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5. ʄʆʃɽʂʋʃʗʈʅɸʗ ʌʀɿʀʂɸ ʀ ʊɽʈʄʆɼʀʅɸʄʀʂɸ 

 

Ä 5.1 ʆʩʥʦʚʳ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ (ʄʂʊ) 

ʄʦʣʝʢʫʣʷʨʥʦʡ ʬʠʟʠʢʦʡ ʥʘʟʳʚʘʝʪʩʷ ʨʘʟʜʝʣ ʬʠʟʠʢʠ, ʠʟʫʯʘʶʱʠʡ ʟʘʚʠʩʠʤʦʩʪʴ ʘʛʨʝʛʘʪʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʠ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚʘ ʦʪ ʝʛʦ ʩʪʨʦʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʚʝʱʝʩʪʚʘ ʩ 

ʫʯʸʪʦʤ ʭʘʨʘʢʪʝʨʘ ʠʭ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ. 

ʄʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ ʥʘʟʳʚʘʝʪʩʷ ʫʯʝʥʠʝ ʦ ʩʪʨʦʝʥʠʠ ʠ ʩʚʦʡʩʪʚʘʭ ʚʝʱʝʩʪʚʘ, 

ʢʦʪʦʨʦʝ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦ ʝʛʦ ʤʦʣʝʢʫʣʷʨʥʦʤ ʩʪʨʦʝʥʠʠ. 

 

5.1.1   ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʄʂʊ 

ʄʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʧʦʩʪʨʦʝʥʘ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦ ʚʝʱʝʩʪʚʝ ʢʘʢ ʦ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʯʘʩʪʠʮ (ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣ). ʕʪʠ ʯʘʩʪʠʮʳ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ 

ʭʘʦʪʠʯʝʩʢʦʤ ʜʚʠʞʝʥʠʠ (ʪʝʧʣʦʚʦʤ ʜʚʠʞʝʥʠʠ), ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʝʱʝʩʪʚʘ.  

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʄʂʊ, ʥʘ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʦ ʵʪʦ ʫʯʝʥʠʝ, 

ʩʣʝʜʫʶʱʠʝ: 

1.  ʚʩʝ ʚʝʱʝʩʪʚʘ ʩʦʩʪʦʷʪ ʠʟ ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ ʠʣʠ ʠʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ 

ʭʘʦʪʠʯʝʩʢʦʤ ʪʝʧʣʦʚʦʤ ʜʚʠʞʝʥʠʠ (ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʷʚʣʷʶʪʩʷ ɹʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʷ, ʜʠʬʬʫʟʠʷ 

ʠ ʜʨ. ʷʚʣʝʥʠʷ), 

2. ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʚʝʱʝʩʪʚʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʠ ʩʠʣʳ 

ʦʪʪʘʣʢʠʚʘʥʠʷ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʡ (ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ, ʥʘʧʨʠʤʝʨ, ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʪʚʸʨʜʦʝ ʪʝʣʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʨʫʜʥʦ ʩʞʘʪʴ ʠʣʠ 

ʨʘʩʪʷʥʫʪʴ). 

 

Ä 5.2  ɸʛʨʝʛʘʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʯʘʩʪʠʮ ʠ ʩʨʝʜʥʝʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʱʝʩʪʚʦ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ 

ʛʘʟʦʦʙʨʘʟʥʦʤ, ʞʠʜʢʦʤ ʠʣʠ ʪʚyʨʜʦʤ ʩʦʩʪʦʷʥʠʷʭ.  

 

ʊʚʝʨʜʦʝ ʪʝʣʦ 

ɺʝʱʝʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʚ ʪʚʨyʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʝʩʣʠ ʩʨʝʜʥʷʷ 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʨʠʪʷʞʝʥʠʷ ʤʦʣʝʢʫʣ ʤʥʦʛʦ ʙʦʣʴʰʝ ʠʭ 

ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʪʦ ʝʩʪʴ ʧʦʪʝʥʮ ʢʠʥɽ ɽ . 

ʄʦʣʝʢʫʣʳ ʚ ʪʚʨyʜʦʤ ʪʝʣʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʫʧʦʨʷʜʦʯʝʥʦ ʠ 

ʧʣʦʪʥʦ ʟʘʧʦʣʥʷʶʪ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʩʤ. ʨʠʩ.5.1). 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʩʨʝʜʥʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 

(ʤʦʣʝʢʫʣʘʤʠ). ʉʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ï ʩʦʭʨʘʥʝʥʠʝ ʬʦʨʤʳ ʠ ʦʙʲʤyʘ. 

ʇʨʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʚʦʟʥʠʢʘʶʪ ʩʠʣʳ, ʩʪʨʝʤʷʱʠʝʩʷ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʝʛʦ ʬʦʨʤʫ. 

 

ɾʠʜʢʦʩʪ ɹ

ɺʝʱʝʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʝʩʣʠ ʩʨʝʜʥʷʷ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʤʦʣʝʢʫʣ ʩʦʠʟʤʝʨʠʤʘ ʩʦ ʩʨʝʜʥʝʡ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʠʭ ʧʨʠʪʷʞʝʥʠʷ, ʪʦ ʝʩʪʴ ʢʠʥ ʧʦʪʝʥʮɽ ɽ . 

ʄʦʣʝʢʫʣʳ ʚ ʞʠʜʢʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʯʪʠ ʚʧʣʦʪʥʫʶ ʜʨʫʛ ʢ 

ʜʨʫʛʫ ʠ ʩʦʚʝʨʰʘʶʪ ʢʦʣʝʙʘʥʠʷ ʦʢʦʣʦ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ, 

ʠʥʦʛʜʘ ʧʝʨʝʩʢʘʢʠʚʘʷ ʠʟ ʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʜʨʫʛʦʝ, ʩʪʘʣʢʠʚʘʷʩʴ ʩ 

ʩʦʩʝʜʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ (ʩʤ. ʨʠʩ. 5.2). 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʨʝʤʷ çʦʩʝʜʣʦʡè ʞʠʟʥʠ ʤʦʣʝʢʫʣ 

ʞʠʜʢʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʈʠʩ. 5.1 

ʈʠʩ. 5.2 
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ʈʦʩʪ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʠʭ ʢʦʣʝʙʘʥʠʡ. 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣ ʚ ʞʠʜʢʦʩʪʠ ʥʝ ʬʠʢʩʠʨʦʚʘʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʭʘʨʘʢʪʝʨʥʦʤʫ 

ʪʦʣʴʢʦ ʜʣʷ ʞʠʜʢʦʩʪʠ ʩʚʦʡʩʪʚʫ ï ʪʝʢʫʯʝʩʪʠ. ʊʝʢʫʯʝʩʪʴ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʩʠʣʳ. 

ʉʞʠʤʘʝʤʦʩʪʴ ʞʠʜʢʦʩʪʠ ʥʝ ʚʝʣʠʢʘ ʠ ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʞʠʤʘʝʤʦʩʪʠ ʪʚʝʨʜʳʭ ʪʝʣ ʠʟ-ʟʘ 

ʤʘʣʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ. 

ɾʠʜʢʦʩʪʠ ʩʦʭʨʘʥʷʶʪ ʩʚʦʡ ʦʙʲʸʤ, ʥʦ ʧʨʠʥʠʤʘʶʪ ʬʦʨʤʫ ʪʦʛʦ ʩʦʩʫʜʘ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ 

ʥʘʭʦʜʷʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʞʠʜʢʦʩʪʠ ʠʤʝʶʪ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʩ ʜʨʫʛʦʡ ʩʨʝʜʦʡ ʠ ʦʙʣʘʜʘʶʪ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʥʘʪʷʞʝʥʠʝʤ. 

ɻʘʟ 

ɺʝʱʝʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʝʩʣʠ 

ʩʨʝʜʥʷʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʤʦʣʝʢʫʣ ʧʨʝʚʳʰʘʝʪ ʠʭ ʩʨʝʜʥʶʶ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʧʨʠʪʷʞʝʥʠʷ, ʪʦ ʝʩʪʴ ʢʠʥ ʧʦʪʝʥʮɽ ɽ . 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠʣʠ ʤʦʣʝʢʫʣʘʤʠ ʚ ʛʘʟʝ ʚʦ ʤʥʦʛʦ 

ʨʘʟ ʙʦʣʴʰʝ ʨʘʟʤʝʨʦʚ ʩʘʤʠʭ ʤʦʣʝʢʫʣ. 

ɻʘʟ ʤʦʞʝʪ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʨʘʩʰʠʨʷʪʴʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʘʢ 

ʢʘʢ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳ. ɻʘʟʳ 

ʥʝ ʩʦʭʨʘʥʷʶʪ ʥʠ ʬʦʨʤʳ, ʥʠ ʦʙʲʤyʘ. 

ɺʳʩʦʢʘʷ ʩʞʠʤʘʝʤʦʩʪʴ ʛʘʟʘ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʠʤ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ. ʇʨʠ ʩʞʘʪʠʠ ʛʘʟʘ ʝʛʦ ʧʣʦʪʥʦʩʪʴ 

ʚʦʟʨʘʩʪʘʝʪ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʫʤʝʥʴʰʘʶʪʩʷ. 

 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʢʘʣʘ ʂʝʣʴʚʠʥʘ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦ ʢʦʪʦʨʦʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ 

ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʣʴ ʧʦ ʵʪʦʡ ʰʢʘʣʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʠʶ ʪʝʧʣʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʝʱʝʩʪʚʘ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʵʪʦʡ ʰʢʘʣʝ, ʥʘʟʳʚʘʝʪʩʷ 

ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ T. ʇʝʨʝʭʦʜ ʦʪ ʰʢʘʣʳ ʎʝʣʴʩʠʷ ʢ ʰʢʘʣʝ ʂʝʣʴʚʠʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʥʦʰʝʥʠʷ  

                                                                          
0 273T K t C                                                       (5.1) 

     ʛʜʝ ʊ ð ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ, ʂʝʣʴʚʠʥ, ʘ t ð ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ ʎʝʣʴʩʠʶ, 0C  

ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʰʢʘʣʳ. ʉʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʰʢʘʣʘʤʠ ʧʨʠʚʦʜʷʪʩʷ ʥʘ ʨʠʩ. 5.4. 

 
 

 ʈʠʩ.5.3 

ʈʠʩ. 5.4 
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Ä 5.3  ʄʦʜʝʣʴ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 

 

ʀʜʝʘʣʴʥʳʡ ʛʘʟ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʝʡʰʝʡ ʤʦʜʝʣʴʶ ʨʝʘʣʴʥʦʛʦ ʛʘʟʘ. ʆʩʥʦʚʥʳʤ ʫʧʨʦʱʝʥʠʝʤ 

ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʦʪ ʨʝʘʣʴʥʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ  ʚ ʠʜʝʘʣʴʥʦʤ ʛʘʟʝ  ʧʨʝʥʝʙʨʝʛʘʶʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʝʛʦ ʤʦʣʝʢʫʣʘʤʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʠʜʝʘʣʴʥʳʡ ʛʘʟ ʥʠ 

ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝʣʴʟʷ ʧʨʝʚʨʘʪʠʪʴ ʚ ʞʠʜʢʦʩʪʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʝʘʣʴʥʳʡ ʛʘʟ ʤʦʞʥʦ. 

ʉʚʦʡʩʪʚʘ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʟʘʚʠʩʷʪ ʣʠʰʴ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʛʦ ʤʦʣʝʢʫʣ ʠ ʦʪ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʠʭ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ. 

ʄʦʜʝʣ ɹʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ: 

1. ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʚʦ ʤʥʦʛʦ ʨʘʟ ʙʦʣʴʰʝ ʠʭ  ʨʘʟʤʝʨʦʚ (ʪʦ ʝʩʪʴ 

ʯʘʩʪʠʮʳ ʛʘʟʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ),  

2. ʯʘʩʪʠʮʳ ʛʘʟʘ ʜʚʠʞʫʪʩʷ ʦʪ ʦʜʥʦʛʦ ʩʪʦʣʢʥʦʚʝʥʠʷ ʜʦ ʜʨʫʛʦʛʦ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ  ʠ 

ʩʪʘʣʢʠʚʘʶʪʩʷ  ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʦ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩʦ ʩʪʝʥʢʘʤʠ ʩʦʩʫʜʘ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʥʘʭʦʜʷʪʩʷ, 

3. ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʨʘʚʥʘ ʥʫʣʶ (ʪʦ 

ʝʩʪʴ ʩʠʣʘʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 

ʧʨʝʥʝʙʨʝʛʘʶʪ). 

5.3.1  ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʦʩʪʦʷʥʠʷ 

 

ʇʘʨʘʤʝʪʨʘʤʠ ʩʦʩʪʦʷʥʠʷ  ʥʘʟʳʚʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʦʩʪʦʷʥʠʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʂ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʩʦʩʪʦʷʥʠʷ ʦʪʥʦʩʷʪʩʷ: 

1.  ʦʙʲʸʤ V  (ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʣ ʟʘʥʠʤʘʪʴ ʦʧʨʝʜʝʣʸʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ), 3V ʤ , 

2.  ʜʘʚʣʝʥʠʝ  p  (ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ ʥʘ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ ʩ ʥʠʤʠ ʪʝʣʘ), 

                                                                        
F

p
S

,   p ʇʘ, ʇʘʩʢʘʣʴ, 

ʛʜʝ F - ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʱʘʜʴʶ S . 

3. ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ T  (ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ 

ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʥʘʛʨʝʪʦʩʪʠ ʪʝʣ ʠ ̫ʚʣʷʝʪʩʷ ʤʝʨʦʡ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ ʚʝʱʝʩʪʚʘ), 

               T K, ʂʝʣʴʚʠʥ, 

                                                                 
0 273T K t C                                                        

     ʛʜʝ ʊ ð ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ, ʂʝʣʴʚʠʥ, ʘ t ð ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ ʎʝʣʴʩʠʶ, 0C , 

4. ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ  (ʧʦʢʘʟʳʚʘʝʪ ʤʘʩʩʫ ʦʜʥʦʛʦ ʤʦʣʷ ʚʝʱʝʩʪʚʘ) 

                                                                       
ʢʛ

ʤʦʣʴ
 

5. ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ  (ʦʧʨʝʜʝʣʷʝʪ ʯʠʩʣʦ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʝʱʝʩʪʚʘ). 

                                                             

A

m N

N
,   ʤʦʣʴ, 

ʛʜʝ N - ʯʠʩʣʦ ʯʘʩʪʠʮ ʚ ʜʘʥʥʦʤ ʚʝʱʝʩʪʚʝ,  

23 1
6.02 10

A
N

ʤʦʣʴ
- ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ (ʦʥʦ ʧʦʢʘʟʳʚʘʝʪ ʯʠʩʣʦ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʜʥʦʤ 

ʤʦʣʝ ʣʶʙʦʛʦ ʚʝʱʝʩʪʚʘ), 

          ʄʦʣʴ ï ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʩʦʜʝʨʞʠʪʩʷ ʩʪʦʣʴʢʦ ʞʝ ʯʘʩʪʠʮ, ʩʢʦʣʴʢʦ 

ʘʪʦʤʦʚ ʩʦʜʝʨʞʠʪʩʷ ʚ ʠʟʦʪʦʧʝ  ʫʛʣʝʨʦʜʘ  12C   ʤʘʩʩʦʡ 0,012 ʢʛ. 

6. ʢʦʥʮʝʥʪʨʘʮʠʷ n  (ʧʦʢʘʟʳʚʘʝʪ ʯʠʩʣʦ ʯʘʩʪʠʮ ʚ ʝʜʠʥʠʮʝ ʦʙʲʸʤʘ ʚʝʱʝʩʪʚʘ) 

                                                                           
N

n
V

,    
3

1
n

ʤ
. 
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Ä 5.4  ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʛʘʟʦʚ 

 

ɼʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʛʘʟʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʪʝʥʢʘʤʠ ʩʦʩʫʜʘ, ʚ 

ʢʦʪʦʨʦʤ ʦʥ ʥʘʭʦʜʠʪʩʷ. ʉʪʦʣʢʥʦʚʝʥʠʷ ʯʘʩʪʠʮ ʩʦ ʩʪʝʥʢʘʤʠ ʩʦʩʫʜʘ 

ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʠʤʧʫʣʴʩʘ ʯʘʩʪʠʮ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ 

ʧʦʷʚʣʝʥʠʶ ʩʠʣʳ ʚʦʟʜʝʡʩʪʚʠʷ ʛʘʟʘ ʥʘ ʩʪʝʥʢʫ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ 

ʩʠʣʦʡ ʜʘʚʣʝʥʠʷ. ʉʠʣʘ ʜʘʚʣʝʥʠʷ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʥʦʨʤʘʣʠ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʫʜʘ, ʘ ʝy ʦʪʥʦʰʝʥʠʝ ʢ ʚʝʣʠʯʠʥʝ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʟʳʚʘʝʪʩʷ ʜʘʚʣʝʥʠʝʤ ʛʘʟʘ. ʀʩʧʦʣʴʟʫʷ ʟʘʢʦʥʳ 

ʤʝʭʘʥʠʢʠ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ ʦʪ ʩʨʝʜʥʝʡ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʯʘʩʪʠʮ ʛʘʟʘ. ʆʥʘ ʠʤʝʝʪ ʪʘʢʦʡ ʚʠʜ: 

                 

2

0
m2 N

p
3 V 2

v
.                                                        (5.2) 

ɿʜʝʩʴ m0 - ʤʘʩʩʘ ʯʘʩʪʠʮʳ ʛʘʟʘ; v  - ʩʢʦʨʦʩʪʴ ʝy ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠ,̫       N - ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ 

ʛʘʟʘ; V - ʦʙʲʝʤ ʛʘʟʘ. ʋʛʣʦʚʳʝ ʩʢʦʙʢʠ ʦʙʦʟʥʘʯʘʶʪ ʫʩʨʝʜʥʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦ ʚʩʝʤ 

ʯʘʩʪʠʮʘʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʝ (5.2) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

                                                                          
2

3 ʢʠʥ
p n E ,                                                           (5.3) 

2

0

ʢʠʥ

m
E

2

v
- ʩʨʝʜʥʷʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣʳ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ,  

0
m - ʤʘʩʩʘ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ. 

ɽʩʣʠ ʤʘʩʩʳ ʚʩʝʭ ʯʘʩʪʠʮ ʛʘʟʘ ʦʜʠʥʘʢʦʚʳ (ʦʜʥʦʨʦʜʥʳʡ ʛʘʟ), ʪʦ ʫʩʨʝʜʥʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʩʚʦʜʠʪʩʷ ʢ ʫʤʥʦʞʝʥʠʶ ʧʦʣʦʚʠʥʳ ʤʘʩʩʳ ʯʘʩʪʠʮʳ ʥʘ ʫʩʨʝʜʥʝʥʥʳʡ ʢʚʘʜʨʘʪ ʩʢʦʨʦʩʪʠ 

ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ: 

                                                                  

2

20 0
m m

2 2

v
v ,                                                          (5.4) 

ʉʨʝʜʥʷʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʯʝʨʝʟ 

ʘʙʩʦʣʶʪʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ: 

                                                                   

2

0
m 3

kT
2 2

v
,                                                             (5.5) 

ʛʜʝ 
231.38 10
ɼʞ

k
ʂ

 - ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ; ʊ ð ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʉ ʫʯʝʪʦʤ ʵʪʦʡ ʩʚʷʟʠ ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʪʝʤʧʝʨʘʪʫʨʫ: 

                                                                        p nkT,                                                                   (5.6) 

   ɺ ʫʨʘʚʥʝʥʠʷʭ  (5.3) ʠ (5.6) ʩʦʦʪʥʦʰʝʥʠʝ  

                                                                         
N

n
V

,                                                                     (5.7) 

ʥʘʟʳʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʯʘʩʪʠʮ ʛʘʟʘ ʚ ʟʘʥʠʤʘʝʤʦʤ ʦʙʲʝʤʝ.  

ʌʦʨʤʫʣ r (5.3) ʠ (5.6) ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʠʜʝʘʣʴʥʳʭ ʛʘʟʦʚ. 

ɺʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʪʝʧʣʦʚʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʛʘʟʘ, ʷʚʣʷʝʪʩʷ ʠʭ ʩʨʝʜʥʷʷ 

ʢʚʘʜʨʘʪʠʯʥʘʷ ʩʢʦʨʦʩʪʴ. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

                                                                   2

ʩʨ.ʢʚ.
v v ,                                                               (5.8) 

ʠ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ (5.4) ʠ (5.5) ʝʝ ʟʥʘʯʝʥʠʝ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ: 

ʈʠʩ. 5.5 
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ʩʨ.ʢʚ.

0

3kT

m
v                                                                (5.9) 

ʄʘʩʩʫ  ʤʦʣʝʢʫʣʳ ʚʝʱʝʩʪʚʘ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ, ʟʥʘʷ ʝʛʦ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ  ʠ ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ 

Nɸ: 

                                                                                                                0

A

m
N

,                                                                                             (5.10) 

ʂʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʛʘʟʘ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʟʥʘʷ ʤʘʩʩʫ 

ʛʘʟʘ m  ʧʦ ʬʦʨʤʫʣʝ: 

                                                                         
A

m
N N ,                                                            (5.11) 

ʚ ʢʦʪʦʨʦʡ ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʛʘʟʘ ʢ ʝʛʦ ʤʦʣʷʨʥʦʡ ʤʘʩʩʝ ʥʘʟʳʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʚʝʱʝʩʪʚʘ ʚ 

ʤʦʣʷʭ: 

                                                                              
m

v .                                                               (5.12) 

 

Ä 5.5  ʋʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 

 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʛʘʟʦʚ (5.6) 

ʚʳʨʘʞʝʥʠʝ (5.7), ʩ ʫʯʝʪʦʤ (5.11) ʧʦʣʫʯʠʤ: 

                                                                        
A

m
pV N kT

M
,                                                      (5.13) 

ʇʨʦʠʟʚʝʜʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ɹʦʣʴʮʤʘʥʘ ʥʘ ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ ʥʘʟʳʚʘʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʛʘʟʦʚʦʡ 

ʧʦʩʪʦʷʥʥʦʡ:    

                                                                            
A

R kN                                                                 (5.14) 

ʛʜʝ 8.31
ɼʞ

R
ʤʦʣʴ ʂ

. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʨʘʞʝʥʠʝ (5.13) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ  ʚ ʚʠʜʝ 

                                                                       
m

pV RT
M

,                                                            (5.15) 

ʉʦʦʪʥʦʰʝʥʠʝ (5.15) ʥʘʟʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʄʝʥʜʝʣʝʝʚʘ-ʂʣʘʧʝʡʨʦʥʘ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʫʨʘʚʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. 

ɽʩʣʠ ʤʘʩʩʘ ʛʘʟʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʪʦ ʝʛʦ ʩʦʩʪʦʷʥʠʝ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝʤ  

ʂʣʘʧʝʡʨʦʥʘ: 

ʝʩʣʠ   m const , ʪʦ                                       
pV

const
T

.                                                            (5.16) 

 

5.5.1   ʀʟʦʧʨʦʮʝʩʩʳ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 

 

ʀʟʦʧʨʦʮʝʩʩʦʤ ʥʘʟʳʚʘʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʧʨʠ ʢʘʢʦʤ-ʣʠʙʦ 

ʥʝʠʟʤʝʥʥʦʤ ʧʘʨʘʤʝʪʨʝ ʩʦʩʪʦʷʥʠʷ. 

