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ɺɺɽɼɽʅʀɽ 

 

ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ, ʢʘʢ ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ, ʦʩʥʦʚʘʥ ʥʘ ʵʣʝʢʪʨʦʥʥʳʭ 

ʵʬʬʝʢʪʘʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ (ʵʬʬʝʢʪ ɿʝʝʙʝʢʘ ʠ ʜʨʫʛʠʝ). ʋʥʠ-

ʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʦʪʩʫʪ-

ʩʪʚʠʝ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʦʣʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ ʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʫʜʦʙʩʪ-

ʚʦ ʚ ʫʧʨʘʚʣʝʥʠʠ, ʦʧʨʝʜʝʣʠʣʠ ʥʝʦʩʧʦʨʠʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʠʩʧʦʣʟɹʦʚʘʥʠʠ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʘʚʪʦʥʦʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨ-

ʛʠʠ. ʊʘʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ ʠ ʚ ʤʝʜʠʮʠʥʝ, 

ʚ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʠ ʥʘ ʛʘʟʦʧʨʦʚʦʜʘʭ, ʚ ʤʦʨʩʢʠʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩ-

ʪʝʤʘʭ ʠ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ.      

ʆʙʨʘʪʥʳʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʥʘʦʙʦʨʦʪ, ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʦʣʦʜʘ. ʕʬʬʝʢʪ ʪʝʨʤʦʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʙʳʣ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥ ʠ ʦʧʠʩʘʥ ʚ 1834 ʛʦʜʫ ɾʘ-

ʥʦʤ ʇʝʣʴʪʴʝ. ʕʪʦ ʷʚʣʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʯʝʨʝʟ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ, ʩʦʩʪʘʚʣʝʥʥʫʶ ʠʟ ʨʘʟʥʦʨʦʜʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʧʦʩʪʦʷʥ-

ʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʚ ʤʝʩʪʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʚʦʜʥʠʢʦʚ ʧʦʛʣʦʱʘʝʪʩʷ ʠʣʠ 

ʚʳʜʝʣʷʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʪʦ ʤʝʩʪʦ ʮʝʧʠ 

ʦʭʣʘʞʜʘʝʪʩʷ ʠʣʠ ʥʘʛʨʝʚʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʘ.  

ʇʦʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʳʪʘʚʰʠʭʩʷ ʦʙʲʷʩʥʠʪʴ ʧʨʠʨʦ-

ʜʫ ̫ʚʣʝʥʠʷ ʇʝʣʴʪʴʝ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʣʦʱʝʥʥʦʛʦ ʚ ʤʝʩʪʝ ʩʦʝʜʠ-

ʥʝʥʠʷ ʪʝʧʣʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʠʣʝ ʪʦʢʘ, ʚʨʝʤʝʥʠ ʝʛʦ ʧʨʦʪʝʢʘʥʠʷ ʠ ʥʝʢʦʪʦ-

ʨʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ, ʟʘʚʠʩʷʱʝʤʫ ʦʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ 

ʧʨʦʚʦʜʥʠʢʦʚ ʮʝʧʠ. ʇʨʠ ʵʪʦʤ ʨʦʣʴ ʭʣʘʜʘʛʝʥʪʘ ʚ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʭʦʣʦ-

ʜʠʣʴʥʦʡ ʤʘʰʠʥʝ ʠʛʨʘʝʪ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʡ ʛʘʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʠ ʦʪʢʨʳʪʠʷ  ʵʬʬʝʢʪʘ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʨʦʰʣʦ ʙʦʣʝʝ 165 ʣʝʪ, ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʣʠʰʴ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʪʚʘ ʥʘʯʘʣʠʩʴ ʩ 

ʨʘʙʦʪ ɸ.ʌ. ʀʦʬʬʝ [1], ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʣʫʯʰʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʪʝʨ-

ʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʵʥʝʨʛʠʠ (ʪʝʨʤʦ-ʵʣʝʢʪʨʠʢʘʤʠ) ʷʚʣʷʁ ʪʩʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʩ ʧʨʠʤʝʩʷʤʠ ʘʪʦʤʦʚ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʥ ʪʘʢʞʝ ʧʨʝʜʣʦ-

ʞʠʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ 

ʩʦʚʝʨʰʝʥʥʦ ʠʥʦʛʦ ʪʠʧʘ ï ʥʘ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʦʩʥʦʚʝ. ʊʘʢʠʝ ʭʦʣʦʜʠʣʥɹʠʢʠ ʥʝ 

ʠʤʝʶʪ ʜʚʠʞʫʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ ʠ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠ-

ʯʝʥʥʦʝ ʚʨʝʤʷ. ʇʦʣʦʞʝʥʠʷ ɸ.ʌ. ʀʦʬʬʝ ʠʥʠʮʠʠʨʦʚʘʣʠ ʘʢʪʠʚʥʳʝ ʜʘʣʴʥʝʡʰʠʝ 

ʨʘʙʦʪʳ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [2]. ɺ ʧʝʨʠʦʜ ʩ 1957 ʧʦ 1965 ʛʛ. ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʚ ʪʦ ʚʨʝʤʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʧʦʣʫʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ, ʦʙʥʘʨʫʞʝʥʳ ʣʫʯʰʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʭʣʘʞʜʝ-

ʥʠʷ: ʪʝʣʣʫʨʠʜʳ ʚʠʩʤʫʪʘ ʠ ʩʚʠʥʮʘ, ʩʧʣʘʚʳ ʚʠʩʤʫʪïʩʫʨʴʤʘ. ɹʳʣʘ ʧʨʦʜʝʣʘʥʘ 

ʦʛʨʦʤʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ, ʧʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ, ʦʯʝʥʴ ʭʦʨʦʰʦ ʦʧʠʩʳ-

ʚʘʶʱʠʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ. ʆʜʥʘʢʦ ʜʘʞʝ ʣʫʯʰʠʝ ʤʘʪʝʨʠʘʣʳ ʥʝ ʧʦ-

ʟʚʦʣʷʣʠ ʩʦʟʜʘʚʘʪʴ ʭʦʣʦʜʠʣʴʥʳʝ ʩʠʩʪʝʤʳ ʜʦʩʪʘʪʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ ʚʥʦʚʴ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʚʠʜʥʦʝ 

ʦʞʠʚʣʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ [3]. ʅʝʜʘʚʥʠʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʧʦʠʩʢʫ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʪʝʨʤʦʵʣʝʢʪʨʠʢʦʚ ʜʘʶʪ ʦʩʥʦ-

ʚʘʥʠʝ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʦʞʠʜʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ [4]. ɺʦʟʨʦʞʜʝʥʠʝ ʠʥʪʝ-

ʨʝʩʘ ʢ ʧʨʠʤʝʥʝʥʠʶ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩʚʷʟʘʥʦ ʪʘʢʞʝ ʩ ʵʢʦʣʦ-

ʛʠʯʝʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʭʦʣʦʜʘ (ʨʘʟʨʫʰʝʥʠʝ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ, ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ 

ʠ ʪ. ʜ.). ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʦʣʦʜʠʣʴʥʠʢʠ ʘʙʩʦʣʶʪʥʦ ʙʝʟʦʧʘʩʥʳ ʩ ʵʢʦʣʦʛʠ-

ʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʥʝ ʠʤʝʶʪ ʠʟʥʘʰʠʚʘʶʱʠʭʩʷ ʠ ʪʨʫʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ, ʘ 

ʟʥʘʯʠʪ ʙʝʩʰʫʤʥʳ ʚ ʨʘʙʦʪʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʚʠʙʨʘʮʠʡ, ʥʝ ʪʨʝ-

ʙʫʶʪ ʰʪʘʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʯʠʩʪʢʠ ʨʘʙʦʯʠʭ ʪʝʣ, ʩʧʦʩʦʙʥʳ ʫʩʪʦʡʯʠʚʦ ʨʘʙʦ-

ʪʘʪʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʵʥʝʨʛʠʠ ʠʤʝ-

ʶʪ ʠ ʜʨʫʛʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

- ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʦʭʣʘʞʜʝʥʠʷ, ʥʦ ʠ ʥʘʛʨʝʚʘ; 

- ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʥʘʜʝʞʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʳʨʘʙʘʪʳʚʘʶʱʠʭ ʭʦʣʦʜ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʦʯʝʥʴ ʙʳʩʪʨʦʛʦ ʦʭʣʘʞʜʝʥʠʷ; 

- ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʪʝʨʤʦ-

ʩʪʘʪʠʨʦʚʘʥʠʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ ʧʠʪʘʥʠʷ; 

- ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʦʪ ʩʠʣʳ 

ʪʷʞʝʩʪʠ ʠ ʦʨʠʝʥʪʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʪʘʢʞʝ ʤʘʣʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʳ-

ʩʦʢʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ; 

- ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ.  

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʦʣʦʜʠʣʥɹʳʭ 

ʤʘʰʠʥ ʧʦʨʦʡ ʥʝ ʦʩʪʘʚʣʷʶʪ ʚʳʙʦʨʘ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʜʣʷ 

ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ. 
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ʅɽʂʆʊʆʈʓɽ  ʇʆʃʆɾɽʅʀʗ  ʊɽʆʈʀʀ 

 ʊɽʈʄʆʕʃɽʂʊʈʀʏɽʉʊɺɸ 

ɺʠʜʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʪʝʨʤʦʵʣʝʢʪʨʠʢʦʚ 

 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʦʣʦʜʠʣʥɹʳʭ 

ʤʘʰʠʥ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ (ʪʝʨʤʦ-ʵʣʝʢʪʨʠʢʦʚ), ʠʟ 

ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʳ ʠʭ ʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ. ʇʨʦʩʪʝʡh ʫʶ ʵʣʝʤʝʥʪʘʨʥʫʶ 

ʮʝʧʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʨʘʟʥʦʨʦʜʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ (ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ), ʢʦ-

ʪʦʨʳʝ ʩʦʝʜʠʥʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʧʣʘ-

ʩʪʠʥʳ, ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʪʝʨʤʦʵʣʝʤʝʥʪʦʤ ʠ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦ-

ʩʪʝʡʰʝʛʦ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʭʣʘʜʠʪʝʣʷ. ɽʩʣʠ ʞʝ ʪʝʨʤʦʵʣʝʤʝʥʪ ʧʨʠʤʝʥʷ-

ʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʝʡʰʝʛʦ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʪʦ ʝʛʦ ʥʘʟʳʚʘʶʪ ʪʝʨʤʦʧʘʨʦʡ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʨʤʦʵʣʝʢʪʨʠʢʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʫʜʝʣʴ-

ʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ r ʠʣʠ ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ          

s = 1/r [5]. ɺ ʪʝʨʤʦʵʣʝʤʝʥʪʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ, 

ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʣʝʛʠʨʫʶʱʠʭ ʧʨʠʤʝʩʝʡ, 

ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʦʩʚʝʱʝʥʠʷ. 

ɽʩʣʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʚʚʦʜʷʪ ʘʪʦʤʳ, 

ʚʥʝʰʥʠʝ ʵʣʝʢʪʨʦʥʳ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʳ ʥʝʧʨʦʯʥʦ, ʪʦ ʧʨʠ ʠʭ ʦʪʨʳʚʝ ʯʠʩʣʦ ʩʚʦ-

ʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʤʘʪʝʨʠʘʣʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʚ ʨʝʟʫʣʪɹʘʪʝ 

ʯʝʛʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʧʦʚʳʰʘʝʪʩʷ. ʊʘʢʠʝ ʧʨʠʤʝʩʠ ʥʘ-

ʟʳʚʘʶʪʩʷ ʜʦʥʦʨʘʤʠ (ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ n-ʪʠʧʘ). 

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚ ʯʠʩʪʳʡ ʤʘʪʝʨʠʘʣ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʚʚʦʜʷʪ ʘʪʦʤʳ 

ʩ ʥʝʟʘʧʦʣʥʝʥʥʦʡ ʚʥʝʰʥʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʦʡ, ʪʘʢʠʝ ʘʪʦʤʳ ʫʢʦʤʧʣʝʢ-

ʪʦʚʳʚʘʶʪ ʩʚʦʡ ʥʝʟʘʧʦʣʥʝʥʥʳʡ ʫʨʦʚʝʥʴ ʵʣʝʢʪʨʦʥʘʤʠ ʩʦʩʝʜʥʠʭ ʘʪʦʤʦʚ, ʫ ʢʦ-

ʪʦʨʳʭ ʩʚʷʟʴ ʵʣʝʢʪʨʦʥʦʚ ʥʝʧʨʦʯʥʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ñʜʳʨʢʠò ʥʘ 

ʤʝʩʪʝ ʫʪʨʘʯʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʫ ʦʩʥʦʚʥʦʛʦ ʘʪʦʤʘ. ʊʘʢʦʡ ʘʪʦʤ ʪʝʨʷʝʪ ʵʣʝʢʪʨʦ-

ʥʝʡʪʨʘʣʴʥʦʩʪʴ ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʠʦʥ, ʢʦʪʦʨʳʡ 

ʩʪʨʝʤʠʪʩʷ ʟʘʭʚʘʪʠʪʴ ʵʣʝʢʪʨʦʥ ʫ ʩʦʩʝʜʥʝʛʦ ʘʪʦʤʘ. ʇʨʠʤʝʩʠ, ʧʦʚʳh ʘʶʱʠʝ 

ʠʦʥʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʥʘʟʳʚʘʶʪʩʷ ʘʢʮʝʧʪʦʨ-

ʥʳʤʠ. ɽʩʣʠ ʥʘ ʢʨʠʩʪʘʣʣ ʪʘʢʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʚʥʝʰʥʠʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʪʦ ʜʚʠʞʝʥʠʝ ʜʳʨʦʢ ʙʫʜʝʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʜʚʠʞʝʥʠʶ 

ʵʣʝʢʪʨʦʥʦʚ. ʇʨʦʚʦʜʠʤʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʧʝʨʝʜʚʠʞʝʥʠʝʤ ñʜʨrʦʢò, ʧʦʣʫ-

ʯʠʣʘ ʥʘʟʚʘʥʠʝ ʜʳʨʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ p-

ʪʠʧʘ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʤʦʞʥʦ 

ʫʧʨʘʚʣʷʪʴ, ʚʚʦʜʷ ʚ ʥʠʭ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʝʡ. ʕʪʦʪ ʩʧʦʩʦʙ 
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ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʧʦ-

ʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ ʚʦʟʥʠʢʘʝʪ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ, ʘ ʦʙʱʠʡ ʪʦʢ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʜʳʨʦʯʥʦʛʦ ʪʦʢʦʚ. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʩʦʩʪʘʚʣʷʪʴ ʪʝʨʤʦʵʣʝʤʝʥʪʳ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʜʳʨʦʯʥʦʡ ʧʨʦʚʦ-

ʜʠʤʦʩʪʷʤʠ [5]. 

 

ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ 

ʈʘʙʦʪʘ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ ʠ ʛʝʥʝʨʘʪʦʨʦʚ ʙʘʟʠ-

ʨʫʝʪʩʷ ʥʘ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷʭ. ʂ ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʷʪʩʷ ʵʬʬʝʢʪʳ ɿʝʝ-

ʙʝʢʘ, ʇʝʣʴʪʴʝ ʠ ʊʦʤʩʦʥʘ. ʕʪʠ ʵʬʬʝʢʪʳ ʩʚʷʟʘʥʳ, ʢʘʢ ʩ ʧʨʝʚʨʘʱʝʥʠʝʤ ʪʝʧʣʦ-

ʚʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ, ʪʘʢ ʠ ʩ  ʧʨʝʚʨʘʱʝʥʠʝʤ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦ-

ʛʦ ʪʦʢʘ ʚ ʭʦʣʦʜ. 

ʕʬʬʝʢʪ ɿʝʝʙʝʢʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʝʩʣʠ ʚ ʨʘʟʦʤʢʥʫʪʦʡ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʮʝʧʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʥʦʨʦʜʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ, ʥʘ ʦʜʥʦʤ ʠʟ 

ʢʦʥʪʘʢʪʦʚ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʊʛ (ʛʦʨʷʯʠʡ ʩʧʘʡ), ʘ ʥʘ ʜʨʫʛʦʤ ʪʝʤʧʝ-

ʨʘʪʫʨʫ ʊʭ (ʭʦʣʦʜʥʳʡ ʩʧʘʡ), ʪʦ ʧʨʠ ʫʩʣʦʚʠʠ ʊʛ ̧ ʊʭ ʥʘ ʢʦʥʮʘʭ ʮʝʧʠ ʚʦʟʥʠʢʘʝʪ 

ʪʝʨʤʦʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ ɽ. ʇʨʠ ʟʘʤʳʢʘʥʠʠ ʢʦʥʪʘʢʪʦʚ ʚ ʮʝʧʠ ʧʦʷʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. 

