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ɺʄɺ - ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʝ ʚʝʱʝʩʪʚʦ 
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ʉɺʕ - ʩʪʘʥʜʘʨʪʥʳʡ ʚʦʜʦʨʦʜʥʳʡ ʵʣʝʢʪʨʦʜ 

ʊɸʂ - ʪʝʦʨʠʷ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʊɸʉ - ʪʝʦʨʠʷ ʘʢʪʠʚʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ 

ʕɼʉ - ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ 

 

ʇʈɽɼʀʉʃʆɺʀɽ 

ʌʠʟʠʯʝʩʢʦʡ ʭʠʤʠʝʡ ʥʘʟʳʚʘʶʪ ʥʘʫʢʫ, ʦʙʲʷʩʥʷʶʱʫʶ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘ 

ʦʩʥʦʚʝ ʧʝʨʚʳʭ ʧʨʠʥʮʠʧʦʚ ʬʠʟʠʢʠ. 

ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʣʶʙʦʛʦ ʨʘʟʜʝʣʘ ʭʠʤʠʠ. 

ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʭʠʤʠʯʝʩʢʫʶ ʪʝʨʤʦʜʠʥʘʤʠʢʫ, ʢʚʘʥʪʦʚʫʶ ʭʠʤʠʶ, ʫʯʝʥʠʝ 

ʦ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʷʭ, ʵʣʝʢʪʨʦʭʠʤʠʶ, ʢʠʥʝʪʠʢʫ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ 

ʢʦʣʣʦʠʜʥʫʶ ʭʠʤʠʶ. 

ʋʯʝʙʥʘʷ ʜʠʩʮʠʧʣʠʥʘ çʌʠʟʠʯʝʩʢʘʷ ʠ ʢʦʣʣʦʠʜʥʘʷ ʭʠʤʠʷè ʠʟʫʯʘʝʪ ʩʚʦʡʩʪʚʘ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, 

ʩʪʨʦʝʥʠʷ ʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. ɻʣʘʚʥʦʡ ʝʝ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʦʙʲʷʩʥʝʥʠʝ ʠ 

ʧʨʝʜʩʢʘʟʘʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʩʣʦʚʠʡ ʠʭ ʧʨʦʪʝʢʘʥʠʷ. ʆʥʘ ʥʝʤʳʩʣʠʤʘ ʙʝʟ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʨʘʩʩʤʦʪʨʝʥʠʶ ʢʦʪʦʨʦʛʦ ʧʦʩʚʷʱʝʥʦ ʥʘʩʪʦʷʱʝʝ 

ʧʦʩʦʙʠʝ. ʇʦʩʦʙʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʟʘʜʘʯʠ ʠ ʧʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʪʠʧʦʚʳʭ ʟʘʜʘʯ 

ʧʦ ʚʩʝʤ ʨʘʟʜʝʣʘʤ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʚʢʣʶʯʝʥʥʳʤ ʚ ʧʨʠʤʝʨʥʫʶ ʧʨʦʛʨʘʤʤʫ 

ʧʦ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʝ çʌʠʟʠʯʝʩʢʘʷ ʠ ʢʦʣʣʦʠʜʥʘʷ ʭʠʤʠʷè. ʇʨʘʢʪʠʯʝʩʢʠʤ 

ʟʘʜʘʥʠʷʤ ʧʨʝʜʰʝʩʪʚʫʶʪ ʢʨʘʪʢʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʷʩʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʠʟʫʯʘʝʤʦʡ ʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʪʫʜʝʥʪʫ ʦʩʦʟʥʘʥʥʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʨʝʰʝʥʠʶ 

ʟʘʜʘʯ. 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʧʦʣʥʝʥʠʝ ʢ ʫʯʝʙʥʠʢʫ ɸ. ʇ. ɹʝʣʷʝʚʘ 

çʌʠʟʠʯʝʩʢʘʷ ʠ ʢʦʣʣʦʠʜʥʘʷ ʭʠʤʠʷè ʠ ʦʜʥʦʠʤʝʥʥʦʤʫ ʧʨʘʢʪʠʢʫʤʫ, ʠʟʜʘʥʥʦʤʫ 

ɻʕʆʊɸʈ-ʄʝʜʠʘ ʚ 2012 ʛʦʜʫ. ʉʦʜʝʨʞʘʥʠʝ ʧʦʩʦʙʠʷ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤʫ ʩʪʘʥʜʘʨʪʫ ʚʳʩʰʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ 060301 

çʌʘʨʤʘʮʠʷè, ʫʪʚʝʨʞʜʝʥʥʦʤʫ 17.01.2011. 



ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʚʩʝʤ ʩʦʪʨʫʜʥʠʢʘʤ ʉʘʥʢʪʇʝʪʝʨʙʫʨʛʩʢʦʡ 

ʭʠʤʠʢʦ-ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʘʢʘʜʝʤʠʠ, ʫʯʘʩʪʚʦʚʘʚʰʠʤ ʚ ʦʙʩʫʞʜʝʥʠʠ ʠ 

ʩʦʩʪʘʚʣʝʥʠʠ ʜʘʥʥʦʛʦ ʧʦʩʦʙʠʷ. ʆʩʦʙʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʤʳ ʚʳʨʘʞʘʝʤ ʧʨʦʬ. 

ʂ. ʀ. ɽʚʩʪʨʘʪʦʚʦʡ, ʜʦʮ. ɺ. ʀ. ʂʫʯʫʢ, ʜʦʮ. ʅ. ɸ. ʂʫʧʠʥʦʡ, ʜʦʮ. ɽ. ɺ. ɹʫʛʨʝʝʚʦʡ, 

ʜʦʮ. ɺ. ʂ. ʉʪʘʰʫʣʝʥʢʫ, ʜʦʮ. ɽ. ɽ. ʄʘʣʘʭʦʚʦʡ, ʜʦʮ. ʉ. ʃ. ʄʘʡʦʬʦʩ, ʢʘʥʜ. ʭʠʤ. 

ʥʘʫʢ ʃ. ɺ. ʐʠʭʝʝʚʦʡ, ʜʦʮ. ɸ. ɹ. ʆʩʠʧʦʚʫ, ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ ʅ. ɺ. ɻʦʣʝʚʫ, 

ʩʪʫʜʝʥʪʢʝ ɸ. ʅ. ɹʘʥʢʠʥʦʡ. 

 

ʈʘʟʜʝʣ 1. ʊɽʈʄʆɼʀʅɸʄʀʂɸ 

ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʜʝʣ ʬʠʟʠʢʠ, ʠʟʫʯʘʶʱʠʡ ʥʘʠʙʦʣʝʝ 

ʦʙʱʠʝ ʩʚʦʡʩʪʚʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʠ ʫʩʣʦʚʠʷ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʵʪʠʤʠ 

ʩʦʩʪʦʷʥʠʷʤʠ. 

ʈʘʟʜʝʣ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʧʨʠʤʝʥʷʶʱʠʡ ʟʘʢʦʥʳ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʘʟʳʚʘʝʪʩʷ ʭʠʤʠʯʝʩʢʦʡ 

ʪʝʨʤʦʜʠʥʘʤʠʢʦʡ. 

1.1. ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀɽ ɺɽʃʀʏʀʅʓ 

ʉʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʦʧʠʩʳʚʘʶʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, 

ʠʤʝʶʱʠʤʠ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ, ʠ ʠʭ 

ʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʤʝʨʠʪʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ (ʥʘʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʫ, 

ʜʘʚʣʝʥʠʝ, ʦʙʲʝʤ, ʤʘʩʩʫ). 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʆʥʠ ʦʪʨʘʞʘʶʪ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʠʣʠ ʧʨʦʮʝʩʩʘ, 

ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ ʩʠʩʪʝʤʝ. ʇʝʨʚʳʝ ʥʦʩʷʪ ʥʘʟʚʘʥʠʝ ʬʫʥʢʮʠʡ ʩʦʩʪʦʷʥʠʷ, ʘ 

ʚʪʦʨʳʝ - ʬʫʥʢʮʠʡ ʧʨʦʮʝʩʩʘ. ʌʫʥʢʮʠʠ ʩʦʩʪʦʷʥʠʷ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ 

ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʦʛʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʩʠʩʪʝʤʘ ʦʢʘʟʘʣʘʩʴ 

ʚ ʜʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʌʫʥʢʮʠʷ ʩʦʩʪʦʷʥʠʷ - ʵʪʦ ʩʚʦʝʛʦ ʨʦʜʘ çʪʝʥʴè ʦʪ 

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪʩʷ ʠʣʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚʤʝʩʪʝ ʩ ʩʠʩʪʝʤʦʡ. çʊʝʥʝʡè 

ʫ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʤʥʦʛʦ. ʂʘʢ ʪʝʣʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʙʨʘʩʳʚʘʝʪ 

ʥʝʩʢʦʣʴʢʦ ʪʝʥʝʡ (ʥʘ ʧʦʣ, ʥʘ ʩʪʝʥʳ, ʥʘ ʧʦʪʦʣʦʢ ʠ ʪ. ʜ.), ʪʘʢ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʥʝʩʢʦʣʴʢʦ ʬʫʥʢʮʠʡ ʩʦʩʪʦʷʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʢʘʞʜʫʶ ʩʠʩʪʝʤʫ. ɼʣʷ 

ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤʳ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʣʴʟʫʶʪʩʷ ʪʦʡ 

ʬʫʥʢʮʠʝʡ, ʢʦʪʦʨʘʷ ʧʨʦʱʝ ʦʪʨʘʞʘʝʪ ʚʳʙʨʘʥʥʳʡ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩ. 

ʌʫʥʢʮʠʠ ʧʨʦʮʝʩʩʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʬʫʥʢʮʠʡ ʩʦʩʪʦʷʥʠʷ, ʟʘʚʠʩʷʪ ʦʪ ʪʦʛʦ, 

ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʠ ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʩʠʩʪʝʤʘ ʧʨʠʰʣʘ ʚ ʪʦ ʠʣʠ ʠʥʦʝ 



ʩʦʩʪʦʷʥʠʝ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʠʟ ʧʫʥʢʪʘ ɸ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʧʝʨʝʤʝʱʘʝʪʩʷ 

ʪʝʣʦ ʚ ʧʫʥʢʪ ɹ, ʪʦ ʨʘʙʦʪʘ, ʩʦʚʝʨʰʘʝʤʘʷ ʧʦ ʨʘʟʥʳʤ ʧʫʪʷʤ, ʙʫʜʝʪ ʨʘʟʥʦʡ. 

