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ʅʘ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠ ʫʯʘʩʪʠʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʵʢʦʣʦʛʠʠ, ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʦʙʩʫʞʜʘʣʦʩʴ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʚʠʜʝʥʠʝ ʠ ʧʦʠʩʢ 

ʩʨʝʜʥʝʩʨʦʯʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ 

ʘʛʝʥʪʦʚ ʠ ʨʘʟʚʠʪʠʶ çɿʝʣʝʥʳʭè ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ 

ʭʦʣʦʜʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 

ɺ ʜʦʢʣʘʜʘʭ ʠʟ ʂʘʟʘʭʩʪʘʥʘ, ʈʦʩʩʠʠ, ʋʢʨʘʠʥʳ, ɻʝʨʤʘʥʠʠ, ɹʝʣʴʛʠʠ, ɼʘʥʠʠ, ʗʧʦʥʠʠ, 

ʖʞʥʦʡ ʂʦʨʝʠ, ʀʪʘʣʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤ ʭʦʣʦʜʠʣʴʥʳʤ ʘʛʝʥʪʘʤ, ʢʦʤʧʨʝʩʩʦʨʘʤ, ʪʝʧʣʦʦʙʤʝʥʥʳʤ 

ʘʧʧʘʨʘʪʘʤ, ʢʦʤʧʦʥʝʥʪʘʤ, ʩʠʩʪʝʤʘʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʪʝʭʥʦʣʦʛʠʷʤ ʭʦʣʦʜʠʣʴʥʦʛʦ 

ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʉʙʦʨʥʠʢ ʨʘʩʩʯʠʪʘʥ ʥʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ 

ʫʯʝʥʳʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩʪʷʭ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʧʠɦʝʚʦʡ ʠ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʷʭ, ʘ ʪʘʢʞʝ ʥʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʠ 

ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ. 

 

At the conference, the Ministry of Ecology, Geology and Natural Resources of the 

Republic of Kazakhstan jointly discussed the strategic vision and search for medium-term 

solutions for the use of environmentally friendly refrigerants and the development of 

"Green" food processing and refrigeration technologies for the Republic of Kazakhstan. 

The reports from Kazakhstan, Russia, Ukraine, Germany, Belgium, Denmark, Japan, 

South Korea, Italy present the results of scientific research on environmentally friendly 

refrigerants, compressors, heat exchangers, components, automation systems, technologies for 

refrigerated storage and processing of food products and practical implementation. The 

Proceedings are intended for specialists and scientists working in the areas of refrigeration, food 

and oil and gas industries, as well as for specialists in air conditioning and life support systems. 
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ʇʆʉʊ ʈɽʃʀɿ 

 

ʍ- ʦʡ ʖʙʠʣʝʡʥʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʂɸɿɸʍʉʊɸʅ ï ʍʆʃʆɼ 2020è 

 

ʇʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʦ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ɸʢʘʜʝʤʠʠ ʍʦʣʦʜʘ (ʄɸʍ) 4-5 ʤʘʨʪʘ 

2020 ʛʦʜʘ ʧʨʦʚʝʣʘ ʍ-ʶ ʖʙʠʣʝʡʥʫʶ ʄʝʞʜʫʥʘʨʦʜʥʫʶ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ 

ʢʦʥʬʝʨʝʥʮʠʶ çʂɸɿɸʍʉʊɸʅ ï ʍʆʃʆɼ 2020è, ʚʧʝʨʚʳʝ ʚ ʩʪʦʣʠʮʝ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ ʛ. ʅʫʨ-ʉʫʣʪʘʥ ʥʘ ʚʳʩʪʘʚʦʯʥʦʤ ʢʦʤʧʣʝʢʩʝ çʕʂʉʇʆ-2017» (ʠʩʪʦʨʠʷ 

ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʬʝʨʝʥʮʠʠ ʥʘ ʩʘʡʪʝ http://maxteniz.kz).  

ʂʦʥʬʝʨʝʥʮʠʷ ʷʚʣʷʝʪʩʷ ʧʣʦʱʘʜʢʦʡ ʜʣʷ ʚʩʪʨʝʯʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʦʙʨʘʟʦʚʘʥʠʷ,ʥʘʫʢʠ,ʙʠʟʥʝʩʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʜ ʜʝʚʠʟʦʤ:  

çʆʙʨʘʟʦʚʘʥʠʝ-ʅʘʫʢʘ-ɹʠʟʥʝʩ - ʇʨʦʠʟʚʦʜʩʪʚʦè. 

ʇʝʨʝʜʘʯʘ ʥʘʢʦʧʣʝʥʥʦʛʦ ʦʧʳʪʘ ʠ ʟʥʘʥʠʡ ʚ ʠʥʜʫʩʪʨʠʠ ʦʯʝʥʴ ʚʘʞʥʳ ʜʣʷ ʝʝ 

ʨʘʟʚʠʪʠʷ. ʀʤʝʥʥʦ ʧʝʨʝʜʘʯʘ ʟʥʘʥʠʡ ʧʦʤʦʛʣʘ ʥʘʤ, ʢʘʢ ʯʝʣʦʚʝʯʝʩʪʚʫ ʨʘʟʚʠʪʴʩʷ ʦʪ 

ʪʝʭʥʦʣʦʛʠʡ ʢʘʤʝʥʥʦʛʦ ʚʝʢʘ, ʜʦ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ XXI  ʚʝʢʘ. 

ʅʘ ʧʨʦʰʝʜʰʝʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʙʦʣʝʝ 150 ʯʝʣʦʚʝʢ, 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ 8-ʤʠ ʛʦʩʫʜʘʨʩʪʚ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʣʫʯʠʣʘ ʧʦʜʜʝʨʞʢʫ ʦʪ 12 

ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʣʠʜʝʨʦʚ ʚ ʦʙʣʘʩʪʠ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ.  

ʆʩʥʦʚʥʦʡ ʪʝʤʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʷʚʠʣʦʩʴ ʨʘʟʚʠʪʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʳʭ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʚ 

ʩʬʝʨʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʭʦʣʦʜʘ ʠ ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʚ 

ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ. ʂʦʥʬʝʨʝʥʮʠʷ ʧʨʦʚʝʜʝʥʘ ʩʦʚʤʝʩʪʥʦ ʩ ʄʠʥʠʩʪʝʨʩʪʚʦʤ 

ʵʢʦʣʦʛʠʠ, ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ,  

ʉʈʆ ʆʖʃ ʂʘʟʘʭʩʪʘʥʩʢʦʡ ɸʩʩʦʮʠʘʮʠʝʡ ʭʦʣʦʜʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

(ʂʘʟɸʍʇ), ʉʦʶʟʘ ʇʠʱʝʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʂʘʟʘʭʩʪʘʥʘ, ɸʆ çʅʂ çɸʩʪʘʥʘ 

ʕʂʉʇʆ-2017è, ʋʥʠʚʝʨʩʠʪʝʪʦʤ ATU,  ʢʦʤʧʘʥʠʷʤʠ «GBQAsiaè ʠ çʊʝʥʠʟè, ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ɹʶʨʦ ʅʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʌʠʥʘʥʩʦʚʦʛʦ ʎʝʥʪʨʘ çɸʩʪʘʥʘè ʠ ʚʝʜʫʱʠʭ ʣʠʜʝʨʦʚ ʨʳʥʢʘ ʚ ʦʙʣʘʩʪʠ ʭʦʣʦʜʦ-

ʩʥʘʙʞʝʥʠʷ, ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʠ ʭʦʣʦʜʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://maxteniz.kz/


4 

ʇɽʈɺɸʗ ʉɽʂʎʀʗ ɹʓʃɸ ʇʆʉɺʗʑɽʅɸ ʉʊʈɸʊɽɻʀʏɽʉʂʆʄʋ 

ɺʀɼɽʅʀʖ ʀ ʇʆʀʉʂʋ ʉʈɽɼʅɽʉʈʆʏʅʓʍ ʈɽʐɽʅʀʁ ʇʆ 

ʇʈʀʄɽʅɽʅʀʖ ʕʂʆʃʆɻʀʏɽʉʂʀ ɹɽɿʆʇɸʉʅʓʍ ʍʆʃʆɼʀʃʔʅʓʍ 

ɸɻɽʅʊʆɺ ʀ ʈɸɿɺʀʊʀʖ ʊɽʍʅʆʃʆɻʀʁ ʇɽʈɽʈɸɹʆʊʂʀ ʇʀʑɽɺʓʍ 

ʇʈʆɼʋʂʊʆɺ ʀ ʍʆʃʆɼʀʃʔʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ɼʃʗ ʈɽʉʇʋɹʃʀʂʀ 

ʂɸɿɸʍʉʊɸʅ 

 

ʅʘ ʢʦʪʦʨʦʡ ʚʳʩʪʫʧʠʣʠ: 

ɺʘʣʝʨʠʡ ʋʭʚʘʪʦʚ - ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʦʚ çʇʨʦʬʍʦʣʦʜè ʩ ʧʨʝʜʣʦʞʝʥʠʝʤ 

ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʢʨʘʱʘʶʱʠʤ 

ʧʦʪʝʨʶ ʵʥʝʨʛʠʠ. 

ɼʠʨʝʢʪʦʨ ʧʦ ʧʨʦʜʘʞʘʤ ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʰʝʥʠʡ ʠ ʨʝʛʠʦʥʘʣʴʥʦʤʫ ʨʘʟʚʠʪʠʶ, 

ʆʆʆ çɼʘʥʬʦʩʩè ɸʣʝʢʩʘʥʜʨ ʉʝʨʘʚʠʥ ʨʘʩʩʢʘʟʘʣ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʭʣʘʜʘʛʝʥʪʘ 

R410A, ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʜʦʩʪʫʧʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʝ ʢʣʘʩʩʠʯʝʩʢʠʤ ɻʌʋ ʚ 

ʩʨʝʜʥʝ- ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʊʝʭʥʠʯʝʩʢʠʡ ʜʠʨʝʢʪʦʨ ʇʊʂ çʂʨʠʦʪʝʢè ɺʘʩʠʣʠʡ ʄʘʨʢʦʚ ʧʨʝʜʣʦʞʠʣ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʇʨʝʜʩʪʘʚʠʪʝʣʴ ʢʦʤʧʘʥʠʠ «EVCO» ʇʨʦʭʦʨʦʚ ɸʣʝʢʩʘʥʜʨ ʧʨʝʜʩʪʘʚʠʣ 

ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʥʦʚʳʤ ʢʦʥʪʨʦʣʣʝʨʘʤ ʦʪ ʢʦʤʧʘʥʠʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʚ 

ʦʭʣʘʞʜʘʝʤʦʡ ʩʨʝʜʝ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʚʣʘʞʥʦʩʪʴʶ ʠ ʰʦʢʦʚʦʡ  ʟʘʤʦʨʦʟʢʠ.  

ʂʦʤʤʝʨʯʝʩʢʠʡ ʜʠʨʝʢʪʦʨ ʚ ʈʦʩʩʠʠ ʠ ʉʅɻ ʢʦʤʧʘʥʠʠ Climalife ʃʝʙʝʜʝʚ 

ɻʝʦʨʛʠʡ ʨʘʩʩʢʘʟʘʣ ʦ ʵʚʦʣʶʮʠʠ ʭʣʘʜʘʛʝʥʪʦʚ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʠ ʧʨʘʢʪʠʢʫ 

ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʭʣʘʜʘʛʝʥʪʦʚ ɻʌʆ ʥʘ ʧʨʠʤʝʨʝ R-448A. 

 

ɺʊʆʈɸʗ ʉɽʂʎʀʗ ɹʓʃɸ ʇʆʉɺʗʑɽʅɸ ʉʆɺʈɽʄɽʅʅʓʄ 

ʇʈʆʄʓʐʃɽʅʅʓʄ ʍʆʃʆɼʀʃʔʅʓʄ ʂʆʄʇʈɽʉʉʆʈɸʄ, 

ɸʇʇɸʈɸʊɸʄ ʀ ʂʆʄʇʆʅɽʅʊɸʄ ʉʀʉʊɽʄ ʍʃɸɼʆʉʅɸɹɾɽʅʀʗ ʀ 

ʂʆʅɼʀʎʀʆʅʀʈʆɺɸʅʀʗ ɺʆɿɼʋʍɸ ɼʃʗ ʆɹʒɽʂʊʆɺ 

ʇʈʆʄʓʐʃɽʅʅʆɻʆ, ʊʆʈɻʆɺʆɻʆ ʀ ʉʇʆʈʊʀɺʅʆɻʆ ʅɸɿʅɸʏɽʅʀʗ. 

 

ʅʘ ʢʦʪʦʨʦʡ ʩ ʧʝʨʚʳʤ ʜʦʢʣʘʜʦʤ ʜʠʨʝʢʪʦʨ Bitzer ʚʳʩʪʫʧʠʣ ʊʠʤʦʭʠʥ ɼʝʥʠʩ 

ð ɻʝʥʝʨʘʣʴʥʳʡ çʉʦʚʨʝʤʝʥʥʦʝ ʭʦʣʦʜʠʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: ʢʨʠʪʝʨʠʠ ʚʳʙʦʨʘè. 

ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʢʦʤʧʘʥʠʠ Danfoss:   

ʉʫʭʦʚ ɽʚʛʝʥʠʡ ɺʠʢʪʦʨʦʚʠʯ ð ʢ.ʪ.ʥ., ʘʢʘʜʝʤʠʢ ʄɸʍ, ʯʣʝʥ IIR, ɼʠʨʝʢʪʦʨ 

ʧʦ ʨʘʟʚʠʪʠʶ ʥʘʧʨʘʚʣʝʥʠʷ çʇʨʦʤʳʰʣʝʥʥʳʡ ʭʦʣʦʜè ʚ ʉʅɻ ʠ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʝ 

ʜʦʚʝʣ ʜʦ ʩʚʝʜʝʥʠʷ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʧʦʣʫʩʚʘʨʥʳʭ ʧʣʘʩʪʠʥʯʘʪʳʭ ʪʝʧʣʦ-

ʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ Danfoss SW ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚ ʠʥʜʫʩʪʨʠʘʣʴʥʦʤ ʭʦʣʦʜʝ; 

ʋʩʪʠʥʦʚ ɸʣʝʢʩʝʡ- ʨʫʢʦʚʦʜʠʪʝʣʴ ʥʘʧʨʘʚʣʝʥʠʷ çʇʨʦʤʳʰʣʝʥʥʳʡ ʭʦʣʦʜè 

ʧʦʟʥʘʢʦʤʠʣ ʩ ʧʨʠʥʮʠʧʦʤ ʨʘʙʦʪʳ ʚʦʟʜʫʭʦʦʪʜʝʣʠʪʝʣʝʡ Danfoss IPS 8 ʜʣʷ 

ʘʤʤʠʘʯʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ. 

ʇʨʝʜʩʪʘʚʠʪʝʣʠ  ʢʦʤʧʘʥʠʠ GEA: 

ʂʘʨʝʚ ʀʚʘʥ ɺʣʘʜʠʤʠʨʦʚʠʯ ð ʈʫʢʦʚʦʜʠʪʝʣʴ ʥʘʧʨʘʚʣʝʥʠʷ çʇʨʦʤʳʰʣʝʥʥʳʡ 

ʭʦʣʦʜè ʧʨʦʚʝʣ ʩʨʘʚʥʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʨʘʟʣʠʯʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʢʦʤʧʨʝʩʩʦʨʘʭ GEA; 
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ɽʛʦʨʦʚ ʀʚʘʥ ʉʝʨʛʝʝʚʠʯ ð ʄʝʥʝʜʞʝʨ ʧʦ ʨʘʟʚʠʪʠʶ ʙʠʟʥʝʩʘ ʧʦʢʘʟʘʣ 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʭʦʣʦʜʝ ʜʣʷ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ 

ʥʘ ʙʘʟʝ ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ GEA. 

ʇʨʝʜʩʪʘʚʠʪʝʣʴ ʢʦʤʧʘʥʠʠ WITT Jürgen Filster ð Key Account Manager 

ʨʘʩʩʢʘʟʘʣ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʠ ʜʦʩʪʦʠʥʩʪʚʘʭ ʢʦʤʧʦʥʝʥʪʦʚ WITT ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʭʦʣʦʜʘ. 

ʂʘʟʘʥʮʝʚ ɸʣʝʢʩʘʥʜʨ ð ʩʪʘʨʰʠʡ ʠʥʞʝʥʝʨ Mayekawa ʥʘ ʧʨʠʤʝʨʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ Mayekawa ʧʦʢʘʟʘʣ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʨʦʜʥʳʭ 

ʭʣʘʜʘʛʝʥʪʦʚ. 

ʊʠʤʦʬʝʝʚ ɽʚʛʝʥʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ð ɻʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ çʕʅʊɽʂè 

ʨʘʩʩʢʘʟʘʣ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʥʦʚʦʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʩʝʨʠʠ ʜʣʷ ʬʨʝʦʥʦʚʳʭ 

ʩʠʩʪʝʤ SPRAY-ʠʩʧʘʨʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʧʣʘʩʪʠʥʯʘʪʳʭ ʠ ʢʦʞʫʭʦʪʨʫʙʥʳʭ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʭʦʣʦʜʘ. 

ʃʷʚʨʠʢ ɺʷʯʝʩʣʘʚ ð ɼʠʨʝʢʪʦʨ ʆʆʆ çʊʦʙʦʣè ʧʦʜʨʦʙʥʦ ʦʩʪʘʥʦʚʠʣʩʷ ʥʘ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʘʩʧʝʢʪʘʭ ʤʦʥʪʘʞʘ ʘʤʤʠʘʯʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩ ʫʯʝʪʦʤ 

ʥʦʚʳʭ ʧʨʘʚʠʣ, ʯʪʦ ʚʳʟʚʘʣʦ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʫ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʠ 

ʤʦʥʪʘʞʥʠʢʦʚ. 

ʇʨʝʜʩʪʘʚʠʪʝʣʴ ʢʦʤʧʘʥʠʠ LG Electronics ʊʦʢʪʘʩʳʥʦʚ ʄʫʨʘʪ ð ʪʨʝʥʝʨ 

ɸʢʘʜʝʤʠʠ ʂʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʧʦʜʨʦʙʥʦ ʨʘʩʩʢʘʟʘʣ ʦʙ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʩʠʩʪʝʤʘʭ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʥʘ 

ʨʳʥʢʝ ʂʘʟʘʭʩʪʘʥʘ.  

ɺ ʍʦʣʣʝ ʂʦʥʬʝʨʝʥʮʠʠ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ɺʳʩʪʘʚʢʘ ʧʘʨʪʥʝʨʦʚ 

ʢʦʥʬʝʨʝʥʮʠʠ, ʢʦʤʧʘʥʠʡ-ʯʣʝʥʦʚ ʂʘʟʘʭʩʪʘʥʩʢʦʡ ɸʩʩʦʮʠʘʮʠʠ ʍʦʣʦʜʠʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʯʣʝʥʦʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ɸʢʘʜʝʤʠʠ ʍʦʣʦʜʘ, ʩʪʝʥʜʦʚʳʝ 

ʜʦʢʣʘʜʳ ʫʯʘʩʪʥʠʢʦʚ ʢʦʥʬʝʨʝʥʮʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʚʝʜʫʱʠʝ ʫʥʠʚʝʨʩʠʪʝʪʳ 

ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ: ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʆʤʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ (ʆʄɻʊʋ), ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʦ 

ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʶ ʠʤ. ɸʜʤʠʨʘʣʘ ʄʘʢʘʨʦʚʘ, ʆʜʝʩʩʢʘʷ ʅʘʮʠʦʥʘʣʴʥʘʷ ɸʢʘʜʝʤʠʷ 

ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʆʅɸʇʊ), ɻʋ ʠʤʝʥʠ ʐʘʢʘʨʠʤʘ ʛ. ʉʝʤʝʡ ʠ ʜʨ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʠʣʠ ʩʚʳʰʝ 60 ʜʦʢʣʘʜʦʚ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʝʨʝʜʘʥʳ ʜʣʷ 

ʧʫʙʣʠʢʘʮʠʠ ʚ ʞʫʨʥʘʣʳ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ Scopus . 

ʂʦʥʬʝʨʝʥʮʠʷ ʙʳʣʘ ʦʩʚʝʱʝʥʘ ʚ ʩʨʝʜʩʪʚʘʭ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ 
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Abstract 

Thisarticledescribesthedesign features of the fluidized bed dryer for polydispersed materials, which 

can improve economic efficiency.  The obtained dependence for determining the required drive power of 

rotating horizontal shafts is presented, taking into account the resistance and friction force. 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʫʰʠʣʢʠ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʛʦ ʩʣʦʷ 

ʜʣʷ ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʚʳʩʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʇʨʝʜʩʪʘʚ-

ʣʝʥʘ ʧʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʘ ʚʨʘʱʘʶʱʠʭʩʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʚʘʣʦʚ ʩ ʫʯʝʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʩʠʣʳ ʪʨʝʥʠʷ.  

 

ɺʚʝʜʝʥʠʝ (Introduction ) 

ʇʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ ʩʦʜʝʨʞʘʪ ʮʝʥʥʳʝ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʧʦʵʪʦʤʫ ʤʦʛʫʪ ʙʳʩʪʨʦ 

ʠʩʧʦʨʪʠʪʴʩʷ ʙʘʢʪʝʨʠʷʤʠ, ʜʨʦʞʞʘʤʠ ʠ ʧʣʝʩʝʥʴʶ, ʝʩʣʠ ʥʝ ʧʨʝʜʧʨʠʥʷʪʴ ʤʝʨʳ ʢ ʠʭ ʩʦʭʨʘʥʝʥʠʶ. 

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ ʩʦʭʨʘʥʝʥʠʶ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʷʚʣʷʶʪʩʷ ʥʠʟʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ (ʢʦʥʮʝʥʪʨʘʮʠʷ), ʧʦʜʢʠʩʣʝʥʠʝ, ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʤʦʣʦʯʥʦ ʢʠʩʣʳʭ ʙʘʢʪʝʨʠʡ ʠ 

ʟʘʩʦʣʢʘ. ʇʦʨʯʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʦʪʚʨʘʱʝʥʘ ʧʫʪʝʤ ʩʫʰʢʠ[1, ʩ. 236 ]. 

ʉʫʰʢʘ ʚ ʧʨʝʞʥʠʝ ʚʨʝʤʝʥʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ ʉʦʣʥʮʘ 

(ʘʪʤʦʩʬʝʨʥʘʷ ʩʫʰʢʘ), ʩʝʡʯʘʩ ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʛʦ ʚʠʜʦ ʚʩʣʦʞʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʝʪʦʜʦʚ. ʂʘʯʝʩʪʚʝʥʥʳʡ ʘʩʧʝʢʪʩʫʰʝʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚʦʚʨʝʤ ̫ʩʫʰʢʠ ʠ ʧʦʩʣʝ ʩʫʰʢʠ-ʵʪʦ 

ʦʯʝʥʴ ʩʣʦʞʥʦʝ ʷʚʣʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʠʣʠʷ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʦʙʝʟʚʦʞʠʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʪʦʜʦʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʦʪʝʨʴ ʢʘʯʝʩʪʚʘ [2, ʩ. 265].  

ʇʦʚʳʰʝʥʥʘʷ ʘʜʛʝʟʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ  ʙʝʣʢʦʚʦʩʦʜʝʨʞʘʱʠʭ 

ʧʨʦʜʫʢʪʦʚ ʥʝ ʜʦʧʫʩʢʘʶʪ ʥʘʛʨʝʚ ʤʘʪʝʨʠʘʣʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʝʚʳʰʘʶʱʝʡ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ, ʠ 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠ ʫʩʪʘʥʦʚʦʢ, ʚ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ 

ʨʘʚʥʦʤʝʨʥʳʡ ʥʘʛʨʝʚ ʠ ʩʫʰʢʘ. ʇʨʠ ʚʳʩʫʰʠʚʘʥʠʠ ʙʝʣʢʦʚ ʦ ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʦʚ ʠʤʝʝʪʩʷ ʨʷʜ 

ʪʨʫʜʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʦʣʴʰʦʡ ʪʝʨʤʦʣʘʙʠʣʴʥʦʩʪʴʶ ʙʝʣʢʦʚ, ʯʪʦ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʪʴ ʪʝʨʤʠʯʝʩʢʠʡ ʂʇɼ.  

ʉ ʫʯʝʪʦʤ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ, ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ ʧʨʦʜʫʢʪʘ ʠ ʜʨʫʛʠʭ 

ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʛʨʝʚʦʤ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʢʘʢ ʣʠʧʢʦʩʪʴ ʧʨʦʜʫʢʪʘ ʚ ʩʫʰʠʣʢʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʤʝʨʝʥʥʳʡ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ. ʂʨʦʤʝ ʪʦʛʦ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʩʫʰʢʠ ʧʨʦʚʦʜʠʪʴ ʝʛʦ ʚ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʨʦʰʝʥʠʝʤ [2, ʩ. 148].  
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ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ (Methodology) 

ɸʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʨʘʟʨʘʙʦʪʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ [3] ʜʣʷ ʩʫʰʢʠ ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʩʫʰʢʠ, ʩʦʢʨʘʱʝʥʠʷ 

ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʪʝʧʣʘ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʩʫʰʢʫ, ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʫʰʠʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʤʠʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʫhʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʶʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚʥʠʞʥʝʡ 

ʯʘʩʪʠ ʢʘʤʝʨʳ, ʧʦʜʩʦʝʜʠʥʝʥʥʳʝ ʢ ʧʨʠʚʦʜʫ ʚʟʘʠʤʦʧʘʨʘʣʣʝʣʴʥʥʳʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʚʘʣʳ ʩ ʥʘʩʘʜʢʘʤʠ ʠ 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʧʘʪʨʫʙʢʠ ʚʚʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʩʫʰʠʣʴʥʫʶ ʢʘʤʝʨʫ. 

ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʪʘʥʦʚʢʠ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʩʫʰʢʠ, ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʧʦʨʦʟʥʦʩʪʴ ʩʣʦʷ, ʩʦʟʜʘʪʴ ʨʝʞʠʤ ʫʩʪʦʡʯʠʚʦʛʦ ʧʩʝʚʜʦʦʞʠʞʝʥʠʷè ʠʩʢʣʶʯʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʩʪʦʡʥʳʭ 

ʟʦʥ ʠ ʢʘʥʘʣʦʦʙʨʘʟʦʚʘʥʠʝ, ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʛʣʦʤʝʨʘʮʠʶ ʯʘʩʪʠʮ ʚʳʩʫʰʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʉʫʱʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʩʝʚʜʦʦʞʠʞʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʨʦʜʫʚʘʥʠʠ ʩʣʦʷ ʚʳʩʫʰʠʚʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚʦʩʭʦʜʷʱʠʤ ʧʦʪʦʢʦʤ ʛʘʟʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʛʘʟʘ, ʥʘʟʳʚʘʝʤʦʡ ʢʨʠʪʠʯʝʩʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʩʣʦʡ ʧʝʨʝʭʦʜʠʪ ʚʦ ʚʟʚʝʰʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʨʠʦʙʨʝʪʘʝʪ ʩʚʦʡʩʪʚʦ ʪʝʢʫʯʝʩʪʠ. ɺ ʵʪʦʤ 

ʩʦʩʪʦʷʥʠʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʥʘ 

ʧʝʨʝʤʝʱʝʥʠʝ ʠʭ ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ, ʯʝʤ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʙʳ ʩʣʦʡ ʥʝ ʙʳʣ 

ʚʟʚʝʰʝʥ ʧʦʪʦʢʦʤ ʛʘʟʘ. ʇʦ ʩʚʦʝʡ ʧʦʜʚʠʞʥʦʩʪʠ ʢʠʧʷʱʠʡ ʩʣʦʡ ʚʳʩʫʰʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘʧʦʤʠʥʘʝʪ 

ʚʷʟʢʫʶ ʞʠʜʢʦʩʪʴ[4].  

ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʢʠʧʷʱʝʛʦ ʩʣʦʷ ʥʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʢʨʠʚʦʡ ʧʩʝʚʜʦʦʞʠʞʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʛʘʟʘ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ. 

 

 
ʈʠʩʫʥʦʢ 1 -ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʷ ʚʳʩʫʰʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʩʫʰʠʣʴʥʦʛʦ 

ʘʛʝʥʪʘ: 1 - ʫʩʪʘʥʦʚʢʠ ʩ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʨʝʰʝʪʢʦʡ;2 - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ 

ʥʘʩʘʜʢʘʤʠ. 

 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1ʢʣʘʩʩʠʯʝʩʢʦʡʢʨʠʚʦʡ ʩʦʩʪʦʷʥʠʷ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʛʦ ʩʣʦʷ ʚʠʜʥʦ, 

ʯʪʦ ʧʨʠ ʧʨʦʜʫʚʘʥʠʠ ʩʣʦʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʝʛʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʩʪʝʧʝʥʠ 

n(ʫʯʘʩʪʦʢ ʆɸ). ʅʘ ʫʯʘʩʪʢʝ ɸɺ (ʢʨʠʚʘʷ 1) ʩʣʦʡ ʥʘʯʠʥʘʝʪ ʨʘʟʨʳʭʣʷʪʴʩʷ. ʇʨʠ ʩʢʦʨʦʩʪʠ wʢʨ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʷ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʜʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚʳʟʚʘʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʘʥʘʣʦʚ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʧʨʦʨʳʚʘʝʪʩʷ ʯʘʩʪʴ ʚʦʟʜʫʭʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʢʘʥʘʣʦʚ ʦʙʫʩʣʘʚʣʠʚʘʶʪ, ʥʝʢʦʪʦʨʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʧʨʠ ʫʤʝʥʴʰʘʶʱʝʤʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʩʣʦʷ [5].  

ʅʘ ʢʨʠʚʦʡ 2 ʧʦʣʫʯʝʥʥʦʡ ʥʘʤʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʩʪʦʷʥʠʷ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʛʦ ʩʣʦʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʷ ʥʠʞʝ ʚʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ-

ʥʦʡ ʨʝʰʝʪʢʠ ʠ ʚʦʨʦʰʝʥʠʷ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʧʦʤʦʱʠ ʥʘʩʘʜʦʢ. 

ʅʘʣʠʯʠʝ ʚʥʫʪʨʠ ʢʘʤʝʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʫʰʠʣʢʠ ʜʚʫʭ ʚʟʘʠʤʦʧʘʨʘʣʣʝʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʳʭ ʚʨʘʱʘʶʱʠʭʩʷ ʚʘʣʦʚ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʥʘ ʥʠʭ ʥʘʩʘʜʢʘʤʠ ʥʝ ʩʦʟʜʘʝʪ ʩʘʤʦ ʧʦ ʩʝʙʝ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʫʩʪʘʥʦʚʦʢ ʩʫʰʢʠ ʤʘʪʝʨʠʘʣʘ ʚ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ ʩ  ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʨʝʰʝʪʦʢ, ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʜʘʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʝʛʦ ʫʤʝʥʴʰʝʥʠʶ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʚʳʩʫʰʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʤʷʛʢʠʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ 
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ʨʝʞʠʤ, ʪʦ ʝʩʪʴ ʩʚʝʩʪʠ ʧʝʨʝʭʦʜʥʫʶ ʩʪʘʜʠʶ ʜʦ ʤʠʥʠʤʫʤʘ, ʠʟʙʝʞʘʪʴ ʷʚʣʝʥʠʷ ʢʘʥʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, 

ʩʦʟʜʘʪʴ ʨʘʟʚʠʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʤʘʪʝʨʠʘʣʘ ʩ ʩʫʰʠʣʴʥʳʤ ʘʛʝʥʪʦʤ ʠ ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʪʦʷʥʥʦʝ ʝʝ 

ʦʙʥʦʚʣʝʥʠʝ, ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʧʦʣʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʯʪʦ ʪʝʤʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʫʰʠʣʢʠ ʧʦ ʠʩʧʘʨʷʝʤʦʡ ʚʣʘʛʝ ʠ ʧʦʚʳʰʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʢʦʨʧʫʩʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶʢʘʤʝʨʳ ʥʘʩʘʜʦʢ, ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʚʨʘʱʘʶʱʠʭʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʚʘʣʘʭ, ʧʦʟʚʦʣʷʝʪ 

ʥʝʧʨʝʨʳʚʥʦ ʦʯʠʱʘʪʴ ʩʪʝʥʢʠ ʢʘʤʝʨʳ ʦʪ ʤʘʪʝʨʠʘʣʘ, ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʪʴ ʧʨʦʜʫʢʪ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʪʝʤ 

ʩʘʤʳʤ ʦʢʦʤʢʦʚʘʥʠʝ ʚʳʩʫʰʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʢʘʤʝʨʝ ʟʘʩʪʦʡʥʳʭ ʟʦʥ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ (Resultsanddiscussion) 

ʈʘʜʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʥʘʩʘʜʦʢ wp, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʵʥʝʨʛʠʯʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʛʦ ʩʣʦʷ, ʧʨʠʨʘʚʥʠʚʘʝʤʘʷ ʢ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʧʩʝʚʜʦʦʞʠʞʝʥʠʷ 

wʢʨ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ ʆ.ʄ. ʊʦʜʝʩʘ [6]: 

╡▄ʢʨ
═►

ȟ ϽЍ═►
(1) 

ʛʜʝ ὙὩʢʨ- ʢʨʠʪʝʨʠʡ ʈʝʡʥʦʣʴʜʩʘ ╡▄ʢʨ
◌ʢʨϽ ▀

ⱨ
 

ὃὶï ʢʨʠʪʝʨʠʡ ɸʨʭʠʤʝʜʘ ═►
▌Ͻ▀Ͻⱬʯ

ⱨ
 

ʆʪʢʫʜʘ 

◌ʢʨ  
╡▄ʢʨϽ ⱨ

▀
(2) 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʨʘʜʠʘʣʴʥʦʡ ʥʘʩʘʜʢʠ ʚ ʧʝʨʝʤʝʰʠʚʘʝʤʦʤ ʧʨʦʜʫʢʪʝ ʝʡ ʧʨʠʭʦʜʠʪʩʷ ʧʨʝʦʜʦʣʝʚʘʪʴ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʚʳʟʳʚʘʝʤʦʝ ʢʘʢ ʩʠʣʦʡʪʷʞʝʩʪʠ ʠ ʚʥʫʪʨʝʥʥʠʤ ʪʨʝʥʠʝʤ ʧʨʦʜʫʢʪʘ, ʪʘʢ ʠ ʪʨʝʥʠʝʤ 

ʧʨʦʜʫʢʪʘ ʦ ʥʘʩʘʜʢʫ. ʈʘʜʠʘʣʴʥʘʷ ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʠʟ ʩʭʝʤʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 

ʈʠʩʫʥʦʢ 2 - ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʨʘʜʠʘʣʴʥʫʶ ʥʘʩʘʜʢʫ 

 
ʦʜʥʘʢʦ 

╔ͪ ╔ͪ ╔ͪ
ͭͪ

 

  (3) 

╔ͪ ╔ϽἫἷἻ♪  

╔ͪͭͪ ╔ͭ ϽͪἻἱἶ♪ ╔ϽⱧϽἻἱἶ♪ ╔ϽⱧ 

╔ͪ  ╔ϽⱧ ⱧϽ♬Ͻ▐ͫ Ͻͪ█Ͻ◄▌ ϲ
ⱬ

 

   ʛʜʝ a-  ʫʛʦʣ ʥʘʢʣʦʥʘ, ʚ ʫʛʣʦʚʳʭ ʛʨʘʜʫʩʘʭ; 

m- ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʨʦʜʫʢʪʘ ʦ ʥʘʩʘʜʢʫ ʩʠʣʘ ʪʷʞʝʩʪʠ ʧʨʦʜʫʢʪʘ, ʅ/ʤ; 

g - ʩʠʣʘ ʪʷʞʝʩʪʠ ʧʨʦʜʫʢʪʘ, ʅ/ʤ 

r- ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʧʨʦʜʫʢʪʘ, ʚ ʫʛʣʦʚʳʭ ʛʨʘʜʫʩʘʭ; 

hʩʨ- ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ ʜʘʥʥʦʡ ʥʘʩʘʜʢʠ ʚ ʧʨʦʜʫʢʪ, ʤ. 
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ʆʧʨʝʜʝʣʠʚ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʝ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʜʫʢʪʘ ʧʦ ʬʦʨʤʫʣʝ (3) ʠ ʧʦʜʩʪʘʚʠʚ 

ʚʤʝʩʪʦ ʨʘʜʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʙʦʯʫʶ ʩʢʦʨʦʩʪʴ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ wʢʨ, ʦʧʨʝʜʝʣʷʝʤ ʥʝʦʙʭʦʜʠʤʫʶ 

ʤʦʱʥʦʩʪʴ. 

ʅʝʦʙʭʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ ʜʣʷ ʚʨʘʱʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʚʘʣʦʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʠʧʦʚʳʤ ʨʘʩʯʝʪʦʤ ʩʤʝʩʠʪʝʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʄʦʱʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ 

ʚʨʘʱʝʥʠʷ ʚʘʣʦʚ ʩ ʥʘʩʘʜʢʘʤʠ ʨʘʚʥʘ:  

                                                                      ╝ В
╔ʨϽ◌ʨ◑                                                                                         τ 

͎͔͒  Ὁͪ- ͙ͪ͊͒͊͡Έͤ͊Ύ ͍ͫͦͫͭ͊͡ΎΌ΅͊Ύ ͍͔͚͍ͪ͊ͤͦ͒ͫͭͯΌ΅͔͚ ͙ͫ͡ ͙͍͔͙ͫͦͨͪͦͭͤ͡Ύ ͨͪͦ͒ͯͭ͊͟Σ ͔͚͍͒ͫͭͯΌ΅͊Ύ ͤ͊ 

͍͔͙ͪͭ͊͟͡ΈͤͯΌ ͤ͊ͫ͊͒ͯ͟ ͎͔ͨͦͪͯ͗ͤͤͯΌ ͍ ͨͪͦ͒ͯͭ͟Σ ˹Τ 
ύʨ - ʨʘʜʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʥʘʩʘʜʢʠ, ʤ/ʩ; 

ᾀ - ʯʠʩʣʦ ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʩʘʜʦʢ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʧʨʦʜʫʢʪ, ʰʪ. 

ɿʘʢʣʶʯʝʥʠʝ (Conclusion) 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʜʦʙʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩʫʰʠʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʩʦʢʨʘʱʝʥʠʷ ʨʘʟʘ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠʚʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʣʦʷ ʚʳʩʫʰʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ɺʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʙʦʣʴʰʘʷ ʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʴ, ʨʘʚʥʦʤʝʨʥʘʷ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʯʘʩʪʠʮʳ ï ʚʩʝ ʵʪʦ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʳʩʫʰʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. 
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Abstract 

Questions storage process research possibility of plant agricultural raw materials are considered in 

article. Rational nature management, recognized worldwide as the dominant trend in the development of the 

economy, involves the fullest use in the processing of plant raw materials consumed by human. Thus, the 
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considered possibilities of modeling the storage conditions of mounds of various types of agricultural raw 

materials in the conditions of active ventilation are very relevant. 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʭʨʘʥʝʥʠʷ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʈʘʮʠʦʥʘʣʴʥʦʝ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝ, ʧʨʠ-

ʟʥʘʥʥʦʝ ʚʦ ʚʩʝʤ ʤʠʨʝ ʜʦʤʠʥʠʨʫʶʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʠʙʦʣʝʝ 

ʧʦʣʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʯʝʣʦʚʝʢʦʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ ʥʘʩʳʧʝʡ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʛʦ ʚʝʥʪʠʣʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤʠ. 

 

ɺʚʝʜʝʥʠʝ (Introduction ) 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʭʨʘʥʝʥʠʷ ʥʘʩʳʧʝʡ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ (ʪʦʧʠʥʘʤʙʫʨʘ, ʢʘʨʪʦʬʝʣʷ, 

ʩʝʤʷʥ ʤʘʩʣʠʯʥʳʭ ʢʫʣʴʪʫʨ) ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʘʢʪʠʚʥʦʛʦ ʚʝʥʪʠʣʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʫʩʠʣʝʥʥʦʛʦ ʦʙʤʝʥʘ 

ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʥʘʩʳʧʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ [1-4]. 

ɸʢʪʠʚʥʦʝ ʚʝʥʪʠʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʧʨʦʜʫʚʘʥʠʷ ʚʦʟʜʫʭʘ 

(ʘʪʤʦʩʬʝʨʥʦʛʦ ʠʣʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʛʦ) ʯʝʨʝʟ ʥʘʩʳʧʴ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ, ʭʨʘʥʷʱʫʶʩʷ ʥʘ ʦʪʢʨʳʪʳʭ 

ʧʣʦʱʘʜʢʘʭ ʠ ʚ ʩʢʣʘʜʩʢʠʭ ʧʦʤʝʱʝʥʠʷʭ. ʅʘʩʳʧʠ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ ʧʦʩʣʝ ʘʢʪʠʚʥʦʛʦ ʚʝʥʪʠʣʠʨʦʚʘʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʣʘʞʥʦʩʪʴʶ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʫʨʦʚʝʥʴ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 

ʧʨʦʮʝʩʩʘ, ʫʜʝʣʴʥʦʡ ʧʦʜʘʯʝʡ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʴʶ ʚʝʥʪʠʣʠʨʫʶʱʝʛʦ ʚʦʟʜʫʭʘ. 

ʉʦʨʪʥʦʩʪʴ ʥʘʩʳʧʠ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ, ʝʛʦ ʚʣʘʞʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʚʝʥʪʠʣʠʨʦʚʘʥʠʷ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʘʢʪʠʚʥʦʝ ʚʝʥʪʠʣʠʨʦʚʘʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ ʩʫʰʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʥʷʪʦ ʭʨʘʥʝʥʠʝ ʥʘʩʳʧʠ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ ʙʝʟ ʘʢʪʠʚʥʦʛʦ 

ʚʝʥʪʠʣʠʨʦʚʘʥʠʷ. 

ʂ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʢʪʠʚʥʦʛʦ ʚʝʥʪʠʣʠʨʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʪʥʦʩʷʪʩʷ: ʫʤʝʥʴʰʝʥʠʝ ʧʨʠʨʦʩʪʘ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ ʚ ʧʨʦʮʝʩʩʝ 

ʭʨʘʥʝʥʠʷ, ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ  ʧʨʠ ʭʨʘʥʝʥʠʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʠ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʘ 

ʪʦʚʘʨʥʦʡ ʤʘʩʩʳ ʥʘʩʳʧʠ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ ʧʨʠ ʝʛʦ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʝ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʭʨʘʥʝʥʠʷ ʥʘʩʳʧʠ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʛʦ 

ʚʝʥʪʠʣʠʨʦʚʘʥʠʷ ʥʘʤʠ ʚʳʙʨʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ ʚ ʩʣʦʝ, ʧʨʝʜʣʦʞʝʥʥʘʷ 

ɸ.ʖ. ʄʠʭʘʡʣʦʚʳʤ [4,5], ʩ ʫʯʝʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʳʭʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʨʝʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʯʘʩʪʦ ʧʨʦʪʝʢʘʶʪ ʚ ʩʣʦʝ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʛʦ ʥʝ ʷʚʣʷʶʪʩʷ ʤʘʣʳʤʠ, 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣʠ ʦʙʦʙʱʝʥʳ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʝʡ ʪʝʣʘ ʩʦ 

ʩʨʝʜʦʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʚʷʟʝʡ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʜʣʷ ʟʘʜʘʯʠ ʯʠʩʪʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ [6] ʠ ʜʣʷ ʟʘʜʘʯʠ ʩʦʚʤʝʩʪʥʦʛʦ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ [4,5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʪʝʧʧʦ- ʠ ʤʘʩʩʦʧʝʨʩʥʦʩʘ ʚ ʥʘʩʳʧʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʶ ʩʣʦʡ ʜʠʩʧʝʨʩʥʦʛʦ (ʚʣʘʞʥʦʛʦ) ʤʘʪʝʨʠʘʣʘ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʘʩʪʠʮ ʩʬʝʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʜʠʫʩʘ R, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ z ʧʨʦʜʫʚʘʝʪʩʷ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ v, ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʪʨʝʙʫʝʪʩʷ ʨʝʰʠʪʴ 

ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ  
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ʧʨʠ z=0 tc(0,0)=tco=const; 

                                                     ʧʨʠ z=ɡŰc   t(r,Űc)=t0=const;   u(Űc)=u0=const.                                              (7) 
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ɿʜʝʩʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ï ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʝʨʝʥʦʩʘ; (2) ï ʫʨʘʚʥʝʥʠʝ ʚʣʘʛʦ-

ʧʝʨʝʥʦʩʘ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ (ʩʝʤʝʥʠ); (3) ɸ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʪʨʝʪʴʝʛʦ ʨʦʜʘ, ʦʧʠʩʳʚʘʶʱʝʝ 

ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʥʘʩʳʧʠ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ (ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ); (4) ï 

ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʤʘʩʩʦ- (ʚʣʘʛʦ-)ʦʙʤʝʥ ʪʝʣʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ; ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʦʝ ʫʨʘʚʥʝʥʠʝ (5) ʩʚʷʟʳʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʪʦʢʘ ʛʘʟʘ (ʚʦʟʜʫʭʘ) ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʦʚ; ʨʘʚʝʥʩʪʚʘ (6) 

ɸ ʫʩʣʦʚʠʷ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ, ʘ ʥʝʨʘʚʝʥʩʪʚʦ (6) ʦʪʨʘʞʘʝʪ ʬʘʢʪ ʬʠʟʠʯʝʩʢʦʡ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʮʝʥʪʨʝ ʦʙʲʝʢʪʘ; (7) ï ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʪāʝ. ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʪʝʧʣʦ- ʠ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʪʝʧʣʦʥʦʩʠʪʝʣʝ ʠ ʯʘʩʪʠʮʘʭ ʩʣʦʷ ʜʦ ʠʭ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ. 

ɺ ʨʘʙʦʪʘʭ [4,5,7] ʜʘʥʦ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (1), (3), (5) ï (7), ʪ.ʝ. ʟʘʜʘʯʘ 

ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ (ʨ=0). ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʳ ʥʝ ʫʯʠʪʳʚʘʣʠ 

ʜʝʡʩʪʚʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʪʳ, ʪ.ʝ. ʫʨʘʚʥʝʥʠʝ (1) ʨʝʰʝʥʦ ʠʤʠ ʧʨʠ ʫʩʣʦʚʠʠ q=0. 

ʆʜʥʘʢʦ, ʧʨʠ ʭʨʘʥʝʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʮʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʜʳʭʘʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʝʡʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʣʦʞʝʥ ʚ ʦʩʥʦʚʫ ʚʩʝʭ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ 

ʦʭʣʘʞʜʘʶʱʠʭ ʩʠʩʪʝʤ ʭʨʘʥʠʣʠʱ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘʤʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʳʭʘʥʠʷ ʦʙʲʝʢʪʦʚ ʦʪ 

ʚʨʝʤʝʥʠ: 

                                                                  ή ή ήÅØÐὯ†ȟ                                                                  (8) 

ʢʦʪʦʨʳʝ ʚʳʚʝʜʝʥʳ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʳʭʘʥʠʷ ʥʘʩʳʧʠ 

ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ ʨʘʟʣʠʯʥʦʡ ʚʣʘʞʥʦʩʪʠ [4,5]. ʅʠʞʥʠʡ ʟʥʘʢ ʦʪʥʦʩʠʪʩʷ ʢ ʤʘʩʣʠʯʥʳʤ ʢʫʣʴʪʫʨʘʤ, 

ʚʝʨʭʥʠʡ ð ʢ ʦʙʲʝʢʪʘʤ ʪʠʧʘ ʪʦʧʠʥʘʤʙʫʨʘ ʠʣʠ ʢʘʨʪʦʬʝʣʷ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʤʘʪʝʨʠʘʣʝ (ʯʘʩʪʠʮʝ ʥʘʩʳʧʠ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ) ʠ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝ ʧʦʣʫʯʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

ὝὢȟὊ
ὸὶȟ† ὸ

ὸ ὸ
 

ρ ὖ Ὂ
ὤ

ὖὩ

ὖ

ὖὨὖ
ÅØÐ

ὖὨ

ὖὩ
ὤ ρ ὩὼὴὖὨὊ

ὤ

ὖὩ
 

ὓὲὓὶὤὖ ρ ὃ

Ð
ρ

‘ίὭὲ‘

‘

•
‘ Ὂ

ὤ

ὖὩ

ὄὭ

ς

ίὭὲ‘ὢ

‘ὢ
ὧέί‘ὢ Ͻ 

Ͻ Ὡὼὴ‘ Ὂ ỄȠ                                                                                                                          (9) 

Ὕ ὤȟὊ
ȟ

ρ ὓὲὓὶὤ ὖ ὖὩ ᶸ
Ѝ

Ѝ

Ѝ

Ѝ

В ρÐ

ϽὩὼὴ‘ Ὂ                                                                                                         (10) 

ɿʜʝʩʴ: 

ὃ
ςὄὭ

•
Ƞ  •  ‘ ὄὭὄὭ ρȠ 

‘  ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

                                                                           ὸὫ‘ V                                                                   (11) 

ʇʨʠ P01=P02=0 ʠʟ (9) ʠ (10) ʩʣʝʜʫʶʪ ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʤʘʪʝʨʠʘʣʝ ʠ ʪʝʧʣʦʥʦʩʠʪʝʣʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ [4] ʠ [5]. 

ɼʣʷ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʥʘʩʳʧʠ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʢʪʠʚʥʦʛʦ 

ʚʝʥʪʠʣʠʨʦʚʘʥʠʷ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʳʭʘʥʠʷ ʦʙʲʝʢʪʦʚ ʦʪ ʚʨʝʤʝʥʠ ʧʦ ʟʘʢʦʥʫ 

                                                                        q=q1-q2 exp(-kŰ) [2]                                                                (12) 

ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʧʦʣʫʯʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1), (3), (5)-(7)ā (12) 

ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [8]: 

ὝὢȟὊ
ὸὶȟ† ὸ

ὸ ὸ
ρ ὃ

ὖ

ὖὨ
ρ ὄὭ

ὃ

ὢ
ÅØÐὖὨὊέ ὃ

ρ
ὖ
ὖ

‘
ὖὨ

‘ ρ
‘
ὖὨ
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ρ

ὢ
ὔὊέᶻὓὊέᶻ Ὂέᶻz ὨὊέᶻz ρ

ᶻ

ÅØÐύὤ ὑᶻὊέᶻ Ø 

ØВ ὃ ÅØÐ‘ Ὂέ Ὂέᶻ ὨὊέᶻȠ                                                                                               (13) 

Ὕ ὤȟὊ
ȟ

ρ ὑὊέ ὔὊέ ὖὩ᷿ ὔὊέᶻὓ Ὂέ ὊέᶻὨὊέᶻȟ                   (14) 

ʛʜʝ ὃ ρ ὢ ρȠ 

ὃ
ЍὖὨ

ÓÉÎ ЍὖὨὤ

ὧέίЍὖὨ

ρ ὄὭ ρ
ὸὫЍὖὨ

ЍὖὨ

Ƞ 

ὃ
ςὄὭ

ὄὭὄὭ ρ ‘
Ƞ 

ὑᶻὊέ Ὣρ ὑὊέȠ 

Ὣ ρ
σς

“
ὑȠ 

‎
ρ

“
ψ
ρ

ρ
ὄὭ

Ƞ 

ύ
ὑ‎

ὖὩ
Ƞ 

‍
“‎Ὣ

σς
Ƞ 

ὑὊέ
ρ

ρ
“
σςὑ

 

ừ
ỬỬ
Ừ

ỬỬ
ứ

ρ ὖ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợὖ

ὖ

ὖὨ

‍
ὖὨὊέ

ρ

ὖ ὖ
ὖὨ

ὖ ὖ ὖέ
ὖὨὖ
‍

ρ
‍
ὖὨ

ÅØÐ‍Ὂέ 
ὖ

ρ
ὖὨ
‍

ÅØÐ ὖὨὊέ

Ứ
ủ
ủ
ủ
ủ
ủ
Ủ

ữ
ỬỬ
Ữ

ỬỬ
ử

 

ὑ ὓὲ
ὧ‎

ὧ‎

ὓὲὓὶὖὩ

ὄὭ
Ƞ 

‘  ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ὸὫ‘ Ƞ       

ὔὊέ Ὅ
“

ςЍς
ύ‎ᾀ—ÅØÐ

‍

Ὣ
—

‍

Ὣ
Ὅ
“

ςЍς
ύ‎ᾀ—z ÅØÐ

‍

Ὣ
—ᶻ Ὠ—ᶻȠ 

ὓὊέ ЎὊέ

‎ὑ

ὖὩ
ρ

‍
ὖὨ
ὖ ὖ

ρ
ὖ

‍
‍
ὖὨ

ρ
ÅØÐ‍Ὂέ

ρ

‍
ὖ

ὖ

ρ
ὖὨ
‍

ÅØÐ ὖὨὊέȠ 

ЎὊέ
ȟ̐ ̑ ̉π Ὂέ ὊέᶻȠ

πȟ̐ ̑ ̉Ὂέ Ὂέᶻ
  ï  ʠʤʧʫʣʴʩʥʘʷ ʬʫʥʢʮʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ; — Ὂέ ; 

Io(x) ï ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʨʦʜʘ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʡ (13) ʠ (14) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʦʙʲʝʤʫ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʟʘʪʝʤ ʪʝʤʧ ʥʘʛʨʝʚʘ (ʦʭʣʘʞʜʝʥʠʷ) ʩʣʦʷ ʥʘʩʳʧʠ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ ʠ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʜʦʚʝʜʝʥʠʷ ʥʘʩʳʧʠ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʩʢʦʤʳʝ ʨʝʰʝʥʠʷ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʭʨʘʥʝʥʠʷ ʥʘʩʳʧʠ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ. 

ɿʘʢʣʶʯʝʥʠʝ 
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ʀʟ ʨʝʰʝʥʠʡ (13)-(14) ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʫʧʨʦʱʝʥʠʷʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʳ, ʫʜʦʙʥʳʝ ʜʣʷ 

ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨ ʚ ʥʘʩʳʧʠ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ ʠ ʪʝʧʣʦʥʦʩʠʪʝʣʝ: 

ὝὢȟὊ
ὸὶȟ† ὸ

ὸ ὸ
 

ὖ
ρ

φ
ρ

ς

ὄὭ
ὢ

ρ

ὖὩ

σς

“‎

ὓὲὓὶ

ὄὭ
ὤ

ρ

ὖὨ

ρ

ὖ
ρ
ὖ ὖ

ὖὨ
 

ὄὭ

ὢ

ὖ

•

ὓὲὓὶὢ

ὄὭὖὨ
“‎
σς

ρ

ὖὨ
ίὭὲ ЍὖὨὢὩὼὴὖὨὊέ

ὤ

ὖὩ
 

ρ

•

ὓὲὓὶὢὖ ὖ
σς
“‎
ὖὨὖ

ὄὭὖὨ
“‎
σς

ρ  

ίὭὲ
“ ς‎

ψ
Ὡὼὴ

“‎

σς
Ὂ

ὤ

ὖὩ
ὄὭ ρ

ίὭὲ‘ὢ

•ὧέί‘

Ð

 

ρ
ὓὲὓὶ

ὄὭ
“‎
σς

‘
ὖὨὖ ὖὨ ὖ ὖ ‘ ‘

ὖὨὖ

‘
ὖ ὖ

ὖὨ ‘
 

Ὡὼὴ‘ Ὂέ
ὤ

ὖὩ
Ƞ 

 Ὕ  
ὸᾀȟ† ὸ

ὸ ὸ
ρ
‎ὓὲὓὶὤ

ὄὭ
 

σς

“‎
ὖ

ρ

ὖὨ
σς
“‎

ὖ ὩὼὴὖὨὊέ
ὤ

ὖὩ

ὖ ὖ
σς

“‎
ὖὨὖ ὖὨ

“‎

σς
Ὡὼὴ

“‎

σς
Ὂέ

ὤ

ὖὩ
 

ʛʜʝ • ЍὖὨ ὧέίЍὖὨ ὄὭ ρίὭὲЍὖὨȠ   • ‌ὧέί‌ὄὭ ρίὭὲθȠ 

ᶿ
“ ς‎

ψ
Ȣ 

ʆʙʦʟʥʘʯʝʥʠʷ 

T(X,F0), Tc(Z,F0) ï ʙʝʟʨʘʟʤʝʨʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʲʝʢʪʘ ʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; t(r,Ű) ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʲʝʢʪʘ (ʪʝʣʘ, ʤʘʪʝʨʠʘʣʘ); t0 ï ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʲʝʢʪʘ; tc(z,Ű) ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ; tco ï ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ; r, z ï ʪʝʢʫʱʠʝ ʢʦʦʨʜʠʥʘʪʳ; R ï ʨʘʜʠʫʩ 

ʰʘʨʘ; h ï ʚʳʩʦʪʘ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ;  Ű ï ʚʨʝʤʷ; aq ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ; Ů ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʬʘʟʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʧʘʨ (ʧʘʨʘ ʚ ʞʠʜʢʦʩʪʴ); ɟ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ 

ʬʘʟʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʩq ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʝʣʘ; ʩʩ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʝʧʣʦʥʦʩʠʪʝʣʷ; 

u(rāt) ï ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʪʝʣʘ; u0 ï ʥʘʯʘʣʴʥʦʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʪʝʣʘ; am ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʧʘʛʦʧʨʦʚʦʜʥʦʩʪʠ; ŭ ï ʪʝʨʤʦʛʨʘʜʠʝʥʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ; ɚq ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ; ɚm ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʧʨʦʚʦʜʥʦʩʪʠ; Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʙʤʝʥʘ; jm ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʧʘʨʝʥʠʷ 

(ʢʦʥʜʝʥʩʘʮʠʠ) c ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ; ɔq ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ; ɔc ï ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʥʦʩʠʪʝʣʷ; ɡ ï 

ʩʢʦʨʦʩʪʴ ʪʝʧʣʦʥʦʩʠʪʝʣʷ; F ï ʧʣʦʱʘʜʴ ʤʠʜʝʣʝʚʦʛʦ ʩʝʯʝʥʠʷ; m ï ʧʦʨʦʟʥʦʩʪʴ ʩʣʦʷ; q ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ 

ʜʳʭʘʥʠʷ ʥʘʩʳʧʠ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ;q1 ʠ q2 ï  ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʳʭʘʥʠʷ ʦʙʲʝʢʪʦʚ; 

ὤ ȟ   ὢ   ï ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ; 

ȟ   Ὂέ   ï ʯʠʩʣʦ ʌʫʨʴʝ;  ï ʯʠʩʣʦ ʇʨʝʜʚʦʜʠʪʝʣʝʚʘ; 

ὄὭ  ï ʯʠʩʣʦ ɹʠʦ; ὓὲ : ï ʯʠʩʣʦ ʄʠʥʠʦʚʠʯʘ; 

ʈʝ  ï ʯʠʩʣʦ ʇʝʢʣʝ; ὖέ , ὖέ    ï ʯʠʩʣʘ ʇʦʤʝʨʘʥʮʝʚʘ; 

ʅʦ ὊέὖὩ  ï ʢʨʠʪʝʨʠʠ ʛʦʤʦʭʨʦʥʥʦʩʪʠ; 

ὓὶ  ï ʯʠʩʣʦ ʄʘʨʛʫʣʠʩʘ. 
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ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʥʦ ʩʚʷʟʘʥʘ 

ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ. 
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Abstract 

Convex linear structures of various configurations with a height of up to 200 ɛm and a depth of up to 

100 ɛm, point structures with a height of up to 500 ɛm were obtained on the surface of the steel using a 50 

W 1.064 ɛm wavelength nanosecond pulsed fiber laser source. No additives were used. The structures were 

formed from the material of the irradiated steel by controlling the dynamics of the melt. The possibility of 

forming Braille on a steel surface using this technology is demonstrated. The results are encouraging for a 

number of industry sectors where electron beam machines and high-powered laser sources are cost 

prohibitive, and one need a high rate of obtaining topology. 

ɸʥʥʦʪʘʮʠʷ 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʩ ʧʦʤʦʱʴʶ ʠʤʧʫʣʴʩʥʦʛʦ ʥʘʥʦʩʝʢʫʥʜʥʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ 

ʤʦʱʥʦʩʪʴʶ 50 ɺʪ ʠ ʜʣʠʥʦʡ ʚʦʣʥʳ 1,064 ʤʢʤ ʙʝʟ ʧʨʠʩʘʜʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʣʫʯʝʥ ʚʳʧʫʢʣʳʡ ʨʝʣʴʝʬ 

ʚ ʬʦʨʤʝ ʣʠʥʠʡ ʩ ʚʳʩʦʪʦʡ ʜʦ 200 ʤʢʤ ʠ ʛʣʫʙʠʥʦʡ ʜʦ 100 ʤʢʤ, ʪʦʯʝʯʥʳʡ  ʨʝʣʴʝʬ c ʚʳʩʦʪʦʡ ʜʦ 500 

ʤʢʤ. ʈʝʣʴʝʬ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʠʟ ʤʘʪʝʨʠʘʣʘ ʦʙʣʫʯʝʥʥʦʡ ʩʪʘʣʠ, ʧʦʩʨʝʜʩʪʚʦʤ ʫʧʨʘʚʣʝʥʠʷ ʜʠʥʘʤʠʢʦʡ 

ʨʘʩʧʣʘʚʘ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʰʨʠʬʪʘ ɹʨʘʡʣʷ ʥʘ ʩʪʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʜʝ ʵʣʝʢʪʨʦʥʥʦ-

ʣʫʯʝʚʳʝ ʤʘʰʠʥʳ ʠ ʤʦʱʥʳʝ ʣʘʟʝʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʷʚʣʷʶʪʩʷ ʥʝʧʦʤʝʨʥʦ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ, ʠ ʥʫʞʥʘ 

ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʨʝʣʴʝʬʘ. 



16 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʥʜʝʥʮʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʘʟʝʨʥʦʡ ʤʠʢʨʦʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʧʦʩʪʝʧʝʥʥʦ 

ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʠʟʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʣʘʟʝʨʦʚ ʩ ʢʦʨʦʪʢʠʤʠ ʠ ʫʣʴʪʨʘʢʦʨʦʪʢʠʤʠ ʠʤʧʫʣʴʩʘʤʠ 

(ʧʠʢʦ- ʠ ʬʝʤʪʦʩʝʢʫʥʜʥʳʝ). ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʣʘʟʝʨʥʦʡ 

ʘʙʣʷʮʠʠ (ʩʢʦʨʦʩʪʠ ʫʜʘʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ) ʤʝʪʘʣʣʦʚ [1, 2]. ɺ ʨʘʙʦʪʝ [1] ʘʚʪʦʨʳ ʧʨʦʚʦʜʷʪ ʩʨʘʚʥʝʥʠʝ 

ʤʠʢʨʦ-, ʥʘʥʦ-, ʧʠʢʦ- ʠ ʬʝʤʪʦʩʝʢʫʥʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʫʜʘʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʦʪʚʝʨʩʪʠʡ. ɺ ʨʘʙʦʪʝ [1] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʥʦʩʝʢʫʥʜʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʂʇɼ ʘʙʣʷʮʠʠ ʥʘ ʝʜʠʥʠʮʫ ʧʨʠʣʦʞʝʥʥʦʡ ʵʥʝʨʛʠʠ. ʊʨʘʜʠʮʠʦʥʥʦ ʥʘʣʠʯʠʝ 

ʚʳʧʣʝʩʢʦʚ ʞʠʜʢʦʡ ʬʘʟʳ ʠ ʛʨʘʪʘ ʥʘ ʢʨʘʷʭ ʦʪʚʝʨʩʪʠʡ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʦʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʥʝʞʝʣʘʪʝʣʴʥʳʤ. ʕʪʦ ʫʤʝʥʴʰʘʝʪ ʂʇɼ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʢʘʯʝʩʪʚʦ ʦʪʚʝʨʩʪʠʡ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ 

ʤʠʢʨʦʦʙʨʘʙʦʪʢʠ. ɸʚʪʦʨʳ [2] ʩʦʦʙʱʘʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ ʠʟ ʩʪʘʣʠ ʠ 

ʤʝʜʠ ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ ʧʨʠ ʨʦʩʪʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʦʪ 10 ʜʦ 100 ʧʩ ʚ 

ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ ʚ ʤʘʪʝʨʠʘʣ ʥʘʯʠʥʘʝʪ ʜʦʤʠʥʠʨʦʚʘʪʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. ʉ ʨʦʩʪʦʤ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʠʤʧʫʣʴʩʘ ʨʘʩʪʝʪ ʩʢʦʨʦʩʪʴ ʘʙʣʷʮʠʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʡ ʬʘʟʳ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [2]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʥʪʨʦʣʴ 

ʞʠʜʢʦʡ ʬʘʟʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʭʦʞʠʤʠ ʣʘʟʝʨʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʥʘʯʠʥʘʷ ʩ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ 0,1 ʥʩ. 

ɺ ʨʘʙʦʪʝ [3] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʥʦʩʝʢʫʥʜʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʚʦ ʚʨʝʤʝʥʠ. ɸʚʪʦʨʘʤʠ [3] 

ʧʨʝʜʣʦʞʝʥʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʠʢʨʦʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʤʧʫʣʴʩʥʳʤ 

ʥʘʥʦʩʝʢʫʥʜʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʠʟʫʯʘʪʴ ʚʣʠʷʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠʣʠ ʫʢʘʟʳʚʘʪʴ ʝʛʦ 

ʧʨʠ ʧʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʅʘ ʨʳʥʢʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʟʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʘʥʦʩʝʢʫʥʜʥʳʭ ʣʘʟʝʨʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʠ ʫ ʢʘʞʜʦʛʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʩʠʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ. ɹʦʣʝʝ ʪʦʛʦ, ʥʝ ʚʩʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʫʢʘʟʳʚʘʶʪ ʚ ʧʘʩʧʦʨʪʝ ʪʘʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ʌʦʨʤʘ ʠʤʧʫʣʴʩʘ ʚ [3] ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʧʦʣʦʞʝʥʠʝʤ ʧʠʢʘ ʤʦʱʥʦʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʪʨʠ ʪʠʧʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: çʧʠʢ ʚ 

ʥʘʯʘʣʝè, çʧʠʢ ʚ ʩʝʨʝʜʠʥʝè, çʧʠʢ ʚ ʢʦʥʮʝè. ɸʚʪʦʨʳ [3] ʧʨʠʚʦʜʷʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʨʦʩʪʘ 

ʂʇɼ ʘʙʣʷʮʠʠ ʚ 1,5 ʨʘʟʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʬʦʨʤʳ ʠʤʧʫʣʴʩʘ ʩ çʧʠʢ ʚ ʢʦʥʮʝè ʥʘ ʬʦʨʤʫ çʧʠʢ ʚ ʥʘʯʘʣʝè. 

ʇʦʣʫʯʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʝʣʴʝʬʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʧʨʠ ʧʦʤʦʱʠ ʥʘʥʦʩʝʢʫʥʜʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʉʦʟʜʘʥʠʝ ʨʝʣʴʝʬʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʘ ʧʨʠ ʧʦʤʦʱʠ ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʘʜʛʝʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [4-6]. ɺ ʨʘʙʦʪʝ 

[4] ʠʩʩʣʝʜʦʚʘʣʠ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ ʘʣʶʤʠʥʠʷ ʩ ʪʝʨʤʦʧʣʘʩʪʠʢʦʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʝʣʴʝʬʘ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʩʝʪʯʘʪʦʛʦ ʠ 

ʢʨʘʪʝʨʦʧʦʜʦʙʥʦʛʦ ʨʝʣʴʝʬʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʫʣʫʯʰʘʝʪ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ 

ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʩʭʦʞʝʡ ʨʘʙʦʪʝ [5] ʧʦʢʘʟʘʥʦ ʢʘʢ ʩʦʟʜʘʥʠʝ ʨʝʣʴʝʬʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʠʪʘʥʘ 

ʫʣʫʯʰʘʝʪ ʩʦʝʜʠʥʝʥʠʝ ʝʛʦ ʩ ʧʦʣʠʢʘʨʙʦʥʘʪʦʤ. ɺ ʨʘʙʦʪʝ [6] ʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʠʤʝʨ/ʤʝʪʘʣʣ, ʧʨʠ ʵʪʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʥʘʢʣʦʥʥʳʝ ʢʘʥʘʚʢʠ 

ʧʨʠ ʧʦʤʦʱʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʅʘʢʣʦʥ ʢʘʥʘʚʦʢ ʦʙʝʩʧʝʯʠʚʘʣʩʷ ʥʘʢʣʦʥʦʤ ʜʝʪʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʩʢʘʥʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ. 

ʉʦʟʜʘʥʠʝ ʨʝʣʴʝʬʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʠʟ ʩʝʙʷ ʢʘʥʘʚʢʠ 

ʠʣʠ ʢʨʘʪʝʨʳ ʤʦʞʝʪ ʫʣʫʯʰʘʪʴ ʠ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [7] ʧʦʢʘʟʘʥʦ, ʢʘʢ ʩʦʟʜʘʥʠʝ 

ʢʘʥʘʚʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʠ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʫʣʫʯʰʘʝʪ ʧʦʛʣʦʱʘʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʠʤʦʤ ʠ ʀʂ ʜʠʘʧʘʟʦʥʝ ʠ ʧʨʠʜʘʝʪ ʢʘʧʠʣʣʷʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ [8] ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʟʜʘʥʠʝ ʪʦʧʦʣʦʛʠʠ ʧʨʠ ʧʦʤʦʱʠ 

ʣʘʟʝʨʘ ʩʦ ʩʢʘʥʠʨʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʤʦʞʝʪ ʫʣʫʯʰʘʪʴ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ. 

ɺ ʨʘʙʦʪʝ [9] ʠʩʩʣʝʜʦʚʘʥʦ ʧʦʣʫʯʝʥʠʝ ʧʷʪʠ ʪʠʧʦʚ ʨʝʣʴʝʬʘ ʠ ʧʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʣʴʝʬʘ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʣʘʟʝʨʥʦʡ ʜʦʨʦʞʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʠʪʘʥʘ ʠ 

ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 50 ɺʪ ʠʟʣʫʯʘʪʝʣʴ ʬʠʨʤʳ IPG, ʨʘʙʦʪʘʶʱʠʡ ʥʘ 

ʜʣʠʥʝ ʚʦʣʥʳ 1,064 ʤʢʤ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ 100 ʥʩ ʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʱʠʝ 

ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʝʣʴʝʬʘ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨ ʚʦʟʥʠʢʥʦʚʝʥʠʷ: ʩʣʫʯʘʡʥʳʡ ʠʣʠ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ. ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ʘʚʪʦʨʳ [9] ʫʯʠʪʳʚʘʣʠ ʧʦʚʝʜʝʥʠʝ ʞʠʜʢʦʡ 

ʬʘʟʳ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʨʝʣʴʝʬʘ.  

ʉʨʝʜʠ ʚʠʜʦʚ ʨʝʣʴʝʬʘ ʚ [9] ʙʳʣ ʧʨʠʚʝʜʝʥ ʪʠʧ çʤʠʢʨʦʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʚʳʩʦʪʦʡ 100 

ʥʤ ʠʣʠ ʤʝʥʝʝè. ʈʘʟʤʝʨ ʪʘʢʠʭ ʥʝʨʦʚʥʦʩʪʝʡ ʥʝ ʦʧʨʝʜʝʣʷʣʩʷ ʨʘʟʤʝʨʦʤ ʧʷʪʥʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʙʳʣʦ ʨʘʚʥʦ 25 ʤʢʤ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʪʘʢʠʭ ʤʠʢʨʦʰʝʨʦʭʦʚʘʪʦʩʪʝʡ ʦʙʲʷʩʥʷʣʦʩʴ 
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ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʪʝʨʤʦ- ʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ, ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 

ʜʝʬʝʢʪʘʤʠ ʠ ʜʠʩʣʦʢʘʮʠʷʤʠ. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʘʙʦʪ [10-12], ʧʦʩʚʷʱʝʥʥʳʭ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʭʦʞʠʭ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʥʝʨʦʚʥʦʩʪʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʝʛʦ ʥʘʥʦ- [10] 

ʧʠʢʦ- [11] ʠ ʬʝʤʪʦʩʝʢʫʥʜʥʳʤ [12] ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʨʘʙʦʪʘʶʱʝʤ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʤʦʜʝʣʴʶ, ʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʥʘʷ ʤʦʜʝʣʴ (ʇʇʄ), ʦʩʥʦʚʳʚʘʶʱʘʷʩʷ ʥʘ ʠʥʪʝʨʬʝʨʝʥʮʠʠ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ ʩ ʧʘʜʘʶʱʠʤ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ [13]. 

ʇʦʣʫʯʝʥʠʝ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʜʣʷ ʟʘʱʠʪʥʦʡ ʤʘʨʢʠʨʦʚʢʠ ʠ ʚ ʜʝʢʦʨʘʪʠʚʥʳʭ ʮʝʣʷʭ [10]. 

ɺ ʨʘʙʦʪʘʭ [14, 15] ʢʦʥʪʨʦʣʴ ʞʠʜʢʦʡ ʬʘʟʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʨʝʣʴʝʬʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʧʨʠ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʨʘʩʧʣʘʚʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʠʤʫʱʝʩʪʚʦʤ. ɺ ʨʘʙʦʪʝ [14] ʘʚʪʦʨʳ ʧʦʣʫʯʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʨʝʰʝʪʢʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠʟ ʩʝʙʷ ʨʝʛʫʣʷʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʤʠʢʨʦʢʨʘʪʝʨʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʘ ʠʤʧʫʣʴʩʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1,064 

ʤʢʤ. ɸʚʪʦʨʳ [14] ʬʦʨʤʠʨʦʚʘʣʠ ʤʠʢʨʦʢʨʘʪʝʨʳ ʥʫʞʥʦʡ ʬʦʨʤʳ ʧʫʪʝʤ ʢʦʥʪʨʦʣʷ ʧʦʚʝʜʝʥʠʷ ʨʘʩʧʣʘʚʘ ʚ 

ʤʠʢʨʦʥʥʳʭ ʦʙʣʘʩʪʷʭ. ɺ ʨʘʙʦʪʝ [15] ʘʚʪʦʨʳ ʧʦʣʫʯʘʣʠ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʨʝʣʴʝʬʘ ʩ ʚʧʘʜʠʥʘʤʠ ʠ 

ʚʳʩʪʫʧʘʤʠ ʚʳʩʦʪʦʡ ʧʦʨʷʜʢʘ 1 ʤʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʴʥʳʭ ʠʟʜʝʣʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ 

Yb-ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ ʤʦʱʥʦʩʪʴʶ 200 ɺʪ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʩʘʜʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂʨʦʤʝ 

ʚʳʙʦʨʘ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʣʴʝʬʘ ʦʢʘʟʘʣʘ ʩʪʨʘʪʝʛʠʷ ʦʙʨʘʙʦʪʢʠ, 

ʘ ʪʘʢʞʝ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʣʫʯʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʳ [15] ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʚʦʡ 

ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʦʜ ʪʦʚʘʨʥʳʤ ʟʥʘʢʦʤ Surfi-SculptÈ, ʚ ʢʦʪʦʨʦʤ ʫʢʘʟʘʥʳ ʨʝʞʠʤʳ, ʩʪʨʘʪʝʛʠʠ 

ʠ ʪʨʘʝʢʪʦʨʠʠ ʣʫʯʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʫʧʨʘʚʣʷʝʤʦʛʦ ʨʝʣʴʝʬʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ 

ʜʝʡʩʪʚʫʝʪ ʧʘʪʝʥʪ [16], ʦʧʠʩʳʚʘʶʱʠʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʨʝʣʴʝʬʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʫʶ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [15]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʪʫʧʘʶʱʝʛʦ ʨʝʣʴʝʬʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʘʥʦʩʝʢʫʥʜʥʦʛʦ ʤʘʣʦʤʦʱʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʨʘʩʧʣʘʚʦʤ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʘʡʜʝʥʳ ʥʝ ʙʳʣʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʠ ʦʧʠʩʘʥʠʝ ʟʘʜʘʯʠ 

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʫʶ ʩʪʨʘʪʝʛʠʶ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʘʣʴʥʦʛʦ ʠʟʜʝʣʠʷ ʣʘʟʝʨʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʚʳʧʫʢʣʦʛʦ ʨʝʣʴʝʬʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʟʥʠʮʝʡ 

ʚ ʚʳʩʦʪʝ (ʛʣʫʙʠʥʘ ʛʨʘʚʠʨʦʚʢʠ, ʚʳʩʦʪʘ ʥʘʧʣʘʚʣʝʥʥʦʡ ʯʘʩʪʠ, ʦʙʱʘʷ ʨʘʟʥʠʮʘ ʠʣʠ ʧʝʨʝʧʘʜ ʚʳʩʦʪʳ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ (50 ɺʪ) ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1,064 

ʤʢʤ, ʘ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʨʘʪʝʛʠʠ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ ʠʤʧʫʣʴʩʘʤʠ 

ʥʘʥʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʞʠʜʢʘʷ ʬʘʟʘ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʦʡ, ʥʦ ʜʘʞʝ ʧʦʣʝʟʥʦʡ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʘʪʝʨʠʘʣʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʘʣʴ ʤʘʨʢʠ ʉʪ3 ʩʧ ɻʆʉʊ 3778-77. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʵʪʦʡ ʩʪʘʣʠ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ. 1. 