 

ʈʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʠʟʦʧʨʦʮʝʩʩʦʚ: 

- ʠʟʦʭʦʨʠʯʝʩʢʠʡ, 

- ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ, 

- ʠʟʦʙʘʨʠʯʝʩʢʠʡ, 

- ʘʜʠʘʙʘʪʥʳʡ, 

- ʧʦʣʠʪʨʦʧʥʳʡ.  
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                ʀʟʦʭʦʨʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

(ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʸʤʝ, ʪ.ʝ.  V = const ) 

 

ʇʨʠ ʠʟʦʭʦʨʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʠʜʝʘʣʴʥʳʡ ʛʘʟ ʧʦʜʯʠʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʶ 

ʐʘʨʣʷ: 

ʝʩʣʠ   m const,  ʪʦ         
p

const
T

.                                              (5.17) 

ʅʘ ʨʠʩ. 5.6       
3 2 1

V V V .  

 

              
                ʀʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ  
(ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪ.ʝ.  ʊ = const) 

 

ʇʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʠʜʝʘʣʴʥʳʡ ʛʘʟ ʧʦʜʯʠʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʶ 

ɹʦʡʣʷ-ʄʘʨʠʦʪʪʘ: 

ʝʩʣʠ   m const, ʪʦ                pV const                                         (5.18) 

 

ʅʘ ʨʠʩ.5.8               
3 2 1

T T T . 

               ʀʟʦʙʘʨʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ  

(ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪ.ʝ.  p const) 

ʇʨʠ ʠʟʦʙʘʨʠʯʝʩʢʦʤ  ʧʨʦʮʝʩʩʝ ʠʜʝʘʣʴʥʳʡ ʛʘʟ ʧʦʜʯʠʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʶ 

ɻʝʡ-ʃʶʩʩʘʢʘ: 

ʝʩʣʠ   m const , ʪʦ              
V

const
T

.                                         (5.19) 

ʅʘ ʨʠʩ. 5.9            
3 2 1

p p p .   

 

 

              ʈʠʩ. 5.10 

 ʈʠʩ. 5.7 

ʈʠʩ. 5.6 

ʈʠʩ. 5.8 

ʈʠʩ. 5.9 
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ɸʜʠʘʙʘʪʥʳʡ ʧʨʦʮʝʩʩ  

(ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʙʝʟ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʪ.ʝ. 0Q ) 

ʇʨʠ ʘʜʠʘʙʘʪʥʦʤ  ʧʨʦʮʝʩʩʝ ʠʜʝʘʣʴʥʳʡ ʛʘʟ ʧʦʜʯʠʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʶ ʇʫʘʩʩʦʥʘ: 

                                                                                  1

1

pV const

TV const

Tp const

,                                                           (5.20) 

ʛʜʝ  
2p

V

C i

C i
- ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ (ʠʣʠ ʧʦʢʘʟʘʪʝʣʴ ʇʫʘʩʩʦʥʘ), 

p
C ʠ 

V
C -ʪʝʧʣʦʸʤʢʦʩʪʴ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʸʤʝ,  

i - ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣʳ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. 

 

ʇʨʠʯʸʤ: 

 i = 3 ʜʣʷ ʦʜʥʦʘʪʦʤʥʳʭ ʛʘʟʦʚ                ( O       H       He    ʠ  ʪ.ʜ.) 

i  = 5 ʜʣʷ ʜʚʫʭʘʪʦʤʥʳʭ ʛʘʟʦʚ                ( O2        H2      CO   ʠ  ʪ.ʜ.) 

i  = 6 ʜʣʷ ʪʨʸʭ ʠ ʙʦʣʝʝ ʘʪʦʤʥʳʭ ʛʘʟʦʚ  ( CO2   H2O   ʠ ʪ.ʜ.) 

 

ʇʦʣʠʪʨʦʧʥʳʡ ʧʨʦʮʝʩʩ 

(ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ, ʪ.ʝ. ʉ const) 

ʇʨʠ ʧʦʣʠʪʨʦʧʥʦʤ ʧʨʦʮʝʩʩʝ ʠʜʝʘʣʴʥʳʡ ʛʘʟ ʧʦʜʯʠʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʶ ʧʦʣʠʪʨʦʧʳ: 

                                                                                  1

1

n

n

n

n

pV const

TV const

Tp const

.                                                          (5.21) 

ʛʜʝ 
p

V

C C
n

C C
- ʧʦʢʘʟʘʪʝʣʴ ʧʦʣʠʪʨʦʧʳ, C - ʪʝʧʣʦʸʤʢʦʩʪʴ ʛʘʟʘ ʧʨʠ ʧʦʣʠʪʨʦʧʥʦʤ ʧʨʦʮʝʩʩʝ. 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʠʟʦʧʨʦʮʝʩʩʳ ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤʠ ʩʣʫʯʘʷʤʠ ʧʦʣʠʪʨʦʧʥʦʛʦ ʧʨʦʮʝʩʩʘ: 

- ʜʣʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ  ʧʨʦʮʝʩʩʘ         C  , 

- ʜʣʷ ʠʟʦʭʦʨʠʯʝʩʢʦʛʦ    ʧʨʦʮʝʩʩʘ         
V

C C , 

- ʜʣʷ ʠʟʦʙʘʨʠʯʝʩʢʦʛʦ    ʧʨʦʮʝʩʩʘ         
p

C C , 

- ʜʣʷ     ʘʜʠʘʙʘʪʥʦʛʦ     ʧʨʦʮʝʩʩʘ          C 0 .   

 

Ä 5.6  ʋʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʤʝʩʠ ʠʜʝʘʣʴʥʳʭ ʛʘʟʦʚ 

 

ʉʦʛʣʘʩʥʦ ʦʩʥʦʚʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʛʘʟʦʚ (5.6), ʜʘʚʣʝʥʠʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʯʘʩʪʠʮ N. ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʙʲʝʤʝ ʛʘʟʘ V, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʤʘʩʩʳ. ʇʦʵʪʦʤʫ 

ʚʳʨʘʞʝʥʠʝ (5.6) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʤʝʩʠ ʛʘʟʦʚ, ʝʩʣʠ ʧʦʜ N ʧʦʥʠʤʘʪʴ ʩʫʤʤʫ 

ʯʠʩʣʘ ʯʘʩʪʠʮ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪ ʛʘʟʦʚʦʡ ʩʤʝʩʠ, ʟʘʥʠʤʘʶʱʝʡ ʦʙʲʝʤ V: 

                                                                
1 2

...
i

N N N N ,                                                     (5.22) 

ʛʜʝ i ð ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪ ʛʘʟʦʚʦʡ ʩʤʝʩʠ. 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʝ (5.22) ʚ (5.7), ʘ ʟʘʪʝʤ ʚ (5.16), ʧʦʣʫʯʠʤ 

                                          1 2
1 2

... ...i
i

NN N
p kT kT kT p p p

V V V
,                               (5.23) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (5.23) ʚʠʜʥʦ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʩʤʝʩʠ ʛʘʟʦʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʫʤʤʫ ʜʘʚʣʝʥʠʡ, 

ʩʦʟʜʘʚʘʝʤʳʭ ʢʘʞʜʳʤ ʛʘʟʦʤ ʥʝʟʘʚʠʩʠʤʦ. ʕʪʠ ʜʘʚʣʝʥʠʷ ʥʘʟʳʚʘʶʪʩʷ ʧʘʨʮʠʘʣʴʥʳʤʠ ʜʘʚʣʝʥʠʷʤʠ. 
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ʂʘʞʜʦʝ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʧʦʜʯʠʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʶ (5.15), ʧʦʵʪʦʤʫ ʜʘʚʣʝʥʠʝ ʩʤʝʩʠ 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ  ʧʦ ʬʦʨʤʫʣʝ 

                                                       1 2

1 2

... i

i

mm m
pV RT,                                                 (5.24) 

ʚ ʢʦʪʦʨʦʡ m1, m1,... mi  - ʤʘʩʩʳ ʢʦʤʧʦʥʝʥʪ ʛʘʟʦʚʦʡ ʩʤʝʩʠ, ʟʘʥʠʤʘʶʱʝʡ ʦʙʲʸʤ V,  

ʘ 
1
, 

2
,..., 

i
- ʠʭ ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ. 

ʋʜʦʙʥʦ ʧʨʠʚʝʩʪʠ ʫʨʘʚʥʝʥʠʝ (5.24) ʢ ʚʠʜʫ ʦʙʳʯʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦcʪʦʷʥʠʷ (5.15). ɼʣʷ ʵʪʦʛʦ 

ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʩʨʝʜʥʝʡ ʤʦʣʷʨʥʦʡ ʤʘʩʩ rʩʤʝʩʠ 
ʩʨ
, ʦʧʨʝʜʝʣʷʝʤʦʝ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

                                                        1 2

1 2

... i

ʩʨ i

mm mm
                                                          (5.25) 

ʛʜʝ m = m1+m2+é+mi  - ʤʘʩʩʘ ʚʩʝʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ. ʆʢʦʥʯʘʪʝʣʴʥʦ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʤʝʩʠ 

ʠʜʝʘʣʴʥʳʭ ʛʘʟʦʚ ʧʨʠʦʙʨʝʪʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

                                                                   
cp

m
pV RT,                                                               (5.26) 

 

Ä 5.7  ʈʝʘʣʴʥʳʝ ʛʘʟʳ 

 

ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʧʣʦʪʥʦʩʪʷʭ ʠ ʥʝ ʩʣʠʰʢʦʤ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʚʝʜʝʥʠʝ ʨʝʘʣʴʥʳʭ ʛʘʟʦʚ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʤʦʜʝʣʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. ʆʜʥʘʢʦ 

ʧʨʠ ʙʦʣʴʰʠʭ ʩʪʝʧʝʥʷʭ ʩʞʘʪʠʷ ʠ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʪʘʥʦʚʷʪʩʷ ʟʘʤʝʪʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷ ʚ 

ʠʭ ʧʦʚʝʜʝʥʠʠ ʦʪ ʫʨʘʚʥʝʥʠʷ ʄʝʥʜʝʣʝʝʚʘ - ʂʣʘʧʝʡʨʦʥʘ. ʇʨʠʯʠʥʳ ʪʘʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ 

ʙʘʥʘʣʴʥʳ. ʆʥʠ ʩʚʷʟʘʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʪʝʤ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʛʘʟʘ ʠʤʝʶʪ ʢʦʥʝʯʥʳʡ ʦʙʲʤy, ʪʦʛʜʘ 

ʢʘʢ ʚ ʤʦʜʝʣʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʦʥʠ ʩʯʠʪʘʶʪʩʷ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʪʦʯʢʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʞʜʫ 

ʦʪʜʝʣʴʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʩʫʱʝʩʪʚʫʶʪ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʦ ʝʩʪʴ ʫ ʤʦʣʝʢʫʣ ʢʨʦʤʝ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠʭ ʭʘʦʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɻʦʣʣʘʥʜʩʢʠʡ ʫʯʝʥʳʡ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩ ʧʝʨʚʳʡ ʩʫʤʝʣ ʧʨʠʜʫʤʘʪʴ ʥʦʚʫʶ ʤʦʜʝʣʴ, 

ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʣʘ ʙʳ ʦʙʘ ʵʪʠʭ ʬʘʢʪʦʨʘ. ʆʥ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʜʝʡʩʪʚʫʶʪ 

ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ. 

ɻʘʟʦʤ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʥʘʟʳʚʘʝʪʩʷ ʪʘʢʘʷ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʚ ʢʦʪʦʨʦʤ ʤʦʣʝʢʫʣʳ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʘʙʩʦʣʶʪʥʦ ʪʚʸʨʜʳʝ ʰʘʨʠʢʠ, ʜʚʠʞʫʱʠʝʩʷ ʭʘʦʪʠʯʝʩʢʠ, ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʂʘʞʜʫʶ ʤʦʣʝʢʫʣʫ ʦʥ  ʨʘʩʩʤʘʪʨʠʚʘʣ ʢʘʢ ʪʚʝʨʜʳʡ ʰʘʨ ʥʝʢʦʪʦʨʦʛʦ ʜʠʘʤʝʪʨʘ d. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʷʩʥʦ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʥʝ ʤʦʛʫʪ ʧʦʜʦʡʪʠ ʜʨʫʛ ʢ ʜʨʫʛʫ ʙʣʠʞʝ ʵʪʦʛʦ ʨʘʩʩʪʦʷʥʠʷ. ʇʦʵʪʦʤʫ 

ʚʤʝʩʪʦ ʦʙʲʝʤʘ ʛʘʟʘ V, ʚʭʦʜʷʱʝʛʦ ʚ ʫʨʘʚʥʝʥʠʝ ʄʝʥʜʝʣʝʝʚʘ - ʂʣʘʧʝʡʨʦʥʘ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʫʶ ʚʝʣʠʯʠʥʫ (V - b), ʛʜʝ b ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʝʢʦʪʦʨʘʷ ʧʦʧʨʘʚʢʘ ʥʘ 

ʠʩʪʠʥʥʳʡ ʦʙʲʝʤ, ʜʦʩʪʫʧʥʳʡ ʤʦʣʝʢʫʣʘʤ ʛʘʟʘ. ɼʘʣʝʝ ʦʥ ʫʯʣy, ʯʪʦ ʤʦʣʝʢʫʣʳ ʤʦʛʫʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʥʦ ʠ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʠʭ ʩʪʝʥʢʘʤʠ ʩʦʩʫʜʘ. ɽʩʣʠ 

ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʜʘʣʠ ʦʪ ʩʪʝʥʢʠ  ʚ ʩʨʝʜʥʝʤ ʢʦʤʧʝʥʩʠʨʫʶʪ ʜʨʫʛ ʜʨʫʛʘ, 

ʪʦ ʚʙʣʠʟʠ ʩʪʝʥʢʠ (ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʤʦʣʝʢʫʣʘ ʥʘʭʦʜʠʪʩʷ ʢ ʩʪʝʥʢʝ ʙʣʠʞʝ, ʯʝʤ ʥʘ ʥʝʢʠʡ 

ʵʬʬʝʢʪʠʚʥʳʡ ʨʘʜʠʫʩ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʦ ʝʩʪʴ  ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʛʜʝ ʟʘʤʝʪʥʦ 

ʧʨʦʷʚʣʷʶʪʩʷ ʩʠʣʳ ʚʟʘʠʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ) ʥʘ ʚʳʜʝʣʝʥʥʫʶ ʤʦʣʝʢʫʣʫ ʜʝʡʩʪʚʫʝʪ ʥʝʢʦʪʦʨʘʷ 

ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʦʪ ʩʪʝʥʢʠ ʚʦʚʥʫʪʨʴ ʦʙʲʸʤʘ ʛʘʟʘ ʠ ʩʪʨʝʤʷʱʘʷʩʷ 

ʫʤʝʥʴʰʠʪʴ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʤʦʣʝʢʫʣʳ ʧʨʠ ʝ y ʫʜʘʨʝ ʦ ʩʪʝʥʢʫ. ɺʝʣʠʯʠʥʘ ʵʪʦʡ ʩʠʣʳ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʣʠʯʝʩʪʚʫ ʤʦʣʝʢʫʣ ʚ ʩʬʝʨʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʦ ʝʩʪʴ  

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣ ʚ ʩʦʩʫʜʝ n. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʨʘʙʦʪʳ ʵʪʦʡ ʩʠʣʳ 

ʧʨʠʪʷʞʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣ ɸʧʨ = ʘ1n  ʠ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʤʦʣʝʢʫʣ ʧʨʠ ʠʭ ʧʦʜʣʝʪʝ ʢ ʩʪʝʥʢʝ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ɸʧʨ. ʋʤʝʥʴʰʠʚ ʩʨʝʜʥʶʶ 

ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʤʦʣʝʢʫʣ ʥʘ ɸʧʨ ʚ ʦʩʥʦʚʥʦʤ ʫʨʘʚʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʛʘʟʦʚ, 

ʧʦʣʫʯʠʤ ʥʦʚʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʝʣʠʯʠʥʳ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʥʘ ʩʪʝʥʢʫ ʩʦʩʫʜʘ: 
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ʋʯʠʪʳʚʘʷ, ʯʪʦ 
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 ʠ ʦʙʦʟʥʘʯʘʷ 2

1

2

3 i
a n p, ʧʦʣʫʯʘʝʤ: 

                                                                                    i
p p nkT.     (5.28) 

ʋʤʥʦʞʠʚ ʦʙʝ ʯʘʩʪʠ (5.28) ʥʘ ʤʦʣʷʨʥʳʡ ʦʙʲʝʤ ʛʘʟʘ 
0

V
V  ʠ ʚʩʧʦʤʥʠʚ, ʯʪʦ 

0 A
n V N ,        ʛʜʝ 

NA - ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ, ʘ 
A

k N R, ʛʜʝ R - ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʥʝʪʨʫʜʥʦ ʧʨʠʜʪʠ  ʢ 

ʪʘʢʦʤʫ ʚʳʨʘʞʝʥʠʶ: 

                                                                              0
( )

i
p p V RT.                            (5.29) 

ɺʝʣʠʯʠʥʫ pi ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ V0,  ʪʘʢ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣ 

0

A
N

n
V
. ʊʦʛʜʘ 

2

0

i

a
p

V
, 

ʛʜʝ ʘ - ʥʝʢʠʡ ʥʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʧʨʠʨʦʜʳ ʤʦʣʝʢʫʣ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʘ. ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨi ʚ (5.29) ʠ ʫʯʠʪʳʚʘʷ ʧʦʧʨʘʚʢʫ ʥʘ ʢʦʥʝʯʥʳʡ ʦʙʲʝʤ 

ʤʦʣʝʢʫʣ (ʦʙʲʝʤ V0 ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʥʠʪʴ ʥʦʚʦʡ ʚʝʣʠʯʠʥʦʡ (V0 - b)), ʧʨʠʭʦʜʠʤ ʢ ʥʦʚʦʤʫ 

ʫʨʘʚʥʝʥʠʶ ʩʦʩʪʦʷʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʩʚʦʡʩʪʚʘ ʨʝʘʣʴʥʳʭ ʛʘʟʦʚ: 

                                                                           
02

0

( )
a

p V b RT
V

.                                      (5.30) 

ʈʘʚʝʥʩʪʚʘ (5.30) ʥʘʟʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʜʣʷ ʦʜʥʦʛʦ ʤʦʣʴ ʛʘʟʘ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʘ ʫʨʘʚʥʝʥʠʝ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʠʤʝʝʪ 

ʚʠʜ: 

                                                                       2
2

a
p V b RT

V
                                                            (5.31) 

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʨʝʘʣʴʥʦʛʦ ʛʘʟʘ ʦʪ ʠʜʝʘʣʴʥʦʛʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʜʝʘʣʴʥʳʡ ʛʘʟ ʥʝʣʴʟʷ 

ʧʝʨʝʚʝʩʪʠ ʚ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ ʥʠ ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ (ʪʘʢ ʢʘʢ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʠʜʝʘʣʴʥʦʛʦ 

ʛʘʟʘ ʥʝʪ ʩʠʣ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʦʥ ʥʝ ʤʦʞʝʪ ʩʢʦʥʜʝʥʩʠʨʦʚʘʪʴʩʷ), ʘ 

ʨʝʘʣʴʥʳʡ ʛʘʟ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʥʦ ʧʝʨʝʚʝʩʪʠ ʚ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ. 

 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ  ʨʝʘʣʴʥʳʭ ʛʘʟʦʚ ʯʘʩʪʦ ʧʦʣʴʟʫʶʪʩʷ  ʧʦʥʷʪʠʝʤ ʧʘʨʘ. 

ʇʘʨʦʤ ʥʘʟʳʚʘʝʪʩʷ ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʝʛʦ ʤʦʞʥʦ ʧʝʨʝʚʝʩʪʠ 

ʚ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʩʪʳʤ ʩʞʘʪʠʝʤ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʝʘʣʴʥʳʡ ʛʘʟ ʷʚʣʷʝʪʩʷ 

ʧʘʨʦʤ, ʝʩʣʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʡ 
ʢʨ

T  (ʩʤʦʪʨʠ ʥʠʞʝ)). 

ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʣʴʥʦʛʦ ʛʘʟʘ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʡ, ʪʦ ʦʥ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʠʜʝʘʣʴʥʳʭ ʛʘʟ, 

ʧʦʜʯʠʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʶ ʄʝʥʜʝʣʝʝʚʘ ï ʂʣʘʧʝʡʨʦʥʘ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʚʝʜʸʥ ʚ ʞʠʜʢʦʝ 

ʩʦʩʪʦʷʥʠʝ.
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                                                      5.7.1    ʀʟʦʪʝʨʤʳ ʨʝʘʣʴʥʦʛʦ ʛʘʟʘ 

 

ʅʘ ʨʠʩʫʥʢʝ  ʨʠʩ 5.11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʪʝʨʤʳ ʨʝʘʣʴʥʦʛʦ 

ʛʘʟʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ  

                         (T4  T3  T2  
ʢʨ

T  T1)     

ʀʟ ʘʥʘʣʠʟʘ ʵʪʠʭ ʛʨʘʬʠʢʦʚ ʩʣʝʜʫʝʪ (ʩʤ. ʨʠʩ. 5.12), ʯʪʦ: 

1.  ʇʨʠ   
ʢʨ

T T  (ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ, ʢʨʠʪʠʯʝʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ 
ʢʨ

T ) ʥʘ ʢʘʞʜʦʡ ʠʟʦʪʝʨʤʝ ʠʤʝʝʪʩʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʫʯʘʩʪʦʢ 3 - 5, ʚʜʦʣʴ ʢʦʪʦʨʦʛʦ ʜʘʚʣʝʥʠʝ 

p  ʠ ʪʝʤʧʝʨʘʪʫʨʘ T  ʧʘʨʘ ʧʦʩʪʦʷʥʥʳ,  ʭʦʪʷ ʦʙʲʸʤ 

ʠʟʤʝʥʷʝʪʩʷ. 

2.  ʅʘ ʠʟʦʪʝʨʤʝ T  = 
ʢʨ

T  (ʝʸ ʥʘʟʳʚʘʶʪ ʢʨʠʪʠʯʝʩʢʦʡ 

ʠʟʦʪʝʨʤʦʡ)  ʪʦʯʢʠ 3 ʠ 5  ʩʣʠʚʘʶʪʩʷ ʚ ʦʜʥʫ ʪʦʯʢʫ  ʂ 

 (ʝʸ ʥʘʟʳʚʘʶʪ  ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʦʡ, ʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʡ ʟʥʘʯʝʥʠʷ 
ʢʨ

T , ʢʨp  ʠ ʢʨV  

ʥʘʟʳʚʘʶʪ ʢʨʠʪʠʯʝʩʢʠʤʠ). ɺ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʝ ʂ  ʠʩʯʝʟʘʝʪ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʞʠʜʢʦʩʪʴʶ ʠ 

ʧʘʨʦʤ. 