 

1.2. ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀɽ ʇʈʆʎɽʉʉʓ. ʕʅʊʈʆʇʀʗ. ɺʊʆʈʆʁ ʀ 

ʊʈɽʊʀʁ ɿɸʂʆʅʓ ʊɽʈʄʆɼʀʅɸʄʀʂʀ 

ʇʨʦʮʝʩʩʦʤ ʥʘʟʳʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ. ʇʨʦʮʝʩʩʳ ʚ 

ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʨʘʟʜʝʣʷʶʪ ʥʘ: 

Å ʦʙʨʘʪʠʤʳʝ ʠ ʥʝʦʙʨʘʪʠʤʳʝ; 

Å ʨʘʚʥʦʚʝʩʥʳʝ ʠ ʥʝʨʘʚʥʦʚʝʩʥʳʝ; 

Å ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʝ ʠ ʥʝʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʝ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʨʘʪʠʤʦʩʪʴ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʭʠʤʠʯʝʩʢʦʡ 

ʦʙʨʘʪʠʤʦʩʪʠ. ʍʠʤʠʯʝʩʢʘʷ ʦʙʨʘʪʠʤʦʩʪʴ ʫʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘ, ʘ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ - ʥʘ ʪʦ, ʢʘʢ ʧʨʦʪʝʢʘʝʪ ʧʨʦʮʝʩʩ. ʆʮʝʥʠʪʴ, çʢʘʢ 

ʧʨʦʪʝʢʘʝʪ ʧʨʦʮʝʩʩè, ʧʦʤʦʛʘʝʪ ʬʫʥʢʮʠʷ ʩʦʩʪʦʷʥʠʷ, ʥʘʟʳʚʘʝʤʘʷ ʵʥʪʨʦʧʠʝʡ. 

ʆʥʘ ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʠʤʚʦʣʦʤ S, ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʠ ʚ 

ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʥʝ ʤʦʞʝʪ ʫʙʳʚʘʪʴ, ʪ. ʝ. 

ȹS Ó 0. (1.1) 

ʋʨʘʚʥʝʥʠʝ (1.1) ʚʳʨʘʞʘʝʪ ʚʪʦʨʦʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ (ʟʘʢʦʥ 

ʚʦʟʨʘʩʪʘʥʠʷ ʵʥʪʨʦʧʠʠ) ʠ ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʥʦ ʨʘʟʜʝʣʠʪʴ ʧʨʦʮʝʩʩʳ ʥʘ 

ʦʙʨʘʪʠʤʳʝ ʠ ʥʝʦʙʨʘʪʠʤʳʝ. ɽʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ ʵʥʪʨʦʧʠʷ 

ʚʦʟʨʘʩʪʘʝʪ (ȹS > 0) - ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ, ʘ ʝʩʣʠ ʵʥʪʨʦʧʠʷ 

ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ (ȹS = 0) - ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʳʤ. ʇʨʠ 

ʦʙʨʘʪʠʤʦʤ ʧʨʦʮʝʩʩʝ ʦʪ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʠ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʝ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ, ʠʟʤʝʥʠʚ ʥʘ 

ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ ʢʘʢʦʡ-ʣʠʙʦ ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʦʩʪʦʷʥʠʝ 

ʩʠʩʪʝʤʳ. ʆʙʨʘʪʠʤʳʤ ʧʨʦʮʝʩʩʦʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʚʝʩʥʳʡ 

ʧʨʦʮʝʩʩ. ʈʘʚʥʦʚʝʩʥʳʤ ʧʨʦʮʝʩʩʦʤ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʯʝʨʝʟ 

ʙʝʩʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʪ. ʝ. ʩʦʩʪʦʷʥʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʙʝʩʢʦʥʝʯʥʦ ʜʦʣʛʦ. ɽʩʣʠ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʭʦʪʷ ʙʳ ʦʜʥʦ ʥʝʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʥʝʨʘʚʥʦʚʝʩʥʳʤ. 

ʈʘʚʥʦʚʝʩʥʳʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʤ ʠ ʧʨʦʪʝʢʘʝʪ ʙʝʩʢʦʥʝʯʥʦ ʜʦʣʛʦ; ʥʘ 

ʧʨʘʢʪʠʢʝ ʢ ʥʝʤʫ ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠʙʣʠʟʠʪʴʩʷ. 

ɺ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʳ, ʥʝ ʪʨʝʙʫʶʱʠʝ 

ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ. ʊʘʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘʟʳʚʘʶʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʤʠ1. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʨʘʪʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚʳʯʠʩʣʷʶʪ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ȹS, 

ʧʨʠʚʥʦʩʠʤʦʝ ʧʨʦʮʝʩʩʦʤ. ʕʥʪʨʦʧʠʷ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʩʦʩʪʦʷʥʠʷ, ʘ 

ʠʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ ʩʦʩʪʦʷʥʠʷ ʯʠʩʣʝʥʥʦ ʨʘʚʥʦ ʨʘʟʥʦʩʪʠ 

1 ʇʨʦʮʝʩʩʳ, ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʵʥʝʨʛʠʷ, ʥʘʟʳʚʘʶʪ 

ʥʝʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʤʠ. 



ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʬʫʥʢʮʠʠ ʩʦʩʪʦʷʥʠʷ ʚ ʢʦʥʝʯʥʦʤ ʠ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʷʭ. 

ʇʦʵʪʦʤʫ 

 

ʛʜʝ - ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʚ ʢʦʥʝʯʥʦʤ ʠ ʠʩʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʷʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɿʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪ, ʠʩʧʦʣʴʟʫʷ 

ʩʚʦʡʩʪʚʦ 

ʘʜʜʠʪʠʚʥʦʩʪʠ ʵʥʪʨʦʧʠʠ: ʵʥʪʨʦʧʠʷ ʩʠʩʪʝʤʳ ʨʘʚʥʘ ʩʫʤʤʝ ʟʥʘʯʝʥʠʡ 

ʵʥʪʨʦʧʠʠ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʕʥʪʨʦʧʠʶ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʭʦʜʷʪ ʚ ʪʘʙʣʠʮʘʭ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʝʥʳ ʜʣʷ ʩʪʘʥʜʘʨʪʥʳʭ 

ʩʦʩʪʦʷʥʠʡ. ʉʪʘʥʜʘʨʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʦʟʥʘʯʘʝʪʩʷ ʥʘʜʩʪʨʦʯʥʳʤ ʠʥʜʝʢʩʦʤ

ʅʘʧʨʠʤʝʨ, S Á ʦʟʥʘʯʘʝʪ ʵʥʪʨʦʧʠʶ ʩʠʩʪʝʤʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ 

ʩʪʘʥʜʘʨʪʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɿʘ ʩʪʘʥʜʘʨʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʣʷ ʛʘʟʘ ʧʨʠʥʷʣʠ ʛʘʟ, ʦʙʣʘʜʘʶʱʠʡ ʩʚʦʡʩʪʚʘʤʠ 

ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ʚ 1 ʘʪʤ (1,013 Å 105 ʇʘ); ʜʣʷ ʪʚʝʨʜʦʛʦ 

ʚʝʱʝʩʪʚʘ - ʭʘʨʘʢʪʝʨʥʦʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ 1 ʘʪʤ. ɿʘ 

ʩʪʘʥʜʘʨʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʣʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠʥʷʣʠ ʨʘʩʪʚʦʨ, 

ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ ʠʜʝʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʝʜʠʥʠʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʂʦʛʜʘ ʚʝʱʝʩʪʚʘ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʧʨʦʜʫʢʪʳ 

ʨʝʘʢʮʠʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʪʘʢʞʝ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ, ʠʟʤʝʥʝʥʠʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʪʘʢʞʝ ʧʦʤʝʯʘʶʪʩʷ ʥʘʜʩʪʨʦʯʥʳʤ ʩʠʤʚʦʣʦʤ

ʥʘʧʨʠʤʝʨ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʢʘʟʳʚʘʶʪ ʦʩʦʙʦ, ʧʦʜʩʪʨʦʯʥʳʤ 

ʩʠʤʚʦʣʦʤ, ʥʘʧʨʠʤʝʨ, - ʦʟʥʘʯʘʝʪ ʩʪʘʥʜʘʨʪʥʫʶ ʵʥʪʨʦʧʠʶ ʧʨʠ 

ʙʘʟʠʩʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T = 298 ʂ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʪʣʠʯʥʦʡ ʦʪ 

ʙʘʟʠʩʥʦʡ, ʧʦʣʴʟʫʶʪʩʷ ʪʨʝʪʴʠʤ ʟʘʢʦʥʦʤ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝ: 



(1.3) 

ʛʜʝ Cp - ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʠʩʪʝʤʳ.

 

1.3. ʊɽʇʃʆɽʄʂʆʉʊʔ 

ʊʝʧʣʦʝʤʢʦʩʪʴʶ ʥʘʟʳʚʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʢʦʪʦʨʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ T ʧʦʚʳʰʘʝʪʩʷ ʥʘ ʦʜʠʥ ʛʨʘʜʫʩ. 

 

ʆʥʘ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʠ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ; ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʩʣʦʚʠʡ 

ʥʘʛʨʝʚʘʥʠʷ. ʈʘʟʣʠʯʘʶʪ ʦʙʱʫʶ ʪʝʧʣʦʝʤʢʦʩʪʴ C, ʢʦʛʜʘ ʠʟʤʝʨʷʝʪʩʷ ʪʝʧʣʦ, 

ʩʦʦʙʱʘʝʤʦʝ ʚʩʝʤʫ ʪʝʣʫ; ʫʜʝʣʴʥʫʶ ʪʝʧʣʦʝʤʢʦʩʪʴ - ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʝʣʘ 

ʝʜʠʥʠʯʥʦʡ ʤʘʩʩʳ, ʠ ʤʦʣʷʨʥʫʶ ʪʝʧʣʦʝʤʢʦʩʪʴc - ʪʝʧʣʦʝʤʢʦʩʪʴ 1 ʤʦʣʴ 

ʚʝʱʝʩʪʚʘ. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʪʝʧʣʦʝʤʢʦʩʪʴ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ. ʆʜʥʘʢʦ ʯʘʱʝ ʚʩʝʛʦ ʠʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ʋʩʣʦʚʠʷ ʥʘʛʨʝʚʘʥʠʷ ʫʯʠʪʳʚʘʶʪ ʚʚʝʜʝʥʠʝʤ ʠʟʦʙʘʨʥʦʡ ʠ ʠʟʦʭʦʨʥʦʡ 

ʪʝʧʣʦʝʤʢʦʩʪʝʡ. ɽʩʣʠ ʧʨʦʮʝʩʩ ʥʘʛʨʝʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʜʘʚʣʝʥʠʠ, ʪʝʧʣʦʝʤʢʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ ʠʟʦʙʘʨʥʦʡ cp 

 

ʘ ʝʩʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ - ʠʟʦʭʦʨʥʦʡ cv 

1.4. ʕʅʊɸʃʔʇʀʗ. ʊɽʇʃʆɺʆʁ ʕʌʌɽʂʊ. ʅʋʃɽɺʆʁ ʀ ʇɽʈɺʓʁ 

ɿɸʂʆʅʓ ʊɽʈʄʆɼʀʅɸʄʀʂʀ. ʊɽʈʄʆʍʀʄʀʗ 

ʀʟʦʙʘʨʥʫʶ ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʬʫʥʢʮʠʶ ʩʦʩʪʦʷʥʠʷ, 

ʥʘʟʳʚʘʝʤʫʶ ʵʥʪʘʣʴʧʠʝʡ H:

 



ʕʥʪʘʣʴʧʠʝʡ (ʜʨʫʛʦʝ ʥʘʟʚʘʥʠʝ - ʪʝʧʣʦʚʘʷ ʬʫʥʢʮʠʷ) ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʷ 

ʩʦʩʪʦʷʥʠʷ, ʧʦʜʯʠʥʷʶʱʘʷʩʷ ʫʨʘʚʥʝʥʠʶ: 

 

ʛʜʝ p - ʜʘʚʣʝʥʠʝ; V - ʦʙʲʝʤ; U - ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ. 