ɼʣʷ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʪʦʣʱʠʥʦʡ 1-5 ʤʤ. ʆʙʨʘʟʮʳ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ 

ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1,064 ʤʢʤ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʣʘʟʝʨʥʳʡ ʠʩʪʦʯʥʠʢ YPLN-1-100-50-

M ʬʠʨʤʳ IPG Photonics. ʃʘʟʝʨ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʜʦ 50 ɺʪ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ (Pavg) ʠ ʨʘʙʦʪʘʪʴ ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ 2-200 ʢɻʮ (PRR). ʃʘʟʝʨʥʳʡ ʠʩʪʦʯʥʠʢ ʙʳʣ ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ 

ʩʠʩʪʝʤʫ çʊʫʨʙʦʄʘʨʢʝʨè ʬʠʨʤʳ ʆʆʆ çʃʘʟʝʨʥʳʡ ʎʝʥʪʨè. ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʩʢʘʥʠʨʫʶʱʫʶ 

ʛʦʣʦʚʫ ʩ ʦʙʲʝʢʪʠʚʦʤ ʦʩʥʘʱʝʥʥʳʤ F-Theta ʣʠʥʟʘʤʠ. ʈʘʩʯʝʪʥʳʡ ʜʠʘʤʝʪʨ ʧʫʯʢʘ ʩʦʩʪʘʚʣʷʣ 75 ʤʢʤ. 

ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʦ 15000 ʤʤ/ʩ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʣʘʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

 
ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʘʣʠ ʉʪ3ʩʧ 

 

C Si Mn Ni S P Cr N Cu As 

0,14-

0,22 

0,05- 

0,15 

0,4- 

0,65 
ʜʦ 0,3 ʜʦ 0,05 ʜʦ 0,04 ʜʦ 0,3 ʜʦ 0,008 ʜʦ 0,3 ʜʦ 0,08 

ʊʘʙʣʠʮʘ 2 ï ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʟʝʨʥʦʡ ʩʠʩʪʝʤʳ 

 

ʄʦʜʝʣʴ ʠʩʪʦʯʥʠʢʘ YPLN-1-100-50-M 

ɸʨʭʠʪʝʢʪʫʨʘ ʆʧʪʦʚʦʣʦʢʦʥʥʳʡ ʩ ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʜʦʙʨʦʪʥʦʩʪʴʶ 

ɚ, ʥʤ 1064 

ʄʘʢʩ. Pavg, ɺʪ 50 
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PRR, ʢɻʮ 2-200 

ʄʘʢʩ. E, ʤɼʞ 1 

Ű, ʥʩ 100 

ʂʘʯʝʩʪʚʦ ʧʫʯʢʘ, M2 <2 

ɼʠʘʤʝʪʨ ʧʫʯʢʘ d0, ʤʢʤ 75 

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʤʤ/ʩ 15000 

 

ʇʘʨʘʤʝʪʨʳ ʨʝʣʴʝʬʘ ʠʟʤʝʨʷʣʠ ʠ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʘ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʩʜʝʣʘʥʳ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʡ 

ʢʘʤʝʨʳ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ ʰʢʘʣʳ ʤʠʢʨʦʩʢʦʧʘ. 

ʇʣʘʥ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʝʨʚʳʤ ʰʘʛʦʤ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʨʘʩʧʣʘʚ ʚʝʜʝʪ ʩʝʙʷ ʚʙʣʠʟʠ ʧʨʷʤʦʣʠʥʝʡʥʦʡ 

ʢʘʥʘʚʢʠ, ʝʩʣʠ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʫʯʢʘ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʢʘʥʘʚʢʠ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ 

ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʵʬʬʝʢʪʠʚʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʩʧʣʘʚ ʧʨʠ ʣʘʟʝʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʩʪʘʣʴ. ɼʣʷ ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ YPLN-1-100-

50-M ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʠʤʧʫʣʴʩʘ ʩʦʩʪʘʚʣʷʝʪ 1 ʤɼʞ. ʕʪʦʡ ʵʥʝʨʛʠʝʡ ʦʙʣʘʜʘʶʪ ʠʤʧʫʣʴʩʳ, 

ʠʟʣʫʯʘʝʤʳʝ ʩ ʯʘʩʪʦʪʦʡ 50 ʢɻʮ. ʊʘʢʠʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʨʝʣʴʝʬʘ ʚ ʨʝʞʠʤʝ ʠʩʧʘʨʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ɺʝʣʠʯʠʥʳ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʘ ʠ ʯʘʩʪʦʪʳ ʦʩʪʘʚʘʣʠʩʴ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. 

ʊʦʛʜʘ ʩʢʦʨʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʘʨʘʤʝʪʨʦʤ ʚ ʟʘʜʘʯʝ. ʐʠʨʦʢʦ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʚʘʨʥʳʭ ʰʚʦʚ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʩʚʘʨʢʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʧʝʨʝʯʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʵʣʝʢʪʨʦʜʘ ʚʜʦʣʴ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʫʪʠ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʦʡ ʠ 

ʘʤʧʣʠʪʫʜʦʡ ʠ ʩʦʯʝʪʘʶʪʩʷ ʩ ʜʚʠʞʝʥʠʝʤ ʧʦ ʰʚʫ. ʊʘʢʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʨʘʩʧʣʘʚ ʠ ʩʪʝʧʝʥʴ ʥʘʛʨʝʚʘ ʦʙʣʘʩʪʝʡ ʩʚʘʨʢʠ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ ʩʚʘʨʥʳʝ ʰʚʳ ʥʝʦʙʭʦʜʠʤʦʡ ʰʠʨʠʥʳ ʠ 

ʢʘʯʝʩʪʚʘ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʨʘʩʧʣʘʚʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ ʧʫʯʢʘ ʙʳʣʦ ʟʘʤʝʥʝʥʦ 

ʜʚʠʞʝʥʠʝʤ ʧʦ ʢʨʠʚʦʡ, ʥʘʟʳʚʘʝʤʦʡ ʪʨʦʭʦʠʜʦʡ. ɼʣʷ ʵʪʦʡ ʢʨʠʚʦʡ ʝʩʪʴ ʜʚʘ ʧʘʨʘʤʝʪʨʘ: ʮʠʢʣʠʯʝʩʢʘʷ 

ʯʘʩʪʦʪʘ ʠ ʰʠʨʠʥʘ ʢʨʠʚʦʡ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʝ ʮʠʢʣʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ, ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʧʝʪʣʷʤʠ ʪʨʦʭʦʠʜʳ. ʊʦʛʜʘ ʚ ʟʘʜʘʯʝ ʦʩʪʘʝʪʩʷ ʪʨʠ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʠʷ ʣʠʥʝʡʥʳʭ 

ʢʘʥʘʚʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ: ʩʢʦʨʦʩʪʴ ʣʫʯʘ (V), ʰʠʨʠʥʘ (ʠʣʠ ʚʳʩʦʪʘ) ʪʨʦʭʦʠʜʳ (H), ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʧʝʪʣʷʤʠ (D). 

ʇʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʦʭʦʠʜʳ ʠ ʩʢʦʨʦʩʪʠ ʣʫʯʘ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʠʟʫʯʠʪʴ, ʢʘʢ ʬʦʨʤʘ ʥʘʧʨʘʚʣʷʶʱʝʡ ʢʨʠʚʦʡ ʚʣʠʷʝʪ ʥʘ ʨʝʣʴʝʬ. ʇʨʦʚʦʜʷ ʘʥʘʣʦʛʠʶ ʩ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ 

ʩʚʘʨʢʦʡ, ʥʘʧʨʘʚʣʷʶʱʘʷ ʢʨʠʚʘʷ ï ʵʪʦ ʢʨʠʚʘʷ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʪʨʘʝʢʪʦʨʠʶ ʩʚʘʨʥʦʛʦ ʰʚʘ. ʕʪʦ ʙʳʣ 

ʚʪʦʨʦʡ ʰʘʛ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ, ʥʘ ʢʦʪʦʨʦʡ ʫʢʘʟʘʥʳ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʯʠ, 

ʘ ʪʘʢʞʝ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʣʫʯʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʜʘʯʠ ʠ ʪʨʘʝʢʪʦʨʠʝʡ ʜʚʠʞʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ, ʛʜʝ D ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʧʝʪʣʷʤʠ ʪʨʦʭʦʠʜʳ, V ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʣʫʯʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ), H ï ʰʠʨʠʥʘ 

(ʚʳʩʦʪʘ) ʪʨʦʭʦʠʜʳ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʀʟʫʯʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʨʝʣʴʝʬʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʴʥʦʛʦ ʠʟʜʝʣʠʷ ʚʜʦʣʴ 

ʪʨʦʭʦʠʜʳ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʣʠʥʝʡʥʦʛʦ ʨʝʣʴʝʬʘ ï ʢʘʥʘʚʢʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʫʛʣʫʙʣʝʥʠʝ ʠ ʙʦʢʦʚʦʡ ʚʘʣʠʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʝʨʝʧʣʘʚʣʝʥʥʦʡ ʩʪʘʣʠ. ɼʘʣʝʝ ʚ ʪʝʢʩʪʝ ʧʦʜ ʛʣʫʙʠʥʦʡ 

ʢʘʥʘʚʢʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʜʥʘ ʫʛʣʫʙʣʝʥʠʷ, ʘ ʧʦʜ 

ʰʠʨʠʥʦʡ ʢʘʥʘʚʢʠ ï ʰʠʨʠʥʘ ʵʪʦʛʦ ʫʛʣʫʙʣʝʥʠʷ. ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʣʴʝʬʘ ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʧʦʧʝʨʝʯʥʳʝ ʰʣʠʬʳ ʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʵʪʠʭ ʢʘʥʘʚʦʢ ʠʤʝʝʪ N-

ʦʙʨʘʟʥʫʶ ʬʦʨʤʫ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2.  
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ʈʠʩʫʥʦʢ 2 ï N-ʬʦʨʤʘ ʣʠʥʝʡʥʦʛʦ ʨʝʣʴʝʬʘ ʥʘ ʩʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʠʜ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ɼʘʣʝʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ ʥʘ ʚʠʜ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ N-ʬʦʨʤʳ ʣʠʥʝʡʥʦʛʦ 

ʨʝʣʴʝʬʘ. ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʥʘʛʣʷʜʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʦʢʦʚʦʡ ʩʚʝʪ. 

ɹʦʢʦʚʦʡ ʩʚʝʪ ʜʘʝʪ ʪʝʥʴ, ʧʦ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʛʣʫʙʠʥʫ ʢʘʥʘʚʢʠ, ʚʳʩʦʪʫ ʚʘʣʠʢʦʚ ʠ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʅʘ 

ʨʠʩʫʥʢʝ 3 ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʨʘʩʧʦʣʦʞʝʥ ʩʣʝʚʘ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʚʠʜ ʨʝʣʴʝʬʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ N-ʬʦʨʤʳ: (ʘ) ï ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ (V), (ʙ) ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʝʪʣʷʤʠ ʪʨʦʭʦʠʜʳ (D), (ʚ) ï 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʰʠʨʠʥʳ ʪʨʦʭʦʠʜʳ (H). ʆʩʚʝʱʝʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʩʣʝʚʘ ʥʘʧʨʘʚʦ 

 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʣʴʝʬ ʧʦʩʣʝ ʦʩʥʦʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʯʠʱʘʣʠ ʥʘ ʪʦʡ ʞʝ ʣʘʟʝʨʥʦʡ 

ʩʠʩʪʝʤʝ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʤ ʨʝʞʠʤʦʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʠʪʴ ʦʢʩʠʜʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʦ 

ʚʨʝʤʷ ʦʩʥʦʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʨʘʩʧʣʘʚʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʙʣʝʩʢʘ ʙʝʟ ʩʝʨʴʝʟʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʨʝʣʴʝʬʘ.  

ʋʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ 300 ʜʦ 150 ʤʤ/ʩ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʛʣʫʙʠʥʳ 

ʢʘʥʘʚʢʠ ʠ ʚʳʩʦʪʳ ʚʘʣʠʢʘ, ʘ ʪʘʢʞʝ ʢ ʫʤʝʥʴʰʝʥʠʶ ʰʠʨʠʥʳ ʢʘʥʘʚʢʠ. ʂʦʛʜʘ ʩʢʦʨʦʩʪʴ ʨʘʚʥʘ 100 ʤʤ/ʩ, 

ʚʘʣʠʢ ʧʝʨʝʤʝʱʘʝʪʩʷ ʙʣʠʞʝ ʢ ʮʝʥʪʨʫ ʢʘʥʘʚʢʠ ʠ ʢʘʥʘʚʢʘ ʩʭʣʦʧʳʚʘʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʩʦʪʘ ʚʘʣʠʢʘ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3 (ʘ). ʋʚʝʣʠʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʝʪʣʷʤʠ ʩ 5 ʜʦ 15 ʤʢʤ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʛʣʫʙʠʥʳ ʢʘʥʘʚʢʠ ʠ ʚʳʩʦʪʳ ʚʘʣʠʢʘ. ʋʚʝʣʠʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʝʪʣʷʤʠ ʩ 

15 ʜʦ 25 ʤʢʤ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʛʣʫʙʠʥʳ ʢʘʥʘʚʢʠ ʠ ʝʝ ʩʭʣʦʧʳʚʘʥʠʶ (ʩʤ. ʨʠʩʫʥʦʢ 3 (ʙ). 

ʋʚʝʣʠʯʝʥʠʝ ʰʠʨʠʥʳ (ʠʣʠ ʚʳʩʦʪʳ) ʪʨʦʭʦʠʜʳ ʩ 0,3 ʤʤ ʜʦ 0,4 ʤʤ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʛʣʫʙʠʥʳ 

ʢʘʥʘʚʢʠ ʠ ʚʳʩʦʪʳ ʚʘʣʠʢʘ. ʋʚʝʣʠʯʝʥʠʝ ʰʠʨʠʥʳ ʪʨʦʭʦʠʜʳ ʩ 0,4 ʤʤ ʜʦ 0,5 ʤʤ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʛʣʫʙʠʥʳ ʢʘʥʘʚʢʠ. ʂʦʛʜʘ ʰʠʨʠʥʘ ʪʨʦʭʦʠʜʳ ʨʘʚʥʘ 0,5 ʤʤ, ʚʘʣʠʢ ʩʪʘʥʦʚʠʪʩʷ ʥʝʩʪʘʙʠʣʴʥʳʤ ʠ 

ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʢʘʧʣʠ, ʪʘʢʞʝ ʢʘʥʘʚʢʘ ʩʭʣʦʧʳʚʘʝʪʩʷ (ʩʤ. ʨʠʩʫʥʦʢ 3 (ʚ). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ: V = 150 ʤʤ/ʩ, D = 15 ʤʢʤ, H =0,4 ʤʤ. ʂʦʤʙʠʥʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ N-

ʬʦʨʤʳ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʪʠʧʳ ʨʝʣʴʝʬʘ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʚ ʢʘʢʦʡ ʩʪʦʨʦʥʝ 

ʩʢʘʧʣʠʚʘʝʪʩʷ ʨʘʩʧʣʘʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʅʘ 

ʨʠʩʫʥʢʝ 4 (ʘ) ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʩʧʣʘʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʷʶʱʝʡ. 
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ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʳ ʜʚʠʞʝʥʠʷ ʣʫʯʘ ʠ ʨʘʩʧʣʘʚʘ (ʘ) ʠ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ (ʙ): (1) ï ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʨʘʩʧʣʘʚʘ, (2) - ʢʘʥʘʚʢʘ ʥʘ ʩʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, (3) - ʪʨʘʝʢʪʦʨʠʷ ʣʫʯʘ (ʪʨʦʭʦʠʜʘ), (4) ï 

ʥʘʧʨʘʚʣʷʶʱʘʷ; r-ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ N-ʬʦʨʤʘʤʠ ʨʝʣʴʝʬʘ 

 

ɽʩʣʠ ʨʘʩʧʦʣʘʛʘʪʴ ʜʚʝ N-ʬʦʨʤʳ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ, ʪʦ ʚʘʣʠʢʠ ʤʦʛʫʪ ʣʠʙʦ ʥʝ ʧʝʨʝʩʝʢʘʪʴʩʷ, 

ʣʠʙʦ ʩʣʠʧʘʪʴʩʷ, ʦʙʨʘʟʦʚʳʚʘʷ ʦʜʠʥ ʙʦʣʴʰʦʡ ʚʘʣʠʢ ʪʨʝʫʛʦʣʴʥʦʛʦ (ȿ-ʬʦʨʤʘ) ʣʠʙʦ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ (ˊ-

ʬʦʨʤʘ) ʩʝʯʝʥʠʡ. ɽʩʣʠ ʜʚʝ N-ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʨʘʩʧʦʣʦʞʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ ʨʘʩʩʪʦʷʥʠʠ, 

ʪʦ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʩʫʤʤʘʨʥʳʡ ʨʝʣʴʝʬ ʦʙʣʘʜʘʝʪ ʬʦʨʤʦʡ ʙʫʢʚʳ çMè. ɺ ʜʘʣʴʥʝʡʰʝʤ ʪʘʢʦʡ ʪʠʧ 

ʨʝʣʴʝʬʘ ʙʫʜʝʪ ʥʘʟʳʚʘʪʴʩʷ M-ʬʦʨʤʘ. ʈʠʩʫʥʦʢ 4 (ʙ) ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ, ʢʦʤʙʠʥʠʨʫʷ N-

ʬʦʨʤʳ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʜʨʫʛʠʝ ʪʠʧʳ ʨʝʣʴʝʬʘ, ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ. ɺʠʜ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ȿ-, ˊ- ʠ 

ʄ-ʬʦʨʤ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 5. ʊʘʢʦʡ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʣʴʝʬʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʚʳʧʫʢʣʦʡ ʤʘʨʢʠʨʦʚʢʠ ʪʝʢʩʪʘ ʠ ʜʨʫʛʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʴʥʳʭ ʠʟʜʝʣʠʡ. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʌʦʨʤʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʜʥʦʤʝʨʥʳʭ ʩʦʩʪʘʚʥʳʭ ʨʝʣʴʝʬʘ: (ʘ) ï ȿ-ʬʦʨʤʘ (ʙ) ï -́

ʬʦʨʤʘ (ʚ) ï M-ʬʦʨʤʘ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʦʯʝʯʥʦʛʦ ʨʝʣʴʝʬʘ ʥʘ ʩʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʐʨʠʬʪ ɹʨʘʡʣʷ. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʷʶʱʝʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʠʨʘʣʴ ɸʨʭʠʤʝʜʘ ʚʤʝʩʪʦ 

ʧʨʷʤʦʡ ʣʠʥʠʠ, ʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʴʥʦʛʦ ʠʟʜʝʣʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʧʫʢʣʳʡ ʪʦʯʝʯʥʳʡ ʨʝʣʴʝʬ, 

ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 6 (ʘ). ʕʪʠ ʚʦʟʚʳʰʝʥʠʷ ʣʝʛʢʦ ʦʩʷʟʘʝʤʳ ʢʦʥʯʠʢʘʤʠ ʧʘʣʴʮʝʚ ʠ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʰʨʠʬʪʘ ɹʨʘʡʣʷ ʥʘ ʩʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 6 (ʙ), 

(ʚ). ɺʳʩʦʪʘ ʪʦʯʝʯʥʳʭ ʚʳʩʪʫʧʦʚ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ 500 ʤʢʤ. ɺʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʤʘʨʢʠʨʦʚʢʠ 

ʪʝʢʩʪʦʚʦʡ ʩʪʨʦʢʠ çHELLO WORLDè, ʩʦʩʪʘʚʠʣʦ 4,5 ʤʠʥʫʪʳ, ʜʣʷ ʪʝʢʩʪʘ ɹʨʘʡʣʷ - 5 ʤʠʥʫʪ. ʊʦʯʝʯʥʳʡ 

ʨʝʣʴʝʬ ʙʳʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʤ ʨʝʞʠʤʦʤ ʦʯʠʩʪʢʠ, ʫʧʦʤʷʥʫʪʳʤ ʚʳʰʝ. ʈʝʣʴʝʬ, 

ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʧʦʤʦʱʠ ʢʘʥʘʚʦʢ, ʙʳʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥ ʧʨʠ ʧʦʤʦʱʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʰʣʠʬʦʚʢʠ ʜʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʙʣʝʩʢʘ. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ɺʥʝʰʥʠʡ ʚʠʜ ʪʦʯʝʯʥʦʛʦ ʨʝʣʴʝʬʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ. (ʘ) ï ʚʠʜ ʩʙʦʢʫ, (ʙ) ï ʚʠʜ ʩʚʝʨʭʫ ʥʝʩʢʦʣʴʢʠʭ 

ʚʦʟʚʳʰʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʩʠʤʚʦʣʘ ʰʨʠʬʪʘ ɹʨʘʡʣʷ, (ʚ) ï ʚʠʜ ʚʳʧʫʢʣʦʛʦ ʪʝʢʩʪʘ ʠ ʪʝʢʩʪʘ 

ɹʨʘʡʣʷ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʩʠʤʚʦʣʘʤʠ 
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ɿʘʢʣʶʯʝʥʠʝ 

1. ʀʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʣʘʚʦʤ ʠ ʧʦʣʫʯʝʥʠʷ ʚʳʧʫʢʣʦʛʦ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʝʣʴʝʬʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʤʘʣʦʤʦʱʥʳʤ ʥʘʥʦʩʝʢʫʥʜʥʳʤ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ 1,064 ʤʢʤ.  

2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʣʫʯʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʜʦʣʴ ʪʨʦʭʦʠʜʳ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʚʳʧʫʢʣʦʛʦ ʣʠʥʝʡʥʦʛʦ ʨʝʣʴʝʬʘ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʯʝʪʘʥʠʝ ʫʛʣʫʙʣʝʥʠʷ 

ʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʚʘʣʠʢʘ, ʚʳʩʪʫʧʘʶʱʝʛʦ ʥʘʜ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ.  

3. ʆʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʥʘ ʚʠʜ ʠ ʧʘʨʘʤʝʪʨʳ ʬʦʨʤ ʨʝʣʴʝʬʘ. 

ʅʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ ʉʪ3ʩʧ ʤʘʣʦʤʦʱʥʳʤ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʠʥʝʡʥʦʛʦ ʨʝʣʴʝʬʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

4. ʅʘ ʩʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʚʳʧʫʢʣʳʡ ʪʦʯʝʯʥʳʡ ʨʝʣʴʝʬ ʧʨʠ ʧʦʤʦʱʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʷʶʱʝʡ ʩʧʠʨʘʣʠ ɸʨʭʠʤʝʜʘ. 

5. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʥʦʩʪʠ ʚʳʩʦʪ ʩʦʩʪʘʚʠʣʦ 300 ʤʢʤ ʜʣʷ ʢʘʥʘʚʦʢ ʠ 500 ʤʢʤ ʜʣʷ 

ʪʦʯʝʯʥʦʛʦ ʨʝʣʴʝʬʘ. 

6. ʊʝʭʥʦʣʦʛʠʶ ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʩ ʚʳʩʪʫʧʘʶʱʠʤ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʘʣʠʢʦʤ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʩʦʟʜʘʥʠʷ ʨʝʣʴʝʬʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ ʠʟ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ ʚ ʪʝʭ ʟʘʜʘʯʘʭ, ʛʜʝ ʫʜʘʨʥʦ ʪʦʯʝʯʥʘʷ ʤʘʨʢʠʨʦʚʢʘ ʣʠʙʦ ʛʣʫʙʦʢʘʷ ʣʘʟʝʨʥʘʷ 

ʛʨʘʚʠʨʦʚʢʘ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʦʣʛʦʚʝʯʥʦʛʦ ʨʝʣʴʝʬʘ. 

7. ʇʦʣʫʯʝʥʥʳʝ ʪʦʯʝʯʥʳʝ ʚʳʩʪʫʧʳ ʥʘ ʩʪʘʣʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʚʳʧʫʢʣʳʭ ʪʦʯʝʢ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʤʚʦʣʳ ʰʨʠʬʪʘ ɹʨʘʡʣʷ. ʆʥʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ ʈ 56832-2015 

çʐʨʠʬʪ ɹʨʘʡʣʷ. ʊʨʝʙʦʚʘʥʠʷ ʠ ʨʘʟʤʝʨʳè [17]. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨʳ ʭʦʪʝʣʠ ʙʳ ʧʦʙʣʘʛʦʜʘʨʠʪʴ ʛ-ʥʘ ʉ. ɻ. ɻʦʨʥʦʛʦ ʠʟ ʆʆʆ çʃʘʟʝʨʥʳʡ ʮʝʥʪʨè ʟʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʣʘʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʚ ʥʘʰʝ ʨʘʩʧʦʨʷʞʝʥʠʝ. 
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Abstract 

The article addresses the issue of intensive freezing of meat products. A refrigeration unit for the study 

of the properties of food products during processing at low temperatures is presented. 

ɸʥʥʦʪʘʮʠʷ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʦʧʨʦʩʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʤʷʩʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʭʦʣʦʜʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ.  

 

ɺʚʝʜʝʥʠʝ  

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʤʷʩʦʤ. ʄʷʩʦ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʣʥʦʮʝʥʥʳʭ ʙʝʣʢʦʚ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʦʵʪʦʤʫ ʦʪʥʦʩʠʪʩʷ 

ʢ ʚʘʞʥʝʡʰʠʤ ʧʨʦʜʫʢʪʘʤ ʧʠʪʘʥʠʷ. ʂʨʦʤʝ ʙʝʣʢʦʚ ʤʷʩʦ ʩʦʜʝʨʞʠʪ ʞʠʨʳ, ʵʢʩʪʨʘʢʪʠʚʥʳʝ ʠ ʤʠʥʝʨʘʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʨʷʜ ʚʠʪʘʤʠʥʦʚ ʠ ʜʨʫʛʠʝ ʮʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʚ ʙʣʘʛʦʧʨʠʷʪʥʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ, ʠ ʣʝʛʢʦʫʩʚʦʷʝʤʦʡ ʬʦʨʤʝ. 

ʆʧʳʪ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʚʦʜʠʤʳʝ ʨʘʙʦʪʳ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʘ ʦʪ ʢʘʯʝʩʪʚʘ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ ʟʜʦʨʦʚʴʝ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʇʨʝʜʫʩʤʘʪʨʠʚʘʝʤʦʝ ʦʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ ï ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʷʩʥʳʭ, 

ʚʳʜʚʠʛʘʝʪ ʧʨʦʙʣʝʤʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʝʨʴ ʧʨʠ ʭʦʣʦʜʠʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʭʨʘʥʝʥʠʠ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʥʘ ʦʩʥʦʚʝ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɼʘʣʴʥʝʡʰʠʡ ʧʨʦʛʨʝʩʩ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʷʩʘ ʩʚʷʟʘʥ ʩ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʨʝʞʠʤʦʚ 

ʦʙʨʘʙʦʪʢʠ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʝʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ. 
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ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʭʦʣʦʜʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʥʘʰʝʡ ʨʝʩʧʫʙʣʠʢʝ ʠ ʩʪʨʘʥʘʭ 

ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʦʭʣʘʞʜʝʥʠʷ ʤʷʩʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʚʥʝʜʨʷʶʪʩʷ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʦʭʣʘʞʜʝʥʠʷ ʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

ʤʷʩʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ ʧʨʦʮʝʩʩ ʭʦʣʦʜʠʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʫʚʝʣʠʯʠʪʴ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʴ 

ʢʘʤʝʨ, ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʩʦʭʨʘʥʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʩʥʠʟʠʪʴ ʫʩʫʰʢʫ ʤʷʩʘ. 

ʇʨʠ ʭʦʣʦʜʠʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʤʷʩʘ ʚʦ ʚʩʝʤ ʤʠʨʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʳʩʪʨʦʝ ʦʭʣʘʞʜʝʥʠʝ ʠ 

ʙʳʩʪʨʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʙʳʩʪʨʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʤʷʩʘ 

ʧʦʣʫʯʘʶʪ ʩʢʦʨʦʤʦʨʦʟʠʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʩʪʘʣʦ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʧʨʦʙʣʝʤʳ ʢʘʯʝʩʪʚʘ 

ʦʭʚʘʪʳʚʘʶʪ ʰʠʨʦʢʠʡ ʢʨʫʛ ʚʦʧʨʦʩʦʚ. ʏʘʩʪʦ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ, ʢʦʛʜʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʟʘʪʨʘʪ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʥʝ ʦʧʨʘʚʜʘʥʳ ʧʦ 

ʮʝʥʝ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʘʯʝʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ 

ʥʘʧʨʘʚʣʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʳʨʴʷ. ʇʨʦʙʣʝʤʳ ʭʨʘʥʝʥʠʷ ʩʳʨʴʷ 

ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʝʰʘʶʪʩʷ ʧʫʪʝʤ ʭʦʣʦʜʠʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʘʣʳʭ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʪʘʚʠʪ ʥʦʚʳʝ ʧʨʦʙʣʝʤʳ ʧʦ 

ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʭʣʘʞʜʝʥʥʦʝ ʤʷʩʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʟʘʤʦʨʦʞʝʥʥʳʤ ʠʤʝʝʪ ʣʫʯʰʠʝ ʚʢʫʩʦʚʳʝ ʩʚʦʡʩʪʚʘ ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʠʪʘʪʝʣʴʥʫʶ ʮʝʥʥʦʩʪʴ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦʬʘʟʥʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʤʷʩʘ, ʪʘʢ ʢʘʢ ʜʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʩʦʭʨʘʥʷʝʪ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʤʷʩʘ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʷʚʠʣʠʩʴ 

ʥʦʚʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʠ ʧʨʦʚʝʜʝʥʳ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʥʦʚʳʭ ʨʝʞʠʤʦʚ 

ʭʦʣʦʜʠʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʷʩʘ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʩʦʟʜʘʥʥʳʝ ʥʦʚʳʝ 

ʭʦʣʦʜʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʧʦʩʦʙʳ ʦʭʣʘʞʜʝʥʠʷ ʤʷʩʘ.  

ʉʦʭʨʘʥʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʧʝʨʝʨʘʙʦʪʢʠ ʠ 

ʭʨʘʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʟʘʜʘʯʘʤʠ ʚ ʨʝʰʝʥʠʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʳ ʨʝʩʧʫʙʣʠʢʠ [1].  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʠʟʤʝʥʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [2, 3].   

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨʝʞʠʤʦʚ ʭʨʘʥʝʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʤʷʩʥʳʭ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʭʦʣʦʜʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ [4]. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʟʘʤʦʨʘʞʠʚʘʥʠʶ ʤʷʩʘ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʙʨʘʟʮʘʭ ʪʦʣʱʠʥʦʡ 0,15 ʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʫʩʢʠ ʛʦʚʷʜʠʥʳ, ʙʘʨʘʥʠʥʳ ʠ ʩʚʠʥʠʥʳ. ʇʨʠ ʟʘʤʦʨʦʟʢʝ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʮʝʥʪʨʝ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

 
ʊʘʙʣʠʮʘ 1 

 
 

 

ɺʨʝʤʷ, 

ʯ 

ʊʝʤʧʝʨʘʪʫʨʘ, Áʉ 

ɻʦʚʷʜʠʥʘ ɹʘʨʘʥʠʥʘ ʉʚʠʥʠʥʘ 

ʚ ʮʝʥʪʨʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ 

ʚ ʮʝʥʪʨʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ 

ʚ ʮʝʥʪʨʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ 

0,0 15,0 15,0 16,0 16,0 23,0 23,0 

0,2 13,0 8,0 13,0 10,0 21,0 16,0 

0,4 6,0 0,0 9,0 0,0 12,0 9,0 

0,6 1,0 -11,0 6,0 -7,0 7,0 4,0 

0,8 -3,0 -16,0 3,0 -12,0 3,5 0,0 

1,0 -5,0 -18,0 0,0 -16,0 1,5 -4,0 

1,2 -7,0 -20,0 -1,0 -18,0 -1,0 -8,0 

1,4 -9,0 -21,0 -3,0 -19,0 -3,0 -11,0 

1,6 -12,0 -22,0 -4,0 -20,0 -4,0 -14,0 

1,8 -14,0 -22,5 -6,0 -20,0 -5,0 -15,0 

2,0 -16,0 -22,5 -7,0 -20,0 -5,5 -16,0 

2,2 -17,0 -23,0 -9,0 -20,0 -7,0 -17,0 

2,4 -18,0 -23,0 -10,0 -20,0 -7,5 -17,5 

2,6 -19,0 -23,0 -11,0 -20,0 -8,5 -18,0 

2,8 -19,0 -23,0 -11,0 -20,0 -10,0 -18,0 

3,0 -19,0 -23,0 -11,0 -20,0 -10,0 -18,0 
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ʇʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʛʨʘʬʠʢʘʤ ʚ ʪʘʙʣʠʯʥʦʤ ʧʨʦʮʝʩʩʦʨʝ Excel ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʠ 

ʦʧʨʝʜʝʣʝʥʳ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ. 
 

 
 

ʈʠʩʫʥʦʢ 1. ɿʘʤʦʨʘʞʠʚʘʥʠʝ ʦʙʨʘʟʮʘ ʛʦʚʷʜʠʥʳ 
 

 
 

ʈʠʩʫʥʦʢ 2 ɿʘʤʦʨʘʞʠʚʘʥʠʝ ʦʙʨʘʟʮʘ ʙʘʨʘʥʠʥʳ 
 

 
 

ʈʠʩʫʥʦʢ 3. ɿʘʤʦʨʘʞʠʚʘʥʠʝ ʦʙʨʘʟʮʘ ʩʚʠʥʠʥʳ 
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ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʢʘʯʝʩʪʚʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ. ɺʩʝ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʠʩʳʚʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ 

(R2 > 0,9). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʤʷʩʦʧʨʦʜʫʢʪʦʚ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴ-

ʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʮʝʣʴʶ ʤʘʢʩʠʤʘʣʴ-

ʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʢʘʯʝʩʪʚʘ. 
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Abstract 

The present work is aiming at developing scheme solutions for alternative refrigeration and air 

conditioning systems based on the use of a heat-entrapping absorption cycle and solar energy for 

regenerating an absorbent solution, or in other words, for maintaining cycle continuity. Our renewed 

approach in the proposed designs is by creation of air absorbers-dehumidifiers cooled by using air flows 

leaving evaporative water- and air coolers, or, alternatively, by using a part of the cooled down water in 

absorption refrigeration systems to lower the temperature of an absorber, as well as creating absorbers with 

internal evaporative cooling.  

The film-type heat-and-mass-exchange equipment, which forms a part of the drying and cooling 

circuits, is unified and made based of the monoblock multi-channel compositions from polymeric materials. 

A comparative analysis of the capabilities of the developed absorption systems was carried out on the basis 

of experimental data on the efficiency of heat-and-mass transfer processes in devices for drying and cooling 

circuits of solar systems.  

The scientific novelty of the present work embraces a comparative analysis of the developed solutions 

of absorption systems, of those taking into account the inconvenience of ñre-condensationò in the air flow 

reaching its full saturation even before leaving the nozzles of the evaporation cooler. Our designs of the 

proposed scheme solutions afford expansion of the area of practical applications of the evaporative cooling 

methods, for example, in ensuring the comfort parameters of the air in an air-conditioning system without 

resorting to the traditional vapor-compression technology, best demonstrated by paving the way to the 

absorption systems' main eco-energy characteristics improvement. 

ɸʥʥʦʪʘʮʠʷ  
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ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʭʝʤʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ 

ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʮʠʢʣʘ ʠ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʨʝʛʝʥʝʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʘʙʩʦʨʙʝʥʪʘ, ʪʦ ʝʩʪʴ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ 

ʮʠʢʣʘ. ʅʦʚʳʤ ʚ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʘʟʨʘʙʦʪʢʘʭ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʦʭʣʘʞʜʘʝʤʳʭ ʘʙʩʦʨʙʝʨʦʚ-ʦʩʫʰʠʪʝʣʝʡ 

ʚʦʟʜʫʭʘ ʧʫʪʸʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ, ʧʦʢʠʜʘʶʱʠʭ ʠʩʧʘʨʠʪʝʣʴʥʳʝ ʚʦʜʦ- ʠ 

ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʠ, ʣʠʙʦ ʯʘʩʪʠ ʦʭʣʘʞʜʸʥʥʦʡ ʚʦʜʳ ʚ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʜʣʷ 

ʦʭʣʘʞʜʝʥʠʷ ʘʙʩʦʨʙʝʨʘ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʷ ʘʙʩʦʨʙʝʨʦʚ ʩ ʚʥʫʪʨʝʥʥʠʤ ʠʩʧʘʨʠʪʝʣʴʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ. 

ʊʝʧʣʦʤʘcʩʦʦʙʤʝʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʧʣʸʥʦʯʥʦʛʦ ʪʠʧʘ, ʚʭʦʜʷʱʘʷ ʚ ʩʦʩʪʘʚ ʦʩʫʰʠʪʝʣʴʥʦʛʦ ʠ 

ʦʭʣʘʜʠʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʦʚ ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤ ʫʥʠʬʠʮʠʨʦʚʘʥʘ ʠ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʙʣʦʢʦʚʳʭ 

ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʳʧʦʣʥʝʥ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʚ ʘʧʧʘʨʘʪʘʭ ʦʩʫʰʠʪʝʣʴ-

ʥʦʛʦ ʠ ʦʭʣʘʜʠʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʦʚ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʙʩʦʨʙʮʠʦʥ-

ʥʳʭ ʩʠʩʪʝʤ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʥʦʚʳʭ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʨʝʰʝʥʠʡ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩ ʫʯʸʪʦʤ ʦʧʘʩʥʦʩʪʠ çʨʝʢʦʥʜʝʥʩʘʮʠʠè ʚ ʚʦʟʜʫʰʥʦʤ ʧʦʪʦʢʝ ʧʨʠ ʝʛʦ 

ʧʦʣʥʦʤ ʥʘʩʳʱʝʥʠʠ ʝʱʸ ʜʦ ʚʳʭʦʜʘ ʠʟ ʥʘʩʘʜʦʯʥʦʛʦ ʩʣʦʷ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʜʠʪʝʣʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʦʙʝʩʧʝʯʠʪʴ ʧʘʨʘʤʝʪʨʳ ʢʦʤʬʦʨʪʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʩʠʩʪʝʤʝ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ ʦʩʥʦʚʥʳʝ ʵʢʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʩʠʩʪʝʤ.  

 

ɺʚʝʜʝʥʠʝ. ʉʦʣʥʝʯʥʳʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʝʧʣʦʠʩʧʦʣʴʟʫʶʱʝʤ 

ʘʙʩʦʨʙʮʠʦʥʥʦʤ ʮʠʢʣʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ, ʭʣʘʜʦʩʥʘʙʞʝʥʠʷ ʠ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ. ɺ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʩʫʰʝʥʠʝ ʚʦʟʜʫʭʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩʨʝʜ (ʩʦʣʥʝʯʥʳʝ ʭʦʣʦʜʠʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʉʍʉ) ʠ ʪʝʨʤʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ (ʩʦʣʥʝʯʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ 

ʉʉʂɺ) [1-2, 4-8]. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʦʭʣʘʜʠʪʝʣʝʡ ʦʭʚʘʪʳʚʘʶʪ ʥʫʞʜʳ ʵʥʝʨʛʝʪʠʢʠ, 

ʭʠʤʠʯʝʩʢʦʡ ʠ ʧʠʱʝʚʦʡ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʦʭʣʘʞʜʝʥʠʷ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʪʝʭʥʠʢʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʠʭ ʵʢʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ [1].  

I. ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤʥʳʭ ʨʝʰʝʥʠʡ ʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʉʫʪʴ ʦʪʢʨʳʪʦʛʦ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʮʠʢʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘʨʫʞʥʳʡ ʚʦʟʜʫʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʩʫʰʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʮʠʢʣʘ, ʪʘʢ ʯʪʦ ʧʨʠ ʵʪʦʤ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ 

ʧʦʪʝʥʮʠʘʣʳ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʫʰʝʥʥʦʛʦ ʚ ʘʙʩʦʨʙʝʨʝ 

(ɸɹʈ) ʚʦʟʜʫʭʘ. ʇʦʩʣʝ ʦʩʫʰʝʥʠʷ ʦʥ ʧʦʩʪʫʧʘʝʪ ʚ ʠʩʧʘʨʠʪʝʣʴʥʳʡ ʦʭʣʘʜʠʪʝʣʴ (ʀʆ), ʛʜʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʝʩʧʝʯʝʥʦ ʛʣʫʙʦʢʦʝ ʦʭʣʘʞʜʝʥʠʝ ʩʨʝʜʳ ʚ ʩʦʣʥʝʯʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤʘʭ (ʉʍʉ), ʣʠʙʦ ʚ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʢʦʤʬʦʨʪʥʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

(ʉʉʂɺ). ʉʨʘʚʥʠʪʝʣʴʥʦ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʦʭʣʘʜ-

ʪʝʣʝʡ ʩʨʝʜ, ʪʘʢʠʝ ʩʭʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʚʳʩʦʢʫʶ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʯʠʩʪʦʪʫ [1, 4-20]. ʆʩʥʦʚʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʚʪʦʨʘʤʠ ʩʦʣʥʝʯʥʳʭ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʉʍʉ ʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1-6. ʇʦʜʜʝʨʞʘʥʠʝ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʦʩʫʰʠʪʝʣʴʥʦ-ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʮʠʢʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʩʦʣʥʝʯʥʦʡ ʨʝʛʝʥʝʨʘʮʠʝʡ ʘʙʩʦʨʙʝʥʪʘ ʚ ʜʝʩʦʨʙʝʨʝ-ʨʝʛʝʥʝʨʘʪʦʨʝ (ɼɹʈ).  

ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤ 

(ʄʉʉ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʩʣʝʜʫʶʱʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ: ï ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ; ʚ ʨʘʙʦʪʘʭ [1-2, 4-8], ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʤʝʪʦʜʦʣʦʛʠʠ çʇʦʣʥʳʡ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣè, ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʚʳʩʦʢʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʄʉʉ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʳʤʠ ʦʭʣʘʜʠʪʝʣʷʤʠ, 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ (ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʨʦʢʦʤʧʨʝʩ-

ʩʠʦʥʥʳʤʠ ʦʭʣʘʜʠʪʝʣʷʤʠ ʧʦ ʜʘʥʥʳʤ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [9-17] ʠ ʚ ʨʘʙʦʪʘʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ 

ʆɻɸʍ [1-2, 4-8]); ï ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʰʝʥʠʷ ʨʷʜʘ ʟʘʜʘʯ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ: ʛʦʨʷʯʝʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʦʪʦʧʣʝʥʠʷ, ʦʭʣʘʞʜʝʥʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ (ʚ ʯʘʩʪʥʦʩʪʠ, ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ) ʜʣʷ 

ʞʠʣʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʠʩʧʦʣʴʟʫʷ ʝʜʠʥʫʶ ʩʦʣʥʝʯʥʫʶ ʩʠʩʪʝʤʫ. ʆʜʥʘʢʦ ʵʪʠʤ ʩʠʩʪʝʤʘʤ 

ʧʨʠʩʫʱʠ ʠ ʩʝʨʴʸʟʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʩʜʝʨʞʠʚʘʶʱʠʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ: ï 

ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʠʟʢʠʤʠ ʜʚʠʞʫʱʠʤʠ ʩʠʣʘʤʠ (ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʤʠ ʥʘʧʦʨʘʤʠ), ʯʪʦ ʩʚʦʡʩʪʚʝʥʥʦ ʚʦʦʙʱʝ ʣʶʙʦʤʫ ʪʠʧʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʵʥʝʨʛʠʠ; ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʩʠʩʪʝʤ; ï ʧʨʦʙʣʝʤʘʪʠʯʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʨʝʛʝʥʝʨʘʮʠʠ ʘʙʩʦʨʙʝʥʪʘ 
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ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨ ʦʭʣʘʞʜʝʥʠʷ ʩʨʝʜ ʚ ʉʍʉ ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʬʦʨʪʥʦʩʪʠ ʞʠʣʳʭ 

ʧʦʤʝʱʝʥʠʡ ʚ ʉʉʂɺ.  

ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʯʠʩʣʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ, ʚʦʧʨʦʩʳ ʚʟʘʠʤʥʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʪʦʨʦʥ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʍʉ ʠ ʉʉʂɺ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʣʷ ʄʉʉ ʷʚʣʷʶʪʩʷ: ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʨʘʚʥʠʪʝʣʴʥʘʷ 

ʦʮʝʥʢʘ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤʥʳʭ ʨʝʰʝʥʠʡ ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤ; ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʊʄɸ ʜʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʤʘʣʳʤ 

ʚʝʩʦʤ ʠ ʩʪʦʠʤʦʩʪʴʶ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʩʥʦʚʥʘʷ 

ʢʦʥʮʝʧʮʠʷ ʩʦʟʜʘʥʠʷ ʄʉʉ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1-7 ʠ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʦʟʠʮʠʠ: ʘ) ʄʉʉ ʩʦʩʪʦʷʪ 

ʠʟ ʦʩʫʰʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʚ ʩʦʩʪʘʚʝ ʘʙʩʦʨʙʝʨ-ʦʩʫʰʠʪʝʣʴ ï ʜʝʩʦʨʙʝʨ-ʨʝʛʝʥʝʨʘʪʦʨ ɸɹʈ (1) ï ɼɹʈ (5) ʠ 

ʦʭʣʘʜʠʪʝʣʴʥʦʡ ʯʘʩʪʠ, ʚ ʩʦʩʪʘʚʝ ʠʩʧʘʨʠʪʝʣʴʥʳʭ ʦʭʣʘʜʠʪʝʣʝʡ ʞʠʜʢʦʩʪʠ ʧʨʷʤʦʛʦ ʪʠʧʘ ï 

ʚʦʜʦʦʭʣʘʜʠʪʝʣʴ-ʛʨʘʜʠʨʥʷ ɻʈɼʧʨ (6) ʚ ʉʍʉ, ʠʣʠ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ ʥʝʧʨʷʤʦʛʦ ʪʠʧʘ ʅʀʆ (7), ʅʀʆ-R 

(8) ʚ ʉʉʂɺ; ʙ) ʧʦʜʜʝʨʞʘʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʮʠʢʣʘ ʄʉʉ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʣʠʙʦ ʪʨʘʜʠʮʠʦʥʥʳʡ ʠʩʪʦʯʥʠʢ, ʧʨʠ ʵʪʦʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ ʜʣʷ 

ʨʘʙʦʪʳ ʜʝʩʦʨʙʝʨʘ-ʨʝʛʝʥʝʨʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʩʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ ʩ ʩʦʣʥʝʯʥʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ ʉʂʞ (ʨʠʩ. 

1-4, ʧʦʟʠʮʠʷ 9; ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʄʉʉ ʷʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʦʝ, ʩ ʫʯʸʪʦʤ 

ʚʝʣʠʯʠʥʳ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚʝʪʨʦʥʘʛʨʫʟʢʠ ʠ ʜʨ. ʘʩʧʝʢʪʦʚ, ʩʦʯʝʪʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʠ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ; ʚ) ʚ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʣʦʩʢʠʝ ʩʦʣʥʝʯʥʳʝ 

ʢʦʣʣʝʢʪʦʨʳ ʩ ʧʦʣʠʤʝʨʥʳʤʠ ʪʝʧʣʦʧʨʠʝʤʥʠʢʘʤʠ ʠ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ (ʧʨʦʟʨʘʯʥʦʝ 

ʧʦʢʨʳʪʠʝ, ʢʦʨʧʫʩʥʘʷ ʯʘʩʪʴ ʉʂʞ) [13]; ʛ) ʦʭʣʘʞʜʝʥʠʝ ʘʙʩʦʨʙʝʨʘ-ʦʩʫʰʠʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʨʘʜʠʨʥʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ɻʈɼʪ; ʧʦʜʜʝʨʞʘʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʫʨʦʚʥʷ ʜʝʩʦʨʙʮʠʠ 

ʚʦʜʷʥʳʭ ʧʘʨʦʚ ʠʟ ʨʘʩʪʚʦʨʘ ʘʙʩʦʨʙʝʥʪʘ (ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʙʩʦʨʙʝʥʪʘ) ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ ʉʉɻɺ (9). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʘʷ ʬʦʨʤʫʣʘ ʩʙʦʨʢʠ ʄʉʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʘʨʠʘʥʪʳ: ʚ ʨʝʞʠʤʝ ʉʉɻɺ: (ɼɹʈ ź ɸɹʈ) ï ʅʀʆ: ʚ ʨʝʞʠʤʝ ʉʍʉ: (ɼɹʈ ź ɸɹʈ) ï ɻʈɼ.  

ɺ ʠʩʧʘʨʠʪʝʣʴʥʦʤ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʝ ʥʝʧʨʷʤʦʛʦ ʪʠʧʘ ʅʀʆ (ʨʠʩ. 2ɸ, 2ɹ), ʧʦʣʫʯʠʚʰʝʤ 

ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ [1-17], ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ, ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ 

ʦʭʣʘʞʜʝʥʠʝ ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ çɺè ʧʦʩʪʫʧʘʝʪ ʚ çʤʦʢʨʫʶè ʯʘʩʪʴ 

ʦʭʣʘʜʠʪʝʣʷ, ʛʜʝ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʚʦʜʷʥʦʡ ʧʣʸʥʢʦʡ, ʩʪʝʢʘʶʱʝʡ ʧʦ ʧʦʚʝʨʭʥʦʩʪʷʤ ʢʘʥʘʣʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʠʩʧʘʨʠʪʝʣʴʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚʦʜʳ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʭʣʘʞʜʘʝʪ ʙʝʩʢʦʥʪʘʢʪʥʦ, ʯʝʨʝʟ 

ʨʘʟʜʝʣʷʶʱʫʶ ʩʪʝʥʢʫ, ʦʩʥʦʚʥʦʡ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ çʆè. ʕʪʦʪ ʦʩʥʦʚʥʦʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʦʭʣʘʞʜʘʝʪʩʷ 

ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʘ ʦʩʥʦʚʝ ʅʀʆ 

ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʉʉʂɺ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʮʠʢʣʝ ʩʦʭʨʘʥʷʝʪ ʥʝʠʟʤʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʚ ʅʀʆ (l = Gʦ 

/Gʚ), ʷʚʣʷʷʩʴ ʧʨʝʜʝʣʦʤ ʦʭʣʘʞʜʝʥʠʷ ʜʣʷ ʦʙʦʠʭ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ. ʀʩʧʘʨʠʪʝʣʴʥʳʝ 

ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʳʯʥʦʛʦ (ʅʀʆ) ʠ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʪʠʧʦʚ (ʅʀʆ-R) [1, 18-20], 

ʦʪʣʠʯʘʷʩʴ ʤʝʩʪʦʤ ʨʘʟʜʝʣʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʦʭʣʘʜʠʪʝʣʴ (ʨʠʩ. 2). ɺʦ ʚʪʦʨʦʤ 

ʩʣʫʯʘʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚʦʟʜʫʭʘ, ʧʦʩʢʦʣʴʢʫ ʟʜʝʩʴ ʧʨʦʮʝʩʩ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʚʦʜʳ ʚ çʤʦʢʨʦʡè ʯʘʩʪʠ ʘʧʧʘʨʘʪʘ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʤʦʢʨʦʛʦ ʪʝʨʤʦʤʝʪʨʘ 

ʚʦʟʜʫʭʘ, ʫʞʝ ʧʨʦʰʝʜʰʝʛʦ ʦʭʣʘʞʜʝʥʠʝ ʚ çʩʫʭʦʡè ʯʘʩʪʠ ʦʭʣʘʜʠʪʝʣʷ ʠ ʧʨʝʜʝʣʦʤ ʦʭʣʘʞʜʝʥʠʷ ʟʜʝʩʴ 

ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʯʢʠ ʨʦʩʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. ʆʙʩʪʦʷʪʝʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʦʭʣʘʜʠʪʝʣʷ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʪʠʧʘ (ʅʀʆ-R) ʧʦʩʚʷʱʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ Maisotsenko V. ʠ ʜʨ. [18-20]. 

ʍʦʣʦʜʥʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʚʦʟʜʫʰʥʳʝ ʧʦʪʦʢʠ, ʧʦʢʠʜʘʶʱʠʝ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʠ ʅʀʆ (7) ʠʣʠ ʅʀʆ-

R (8) ʚ ʉʉʂɺ, ʠʣʠ ʚʦʜʦʦʭʣʘʜʠʪʝʣʴ-ʛʨʘʜʠʨʥʶ ɻʈɼʧʨ ʚ ʉʍʉ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʝʰʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʦʭʣʘʞʜʝʥʠʷ ʚ ʩʭʝʤʝ. ʇʨʠʤʝʨʘʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʭʝʤʳ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʘʙʩʦʨʙʝʨʘ 

(ʨʠʩ.1ɹ, 5ɹ, 6ɹ) ʣʠʙʦ ʦʭʣʘʞʜʝʥʠʝʤ ʢʨʝʧʢʦʛʦ ʨʘʩʪʚʦʨʘ ʘʙʩʦʨʙʝʥʪʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʘʙʩʦʨʙʝʨ 

(ʪʝʧʣʦʦʙʤʝʥʥʠʢ 12, ï ʨʠʩ. 1ɸ, 3ɻ, 4ɸ-ɺ).  

ʇʦʩʢʦʣʴʢʫ ʚ ʘʙʩʦʨʙʝʨʝ, ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʚʣʘʛʠ ʠʟ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʨʘʩʪʚʦʨʦʤ ʘʙʩʦʨʙʝʥʪʘ, 

ʚʳʜʝʣʷʝʪʩʷ ʪʝʧʣʦ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʩʫʰʝʥʠʷ 

ʚʦʟʜʫʭʘ. ʈʘʙʦʪʘ ʘʙʩʦʨʙʝʨʘ-ʦʩʫʰʠʪʝʣʷ ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʘ ʩ ʚʥʝʰʥʠʤ, ʣʠʙʦ ʩʦ ʚʩʪʨʦʝʥʥʳʤ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʤ, ʦʭʣʘʞʜʘʝʤʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʛʨʘʜʠʨʥʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ɻʈɼʪ (13), 

ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʩʭʝʤʫ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʵʥʝʨʛʦʟʘʪʨʘʪʳ. ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʘʨʠʘʥʪ ʘʙʩʦʨʙʝʨʘ ʩ 

ʚʥʫʪʨʝʥʥʠʤ ʠʩʧʘʨʠʪʝʣʴʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ [1, 7, 25-27]. ʅʘ ʨʠʩ. 3ɸ ʠ ɹ ʧʨʠʚʝʜʝʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʪʘʢʠʭ 

ʘʙʩʦʨʙʝʨʦʚ-ʦʩʫʰʠʪʝʣʝʡ ʩ ʚʥʫʪʨʝʥʥʠʤ ʠʩʧʘʨʠʪʝʣʴʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ (ɸɹʈʠʦ), ʦʪʣʠʯʘʶʱʠʭʩʷ ʤʝʩʪʦʤ 

ʨʘʟʜʝʣʝʥʠʷ ʧʦʣʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʦʩʥʦʚʥʦʡ, ʦʩʫʰʘʝʤʳʡ ʚ ʢʘʥʘʣʘʭ, ʧʦ ʩʪʝʥʢʘʤ ʢʦʪʦʨʳʭ 

ʩʪʝʢʘʝʪ ʧʣʝʥʢʘ ʘʙʩʦʨʙʝʥʪʘ, ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ, ʠʜʫʱʠʡ ʚ ʩʦʩʝʜʥʠʭ, ʯʝʨʝʜʫʶʱʠʭʩʷ ʢʘʥʘʣʘʭ, ʛʜʝ ʧʦ 

ʩʪʝʥʢʘʤ ʩʪʝʢʘʝʪ ʚʦʜʷʥʘʷ ʧʣʝʥʢʘ, ʠʩʧʘʨʷʶʱʘʷʩʷ ʚʦ çʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡè ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ, 

ʦʭʣʘʞʜʘʶʱʘʷʩʷ ʠ ʦʪʚʦʜʷʱʘʷ ʪʝʧʣʦ ʯʝʨʝʟ ʨʘʟʜʝʣʠʪʝʣʴʥʫʶ ʩʪʝʥʢʫ ʦʪ çʦʩʫʰʠʪʝʣʴʥʳʭè ʢʘʥʘʣʦʚ (ʨʠʩ. 
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3ɹ). ʅʘ ʨʠʩ. 3ɻ ʠ 4ɺ ʧʨʠʚʝʜʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚʘʨʠʘʥʪʳ ʉʉʂɺ ʠ ʉʍʉ ʥʘ ʦʩʥʦʚʝ ɸɹʈʠʦ. ɸʙʩʦʨʙʝʨ 

ɸɹʈʠʦ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʠʟ ʩʭʝʤʳ ʄʉʉ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʛʨʘʜʠʨʥʶ ɻʈɼʪ, ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʫ ʠ 

ʛʘʙʘʨʠʪʳ ʊʄɸ ʠ ʩʥʠʟʠʪʴ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʵʥʝʨʛʦʟʘʪʨʘʪ.  

ʅʝʩʦʤʥʝʥʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʦʣʦʜʥʳʭ, ʥʦ 

ʫʚʣʘʞʥʸʥʥʳʭ, ʚʳʙʨʦʩʥʳʭ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʦʪ ʅʀʆ (ʅʀʆ-R) ʚ ʉʉʂɺ (ʨʠʩ. 1ɹ ʠ 6ɹ) ʠ ʦʪ ɻʈɼ (ʨʠʩ. 

6ɹ) ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʘʙʩʦʨʙʝʨʘ, ʘ ʪʘʢʞʝ ʚʘʨʠʘʥʪ ʉʍʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʘʩʪʠ çʧʨʦʜʫʢʪʦʚʦʡè ʚʦʜʳ ʦʪ 

ɻʈɼʧʨ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʘʙʩʦʨʙʝʨʘ (ʨʠʩ. 4ɹ ʠ 6ɺ).  

II. ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʣʥʝʯʥʳʭ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʄʉʉ.  
ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʆʅɸʇʊ ʘʥʘʣʠʟʘ [1-2] ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠʟ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʘʙʩʦʨʙʝʥʪʦʚ ʚʝʱʝʩʪʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ʙʨʦʤʠʩʪʦʛʦ ʣʠʪʠʷ; ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʡ ʨʘʙʦʯʠʡ 

ʠʥʪʝʨʚʘʣ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʣʷ LiBr++ ʩʦʩʪʘʚʣʷʝʪ 70-75%. ʅʘ ʨʠʩ. 7 ʚ ʧʦʣʝ ʅ-ʊ ʜʠʘʛʨʘʤʤʳ ʚʣʘʞʥʦʛʦ 

ʚʦʟʜʫʭʘ ʧʦʢʘʟʘʥʦ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦ-

ʚʘʥʠʷ ʚʦʟʜʫʭʘ ʉʉʂɺ, ʦʬʦʨʤʣʝʥʥʳʭ ʧʦ ʨʘʟʣʠʯʥʳʤ ʬʦʨʤʫʣʘʤ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʉʉʂɺ 

ʚʳʧʦʣʥʝʥ ʜʣʷ ʥʘʯʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ: t1 = 350ʉ, t1
ʤ = 240ʉ, ʭ1

ʚ = 15 ʛ/ʢʛ, ʪʦ ʝʩʪʴ, 

ʟʘʚʝʜʦʤʦ, ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ çʪʷʞʸʣʳʭè ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. ʅʘʯʘʣʴʥʦʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʥʘʨʫʞʥʦʛʦ 

ʚʦʟʜʫʭʘ ʚʳʙʨʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ʭ*å12,5ʛ/ʢʛ [1], ʯʪʦ ʪʨʝʙʫʝʪ 

ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʩ ʫʯʸʪʦʤ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʋʢʨʘʠʥʳ ɼɹʅ ɺ.2.5-67:2013 çʆʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʷ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷè 

[21], ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʩʭʦʞʠʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ ʩ ʝʚʨʦʧʝʡʩʢʠʤ ʩʪʘʥʜʘʨʪʦʤ EN 15251:2007 [22], 

ʘ ʪʘʢʞʝ ʘʤʝʨʠʢʘʥʩʢʠʤ ʩʪʘʥʜʘʨʪʦʤ ASHRAE 55-2017 [23].  

ʃʠʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ ʅʀʆ ʢʨʠʚʦʣʠʥʝʡʥʘ ʠ ʜʦ 

ʚʳʭʦʜʘ ʠʟ ʥʘʩʘʜʢʠ ʊʄɸ ʤʦʞʝʪ ʚʳʭʦʜʠʪʴ ʥʘ ʢʨʠʚʫʶ ű = 100%, ʩ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʤʦʤʝʥʪʘ ʩʣʝʜʫʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʥʝʡ (ʣʠʥʠʷ 5-ɺ). ʇʦʩʪʨʦʝʥʠʝ ʵʪʠʭ ʢʨʠʚʳʭ ʚʳʧʦʣʥʝʥʦ ʧʦ ʤʝʪʦʜʠʢʝ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ çʵʥʪʘʣʴʧʠʡʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘè ʚ ʨʘʙʦʪʝ [1]. ʇʦʣʫʯʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʧʷʪʠ ʩʨʘʚʥʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʉʉʂɺ:  

1. ʅʀʆ (ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʩʫʰʝʥʠʷ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ): çʆè: t = 27,50ʉ; ʭ = 15 ʛ/ʢʛ; çɺè: t 

= 270ʉ, ű = 90%;  

2. ɸɹʈ ï ʅʀʆ (ʨʠʩ. 5ɸ): æʭ = 6 ʛ/ʢʛ; çʆè: t = 25,20ʉ; ʭ = 9 ʛ/ʢʛ; 

çɺè: t = 250ʉ, ű = 80%;  

3: ɸɹʈʦʭʣ ï ʅʀʆ (ʨʠʩ. 5ɹ, ʦʭʣʘʞʜʝʥʠʝ ɸɹʈ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʨʘʜʠʨʥʠ ɻʈɼʪ): æʭ = 7 ʛ/ʢʛ; 

çʆè: t = 24,30ʉ; ʭ = 8 ʛ/ʢʛ; çɺè: t = 240ʉ, ű = 90%;  

4. ɸɹʈʦʭʣ ï ʅʀʆ (ʨʠʩ. 5ɹ, ʦʭʣʘʞʜʝʥʠʝ ɸɹʈ ʚʩʧʦʤʦʛ. ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ ʦʪ ʅʀʆ):  

æʭ = 7,5 ʛ/ʢʛ; çʆè: t = 250; ʭ = 7,5 ʛ/ʢʛ; çɺè: t = 24,50ʉ, ű = 87%;  

5. ɸɹʈʠʦ-R ï ʅʀʆ (ʨʠʩ. 5ɺ): æʭ = 8,5 ʛ/ʢʛ; çʆè: t = 20,80ʉ; ʭ = 6,5 ʛ/ʢʛ; çɺè: t = 23,50ʉ, ű = 

100%; (ʚʦʟʤʦʞʥʘ ʨʝʢʦʥʜʝʥʩʘʮʠʷ)  

ʆʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ l = 1,0 [1], ʥʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʉʉʂɺ ʚ ʮʝʣʦʤ 

ʠ ʥʘʨʫʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʭʘ, ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʞʝʪ ʦʧʝʨʘʪʠʚʥʦ ʤʝʥʷʪʴʩʷ. ʇʦʩʢʦʣʴʢʫ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʧʦʢʠʜʘʝʪ ʅʀʆ ʪʘʢʞʝ ʦʭʣʘʞʜʸʥʥʳʤ (ɺ1-ɺ5) ʦʥ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʘʙʩʦʨʙʝʨʘ (ʨʠʩ. 7, ʚʘʨʠʘʥʪ 4). ɺʠʜʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ 

ʚ ɸɹʈʠʦ (ʨʠʩ. 7, ʚʘʨʠʘʥʪ 5) ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʝʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ. ɼʦʩʪʠʛʥʫʪʳʡ ʫʨʦʚʝʥʴ 

ʦʭʣʘʞʜʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ çʆè, tʦ = 20,80ʉ, ʦʢʘʟʳʚʘʝʪʩʷ ʥʠʞʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʝʜʝʣʘ ʦʭʣʘʞʜʝʥʠʷ 

ʧʦ ʥʘʨʫʞʥʦʤʫ ʚʦʟʜʫʭʫ (t1
ʄ 240ʉ) ʠ ʜʦʩʪʠʛʘʶʱʠʤ ʪʦʯʢʠ ʨʦʩʳ (t1

ʈ 200ʉ).  

ʆʩʥʦʚʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʦʣʥʝʯʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

6. ʇʦʣʫʯʝʥʳ ʪʘʢʞʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʰʝʩʪʠ ʚʘʨʠʘʥʪʦʚ ʉʍʉ (ʨʠʩ. 8):  

1. ɻʈɼ (ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʩʫʰʝʥʠʷ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ): Ÿ t2
ɾ = 270ʉ;  

2. ɸɹʈ ï ɻʈɼ (ʨʠʩ. 6ɸ): ʭ2 = 9 ʛ/ʢʛ; t1
ʄ = 210ʉ, t1

ʈ = 11,50ʉ; Ÿ t2
ɾ = 24,50ʉ; ʚʳʙʨʦʩʥʦʡ 

ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʠʟ ɻʈɼ, ɺɺ: t = 300ʉ, ű = 89%;  

3: ɸɹʈʦʭʣ ï ɻʈɼ (ʨʠʩ. 6ɹ, ʦʭʣʘʞʜʝʥʠʝ ɸɹʈ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʨʘʜʠʨʥʠ ɻʈɼʪ): ʭ2 = 8 ʛ/ʢʛ; t1
ʄ 

= 19,50ʉ, t1
ʈ = 90ʉ; Ÿ t2

ɾ = 23,20ʉ; ɺɺ: t = 27,50ʉ, ű = 90%;  

4. ɸɹʈʦʭʣ ï ɻʈɼ (ʨʠʩ. 6ɹ, ʦʭʣʘʞʜʝʥʠʝ ɸɹʈ ʚʩʧʦʤʦʛʘʪ. ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ ʦʪ ɻʈɼ):  

ʭ2 = 8 ʛ/ʢʛ; t1
ʄ = 19,50ʉ, t1

ʈ = 90ʉ. Ÿ t2
ɾ = 23,50ʉ; ɺɺ: t = 260ʉ, ű = 92%;  

5. ɸɹʈʦʭʣ ï ɻʈɼ (ʨʠʩ. 6ɺ, ʦʭʣʘʞʜʝʥʠʝ ɸɹʈ ʯʘʩʪʴʶ ʭʦʣʦʜʥʦʡ ʚʦʜʳ ʦʪ çʧʨʦʜʫʢʪʦʚʦʡè ɻʈɼʧʨ); 

ʭ2 = 7,5 ʛ/ʢʛ; t1
ʄ = 17,50ʉ, t1

ʈ = 7,50ʉ. Ÿ t2
ɾ = 22,00ʉ; ɺɺ: t = 24,50ʉ, ű = 96%; 

6. ɸɹʈʠʦ-R ï ʅʀʆ (ʨʠʩ. 6ɻ): ʭ2 = 7,0 ʛ/ʢʛ; t1
ʄ = 17,00ʉ, t1

ʈ = 6,50ʉ. Ÿ t2
ɾ = 21,00ʉ; ɺɺ: t = 

23,50ʉ, ű = 100% (ʚʦʟʤʦʞʥʘ ʨʝʢʦʥʜʝʥʩʘʮʠʷ).  
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ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʪʦʣʴʢʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɻʈɼ ʥʘ ʥʘʨʫʞʥʦʤ ʚʦʟʜʫʭʝ (ʚʘʨʠʘʥʪ 

1). ɿʜʝʩʴ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʦʟʜʫʭʘ ʚ ɻʈɼ ï ʣʠʥʠʷ 1-ɺɺ1; ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ʦʭʣʘʞʜʘʝʤʦʡ ʚʦʜʳ ʧʦʢʘʟʘʥʦ ʥʘ ʅ-ʊ ʜʠʘʛʨʘʤʤʝ ʫʩʣʦʚʥʦ ʚʜʦʣʴ ʣʠʥʠʠ ʥʘʩʳʱʝʥʠʷ (ʩʪʨʝʣʢʘ 1). ʆʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʘʨʠʘʥʪʳ ʉʍʉ (ɸɹʈʦʭʣ ï ɻʈɼʧʨ, ʨʠʩ. 4ɹ, 6ɺ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʘʩʪʠ 

çʧʨʦʜʫʢʪʦʚʦʡè ʚʦʜʳ ʦʪ ɻʈɼʧʨ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ 

ʚ ʛʨʘʜʠʨʥʶ. ʃʠʥʠʝʡ 1-5 ʟʜʝʩʴ ʧʦʢʘʟʘʥʦ ʦʩʫʰʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ɸɹʈ, ʘ ʣʠʥʠʝʡ 5-ɺɺ5 ʦʙʦʟʥʘʯʝʥʦ 

ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚʦʟʜʫʭʘ ʚ ʛʨʘʜʠʨʥʝ  

ɺʳʚʦʜʳ  

1. ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʥʮʝʧʮʠʷ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʣʥʝʯʥʳʭ 

ʩʠʩʪʝʤ ʄʉʉ. ʆʩʥʦʚʥʳʤ ʠʭ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʚ ʚʠʜʝ ʘʚʪʦʥʦʤʥʦʛʦ ʙʣʦʢʘ [(ɼɹʈ ź ɸɹʈ) ï ɻʈɼ] ʜʣʷ ʩʦʟʜʘʥʠʷ ʉʍʉ ʠ [(ɼɹʈ ź ɸɹʈ) ï ʅʀʆ] 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʉʉʂɺ; ʥʝʩʦʤʥʝʥʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ çʚʳʙʨʦʩʥʳʭè, 

ʫʚʣʘʞʥʸʥʥʳʭ, ʥʦ ʭʦʣʦʜʥʳʭ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʠʟ ʠʩʧʘʨʠʪʝʣʴʥʳʭ ʦʭʣʘʜʠʪʝʣʝʡ ɻʈɼ ʠ ʅʀʆ.  

2. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʙʩʦʨʙʝʨʘ ʩ ʚʥʫʪʨʝʥʥʠʤ ʠʩʧʘʨʠʪʝʣʴʥʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ɸɹʈʠʦ; ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʘʨʠʘʥʪ ʉʍʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʘʩʪʠ 

ʦʭʣʘʞʜʸʥʥʦʡ ʚʦʜʳ ʦʪ ʛʨʘʜʠʨʥʠ ɻʈɼʧʨ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʘʙʩʦʨʙʝʨʘ. ɼʣʷ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʩʦʣʥʝʯʥʳʭ 

ʩʠʩʪʝʤ ʧʨʝʜʝʣʦʤ ʦʭʣʘʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʯʢʠ ʨʦʩʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

3. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʉʉʂɺ, ʧʦʢʘʟʘʚʰʠʡ, ʯʪʦ ʜʘʞʝ ʜʣʷ ʦʯʝʥʴ 

ʪʷʞʸʣʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʉʉʂɺ ʦʜʥʦʟʥʘʯʥʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ 

ʪʨʝʙʫʝʤʳʭ ʢʦʤʬʦʨʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʦʙʩʣʫʞʠʚʘʝʤʦʤ ʧʦʤʝʱʝʥʠʠ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. 

 

 
ʈʠʩʫʥʦʢ 1 - ʆʩʥʦʚʥʳʝ ʚʘʨʠʘʥʪʳ ʩʦʣʥʝʯʥʳʭ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʉʉʂɺ  

ɸ ʠ ɹ ï ʉʉʂɺ ʩ ʦʭʣʘʞʜʘʝʤʳʤ ʘʙʩʦʨʙʝʨʦʤ ʦʪ ɻʈɼʪ, ʠ ʚʳʙʨʘʩʳʚʘʝʤʳʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ 

ʦʪ ʅʀʆʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 1-4 ï ʘʙʩʦʨʙʝʨ-ʦʩʫʰʠʪʝʣʴ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ɸɹʈ; 2 ï ɸɹʈʦʭʣ ï ʦʭʣʘʞʜʘʝʤʳʡ ʦʪ 

ʅʀʆʛ ʘʙʩʦʨʙʝʨ; 5 ï ʜʝʩʦʨʙʝʨ-ʨʝʛʝʥʝʨʘʪʦʨ ɼɹʈ; 6 ï ʛʨʘʜʠʨʥʷ ɻʈɼʧʨ; 7 ʠ 8 ï ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʠ ʥʝʧʨʷʤʦʛʦ ʪʠʧʘ 

ʅʀʆ ʠ ʅʀʆ-R; 9 ï ʩʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ ʨʝʛʝʥʝʨʘʮʠʠ ʘʙʩʦʨʙʝʥʪʘ ʉʉʈɻ; 10 ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʛʨʝʶʱʠʡ ʠʩʪʦʯʥʠʢ 

ʉʉʈɻ; 11 ʠ 12 ï ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ; 13 ï ʛʨʘʜʠʨʥʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ɻʈɼʪ; N, M ï ʢʨʝʧʢʠʡ ʠ ʩʣʘʙʳʡ ʨʘʩʪʚʦʨʳ 

ʘʙʩʦʨʙʝʥʪʘ. 
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ʈʠʩʫʥʦʢ 2 - ʀʩʧʘʨʠʪʝʣʴʥʳʝ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʠ ʥʝʧʨʷʤʦʛʦ ʪʠʧʘ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤ 

ʆʙʦʟʥʘʯʝʥʠʷ ʧʦ ʨʠʩ. 1, ʜʦʧ. (ɹ ï ʅʀʆ): 15 ï çʩʫʭʦʡè ʢʘʥʘʣ; 16 ï çʤʦʢʨʳʡè ʢʘʥʘʣ; 17 ï ʚʦʜʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ; 18 

ï ʚʦʜʦʩʙʦʨʥʠʢ 

 

 
ʈʠʩʫʥʦʢ 3 - ɸʙʩʦʨʙʝʨ ʩ ʚʥʫʪʨʝʥʥʠʤ ʠʩʧʘʨʠʪʝʣʴʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ, ʦʩʥʦʚʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʡ.  

 

ɸ ï ɸɹʈʠʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʜʣʷ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʘʙʩʦʨʙʝʨʘ; 

ɹ ï ɸɹʈʠʦ-R ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʘʩʪʠ ʦʩʫʰʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʜʣʷ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʘʙʩʦʨʙʝʨʘ;  

ɺ ï ʩʭʝʤʘ ʢʦʥʪʘʢʪʘ ʛʘʟʦ-ʞʠʜʢʦʩʪʥʳʭ ʧʦʪʦʢʦʚ ʚ ʩʦʩʝʜʥʠʭ ʢʘʥʘʣʘʭ ɸɹʈʠʦ; ɻ ï ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʉʉʂɺ ʥʘ 

ʦʩʥʦʚʝ ɸɹʈʠʦ-R. ʆʙʦʟʥʘʯʝʥʠʷ ʧʦ ʨʠʩʫʥʢʫ 1. 
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ʈʠʩʫʥʦʢ 4 - ʆʩʥʦʚʥʳʝ ʚʘʨʠʘʥʪʳ ʩʦʣʥʝʯʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤ ʉʍʉ 

ʆʙʦʟʥʘʯʝʥʠʷ ʧʦ ʨʠʩ. 1, ʜʦʧ.: 14 ï ʦʭʣʘʞʜʘʝʤʳʡ ʦʙʲʝʢʪ. 