ʕʬʬʝʢʪ ʇʝʣʴʪʴʝ  ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʧʦʩʪʦʷʥ-

ʥʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʪʝʨʤʦʵʣʝʤʝʥʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʧʨʦʚʦʜʥʠʢʦʚ ʠʣʠ ʧʦʣʫ-

ʧʨʦʚʦʜʥʠʢʦʚ, ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʚʳʜʝʣʷʝʪʩʷ ʠʣʠ ʧʦʛʣʦʱʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʘ). ʂʦʛʜʘ ʵʣʝʢʪʨʦʥʳ 

ʧʝʨʝʭʦʜʷʪ ʠʟ ʤʘʪʝʨʠʘʣʘ p-ʪʠʧʘ ʚ ʤʘʪʝʨʠʘʣ n-ʪʠʧʘ ʯʝʨʝʟ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʥ-

ʪʘʢʪ, ʠʤ ʧʨʠʭʦʜʠʪʩʷ ʧʨʝʦʜʦʣʝʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʠ ʟʘʙʠʨʘʪʴ ʜʣʷ 

ʵʪʦʛʦ ʵʥʝʨʛʠʶ ʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ (ʭʦʣʦʜʥʳʡ ʩʧʘʡ). ʅʘʦʙʦʨʦʪ, ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʠʟ ʤʘʪʝʨʠʘʣʘ n-ʪʠʧʘ ʚ ʤʘʪʝʨʠʘʣ p-ʪʠʧʘ ʵʣʝʢʪʨʦʥʳ ʦʪʜʘʶʪ ʵʥʝʨʛʠʶ 

ʨʝʰʝʪʢʝ (ʛʦʨʷʯʠʡ ʩʧʘʡ) [3]. 

ʕʬʬʝʢʪ ʊʦʤʩʦʥʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʪʦʢʘ ʯʝʨʝʟ ʧʨʦʚʦʜʥʠʢ ʠʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢ, ʚ ʢʦʪʦʨʦʤ ʩʦʟʜʘʥ ʛʨʘʜʠʝʥʪ ʪʝʤ-

ʧʝʨʘʪʫʨʳ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʪʝʧʣʦʪʝ ɼʞʦʫʣʷ ʚʳʜʝʣʷʝʪʩʷ ʠʣʠ ʧʦʛʣʦʱʘʝʪʩʷ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʘ) ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ. ʌʠʟʠʯʝ-

ʩʢʘʷ ʧʨʠʯʠʥʘ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʵʥʝʨʛʠʷ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢ-

ʪʨʦʥʦʚ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʦʛʜʘ ʥʘ ʛʦʨʷʯʝʤ ʩʧʘʝ ʵʣʝʢʪʨʦʥʳ ʧʨʠʦʙʨʝ-

ʪʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʥʝʨʛʠʶ, ʯʝʤ ʥʘ ʭʦʣʦʜʥʦʤ. ʇʣʦʪʥʦʩʪʴ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢ-

ʪʨʦʥʦʚ ʪʘʢʞʝ ʨʘʩʪʝʪ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʦʟʥʠʢʘ-

ʝʪ ʧʦʪʦʢ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʛʦʨʷʯʝʛʦ ʢʦʥʮʘ ʢ ʭʦʣʦʜʥʦʤʫ. ʅʘ ʛʦʨʷʯʝʤ ʢʦʥʮʝ ʥʘʢʘ-

ʧʣʠʚʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʥʘ ʭʦʣʦʜʥʦʤ ï ʦʪʨʠʮʘʪʝʣʴʥʳʡ. ʇʝʨʝʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʦʪʦʢʫ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ 



 9 

ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʩʦʚʩʝʤ ʝʛʦ ʦʩʪʘʥʘʚʣʠʚʘʝʪ. ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʪʝʢʘʶʪ 

ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʷʚʣʝʥʠʷ ʠ ʚ ʚʝʱʝʩʪʚʘʭ ʩ ʜʳʨʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʩ ʪʦʡ 

ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʥʘ ʛʦʨʷʯʝʤ ʢʦʥʮʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʘ 

ʥʘ ʭʦʣʦʜʥʦʤ ï ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʜʳʨʢʠ. ʇʦʵʪʦʤʫ ʚ ʚʝʱʝʩʪʚʘʭ ʩʦ 

ʩʤʝʰʘʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʵʬʬʝʢʪ ʊʦʤʩʦʥʘ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤ 

[5]. 

ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʵʬ-

ʬʝʢʪʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1. 

 

  
ʈʠʩ. 1. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ: 

ʘ ï ʵʬʬʝʢʪ ɿʝʝʙʝʢʘ; ʙ ï ʵʬʬʝʢʪ ʇʝʣʴʪʴʝ 

 

ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ  ʤʦʜʫʣʴ 
 

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʣʶʙʦʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʭʦʣʦʜʠʣʴʥʦʡ 

ʤʘʰʠʥʳ ʷʚʣʷʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʫʣʠ (ʨʠʩ. 2) ï 

ʥʝʙʦʣʴʰʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥ-

ʥʳʝ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʪʝʨʤʦɻ ʣʝʤʝʥʪʳ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʪʦʣʙʠʢʦʚ p- ʠ  n-ʪʠʧʘ (ʠʭ ʥʘ-

ʟʳʚʘʶʪ ʪʘʢʞʝ ʚʝʪʚʷʤʠ). ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʙʘʪʘʨʝʶ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʝʨʤʦʵʣʝʤʝʥ-

ʪʦʚ, ʧʨʠʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʪʝʨʤʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʥʳʭ ʤʦʜʫʣʷʭ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ 

ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʰʪʫʢ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ. ʇʦ ʪʝʧʣʦʚʦʤʫ ʧʦʪʦʢʫ ʧʦʣʫʧʨʦ-

ʚʦʜʥʠʢʦʚʳʝ ʩʪʦʣʙʠʢʠ ʚ ʤʦʜʫʣʝ ʩʦʝʜʠʥʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ. ʉʪʦʣʙʠʢʠ, ʢʘʢ ʚ 

ʩʵʥʜʚʠʯʝ, ʟʘʢʣʶʯʝʥʳ ʤʝʞʜʫ ʜʚʫʤʷ ʧʣʘʩʪʠʥʘʤʠ (ʦʙʳʯʥʦ ʢʝʨʘʤʠʯʝʩʢʠʤʠ), 

ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʧʨʦʚʦʜʷʪ ʪʝʧʣʦ, ʥʦ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠʟʦʣʷʪʦʨʘʤʠ. 

ʈʘʟʣʠʯʥʳʝ ʬʠʨʤʳ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʩʝʨʠʡʥʦ ʧʨʦʠʟʚʦʜʷʪ ʪʝʨʤʦ-

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʦʭʣʘʞʜʘʶʱʠʝ ʤʦʜʫʣʠ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʭ ʪʠʧʦʨʘʟʤʝʨʦʚ, 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ, ʤʝʣʢʦʨʦʚʩʢʠʡ ʨʷʜ (ʧʦ ʥʘʟʚʘʥʠʶ ʢʦʤʧʘʥʠʠ Melcor, ʉʐɸ, 

ʢʦʪʦʨʘʷ ʧʝʨʚʦʡ ʦʩʚʦʠʣʘ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʜʦʙʥʳʭ ʤʦʜʫʣʝʡ). ʇʦʜ-

ʯʝʨʢʥʝʤ, ʯʪʦ ʨʦʩʩʠʡʩʢʠʝ ʢʦʤʧʘʥʠʠ çʂʨʠʦʪʝʨʤè, çʅʦʨʜè, çʆʩʪʝʨʤè ʠ ʜʨʫʛʠʝ 

ʟʘʥʠʤʘʶʪ ʣʠʜʠʨʫʶʱʝʝ ʤʝʩʪʦ ʚ ʤʠʨʝ ʧʦ ʢʘʯʝʩʪʚʫ ʧʨʦʠʟʚʦʜʠʤʳʭ ʤʦʜʫʣʝʡ. 
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ʈʠʩ. 2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʙʣʦʢʘ: 

1 ï ʦʙʲʝʢʪ ʦʭʣʘʞʜʝʥʠʷ; 2 ï ʠʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ; 3 ï ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʨ- ʠ n-

ʪʠʧʦʚ; 4 ï ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʠʢ; 5 ï ʵʣʝʢʪʨʦʠʟʦʣʷʪʦʨ; 6 ï ʪʝʧʣʦʦʪʚʦʜʷʱʠʡ ʵʣʝʤʝʥʪ 

 

ʄʦʜʫʣʴ ï ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʦʭʣʘʞʜʘʶʱʠʡ ʫʟʝʣ. ʆʜʥʘʢʦ ʦʥ ʥʝ ʤʦʞʝʪ 

ʨʘʙʦʪʘʪʴ ʙʝʟ ʦʪʚʦʜʘ ʪʝʧʣʦʪʳ ʦʪ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ. ʇʦʵʪʦʤʫ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʡ ʭʦʣʦʜʠʣʴʥʳʡ ʙʣʦʢ ʚʩʝʛʜʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʯʘʩʪʝʡ [6]: 

- ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʠʣʠ ʤʦʜʫʣʝʡ; 

- ʨʘʜʠʘʪʦʨʘ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ ʤʦʜʫʣʷ; 

- ʦʭʣʘʞʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʝ. 

ʆʭʣʘʞʜʘʝʤʳʡ ʦʙʲʝʢʪ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʪʝʧʣʦ-

ʚʦʤ ʢʦʥʪʘʢʪʝ ʩ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʦʡ ʤʦʜʫʣʷ, ʦʜʥʘʢʦ ʯʘʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʧ-

ʣʦʧʨʦʚʦʜʷʱʘʷ ʧʣʘʩʪʠʥʘ, ʣʠʙʦ ʚʦʟʜʫʰʥʳʡ ʠʣʠ ʞʠʜʢʦʩʪʥʦʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ.  

ʆʙʱʠʡ ʚʠʜ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʭʣʘʞʜʘʶʱʝʛʦ ʤʦʜʫʣʷ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩ. 3. 

 

 

 

 
ʈʠʩ. 3. ʊʠʧʠʯʥʳʝ ʪʝʨʤʦ- 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʫʣʠ 
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ʆʩʥʦʚʥʳʝ ʨʘʩʯʝʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʦʭʣʘʞʜʘʶʱʝʛʦ 

 ʪʝʨʤʦʵʣʝʤʝʥʪʘ 
 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʪʝʨʤʦɻ ʣʝʤʝʥʪʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʜʚʫʭ ʧʦʣʫʧʨʦʚʦʜ-

ʥʠʢʦʚʳʭ ʚʝʪʚʝʡ 3 ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʜʳʨʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʷʤʠ ʠ ʠʟ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʝʨʝʤʳʯʝʢ 5 (ʵʪʦʤʫ ʩʣʫʯʘʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ  ʨʠʩ. 2, ʝʩʣʠ 

ʪʘʤ ʦʩʪʘʚʠʪʴ ʪʦʣʴʢʦ ʦʜʥʫ ʧʘʨʫ ʚʝʪʚʝʡ). ʇʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ ʚ ʫʢʘʟʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʠʞʥʠʝ ʧʝʨʝʤʳʯʢʠ ʥʘʛʨʝʚʘʶʪʩʷ, ʘ ʚʝʨʭʥʠʝ ï 

ʦʭʣʘʞʜʘʶʪʩʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʨʭʥʶʶ ʧʝʨʝʤʳʯʢʫ ʥʘʟʳʚʘʶʪ ʭʦʣʦʜʥʳʤ ʩʧʘʝʤ 

(ʪʝʤʧʝʨʘʪʫʨʘ ʊʭ), ʘ ʥʠʞʥʶʶ ï ʛʦʨ̫ʯʠʤ ʩʧʘʝʤ (ʪʝʤʧʝʨʘʪʫʨʘ ʊʛ). 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʦʝ ʚʳʜʝʣʷʝʪ ʛʦʨʷʯʠʡ ʩʧʘʡ, ʙʫʜʝʪ ʙʦʣʴʰʝ 

ʪʝʧʣʦʪʳ, ʢʦʪʦʨʫʶ ʧʦʛʣʦʱʘʝʪ ʭʦʣʦʜʥʳʡ ʩʧʘʡ, ʥʘ ʚʝʣʠʯʠʥʫ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ [5]:  

                                                         Qʛ = P + Q0.                                              (1) 

ʕʥʝʨʛʠʷ P ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʩʦʚʝʨʰʝʥʠʝ ʨʘʙʦʪʳ A ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘ-

ʨʷʜʦʚ ʧʨʦʪʠʚ ʨʘʟʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʮʝʧʠ 

ʧʨʠ ʥʝʨʘʚʝʥʩʪʚʝ ʊʛ ʠ ʊʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ɿʝʝʙʝʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  

 

                                ɸ = Qʛ ï Qʭ = aTʛI ï aTʭI = a I (Tʛ ï Tʭ).                       (2) 

                        

ʛʜʝ a ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʪʝʨʤʦʕɼʉ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʬʠʟʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ; I ï ʩʠʣʘ ʪʦʢʘ. 

ʍʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʨʘʪʥʦʛʦ ʮʠʢʣʘ ʪʝʨʤʦʵʣʝʤʝʥʪʘ, ʚ ʢʦʪʦ-

ʨʦʤ ʨʦʣʴ ʨʘʙʦʯʝʛʦ ʚʝʱʝʩʪʚʘ ʚʳʧʦʣʥʷʝʪ ʵʣʝʢʪʨʦʥʥʳʡ ʛʘʟ ʠ ʦʪʩʫʪʩʪʚʫʶʪ ʥʝ-

ʦʙʨʘʪʠʤʳʝ ʧʦʪʝʨʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 

 

                                       e = 
Q

A

ʭ
 = 

a

a

ʊ I

I ʊ ʊ

ʭ

( )ʛ ʭ-
 = 

ʊ

ʊ ʊ

ʭ

ʛ ʭ-
.                           (3) 

 

ɺʝʣʠʯʠʥʘ e  ʩʦʚʧʘʜʘʝʪ ʩ ʭʦʣʦʜʠʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʙʨʘʪʥʦʛʦ 

ʮʠʢʣʘ ʂʘʨʥʦ, ʪʘʢ ʢʘʢ ʪʝʧʣʦʪʘ ʦʪʚʦʜʠʪʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊʛ, ʘ 

ʧʦʜʚʦʜʠʪʩʷ ʢ ʛʦʨʷʯʝʤʫ ʠʩʪʦʯʥʠʢʫ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊʭ.  

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʘ ʪʝʨʤʦʵʣʝʤʝʥʪʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʦʙʨʘʪʠ-

ʤʳʤʠ ʧʦʪʝʨʷʤʠ ʜʚʫʭ ʪʠʧʦʚ: ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʦʢʘ ʧʦ ʧʨʦʚʦʜʥʠʢʫ ʚʣʝʯʝʪ 

ʜʞʦʫʣʝʚʳʝ ʧʦʪʝʨʠ, ʘ ʧʦ ʧʨʦʚʦʜʥʠʢʘʤ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʮʝʧʴ, ʥʝʧʨʝʨʳʚʥʦ 

ʠʜʝʪ ʪʝʧʣʦʪʘ ʦʪ ʛʦʨʷʯʝʛʦ ʩʧʘʷ ʢ ʭʦʣʦʜʥʦʤʫ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

 

ɼʞʦʫʣʝʚʳʝ ʧʦʪʝʨʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 
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                                                         Qʜʞ = I
2
R,                                                  (4) 

ʛʜʝ R ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʝʪʚʝʡ ʪʝʨʤʦʵʣʝʤʝʥʪʘ. 

ʉ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʣʦʚʠʥʘ ʪʝʧʣʦʪʳ, 

ʚʳʜʝʣʷʶʱʝʡʩʷ ʚ ʮʝʧʠ ʚ ʚʠʜʝ ʜʞʦʫʣʝʚʳʭ ʧʦʪʝʨʴ, ʧʦʩʪʫʧʘʝʪ ʢ ʭʦʣʦʜʥʦʤʫ 

ʩʧʘʶ, ʘ ʧʦʣʦʚʠʥʘ ï ʢ ʛʦʨʷʯʝʤʫ. 

