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1. ɺʚʝʜʝʥʠʝ 

ʋʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚ ʚʦʦʙʱʝ ʠ ʛʘʟʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʰʠʨʦʢʦ-

ʛʦ ʜʠʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨ ʠ ʧʣʦʪʥʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʩʪʦʷʥʥʳʡ ʢʘʢ ʥʘʫʯʥʳʡ, 

ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʵʪʦ 

ʪʷʞʝʣʘʷ ʟʘʜʘʯʘ, ʩʦʜʝʨʞʘʱʘʷ ʚ  ʩʝʙʝ ʩʣʦʞʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚʝ-

ʱʝʩʪʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʠ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ. ɼʣʷ ʝʝ ʨʝ-

ʰʝʥʠʷ ʘʜʝʢʚʘʪʥʳʝ ʧʦʜʭʦʜʳ ʪʦʣʴʢʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʷʚʣʷʶʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ 

ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʢʚʘʥʪʦʚʦʡ ʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʤʦʣʝʢʫʣ, ʘʪʦʤʦʚ ʠ 

ʵʣʝʢʪʨʦʥʦʚ;  ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ɼʣʷ ʨʘʟʨʝʞʝʥʥʳʭ ʛʘʟʦʚ, ʢʦʛʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʦʣʝʢʫʣ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʩʠʪʫʘʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪʩʷ. ʄʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʩʨʝʜʫ ʢʘʢ ʠʜʝʘʣʴʥʳʡ ʛʘʟ ʠʟ ʩʤʝʩʠ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪ:  ʤʦʣʝ-

ʢʫʣ, ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ. 

ʊʝʧʣʦʝʤʢʦʩʪʴ ʢʘʞʜʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ, ʟʘ-

ʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʘʙʫʣʠʨʦʚʘʥʥʘ.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʤʝʩʠ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʠ ʧʣʦʪʥʦʩʪʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʮʝʩʩʘʤʠ ʜʠʩʩʦʮʠʘʮʠʠ, ʠʦʥʠʟʘʮʠʠ ʠ ʬʘ-

ʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. ʇʨʝʥʝʙʨʝʛʘʷ ʢʠʥʝʪʠʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠ ʧʨʝʜʧʦʣʘʛʘʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʚʩʝʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʦʩʣʝʜʥʠʭ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʟʘʪʘʙʫʣʠʨʦʚʘʥʥʳʝ ʢʦʥʩʪʘʥʪʳ ʭʠʤʠ-

ʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠʣʠ ʤʠʥʠʤʠʟʠʨʦʚʘʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦ-

ʪʝʥʮʠʘʣʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʙʘʟʳ ʜʘʥʥʳʭ  

[1-4]. 

ʇʨʠ ʵʪʦʤ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʩʪʨʦʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 ɼʣʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪ ʩʤʝʩʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ɹʦʣʴʮʤʘʥʘ ʧʦ ʚʩʝʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ; 

 ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʡ ʨʘʚʥʦʚʝʩʠʷ ʢʦʤʧʦʥʝʥʪ 

ʠ ʙʘʣʘʥʩʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʘʟʦʚʫʶ ʩʤʝʩʴ;  

 ɼʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪ; 
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 ʇʦʣʥʘʷ ʵʥʪʘʣʴʧʠʷ ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʵʥʪʘʣʴʧʠʡ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪ ʠ 

ʟʘʚʠʩʠʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦʣʴʢʦ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ; 

ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʫʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʨʷʜʘ 

ʚʝʱʝʩʪʚ. ʕʪʦ ʚʘʞʥʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʫʛ-

ʣʝʨʦʜʥʦʡ ʩʘʞʠ.  

 ɸʥʘʣʦʛʠʯʥʳʝ ʧʦʜʭʦʜʳ ʫʞʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʳʚʘʣʠʩʴ ʠ 

ʧʦʟʚʦʣʷʶʪ ʫʩʧʝʰʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ, ʢʘʢ ʩʪʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʛʘʟʦʚ, ʪʘʢ ʠ ʥʝ-

ʢʦʪʦʨʳʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʪʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʫʜʘʨʥʦ 

- ʚʦʣʥʦʚʳʝ ʠ ʜʝʪʦʥʘʮʠʦʥʥʳʝ ʪʝʯʝʥʠʷ ʚ ʛʘʟʘʭ. ɼʣʷ ʵʪʠʭ ʷʚʣʝʥʠʡ ʫʯʝʪ ʧʝʨʝʯʠʩ-

ʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʝʥ, ʠ ʧʨʠʙʣʠʞʝʥʠʷ ʤʦʜʝʣʠ ʚʳʧʦʣʥʷʶʪ-

ʩʷ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʥʘʡʜʝʥʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʷʚʣʷʝʪʩʷ ʩʣʘʙʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʘʧ-

ʪʘʮʠʠ ʠʭ ʧʦʜ ʙʣʠʟʢʠʝ, ʥʦ ʥʝʤʥʦʛʦ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʠ ʧʦʣʥʘʷ ʥʝʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʢʝʤ ï ʣʠʙʦ, ʢʨʦʤʝ ʘʚʪʦʨʦʚ. ʊʘʢʞʝ ʥʝ ʥʘʡʜʝʥʦ ʧʨʠʝʤ-