3.   ʃʶʙʫʶ ʠʟʦʪʝʨʤʫ ʧʨʠ  T    
ʢʨ

T  ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʪʨʠ ʫʯʘʩʪʢʘ : 1 ï 3,  3 ï 5  ʠ 5 ï 6. 

- ʥʘ ʫʯʘʩʪʢʝ  1 ï 3 ʜʘʚʣʝʥʠʝ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʸʤʘ (ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʛʘʟʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʥʘʟʳʚʘʝʪʩʷ  ʩʫʭʠʤ ʧʘʨʦʤ ), 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- ʥʘ ʫʯʘʩʪʢʝ 3 ï 5   ʜʘʚʣʝʥʠʝ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʭʦʪʷ ʦʙʲʸʤ ʫʤʝʥʴʰʘʝʪʩʷ (ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʧʨʠ 

ʩʞʘʪʠʠ ʛʘʟʘ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʜʝʥʩʘʮʠʷ ʧʘʨʘ, ʪʦ ʝʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʛʘʟʦʦʙʨʘʟʥʦʝ ʠ 

ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʝʱʝʩʪʚʘ, ʧʨʠʯʸʤ ʦʙʲʸʤ ʞʠʜʢʦʩʪʠ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʪʦʯʢʝ 5 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ). ʊʘʢʫʶ ʩʤʝʩʴ ʥʘʟʳʚʘʶʪ ʚʣʘʞʥʳʤ ʧʘʨʦʤ. 

- ʥʘ ʫʯʘʩʪʢʝ 5 ï 6 ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʸʤʘ ʜʘʚʣʝʥʠʝ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ (ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʚʝʱʝʩʪʚʦ 

ʥʘʭʦʜʠʪʩʷ ʧʦʣʥʦʩʪʴʶ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʄʘʣʘʷ ʩʞʠʤʘʝʤʦʩʪʴ ʞʠʜʢʦʩʪʠ ʦʙʲʷʩʥʷʝʪ ʧʦʯʪʠ 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʢʨʠʚʦʡ 5 ï 6) 

ʈʠʩ.5.11 

ͯ;͊ͫͭͦ͟  м ς 3   -  ͨ ͊ͪΣ 

ͭͦ;͊͟  о             - ͤ͊;͊ͦ͡ ͔ͦͤ͒ͤͫ͊͟ͼ͙͙ ͨ͊ͪ͊Σ 

ͯ;͊ͫͭͦ͟  о ς 5   -  ͗ ͙͒ͦͫͭ͟Έ Ҍ ͨ͊ͪΣ 

ͭͦ;͊͟  р          -  ͟ ͔ͦͤͼ ͔ͦͤ͒ͤͫ͊͟ͼ͙͙ ͨ͊ͪ͊Φ 
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ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʩʪʝʪ ʝʛʦ ʧʣʦʪʥʦʩʪʴ. ʇʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩʦ ʩʚʦʠʤ 

ʧʘʨʦʤ, ʫʤʝʥʴʰʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʰʠʨʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. 

ʂʨʠʪʠʯʝʩʢʘʷ  ʪʝʤʧʝʨʘʪʫʨʘ ï ʵʪʦ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ  ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʠ 

ʧʘʨʘ ʩʨʘʚʥʷʶʪʩʷ ʠ ʠʩʯʝʟʘʶʪ ʨʘʟʣʠʯʠʷ ʚ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʤʝʞʜʫ ʞʠʜʢʦʩʪʴʶ ʠ ʝ yʥʘʩʳʱʝʥʥʳʤ ʧʘʨʦʤ (ʩʤ. ʨʠʩ. 5.13). 

ʇʨʠ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʦʪʥʦʩʪʴ ʠ ʜʘʚʣʝʥʠʝ 

ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʩʪʘʥʦʚʷʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤʠ, ʘ ʧʣʦʪʥʦʩʪʴ 

ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʧʘʨʦʤ - ʤʠʥʠʤʘʣʴʥʦʡ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʡ ʥʠ ʧʨʠ ʢʘʢʠʭ ʜʘʚʣʝʥʠʷʭ 

ʨʝʘʣʴʥʳʡ ʛʘʟ ʥʝʣʴʟʷ ʧʨʝʚʨʘʪʠʪʴ ʚ ʞʠʜʢʦʩʪʴ.  

 

Ä 5.8  ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

 

5.8.1  ɺʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ 

 

ɺʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʝʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ  ʥʘʟʳʚʘʝʪʩʷ ʩʫʤʤʘ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʵʥʝʨʛʠʡ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʚʩʝʭ ʯʘʩʪʠʮ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʸ ʮʝʥʪʨʘ ʤʘʩʩ ʠ ʠʭ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʵʥʝʨʛʠʡ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʦʙʦʡ. 

ɺ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʣʘ, ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʪʦʨʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʤʝʥʷʝʪʩʷ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʘʢʠʭ ʪʝʣ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʘ ʠʟʤʝʥʷʪʴʩʷ ʤʦʞʝʪ ʣʠʰʴ 

ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ. 

 

5.8.2  ʉʧʦʩʦʙʳ ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʪʝʣʘ 

 

ɺʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʪʝʧʣʦʧʝʨʝʜʘʯʝʡ ʠ 

ʩʦʚʝʨʰʝʥʠʝʤ ʩʠʩʪʝʤʦʡ ʨʘʙʦʪʳ. 

ʊʝʧʣʦʧʝʨʝʜʘʯʝʡ  ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ  ʵʥʝʨʛʠʠ ʦʪ ʦʜʥʦʛʦ ʪʝʣʘ ʢ ʜʨʫʛʦʤʫ ʙʝʟ 

ʩʦʚʝʨʰʝʥʠʷ ʥʘʜ ʪʝʣʦʤ ʨʘʙʦʪʳ.  

ʂʦʣʠʯʝʩʪʚʦʤ ʪʝʧʣʦʪʳ ʥʘʟʳʚʘʝʪʩʷ ʵʥʝʨʛʠʷ, ʧʝʨʝʜʘʥʥʘʷ ʪʝʣʫ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʚʠʜʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ: ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʢʦʥʚʝʢʮʠʷ, ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ. 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ  ʥʘʟʳʚʘʝʪʩʷ  

ʧʨʦʮʝʩʩ  ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʪʳ ʦʪ ʙʦʣʝʝ 

ʥʘʛʨʝʪʳʭ ʫʯʘʩʪʢʦʚ ʪʝʣʘ ʤʝʥʝʝ ʥʘʛʨʝʪʳʤ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʤʦʣʝʢʫʣ. 

ʉʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʨʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ  ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ. 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʫ ʨʘʟʥʳʭ ʚʝʱʝʩʪʚ 

ʨʘʟʣʠʯʥʘ. 

ʉʘʤʦʡ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ 

ʦʙʣʘʜʘʝʪ ʚʘʢʫʫʤ, ʪʘʢ ʢʘʢ ʚ ʚʘʢʫʫʤʝ ʥʝʪ 

ʤʦʣʝʢʫʣ ʚʝʱʝʩʪʚʘ ʠ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʣʠʰʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʍʦʨʦʰʝʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ 

ʦʙʣʘʜʘʶʪ ʤʝʪʘʣʣʳ, ʧʦʵʪʦʤʫ ʨʫʯʢʠ 

ʩʢʦʚʦʨʦʜʦʢ ʧʦʢʨʳʚʘʶʪ ʦʙʳʯʥʦ 

ʪʝʧʣʦʠʟʦʣʷʪʦʨʘʤʠ  (ʜʝʨʝʚʦʤ, ʧʣʘʩʪʤʘʩʩʦʡ ʠ ʪ.ʧ.) 

ʈʠʩ.5.13 
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ʂʦʥʚʝʢʮʠʝʡ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʪʳ ʚ ʞʠʜʢʦʩʪʷʭ ʠ ʛʘʟʘʭ ʧʦʪʦʢʘʤʠ 

ʚʝʱʝʩʪʚʘ, ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʦʣʝ ʪʷʞʝʩʪʠ ɿʝʤʣʠ, ʠʟ-ʟʘ ʨʘʟʣʠʯʠʷ ʚ ʠʭ ʧʣʦʪʥʦʩʪʷʭ (ʙʦʣʝʝ ʧʣʦʪʥʳʝ 

ʭʦʣʦʜʥʳʝ ʯʘʩʪʠ ʞʠʜʢʦʩʪʠ ʦʧʫʩʢʘʶʪʩʷ, ʚʳʪʝʩʥʷʷ ʙʦʣʝʝ ʣʸʛʢʠʝ ʛʦʨʷʯʠʝ ʯʘʩʪʠ ʞʠʜʢʦʩʪʠ). 

ʊʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ï ʵʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʪʝʧʣʦʚʳʤ 

ʜʚʠʞʝʥʠʝʤ ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣ ʚʝʱʝʩʪʚʘ, ʠ ʧʨʦʠʩʭʦʜʷʱʝʝ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ 

ʥɻʝʨʛʠʠ ʪʝʣʘ. 

ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʝʧʣʦʪʘ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʚʩʝʛʜʘ ʧʝʨʝʜʘʸʪʩʷ ʦʪ ʛʦʨʷʯʝʛʦ ʪʝʣʘ 

ʢ ʭʦʣʦʜʥʦʤʫ ʠ ʥʠʢʦʛʜʘ ʥʘʦʙʦʨʦʪ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚʥʫʪʨʝʥʥʶʶ ʵʥʝʨʛʠʶ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʯʘʩʪʠʮ, ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʳʭ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ, ʥʘʧʨʠʤʝʨ, ʠʟ 

ʦʜʥʦʘʪʦʤʥʳʭ ʤʦʣʝʢʫʣ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʝʧʣʦʚʦʝ ʜʚʠʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʦ ʢ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʤʫ ʜʚʠʞʝʥʠʶ ʯʘʩʪʠʮ, ʘ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʛʘʟʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʵʥʝʨʛʠʡ ʝʛʦ ʯʘʩʪʠʮ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ ʦʜʥʦʡ ʯʘʩʪʠʮʳ ʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ (5.5), ʘ ʚʥʫʪʨʝʥʥʶʶ ʵʥʝʨʛʠʶ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 

ʧʦʣʫʯʠʤ, ʫʤʥʦʞʠʚ ʵʪʦ ʟʥʘʯʝʥʠʝ ʥʘ ʯʠʩʣʦ ʯʘʩʪʠʮ. ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʘʝʤ 

                                                                        
3

2
U vRT,                                                             (5.32) 

ʛʜʝ ɜ ð ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʛʘʟʘ. 

ʀʟ (5.32) ʩʣʝʜʫʝʪ, ʯʪʦ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʝʛʦ 

ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʢʦʣʠʯʝʩʪʚʫ ʚʝʱʝʩʪʚʘ (ʠʣʠ ʤʘʩʩʝ) ʛʘʟʘ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʙʳʚʘʝʪ ʧʦʣʝʟʥʦʡ ʤʦʜʠʬʠʢʘʮʠʷ ʵʪʦʡ ʬʦʨʤʫʣʳ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ: 

                                                                   
3

2
U pV .                                                             (5.33) 

ʆʩʦʙʝʥʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ: 

- ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ  ʩʦʩʪʦʷʥʠʷ, ʪʦ ʝʩʪʴ ʝʸ ʚʝʣʠʯʠʥʘ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ, ʢʦʪʦʨʳʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʦʢʘʟʘʣʘʩʴ ʚ ʜʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

- ʧʨʠ ʣʶʙʳʭ ʧʨʦʮʝʩʩʘʭ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ 

ʩʠʩʪʝʤʳ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʪʦ ʝʩʪʴ 

   ȹU = 0. 

 

5.8.3   ʈʘʙʦʪʘ ʛʘʟʘ 

 

ɺ ʩʣʫʯʘʝ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʛʜʘ ʦʙʤʝʥ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʝʡ ʩ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʦʡ ʥʝ ʧʨʦʠʩʭʦʜʠʪ,  ʨʘʙʦʪʘ ʛʘʟʘ  ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠ ̫ʝʛʦ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ. ʇʨʠʯʠʥʘ ʵʪʦʛʦ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: ʧʨʠ ʫʧʨʫʛʠʭ ʩʦʫʜʘʨʝʥʠʷʭ ʤʦʣʝʢʫʣ ʛʘʟʘ ʩ 

ʜʚʠʞʫʱʠʤʩʷ ʧʦʨʰʥʝʤ ʠʟʤʝʥʷʝʪʩʷ ʠʭ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ. ʇʦʨʰʝʥʴ ʧʝʨʝʜʘʝʪ ʤʦʣʝʢʫʣʘʤ 

ʯʘʩʪʴ ʩʚʦʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʠʣʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʣʠ 

ʫʤʝʥʴʰʘʝʪʩʷ. 

ʇʨʠ ʩʞʘʪʠʠ ʠʣʠ ʨʘʩʰʠʨʝʥʠʠ ʛʘʟʘ ʤʝʥʷʝʪʩʷ ʠ ʩʨʝʜʥʷʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ, ʪʘʢ ʢʘʢ ʤʝʥʷʝʪʩʷ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ. 

ɽʩʣʠ ʥʘʜ ʪʝʣʦʤ ʩʦʚʝʨʰʘʶʪ ʨʘʙʦʪʫ, ʪʦ ʝʛʦ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ɽʩʣʠ ʪʝʣʦ ʩʘʤʦ ʩʦʚʝʨʰʘʝʪ ʨʘʙʦʪʫ, ʪʦ ʝʛʦ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. 

 
 

ʈʠʩ. 5.15 



121 
 

 

ʕʣʝʤʝʥʪʘʨʥʫ ʁʨʘʙʦʪʫ ʛʘʟʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

                                                                                           A pdV,                                                      (5.34) 

ʛʜʝ A- ʵʣʝʤʝʥʪʘʨʥʘʷ ʨʘʙʦʪʘ ʛʘʟʘ, ɼʞ, 

        p - ʜʘʚʣʝʥʠʝ ʛʘʟʘ, ʇʘ, 

      dV - ʵʣʝʤʝʥʪʘʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʙʲʸʤʘ, ʤ
3
, 

 

ʈʘʙʦʪʫ ʛʘʟʘ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

                                                                                          

2

1

V

V

A pdV .                                                            (5.35) 

ʀʟ (5.35) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ æV > 0 ʛʘʟ ʩʦʚʝʨʰʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ, ʧʨʠ 

ʩʞʘʪʠʠ æV < 0 ʨʘʙʦʪʘ, ʩʦʚʝʨʰʘʝʤʘʷ ʛʘʟʦʤ, ʦʪʨʠʮʘʪʝʣʴʥʘʷ.  

ɽʩʣʠ ʪʨʝʥʠʝʤ ʚ ʩʠʩʪʝʤʝ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ (ʪʦ ʝʩʪʴ ʦʥʦ ʦʯʝʥʴ ʤʘʣʦ), ʪʦ ʨʘʙʦʪʘ, 

ʩʦʚʝʨʰʘʝʤʘʷ ʚʥʝʰʥʠʤʠ ʪʝʣʘʤʠ ʥʘʜ ʛʘʟʦʤ, ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʙʦʪʳ ʛʘʟʘ ʪʦʣʴʢʦ ʟʥʘʢʦʤ                   

Aʚʥʝʰʥʠʭ = - Aʛʘʟʘ, ʪʘʢ ʢʘʢ ʩʠʣʘ F, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʛʘʟ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʘ ʩʠʣʝ 'F
C
, ʩ ʢʦʪʦʨʦʡ ʛʘʟ 

ʜʝʡʩʪʚʫʝʪ ʥʘ ʧʦʨʰʝʥʴ, ʠ ʨʘʚʥʘ ʝʡ ʧʦ ʤʦʜʫʣʶ (ʪʨʝʪʠʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ), ʘ ʧʝʨʝʤʝʱʝʥʠʝ ʦʩʪʘʝʪʩʷ 

ʪʝʤ ʞʝ ʩʘʤʳʤ.  

                   ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʩʤʳʩʣ ʨʘʙʦʪʳ ʛʘʟʘ 

 

ʈʘʙʦʪʘ, ʩʦʚʝʨʰʘʝʤʘʷ ʛʘʟʦʤ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠʣʠ ʩʞʘʪʠʷ ʧʨʠ 

ʣʶʙʦʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ, 

ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ ʛʘʟʘ  p  ʦʪ ʝʛʦ ʦʙʲʸʤʘ V (ʩʤ. ʨʠʩ. 5.16).  

 

 

 

 

ʈʘʙʦʪʘ ʛʘʟʘ ɸ  ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʮʝʩʩʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʛʘʟ ʧʝʨʝʭʦʜʠʪ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ.  

 

 

- ʇʨʠ ʠʟʦʭʦʨʥʦʤ ʧʨʦʮʝʩʩʝ (ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʸʤʝ)  æV= 0, 

ʧʦʵʪʦʤʫ  ʨʘʙʦʪʘ ʛʘʟʘ  ʨʘʚʥʘ ʥʫʣʶ. 

 

                                                      A 0                                            (5.36) 

 

 

 

 

 

- ɺ ʠʟʦʙʘʨʥʦʤ ʧʨʦʮʝʩʩʝ (ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ) ʨʘʙʦʪʘ 

ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

                           2 1
A p V V p V                                 (5.37) 

ʛʜʝ V2 ʠ V1 ð ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʥʝʯʥʦʝ ʠ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ 

ʦʙʲʝʤʘ ʛʘʟʘ. 

 

 

ʈʠʩ. 5.17 

ʈʠʩ. 5.16 

ʈʠʩ. 5.18 
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- ʧʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ (ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ)  ʨʘʙʦʪʘ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʨʘʚʥʘ:    

             

2

1

1

2

ln

ln

Vm
A RT

V

pm
A RT

p

.                                                      (5.38) 

 

 

ʈʘʩʯʝʪ ʚʝʣʠʯʠʥʳ ʨʘʙʦʪʳ ʛʘʟʘ  ʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʝʝ 

ʚʳʨʘʞʝʥʠʷ ʠʟ ʧʝʨʚʦʛʦ ʟʘʢʦʥʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ (5.38) ʣʠʙʦ ʧʦ ʬʦʨʤʫʣʝ (5.35). 
 

 

 

 

 

 

 

 

  

 

Ä 5.9  ʆʩʥʦʚʥʳʝ ʟʘʢʦʥʳ ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

 

ʉʘʤʦʧʨʦʠʟʚʦʣʴʥʳʤ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ, ʧʨʦʠʩʭʦʜʷʱʠʡ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʩʠʣ. 

ʆʙʨʘʪʠʤʳʤ ʥʘʟʳʚʘʝʪʩʷ  ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʚʨʘʱʝʥʠʝ ʩʠʩʪʝʤʳ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʘʢʠʤʠ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʥʝʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ 

ʤʘʷʪʥʠʢʘ ʚ ʚʘʢʫʫʤʝ ʠʣʠ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʠʡ ʫʜʘʨ, ʪʦ ʝʩʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʙʝʟ ʪʝʧʣʦʚʳʭ 

ʧʦʪʝʨʴ ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʠʣ ʪʨʝʥʠʷ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ. ʊʘʢ ʢʘʢ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʪʘʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʠʨʦʜʝ ʥʝ ʙʳʚʘʝʪ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ ï ʵʪʦ ʠʜʝʘʣʠʟʘʮʠʷ 

ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɽʩʣʠ ʩʠʩʪʝʤʘ ʩʦʚʝʨʰʘʝʪ ʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ, ʪʦ ʥʘ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ ʦʥ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʨʷʤʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʠʩʪʝʤʘ  ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ 

ʚ ʥʝʡ ʥʠʢʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ʅʝʦʙʨʘʪʠʤʳʤ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʚʨʘʱʝʥʠʝ ʩʠʩʪʝʤʳ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ  ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʘʢʠʤʠ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ.  

ʅʝʦʙʨʘʪʠʤʳʝ ʧʨʦʮʝʩʩʳ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʥʝ ʧʨʦʠʩʭʦʜʪ̫ (ʥʘʧʨʠʤʝʨ, 

ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʦʙʤʝʥʘ). ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʚʩʝ ʨʝʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʷʚʣʷʶʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤʠ. 

 

5.9.1   ʊʨʠ ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

 

ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʦʪ 

ʦʜʥʦʛʦ ʪʝʣʘ ʢ ʜʨʫʛʦʤʫ. ɿʘʢʦʥʳ ʪʝʨʤʦʜʠʥʘʤʠʢʠ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʚʝʱʝʩʪʚʘ) ʦʩʥʦʚʘʥʳ ʥʘ ʟʘʢʦʥʘʭ ʤʝʭʘʥʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. ʆʥʠ ʛʣʘʩʷʪ: 

1. ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ, ʧʝʨʝʜʘʥʥʘʷ ʪʝʣʫ, ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʪʝʣʘ (ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʪʝʣʘ) ʠ ʥʘ ʨʘʙʦʪʫ, ʩʦʚʝʨʰʘʝʤʫʶ ʩʠʣʘʤʠ ʜʘʚʣʝʥʠʷ ʪʝʣʘ ʥʘ 

ʚʥʝʰʥʠʝ ʪʝʣʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʙʲʝʤʘ ʪʝʣʘ, 

2. ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʤʦʞʝʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʧʝʨʝʜʘʚʘʪʴʩʷ ʪʦʣʴʢʦ ʦʪ ʪʝʣ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʢ ʪʝʣʘʤ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. 

 

 

ʈʠʩ. 5.19 

 

      ʈʠʩ. 5.20 
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ʇʝʨʚʦʝ  ʥʘʯʘʣʦ  ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

(ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠ ʧʨʝʚʨʘʱʝʥʠʷ ʵʥʝʨʛʠʠ ʧʨʠ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʘʭ)  

 

ʇʝʨʚʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ: 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʝʨʝʜʘʥʥʦʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʠʜʸʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʝʸ 

ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʠ ʥʘ ʩʦʚʝʨʰʝʥʠʝ ʩʠʩʪʝʤʦʡ ʨʘʙʦʪʳ ʥʘʜ ʚʥʝʰʥʠʤʠ ʪʝʣʘʤʠ.  

                                                                                      Q U A                                                                        (5.38) 

 

ɺʪʦʨʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

(ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʪʝʢʘʥʠʷ ʚʩʝʭ ʨʝʘʣʴʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ) 

 

ʇʝʨʚʳʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʥʝ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʏʘʩʪʦ ʧʨʦʮʝʩʩʳ, ʜʦʧʫʩʪʠʤʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʥʝ ʨʝʘʣʠʟʫʶʪʩʷ  ʚ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʕʪʦʪ ʟʘʢʦʥ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʧʫʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʙʦʙʱʝʥʠʷ ʦʧʳʪʥʳʭ 

ʬʘʢʪʦʚ ʠ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʬʦʨʤʫʣʠʨʦʚʦʢ: 

 

ɺʪʦʨʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ: 

ʚ ʮʠʢʣʠʯʝʩʢʠ ʜʝʡʩʪʚʫʶʱʝʤ ʪʝʧʣʦʚʦʤ ʜʚʠʛʘʪʝʣʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚʩʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʦʣʫʯʝʥʥʦʝ ʦʪ ʥʘʛʨʝʚʘʪʝʣʷ, ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ. 