ʊʝʧʣʦʪʘ, ʧʝʨʝʭʦʜʷʱʘʷ ʦʪ ʛʦʨʷʯʝʛʦ ʩʧʘʷ ʢ ʭʦʣʦʜʥʦʤʫ                                                        

  

                                                    Qm = l  (Tʛ ï Tʭ),                                           (5) 

 

ʛʜʝ l ï ʩʨʝʜʥʠʡ ʫʜʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʝʪʚʝʡ ʪʝʨʤʦʵʣʝ-

ʤʝʥʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʨʤʦʵʣʝʤʝʥʪʘ ʩ ʫʯʝʪʦʤ 

ʧʦʪʝʨʴ ʦʧʨʝʜʝʣʠʪʩʷ ʠʟ ʚʨrʘʞʝʥʠʷ  

           

                                        Q0 = aTʭI ï 0,5I
2
R ï l (Tʛ ï Tʭ).                            (6)                          

          

ʊʝʧʣʦʪʘ, ʦʪʚʦʜʠʤʘʷ ʦʪ ʛʦʨʷʯʝʛʦ ʩʧʘʷ  

                                  

                                         Q = aTʛI ï 0,5I
2
R ï l (Tʛ ï Tʭ).                               (7)   

 

ʈʝʘʣʴʥʘʷ ʨʘʙʦʪʘ ʮʠʢʣʘ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ  

 

                               ɸʮ.ʜ = Q ï Q0 = aI (Tʛ ï Tʭ).                                    (8) 

 

ʍʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʘʣʴʥʦʛʦ ʮʠʢʣʘ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʭʦ-

ʣʦʜʠʣʴʥʦʡ ʤʘh ʠʥʳ  

 

                              eʜ = 
a l

a

ʊ I I R ʊ ʊ

I R I ʊ ʊ

ʭ ʛ ʭ

ʛ ʭ

- - -

+ -

05 2

2

, ( )

( )
 .                           (9) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʧʠ-

ʪʘʶʱʝʛʦ ʪʝʨʤʦʵʣʝʤʝʥʪ ʪʦʢʘ. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʭʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ  ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʠ ʪʦʢʝ [7]  

                                                                 

                            I = 
]1)(5,01[

)(

ʭʛ

ʭʛ

-++

-a

ʊʊZR

ʊʊ
.                                (10) 

ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ (ʪʝʨʤʦ-

ʵʣʝʢʪʨʠʢʠ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʙʨʦʪʥʦʩʪʴʶ Z. ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʦʧʨʝʜʝʣʷʝʪ-
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ʩʷ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʝʨʤʦʵʣʝʢʪʨʠʢʘ ï ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ s, ʪʝʧ-

ʣʦʧʨʦʚʦʜʥʦʩʪʴʶ k ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʨʤʦʕɼʉ a ʩʚʷʟʘʥʥʳʤʠ ʬʦʨʤʫʣʦʡ  

                                                        Z = sa
2
/k.                                                (11) 

 

ɺʚʝʜʝʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʄ  

ʄ = 1 05+ +, ( ).Z ʊ ʊʛ ʭ  

ʊʦʛʜʘ, ʧʦʜʩʪʘʚʣʷʷ (10) ʚ (9), ʧʦʣʫʯʘʝʤ 

                                           emax = 
ʊ

ʊ ʊ

ʄ ʊ ʊ

ʄ

ʭ

ʛ ʭ

ʛ ʭ

+1-

- /
.                               (12) 

                                        

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ (ʊʛ ï ʊʭ), ʩʦʟʜʘʚʘʝʤʦʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʙʘʪʘʨʝʝʡ, ʠ ʚʝʣʠʯʠʥʳ 

Z, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʩʚʦʡʩʪʚʘ ʪʝʨʤʦʵʣʝʢʪʨʠʢʘ. ʍʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʪʨʝʤʠʪʩʷ ʢ ʩʚʦʝʤʫ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ emax ʧʨʠ Z  ¤. ʇʦʵʪʦʤʫ ʦʩ-

ʥʦʚʥʘʷ ʟʘʜʘʯʘ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ï ʧʦʚʳʰʝʥʠʝ ʜʦʙʨʦʪ-

ʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ [3]. 

 

ʈʝʞʠʤʳ ʨʘʙʦʪʳ ʦʭʣʘʞʜʘʶʱʠʭ ʪʝʨʤʦʵʣʝʤʝʥʪʦʚ 
 

ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʭʦʣʦʜʠʣʴʥʠʢ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝ-

ʞʠʤʘʭ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: ʨʝʞʠʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʭʦ-

ʣʦʜʠʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ emax ʠ ʨʝʞʠʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ Qmax. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʪʝʨʤʦʵʣʝʤʝʥʪ ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʧʦʪʨʝʙʣʷʝʤʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚ ñʭʦʣʦʜò, ʚʦ ʚʪʦ-

ʨʦʤ ï ʚ ʫʱʝʨʙ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʥʘʠʙʦʣʴʰʝʝ ʧʦʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʨʝʞʠʤ emax ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦ-

ʤʠʯʥʫʶ ʨʘʙʦʪʫ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʝʞʠʤ 

Qmax ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʚʝʜʝʥʥʦʛʦ ʪʝʧʣʘ ʚ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ. 

ɺ ʫʩʣʦʚʠʷʭ ʤʘʢʩʠʤʘʣʴʥʦʡ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʭʦʣʦʜʠʣʥɹʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

                                         emax = 
1

2

2

ʊ
ʊ

ʊ ʊ

Z Tʛ

ʭ
ʛ ʭ

ʭ

-
-å

ç
æ

õ

÷
ö

( )
.                               (13)                                 

ʈʝʞʠʤʳ, ʙʣʠʟʢʠʝ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʚ ʤʘʣʦʤʦʱʥʳʭ ʩʠʩʪʝʤʘʭ, ʚ ʢʦʪʦʨʳʭ ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʝ ʷʚ-

ʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ. ʅʘʧʨʦʪʠʚ, ʚ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʮʝ-
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ʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʞʠʤʳ, ʙʣʠʟʢʠʝ ʢ ʫʩʣʦʚʠʷʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʭʦ-

ʣʦʜʠʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ [3]. 

ʅʘ ʧʨʘʢʪʠʢʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʦʣʦʜʠʣʴʥʠʢʠ ʦʙʳʯʥʦ ʨʘʙʦʪʘʁ ʪ ʧʨʠ 

ʪʦʢʘʭ, ʩʦʩʪʘʚʣʷʶʱʠʭ 25ï80 %  Imax. 

ɼʣʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʭʣʘʜʠʪʝʣʷ ʦʯʝʥʴ ʧʨʦʩʪʦ ʠʟʤʝʥʷʪʴ ʨʝʞʠʤ 

ʨʘʙʦʪʳ ʦʪ emax ʜʦ Qmax, ʠ ʥʘʦʙʦʨʦʪ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʘʪʴ ʚ ʥʝʢʦʪʦʨʦʤ ʧʨʦʤʝʞʫ-

ʪʦʯʥʦʤ ʨʝʞʠʤʝ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʀʥʳʤʠ ʩʣʦ-

ʚʘʤʠ, ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʭʣʘʜʠʪʝʣʴ ʦʪʣʠʯʘʝʪ ʚʳʩʦʢʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʛʠʙʢʦʩʪʴ. 

ʈʝʞʠʤ Qmax ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤʫ ʟʥʘʯʝʥʠʶ ʨʘʙʦ-

ʯʝʛʦ ʪʦʢʘ ʚ ʪʝʨʤʦʵʣʝʤʝʥʪʝ. ɼʣʷ ʨʝʞʠʤʘ emax ʭʘʨʘʢʪʝʨʥʦ ʪʦ, ʯʪʦ ʨʘʙʦʯʠʡ ʪʦʢ 

ʤʝʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʩʧʘʷʭ. 

ʅʘ ʨʠʩ. 4 ʠ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʧʠʯʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʭʦʣʦʜʠʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪ ʧʝʨʝʧʘʜʘ ʪʝʤ-

ʧʝʨʘʪʫʨ ʥʘ ʪʝʨʤʦʵʣʝʤʝʥʪʝ ʜʣʷ ʩʣʫʯʘʝʚ ʨʝʞʠʤʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʥɹʦʩʪʠ [5]. 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʭʦʣʦʜʠʣʴʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ e  ʠ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-

ʩʪʠ   Q0   ʦʪ  ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ  ʜʣʷ 

 ʨʝʞʠʤʘ  ʤʘʢʩʠʤʘʣʴʥʦʛʦ  ʭʦʣʦʜʠʣʴʥʦʛʦ 

 ʢʦɻ ʬʬʠʮʠʝʥʪʘ 

 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʭʦʣʦʜʠʣʴʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ e  ʠ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʠ  Q0  ʦʪ  ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ  ʜʣʷ  

ʨʝʞʠʤʘ  ʤʘʢʩʠʤʘʣʴʥʦʡ 

 ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 
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ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʊɽʈʄʆʕʃɽʂʊʈʀʏɽʉʂʀʍ  

ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ 

ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʪʩʷ ʜʦʙʨʦʪʥʦʩʪʴʶ Z ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʚʝʱʝʩʪʚʘ. ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝ-

ʥʦ, ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚʝʱʝʩʪʚʘ ï 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ s, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ k ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʨʤʦʕɼʉ 

a, ʩʚʷʟʘʥʥʳʤʠ ʬʦʨʤʫʣʦʡ (11). 

ʏʝʤ ʚʳʰʝ Z, ʪʝʤ ʣʫʯʰʝ ʩʚʦʡʩʪʚʘ ʪʝʨʤʦʵʣʝʢʪʨʠʢʘ, ʚʳʰʝ ʝʛʦ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ, ʙʦʣʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʧʘʷʭ [5]. ʍʦʣʦ-

ʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʨʝʤʠʪʩʷ ʢ ʩʚʦʝʤʫ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ eʂʘʨʥʦ 

ʧʨʠ Z  ¤. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝ-

ʥʠʷ ï ʧʦʠʩʢ ʠʣʠ ʩʦʟʜʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʦʟʤʦʞʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʜʦʙʨʦʪʥʦ-

ʩʪʴʶ. 

ɺʝʣʠʯʠʥʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʫʨʘʚʥʝʥʠʷ (11), ʚʟʘʠʤʦʩʚʷʟʘʥʳ, ʪʘʢ ʢʘʢ 

ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ ʜʳʨʦʢ. ʉʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6. 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ n, ʘ 

ʪʝʨʤʦʕɼʉ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ n. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ k ʩʦʩʪʦʠʪ 

ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ (k = kʨ + k )ɻ: ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪ-ʢʠ 

(kʨ), ʢʦʪʦʨʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ n ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

(k )ɻ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ n [2]. 

ɺ ʤʝʪʘʣʣʘʭ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʘʭ ʚʝʣʠʯʠʥʘ Z ʦʯʝʥʴ ʤʘʣʘ ʠʟ-ʟʘ 

ʥʠʟʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʨʤʦʕɼʉ, ʚ ʜʠʵʣʝʢʪʨʠʢʘʭ ʦʥʘ ʪʘʢʞʝ ʤʘʣʘ ʠʟ-ʟʘ ʤʘ-

ʣʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ s. ɺ ʦʙʣʘʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʥʦʩʠʪʝʣʝʡ Z ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʕʪʠʤ ʠ ʦʙʲʷʩʥʷʝʪʩʷ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʦ-

ʵʣʝʢʪʨʠʢʦʚ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʨʤʦʵʣʝʢʪʨʠʢʦʚ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʊ 

(ʨʠʩ. 7) [2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʧʦ-

ʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʧʨʠʤʝʩʝʡ. ʆʜʥʘʢʦ ʦʙ-

ʥʘʨʫʞʝʥʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦ-

ʢʠʝ ʟʥʘʯʝʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʬʘʢʪʦʨʘ ʤʦʱʥʦʩʪʠ sa
2
. ʂ ʩʦʞʘʣʝʥʠʶ, ʪʘʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ k, ʢʦʪʦʨʘʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʤ 

ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ Z. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ [2]. ɺ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʦʩʥʦʚʥʳʝ  ʫʩʠ-

ʣʠʷ  ʥʘʧʨʘʚʣʝʥʳ  ʥʘ  ʪʦ,  ʯʪʦʙʳ  ʥʘʡʪʠ  ʤʘʪʝʨʠʘʣ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʠʤ 

ʟʥʘʯʝʥʠʝʤ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ZT. 
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ɼʣʷ ʵʪʦʛʦ ʚʘʞʥʦ ʟʥʘʪʴ, ʢʘʢ Z ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. ɺʳʨʘʞʝ-

ʥʠʝ ʜʣʷ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ZT ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʚʠʜ [2] 

 

                                                  ZT = F (B, EG/kɹT),                                    (14) 

 

ʛʜʝ ɺ ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʬʘʢʪʦʨ ʢʘʯʝʩʪʚʘ (ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘ-

ʨʘʤʝʪʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʟʥʘʯʝʥʠʝ ʚʘʣʝʥʪʥʦʩʪʠ ʭʠʤʠ-

ʯʝʩʢʦʡ ʩʚʷʟʠ ʘʪʦʤʦʚ, ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ); kɹ ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, ɽG ï 

ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. 

 

 
ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ a, s ʠ k 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ 

 
ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ZT ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ 

n-ʪʠʧʘ BiïSb, Bi2Te3, PbTe ʠ SiïGe 

 

ʄʘʭʘʥ [2] ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʣ ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦ-

ʨʷʪʴ ʣʫʯʰʠʝ ʪʝʨʤʦʵʣʝʢʪʨʠʢʠ: 

1. ɹʳʪʴ ʤʥʦʛʦʚʘʣʝʥʪʥʳʤʠ. ʂʘʢ ʤʠʥʠʤʫʤ ʥʝʦʙʭʦʜʠʤʘ 4-ʚʘʣʝʥʪʥʘʷ 

ʩʚʷʟʴ. 

2. ʀʤʝʪʴ ʚʳʩʦʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ ʜʳʨʦʢ (m >                  

> 1000 ʩʤ
2
/Bʩʝʢ). 

3. ʀʤʝʪʴ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ (ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞ-

ʥʦʛʦ ʟʥʘʯʝʥʠʷ ɺ - ʬʘʢʪʦʨʘ). 

4. ʆʙʣʘʜʘʪʴ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0.5 ʜʦ 1.0 ɺʪ/ʤ ʂ. 

ʅʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʩ ʚʳʩʦʢʠʤ 

ʘʪʦʤʥʳʤ ʚʝʩʦʤ ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ ʵʣʝʤʝʥʪʦʚ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ 

ʤʘʣʫʶ ʵʥʝʨʛʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʩʦʙʩʪʚʝʥʥʫʶ 
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ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. ɺʦʪ ʧʦʯʝʤʫ ʣʫʯʰʠʝ ʪʝʨʤʦʵʣʝʢʪʨʠʢʠ ʩʦʟʜʘʶʪʩʷ ʠʟ ʚʠʩʤʫ-

ʪʘ, ʪʝʣʣʫʨʘ, ʩʚʠʥʮʘ ʠ ʘʥʘʣʦʛʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʩʥʠʞʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ kʨ ï ʩʦʟʜʘʥʠʝ 

ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ ʩʦ ʤʥʦʞʝʩʪʚʦʤ ʘʪʦʤʦʚ ʚ ʷʯʝʡʢʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪ-

ʢʠ (ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʨʝʜʥʝʛʦ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ) ʧʫʪʝʤ ʩʧʣʘʚʣʝʥʠʷ. 

ɽʱʸ ʦʜʥʘ ʩʪʨʘʪʝʛʠʷ ï ʚʚʝʜʝʥʠʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʧʨʠʤʝʩʝʡ, 

ʘʪʦʤʳ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʥʳ ʚʨʘʱʘʪʴʩʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ. ʕʪʦʪ ʩʧʦʩʦʙ ʦʩʦʙʝʥʥʦ 

ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʧʦʠʩʢʫ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʜʦʙʨʦʪʥʦ-

ʩʪʴʶ ʚʝʜʫʪʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦ ʪʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ [3]: 

1. ʉʦʟʜʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʥʝʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʦ ʝʩʪʴ ʤʘʪʝ-

ʨʠʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʦʜʥʦ-

ʨʦʜʥʦʩʪʴ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʜʦʙʨʦʪʥʦʩʪʠ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʢʫʪʪʝʨʫʜʠʪʦʚ ï ʤʘʪʝʨʠʘʣʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʤʠʥʝʨʘʣʘ 

CoAs3. ɺ ʯʘʩʪʥʦʩʪʠ ʠʟʫʯʝʥʠʝ CoAs3, RbAs3, CoSb3, RhSb3 ʠ IrSb3 ʧʦʢʘʟʘʣʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʦʵʣʝʢʪʨʠʢʦʚ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʝʨʭʨʝʰʝʪʦʢ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ (Quantum-Well 

Superlattice - QWSL) ʜʘʣʦ ʦʯʝʥʴ ʚʘʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʦʥʷʪʠʝ ñʢʚʘʥʪʦʚʘʷ 

ʷʤʘò ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʦʙʣʘʩʪʠ ʪʝʨʤʦʵʣʝʢʪʨʠʢʘ, ʚ ʢʦʪʦʨʦʡ 

ʩʨʝʜʥʷʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʥʠʞʝ, ʯʝʤ ʚʥʝ ʝʸ [7]. ʉʦʟ-

ʜʘʚʘʷ ʯʝʨʝʜʦʚʘʥʠʝ ʢʚʘʥʪʦʚʳʭ ʷʤ (ʥʘʧʨʠʤʝʨ, ʧʫʪʝʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʳʣʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ), ʤʦʞʥʦ ʦʙʨʘʟʦʚʘʪʴ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ QWSL. ɺ ʪʘʢʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʜʦʙʨʦʪʥʦʩʪʠ [6]. 

ʆʧʨʝʜʝʣʝʥʥʳʝ ʫʩʧʝʭʠ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦ ʚʩʝʤ 

ʪʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʅʦ ʥʘʠʙʦʣʴʰʠʡ ï ʧʦʣʫʯʝʥ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ                 

QWSL-ʩʪʨʫʢʪʫʨ, ʚ ʢʦʪʦʨʳʭ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʜʦʙʨʦʪʥʦʩʪʠ ʩʨʘʟʫ ʚ 3ï6 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʚʘʥʪʦʚʳʭ ʷʤʘʭ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʧʝʢʪʨʘ 

ʚ ʦʙʲʝʤʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʨʘʟʥʳʭ 

ʩʪʨʘʥ ʠ ʫʩʧʝʰʥʦ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ. ʊʘʢʦʡ ʦʛʨʦʤʥʳʡ ʫʩʧʝʭ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʨʘʟʚʝ ʯʪʦ ʩ ʦʪʢʨʪrʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ e/eʂʘʨʥʦ ʦʪ 

ʜʦʙʨʦʪʥʦʩʪʠ Z ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨ Dʊ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 

8. ʐʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʦ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ Z ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ  ʩʝʡʯʘʩ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʜʫʣʝʡ [3]. 