ʣʝʤʳʭ ʨʝʰʝʥʠʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʬʘʟʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʧʦʜʨʦʙʥʳʝ ʪʘʙʣʠʮʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʬʫʥʢʮʠʡ ʛʘʟʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʈʦʩʩʠʡ-

ʩʢʦʤ ʩʧʨʘʚʦʯʥʠʢʝ ʚ ʪʘʙʣʠʮʘʭ ʧʦʜ ʨʝʜʘʢʮʠʝʡ ɺ. ʇ. ɻʣʫʰʢʦ [1] ʧʨʠʚʝʜʝʥʳ ʜʘʥ-

ʥʳʝ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶ-

ʯʘʷ ʵʥʪʘʣʴʧʠʶ ʠ ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ, ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 100 ʜʦ 

20000 K. ɺ ʟʘʨʫʙʝʞʥʦʡ ʨʘʙʦʪʝ ɼ. ʉʪʘʣʣʘ [2] ʧʨʠʚʝʜʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ 

ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 300 ʜʦ 1000 ʂ. ɺ ʙʘ-

ʟʝ ʜʘʥʥʳʭ ʠʟ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʀʥʩʪʠʪʫʪʘ ʉʪʘʥʜʘʨʪʦʚ ʠ ʊʝʭʥʦʣʦʛʠʠ (NIST) [3] 

ʩʦʙʨʘʥʳ ʜʘʥʥʳʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʪ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚ, ʩ ʫʢʘ-

ʟʘʥʠʝʤ ʧʝʨʚʦʠʩʪʦʯʥʠʢʦʚ ʠ ʤʝʪʦʜʦʚ ʚʳʯʠʩʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 

300 ʜʦ 6000 ʂ. ɺ ʙʘʟʝ ʜʘʥʥʳʭ ʆʙʲʝʜʠʥʝʥʥʦʛʦ ʀʥʩʪʠʪʫʪʘ ɺʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

(ʆʀɺʊ) [4] ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʫʜʘʨʥʳʤ ʘʜʠʘʙʘʪʘʤ  ʜʣʷ ʨʷʜʘ ʢʦʥʜʝʥʩʠ-

ʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ. 
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ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʛʨʘʤʤʘ CEA (Chemical Equilibriums with Applica-

tions), ʨʘʟʨʘʙʦʪʘʥʥʘʷ NASA, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʯʠʩʣʷʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʤʝʩʝʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʙʦʣʝʝ  2000 ʛʘʟʦʚʳʭ, ʞʠʜ-

ʢʠʭ ʠ ʪʚʝʨʜʳʭ ʢʦʤʧʦʥʝʥʪ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ 

çʠʥʩʪʨʫʤʝʥʪʦʚè ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʟʘʜʘʯ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʚʩʝ ʝʱʝ ʥʝ ʟʘʢʨʳʪʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʦʧʠʩʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʚʠʜʝ 

ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʨʷʜʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʢʦʨʨʝʢʪʥʦ ʫʯʠ-

ʪʳʚʘʪʴ ʥʘʣʠʯʠʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʬʘʟ ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʫʜʦʙʥʳʡ ʠʥʩʪʨʫ-

ʤʝʥʪ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʝʯʝʥʠʷʭ ʩ ʙʦʣʴʰʦʡ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴʶ. 
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2. ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ  

2.1 ʇʘʨʘʤʝʪʨʳ ʦʜʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʆʧʠʰʝʤ ʜʣʷ ʥʘʯʘʣʘ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʣʷ  ʦʜʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʩʠ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʣʦʪʥʦʩʪʠ. 

ɼʣʷ ʵʪʦʛʦ ʧʦ ʪʘʙʣʠʯʥʳʤ ʜʘʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʪʘʣʴʧʠʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ 

ʦʜʥʦʛʦ ʤʦʣʷ ʚʝʱʝʩʪʚʘ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʜʘʚʣʝʥʠʠ [1, 2] ʩʪʨʦʠʣʩʷ ʢʫʙʠʯʝʩʢʠʡ 

ʩʧʣʘʡʥ ʧʦ ʚʩʝʤʫ ʜʠʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨ. ʇʨʠ ʵʪʦʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘ-

ʤʝʪʨʳ ʢʦʤʧʦʥʝʥʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

 ï ʵʥʪʘʣʴʧʠʷ, ʛʜʝ hi(T)ï ʵʥʪʘʣʴʧʠʠ ʢʦʤ-

ʧʦʥʝʥʪ ʠʟ [1]. 

-  ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ. 

, ʛʜʝ  ï ʛʘʟʦʚʘʷ ʯʘʩʪʴ ʦʙʲʝʤʘ. 

- ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ. 

 

 

ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 1) ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʝʡ  ʠ ʧʦʢʘʟʘʪʝ-

ʣʷ ʘʜʠʘʙʘʪʳ , ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʩʦʦʪʥʦʰʝʥʠʷʤ. ɺʠʜʥʦ, 

ʯʪʦ ʜʘʞʝ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ, ʪʝʧʣʦʝʤʢʦʩʪʴ ʠʤʝʝʪ ʩʣʦʞ-

ʥʳʡ ʚʠʜ. ʇʦʵʪʦʤʫ ʚʳʙʨʘʥʥʳʡ ʧʦʜʭʦʜ ʚ ʚʠʜʝ ʠʥʪʝʨʧʦʣʷʮʠʠ ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʟʫʤʥʳʤ.  

ɼʣʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚʳʙʨʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʫʜʦʚʣʝ-

ʪʚʦʨʠʪʝʣʴʥʦ ʫʯʠʪʳʚʘʪʴ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʥʘʧʨʠʤʝʨ ʧʣʘʚʣʝʥʠʝ (ʨʠʩ. 2), ʥʦ ʥʘ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʴ. 
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ʈʠʩ. 1. ʊʝʧʣʦʝʤʢʦʩʪʴ ʠ ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʭʠʤʠʯʝʩʢʦʤ 

ʩʦʩʪʘʚʝ ʜʣʷ N2. 

 

ʈʠʩ. 2. ʊʝʧʣʦʝʤʢʦʩʪʴ ʠ ʵʥʪʘʣʴʧʠʷ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ 

ʜʣʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʝʨʦʜʘ. 

2.2 ʇʘʨʘʤʝʪʨʳ ʨʘʚʥʦʚʝʩʥʦʡ ʩʤʝʩʠ 

ɼʘʣʝʝ ʧʝʨʝʡʜʝʤ ʢ  ʤʝʪʦʜʫ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʘʚʘ ʜʣʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʤʝʩʠ. ʉʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʦʜʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʦʙʱʝʤ ʚʠʜʝ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

- ʩʫʤʤʘ ʧʦ ʚʩʝʤ ʩʦʩʪʦʷʥʠʷʤ ʩʠʩʪʝʤʳ. ʀʩʧʦʣʴʟʫʷ ʪʦ, 

ʯʪʦ ʤʦʣʝʢʫʣʳ ʥʝʨʘʟʣʠʯʠʤʳ, ʦʪ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʦ ʩʦʩʪʦʷʥʠʷʤ ʩʠʩʪʝʤʳ ʤʦʞʥʦ 

ʧʝʨʝʡʪʠ ʢ ʩʫʤʤʠʨʦʚʘʥʠʶ ʧʦ ʫʨʦʚʥʷʤ ʵʥʝʨʛʠʠ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ  
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 [5], ʛʜʝ  ï ʵʥʝʨʛʠʷ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ. 

ʊ.ʢ. N >>1 ʠ ʧʦ ʬʦʨʤʫʣʝ ʉʪʠʨʣʠʥʛʘ , ʪʦ  

ɼʘʣʝʝ ʟʘʧʠʩʳʚʘʷ ʧʦʣʥʫʶ ʵʥʝʨʛʠʶ ʚ ʚʠʜʝ:  , ʛʜʝ   -  ʢʠʥʝ-

ʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠ ̫ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ; 

-  ʵʥʝʨʛʠʷ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ; 

- ʵʥʝʨʛʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʙʘʟʦʚʳʭ ʢʦʤʧʦʥʝʥʪ ʧʨʠ ʊ=0 ʂ; 

ʠ ʧʝʨʝʭʦʜʷ ʦʪ ʩʫʤʤʠʨʦʚʘʥʠʷ ʢ ʠʥʪʝʛʨʠʨʦʚʘʥʠʶ ʧʦ ʚʩʝʤ ʩʦʩʪʦʷʥʠʷʤ, ʧʦʣʫʯʘ-

ʝʤ: 

. 

ʀʣʠ ʧʝʨʝʧʠʩʳʚʘʷ ʯʝʨʝʟ ʜʘʚʣʝʥʠʝ: 

. 

  - ʜʣʷ ʛʘʟʦʚʦʡ ʢʦʤʧʦʥʝʥʪʳ. 

 ï ʜʣʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ. 

ɻʜʝ f(T) ï ʪʘʙʫʣʠʨʦʚʘʥʥʘʷ ʬʫʥʢʮʠʷ, ʟʘʚʠʩʷʱʘʷ ʪʦʣʴʢʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʦʥʝʥʪ ʠʟ [1], ʚʳʯʠʩʣʝʥʥʘʷ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʜʘʚʣʝ-

ʥʠʠ  (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ 1).  

ʇʦʣʥʘʷ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʩʤʝʩʠ ʠʟ ʛʘʟʦʚʳʭ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪ ʚʳʯʠʩʣʷʣʘʩʴ ʚ ʚʠʜʝ ʦʙʱʝʡ ʩʫʤʤʳ: 

. 

ʈʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʦʙʲʝʤʝ ʠ ʢʦʣʠʯʝʩʪʚʝ ʚʝʱʝʩʪʚʘ. ʕʪʦʤʫ ʫʩʣʦʚʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʫʤ ʩʚʦ-

ʙʦʜʥʦʡ ʵʥʝʨʛʠʠ. 
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 ʈʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʧʨʠʤʝʨʝ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʤʝʩʠ ʚʦʜʦʨʦʜʘ. ʇʨʝʜʧʦʣʘʛʘʷ ʭʠʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ 

ʤʝʞʜʫ ʵʪʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ: 

 

ɻʜʝ - ʧʦʣʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʤʠʥʠʤʠ-

ʟʘʮʠʷ  ʧʦ  ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ T ʠ V (ʩʤ. ʧʫʥʢʪ 2.3). 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʳʣ ʚʳʯʠʩʣʝʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʨʤʦ-

ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʤʝʩʠ: 

 

 

, 

 

 

 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʟʥʘʯʝʥʠʝ ʧʨʦ-

ʠʟʚʦʜʥʦʡ . ʀʟ ʧʝʨʚʦʛʦ ʟʘʢʦʥʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʧʨʦ-

ʮʝʩʩʝ: 