ɺ ʵʪʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ  ʦʪʨʘʞʸʥ ʪʦʪ ʦʧʳʪʥʳʡ ʬʘʢʪ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʩʦʟʜʘʪʴ ʪʝʧʣʦʚʫʶ 

ʤʘʰʠʥʫ, ʩʦʩʪʦʷʱʫʶ ʪʦʣʴʢʦ ʠʟ ʥʘʛʨʝʚʘʪʝʣʷ ʠ ʨʘʙʦʯʝʛʦ ʪʝʣʘ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʪʝʧʣʦʚʘʷ ʤʘʰʠʥʘ 

ʤʦʛʣʘ ʩʦʚʝʨʰʘʪʴ ʥʝʧʨʝʨʳʚʥʦ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ, ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʙʳʪʴ ʭʦʣʦʜʠʣʴʥʠʢ. 

ʀʩʧʦʣʴʟʫʷ ʧʦʥʷʪʠʝ ʵʥʪʨʦʧʠʠ, ʚʪʦʨʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʘʢ 

ʟʘʢʦʥ ʚʦʟʨʘʩʪʘʥʠʷ ʵʥʪʨʦʧʠʠ: 

ʕʥʪʨʦʧʠʷ ʟʘʤʢʥʫʪʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʣʶʙʳʭ ʧʨʦʮʝʩʩʘʭ ʦʩʪʘʸʪʩʷ 

ʥʝʠʟʤʝʥʥʦʡ ʚ ʩʣʫʯʘʝ ʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʣʠʙʦ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʣʫʯʘʝ ʥʝʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʪʦ ʝʩʪʴ 

                                                                             0S                                                                   (5.38) 

ɺ ʵʪʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ  ʚʪʦʨʦʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ  ʫʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ  ʣʶʙʳʭ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ  ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʪʦ 

ʝʩʪʴ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʠʢʦʛʜʘ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʥʝ ʙʫʜʫʪ ʧʨʦʪʝʢʘʪʴ ʧʨʦʮʝʩʩʳ, ʚ ʢʦʪʦʨʳʭ  ʵʥʪʨʦʧʠʷ 

ʩʠʩʪʝʤʳ ʫʤʝʥʴʰʘʝʪʩʷ, ʜʘʞʝ ʝʩʣʠ ʵʪʠ ʧʨʦʮʝʩʩʳ ʥʝ ʟʘʧʨʝʱʘʶʪʩʷ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. 

ɺʪʦʨʦʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʦʪʨʘʞʘʝʪ ʪʘʢʞʝ ʥʝʦʙʨʘʪʠʤʦʩʪʴ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʨʠʨʦʜʝ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʞʘʪʠʷ ʛʘʟʘ, ʢʦʪʦʨʦʝ ʥʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ, 

ʪʨʝʙʫʝʪʩʷ ʚʥʝʰʥʷʷ ʩʠʣʘ ʠ ʦʭʣʘʞʜʝʥʠʝ ʛʘʟʘ. 

 

ʊʨʝʪɹʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

           (ʛʦʚʦʨʠʪ ʦ ʧʦʚʝʜʝʥʠʠ ʵʥʪʨʦʧʠʠ ʩʠʩʪʝʤʳ ʚʙʣʠʟʠ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ ʪʝʤʧʝʨʘʪʫʨ) 

 

ʇʝʨʚʳʝ ʜʚʘ ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʥʠʯʝʛʦ ʥʝ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʢʘʢ  ʙʫʜʝʪ ʚʝʩʪʠ ʩʝʙʷ ʵʥʪʨʦʧʠʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤ rʧʨʠ ʩʪʨʝʤʣʝʥʠʠ ʝʸ ʪʝʤʧʝʨʘʪʫʨʳ ʢ ʘʙʩʦʣʶʪʥʦʤʫ ʥʫʣʶ.  

ʆʙ ʵʪʦʤ ʛʦʚʦʨʠʪ ʪʨʝʪʴʝ ʥʘʯʘʣʦ ʪʝʤʦʜʠʥʘʤʠʢʠ (ʪʝʦʨʝʤʘ ʅʝʨʥʩʪʘ): 

ʥɻʪʨʦʧʠʷ ʚʩʝʭ ʪʝʣ ʚ ʩʦʩʪʦʷʥʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ ʧʨʠ 

ʧʨʠʙʣʠʞʝʥʠʠ ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʢ ʘʙʩʦʣʶʪʥʦʤʫ ʥʫʣʶ, ʪʦ ʝʩʪʴ 

                                                                                    
0

lim 0
T

S .                                                              (5.38) 

ɸʥʘʣʠʟ ʵʪʦʛʦ ʟʘʢʦʥʘ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ 0T K  ʪʝʧʣʦʸʤʢʦʩʪʴ ʣʶʙʦʛʦ ʪʝʣʘ ʩʪʘʥʦʚʠʪʩʷ 

ʨʘʚʥʦʡ ʥʫʣʶ, ʘ ʦʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʦʞʥʦ ʩʢʦʣʴ ʫʛʦʜʥʦ ʙʣʠʟʢʦ ʧʨʠʙʣʠʞʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʣʘ ʢ 

ʘʙʩʦʣʶʪʥʦʤʫ ʥʫʣʶ, ʦʜʥʘʢʦ ʜʦʩʪʠʯʴ ʪʝʤʧʝʨʘʪʫʨʳ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ ʥʝʚʦʟʤʦʞʥʦ. 
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Ä 5.10   ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚʝʱʝʩʪʚʘ 

 

ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʝʩʣʠ ʪʝʣʫ ʧʝʨʝʜʘʚʘʪʴ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʪʦ 

ʪʝʣʦ ʙʫʜʝʪ ʥʘʛʨʝʚʘʪʴʩʷ. ʇʨʠ ʵʪʦʤ ʥʘʛʨʝʚʘʥʠʠ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʠʟʤʝʥʝʥʠʝ ʘʛʨʝʛʘʪʥʦʛʦ  

ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ. ʃʝʛʯʝ ʚʩʝʛʦ ʵʪʠ ʧʨʦʮʝʩʩʳ ʥʘʙʣʶʜʘʪʴ ʥʘ ʧʨʠʤʝʨʝ  ʥʘʛʨʝʚʘʥʠʷ ʣʴʜʘ (ʩʤ. ʨʠʩ 

5.21). 

                        
ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʣʴʜʘ ʦʥ ʩʥʘʯʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪ ʩʚʦʶ ʪʝʤʧʝʨʘʪʫʨʫ,  ʦʩʪʘʚʘʷʩʴ  ʚʩʸ ʚʨʝʤʷ ʚ 

ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ (ʨʠʩ. 5.21 ʫʯʘʩʪʦʢ ɸɺ).  ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 0t C  ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ, ʣʸʜ ʥʘʯʠʥʘʝʪ ʪʘʷʪʴ, ʪʦ ʝʩʪʴ ʧʝʨʝʭʦʜʠʪʴ ʚ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ  (ʨʠʩ. 5.21 

ʫʯʘʩʪʦʢ ɺʉ).  ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʝʩʴ ʣʸʜ ʥʝ ʨʘʩʪʘʝʪ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʤʝʩʠ ʣʸʜ-ʚʦʜʘ ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʠ ʨʘʚʥʦʡ 0 C . ʂʦʛʜʘ ʚʝʩʴ ʣʸʜ ʨʘʩʪʘʝʪ, ʚʦʜʘ ʥʘʯʠʥʘʝʪ 

ʥʘʛʨʝʚʘʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ  100t C  (ʨʠʩ. 5.21 ʫʯʘʩʪʦʢ CD). ɽʩʣʠ ʧʨʦʜʦʣʞʘʪʴ ʝʸ ʥʘʛʨʝʚʘʥʠʝ, 

ʪʦ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʯʥʸʪʩʷ ʢʠʧʝʥʠʝ ʚʦʜʳ, ʧʨʠ ʵʪʦʤ ʦʥʘ ʙʫʜʝʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʛʘʟʦʦʙʨʘʟʥʦʝ 

ʩʦʩʪʦʷʥʠʝ (ʚʦʜʷʥʦʡ ʧʘʨ) ʠ ʧʦʢʘ ʚʩʷ ʚʦʜʘ ʥʝ ʠʩʧʘʨʠʪʩʷ, ʝʸ ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʠ 

ʨʘʚʥʦʡ  100t C. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʘʥʠʠ ʧʘʨʘ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ.  

ɽʩʣʠ ʪʝʧʝʨʴ ʥʘʯʘʪʴ ʟʘʙʠʨʘʪʴ ʪʝʧʣʦʪʫ ʫ ʧʘʨʘ, ʪʦ ʙʫʜʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʦʙʨʘʪʥʳʝ ʧʨʦʮʝʩʩʳ: 

ʦʩʪʳʚʘʥʠʝ ʧʘʨʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ  100t C, ʧʦʩʣʝ ʯʝʛʦ ʥʘʯʥʸʪʩʷ ʢʦʥʜʝʥʩʘʮʠʷ ʧʘʨʘ ʠ 

ʧʨʝʚʨʘʱʝʥʠʝ ʝʛʦ ʚ ʚʦʜʫ. ʇʦʢʘ ʚʝʩʴ ʧʘʨ ʥʝ ʩʢʦʥʜʝʥʩʠʨʫʝʪʩʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʤʝʩʠ ʧʘʨ-ʚʦʜʘ ʙʫʜʝʪ 

ʦʩʪʘʚʘʪʴʩʷ ʥʝʠʟʤʝʥʥʦʡ ʠ ʨʘʚʥʦʡ  100t C. ʇʦʩʣʝ ʧʦʣʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ 

ʥʘʯʥʸʪ ʫʤʝʥʴʰʘʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʣʴʜʘ 0t C  (ʨʠʩ. 5.21 ʫʯʘʩʪʦʢ 

DE). ɿʘʪʝʤ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʝʚʨʘʱʝʥʠʝ ʚʦʜʳ ʚ ʣʸʜ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ  ʨʘʚʥʦʡ 

0t C  (ʨʠʩ. 5.21 ʫʯʘʩʪʦʢ EF), ʘ ʧʦʩʣʝ ʧʦʣʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʦʜʳ, ʪʝʤʧʝʨʘʪʫʨʘ ʣʴʜʘ ʥʘʯʥʸʪ  

ʩʥʦʚʘ ʫʤʝʥʴʰʘʪʴʩʷ (ʨʠʩ. 5.21 ʫʯʘʩʪʦʢ FK). 

 

5.10.1   ʇʨʦʮʝʩʩ ʥʘʛʨʝʚʘʥʠʷ (ʦʭʣʘʞʜʝʥʠʷ) 

 

ʅʘʛʨʝʚʘʥʠʝʤ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʆʭʣʘʞʜʝʥʠʝʤ  ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʪʝʣʦ ʧʦʛʣʦʱʘʝʪ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ, ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʥʘʦʙʦʨʦʪ, ʚʳʜʝʣʷʝʪ 

ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʆʙʦʟʥʘʯʠʤ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ Q, ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ (ʤʝʞʜʫ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʠ ʙʦʣʝʝ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʪʝʣʘ) æʊ. ɿʘʤʝʪʠʤ, ʯʪʦ ʨʘʟʥʦʩʪʴ ʘʙʩʦʣʶʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʰʢʘʣʝ ʎʝʣʴʩʠʷ.  

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʧʝʨʝʜʘʥʥʦʝ ʪʝʣʫ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ (ʠʣʠ ʦʪʦʙʨʘʥʥʦʝ ʫ ʪʝʣʘ ʧʨʠ 

ʝʛʦ ʦʭʣʘʞʜʝʥʠʠ), ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

                                                                           Q = CæT,                                                                (5.26) 

ʛʜʝ ʉ ʥʘʟʳʚʘʝʪʩʷ ʪʝʧʣʦʝʤʢʦʩʪʴʶ ʪʝʣʘ, 
ɼʞ

C
ʢʛ

.  
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ʦʜʥʦʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʦ ʉ ʩm,             

ʛʜʝ ʩ ʥʘʟʳʚʘʝʪʩʷ ʫʜʝʣʴʥʦʡ 

ʪʝʧʣʦʤyʢʦʩʪʴʶ ʚʝʱʝʩʪʚʘ
ɼʞ

ʩ
ʢʛ ʂ

,   

m -  ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ, ʢʛ 
 ʠ ʩʦʦʪʥʦʰʝʥʠʝ (5.26) ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ 

                         Q=cmæT.                (5.27) 

 

 

 

                                           5.10.2  ʇʨʦʮʝʩʩ ʧʣʘʚʣʝʥʠʷ (ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ) 

 

ʇʣʘʚʣʝʥʠʝʤ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʪʝʣʘ ʠʟ ʪʚʸʨʜʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʞʠʜʢʦʝ. 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʪʝʣʘ ʠʟ 

ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʪʚʸʨʜʦʝ.  

ʊʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʷʪ ʵʪʠ ʧʨʦʮʝʩʩʳ, ʥʘʟʳʚʘʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʝʪʩʷ. ʆʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ ʧʣʘʚʣʝʥʠʝ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʦʙʲʷʩʥʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ʚʦʟʨʘʩʪʘʝʪ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʝʛʦ ʤʦʣʝʢʫʣ ʠ 

ʘʤʧʣʠʪʫʜʘ ʠʭ ʢʦʣʝʙʘʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʪʘʢʦʛʦ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʨʝʜʥʷʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʝʧʣʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʪʝʣʘ ʩʨʘʚʥʷʝʪʩʷ ʧʦ ʚʝʣʠʯʠʥʝ ʩʦ ʩʨʝʜʥʝʡ  

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʯʥʪy  

ʨʘʟʨʫʰʘʪʴʩʷ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʪʚʝʨʜʦʛʦ ʪʝʣʘ (ʝʛʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ), ʠ ʪʚʝʨʜʦʝ ʪʝʣʦ ʙʫʜʝʪ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ 

ʞʠʜʢʦʩʪʴ (ʧʨʦʮʝʩʩ ʧʣʘʚʣʝʥʠʷ).  ʇʦʜʚʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ ʠʜʝʪ ʥʘ 

ʨʘʟʨʫʰʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʪ.ʝ. ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣ.  ʉʨʝʜʥʷʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʤʦʣʝʢʫʣ ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 

ʀ ʥʘʦʙʦʨʦʪ, ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ 

ʥʘʩʪʫʧʠʪʴ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʨyʜʦʛʦ ʪʝʣʘ - ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ.  

ʇʨʠ ʦʪʚʝʨʜʝʚʘʥʠʠ ʩʨʝʜʥʷʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʠ ʩʢʦʨʦʩʪʴ ʤʦʣʝʢʫʣ 

ʚ ʦʭʣʘʞʜʝʥʥʦʤ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʚʝʱʝʩʪʚʝ ʫʤʝʥʴʰʘʶʪʩʷ. ʉʠʣʳ 

ʧʨʠʪʷʞʝʥʠʷ ʤʦʛʫʪ ʫʜʝʨʞʠʚʘʪʴ ʤʝʜʣʝʥʥʦ ʜʚʠʞʫʱʠʝʩʷ ʤʦʣʝʢʫʣʳ ʜʨʫʛ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠʮ ʩʪʘʥʦʚʠʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ï 

ʦʙʨʘʟʫʝʪʩʷ ʢʨʠʩʪʘʣʣ. ɺʳʜʝʣʷʶʱʘʷʩʷ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʵʥʝʨʛʠʷ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ 

ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʫʯʘʩʪʦʢ EF ʥʘ ʨʠʩ.5.21). ɺʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʚʝʱʝʩʪʚʘ ʧʨʠ ʵʪʦʤ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʝ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʚʝʱʝʩʪʚʘ ʚ 

ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʙʦʣʴʰʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʪʘʢʦʡ ʞʝ ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʇʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʠʡ, ʩʢʘʯʢʦʦʙʨʘʟʥʳʡ ʧʝʨʝʭʦʜ ʦʪ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʮ ʢ ʫʧʦʨʷʜʦʯʝʥʥʦʤʫ. ɺ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʧʣʘʚʣʝʥʠʷ 

ʠ ʦʪʚʝʨʜʝʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ ʥʝ ʤʝʥʷʝʪʩʷ. ʃʠʰʴ ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ ʠʣʠ ʧʦʣʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʚʦʜʳ ʚ ʣʜy ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʠʥʘʝʪ ʤʝʥʷʪʴʩʷ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʝʨʝʭʦʜʷʪ ʠʟ ʪʚʸʨʜʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʞʠʜʢʦʝ 

ʧʦʩʪʝʧʝʥʥʦ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʤʦʣʘ ʠʣʠ ʚʦʩʢ ʧʝʨʝʭʦʜʷʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʤʷʛʯʘʷʩʴ. ʊʘʢʠʝ ʪʝʣʘ ʦʪʥʦʩʷʪʩʷ ʢ  ʘʤʦʨʬʥʳʤ ʚʝʱʝʩʪʚʘʤ, ʘ ʪʚʸʨʜʳʝ ʪʝʣʘ, 

ʢʦʪʦʨʳʝ ʧʣʘʚʷʪʩʷ ʧʨʠ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʪʥʦʩʷʪʩʷ ʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ 

ʚʝʱʝʩʪʚʘʤ. 

ʈʠʩ. 5.22 

     ʈʠʩ. 5.23 
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ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʦʙʣʝʛʯʘʝʪʩʷ, ʝʩʣʠ ʚ ʞʠʜʢʦʩʪʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢʠʝ-ʣʠʙʦ ʯʘʩʪʠʯʢʠ, 

ʥʘʧʨʠʤʝʨ ʧʳʣʠʥʢʠ. ʆʥʠ ʩʪʘʥʦʚʷʪʩʷ ʮʝʥʪʨʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ɼʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʝʣ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʣʘʚʣʝʥʠʷ (ʠʣʠ 

ʚʳʜʝʣʷʶʱʝʝʩʷ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ) Qʧʣ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʩʩʦʡ ʚʝʱʝʩʪʚʘ m, ʧʝʨʝʚʝʜʝʥʥʦʛʦ ʠʟ 

ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ, ʩʦʛʣʘʩʥʦ ʩʦʦʪʥʦʰʝʥʠʶ 

                                                                                Qʧʣ=ɚm                                                              (5.28) 

 ʛʜʝ  m - ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ,   ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʠʣʦʩʴ, ʢʛ. 

         ɚ - ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ ʚʝʱʝʩʪʚʘ, 
ɼʞ

ʢʛ
; 

ʋʜʝʣʴʥʦʡ ʪʝʧʣʦʪʦʡ ʧʣʘʚʣʝʥʠʷ ɚ ʥʘʟʳʚʘʝʪʩʷ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ, ʢʘʢʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ  ʥʝʦʙʭʦʜʠʤʦ  ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ  1 ʢʛ  ʪʚʸʨʜʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʞʠʜʢʦʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ. 

ʈʘʟʥʳʝ ʪʝʣʘ  ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʘʩʩʳ ʪʨʝʙʫʶʪ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ 

ʠʭ ʠʟ ʪʚʸʨʜʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʞʠʜʢʦʝ. 

ʂʨʠʩʪʘʣʣʠʟʫʷʩʴ, ʞʠʜʢʦʩʪʴ ʦʪʜʘʝʪ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʦʝ ʧʦʰʣʦ ʥʘ ʝʸ 

ʧʨʝʚʨʘʱʝʥʠʝ ʠʟ ʪʚʸʨʜʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʞʠʜʢʦʝ: 

       Qʢʨʠʩʪ=ɚ m  

                                                           

5.10.3  ʇʨʦʮʝʩʩ ʠʩʧʘʨʝʥʠʷ (ʢʠʧʝʥʠʷ) ʞʠʜʢʦʩʪʠ ʠʣʠ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʘ 

 

ʀʩʧʘʨʝʥʠʝʤ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʚʝʱʝʩʪʚʘ ʠʟ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʛʘʟʦʦʙʨʘʟʥʦʝ. 

ʂʠʧʝʥʠʝʤ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚʝʱʝʩʪʚʘ ʠʟ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʛʘʟʦʦʙʨʘʟʥʦʝ, ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʚʩʝʤʫ ʦʙʲʸʤʫ ʢʠʧʷʱʝʛʦ ʚʝʱʝʩʪʚʘ. 

ʇʨʦʮʝʩʩ ʠʩʧʘʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʣʶʙʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʏʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʰʝ, ʪʝʤ ʠʩʧʘʨʝʥʠʝ ʠʥʪʝʥʩʠʚʥʝʝ. 

ʂʠʧʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʘʟʳʚʘʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ. ʏʝʤ ʙʦʣʴʰʝ ʜʘʚʣʝʥʠʝ, ʪʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ. 

ʆʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ʧʨʝʚʨʘʱʝʥʠʷ ʧʘʨʘ ʚ ʞʠʜʢʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ ʢʦʥʜʝʥʩʘʮʠʝʡ. 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʠʩʧʘʨʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʠʣʠ 

ʚʳʜʝʣʷʶʱʝʝʩʷ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ), ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʩʩʦʡ ʚʝʱʝʩʪʚʘ, ʧʝʨʝʚʝʜʝʥʥʦʛʦ ʠʟ ʦʜʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ ʩʦʛʣʘʩʥʦ ʩʦʦʪʥʦʰʝʥʠʶ 

                                                                        Qʠʩʧ=r m,                                                                (5.29) 

ʛʜʝ m - ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ, ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʠʣʦʩʴ, ʢʛ, 

      r - ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ, 
ɼʞ

r
ʢʛ

; 

ʋʜʝʣʴʥʦʡ ʪʝʧʣʦʪʦʡ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ, ʢʘʢʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ 1 ʢʛ ʞʠʜʢʦʩʪʠ ʚ ʧʘʨ ʧʨʠ  ʪʝʤʧʝʨʘʪʫʨʝ 

ʢʠʧʝʥʠʷ ʜʘʥʥʦʡ ʞʠʜʢʦʩʪʠ.  

ʈʘʟʥʳʝ ʞʠʜʢʦʩʪʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʘʩʩʳ ʪʨʝʙʫʶʪ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ 

ʝ yʚ ʧʘʨ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ. 

ʂʦʥʜʝʥʩʠʨʫʷʩʴ, ʧʘʨ ʦʪʜʘʝʪ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʦʝ ʧʦʰʣʦ ʥʘ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝ: 

                                                                        Qʢʦʥʜ = r m                                                             (5.29 ʘ) 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʚʝʱʝʩʪʚʘ ʚ ʧʘʨʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʦʣʴʰʝ 

ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʪʘʢʦʡ ʞʝ ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ. 