ʄʦʞʥʦ ʥʘʜʝʷʪʴʩʷ, ʯʪʦ ʜʣʷ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʨ-

ʤʦɻ ʣʝʢʪʨʠʢʦʚ, ʚ ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʟʥʘʯʝʥʠʝ ZT = 4.       

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʦʣʦʜʠʣʴʥʳʝ ʤʘʰʠʥʳ ʙʫʜʫʪ ʭʘʨʘʢʪʝʨʠ-
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ʟʦʚʘʪʴʩʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʠ ʠʤʝʪʴ ʥʝʦʩʧʦʨʠʤʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝ-

ʨʝʜ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʳʤʠ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-    ʩʪʝʡ 

[3]. 

ʇʦʢʘ ʞʝ ʥʘʠʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ  ʜʣʷ  ʪʝʨʤʦ-

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʧʦʣʫʯʠʣʠ ʤʘʪʝʨʠʘʣʳ, ʠʩʭʦʜ-

ʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʜʣʷ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʚʠʩʤʫʪ, ʩʫʨʴʤʘ, ʩʝ-

ʣʝʥ, ʪʝʣʣʫʨ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʤʘʪʝʨʠʘ-

ʣʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫ-

ʨʝ ʩʦʩʪʘʚʣʷʝʪ Z = 3.0Ö10
-3

 ʉ̄
-1

 

ʜʣʷ  n- ʠ p-ʪʠʧʘ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʜʣʷ ʩʦʟ-

ʜʘʥʠʷ ʦʭʣʘʞʜʘʶʱʠʭ ʪʝʨʤʦ-

ʵʣʝʤʝʥʪʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʨ-

ʤʦʵʣʝʢʪʨʠʢʠ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨ-

ʜʳʭ ʨʘʩʪʚʦʨʦʚ ʪʝʣʣʫʨʠʜʘ ʚʠʩ-

ʤʫʪʘ Bi2Te3-Bi2Se3 ʠ Bi2Te3-

Sb2Te3. ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ Bi-

Se ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʝ 250 K̄. ʄʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ Z = 6Ö10
-3

 ʉ̄
-1

 ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʜʦʩʪʠʛʘʝʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T = 80é90 K̄. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʧʣʘʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (ʵʬʬʝʢʪʳ ʅʝʨʥʩʪʘ, ʕʪʪʠʥʩʛʭʘʫʟʝʥʘ ʠ ʜʨ.).  

ʆʙʣʘʩʪʴ ʧʦʚʳʰʝʥʥʦʛʦ ʠʥʪʝʨʝʩʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ï ʨʘʙʦʪʘ ʪʝʨʤʦʵʣʝʢ-

ʪʨʠʢʘ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʧʝʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ [2]. 

 

ʂʆʅʉʊʈʋʂʎʀʆʅʅʆɽ  ʆʌʆʈʄʃɽʅʀɽ 

  ʊɽʈʄʆʕʃɽʂʊʈʀʏɽʉʂʀʍ  ʄʆɼʋʃɽʁ 

 

ʂʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʩʦʩʪʦʠʪ ʠʟ ʙʘʪʘʨʝʠ ʪʝʨʤʦ-

ʧʘʨ, ʧʦʤʝʱʝʥʥʳʭ ʤʝʞʜʫ ʜʚʫʤʷ ʪʝʧʣʦʧʝʨʝʭʦʜʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ,            ʢʘʢ 

ʧʨʘʚʠʣʦ, ʠʟ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ (ʨʠʩ. 1, 2). ʄʘʪʝʨʠʘʣ, ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦ-

ʪʘʚʣʠʚʘʶʪʩʷ ʪʘʢʠʝ ʧʣʘʩʪʠʥʳ, ʜʦʣʞʝʥ ʷʚʣʷʪʴʩʷ ʭʦʨʦʰʠʤ ʵʣʝʢʪʨʦʠʟʦ-

ʣ̫ʪʦʨʦʤ, ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʦʙʣʘʜʘʪʴ           

 
ʈʠʩ. 8. ɿʘʚʠʩʠʤʦʩʪʴ  ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʭʦʣʦʜʠʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪ  

ʜʦʙʨʦʪʥʦʩʪʠ Z ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʥʦʩʪʷʭ 

ʪʝʤʧʝʨʘʪʫʨ Dʊ = ʊʛ ï ʊʭ 
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ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʩʨʘʚʥʠʤʦʡ ʩ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʤʝʜʠ               

(386 ɺʪ/ʤ ʂ). ʈʘʟʤʝʨ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ ʦʧʨʝʜʝʣʷʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘ-

ʨʘʤʝʪʨʳ ʚʩʝʛʦ ʤʦʜʫʣʷ, ʧʦʩʢʦʣʴʢʫ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʙʣʦʢʘ ʪʝʨʤʦʵʣʝʤʝʥ-

ʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ  ʦʢʦʣʦ 40 % ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ. 

 ɺ ʢʘʯʝʩʪʚʝ ʢʝʨʘʤʠʯʝʩʢʠʭ ʪʝʧʣʦʧʝʨʝʭʦʜʦʚ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ (Al2O3) ʩ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 

25 ɺʪ/ʤ
 
ʂ. ʆʢʩʠʜ ʙʝʨʠʣʣʠʷ ʦʙʣʘʜʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦ-

ʩʪʴʶ ï 250 ɺʪ/ʤʂ, ʥʦ ʦʥ ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ ʜʦʨʦʛʠʤ ʩʝʛʦʜʥʷ, ʠ, ʢʨʦʤʝ ʪʦʛʦ, 

ʪʦʢʩʠʯʥʳʤ. ʇʨʝʢʨʘʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦ-ʩʪʴʶ 

ï 180 ɺʪ/ʤʂ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʪʨʠʜ ʘʣʶʤʠʥʠʷ (AlN). ʉʪʦʠʤʦʩʪʴ ʵʪʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ, ʢʦʪʦʨʘʷ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʙʳʣʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ, ʚ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʩʥʠʞʘʝʪʩʷ ʚ ʩʚʷʟʠ ʩ ʤʘʩʩʦʚʳʤ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʠ ʵʪʦ ʫʞʝ ʜʦ-

ʚʦʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʤʘʪʝʨʠʘʣ. 

 ʄʦʜʫʣʠ, ʧʨʦʠʟʚʦʜʠʤʳʝ ʙʝʟ ʢʝʨʘʤʠʯʝʩʢʠʭ ʪʝʧʣʦʧʝʨʝʭʦʜʦʚ, ʷʚʣʷʁ ʪʩʷ 

ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʵʣʝʤʝʥʪʳ ʚ ʥʠʭ ʨʘʟʜʝʣʝʥʳ ʣʠʰʴ ʪʦʥʢʠʤ ʩʣʦ-

ʝʤ ʵʣʝʢʪʨʦʠʟʦʣʷʪʦʨʘ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 0.1 ʤʤ. ɺ ʪʘʢʠʭ ʤʦʜʫʣʷʭ, ʪʝʤ ʥʝ ʤʝ-

ʥʝʝ, ʥʝʦʙʭʦʜʠʤʘ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʷ ʤʝʞʜʫ ʤʝʜʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ ʠ ʪʝʧʣʦʦʙ-

ʤʝʥʥʠʢʦʤ. ɺ ʦʩʥʦʚʥʦʤ ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʥʢʠʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʠʟʦʣʷ-

ʪʦʨ, ʪʘʢʦʡ ʢʘʢ ʤʫʣʘʨ ʠʣʠ ʢʵʧʪʦʥ [8]. 

 ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ  ʤʦʜʫʣʷ ʟʘʚʠʩʠʪ ʚ ʧʝʨʚʫʶ ʦʯʝ-

ʨʝʜʴ ʦʪ ʢʘʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʦʪ ʪʝʧ-

ʣʦʧʨʦʚʦʜʥʦʩʪʠ ʵʣʝʢʪʨʦʠʟʦʣʷʪʦʨʘ, ʙʫʜʴ ʪʦ ʢʝʨʘʤʠʯʝʩʢʠʡ, ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ. 

 

ʊʝʧʣʦʚʦʝ ʩʦʧʨʷʞʝʥʠʝ ʪʝʨʤʦʙʘʪʘʨʝʠ  

(ʤʦʜʫʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ) 

 

 ʄʠʥʠʤʘʣʴʥʳʤ ʪʝʧʣʦʚʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʦʙʣʘʜʘʝʪ ʧʘʷʥʳʡ ʠʥʪʝʨ-

ʬʝʡʩ. ʉʝʛʦʜʥʷ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʩʦʧʨʷʛʘʶʪ ʤʦʜʫʣʠ ʩ ʢʝʨʘʤʠʢʦʡ ʧʨʠ ʧʦʤʦʱʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ñʪʝʨʤʦʩʤʦʣʳò 

(ʵʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ) ï ʧʦʨʦʰʢʘ ʦʢʩʠʜʘ ʮʠʥʢʘ ʚ ʞʠʜʢʦʤ ʩʪʝʢʣʝ. ʉʫʱʝʩʪʚʫʶʪ 

ʪʘʢʞʝ ʪʝʨʤʦʧʦʜʣʦʞʢʠ [8]. ʊʘʢʦʝ ʩʦʧʨʷʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʦʡ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʪʝʧʣʦʦʙ-

ʤʝʥʥʠʢʦʤ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ  0.35 ʂʩʤ
2
/ɺʪ.  ʂʝʨʘʤʠʢʘ  ʥʘ ʦʩʥʦʚʝ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ   ʪʦʣʱʠʥʦʡ 0.6 ʤʤ ʠʤʝʝʪ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 0.24 

ʂʩʤ
2
/ɺʪ (ʧʦʨʷʜʢʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʝʸ ʠʥʪʝʨʬʝʡʩʘ). ʃʠʩʪ ʢʵʧʪʦʥʘ ʪʦʣ ʠɦʥʦʡ 50 

ʤʢʤ ʦʙʣʘʜʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 0.5 ʂʩʤ
2
/ɺʪ ʠ ʠʤʝʝʪ ʜʚʘ ʠʥʪʝʨʬʝʡʩʘ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝʤ 0.35 ʂʩʤ
2
/ɺʪ ʢʘʞʜʳʡ. 
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ʊʝʧʣʦʦʙʤʝʥʥʠʢʠ 
 

 ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʨʳʥʦʢ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ        ʩʫ-

ʱʝʩʪʚʦʚʘʣ ʜʣʷ ñʫʥʠʚʝʨʩʘʣʴʥʳʭò ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦ-

ʩʦʙʘʤʠ ʤʦʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ. ʉʝʛʦʜʥʷ ʨʘʩ-

ʪʸʪ ʜʦʣʷ ʨʳʥʢʘ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʝ         ʧʨʦʠʟʚʦʜʷʪʩʷ ʜʣʷ 

ʢʦʥʢʨʝʪʥʳʭ ʮʝʣʝʡ ʩ ʫʞʝ ʚʩʪʨʦʝʥʥʳʤʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʤʠ [8]. 

ɼʚʝ ʧʦʜʦʙʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ. 

 

ʉʧʝʮʠʘʣʴʥʳʝ ʘʣʶʤʠʥʠʝʚʳʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ ʩ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʝʡ 

 ʢʦʥʪʘʢʪʦʚ 

ʇʦ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʤʦʥʪʠʨʫʶʪʩʷ ʥʝ-

ʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʪʝʧʣʦʦʙʤʝʥʥʠʢ, ʦʨʝʙʨʸʥʥʳʡ ʘʣʶʤʠʥʠʝʚʳʤʠ ʧʣʘʩʪʠʥʘʤʠ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʨʘʟʣʠʯʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʠ ʚ ʘʣʶʤʠʥʠʝʚʳʭ ʠ ʤʝʜʥʳʭ ʢʦʥʪʘʢʪʘʭ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʚʦʟʤʦʞ-

ʥʦ ʦʯʝʥʴ ʵʢʦʥʦʤʠʯʥʘʷ, ʪʨʝʙʫʝʪ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ. 

 

ʊʝʧʣʦʦʙʤʝʥʥʠʢʠ ʠʟ ʥʠʪʨʠʜʘ ʘʣʶʤʠʥʠʷ 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʪʦʤ, ʯʪʦ ʥʠʪʨʠʜ ʘʣʶʤʠʥʠʷ ʷʚʣʷʝʪ-

ʩʷ ʧʨʝʢʨʘʩʥʳʤ ʧʨʦʚʦʜʥʠʢʦʤ ʪʝʧʣʘ ʠ ʦʪʣʠʯʥʳʤ ʵʣʝʢʪʨʦʠʟʦʣʷʪʦʨʦʤ, ʥʘʨʜ̫ʫ ʩ 

ʪʝʤ, ʯʪʦ ʦʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ. ʉʣʝʜʦʚʘʪʝʣʥɹʦ, 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʠʥ-

ʪʝʨʬʝʡʩ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ. 

  

ʇʈʀʄɽʅɽʅʀʗ ʊɽʈʄʆʕʃɽʂʊʈʀʏɽʉʂʆɻʆ  ʆʍʃɸɾɼɽʅʀʗ 

 

ɺʘʞʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʭʦʣʦ-

ʜʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʦʭʣʘʞʜʝʥʠʷ ʦʙʫʩʣʦʚʠʣʠ ʰʠʨʦʢʫʶ ʩʬʝʨʫ 

ʧʨʠʣʦʞʝʥʠʡ ʵʪʦʛʦ ʤʝʪʦʜʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ 

ʢʣʘʩʩʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ [3]. 

1. ʄʘʣʦʤʦʱʥʳʝ ʦʭʣʘʜʠʪʝʣʠ (Q0 < 100 ɺʪ). ʇʦʜʘʚʣʷʶʱʝʝ ʯʠʩʣʦ ʪʝʨ-

ʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʦʪʥʦʩʷʪʩʷ ʠʤʝʥʥʦ ʢ ʵʪʦʤʫ ʢʣʘʩʩʫ. ʇʨʠ ʪʘ-

ʢʠʭ ʤʦʱʥʦʩʪʷʭ ʦʥʠ ʩʨʘʚʥʠʤʳ ʩ ʢʦʤʧʨʝʩʩʠʦʥʥʳʤʠ ʤʘʰʠʥʘʤʠ ʩ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 
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2. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ    ʭʦʣʦʜʠʣʴʥʠʢʠ     ʩʨʝʜʥʝʡ     ʤʦʱʥʦʩʪʠ                  

(100 < Q0 < 500 ɺʪ). ʇʨʠ ʪʘʢʠʭ ʤʦʱʥʦʩʪʷʭ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʠʞʝ, ʯʝʤ ʢʦʤʧʨʝʩʩʠʦʥ-

ʥʳʭ. 

3. ɺʳʩʦʢʦʤʦʱʥʳʝ ʦʭʣʘʜʠʪʝʣʠ (Q0 > 500 ɺʪ). ʇʨʠʤʝʥʝʥʠʝ ʪʝʨʤʦʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʤʦʱʥʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʦʧ-

ʨʘʚʜʘʥʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʝʩʫ, ʨʘʟʤʝʨʘʤ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʝʨʝʛʨʫʟʢʘʤ, ʥʝ-

ʦʙʭʦʜʠʤʦʩʪʠ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʠ ʪ. ʧ. ʅʘʧʨʠʤʝʨ,  ʚ ʉʐɸ ʨʘʟʨʘʙʦʪʘʥʘ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʠʣʦʪʦʚ ʚʝʨʪʦʣʝʪʦʚ 

ʩ Q0 = 1 ʢɺʪ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʣʦʞʝʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʦʙʣʘʩʪʷʤ ʧʨʠʤʝʥʝʥʠʷ. 

ʂ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʭʦʣʦʜʠʣʴʥʠʢʘʤ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʦʪʥʦʩʷʪʩʷ ʧʦʨʪʘʪʠʚʥʳʝ ʧʠʢʥʠʢ-ʙʦʢʩʳ, ʧʝʨʝʥʦʩʥʳʝ ʜʦʤʘʰʥʠʝ ʭʦʣʦʜʠʣʴʥʠʢʠ, 

ʦʭʣʘʜʠʪʝʣʠ ʜʣʷ ʥʘʧʠʪʢʦʚ (ʩʦʢʦʚ, ʚʠʥʘ),  ʩʪʘʮʠʦʥʘʨʥʳʝ ʦʭʣʘʜʠʪʝʣʠ-ʬʠʣʴʪʨʳ 

ʚʦʜʳ, ʥʘʛʨʝʚʘʪʝʣʠ-ʦʭʣʘʜʠʪʝʣʠ ʜʝʪʩʢʦʛʦ ʧʠʪʘʥʠʷ, ʭʦʣʦʜʠʣʴʥʠʢʠ ʜʣʷ ʛʦʩʪʠ-

ʥʠʯʥʳʭ ʥʦʤʝʨʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʜʝʣʘʝʪ ʦʯʝʥʴ ʫʜʦʙʥʳʤ ʧʨʠʤʝʥʝʥʠʝ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʦʭʣʘʜʠʪʝʣʝʡ ʥʘ ʪʨʘʥʩʧʦʨʪʝ. ʈʘʟʨʘʙʦʪʘʥʳ ʘʚʪʦʤʦ-

ʙʠʣʴʥʳʝ ʤʠʥʠ-ʭʦʣʦʜʠʣʴʥʠʢʠ, ʘʚʪʦʤʦʙʠʣʠ ʩ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʥʳʤ ʢʫʟʦʚʦʤ, 

ʦʭʣʘʜʠʪʝʣʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʩʠʜʝʥʠʡ ʠ ʤʦʪʦʮʠʢʣʝʪʥʳʭ ʰʣʝʤʦʚ, ʦʭʣʘʜʠʪʝʣʠ 

ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʜʣʷ ʩʘʤʦʣʝʪʦʚ ʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʘʛʦʥʦʚ. 

ʉʦʟʜʘʥʳ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʙʣʦʢʠ ʜʣʷ ʢʦʥʜʠʮʠʦʥʝʨʦʚ ʥʘ ʧʦʝʟʜʘʭ ʰʚʝʜ-

ʩʢʠʭ ʠ ʬʨʘʥʮʫʟʩʢʠʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ [3]. ʇʨʦʭʦʜʷʪ ʠʩʧʳʪʘʥʠʷ ʪʝʨʤʦʵʣʝʢ-

ʪʨʠʯʝʩʢʠʝ ʢʦʥʜʠʮʠʦʥʝʨʳ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ. ʇʨʝʜʩʪʘʚʣʷʶʪʩʷ 

ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʣʦʢʘʣʴʥʳʝ ʢʦʥʜʠʮʠʦʥʝʨʳ ʜʣʷ ʢʦʤ-

ʬʦʨʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚʦʜʠʪʝʣʷ ʠʣʠ ʦʜʥʦʛʦ ʧʘʩʩʘʞʠʨʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʠ ʩʠʩʪʝʤʘʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ï ʵʪʦ ʫʧʨʘʚʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʧʨʦʮʝʩʩʘ-

ʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʦʯʥʦʝ ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʙʣʦʢʦʚ, ʞʝʩʪʢʘʷ ʟʘʱʠʪʘ ʢʨʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʪ ʚʥʝʰʥʠʭ ʪʝʧʣʦʚʳʭ ʚʦʟʜʝʡʩʪ-

ʚʠʡ,  ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʩʠʩ-

ʪʝʤ ʘʚʪʦʤʘʪʠʢʠ, ʦʭʣʘʞʜʝʥʠʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʣʘʟʝʨʥʳʭ ʜʠʦ-

ʜʦʚ ʩ ʮʝʣʴʶ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʪʦʨʛʦʚʣʠ ʠ ʧʠʪʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʭʣʘʞʜʘʝʤʳʝ 

ʙʘʨʳ ʜʣʷ ʥʘʧʠʪʢʦʚ ʠ ʦʭʣʘʞʜʘʝʤʳʝ ʚʠʪʨʠʥʳ, ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʠ 

ʚʟʙʠʚʘʥʠʷ ʤʘʩʣʘ, ʤʦʨʦʞʝʥʦʛʦ ʠ ʩʣʠʚʦʢ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʨʮʠʦʥʥʳʝ ʦʭʣʘ-

ʜʠʪʝʣʠ ʙʣʶʜ, ʦʭʣʘʜʠʪʝʣʠ ʤʦʣʦʢʘ ʠ ʪ. ʧ. 
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ʇʨʠʤʝʥʝʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚ ʤʝʜʠʮʠʥʝ. ʕʪʦ ʧʨʠ-

ʙʦʨʳ ʜʣʷ ʘʥʘʣʠʟʘ ʢʨʦʚʠ, ʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʧʝʨʝʥʦʩʥʳʝ ʭʦʣʦʜʠʣʴʥʠʢʠ ʜʣʷ ʣʝ-

ʢʘʨʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʦʤʘʰʥʠʝ ʦʭʣʘʜʠʪʝʣʠ ʠʥʩʫʣʠʥʘ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʨʝ-

ʧʘʨʠʨʦʚʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʪʢʘʥʝʡ, ʙʠʦʩʪʠʤʫʣʷʪʦʨʳ, ʢʨʠʦʛʝʥʥʳʝ ʧʠʥʮʝʪʳ ʜʣʷ 

ʦʬʪʘʣʴʤʦʣʦʛʠʠ, ʢʨʠʦʛʝʥʥʳʝ ʩʢʘʣʴʧʝʣʠ, ʦʭʣʘʞʜʘʝʤʳʝ ʧʨʝʜʤʝʪʥʳʝ ʩʪʦʣʠʢʠ 

ʜʣʷ ʤʠʢʨʦʩʢʦʧʦʚ, ʦʭʣʘʞʜʘʝʤʳʝ ʧʦʜʣʦʞʢʠ ʜʣʷ ʟʫʙʦʚʨʘʯʝʙʥʦʛʦ ʮʝʤʝʥʪʘ, ʪʝʨ-

ʤʦʩʪʘʪʠʨʦʚʘʥʥʳʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʦʜʝʷʣʘ, ʧʝʨʩʦʥʘʣʴʥʳʝ ʙʦʣʴʥʠʯʥʳʝ ʭʦʣʦ-

ʜʠʣʴʥʠʢʠ. 

ɼʘʣʝʢʦ ʥʝ ʧʦʣʥʳʡ ʩʧʠʩʦʢ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠ ʥʘʫʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʦʭʣʘʜʠʪʝʣʝʡ ʚʢʣʶʯʘʝʪ: ʦʭʣʘʞʜʘʝʤʳʝ 

ʠʥʬʨʘʢʨʘʩʥʳʝ ʜʝʪʝʢʪʦʨʳ, ʨʝʬʨʘʢʪʦʤʝʪʨʳ, ʣʘʟʝʨʥʳʝ ʢʦʣʣʠʤʘʪʦʨʳ, ʬʦʪʦʫʤ-

ʥʦʞʠʪʝʣʠ,  ʇɿʉ ʤʘʪʨʠʮʳ, ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ, ʵʣʝʢʪʨʦʥʥʳʝ ʧʣʘʪʳ, ʩʧʝʢ-

ʪʨʦʬʦʪʦʤʝʪʨʳ, ʪʝʨʤʦʧʨʦʛʨʘʤʤʘʪʦʨʳ, ʦʭʣʘʞʜʘʝʤʳʝ ʢʘʤʝʨʳ ʠ ʤʝʰʘʣʢʠ, ʜʝ-

ʪʝʢʪʦʨʳ ʪʦʯʢʠ ʟʘʤʝʨʟʘʥʠʷ ʠ ʪʦʯʢʠ ʨʦʩʳ, ʵʪʘʣʦʥʳ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ, 

ʷʯʝʡʢʠ ʜʣʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ, ʦʩʤʦʤʝʪʨʳ, ʘʥʘʣʠʟʘʪʦʨʳ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ, 

ʧʨʠʙʦʨʳ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʩʪʳʚʘʥʠʷ ʥʝʬʪʠ. 

ɼʨʫʛʠʝ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʤʦʞ-

ʥʦ ʥʘʡʪʠ ʚ ʣʠʪʝʨʘʪʫʨʝ [4]. 

 

 

ʈɸʉʏɪʊ  ʊɽʈʄʆʕʃɽʂʊʈʀʏɽʉʂʀʍ  ʆʍʃɸɾɼɸʖʑʀʍ  

ʋʉʊʈʆʁʉʊɺ 

ʈʘʩʯʸʪ ʦʭʣʘʞʜʘʶʱʝʡ ʪʝʨʤʦʙʘʪʘʨʝʠ ʚ ʨʝʞʠʤʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʭʦʣʦʜʠʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʀʥʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʸʪʳ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʨʤʦʙʘ-

ʪʘʨʝʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʟʘʜʘʥʥʦʡ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʠʟʚʝʩʪʥrʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʊʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ:   

ï ʭʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ;  

ï ʤʦʱʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʙʫʜʝʪ ʧʦʪʨʝʙʣʷʪʴ ʪʝʨʤʦʙʘʪʘʨʝʷ ʠʟ ʩʝʪʠ;  

ï ʪʝʧʣʦʪʘ, ʚʳʜʝʣʷʝʤʘʷ ʥʘ ʛʦʨʷʯʠʭ ʩʧʘʷʭ;  

ï ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʜʥʦʤ ʪʝʨʤʦʵʣʝʤʝʥʪʝ;  

ï ʯʠʩʣʦ ʪʝʨʤʦʵʣʝʤʝʥʪʦʚ;  

ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʜʥʦʛʦ ʪʝʨʤʦʵʣʝʤʝʥʪʘ ʠ ʚʩʝʡ ʪʝʨʤʦʙʘʪʘʨʝʠ;  

ï ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʜʣʠʥʦʡ ʠ ʩʝʯʝʥʠʝʤ ʚʝʪʚʝʡ. 
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ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʦʨʷʜʦʢ ʨʘʩʯʸʪʘ ʢʦʥʢʨʝʪʥʦʡ 

ʪʝʨʤʦʙʘʪʘʨʝʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʣʝʜʫʶʱʠʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: ʜʦʙʨʦʪʥʦʩʪʴ ʤʘ-

ʪʝʨʠʘʣʘ  Z = 2.8Ö10
-3

 K̄
-1
; ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʦʕɼʉ a = 3.7Ö10

-3
 B/K; ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ s = 8Ö10
4
 ʆʤ

-1
 ʤ
-1
; ʪʨʝʙʫʝʤʘʷ ʭʦʣʦʜʦʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ Q0 = 20 ɺʪ; ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʊʭ = 280 ̄ K, ʊʛ = 310 ̄K; ʠʩ-

ʪʦʯʥʠʢ ʧʠʪʘʥʠʷ Uʧ = 12 ɺ. 

 
ʊʘʙʣʠʮʘ 1 

 

 ̄

ʧʧ 

ʆʧʨʝʜʝʣʷʝʤʘʷ 

 ʚʝʣʠʯʠʥʘ 

ʈʘʩʯʸʪʥʘʷ 

 ʬʦʨʤʫʣʘ 

ʈʝʟʫʣʴ-

ʪʘʪ  

ʨʘʩʯʸʪʘ 

1 ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʄ = 1 05+ +, ( )Z ʊ ʊʛ ʭ  1.35 

2 ʍʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ emax   = 
ʊ

ʊ ʊ

ʄ ʊ ʊ

ʄ

ʭ

ʛ ʭ

ʛ ʭ

-

-

+

/

1
 0.96 

3 ʄʦʱʥʦʩʪʴ ʈ, ɺʪ P = Q0 / emax 21 

4 ʊʝʧʣʦʪʘ ʛʦʨʷʯʠʭ ʩʧʘʝʚ Qʛ, ɺʪ Qʛ = P + Q0 41 

5 ʇʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ U0, ɺ U0 =  
1

)ʭʛ(

-

-a

ʄ

ʄʊʊ
 0.043 

6 ʏʠʩʣʦ ʪʝʨʤʦʧʘʨ N = Uʧ / U0 280 

7 ʆʧʪʠʤʘʣʴʥʳʡ ʪʦʢ Iʦʧʪ, ɸ Iʦʧʪ = P / Uʧ 1,75  

 

8 

 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʨʤʦʙʘʪʘʨʝʠ R, ʆʤ R = 
]1)ʭʛ(5,01[ʦʧʪ

)ʭʛ(

-++

-a

ʊʊZI

Nʊʊ
 

 

5,1 

 

9 ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʨʤʦʧʘʨʳ R0, ʆʤ R0 = R / N 0,0182 

10 ʉʦʦʪʥʦʰʝʥʠʝ ʜʣʠʥʳ ʠ ʩʝʯʝʥʠʷ ʚʝʪʚʠ l / S = ʫ
.
R0 / 2 728 

11 ʉʝʯʝʥʠʝ ʚʝʪʚʠ, ʤʤ
2
 S = l / N 5,5 

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʨʝʞʠʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦ. 

ʇʦʜʯʝʨʢʥʝʤ ʪʘʢʞʝ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ l ʤʝʞʜʫ ʩʧʘʷʤʠ ʪʝʨʤʦʵʣʝʤʝʥʪʘ 

ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 2 ʤʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʤʘʣʳʭ ʜʣʠʥʘʭ ʚʦʟʥʠʢʘʶʪ ʩʣʠʰ-

ʢʦʤ ʙʦʣʴʰʠʝ ʪʝʧʣʦʧʨʠʪʦʢʠ ʩ ʛʦʨʷʯʝʛʦ ʩʧʘʷ ʥʘ ʭʦʣʦʜʥʳʡ. ʏʨʝʟʤʝʨʥʦʝ ʞʝ 

ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʧʨʠʚʦʜʠʪ ʢ ʠʟʣʠʰʥʝʤʫ ʨʘʩʭʦʜʫ ʤʘʪʝʨʠʘʣʘ ʠ ʫʚʝʣʠʯʝʥʠʶ 

ʭʨʫʧʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. 
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ʈʘʩʯʸʪ ʪʝʨʤʦʙʘʪʘʨʝʠ ʚ ʨʝʞʠʤʝ ʤʘʢʩʠʤʘʣʴʥʦʡ  

ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʥɹʦʩʪʠ 
 

ʇʨʠ ʟʘʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʚʝʪʚʠ ʠ ʠʟʚʝʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦʣʫ-

ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʚʝʱʝʩʪʚʘ ʪʨʝʙʫʝʪʩʷ ʨʘʩʩʯʠʪʘʪʴ: 

ï ʯʠʩʣʦ ʪʝʨʤʦʵʣʝʤʝʥʪʦʚ;  

ï ʪʦʢ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʥʠʭ;  

ï ʥʘʧʨʷʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ;  

ï ʧʦʪʨʝʙʣʷʝʤʫʶ ʪʝʨʤʦʙʘʪʘʨʝʝʡ ʤʦʱʥʦʩʪʴ;  

ï ʭʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ɺ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʦʨʷʜʦʢ ʨʘʩʯʸʪʘ ʢʦʥʢʨʝʪ-              

ʥʦʡ ʪʝʨʤʦʙʘʪʘʨʝʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʣʝʜʫʶʱʠʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: ʜʣʠʥʘ           

ʪʝʨʤʦʵʣʝʤʝʥʪʘ l = 4 ʤʤ; ʩʝʯʝʥʠʝ S = 5.5 ʤʤ
2
; ʜʦʙʨʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ               

Z = 2.8Ö10
-3

 K̄
-1
; ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʦʕɼʉ a = 3.7Ö10

-4
 B/K; ʢʦʵʬʬʠʮʠʝʥʪ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ s = 8Ö10
4
 ʆʤ

-1
ʤ
-1
; ʪʨʝʙʫʝʤʘʷ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ Q0 = 20 ɺʪ; ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʊʭ = 280 K, ʊʛ = 310 K. 

 
ʊʘʙʣʠʮʘ 2 

 

 ̄

ʧʧ 

ʆʧʨʝʜʝʣʷʝʤʘʷ 

 ʚʝʣʠʯʠʥʘ 

ʈʘʩʯʸʪʥʘʷ 

 ʬʦʨʤʫʣʘ 

ʈʝʟʫʣʴʪʘʪ 

ʨʘʩʯʸʪʘ 

1 ʆʧʪʠʤʘʣʴʥʳʡ ʪʦʢ Iʦʧʪ, ɸ Iʦʧʪ = a Tʭ s S /(2l) 5.7 

2 ʇʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ U0, ɺ U0 = a
.
Tʛ 0.115 

 

3 

 

ʍʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ eʜ  = 
1

2

2

ʊ
ʊ

ʊ ʊ

Zʊʛ
ʭ

ʛ ʭ

ʭ
-

-å
ç
æ õ

÷
ö

( )
 

 

0.96 

4 ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʨʤʦʧʘʨʳ R0, ʆʤ R0 = 2l / s 
.
S 0,0182 

5 

 

ʍʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʨʤʦʧʘ-

ʨʳ Q¡, ɺʪ Q¡ = 
a2 2

20R

ʊ ʊ ʊ

Z

ʭ ʛ ʭ-
-å

ç
æ

õ

÷
ö 

 

0.22 

6 ʏʠʩʣʦ ʪʝʨʤʦʧʘʨ N N = Q0 / Q¡   91 

7 ʄʦʱʥʦʩʪʴ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʦʜʥʦʡ ʪʝʨ-

ʤʦʧʘʨʦʡ, ʈ0, ɺʪ 
P0 = Q0 / eʜ   0.76 

8 ʄʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʈ0, ɺʪ P = ʈ0Ö N  69,16 

9 ʊʝʧʣʦʪʘ ʛʦʨʷʯʠʭ ʩʧʘʝʚ Qʛ, ɺʪ Qʛ = P + Q0 89 

10 ʅʘʧʨʷʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ Uʧ, B Uʧ = U0 ÖN 10,5 

ʇʘʨʘʤʝʪʨʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʚʳʙʦʨʘ ʩʪʘʥʜʘʨʪʥʦʛʦ 

 ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ 
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ɺʳʙʦʨ ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʘ ʪʨʝʭ ʧʘʨʘʤʝʪ-      ʨʘʭ [9]. 

ʀʤʠ ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʷʯʝʡ Tʛ ʠ ʭʦʣʦʜʥʦʡ ʊʭ ʩʪʦʨʦʥ ʤʦʜʫʣʷ, ʘ ʪʘʢʞʝ 

ʪʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ Q0, ʢʦʪʦʨʫʶ ʩʣʝʜʫʝʪ ʦʪʚʦʜʠʪʴ ʦʪ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʳ. 