, .                                
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ʀʩʧʦʣʴʟʫʷ ʵʪʠ ʚʳʨʘʞʝʥʠʷ, ʧʦʣʫʯʘʝʤ: , ʦʪʢʫʜʘ . 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʳʯʠʩʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʩʤʦʪʨʠʤ ʠʟʦ-

ʭʦʨʥʳʡ ʥʘʛʨʝʚ ʚʦʜʳ. ʅʘ ʛʨʘʬʠʢʘʭ (ʨʠʩ. 3) ʧʨʝʜʩʪʘʚʣʝʥ rʨʘʚʥʦʚʝʩʥʳʝ ʭʠʤʠʯʝ-

ʩʢʠʝ ʩʦʩʪʘʚʳ ʜʣʷ ʨʷʜʘ ʪʝʤʧʝʨʘʪʫʨ, ʚʳʯʠʩʣʝʥʥʳʝ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʦʯʥʦʩʪʴ ʁ

. ʂʦʤʧʦʥʝʥʪʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʦʨʷʜʢʘ  ʠ ʤʝʥʝʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʛʨʘʥʠ 

ʪʦʯʥʦʩʪʠ ʠ, ʚʝʨʦʷʪʥʦ, ʥʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʨʝʘʣʴʥʦʡ ʩʤʝʩʠ.  

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  ʚʦʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷ-

ʥʠʠ, ʜʦʣʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ. ʇʨʠ ʧʨʦʠʩʭʦʜʠʪ ʜʠʩ-

ʩʦʮʠʘʮʠʷ, ʠ ʧʦʷʚʣʷʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʘʪʦʤʳ ʠ ʨʘʜʠʢʘʣʳ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  

 ʥʘʙʣʶʜʘʝʪʩʷ ʠʦʥʠʟʘʮʠʷ, ʠ ʚ ʩʤʝʩʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʦʥʳ ʠ ʵʣʝʢʪʨʦʥʳ. 

 

        T=300 K.                                                        T=3000 K. 

 T=20000 K. 

ʈʠʩ.3. ʀʟʦʭʦʨʥʳʡ ʥʘʛʨʝʚ ñʚʦʜʳò (2H+O). 
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ʄʝʪʦʜʠʢʘ ʚʳʯʠʩʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʨʠʚʝʜʝʥ-

ʥʳʝ ʚʳʰʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʯʠʩʣʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʥʦʛʠʝ ʪʝʨʤʦʜʠʥʘ-

ʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʤʝʩʠ.  ʅʘ ʛʨʘʬʠʢʘʭ (ʨʠʩ. 4) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʚʥʦʚʝʩʥʳʡ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʣʷ ʠʟʦʭʦʨʥʦʛʦ ʥʘʛʨʝʚʘ ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ ʢʠʩʣʦʨʦʜʘ ʠ ʝʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ.  

 

ʈʠʩ. 4. ʈʘʚʥʦʚʝʩʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ 

ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ ʢʠʩʣʦʨʦʜʘ. 
 

ɺʳʯʠʩʣʝʥʠʝ ʨʘʚʥʦʚʝʩʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʫʪʝʤ ʤʠʥʠʤʠʟʘʮʠʠ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʧʦʟʚʦʣʷʝʪ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʫʯʝʩʪʴ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ 

(ʠʩʧʘʨʝʥʠʝ, ʢʦʥʜʝʥʩʘʮʠʷ).  ɼʣʷ ʵʪʦʛʦ, ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʜʦʙʘʚʣʷ-

ʣʘʩʴ çʨʝʘʢʮʠʷè ʤʝʞʜʫ ʛʘʟʦʦʙʨʘʟʥʳʤ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʤ ʩʦʩʪʦʷʥʠʷʤʠ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʫʛʣʝʨʦʜʘ: 

 .  

ʊʘʢʦʡ ʧʦʜʭʦʜ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʩʪʘʥʪ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʧʦʟʚʦʣʷ-

ʝʪ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʪʩʣʝʞʠʚʘʪʴ ʧʦʷʚʣʝʥʠʝ ʠ ʠʩʯʝʟʥʦʚʝʥʠʝ ʢʦʥʜʝʥʩʠʨʦ-

ʚʘʥʥʦʡ ʬʘʟʳ ʚ ʩʤʝʩʠ. ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 5) ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʫʛʣʝʨʦʜʘ ʩ ʪʘʙʣʠʯʥʳʤʠ ʜʘʥʥʳʤʠ [1].   
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ʈʠʩ. 5. ɼʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʫʛʣʝʨʦʜʘ, ʧʦʣʫʯʝʥʥʦʝ ʨʘʩʯʝʪʘ-

ʤʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠ ʩʨʘʚʥʝʥʠʝ ʩ ʪʘʙʣʠʯʥʳʤʠ ʜʘʥʥʳʤʠ [1]. 
 

2.3 ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʤʠʥʠʤʫʤʘ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ 

ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ ʥʘ ʙʘʣʘʥʩ ʢʦʤʧʦʥʝʥʪ, ʠʱʝʪʩʷ ʤʠʥʠʤʫʤ ʧʦʣʥʦʡ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ. ʇʨʠ ʵʪʦʤ ʪʝʩʪʠʨʫʶʪʩʷ ʝʝ ʠʟʤʝʥʝʥʠʷ ʚʜʦʣʴ ʣʠʥʠʡ ʨʷʜʘ ʨʝ-

ʘʢʮʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʩʤʝʩʴ ʠʟ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ ʚʦʜʦʨʦʜʘ (H2, H) ʠ ʨʝʘʢʮʠʶ: 

. 