 

5.10.4  ʇʨʦʮʝʩʩ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ 

ʕʪʦ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʚʳʜʝʣʷʶʱʝʝʩʷ ʧʨʠ ʩʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ 

                                                                                 Q=q m,                                                            (5.30) 

ʚ ʢʦʪʦʨʦʤ q ʥʘʟʳʚʘʝʪʩʷ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʪʦʡ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ, ʘ m ð ʤʘʩʩʘ ʩʛʦʨʝʚʰʝʛʦ 

ʪʦʧʣʠʚʘ. 
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5.10.5  ʋʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ 

 

ɺ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʘʭ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʢʦʥ 

ʩʦʭʨʘʥʝʥʠʷ  ʠ ʧʨʝʚʨʘʱʝʥʠʷ ʵʥʝʨʛʠʠ, ʩʣʝʜʩʪʚʠʝʤ ʢʦʪʦʨʦʛʦ ̫ʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʘ : 

ʚ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ  ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʦʣʫʯʝʥʥʦʝ ʪʝʣʘʤʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, 

ʨʘʚʥʦ ʢʦʣʠʯʝʩʪʚʫ ʪʝʧʣʦʪʳ, ʦʪʜʘʥʥʦʝ  ʪʝʣʘʤʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ: 

                                                                          i ʢʦʪʜʘʥʥʦʝ ʧʦʣʫʯʝʥʥʦʝ
Q Q                                 (5.38) 

 

Ä 5.11  ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 

 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ (ʦʭʣʘʞʜʝʥʠʠ) ʛʘʟʘ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ, ʧʝʨʝʜʘʥʥʦʡ ʛʘʟʫ,  ʥʦ ʠ ʦʪ ʨʘʙʦʪʳ, ʩʦʚʝʨʰʘʝʤʦʡ ʛʘʟʦʤ ʧʨʠ ʝʛʦ ʨʘʩʰʠʨʝʥʠʠ 

ʠʣʠ ʩʞʘʪʠʠ. ʊʘʢ ʢʘʢ ʛʘʟ ʟʘʥʠʤʘʝʪ ʚʝʩʴ ʦʙʲʝʤ ʩʦʩʫʜʘ (ʥʘʧʨʠʤʝʨ, ʮʠʣʠʥʜʨʘ ʧʦʜ ʧʦʨʰʥʝʤ), ʤʳ 

ʤʦʞʝʤ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʥʘʛʨʝʚʘʥʠʷ (ʦʭʣʘʞʜʝʥʠʷ) ʠʟʤʝʥʷʪʴ ʦʙʲʝʤ ʧʨʦʠʟʚʦʣʴʥʦ (ʥʘʧʨʠʤʝʨ, 

ʧʝʨʝʤʝʱʘʷ ʧʦʨʰʝʥʴ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʷʟʘʪʝʣʴʥʦ ʫʯʠʪʳʚʘʪʴ ʧʝʨʚʳʡ ʟʘʢʦʥ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ɽʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

                                                                  Q=U2 - U1 + A=æU + ɸ,                                               (5.31) 

ʛʜʝ Q ð ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (Q>0) ʠʣʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ (Q<0) ʛʘʟʘ; U1 ʠ U2 ð 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʛʘʟʘ; 

ɸ ð ʨʘʙʦʪʘ, ʩʦʚʝʨʰʘʝʤʘʷ ʛʘʟʦʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʝʛʦ ʦʙʲʝʤʘ (ɸ>0). ʇʨʠ ʩʞʘʪʠʠ ʛʘʟʘ 

(ʫʤʝʥʴʰʝʥʠʠ ʦʙʲʝʤʘ) ɸ<0. ɼʣʷ ʢʨʘʪʢʦʩʪʠ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʢʦʥʝʯʥʳʤ ʠ ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤʠ 

ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʛʘʟʘ ʠ ʦʙʦʟʥʘʯʘʪʴ æU. 

 

5.11.1 ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʨʘʟʣʠʯʥʳʭ ʠʟʦʧʨʦʮʝʩʩʦʚ 

 

ʀʟʦʭʦʨʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ  
(ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʸʤʝ, ʪ.ʝ.  V = const ) 

ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠʣʠ ʦʭʣʘʞʜʝʥʠʠ ʛʘʟʘ ʚ ʩʦʩʫʜʝ ʧʦʩʪʦʷʥʥʦʛʦ 

ʦʙʲʸʤʘ. 

ʇʨʠ ʠʟʦʭʦʨʥʦʤ ʧʨʦʮʝʩʩʝ ʦʙʲʝʤ ʛʘʟʘ ʥʝ ʤʝʥʷʝʪʩʷ ( V = const ) ʠ ʧʦʵʪʦʤʫ ʨʘʙʦʪʘ ʛʘʟʘ ʨʘʚʥʘ ʥʫʣʶ. 

ʀʟ ʧʝʨʚʦʛʦ ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʛʘʟʘ ʨʘʚʥʦ 

ʢʦʣʠʯʝʩʪʚʫ ʧʝʨʝʜʘʥʥʦʡ ʝʤʫ ʪʝʧʣʦʪʳ: æU=Q. ɽʩʣʠ ʛʘʟ ʥʘʛʨʝʚʘʝʪʩʷ, ʪʦ Q > 0 ʠ æU > 0, ʝʛʦ 

ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʛʘʟʘ     Q < 0 ʠ æU < 0, ʠʟʤʝʥʝʥʠʝ 

ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʠ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʛʘʟʘ ʫʤʝʥʴʰʘʝʪʩʷ. 

 

ʀʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ  
(ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪ.ʝ.  ʊ = const) 

ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ  ʧʨʠ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦʤ ʩʞʘʪʠʠ ʠʣʠ ʨʘʩʰʠʨʝʥʠʠ ʛʘʟʘ, ʢʦʛʜʘ 

ʫʩʧʝʚʘʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʪʝʧʣʦʦʙʤʝʥ ʛʘʟʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʝʛʦ ʩʨʝʜʦʡ, ʥʝ ʠʟʤʝʥʷʶʱʝʡ ʝʸ 

ʪʝʤʧʝʨʘʪʫʨʫ. ʅʘ ʧʨʘʢʪʠʢʝ ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʠʪʴ ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ, ʪʘʢ ʢʘʢ ʦʥ 

ʧʨʦʪʝʢʘʝʪ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ. 

ʇʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ (ʊ = const ) ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʥʝ ʤʝʥʷʝʪʩʷ. ʀʟ 

ʧʝʨʚʦʛʦ ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʩy ʧʝʨʝʜʘʥʥʦʝ ʛʘʟʫ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʠʜʝʪ ʥʘ 

ʩʦʚʝʨʰʝʥʠʝ ʛʘʟʦʤ ʨʘʙʦʪʳ:  

                                                                             Q = A.                                                                   (5.38) 

ɽʩʣʠ ʛʘʟ ʧʦʣʫʯʘʝʪ ʪʝʧʣʦʪʫ Q > 0, ʪʦ ʦʥ ʩʦʚʝʨʰʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ (ɸ > 0). ɽʩʣʠ 

ʥʘʧʨʦʪʠʚ ʛʘʟ ʦʪʜʘʝʪ ʪʝʧʣʦʪʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʪʦ Q < 0 ʠ A < 0. ʈʘʙʦʪʘ ʞʝ ʚʥʝʰʥʠʭ ʩʠʣ ʥʘʜ 

ʛʘʟʦʤ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʧʦʣʦʞʠʪʝʣʴʥʘ. 

ʇʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʝʨʝʜʘʥʥʦʝ ʛʘʟʫ ʦʪ ʥʘʛʨʝʚʘʪʝʣʷ, ʧʦʣʥʦʩʪʴʶ 

ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʩʦʚʝʨʰʝʥʠʝ ʨʘʙʦʪʳ. 
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ʀʟʦʙʘʨʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

(ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪ.ʝ.  p const) 

ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ  ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠʣʠ ʦʭʣʘʞʜʝʥʠʠ ʛʘʟʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʮʠʣʠʥʜʨʝ ʩ ʣʝʛʢʦʧʦʜʚʠʞʥʳʤ ʧʦʨʰʥʝʤ, ʥʘ ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʦʝ ʚʥʝʰʥʝʝ ʜʘʚʣʝʥʠʝ. 

ʇʨʠ ʠʟʦʙʘʨʥʦʤ ʧʨʦʮʝʩʩʝ ʩʦʛʣʘʩʥʦ ʧʝʨʚʦʤʫ ʥʘʯʘʣʫ ʪʝʨʤʦʜʠʥʘʤʠʢʠ Q = æU + A , ʪʦ ʝʩʪʴ 

ʧʝʨʝʜʘʚʘʝʤʦʝ ʛʘʟʫ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʠʜʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʠ ʥʘ 

ʩʦʚʝʨʰʝʥʠʝ ʛʘʟʦʤ ʨʘʙʦʪʳ ʥʘʜ ʚʥʝʰʥʠʤʠ ʪʝʣʘʤʠ. 

ʇʨʠ ʠʟʦʙʘʨʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ʛʘʟʘ ʧʦʜʚʝʜʝʥʥʦʝ ʢ ʥʝʤʫ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ 

ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ (æU > 0) ʠ ʥʘ ʩʦʚʝʨʰʝʥʠʝ ʨʘʙʦʪʳ ʛʘʟʦʤ (A > 0) 

                                                                             Q = æU + A                                                          (5.38) 

ʊʦ ʝʩʪʴ ʜʣʷ ʠʟʦʙʘʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʛʘʟʘ ʦʪ V1 ʜʦ V2 , ʧʨʠ ʢʦʪʦʨʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʛʦ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʯʝʤ ʧʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, ʛʜʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ 

ɸʜʠʘʙʘʪʥʳʡ ʧʨʦʮʝʩʩ  

(ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʙʝʟ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʪ.ʝ. 0Q ) 

ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʙʳʩʪʨʦʤ ʩʞʘʪʠʠ ʠʣʠ ʨʘʩʰʠʨʝʥʠʠ ʛʘʟʘ, ʢʦʛʜʘ ʥʝ 

ʫʩʧʝʚʘʝʪ ʧʨʦʠʟʦʡʪʠ ʪʝʧʣʦʦʙʤʝʥ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. 

ʇʨʠ ʘʜʠʘʙʘʪʥʦʤ ʧʨʦʮʝʩʩʝ ʪʝʧʣʦ ʢ ʩʠʩʪʝʤʝ ʥʝ ʧʦʜʚʦʜʠʪʩʷ, ʪʦ ʝʩʪʴ  Q = 0 ʠ ʩʦʛʣʘʩʥʦ ʧʝʨʚʦʤʫ 

ʥʘʯʘʣʫ ʪʝʨʤʦʜʠʥʘʤʠʢʠ  æU = A + Q, ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ 

ʩʦʚʝʨʰʝʥʠʷ ʛʘʟʦʤ ʨʘʙʦʪʳ: æU = A. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʫʨʘʚʥʝʥʠʶ ʧʨʠ ʩʦʚʝʨʰʝʥʠʠ ʥʘʜ ʩʠʩʪʝʤʦʡ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʩʞʘʪʠʠ ʛʘʟʘ, ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ 

ʦʟʥʘʯʘʝʪ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ. ʀ, ʥʘʦʙʦʨʦʪ, ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʛʘʟʘ ʩʘʤ ʛʘʟ ʩʦʚʝʨʰʘʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ (ɸ > 0) ʠ ʝʛʦ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ  ʫʤʝʥʴʰʘʝʪʩʷ - ʛʘʟ ʦʭʣʘʞʜʘʝʪʩʷ. 

ɸʜʠʘʙʘʪʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ, ʪʦ ʝʩʪʴ 0Q . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʧʨʠ ʘʜʠʘʙʘʪʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʟʘ 

ʩʯʝʪ ʩʦʚʝʨʰʝʥʠʠ ʨʘʙʦʪʳ (0Q ): 

                                                                            æU = A                                                                   (5.38) 

ʈʝʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʙʣʠʟʢʠ ʢ ʘʜʠʘʙʘʪʥʦʤʫ, ʝʩʣʠ ʧʨʦʪʝʢʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ, ʯʪʦʙʳ ʥʝ 

ʫʩʧʝʚʘʣ ʧʨʦʠʩʭʦʜʠʪʴ ʪʝʧʣʦʦʙʤʝʥ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. 

ʊʘʢ ʢʘʢ ʨʘʙʦʪʘ ʚʥʝʰʥʠʭ ʩʠʣ ʧʨʠ ʩʞʘʪʠʠ ʧʦʣʦʞʠʪʝʣʴʥʘ, ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʛʘʟʘ ʧʨʠ 

ʘʜʠʘʙʘʪʥʦʤ ʩʞʘʪʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʳʰʘʝʪʩʷ. (ʇʨʠʤʝʨ: ʜʠʟʝʣʴ) 

ʇʨʠ ʘʜʠʘʙʘʪʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ʛʘʟ ʩʦʚʝʨʰʘʝʪ ʨʘʙʦʪʫ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʩʚʦʝʡ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ, ʧʦʵʪʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʧʨʠ ʘʜʠʘʙʘʪʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ʧʦʥʠʞʘʝʪʩʷ. (ʇʨʠʤʝʨ: 

ʩʞʠʞʝʥʠʝ ʛʘʟʦʚ ʧʨʠ ʙʳʩʪʨʦʤ ʨʘʩʰʠʨʝʥʠʠ) 

 

Ä 5.12  ʊʝʧʣʦʚʳʝ ʜʚʠʛʘʪʝʣʠ 
 

ʊʝʧʣʦʚʳʤ ʜʚʠʛʘʪʝʣʝʤ ʥʘʟʳʚʘʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦ ʜʝʡʩʪʚʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, 

ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʚʥʫʪʨʝʥʥʶʶ ʵʥʝʨʛʠʶ ʪʦʧʣʠʚʘ  ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ. 

ʅʝʢʦʪʦʨʳʝ ʚʠʜʳ ʪʝʧʣʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ: 

- ʧʘʨʦʚʘʷ ʤʘʰʠʥʘ; 

- ʧʘʨʦʚʘʷ ʪʫʨʙʠʥʘ; 

- ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ; 

- ʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ. 

ʊʝʧʣʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ  ʥʘʟʳʚʘʶʪʩʷ ʤʘʰʠʥr, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ.  

ʍʦʣʦʜʠʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ ʥʘʟʳʚʘʶʪʩʷ ʤʘʰʠʥʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ  ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʦʪ 

ʭʦʣʦʜʥʳʭ ʪʝʣ ʢ ʙʦʣʝʝ ʥʘʛʨʝʪʳʤ ʪʝʣʘʤ.  

ɺʦ ʚʩʝʭ ʜʚʠʛʘʪʝʣʷʭ ʵʥʝʨʛʠʷ ʪʦʧʣʠʚʘ ʩʥʘʯʘʣʘ ʧʝʨʝʭʦʜʠʪ ʚ ʵʥʝʨʛʠʶ ʛʘʟʘ ʠʣʠ ʧʘʨʘ. ɻʘʟ, 

ʨʘʩʰʠʨʷʷʩʴ, ʩʦʚʝʨʰʘʝʪ ʨʘʙʦʪʫ ʠ ʧʨʠ ʵʪʦʤ ʦʭʣʘʞʜʘʝʪʩʷ. ʏʘʩʪʴ ʝʛʦ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ. 
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ʃʶʙʦʡ ʪʝʧʣʦʚʦʡ ʜʚʠʛʘʪʝʣʴ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʦʩʪʦʠʪ ʠʟ 

ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ: 

- ʨʘʙʦʯʝʝ ʪʝʣʦ (ʛʘʟ ʠʣʠ ʧʘʨ), ʩʦʚʝʨʰʘʶʱʝʝ ʨʘʙʦʪʫ, 

- ʥʘʛʨʝʚʘʪʝʣʴ, ʧʝʨʝʜʘʶʱʠʡ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʨʘʙʦʯʝʤʫ ʪʝʣʫ, 

- ʭʦʣʦʜʠʣʴʥʠʢ, ʧʦʛʣʦʱʘʶʱʠʡ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʦʪ ʨʘʙʦʯʝʛʦ ʪʝʣʘ. 

 

5.12.1 ʇʨʦʮʝʩʩ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ 

 

ɼʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʦʚʝʨʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʨʘʙʦʯʝʝ ʪʝʣʦ ʧʦʩʣʝ ʩʦʚʝʨʰʝʥʠʷ 

ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ ʜʦʣʞʥʦ ʙʳʪʴ ʚʦʟʚʨʘʱʝʥʦ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ɿʘʤʢʥʫʪʳʤ ʧʨʦʮʝʩʩʦʤ (ʠʣʠ ʮʠʢʣʦʤ) ʥʘʟʳʚʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʩʠʩʪʝʤʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʚ ʪʝʧʣʦʚʦʤ 

ʜʚʠʛʘʪʝʣʝ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ çʥʘʛʨʝʚʘʪʝʣʷè ʠ çʭʦʣʦʜʠʣʴʥʠʢʘè. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ʊ1 ʥʘʯʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʜʚʠʛʘʪʝʣʷ, ʥʘʟʳʚʘʝʤʫʶ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘʛʨʝʚʘʪʝʣʷ. ʕʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʠʣʠ ʧʘʨʘ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʦʚʝʨʰʘʪʴ ʨʘʙʦʪʫ. 

ʏʘʱʝ ʚʩʝʛʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʚʥʫʪʨʠ ʩʘʤʦʛʦ 

ʜʚʠʛʘʪʝʣʷ. 

ʇʦ ʤʝʨʝ ʩʚʦʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ ʩʦʚʝʨʰʝʥʠʷ ʧʨʠ ʵʪʦʤ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʛʘʟ ʪʝʨʷʝʪ 

ʵʥʝʨʛʠʶ ʠ ʦʭʣʘʞʜʘʝʪʩʷ ʜʦ ʥʝʢʦʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʊ2. ʕʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʜʘʚʣʝʥʠʝ ʛʘʟʘ 

ʩʪʘʥʝʪ ʥʠʞʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʠ ʜʚʠʛʘʪʝʣʴ ʨʘʙʦʪʘʪʴ ʥʝ ʩʤʦʞʝʪ. ʆʙʳʯʥʦ ʪʝʤʧʝʨʘʪʫʨʘ ʊ2 ʥʝʩʢʦʣʴʢʦ 

ʙʦʣʴʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɽ yʥʘʟʳʚʘʶʪ ʪʝʤʧʝʨʘʪʫʨʦʡ ʭʦʣʦʜʠʣʴʥʠʢʘ. 

ʏʪʦʙʳ ʚʝʨʥʫʪʴ ʛʘʟ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʭʣʘʜʠʪɹ ʠ ʩʞʘʪɹ, ʧʨʠʯʸʤ ʪʘʢ, 

ʯʪʦʙʳ ʨʘʙʦʪʘ ʧʨʠ ʩʞʘʪʠʠ ʛʘʟʘ ʙʳʣʘ ʤʝʥʴʰʝ ʨʘʙʦʪʳ ʛʘʟʘ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʘ 

ʯʘʩʪʴ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʦʪ ʥʘʛʨʝʚʘʪʝʣʷ, ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʦʣʝʟʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʨʘʙʦʪʫ, ʘ ʜʨʫʛʘʷ ʪʝʨʷʝʪʩʷ, ʧʝʨʝʜʘʚʘʷʩʴ ʭʦʣʦʜʠʣʴʥʠʢʫ.  

ʍʦʣʦʜʠʣʴʥʠʢʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ʠʣʠ ʩʧʝʮʠʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʦʭʣʘʞʜʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʧʘʨʘ ï ʢʦʥʜʝʥʩʘʪʦʨ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʝʛʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʟʘ ʩʯʝʪ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʚʥʝʰʥʝʛʦ ʦʭʣʘʞʜʝʥʠʷ. 

ɼʘʚʣʝʥʠʝ ʛʘʟʘ ʧʨʠ ʩʞʘʪʠʠ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʝʟʥʫʶ ʨʘʙʦʪʫ 

ʜʚʠʛʘʪʝʣʷ. 

ʇʦʩʢʦʣʴʢʫ ʛʘʟ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʚʦʛʦ ʟʘʢʦʥʘ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ (5.31) ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʤʫ ʨʘʚʝʥʩʪʚʫ ʤʝʞʜʫ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʦʡ ɸ, 

ʧʦʣʫʯʝʥʥʦʡ ʚ ʦʜʥʦʤ ʮʠʢʣʝ, ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʧʣʦʪʳ  Q1, ʧʝʨʝʜʘʥʥʳʤ ʥʘʛʨʝʚʘʪʝʣʝʤ ʨʘʙʦʯʝʤʫ ʪʝʣʫ, 

ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʧʣʦʪʳ Q2, ʦʪʜʘʥʥʳʤ  ʨʘʙʦʯʠʤ ʪʝʣʦʤ ʭʦʣʦʜʠʣʴʥʠʢʫ: 

                                                                         ɸ = Q1 - Q2.                                                            (5.35) 

 

5.12.2  ʊʝʨʤʠʯʝʩʢʠʡ ʂʇɼ ʪʝʧʣʦʚʦʡ ʤʘʰʠʥʳ 

 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚʚʝʜʷʪ ʧʦʥʷʪʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʂʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ) ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘʟʳʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ, 

ʨʘʚʥʘʷ ʦʪʥʦʰʝʥʠ ʁ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ, ʩʦʚʝʨʰʝʥʥʦʡ ʜʚʠʛʘʪʝʣʝʤ, ʢ ʢʦʣʠʯʝʩʪʚʫ ʪʝʧʣʦʪʳ, 

ʧʦʣʫʯʝʥʥʦʡ ʦʪ ʥʘʛʨʝʚʘʪʝʣʷ: 

                                                                  1 2

1 1

Q QA

Q Q
,                                                        (5.36) 

ʛʜʝ Q1 ʠ Q2 ð ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʧʦʣʫʯʝʥʥʦʝ ʨʘʙʦʯʠʤ ʪʝʣʦʤ ʜʚʠʛʘʪʝʣʷ ʦʪ ʥʘʛʨʝʚʘʪʝʣʷ ʠ 

ʧʝʨʝʜʘʥʥʦʝ ʭʦʣʦʜʠʣʴʥʠʢʫ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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5.12.3  ʎʠʢʣ ʂʘʨʥʦ 

 

ɺ ʥʘʯʘʣʝ XIX ʚʝʢʘ ʬʨʘʥʮʫʟʩʢʠʡ ʠʥʞʝʥʝʨ ʉʘʜʠ ʂʘʨʥʦ ʠʩʩʣʝʜʦʚʘʣ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʂʇɼ 

ʪʝʧʣʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʆʥ ʧʨʝʜʣʦʞʠʣ ʮʠʢʣ, ʠʤʝʶʱʠʡ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʂʇɼ, ʧʨʠ 

ʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʛʨʝʚʘʪʝʣʷ ʠ ʭʦʣʦʜʠʣʴʥʠʢʘ. 

ʎʠʢʣ ʂʘʨʥʦ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʠ ʜʚʫʭ ʘʜʠʘʙʘʪʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺʳʙʦʨ ʠʤʝʥʥʦ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʨʘʙʦʪʘ ʛʘʟʘ ʧʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ 

ʨʘʩʰʠʨʝʥʠʠ ʩʦʚʝʨʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʥʘʛʨʝʚʘʪʝʣʷ, ʘ ʧʨʠ ʘʜʠʘʙʘʪʥʦʤ ʧʨʦʮʝʩʩʝ 

ʟʘ ʩʯʝʪ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʨʘʩʰʠʨʷʶʱʝʛʦʩʷ ʛʘʟʘ. 

