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ʠ ʩʧʦʨʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

 

 

 The proceedings present the results of theoretical and experimental studies, 

practical implementations in Kazakhstan, Denmark, Belgium, Germany, Russia, 

Japan, Uzbekistan and Ukraine in the following areas: refrigeration machines and 

installations, air conditioning and life support systems, refrigeration ecology, 

refrigeration and food technology. These proceedings are devoted to professionals 

and scientists working in the fields of refrigeration, food, chemical, oil refining 

industries, as well as to specialists of air conditioning systems and life-support of 

residential, commercial buildings and sports complexes. 

 

ʋɼʂ 621.56/59(063) 

ɹɹʂ 31.392 

 

ISBN 978-601-263-425-9                                                                     É ɸʊʋ, 2018       



3 

VIII  ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʅɸʋʏʅʆ - ʊɽʍʅʀʏɽʉʂɸʗ 

ʂʆʅʌɽʈɽʅʎʀʗ çʂɸɿɸʍʉʊɸʅ ï ʍʆʃʆɼ 2018è 

 

15-16ʤʘʨʪʘ 2018 ʛʦʜʘ ʩʦʩʪʦʷʣʘʩʴ VIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʂʘʟʘʭʩʪʘʥïʍʦʣʦʜ 2018è. 

ʆʬʠʮʠʘʣʴʥʳʝ ʧʘʨʪʥʝʨʳ: 

Å Bitzer   ɻʝʨʤʘʥʠʷ 

Å Climalife  ɹʝʣʴʛʠʷ 

Å Danfoss  ɼʘʥʠʷ 

Å Emerson  Cʐɸ 

Å Mayekawa MYCOM ʗʧʦʥʠʷ 

Å TRAMAX Li mited ʂʘʟʘʭʩʪʘʥ 

Å ʊʆʆ çTechnocool Engineeringè ʂʘʟʘʭʩʪʘʥ 

ʏʣʝʥʳ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ ʢʦʥʬʝʨʝʥʮʠʠ:ʇʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʦ ʄʝʞ-

ʜʫʥʘʨʦʜʥʦʡ ɸʢʘʜʝʤʠʠ ʍʦʣʦʜʘ (ʄɸʍ) ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ,ɸʣʤʘʪʠʥʩʢʠʡ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ (ɸʊʋ), ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, ʊʆʆ çʊʝʥʠʟè ï 

ʐʢʦʣʘ ʍʦʣʦʜʘ ɸʚʪʦʤʘʪʠʢʠ ʠ ʕʣʝʢʪʨʦʥʠʢʠ, ʆʖʃ ʂʘʟʘʭʩʪʘʥʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ 

ʍʦʣʦʜʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʂʘʟɸʍʇ), ʆʖʃ ʂʦʘʣʠʮʠʷ ʟʘ çʟʝʣʸʥʫʶè 

ʵʢʦʥʦʤʠʢʫ ʠ ʨʘʟʚʠʪʠʝ G-Global ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, 

çʈʦʩʩʦʶʟʭʦʣʦʜʧʨʦʤè, ʃʝʜʦʚʳʡ  ɼʚʦʨʝʮ çɸLMATY ARENAè. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʘʨʪʥʝʨʳ: 

Å ɻʣʘʚʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʘʨʪʥʸʨ ð ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ 

çRefrigerationPortalè (http://refportal.com/);  

Å ɾʫʨʥʘʣ çʍʦʣʦʜʠʣʴʥʘʷ ʊʝʭʥʠʢʘè (http://www.holodteh.ru/);  

Å ʇʦʨʪʘʣ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʢʦʤʧʘʥʠʡ çʍʦʣʦʜʠʣʴʥʘʷ 

ʠʥʜʫʩʪʨʠʷè (https://holodcatalog.ru/). 

ʇʨʦʛʨʘʤʤʘ ʢʦʥʬʝʨʝʥʮʠʠ. 

ʆʪʢʨʳʪʠʝ ʢʦʥʬʝʨʝʥʮʠʠ: 

ʎʦʡ ɸʣʝʢʩʘʥʜʨ ʇʝʪʨʦʚʠʯ ð ʇʨʝʜʩʝʜʘʪʝʣʴ ʇʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʘ ʄʝʞʜʫʥʘ-

ʨʦʜʥʦʡ ɸʢʘʜʝʤʠʠ ʍʦʣʦʜʘ ʚ ʂʘʟʘʭʩʪʘʥʝ. 

ʇʨʠʚʝʪʩʪʚʝʥʥʦʝ ʩʣʦʚʦ: 

ɹʘʨʘʥʝʥʢʦ ɸʣʝʢʩʘʥʜʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ð ʇʨʝʟʠʜʝʥʪ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ɸʢʘʜʝʤʠʠ ʍʦʣʦʜʘ; 

ɹʘʨʘʥʦʚ ʀʛʦʨʴ ɺʣʘʜʠʤʠʨʦʚʠʯ ð ɼʠʨʝʢʪʦʨ ʤʝʛʘʬʘʢʫʣʴʪʝʪʘ ʙʠʦʪʝʭʥʦʣʦʛʠʡ 

ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʠʩʪʝʤ ʋʥʠʚʝʨʩʠʪʝʪʘ ʀʊʄʆ. 

ʉʝʢʮʠʷ 1 ï ʕʢʦʥʦʤʠʯʝʩʢʠ-ʨʝʟʫʣʴʪʘʪʠʚʥʳʝ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ 

ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʝʢʪʳ ʩʠʩʪʝʤ ʭʣʘʜʦʩʥʘʙʞʝʥʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦ-

ʚʘʥʠʷ ʚʦʟʜʫʭʘ. 

Bitzer. 

çʊʝʭʥʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ BITZERè, 

ʊʠʤʦʭʠʥ ɼʝʥʠʩ ɽʚʛʝʥʴʝʚʠʯ ð ɻʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʆʆʆ çɹʠʪʮʝʨ ʉʅɻè, 

ʂʦʣʦʩʚʝʪʦʚ ɸʣʝʢʩʘʥʜʨ ʖʨʴʝʚʠʯ ð ʠʥʞʝʥʝʨ-ʢʦʥʩʫʣʴʪʘʥʪ. 

Mayekawa MYCOM. 

çʈʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʳʭ 

ʭʣʘʜʘʛʝʥʪʦʚè, 

https://holodcatalog.ru/
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ʂʨʘʩʦʚ ɼʤʠʪʨʠʡ ɺʘʣʝʥʪʠʥʦʚʠʯ ð ʠʥʞʝʥʝʨ ʦʪʜʝʣʘ ʧʨʦʜʘʞʆʆʆ çʄʘʝʢʘʚʘ 

ʈʫʩè, ʆʚʩʷʥʥʠʢʦʚ ʅʠʢʦʣʘʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ð ʤʝʥʝʜʞʝʨ ʧʦ ʧʨʦʜʘʞʘʤ ʠ 

ʤʘʨʢʝʪʠʥʛʫ. 

Danfoss. 

1. çʇʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʭʣʘʜʘʛʝʥʪʦʚ ʚ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥ-

ʥ ʭr ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷè, 

ʉʫʭʦʚ ɽʚʛʝʥʠʡ ɺʠʢʪʦʨʦʚʠʯ ðʢ.ʪ.ʥ., ɸʢʘʜʝʤʠʢ ʄɸʍ, ʜʠʨʝʢʪʦʨ ʥʘʧʨʘʚʣʝ-

ʥʠʷ çʇʨʦʤʳʰʣʝʥʥʳʡ ʭʦʣʦʜèʆʆʆ çɼʘʥʬʦʩʩè. 

2. çʍʦʣʦʜʠʣʴʥʳʝ ʪʨʘʥʩʢʨʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʉʆ2 ʩ ʛʘʟʦʚʳʤʠ ʠ 

ʞʠʜʢʦʩʪʥʳʤʠ ʵʞʝʢʪʦʨʘʤʠ. ʇʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʮʝʥʪʨʘʭ, ʭʦʣʦʜʠʣʴʥʳʭ ʩʢʣʘʜʘʭ ʠ ʤʘʛʘʟʠʥʦʩʪʨʦʝʥʠʠè, 

ʉʝʨʘʚʠʥ ɸʣʝʢʩʘʥʜʨ ʉʝʨʛʝʝʚʠʯ ð ʈʫʢʦʚʦʜʠʪʝʣʴ ʥʘʧʨʘʚʣʝʥʠʷ çʂʦʤʧʣʝʢʩ-

ʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʨʝʰʝʥʠʷèʆʆʆ çɼʘʥʬʦʩʩè. 

Climalife. 

çʅʦʚʦʝ ʇʦʢʦʣʝʥʠʝ ʍʣʘʜʘʛʝʥʪʦʚ ɻʌʆ (HFO)è, 

ʃʝʙʝʜʝʚ ɻʝʦʨʛʠʡ ɽʚʛʝʥʴʝʚʠʯ ð ʂʦʤʤʝʨʯʝʩʢʠʡ ʜʠʨʝʢʪʦʨ ʂʦʤʧʘʥʠʠ 

çCLIMALIFEè ʚ ʈʦʩʩʠʠ ʠ ʉʅɻ. 

Emerson. 

çʅʦʚʳʝ ʭʣʘʜʘʛʝʥʪʳ. ɻʦʪʦʚʥʦʩʪʴ AlcoControls ʢ ʚʳʟʦʚʘʤ ʨʳʥʢʘè, 

ʄʸʜʦʚ ɸʥʜʨʝʡ ð ʄʝʥʝʜʞʝʨ ʧʦ ʧʨʦʜʘʞʘʤ / ɼʠʩʪʨʠʙʴʶʮʠʷ ʈʦʩʩʠʷ  

ʀʉʅɻ, Emerson Commercial & Residential Solutions. 

TRAMAX Limit ed. 

çʅʦʚʳʝ ʭʦʣʦʜʠʣʴʥʳʝ ʤʘʰʠʥʳ ʢʦʤʧʘʥʠʠ ñTraneò ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʭʦʣʦ-

ʜʠʣʴʥʳʭ ʘʛʝʥʪʘʭè, 

ʄʘʪʚʝʝʚ ɺʣʘʜʠʤʠʨ ɺʠʢʪʦʨʦʚʠʯ ð ɻʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʊʆʆ çTRAMAX 

Limitedè. 

ʉʝʢʮʠʷ II: ʕʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʝ, ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠ ʦʙʦʩʥʦ-

ʚʘʥʥʳʝ ʭʦʣʦʜʠʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʭʨʘʥʝʥʠʷ ʠ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ. 

çʄʝʭʘʥʠʟʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤ ʈʂ ʧʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʶ 

ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡè, 

ʋʨʘʣʦʚ ɼʠʘʩ ʉʘʧʘʨʞʘʥʦʚʠʯ ð ɼʠʨʝʢʪʦʨ ʪʝʭʥʠʯʝʩʢʦʛʦ ʜʝʧʘʨʪʘʤʝʥʪʘ 

ʆʖʃ ʂʦʘʣʠʮʠʷ ʟʘ çʟʝʣʸʥʫʶè ʵʢʦʥʦʤʠʢʫ ʠ ʨʘʟʚʠʪʠʝ  

G-Global ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 

çʉʦʚʨʝʤʝʥʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠ-ʜʦʩʪʫʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʭʨʘʥʝʥʠʷ ʠ ʢʦʥʩʝʨʚʠ-

ʨʦʚʘʥʠʷ ʬʨʫʢʪʦʚ ʠ ʦʚʦʱʝʡè, 

ɿʘʨʠʮʢʘʷ ʅʘʜʝʞʜʘ ɽʚʛʝʥʴʝʚʥʘ ð ʢ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ɸʣʤʘʪʠʥʩʢʠʡ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ. 

çɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʭʨʘʥʝʥʠʷè, 

ʀʨʠʥʘ ʉʘʣʘʪʠʥʘ ð ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʚ ʂʘʟʘʭʩʪʘʥʝ ʠ ʉʨʝʜʥʝʡ ɸʟʠʠ 

çPlattenhardt+Wirthè GmbH. 
çʇʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʈɻʉ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ 

ʋʟʙʝʢʠʩʪʘʥè, 

ʄʘʜʠʝʚ ʉʘʨʚʘʨʙʝʢðʠʥʞʝʥʝʨ ʪʝʭʥʦʣʦʛ, ʊʆʆ çTechnocool Engineeringè. 
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ʇʘʥʝʣʴʥʦʝ ʦʙʩʫʞʜʝʥʠʝ. 

 ʉʝʩʩʠʷ ʚʦʧʨʦʩʦʚ ʠ ʦʪʚʝʪʦʚ. 

 

ɺ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʥʷʣʦ ʫʯʘʩʪʠʝ ʙʦʣʝʝ 130 ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʠʟ ʂʘʟʘʭʩʪʘʥʘ, 

ʈʦʩʩʠʠ, ʋʢʨʘʠʥʳ, ʋʟʙʝʢʠʩʪʘʥʘ, ɻʝʨʤʘʥʠʠ, ɹʝʣʴʛʠʠ, ʉʐɸ, ɼʘʥʠʠ. 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʂʘʟʘʭʩʪʘʥ ï ʍʦʣʦʜè 

ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʦʡ ʧʣʦʱʘʜʢʦʡ ʜʣʷ ʧʣʦʜʦʪʚʦʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʥʘʫʢʠ, ʙʠʟʥʝʩʘ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʘʨʪʥʝʨʘʤʠ ʢʦʥʬʝʨʝʥʮʠʠ ʥʘʨʷʜʫ ʩ ʂʘʟʘʭʩʪʘʥʩʢʠʤʠ ʠ 

ʈʦʩʩʠʡʩʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʤʠʨʦʚʳʝ ʣʠʜʝʨʳ ʚ ʦʙʣʘʩʪʠ 

ʪʝʧʣʦʭʦʣʦʜʦʩʥʘʙʞʝʥʠʷ, ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ, ʭʦʣʦʜʠʣʴʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ: çBitzerè, çDanfossè, çMitsubishiElectricè, çɻɽɸ ʈʝʬʨʠʞʝʨʝʡʰʥè, 

çG¿ntnerè, çMAYEKAWAè, çJOHNSON CONTROLSè, çʈʕʇ 

ʍʦʣʜʠʥʛè,çPlattenhardt+Wirthè. 

ʊʘʢʞʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚʝʜʫʱʠʝ ʫʥʠʚʝʨʩʠʪʝʪʳ: ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ 

(ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ɸʣʤʘʪʠʥʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ,ʅʘʙʝʨʝʞʥʦ-

ʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɸʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝ-

ʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʋʥʠʚʝʨʩʠʪʝʪʝ ʠʤ. ʐʘʢʘʨʠʤʘ ʛ. ʉʝʤʝʡ, 

ʆʤʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʆʜʝʩʩʢʘʷ ʅʘʮʠʦʥʘʣʴʥʘʷ 

ɸʢʘʜʝʤʠʷ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ  ʠ ʜʨ. 

ʅʘ VI-ʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʦʪʢʨʳʣʦʩʴ ʥʘʧʨʘʚʣʝʥʠʝ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʭʨʘʥʝʥʠʷ ʬʨʫʢʪʦʚ ʠ ʦʚʦʱʝʡ. 

ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʙʳʣʦ ʧʨʦʜʦʣʞʝʥʦ ʠ ʧʦʣʫʯʠʣʦ ʨʘʟʚʠʪʠʝ ʠ ʥʘVIII-ʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ, ʢʘʢ ʦʜʥʦ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʦʧʝʨʝʞʘʶʱʠʤʠ ʪʝʤʧʘʤʠ ʧʦʣʫʯʘʶʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʩʪʝʤʳ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʞʠʟʥʠ ʠ 

ʨʘʙʦʪʳ ʜʣʷ ʣʶʜʝʡ. ʇʨʦʠʩʭʦʜʠʪ ʧʝʨʝʚʦʦʨʫʞʝʥʠʝ ʤʷʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʠ 

ʧʠʱʝʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʦʠʟʚʦʜʩʪʚ ʤʦʨʦʞʝʥʥʦʛʦ, 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʫʧʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʘʤʤʠʘʢʝ.  

ɺ ʨʘʤʢʘʭ ʧʨʦʚʦʜʠʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʟʘ ʟʜʦʨʦʚʳʡ ʦʙʨʘʟ ʞʠʟʥʠ, ʘʢʪʠʚʥʦ 

ʦʪʢʨʳʚʘʶʪʩʷ ʩʧʦʨʪʠʚʥʳʝ ʣʝʜʦʚʳʝ ʘʨʝʥʳ, ʘ ʪʘʢʞʝ ʛʦʨʦʜʩʢʠʝ ʢʘʪʢʠ ʜʣʷ 

ʩʝʤʝʡʥʦʛʦ ʦʪʜʳʭʘ.  

ɹʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʤʝʶʪ ʩʠʩʪʝʤʳ ʪʝʧʣʦʭʣʘʜʦʩʥʘʙʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʩʣʦʞʥʳʝ ʪʝʧʣʦʭʣʘʜʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʢʦʤʧʣʝʢʩʳ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʷʭ. ɺ ʮʝʣʦʤ ʭʦʣʦʜʠʣʴʥʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʂʘʟʘʭʩʪʘʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʩʝʢʪʦʨʘʤ 

ʵʢʦʥʦʤʠʢʠ.   

ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʘ ʄɸʍ ʚ ʂʘʟʘʭʩʪʘʥʝ - ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʦʜʛʦʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʪʝʭʥʦʣʦʛʠʠ  ʠ ʩʠʩʪʝʤ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ, ʪʘʢ ʢʘʢ ʫʩʧʝʭ ʢʦʤʧʘʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ  ʛʨʘʤʦʪ-

ʥʦʩʪʴʶ ʢʘʜʨʦʚ. ʇʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʦ ʄɸʍ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ  ʂʘʟʘʭʩʪʘʥʝ ʥʘ ʙʘʟʝ ɸʣʤʘʪʠʥʩʢʦʛʦ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʋʥʠʚʝʨʩʠʪʝʪʘ, ʋʥʠʚʝʨʩʠʪʝʪʘ ʀʊʄʆ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) ʠ ʊʆʆ çʊʝʥʠʟè ʐʢʦʣʳ 

ʍʦʣʦʜʘ  ɸʚʪʦʤʘʪʠʢʠ ʠ ʕʣʝʢʪʨʦʥʠʢʠ.  
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ʄʥʦʛʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʷʚʣʷʶʪʩʷ ʚʳʧʫʩʢʥʠʢʘʤʠ ʎʝʥʪʨʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʋʥʠʚʝʨʩʠʪʝʪʘ ʀʊʄʆ ʠ ʐʢʦʣʳ ʭʦʣʦʜʘ ʘʚʪʦʤʘʪʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ 

çʊʝʥʠʟè. 

ʋʯʝʥʳʝ ʠ ʠʥʞʝʥʝʨʳ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʘ ʄɸʍ ʧʨʦʚʦʜʷʪ ʥʘʫʯʥʳʝʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚ ʭʦʣʦʜʠʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʫʙʣʠʢʫʶʪʩʷ ʚʝʜʫʱʠʭ ʞʫʨʥʘʣʘʭ ʤʠʨʘ, ʚʭʦʜʷʱʠʭ 

ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʉʢʦʧʫʩ. ʍʦʣʦʜʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʭʦʣʦʜʘ ʚʳʩʪʘʚʣʷʣʘʩʴ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʚʳʩʪʘʚʢʝ çʕʂʉʇʆ-2017è. ɼʣʷ ʜʘʣʴ-

ʥʝʡʰʝʛʦ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʂ ʚʳʜʝʣʠʣʦ 

ʛʨʘʥʪʦʚʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ.  

ʇʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʦ ʧʨʦʚʦʜʠʪ ʨʘʙʦʪʫ ʧʦ ʥʘʣʘʞʠʚʘʥʠʶ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ. ɺʜʝʢʘʙʨʷ 2017 ʛʦʜʘ ʚ ɸʣʤʘʪʠʥʩʢʦʤ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʋʥʠʚʝʨʩʠʪʝʪʝ ʧʨʦʰʸʣ ʢʦʥʢʫʨʩ ʥʘʫʯʥʳʭ ʩʪʫʜʝʥʯʝʩʢʠʭ ʨʘʙʦʪ 

ʥʘ ʠʤʝʥʥʫʶ ʩʪʠʧʝʥʜʠʶ ʦʪ ʆʆʆ çɹʠʪʮʝʨ ʉʅɻè, ʧʦʩʚʷʱʸʥʥʳʡ 60-ʣʝʪʠʶ ɸʊʋ.  

ʇʨʠʟʝʨʘʤ ʂʦʥʢʫʨʩʘ, ʟʘʥʷʚʰʠʤ 2 ʠ 3 ʤʝʩʪʘ, ʙʳʣʠ ʚʳʜʘʥʳ ʉʝʨʪʠʬʠʢʘʪʳ ʠ 

ʜʝʥʝʞʥʳʝ ʧʨʝʤʠʠ ʦʪʄɸʍ ʂʘʟʘʭʩʪʘʥʘ ʠ ɸʩʩʦʮʠʘʮʠʠ ʭʦʣʦʜʠʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʄɸʍ ʩʦʚʤʝʩʪʥʦ ʩ ʊʆʆ çʊʝʥʠʟè ʠ ʂʘʟɸʍʇ ʚ ʛ. ɸʣʤʘʪʳ ʩʦʟʜʘʶʪ ʫʯʝʙʥʫʶ 

ʣʘʙʦʨʘʪʦʨʠʶ çʍʦʣʦʜʠʣʴʥʘʷ ʪʝʭʥʠʢʘ ʠ ʘʚʪʦʤʘʪʠʢʘè, ʦʩʥʘʱʝʥʥʫʶ ʦʙʦʨʫʜʦʚʘ-

ʥʠʝʤ ʢʦʤʧʘʥʠʝʡ çDanffosè. 

ʉʦʚʤʝʩʪʥʦ ʩ ʫʯʝʥʳʤʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʗʜʝʨʥʦʛʦ  ʎʝʥʪʨʘ ʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ 

ʂʘʟʘʭʩʪʘʥʘ ʚ ʦʙʣʘʩʪʠ ʢʨʠʦʛʝʥʥʦʡ ʠ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʩʠʩʪʝʤ ʞʠʟʥʝʦʙʝʩ-

ʧʝʯʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʇʨʠʢʘʟʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ ˉ 2052 ʦʪ 15.12.2017 ʛ. ʩʦʟʜʘʥ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʡ ʩʦʚʝʪ ʧʦ 

ʧʨʠʩʫʞʜʝʥʠʶ ʩʪʝʧʝʥʠ ɼʦʢʪʦʨʘ ʬʠʣʦʩʦʬʠʠ (PhD), ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 6D072300 

ïçʊʝʭʥʠʯʝʩʢʘʷ ʌʠʟʠʢʘè ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʋʥʠʚʝʨʩʠʪʝʪʝ ʠʤ. ʐʘʢʘʨʠʤʘ ʛ. 

ʉʝʤʝʡ. 

ɺ ʧʨʝʜʜʚʝʨʠʠ 25-ʪʠʣʝʪʥʝʛʦ ʶʙʠʣʝʷ ʄɸʍ ʚʳʨʘʞʘʶ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʪʦʤ, ʯʪʦ 

ʇʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʦʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʢʘʜʝʤʠʠ ʍʦʣʦʜʘ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ, 

ʂʘʟʘʭʩʪʘʥʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʭʦʣʦʜʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʫʯʝʥʳʝ, ʩʧʝʮʠʘ-

ʣʠʩʪʳ ʠ ʙʠʟʥʝʩʤʝʥʳ ʙʫʜʫʪ ʠ ʜʘʣʴʰʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʢʦʦʨʜʠʥʠ-

ʨʫʶʱʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʨʘʟʚʠʪʠʝ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ. 
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Abstract 

In the article features of functioning and practical application of biosensors are considered. In 

a review of studies of traditional methods of determination of pesticides, classification of biosensors 

and their use in determining pestitsiov in milk. Discuss principles of operation and the possibility of 

biosensors that use biological materials doyuschih recognition and information about their number 

and prisudstvuet as an electric signal. Basic definitions and distinctive characteristics of biosensors 

are given. The principles of action and the possibilities of biosensors are discussed. Biosensors are 

classified by the type of the transforming element and by the nature of the biological distribution. 

Analytical characteristics of biosensors and analytical systems based on them are discussed. 

Conducting research are risen determination of pesticides in milk using an experimental model of 

the enzyme biosensor.The received enzyme biosensors on the basis  of the immobilized enzyme 

acetylcholinesterase is easy in  use and non-toxic. 

 

ɸʥʥʦʪʘʮʠ ̫

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʙʠʦʩʝʥʩʦʨʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʩʪʠʮʠʜʦʚ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʙʠʦʩʝʥʩʦʨʦʚ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʝʩʪʠʮʠʦʚ ʚ ʤʦʣʦʢʝ. ʆʙʩʫʞ-

ʜʘʪʁʩʷ ʧʨʠʥʮʠʧʳ ʜʝʡʩʪʚʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʙʠʦʩʝʥʩʦʨʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʘʪʝ-

ʨʠʘʣʳ ʜʣʷ ʫʟʥʘʚʘʥʠʷ ʠ ʜʘʶʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʭ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʢʦʣʠʯʝʩʪʚʝ ʚ ʚʠʜʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʙʠʦʩʝʥʩʦʨʦʚ. ʆʙʩʫʞʜʘʶʪʩʷ ʧʨʠʥʮʠʧʳ ʜʝʡʩʪʚʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʙʠʦʩʝʥʩʦʨʦʚ. ɹʠʦʩʝʥʩʦʨʳ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʪʠʧʫ ʧʨʝʦʙʨʘʟʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʠ ʠ ʧʦ ʭʘʨʘʢʪʝʨʫ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩ-

ʧʦʟʦʚʘʥʠʷ. ʆʙʩʫʞʜʘʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʝʨʤʝʥʪʥʳʭ ʙʠʦʩʝʥʩʦʨʦʚ ʠ ʘʥʘʣʠ-

ʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʈʘʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʩʪʠ-

ʮʠʜʦʚ ʚ ʤʦʣʦʢʝ  ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʬʝʨʤʝʥʪʥʦʛʦ ʙʠʦʩʝʥʩʦʨʘ. ʇʦʣʫʯʝʥʠʝ 

ʬʝʨʤʝʥʪʥʳʭ ʙʠʦʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ 

ʣʝʛʢʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʥʝ ʦʙʣʘʜʘʝʪ ʪʦʢʩʠʯʥʳʤ ʜʝʡʩʪʚʠʝʤ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʛʨʷʟʥʝʥʠʝ ʤʦʣʦʢʘ ʠ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʩʪʘʪʢʘʤʠ ʧʝʩʪʠʮʠʜʦʚ 

ʩʦʟʜʘʝʪ ʩʝʨʴʝʟʥʳʝ ʨʠʩʢʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʇʝʩʪʠʮʠʜʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʦʜʥʠʤʠ ʠʟ ʦʩ-

ʥʦʚʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʀʟ-ʟʘ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʣʠʧʦʬʠʣʴʥʳʭ 
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ʩʚʦʡʩʪʚ, ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʧʝʩʪʠʮʠʜʳ ʠ ʠʭ ʤʝʪʘʙʦʣʠʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʤʦ-

ʣʦʯʥʦʤ ʞʠʨʝ. ɺ ʭʦʜʝ ʜʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʝʩʴʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ, ʥʦ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʟʘʪʨʘʪʥʳʝ ʠ ʪʨʫʜʦʝʤʢʠʝ ʤʝʪʦʜʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʪʘʢʠʝ ʢʘʢ ʛʘʟʦʚʘʷ ʠ 

ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʠ ʜʨʫʛʠʝ [1]. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥʪʨʦʣʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʨʦʙ ʪʨʝ-

ʙʫʝʪ ʚʥʝʜʨʝʥʠʷ ʫʩʢʦʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʩʪ-ʩʠʩʪʝʤ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ 

ʷʚʣʷʝʪʩʷ ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʬʝʨʤʝʥʪʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʤʷʛʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ [4]. 

ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʠʭ ʜʝʡʩʪʚʠʷ 

ʜʝʣʘʶʪ ʬʝʨʤʝʥʪʳ ʠʜʝʘʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩ ʧʦʤʦʱʴʶ ʬʝʨ-

ʤʝʥʪʦʚ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚʝʱʝʩʪʚʘ ʧʨʠ ʧʨʝʜʝʣʴʥʦ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʥʦ-

ʞʝʩʪʚʘ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ [6]. 

ɹʠʦʩʝʥʩʦʨʘʤʠ ʥʘʟʳʚʘʶʪ ʫʩʪʨʦʡʩʪʚʘ, ʚʢʣʶʯʘʶʱʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ (ʬʝʨʤʝʥʪ, 

ʢʫʣʴʪʫʨʫ ʢʣʝʪʦʢ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ, ʘʥʪʠʪʝʣʘ ʠ ʪ.ʜ.) ʠ ʩʨʝʜʩʪʚʘ ʠʟʤʝ-

ʨʝʥʠʷ ʨʝʘʢʮʠʠ ( ʦʪʢʣʠʢʘ) ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩʨʝʜʳ [2].  

ɹʠʦʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʬʝʨʤʝʥʪʦʚ ʧʦʤʦʛʘʶʪ ʚʳʧʦʣʥʷʪʴ ʜʝʩʷʪʢʠ 

ʙʳʩʪʨʳʭ ʠ ʪʦʯʥʳʭ ʘʥʘʣʠʟʦʚ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ (ʠʥʩʝʢʪʠʮʠʜʦʚ, 

ʧʝʩʪʠʮʠʜʦʚ, ʫʜʦʙʨʝʥʠʡ) ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ [9]. 

ʆʙʱʘʷ ʩʭʝʤʘ ʙʠʦʩʝʥʩʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ 1. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʟʥʘʯʝʥʠʷ, ʚ ʥʝʡ ʚʩʝʛ-

ʜʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʯʘʩʪʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʠ ʘʥʘʣʠʪʠʯʝʩ-

ʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʩʝʥʩʦʨʘ: ʩʝʥʩʦʨ, ʩʦʙʩʪʚʝʥʥʦ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʠ ʨʝʘʢʮʠʦʥ-

ʥʘʷ ʩʨʝʜʘ [5].  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʆʙʱʘʷ ʩʭʝʤʘ ʙʠʦʩʝʥʩʦʨʘ:1 ï ʩʝʥʩʦʨ (ʵʣʝʢʪʨʦʜ); 2 ï ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ;  

3 ï ʨʘʙʦʯʠʡ ʨʘʩʪʚʦʨ ï ʨʝʘʢʮʠʦʥʥʘʷ ʩʨʝʜʘ, ʩʦʜʝʨʞʘʱʘʷ ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʦʤʧʦʥʝʥʪ. 

 

ɺʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʧʨʠʦʨʠʪʝʪʘ ʚ ʦʙʣʘʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʶʪ ʙʠʦʩʝʥ-

ʩʦʨʥʳʝ ʘʥʘʣʠʟʳ, ʟʘ ʩʯʝʪ ʧʨʦʩʪʦʪʳ ʫʩʪʨʦʡʩʪʚʘ, ʦʧʨʝʘʪʠʚʥʦʩʪʠ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ [8]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʩʝʥʩʦʨʦʚ - ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʚʨʝʤʷ ʦʪʢʣʠʢʘ, ʣʠʥʝʡʥʳʡ ʜʠʘʧʘʟʦʥ, 

ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʩʦʚʧʘʜʘʶʪ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʬʠʟʠʯʝʩʢʠʭ 

ʠ ʭʠʤʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʦʡ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʙʠʦʩʝʥʩʦʨʘ ʷʚʣʷʝʪ-

ʩʷ ʚʨʝʤʷ ʝʛʦ ʞʠʟʥʠ; ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʙʠʦʩʝʥʩʦʨʦʚ ʩʦ ʚʨʝʤʝʥʝʤ ʫʤʝʥʴʰʘʝʪʩʷ ʠʟ-ʟʘ ʜʝʩʪʨʫʢ-

ʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ [6].  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʙʠʦʩʝʥʩʦʨʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ. ʆʧʨʝʜʝʣʷʝʤʦʝ ʚʝʱʝʩʪʚʦ ʜʠʬʬʠʥʜʠʨʫʝʪ 

ʯʝʨʝʟ ʧʦʣʫʧʨʦʥʠʮʘʝʤʫʶ ʤʝʤʙʨʘʥʫ ʚ ʪʦʥʢʠʡ ʩʣʦʡ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʠ ʧʨʦʪʝʢʘʝʪ 

ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ ʨʝʘʢʮʠʷ. ʇʦʩʢʦʣʴʢʫ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʜʫʢʪ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʜʘ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʟʘʢʨʝʧʣʝʥ (ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥ) 

ʬʝʨʤʝʥʪ [7].  

ʌʝʨʤʝʥʪʥʳʝ ʙʠʦʩʝʥʩʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʘ, ʩʤʦʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʠ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʩ ʜʘʪʯʠʢʦʤ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʬʝʨʤʝʥʪʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʦʩʥʦʚʘʥ ʥʘ ʜʠʬʬʫ-

ʟʠʠ ʩʫʙʩʪʨʘʪʘ ʚ ʪʦʥʢʠʡ ʩʣʦʡ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ  (ʪʝʩʪ-ʦʙʲʝʢʪʘ) [3]. 

ʆʩʥʦʚʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʧʝʩʪʠʮʠʜʥʳʭ ʙʠʦʩʝʥʩʦ-

ʨʦʚ, ʷʚʣʷʶʪʩʷ ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʘ, ʙʫʪʠʨʠʣʭʦʣʠʥʵʩʪʝʨʘʟʘ ʠ ʭʦʣʠʥʵʩʪʝʨʘʟʘ, ʢʦʪʦʨʳʝ ʦʪʥʦ-
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ʩʷʪʩʷ ʢ ʪʠʧʫ ʬʝʨʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ ʛʠʜʨʦʣʘʟʘʤʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʩʪʠʮʠʦʚ ʤʳ 

ʚʳʙʨʘʣʠ ʬʝʨʤʝʥʪ ʭʦʣʠʥʵʩʪʝʨʘʟʫ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʬʝʨʤʝʥʪʥʳʝ ʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ ʭʦ-

ʣʠʥʵʩʪʝʨʘʟʳ. ʍʦʣʠʥʵʩʪʝʨʘʟʳ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʛʠʜʨʦʣʠʟʫʶʪ ʭʦʣʠʥʦʚʳʝ ʠ ʪʠʦʭʦʣʠʥʦʚʳʝ 

ʵʬʠʨʳ. ɺʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʭʦʣʠʥʵʩʪʝʨʘʟ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʠʭ ʘʢ-

ʪʠʚʥʦʩʪʴ ʚ ʟʘʤʝʪʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʨʘʩʪʚʦʨʝ ʧʝʩʪʠʮʠʜʦʚ (ʠʥʛʠʙʠʪʦʨʦʚ) 

[3,10], ʧʨʠʯʝʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʜʝʡʩʪʚʫʶʪ ʥʝʦʙʨʘʪʠʤʦ, ʘ ʜʨʫʛʠʝ - ʦʙʨʘʪʠʤʦ. ʍʣʦʨʦʨʛʘʥʠ-

ʯʝʩʢʠʝ ʧʝʩʪʠʮʠʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʦʙʨʘʪʠʤʳʤ ʠʥʛʠʙʠʪʦʨʘʤ ʭʦʣʠʥʵʩʪʝʨʘʟ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʩʫʧʝʨʵʢʦʪʦʢʩʠʢʘʥʪʘʤ. ɼʝʡʩʪʚʠʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʭʦʣʠʥʵʩʪʝʨʘʟʳ ʩʧʝʮʠʬʠʯʥʦ: ʦʥʠ ʢʦʚʘ-

ʣʝʥʪʥʦ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ ʬʝʨʤʝʥʪʘ ʠ ʜʝʟʘʢʪʠʚʠʨʫʶʪ ʝʛʦ. ʀʤʤʦʙʠʣʠʟʘʮʠʶ 

ʭʦʣʠʥʵʩʪʝʨʘʟʥʳʭ ʬʝʨʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠ ʢʦʚʘʣʝʥʪʥʦ-ʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʪ.ʝ. ʢʨʦʩʩ-ʩʰʠʚ-

ʢʦʡ ʙʠʦʧʦʣʠʤʝʨʦʚ ʤʝʞʜʫ ʩʦʙʦʡ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʢʘʬʝʜʨʝ ʉʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʬʝʨʤʝʥʪʦʚ (ʨʠʩ 2.). ɼʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʘʙʦʨʘʪʦʨʥʳʡ ʨʅ-ʤʝʪʨ(ʄʘʨʢ-

901),ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʨʠʤʝʥʷʣʠ ʩʪʝʢʣʷʥʳʝ ʵʣʝʢʪʨʦʜʳ [5,8].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʘ. 

 

ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʭʦʣʠʥʵʩʪʝʨʘʟʳ ʚ ʧʘʨʘʭ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʩʚʝʨʭʪʦʥʢʠʝ ʬʝʨʤʝʥʪʩʦʜʝʨʞʘʱʠʝ ʧʣʝʥʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʝʨʝʥʦʩʠʪʴ ʢʦʤʧʦʥʝʥʪʳ ʨʝʘʢʮʠʠ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʥʩʦʨʘ [9].   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʧʝʩʪʠʮʠʜʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʬʝʨʤʝʥʪʥʦʛʦ 

ʙʠʦʩʝʥʩʦʨʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʨʅ-ʤʝʪʨʘ ʩʦ ʩʪʝʢʣʷʥʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʥʝʩʝʥ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʡ ʬʝʨʤʝʥʪ - ʭʦʣʠʥʵʩʪʝʨʘʟʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʩʰʠʨʠʪʴ ʜʠʘʧʘʟʦʥ ʦʧʨʝʜʝʣʷʝ-

ʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʝʩʪʠʮʠʜʦʚ, ʫʚʝʣʠʯʠʪʴ ʢʦʵʬʬʠʮʝʥʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ, ʧʦʣʫ-

ʯʠʪʴ ʙʦʣʝʝ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʧʝʩʪʠʮʠʜʦʚ.  
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Abstract 

Questions of mathematical modeling of flows of non-Newtonian fluids are considered. The 

reverse and direct problems of hydraulic calculation for combined channels of pipelines of refrigeration 

and climatic systems with allowance for parameters are substantiated and solved. The above calculation 

allows one to determine the macrokinetic characteristics during the flow of viscoplastic fluids and with 

the dependence of viscosity on shear rate. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʡ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ 

ʞʠʜʢʦʩʪʝʡ. ʆʙʦʩʥʦʚʘʥʘ ʠ ʨʝʰʝʥʘ ʦʙʨʘʪʥʘʷ ʠ ʧʨʷʤʘʷ ʟʘʜʘʯʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʜʣʷ ʩʦ-

ʚʦʢʫʧʥʳʭ ʢʘʥʘʣʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʭʦʣʦʜʠʣʴʥʳʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪ-

ʨʦʚ. ʇʨʠʚʝʜʝʥʥʳʡ ʨʘʩʯʝʪ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʤʘʢʨʦʢʠʥʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ 

ʪʝʯʝʥʠʠ ʚʷʟʢʦʧʣʘʩʪʠʯʥʳʭ ʞʠʜʢʦʩʪʝʡ ʠ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʷʟʢʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʭʦʣʦʜʠʣʴʥʳʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʚ ʩʝʙʝ ʦʭʣʘʞʜʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ (ʠʩʧʘʨʠʪʝʣʠ, ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ 

ʙʝʟ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ), ʥʘʩʦʩʥʦʝ ʦʪʜʝʣʝʥʠʝ ʚ ʩʭʝʤʘʭ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʭʣʘʜʦʥʦʩʠʪʝʣʝʤ, 

ʢʦʤʧʨʝʩʩʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʥʜʝʥʩʘʪʦʨʳ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʘʧʧʘʨʘʪʳ, ʘ 

ʪʘʢʞʝ ʩʠʩʪʝʤʫ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʨʝʛʫʣʠʨʫʶʱʝʡ ʠ ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʦʡ, ʩʦʝʜʠʥʷʶʱʫʶ ʦʪʜʝʣʴ-

ʥʳʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ. ʕʪʦ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʢʠ-

ʧʝʥʠʷ, ʨʘʟʣʠʯʥʦʛʦ ʩʭʝʤʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ (ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠ ʩ ʧʨʦʤʝʞʫʪʦʯ-

ʥʳʤ ʭʣʘʜʦʥʦʩʠʪʝʣʝʤ). 

ʅʘ ʭʦʣʦʜʠʣʴʥʳʭ ʩʪʘʥʮʠʷʭ ʧʦʤʠʤʦ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʜʣʷ ʭʣʘʜʘʛʝʥʪʘ ʠʤʝʶʪʩʷ ʪʨʫʙʦʧʨʦ-

ʚʦʜʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʮʠʨʢʫʣʷʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʭʣʘʜʦʥʦʩʠʪʝʣʷ, ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ, ʦʭʣʘʞ-

ʜʘʶʱʝʡ ʚʦʜʳ, ʛʨʝʶʱʝʛʦ ʧʘʨʘ ʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʨʘʙʦʪʳ ʢʦʥʪʨʦʣʴʥʦ-ʠʟ-

ʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. ʉʧʝʮʠʬʠʢʘ ʨʘʙʦʪʳ ʢʘʞʜʦʛʦ ʚʠʜʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʧʨʠ-

ʤʝʥʷʝʤʳʭ ʪʨʫʙ, ʚʠʜ ʢʨʝʧʣʝʥʠʡ ʠ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʭʦʣʦʜʠʣʴʥʳʭ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʨʘʩʯʝʪʦʤ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɼʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʦʙʳʯʥʦ ʧʨʦʠʩ-

ʭʦʜʠʪ ʟʘ ʩʯʝʪ ʨʘʟʥʦʩʪʠ ʫʨʦʚʥʝʡ (ʨʘʟʥʦʩʪʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʦʪʤʝʪʦʢ) ʠʣʠ ʟʘ ʩʯʝʪ ʵʥʝʨʛʠʠ, ʢʦʪʦ-

ʨʘʷ ʧʝʨʝʜʘʝʪʩʷ ʞʠʜʢʦʩʪʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʝʝ ʯʝʨʝʟ ʥʘʩʦʩʳ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʝʨʝʤʝ-

ʱʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʛʘʟʘ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪʩʷ 

ʧʥʝʚʤʘʪʠʯʝʩʢʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. 

ɺʩʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʠʣʠ ʧʨʠʟʤʘʪʠʯʝʩʢʫʶ 

ʬʦʨʤʫ ʢʘʥʘʣʦʚ, ʧʦʵʪʦʤʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʝʡ ʚ ʥʠʭ ʨʘʚʥʦʤʝʨʥʦʝ. ʅʝ-

ʨʘʚʥʦʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʣʠʰʴ ʥʘ ʪʝʭ ʫʯʘʩʪʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʛʜʝ ʥʘʭʦ-

ʜʷʪʩʷ ʤʝʩʪʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɺʩʷʢʠʡ ʩʣʦʞʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʦʚʦ-

ʢʫʧʥʦʩʪʴ ʢʘʥʘʣʦʚ ʧʨʦʩʪʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʘʨʘʣʣʝʣʴʥʦ ʠʣʠ ʩʤʝʰʘʥʥʳʤ ʧʫʪʝʤ. 

ɸʚʪʦʨʘʤʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʠ ʦʙ-

ʨʘʪʥʦʡ ʟʘʜʘʯʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʘʥʘʣʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʭʦʣʦʜʠʣʴʥʳʭ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʷʤʫʶ ʟʘʜʘʯʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʘʥʘʣʦʚ, ʚ ʵʪʦʤ ʩʣʫ-

ʯʘʝ ʨʘʩʭʦʜ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʘʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʦʡ ʚʝʣʠʯʠʥʦʡ ʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʚ ʢʘʞʜʦʤ ʢʘʥʘʣʝ ʠ ʥʘ ʢʦʥʮʘʭ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʘʥʘʣʦʚ.  

ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟʚʝʩʪʥʳʤ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ ʥʘ ʢʦʥʮʘʭ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʘʥʘʣʦʚ, ʘ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʭʦʜ ʠ ʧʝʨʝ-

ʧʘʜʳ ʜʘʚʣʝʥʠʡ ʚ ʢʘʞʜʦʤ ʢʘʥʘʣʝ. 

ʈʝʰʝʥʠʷ ʦʙʝʠʭ ʵʪʠʭ ʟʘʜʘʯ ʜʣʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʦʩʥʦʚʘʥʦ ʥʘ, ʪʦʤ, ʯʪʦ ʚʳʨʘʞʝ-

ʥʠʷ ʜʣʷ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ ʚ ʢʘʞʜʦʤ ʢʘʥʘʣʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʩʣʘʛʘʝʤʳʭ, ʦʜʥʦ ʠʟ ʢʦ-

ʪʦʨʳʭ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠʮʳ ʢʘʥʘʣʘ, ʘ ʜʨʫʛʦʝ ï ʛʨʘʜʠʝʥʪʫ ʜʘʚʣʝʥʠʷ [1, 2].  

ɺ ʩʣʫʯʘʝ ʪʝʯʝʥʠʷ ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʪʘʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʥʝʪ ʠʟ ʪʦʛʦ, ʯʪʦ ʚ ʦʙʘ 

ʩʣʘʛʘʝʤʳʭ ʚʭʦʜʷʪ ʠ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ, ʠ ʩʢʦʨʦʩʪʴ ʛʨʘʥʠʮʳ ʢʘʥʘʣʘ. ʆʜʥʘʢʦ ʬʦʨʤʘʣʴʥʦ ʪʘʢʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʜʚʘ ʩʣʘʛʘʝʤʳʭ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʪʘʢ, ʯʪʦ ʚ ʦʙʱʝʤ ʚʠʜʝ ʚʝʣʠʯʠʥʘ ʨʘʩʭʦʜʘ 

ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

;i i i iV ʄ N dP dz= +       (1) 

( ). ...i i ɻi iʄ ʄ W dP dz= ;  ( ), ,...i i ɻi iN N W dP dz= ,    
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ʛʜʝ:
iV  ï ʚʝʣʠʯʠʥʘ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ; 

iʄ  ʠ iN  ï ʬʫʥʢʮʠʠ ʩʢʦʨʦʩʪʠ ʛʨʘʥʠʮʳ 
ɻiW  ʠ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ: 

idP dz; 

i  ï ʠʥʜʝʢʩ ʥʫʤʝʨʘʮʠʠ ʢʘʥʘʣʦʚ.  

ʇʨʠʥʮʠʧ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʢʘʥʘʣʳ, ʩʚʦʜʠʪʩʷ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʢ ʨʘʚʝʥʩʪʚʘʤ: k lV V= , ʢ Nl ·=1 ( N  ï ʧʦʣʥʦʝ ʯʠʩʣʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʘʥʘʣʦʚ ʚ 

ʩʠʩʪʝʤʝ). ʂ ʫʢʘʟʘʥʥʳʤ ʨʘʚʝʥʩʪʚʘʤ ʥʫʞʥʦ ʜʦʙʘʚʠʪʴ ʧʨʝʜʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʜʘʚʣʝʥʠʷ. ɼʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʘʥʘʣʦʚ ʵʪʠ ʫʩʣʦʚʠʷ ʠʤʝʶʪ ʪʘʢʦʡ ʚʠʜ: 

1

N
i

i ʂ ʅ

i

dP
l P P

dz=

= -ä ,       (2) 

ʛʜʝ:
il  ï ʜʣʠʥʘ ʢʘʞʜʦʛʦ i-ʛʦ ʢʘʥʘʣʘ, ʤ; 

ʂ ʅP P- ï ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʥʘ ʢʦʥʮʘʭ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʘʥʘʣʦʚ, ʇʘ.  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʝʥʩʪʚ ʨʘʩʭʦʜʘ ʠ ʫʩʣʦʚʠʷ (1) ʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ N  ʫʨʘʚʥʝʥʠʡ ʩ ʥʝʠʟ-

ʚʝʩʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ 
idP dz. ɼʣʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʵʪʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʚ ʩʠʣʫ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥ iʄ  ʠ iN  ʦʪ 
ɻW  ʠ 

idP dz ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ, 

ʜʘʞʝ ʚ ʷʚʥʦʤ ʚʠʜʝ ʚ ʩʠʣʫ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʚʠʜʘ ʧʨʠ ʤʘʪʨʠʯʥʦʡ ʟʘʧʠʩʠ [3].  

ɼʣʷ ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ, ʬʦʨʤʘʣʴʥʦ ʤʦʞʥʦ ʨʝʰʠʪʴ ʵʪʫ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʚʝʣʠʯʠʥ 
idP dz. ʅʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʵʪʦ ʙʫʜʝʪ ʥʝ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʘ ʧʨʝʜʩ-

ʪʘʚʣʝʥʠʝ ʚʝʣʠʯʠʥ 
idP dz ʯʝʨʝʟ ʚʝʣʠʯʠʥʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚʩʝ ʜʨʫʛʠʝ 

idP dz ʠ ɻiW . ʊ.ʝ. ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʥʝʣʠʥʝʡʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʨ-

ʛʘʥʠʟʘʮʠʠ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ [4, 5]. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʜʦʣʴ ʮʝʧʠ ʢʘʥʘʣʦʚ ʠ ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʨʘʩʭʦʜʘ, ʩ ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

1
1 1 ,i i

i i i i

dP dP
ʄ N ʄ N

dz dz

+
+ ++ = +  1 i N¢ ¢     (3) 

1

.
N

i
i K H ʅʂ

i

dP
l P P P

dz=

= - ¹Dä
      

 

ɼʣʷ ʚʷʟʢʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ: 

( )|| || , 0, , , , , , , , , ,i i y i x i y i x i i i yi xi i iM M W W W W a h dP dzg g t m° ° ° ° ° °

^ ^=
 

( )|| || , 0, , , , , , , , , .i i y i x i y i x i i i yi xi i iN N W W W W a h dP dzg g t m° ° ° ° ° °

^ ^=  

ɼʣ̫ ʦʙʦʙʱʝʥʥʦ-ʩʜʚʠʛʦʚʦʡ ʞʠʜʢʦʩʪʠ: 

( )|| || ,, , , , , , , , , , ,i i y i x i y i x i i i zx zy xy i i iM M W W W W a h y y y dP dza b° ° ° ° * * *

^ ^=
 

( )|| || ,, , , , , , , , , , .i i y i x i y i x i i i zx zy xy i i iN N W W W W a h y y y dP dza b° ° ° ° * * *

^ ^=  

ʈʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʪʝʯʝʥʠʷ ʩʪʝʧʝʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʢʘʢ 

ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ, ʢʦʪʦʨʘʷ ʩʯʠʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʷʟʢʦʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʠ 

ʝʝ ʪʝʯʝʥʠʝ ʫʯʠʪʳʚʘʪʴ ʵʥʝʨʛʠʶ ʜʠʩʩʠʧʘʮʠʠ [6]. ɺ ʨʘʙʦʪʝ [7] ʥʘʤʠ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʧʝʨʩ-

ʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʪʝʧʝʥʥʳʤʠ, ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʭʣʘʜʦʥʦʩʠʪʝʣʝʡ ʭʦʣʦʜʠʣʴʥʳʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ɼʚʠʞʝʥʠʝ ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʦʩʫɦʝʩʪʚʣʷʝʪʩʷ ʚ ʠʥʝʨʮʠʦʥʥʦʤ ʨʝʞʠʤʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ, 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʫʨʘʚʥʝʥʠʷ ɹʝʨʥʫʣʣʠ ʩ ʤʝʩʪʥʳʤʠ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷʤʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ ʪʨʝʥʠʷ [1, 2]. ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʨʘʩʭʦʜʘ ʯʝ-

ʨʝʟ ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʥʘ ʢʦʥʮʘʭ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

( )( )
1 2

2

2 2

2
2

1

HK HK HK

i k
i

i Kiʵ i k

P h g

V
l

d S S

r r u
r

z
l

ë ûè øD +D Ö + Dî îê úî î
=ì ü

î î+
î îí ý

ä ä

;    (4) 

 ( )Rei i il l ¡= ;  ( )Re ,k k kz z ¡=       
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ʛʜʝ:
HKhD  ï ʨʘʟʥʦʩʪʴ ʚʳʩʦʪ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤ; 

( )2
HK

uD  ï ʨʘʟʥʦʩʪʴ ʢʚʘʜʨʘʪʦʚ ʩʢʦʨʦʩʪʠ ʥʘ ʢʦʥʮʘʭ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤ
2
/ʩ

2
;  

il, 
kz  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʠ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ; 

Rei
¡ ï ʟʥʘʯʝʥʠʝ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʩʪʝʧʝʥʥʦʡ ʞʠʜʢʦʩʪʠ;  

iS  ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʞʜʦʛʦ i- ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤ
2
; 

iʵd  ï ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʠ i- ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤ.  

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʩʪʝʧʝʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
2

0

Re
2

6
8

n n

n n

d

n

u r

m

-

=
å õ
+æ ö

ç ÷

,    1
0

nm m e-= .    (5) 

ʛʜʝ: Ren ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʩʪʝʧʝʥʥʦʡ ʞʠʜʢʦʩʪʠ; 

m ï ʚʷʟʢʦʩʪʴ ʩʪʝʧʝʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʇʘ Ö (ʩ)
m
; 

m0 ï ʚʷʟʢʦʩʪʴ ʩʪʝʧʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʝʜʠʥʠʯʥʦʡ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ, ʇʘ Öʩ; 

e# ï ʩʢʦʨʦʩʪʴ ʩʜʚʠʛʘ, 1/ʩ; 

r ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʢʛ/ʤ3
; 

d ï ʜʠʘʤʝʪʨ ʪʨʫʙʳ, ʤ; 

u ï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʚ ʪʨʫʙʝ, ʤ/ʩ. 

ɺʝʣʠʯʠʥʫ ʨʘʩʭʦʜʘ V  ʜʣʷ ʩʪʝʧʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʫʨʘʚʥʝ-

ʥʠʷ (4), ʝʩʣʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʟʘʤʝʥʠʪʴ ʩʢʦʨʦʩʪʴ u ʥʘ ʝʝ ʚʳʨʘʞʝʥʠʝ ʯʝʨʝʟ 

ʨʘʩʭʦʜ: 
i iV Su= . ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʤʘʪʝʨʠʘʣ, 

ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʦʚʣʝʥʳ ʪʨʫʙʦʧʨʦʚʦʜʳ, ʚʠʜ ʢʘʥʘʣʘ ʪʨʫʙʳ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʬʠʟʠʢʦ-ʭʠ-

ʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʣʘʜʦʥʦʩʠʪʝʣʝʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʘʢ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʠ ʨʘʩ-

ʭʦʜʘ, ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ ʠ ʜʣʷ ʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʘ ʜʣʷ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ 

ʚʦʦʙʱʝ ʧʨʦʙʣʝʤʘʪʠʯʥʘ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʘʥʘʣʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʭʦʣʦʜʠʣʴʥʳʭ ʠ ʢʣʠʤʘʪʠʯʝʩ-

ʢʠʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʶʪ ʫʧʨʦʩʪʠʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʥʞʝʥʝʨʥʳʝ ʨʘʩʯʝʪʳ, ʧʦʣʫʯʠʪʴ ʦʧʪʠ-

ʤʘʣʴʥʳʝ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ.  
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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 ʪʝʧʣʦʤʘʩʩʦ-

ʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʘʭ ʩ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ (ɸʇʅ), ʧʫʪʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚʦʟʜʫʭʘ ʚ ʘʙʩʦʨʙʝʨʝ ʭ2ʛ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʯʘʣʴʥʦʛʦ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚʦʟʜʫʭʘ ʭ1ʛ.  

ɺ ʢʘʯʝʩʪʚʝ ʘʙʩʦʨʙʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʠʪʠʝʚʦ-ʙʨʦʤʠʩʪʳʡ ʨʘʩʪʚʦʨ (Li-Br). ʉ ʨʦʩʪʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʘʙʩʦʨʙʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʘʙʩʦʨʙʮʠʠ ʚʦʟʨʘʩʪʘʝʪ. ɺ ʨʘʩ-

ʩʤʦʪʨʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʭ1ʛ = 

11...20 ʛ/ʢʛ ʩʦʣʥʝʯʥʘʷ ʘʙʩʦʨʙʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʩʥʠʞʝ-

ʥʠʝ 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 ʢʦʥʜʠʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ʚʦʟʜʫʭʘ ʚ ʫʩʣʦʚʠʷʭ ʶʛʘ ʈʦʩʩʠʠ. 

 

ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ, ʚ ʥʘʩʪʦʷʱʠʡ 

ʤʦʤʝʥʪ, ʷʚʣʷʶʪʩʷ ʚʦʧʨʦʩʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʨʘʙʦʯʠʝ ʚʝ-

ʱʝʩʪʚʘ ʠ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢ-

ʪʠʚʥʳʤʠ. ʇʝʨʝʯʠʩʣʝʥʥʳʤ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʣʥʝʯʥʳʝ ʘʙʩʦʨʙʮʠʦʥʥʳʝ ʭʦ-

ʣʦʜʠʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤ [1, 2, 3]. ʆʜʥʘʢʦ, ʚ ʤʠʨʦʚʦʡ 
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ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʘʙʩʦʨʙʮʠʦʥʥʳʭ 

ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʘʭ [4, 5, 6]. ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʩʦʩʪʦʠʪ ʚ ʠʟʫʯʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʪʝʧʣʦʤʘʩʩʦʦʙʤʠʥʥʳʭ ʘʧʧʘʨʘʪʘʭ ʩ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜ-

ʢʦʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʇʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʘ ʘʙʩʦʨʙʝʥʪʘ ʠʛʨʘʝʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘ-

ʥʠʠ 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 Dʢº 0,2 ʤ ʠ ʚʳ-

ʩʦʪʦʡ ʅʢ = 1 ʤ. ʉ ʫʯʝʪʦʤ ʚʳʩʦʪʳ ʦʧʦʨʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʨʝʰʝʪʢʠ ʚʳʩʦʪʘ ʨʘʙʦʯʝʡ ʟʦʥʳ 

ʢʦʣʦʥʥʳ ʩʦʩʪʘʚʣʷʝʪ 0,95 ʤ. ɺʥʫʪʨʠ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ ʨʘʟʤʝʱʝʥʘ ʦʧʦʨʥʦ-ʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʴʥʘʷ ʨʝʰʝʪʢʘ ʆʈʈ ʩʦ ʩʣʦʝʤ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʠ ʇʅ ʠ ʚʦʜʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʩ ʚʘʨʴʠʨʫʝʤʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʦ ʚʳʩʦʪʝ ʢʦʣʦʥʥʳ. ʕʬʬʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʦʧʦʨʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʨʝ-

ʰʝʪʢʠ fʦʨʨ = 75%, ʚʳʩʦʪʘ ʨʘʙʦʯʝʡ ʟʦʥʳ ʅʩʪ = 0,5 ʤ. ɺʦʟʤʦʞʥʦʩʪʠ ʩʪʝʥʜʘ: ʨʘʩʭʦʜʳ ʪʝʧʣʦ-

ʥʦʩʠʪʝʣʝʡ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʥʷʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʘʭ: wʛ = 2,0...4,0 ʤ/ʩ/ (ʦʩʫ-

ʰʘʝʤʳʡ ʚ ʘʙʩʦʨʙʝʨʝ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ), qʞ = 5...35 3ʤ /( 2ʤʯ) (ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʘʙʩʦʨʙʝʥʪʘ); 

ʪʝʤʧʝʨʘʪʠʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ: tʛ = 30̄ ʉ, ʭʛ = 11...20 ʛ/ʢʛ; ʥʘ-

ʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ʘʙʩʦʨʙʝʥʪʘ (ʢʨʝʧʢʠʡ ʨʘʩʪʚʦʨ) 64 %. ɺ ʦʧʳʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʦʣʳʝ ʮʝʣʣʫʣʦʠʜʥʳʝ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʳʝ ʚʦʜʦʡ ʰʘʨʳ ʩʦ ʟʥʘʯʝʥʠʝʤ ɟʵʥ = 400 ʢʛ/ʤ
3
.  

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 (ʚʥʫʪ-

ʨʝʥʥʷʷ 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 ʭ
2
ʛ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʯʘʣʴʥʦʛʦ ʚʣʘʛʦ-

ʩʦʜʝʨʞʘʥʠʷ ʚʦʟʜʫʭʘ ʭ
1
ʛ . ʇʨʠʚʝʜʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ɝ*ʟʜʝʩʴ ʝʩʪʴ ʦʪʥʦʰʝʥʠʝ ʨʘʙʦ-

ʯʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢ ʧʨʝʜʝʣʴʥʦ ʚʦʟʤʦʞʥʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣʠʥʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʉ ʨʦʩ-

ʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʘʙʩʦʨʙʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʘʙʩʦʨʙʮʠʠ ʚʦʟʨʘʩʪʘʝʪ. ɺ 

ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʯʘʣʴʥʳʭ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʡ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʭ
1
ʛ = 11...20 ʛ/ʢʛ 

ʩʦʣʥʝʯʥʘʷ ʘʙʩʦʨʙʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʩʥʠʞʝʥʠʝ ʚʣʘʛʦʩʦ-

ʜʝʨʞʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʧʦʟʚʦʣʷʶʱʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʩʧʘʨʠʪʝʣʴʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ ʚ ʦʭʣʘʜʠʪʝʣʴʥʦʤ ʢʦʥʪʫʨʝ ʩʠʩʪʝʤʳ. 

ʅʘ ʨʠʩʫʥʢʝ 2ɸ ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʘʙʩʦʨʙʝʨʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝ-

ʥʠʷʭ ʠʩʭʦʜʥʦʛʦ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚʦʟʜʫʭʘ ʠ ʚʝʣʠʯʠʥʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʙʩʦʨʙʝʥʪʘ. ʇʨʠʤʝʥʠ-

ʪʝʣʴʥʦ ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʤ ʩʦʣʥʝʯʥʳʤ ʩʠʩʪʝʤʘʤ ʥʘ ʧʨʠʤʝʨʝ ʟʘʜʘʯʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʚʟʜʫʭʘ ʉʉʂɺ ʥʘ ʨʠʩʫʥʢʝ 2ɹ ʥʘ ʅ/ʍ ʜʠʘʛʨʘʤʤʝ ʚʣʘʞʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʚʦʟ-

ʤʦʞʥʦʩʪʠ 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 ʚʦʟʜʫʰ-

ʥʦʛʦ ʧʦʪʦʢʘ (ʧʨʦʮʝʩʩʳ ɸ-2ʘ, ɹ-2ʙ, ɺ-2ʚ ʧʦʢʘʟʘʥʳ ʩ ʥʝʢʦʪʦʨʳʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʧʨʦʮʝʩʩʝ ʘʙʩʦʨʙʮʠʠ; ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʠʟʦʪʝʨʤʠʯʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʩʫʰʝʥʠʷ ʥʦ ʩʦʧʨʷʞʝʥʦ ʩ ʥʝʢʦʪʦʨʳʤ ʨʦʩʪʦʤ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʦʭ-

ʣʘʞʜʝʥʠʝ 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 ʭ
1
ʛʚʳʰʝ 17 ʛ/ʢʛ, ʦʩʫʰʝʥʥʳʡ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʯʘʩʪʠ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʭʦʣʦʜʥʦʡ ʚʦʜʳ ʚ ʛʨʘ-

ʜʠʨʥʝ ɻʇʅ (ʧʨʦʮʝʩʩ 7ʘ-8ʘ) ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʦʩʫʰʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʚ ʚʦʟ-

ʜʫʭʦ-ʚʦʜʷʥʦʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ (ʧʨʦʮʝʩʩ 2ʘ-4ʘ) ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚ ɺʇʅ (ʧʨʦʮʝʩʩ 
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4ʘ-5ʘ) ʩ ʧʦʣʫʯʝʥʠʝʤ ʪʨʝʙʫʝʤʳʭ ʢʦʤʬʦʨʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʦʤʝʱʝʥʠʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʶʛʘ 

ʈʦʩʩʠʠ ʥʘʯʘʣʴʥʦʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʚʦʟʜʫʭʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʦ 17 ʛ/ʢʛ. 

 

 

ʈʠʩʫʥʦʢ 1 ï 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, ʦʙʝʩʧʝʯʠ-

ʈʠʩʫʥʦʢ 2 ïɿʘʚʠʩʠʤʦʩʪʴ 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). 
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ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ LiBr+;  
ʧʘʨʘʤʝʪʨʳ ʚʥʝh ʥʝʛʦ 
ʚʦʟʜʫʭʘ: tʛ
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H 

ʍ 

ɿʦʥʘ ʢʦʤʬʦʨʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʭʘʂ 

ɻʨʘʥʠʮʘʚʦʟʤʦʞʥʦʛʦʠʩʧʦʣʴʟʦʚʘ
ʥʠʷʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʜʠʪʝʣʷ 
ɻʇʅ: ʭ Ò12 ʛ/ʢʛ 

12,5ʛ/ʢʛ 

ʆʙʣʘʩʪʴ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠʧʨʝʜʚʘʨʠʪʝʣʴ
ʥʦʛʦ ʦʩʫʰʝʥʠ̫  ʚʦʟʜʫʰʥʦʛʦ 
ʧʦʪʦʢʘ 

16ʛ/ʢʛ 20ʛ/ʢʛ 

ʅʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨ:r tʛ
1
= 30; x* = 0,85  

ɹ 

ɸ 

2ʘ 
2ʙ 

ɹ 
ɺ 

2ʚ 

3ʘ 

3ʚ 
3ʙ 

11ʛ/ʢʛ 

tʤ 

t
1
ʞ 

t
2
ʞ 
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5ʘ 

100% 

7ʘ 

8ʘ 

h const 
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ʚʘʶʱʝʝ ʫʩʪʦʡʯʠʚʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʨʦʩʪ ʥʘʛʨʫ-

ʟʦʢ, ʚʳʩʦʢʫʶ 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 ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʦʙʝʩʧʝʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʬʦʨʪʥʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ (ʭʛ = 13...20 ʛ/ʢʛ, ʧʨʠ t = 25...40
0
C, ʪʦ ʝʩʪʴ ʧʨʠ ʩʘʤʳʭ ʪʷʞʝʣʳʭ ʚʥʝʰʥʠʭ 

ʫʩʣʦʚʠʷʭ) ʠ ʟʘʜʘʯʫ ʦʭʣʘʞʜʝʥʠʷ ʩʨʝʜ ʥʘ ʫʨʦʚʥʝ 3...8
0
ʉ; 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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In this paper discusses the analytical determination of the material temperature during 

microwave heating. The data of mathematical and computer modeling can provide information on the 

https://elibrary.ru/item.asp?id=30743036
https://elibrary.ru/item.asp?id=30743036
https://elibrary.ru/item.asp?id=32303855
https://elibrary.ru/contents.asp?issueid=2185949
https://elibrary.ru/contents.asp?issueid=2185949&selid=32303855
https://elibrary.ru/item.asp?id=29186557
https://elibrary.ru/item.asp?id=29110719
https://elibrary.ru/item.asp?id=29110719
https://elibrary.ru/item.asp?id=29110320
https://elibrary.ru/item.asp?id=29110320
mailto:georgiesh.kat@gmail.com


19 

parameters of the state of the processed product, allow theoretical studies of microwave heating and 

contribute to understanding the phenomena of interaction of the microwave field with the material. 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘ-

ʪʝʨʠʘʣʘ ʧʨʠ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʥʘʛʨʝʚʝ. ɼʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʩʧʦʩʦʙʥʳ ʧʨʝʜʦʩʪʘʚʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʦʙʨʘʙʘʪʳ-

ʚʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʥʘʛʨʝ-

ʚʘ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʥʠʤʘʥʠʶ ʷʚʣʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ʩ ʤʘʪʝʨʠʘʣʦʤ. 

