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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʣʶʙʦʡ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʭʦʣʦʜʠʣʴʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʥʦʛʦʢʘʩʢʘʜʥʦʛʦ ʤʦʜʫʣʷ ʧʨʝʚʳʰʘʝʪ ʭʦʣʦʜʠʣʴʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʩ ʤʝʥʴʰʠʤ ʯʠʩʣʦʤ ʢʘʩʢʘʜʦʚ. 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʭʦʣʦʜʠʣʴʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʚʫʭʢʘʩʢʘʜʥʦʛʦ ʠ ʦʜʥʦʢʘʩʢʘʜʥʦʛʦ ʦʧʪʠʤʘʣʴʥʳʭ ʦʭʣʘʜʠʪʝʣʝʡ ʧʨʠ 

ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 50 ʂ ʜʣʷ ʨʝʘʣʴʥʳʭ ʦʭʣʘʜʠʪʝʣʝʡ. ɼʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʭʦʜʷʪʩʷ ʚ 

ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩ ʪʝʦʨʠʝʡ. 
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Abstract 

The paper shows that for any temperature difference, the coefficient of performance of 

the optimal multistage thermoelectric module exceeds the coefficient of performance of the 

optimal module with fewer stages. 

Comparison of calculated and measured values of coefficient of performance of two-

stage and one-stage optimal thermoelectric coolers at a temperature difference of 50 K is carried 

out. The experimental data are in good agreement with the theory. 
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1. ɺʚʝʜʝʥʠʝ 

ʆʙʳʯʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʢʘʩʢʘʜʥʳʭ ʤʦʜʫʣʝʡ ʩʯʠʪʘʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʚ 

ʦʙʣʘʩʪʠ ʨʘʟʥʦʩʪʝʡ  ʪʝʤʧʝʨʘʪʫʨ TD , ʛʜʝ ʦʜʥʦʢʘʩʢʘʜʥʳʡ ʤʦʜʫʣʴ ʫʞʝ ʥʝ ʨʘʙʦʪʘʝʪ [1]. ʊ.ʝ. 

ʪʘʤ, ʛʜʝ()
1

maxT TD D> , ʘ ()1
maxTD  - ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʘʷ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ 

ʦʜʥʦʢʘʩʢʘʜʥʦʛʦ ʤʦʜʫʣʷ. ʀʥʜʝʢʩʦʤ ʥʘʚʝʨʭʫ ʚ ʩʢʦʙʢʘʭ ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʦʙʦʟʥʘʯʠʤ ʯʠʩʣʦ 

ʢʘʩʢʘʜʦʚ ʤʦʜʫʣʷ. ʆʜʥʘʢʦ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʭʦʣʦʜʠʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

( )Te D  ʦʪ TD  , ʪʦ ʧʨʠ 
()1

maxT TD D=  ʜʣʷ ʦʜʥʦʢʘʩʢʘʜʥʦʛʦ ʤʦʜʫʣʷ, ʘ ʜʣʷ n-

ʢʘʩʢʘʜʥʦʛʦ ʧʨʠ . ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʨʠʚʘʷ  ʧʨʠ  

ʨʘʩʧʦʣʦʞʝʥʘ ʚʳʰʝ ʢʨʠʚʦʡ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ  

[2]. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʨʘʩʩʤʦʪʨʝʪʴ ʟʘʚʠʩʠʤʦʩʪʴ   ʚ ʦʙʣʘʩʪʠ 

ʨʘʟʥʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨ  ʠ ʩʨʘʚʥʠʪʴ ʝʝ ʩ . 

 

2. ʉʨʘʚʥʝʥʠʝ ʭʦʣʦʜʠʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʜʥʦʢʘʩʢʘʜʥʦʛʦ ʠ ʜʚʫʭʢʘʩʢʘʜʥʦʛʦ 

ʤʦʜʫʣʝʡ 

ʇʫʩʪʴ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʤʦʜʫʣʝʡ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʪʝʨʤʦʵʜʩ =215 ʤʢɺ/ʂ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ =1010 ʆʤ-1ʩʤ-1, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ =1,5 ɺʪ/ʤʂ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʘ ̫ɻ ʬʬʝʢʪʠʚʥʦʩʪʴ Z=3.07 10-3 ʂ-1 [3]. 

ʊʝʤʧʝʨʘʪʫʨʥʳʤʠ ʧʦʪʝʨʷʤʠ ʥʘ ʪʝʧʣʦʧʝʨʝʭʦʜʘʭ ʠ ɼʞʦʫʣʝʚʳʤ ʪʝʧʣʦʤ ʥʘ 

ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʧʣʘʩʪʠʥʘʭ ʙʫʜʝʤ ʧʨʝʥʝʙʨʝʛʘʪʴ, ʪʘʢ ʢʘʢ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʪʁ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ. ɺʝʣʠʯʠʥʘ  ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ = 300 ʂ ʩʦʩʪʘʚʣʷʝʪ 
()1

maxTD = 225 ʂ. ʇʫʩʪʴ ʥʫʤʝʨʘʮʠʷ 

ʢʘʩʢʘʜʦʚ n-ʢʘʩʢʘʜʥʦʛʦ ʤʦʜʫʣʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʳ. ʆʙʦʟʥʘʯʠʤ ʪʝʤʧʝʨʘʪʫʨʳ 