ʉ ʧʦʤʦʱʴʶ ʵʥʪʘʣʴʧʠʠ ʫʜʦʙʥʦ ʦʧʠʩʳʚʘʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ. ɼʣʷ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʥʝʥʠʝ 

ʵʥʪʘʣʴʧʠʠ ȹH ʯʠʩʣʝʥʥʦ ʨʘʚʥʦ ʪʝʧʣʦʚʦʤʫ ʵʬʬʝʢʪʫ ʧʨʦʮʝʩʩʘ. 

ʊʝʧʣʦʚʳʤ ʵʬʬʝʢʪʦʤ ʨʝʘʢʮʠʠ ʥʘʟʳʚʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, 

ʢʦʪʦʨʦʝ ʚʳʜʝʣʷʝʪʩʷ ʠʣʠ ʧʦʛʣʦʱʘʝʪʩʷ ʧʨʠ ʥʝʦʙʨʘʪʠʤʦ ʧʨʦʪʝʢʘʶʱʝʡ ʨʝʘʢʮʠʠ. 

ʊʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʝʩʣʠ ʪʝʧʣʦ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ 

ʧʦʛʣʦʱʘʝʪʩʷ, ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʝʩʣʠ ʪʝʧʣʦ ʚʳʜʝʣʷʝʪʩʷ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʨʝʘʢʮʠʠ ʩʦʙʣʶʜʘʶʪ ʩʣʝʜʫʶʱʠʝ 

ʫʩʣʦʚʠʷ: 

1. ʀʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ ʧʦʣʥʦʩʪʴʶ ʧʨʝʚʨʘʱʘʶʪ ʚ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ. 

2. ʊʝʤʧʝʨʘʪʫʨʫ ʚʩʝʭ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʘʢʮʠʠ ʚʝʱʝʩʪʚ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʧʦʩʪʦʷʥʥʦʡ. 

3. ɺ ʩʠʩʪʝʤʝ ʠʩʢʣʶʯʘʶʪ ʚʩʝ ʚʠʜʳ ʨʘʙʦʪ, ʢʨʦʤʝ ʨʘʙʦʪʳ ʨʘʩʰʠʨʝʥʠʷ (ʩʞʘʪʠʷ). 

4. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʷʪ ʣʠʙʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʣʠʙʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʦʙʲʝʤʝ. 

ʊʝʧʣʦʚʦʡ ʵʬʬʝʢʪ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʥʘʟʳʚʘʶʪ 

ʠʟʦʙʘʨʥʳʤ ʪʝʧʣʦʚʳʤ ʵʬʬʝʢʪʦʤ, ʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ - ʠʟʦʭʦʨʥʳʤ. 

ʀʟʫʯʝʥʠʝʤ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ ʟʘʥʠʤʘʝʪʩʷ ʪʝʨʤʦʭʠʤʠʷ, ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʦʡ 

ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʥʫʣʝʚʦʡ ʠ ʧʝʨʚʳʡ ʟʘʢʦʥʳ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. 

ʅʫʣʝʚʦʡ ʟʘʢʦʥ: ʝʩʣʠ ʜʚʘ ʪʝʣʘ ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʧʣʦʚʦʤ ʨʘʚʥʦʚʝʩʠʠ, ʪʦ ʠʭ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʚʥʳ. 

ʇʝʨʚʳʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ (ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ): ʵʥʝʨʛʠʷ ʥʝ 

ʚʦʟʥʠʢʘʝʪ ʠʟ ʥʠʯʝʛʦ ʠ ʥʝ ʠʩʯʝʟʘʝʪ ʥʠʢʫʜʘ, ʦʥʘ ʣʠʰʴ ʧʨʝʚʨʘʱʘʝʪʩʷ ʠʟ ʦʜʥʦʡ 

ʬʦʨʤʳ ʚ ʜʨʫʛʫʶ. 

ʆʜʥʦʡ ʠʟ ʬʦʨʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ, ʟʘʧʠʩʘʥʥʦʡ ʜʣʷ ʪʝʧʣʦʪʳ, ʷʚʣʷʝʪʩʷ ʟʘʢʦʥ 

ɻʝʩʩʘ: ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʧʨʠʨʦʜʳ ʠ 

ʩʦʩʪʦʷʥʠʷ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʩʠʩʪʝʤʝ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʩʪʚʠʷʤʠ ʠʟ ʟʘʢʦʥʘ ɻʝʩʩʘ. 

ʇʝʨʚʦʝ ʩʣʝʜʩʪʚʠʝ ʛʣʘʩʠʪ: ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ ʨʘʚʝʥ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʩʫʤʤʦʡ ʪʝʧʣʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ 



ʨʝʘʢʮʠʠ ʠ ʩʫʤʤʦʡ ʪʝʧʣʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ, ʫʤʥʦʞʝʥʥʳʭ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

 

ʛʜʝ ʧʦʜ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʧʣʦʪʦʡ ʦʙʨʘʟʦʚʘʥʠʷ

ʧʦʥʠʤʘʝʪʩʷ ʩʪʘʥ- 

ʜʘʨʪʥʳʡ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʛʦ ʤʦʣʷ ʜʘʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚʩʝ ʫʯʘʩʪʥʠʢʠ ʨʝʘʢʮʠʠ 

ʥʘʭʦʜʷʪʩʷ ʚ ʫʩʪʦʡʯʠʚʳʭ ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. 

ʉʪʘʥʜʘʨʪʥʳʝ ʪʝʧʣʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʚ ʫʩʪʦʡʯʠʚʳʭ 

ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭʧʨʠʥʷʪʳ ʟʘ ʥʦʣʴ. ʅʘʧʨʠʤʝʨ,

 ɺʝʣʠʯʠʥʳ ʧʨʠʚʦʜʷʪʩʷ 

ʚ ʩʧʨʘʚʦʯʥʠʢʘʭ ʠ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʧʦ- 

ʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. 

ɺʪʦʨʦʝ ʩʣʝʜʩʪʚʠʝ ʛʣʘʩʠʪ: ʩʪʘʥʜʘʨʪʥʳʡ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʨʘʚʝʥ 

ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʩʫʤʤʦʡ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʧʣʦʪ ʩʛʦʨʘʥʠʷ ʠʩʭʦʜʥʳʭ 

ʚʝʱʝʩʪʚ ʠ ʩʫʤʤʦʡ ʪʝʧʣʦʪ ʩʛʦʨʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʫʤʥʦʞʝʥʥʳʭ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

 

ʛʜʝ ʧʦʜ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʧʣʦʪʦʡ ʩʛʦʨʘʥʠʷ ʚʝʱʝʩʪʚʘ

ʧʦʥʠʤʘʝʪʩʷ 

ʩʪʘʥʜʘʨʪʥʳʡ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʩʛʦʨʘʥʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ʧʨʠ 

ʜʘʚʣʝʥʠʠ ʚ 1 ʘʪʤ ʦʜʥʦʛʦ ʤʦʣʷ ʚʝʱʝʩʪʚʘ ʜʦ ʦʢʩʠʜʦʚ ʚ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʚʩʝ ʫʯʘʩʪʥʠʢʠ ʨʝʘʢʮʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʚ ʫʩʪʦʡʯʠʚʳʭ 

ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. 

ʇʨʦʜʫʢʪʘʤʠ ʩʛʦʨʘʥʠʷ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʶʪʩʷ CO2 (ʛ), (ʞ), SO2 (ʛ), N2 (ʛ). 

ʉʪʘʥʜʘʨʪʥʳʝ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʧʨʠʚʦʜʷʪʩʷ ʚ ʩʧʨʘʚʦʯʥʠʢʘʭ; ʦʥʠ ʚʩʝʛʜʘ 



ʦʪʨʠʮʘʪʝʣʴʥʳ, ʪʘʢ ʢʘʢ ʧʨʠ ʩʛʦʨʘʥʠʠ ʚʝʱʝʩʪʚʘ ʪʝʧʣʦʪʘ ʚʳʜʝʣʷʝʪʩʷ. 

ʉʪʘʥʜʘʨʪʥʳʝ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʦʢʩʠʜʦʚ ʚ ʚʳʩʰʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ ʚ 

ʫʩʪʦʡʯʠʚʳʭ ʩʦʩʪʦʷʥʠʷʭ ʧʨʠʥʷʪʳ ʟʘ ʥʦʣʴ. ʅʘʧʨʠʤʝʨ, 

 

ʍʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʚ ʪʝʨʤʦʭʠʤʠʠ ʦʧʠʩʳʚʘʶʪ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ - ʫʨʘʚʥʝʥʠʷʤʠ ʨʝʘʢʮʠʠ, ʜʦʧʦʣʥʝʥʥʳʤʠ ʪʝʧʣʦʚʳʤ ʵʬʬʝʢʪʦʤ. 

ʊʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʠʭ 

ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʧʦʵʪʦʤʫ ʚ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʷʭ ʩʠʤʚʦʣʘʤʠ 

(ʛ), (ʞ), (ʪ) ʦʙʦʟʥʘʯʘʶʪ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚ. ʅʘʧʨʠʤʝʨ, ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʳ ʠʤʝʝʪ ʚʠʜ: 

 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʫʯʠʪʳʚʘʝʪ ʟʘʢʦʥ ʂʠʨʭʛʦʬʘ : 

 

ʏʪʦʙʳ ʨʘʩʩʯʠʪʘʪʴ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T, ʫʨʘʚʥʝʥʠʝ 

(1.10) ʠʥʪʝʛʨʠʨʫʶʪ: 

 

1.5. ɺʊʆʈʆʁ ɿɸʂʆʅ ʊɽʈʄʆɼʀʅɸʄʀʂʀ ɼʃʗ  ɽʀɿʆʃʀʈʆɺɸʅʅʆʁ 

ʉʀʉʊɽʄʓ. ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀɽ ʇʆʊɽʅʎʀɸʃʓ 

ɺʪʦʨʦʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʜʣʷ ʥʝʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʛʣʘʩʠʪ: 

ʵʣʝʤʝʥʪʘʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʩʠʩʪʝʤʳ dS ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳʩʦʦʙʱʝʥʥʦʛʦ ʩʠʩʪʝʤʝ. 

 

ɼʣʷ ʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ, 

ʥʝʨʘʚʝʥʩʪʚʦ (1.12) ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʨʘʚʝʥʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʦʩʣʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʘʝʪ ʫʨʘʚʥʝʥʠʝ 



 

ʋʨʘʚʥʝʥʠʝ (1.12ʘ) ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʜʣʷ ʣʶʙʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ. 

ɼʣʷ ʥʝʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩʧʨʘʚʝʜʣʠʚ ʦʙʲʝʜʠʥʝʥʥʳʡ ʟʘʢʦʥ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

 

ʆʥ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʩʠʩʪʝʤʝ. ʇʨʠ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ 

 

ɽʩʣʠ ʚ ʩʠʩʪʝʤʝ ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʚʠʜ ʨʘʙʦʪʳ - ʨʘʙʦʪʘ ʨʘʩʰʠʨʝʥʠʷ

ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ: 

 

ʅʝʨʘʚʝʥʩʪʚʦ (1.15) ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʣʷ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʦʙʲʝʤʝ ʠ ʥʝʠʟʤʝʥʥʦʡ ʵʥʪʨʦʧʠʠ 

ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ: 

 

ʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ ʠ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ: 

 

ɽʩʣʠ ʞʝ ʩʠʩʪʝʤʘ ʥʝ ʠʟʦʣʠʨʦʚʘʥʘ, ʥʦ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʩʦʭʨʘʥʷʝʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤ ʦʙʲʝʤ, ʪʦ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ: 

 

ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

 

ʛʜʝ ɸ ʥʘʟʳʚʘʶʪ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʡ 



 

ʀʟ (1.19) ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʦʙʲʝʤʝ, ʢʦʛʜʘ ʩʦʚʝʨʰʘʝʪʩʷ ʪʦʣʴʢʦ ʨʘʙʦʪʘ ʨʘʩʰʠʨʝʥʠʷ, 

ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʆʙʳʯʥʦ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʷʪʩʷ ʚ ʦʪʢʨʳʪʳʭ 

ʩʦʩʫʜʘʭ, ʪ. ʝ. ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ ʠ 

ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (1.15) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʜʠʬʬʝʨʝʥʮʠʘʣʘ 

ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ G: 

 

ʕʪʘ ʬʫʥʢʮʠʷ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ (ʠʟʦʙʘʨʥʦ-ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ, 

ʠʣʠ ʧʨʦʩʪʦ ʠʟʦʙʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣ)1. 

ʕʥʝʨʛʠʝʡ ɻʠʙʙʩʘ ʥʘʟʳʚʘʶʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʩʦʩʪʦʷʥʠʷ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ ʫʨʘʚʥʝʥʠʶ: 

 

ʕʥʝʨʛʠʷ ɻʠʙʙʩʘ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʢʨʠʪʝʨʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʠʷ ʠ 

ʧʨʝʜʝʣʘ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚ ʠʟʦʙʘʨʥʦ-ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʅʝʨʘʚʝʥʩʪʚʦ (1.21) ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤ 

ʧʨʦʮʝʩʩʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ ʵʥʝʨʛʠʷ 

ɻʠʙʙʩʘ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʇʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ (1.16), (1.17), (1.19), (1.21), 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʝʦʙʨʘʪʠʤʦ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʥʠ ʧʨʦʪʝʢʘʣʠ ʦʙʨʘʪʠʤʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʥʝʨʘʚʝʥʩʪʚʘ ʧʨʝʚʨʘʪʠʪʴ ʚ ʨʘʚʝʥʩʪʚʘ. ʊʘʢ ʞʝ ʟʥʘʢ ʨʘʚʝʥʩʪʚʘ 

ʜʦʣʞʝʥ ʟʘʤʝʥʠʪʴ ʟʥʘʢ ʥʝʨʘʚʝʥʩʪʚʘ ʚ ʦʙʲʝʜʠʥʝʥʥʦʤ ʟʘʢʦʥʝ (1.13). ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʦʙʲʝʜʠʥʝʥʥʦʤ ʟʘʢʦʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʘ ʟʘʤʝʥʘ ʨʘʙʦʪʳ

ʥʘ ʨʘʙʦʪʫ ʤʘʢʩʠʤʘʣʴʥʫʶʧʦʩʢʦʣʴʢʫ ʧʨʠ 

1 ʕʥʝʨʛʠʶ ɻʠʙʙʩʘ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʧʨʦʩʪʦ ʧʦʪʝʥʮʠʘʣʦʤ, ʠʤʝʷ ʚ ʚʠʜʫ ʫʟʢʠʡ 

ʩʤʳʩʣ ʜʘʥʥʦʛʦ ʪʝʨʤʠʥʘ. 

ʦʙʨʘʪʠʤʦʤ ʧʨʦʮʝʩʩʝ ʩʠʩʪʝʤʘ ʩʦʚʝʨʰʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪʳ: 

 

ʀʟ (1.23) ʩʣʝʜʫʝʪ: 



 

ɺ ʧʨʦʮʝʩʩʝ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʤ ʦʙʨʘʪʠʤʦ, ʫʤʝʥʴʰʝʥʠʝ ʠʟʦʭʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʨʘʚʥʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʙʦʪʝ, ʢʦʪʦʨʫʶ ʤʦʞʝʪ ʩʦʚʝʨʰʠʪʴ ʩʠʩʪʝʤʘ ʚ 

ʠʟʦʭʦʨʥʦ-ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ. 

ɺ ʦʙʨʘʪʠʤʦʤ ʧʨʦʮʝʩʩʝ, ʧʨʦʪʝʢʘʶʱʝʤ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʫʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʨʘʚʥʦ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʨʘʙʦʪʝ, ʢʦʪʦʨʫʶ ʤʦʞʝʪ ʩʦʚʝʨʰʠʪʴ ʩʠʩʪʝʤʘ, ʟʘ ʚʳʯʝʪʦʤ ʨʘʙʦʪʳ 

ʨʘʩʰʠʨʝʥʠʷ: 

 

1.6. ʕʅʊʈʆʇʀʗ ʂɸʂ ʄɽʈɸ ʉɺʗɿɸʅʅʆʁ ʕʅɽʈɻʀʀ 

ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1.24) ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʙʦʪʘ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʦʪ ʩʠʩʪʝʤʳ, ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʫʙʳʣʠ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʧʦʣʥʦʡ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ (A = U - TS). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʫ 

ʯʘʩʪʴ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʚʨʘʱʝʥʘ ʚ 

ʨʘʙʦʪʫ. ʆʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ, ʯʠʩʣʝʥʥʦ ʨʘʚʥʘʷ ʧʨʦʠʟʚʝʜʝʥʠʶ TS, ʥʠ ʧʨʠ ʢʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʚ ʨʘʙʦʪʫ ʧʨʝʚʨʘʱʝʥʘ ʙʳʪʴ ʥʝ ʤʦʞʝʪ. ʇʦʵʪʦʤʫ ʝʝ ʥʘʟʳʚʘʶʪ 

ʩʚʷʟʘʥʥʦʡ ʵʥʝʨʛʠʝʡ. ʄʝʨʦʡ ʩʚʷʟʘʥʥʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʵʥʪʨʦʧʠʷ. ʏʝʤ 

ʙʦʣʴʰʝ ʵʥʪʨʦʧʠʷ, ʪʝʤ ʤʝʥʴʰʝ ʨʘʙʦʪʳ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʦʪ ʩʠʩʪʝʤʳ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ: 

 

ʛʜʝ S1 - ʵʥʪʨʦʧʠʷ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ; S2 - ʵʥʪʨʦʧʠʷ ʢʦʥʝʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʀʟ (1.26) ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʙʦʪʘ ʩʠʩʪʝʤʦʡ ʩʦʚʝʨʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʙʳʣʠ 

ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʠ ʟʘ ʩʯʝʪ ʚʦʟʨʘʩʪʘʥʠʷ ʵʥʪʨʦʧʠʠ. ʇʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʟʥʘʯʝʥʠʠ S2 ʙʦʣʴʰʝʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʪʘ ʩʠʩʪʝʤʘ, ʫ ʢʦʪʦʨʦʡ 

ʤʝʥʴʰʝ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ S1. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʰʝʤʫ ʦʧʳʪʫ. ʇʨʠ 

ʦʜʠʥʘʢʦʚʦʤ ʟʘʧʘʩʝ ʦʙʱʝʡ ʵʥʝʨʛʠʠ ʩʞʘʪʳʡ ʛʘʟ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʟʨʷʞʝʥʥʳʤ 

ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ. 

 

 

 

 

 

 



1.7. ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀɽ ʇʆʊɽʅʎʀɸʃʓ ʀ ʀʍ ʏɸʉʊʅʓɽ 

ʇʈʆʀɿɺʆɼʅʓɽ 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʩʦʩʪʦʷʥʠʷ - ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ U, ʵʥʪʘʣʴʧʠʷ 

H, ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ A ʠ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ G - ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʦʚ 

ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦ ʯʘʩʪʥʳʤ 

ʧʨʦʠʟʚʦʜʥʳʤ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʩʠʣʦʚʦʛʦ ʧʦʣʷ. 

ʏʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʜʣʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʩʣʝʜʫʶʪ ʠʟ 

ʧʝʨʚʦʛʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ. 

 

ʆʥʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

ʌʦʨʤʫʣʳ (1.28)-(1.33) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, ʟʥʘʷ ʢʘʢʫʶ-ʣʠʙʦ ʠʟ ʚʝʣʠʯʠʥ - U, H, 

A, G - ʠ ʩʦʩʪʘʚʣʷʷ ʝʝ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʩʝ 

ʦʩʪʘʣʴʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ. 

 



1.8. ʀɿʆɹɸʈʅʓʁ ʇʆʊɽʅʎʀɸʃ ʆɹʈɸɿʆɺɸʅʀʗ 

ʕʥʝʨʛʠʷ ɻʠʙʙʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. 