ʎʠʢʣ ʂʘʨʥʦ ï ʩʘʤʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʮʠʢʣʦʚ ʪʝʧʣʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʪʘʢʦʡ ʮʠʢʣ ʥʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʧʨʦʪʝʢʘʝʪ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ. ʊʝʧʣʦʚʫʶ ʤʘʰʠʥʫ, ʨʘʙʦʪʘʶʱʫʶ ʧʦ ʮʠʢʣʫ ʂʘʨʥʦ  ʥʘʟrʚʘʶʪ 

ʠʜʝʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʤʘʰʠʥʦʡ. 

 ɽy ʂʇɼ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

                                                                         1 2

1

T T

T
,                                                            (5.37) 

ʛʜʝ ʊ1 ð ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘʪʝʣʷ, ʘ ʊ2 ð ʪʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʠʣʴʥʠʢʘ. 
  

5.12.4  ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠʜʝʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʤʘʰʠʥʳ 

 

ʀʜʝʘʣʴʥʳʡ ʛʘʟ ʧʨʠʚʦʜʷʪ ʚ ʢʦʥʪʘʢʪ ʩ ʥʘʛʨʝʚʘʪʝʣʝʤ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʝʤʫ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʩʰʠʨʷʪʴʩʷ ʠʟʦʪʝʨʤʠʯʝʩʢʠ, ʪʦ ʝʩʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘʪʝʣʷ. 

ʂʦʛʜʘ ʨʘʩʰʠʨʠʚʰʠʡʩʷ ʛʘʟ ʧʝʨʝʡʜʝʪ ʚ ʩʦʩʪʦʷʥʠʝ 2, ʝʛʦ ʪʝʧʣʦʠʟʦʣʠʨʫʶʪ ʦʪ ʥʘʛʨʝʚʘʪʝʣʷ ʠ 

ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʷʪʴʩʷ ʘʜʠʘʙʘʪʠʯʝʩʢʠ, ʧʨʠ ʵʪʦʤ ʛʘʟ ʩʦʚʝʨʰʘʝʪ ʨʘʙʦʪʫ ʟʘ ʩʯʝʪ ʫʙʳʣʠ 

ʩʚʦʝʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ. 

ʈʘʩʰʠʨʷʷʩʴ ʘʜʠʘʙʘʪʠʯʝʩʢʠ, ʛʘʟ ʦʭʣʘʞʜʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʙʫʜʝʪ 

ʨʘʚʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʭʦʣʦʜʠʣʴʥʠʢʘ (ʩʦʩʪʦʷʥʠʝ 3). 

ʊʝʧʝʨʴ ʛʘʟ ʧʨʠʚʦʜʷʪ ʚ ʢʦʥʪʘʢʪ ʩ ʭʦʣʦʜʠʣʴʥʠʢʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʥ  ʠʟʦʪʝʨʤʠʯʝʩʢʠ 

ʩʞʠʤʘʝʪʩʷ,  ʦʪʜʘʚʘʷ ʭʦʣʦʜʠʣʴʥʠʢʫ  ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ
ʭ

Q . ɻʘʟ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ 4. 

ɿʘʪʝʤ ʛʘʟ ʪʝʧʣʦʠʟʦʣʠʨʫʶʪ ʦʪ ʭʦʣʦʜʠʣʴʥʠʢʘ ʠ ʩʞʠʤʘʶʪ ʘʜʠʘʙʘʪʠʯʝʩʢʠ. ʇʨʠ ʵʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʜʦʩʪʠʛʘʝʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘʪʝʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʛʘʟ ʚʦʟʚʨʘʱʘʝʪʩʷ  ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ  ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʩʥʘʯʘʣʘ. 

 

 
    ʈʠʩ. 5.24 
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ɺ ʧʨʦʮʝʩʩʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 1-2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ1 ʨʘʙʦʪʘ ʩʦʚʝʨʰʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʥʘʛʨʝʚʘʪʝʣʷ, ʪ.ʝ. ʟʘ ʩʯʝʪ ʧʦʜʚʦʜʠʤʦʛʦ ʢ ʛʘʟʫ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ 

A12 = Q1 

ʆʭʣʘʞʜʝʥʠʝ ʛʘʟʘ ʧʝʨʝʜ ʩʞʘʪʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʘʜʠʘʙʘʪʥʦʤ ʨʘʩʰʠʨʝʥʠʠ 2-3. ɺʩʝ ʠʟʤʝʥʝʥʠʝ 

ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʧʨʠ ʪʘʢʦʤ ʧʨʦʮʝʩʩʝ (Q = 0) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ 

A23 = - æU23 

ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʜʠʘʙʘʪʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 2-3 ʧʦʥʠʞʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʭʦʣʦʜʠʣʴʥʠʢʘ T2<T1. 

ɺ ʧʨʦʮʝʩʩʝ 3-4 ʛʘʟ ʠʟʦʪʝʨʤʠʯʝʩʢʠ ʩʞʠʤʘʝʪʩʷ, ʧʝʨʝʜʘʚʘʷ ʭʦʣʦʜʠʣʴʥʠʢʫ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ Q2. 

A34 = Aʩʞ = Q2 

ʎʠʢʣ ʟʘʚʝʨʰʘʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʘʜʠʘʙʘʪʥʦʛʦ ʩʞʘʪʠʷ 4-1 ( 0Q ), ʧʨʠ ʢʦʪʦʨʦʤ ʛʘʟ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ ʊ1. 

ʃʶʙʘʷ ʨʝʘʣʴʥʘʷ ʪʝʧʣʦʚʘʷ ʤʘʰʠʥʘ, ʨʘʙʦʪʘʶʱʘʷ ʩ ʥʘʛʨʝʚʘʪʝʣʝʤ, ʠʤʝʶʱʠʤ ʪʝʤʧʝʨʘʪʫʨʫ ʊ1, ʠ 

ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʊ2, ʥʝ ʤʦʞʝʪ ʠʤʝʪʴ ʂʇɼ, ʧʨʝʚʳʰʘʶʱʠʡ ʂʇɼ ʠʜʝʘʣʴʥʦʡ 

ʪʝʧʣʦʚʦʡ ʤʘʰʠʥʳ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʂʇɼ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩʣʝʜʫʝʪ ʧʦʥʠʞʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʭʦʣʦʜʠʣʴʥʠʢʘ ʠ 

ʫʚʝʣʠʯʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʛʨʝʚʘʪʝʣʷ. 

ʇʦʥʠʞʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʭʦʣʦʜʠʣʴʥʠʢʘ ʠʩʢʫʩʩʪʚʝʥʥʦ ʥʝʚʳʛʦʜʥʦ, ʪʘʢ ʢʘʢ ʵʪʦ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ. 

ʇʦʚʳʰʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʛʨʝʚʘʪʝʣʷ ʤʦʞʥʦ ʪʦʞʝ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʝʜʝʣʘ, ʪʘʢ ʢʘʢ 

ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʦʡ ʞʘʨʦʧʨʦʯʥʦʩʪʴʶ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʆʜʥʘʢʦ ʬʦʨʤʫʣʘ ʂʘʨʥʦ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʨʝʟʝʨʚʳ ʧʦʚʳʰʝʥʠʷ 

ʂʇɼ, ʪʘʢ ʢʘʢ ʧʨʘʢʪʠʯʝʩʢʠʡ ʂʇɼ ʦʯʝʥʴ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʂʇɼ ʮʠʢʣʘ ʂʘʨʥʦ. 

 

ɼʚʠʛʘʪʝʣʠ ɼʠʟʝʣʷ  ʠʤʝʶʪ ʂʇɼ  20-40%, ʧʘʨʦʚʳʝ ʪʫʨʙʠʥʳ ï ʦʢʦʣʦ 30%. 

 

 

 
 

 

 

 

 

 

 

 

ʎʠʢʣ ʂʘʨʥʦ ʥʘ p ïV -ʜʠʘʛʨʘʤʤʝ  

            ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 

                                                                                      ʈʠʩ.5.25 

                                                 ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ  ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ 
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ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʧʨʦʚʝʨʢʠ 

 

1.  ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ. ʇʦʥʷʪʠʝ ʦʙ ʠʜʝʘʣʴʥʦʤ ʛʘʟʝ.  

2.  ʆʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ. ʉʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣ.   

ʉʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣʳ.  ɸʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ.   

3.  ʋʨʘʚʥʝʥʠʝ ʄʝʥʜʝʣʝʝʚʘ - ʂʣʘʧʝʡʨʦʥʘ. ʀʟʦʪʝʨʤʠʯʝʩʢʠʡ, ʠʟʦʙʘʨʠʯʝʩʢʠʡ, ʠʟʦʭʦʨʠʯʝʩʢʠʡ, 

ʘʜʠʘʙʘʪʥʳʡ ʠ ʧʦʣʠʪʨʦʧʥʳʡ ʧʨʦʮʝʩʩʳ. ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʠ ʝʛʦ 

ʟʘʧʠʩʴ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʠʟʦʧʨʦʮʝʩʩʦʚ.  

4.  ʉʤʝʩʴ ʛʘʟʦʚ. ɿʘʢʦʥ ɼʘʣʴʪʦʥʘ ʜʣʷ ʩʤʝʩʠ ʛʘʟʦʚ. 

5.  ʈʝʘʣʴʥʳʝ ʛʘʟʳ. ʋʨʘʚʥʝʥʠʝ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʛʘʟʘ ʠ ʝʛʦ ʘʥʘʣʠʟ. ʂʨʠʪʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʛʘʟʘ. ɺʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʨʝʘʣʴʥʦʛʦ ʛʘʟʘ. 

6.  ʗʚʣʝʥʠʷ ʧʝʨʝʥʦʩʘ ʚ ʛʘʟʘʭ: ʜʠʬʬʫʟʠʷ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ.  

7.  ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ. ɺʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ. ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ.  

8.  ʇʝʨʚʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʢ ʨʘʟʣʠʯʥʳʤ ʠʟʦʧʨʦʮʝʩʩʘʤ. ʈʘʙʦʪʘ 

ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ.  

Ä 5.13  ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ʇʨʠʤʝʨ 5.1  ʆʧʨʝʜʝʣʠʪʴ ʤʘʩʩʫ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. 

ʈʝʰʝʥʠʝ: 

 ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʚʦʜʳ ʅ2ʆ. ʆʧʨʝʜʝʣʷʝʤ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʤʦʣʝʢʫʣʳ 

ʚʦʜʳ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʣʦʞʠʪʴ ʜʚʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʘʪʦʤʥʳʝ ʤʘʩʩʳ ʚʦʜʦʨʦʜʘ ʠ ʦʜʥʫ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʘʪʦʤʥʫʶ ʤʘʩʩʫ ʢʠʩʣʦʨʦʜʘ: 

2Ĭ1+16=18 (ɿʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʘʪʦʤʥʳʭ ʤʘʩʩ ʥʘʭʦʜʠʤ ʧʦ ʪʘʙʣʠʮʝ ʄʝʥʜʝʣʝʝʚʘ, ʦʢʨʫʛʣʷʷ 

ʠʭ ʜʦ ʧʝʨʚʦʛʦ ʜʝʩʷʪʠʯʥʦʛʦ ʟʥʘʢʘ ʧʦʩʣʝ ʟʘʧʷʪʦʡ). ʇʦʣʫʯʝʥʥʦʝ ʯʠʩʣʦ ʷʚʣʷʝʪʩʷ ʤʦʣʷʨʥʦʡ ʤʘʩʩʦʡ 

ʚʦʜʳ, ʚʳʨʘʞʝʥʥʦʡ ʚ ʛʨʘʤʤʘʭ ʥʘ ʦʜʠʥ ʤʦʣʴ. 

ʆʥʘ ʨʘʚʥʘ 3ʛ ʢʛ
18 18 10
ʤʦʣʴ ʤʦʣʴ

. ʊʝʧʝʨʴ ʦʧʨʝʜʝʣʷʝʤ ʤʘʩʩʫ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ: 

3
26

0 23
A

18 10
m 2,99 10 ʢʛ

N 6,02 10
. 

ʆʪʚʝʪ: 
26

0
2,99 10m ʢʛ. 

ʇʨʠʤʝʨ 5.2  ɺ ʙʘʣʣʦʥʝ ʚʤʝʩʪʠʤʦʩʪʴʶ 25 ʣ ʥʘʭʦʜʠʪʩʷ ʩʤʝʩʴ ʛʘʟʦʚ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʘʨʛʦʥʘ (ɸʛ) 

ʤʘʩʩʦʡ 20 ʛ ʠ ʛʝʣʠʷ (ʅʝ) ʤʘʩʩʦʡ 2 ʛ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 301 ʂ. ʅʘʡʪʠ ʜʘʚʣʝʥʠʝ ʩʤʝʩʠ ʛʘʟʦʚ ʥʘ 

ʩʪʝʥʢʠ ʩʦʩʫʜʘ. 

ʈʝʰʝʥʠʝ: 

ʇʦ ʪʘʙʣʠʮʝ ʄʝʥʜʝʣʝʝʚʘ ʦʧʨʝʜʝʣʷʝʤ ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ. 

ɼʣʷ ʘʨʛʦʥʘ 
1
= 40  ʛ/ʤʦʣʴ = 4Ĭ10

-2
  ʢʛ/ʤʦʣʴ,  ʜʣʷ ʛʝʣʠʷ 

2
= 4 ʛ/ʤʦʣʴ = 4Ĭ10

-3  
ʢʛ/ʤʦʣʴ. 

ɼʘʚʣʝʥʠʝ ʩʤʝʩʠ ʛʘʟʦʚ ʥʘʡʜʸʤ ʧʦ ʟʘʢʦʥʫ ɼʘʣʴʪʦʥʘ:   ʩʤʝʩʠ 1 1ʨ ʨ ʨ.                                           (1) 

ʇʦ ʟʘʢʦʥʫ ʄʝʥʜʝʣʝʝʚʘ ï ʂʣʘʧʝʡʨʦʥʘ: 

                                                                                  11
1

m
p V RT                                                                  (2) 

                                                                                  2
2

2

m
p V RT                                                                 (3) 

ɺʳʨʘʟʠʚ ʠʟ (2) ʠ (3) ʧʘʨʮʠʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ ʛʘʟʦʚ ʠ ʧʦʜʩʪʘʚʠʚ ʠʭ ʚ (1), ʧʦʣʫʯʠʤ: 

                                                                             1 2
ʩʤʝʩʠ

1 2

m m RT
p

V
. 

ʇʦʜʩʪʘʚʣʷʝʤ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ  (ʚ ʩʠʩʪʝʤʝ ʉʀ!) ʠ ʚʳʧʦʣʥʷʝʤ ʚʳʯʠʩʣʝʥʠʷ: 
3 3

5
ʩʤʝʩʠ 2 3 3

20 10 2 10 8.31 301
p 10 ʇʘ

4 10 4 10 25 10
 

ʆʪʚʝʪ: 5
ʩʤʝʩʠp 10 ʇʘ. 
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ʇʨʠʤʝʨ 5.3  ʅʘ ʩʢʦʣʴʢʦ ʠʟʤʝʥʷʝʪʩʷ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʛʝʣʠʷ ʤʘʩʩʦʡ 200 ʛ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 20ęʉ? ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ ʛʝʣʠʷ = 4Ĭ10
-3
 ʢʛ/ʤʦʣʴ. 

 

ʈʝʰʝʥʠʝ: 

ɺʥʫʪʨʝʥʥʶʶ ʵʥʝʨʛʠʶ ʙʫʜʝʤ ʚʳʯʠʩʣʷʪʴ, ʚʳʨʘʟʠʚ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʯʝʨʝʟ ʤʘʩʩʫ ʠ ʤʦʣʷʨʥʫʶ 

ʤʘʩʩʫ ʛʝʣʠʷ: 

3 3

2 2

m
U vRT RT 

      ʆʪʢʫʜʘ 

2 1 2 1

3 3
( )

2 2

m m
U U U R T T R t

m
. 

ɺ ʧʦʩʣʝʜʥʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʨʘʟʥʦʩʪʴ ʘʙʩʦʣʶʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘʤʝʥʝʥʘ ʨʘʟʥʦʩʪʴʶ ʪʝʤʧʝʨʘʪʫʨ 

æt (Áʉ) ʧʦ ʰʢʘʣʝ ʎʝʣʴʩʠʷ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʦʚʧʘʜʘʶʪ. ɺʳʧʦʣʥʷʝʤ ʚʳʯʠʩʣʝʥʠʷ:  
3

3

3 200 10
U 8,31 20 12465ɼʞ

2 4 10
 

ʆʪʚʝʪ: 12465U ɼʞ. 

 

ʇʨʠʤʝʨ 5.4  ʅʘʡʪʠ ʧʣʦʪʥʦʩʪʴ ʘʟʦʪʘ (N2) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 27 
ę
ʉ ʠ ʜʘʚʣʝʥʠʠ 0,1 ʄʇʘ. 

 

ʈʝʰʝʥʠʝ: 

ʅʘʭʦʜʠʤ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʘʟʦʪʘ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʘʪʦʤʥʘʷ ʤʘʩʩʘ ʘʟʦʪʘ ʧʦ ʪʘʙʣʠʮʝ ʄʝʥʜʝʣʝʝʚʘ 

ʨʘʚʥʘ 14. ʄʦʣʝʢʫʣʘ ʘʟʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʘʪʦʤʦʚ, ʧʦʵʪʦʤʫ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʘʟʦʪʘ                            

= 28ʛ/ʤʦʣʴ = 28Ĭ10
-3
 ʢʛ/ʤʦʣʴ. ʇʣʦʪʥʦʩʪʴ - ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʢ ʦʙʲʝʤʫ: ɟ =m/V. ɽ yʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʠʟ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʨʘʟʜʝʣʠʚ ʦʙʝ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ ʥʘ ʦʙʲʝʤ: 

m RT RT
p

V
 

ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʤ                         
6 3

3

0.1 10 28 10
1.1

8.31 (15 273)

p ʢʛ

RT ʤ
 

ʆʪʚʝʪ: 
3

1.1
ʢʛ

ʤ
. 

 

ʇʨʠʤʝʨ 5.7  ʆʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʚ ʦʜʥʦʤ ʣʠʪʨʝ ʚʦʜʳ, ʝʩʣʠ ʝʸ ʧʣʦʪʥʦʩʪʴ ʨʘʚʥʘ 

10
3
ʢʛ/ʤ

3
. 

 

ʈʝʰʝʥʠʝ: 

ʋʟʥʘʝʤ ʤʘʩʩʫ ʚʦʜʳ ʚ ʦʙʲʸʤʝ ʦʜʥʦʛʦ ʣʠʪʨʘ: m V  ( - ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ, V-ʦʙʲʸʤ ʚ ʢʫʙʠʯʝʩʢʠʭ 

ʤʝʪʨʘʭ). ʄʦʣʷʨʥʘ ̫ʤʘʩʩʘ ʚʦʜʳ 3 ʢʛ18 10
ʤʦʣʴ

. ʂʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʥʘʭʦʜʠʤ ʧʦ ʬʦʨʤʫʣʝ  

3 3

3

m V 10 10
v 55,6ʤʦʣʴ

18 10
. 

ʆʪʚʝʪ: 55,6v ʤʦʣʴ. 
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ʇʨʠʤʝʨ 5.5  ɻʘʟ ʧʨʠ ʜʘʚʣʝʥʠʠ 0,2 ʄʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 15
o
 ʉ ʠʤʝʝʪ ʦʙʲʝʤ 5 ʣ ʏʝʤʫ ʨʘʚʝʥ 

ʦʙʲʝʤ ʵʪʦʡ ʤʘʩʩʳ ʛʘʟʘ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ? 

 

ʈʝʰʝʥʠʝ: 

ʅʦʨʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʩʯʠʪʘʶʪʩʷ ʜʘʚʣʝʥʠʝ ʨʦ = 10
5
 ʇʘ ʠ ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʊʦ=273 ʂ. 

ʆʙʦʟʥʘʯʠʤ ʨ1, V1, ɜ ʠ ʊ1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʘʚʣʝʥʠʝ, ʦʙʲʝʤ, ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʠ ʘʙʩʦʣʶʪʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʩʦʩʪʦʷʥʠʷ ʛʘʟʘ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʚ ʟʘʜʘʯʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʠʤʝʥʠʤ ʫʨʘʚʥʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʜʚʘʞʜʳ: ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʘʟʘ. 

ʇʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 

0 0 0
p V RT , 

1 1 1
p V RT , 

ʠʟ ʢʦʪʦʨʦʡ ʚʳʚʝʜʝʤ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ Vʦ. ʇʨʦʱʝ ʚʩʝʛʦ ʩʥʘʯʘʣʘ ʨʘʟʜʝʣʠʪʴ ʧʦʯʣʝʥʥʦ ʚʝʨʭʥʝʝ 

ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘ ʥʠʞʥʝʝ, ʘ ʟʘʪʝʤ ʥʘʡʪʠ Vʦ: 

1

0

01

00

T

T

Vp

Vp

 

ʆʪʩʶʜʘ                        
6

3 3 31 0
0 1 5

0 1

0,2 10 273
5 10 9,5 10 ( )

10 (15 273)

p T
V V ʤ

p T
 

ʆʪʚʝʪ: 3 3

0
9,5 10V ʤ . 

 

ʇʨʠʤʝʨ 5.6  ʆʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʶʶ ʢʚʘʜʨʘʪʠʯʥʫʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ ʛʘʟʘ, ʤʘʩʩʘ 

ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ 6 ʢʛ, ʟʘʥʠʤʘʶʱʠʡ ʦʙʲʝʤ 5 ʤ
3
, ʧʨʠ  ʜʘʚʣʝʥʠʠ 200 ʢʇʘ. 

 

ʈʝʰʝʥʠʝ: 
ʉʨʝʜʥʷ ̫ʢʚʘʜʨʘʪʠʯʥʘ ̫ʩʢʦʨʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ ʛʘʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

                                                                                     ʩʨ.ʢʚ.
0

3kT
v

m
.                                                                        (1) 

ʀʟ ʦʩʥʦʚʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʄʂʊ  p nkT ʩʣʝʜʫʝʪ, ʯʪʦ  

                                                                                           
p

kT
n

.                                                                  (2) 

ʇʦʜʩʪʘʚʠʚ (2) ʚ (1), ʧʦʣʫʯʠʤ 

                                                                           
. .

0 0

3 3
ʩʨʢʚ

kT p
v

m nm
. 

ʊʘʢ ʢʘʢ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ   ʢʦʥʮʝʥʪʨʘʮʠ ̫ ʤʦʣʝʢʫʣ  ʛʘʟʘ ʨʘʚʥʘ 
N

n
V

,  ʪʦ  ʧʦʣʫʯʘʝʤ 

.
33

00 Nm

pV

nm

p

 
ɺ ʟʥʘʤʝʥʘʪʝʣʝ ʧʦʜʢʦʨʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝ ʯʠʩʣʘ ʤʦʣʝʢʫʣ ʛʘʟʘ ʥʘ ʤʘʩʩʫ 

ʦʜʥʦʡ ʝʛʦ ʤʦʣʝʢʫʣʳ. ʆʥʦ ʨʘʚʥʦ ʤʘʩʩʝ ʚʩʝʛʦ ʛʘʟʘ m.  ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʚʠʜ ʨʘʩʯʝʪʥʦʡ ʬʦʨʤʫʣʳ 

ʩʣʝʜʫʶʱʠʡ:                                               
. .

