤʠ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ;  ʫʩʪʘʥʦʚʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʘ ʠ  ʦʧʨʝʜʝʣʠʪʴ ʚʠʜ ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦ-

ʮʝʩʩ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 
 

1.2. ʂʨʘʪʢʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʤʝʩʠʪʝʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʤʝʰʘʣʢʦʡ; ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʩʪʨʫʢʪʫʨʘ ʠ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʦʚ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʤʝʰʘʣʢʠ, ʩʧʦʩʦʙʘ ʫʩ-

ʪʘʥʦʚʢʠ ʝʝ ʚ ʩʤʝʩʠʪʝʣʝ, ʢʦʥʩʪʨʫʢʮʠʠ ʩʘʤʦʛʦ ʩʤʝʩʠʪʝʣʷ, ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʤʝʰʘʣʢʠ ʠ ʜʨ. 

 ʇʨʦʮʝʩʩ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠʩʩʣʝʜʫʶʪ ʦʙʳʯʥʦ ʥʘ ʤʦʜʝʣʷʭ, ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠ ʧʦʜʦʙʥʳʭ ʥʘʪʫʨʥʦʤʫ ʩʤʝʩʠʪʝʣʶ (ʨʠʩ. 1.1.),  ʘ  ʨʝʟʫʣʴʪʘʪʳ  ʠʩʩʣʝ- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʜʦʚʘʥʠʷ ʦʙʦʙʱʘʶʪ ʚ ʚʠʜʝ ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠ ̫ʚʠʜʘ: 

 
y

m

x

mm FrReCEu = ,     (1.1) 

ʛʜʝ ɽum, Rem, Frm ï ʢʨʠʪʝʨʠʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ ʕʡʣʝʨʘ, ʈʝʡ-

ʥʦʣʴʜʩʘ ʠ ʌʨʫʜʘ ʜʣʷ ʤʝʰʘʣʢʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʦʙʱʝʠʟʚʝʩʪʥʳʭ ʛʠʜʨʦʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʪʝʤ, ʯʪʦ ʚʭʦʜʷʱʘʷ ʚ ʠʭ ʩʦʩʪʘʚ ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʟʘʤʝ-

ʥʝʥʘ ʥʘ ʦʢʨʫʞʥʫʶ: dnpw= . ʉ ʫʯʝʪʦʤ ʪʘʢʦʡ ʟʘʤʝʥʳ ʢʨʠʪʝʨʠʠ ʧʨʠʦʙʨʝʪʘʶʪ 

ʚʠʜ:                                               
32m

dn

P
Eu

r

D
= , (1.2) 

 
m

r2

m

nd
Re = , (1.3) 
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ʈʠʩ. 1.1. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ,  

ʦʧʨʝʜʝʣʷʶʱʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ  

ʧʦʜʦʙʠʝ ʩʤʝʩʠʪʝʣʝʡ  

ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ:  
 

D ï ʜʠʘʤʝʪʨ ʩʦʩʫʜʘ, ʅ ï ʚʳʩʦʪʘ 

ʞʠʜʢʦʩʪʠ ʚ ʩʦʩʫʜʝ, d ï ʜʠʘʤʝʪʨ  

ʩʤʝʩʠʪʝʣʴʥʦʡ ʣʦʧʘʩʪʠ, ʚ ï ʚʳʩʦʪʘ 

ʣʦʧʘʩʪʠ, ʘ ï ʜʣʠʥʘ ʣʦʧʘʩʪʠ,  

h ï ʚrʩʦʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʦʧʘʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʥʘ ʩʦʩʫʜʘ 
 



 
g

dn
Fr

2

m = , (1.4) 

ʛʜʝ ɟ ʠ ɛ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʣʦʪʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, 

d ï ʜʠʘʤʝʪʨ ʤʝʰʘʣʢʠ, n ï ʯʘʩʪʦʪʘ ʚʨʘɦ ʝʥʠʷ ʤʝʰʘʣʢʠ, ȹʈ ï ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ, 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʣʦʧʘʩʪʴʶ ʤʝʰʘʣʢʠ. 

ʆʪ ʢʨʠʪʝʨʠʷ ʕʡʣʝʨʘ ʧʝʨʝʭʦʜʷʪ ʢ ʢʨʠʪʝʨʠʶ ʤʦʱʥʦʩʪʠ: 

 
r53N

dn

N
K = . (1.5) 

ʉ ʫʯʝʪʦʤ ʧʦʩʣʝʜʥʝʛʦ, ʢʨʠʪʝʨʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝʰʠʚʘ-

ʥʠʷ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

                                y

m

x

mN FrReCK = ,                                            (1.6) 

ʛʜʝ ʉ ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʥɦʦʩʪʠ.  

ɿʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʉ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʝʡ x ʠ y ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʩʪ-

ʨʫʢʮʠʠ ʤʝʰʘʣʢʠ ʠ ʩʤʝʩʠʪʝʣʷ ʚ ʮʝʣʦʤ, ʩʦʦʪʥʦʰʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝ-

ʨʦʚ ʘʧʧʘʨʘʪʘ ʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʤʝʩʠʪʝʣʷ. 
 

 

1.3. ʆʙʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ       

       ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʚ ʨʘʙʦʪʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʤʝʩʠʪʝʣʷ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉ, x ʠ y. ɼʣʷ 

ʵʪʦʛʦ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʦʜʝʣʷʭ ʩʤʝʩʠʪʝʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʘʣʠʟʫʶʪ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʥʘ 

ʞʠʜʢʦʩʪʷʭ ʩ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʟʥʘʯʝʥʠʷʤʠ ɟ ʠ ɛ; ʠʟʤʝʨʷʶʪ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ 

ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʠʜʘ (1.6) ʠ ʧʦ-

ʣʫʯʘʶʪ ʠʩʢʦʤʳʝ ʟʥʘʯʝʥʠʷ. ɼʝʣʘʶʪ ʚʳʚʦʜʳ ʦʙ ʦʞʠʜʘʝʤʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘ-

ʙʦʪʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʠʧʦʚ ʩʤʝʩʠʪʝʣʝʡ. 
 

 

1.4. ʆʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʠʙʦʨʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ, ʧʨʠʙʦʨʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ. 

1. ʄʦʜʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 

2. ʇʨʠʙʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʷʟʢʦʩʪʠ ʤʦʜʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. 

3. ɸʨʝʦʤʝʪʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠʣʠ ʤʝʨʥʳʡ ʩʦʩʫʜ ʦʙʲʝʤʦʤ 

250 ʤʣ ʠ ʚʝʩʳ ʪʝʭʥʠʯʝʩʢʠʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʩ ʪʦʯʥʦʩʪʴʶ ʚʟʚʝʰʠʚʘʥʠʷ Ñ 0,1 ʛ. 

4. ʅʘʙʦʨ ʩʲʝʤʥʳʭ ʣʦʧʘʩʪʝʡ ʪʫʨʙʠʥʥʦʛʦ ʪʠʧʘ. 

5. ʐʪʘʥʛʝʥʮʠʨʢʫʣʴ, ʩʝʢʫʥʜʦʤʝʨ. 

6. ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʩʦʩʫʜ ʩ ʢʨʳʰʢʦʡ. 

7. ɽʤʢʦʩʪʴ ʨʘʟʣʠʚʦʯʥʘʷ, ʚʦʨʦʥʢʘ, ʚʝʪʦʰʴ. 

8. ʕɺʄ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʨʠʢʣʘʜʥʦʡ ʧʨʦʛʨʘʤʤʦʡ çʇʨʦʮʝʩʩ 1.0è. 
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1.5. ʈʘʙʦʯʝʝ ʟʘʜʘʥʠʝ ʠ ʤʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

ɿʚʝʥʦ ʩʪʫʜʝʥʪʦʚ ʠʟ 3-4 ʯʝʣʦʚʝʢ ʧʦʣʫʯʘʝʪ ʟʘʜʘʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʦʙʦʟʥʘʯʝ-

ʥʳ ʪʨʠ ʩʦʩʪʘʚʘ ʤʦʜʝʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʪʠʧ ʪʫʨʙʠʥʥʦʡ ʤʝʰʘʣʢʠ ʩ ʦʧʨʝʜʝʣʝʥ-

ʥʳʤʠ ʪʠʧʦʨʘʟʤʝʨʘʤʠ ï d,b,a,h (ʩʦʛʣʘʩʥʦ ʨʠʩ. 1.1).                             

     ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʝ-

ʤʝʥʪʥʦ-ʚʦʜʥʫʶ ʩʫʩʧʝʥʟʠʶ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ɺ/ʎ-ʦʪʥʦʰʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,45 

ʜʦ 0,70.                                                                                                                                   

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʯʘʩʪʴ ʥʘʯʠʥʘʶʪ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ 

ʢʘʞʜʦʡ ʞʠʜʢʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʟʘʥʦʩʷʪ ʚ ʪʘʙʣ. 1.1 ʠ 1.2. 

ʇʣʦʪʥʦʩʪʴ ʦʧʨʝʜʝʣʷʶʪ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʘʨʝʦʤʝʪʨʘ ʧʫʪʝʤ ʧʦʛʨʫʞʝʥʠʷ 

ʝʛʦ ʚ ʤʦʜʝʣʴʥʫʶ ʞʠʜʢʦʩʪʴ, ʠʣʠ ʧʫʪʝʤ ʚʟʚʝʰʠʚʘʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʤʝʨʥʦʤ ʮʠ-

ʣʠʥʜʨʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʝʣʝʥʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʤʘʩʩʳ ʞʠʜʢʦʩʪʠ ʥʘ 

ʝʝ ʦʙʲʝʤ. 

ʊʘʙʣʠʮʘ 1.1 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ ʤʦʜʝʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ 
 

 

ʅʦʤʝʨ 

ʞʠʜʢʦ-

ʩʪʠ 

 

ʇʣʦʪʥʦʩʪʴ, 

ʠʟʤʝʨʝʥ-

ʥʘʷ ʧʦ 

ʘʨʝʦʤʝʪʨʫ, 

ʢʛ/ʤ
3
 

ʇʣʦʪʥʦʩʪʴ ʨʘʩʯʝʪʥʘʷ ï ɟ = m/V 

ʆʙʲʝʤ 

ʞʠʜʢʦʩʪʠ 

ʚ ʤʝʨʥʦʤ 

ʩʦʩʫʜʝ, 

ʤʣ 

ʄʘʩʩʘ 

ʩʦʩʫʜʘ 

ʙʝʟ 

ʞʠʜ-

ʢʦʩʪʠ, 

ʛ 

ʄʘʩʩʘ 

ʩʦʩʫʜʘ 

ʩ ʞʠʜ-

ʢʦ-

ʩʪʴʶ, ʛ 

 

ʄʘʩʩʘ 

ʞʠʜʢʦʩʪʠ, 

ʛ 

 

ʇʣʦʪ-

ʥʦʩʪʴ, 

ʢʛ/ʤ
3
 

1       

2       

3       
 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʠʩʢʦʟʠʤʝʪʨ ʪʠʧʘ 

ʈɺ-8ʄ. ʋʩʪʨʦʡʩʪʚʦ ʚʠʩʢʦʟʠʤʝʪʨʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.2. 

ʇʨʠʥʮʠʧ ʦʧʨʝʜʝʣʝʥʠʷ ʚʷʟʢʦʩʪʠ ʥʘ ʚʠʩʢʦʟʠʤʝʪʨʝ ʪʠʧʘ ʈɺ-8ʄ ʦʩʥʦʚʘʥ 

ʥʘ ʠʟʤʝʨʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʮʠʣʠʥʜʨʘ (2) ʧʨʠ ʥʝʧʦʜʚʠʞ-

ʥʦʤ ʚʥʝʰʥʝʤ (1) ʚ ʠʩʧʳʪʫʝʤʦʡ ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʛʨʫ-

ʟʘ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1.2. ʉʭʝʤʘ ʨʦʪʘʮʠʦʥʥʦʛʦ 

 ʚʠʩʢʦʟʠʤʝʪʨʘ ʈɺ-8ʄ: 

 

1 - ʚʥʫʪʨʝʥʥʠʡ ʮʠʣʠʥʜʨ; 2 - ʥʘʨʫʞʥʳʡ 

ʮʠʣʠʥʜʨ; 3 - ʧʘʜʘʶʱʠʝ ʛʨʫʟʳ; 4 - ʰʢʠʚ;  

5- ʩʪʦʧʦʨ; 6- ʰʪʘʪʠʚ; 7- ʩʪʦʣʠʢ; 8 - ʧʦʜ̡-

ʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; 9- ʢʨʝʧʝʞʥʳʡ ʚʠʥʪ; 

10- ʨʝʛʫʣʠʨʦʚʦʯʥʳʝ ʚʠʥʪʳ 
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ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʠʩʧʳʪʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ʥʘʛʨʫʟʢʠ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʧʨʠʙʦʨʘ. ɼʣʷ ʵʪʦʛʦ ʧʫʪʝʤ ʧʦʩʪʝʧʝʥʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʛʨʫʟʘ ʈ0, ʧʨʠ ʢʦʪʦʨʦʤ ʚʥʫʪʨʝʥʥʠʡ ʮʠʣʠʥʜʨ ʥʘ-

ʯʠʥʘʝʪ ʚʨʘʱʝʥʠʝ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʷʟʢʦʩʪʠ ʠʩʧʳʪʫʝʤʫʶ ʞʠʜʢʦʩʪʴ ʚ ʢʦʣʠʯʝʩʪʚʝ 15 - 

17ʤʣ ʟʘʛʨʫʞʘʶʪ ʚ ʥʘʨʫʞʥʳʡ ʮʠʣʠʥʜʨ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʢʨʘʡʥʝʤ ʥʠʞʥʝʤ ʧʦ-

ʣʦʞʝʥʠʠ. ʅʘʨʫʞʥʳʡ ʮʠʣʠʥʜʨ ʩ ʧʦʤʦʱʴʶ ʧʦʜʲʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (8) ʧʨʠʚʦ-

ʜʷʪ ʚ ʨʘʙʦʯʝʝ ʧʦʣʦʞʝʥʠʝ ʠ ʬʠʢʩʠʨʫʶʪ ʩ ʧʦʤʦʱʴʶ ʚʠʥʪʘ (9). ʀʟʙʳʪʦʢ ʞʠʜʢʦ-

ʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʙʨʘʪʴ. ʋʩʪʘʥʦʚʠʚ ʤʠʥʠʤʘʣʴʥʳʡ ʛʨʫʟ (ʈ) ʥʘ ʙʣʦʢʝ ʧʨʠ ʫʩʣʦ-

ʚʠʠ ʈ > ʈ0, ʦʩʚʦʙʦʞʜʘʶʪ ʰʢʠʚ (4) ʩʦ ʩʪʦʧʦʨʘ (5). ʇʨʠ ʵʪʦʤ ʩʦʟʜʘʝʪʩʷ ʢʨʫʪʷ-

ʱʠʡ ʤʦʤʝʥʪ, ʧʨʠʚʦʜʷʱʠʡ ʚʥʫʪʨʝʥʥʠʡ ʮʠʣʠʥʜʨ ʚ ʜʚʠʞʝʥʠʝ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ 

ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʝʨʝʜʘʝʪʩʷ ʚʘʣʫ ʚʥʫʪʨʝʥʥʝʛʦ ʮʠʣʠʥʜʨʘ ʠ ʬʠʢʩʠʨʫ-

ʝʪʩʷ  ʚʨʝʤʝʥʝʤ ʝʛʦ ʧʦʣʥʦʛʦ ʦʙʦʨʦʪʘ. ʆʧʳʪʳ ʧʦʚʪʦʨʷʶʪ 2 ï 3 ʨʘʟʘ ʧʨʠ ʨʘʟ-

ʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʈ. ɺʷʟʢʦʩʪʴ ʤʦʜʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ  ʚ ʇʘÖʩ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ 

ʬʦʨʤʫʣʝ:                                     t
n

PP
K 0-
=m ,                                           (1.7) 

ʛʜʝ ʂ ï ʢʦʥʩʪʘʥʪʘ ʧʨʠʙʦʨʘ, ʂ=0,393; ʈ ï ʤʘʩʩʘ ʛʨʫʟʘ, ʛ; n ï ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ; t 

ï ʚʨʝʤʷ ʦʙʦʨʦʪʘ; ʈ0 ï ʤʘʩʩʘ ʛʨʫʟʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʭʦʣʦʩʪʦʡ ʭʦʜ ʧʨʠʙʦʨʘ. 
 