ʆʥʘ ʷʚʣʷʝʪʩʷ ʪʦʡ ʯʘʩʪʴʶ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʚʨʘʱʝʥʘ 

ʚ ʨʘʙʦʪʫ. ʏʪʦʙʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʭʦʜʠʣʦ ʩ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, 

ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʠʩʪʝʤʝ, ʜʦʣʞʥʳ ʥʦʩʠʪʴ ʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʫʙʳʣʴ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ȹG ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʨʘʙʦʪʝ, ʩʦʚʝʨʰʘʝʤʦʡ 

ʩʠʩʪʝʤʦʡ W1. 

ʈʘʙʦʪʫ ʦʪ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʦʣʴʢʦ ʚ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤ ʧʨʦʮʝʩʩʝ, ʪ. 

ʝ. ʚ ʧʨʦʮʝʩʩʝ, ʧʨʦʪʝʢʘʶʱʝʤ ʙʝʟ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʉʘʤʦʧʨʦʠʟʚʦʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʩʝʛʜʘ ʠʜʝʪ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ. 

ɺʝʣʠʯʠʥʘ ȹG ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʝʨʝʭʦʜʘ ʩʠʩʪʝʤʳ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ. ɽʩʣʠ ȹG ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ 

ʨʘʚʥʦ ʥʫʣʶ, ʪʦ ʪʘʢʠʝ ʩʦʩʪʦʷʥʠʷ ʤʦʛʫʪ ʩʦʩʫʱʝʩʪʚʦʚʘʪʴ ʙʝʟ ʠʟʤʝʥʝʥʠʡ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ. 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʠʟʤʝʥʝʥʠʷ ʠʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʚ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʧʦʣʴʟʫʶʪʩʷ ʪʘʙʣʠʮʘʤʠ ʠʟʦʙʘʨʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʦʙʨʘʟʦʚʘʥʠ,̫ ʦʧʨʝʜʝʣʷʷ ʠʭ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʵʥʪʘʣʴʧʠʝʡ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʀʟʦʙʘʨʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘʟʳʚʘʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝ ʠʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʨʝʘʢʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʚʝʱʝʩʪʚʦ ʚ ʝʛʦ 

ʩʪʘʥʜʘʨʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ, ʚʟʷʪʳʭ ʚ ʠʭ 

ʩʪʘʥʜʘʨʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʘʥʜʘʨʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʣʶʙʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚʠʜʘ 

 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʨʘʟʥʦʩʪʠ ʩʫʤʤ ʧʦʪʝʥʮʠʘʣʦʚ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʠ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ, ʫʤʥʦʞʝʥʥʳʭ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ vi 

 

1.9. ɺʃʀʗʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ʅɸ ʀɿʆɹɸʈʅʓʁʴ ʇʆʊɽʅʎʀɸʃ. 

ʋʈɸɺʅɽʅʀɽ ɻʀɹɹʉɸ-ɻɽʃʔʄɻʆʃʔʎɸ 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʠʟʦʙʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʦʙʨʘʪʠʤʦʛʦ ʧʨʦʮʝʩʩʘ 

ʤʦʞʥʦ ʫʯʝʩʪʴ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ ɻʠʙʙʩʘ-ɻʝʣʴʤʛʦʣʴʮʘ: 



 

1 ʕʥʝʨʛʠʶ ɻʠʙʙʩʘ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʧʨʦʩʪʦ ʧʦʪʝʥʮʠʘʣʦʤ, ʠʤʝʷ ʚ ʚʠʜʫ ʫʟʢʠʡ 

ʩʤʳʩʣ ʜʘʥʥʦʛʦ ʪʝʨʤʠʥʘ. 

ʛʜʝ ȹG, ȹH, ȹS - ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ G, ʵʥʪʘʣʴʧʠʠ H ʠ ʵʥʪʨʦʧʠʠ S, 

ʩʚʷʟʘʥʥʳʝ ʩ ʜʘʥʥʳʤ ʧʨʦʮʝʩʩʦʤ. 

1.10. ʍʀʄʀʏɽʉʂʆɽ ʈɸɺʅʆɺɽʉʀɽ.  ʋʈɸɺʅɽʅʀɽ ʀɿʆʊɽʈʄʓ 

ʊʝʢʫʱʝʝ ʠʟʤʝʥʝʥʠʝ ʠʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ȹgt ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t 

ʥʘʭʦʜʷʪ ʠʟ ʫʨʘʚʥʝʥʠʷ ʠʟʦʪʝʨʤʳ, ʢʦʪʦʨʦʝ ʜʣʷ ʨʝʘʢʮʠʠ (1.34) ʠʤʝʝʪ ʚʠʜ:

 

ʛʜʝ - ʪʝʢʫʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ i-ʛʦ ʚʝʱʝʩʪʚʘ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʤʦʣʴʥʳʭ 

ʜʦʣʷʭ; 

 

 - ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ i-ʛʦ ʚʝʱʝʩʪʚʘ; Kc - ʢʦʥʩʪʘʥʪʘ 

ʨʘʚʥʦʚʝʩʠʷ . 

ʋʨʘʚʥʝʥʠʝ (1.38) ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ ʟʘʢʦʥʘ 

ʜʝʡʩʪʚʫʶʱʠʭ ʤʘʩʩ: ʥʝʣʴʟʷ ʠʟʤʝʥʠʪʴ ʨʘʚʥʦʚʝʩʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʜʥʦʛʦ ʠʟ 

ʫʯʘʩʪʥʠʢʦʚ ʨʝʘʢʮʠʠ, ʥʝ ʠʟʤʝʥʠʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʨʫʛʠʭ. 

ɺ ʨʘʚʥʦʚʝʩʠʠ , ʠ (1.37) ʜʣʷ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʡ 

ʧʨʠʥʠʤʘʝʪ 

ʚʠʜ: 

 (1.39) 

ʛʜʝ ʥʘʟʳʚʘʶʪ ʭʠʤʠʯʝʩʢʠʤ ʩʨʦʜʩʪʚʦʤ. 



ʂʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʡ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʯʝʨʝʟ ʜʘʚʣʝʥʠʷ ʠʣʠ 

ʯʝʨʝʟ ʤʦʣʷʨʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɼʣʷ ʨʘʩʪʚʦʨʦʚ ʢʦʥʩʪʘʥʪʳ ʧʦʩʣʝʜʥʝʛʦ ʚʠʜʘ 

ʙʫʜʫʪ ʟʘʚʠʩʝʪʴ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʤʦʣʴʥʳʝ ʜʦʣʠ ʠ ʤʦʣʷʨʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʜʨʫʛ ʜʨʫʛʫ. ʇʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ 

ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

ʋʨʘʚʥʝʥʠʷ (1.36)-(1.39) ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʧʨʝʜʝʣ 

ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʚʳʯʠʩʣʠʪʴ ʠʟʤʝʥʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʣʶʙʦʡ ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ. ɼʦʩʪʘʪʦʯʥʦ ʧʦʜʩʪʘʚʠʪʴ ʚ ʵʪʠ 

ʫʨʘʚʥʝʥʠʷ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʠʣʠ ʜʘʚʣʝʥʠʷ). 

ʉʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʧʨʷʤʦʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʪʨʝʙʫʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘɹʦʣʝʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ agʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʠ. ʇʨʠ ʨʘʩʯʝʪʘʭ 

ʩʣʝʜʫʝʪ ʨʘʟʣʠʯʘʪʴ ʜʘʚʣʝʥʠʷ (ʢʦʥʮʝʥʪʨʘʮʠʠ), ʬʠʛʫʨʠʨʫʶʱʠʝ ʚ ʫʨʘʚʥʝʥʠʷʭ 

(1.37), (1.38). ɺ ʚʳʨʘʞʝʥʠʷ ʢʦʥʩʪʘʥʪ ʨʘʚʥʦʚʝʩʠʷ ʚʭʦʜʷʪ ʨʘʚʥʦʚʝʩʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (ʜʘʚʣʝʥʠʷ), ʘ ʚ ʫʨʘʚʥʝʥʠʷ ʠʟʦʪʝʨʤʳ - ʪʝʢʫʱʠʝ. 

1.11. ɺʃʀʗʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ʅɸ ʍʀʄʀʏɽʉʂʆɽ ʈɸɺʅʆɺɽʉʀɽ 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʭʠʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

ʠʟʦʙʘʨʳ, ʢʦʪʦʨʦʝ ʧʨʠʥʷʪʦ ʟʘʧʠʩʳʚʘʪʴ ʚ ʚʠʜʝ: 

 

ʋʨʘʚʥʝʥʠʝ ʠʟʦʙʘʨʳ ʤʦʞʥʦ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ, ʝʩʣʠ ʠʟʚʝʩʪʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ȹH ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ 

ʥʝʙʦʣʴʰʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚʳʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʦʛʜʘ: 

 

ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1.41) ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠʦʪ 1/ T ʠʤʝʝʪ ʚʠʜ 

ʧʨʷʤʦʡ ʣʠʥʠʠ ʩ ʪʘʥʛʝʥʩʦʤ ʫʛʣʘ ʥʘʢʣʦʥʘ, ʨʘʚʥʳʤ - ʇʦʩʪʦʷʥʥʘʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ C ʦʧʨʝʜʝʣʷʝʪʩʷ, ʝʩʣʠ ʠʟʚʝʩʪʥʘ ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ 

Kp ʧʨʠ ʢʘʢʦʡ-ʪʦ ʪʝʤʧʝʨʘʪʫʨʝ T1. 

 



1.12. ʍʀʄʀʏɽʉʂʀʁ ʇʆʊɽʅʎʀɸʃ. ʋʈɸɺʅɽʅʀɽ ɻʀɹɹʉɸ-ɼʖɻɽʄɸ 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʨʘʟʜʝʣʷʶʪ ʥʘ ʠʥʪʝʥʩʠʚʥʳʝ, ʪʘʢʠʝ ʢʘʢ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʜʨʫʛʠʝ, ʥʝ ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʚʝʱʝʩʪʚʘ, ʠ ʵʢʩʪʝʥʩʠʚʥʳʝ, ʪʘʢʠʝ ʢʘʢ ʵʥʪʘʣʴʧʠʷ, ʵʥʪʨʦʧʠʷ, ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ, 

ʟʘʚʠʩʷʱʠʝ ʦʪ ʤʘʩʩʳ. ʏʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʚʣʠʷʥʠʷ ʤʘʩʩʳ ʵʢʩʪʝʥʩʠʚʥʳʭ 

ʚʝʣʠʯʠʥ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʦʣʴʟʫʶʪʩʷ ʤʦʣʷʨʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ 

ʵʢʩʪʝʥʩʠʚʥʦʛʦ ʩʚʦʡʩʪʚʘ Li (ʤʦʣʷʨʥʘʷ ʵʥʪʘʣʴʧʠʷ, ʤʦʣʷʨʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʠ 

ʪ. ʜ.). ʄʦʣʷʨʥʳʝ ʵʢʩʪʝʥʩʠʚʥʳʝ ʚʝʣʠʯʠʥʳ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʦʤ 

ʘʜʜʠʪʠʚʥʦʩʪʠ: 

L = n1 Å L1, (1.42) 

ʛʜʝ n1 - ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ. 