 
ʈʠʩʫʥʦʢ 5 - ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʫʟʣʦʚ ɸɹʈ-ʅʀʆ ʜʣʷ ʉʉʂɺ 
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ʈʠʩʫʥʦʢ 6 - ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʫʟʣʦʚ ɸɹʈ-ɻʈɼ ʜʣʷ ʉʍʉ 

 
ʈʠʩʫʥʦʢ 7 - ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʉʉʂɺ (ʬʦʨʤʫʣʘ ɸɹʈ-ʅʀʆ) ʥʘ ʦʩʥʦʚʝ ʦʪʢʨʳʪʦʛʦ 

ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʮʠʢʣʘ: 1-2(5) ï ʧʨʦʮʝʩʩ ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʘʙʩʦʨʙʝʨʝ; çʆè ʠ çɺè ï ʦʭʣʘʞʜʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʚ ʅʀʆ 
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ʈʠʩʫʥʦʢ 8 - ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʉʍʉ (ʬʦʨʤʫʣʘ ɸɹʈ-ɻʈɼ) ʥʘ ʦʩʥʦʚʝ ʦʪʢʨʳʪʦʛʦ 

ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʮʠʢʣʘ: 1-3(4) ï ʧʨʦʮʝʩʩ ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʘʙʩʦʨʙʝʨʝ; 1-ɺɺ1, 2-ɺɺ2é 6-ɺɺ6 ï ʚʳʙʨʦʩʥʳʝ 

ʚʦʟʜʫʰʥʳʝ ʧʦʪʦʢʠ ʠʟ ɻʈɼ 
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Abstract 

The system for ensuring the thermal regime of the magnetron anode block was modernized by 

replacing the air cooling system with a liquid cooling system. The use of liquid cooling system allows the 

use of magnetrons produced in production, in the design of industrial microwave devices. The developed 

liquid cooling system has unified qualities that allow it to be used for cooling from 1 to 6 magnetrons and 

can solve the problem of increasing production efficiency and the reliability of microwave technology. 

mailto:natvolgusheva@gmail.com
mailto:dorosh1gan@gmail.com


35 

ɸʥʥʦʪʘʮʠʷ 

ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʘ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʘʥʦʜʥʦʛʦ ʙʣʦʢʘ ʤʘʛʥʝʪʨʦʥʘ ʧʫʪʝʤ 

ʟʘʤʝʥʳ ʩʠʩʪʝʤʳ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʩʠʩʪʝʤʫ ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ 

ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʛʥʝʪʨʦʥʳ, ʚʳʧʫʩʢʘʝʤʳʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʨʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʞʠʜʢʦʩʪʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʦʙʣʘʜʘʝʪ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʜʣʷ 

ʦʭʣʘʞʜʝʥʠʷ ʦʪ 1 ʜʦ 6 ʤʘʛʥʝʪʨʦʥʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʪʝʭʥʠʢʠ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʛʥʝʪʨʦʥʦʚ ʠ ʠʭ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʬʣʫʢʪʫʘʮʠʷ 

ʯʘʩʪʦʪʳ ʚ ʤʘʛʥʝʪʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʘʭ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ ʠ ʩʚʷʟʘʥʘ ʩ ʵʣʝʢʪʨʦʥʥʦ-ʚʦʣʥʦʚʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ, ʫʩʣʦʚʠʷʤʠ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʝʛʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʘʜʝʞʥʦʡ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʦʚʦʛʦ 

ʨʝʞʠʤʘ ʤʘʛʥʝʪʨʦʥʘ, ʪ.ʢ. ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʦʜʜʝʨʞʘʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʘʥʦʜʥʦʛʦ ʙʣʦʢʘ, 

ʥʘ ʢʦʪʦʨʦʤ ʚʳʜʝʣʷʝʪʩʷ ʪʝʧʣʦʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʤʠʢʨʦʚʦʣʥʦʚʫʶ ʵʥʝʨʛʠʶ, 

ʩʜʚʠʛʘʝʪʩʷ ʝʛʦ ʨʘʙʦʯʘʷ ʪʦʯʢʘ ʧʦ ʚʳʭʦʜʥʦʡ ʯʘʩʪʦʪʝ, ʯʪʦ ʫʭʫʜʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʨʘʙʦʪʳ ʢʘʢ 

ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʧʝʨʝʛʨʝʚʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩʨʦʢ ʩʣʫʞʙʳ ʤʘʛʥʝʪʨʦʥʘ. ʆʨʛʘʥʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʧʦʜʯʠʥʷʝʪʩʷ ʦʙʱʠʤ ʧʨʠʥʮʠʧʘʤ ʦʭʣʘʞʜʝʥʠʷ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

ʕʣʝʤʝʥʪʳ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʯʘʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʤʦʛʫʪ ʥʦʨʤʘʣʴʥʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʪ.ʝ. ʦʙʣʘʜʘʶʪ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ. ɺʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʘʧʧʘʨʘʪʘ. ɺʣʠʷʥʠʝ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʘʧʧʘʨʘʪʫʨʳ ʧʨʦʷʚʣʷʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʚ ʠʟʤʝʥʝʥʠʠ (ʦʙʨʘʪʠʤʦʤ 

ʠ ʥʝʦʙʨʘʪʠʤʦʤ) ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʜʝʣʠʡ, ʚʦ-ʚʪʦʨʳʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʠʟʜʝʣʠʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ [1]. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʝ ʚʩʝʡ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʦʚʳʭ ʨʝʞʠʤʦʚ (ʉʆʊʈ), 

ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʩʧʦʩʦʙʘ ʦʭʣʘʞʜʝʥʠʷ ʤʘʛʥʝʪʨʦʥʦʚ [2]. ʉʨʝʜʠ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʯʘʩʪʦʪʫ 

ʛʝʥʝʨʘʮʠʠ ʚ ʤʘʛʥʝʪʨʦʥʘʭ ʠ ʚʳʟʳʚʘʶʱʠʭ ʝʝ ʩʜʚʠʛ, ʘ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʱʠʭ ʚ ʮʝʣʦʤ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʥʝʪʨʦʥʦʚ, ʚʳʜʝʣʷʶʪ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ [3], ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 

ʵʤʠʩʩʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʥʘ ʢʘʪʦʜʝ ʠ ʚʳʟʳʚʘʶʱʠʭ ʢʦʣʝʙʘʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʪʦʢʘ, 

ʵʤʠʪʠʨʫʝʤʦʛʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʘʥʦʜʥʦʛʦ ʙʣʦʢʘ 

ʥʘ ʯʘʩʪʦʪʫ ʛʝʥʝʨʘʮʠʠ ʧʦʢʘʟʘʣʠ [3], ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʘʥʦʜʥʦʛʦ ʙʣʦʢʘ ʦʪ 20 ʦʉ ʜʦ 60 ʦʉ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʮʠʠ ʤʘʛʥʝʪʨʦʥʘ ʥʘ 0,1 %.  

ʉʦʛʣʘʩʥʦ ʧʘʩʧʦʨʪʥʳʤ ʜʘʥʥʳʤ, ʜʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʥʦʛʦ ʙʣʦʢʘ ʣʝʞʠʪ ʚ 

ʜʠʘʧʘʟʦʥʝ 100é140 ʦʉ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʤʘʛʥʝʪʨʦʥʘ 

ʧʨʠʤʝʥʷʶʪ ʩʠʩʪʝʤʫ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ (ʉɺʆ) ʠʣʠ ʩʠʩʪʝʤʫ ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ (ʉɾʆ) [4]. 

ɼʣʷ ʦʭʣʘʞʜʝʥʠʷ ʤʘʛʥʝʪʨʦʥʦʚ ʩ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 1,0 ʢɺʪ ʧʨʠʤʝʥʷʶʪ ʉɺʆ. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʉɺʆ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʪʦʣʱʠʥʳ ʨʝʙʨʘ ʩ 0,6 ʤʤ ʜʦ 0,5 ʤʤ, ʯʪʦ 

ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʚʝʩʘ ʥʘ 16,7% ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ ʚʦʢʨʫʛ ʘʥʦʜʥʦʛʦ ʙʣʦʢʘ [5]. 

ʆʜʥʘʢʦ ʪʘʢʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʥʝ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʧʝʨʝʛʨʝʚʘ ʧʨʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʝ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʈʘʩʩʤʦʪʨʝʚ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʭʝʤʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʧʣʦʦʪʚʦʜʘ ʦʪ ʘʥʦʜʥʦʛʦ 

ʙʣʦʢʘ ʤʘʛʥʝʪʨʦʥʘ, ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʚʳʙʨʘʥʘ ʩʠʩʪʝʤʘ ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʕʪʦʪ ʚʳʙʦʨ ʙʳʣ 

ʦʩʥʦʚʘʥ ʥʘ ʩʣʝʜʫʶʱʠʭ ʧʦʣʦʞʝʥʠʷʭ: 

1. ʇʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʥʦʛʦ ʙʣʦʢʘ ʩʦʩʪʘʚʣʷʝʪ 1.68 105 ɺʪ/ʤ2 (ʜʣʷ 

ʤʘʛʥʝʪʨʦʥʘ ʩ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ 1,5 ʢɺʪ). ʄʘʛʥʝʪʨʦʥʳ ʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʫʨʦʚʥʝʤ ʤʦʱʥʦʩʪʠ 

ʪʘʢʞʝ ʦʭʣʘʞʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʦʟʜʫʰʥʦʡ ʩʠʩʪʝʤʳ, ʦʜʥʘʢʦ ʥʝ ʤʦʛʫʪ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʘʪʴ ʚ 

ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʛʨʝʚʘ. 

2. ɺ ʉɾʆ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʉɺʆ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʭʦʜʝ ʚ ʨʫʙʘʰʢʫ ʦʭʣʘʞʜʝʥʠʷ 

ʧʦʩʪʦʷʥʥʘ. 

3. ɹʣʘʛʦʜʘʨʷ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʠʩʢʣʶʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ 

ʯʘʩʪʠʮ ʚ ʨʫʙʘʰʢʫ ʦʭʣʘʞʜʝʥʠʷ ʠ ʟʘʙʠʚʘʥʠʝ ʢʘʥʘʣʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʉɺʆ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʧʣʦʚʳʭ ʨʘʩʯʝʪʦʚ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ. ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʘʥʦʜʥʦʛʦ 

ʙʣʦʢʘ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʮʠʨʢʫʣʠʨʫʝʪ ʚ ʢʦʣʴʮʝʚʦʤ ʢʘʥʘʣʝ. ɺ [6] ʨʘʩʯʝʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʦʧʨʝʜʝʣʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʢʦʣʴʮʝʚʦʤ ʢʘʥʘʣʝ ʧʨʠ ʮʝʥʪʨʘʣʴʥʦʤ 
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ʪʝʧʣʦʧʦʜʚʦʜʝ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʟʘʢʨʫʯʠʚʘʥʠʝ ʧʦʪʦʢʘ ʚʥʫʪʨʠ ʢʦʣʴʮʝʚʦʛʦ 

ʢʘʥʘʣʘ. ɺ [6] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʦʚ 

ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʥʘ ʚʳʧʫʢʣʦʡ ʦʙʦʛʨʝʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʧʣʦʩʲʝʤʘ. ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʚ 1.8 ʨʘʟʘ ʚʳʰʝ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ʛʣʘʜʢʠʭ ʢʦʣʴʮʝʚʳʭ ʢʘʥʘʣʦʚ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʨʨʝʢʪʥʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʨʘʩʯʝʪʥʳʭ ʬʦʨʤʫʣ ʩ ʨʝʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʪʝʢʘʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

[16], ʯʪʦ, ʭʦʪʷ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʚ 

ʢʦʣʴʮʝʚʳʭ ʢʘʥʘʣʘʭ, ʦʥʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʧʣʦʦʪʚʦʜʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʉɾʆ ʪʨʝʙʫʝʪʩʷ ʟʘʤʝʥʠʪʴ ʨʝʙʨʘ ʉɺʆ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʥʦʛʦ ʙʣʦʢʘ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʭ ʤʘʛʥʝʪʨʦʥʘʭ 

ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ, ʥʘ ʨʫʙʘʰʢʫ ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʪʘʢʦʡ ʟʘʤʝʥʳ ʚʳʟʚʘʥʘ ʪʝʤ, 

ʯʪʦ ʚʳʧʫʩʢʘʝʤʳʝ ʧʨʦʤʳʰʣʝʥʥʦ ʤʘʛʥʝʪʨʦʥʳ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ, ʠ ʧʦʵʪʦʤʫ 

ʢʦʤʧʣʝʢʪʫʶʪʩʷ ʩ ʉɺʆ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʘʚʘʨʠʡʥʦʡ ʨʘʙʦʪʳ ʉɾʆ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ 

ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʘʩʭʦʜʘ. 

ʈʘʙʦʯʠʝ ʞʠʜʢʦʩʪʠ (ʪʝʧʣʦʥʦʩʠʪʝʣʠ) ʜʣʷ ʟʘʧʨʘʚʢʠ ʉɾʆ ʚʳʙʠʨʘʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ:  

- ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ: -20  é +50 ʦʉ 

- ʪʦʢʩʠʯʥʦʩʪʴ: ʞʠʜʢʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝʪʦʢʩʠʯʥʘ 

- ʦʪʩʫʪʩʪʚʠʝ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

- ʩʪʦʠʤʦʩʪʴ 

- ʜʦʩʪʫʧʥʦʩʪʴ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʣʝʜʫʶʱʠʝ ʪʝʧʣʦ-

ʥʦʩʠʪʝʣʠ: ʚʦʜʘ (ʜʣʷ ʨʘʙʦʪʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ 5 ʜʦ 50 ʦʉ) ʠ 66 % ʚʦʜʥʳʡ ʨʘʩ-

ʪʚʦʨ ʵʪʠʣʝʥʛʣʠʢʦʣʷ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ ï20 ʜʦ 50 ʦʉ). ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡ-

ʩʪʚʘ ʵʪʠʭ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʥʘʜʝʞʥʳʝ ʪʝʧʣʦʚʳʝ ʨʘʩʯʝʪʳ. 

ʈʘʩʯʝʪ ʨʝʞʠʤʘ ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʘʥʦʜʥʦʛʦ ʙʣʦʢʘ ʤʘʛʥʝʪʨʦʥʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʭʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠʟ ʫʩʣʦʚʠʷ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʥʦʛʦ ʙʣʦʢʘ ʤʘʛʥʝʪʨʦʥʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʣʩʷ ʤʘʛʥʝʪʨʦʥ ʩ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ 1,0 ʢɺʪ. ʇʨʠ ʵʪʦʤ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ 

Nm=1200 ɺʪ. ʄʦʱʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʦʪʚʝʩʪʠ ʦʪ ʘʥʦʜʥʦʛʦ ʙʣʦʢʘ Q= 200 ɺʪ. ʉʨʝʜʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʥʦʛʦ ʙʣʦʢʘ ʧʨʠʥʠʤʘʝʪʩʷ ta=100 ʦʉ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ 

ʧʨʦʨʘʙʦʪʦʢ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʫʙʘʰʢʫ ʦʭʣʘʞʜʝʥʠʷ, ʢʦʪʦʨʘʷ ʢʨʝʧʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʘ ʘʥʦʜʥʳʡ ʙʣʦʢ ʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʟʘʟʦʨʘ 

dz=0.052 ʤ, ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʟʘʟʦʨʘ Dz=0.055 ʤ, ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʨʫʙʘʰʢʠ ʦʭʣʘʞʜʝʥʠʷ dr=0.058 ʤ, 

ʪʦʣʱʠʥʘ ʟʘʟʦʨʘ ŭz=0.0015 ʤ, ʰʠʨʠʥʘ ʟʘʟʦʨʘ hz=0.02 ʤ. ɸʥʦʜʥʳʡ ʙʣʦʢ ʠ ʨʫʙʘʰʢʘ ʦʭʣʘʞʜʝʥʠʷ 

ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʤʝʜʠ. 

ʇʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ 41006,3 Ö==
F

Q
q  ɺʪ/ʤ2, ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʢʘʥʘʣʘ ʦʭʣʘʞʜʝʥʠʷ 

3106 -Ö=d  ʤ. ʂʦʥʪʘʢʪʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʤʝʩʪʝ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʘʥʦʜʥʦʛʦ ʙʣʦʢʘ ʠ ʨʫʙʘʰʢʠ ʦʭʣʘʞʜʝʥʠʷ ʦʧʨʝʜʝʣʷʣʦʩʴ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʊʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʚʦʟʜʫʰʥʳʤʠ ʟʘʟʦʨʘʤʠ:  

                                   3
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v
vR , ʤ2Ŀʂ/ɺʪ                                          (1) 

ʛʜʝ ɚv=0.0321, ɺʪ/ʤĿK ï ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʟʜʫʭʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ t=110 ʦC; ŭ=6Ŀ10-5, ʤ ï 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ. 

ʊʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʷʪʝʥ ʢʦʥʪʘʢʪʘ: 
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N
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ʛʜʝ Nud=0.1·10-4 ʢʛ/ʩʤ2 ï ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ, ɚm=400 ɺʪ/(ʤĿK) ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʤʝʜʠ, ův=25·10-4, ʢʛ/ʤ2 ï ʚʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ, ův=25*10-4 ʢʛ/ʤ2 ï ʚʨʝʤʝʥʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ. 

ʉʫʤʤʘʨʥʦʝ ʢʦʥʪʘʢʪʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ: 
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ʀʩʭʦʜʷ ʠʟ ʥʘʡʜʝʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʢʘʯʦʢ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ: 

                                         
494 101,210937,81035,2 --

S Ö=ÖÖÖ=Ö=D Rqt , ʦʉ                              (4) 

ʇʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʦʢʘʟʘʣʩʷ ʙʣʠʟʢʠʤ ʢ ʥʫʣʶ, ʧʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʠʭ 

ʨʘʩʯʝʪʘʭ ʢʦʥʪʘʢʪʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʦʞʥʦ ʥʝ ʫʯʠʪʳʚʘʪʴ. 

ʇʦʣʫʯʝʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʨʘʚʝʥ Ŭ=2718 ɺʪ/(ʤ2Ŀʂ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʜʳ ʚ 

ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʨʠ ʩʢʦʨʦʩʪʠ w=0,089 ʤ/ʩ ʚ ʢʦʣʴʮʝʚʦʤ ʢʘʥʘʣʝ ʩ ʧʣʦʱʘʜʴʶ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ 
41018,5 -Ö=f  ʤ2, ʧʣʦʱʘʜʴ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ F=6,5·10-3 ʤ2, ʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʘʥʦʜʥʦʛʦ ʙʣʦʢʘ ʠ 

ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʥʦʛʦ ʙʣʦʢʘ ʢ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʝ, ʨʘʚʝʥ 

ʂ=2664 ɺʪ/(ʤ2Ŀʂ). ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʨʫʙʘʰʢʫ ʦʭʣʘʞʜʝʥʠʷ: 

                                                                 04,1=
Ö

=d
GCp

Q
t  ʦʉ.                                                      (5) 

ɸ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ: 

                                                                     5,88=
Ö

-=
FK

Q
tt ag

 ʦʉ,                             (6) 

ʛʜʝ ta ï ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʥʦʛʦ ʙʣʦʢʘ. 

ʊʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʥʘ ʚʭʦʜʝ ʚ ʨʫʙʘʰʢʫ ʦʭʣʘʞʜʝʥʠʷ ʩʦʩʪʘʚʠʪ t´=88 oC, ʘ ʥʘ ʚʳʭʦʜʝ ï t´=89 
oC. ʈʘʩʯʝʪ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʤʘʛʥʝʪʨʦʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʥʘ 

ʚʭʦʜʝ ʚ ʨʫʙʘʰʢʫ ʦʭʣʘʞʜʝʥʠʷ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 90 ʦʉ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 54 % ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʨʘʚʝʥ Ŭ=1282 ɺʪ/(ʤ2Ŀʂ). ʊʦʛʜʘ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʨʫʙʘʰʢʫ ʦʭʣʘʞʜʝʥʠʷ 2,1=dt  ʦʉ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʂ=1270 ɺʪ/(ʤ2Ŀʂ), 

ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 76=gt  ʦʉ. ɼʣʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʤʘʛʥʝʪʨʦʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʥʘ ʚʭʦʜʝ ʚ ʨʫʙʘʰʢʫ ʦʭʣʘʞʜʝʥʠʷ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 75 ʦʉ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʥʝʩʢʦʣʴʢʠʭ ʤʘʛʥʝʪʨʦʥʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʉɾʆ ʤʦʞʝʪ 

ʦʙʲʝʜʠʥʷʪʴ ʚ ʩʚʦʡ ʢʦʥʪʫʨ ʚʩʝ ʨʫʙʘʰʢʠ ʦʭʣʘʞʜʝʥʠʷ ʧʦ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʭʝʤʝ. ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʉɾʆ, ʧʨʝʜʣʘʛʘʝʤʘʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʰʝʩʪʠ ʤʘʛʥʝʪʨʦʥʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.  

 

 
 

ʈʠʩ. 3. ʉʭʝʤʘ ʉɾʆ ʜʣʷ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

1 ï ʣʠʥʠʷ ʥʘʛʥʝʪʘʥʠʷ, 2 ï ʣʠʥʠʷ ʚʩʘʩʳʚʘʥʠʷ, 3 ï ʚʭʦʜ ʚ ʨʫʙʘʰʢʫ ʦʭʣʘʞʜʝʥʠʷ ʤʘʛʥʝʪʨʦʥʘ, 4 ï ʚʳʭʦʜ ʠʟ ʨʫʙʘʰʢʠ 

ʦʭʣʘʞʜʝʥʠʷ, 5 ï ʥʘʩʦʩ, 6 ï ʬʠʣʴʪʨ, 7 ï ʪʝʧʣʦʦʙʤʝʥʥʠʢ 

 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʟʘʤʝʥʘ ʩʠʩʪʝʤʳ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʞʠʜʢʦʩʪʥʦʝ ʜʣʷ ʤʘʛʥʝʪʨʦʥʦʚ ʤʘʣʦʡ 

ʤʦʱʥʦʩʪʠ ʧʦʟʚʦʣʠʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠ 

ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʨʫʙʘʰʢʠ ʦʭʣʘʞʜʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʘʥʦʜʥʳʡ ʙʣʦʢ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʉɾʆ ʚʳʧʦʣʥʝʥʘ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʣʝʛʢʦʡ ʟʘʤʝʥʳ ʜʝʪʘʣʝʡ ʠ ʧʦʜʢʣʶʯʝʥʠʷ ʢ 

ʤʠʢʨʦʚʦʣʥʦʚʦʤʫ ʫʩʪʨʦʡʩʪʚʫ. 
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ɺʳʚʦʜʳ 

ʂʦʥʪʘʢʪʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʘʥʦʜʥʦʛʦ ʙʣʦʢʘ ʩ ʨʫʙʘʰʢʦʡ ʦʭʣʘʞʜʝʥʠʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʤʦʞʝʪ ʥʝ ʫʯʠʪʳʚʘʪʴʩʷ ʚ ʪʝʧʣʦʚʳʭ ʨʘʩʯʝʪʘʭ, ʧʦʩʢʦʣʴʢʫ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʚ ʤʝʩʪʝ 

ʢʦʥʪʘʢʪʘ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣ. 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʩʦʩʪʘʚʠʣʘ 104.1 ʦʉ ï ʧʨʠ ʵʪʦʤ ʙʫʜʫʪ ʚʳʧʦʣʥʷʪʴʩʷ 

ʪʨʝʙʦʚʘʥʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʥʦʛʦ ʙʣʦʢʘ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 120 ʦʉ. 

ɼʦʩʪʠʞʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʣʞʥʦ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʠ 

ʚʳʚʦʜʠʪʴʩʷ ʥʘ ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʦʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʢʣʶʯʝʥʠʝʤ ʧʠʪʘʥʠʷ.  

ɿʘʤʝʥʘ ʩʠʩʪʝʤʳ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʞʠʜʢʦʩʪʥʦʝ ʜʣʷ ʤʘʛʥʝʪʨʦʥʦʚ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ 

ʧʦʟʚʦʣʠʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ. 
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Abstract 

In this paper, we consider the change in heat capacity and moisture content of meat and vegetable 

compositions depending on the percentage ratio between meat and vegetables. The equations of dependence 

of thermophysical characteristics on the composition were obtained. The obtained graphs confirm the linear 

dependence of heat capacity and moisture content on the composition of food products. 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʤʷʩʦʨʘʩʪʠʪʝʣʴ-

ʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʤʷʩʦʤ ʠ ʦʚʦʱʘʤʠ. ɹʳʣʠ 
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ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʮʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʦʪ 

ʩʦʩʪʘʚʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ.  

ʎʝʣʴʶ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʚʘ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʥʘ ʨʳʥʢʘʭ ʢʦʥʢʫʨʝʥʪʥʦʩʧʦʩʦʙʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʦ ʩ ʫʨʦʚʥʝʤ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ [1]. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝ ʧʨʦʚʦʜʠʪʩʷ ʨʘʙʦʪ ʧʦ ʨʘʩʰʠʨʝʥʠʶ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʦ ʜʘʥʥʦʡ 

ʪʝʤʝ ʠʤʝʶʪʩʷ ʙʦʣʴʰʦʝ ʧʫʙʣʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ɸ.ɾ. ɸʛʠʙʘʝʚʘ, ɻ.ʊ. 

ʂʘʞʠʙʘʝʚʘ, ɹ.ʉ. ʊʫʛʘʥʦʚʘ, ʂ.ʄ., ʆʤʘʨʦʚʘ,  ʈ.ʋ. ɸʰʘʢʘʝʚʘ, ɹ.ʂ. ɸʩʝʥʦʚʘ, ɽ.ʃ. ʀʩʢʘʢʦʚʘ, ɾ.ʂ. 

ʄʦʣʜʘʙʘʝʚʘ, ɸ.ʂ. ʀʛʝʥʙʘʝʚ, ʂ.ɾ. ɸʤʠʨʭʘʥʦʚ, ʄ.ʄ. ʂʘʢʠʤʦʚ, ʉ.ʂ. פʘʩʳʤʦʚ, ɸ.ʉ. ʀʩʢʠʥʝʝʚʘ, ɸ.ʂ. 

ʀʛʝʥʙʘʝʚ, ɸ.ʂ. ʄʫʩʪʘʬʘʝʚʘ, ɹ.ɹ. ʂʘʙʫʣʦʚ, ɹ.ʂ. ɸʙʠʣʴʤʘʞʠʥʦʚʘ, ɾ.ɹ. ɸʩʠʨʞʘʥʦʚʘ, ɸ.ʉ.ʂʘʤʙʘʨʦʚʘ. 

ʕʪʠ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʳ ʦʩʦʙʝʥʥʦʩʪʷʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʷʩʘ, ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʷʩʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʠ 

ʤʷʩʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʪʝʭʥʦʣʦʛʠʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʤʷʩʥʳʭ ʧʨʦʜʫʢʪʦʚ [2-7]. 

ʍʨʘʥʝʥʠʝ, ʪʝʧʣʦʚʘʷ ʠ ʭʦʣʦʜʠʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʷʚʣʷʶʪʩʷ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʇʨʠ 

ʨʘʩʯʝʪʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʝ ʢʘʢ ʫʜʝʣʴʥʘʷ 

ʪʝʧʣʦʝʤʢʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʦʩʴ 

ʤʥʦʛʦʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ, ʘ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭʠʩʪʦʯʥʠʢʦʚ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʥʥʳʭ ʧʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʪʴ ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʤʷʩʦʨʘʩʪʠʪʝʣʴʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʤʷʩʦʤ ʠ ʦʚʦʱʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʨʝʛʫʣʷʨʥʦʛʦ ʨʝʞʠʤʘ. ʀʟʤʝʥʝʥʠʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘʪʦʨʘ ʚʣʘʞʥʦʩʪʠ ML-50 ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʤʷʩʦʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ: 

- ʛʦʚʷʜʠʥʘ - ʤʦʨʢʦʚʴ; 

- ʧʪʠʮʘ - ʤʦʨʢʦʚʴ; 

- ʩʚʠʥʠʥʘ - ʤʦʨʢʦʚʴ. 

ʂʦʣʠʯʝʩʪʚʦ ʚʚʦʜʠʤʦʡ ʦʚʦʱʥʦʡ ʜʦʙʘʚʢʠ (ʤʦʨʢʦʚʴ) ʩʦʩʪʘʚʣʷʣʦ ʦʪ 20 ʜʦ 80 %. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.  

 

 
 

ʈʠʩʫʥʦʢ. 1. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʦʪ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʮʠʠ 
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ɺʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʟʠʮʠʠ (ʩʚʠʥʠʥʘ + ʤʦʨʢʦʚʴ)
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ: 

-ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩ, ɼʞ/(ʢʛÖʂ), ʜʣʷ ʤʷʩʦʨʘʩʪʠʪʝʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ (ʛʦʚʷʜʠʥʘ + 

ʤʦʨʢʦʚʴ): 

ʩ = 3,4429mʤʦʨ + 3597,6 (1) 

- ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩ, ɼʞ/(ʢʛÖʂ) ʜʣʷ ʤʷʩʦʨʘʩʪʠʪʝʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ (ʧʪʠʮʘ + ʤʦʨʢʦʚʴ): 

ʩ = 6,5071mʤʦʨ + 3298,1 2) 

- ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩ, ɼʞ/(ʢʛÖʂ)  ʜʣʷ ʤʷʩʦʨʘʩʪʠʪʝʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ (ʩʚʠʥʠʥʘ + ʤʦʨʢʦʚʴ): 

ʩ = 2,9893mʤʦʨ + 3642,3 (3) 

- ʠʟʤʝʥʝʥʠʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ W, % ʤʷʩʦʨʘʩʪʠʪʝʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ (ʛʦʚʷʜʠʥʘ + ʤʦʨʢʦʚʴ): 

W = 0,2369mʤʦʨ +69,8 (4) 

- ʠʟʤʝʥʝʥʠʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ W, % ʤʷʩʦʨʘʩʪʠʪʝʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ (ʧʪʠʮʘ + ʤʦʨʢʦʚʴ): 

W = 0,3147mʤʦʨ + 66,911 (5) 

- ʠʟʤʝʥʝʥʠʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷW, %  ʤʷʩʦʨʘʩʪʠʪʝʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ (ʩʚʠʥʠʥʘ + ʤʦʨʢʦʚʴ): 

W = 0,3256mʤʦʨ + 59,958 (6) 

ʛʜʝ c ï ʪʝʧʣʦʝʤʢʦʩʪʴ, ɼʞ/ʢʛĀʂ; Wï ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ, %; 

mʤʦʨ ï ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʤʦʨʢʦʚʠ, %.  

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʝʧʣʦʝʤʢʦʩʪʴ 

ʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʤʷʩʦʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠʤʝʝʪ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʨʦʩʪʦʤ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʤʦʨʢʦʚʠ. 
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Abstract 

The present work is aiming at developing scheme solutions for alternative air conditioning systems 

based on the use of a heat-entrapping absorption cycle and solar energy for regenerating an absorbent 
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solution, or in other words, for maintaining cycle continuity. Based on experimental data, a comparative 

analysis of air conditioning systems based on a low-temperature evaporative air cooler and a solar air 

conditioning system based on an absorption system for pre-drying air and its subsequent evaporative cooling 

has been performed. Our designs of the proposed scheme solutions afford expansion of the area of practical 

applications of the evaporative cooling methods, for example, in ensuring the comfort parameters of the air 

in an air-conditioning system without resorting to the traditional vapor-compression technology, best 

demonstrated by paving the way to the absorption systems' main eco-energy characteristics improvement. 

ɸʥʥʦʪʘʮʠʷ  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʭʝʤʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʠʩʪʝʤ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʮʠʢʣʘ ʠ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ ʜʣʷ ʨʝʛʝʥʝʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʘʙʩʦʨʙʝʥʪʘ, ʪʦ ʝʩʪʴ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʮʠʢʣʘ. 

ɺʳʧʦʣʥʝʥ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʥʘ ʦʩʥʦʚʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ ʠ 

ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʥʘ ʦʩʥʦʚʝ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʝʛʦ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʨʝʰʝʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, 

ʥʘʧʨʠʤʝʨ, ʦʙʝʩʧʝʯʠʪʴ ʧʘʨʘʤʝʪʨʳ ʢʦʤʬʦʨʪʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʩʠʩʪʝʤʝ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʙʝʟ 

ʧʨʠʚʣʝʯʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ ʦʩʥʦʚʥʳʝ ʵʢʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʩʠʩʪʝʤ.  

 

ɺʚʝʜʝʥʠʝ. ʀʥʪʝʨʝʩ ʢ ʚʦʟʤʦʞʥʦʩʪʷʤ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩʨʝʜ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʥʝʫʢʣʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʤʘʣʳʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ [1-

14]. ʐʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʠʩʧʘʨʠʪʝʣʴʥʳʝ ʦʭʣʘʜʠʪʝʣʠ (ʀʆ) ʥʝʧʨʷʤʦʛʦ ʪʠʧʘ 

(ʅʀʆ, indirect evaporative cooling, IEC). ɺʦʟʤʦʞʥʦʩʪʠ ʪʘʢʠʭ ʦʭʣʘʜʠʪʝʣʝʡ ʧʦ ʜʦʩʪʠʛʘʝʤʦʤʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʫʨʦʚʥʶ ʦʭʣʘʞʜʝʥʠʷ ʦʛʨʘʥʠʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʧʦ ʤʦʢʨʦʤʫ 

ʪʝʨʤʦʤʝʪʨʫ tʤ, ʷʚʣʷʶʱʝʡʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʝʜʝʣʦʤ ʦʭʣʘʞʜʝʥʠʷ; ʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʤʝʩʪʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ [4-9]. ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʳʟʳʚʘʶʪ 

ʀʆ ʩʦ ʩʥʠʞʝʥʥʳʤ ʧʨʝʜʝʣʦʤ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩʨʝʜ [10-14]. ʉʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʫʨʦʚʥʷ ʦʭʣʘʞʜʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠ ʦʙʱʝʝ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʀʆ, ʯʪʦ ʜʣʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʟʥʘʯʘʝʪ ʨʝʘʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ, ʪʨʝʙʫʝʤʦʝ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʪʝʨʴ ʥʘ ʠʩʧʘʨʝʥʠʝ.  

I. ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʩʧʘʨʠʪʝʣʴʥʳʝ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʠ ʥʝʧʨʷʤʦʛʦ ʪʠʧʘ ʩʦ 

ʩʥʠʞʝʥʥʳʤ ʧʨʝʜʝʣʦʤ ʦʭʣʘʞʜʝʥʠ ̫

ɺ ʠʩʧʘʨʠʪʝʣʴʥʦʤ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʝ ʅʀʆʛ (ʨʠʩ. 1ɸ ʠ ɹ), ʧʦʣʫʯʠʚʰʝʤ ʥʘʠʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ [1-9], ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ, ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʦʭʣʘʞʜʝʥʠʝ (ʇ) ʜʝʣʠʪʩʷ 

ʥʘ ʜʚʝ ʯʘʩʪʠ. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ (ɺ) ʧʦʩʪʫʧʘʝʪ ʚ çʤʦʢʨʫʶè ʯʘʩʪʴ ʦʭʣʘʜʠʪʝʣʷ, ʛʜʝ 

ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʚʦʜʦʡ, ʨʝʮʠʨʢʫʣʠʨʫʝʱʝʡ ʯʝʨʝʟ ʥʘʩʘʜʢʫ ʘʧʧʘʨʘʪʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʧʘʨʠʪʝʣʴʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ ʚʦʜʳ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʭʣʘʞʜʘʝʪ ʙʝʩʢʦʥʪʘʢʪʥʦ, ʯʝʨʝʟ ʨʘʟʜʝʣʷʶʱʫʶ ʢʘʥʘʣʳ 

ʩʪʝʥʢʫ, ʦʩʥʦʚʥʦʡ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ (ʆ). ʕʪʦʪ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʦʭʣʘʞʜʘʝʪʩʷ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʘ ʦʩʥʦʚʝ ʅʀʆʛ ʩʠʩʪʝʤ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʉʂɺ. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʚʳʥʦʩʠʪ ʚʩʝ ʪʝʧʣʦ ʠʟ 

ʘʧʧʘʨʘʪʘ, ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘʢʞʝ ʧʦʥʠʞʘʝʪʩʷ ʘ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʚʦʟʨʘʩʪʘʝʪ.  

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʮʠʢʣʝ ʩʦʭʨʘʥʷʝʪ ʥʝʠʟʤʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʢʨʦʛʦ ʪʝʨʤʦʤʝʪʨʘ ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʅʀʆʛ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. ʕʪʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʚ ʅʀʆʛ ʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʝʣʦʤ ʦʭʣʘʞʜʝʥʠʷ ʜʣʷ ʦʙʦʠʭ 

ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ. ʇʨʝʜʝʣ ʦʭʣʘʞʜʝʥʠʷ ʟʜʝʩʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʦʤ: t0 = f (tʤ1, l = Gʆ / Gɺ, l' = Gɺ 

/ Gɾ), ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʦʠʭ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ (çʆè ʠ çɺè). ʅʘ ʨʠʩ. 1 

(ɸ ʠ ɹ) ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʩʦʚʤʝʱʝʥʥʘʷ, ʪʘʢ ʠ ʨʘʟʜʝʣʴʥʘʷ ʩʭʝʤʳ ʅʀʆʛ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʦʜʦ-

ʚʦʟʜʫʰʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʨʘʟʤʝʱʝʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʙʲʝʤʝ ʥʘʩʘʜʢʠ ʊʄɸ.  

ʀʩʧʘʨʠʪʝʣʴʥʳʝ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʳʯʥʦʛʦ ʠ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʪʠʧʦʚ [4-9, 10-14]. 

ɺ ʧʦʩʣʝʜʥʝʤ (ʨʠʩ. 1ɺ) ʨʘʟʜʝʣʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʚʦʜʦ-ʚʦʟʜʫʰʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ. ʅʘʤʠ ʵʪʘ ʩʭʝʤʘ ʤʘʨʢʠʨʦʚʘʥʘ ʢʘʢ ʅʀʆ-Rʛ (ʚʦʟʜʫʰʥʳʡ ʯʠʣʣʝʨ Chg). ʇʦʩʢʦʣʴʢʫ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ çɺè ʟʜʝʩʴ ʧʦʩʪʫʧʘʝʪ ʚ ʠʩʧʘʨʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʦʭʣʘʜʠʪʝʣʷ ʫʞʝ 

ʦʭʣʘʞʜʝʥʥʳʤ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʠ, ʝʛʦ ʧʦʪʝʥʮʠʘʣ ʦʭʣʘʞʜʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ 

ʠ ʧʨʝʜʝʣ ʦʭʣʘʞʜʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʩʥʠʞʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʯʢʠ ʨʦʩʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ tʈ
1. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʚ ʅʀʆʛ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ l = Gʆ / Gɺ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʤʝʨʥʦ 1,0 [1-3], ʪʦ ʟʜʝʩʴ ʫʞʝ ʩʘʤ ʧʨʠʥʮʠʧ, ʧʨʠ ʨʘʚʥʦʤ ʦʪʥʦʰʝʥʠʠ Gʆ ʠ Gɺ ʥʘ ʚʳʭʦʜʝ ʠʟ ʘʧʧʘʨʘʪʘ, 
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ʧʨʠʚʦʜʠʪ ʢ ʜʚʫʢʨʘʪʥʦʤʫ ʩʥʠʞʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʩʭʦʜʦʚ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʪʦʢʦʚ (l = Gʇ / Gɺ) ʚ 

ʩʦʩʝʜʥʠʭ çʤʦʢʨʳʭè ʠ çʩʫʭʠʭè ʢʘʥʘʣʘʭ ʥʘʩʘʜʦʯʥʦʡ ʯʘʩʪʠ ʘʧʧʘʨʘʪʘ: - Gʇ (ʦʭʣʘʞʜʘʝʤʦʛʦ ʚ çʩʫʭʦʡè 

ʯʘʩʪʠ) ʠ Gɺ (ʦʪʚʦʜʷʱʝʛʦ ʪʝʧʣʦ ʚ ʩʦʩʝʜʥʠʭ çʤʦʢʨʳʭè ʢʘʥʘʣʘʭ). ʕʪʦ ʝʩʪʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʫʜʝʣʴʥʳʝ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʩ ʅʀʆʛ. ʀʥʪʝʨʝʩ ʢ ʚʦʟʤʦʞʥʦʩʪʷʤ ʨʝʰʝʥʠʷ ʧʦ 

ʩʭʝʤʝ Chg ʚ ʤʠʨʦʚʦʡ ʧʝʨʠʦʜʠʢʝ ʦʯʝʥʴ ʚʝʣʠʢ [9-11]. ʈʘʟʨʘʙʦʪʢʝ ʠ ʠʟʫʯʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʭʣʘʜʠʪʝʣʷ 

Chg ʧʦʩʚʷʱʝʥ ʨʷʜ ʧʘʪʝʥʪʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʉʐɸ [10-12].  

ɸʧʧʘʨʘʪʳ ʩ ʧʦʜʚʠʞʥʦʡ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʡ ʥʘʩʘʜʢʦʡ (ʇʅ) çʛʘʟ-ʞʠʜʢʦʩʪʴ-ʪʚʝʨʜʦʝ ʪʝʣʦè 

ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʊʄɸ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʫʩʪʦʡʯʠʚʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʨʦʩʪ ʥʘʛʨʫʟʦʢ ʠ ʚʳʩʦʢʫʶ ʧʦʧʝʨʝʯʥʫʶ ʨʘʚʥʦʤʝʨʥʦʩʪʴ [15-16]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʧʨʠʥʮʠʧʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʧʨʠ ʠʩʧʘʨʠʪʝʣʴʥʦʤ 

ʦʭʣʘʞʜʝʥʠʠ ʩʨʝʜ ʠ ʦʩʫʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ çʘʙʩʦʨʙʝʥʪ-ʚʦʟʜʫʭè ʦʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦ ʩ ʫʯʝʪʦʤ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʦʪʣʦʞʝʥʠʡ ʥʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠ ʩʪʝʥʢʘʭ ʢʦʣʦʥʥ.  

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʰʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ, ʥʘ ʦʩʥʦʚʝ ʚʳʧʦʣʥʝʥʥʳʭ ʘʚʪʦʨʘʤʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʊʄɸ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʪʝʧʣʦʤʘʩʦʦʙʤʝʥʘ ʚ ʘʧʧʘʨʘʪʘʭ ʉʉʂɺ (ʦʙʦʟʥʘʯʝʥʠʷ ʢ ʨʠʩ. 2.: 1 ï ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ; 2 ï ʧʦʚʦʨʦʪʥʘʷ 

ʨʝʰʝʪʢʘ; 3 ïʧʦʜʚʠʞʥʘʷ ʥʘʩʘʜʢʘ ʇʅ (ʜʣʷ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ-ʯʠʣʝʨʘ ʵʪʦ, ʧʦ  ʨʠʩʫʥʦʢʫ ɼ, ï 

ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʦʩʥʦʚʥʦʛʦ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʧʦʪʦʢʦʚ ʚʦʟʜʫʭʘ 4, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʩʣʦʝ ʇʅ ʠ 

ʦʙʨʘʟʫʶʱʠʡ ʢʘʥʘʣʳ ʜʣʷ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʠ ʇʅ; 5 ï ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʞʠʜʢʦʩʪʠ ; 6 ï ʦʧʦʨʥʦ-

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʨʝʰʝʪʢʘ (ʆʈʈ, ʧʦʟʠʮʠʷ ɹ; ʆʈʈ/ʪ-ʢ, ʧʦʟʠʮʠʷ ɺ ʩ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʤ); 7 ï ʝʤʢʦʩʪʴ 

ʜʣʷ ʞʠʜʢʦʩʪʠ; 8 ï ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʚʦʜʷʥʦʡ ʢʦʥʪʫʨ; 9 ï ʩʝʧʘʨʘʪʦʨ ʢʘʧʝʣʴʥʦʡ ʚʣʘʛʠ; 10, 11 ï ʧʦʪʦʢ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ (ʜʣʷ ʘʙʩʦʨʙʝʨʘ ɸɹʈ ʠ ʜʝʩʦʨʙʝʨʘ ɼɹʈ ʵʪʦ ʦʭʣʘʞʜʘʶʱʠʡ ʠ ʥʘʛʨʝʚʘʶʱʠʡ 

ʪʝʧʣʦʥʦʩʠʪʝʣʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ); 12, 13 ʠ 14 ï ʧʦʣʥʳʡ, ʚʭʦʜʷʱʠʡ ʚ Chg (ʥʘʧʨʠʤʝʨ ʥʘʨʫʞʥʳʡ ʚʦʟʜʫʭ 

ʅɺ ʠʣʠ ʩʤʝʩʴ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ); ʦʩʥʦʚʥʦʡ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʚʦʟʜʫʰʥʳʝ ʧʦʪʦʢʠ; 15 ï 

ʧʦʚʦʨʦʪʥʳʡ ʜʠʬʬʫʟʦʨ; 16 ï ʵʣʝʤʝʥʪ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʠ ʇʅ; 17 ʠ 18 ï ʢʘʥʘʣʳ ʪ/ʢʘ ʅʀʆʪ/ʢ ʜʣʷ 

ʧʦʣʥʦʛʦ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (17 ï ʤʥʦʛʦʢʘʥʘʣʴʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʧʣʠʪʘ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ). ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʦʦʙʤʝʥʘ ʚ 

ʩʣʦʝ ʇʅʪ-ʢ ʷʚʣʷʝʪʩʷ ʨʝʞʠʤ ʨʘʟʚʠʪʦʛʦ ʧʩʝʚʜʦʦʞʠʞʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ 

ʧʦʪʦʢʘ wʛ ʦʪ 2,5 - 3,0 ʜʦ 6,0-6.5 ʤ/ʩ [16].  

II . ʉʦʣʥʝʯʥʳʝ ʘʙʩʦʨʙʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʥʘ ʦʩʥʦʚʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʧʘʨʠʪʝʣʴʥʳʭ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʝʡ  
ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʀʆ ʩʜʝʨʞʠʚʘʝʪʩʷ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʧʨʠ 

ʚʳʩʦʢʠʭ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷʭ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. ɺ ʨʘʙʦʪʘʭ [1-3] ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ 

ʉʂɺ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʢʨʳʪʦʛʦ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʮʠʢʣʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʥʝʝ 

ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʘʤʠ ʙʳʣ ʚʳʙʨʘʥ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʨʝʰʝʥʠʷ, ʘʙʩʦʨʙʮʠʦʥʥʳʡ 

ʪʠʧ ʦʩʫʰʠʪʝʣʴʥʦ-ʠʩʧʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ ʥʝʧʨʷʤʦʡ ʨʝʛʝʥʝʨʘʮʠʝʡ ʘʙʩʦʨʙʝʥʪʘ.  

ʉʫʪʴ ʦʪʢʨʳʪʦʛʦ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʮʠʢʣʘ (ʨʠʩ. 3-4) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘʨʫʞʥʳʡ ʚʦʟʜʫʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʩʫʰʘʝʪʩʷ, ʪʘʢ ʯʪʦ ʧʨʠ ʵʪʦʤ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ ʧʦʪʝʥʮʠʘʣʳ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʫʰʝʥʥʦʛʦ ʚ ʘʙʩʦʨʙʝʨʝ (ɸɹʈ) ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ 

ʧʦʩʪʫʧʘʝʪ ʚ ʀʆ, ʛʜʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʛʣʫʙʦʢʦʝ ʦʭʣʘʞʜʝʥʠʝ ʩʨʝʜʳ ʚ ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤʘʭ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ (ʉʉʂɺ). ʉʨʘʚʥʠʪʝʣʴʥʦ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʦʭʣʘʜʠʪʝʣʝʡ ʩʨʝʜ, ʪʘʢʠʝ ʩʭʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʚʳʩʦʢʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʯʠʩʪʦʪʫ [1-3].  

ʇʦʜʜʝʨʞʘʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʮʠʢʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʣʥʝʯʥʦʡ ʨʝʛʝʥʝʨʘʮʠʝʡ ʨʘʩʪʚʦʨʘ 

ʘʙʩʦʨʙʝʥʪʘ ʚ ʜʝʩʦʨʙʝʨʝ-ʨʝʛʝʥʝʨʘʪʦʨʝ (ɼɹʈ). ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʉʉʂɺ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘʤʠ: ï ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ: ʚ ʨʘʙʦʪʘʭ [2-3], ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʤʝʪʦʜʦʣʦʛʠʠ çʇʦʣʥʳʡ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣè, ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʚʳʩʦʢʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʉʉʂɺ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʳʤʠ ʦʭʣʘʜʠʪʝʣʷʤʠ; ï 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ (ʧʦ ʜʘʥʥʳʤ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [4-13] ʠ ʚ ʨʘʙʦʪʘʭ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʆɻɸʍ [1-3]); ï ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʰʝʥʠʷ ʨʷʜʘ ʟʘʜʘʯ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ: 

ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʦʪʦʧʣʝʥʠʷ, ʦʭʣʘʞʜʝʥʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ (ʚ ʯʘʩʪʥʦʩʪʠ, ʦʩʫʰʝʥʠʷ 

ʚʦʟʜʫʭʘ) ʜʣʷ ʞʠʣʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʠʩʧʦʣʴʟʫʷ ʝʜʠʥʫʶ ʩʦʣʥʝʯʥʫʶ ʩʠʩʪʝʤʫ.  

ʆʜʥʘʢʦ ʵʪʠʤ ʩʠʩʪʝʤʘʤ ʧʨʠʩʫʱʠ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʩʜʝʨʞʠʚʘʶʱʠʝ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ: ï 

ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʠʟʢʠʤʠ ʜʚʠʞʫʱʠʤʠ ʩʠʣʘʤʠ (ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʤʠ ʥʘʧʦʨʘʤʠ); ï ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʊʄɸ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʩʠʩʪʝʤ, ï 

ʧʨʦʙʣʝʤʘʪʠʯʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʨʝʛʝʥʝʨʘʮʠʠ ʘʙʩʦʨʙʝʥʪʘ.  

ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʉʉʂɺ ʷʚʣʷʶʪʩʷ: ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʨʘʚʥʠʪʝʣʴʥʘʷ 

ʦʮʝʥʢʘ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤʥʳʭ ʨʝʰʝʥʠʡ ʉʉʂɺ; ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʊʄɸ ʜʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 
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ʩʠʩʪʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʤʘʣʳʤ ʚʝʩʦʤ ʠ ʩʪʦʠʤʦʩʪʴʶ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʧʦʣʠʤʝʨʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʞʠʜʢʦʩʪʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʉʂʞ [1-3, 15-16] ʠ 

ʦʩʥʦʚʥʳʭ ʊʄɸ ʦʩʫʰʠʪʝʣʴʥʦʛʦ ʠ ʦʭʣʘʜʠʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʦʚ (ɸɹʈ, ɼɹʈ, ʠʩʧʘʨʠʪʝʣʴʥʳʝ ʦʭʣʘʜʠʪʝʣʠ) 

ʥʘ ʦʩʥʦʚʝ ʇʅ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʩʭʝʤʥʳʝ ʨʝʰʝʥʠʷ ʉʉʂɺ ʚʧʝʨʚʳʝ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨ-

ʥʳʭ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʝʡ-ʯʠʣʣʝʨʦʚ Chg (ʨʠʩ. 3-4.) ʠ ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʧʦʟʠʮʠʠ: ï ʪʝʧʣʦʠʩʧʦʣʴ-

ʟʫʶʱʠʡ ʘʙʩʦʨʙʮʠʦʥʥʳʡ ʮʠʢʣ ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ ʩʦʩʪʦʷʪ ʠʟ ʦʩʫʰʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʚ ʩʦʩʪʘʚʝ ɸɹʈ ï ɼɹʈ ʠ 

ʦʭʣʘʜʠʪʝʣʴʥʦʡ ʯʘʩʪʠ, ʚ ʩʦʩʪʘʚʝ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʝʡ Chg; ï ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ 

ʉʉʂɺ ʷʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ; ï ʚ 

ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʣʦʩʢʠʝ ʧʦʣʠʤʝʨʥʳʝ ʩʦʣʥʝʯʥʳʝ ʢʦʣʣʝʢʪʦʨʳ ʉʂʞ [1-3]; 

ʦʭʣʘʞʜʝʥʠʝ ɸɹʈ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʨʘʜʠʨʥʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ɻʈɼʪ; ʧʦʜʜʝʨʞʘʥʠʝ 

ʪʨʝʙʫʝʤʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʫʨʦʚʥʷ ʜʝʩʦʨʙʮʠʠ ʚʦʜʷʥʳʭ ʧʘʨʦʚ ʠʟ ʨʘʩʪʚʦʨʘ ʘʙʩʦʨʙʝʥʪʘ 

(ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʙʩʦʨʙʝʥʪʘ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

ʉʉɻɺ. ʆʩʥʦʚʥʘʷ ʬʦʨʤʫʣʘ ʉʉɻɺ: (ɼɹʈ ź ɸɹʈ) ï Chg (ʨʠʩ. 3-4).  

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʙʨʦʩʥʦʛʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 

çɺè ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʘʙʩʦʨʙʝʥʪʘ (ʨʠʩ. 3, ʩʭ. ɺ) ʠʣʠ ʦʩʫʰʝʥʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ (ʆɺ) 

ʤʝʞʜʫ ɸɹʈ ʠ Chg; ʧʦʩʪʨʦʝʥʠʝ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ Chg ʩ ʜʚʫʤʷ ʚʦʜʦ-ʚʦʟʜʫʰʥʳʤʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʤʠ 

(ʨʠʩ. 4), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʉʂɺ ʠ ʦʩʫʰʘʪʴ ʚ ɸɹʈ ʪʦʣʴʢʦ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ (ʨʠʩ. 4, ʩʭ. ɺ). 

III. ɸʅɸʃʀɿ ʇʈʀʅʎʀʇʀɸʃʔʅʓʍ ɺʆɿʄʆɾʅʆʉʊɽʁ ʈɸɿʈɸɹʆʊɸʅʅʓʍ ʉʉʂɺ 
ʇʨʠʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʉʂɺ ʥʘ ʦʩʥʦʚʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʜʦʦʭʣʘʜʠʪʝʣʷ Chg (1) 

ʠ ʉʉʂɺ ʥʘ ʦʩʥʦʚʝ ʩʦʣʥʝʯʥʦʡ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ ʠ Chg ʚ 

ʦʭʣʘʜʠʪʝʣʴʥʦʡ ʯʘʩʪʠ (2). ʀʟ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʘʙʩʦʨʙʝʥʪʦʚ ʚʝʱʝʩʪʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ 

ʙʨʦʤʠʩʪʦʛʦ ʣʠʪʠʷ; ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʡ ʨʘʙʦʯʠʡ ʠʥʪʝʨʚʘʣ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʣʷ LiBr ʩʦʩʪʘʚʣʷʝʪ 70-75% 

[17]. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚ ʧʦʣʝ ʅ-ʊ ʜʠʘʛʨʘʤʤʳ ʚʣʘʞʥʦʛʦ ʚʦʟʜʫʭʘ (ʨʠʩ. 5) ʚʳʧʦʣʥʝʥ ʜʣʷ 

ʥʘʯʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ: t1 = 350ʉ, t1
ʤ = 24,30ʉ, t1

ʨ = 20,30ʉ, ʪʦ ʝʩʪʴ ʥʘʯʘʣʴʥʦʝ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʚʦʟʜʫʭʘ ʭ1
ʚ = 16 ʛ/ʢʛ ʚʳʙʨʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ʭ*å12,5ʛ/ʢʛ 

[1-3], ʯʪʦ ʪʨʝʙʫʝʪ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʩʫʰʝʥʠʷ.  

ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʩ ʫʯʸʪʦʤ ʜʝʡʩʪʚʫʶʱʝʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʋʢʨʘʠʥʳ ɼɹʅ ɺ.2.5-

67:2013 çʆʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʷ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷè [17] (ʚ ʧʦʣʝ ʅ-ʍ ʜʠʘʛʨʘʤʤʳ ʟʦʥʘ ʢʦʤʬʦʨʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʭʘ ʂʇ ʚʳʜʝʣʝʥʘ ʩʝʨʳʤ ʮʚʝʪʦʤ). ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ:  

1. ʉʂɺ ʥʘ ʦʩʥʦʚʝ ʯʠʣʣʝʨʘ Chg, ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʩʫʰʝʥʠʷ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ: çʆè: tʦ = 

24,30ʉ, ʭ1
ʚ = 16 ʛ/ʢʛ;  

2. ʉʦʣʥʝʯʥʘʷ ʘʙʩʦʨʙʮʠʦʥʥʘʷ ʉʉʂɺ ʥʘ ʦʩʥʦʚʝ Chg: tʦ = 20,00ʉ, ʭ1
ʚ = 9ʛ/ʢʛ.  

ʉʂɺ ʥʘ ʦʩʥʦʚʝ Chg ʦʙʝʩʧʝʯʠʚʘʝʪ çʩʫʭʦʝè ʦʭʣʘʞʜʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ t1ʤ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ tʆ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʘ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ l = Gʦ/Gʚ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʧʨʝʜʝʣʘ 

ʦʭʣʘʞʜʝʥʠʷ ʜʦ t1
ʨ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʂʇ ʚʦʟʜʫʭʘ ʧʨʠ ʭ* > 12,5ʛ/ʢʛ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʦʩʫʰʝʥʠʝ ʚʦʟʜʫʭʘ. ʇʨʦʮʝʩʩ ʦʩʫʰʝʥʠʷ ʚ ɸɹʈ (ʣʠʥʠʷ 1 ï 2) ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ 

ʚʦʟʜʫʭʘ ʠ ʜʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʂʇ.  

ʃʠʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʢʨʠʚʦʣʠʥʝʡʥʘ ʠ ʜʦ ʚʳʭʦʜʘ 

ʠʟ ʥʘʩʘʜʢʠ ʊʄɸ ʤʦʞʝʪ ʚʳʭʦʜʠʪʴ ʥʘ ʢʨʠʚʫʶ ű = 100%, ʩ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʤʦʤʝʥʪʘ ʩʣʝʜʫʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʥʝʡ. ʇʦʩʪʨʦʝʥʠʝ ʵʪʠʭ ʢʨʠʚʳʭ ʚʳʧʦʣʥʝʥʦ ʧʦ ʤʝʪʦʜʠʢʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʦʜʘ çʵʥʪʘʣʴʧʠʡʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘè ʚ ʨʘʙʦʪʝ [1]. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʉʉʂɺ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ 

ʪʨʝʙʫʝʤʳʭ ʢʦʤʬʦʨʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʷ ʵʢʦʣʦʛʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʠʩʪʝʤʳ ʚ 

ʮʝʣʦʤ [1, 3].  

ɺʳʚʦʜʳ  

1. ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʩʧʘʨʠʪʝʣʴʥʳʝ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʠ ï ʯʠʣʣʝʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʭʣʘʞ-

ʜʝʥʠʝ ʚʦʟʜʫʭʘ ʧʨʠ ʝʛʦ ʥʝʠʟʤʝʥʥʦʤ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʠ ʩʦ ʩʥʠʞʝʥʥʳʤ ʧʨʝʜʝʣʦʤ ʦʭʣʘʞʜʝʥʠʷ  ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʯʢʠ ʨʦʩʳ;  

2. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʉʉʂɺ ʜʘʞʝ ʜʣʷ ʦʯʝʥʴ ʪʷʞʸʣʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʦʜʥʦʟʥʘʯʥʦ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʢʦʤʬʦʨʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʦʙʩʣʫʞʠʚʘʝʤʦʤ 

ʧʦʤʝʱʝʥʠʠ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʷ 

ʵʢʦʣʦʛʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 
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ʈʠʩʫʥʦʢ 1 - ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʥʳʝ ʨʝʰʝʥʠʷ ʠʩʧʘʨʠʪʝʣʴʥʳʭ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʝʡ ʥʝʧʨʷʤʦʛʦ ʪʠʧʘ, ʧʦʩʪʨʦʝʥ-

ʥʳʝ ʧʦ ʩʦʚʤʝʱʝʥʥʦʡ ʠ ʨʘʟʜʝʣʴʥʦʡ ʩʭʝʤʘʤ: ʅʀʆʛ (ɸ ʠ ɹ) ʠ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʝʡ-ʯʠʣʣʝʨʦʚ Chg (ɺ ʠ ɻ).  

ʆʙʦʟʥʘʯʝʥʠʷ: 1 ï ʀʆ; 2 ï ʅʀʆʛ; 3 ï ʚʝʥʪʠʣʷʪʦʨ (Chg); 4 ï ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ. 

  

ɺʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʴ ʥʝʧʨʷʤʦʛʦ ʪʠʧʘ ʅʀʆʛ,  

ʧʨʝʜʝʣ ʦʭʣʘʞʜʝʥʠʷ ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʢʨʦʛʦ ʪʝʨʤʦʤʝʪʨʘ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ  

ʩʦʚʤʝʱʝʥʥʘʷ ʩʭʝʤ                              ʨʘʟʜʝʣʴʥʘʷ 

ʩʭʝʤʘ 

ʅʀʆʛ, IECg  

ɺʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʴ ʥʝʧʨʷʤʦʛʦ ʪʠʧʘ 

ʅʀʆ-Rʛ (Chg),  

ʧʨʝʜʝʣ ʦʭʣʘʞʜʝʥʠʷ ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʦʯʢʠ ʨʦʩʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ 

Chg 

ɸ ɹ 

ʅɺ (ʇ) tʞ2 

tʞ1 

1 

ʀʆ 

4 

ʅʀʆʛ 

2 

 
 

 

ʆ. tʦ, 

hʦ 

ɺ. tʚ, hʚ 

tʞ = const 

tʞ2 

tʞ1 

ʭʦʣʦʜʥʘʷ ʚʦʜʘ 

ɺ:  

tʚ, hʚ 

1 

ʀʆ 

4 

ʆ. tʦ, 

hʦ 

 
 

ɺ ɻ 

ʅɺ (ʇ),  

t1, tʤ
1 hʛ

1 

tʞ2 

tʞ1 

ʭʦʣʦʜʥʘʷ ʚʦʜʘ 

ɺ: tʚ, hʚ 

1 

ʀʆ 

4 

ʆ. tʦ, 
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ʅʨʟ 

ʅʜʠʥ 

ɸ 
ɹ

ɸ 

ɺ 

ɻ 

ɼ 

Chg 

3 

12 

14* 

17 

ʈʠʩʫʥʦʢ 2 - ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʠ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʪʝʧʣʦʤʘʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʧʦʜʚʠʞʥʦʡ 

ʥʘʩʘʜʢʦʡ ʇʅ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤ ʉʉʂɺ: ɸ ï  ʘʙʩʦʨʙʝʨʘ-ʦʩʫʰʠʪʝʣʷ ɸɹʈ, ʜʝʩʦʨʙʝʨʘ-ʨʝʛʝʥʝʨʘʪʦʨʘ ɼɹʈ, 

ʚʦʜʦ- ʠ  ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʝʡ ʧʨʷʤʦʛʦ ʪʠʧʘ; ɹ ï ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ ï ʯʠʣʣʝʨʘ Chg ʩ ʨʘʟʤʝʱʝʥʠʝʤ 

ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʅʀʆʪ/ʢ ʚ ʦʙʲʝʤʝ ʇʅ (ɻ ʠ ɼ).  

ʆʙʦʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʝʢʩʪʝ. 
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ʈʠʩʫʥʦʢ 3 - ʇʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʪʝʧʣʦ-

ʠʩʧʦʣʴʟʫʶʱʝʡ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʉʉʂɺ ʥʘ ʦʩʥʦʚʝ 

ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ-ʯʠʣʣʝʨʘ Chg. ʆʙʦʟʥʘʯʝʥʠʷ: 1 ï 

ʘʙʩʦʨʙʝʨ; 2 ï ʜʝʩʦʨʙʝʨ; 3 ï ʠʩʧʘʨʠʪʝʣʴʥʳʡ 

ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʴ ʀʆ; 4 ï ʠʩʧʘʨʠʪʝʣʴʥʳʡ ʚʦʜʦ-

ʦʭʣʘʜʠʪʝʣʴ - ʛʨʘʜʠʨʥʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ; 5 ï 

ʞʠʜʢʦʩʪʥʦʡ ʩʦʣʥʝʯʥʳʡ ʢʦʣʣʝʢʪʦʨ ʉʂʞ; 6 ʠ 6* ï ʪ/ʢʠ-

ʦʭʣʘʜʠʪʝʣʠ çʢʨʝʧʢʦʛʦè ʨʘʩʪʚʦʨʘ ʘʙʩʦʨʙʝʥʪʘ, 7 ʠ 7* ï 

ʚʦʜʦ-ʚʦʟʜʫʰʥʳʡ ʠ ʚʦʟʜʫʭʦ-ʚʦʟʜʫʰʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ;  

ʅɺ ï ʥʘʨʫʞʥʳʡ ʚʦʟʜʫʭ; M, N ï ʘʙʩʦʨʙʝʥʪ; ʞ ï ʚʦʜʘ. 

ɺʳʜʝʣʝʥʥʳʤʠ ʥʦʤʝʨʘʤʠ ʪʦʯʝʢ ʧʦʢʘʟʘʥʳ ʧʘʨʘʤʝʪʨʳ 

ʧʦʪʪʦʢʦʚ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ. ɸ ï ʉʉɻɺ ï ʩʠʩʪʝʤʘ 

ʨʝʛʝʥʝʨʘʮʠʠ ʘʙʩʦʨʙʝʥʪʘ; ɹ ï ʉʉʂɺ ʥʘ ʦʩʥʦʚʝ 

ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ-ʯʠʣʣʝʨʘ Chg; ɺ ʠ ɻ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ 

ʨʘʩʪʚʦʨʘ ʘʙʩʦʨʙʝʥʪʘ (ɺ) ʠ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ ʧʦʩʣʝ 

ʘʙʩʦʨʙʝʨʘ (ɻ)  

Solar liquid-desiccant air conditioning systems  

(Solar / Chg)  

ʦʭʣʘʜʠʪʝʣʴʥʳʡ ʢʦʥʪʫʨ ʩʦʣʥʝʯʥʦʡ 

ʩʠʩʪʝʤʳ (Chg) 

ʦʩʫʰʠʪʝʣʴʥʳʡ ʢʦʥʪʫʨ ʩʦʣʥʝʯʥʦʡ  

ʩʠʩʪʝʤʳ  
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tʞ2 

tʞ
1 

3 7 
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ɺ* 
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Gʞ 
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ʈʠʩʫʥʦʢ 4 - ʇʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʪʝʧʣʦʠʩʧʦʣʴʟʫʶʱʝʡ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʉʉʂɺ 

ʥʘ ʦʩʥʦʚʝ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ-ʯʠʣʣʝʨʘ Chg (ʧʦ ʨʠʩ. 3.19). ʆʙʦʟʥʘʯʝʥʠʷ: 1 ï ʘʙʩʦʨʙʝʨ; 2 ï ʜʝʩʦʨʙʝʨ; 

3 ï ʠʩʧʘʨʠʪʝʣʴʥʳʡ ʚʦʜʦʦʭʣʘʜʠʪʝʣʴ ʀʆ; 4 ïʛʨʘʜʠʨʥʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ; 5 ï 

ʞʠʜʢʦʩʪʥʦʡ ʩʦʣʥʝʯʥʳʡ ʢʦʣʣʝʢʪʦʨ ʉʂʞ; 6 ï ʪ/ʢ-ʦʭʣʘʜʠʪʝʣʴ çʢʨʝʧʢʦʛʦè ʨʘʩʪʚʦʨʘ ʘʙʩʦʨʙʝʥʪʘ, 7 ʠ 

7* ï ʚʦʜʦ-ʚʦʟʜʫʰʥʳʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ; ʅɺ ï ʥʘʨʫʞʥʳʡ ʚʦʟʜʫʭ; ʆɺ ï ʦʩʫʰʝʥʥʳʡ ʚʦʟʜʫʭ; M, N ï 

ʘʙʩʦʨʙʝʥʪ; ʞ ï ʚʦʜʘ.  

ɺʳʜʝʣʝʥʥʳʤʠ ʥʦʤʝʨʘʤʠ ʪʦʯʝʢ ʧʦʢʘʟʘʥʳ ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʦʚ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ. 

ɸ ï ʉʉɻɺ ï ʩʠʩʪʝʤʘ ʨʝʛʝʥʝʨʘʮʠʠ ʘʙʩʦʨʙʝʥʪʘ; ɹ ï ʉʉʂɺ ʥʘ ʦʩʥʦʚʝ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ-ʯʠʣʣʝʨʘ 

Chg*; ɺ ï ʉʉʂɺ ʩ ʦʩʫʰʝʥʠʝʤ ʪʦʣʴʢʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. 

Solar liquid-desiccant air conditioning systems (Solar / Chg)  

ʦʭʣʘʜʠʪʝʣʴʥʳʡ ʢʦʥʪʫʨ ʩʦʣʥʝʯʥʦʡ 
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ɻʈɼʪ 

ʅɺ 

ʞ 

6 

ɻʈɼʪ 

4ɸ 

M N 

ʞ 

ʅɺ 

1 

ʉʂʞ 

5 

6 

ɼɹʈ 

2 

ɸɹʈ 

1 

2 

ʉʉɻɺ ï ʩʠʩʪʝʤʘ ʨʝʛʝʥʝʨʘʮʠʠ 

ʘʙʩʦʨʙʝʥʪʘ  

tʞ2 

tʞ
1 

3 7 

ʀʆ 

ʆ 

ɺ 

7* 

ɹ 
Chg* ʀʆ 

ʇʦʜʘʯʘ ʦʭʣʘʞʜʝʥʥʦʛʦ 

ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʝ  

G1
ʞ 

G2
ʞ 

GɆʞ 

7* 

tʞ2 

tʞ
1 

3 7 

ʀʆ 

ʆ 

ɺ 

7* 

ɺ Chg* ʀʆ 

ʇʦʜʘʯʘ ʦʭʣʘʞʜʝʥʥʦʛʦ 

ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʝ  

G1
ʞ 

G2
ʞ 

GɆʞ 

7* 

ʆɺ 

2 

2 

Gʦ 

Gʚ 

Gʦ 

Gʚ  
 

 
 

 
 

ɸ 

3 

4 

4* 

1 

4 

4* 

3 

1* 

5 

M 

N 

1 

ʅɺ 

Gʦ 



48 

 

ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
,
 

0
ʉ

 

ʈʠʩʫʥʦʢ 5 - ɸʥʘʣʠʟ ʨʘʙʦʪʳ ʉʂɺ ʥʘ ʦʩʥʦʚʝ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʷ-ʯʠʣʝʨʘ Chg (ʧʦ ʨʠʩ. 1ɺ) ʠ 

ʩʦʣʥʝʯʥʦʡ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʉʉʂɺ (Solar/Chg ʧʦ ʨʠʩ. 3ɹ) 
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Abstract 

The report provides an overview of different methods for improving the energy efficiency of 

compressors of various types, which are increasingly being used in HVAC equipment, the artificial cold 
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industry and heat pumps. Methods and designs are presented to reduce compressor energy consumption over 

a wide range of operating conditions. 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʦʢʣʘʜʝ ʜʘʥ ʦʙʟʦʨ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʦʚ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʢʦʪʦʨʳʝ ʚʩʝ ʰʠʨʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʠʥʜʫʩʪʨʠʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʭʦʣʦʜʘ ʠ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʘʭ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʧʦʩʦʙʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʢʦʤʧʨʝʩʩʦʨʦʤ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ.  

ʅʘ ʩʦʚʝʱʘʥʠʠ ʩʪʦʨʦʥ ʄʦʥʨʝʘʣʴʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ, ʩʦʩʪʦʷʚʰʝʤʩʷ ʚ ʂʠʛʘʣʠ (ʈʫʘʥʜʘ), ʙʳʣʘ 

ʧʨʠʥʷʪʘ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʂʠʛʘʣʠʡʩʢʘʷ ʧʦʧʨʘʚʢʘ, ʜʦʙʘʚʣʷʶʱʘʷ ʛʠʜʨʦʬʪʦʨʫʛʣʝʨʦʜʳ (ɻʌʋ) ʢ ʩʧʠʩʢʫ 

ʚʝʱʝʩʪʚ, ʚʳʚʦʜ ʢʦʪʦʨʳʭ ʠʟ ʦʙʨʘʱʝʥʠʷ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʨʦʪʦʢʦʣʦʤ. ʇʦʧʨʘʚʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʢ 2036 

ʛʦʜʫ ʨʘʟʚʠʪʳʝ ʩʪʨʘʥʳ ʩʦʢʨʘʪʷʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʦʪʨʝʙʣʝʥʠʝ ɻʌʋ ʜʦ 15% ʙʘʟʦʚʦʛʦ ʫʨʦʚʥʷ 2011ï2013 

ʛʦʜʦʚ. ɻʌʋ ʙʝʟʦʧʘʩʥʳ ʜʣʷ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʦʟʦʥʘ, ʦʜʥʘʢʦ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ (ʇɻʇ). ʊʘʢ ʢʘʢ ʧʦʧʨʘʚʢʫ ʨʘʪʠʬʠʮʠʨʦʚʘʣʠ ʫʞʝ ʙʦʣʴʰʝ 20 ʩʪʦʨʦʥ 

ʄʦʥʨʝʘʣʴʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ, ʦʥʘ ʚʩʪʫʧʠʣʘ ʚ ʩʠʣʫ 1 ʷʥʚʘʨʷ 2019 ʛʦʜʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʠʟʚʝʩʪʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʭʣʘʜʘʛʝʥʪʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʥʠʟʢʠʤ ʇɻʇ, ʢʦʪʦʨʳʡ 

ʙʳʣ ʙʳ ʦʟʦʥʦʙʝʟʦʧʘʩʥʳʤ, ʥʝʛʦʨʶʯʠʤ, ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ ʠ ʤʦʛ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ 

ʧʨʠʤʝʥʝʥʠʷ ï ʦʪ ʙʳʪʦʚʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ. ɺ 2020 ʛʦʜʫ ʚʩʪʫʧʷʪ ʚ ʩʠʣʫ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ: ʟʘʧʨʝʪ ʥʘ ʭʣʘʜʘʛʝʥʪʳ ʩ 

ʧʦʢʘʟʘʪʝʣʝʤ GWP ʩʚʳʰʝ 2500 (R404A ʠ R507) ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʭʦʣʦʜʠʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ; ʥʦʚʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʦʣʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ R407A, R32 ʠʣʠ ʜʨʫʛʠʝ ʭʣʘʜʘʛʝʥʪʳ; ʦʛʨʘʥʠʯʝʥ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ GWP ʤʦʙʠʣʴʥʳʭ ʢʦʥʜʠʮʠʦʥʝʨʦʚ ï ʥʝ ʙʦʣʝʝ 150. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʚʘʞʥʳ, ʥʦ ʪʝʤ ʥʝ ʤʝʥʝʝ ʢʣʶʯʝʚʦʡ ʤʦʤʝʥʪ ʧʨʠ ʚʳʙʦʨʝ ʭʣʘʜʘʛʝʥʪʘ ʵʪʦ 

ʝʛʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɹʝʟ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʘ ʚʩʝ ʨʘʚʥʦ ʙʫʜʝʪ ʢʦʩʚʝʥʥʦ 

«ʦʩʫʱʝʩʪʚʣʷʪʴè ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʳʙʨʦʩ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʟʘ ʩʯʝʪ ʩʞʠʛʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʨʘʙʦʪʳ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʠ ʭʦʣʦʜʠʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʨʠ ʦʮʝʥʢʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ çʩʝʟʦʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴè, 

ʫʩʨʝʜʥʝʥʥʫʶ ʟʘ ʩʝʟʦʥ ʦʭʣʘʞʜʝʥʠʷ ʠʣʠ ʦʪʦʧʣʝʥʠʷ, ʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʢʘʭ (ʚ 

ʦʯʝʥʴ ʞʘʨʢʠʝ ʠʣʠ ʦʯʝʥʴ ʭʦʣʦʜʥʳʝ ʜʥʠ). ʇʝʨʚʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚʘʞʝʥ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʮʝʣʝʚʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʝʚʨʦʧʝʡʩʢʠʭ ʜʠʨʝʢʪʠʚ (Ecodesign, Energy efficiency 

directive, EPBD, Renewable Energy Source Directive), ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʢʘʭ 

ʧʦʟʚʦʣʠʪ ʦʙʭʦʜʠʪʴʩʷ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʨʝʟʝʨʚʥʳʭ ʤʦʱʥʦʩʪʝʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. 

ʇʦʵʪʘʧʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʚ ʨʘʤʢʘʭ ɽʚʨʦʧʝʡʩʢʦʡ ʢʦʤʠʩʩʠʠ (ɽʂ) ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʦ ʚʩʝʡ ɽʚʨʦʧʝ ʧʨʦʜʦʣʞʝʥʘ ʚ ʨʘʤʢʘʭ 

ɼʠʨʝʢʪʠʚʳ ʧʦ ʵʢʦʜʠʟʘʡʥʫ ʨʝʛʣʘʤʝʥʪ ENER Lot21, ʢʦʪʦʨʘʷ ʚʩʪʫʧʠʣʘ ʚ ʩʠʣʫ ʩ 1 ʷʥʚʘʨʷ 2018 ʛʦʜʘ [1]. 

ʅʦʚʳʝ ʧʨʘʚʠʣʘ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʚʦʟʜʫʰʥʦʛʦ ʦʪʦʧʣʝʥʠʷ, ʧʨʦʜʫʢʪʦʚ ʦʭʣʘʞʜʝʥʠʷ, 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʯʠʣʣʝʨʦʚ ʠ ʬʘʥʢʦʡʣʦʚ. 