ʊʘʙʣʠʮʘ 1.2 
 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʷʟʢʦʩʪʝʡ ʤʦʜʝʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ 
 

 

ʅʦʤʝʨ 

ʞʠʜʢʦʩʪʠ 

 

ʅʘʛʨʫʟʢʘ 

ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʘ,ʈ0,ʛ. 

ʄʘʩʩʘ 

ʛʨʫʟʘ ʠ 

ʯʘʰʝʢ 

ʧʨʠʙʦʨʘ 

ʈ, ʛ 

ɼʣʠʪʝʣʴʥʦʩʪʴ  

2-ʭ ʦʙʦʨʦʪʦʚ 

ʜʠʩʢʘ 

ʧʨʠʙʦʨʘ t, ʩ 

ʈʘʩʯʝʪʥʦʝ 

ʟʥʘʯʝʥʠʝ 

ʚʷʟʢʦʩʪʠ 

ɛ, ʇʘÖʩ 

ʇʨʠʥʷʪʦʝ 

(ʩʨʝʜʥʝʝ) 

ʟʥʘʯʝʥʠʝ 

ʚʟ̫ʢʦʩʪʠ, 

ʇʘÖʩ 

1 
    

     

    

2 
    

     

    

3 
    

     

    
 

 

 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʨʘʤʝʪʨʦʚ ɟ ʠ Õ 

ʧʨʠʩʪʫʧʘʶʪ ʢ ʚʳʧʦʣʥʝʥʠʶ ʦʩʥʦʚʥʦʛʦ ʟʘʜʘʥʠʷ.  

ʇʝʨʚʳʤ ʰʘʛʦʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʤʝʩʠʪʝʣʴʥʦʛʦ ʩʦʩʫʜʘ ʠ ʤʝʰʘʣʢʠ. ɿʘʪʝʤ ʞʠʜʢʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʣʠʚʘʶʪ 

ʚ ʩʤʝʩʠʪʝʣʴʥʫʶ ʝʤʢʦʩʪʴ (ʨʠʩ. 1.3) ʠ ʨʝʘʣʠʟʫʶʪ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʨʠ 

ʪʨʝʭ ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʤʝʰʘʣʢʠ.  
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ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʤʝʰʘʣʢʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʝʨʝʩʪʘʥʦʚʢʦʡ ʨʝʤʥʝʡ 

ʩʪʫʧʝʥʯʘʪʦʡ ʢʣʠʥʦʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ. ʇʨʠ ʢʘʞʜʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʤʝ-

ʰʘʣʢʠ ʠʟʤʝʨʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʢʘʢ 

ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʤʦʱʥʦʩʪʴʶ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʠ ʤʦʱʥʦʩʪʴʶ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʤʝ-

ʰʘʣʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʟʘʥʦʩʷʪ ʚ ʪʘʙʣ.1.3. ʅʘ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘ-

ʙʦʪʳ ʟʘʢʘʥʯʠʚʘʝʪʩʷ. ɼʘʣʴʰʝ ʧʨʠʩʪʫʧʘʶʪ ʢ ʚʳʧʦʣʥʝʥʠʶ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʩʯʝ-

ʪʦʚ. 
 

1.6. ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʊʘʙʣʠʮʘ 1.3 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʤʦʱʥʦʩʪʠ 
 

 

ʇʣʦʪʥʦʩʪʴ 

ʞʠʜʢʦʩʪʠ, 

ʢʛ/ʤ
3
 

 

ʏʘʩʪʦʪʘ 

ʚʨʘɦ ʝʥʠʷ 

ʤʝʰʘʣʢʠ, 

ɻʮ 

ʄʦʱʥʦʩʪʴ 

ʜʚʠʛʘʪʝʣʷ 

ʧʦʜ  

ʥʘʛʨʫʟʢʦʡ, 

ɺʪ 

ʄʦʱʥʦʩʪʴ 

ʜʚʠʛʘʪʝʣʷ 

ʥʘ ʭʦʣʦ-

ʩʪʦʤ ʭʦʜʫ, 

ɺʪ 

ʄʦɦ -

ʥʦʩʪʴ ʥʘ 

ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʝ, 

ɺʪ 

 

 

ʇʨʠʤʝʯʘʥʠʷ 

     ʊʠʧ ʤʝʰʘʣʢʠ 

 

ɻʝʦʤʝʪʨʠʯʝ-

ʩʢʠʝ ʨʘʟʤʝʨʳ* 

ʅ= 

d= 

ʚ= 

ʘ= 

h= 

    

    

     

    

    

     

    

    

* - ʦʙʦʟʥʘʯʝʥʠʷ ʜʘʥʳ ʩʦʛʣʘʩʥʦ ʨʠʩ. 1.1. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ çʚʨʫʯʥʫʶè ʠʣʠ  ʧʨʠ 

ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ çʇʨʦʮʝʩʩ 1.0è ʟʥʘʯʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ 

ʟʘʥʦʩʷʪ ʚ ʪʘʙʣ. 1.4. ɺ ʦʩʥʦʚʫ ʨʘʩʯʝʪʘ ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʟʘʣʦʞʝʥ ʤʝ-

ʪʦʜ ʥʘʠʤʝʥʴh ʠʭ ʢʚʘʜʨʘʪʦʚ. 
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ʈʠʩ. 1.3. ʄʦʜʝʣʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ  

ʩʤʝʩʠʪʝʣʷ: 
 

 

 

1 - ʧʨʝʜʤʝʪʥʳʡ ʩʪʦʣʠʢ; 2 - ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʤʝʰʘʣʢʠ; 

3 - ʩʤʝʩʠʪʝʣʴʥʘʷ ʝʤʢʦʩʪʴ; 4 ï ʢʨʳʰʢʘ; 5 - ʚʘʣ ʤʝʰʘʣ-

ʢʠ; 6 ï ʢʨʝʧʝʞ; 7 - ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ  ʧʝ-

ʨʝʤʝʱʝʥʠʷ  ʚʘʣʘ  ʤʝʰʘʣʢʠ;  8 - ʧʨʠʚʦʜʥʦʡ   ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʴ N = 0,18 ʢɺʪ; 9 ï ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ;  

10 ï ʚʘʪʪʤʝʪʨ; 11 ï ʚʘʨʠʘʪʦʨ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ  

ʟʘʜʘʚʘʝʤʳʭ ʩʢʦʨʦʩʪʝʡ ʤʝʰʘʣʢʠ: 

1-ʡ ʜʠʘʧʘʟʦʥ ï 26,7 ʩ
-1
;2-ʡ ʜʠʘʧʘʟʦʥ ï 16,7 ʩ

-1
; 

3-ʡ ʜʠʘʧʘʟʦʥ ï 10 ʩ
-1 

 

 



ʊʘʙʣʠʮʘ 1.4 
 

ʈʘʩʯʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ 
 

ʅʦʤʝʨ 

ʞʠʜʢʦʩʪʠ 

ɟ, 

ʢʛ/ʤ
3
 

ɛ, 

ʇʘÖʩ 

n,  

ɻʮ 

N, 

ɺʪ 

d, 

ʤ 
Frm Rem KN

ʵʢʩʧ 
KN
ʨʘʩʯ 

1   
  

 

    

      

      

2   
      

      

      

3   
      

      

      

 

 ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʨʠ ʧʦʤʦʱʠ ʕɺʄ ʩʣʝʜʫʶʱʠʡ: 

1.ɿʘʧʫʩʪʠʪʴ ʧʨʦʛʨʘʤʤʫ çʇʨʦʮʝʩʩ 1.0è. 

2.ɺ ʧʦʷʚʠʚʰʝʤʩʷ ʜʠʘʣʦʛʦʚʦʤ  ʦʢʥʝ  ʚʳʙʨʘʪʴ  ʣʘʙʦʨʘʪʦʨʥʫʶ ʨʘʙʦʪʫ ˉ 1 

ʠ ʥʘʞʘʪʴ ɼɸʃɽɽ.  

3.ɺʚʝʩʪʠ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ 1-ʡ ʞʠʜʢʦʩʪʠ, ʩʣʝʜʦʚʘʪʴ ʫʢʘ-

ʟʘʥʠʷʤ ʧʦʤʦʥɦʠʢʘ. 

4.ɺʚʝʩʪʠ ʟʥʘʯʝʥʠʷ ʜʠʘʤʝʪʨʘ ʤʝʰʘʣʢʠ ʠ ʤʦʱʥʦʩʪʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ. 

5.ɿʘʧʠʩʘʪʴ ʚʳʚʝʜʝʥʥʳʝ ʥʘ ʵʢʨʘʥ ʟʥʘʯʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʨʠʪʝ-

ʨʠʝʚ. 

6.ɺʚʝʩʪʠ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ 2-ʡ ʞʠʜʢʦʩʪʠ. 

7.ɺʚʝʩʪʠ ʟʥʘʯʝʥʠʷ ʜʠʘʤʝʪʨʘ ʤʝʰʘʣʢʠ ʠ ʤʦʱʥʦʩʪʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ. 

8.ɿʘʧʠʩʘʪʴ ʚʳʚʝʜʝʥʥʳʝ ʥʘ ʵʢʨʘʥ ʟʥʘʯʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʨʠʪʝ-

ʨʠʝʚ. 

9.ɺʚʝʩʪʠ ʟʥʘʯʝʥʠʷ  ʧʣʦʪʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ 3-ʡ ʞʠʜʢʦʩʪʠ. 

10.ɺʚʝʩʪʠ ʟʥʘʯʝʥʠʷ ʜʠʘʤʝʪʨʘ ʤʝʰʘʣʢʠ ʠ ʤʦʱʥʦʩʪʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ. 

11.ɿʘʧʠʩʘʪʴ ʚʳʚʝʜʝʥʥʳʝ ʥʘ ʵʢʨʘʥ ʟʥʘʯʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʨʠʪʝ-

ʨʠʝʚ. 

12.ɿʘʧʠʩʘʪʴ ʧʦʣʫʯʝʥʥʦʝ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʫʨʘʚʥʝʥʠʝ, ʩʨʘʚʥʠʪʴ ʨʘʩʯʝʪʥʳʝ ʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʤʦʱʥʦʩʪʠ, ʧʨʠʤʝʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1.4. 

13.ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ KN
ʨʘʩʯ

 =
 
f(Rem) ʧʨʠ Frm=const. 

ɿʘʚʝʨʰʘʝʪʩʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʘʥʘʣʠʟʦʤ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

ɼʣʷ ʵʪʦʛʦ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʩʝʭ ʟʚʝʥʴʝʚ ʦʙʲʝʜʠʥʷʶʪʩʷ ʠ ʟʘʥʦʩʷʪʩʷ 

ʚ ʪʘʙʣ. 1.5. 
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ʊʘʙʣʠʮʘ 1.5 



 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʤʝʩʠʪʝʣʝʡ ʠ ʢʨʠʪʝʨʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ 
 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʤʝʩʠʪʝʣʷ 
ɺʠʜ ʧʦʣʫʯʝʥʥʦʛʦ 

ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 
ʪʠʧ 

ʤʝʰʘʣʢʠ 

D, 

ʤ 

H,  

ʤ 

d,  

ʤ 

ʚ,  

ʤ 

ʘ,  

ʤ 

h,  

ʤ 

        

        

        

 

 

 

 
 

 

 

 

1.7. ɺʳʚʦʜʳ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʢʘʢ 

ʚʣʠʷʶʪ ʪʠʧ ʤʝʰʘʣʢʠ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʤʝʰʘʣʢʠ ʠ ʩʤʝʩʠʪʝʣʷ ʥʘ ʟʘ-

ʪʨʘʯʠʚʘʝʤʫʶ ʤʦʥɦʦʩʪʴ, ʢʘʢʦʡ ʚʘʨʠʘʥʪ ʤʝʰʘʣʢʠ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʢʘʢʠʤ ʢʨʠʪʝʨʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʤʦʞʥʦ 

ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʘʪʴ ʨʝʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʤʝ-

ʩʠʪʝʣʷ. 

63 

1.8. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

ʈʘʩʯʝʪʥʳʡ ʚʠʜ ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʫʨʘʚ-

ʥʝʥʠʷ: 
61,0

m

86,0

mN FrRe95,11K
-- ÖÖ=  

ʈʠʩ. 1.4. ʇʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʨʘʩʯʝʪʝ ʥʘ ʕɺʄ 

ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 



1. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 

2. ɿʥʘʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ. 

3. ʆʮʝʥʢʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʦ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝ-

ʩʠ, ʧʦ ʟʘʪʨʘʯʝʥʥʦʡ ʵʥʝʨʛʠʠ. 

4. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʩʧʦʩʦʙʳ ʧʝʨʝʤʝʰʠʚʘ-

ʥʠʷ. 

5.  ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʤʝʰʘʣʢʘʤʠ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

6. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʤʝʩʠʪʝʣʝʡ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

7.  ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʩʠʪʝʣʝʡ ʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝ-

ʤʝʰʠʚʘʥʠʷ. 

8.  ʂʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 

9. ɺʠʜ, ʩʫʱʥʦʩʪʴ ʠ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʝ-

ʨʝʤʝʰʠʚʘʥʠʷ. 

 

1.9. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ  
      (ʩʦʛʣʘʩʥʦ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʤʫ ʩʧʠʩʢʫ): 

[1] ï ʛʣʘʚʘ VI, ʧ.ʧ. 1,2,3; 

[13] ï ʧ.6.8.7. 
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ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ 2 
 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʅɸ ɸɺʄ ʀ ʕɺʄ ɻʀɼʈʆɼʀʅɸʄʀʏɽʉʂʆɻʆ 

ʇʈʆʎɽʉʉɸ ʊɽʏɽʅʀʗ ʅɽʅʔʖʊʆʅʆɺʉʂʆʁ ɾʀɼʂʆʉʊʀ  

ʅɸ ʇʈʀʄɽʈɽ ʊʈɸʅʉʇʆʈʊʀʈʆɺɸʅʀʗ ʇʆ ʊʈʋɹɽ  

ʈɸʉʊɺʆʈʅʆʁ ʉʄɽʉʀ 
 

2.1. ʎʝʣʴ ʨʘʙʦʪʳ 

ʆʩʚʦʠʪʴ ʤʝʪʦʜʠʢʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ɸɺʄ ʠ ʕɺʄ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʧʦ ʪʨʫʙʝ ʚʷʟʢʦʧʣʘʩʪʠʯʥʦʡ ʞʠʜʢʦʩʪʠ. ʋʩʪʘʥʦ-

ʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚʷʟʢʦʧʣʘʩʪʠʯʥʦʡ ʞʠʜʢʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ 

ʜʘʚʣʝʥʠʷ, ʨʘʟʚʠʚʘʝʤʦʛʦ ʥʘʩʦʩʦʤ, ʦʪ ʜʠʘʤʝʪʨʘ ʠ ʜʣʠʥʳ ʪʨʫʙʳ, ʦʪ ʩʚʦʡʩʪʚ 

ʞʠʜʢʦʩʪʠ. 
                                                                                                                 

2.2. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ 

ʇʨʠ ʪʝʯʝʥʠʠ  ʚʷʟʢʦʡ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʧʦ ʜʠʘʤʝʪʨʫ ʪʨʫʙʳ (ʵʧʶʨʘ ʩʢʦʨʦʩʪʠ) ʠʤʝʝʪ ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ɺ ʦʪ-

ʣʠʯʠʝ ʦʪ ʵʪʦʛʦ ʥʘ ʵʧʶʨʫ ʪʝʯʝʥʠʷ ʚʷʟʢʦʧʣʘʩʪʠʯʥʦʡ ʞʠʜʢʦʩʪʠ ʙʦʣʴʰʦʝ ʚʣʠʷ-

ʥʠʝ ʦʢʘʟʳʚʘʝʪ ʧʦʢʘʟʘʪʝʣʴ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠʣʠ ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ 

(Ű0). ɽʩʣʠ ʩʦʟʜʘʚʘʝʤʦʝ ʥʘʩʦʩʦʤ ʥʘʧʨʷʞʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘʝʪ ʵʪʫ ʚʝʣʠʯʠʥʫ, ʪʦ 

ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʜʘʚʣʝʥʠʝ, ʩʦʟʜʘʚʘʝ-

ʤʦʝ ʥʘʩʦʩʦʤ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʘʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ Ű, ʯʪʦ ʪʝʯʝʥʠʝ ʧʨʦʠʩʭʦ-

ʜʠʪ ʠʣʠ ʪʦʣʴʢʦ ʧʦ ʩʪʝʥʢʝ ʪʨʫʙʳ, ʠʣʠ ʦʭʚʘʪʳʚʘʝʪ ʥʝʢʦʪʦʨʫʶ ʟʦʥʫ, ʧʨʠʣʝʛʘʶ-

ʱʫʶ ʢ ʩʪʝʥʢʝ ʪʨʫʙʳ; ʚ ʦʩʪʘʣʴʥʦʤ ʞʝ ʩʝʯʝʥʠʠ ʪʨʫʙʳ, ʛʜʝ  Ű <  Ű0, ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʛʦ ʩʤʝʱʝʥʠʷ ʫʩʣʦʚʥʳʭ ʩʣʦʝʚ ʚʷʟʢʦʧʣʘʩʪʠʯʥʦʡ ʞʠʜʢʦʩʪʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠ 

ʵʪʘ ʝʝ ʯʘʩʪʴ ʜʚʠʞʝʪʩʷ ʢʘʢ ʩʧʣʦʰʥʦʝ ʪʚʝʨʜʦʝ ʪʝʣʦ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʧʶʨʘ 

ʩʢʦʨʦʩʪʠ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʩʝʯʝʥʥʦʡ ʧʘʨʘʙʦʣʦʡ, ʜʣʷ ʢʦʪʦʨʦʡ r0 ï ʨʘʜʠʫʩ 

ʷʜʨʘ ʧʦʪʦʢʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʢʘʢ ʩʧʣʦʰʥʦʝ ʪʚʝʨʜʦʝ ʪʝʣʦ. 

ʇʨʦʮʝʩʩ ʚʳʥʫʞʜʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʧʦ ʪʨʫʙʝ ʨʘʩʪʚʦʨʥʦʡ ʩʤʝʩʠ ʤʦʞʥʦ 

ʦʧʠʩʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʪʝʯʝʥʠʷ ʚʷʟʢʦʧʣʘʩʪʠʯʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʚʠʜʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ [5]: 
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ʛʜʝ w ï ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʢʦʣʴʮʝʚʦʤ ʩʝʯʝʥʠʠ 

ʪʨʫʙʳ ʩ ʨʘʜʠʫʩʦʤ r, ȹʈ ï ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʧʦ ʜʣʠʥʝ (l) ʪʨʫʙʳ, ɛ ï ʵʬʬʝʢʪʠʚ-

ʥʘʷ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʥʦʡ ʩʤʝʩʠ, Ű0 ï ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (2.1) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʜʨʫʛʦʡ, ʙʦʣʝʝ 

ʫʜʦʙʥʦʡ ʜʣʷ ʨʘʩʯʝʪʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʦʨʤʝ: 
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ɽʩʣʠ ʚ ʬʦʨʤʫʣʫ (2.2) ʚʤʝʩʪʦ r ʧʦʜʩʪʘʚʠʤ r0, ʪʦ ʧʦʣʫʯʠʤ ʩʢʦʨʦʩʪʴ ʜʚʠ-

ʞʝʥʠʷ ʷʜʨʘ ʧʦʪʦʢʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. 
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ʇʨʠ ʵʪʦʤ ʨʘʜʠʫʩ ʷʜʨʘ ʧʦʪʦʢʘ, ʚ ʢʦʪʦʨʦʤ ʤʝʞʩʣʦʝʚʳʝ ʛʨʘʜʠʝʥʪʳ ʩʢʦʨʦ-

ʩʪʝʡ ʦʪʩʫʪʩʪʚʫʶʪ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ ȹP0 ï ʤʠʥʠʤʘʣʴʥʳʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʧʦ ʜʣʠʥʝ ʪʨʫʙʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ, ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʷʜʨʘ 

ʧʦʪʦʢʘ, ʧʨʝʚʳʩʠʪ ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ, ʢʦʪʦʨʳʤ ʦʙʣʘʜʘʝʪ ʨʘʩʪʚʦʨ-

ʥʘʷ ʩʤʝʩʴ, ʪʦ ʝʩʪʴ Ű > Ű0, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʦʣʴʢʦ ʚ ʯʘʩʪʠ ʪʨʫʙʳ, ʦʪʚʝʯʘʶʱʝʡ 

ʫʩʣʦʚʠʶ R > r > r0, ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚʷʟʢʦʧʣʘʩʪʠʯʥʦʝ ʪʝʯʝʥʠʝ ʨʘʩʪʚʦʨʥʦʡ 

ʩʤʝʩʠ ʩ ʤʝʞʩʣʦʝʚʳʤ ʛʨʘʜʠʝʥʪʦʤ ʩʢʦʨʦʩʪʠ. 
 

2.3. ʈʘʙʦʯʝʝ ʟʘʜʘʥʠʝ 

ʉʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʧʦ ʪʨʫʙʝ ʨʘʩʪʚʦʨʥʦʡ ʩʤʝʩʠ 

(ʨʠʩ. 2.1) ʠ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ, ʨʘʟʚʠʚʘʝʤʦʛʦ ʨʘʩ-

ʪʚʦʨʦʥʘʩʦʩʦʤ ʧʨʠ ʧʝʨʝʢʘʯʢʝ ʨʘʩʪʚʦʨʥʦʡ ʩʤʝʩʠ; ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦ-

ʨʦʩʪʠ ʠ ʨʘʩʭʦʜʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʦʪ ʚʝʣʠʯʠʥʳ ʜʘʚʣʝʥʠʷ ʚ ʨʘʩʪʚʦʨʦʥʘʩʦʩʝ; 

ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʵʧʶʨʫ ʩʢʦʨʦʩʪʝʡ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ. 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

ʂʘʞʜʦʤʫ ʩʪʫʜʝʥʪʫ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʟʘʜʘʝʪʩʷ ʦʜʥʘ ʠʟ ʢʦʤʙʠʥʘʮʠʡ ʩʣʝ-

ʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: 

1) ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʩʪʚʦʨʦʥʘʩʦʩʘ ï 10, 20, 50 ʤ
3
/ʯʘʩ; 

2) ʜʠʘʤʝʪʨ ʪʨʫʙʳ ï 0,10, 0,15,0,20 ʤ; 

3) ʜʣʠʥʘ ʪʨʫʙʳ ï 20, 50, 100 ʤ (ʪʨʫʙʘ ʨʘʩʧʦʣʦʞʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ); 

4) ʵʬʬʝʢʪʠʚʥʘʷ ʚʷʟʢʦʩʪʴ ï 20, 50, 100 ʇʘÖʩ (ʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʦʡ ʧʦʩʪʦ-

ʷʥʥʦʡ); 

5) ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ ï 300, 500, 700 ʇʘ. 
 

2.4. ʋʢʘʟʘʥʠʷ ʧʦ ʤʝʪʦʜʠʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʥʦʡ ɸɺʄ  

ʉʪʨʫʢʪʫʨʥʳʝ ɸɺʄ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʢʘʢʫ ʁʣʠʙʦ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶ: 

ʩʣʦʞʝʥʠʝ, ʫʤʥʦʞʝʥʠʝ, ʜʝʣʝʥʠʝ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ, ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ, ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʝ ʟʥʘʢʘ ʠ ʜʨ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʨʝʘʣʠʟʫʝʤʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʨʝʘʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʠ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʝʤ ʤʘʪʝʤʘ- 
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ʈʠʩ. 2.1. ʇʨʠʤʝʨ ʫʩʪʘʥʦʚʢʠ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʧʦʜʘʯʠ  

ʨʘʩʪʚʦʨʥʦʡ ʩʤʝʩʠ: 

1 - ʨʘʩʭʦʜʥʳʝ ʙʫʥʢʝʨʘ ʩʳʨʴʝ-

ʚʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

2 - ʚʝʩʦʚʳʝ ʜʦʟʘʪʦʨʳ; 

3 - ʨʘʩʪʚʦʨʦʩʤʝʩʠʪʝʣʴ;  

4 - ʨʘʩʪʚʦʨʦʥʘʩʦʩ;  

5 - ʪʨʫʙʦʧʨʦʚʦʜ; 

6 ï ʨʘʩʪʚʦʨʦʫʢʣʘʜʯʠʢ 
 



ʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʩʦʙʠʨʘʝʪʩʷ ʩʭʝʤʘ ʠʟ ʦʧʝʨʘʮʠʦʥʥʳʭ ʙʣʦʢʦʚ ʪʘʢ, ʯʪʦʙʳ ʚ 

ʠʪʦʛʝ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ɸɺʄ, ʩʧʦʩʦʙʥʘʷ ʨʝʰʘʪʴ ʵʪʦ ʫʨʘʚʥʝ-

ʥʠʝ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʩʪʨʫʢʪʫʨʥʦʡ ɸɺʄ ʩʚʦʜʠʪʩʷ ʢ ʠʟ-

ʤʝʨʝʥʠʷʤ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥ-

ʥʳʝ ʤʘʩʰʪʘʙʳ ʚ ʚʠʜʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʢ ʨʝʛʠʩʪʨʘʮʠʠ ʠʭ ʠʟʤʝʥʝ-

ʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʟʘʧʠʩʳʚʘʶʱʠʭ ʧʨʠʙʦʨʦʚ, ʢ ʥʘʙʣʶʜʝʥʠʶ ʟʘ ʠʟʤʝ-

ʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʦʤʦʱʴʶ ʦʩʮʠʣʣʦʩʢʦʧʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

ʈʝʰʝʥʠʶ ʟʘʜʘʯʠ ʥʘ ʩʪʨʫʢʪʫʨʥʦʡ ɸɺʄ ʧʨʝʜʰʝʩʪʚʫʶʪ ʧʨʦʮʝʩʩʳ ʘʥʘʣʠʟʘ 

ʠʩʭʦʜʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʚʳʷʚʣʝʥʠʷ ʩʭʝʤʳ ʩʦʝʜʠʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʙʣʦʢʦʚ ɸɺʄ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ 

ʩʪʨʫʢʪʫʨʥʦʡ ɸɺʄ. ʇʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʨʝʰʘʶʪʩʷ ʜʚʝ ʟʘʜʘʯʠ: 

1. ʆʧʝʨʘʮʠʦʥʥʳʝ ʙʣʦʢʠ ɸɺʄ ʦʨʛʘʥʠʟʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ ʚ ʩʪʨʫʢʪʫʨʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ. 