ʆʜʥʘʢʦ ʩʦʩʪʦʷʥʠʝ ʪʦʛʦ ʞʝ ʚʝʱʝʩʪʚʘ ʚ ʩʤʝʩʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʧʦʵʪʦʤʫ ʤʦʣʷʨʥʳʝ ʚʝʣʠʯʠʥʳ ʧʝʨʝʩʪʘʶʪ ʙʳʪʴ ʘʜʜʠʪʠʚʥʳʤʠ. 

ʏʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʘʜʜʠʪʠʚʥʦʩʪʴ, ʚʚʦʜʷʪ ʧʘʨʮʠʘʣʴʥʳʝ ʤʦʣʷʨʥʳʝ ʚʝʣʠʯʠʥʳ. 

ʇʘʨʮʠʘʣʴʥʘʷ ʤʦʣʷʨʥʘʷ ʚʝʣʠʯʠʥʘʝʩʪʴ ʠʟʤʝʥʝʥʠʝ ʦʙʱʝʛʦ 

ʵʢʩʪʝʥʩʠʚʥʦʛʦ ʩʚʦʡʩʪʚʘ ʩʤʝʩʠ L ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ i-ʛʦ ʚʝʱʝʩʪʚʘ ʥʘ 

ʝʜʠʥʠʮʫ ʠ ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʚʥʝʰʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʦʜʝʨʞʘʥʠʷ ʚʩʝʭ ʜʨʫʛʠʭ 

ʚʝʱʝʩʪʚ ʚ ʩʤʝʩʠ. 

 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʧʘʨʮʠʘʣʴʥʦʡ ʤʦʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʯʘʩʪʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʵʥʝʨʛʠʠ 

ɻʠʙʙʩʘ: 

 

ʍʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʫʨʘʚʥʝʥʠʝʤ 

ɻʠʙʙʩʘ-ɼʶʛʝʤʘ: 

 

ʆʥʦ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʜʣʷ ʣʶʙʳʭ ʧʘʨʮʠʘʣʴʥʳʭ ʤʦʣʴʥʳʭ ʚʝʣʠʯʠʥ. 



ʇʘʨʮʠʘʣʴʥʳʝ ʤʦʣʷʨʥʳʝ ʚʝʣʠʯʠʥʳ ʠʛʨʘʶʪ ʪʫ ʞʝ ʨʦʣʴ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʤʝʩʠ, ʢʘʢ ʤʦʣʷʨʥʳʝ ʚʝʣʠʯʠʥʳ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

ʆʥʠ ʧʦʜʯʠʥʷʶʪʩʷ ʪʝʤ ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ, ʯʪʦ ʠ ʤʦʣʷʨʥʳʝ ʚʝʣʠʯʠʥʳ, ʪ. ʝ.: 

 

ʇʘʨʮʠʘʣʴʥʳʝ ʤʦʣʷʨʥʳʝ ʚʝʣʠʯʠʥʳ ʷʚʣʷʶʪʩʷ ʥʝ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʠʟʤʝʥʝʥʠʷʤʠ 

ʩʚʦʡʩʪʚʘ, ʧʦʵʪʦʤʫ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, ʪʘʢ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ. 

ʍʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

 (1.47) 

ʛʜʝ ʥʘʟʳʚʘʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʪ. ʝ. 

ʭʠʤʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. 

1.13. ʋʉʃʆɺʀɽ ʍʀʄʀʏɽʉʂʆɻʆ ʈɸɺʅʆɺɽʉʀʗ 

ʋʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ

 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ɻʠʙʙʩʘ-ɼʶʛʘʤʘ (1.45), ʤʦʞʥʦ 

ʚʳʨʘʟʠʪʴ ʚ ʚʠʜʝ ʩʫʤʤʳ ʭʠʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʫʯʘʩʪʥʠʢʦʚ ʨʝʘʢʮʠʠ

ʫʤʥʦʞʝʥʥʳʭ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ

 

 (1.48) 

1.14. ʊɽʈʄʆɼʀʅɸʄʀʂɸ ʀɼɽɸʃʔʅʓʍ ʉʄɽʉɽʁ 

ɻʘʟʦʦʙʨʘʟʥʳʡ ʨʘʩʪʚʦʨ ʷʚʣʷʝʪʩʷ ʛʘʟʦʚʦʡ ʩʤʝʩʴʶ. ʀʜʝʘʣʴʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʴʶ 

ʥʘʟʳʚʘʶʪ ʩʤʝʩʴ ʛʘʟʦʚ, ʚ ʢʦʪʦʨʦʡ ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʢʘʞʜʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

 



ʛʜʝ - ʵʬʬʝʢʪʠʚʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ (ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣ 

ʯʠʩʪʦʛʦ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ);- ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʪ. ʝ. 

ʜʘʚʣʝʥʠʝ, ʦʢʘʟʳʚʘʝʤʦʝ i-ʤ ʢʦʤʧʦʥʝʥʪʦʤ; p - ʦʙʱʝʝ ʜʘʚʣʝʥʠʝ ʩʤʝʩʠ; xi - 

ʤʦʣʴʥʘʷ ʜʦʣʷ ʢʦʤʧʦʥʝʥʪʘ i. 

ʀʟʦʙʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʨʘʚʝʥ ʩʫʤʤʝ ʚʢʣʘʜʦʚ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʩʤ. ʫʨʘʚʥʝʥʠʝ (1.45)). ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʵʪʠʤ ʫʨʘʚʥʝʥʠʝʤ ʜʣʷ 

ʨʘʩʯʝʪʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʩʠ ʜʚʫʭ ʛʘʟʦʚ. ʀʟʦʙʘʨʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʦʙʦʠʭ ʛʘʟʦʚ ʜʦ ʩʤʝʰʝʥʠʷ ʨʘʚʝʥ 

 

ʀʟʦʙʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʩʣʝ ʩʤʝʰʝʥʠʷ (ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʧʝʨʝʛʦʨʦʜʢʠ ʤʝʞʜʫ 

ʛʘʟʘʤʠ) ʧʦʣʫʯʠʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʩʪʘʥʦʚʢʠ (1.49) ʚ (1.45): 

 

ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ (1.51) ʠ (1.50) ʜʘʩʪ ʠʟʦʙʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʩʤʝʰʝʥʠʷ  

 

ʛʜʝ  

ʈʝʟʫʣʴʪʘʪ (1.52), ʛʜʝ ʤʦʣʴʥʳʝ ʜʦʣʠ xi ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ ʠ ʯʣʝʥʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʣʦʛʘʨʠʬʤ, ʦʪʨʠʮʘʪʝʣʴʥʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʩʤʝʰʝʥʠʷ 

ʠʜʝʘʣʴʥʳʭ ʛʘʟʦʚ ʦʪʨʠʮʘʪʝʣʝʥ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʘ ʩʤʝʰʝʥʠʷ ʛʘʟʦʚ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ. 

ʏʪʦʙʳ ʥʘʡʪʠ ʵʥʪʨʦʧʠʶ ʩʤʝʰʝʥʠʷʠʩʧʦʣʴʟʫʶʪ ʯʘʩʪʥʫʶ ʧʨʦ- 



ʠʟʚʦʜʥʫʶ (1.32):

 

ʘ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʩʤʝʰʝʥʠʷ ȹH ʨʘʩʩʯʠʪʳʚʘʶʪ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ 

ʫʨʘʚʥʝʥʠʝʤ ɻʠʙʙʩʘ-ɻʝʣʴʤʛʦʣʴʮʘ: 

 

ʕʥʪʨʦʧʠʷ ʩʤʝʰʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ, ʘ ʪʝʧʣʦʚʦʡ 

ʵʬʬʝʢʪ - ʚʝʣʠʯʠʥʦʡ, ʨʘʚʥʦʡ ʥʫʣʶ. ʀʜʝʘʣʴʥʳʝ ʛʘʟʳ ʩʤʝʰʠʚʘʶʪʩʷ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ ʙʝʟ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ. 

ʉʤʝʰʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʘ ʩʯʝʪ ʚʦʟʨʘʩʪʘʥʠʷ ʵʥʪʨʦʧʠʠ. ʕʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʠʶ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. ʀʜʝʘʣʴʥʳʤ ʛʘʟʦʤ ʥʘʟʳʚʘʶʪ 

ʛʘʟ, ʚ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ1. ʄʝʞʜʫ 

ʤʦʣʝʢʫʣʘʤʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʥʝʪ ʥʠ ʧʨʠʪʷʞʝʥʠʷ, ʥʠ ʦʪʪʘʣʢʠʚʘʥʠʷ, ʠ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʥʝʨʛʠʠ ʥʝʪ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʩʣʫʯʘʷʤʠ, ʢʦʛʜʘ ʛʘʟʳ ʩʤʝʰʘʥʳ ʠ 

ʢʦʛʜʘ ʦʥʠ ʠʟʦʣʠʨʦʚʘʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʄʝʪʦʜʠʢʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ, ʥʦʩʠʪ ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʆʥʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʯʠʩʣʠʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʨʝʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʤʠ ʞʝ ʫʨʘʚʥʝʥʠʷʤʠ, 

ʟʘʤʝʥʠʚ ʣʠʰʴ ʚ ʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʘʢʪʠʚʥʦʩʪʠ. ɸʢʪʠʚʥʦʩʪʴ ʫʯʠʪʳʚʘʝʪ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʘ, ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ; 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʦʥʘ ʩʠʤʚʦʣʦʤ ʘ, ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʙʝʟʨʘʟʤʝʨʥʦʡ ʠ ʩʚʷʟʘʥʘ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ c ʫʨʘʚʥʝʥʠʝʤ: 

1 ʉʪʦʣʢʥʦʚʝʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʟʘʥʠʤʘʝʪ ʥʝʩʫʱʝʩʪʚʝʥʥʦ 

ʤʘʣʦʝ ʚʨʝʤʷ, ʠ ʠʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

a = y Å c, (1.56) 

ʛʜʝ y ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʘʢʪʠʚʥʦʩʪʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʘʢʪʠʚʥʦʩʪʠ 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʙʝʟʨʘʟʤʝʨʥʦʡ, ʥʦ ʵʪʦ ʥʝ ʥʘʨʫʰʘʝʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʨʘʟʤʝʨʥʦʩʪʝʡ ʚ (1.51), ʧʦʩʢʦʣʴʢʫ ʚ ʧʦʩʣʝʜʥʝʤ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʚʝʜʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ: 



 

ʛʜʝ ʩʨ - ʠʩʪʠʥʥʘʷ ʤʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ; ʩʦ - ʝʜʠʥʠʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩ 

ʨʘʟʤʝʨʥʦʩʪʴʶ, ʨʘʚʥʦʡ ʩʨ. 