ʇʦ ʢʘʞʜʦʡ ʠʟ ʢʦʤʧʦʥʝʥʪ ʜʝʣʘʝʪʩʷ ʰʘʛ ʚʧʨʘʚʦ ʠ ʚʣʝʚʦ ʥʘ æ: 

 

ɼʘʣʝʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʧʦʣʥʘʷ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʚ ʥʘʯʘʣʝ ʠ ʚ ʪʦʯʢʝ, ʩʜʚʠʥʫʪʦʡ 

ʚʧʨʘʚʦ:  

 

 

ɽʩʣʠ  , ʪʦ , , ʠʥʘʯʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʭʨʘʥʷʶʪʩʷ. 

ʊʝ ʞʝ ʩʘʤʳʝ ʚʳʯʠʩʣʝʥʠʷ ʧʦʚʪʦʨʷʶʪʩʷ ʜʣʷ ʪʦʯʢʠ, ʩʜʚʠʥʫʪʦʡ ʚʣʝʚʦ ʥʘ æ:   

,   
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ɽʩʣʠ     , ʪʦ , . 

ɽʩʣʠ ʞʝ ʥʠ ʦʜʥʦ ʠʟ ʵʪʠʭ ʫʩʣʦʚʠʡ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ 

ʰʘʛ ʫʤʝʥʴʰʘʝʪʩʷ. ʊʘʢʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʜʣʷ 

ʢʘʞʜʦʡ ʨʝʘʢʮʠʠ, ʧʦʢʘ ʰʘʛ æ ʥʝ ʫʤʝʥʴʰʠʪʩʷ ʜʦ ʟʘʜʘʥʥʦʛʦ. ʈʝʘʣʴʥʳʝ ʪʦʯʥʦʩʪʠ, 

ʜʦʩʪʠʛʘʝʤʳʝ ʚ ʨʘʩʯʝʪʘʭ, ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʭʫʞʝ , ʵʪʦʛʦ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʝʯʝʥʠʡ. 

3 ʉʪʘʮʠʦʥʘʨʥʳʝ ʫʜʘʨʥʳʝ ʠ ʜʝʪʦʥʘʮʠʦʥʥʳʝ ʚʦʣʥʳ 

3.1 ʋʜʘʨʥʳʝ ʚʦʣʥʳ 

ʆʧʠʩʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʛʘʟʦ-

ʚʦʡ ʩʤʝʩʠ ʠ ʧʨʠʤʝʥʠʪʴ ʝʛʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʝʯʝʥʠʡ, ʛʜʝ ʫʯʝʪ 

ʧʨʦʮʝʩʩʦʚ ʜʠʩʩʦʮʠʘʮʠʠ ʠ ʠʦʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʤ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʪʝʯʝʥʠʡ ʷʚʣʷʶʪʩʷ ʫʜʘʨʥʳʝ ʚʦʣʥʳ ʚ 

ʛʘʟʘʭ ʙʦʣʴʰʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʫʜʘʨʥʦʡ ʘʜʠʘʙʘʪ rʨʘʩʩʤʦʪʨʠʤ ʪʨʘʜʠʮʠʦʥʥʳʝ ʟʘʢʦʥʳ 

ʩʦʭʨʘʥʝʥʠʷ ʚ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʝ:  

 

ɻʜʝ  - ʵʥʪʘʣʴʧʠʷ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ. 

ʀʟ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ 

  

ʠʣʠ ʩ ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʝʡ  ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ: 

                      (3.1) 

ʋʨʘʚʥʝʥʠʝ (3.1) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʥʘ ʪʝʤʧʝʨʘ-

ʪʫʨʫ ʠʣʠ ʧʣʦʪʥʦʩʪʴ. ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʝʛʦ ʨʘʟʨʝʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʟʳʚʘʝʪ ʩʣʦʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ 
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ʘʥʦʤʘʣʴʥʳʤ ʭʦʜʦʤ ʫʜʘʨʥʦʡ ʘʜʠʘʙʘʪʳ, ʢʦʛʜʘ ʦʜʥʦʤʫ ʟʥʘʯʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʪ ʜʚʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʣʥʳ ʠ ʜʚʘ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʝʝ 

ʬʨʦʥʪʦʤ (ʨʠʩ. 6) , ʫʨʘʚʥʝʥʠʝ (3.1) ʨʝʰʘʣʦʩʴ ʯʠʩʣʝʥʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʪʥʦʩʪʠ 

ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʩʫʨʩʳ ʥʘ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C [6]. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ 

ʬʨʦʥʪʦʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʧʠʩʘʥʥʳʤ 

ʚʳʰʝ ʤʝʪʦʜʦʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʠ ʪʝʩʪʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʫʜʘʨʥʘʷ ʘʜʠʘʙʘʪʘ ʚʦʟʜʫʭʘ ʩ 

ʫʯʝʪʦʤ ʜʠʩʩʦʮʠʘʮʠʠ ʠ ʠʦʥʠʟʘʮʠʠ (ʨʠʩ. 6) ʧʨʠ .  

ʊʘʙʣʠʮʘ 1. ʉʦʩʪʘʚ ʘʪʤʦʩʬʝʨʳ. 