2. ɺʳʙʠʨʘʶʪʩʷ ʤʘʩʰʪʘʙʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʝ-

ʨʝʤʝʥʥʳʭ ʚ ʚʠʜʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʉʪʨʫʢʪʫʨʥʳʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʭʝʤʳ ʦʧʝʨʘʮʠʦʥʥʳʭ ʙʣʦʢʦʚ, ʧʨʘʚʠʣʘ 

ʠʩʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʜʘʯʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2.1. 
 

ʊʘʙʣʠʮʘ 2.1  

ʆʧʝʨʘʮʠʦʥʥʳʝ ʙʣʦʢʠ ʩʪʨʫʢʪʫʨʥʦʡ ɸɺʄ 

 

ʆʧʝʨʘʮʠʦʥʥʳʝ ʙʣʦʢʠ 

ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ  

ʜʝʡʩʪʚʠʷ 

ʉʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ 

ʩʭʝʤʘ 

ʂʦʵʬʬʠʮʠʝʥʪʳ  

ʫʩʠʣʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ 

 

ʆʧʝʨʘʮʠʦʥʥʳʡ  

ʫʩʠʣʠʪʝʣʴ, 

y=Kx 

  

ʂʦʵʬʬʠʮʠʝʥʪ 

 ʫʩʠʣʝʥʠʷ 

KÓ10
4
 

 

ʄʘʩʰʪʘʙʥʳʡ 

 ʫʩʠʣʠʪʝʣʴ, 

y=-Ŭx 

 
 

Uy=-(Roc/R)Ux 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ 

ʤʘʩʰʪʘʙʥʦʛʦ ʫʩʠʣʠʪʝʣʷ 

Ŭ= Roc/R 

 

ʉʫʤʤʘʪʦʨ, 

ä
=

-=
n

i

ii xy
1

a

 

 
 

ä
=

-=
n

i
ix

i

oc
y U

R

R
U

1  
ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ 

ʩʫʤʤʘʪʦʨʘ ʧʦ i-ʪʦʤʫ 

ʚʭʦʜʫ 

Ŭi= Roc/Ri 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 2.1 
 

ʆʧʝʨʘʮʠʦʥʥʳʝ ʙʣʦʢʠ 

ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ  

ʜʝʡʩʪʚʠʷ 

ʉʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ 

ʩʭʝʤʘ 

ʂʦʵʬʬʠʮʠʝʥʪʳ  

ʫʩʠʣʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ 

ʀʥʪʝʛʨʘʪʦʨ  

(ʠʥʪʝʛʨʦʩʫʤʤʘʪʦʨ), 

ñä
=

+-=

t n

i

ii ydttxy
0 1

)0()(a  

 
  

ñä
=

+-=

t n

i

c

i

xi
y Udt

CR

tU
U

0 1

)0(
)(

 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ 

ʠʥʪʝʛʨʘʪʦʨʘ ʧʦ i-ʪʦʤʫ 

ʚʭʦʜʫ Ŭi= 1/Riʉ 

ʇʦʪʝʥʮʠʦʤʝʪʨ, 

y=ɓx 

 
 

 

Uy=(r/R)Ux 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ 

ʧʦʪʝʥʮʠʦʤʝʪʨʘ 

0Òɓ=r/RÒ1 

ɹʣʦʢ ʧʝʨʝʤʥʦʞʝʥʠʷ, 

z=xy   
Uz=UxUy 

ɹʣʦʢ ʜʝʣʝʥʠʷ, 

z=x/y 

 
  

Uz=Ux/Uy 

 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʚ ʚʠʜʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʩʭʝʤ, ʩʦʩʪʘʚʣʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦ ʩʪʨʫʢʪʫʨ-

ʥʦʡ ʩʭʝʤʝ, ʩʦʩʪʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʧʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝ-

ʥʠʶ. 

ʇʨʝʩʪʘʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʭʝʤ 

ɿʘʜʘʯʘ 1. ʆʧʨʝʜʝʣʠʪʴ ʥʘʟʥʘʯʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʙʣʦʢʘ, ʝʛʦ ʥʘʟʚʘʥʠʝ, 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʜʘʯʠ ʠʟʦʙʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ, ʧʨʝʜʩʪʘʚʠʪʴ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ. 
 
 

ɿʘʜʘʥʠʝ 
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  1 ʄʆʤ 

  0,5 ʄʆʤ 

 

  0,25 ʄʆʤ 

     
   1 ʤʢʌ 

  2    1 

  1 ʄʆʤ 

 

  0,5 ʄʆʤ 

  0,25 ʄʆʤ 

  1 ʄʆʤ 



ʆʪʚʝʪ: 

ʉʫʤʤʘʪʦʨ 

.4
25,0

1

;2
5,0

1

;1
1

1

3

2

1

==

==

==

a

a

a

 

ʀʥʪʝʛʨʦʩʫʤʤʘʪʦʨ 

.4
25,01

1

;2
5,01

1

;1
11

1

3

2

1

=
Ö

=

=
Ö

=

=
Ö

=

a

a

a

 

 
 

ɿʘʜʘʯʘ 2. ʇʦ ʩʪʨʫʢʪʫʨʥʳʤ ʩʭʝʤʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ 1, 

ʩʦʩʪʘʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ. 

ʆʪʚʝʪ: 1) );x4x2x(y 321 ++-=  

2) ñ +++-=

t

0

321 ).0(ydt)x4x2x(y  

ɿʘʜʘʯʘ 3. ʉʦʩʪʘʚʠʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʩʣʝʜʫʶʱʝʡ 

ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ. 
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ʇʦʷʩʥʝʥʠʷ ʢ ʧʨʦʮʝʜʫʨʝ ʩʦʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʝʯʝʥʠʡ, ʧʨʠ ʵʪʦʤ ʘʥʘʣʠʟ ʩʭʝʤʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʚʳʭʦʜʘ ʢ ʚʭʦʜʫ (ʚʭʦʜʘʤ). 

ʇʫʩʪʴ ʥʘ ʚʳʭʦʜʝ ʩʭʝʤʳ ʠʤʝʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʡ +y. ʊʦʛʜʘ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʫʶ ʚʭʦʜʥʫʶ ʚʝʣʠʯʠʥʫ, ʥʘ ʫʯʘʩʪʢʘʭ 

ʮʝʧʠ ʩʠʛʥʘʣʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʟʥʘʯʝʥʠʷ: 

10

y
/

-  - ʚ ʩʝʯʝʥʠʠ I-I; 

102,0

y
/

Ö
-  - ʚ ʩʝʯʝʥʠʠ II-II ; 

2

y
//

+ - ʚ ʩʝʯʝʥʠʠ III -III ; 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʩʣʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʧʦ ʪʨʝʤ 

ʚʭʦʜʘʤ: 

öö
÷

õ
ææ
ç

å
-ÖÖ+öö

÷

õ
ææ
ç

å
-Ööö

÷

õ
ææ
ç

å
-ÖÖ+Ö-ÖÖ=

2

y
11,0

2

y

2

y
103,0y)1(102,0

2

y
/////

. 

ʆʪʚʝʪ: 0y4)y(5,1y1,0y
2//// =+-+ . 

 

ʇʫʩʪʴ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝ-

ʥʠʷ ʥʘ ɸɺʄ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ )t(f)t(y)t(y)t(y 0

/

1

// =++ aa  ʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

0

/

0

/
y)0(y;y)0(y == . 

ʊʘʢʫʶ ʧʨʦʮʝʜʫʨʫ ʧʨʦʚʦʜʷʪ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 

1) ʫʨʘʚʥʝʥʠʝ ʨʘʟʨʝʰʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʨʰʝʡ ʧʨʦʠʟʚʦʜʥʦʡ: 

                            )t(f)t(y)t(y)t(y 0

/

1

// +--= aa ; 

2) ʩʭʝʤʘʪʠʯʝʩʢʠ ʠʟʦʙʨʘʞʘʝʪʩʷ ʮʝʧʦʯʢʘ ʠʥʪʝʛʨʘʪʦʨʦʚ (ʜʣʷ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʪʦʣʴʢʦ ʠʥʪʝʛʨʘʪʦʨʦʚ, ʢʘʢʦʚ ʧʦʨʷʜʦʢ ʧʨʦʠʟʚʦʜʥʦʡ ʚ 

ʫʨʘʚʥʝʥʠʠ; ʚ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ʪʨʝʙʫʝʪʩʷ 2 ʠʥʪʝʛʨʘʪʦʨʘ): 

 
3) ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʧʨʦʠʟʚʦʜʷʪ ʨʘʟʤʝʪʢʫ ʚʳʭʦʜʦʚ ʠʥʪʝʛʨʘʪʦʨʦʚ, ʥʘ ʚʭʦʜ 

ʧʝʨʚʦʛʦ ʠʥʪʝʛʨʘʪʦʨʘ ʧʦʜʘʝʪʩʷ ʩʪʘʨʰʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʫʨʘʚʥʝʥʠʷ; 

4) ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʩʭʝʤʫ, ʚʦʩʧʨʦʠʟʚʦʜʷʱʫʶ ʧʨʘʚʫʶ ʯʘʩʪʴ ʠʩʭʦʜʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ; 

5) ʟʘʤʳʢʘʶʪ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ, ʪʝʤ ʩʘʤʳʤ ʫʩʪʘʥʘʚʣʠʚʘʷ ʨʘʚʝʥʩʪʚʦ ʣʝʚʦʡ 

ʠ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ: 
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6) ʚ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʚʠʜʝ ʠʥʪʝʛʨʘʪʦʨ 1 ʠ ʩʫʤʤʘʪʦʨ 3 ʤʦʞʥʦ ʩʦʚʤʝʩʪʠʪʴ 

ʚ ʚʠʜʝ ʠʥʪʝʛʨʦʩʫʤʤʘʪʦʨʘ 1, ʧʨʠ ʵʪʦʤ ʟʥʘʢʠ ʢʘʞʜʦʛʦ ʚʭʦʜʘ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘ-

ʤʝʥʝʥʳ ʥʘ ʦʙʨʘʪʥʳʝ; 

7) ʧʨʦʠʟʚʦʜʷʪ ʟʘʜʘʥʠʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠʥʪʝʛʨʘʪʦʨʦʚ ʩ ʫʯʝʪʦʤ ʟʥʘ-

ʢʦʚ ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠʥʪʝʛʨʘʪʦʨʦʚ: 

 
ɺʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʟʘʜʘʥʥʳʭ ʬʫʥʢʮʠʡ ʥʘ ɸɺʄ. 

ɼʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʥʘ ɸɺʄ ʟʘʜʘʥʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜ ʦʧ-

ʨʝʜʝʣʷʶɦ ʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʦ ʦʪʥʦʰʝ-

ʥʠʶ ʢ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʠ y(t) , ʝʩʣʠ y(t) ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ʆʪʳʩʢʘʥʠʝ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʚʦʜʠʪʩʷ ʢ 

ʤʥʦʛʦʢʨʘʪʥʦʤʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʶ ʬʫʥʢʮʠʡ. 

ʅʘʧʨʠʤʝʨ, ʟʘʜʘʥʦ: 
32

ttt1y +++=  

 

tsiny wa=  

 

ʅʘʭʦʜʷʪ ʦʧʨʝʜʝʣʷʶʱʠʝ ʫʨʘʚʥʝʥʠʷ: 
2/

t3t21y ++=  

t62y
// +=   

6y
/// =  

tcosy
/ wav=  

tsiny
2// wav-=  

ʪʘʢ ʢʘʢ ytsin =wa , ʪʦ yy
2// w-=  
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ɹʣʦʢ, ʚʳʨʘʙʘʪʳʚʘʶɦ ʠʡ 

ʬʫʥʢʮʠʶ f(t) 



ɼʘʣʴʥʝʡʰʝʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʬʫʥʢʮʠʠ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʧʨʦ-

ʠʟʚʦʜʷʪ ʪʘʢ ʞʝ, ʢʘʢ ʜʣʷ ʦʙʳʯʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 
 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʟʘʜʘʯʠ ʢ ʨʝʰʝʥʠʶ ʥʘ ɸɺʄ 

1. ɺʳʚʦʜ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ʋʨʘʚʥʝʥʠʝ (2.1) ʩʣʝʜʫʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʦʧʨʝʜʝʣʷʶʱʝʝ ʦʪʥʦʩʠʪʝʣʥɹʦ 

ʬʫʥʢʮʠʠ w(r) . ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʠʩʢʦʤʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦ r , ʧʦʣʫʯʘʶʪ:  

p)r(w
// DaÖ= ,                                                             (2.4) 

ʛʜʝ 
l2

1

m
a -= . 

ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ w(0) ʠ w
/
(0) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʦʜʩʪʘʥʦʚʢʦʡ r = 0 ʚ ʚʳʨʘʞʝʥʠʝ (1) ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʦʡ. 

2. ʉʦʩʪʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ɸɺʄ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦʥʘ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 
3. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʟʘʤʝʥʷʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ 

ʧʨʦʚʦʜʷʪ ʠʭ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ (ʚ ʥʘʰʝʡ ʟʘʜʘʯʝ ʧʝʨʝʤʝʥʥʳʝ w, w
/
, Dp ʧʨʝʜ-

ʩʪʘʚʣʷʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ Uw, Uw
/
, UDp, ʧʝʨʝʤʝʥʥʘʷ r ï ʤʘ-

ʰʠʥʥʳʤ ʚʨʝʤʝʥʝʤ t). 
4. ʈʘʩʩʯʠʪʳʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʜʘʯ ʦʧʝʨʘʮʠʦʥʥʳʭ ʙʣʦʢʦʚ ɸɺʄ. 

5. ʆʧʨʝʜʝʣʷʶʪ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ. 

6. ʈʘʟʨʘʙʘʪʳʚʘʶʪ ʢʦʤʤʫʪʘʮʠʦʥʥʫʶ ʩʭʝʤʫ, ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʢʦʵʬʬʠʮʠ-

ʝʥʪʳ ʧʝʨʝʜʘʯʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ (ʜʣʷ ʥʘʰʝʡ ʟʘʜʘʯʠ 

ʢʦʤʤʫʪʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʥʘ ɸɺʄ ʪʠʧʘ ʄʅ-7ʅ ʫʨʘʚʥʝʥʠʷ 

(4) ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.2): 

 
ʈʠʩ. 2.2. ʂʦʤʤʫʪʘʮʠʦʥʥʘʷ ʩʭʝʤʘ: 

ɼ ï ʜʝʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ, V-1, V-2 ï ʚʦʣʴʪʤʝʪʨʳ;  

ʀʕʃ ï ʠʥʜʠʢʘʪʦʨ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ 
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7. ʇʨʦʚʦʜʪ̫ ʤʘʰʠʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. 
 