1.15. ʇʈʀʄɽʈʓ ʈɽʐɽʅʀʗ 

ʇʨʠʤʝʨ 1.11 

ʈʘʩʩʯʠʪʘʪʴ ʩʪʘʥʜʘʨʪʥʳʡ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ: N2O4 (ʛ) = 2NO2 (ʛ) 

ʈʝʰʝʥʠʝ: 

ɼʣʷ ʨʘʩʯʝʪʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʧʝʨʚʳʤ ʩʣʝʜʩʪʚʠʝʤ ʠʟ ʟʘʢʦʥʘ ɻʝʩʩʘ 

(1.8): 

 ʇʨʠʤʝʨ 1.2 

ʈʘʩʩʯʠʪʘʪʴ ʩʪʘʥʜʘʨʪʥʳʡ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ: 

CH4 (ʛ) + CO2 (ʛ) = 2CO (ʛ) + 2H2 (ʛ) 

ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʪʝʧʣʦʪʘʤ ʩʛʦʨʘʥʠʷ. ʈʝʰʝʥʠʝ: 

ɼʣʷ ʨʘʩʯʝʪʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʚʪʦʨʳʤ ʩʣʝʜʩʪʚʠʝʤ ʠʟ ʟʘʢʦʥʘ ɻʝʩʩʘ (1.9): 

 

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʦ ʠʟ (1.11) 

ʣʝʛʢʦ 

ʧʦʣʫʯʠʪʴ:  

1 ʊʦʯʥʝʝ ʙʳʣʦ ʙʳ ʜʦʙʘʚʠʪʴ: çʟʘ ʚʳʯʝʪʦʤ ʨʘʙʦʪʳ ʨʘʩʰʠʨʝʥʠʷè, ʢʦʪʦʨʦʡ 

ʦʙʳʯʥʦ ʧʨʝʥʝʙʨʝʛʘʶʪ. 

ʇʨʠʤʝʨ 1.3 

ʅʘʡʪʠ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ 



 

ʧʨʠ T = 400 ʂ (ʚʩʝ ʫʯʘʩʪʥʠʢʠ ʨʝʘʢʮʠʠ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ). ʈʝʰʝʥʠʝ: 

ʀʟ ʩʧʨʘʚʦʯʥʦʡ ʪʘʙʣʠʮʳ ʚʳʧʠʩʳʚʘʶʪ ʟʥʘʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʧʣʦʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʫʯʘʩʪʥʠʢʦʚ ʨʝʘʢʮʠʠ ʠ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ ʪʝʧʣʦʝʤʢʦʩʪʝʡ

 ʠʣʠ (ʪʘʙʣ. 1.1). 

ʊʘʙʣʠʮʘ 1.1. ɼʘʥʥʳʝ ʢ ʧʨʠʤʝʨʫ 1.3 

 

ʀʩʧʦʣʴʟʫʷ ʩʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ, ʨʘʩʩʯʠʪʳʚʘʶʪ

, ʘ ʟʘ- 

ʪʝʤ . 

1. ɼʣʷ ʨʘʩʯʝʪʘʠʩʧʦʣʴʟʫʶʪ ʧʝʨʚʦʝ ʩʣʝʜʩʪʚʠʝ ʠʟ ʟʘʢʦʥʘ 

ɻʝʩʩʘ 

(1.8): 

 



2.  

3. ʊʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʧʨʠ 400 ʂ ʥʘʭʦʜʷʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʬʦʨʤʳ ʟʘʢʦʥʘ ʂʠʨʭʛʦʬʘ (1.11): 

 

ʇʨʠʤʝʨ 1.41 

ʂʘʢʦʡ ʚʳʚʦʜ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦ ʧʨʦʪʝʢʘʶʱʝʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʦʜʳ 

ʜʦ ʢʠʧʝʥʠʷ, ʝʩʣʠ  (ʞ) = 69,9 ɼʞ/(ʤʦʣʴ Åʂ), ʘ  (ʧʘʨ) = 

188,7 ɼʞ/(ʤʦʣʴ Å ʂ)? ʈʝʰʝʥʠʝ: 

ʇʦʩʢʦʣʴʢʫ ʵʥʪʨʦʧʠʷ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʩʦʩʪʦʷʥʠʷ ʠʟʤʝʥʝʥʠʝ 

ʵʥʪʨʦʧʠʠ ȹS, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ, ʚʳʯʪʷ ʠʟ ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʢʦʥʝʯʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʵʥʪʨʦʧʠʶ ʩʦʩʪʦʷʥʠʷ ʠʩʭʦʜʥʦʛʦ:(ʞ) = 188,7 - 69,9 = 

 

ʀʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ, ʚʳʟʚʘʥʥʦʝ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ (1.12ʘ). 

ʇʦʣʥʦʝ ʠʟʤʝʨʝʥʠʝ ʵʥʪʨʦʧʠʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (ʦʭʣʘʞʜʝʥʠʠ) n ʤʦʣʝʡ ʚʝʱʝʩʪʚʘ 

ʦʪ T1 ʜʦ T2 ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ: 



 

ʛʜʝ n = ʪ/ʄʵʪʠʣʝʥʘ; m - ʤʘʩʩʘ ʵʪʠʣʝʥʘ; m = 200 ʛ; ʄʵʪʠʣʝʥʘ = 28 ʛ/ʤʦʣʴ; 

 = 26,68 ʢʘʣ/ʛ = 26,68 Å 4,185 Å 28 ɼʞ/ʤʦʣʴ, 4,185 - ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʚʦʜʘ ʢʘʣʦʨʠʡ ʚ ʜʞʦʫʣʠ. 

 

ʇʨʠʤʝʨ 1.7 

ʅʘʡʪʠ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ 

 

ʧʨʠ T = 700 ʂ ʠ ʜʘʚʣʝʥʠʠ ʚ 1 ʘʪʤʦʩʬʝʨʫ. ʈʝʰʝʥʠʝ: 

ʀʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 700 ʂ ʨʘʩʩʯʠʪʳʚʘʶʪ 

ʧʦ ʬʦʨʤʫʣʘʤ (1.6) ʠ (1.12ʘ): 

 

ʛʜʝ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 



ʀʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʠ ʙʘʟʠʩʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T = 298 ʂ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

ʛʜʝ  - ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʫʯʘʩʪʥʠʢʦʚ ʨʝʘʢʮʠʠ 

(ʪʘʙʣʠʯʥʳʝ ʜʘʥʥʳʝ). 

 

ʇʨʠʤʝʨ 1.81 

ʅʘʡʪʠ ʚʝʣʠʯʠʥʫʜʣʷ ʨʝʘʢʮʠʠ 

CH3OH = HCHO + H2 

ʧʨʦʪʝʢʘʶʱʝʡ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. ʈʝʰʝʥʠʝ: 

ʀʩʢʦʤʫʶ ʚʝʣʠʯʠʥʫ ʚʳʯʠʩʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ (1.35): 

ʇʨʠʤʝʨʳ 1.8-1.10 ʦʪʥʦʩʷʪʩʷ ʢ ʪʝʤʝ çʕʥʝʨʛʠʷ ɻʠʙʙʩʘè. 

 

ʇʨʠʤʝʨ 1.9 

ʆʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫʨʝʘʢʮʠʠ 

4HC1 + O2 = 2H2O + 2Cl2 

ʧʨʦʪʝʢʘʶʱʝʡ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɺʦʟʤʦʞʥʘ ʣʠ ʜʘʥʥʘʷ ʨʝʘʢʮʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 298 ʂ? 

ʈʝʰʝʥʠʝ: 

ʊʘʙʣʠʮʘ 1.2. ɿʥʘʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʧʣʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʘʥʜʘʨʪʥʦʡ 

ʵʥʪʨʦʧʠʠ ʩʦʩʪʘʣʷʶʱʠʭ ʨʝʘʮʠʠ ʚʝʱʝʩʪʚ 



 

ʅʘʡʜʝʤ ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʧʨʠ ʙʘʟʠʩʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 298 ʂ, 

ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʩʣʝʜʩʪʚʠʝʤ ʠʟ ʟʘʢʦʥʘ ɻʝʩʩʘ (1.8): 

 

ʀʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚʳʯʠʩʣʠʤ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʵʥʪʨʦʧʠʷ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ 

ʩʦʩʪʦʷʥʠʷ. ʀʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ ʩʦʩʪʦʷʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʫʪʠ ʧʨʦʮʝʩʩʘ, ʘ 

ʯʠʩʣʝʥʥʦ ʨʘʚʥʦ ʨʘʟʥʦʩʪʠ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʤʝʞʜʫ ʢʦʥʝʯʥʳʤ ʠ ʥʘʯʘʣʴʥʳʤ 

ʩʦʩʪʦʷʥʠʷʤʠ. ɿʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʠ ʚ ʢʦʥʝʯʥʦʤ ʠ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʷʭ ʙʫʜʝʤ 

ʚʳʯʠʩʣʷʪʴ, ʠʩʭʦʜʷ ʠʟ ʘʜʠʪʠʚʥʦʩʪʠ ʵʥʪʨʦʧʠʠ: ʵʥʪʨʦʧʠʷ ʩʠʩʪʝʤʳ ʨʘʚʥʘ 

ʩʫʤʤʝ ʵʥʪʨʦʧʠʡ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ: 

 

ʊʝʧʝʨʴ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʫʨʘʚʥʝʥʠʝʤ ɻʠʙʙʩʘ-ɻʝʣʴʤʛʦʣʴʮʘ (1.36), ʧʦʣʫʯʠʤ 

ʜʣʷ 298 ʂ: 

 

 < 0, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ 298 ʂ ʧʨʦʮʝʩʩ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ 

ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ. 