 

ɺ ʥʘʰʠ ʜʥʠ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʥʘʛʨʝʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʪʝʭʥʦ-

ʣʦʛʠʷʭ ʩʫʰʢʠ ʠ ʤʝʜʠʮʠʥʝ [1,2]. ɹʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʫ ʩʝʣʝʢʪʠʚʥʦʛʦ ʠ ʦʙʲʝʤʥʦʛʦ ʥʘʛʨʝʚʘ, ʤʠʢ-

ʨʦʚʦʣʥʳ ʧʨʠʥʦʩʷʪ ʥʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʧʨʦʮʝʩʩʘ, ʫʣʫʯʰʝʥʠʝ ʢʦʥʝʯʥʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʦʧʦʨʝʙʣʝʥʠʷ. ʇʨʝʜ-

ʣʦʞʝʥʥʳʝ ʨʘʥʝʝ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʃʳʢʦʚʳʤ [3], ɹʠʥʛʦʣʦʤ [4] ʥʝ ʜʘ-

ʚʘʣʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʍʦʨʦʰʫʶ ʩʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘ-

ʨʘʤʝʪʨʘʭ (ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ) ʧʦʢʘʟʘʣʘ ʟʘʚʠʩʠʤʦʩʪʴ, ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʥʘʛʨʝʚʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʥʫʪʨʝʥʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʪʳ ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1) ʩ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ (2), ʧʨʠʥʷʪʦ, ʯʪʦ ʬʦʨʤʘ ʤʘʪʝʨʠʘʣʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʧʣʘʩʪʠʥʝ 

 
( ) 1J

V

F
tt

d

td
c ʞ +-=a
t

r  
(

1) 

 
..0 ʩʦtt =

=t
 (

2) 

ʛʜʝ r ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʢʛ/ʤ
3
; c  ï ʝʛʦ ʪʝʧʣʦʝʤʢʦʩʪʴ,ɼʞ/ʢʛĿʂ; a ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ɺʪ/(ʤ
2
Ŀʂ); V  ï ʦʙʲʝʤ, ʟʘʥʠʤʘʝʤʳʡ ʤʘʪʝ-

ʨʠʘʣʦʤ, ʤ
3
; ʞt  ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʦ
ʉ; F  ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʤ

2
; 1J  ï 

ʚʥʫʪʨʝʥʥʠʡ ʠʩʪʦʯʥʠʢ ʪʝʧʣʦʪʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʜʝʡʩʪʚʠʝʤ ʄɺ ʧʦʣʷ, ɺʪ/ʤ
3
. 

ɺ ʫʨʘʚʥʝʥʠʠ (1) ʯʣʝʥ ( )
V
F

ʞtt-a  ʫʯʠʪʳʚʘʝʪ ʪʝʧʣʦʪʫ, ʦʪʚʦʜʠʤʫʶ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ 

ʧʫʪʝʤ ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʝʪʩʷ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʚʷʟʘʥʦ ʩ ʜʝʡʩʪʚʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʨʦʩʪʫ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʤʘʪʝʨʠʘʣʘ, ʠ ʪʝʧʣʦʦʪʜʘʯʝʡ ʩ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʚʳʟʳʚʘʝʪ ʧʘʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʨʠʥʷʪʦ, ʯʪʦ ʚ ʪʝʣʝ ʜʝʡʩʪʚʫʝʪ ʠʩʪʦʯʥʠʢ ʪʝʧʣʦʪʳ (ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʧʦʣʝ), ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ 

ʚʨʝʤʝʥʠ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ. 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1-2) ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʘʧʣʘʩʘ ʧʨʠʚʝʣʦ ʢ ʧʦʣʫʯʝʥʠʶ 

ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ (3): 
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-
-=  ʦʧʨʝʜʝʣʝʥʘ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʷ (2).  

ɿʘʚʠʩʠʤʦʩʪʴ (3) ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʩʨʝʜʥʶʶ ʪʝʤʧʝʨʘʪʫʨʫ ʤʘʪʝʨʠʘʣʘ ʩ ʫʯʝʪʦʤ 

ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʥʘʛʨʝʚʝ ʚ ʄɺ ʧʦʣʝ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʫʩʣʦʚʠʷʤ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʦʚʦʜʠʤʦʛʦ ʥʘ ʚʦʜʝ, ʥʘʛʨʝʚʘʝʤʦʡ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʢʘʤʝʨʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʦʜʘ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʝʣʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʚʦʜʝ. 

ɺʳʙʨʘʥʘ ʤʦʱʥʦʩʪʴ ʤʘʛʥʝʪʨʦʥʘ 180=ʚʳʭN ɺʪ, ʟʘʛʨʫʟʢʠ ʦʙʨʘʟʮʘ 410-=V ʤ
3,ʫʜʝʣʴʥʘʷ ʤʦʱ-
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ʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 5
10 106,12 Ö=J ɺʪ/ʤ

3
, ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ

5
1 107 -Ö=g ʩ

-1
. ɼʣʠʪʝʣʴ-

ʥʦʩʪʴ ʥʘʛʨʝʚʘ ï ʦʪ 30 ʜʦ 300 ʩ, ʰʘʛ ï 30 ʩ. ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪ-

ʜʘʯʠ 12=a  ɺʪ/(ʤ
2
Ŀʂ).  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʂʇɼ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʭʦʞʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʩʣʝʜʦʚʘʣʦ ʫʪʦʯʥʠʪʴ ʟʥʘʯʝʥʠʝ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ, ʚ ʢʦʪʦʨʳʝ ʚʭʦʜʠʪ ʣʫʯʠʩʪʘʷ ʠ 

ʢʦʥʚʝʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʥʘ ʢʦʥʚʝʢʮʠʶ ʢʦʥʚQ

=1.934 ɺʪ, ʧʦʪʝʨʠ ʥʘ ʣʫʯʠʩʪʳʡ ʪʝʧʣʦʦʙʤʝʥ ʣʫʯQ =2.23 ɺʪ, ʪʝʧʣʦʪʘ, ʟʘʪʨʘʯʝʥʥʘʷ ʥʘ ʥʘʛʨʝʚ 

ʤʘʪʝʨʠʘʣʘ ʧʦʣQ  = 5.3 ɺʪ. ʊʝʧʣʦʪʘ ʧʨʦʮʝʩʩʘ ʥʘʛʨʝʚʘ  ʧʦʣQ =54.5 ɺʪ, ʪʦʛʜʘ ʂʇɼ ʢʘʤʝʨʳ 

ʩʦʩʪʘʚʠʪ 3.0=h .  

ʈʘʩʭʦʞʜʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ 

ʛʨʘʬʠʢʦʤ (ʨʠʩ. 1).  

 

 

 

 

 

ǒ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, 

ƶï ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ 

ʈʠʩʫʥʦʢ 1 ï ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʧʨʠ ʥʘʛʨʝʚʝ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʧʦʣʝ. 3,0=h  

 

ɻʨʘʬʠʢ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʫʶ ʩʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʠ. 

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʬʦʨʤʫʣʳ (3) ʧʨʠ ʥʘʛʨʝʚʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝ-

ʦʙʭʦʜʠʤʦ ʦʙʣʘʜʘʪʴ ʜʘʥʥʳʤʠ ʧʦ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩʫʭʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʪʝʧʝʥʠ ʚʣʘʞʥʦʩʪʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦʝʤʢʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʣʦʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ (4): 

( )[ ]wcwʩʩ ʚÖ+-= 10001,0 0  (

4) 

ʛʜʝ w  - ʚʣʘʞʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, %;  0ʩ ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʫʭʦʛʦ ʤʘʪʝʨʠʘʣʘ, ɼʞ/(ʢʛ/ʂ); ʚc  ï 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʜʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʇʦʣʫʯʝʥʥʳʡ ʤʘʩʩʠʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨ ʤʘʪʝʨʠʘʣʘ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʨʘʥʝʝ ʚʳʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʚʳʭʦʜʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʘʢʞʝ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʚʳʭ ʠʩʧʳ-

ʪʘʥʠʡ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʪʨʘʛʝʥʪʘ ʥʘʯʠ-

ʥʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʫʟʳʨʴʢʦʚ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʧʘʜʘʝʪ. ʇʦʵʪʦʤʫ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʱʝʩʪʚʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30..60 
0
ʉ. 

ɺʘʞʥʳʡ ʤʦʤʝʥʪ ʧʨʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʠ ʚ ʄɺ ʢʘʤʝʨʝ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʤʦʱʥʦʩʪʠ ʤʘʛʥʝʪ-

ʨʦʥʘ. ʈʷʜ ʦʧʳʪʦʤ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʤʘʛʥʝʪ-

ʨʦʥʘ ʚ 900 ɺʪ ʩʧʦʩʦʙʥʘ ʚʳʟʳʚʘʪʴ ʥʝʦʜʥʦʨʦʜʥʳʡ ʧʨʦʛʨʝʚ ʤʘʪʝʨʠʘʣʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʝʨʝʧʘ-

ʜʦʤ ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙʲʝʤʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩ ʚʳʩʦʢʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʦʡ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʥʘʟʚʘʥʘ ñHotspotò, ʯʪʦ ʥʝʞʝʣʘʪʝʣʴʥʦ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʥʘʛʨʝʚʝ, 

ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʫʶ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ [5].  

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʷʚʣʷʝʪʩʷ ʩʦʝʜʠ-

ʥʝʥʠʝ ʧʨʦʮʝʩʩʘ ʥʘʛʨʝʚʘ ʚ ʢʘʤʝʨʝ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʤʝʰʠʚʘ-
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ʥʠʝʤ ʥʘ ʦʪʢʨʳʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʜʥʘʢʦ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʜʭʦʜʠʪ ʪʦʣʴʢʦ ʜʣʷ ʪʨʫʜʥʦʠʟʚʣʝ-

ʢʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʨʝʙʫʶʱʠʭ ʜʣʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ɺʳʚʦʜʳ 

ɿʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʪʝʨʠʘʣʘ, ʥʘʛʨʝʚʘʝʤʦʛʦ ʚ ʤʠʢʨʦʚʦʣʥʦ-

ʚʦʤ ʧʦʣʝ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʫʯʝʪʦʤ ʪʝʧʣʦʦʪʜʘʯʠ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ 

ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʨʘʩʧʦʣʘʛʘʪʴ ʜʘʥʥʳʤʠ ʧʦ ʂʇɼ 

ʢʘʤʝʨʳ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʦʮʝʥʢʠ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʚʥʫʪʨʝʥʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʪʳ. 
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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 ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʥʘ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʪʦʨʛʦʚʣʠ ʠ ʧʨʝʜʣʦʞʝʥʳ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʙʝʟʘʚʘʨʠʡʥʦʡ 

ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

 

ʇʨʦʙʣʝʤʘ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦʟʥʠʢʘʝʪ ʥʘ ʚʩʝʭ ʧʨʝʜ-

ʧʨʠʷʪʠʷʭ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ, ʘ ʪʘʢʞʝ ʪʦʨʛʦʚʳʭ ʦʙʲʝʢʪʘʭ ʪʘʢʠʭ ʢʘʢ ʤʘʛʘʟʠʥʳ, ʩʫʧʝʨ-
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ʤʘʨʢʝʪʳ 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 ʧʫ-

ʪʝʤ ʫʩʪʘʥʦʚʢʠ ʭʦʣʦʜʠʣʴʥʳʭ ʮʝʥʪʨʘʣʝʡ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʢʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ (ʨʝʟʝʨʚʥʦʛʦ) 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ ʪʘʢʦʤ ʨʝʰʝʥʠʠ ʪʨʝʙʫʶʪʩʷ ʙʦʣʴʰʠʝ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ, ʥʘʣʠʯʠʝ ʧʣʦ-

ʱʘʜʝʡ, ʜʣʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʭʦʞʜʝʥʠʝ ʥʘ ʦʙʲʝʢ-

ʪʝ 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 ʦʙʩʣʫ-

ʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚʦ ʚʨʝʤʷ ʧʦʣʦʤʢʠ. 

ʆʩʥʦʚʥʳʤʠ ʚʠʜʘʤʠ ʭʦʣʦʜʠʣʴʥʦʛʦ ʪʦʨʛʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʷʚ-

ʣʷʶʪʩʷ: ʚʠʪʨʠʥʳ, ʭʦʣʦʜʠʣʴʥʳʝ ʛʦʨʢʠ, ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʝ ʙʦʥʝʪʳ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʙʦʥʝʪʳ, ʣʘʨʠ, ʭʦʣʦʜʠʣʴʥʳʝ ʰʢʘʬʳ [5, 6, 7]. 

ʆʩʥʦʚʥʳʤʠ ʧʦʣʦʤʢʘʤʠ ʪʦʨʛʦʚʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: 

1. ʋʪʝʯʢʠ ʭʣʘʜʘʛʝʥʪʘ; 

2. ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʧʫʩʢʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʚʝʥʪʠʣʷ-

ʪʦʨʘ ʢʦʥʜʝʥʩʘʪʦʨʘ; 

3. ʄʝʞʚʠʪʢʦʚʦʝ ʟʘʤʳʢʘʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʢʦʤʧʨʝʩʩʦʨʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʯʠʥʳ ʠ ʤʝʪʦʜʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʥʥʳʭ ʧʦʣʦʤʦʢ. 

1. ʋʪʝʯʢʠ ʭʣʘʜʘʛʝʥʪʘ 

ʅʘ ʭʦʣʦʜʠʣʴʥʦʤ ʪʦʨʛʦʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʜʘʥʥʳʡ ʚʠʜ ʧʦʣʦʤʦʢ ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʞʝ, ʯʝʤ 

ʦʩ-ʪʘʣʴʥʳʝ, 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 ʫʪʝʯʢʫ ʥʘ ʧʘʷʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʠ ʫʪʝʯʢʫ ʚ ʟʘʧʝʥʝʥ-

ʥʦʡ ʯʘʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ,  ʩʚʷʟʘʥʥʳʝ ʩ ʢʘʯʝʩʪʚʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʝʤ 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 ʢʦʥʩ-

ʪʨʫʢʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʩʣʫʯʘʝʚ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʦ-

ʣʦʤʦʢ. ʄʝʪʦʜʦʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʦʣʦʤʦʢ, ʢʨʦʤʝ ʘʢʢʫʨʘʪʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʩ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʫ ʧʦʪʨʝʙʠʪʝʣʷ ʥʝʪ.  

2. ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʧʫʩʢʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʚʝʥʪʠʣʷ-

ʪʦʨʘ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ɺ ʩʚʷʟʠ ʩ ʫʩʪʘʥʦʚʢʦʡ ʥʘ ʭʦʣʦʜʠʣʴʥʦʝ ʪʦʨʛʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʙʦʣʝʝ ʤʦʱʥʳʭ ʢʦʤʧʨʝʩ-

ʩʦʨʦʚ, ʯʝʤ ʥʘ ʙʳʪʦʚʳʝ ʢʦʤʧʨʝʩʩʦʨʳ, ʜʣʷ  ʧʣʘʚʥʦʛʦ ʧʫʩʢʘ ʥʘ ʢʦʤʧʨʝʩʩʦʨʳ ʭʦʣʦʜʠʣʴʥʦʛʦ ʪʦʨ-

ʛʦʚʦʛʦ 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 ʠʤʝʥ-

ʥʦ: ʟʘʚʦʜʩʢʦʡ ʙʨʘʢ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʣʦʭʦʡ ʢʦʥʪʘʢʪ ʠ ʪʷʞʝʣʳʡ ʧʫʩʢ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʷ. 

ɽʩʣʠ ʥʘ ʟʘʚʦʜʩʢʦʡ ʙʨʘʢ ʧʦʚʣʠʷʪʴ ʥʝʚʦʟʤʦʞʥʦ, ʘ ʩʨʦʢʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʚʦʜʳ ʠʟʛʦʪʦʚʠ-

ʪʝʣʠ 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. 

3. ʄʝʞʚʠʪʢʦʚʦʝ ʟʘʤʳʢʘʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʢʦʤʧʨʝʩʩʦʨʘ 
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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 ʧʦʪʨʝʙʠ-

ʪʝʣʷʤʠ. 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, ʠʟʤʝʥʝ-

ʥʠʶ 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 ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʷ 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 ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʚ ʢʦʪʦʨʦʝ ʚʦʡʜʫʪ ʨʘʙʦʪʳ ʧʦ ʦʯʠʩʪʢʝ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʪʷʞʢʝ ʠ ʦʙ-

ʞʠʤʢʝ ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʦʚ. 
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Abstract  

The questions of ventilation and climatization are considered on canning enterprises taking 

into account the features of production. Sources are certain thermalhumidityin air of working zone. 

The values of thermalhumidityare presented from a technological equipment. 

 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʥʘ ʢʦʥʩʝʨʚʥʳʭ ʧʨʝʜ-

ʧʨʠʷʪʠʷʭ ʩ ʫʯʸʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʧʨʝʜʝʣʝʥʳ ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʦ- ʠ ʚʣʘʛʦʚʳʜʝ-

ʣʝʥʠʡ ʚ ʚʦʟʜʫʭ ʨʘʙʦʯʝʡ ʟʦʥʳ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ʂ ʩʦʩʪʦʷʥʠʶ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʧʦʤʝʱʝʥʠʷʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʝ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. ʉʦʛʣʘʩʥʦ ʜʝʡʩʪʚʫʶʱʠʤ ʩʘʥʠʪʘʨʥʳʤ ʥʦʨ-

ʤʘʤ ʠ ʧʨʘʚʠʣʘʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʜʦʣʞʥʳ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʥʦʨʤʠʨʦʚʘʥʥʳʝ 

ʫʩʣʦʚʠʷ ʪʨʫʜʘ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 22 Üʉ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ 40-50 %, ʩʢʦʨʦʩʪʴ ʚʦʟ-

ʜʫʭʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ï 0,3 ʤ/ʩ, ʧʨʠ ʝʛʦ ʥʘʣʠʯʠʠ ï 1,5 ʤ/ʩ [1].ʇʦʤʠʤʦ ʦʩ-

ʥʦʚʥʳʭ ʥʦʨʤʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ), ʢ 

ʩʦʩʪʦʷʥʠʶ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʤʦʛʫʪ ʧʨʝʜʲʷʚʣʷʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʠʛʠʝ-

ʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ (ʦʯʠʩʪʢʘ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ) ʢʘʢ ʩʥʘʨʫʞʠ, 

ʪʘʢ ʠ ʚʥʫʪʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʩʠʩʪʝʤ 

ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ, ʚ ʢʨʫʛ ʟʘʜʘʯ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʩʦʟʜʘʥʠʝ ʠ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʦʝ ʧʦʜʜʝʨʞʘʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʧʨʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʧʦʩ-

ʪʫʧʣʝʥʠʷʭ ʪʝʧʣʦʪʳ ʠ ʚʣʘʛʠ ʚ ʧʦʤʝʱʝʥʠʷ [2]. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʠʢʘ ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ 

ʦʩʥʦʚʘʥʘ ʥʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ ʠ ʧʦʜʭʦʜʦʚ, ʩʦʯʝʪʘʥʠʝ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪ ʧʨʘʢ-

ʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʩʫʤʤʳ ʫʩʣʦʚʠʡ.  

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ (ʉʂɺ) ʥʝʦʙ-

ʭʦʜʠʤʦ ʦʙʣʘʜʘʪʴ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʨʘʤʝʪʨʘʭ ʚʦʟʜʫ-

mailto:recvic@te.net.ua
mailto:recvicv@gmail.com1


25 

ʭʘ, ʠʩʪʦʯʥʠʢʘʭ ʧʦʩʪʫʧʣʝʥʠʷ ʪʝʧʣʘ ʠ ʚʣʘʛʠ, ʩʦʩʪʘʚʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʦʩʚʝʱʝʥʳ ʚʦʧʨʦʩʳ ʚʝʥʪʠʣʷʮʠʠ ʧʦʤʝʱʝ-

ʥʠʡ ʧʨʝʜʧʨʠʷʪʠʡʟʝʨʥʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ, ʭʣʝʙʦʧʝʢʘʨʥʳʭ, ʤʘʩʣʦʞʠʨʦʚʳʭ,ʩʘʭʘʨʥʳʭ,ʢʦʥ-

ʜʠʪʝʨʩʢʠʭ, ʯʘʡʥʳʭ, ʤʷʩʥʳʭ, ʤʦʣʦʯʥʳʭ, ʨʳʙʥʳʭ, ʩʧʠʨʪʦʚʳʭ, ʣʠʢʝʨʦʚʦʜʦʯʥʳʭ ʠ ʧʠʚʦʚʘʨʝʥ-

ʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʦʯʝʥʴ ʤʘʣʦ ʫʜʝʣʝʥʦ ʚʥʠʤʘʥʠʷ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʶ ʠ ʚʝʥʪʠʣʷʮʠʠ ʢʦʥ-

ʩʝʨʚʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʦʥʩʝʨʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʬʨʫʢʪʦʚ ʠ ʦʚʦʱʝʡ ʨʘʟ-

ʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʩ ʮʝʣʴʶ ʧʦʜʘʚʣʝʥʠʷ ʠʣʠ ʧʦʣʥʦʛʦ ʧʨʝʢʨʘʱʝʥʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʧʨʝʢʨʘʱʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʜʣʠʪʝʣʴʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʪʦʚ. ʂ ʵʪʠʤ ʩʧʦʩʦʙʘʤ ʦʪʥʦʩʷʪʩʷ ʩʫʰʢʘ, ʦʭʣʘʞʜʝ-

ʥʠʝ, ʟʘʤʦʨʘʞʠʚʘʥʠʝ, ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʣʠ ʠʩʘʭʘʨʘ ʧʨʠ ʠʭ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʙʣʘʥʰʠʨʦʚʘ-

ʥʠʝ, ʧʘʩʪʝʨʠʟʘʮʠʷ ʠ ʩʪʝʨʠʣʠʟʘʮʠʷ ʧʫʪʝʤ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʧʨʠʤʝʥʝʥʠʝ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ 

ʘʥʪʠʩʝʧʪʠʢʦʚ, ʚʦʟʜʝʡʩʪʚʠʝ ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ.  

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʢʦʥʩʝʨʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʷʟʘʥʳ ʩ 

ʪʝʧʣʦ- ʠ ʚʣʘʛʦʚʳʜʝʣʝʥʠʷʤʠ ʚ ʪʝʯʝʥʠʝ ʩʤʝʥʳ ʠ ʢʦʣʝʙʣʶʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʨʠ ʵʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ 20 Üʉ ʜʦ 45 Üʉ, ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ï ʦʪ 0,1 ʛ/ʢʛ ʜʦ 25 

ʛ/ʢʛ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1 ʜʦ 10 ʢɺʪ/ʤ
2
. 

ʇʨʦʮʝʩʩ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʠʪ ʠʟ ʧʦʜʛʦʪʦʚʢʠ ʩʳʨʴʷ (ʤʦʡʢʘ, ʜʨʦʙʣʝʥʠʝ) 

ʠ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ï ʙʣʘʥʰʠʨʦʚʢʘ, ʦʙʞʘʨʢʘ, ʧʘʩʪʝʨʠʟʘʮʠʷ, ʩʪʝʨʠʣʠʟʘʮʠʷ. ʇʨʠ ʵʪʦʤ ʚʳʜʝ-

ʣʷʝʪʩʷ ʪʝʧʣʦʪʘ, ʚʣʘʛʘ ʠ ʛʘʟʳ. 

ʅʘ ʫʯʘʩʪʢʘʭ ʤʦʡʢʠ ʠ ʜʨʦʙʣʝʥʠʷ ʩʳʨʴʷ ʧʨʝʦʙʣʘʜʘʝʪ ʚʳʜʝʣʝʥʠʝ ʠʟʙʳʪʦʯʥʦʡ ʚʣʘʛʠ. ʉʦʚ-

ʤʝʩʪʥʦʝ ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʦʪʳ ʠ ʚʣʘʛʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʮʝʭʘʭ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ, ʛʜʝ ʩʦʩʨʝʜʦ-

ʪʦʯʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʕʪʠ ʬʘʢʪʦʨʳ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʚʳʙʦʨ ʚʝʥʪʠʣʷʮʠʠ ʠ ʉʂɺ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʦʡ ʚʝʥʪʠʣʷʮʠʝʡ, ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʢʦʥʩʝʨʚʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʙʦʪʘʝʪ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ.  

ɼʣʷ ʙʘʣʘʥʰʠʨʦʚʢʠ ʛʦʨʷʯʝʡ ʚʦʜʦʡ ʠ ʚʦʜʷʥʳʤ ʧʘʨʦʤ ʠʩʧʦʣʴʟʫʶʪ ʣʝʥʪʦʯʥʳʝ ʠ ʰʥʝʢʦʚʳʝ 

ʙʣʘʥʰʠʨʦʚʘʪʝʣʠ (ʰʧʘʨʠʪʝʣʠ) ʨʘʟʣʠʯʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʆʚʦʱʠ, ʧʦʜʣʝʞʘʱʠʝ ʦʙʞʘʨʢʝ, 

ʧʦʛʨʫʞʘʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʚ ʨʘʩʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ, ʥʘʛʨʝʪʦʝ ʜʦ 120-140Üʉ ʚ ʧʘʨʦʤʘʩ-

ʣʷʥʦʡ ʧʝʯʠ. 

ʇʨʠ ʙʣʘʥʰʠʨʦʚʘʥʠʠ ʠ ʦʙʞʘʨʢʝ ʠʩʧʘʨʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʣʘʛʠ ʠ ʚʳʜʝʣʷʝʪ-

ʩʷ ʪʝʧʣʦʪʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʇʨʠ ʦʙʞʘʨʢʝ ʧʨʦʠʩʭʦʜʷʪ ʜʚʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥ-

ʥʳʭ ʧʨʦʮʝʩʩʘ ʤʘʩʩʦʦʙʤʝʥʘ: ʚʳʧʘʨʠʚʘʥʠʝ ʚʣʘʛʠ (ʥʘʧʨʘʚʣʝʥ ʥʘʨʫʞʫ) ʠ ʚʧʠʪʳʚʘʥʠʝ ʤʘʩʣʘ 

(ʥʘʧʨʘʚʣʝʥ ʚʥʫʪʨʴ). ɺʦʜʷʥʦʛʦ ʧʘʨʘ ʚʳʧʘʨʠʚʘʝʪʩʷ ʙʦʣʴʰʝ, ʯʝʤ ʚʧʠʪʳʚʘʝʪʩʷ ʤʘʩʣʘ, ʧʦʵʪʦʤʫ 

ʤʘʩʩʘ ʩʳʨʴʷ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʨʝʥʥʦʡ ʚʣʘʛʠ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ:  

,
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ʛʜʝ m ï ʤʘʩʩʘ ʩʳʨʴʷ ʜʦ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʛ; 

W ï ʧʨʦʮʝʥʪ ʫʞʘʨʢʠ ʧʨʦʜʫʢʪʘ, %. 

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʦʙʞʘʨʠʚʘʥʠʠ ʦʚʦʱʝʡ ʫʜʘʣʷʝʪʩʷ ʩʚʦʙʦʜʥʘʷ ʚʣʘʛʘ, ʢʦ-

ʪʦʨʘʷ ʚʳʜʝʣʷʝʪʩʷ ʠʟ ʢʣʝʪʦʢ ʧʦʩʣʝ ʠʭ ʧʣʘʟʤʦʣʠʟʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʦʙʨʘʟʦʚʘʚʰʠʤʩʷ ʜʘʚʣʝʥʠʝʤ ʧʘʨʘ ʚʥʫʪʨʠ ʧʨʦʜʫʢʪʘ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ ʩʢʦ-

ʨʦʩʪʴ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ ʠʟ ʧʨʦʜʫʢʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʚʦʜʳ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʩʳʨʴʷ ʫʩʪʘʥʦʚʣʝʥ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʮʝʥʪ ʫʞʘʨʢʠ, ʪʦʛʜʘ ʢʘʢ ʢʦʣʠ-

ʯʝʩʪʚʦ ʚʣʘʛʠ ʚ ʩʳʨʴʝ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ (ʩʦʨʪ, ʨʘʟʤʝʨ, ʫʩʣʦʚʠʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ). ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʙʞʘʨʢʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʝʥʥʦʡ ʤʦʨʢʦʚʠ 

ʤʘʩʩʦʡ 2000 ʢʛ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʝʥʥʦʛʦ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠʟ ʩʳʨʴʷ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 1130 ʢʛ.  

ʇʘʩʪʝʨʠʟʘʮʠʠ (ʦʙʨʘʙʦʪʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 100Üʉ) ʧʦʜʚʝʨʛʘʶʪʩʷ ʬʨʫʢʪʦʚʳʝ ʢʦʥ-

ʩʝʨʚʳ (ʢʦʤʧʦʪʳ, ʩʦʢʠ, ʜʞʝʤʳ), ʩʪʝʨʠʣʠʟʘʮʠʠ ï (ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ 110-125Üʉ) ï ʤʘʣʦʢʠʩ-

ʣʦʪʥʳʝ ʢʦʥʩʝʨʚʳ (ʤʷʩʥʳʝ, ʨʳʙʥʳʝ, ʦʚʦʱʥʳʝ) [3]. ʇʘʩʪʝʨʠʟʘʮʠʶ ʧʨʦʚʦʜʷʪ ʚ ʦʪʢʨʳʪʳʭ ʘʧʧʘ-
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ʨʘʪʘʭ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, ʩ ʧʦʛʨʫʞʝʥʠʝʤ ʢʦʥʩʝʨʚʦʚ ʚ ʚʦʜʫ, ʩʪʝʨʠʣʠʟʘʮʠʶ ï ʚ ʟʘʢʨʳ-

ʪʳʭ ʘʧʧʘʨʘʪʘʭ ʧʦʜ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ (ʘʚʪʦʢʣʘʚ). ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚ ʚʦʟʜʫʭ ʨʘʙʦʯʝʡ 

ʟʦʥʳ ʧʦʧʘʜʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʷʪʴ.  

ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʘ ʠ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʛʨʝʶʱʝʛʦ ʧʘʨʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠʣʠ ʠʟ-ʟʘ ʯʘʩʪʠʯʥʦʛʦ ʧʨʝʢʨʘʱʝʥʠʷ ʦʪʚʦʜʘ ʢʦʥʜʝʥʩʘʪʘ, ʘ ʪʘʢʞʝ ʚ ʩʣʫʯʘʝ ʫʚʝʣʠ-

ʯʝʥʠʷ ʟʘʛʨʫʟʢʠ ʘʧʧʘʨʘʪʘ ʩʳʨʴʝʤ ʩʚʝʨʭ ʨʘʩʯʝʪʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ 

ʬʘʢʪʦʨʦʚ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʫʪʚʝʨʞʜʘʪʴ ʦ ʚʝʣʠʯʠʥʝ ʧʦʣʥʳʭ ʚʣʘʛʦʚʳʜʝ-

ʣʝʥʠʡ ʧʨʠ ʨʘʙʦʪʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʀʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʥʦʩʷʪ ʣʠʰʴ ʨʝʢʦʤʝʥ-

ʜʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʜʚʫʭ ʩʝʟʦʥʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʬʨʫʢʪʦʚ ʠ ʦʚʦʱʝʡ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘʙʣʶʜʝʥʠʷ 

ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʦʥʩʝʨʚʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʶʛʘ 

ʋʢʨʘʠʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʢʦʥʩʝʨʚʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʘʡʜʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʧʝ-

ʨʝʜʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʩʨʘʚʥʝʥʠʝ ʩ ʠʭ ʧʘʩʧʦʨʪʥʳʤʠ ʜʘʥʥʳʤʠ, ʩ ʫʯʝʪʦʤ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʦʚʳʚʘʣʠʩʴ ʩ ʟʘʷʚʣʝʥʥʳʤʠ ʚ ʧʘʩʧʦʨʪʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʧʧʘʨʘʪʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʢʦʥʩʝʨʚʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʨʘʙʦʪʦʡ ʥʝʩʢʦʣʴʢʠʭ 

ʤʘʰʠʥ ʠ ʘʧʧʘʨʘʪʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʦʪʨʘʩʣʠ. 

 

ʊʘʙʣʠʮʘ 1 ï ʊʝʧʣʦʚʳʜʝʣʝʥʠʷ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

 

 

ɼʘʣʝʢʦ ʥʝ ʚʩʝ ʢʦʥʩʝʨʚʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʘʨʩʝʥʘʣʝ ʨʘʟʚʠʪʫʶ ʩʠʩʪʝʤʫ ʢʦʥ-

ʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʩʠʣʫ ʤʥʦʛʠʭ ʧʨʠʯʠʥ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʢʦʥʦʤʠʯʝʩʢʠʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʤʝʨʦʧʨʠʷʪʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʩʦʟʜʘʥʠʶ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʠ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʘʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʜʫʰʠʨʦʚʘʥʠʷ ʠʣʠ ʣʦʢʘʣʴʥʦʝ ʢʦʥʜʠʮʠʦ-

ʥʠʨʦʚʘʥʠʝ ʚʦʟʜʫʭʘ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ. ʕʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪʥʦʩʠʪʩʷ ʢ ʮʝʭʘʤ ʩ ʪʝʧʣʦʚʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ (ʙʣʘʥʰʠʨʦʚʦʯʥʦʝ ʠ ʦʙʞʘʨʦʯʥʦʝ ʦʪʜʝʣʝʥʠʷ, ʚʘʢʫʫʤ-ʚ-r

ʧʘʨʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʫʯʘʩʪʦʢ ʟʘʢʘʪʢʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʘʩʪʝʨʠʟʘʪʦʨʳ ʠ ʘʚʪʦʢʣʘʚʳ). 

ʋʯʠʪʳʚʘʷ ʭʘʨʘʢʪʝʨ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʝʨʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠ 

ʚʝʥʪʠʣʷʮʠʶ ʚʦʟʜʫʭʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʩ ʫʯʝʪʦʤ ʘʩʩʠ-

ʤʠʣʷʮʠʠ ʠʟʙʳʪʦʯʥʦʡ ʪʝʧʣʦʪʳ ʠ ʚʣʘʛʠ ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʦʚ ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ʇʦ-

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ  

ʦʙʦʨʫʜʦʚʘʥʠʝ 
ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʊʝʧʣʦʚʳʜʝʣʝʥʠʷ, ʢɼʞ/ʯ 

ʄʘʰʠʥʘ ʜʣʷ ʤʦʡʢʠ ʩʪʝʢʣʷʥʥʳʭ ʙʘʥʦʢ 

0,5ï 1 ʣ 
1500 ʙʘʥʦʢ/ʯ 27000 

ʄʘʰʠʥʘ ʜʣʷ ʤʦʡʢʠ ʬʨʫʢʪʦʚ ʠ ʦʚʦʱʝʡ 1 ʪ/ʯ 8000 

ʊʝʧʣʦʦʙʤʝʥʥʠʢ ʜʣʷ ʧʦʜʦʛʨʝʚʘ ʩʦʢʦʚ 2000 ʣ/ʯ 13000 

ɹʣʘʥʰʠʨʦʚʘʪʝʣʴ 5 ʪ/ʯ 12000 

ʇʘʨʦʤʘʩʣʷʥʘʷ ʧʝʯʴ 2 ʪ/ʯ 7000 

ɼʝʘʵʨʘʪʦʨ-ʧʘʩʪʝʨʠʟʘʪʦʨ 1,2 ʪ/ʯ 8000 

ɺʘʨʦʯʥʳʡ ʢʦʪʸʣ 300 ʣ/ʯ 29000 

ɺʘʢʫʫʤ-ʚʳʧʘʨʥʦʡ ʘʧʧʘʨʘʪ 500 ʣ/ʯ 17000 

ʇʘʨʦʚʘʨʦʯʥʘʷ ʧʣʠʪʘ 1,5 ʤ
2 

25000 

ɸʚʪʦʢʣʘʚ 2 ʢʦʨʟʠʥʳ 1300 

ʇʘʩʪʝʨʠʟʘʪʦʨ-ʦʭʣʘʜʠʪʝʣʴ 2000 ʣ/ʯ 8400 
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ʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʚʝʥʪʠʣʷʮʠʠ ʠ ʉʂɺ ʢʦʥʩʝʨʚʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ.  

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʧʦʣʝʟʥʳʝ ʩʦʚʝʪʳ, ʦʙʩʫʞʜʝʥʠʷ ʠ ʟʘʤʝʯʘʥʠʷ ʚ ʭʦʜʝ 

ʩʙʦʨʘ ʠ ʦʙʦʙʱʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʵʪʦʡ ʩʪʘʪʴʠ ʩʪʫʜʝʥʪʘʤ-ʜʠʧʣʦʤʥʠʢʘʤ, ʠʥʞʝʥʝʨʘʤ 

ʢʦʥʩʝʨʚʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʩʦʪʨʫʜʥʠʢʘʤ ʢʘʬʝʜʨ ʆʅɸʇʊ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɻʽʛʽʻʥʘ ʧʨʘʮʽ [ʊʝʢʩʪ]: ʧʽʜʨʫʯʥʠʢ / ʧʽʜ ʨʝʜ. ʖ.ɯ. ʂʫʥʜʽʻʚʘ, ʆ.ʇ. ʗʚʦʨʦʚʩʴʢʦʛʦ. ï ʂ.: 

ʄʝʜʠʮʠʥʘ, 2011. ï 904 ʩ.  

2. ʇʦʣʫʰʢʠʥ, ɺ.ʀ. ʆʪʦʧʣʝʥʠʝ, ʚʝʥʪʠʣʷʮʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦʟʜʫʭʘ (ʪʝʦʨʝʪʠʯʝʩ-

ʢʠʝ ʦʩʥʦʚʳ ʩʦʟʜʘʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ) / ɺ.ʀ. ʇʦʣʫʰʢʠʥ, ʆ.ʅ. ʈʫʩʘʢ, ʉ.ʀ. ɹʫʨʮʝʚ ʠ ʜʨ. ʋʯʝʙ. 

ʇʦʩʦʙʠʝ. ʉʇʙ: ʇʨʦʬʝʩʩʠʷ, 2002. ï 176 ʩ.  

3. ɿʘʛʠʙʘʣʦʚ, ɸ.ʌ. ʊʝʭʥʦʣʦʛʠʷ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʧʣʦʜʦʚ ʠ ʦʚʦʱʝʡ ʠ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ / ɸ.ʌ. ɿʘʛʠʙʘʣʦʚ, ɸ.ʉ. ɿʚʝʨʴʢʦʚʘ, ɸ.ɸ. ʊʠʪʦʚʘ, ɹ.ʃ. ʌʣʘʫʤʝʥʙʘʫʤ. ï ʄ.: 

ɸʛʨʦʧʨʦʤʠʟʜʘʪ, 1992. ï 352 ʩ. 

 

 

ʋɼʂ 621.565.83, 004.94 

 

DEVELOPMENT OF THE T ECHNO-ECONOMIC COMPUTER MO DEL 

OFTHENIGHT RADIATIVE COOL ING SYSTEM 

 

ʈɸɿʈɸɹʆʊʂɸ ʊɽʍʅʀʂʆ-ʕʂʆʅʆʄʀʏɽʉʂʆʁ ʂʆʄʇʔʖʊɽʈʅʆʁ ʄʆɼɽʃʀ 

ʉʀʉʊɽʄʓ ʅʆʏʅʆɻʆ ʈɸɼʀɸʎʀʆʅʅʆɻʆ ʆʍʃɸɾɼɽʅʀʗ 
 

Tsoy A.P.
1
, PhD 

Granovskiy A.S.
2
 

Baranenko ɸ.V.
3
, PhD 

Tsoy D.A.
3
 

ʎʦʡ ɸ.ʇ.
1
, ʢ.ʪ.ʥ. 

ɻʨʘʥʦʚʩʢʠʡ ɸ.ʉ.
2 

ɹʘʨʘʥʝʥʢʦ ɸ.ɺ.
3
, ʜ.ʪ.ʥ. 

ʎʦʡɼ.ɸ.
3
, ʜʦʢʪʦʨʘʥʪ 

1 ï Almaty Technological University, 

Kazakhstan, 050012, Almaty, Tole bi street, 100 

 

2 ï TOO çTenizè, Kazakhstan, 050008, 

Almaty, Abay ave., 52G, office 103 

3 ï ITMO University,Russia, 197101, St. 

Petersburg, Kronverksky prospect, 49 

1 ï ɸʣʤʘʪʠʥʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʭʩʪʘʥ, 050012, ʛ. ɸʣʤʘʪʳ, 

ʫʣ. ʊʦʣʝ ʙʠ, 100 

2 ï ʊʆʆ çʊʝʥʠʟè, ʂʘʟʘʭʩʪʘʥ, 050008, 

ɸʣʤʘʪʳ, ʧʨ. ɸʙʘʷ 52ɻ, ʦʬʠʩ 103 

3 ï ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, ʈʦʩʩʠʷ, 

197101, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʂʨʦʥʚʝʨʢʩʢʠʡ 

ʧʨʦʩʧʝʢʪ, ʜ. 49 

E-mail:teniz@bk.ru, granovskiy.a@rambler.ru 

 

Abstract 

In this study the results of the development of a computer technical and economic model of a 

night-time radiative cooling system are presented. The model describes a combination of vapor 

compression refrigeration machine and night radiative cooling system. The calculation methods 

used in the model are listed. Some dependencies for calculatation of the cost of system components 

and their effectiveness are described. Thestructureofcomputermodelclassesisshown. 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʦ-ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʥʦʯʥʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʦʚʤʝʩʪʥʦ ʩ 
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ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʦʡ. ʇʝʨʝʯʠʩʣʝʥʳ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ 

ʚ ʤʦʜʝʣʠ. ʆʧʠʩʘʥʳ ʥʝʢʦʪʦʨʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʦʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʠ 

ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʀʟʦʙʨʘʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʢʣʘʩʩʦʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ. 

 

ʉʠʩʪʝʤʳ ʥʦʯʥʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ (ʅʈʆ), ʚ ʢʦʪʦʨʳʭ ʩʙʨʦʩ ʪʝʧʣʘ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʟʘ ʩʯʝʪ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ ʚ ʦʢʨʫʞʘʶʱʝʝ ʢʦʩʤʠʯʝʩʢʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʠʟʚʝʩʪʥʳ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ [1]. ʆʜʥʘʢʦ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʠʭ 

ʨʘʙʦʪʘʭ [2], ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʠʭ ʰʠʨʦʢʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ.  

ɻʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʚʷʟʘʥʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ ʜʣʷ 

ʨʘʟʤʝʱʝʥʠʷ ʨʘʜʠʘʪʦʨʦʚ ʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ʭʦʣʦʜʘ ʠ ʠʭ ʩʪʦʠʤʦʩʪʴʶ. ʍʦʪʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥ-

ʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʜʠʘʪʦʨʦʚ [3ï6], ʩʠʩʪʝʤʳ ʅʈʆ ʚʩʝ ʝʱʝ ʥʝ ʦʙʣʘʜʘʶʪ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʥʠ ʤʦʛʣʠ ʢʦʥʢʫ-

ʨʠʨʦʚʘʪʴ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʳʤʠ ʭʦʣʦʜʠʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ. 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ [7], ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʅʈʆ ʧʦʟʚʦ-

ʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 30é50% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʩʪʝʡʰʠʤʠ ʪʨʘ-

ʜʠʮʠʦʥʥʳʤʠ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʳʤʠ ʭʦʣʦʜʠʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ. ʆʜʥʘʢʦ ʚʝʣʠʯʠʥʘ ʢʘʧʠʪʘʣʴ-

ʥʳʭ ʟʘʪʨʘʪ ʥʘ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʅʈʆ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʣʷ ʥʠʭ 

ʧʨʠʝʤʣʝʤʳʡ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ. 

ɿʘʜʘʯʘ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤ ʅʈʆ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ, ʪʘʢ 

ʢʘʢ ʦʥʘ ʩʚʷʟʘʥʘ ʢʘʢ ʩ ʜʝʪʘʣʴʥʳʤ ʠʟʫʯʝʥʠʝʤ ʢʦʥʩʪʨʫʢʮʠʠ ʩʘʤʠʤ ʩʠʩʪʝʤ ʅʈʆ, ʪʘʢ ʠ ʩ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʨʘʙʦʪʳ ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʳʭ ʧʝʨʠʦʜʦʚ ʚʨʝʤʝʥʠ (ʛʦʜʦʚʳʭ ʮʠʢʣʦʚ).  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ [8] ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʘʭ ʅʈʆ. 

ʆʜʥʘʢʦ, ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʵʪʠʭ ʤʦʜʝʣʷʭ ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʮʝʥʢʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤʳ ʅʈʆ. 

ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʩʠʩʪʝʤ ʅʈʆ, ʢʦʪʦʨʘʷ ʧʦʟ-

ʚʦʣʠʪ ʧʨʦʠʟʚʦʜʠʪʴ ʦʮʝʥʢʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʩʠʩʪʝʤ ʅʈʆ, ʯʪʦ ʜʦʣʞʥʦ ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʠʩʪʝʤ ʅʈʆ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʣʝʤʝʥʪʘʤ ʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʜʦʩʪʠʞʝʥʠʝ ʢʦʪʦʨʳʭ 

ʦʙʝʩʧʝʯʠʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʩʠʩʪʝʤ ʜʘʥʥʦʛʦ ʪʠʧʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ ʚ ʟʘʜʘʥʥʦʤ ʨʝʛʠʦʥʝ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʟʘ ʩʯʝʪ 

ʦʜʥʦʛʦ ʪʦʣʴʢʦ ʅʈʆ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʨʝʙʫʝʤʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʦʭʣʘʞ-

ʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʪʝʯʝʥʠʝ ʛʦʜʦʚʦʛʦ ʮʠʢʣʘ, ʠ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʙʠ-

ʥʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʅʈʆ ʩʦʚʤʝʩʪʥʦ ʩ ʦʙʳʯʥʦʡ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʭʦʣʦ-

ʜʠʣʴʥʦʡ ʤʘʰʠʥʦʡ (ʨʠʩʫʥʦʢ 1).  

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʭʣʘʜʦʩʥʘʙʞʝʥʠʷ: ʈɸɼ1 ï 

ʨʘʜʠʘʪʦʨ; ɸ1 ï ʘʢʢʫʤʫʣʷʪʦʨ ʭʦʣʦʜʘ; ʅ1, ʅ2, ʅ3 ï ʮʠʨʢʫʣʷʮʠʦʥʥʳʝ ʥʘʩʦʩʳ; ʂʅ1 ï ʢʦʥʜʝʥʩʘʪʦʨ;  

ɼ1 ï ʜʨʦʩʩʝʣʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ; ʂʄ1 ï ʢʦʤʧʨʝʩʩʦʨ; ʊ1 ï ʪʝʧʣʦʦʙʤʝʥʥʠʢ çʞʠʜʢʦʩʪʴ ï ʭʣʘʜʘʛʝʥʪè; 

ɺ1 ï ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʴ 

ʆʙʦʟʥʘʯʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ: R ï ʪʨʫʙʦʧʨʦʚʦʜ ʜʣʷ ʭʣʘʜʘʛʝʥʪʘ; ʍ ï ʪʨʫʙʦʧʨʦʚʦʜ ʜʣʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʪʴ: 

1. ʊʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʚ ʦʭʣʘʞʜʘʝʤʦʤ ʦʙʲʝʤʝ ʠ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʧʨʠʪʦʢʦʚ ʚ ʦʭʣʘʞʜʘʝ-

ʤʦʝ ʧʦʤʝʱʝʥʠʝ (ʪʝʧʣʦʦʙʤʝʥʠʢʝ, ʘʧʧʘʨʘʪʝ); 

2. ɿʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ ʦʭʣʘʞʜʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (ʚʵʣʝʢʪʨʦʜʚʠʛʘ-

ʪʝʣʷʭ ʥʘʩʦʩʦʚ ʠ ʢʦʤʧʨʝʩʩʦʨʦʚ); 

3. ɺʩʝ ʟʥʘʯʠʤʳʝ ʚʠʜʳ ʪʝʧʣʦʧʨʠʪʦʢʦʚ ʢ ʪʝʧʣʦʥʦʩʠʪʝʣʶ ʚ ʩʠʩʪʝʤʝ (ʯʝʨʝʟ ʩʪʝʥʢʠ ʪʨʫʙʦ-

ʧʨʦʚʦʜʦʚ ʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʦʪ ʥʘʩʦʩʦʚ ʠ ʪ.ʧ.); 

4. ʉʪʦʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ (ʨʘʜʠʘʪʦʨʦʚ, ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ, ʘʢʢʫʤʫʣʷʪʦʨʘ, 

ʥʘʩʦʩʦʚ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ, ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ, ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʪ.ʧ.) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʨʘʟʤʝʨʦʚ;  

5. ʇʣʦʱʘʜʴ ʨʘʜʠʘʪʦʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʘ ʦʭʣʘʞʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ; 

6. ʊʨʝʙʫʝʤʫʶ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ; 

7. ʆʙʲʝʤ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʨʘʟʤʝʨʳ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʤʦʱʥʦʩʪʴ ʥʘʩʦʩʦʚ, ʤʦʱʥʦʩʪʴ ʦʭʣʘʞ-

ʜʘʶʱʝʛʦ ʪʝʧʣʦʦʙʤʝʥʠʢʘ (ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʴ, ʞʠʜʢʦʩʪʥʦʡ ʪʝʧʣʦʦʙʤʝʥʠʢ). 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ 

ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: 

1. ɺʣʠʷʥʠʝ ʤʘʩʰʪʘʙʘ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʥʘ ʠʭ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʥʘʧʨʠʤʝʨ: ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʂʇɼ ʥʘʩʦʩʦʚ ʠ ʢʦʤʧʨʝʩʩʦʨʦʚ ʦʪ ʠʭ ʦʙʲʝʤʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ); 

2. ʀʟʤʝʥʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʚʦʡʩʪʚ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʩʪʳʚʘʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. 

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʚ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʩʮʝʥʘʨʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤ ʅʈʆ ʦʥʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ 

ʚ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʦʪ -30 ʜʦ +40ÁC, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 

3. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʜʣʷ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʅʈʆ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʨʝʜʘ SciLab ʩ 

ʨʝʘʣʠʟʘʮʠʝʡ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʠ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ 

ʤʝʪʦʜʠʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [9] ʠ [10]. ʇʨʠ ʨʘʩʯʝʪʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʨʘʜʠʘʪʦʨʘ, 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʘ ʫʭʦʜʷʱʝʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ [11]. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʝʪʦʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʧʨʠ ʚʳʯʠʩʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʘ ʭʦʣʦʜʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ [12], ʩʢʣʘʜʳʚʘʶʱʝʛʦʩʷ ʠʟ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʩʧʘ-

ʨʠʪʝʣʷ, ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʘ, ʠ ʦʪʚʦʜʠʤʦʡ ʪʝʧʣʦʪʳ ʢʦʥʜʝʥʩʘʮʠʠ. ɼʣʷ ʦʧ-

ʨʝʜʝʣʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʭʣʘʜʘʛʝʥʪʦʚ ʧʨʠ ʨʘʩʯʝʪʝ ʮʠʢʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʙʠʙʣʠʦʪʝʢʘ CoolProp 6.1 [13]. 

ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʣʘʞʥʦʛʦ ʚʦʟʜʫʭʘ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʡ, ʦʧʠʩʘʥ-

ʥʳʭ ʚ ʨʘʙʦʪʝ [14].  

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ (ʥʘʩʦʩʦʚ, ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ, ʵʣʝʤʝʥ-

ʪʦʚ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ) ʠ ʠʭ ʩʪʦʠʤʦʩʪʴ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʜʘʥ-

ʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʘʥʘʣʠʟ ʮʝʥ ʥʘ ʮʠʨʢʫʣʷʮʠʦʥʥʳʝ ʥʘʩʦʩʳ ʩ ʤʦʢʨʳʤ ʨʦʪʦʨʦʤ ʩ ʥʦʤʠʥʘʣʴʥʦʡ 

ʦʙʲʝʤʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 1,5 ʜʦ 40 ʤ
3
/ʯʘʩ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʭ ʩʪʦʠʤʦʩʪʴ P (ʚ USD) 

ʤʦʞʝʪ ʙʳʪʴ ʫʧʨʦʱʝʥʥʦ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ: 

P = 275,72Ŀln(VĿ3600) - 94,24, 

ʛʜʝ V ï ʥʦʤʠʥʘʣʴʥʘʷ ʦʙʲʝʤʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʦʩʘ, ʤ
3
/ʩ. 

ɼʣʷ ʧʘʷʥʳʭ ʧʣʘʩʪʠʥʯʘʪʳʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʫʜʫʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʧʘʨʠʪʝʣʝʡ, ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʜʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ 1 ʤ
2
 ʪʝʧʣʦʦʙ-



30 

ʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʥʘ ʟʘʚʠʩʠʪ ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʜʘʥʥʦʤ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʚʳʨʘʞʝʥʠʷʤʠ:  

ʜʣʷ 0,3 < A < 5 ʤ
2  

Pʫʜ = 427,49 Ŀ A
-0,519

; 

ʜʣʷ A Ó 5 ʤ
2   

Pʫʜ = 457,6 Ŀ A
-0,301

,  

ʛʜʝ A ï ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ, ʤ
2
; 

Pʫʜ ï ʫʜʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ 1 ʤ
2
 ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, USD/ʤ

2
. 

 
 

ʈʠʩʫʥʦʢ 2 ï ʋʜʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ 1 ʤ
2
 ʧʘʷʥʦʛʦ ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʦʙʱʝʡ ʧʣʦʱʘʜʠ 

 

ɿʘʚʠʩʠʤʦʩʪʠ ʘʥʘʣʦʛʠʯʥʦʛʦ ʪʠʧʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʦʠʤʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ, ʬʠʪʠʥʛʦʚ, ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʭʦʣʦʜʘ, ʨʘʜʠʘʪʦʨʦʚ, ʵʣʝʤʝʥʪʦʚ ʧʘʨʦ-

ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʢʣʶʯʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʫʯʥʦʛʦ 

ʨʘʩʯʸʪʘ ʩʪʦʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʧʝʨʝʙʦʨ ʚʘʨʠʘʥʪʦʚ. 

ʊʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʢʘʟʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʦʪ ʠʭ ʨʘʟʤʝʨʦʚ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʫʞʝ ʫʧʦʤʷʥʫʪʳʭ ʮʠʨʢʫʣʷ-

ʮʠʦʥʥʳʭ ʥʘʩʦʩʦʚ ʩ ʤʦʢʨʳʤ ʨʦʪʦʨʦʤ ʧʦʣʥʳʡ ʂʇɼ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʠ, 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʢ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʥʘʩʦʩʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ: 

ɖ = 0,087Ŀln(VĿ3600) + 0,186. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʥʘʩʦʩʦʚ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʂʇɼ ʥʝ ʧʨʝʚʳʰʘʝʪ 20%, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʂʇɼ ʙʦʣʴʰʠʭ ʥʘʩʦʩʦʚ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 50% ʠ ʙʦʣʝʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʝʥʠʝ 

ʤʘʩʰʪʘʙʦʚ ʩʠʩʪʝʤʳ ʅʈʆ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʝʸ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʅʘ ʦʩʥʦʚʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʘʟʨʘʙʦʪʘʥʳ ʢʣʘʩʩʳ ʦʙʲʝʢʪʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʪʝ 

ʠʣʠ ʠʥʳʝ ʯʘʩʪʠ ʭʦʣʦʜʠʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʠʟ ʩʦʟʜʘʥʥʳʭ ʢʣʘʩʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 3. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʩʦʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʭʦʣʦʜʠʣʴʥʦʡ ʩʠʩʪʝʤʳ  

ʩ ʨʘʜʠʘʮʠʦʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ 
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ʂʣʘʩʩʳ ʦʙʲʝʢʪʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜ-

ʙʠʨʘʪʴ ʨʘʟʤʝʨʳ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʭʦʣʦʜʠʣʴʥʦʡ ʩʠʩʪʝʤʳ (ʨʘʜʠʘʪʦʨ, ʘʢʢʫʤʫʣʷʪʦʨ ʭʦʣʦʜʘ, 

ʭʦʣʦʜʠʣʴʥʘʷ ʤʘʰʠʥʘ, ʥʘʩʦʩʳ, ʪʨʫʙʦʧʨʦʚʦʜʳ ʠ ʪ.ʜ.) ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʪʨʝʙʫʝʤʦʡ ʦʙʱʝʡ ʭʦ-

ʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʩʪʦʠ-

ʤʦʩʪʴ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʜʦʣʞʝʥ ʧʦʟʚʦʣʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʧʝʨʝʙʦʨʘ 

ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʥʝʥʠʷ ʩʠʩʪʝʤ ʅʈʆ ʠ ʥʘʡʪʠ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʚʳʛʦʜʥʳʡ ʚʘʨʠʘʥʪ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ AP05130918, ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʧʦ 

ʧʨʦʛʨʘʤʤʝ ʛʨʘʥʪʦʚʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ ʧʦ ʥʘʫʯʥʳʤ ʠ (ʠʣʠ) ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʦʝʢʪʘʤ ʥʘ 2018-2020 ʛʦʜʳ. 
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Abstract 

Recently, the consumption of potato products has decreased because of its high caloric value, 

which does not correlate with the products of healthy nutrition. The article presents the research of a 

method for low-temperature processing of potato products  to reduce their glycemic index, and 

accordingly the caloric content of the product. On the basis of the studies carried out, it can be 

concluded that freezing potatoes in liquid nitrogen vapor at a temperature of -900ʉ for 60s and 

subsequent grinding and cooking allowed to reduce its glycemic index by 12 units. Due to the increase 

in the stability of starch to the action of digestive enzymes, and the mass fraction of sugars after amylase 

hydrolysis decreased in 2-2,7 times. The technology allows to avoid preliminary blanching, changes the 

ratio in the starch structure in favor of amylase by 52-63%, thereby increasing the stability of starch by 

enzymatic disintegration in the gastrointestinal tract, which makes it possible to use such potatoes in 

preventive and curative nutrition. 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʫʧʦʪʨʝʙʣʝʥʠʝ ʢʘʨʪʦʬʝʣʝʧʨʦʜʫʢʪʦʚ ʩʦʢʨʘʪʠʣʦʩʴ ʠʟ-ʟʘ ʠʭ ʚʳʩʦʢʦʡ 

ʢʘʣʦʨʠʡʥʦʩʪʠ, ʯʪʦ ʥʝ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʧʨʦʜʫʢʪʘʤʠ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʦʩʦʙʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ ʠʟ ʢʘʨʪʦʬʝʣʷ ʩ ʮʝʣʴʶ ʩʥʠ-

ʞʝʥʠʷ ʠʭ ʛʣʠʢʝʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʢʘʣʦʨʠʡʥʦʩʪʠ ʧʨʦʜʫʢʪʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʢʘʨʪʦʬʝʣʷ ʚ ʧʘʨʘʭ 

ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -900ʉ ʚ ʪʝʯʝʥʠʠ 60ʩ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʝʛʦ  ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʚʘʨ-

ʢʠ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʝʛʦ ʛʣʠʢʝʤʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʥʘ 12 ʝʜ. ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʨʘʭʤʘʣʘ ʢ ʜʝʡʩʪʚʠʶ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʣʘʩʴ  ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʩʘ-

ʭʘʨʦʚ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʘʤʠʣʘʟʦʡ ʚ 2-2,7 ʨʘʟʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʙʳʩʪʨʦʟʘʤʦʨʦʞʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ ʢʘʨʪʦʬʝʣʷ ʥʝʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ (ʜʦ 2ʤʝʩ.). 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʙʣʘʥʰʠʨʦʚʘʥʠʷ, ʠʟʤʝʥʠʪʴ ʩʦʦʪʥʦʰʝ-

ʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʢʨʘʭʤʘʣʘ ʚ ʧʦʣʴʟʫ ʘʤʠʣʘʟʳ ʥʘ 52-63%, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʨʘʭʤʘʣʘ ʬʝʨʤʝʥʪʘʪʠʚʥʦʤʫ ʨʘʩʧʘʜʫ ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʢʘʨʪʦʬʝʣʷ ʚ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʤ ʠ ʣʝʯʝʙʥʦʤ ʧʠʪʘʥʠʠ. 

 

 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ 

ʨʘʮʠʦʥʘ ʧʠʪʘʥʠʷ ʣʶʜʝʡ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ, ʷʚʣʷʝʪʩʷ ʢʘʨʪʦʬʝʣʴ. ʕʪʦ ʨʘʩʪʝʥʠʝ, ʢʘʢ ʢʫʣʴ-
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ʪʫʨʘ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ, ʠʤʝʝʪ ʰʠʨʦʢʠʡ ʘʨʝʘʣ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ ʟʝʤʣʝʜʝʣʠʷ. 

ʐʠʨʦʢʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʢʘʨʪʦʬʝʣʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʝʛʦ ʚʢʫʩʦʚʳʝ ʠ ʧʠʪʘʪʝʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʫʧʦʪʨʝʙʣʝʥʠʝ ʢʘʨʪʦʬʝʣʝʧʨʦʜʫʢʪʦʚ ʩʦʢʨʘʪʠʣʦʩʴ ʠʟ-ʟʘ ʠʭ ʚʳʩʦ-

ʢʦʡ ʢʘʣʦʨʠʡʥʦʩʪʠ, ʯʪʦ ʥʝ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʧʨʦʜʫʢʪʘʤʠ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷ. ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʢʘʣʦ-

ʨʠʡʥʦʩʪʴ ʠ ʙʝʣʢʦʚʳʡ ʩʦʩʪʘʚ ʢʘʨʪʦʬʝʣʷ, ʨʠʩʘ ʠ ʧʰʝʥʠʮʳ, ʪʦ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʢʘʣʦʨʠʡ ʩʦ-

ʜʝʨʞʠʪʩʷ ʠʤʝʥʥʦ ʚ ʢʘʨʪʦʬʝʣʝ. ʆʜʥʘʢʦ, ʜʠʝʪʦʣʦʛʠ ʨʝʢʦʤʝʥʜʫʶʪ ʥʝ ʠʩʢʣʶʯʘʪʴ ʵʪʦʪ ʧʨʦʜʫʢʪ 

ʠʟ ʨʘʮʠʦʥʘ, ʘ ʦʛʨʘʥʠʯʠʪʴ ʯʘʩʪʦʪʫ ʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ. ʂʘʨʪʦʬʝʣʴ ʩʦʜʝʨʞʠʪ ʙʝʣʦʢ, ʙʣʠʟʢʠʡ ʧʦ 

ʩʦʩʪʘʚʫ ʞʠʚʦʪʥʦʤʫ ʙʝʣʢʫ, ʘ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʣʷʤʠ ʤʘʛʥʠʷ, ʢʘʣʴʮʠʷ, 

ʞʝʣʝʟʘ, ʬʦʩʬʦʨʘ, ʡʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʘʨʪʦʬʝʣʝ ʩʦʜʝʨʞʠʪʩʷ ʢʘʣʠʡ (ʜʦ 20% ʩʫʪʦʯʥʦʡ ʥʦʨʤʳ) 

ð ʤʠʥʝʨʘʣ, ʩʧʦʩʦʙʥʳʡ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʥʘʪʨʠʷ ʥʘ ʢʨʦʚʷʥʦʝ ʜʘʚʣʝʥʠʝ. ʍʦʨʦʰʝʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʦʢʘʟʳʚʘʶʪ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʠʪʘʤʠʥʳ: ʉ, ɺ1, ɺ2, ɺ6, ʈʈ, ʬʦʣʠʝʚʘʷ ʢʠʩ-

ʣʦʪʘ, ʧʝʢʪʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʢʘʨʪʦʬʝʣʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ, ʦʥ ʥʝ ʩʦ-

ʜʝʨʞʠʪ ʞʠʨʦʚ, ʭʦʣʝʩʪʝʨʠʥʘ, ʘ ʙʝʣʦʢ ʠ ʢʣʝʪʯʘʪʢʘ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʝʤ, ʦʙʝʩʧʝʯʘʪ ʧʨʦʣʦʥʛʠ-

ʨʦʚʘʥʥʦʝ ʯʫʚʩʪʚʦ ʩʳʪʦʩʪʠ. ɽʛʦ ʫʧʦʪʨʝʙʣʝʥʠʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʪʨʫʜʦ-

ʩʧʦʩʦʙʥʦʩʪʴ ʣʶʜʝʡ ʜʘʞʝ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʢʨʦʤʝ ʥʝʛʦ ʫʧʦʪʨʝʙʣʷʪʴ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ. 

ʋʤʝʨʝʥʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʢʘʨʪʦʬʝʣʷ ʩʥʠʞʘʝʪ ʜʘʚʣʝʥʠʝ, ʨʠʩʢ ʩʝʨʜʝʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ 

ʠʥʩʫʣʴʪʘ ʩʨʝʜʠ ʣʶʜʝʡ ʩ ʠʟʙʳʪʦʯʥʳʤ ʚʝʩʦʤ ʠ ʛʠʧʝʨʪʦʥʠʝʡ. ɺ ʨʘʮʠʦʥ ʙʦʣʴʥʳʭ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʳʤʠ ʠ ʧʦʯʝʯʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʚʨʘʯʠ-ʜʠʝʪʦʣʦʛʠ ʯʘʩʪʦ ʚʚʦʜʷʪ ʥʝʩʦʣʝʥʳʡ ʧʝʯʝʥʳʡ 

ʢʘʨʪʦʬʝʣʴ, ʧʦʣʴʟʘ ʢʦʪʦʨʦʛʦ ʦʙʫʩʣʦʚʣʝʥʘ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʠʷ. 

ʆʜʥʘʢʦ, ʢʘʨʪʦʬʝʣʴ ʥʝʩʣʫʯʘʡʥʦ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʢʘʢ ʧʨʦʜʫʢʪ ʩ ʚʳʩʦʢʠʤ ʛʣʠʢʝʤʠʯʝʩʢʠʤ 

ʠʥʜʝʢʩʦʤ (ɻʀ): ʦʥ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʚʝʥʴ ʩʘʭʘʨʘ ʚ ʢʨʦʚʠ, ʧʦʪʦʤʫ ʯʪʦ ʩʦʜʝʨ-

ʞʠʪ ʫʛʣʝʚʦʜʳ, ʩʧʦʩʦʙʥʳʝ ʙʳʩʪʨʦ ʨʘʩʱʝʧʣʷʪʴʩʷ ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠhʝʯʥʦʤ ʪʨʘʢʪʝ, ʚ ʦʪʣʠʯʠʠ ʦʪ 

ʧʨʦʜʫʢʪʦʚ ʩ ʥʠʟʢʠʤ ɻʀ (ʥʘʧʨʠʤʝʨ, ʙʦʙʳ ʠʣʠ ʥʝʢʨʘʭʤʘʣʴʥʳʝ ʦʚʦʱʠ). ʇʨʠ ʵʪʦʤ ʚʘʞʥʫʶ ʨʦʣʴ 

ʠʛʨʘʝʪ ʩʧʦʩʦʙ ʢʫʣʠʥʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʘ.ʊʘʢ, ʛʣʠʢʝʤʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʞʘʨʝʥʦʛʦ ʢʘʨʪʦ-

ʬʝʣʷ ʩʦʩʪʘʚʣʷʝʪ ï 85-90ʝʜ., ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʧʶʨʝ ʙʝʟ ʞʠʨʘ ï 70ʝʜ.,  ʘ ʮʝʣʦʛʦ ʦʪʚʘʨʥʦʛʦ ʢʘʨʪʦ-

ʬʝʣʷ ï 65ʝʜ.[1] 

ɼʣʷ ʜʠʝʪʠʯʝʩʢʦʛʦ ʧʠʪʘʥʠʷ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʛʣʠʢʝʤʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʨʘʭʤʘʣʘ, ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. ʇʦʵʪʦʤʫ ʩʧʦʩʦʙʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʥʠʟʠʪʴ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʪʦʬʝʣʷ, ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤʠ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʫʛʣʝʚʦʜʦʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʨʘʮʠʦʥ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʯʝʣʦʚʝʢʘ, ʩʦʜʝʨʞʘʪ ʢʨʘʭʤʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ. ʈʘʩʪʠʪʝʣʴʥʳʝ ʧʨʦʜʫʢʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʨʘʭʤʘʣ,  

ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ: ʟʣʘʢʠ, ʙʦʙʦʚʳʝ, ʢʣʫʙʥʝʚʳʝ ʠ ʬʨʫʢʪʳ..[2] 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʢʨʘʭʤʘʣ, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ, ʧʦʛʣʦʱʘʣʩʷ ʩʪʝʥʢʘ-

ʤʠ ʢʠʰʝʯʥʠʢʘ ʠ ʧʦʩʪʫʧʘʣ ʚ ʢʨʦʚʴ, ʦʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʦʣʞʝʥ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʛʣʶʢʦʟʫ. 

ʈʘʩʱʝʧʣʝʥʠʝ ʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʬʝʨʤʝʥʪʘʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʘʤʠʣʘʟʳ. ʇʝʨʝʚʘʨʠʚʘʥʠʝ 

ʢʨʘʭʤʘʣʦʚ ʥʘʯʠʥʘʝʪʩʷ ʚ ʨʦʪʦʚʦʡ ʧʦʣʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʩʣʶʥʳ ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʪʦʥʢʦʤ 

ʢʠʰʝʯʥʠʢʝ ʧʦʩʣʝ ʠʭ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʞʝʣʫʜʦʢ. 

ʆʙ ʫʨʦʚʥʝ ʚʩʘʩʳʚʘʥʠʷ ʛʣʶʢʦʟʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙ ʫʨʦʚʥʝ ʫʩʚʘʠʚʘʝʤʦʩʪʠ  ʢʨʘʭʤʘʣʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚʝʣʠʯʠʥʘ ʛʣʠʢʝʤʠʠ. ɻʣʠʢʝʤʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʦʪʨʘʞʘʝʪ ʚʝʣʠʯʠʥʫ ʧʦʚʳʰʝʥʠʷ 

ʛʣʠʢʝʤʠʠ ʧʦʩʣʝ ʧʝʨʝʚʘʨʠʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʧʳʪʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʨʠ ʨʘʚʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʫʛʣʝʚʦʜʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʘʭ ʫʨʦʚʝʥʴ ʛʣʠʢʝʤʠʠ ʧʦʩʣʝ ʠʭ 

ʫʧʦʪʨʝʙʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ.  

ʉʪʝʧʝʥʴ ʫʩʚʘʠʚʘʝʤʦʩʪʠʫʛʣʝʚʦʜʦʩʦʜʝʨʞʘʱʝʡ ʧʠʱʠ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʯʘʩʪʴ ʢʨʘʭʤʘʣʘ ʥʝ 

ʧʦʜʜʘʝʪʩʷ ʨʘʩʱʝʧʣʝʥʠʶ. 

ɿʝʨʥʘ ʢʨʘʭʤʘʣʘ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: ʘʤʠʣʦʟʳ ʠ ʘʤʠʣʦʧʝʢʪʠʥʘ. 

ʆʥʠ ʤʦʛʫʪ ʜʦʧʦʣʥʷʪʴʩʷ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʝʫʛʣʝʚʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʙʝʣʢʦʚ, ʣʠʧʠ-

ʜʦʚ ʠ ʜʨ.).[2-5] 
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ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʢʨʘʭʤʘʣʦʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʦʚ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʦʨʛʘ-

ʥʠʟʤ ʯʝʣʦʚʝʢʘ ʦʧʨʝʜʝʣʷʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʞʜʫ ʘʤʠʣʦʟʦʡ ʠ 

ʘʤʠʣʦʧʝʢʪʠʥʦʤ, ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʵʪʠʭ ʧʨʦʜʫʢʪʘʭ. 

ʂʨʘʭʤʘʣ ʢʘʨʪʦʬʝʣʷ, ʥʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʠʪ 17-22% ʘʤʠʣʦʟʳ, ʘ ʚ ʢʨʘʭʤʘʣʝ ʙʦʙʦʚʳʭ (ʯʝʯʝ-

ʚʠʮʳ, ʬʘʩʦʣʠ ʠ ʥʫʪʘ) ʝʝ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ - ʦʪ 33 ʜʦ 66%.[6,7] 

ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ, ʯʪʦ ʯʝʤ ʥʠʞʝ ʩʦʜʝʨʞʘʥʠʝ ʘʤʠʣʦʟʳ ʚ ʧʨʦʜʫʢʪʝ, ʪʝʤ ʣʝʛʯʝ ʛʠʜʨʦʣʠ-

ʟʫʝʪʩʷ ʢʨʘʭʤʘʣ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ ʠ ʙʦʣʴʰʘʷ ʝʛʦ ʯʘʩʪʴ ʧʨʝʚʨʘ-

ʱʘʝʪʩʷ ʚ ʛʣʶʢʦʟʫ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ. 

ʎʝʣʴʶ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʢʘʨʪʦ-

ʬʝʣʴ ʜʣʷ ʩʥʠʞʝʥʠʷ ʝʛʦ ʛʣʠʢʝʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʠ ʧʦʚʳʰʝʥʠʝ ʚʳʭʦʜʘ ʫʩʪʦʡʯʠʚʦʛʦ ʢʨʘʭʤʘʣʘ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʢʘʨʪʦʬʝʣʴ, ʢʘʢ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʚʳ-

ʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʘʭʤʘʣʘ ʚ ʧʠʪʘʥʠʠ ʥʘʩʝʣʝʥʠʷ ʋʢʨʘʠʥʳ. ɺ ʩʨʝʜʥʝʤ ʢʘʨʪʦʬʝʣʴ ʩʦʜʝʨʞʠʪ 18-

25% ʩʫʭʠʭ ʚʝʱʝʩʪʚ, ʠʟ ʢʦʪʦʨʳʭ 13-20% ʩʦʩʪʘʚʣʷʝʪ ʢʨʘʭʤʘʣ. [2,8] ʆʥ ʩʦʜʝʨʞʠʪʩʷ ʚ ʚʠʜʝ 

ʢʨʘʭʤʘʣʴʥʳʭ ʟʝʨʝʥ ʨʘʟʤʝʨʦʤ ʦʪ 1 ʜʦ 100 ʤʢʤ, ʢʦʪʦʨʳʝ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʧʣʦʜʘʭ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʘʨʪʦʬʝʣʷ ʟʘʚʠʩʠʪ ʦʪ ʩʦʨʪʘ, ʫʩʣʦʚʠʡ ʚʳʨʘʱʠʚʘʥʠʷ, ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ ʠ ʜʨ. 

ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʩ ʢʣʫʙʥʷʤʠ ʢʘʨʪʦʬʝʣʷ ʩʦʨʪʘ ʉʣʘʚʷʥʢʘ. ɺ ʩʳʨʦʤ ʢʘʨʪʦʬʝʣʝ, ʢʦʪʦʨʳʡ 

ʩʣʫʞʠʣʘ ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ, ʦʧʨʝʜʝʣʠʣʠ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʩʫ-

ʭʦʝ ʚʝʱʝʩʪʚʦ) [9,10] - 18,3% ʠ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʢʨʘʭʤʘʣʘ: ʘʤʠʣʦʟʳ - 19,5% ʠ ʘʤʠʣʦʧʝʢ-

ʪʠʥʘ - 80,5% (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʢʨʘʭʤʘʣ). ʂʨʦʤʝ ʢʨʘʭʤʘʣʘ ʦʙʨʘʟʮʳ ʩʦʜʝʨʞʘʣʠ 1% ʢʣʝʪʯʘʪʢʠ; 

1,3% ʙʝʣʢʦʚ; 1,5% ʩʘʭʘʨʦʚ; 1% ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʩʣʝʜʳ ʞʠʨʦʚ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʟʘʤʦʨʦʞʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʠʟ ʢʘʨʪʦʬʝʣʷ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʝʛʦ ʧʦʪʨʝʙʣʝʥʠʝʤ ʚ ʩʚʝʞʝʤ ʚʠʜʝ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʰʝʥʠʶ 

ʤʥʦʛʠʭ ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʆʨʛʘʥʠʟʘʮʠʷ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʠʭ ʠʟʜʝ-

ʣʠʡ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʧʦʣʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʚʦʟʨʘʩʪʘʶʱʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʠ ʦʙʱʝʩʪ-

ʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ, ʛʦʪʦʚʳʭ ʢ ʫʧʦʪʨʝʙʣʝʥʠʶ, ʠ ʧʦʣʫʬʘʙʨʠʢʘʪʘʭ; ʣʠʢʚʠ-

ʜʠʨʦʚʘʪʴ ʧʝʨʝʙʦʠ ʚ ʪʦʨʛʦʚʣʝ ʵʪʠʤ ʧʨʦʜʫʢʪʦʤ ʠ ʩʦʟʜʘʪʴ ʨʝʟʝʨʚʳ ʚ ʚʠʜʝ ʧʨʦʜʫʢʪʦʚ ʜʣʠʪʝʣʴ-

ʥʦʛʦ ʭʨʘʥʝʥʠʷ, 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʟʘʤʦʨʦʞʝʥʥʦʛʦ ʢʘʨʪʦʬʝʣʷ ʧʨʝʜʫʩʤʘʪ-

ʨʠʚʘʝʪ, ʯʪʦ ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʝ, ʦʯʠʱʝʥʥʳʝ ʠ ʧʨʦʤʳʪʳʝ ʢʣʫʙʥʠ ʧʦʜʘʶʪ ʥʘ ʨʝʟʢʫ, ʧʦʩʣʝ ʯʝʛʦ 

ʠʭ ʙʣʘʥʰʠʨʫʶʪ ʚ ʪʝʯʝʥʠʝ 5-10 ʤʠʥ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʥʘʨʝʟʢʠ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 75-

90Áʉ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʧʨʦʚʦʜʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʢʘʨʪʦ-

ʬʝʣʷ ʭʠʤʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʘʤʠ ʜʣʷ ʞʝʣʘʪʠʥʠʟʘʮʠʠ ʢʨʘʭʤʘʣʘ ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʠʷ ʮʚʝʪʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʙʣʘʥʰʠʨʦʚʘʥʠʶ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʝʡʩʪʚʠʝ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʉʚʝʨʭʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʫʯʘʶʪ ʧʦʩʨʝʜʩʪʚʦʤ ʢʠʧʝʥʠʷ ʭʣʘʜʘʛʝʥʪʦʚ, 

ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʞʠʜʢʠʡ. ʇʦʧʫʣʷʨʥʦʩʪʴ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʦʙʲʷʩʥʷʝʪʩʷ ʝʛʦ  

ʥʝʪʦʢʩʠʯʥʦʩʪʴʶ, ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ ʠ ʙʘʢʪʝʨʠʮʠʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʀʟ-ʟʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʘ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʧʨʦʜʫʢʮʠʠ, ʯʪʦ 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ ʥʘʨʝʟʘʥʥʦʛʦ ʢʘʨʪʦʬʝʣʷ ʪʦʣʱʠʥʦʡ 1-0,5ʩʤ ʚ ʞʠʜʢʠʡ ʘʟʦʪ. 

ʏʪʦʙʳ ʵʪʦʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʚ ʧʘʨʘʭ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ -70é-90 
0
ʉ ʚ ʪʝʯʝʥʠʝ 30ʩ, 60ʩ ʠ 90ʩ.  

ɹʣʘʛʦʜʘʨʷ ʩʚʝʨʭʙʳʩʪʨʦʤʫ ʟʘʤʦʨʘʞʠʚʘʥʠʶ ʚ ʥʘʨʝʟʘʥʥʦʤ ʧʦʣʫʬʘʙʨʠʢʘʪʝ ʙʝʟ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʧʨʝʜʳʜʫʱʠʭ ʦʙʨʘʙʦʪʦʢ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʇʦʩʣʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʦʣʫʬʘʙʨʠʢʘʪ ʠʟʤʝʣʴʯʘʣʠ ʠ ʦʧʨʝʜʝʣʷʣʠ ʬʨʘʢʮʠʦʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʢʨʘʭʤʘʣʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 
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ʊʘʙʣʠʮʘ 2 ï ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʙʨʘʙʦʪʢʠ ʥʘ ʢʨʘʭʤʘʣ ʢʘʨʪʦʬʝʣʷ 

 

ʋʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ ʇʨʦʜʦʣʞʠʪʝʣʴ-

ʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ 

ʄʘʩʩʦʚʘ̫ ʜʦʣʷ 

ʢʨʘʭʤʘʣʘ (ʚ 

ʧʝʨʝʩʯʝʪʝ ʥʘ 

ʩʫʭʦʝʚʝʱʝʩʪʚʦ,%) 

ʄʘʩʩʦʚʘʷ 

ʜʦʣʷʘʤʠʣʦʟr 

(ʚ ʧʝʨʝʩʯʝʪʝ  

ʥʘ ʢʨʘʭʤʘʣ, 

%) 

ʄʘʩʩʦʚʘ̫ ʜʦʣʷ 

ʘʤʠʣʦʧʝʢʪʠʥʘ 

(ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ 

ʢʨʘʭʤʘʣ, %) 

1. ʂʦʥʪʨʦʣʴ (ʩʳʨʴʝ 

ʙʝʟ ʦʙʨʘʙʦʪʢʠ) 

- 18,3 19,5 80,5 

3. ɹʣʘʥʰʠʨʦʚʘʥʠʝ 

ʧʨʠ 75 
0
ʉ 

12 ʤʠʥ 11,2 9,3 90,7 

4. ɹʣʘʥʰʠʨʦʚʘʥʠʝ 

ʧʨʠ 90 
0
ʉ 

5 ʤʠʥ 10,7 8,9 91,1 

5. ɿʘʤʦʨʘʞʠʚʘʥʠʝ 

ʧʨʠ -70 
0
ʉ 

90 ʩ 16,7 23,3 76,7 

6. ɿʘʤʦʨʘʞʠʚʘʥʠʝ 

ʧʨʠ -90 
0
ʉ 

30 ʩ 17,3 21,2 78,8 

7. ɿʘʤʦʨʘʞʠʚʘʥʠʝ 

ʧʨʠ -90 
0
ʉ 

60 ʩ 17,0 21,5 78,5 

 

ɹʣʘʥʰʠʨʦʚʘʥʠʝ ï ʩʣʦʞʥʳʡ ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʩʪʝʥʢʠ ʨʘʩ-

ʪʠʪʝʣʴʥʦʡ ʢʣʝʪʢʠ (ʮʝʣʣʶʣʦʟʥʘʷ ʦʩʥʦʚʘ) ʩʦʭʨʘʥʷʶʪʩʷ, ʘ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ ʢʣʝʡʩʪʝʨʠʟʘʮʠʠ ʢʨʘʭʤʘʣʘ ʠ ʜʝʥʘʪʫʨʘʮʠʠ ʙʝʣʢʘ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝ-

ʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ ʙʳ ʧʦʟʚʦʣʠʣʘ ʩʦʭʨʘʥʠʪʴ ʝʥʟʠʤʨʝʟʠʩʪʝʥʪʥʳʡ 

ʢʨʘʭʤʘʣ [11,12] ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʢʘʨʪʦʬʝʣʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʢʦʪʦʨʳʡ ʥʝ ʫʩʚʘʠʚʘʝʪʩʷ ʥʝ-

ʧʦʩʨʝʜʩʪʚʝʥʥʦ ʯʝʣʦʚʝʢʦʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ ʧʨʝʙʠʦʪʠʢʦʤ, ʧʠʱʝʡ ʜʣʷ ʩʠʤʙʠʦ-

ʪʠʯʝʩʢʠʭ ʙʘʢʪʝʨʠʡ ʪʦʣʩʪʦʛʦ ʢʠʰʝʯʥʠʢʘ. ʋʩʪʦʡʯʠʚʳʡ ʢʨʘʭʤʘʣ  ʫʩʢʦʨʷʝʪ ʧʨʦʭʦʞʜʝʥʠʝ ʧʠʱʠ 

ʯʝʨʝʟ ʞʝʣʫʜʦʯʥʳʡ ʪʨʘʢʪ. 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩ ʚʦʜʦʡ ʩʪʨʫʢʪʫʨʘ ʢʨʘʭʤʘʣʘ ʤʝʥʷʝʪʩʷ. ʄʠʢʨʦʧʦʨʠʩʪʦʝ ʩʪʨʦʝʥʠʝ ʢʨʘʭ-

ʤʘʣʴʥʳʭ ʟʝʨʝʥ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠʭ ʚʳʩʦʢʫʶ ʩʦʨʙʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ɹʣʘʛʦʜʘʨʷ ʛʠʜʨʦ-

ʬʠʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʤʘʢʨʦʤʦʣʝʢʫʣ ʘʤʠʣʦʟʳ ʠ ʘʤʠʣʦʧʝʢʪʠʥʘ ʢʨʘʭʤʘʣʴʥʳʝ ʛʨʘʥʫʣʳ ʦʯʝʥʴ 

ʛʠʛʨʦʩʢʦʧʠʯʥʳ, ʦʩʦʙʝʥʥʦ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ. ʇʨʠ ʢʦʥʪʘʢʪʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʦʣʠʩʘ-

ʭʘʨʠʜʦʚ ʩ ʚʦʜʦʡ  ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʩʥʘʯʘʣʘ ʧʨʦʥʠʢʘʶʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ 

ʥʘʠʤʝʥʝʝ ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ ʮʝʧʠ ʤʘʢʨʦʤʦʣʝʢʫʣ. ʊʘʢʘʷ ʥʘʯʘʣʴʥʘʷ ʛʠʜʨʘʪʘʮʠʷ ʦʩ-

ʣʘʙʣʷʝʪ ʤʝʞʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʚʷʟʠ ʚ ʧʣʦʪʥʳʭ ʩʣʦʷʭ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʚʦʜʳ 

ʠ ʛʠʜʨʦʣʠʟʫ ʢʨʘʭʤʘʣʘ[13,14]. 

ɺ ʩʣʫʯʘʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʛʦʨʷʯʝʡ ʚʦʜʦʡ ʢʨʘʭʤʘʣʴʥʳʝ ʛʨʘʥʫʣʳ ʧʦʜʚʝʨ-

ʛʘʶʪʩʷ ʥʝʦʙʨʘʪʠʤʦʤʫ ʧʨʦʮʝʩʩʫ ʢʣʝʡʩʪʝʨʠʟʘʮʠʠ ï ʨʘʟʨʫʰʝʥʠʝ ʘʤʦʨʬʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ. 

ɺ ʧʨʦʮʝʩʩʝ ʥʘʙʫʭʘʥʠʷ ʠ ʢʣʝʡʩʪʝʨʠʟʘʮʠʠ ʯʘʩʪʴ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʨʘʩʪʚʦʨʷʝʪʩʷ ʠ ʦʩʪʘʝʪʩʷ ʚ 

ʧʦʣʦʩʪʠ ʟʝʨʥʘ, ʘ ʯʘʩʪʴ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʝʨʝʭʦʜʷʪ ʚ ʨʘʩʪʚʦʨ. ʅʘʙʫʭʘʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʛʠʜʨʘ-

ʪʘʮʠʝʡ ʤʘʢʨʦʤʦʣʝʢʫʣ ʘʤʠʣʦʟʳ ʠ ʘʤʠʣʦʧʝʢʪʠʥʘ, ʦʩʣʘʙʣʝʥʠʝʤ ʠ ʨʘʟʨʫʰʝʥʠʝʤ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ. ɺ ʚʦʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 45Áʉ ʢʨʘʭʤʘʣ ʥʘʙʫʭʘʝʪ ʦʛʨʘʥʠʯʝʥʥʦ, ʘ ʩ ʧʦ-

ʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʘʭʤʘʣʴʥʳʝ ʛʨʘʥʫʣʳ ʧʦʛʣʦʱʘʝʪ ʙʦʣʴʰʝ ʚʦʜʳ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ 

ʦʙʲʝʤ ʟʝʨʝʥ ʠ ʚʷʟʢʦʩʪʴ ʩʫʩʧʝʥʟʠʠ. ʇʨʠ ʵʪʦʤ ʩʪʨʫʢʪʫʨʘ ʟʝʨʝʥ ʨʘʟʨʫʰʘʝʪʩʷ ʠ ʙʦʣʝʝ ʨʘʩʪʚʦʨʠʤʘʷ 

ʯʘʩʪʴ ʢʨʘʭʤʘʣʘ ï ʘʤʠʣʦʟʘ ʧʝʨʝʭʦʜʠʪ ʚ ʨʘʩʪʚʦʨ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʤʠʣʦʟʳ (11,2 ʠ 10,7%) 

ʚ ʙʣʘʥʰʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʧʨʠ 70 ʠ 90Áʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʝ ʧʝʨʝʭʦʜ ʚ ʨʘʩʪʚʦʨ. 

ɻʨʘʥʫʣʳ ʢʨʘʭʤʘʣʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩ ʠʟʙʳʪʢʦʤ ʚʦʜʳ ʧʝʜʚʝʨʞʝʥʳ ʞʝʣʘʪʠʥʠʟʘʮʠʠ, ʢʦʪʦ-

ʨʘʷ ʧʨʦʠʩʭʦʜʠʪ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ. ʕʪʦʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʷʚʣʷʝʪʩʷ ʥʝ 

ʨʘʚʥʦʚʝʩʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʜʠʬʬʫʟʠʝʡ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚʥʫʪʨʠ ʛʨʘʥʫʣ, ʠʭ ʛʠʜ-

ʨʘʪʘʮʠʝʡ, ʥʘʙʫʭʘʥʠʝʤ, ʧʦʛʣʦʱʝʥʠʝʤ ʪʝʧʣʦʪʳ ʠ ʧʦʪʝʨʝʡ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. ɸʤʠʣʦʟʘ ʦʙʨʘʟʫʝʪ 

ʚ ʛʦʨʷʯʝʡ ʚʦʜʝ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʝ ʤʠʮʝʣʣʳ, ʥʦ ʩʦ ʚʨʝʤʝʥʝʤ ʨʝʪʨʦʛʨʘʜʠʨʫʝʪ. ʈʝʪʨʦʛʨʘʜʘʮʠʷ 
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ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʪʝʥʜʝʥʮʠʠ ʘʤʠʣʦʟʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʦʙʨʘʟʦʚʳʚʘʪʴ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʝ 

ʘʛʨʝʛʘʪʳ ʧʨʠ ʫʯʘʩʪʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʅʘ ʩʢʦʨʦʩʪʴ ʨʝʪʨʦʛʨʘʜʘʮʠʠ ʢʨʘʭʤʘʣʘ ʚʣʠʷʶʪ: ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʳʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ, ʥʘʣʠʯʠʝ ʩʘʭʘʨʦʚ ʠ ʩʦʣʝʡ.  ɺ ʨʘʙʦʪʝ  ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʪʦʣʴʢʦ 

ʚʣʠʷʥʠʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ ʠ ʩʢʦʨʦʩʪʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʧʨʦʠʩʭʦʜʠʣʘ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ, ʧʨʠ ʵʪʦʤ ʜʝʩʪʨʫʢʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʙʳʣʠ ʩʫʱʝʩʪʚʝʥʥʝʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ -70 Áʉ ʚ ʪʝʯʝʥʠʠ 90 ʩ, ʯʝʤ ʧʨʠ ï90 Áʉ ʚ ʪʝʯʝʥʠʠ 30 ʩ ʠ 60 ʩ. 

ɸʤʠʣʦʧʝʢʪʠʥ ʥʘʙʫʭʘʝʪ ʚ ʚʦʜʝ ʠ ʜʘʝʪ ʩʪʦʡʢʠʝ ʚʷʟʢʠʝ ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ; ʦʥ ʧʨʝʧʷʪ-

ʩʪʚʫʝʪ ʨʝʪʨʦʛʨʘʜʘʮʠʠ ʘʤʠʣʦʟʳ ʚ ʨʘʩʪʚʦʨʘʭ ʢʨʘʭʤʘʣʘ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʘʤʠʣʦʧʝʢʪʠʥʘ ʧʨʠʚʦ-

ʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʞʝʩʪʢʦʩʪʠ ʞʝʣʘʪʠʥʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʥʫʣ. ɼʘʥʥʳʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʣʠʷʥʠʷ 

ʤʦʥʦ- ʠ ʜʠʩʘʭʘʨʠʜʦʚ ʥʘ ʧʨʦʮʝʩʩ ʨʝʪʨʦʛʨʘʜʘʮʠʠ ʢʨʘʭʤʘʣʘ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʜʦʩʪʘ-

ʪʦʯʥʦ ʩʧʦʨʥʳ ʠ ʪʨʝʙʫʶʪ ʦʪʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʨʘʟʥʳʭ ʚʠʜʘʭ ʢʨʘʭʤʘʣʘ. 

ʅʘʛʨʝʚ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʤʦʞʝʪ ʧʦʚʳʰʘʪʴ ʛʣʠʢʝʤʠʯʝʩʢʠʡ ʠʥʜʝʢʩ (ɻʀ) ʧʨʦʜʫʢʪʘ. ʅʘʧʨʠ-

ʤʝʨ, ʤʦʨʢʦʚʴ ʚ ʩʳʨʦʤ ʚʠʜʝ ʠʤʝʝʪ ɻʀ 20, ʘ ʧʦʩʣʝ ʚʘʨʢʠ ʝʝ ʛʣʠʢʝʤʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʧʦʜʥʠ-

ʤʘʝʪʩʷ ʜʦ 50 ʚʩʣʝʜʩʪʚʠʝ ʢʣʝʡʩʪʝʨʠʟʘʮʠʠ ʢʨʘʭʤʘʣʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʥʝʡ [1]. 

ʇʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʢʘʨʪʦʬʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʥʝ ʫʩʧʝʚʘʶʪ ʧʨʦʠʟʦʡʪʠ 

ʩʪʨʫʢʪʫʨʥʳʝ ʨʘʟʨʫʰʝʥʠʷ ʢʣʝʪʦʢ ʚ ʨʘʩʪʠʪʝʣʴʥʦʡ ʪʢʘʥʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʩʦʭʨʘʥʝʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʘʤʦʨʦʞʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʬʨʘʢ-

ʮʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʩʦʦʪʥʦʰʝʥʠʝ ʘʤʠʣʦʟʳ (21,2 ʠ 23,3%) ʠ ʘʤʠʣʦʧʝʢʪʠʥʘ (78,8 ʠ 76,7 %) ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʚ ʩʪʨʫʢʪʫ-

ʨʝ ʢʨʘʭʤʘʣʘ. ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʢʘʨʪʦʬʝʣʷ ʠ ʧʦʩʣʝʜʫʶ-

ʱʝʝ ʝʛʦ ʨʘʟʤʦʨʘʞʠʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʨʝʪʨʦʛʨʘʜʘʮʠʠ ʢʨʘʭʤʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʘʤʠʣʦʟʳ, ʘ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʥʠʞʘʝʪ ʛʣʠʢʝʤʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʧʨʦʜʫʢʪʘ. ʈʝʪ-

ʨʦʛʨʘʜʘʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʝʝ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʩʧʦʩʦʙʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʘʟʤʦʨʘʞʠʚʘʥʠʷ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʢʨʘʭʤʘʣʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ 

ʤʠʢʨʦʬʣʦʨʳ ʢʠʰʝʯʥʠʢʘ, ʯʪʦ ʧʨʝʜʫʧʨʝʞʜʘʝʪ ʨʘʟʚʠʪʠʝ ʦʥʢʦʟʘʙʦʣʝʚʘʥʠʡ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯ-

ʥʦʛʦ ʪʨʘʢʪʘ, ʦʧʨʝʜʝʣʷʣʠ ʤʘʩʩʦʚʫʶ ʜʦʣʶ ʩʘʭʘʨʦʚ ʜʦ ʛʠʜʨʦʣʠʟʘ ʢʨʘʭʤʘʣʘ ʘʤʠʣʘʟʦʡ ʠ ʧʦʩʣʝ 

ʥʝʛʦ [9]. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1 ï ɼʠʘʛʨʘʤʤʘ ʩʦʦʪʥʦʰʝʥʠʷ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʩʘʭʘʨʦʚ (%) ʜʦ(ʢʦʥʪʨʦʣʴ) ʠ ʧʦʩʣʝ 

ʛʠʜʨʦʣʠʟʘ ʘʤʠʣʘʟʦʡ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʙʨʘʙʦʪʢʘʭ 

 

ʇʦʩʣʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʦʚ ʚ ʢʦʥ-

ʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ ʧʦʚʳʰʘʝʪʩʷ ʩ 0,7% ʜʦ 3,0%. ɺ ʙʣʘʥʰʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʢʘʨʪʦʬʝʣʷ ʦʪ 

0,4-0,55 % ʜʦ 2,1-2,8 %, ʪʦ ʝʩʪʴ  ʙʣʘʥʰʠʨʦʚʘʥʠʝ ʧʨʠ 90Áʉ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ 

ʩʘʭʘʨʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʨʫʰʝʥʠʠ ʢʨʘʭʤʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ. 
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ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʥʠʞʝʥʠʶ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ ʢʨʘʭʤʘʣʘ ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ï ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʦʚ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʠʟʤʝʥʠʣʦʩʴ ʚ 1,3-

1,7 ʨʘʟʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʙʣʘʥʰʠʨʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʩʘʭʘʨʦʚ ʫʚʝʣʠ-

ʯʠʣʦʩʴ 3,1-3,8 ʨʘʟʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʠʪʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʫʛʣʝʚʦʜʦʚ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʪʴʩʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. ʃʶʙʘʷ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʤʳʰʣʝʥʥʘʷ ʠʣʠ 

ʢʫʣʠʥʘʨʥʘʷ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʘʭʤʘʣʘ (ʠʟʤʝ-

ʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʘʤʠʣʦʟʳ ʠ ʘʤʠʣʦʧʝʢʪʠʥʘ), ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩʳ ʧʠ-

ʱʝʚʘʨʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʟʘʤʦʨʘʞʠʚʘʥʠʝ 

ʢʘʨʪʦʬʝʣʷ ʚ ʧʘʨʘʭ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -90
0
ʉ ʚ ʪʝʯʝʥʠʠ 60ʩ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʝʛʦ  

ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʚʘʨʢʠ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʝʛʦ ʛʣʠʢʝʤʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʥʘ 12ʝʜ. ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝ-

ʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʘʭʤʘʣʘ ʢ ʜʝʡʩʪʚʠʶ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʠʣʘʩʴ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʩʘʭʘʨʦʚ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʘʤʠʣʘʟʦʡ ʚ 2-2,7 ʨʘʟʘ. ʊʘʢ ʢʘʢ ʢʦʣʠ-

ʯʝʩʪʚʦ ʘʤʠʣʦʟʳ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦ ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʯʘʩʪʴ ʘʤʠʣʦʧʝʢʪʠʥʘ ʧʨʠ ʵʪʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʝʨʝʭʦʜʠʪ ʚ ʘʤʠʣʦʟʫ 

(ʠʟʤʝʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʚʝʱʝʩʪʚ ʚ ʢʨʘʭʤʘʣʝ ʧʨʠ ʙʣʘʥʰʠʨʦʚʘʥʠʠ - 90,7 ʠ 9,3%; ʧʨʠ 

ʟʘʤʦʨʘʞʠʚʘʥʠʠ ï 78,5 ʠ 21,5%), ʠ ʦʥʘ ʞʝʣʘʪʠʥʠʟʠʨʫʝʪ, ʦʙʨʘʟʫʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʜʦʨʦʜʥʳʝ 

ʩʚʷʟʠ. ɿʘ ʩʯʝʪ ʪʘʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʢʨʘʭʤʘʣʝ ʘʤʠʣʦʟʘ ʫʢʨʝʧʣʷʝʪʩʷ ʠ ʧʨʦʪʠʚʦʩʪʦʠʪ ʙʳʩʪ-

ʨʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʚ ʞʝʣʫʜʢʝ ʜʦ ʧʨʦʩʪʳʭ ʫʛʣʝʚʦʜʦʚ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʙʝʟ ʟʘʤʦʨʘʞʠʚʘʥʠʷ. ʇʦʵʪʦ-

ʤʫ ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʢʨʠʦʦʙʨʘʙʦʪʢʠ ʢʘʨʪʦʬʝʣʝʧʨʦʜʫʢʪʳʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʤ ʠ ʣʝʯʝʙʥʦʤ ʧʠʪʘʥʠʠ ʧʨʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʦʤ ʤʝʥʶ. 
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Abstract 

The features of grain drying in a microwave field are investigated. We identified a cascade 

pressure growth in a container with humid grain when the layer's temperature exceeds 70 
ʦ
ʉ. The 

moisturizing effect of the lower layer of grain was established during its drying in MW field under 

conditions of a leakproof bottom. It is shown that at an initial moisture content in grain of 20 %, 

after 14 minutes of drying, the moisture content of the upper layer reached 15.5 %, of the middle 

layer 14.5% ״, of the lower layer 21.6 ״ %.  