ʈʘʩʯʸʪ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ ʤʦʜʫʣʷ 

ɻʦʨʷʯʝʡ ʩʪʦʨʦʥʦʡ ʤʦʜʫʣʷ ʷʚʣʷʝʪʩʷ ʪʘ ʩʪʦʨʦʥʘ, ʥʘ ʢʦʪʦʨʦʡ ʪʝʧʣʦ ʚʳ-

ʜʝʣʷʝʪʩʷ ʧʨʠ ʧʦʜʘʯʝ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ʅʘ ʵʪʫ ʩʪʦʨʦʥʫ ʤʦʥ-

ʪʠʨʫʝʪʩʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʦ-

ʩʣʝʜʥʝʛʦ (ʝʩʪʝʩʪʚʝʥʥʳʡ ʠʣʠ ʚʳʥʫʞʜʝʥʥʳʡ ʪʝʧʣʦʦʙʤʝʥ), ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʷ-

ʯʝʡ ʩʪʦʨʦʥʳ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ 

                                                   Tʛ = Tʦʢʨ + Rʛ  Qʛ,                                       (15) 

ʛʜʝ ʊʦʢʨ ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʉ̄, Rʛ ï ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ ʤʦʜʫʣʷ, ʉ̄/ɺʪ; Qʛ ï ʪʝʧʣʦʪʘ, ʚʳʜʝʣʷʝʤʘʷ 

ʥʘ ʛʦʨʷʯʠʭ ʩʧʘ̫ ʭ, ɺʪ. 

                                                         Qʛ = P + Q0,                                            (16) 

ɿʜʝʩʴ ʈï ʧʦʜʚʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ, ɺʪ.  

ʅʘʣʠʯʠʝ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ ʩʪʘʥʦʚʠʪʩʷ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʳ ʥʘ ʥʝʢʦʪʦʨʫʶ ʚʝʣʠʯʠʥʫ. ɽʩʣʠ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʝʠʟʚʝʩʪ-

ʥʦ, ʪʦ ʦʮʝʥʠʪʴ ʵʪʫ ʚʝʣʠʯʠʥʫ ʤʦʞʥʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʝʚ ʪʝʧʣʦʦʙʤʝʥʘ: 

ï ʝʩʪʝʩʪʚʝʥʥʘʷ ʢʦʥʚʝʢʮʠʷ ï ʦʪ 20 ʜʦ 40 ʉ̄; 

ï ʚʳʥʫʞʜʝʥʥʘʷ ʢʦʥʚʝʢʮʠʷ ï ʦʪ 10 ʜʦ 15 ʉ̄; 

ï ʞʠʜʢʦʩʪʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ï ʦʪ 2 ʜʦ 5 ʉ̄ (ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʭ-

ʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ). 

ʊʝʧʣʦʦʙʤʝʥʥʠʢ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢ-

ʮʠʠ. ɽʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʧʣʦʦʙʤʝʥʘ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ, ʪʦ ʞʝʣʘʝ-

ʤʦʝ ʦʭʣʘʞʜʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʜʦʩʪʠʛʥʫʪʦ. 

ʈʘʩʯʸʪ ʪʝʤʧʝʨʘʪʫʨʳ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʳ ʤʦʜʫʣʷ 

ʍʦʣʦʜʥʦʡ ʩʪʦʨʦʥʦʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʷʚʣʷʝʪʩʷ ʪʘ ʩʪʦʨʦʥʘ, 

ʥʘ ʢʦʪʦʨʦʡ ʪʝʧʣʦ ʧʦʛʣʦʱʘʝʪʩʷ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʯʝʨʝʟ ʪʝʨʤʦʙʘʪʘʨʝʶ ʧʦʩʪʦ-

ʷʥʥʦʛʦ ʪʦʢʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʳ ʊʭ ʜʦʣʞʥʘ ʙʳʪʴ ʥʠʞʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʦʭʣʘʞʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʊʦʙ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʦʥ ʥʝ ʥʘʭʦʜʠʪʩʷ ʩ ʥʝʡ ʚ ʥʝ-

ʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʪʝʧʣʦʚʦʤ ʢʦʥʪʘʢʪʝ 

                                            Tʭ = Tʦʙ ï Rʭ 
 
Q0.                                               (17) 
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ʈʘʩʯʸʪ ʪʨʝʙʫʝʤʦʡ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʈʘʩʯʸʪ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʦʪʚʦʜʠʪʴ ʩ ʭʦʣʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʤʦʜʫʣʷ ʜʣʷ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʦʧ-

ʨʝʜʝʣʸʥʥʫʶ ʚʝʣʠʯʠʥʫ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ, ʪʘʢ ʢʘʢ ʚʩʝ ʪʝʧ-

ʣʦʚʳʝ ʥʘʛʨʫʟʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ. ʉʨʝʜʠ ʪʘʢʠʭ ʥʘʛʨʫʟʦʢ ʥʝʦʙʭʦʜʠʤʦ 

ʫʢʘʟʘʪʴ ʩʣʝʜʫʶʱʠʝ: 

ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʪʝʧʣʦ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʚʦʜʠʪʴ ʦʪ ʦʭʣʘʞʜʘʝ-

ʤʦʛʦ ʦʙʲʝʢʪʘ ʜʣʷ ʧʦʥʠʞʝʥʠʷ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʦʧʨʝʜʝʣʸʥʥʫʶ ʚʝʣʠʯʠʥʫ 

                                                            Q = iG,                                                  (18)  

ʛʜʝ i ï ʵʥʪʘʣʴʧʠʷ ʦʭʣʘʞʜʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, G ï ʝʛʦ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ, ʢʛ/ʩ; 

ï ʪʝʧʣʦʧʨʠʪʦʢ ʩ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ ʤʦʜʫʣʷ ʚʩʣʝʜʩʪʚʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦ-

ʩʪʠ; 

ï ʪʝʧʣʦ, ʚʳʜʝʣʷʝʤʦʝ ʧʨʦʚʦʜʥʠʢʘʤʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʥʠʭ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ (ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʦʣʦʚʠʥʘ 

ʜʞʦʫʣʝʚʦʛʦ ʪʝʧʣʘ I
2
R ʧʦʩʪʫʧʘʝʪ ʥʘ ʭʦʣʦʜʥʫʶ ʩʪʦʨʦʥʫ, ʘ ʧʦʣʦʚʠʥʘ ï ʥʘ ʛʦʨʷ-

ʯʫʶ); 

ï ʪʝʧʣʦʧʨʠʪʦʢ ʯʝʨʝʟ ʩʣʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ 

                                                Qʧʨʠʪ = l DT
 
S /d,                                            (19) 

ʛʜʝ l ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠʟʦʣʷʮʠʠ, ɺʪ/ʤʂ; d ï  

ʪʦʣʱʠʥʘ ʩʣʦʷ ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʤ; DT ï ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʪʦʣʱʠʥʝ ʩʣʦʷ, 

ʂ̄; S ï ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʤ
2
; 

ï ʟʘʪʨʘʪʳ ñʭʦʣʦʜʘò ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʩʪʨʫʢʮʠʠ (ʪʝʧ-

ʣʦʦʙʤʝʥʥʠʢ, ʪʨʫʙʦʧʨʦʚʦʜʳ ʧʦʜʘʯʠ ʠ ʪ. ʜ.). 

 

ʋʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʦʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʭʣʘʜʠʪʝʣʷ 

 

ʈʘʙʦʪʘ ʣʶʙʦʛʦ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʘʨʘ-

ʤʝʪʨʘʤʠ Imax, Vmax, Qmax  ʠ DT max ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʦʤ ʟʥʘʯʝʥʠʠ ʊʛ. ʈʘʙʦʪʘ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʪʦʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʵʬʬʝʢʪʠʚʥʘ ʚʩʣʝʜʩʪʚʠʝ ʚʳ-

ʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʜʞʦʫʣʝʚʦʛʦ ʪʝʧʣʘ. ʇʦʵʪʦʤʫ ʦʙʳʯʥʦ ʨʘʙʦʪʘʶʪ ʧʨʠ ʟʥʘʯʝʥʠ̫ ʭ 

ʪʦʢʘ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʪ 25 ʜʦ 80 % ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ. ʇʦʜʚʦʜʠʤʘʷ 

ʤʦʱʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ ʠ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ ʧʨʠ ʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ. 

 ɼʣʷ ʣʶʙʦʛʦ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʭʣʘʜʠʪʝʣʷ ʟʥʘʯʝʥʠʝ Qmax ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ Imax ʠ Vmax ʧʨʠ ʥʫʣʝʚʦʡ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ. ɿʥʘʯʝʥʠʝ DTmax ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʭʦʣʦʜʥʦʡ ʠ ʛʦʨʷʯʝʡ ʩʪʦ-

ʨʦʥʘʤʠ ʤʦʜʫʣʷ ʜʣʷ Imax ʠ Vmax ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʘʛʨʫʟʢʠ Q0 = 0. 
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ʇʨʠʤʝʨ 

 ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʜʦʣʞʥʘ ʠʤʝʪʴ ʭʦʣʦʜʦʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ 22 ɺʪ; ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʩ ʢʦʥʚʝʢʪʠʚʥʳʤ ʪʝʧʣʦʦʙʤʝʥʦʤ ʚʳʥʫʞ-

ʜʝʥʥʦʛʦ ʪʠʧʘ, ʩ ʪʝʧʣʦʚʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 0.15
 
ʉ̄/ɺʪ; ʦʙʲʝʢʪ, ʢʦʪʦʨʳʡ ʥʫʞ-

ʥʦ ʦʭʣʘʜʠʪʴ ʜʦ 5 ʉ̄ (ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʪʝʧʣʦʚʦʤ ʢʦʥʪʘʢʪʝ ʩ ʭʦ-

ʣʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ); ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 25 ʉ̄. 

 ʈʘʟʨʘʙʦʪʯʠʢ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʧʦʣʘʛʘʝʪ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʤʦʜʫʣʝʤ Kryotherm Frost-74 ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [10]: 

Imax = 6.3 A; 

Qmax = 65.0 ɺʪ; 

Vmax = 16.7 ɺ; 

DT max = 74 ̄ʉ. 

 ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ, ʧʦʜʦʡʜʝʪ ʣʠ ʪʘʢʦʡ ʤʦʜʫʣʴ ʜʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝ-

ʤʦʡ ʩʠʩʪʝʤʳ. 

 ʇʨʠʥʠʤʘʝʤ ʪʝʤʧʝʨʘʪʫʨʫ ʊʭ = 5 ̄ ʉ. ʇʦʣʘʛʘʷ ʜʣʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʜʘʥ-

ʥʦʛʦ ʪʠʧʘ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 10 ʉ̄ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʦʮʝʥʠʤ ʊʛ = 35 ̄ ʉ. ʇʦʩʢʦʣʴʢʫ ʚʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʥʝʠʟʚʝʩʪʥʘ, ʪʦʯʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʊʛ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ. 

 ʊʦʛʜʘ ʧʨʠʙʣʠʞʝʥʥʦ DT = 35 ï 5 = 30 ̄ʉ. 

 ʅʘ ʨʠʩ. 9 ʠ 10 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʙʦʯʠʝ ʢʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʘʟʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʠ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ 

ʤʦʜʫʣʷ Kryotherm Frost-74  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ 35 ʉ̄.  

ʉʦʛʣʘʩʥʦ ʨʠʩ.9 ʧʝʨʝʩʝʯʝʥʠʝ ʣʠʥʠʡ DT ʠ Q0 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʥʥʳʡ 

ʤʦʜʫʣʴ ʩʧʦʩʦʙʝʥ ʧʨʦʠʟʚʦʜʠʪʴ 22 ɺʪ ʭʦʣʦʜʘ ʧʨʠ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ DT = 

30 ̄C ʩʦ ʟʥʘʯʝʥʠʝʤ ʚʚʦʜʠʤʦʛʦ ʪʦʢʘ 3.1 ɸ. ʇʦʩʣʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʙʳʣʦ ʦʧʨʝʜʝ-

ʣʝʥʦ ʧʨʠ ʜʦʧʫʱʝʥʠʠ ʊʛ = 35 ̄ʉ. ʇʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʝʥʘ ʤʦʱʥʦʩʪʴ, ʧʦʜʚʦʜʠ-

ʤʘʷ ʤʦʜʫʣʶ, ʫʨʘʚʥʝʥʠʷ (15) ʠ (16) ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʘ ʊʛ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʛʦ, ʙʳʣʦ ʣʠ ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʊʛ ʜʦʧʫʩʪʠʤʦ ʪʦʯʥʳʤ. 
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ʈʠʩ. 9. ʈʘʙʦʯʠʝ ʢʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

DT ʦʪ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ Q0 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʠʣʳ ʪʦʢʘ I 

 
ʈʠʩ. 10. ʈʘʙʦʯʠʝ ʢʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

DT ʦʪ ʥʘʧʨʷʞʝʥʠʷ U ʧʨʠ ʨʘʟʣʠʯʥʳʭ  

ʟʥʘʯʝʥʠʷʭ ʩʠʣʳ ʪʦʢʘ I 

 

 ɿʘʪʨʘʯʠʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʝʩʪʴ ʧʨʦʠʟʚʝʜʝʥʠʝ ʪʦʢʘ ʥʘ ʥʘʧʨʷʞʝʥʠʝ. ɿʥʘ-

ʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʨʠʩ. 10, ʥʘ ʢʦʪʦʨʦʤ ʧʝʨʝʩʝʯʝ-

ʥʠʝ ʣʠʥʠʡ ʪʦʢʘ ʚ  3.1 ɸ ʠ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʚ DT = 30 ̄ C ʜʘʸʪ ʟʥʘʯʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 8 ɺ. 

 ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʷ (15) ʠ (16) ʦʪʥʦʩʠʪʝʣʴʥʦ ʊʛ, ʧʦʣʫʯʘʝʤ: 

Qʛ = 22 + (3.1
.
10) = 22 + 31 = 53 ɺʪ; 

Tʛ = 25 + (0.15
.
53) = 25 + 8.0 = 33.0 ̄C. 

 ʈʘʩʯʸʪʥʦʝ ʟʥʘʯʝʥʠʝ ʊʛ ʙʣʠʟʢʦ ʢ ʥʘʯʘʣʴʥʦʡ ʝʸ ʦʮʝʥʢʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʤʦʜʫʣʴ Kryotherm Frost-74 ʩʧʦʩʦʙʝʥ ʨʘʙʦʪʘʪʴ ʜʣʷ ʜʘʥʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. ɽʩʣʠ ʞʝ ʪʨʝʙʫʝʪʩʷ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʊʛ, ʨʘʩʯʸʪ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʪʦʨʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʘ, ʧʦʢʘ ʟʥʘʯʝʥʠʝ ʊʛ ʫʞʝ 

ʥʝ ʠʟʤʝʥʠʪʩʷ. 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ  ʇʈʆɻʈɸʄʄʅʓʍ  ʇʈʆɼʋʂʊʆɺ 

 ɼʃʗ  ʈɸʉʏɪʊɸ  ʀ  ɺʓɹʆʈɸ  ʉʊɸʅɼɸʈʊʅʓʍ  ʄʆɼʋʃɽʁ 

ʅʘ ʩʝʛʦʜʥʷ ʠʟʚʝʩʪʥʳ ʜʚʝ ʬʠʨʤʳ, ʠʟʛʦʪʦʚʣʷʶʱʠʝ  ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʤʦʜʫʣʠ, ʢʦʪʦʨʳʝ ʨʘʟʨʘʙʦʪʘʣʠ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤ-    ʤʳ 

ʨʘʩʯʸʪʘ ʠ ʚʳʙʦʨʘ ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʜʫʣʝʡ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʤʝʥʝ-        ʥʠʷ 

[10, 11]. ʊʘʢ, ʀʇʌ çʂʨʠʦʪʝʨʤè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) ʧʨʝʜʣʘʛʘʝʪ ʜʦʚʦʣʴʥʦ 

ʫʜʦʙʥʫʶ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʦʛʨʘʤʤʫ ʥʘ ʤʘʛʥʠʪʥʳʭ ʥʦʩʠʪʝʣʷʭ ʚ ʚʠʜʝ ʢʦʤ-

ʧʘʢʪ-ʜʠʩʢʦʚ. ʕʪʘ ʧʨʦʛʨʘʤʤʘ ʜʦʩʪʫʧʥʘ ʪʘʢʞʝ ʥʘ ʩʘʡʪʝ ʢʦʤʧʘʥʠʠ ʚ ʀʥʪʝʨʥʝʪʝ 

ʧʦ ʘʜʨʝʩʫ: www.kryotherm.spb.ru. ʄʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʧʨʦʛʨʘʤʤʦʡ 

ʘʤʝʨʠʢʘʥʩʢʦʡ ʬʠʨʤʳ ñMelcorò ʧʦ ʘʜʨʝʩʫ: www.melcor.com.     
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ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʝ-

ʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʠ ʢʘʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʦʥʘ ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ. ʕʪʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʲ-

ʝʢʪʘ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪʩʷ ʦʭʣʘʜʠʪʴ. ʈʘʟʥʦʩʪʴ ʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʦʢʘʞʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʪʨʝʙʫʝʤʘʷ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï ʪʝʧʣʦ, ʢʦ-

ʪʦʨʦʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʪʚʝʜʝʥʦ ʦʪ ʦʙʲʝʢʪʘ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʤʦʜʫʣʝʡ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʠʪ ʢʦʣʠʯʝʩʪʚʦ ʤʦʜʫʣʝʡ. ʉ ʧʦʤʦʱʴʶ ʣʶʙʦʡ 

ʠʟ ʫʢʘʟʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʦ ʟʥʘʯʝʥʠʝ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ, ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʨʘʟʤʝʨʳ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʟʦʣʷʮʠʠ ʠ ʜʨʫʛʠʝ ʚʝʣʠʯʠʥʳ. 