ʇʨʠʤʝʨ 1.10 

ʆʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ, ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ ʧʨʠʤʝʨʝ 1.9, ʪ. ʝ. 4HC1 

+ O2 = 2H2O + 2C12 

ʧʨʠ 1000 ʂ. ʈʝʰʝʥʠʝ: 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʜʘʚʣʝʥʠʠ ʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ ʩʪʘʥʜʘʨʪʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʠʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʧʨʠʤʝʨʝ 1.9 



ʚʳʯʠʩʣʝʥʦ ʪʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 298 ʂ. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘ ʠʟʦʙʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʫʯʠʪʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ (1.36), ʚ ʢʦʪʦʨʦʝ ʚʭʦʜʷʪ 

ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʠ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ 

 ʨʝʘʢʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000 ʂ. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʫʯʠʪʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤ ʂʠʨʭʛʦʬʘ (1.11). ʉʦʛʣʘʩʥʦ ʝʤʫ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʯʠʩʣʠʪʴ ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ

: 

 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʪʘʙʣʠʯʥʳʤʠ ʜʘʥʥʳʤʠ (ʪʘʙʣ. 1.3). ʊʘʙʣʠʮʘ 

1.3. ɼʘʥʥʳʝ ʢ ʧʨʠʤʝʨʫ 1.10 

 

 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ 1000 ʂ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʨʤʦʡ ʫʨʘʚʥʝʥʠʷ ʂʠʨʭʛʦʬʘ (1.11): 

 

ʀʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʪʣʠʯʥʦʡ ʦʪ 

ʙʘʟʠʩʥʦʡ, ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

 

ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʪʝʧʣʦʝʤʢʦʩʪʴ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ: 



 

ʊʝʧʝʨʴ ʚʳʯʠʩʣʠʤ ʩʪʘʥʜʘʨʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʟʦʙʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ 

ʙʘʟʠʩʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 1000 ʂ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ (1.36): 

 

 >0, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ 1000 ʂ ʨʝʘʢʮʠʷ ʠʟʤʝʥʠʪ ʩʚʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʩʧʨʘʚʘ ʥʘʣʝʚʦ. 

ʇʨʠʤʝʨ 1.111 

ʆʧʨʝʜʝʣʠʪʴ ʧʘʨʮʠʘʣʴʥʳʡ ʤʦʣʴʥʳʡ ʦʙʲʝʤ ʤʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʝʩʣʠ 

ʧʣʦʪʥʦʩʪʴ 60 % ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʧʠʨʪʘ (ʨ) ʧʨʠ 293 ʂ ʨʘʚʥʘ 8,946 Å 

102 ʢʛ/ʤ3, ʧʘʨʮʠʘʣʴʥʳʡ ʤʦʣʴʥʳʡ ʦʙʲʝʤ ʚʦʜʳ ʚ ʵʪʦʤ ʨʘʩʪʚʦʨʝ 

 

ʈʝʰʝʥʠʝ: 

ɺʳʯʠʩʣʷʝʤ ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ (v) ʧʦ 

ʬʦʨʤʫʣʝ: 

 1 ʇʨʠʤʝʨʳ 1.11 - 1.13 ʦʪʥʦʩʷʪʩʷ ʢ ʪʝʤʝ çʇʘʨʮʠʘʣʴʥʳʝ ʤʦʣʴʥʳʝ ʚʝʣʠʯʠʥʳè. 

ʆʧʨʝʜʝʣʷʝʤ ʩʨʝʜʥʶʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʨʘʩʪʚʦʨʘ (M), ʠʩʭʦʜʷ ʠʟ ʫʨʘʚʥʝʥʠʷ 

ɻʠʙʙʩʘ-ɼʶʛʝʤʘ: 

 

ʛʜʝ X - ʤʦʣʴʥʘʷ ʜʦʣʷ ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʝ; M - ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

ʚʝʱʝʩʪʚʘ. 

ʅʘʭʦʜʠʤ ʤʦʣʴʥʫʶ ʜʦʣʶ CH3OH ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 



ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʟʘʤʝʥʠʪʴ ʩʠʤʚʦʣ g ʥʘ ʩʠʤʚʦʣ, ʛʜʝ- ʤʘʩʩʦʚʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʘʩʪʚʦʨʝ. ʊʦʛʜʘ ʤʦʣʴʥʘʷ ʜʦʣʷ H2O ʨʘʚʥʘ: 

 

ʈʘʩʩʯʠʪʳʚʘʝʤ

:  ʄʦʣʴʥʳʡ 

ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ (V) ʥʘʡʜʝʤ ʧʦ ʬʦʨʤʫʣʝ: 

 

ʇʘʨʮʠʘʣʴʥʳʡ ʤʦʣʴʥʳʡ ʦʙʲʝʤ

ʥʘʭʦʜʠʤ ʠʟ ʫʨʘʚʥʝ- 

ʥʠʷ ɻʠʙʙʩʘ-ɼʶʛʝʤʘ: 

 

ʇʨʠʤʝʨ 1.12 

ʆʙʲʝʤ ʢʘʢ ʬʫʥʢʮʠʷ ʩʦʩʪʘʚʘ ʜʣʷ ʩʠʩʪʝʤʳ - NaCl ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

 

ʛʜʝ b - ʤʦʣʷʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʆʧʨʝʜʝʣʠʪʴ 

ʧʘʨʮʠʘʣʴʥʳʡ ʤʦʣʴʥʳʡ ʦʙʲʝʤ 0,5 ʄ ʨʘʩʪʚʦʨʘ. 

ʈʝʰʝʥʠʝ: 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʮʠʘʣʴʥʳʭ ʤʦʣʷʨʥʳʭ ʚʝʣʠʯʠʥ: 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʠ ʛʨʘʬʠʯʝʩʢʠʡ. 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚʳʨʘʞʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʚʦʡʩʪʚʘ L ʦʪ ʯʠʩʣʘ ʤʦʣʝʡ ʧ2 ʵʤʧʠʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ: 

 



ʇʘʨʮʠʘʣʴʥʦʝ ʤʦʣʷʨʥʦʝ ʩʚʦʡʩʪʚʦʦʧʨʝʜʝʣʷʶʪ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝʤ L ʧʦ ʧ2: 

 

ʇʦʜʩʪʘʚʠʚ ʚʝʣʠʯʠʥʫ ʧ2, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴʜʣʷ ʨʘʩʪʚʦʨʘ ʜʘʥʥʦʛʦ 

ʩʦʩʪʘʚʘ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ, ʥʦ ʪʨʫʜʦʝʤʢʠʤ. ɹʦʣʝʝ 

ʙʳʩʪʨʳʤ ʠ ʧʨʦʩʪʳʤ ʷʚʣʷʝʪʩʷ ʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ. 

ɻʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʝʪʦʜ ʢʘʩʘʪʝʣʴʥʦʡ ʠ ʤʝʪʦʜ ʧʝʨʝʩʝʯʝʥʠʡ. 

ʇʝʨʚʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʘʩʘʪʝʣʴʥʦʡ. 

ʊʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʘʩʘʪʝʣʴʥʦʡ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʢʨʠʚʦʡ

 ʨʘʚʝʥ ʚ ʨʘʩʪʚʦʨʝ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɺʪʦʨʦʡ, ʤʝʪʦʜ ʧʝʨʝʩʝʯʝʥʠʡ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʧʨʝʜʝʥʠʝ ʦʪʨʝʟʢʦʚ, ʦʪʩʝʢʘʝʤʳʭ 

ʢʘʩʘʪʝʣʴʥʦʡ ʥʘ ʦʩʷʭ ʦʨʜʠʥʘʪ. ʀʩʩʣʝʜʫʝʤʳʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʩʷʪ ʥʘ ʛʨʘʬʠʢ ʢʘʢ 

ʬʫʥʢʮʠʶ ʩʦʩʪʘʚʘ. ɺ ʪʦʯʢʝ, ʦʪʚʝʯʘʶʱʝʡ ʜʘʥʥʦʤʫ ʩʦʩʪʘʚʫ, ʧʨʦʚʦʜʷʪ 

ʢʘʩʘʪʝʣʴʥʫʶ ʢ ʢʨʠʚʦʡ, ʢʦʪʦʨʘʷ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʩ ʦʨʜʠʥʘʪʘʤʠ X1 = 1 ʠ X2 = 1 

ʦʪʩʝʢʘʝʪ ʥʘ ʧʦʩʣʝʜʥʠʭ ʧʘʨʮʠʘʣʴʥʳʝ ʤʦʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʦʙʦʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 1.12 ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʇʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʨʮʠʘʣʴʥʳʝ ʤʦʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ: 

 



ʛʜʝ - ʦʙʱʝʝ ʵʢʩʪʝʥʩʠʚʥʦʝ ʩʚʦʡʩʪʚʦ ʨʘʩʪʚʦʨʘ; ʧ - ʯʠʩʣʦ ʤʦʣʝʡ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  

ʇʨʠʤʝʤ ʤʘʩʩʫ ʚʦʜʳ ʨʘʚʥʦʡ 1000 ʛ, ʪʦʛʜʘ: 

 

ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʚ ʠʩʭʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʚʳʚʝʜʝʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʧʘʨʮʠʘʣʴʥʦʛʦ ʤʦʣʴʥʦʛʦ ʦʙʲʝʤʘ: 

 

ʊʘʢ ʢʘʢ b = 0,5, ʪʦ 

 

ʇʨʠʤʝʨ 1.13 

ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 1.1) ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʛʨʘʣʴʥʦʡ ʪʝʧʣʦʪʳ 

ʨʘʩʪʚʦʨʝʥʠʷ H2SO4 ʚ ʚʦʜʝ ʧʨʠ 298 ʂ ʦʪ ʯʠʩʣʘ ʤʦʣʝʡ H2O (nH2O). ʆʧʨʝʜʝʣʠʪʴ 

ʧʘʨʮʠʘʣʴʥʫʶ ʪʝʧʣʦʪʫ ʨʘʩʪʚʦʨʝʥʠʷ ʢʠʩʣʦʪʳ () ʜʣʷ 

ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 1 ʤʦʣʴ H2SO4 ʚ 10 ʤʦʣʷʭ H2O. 

ʈʝʰʝʥʠʝ: 

ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ɻʠʙʙʩʘ- ɼʶʛʝʤʘ 



 

 ʥʘʭʦʜʠʤ, ʠʩʧʦʣʴʟʫʷ ʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʮʠʘʣʴʥʳʭ ʤʦʣʴʥʳʭ ʚʝʣʠʯʠʥ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ - ʤʝʪʦʜ ʢʘʩʘʪʝʣʴ- 

ʥʳʭ. ɼʣʷ ʵʪʦʛʦ ʚ ʪʦʯʢʝ ʢʨʠʚʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ

ʤʦʣʴ, ʧʨʦʚʦ- 

ʜʠʤ ʢʘʩʘʪʝʣʴʥʫʶ. ʊʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʘʩʘʪʝʣʴʥʦʡ ʨʘʚʝʥ

 ʚ 

ʨʘʩʪʚʦʨʝ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ: 
































































































































































































































































































































































































































































































































































































