ɽʂ ʨʘʙʦʪʘʝʪ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʦʙʱʝʝʚʨʦʧʝʡʩʢʠʭ ʧʨʘʚʠʣ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʦʢʘʟʘʥʠʷ ʧʦʤʦʱʠ ʧʦʪʨʝʙʠʪʝʣʷʤ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʧʨʦʟʨʘʯʥʳʭ ʜʘʥʥʳʭ ʠ ʙʦʣʝʝ ʪʦʯʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʦʪʯʝʪʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʧʨʦʜʫʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʥʝʨʛʝʪʠʢʦʡ, ʚʢʣʶʯʘʷ ʦʭʣʘʞʜʝʥʠʝ, ʦʙʦʛʨʝʚ ʠ 

ʦʭʣʘʞʜʝʥʠʝ ʧʦʤʝʱʝʥʠʡ. ɺ ɼʠʨʝʢʪʠʚʝ ʧʦ ʵʢʦʜʠʟʘʡʥʫ (2009/125/EC) ʧʦʵʪʘʧʥʦʝ ʚʥʝʜʨʝʥʠʝ ʤʠʥʠʤʘʣʴ-

ʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʥʘʨʷʜʫ ʩ ʚʚʝʜʝʥʠʝʤ ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʦʛʦ ʩʧʦʩʦʙʘ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʦʧʦʪʨʝʙʣʷʶʱʠʭ ʧʨʦʜʫʢʪʦʚ (energy-using 

products ï EuP) ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʵʥʝʨʛʠʝʡ ʧʨʦʜʫʢʪʦʚ (energy-related products ï ErP)  

ʄʠʥʠʤʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʢʦʥʜʠʮʠʦʥʝʨʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʚʳʤʠ ʧʨʘʚʠʣʘʤʠ, ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʚʳʩʦʢʠʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʪʝʤʠ, ʢʦʪʦʨʳʝ 

ʜʝʡʩʪʚʦʚʘʣʠ ʩ ʤʦʤʝʥʪʘ ʚʚʝʜʝʥʠʷ ʨʝʛʣʘʤʝʥʪʘ ENER 10. ʅʦʚʳʝ ʩʪʘʥʜʘʨʪʳ ʦʪʨʘʞʘʶʪ ʩʪʨʝʤʣʝʥʠʝ ɽʂ 

ʦʙʝʩʧʝʯʠʪʴ ʨʝʘʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʥʘ ʝʚʨʦʧʝʡʩʢʦʤ ʨʳʥʢʝ ʧʫʪʝʤ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ 

ʨʳʥʢʘ ʢ ʙʦʣʝʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ ʧʨʦʜʫʢʪʘʤ. 

ʄʠʥʠʤʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʚʳʨʘʞʝʥʳ ʚ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʙʦʟʥʘʯʘʝʪʩʷ 

ɖs,c ʠ ɖs,h (ʯʠʪʘʝʪʩʷ ʢʘʢ çʦʭʣʘʞʜʝʥʠʝ etasè ʠʣʠ çʥʘʛʨʝʚʘʥʠʝ etasè). ʕʪʘ ʤʝʨʘ ʦʩʥʦʚʘʥʘ ʥʘ ʬʦʨʤʫʣʝ, 

ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʩʝʟʦʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʜʫʢʪʘ (SEER) ʠ ʩʝʟʦʥʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (SCOP). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʚʠʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʪʝʢʘʝʪ ʠʟ ʝʝ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚ ɽʉ 813/2013 (LOT1/2), ʩʚʷʟʘʥʥʦʡ ʩ ʦʪʦʧʣʝʥʠʝʤ ʧʦʤʝʱʝʥʠʡ. 

ʆʙʝʩʧʝʯʠʚʘʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ, ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʩʨʘʚʥʠʚʘʪʴ ʧʨʦʜʫʢʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʛʣʘʤʝʥʪ ENER 21 ʪʘʢʞʝ 
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ʦʭʚʘʪʳʚʘʝʪ ʛʘʟʦʚʳʝ ʦʙʦʛʨʝʚʘʪʝʣʠ, ʠ ʧʦʵʪʦʤʫ ʩʦʯʣʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʚʠʯʥʫʶ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʉʝʟʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ [2] ʧʨʠʤʝʥʷʣʘʩʴ ʢ ʩʠʩʪʝʤʘʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʦʪʦʧʣʝʥʠʷ, ʯʪʦʙʳ 

ʩʨʘʚʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʉʝʟʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʫʯʠʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ, ʢʦʛʜʘ ʦʥʠ ʧʨʦʠʩʭʦʜʷʪ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʥʦʤʠʥʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʠʥʦʛʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦ ʩʠʭ ʧʦʨ, 

ʦʮʝʥʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ 35 0C 

ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʠʣʠ 7 0C ʜʣʷ ʦʪʦʧʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʚʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʨʝʘʣʠʩʪʠʯʥʫʶ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʦʤʠʤʦ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ çʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠè, ʩʝʟʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʞʝ ʫʯʠʪʳʚʘʝʪ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʨʝʞʠʤ 

çʦʞʠʜʘʥʠʷè, ʨʝʞʠʤ çʚʳʢʣʶʯʝʥè ʠ ʧʦʪʨʝʙʣʝʥʠʝ ʥʘʛʨʝʚʘʪʝʣʷ ʢʘʨʪʝʨʘ. ʕʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 

ʨʝʘʣʠʩʪʠʯʥʦʤʫ ʦʪʦʙʨʘʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʜʫʢʪʘ. 

ʂʦʤʧʨʝʩʩʦʨ ï ʦʩʥʦʚʘ ʣʶʙʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʙʫʜʴ ʪʦ ʢʦʥʜʠʮʠʦʥʝʨ ʠʣʠ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ, 

ʯʠʣʣʝʨ ʠʣʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʟ ʩʬʝʨʳ ʪʦʨʛʦʚʦʛʦ ʭʦʣʦʜʘ. ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʢʦʤʧʨʝʩʩʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 90% ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʫʩʪʘʥʦʚʢʦʡ ʚ ʮʝʣʦʤ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʥʠʤʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʪʝʭʥʦʣʦʛʠʷʭ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ 

ʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ ʩʦʟʜʘʥʠʠ ʠ ʧʨʦʜʚʠʞʝʥʠʠ ʥʦʚʳʭ ʚʠʜʦʚ ʢʦʤʧʨʝʩʩʦʨʦʚ. 

ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʘ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʠʤʝʥʥʦ: 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʠʚʦʜʘ ʢʦʤʧʨʝʩʩʦʨʘ, ʫʣʫʯʰʝʥʠʝ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ 

ʧʦʪʝʨʴ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʨʝʩʩʦʨʘ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʨʝʩʩʦʨʦʤ ʠ ʫʩʪʘʥʦʚʢʦʡ ʚ ʮʝʣʦʤ. 

ɺ ʥʘʯʘʣʝ 2000-ʭ ʛʦʜʦʚ ʩʥʘʯʘʣʘ ʚ ʙʳʪʦʚʳʭ ʩʧʣʠʪ-ʩʠʩʪʝʤʘʭ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ, ʘ ʧʦʪʦʤ 

ʚ ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʦʤ ʠ ʧʨʦʤʳʰʣʝʥʥʦʤ ʢʣʠʤʘʪʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʩʪʘʣʠ ʚʥʝʜʨʷʪʴʩʷ 

ʠʥʚʝʨʪʦʨʥʳʝ ʧʨʠʚʦʜʳ ʢʦʤʧʨʝʩʩʦʨʦʚ. ʆʥʠ ʧʦʟʚʦʣʷʣʠ ʠʟʤʝʥʷʪʴ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʛʨʝʛʘʪʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʦʡ ʚ ʧʦʤʝʱʝʥʠʠ. ʊʘʢʦʡ ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʭʦʣʦʜʠʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʨʝʟʢʦʛʦ 

ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʟʘʧʫʩʢʘ ʠ ʦʩʪʘʥʦʚʢʠ ʢʦʤʧʨʝʩʩʦʨʘ. ʇʝʨʚʳʝ ʠʥʚʝʨʪʦʨʥʳʝ ʧʨʠʚʦʜʳ ʠʤʝʣʠ 

ʥʝʙʦʣʴʰʫʶ ʤʦʱʥʦʩʪʴ, ʯʪʦ ʩʜʝʨʞʠʚʘʣʦ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʉʦ ʚʨʝʤʝʥʝʤ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʙʦʣʝʝ 

ʤʦʱʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʩʬʝʨʘ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʘʩʴ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ ʠʥʚʝʨʪʦʨʥʳʭ ʧʨʠʚʦʜʦʚ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʦʪ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (DC Inverter ï Direct Current Inverter). ʉʫʪʴ ʥʦʚʦʚʚʝʜʝʥʠʷ ï ʧʦʚʳʰʝʥʠʝ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʯʠʩʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʇʠʪʘʥʠʝ ʢʦʤʧʨʝʩʩʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʤʧʫʣʴʩʘʤʠ 

ʧʦʩʪʦʷʥʥʦʡ ʘʤʧʣʠʪʫʜʳ, ʥʦ ʨʘʟʥʦʡ ʯʘʩʪʦʪʳ. ʀʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ ʚʝʜʝʪ ʢ 

ʩʥʠʞʝʥʠʶ ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʠʟʤʝʥʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʢʦʤʧʨʝʩʩʦʨʘ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʦʥʦʤʠʶ 

ʵʥʝʨʛʠʠ ʧʨʠ ʥʝʧʦʣʥʦʡ ʥʘʛʨʫʟʢʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʤʧʨʝʩʩʦʨʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ [3]. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʩʧʠʨʘʣʴʥʳʝ ʢʦʤʧʨʝʩʩʦʨʳ ʩʦʩʪʦʷʪ ʠʟ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʚʘʣʘ ʩ ʵʢʩʮʝʥʪʨʠʢʦʤ ʠ 

ʜʚʫʭ ʩʧʠʨʘʣʝʡ ï ʧʦʜʚʠʞʥʦʡ ʠ ʥʝʧʦʜʚʠʞʥʦʡ. ʇʦʜʚʠʞʥʘʷ ʩʧʠʨʘʣʴ ʩʦʚʝʨʰʘʝʪ ʧʦʩʪʫʧʘʪʝʣʴʥʦ-

ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʦʙʢʘʪʳʚʘʝʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʧʦʜʚʠʞʥʦʡ ʩʧʠʨʘʣʠ. ɺ 

ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʜʚʝ ʩʧʠʨʘʣʠ, ʢʘʩʘʷʩʴ ʜʨʫʛ ʜʨʫʛʘ, ʦʙʨʘʟʫʶʪ ʥʝʩʢʦʣʴʢʦ ʟʘʤʢʥʫʪʳʭ ʦʙʲʝʤʦʚ 

ʨʘʟʥʦʡ ʚʝʣʠʯʠʥʳ ï ʪʝʤ ʙʦʣʴʰʠʭ, ʯʝʤ ʜʘʣʴʰʝ ʦʥʠ ʨʘʩʧʦʣʦʞʝʥʳ ʦʪ ʮʝʥʪʨʘ. ʇʦ ʤʝʨʝ ʜʚʠʞʝʥʠʷ 

ʧʦʜʚʠʞʥʦʡ ʩʧʠʨʘʣʠ ʧʦʣʦʩʪʠ ʩʤʝʱʘʶʪʩʷ ʢ ʮʝʥʪʨʫ, ʫʤʝʥʴʰʘʷʩʴ ʚ ʦʙʲʝʤʝ. ʊʝʤ ʩʘʤʳʤ ʜʦʩʪʠʛʘʝʪʩʷ 

ʩʞʘʪʠʝ ʭʣʘʜʘʛʝʥʪʘ. 

ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʧʠʨʘʣʴʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʧʨʠʢʦʚʘʥʦ ʢ ʧʨʦʬʠʣʠʨʦʚʘʥʠʶ 

ʩʧʠʨʘʣʝʡ, ʩʥʠʞʝʥʠʶ ʧʝʨʝʪʝʯʝʢ, ʧʦʚʳʰʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʨʝʩʩʦʨʘ. 

ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʥʠʮ ʨʘʙʦʪʳ ʩʧʠʨʘʣʴʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʪʝʭʥʦʣʦʛʠʷ Enhanced Vapor Injection (EVI). ʉʫʪʴ ʝʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʘʯʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʪʦʢʘ 

ʭʣʘʜʘʛʝʥʪʘ ʚ ʚʠʜʝ ʧʝʨʝʛʨʝʪʦʛʦ ʧʘʨʘ ʚ ʧʨʦʮʝʩʩʝ ʩʞʘʪʠʷ. ɼʣʷ ʵʪʦʛʦ ʯʘʩʪʴ ʞʠʜʢʦʩʪʠ ʧʦʩʣʝ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʥʘʧʨʘʚʣʷʶʪ ʚ ʥʝʙʦʣʴʰʦʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ, ʛʜʝ ʦʥʘ ʚʳʢʠʧʘʝʪ ʠ ʧʦʩʪʫʧʘʝʪ ʦʙʨʘʪʥʦ ʚ ʢʦʤʧʨʝʩʩʦʨ.  
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ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʠʨʘʣʴʥʳʝ ʢʦʤʧʨʝʩʩʦʨʳ ʧʦʤʠʤʦ ʦʪʚʝʨʩʪʠʡ ʜʣʷ ʧʦʜʘʯʠ ʠ ʥʘʛʥʝʪʘʥʠʷ 

ʭʣʘʜʘʛʝʥʪʘ ʦʩʥʘʱʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʧʦʜʚʦʜʦʤ ʜʣʷ ʚʧʨʳʩʢʠʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ 

ʭʣʘʜʘʛʝʥʪʘ. ɺ ʩʧʠʨʘʣʴʥʳʭ ʢʦʤʧʨʝʩʩʦʨʘʭ ʛʘʟ ʜʚʠʞʝʪʩʷ ʦʪ ʥʘʨʫʞʥʳʭ ʚʠʪʢʦʚ ʩʧʠʨʘʣʝʡ ʢ ʚʥʫʪʨʝʥʥʠʤ. 

ɺʧʨʳʩʢʠʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʭʣʘʜʘʛʝʥʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʩʝʨʝʜʠʥʝ ʵʪʦʛʦ ʧʫʪʠ. 

ʊʝʭʥʦʣʦʛʠʷ EVI ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʨʘʥʠʮʳ ʨʘʙʦʪʳ ʩʧʠʨʘʣʴʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʚ 

ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ ʜʦ ï250C. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʜʘʥʥʳʤ ʢʦʤʧʘʥʠʠ LG, ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʚʧʨʳʩʢʘ ʭʣʘʜʘʛʝʥʪʘ ʫʜʘʝʪʩʷ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʥʘ 27%. 

ʊʝʭʥʦʣʦʛʠʷ EVI ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʥʝʪʘʥʠʷ ʢʦʤʧʨʝʩʩʦʨʘ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʨʝʩʩʦʨʫ ʨʘʙʦʪʘʪʴ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ, ʘ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʛʨʝʛʘʪʘ. ʊʝʭʥʦʣʦʛʠʷ EVI ʧʨʠʤʝʥʷʝʪʩʷ ʪʘʢʞʝ ʚ ʢʦʤʧʨʝʩʩʦʨʘʭ 

Copeland, Mitsubishi Electric ʠ ʜʨʫʛʠʭ. 

ɺ ʩʧʠʨʘʣʴʥʳʭ ʢʦʤʧʨʝʩʩʦʨʘʭ ʥʦʚʳʭ ʢʦʥʜʠʮʠʦʥʝʨʦʚ ʢʦʤʧʘʥʠʠ Daikin ʧʨʠʤʝʥʝʥ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ 

ʵʣʝʤʝʥʪ, ʩʣʫʞʘʱʠʡ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʝʨʝʪʝʯʝʢ ʭʣʘʜʘʛʝʥʪʘ ʠʟ ʟʦʥʳ ʩ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʚ ʟʦʥʫ ʩ 

ʙʦʣʝʝ ʥʠʟʢʠʤ ʜʘʚʣʝʥʠʝʤ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʵʪʠʭ ʧʝʨʝʪʝʯʝʢ, ʧʦʜʚʠʞʥʘʷ ʠ ʥʝʧʦʜʚʠʞʥʘʷ ʩʧʠʨʘʣʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʣʦʪʥʦ ʧʨʠʞʘʪʳ ʜʨʫʛ ʢ ʜʨʫʛʫ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʝʨʝʪʝʯʝʢ ʚ ʥʦʚʦʤ ʢʦʤʧʨʝʩʩʦʨʝ ʩʝʨʠʠ ʂ 

ʧʨʝʜʫʩʤʦʪʨʝʥ ʩʧʝʮʠʘʣʴʥʳʡ ʧʦʜʚʦʜ, ʧʨʦʧʫʩʢʘʶʱʠʡ ʭʣʘʜʘʛʝʥʪ ʩ ʣʠʥʠʠ ʥʘʛʥʝʪʘʥʠʷ ʚ ʩʧʝʮʠʘʣʴʥʫʶ 

ʧʦʣʦʩʪʴ, ʛʜʝ ʦʥ ʩʚʦʠʤ ʜʘʚʣʝʥʠʝʤ ʜʝʡʩʪʚʫʝʪ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʦʧʦʨʥʫʶ ʧʣʦʱʘʜʢʫ ʧʦʜʚʠʞʥʦʡ 

ʩʧʠʨʘʣʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʤʧʝʥʩʠʨʫʝʪ ʥʝʜʦʩʪʘʪʦʢ ʧʨʠʞʠʤʥʦʡ ʩʠʣʳ. ʇʦʜʚʦʜ ʨʘʙʦʪʘʝʪ ʪʘʢ, ʯʪʦ ʯʝʤ 

ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʢʦʤʧʨʝʩʩʦʨʘ, ʪʝʤ ʤʝʥʴʰʝ ʭʣʘʜʘʛʝʥʪʘ ʧʦʧʘʜʘʝʪ ʚ 

ʢʦʤʧʝʥʩʘʮʠʦʥʥʫʶ ʧʦʣʦʩʪʴ ʠ ʥʘʦʙʦʨʦʪ, ʪʦ ʝʩʪʴ ʧʨʠʞʠʤʥʘʷ ʩʠʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʦʩʪʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʟʘʛʨʫʟʢʠ ʢʦʤʧʨʝʩʩʦʨʘ. 

ʋʤʝʥʴʰʝʥʠʝ ʧʝʨʝʪʝʯʝʢ ʚ ʨʝʞʠʤʝ ʥʠʟʢʦʡ ʟʘʛʨʫʟʢʠ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʩʝʟʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʧʨʠʙʘʚʢʫ ʥʘ 3,2 ʧʫʥʢʪʘ APF (ʷʧʦʥʩʢʠʡ ʘʥʘʣʦʛ SEER) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʢʦʤʧʨʝʩʩʦʨʳ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʩʝʨʠʠ J. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦ ʨʝʛʣʘʤʝʥʪʫ ENER Lot21 ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʝʡ ʩʝʨʠʝʡ ʩʝʟʦʥʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʚʳʩʠʣʘʩʴ ʚ ʩʨʝʜʥʝʤ ʥʘ 23%. 

ʇʝʨʝʜʦʚʦʡ ʠʥʞʝʢʮʠʦʥʥʳʡ ʢʦʤʧʨʝʩʩʦʨ ʩʝʜʴʤʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʝʨʠʠ ʂ ʚ VRV IV C+ ʦʪʣʠʯʘʝʪʩʷ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ ʩʦʟʜʘʥ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʩʥʠʞʝʥʥʦʡ 

ʥʘʛʨʫʟʢʝ. ʆʥ ʦʩʥʘʱʸʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʥʞʝʢʮʠʦʥʥʳʤ ʧʦʜʚʦʜʦʤ ʩ ʦʙʨʘʪʥʳʤ ʨʝʛʫʣʠʨʫʶʱʠʤ 

ʢʣʘʧʘʥʦʤ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʚ ʮʠʢʣʝ ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʥʘʛʨʫʟʢʦʡ ʢʦʤʧʨʝʩʩʦʨʘ ʚ ʢʘʤʝʨʫ ʩʞʘʪʠʷ 

ʚʧʨʳʩʢʠʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʨʮʠʷ ʧʘʨʦʚ ʭʣʘʜʘʛʝʥʪʘ, ʚʳʭʦʜʷʱʘʷ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʘ ʯʝʨʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʣʘʩʪʠʥʯʘʪʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʠ ʵʣʝʢʪʨʦʥʥʦ-ʨʘʩʰʠʨʠʪʝʣʴʥʳʡ ʚʝʥʪʠʣʴ (ʕʈɺ), ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʘ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʩʞʘʪʠʷ.  

ʕʪʦ ʥʝ ʜʦʧʫʩʢʘʝʪ ʩʥʠʞʝʥʠʷ ʤʦʱʥʦʩʪʠ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ 

ʧʘʜʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ (ʜʦ ï150ʉ), ʯʪʦ ʷʚʣʷʝʪʩʷ ʣʫʯʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʚ ʦʪʨʘʩʣʠ. ɺ ʩʠʩʪʝʤʝ 

ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʩʢʘʜʥʳʡ ʮʠʢʣ ʩ ʜʚʫʤʷ ʭʦʣʦʜʠʣʴʥʳʤʠ ʢʦʥʪʫʨʘʤʠ ʚ ʨʘʟʥʳʭ 

ʢʦʨʧʫʩʘʭ, ʘ ʚʥʝʰʥʠʝ ʙʣʦʢʠ ʥʝʣʴʟʷ ʙʳʣʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ. ɺ VRV IV C+ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʦʜʥʦʢʘʩʢʘʜʥʘʷ ʩʭʝʤʘ ʚ ʦʜʥʦʤ ʢʦʨʧʫʩʝ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʥʘ ʦʜʥʦʤ ʭʣʘʜʘʛʝʥʪʝ R410A. 

ɺ ʨʝʞʠʤʝ ʥʘʛʨʝʚʘ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʧʣʘʩʪʠʥʯʘʪʦʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ ʚ ʢʦʥʪʫʨʝ ʥʘʛʥʝʪʘʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʢʠʧʝʥʠʝ ʠ ʧʦʜʦʛʨʝʚ ʠʥʞʝʢʪʠʨʫʝʤʦʛʦ ʚ ʢʘʤʝʨʫ ʩʞʘʪʠʷ ʭʣʘʜʘʛʝʥʪʘ, ʘ ʚ ʨʝʞʠʤʝ ʦʭʣʘʞʜʝʥʠʷ 

ʩʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʡ ʭʣʘʜʘʛʝʥʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʭʣʘʞʜʘʝʪʩʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʭʦʣʦʜʠʣʴʥʦʛʦ ʮʠʢʣʘ. ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʚ ʧʣʘʩʪʠʥʯʘʪʦʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ ʥʘ 20% ʚʳʰʝ, ʯʝʤ ʚ 

ʩʪʘʥʜʘʨʪʥʦʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ çʪʨʫʙʘ ʚ ʪʨʫʙʝè. ʆʙʝ ʪʝʭʥʦʣʦʛʠʠ ʠʥʞʝʢʮʠʦʥʥʦʛʦ ʚʧʨʳʩʢʘ ʭʣʘʜʘʛʝʥʪʘ ʚ 

ʢʦʤʧʨʝʩʩʦʨ ʠ ʙʘʡʧʘʩʠʨʦʚʘʥʠʷ ʭʣʘʜʘʛʝʥʪʘ ʧʦʚʳʰʘʶʪ ʥʘ 23% ʩʝʟʦʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ VRV IV C+. 

ʂ ʥʦʚʰʝʩʪʚʘʤ ʚ ʧʦʨʰʥʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʘʭ ʦʪʥʦʩʠʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʧʘʥʦʚ ʚ ʬʦʨʤʝ ʰʘʡʙʳ 

ʚʤʝʩʪʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʣʝʧʝʩʪʢʦʚʳʭ ʢʣʘʧʘʥʦʚ. ʅʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ 

ʚʝʣʠʯʠʥʫ çʤʝʨʪʚʦʛʦè ʦʙʲʝʤʘ ʢʦʤʧʨʝʩʩʦʨʘ. ʂʣʘʧʘʥʳ ʚ ʬʦʨʤʝ ʰʘʡʙʳ ʧʨʝʜʫʩʤʦʪʨʝʥʳ, ʥʘʧʨʠʤʝʨ, ʥʘ 

ʥʦʚʳʭ ʧʦʨʰʥʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʘʭ ʣʠʥʝʡʢʠ Discus ʦʪ ʢʦʤʧʘʥʠʠ Copeland. 

ʄʦʜʠʬʠʢʘʮʠʶ ʢʣʘʧʘʥʥʳʭ ʜʦʩʦʢ ʚ ʧʦʨʰʥʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʘʭ ʧʨʦʚʝʣʘ ʠ ʢʦʤʧʘʥʠʷ Bitzer. ʕʪʘ 

ʣʠʥʝʡʢʘ ʢʦʤʧʨʝʩʩʦʨʦʚ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ Ecoline. ʇʦ ʜʘʥʥʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʭʦʣʦʜʠʣʴʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʘʛʨʝʛʘʪʦʚ ʙʳʣ ʫʚʝʣʠʯʝʥ ʥʘ 12% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʰʣʳʤʠ ʩʝʨʠʷʤʠ ʟʘ ʩʯʝʪ ʥʦʚʳʭ 

ʢʣʘʧʘʥʥʳʭ ʜʦʩʦʢ, ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʤʦʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʛʦʣʦʚʢʠ ʮʠʣʠʥʜʨʦʚ, 

ʩʥʠʞʘʶʱʝʡ ʧʦʪʝʨʠ ʦʪ ʧʫʣʴʩʘʮʠʠ ʛʘʟʘ ʥʘ ʩʪʦʨʦʥʝ ʥʘʛʥʝʪʘʥʠʷ. ɼʣʷ ʢʦʤʧʨʝʩʩʦʨʦʚ Bitzer Ecoline 

ʧʨʠʤʝʥʷʶʪʩʷ ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ Varipack. 

ʉʨʝʜʠ ʚʠʥʪʦʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʢʦʥʩʪʨʫʢʮʠʷ ʩ ʜʚʫʤʷ 

ʚʠʥʪʘʤʠ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʠʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʟʘʛʨʫʟʢʝ ʚʠʥʪʦʚʳʝ 
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ʢʦʤʧʨʝʩʩʦʨʳ ʦʩʥʘʱʘʶʪ ʯʘʩʪʦʪʥʳʤʠ ʧʨʠʚʦʜʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʫʟʣʦʚ ʚʠʥʪʦʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ. 

ʊʘʢ, ʚ ʢʦʤʧʘʥʠʠ Bitzer ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʶʪ ʧʨʦʬʠʣʶ ʨʦʪʦʨʦʚ, ʨʘʙʦʪʝ ʧʦʜʰʠʧʥʠʢʦʚ, 

ʫʩʪʨʦʡʩʪʚʫ ʟʦʣʦʪʥʠʢʦʚʳʭ ʢʣʘʧʘʥʦʚ. ʆʪ ʢʘʯʝʩʪʚʘ ʧʨʠʣʝʛʘʥʠʷ ʨʦʪʦʨʦʚ ʟʘʚʠʩʠʪ ʚʝʣʠʯʠʥʘ ʧʝʨʝʪʝʯʝʢ 

ʤʝʞʜʫ ʧʦʣʦʩʪʷʤʠ ʩ ʚʳʩʦʢʠʤ ʠ ʥʠʟʢʠʤ ʜʘʚʣʝʥʠʝʤ. ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʟʘʟʦʨʦʚ ʧʝʨʝʪʝʯʢʠ ʚʦʟʨʘʩʪʘʶʪ, ʧʨʠ 

ʩʣʠʰʢʦʤ ʧʣʦʪʥʦʤ ʧʨʠʣʝʛʘʥʠʠ ʚʦʟʤʦʞʥʳ ʟʘʜʠʨʳ ʠ ʟʘʢʣʠʥʠʚʘʥʠʝ ʨʦʪʦʨʦʚ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʦʣʦʤʢʝ 

ʢʦʤʧʨʝʩʩʦʨʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʚʠʥʪʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʣʦʝʤ ʩʤʘʟʢʠ 

ʠʣʠ ʧʨʠʤʝʥʠʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʩʭʚʘʪʳʚʘʥʠʶ.  

ɼʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʩʤʝʱʝʥʠʷ ʪʦʯʢʠ ʚʩʘʩʳʚʘʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩ 

75%-ʥʦʡ ʠ 50%-ʥʦʡ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʦʤʧʨʝʩʩʦʨʘʭ Bitzer ʧʨʠʤʝʥʷʝʪʩʷ 

ʨʝʛʫʣʠʨʫʶʱʠʡ ʧʦʨʰʝʥʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʣʘʚʥʳʡ ʧʫʩʢ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʝʛʦ ʨʘʙʦʪʫ ʩ ʧʦʥʠʞʝʥʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. 

ʇʦ ʩʫʪʠ, ʨʝʯʴ ʠʜʝʪ ʦ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʦʙʲʝʤʘ ʚʩʘʩʳʚʘʥʠʷ ʢ ʦʙʲʝʤʫ ʥʘʛʥʝʪʘʥʠʷ. ʆʙʲʝʤʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʜʣʷ ʢʘʞʜʦʡ 

ʤʦʜʝʣʠ. ɺ ʥʦʚʳʭ ʢʦʤʧʨʝʩʩʦʨʘʭ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʦʙʲʝʤʘ ʧʦʣʦʩʪʠ ʥʘʛʥʝʪʘʥʠʷ ʧʨʠ ʪʦʤ ʞʝ ʦʙʲʝʤʝ ʧʦʣʦʩʪʠ ʚʩʘʩʳʚʘʥʠʷ. ʋʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʞʘʪʠʷ, ʘ ʟʥʘʯʠʪ, ʢ ʩʥʠʞʝʥʠʶ ʭʦʣʦʜʦʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʠ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʤʧʨʝʩʩʦʨ. 

ʊʫʨʙʦʢʦʤʧʨʝʩʩʦʨʳ ï ʵʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʡ ʚʠʜ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʢʦʪʦʨʳʡ ʧʦʷʚʠʣʩʷ ʥʘ 

ʢʣʠʤʘʪʠʯʝʩʢʦʤ ʨʳʥʢʝ ʦʢʦʣʦ 10 ʣʝʪ ʥʘʟʘʜ, ʘ ʘʢʪʠʚʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʣʠʰʴ ʚ ʧʦʩʣʝʜʥʠʝ 

ʥʝʩʢʦʣʴʢʦ ʣʝʪ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʣʳʤ ʦʙʲʝʤʦʤ ʨʘʙʦʯʝʡ ʧʦʣʦʩʪʠ ʠ ʢʦʤʧʘʢʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʥʦ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ï ʜʦ 40000 ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ. ʇʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ ʥʝʩʧʦʩʦʙʥʳ 

ʵʬʬʝʢʪʠʚʥʦ ʠ ʥʘʜʝʞʥʦ ʨʘʙʦʪʘʪʴ ʥʘ ʪʘʢʠʭ ʩʢʦʨʦʩʪʷʭ. ɺ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʛʘʟʦʚʳʝ 

ʧʦʜʰʠʧʥʠʢʠ, ʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʛʥʠʪʥʘʷ ʧʦʜʚʝʩʢʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʣʠʯʠʝ 

ʟʘʟʦʨʦʚ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʤʘʛʥʠʪʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ï ʜʚʫʭ ʨʘʜʠʘʣʴʥʳʭ 

(ʧʝʨʝʜʥʝʛʦ ʠ ʟʘʜʥʝʛʦ) ʠ ʦʜʥʦʛʦ ʦʩʝʚʦʛʦ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʧʦʜʚʝʩʢʠ ʚ 

ʢʦʤʧʨʝʩʩʦʨʘʭ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʧʦʣʦʞʝʥʠʷ ʚʘʣʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʟʦʨʦʚ ʤʝʞʜʫ 

ʚʘʣʦʤ ʠ ʧʦʜʰʠʧʥʠʢʘʤʠ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʨʨʝʢʪʠʨʫʶʱʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʝ ʚʘʣ ʚ 

ʦʧʪʠʤʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ. ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʢʦʤʧʨʝʩʩʦʨʘ, ʧʨʦʚʝʨʢʠ 

ʧʦʣʦʞʝʥʠʷ ʚʘʣʘ ʧʨʦʠʩʭʦʜʷʪ ʦʢʦʣʦ 100 ʪʳʩʷʯ ʨʘʟ ʚ ʩʝʢʫʥʜʫ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʨʦʪʦʨ 

ʦʩʪʘʝʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ. 

ʆʪʩʫʪʩʪʚʠʝ ʪʨʫʱʠʭʩʷ ʯʘʩʪʝʡ ʚ ʢʦʤʧʨʝʩʩʦʨʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʝʛʦ ʂʇɼ. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʪʩʫʪʩʪʚʠʝ ʤʘʩʣʘ ʧʦʟʚʦʣʷʝʪ ʦʙʦʡʪʠʩʴ ʙʝʟ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʤʘʩʣʘ, ʤʘʩʣʷʥʳʭ ʥʘʩʦʩʦʚ, ʤʘʩʣʦʦʪʜʝʣʠʪʝʣʷ, 

ʤʘʩʣʷʥʦʛʦ ʬʠʣʴʪʨʘ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢ ʢʘʢ ʚ ʭʦʣʦʜʠʣʴʥʦʤ ʢʦʥʪʫʨʝ ʭʣʘʜʘʛʝʥʪ ʮʠʨʢʫʣʠʨʫʝʪ ʚ 

ʯʠʩʪʦʤ ʚʠʜʝ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʠʤʝʩʝʡ, ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ ʠ ʠʩʧʘʨʠʪʝʣʝ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʤʘʩʣʷʥʘʷ ʧʣʝʥʢʘ, 

ʩʥʠʞʘʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʧʣʦʦʙʤʝʥʘ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʛʘʙʘʨʠʪʳ ʠ 

ʤʘʩʩʫ ʢʦʤʧʨʝʩʩʦʨʘ. ɺ ʩʨʝʜʥʝʤ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʳ ʚ 5ï9 ʨʘʟ ʢʦʤʧʘʢʪʥʝʝ ʠ ʣʝʛʯʝ ʢʦʤʧʨʝʩʩʦʨʦʚ 

ʜʨʫʛʦʛʦ ʪʠʧʘ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ʇʦʤʠʤʦ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʢʦʨʧʫʩʘ ʢʦʤʧʨʝʩʩʦʨʘ ʩʦʢʨʘʱʘʶʪʩʷ ʚʝʩ ʠ ʛʘʙʘʨʠʪʳ ʯʠʣʣʝʨʦʚ ʠ ʥʘʨʫʞʥʳʭ ʙʣʦʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʫʧʨʦʱʘʶʪʩʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʠ ʤʦʥʪʘʞ. 

ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʤʧʨʝʩʩʦʨʦʚ ʚʩʝ ʞʝ ʦʩʪʘʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʱʠʭʩʷ ʩʦʧʨʷʛʘʝʤʳʭ ʜʝʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʢʦʥʪʘʢʪ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʠʟʥʦʩ ʠ ʫʚʝʣʠʯʝʥʠʝ ʨʘʙʦʯʠʭ ʟʘʟʦʨʦʚ. ʀʟʥʘʰʠʚʘʥʠʝ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ, 

ʧʦʜʰʠʧʥʠʢʦʚ ʚʘʣʘ, ʘ ʪʘʢ ʞʝ ʪʦʨʮʝʚʳʭ ʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʧʠʨʘʣʝʡ ʠ ʚʠʥʪʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʪʝʯʝʢ ʠʟ ʢʘʤʝʨʳ ʩʞʘʪʠʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʥʠʞʘʝʪ ʤʘʩʩʦʚʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʢʦʤʧʨʝʩʩʦʨʘ. ʀʟʫʯʝʥʠʶ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩʘ ʨʘʟʣʠʯʥʳʭ ʜʝʪʘʣʝʡ ʭʦʣʦʜʠʣʴʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʙʳʣʠ 

ʧʦʩʚʷʱʝʥʳ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ [4]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʦʩʘ ʜʝʪʘʣʝʡ ʢʦʤʧʨʝʩʩʦʨʘ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʢʦʤʧʣʝʢʩʘʭ, 

ʦʪʨʘʞʘʶʱʠʭ ʧʨʠʨʦʜʫ ʠ ʤʝʭʘʥʠʢʫ ʬʨʠʢʮʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ: 
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ɺ ʜʘʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ʧʝʨʚʳʝ ʜʚʘ ʤʥʦʞʠʪʝʣʷ ʦʧʠʩʳʚʘʶʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʘ ʠ ʫʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʧʘʨʝ ʪʨʝʥʠʷ. ʊʨʝʪʠʡ ʤʥʦʞʠʪʝʣʴ ʫʯʠʪʳʚʘʝʪ ʛʝʦʤʝʪʨʠʶ ʪʨʫʱʠʭʩʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʥʘʣʠʯʠʝ ʤʘʩʣʷʥʦʛʦ ʩʣʦʷ. ʏʝʪʚʝʨʪʳʡ ʤʥʦʞʠʪʝʣʴ ʫʯʠʪʳʚʘʝʪ ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʠʨʦʜʫ 

ʠʟʥʘʰʠʚʘʥʠʷ ʜʝʪʘʣʝʡ ʩʦʧʨʷʞʝʥʠʷ, ʘ ʧʷʪʳʡ ʦʧʨʝʜʝʣʷʝʪ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʜʝʪʘʣʝʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʧʳʪʘʥʠʷ ʢʦʤʧʨʝʩʩʦʨʦʚ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʩʪʝʥʜʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʜʝʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʚ ʧʘʨʘʭ 

ʪʨʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ ʚ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ (ʠʟʤʝʥʷʣʠ 

ʯʘʩʪʦʪʫ ʮʠʢʣʦʚ ʧʫʩʢ-ʦʩʪʘʥʦʚʢʘ). ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʠʟʥʦʩʘ ʜʝʪʘʣʝʡ ʧʨʠ 

ʮʠʢʣʠʯʥʦʡ ʨʘʙʦʪʝ ʢʦʤʧʨʝʩʩʦʨʘ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʚʘʣʘ, ʪ.ʝ. ʨʝʚʝʨʩʠʨʦʚʘʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʜʚʠʞʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʢʦʨʦʩʪʠ 

ʠʟʥʘʰʠʚʘʥʠʷ ʚ ʧʝʨʠʦʜ ʧʨʠʨʘʙʦʪʢʠ ʠ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʠʟʥʦʩʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ 

ʚʝʣʠʯʠʥ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʠ, ʚʭʦʜʷʱʠʭ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ 

ʚʳʨʘʞʝʥʠʷ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʜʝʪʘʣʝʡ ʢʦʤʧʨʝʩʩʦʨʦʚ ʧʨʠ ʠʭ ʨʘʙʦʪʝ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ ʨʝʞʠʤʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ (ʩʤ. ʥʠʞʝ).  

 

 
 

ƶ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

 * ï ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʣʦʚʦʛʦ ʟʥʘʯʝʥʠʷ I h ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʞʠʪʝʣʴ 10-13 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ ʨʘʩʯʝʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠʤʝʶʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ 

ʩʭʦʜʠʤʦʩʪʴ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʠʭ 

ʨʝʩʫʨʩ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʥʦʚʳʭ ʤʦʜʝʣʝʡ ʢʦʤʧʨʝʩʩʦʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ʚ 

ʘʣʛʦʨʠʪʤʝ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʨʝʩʩʦʨʦʤ ʧʦʟʚʦʣʠʪʴ ʦʮʝʥʠʪʴ ʠ ʫʯʝʩʪʴ ʚʨʝʜʥʦʝ ʚʣʠʷʥʠʝ ʫʚʝʣʠʯʝʥʠʷ 

ʟʘʟʦʨʦʚ ʚ ʩʦʧʨʷʞʝʥʠʷʭ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʘ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʝʛʦ ʨʝʩʫʨʩ. 

ɺʳʩʦʢʘʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʠ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦ ʤʥʦʛʦʤ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʤ ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ï ʢʦʤʧʨʝʩʩʦʨʘ. ʊʫʪ ʥʘ ʧʦʤʦʱʴ ʧʨʠʜʫʪ ʢʘʢ 

ʥʦʚʳʝ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʜʦʩʪʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʨʘʙʦʯʠʝ ʪʝʣʘ, ʪʘʢ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʥʫʚʰʠʭ ʣʝʪ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʢʘʯʝʩʪʚ ʠ ʧʨʦʜʫʢʪʦʚ. 
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THE FILTER ON THE BASIS OF THE EJECTOR OF THE HEAT EXCHANGER 

FOR PURIFICATION OF HARMFUL SUBSTANCES FROM FLUE GASES  
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Abstract 

This work is devoted to a possible solution to the problem of cleaning flue gas emissions. 

The proposed device can be a universal cheap and reliable tool. The paper describes the general principles of 

the device, its design, and some calculations. According to the data received by us, the device meets the 

goals set for it. 

ɸʥʥʦʪʘʮʠʷ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʚʳʙʨʦʩʦʚ ʜʳʤʦʚʳʭ ʛʘʟʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʜʝʰʝʚʳʤ ʠ ʥʘʜʝʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ 

ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʫʩʪʨʦʡʩʪʚʘ, ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʥʝʢʦʪʦʨʳʝ ʨʘʩʯʝʪʳ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, 

ʫʩʪʨʦʡʩʪʚʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʪʘʚʣʝʥʥʳʤ ʮʝʣʷʤ. ʉʦʜʝʨʞʘʥʠʝ ʚ ʠʩʭʦʜʥʳʭ ʜʳʤʦʚʳʭ ʛʘʟʘʭ ʦʢʩʠʜʦʚ 

ʩʝʨʳ, ʘʟʦʪʘ, ʫʛʣʝʨʦʜʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ ʪʚʝʨʜʦʛʦ ʠʣʠ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʝʨʴʝʟʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʫʛʨʦʟʫ. ʅʘʧʨʠʤʝʨ, ʪʘʢʠʝ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʘʢ ʩʝʨʥʠʩʪʳʡ 

ʘʥʛʠʜʨʠʜ SO2 ʠ ʩʝʨʥʦʡ ʘʥʛʠʜʨʠʜ SO3, ʦʢʩʠʜʳ ʘʟʦʪʘ NO, ʦʢʩʠʜʳ ʫʛʣʝʨʦʜʘ CO2, ʧʨʠ ʩʦʯʝʪʘʥʠʠ ʚ 

ʘʪʤʦʩʬʝʨʝ ʩ ʚʦʜʷʥʳʤ ʧʘʨʦʤ ʦʙʨʘʟʫʶʪ ʢʠʩʣʦʪʳ ʅ2SO3, H2SO4, HNO3, HNO2, H2CO3 ʢʦʪʦʨʳʝ 

ʚʳʟʳʚʘʶʪ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ , ʧʨʠʚʦʜʷʪ ʢ ʛʠʙʝʣʠ ʣʝʩʦʚ ʠ ʧʣʦʜʦʚʳʭ ʜʝʨʝʚʴʝʚ, 

ʩʥʠʞʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ʆʯʠʩʪʢʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʫ ʜʦ ʩʠʭ ʧʦʨ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʰʠʭ ʨʘʟʨʘʙʦʪʦʢ ʤʳ ʤʦʞʝʤ ʧʨʝʜʣʦʞʠʪʴ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʯʠʩʪʢʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ 

ʦʪ ʦʢʩʠʜʦʚ ʩʝʨʳ, ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ, 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʯʠʩʪʢʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʦʪ ʦʢʩʠʜʦʚ ʩʝʨʳ, ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ: 

1 ï ʥʘʛʥʝʪʘʪʝʣʴ; 2 ï ʢʘʤʝʨʘ ʩʤʝʰʠʚʘʥʠʷ; 3 ï ʧʘʪʨʫʙʦʢ ʧʦʜʘʯʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ ʢʘʤʝʨʫ ʩʤʝʰʠʚʘʥʠʷ; 4 ï ʧʝʨʚʳʡ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢ-ʵʞʝʢʪʦʨ (ʊʆʕ); 5 ï ʝʤʢʦʩʪʴ ʜʣʷ ʦʭʣʘʞʜʘʶʱʝʛʦ ʘʛʝʥʪʘ; 6 ï ʧʝʨʚʘʷ ʬʦʨʩʫʥʢʘ; 7 ï ʚʪʦʨʦʡ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢ-ʵʞʝʢʪʦʨ; 8 ï ʝʤʢʦʩʪʴ ʜʣʷ ʚʦʜʳ; 9 ï ʚʪʦʨʘʷ ʬʦʨʩʫʥʢʘ; 10 ï ʦʪʜʝʣʠʪʝʣʴ ʞʠʜʢʦʩʪʠ; 11 ï ʢʦʥʬʫʟʦʨ; 

12 ï ʜʠʬʬʫʟʦʨ ʧʝʨʚʦʛʦ ʊʆʕ; 13 ï ʢʦʥʬʫʟʦʨ, 14 ï ʢʘʤʝʨʘ ʩʤʝʰʠʚʘʥʠʷ; 15 ï ʜʠʬʬʫʟʦʨ ʚʪʦʨʦʛʦ ʊʆʕ 
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ʇʦʪʦʢ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 3 ʧʦʜʘʶʪ ʚ ʢʘʤʝʨʫ ʩʤʝʰʠʚʘʥʠʷ 2, ʢʫʜʘ ʪʘʢʞʝ ʧʦʜʘʶʪ 

ʥʘʛʥʝʪʘʪʝʣʝʤ 1 ʚʦʟʜʫʭʘ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 10...20 ʤ/ʩ. ʉʤʝʰʠʚʘʥʠʷ ʚʦʟʜʫʭʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩ ʜʳʤʦʚʳʤʠ ʛʘʟʘʤʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʦʢʩʠʜʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʜʳʤʦʚʳʭ ʛʘʟʘʭ, ʠ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʙʨʘʟʦʚʘʚʰʫʶʩʷ ʩʤʝʩʴ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 10...15 ʤ/ʩ ʧʦʜʘʶʪ ʚ ʢʦʥʬʫʟʦʨʘ 11 ʧʝʨʚʦʛʦ ʊʆʕ 4, ʛʜʝ ʫʩʢʦʨʷʶʪ ʜʦ ʩʢʦʨʦʩʪʠ 60...70 ʤ/ʩ. ɺ 

ʧʦʪʦʢ ʯʝʨʝʟ ʧʝʨʚʫʶ ʬʦʨʩʫʥʢʫ 6 ʚʧʨʳʩʢʠʚʘʶʪ ʞʠʜʢʠʡ ʦʭʣʘʞʜʘʶʱʠʡ ʘʛʝʥʪ (ʥʘʧʨʠʤʝʨ, ʘʟʦʪ).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʪʘʢʪʘ ʩ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʨʘʩʧʳʣʝʥʥʳʤ ʦʭʣʘʞʜʘʶʱʠʤ ʘʛʝʥʪʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʤʛʥʦʚʝʥʥʦʝ ʩʤʝʰʠʚʘʥʠʝ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʪʦʢʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ 

ʚʳʜʝʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʆʭʣʘʞʜʝʥʥʳʡ ʧʦʪʦʢ ʧʦʜʘʶʪ ʚ ʢʦʥʬʫʟʦʨʘ 13 ʚʪʦʨʦʛʦ ʊʆʕ 7, ʛʜʝ 

ʫʩʢʦʨʷʶʪ ʜʦ 70 ... 80 ʤ/ʩ, ʧʦʜʘʶʪ ʚ ʢʘʤʝʨʫ ʩʤʝʰʠʚʘʥʠʷ 14, ʛʜʝ ʚ ʧʦʪʦʢ ʯʝʨʝʟ ʚʪʦʨʫʶ ʬʦʨʩʫʥʢʫ 9 

ʚʧʨʳʩʢʠʚʘʶʪ ʚʦʜʫ. ʇʨʠ ʢʦʥʪʘʢʪʝ ʧʦʪʦʢʘ ʜʳʤʦʚʦʛʦ ʛʘʟʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʩʝʙʝ ʦʢʩʠʜʳ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʥʘʧʨʠʤʝʨ SO3, CO2, NO2, ʩ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʨʘʩʧʳʣʝʥʥʦʡ ʚʦʜʦʡ, ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʢʮʠʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʠʩʣʦʪ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʢʦʥʜʝʥʩʠʨʫʶʪʩʷ ʥʘ ʤʠʢʨʦʯʘʩʪʠʮʳ ʧʳʣʠ, ʦʙʨʘʟʫʷ ʷʜʨʘ: 

SO3 + H2O = H2SO4, 

2NO2 + H2O = HNO3 + HNO2, 

CO2 + H2O = H2CO3. 

ɼʘʣʝʝ ʧʦʪʦʢ ʧʦʩʪʫʧʘʝʪ ʚ ʦʪʜʝʣʠʪʝʣʴ ʞʠʜʢʦʩʪʠ 10, ʛʜʝ ʢʦʥʜʝʥʩʘʪ ʢʠʩʣʦʪ ʦʪʜʝʣʷʝʪʩʷ, ʘ ʜʳʤʦʚʳʝ 

ʛʘʟʳ ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ ʛʠʜʨʘʪʘʮʠʠ (ʚʳʜʝʣʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠʟ ʜʳʤʦʚʳʭ ʛʘʟʦʚ) 

ʩʦʩʪʘʚʣʷʝʪ 400...500 Áʉ. ʆʙʳʯʥʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʩʪʫʧʣʝʥʠʷ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʢ ʫʩʪʨʦʡʩʪʚʫ ʜʣʷ ʦʯʠʩʪʢʠ 

ʩʦʩʪʘʚʣʷʝʪ 600...700 Áʉ, ʪʦ ʝʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ. ʇʦʵʪʦʤʫ ʚ ʟʘʷʚʣʝʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 

ʦʭʣʘʞʜʝʥʠʝ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʧʝʨʝʜ ʦʯʠʩʪʢʦʡ ʚ ʫʟʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. 

ʈʘʩʭʦʜ ʞʠʜʢʦʛʦ ʦʭʣʘʞʜʘʶʱʝʛʦ ʘʛʝʥʪʘ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ ʦʪ ʥʘʯʘʣʴʥʦʡ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʘʩʭʦʜʘ ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ: 

;
pnnpdd

npnndpdd

cm
CGCG

tCGtCG
t

Ö+Ö

ÖÖ+ÖÖ
=  

tcm ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʤʝʩʠ çʜʳʤʦʚʳʝ ʛʘʟʳ ï ʞʠʜʢʠʡ ʦʭʣʘʞʜʘʶʱʠʡ ʘʛʝʥʪè, Áʉ; 

Gn ï ʨʘʩʭʦʜ ʞʠʜʢʦʛʦ ʦʭʣʘʞʜʘʶʱʝʛʦ ʘʛʝʥʪʘ, ʤ3/ʩ; 

Cpn ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʞʠʜʢʦʛʦ ʦʭʣʘʞʜʘʶʱʝʛʦ ʘʛʝʥʪʘ, ɺʪ / (ʢʛ Ŀ Áʉ); 

tn ï ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʛʦ ʦʭʣʘʞʜʘʶʱʝʛʦ ʘʛʝʥʪʘ, Á ʉ; 

Gd ï ʨʘʩʭʦʜ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʤ3/ʩ; 

Cpd ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ɺʪ / (ʢʛ Ŀ Áʉ); 

td ï ʪʝʤʧʝʨʘʪʫʨʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, Áʉ. 

ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʥʘʩʪʨʦʡʢʫ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʦʚʳʰʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʝʛʦ ʨʘʙʦʪʳ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʞʠʜʢʦʛʦ ʘʟʦʪʘ. ʇʦ 

ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʨʘʩʩʯʠʪʘʣʠ ʟʘʪʨʘʪʳ ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ 

ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʠʭ ʨʘʩʭʦʜʘʭ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʧʦʩʪʨʦʠʣʠ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʤʝʩʠ çʜʳʤʦʚʳʝ ʛʘʟʳ ï ʞʠʜʢʠʡ ʘʟʦʪè ʦʪ ʨʘʩʭʦʜʘ ʞʠʜʢʦʛʦ ʘʟʦʪ: 

- 1 - ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʜʳʤʦʚʳʭ ʛʘʟʦʚ 4,05 ʤ3/ʩ; 

- 2 - ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʜʳʤʦʚʳʭ ʛʘʟʦʚ 5,248 ʤ3/ʩ; 

- 3 - ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʜʳʤʦʚʳʭ ʛʘʟʦʚ 6,286 ʤ3/ʩ; 

- 4 - ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʜʳʤʦʚʳʭ ʛʘʟʦʚ 7,662 ʤ3/ʩ. 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʛʨʘʬʠʢʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʙʠʨʘʶʪ ʥʝʦʙʭʦʜʠʤʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʩʤʝʩʠ çʜʳʤʦʚʳʝ 

ʛʘʟʳ ï ʞʠʜʢʠʡ ʘʟʦʪè, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʠ ʢʦʥʪʘʢʪʝ ʧʦʪʦʢʘ ʩ ʚʦʜʦʡ ʧʨʦʠʟʦʡʜʝʪ ʨʝʘʢʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʠʩʣʦʪ, ʠ ʦʧʨʝʜʝʣʷʶʪ ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʝʝ ʜʦʩʪʠʞʝʥʠʷ ʨʘʩʭʦʜ ʞʠʜʢʦʛʦ ʘʟʦʪʘ. 

ʊʘʢʠʝ ʨʘʩʯʝʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʭʣʘʞʜʘʶʱʠʭ ʘʛʝʥʪʦʚ. 

ɿʘʷʚʣʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʦ ʦʯʠʩʪʢʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʦʪ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʥʘʤʠ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʯʠʩʪʢʠ ʦʪ ʦʢʠʩʣʦʚ. 

ʇʨʠ ʩʪʘʨʪʦʚʳʭ ʠ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʩʦʩʪʘʚʝ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 90%. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʪʘʨʪʦʚʳʡ ʨʝʞʠʤ ʥʝ ʧʦʧʘʜʘʝʪ ʚ 

ʧʨʘʚʠʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʦʙʣʘʩʪʴ, ʠ ʦʢʠʩʣʠʪʝʣʴ (ʚʦʟʜʫʭ ʠʣʠ ʢʠʩʣʦʨʦʜ) ʤʦʞʝʪ ʥʝʧʨʘʚʠʣʴʥʦ 

ʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʚ ʪʦʧʣʠʚʝ.  
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ɺ ʩʦʩʪʘʚʝ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʢʨʦʤʝ ʪʘʢʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʢʘʢ ʦʢʠʩʴ ʘʟʦʪʘ, ʩʝʨʘ, 

ʫʛʣʝʨʦʜ ʦʙʨʘʟʫʶʪʩʷ ʢʘʥʮʝʨʦʛʝʥʳ. ʂʘʥʮʝʨʦʛʝʥʦʚ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʚʝʱʝʩʪʚ, ʦʜʥʘʢʦ ʠʟ ʥʠʭ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʂʦʥʩʪʨʫʢʮʠʷ ʬʠʣʴʪʨʘ 

 

ʂʦʥʩʪʨʫʢʮʠʷ ʜʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: ʚʝʥʪʠʣʷʪʦʨ ʜʣʷ ʧʨʦʢʘʯʢʠ 

ʛʘʟʦʚ, ʩʦʟʜʘʝʪ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠʟʙʳʪʦʢ ʜʘʚʣʝʥʠʷ, ʘ ʩ ʜʨʫʛʦʡ ʝʛʦ ʥʝʜʦʩʪʘʪʦʢ ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʜʚʠʞʝʥʠʶ ʛʘʟʦʚʳʭ ʤʘʩʩ, ʧʨʷʤʳʝ ʫʯʘʩʢʘ ʪʨʫʙ ʧʝʨʝʜ ʬʠʣʴʪʨʦʤ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʪʘʙʠʣʠʟʟʘʮʠʠ 

ʧʦʪʦʢʘ, ʩʘʤ ʬʠʣʴʪʨ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʧʣʦ ʃʘʚʘʣʷ ʠ ʠʤʝʝʪ ʩʫʞʘʝʪʩʷ ʧʘʪʨʫʙʦʢ, 

ʧʨʷʤʦʡ ʫʯʘʩʪʦʢ ʥʘʟʳʚʘʝʤʳʡ ʢʘʤʝʨʦʡ ʩʤʝʰʠʚʘʥʠʷ, ʯʪʦ ʨʘʩʰʠʨʷʝʪʩʷ ʧʘʪʨʫʙʦʢ.  

ɺ ʢʘʤʝʨʝ ʩʤʝʰʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʬʦʨʩʫʥʢʘ ʚʧʨʳʩʢʘ ʞʠʜʢʦʩʪʠ ʢʦʪʦʨʘʷ ʨʘʩʧʳʣʷʝʪ ʚ ʛʘʟʦʚʳʡ 

ʧʦʪʦʢ ʦʭʣʘʞʜʘʶʱʫʶ ʞʠʜʢʦʩʪʴ. ʇʦʩʣʝ ʬʠʣʴʪʨʘ ʩʣʝʜʫʝʪ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʢʘʧʝʣʴ ʞʠʜʢʦʩʪʠ 

ʠʟ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ. ʆʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʨʧʫʩ ʩ ʦʪʙʦʡʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʢʘʧʣʠ 

ʞʠʜʢʦʩʪʠ ʦʩʝʜʘʣʠ ʥʘ ʩʪʝʥʢʘʭ ʫʩʪʨʦʡʩʪʚʘ, ʠ ʧʦʜ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʢʘʪʳʚʘʣʠʩʴ ʚʥʠʟ. 

ɺʳʚʦʜʳ 

ʀʩʧʦʣʴʟʫʷ ʩʦʟʜʘʥʥʳʡ ʥʘʤʠ ʬʠʣʴʪʨ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʚʦʟʤʦʞʥʦ ʦʯʠʩʪʠʪʴ ʜʳʤʦʚʳʝ ʛʘʟʳ ʧʦʯʪʠ ʦʪ 

ʚʩʝʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʬʘʢʪʦʨʦʚ. ʅʘ ʥʘʯʘʣʴʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʢʦʪʣʘ, ʢʦʛʜʘ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʮʝʨʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʬʠʣʴʪʨ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʭ ʢʦʥʜʝʥʩʘʮʠʠ. 

ʂʦʛʜʘ ʢʦʪʝʣ ʚʳʭʦʜʠʪ ʥʘ ʦʩʥʦʚʥʦʡ ʨʘʙʦʯʠʡ ʨʝʞʠʤ ʠ ʢʘʥʮʝʨʦʛʝʥʳ ʚʝʱʝʩʪʚʘ ʨʘʟʣʘʛʘʶʪʩʷ ʦʪ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʨʦʩʪʳʝ ʙʝʟʚʨʝʜʥʳ ʢʦʤʧʦʥʝʥʪʳ, ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʜʳʤʦʚʳʭ ʛʘʟʘʭ 

ʩʪʘʥʦʚʷʪʩʷ ʦʢʩʠʜʳ,ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʦʯʠʩʪʠʪʴ ʙʣʘʛʦʜʘʨʷ ʥʘʰʝʤʫ ʬʠʣʴʪʨʘ ʵʞʝʢʪʦʨʫ. 
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Abstract 

The issues of low-temperature separation of natural gas are considered. The advantages and disadvantages 

of the applied gas separation schemes are analyzed. Promising areas for their improvement are identified. 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʝʧʘʨʘʮʠʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠʤʝʥʷʝʤʳʭ ʩʭʝʤ ʩʝʧʘʨʘʮʠʠ ʛʘʟʘ. ʆʧʨʝʜʝʣʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. 

 

ɺʚʝʜʝʥʠʝ  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʦʣʷ ʜʦʙʳʚʘʝʤʦʛʦ ʢʦʥʜʝʥʩʘʪʩʦʜʝʨʞʘʱʝʛʦ ʛʘʟʘ ʚ ʦʙʱʝʤ ʙʘʣʘʥʩʝ ʜʦʙʳʯʠ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʚ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ 

ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʠʭ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʦʚʳʰʝʥʠʝʤ ʠʥʪʝʨʝʩʘ ʩʦ ʩʪʦʨʦʥʳ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ. ʂʦʥʝʯʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʦʚ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʟʘʣʝʞʝʡ ʷʚʣʷʶʪʩʷ ʪʦʚʘʨʥʳʡ ʛʘʟ ʠ 

ʞʠʜʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ. ɺ ʨʘʙʦʪʝ [1] ʫʢʘʟʘʥʦ, ʯʪʦ ʦʪ ʢʘʯʝʩʪʚʘ ʧʦʩʪʘʚʣʷʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦʪʨʝʙʠʪʝʣʷʤ 

ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʩʤʝʩʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʛʘʟʝ ʥʘʭʦʜʷʪʩʷ ʧʨʠʤʝʩʠ ʚ ʚʠʜʝ ʛʘʟʦʚ ʠ ʢʘʧʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ, 

ʚʦʜʷʥʦʡ ʧʘʨ, ʩʝʨʦʚʦʜʦʨʦʜ ʠ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ. ʇʨʠʩʫʪʩʪʚʠʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʛʘʟʝ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ 

ʠʟʥʦʩʫ ʪʨʫʱʠʭʩʷ ʜʝʪʘʣʝʡ ʢʦʤʧʨʝʩʩʦʨʦʚ,  ʟʘʛʨʷʟʥʝʥʠʶ ʠ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʘʨʤʘʪʫʨʳ ʛʘʟʦʧʨʦʚʦʜʘ ʠ 

ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. ʉʢʦʧʣʝʥʠʝ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʛʘʟʦʧʨʦʚʦʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʂʘʧʝʣʴʥʘʷ ʞʠʜʢʦʩʪʴ, ʦʩʝʜʘʷ ʥʘ ʧʦʥʠʞʝʥʥʷʭ 

ʫʯʘʩʪʢʘʭ  ʪʨʫʙʦʧʨʦʚʦʜʘ, ʪʦʞʝ ʚʳʟʳʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʱʘʜʠ ʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠ, ʢʨʦʤʝ ʪʦʛʦ, 

ʚʳʟʳʚʘʝʪ ʢʦʨʨʦʟʠʶ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʘʨʤʘʪʫʨʳ ʠ ʧʨʠʙʦʨʦʚ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʧʨʦʤʳʩʣʦʚʦʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʢʦʥʜʝʥʩʘʪʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʠ ʠʟʚʣʝʯʝʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ. ʅʘ ʧʨʦʤʳʩʣʦʚʳʭ 

ʫʩʪʘʥʦʚʢʘʭ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʛʘʟ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩ ʮʝʣʴʶ 

ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʝʛʦ ʩʦʩʪʘʚʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʚʣʘʛʠ ʠ ʬʨʘʢʮʠʡ ʥʠʟʢʦʢʠʧʷʱʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ɺ ʦʩʥʦʚʝ ʵʪʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʣʝʞʠʪ ʨʷʜ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʛʘʟʘ. ɿʘ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʧʫʙʣʠʢʦʚʘʥ ʨʷʜ ʨʘʙʦʪ [2-4] ʧʦʩʚʷʱʝʥʥʳʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʆʪʝʯʝʩʪʚʝʥʥʳʡ ʠ ʤʠʨʦʚʦʡ ʦʧʳʪ ʦʧʝʨʠʨʫʝʪ ʪʘʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʢʘʢ 

ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝ, ʪʝʧʣʦʦʙʤʝʥ ʜʚʫʭ ʧʦʪʦʢʦʚ, ʘʜʠʘʙʘʪʥʦʝ ʩʞʘʪʠʝ ʠ ʨʘʩʰʠʨʝʥʠʝ, ʩʝʧʘʨʘʮʠʷ, 

ʢʦʥʜʝʥʩʘʮʠʷ, ʘʙʩʦʨʙʮʠʷ ʠ ʨʝʢʪʠʬʠʢʘʮʠʷ. ʆʥʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʨʠʨʦʜʥʦʛʦ 

ʛʘʟʘ ʠ ʚʳʜʝʣʝʥʠʝ ʠʟ ʝʛʦ ʩʦʩʪʘʚʘ ʪʷʞʝʣʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ. 
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ʇʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʛʠʜʨʘʪʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʛʘʟʦʧʨʦʚʦʜʝ ʚ ʚʠʜʝ ʪʚʝʨʜʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʛʠʜʨʘʪʥʳʝ ʧʨʦʙʢʠ, ʦʩʦʙʝʥʥʦ ʚ 

ʤʝʩʪʘʭ ʥʘʣʠʯʠʷ ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ, ʜʝʬʝʢʪʳ ʘʨʤʘʪʫʨʳ), ʤʦʛʫʪ ʧʦʣʥʦʩʪʴʶ 

ʟʘʢʫʧʦʨʠʪʴ ʪʨʫʙʦʧʨʦʚʦʜ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʚʣʘʛʠ ʩʝʨʦʚʦʜʦʨʦʜ ʚʳʟʳʚʘʝʪ ʢʦʨʨʦʟʠʶ ʤʝʪʘʣʣʘ. ʅʘʣʠʯʠʝ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʛʘʟʘ. ɼʦ ʧʦʩʪʫʧʣʝʥʥʷ ʚ ʤʘʛʠʩʪʨʘʣʴʥʳʡ 

ʛʘʟʦʧʨʦʚʦʜ ʛʘʟ ʜʦʣʞʝʥ ʙʳʪʴ ʦʩʫʰʝʥ ʠ ʦʯʠʱʝʥ ʦʪ ʧʨʠʤʝʩʝʡ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʜʦʩʪʫʧʥʳʤ ʩʧʦʩʦʙʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʛʘʟʘ 

ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʝʧʘʨʘʮʠʷ (ʅʊʉ). ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʤʝʥʴʰʠʤʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʡ ʩʝʧʘʨʘʮʠʠ. ɺ ʦʩʥʦʚʝ ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʩʪʫʧʝʥʯʘʪʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʜʦʙʳʪʦʛʦ ʛʘʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʦʩʩʝʣʷ ʠʣʠ ʵʞʝʢʪʦʨʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʩʤʝʩʠ ʥʘ ʛʘʟ ʠ 

ʩʢʦʥʜʝʥʩʠʨʦʚʘʚʰʠʝʩʷ ʫʛʣʝʚʦʜʦʨʦʜʳ ʉ3-ʉ4. ʅʝ ʩʢʦʥʜʝʥʩʠʨʦʚʘʚʰʠʝʩʷ ʠʟ ʛʘʟʘ ʫʛʣʝʚʦʜʦʨʦʜʳ ʉ5+  

ʧʦʩʪʫʧʘʶʪ ʚ ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʦʩʩʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʵʞʝʢʪʦʨ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʚʣʝʯʝʥʠʷ ʥʠʟʢʦʥʘʧʦʨʥʳʭ 

ʛʘʟʦʚ ʚ ʦʩʥʦʚʥʦʡ ʧʦʪʦʢ. ʆʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʅʊʉ: ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʛʦ ʛʘʟʘ, 

ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ, ʬʘʟʦʚʦʝ ʨʘʚʥʦʚʝʩʠʝ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʧʘʨʘʪʦʨʘ. ʇʨʠʯʠʥʦʡ ʥʠʟʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʅʊʉ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʜʦʙʳʚʘʝʤʦʛʦ ʛʘʟʘ, ʩʥʠʞʝʥʠʝ ʩʦʜʝʨ-

ʞʘʥʠʷ ʉ5+ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʝ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʥʘ ʜʨʦʩʩʝʣʴʥʦʤ ʚʝʥʪʠʣʝ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʝʧʘʨʘʮʠʠ ʠ ʧʦʪʝʨʠ ʢʦʥʜʝʥʩʘʪʘ. ʀʟʦʵʥʪʘʣʴʧʠʡʥʳʡ ʧʨʦʮʝʩʩ ʜʨʦʩʩʝʣʠʨʦ-

ʚʘʥʠʷ ʛʘʟʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʧʝʨʝʧʘʜʝ ʜʘʚʣʝʥʠʡ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʦʮʝʩʩ ʅʊʉ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʳʭ  ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ [2, 3] 

ʧʦ ʨʘʟʣʠʯʥʳʤ ʦʮʝʥʢʘʤ ʵʪʦ ʜʠʘʧʘʟʦʥ ʜʘʚʣʝʥʠʡ 4,5 ï 5 ʄʇʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʙʣʠʟʠ -30 Üʉ. 

ɸʙʩʦʨʙʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʢʘʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʪʘʢ ʠ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʡ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩ ʘʙʩʦʨʙʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʠʟʚʣʝʢʘʝʤʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʚʳʰʝ, ʯʝʤ ʚ ʘʙʩʦʨʙʝʥʪʝ. ʏʝʤ ʚʳʰʝ ʨʘʟʥʠʮʘ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ, ʪʝʤ 

ʠʥʪʝʥʩʠʚʥʝʡ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʧʨʦʮʝʩʩ ʘʙʩʦʨʙʮʠʠ. ʄʘʩʣʷʥʘʷ ʘʙʩʦʨʙʮʠʷ ʧʨʠ ʧʣʶʩʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʯʪʦ ʚʳʨʘʞʝʥʦ ʚ ʚʳʩʦʢʦʤ ʫʜʝʣʴʥʦʤ ʨʘʩʭʦʜʝ ʘʙʩʦʨʙʝʥʪʘ ʠ ʥʠʟʢʦʡ 

ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ.  

ʉʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʘʙʩʦʨʙʮʠʠ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝʤ ʵʞʝʢʪʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʠʣʠ ʪʫʨʙʦʜʝʪʘʥʜʝʨʥʦʛʦ ʘʛʨʝʛʘʪʘ (ʊɼɸ) ʩ ʟʘʤʝʥʦʡ ʚ ʢʘʯʝʩʪʚʝ ʘʙʩʦʨʙʝʥʪʘ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ ʥʘ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʢʦʥʜʝʥʩʘʪ, ʧʦʣʫʯʘʝʤʳʡ ʚ ʧʝʨʚʠʯʥʦʤ ʩʝʧʘʨʘʪʦʨʝ. ʊʘʢʘʷ ʟʘʤʝʥʘ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʧʣʘʥʝ ʚʦʟʨʘʩʪʘʥʠʷ ʫʜʝʣʴʥʦʛʦ ʚʳʭʦʜʘ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʧʨʠ ʧʨʦʯʠʭ 

ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ ʦʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ ï ʅʊʉ ʥʘ ʧʝʨʚʠʯʥʦʤ 

ʩʝʧʘʨʘʪʦʨʝ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʘʙʩʦʨʙʮʠʷ ʚ ʘʙʩʦʨʙʝʨʝ. 

ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ (ʅʊʈ) ʠ ʜʘʣʴʥʝʡʰʘʷ ʩʝʧʘʨʘʮʠʷ ʛʘʟʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʣʠʟʢʠʭ ʢ -50Üʉ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʪʘʨʝʣʴʯʘʪʦʡ ʠʣʠ ʅɸʉɸ-

ʜʦʯʥʦʡ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ, ʚ ʢʦʪʦʨʫʶ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʧʦʩʪʫʧʘʝʪ ʥʝʩʪʘʙʠʣʴʥʳʡ ʢʦʥʜʝʥʩʘʪ 

ʠʟ ʧʝʨʚʦʛʦ ʩʝʧʘʨʘʪʦʨʘ, ʦʨʦʰʘʝʤʳʡ ʢʦʥʜʝʥʩʘʪʦʨ, ʚʳʜʝʣʝʥʥʳʤ ʠʟ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʡ ʩʝʧʘʨʘʮʠʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʝʛʦ ʢʘʩʢʘʜʥʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʮʠʢʣʘ ʥʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʤ 

ʭʣʘʜʘʛʝʥʪʝ, ʅʊʈ ʪʨʝʙʫʝʪ ʤʝʥʴʰʠʭ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊɼɸ. 

ʅʘʧʨʘʚʣʝʥʥʳʡ ʚ ʢʦʣʦʥʥʫ ʢʦʥʜʝʥʩʘʪ ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʘʟʜʝʣʝʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʬʘʟʦʚʦʛʦ 

ʦʙʤʝʥʘ ʤʝʞʜʫ ʭʦʣʦʜʥʳʤʠ ʞʠʜʢʠʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʠ ʛʘʟʦʤ. ʕʪʠʤ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘʠʚʳʩʰʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʉ3-ʉ4 ʠ ʉ5+ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ ʜʘʚʣʝʥʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʊɼɸ ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʦʩʪʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʜʦ ï120Üʉ ʧʨʠ ʪʦʤ ʞʝ 

ʧʝʨʝʧʘʜʝ ʜʘʚʣʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʦʩʩʝʣʴʥʦʡ ʠʣʠ ʵʞʝʢʪʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʅʊʈ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʘʚʣʝʥʠʝʤ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʭʣʘʞʜʝʥʠʷ ʛʘʟʘ ʠ ʢʦʥʜʝʥʩʘʪʘ ʠ 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʠʟʚʣʝʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ 

ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʢʦʥʜʝʥʩʘʪʫ, ʧʦʚʣʝʢʣʠ ʟʘ ʩʦʙʦʡ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʝʭʥʦʣʦʛʠʡ ʅʊʈ, ʢʘʞʜʘʷ 

ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɺʩʝ ʦʥʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʠʟʚʣʝʯʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ  

ʇʨʦʤʳʩʣʦʚʘʷ ʧʦʜʛʦʪʦʚʢʘ ʛʘʟʦʚ ʟʘʣʝʞʝʡ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʝʧʘʨʘʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ 

ʦʙʣʘʩʪʠ ʅʊʉ ʛʘʟʘ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 
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ʚʳʚʦʜ, ʯʪʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʅʊʉ ʷʚʣʷʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʫʨʦʚʥʷ ʩʝʧʘʨʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʉ5+ ʚ 

ʪʦʚʘʨʥʦʤ ʛʘʟʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʝʧʘʨʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʪʦʚʘʨʥʦʛʦ ʛʘʟʘ ʧʦ ʚʦʜʥʦʡ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʪʦʯʢʘʤ ʨʦʩʳ. 

ɿʘʢʣʶʯʝʥʠʝ  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʅʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚ ʦʜʥʦʬʘʟʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʚʣʠʷʶʪ: ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʛʘʟʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʛʘʟʘ ʠ ʢʦʥʜʝʥʩʘʪʘ. ɸʥʘʣʠʟ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʠʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʫʶʱʠʭ ʩʠʩʪʝʤ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʦʢʘʟʘʪʝʣʠ 

ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʠ  

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʧʦʣʝʟʥʳʝ ʩʦʚʝʪʳ, ʦʙʩʫʞʜʝʥʠʷ ʠ ʟʘʤʝʯʘʥʠʷ ʚ ʭʦʜʝ ʩʙʦʨʘ ʠ 

ʦʙʦʙʱʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʵʪʦʡ ʩʪʘʪʴʠ ʩʪʫʜʝʥʪʘʤ-ʜʠʧʣʦʤʥʠʢʘʤ, ʠʥʞʝʥʝʨʘʤ ʛʘʟʦʜʦʙʳʚʘʶʱʠʭ ʠ 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʩʦʪʨʫʜʥʠʢʘʤ ʢʘʬʝʜʨ ʆʅɸʇʊ. 
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Abstract 

The results of studies on improving the technology of production of canned products from fruits and 

vegetables are presented. The use of saturated water vapor at atmospheric pressure allows you to increase the 

volumetric average temperature of the fruit layer in the container. The use of a pulsed method of supplying 

the coolant allows you to use the inertial properties of the raw materials and save the flow of coolant. 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠʟ ʬʨʫʢʪʦʚ ʠ ʦʚʦʱʝʡ. ʀʩʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʧʨʠ 
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ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʨʝʜʥʝʦʙʲʝʤʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʩʣʦʷ ʧʣʦʜʦʚ ʚ ʪʘʨʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʜʚʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʝʨʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʩʳʨʴʷ ʠ ʵʢʦʥʦʤʠʪʴ ʨʘʩʭʦʜ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 

 

ɺʚʝʜʝʥʠʝ  

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʠ ʩʦʯʥʦʛʦ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ (ʬʨʫʢʪʦʚ, ʧʣʦʜʦʚ, ʦʚʦʱʝʡ) ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʦʙʲʝʤʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʘʷ ʫʩʪʘʥʦʚʠʪʩʷ ʚ ʩʣʦʝ ʩʳʨʴʷ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ ʛʨʝʶʱʝʡ ʠʣʠ 

ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ (ʞʠʜʢʦʩʪʴ, ʧʘʨ, ʚʦʟʜʫʭ). 