ʅʘ ʧʨʠʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ  ñKryothermò ʦʙʨʘʪʠʤʩʷ ʢ ʨʘʟ-

ʜʝʣʫ "ʈʘʩʯʸʪ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ". 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘ ʚʳʜʘʩʪ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ, 

ʩʢʦʣʴʢʦ ʤʦʜʫʣʝʡ ʠ ʢʘʢʦʛʦ ʪʠʧʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʠʩʪʝʤʝ ʦʭʣʘʞ-

ʜʝʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʜʫʣʝʡ ʟʘʚʠʩʠʪ ʦʪ ʚʙrʨʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʦʧʪʠʤʠʟʘʮʠʠ ï ʧʦ ʤʠʥʠʤʫʤʫ ʩʪʦʠʤʦʩʪʠ ʤʦʜʫʣʝʡ ʠʣʠ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʭʦʣʦʜʠʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ. ɺ ʩʣʫʯʘʝ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦ ʩʪʦʠʤʦʩʪʠ 

ʢʦʣʠʯʝʩʪʚʦ ʤʦʜʫʣʝʡ ʤʠʥʠʤʘʣʴʥʦ, ʦʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ ʥʠʞʝ, 

ʯʝʤ ʚ ʨʝʞʠʤʝ ʤʘʢʩʠʤʫʤʘ ʭʦʣʦʜʠʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ. ɺ ʨʘʟʜʝʣʝ ʧʨʦʛʨʘʤ-

ʤʳ "ɺʳʙʦʨ ʤʦʜʫʣʷ" ʫʢʘʟʳʚʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʙʦʯʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʫʣʷ ï 

ʦʧʪʠʤʘʣʴʥʳʝ ʪʦʢ, ʥʘʧʨʷʞʝʥʠʝ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʠ ʜʨʫʛʠʝ ʚʝʣʠʯʠʥʳ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ ʧʨʝʜʣʘʛʘʶʪʩʷ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪ-

ʨʦʚ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʠʟ ʯʝʛʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʧʦʣʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʨʘʙʦʪʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʪʝʨʤʦʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʦʪ ʦʙʲʝʢʪʘ 

ʢ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʝ ʤʦʜʫʣʷ  ʠ ʦʪ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ ʢ ʩʨʝʜʝ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʥʝ ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʘʨʘʟʠʪʥʳʭ ʧʝʨʝʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʵʣʝʤʝʥʪʘʭ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʨʘʜʠʘʪʦʨʳ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʦʭʣʘʞʜʘʝʤʳʝ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ. ʆʧʨʝʜʝʣʷʶʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʦʡ ʨʘʜʠʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʝʛʦ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʨʦʛʨʘʤʤʘ 

ʜʘʸʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʢʘʩʘʪʝʣʴʥʦ ʪʦʛʦ, ʢʘʢʫʶ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʜʦʣʞʝʥ ʠʤʝʪʴ ʨʘʜʠʘʪʦʨ ʥʘ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫ-

ʣʝʡ ʠ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʠʟ ʢʘʪʘʣʦʛʦʚ ʧʦʜʭʦʜʷʱʠʡ ʨʘʜʠʘʪʦʨ.  

 

ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ 

 

ʇʨʦʛʨʘʤʤʳ [10, 11] ʧʨʦʠʟʚʦʜʷʪ ʧʦʜʙʦʨ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʤʦʜʫ-

ʣʝʡ ʜʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. ɼʣʷ ʪʘ-



 30 

ʢʦʛʦ ʧʦʜʙʦʨʘ ʥʫʞʥʦ ʟʘʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ï ʪʝʤʧʝʨʘ-

ʪʫʨʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (Tambient), ʪʝʤʧʝʨʘʪʫʨʫ ʦʭʣʘʞʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ 

(Tobject), ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (Qcold), ʘ ʪʘʢʞʝ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʥʘ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ (Rcold). 

ɺʝʣʠʯʠʥʘ Rcold ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʣʥʦʝ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʞʜʫ 

ʦʙʲʝʢʪʦʤ ʠ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʦʡ ʚʩʝʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ. ɺ ʢʘʯʝʩʪ-

ʚʝ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʤʦʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʭʦ-

ʣʦʜʥʦʡ ʩʪʦʨʦʥʝ ʨʘʚʥʷʝʪʩʷ ʥʫʣʶ. ɽʩʣʠ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʫʞʝ ʨʝʰʝʥʦ, ʢʘʢ ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ ʦʪ ʦʙʲʝʢʪʘ ʢ ʤʦʜʫʣʷʤ, ʪʦ ʩʣʝʜʫʝʪ ʚʚʝʩʪʠ 

ʩʫʤʤʘʨʥʫʶ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʳʙʨʘʥʥʳʭ ʨʘʜʠʘʪʦʨʦʚ. 

ʊʘʢʞʝ ʤʦʞʥʦ ʫʢʘʟʘʪʴ, ʢʘʢʠʤ ʩʧʦʩʦʙʦʤ ʙʫʜʝʪ ʦʭʣʘʞʜʘʪʴʩʷ ʛʦʨʯ̫ʘʷ 

ʩʪʦʨʦʥʘ ʩʠʩʪʝʤʳ. ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʦʪ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʤʦʜʫʣʝʡ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʫʪʝʤ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʣʠ ʚʳʥʫʞʜʝʥʥʦʡ ʢʦʥ-

ʚʝʢʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ. ʇʨʠ ʧʦʜʙʦʨʝ ʚʘʨʠʘʥʪʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʫʣʝʡ ʪʘʢʠʝ ʧʦʞʝʣʘʥʠʷ ʫʯʠʪʚrʘʶʪʩʷ ʚʝʣʠʯʠʥʦʡ ʪʝʧʣʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ Rhot. 

ʅʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʦʡ ʙʫʜʫʪ ʨʘʩʩʯʠʪʘʥʳ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʛʦʨʷʯʝʡ Thot ʠ ʭʦʣʦʜʥʦʡ Tcold ʩʪʦʨʦʥ ʤʦʜʫʣʷ. 

 

ɻʝʦʤʝʪʨʠʷ ʦʙʲʝʢʪʘ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʛʝʦ-

ʤʝʪʨʠʶ ʦʙʲʝʢʪʘ, ʪ. ʝ. ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ. ʉ ʧʦʤʦʱʴʶ, ʪʘʢ ʥʘ-

ʟʳʚʘʝʤʳʭ, ʨʘʜʠʦʢʥʦʧʦʢ ʚ ʤʝʥʶ ʧʨʦʛʨʘʤʤʳ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʦʜʥʫ ʠʟ ʬʦʨʤ 

(ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ ʠʣʠ ʮʠʣʠʥʜʨ), ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʫʶ ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ. ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʚʥʫʪʨʝʥʥʠʝ ʨʘʟʤʝʨʳ ʦʙʲʝʢʪʘ. ɺ ʩʣʫʯʘʝ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʵʪʦ ʙʫʜʫʪ ʰʠʨʠʥʘ Wi, ʚʳʩʦʪʘ Hi, ʜʣʠʥʘ Li, ʚ ʩʣʫʯʘʝ ʮʠʣʠʥʜ-

ʨʘ ʵʪʦ ʙʫʜʫʪ ʚʳʩʦʪʘ Hi ʠ ʜʠʘʤʝʪʨ Di. 

 

ʅʘʛʨʫʟʢʘ 

 

ʇʦʜ ʥʘʛʨʫʟʢʦʡ Wobject ʧʦʥʠʤʘʝʪʩʷ  ʚʳʜʝʣʷʶʱʘʷʩʷ ʚ ʦʙʲʝʢʪʝ ʪʝʧʣʦʚʘʷ 

ʵʥʝʨʛʠʷ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ ʦʪʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦ-

ʜʫʣʝʡ. ɽʩʣʠ ʚ ʦʙʲʝʢʪʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʦ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʧʘʩ-

ʩʠʚʥʫʶ ʥʘʛʨʫʟʢʫ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʘʢʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ ʠ 

ʟʘʜʘʪʴ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʚʳʜʝʣʷʝʪʩʷ ʚ ʦʭʣʘʞ-

ʜʘʝʤʦʤ ʦʙʲʝʢʪʝ. 
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ʀʟʦʣʷʮʠʷ 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʲʝʢʪʘ  ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʙʦʣʝʝ ʥʠʟʢʦʡ, 

ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚʳʛʦʜʥʦ ʧʨʠʤʝʥʷʪʴ ʪʝʧʣʦʚʫʶ ʠʟʦʣʷ-

ʮʠʶ ʦʙʲʝʢʪʘ. ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʣʘʛʘʝʪ ʩʧʠʩʦʢ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʠʟʦʣʷʪʦʨʦʚ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʪʦʣʱʠʥʫ ʠʟʦ-

ʣʷʮʠʠ th. 

 

ʈʝʞʠʤ ʦʭʣʘʞʜʝʥʠʷ 

 

ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʦʙʲʝʢʪʘ ʜʦ ʦʧ-

ʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʢʘʢʦʝ-ʪʦ ʚʨʝʤʷ, ʪ. ʝ. ʨʝʯʴ ʠʜʝʪ ʦ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ 

ʨʝʞʠʤʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʦʙʝ̡ʢʪ ʜʦʣʞʝʥ 

ʧʦʥʠʟʠʪʴ ʩʚʦʶ ʪʝʤʧʝʨʘʪʫʨʫ ʦʪ Tambient ʜʦ Tobject, ʘ ʪʘʢʞʝ ʚʚʝʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʤʘʪʝʨʠʘʣʘ ʦʙʲʝʢʪʘ ï ʝʛʦ ʧʣʦʪʥʦʩʪʴ ʠ ʫʜʝʣʴʥʫʶ ʪʝʧʣʦʝʤʢʦʩʪʴ. ɼʣʷ ʥʘʠʙʦ-

ʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʛʨʘʤʤʘ ʧʨʠʚʦʜʠʪ ʩʧʠʩʦʢ ʜʘʥʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ. 

  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʙʫʝʤʘʷ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ Qcold. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʙʫʜʫʪ ʧʦʜʦʙ-

ʨʘʥʳ ʧʦʜʭʦʜʷʱʠʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʫʣʠ. 

ɺ ʩʣʫʯʘʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʟʥʘʯʝʥʠʝ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʥɹʦʩʪʠ 

Qcold ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʩʪʦʷʥʥʳʤ ʚʦ ʚʨʝʤʝʥʠ. ɺ ʩʣʫʯʘʝ ʥʝʩʪʘʮʠʦ-

ʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʟʥʘʯʝʥʠʝ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ Qcold ʥʝʦʙʭʦʜʠʤʦ ʧʦʜ-

ʜʝʨʞʠʚʘʪʴ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʦʭʣʘʞʜʝʥʠʷ. ʇʦ ʠʩʪʝʯʝʥʠʠ ʵʪʦʛʦ 

ʚʨʝʤʝʥʠ ʦʙʲʝʢʪ ʜʦʩʪʠʛʘʝʪ ʪʝʤʧʝʨʘʪʫʨʳ Tobject, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʪʨʝʙʫʝʪʩʷ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ï ʭʦʣʦʜʦʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ Qstat. ɺ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ 

ʟʥʘʯʝʥʠʝ Qcold ʩʪʨʝʤʠʪʩʷ ʢ ʟʥʘʯʝʥʠʶ Qstat, ʝʩʣʠ ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ ʩʪʨʝʤʠʪʩʷ 

ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʧʨʠʚʦʜʠʪʩʷ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʚʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʦʤ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ Rins, ʘ ʪʘʢʞʝ ʚʥʫʪʨʝʥ-

ʥʠʡ ʦʙʲʝʤ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʠʣʠ ʮʠʣʠʥʜʨʘ. 

 

ʆʧʪʠʤʠʟʘʮʠʷ, ʩʦʨʪʠʨʦʚʢʘ ʠ ʧʨʦʩʤʦʪʨ ʚʘʨʠʘʥʪʦʚ 

 

ʇʨʦʛʨʘʤʤʘ ʧʨʠʚʦʜʠʪ ʩʧʠʩʦʢ ʚʩʝʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, ʩ ʧʦ-

ʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʦʭʣʘʞ-
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ʜʝʥʠʷ, ʠ ʠʭ ʦʧʪʠʤʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɿʘʜʘʯʘ ʧʦʜʙʦʨʘ ʚʘʨʠʘʥʪʘ ʜʣʷ ʪʝʨ-

ʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʨʝʰʘʝʪʩʷ ʚ ʦʜʥʦʤ ʠʟ ʜʚʫʭ ʨʝʞʠʤʦʚ ï 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ (COP) ʠʣʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠ-

ʤʦʩʪʠ ʤʦʜʫʣʝʡ. ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ  ʨʝʞʠʤʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʭʦʣʦʜʠʣʴ-

ʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʨʘʙʦʪʳ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʜʫʣʝʡ. ɺ ʨʝʞʠʤʝ ʤʠʥʠ-

ʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʥʴʰʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʤʦʜʫʣʝʡ, ʦʜʥʘʢʦ ʟʥʘʯʝʥʠʷ ʭʦʣʦʜʠʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʢʘʟʳ-

ʚʘʶʪʩʷ ʟʘʥʠʞʝʥʥʳʤʠ. 

ʇʨʠ ʣʶʙʦʡ ʚʳʙʨʘʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʯʠʢ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʩʤʦʪʨʝʪʴ ʚʘʨʠʘʥʪʳ ʚ ʪʦʤ ʧʦʨʷʜʢʝ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʢʘʪʘʣʦ-

ʛʝ ʬʠʨʤʳ [10,11], ʣʠʙʦ ʦʪʩʦʨʪʠʨʦʚʘʪʴ ʠʭ ʧʦ ʦʧʪʠʤʠʟʠʨʫʝʤʦʤʫ ʧʘʨʘʤʝʪʨʫ 

(ʭʦʣʦʜʠʣʴʥʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʠʣʠ ʩʪʦʠʤʦʩʪʠ ʤʦʜʫʣʝʡ). 

ʊʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʚʝʩʪʠ ʥʘ ʵʢʨʘʥ ʠ ʥʘ ʧʝʯʘʪʴ 

ʧʨʦʠʟʚʦʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʥʘ-

ʯʘʣʴʥʫʶ ʠ ʢʦʥʝʯʥʫʶ ʧʦʟʠʮʠʠ ʩʧʠʩʢʘ ʨʝʰʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʦʨʪʠʨʦ-

ʚʘʥʥʦʛʦ ʩʧʠʩʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʛʨʫʧʧʳ ʤʦʜʫʣʝʡ. 

 

ɺʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʭʣʘʞʜʝʥʠʷ 

 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʣʘʛʘʝʪ ʚʘʨʠʘʥʪʳ ʧʨʠʤʝʥʝʥʠʷ ʚʩʝʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʤʦʜʫʣʝʡ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʷʜʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʟʘʜʘʥʥʳʤ 

ʫʩʣʦʚʠʷʤ ʦʭʣʘʞʜʝʥʠʷ. 

ʂʘʞʜʳʡ ʤʦʜʫʣʴ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʦʣʠʯʝʩʪʚʝ m ʰʪʫʢ, ʧʨʠʯʝʤ 

ʜʣʷ ʩʣʫʯʘʝʚ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦ ʭʦʣʦʜʠʣʴʥʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʠ ʧʦ ʤʠʥʠʤʘʣʴ-

ʥʦʡ ʩʪʦʠʤʦʩʪʠ ʤʦʜʫʣʝʡ ʙʫʜʫʪ ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ m. ɺ ʢʘʞʜʦʤ 

ʚʘʨʠʘʥʪʝ ʧʨʠʚʦʜʠʪʩʷ ʟʥʘʯʝʥʠʝ ʉʆʈ (ʭʦʣʦʜʠʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ). 

ʂ ʢʘʞʜʦʤʫ ʤʦʜʫʣʶ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʢʣʘʜʳʚʘʪʴ ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ U 

(ɺ) ʠ ʨʘʙʦʯʠʡ ʪʦʢ I (ɸ). W (ɺʪ) ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦ-

ʜʫʣʝʤ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. Qhot (ɺʪ) ï ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʥʘ 

ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ. ɼʣʷ ʦʪʚʦʜʘ ʜʘʥʥʦʡ ʵʥʝʨʛʠʠ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʤʝʪʴ ʥʘ ʢʘʞʜʳʡ ʤʦʜʫʣʴ ʪʝʧʣʦʦʙʤʝʥʥʳʡ ʘʧʧʘʨʘʪ ʩ ʪʝʧʣʦʚʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʨʘʚʥʳʤ ʠʣʠ ʤʝʥʴʰʠʤ ʚʝʣʠʯʠʥʳ Rhot. 