0

3 3
ʩʨʢʚ

pV pV
v

Nm m
 

ɺʳʧʦʣʥʷʝʤ ʚʳʯʠʩʣʝʥʠʷ (ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʚʳʨʘʞʘʝʤ ʚ ʩʠʩʪʝʤʝ ʉʀ!): 

3

. .

3 200 10 5
707( / )

6ʩʨʢʚ
v ʤ ʩ 

ʆʪʚʝʪ: 
. .

707 /
ʩʨʢʚ

v ʤ ʩ. 
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ʇʨʠʤʝʨ 5.8  ʅʘʡʪʠ ʦʙʲʸʤ ʚʩʘʩʳʚʘʶʱʝʡ ʢʘʤʝʨʳ ʧʦʨʰʥʝʚʦʛʦ ʥʘʩʦʩʘ V1, ʝʩʣʠ ʧʨʠ ʦʪʢʘʯʠʚʘʥʠʠ 

ʵʪʠʤ ʥʘʩʦʩʦʤ ʚʦʟʜʫʭʘ ʠʟ ʙʘʣʣʦʥʘ ʦʙʲʝʤʦʤ Vʦ=4 ʣ ʜʘʚʣʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʢʘʞʜʦʤ ʮʠʢʣʝ ʚ 

1,2 ʨʘʟʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. 

 

ʈʝʰʝʥʠʝ: 
ʆʙʦʟʥʘʯʠʤ ʜʘʚʣʝʥʠʝ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʚ ʙʘʣʣʦʥʝ ʚ ʥʘʯʘʣʝ ʦʯʝʨʝʜʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʚʩʘʩʳʚʘʥʠʷ ʚ ʢʘʤʝʨʫ ʥʘʩʦʩʘ ʨʦ ʠ Vʦ, ʘ ʚ ʢʦʥʮʝ ʵʪʦʛʦ ʞʝ ʧʨʦʮʝʩʩʘ - ʨ1 ʠ V1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʏʝʨʝʟ 

ʊ ʦʙʦʟʥʘʯʠʤ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʘ. 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ. 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʜʣʷ ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ: 

- ʛʘʟ ʚ ʙʘʣʣʦʥʝ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʚʩʘʩʳʚʘʥʠʷ; 

- ʛʘʟ ʚ ʙʘʣʣʦʥʝ ʠ ʚʦ ʚʩʘʩʳʚʘʶʱʝʡ ʢʘʤʝʨʝ ʚ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʚʩʘʩʳʚʘʥʠʷ. 

ʇʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: 

                                                                         
0 0 0

p V RT,                                                                 (1)  

                                                                   
1 0 1 0

p V V RT  .                                                           (2)  

ɺʠʜʥʦ, ʯʪʦ ʣʝʚʳʝ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚ (1) ʠ (2) ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ: 

1 0 1 0 0
p V V p V , 

ʦʪʩʶʜʘ 

3 3 30
1 0

1

1 (1,2 1)4 10 0,8 10 ( )
p

V V ʤ
p

 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʜʣʷ ʪʨʝʭ ʩʦʩʪʦʷʥʠʡ: 

ð ʛʘʟ ʚ ʙʘʣʣʦʥʝ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʚʩʘʩʳʚʘʥʠʷ; 

ð ʛʘʟ ʚ ʙʘʣʣʦʥʝ ʚ ʢʦʥʮʝ  ʧʨʦʮʝʩʩʘ ʚʩʘʩʳʚʘʥʠʷ; 

ð ʛʘʟ ʚʦ ʚʩʘʩʳʚʘʶʱʝʡ ʢʘʤʝʨʝ ʚ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʚʩʘʩʳʚʘʥʠʷ. 

ʋʯʪʝʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʚʩʘʩʳʚʘʥʠʷ ʚ ʙʘʣʣʦʥʝ, 

ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʚ ʙʘʣʣʦʥʝ ʠ ʚʩʘʩʳʚʘʶʱʝʡ ʢʘʤʝʨʝ ʥʘʩʦʩʘ, ʪʦ ʝʩʪʴ ʚʦ 

ʚʩʘʩʳʚʘʶʱʝʡ ʢʘʤʝʨʝ ʚ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʚʩʘʩʳʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ɜo - ɜ1. 

ʇʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: 

                                                                         
0 0 0

p V RT,                                                                (3) 

                                                                         
1 0 1

p V RT ,                                                                (4) 

                                                                    1 1 0 1p V RT.                                                           (5) 

 

ɺʳʨʘʟʠʤ V1 ʠʟ ʫʨʘʚʥʝʥʠʷ (5), ʘ ʨ1 ʠʟ ʫʨʘʚʥʝʥʠʷ (4): 

 

0

1

0

0

1

10

1

10

1 1
)()(

V
v

v
V

RTv

RTvv

p

RTvv
V

 

ʆʪʥʦʰʝʥʠʝ 0

1

  ʥʘʡʜʝʤ, ʨʘʟʜʝʣʠʚ ʧʦʯʣʝʥʥʦ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ (3) ʥʘ (4): 

.
1

0

1

0

v

v

p

p

 
ɿʘʧʠʰʝʤ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʠʜ ʨʘʩʯʝʪʥʦʡ ʬʦʨʤʫʣʳ ʠ ʚʳʧʦʣʥʠʤ ʚʳʯʠʩʣʝʥʠʷ:  

).(108,0104)12,1()1(1 333

00

1

0
1 ʤVkV

p

p
V  

ʆʪʚʝʪ: 
3 3

1
0,8 10V ʤ . 
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ʇʨʠʤʝʨ 5.9 ɼʚʘ ʩʦʩʫʜʘ ʩ ʦʙʲʤyʘʤʠ V1=  40 ʣ ʠ V2=20 ʣ ʩʦʜʝʨʞʘʪ ʛʘʟ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʦ ʨʘʟʥʳʭ ʜʘʚʣʝʥʠʷʭ. ʇʦʩʣʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʫʜʦʚ ʚ ʥʠʭ ʫʩʪʘʥʦʚʠʣʦʩʴ ʜʘʚʣʝʥʠʝ 

p =1 ʄʇʘ. ʂʘʢʦʚʦ ʙʳʣʦ ʜʘʚʣʝʥʠʝ ʚ ʙʦʣʴʰʝʤ ʩʦʩʫʜʝ ʨ1, ʝʩʣʠ ʥʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʤʝʥʴʰʝʤ 

ʩʦʩʫʜʝ ʨ2 = 0,6 ʄʇʘ? ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʊ  ʥʝ ʠʟʤʝʥʷʣʘʩʴ. 

 

ʈʝʰʝʥʠʝ: 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʜʣʷ ʧʝʨʚʦʛʦ (ʙʦʣʴʰʝʛʦ) ʠ ʚʪʦʨʦʛʦ ʩʦʩʫʜʘ ʧʝʨʝʜ 

ʠʭ ʩʦʝʜʠʥʝʥʠʝʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (1) ʠ (2), ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʜʚʫʭ ʩʦʩʫʜʦʚ, 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʧʦʩʣʝ ʩʦʝʜʠʥʝʥʠʷ (3): 

                                                                        
1 1 1

p V RT,                                                                  (1) 

                                                                       
2 2 2

p V RT,                                                                  (2) 

                                                             
1 2 1 2

p V V RT.                                                        (3) 

ʀʟ ʨʘʚʝʥʩʪʚ (1) ʠ (2) ʧʦʣʫʯʘʝʤ: 

1 1 2 2 1 2
p V p V RT 

ʋʯʠʪʳʚʘʷ ʨʘʚʝʥʩʪʚʦ (3), ʥʘʭʦʜʠʤ 

1 1 2 2 1 2
p V p V p V V  

ʆʪʩʶʜʘ ʚʳʨʘʞʘʝʤ ʠʩʢʦʤʦʝ ʜʘʚʣʝʥʠʝ ʠ ʚʳʧʦʣʥʷʝʤ ʚʳʯʠʩʣʝʥʠʷ: 
6 3 6 3

61 2 2 2
1 3

1

( ) 1 10 (40 10 ) 0,6 10 20 10
1,2 10 ( )

40 10

p V V p V
p ʇʘ

V
 

ʆʪʚʝʪ: 6

1
1,2 10p ʇʘ. 

 

 ʇʨʠʤʝʨ 5.10 ɺ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʳʡ ʩʦʩʫʜ, ʩʦʜʝʨʞʘʱʠʡ ʚʦʜʫ ʤʘʩʩʦʡ mʚ =1,5 ʢʛ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ tʚ=15 
ę
ʉ, ʚʧʫʩʢʘʶʪ ʚʦʜʷʥʦʡ ʧʘʨ ʤʘʩʩʦʡ  mʧ  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ tn=100 ęʉ. ʂʘʢʘʷ 

ʦʙʱʘʷ ʪʝʤʧʝʨʘʪʫʨʘ  t  ʫʩʪʘʥʦʚʠʪʩʷ ʚ ʩʦʩʫʜʝ ʧʦʩʣʝ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʘ? ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ 

ʚʦʜʳ c = 4,19 ʢɼʞ/(ʢʛĬʂ), ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ r = 2,3 ʢɼʞ/ʢʛ. ʄʘʩʩʦʡ ʩʦʩʫʜʘ 

ʧʨʝʥʝʙʨʝʯʴ. 

 

ʈʝʰʝʥʠʝ: 
ʊʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʳʡ ʩʦʩʫʜ (ʪʝʨʤʦʩ ʠʣʠ ʪʝʨʤʦʩʪʘʪ) ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʪʝʧʣʦʦʙʤʝʥ ʩ ʚʥʝʰʥʝʡ 

ʩʨʝʜʦʡ. ʇʦʩʢʦʣʴʢʫ ʤʘʩʩʦʡ ʩʦʩʫʜʘ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʩʦʭʨʘʥʷʝʪʩʷ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʚʦʜʳ ʠ 

ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʢʦʥʜʝʥʩʘʮʠʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʚʳʜʝʣʝʥʥʦʝ ʧʨʠ 

ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʘ ʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʠʟ ʧʘʨʘ ʚʦʜʳ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʜʦ 

ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʨʘʚʥʦʚʝʩʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʳʤ ʢʦʣʠʯʝʩʪʚʫ ʪʝʧʣʘ, 

ʟʘʪʨʘʯʝʥʥʦʤʫ ʥʘ ʥʘʛʨʝʚʘʥʠʝ ʚʦʜʳ ʚ ʩʦʩʫʜʝ ʦʪ ʥʘʯʘʣʴʥʦʡ ʜʦ ʨʘʚʥʦʚʝʩʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʵʪʦʤʫ ʨʘʚʝʥʩʪʚʫ, ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʫʨʘʚʥʝʥʠʝʤ 

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ. 

ɿʘʧʠʰʝʤ ʝʛʦ ʜʣʷ ʨʝʰʘʝʤʦʡ ʥʘʤʠ ʟʘʜʘʯʠ, ʜʣʷ ʯʝʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʘʤʠ 

(5.29 ʘ) ʠ (5.27): 

                                                        n n n ʚ ʚrm cm t  t cm t t .  

ʀʟ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʳʨʘʞʘʝʤ ʨʘʚʥʦʚʝʩʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ:  

( )

( )

n ʚ ʚ n n

n ʚ

rm c m t m t
t

c m m
 

     ɺʳʧʦʣʥʷʝʤ ʚʳʯʠʩʣʝʥʠʷ (ʚ ʩʠʩʪʝʤʝ ʉʀ!): 

).(6,89
)5,110200(1019,4

)10010200155,1(1019,410200103,2 0

33

3333

Ct

 

ʆʪʚʝʪ: 
089,6t C . 
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ʇʨʠʤʝʨ 5.11  ʇʫʟʨrʝʢ ʛʘʟʘ ʧʦʜʥʠʤʘʝʪʩʷ ʩʦ ʜʥʘ ʚʦʜʦʝʤʘ ʛʣʫʙʠʥʦʡ h=5 ʤ. ʅʘ ʵʪʦʡ ʛʣʫʙʠʥʝ ʦʥ 

ʠʤʝʣ ʨʘʜʠʫʩ r1=1 ʩʤ. ʆʧʨʝʜʝʣʠʪʴ ʝʛʦ ʨʘʜʠʫʩ r2 ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʝʤʘ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ ʚ ʧʫʟʳʨʴʢʝ ʊ ʧʦʩʪʦʷʥʥʘ. ʇʣʦʪʥʦʩʪʴ ʚʦʜʳ ɟ=10
3
 ʢʛ/ʤ

3
, ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ            

ʨ0 =10
5
 ʇʘ. ʉʠʣʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʥʝ ʫʯʠʪʳʚʘʪʴ.  

 

ʈʝʰʝʥʠʝ: 
ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ: ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʛʘʟʘ ʚ ʧʫʟʳʨʴʢʝ ɜ, ʥʘʯʘʣʴʥʳʡ ʠ ʢʦʥʝʯʥʳʡ 

ʦʙʲʝʤʳ ʧʫʟʳʨʴʢʘ V1 ʠ V2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʯʘʣʴʥʦʝ ʠ ʢʦʥʝʯʥʦʝ ʜʘʚʣʝʥʠʷ ʚ ʧʫʟʳʨʴʢʝ p1 ʠ ʨ2 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g.  ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ 

ʛʘʟʘ ʜʣʷ ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ: 

- ʛʘʟ ʚ ʧʫʟʳʨʴʢʝ ʚʙʣʠʟʠ ʜʥʘ ʚʦʜʦʝʤʘ (1); 

- ʛʘʟ ʚ ʧʫʟʳʨʴʢʝ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʝʤʘ (2). 

ʇʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 

                                                                         
1 1

p V RT,                                                                  (1)  

                                                                        
2 2

p V RT,                                                                  (2)  

ʠʟ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ 

,2211 VpVp  

1

2

1
2 V

p

p
V

 
ɼʘʚʣʝʥʠʝ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʨʘʚʥʦ ʘʪʤʦʩʬʝʨʥʦʤʫ ʜʘʚʣʝʥʠʶ, ʪʘʢ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʳʤ 

ʥʘʪʷʞʝʥʠʝʤ ʚ ʧʫʟʳʨʴʢʝ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʅʘ ʛʣʫʙʠʥʝ h ʵʪʦ ʜʘʚʣʝʥʠʝ ʙʦʣʴʰʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʥʘ 

ʚʝʣʠʯʠʥʫ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʩʪʦʣʙʦʤ ʚʦʜʳ ʚʳʩʦʪʦʡ h. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

2 0
p p , 

2 0
p p gh, 

ʆʙʲʝʤ ʧʫʟʳʨʴʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʫʙʫ ʝʛʦ ʨʘʜʠʫʩʘ, ʧʦʵʪʦʤʫ 

                                            

,3

1

2

13

2 r
p

p
r

                  

3

0

0

1
3

2

1
12

p

ghp
r

p

p
rr

 
ʇʦʜʩʪʘʚʣʷʝʤ ʚ ʧʦʣʫʯʝʥʥʫʶ ʬʦʨʤʫʣʫ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ (ʚ ʩʠʩʪʝʤʝ ʉʀ!) ʠ ʚʳʧʦʣʥʷʝʤ ʨʘʩʯʝʪ:  

5 3
2 23

2 5

10 10 9,8 5
10 1,14 10 ( )

10
r ʤ  

ʆʪʚʝʪ: 
2

2
1,14 10r ʤ. 

 

ʇʨʠʤʝʨ 5.19 ɺ ʮʠʣʠʥʜʨʝ ʧʦʜ ʧʦʨʰʥʝʤ ʥʘʭʦʜʠʪʩʷ ʛʝʣʠʡ ʤʘʩʩʦʡ m=0,25 ʢʛ. ʇʦʨʰʝʥʴ 

ʟʘʢʨʝʧʣʝʥ. ʂʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ Q ʥʫʞʥʦ ʩʦʦʙʱʠʪʴ ʛʝʣʠʶ, ʯʪʦʙʳ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʳʩʠʣʘʩʴ ʥʘ æʊ=5 ʂ?   ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ ʛʝʣʠʷ =4Ĭ10
-3
ʢʛ/ʤʦʣʴ. 

 

ʈʝʰʝʥʠʝ: 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʲʝʤ ʛʘʟʘ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘʥʠʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʙʦʪʘ ʥʝ 

ʩʦʚʝʨʰʘʝʪʩʷ. ʇʦʵʪʦʤʫ, ʩʦʛʣʘʩʥʦ ʧʝʨʚʦʤʫ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʚʩʝ ʩʦʦʙʱʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʧʣʘ ʠʜʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʛʘʟʘ:  

3

2

m
Q U R T. 

ɺʳʧʦʣʥʷʝʤ ʚʳʯʠʩʣʝʥʠʷ: 

).(3895
1042

531,825,03
3

ɼʞQ
 

ʆʪʚʝʪ: 3895Q ɼʞ. 
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ʇʨʠʤʝʨ 5.12  ɿʘʢʨʳʪʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ ʚʳʩʦʪʦʡ h=40 ʩʤ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʨʘʚʥʳʝ 

ʯʘʩʪʠ ʥʝʚʝʩʦʤʦʡ ʧʣʦʩʢʦʡ ʧʝʨʝʛʦʨʦʜʢʦʡ, ʩʢʦʣʴʟʷʱʝʡ ʙʝʟ ʪʨʝʥʠʷ. ʇʨʠ ʟʘʢʨʝʧʣʝʥʥʦʡ 

ʧʝʨʝʛʦʨʦʜʢʝ ʦʙʝ ʯʘʩʪʠ ʩʦʩʫʜʘ ʟʘʧʦʣʥʝʥʳ ʛʘʟʦʤ, ʧʨʠʯʝʤ ʚ ʦʜʥʦʡ ʠʟ ʥʠʭ ʜʘʚʣʝʥʠʝ ʨ2 ʚ ʪʨʠ ʨʘʟʘ 

ʙʦʣʴʰʝ, ʯʝʤ ʚ ʜʨʫʛʦʡ. ʅʘ ʩʢʦʣʴʢʦ ʧʝʨʝʤʝʩʪʠʪʩʷ ʧʝʨʝʛʦʨʦʜʢʘ, ʝʩʣʠ ʝʡ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʚʠʛʘʪʴʩʷ? ʊʝʤʧʝʨʘʪʫʨʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 

 

ʈʝʰʝʥʠʝ: 
ɺʚʦʜʠʤ ʦʙʦʟʥʘʯʝʥʠʷ: ʦʙʲʝʤ ʧʦʣʦʚʠʥʳ ʩʦʩʫʜʘ V; ʪʝʤʧʝʨʘʪʫʨʘ ʊ; ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʚ 

ʯʘʩʪʠ ʩʦʩʫʜʘ ʩ ʤʝʥʴʰʠʤ ʜʘʚʣʝʥʠʝʤ ɜ1; ʜʘʚʣʝʥʠʝ ʚ ʵʪʦʡ ʯʘʩʪʠ ʨ1; ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʚ ʜʨʫʛʦʡ 

ʯʘʩʪʠ ʩʦʩʫʜʘ v2; ʧʝʨʝʤʝʱʝʥʠʝ ʧʝʨʝʛʦʨʦʜʢʠ x; ʧʣʦʱʘʜʴ ʦʩʥʦʚʘʥʠʷ ʮʠʣʠʥʜʨʘ S; ʠʟʤʝʥʝʥʠʝ 

ʦʙʲʝʤʘ ʯʘʩʪʠ ʮʠʣʠʥʜʨʘ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʝʨʝʛʦʨʦʜʢʠ æV; ʜʘʚʣʝʥʠʝ, ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʚ 

ʩʦʩʫʜʝ ʧʦʩʣʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʝʨʝʛʦʨʦʜʢʠ ʨ. 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ  ʜʣʷ ʯʝʪʳʨʝʭ ʩʦʩʪʦʷʥʠʡ: (1) ʠ (2) - ʛʘʟ ʚ ʜʚʫʭ 

ʯʘʩʪʷʭ ʩʦʩʫʜʘ ʩ ʟʘʢʨʝʧʣʝʥʥʦʡ ʧʦʩʝʨʝʜʠʥʝ ʧʝʨʝʛʦʨʦʜʢʦʡ; (3) ʠ (4) - ʛʘʟ ʚ ʵʪʠʭ ʞʝ ʯʘʩʪʷʭ ʩʦʩʫʜʘ 

ʧʦʩʣʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʝʨʝʛʦʨʦʜʢʠ. 

ʇʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: 

                                                                                      
1 1

p V RT,                                                                  (1) 

                                                                                      
2 2

p V RT,                                                                 (2) 

                                                                                
2 1

( )p V V RT                                                               (3) 

                                                                                
2 2

( )p V V RT                                                               (4) 

ʈʘʟʜʝʣʠʚ ʧʦʯʣʝʥʥʦ ʨʘʚʝʥʩʪʚʦ (2) ʥʘ ʨʘʚʝʥʩʪʚʦ (1) ʠ ʨʘʚʝʥʩʪʚʦ (4) ʥʘ ʨʘʚʝʥʩʪʚʦ (3), ʠʟ 

ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ: 

,
1

2

1

2

v

v

p
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vV V
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ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ                                                2

1

p V V

p V V
, 

)(
1

2 VV
p

p
VV

 

  ʆʙʦʟʥʘʯʠʤ 2

1

p
n

p
, ʪʦʛʜʘ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʯʘʩʪʠ ʮʠʣʠʥʜʨʘ ʧʦʣʫʯʠʪʩʷ ʬʦʨʤʫʣʘ 

.
1

1
V

n

n
V

 
 ɺʳʨʘʟʠʤ ʦʙʲʝʤʳ ʮʠʣʠʥʜʨʦʚ æV ʠ V, ʚʭʦʜʷʱʠʭ ʚ ʵʪʫ ʬʦʨʤʫʣʫ, ʯʝʨʝʟ ʧʣʦʱʘʜʴ ʦʩʥʦʚʘʥʠʷ ʠ 

ʚʳʩʦʪʳ ʮʠʣʠʥʜʨʦʚ: æV = Sx,  

 ʇʦʣʫʯʘʝʤ, ʨʘʩʯʝʪʥʫʶ ʬʦʨʤʫʣʫ ʠ ʚʳʧʦʣʥʷʝʤ ʚʳʯʠʩʣʝʥʠʷ (ʚ ʩʠʩʪʝʤʝ ʉʀ!): 

 

).(1,01010
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ʆʪʚʝʪ: 0,1x ʤ. 
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ʇʨʠʤʝʨ 5.13 ʆʪʢʨʳʪʫʶ ʩʪʝʢʣʷʥʥʫʶ ʪʨʫʙʢʫ ʜʣʠʥʦʡ L =1 ʤ ʥʘʧʦʣʦʚʠʥʫ ʧʦʛʨʫʞʘʶʪ ʚ ʨʪʫʪʴ. 

ɿʘʪʝʤ ʚʝʨʭʥʠʡ ʢʦʥʝʮ ʪʨʫʙʢʠ ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʶʪ ʠ ʚʳʥʠʤʘʶʪ ʠʟ ʨʪʫʪʠ. ʂʘʢʦʡ ʜʣʠʥʳ ʭ ʩʪʦʣʙʠʢ 

ʨʪʫʪʠ ʦʩʪʘʥʝʪʩʷ ʚ ʪʨʫʙʢʝ? ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ pʦ=750 ʤʤ ʨʪ. ʩʪ. 