ʕʪʘ ʩʨʝʜʥʝʦʙʲʝʤʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʚʷʟʘʥʘ ʥʝ ʪʦʣʴʢʦ ʩ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [1] 

ʥʘʛʨʝʚʘʝʤʦʛʦ ʩʳʨʴʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʝʛʦ ʦʙʨʘʙʦʪʢʠ, ʥʦ ʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʛʨʝʶʱʝʡ ʠ ʦʭʣʘʞʜʘʶʱʝʡ 

ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʩ ʨʝʞʠʤʦʤ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʧʣʦʜʦʦʚʦʱʥʦʛʦ ʩʳʨʴʷ. 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʠʜʦʚ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʜʷʥʦʡ ʧʘʨ [2], ʪʘʢ ʢʘʢ 

ʧʨʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʧʦʜʦʛʨʝʚ ʩʳʨʴʷ [3], ʥʦ ʠ ʦʙʨʘʟʫʝʪʩʷ ʢʦʥʜʝʥʩʘʪ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʨʘʟʞʠʞʘʝʪ ʞʠʜʢʫʶ ʬʘʟʫ ʧʨʦʜʫʢʪʘ ʠ ʫʤʝʥʴʰʘʝʪ ʚ ʥʝʤ ʤʘʩʩʦʚʫʶ ʜʦʣʶ 

ʨʘʩʪʚʦʨʠʤʳʭ ʩʫʭʠʭ ʚʝʱʝʩʪʚ. 

ɺ ʩʚʷʟʠ ʩ ʫʢʘʟʘʥʥʳʤ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʛʨʝʚʘ ʚ ʧʘʨʦʚʦʡ ʩʨʝʜʝ ʩʣʝʜʫʶʱʠʭ 

ʚʠʜʦʚ ʧʣʦʜʦʦʚʦʱʥʦʛʦ ʩʳʨʴʷ: ʷʙʣʦʢ, ʩʣʠʚʳ, ʚʠʰʥʠ, ʯʝʨʝʰʥʠ, ʦʛʫʨʮʦʚ.  

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʩʪʝʥʜ, ʚ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʟʘʤʝʨ ʪʝʤʧʝʨʘʪʫʨʳ ʩʳʨʴʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʧʦʜʚʦʜʘ ʚʦʜʷʥʦʛʦ 

ʧʘʨʘ. ʊʘʢ ʞʝ ʬʠʢʩʠʨʦʚʘʣʩʷ ʨʘʩʭʦʜ ʧʘʨʘ, ʝʛʦ ʚʣʘʞʥʦʩʪʴ, ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʢʦʥʜʝʥʩʘʪʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʜʦʚ ʠ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʛʨʝʚʘ ʩʳʨʴʷ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʚʳʚʦʜʠʣʠʩʴ ʥʘ ʢʦʤʧʴʶʪʝʨ ʠ ʧʦʩʣʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʳʩʪʨʘʠʚʘʣʠʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʛʨʝʚʘ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʠʜʘ ʧʣʦʜʦʦʚʦʱʥʦʛʦ ʩʳʨʴʷ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʢ ʜʣʷ ʦʜʠʥʦʯʥʳʭ ʧʣʦʜʦʚ, ʪʘʢ ʠ ʜʣʷ ʩʣʦʷ ʧʣʦʜʦʚ. 

ʆʙʨʘʙʦʪʢʫ ʧʣʦʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʢʘʢ ʦʜʥʦʨʘʟʦʚʦ ʚ ʪʝʯʝʥʠʠ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ 

ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʠʤʧʫʣʴʩʥʦ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʚʦʧʨʦʩʘ ʚʣʠʷʥʠʷ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʥʘʛʨʝʚʘ ʥʘ ʩʥʠʞʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʛʨʝʚʘ ʩʳʨʴʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʈʠʩ.1 ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ ʧʨʦʛʨʝʚʘ ʝʜʠʥʠʯʥʳʭ ʧʣʦʜʦʚ ʚ ʩʨʝʜʝ ʥʘʩʳʱʝʥʥʦʛʦ ʚʦʜʷʥʦʛʦ ʧʘʨʘ 

ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ʈʘʟʣʠʯʥʳʡ ʥʘʢʣʦʥ ʵʪʠʭ ʢʨʠʚʳʭ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʢ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʩʳʨʴʷ, ʥʦ ʠ ʢ ʨʘʟʣʠʯʥʳʤ ʨʘʟʤʝʨʘʤ ʧʣʦʜʦʚ ʠ ʦʚʦʱʝʡ. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʦʢ 1 ʇʨʦʛʨʝʚʘʝʤʦʩʪʴ ʦʜʠʥʦʯʥʳʭ ʧʣʦʜʦʚ ʚ ʩʨʝʜʝ ʥʘʩʳʱʝʥʥʦʛʦ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ: 

1, 2, 3, 4, 5, 6- ʩʣʠʚʘ ʩʦʨʪʘ çɺʝʥʛʝʨʢʘè (ʨʘʟʤʝʨʳ ʚ ʜʚʫʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ, ʤʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ- 36ʭ32; 28ʭ23; 35ʭ25; 32ʭ27; 31ʭ22; 37ʭ26) ï 7, 8, 10 ï ʩʣʠʚʘ ʩʦʨʪʘ çʈʝʢʣʦʜè (ʜʠʘʤʝʪʨ, ʤʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ- 27; 34; 35) ï 9,11 ï ʦʛʫʨʮʳ (ʨʘʟʤʝʨʳ ʚ ʜʚʫʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ, ʤʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ-92,5ʭ43; 105,2ʭ45) 
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ʇʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʤʝʨʦʤ 0,2 ʤʤ ʚʚʦʜʠʣʩʷ ʚ ʧʣʦʜ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʦʥ ʦʢʘʟʘʣʩʷ ʣʠʙʦ ʚ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʮʝʥʪʨʝ, ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʢʦʩʪʦʯʢʠ. ɺ ʪʘʙʣ.1 

ʧʨʠʚʝʜʝʥʳ ʨʘʟʤʝʨʳ ʢʦʩʪʦʯʝʢ ʜʣʷ ʩʣʠʚʳ ʩʦʨʪʘ çʈʝʥʢʣʦʜè. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, 

ʦʪʢʣʦʥʝʥʠʝ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʧʣʦʜʦʚ ʚ ʩʣʫʯʘʝ ʩʣʠʚʳ ʩʦʨʪʘ çʈʝʥʢʣʦʜè 

ʩʦʩʪʘʚʣʷʣʦ ʦʪ 5,5 ʤʤ ʜʦ 9,5 ʤʤ.: 

 
ʊʘʙʣʠʮʘ 1 ï ʈʘʟʤʝʨʳ ʢʦʩʪʦʯʢʠ ʜʣʷ ʩʣʠʚ ʩʦʨʪʘ çʈʝʥʢʣʦʜè 

 

ɼʠʘʤʝʪʨ ʧʣʦʜʦʚ 

ʩʣʠʚ ʩʦʨʪʘ çʈʝʥʢʣʦʜè, ʤʤ 

ʈʘʟʤʝʨʳ ʢʦʩʪʦʯʢʠ, ʤʤ 

27 13ʭ19 15ʭ19 12,5ʭ17 14ʭ19 

32 12,5ʭ18 13ʭ17 14ʭ19 15ʭ18 

34 11,6ʭ19 12,19 13ʭ18 13ʭ17 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʣʦʜʦʚ ʠ ʦʚʦʱʝʡ ʷʚʣʷʶʪʩʷ ʪʝʣʘʤʠ ʘʥʦʤʘʣʴʥʦʡ ʬʦʨʤʳ ï ʵʣʣʠʧʩʦʠʜʘʤʠ ʚʨʘʱʝʥʠʷ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʯʠʩʣʷʶʪ ʚʝʣʠʯʠʥʫ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ G ʧʦ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ: 

G=0,625+0,375(d/l)  ʛʜʝ: d ʠ l- ʨʘʟʤʝʨʳ ʵʣʣʠʧʩʦʠʜʘ ʚ ʜʚʫʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ. 

ʅʘ ʈʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʧʣʦʜʦʚ ʘʥʥʦʤʘʣʴʥʦʡ 

ʬʦʨʤʳ -ʩʣʠʚʘ ʩʦʨʪʘ çɺʝʥʛʝʨʢʘè, ʦʛʫʨʮʳ - ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ. 

 

      
 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ (ʪʝʤʧʘ) ʧʨʦʛʨʝʚʘ  ʠ ʩʢʦʨʦʩʪʠ (ʪʝʤʧʘ) ʦʭʣʘʞʜʝʥʠʷ ʦʜʠʥʦʯʥʳʭ ʵʣʣʠʧʩʦʠʜʥʳʭ 

ʧʣʦʜʦʚ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ:  ʘ ï ʦʛʫʨʮʳ, ʙ ï ʩʣʠʚʘ ʩʦʨʪʘ çɺʝʥʛʝʨʢʘè 

 

ʍʦʪʷ ʧʨʠʚʝʜʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ ʚ ʷʚʥʦʤ ʚʠʜʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ/ʦʭʣʘʞʜʝʥʠʷ ʧʣʦʜʦʚ ʦʪ ʚʝʣʠʯʠʥʳ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ, ʦʜʥʘʢʦ, 

ʦʥʘ ʩʢʨʳʚʘʝʪ ʚʣʠʷʥʠʝ ʠʩʪʠʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʧʣʦʜʦʚ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʪʴ ʧʨʦʛʨʝʚʘʝ-

ʤʦʩʪʠ ʵʣʣʠʧʩʦʠʜʥʳʭ ʧʣʦʜʦʚ ʩ ʩʬʝʨʠʯʝʩʢʠʤʠ (ʩʣʠʚʘ ʩʦʨʪʘ çʈʝʥʢʣʦʜè, ʚʠʰʥʷ, ʯʝʨʝʰʥʷ), ʪʘʢ ʢʘʢ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʠʥʜʝʢʩ G ʨʘʚʝʥ 1. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʘʢʦʛʦ ʩʨʘʚʥʝʥʠʷ ʙʳʣʦ ʨʝʰʝʥʦ ʚ 

ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʧʨʠʤʝʥʠʪʴ ʧʦʥʷʪʠʝ çʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʟʤʝʨè, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢ  

ʧʣʦʜʘʤ ʧʨʘ-ʚʠʣʴʥʦʡ ʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʅʘ ʈʠʩ.3 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʢʦʨʦʩʪʠ (ʪʝʤʧʘ) ʧʨʦʛʨʝʚʘ ʧʣʦʜʦʚ ʦʪ ʚʝʣʠʯʠʥʳ ʠʭ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʨʘʟʤʝʨʘ. 

ɺ ʪʘʙʣ.2 ʧʨʠʚʝʜʝʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʈʠʩ.3 ʢʨʠʚʳʭ. 

 
ʊʘʙʣʠʮʘ 2 ï ɿʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʘ ʧʨʦʛʨʝʚʘ ʦʜʠʥʦʯʥʳʭ ʧʣʦʜʦʚ ʦʪ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʨʘʟʤʝʨʘ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʣʦʜʦʚ ɺʠʜ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʇʣʦʜʳ ʩʣʠʚʳ ʩʦʨʪʘ çɺʝʥʛʝʨʢʘè m= 0,03790-0,114D 

ʇʣʦʜʳ ʩʣʠʚʳ ʩʦʨʪʘ çʈʝʥʢʣʦʜè m= 0,00778-0,150D 

ʆʛʫʨʝʮ m= 0,00047-0,006D 

ʇʣʦʜʳ ʯʝʨʝʰʥʠ, ʚʠʰʥʠ m= 0,06250-2,640D 

 

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʦ 

ʧʨʦʚʦʜʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʣʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.3.  
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ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ (ʪʝʤʧʘ) ʧʨʦʛʨʝʚʘ ʦʜʠʥʦʯʥʳʭ ʧʣʦʜʦʚ ʦʪ ʚʝʣʠʯʠʥʳ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʨʘʟʤʝʨʘ: 1- 

ʩʣʠʚʘ ʩʦʨʪʘ çʈʝʥʢʣʦʜè; 2 ï ʩʣʠʚʘ ʩʦʨʪʘ çɺʝʥʛʝʨʢʘè; 3- ʦʛʫʨʝʮ; 4 ï ʯʝʨʝʰʥʷ, ʚʠʰʥʷ. 

 

ʊʘʙʣʠʮʘ 3 ï ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʣʦʜʦʚ 

 

ʇʣʦʜʳ ʆʧʨʝʜʝʣʷʶʱʠʡ ʨʘʟʤʝʨ, 

ʤʤ. 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ, 106ʤ2/ʩ 

ʇʣʦʜʳ ʯʝʨʝʰʥʠ 20,3 0,093 

ʇʣʦʜʳ ʚʠʰʥʠ 18,8 0,115 

ʇʣʦʜʳ ʩʣʠʚʳ çʈʝʥʢʣʦʜè 34,4 0,079 

ʇʣʦʜʳ ʩʣʠʚʳ çɺʝʥʛʝʨʢʘè 27,9 0,139 

ʇʣʦʜʳ ʦʛʫʨʮʘ 51,6 0,162 

 

ʅʘ ʨʠʩ.4 ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʦʙʲʝʤʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʣʦʷ 

ʧʣʦʜʦʚ (ʩʣʠʚʳ ʩʦʨʪʘ çʈʝʥʢʣʦʜè, ʩʣʠʚʳ ʩʦʨʪʘ çɺʝʥʛʝʨʢʘè, ʯʝʨʝʰʥʠ, ʚʠʰʥʠ) ʫʣʦʞʝʥʥʳʭ ʚ ʢʦʥʩʝʨʚʥʫʶ 

ʩʪʝʢʣʷʥʥʫʶ ʪʘʨʫ 1-82-1000 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʥʘʩʳʱʝʥʥʳʤ ʚʦʜʷʥʳʤ 

ʧʘʨʦʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠʥʩʪʨʫʢʮʠʷʤʠ ʢʦʣʠʯʝʩʪʚʦ ʧʣʦʜʦʚ ʚ ʪʘʨʝ 

ʩʦʩʪʘʚʣʷʝʪ: 

- ʜʣʷ ʧʣʦʜʦʚ ʩʣʠʚʳ çʈʝʥʢʣʦʜè ʠ ʧʣʦʜʦʚ ʩʣʠʚʳ çɺʝʥʛʝʨʢʘè - 0,673 ʢʛ. 

- ʜʣʷ ʧʣʦʜʦʚ ʯʝʨʝʰʥʠ ï 0,716 ʢʛ. 

- ʜʣʷ ʧʣʦʜʦʚ ʚʠʰʥʠ - 0,693 ʢʛ. 

ɸʥʘʣʠʟʠʨʫʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʣʦʜʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʦʙʲʝʤʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʣʦʷ 

ʧʣʦʜʦʚ. ʕʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʚ 2.61-3,26 ʨʘʟʘ ʧʨʠ ʟʥʘʯʝʥʠʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʧʘʨʦʤ 90 ʩ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʧʣʦʜʦʚ, ʚʦʟʜʝʡʩʪʚʠʝ ʧʘʨʘ ʩʢʘʟʳʚʘʝʪʩʷ ʫʞʝ ʥʘʯʠʥʘʷ ʩ 10-ʪʦʡ 

ʩʝʢʫʥʜʳ ʦʙʨʘʙʦʪʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʤʧʫʣʴʩʥʦʛʦ ʥʘʛʨʝʚʘ ʩʣʦʷ ʧʣʦʜʦʚ 

ʥʘʩʳʱʝʥʥʳʤ ʚʦʜʷʥʳʤ ʧʘʨʦʤ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʵʢʦʥʦʤʠʪʴ ʨʘʩʭʦʜ ʛʨʝʶʱʝʛʦ ʧʘʨʘ, ʪʘʢ 

ʢʘʢ ʯʝʨʝʜʦʚʘʣʘ ʧʝʨʠʦʜʳ ʘʢʪʠʚʥʦʛʦ ʧʦʜʚʦʜʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʩ ʧʝʨʠʦʜʘʤʠ ʧʨʦʛʨʝʚʘ ʩʣʦʷ ʧʣʦʜʦʚ ʟʘ 

ʩʯʝʪ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʠ. 

 

 
 

ʈʠʩʫʥʦʢ 4. ʇʨʦʛʨʝʚʘʝʤʦʩʪʴ ʩʣʦʷ ʧʣʦʜʦʚ ʚ ʩʨʝʜʝ ʥʘʩʳʱʝʥʥʦʛʦ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ: 1- 

ʧʣʦʜʳ ʚʠʰʥʠ; 2- ʧʣʦʜʳ ʩʣʠʚʳ ʩʦʨʪʘ çɺʝʥʛʝʨʢʘè; 3- ʧʣʦʜʳ ʩʣʠʚʳ ʩʦʨʪʘ çʈʝʥʢʣʦʜè; 4- ʧʣʦʜʳ ʯʝʨʝʰʥʠ. 
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ʅʘ ʈʠʩ.5 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠʤʧʫʣʴʩʥʦʩʪʠ ʥʘʛʨʝʚʘ . ɼʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʛʨʝʚʘ ʧʣʦʜʦʚ ʥʘʩʳʱʝʥʥʳʤ ʚʦʜʷʥʳʤ ʧʘʨʦʤ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʚʝʣʠʯʠʥʘ =1. 
 

 
 

ʈʠʩʫʥʦʢ 5. ʇʨʦʛʨʝʚʘʝʤʦʩʪʴ ʩʣʦʷ ʧʣʦʜʦʚ ʥʘʩʳʱʝʥʥʳʤ ʚʦʜʷʥʳʤ ʧʘʨʦʤ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʠ ʨʘʟʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʠʤʧʫʣʴʩʥʦʩʪʠ ʥʘʛʨʝʚʘ: 1 - =1; 2 - =0,67; 3 - =0,50;   4 - =0,4. 
 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʘʢʦʛʦ-ʥʠʙʫʜʴ 

ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʦʙʲʝʤʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʣʦʷ ʧʣʦʜʦʚ, ʩʫʱʝʩʪʚʫʝʪ ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠʤʧʫʣʴʩʥʦʩʪʠ ʥʘʛʨʝʚʘ  ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʘʢʪʠʚʥʦʛʦ 

ʧʦʜʦʛʨʝʚʘ ʩʣʦʷ ʧʣʦʜʦʚ ʥʘʩʳʱʝʥʥʳʤ ʚʦʜʷʥʳʤ ʧʘʨʦʤ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʤʝʥʴʰʝ, ʯʝʤ 

ʥʝʦʙʭʦʜʠʤʦʝ ʚʨʝʤʷ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʘʨʦʢʦʥʪʘʢʪʥʦʛʦ ʥʘʛʨʝʚʘ. 

ɿʘʢʣʶʯʝʥʠʝ  

ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʩʧʦʩʦʙ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʥʘʛʨʝʚʘ ʩʣʦʷ ʧʣʦʜʦʚ ʥʘʩʳʱʝʥʥʳʤ ʚʦʜʷʥʳʤ ʧʘʨʦʤ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. 

ʆʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʫʶ ʪʝʧʣʦʬʠʟʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ï ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ ʜʣʷ ʨʘʟʥʦʦʙʨʘʟ-

ʥʦʛʦ ʧʣʦʜʦʚʦʛʦ ʩʳʨʴʷ. ʇʨʝʜʣʦʞʠʪʴ ʤʝʪʦʜ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʨʦʮʝʩʩʘ ʥʘʛʨʝʚʘ 

ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʧʦʜʚʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ.   
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Abstract 

The paper investigates methods for stabilizing the temperature regime of underground structures, 

inside of which heat-generating equipment is located. A dual-circuit heat removal system has been 

developed, where pipes of an internal circuit filled with water. In the upper part, they are combined into a 
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common collector, into which the tubular elements of the vertical, venting to the atmosphere, pipes of the 

outer contour filled with non-freezing coolant are lowered. The considered heat removal system provides 

autonomous automatic maintenance of the temperature regime without external energy sources, does not 

require maintenance, and has high operational reliability. 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʩʧʦʩʦʙʳ ʩʪʘʙʠʣʠʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 

ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʪʝʧʣʦʚʳʜʝʣʷʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʈʘʟʨʘʙʦʪʘʥʘ ʜʚʫʭʢʦʥʪʫʨʥʘʷ ʩʠʩʪʝʤʘ 

ʦʪʚʦʜʘ ʪʝʧʣʘ, ʛʜʝ ʪʨʫʙʳ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʫʨʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʚʦʜʦʡ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʥʠ ʦʙʲʝʜʠʥʝʥʳ 

ʚ ʦʙʱʠʡ ʢʦʣʣʝʢʪʦʨ, ʚ ʢʦʪʦʨʳʡ  ʦʧʫʱʝʥʳ ʪʨʫʙʯʘʪʳʝ ʵʣʝʤʝʥʪʳ  ʚʝʨʪʠʢʘʣʴʥʳʭ, ʚʳʭʦʜʷʱʠʭ ʚ 

ʘʪʤʦʩʬʝʨʫ, ʪʨʫʙ ʥʘʨʫʞʥʦʛʦ ʢʦʥʪʫʨʘ, ʟʘʧʦʣʥʝʥʥʳʭ ʥʝʟʘʤʝʨʟʘʶʱʠʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. ʈʘʩʩʤʦʪʨʝʥʥʘʷ 

ʩʠʩʪʝʤʘ ʦʪʚʦʜʘ ʪʝʧʣʘʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʥʦʤʥʦʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ  ʨʝʞʠʤʘ 

ʙʝʟ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ  ʵʢʩʧʣʫʘʪʘʮʠʦʥ-

ʥʦʡ  ʥʘʜʝʞʥʦʩʪʴʶ. 

 

ʉʪʨʦʠʪʝʣʴʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʚʩʝ ʯʘʱʝ ʚʪʦʨʛʘʶʪʩʷ ʚ ʧʦʜʟʝʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ʂʨʦʤʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʦʙʳʚʘʶʱʠʭ ʦʪʨʘʩʣʝʡ ʧʦʜʟʝʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʩʚʘʠʚʘʶʪ ʵʥʝʨʛʝʪʠʢʠ, 

ʩʚʷʟʠʩʪʳ, ʚʦʝʥʥʳʝ, ʜʨʫʛʠʝ ʭʦʟʷʡʩʪʚʫʶʱʠʝ ʩʫʙʲʝʢʪʳ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʪʘʢʠʭ ʩʦʦʨʫʞʝʥʠʡ,ʚ 

ʦʩʥʦʚʥʦʤ, ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳʛʨʫʥʪʘ,ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʘʡʦʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ  ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʛʦ  

ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʛʨʫʥʪʘ, ʦʤʳʚʘʝʤʦʛʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʘʪʤʦʩʬʝʨʥʳʤʚʦʟʜʫʭʦʤʩ ʠʟʤʝʥʷʶʱʝʡʩʷ 

ʪʝʤʧʝʨʘʪʫʨʦʡ, ʦʙʳʯʥʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪ ʪʨʝʤʷ ʢʦʩʠʥʫʩʦʠʜʘʤʠʩ ʧʝʨʠʦʜʘʤʠ ʛʦʜʦʚʳʭ, ʩʫʪʦʯʥʳʭ ʠ 

ʜʝʢʘʜʥʳʭ ʢʦʣʝʙʘʥʠʡ.  

ʉʦʭʨʘʥʥʦʩʪʴ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʜʟʝʤʥʦʤ ʩʦʦʨʫʞʝʥʠʠ 

(ʇʉ) ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʦʣʝʪʥʝʛʦ ʥʘʭʦʞʜʝʥʠʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʚʣʘʞʥʦʩʪʥʳʭ ʫʩʣʦʚʠʡ ʚ ʇʉ.ʉʦʦʨʫʞʝʥʠʷ ʥʝʛʣʫʙʦʢʦʛʦ ʟʘʣʦʞʝʥʠʷ ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʩʝʟʦʥʥʳʤ ʠ ʩʫʪʦʯʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. ʕʪʠ 

ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʉʧʨʘʚʦʯʥʠʢʘʭ ʧʦ ʢʣʠʤʘʪʫ ʧʦ ʨʝʛʠʦʥʘʤ.ʇʦʜʟʝʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʨʘʟʤʝʱʝʥʥʳʝ 

ʥʠʞʝ 10 ʤ, ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ. ʕʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʫʥʪʘ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ ʀʥʩʪʠʪʫʪʘ ʤʝʨʟʣʦʪʦʚʝʜʝʥʠʷ ʠʤ. ʆʙʨʫʯʝʚʘ [1]. 

ʉʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʇʉʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ,  

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʙʣʠʟʢʠ ʢ ʩʚʦʡʩʪʚʘʤ ʛʨʫʥʪʘ. ʇʦʵʪʦʤʫ ʧʨʠ ʦʮʝʥʢʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʘ ʦʛʨʘʞʜʝʥʠʝ ʩʦʦʨʫʞʝʥʠʷ ʠ ʧʨʠʣʝʛʘʶʱʠʡ ʛʨʫʥʪ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʝʜʠʥʳʡ ʛʨʫʥʪʦʚʳʡ 

ʤʘʩʩʠʚ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʤʝʪʘʣʣʦʥʘʩʳʱʝʥʥʦʩʪʠʢʦʥʩʪʨʫʢʮʠʡ ʇʉʝʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ. ɺ ʭʦʣʦʜʥʦʝ 

ʚʨʝʤʷ ʛʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ  ʚʳʨʘʚʥʠʚʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡʢʦʥʚʝʢʮʠʠ ʚ ʧʦʣʦʩʪʠ ʇʉ, ʘʚ ʪʝʧʣʦʝ 

ʚʨʝʤʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ ʛʨʫʥʪʘ ʥʘ ʜʘʥʥʦʡ ʦʪʤʝʪʢʝ. 

ɺ ʶʞʥʳʭ ʨʘʡʦʥʘʭ ʩʪʨʘʥʳ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʠʭ 

ʧʦʢʨʳʪʠʡ ʥʘʨʫʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʝʪʘʣʣʦʥʘʩʳʱʝʥʥʳʭʇʉ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʘ ʥʘ 

ʘʤʧʣʠʪʫʜʫ ʠ ʛʣʫʙʠʥʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʛʨʫʥʪ ʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʜʟʝʤʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʠ ʦʪʚʦʜ ʠʟʙʳʪʢʦʚ ʪʝʧʣʘ ʦʪ 

ʪʝʧʣʦʚʳʜʝʣʷʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʘʧʧʘʨʘʪʫʨʳ ʦʙʳʯʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ, ʪʨʝʙʫʶʱʠʭ ʙʦʣʴʰʦʛʦ ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʫʢʘʟʘʥʥʳʭ 

ʮʝʣʝʡ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʫʩʪʨʦʡʩʪʚʘ ʪʠʧʘ ʪʝʨʤʦʩʚʘʡ [2], ʥʝ ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʠʩʪʦʯʥʠʢʝ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ʅʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʩʪʘʥʮʠʠʂʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʙʶʨʦ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚʳʧʦʣʥʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 5 ʪʠʧʦʚ ʦʜʠʥʦʯʥʳʭ ʩʝʟʦʥʥʦʜʝʡʩʪʚʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ(ʪʝʨʤʦʩʚʘʡ) ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʣʠʥʘ ʟʘʛʣʫʙʣʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʳ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 10,8 ʜʦ 30,8 ʤ. ɺʳʩʪʫʧʘʶʱʠʝ ʚ 

ʘʪʤʦʩʬʝʨʫ ʪʨʫʙʳ ʜʣʠʥʦʡ ʦʪ 1,9 ʜʦ 3,2 ʤ ʠʤʝʣʠ ʧʦʧʝʨʝʯʥʦʝʦʨʝʙʨʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡʟʘʤʝʥʷʣʦʩʴ ʪʨʫʙʯʘʪʦʡ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ.  

ɺ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʬʨʝʦʥ-12, ʢʝʨʦʩʠʥ ʊʉ-1 ʠ ʘʤʤʠʘʢ. ʀʟʤʝʨʷʣʘʩʴ 

ʪʝʤʧʝʨʘʪʫʨʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʛʨʫʥʪʘ ʧʦ ʛʣʫʙʠʥʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʪʝʨʤʦʩʚʘʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ  ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʪʝʨʤʦʩʚʘʡ ʛʣʫʙʠʥʦʡ 20 ʠ 30 ʤ. 

ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʦʪʚʝʜʝʥʥʦʛʦ ʪʝʧʣʘ ʠʟ ʛʨʫʥʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʨʤʦʩʚʘʡ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʜʝʥʩʘʪʥʳʭ ʠ 

ʠʩʧʘʨʠʪʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʤʝʥʴʰʝ ï ʦʪ ʦʪʥʦʰʝʥʠʷ ʠʭ ʜʣʠʥ. 

ʇʨʦʚʝʜʝʥ ʜʘʣʴʥʝʡʰʠʡ ʧʦʠʩʢ ʧʫʪʝʡ ʦʪʚʦʜʘ ʠʟʙʳʪʢʦʚ ʪʝʧʣʘ ʦʪ ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʇʉ 

ʪʝʧʣʦʚʳʜʝʣʷʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʚ ʥʝʤ ʪʨʝʙʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʠʣʦ 

ʨʘʟʨʘʙʦʪʘʪʴʩʭʝʤʫ ʜʚʫʭʢʦʥʪʫʨʥʦʡ ʩʠʩʪʝʤʳ, ʛʜʝ ʢʘʥʘʣʳ ʠʣʠ ʪʨʫʙʳ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʫʨʘ ʨʘʟʤʝʱʝʥʳ 
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ʚʜʦʣʴ ʦʛʨʘʞʜʝʥʠʷ ʇʉ ʠʣʠ ʚʤʦʥʪʠʨʦʚʘʥʳ ʚ ʥʝʛʦ. ʊʨʫʙʳ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʫʨʘ ʟʘʧʦʣʥʝʥʳ ʚʦʜʦʡ. ɺ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʥʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʙʱʠʡ ʢʦʣʣʝʢʪʦʨ, ʚ ʢʦʪʦʨʳʡ ʦʧʫʱʝʥʳ ʪʨʫʙʯʘʪʳʝ ʵʣʝʤʝʥʪʳ 

ʚʝʨʪʠʢʘʣʴʥʳʭ,  ʚʳʭʦʜʷʱʠʭ ʚ ʘʪʤʦʩʬʝʨʫ, ʪʨʫʙ ʥʘʨʫʞʥʦʛʦ ʢʦʥʪʫʨʘ, ʟʘʧʦʣʥʝʥʥʳʭ ʥʝʟʘʤʝʨʟʘʶʱʠʤ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴʟʘʤʝʨʟʘʥʠʷ ʚʦʜʳ ʚ ʢʦʣʣʝʢʪʦʨʝ-ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ, ʚʦʜʷʥʦʡ ʢʦʥʪʫʨ, 

ʚʢʣʶʯʘʷ ʢʦʣʣʝʢʪʦʨ, ʨʘʩʧʦʣʦʞʝʥ ʥʠʞʝ ʟʦʥʳ ʧʨʦʤʝʨʟʘʥʠʷ ʛʨʫʥʪʘ. 

ʅʘʣʠʯʠʝ ʩʠʩʪʝʤʳ ʠʟ ʜʚʫʭ ʢʦʥʪʫʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ. ʆʭʣʘʞʜʝʥʠʝ 

ʩʦʦʨʫʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʛʦʜʘ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʩʦʦʨʫʞʝʥʠʠ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ.  

ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʵʬʬʝʢʪ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ, ʪ.ʢ. ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʚʦʜʳ ʚ ʢʦʣʣʝʢʪʦʨʝ ʥʠʞʝ 4Áʉ (ʧʨʠ ʢʦʪʦʨʦʡ ʚʦʜʘ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʫʶ ʧʣʦʪʥʦʩʪʴ) 

ʮʠʨʢʫʣʷʮʠʷ ʚʦʜʳ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʝʡ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʦʪʚʦʜʘ ʟʘʚʠʩʠʪ ʦʪ 

ʛʝʦʤʝʪʨʠʠ ʩʠʩʪʝʤʳ, ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʠ ʤʦʱʥʦʩʪʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ. ʇʨʝʜʣʦʞʝʥʳ 

ʩʧʦʩʦʙʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʦʪʚʦʜʘ ʦʪ ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ.  

ʈʘʩʩʤʦʪʨʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʘʚʪʦʥʦʤʥʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ  

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʥʝ ʪʨʝʙʫʝʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ, ʥʝ 

ʥʫʞʜʘʝʪʩʷ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ  ʥʘʜʝʞʥʦʩʪʴʶ. 

ʀʤʝʝʪʩʷ ʨʷʜ ʘʚʪʦʨʩʢʠʭ ʩʚʠʜʝʪʝʣʴʩʪʚ ʉʉʉʈ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ. 
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Abstract 

A comprehensive methodology has been developed for analyzing the energy efficiency of industrial 

low-temperature cold storage systems, which is based on fundamental thermodynamic principles and 

scientifically based ideas about the mechanisms of energy transformations. 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʠʩʪʝʤ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʭʦʣʦʜʘ, ʢʦʪʦʨʘʷ ʦʩʥʦʚʘʥʘ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʪʝʨʤʦ-

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ ʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʦ ʤʝʭʘʥʠʟʤʘʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

 

ɺʚʝʜʝʥʠʝ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʦʩʪʘʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʭʦʣʦʜʘ ï ʵʪʦ 

ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ, ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʠʭ 
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ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭʨʘʙʦʪʳ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʠʩʪʝʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʣʘʩʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʝʨʚʦʤ ʟʘʢʦʥʝ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʭʦʣʦʜʠʣʴʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ, ʫʞʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʧʦʩʢʦʣʴʢʫ ʥʝ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʪʝʧʝʥʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʘʥʘʣʠʟʠʨʫʝʤʦʡ 

ʩʠʩʪʝʤʳ ʠ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʦ ʵʪʘ ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘʪʦʣʴʢʦ ʠʩʧʦʣʴʟʫʷ 

ʧʦʪʝʥʮʠʘʣ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʩʪʘʥʦʚʢʠ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʭʦʣʦʜʘ ï ʵʪʦ ʥʠʟʢʦ-

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʝʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ. ʇʨʦʙʣʝʤʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʦʛʦ ʨʦʜʘ 

ʩʠʩʪʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʨʘʪʠʤʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʷʚʣʝʥʠʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʝʤ ʙʦʣʴʰʝ ʥʝʦʙʨʘʪʠʤʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, 

ʪʝʤ ʤʝʥʴʰʝ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʝʜʠʥʩʪʚʝʥʥʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʝʦʙʨʘʪʠʤʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʝʩʪʴ ʚʦʟʨʘʩʪʘʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ȹSirrev, ʢʦʪʦʨʦʝʥʝʩʣʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ, 

ʠʩʧʦʣʴʟʫʷ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʵʥʪʨʦʧʠʡʥʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʩʠʩʪʝʤʳ [1]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʉʨʝʜʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʵʪʘʧʦʚ ʵʥʪʨʦʧʠʡʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ:  

¶ ʨʘʟʨʘʙʦʪʢʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʭʝʤ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʠʩʪʝʤ(ʥʘʧʨʠʤʝʨ, ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʜʣʷ 
ʩʠʩʪʝʤʳ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʭʦʣʦʜʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1); 

¶ ʩʦʩʪʘʚʣʝʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʵʥʪʨʦʧʠʡʥʳʭ ʙʘʣʘʥʩʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪ  ȹSirrev; 

¶ ʨʘʩʯʝʪ ʠ ʘʥʘʣʠʟʵʥʪʨʦʧʠʡʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʩʠʩʪʝʤʳ ʚ 
ʮʝʣʦʤ ʠ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ. 

¶  

 
 

ʈʠʩʫʥʦʢ 1 ïʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʭʝʤʘʧʦʪʦʢʦʚ ʵʥʪʨʦʧʠʠ ʚ ʫʩʪʘʥʦʚʢʝʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʭʦʣʦʜʘ 

 

ʉʪʝʧʝʥʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʫʩʪʘʥʦʚʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʥʪʨʦʧʠʡʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ:  

–Ȣ
Ȣ

В Ȣ

, 

ʛʜʝ ɝὛ Ȣ ï ʚʦʟʨʘʩʪʘʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʩʠʩʪʝʤʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʠʥʠʤʘʣʴʥʦʡ 

ʥʝʦʙʨʘʪʠʤʦʩʪʠ ʧʨʦʮʝʩʩʦʚ, ɺʪ/ʂ; ВɝὛ Ȣ ï ʚʦʟʨʘʩʪʘʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʩʠʩʪʝʤʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʨʝʘʣʴʥʦʡ ʥʝʦʙʨʘʪʠʤʦʩʪʠ ʧʨʦʮʝʩʩʦʚ, ɺʪ/ʂ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʦʢ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʭʦʣʦʜʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʪʦʣʴʢʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʥʷʪʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʢʘʢ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʡʩʪʚʫʶʱʠʭ, ʪʘʢʠʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʥʦʚʳʭ ʩʠʩʪʝʤʘ ʢ 

ʢʫʤʫʣʠʨʦʚʘʥʠʷ ʭʦʣʦʜʘ. 
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1. ʉʘʤʦʡʣʝʥʢʦ, ʉ.ʅ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʧʣʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʘʭʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.: ʜʠʩ. ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ: 15.14.06 ʟʘʱʠʱʝʥʘ 19.03.2014 : ʫʪʚ. 26.06.14/ ʉʘʤʦʡʣʝʥʢʦ ʉʝʨʛʝʡ 

ʅʠʢʦʣʘʝʚʠʯ. ï ʂ., 2014. ï 182 ʩ. 

 

 

 

ʋɼʂ 621 

 

HEAT EXCHANGE DURING ICE MELTING IN THE COLD STORAGE DEVICE  

 

ʊɽʇʃʆʆɹʄɽʅ ʇʈʀ ʊɸʗʅʀʀ ʃʔɼɸ ɺ ɸʇʇɸʈɸʊɽ ɸʂʂʋʄʋʃʀʈʆɺɸʅʀʗ ʍʆʃʆɼɸ 

 

Gryshchenko R.V.1a 

Vasylenko S.M.1, doct.tech.sc, professor 

Forsiuk A.V.1, cand.tech.sc, associate prof. 

Pylypenko O.Y.1, cand.tech.sc, associate prof. 

Samiilenko S.M.1, cand.tech.sc, associate prof. 

ɻʨʠʱʝʥʢʦ ʈ.ɺ.1a 

ɺʘʩʠʣʝʥʢʦ ʉ.ʄ.1, ʜʦʢ.ʪʝʭ.ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌʦʨʩʶʢ ɸ.ɺ.1, ʢʘʥʜ.ʪʝʭ.ʥʘʫʢ, ʜʦʮʝʥʪ 

ʇʠʣʠʧʝʥʢʦ ʆ.ʖ.1, ʢʘʥʜ.ʪʝʭ.ʥʘʫʢ, ʜʦʮʝʥʪ 

ʉʘʤʦʡʣʝʥʢʦ ʉ.ʅ.1, ʢʘʥʜ.ʪʝʭ.ʥʘʫʢ, ʜʦʮʝʥʪ 

1 ï National University of Food Technologies, 

Ukraine, 01601, Kyiv, Volodymyrska, 68. 

1 ï ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʠʱʝʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʋʢʨʘʠʥʘ, 01601, ʂʠʝʚ, 

ɺʣʘʜʠʤʠʨʩʢʘʷ, 68 

E-mail:  a ï rgryshchenko@gmail.com 

 

Abstract 

An experimental study of the heat transfer process during ice melting was carried out under conditions 

corresponding to the operation of the cold storage devices of industrial refrigeration units. Analysis of the 

results by methods of the theory of similarity and statistical analysis made it possible to identify the laws of 

the heat transfer process and to develop an equation for its calculation. 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʪʘʷʥʠʠ ʣʴʜʘ ʚ 

ʫʩʣʦʚʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʙʦʪʝ ʘʧʧʘʨʘʪʦʚ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʭʦʣʦʜʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ 

ʫʩʪʘʥʦʚʦʢ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʪʦʜʘʤʠ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʠʣ 

ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʝʛʦ ʨʘʩʯʝʪʘ. 

 

ɺʚʝʜʝʥʠʝ 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ 

ʫʩʪʘʥʦʚʦʢ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ, ʷʚʣʷʝʪʩʷ ʠʭ ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ 

ʘʧʧʘʨʘʪʦʚ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʭʦʣʦʜʘ. ʆʜʥʘʢʦ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʘʧʧʘʨʘʪʦʚ ʪʦʨʤʦʟʠʪʩʷ 

ʚʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʘʜʝʢʚʘʪʥʳʭ ʤʝʪʦʜʠʢ ʠʭ ʨʘʩʯʝʪʘ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʪʝʧʣʦʦʙʤʝʥʘ 

ʦʩʣʦʞʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʩʤʝʰʘʥʥʳʤ ʨʝʞʠʤʦʤ ʪʝʯʝʥʠʷ ʦʭʣʘʞʜʘʝʤʦʡ ʚʦʜʳ ʠ ʥʝʦʜʥʦ-

ʟʥʘʯʥʳʤ ʚʣʠʷʥʠʝʤ ʠʥʚʝʨʩʠʠ ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ ʥʘ ʩʚʦʙʦʜʥʦʢʦʥʚʝʢʪʠʚʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʨʦʮʝʩʩʦʚ 

ʧʝʨʝʥʦʩʘ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʪʘʷʥʠʠ 

ʣʴʜʘ ʚ ʘʧʧʘʨʘʪʘʭ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʭʦʣʦʜʘ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʥʠʭ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʪʘʷʥʠʷ ʚʦʜʥʦʛʦ ʣʴʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʪʝʥʜʝ, 

ʠʟʦʙʨʘʞʝʥʦʛʦ ʥʘ ʨʠʩ.1. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʢʫʤʫʣʷʪʦʨ ʭʦʣʦʜʘ, ʦʩʥʦʚʦʡ ʨʘʙʦʪʳ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʛʝʥʝʨʘʮʠʠ ʠ ʪʘʷʥʠʷ ʚʦʜʥʦʛʦ ʣʴʜʘ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
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ʚʝʨʪʠʢʘʣʴʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʪʨʫʙʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʝʢʮʠʷ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʪʝʢʣʘ ʚ ʬʦʨʤʝ ʪʨʫʙʳ, ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 180 ʤʤ. ʇʦ ʦʩʠ ʘʧʧʘʨʘʪʘ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʜʥʫʶ ʪʨʫʙʫ 

ʜʠʘʤʝʪʨʦʤ 10 ʤʤ. ɺʳʩʦʪʘ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ 300 ʤʤ. 

ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʙʦʪʘʭ [1,2]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʙʝʟʨʘʟʤʝʨʥʳʭ ʯʠʩʝʣ ʧʦʜʦʙʠʷ, ʢʦʪʦʨʘʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʠʟʘ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʣʴʜʘ ʠ ʚʦʜʦʡ, ʢʦʪʦʨʘʷ ʜʚʠʛʘʣʘʩʴ 

ʚ ʟʘʤʢʥʫʪʦʡ ʧʦʣʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʤʝʶʱʠʤʠʩʷ ʤʝʪʦʜʠʢʘʤʠ ʨʘʩʯʝʪʘ. ʇʨʦʚʝʜʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʝʤʝʥʪʧʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ: Nu = f (Re; Gr), Nu = f (Re; Ra), Nu = 

f (Re; Ri). ʅʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʤ ʫʨʘʚʥʝʥʠʠ 

1(ʢʦʝʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʨʘʚʥʷʝʪʩʷ 0,98). ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ(ʈʠʩ.2). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʆʙʨʘʙʦʪʢʘ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ f(Re, Ri) Rosenbrock ʤʝʪʦʜʦʤ 
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8264,05469,0Re6529,3 -= RiNu ,                                                               (1) 

ʛʜʝ Re ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, 
v

du
=Re , Ri  ï ʯʠʩʣʦ ʈʠʯʘʨʜʩʦʥʘ, 

2Re

Gr
Ri= , Gr  ï ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ, 

T
v

gd
Gr D= b

2

3

, b ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʠʮʠʝʥʪ ʦʙʲʸʤʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ, ʊD  ï ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ, u ï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ, d  ï ʭʘʨʘʢʪʝʨʥʳʡ 

ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ, v  ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʘʧʧʘʨʘʪʘʭ ʘʢʢʫʤʫʣʠʨʦ-

ʚʘʥʠʷ ʭʦʣʦʜʘ ʠ ʘʥʘʣʠʟ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʠ 

ʨʘʟʨʘʙʦʪʘʪʴ ʘʜʝʢʚʘʪʥʫʶ ʤʝʪʦʜʠʢʫ ʝʛʦ ʨʘʩʯʝʪʘ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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Abstract 

The physical processes in the absorption heat and mass transfer devices with a mobile nozzle have 

been performed experimentally. The ratio between specific humidity change of atmospheric air in the 

absorber ʭ2gas and the initial specific humidity with different value ʭ1gas was founded.  

Lithium bromide solution (Li -Br) was used as absorbent in the experimental works. The efficiency of 

the absorption process increases with the increasing concentration of the absorbent.  It was concluded that 

for initial specific humidity of atmospheric air ʭ1gas = 11...20 gr/kg solar absorption system provides quite 

effective decreasing of the specific humidity of this air flow. 

In this work experimentally was proven, that using of the  absorption systems contributes to solving 

problem of the comfortable air-condition creating in the wide range of the parameters of outside air (ʭgas = 

13...20 gr/kg, and  t = 25...40 ʦC).  Proposed solar systems for air-condition systems for south areas of Russia 

were showed. 

ɸʥʥʦʪʘʮʠʷ 

ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ 

ʘʧʧʘʨʘʪʘʭ ʩ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ (ɸʇʅ), ʧʫʪʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚʦʟʜʫʭʘ ʚ ʘʙʩʦʨʙʝʨʝ ʭ2ʛ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʯʘʣʴʥʦʛʦ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚʦʟʜʫʭʘ ʭ1ʛ.  
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ɺ ʢʘʯʝʩʪʚʝ ʘʙʩʦʨʙʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʠʪʠʝʚʦ-ʙʨʦʤʠʩʪʳʡ ʨʘʩʪʚʦʨ (Li-Br). ʉ ʨʦʩʪʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʘʙʩʦʨʙʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʘʙʩʦʨʙʮʠʠ ʚʦʟʨʘʩʪʘʝʪ. ɺ ʨʘʩʩʤʦʪʨʝʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʭ1ʛ = 11...20 ʛ/ʢʛ ʩʦʣʥʝʯʥʘʷ 

ʘʙʩʦʨʙʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʩʥʠʞʝʥʠʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. 

ɺ ʨʘʙʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʫʯʝʥʥʳʭ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʬʦʨʪʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ (ʭʛ = 13...20 ʛ/ʢʛ, ʧʨʠ  t = 25...40 ʦC). ʇʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʝʝ ʜʣʷ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʚ ʫʩʣʦʚʠʷʭ 

ʶʛʘ ʈʦʩʩʠʠ. 

 

ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ, ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, 

ʷʚʣʷʶʪʩʷ ʚʦʧʨʦʩʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʨʘʙʦʯʠʝ ʚʝʱʝʩʪʚʘ ʠ ʧʨʠʥʮʠʧ 

ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤʠ. ʇʝʨʝʯʠʩʣʝʥʥʳʤ 

ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʣʥʝʯʥʳʝ ʘʙʩʦʨʙʮʠʦʥʥʳʝ ʭʦʣʦʜʠʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ 

ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤ [1, 2, 3]. ʆʜʥʘʢʦ, ʚ ʤʠʨʦʚʦʡ ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ ʘʥʘʣʠʟ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʘʭ [4, 5, 6]. ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ 

ʩʦʩʪʦʠʪ ʚ ʠʟʫʯʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʪʝʧʣʦʤʘʩʩʦʦʙʤʠʥʥʳʭ 

ʘʧʧʘʨʘʪʘʭ ʩ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʇʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʘ ʘʙʩʦʨʙʝʥʪʘ ʠʛʨʘʝʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʮʠʢʣʘ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʮʠʢʣʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʪʝʥʜ [1, 2], ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʦʥʥʫ  

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʥʘʙʦʨʘ ʧʨʦʟʨʘʯʥʳʭ ʮʘʨʛ ʜʠʘʤʝʪʨʦʤ Dʢ º 0,2 ʤ ʠ ʚʳʩʦʪʦʡ ʅʢ = 

1 ʤ. ʉ ʫʯʝʪʦʤ ʚʳʩʦʪʳ ʦʧʦʨʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʨʝʰʝʪʢʠ ʚʳʩʦʪʘ ʨʘʙʦʯʝʡ ʟʦʥʳ ʢʦʣʦʥʥʳ ʩʦʩʪʘʚʣʷʝʪ 

0,95 ʤ. ɺʥʫʪʨʠ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ ʨʘʟʤʝʱʝʥʘ ʦʧʦʨʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʨʝʰʝʪʢʘ ʆʈʈ ʩʦ ʩʣʦʝʤ 

ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʠ ʇʅ ʠ ʚʦʜʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʩ ʚʘʨʴʠʨʫʝʤʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʦ ʚʳʩʦʪʝ ʢʦʣʦʥʥʳ. 

ʕʬʬʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʦʧʦʨʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʨʝʰʝʪʢʠ fʦʨʨ = 75%, ʚʳʩʦʪʘ ʨʘʙʦʯʝʡ ʟʦʥʳ ʅʩʪ = 0,5 

ʤ. ɺʦʟʤʦʞʥʦʩʪʠ ʩʪʝʥʜʘ: ʨʘʩʭʦʜʳ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʥʷʣʠʩʴ ʚ 

ʜʠʘʧʘʟʦʥʘʭ: wʛ = 2,0...4,0 ʤ/ʩ/ (ʦʩʫʰʘʝʤʳʡ ʚ ʘʙʩʦʨʙʝʨʝ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ), qʞ = 5...35 
3ʤ /(

2ʤʯ) 
(ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʘʙʩʦʨʙʝʥʪʘ); ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ: tʛ = 30 

ʉ̄, ʭʛ = 11...20 ʛ/ʢʛ; ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ʘʙʩʦʨʙʝʥʪʘ (ʢʨʝʧʢʠʡ ʨʘʩʪʚʦʨ) 64 %. ɺ ʦʧʳʪʘʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʳʝ ʮʝʣʣʫʣʦʠʜʥʳʝ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʳʝ ʚʦʜʦʡ ʰʘʨʳ ʩʦ ʟʥʘʯʝʥʠʝʤ ɟʵʥ = 400 ʢʛ/ʤ3.  

ɺ ʢʘʯʝʩʪʚʝ ʘʙʩʦʨʙʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʠʪʠʝʚʦ-ʙʨʦʤʠʩʪʳʡ ʨʘʩʪʚʦʨ (Li-Br). ʇʦʜʛʦʪʦʚʢʘ ʨʘʩʪʚʦʨʘ 

Li-Br ʪʨʝʙʫʝʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʨʦʮʝʩʩʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʝʩʧʝʯʠʚʘʣ ʢʦʥʪʫʨ ʜʝʩʦʨʙʮʠʠ (ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʙʩʦʨʙʝʥʪʘ), ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʣ: 

ʢʦʣʦʥʥʫ  ʧʣʝʥʦʯʥʦʛʦ ʪʠʧʘ ʩ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ, ʜʚʘ ʙʘʢʘ-ʘʢʢʫʤʫʣʷʪʦʨʘ ï ʝʤʢʦʩʪʠ ʜʣʷ ʢʨʝʧʢʦʛʦ ʠ 

ʩʣʘʙʦʛʦ ʨʘʩʪʚʦʨʦʚ ʘʙʩʦʨʙʝʥʪʘ; ʪʝʧʣʦʦʙʤʝʥʥʠʢ (ʚʥʫʪʨʝʥʥʷʷ ʨʝʢʫʧʝʨʘʮʠʷ ʪʝʧʣʦʪʳ, ʧʫʪʝʤ ʦʙʤʝʥʘ 

ʤʝʞʜʫ ʩʣʘʙʳʤ ʭʦʣʦʜʥʳʤ ʠ ʢʨʝʧʢʠʤ ʛʦʨʷʯʠʤ ʨʘʩʪʚʦʨʘʤʠ ʘʙʩʦʨʙʝʥʪʘ); ʚʦʟʜʫʭʦʥʘʛʨʝʚʘʪʝʣʴ ʠ 

ʥʘʛʨʝʚʘʪʝʣʴ ʩʣʘʙʦʛʦ ʨʘʩʪʚʦʨʘ ʘʙʩʦʨʙʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʨʝʙʫʝʤʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʨʝʛʝʥʝʨʘʮʠʠ 

ʨʘʩʪʚʦʨʘ ʘʙʩʦʨʙʝʥʪʘ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1 ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚʦʟʜʫʭʘ ʚ ʘʙʩʦʨʙʝʨʝ ɸʇʅ ʭ2
ʛ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʯʘʣʴʥʦʛʦ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ 

ʚʦʟʜʫʭʘ ʭ1
ʛ . ʇʨʠʚʝʜʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ *  ʟʜʝʩʴ ʝʩʪʴ ʦʪʥʦʰʝʥʠʝ ʨʘʙʦʯʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢ 

ʧʨʝʜʝʣʴʥʦ ʚʦʟʤʦʞʥʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣʠʥʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʉ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ 

ʘʙʩʦʨʙʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʘʙʩʦʨʙʮʠʠ ʚʦʟʨʘʩʪʘʝʪ. ɺ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʯʘʣʴʥʳʭ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʡ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʭ1
ʛ = 11...20 ʛ/ʢʛ ʩʦʣʥʝʯʥʘʷ ʘʙʩʦʨʙʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʩʥʠʞʝʥʠʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʧʦʟʚʦʣʷʶʱʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʩʧʘʨʠʪʝʣʴʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚ ʦʭʣʘʜʠʪʝʣʴʥʦʤ ʢʦʥʪʫʨʝ ʩʠʩʪʝʤʳ. 

ʅʘ ʨʠʩʫʥʢʝ 2ɸ ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʘʙʩʦʨʙʝʨʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʠʩʭʦʜʥʦʛʦ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚʦʟʜʫʭʘ ʠ ʚʝʣʠʯʠʥʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʙʩʦʨʙʝʥʪʘ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʤ ʩʦʣʥʝʯʥʳʤ ʩʠʩʪʝʤʘʤ ʥʘ ʧʨʠʤʝʨʝ ʟʘʜʘʯʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʉʉʂɺ ʥʘ 

ʨʠʩʫʥʢʝ 2ɹ ʥʘ ʅ/ʍ ʜʠʘʛʨʘʤʤʝ ʚʣʘʞʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʦʡ ʩʦʣʥʝʯʥʦʡ 

ʩʠʩʪʝʤʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʝʝ ʜʣʷ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ, ʚ ʫʩʣʦʚʠʷʭ ʶʛʘ ʈʦʩʩʠʠ. ɺ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʠʩʭʦʜʥʦʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʚʦʟʜʫʭʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 16...17 ʛ/ʢʛ (ʨʘʩʯʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ɹ ʠ ɺ) 

ʩʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʩʫʰʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ (ʧʨʦʮʝʩʩʳ ɸ-2ʘ, ɹ-2ʙ, ɺ-2ʚ ʧʦʢʘʟʘʥʳ ʩ 

ʥʝʢʦʪʦʨʳʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʘʙʩʦʨʙʮʠʠ; ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʠʟʦʪʝʨʤʠʯʥʦʩʪʠ 
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ʧʨʦʮʝʩʩʘ ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʩʫʰʝʥʠʷ ʥʦ ʩʦʧʨʷʞʝʥʦ ʩ ʥʝʢʦʪʦʨʳʤ 

ʨʦʩʪʦʤ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʚʦʜʳ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ɻʇʅ, ʦʙʩʣʫʞʠʚʘʶʱʝʡ ʘʙʩʦʨʙʝʨ) ʚʧʦʣʥʝ 

ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʣʫʯʝʥʠʷ ʢʦʤʬʦʨʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʭʘ ʚ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʝ 

ɺʇʅ (ʧʨʦʮʝʩʩʳ 2ʘ-3ʘ, 2ʙ-3ʙ, 2ʚ-3ʚ). ʂʦʛʜʘ ʭ1
ʛ  ʚʳʰʝ 17 ʛ/ʢʛ, ʦʩʫʰʝʥʥʳʡ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʯʘʩʪʠ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʭʦʣʦʜʥʦʡ ʚʦʜʳ ʚ ʛʨʘʜʠʨʥʝ ɻʇʅ 

(ʧʨʦʮʝʩʩ 7ʘ-8ʘ) ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʦʩʫʰʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʚ ʚʦʟʜʫʭʦ-ʚʦʜʷʥʦʤ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ (ʧʨʦʮʝʩʩ 2ʘ-4ʘ) ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚ ɺʇʅ (ʧʨʦʮʝʩʩ 4ʘ-5ʘ) ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʪʨʝʙʫʝʤʳʭ ʢʦʤʬʦʨʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʦʤʝʱʝʥʠʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʶʛʘ ʈʦʩʩʠʠ ʥʘʯʘʣʴʥʦʝ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʚʦʟʜʫʭʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʦ 17 ʛ/ʢʛ. 

 

 

ɸ 
Xʛ, ʛ/ʢʛ 

0,80 0,90 1,00 *  0,70 
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28 
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16 
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Xʛ2 

ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ LiBr+;  

ʧʘʨʘʤʝʪʨʳ ʚʥʝʰʥʝʛʦ ʚʦʟʜʫʭʘ: 

xʛ1 = 20 ʛ/ʢʛ, tʛ1 = 30oC  

Xʛ1 

ɹ 

Xʛ, ʛ/ʢʛ 

0,80 0,90 1,00 x*  0,70 

4 

12 

28 

20 

16 

8 Xʛ2 

ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ LiBr+;  

ʧʘʨʘʤʝʪʨʳ ʚʥʝʰʥʝʛʦ ʚʦʟʜʫʭʘ: 

xʛ1 = 16 ʛ/ʢʛ, tʛ1 = 30oC  

Xʛ1 

ɺ 

Xʛ, ʛ/ʢʛ 

4 

12 

28 

20 

0,80 0,90 1,00 x*  0,70 

16 

8 

Xʛ2 

ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ LiBr+;  

ʧʘʨʘʤʝʪʨʳ ʚʥʝʰʥʝʛʦ ʚʦʟʜʫʭʘ: 

xʛ1 = 11 ʛ/ʢʛ, tʛ1 = 30oC  

Xʛ1 

ʈʠʩʫʥʦʢ 1 - ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚʦʟʜʫʭʘ ʚ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʢʦʣʦʥʥʝ ʦʪ 

ʧʨʠʚʝʜʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚʥʝʰʥʝʛʦ ʚʦʟʜʫʭʘ. 

ʅʘʯʘʣʴʥʦʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʚʦʟʜʫʭʘ ʭʛ
1 = 11, 16 ʠ 20 ʛ/ʢʛ. 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

ɸʧʧʘʨʘʪʳ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʧʨʠʥʮʠʧʫ ʦʪʢʨʳʪʦʛʦ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʮʠʢʣʘ ʩ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ 

ï ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʫʩʪʦʡ-

ʯʠʚʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʨʦʩʪ ʥʘʛʨʫʟʦʢ, ʚʳʩʦʢʫʶ 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚʦʟʜʫʭʘ ʚ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʢʦʣʦʥʥʝ ʦʪ ʧʨʠʚʝʜʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚʥʝʰʥʝʛʦ ʚʦʟʜʫʭʘ (ɸ). ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʦʪʢʨʳʪʦʛʦ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʮʠʢʣʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʭ ʜʣʷ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ (ɹ).  

2 
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ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ LiBr+;  
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ʚʦʟʜʫʭʘ: tʛ1 = 30oC  
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ʧʦʧʝʨʝʯʥʫʶ ʨʘʚʥʦʤʝʨʥʦʩʪʴ); ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʧʨʠʥʮʠʧʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʧʨʠ ʠʩʧʘʨʠʪʝʣʴʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʚ ʩʠʩʪʝʤʝ çʚʦʜʘ-ʚʦʟʜʫʭè ʠ ʦʩʫʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ 

çʘʙʩʦʨʙʝʥʪ-ʚʦʟʜʫʭè ʦʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦ ʩ ʫʯʝʪʦʤ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʠ 

ʦʪʣʦʞʝʥʠʡ ʥʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠ ʩʪʝʥʢʘʭ ʢʦʣʦʥʥ.  

ɺ ʨʘʙʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʫʯʝʥʥʳʭ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʨʝʘhʝʪ ʟʘʜʘʯʫ ʦʙʝʩʧʝʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʬʦʨʪʥʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘʨʫʞʥʦʛʦ 

ʚʦʟʜʫʭʘ (ʭʛ = 13...20 ʛ/ʢʛ, ʧʨʠ t = 25...400C, ʪʦ ʝʩʪʴ ʧʨʠ ʩʘʤʳʭ ʪʷʞʝʣʳʭ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ) ʠ ʟʘʜʘʯʫ 

ʦʭʣʘʞʜʝʥʠʷ ʩʨʝʜ ʥʘ ʫʨʦʚʥʝ 3...80ʉ; ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʩʠʩʪʝʤʘ, ʨʘʙʦʪʘʶʱʘʷ ʧʦ ʧʨʠʥʮʠʧʫ 

ʦʪʢʨʳʪʦʛʦ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʮʠʢʣʘ ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʴʰʝʤʫ ʠʩʪʦʱʝʥʠʶ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʚʥʦʩʠʪ 

ʤʝʥʴʰʠʡ ʚʢʣʘʜ ʚ ʛʣʦʙʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ.  
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Abstract 

The article is devoted to comparative analysis of the functioning of the adaptive PID - controller 
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supply facility (air conditioning system). Application of fuzzy algorithm shows the best indicators of quality 

of the transition process compared with the PID control law. 

ɸʥʥʦʪʘʮʠʷ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʜʘʧʪʠʚʥʦʛʦ ʇʀɼ ï ʨʝʛʫʣʷʪʦʨʘ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʦ ʤʝʪʦʜʫ (ɿʠʛʣʝʨʘ - ʅʠʢʦʣʴʩʘ) ʠ ʥʝʯʝʪʢʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʦʙʲʝʢʪʦʤ 

ʭʦʣʦʜʦʩʥʘʙʞʝʥʠʷ (ʩʠʩʪʝʤʦʡ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ). ʇʨʠʤʝʥʝʥʠʝ ʥʝʯʝʪʢʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇʀɼ ʟʘʢʦʥʦʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ.  

 

ɺʚʝʜʝʥʠʝ   

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩ ʫʩʣʦʞʥʝʥʠʝʤ ʫʨʦʚʥʷ ʠ ʵʪʘʧʦʚ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʨʘʟʚʠʪʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦ-ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʪʨʫʜʥʦʩʪʝʡ. ʕʪʠ ʪʨʫʜʥʦʩʪʠ ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʤ,ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʪʫʧʘʶʪ ʪʘʢʠʝ  ʧʨʦʮʝʩʩʳ, ʜʣʷ ʢʦʪʦʨʳʭ  ʥʘʨʘʙʦʪʘʥʥʳʝ ʧʨʠʝʤʳ  ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ, ʦʢʘʟʳʚʘʶʪʩʷ ʥʝ ʚʩʝʛʜʘ ʧʨʠʝʤʣʝʤʳ. ʇʦʜʦʙʥʳʝ ʦʙʲʝʢʪʳ ʢʚʘʣʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʩʣʦʞʥʳʝ, 

ʧʣʦʭʦ ʦʧʨʝʜʝʣʝʥʥʳʝ, ʠʣʠ ʥʝʯʝʪʢʠʝ [1].  

ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ [2] ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʥʘʩʪʨʦʡʢʠ 

ʪʠʧʦʚʳʭ ʨʝʛʫʣʷʪʦʨʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʧʪʠʤʘʣʴʥʳʭ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ,  ʠ ʥʘʛʨʫʟʢʠ ʦʙʲʝʢʪʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, 

ʥʘʧʨʠʤʝʨ, ʚ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʜʘʯʠ  ʟʘ ʩʯʝʪ ʥʝʣʠʥʝʡʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ ʠʟʤʝʥʷʝʪʩʷ ʚ 2-3 ʨʘʟʘ [3], ʘ ʚ ʧʝʨʝʜʘʪʦʯʥʦʡ 

ʬʫʥʢʮʠʠ ʫʯʘʩʪʢʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʛʨʝʪʦʛʦ ʧʘʨʘ ʟʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʤ ʧʦʩʪʦʷʥʥʳʝ 

ʚʨʝʤʝʥʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʠʟʤʝʥʷʶʪʩʷ ʚ 2-3 ʨʘʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ ʠ ʪ.ʧ. [4]. 

ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʙʦʪʝ ʪʝʧʣʦʚʦʛʦ ʦʙʲʝʢʪʘ ʯʘʩʪʦ  ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʦʠʟʚʦʜʠʪʴ ʧʝʨʝʥʘʩʪʨʦʡʢʫ 

ʨʝʛʫʣʷʪʦʨʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ  ʩʧʝʮʠʘʣʠʩʪʦʚ-ʥʘʣʘʜʯʠʢʦʚ ʠ ʦʩʪʘʥʦʚʢʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɿʜʝʩʴ ʚʦʟʥʠʢʘʝʪ ʥʘʫʯʥʘʷ ʟʘʜʘʯʘ, ʩʚʷʟʘʥʥʘʷ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʠʭʩʷ ʠʣʠ ʘʜʘʧʪʠʚʥʳʭ ɸʉʋ ʊʇ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ɸʉʋ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʋʢʨʘʠʥʳ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʪʠʧʦʚʳʝ 

ʇʀ ʠ ʇʀɼ ï ʨʝʛʫʣʷʪʦʨʳ ʠ ʜʘʥʥʳʡ ʬʘʢʪʦʨ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʜʘʧʪʠʚʥʳʭ ɸʉʈ 

ʧʨʦʠʟʚʦʜʷʱʠʭ ʨʘʩʯʝʪ ʠ ʢʦʨʨʝʢʮʠʶ ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʩʪʨʦʝʢ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʟʘʨʫʙʝʞʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ  ʥʝʯʝʪʢʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʦʩʥʦʚʝ ʘʧʧʘʨʘʪʘ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. ʏʘʩʪʦ, ʬʘʟʟʠ ï ʢʦʥʪʨʦʣʣʝʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʭʦʨʦʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʠ ʚʣʠʷʥʠʠ ʥʘ ʦʙʲʝʢʪ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ [5].  ʇʦʵʪʦʤʫ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ, ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʝʡʩʪʚʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʘʜʘʧʪʠʚʥʦʡ  ʠ ʥʝʯʝʪʢʦʡ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʦʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʞʠʣʦʛʦ ʟʜʘʥʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ  

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʠʧʦʚʘʷ ʘʜʘʧʪʠʚʥʘʷ ɸʉʈ, 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʢʘʣʦʨʠʬʝʨʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʂʠʝʚʩʢʦʡ ʙʦʣʴʥʠʮʳ 

çʌʝʦʬʘʥʠʷè.ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʜʘʯʠ ʂʦʙ ʠ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʊʦʙ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʥʘ Ñ 50 %.  

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʦʙʲʝʢʪʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʩ ʫʯʝʪʦʤ ʫʩʪʨʦʡʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʠʤʝʝʪ ʚʠʜ [4]: 

                                                 W(s) = 
124060

42.0
23
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+++

Ö

sss

e s

                                                          (1) 

ɼʣʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʨʘʟʨʘʙʦʪʘʝʤ ʘʜʘʧʪʠʚʥʫʶ ɸʉʈ ʩ ʇʀɼ ï ʨʝʛʫʣʷʪʦʨʦʤ, 

ʜʝʡʩʪʚʫʶʱʫʶ ʧʦ ʤʝʪʦʜʫ ɿʠʛʣʝʨʘ ï ʅʠʢʦʣʦʩʘ  (Zigler ï Nichols method) [2].  

ɼʣʷ ʦʮʝʥʢʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʘʢʮʠʷ ʥʘ ʝʜʠʥʠʯʥʦʝ 

ʩʪʫʧʝʥʯʘʪʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʇʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʟʘʜʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ, ʢ 

ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʢʦʣʝʙʘʪʝʣʴʥʦʩʪʴ. 

ʄʝʪʦʜʠʢʘ ɿʠʛʣʝʨʘ - ʅʠʢʦʣʩʘ  ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

1. ʂʦʵʬʬʠʮʠʝʥʪʳ Kd ʠ Ki ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʨʘʚʥʳʤʠ ʥʫʣʶ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ Kp ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʩʠʩʪʝʤʘ ʥʝ ʧʦʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

2. ʇʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ Kp ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ Ku, ʘ ʧʝʨʠʦʜ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʢʘʢ Pu. 

3. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʇʀɼ - ʨʝʛʫʣʷʪʦʨʘ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: 
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Kp = 0,6Ku; Ki = 1,2(ku/pu); Kd = 3KuPu /4. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʇʀɼ ï ʨʝʛʫʣʷʪʦʨʘ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʘ 

NCD  (Nonlinear Control Design) BlockSet ʧʘʢʝʪʘ Matlab (ʨʠʩ. 1) 

 

 
 

ʈʠʩʫʥʦʢ. 1 ï ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ ʇʀɼ ï ʨʝʛʫʣʷʪʦʨʦʤ 

 

ɺ ʩʦʩʪʘʚ ʦʙʲʝʢʪʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ (ʨʠʩ. 2) ʚʭʦʜʷʪ ʥʝʣʠʥʝʡʥʦʩʪʴ ʩ ʫʨʦʚʥʷʤʠ ʦʛʨʘʥʠʯʝʥʠʷ (Limit ), 

ʙʣʦʢ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ  (Rate), ʘ ʪʘʢʞʝ ʠʥʝʨʮʠʦʥʥʦʝ ʟʚʝʥʦ 3-ʛʦ ʧʦʨʷʜʢʘ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩ ʙʣʦʢʦʤ ʟʘʧʘʟʜʳʚʘʥʠʷ, ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ  ʘ2 ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 

[40 - 50] ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ 43, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʘ1  ï ʚ ʜʠʘʧʘʟʦʥʝ [0,5 - 3] ʩ ʥʦʤʠʥʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʝʤ  1,5. 

 

 
 

ʈʠʩʫʥʦʢ. 2 ï ʆʙʲʝʢʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

 

   ʆʛʨʘʥʠʯʝʥʠʷ, ʥʘʣʘʛʘʝʤʳʝ ʥʘ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ, ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

ï  ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ ï ʥʝ ʙʦʣʝʝ 20 %; 

ï  ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ï ʥʝ ʙʦʣʝʝ 20 ʩ; 

ï  ʚʨʝʤʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ï ʥʝ ʙʦʣʝʝ 150 ʩ. 

     g (t) 1.2  

 

       
    0             10           20         30       40       50          60       70        80    90       100   t, c        

 
ʈʠʩʫʥʦʢ. 3 ï ʇʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ, ʘ 1 ʠ ʘ 2. 
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ɺ ʢʦʤʘʥʜʥʦʤ ʨʝʞʠʤʝ ʚʳʯʠʩʣʝʥʠʡ ʧʨʦʛʨʘʤʤʘ ʥʘʭʦʜʠʪ ʩʣʝʜʫʶʱʠʝ ʦʧʪʠʤʘʣʴʥʳʝ ʥʘʩʪʨʦʡʢʠ ʜʣʷ 

PID - controller: Kp = 0, 0134; Ki = 0, 0941; Kd = 3, 4268.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ  ʜʣʷ fuzzy 

ï ʨʝʛʫʣʷʪʦʨʘ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʚʭʦʜʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʦʰʠʙʢʘ ɽi (ʦʪʢʣʦʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ) ʠ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ɽij  , ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʘ ʨʝʛʫʣʷʪʦʨʘ (ʨʠʩ. 4) .  

 

                                                                                                                                                        
       g              ʝ                                    ɽ                                                                              
      -                                                                                             U              u                                               y 

                              

 ɽô 

 
 

ʈʠʩʫʥʦʢ  4 ï ʅʝʯʝʪʢʘʷ ɸʉʈ 

gï ʟʘʜʘʥʠʝ ,ʝ ï ʦʰʠʙʢʘ, Deï ʜʠʬʬʝʨʝʥʮʠʘʪʦʨ, Fï ʙʣʦʢ ʬʘʟʟʠʬʠʢʘʮʠʠ, ɹʇï ʙʘʟʘ ʧʨʘʚʠʣ , ʈï 

ʧʨʘʚʠʣʦ,    Uï ʫʧʨʘʚʣʝʥʠʝ, D ï ʙʣʦʢ ʜʝʬʘʟʟʠʬʠʢʘʮʠʠ 

 

ʆʧʨʝʜʝʣʝʥʳ ʥʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ ʦʰʠʙʢʠ e(t), ʩʢʦʨʦʩʪʠ  ʠʟʤʝʥʝʥʠʷ  e*(t) ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ uu(t), ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʥʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ ʦʧʠʩʘʥʳ ʩ ʧʦʤʦʱʴʶ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʷʟʳʢʘ, 

ʚ ʢʦʪʦʨʦʤ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ (ʃʇ) ʠʣʠ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʩʣʝʜʫʶʱʠʝ: (NB ï ʥʝʛʘʪʠʚʥʦ 

ʙʦʣʴʰʦʝ , NS ï ʥʝʛʘʪʠʚʥʦ ʩʨʝʜʥʝʝ, NM ï ʥʝʛʘʪʠʚʥʦ ʤʘʣʦʝ, Z ï ʥʫʣʝʚʦʝ, PS ï ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʨʝʜʥʝʝ, 

PM ï ʧʦʣʦʞʠʪʝʣʴʥʦ ʤʘʣʦʝ, PB ï ʧʦʣʦʞʠʪʝʣʴʥʦ ʙʦʣʴʰʦʝ) (ʨʠʩ. 5 - 7): 

Ee (e = 3,1 n ); 

Ecq (e= 4,1 n ); 

Uu
r (r= 5,1 n ); 

ɽ1 = NB 
=
D (ʝm (t),m (ʝm (t))); 

ɽ2 = NS 
=
D (ʝm (t),m (ʝm (t))); 

                                                           ɽ3=NM =
Dʝfm(t),mʝfm(t)));                                                       (2) 

ɽ4 = Z 
=
D (ʝm (t),m (ʝm (t))); 

ɽ5 = PM =
D ʝfm (t),m (ʝm (t))) ʠ ʪ.ʜ. 

ɽiÍɽ;  i = 7,1 ;   ʝ (t) Íɽ, 

ʛʜʝ  ɽ ï ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ ʦʰʠʙʢʠ (ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ); ʝm (t) ï ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ  ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; im(f (t)) ï ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʥʝʯʝʪʢʦʤʫ ʤʥʦʞʝʩʪʚʫ ʝ (t), 

ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʬʫʥʢʮʠʷ ʦʪ ʝm (t). 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʧʨʠʥʷʪʦʤ ʷʟʳʢʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ ʜʣʷ ʩʢʦʨʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ (ʧʨʦʠʟʚʦʜʥʦʡ) ʦʰʠʙʢʠ.  

                                              Ecq =
D (eôm, em (eôm (t))), q = 1, 2,é, n7, n7=7;                                         (3) 

   ʋʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʚʳʭʦʜʘ) ʨʝʛʫʣʷʪʦʨʘ 

                                       Ue
r =
D (ue

m, ʢm(um (t))), r = 1, 2,é, n7, n7 = 7,                                              (4) 

ʛʜʝ  e(t) = g(t) ï y(t),  e* (t) = 
dt

d
e (t). 

   ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ em (e), cqm (e*), rm (u), im(f), jm (f) ʠ ʣm (uf) ʥʝʯʝʪʢʠʭ 

ʤʥʦʞʝʩʪʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʰʠʙʢʠ Ee;  EeË E; e = 3,1 n ; n7 = 7 , ʩʢʦʨʦʩʪʠ ʝʝ ʠʟʤʝʥʝʥʠʷ Ecq (e= 4,1 n ), 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ur (r= 5,1 n ),       urË U,  ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʝʥʳ ʠʩʭʦʜʷ ʠʟ ʦʧʳʪʘ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ ʦ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ  ʦʙʲʝʢʪʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.5 ï 7.   

De 

 F 

D 
F 

             

          x  ˽

 ˻ ͋Ά͔ͭ͟  
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0ʉ 

 
ʈʠʩʫʥʦʢ. 5 ï ʌʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʃʇ ç ʦʰʠʙʢʘè 

 

 
 

ʈʠʩʫʥʦʢ. 6 ï ʌʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʃʇ ç ʧʨʦʠʟʚʦʜʥʘʷ ʦʰʠʙʢʠè 

 

 
 

ʈʠʩʫʥʦʢ. 7 ï  ʌʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʃʇ ç ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝè 

 

ʅʘ ʦʩʥʦʚʝ ʥʘʢʦʧʣʝʥʥʦʡ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʧʳʪʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ, ʤʝʪʦʜʠʢʝ ɸʣʠʝʚʘ [5], ʘ ʪʘʢʞʝ  ʘʣʦʛʨʠʪʤʘ ʄʘʤʜʘʥʠ [6] ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʧʨʦʜʫʢʮʠʦʥʥʳʝ 

ʧʨʘʚʠʣʘ ʜʣʷ ʙʘʟʳ ʧʨʘʚʠʣ ɹʇ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʜʝʡʩʪʚʫʝʪ ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ. 