 

ɻʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

 

ɺ ʨʘʟʜʝʣʝ "ɺʳʙʦʨ ʤʦʜʫʣʷ" ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʦʩʪʨʦʝʥʠʝ 

ʛʨʘʬʠʢʦʚ ʦʩʥʦʚʥʳʭ ʨʘʙʦʯʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ɼʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʩʪʨʦʝʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʛʨʘʬʠʢʠ 
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 Q0 = f(Iʨʘʙ); Tʭ = f(Iʨʘʙ); U = f(Iʨʘʙ);  

 Q0 = f(Uʨʘʙ); Tʭ = f(Uʨʘʙ); U = f(DT).  

 Q0 = f(DT); eʭ = f(DT);   

 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ñKryothermò 

ɺʳʙʦʨ ʤʦʜʫʣʝʡ, ʩʭʝʤʳ ʩʦʝʜʠʥʝʥʠʷ ʠ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ 

ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʠ 

ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʝ ʤʦʜʫʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʀʇʌ "ʂʨʠʦʪʝʨʤ" [10]. ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʚʳʰʝ 150 ʨʘʟʣʠʯʥʳʭ ʤʦʜʫʣʝʡ, ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʩʝʛʜʘ ʤʦʞʝʪ ʧʨʦʩʤʦʪʨʝʪʴ 

ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʚ ʢʦʥʢʨʝʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ 

ʚʳʙʦʨʘ ʤʦʜʫʣʷ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ "Select Module" ʠ ʚʙrʨʘʪʴ ʦʜ-

ʥʫ ʠʟ ʟʘʢʣʘʜʦʢ ʩ ʪʠʧʦʤ ʤʦʜʫʣʷ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʪʘʢʠʭ ʤʦʜʫʣʝʡ. ʇʦʩʣʝʜʥʠʝ ʤʦʛʫʪ ʙʳʪʴ ʩʦʝʜʠʥʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ, ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦ. ɺʳʙʦʨ ʩʭʝʤʳ ʩʦʝʜʠʥʝʥʠʷ ʥʝʦʙʭʦ-

ʜʠʤ, ʢʦʛʜʘ ʨʘʟʨʘʙʦʪʯʠʢ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ. 

ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʠʣʠ ʪʦʢ ʠʩʪʦʯʥʠʢʘ ʤʦʱʥʦʩʪʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʭʦʣʦʜʥʦʡ ʠ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʫʣʷ ʚ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝ-

ʤʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʧʘʨʘʤʝʪʨʳ ʭʦʣʦʜʥʦʡ ʠ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥ (ʪʝʧʣʦʚʳʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ Rh ʠ Rc). ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʣʘʛʘʝʪ ʚʚʝʩʪʠ ʠʣʠ ʨʘʩʩʯʠʪʘʪʴ ʧʨʦʤʝ-

ʞʫʪʦʯʥʦʝ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʆʥʦ ʫʯʠʪʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʝʧʣʝʥʠʷ 

ʤʦʜʫʣʝʡ (ʯʝʨʝʟ ʪʝʧʣʦʧʨʦʚʦʜʥʫʶ ʧʘʩʪʫ ʠ ʪʝʧʣʦʧʨʦʚʦʜ). 

ʈʘʩʯʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ɺ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ  ʩʠʩʪʝʤʘʭ ʢʨʝʧʣʝʥʠʝ ʤʦʜʫʣʝʡ ʢ ʪʝʧʣʦʦʙʤʝʥʥʠ-

ʢʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʦʝ ʚʝʱʝʩʪʚʦ, ʩʣʫʞʘʱʝʝ ʜʣʷ ʫʤʝʥʴh ʝʥʠʷ 

ʢʦʥʪʘʢʪʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʆʙʳʯʥʦ ʵʪʦ ʢʦʥʪʘʢʪʥʘʷ ʪʝʧʣʦ-

ʧʨʦʚʦʜʥʘʷ ʧʘʩʪʘ (ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʢʦʣʦ 0.8 ɺʪ/ʤ
 
ʂ). ʄʝʞʜʫ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʤ ʠ ʤʦʜʫʣʝʤ ʤʦʞʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʪʝʧʣʦʧʨʦʚʦʜ. ɽʛʦ ʥʘʣʠ-

ʯʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ  

ʩʠʩʪʝʤʳ. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʥʘʣʠʯʠʝ ʪʝʧʣʦʧʨʦʚʦʜʘ ʠ ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʡ ʧʘʩʪʳ ʚ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. 

 

 

ʈʘʩʯʝʪ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ 
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ʊʝʧʣʦʦʙʤʝʥʥʠʢʠ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʣʘʩʪʠʥʯʘʪʳʝ ʨʘʜʠʘʪʦ-

ʨʳ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʠʟ ʘʣʶʤʠʥʠʷ ʠʣʠ ʜʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʚʳʩʦʢʦʡ ʪʝʧʣʦ-

ʧʨʦʚʦʜʥʦʩʪʴʶ. ʊʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʜʠʘʪʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʛʘʙʘʨʠʪʦʚ, 

ʦʨʝʙʨʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʥʚʝʢʪʠʚʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʜʠʘʪʦʨʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪ-

ʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠ ʩʨʝʜʦʡ (ʛʘʟ ʠʣʠ ʞʠʜʢʦʩʪʴ). ʇʨʦ-

ʛʨʘʤʤʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʯʠʪʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ, ʢʦʛʜʘ ʪʝʧ-

ʣʦʧʝʨʝʜʘʯʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʥʫʞʜʝʥʥʦʡ ʢʦʥʚʝʢʮʠʝʡ, ʠʣʠ ʢʦʛʜʘ ʟʘʜʘʥ ʧʦ-

ʪʦʢ. 

ʅʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʘ ʨʘʩʩʯʠʪʘʝʪ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʦʨʝʙʨʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ. ʊʘʢʞʝ ʚʘʞʥʦ ʫʯʝʩʪʴ ʧʝ-

ʨʝʜʘʯʫ ʪʝʧʣʘ ʦʪ ʦʨʝʙʨʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʦʜʫʣʷʤ ʧʦ 

ʦʩʥʦʚʘʥʠʶ ʨʘʜʠʘʪʦʨʘ. ʇʨʦʛʨʘʤʤʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʩʪʠ ʟʥʘʯʝʥʠʝ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ. ɿʥʘʷ ʪʝʧ-

ʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʨʝʙʨʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʜʠʘʪʦʨʘ, ʨʘʟʤʝʨʳ ʦʩʥʦʚʘ-

ʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ  ʦʩʥʦʚʘʥʠʷ ʨʘʜʠʘʪʦʨʘ. 

ɺ ʩʫʤʤʝ ʪʝʧʣʦʚʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʠ ʦʨʝʙʨʝʥʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʨʘʜʠʘʪʦʨʘ ʜʘʶʪ ʦʙʱʝʝ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʜʠʘʪʦʨʘ ʧʦ ʛʦʨʷʯʝʡ 

ʠʣʠ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʝ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʚʦ ʤʥʦʛʦʤ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʨʘʙʦʪʳ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 

ʊʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘ-

ʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦ-

ʚʝʩʪʠ ʚʩʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ï 

ʨʘʩʩʯʠʪʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʵʪʦʤ ʩʤʳʩʣʝ 

ʜʘʥʥʫʶ ʧʨʦʛʨʘʤʤʫ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʣʶʙʳʭ ʪʝʧʣʦʚʳʭ ʨʘʩʯʝʪʦʚ ʠʟ 

ʢʫʨʩʘ ñʇʨʦʮʝʩʩʳ ʠ ʘʧʧʘʨʘʪʳò. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ. ɿʥʘʥʠʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʜʙʦʨʘ ʚʝʥ-

ʪʠʣʷʪʦʨʘ ʠʣʠ ʥʘʩʦʩʘ, ʢʦʪʦʨʳʡ ʩʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʳʡ ʨʘʩʭʦʜ ʪʝʧʣʦʥʦ-

ʩʠʪʝʣʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠ ʨʝʟʫʣʴʪʘʪʦʤ ʚʳʯʠʩʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʲʝʢʪʘ Tob ʚ ʢʦʥʢʨʝʪʥʦʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. ɺ ʩʣʫ-

ʯʘʝ ʦʭʣʘʞʜʝʥʠʷ ʧʦʪʦʢʘ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʚʳʯʠʩʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʊcf1 ʧʦʪʦʢʘ ʥʘ ʚʳʭʦʜʝ ʧʦʩʣʝ ʢʦʥʪʘʢʪʘ ʩ  ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʦʡ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ.  
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ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʧʨʠʚʦʜʠʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʩʠʩʪʝʤʝ ʦʭʣʘʞʜʝʥʠʷ. ʈʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʛʦʨʷʯʝʡ ʠ 

ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʘʤʠ dT = Th ï Tc, ʨʘʟʚʠʚʘʝʤʘʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʦʜʫʣʝʤ, 

ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: 

ï ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʝ Th ï Ta; 

ï ʦʭʣʘʞʜʝʥʠʷ ʦʙʲʝʢʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʳ Ta ï Tob; 

ï ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʝ Tob ï Tc. 

ʄʦʜʫʣʠ ʀʇʌ ñʂʨʠʦʪʝʨʤò ʚ ʧʨʠʥʮʠʧʝ ʧʦʟʚʦʣʷʶʪ ʨʘʟʚʠʚʘʪʴ ʨʘʟʥʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨ ʜʦ 76 ʂ̄, ʦʜʥʘʢʦ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ Qc ʨʘʙʦ-        

ʯʘʷ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʩʪʦʨʦʥʘʭ ʤʦʜʫʣʷ ʚʩʝʛʜʘ ʤʝʥʴʰʝ. ɺ ʙʳʪʦʚʳʭ 

ʪʝʨʤʦɻ ʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʦʭʣʘʞʜʝʥʠʝ ʦʙʲʝʢʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʳ 

ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 20»30 ʂ̄, ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʝ ï 

15»25 ̄ʂ, ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʝ ï 10»15 ̄ʂ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʇʦʤʠʤʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʪʳ ʤʦʜʫʣʝʡ ʚ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. ʕʪʠʤʠ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʪʦʢ ʯʝʨʝʟ ʤʦʜʫʣʴ I (ɸ), ʥʘʧʨʞ̫ʝʥʠʝ ʥʘ ʤʦʜʫ-        

ʣʝ U(ɺ), ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʜʫʣʝʤ W = IU (ɺʪ), ʭʦʣʦ-

ʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ Qc (ɺʪ) ʠ ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʥʘ ʛʦʨʷ-

ʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʫʣʷ Qh =  Qc + W (ɺʪ).  

 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ñMelcorò 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʛʨʘʤʤʳ ñKryothermò ʜʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ [11] ʥʝ ʧʦ-

ʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʪʦʣʴ ʛʣʫʙʦʢʠʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʝʝ ʥʝʜʦʩʪʘʪʢʦʤ. ɺ ʮʝʣʦʤ ʞʝ ʧʦʨʷʜʦʢ ʨʘʩʯʝʪʘ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʙʦʨʘ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʦʩʪʘʁ ʪʩʷ ʩʭʦʞʠʤʠ ʚ ʦʙʝʠʭ 

ʧʨʦʛʨʘʤʤʘʭ. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʦʛʨʘʤʤʘ ñMelcorò ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʬʦʨʤʘʮʠʶ 

ʣʠʰʴ ʦʙ ʦʛʨʘʥʠʯʝʥʥʦʤ ʘʩʩʦʨʪʠʤʝʥʪʝ ʩʚʦʝʡ ʧʨʦʜʫʢʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴ-

ʪʘʪʳ ʨʘʩʯʝʪʦʚ ʥʝ ʨʘʩʧʦʣʘʛʘʶʪ ʟʜʝʩʴ ʩʪʦʣʴ ʜʝʪʘʣʴʥʳʤʠ ʩʚʝʜʝʥʠʷʤʠ ʦ ʚʳ-

ʙʨʘʥʥʦʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʦʭʣʘʞʜʝʥʠʷ, ʢʘʢ ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʧʨʦʛʨʘʤʤʦʡ ñKryothermò. ʇʦʩʣʝʜʥʷʷ, ʢʦ ʚʩʝʤʫ ʧʨʦʯʝʤʫ, ʩʥʘʙʞʝʥʘ ʙʦʣʝʝ 

ʫʜʦʙʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʨʘʙʦʪʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʙʦʣʝʝ ʢʦʤʬʦʨʪʥʦʡ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʛʨʘʤʤʳ ñMelcorò ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʥʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʨʘʩʧʦʣʘʛʘʝʪ ʚʩʝʤʠ ʥʝʦʙʭʦʜʠ-

ʤʳʤʠ ʜʣʷ ʵʪʦʛʦ ʢʦʤʤʝʥʪʘʨʠʷʤʠ. ɺʦʦʙʱʝ ʜʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʩʦʜʝʨʞʠʪ ʮʝʣʦʝ 

ʧʦʩʦʙʠʝ (ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ), ʩʦʜʝʨʞʘʱʝʝ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʧʨʘʢʪʠʯʝʩʢʠ 
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ʚʩʝʤ ʨʘʟʜʝʣʘʤ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʨʦʛʨʘʤʤʳ ñKryothermò, ʪʦ 

ʟʜʝʩʴ ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʙʦʣʝʝ ʧʦʣʝʟʥʘʷ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

(ʚ ʯʘʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʩʪʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʯʝʪʦʚ). 

ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʜʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛ-

ʯʠʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʢʨʝʪʥʦʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩ-

ʪʝʤʳ ʨʘʩʯʝʪʳ  ʠ ʚʳʙʦʨ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʦʜʫʣʷ. 

ɺ ʧʨʠʣʦʞʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʙʝʠʭ ʧʨʦʛʨʘʤʤ ʥʘ 

ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 37 

ʉʇʀʉʆʂ  ʃʀʊɽʈɸʊʋʈʓ 

 

1. ʀʦʬʬʝ ɸ.ʌ. ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʪʝʨʤʦʵʣʝʤʝʥʪʳ. ï ʄ.-ʃ.: ʀʟʜ-ʚʦ 

ɸʅ ʉʉʉʈ, 1956. 

2. G.D. Mahan. Good Thermoelectrics// Solid State Physics. 1998. Vol. 51, 

pp. 81ï157. 

3. ɹʫʣʘʪ ʃ.ʇ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʝ ʦʭʣʘʞʜʝʥʠʝ: ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢ-

ʪʠʚʳ // ʍʦʣʦʜʠʣʴʥʘʷ ʪʝʭʥʠʢʘ.1999. ˉ 7, ʩ. 12ï14. 

4. Thermoelectric  Materials ï New Directions  and  Approaches // MRS, 

Pittsburgh, 1998. V.478. ï 348 p. 

5. ɹʘʨʘʥʝʥʢʦ ɸ.ɺ. ʠ ʜʨ. ʍʦʣʦʜʠʣʴʥʳʝ ʤʘʰʠʥʳ: ʋʯʝʙ. ʜʣʷ ʩʪʫʜʝʥʪʦʚ 

ʚʪʫʟʦʚ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʊʝʭʥʠʢʘ ʠ ʬʠʟʠʢʘ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨè / ʇʦʜ ʦʙʱ. 

ʨʝʜ. ʃ.ʉ. ʊʠʤʦʬʝʝʚʩʢʦʛʦ. ï ʉʇʙ.: ʇʦʣʠʪʝʭʥʠʢʘ, 1997. ï 992 ʩ. 

6. Handbook of Thermoelectric ï London, N.Y.: CRC Press, 1995. 

7. Anatychuk L.I. Physics of Thermoelectricity. ï Kyiv, Chernivtsi: Insti-

tute of Thermoelectricity. 1998. 

8. Stockholm J.G. Current state of Peltier cooling // Proceedings of XVɯ 

Intern. Conf. On Thermoelectrics. Dresden, Germany. 1997. 

9. Godfrey S. An Introduction to Thermoelectric Coolers // Ele-ctronics 

Cooling.1996. vol.2. No.3. 

10. Kryotherm. Engineering and Production Firm. Thermoelectric Software 

v. 3.0. 

11. Melcor Co. Thermoelectric Design/Selection Guide // Thermoelectric 

Software. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 38 

ʇʈʀʃʆɾɽʅʀɽ 

ʇʫʩʪʴ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʭʦʣʦʜʦ-

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 22 ɺʪ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʦʙʲʝʢʪʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ (Tamb =  35 ̄C) ʜʦ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ Tob=5 ̄ C. ʊʝʧʣʦʚʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʳ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʊʝ-

ʧʣʦʚʳʜʝʣʝʥʠʝ ʚ ʦʙʲʝʢʪʝ ʦʪʩʫʪʩʪʚʫʝʪ. ʊʨʝʙʫʝʪʩʷ ʧʨʦʠʟʚʝʩʪʠ ʦʧʪʠʤʠʟʘʮʠʶ 

ʨʘʩʯʝʪʘ ʧʦ ʤʠʥʠʤʫʤʫ ʩʪʦʠʤʦʩʪʠ ʤʦʜʫʣʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʚʝʩʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʙʨʘʥʥʦʛʦ ʤʦʜʫʣʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ñKryothermò 

ʅʘ ʨʠʩ. 11ï15 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳ-

ʙʨʘʥʥʳʭ ʤʦʜʫʣʝʡ, ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦ-

ʪʳ ʧʨʦʛʨʘʤʤʳ ñKryothermò. 
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