2.5. ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʥʘ ʕɺʄ 

1. ɿʘʧʫʩʪʠʪʴ ʧʨʦʛʨʘʤʤʫ çʇʨʦʮʝʩʩ 1.0è. 

2. ɺ ʧʦʷʚʠʚʰʝʤʩʷ ʜʠʘʣʦʛʦʤ ʦʢʥʝ ʚʳʙʨʘʪʴ ʣʘʙʦʨʘʪʦʨʥʫʶ ʨʘʙʦʪʫ ˉ 2 ʠ 

ʥʘʞʘʪʴ ɼɸʃɽɽ.  

3. ɺ ʧʦʷʚʠʚʰʝʤʩʷ ʦʢʥʝ ʚʚʝʩʪʠ ʟʘʜʘʥʥʳʝ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʧʘʨʘʤʝʪʨʳ 
ʧʨʦʮʝʩʩʘ (ʧʨʠʤʝʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2.3). 

 

 
 

 

ʇʦʩʣʝ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʘ ʕɺʄ ʥʘʯʠʥʘʪʁ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʪʝʯʝʥʠʷ ʧʦ ʪʨʫʙʝ ʨʘʩʪʚʦʨʥʦʡ ʩʤʝʩʠ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʢʦʤʧʣʝʢʩ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʳʭ ʚʯrʠʩʣʝʥʠʡ: 

ʘ) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʝ ʧʦ ʬʦʨʤʫʣʝ  

 
S

Q
wʩʨ= , (2.5) 

ʛʜʝ Q ï ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ, S ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʪʨʫʙʳ; 

ʙ) ʨʘʩʩʯʠʪʳʚʘʪʁ ʦʨʠʝʥʪʠʨʦʚʦʯʥʫ  ʁʤʘʢʩʠʤʘʣʴʥʫ  ʁʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ 

 ʩʨmax w25,1w = ; (2.6) 

ʚ) ʟʘʜʘʪʁ r0(0 )= 0,9R, ʛʜʝ R ï ʨʘʜʠʫʩ ʪʨʫʙʳ; 
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ʧʦʤʦɦʥʠʢ! 

ʈʠʩ. 2.3. ʇʨʠʤʝʨ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 
 



ʛ) ʨʘʩʩʯʠʪʳʚʘʪʁ ȹʈ0 ʧʦ ʬʦʨʤʫʣʝ: 

 
)0(r

l2
P

0

0

0

t
D = ; (2.7) 

ʜ) ʟʘʜʘʪʁ ʚʝʣʠʯʠʥʫ ȹʈ1 > ȹʈ0; 

 

ʝ) ʨʘʩʩʯʠʪʳʚʘʶʪ ʚʝʣʠʯʠʥʳ ȹʈ1 é ȹʈ5 ʧʦ ʬʦʨʤʫʣʝ: 

 
1i1i PPP DDD +=+ ; (2.8) 

ʞ) ʨʘʩʩʯʠʪʳʚʘʶʪ ʚʝʣʠʯʠʥʳ r0(1)é r0(5) ʧʦ ʬʦʨʤʫʣʝ: 

 
i

0

0
P

l4
)i(r
D

t
= ; (2.9) 

ʟ) ʨʘʩʩʯʠʪʳʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʪʦʯʢʘʭ ʪʨʫʙʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ȹʈ  ʧʦ 

ʬʦʨʤʫʣʝ (2.2); 

ʠ) ʝʩʣʠ w0(1) > 0 ʠ w0(5 )> wmax, ʪʦ ʨʘʩʯʝʪ ʩʯʠʪʘʝʪʩʷ ʟʘʢʦʥʯʝʥʥʳʤ; ʝʩʣʠ 

ʭʦʪʷ ʙʳ ʦʜʥʦ ʠʟ ʫʩʣʦʚʠʡ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʟʥʘʯʝʥʠʝ ȹʈ1 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʨʘʩ-

ʯʝʪʳ ʧʦ ʧ.ʧ. ʜ ï ʟ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦʚʪʦʨʥʦ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʫʩʣʦ-

ʚʠʡ; 

ʢ) ʤʝʪʦʜʦʤ ʧʦʣʦʚʠʥʥʦʛʦ ʜʝʣʝʥʠʷ ʥʘʭʦʜʷʪ: ʥʝʦʙʭʦʜʠʤʦʝ ʜʘʚʣʝʥʠʝ, ʢʦ-

ʪʦʨʦʝ ʜʦʣʞʝʥ ʨʘʟʚʠʪʴ ʥʘʩʦʩ ʜʣʷ ʧʦʜʘʯʠ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʥʦʡ 

ʩʤʝʩʠ, ʩʢʦʨʦʩʪʴ ʷʜʨʘ ʧʦʪʦʢʘ ʠ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʧʦ ʩʝʯʝʥʠʶ ʪʨʫʙʳ.  

4. ɺ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʕɺʄ ʚʳʚʦʜʷʪʩ ̫ ʨʝʟʫʣʴʪʘʪʳ ʚʩʝʭ ʨʘʩʯʝʪʦʚ ʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʩʤʦʪʨʝʪʴ ʵʧʶʨʳ ʩʢʦʨʦʩʪʝʡ (ʢʥʦʧʢʘ ɼɸʃɽɽ). 

5. ʅʘ ʤʦʥʠʪʦʨ ʚʳʚʦʜʷʪʩʷ ʵʧʶʨʳ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ȹʈ1 é ȹʈ5 , ʘ ʪʘʢʞʝ 

ʜʣʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ, ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʡ ʠ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ (ʧʨʠʤʝʨ ʵʧʶʨʳ ʩʢʦʨʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ  

ʨʠʩ. 2.4). 

 

ʈʠʩ. 2.4. ʇʨʠʤʝʨ ʚʳʚʦʜʘ ʵʧʶʨʳ ʩʢʦʨʦʩʪʝʡ 
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6. ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ ɼɸʃɽɽ ʚʳʚʦʜʷʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʜʣʷ 
ʧʦʩʪʨʦʝʥʠʷ ʵʧʶʨʳ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʞʫʨʥʘʣʝ ʩʪʫʜʝʥʪʘ (ʧʨʠʤʝʨ ʚʳʚʦ-

ʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.5). 
 

 
ʈʠʩ. 2.5. ʇʨʠʤʝʨ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʵʧʶʨ ʩʢʦʨʦʩʪʝʡ 

 

7. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʥʦʩʷʪ ʚ ʪʘʙʣ. 2.2. 
 

ʊʘʙʣʠʮʘ 2.2 
 

ʀʩʭʦʜʥʳʝ  

ʜʘʥʥʳʝ 
ȹʈʥʝʦʙʭʦʜʠʤʦʝ 

ʉʢʦʨʦʩʪʴ  

ʷʜʨʘ ʧʦʪʦʢʘ 

ʉʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʤ
3
/ʯʘʩ. ï Q = 

ɼʠʘʤʝʪʨ ʪʨʫʙʳ, ʤ ï  

D = 

ɼʣʠʥʘ ʪʨʫʙʳ, ʤ ï l = 

ʕʬʬʝʢʪʠʚʥʘʷ ʚʷʟ-

ʢʦʩʪʴ, ʇʘÖʩ - ɛ =  

ʇʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝ-

ʥʠʝ ʩʜʚʠʛʘ, ʇʘ ï Ű0 = 

   

 

 2.6. ɺʳʚʦʜʳ 

ʅʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʩʪʨʫʢʪʫʨʝ ʧʦʪʦʢʦʚ ʨʘʩʪʚʦʨʥʦʡ ʩʤʝʩʠ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥ ʜʘʚʣʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʨʘʩʪʚʦʨʦʥʘ-

ʩʦʩʦʤ, ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʩʤʝʩʠ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ. 
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2.7. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʯʝʥʠʷ ʚʷʟʢʠʭ ʥʴʶʪʦʥʦʚʩʢʠʭ ʠ ʚʷʟʢʦ-

ʧʣʘʩʪʠʯʥʳʭ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ. 

2. ʇʦʥʷʪʠʝ ʧʨʝʜʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ. 

3. ʕʧʶʨʳ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ ʪʝʯʝʥʠʠ ʧʦ ʪʨʫʙʘʤ ʚʷʟʢʠʭ ʠ ʚʷʟ-

ʢʦ-ʧʣʘʩʪʠʯʥʳʭ ʞʠʜʢʦʩʪʝʡ 

4. ɿʘʚʠʩʠʤʦʩʪʴ ʵʧʶʨʳ ʩʢʦʨʦʩʪʝʡ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʪ ʟʥʘʯʝʥʠʷ ʚʦ-

ʜʦʮʝʤʝʥʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ.  

5. ʈʘʩʯʝʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʧʦ ʪʨʫʙʝ ʨʘʩʪʚʦʨʥʦʡ ʩʤʝ-

ʩʠ. 

6. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘ-

ʥʠʷ ʧʦ ʪʨʫʙʝ ʨʘʩʪʚʦʨʥʦʡ ʩʤʝʩʠ. 

7. ʇʨʠʥʷʪʳʝ ʩʧʦʩʦʙʳ ʨʝʘʣʠʟʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

8. ʆʧʝʨʘʮʠʦʥʥʳʝ ʙʣʦʢʠ ʩʪʨʫʢʪʫʨʥʦʡ ɸɺʄ. 

9. ʇʦʨʷʜʦʢ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʧʦ ʪʨʫʙʝ ʨʘʩ-

ʪʚʦʨʥʦʡ ʩʤʝʩʠ ʥʘ ɸɺʄ ʠ ʕɺʄ. 

 

2.8. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

[13] ï ʧ.3.13.4; 

[4], [5] ï ʚʳʙʦʨʦʯʥʦ. 
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ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ3 
 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ɺʀɹʈʆʋʇʃʆʊʅɽʅʀʗ 

 ɹɽʊʆʅʅʆʁ ʉʄɽʉʀ 
 

3.1. ʎʝʣʴ ʨʘʙʦʪʳ 

ʇʫʪʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦ-

ʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚʠʙʨʦʫʧʣʦʪʥʝʥʠʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʠʪʴ ʠ ʫʪʦʯʥʠʪʴ ʥʘ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

 

3.2. ʂʨʘʪʢʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʚʠʙʨʦʫʧʣʦʪʥʝʥʠʷ ʩ ʥʝʢʦ-

ʪʦʨʳʤʠ ʜʦʧʫʱʝʥʠʷʤʠ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʫʨʘʚʥʝʥʠʝ ʬʠʟʠʢʠ, ʦʧʠʩʳʚʘʶʱʝʝ ʢʦ-

ʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʚ ʜʠʩʧʝʨʩʥʦʡ ʩʨʝʜʝ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ 

ʠ ʜʣʷ ʯʘʩʪʠʮ ʢʨʫʧʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ, ʩʦʚʝʨʰʘʶʱʠʭ ʢʦʣʝʙʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʘʩʪʚʦʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ. ʊʘʢʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

 tAmmxsignFgmmxm c ww sin)()( 2

0

.

0

..

1 -+°-= , (3.1) 

ʛʜʝ m1 ï ʵʬʬʝʢʪʠʚʥʘʷ ʤʘʩʩʘ ʢʦʣʝʙʣʶʱʝʡʩʷ ʯʘʩʪʠʮʳ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ ʩʫʤʤʘ 

ʤʘʩʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʯʘʩʪʠʮʳ (m) ʠ ʚʦʚʣʝʯʝʥʥʦʡ ʚ ʜʚʠʞʝʥʠʝ ʤʘʩʩʳ ʨʘʩ-

ʪʚʦʨʥʦʡ ʩʦʩʪʘʚʣʷʶɦ ʝʡ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ; m0 ï ʤʘʩʩʘ ʩʨʝʜʳ ʚ ʦʙʲʝʤʝ ʯʘʩʪʠʮʳ; 

ʭ#, ʭ## - ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʫʩʢʦʨʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮʳ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʩʨʝʜʳ; Fc ï ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʧʝʨʝʜʚʠʞʝʥʠʶ 

ʯʘʩʪʠʮʳ, ʭsign#(ʦʪ ʣʘʪʠʥʩʢʦʛʦ çʟʠʛʥʫʤè) ʦʟʥʘʯʘʝʪ çʩ ʪʝʤ ʞʝ ʟʥʘʢʦʤ ʯʪʦ ʠ 

ʭ#è; ww sinA
2  - ʧʝʨʝʤʝʥʥʘʷ ʚʦ ʚʨʝʤʝʥʠ ʚʝʣʠʯʠʥʘ ʫʩʢʦʨʝʥʠʷ ʚʳʥʫʞʜʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ   ʩʨʝʜʳ;   2
Aw  - ʘʤʧʣʠʪʫʜʘ ʫʩʢʦʨʝʥʠʷ ʢʦʣʝʙʘʥʠʡ;   ɸ ï ʘʤʧʣʠʪʫʜʘ; 

ɤ ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ. 

ʇʨʠʚʝʜʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʥʝ ʫʯʠʪʳʚʘʝʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩ-

ʩʘ (ʚʣʠʥ̫ʠʷ ʢʦʣʝʙʘʥʠʷ ʩʦʩʝʜʥʠʭ ʯʘʩʪʠʮ, ʠʭ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʬʦʨʤʳ ʠ ʜʨ.), ʪʝʤ 

ʥʝ ʤʝʥʝʝ, ʦʥʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʣʫʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ ʦʙ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʚʠʙʨʦʫʧʣʦʪʥʝ-

ʥʠʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, ʯʪʦ ʠ ʧʨʝʜʩʪʦʠʪ ʚʳʷʩʥʠʪʴ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠ ʚʠʙʨʘʮʠʦʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʜʚʠʛʦʚʳʭ 

ʜʝʬʦʨʤʘʮʠʡ ʚʥʫʪʨʝʥʥʝʝ ʪʨʝʥʠʝ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴh ʘʝʪʩʷ. 

ɺʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʵʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʤʝʩʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʠʙʨʦʦʞʠʞʝʥʠʶ ʩʤʝʩʠ ʠ ʩʥʠʞʝʥʠʶ ʝʝ ʚʷʟʢʦʩʪʠ, ʯʪʦ ʚ ʢʦʥʝʯ-

ʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʫʧʦʨʷʜʦʯʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʙʝʪʦʥʘ. ɺʠʙʨʦʦʞʠʞʝʥʥʘʷ ʙʝ-

ʪʦʥʥʘʷ ʩʤʝʩʴ ʧʨʦʷʚʣʷʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ. ʕʪʦ ʠ 

ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʫʨʘʚ-

ʥʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʜʚʫʭʬʘʟʥʳʭ ʩʨʝʜ [6]. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩ-

ʩʘ ʚʠʙʨʦʫʧʣʦʪʥʝʥʠʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, ʷʚʣʷʝʪʩʷ ʘʤʧʣʠʪʫʜʘ ʫʩʢʦʨʝʥʠʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʨʝʜʳ ʠ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ  ʦʯʝʨʝʜʴ  ʦʧʨʝʜʝʣʷʝʪʩʷ 
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ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʩʦʦʙ-

ʱʘʝʤʳʭ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʠʟʚʥʝ. 

ʆʧʪʠʤʘʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʠʙʨʦʫʧʣʦʪʥʝʥʠʷ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚʠʙʨʦʫʧʣʦʪʥʝʥʠʷ ʠ ʧʦ ʚʝʣʠʯʠʥʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʜʣʷ ʜʦʩ-

ʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʫʧʣʦʪʥʝʥʠʷ ʩʤʝʩʠ. ʇʝʨʚʳʡ ʧʦʢʘʟʘʪʝʣʴ ʠ ʧʨʠʥʷʪ 

ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. 
 

3.3. ʆʙʦʨʫʜʦʚʘʥʠʝ, ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʤʘʪʝʨʠʘʣʳ 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ, ʧʨʠʙʦʨʳ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ: 

1. ʕɺʄ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ çʇʨʦʮʝʩʩ 1.0è. 

2. ʑʝʙʝʥʴ, ʮʝʤʝʥʪ, ʧʝʩʦʢ, ʚʦʜʘ. 

3. ɺʝʩʳ ʣʘʙʦʨʘʪʦʨʥʳʝ. 

4. ɽʤʢʦʩʪʴ ʜʣʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʠ ʩʤʝʩʠʪʝʣʴ. 

5. ʉʝʢʫʥʜʦʤʝʨ. 

6. ɺʠʙʨʦʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʪʝʥʜ. 
 

3.4. ʈʘʙʦʯʝʝ ʟʘʜʘʥʠʝ 

1. ʇʨʠ ʧʦʤʦʱʠ ʕɺʄ ʨʝʘʣʠʟʦʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ (3.1) ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʚʠʙʨʦʫʧʣʦʪʥʝʥʠʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʟʘʜʘʥʥʦ-

ʛʦ ʩʦʩʪʘʚʘ (ʚʠʜ ʚʠʙʨʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʘʤʧʣʠʪʫʜʫ ʫʩʢʦʨʝʥʠʡ ʠ ʯʘʩʪʦʪʫ 

ʢʦʣʝʙʘʥʠʡ). 

2. ɺʦʩʧʨʦʠʟʚʝʩʪʠ ʧʨʦʮʝʩʩ ʚʠʙʨʦʫʧʣʦʪʥʝʥʠʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʥʘ ʬʠʟʠʯʝ-

ʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, 

ʙʣʠʟʢʠʭ ʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʦʧʪʠʤʫʤʫ, ʫʪʦʯʥʠʪʴ ʟʥʘʯʝʥʠʝ ʦʧʪʠʤʫʤʘ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʟʚʝʥʦ ʩʪʫʜʝʥʪʦʚ ʠʟ 3-4 ʯʝʣʦʚʝʢ ʧʦʣʫʯʘʝʪ ʠʥ-

ʜʠʚʠʜʫʘʣʴʥʦʝ ʟʘʜʘʥʠʝ, ʚ ʢʦʪʦʨʦʝ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜ-

ʥʳʭ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ: 

-  ʠʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʮʝʤʝʥʪʘ  - 2900 ï 3100 ʢʛ/ʤ
3
; 

-  ʠʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʝʩʢʘ  - 2630 ʢʛ/ʤ
3
; 

-  ʠʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʱʝʙʥʷ  - 2450 ʢʛ/ʤ
3
; 

-  ʬʨʘʢʮʠʦʥʥʦʩʪʴ ʱʝʙʥʷ  - 5-10 ʤʤ, 10-20 ʤʤ; 

-  ʩʦʩʪʘʚ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ (ʎ:ʇ:ʑ:ɺ): 1:1,9:3,5:0,4, 1:1,9:3,5:0,45, 

1:1,9:3,5:0, 5. 
 

3.5. ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʕɺʄ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʛʨʘʤʤʳ çʇʨʦʮʝʩʩ 1.0è.  

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʨʠ ʧʦʤʦʱʠ ʕɺʄ ʩʣʝʜʫʶʱʠʡ: 

1. ɿʘʧʫʩʪʠʪʴ ʧʨʦʛʨʘʤʤʫ çʇʨʦʮʝʩʩ 1.0è. 

2. ɺ ʧʦʷʚʠʚʰʝʤʩʷ ʜʠʘʣʦʛʦʤ ʦʢʥʝ ʚʳʙʨʘʪʴ ʣʘʙʦʨʘʪʦʨʥʫʶ ʨʘʙʦʪʫ ˉ 3 ʠ 

ʥʘʞʘʪʴ ɼɸʃɽɽ.  
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3. ɺ ʧʦʷʚʠʚʰʝʤʩʷ ʦʢʥʝ ʚʚʝʩʪʠ ʟʘʜʘʥʥʳʝ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʠʩʭʦʜʥʳʝ 
ʜʘʥʥʳʝ (ʧʨʠʤʝʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 3.1). 

 
ʈʠʩ. 3.1. ʇʨʠʤʝʨ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

 

ʇʦʩʣʝ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʘ ʕɺʄ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʢʦʤʧʣʝʢʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ: 

ʘ) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦ ʬʦʨʤʫʣʝ 

 

ʧʚʮ

c ʇɺʎ

ʇɺʎ

rrr

r

++

++
= , (3.2) 

ʛʜʝ ʎ, ɺ ʠ ʇ ï ʨʘʩʭʦʜ ʥʘ 1 ʤ
3
 ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʮʝʤʝʥʪʘ, ʚʦʜʳ 

ʠ ʧʝʩʢʘ ʚ ʢʛ; ɟʮ, ɟʚ ʠ ɟʧ ï ʠʩʪʠʥʥʳʝ ʧʣʦʪʥʦʩʪʠ ʮʝʤʝʥʪʘ, ʚʦʜʳ ʠ ʧʝʩʢʘ ʚ ʢʛ/ʤ
3
; 

ʙ) ʫʨʘʚʥʝʥʠʝ (3.1) ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʠʜʫ 

 tsinCAʭBAʭ
2n ww+°= ### , (3.3) 

ʛʜʝ n ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ, ʢʦʪʦʨʳʡ ʧʨʠ ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ  ʧʝʨʝʤʝʱʝʥʠʷ 

ʯʘʩʪʠʮʳ ʟʘʧʦʣʥʠʪʝʣʷ ʨʘʚʝʥ 1,4, ʘ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ï 2; ɸ, ɺ ʠ ʉ ï ʧʦʩʪʦʷʥ-

ʥʳʝ, ʧʦʣʫʯʘʝʤʳʝ ʨʘʩʯʝʪʦʤ:  

 ,
m

g)mm(
A

1

0
-

=  (3.4) 

  ,
m

F
B

1

c=  (3.5) 

   ;
m

mm
C

1

0
-

=  (3.6) 
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ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ                             ,
6

d
m

ʱ

3

r
p
Ö=  (3.7) 

 ,
6

d
m

ʩ

3

0
r

p
Ö=  (3.8) 

 .m
2

1
mm 01 +=  (3.9) 

ɺ ʨʘʩʯʝʪʘʭ ʬʦʨʤʘ ʟʝʨʥʘ ʢʨʫʧʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʧʨʠʥʠʤʘʝʪʩʷ ʰʘʨʦʦʙ-

ʨʘʟʥʦʡ, ʩ ʜʠʘʤʝʪʨʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʨʝʜʥʝʤʫ ʜʠʘʤʝʪʨʫ ʟʝʨʥʘ ʟʘʧʦʣʥʠʪʝ-

ʣʷ ʚ ʧʨʠʥʷʪʦʡ ʬʨʘʢʮʠʠ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʤʘʩʩʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ, 

ʧʦʣʫʯʝʥʥʘʷ ʅ.ʃ. ɻʨʘʥʘʪ [6]: 

 0c

3'
m

2

1
r

3

4

2

1
m =ö

÷

õ
æ
ç

å
= rp . (3.10) 

ɼʣʷ ʨʘʩʯʝʪʘ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ ʉʪʦʢʩʘ ʜʣʷ ʩʠ-

ʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʚʝʨʜʳʭ ʰʘʨʦʦʙʨʘʟʥʳʭ ʪʝʣ ʚ ʞʠʜʢʦʡ ʬʘʟʝ 

[1]:                                              
2

x
SF

.
2

c

c

r
x= , (3.11) 

ʛʜʝ S ï ʧʣʦʱʘʜʴ ʣʦʙʦʚʦʛʦ ʩʝʯʝʥʠʷ ʯʘʩʪʠʮʳ; ɝ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʩʨʝʜʳ, ʧʨʠʥʠʤʘʝʤʳʡ ʜʣʷ ʣʘʤʠʥʘʨʥʦʛʦ ʨʝʞʠʤʘ (Re<2) ʨʘʚʥʳʤ 
Re

24
, ʜʣʷ ʧʝʨʝ-

ʭʦʜʥʦʛʦ ʨʝʞʠʤʘ (Re=2 ï 500) - 
6,0

Re

5,18
, ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʘʚʥʳʤ 0,44. 

ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ ʨʝʰʘʝʪʩʷ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (3.3) ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ (ʚrʩʦʪʘ 

ʩʤʝʱʝʥʠʷ) ʯʘʩʪʠʮʳ ʱʝʙʥʷ ʟʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ  5 ʩ ʧʨʠ ʨʘʟʣʠʯʥʦʡ 

ʚʝʣʠʯʠʥʝ ʫʩʢʦʨʝʥʠʷ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ.  
 

3.6. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 
ʈʝʟʫʣʴʪʘʪʳ ʚʩʝʭ ʨʘʩʯʝʪʦʚ ʚʳʚʦʜʷʪʩʷ ʥʘ ʤʦʥʠʪʦʨ (ʧʨʠʤʝʨ ʚʳʚʦʜʘ ʨʘʩ-

ʯʝʪʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3.2.) 

 
ʈʠʩ. 3.2. ʇʨʠʤʝʨ ʚʳʚʦʜʘ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ 
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ʈʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʟʘʥʦʩʷʪʩʷ ʚ ʪʘʙʣ. 3.1. 

ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ ɼɸʃɽɽ ʚʳʚʦʜʠʪʩʷ ʛʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʯʘʩʪʠʮʳ ʱʝʙʥʷ ʟʘ 5 ʩ ʦʪ ʚʝʣʠʯʠʥʳ ʫʩʢʦʨʝʥʠʷ ʢʦʣʝʙʘ-

ʥʠʡ, ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʝʪʨʘʜʠ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʨʘʙʦʪ (ʧʨʠʤʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3..3). 
 

ʊʘʙʣʠʮʘ 3.1 
 

ʈʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ʥʘ ʕɺʄ 

 

ʈʘʩʯʝʪʥʳʝ ʚʝʣʠʯʠʥʳ ʋʩʢʦʨʝʥʠʷ ʢʦʣʝʙʘʥʠʡ 

2g 3g 4g 5g 

ɸ  

 

ɺ  

 
  

ʉ  

 
   

ɻʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ ʯʘʩʪʠʮʳ ʱʝʙʥʷ ʟʘ 5 ʩ  

 
   

 

 
 

 

 

 ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʟʘʜʘʶʪʩʷ ʪʨʠ ʟʥʘʯʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ: 1 -  ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʧʪʠʤʫʤʫ, 2 - ʥʘ 5 ʤ/ʩ
2
 ʚʳʰʝ ʦʧʪʠʤʫʤʘ, 3 - ʥʘ 5 

ʤ/ʩ
2
 ʥʠʞʝ ʦʧʪʠʤʫʤʘ. 

ɿʚʝʥʦ ʩʪʫʜʝʥʪʦʚ, ʟʘʢʦʥʯʠʚʰʝʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʝʨʝʭʦ-

ʜʠʪ ʨʘʙʦʪʘʪʴ ʥʘ ʚʠʙʨʦʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʪʝʥʜ (ʩʭʝʤʘ ʩʪʝʥʜʘ ʠ ʧʦʨʷʜʦʢ ʨʘʙʦʪʳ ʥʘ 

ʚʠʙʨʦʠʟʤʝʨʠʪʝʣʴʥʦʤ ʩʪʝʥʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʠʣ. 1).  ɿʜʝʩʴ  ʠʩʧʦʣʴʟʫʝʪʩʷ  ʟʘ- 
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ʈʠʩ. 3..3. ʇʨʠʤʝʨ ʛʨʘʬʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ 

ʯʘʩʪʠʮʳ ʱʝʙʥʷ ʟʘ 5 ʩ ʦʪ ʚʝʣʠʯʠʥʳ ʫʩʢʦʨʝʥʠʷ ʢʦʣʝʙʘʥʠʡ 
 



ʤʝʩ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʦʙʲʝʤʝ 2 ʣ, ʩʤʝʩʴ ʟʘʢʣʘʜʳʚʘʪʁ ʚ 

ʬʦʨʤʫ (ʠʣʠ ʪʝʭʥʠʯʝʩʢʠʡ ʚʠʟʢʦʟʠʤʝʪʨ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʛʦʪʦʚʪ̫ ʟʘʤʝʩ ʦʙʲʝʤʦʤ 

6,5ʣ (ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʠ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʚ ʇʨʠʣ. 2). ʌʦʨʤʫ ʩ ʙʝʪʦʥʥʦʡ ʩʤʝʩʴʶ ʫʩʪʘʥʘʚʣʠʚʘʪʁ ʥʘ ʚʠʙʨʦʩʪʦʣ ʠ ʨʝʘ-

ʣʠʟʫʪʁ ʠʟʤʝʨʝʥʠʝ ʚʨʝʤʝʥʠ ʫʧʣʦʪʥʝʥʠʷ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʤʦʱʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʟʘʥʦʩʷʪ ʚ ʪʘʙʣ. 3.2. 