ɼʣʷ ʘʧʨʦʙʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʥʝʯʝʪʢʦʡ  ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ  ʠ ʧʨʦʚʝʜʝʥʠʷ  ʘʥʘʣʠʟʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʝ ʨʘʙʦʪʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʜʘʧʪʠʚʥʳʤ ʇʀɼ ï ʨʝʛʫʣʷʪʦʨʦʤ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʚʠʨʪʫʘʣʴʥʳʝ   ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʩʨʝʜʝ Matlab (Simulink) (ʨʠʩ.8).                      
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ʈʠʩʫʥʦʢ. 8 ï ʉʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ fuzzy ʠ PID ï ʨʝʛʫʣʷʪʦʨʦʚ ʩ ʦʙʲʝʢʪʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

 

ɻʨʘʬʠʢʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʚʳʭʦʜʝ ʠʟ ɸʉʈ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 9. 

 

g(s) 

t, c 

 
ʈʠʩʫʥʦʢ. 9 ï ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʥʝʯʝʪʢʦʡ ʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ɸʉʈ: 

1 ï ʧʨʦʮʝʩʩ ʥʝʯʝʪʢʦʡ ɸʉʈ; 2 ï ʧʨʦʮʝʩʩ ʘʜʘʧʪʠʚʥʦʡ  ɸʉʈ ʩ ʇʀɼ ï ʨʝʛʫʣʷʪʦʨʦʤ. 

 

ɿʘʢʣʶʯʝʥʠʝ  

ʂʘʢ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʝʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʫ ʥʝʯʝʪʢʦʡ ɸʉʈ ʚʨʝʤʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʊʨ 

ʩʦʩʪʘʚʣʷʝʪ 50 ʩ, ʘ ʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʇʀɼ ʨʝʛʫʣʷʪʦʨʘ 150 ʩ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝ fuzzy ï 

ʢʦʥʪʨʦʣʣʝʨʘ. ʊʘʢʞʝ, ʠʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʝʯʝʪʢʠʡ 

ʨʝʛʫʣʷʪʦʨ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʚ ʫʩʣʦʚʠʷʭ ʯʘʩʪʦ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ. ʀ ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʜʘʧʪʠʚʥʦʛʦ ʇʀɼ ï ʨʝʛʫʣʷʪʦʨʘ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʦ ʤʝʪʦʜʫ ɿʠʛʣʝʨʘ-ʅʠʢʦʣʦʩʘ, ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ, ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʧʝʨʝʥʘʩʪʨʦʡʢʠ ʩʚʦʝʛʦ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʯʝʪʢʠʭ ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʠʤʦ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʠʩʪʝʤ ʭʦʣʦʜʦʩʥʘʙʞʝʥʠʷ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʠ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ,  ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʳʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʩʙʝʨʝʞʝʥʠʶ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. 
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Abstract  

The article analyzes the main causes of breakdown of refrigeration trading equipment at small trading 

enterprises and suggests general principles of trouble-free operation of equipment . 

ɸʥʥʦʪʘʮʠʷ  

ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʧʦʣʦʤʦʢ ʭʦʣʦʜʠʣʴʥʦʛʦ ʪʦʨʛʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʥʘ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʪʦʨʛʦʚʣʠ ʠ ʧʨʝʜʣʦʞʝʥʳ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʙʝʟʘʚʘʨʠʡʥʦʡ ʨʘʙʦʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ.  

 

ʇʨʦʙʣʝʤʘ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦʟʥʠʢʘʝʪ ʥʘ ʚʩʝʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ, ʘ ʪʘʢʞʝ ʪʦʨʛʦʚʳʭ ʦʙʲʝʢʪʘʭ ʪʘʢʠʭ ʢʘʢ ʤʘʛʘʟʠʥʳ, ʩʫʧʝʨʤʘʨʢʝʪʳ ʠ ʩʢʣʘʜʳ. ɼʘʥʥʘʷ 

ʧʨʦʙʣʝʤʘ ʦʙʫʩʣʦʚʣʝʥʘ ʬʠʥʘʥʩʦʚʳʤʠ ʧʦʪʝʨʷʤʠ ʚ ʩʚʷʟʠ ʩ ʧʦʨʯʝʡ ʠ ʩʧʠʩʘʥʠʝʤ ʧʨʦʜʫʢʮʠʠ ʠ ʪʦʚʘʨʦʚ. 

ʅʘ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʝʰʝʥʠʝ ʩ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘʰʣʠ ʧʫʪʝʤ 

ʫʩʪʘʥʦʚʢʠ ʭʦʣʦʜʠʣʴʥʳʭ ʮʝʥʪʨʘʣʝʡ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʢʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ (ʨʝʟʝʨʚʥʦʛʦ) ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʇʨʠ ʪʘʢʦʤ ʨʝʰʝʥʠʠ ʪʨʝʙʫʶʪʩʷ ʙʦʣʴʰʠʝ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ, ʥʘʣʠʯʠʝ ʧʣʦʱʘʜʝʡ, ʜʣʷ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʭʦʞʜʝʥʠʝ ʥʘ ʦʙʲʝʢʪʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ 

ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʠʩʧʨʘʚʥʦʩʪʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʙʳʩʪʨʦʛʦ ʨʝʤʦʥʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʣʫʯʘʝ ʝʛʦ 

ʦʩʪʘʥʦʚʢʠ [1, 2, 3, 4]. 

ʄʘʣʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʪʘʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʥʝ ʦʙʣʘʜʘʶʪ, ʠ ʟʘʯʘʩʪʫʶ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʙʩʣʫʞʠʚʘʝʪʩʷ 

ʪʦʣʴʢʦ ʚʦ ʚʨʝʤʷ ʧʦʣʦʤʢʠ. 

ʆʩʥʦʚʥʳʤʠ ʚʠʜʘʤʠ ʭʦʣʦʜʠʣʴʥʦʛʦ ʪʦʨʛʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʷʚʣʷʶʪʩʷ: 

ʚʠʪʨʠʥʳ, ʭʦʣʦʜʠʣʴʥʳʝ ʛʦʨʢʠ, ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʝ ʙʦʥʝʪʳ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʙʦʥʝʪʳ, ʣʘʨʠ, 

ʭʦʣʦʜʠʣʴʥʳʝ ʰʢʘʬʳ [5, 6, 7, 8 ,9]. 

ʆʩʥʦʚʥʳʤʠ ʧʦʣʦʤʢʘʤʠ ʪʦʨʛʦʚʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: 

1. ʋʪʝʯʢʠ ʭʣʘʜʘʛʝʥʪʘ; 

2. ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʧʫʩʢʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʚʝʥʪʠʣʷʪʦʨʘ 

ʢʦʥʜʝʥʩʘʪʦʨʘ; 

3. ʄʝʞʚʠʪʢʦʚʦʝ ʟʘʤʳʢʘʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʢʦʤʧʨʝʩʩʦʨʘ. 
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ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʯʠʥʳ ʠ ʤʝʪʦʜʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʥʥʳʭ ʧʦʣʦʤʦʢ. 

4. ʋʪʝʯʢʠ ʭʣʘʜʘʛʝʥʪʘ 

ʅʘ ʭʦʣʦʜʠʣʴʥʦʤ ʪʦʨʛʦʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʜʘʥʥʳʡ ʚʠʜ ʧʦʣʦʤʦʢ ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʞʝ ʯʝʤ ʦʩʪʘʣʴʥʳʝ, 

ʪ.ʢ. ʤʝʩʪ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʪʝʯʝʢ ʚ ʦʙʦʨʫʜʦʚʘʥʠʠ ʥʝ ʤʥʦʛʦ. ɺ ʦʩʥʦʚʥʦʤ ʫʪʝʯʢʠ ʧʨʦʠʩʭʦʜʷʪ ʠʟ-ʟʘ 

ʟʘʚʦʜʩʢʠʭ ʙʨʘʢʦʚ, ʨʝʞʝ ʠʟ-ʟʘ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. 

ʂ ʟʘʚʦʜʩʢʠʤ ʙʨʘʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʫʪʝʯʢʘ ʥʘ ʧʘʷʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʠ ʫʪʝʯʢʘ ʚ ʟʘʧʝʥʝʥʥʦʡ ʯʘʩʪʠ 

ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʚʷʟʘʥʥʦʝ ʩ ʢʘʯʝʩʪʚʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʘʥʥʳʡ ʚʠʜ ʫʪʝʯʝʢ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ, ʚ ʦʩʥʦʚʥʦʤ, ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪ.ʢ. 

ʵʪʠ ʫʪʝʯʢʠ ʷʚʣʷʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤʠ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʳʤʠ. 

ʂ ʚʥʝʰʥʠʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪʩʷ ʫʪʝʯʢʠ ʭʣʘʜʘʛʝʥʪʘ ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʪʨʳʭ 

ʧʨʝʜʤʝʪʦʚ, ʧʨʠ ʦʪʪʘʡʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʣʠ ʥʝʘʢʢʫʨʘʪʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʩ ʥʠʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʜʝʬʦʨʤʘʮʠʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʥʜʝʥʮʠʷʤʠ ʨʳʥʢʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʳʪʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʫʜʝʰʝʚʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʩʣʫʯʘʝʚ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʦʣʦʤʦʢ. ʄʝʪʦʜʦʚ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʦʣʦʤʦʢ, ʢʨʦʤʝ ʘʢʢʫʨʘʪʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʫ 

ʧʦʪʨʝʙʠʪʝʣʷ ʥʝʪ.  

1. ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʧʫʩʢʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʚʝʥʪʠʣʷʪʦʨʘ 

ʢʦʥʜʝʥʩʘʪʦʨʘ 

ɺ ʩʚʷʟʠ ʩ ʫʩʪʘʥʦʚʢʦʡ ʥʘ ʭʦʣʦʜʠʣʴʥʦʝ ʪʦʨʛʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʙʦʣʝʝ ʤʦʱʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʯʝʤ 

ʥʘ ʙʳʪʦʚʳʝ ʢʦʤʧʨʝʩʩʦʨʳ, ʜʣʷ  ʧʣʘʚʥʦʛʦ ʧʫʩʢʘ ʥʘ ʢʦʤʧʨʝʩʩʦʨʳ ʭʦʣʦʜʠʣʴʥʦʛʦ ʪʦʨʛʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʫʩʢʦʚʳʝ ʢʦʥʜʝʥʩʘʪʦʨʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʝʤʢʦʩʪʷʤʠ. ʊʘʢʞʝ 

ʢʦʥʜʝʥʩʘʪʦʨʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʚʝʥʪʠʣʷʪʦʨʳ ʦʙʜʫʚʘ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʣʘʚʥʦʛʦ ʧʫʩʢʘ 

ʠ ʚʨʘʱʝʥʠʷ. ʇʨʦʠʩʭʦʜʠʪ ʥʝʤʘʣʦ ʩʣʫʯʘʝʚ ʚʟʨʳʚʘ ʧʫʩʢʦʚʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʩʛʦʨʘʥʠʶ 

ʢʦʤʧʨʝʩʩʦʨʦʚ ʠʟ-ʟʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʤʧʨʝʩʩʦʨʦʚ ʩ ʥʝʠʩʧʨʘʚʥʳʤ ʧʫʩʢʦʚʳʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ. 

ʂ ʧʦʪʝʨʝ ʝʤʢʦʩʪʠ ʧʫʩʢʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ, ʘ ʠʤʝʥʥʦ: 

ʟʘʚʦʜʩʢʦʡ ʙʨʘʢ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʣʦʭʦʡ ʢʦʥʪʘʢʪ ʠ ʪʷʞʝʣʳʡ ʧʫʩʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ɽʩʣʠ ʥʘ ʟʘʚʦʜʩʢʦʡ ʙʨʘʢ ʧʦʚʣʠʷʪʴ ʥʝ ʚʦʟʤʦʞʥʦ, ʘ ʩʨʦʢʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʚʦʜʳ ʠʟʛʦʪʦʚʠʪʝʣʠ ʥʝ 

ʫʢʘʟʳʚʘʶʪ, ʪʦ ʥʘ ʦʩʪʘʣʴʥʳʝ ʬʘʢʪʦʨʳ ʧʦʚʣʠʷʪʴ ʤʦʞʥʦ ʦʙʳʯʥʳʤ ʧʨʦʚʝʜʝʥʠʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʛʜʝ ʚ ʧʝʨʝʯʝʥʴ ʨʘʙʦʪ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʧʨʦʪʷʞʢʘ ʠ 

ʦʙʞʠʤʢʘ ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʦʚ. 

2. ʄʝʞʚʠʪʢʦʚʦʝ ʟʘʤʳʢʘʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʢʦʤʧʨʝʩʩʦʨʘ 

ʂ ʜʘʥʥʦʤʫ ʚʠʜʫ ʧʦʣʦʤʢʠ ʧʨʠʚʦʜʠʪ ʣʠʙʦ ʦʪʢʣʦʥʝʥʠʷ ʚ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʠ ʦʙʲʝʢʪʘ, ʣʠʙʦ 

ʦʪʩʫʪʩʪʚʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʦʪʢʣʦʥʝʥʠʡ ʚ ʵʣʝʢʪʨʦʩʝʪʷʭ ʤʦʛʫʪ ʙʳʪʴ: ʤʦʣʥʠʠ, ʥʝʧʨʘʚʠʣʴʥʳʝ 

ʨʝʛʫʣʠʨʦʚʢʠ ʥʘ ʧʦʜʩʪʘʥʮʠʷʭ ʠʣʠ ʯʨʝʟʤʝʨʥʦ ʚʳʩʦʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʷʤʠ. 

ʉʛʦʨʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚʳʰʝ 1000ɺ ʣʠʙʦ ʜʣʠʪʝʣʴʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʠ ʥʠʟʢʦʤ ʥʘʧʨʷʞʝʥʠʠ, ʥʠʞʝ 200 ɺ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʛʦʨʘʥʠʶ 

ʢʣʝʷ ʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʶ ʚʠʪʢʦʚ ʦʙʤʦʪʢʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʠʟʤʝʥʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʤʦʪʢʠ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʙʳʩʪʨʳʡ ʥʘʛʨʝʚ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʚ ʧʫʩʢʦ-ʟʘʱʠʪʥʦʤ ʨʝʣʝ ʢʦʪʦʨʦʝ 

ʦʪʢʣʶʯʘʝʪ ʢʦʤʧʨʝʩʩʦʨ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʝ 

ʩʦʙʠʨʘʝʪʩʷ ʧʳʣʴ, ʧʘʫʪʠʥʘ ʠ ʪ.ʜ., ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʩʦʨʝʥʠʶ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ ʫʭʫʜʰʝʥʠʶ ʪʝʧʣʦʦʙʤʝʥʘ. 

ʇʨʠ ʧʣʦʭʦʤ ʪʝʧʣʦʦʙʤʝʥʝ, ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ ʭʣʘʜʘʛʝʥʪ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʭʫʞʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʜʘʚʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʥʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʢʦʤʧʨʝʩʩʦʨ ʧʦʩʣʝ ʯʝʛʦ ʦʙʤʦʪʢʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʥʘʛʨʝʚʘʝʪʩʷ ʠ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʢʦʤʧʨʝʩʩʦʨ ʩʛʦʨʘʝʪ. 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʤʝʞʚʠʪʢʦʚʳʭ ʟʘʤʳʢʘʥʠʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʠ 

ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ, ʚ ʨʘʡʦʥʘʭ ʛʜʝ ʧʨʦʠʩʭʦʜʷʪ ʯʘʩʪʳʝ ʧʝʨʝʧʘʜʳ ʥʘʧʨʷʞʝʥʠʷ, ʠ ʨʝʛʫʣʷʨʥʦʝ 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʣʦʤʦʢ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʧʨʦʚʦʜʷ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʢʦʪʦʨʦʝ ʚʦʡʜʫʪ ʨʘʙʦʪʳ ʧʦ ʦʯʠʩʪʢʝ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʪʷʞʢʝ ʠ ʦʙʞʠʤʢʝ 

ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʦʚ. 
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Abstract 

The article considers the relevance of low-temperature vacuum drying of biologically valuable raw 

materials (Spirulina and Chlorella). According to the results of the conducted research it is recommended that 

low-temperature vacuum drying of biologically active algae. Selection of temperatures for low-temperature 

vacuum drying of biologically valuable raw materials was carried out taking into account the duration of the 

drying process, organoleptic evaluation and accounting for losses of vitamins in the drying process. 
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ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʘʢʫʫʤʥʦʡ ʩʫʰʢʠ ʙʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ 

ʚʦʜʦʨʦʩʣʝʡ. ʇʦʜʙʦʨ ʪʝʤʧʝʨʘʪʫʨ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʘʢʫʫʤʥʦʡ ʩʫʰʢʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʮʝʥʥʦʛʦ ʩʳʨʴʷ 

ʧʨʦʚʦʜʠʣʠ ʩ ʫʯʝʪʦʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ, ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʠ ʫʯʝʪʦʤ ʧʦʪʝʨʴ 

ʚʠʪʘʤʠʥʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ.  

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʧʦʩʪʝʧʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʣʦʛʠ-

ʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʫʧʝʨʬʫʜʦʚ. ʇʦʩʣʝʜʥʠʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠ-ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʛʨʘʶʱʠʭ 

ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. ʉʧʠʩʦʢ ʪʘʢʠʭ ʧʨʦʜʫʢʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ: 

ʷʛʦʜʳ ʛʦʜʞʠ, ʩʧʠʨʫʣʠʥʘ, ʩʝʤʝʥʘ ʯʠʘ, ʚʠʪʛʨʘʩʩ, ʭʣʦʨʝʣʣʘ ʠ ʪ.ʜ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ ʤʥʦʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠʙʝʛʘʶʪ ʢ 

ʪʘʢʦʤʫ ʩʧʦʩʦʙʫ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʢʘʢ ʩʫʰʢʘ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʪʘʢʠʤ ʤʝʪʦʜʘʤ ʩʫʰʢʠ, 

ʢʦʪʦʨʳʝ ʙʳ ʦʙʝʩʧʝʯʠʚʘʣʠ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʦʭʨʘʥʥʦʩʪʠ ʪʝʨʤʦʣʘʙʠʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʠʙʝʛʘʶʪ ʢ ʩʧʦʩʦʙʘʤ ʩʫʰʢʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʚʘʢʫʫʤʥʘʷ ʩʫʰʢʘ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʧʠʨʫʣʠʥʘ ʠ ʭʣʦʨʝʣʣʘ. 

ʉʧʠʨʫʣʠʥʘ (ʣʘʪ. Arthrospira) ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʠʟʚʝʩʪʥʳʤ ʯʝʣʦʚʝʯʝʩʪʚʫ ʫʞʝ 

ʤʥʦʛʦ ʩʦʪʝʥ ʣʝʪ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʢʣʝʪʦʯʥʫʶ ʥʠʪʝʚʠʜʥʫʶ ʩʠʥʝ-ʟʝʣʝʥʫʶ ʤʠʢʨʦ-

ʚʦʜʦʨʦʩʣʴ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʨʦʜʫ ʮʠʘʥʦʙʘʢʪʝʨʠʡ (ʩʠʥʝ-ʟʝʣʸʥʳʭ ʚʦʜʦʨʦʩʣʝʡ) ʢʣʘʩʩʘ Cyanophyceae.  

ɹʠʦʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʩʧʠʨʫʣʠʥʳ ʪʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʚʝʜʫʱʠʭ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ ʤʠʨʘ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʤʧʣʝʢʩ 

ʚʝʱʝʩʪʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʜʘʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʧʨʦʷʚʣʷʝʪ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʩʚʦʡʩʪʚʘ [1, 2]. ʉʧʠʨʫʣʠʥʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʤʥʦʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ [3, 4]. 

ʇʦ ʚʠʪʘʤʠʥʥʦʤʫ ʠ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʫʢʘʟʘʥʥʘʷ ʧʨʠʨʦʜʥʘʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʴ ʧʨʝʚʦʩʭʦʜʠʪ 

ʤʥʦʛʠʝ ʧʨʦʜʫʢʪʳ ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [5]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʥʠʝ ʚʠʪʘ-

ʤʠʥʘ ɸ ʚ ʩʧʠʨʫʣʠʥʝ ʧʨʝʚʳʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʪʘʢʦʚʦʛʦ ʚ ʩʣʠʚʦʯʥʦʤ ʤʘʩʣʝ ʠ ʩʳʨʝ ʚ 400 ʨʘʟ, ʚ ʷʡʮʘʭ - ʚ 

1500 ʨʘʟ, ʚ ʪʚʦʨʦʛʝ ʠ ʦʛʫʨʮʘʭ - ʚ 2500 ʨʘʟ, ʚ ʤʦʣʦʢʝ - ʚ 10000 ʨʘʟ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʠʪʘʤʠʥʦʚ ʛʨʫʧʧʳ ɺ 

ʚ ʩʧʠʨʫʣʠʥʝ ʚ 40-150 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚ ʤʦʣʦʯʥʳʭ ʠ ʤʷʩʥʳʭ ʧʨʦʜʫʢʪʘʭ. ʉʧʠʨʫʣʠʥʘ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ 

ʪʘʢʞʝ ʚʠʪʘʤʠʥʳ ɽ (ʪʦʢʦʬʝʨʦʣ), ʉ, ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʳ: ʞʝʣʝʟʦ, ʤʘʛʥʠʡ, ʢʘʣʠʡ, 

ʢʘʣʴʮʠʡ, ʬʦʩʬʦʨ, ʮʠʥʢ ʠ ʜʨ. ɹʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʫʭʦʡ ʩʧʠʨʫʣʠʥʳ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1 [6]. 

 
ʊʘʙʣʠʮʘ 1 - ɹʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʫʭʦʡ ʩʧʠʨʫʣʠʥʳ 

 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ, % ɺʠʪʘʤʠʥʳ, ʤʛ/ʢʛ 

ɺ1 55 

ɹʝʣʦʢ 60-70 ɺ2 35 

ʋʛʣʝʚʦʜʳ 10-15 ɺ6 3-8 

ʂʣʝʪʯʘʪʢʘ 2,0 ɺ12 1,6-3,2 

ʃʠʧʠʜʳ 6,5-8,0 ɽ 190 

ɿʦʣʘ 7,5-8,0 ɓ-ʢʘʨʦʪʠʥ 1100ï2400 

ʇʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, % ʄʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, % 

ʂʘʣʠʡ 1,4 

ʃʠʥʦʣʝʚʘʷ 1,1-1,4 ʂʘʣʴʮʠʡ 0,12 

ɔ-ʣʠʥʦʣʝʥʦʚʘʷ 0,9-1,2 ʅʘʪʨʠʡ 0,03 

ʇʠʛʤʝʥʪʳ, % ʄʘʛʥʠʡ 0,37 

ʂʘʨʦʪʠʥʦʠʜʳ 0,22ï0,40 ʌʦʩʬʦʨ 0,83 

ʍʣʦʨʦʬʠʣʣ 0,76ï0,94 ɾʝʣʝʟʦ 0,05 

ʌʠʢʦʮʠʘʥʠʥ 0,8ï1,0 ʎʠʥʢ 0,003 

 

ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʩʫʭʘʷ ʩʧʠʨʫʣʠʥʘ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ ï 60-70% - 

ʙʦʣʴʰʝ ʯʝʤ ʚ ʣʶʙʦʡ ʜʨʫʛʦʡ ʧʠʱʝ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʠʢʦʮʠʘʥʠʥ, ʚʭʦʜʷʱʠʡ ʚ ʙʝʣʦʢ ʩʧʠʨʫʣʠʥʳ, 

ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʩʠʣʴʥʳʤ ʧʨʠʨʦʜʥʳʤ ʠʤʤʫʥʦʩʪʠʤʫʣʷʪʦʨʦʤ. 

ɺ ʩʧʠʨʫʣʠʥʝ ʩʦʜʝʨʞʘʪʩʷ ʪʘʢʠʝ ʥʝʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʢʘʢ ʠʟʦʣʝʡʮʠʥ (35-50 ʛ/ʢʛ), ʣʝʡʮʠʥ 

(58-70 ʛ/ʢʛ), ʣʠʟʠʥ (40-55 ʛ/ʢʛ), ʤʝʪʠʦʥʠʥ (14-20 ʛ/ʢʛ), ʬʝʥʠʣʘʣʘʥʠʥ (29-35 ʛ/ʢʛ). ʇʦʤʠʤʦ ʵʪʦʛʦ ʚ 

ʩʧʠʨʫʣʠʥʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʝʝ 2000 ʬʝʨʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʣʥʳʡ ʩʧʝʢʪʨ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. 
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ɺʣʘʛʘ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʩʧʠʨʫʣʠʥʝ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʝʝ ʩʫʰʢʝ ʜʣʷ ʧʨʦʜʣʝʥʠʷ 

ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ. ʊʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʩʫʰʢʠ ʜʘʥʥʦʡ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʷʚʣʷʝʪʩʷ ʘʪʤʦʩʬʝʨʥʘʷ 

ʩʫʰʢʘ. ɹʣʘʛʦʜʘʨʷ ʦʪʩʫʪʩʪʚʠʶ ʥʘʛʨʝʚʘ ʪʘʢʦʡ ʤʝʪʦʜ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʩʦʭʨʘʥʠʪʴ ʮʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʦʜʫʢʪʘ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʝʛʦ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʜʝʣʦ ʢʘʩʘʝʪʩʷ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʅʘʨʷʜʫ ʩʦ ʩʧʠʨʫʣʠʥʦʡ ʝʱʝ ʦʜʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʦʙʣʘʜʘʶʱʝʡ ʚʳʩʦʢʦʡ 

ʧʠʱʝʚʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ, ʷʚʣʷʝʪʩʷ ʭʣʦʨʝʣʣʘ. ʆʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʨʦʜʫ ʦʜʥʦʢʣʝʪʦʯʥʳʭ 

ʟʝʣʸʥʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʚʭʦʜʷʱʠʭ ʚ ʦʪʜʝʣ Chlorophyta. 

ʍʣʦʨʝʣʣʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʚʠʪʘʤʠʥʦʚ, ʙʝʣʢʦʚ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʠ 

ʤʠʥʝʨʘʣʦʚ. ɺ ʝʝ ʩʫʭʦʡ ʤʘʩʩʝ ʩʦʜʝʨʞʠʪʩʷ ʦʢʦʣʦ 50% ʙʝʣʢʘ, 30% ʫʛʣʝʚʦʜʦʚ, 10% ʣʠʧʠʜʦʚ ʠ 10% 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ [7].  

ʍʣʦʨʝʣʣʘ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʤ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ, ʧʨʠ ʫʧʦʪʨʝʙʣʝʥʠʠ ʚ ʧʠʱʫ ʦʥʘ 

ʧʦʚʳʰʘʝʪ ʫʩʚʦʷʝʤʦʩʪʴ ʞʠʨʦʚ, ʩʥʠʞʘʝʪ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʪʘʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʢʘʢ ʘʥʝʤʠʷ, ʛʠʧʝʨʪʦʥʠʷ, 

ʜʠʘʙʝʪ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʢʦʨʝʥʠʶ ʨʝʛʝʥʝʨʘʮʠʠ ʪʢʘʥʝʡ, ʫʢʨʝʧʣʷʝʪ ʠʤʤʫʥʠʪʝʪ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʚʳʚʝʜʝʥʠʶ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʦʨʛʘʥʠʟʤʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʣʦʨʝʣʣʘ ʪʘʢ ʞʝ ʢʘʢ ʩʧʠʨʫʣʠʥʘ ʚʳʧʫʩʢʘʝʪʩʷ ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ ʠ ʪʘʙʣʝʪʦʢ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʫʰʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʭʣʦʨʝʣʣʳ ʚ ʧʠʱʝʚʳʭ ʮʝʣʷʭ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣʦ ʠ ʦʥʠ ʥʦʩʷʪ ʨʘʟʨʦʟʥʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʨʝʞʠʤʳ ʩʫʰʢʠ ʭʣʦʨʝʣʣʳ 

ʠ ʩʧʠʨʫʣʠʥʳ ʥʝ ʜʦʣʞʥʳ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʠʟ-ʟʘ ʩʭʦʞʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʦʛʦ ʩʳʨʴʷ ʙʳʣ 

ʚʳʙʨʘʥ ʤʝʪʦʜ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʘʢʫʫʤʥʦʡ ʩʫʰʢʠ. 

ʉʭʝʤʘ ʚʘʢʫʫʤʥʦʡ ʩʫʰʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʚʘʢʫʫʤʥʦʡ ʩʫʰʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ: 1-ʥʘʩʦʩ ʚʘʢʫʫʤʥʳʡ; 2-ʢʘʤʝʨʘ ʚʘʢʫʫʤʥʘʷ; 3-ʢʦʤʧʨʝʩʩʦʨ; 4-

ʢʦʥʜʝʥʩʘʪʦʨ; 5-ʦʪʜʝʣʠʪʝʣʴ ʞʠʜʢʦʩʪʠ; 6-ʜʝʩʫʙʣʠʤʘʪʦʨ; 7-ʨʝʩʩʠʚʝʨ; 8-ʚʘʢʫʫʤʝʪʨ; 9-ʪʝʨʤʦʨʝʛʫʣʠʨʫʶʱʠʡ ʚʝʥʪʠʣʴ 

 

ʇʦʜʚʦʜ ʪʝʧʣʦʪʳ ʢ ʧʨʦʜʫʢʪʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʜʚʫʭ ʠʥʬʨʘʢʨʘʩʥʳʭ ʣʘʤʧ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ 

ʢʘʤʝʨʝ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 70 ʤʤ ʦʪ ʧʦʜʜʦʥʘ. ʄʦʱʥʦʩʪʴ ʢʘʞʜʦʡ ʣʘʤʧʳ ʩʦʩʪʘʚʣʷʝʪ 1 

ʢɺʪ. ɺ ʢʘʤʝʨʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʢʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʠʥʬʨʘʢʨʘʩʥʳʤʠ ʣʘʤʧʘʤʠ 

ʠ ʧʦʜʜʦʥʦʤ ʩ ʧʨʦʜʫʢʪʦʤ. ʎʠʣʠʥʜʨʠʯʝʩʢʠʝ ʩʪʝʥʢʠ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʧʦʤʦʛʘʶʪ ʬʦʢʫʩʠʨʦʚʘʪʴ ʣʫʯʠʩʪʳʡ 
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ʧʦʪʦʢ ʦʪ ʠʟʣʫʯʘʪʝʣʝʡ ʥʘ ʚʳʩʫʰʠʚʘʝʤʦʤ ʧʨʦʜʫʢʪʝ. ʀʟʣʫʯʝʥʠʝ ʦʪ ʠʥʬʨʘʢʨʘʩʥʳʭ ʣʘʤʧ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʥʝʧʨʝʨʳʚʥʳʤ ʪʘʢ ʠ ʠʤʧʫʣʴʩʥʳʤ ʩʧʦʩʦʙʦʤ. 

 ʂʨʳʰʢʘ ʩʪʷʛʠʚʘʝʪʩʷ ʢ ʢʦʨʧʫʩʫ ʩ ʧʦʤʦʱʴʶ ʙʦʣʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨʘʜʠʘʣʴʥʦ ʧʦ ʚʩʝʡ 

ʦʢʨʫʞʥʦʩʪʠ. ʂʘʤʝʨʘ ʩ ʧʦʤʦʱʴʶ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʦʝʜʠʥʝʥʘ ʩ ʜʝʩʫʙʣʠʤʘʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʝʤʢʦʩʪʴ ʩ ʨʘʟʤʝʱʝʥʥʳʤ ʚʥʫʪʨʠ ʟʤʝʝʚʠʢʦʚʳʤ ʠʩʧʘʨʠʪʝʣʝʤ ʭʦʣʦʜʠʣʴʥʦʡ 

ʤʘʰʠʥʳ. ɼʝʩʫʙʣʠʤʘʪʦʨ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʚʳʤʦʨʘʞʠʚʘʥʠʷ ʚʣʘʛʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʫʜʘʣʷʝʤʦʤ ʚʦʟʜʫʭʝ ʩ 

ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʚʘʢʫʫʤʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʜʝʩʫʙʣʠʤʘʪʦʨʘ ʠʤʝʝʪʩʷ 

ʚʝʥʪʠʣʴ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʜʣʷ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʢʪʘ ʠ ʫʜʘʣʝʥʠʷ ʥʘʤʝʨʟʰʝʡ ʥʘ 

ʠʩʧʘʨʠʪʝʣʝ ʚʣʘʛʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ  

ʀʩʭʦʜʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʩʧʠʨʫʣʠʥʝ ʠ ʭʣʦʨʝʣʣʝ ʩʦʩʪʘʚʣʷʣʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 86,5Ñ0,5% ʠ 

83,2±0,5%. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʚʘʨʴʠʨʫʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʩʫʰʢʠ ʷʚʣʷʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʘʤʝʨʝ. ɼʘʥʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʨʠ ʧʦʜʙʦʨʝ ʨʝʞʠʤʦʚ ʩʫʰʢʠ [8]. ʋʢʘʟʘʥʥʳʡ 

ʧʘʨʘʤʝʪʨ ʚ ʨʘʟʣʠʯʥʳʭ ʦʧʳʪʘʭ ʩʦʩʪʘʚʣʷʣ 30, 40, 50 ʠ 60Áʉ. ʆʩʪʘʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʧʨʠ ʵʪʦʤ 

ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʚ ʟʥʘʯʝʥʠʠ 3Ñ0,5 ʢʇʘ, ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ï 5 ʢɺʪ/ʤ2. ʊʦʣʱʠʥʘ ʩʣʦʷ ʩʫʰʢʠ 

ʩʦʩʪʘʚʣʷʣʘ 20 ʤʤ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʚʳʩʫʰʠʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʯʝʨʝʟ ʟʘʜʘʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. ʅʘ ʨʠʩʫʥʢʝ 2 ʠ 3 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʤʘʩʩʳ ʩʧʠʨʫʣʠʥʳ ʠ ʭʣʦʨʝʣʣʳ ʚ ʧʨʦʮʝʩʩʝ ʚʘʢʫʫʤʥʦʡ ʩʫʰʢʠ ʧʨʠ ʧʦʜʙʦʨʝ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

 
 

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʩʩʳ ʩʧʠʨʫʣʠʥʳ 
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ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʩʩʳ ʭʣʦʨʝʣʣʳ 

 

ʇʦ ʛʨʘʬʠʢʘʤ ʩʢʦʨʦʩʪʠ ʩʫʰʢʠ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʚʳʜʝʣʠʪʴ 3 ʵʪʘʧʘ ʦʙʝʟʚʦʞʠʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʦ 

ʥʘ ʧʨʠʤʝʨʝ ʩʧʠʨʫʣʠʥʳ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 10-15 ʤʠʥ ʫʩʪʘʥʦʚʢʘ ʚʳʭʦʜʠʪ ʥʘ ʨʘʙʦʯʠʡ ʨʝʞʠʤ. ɼʘʚʣʝʥʠʝ ʚ 

ʢʘʤʝʨʝ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ ʜʦ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʘ ʩʥʠʞʘʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʛʨʘʜʫʩʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʥʪʝʥʩʠʚʥʳʤ ʠʩʧʘʨʝʥʠʝʤ ʚʣʘʛʠ ʚ ʜʘʥʥʳʡ ʧʝʨʠʦʜ. ʇʦʩʣʝ ʚʳʭʦʜʘ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʨʘʙʦʯʠʡ ʨʝʞʠʤ ʚʢʣʶʯʘʝʪʩʷ ʠʩʪʦʯʥʠʢ ʧʦʜʚʦʜʘ ʪʝʧʣʦʪʳ.  

ʇʝʨʚʳʡ ʵʪʘʧ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʵʪʘʧ ʥʘʨʘʩʪʘʶʱʝʡ ʩʢʦʨʦʩʪʠ ʩʫʰʢʠ. ʇʨʠ ʵʪʦʤ ʯʝʤ 

ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʘʤʝʨʝ, ʪʝʤ ʙʳʩʪʨʝʝ ʟʘʚʝʨʰʘʝʪʩʷ ʜʘʥʥʳʡ ʵʪʘʧ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ ʧʨʦʜʫʢʪʘ ʜʦ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ (ʨʠʩʫʥʦʢ 4). 

ɺʪʦʨʦʡ ʵʪʘʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʩʫʰʢʠ. ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘ 30Áʉ ʚʪʦʨʦʡ ʵʪʘʧ ʥʘʯʠʥʘʝʪʩʷ ʯʝʨʝʟ 70 ʤʠʥ. ʧʦʩʣʝ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ, ʘ 

ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʩʩʳ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 6 %/ʯʘʩ. ʇʨʦ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘʤʝʨʝ ʜʦ 40Áʉ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʩʦʢʨʘʱʘʝʪʩʷ ʥʘ 10 ʤʠʥ, 

ʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʩʩʳ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʩʦʩʪʘʚʣʷʝʪ 7-8 %/ʯʘʩ.  

ʇʨʠ ʚʘʢʫʫʤʥʦʡ ʩʫʰʢʝ ʩʧʠʨʫʣʠʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘ 50 ʠ 60Áʉ ʚʪʦʨʦʡ ʵʪʘʧ ʥʘʩʪʫʧʘʝʪ 

ʯʝʨʝʟ 40-50 ʤʠʥ ʧʦʩʣʝ ʥʘʯʘʣʘ ʦʙʝʟʚʦʞʠʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʩʩʳ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʢʘʤʝʨʝ 50 ʠ 60Áʉ ʥʘ ʵʪʘʧʝ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩʫʰʢʠ ʩʦʩʪʘʚʣʷʝʪ 9-9,5%/ʯʘʩ ʠ 13 

%/ʯʘʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʩʫʰʢʠ ʩʧʠʨʫʣʠʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʢʘʤʝʨʝ 30 ʠ 40Áʉ 

ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 120 ʠ 90 ʤʠʥ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʢʘʤʝʨʝ 50 ʠ 60Áʉ ʵʪʦ ʟʥʘʯʝʥʠʝ ʙʳʣʦ 

ʨʘʚʥʦ 40 ʠ 30 ʤʠʥ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʦʣʱʝ ʙʠʦʤʘʩʩʳ ʩʧʠʨʫʣʠʥʳ ʚ ʧʨʦʮʝʩʩʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʘʢʫʫʤʥʦʡ 

ʩʫʰʢʠ  

 

ɼʘʣʝʝ ʥʘʩʪʫʧʘʝʪ ʧʝʨʠʦʜ ʧʘʜʘʶʱʝʡ ʩʢʦʨʦʩʪʠ ʩʫʰʢʠ ʧʨʠ ʢʦʪʦʨʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ 

ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʜʫʢʪʘ ʩʥʠʞʘʝʪʩʷ. ʆʙʝʟʚʦʞʠʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ 

ʧʦʨʷʜʢʘ 5%.  

ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʫʰʢʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘʤʝʨʝ ʥʦʩʠʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʇʨʠ ʩʫʰʢʝ ʩʧʠʨʫʣʠʥʳ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʢʘʤʝʨʝ 30Áʉ ʩʦʩʪʘʚʣʷʣʘ 

300 ʤʠʥ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘʤʝʨʝ ʜʦ 40Áʉ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʩʫʰʢʠ ʜʦ 230 ʤʠʥ, ʪʦ ʝʩʪʴ ʚ 1,3 ʨʘʟʘ. ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘʤʝʨʝ ʜʦ 50Áʉ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʧʦʚʳʰʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ ʝʱʝ ʥʘ 45 ʤʠʥ. ʉʫʰʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʢʘʤʝʨʝ 

60Áʉ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʥʘʠʤʝʥʴʰʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 150 ʤʠʥ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʙʠʦʤʘʩʩʳ ʭʣʦʨʝʣʣʳ, ʪʦ ʚʚʠʜʫ ʤʝʥʴʰʝʛʦ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʝʝ 

ʩʫʰʢʠ ʙʳʣʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʩʧʠʨʫʣʠʥʳ ʚ ʩʨʝʜʥʝʤ ʥʘ 13-20%. ʅʘʠʤʝʥʴʰʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʫʰʢʠ 

ʭʣʦʨʝʣʣʳ ʩʦʩʪʘʚʠʣʘ 120 ʤʠʥ. (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʢʘʤʝʨʝ 60Áʉ), ʘ ʥʘʠʙʦʣʴʰʘʷ ï 250 ʤʠʥ. (ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʢʘʤʝʨʝ 30Áʉ). 

ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʰʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʣʠʥʝʡʥʦʝ ʩʥʠʞʝʥʠʝ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʦʡ 

ʦʮʝʥʢʠ ʩʫʭʦʛʦ ʧʨʦʜʫʢʪʘ. ʅʘʠʣʫʯʰʠʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʩʫʰʢʝ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʢʘʤʝʨʝ 30Áʉ: ʜʣʷ ʩʧʠʨʫʣʠʥʳ ʩʫʤʤʘʨʥʘʷ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʨʠ ʵʪʦʤ 

ʩʦʩʪʘʚʣʷʣʘ 44 ʙʘʣʣʘ ʠʟ 50, ʜʣʷ ʭʣʦʨʝʣʣʳ ï 45 ʙʘʣʣʦʚ ʠʟ 50. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 40 ʠ 

50Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʦʮʝʥʢʠ ʥʘ 2-3 ʠ 5-6 ʙʘʣʣʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʣʴʥʝʡʰʝʝ 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʰʢʠ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʟʘʤʝʪʥʦʝ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʝʟʚʦʞʝʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ.  

ʊʝʤʧʝʨʘʪʫʨʘ ʩʫʰʢʠ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʜʫʢʪʘ, ʥʦ ʠ ʥʘ 

ʩʪʝʧʝʥʴ ʩʦʭʨʘʥʷʝʤʦʩʪʠ ʪʝʨʤʦʣʘʙʠʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪ ʚʠʪʘʤʠʥʳ. 

ʃʫʯʰʝ ʚʩʝʛʦ ʩʦʭʨʘʥʷʣʩʷ ʚʠʪʘʤʠʥ ɽ: ʜʘʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘ 60Áʉ ʩʪʝʧʝʥʴ ʝʛʦ 

ʩʦʭʨʘʥʥʦʩʪʠ ʩʦʩʪʘʚʣʷʣʘ 64-72%. ʍʫʞʝ ʚʩʝʛʦ ʩʦʭʨʘʥʷʣʩʷ ʚʠʪʘʤʠʥ ʉ: ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘ 50 ʠ 

60Áʉ ʩʪʝʧʝʥʴ ʝʛʦ ʩʦʭʨʘʥʥʦʩʪʠ ʩʦʩʪʘʚʠʣʘ 20-33% ʠ 9-16% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʜʘʥʥʳʡ ʚʠʪʘʤʠʥ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʨʦʰʦ ʩʦʭʨʘʥʷʣʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʙʦʣʝʝ 40Áʉ. 

ɿʘʢʣʶʯʝʥʠʝ  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʘʢʫʫʤʥʦʡ ʩʫʰʢʠ ʙʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʚ 40Áʉ. ʇʨʠ ʫʢʘʟʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʘʢʫʫʤʥʦʡ ʩʫʰʢʠ ʩʧʠʨʫʣʠʥʳ ʠ ʭʣʦʨʝʣʣʳ ʩʦʩʪʘʚʣʷʝʪ 230 ʠ 

200 ʤʠʥ. ʉʫʤʤʘʨʥʘʷ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʨʠ ʵʪʦʤ ʨʘʚʥʘ 42 ʙʘʣʣʘʤ ʠʟ 50, ʘ ʩʪʝʧʝʥʴ 
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ʩʦʭʨʘʥʥʦʩʪʠ ʚʠʪʘʤʠʥʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 40 ʜʦ 87%. ɺ ʜʘʣʴʥʝʡʰʠʭ ʦʧʳʪʘʭ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʘʥʥʳʡ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. 
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Abstract 

This paper discusses various methods of freezing foods. Freezing is one of widely used ways to store 

food. Freezing by air, in a tiled freezer, and freezing by immersion in liquid were considered. A SWOT 

analysis was compiled for these methods. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ. ɿʘʤʦʨʘʞʠ-

ʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʪʦʚ. ɹʳʣʠ ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ: ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʚʦʟʜʫʰʥʳʤ ʤʝʪʦʜʦʤ, ʚ ʧʣʠʪʦʯʥʦʤ ʤʦʨʦʟʠʣʴʥʦʤ 

ʘʧʧʘʨʘʪʝ ʠ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʧʦʛʨʫʞʝʥʠʝʤ ʚ ʞʠʜʢʦʩʪʴ. ɼʣʷ ʜʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʩʦʩʪʘʚʣʝʥ SWOT-ʘʥʘʣʠʟ. 

 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʪʦʡʢʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʭʨʘʥʝʥʠʠ, ʠʭ ʟʘʤʦʨʘʞʠʚʘʶʪ. 

ɿʘʤʦʨʘʞʠʚʘʥʠʝ ï ʧʨʦʮʝʩʩ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʝʨʝʭʦʜʦʤ ʚ 

ʣʝʜ ʧʦʯʪʠ ʚʩʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʥʝʤ ʚʦʜʳ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʧʨʦʜʫʢʪʝ ʧʨʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠ 

ʧʦʜʤʦʨʘʞʠʚʘʥʠʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʢʦʨʦʧʦʨʪʷʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ ʚ ʟʘʤʦʨʦʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʦʛʫʪ 

ʫʩʧʝʰʥʦ ʭʨʘʥʠʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʠ ʙʦʣʝʝ. 

ʇʨʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʚʦʜʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʣʝʜ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʠʪʘʥʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʨʝʟʢʦ ʩʦʢʨʘʱʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʧʨʦʜʫʢʪʝ. ʇʨʝʚʨʘʱʝʥʠʝ ʚʦʜʳ ʚ ʣʝʜ ʨʦʜʩʪʚʝʥʥʦ 

ʵʬʬʝʢʪʫ ʦʙʝʟʚʦʞʠʚʘʥʠʷ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ. ʈʘʟʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʧʨʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʚʣʘʛʘ ʥʝ ʫʜʘʣʷʝʪʩʷ, ʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʣʝʜ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʦʙʝʟʚʦʞʠʚʘʥʠʠ ʦʥʘ 

ʫʜʘʣʷʝʪʩʷ. ʇʦʜʚʝʨʛʘʷ ʧʨʦʜʫʢʪ ʟʘʤʦʨʘʞʠʚʘʥʠʶ ʠ ʭʨʘʥʷ ʝʛʦ ʚ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʩʪʨʝʤʷʪʩʷ ʩʦʭʨʘʥʠʪʴ ʝʛʦ 

ʧʠʪʘʪʝʣʴʥʳʝ ʠ ʚʢʫʩʦʚʳʝ ʩʚʦʡʩʪʚʘ [1]. 

ɺʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1 [2]. 
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ʧʨʦʜʫʢʪr  (ʧʣʦʜr , ʦʚʦɦ ʠ, ʢʫʩʢʠ ʤ̫ʩʘ, 

ʨr ʙʫ, ʤ̫ ʩʦ ʧʪʠʮr  ʠ ʪ.ʜ.) ʟʘʤʦʨʘʞʠʚʘʁ ʪ 

ʩʘʤʦʩʪʦ̫ʪʝʣɹʥʦ ʠ ʟʘʪʝʤ ʫʧʘʢʦʚr ʚʘʁ ʪ 

ʧʦʜʭʦʜ̫ ʠɦʤ ʩʧʦʩʦʙʦʤ

ʧʨʦʜʫʢʪ ʫʧʘʢʦʚr ʚʘʁ ʪ ʠ ʧʦʩʣʝ ɻʪʦʛʦ 

ʟʘʤʦʨʘʞʠʚʘʁ ʪ ʚ ʧʣʠʪʦʯʥr ʭ ʤʦʨʦʟʠʣɹʥr ʭ 

ʘʧʧʘʨʘʪʘʭ ʩʦ ʩʪʘʪʠʯʝʩʢʠʤ ʠʣʠ 

ʨʝʮʠʨʢʫʣʠʨʫʁ ʠɦʤ ʚʦʟʜʫʭʦʤ

ʧʨʦʜʫʢʪ ʧʦʛʨʫʞʘʁ ʪ ʚ ʦʭʣʘʞʜʝʥʥʫʁ  

ʞʠʜʢʦʩʪɹ, ʥʘʧʨʠʤʝʨ ʚ ʩʦʣʝʚʦʡ ʨʘʩʪʚʦʨ, 

ʞʠʜʢʠʡ ʘʟʦʪ, ʞʠʜʢʠʡ ʉʆ2 ʠ ʪ.ʜ. (ʧʨʦʮʝʩʩ 

ʟʘʤʦʨʘʞʠʚʘʥʠ̫ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥɹ ʙr ʩʪʨʦ)
 

 
ʈʠʩʫʥʦʢ 1 - ʉʧʦʩʦʙʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

 

ɼʣʷ ʜʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʉɺʆʊïʘʥʘʣʠʟ[3], ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

 
ʊʘʙʣʠʮʘ 1 - ʉɺʆʊïʘʥʘʣʠʟ ʩʧʦʩʦʙʦʚ 

 

ʉʧʦʩʦʙʳ 

ʟʘʤʦʨʘʞʠʚʘʥʠ

ʷ ʧʨʦʜʫʢʪʦʚ 

ʉʠʣʴʥʳʝ 

ʩʪʦʨʦʥʳ 
ʉʣʘʙʳʝ ʩʪʦʨʦʥʳ ɺʦʟʤʦʞʥʦʩʪʠ ʋʛʨʦʟʳ 
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[4
] 

 

ʧʨʦʩʪʦʪʘ 

ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʢʦʨʦʩʪʴ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ 

ʧʨʦʜʫʢʪʘ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʨʝʜʳ ʠ ʩʢʦʨʦʩʪʠ ʝʝ 

ʮʠʨʢʫʣʷʮʠʠ 

ʫʚʝʣʠʯʝʥʠʝ 

ʣʠʥʝʡʥʳʭ 

ʨʘʟʤʝʨʦʚ ʧʨʦʜʫʢʪʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʷʝʪ 

ʦʧʪʠʤʘʣʴʥʫʶ 

ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ 

(ʦʪ 2 ʜʦ 4 ʤ/ʩ) 

ʫʩʫʰʢʘ 

ʥʝʫʧʘʢʦʚʘʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʠʣʠ 

ʚʦʟʤʦʞʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ 

ʫʧʘʢʦʚʘʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ 
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ʤʠʥʠʤʘʣʴʥʘʷ 

ʩʪʦʠʤʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦʧʦʚʳʰʘʝʪ 

ʟʘʪʨʘʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʥʘ ʨʘʙʦʪʫ ʚʝʥʪʠʣʷʪʦʨʦʚ 

 ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

ʙʦʣʝʝ ʛʘʙʘʨʠʪʥʳʭ 

ʧʨʦʜʫʢʪʦʚ 

 ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʱʥʳʭ 

ʚʝʥʪʠʣʷʪʦʨʦʚ, 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʨʘʟʤʝʨʳ 

ʧʦ ʜʣʠʥʝ ʢʘʤʝʨʳ 
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[5
] 

ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʥʠʞʝʥʠʶʚʣʘʛ

ʦʩʦʜʝʨʞʘʥʠʷ ʠ 

ʫʩʫʰʢʝ 

ʧʨʦʜʫʢʪʘ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʬʦʨʤʳ 

ʵʢʦʥʦʤʠʯʝʥ ʦʪʩʫʪʩʪʚʠʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʚ 

ʘʩʩʦʨʪʠʤʝʥʪʝ 

ʟʘʤʦʨʘʞʠʚʘʝʤʳʭ 

ʧʨʦʜʫʢʪʦʚ 

 ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʜʝʡʩʪʚʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʚʝʨʪʠʢʘʣʴʥʦ- ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ-

ʧʣʠʪʦʯʥʳʭ ʘʧʧʘʨʘʪʦʚ, 

ʯʪʦ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʢʣʶʯʝʥʠʷ ʪʘʢʠʭ 

ʘʧʧʘʨʘʪʦʚ ʚ ʧʦʪʦʯʥʫʶ 

ʣʠʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 

ʰʠʨʦʢʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ 

 ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʨʦʜʫʢʪʦʚ ʪʦʣʴʢʦ 

ʧʨʘʚʠʣʴʥʦʡ, 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʬʦʨʤʳ 
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] 

    

ʞʠʜʢʦʩʪʴ ʥʝ 

ʠʟʤʝʥʷʝʪ ʩʚʦʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚʦ 

ʚʨʝʤʷʟʘʤʦʨʘʞʠ

ʚʘʥʠʷ ʧʨʦʜʫʢʪʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ 

ʛʝʨʤʝʪʠʯʥʦʡ ʫʧʘʢʦʚʢʠ, 

ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ 

ʢʦʥʪʘʢʪ ʧʨʦʜʫʢʪʘ ʩ 

ʟʘʤʦʨʘʞʠʚʘʝʤʦʡ ʩʨʝʜʦʡ 

ʧʨʠ 

ʟʘʤʦʨʘʞʠʚʘʥʠʠ 

ʧʦʛʨʫʞʝʥʠʝʤ 

ʦʙʨʘʟʫʝʪʩʷ ʛʣʘʟʫʨʴ 

(ʪʦʥʢʠʡ ʩʣʦʡ ʣʴʜʘ) 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʜʫʢʪʘ, ʯʪʦ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʫʩʫʰʢʫ 

ʥʝʫʧʘʢʦʚʘʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʚ 

ʧʝʨʠʦʜ ʭʨʘʥʝʥʠʷ 

ʠʟ ʧʨʦʜʫʢʪʘ 

ʚʳʜʝʣʷʝʪʩʷ ʩʦʢ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʦʩʤʦʩʘ 

ʚʳʩʦʢʘʷ 

ʩʢʦʨʦʩʪʴ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʧʣʠʪʦʯʥʳʤʠ 

ʠ ʚʦʟʜʫʰʥʳʤʠ 

ʩʢʦʨʦʤʦʨʦ-

ʟʠʣʴʥʳʤʠ 

ʘʧʧʘʨʘʪʘʤʠ 

  ʧʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʦʭʣʘʞʜʘʶʱʝʡ 

ʞʠʜʢʦʩʪʠ ʨʘʩʪʚʦʨʘ 

ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ 

ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ 

ʠʟʙʳʪʦʯʥʦʝ ʧʨʦ-

ʥʠʢʥʦʚʝʥʠʝ ʩʦʣʠ ʚ 

ʧʨʦʜʫʢʪ, ʯʪʦ 

ʩʦʢʨʘʱʘʝʪ ʢʘʯʝʩ-

ʪʚʦ ʟʘʤʦʨʦʞʝʥ-

ʥʦʛʦ ʧʨʦʜʫʢʪʘ 
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Abstract  

This paper presents a qualitative analysis of the thermophysical characteristics of various food 

products. Food products are the complex of multi-component systems.There are number of parameters and 

properties, such as temperature, humidity, composition, specific heat capacity, thermal conductivity and 

thermal diffusivity are affected on food products. As a result of heat input and removal, various changes 

occur in food products, which can have both positive and negative effects. Therefore, it is very important to 

know a number of thermophysical characteristics of food products in order to choose the optimal processing 

modes and reduce the energy intensity of processes. Determination of such quantities is the main objective of 

thermal physics. 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯʥʳʭ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ. 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ, ʩʦʩʪʘʚ, ʫʜʝʣʴʥʘʷ 

ʪʝʧʣʦʝʤʢʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʚʦʜʘ ʠ ʦʪʚʦʜʘ ʪʝʧʣʘ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʧʨʦʠʩʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ. ʇʦʵʪʦʤʫ ʦʯʝʥʴ ʚʘʞʥʦ 

ʟʥʘʪʴ ʨʷʜ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʯʪʦʙʳ ʚʳʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 
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ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ ʠ ʩʥʠʞʘʪʴ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʦʚ. ʆʧʨʝʜʝʣʝʥʠʝ ʪʘʢʠʭ ʚʝʣʠʯʠʥ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʪʝʧʣʦʬʠʟʠʢʠ. 

 

Introduction  

Currently, the food market is full of a variety of products. You should pay attention to their quality. 

After all, the processes of production and storage of products are quite energy-intensive processes. In recent 

years, the perception of the nutritional value of potatoes as one of the main products in the human diet has 

changed markedly [1]. 

For human health, it has become extremely important not only the fullness of food, but also its 

preventive and detoxifying functions. The main purpose of this paper is scientific and practical justification 

and improvement of the methodological complex of rational design of food systems, and forecasting their 

quality by studying, analyzing and modeling the physical and chemical properties of products and processes 

of heat and mass transfer. This largely determines the current requirements for the structure of rational 

nutrition. It is almost impossible to meet these requirements using traditional food products, so for modern 

food production, both in our Republic and abroad, it is of particular importance to develop a new range of 

combined products of high biological value based on a combination of raw meat with various additives of 

plant origin. In general, the solution to this problem can be associated with an increase in the role of quick-

frozen foods and semi-finished products in the diet of the population. [2]. 

Methodology 

To identify the factors that affect the raw materials and semi-finished products, we use data on thermal 

physical characteristics (TPC), namely, the specific heat capacity, the thermal conductivity coefficient and 

the thermal conductivity coefficient obtained during their thermal and mechanical processing [3]. 

In table 1, using the example of three varieties of potatoes, we will conduct a comparative analysis of 

the TPC and identify what is the significant spread of data on the TPC [4]. 

 
Table 1 ï Thermophysical characteristics of potatoes 
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Purified Untreated 

Berlichingen 79,2 0,60 3500 15,3 79,3 0,65 3500 16,2 

Lorch 80,0 0,58 3600 15,2 81,2 0,61 3600 16,3 

Peredovik 80,1 0,62 3600 15,8 79,8 0,64 3500 16,3 

Priekulskaya 81,6 0,62 3600 15,7 80,0 0,66 3600 16,7 

 

The initial characteristics of raw materials often depend on various factors, such as humidity, 

temperature, chemical composition of the product, etc. vegetables have a significant spread of data on 

thermophysical characteristics [5, 6]. This is due to the fact that the initial moisture content of the product is 

different in various production cases, that is, the growing conditions, the influence of the variety, seasonality, 

storage conditions, etc. can be changed [1]. 

Examining the data in table 1, we can conclude that the specific heat capacity ȟ̒ὐὯὫϽᴈfresh food is 

almost independent of its type and is determined by the main indicator ï humidity [1]. In the temperature 

range from 273 K to 293 K the specific heat capacity is calculated from the expression 

ὧ ρστπςψȟφὡ                             (1) 
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It should be noted that this formula is used when converting units of measurement from ¯Cʚʂ. this 

formula is recommended for determining the specific heat capacity of fresh potatoes, as well as other 

vegetables, fruits, and berries in the humidity range W from 62% to 97%. 

Density of fresh products ”ȟ
ὯὫ
ά

when T is from 278 K to 293 K, calculate based on and 

expressions: 

”  
ςφχ πππ

ςφχὲ
 ÏÒ ”  ρπππφȟπϽὲ                          (2) 

whereὲï dry matter content, 
ὯὫ
ὯὫ . 

Average physical density of products”ȟ
ὯὫ
ά

, less than true and is defined as: 

” ”Ͻρ ‐                            (3) 

where‐ ï degree of porosity.  

The characteristics of fresh potatoes are shown in the table2.  

 
Table 2 ï Characteristics of fresh potatoes. 

 

Product ὲȟϷ ”ȟ
ὯὫ
ά  ”ȟ

ὯὫ
ά  ‐ȟϷ ”ȟʢʛ

ʤ
 

Potato 20,2 1080 650 40 - 

 

Results and discussion  

Experimental values of the specific heat capacity of cooked vegetables was calculated using the 

formula: ὧ ρστπςψȢφὡpractically do not differ, so this formula is recommended to be used to 

determine the specific heat capacity of cooked vegetables. As the temperature of vegetables increases, their 

coefficient of thermal conductivity increases [7, 8]. The specific heat capacity of fresh and heated vegetables 

(from 273 K to 373 K) is approximately the same [9]. To do this, refer to the data in table 3. 

 
Table 3 ï Specific heat capacity of potatoes. 

 

Degreeofreadiness Humidity, W, % Heat capacity, ʩȟ
ὐ
ὯὫϽʂ 

fresh 75 3515 

cooked 80 3643 

 

If we conduct a comparative analysis of the specific heat capacity of potatoes in fresh and cooked 

form, based on the data in tables 1 and 2, we can find that the equivalent coefficients of thermal conductivity 

and temperature conductivity of potatoes are approximately the same as in fresh root crops, since heating is 

not accompanied by a noticeable mass exchange. It was found that the thermal characteristics of potatoes 

differ with different methods of cooking. These data are presented in tables 4 and 5. 

 
Table 4 ï Thermophysical characteristics of potatoes in different cooking methods 

 

 

W, % 

 

”ȟ
ὯὫ
ά  

Inheatedwater Inboilingwater In wet saturated steam 

‗ȟὡ άϽʂ ʘϽρπȟά ί ‗ȟὡ άϽʂ ʘϽρπȟά ί ‗ȟὡ άϽʂ ʘϽρπȟά ί 

77,5-80 1060-1098 0,67 17,5 0,64 16,0 0,59 15,4 

 

Table 5 ï Coefficient of thermal conductivity of potatoes 
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T, K 300 313 323 333 343 353 363 

ʘϽρπȟά ί 10,3 10,8 12,9 15,0 22,2 16,3 15,0 

 

The established nature of the dependence is explained by changes in the thermal characteristics of 

starch during gelatinization. The values of the constants included in the formulas are given in the works of A. 

S. Ginzburg, M. A. Gromov, and others [5, 6]. 

Thermophysical characteristics of combined meat-growing minced meat at different temperature 

ranges are given in tables 6 and 7. 

 
Table 6 ï Thermophysical characteristics of minced meat in the temperature range from70 ʦʉto 15 ʦʉ[10]. 

 

Mincedmeat 
Thermal diffusivity, 

ʘϽρπȟά ί 

Thermal conductivity, 

‗ȟὡ άϽʂ 

Heat capacity, 

ʩȟ
Ὧὐ
ὯὫϽὑ 

beef 12,00 0,44 3,522 

pork 11,00 0,41 3,473 

porkwithsauerkraut 11,5 0,42 3,497 

 

As a result of data analysis of thermo-physical characteristics of meat and meat and cereal stuffing can 

be seen that with the increase of moisture diffusivity increases, and with increase of fat content is the thermal 

diffusivity decreases. 

 
Table 7 ï Thermophysical characteristics of meat-growing minced meat [2]. 

 

Characteristic 

Dumpling ñLidiyaò Dumpling ñGrigoryevskiyeò 

Temperature 

263 ʂ 258 ʂ 253 ʂ 243 ʂ 263 ʂ 258 ʂ 253 ʂ 243 ʂ 

ʘϽρπȟά ί 24,23 34,59 36,86 52,76 26,23 35,59 38,88 54,86 

‗ȟὡ άϽʂ 0,491 0,696 0,732 1,034 0,546 0,734 0,788 1,095 

ʩȟ
ὐ
ὯὫϽὑ 2,027 2,013 1,989 1,962 2,084 2,065 2,028 1,998 

 

Conclusion  

When analyzing the thermophysical characteristics of meat-growing minced meat in the area of 

negative temperatures, the dependence on the humidity of products is visible. the higher the humidity, the 

greater the value of the indicators. In addition, with a decrease in temperature, there is a decrease in heat 

capacity and an increase in the coefficients of thermal conductivity and thermal conductivity. 

A general analysis of the data showed that the value of the thermophysical characteristics of products 

can reveal what conditions are necessary to preserve the properties of this product. This is especially 

important when developing multi-component food systems, in terms of stabilizing and improving their 

consumer properties. 
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Abstract 

The results of study of the average molar mass of ProEco® RF 22 S and RENISO SP46 compressor 

oils, which are widely used in refrigeration systems operated with refrigerant R290 are presented in paper. 

Description of the experimental setup that implements the ebullioscopic method and the experiment 

ʴʫʝʱʚʱʜʱʚʥ are described. 

Key words: Compressor oil - Molar mass - Ebullioscopic method. 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʨʝʜʥʝʡ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ  ʢʦʤʧʨʝʩʩʦʨʥʳʭ 

ʤʘʩʝʣ ProEcoÈ RF 22 S ʠ RENISO SP46, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʭʦʣʦʜʠʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʠʩʧʦʣʴʟʫʶʱʠʤ ʭʣʘʜʘʛʝʥʪ R290. ʇʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʨʝʘʣʠʟʫʶʱʝʡ 

ʵʙʫʣʣʠʦʩʢʦʧʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʠ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʦʤʧʨʝʩʩʦʨʥʦʝ ʤʘʩʣʦ ï ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ ï ʕʙʫʣʣʠʦʩʢʦʧʠʯʝʩʢʠʡ ʤʝʪʦʜ. 

 

ɺʚʝʜʝʥʠʝ  

ʇʨʦʛʨʝʩʩ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʪʝʧʣʦʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʨʝʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʪʝʣ 

ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʜ ʢʦʪʦʨʳʤʠ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʨʘʩʪʚʦʨʳ ʭʣʘʜʘʛʝʥʪ/ʤʘʩʣʦ (ʈʍʄ), 

ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʦʣʷʨʥʦʡ ʤʘʩʩʝ ʧʨʠʤʝʥʷʝʤʳʭ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʤʘʩʝʣ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʦʪʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ ʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʧʝʨʝʥʦʩʘ ʈʍʄ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 
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ʤʝʨʝ ʟʘʪʨʫʜʥʷʝʪ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʠʩʧʘʨʠʪʝʣʝ ʠ ʢʦʥʜʝʥʩʘʪʦʨʝ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʫ ʠ 

ʨʝʘʣʠʟʘʮʠʶ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʘʥʥʳʭ ʦ ʤʦʣʷʨʥʦʡ ʤʘʩʩʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʤʘʩʝʣ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʭʣʘʜʘʛʝʥʪʘʤʠ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʦʜʝʨʞʠʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ [1 ï 10]. 

ʇʨʠʯʠʥ, ʦʙʫʩʣʦʚʠʚʰʠʭ ʩʣʦʞʠʚʰʫʶʩʷ ʩʠʪʫʘʮʠʶ, ʥʝʩʢʦʣʴʢʦ. ɺʦ-ʧʝʨʚʳʭ, ʥʦʤʝʥʢʣʘʪʫʨʘ 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʝ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʤʘʩʝʣ ʯʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢʘ [4]. ʇʦ-ʧʨʝʞʥʝʤʫ ʚ 

ʧʨʘʢʪʠʢʝ ʭʦʣʦʜʠʣʴʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʠʥʝʨʘʣʴʥʳʝ ʤʘʩʣʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʢʘʢ ʧʨʦʜʫʢʪ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʩʤʝʩʝʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʤ ʧʫʪʝʤ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʨʝʩʩʦʨʘʭ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʛʘʣʦʠʜʦʧʨʦʠʟʚʦʜʥʳʭ ʦʟʦʥʦʥʝʨʘʟʨʫʰʘʶʱʠʭ ʭʣʘʜʘʛʝʥʪʘʭ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʩʣʘ ʥʘ 

ʧʦʣʠʵʬʠʨʥʦʡ ʦʩʥʦʚʝ (POE) ʠʣʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʣʢʠʣʝʥʛʣʠʢʦʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ (PAG). ɺʦ-ʚʪʦʨʳʭ, 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʤʘʩʝʣ ʚ ʠʭ ʩʦʩʪʘʚ ʚʚʦʜʷʪ 

ʨʘʟʣʠʯʥʳʝ ʧʨʠʩʘʜʢʠ: ʚʷʟʢʦʩʪʥʳʝ, ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʝ, ʧʨʦʪʠʚʦʢʦʨʨʦʟʠʦʥʥʳʝ, ʧʨʦʪʠʚʦʧʝʥʥʳʝ, 

ʧʦʥʠʞʘʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʩʪʳʚʘʥʠʷ, ʫʣʫʯʰʘʶʱʠʝ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʢʘʯʝʩʪʚʘ, ʘ ʪʘʢʞʝ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ. ɺ-ʪʨʝʪʴʠʭ, ʩʦʩʪʘʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʤʘʩʝʣ ʚʩʝʛʜʘ ʥʝʠʟʚʝʩʪʝʥ, 

ʧʦʩʢʦʣʴʢʫ ʦʥ ʷʚʣʷʝʪʩʷ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʦʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʣʦʞʥʦʩʪʴ ʠ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʩʪʴ ʩʦʩʪʘʚʘ ʧʦʣʠʘʣʢʠʣʝʥʛʣʠʢʦʣʝʚʳʭ, ʘʣʢʠʣʙʝʥʟʦʣʴ-

ʥʳʭ, ʥʘʬʪʝʥʦʚʳʭ, ʧʘʨʘʬʠʥʦʚʳʭ ʠ ʜʨ. ʤʘʩʝʣ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʚ ʥʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʩʘʜʦʢ, ʩʪʘʚʷʪ 

ʧʦʜ ʩʦʤʥʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʦʙʦʙʱʝʥʥʳʭ ʢʦʨʨʝʣʷʮʠʡ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʩʨʝʜʥʝʡ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʠ ʨʘʩʯʝʪʘ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʈʍʄ. ʍʦʪʷ ʧʦʧʳʪʢʠ ʩʦʟʜʘʥʠʷ ʧʦʜʦʙʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʠʟʚʝʩʪʥʳ.  

ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [1] ʧʨʠʚʝʜʝʥ ʨʷʜ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʨʘʩʯʝʪʘ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʧʦʣʠʵʬʠʨʥʳʭ 

ʤʘʩʝʣ, ʢʦʪʦʨʳʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʜʦʧʫʱʝʥʠʠ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʤʘʩʣʘ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʛʠʧʦʪʝʪʠʯʝʩʢʠ ʯʠʩʪʳʝ ʞʠʜʢʦʩʪʠ. ɺ ʨʘʙʦʪʝ [2] ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʜʫʨʳ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ñʫʥʠʚʝʨʩʘʣʴʥʦʛʦò ʤʘʩʣʘ ʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʝʪʘ ʩʚʦʡʩʪʚ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʤʘʩʝʣ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʪʠʧʘ ʠ ʩʦʩʪʘʚʘ.  

ɺ ʩʧʨʘʚʦʯʥʠʢʝ [3] ʧʨʠʚʝʜʝʥʘ ʦʛʨʘʥʠʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʦʣʷʨʥʦʡ ʤʘʩʩʝ ʢʦʤʧʨʝʩʩʦʨʥʳʭ 

ʤʘʩʝʣ ʨʘʟʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʩ ʭʣʦʨʩʦʜʝʨʞʘʱʠʤʠ ʠ 

ʭʣʦʨʬʪʦʨʩʦʜʝʨʞʘʱʠʤʠ ʭʣʘʜʘʛʝʥʪʘʤʠ. ʆʜʥʘʢʦ ʩʚʝʜʝʥʠʷ ʦ ʤʘʩʣʘʭ, ʭʣʘʜʘʛʝʥʪʘʭ ʠ ʠʭ ʨʘʩʪʚʦʨʘʭ ʩ 

ʤʘʩʣʘʤʠ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʵʪʦʤ ʩʧʨʘʚʦʯʥʠʢʝ, ʥʝ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤʠ, ʠ ʪʨʝʙʫʶʪ ʦʙʥʦʚʣʝʥʠʷ ʩ 

ʫʯʝʪʦʤ ʪʝʥʜʝʥʮʠʡ ʧʝʨʝʚʦʜʘ ʭʦʣʦʜʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʭʣʘʜʘʛʝʥʪʳ.  

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʙʨʘʟʮʳ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʤʘʩʝʣ ProEcoÈ 

RF 22 S ʠ RENISO SP46. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʤʘʩʝʣ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʤʘʩʝʣ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ RENISO SP46 ProEco® RF 22 S 

ɺʷʟʢʦʩʪʴ ʧʨʠ 20ÁC, ʤʤĮ/ʩ 170 - 

ɺʷʟʢʦʩʪʴ ʧʨʠ 40ÁC, ʤʤĮ/ʩ 46 22,26 

ɺʷʟʢʦʩʪʴ ʧʨʠ 100ÁC, ʤʤĮ/ʩ 5,1 4,08 

ʇʣʦʪʥʦʩʪʴ ʧʨʠ 15ÁC, ʢʛ/ʤ3 872 949 

ʊʝʤʧʝʨʘʪʫʨʘ  ʚʩʧʳʰʢʠ, °C 175 204 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʩʪʳʚʘʥʠʷ, °C -42 -57 

ʏʠʩʣʦ ʥʝʡʪʨʘʣʠʟʘʮʠʠ, ʤʛʂʆʅ/ʛ 0,03 0,01 

ʏʠʩʣʦ ʦʤʳʣʝʥʠʷ, ʤʛʂʆʅ/ʛ 1,1 2,7 

ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ, ʤʛ/ʢʛ <30 40 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʤʘʩʝʣ ʙʳʣʘ ʩʦʟʜʘʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʵʙʫʣʣʠʦʩʢʦʧʠʯʝʩʢʠʡ ʤʝʪʦʜ [11]. ʕʪʦʪ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ 

ʠʟʤʝʨʝʥʠʠ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʝʛʦ ʨʘʩʪʚʦʨʘ ʩ ʠʩʩʣʝʜʫʝʤʳʤ 

ʚʝʱʝʩʪʚʦʤ ʚ ʨʘʤʢʘʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʪʚʦʨʳ ʩ ʥʝʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʠʜʝʘʣʴʥʳʝ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʨʝʜʥʝʡ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʢʦʤʧʨʝʩʩʦʨʥʳʭ 

ʤʘʩʝʣ: 1 ï ʪʝʨʤʦʩʪʘʪ U-T Typ U 10;  2 ï ʩʪʝʢʣʷʥʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ;  3 ï ʤʫʣʴʪʠʤʝʪʨ Time Electronics 50656 ½; 4 ï 

ʠʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ Electronics PromTools powerSupply 30V 50A; 5-ʟʘʧʨʘʚʦʯʥʘʷ ʤʘʛʠʩʪʨʘʣʴ; 6 ï ʥʘʩʦʩ 

ʂʦʪʨʝʣʷ;  7 ï ʩʪʝʢʣʷʥʥʘʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʷʯʝʡʢʘ; 8 ï ʥʘʛʨʝʚʘʪʝʣʴ; 9 ï ʨʘʩʪʚʦʨ ʙʝʥʟʦʣ/ʤʘʩʣʦ; 10 ï ʚʦʨʦʥʢʘ, 11 ï 

ʧʣʘʪʠʥʦʚʳʡ ʪʝʨʤʦʤʝʪʨ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 50 ʆʤ; 12 ï ʫʩʪʨʦʡʩʪʚʦ ʦʪʚʦʜʘ ʢʦʥʜʝʥʩʘʪʘ ʙʝʥʟʦʣʘ ʚ ʢʠʧʷʱʠʡ ʨʘʩʪʚʦʨ 

ʙʝʥʟʦʣ/ ʢʦʤʧʨʝʩʩʦʨʥʦʝ ʤʘʩʣʦ 

 

ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʩʪʝʢʣʷʥʥʦʡ ʷʯʝʡʢʝ 7, ʩʦʝʜʠʥʝʥʥʦʡ ʩ 

ʘʪʤʦʩʬʝʨʦʡ ʯʝʨʝʟ ʢʦʥʜʝʥʩʘʪʦʨ 2. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʝʥʟʦʣ 

(CAS 71-43-2), ʢʦʪʦʨʳʡ ʠʤʝʣ ʯʠʩʪʦʪʫ 99,5% ɼʣʷ ʥʘʛʨʝʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʙʝʥʟʦʣʘ) ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʠʧʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʘʛʨʝʚʘʪʝʣʴ 8, ʨʘʟʤʝʱʝʥʥʳʡ ʚʥʫʪʨʠ ʩʪʝʢʣʷʥʥʦʡ ʷʯʝʡʢʠ ʠ ʠʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

4 Electronics PromTools powerSupply 30V 50A. 

ʈʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʙʝʥʟʦʣʘ) ʠ ʝʛʦ ʨʘʩʪʚʦʨʘ ʩ ʤʘʩʣʦʤ 

ʠʟʤʝʨʷʣʘʩʴ ʧʣʘʪʠʥʦʚʳʤ ʪʝʨʤʦʤʝʪʨʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 11. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʨʤʦʤʝʪʨʘ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʤʫʣʴʪʠʤʝʪʨʦʤ Time Electronics 50656 ½ ʩ ʘʙʩʦʣʶʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 0.1 °C. ɺʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʩʰʠʨʝʥʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ ʙʝʥʟʦʣʘ ʠ 

ʨʘʩʪʚʦʨʦʚ ʙʝʥʟʦʣ/ ʢʦʤʧʨʝʩʩʦʨʥʦʝ ʤʘʩʣʦ ʥʝ ʧʨʝʚʳʰʘʣʘ 2%  ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʧʝʨʝʛʨʝʚʘ 

ʢʠʧʷʱʝʡ ʞʠʜʢʦʡ ʬʘʟʳ ʨʘʩʪʚʦʨʘ ʙʝʥʟʦʣ/ʢʦʤʧʨʝʩʩʦʨʥʦʝ ʤʘʩʣʦ ʥʘ ʧʦʢʘʟʘʥʠʷ ʪʝʨʤʦʤʝʪʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʥʘʩʦʩ ʂʦʪʨʝʣʷ 6. ɼʣʷ ʣʫʯʰʝʛʦ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʪʝʨʤʦʤʝʪʨʦʤ ʠ ʢʠʧʷʱʠʤ ʨʘʩʪʚʦʨʦʤ ʙʝʥʟʦʣ/ 

ʢʦʤʧʨʝʩʩʦʨʥʦʝ ʤʘʩʣʦ ʧʦʩʪʫʧʘʶʱʠʤ ʠʟ ʥʘʩʦʩʘ ʂʦʪʨʝʣʷ ʥʘ ʪʝʨʤʦʤʝʪʨʝ ʫʩʪʘʥʦʚʣʝʥʘ ʚʦʨʦʥʢʘ 10. 

ɿʘʛʨʫʟʢʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʤʘʩʝʣ ʚ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʷʯʝʡʢʫ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʯʝʨʝʟ  ʟʘʧʨʘʚʦʯʥʫʶ 

ʤʘʛʠʩʪʨʘʣʴ 5. ɺʦʟʚʨʘʪ ʯʘʩʪʠ ʩʢʦʥʜʝʥʩʠʨʦʚʘʚʰʠʭʩʷ ʧʘʨʦʚ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʷʯʝʡʢʫ 7 ʦʙʝʩʧʝʯʠʚʘʣʩʷ 

ʩʪʝʢʣʷʥʥʳʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ  2, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʢʘʯʠʚʘʣʘʩʴ ʚʦʜʘ ʠʟ ʪʝʨʤʦʩʪʘʪʘ 1, U-T Typ U 10, 

ʠʤʝʶʱʘʷ ʧʦʩʪʦʷʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 25 °C ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ 

ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʷʯʝʡʢʘ ʙʳʣʘ ʠʟʦʣʠʨʦʚʘʥʘ ʩʣʦʝʤ ʬʪʦʨ-ʢʘʫʯʫʢʘ ʤʘʨʢʠ ʉʂʌ-26. 

ʄʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʤʢʘʭ ʧʨʠʤʝʥʝʥʥʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ [11] ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʦʙʨʘʟʮʦʚ ʢʦʤʧʨʝʩʩʦʨʥʳʭ 

ʤʘʩʝʣ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ  
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ʛʜʝ ȹT ï ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʘ ʠ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, K; C=moil/mʙʝʥʟ ï 

ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʤʘʩʣʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʨʘʩʪʚʦʨʝ, ʢ ʤʘʩʩʝ ʙʝʥʟʦʣʘ; moil ï ʤʘʩʩʘ ʤʘʩʣʘ, ʛ; mʙʝʥʟ ï 

ʤʘʩʩʘ ʙʝʥʟʦʣʘ, ʛ; ʂʵʙ ï ʵʙʫʣʣʠʦʩʢʦʧʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ 
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ʛʜʝ R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, ɼʞ/(ʂĿʤʦʣʴ); Tʢʠʧ ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʙʝʥʟʦʣʘ, K; 

mʙʝʥʟ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʙʝʥʟʦʣʘ, ʢʛ/ʤʦʣʴ; lʙʝʥʟ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ʙʝʥʟʦʣʘ, ɼʞ/ʤʦʣʴ. 

ʀʟʤʝʨʝʥʠʷ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʘ ʠ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʘʭ ʨʘʩʪʚʦʨʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ȹT/C ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉ. 

ʇʦʩʢʦʣʴʢʫ ʵʙʫʣʣʠʦʩʢʦʧʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʪʦʪʳ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʧʨʠ 

ʨʘʩʯʝʪʘʭ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʟʥʘʯʝʥʠʝ ʂɻ ʙ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʪʘʨʠʨʦʚʦʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʠʟʚʝʩʪʥʦʡ ʚʝʣʠʯʠʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 
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ʤʘʩʩʳ ʙʳʣ ʧʨʠʤʝʥʝʥ ʥ-ʥʦʥʘʥ (CAS 111-84-2) ʩ ʯʠʩʪʦʪʦʡ 99,9 ʤʘʩʩ. %. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ ʵʙʫʣʣʠʦʩʢʦʧʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ ʙʝʥʟʦʣʘ - ʂɻ ʙ=2.60. ʕʪʦ ʟʥʘʯʝʥʠʝ 

ʦʪʣʠʯʘʝʪʩʷ ʥʘ 1,5 % ʦʪ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ ʬʦʨʤʫʣʝ (2) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʦʡʩʪʚʘʭ 

ʙʝʥʟʦʣʘ [12].  

ʉ ʮʝʣʴʶ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʦʣʷʨʥʦʡ ʤʘʩʩʝ 

ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʤʘʩʝʣ ʙʳʣ ʧʨʦʚʝʜʝʥ ʪʘʨʠʨʦʚʦʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʥʘʭʦʞʜʝʥʠʶ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ 

ʦʙʨʘʟʮʦʚʦʛʦ ʚʝʱʝʩʪʚʘ ï ʪʝʪʨʘʣʠʥʘ (CAS 119-64-2) ʩ ʯʠʩʪʦʪʦʡ 99,9 ʤʘʩʩ. %.  ʇʦʣʫʯʝʥʥʦʝ ʚ 

ʪʘʨʠʨʦʚʦʯʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʟʥʘʯʝʥʠʝ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʪʝʪʨʘʣʠʥʘ ʩʦʩʪʘʚʠʣʦ 124,9ʛ/ʤʦʣʴ, ʯʪʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ (132,2ʛ/ʤʦʣʴ) ʥʘ 5,6 %. ʉ ʫʯʝʪʦʤ ʯʠʩʪʦʪʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʝʱʝʩʪʚ 

(ʙʝʥʟʦʣʘ ʠ ʪʝʪʨʘʣʠʥʘ) ʧʨʠʚʝʜʝʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʧʨʠʝʤʣʝʤʳʤʠ.  

ʇʦʩʢʦʣʴʢʫ ʩʚʦʡʩʪʚʘ ʨʝʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʟʘʢʦʥʦʚ ʠʜʝʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʥʘʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ȹT/C, ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʝʤ 

ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ȹT/C=f(ʉ) ʥʘ ʟʥʘʯʝʥʠʝ ʉ ʨʘʚʥʦʝ ʥʫʣʶ. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ȹT/C ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʉ ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʤʘʩʝʣ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʡ 

ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʤʘʩʝʣ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ȹT/C ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉ 

 

ʊʘʙʣʠʮʘ 2 ï ʉʨʝʜʥʷʷ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʤʘʩʝʣ 

 

ʊʠʧ ʤʘʩʣʘ ʄʘʩʣʦ Moil, ʛ/ʤʦʣʴ 

ɸʣʢʠʣ-ʙʝʥʦʣʴʥʦʝ RENISO SP46 777,7 

ʇʦʣʠʵʬʠʨʥʦʝ ProEco® RF 22 S 453,9 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʣrʘ ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʨʝʜʥʝʡ ʤʦʣʷʨʥʦʡ ʤʘʩʩʝ 

ʜʚʫʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʤʘʩʝʣ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʭʦʣʦʜʠʣʴʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʩ ʭʣʘʜʘʛʝʥʪʦʤ R290 (ʧʨʦʧʘʥ). ʇʦʣʫʯʝʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʘʚʪʦʨʘʤʠ ʜʣʷ ʨʘʩʯʸʪʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʝʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʪʝʣ R290/ 

RENISO SP46 R290/ ProEco® RF 22 S 
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Abstract 

The paper deals with current trends in the field of cooling systems based on solar energy. Modern 

technologies and possible ways of solar cooling production are given. A comparison of coefficients of 

performance and capital costs for various solar cooling technologies are presented. 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʨʝʥʜʳ ʚ ʦʙʣʘʩʪʠ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʇʨʠʚʦʜʷʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʦʣʥʝʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʢʘʧʠʪʘʣʴʥʳʭ 

ʟʘʪʨʘʪ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʣʥʝʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚʦ ʚʩʝʤ ʤʠʨʝ ʨʝʟʢʦ ʚʦʟʨʦʩʣʦ ʠʟ-ʟʘ ʨʦʩʪʘ ʥʘʩʝʣʝʥʠʷ, 

ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [1]. ɺʩʣʝʜʩʪʚʠʝ ʨʦʩʪʘ ʩʧʨʦʩʘ ʢ ʢʦʤʬʦʨʪʫ ʚ 

ʩʪʨʦʠʪʝʣʴʥʦʤ ʩʝʢʪʦʨʝ, ʥʘʧʨʠʤʝʨ,  ʧʦʪʨʝʙʣʷʝʪʩʷ ʙʦʣʝʝ 32,8 % - 35,3 % ʦʪ ʦʙʱʝʡ ʜʦʩʪʫʧʥʦʡ ʵʥʝʨʛʠʠ 

[2]. ʀʟ-ʟʘ ʛʣʦʙʘʣʴʥʦʛʦ ʩʧʨʦʩʘ ʥʘ ʵʥʝʨʛʠʶ ʚʳʙʨʦʩʳ CO2, ʢʘʢ ʦʞʠʜʘʝʪʩʷ, ʫʚʝʣʠʯʘʪʩʷ ʢ 2030 ʛʦʜʫ ʧʦʯʪʠ 

ʥʘ 60 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʯʘʣʦʤ ʵʪʦʛʦ ʚʝʢʘ [3, 4]. ʕʪʦʪ ʨʘʩʪʫʱʠʡ ʩʧʨʦʩ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʨʝʙʣʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ ʠ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟ ʧʝʨʚʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʪʘʢʠʭ ʢʘʢ ʠʩʢʦʧʘʝʤʦʝ ʪʦʧʣʠʚʦ [4, 

5]. ʇʦ ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ ʚ 2017 ʛ. ʠʩʢʦʧʘʝʤʦʝ ʪʦʧʣʠʚʦ ʧʦ-ʧʨʝʞʥʝʤʫ ʩʦʩʪʘʚʣʷʝʪ 85,2 % ʤʠʨʦʚʦʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 3,5 % ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʙʝʟ ʫʯʝʪʘ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ [6]. 
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ʇʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʯʝʥʴ ʚʝʣʠʢʦ, ʧʨʠ ʵʪʦʤ ʦʥʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʨʘʙʦʪʘʶʪ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʠʟ ʠʩʢʦʧʘʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʨʠ ʵʪʦʤ ʠʭ 

ʧʦʪʨʝʙʣʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʙʨʦʩ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. ʕʪʠ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʥʝʨʛʠʠ ʧʨʦʪʠʚʦʨʝʯʘʪ ʚʝʩʴʤʘ ʦʧʪʠʤʠʩʪʠʯʥʳʤ ʘʤʙʠʮʠʷʤ, ʚʳʨʘʞʝʥʥʳʤ ʥʘ     21-ʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ( 

COP 21) [6]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʟʜʘʥʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʩʥʠʞʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʦʧʣʝʥʠʷ ʧʦʤʝʱʝʥʠʡ ʦʪ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ [7] ʩʧʨʦʩ ʥʘ 

ʵʥʝʨʛʠʶ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʪʝʧʣʦʚʳʭ 

ʥʘʛʨʫʟʦʢ, ʠʟʤʝʥʝʥʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʟʜʘʥʠʡ, ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʩʧʨʦʩʘ ʥʘ ʚʥʫʪʨʝʥʥʠʡ 

ʢʦʤʬʦʨʪ [8]. ʀʟ-ʟʘ ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ ʭʦʣʦʜʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʝʰʝʥʠʡ ʂʠʦʪʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ ʦ 

ʩʦʢʨʘʱʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʭʣʘʜʘʛʝʥʪʦʚ ʩ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ 

ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʘʭ ʦʪʦʧʣʝʥʠʷ, 

ʚʝʥʪʠʣʷʮʠʠ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʠ ʦʭʣʘʞʜʝʥʠʷ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʧʨʦʩ ʥʘ ʦʭʣʘʞʜʝʥʠʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʦʣʥʝʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʣʦʛʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ [8, 9]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ (ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʣʠ ʪʝʧʣʦʚʦʡ) ʵʥʝʨʛʠʠ ʤʦʞʝʪ 

ʚʥʝʩʪʠ ʚʘʞʥʳʡ ʚʢʣʘʜ ʚ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʝʡ ʙʦʨʴʙʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ ʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʠʦʜʳ ʧʠʢʦʚʦʛʦ ʩʧʨʦʩʘ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʠ ʦʪʦʧʣʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʣʝʪʦʤ ʠ ʟʠʤʦʡ. ʉʨʝʜʥʝʛʦʜʦʚʦʡ ʦʙʱʠʡ ʧʦʪʝʥʮʠʘʣ ʨʝʩʫʨʩʦʚ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1,6 ʄɺʪ*ʯ*ʤ-2, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʦʙʱʠʡ ʩʨʝʜʥʠʡ ʩʧʨʦʩ ʥʘ ʵʥʝʨʛʠʶ ʥʘ 

ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ [9]. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʠʩʪʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʤʝʡʩʪʚʦ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʠʤʝʥʝʥʠʡ. ʉʦʣʥʝʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʪʦʧʣʝʥʠʝ, 

ʦʭʣʘʞʜʝʥʠʝ, ʦʩʚʝʱʝʥʠʝ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ [10]. ʊʠʧʠʯʥʘʷ ʩʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ 

ʦʙʱʝʡ ʩʦʣʥʝʯʥʦʡ ʪʝʧʣʦʚʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ, ʨʝʟʝʨʚʫʘʨʦʚ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ, ʪʨʫʙʦʧʨʦʙʦʜʦʚ ʠ ʥʘʩʦʩʦʚ, ʘ ʪʘʢʞʝ ʩʦʙʩʪʚʝʥʥʦ 

ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ [11]. ʕʬʬʝʢʪ ʩʦʣʥʝʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʩʥʦʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʜʦʩʪʫʧʥʳʤʠ ʥʘ ʨʳʥʢʝ, ʷʚʣʷʶʪʩʷ ʧʘʨʦʢʦʤʧʨʝʩ-

ʩʠʦʥʥʳʝ ʭʦʣʦʜʠʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʨʘʙʦʪʘʶʱʠʝ ʦʪ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ (ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ), ʠ 

ʭʦʣʦʜʠʣʴʥʳʝ ʤʘʰʠʥʳ ʩ ʪʝʧʣʦʚʳʤ ʧʨʠʚʦʜʦʤ, ʨʘʙʦʪʘʶʱʠʝ ʦʪ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ. ʅʘ ʨʠʩʫʥʢʝ 1 

ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʝ ʦʪ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʠʩʪʝʤʳ  ʩʦʣʥʝʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ  
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ʂʨʦʤʝ ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1 ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʦʣʥʝʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ. ʪʘʢʠʝ ʢʘʢ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʝ (ʵʬʬʝʢʪ ʇʝʣʴʪʴʝ), ʪʝʨʤʦʘʢʫʩʪʠʯʝʩʢʦʝ, ʤʘʛʥʠʪʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ ʠ ʜʨ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʳ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʦʣʥʝʯʥʘʷ 

ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʠ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʩ 

ʵʵ=ʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ. ʉʘʤʳʤ ʙʦʣʴʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʜʣʷ 

ʦʭʣʘʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ. ʉʭʝʤʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2 [12]. 

 

 
 

ʈʠʩʫʥʦʢ 2 -  ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʣʥʝʯʥʳʤ ʧʨʠʚʦʜʦʤ  

 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʝ, ʤʘʛʥʠʪʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʠ 

ʪʝʨʤʦʘʢʫʩʪʠʯʝʩʢʦʝ ʦʭʣʘʞʜʝʥʠʝ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʝʱʝ ʦʜʥʠʤ ʚʘʨʠʘʥʪʦʤ ʜʣʷ 

ʩʦʣʥʝʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ [12]. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʩʦʣʥʝʯʥʦʤʫ ʦʭʣʘʞʜʝʥʠʶ, ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʪʝʧʣʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʭʣʘʞʜʝʥʠʷ. 

ɺ 1970-ʭ ʛʦʜʘʭ, ʢʦʛʜʘ ʤʠʨ ʧʦʩʪʨʘʜʘʣ ʦʪ ʥʝʬʪʷʥʦʛʦ ʢʨʠʟʠʩʘ, ʩʦʣʥʝʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚʳʟʚʘʣʦ 

ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ. ʇʨʦʛʨʝʩʩ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʣʥʝʯʥʳʭ ʪʝʧʣʦʚʳʭ ʧʘʥʝʣʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʦʨʷʯʝʡ 

ʚʦʜʳ (ɻɺ) ʧʦʢʘʟʘʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʜʘʥʥʳʭ ʩʠʪʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣ ʧʨʦʣʦʞʝʥ ʧʫʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʦʣʥʝʯʥʫʶ 

ʵʥʝʨʛʠʶ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ, ʦʪʦʧʣʝʥʠʷ ʧʦʤʝʱʝʥʠʡ ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʦʨʷʯʝʡ ʚʦʜʳ ʦʜʥʦʚʨʝʤʝʥʥʦ [12]. 

ʉʦʣʥʝʯʥʳʝ ʪʝʧʣʦʚʳʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪ ʩʦʣʥʝʯʥʦʝ ʪʝʧʣʦ, ʘ ʥʝ ʩʦʣʥʝʯʥʦʝ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʵʬʬʝʢʪʘ ʦʭʣʘʞʜʝʥʠʷ. ʉʦʣʥʝʯʥʳʡ ʢʦʣʣʝʢʪʦʨ ʧʦʜʘʝʪ ʪʝʧʣʦ çʪʝʧʣʦʚʦʤʫ ʜʚʠʛʘʪʝʣʶè ʠʣʠ 

çʪʝʧʣʦʚʦʤʫ ʥʘʩʦʩʫè ʚ ʪʝʧʣʦʠʩʧʦʣʴʟʫʶʱʝʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʝ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ 

ʢʦʣʣʝʢʪʦʨʘ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. 

ʆʧʠʩʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʧʨʠʚʝʜʝʥʦ, ʥʘʧʨʠʤʝʨ, ʚ [5, 

9, 12]. ʇʣʦʩʢʠʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʩʦʣʥʝʯʥʳʝ ʢʦʣʣʝʢʪʦʨʳ ʠ ʚʘʢʫʫʤʥʳʝ ʪʨʫʙʯʘʪʳʝ ʢʦʣʣʝʢʪʦʨʳ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʪʠʧʘʤʠ, ʧʦʢʘʟʘʥʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʨʠʩʫʥʢʝ 3 [11]. 

 

 
 

                                        (ʘ)                                                                     (ʙ) 

 
ʈʠʩʫʥʦʢ 3 ï ʉʦʣʥʝʯʥʳʡ ʢʦʣʣʝʢʪʦʨ: ʘ ï ʩ ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʦʡ, ʙ ï ʩ ʚʘʢʫʫʤʥʳʤʠ ʪʨʫʙʢʘʤʠ 
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ɺ ʮʝʣʦʤ ʩʦʣʥʝʯʥʳʝ ʪʝʧʣʦʚʳʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʩʠʩʪʝʤʳ ʩʦʨʙʮʠʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʮʠʢʣʦʚ 

(ʟʘʤʢʥʫʪʳʡ ʮʠʢʣ ʠ ʦʪʢʨʳʪʳʡ ʮʠʢʣ). 

ɺ ʩʦʣʥʝʯʥʳʭ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʦʭʣʘʞʜʝʥʠʷ ʪʝʧʣʦʚʦʡ ʜʚʠʛʘʪʝʣʴ ʧʨʝʦʙʨʘʟʫʝʪ 

ʩʦʣʥʝʯʥʦʝ ʪʝʧʣʦ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʚ ʜʝʡʩʪʚʠʝ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʢʦʤʧʨʝʩʩʦʨ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ. ɺ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʚʠʛʘʪʝʣʠ ʈʝʥʢʠʥʘ ʠ ʉʪʠʨʣʠʥʛʘ. ʉʭʝʤʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 4 [12]. 

ɺʪʦʨʳʤ ʪʝʧʣʦʚʳʤ ʧʨʦʮʝʩʩʦʤ ʩʦʣʥʝʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʩʦʨʙʮʠʠ. ʉʦʨʙʮʠʦʥʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʠʣʠ ʭʠʤʠʯʝʩʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʝʱʝʩʪʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʇʨʦʮʝʩʩʳ ʩʦʨʙʮʠʠ ʧʦʟʚʦʣʷʶʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʩʨʘʟʫ ʚ ʭʦʣʦʜʠʣʴʥʫʶ ʤʦʱʥʦʩʪʴ. 

ʉʨʝʜʠ ʧʘʨ ʚʝʱʝʩʪʚ ʦʜʥʦ ʚʝʱʝʩʪʚʦ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʩʦʨʙʘʪʦʤ, ʘ 

ʜʨʫʛʦʝ - ʩʦʨʙʝʥʪʦʤ. ʉʦʨʙʘʪ ʠʛʨʘʝʪ ʨʦʣʴ ʭʣʘʜʘʛʝʥʪʘ. ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʟʘʤʢʥʫʪʦʡ 

ʩʦʨʙʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ɸʧʧʘʨʘʪ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʦʨʙʮʠʷ, ʥʘʟʳʚʘʝʪʩʷ ʧʦʛʣʦʪʠʪʝʣʝʤ, ʘ 

ʢʦʤʧʦʥʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʜʝʩʦʨʙʮʠʷ, - ʛʝʥʝʨʘʪʦʨʦʤ. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʩʦʣʥʝʯʥʦʡ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʉʭʝʤʘ ʩʦʣʥʝʯʥʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ 
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ʉʦʨʙʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʜʦʩʪʫʧʥʳʝ ʥʘ ʨʳʥʢʝ - ʵʪʦ ʩʠʩʪʝʤʳ ʘʙʩʦʨʙʮʠʠ, ʘʜʩʦʨʙʮʠʠ ʠ ʵʞʝʢʪʦʨʥʳʝ 

ʩʠʩʪʝʤʳ. ʉʨʝʜʠ ʥʠʭ, ʘʙʩʦʨʙʮʠʦʥʥʳʝ ʦʭʣʘʜʠʪʝʣʠ ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠʟ-ʟʘ ʠʭ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [13, 14]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʨʝʛʠʦʥʘʭ ʩ ʫʤʝʨʝʥʥʳʤ ʩʦʣʥʝʯʥʳʤ ʠʟʣʫʯʝʥʠʝʤ (ʥʘʧʨʠʤʝʨ, ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ ɽʚʨʦʧʳ) ʣʫʯʰʠʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʤʝʶʪ ʩʦʣʥʝʯʥʳʝ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ ʩ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʡ ʘʙʩʦʨʙʮʠʝʡ ʠ ʘʜʩʦʨʙʮʠʝʡ. ʄʥʦʛʦʩʪʫʧʝʥʯʘʪʳʝ ʘʙʩʦʨʙʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʩ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ ʨʝʛʠʦʥʘʭ ʩ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [13, 14]. 

ʂ ʩʦʨʙʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ ʦʪʢʨʳʪʦʛʦ ʮʠʢʣʘ ʦʪʥʦʩʷʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʩ 

ʦʩʫʰʢʦʡ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʚʦʜʫ ʚ ʢʘʯʝʩʪʚʝ ʭʣʘʜʘʛʝʥʪʘ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ ʩ ʚʦʟʜʫʭʦʤ. 

ʎʠʢʣ ʦʭʣʘʞʜʝʥʠʷ ʩ ʪʝʧʣʦʚʳʤ ʧʨʠʚʦʜʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʠ ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ ʩʦʨʙʝʥʪʦʤ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʞʠʜʢʠʝ ʠʣʠ ʪʚʝʨʜʳʝ 

ʤʘʪʝʨʠʘʣʳ. ʊʝʨʤʠʥ "ʦʪʢʨʳʪʳʡ" ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʪʦʛʦ, ʯʪʦ ʭʣʘʜʘʛʝʥʪ ʫʜʘʣʷʝʪʩʷ ʠʟ 

ʩʠʩʪʝʤʳ ʧʦʩʣʝ ʦʙʝʩʧʝʯʝʥʠʷ ʦʭʣʘʞʜʘʶʱʝʛʦ ʵʬʬʝʢʪʘ, ʘ ʥʦʚʳʡ ʭʣʘʜʘʛʝʥʪ ʧʦʜʘʝʪʩʷ ʚʤʝʩʪʦ ʥʝʛʦ ʚ 

ʨʘʟʦʤʢʥʫʪʦʤ ʢʦʥʪʫʨʝ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʩʝʛʦʜʥʷ, ʠʩʧʦʣʴʟʫʝʪ ʨʦʪʦʨʥʳʝ 

ʦʩʫʰʠʪʝʣʠ, ʦʩʥʘʱʝʥʥʳʝ ʣʠʙʦ ʩʠʣʠʢʘʛʝʣʝʤ, ʣʠʙʦ ʭʣʦʨʠʜʦʤ ʣʠʪʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

[11]. ʉʭʝʤʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʉʦʣʥʝʯʥʘʷ ʩʦʨʙʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩ ʦʩʫʰʝʥʠʝʤ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʉʦʣʥʝʯʥʳʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʩʯʠʪʘʶʪʩʷ ʫʩʪʦʡʯʠʚʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ 

ʦʙʳʯʥʳʤ ʩʠʩʪʝʤʘʤ ʦʭʣʘʞʜʝʥʠʷ, ʧʦʵʪʦʤʫ ʠʥʪʝʨʝʩ ʢ ʩʦʣʥʝʯʥʦʤʫ ʦʭʣʘʞʜʝʥʠʶ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʝʪ ʟʘ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʠʚʝʜʝʥʘ ʜʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʩʦʣʥʝʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚ 

ɽʚʨʦʧʝ ʠ ʚ ʤʠʨʝ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [9]. 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʂʦʣʠʯʝʩʪʚʦ ʫʩʪʘʥʦʚʦʢ ʩʦʣʥʝʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 
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ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ [15], ʩʦʣʥʝʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʤʦʞʝʪ ʥʘʯʘʪʴ ʚʥʦʩʠʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʭʦʣʦʜʠʣʴʥʫʶ ʪʝʭʥʠʢʫ ʧʦʩʣʝ 2030 ʛʦʜʘ, ʧʦʩʢʦʣʴʢʫ ʩʦʛʣʘʩʥʦ ʧʨʦʛʥʦʟʘʤ ʟʘʪʨʘʪʳ 

ʥʘ ʪʝʭʥʦʣʦʛʠʶ ʩʦʣʥʝʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦʣʞʥʳ ʙʳʩʪʨʦ ʩʥʠʞʘʪʴʩʷ, ʘ ʟʘʪʨʘʪʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ 

ʜʦʣʞʥʳ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʫʚʝʣʠʯʠʪʩʷ ʩ ʦʯʝʥʴ ʥʠʟʢʠʭ ʪʝʢʫʱʠʭ ʫʨʦʚʥʝʡ ʜʦ ʙʦʣʝʝ 1000 ɻɺʪ*ʯ ʢ 2050 ʛʦʜʫ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 1,5 

ʕɼʞ ʚ ʛʦʜ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʣʥʝʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ (ʨʠʩʫʥʦʢ 8). ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʩʦʣʥʝʯʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ, ʦʯʝʚʠʜʥʦ, ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʧʣʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ. 

 

 
 

ʈʠʩʫʥʦʢ 8 ï ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʩʦʣʥʝʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ  

 

ʅʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʂʠʪʘʡ ʠ ʜʨʫʛʠʝ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʘʟʠʘʪʩʢʠʝ ʩʪʨʘʥʳ ʢ 2050 ʛʦʜʫ ʙʫʜʫʪ ʠʤʝʪʴ 

ʜʦʣʶ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʦʢʦʣʦ 30 % ʦʪ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʦʭʣʘʞʜʝʥʠʠ. ɺ ɸʬʨʠʢʝ ʠ ʥʘ ɹʣʠʞʥʝʤ ɺʦʩʪʦʢʝ ʚ 

2050 ʛʦʜʫ ʩʦʣʥʝʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 23 % ʦʪ ʦʙʱʝʡ ʢʦʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ 

ʦʭʣʘʞʜʝʥʠʷ. ɼʣʷ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʃʘʪʠʥʩʢʘʷ ɸʤʝʨʠʢʘ, ʦʞʠʜʘʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʙʦʣʝʝ ʩʢʨʦʤʥʳʝ, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʩʢʨʦʤʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʭ ʵʢʦʥʦʤʠʢʠ. ɺ ʵʪʠʭ ʨʝʛʠʦʥʘʭ ʢ 2050 ʛʦʜʫ ʩʦʣʥʝʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ 

ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʧʦʯʪʠ 16 % ʩʧʨʦʩʘ ʥʘ ʵʥʝʨʛʠʶ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ [15]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʩʧʨʦʩ ʥʘ ʵʥʝʨʛʠʶ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʫʚʝʣʠʯʠʪʩʷ ʧʦʯʪʠ ʜʦ 9 ʕɼʞ 

ʢ 2050 ʛʦʜʫ, ʧʨʠ ʵʪʦʤ ʩʦʣʥʝʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ ʧʦʯʪʠ 17 % ʦʪ ʦʙʱʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʥʝʨʛʠʠ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ (ʨʠʩʫʥʦʢ 9) [15]. 

 

 
 

ʈʠʩʫʥʦʢ 9 ï ɼʦʣʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʧʦʤʝʱʝʥʠʡ 

 

ʉʨʘʚʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʟʘʪʨʘʪ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭ-ʥʦʣʦʛʠʷʭ 

ʩʦʣʥʝʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 10 ʧʦ ʤʘʪʝʨʠʘʣʘʤ [15]. ʇʦʩʣʝʜʥʠʝ ʪʨʠ ʩʪʦʣʙʮʘ 
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ʧʦʢʘʟʳʚʘʶʪ ʫʜʝʣʴʥʫʶ ʩʪʦʠʤʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, ʫʜʝʣʴʥʫʶ ʩʪʦʠʤʦʩʪʴ 

ʩʦʣʥʝʯʥʳʭ ʪʝʧʣʦʚʳʭ ʢʦʣʣʝʢʪʦʨʦʚ, ʫʜʝʣʴʥʫʶ ʩʪʦʠʤʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʠ ʦʭʣʘʜʠʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʦʪʷ ʢʘʞʜʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ ʩʚʦʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʩʪʦʨʦʥʳ, ʦʙʱʝʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ. 

 

 
 

ʈʠʩʫʥʦʢ 10 ï ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʦʣʥʝʯʥʳʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ, ʠ ʤʥʦʛʠʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʣʫʯʰʝʥʠʝ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʩʪʦʠʤʦʩʪʠ.  ɺʥʝʜʨʝʥʠʝ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʩʪʠʞʝʥʠʶ ʮʝʣʝʡ ʙʦʨʴʙʳ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʢʣʠʤʘʪʘ ʧʫʪʝʤ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʦʪ ʠʩʢʦʧʘʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʩ ʧʦʟʠʮʠʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʭʣʘʞʜʝʥʠʷ ʚ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʡʦʥʘʭ ʩ ʞʘʨʢʠʤ ʢʣʠʤʘʪʦʤ ʧʦʟʚʦʣʠʪ ʩʦʭʨʘʥʠʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʫʶ ʧʨʦ-

ʜʫʢʮʠʶ ʠ ʦʙʝʩʧʝʯʠʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʥʘʩʝʣʝʥʠʷ ʵʪʠʭ ʨʘʡʦʥʦʚ. 
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STUDYING THE PHOTOELECTRICAL CONVERTER EFFECTIVENESS TO FEED  

THE ELECTROLYSIS HYDROGEN GENERATORS  

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʌʆʊʆʕʃɽʂʊʈʀʏɽʉʂʀʍ 

ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ ɼʃʗ ʕʃɽʂʊʈʆʇʀʊɸʅʀʗ ʕʃɽʂʊʈʆʃʀɿʅʓʍ 

ɻɽʅɽʈɸʊʆʈʆɺ ɺʆɼʆʈʆɼɸ 

 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʦʪʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʦʙʱʝʤʠʨʦʚʦʡ 

ʵʥʝʨʛʝʪʠʢʝ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʜʦʨʦʜʘ ʩ ʫʯʝʪʦʤ 

ʩʦʣʥʝʯʥʦʡ ʠʥʩʦʣʷʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʢ 

ʵʣʝʢʪʨʦʣʠʟʝʨʫ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʳʭ ʙʘʟʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ʘʚʪʦʥʦʤʥʦʛʦ ʩʦʣʥʝʯʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

Abstract 

The prospects of using renewable energy sources in the global energy sector are considered. The 

potential possibilities of hydrogen production taking into account solar insolation are analyzed. A scheme for 

connecting a photovoltaic converter to a high-pressure electrolyzer was developed, and technical 

characteristics of the basic elements of an autonomous solar-energy complex were determined. 

 

ɺʚʝʜʝʥʠʝ 

ʈʘʟʚʠʪʠʝ ʵʥʝʨʛʝʪʠʢʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʛʠʧʦʪʝʟʝ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʬʝʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ. ʉʦʛʣʘʩʥʦ 

ʧʨʦʛʥʦʟʫ ʵʢʩʧʝʨʪʦʚ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ, ʨʘʟʚʠʪʠʝ ʤʠʨʦʚʦʛʦ ʪʦʧʣʠʚʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʳʥʢʘ ʚ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʩʯʝʪ ʟʘʤʝʱʝʥʠʷ 

ʠʩʢʦʧʘʝʤʳʭ ʪʦʧʣʠʚ (ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʝʝ 90% ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʵʥʝʨʛʦʨʝʩʫʨʩʘʭ) ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʪʦʧʣʠʚʘʤʠ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ, ʚ ʩʪʨʫʢʪʫʨʝ 

ʢʦʪʦʨʳʭ ʚʘʞʥʦʝ ʤʝʩʪʦ ʧʨʠʥʘʜʣʝʞʠʪ ʚʦʜʦʨʦʜʫ. ʇʦʩʢʦʣʴʢʫ ʟʘʧʘʩ ʧʨʠʨʦʜʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʦʛʨʘʥʠʯʝʥ, ʘ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʛʘʟ ʠ ʥʝʬʪʴ ʙʫʜʫʪ ʜʦʨʦʞʘʪʴ ʙʳʩʪʨʝʝ, ʯʝʤ ʫʛʦʣʴ ʠ ʷʜʝʨʥʦʝ 

ʪʦʧʣʠʚʦ, ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʜʘʞʝ ʜʦʩʪʘʪʦʯʥʦ ʵʥʝʨʛʦʝʤʢʠʝ ʩʧʦʩʦʙʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʜʦʨʦʜʘ, ʪʘʢʠʝ 

ʢʘʢ ʵʣʝʢʪʨʦʣʠʟ, ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷʤʠ ʧʦ ʫʜʝʣʴʥʦʡ 

ʩʪʦʠʤʦʩʪʠ ʵʥʝʨʛʠʠ. ʇʨʠ ʵʪʦʤ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʣʫʯʘʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʦʙʱʝʤʠʨʦʚʦʡ 

ʵʥʝʨʛʝʪʠʢʝ 

ɺ ʤʠʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʩʧʨʦʩʘ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʤʠʨʦʚʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʙʘʣʘʥʩʝ. ʇʦ ʜʘʥʥʳʤ ʆʆʅ, ʥʘʠʙʦʣʴʰʠʡ ʨʦʩʪ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺ 2018 ʛʦʜʫ ʨʦʩʪ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 4 %, ʠ ʥʘ ʠʭ ʜʦʣʶ ʧʨʠʰʣʘʩʴ ʧʨʠʤʝʨʥʦ ʯʝʪʚʝʨʪʴ ʨʦʩʪʘ ʦʙʱʝʛʦ ʩʧʨʦʩʘ ʥʘ 

ʧʝʨʚʠʯʥʫʶ ʵʥʝʨʛʠʶ. ɸ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʦʣʷ "ʯʠʩʪʳʭ" ʠʩʪʦʯʥʠʢʦʚ ʚʳʨʦʩʣʘ ʥʘ 45 % [1]. 
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ʉʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʦʙʲʷʩʥʷʝʪʩʷ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʩʥʠʞʝʥʠʝʤ ʩʪʦʠʤʦʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʠ ʵʥʝʨʛʠʠ ʚʝʪʨʘ. 

ʉʦʛʣʘʩʥʦ ʧʨʦʛʥʦʟʘʤ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ ʚ ʩʣʝʜʫʶʱʠʝ ʧʷʪʴ ʣʝʪ ʜʦʣʷ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʫʚʝʣʠʯʠʪʩʷ ʥʘ 20%, ʩʦʩʪʘʚʠʚ ʚ 2023 ʛʦʜʫ 12,4%, ʘ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 70%. ʃʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʙʫʜʝʪ ʟʘʥʠʤʘʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, ʧʦ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʩʣʝʜʦʚʘʪʴ ʵʥʝʨʛʠʷ ʚʝʪʨʘ, ʛʠʜʨʦ- ʠ ʙʠʦʵʥʝʨʛʠʷ [1]. 

New Energy Outlook 2019 (NEO 2019) - ʵʪʦ ʘʥʘʣʠʟ ʧʦ ʠʟʫʯʝʥʠʶ ʧʝʨʩʧʝʢʪʠʚ ʩʧʨʦʩʘ ʠ 

ʧʨʝʜʣʦʞʝʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ʊʘʢ, ʚ ʥʝʤ ʫʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʚʳʩʠʪʩʷ ʩ 7% ʜʦ 48% ʚ 2050 ʛʦʜʫ. ʕʪʦʤʫ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʦʩʥʦʚʥʳʤ ʦʙʨʘʟʦʤ ʫʜʝʰʝʚʣʝʥʠʝ ʫʩʪʘʥʦʚʦʢ ʠ ʫʤʝʥʴʰʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʠʭ ʩʦʜʝʨʞʘʥʠʝ. ɼʦʣʷ ʫʛʦʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʟʘʪʦ ʩʥʠʟʠʪʩʷ ʩ 37% ʜʦ 12%, ʥʝʬʪʴ ʙʫʜʝʪ ʬʘʢʪʠʯʝʩʢʠ ʣʠʢʚʠʜʠʨʦʚʘʥʘ ʩ ʨʳʥʢʘ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ (ʨʠʩ. 1) [2]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʦʙʱʝʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ ʜʦ 2050 ʛ. 

 

ʂ 2050 ʛʦʜʫ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʡ ʧʝʨʝʭʦʜ ʥʘ 100% ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ 

ʵʥʝʨʛʠʠ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ - ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤ, ʪʝʧʣʦʩʥʘʙʞʘʶʱʝʤ ʠ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʝʢʪʦʨʝ ʠ 

ʩʝʢʪʦʨʝ ʦʧʨʝʩʥʝʥʠʷ ʚʦʜʳ. ʉʫʱʝʩʪʚʫʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʣʘʩʪʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʚʢʣʶʯʘʷ ʥʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ, ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʝ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʚ 

ʣʶʙʦʝ ʚʨʝʤʷ ʜʥʷ ʠ ʛʦʜʘ. ʕʢʦʣʦʛʠʯʝʩʢʠ ʨʘʮʠʦʥʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʵʬʬʝʢʪʠʚʥʝʝ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʘ, ʯʝʤ ʥʳʥʝʰʥʷʷ ʩʠʩʪʝʤʘ, ʦʩʥʦʚʘʥʥʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʠʩʢʦʧʘʝʤʳʭ 

ʚʠʜʘʭ ʪʦʧʣʠʚʘ ʠ ʵʥʝʨʛʠʠ. ɻʣʦʙʘʣʴʥʳʡ ʧʝʨʝʭʦʜ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʫʶ ʵʥʝʨʛʠʶ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʨʘʮʠʦʥʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ. 

ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʭʨʘʥʝʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ 

ɽʩʪʴ ʮʝʣʳʡ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ, 

ʨʘʙʦʪʘʶʱʠʭ ʜʣʷ ʚʩʝʡ ʩʪʨʘʥʳ, ʨʝʛʠʦʥʘʣʴʥʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʚʩʧʣʝʩʢʦʚ ʚ 

ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʜʦ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʪʨʝʙʣʝʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʜʦʤʦʭʦʟʷʡʩʪʚʘ. ʉʪʝʧʝʥʴ ʠʭ ʧʨʠʤʝʥʷʝʤʦʩʪʠ 

ʦʮʝʥʠʚʘʶʪ ʧʦ ʤʦʱʥʦʩʪʠ ʠ ʧʦ ʚʨʝʤʝʥʠ ʠʭ ʟʘʨʷʜʘ / ʨʘʟʨʷʜʘ (ʚʝʨʥʝʝ - ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʦ ʦʪʜʘʯʝ 

ʵʥʝʨʛʠʠ ʠ ʩʢʦʨʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʝʝ ʠʟʙʳʪʢʘ ʚ ʩʠʩʪʝʤʝ). ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʪʠʧʦʚʳʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʫʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʠ ʢʘʢ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʤʦʱʥʦʩʪʝʡ, 

ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ ʩʦʚʤʝʩʪʥʦ ʩ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ. 

 
 

ʈʠʩʫʥʦʢ 2 ï ʊʠʧʳ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ 

 

ʉʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ  

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

 

ʄʝʭʘʥʠʯʝʩʢʠʝ  

ʊʝʨʤʠʯʝʩʢʠʝ 

 

ʍʠʤʠʯʝʩʢʠʝ 
 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 
 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ 

 

ɻʠʜʨʦʘʢʢʫʤʫʣʠʨʫʶʱʘʷ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ 

ʅʘ ʩʞʘʪʦʤ  

ʚʦʟʜʫʭʝ 

ʅʘ ʩʞʠʞʝʥʥʦʤ 

ʚʦʟʜʫʭʝ 

 

ʉʫʧʝʨ-ʤʘʭʦʚʠʢʠ 

 

ʃʠʪʠʡ-ʠʦʥʥʳʝ  

ʢʠʩʣʦʪʥʳʝ ʙʘʪʘʨʝʠ 

 

ʉʚʠʥʮʦʚʳʝ  

ʢʠʩʣʦʪʥʳʝ ʙʘʪʘʨʝʠ 

 

ʅʘʪʨʠʡ-ʩʝʨʥʠʩʪʳʝ 

ʙʘʪʘʨʝʠ (NaS) 

ʇʨʦʪʦʯʥʳʝ  

ʨʝʜʦʢʩ-ʙʘʪʘʨʝʠ 

 

ʊʝʨʤʦʭʠʤʠʯʝʩʢʠʝ 

 

ʗʚʥʦʝ ʪʝʧʣʦ 

 

ʉʢʨʳʪʦʝ ʪʝʧʣʦ 

ʇʦʣʫʯʝʥʠʝ 

ʚʦʜʦʨʦʜʘ 

ʉʠʥʪʝʟ  

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ 

ʉʫʧʝʨ-

ʢʦʥʜʝʥʩʘʪʦʨʳ 
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ʉʠʩʪʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʙʳʪʦʯʥʦʡ (ʥʘʧʨʠʤʝʨ, ʩʝʟʦʥʥʦʡ) ʤʦʱʥʦʩʪʠ ʚ ʛʘʟ (ʚ ʚʦʜʦʨʦʜ ʠʣʠ ʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʛʦʨʶʯʠʡ ʛʘʟ, ʭʠʤʠʯʝʩʢʠ ʧʦʜʦʙʥʳʡ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʫ) ʠʤʝʶʪ ʩʤʳʩʣ ʜʣʷ 

ʩʛʣʘʞʠʚʘʥʠʷ ʜʣʠʪʝʣʴʥʳʭ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ ʵʣʝʢʪʨʦʛʝʥʝʨʘʮʠʠ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʆʜʥʘʢʦ ʪʘʢʠʝ 

ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ, ʥʘʢʘʧʣʠʚʘʷ ʵʥʝʨʛʠʶ ʚ ʪʝʯʝʥʠʝ ʩʝʟʦʥʘ, ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʴ ʝʝ ʙʝʟ ʫʱʝʨʙʘ ʚ ʪʝʯʝʥʠʝ 

ʨʷʜʘ ʣʝʪ, ʧʨʠ ʵʪʦʤ ʩʧʦʩʦʙʥʳ ʙʳʩʪʨʦ (ʚ ʪʝʯʝʥʠʝ ʯʘʩʦʚ) "ʦʪʜʘʪʴ" ʝʝ ʚ ʦʙʱʫʶ ʵʥʝʨʛʦʩʠʩʪʝʤʫ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʠ ʩʣʝʜʫʶʱʝʝ ʧʦʢʦʣʝʥʠʝ 

ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʷʜʘ ʩʪʨʘʥ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʛʝʥʝʨʘʮʠʠ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩ-

ʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʕʣʝʢʪʨʦʣʠʟʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʣʝʛʢʦ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. ʇʦʵʪʦʤʫ ʦʩʦʙʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʵʥʝʨʛʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʵʣʝʢʪʨʦʣʠʟʝʨʘʭ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚ ʫʩʪʘʥʦʚʢʘʭ ʩ ʩʦʣʥʝʯʥʳʤʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʶʪʩʷ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʶʪʩʷ ʠʥʚʝʨʪʦʨʥʳʝ ʩʠʩʪʝʤʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʛʝʥʝʨʠʨʫʝʤʦʡ ʢ 

ʪʨʝʙʦʚʘʥʠʷʤ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʣʠʟʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʩʥʠʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʙʳʪʦʯʥʦʡ 

ʤʦʱʥʦʩʪʠ ʚ ʛʘʟ (ʥʘʧʨʠʤʝʨ, ʚ ʚʦʜʦʨʦʜ), ʠʤʝʶʪ ʩʤʳʩʣ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʜʣʠʪʝʣʴʥʳʭ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ 

ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʛʝʥʝʨʘʮʠʠ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʬʦʪʦ-ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʚʦʟʤʦʞʥʳ ʪʨʠ ʦʩʥʦʚʥʳʝ ʩʭʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʪʦʢʦʚ ʤʦʱʥʦʩʪʠ ʯʝʨʝʟ ʨʝʛʫʣʷʪʦʨ ʟʘʨʷʜʘ - ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʬʦʪʦʛʝʥʝʨʘʮʠʠ 

ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʫʨʦʚʥʷ ʛʝʥʝʨʘʮʠʠ ʠ ʫʨʦʚʥʷ ʧʦʪʨʝʙʣʝʥʠʷ: 

- ʚ ʩʚʝʪʣʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, ʢʦʛʜʘ ʤʦʱʥʦʩʪʴ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʧʨʝʚʦʩʭʦʜʠʪ ʤʦʱʥʦʩʪʴ ʥʘʛʨʫʟʢʠ. ʊʦʛʜʘ 

ʬʦʪʦ-ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʠʪʘʝʪ ʥʘʛʨʫʟʢʫ ʠ ʟʘʨʷʞʘʝʪ ʘʢʢʫʤʫʣʷʪʦʨ; 

- ʚ ʩʚʝʪʣʦʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʛʝʥʝʨʘʮʠʷ ʥʝʙʦʣʴʰʘʷ ʠ ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʧʦʢʨʳʪʠʷ ʥʘʛʨʫʟʢʠ, 

ʢʦʤʤʫʪʘʮʠʦʥʥʦ-ʠʥʚʝʨʪʦʨʥʳʡ ʙʣʦʢ ʧʦʪʨʝʙʣʷʝʪ ʤʦʱʥʦʩʪʴ ʢʘʢ ʦʪ ʬʦʪʦ-ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʪʘʢ ʠ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ; 

- ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, ʘ ʪʘʢʞʝ ʚ ʜʥʠ "ʙʝʟ ʩʦʣʥʮʘ", ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʧʦʧʘʜʘʝʪ ʚ ʠʥʚʝʨʪʦʨ ʠ 

ʥʘʛʨʫʟʢʫ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ. 

ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʵʣʝʢʪʨʦʣʠʟʘ ʧʨʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʠ 

ʛʝʥʝʨʘʪʦʨʘ ʚʦʜʦʨʦʜʘ ʦʪ ʩʦʣʥʝʯʥʦʛʦ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴ-

ʥʘʷ ʩʭʝʤʘ ʛʝʣʠʦʚʦʜʦʨʦʜʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʧʠʪʘʥʠʝʤ 

ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʦʛʦ ʬʦʪʦ-ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ʨʠʩ. 3). ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʚ ʀʥʩʪʠʪʫʪʫ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʋʢʨʘʠʥʳ ʙʝʟʤʝʤʙʨʘʥʥʳʝ 

ʵʣʝʢʪʨʦʣʠʟʥʳʝ ʫʩʪʘʥʦʚʢʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

- ʜʣʷ ʧʦʣʫʯʝʥʠʷ 1 ʤ3 ʚʦʜʦʨʦʜʘ ʠ 0,5 ʤ3 ʢʠʩʣʦʨʦʜʘ ʨʘʩʭʦʜʫʝʪʩʷ ʦʪ 3,9 ʢɺʪĀʯ ʜʦ 4,0 ʢɺʪĀʯ. ʂʨʦʤʝ ʪʦʛʦ, 

ʛʘʟʳ ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ (ʜʦ 20,0 ʄʇʘ), ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʙʝʟʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤʘʭ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʚʦʜʦʚʦʜʘ [3, 4]. 

 

 
 

ʈʠʩʫʥʦʢ 3 - ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʛʝʣʠʦʚʦʜʦʨʦʜʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ: 1 - 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʷʯʝʡʢʘ; 2 - ʢʨʘʥ ʩʣʠʚʘ ʵʣʝʢʪʨʦʣʠʪʘ (ʂʆʅ) ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʣʠʟʝʨʘ; 3, 11 - 
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ʢʨʘʥʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʢʠʩʣʦʨʦʜʥʦʛʦ ʠ ʚʦʜʦʨʦʜʥʦʛʦ ʩʝʧʘʨʘʪʦʨʦʚ; 4 - ʢʨʘʥ ʩ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʙʨʦʩʘ ʢʠʩʣʦʨʦʜʘ ʚ ʩʠʩʪʝʤʫ ʭʨʘʥʝʥʠʷ; 5 - ʢʠʩʣʦʨʦʜʥʳʡ ʩʝʧʘʨʘʪʦʨ; 6 - ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ 

ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʧʦʪʦʢʘ; 7 - ʢʨʘʥ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʣʠʟʝʨʘ 

ʵʣʝʢʪʨʦʣʠʪʦʤ; 8 - ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʙʘʢ ʭʨʘʥʝʥʠʷ ʅ2ʆ; 9 - ʚʦʜʦʨʦʜʥʳʡ ʩʝʧʘʨʘʪʦʨ; 10 - ʢʨʘʥ ʩ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʙʨʦʩʘ ʚʦʜʦʨʦʜʘ ʚ ʩʠʩʪʝʤʫ ʭʨʘʥʝʥʠʷ; ʌʕʇ - 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; ʂɿ - ʢʦʥʪʨʦʣʣʝʨ ʟʘʨʷʜʘ; ʇʇ - ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʧʦʣʷʨʥʦʩʪʠ; ɸɹ - 

ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ; ɼɼ - ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ; ʂʉ - ʢʦʥʪʨʦʣʣʝʨ ʩʠʩʪʝʤʳ; ɹʋ - ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ 

 

ʉʭʝʤʘʪʠʯʝʩʢʠ ʵʣʝʢʪʨʦʣʠʟʝʨ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 4. ɿʜʝʩʴ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʘʷ ʷʯʝʡʢʘ 7 ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʪʦʣʩʪʦʩʪʝʥʥʦʛʦ ʩʦʩʫʜʘ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʨʘʟʤʝʱʝʥʳ ʵʣʝʢʪʨʦʜʳ - ʧʘʩʩʠʚʥʳʡ ʠ ʘʢʪʠʚʥʳʡ, ʧʨʠʯʝʤ 

ʧʦʩʣʝʜʥʠʡ ʚʳʧʦʣʥʝʥ ʠʟ ʚʝʱʝʩʪʚʘ, ʩʧʦʩʦʙʥʦʛʦ ʩʚʷʟʳʚʘʪʴ ʢʠʩʣʦʨʦʜ (ʥʘ ʨʠʩ. ʥʝ ʧʦʢʘʟʘʥʳ). ʗʯʝʡʢʘ 7 

ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʣʘʧʘʥʦʚ 10, 19 ʩʚʷʟʘʥʘ ʩ ʧʠʪʘʶʱʝʡ ʝʤʢʦʩʪʴʶ ʜʣʷ ʜʠʩʪʠʣʣʠʨʦ-

ʚʘʥʥʦʡ ʚʦʜʳ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʷʯʝʡʢʠ 7 ʚ ʮʠʢʣʝ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʛʘʟʦ-

ʞʠʜʢʦʩʪʥʘʷ ʩʤʝʩʴ ʥʘʧʨʘʚʣʷʝʪʩʷ ʯʝʨʝʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʣʘʧʘʥʳ 15, 17 ʚ ʩʝʧʘʨʘʪʦʨ 2, ʘ ʠʟ ʥʝʛʦ ʢʠʩ-

ʣʦʨʦʜ ʯʝʨʝʟ ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ 11 ʠ ʢʣʘʧʘʥ ʩʙʨʦʩʘ 12 ʥʘ ʩʙʨʦʩ. ɻʘʟʦʞʠʜʢʦʩʪʥʘʷ ʩʤʝʩʴ ʚ ʮʠʢʣʝ ʚʳʜʝʣʝ-

ʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʩʝʧʘʨʘʪʦʨ 3 ʯʝʨʝʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʣʘʧʘʥʳ 16, 18 ʠ ʜʘʣʝʝ ʯʝʨʝʟ 

ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ 20, ʧʘʪʨʦʥ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ 4, ʭʦʣʦʜʠʣʴʥʠʢ 27, ʚ ʨʝʩʠʚʝʨ 5 ʠ ʧʦʪʨʝʙʠʪʝʣʶ. 

 

 
 

ʈʠʩʫʥʦʢ 4 - ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʩ ʦʙʨʘʪʠʤʦʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʦʡ 

 

ɹʝʟʤʝʤʙʨʘʥʥʳʡ ʛʝʥʝʨʘʪʦʨ ʚʦʜʦʨʦʜʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʛʘʟʦʧʦʛʣʦʱʘʶʱʠʡ 

ʵʣʝʢʪʨʦʜ, ʧʦʟʚʦʣʷʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʷʯʝʡʢʫ 7 ʚ ʦʙʨʘʪʠʤʦʤ ʨʝʞʠʤʝ (ʚ ʢʘʯʝʩʪʚʝ 

ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ). ɼʣʷ ʵʪʦʛʦ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʘʩʩʠʚʥʳʭ ʵʣʝʢʪʨʦʜʦʚ 

ʠʟ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʩʪʚʦʨʷʶʱʠʭ ʚ ʩʝʙʝ ʚʦʜʦʨʦʜ. ʇʝʨʝʚʦʜ ʢʠʩʣʦʨʦʜʘ ʚ ʠʦʥʥʫʶ ʬʦʨʤʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʘʢʪʠʚʥʳʤ ʵʣʝʢʪʨʦʜʦʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʧʨʷʤʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʚʦʜʦʨʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʢʘʭ ʩʦʟʜʘʥʥʳʭ ʚ ʀʥʩʪʠʪʫʪʝ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʋʢʨʘʠʥʳ, 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠ ʥʘʢʘʧʣʠʚʘʪʴ ʚʦʜʦʨʦʜ ʚ ʩʠʩʪʝʤʘʭ ʩ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʫʩʣʦʚʠʷʭ ʚʦʜʦʨʦʜʥʳʭ ʟʘʧʨʘʚʦʯʥʳʭ ʩʪʘʥʮʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʜʣʷ ʩʪʘʙʠʣʴʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ 

ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʥʫʞʜ. 

ɺʳʚʦʜʳ 

ɸʥʘʣʠʟ ʤʠʨʦʚʳʭ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʛʝʣʠʦʵʥʝʨʛʝʪʠʢʠ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʵʪʦʪ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʡ ʚʠʜ ʵʥʝʨʛʝʪʠʢʠ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʩʪʘʥʝʪ ʦʜʥʠʤ ʠʟ 
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ʛʣʘʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʅʦ, ʧʨʠ ʚʩʝʭ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʛʝʣʠʦʵʥʝʨʛʝʪʠʢʠ, ʝʡ ʧʨʠʩʫʱ ʥʝʜʦʩʪʘʪʦʢ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʨʘʙʦʪʢʫ ʵʥʝʨʛʠʠ ʚ ʧʝʨʠʦʜʳ ʦʪʩʫʪʩʪʚʠʷ ʠʥʩʦʣʷʮʠʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʠ 

ʛʝʥʝʨʘʮʠʶ ʵʥʝʨʛʠʠ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʵʣʝʢʪʨʦʣʠʟʘ ʧʨʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʠ ʛʝʥʝʨʘʪʦʨʘ 

ʚʦʜʦʨʦʜʘ ʦʪ ʩʦʣʥʝʯʥʦʛʦ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʝʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʢ 

ʵʣʝʢʪʨʦʣʠʟʝʨʫ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʳʭ ʙʘʟʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ʘʚʪʦʥʦʤʥʦʛʦ ʩʦʣʥʝʯʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʩʭʝʤʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʤʦʱʥʦʩʪʠ ʯʝʨʝʟ ʨʝʛʫʣʷʪʦʨ ʟʘʨʷʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ 

ʬʦʪʦʛʝʥʝʨʘʮʠʠ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʫʨʦʚʥʷ ʛʝʥʝʨʘʮʠʠ ʠ ʫʨʦʚʥʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ. 
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Abstract 

Ways to increase the efficiency of refrigerators operating on carbon dioxide are considered. Refrigeration 

technologies are not widespread in Central Asia and therefore, few specialists working on this refrigerant.  

ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ, ʨʘʙʦʪʘʶʱʠʭ  ʥʘ 

ʜʠʦʢʩʠʜʝ ʫʛʣʝʨʦʜʘ. ʍʦʣʦʜʠʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʘʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ ʧʦʵʪʦʤʫ 

ʤʘʣʦ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʵʪʦʤ ʭʣʘʜʘʛʝʥʪʝ. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʭʠʤʠʯʝʩʢʦʡ ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʷʭ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ  ʩʚʷʟʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʭʦʣʦʜʘ. ʀʟ-ʟʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ʭʦʣʦʜʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʚʩʝ ʙʦʣʴʰʝ ʧʨʠʚʣʝʢʘʶʪ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʝ, ʥʦ ʟʘʙʳʪʳʝ ʧʨʠʨʦʜʥʳʝ ʭʣʘʜʘʛʝʥʪʳ, ʪʘʢʠʝ, ʢʘʢ ʘʤʤʠʘʢ 

https://scholar.google.com/scholar?oi=bibs&cluster=11981375092976595194&btnI=1&hl=ru
https://scholar.google.com/scholar?oi=bibs&cluster=11981375092976595194&btnI=1&hl=ru
https://udhtu.edu.ua/public/userfiles/file/VHHT/2019/5/Zipunnikov.pdf
https://udhtu.edu.ua/public/userfiles/file/VHHT/2019/5/Zipunnikov.pdf
mailto:kudrat_kf@list.ru
mailto:agzamovfaxriddin87@gmail.com
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(R717) ʠ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ (R744). ʆʜʥʘʢʦ ʫ ʘʤʤʠʘʢʘ ʝʩʪʴ ʥʝʜʦʩʪʘʪʢʠ: ʪʦʢʩʠʯʥʦʩʪʴ ʠ 

ʚʟʨʳʚʦʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʚʧʦʣʥʝ ʦʙʲʷʩʥʠʤ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ R744 [1]. 

ʈʘʩʩʤʦʪʨʠʤ ʩʧʦʩʦʙʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʜʠʦʢʩʠʜʝ ʫʛʣʝʨʦʜʘ, 

ʨʘʙʦʪʘʶʱʠʭ, ʚ ʦʩʥʦʚʥʦʤ, ʧʦ ʪʨʘʥʩʢʨʠʪʠʯʝʩʢʦʤʫ ʮʠʢʣʫ. 

ʇʨʠʤʝʥʝʥʠʝ ʙʫʩʪʝʨ-ʢʦʤʧʨʝʩʩʦʨʦʚ. ʎʠʢʣʳ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʥʘ 

R744, ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʢʘʢ ʚ ʜʦʢʨʠʪʠʯʝʩʢʠʭ (ʩʫʙʢʨʠʪʠʯʝʩʢʠʭ), ʪʘʢ ʠ ʚ ʥʘʜʢʨʠʪʠʯʝʩʢʠʭ 

(ʪʨʘʥʩʢʨʠʪʠʯʝʩʢʠʭ) ʦʙʣʘʩʪʷʭ. ʏʘʱʝ ʚʩʝʛʦ ʩʫʙʢʨʠʪʠʯʝʩʢʠʡ ʮʠʢʣ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʢʘʩʢʘʜʥʦʡ ʩʭʝʤʝ 

ʭʦʣʦʜʦʩʥʘʙʞʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʚʝʨʭʥʝʡ ʚʝʪʚʠ ʢʘʩʢʘʜʘ ʠʩʧʦʣʴʟʫʶʪ R717 ʠʣʠ R134a, ʘ ʚ ʥʠʞʥʝʡ 

ʚʝʪʚʠ ï R744 ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ï35 oC (t0) ʜʦ ï10 ʦʉ (tʢ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʚʣʝʥʠʷʤ ʦʪ 12 

ʜʦ 26,5 ʙʘʨ [1]. 

ʊʨʘʥʩʢʨʠʪʠʯʝʩʢʠʡ ʮʠʢʣ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʙʫʩʪʝʨ-ʢʦʤʧʨʝʩʩʦʨʦʤ ʥʘ CO2 ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ï35 oC (t0) ʜʦ +40 ʦʉ (tʢ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʚʣʝʥʠʷʤ ʦʪ 12 ʜʦ 90 ʙʘʨ [1]. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ ʷʚʣʷʝʪʩʷ ʩʭʝʤʘ ʭʦʣʦʜʦʩʥʘʙʞʝʥʠʷ ʩ ʙʫʩʪʝʨ-

ʢʦʤʧʨʝʩʩʦʨʦʤ (ʪʨʘʥʩʢʨʠʪʠʯʝʩʢʠʡ ʮʠʢʣ R744). ʇʨʠ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʢʦʥʦʤʠʪʩʷ 17 % ʵʥʝʨʛʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʩʭʝʤʦʡ ʭʦʣʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘ R404A [1]. 

ʉʝʛʦʜʥʷ ʪʳʩʷʯʠ ʘʛʨʝʛʘʪʦʚ ʥʘ R744 ʫʩʧʝʰʥʦ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʠ ʉʝʚʝʨʥʦʡ 

ɽʚʨʦʧʝ, ʂʘʥʘʜʝ ʠ ʉʐɸ, ʗʧʦʥʠʠ, ʂʦʨʝʝ ʠ ʂʠʪʘʝ. ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʚ 2012 ʛ. ʧʦ ʩʭʝʤʝ 

ʩ ʙʫʩʪʝʨ-ʢʦʤʧʨʝʩʩʦʨʦʤ ʥʘ ʪʨʘʥʩʢʨʠʪʠʯʝʩʢʦʤ ʮʠʢʣʝ CO2, ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʩʷ ʚʩʝʛʦ 1331 ʘʛʨʝʛʘʪ, ʘ ʚ 

2013 ʛ. ï ʫʞʝ 2881 ʘʛʨʝʛʘʪ. ɺ 2013 ʛ. ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʦʩʴ 1568 ʘʛʨʝʛʘʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʢʘʩʢʘʜʥʦʡ 

ʩʭʝʤʝ ʭʦʣʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘ ɻʌʋ/ʉʆ2, ʠ 16 ʘʛʨʝʛʘʪʦʚ ï ʥʘ NH3/ʉʆ2[1]. 

ʂʘʢ ʧʦʢʘʟʘʣʘ ʧʨʘʢʪʠʢʘ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʘʛʨʝʛʘʪʦʚ ʥʘ R744: 

¶ ʤʘʛʘʟʠʥʦʩʪʨʦʝʥʠʝ (ʦʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʡ ʨ0/ʨʢ = 26/90 ʙʘʨ ʠ 12/90 ʙʘʨ); 

¶ ʭʦʣʦʜʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ (ʨ0/ʨʢ = 12/85 ʙʘʨ); 

¶ ʛʦʨʷʯʝʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ / ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ (ʨ0/ʨʢ = 40/120 ʙʘʨ); 

¶ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ (ʨ0/ʨʢ = 40/120 ʙʘʨ). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʨʘʥʩʢʨʠʪʠʯʝʩʢʘʷʙʫʩʪʝʨʥʘʷ ʩʠʩʪʝʤʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʚ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʩʪʥʦʩʪʷʭ ʩ ʭʦʣʦʜʥʳʤ ʢʣʠʤʘʪʦʤ [2]. 

ʇʨʠʤʝʥʝʥʠʝ ʵʞʝʢʪʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ.ʇʨʠʤʝʥʝʥʠʝ ʵʞʝʢʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴ-

ʥʳʡ ʵʬʬʝʢʪ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʪʨʘʥʩʢʨʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʥʘ CO2. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʢʦʤʧʨʝʩʩʦʨʳ ʤʝʥʴʰʝʛʦ ʪʠʧʦʨʘʟʤʝʨʘ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʷ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʟʘʪʨʘʪʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʢʘʞʫʱʫʶʩʷ ʧʨʦʩʪʦʪʫ ʠ ʰʠʨʦʢʫʶ ʠʟʚʝʩʪʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ, ʨʘʥʝʝ ʵʞʝʢʪʦʨʳ ʬʘʢʪʠʯʝʩʢʠ 

ʥʝ ʧʨʠʤʝʥʷʣʠʩʴ ʚ ʢʦʤʤʝʨʯʝʩʢʦʤ ʭʦʣʦʜʝ.  

ɺ [3] ʧʨʝʜʣʘʛʘʝʪʩʷ ʵʞʝʢʪʦʨ ʜʣʷ ʪʨʘʥʩʢʨʠʪʠʯʝʩʢʠʭ ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʪʝʩʪʠʨʦʚʘʥʠʡ ʵʞʝʢʪʦʨʦʚ ʠ ʧʦʜʪʚʝʨʞʜʝʥʥʦʡ ʵʥʝʨʛʦʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ. 

ɼʣʷ ʫʩʣʦʚʠʡ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ (ʩʨʝʜʥʝʡ ʧʦʣʦʩʳ ʈʦʩʩʠʠ) ʪʨʘʥʩʢʨʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʵʞʝʢʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʪʝʥʮʠʘʣ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ 20ï25% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʭʦʣʦʜʠʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘ ɻʌʋ (ʥʘʧʨʠʤʝʨ, R404A) [4]. 

ʊʨʝʪʴʠʤ ʩʧʦʩʦʙʦʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʜʚʫʭ ʚʳʰʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʩʧʦʩʦʙʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʘʥʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʦʜʛʦʪʦʚʣʝʥ ʚ ʨʘʤʢʘʭ ʅʀʈ ʢʘʬʝʜʨʳ çʍʦʣʦʜʠʣʴʥʘʷ ʠ 

ʢʨʠʦʛʝʥʥʘʷ ʪʝʭʥʠʢʘè ʧʦ ʠʟʫʯʝʥʠʶ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʥʘ CO2 ʠ ʧʨʠʚʝʜʝʥ ʩʦʢʨʘʱʝʥʥʦ. ʆʥ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘʤʠ ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʝʢʪʘʭ, ʢʫʨʩʘʭ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʪʝʭʥʠʢʦʚ ʩʬʝʨʳ ʦʭʣʘʞʜʝʥʠʷ, ʪʘʢ ʢʘʢ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʥʝʪ ʦʧʳʪʘ ʨʘʩʯʝʪʘ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ ʥʘ ʜʠʦʢʩʠʜʝ ʫʛʣʝʨʦʜʘ. 
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Abstract  

The article describes medicinal plants, maral root and echinacea. Basic properties and active elements. 

ɸʥʥʦʪʘʮʠʷ  

ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʨʘʩʪʝʥʠʷ: ʤʘʨʘʣʠʡ ʢʦʨʝʥʴ ʠ ʵʭʠʥʘʮʝʷ. ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ 

ʠ ʜʝʡʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʳ. 

ɸʥʥʦʪʘʮʠʷ 

ʄʘץʘʣʘʜʘ ʤʘʨʘʣ ʰᴇʙʽ ʞᴅʥʝ ץʳʟʳʣ ʢשװʛʽʨʪ ʜᴅʨʽʣʽʢ ʰᴇʧʪʝʨʽ ʪʫʨʘʣʳ ʞʘʟʳʣסʘʥ. ʅʝʛʽʟʛʽ ץʘʩʠʝʪʪʝʨʽ 

ʩʠʧʘʪʪʘʣסʘʥ.  

 

Medicinal plants have long played a significant role in all areas of human life. However, starting from 

the 17th century, interest in herbal medicines was gradually declining; for official medicine, the approach to 

the isolation of pure substances and the synthesis of new, more active derivatives became a priority. But at 

the end of the 20th century, with the development of biochemistry, nutrition, medicine and other related 

sciences, the importance of drugs based on medicinal plants began to increase again. Such herbal remedies 

have occupied a fairly wide niche in Europe and the United States. The rapid growth of interest in herbal 

preparations and dietary supplements was noted in the CIS countries. Over the centuries, a wealth of 

experience in their use has been compiled. And today, medicinal plants are widely used in the treatment of 

various diseases. After all, they contain such substances, which man cannot synthesize yet. Therefore, herbs 

are often more effective than modern medicines. The processing products of medicinal plant materials are 

widely used in the manufacture of cosmetic, prophylactic and therapeutic agents [1,2]. 

Currently, significantly increased the need for means of general strengthening and immunostimulating 

action. For their production, natural components are used that, even with prolonged use, do not cause 

undesirable consequences in the human body. Echinacea purpurea (Echinacea Purpurea Moench) is a 

perennial herb. One of the healing sources, from ancient times used for medical purposes by the indigenous 

people of the Great Plains of the USA and the prairies of Canada. Due to the hydroxycinnamic acids and 

polysaccharides that make up the composition, echinacea has an immunostimulating, antimicrobial, 

bactericidal and anti-inflammatory effect.  
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Maral Root carthamaides perennial a herbaceous plant of the aster family, which grows in Altai, in 

Western and Eastern Siberia, Central Asia[3,4]. 

The safflower-like maral root plant is commonly used in the form of finely ground powder. It is 

characterized by a bitter taste, brackish resinous odor, cobweb fiber inclusions, high the level of 

phytoecdysteroids. The concentration of ecdysteroids is higher than in other plants up to 100 times. Small 

doses of maral root have a stimulating, anti-inflammatory effect and have inhibitory effect  

High adaptogenic activity is a consequence of the presence of phytoecdysteroids in plants in 

combination with flavanoids, antioxidants and vitamins [5,6].  

The chemical composition of the drug from the maral root plant is complex and contains up to 65 

phytoecdysteroids, 18 vitamins, provitamins, anti-stress proteins, macro - and microelements. Maral root and 

Echinacea preparations do not contain toxic alkaloids, narcotic and toxic substances. The amount of heavy 

metals is not exceeds background level. 
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Abstract 

The accuracy of the conceptual approach of the initial application of cold water as a low-grade energy 

source in the joint process of sub-cooling of the recycle stream, provides energy-efficient selection of heat 

from the surface of the furnace is confirmed based on the analytical research of the thermal-hydraulic mode 

of the heat pump system recuperative heat exchange cooling system for rotary furnace for industrial heating. 

Relevant patterns of change in the transformation coefficients, which substantiate the condition of the energy 

efficiency of the heat pump stabilization and practical implementation of the proposed systems are identified. 

ɸʥʥʦʪʘʮʠʷ 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʪʝʧʣʦʥʘʩʦʩʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʚʨʘʱʘʶʱʝʡʩʷ ʧʝʯʠ ʜʣʷ ʧʨʦʤʳʰʣʝʥ-
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ʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠʤʝʥʝʥʠʷ ʠʩʭʦʜʥʦʡ 

ʭʦʣʦʜʥʦʡ ʚʦʜʳ ʚ ʢʘʯʝʩʪʚʝ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʚ ʩʦʚʤʝʩʪʥʦʤ ʧʨʦʮʝʩʩʝ 

ʜʦʦʭʣʘʞʜʝʥʠʷ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʡ ʦʪʙʦʨ ʪʝʧʣʦʪʳ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʯʠ. ʆʧʨʝʜʝʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʦʩʥʦʚʳʚʘʶʪ ʫʩʣʦʚʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʥʘ-

ʩʦʩʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʠʩʪʝʤ. 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʧʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʪʘʢʠʭ ʵʥʝʨʛʦʝʤʢʠʭ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ, ʢʘʢ 

ʮʝʤʝʥʪ, ʢʝʨʘʤʟʠʪ, ʠʟʚʝʩʪʴ, ʢʝʨʘʤʠʯʝʩʢʠʝ ʩʪʝʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʙʦʨʥʳʝ ʠ ʤʦʥʦʣʠʪʥʳʝ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪ.ʜ. ʅʘ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝʞʝʛʦʜʥʦ ʨʘʩʭʦʜʫʝʪʩʷ ʙʦʣʝʝ 50% ʚʩʝʭ 

ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʧʦʪʨʝʙʣʷʝʤʳʭ ʚ ʵʪʦʡ ʦʪʨʘʩʣʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʥʘʠʙʦʣʝʝ 

ʵʥʝʨʛʦʝʤʢʠʭ ʧʝʯʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʷʞʫʱʠʭ ʠ ʩʪʝʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʦʧʣʠʚʘ ʚ 2-3 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʛʝʥʝʨʘʪʦʨʘʭ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. ʇʦʪʝʨʠ ʪʝʧʣʦʪʳ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʳʯʥʦ ʥʝ ʫʢʨʳʪʦʡ ʧʝʯʠ, ʜʦʩʪʠʛʘʶʪ 6-7 ʢɺʪ/ʤ2. ʇʨʠ 

ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ ʚ ʪʘʢʠʭ ʘʛʨʝʛʘʪʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 40% , ʘ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʩ 

ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʠʛʘʶʪ 10-30% ʝʛʦ ʦʙʱʝʛʦ ʨʘʩʭʦʜʘ. ɺ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʠ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʋʢʨʘʠʥʝ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʧʝʨʚʠʯʥʦʛʦ ʪʦʧʣʠʚʘ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʙʦʨʘ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʢʦʤʤʫʥʘʣʴʥʦ-ʙʳʪʦʚʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ.  

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʧʣʦʥʘʩʦʩʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʧʝʯʘʭ ʩ 

ʫʪʠʣʠʟʘʮʠʝʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʘʟʦʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ [1-3]. ʃʦʛʠʯʥʦ, ʯʪʦ ʤʠʥʠʤʠʟʘʮʠʷ ʪʝʧʣʦʪʳ 

ʪʝʨʤʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʦʙʱʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʦʪʦʢʝ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʤʠʥʠʨʫʶʱʝʡ ʚ 

ʩʠʩʪʝʤʘʭ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ. 

ʇʦʵʪʦʤʫ ʧʨʦʙʣʝʤʘ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʧʝʨʚʠʯʥʦʛʦ ʪʦʧʣʠʚʘ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ ʦʭʣʘʞʜʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʯʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʪʝʧʣʦʪʳ ʩʠʩʪʝʤʘʤʠ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ [4,5] 

ʩʪʨʦʠʪʝʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʆʙʲʝʢʪ ʠ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʭʝʤʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ [1,2] ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1, ʚ ʢʦʪʦʨʦʡ ʢʦʥʪʫʨ ʚʦʟʜʫʰʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʫʢʨʳʪʠʷ ʧʝʯʠ 1, ʢʘʣʦʨʠʬʝʨʘ 2 ʠ ʚʝʥʪʠʣʷʪʦʨʘ 3 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʳ 

ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʳʤ ʚʦʟʜʫʭʦʚʦʜʦʤ. ɺ ʩʧʘʨʝʥʥʦʤ ʢʘʥʘʣʝ ʫʢʨʳʪʠʷ ʧʝʯʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʝʛʫʣʠʨʫʝʤʦʝ 

ʩʪʨʫʡʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʨʘʩʭʦʜʦʤ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʧʝʨʝʧʘʜʝ 

ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ. 

ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʯʠ ʛʦʨʷʯʠʡ ʚʦʟʜʫʭ ʧʦʩʪʫʧʘʝʪ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢ 2, ʛʜʝ ʥʘʛʨʝʚʘʝʪ 

ʚʦʜʫ. ɿʘʪʝʤ ʦʭʣʘʞʜʝʥʥʳʡ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʧʦʪʦʢ ʚʥʦʚʴ ʧʦʩʪʫʧʘʝʪ ʚ ʫʢʨʳʪʠʝ ʧʝʯʠ. 