ʈʝʰʝʥʠʝ: 

ɺʚʦʜʠʤ ʦʙʦʟʥʘʯʝʥʠʷ: ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʨʦ; ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʢʝ, ʚʳʪʘʱʝʥʥʦʡ ʠʟ 

ʨʪʫʪʠ, ʨ; ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʤʫ ʚʳʩʦʪʘ ʨʪʫʪʥʦʛʦ ʩʪʦʣʙʘ ʅ; ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʪʨʫʙʢʠ S; ʧʣʦʪʥʦʩʪʴ ʨʪʫʪʠ ɟʨʪ; ʦʙʲʝʤ ʧʦʣʦʚʠʥʳ ʪʨʫʙʢʠ Vʦ; ʦʙʲʝʤ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʢʝ, 

ʚʳʪʘʱʝʥʥʦʡ ʠʟ ʨʪʫʪʠ, V1. 

ɺ ʦʪʢʨʳʪʦʡ ʪʨʫʙʢʝ, ʧʦʛʨʫʞʝʥʥʦʡ ʥʘʧʦʣʦʚʠʥʫ ʚ ʨʪʫʪʴ, ʜʨʫʛʘʷ ʧʦʣʦʚʠʥʘ ʟʘʧʦʣʥʝʥʘ ʚʦʟʜʫʭʦʤ 

ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʪʘʩʢʠʚʘʥʠʷ ʪʨʫʙʢʠ ʠʟ ʨʪʫʪʠ ʯʘʩʪʴ ʨʪʫʪʠ ʠʟ ʪʨʫʙʢʠ 

ʚʳʪʝʢʘʝʪ ʠ ʦʙʲʝʤ ʚʦʟʜʫʭʘ ʚ ʥʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʜʘʚʣʝʥʠʝ ʧʦʥʠʞʘʝʪʩʷ. ɺ ʧʦʣʥʦʩʪʴʶ 

ʚʳʪʘʱʝʥʥʦʡ ʪʨʫʙʢʝ ʦʩʪʘʥʝʪʩʷ ʩʪʦʣʙʠʢ ʨʪʫʪʠ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʪʨʝʭ ʩʠʣ: ʩʠʣʳ ʪʷʞʝʩʪʠ ʨʪʫʪʠ, ʩʠʣʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʝʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ 

ʥʘ ʨʪʫʪʴ, ʠ ʩʠʣʳ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ, ʦʩʪʘʚʰʝʛʦʩʷ ʚ ʪʨʫʙʢʝ. ɺʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʵʪʠʭ ʩʠʣ ʨʘʚʥʘ 

ʥʫʣʶ. ʇʨʦʝʢʮʠʷ ʵʪʦʡ ʩʫʤʤʳ ʥʘ ʦʩʴ,    ʥʘʧʨʘʚʣʝʥʥʫʶ   ʚʝʨʪʠʢʘʣʴʥʦ    ʚʥʠʟ,  ʩʦʛʣʘʩʥʦ ʧʝʨʚʦʤʫ 

ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ  ʪʘʢʞʝ   ʨʘʚʥʘ   ʥʫʣʶ: 
0 1

0
ʈʊ

gxS p S p S . 

ɺʳʨʘʟʠʤ ʜʘʚʣʝʥʠʷ, ʚʭʦʜʷʱʠʝ ʚ ʵʪʫ ʬʦʨʤʫʣʫ, ʯʝʨʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʚʳʩʦʪʳ ʨʪʫʪʥʳʭ 

ʩʪʦʣʙʦʚ: 

0 1
0

ʈʊ ʈʊ ʈʊ
gxS gxH S gxH S ,  

ʪʦ  ʝʩʪʴ :                                                                   
0 1

0x H H . 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʜʣʷ ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ ʚʦʟʜʫʭʘ 

(ʦʙʦʟʥʘʯʠʤ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʚʦʟʜʫʭʘ ɜ, ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʫ ʊ): 

- ʚ ʪʨʫʙʢʝ, ʥʘʧʦʣʦʚʠʥʫ ʧʦʛʨʫʞʝʥʥʦʡ ʚ ʨʪʫʪʴ (1); 

- ʚ ʪʨʫʙʢʝ, ʚʳʪʘʱʝʥʥʦʡ ʠʟ ʨʪʫʪʠ (2). 

ʇʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: 

                                                                                      
0 0

p V RT,                                                                   (1) 

                                                                                       
1 1

p V RT.                                                                   (2) 

ɺʠʜʥʦ, ʯʪʦ ʣʝʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ (1) ʠ (2) ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ: 

0 0 1 1
p V p V . 

ɺʳʨʘʟʠʤ ʚʭʦʜʷʱʠʝ ʩʶʜʘ ʜʘʚʣʝʥʠʷ ʯʝʨʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʚʳʩʦʪʳ ʨʪʫʪʥʳʭ ʩʪʦʣʙʦʚ, ʘ 

ʦʙʲʝʤʳ ʯʝʨʝʟ ʧʣʦʱʘʜʴ ʦʩʥʦʚʘʥʠʷ ʮʠʣʠʥʜʨʘ S ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʩʦʪʳ ʮʠʣʠʥʜʨʦʚ: 

)(
2

1. xLSgHp
L

ʨʪ

. 

ʆʪʩʜʁʘ ʚʳʪʝʢʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ  

),1(
2

10 LH
L

H
 

ʢʦʪʦʨʦʝ ʚʤʝʩʪʝ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʪʦʣʙʠʢʘ ʨʪʫʪʠ, ʦʙʨʘʟʫʝʪ 

ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ: 

                                                                                  
0 1

0x H H ,                                                                 (3) 

                                                                             
0 1

( ) 0
2

L
H H L x                                                             (4) 

ʅʝʠʟʚʝʩʪʥʳʤʠ ʚ ʥʝʡ ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʳ ʅ1 ʠ ʭ. ɺʳʨʘʞʘʝʤ ʅ1 ʠʟ ʫʨʘʚʥʝʥʠʷ (3) ʠ ʧʦʜʩʪʘʚʣʷʝʤ 

ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʚ ʫʨʘʚʥʝʥʠʝ (4). ʇʦʣʫʯʘʝʤ ʢʚʘʜʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭ:  

0
2

)( 0

0

2 LH
HLxx

 

ɽʛʦ ʢʦʨʥʠ: 

2 2

0 0

1,2 2

H L H L
x . 
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ʆʪʙʨʘʩʳʚʘʝʤ ʢʦʨʝʥʴ ʩʦ ʟʥʘʢʦʤ ç+è ʚ ʯʠʩʣʠʪʝʣʝ, ʢʘʢ ʧʨʦʪʠʚʦʨʝʯʘʱʠʡ ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ (ʦʥ 

ʜʘʝʪ 
2

L
x  ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

                                                             

2 2

0 0

2

H L H L
x . 

ʇʦʜʩʪʘʚʣʷʝʤ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ (ʚ ʩʠʩʪʝʤʝ ʉʀ!) ʠ ʚʳʧʦʣʥʷʝʤ ʚʳʯʠʩʣʝʥʠʷ: 

).(25,0
2

175,0110750 223

ʤx
 

ʆʪʚʝʪ: 0,25x ʤ. 

 

ʇʨʠʤʝʨ 5.14  ʇʦʩʝʨʝʜʠʥʝ ʦʪʢʘʯʘʥʥʦʡ ʠ ʟʘʧʘʷʥʥʦʡ ʩ ʦʙʦʠʭ ʢʦʥʮʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʨʫʙʢʠ 

ʜʣʠʥʦʡ L =1 ʤ ʥʘʭʦʜʠʪʩʷ ʩʪʦʣʙʠʢ ʨʪʫʪʠ ʜʣʠʥʦʡ h=20 ʩʤ. ɽʩʣʠ ʪʨʫʙʢʫ ʧʦʩʪʘʚʠʪʴ ʚʝʨʪʠʢʘʣʴʥʦ, 

ʩʪʦʣʙʠʢ ʨʪʫʪʠ ʩʤʝʩʪʠʪʩʷ ʥʘ æh=10 ʩʤ. ɼʦ ʢʘʢʦʛʦ ʜʘʚʣʝʥʠʷ ʨ0 ʙʳʣʘ ʦʪʢʘʯʘʥʘ ʪʨʫʙʢʘ? 

ʇʣʦʪʥʦʩʪʴ ʨʪʫʪʠ ɟʨʪ =13,6Ĭ10 ʢʛ/ʤ
3
. 

ʈʝʰʝʥʠʝ: 
ʂʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʛʘʟʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʜʚʫʭ ʯʘʩʪʷʭ ʪʨʫʙʢʠ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʩʪʦʣʙʠʢʘ 

ʨʪʫʪʠ, ʦʜʠʥʘʢʦʚʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʦʙʲʝʤʳ ʵʪʠʭ ʯʘʩʪʝʡ ʨʘʚʥʳ ʧʦ 

ʫʩʣʦʚʠʶ, ʘ ʜʘʚʣʝʥʠʷ ʚ ʥʠʭ ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʩʪʦʣʙʠʢ ʨʪʫʪʠ ʥʘʭʦʜʠʪʩʷ ʚ 

ʨʘʚʥʦʚʝʩʠʠ. ʆʙʦʟʥʘʯʠʤ ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ɜ, ʦʙʲʝʤ ʚʦʟʜʫʭʘ ʚ ʦʜʥʦʡ ʠʟ ʯʘʩʪʝʡ ʪʨʫʙʢʠ ʧʨʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ V, ʠʟʤʝʥʝʥʠʝ ʵʪʦʛʦ ʦʙʲʝʤʘ ʧʨʠ ʩʤʝʱʝʥʠʠ ʩʪʦʣʙʠʢʘ ʨʪʫʪʠ æV. 

ʇʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʪʨʫʙʢʠ ʜʘʚʣʝʥʠʝ ʚ ʚʝʨʭʥʝʡ ʝʝ ʯʘʩʪʠ ʨ1, ʚ ʥʠʞʥʝʡ ʨ2. ʇʣʦʱʘʜʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙʢʠ S. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʪʦʣʙʠʢʘ ʨʪʫʪʠ ʧʨʠ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʝʝ ʨʘʩʧʦʣʦʞʝʥʠʠ ʠ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʜʣʷ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʢʝ. 

ɺ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʩʪʦʣʙʠʢ ʨʪʫʪʠ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʨʝʭ ʩʠʣ: 

ʩʠʣʳ ʪʷʞʝʩʪʠ ʨʪʫʪʠ ɟʨʪghS ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ, ʩʠʣʳ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʨʫʙʢʠ ʨ1S, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ, ʠ ʩʠʣʳ ʜʘʚʣʝʥʠʷ 

ʚʦʟʜʫʭʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʨʫʙʢʠ ʨ2S, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʵʪʠʭ ʩʠʣ (ʘ ʟʥʘʯʠʪ, ʠ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʠʭ ʧʨʦʝʢʮʠʡ ʥʘ 

ʣʶʙʫʶ ʦʩʴ) ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʥʫʣʶ. ʅʘ ʦʩʴ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ, ʵʪʦ ʜʘʝʪ 

ʩʦʦʪʥʦʰʝʥʠʝ                                          
1 2

0
ʈʊ

gxS p S p S    

ʆʪʩʶʜʘ 

                                                                 
2 1 ʈʊ

p p gh                                                                     (1) 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʜʣʷ ʪʨʝʭ ʩʦʩʪʦʷʥʠʡ ʚʦʟʜʫʭʘ 

- ʚ ʦʜʥʦʡ ʠʟ ʯʘʩʪʝʡ ʪʨʫʙʢʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʝʝ ʧʦʣʦʞʝʥʠʠ (2), 

- ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʨʫʙʢʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʝʝ ʧʦʣʦʞʝʥʠʠ (3), 

- ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʨʫʙʢʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʝʝ ʧʦʣʦʞʝʥʠʠ (4). 

ʊʦʛʜʘ ʩʦʚʤʝʩʪʥʦ ʩ ʫʨʘʚʥʝʥʠʝʤ (1) ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: 

                                                                
2 1 ʈʊ

p p gh 

                                                                       
0

p V RT                                                                     (2) 

                                                                
1
( )p V V RT                                                               (3) 

                                                                
2
( )p V V RT                                                               (4) 

ʅʝʠʟʚʝʩʪʥʳʤʠ ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ ʯʝʪʳʨʝ ʚʝʣʠʯʠʥʳ: ʪʨʠ ʜʘʚʣʝʥʠʷ ʠ ʧʨʦʠʟʚʝʜʝʥʠʝ ɜRʊ. ʅʘʩ 

ʠʥʪʝʨʝʩʫʝʪ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʪʦʣʴʢʦ ʜʘʚʣʝʥʠʝ ʨʦ. ʀʩʢʣʶʯʘʝʤ ʦʩʪʘʣʴʥʳʝ ʥʝʠʟʚʝʩʪʥʳʝ. ɼʣʷ ʵʪʦʛʦ 

ʩʥʘʯʘʣʘ ʚ ʫʨʘʚʥʝʥʠʷ (3) ʠ (4) ʧʦʜʩʪʘʚʠʤ ʟʥʘʯʝʥʠʝ ɜRʊ ʠʟ ʫʨʘʚʥʝʥʠʷ (2): 

                                                                    
2 1 ʈʊ

p p gh                                                                  (5) 

                                                                 
1 0
( )p V V p V,                                                               (6) 

                                                                 
2 0
( )p V V p V.                                                              (7) 
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ʊʝʧʝʨʴ ʚʳʨʘʟʠʤ ʨ1 ʠ ʨ2 ʠʟ ʫʨʘʚʥʝʥʠʡ (6) ʠ (7) ʠ ʧʦʜʩʪʘʚʠʤ ʠʭ ʚ ʫʨʘʚʥʝʥʠʝ (5):  

0

1 1
)

ʨʪ
p V gh

V V V V
 

ɺʳʧʦʣʥʠʤ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: 

0 2 2

2
ʨʪ

V
p V gh

V V
 

ɺʳʨʘʞʘʝʤ ʦʪʩʶʜʘ ʨʦ:                         
0 2

ʨʪ
gh V V

p
V V

 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ ʛʝʦʤʝʪʨʠʠ, ʧʨʝʦʙʨʘʟʫʝʤ ʟʥʘʯʝʥʠʷ ʦʙʲʝʤʦʚ V ʠ æV, ʚʭʦʜʷʱʠʭ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʳʨʘʞʝʥʠʝ: V - ʧʦʣʦʚʠʥʘ ʦʙʲʝʤʘ ʛʘʟʘ ʚ ʪʨʫʙʢʝ, ʪ.ʝ. ʦʙʲʝʤ ʮʠʣʠʥʜʨʘ ʩ ʦʩʥʦʚʘʥʠʝʤ S ʠ ʚʳʩʦʪʦʡ 

2

hL
 :                                                            

2

hL
SV . 

æV-ʦʙʲʝʤ ʯʘʩʪʠ ʪʨʫʙʢʠ, ʦʙʨʘʟʫʝʤʳʡ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʩʪʦʣʙʠʢʘ ʨʪʫʪʠ ʥʘ ʚʝʣʠʯʠʥʫ æh:  

                                                                           æV=Sæh. 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʚʳʨʘʞʝʥʠʷ, ʧʦʣʫʯʠʤ ʨʘʩʯʝʪʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʨʦ: 

).
2

2
(

2
0

hL

h

h

hLghp
p

ʨʪ

 
ɺʳʧʦʣʥʷʝʤ ʚʳʯʠʩʣʝʥʠʷ (ʚ ʩʠʩʪʝʤʝ ʉʀ!): 

).(105)
10201

10102

10102

10201
(

2

10208,9106,13 3

2

2

2

223

0 ʇʘp
 

ʆʪʚʝʪ: 3

0
5 10p ʇʘ. 

 

ʇʨʠʤʝʨ 5.15  ɺ ʟʘʢʨʳʪʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ ʩ ʧʣʦʱʘʜʴʶ ʦʩʥʦʚʘʥʠʷ S, ʨʘʩʧʦʣʦʞʝʥʥʦʤ 

ʚʝʨʪʠʢʘʣʴʥʦ, ʥʘʭʦʜʠʪʩʷ ʛʘʟ, ʨʘʟʜʝʣʝʥʥʳʡ ʧʦʨʰʥʝʤ ʤʘʩʩʦʡ mn ʥʘ ʜʚʘ ʨʘʚʥʳʭ ʦʙʲʝʤʘ. ʄʘʩʩʘ 

ʛʘʟʘ ʧʦʜ ʧʦʨʰʥʝʤ ʧʨʠ ʵʪʦʤ ʚ k ʨʘʟ ʙʦʣʴʰʝ ʤʘʩʩʳ ʛʘʟʘ ʥʘʜ ʥʠʤ. ʊʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʊ 

ʦʜʠʥʘʢʦʚʳ. ʅʘʡʪʠ ʜʘʚʣʝʥʠʷ ʚ ʥʠʞʥʝʤ, ʨ1 ʠ ʚʝʨʭʥʝʤ, ʨ2, ʦʪʩʝʢʘʭ. 

ʈʝʰʝʥʠʝ: 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʦʨʰʥʷ ʠ 

ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʜʣʷ ʦʙʦʠʭ ʦʪʩʝʢʦʚ ʩʦʩʫʜʘ. 

ʇʦʨʰʝʥʴ ʠʩʧʳʪʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ mng, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ, ʩʠʣʳ 

ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʥʠʞʥʝʤ ʦʪʩʝʢʝ ʨ1S, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ, ʠ ʩʠʣʳ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ 

ʚʝʨʭʥʝʤ ʦʪʩʝʢʝ ʨ2S, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʵʪʠʭ ʩʠʣ 

(ʘ ʟʥʘʯʠʪ, ʠ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʠʭ ʧʨʦʝʢʮʠʡ ʥʘ ʣʶʙʫʶ ʦʩʴ) ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʥʫʣʶ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʩʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ, ʧʦʣʫʯʘʝʤ ʩʦʦʪʥʦʰʝʥʠʝ  

  
2 1

0
n

m g p S p S . 

ʆʪʢʫʜʘ                                                          n
1 2

m g
p p

S
. 

ʆʙʦʟʥʘʯʠʤ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʛʘʟʘ , ʦʙʲʝʤ ʦʪʩʝʢʘ V ʠ ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʜʣʷ ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ: 

- ʚ ʥʠʞʥʝʤ ʦʪʩʝʢʝ ʩʦʩʫʜʘ (2), 

- ʚ ʚʝʨʭʥʝʤ ʦʪʩʝʢʝ ʩʦʩʫʜʘ (3). 

ʉʦʚʤʝʩʪʥʦ ʩ ʫʨʘʚʥʝʥʠʝʤ (1) ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ: 

                                                                                   
1 2

n
m g

p p
S

,                                                                  (1) 

                                                                                       1
1

m
p V RT ,                                                                 (2) 
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                                                                                       2
2

m
p V RT.                                                                (3) 

ʈʘʟʜʝʣʠʤ ʧʦʯʣʝʥʥʦ ʫʨʘʚʥʝʥʠʝ (2) ʥʘ ʫʨʘʚʥʝʥʠʝ (3). ʇʦʣʫʯʠʤ  

.
2

1

2

1 k
m

m

p

p

 
ʆʪʩʶʜʘ ʚʳʨʘʞʘʝʤ ʨ1 ʠ ʧʦʜʩʪʘʚʣʷʝʤ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʚ (1);  

1 2
p k p . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,                   
2
( 1) ,n

m g
p k

S 2 ( 1)

n
m g

p
k S

,       
1 ( 1)

n
km g

p
k S

. 

ʆʪʚʝʪ:    
2 ( 1)

n
m g

p
k S

,       
1 ( 1)

n
km g

p
k S

. 

 

ʇʨʠʤʝʨ 5.16  ʎʠʣʠʥʜʨ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʨʘʚʥʳʝ ʯʘʩʪʠ ʧʦʜʚʠʞʥʳʤ ʧʦʨʰʥʝʤ, ʠʤʝʶʱʠʤ ʤʘʩʩʫ 

m ʠ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ S. ʇʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʮʠʣʠʥʜʨʘ ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʨʘʚʥʦ ʨ. 

ʅʘʡʪʠ ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʮʠʣʠʥʜʨʘ ʨ2 ʧʨʠ ʝʛʦ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʩʯʠʪʘʪʴ ʧʦʩʪʦʷʥʥʦʡ. 

ʈʝʰʝʥʠʝ: 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʧʦʨʰʥʷ ʧʨʠ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʮʠʣʠʥʜʨʘ ʠ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. 

ʆʙʦʟʥʘʯʠʤ ʦʙʲʝʤ ʦʜʥʦʡ ʯʘʩʪʠ ʮʠʣʠʥʜʨʘ ʧʨʠ ʝʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ V, ʢʦʣʠʯʝʩʪʚʦ 

ʚʝʱʝʩʪʚʘ ʛʘʟʘ ʚ ʥʝʡ ɜ, ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʘ ʊ, ʜʘʚʣʝʥʠʝ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʮʠʣʠʥʜʨʘ ʧʨʠ ʝʛʦ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʨ1 ʠ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʯʘʩʪʝʡ ʮʠʣʠʥʜʨʘ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦʨʰʥʷ 

æV. 

ʇʦʨʰʝʥʴ ʠʩʧʳʪʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ mg, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ, ʩʠʣʳ 

ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʮʠʣʠʥʜʨʘ ʨ1S, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ, ʠ ʩʠʣʳ ʜʘʚʣʝʥʠʷ 

ʛʘʟʘ ʚ ʚʝʨʭʥʝʤ ʦʪʩʝʢʝ ʨ2S, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ 

ʵʪʠʭ ʩʠʣ (ʘ ʟʥʘʯʠʪ, ʠ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʠʭ ʧʨʦʝʢʮʠʡ ʥʘ ʣʶʙʫʶ ʦʩʴ) ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ 

ʥʫʣʶ. ɼʣʷ ʦʩʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ, ʩʫʤʤʘ ʧʨʦʝʢʮʠʡ mg + p2S ï pS = 0. ʆʪʩʶʜʘ 

ʧʦʣʫʯʘʝʤ 

                                                                                        
1 2

mg
p p

S
                                                      (1)  (ʘ) 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʜʣʷ ʪʨʝʭ ʩʦʩʪʦʷʥʠʡ: 

- ʚ ʦʜʥʦʡ ʠʟ ʯʘʩʪʝʡ ʮʠʣʠʥʜʨʘ ʧʨʠ ʝʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ (3); 

- ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʮʠʣʠʥʜʨʘ ʧʨʠ ʝʛʦ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ (4); 

- ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʮʠʣʠʥʜʨʘ ʧʨʠ ʝʛʦ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ (5). 

ʉʦʚʤʝʩʪʥʦ ʩ ʫʨʘʚʥʝʥʠʝʤ (1) ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ: 
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( ) ,p V V vRT                                                             (4) 
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( ) .p V V vRT                                                              (5) 

ʂʦʤʙʠʥʠʨʫʷ (3), (4) ʠ (5), ʠʩʢʣʶʯʘʝʤ ʥʝʠʟʚʝʩʪʥʳʝ ʧʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʫ: 
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