ʊʘʙʣʠʮʘ 3.2 

ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
 

ɺ/ʎ ɸɤ
2
, ʤ/ʩ

2
 ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʫʧʣʦʪʥʝʥʠʷ, ʩ 

   

   

   
 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʦʪ̫ ʛʨʘʬʠʯʝʩʢʫ  ʁʟʘʚʠ-

ʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʫʧʣʦʪʥʝʥʠʷ ʦʪ ʫʩʢʦʨʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʠ ʦʧʨʝʜʝʣʷʪʁ ʦʢʦʥʯʘ-

ʪʝʣʴʥʳʡ ʦʧʪʠʤʫʤ ʧʦ ʚʨʝʤʝʥʠ ʫʧʣʦʪʥʝʥʠʷ. 
 

3.7. ɺʳʚʦʜʳ 

ɺ ʚʳʚʦʜʘʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʘ ɸɤ
2
 ʥʘ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʫʧʣʦʪʥʝʥʠʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, ʩʚʷʟʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʩ ʠʟʚʝʩʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʚʷʟʢʦʩʪʠ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʦʪ ʫʩʢʦ-

ʨʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʩʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʮʝʥʠʪʴ ʠʭ ʙʣʠʟʦʩʪʴ ʠ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜʳ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚʠʙʨʦʫʧʣʦʪ-

ʥʝʥʠʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʠ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʵʪʦʡ 

ʮʝʣʠ ʕɺʄ. 
 

3.8. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1.ʂʘʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʫʧʣʦʪʥʝʥʠʷ ʙʝʪʦʥʘ? 

2.ʂʘʢʦʚʘ ʩʚʷʟʴ ʩʪʝʧʝʥʠ ʫʧʣʦʪʥʝʥʠʷ ʙʝʪʦʥʘ ʩ ʝʛʦ ʩʚʦʡʩʪʚʘʤʠ? 

3.ɺ ʯʝʤ ʩʦʩʪʦʠʪ ʬʠʟʠʯʝʩʢʘʷ ʩʫʱʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʫʧʣʦʪʥʝʥʠʷ ʙʝʪʦʥʥʦʡ 

ʩʤʝʩʠ ʩ ʧʦʤʦʱʴʶ ʚʠʙʨʘʮʠʠ? 

4.ʂʘʢ ʨʘʙʦʪʘʶʪ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʠ? 

5.ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

6.ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʠʙʨʦʫʧ-

ʣʦʪʥʝʥʠʝ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʢʘʢ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. 

7.ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (3.1) ʨʘʩʩʤʦʪʨʝʪʴ ʩʠʣʳ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʯʘʩʪʠʮʫ ʟʘʧʦʣʥʠʪʝʣʷ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ. 

8.ʂʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʫʧʣʦʪʥʝʥʠʷ? 

9.ʇʦ ʢʘʢʠʤ ʧʨʠʟʥʘʢʘʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʟʘʚʝʨʰʝʥ-

ʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʫʧʣʦʪʥʝʥʠʷ? 
 

3.9. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

[13] ï ʧ.6.9; [10] ï ʚʳʙʦʨʦʯʥʦ. 
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ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ 4 
 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ʊɽʇʃʆʇɽʈɽʅʆʉʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʇʈʆʎɽʉʉɸ 

ʊɽʇʃʆɺʆʁ ʆɹʈɸɹʆʊʂʀ ɹɽʊʆʅʅʓʍ ʀɿɼɽʃʀʁ 
 

4.1. ʎʝʣʴ ʨʘʙʦʪʳ 

 ʋʪʦʯʥʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦ-

ʣʝʡ ʚ ʙʝʪʦʥʥʦʤ ʠʟʜʝʣʠʠ ʧʨʠ ʝʛʦ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʪ.ʝ. ʨʝʰʠʪʴ 

ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʪʝ-

ʧʣʦʧʝʨʝʥʦʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʙʝʪʦʥʥʳʭ ʠʟ-

ʜʝʣʠʡ: ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʪʝʧʣʦʦʪʜʘʯʠ. 
 

4.2. ʈʘʙʦʯʝʝ ʟʘʜʘʥʠʝ 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ: 

1. ʇʨʦʠʟʚʝʩʪʠ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʝʯʝʥʠʠ ʤʦʜʝʣʴʥʦʛʦ ʙʝʪʦʥʥʦ-

ʛʦ ʦʙʨʘʟʮʘ ʧʨʠ ʝʛʦ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʝ. 

2. ʉʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʥʘʛʨʝʚʘ ʙʝʪʦʥʥʦʛʦ ʠʟʜʝʣʠʷ ʥʘ ʤʦʜʝʣʠ ʧʨʷ-

ʤʦʡ ʘʥʘʣʦʛʠʠ ï R-ʩʝʪʦʯʥʦʤ ʵʣʝʢʪʨʦʠʥʪʝʛʨʘʪʦʨʝ ɹʋʉʕ-70. 

3. ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʠʪʴ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘ-

ʤʝʨʝ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ. 
 

4.3. ʂʨʘʪʢʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʟʜʝʣʠʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝʤ ʌʫ-
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ʛʜʝ t - ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʧʦ ʦʙʲʝʤʫ ʠʟʜʝʣʠʷ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ  x,  y,  z;  

t - ʧʘʨʘʤʝʪʨ ʚʨʝʤʝʥʠ; ʘɻ - ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜ-

ʥʦʩʪʠ, ʤ
2
/ʩ, - ʧʝʨʝʤʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ  ʚ ʪʝʧʣʦʚʦʤ ʧʨʦʮʝʩʩʝ, ʟʘʚʠʩʷʱʘʷ ʦʪ 

ʫʨʦʚʥʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʧʣʦʚʦʤ ʘʛʨʝʛʘʪʝ, ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʧʘʨʝʥʠʷ ʠʣʠ 

ʢʦʥʜʝʥʩʘʮʠʠ ʚʣʘʛʠ ʚ ʙʝʪʦʥʝ, ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʮʝʤʝʥʪʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʠʤʝʤ ʟʘʜʘʯʫ ʦʙ ʦʜʥʦʤʝʨʥʦʤ ʪʝʧʣʦʚʦʤ ʧʦʪʦ-

ʢʝ ʚ ʧʣʦʩʢʦʤ ʠʟʜʝʣʠʠ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʫʨʘʚʥʝʥʠʝ ʌʫʨʴʝ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ 
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; (4.2) 

ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ: 0tt = ; (4.3) 

ʢʨʘʝʚʦʝ ʫʩʣʦʚʠʝ: ( )
x

t
tt ʩʧ

ʩʧʩʵ
µ

µ
Ö=-Ö la , (4.4) 

ʛʜʝ    x  -  ʢʦʦʨʜʠʥʘʪʘ,   ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ   ʥʘʧʨʘʚʣʝʥʠʶ   ʪʝʧʣʦʚʦʛʦ     ʧʦʪʦʢʘ  
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(ʨʠʩ. 4.1); aɻ  - ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ, 

ɺʪ/(ʤ
2
Öʂ);  lʩ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʨʝʜʳ (ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʪʝʧʣʦ-

ʥʦʩʠʪʝʣʷ), ɺʪ/(ʤÖʂ); tʩ - ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ ʚ ʷʜʨʝ ʧʦʪʦʢʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ;  tʩʧ - 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ; tʧ - ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ-

ʜʝʣʠʷ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʛʨʝʚʘ ʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ, ʥʘʨʷʜʫ ʩ ʢʦʥʜʫʢʪʠʚ-

ʥʳʤ ʪʝʧʣʦʧʝʨʝʥʦʩʦʤ, ʠʤʝʝʪ ʤʝʩʪʦ ʚʣʘʛʦʧʝʨʝʥʦʩ ʠ ʩʚʷʟʘʥʥʳʡ ʩ ʥʠʤ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʡ ʪʝʧʣʦʧʝʨʝʥʦʩ, ʘ ʪʘʢʞʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʮʝʤʝʥʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢ-

ʚʠʚʘʣʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʚ ʫʨʘʚʥʝʥʠʷʭ ʪʝʧʣʦʧʝʨʝʥʦʩʘ 

ʷʚʣʝʥʠʷ ʚʣʘʛʦʧʨʦʚʦʜʥʦʩʪʠ, ʪʝʨʤʦʚʣʘʛʦʧʨʦʚʦʜʥʦʩʪʠ, ʧʴʝʟʦʚʣʘʛʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʵʢʟʦʪʝʨʤʠʠ ʮʝʤʝʥʪʘ. 
 

4.4. ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ  

4.4.1. ʆʙʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

ɿʚʝʥʫ ʩʪʫʜʝʥʪʦʚ ʠʟ 3-4 ʯʝʣʦʚʝʢ ʚʳʜʘʝʪʩʷ ʦʪʜʝʣʴʥʦʝ ʟʘʜʘʥʠʝ ʧʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʥʘʛʨʝʚʘ ʠʟʜʝʣʠʷ ʠʟ ʙʝʪʦʥʘ ʟʘʜʘʥʥʦʛʦ ʚʠʜʘ ʠ ʩʦʩʪʘʚʘ. ɿʚʝʥʦ 

ʧʨʠʩʪʫʧʘʝʪ ʚʥʘʯʘʣʝ ʢ ʚʳʧʦʣʥʝʥʠʶ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʈʘʩʩʯʠʪʳ-

ʚʘʶʪ ʨʘʩʭʦʜ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʨʘʙʦʯʠʡ ʟʘʤʝʩ ʠ ʬʦʨʤʫʶʪ ʙʝʪʦʥʥʳʡ 

ʦʙʨʘʟʝʮ   ʪʨʝʙʫʝʤʳʭ   ʨʘʟʤʝʨʦʚ.  ʇʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʚʳʜʝʨʞʢʠ ʚ ʪʝʯʝʥʠʝ  

2-ʭ ʯʘʩʦʚ ʦʙʨʘʟʝʮ ʦʩʥʘʱʘʶʪ ʪʝʨʤʦʧʘʨʘʤʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʟʘʜʘʥ-

ʥʳʭ ʪʦʯʢʘʭ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚ ʣʘʙʦʨʘʪʦʨʥʫʶ ʧʨʦʧʘʨʦʯʥʫʶ ʢʘʤʝʨʫ. ɿʘʜʘʶʪ 

ʨʝʞʠʤ ʨʘʙʦʪʳ ʢʘʤʝʨʳ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʥʝʧʨʝʨʳʚʥʦ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʧʘʨ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʦʤʝʪʨʘ ʨʝʛʠʩʪʨʠʨʫʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʩʨʝʜʳ ʠ ʙʝʪʦʥʘ. 
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ʈʠʩ. 4.1. ʄʦʜʝʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʝʧʣʦʚʦʡ ʟʘʜʘʯʠ: 

1, 2, é, n-1, n ï ʵʣʝʤʝʥʪʘʨʥʳʝ ʧʣʦʱʘʜʢʠ ʚ ʩʝʯʝʥʠʠ ʠʟʜʝʣʠʷ; 

qt ï ʫʜʝʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ 



 ʈʝʟʫʣʴʪʘʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʨʘʬʠʢʠ ʧʦ ʟʘʜʘʥʥʳʤ 

ʪʦʯʢʘʤ ʙʝʪʦʥʥʦʛʦ ʦʙʨʘʟʮʘ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʠʩʭʦʜʥʳʤ ʨʘʙʦʯʠʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʤʧʝʨʘ-

ʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ - a :ɻ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʰʝ-

ʥʠʷ ʫʨʘʚʥʝʥʠʷ ʌʫʨʴʝ ʚ ʚʠʜʝ ʛʨʘʬʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʪʝʨʠʷ ʌʫʨʴʝ ʦʪ 

ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʙʝʪʦʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠ ʧʝʨʝʧʘʜʦʚ ʪʝʤ-

ʧʝʨʘʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʮʝʥʪʨʝ ʦʙʨʘʟʮʘ; ʧʦ ʥʘʡʜʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢʨʠʪʝ-

ʨʠʷ ʌʫʨʴʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ a ;ɻ ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ ʦʩʥʦʚʳ-

ʚʘʝʪʩʷ ʥʘ ʠʤʠʪʘʮʠʠ ʧʨʦʮʝʩʩʘ ʥʘʛʨʝʚʘ ʤʦʜʝʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ï ʘʥʘʣʦʛʘ ɹʋʉʕ-70; ʥʘ ʤʦʜʝʣʠ ʩʦʟʜʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʠʟ ʘʢ-

ʪʠʚʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʪʘʢ, ʯʪʦ ʧʨʦʪʝʢʘʥʠʝ ʚ ʥʝʡ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʦ ʧʨʦʪʝʢʘʥʠʶ ʪʝʧʣʦʪʳ ʚ ʤʦʜʝʣʴʥʦʤ ʦʙʨʘʟ-

ʮʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ, ʟʘʜʘʚʘʷ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʟ-

ʤʝʨʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨ, ʧʦʜʙʠʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʘʢ-

ʪʠʚʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ ʨʘʩʩʯʠʪʚrʘʪʴ ʟʥʘʯʝʥʠʷ a .ɻ  

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʥʘʭʦʜʷʪ ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ. 
 

4.4.2. ʊʨʝʙʦʚʘʥʠʷ ʢ ʤʦʜʝʣʴʥʦʤʫ ʦʙʨʘʟʮʫ 

ʇʨʦʮʝʩʩ ʥʘʛʨʝʚʘ ʤʦʜʝʣʠʨʫʶʪ ʜʣʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʟʘʚʦ-

ʜʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ ʠ ʙʣʦʢʦʚ. ʕʪʠ ʠʟʜʝʣʠʷ ʷʚʣʷʶʪʩʷ ʧʣʦ-

ʩʢʠʤʠ, ʪ.ʝ. ʠʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʣʘʩʪʠʥʫ ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʨʘʟʤʝʨʦʚ, 

ʯʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʦʜʥʦʤʝʨʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʣʷ (ʧʦ 

ʪʦʣʱʠʥʝ ʠʟʜʝʣʠʷ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳ-

ʜʝʨʞʘʥʳ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʟʤʝʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʣʦʩʢʫʶ ʧʣʘ-

ʩʪʠʥʫ:                                             

                                                ()LBH <5 ,                           (4.5) 

ʛʜʝ  H - ʪʦʣʠɦʥʘ ʦʙʨʘʟʮʘ; B ʠ L - ʠhʨʠʥʘ ʠ ʜʣʠʥʘ ʦʙʨʘʟʮʘ. 