ɻʘʟ ʄʦʣʴʥʘʷ ʜʦʣʷ, 

% 

ɸʟʦʪ 78,084 

ʂʠʩʣʦʨʦʜ 20,946 

ɸʨʛʦʥ 0,932 

 

ɸʪʤʦʩʬʝʨʘ ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ ʩʤʝʩʴʶ ʛʘʟʦʚ, ʩʦʩʪʦʷʱʝʡ ʠʟ  ʘʟʦʪʘ, ʢʠʩʣʦʨʦ-

ʜʘ ʠ ʘʨʛʦʥʘ, ʜʦʣʷ ʦʩʪʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʚ ʩʚʷʟʠ ʩ ʠʭ ʤʘʣʦʩʪʴʶ, ʥʝ ʫʯʠʪʳʚʘ-

ʣʘʩʴ (ʪʘʙʣ. 1). ʋʜʘʨʥʘʷ ʘʜʠʘʙʘʪʘ ʨʘʩʩʯʠʪʘʥʘ ʜʦ ʧʨʝʜʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʟʘ ʬʨʦʥʪʦʤ 20000 ʂ. 

ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 6) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʠ ʩʨʘʚʥʝʥʠʝ ʩ 

ʜʘʥʥʳʤʠ [7]. ʅʘʙʣʶʜʘʝʪʩʷ ʭʦʨʦʰʝʝ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʝʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. 

 ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 7) ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʣʷ 

ʤʝʪʘʥʘ. ɺʠʜʥʦ, ʯʪʦ ʫʜʘʨʥʘʷ ʘʜʠʘʙʘʪʘ ʚʝʱʝʩʪʚʘ ʚʳʛʣʷʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ, 

ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝʤ ʤʝʪʘʥʘ ʥʘ ʩʦʝʜʠʥʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠ ʢʦʥʜʝʥʩʠʨʦ-

ʚʘʥʥʳʡ ʫʛʣʝʨʦʜ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, çʨʘʩʯʝʪʥʘʷè ʫʜʘʨʥʘʷ ʘʜʠʘʙʘʪʘ ʚʦʟʜʫʭʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʦ-

ʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʩ ʣʠʪʝʨʘʪʫʨʦʡ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʦʨʘ ʤʦʜʝʣʠ ʠ 
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ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʫʜʘʨʥʳʭ ʚʦʣʥ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʝʡ. 

 

ʈʠʩ.6. ʋʜʘʨʥʘʷ ʘʜʠʘʙʘʪʘ ʚʦʟʜʫʭʘ ʩ ʫʯʝʪʦʤ ʜʠʩʩʦʮʠʘʮʠʠ ʠ ʠʦʥʠʟʘʮʠʠ (ʣʠʥʠʷʤʠ 

(P1, T1) ʦʙʦʟʥʘʯʝʥʳ ʜʘʥʥʳʝ [7], ʢʚʘʜʨʘʪʠʢʘʤʠ ʠ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ (P2, T2) 

ʦʙʦʟʥʘʯʝʥʳ ʨʘʩʯʝʪʳ). 

 

 

ʈʠʩ. 7. ʋʜʘʨʥʘʷ ʘʜʠʘʙʘʪʘ ʤʝʪʘʥʘ. 
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3.2 ɼʝʪʦʥʘʮʠʦʥʥʳʝ ʚʦʣʥʳ 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʝʩʪʦʤ ʜʣʷ ʤʝʪʦʜʘ ʷʚʣʷ-

ʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʚ ʛʘʟʝ. 

ʆʧʠʰʝʤ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʚʦʣʥ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʪʝ ʞʝ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ, ʯʪʦ ʠ ʜʣʷ ʫʜʘʨʥʳʭ ʚʦʣʥ (ʩʤ. ʧʫʥʢʪ 

3.1), ʥʦ ʠʟ ʚʩʝʭ ʘʜʠʘʙʘʪ ʚʳʙʠʨʘʝʪʩʷ ʦʜʥʘ, ʥʘ ʢʦʪʦʨʦʡ  

. 

 

 

 

 

 

                                     (3.2) 

ʋʨʘʚʥʝʥʠʝ (3.2) ʥʝʣʠʥʝʡʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʪʥʦʩʪʠ. 

 

ʈʠʩ. 8. ʇʘʨʘʤʝʪʨʳ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ. 
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ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 8) ʧʨʝʜʩʪʘʚʣʝʥ rʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ 

 ʠ ʩʫʤʤʳ () ʦʪ ʧʣʦʪʥʦʩʪʠ ʟʘ ʬʨʦʥʪʦʤ ʚʦʣʥʳ ʭʠʤʠʯʝʩʢʠ ʨʝʘʛʠʨʫʶʱʝʡ 

ʩʤʝʩʠ  ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ . ʇʝʨʝʩʝʯʝʥʠʝ 

ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʘʝʪ ʟʥʘʯʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʢʦʨʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ. 

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʘ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʙʳʣʠ 

ʚʳʯʠʩʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʜʝʪʦʥʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ. ɺ ʪʘʙʣʠʮʘʭ ʧʨʠ-

ʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʨʘʩʯʝʪʫ ʩʢʦʨʦʩʪʝʡ ʜʝʪʦʥʘʮʠʠ ʜʣʷ çʛʨʝʤʫʯʝʛʦè ʛʘʟʘ ʠ 

ʜʣʷ ʩʤʝʩʠ ʘʮʝʪʠʣʝʥʘ ʩ ʢʠʩʣʦʨʦʜʦʤ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʚʳʯʠʩʣʝʥʘ ʧʦʛʨʝʰʥʦʩʪʴ. 

ʅʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ  

ʊʘʙʣʠʮʘ 2. ʉʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʜʣʷ çʛʨʝʤʫʯʝʛʦè ʛʘʟʘ 

ɺʟʨʳʚʯʘʪʘʷ ʩʤʝʩʴ , ʤ/ʩ , ʤ/ʩ 

[8]  

 (ʩʪʝʭ.) 2843 2819 0.008 

 1735 1710 0.01 

 2323 2314 0.004 

 3664 3527 0.04 

 1933 1922 0.005 

 3406 3273 0.04 

 

ʊʘʙʣʠʮʘ 3. ʉʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʜʣʷ ʩʤʝʩʠ ʘʮʝʪʠʣʝʥ - ʢʠʩʣʦʨʦʜ 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʘʮʝʪʠʣʝʥʘ, % 

, ʤ/ʩ , ʤ/ʩ 

[9]  

10 1879 1862 0.009 

15 2049 2011 0.019 

20 2196 2163 0.015 
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35 2599 2374 0.09 

40 2725 2702 0.008 

50 2938 2960 0.007 

60 2659 2575 0.03 

70 2454 - - 

80 2281 - - 

90 2128 - - 

100 1990 - - 

 

ʀʟ ʪʘʙʣʠʮ (2, 3) ʚʠʜʥʦ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʭʦʨʦʰʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʨʘʟʥʳʭ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ (ʨʘʩʭʦʞʜʝʥʠʝ ʥʝ ʙʦ-

ʣʝʝ 4%), ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʩʦʩʪʘʚʦʚ ʩ ʙʦʛʘʪʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʚ ʧʨʦ-

ʜʫʢʪʘʭ ʚʟʨʳʚʘ, ʛʜʝ ʨʘʩʭʦʞʜʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 9% 

(ʪʘʙʣ. 3). ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʛʨʘʬʠʢʘʭ (ʨʠʩ. 9,  ʨʠʩ. 10) ʚʠʜʥʦ, ʯʪʦ ʜʠʘʧʘʟʦʥ ʨʘʩ-

ʯʝʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ, ʛʦʨʘʟʜʦ ʰʠʨʝ.  

 

ʈʠʩ. 9. ʉʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ çʛʨʝʤʫʯʝʛʦè ʛʘʟʘ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ. 
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ʈʠʩ. 10. ʉʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʜʣʷ ʩʤʝʩʠ ʘʮʝʪʠʣʝʥ - ʢʠʩʣʦʨʦʜ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʮʝʪʠʣʝʥʘ ʧʨʠ  . 

ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ çʛʨʫʙʘʷè ʤʦʜʝʣʴ ʤʛʥʦʚʝʥʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ 

ʫʛʣʝʨʦʜʘ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ 

ʫʜʘʨʥʳʭ ʠ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʘʜʠʘʙʘʪ. ʇʨʠʚʝʜʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʥʘʯʘʣʴʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʭʠʤʠʯʝ-

ʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ ʢʦʤʧʦʥʝʥʪ ʙʳʣʠ ʩʜʝʣʘʥʳ ʧʨʘʚʠʣʴʥʦ. ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʨʘʚ-

ʥʦʚʝʩʠʠ ʫʛʣʝʨʦʜʥʳʡ ʧʘʨ ï ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʡ ʫʛʣʝʨʦʜ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.   

4.  ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʜʝʣʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʢʘʟʘʣʘ çʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴè ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʘ-

ʣʠʟʦʚʘʥʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʧʦʣʷʮʠʠ ʪʘʙʣʠʯ-

ʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʚ  ʩ ʫʯʝʪʦʤ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʧʨʦʮʝʩʩʦʚ ʜʠʩʩʦʮʠʘʮʠʠ, ʠʦʥʠʟʘʮʠʠ ʠ ʨʝʘʣʴʥʳʭ ʪʝʧʣʦʝʤ-

ʢʦʩʪʝʡ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 200-20000 K.  

ʋʜʦʙʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʝʘʣʠʟʘʮʠʠ ʯʠʩʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘ ʷʟʳʢʝ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ C++ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʨʘʩʰʠʨʷʪʴ ʝʛʦ ʥʘ ʜʨʫʛʠʝ ʛʘʟʦʚʳʝ ʩʤʝʩʠ, 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʝʛʦ ʜʣʷ ʜʨʫʛʠʭ ʙʣʠʟʢʠʭ ʟʘʜʘʯ ʠ ʧʨʦʚʦʜʠʪʴ  ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 
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ʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʥʝ ʚʥʠʢʘʷ ʚ ʪʝʭʥʠʯʝʩʢʠʝ ʧʦʜʨʦʙʥʦʩʪʠ ʨʝʘʣʠʟʘ-

ʮʠʠ.  

ɺ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

 ʈʝʘʣʠʟʦʚʘʥ ʯʠʩʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʯʠʩʣʷʪʴ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʢʦʣʦ 50 ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʥʘ ʦʩʥʦʚʝ ʵʣʝʤʝʥʪʦʚ - ʉ, O, H, N, Ar, Si, He ʠ ʥʝʢʦʪʦʨʳʭ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʚʝʱʝʩʪʚ ð CH4, C2H2, C2H4, C3H8, C4H10. 