ʀʩʭʦʜʥʘʷ ʚʦʜʘ ʠʟ ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʧʨʦʚʦʜʘ ʩ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ tʍɺ, ʢʦʪʦʨʘʷ ʚ ʨʘʟʥʳʝ 

ʧʝʨʠʦʜʳ ʛʦʜʘ ʠʤʝʝʪ ʨʘʟʣʠʯʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ (5-25 0ʉ), ʩ ʧʦʤʦʱʴʶ ʥʘʩʦʩʘ 8 ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʠʩʧʘʨʠʪʝʣʴʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ 5', ʦʭʣʘʞʜʘʝʪʩʷ   ʜʦ   ʪʝʤʧʝʨʘʪʫʨʳ   2-5 0ʉ.  ʕʪʦ   ʧʦʟʚʦʣʷʝʪ    

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʠʩʭʦʜʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʧʝʯʠ, ʧʦʩʣʝ ʯʝʛʦ ʦʥʘ 

ʧʦʩʪʫʧʘʝʪ ʚ ʢʘʣʦʨʠʬʝʨ 2. ʂʦʥʜʝʥʩʘʪʦʨʦʤ ʩʣʫʞʠʪ ʪʝʧʣʦʦʙʤʝʥʥʠʢ 4, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘʛʨʝʚ ʚʦʜʳ ʚ 

ʧʨʦʮʝʩʩʝ ʢʦʥʜʝʥʩʘʮʠʠ ʨʘʙʦʯʝʛʦ ʪʝʣʘ, ʘ ʠʩʧʘʨʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ 5, 5', ʛʜʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪʙʦʨ ʪʝʧʣʦʪʳ ʦʪ ʢʠʧʷʱʝʛʦ ʬʨʝʦʥʘ. ʆʥʠ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʳ ʧʦ ʤʝʞʪʨʫʙʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ ʪʨʫʙʦʧʨʦʚʦʜʦʤ ʩ ʜʨʦʩʩʝʣʴʥʳʤ ʚʝʥʪʠʣʝʤ 

ɼɺ ʠ ʢʦʤʧʨʝʩʩʦʨʦʤ 6 ʩ ʚʥʝʰʥʠʤ ʧʨʠʚʦʜʦʤ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʦʪ ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ-ʠʩʧʘʨʠʪʝʣʝ 5 

ʦʪʙʠʨʘʝʪʩʷ ʪʝʧʣʦʪʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʝʡ ʝʸ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ 4 ʪʦʤʫ ʞʝ ʧʦʪʦʢʫ ʥʘ ʧʫʪʠ ʢ ʙʘʢʫ-

ʘʢʢʫʤʫʣʷʪʦʨʫ 7. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʭʣʘʞʜʝʥʥʘʷ ʯʘʩʪʴ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʠ ʠʩʭʦʜʥʦʛʦ ʧʦʪʦʢʘ ʚʦʜʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʛʣʫʙʦʢʦʛʦ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʚʦ ʚʨʝʤʝʥʠ ʦʭʣʘʞʜʝʥʠʷ 

ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʚʦʟʜʫʭʘ. 

ʉʪʘʙʠʣʠʟʘʮʠʷ ʦʭʣʘʞʜʝʥʠʷ ʧʝʯʠ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʠʩʢʣʶʯʘʝʪ ʧʝʨʝʛʨʝʚ ʝʸ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʣʦʸʚ, 

ʧʦʚʳʰʘʝʪʩʷ ʩʪʦʡʢʦʩʪʴ ʠ ʩʨʦʢ ʩʣʫʞʙʳ ʬʫʪʝʨʦʚʢʠ, ʘ ʪʘʢʞʝ ʢʘʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʨʠ 

ʵʪʦʤ ʫʪʠʣʠʟʠʨʦʚʘʥʥʘʷ ʪʝʧʣʦʪʘ ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʝ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʪʝʧʣʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 

ʆʙʱʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʦʢ, ʟʘʪʨʘʯʠʚʘʝʤʳʡ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ ʚʦʜʳ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʪʝʨʤʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ 
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ʇ PT2 K ʀ1 ʀ2Q=Q +N=Q +Q Q Q ,- -                                                   (1) 

ʛʜʝ Qʇ ï ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʚʦʩʧʨʠʥʷʪʳʡ ʩ ʦʭʣʘʞʜʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʘʶʱʝʡʩʷ ʧʝʯʠ, ɺʪ; 

N ï ʧʨʠʚʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʘ, ɺʪ; Qʈʊ2 ï ʚʦʩʧʨʠʥʷʪʘʷ ʪʝʧʣʦʪʘ ʫʪʠʣʠʟʘʮʠʠ ʚ 

ʨʝʢʫʧʝʨʘʪʠʚʥʦʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ  ʈʊ2, ɺʪ; Qʂ ï ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʚʦʩʧʨʠʥʷʪʳʡ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ 

ʪʝʨʤʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʢʦʥʪʫʨʘ, ɺʪ; Qʀ1, Qʀ2  ï ʫʪʠʣʠʟʠʨʫʝʤʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʚ ʠʩʧʘʨʠʪʝʣʷʭ ʀ1, 

ʀ2 ʪʝʨʤʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʢʦʥʪʫʨʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɺʪ. 

 

 
 

ʈʠʩʫʥʦʢ. 1. ʉʠʩʪʝʤʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʵʥʝʨʛʠʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʦʭʣʘʞ-

ʜʝʥʠʷ ʚʨʘʱʘʶʱʝʡʩʷ ʧʝʯʠ  ʠ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1 ï ʫʢʨʳʪʠʝ ʧʝʯʠ; 2 ï ʢʘʣʦʨʠʬʝʨ; 3 ï ʚʝʥʪʠʣʷʪʦʨ; 4 ï ʢʦʥʜʝʥʩʘʪʦʨ; 5, 5' ï ʠʩʧʘʨʠʪʝʣʠ; 6 ï ʢʦʤʧʨʝʩʩʦʨ; 7 ï ʙʘʢ-

ʘʢʢʫʤʫʣʷʪʦʨ; 8 ï ʥʘʩʦʩʳ; 9 ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʛʫʣʷʪʦʨ ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ; 10 ï ʪʨʝʭʭʦʜʦʚʦʡ ʨʝʛʫʣʷʪʦʨ ʨʘʩʭʦʜʘ. 

 

ʇʨʠʚʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 
K ʀ1 ʀ2N=Q (Q Q ).- +  ʀʩʭʦʜʷ ʠʟ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʷ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ 

ʩʣʝʜʫʝʪ, ʯʪʦ 

ʂ ʀ1 ʀ2 ʀ1 ʀ2

ʂ ʂ

1 1
.

Q (Q Q ) (Q Q )
1

Q Q

j = =
- + +

-

                                            (2) 

ʕʥʝʨʛʠʷ ʦʭʣʘʞʜʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʠ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ ʚ ʠʩʧʘʨʠʪʝʣʷʭ ˉ1, ˉ 2 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ 

( )X2 X1 ʇ ʇ ʇ ʅ
ʀ1 ʀ2 ʍɺ ɺ X2 XB X1

ʍɺ ɺ

x t t G ʩ (t t )
Q Q G ʩ x t t t ,

(1 x) (1 x) G ʩ

è øå õÖ + Ö Ö -
+ = Ö Ö Ö + - + -é ùæ ö

+ + Ö Öç ÷ê ú

     

(3) 

ʛʜʝ  Gʈ ï ʨʘʩʭʦʜ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘʛʨʝʪʦʡ ʚʦʜʳ, ʧʨʦʭʦʜʷʱʝʛʦ  ʯʝʨʝʟ ʠʩʧʘʨʠʪʝʣʴ ʀ1, 

ʢʛ/ʩ, ʧʨʠ ʵʪʦʤ ʈ ʍɺG x G ,= Ö Gʍɺ  ï ʨʘʩʭʦʜ ʠʩʭʦʜʥʦʡ ʭʦʣʦʜʥʦʡ ʚʦʜʳ, ʢʛ/ʩ; tʊ        ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ 

ʧʦʩʣʝ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʈʊ2, 0ʉ; tʍ1     ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʧʦʩʣʝ ʠʩʧʘʨʠʪʝʣʷ ʀ2, 0ʉ; tʍ2     

ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʧʦʩʣʝ ʠʩʧʘʨʠʪʝʣʷ ʀ1, 0ʉ; tʍɺ    ï ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʭʦʜʥʦʡ ʭʦʣʦʜʥʦʡ ʚʦʜʳ, 0ʉ; ʩɺ      ï 

ʩʨʝʜʥʷʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʜʳ, ɼʞ/(ʢʛ Ā 0ʉ); Gʇ   ï ʨʘʩʭʦʜ ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʮʠʨʢʫʣʷʮʠʦʥʥʦʤ 

ʢʦʥʪʫʨʝ, ʢʛ/ʩ; tʇ ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʧʦʩʣʝ ʫʢʨʳʪʠʷ ʧʝʯʠ, 0ʉ; tʅ ï ʥʘʯʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʚ ʫʢʨʳʪʠʝ ʧʝʯʠ, 0ʉ; ʩʇ   ï ʩʨʝʜʥʷʷ ʪʝʧʣʦʝʤʢʦʩʪʴ 

ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ,  ɼʞ/(ʢʛ Ā 0ʉ). 

ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ ʥʘʛʨʝʚʘ ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʠ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʯʘʩʪʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʩʠʩʪʝʤʝ 

ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ ʧʨʠ ɻɺ ʍɺG G .=bÖ
, ʈɽʎ ɻɺG G ,=mÖ

 
ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʘʣʛʦʨʠʪʤʦʤ 
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( )X2 X1 ʇ ʇ ʇ ʅ
K ʍɺ ɺ ɻɺ ɻɺ ʈɽʎ

ʍɺ ɺ

x t t G ʩ (t t )
Q G ʩ t t t .

(1 x) (1 ʭ)G ʩ

è øå õÖ + -
= - - +mb -é ùæ ö

+ +ç ÷ê ú                  (4) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʠʩʭʦʜʥʳʝ ʫʩʣʦʚʠʷ ʠ ʨʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʘʙʦʥʝʥʪʩʢʦʡ ʩʠʩʪʝʤʳ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ 

( )

( )

X2 X1 ʇ ʇ ʇ ʅ
X2 XB X1

ʍɺ ɺ

X2 X1 ʇ ʇ ʇ ʅ
ɻɺ ɻɺ ʈɽʎ

ʍɺ ɺ

1
.

x t t G ʩ (t t )
x t t t

(1 x) (1 x) G ʩ
1

x t t G ʩ (t t )
t t t

(1 x) (1 x) G ʩ

j =
å õÖ + Ö Ö -
Ö + - + -æ ö

+ + Ö Öç ÷-
å õÖ + Ö Ö -
- - +mÖbÖ -æ ö

+ + Ö Öç ÷

                 

(5) 

ʊʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʠ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʥʳʭ ʫʩʣʦʚʠʡ ʷʚʣʷʶʪʩʷ 

ʠʟʚʝʩʪʥʳʤʠ ʧʦ ʦʙʦʩʥʦʚʘʥʥʳʤ ʜʘʥʥʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʝʢʪʦʚ. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʤʝʱʝʥʠʷ 

ʤʦʱʥʦʩʪʠ f ʘʙʦʥʝʥʪʩʢʠʭ ʩʠʩʪʝʤ ʟʘ ʩʯʝʪ ʪʝʧʣʦʪʳ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ  ʵʥʝʨʛʠʠ (ɼʀʕ)ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʦʩʥʦʚʘʥʥʦ ʧʨʠʥʷʪ ʧʦ ʠʩʭʦʜʥʳʤ ʣʠʙʦ ʥʦʨʤʘʪʠʚʥʳʤ ʜʘʥʥʳʤ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʳʡ ʪʝʧʣʦʚʦʡ 

ʧʦʪʦʢ ʦʭʣʘʞʜʝʥʠʷ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ ʩʨʝʜʳ Qʦ, ʦʪʙʠʨʘʝʤʳʡ ʚ ʠʩʧʘʨʠʪʝʣʝ ʜʣʷ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ 

Qʦʚ ʠ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ Qʛʚ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʦʡ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʟʘʤʝʱʝʥʠʷ f ʨʘʩʯʝʪʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʩʦʛʣʘʩʥʦ ʟʘʚʠʩʠʤʦʩʪʠ 

( ),ʦ ʦʚ ʛʚQ f Q Q= +  ʢɺʪ.                                                         (6) 

ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʪʘʢʞʝ ʧʦ ʨʝʢʦʤʝʥʜʫʝʤʦʤʫ ʟʥʘʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ű ʪʝʧʣʦʪʳ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ 

ʢ

1
(1- ),ʦQ Q
f

=  ʢɺʪ.                                                            (7) 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 
ʅʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ (5) ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʨʠʩ. 2, ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʧʦʩʣʝ ʫʢʨʳʪʠʷ ʧʝʯʠ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ 

ʠʩʭʦʜʥʦʡ ʭʦʣʦʜʥʦʡ ʚʦʜʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ tʍɺ = 20 0ʉ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ. 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘ ʘʙʦʥʝʥʪʩʢʦʛʦ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʠʩʭʦʜʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʢʨʳʚʘʝʤʳʭ ʫʯʘʩʪʢʦʚ ʚʨʘʱʘʶʱʝʡʩʷ ʧʝʯʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʙʦʪʘ ʘʥʘʣʠʟʠʨʫʝʤʦʡ 

ʩʠʩʪʝʤʳ ʚ ʨʝʞʠʤʝ ʪʦʣʴʢʦ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʥʘʛʨʝʚʘ ʘʙʦʥʝʥʪʩʢʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʨʘʬʠʢʦʚ. ʅʘ ʛʨʘʬʠʢʘʭ ʦʪʤʝʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʮʠʨʢʫʣʷʮʠʠ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ, ʢʦʪʦʨʳʡ ʙʦʣʝʝ ʯʝʪʢʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʘ ʤʝʞʜʫ ʛʨʝʶʱʝʡ ʠ ʥʘʛʨʝʚʘʝʤʦʡ ʩʨʝʜʘʤʠ, 

ʧʨʝʜʦʧʨʝʜʝʣʷʶʱʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ 

ʚʦʜʦʚʦʟʜʫʰʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ. 

 

 
 

ʈʠʩʫʥʦʢ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʦʩʣʝ ʫʢʨʳʪʠʷ ʧʝʯʠ ʧʨʠ 

ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ  ʨʝʮʠʨʢʫʣʷʮʠʠ ʥʘʛʨʝʚʘʝʤʦʡ ʚʦʜʳ:  tɻɺ ï ʪʝʤʧʝʨʘʪʫʨʘ ʘʙʦʥʝʥʪʩʢʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, 0ʉ; 

- ʭ=0,8;            - ʭ = 0,6;                 - ʭ = 0,4;                         - ʭ = 0,2. 
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ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʛʨʘʬʠʢʠ ʥʘ ʨʠʩ. 3 ʥʘʛʣʷʜʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʭʦʜʥʦʡ ʭʦʣʦʜʥʦʡ ʚʦʜʳ ʚ ʤʝʞʦʪʦʧʠʪʝʣʴʥʳʡ 

ʧʝʨʠʦʜ ʛʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʇʨʠ ʵʪʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚʦʜʦʚʦʟʜʫʰʥʦʛʦ ʢʘʣʦʨʠʬʝʨʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʥʝʦʙʭʦʜʠʤʦʝ ʦʭʣʘʞʜʝʥʠʝ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʦʪʙʦʨʘ 

ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʧʣʦʪʳ ʩ ʫʢʨʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʯʠ. 

  

 
 

ʈʠʩʫʥʦʢ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʮʠʨʢʫʣʷʮʠʠ ʥʘʛʨʝʚʘʝʤʦʡ ʩʨʝʜʳ ʠ 

ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʭʦʜʥʦʡ ʭʦʣʦʜʥʦʡ ʚʦʜʳ: - tɻɺ = tʇ = 60 0ʉ;                      - tɻɺ = tʇ = 90 0ʉ. 

 

ɻʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʨʘʩʪʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʚʦʟʨʘʩʪʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʯʘʩʪʠ ʥʘʛʨʝʚʘʝʤʦʡ ʩʨʝʜʳ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ 

ʩʠʩʪʝʤʫ ʙʦʣʝʝ ʪʝʧʣʦʡ ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʩʭʦʜʥʦʡ ʭʦʣʦʜʥʦʡ ʚʦʜʳ ʚ ʪʝʧʣʳʡ 

ʧʝʨʠʦʜ ʛʦʜʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʝ ʚ ʢʘʯʝʩʪʚʝ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʭʣʘʞʜʝʥʥʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʦʪʙʦʨʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʪʠʣʠʟʠʨʫʝʤʦʡ ʪʝʧʣʦʪʳ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʯʠ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 

ɺʳʚʦʜʳ 

1. ʈʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʫʩʪʘʥʦʚʣʝʥʘ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ ʚʦʟʨʘʩʪʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʘʙʦʥʝʥʪʩʢʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʢʨʳʚʘʝʤʳʭ ʫʯʘʩʪʢʦʚ ʚʨʘʱʘʶʱʝʡʩʷ ʧʝʯʠ. ʇʦʜʪʚʝʨʞʜʝʥʘ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʪʳ ʠʩʭʦʜʥʦʡ ʭʦʣʦʜʥʦʡ ʚʦʜʳ ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʤʝʞʦʪʦʧʠʪʝʣʴʥʳʡ 

ʧʝʨʠʦʜ ʛʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.  

2. ʇʨʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʝ ʦʪʦʧʣʝʥʠʷ ʠ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚʦʟ-

ʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʛʦʨʷʯʝʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʩʠʩʪʝʤʝ ʦʪʦʧʣʝʥʠʷ, ʢʘʢ ʜʣʷ ʨʘʩʯʝʪʥʳʭ ʫʩʣʦʚʠʡ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ.  

3. ʋʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʦʪʙʦʨʘ ʦʪ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ 

ʘʙʦʥʝʥʪʩʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʟʘʤʝʱʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʝʪ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʢʦ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʋʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʞʠʛʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʟʘ ʩʯʝʪ ʫʪʠʣʠʟʘʮʠʠ ʵʥʝʨʛʠʠ ʦʭʣʘʞʜʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʯʝʡ, ʘ ʪʘʢʞʝ ʭʦʣʦʜʥʦʡ ʚʦʜʳ, ʜʣʷ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʧʦʚʳʰʘʝʪ ʩʪʝʧʝʥʴ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʩʦʢʨʘʱʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʭʦʣʦʜ. ɽʛʦ 

ʧʦʣʫʯʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʟʘʪʨʘʪʘʤʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʫʶ ʚ ʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʧʦʪʨʝʙʣʷʶʪ ʭʦʣʦʜʠʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʚʘʪʴ 

ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʩʠʩʪʝʤʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʥʘ ʨʘʙʦʪʫ ʭʦʣʦʜʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

Abstract 

This article addresses the issues of energy efficiency of refrigeration equipment. Almost the entire 

food industry uses artificial cold. Its receipt is directly related to the costs of various types of energy that 

refrigeration equipment consumes in large quantities. In this regard, it is necessary to evaluate performance 

indicators, as well as the impact of system failures on the operation of the refrigeration unit. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʦʣʴʰʝʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʥʠʞʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʞʝ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʨʦʢʫ ʦʢʫʧʘʝʤʦʩʪʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʨʝʰʝʥʠʡ.  

ʆʩʥʦʚʥʳʤ ʧʦʪʨʝʙʠʪʝʣʝʤ ʵʥʝʨʛʠʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʧʦʨʷʜʢʘ 58%) ʷʚʣʷʝʪʩʷ 

ʭʦʣʦʜʠʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ (ʨʠʩʫʥʦʢ 1). 
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ʈʠʩʫʥʦʢ 1 ï ʆʩʥʦʚʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ ʵʥʝʨʛʠʠ 

 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʛʦ ʨʘʙʦʪʳ ï ʝʩʪʴ ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʟʘʜʘʯ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ.  

ʉʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʝʰʝʥʠʡ ʜʣʷ 

ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʨʝʜʠ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ï ʘʜʘʧʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʛʨʝʚʦʤ ʥʘ ʠʩʧʘʨʠʪʝʣʷʭ, ʜʘʚʣʝʥʠʝ ʢʠʧʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʮʠʠ; ʧʣʘʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʦʚ ʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ.  

ɹʦʣʝʝ ʢʘʨʜʠʥʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʥʠʞʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʭʦʜ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʭʣʘʜʘʛʝʥʪʦʚ. ɼʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ï ʵʪʦ ʜʠʦʢʩʠʜ 

ʫʛʣʝʨʦʜʘ.  

ʇʨʠʤʝʥʝʥʠʝ ʉʆ2 ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʠ ʚ ʩʚʷʟʠ ʩ ʧʨʠʥʷʪʠʝʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʧʨʘʚʠʣ ʧʦ ʙʦʨʴʙʝ ʩ ʛʣʦʙʘʣʴʥʳʤ ʧʦʪʝʧʣʝʥʠʝʤ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʩʦʙʳʪʠʝʤ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʪʨʘʥ ʉʅɻ ʩʪʘʣʦ ʚʩʪʫʧʣʝʥʠʝ ʚ ʩʠʣʫ ʩ 1 ʷʥʚʘʨʷ 2019 ʛ. ʂʠʛʘʣʠʡʩʢʦʡ ʧʦʧʨʘʚʢʠ ʢ 

ʄʦʥʨʝʘʣʴʩʢʦʤʫ ʧʨʦʪʦʢʦʣʫ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʩʪʨʘʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʨʘʬʠʢ ʦʪʢʘʟʘ 

ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɻʌʋ-ʭʣʘʜʘʛʝʥʪʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ R-404A, R-507A ʠ R-134a. ʇʦ ʜʘʥʥʦʤʫ 

ʩʦʛʣʘʰʝʥʠʶ ʩʪʨʘʥʳ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʧʦʪʨʝʙʣʝʥʠʷ ɻʌʋ-ʭʣʘʜʘʛʝʥʪʦʚ ʥʘ 35% ʦʪ 

ʙʘʟʦʚʦʛʦ ʫʨʦʚʥʷ ʥʘʯʠʥʘʷ ʩ 2025 ʛ., ʘ ʥʘʯʠʥʘʷ ʩ 2036 ʛ. ʧʦʪʨʝʙʣʝʥʠʝ ʜʦʣʞʥʦ ʩʥʠʟʠʪʴʩʷ ʥʘ 85%.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʞʝ ʩʝʛʦʜʥʷ ʧʨʠʦʙʨʝʣ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʦʧʨʦʩ ʚʳʙʦʨʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʭʝʤʥʳʭ 

ʨʝʰʝʥʠʡ: ʦʧʪʠʤʘʣʴʥʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʵʢʦʣʦʛʠʠ, ʥʘʜʝʞʥʦʩʪʠ, ʢʘʧʠʪʘʣʴʥʳʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ [1]. 

ʇʨʦʮʝʩʩʳ ʚ ʵʣʝʤʝʥʪʘʭ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʳ, ʠ ʥʘ ʥʠʭ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʢʘʢ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, ʪʘʢ ʠ ʦʭʣʘʞʜʘʝʤʳʝ ʦʙʲʝʢʪʳ. ʇʦʵʪʦʤʫ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʥʝʢʦʪʦʨʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʣʶʙʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʭ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʦʪʳ[2]. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʣʘʜʘʛʝʥʪʦʚ, ʠʭ ʪʦʢʩʠʯʥʦʩʪʴ, ʧʦʞʘʨʦ-

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʩʤʘʟʦʯʥʳʤʠ ʤʘʩʣʘʤʠ ʦʢʘʟʳʚʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʭʦʣʦʜʠʣʴʥʳʭ ʦʙʦʨʫʜʦʚʘʥʠʡ. ʂ ʪʘʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʭʦʣʦʜʠʣʴʥʳʭ ʦʙʦʨʫʜʦʚʘʥʠʡ ʠ ʜʨ. [3]. 

ʋʩʪʨʦʡʩʪʚʦ ʥʘʠʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʢʦʤʧʨʝʩʩʠʦʥʥʦʤ ʮʠʢʣʝ ʦʭʣʘʞʜʝʥʠʷ, ʦʩʥʦʚʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ï 

ʢʦʤʧʨʝʩʩʦʨ, ʠʩʧʘʨʠʪʝʣʴ, ʢʦʥʜʝʥʩʘʪʦʨʠ ʨʝʛʫʣʷʪʦʨ ʧʦʪʦʢʘ (ʪʝʨʤʦʨʝʛʫʣʠʨʫʶʱʠʡ ʚʝʥʪʠʣʴ ʠʣʠ 

ʢʘʧʠʣʣʷʨʥʘʷ ʪʨʫʙʢʘ), ʩʦʝʜʠʥʝʥʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ, ʚ 

ʢʦʪʦʨʦʡ ʮʠʨʢʫʣʷʮʠʶ ʭʣʘʜʘʛʝʥʪʘ (ʬʨʝʦʥʘ) ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʦʤʧʨʝʩʩʦʨ [4]. 

ʅʝʠʩʧʨʘʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʦʣʥʦʡ ʨʘʙʦʪʝ ʮʠʢʣʘ, 

ʯʪʦ ʧʦʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʥʦʩʪʴ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʧʳʪ ʨʘʙʦʪʳ 

ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ 99 % ʚʩʝʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʥʘ ʫʩʪʘʥʦʚʢʘʭ (ʢʘʢ ʚ ʢʦʥʜʠʮʠʦʥʝʨʘʭ, ʪʘʢ ʠ ʚ ʪʦʨʛʦʚʳʭ ʭʦʣʦʜʠʣʴʥʠʢʘʭ), ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʙʠʪʳ ʥʘ 8 
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ʦʩʥʦʚʥʳʭ ʩʝʤʝʡʩʪʚ: ʩʣʠʰʢʦʤ ʩʣʘʙʳʡ ʊʈɺ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʊʈɺ ʥʝʜʦʩʪʘʪʦʯʥʘ), ʥʝʭʚʘʪʢʘ 

ʭʣʘʜʘʛʝʥʪʘ (ʚ ʢʦʥʪʫʨ ʟʘʧʨʘʚʣʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʣʘʜʘʛʝʥʪʘ), ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ 

ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝ ʭʣʘʜʘʛʝʥʪʘ (ʥʘ ʞʠʜʢʦʩʪʥʦʡ ʣʠʥʠʠ ʧʝʨʝʜ ʊʈɺ ʠʤʝʝʪʩʷ ʧʘʨʘʟʠʪʥʦʝ ʛʠʜʨʦ-

ʩʦʧʨʦʪʠʚʣʝʥʠʝ), ʩʣʠʰʢʦʤ ʩʣʘʙʳʡ ʠʩʧʘʨʠʪʝʣʴ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʩʧʘʨʠʪʝʣʝʡ ʥʝʜʦʩʪʘʪʦʯʥʘ), 

ʩʣʠʰʢʦʤ ʩʣʘʙʳʡ ʢʦʤʧʨʝʩʩʦʨ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʘ ʥʝʜʦʩʪʘʪʦʯʥʘ), ʥʘʣʠʯʠʝ ʥʝʢʦʥ-

ʜʝʥʩʠʨʫʝʤʳʭ ʯʘʩʪʠʮ (ʚ ʢʦʥʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʯʨʝʟʤʝʨʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʢʦʥ-ʜʝʥʩʠʨʫʶʱʠʭʩʷ 

ʧʨʠʤʝʩʝʡ), ʯʨʝʟʤʝʨʥʘʷ ʟʘʧʨʘʚʢʘ (ʚ ʢʦʥʪʫʨ ʟʘʧʨʘʚʣʝʥʦ ʠʟʙʳʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʣʘʜʘʛʝʥʪʘ), ʩʣʠʰʢʦʤ 

ʩʣʘʙʳʡ ʢʦʥʜʝʥʩʘʪʦʨ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʝʜʦʩʪʘʪʦʯʥʘ).  

ʀʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʧʝʨʚʳʝ ʯʝʪʳʨʝ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʭʦʣʦʜʦ-

ʧʨʦʠʟʚʦʜʠʪʝʣʴ-ʥʦʩʪʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʘʥʦʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʜʘʚʣʝʥʠʷ ʢʠʧʝʥʠʷ. ʇʷʪʦʝ ʩʝʤʝʡʩʪʚʦ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʧʨʠʚʦʜʠʪ ʪʘʢʞʝ ʢ ʩʥʠʞʝʥʠʶ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʥʦ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ 

ʟʥʘʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʢʠʧʝʥʠʷ. ʆʩʪʘʣʴʥʳʝ ʪʨʠ ʩʝʤʝʡʩʪʚʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʧʨʠʚʦʜʷʪ ʢ ʘʥʦʤʘʣʴʥʦʤʫ 

ʨʦʩʪʫ ʜʘʚʣʝʥʠʷ ʢʦʥʜʝʥʩʘʮʠʠ.  

ʇʝʨʝʯʠʩʣʷʷ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʭʦʣʦʜʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʧʨʦʚʝʨʠʪʴ ʪʝʦʨʠʶ ʠ ʚʳʚʝʩʪʠ ʢʦʥʢʨʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʢʘʞʜʦʡ ʠʟ ʥʠʭ. 

ʇʦʩʤʦʪʨʝʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʯʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʣʠ ʣʶʙʘʷ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʝ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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Abstract 

When the thermal inertia of the wall increase then the attenuation of the amplitude and the delay of the 

phase of the temperature wave which penetrates from the environment into the cooling chamber a increase 

too. When the delay of the phase is optimal then the daily minimum of heat flow penetrates into the 
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chambers during the hottest time of the day. This reduces the installed cooling capacity and power 

consumption. Reducing the amplitude of fluctuations in product temperature improves the quality of storage. 

For fruits and vegetables, the terms of storage are increased, the natural losses are reduced and the cost of 

electricity for storage is reduced. 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʠ ʦʛʨʘʞʜʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘʪʫʭʘʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠ 

ʟʘʧʘʟʜʳʚʘʥʠʝ ʬʘʟʳ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʦʣʥʳ, ʢʦʪʦʨʘʷ ʧʨʦʥʠʢʘʝʪ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʭʦʣʦʜʠʣʴʥʫʶ 

ʢʘʤʝʨʫ. ʇʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʟʘʧʘʟʜʳʚʘʥʠʠ ʩʫʪʦʯʥʳʡ ʤʠʥʠʤʫʤ ʪʝʧʣʦʧʨʠʪʦʢʘ ʚ ʢʘʤʝʨʳ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʥʘʠʙʦʣʝʝ ʞʘʨʢʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʧʦʪʜʚʝʜʝʥʥʫʶ ʤʦʱʥʦʩʪʴ. ʋʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʜʫʢʪʘ ʫʣʫʯʰʘʵʪ 

ʢʘʯʝʩʪʚʦ ʭʨʘʥʝʥʠʷ. ɼʣʷ ʧʣʦʜʦʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩʨʦʢʠ ʭʨʘʥʝʥʠʷ, ʫʤʝʥʴʰʘʝʪʩʷ 

ʝʪʝʩʪʚʝʥʥʘʷ ʫʙʳʣʠ, ʩʥʠʞʘʶʪʩʷ ʟʘʪʨʘʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʭʨʘʥʝʥʠʝ. 

 

ɺʚʝʜʝʥʠʝ 

ʅʘ ʩʝʛʦʜʥʷ, ʚ ʩʚʷʟʠ ʩ ʛʣʦʙʘʣʴʥʳʤ ʦʙʦʩʪʨʝʥʠʝʤ ʚʦʧʨʦʩʦʚ ʵʢʦʣʦʛʠʠ ʠ ʧʦʪʨʝʙʥʦʩʪʴʶ ʤʠʥʠ-

ʤʠʟʘʮʠʠ ʧʦʪʨʝʙʣʝʥʠʷ ʠʩʢʦʧʘʝʤʳʭ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʘʢʪʠʚʠʟʠʨʦʚʘʣʠʩʴ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʫʩʪʦʡʯʠʚʦʩʪʠ ʦʛʨʘʞʜʝʥʠʡ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʦʪʦʧʣʝʥʠʷ ʠ ʤʠʢʨʦʢʣʠʤʘʪʘ ʞʠʣʳʭ, ʦʙʱʝʩʪʚʝʥʝʥʳʭ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʠ ʧʦʤʝʱʝʥʠʡ [0, 0, 0, 0, 0, 0].  

ʇʦʜ ʪʝʧʣʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʦʛʨʘʞʜʝʥʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʧʦʩʪʦʷʥʩʪʚʦ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ 

ʥʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʳʟʳʚʘʝʤʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. ʄʝʨʦʡ ʪʝʧʣʦʫʩʪʦʡʯʠʚʦʩʪʠ ʤʥʦʛʦʩʣʦʡʥʦʛʦ 

ʦʛʨʘʞʜʝʥʠʷ ʚʳʩʪʫʧʘʝʪ ʝʛʦ ʪʝʧʣʦʚʘʷ ʠʥʝʨʮʠʷ (1), ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʦʛʨʘʞʜʝʥʠʷ, ʪʝʧʣʦʘʢʢʫʤʫʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʝʛʦ ʤʘʪʝʨʠʘʣʦʚ ʠ ʟʘʚʠʩʠʪ ʦʪ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʦʣʥʳ  
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ʉ ʫʤʝʥʴʱʝʥʠʝʤ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ T ʪʝʧʣʦʫʩʪʦʡʯʠʚʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ. 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʝʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʦʣʥʳ ʯʝʨʝʟ ʦʛʨʘʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʪʫʭʘʥʠʝ ʝʝ 

ʘʤʧʣʠʪʫʜʳ ʠ ʟʘʧʘʟʜʳʚʘʥʠʝ ʬʘʟʳ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʠ 

ʦʛʨʘʞʜʝʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʝʩʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʭʦʣʦʜʠʣʴʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪʦʨʛʦʚʦʡ ʩʝʪʠ. ɺ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ, ʧʝʨʝʚʘʣʦʯʥʳʭ ʠ 

ʪʦʨʛʦʚʳʭ ʭʦʣʦʜʠʣʴʥʠʢʘʭ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʘʪʠʪʩʷ ʥʘ ʦʪʚʦʜ 

ʪʝʧʣʦʧʨʠʪʦʢʦʚ ʯʝʨʝʟ ʦʛʨʘʞʜʝʥʠʝ. ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʦʣʥʳ ʯʝʨʝʟ 

ʦʛʨʘʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʟʘʧʘʟʜʳʚʘʥʠʝ ʧʦ ʬʘʟʝ, ʩʦʟʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘ ʩʯʝʪ ʥʘʜʣʝʞʘʱʝʛʦ ʚʳʙʦʨʘ 

ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʠ ʦʛʨʘʞʜʝʥʠʷ ʩʤʝʩʪʠʪʴ ʧʠʢʦʚʳʡ ʩʫʪʦʯʥʳʡ ʪʝʧʣʦʧʨʠʪʦʢ ʥʘ ʥʦʯʥʦʝ ʚʨʝʤʷ. ʕʪʦ 

ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʫʪʦʯʥʦʛʦ ʛʨʘʬʠʢʘ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʠ ʦʛʨʘʞʜʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʭʦʣʦʜʠʣʴʥʳʭ ʢʘʤʝʨʘʭ, ʯʪʦ ʜʦʣʞʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʪʝʨʴ ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʭʨʘʥʝʥʠʠ.  

ʇʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʧʝʨʩʧʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʥʪʝʡʥʝʨʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʝʡ ʩʪʝʥʦʢ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʫʶ ʟʘʱʠʪʫ 

ʧʨʦʜʫʢʪʦʚ ʦʪ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠʢʘʤʝʨʥʦʡ ʩʨʝʜʳ [0, 0, 0].  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʦʩʥʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʠ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʡ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʥʷʪʳ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʭʦʣʦʜʠʣʴʥʳʭ ʢʘʤʝʨ ʠ ʩʪʝʥʢʠ 

ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʠ ʭʨʘʥʝʥʠʷ ʦʭʣʘʞʜʝʥʥʦʡ ʧʣʦʜʦʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʥʷʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʠ ʩʪʝʥʦʢ ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ 



122 

ʭʦʣʦʜʠʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʧʣʦʜʦʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʝʨʴ ʦʪ ʜʳʭʘʥʠʷ ʧʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ  

ʇʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʭʦʣʦʜʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʦʥʜʝʥʩʘʮʠʠ. ʇʦʩʢʦʣʴʢʫ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʝʪʩʷ, ʪʦ 

ʪʘʢʞʝ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʝʪʩʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʜʝʥʩʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʶʪʩʷ 

ʪʘʢʠʝ ʚʘʞʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʭʦʣʦʜʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʢʘʢ ʭʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʘʯʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʢʦʤʧʨʝʩʩʦʨʘ.  

ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʧʠʢʦʚʦʝ ʟʥʘʯʝʥʠʝ ʪʝʧʣʦʧʨʠʪʦʢʘ ʯʝʨʝʟ ʦʛʨʘʞʜʝʥʠʝ, 

ʝʩʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. ʇʦʛʣʦʱʘʷ ʧʦʪʦʢ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʠʢʦʚʘʷ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʜʦ 1000 ɺʪ/ʤ2, ʧʦʚʝʨʭʥʦʩʪʴ ʦʛʨʘʞʜʝʥʠʷ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʝʚʳʰʘʶ-

ʱʝʡ ʪʝʤʧʝʨʘʪʫʨʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʩʥʦʚʥʦʡ ʠʟʙʳʪʦʢ ʧʦʛʣʦʱʝʥʥʦʛʦ ʪʝʧʣʘ ʦʪ ʥʘʨʫʞʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʫʭʦʜʠʪ ʦʙʨʘʪʥʦ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʣʫʯʠʩʪʦʡ ʠ ʢʦʥʚʝʢʪʠʚʥʦʡ ʪʝʧʣʦʦʪʜʘʯʝʡ. ʆʩʪʘʪʦ-

ʯʥʘʷ ʯʘʩʪʴ ʪʝʧʣʘ º10 ɺʪ/ʤ2 ʧʝʨʝʜʘʝʪʩʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʯʝʨʝʟ ʦʛʨʘʞʜʝʥʠʝ ʚ ʢʘʤʝʨʫ. ʉʭʝʤʘ 

ʪʝʧʣʦʦʙʤʝʥʘ ʯʝʨʝʟ ʧʣʦʩʢʫʶ ʙʝʩʯʝʨʜʘʯʥʫʶ ʢʨʦʚʣʶ ʭʦʣʦʜʠʣʴʥʠʢʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʠʩ. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʪʝʧʣʦʦʙʤʝʥʘ ʯʝʨʝʟ ʧʣʦʩʢʫʶ ʙʝʩʯʝʨʜʘʯʥʫʶ ʢʨʦʚʣʶ ʭʦʣʦʜʠʣʴʥʦʡ ʢʘʤʝʨʳ. 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʯʝʨʝʟ ʧʣʦʩʢʫʶ ʙʝʩʯʝʨʜʘʯʥʫʶ ʢʨʦʚʣʶ ʧʨʠ 

ʩʣʦʞʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦ ʩʪʦʨʦʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ [0]. ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʝʧʣʦʚʳʭ ʙʘʣʘʥʩʦʚ ʧʦ ʷʚʥʦʡ ʢʚʘʟʠʣʠʥʝʡʥʦʡ ʩʭʝʤʝ. ʇʨʠʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʧʦʟʚʦʣʠʣʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʦʜʨʦʙʥʦ ʫʯʝʩʪʴ ʥʝʛʘʨʤʦʥʠʯʥʦʩʪʴ ʩʫʪʦʯʥʦʡ ʠ 

ʛʦʜʦʚʦʡ ʜʠʥʘʤʠʢʠ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʨʘʟʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʰʠʨʦʪʘʭ ʜʣʷ ʨʘʟʣʠʯʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʦʛʨʘʞʜʝʥʠʷ [0]. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʜʚʘ ʚʘʨʠʘʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʦʛʨʘʞʜʝʥʠʷ ï ʩ ʥʠʟʢʦʡ 

ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʝʡ ʠ ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʛʨʘʞʜʝʥʠʷ ʩ ʥʠʟʢʦʡ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʝʡ ʨʘʩʩʤʦʪʨʝʥʘ ʦʜʥʦʩʣʦʡʥʘʷ ʧʣʠʪʘ 

ʧʝʥʦʧʣʘʩʪʘ ï ʢʘʢ ʘʥʘʣʦʛ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʝʡ (ʧʦʩʢʦʣʴʢʫ ʩʢʦʨʣʫʧʘ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʝʡ ʠʤʝʝʪ ʤʘʣʫʶ 

ʪʦʣʱʠʥʫ, ʝʝ ʚʣʠʷʥʠʝʤ ʥʘ ʪʝʧʣʦʚʫʶ ʠʥʝʨʮʠʶ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ). 

ɺ ʢʘʯʝʩʪʚʝ ʦʛʨʘʞʜʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʝʡ ʨʘʩʩʤʦʪʨʝʥʘ ʧʣʠʪʘ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ, 

ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʘʷ ʧʝʥʦʧʣʘʩʪʦʤ. ʇʝʥʦʧʣʘʩʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

ɹʝʪʦʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʝʧʣʦʘʢʢʫʤʫʣʠʨʫʶʱʝʡ ʝʤʢʦʩʪʴʶ. ʊʝʧʣʦʚʘʷ ʠʥʝʨʮʠʷ ʦʛʨʘʞʜʝʥʠʷ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʚʥʘ ʩʫʤʤʝ ʪʝʧʣʦʚʳʭ ʠʥʝʨʮʠʡ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ 

(1). ʀʟʤʝʥʷʷ ʩʦʦʪʥʦʰʝʥʠʝ ʪʦʣʱʠʥ ʩʣʦʝʚ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʝʧʣʦʚʫʶ ʠʥʝʨʮʠʶ ʦʛʨʘʞʜʝʥʠʷ ʧʨʠ 
ʩʦʙʣʶʜʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʝʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʩʦʣʥq  ʣʫʯq  
ʢʦʥʚq  

lq  

ʢʘʤq  
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ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʠ ʚʦʟʨʘʩʪʘʝʪ ʟʘʪʫʭʘʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠ ʟʘʧʘʟʜʳʚʘʥʠʝ ʬʘʟʳ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʦʣʥʳ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʠ 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʬʘʟʳ.  

ʅʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦ ʪʘʢʦʝ ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʫʪʦʯʥʳʡ ʤʠʥʠʤʫʤ 

ʪʝʧʣʦʧʨʠʪʦʢʘ ʚ ʢʘʤʝʨʫ ʩʦʚʧʘʜʘʝʪ ʚʦ ʚʨʝʤʝʥʠ ʩ ʩʫʪʦʯʥʳʤ ʤʘʢʩʠʤʫʤʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʉʫʪʦʯʥʳʡ ʤʘʢʩʠʤʫʤ ʪʝʧʣʦʧʨʠʪʦʢʘ ʯʝʨʝʟ ʩʪʦʨʦʥʫ ʦʛʨʘʞʜʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. ɼʣʷ ʨʘʟʣʠʯʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʣʫʯʝʥʠʷ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʨʘʟʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, ʠʟ-ʟʘ ʯʝʛʦ ʨʘʮʠʦʥʘʣʴʥʦʝ ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʚʦʣʥʳ ʜʣʷ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ ʦʨʠʝʥʪʘʮʠʝʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ 

ʦʛʨʘʞʜʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʝʝ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʠ. 

ɺʣʠʷʥʠʝ ʟʘʧʘʟʜʳʚʘʥʠʷ ʬʘʟʳ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʦʣʥʳ ʚ ʧʣʦʩʢʦʡ ʙʝʩʯʝʨʜʘʯʥʦʡ ʢʨʦʚʣʝ ʢʘʤʝʨʳ 

ʭʨʘʥʝʥʠʷ ʤʦʨʦʞʝʥʳʭ ʛʨʫʟʦʚ ʥʘ ʩʫʪʦʯʥʫʶ ʜʠʥʘʤʠʢʫ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʭʦʣʦʜʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩ.  2, ʥʘ ʢʦʪʦʨʦʤ ʚʩʝ ʚʝʣʠʯʠʥʳ ʦʪʥʝʩʝʥʳ ʢ  1 ʤ2  ʧʦʚʝʨʭʥʦʩʪʠ ʦʛʨʘʞʜʝʥʠʷ. 

ʇʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʟʢʦʠʥʝʨʮʠʦʥʥʳʤʠ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʷʤʠ, ʥʘ 

ʧʦʨʷʜʦʢ ʩʥʠʞʘʝʪʩʷ ʩʫʪʦʯʥʘʷ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʪʝʧʣʦʧʨʠʪʦʢʘ ʯʝʨʝʟ ʦʛʨʘʞʜʝʥʠʝ. ʇʠʢʦʚʳʝ 

ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩʥʠʞʘʶʪʩʷ ʜʦ 

ʫʨʦʚʥʝʡ ʙʣʠʟʢʠʭ ʢ ʠʭ ʩʨʝʜʥʝʩʫʪʦʯʥʳʤ ʟʥʘʯʝʥʠʷʤ.  

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩʫʥʦʢ 2 - ɺʣʠʷʥʠʝ ʟʘʧʘʟʜʳʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʦʣʥʳ ʚ ʧʣʦʩʢʦʡ ʢʨʦʚʣʝ ʢʘʤʝʨʳ ʭʨʘʥʝʥʠʷ ʤʦʨʦʞʝʥʳʭ ʛʨʫʟʦʚ 

ʥʘ ʩʫʪʦʯʥʫʶ ʜʠʥʘʤʠʢʫ ʨʘʙʦʪʳ ʭʦʣʦʜʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ: (ʚʩʝ ʚʝʣʠʯʠʥʳ ʦʪʥʝʩʝʥʳ ʢ  1 ʤ2  ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʛʨʘʞʜʝʥʠʷ)   

1 ï ʪʝʧʣʦʧʨʠʪʦʢ ʚ ʢʘʤʝʨʫ ʯʝʨʝʟ ʦʛʨʘʞʜʝʥʠʝ;  

2 ï ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʘ;  

3 ï ʪʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ ʢʦʥʜʝʥʩʘʪʦʨʘ.   

ʘ ï ʥʠʟʢʘʷ ʠʥʝʨʮʠʷ ʦʛʨʘʞʜʝʥʠʷ (ʯʝʨʥʳʝ ʣʠʥʠʠ);  

ʙ ï ʚʳʩʦʢʘʷ ʠʥʝʨʮʠʷ ʦʛʨʘʞʜʝʥʠʷ (ʩʝʨʳʝ ʣʠʥʠʠ). 

 

ʉʥʠʞʝʥʠʝ ʩʫʪʦʯʥʦʡ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʪʝʧʣʦʧʨʠʪʦʢʘ ʚ ʢʘʤʝʨʫ ʯʝʨʝʟ ʦʛʨʘʞʜʝʥʠʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʭʦʣʦʜʠʣʴʥʳʭ ʢʘʤʝʨʘʭ, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʫʟʣʦʚʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʦʪ ʢʘʯʝʩʪʚʘ ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ 

ʠ ʩʨʦʢʠ ʩʦʭʨʘʥʥʦʩʪʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʧʣʦʜʦʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʩʨʦʢʠ ʭʨʘʥʝʥʠʷ ʢʦʪʦʨʦʡ ʚ ʦʭʣʘʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʛʨʘʥʠʯʝʥʳ.  

ʂʨʦʤʝ ʪʝʧʣʦʧʨʠʪʦʢʦʚ ʯʝʨʝʟ ʦʛʨʘʞʜʝʥʠʝ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʘʭ 

ʥʘʨʫʰʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝʤ ʛʨʫʟʦʚʳʭ ʦʧʝʨʘʮʠʡ, ʧʝʨʝʤʝʱʝʥʠʝʤ ʧʝʨʩʦʥʘʣʘ, ʦʪʢʨʳʚʘʥʠʝʤ ʜʚʝʨʝʡ ʠ ʜʨ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʛʨʘʥʠʯʝʥʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʧʦʛʨʝʰʥʦʩʪʴʶ ʜʘʪʯʠʢʦʚ. ɺ 

ʮʝʣʦʤ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʚ ʢʘʤʝʨʘʭ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʞʝʣʘʝʤʦʡ. ʆʩʦʙʝʥʥʦ ʫʩʣʦʞʥʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ 

ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʧʣʦʜʦʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʠ ʭʦʣʦʜʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ.  

1  ͊

н ͊

о ͊

1  ͋

2  ͋

3  ͋

ɺʨʝʤʷ ʩʫʪʦʢ, ʯʘʩ. 

ɺʪ/ʤ2 
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ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚ [0] ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʠ ʭʨʘʥʠʪʴ 
ʧʣʦʜʦʦʚʦʱʥʫʶ ʧʨʦʜʫʢʮʠʶ ʚ ʢʦʥʪʝʡʥʝʨʘʭ, ʩʪʝʥʢʠ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʫʶ ʪʝʧʣʦʚʫʶ ʠʥʝʨʮʠʶ, 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʢʦʥʪʝʡʥʝʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ 

ʩʥʘʨʫʞʠ. ʉʪʝʥʢʠ ʩ ʚʳʩʦʢʦʡ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʝʡ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʪʝʧʣʦʚʦʛʦ ʙʫʬʝʨʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʧʫʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʤʝʞʜʫ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʢʘʤʝʨʳ ʠ 

ʧʨʦʜʫʢʪʦʤ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʦʥʪʝʡʥʝʨʳ ʠʟʛʦʪʦʚʣʝʥʳ ʩ ʜʚʦʡʥʳʤʠ 

ʩʪʝʥʢʘʤʠ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʟʘʣʠʚʘʪʴ ʚʦʜʫ ʣʠʙʦ ʜʨʫʛʫʶ ʞʠʜʢʦʩʪʴ, ʠʤʝʶʱʫʶ ʚʳʩʦʢʫʶ 

ʪʝʧʣʦʘʢʢʫʤʫʣʠʨʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʥʝ ʟʘʤʝʨʟʘʶʱʫʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʇʨʠ ʤʘʣʦʤ ʧʝʨʠʦʜʝ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʤʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʪʨʝʙʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʦʡ 

ʠʥʝʨʮʠʠ ʩʪʝʥʦʢ ʢʦʥʪʝʡʥʝʨʦʚ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʠʭ ʤʘʣʦʡ ʪʦʣʱʠʥʝ [0, 0, 0]. ʇʨʠ ʭʨʘʥʝʥʠʠ ʷʙʣʦʢ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʦʥʪʝʡʥʝʨʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʣʠʩʪʦʚ ʦʨʛʩʪʝʢʣʘ ʪʦʣʱʠʥʦʡ 3 ʤʤ ʩ ʪʦʣʱʠʥʦʡ 

ʚʦʜʷʥʦʡ ʧʨʦʩʣʦʡʢʠ 7 ʤʤ, ʘʤʧʣʠʪʫʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʜʫʢʪʘ ʚ º40 ʨʘʟ ʥʠʞʝ ʘʤʧʣʠʪʫʜʳ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʘʤʝʨʝ. ʇʨʠ ʵʪʦʤ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʪʫʭʘʥʠʷ ʘʤʧʣʠʪʫʜʳ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʦʣʥʳ ʚʣʠʷʶʪ ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʦʪʜʘʯʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʪʝʥʦʢ ʢʦʥʪʝʡʥʝʨʘ 

ʠ ʪʦʣʱʠʥʘ ʚʦʟʜʫʰʥʦʡ ʧʨʦʩʣʦʡʢʠ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʪʝʥʢʠ ʢʦʥʪʝʡʥʝʨʘ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʦʜʫʢʪʘ. 

ʋʙʳʣʴ ʤʘʩʩʳ ʧʣʦʜʦʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʭʨʘʥʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫʪʝʤ ʟʘ ʩʯʝʪ 

ʧʨʦʮʝʩʩʦʚ ʜʳʭʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʢʠʩʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʧʨʦʠʩʭʦʜʠʪ ʩ ʚʳʜʝʣʝʥʠʝʤ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ 

ʚʦʜʷʥʳʭ ʧʘʨʦʚ. ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʳʭʘʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʭʨʘʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʪʝʧʣʦʪʦʡ ʜʳʭʘʥʠʷ  
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ɺ ʩʠʣʫ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ (3) ʩʥʠʞʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 
ʭʨʘʥʠʤʦʡ ʧʣʦʜʦʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʳʭʘʥʠʷ ʚ ʮʝʣʦʤ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ ʙʝʟ ʧʦʪʝʨʠ ʪʦʚʘʨʥʦʛʦ ʚʠʜʘ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ 

ʫʙʳʣʠ ʤʘʩʩʳ ʧʨʦʜʫʢʮʠʠ (ʨʠʩ. 3), ʢʦʪʦʨʦʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (4) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 
ʩʥʠʞʝʥʠʝʤ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʭʨʘʥʝʥʠʝ.  

 

 
 

ʈʠʩʫʥʦʢ 3 - ʇʨʠʨʦʜʥʳʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʷʙʣʦʢ 1 ï ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʢʦʥʪʝʡʥʝʨʝ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʝʧʣʦʚʦʡ 

ʠʥʝʨʮʠʝʡ ʩʪʝʥʦʢ ʧʨʠ ʪʦʣʱʠʥʝ ʚʦʜʷʥʦʡ ʧʨʦʩʣʦʡʢʠ 7 ʤʤ; 

2 ï ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʢʦʥʪʝʡʥʝʨʝ. 
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ʀʟ-ʟʘ ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʦʪʳ ʜʳʭʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʘ ʚʥʫʪʨʠ ʢʦʥʪʝʡʥʝʨʘ ʚʳʰʝ ʩʨʝʜʥʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʭʦʣʦʜʠʣʴʥʦʡ ʢʘʤʝʨʝ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 

 iʜʳʭʢʘʤʧʨ RQtt SÖ+º  (5) 

ʛʜʝ ʜʳʭQ - ʤʦʱʥʦʩʪʴ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ ʚʥʫʪʨʠ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʘʷ ʦʪʚʦʜʠʪʩʷ ʯʝʨʝʟ 1 ʤ2 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʝʡʥʝʨʘ; 

iRS  - ʩʫʤʤʘ ʪʝʨʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʥʘ ʧʫʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʧʨʦʜʫʢʪʘ ʢ ʚʦʟʜʫʭʫ 

ʭʦʣʦʜʠʣʴʥʦʡ ʢʘʤʝʨʳ, ʚʢʣʶʯʘʷ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʭʦʞʜʝʥʠʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚʥʫʪʨʠ 

ʧʨʦʜʫʢʪʘ; 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʧʣʦʚʘʷ ʠʥʝʨʮʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʵʣʝʤʝʥʪʦʚ ʭʦʣʦʜʠʣʴʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʠ ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʤʝʩʪʥʳʭ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʈʘʮʠʦʥʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʧʦʜʚʝʜʝʥʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʦʱʥʦʩʪʴ, ʩʥʠʟʠʪʴ ʩʫʪʦ-

ʯʥʫʶ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʟʘʛʨʫʟʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʥʠʟʠʪʴ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ-

ʢʘʤʝʨʥʦʡ ʩʨʝʜʳ. ɺ ʩʣʫʯʘʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʧʣʦʜʦʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʠ ʤʠʥʠʤʠʟʘʮʠʷ 

ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʡ ʫʙʳʣʠ ʧʨʦʜʫʢʪʘ, ʩʥʠ-

ʞʝʥʠʝʤ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʝʛʦ ʭʨʘʥʝʥʠʝ, ʚʦʟʨʘʩʪʘʥʠʝʤ ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ ʙʝʟ ʧʦʪʝʨʠ ʪʦʚʘʨʥʦʛʦ ʢʘʯʝʩʪʚʘ.  
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LIQUID -VAPOR EQUILIBRIA, DENSITY AND VISCOSITY OF THE MIXTURE OF 

REFRIGERANT R134ɸ WITH LUBRICATING  OIL  ISO 68 
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Abstract 

The liquid-vapor equilibrity, density and viscosity of the mixture of HFC R134ʘ and synthetic polyol 

ester lubricating oil ISO 68 were measured over a temperature range from 253 to 373 K, at pressures up to 

3,7 MPa, and the mass composition from 0,3 to 0,9. Correlation equations are proposed that describe the 

boiling pressure, density and viscosity in the specified temperature range and composition of the mixture 

with sufficient accuracy. 

ɸʥʥʦʪʘʮʠʷ 

ʌʘʟʦʚʦʝ ʨʘʚʥʦʚʝʩʠʝ ʞʠʜʢʦʩʪʴ-ʧʘʨ, ʧʣʦʪʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ ʩʤʝʩʠ ʭʣʘʜʦʥʘ R134ʘ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʣʠʦʣʵʬʠʨʦʛʦ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ISO 68 ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 

253 ʜʦ 373 K, ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʜʦ 3,7 Mʇa, ʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʤʘʩʣʘ ʦʪ 0,3 ʜʦ 0,9. ʇʨʝʜʣʦʞʝʥʳ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʠʩʳʚʘʶʪ ʜʘʚʣʝʥʠʝ ʢʠʧʝʥʠʷ, 

ʧʣʦʪʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ ʚ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʦʩʪʘʚʘ ʩʤʝʩʠ.  

 

ʍʣʘʜʦʥ R134a, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʘʢ ʟʘʤʝʥʠʪʝʣʴ ʦʟʦʥʦʨʘʟʨʫʰʘʶʱʝʛʦ ʭʣʘʜʦʥʘ R12, ʦʙʣʘʜʘʝʪ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʭʦʣʦʜʠʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʥʝʪʦʢʩʠʯʝʥ, ʥʝ ʚʦʩʧʣʘʤʝʥʷʝʪʩʷ ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʵʢʩʧʣʫʘʪʘʮʠʠ. R134a ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʠʜʨʦʬʪʦʨʫʛʣʝʨʦʜ CF3CFH21,1,1,2-

ʪʝʪʨʘʬʪʦʨʵʪʘʥ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʨʘʟʨʫʰʝʥʠʷ ʦʟʦʥʘ ODP=0 ʠ ʧʦʪʝʥʮʠʘʣʦʤ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ 

GWP=1300. ʀʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚ ʢʨʫʧʥʦʤ ʪʦʨʛʦʚʦʤ ʠ ʧʨʦʤʳʰʣʝʥʥʦʤ ʭʦʣʦʜʠʣʴʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ, ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʤ ʪʦʨʛʦʚʦʤ ʭʦʣʦʜʠʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʚʦʜʦʦʭʣʘʜʠʪʝʣʴʥʳʭ 

ʫʩʪʘʥʦʚʢʘʭ, ʙʳʪʦʚʳʭ ʭʦʣʦʜʠʣʴʥʠʢʘʭ, ʩʠʩʪʝʤʘʭ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʚ ʟʜʘʥʠʷʭ ʠ ʧʨʦʤʳʰʣʝʥ-

ʥʳʭ ʧʦʤʝʱʝʥʠʷʭ, ʥʘ ʭʦʣʦʜʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʧʝʣʣʝʥʪʘ ʚ ʘʵʨʦʟʦʣʴʥʳʭ ʩʤʝʩʷʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʨʝʩʩʦʨʘʭ ʥʦʚʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʤʘʟʦʯʥʳʭ ʤʘʩʝʣ ʥʘ 

ʧʦʣʠʘʣʢʠʣʝʥʛʣʠʢʦʣʴʥʦʡ ʠʣʠ ʧʦʣʠʦʣʵʬʠʨʥʦʡ ʦʩʥʦʚʝ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʵʢʦʣʦʛʠ-

ʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʭʣʘʜʦʥʦʚ ʚ ʩʠʩʪʝʤʘʭ ʦʭʣʘʞʜʝʥʠʷ ʩ ʚʳʩʦʢʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʢ ʭʦʣʦʜʠʣʴʥʳʤ ʢʦʤʧʨʝʩʩʦʨʘʤ ʠ ʩʠʩʪʝʤʘʤ, ʦʥʠ 

ʜʦʣʞʥʳ ʩʤʝʰʠʚʘʪʴʩʷ ʠ ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʭʣʘʜʦʥʘʭ ʠ ʦʙʣʘʜʘʪʴ ʚ ʩʤʝʩʷʭ ʩ ʥʠʤʠ 

ʜʦʩʪʘʪʦʯʥʦʡ ʚʝʣʠʯʠʥʦʡ ʚʷʟʢʦʩʪʠ ʜʘʞʝ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʠʥʪʝʪʠʯʝʩʢʠʝ 

ʩʤʘʟʦʯʥʳʝ ʤʘʩʣʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʣʠʦʣʵʬʠʨʥʳʝ, ʦʪʚʝʯʘʶʪ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʘ ʩʚʝʜʝʥʠʷ ʦ 

ʩʚʦʡʩʪʚʘʭ ʩʤʝʩʝʡ ʩʤʘʟʢʘ-ʭʣʘʜʘʛʝʥʪ ʩʪʘʥʦʚʷʪʩʷ ʚʝʩʴʤʘ ʚʘʞʥʳʤʠ ʠ ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʳʤʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʘʢ ʨʘʟʜʝʣʴʥʦ ʤʘʩʣʘ ʠ ʭʣʘʜʦʥʘ, ʪʘʢ ʠ 

ʩʤʝʩʠ ʤʘʩʣʦ-ʭʣʘʜʦʥ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʜʦʣʞʝʥʦ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʤʝʩʝʡ 

ʭʣʘʜʦʥʦʚ ʩ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʩʤʘʟʦʯʥʳʤʠ ʤʘʩʣʘʤʠ [1ï6], ʘ ʠʤʝʥʥʦ ʠʟʤʝʨʝʥʠʡ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

ʞʠʜʢʦʩʪʴ-ʧʘʨ, ʧʣʦʪʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ ʩʤʝʩʠ ʭʣʘʜʦʥʘ R134a ʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ISO 68. ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ 

ʨʘʙʦʪʝ ʩʦʩʪʘʚʠʣʘ ʨʘʟʨʘʙʦʪʢʘ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʧʝʨʝʜʘʶʱʠʭ ʪʝʨʤʠʯʝʩʢʫʶ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ ʢʠʧʝʥʠʷ, ʧʣʦʪʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ ʤʘʩʣʦ-ʭʣʘʜʦʥʦʚʦʡ ʩʤʝʩʠ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ.  

P-T-x ʜʘʥʥʳʝ ʦ ʬʘʟʦʚʦʤ ʨʘʚʥʦʚʝʩʠʠ ʞʠʜʢʦʩʪʴ-ʧʘʨ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʷʯʝʡʢʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʦʙʲʝʤʘ. ʆʥʘ ʨʘʟʤʝʱʘʣʘʩʴ ʚ ʪʝʨʤʦʩʪʘʪʝ ʠ ʙʳʣʘ ʟʘʧʨʘʚʣʝʥʘ ʭʣʘʜʦʥʦʤ ʠ ʤʘʩʣʦʤ ʚ ʪʘʢʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʯʪʦʙʳ 
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ʧʘʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʷʯʝʡʢʠ ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʦ. ʇʦ ʫʨʘʚʥʝʥʠʶ ʩʦʩʪʦʷʥʠʷ [7] 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʣʦʪʥʦʩʪʴ ʠ ʤʘʩʩʘ ʧʘʨʘ ʭʣʘʜʦʥʘ ʚ ʵʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺʘʣʦʚʘʷ ʢʦʥʮʝʥ-ʪʨʘʮʠʷ ʩʤʝʩʠ 

ʥʘʭʦʜʠʣʘʩʴ ʧʦ ʤʘʩʩʝ ʟʘʧʨʘʚʣʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʨʷʣʘʩʴ ʦʙʨʘʟʮʦʚʳʤ ʧʣʘʪʠʥʦʚʳʤ 

ʪʝʨʤʦʤʝʪʨʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɼʘʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʜʘʚʣʝʥʠʷ. 

ʇʣʦʪʥʦʩʪʴ ʩʤʝʩʠ ʭʣʘʜʦʥʘ R134a ʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ISO 68 ʠʟʤʝʨʝʥʘ ʩ ʧʦʤʦʱʴʶ ʷʯʝʡʢʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʲʝʤʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʩʘʧʬʠʨʘ ʠ ʚʳʜʝʨʞʠʚʘʶʱʝʡ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ. ʆʙʲʝʤ ʷʯʝʡʢʠ 

ʙʳʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʢʘʣʠʙʨʦʚʘʥ ʧʦ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. ɺ ʷʯʝʡʢʫ ʟʘʧʨʘʚʣʷʣʘʩʴ ʟʘʜʘʥʥʘʷ ʤʘʩʩʘ 

ʤʘʩʣʘ ʠ ʭʣʘʜʦʥʘ. ʇʣʦʪʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʧʨʷʤʳʤ ʠʟʤʝʨʝʥʠʷʤ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ 

ʚʥʫʪʨʠ ʷʯʝʡʢʠ, ʩ ʧʦʤʦʱʴʶ ʢʘʪʝʪʦʤʝʪʨʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʞʠʜʢʦʡ ʬʘʟʳ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʥʘʯʘʣʴʥʦʛʦ 

ʚʘʣʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚ ʧʘʨʦʚʦʡ ʬʘʟʝ ʥʘʭʦʜʠʣʩʷ ʪʦʣʴʢʦ ʯʠʩʪʳʡ ʭʣʘʜʦʥ, ʤʘʩʩʘ 

ʢʦʪʦʨʦʛʦ ʤʝʥʷʣʘʩʴ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʜʘʚʣʝʥʠʝʤ ʠ ʫʨʦʚʥʝʤ ʞʠʜʢʦʩʪʠ. ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʭʣʘʜʦʥʘ R134a ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ ʙʘʟʝ ʜʘʥʥʳʭ 

REFPROP [7]. ʋʯʝʪ ʤʘʩʩʳ ʭʣʘʜʦʥʘ ʚ ʧʘʨʦʚʦʡ ʬʘʟʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʚʣʠʷʥʠʝ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʠʜʢʦʡ ʬʘʟʳ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ. 

ɺʷʟʢʦʩʪʴ ʠʟʤʝʨʷʣʘʩʴ ʤʝʪʦʜʦʤ ʢʘʧʠʣʣʷʨʘ. ʀʩʪʝʯʝʥʠʝ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʢʘʧʠʣʣʷʨ 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ. ɺ ʦʧʳʪʘʭ ʠʟʤʝʨʷʣʦʩʴ ʚʨʝʤʷ ʠʩʪʝʯʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ 

ʚʷʟʢʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʣʘ Ñ1.8%.  

ɺ ʙʦʣʝʝ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ [8ï10] ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʩʭʝʤ ʫʩʪʘʥʦʚʦʢ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʞʠʜʢʦʩʪʴ-ʧʘʨ, ʧʣʦʪʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ. ʇʨʠ 

ʠʟʤʝʨʝʥʠʷʭ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʞʠʜʢʦʩʪʴ-ʧʘʨ ʠʩʩʣʝʜʫʝʤʦʡ ʩʤʝʩʠ ʤʘʩʩʠʚ       ʈ-ʊ-ʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥ 

ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 253 é 373 ʂ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʦʪ 0,047 ʜʦ 3,744 Mʇa ʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʤʘʩʣʘ ʦʪ 

30% ʜʦ 90%. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ ʧʨʦʚʝʜʝʥʳ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 

ʦʪ 253 ʜʦ 373 ʂ ʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʤʘʩʣʘ 0,7 é0,9. ɺ ʪʘʙʣ. 1 ï ʪʘʙʣ. 3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʜʘʚʣʝʥʠʷ ʢʠʧʝʥʠʷ ʈ, ʧʣʦʪʥʦʩʪʠ  ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 

ʚʷʟʢʦʩʪʠ ⱨ ʩʤʝʩʠ ʭʣʘʜʦʥʘ R134a ʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ISO 68 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʘʩʩʦʚʦʡ ʜʦʣʠ 

ʤʘʩʣʘ ʭ ʠ ʪʝʤʧʝʨʘʪʫʨʳ T. 

 
ʊʘʙʣʠʮʘ 1 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʢʠʧʝʥʠʷ ʩʤʝʩʠ ʭʣʘʜʦʥʘ R134a ʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ISO 68 

 

T, K 
ʈ, ʄʇʘ 

ʭ=0,295 ʭ=0,498 ʭ=0,703 ʭ=0,803 ʭ=0,899 

253,15 0,130 0,125 0,108 0,081 0,047 

273,15 0,284 0,277 0,233 0,179 0,107 

293,15 0,551 0,523 0,445 0,340 0,199 

313,15 0,976 0,922 0,774 0,592 0,335 

333,15 1,606 1,502 1,250 0,951 0,539 

353,15 2,498 2,327 1,904 1,449 0,836 

373,15 3,744 3,471 2,801 2,128 1,208 

 

ʊʘʙʣʠʮʘ 2 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʤʝʩʠ ʭʣʘʜʦʥʘ R134a ʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ISO 68 

 

T, K 
, ʢʛ/ʤ3 

x=0,697 x=0,805 x=0,897 

253,15 1170 1124 1089 

273,15 1148 1107 1074 

293,15 1125 1089 1059 

313,15 1102 1071 1044 

333,15 1080 1054 1029 

353,15 1058 1036 1014 

373,15 1035 1018 999 

 

ʊʘʙʣʠʮʘ 3 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʷʟʢʦʩʪʠ ʩʤʝʩʠ ʭʣʘʜʦʥʘ R134a ʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ISO 68 

 

T, K 
ⱨ, 10-6 ʤ2/ʩ 

x=0,696 x=0,804 x=0,902 

253,15 157,8 503,5 1678,8 

273,15 45,2 115,4 307,6 

293,15 17,7 39,5 88,3 



129 

313,15 9,48 17,7 34,5 

333,15 5,07 9,06 16,2 

353,15 3,10 5,31 9,48 

373,15 2,17 3,55 5,81 

 

ɻʨʘʬʠʯʝʩʢʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1 ï ʨʠʩ. 3, ʛʜʝ ʧʨʠʚʝʜʝʥʳ 

ʜʠʘʛʨʘʤʤʳ ʜʘʚʣʝʥʠʝ ʢʠʧʝʥʠʷïʩʦʩʪʘʚ, ʧʣʦʪʥʦʩʪʴïʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʷʟʢʦʩʪʴïʪʝʤʧʝʨʘʪʫʨʘ. ʂʘʢ ʚʠʜʥʦ, 

ʚʷʟʢʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʡ ʩʤʝʩʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʬʫʥʢʮʠʝʡ ʪʨʝʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʜʘʚʣʝʥʠʷ ʠ ʤʘʩʩʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʤʝʩʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʠʟʦʙʘʨ ʥʘ ʜʠʘʛʨʘʤʤʝ ʚʷʟʢʦʩʪʴï

ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 1, ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʢʠʧʝʥʠʷ ʩʤʝʩʠ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʥʠʞʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʳ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʥʘʰʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʜʘʚʣʝʥʠʝ ʢʠʧʝʥʠʷ, ʧʣʦʪʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ 

ʩʤʝʩʠ ʭʣʘʜʦʥʘ R134a ʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ISO 68 ʚ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʨʝʜʝʣʘʭ ʜʠʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʠʥʪʝʨʚʘʣʘ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʩʣʘ. 

                                                         

3 2

0 0
( /100)

i j
i j

i j
ta xp

= =

= Ö Öä ä                                                       (1), 

                                                         

1 1
3

0 0

( /100)10
i j

i j
i j

tb xr -

= =

Ö = Ö Öä ä
                                              

  (2), 

                                                        

3 2

0 0
log ( /100)

i j
i j

i j
tc xn

= =

= Ö Öä ä                                            (3), 

ʛʜʝ P ï ʜʘʚʣʝʥʠʝ ʢʠʧʝʥʠʷ ʚ Mʇa; t ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ÁC, x ï ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʤʘʩʣʘ, ɟ ï ʧʣʦʪʥʦʩʪʴ ʚ 

ʢʛ/ʤ3, n ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ, 10-6 ʤ2/ʩ; aij, bij, cij  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʦʚ, 

ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 4. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɼʠʘʛʨʘʤʤʘ ʈïʭ ʩʤʝʩʠ ʭʣʘʜʦʥʘ R134a ʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ISO 68 

 

 
 

ʈʠʩʫʥʦʢ 2 ïʇʣʦʪʥʦʩʪʴ ʩʤʝʩʠ ʭʣʘʜʦʥʘ R134a ʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ISO 68 



130 

 
 

ʈʠʩʫʥʦʢ 3 ï ɺʷʟʢʦʩʪʴ ʩʤʝʩʠ ʭʣʘʜʦʥʘ R134a ʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ISO 68 

 

ʊʘʙʣʠʮʘ 4 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʡ (1) ï (3) ʜʣʷ ʩʤʝʩʠ ʭʣʘʜʦʥʘ R134a ʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ISO 68 

 

ʂʦʵʬʬʠʮʠʝʥʪʳ aij ʫʨʘʚʥʝʥʠʷ (1) 

j \ i 0 1 2 3 

0 0,168383 0,612106 0,822364 1,06550 

1 0,625909 2,07869 2,17383 1,10799 

2 -0,766977 -2,59861 -2,86034 -2,16163 

ʂʦʵʬʬʠʮʠʝʥʪʳ bij ʫʨʘʚʥʝʥʠʷ (2) 

j \ i 0 1 ï ï 

0 1,40382 -0,242723 ï ï 

1 -0,368176 0,188526 ï ï 

ʂʦʵʬʬʠʮʠʝʥʪʳ cij ʫʨʘʚʥʝʥʠʷ (3) 

j \ i 0 1 2 3 

0 0,406988 -1,47045 2,65945 -2,00131 

1 0,092772 1,08131 -5,41074 4,47861 

2 2,46431 -3,28529 5,40390 -3,41441 

 

ʈʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʧʦʣʫʯʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʜʘʚʣʝʥʠʷ ʢʠʧʝʥʠʷ, 

ʧʣʦʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʷʟʢʦʩʪʠ ʩʤʝʩʠ ʭʣʘʜʦʥʘ R134a ʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ISO 68, ʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʦ 

ʫʨʘʚʥʝʥʠʷʤ (1) ï (3) ʚʝʣʠʯʠʥʘʤʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 4 ï ʨʠʩ. 6. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʆʪʢʣʦʥʝʥʠʷ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʫʨʘʚʥʝʥʠʶ (1) ʟʥʘʯʝʥʠʡ P ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʜʘʚʣʝʥʠʶ ʢʠʧʝʥʠʷ ʩʤʝʩʠ ʭʣʘʜʦʥʘ R134a ʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ISO 68 
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ʈʠʩʫʥʦʢ 5 ï ʆʪʢʣʦʥʝʥʠʷ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʫʨʘʚʥʝʥʠʶ (2) ʟʥʘʯʝʥʠʡ ɟ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʧʣʦʪʥʦʩʪʠ ʩʤʝʩʠ ʭʣʘʜʦʥʘ R134a ʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ISO 68 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʆʪʢʣʦʥʝʥʠʷ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʫʨʘʚʥʝʥʠʶ (3) ʟʥʘʯʝʥʠʡ n  ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʚʷʟʢʦʩʪʠ ʩʤʝʩʠ ʭʣʘʜʦʥʘ R134a ʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ISO 68 

 

ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ: ʜʘʚʣʝʥʠʷ ʢʠʧʝʥʠʷ ʩʤʝʩʠ ʭʣʘʜʦʥʘ R134a ʠ 

ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ISO 68 ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 253 é 373 ʂ ʠ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʩʣʘ ʦʪ 30 ʜʦ 

90%; ʧʣʦʪʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ ʚ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʤʘʩʣʘ 0,7 é0,9. 

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʜʘʚʣʝʥʠʶ ʢʠʧʝʥʠʷ ʩʤʝʩʠ, ʢʘʢ ʬʫʥʢʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʝʝ ʤʘʩʩʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʫʨʘʚʥʝʥʠʝʤ (1) ʧʨʦʚʝʜʝʥʘ ʩʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 3,8% ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ +8,8% ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʘʩʣʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʫʢʘʟʘʥʥʦʡ ʩʤʝʩʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʤʘʩʣʘ ʦʧʠʩʘʥʘ 

ʫʨʘʚʥʝʥʠʝʤ (2) ʩʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ 0,076% ʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ -0,149%. 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ 

ʩʤʝʩʠ ʭʣʘʜʦʥʘ R134a ʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ ISO 68 ʦʧʠʩʘʥʘ ʫʨʘʚʥʝʥʠʝʤ (3) ʩʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʤ 

ʦʪʢʣʦʥʝʥʠʝʤ 2,4%, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 6,3%. ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʜʘʚʣʝʥʠʷ ʢʠʧʝʥʠʷ, ʧʣʦʪʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʤʝʩʠ ʩ ʪʦʯʥʦʩʪʴʶ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ ʠʥʞʝʥʝʨʥʫʶ ʧʨʘʢʪʠʢʫ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ 

ʧʦʣʫʯʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʥʝʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʢʣʶʯʝʥʠʷ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʠ ʚʦʟʤʦʞʥʳʭ ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʠ ʥʝʩʤʝʩʠʤʦʩʪʠ ʠʣʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʤʝʩʠ, ʪʘʢ ʢʘʢ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʠ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʡ, ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʚʝʜʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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