 

ʄʠʥʠʤʘʣʴʥʫʶ ʪʦʣʱʠʥʫ ʦʙʨʘʟʮʘ ʚʳʙʠʨʘʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʨʫʧʥʦʩʪʠ 

ʚʢʣʶʯʝʥʠʡ ʠʣʠ ʧʦʨ:                     ( )dH 108·² ,           (4.6) 

ʛʜʝ d - ʜʠʘʤʝʪʨ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʚʢʣʶʯʝʥʠʡ ʠʣʠ ʧʦʨ. 

ʇʦʩʣʝʜʥʝʝ ʫʩʣʦʚʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʧʣʦʰʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʚ 

ʦʙʨʘʟʮʝ. 

ʉʦʩʪʘʚ ʙʝʪʦʥʘ ʜʦʣʞʝʥ ʙʳʪʴ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ ʚ ʥʘʪʫʨʥʦʤ ʠʟʜʝʣʠʠ. 

ʇʨʠ ʬʦʨʤʦʚʘʥʠʠ ʚ ʦʙʨʘʟʮʝ ʦʩʪʘʚʣʷʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʦʪʚʝʨʩʪʠʷ ʜʠʘ-

ʤʝʪʨʦʤ 5 - 6 ʤʤ ʜʣʷ ʚʚʦʜʘ ʪʝʨʤʦʧʘʨ (ʨʠʩ. 4.2). 

 

4.4.3. ʆʧʠʩʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʧʨʦʧʘʨʦʯʥʘʷ ʢʘʤʝʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦ-

ʩʠʪʝʣʷ   ʧʨʠʤʝʥʷʝʪʩʷ   ʚʦʜʷʥʦʡ   ʧʘʨ.   ʃʘʙʦʨʘʪʦʨʥʘʷ   ʧʨʦʧʘʨʦʯʥʘʷ      ʢʘʤʝʨʘ 
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 (ʨʠʩ. 4.2) ʦʩʥʘʱʝʥʘ ʧʘʨʦʚʳʤ ʢʦʪʣʦʤ (5), ʥʘʩʦʩʦʤ-ʚʝʥʪʠʣʷʪʦʨʦʤ (8) ʜʣʷ ʧʦʜʘ-

ʯʠ ʚ ʢʘʤʝʨʫ ʧʦʜʦʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ), 

ʢʦʤʧʣʝʢʪʦʤ ʪʝʨʤʦʧʘʨ ʠ ʩʘʤʦʧʠʰʫʱʠʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʰʝʩʪʠ-ʠʣʠ ʜʚʝʥʘʜʮʘ-

ʪʠʢʘʥʘʣʴʥʳʤ ʧʦʪʝʥʮʠʦʤʝʪʨʦʤ. 

 
 

 

 

 

 

 

 

 

 
 

 

4.4.4. ʋʢʘʟʘʥʠʷ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʕʢʩʧʝʨʠʤʝʥʪ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʜʥʦʤ ʠʟ ʩʣʝʜʫʶʱʠʭ ʚʠʜʦʚ ʙʝʪʦʥʘ: 

ʘ) ʪʷʞʝʣʳʡ ʙʝʪʦʥ ʩʦʩʪʘʚʘ: - 1 : 2 : 4 : 0,45; 

ʙ) ʣʝʛʢʠʡ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥ ʩʦʩʪʘʚʘ: 

 ʮʝʤʝʥʪ - 280 ʢʛ/ʤ
3
; 

 ʢʝʨʘʤʟʠʪʦʚʳʡ ʛʨʘʚʠʡ ʪʨʝʙʫʝʤʦʡ ʢʨʫʧʥʦʩʪʠ - 600 ʢʛ/ʤ
3
; 

 ʧʝʩʦʢ - 300 ʢʛ/ʤ
3
; 

 ʚʦʜʘ - 150 ʣ/ʤ
3
. 

 ʆʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʧʣʦʪʥʦʩʪʴ ʙʝʪʦʥʘ ʧʦʩʣʝ 

 ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ - 1200 ʢʛ/ʤ
3
; 
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ʈʠʩ. 4.2. ʉʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʦʧʘʨʦʯʥʦʡ ʢʘʤʝʨʳ: 

1 ï ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʨʧʫʩ ʢʘʤʝʨʳ; 2 ï ʪʝʧʣʦʠʟʦʣʷʮʠʷ; 3 ï ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ 

ʟʘʪʚʦʨ; 4 ï ʙʝʪʦʥʥʳʡ ʦʙʨʘʟʝʮ; 5 ï ʧʘʨʦʚʦʡ ʢʦʪʝʣ; 6 ï ʪʝʧʣʦʵʣʝʢʪʨʦʥʘʛʨʝʚʘ-

ʪʝʣʠ (ʊʕʅʳ); 7 ï ʧʘʨʦʚʘʷ ʪʨʫʙʘ; 8 ï ʮʝʥʪʨʦʙʝʞʥʳʡ ʚʝʥʪʠʣʷʪʦʨ;  

9 ï ʟʘʜʚʠʞʢʘ; 10 ï ʚʦʟʜʫʭʦʚʦʜ; 11 ï ʜʥʠʱʝ-ʨʘʩʩʝʢʘʪʝʣʴ;  

12 ï ʢʦʥʜʝʥʩʘʪʦʦʪʚʦʜ; 13 ï ʪʝʨʤʦʜʘʪʯʠʢ; 14 ï ʤʘʛʥʠʪʥʳʡ ʧʫʩʢʘʪʝʣʴ;  

15 ï ʪʝʨʤʦʧʘʨʳ; 16 ï ʪʝʨʤʦʩʪʘʪ ʜʣʷ ʭʦʣʦʜʥʳʭ ʩʧʘʝʚ ʪʝʨʤʦʧʘʨ;  

17 ï ʧʨʦʛʨʘʤʤʥʳʡ ʨʝʛʫʣʷʪʦʨ ʪʝʤʧʝʨʘʪʫʨʳ; 18 ï ʧʦʪʝʥʮʠʦʤʝʪʨ 
 



ʚ) ʷʯʝʠʩʪʳʡ ʙʝʟʘʚʪʦʢʣʘʚʥʳʡ ʙʝʪʦʥ ʩʦʩʪʘʚʘ: 

 ʮʝʤʝʥʪ ʧʦʨʪʣʘʥʜʩʢʠʡ ʄ-500 - 300 ʢʛ/ʤ
3
; 

 ʠʟʚʝʩʪʴ ʛʘʰʝʥʘʷ ʚ ʧʦʨʦʰʢʝ - 50 ʢʛ/ʤ
3
; 

 ʧʝʩʦʢ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʦʣʦʪʳʡ - 300 ʢʛ/ʤ
3
; 

 ʚʦʜʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 80 ʉ̄ - 390 ʣ/ʤ
3
; 

 ʘʣʶʤʠʥʠʝʚʘʷ ʧʫʜʨʘ - 500 ʛ/ʤ
3
; 

 ʆʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʧʣʦʪʥʦʩʪʴ ʙʝʪʦʥʘ ʧʦʩʣʝ 

 ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ - 700 ʢʛ/ʤ
3
. 

ʈʘʟʤʝʨʳ ʬʦʨʤʫʝʤʳʭ ʦʙʨʘʟʮʦʚ: 

 - 0,25³0,25³0,05 ʤ - ʜʣʷ 1-ʛʦ ʚʘʨʠʘʥʪʘ ʦʙʨʘʟʮʘ 

(ʨʠʩ. 4.3 ʘ); 

 - 0,5³0,5³0,1 ʤ - ʜʣʷ 2-ʛʦ ʚʘʨʠʘʥʪʘ ʦʙʨʘʟʮʘ 

(ʨʠʩ. 4.3 ʙ). 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʢʘʟʘʥʠʷ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʦʙʨʘʟʮʦʚ ʜʘʶʪʩʷ ʧʨʝʧʦʜʘ-

ʚʘʪʝʣʝʤ ʚ ʭʦʜʝ ʨʘʙʦʪʳ. ʈʘʙʦʯʠʡ ʩʦʩʪʘʚ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʦʙʲʝʤ 

ʦʙʨʘʟʮʘ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʨʘʙʦʯʝʤ ʞʫʨʥʘʣʝ. 

ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʚʳʜʝʨʞʢʠ ʚ ʪʝʯʝʥʠʝ 2 

ʯʘʩʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʨʘʙʦʯʠʡ ʦʙʲʝʤ ʧʨʦʧʘʨʦʯʥʦʡ ʢʘʤʝʨʳ ʪʘʢ, ʯʪʦʙʳ ʙʳ-

ʣʘ ʦʙʝʩʧʝʯʝʥʘ ʨʘʚʥʦʤʝʨʥʘʷ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ ʮʠʨʢʫʣʷʮʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʈʘʩ-

ʧʦʣʦʞʝʥʠʝ ʪʝʨʤʦʧʘʨ ʜʦʣʞʥʦ ʙʳʪʴ ʩʣʝʜʫʶʱʠʤ (ʨʠʩ. 4.3). 

 

ʘ) 

 

 

 

 

 

 

 

 

ʙ) 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 4.3. ʈʘʩʧʦʣʦʞʝʥʠʝ ʪʝʨʤʦʧʘʨ: 

ʘ) ʚ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ; ʙ) ʚʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ 
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0,025 ʤ t2 

t1 

tʩ 

0,025 ʤ 

0,025 ʤ 

0,025 ʤ 

t3 

t4 

t5 

0,025 ʤ t2 (tʮ) 

t1 (tʧ) 

tʩ 

t3 (tʧ) 



ʈʝʞʠʤ ʥʘʛʨʝʚʘ ʤʦʜʝʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʟʘʜʘʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʨʝʛʫʣʠʨʫ-

ʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʟʘʧʘʨʠʚʘʥʠʷ. 

ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʦʟʥʘʯʝʥʥʳʭ ʪʦʯʢʘʭ ʟʘʧʠʩʳʚʘʶʪʩʷ ʩ ʧʦʤʦ-

ʱʴʶ ʩʘʤʦʧʠʰʫʱʝʛʦ ʧʦʪʝʥʮʠʦʤʝʪʨʘ ʥʘ ʜʠʘʛʨʘʤʤʥʫʶ ʣʝʥʪʫ, ʘ ʟʘʪʝʤ ʧʦ ʵʪʠʤ 

ʜʘʥʥʳʤ ʚ ʨʘʙʦʯʝʤ ʞʫʨʥʘʣʝ ʧʦ ʢʘʞʜʦʡ ʪʦʯʢʝ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʦʜ-

ʥʦʤ ʢʦʦʨʜʠʥʘʪʥʦʤ ʧʦʣʝ ʩʪʦʷʪʩʷ ʛʨʘʬʠʢʠ ʪʠʧʘ t = f(Ű). 

ʌʠʟʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʟʥʘʯʝʥʠʷ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʚ ʦʙʦʟʥʘʯʝʥʥʳʭ ʪʦʯʢʘʭ ʤʦʜʝʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʩʨʘʚʥʷʣʠʩʴ. 

ʅʘ ʪʦʤ ʞʝ ʛʨʘʬʠʢʝ, ʥʦ ʩʧʨʘʚʘ ʦʪ ʦʩʥʦʚʥʦʛʦ, ʩʣʝʜʫʝʪ ʧʨʠʚʝʩʪʠ ʛʨʘʬʠʢʠ 

ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʦʚ ʠʟ ʜʨʫʛʠʭ ʚʠʜʦʚ ʙʝʪʦʥʘ (ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʨʫʛʠʭ ʟʚʝʥʝɹʚ). 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʧʣʦʧʝʨʝʥʦʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʧʝʨʚʦʤʫ ʠʣʠ 

ʚʪʦʨʦʤʫ ʚʘʨʠʘʥʪʘʤ ʦʙʨʘʟʮʘ, ʨʝʟʫʣʴʪʘʪʳ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʣʝʜʫʝʪ 

ʧʨʝʜʩʪʘʚʠʪʴ ʝʱʝ ʠ ʚ ʚʠʜʝ ʪʘʙʣ. 4.1 ʩ ʬʠʢʩʘʮʠʝʡ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʩ-

ʢʨʝʪʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ, ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ 10 ʤʠʥʫʪ (ʪ.ʝ. ʯʝʨʝʟ 1/6 ʯʘʩʘ). 
 

ʊʘʙʣʠʮʘ 4.1 

ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 
 
 

ʊʝʢʫʱʝʝ ʚʨʝʤʷ 

t 

ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʪʦʯʢʘʭ, ʉ̄ 

tʩ t1 t2 t3 t4 t5 

       
 

4.5. ʋʢʘʟʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʠʯʝʩʢʦʛʦ  

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʌʫʨʴʝ  

(ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ) 
 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʪʦʣʴʢʦ ʧʨʠ ʣʠʥʝʡʥʦʤ ʠʟʤʝʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʪʦʥʥʦʛʦ ʦʙʨʘʟʮʘ. 

ʇʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (4.2) ʧʨʠ x = R: 

 ʌ
bKa2

R
K2

Ka2

R

b

0

ʵ

2

ʵ

2

Ööö
÷

õ
ææ
ç

å

Ö
-

ÖÖÖ
ÖÖ-

ÖÖÖ
=

Ö t

Q

ttt

Qt  (4.7) 

ʛʜʝ b - ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʉ̄/ʯ; t - ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʥʘʛʨʝʚʘ ʚ ʟʘʜʘʥʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ, ʯ; Q0 = tʧ0 ï tʮ0 - ʟʥʘʯʝʥʠʝ ʧʝʨʝʧʘ-

ʜʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʪʦʣʱʠʥʝ ʦʙʨʘʟʮʘ R ʚ ʥʘʯʘʣʝ ʟʘʜʘʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝ-

ʤʝʥʠ, ʉ̄; Qt = tʧt ï tʮt - ʟʥʘʯʝʥʠʝ ʧʝʨʝʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʪʦʣʱʠʥʝ ʦʙʨʘʟ-

ʮʘ R ʚ ʢʦʥʮʝ ʟʘʜʘʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ, ʉ̄; K - ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ 

 ʦʙʨʘʟʮʘ; ö
÷

õ
æ
ç

å tÖ
=

R

x

R

a
ʌʌ ,

2
 - ʬʫʥʢʮʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʩʫʤʤʫ ʙʝʩʢʦ-

ʥʝʯʥʦʛʦ ʨʷʜʘ; aʵ - ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ, 
ʤ

2
/ʯ. 
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