 ɺ ʨʝʘʣʠʟʦʚʘʥʥʦʤ ʘʣʛʦʨʠʪʤʝ ʫʯʪʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʬʘʟ ʫʛʣʝʨʦʜʘ (ʛʨʘʬʠʪ), ʢʨʝʤʥʠʷ, ʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ () ʠ ʚʦʜʳ. 

 ʈʘʟʨʘʙʦʪʘʥʥʳʡ çʢʘʣʴʢʫʣʷʪʦʨè ʧʦʟʚʦʣʷʝʪ, ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ, 

ʚʳʯʠʩʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʫʜʘʨʥʳʭ ʠ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʚʦʣʥ ʜʣʷ ʰʠʨʦʢʦʛʦ ʥʘʙʦʨʘ 

ʩʤʝʩʝʡ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ 2). 

 ʉʦʟʜʘʥ ʫʜʦʙʥʳʡ Web ï ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʨʘʩʯʝʪʦʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʜʦʩʪʫʧʥʳʡ ʥʘ ʩʘʡʪʝ 

http://ancient.hydro.nsc.ru/chem.  

  ʇʦʣʫʯʝʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʬʫʥʢʮʠʡ ʠ ʢʣʘʩʩʦʚ ʥʘ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C++ ʠ ʙʘʟʘ ʜʘʥʥʳʭ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʚʝʱʝʩʪʚ, ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩ ʫʯʝʪʦʤ çʨʝʘʣʴʥʦʛʦè ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʨʷʜʝ ʢʦʥʬʝʨʝʥʮʠʡ: 

 ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʢʦʥʬʝʨʝʥʮʠ ̫ XV ʍʘʨʠʪʦʥʦʚʩʢʠʝ ʥʘʫʯʥʳʝ ʯʪʝʥʠʷ 

çʕʢʩʪʨʝʤʘʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ. ɼʝʪʦʥʘʮʠʷ. ʋʜʘʨʥʳʝ ʚʦʣʥʳè ʛ. ʉʘʨʦʚ 

2013ʛ. [10]; 

 49-ʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʥʘʫʯʥʘ ̫ʩʪʫʜʝʥʯʝʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠ ̫çʉʪʫʜʝʥʪ 

ʠ ʥʘʫʯʥʦ ï ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩè ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 2011 ʛ. [11]. 

 51-ʘ ̫ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʥʘʫʯʥʘ ̫ʩʪʫʜʝʥʯʝʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠ ̫çʉʪʫʜʝʥʪ 

ʠ ʥʘʫʯʥʦ ï ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩè ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 2013 ʛ. [12]. 

http://ancient.hydro.nsc.ru/chem
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ʇʨʠʣʦʞʝʥʠʝ 1 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʢʦʥʩʪʘʥʪʳ: 

; 

; 

.1840 ɼʞ; 

ʉʪʘʥʜʘʨʪʥʳʝ ʫʩʣʦʚʠʷ:  

T=298.15 K, pa=101325 ʇʘ. 

: 

   ; 

 

 

 

 

 

 

ʇʨʠʣʦʞʝʥʠʝ 2 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʠ ʨʷʜ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C++. 

ɹʘʟʘ ʩʦʩʪʦʠʪ ʠʟ ʨʷʜʘ ʬʘʡʣʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-

ʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ ʢʦʤ-

ʧʦʥʝʥʪʳ ʠ ʨʘʩʰʠʨʷʪʴ ʙʘʟʫ ʜʘʥʥʳʭ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʙʳʣʘ ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤ-

ʤʘ - çʢʘʣʴʢʫʣʷʪʦʨè ʩ ʫʜʦʙʥʳʤ Web ï ʠʥʪʝʨʬʝʡʩʦʤ 

(http://ancient.hydro.nsc.ru/chem) , ʧʦʟʚʦʣʷʶʱʘʷ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ, ʚʳʯʠʩʣʷʪʴ 

ʨʘʚʥʦʚʝʩʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʧʘʨʘʤʝʪʨʳ ʫʜʘʨʥʳʭ ʠ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʚʦʣʥ 

ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʛʘʟʦʚʳʭ ʢʦʤʧʦʥʝʥʪ: 

http://ancient.hydro.nsc.ru/chem
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, 

 

   

, 

 

 

, 

 

 

.

  çʂʘʣʴʢʫʣʷʪʦʨè ʧʘʨʘʤʝʪʨʦʚ ʦʜʥʦʡ ʢʦʤʧʦʥʝʥʪʳ. ʇʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ 

ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ, ʵʥʪʘʣʴʧʠʶ ʠ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ; 

 çʂʘʣʴʢʫʣʷʪʦʨè ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʇʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ ʨʘʚʥʦʚʝʩʥʳʡ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʤʝʩʠ; 

 çʂʘʣʴʢʫʣʷʪʦʨè ʛʦʨʝʥʠʷ. ʇʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʘʜʠʘʙʘʪʠʯʝʩʢʦ-

ʛʦ ʛʦʨʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ;                          

 çʂʘʣʴʢʫʣʷʪʦʨè ʫʜʘʨʥʳʭ ʚʦʣʥ. ʇʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʫʜʘʨʥʳʭ 

ʚʦʣʥ; 

 ɼʝʪʦʥʘʮʠʦʥʥʳʡ çʢʘʣʴʢʫʣʷʪʦʨè. ʇʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʜʝʪʦʥʘ-

ʮʠʦʥʥʳʭ ʚʦʣʥ.  
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ʨʝʟʫʣʴʪʘʪ ʚʳʜʘʯʠ ʧʨʦʛʨʘʤʤʳ.  

 