 

ɸʥʥʦʪʘʮʠʷ 

ʀʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʫʰʢʠ ʟʝʨʥʘ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʧʦʣʝ. ʆʙʥʘʨʫʞʝʥ ʣʘʚʠʥʦʦʙ-

ʨʘʟʥʳʡ ʨʦʩʪ ʜʘʚʣʝʥʠʷ ʚ ʝʤʢʦʩʪʠ ʩ ʚʣʘʞʥʳʤ ʟʝʨʥʦʤ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʣʦʷ 70
ʦ
ʉ. 

ʋʩʪʘʥʦʚʣʝʥ ʵʬʬʝʢʪ ʫʚʣʘʞʥʝʥʠʷ ʥʠʞʥʝʛʦ ʩʣʦʷ ʟʝʨʥʘ ʧʨʠ ʝʛʦ ʩʫʰʢʝ ʚ ʄɺ ʧʦʣʝ ʚ ʫʩʣʦʚʠʷʭ ʚʣʘ-

ʛʦʥʝʧʨʦʥʠʮʘʝʤʦʛʦ ʜʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʠ ʟʝʨʥʘ 20% ʯʝʨʝʟ 14 ʤʠʥ 

ʩʫʰʢʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʩʦʩʪʘʚʠʣʦ 15,5%, ʩʨʝʜʥʝʛʦ ï 14,5%, ʠ ʥʠʞʥʝʛʦ ï 21,6%. 

 

ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʝʡ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʫʰʢʠ, ʩʪʝʨʠʣʠʟʘʮʠʠ ʠ ʙʠʦʩʪʠʤʫʣʷ-

ʮʠʠ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʨʠʟʠʩ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʧʨʦʩʘ ʥʘ ʧʨʦʜʫʢʮʠʶ ʫʣʫʯʰʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʚʳʟ-

ʚʘʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ. ɺ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʤʝʪʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʥʝʨʛʠʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

(ʄɺ ʕʄʇ) ʜʘʚʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ [1]. ʇʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʚʦʣ-

ʥʦʚʦʛʦ ʥʘʛʨʝʚʘ ʧʨʠʟʥʘʥʦ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʷʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ 

ʧʨʦʠʟʚʦʜʩʪʚ [2ï5]. ʆʜʥʘʢʦ ʥʝʧʦʣʥʦʪʘ ʟʥʘʥʠʡ ʦʙ ʵʬʬʝʢʪʘʭ ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʧʦʣʷ 

ʥʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʵʬʬʝʢʪʠʚʥʳʝ ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʫʰʢʠ ʧʨʠ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʥʘʛʨʝʚʝ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥ-

ʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ [6]. ʄʠʢʨʦʚʦʣʥʦʚʦʡ ʥʘʛʨʝʚ ʚ ʨʝʞʠʤʘʭ ʩʫʰʢʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʧʨʦʮʝʩʩʘ [7]. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʤʘʛʥʝʪ-

ʨʦʥʘ ʚ 4 ʨʘʟʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʫʰʢʠ ʩʥʠʞʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 5 ʨʘʟ. ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʝ ʥʝ ʧʨʠʚʦ-
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ʜʠʪʩʷ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʚʠʜʘ ʤʘʪʝʨʠʘʣʘ ʠ ʦʙʲʝʤʘ ʟʘʛʨʫʟʢʠ ʥʘ ʥʝʦʙʭʦʜʠʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʪʘʢʠʝ ʢʘʢ ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʤʘʛʥʝʪʨʦʥʘ. ʇʨʦʜʦʣʞʘʶʪʩʷ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʩʫʰʢʠ ʬʨʫʢʪʦʚ ʠ ʦʚʦʱʝʡ [7, 18], ʦʜʥʘʢʦ ʩʫʰʢʘ ʩʳʨʴʷ ʩ ʚʳʩʦʢʠʤ ʚʣʘ-

ʛʦʩʦʜʝʨʞʘʥʠʝʤ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʡ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʢʘʯʝʩʪʚʘ ʠ ʙʦʣʴ-

ʰʠʤ ʟʘʪʨʘʪʘʤ ʵʥʝʨʛʠʠ, ʧʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʳʤ ʚʝʱʝʩʪʚʦʤ, ʧʦʛʣʦʱʘʶʱʠʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ 

ʵʥʝʨʛʠʶ, ʷʚʣʷʝʪʩʷ ʚʦʜʘ. ʄʠʢʨʦʚʦʣʥʦʚʘʷ ʩʫʰʢʘ ʟʝʨʥʦʚʳʭ, ʫʨʦʚʝʥʴ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʢʦʪʦʨʳʭ 

ʩʦʩʪʘʚʣʷʝʪ 20ï22 %, ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ. ʅʘ ʧʨʠʤʝʨʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʩʫʰʢʠ ʢʨʫ-

ʧʳ ʛʨʝʯʠʭʠ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʠʚʳʝ ʩʫʰʢʠ ʩʦʜʝʨʞʘʪ 

ʧʝʨʠʦʜʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʧʨʠ ʜʨʫʛʠʭ ʩʧʦʩʦʙʘʭ ʧʦʜʚʦʜʘ ʪʝʧʣʦʪʳ [9].  

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʟʫʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʤʘʪʝʨʠʘʣʝ ʜʣʷ ʫʩʪʘʥʦʚ-

ʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ [10, 11]. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʘʥʘʣʠʟ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʥʘʛʨʝʚʘ, ʯʪʦ ʚʳʟʚʘʥʦ ʬʦʨʤʦʡ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʩʦʩʪʘʚʦʤ, ʘ ʪʘʢʞʝ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʢʘʤʝʨʝ [11]. ʉʫʱʝʩʪʚʝʥʥʳʤʠ ʩʜʝʨʞʠʚʘʶ-

ʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʥʘʛʨʝʚʘ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ 

ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʦʣʥʦʪʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʝ-

ʜʦʩʪʘʪʦʢ ʜʘʥʥʳʭ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʤʘʪʝʨʠʘʣʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʧʦʣʷ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʩʣʦʷ ʟʝʨʥʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʪʚʦʜʘ ʠʩʧʘʨʠʚʰʝʡʩʷ ʚʣʘʛʠ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʫʰʢʠ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʧʦʣʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʟʝʨʥʦ ʛʨʝʯʠʭʠ ʠ ʧʰʝ-

ʥʠʮʳ. ʅʘʯʘʣʴʥʦʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʟʝʨʥʘ ʠʟʤʝʥʷʣʦʩʴ ʦʪ 20% ʜʦ 22%, ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ï ʦʪ 17 ʜʦ 26
o
ʉ, ʤʘʩʩʘ ï ʦʪ 0,05 ʜʦ 1,2 ʢʛ, ʪʦʣʱʠʥʘ ʩʣʦʷ ï ʦʪ 0,008 ʜʦ 0,07 ʤ, ʧʣʦʱʘʜʴ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʦʪʢʨʳʪʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ ï ʦʪ 8Ŀ10
-3
 ʜʦ 94Ŀ10

-3
 ʤ

2
. ʄʦʱʥʦʩʪʴ ʤʘʛʥʝ-

ʪʨʦʥʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 80 ʜʦ 800 ɺʪ. 

ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦ-

ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ʥʘ ʨʘʩʪʠʪʝʣʴʥʫʶ ʪʢʘʥʴ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ: 1 ï ʚʦʣʥʦʚʦʜ;  

2 ï ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ; 3 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʷʯʝʡʢʘ; 4 ï ʧʦʜʩʪʘʚʢʘ; 5 ï ʤʝʭʘʥʠʟʤ 

ʧʨʠʚʦʜʘ; 6 ï ʚʝʥʪʠʣʷʪʦʨ; 7 ï ʥʘʛʨʝʚʘʪʝʣʴ; 8 ï ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʪ;  

9 ï ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ 

 

ʄʠʢʨʦʚʦʣʥʦʚʘʷ ʵʥʝʨʛʠʷ ʧʦʩʪʫʧʘʣʘ ʚ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʯʝʨʝʟ 

ʚʦʣʥʦʚʦʜ ʦʪ ʤʘʛʥʝʪʨʦʥʘ ʩ ʯʘʩʪʦʪʦʡ ʛʝʥʝʨʘʮʠʠ 2,45 ɻɻʮ. ʂʦʥʩʪʨʫʢʮʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʢʘʤʝʨʳ 
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ʧʦʟʚʦʣʷʣʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʜʚʦʜʦʤ ʄɺ ʵʥʝʨʛʠʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʜʫʚʢʫ ʚʦʟʜʫʭʘ ʥʘʜ 

ʩʣʦʝʤ.ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʠ ʢʦʥʚʝʢʪʠʚʥʦʤ ʧʦʜʚʦʜʝ ʪʝʧʣʦʪʳ ʚʦʟʜʫʭ ʧʦ 

ʚʦʟʜʫʭʦʚʦ-ʜʫ ʥʘʛʥʝʪʘʣʩʷ ʚ ʢʘʤʝʨʫ 2 ʚʝʥʪʠʣʷʪʦʨʦʤ 6. ɼʣʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʥʘʛʨʝʚʘ ʚʦʟʜʫʭʘ 

ʫʩʪʘʥʦʚʣʝʥ ʥʘʛʨʝʚʘʪʝʣʴ 7 ʩ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʪʦʤ 8 ʠ ʨʝʛʫʣʷʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʷ 9. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʰʢʠ ʟʝʨʥʦʚʳʭ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ. ɺ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʫʶ ʷʯʝʡʢʫ ʧʦʤʝʱʘʣʩʷ ʠʩʩʣʝʜʫʝʤʳʡ ʤʘʪʝʨʠʘʣ, ʚʢʣʶʯʘʣʩʷ ʤʘʛʥʝʪʨʦʥ. ʏʝʨʝʟ ʦʧʨʝʜʝʣʝʥ-

ʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʷʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʘʨʠʚʰʝʡʩʷ ʚʣʘʛʠ ʠ 

ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ (ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ). 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ 

ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʫʰʢʠ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʧʦʣʝ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʤʘʩʩʝ ʟʘʛʨʫʟʢʠ. 
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ʈʠʩʫʥʦʢ 2 ï ʂʠʥʝʪʠʢʘ ʩʫʰʢʠ ʟʝʨʥʘ ʧʰʝʥʠʮʳ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʧʦʣʝ ʧʨʠ ʨʘʟʣʠʯʥʦʡ 

ʤʘʩʩʝ ʟʘʛʨʫʟʢʠ: ʘ ï ʠʟʤʝʥʝʥʠʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ; ʙ ï ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʇʨʦʮʝʩʩ ʩʫʰʢʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʝʨʠʦʜʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʦʣʣʦʠʜʥʳʭ ʢʘʧʠʣʣʷʨʥʦ-

ʧʦʨʠʩʪʳʭ ʪʝʣ ʧʨʠ ʜʨʫʛʠʭ ʩʧʦʩʦʙʘʭ ʧʦʜʚʦʜʘ ʪʝʧʣʦʪʳ: ʧʨʦʛʨʝʚʘ (ʥʫʣʝʚʦʡ), ʧʦʩʪʦʷʥʥʦʡ (ʧʝʨʚʳʡ) ʠ 

ʧʘʜʘʶʱʝʡ (ʚʪʦʨʦʡ) ʩʢʦʨʦʩʪʠ ʩʫʰʢʠ, ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʝʨʚʦʤ ʧʝʨʠʦʜʝ ʨʘʟ-

ʣʠʯʘʣʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ ʟʘʛʨʫʟʢʠ (ʨʠʩ. 2) ʠ ʧʦʜʚʦʜʠʤʦʡ ʤʦʱʥʦʩʪʠ. ʇʨʠ ʟʥʘʯʝʥʠʷʭ 

ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʜʦ q=450 ɺʪ/ʢʛ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʣʘʩʴ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʨʘʩʪʘʣʘ, ʠ ʧʨʠ ʟʥʘʯʝʥʠʷʭ q>600 ɺʪ/ʢʛ ʝʝ ʠʟʤʝʥʝʥʠʝ ʙʳʣʦ 

ʩʫʱʝʩʪʚʝʥʥʳʤ. ʇʝʨʠʦʜ ʧʘʜʘʶʱʝʡ ʩʢʦʨʦʩʪʠ ʩʫʰʢʠ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʭʦʜʘ ʢʨʠʚʦʡ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ: ʢʨʠʚʘʷ ʩʪʘʥʦʚʠʣʘʩʴ ʧʦʣʦʛʦʡ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʵʪʦʤ ʧʝʨʠʦʜʝ ʚʩʝʛʜʘ ʚʦʟʨʘʩʪʘʝʪ. 

ʆʧʠʩʘʥʥʘʷ ʢʘʨʪʠʥʘ ʙʳʣʘ ʪʠʧʠʯʥʘ ʜʣʷ ʚʩʝʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʢʦʨʦʩʪʴ ʄɺ ʩʫʰʢʠ ʙʝʟ ʧʝʨʝʛʨʝʚʘ ʟʝʨʥʘ ʩʦʩ-

ʪʘʚʣʷʝʪ (0,8ï6,2)Ț10
-4

 ʩ
-1
, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʜʨʫʛʠʭ ʩʧʦ-

ʩʦʙʘʭ ʧʦʜʚʦʜʘ ʪʝʧʣʦʪʳ. ʊʘʢ, ʜʣʷ ʟʝʨʥʘ ʩʢʦʨʦʩʪʴ ʢʦʥʜʫʢʪʠʚʥʦʡ ʩʫʰʢʠ ʩʦʩʪʘʚʣʷʣʘ 0,3Ț10
-5

 ʩ
-1

, 

ʢʦʥʜʫʢʪʠʚʥʦ-ʢʦʥʚʝʢʪʠʚʥʦʡ ï ʜʦ 0,2Ț10
-4
 ʩ

-1
. ɺʦʟʤʦʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ʜʣʷ ʩʫʰʢʠ 

ʟʝʨʥʦʚʳʭ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʩʢʦʨʦʩʪʴ ʤʠʢʨʦʚʦʣʥʦʚʦʡ 

ʩʫʰʢʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʨʦʜʫʚʢʦʡ ʩʣʦʷ ʟʝʨʥʘ ʚʦʟʜʫʭʦʤ ʩʦʩʪʘʚʣʷʣʘ12,7Ț10
-4

 ʩ
-1
, ʧʨʠ ʵʪʦʤ 

ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʢʠʣʦʛʨʘʤʤ ʠʩʧʘʨʝʥʥʦʡ ʚʣʘʛʠ ʩʦʩʪʘʚʠʣʠ 5,65 ʄɼʞ/ʢʛ. 

ɺ ʧʨʦʮʝʩʩʝ ʄɺ ʥʘʛʨʝʚʘ ʚʣʘʞʥʦʛʦ ʟʝʨʥʘ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʩʣʦʷ ʥʘʯʠʥʘʝʪ ʧʦ-

ʚʳʰʘʪʴʩʷ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʨʘʚʥʦ ʥʫʣʶ, ʠ ʤʘʢʩʠʤʘʣʴʥʦ ï ʚ ʮʝʥʪʨʝ. 

ɺ ʩʣʦʝ ʚʦʟʥʠʢʘʝʪ ʛʨʘʜʠʝʥʪ ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʬʠʣʴʪʨʘ-

ʮʠʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ. ʉ ʮʝʣʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʵʬʬʝʢʪʘ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʩʣʦʝ ʟʝʨʥʘ ʙʳʣʘ 

ʩʦʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʘʷ ʤʝʪʦʜʠʢʘ. ɺ ʤʠʢʨʦʚʦʣʥʦʚʫʶ ʢʘʤʝʨʫ ʧʦʤʝʱʘʣʘʩʴ ʝʤʢʦʩʪʴ ʩʦ ʩʣʦʝʤ 

ʛʨʝʯʠʭʠ ʚʳʩʦʪʦʡ 11 ʩʤ, ʚ ʮʝʥʪʨʝ ʢʦʪʦʨʦʛʦ ʠʟʤʝʨʷʣʦʩʴ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ U-

ʦʙʨʘʟʥʦʛʦ ʢʝʨʦʩʠʥʦʚʦʛʦ ʤʘʥʦʤʝʪʨʘ. ɺʳʙʦʨ ʢʝʨʦʩʠʥʘ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʦʥ ʥʝ ʧʦʛʣʦʱʘʝʪ 
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ʤʠʢʨʦʚʦʣʥʦʚʫʶ ʵʥʝʨʛʠʶ. ʃʘʚʠʥʦʦʙʨʘʟʥʦʝ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʦʟʥʠʢʘʣʦ, ʢʦʛʜʘ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʧʨʝʚʳʰʘʣʘ 70 
ʦ
ʉ. ʇʨʠ ʵʪʦʤ ʪʦʣʱʠʥʘ ʩʣʦʷ ʩʦʩʪʘʚʣʷʣʘ 0,1 ʤ. ʄʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʠʟ-

ʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʩʣʦʷ ʨʘʚʥʷʣʦʩʴ 640 ʇʘ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʥʘʙʣʶ-

ʜʘʣʩʷ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʡ ʤʛʥʦʚʝʥʥʳʡ ʩʙʨʦʩ ʜʘʚʣʝʥʠʷ. 

ʉʧʝʮʠʬʠʢʘ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʥʘʛʨʝʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʲʝʤʥʦʤ ʭʘʨʘʢʪʝʨʝ ʧʦʛʣʦʱʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʤ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ. ʇʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʤʘʢʩʠʤʘʣʴ-

ʥʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ, ʧʨʠ ʧʨʦʜʚʠʞʝʥʠʠ ʚʛʣʫʙʴ ʤʘʪʝʨʠʘʣʘ ʧʦʪʦʢ ʦʩʣʘʙʣʷʝʪʩʷ ʧʦ ʵʢʩʧʦ-

ʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʛʦʩʦʜʝʨ-

ʞʘʥʠʷ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʣʘ ʢʠʥʝʪʠʢʘ ʧʦʩʣʦʡʥʦʡ ʩʫʰʢʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʘ ʠʟʛʦ-

ʪʦʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʷʯʝʡʢʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʷʣʘ ʠʟ ʪʨʝʭ ʩʣʦʝʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʨʘʜʠʦʧʨʦʟ-

ʨʘʯʥʳʤʠ ʩʝʪʢʘʤʠ. ʄʘʩʩʘ ʢʘʞʜʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʣʘ 0,1 ʢʛ, ʪʦʣʱʠʥʘ ï 0,009 ʤ, ʜʠʘʤʝʪʨ ï 

0,135 ʤ, ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʪʢʨʳʪʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʧʘʨʘ ï 14,3Ŀ10
-3

 ʤ
2
. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ ʦʧʨʝʜʝʣʷʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʝʯʠʭʠ ʧʦ ʚʳʩʦʪʝ ʩʣʦʷ ʚ 

ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ. ʆʪʢʨʳʪʦʡ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʄɺ ʵʥʝʨʛʠʠ ʠ ʦʪʚʦʜʘ ʧʘʨʘ ʙʳʣʘ ʪʦʣʴʢʦ ʚʝʨʭʥʷʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ, ʙʦʢʦʚʘʷ ʠ ʥʠʞʥʷʷ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʠ ʪʝʧʣʦ- ʠ ʚʣʘʛʦʠʟʦʣʠʨʦʚʘʥʳ. ʂʨʠ-

ʚʳʝ ʢʠʥʝʪʠʢʠ ʧʦʩʣʦʡʥʦʡ ʩʫʰʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3, ʠʟ ʢʦʪʦʨʳʭ ʚʠʜʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʝʝ 

ʚʩʝʛʦ ʩʫʰʢʘ ʧʨʦʪʝʢʘʣʘ ʚ ʩʨʝʜʥʝʤ ʩʣʦʝ. ɺ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʘʩʩʘ ʩʣʦʷ m=0,1 ʢʛ, ʪʦʣʱʠʥʘ 

l=0,009 ʤ, ʈʚʳʭ=160 ɺʪ. ɺʣʘʛʦʩʲʝʤ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʙʳʣ ʥʝʩʢʦʣʴʢʦ ʩʣʘʙʝʝ (ʨʠʩ. 3, ʘ). ʕʪʦ ʩʚʷ-

ʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʚʪʦʨʦʛʦ (ʨʠʩ. 3, ʙ). ɹʳʣʘ ʦʙʥʘʨʫ-

ʞʝʥʘ ʝʱʝ ʦʜʥʘ ʦʩʦʙʝʥʥʦʩʪʴ: ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʪʨʝʪʴʝʛʦ ʩʣʦʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʦʚʳʰʘ-

ʣʦʩʴ, ʜʦʩʪʠʛʘʷ 0,215 ʢʛ/ʢʛ (ʥʘʯʘʣʴʥʦʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ï 0,2 ʢʛ/ʢʛ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʣʘʛʘ ʠʟ 

ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʘ ʧʨʦʥʠʢʘʣʘ ʚʥʠʟ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʟʤʘ ʪʝʨʤʦ-

ʜʠʬʬʫʟʠʠ ʠ ʩʠʣ ʛʨʘʚʠʪʘʮʠʠ. 
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ʈʠʩʫʥʦʢ 3 ï ʂʠʥʝʪʠʢʘ ʧʦʩʣʦʡʥʦʡ ʩʫʰʢʠ ʛʨʝʯʠʭʠ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʧʦʣʝ: ʘ ï ʠʟʤʝʥʝʥʠʝ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ; ʙ ï ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ; 1 ï ʚʝʨʭʥʠʡ ʩʣʦʡ; 2 ï ʩʨʝʜʥʠʡ ʩʣʦʡ;  

3 ï ʥʠʞʥʠʡ ʩʣʦʡ 

 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʶʱʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ï ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʩʪʫʱʝʝ ʚʣʘʛʦʩʦ-

ʜʝʨʞʘʥʠʝ ʚ ʥʠʞʥʝʤ ʩʣʦʝ, ʪ. ʝ. ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʧʦʣʷʨʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ (çʧʨʠʝʤʥʠʢʘè ʤʠʢʨʦ-

ʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ) ʚ ʵʪʦʤ ʦʙʲʝʤʝ ʤʘʪʝʨʠʘʣʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʝʛʦ ʦʩʪʘʝʪʩʷ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʩʣʦʝʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʷʯʝʡʢʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʯʝʪʳʨʝʭ 

ʩʣʦʝʚ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʠʞʥʠʡ (ʯʝʪʚʝʨʪʳʡ) ʩʣʦʡ ʪʘʢʞʝ ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʠ 

ʥʘʠʙʦʣʴʰʝʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ, ʢʦʪʦʨʦʝ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʦʧʳʪʝ ʩ ʪʨʝʤʷ ʩʣʦʷʤʠ, ʫʚʝʣʠʯʠ-

ʚʘʣʦʩʴ ʚʦ ʚʨʝʤʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʥʠʞʥʝʛʦ ʩʣʦʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʝʟʘʚʠ-

ʩʠʤʦ ʦʪ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ. ʇʨʠʯʠʥʦʡ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʥʘ ʛʨʘʥʠʮʝ ʩʣʦʷ ʩ ʦʩʥʦ-

ʚʘʥʠʝʤ ʢʘʤʝʨʳ ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʷʯʝʡʢʠ. ʇʦʜʦʙʥʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʥʝ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʝʪʯʘʪʦʡ ʷʯʝʡʢʠ, ʢʦ-
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ʪʦʨʘʷ ʩʚʦʙʦʜʥʦ ʧʨʦʧʫʩʢʘʣʘ ʧʘʨ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʝʤʧʝʨʘʪʫʨʘ ʩʣʦʝʚ ʤʘʪʝ-

ʨʠʘʣʘ ʨʘʟʣʠʯʘʣʠʩʴ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 4 
ʦ
ʉ, ʘ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ï ʥʘ 0,007 ʛ/ʢʛ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ 

ʜʘʥʥʳʭ ʧʦ ʢʠʥʝʪʠʢʝ ʩʫʰʢʠ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʷʯʝʡʢʝ ʩʦ ʩʧʣʦʰʥʳʤ ʠ ʨʘʜʠʦʧʨʦʟʨʘʯʥʳʤ ʩʝʪʯʘʪʳʤ 

ʜʥʠʱʝʤ, ʧʦʜʪʚʝʨʜʠʣʦ ʚʘʞʥʦʩʪʴ ʨʘʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʪʚʦʜʘ ʧʘʨʘ. ʊʘʢ, ʝʩʣʠ ʚ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ʩʨʝʜʥʝʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʦʙʨʘʟʮʘ ʫʤʝʥʴʰʠʣʦʩʴ ʩ 0,2 ʢʛ/ʢʛ ʜʦ 0,17 ʢʛ/ʢʛ ʟʘ 14 ʤʠʥ, ʪʦ ʚʦ 

ʚʪʦʨʦʤ ï ʟʘ 7,5 ʤʠʥ. ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚʦʟʥʠʢʘʝʪ 

ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʚʳʭʦʜ ʧʘʨʘ ʯʝʨʝʟ ʥʠʞʥʶʶ ʠ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʪʨʫʜʥʝʥ.  

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʫʰʢʠ ʟʝʨʥʘ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʧʦʣʝ ʦʙʥʘʨʫʞʠʣʦ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʝ ʵʬʬʝʢʪʦʚ ʣʘʚʠʥʦʦʙʨʘʟʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʩʣʦʝ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʝʚʳʰʘʝʪ 70 
ʦ
ʉ ʧʨʠ ʪʦʣʱʠʥʝ ʩʣʦʷ 0,1 ʤ ʠ ʚʳʭʦʜ ʧʘʨʘ ʩ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʥʘ ʟʘʪʨʫʜ-

ʥʝʥ. ɺ ʪʘʢʠʭ ʞʝ ʫʩʣʦʚʠʷʭ ʩʫʰʢʘ ʧʨʠʦʙʨʝʪʘʝʪ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʠʯʝʤ ʚʣʘ-

ʛʦʩʦʜʝʨʞʘʥʠʝ ʥʠʞʥʝʛʦ ʩʣʦʷ ʤʦʞʝʪ ʚʳʨʘʩʪʠ ʚʳʰʝ ʥʘʯʘʣʴʥʦʛʦ. ʀʥʪʝʥʩʠʚʥʝʝ ʚʩʝʛʦ ʧʨʦʭʦʜʠʪ 

ʩʫʰʢʘ ʩʨʝʜʥʝʛʦ ʩʣʦʷ. 
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Abstract 

The process of freezing pelmeni with vegetable additives on metal tape was investigated. 

Cryoscopic temperatures of the samples were determined. Duration and rate of freezing of pelmeni 

with vegetable additives were determined. 

 

ɸʥʥʦʪʘʮʠʷ 

ʀʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʝʣʴʤʝʥʝʡ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʥʘ ʤʝʪʘʣ-

ʣʠʯʝʩʢʦʡ ʣʝʥʪʝ.ʆʧʨʝʜʝʣʝʥʳʢʨʠʦʩʢʦʧʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ʆʧʨʝʜʝ-

ʣʝʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʝʣʴʤʝʥʝʡ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ. 

 

ʋʩʢʦʨʝʥʠʝ ʨʠʪʤʘ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ, ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʣʶʜʠ ʚʳʥʫʞʜʝʥʳ ʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʥʘ ʚʩʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʧʠʱʠ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʨʘʩʪʝʪ ʯʠʩʣʦ ʧʦʪʨʝʙʠʪʝʣʝʡ ʟʘʤʦʨʦʞʝʥʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ. ɿʘʯʘʩʪʫʶ ʧʨʦʜʫʢʪʳ, ʧʦʜ-

ʚʝʨʛʘʝʤʳʝ ʭʦʣʦʜʠʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʥʝʦʜʥʦʨʦʜʥʳ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʩʣʦʡʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʩ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʷʤʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ.ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʯʝʩʪʚʦ, ʧʨʦʜʣʠʪʴ 

ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʪʘ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴ-ʥʦ ʧʦʜʙʠʨʘʪʴ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʞʠʤ ʦʭʣʘʞʜʝʥʠʷ ʠʣʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

ʧʨʦʜʫʢʪʘ [1]. 

ɿʘʤʦʨʘʞʠʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʩʢʦʨʦʧʦʨ-

ʪʷʱʠʭʩʷʧʨʦʜʫʢʪʦʚ. ɺ ʟʘʤʦʨʦʞʝʥʥʳʭ ʧʨʦʜʫʢʪʘʭ ʥʘʠʣʫʯʰʠʤʦʙʨʘʟʦʤ ʩʦʭʨʘʥʷʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʠʱʝʚʫʶ ʮʝʥʥʦʩʪʴ. ɿʘʤʦʨʦʞʝʥʥʳʝʧʨʦʜʫʢʪʳ ʧʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩ-

ʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ï ʚʢʫʩʫ,ʘʨʦʤʘʪʫ, ʮʚʝʪʫ, ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʩʦʩ-

ʪʦʷʥʠʶ. ʆʜʥʘʢʦ ʩʧʦʩʦʙ ʠ ʨʝʞʠʤʳʟʘʤʦʨʘʞʠʚʘʥʠʷ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘʢʘʯʝʩʪ-

ʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʟʘʤʦʨʦʞʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠʥʘ ʩʦʭʨʘʥʥʦʩʪʴ ʝʛʦ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ[2]. 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʩʪʘʣʘ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʘ ʥʝ ʪʦʣʴʢʦ ʧʦʣʥʦʮʝʥʥʦʩʪʴ ʧʠ-

ʪʘʥʠʷ, ʥʦ ʠ ʝʛʦ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ. ʋʜʦʚʣʝʪʚʦʨʠʪʴ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ-

ʚʦʟʤʦʞʥʦ, ʠʩʧʦʣʴʟʫʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ, ʧʦʵʪʦʤʫ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʩʦʯʝʪʘʥʠʷ ʤʷʩʥʦʛʦ 
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ʩʳʨʴʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺʩʝ ʵʪʦ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʳʤ, 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʘ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦʜʫʢʪʝ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʩʪʘʚʠʣʦʩʴʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʟʘʤʦ-

ʨʘʞʠʚʘʥʠʷʧʝʣʴʤʝʥʝʡ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʣʝʥʪʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʦʙʨʘʟʮʳ ʤʷʩʦʨʘʩʪʠʪʝʣʴʥʳʭ ʧʝʣʴʤʝʥʝʡ 

çʃʠʜʠʷè ʠ çɻʨʠʛʦʨʴʝʚʩʢʠʝè [3]. ʌʦʨʤʘ ʧʝʣʴʤʝʥʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʲʝʤʥʳʡ ʧʦʣʫʢʨʫʛ. 

ɿʘʤʦʨʘʞʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʢʘʤʝʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʤʠʥʫʩ 35Áʉ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʣʝʥʪʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʦʣʱʝ ʧʨʦʜʫʢʪʘ ʤʠʥʫʩ 10Áʉ. ʊʝʤʧʝ-

ʨʘʪʫʨʫ ʧʝʣʴʤʝʥʝʡ ʚ ʧʨʦʮʝʩʩʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʭʨʦʤʝʣʴ-ʢʦʧʝʣʝʚʳʭ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ (ʪʝʨʤʦʧʘʨ), ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʮʝʥʪʨʝ 

ʦʙʨʘʟʮʦʚ. ʈʘʟʤʝʨ ʩʘʤʦʛʦ ʜʘʪʯʠʢʘ (ʪʝʨʤʦʧʘʨʳ, ʨʘʟʤʝʱʝʥʥʦʡ ʚ ʦʙʨʘʟʮʝ) ʥʝ ʧʨʝʚʳʰʘʣ 0,3 ʤʤ. 

ʊʝʨʤʦʛʨʘʤʤʳ ʧʨʦʮʝʩʩʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʝʣʴʤʝʥʝʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
 

ʈʠʩʫʥʦʢ 1 ï ʊʝʨʤʦʛʨʘʤʤʳ ʟʘʤʦʨʘʞʠʚʘʝʤʳʭ ʧʝʣʴʤʝʥʝʡ 

 

ɻʨʘʬʠʯʝʩʢʠ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʦʪ ʚʨʝʤʝʥʠ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʫʯʘʩʪʢʘ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʥʘʢʣʦʥʦʤ ʣʠʥʠʡ. ʉʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʦʭʣʘʞʜʝʥʠʝ ʠ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ ʠʩʩʣʝ-

ʜʫʝʤʳʭ ʧʝʣʴʤʝʥʝʡ, ʟʘʪʝʤ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʠʟʦʪʝʨʤʠʯʝʩʢʘʷ ʧʣʦ-

ʱʘʜʢʘ, ʦʨʜʠʥʘʪʘ ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʦʩʢʦʧʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.ɼʘʣʝʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʧʝʣʴʤʝʥʷʭ ʥʘʯʠʥʘʝʪ ʧʦʥʠʞʘʪʴʩʷ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʦʢʦʥʯʘʥʠʝ ʬʘʟʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷ. ɼʘʣʴʥʝʡʰʠʡ 

ʭʘʨʘʢʪʝʨ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʦʭʣʘʞʜʝʥʠʝ ʟʘʤʦ-

ʨʦʞʝʥʥʳʭ ʧʝʣʴʤʝʥʝʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʨʠʦʩʢʦʧʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʧʝʣʴʤʝʥʝʡ çʃʠʜʠʷè, ʯʪʦ ʩʦʩʪʘʚʠʣʦ ʤʠʥʫʩ 1,3ʉ̄, ʠ çɻʨʠʛʦʨʴʝʚʩʢʠʝè - ʤʠʥʫʩ 1,6ʉ̄, ʥʝ-

ʦʙʭʦʜʠʤʳʝ ʧʨʠ ʨʘʩʯʝʪʝ ʧʨʦʮʝʩʩʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʝʣʴʤʝʥʝʡ,ʣʝʞʘʱʠʭ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʣʝʥ-

ʪʝ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ɺ.ɸ. ʊʝʡʜʝʨʦʤ ʜʣʷ ʦʜʥʦʨʦʜʥʦʡ ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʳ 

[4]. ʈʘʩʯʝʪʳ ʚʝʜʝʤ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʤʠʥʫʩ 35ʉ̄, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 90% ʠ 
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ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ 3 ʤ/ʩ. ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʷʩʦʨʘʩʪʠʪʝʣʴʥʳʭ ʧʝʣʴ-

ʤʝʥʝʡ ʧʨʠʥʠʤʘʝʤ ʩʦʛʣʘʩʥʦ [3]. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʧʨʠʣʝʛʘʶʱʝʛʦ ʢ ʧʨʦʜʫʢʪʫ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʣʠʩʪʘ ʥʘ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʝ ʟʘʤʦʨʘ-

ʞʠʚʘʝʪʩʷ ʧʣʘʩʪʠʥʘ ʪʦʣʱʠʥʦʡ dʤ (ʨʠʩʫʥʦʢ 2). ʊʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ 
ʦʪʩʫʪʩʪʚʫʝʪ, ʢʘʢ ʠ ʪʝʧʣʦʦʙʤʝʥ ʩ ʪʦʨʮʦʚ. ʇʣʘʩʪʠʥʘ ʦʤʳʚʘʝʪʩʷ ʭʦʣʦʜʥʳʤ ʚʦʟʜʫʭʦʤ, ʜʚʠʞʫ-

ʱʠʤʩʷ ʚʜʦʣʴ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʠ ʧʨʦʜʫʢʪʘ ʩʦ ʩʢʦʨʦʩʪʴʶ w. ʋʚʝʣʠʯʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦ-

ʪʦʢʘ ʯʝʨʝʟ ʧʨʠʣʝʛʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ a2, ʦʪʥʝʩʝʥʥʦʛʦ ʢ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.ʏʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ t 
ʧʦʩʣʝ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʛʨʘʥʠʮʳ ʟʘʤʦʨʦʞʝʥʥʳʭ ʩʣʦʝʚ ʧʝʨʝʤʝʩʪʷʪʩʷ ʥʘ ʭ1 ʠ ʭ2. 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʦʙʨʘʟʦʚʘʣʠʩʴ ʵʪʠ ʟʘʤʦʨʦʞʝʥʥʳʝ ʩʣʦʠ, ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ ʇʣʘʥʢʘ, ʠʤʝʝʪ ʚʠʜ: 
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, (2) 

ʛʜʝ q ï ʪʝʧʣʦʪʘ, ʚʳʜʝʣʷʝʤʘʷ ʝʜʠʥʠʮʝʡ ʤʘʩʩʳ ʪʝʣʘ ʧʨʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ, ʢɼʞ/ʢʛ; 

rʤ ï ʧʣʦʪʥʦʩʪʴ ʧʨʦʜʫʢʪʘ, ʢʛ/ʤ
3
;  

tʢʨï ʢʨʠʦʩʢʦʧʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʉ̄; 

tʩʨïʪʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ, ʉ̄; 

lʤ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʟʘʤʦʨʦʞʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ, ɺʪ/(ʤĀʂ); 

a1ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʜʫʢʪʘ, ʩʚʦʙʦʜʥʦ ʦʙʜʫʚʘʝʤʦʡ 

ʚʦʟʜʫʭʦʤ, ɺʪ/(ʤ
2
Āʂ); 

a2ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ, ʦʪʥʝʩʝʥʥʳʡ ʢ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʜʫʢʪʘ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʣʠʩʪʦʤ, ɺʪ/(ʤ
2
Āʂ). 

ɼʣʷ ʤʦʤʝʥʪʘ ʚʩʪʨʝʯʠ ʩʣʦʝʚ, ʪ.ʝ. ʧʦʣʥʦʛʦ ʧʨʦʤʦʨʘʞʠʚʘʥʠʷ ʧʝʣʴʤʝʥʷ, ʙʫʜʫʪ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʳ ʫʩʣʦʚʠʷ: 

21 xxʤ +=d ; (3) 

21 tt= . (4) 

ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʫʩʣʦʚʠʡ, ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʧʫʪʝʤ ʥʘʭʦʜʠʤ ʪʦʣʱʠʥʫ ʟʘʤʦʨʦʞʝʥʥʳʭ ʩʣʦʝʚ 

ʢ ʤʦʤʝʥʪʫ ʚʩʪʨʝʯʠ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ: 
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ʇʦʜʩʪʘʚʠʚ ʟʥʘʯʝʥʠʝ ʭ1 ʠʣʠ ʭ2  ʠʟ ʚʳʨʘʞʝʥʠʡ (5) ʠʣʠ (6) ʚ ʫʨʘʚʥʝʥʠʷ (1) ʠʣʠ (2), ʧʦʣʫʯʝʥʘ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʜʦ ʚʩʪʨʝʯʠ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʧʨʠ ʥʝʩʠʤʝʪʨʠʯʥʦʤ ʪʝʧʣʦʦʪʚʦʜʝ: 
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q . (7) 

ɺʝʣʠʯʠʥʫ q ʦʧʨʝʜʝʣʷʝʤ, ʫʯʠʪʳʚʘʷ ʪʝʧʣʦʪʫ, ʦʪʚʦʜʠʤʫʶ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʢʨʠʩʪʘʣʣʠʟʘ-

ʮʠʠ, ʠ ʪʝʧʣʦʪʫ, ʦʪʚʦʜʠʤʫʶ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʢʨʠʦʩʢʦʧʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʮʝʥʪʨʝ ʧʨʦ-

ʜʫʢʪʘ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ ʜʦ tʢʦʥ [5]: 

( ) ( )ʢʦʥʢʨʤʢʨʥʘʯʦ ttʩWrttʩq -++-= wʣ
, (8) 

ʛʜʝ coï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʦʜʫʢʪʘ ʚ ʠʥʪʝʨʚʘʣʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʢɼʞ/(ʢʛÖʂ); 

rʣ ï ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚʦʜʳ ʚ ʣʝʜ, ʢɼʞ/ʢʛ; 

W ï ʥʘʯʘʣʴʥʦʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʧʨʦʜʫʢʪʘ, %; 

w ï ʜʦʣʷ ʚʳʤʦʨʦʞʝʥʥʦʡ ʚʦʜʳ, %; 

cʤ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʟʘʤʦʨʦʞʝʥʥʦʡ ʯʘʩʪʠ ʧʨʦʜʫʢʪʘ, ʢɼʞ/(ʢʛÖʂ); 

tʥʘʯï ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʘ, ʉ̄; 

tʢʦʥï ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʘ, ʉ̄. 

ʂʦʣʠʯʝʩʪʚʦ ʚʳʤʦʨʦʞʝʥʥʦʡ ʚʦʜʳ ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ ʈ. ʍʝʡʩʩʘ [6]: 

( )ʢʨtt -+
+

=

1lg

31,0
1

105,1
w  

(9) 

ɿʥʘʯʝʥʠʝ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ a1 ʦʧʨʝʜʝʣʷʝʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟ-

ʚʝʩʪʥʦʛʦ ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ [7]: 
8,0Re032,0=Nu . (10) 

ʂʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ a2, ʦʪʥʝʩʝʥʥʳʡ ʢ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʠʪʳ, ʦʧʨʝʜʝʣʷʝʪ-

ʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ʧʣʧʣ

ʧʣ

al

d
a

1

1
2

+

= , 
(11) 

ʛʜʝ dʧʣ/lʧʣ ï ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ, (ʤ
2
Āʂ)/ɺʪ; 

aʧʣï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʢ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʝ, 

ɺʪ/(ʤ
2
Āʂ). 

ɿʥʘʯʝʥʠʝ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ aʧʣ ʦʧʨʝʜʝʣʷʝʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟ-

ʚʝʩʪʥʦʛʦ ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ [7]: 
5,0Re66,0=Nu . (12) 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʦʟʜʫʭʘ ʥʘʭʦʜʠʤ ʠʟ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʩʦʦʪʥʦ-

ʰʝʥʠʷ [5]: 

jll Ö+= 00465,0.ʚʩʚ
, (13) 

ʛʜʝ  lʩ.ʚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ, ɺʪ/(ʤĀʂ); 

j ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, %. 

ʉʨʝʜʥʶʶ ʣʠʥʝʡʥʫʶ ʩʢʦʨʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷʦʧʨʝʜʝʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ [8]: 

t
n

l
= , (14) 

ʛʜʝ l ï ʧʦʣʦʚʠʥʘ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʨʘʟʤʝʨʘ, ʩʤ; 

t ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʯ. 

ɺʳʰʝ ʧʨʠʚʝʜʝʥʥʳʡ ʨʘʩʯʝʪ ʧʨʦʚʝʜʝʥ ʜʣʷ ʧʣʘʩʪʠʥʳ, ʧʦʵʪʦʤʫ ʜʣʷ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʬʦʨʤʳ 

ʧʝʣʴʤʝʥʷ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʥʘʤʠ ʙʳʣ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥ 

ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ: 
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lS

V
ʌ ʧ

Ö
=

ʧ

, (15) 

ʛʜʝ  Vʧ ï ʦʙʲʝʤ ʧʨʦʜʫʢʪʘ, ʤ
3
; 

Sʧ ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʜʫʢʪʘ, ʤ
2
; 

l ï ʧʦʣʦʚʠʥʘ ʦʧʨʝʜʝʣʷʶʱʝʛʦʨʘʟʤʝʨʘ, ʤ; 

ʉ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʝʣʴʤʝʥʝʡ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ: 

tt Ö=ʌʟ . (16) 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʤʷʩʦʨʘʩʪʠʪʝʣʴʥʳʭ ʧʝʣʴʤʝʥʝʡ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 
ʊʘʙʣʠʮʘ 1 ï ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʝʣʴʤʝʥʝʡ 

 

ɺʠʜ ʧʝʣʴʤʝʥʝʡ 
q,  

ʢɼʞ/ʢʛ 
a1, 

ɺʪ/(ʤ
2
Āʂ) 

a2,  

ɺʪ/(ʤ
2
Āʂ) 

ʭ1, ʤ ʭ2, ʤ ʌ 
tʟ, 
ʤʠʥ. 

n, 
ʩʤ/ʯ 

çʃʠʜʠʷè 260,406 
41,6 163,1 

0,0075 0,0125 
0,845 

25,4 2,4 

çɻʨʠʛʦʨʴʝʚʩʢʠʝè 267,676 0,0073 0,0127 25,3 2,4 

 

ɺʳʚʦʜ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʥʦʡ ʤʝʪʦʜʠʢʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʊʌʍ ʤʷʩʦʨʘʩʪʠʪʝʣʴʥʳʭ ʧʝʣʴʤʝʥʝʡ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴ-

ʥʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʨʘʩʩʯʠʪʘʥʘ ʩʨʝʜʥʷʷ ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʯʪʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʨʝʞʠʤʫ ʙʳʩʪʨʦʡ ʟʘʤʦʨʦʟʢʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʜʠʬʬʫ-

ʟʠʦʥʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʣʘʛʠ ʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʤʝʣʢʠʭ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʣʴʜʘ. ʇʦʣʫʯʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʩʦʠʟʤʝʨʠʤʳ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. 
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Abstract 

n spite of the widespread using such methods of long-term microorganism conservation as 

cryogenic freezing and low-temperature storage  the strain biotechnological cultivation processes are 

often accompanied with their target property reducing, genome changes. Microbiological product using 

without strain genome control threatens the environmental and food safety. The individual genetic 

passports of four commercial strains of nitrogen-fixing nodule bacteria Rhizobium were obtained by 

genomic AFLPïfingerprinting method for strain molecular-genetic certification. 

 

ɸʥʥʦʪʘʮʠʷ 

ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʢʦʥʩʝʨʚʘʮʠʠ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʦʚ - ʢʨʠʦʛʝʥʥʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʭʨʘʥʝʥʠʝ, ʧʨʦʮʝʩʩʳ ʙʠʦʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤʦʚ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʦʪʝʨʝʡ ʠʭ ʮʝʣʝʚʳʭ ʩʚʦʡʩʪʚ ʠ ʠʟʤʝʥʝ-

ʥʠʝʤ ʛʝʥʦʤʘ. ʇʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʙʥʳʭ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʢʦʥʪʨʦʣʷ ʛʝʥʝʪʠ-

ʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʰʪʘʤʤʦʚ ʧʨʦʪʠʚʦʨʝʯʠʪ ʪʨʝʙʦʚʘʥʠʷʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʧʨʦʜʦ-

ʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥ-ʯʣʝʥʦʚ ʊʘʤʦʞʝʥʥʦʛʦ ʉʦʶʟʘ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʛʝʥʦʤʥʦʛʦ 

AFLP-ʬʠʥʛʝʨʧʨʠʥʪʠʥʛʘ ʧʦʣʫʯʝʥʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʧʘʩʧʦʨʪʘ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʰʪʘʤʤʦʚ ʘʟʦʪʬʠʢʩʠʨʫʶʱʠʭ ʢʣʫʙʝʥʴʢʦʚʳʭ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Rhizobium. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʛʦʩʫʜʘʨʩʪʚ-ʯʣʝʥʦʚ ʊʘ-

ʤʦʞʝʥʥʦʛʦ ʉʦʶʟʘ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʤʠ, ʧʦʣʥʦʮʝʥʥʳʤʠ, ʙʝʟʦʧʘʩ-

ʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʠ ʮʝʥʥʳʝ ʰʪʘʤʤʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪ-

ʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ï ʙʘʢʪʝʨʠʠ, ʤʠʮʝʣʠʘʣʴʥʳʝ ʛʨʠʙʳ ʠ ʜʨʦʞʞʠ ï ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʚ ʢʘʯʝʩʪʚʝ ʩʪʠʤʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ, ʢʦʥʩʝʨʚʘʥʪʦʚ, ʙʠʦʜʝʩʪʨʫʢʪʦʨʦʚ ʦʨʛʘ-

ʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘʥʪʘʛʦʥʠʩʪʦʚ ʚʨʝʜʠʪʝʣʝʡ ʠ ʧʘʪʦʛʝʥʦʚ, ʙʠʦʘʢʢʫʤʫʣʷʪʦʨʦʚ ʨʘʜʠʦʥʫʢ-

ʣʠʜʦʚ ʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʉʦʭʨʘʥʝʥʠʝ ʰʪʘʤʤʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ-ʧʨʦʜʫʮʝʥʪʦʚ ʮʝʣʝʚʳʭ 
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ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʧʨʦʩʪʫʶ ʟʘʜʘʯʫ, ʧʦʩʢʦʣʴʢʫ ʚ ʠʩʢʫʩʩʪ-

ʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʠʪʘʥʠʷ ʦʥʠ ʣʝʛʢʦ ʪʝʨʷʶʪ ʩʚʦʠ ʧʦʣʝʟʥʳʝ ʩʚʦʡʩʪʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦ-

ʣʦʛʠʡ ʢʨʠʦʛʝʥʥʦʛʦ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤʦʚ ʧʨʠ ï150Áʉ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʣʛʦʩʨʦʯʥʳʤ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʭʨʘʥʝʥʠʝʤ ʧʨʠ ï80Áʉ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʭʨʘʥʥʦʩʪʴ ʮʝʥʥʳʭ ʩʚʦʡʩʪʚ ʤʠʢ-

ʨʦʦʨʛʘʥʠʟʤʦʚ. ʂʨʠʦʛʝʥʥʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦ-

ʛʠʷʤʠ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʦʚ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʠʦʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʢʫʣʴ-

ʪʫʨ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʦʩʣʝʜʥʠʝ ʠʤʝʶʪ ʥʠʟʢʫʶ ʩʪʝʧʝʥʴ ʢʣʝʪʦʯʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʧʦʩʣʝ ʨʘʟʤʦʨʦʟʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʨʠʩʢ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝ-

ʥʝʥʠʡ ʤʠʢʨʦʙʥʦʡ ʢʣʝʪʢʠ ʚ ʩʣʫʯʘʝ ʢʨʠʦʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʦʢ. ɺ ʩʪʘʪʴʝ [1] 

ʦʧʠʩʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʢʦʥʩʝʨʚʘʮʠʠ ʠ ʭʨʘʥʝʥʠʷ ʢʫʣʴʪʫʨ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɺ ʨʘʙʦʪʝ 

[2] ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝ-

ʥʝʥʠʷ ʚ ʢʣʝʪʢʘʭ ʜʨʦʞʞʝʡ ʰʪʘʤʤʘ S. cerevisiae. ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʢʦʥʩʝʨʚʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʤʠʢʨʦʙʥʦʡ ʢʣʝʪʢʠ ʚ ʫʩ-

ʣʦʚʠʷʭ ʩʫʙʥʫʣʝʚʳʭ ʠ (ʠʣʠ) ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʝʨʝʚʦʜʠʪ ʠʭ ʚ ʩʦʩʪʦʷʥʠʝ ʘʥʘʙʠʦʟʘ. 

ʆʜʥʘʢʦ ʧʨʦʮʝʩʩʳ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʫʣʴʪʠʚʠ-

ʨʦʚʘʥʠʷ ʰʪʘʤʤʦʚ ʟʘʯʘʩʪʫʶ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʪʝʨʝʡ ʮʝʣʝʚʳʭ ʩʚʦʡʩʪʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʠʢʨʦ-

ʦʨʛʘʥʠʟʤʦʚ ʠ ʠʭ ʢʦʥʪʘʤʠʥʘʮʠʝʡ [3]. ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʠ ʥʝʛʘʪʠʚʥʳʝ ʷʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʨʷʜʦʤ ʦʙʲʝʢʪʠʚʥʳʭ ʧʨʠʯʠʥ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ï ʦʪʩʫʪʩʪʚʠʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʪʙʦʨʘ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʧʨʝʧʘʨʘʪʦʚ; ʤʥʦʛʦʢʨʘʪʥʘʷ ʧʦʚʪʦʨʥʦʩʪʴ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ; ʯʘʩʪʘʷ ʩʤʝʥʘ ʫʩ-

ʣʦʚʠʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʰʪʘʤʤʦʚ ʥʘ ʧʫʪʠ ʦʪ ʬʝʨʤʝʥʪʝʨʘ ʜʦ ʧʦʪʨʝʙʠʪʝʣʷ. ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʢ ʨʠʩʢʫ ʧʦʧʘʜʘʥʠʷ ʚ ʧʠʱʝʚʳʝ 

ʧʨʦʜʫʢʪʳ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʄʠʢʨʦʙʥʳʝ ʙʠʦʧʨʝʧʘʨʘʪʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʦʪʢʨʳʪʳʭ ʵʢʦʩʠʩʪʝʤʘʭ, ʧʦʵʪʦʤʫ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʪʨʦʣʷ ʟʘ ʥʘʣʠʯʠʝʤ ʚ ʥʠʭ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦ-

ʦʨʛʘʥʠʟʤʦʚ ʧʨʦʪʠʚʦʨʝʯʠʪ ʪʨʝʙʦʚʘʥʠʷʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʪʨʘʥ-ʯʣʝʥʦʚ ʊʘʤʦʞʝʥʥʦʛʦ ʉʦʶʟʘ. ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙ-

ʨʝʪʘʶʪ ʤʝʪʦʜʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʰʪʘʤʤʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʯʝʣʦʚʝʢʦʤ ʚ 

ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʰʪʘʤʤʦʚ, ʥʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʫʤʝʨʠʯʝʩʢʦʡ ʪʘʢ-

ʩʦʥʦʤʠʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʠʟʫʯʝʥʠʠ ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʠ ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʦʚʝʡʰʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ. ʄʝʪʦʜ ʛʝʥʦʤʥʦʛʦ AFLPïʬʠʥʛʝʨʧʨʠʥʪʠʥʛʘ (AmplifiedFragmentLengthPolymorphism) 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʘʩʧʦʨʪʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʰʪʘʤʤʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʰʪʘʤʤʦʚ ʢʣʫʙʝʥʴʢʦʚʳʭ ʙʘʢʪʝʨʠʡ [4]. 

ʂʣʫʙʝʥʴʢʦʚʳʝ ʙʘʢʪʝʨʠʠ ʫʩʠʣʠʚʘʶʪ ʘʟʦʪʬʠʢʠʩʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʠʢʨʦʙʥʳʭ ʙʠʦʧʨʝʧʘʨʘʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 

ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʠʥʦʢʫʣʷʮʠʠ ʩʝʤʷʥ ʟʝʨʥʦʙʦʙʦʚʳʭ ʢʫʣʴʪʫʨ [5].  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʚ ʧʦʣʫʯʝʥʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʘʩʧʦʨʪʦʚ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʰʪʘʤʤʦʚ ʢʣʫʙʝʥʴʢʦʚʳʭ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Rhizobiumʧʦʩʣʝ 

ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʠʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʛʝʥʦʤʥʦʛʦ AFLP-ʬʠʥʛʝʨʧʨʠʥʪʠʥʛʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʘ ʚ ʦʪʜʝʣʝʥʠʠ çɺʝʜʦʤʩʪʚʝʥʥʘʷ ʢʦʣʣʝʢʮʠʷ ʧʦ-

ʣʝʟʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷè (ɺʂʉʄ) ʌɻɹʅʋ çɺʩʝʨʦʩʩʠʡʩʢʠʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʠè (ɺʅʀʀʉʍʄ). 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʯʝʪʳʨʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʰʪʘʤʤʘ ʢʣʫʙʝʥʴʢʦʚʳʭ ʙʘʢ-

ʪʝʨʠʡ, ʜʝʧʦʥʠʨʦʚʘʥʥʳʝ ʚ ɺʂʉʄ: Rhizobium leguminosarum bv. viciae RCAM0610 (ʜʣʷ ʠʥʦʢʫʣʷ-

ʮʠʠ ʚʠʢʠ) ʠ Rhizobium leguminosarum bv. viciae RCAM1077 (ʜʣʷ ʠʥʦʢʫʣʷʮʠʠ ʛʦʨʦʭʘ), Rhizobium 

leguminosarum bv. phaseoli RCAM2624 (ʜʣʷ ʠʥʦʢʫʣʷʮʠʠ ʬʘʩʦʣʠ), Sinorhizobium meliloti 

RCAM1750 (ʜʣʷ ʠʥʦʢʫʣʷʮʠʠ ʣʶʮʝʨʥʳ). ʐʪʘʤʤʳ ʭʨʘʥʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï80Áʉ ʚ ʩʪʘʥʮʠʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

çLiconicInstrumentsè, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ɺʂʉʄ ɺʅʀʀʉʍʄ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʨʘʟʤʦʨʦʞʝʥʥʳʭ ʰʪʘʤʤʦʚ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Rhizobium; 

¶ ʚʳʜʝʣʝʥʠʝ ʛʝʥʦʤʥʦʡ ɼʅʂ ʠʟ ʢʘʞʜʦʡ ʠʩʩʣʝʜʫʝʤʦʡ ʢʫʣʴʪʫʨʳ; 
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¶ ʧʦʣʫʯʝʥʠʝ ʛʝʥʦʤʥʳʭ ʬʠʥʛʝʨʧʨʠʥʪʦʚ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ AFLP; 

¶ ʧʨʦʚʝʜʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʛʝʥʦʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ;  

¶ ʬʠʥʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʥʛʝʨʧʨʠʥʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʝʢʚʝʥʘʪʦʨʘ; 

¶ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺʩʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʷʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʩʪʘʥʜʘʨʪʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ (ʉʆʇ) ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʩʧʦʨʪʘ ɺʂʉʄ, ʫʪʚʝʨʞ-

ʜʝʥʥʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʌɻɹʅʋ ɺʅʀʀʉʍʄ ʦʪ 15.12.2017 ʛ. 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ɼʅʂ ʰʪʘʤʤʳ Rhizobium ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʧʨʠ 28
ʦ
ʉ ʚ ʞʠʜʢʦʡ ʤʘʥʥʠʪʥʦ-

ʜʨʦʞʞʝʚʦʡ ʩʨʝʜʝ. ʂʘʯʝʩʪʚʦ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʝʥʥʦʡ ɼʅʂ ʦʮʝʥʠʚʘʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 1%-ʥʦʤ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ (ʨʠʩʫʥʦʢ 1). ɼʣʷ ʦʮʝʥʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʧʧʘʨʘʪ ʜʣʷ 

ʛʝʣʴ-ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ çG:BOX EFè (ʉʐɸ). 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ AFLP-ʬʠʥʛʝʨʧʨʠʥʪʠʥʛʘ ʚʳʜʝʣʝʥʥʫʶ ʛʝʥʦʤʥʫʶ ɼʅʂ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʘʢʮʠʠ ʨʝʩʪʨʠʢʮʠʠ ʠ ʣʠʛʠʨʦʚʘʥʠʷ. ɻʝʥʦʤʥʘʷ ɼʅʂ ʨʝʩʪʨʠʮʠʨʫʝʪʩʷ ʜʚʫʤʷ ʨʝʩ-

ʪʨʠʢʪʘʟʘʤʠ (EcoRI ʠ MseI) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʨʘʛʤʝʥʪʦʚ ʩ ʚʳʩʪʫʧʘʶʱʠʤʠ 3ô- ʢʦʥʮʘʤʠ. ʈʝʩʪʨʠ-

ʮʠʨʦʚʘʥʥʘʷ ʛʝʥʦʤʥʘʷ ɼʅʂ ʣʝʛʠʨʫʝʪʩʷ ʩ ʘʜʘʧʪʝʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ çʣʠʧʢʠʝè ʢʦʥʮʳ ʜʣʷ ʜʘʥʥʳʭ 

ʨʝʩʪʨʠʢʮʠʦʥʥʳʭ ʩʘʡʪʦʚ. ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠʩʴ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʇʎʈ ʚ ʨʝʞʠʤʝ 35 ʮʠʢʣʦʚ: 

- ʚ ʧʝʨʚʦʡ ʇʎʈ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʘʡʤʝʨʳ, ʧʦʣʥʦʩʪʴʶ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʝ ʘʜʘʧʪʝʨʘʤ EcoRI ʠ 

MseI, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ ʤʝʞʜʫ ʘʜʘʧ-

ʪʝʨʘʤʠ EcoRI ʠ MseI, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʬʦʨʝʟʘ; 

- ʚʦ ʚʪʦʨʦʡ ʇʎʈ ʧʨʘʡʤʝʨʳ ʩ ʘʜʘʧʪʝʨʘʤʠ EcoRI ʠ MseI ʩʦʜʝʨʞʘʪ ʥʘ 3ô - ʢʦʥʮʝ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʝ ʠ ʥʝʢʦʤʧʣʝʤʝʥʪʘʨʥʳʝ ʘʜʘʧʪʝʨʘʤ ʦʩʥʦʚʘʥʠʷ (ʦʪ 1 ʜʦ 3) ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ. 

ɺ ʬʠʥʘʣʴʥʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʛʝʥʦʤʥʳʭ ʬʠʥʛʝʨ-

ʧʨʠʥʪʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, ʧʦʣʫʯʝʥʥʫʶ ʥʘ ʧʨʝʜʳʜʫʱʝʡ 

ʩʪʘʜʠʠ, ʠ ʩʝʣʝʢʪʠʚʥʳʝ ʧʨʘʡʤʝʨʳ.  

ʈʘʟʜʝʣʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʧʨʦʚʦʜʠʣʠ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ 

ʤʝʪʢʦʡ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ AFLP-ʬʨʘʛʤʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʣʝʢʪʨʦ-

ʬʦʨʝʟʘ ʚ 3% ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ (ʨʠʩʫʥʦʢ 2). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʋʌ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʘʧʧʘʨʘʪ ʜʣʷ ʛʝʣʴ-ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ çG:BOX EFè (ʉʐɸ).  

ʀʟʦʙʨʘʞʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ, ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʘʯʝʩʪʚʦ ʜʣʷ ʜʘʣʴ-

ʥʝʡʰʝʡ ʧʨʦʛʨʘʤʤʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʪʦʯʥʦʛʦ ʘʥʘʣʠʟʘ ʬʨʘʛʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʩʪʨʠʢʮʠʠ, ʣʠʛʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʘʤʧʣʠʬʠʢʘʮʠʠ, ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ. ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʘʥʘʣʠʟʘ AFLP-ʧʨʦʬʠʣʝʡ ʧʨʦʚʦʜʠʣʠ ʢʘʧʠʣʣʷʨʥʳʡ ʵʣʝʢʪʨʦʬʦʨʝʟ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ ʚ 

ʜʝʥʘʪʫʨʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷʭ ʩ ʧʦʤʦʱʴʶ ʩʝʢʚʝʥʘʪʦʨʘ ABI PRISM 3500xl (AppliedBiosystems), 

ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ ʠ ʬʨʘʛʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ. ʉʤʝʩʴ ɼʅʂ-ʬʨʘʛʤʝʥʪʦʚ ʜʝʥʘʪʫʨʠʨʫʝʪʩʷ ʠ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʜʣʠʥʝ ʚ ʧʦʣʠʘʢʨʠ-

ʣʘʤʠʜʥʦʤ ʛʝʣʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʬʨʘʛʤʝʥʪʳ, ʙʣʠʟʢʠʝ ʧʦ ʨʘʟʤʝʨʫ ʠ ʧʨʠʩʫʪʩʪ-

ʚʫʶʱʠʝ ʚ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ.  

ɼʣ̫ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʬʠʥʛʝʨʧʨʠʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ çBioNumerics Sevenè 

(çApplied Mathsè, ʉʐɸ) - ʧʨʦʛʨʘʤʤʥʫʶ ʧʣʘʪʬʦʨʤʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʧʨʦʚʦʜʠʪʴ ʦʩʥʦʚʥʳʝ ʚʠ-

ʜʳ ʘʥʘʣʠʟʘ ʚ ʙʠʦʠʥʬʦʨʤʘʪʠʢʝ. ʀʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʬʘʡʣʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʦʩʣʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʝ çʢʨʠʚʳʝè, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʝ ʬʨʘʛʤʝʥʪʘʤ AFLP (FAM) ʠ ʩʪʘʥʜʘʨʪʫ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ (LIZ). ʂʨʠʚʳʝ ʵʢʩʧʦʨʪʠʨʦ-

ʚʘʣʠ ʩ ʧʝʨʝʚʦʜʦʤ ʚ FSA ʬʦʨʤʘʪ ʠʟʦʙʨʘʞʝʥʠʷ, ʘ ʟʘʪʝʤ ʘʥʘʣʠʟʠʨʦʚʘʣʠ. 

ʌʠʥʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʧʦʣʫʯʝʥʦ ʚ ʫʩʣʦʚʠʷʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʘ-

ʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʥʘ ʛʝʥʝʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ABI PRISM 3500xl. 

ɻʝʥʝʪʠʯʝʩʢʠʡ ʧʘʩʧʦʨʪ ʰʪʘʤʤʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ: ʛʨʘʬʠ-

ʯʝʩʢʠʡ (ʨʠʩʫʥʦʢ) ʠ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʡ (ʪʘʙʣʠʮʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ). ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ 

ʛʨʘʬʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʘʩʧʦʨʪʘ ʙʘʢʪʝʨʠʡ: ʥʘʙʦʨ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʜʣʷ ʢʘʞʜʦʛʦ 

ʰʪʘʤʤʘ, ʢʦʪʦʨʳʡ ʛʝʥʝʨʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ AFLP. 
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ʈʠʩʫʥʦʢ 1 ï ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʘ ʦʙʨʘʟʮʦʚ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʰʪʘʤʤʦʚ Rhizobium 

leguminosarum bv. viciae RCAM0610, Rhizobium leguminosarum bv. viciae RCAM1077, 

Sinorhizobium meliloti RCAM1750 ʠ Rhizobium leguminosarum bv. phaseoli RCAM2624.  ʄ ï 

ʤʘʨʢʝʨ GeneRuler (Thermo Scientific, ɽʉ). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï AFLP ʧʨʦʬʠʣʠ ʰʪʘʤʤʦʚ ʢʣʫʙʝʥʴʢʦʚʳʭ ʙʘʢʪʝʨʠʡ RCAM0610, RCAM1077, 

RCAM2624 ʠ RCAM1750. 

ʄ ï ʄʘʨʢʝʨ GeneRuler 100 bp (Thermo Scientific, ɽʉ) 

0610 ï Rhizobium leguminosarum bv. viciae RCAM0610 

1077 ï Rhizobium leguminosarumbv. viciae RCAM1077 

2624 ï Rhizobium leguminosarum bv. phaseoli RCAM2624 

1750 ï Sinorhizobium meliloti RCAM1750 
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ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪʘʥʘʣʠʟʘAFLP-ʧʨʦʬʠʣʝʡʰʪʘʤʤʦʚRhizobium 

leguminosarum ʠ Sinorhizobium meliloti: 

Lab10_AS_LIZ_10 - Rhizobium leguminosarum bv. viciae RCAM0610 (ʜʣʷ ʠʥʦʢʫʣʷʮʠʠ ʚʠʢʠ). 

Lab10_AS_LIZ_24 - Rhizobium leguminosarum bv. phaseoli RCAM2624  

(ʜʣʷ ʠʥʦʢʫʣʷʮʠʠ ʬʘʩʦʣʠ). 

Lab10_AS_LIZ_50 - Sinorhizobium meliloti RCAM1750 (ʜʣʷ ʠʥʦʢʫʣʷʮʠʠ ʣʶʮʝʨʥʳ). 

Lab10_AS_LIZ_77 - Rhizobium leguminosarumbv. viciae RCAM1077 (ʜʣʷ ʠʥʦʢʫʣʷʮʠʠ ʛʦʨʦʭʘ). 

 

ʌʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʯʘʩʪʴ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʘʩʧʦʨʪʘ ʙʘʢʪʝʨʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ ʩ 

ʧʝʨʝʯʥʝʤ ʟʥʘʯʝʥʠʡ ʨʘʟʤʝʨʦʚ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ, ʚʳʨʘʞʝʥʥʳʭ ʚ ʧʘʨʘʭ ʦʩʥʦʚʘʥʠʡ çbpè (ʊʘʙʣʠʮʘ 

1). ɼʘʥʥʳʝ ʩʚʦʜʥʦʡ ʪʘʙʣʠʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʛʨʘʤʤʥʦʡ ʦʙʨʘʙʦʪʢʠ ɼʅʂ-ʧʨʦʬʠʣʷ, 

ʦʪʤʝʯʘʶʪ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʬʨʘʛʤʝʥʪʘ ɼʅʂ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ ʚ ʢʘʞʜʦʤ ʰʪʘʤʤʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ. 

 

ʊʘʙʣʠʮʘ 1 ï ɺʳʢʦʧʠʨʦʚʢʘ ʠʟ ʩʚʦʜʥʦʡ ʪʘʙʣʠʮʳ ʜʣʠʥʳ ʬʨʘʛʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

AFLP-ʘʥʘʣʠʟʘ ʰʪʘʤʤʦʚ ʙʘʢʪʝʨʠʡ ʨʦʜʘ  Rhizobium 

 
ʇʨʠʤʝʯʘʥʠʝ: 

AS_LIZ_10 - Rhizobium leguminosarum bv. viciae RCAM0610 

AS_LIZ_24 - Rhizobium leguminosarum bv. phaseoli RCAM2624 

AS_LIZ_50 - Sinorhizobium meliloti RCAM1750 

AS_LIZ_77 - Rhizobium leguminosarum bv. viciae RCAM1077 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʨʘʟʤʝʨʘʭ ʠ ʯʠʩʣʝ, 

ʪ.ʝ. ʥʘʙʦʨʝ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʠʤʝʶʱʠʭʩʷ ʨʘʟʣʠʯʠʷʭ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ɼʅʂ ʚʳʙʨʘʥʥʳʭ ʰʪʘʤʤʦʚ Rhizobiumleguminosarumbv. viciaeRCAM0610, 

Rhizobiumleguminosarumbv. phaseoliRCAM2624, SinorhizobiummelilotiRCAM1750, 

Rhizobiumleguminosarumbv. viciaeRCAM1077, ʘ ʪʘʢʞʝ ʦ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʘ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʨʘʟʣʠʯʘʪʴ ʨʘʟʥʳʝ ʰʪʘʤʤʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʚʠʜʘ.  
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ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʛʝʥʦʤʥʦʛʦ AFLP-ʬʠʥʛʝʨʧʨʠʥʪʠʥʛʘ ʫʩʧʝʰʥʦ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʤʠ ʰʪʘʤʤʘʤʠ ʢʣʫʙʝʥʴʢʦʚʳʭ ʙʘʢʪʝʨʠʡ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʳʤ ʨʦʜʘʤ, ʥʘʧʨʠʤʝʨ, PhaseolusvulgarisL. [6]. ʈʘʥʝʝ ʚ ɺʂʉʄ ʙʳʣʘ ʚʳ-

ʧʦʣʥʝʥʘ ʨʘʙʦʪʘ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʘ ʧʨʦʚʝʜʝʥʠʷ AFLP-ʬʠʥʛʝʨʧʨʠʥʪʠʥʛʘ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ [7]. 

ʀʟ ʟʘʤʦʨʦʞʝʥʥʳʭ ʢʫʣʴʪʫʨ ʯʝʪʳʨʝʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʰʪʘʤʤʦʚ ʢʣʫʙʝʥʴʢʦʚʳʭ ʙʘʢʪʝʨʠʡ 

Rhizobiumleguminosarumbv. viciaeRCAM0610, Rhizobiumleguminosarumbv. phaseoliRCAM2624, 

SinorhizobiummelilotiRCAM1750, Rhizobiumleguminosarumbv. viciaeRCAM1077, ʜʝʧʦʥʠʨʦʚʘʥʥʳʭ 

ʚ ɺʝʜʦʤʩʪʚʝʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʧʦʣʝʟʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ɺʂʉʄ), ʚʧʝʨʚʳʝ ʚʳʜʝʣʝʥʘ ʛʝʥʦʤʥʘʷ 

ɼʅʂ ʢʘʞʜʦʛʦ ʰʪʘʤʤʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʣʝʜʫʶʱʝʡ ʮʝʣʝʚʦʡ  ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʘʩʧʦʨʪʠʟʘʮʠʠ ʙʘʢʪʝʨʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʛʝʥʦʤʥʦʡ ɼʅʂ ʤʝʪʦʜʦʤ AFLP-ʬʠʥʛʝʨʧʨʠʥʪʠʥʛʘ 

ʚr ʷʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʥʘʙʦʨʝ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʠʤʝʶʱʠʭʩʷ ʨʘʟʣʠʯʠʷʭ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ɼʅʂ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ 

Rhizobiumleguminosarumbv. viciaeRCAM0610, Rhizobiumleguminosarumbv. phaseoliRCAM2624, 

SinorhizobiummelilotiRCAM1750, Rhizobiumleguminosarumbv. viciaeRCAM1077, ʘ ʪʘʢʞʝ ʦ 

ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʨʘʟʣʠʯʘʪʴ ʰʪʘʤʤʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʚʠʜʘ.  

ʄʝʪʦʜ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʘʩʧʦʨʪʠʟʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʛʝʥʦʤʥʳʡ AFLP-ʬʠʥʛʝʨʧʨʠʥʪʠʥʛ) 

ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʠʥʘʤʠʢʠ ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ ʠ ʛʝʥʦʪʠʧʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʰʪʘʤʤ-

ʤʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʩʣʝ ʢʨʠʦʢʦʥʩʝʨʚʘ-

ʮʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʩ ʮʝʣʴʶ ʢʦʥʪʨʦʣʷ ʤʠʢ-

ʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʳʨʴʷ ʠ ʧʨʦʜʫʢʪʦʚ [9].  

ʇʦʣʫʯʝʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʧʘʩʧʦʨʪʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʜʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦʜʚʝʨʛʥʫʪʳʭ ʢʨʠʦʢʦʥʩʝʨʚʠʨʦʚʘʥʠʶ ʢʦʤʤʝʨʯʝʩʢʠʭ ʰʪʘʤʤʦʚ 

ʢʣʫʙʝʥʴʢʦʚʳʭ ʙʘʢʪʝʨʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ. 
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Abstract 

The influence of the roasting heat regime on the quality of the frying oil and the quality of the 

final product. The influence of moisture and its forms on the formation of crust during frying in in 

the deep fryer is shown. 

 

ɸʥʥʦʪʘʮʠʷ 
ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʦʙʞʘʨʢʠ ʥʘ ʢʘʯʝʩʪʚʦ ʬʨʠʪʶʨʥʦʛʦ ʤʘʩʣʘ ʠ 

ʢʘʯʝʩʪʚʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʚʣʘʛʠ ʠ ʝʝ ʬʦʨʤ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʨʦʯʢʠ ʚ 

ʧʨʦʮʝʩʩʝ ʞʘʨʢʠ ʚʦ ʬʨʠʪʶʨʝ.  

 

ʆʙʞʘʨʠʚʘʥʠʝ ʚʦ ʬʨʠʪʶʨʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʫʣʠʥʘʨʥʳʭ ʠʟʜʝʣʠʡ ʠ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚ ʤʠʨʦʚʦʡ ʠʥʜʫʩʪʨʠʠ ʧʠʪʘʥʠʷ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʝʨʝʜ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʦʩʪʦʷʥʥʦ ʩʪʦʠʪ ʟʘʜʘʯʘ ʩʪʘʙʠʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʢʘ-

ʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʪʝʧʣʦʚʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ, ʢʦʪʦʨʘʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʠ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʟʘʜʘʥʠʷ ʪʝʧʣʦ-

ʚʦʛʦ ʨʝʞʠʤʘ ʦʙʞʘʨʢʠ ʚʦ ʬʨʠʪʶʨʥʦʛʦ ʤʘʩʣʘ.  
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ʉʦʩʪʦʷʥʠʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʞʘʨʢʠ ʚʦ 

ʬʨʠʪʶʨʥʦʤ ʤʘʩʣʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʡ ʩʪʘʜʠʡ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʧʨʦʜʫʢʪʳ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʧʦʩʦʙʘʭ ʬʨʠʪʶʨʥʦʡ ʞʘʨʢʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʧʨʝʜʝʣʝʥ-

ʥʳʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʧʨʦʮʝʩʩʘ, ʘ ʠʤʝʥʥʦ: ʢʠʥʝʪʠʢʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʨʦʯʢʠ ʧʦʜʞʘʨʠʚʘʥʠʷ 

[1], ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ ʠʟ ʧʨʦʜʫʢʪʘ ʠ ʧʦʛʣʦʱʝʥʠʝ ʠʤ ʞʠʨʘ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʨʘ [2]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɼʠʘʛʨʘʤʤʘ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ ʧʨʠ ʦʙʞʘʨʠʚʘʥʠʠ ʚʦ ʬʨʠʪʶʨʝ [3] 

 

ʉʢʦʨʦʩʪʴ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ ʠʟ ʦʙʞʘʨʠʚʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ 

ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʠ ʛʨʘʜʠʝʥʪʘ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ [4] (ʨʠʩʫʥʦʢ 1). ʈʘʩʩʤʦʪʨʠʤ ʚ ʦʙʱʠʭ ʯʝʨ-

ʪʘʭ ʚʟʘʠʤʦʩʚʷʟʴ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʩ ʪʝʤʧʦʤ ʚʳʜʝʣʝʥʠʷ ʚʣʘʛʠ ʚ ʤʘʩʩʫ ʥʘʛʨʝʪʦʛʦ ʞʠʨʘ. ʇʨʠ ʧʦʛ-

ʨʫʞʝʥʠʠ ʧʨʦʜʫʢʪʘ ʚ ʞʠʨ ʥʘ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʧʨʦʜʫʢʪʘ ʚʣʠʷʝʪ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ 

[5]. ʇʦʩʣʝ ʧʨʦʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʧʨʦʜʫʢʪʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳʱʝʥʠʷ ʧʘʨʦʚ ʚ ʢʘ-

ʧʠʣʣʷʨʘʭ, ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʨʘ ʫʞʝ ʥʝ ʚʣʠʷʝʪ (ʪʘʢ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʩʳʱʝʥʠʷ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ 

ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ). ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʞʠʨʘ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ, ʪʦ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʡ ʩʣʦʡ ʙʫʜʝʪ ʠʥʪʝʥʩʠʚʥʝʝ ʚʳʩʫʰʠʚʘʪʴʩʷ [6]. ʉʢʦʨʦʩʪʴ ʧʨʦʛʨʝʚʘ ʧʨʦʜʫʢʪʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪ-

ʥʦʛʦ ʩʣʦʷ ʜʦ ʮʝʥʪʨʘʣʴʥʳʭ ʩʣʦʝʚ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʪʦʣʴʢʦ ʦʪ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ-

ʩʳʱʝʥʠʷ ʩʦʢʘ ʚ ʢʘʧʠʣʣʷʨʘʭ, ʘ ʜʘʚʣʝʥʠʝ ʚ ʧʨʦʜʫʢʪʘʭ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʵʪʦʡ ʩʢʦʨʦʩʪʠ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʛʣʦʱʝʥʠʷ ʬʨʠʪʶʨʥʦʛʦ ʞʠʨʘ ʚ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ  

ʧʨʦʜʫʢʪʘ [3] 
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ɺ ʧʝʨʚʳʡ ʧʝʨʠʦʜ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʘ ʚ ʚʠʜʝ ʞʠʜ-

ʢʦʩʪʠ ʜʚʠʞʝʪʩʷ ʢ ʮʝʥʪʨʫ ʦʙʨʘʟʮʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨ, ʠ ʚ ʚʠʜʝ ʞʠʜʢʦʩʪʠ ʠ 

ʧʘʨʘ - ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ [7]. ɽʩʣʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʧʨʦʜʫʢʪʘ 

ʦʯʝʥʴ ʙʦʣʴʰʦʝ, ʪʦ ʛʨʘʜʠʝʥʪ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʚʣʘʛʠ. 

ɺʦ ʚʪʦʨʦʤ ʧʝʨʠʦʜʝ ʧʘʜʘʶʱʝʡ ʩʢʦʨʦʩʪʠ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʧʘʨʦ-

ʦʙʨʘʟʦʚʘʥʠʝ ʚʦ ʚʩʝʭ ʩʣʦʷʭ ʧʨʦʜʫʢʪʘ. ɺʣʘʛʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʦʪ ʮʝʥʪʨʘ ʧʨʦʜʫʢʪʘ ʢ ʝʛʦ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʠ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʧʘʨʘ (ʨʠʩʫʥʦʢ 2; 3). 

ɸʥʘʣʠʟʠʨʫʷ ʧʨʦʮʝʩʩ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʧʝʨʠʦʜʝ ʦʙʞʘʨʢʠ 

ʥʫʞʥʘ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʨʘ, ʪʘʢ ʢʘʢ ʧʨʦʜʫʢʪ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʣʘʛʠ, ʦʙ-

ʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʩʧʦʩʦʙʝʥ ʚʦʩʧʨʠʥʠʤʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ. 

ɺʤʝʩʪʝ ʩ ʚʣʘʛʦʡ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨ, ʧʝʨʝʜʘʝʪʩʷ ʠ ʪʝʧʣʦ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʳʡ ʧʨʦʮʝʩʩ ʥʘʛʨʝʚʘ ʧʨʦʜʫʢʪʘ [8].  

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʨʦʥʠʢʥʦʚʝʥʠʝ ʞʠʨʘ ʚ ʧʨʦʜʫʢʪ ʯʝʨʝʟ ʧʦʨʳ: ʘ ï ʧʦʨʳ, ʟʘʧʦʣʥʝʥʥʳʝ ʚʦʜʦʡ; 

ʙ ï ʧʦʨʳ, ʟʘʧʦʣʥʝʥʥʳʝ ʧʘʨʦʤ; ʚ ʠ ʛ ï ʧʦʨʳ, ʟʘʧʦʣʥʝʥʥʳʝ ʠ ʚʦʜʦʡ, ʠ ʧʘʨʦʤ. ʇʨʠ ʫʛʣʝ 

ʩʤʘʯʠʚʘʥʠʷ ʤʝʥʝʝ 90Á ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʞʠʨʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʢʘʧʠʣʣʷʨʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ɺ 

ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʨʘ ʞʠʨ ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʪʘʢʞʝ ʧʦ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ (ʩʪʨʝʣʢʘ 

ʫʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ) [3] 

 

ʇʨʦʛʨʝʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʪʝʩʪʦʚʦʡ ʟʘʛʦʪʦʚʢʠ ʚ ʥʘʯʘʣʝ ʞʘʨʢʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʦʥ-

ʜʝʥʩʘʮʠʝʡ ʚʣʘʛʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ ʙʳʩʪʨʦ. ɿʘ 150...200 ʩʝʢʫʥʜ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪ 80...90 Üʉ, ʟʘʪʝʤ ʢʦʥʜʝʥʩʘʮʠʷ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʚʣʘʛʠ ʠ ʪʝʧ-

ʣʦʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʦʙʨʘʟʫʝʪʩʷ ʪʦʥʢʘʷ ʧʣʝʥʢʘ ʢʣʝʡʩʪʝʨʠʟʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ. ʇʨʦʛ-

ʨʝʚ ʟʘʛʦʪʦʚʢʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʠ ʨʘʩʰʠʨʝʥʠʝʤ ʛʘʟʘ, ʟʘʢʣʶʯʝʥʥʦʛʦ ʚ ʧʦʨʘʭ ʪʝʩʪʘ.  

ʂʘʞʜʳʡ ʠʟ ʥʘʟʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʧʨʦ-

ʜʫʢʪʘ ʪʨʝʙʫʝʪ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ, ʪ.ʝ. ʨʘʟʣʠʯʥʦʛʦ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ 

ʠʣʠ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʮʠʢʣʘ. ɼʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʞʘʨ-

ʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʤʝʨʳ ʠ ʧʨʠʪʦʢ ʪʝʧʣʦʪʳ ʢ ʠʟʜʝʣʠʶ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝ ʧʦʩʪʦʷʥʥʳ, ʘ ʨʘʟʣʠʯʥʳ 

ʚ ʪʝʯʝʥʠʠ ʧʨʦʮʝʩʩʘ. ʊʘʢ, ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʞʘʨʦʯʥʦʡ ʚʘʥʥʳ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʙʳʩʪʨʦʛʦ 

ʧʨʦʛʨʝʚʘ ʠʟʜʝʣʠʷ ʠ ʟʘʢʨʝʧʣʝʥʠʷ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʧʨʦʮʝʩʩʘ ʚʳʧʝʯʢʠ, ʜʦʣʞʥʘ 

ʙʳʪʴ ʩʥʠʞʝʥʘ ʚʦ ʚʪʦʨʦʤ ʧʝʨʠʦʜʝ ʧʨʦʮʝʩʩʘ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʣʠʰʥʝ ʪʦʣʩʪʦʡ 

ʢʦʨʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʤʘʩʩʳ (ʨʠʩ. 3). 
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Abstract 

This article is dedicated on an influence of refrigerating conservation techinologies on duckweed 

Lemna minor. This plant was chosen because of it`s economic profit. More than that, we can use it in 

different ways. To begin with, it is used for cleaning water. Furthermore, duckweed has a wide impact 

in food technology. Thus, there is a very significant question that is: what are the most optimal 

conservation conditions for common duckweed. We compared two methods of conservation duckweed: 

frozen and drying. The results of experiment were compared with biomass that was cultivated in 

laboratory. The pigments were determined spectrophotometrically. 

 

ɸʥʥʦʪʘʮʠʷ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʣʠʷʥʠʶ ʭʦʣʦʜʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʭʨʘʥʝʥʠʷ ʨʷʩʢʠ Lemna minor ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʙʠʦʤʘʩʩʝʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʠʛʤʝʥʪʦʚ. ʆʜʥʦ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ ʨʷʩʢʠ ʤʘʣʦʡ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʝ ʚ ʧʠʪʘʥʠʠ ʯʝʣʦʚʝʢʘ ʠ ʥʘ ʢʦʨʤ ʞʠ-

ʚʦʪʥʳʭ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʠʟ ʙʠʦʤʘʩʩʳ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʈʷʩʢʘ ʤʘʣʘʷ ʦʯʝʥʴ ʙʳʩʪʨʦ ʥʘ-
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ʢʘʧʣʠʚʘʝʪ ʙʠʦʤʘʩʩʫ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʢʫʣʴʪʠʚʠʨʫʝʪʩʷ ʩ ʙʦʣʴʰʠ-

ʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ. ʇʦʵʪʦʤʫ ʧʦʜʙʦʨ ʤʝʪʦʜʦʚ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʙʠʦ-

ʤʘʩʩʳ ʩ ʥʘʠʤʝʥʴʰʝʡ ʧʦʪʝʨʝʡ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ɺ ʨʘʙʦʪʝ ʩʨʘʚʥʠ-

ʚʘʣʠ ʜʚʘ ʩʧʦʩʦʙʘ ʭʨʘʥʝʥʠʷ ʨʷʩʢʠ ʤʘʣʦʡ: ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʠ ʚʳʩʫʰʠʚʘʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠ-

ʚʘʣʠ ʩ ʙʠʦʤʘʩʩʦʡ, ʢʫʣʴʪʠʚʠʨʫʝʤʦʡ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʠʛʤʝʥʪʦʚ ʧʨʦʚʦ-

ʜʠʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ. 

 

ʈʷʩʢʘ ʤʘʣʘʷ ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ ɸʨʦʠʜʥʳʝ. ɺ ʪʝʯʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ ʨʘʩʪʝ-

ʥʠʝ ʨʘʟʤʥʦʞʘʝʪʩʷ ʚʝʛʝʪʘʪʠʚʥʦ, ʩ ʧʦʤʦʱʴʶ ʤʦʣʦʜʳʭ ʣʠʩʪʝʮʦʚ, ʦʪʜʝʣʷʶʱʠʭʩʷ ʦʪ ʤʘʪʝʨʠʥʩ-

ʢʦʛʦ ʨʘʩʪʝʥʠʷ. ɿʠʤʫʝʪ ʨʷʩʢʘ ʚ ʚʠʜʝ ʧʦʯʝʢ, ʦʧʫʩʢʘʶʱʠʭʩʷ ʥʘ ʜʥʦ ʚʤʝʩʪʝ ʩ ʦʪʤʝʨʰʠʤʠ ʨʘʩʪʝ-

ʥʠʷʤʠ [1]. ʈʷʩʢʘ ʨʘʩʩʝʣʷʝʪʩʷ ʚ ʩʪʦʷʯʠʭ ʠ ʤʝʜʣʝʥʥʦ ʪʝʢʫʱʠʭ ʚʦʜʘʭ, ʚ ʩʦʣʸʥʳʭ ʚʦʜʘʭ ʥʝ ʦʙʠ-

ʪʘʝʪ. ɼʣʷ ʥʘʩʝʢʦʤʳʭ ʠ ʨʳʙ ʝʝ ʩʚʠʚʰʠʝʩʷ ʣʠʩʪʝʮʳ ð ʪʝʥʠʩʪʳʡ ʩʚʦʜ, ʯʪʦ ʫʢʨʳʚʘʝʪ ʠʭ ʦʪ 

ʩʦʣʥʮʘ. ʀʟ ʵʪʦʡ ʞʝ ʟʝʣʝʥʠ ʦʥʠ ʩʪʨʦʷʪ ʩʝʙʝ ʞʠʣʠʱʘ.  

ʈʷʩʢʫ ʠʩʧʦʣʴʟʫʶʪ ʠ ʚ ʧʠʱʝʚʳʭ ʮʝʣʷʭ. ʊʘʢ, ʛʦʣʣʘʥʜʩʢʦʤ ʤʝʩʪʝʯʢʝ ɹʘʘʨʣʦ ʚʦʪ ʫʞʝ ʧʘʨʫ 

ʣʝʪ ʨʘʟʚʦʜʷʪ ʨʷʩʢʫ ʥʘ ʧʦʪʨʝʙʫ ʛʫʨʤʘʥʘʤ. ɺʦʟʤʦʞʥʦ, ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʨʷʩʢʘ ʧʦʧʦʣʥʠʪ 

ʤʝʥʶ ʚʝʛʝʪʘʨʠʘʥʮʝʚ ʠ ʣʶʙʠʪʝʣʝʡ ʵʢʟʦʪʠʢʠ. ʉʦ ʚʨʝʤʝʥʝʤ ʞʝ ʦʥʘ ʤʦʞʝʪ ʦʪʧʨʘʚʠʪʴʩʷ ʚ 

ʙʦʣʴʰʦʝ ʢʦʩʤʠʯʝʩʢʦʝ ʧʫʪʝʰʝʩʪʚʠʝ. ɺʝʜʴ ʜʘʞʝ ʧʝʨʝʜ ʧʦʢʦʨʠʪʝʣʷʤʠ ʄʘʨʩʘ ʚʩʪʘʥʫʪ ʚʦʧʨʦʩʳ: 

çʏʝʤ ʧʠʪʘʪʴʩʷ ʚʦ ʚʨʝʤʷ ʩʪʦʣʴ ʜʦʣʛʦʛʦ ʧʫʪʝʰʝʩʪʚʠʷ? ʏʪʦ ʟʘʤʝʥʠʪ ʞʠʚʦʪʥʳʝ ʧʨʦʪʝʠʥʳ?è [2]  

ʈʷʩʢʘ ʙʳʩʪʨʦ ʨʘʟʤʥʦʞʘʝʪʩʷ ʚʝʛʝʪʘʪʠʚʥʦ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ʚ ʧʨʝʩʥʳʭ ʚʦʜʦʝʤʘʭ ʩʦ ʩʪʦʷʯʝʡ 

ʚʦʜʦʡ, ʧʦʢʨʳʚʘʷ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʩʧʣʦʰʥʳʤ ʟʝʣʝʥʳʤ ʢʦʚʨʦʤ, ʟʘ 6 ʩʫʪʦʢ ʫʜʚʘʠʚʘʝʪ ʤʘʩʩʫ [3]. 

ɿʘ ʩʝʟʦʥ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʡ ʫʙʦʨʢʝ ʦʥʘ ʤʦʞʝʪ ʜʘʪʴ ʜʚʝʩʪʠ ʪʦʥʥ ʙʠʦʤʘʩʩʳ ʩ ʛʝʢʪʘʨʘ. ɺ 

ʋʟʙʝʢʠʩʪʘʥʝ ʟʘ 8 ʤʝʩʷʮʝʚ ʙʳʣʦ ʩʦʙʨʘʥʦ 276 ʪʦʥʥ ʩ 1 ʛʘ [4]. 

ʆʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʷʩʢʠ ʤʘʣʦʡ - ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ L. minor ʩ ʜʘʣʴʥʝʡ-

ʰʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʢʦʨʤʘ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ (ʩʦʜʝʨʞʘʥʠʝ 

ʙʝʣʢʘ ʚ ʨʷʩʢʝ ʜʦ 45 % ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ) [5, 6]; ʘ ʪʘʢʞʝ ʜʣʷ ʥʘʢʦʧʣʝʥʠʝ ʮʝʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʪʢʘʥʷʭ ʨʷʩʢʠ ʤʘʣʦʡ; ʨʷʩʢʦʚʳʝ ʥʘʢʘʧʣʠʚʘʶʪ ʚ ʣʠʩʪʝʮʘʭ ʬʣʘʚʦʥʦʠʜʳ, ʜʠʪʝʨ-

ʧʝʥʦʠʜʳ, ʪʘʥʥʠʥʳ, ʚʠʪʘʤʠʥʳ ɺ1, ɺ2 ʠ ʉ, ʩʪʝʨʦʠʜʳ, ʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʦʤʝʛʘ-3. [7]. 

ʎʝʣʴ ʨʘʙʦʪʳ ʀʟʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʣʘʩʪʠʜ-

ʥʠʭ ʧʠʛʤʝʥʪʦʚ (ʭʣʦʨʦʬʠʣʣʘ a, ʭʣʦʨʦʬʠʣʣʘ b, ʢʘʨʦʪʠʥʦʠʜʦʚ) ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ 

ʧʨʠ ʨʘʟʥʳʭ ʩʧʦʩʦʙʘʭ ʭʨʘʥʝʥʠʷ. 

ʇʨʦʙʣʝʤʘ ʭʨʘʥʝʥʠʷ. ʂ ʦʜʥʦʤʫ ʠʟ ʤʝʪʦʜʦʚ ʭʨʘʥʝʥʠʷ ʦʪʥʦʩʷʪ ʩʫʰʢʫ, ʪʘʢ ʢʘʢ ʦʥʘ ʷʚʣʷʝʪʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦʡ. ʇʦʩʣʝ ʚʳʩʳʭʘʥʠʷ ʙʠʦʤʘʩʩʘ ʣʝʛʢʦ ʢʨʦʰʠʪʩʷ. ʇʦʵʪʦʤʫ ʭʨʘʥʠʪʴ 

ʩʣʝʜʫʝʪ ʚ ʭʦʨʦʰʦ ʟʘʢʫʧʦʨʝʥʥʳʭ ʝʤʢʦʩʪʷʭ. ʅʘʧʨʠʤʝʨ, ʚ ʩʪʝʢʣʷʥʥʳʭ ʙʘʥʢʘʭ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʤʝʩʪʝ, ʟʘʱʠʱʝʥʥʦʤ ʦʪ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ. ʉʨʦʢ ʛʦʜʥʦʩʪʠ ʩʫʭʦʡ ʪʨʘʚʳ 1 ʛʦʜ.  

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʤʦʞʥʦ ʟʘʤʦʨʘʞʠʚʘʪʴ ʨʷʩʢʫ, ʚʦʟʤʦʞʥʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʛʦ ʤʝʪʦ-

ʜʘ ʤʳ ʩʤʦʞʝʤ ʩʦʭʨʘʥʠʪʴ ʙʦʣʴʰʝ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʠʛʤʝʥʪʦʚ ʚ ʥʝʡ. ʂʫʣʴ-

ʪʠʚʠʨʦʚʘʥʠʝ ʨʷʩʢʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʪʨʫʜʦʝʤʢʠ ʧʨʦʮʝʩʩ, ʪʨʝʙʫʶ-

ʱʠʡ ʙʦʣʴʰʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. 

ʄʳ ʠʩʩʣʝʜʦʚʘʣʠ ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ (ʭʣʦʨʦʬʠʣʣ a, ʭʣʦʨʦʬʠʣʣ b, ʢʘʨʦʪʠʥʦʠʜʳ) 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ. ʈʷʩʢʘ, ʢʘʢ ʠ ʚʩʝ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʝ ʦʨʛʘʥʠʟʤʳ, ʩʦʜʝʨʞʠʪ ʧʠʛʤʝʥ-

ʪʳ, ʩʧʦʩʦʙʥʳʝ ʧʦʛʣʦʱʘʪʴ ʚʠʜʠʤʳʡ ʩʚʝʪ ʠ ʧʝʨʝʭʦʜʠʪʴ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʟʘʧʫʩʢʘʷ 

ʪʝʤ ʩʘʤʳʤ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʬʦʪʦʩʠʥʪʝʟʘ [8]. ʍʣʦʨʦʬʠʣʣ a ʠʤʝʝʪ ʛʦʣʫʙʦʚʘʪʦ-ʟʝʣʝʥʳʡ 

ʮʚʝʪ, ʭʣʦʨʦʬʠʣʣ b ï ʞʝʣʪʦʚʘʪʦ-ʟʝʣʝʥʳʡ. ʇʦʩʣʝʜʥʠʡ ʩʦʜʝʨʞʠʪ ʚʩʝ ʚʳʩʰʠʝ ʨʘʩʪʝʥʠʷ, ʢ ʥʠʤ 

ʦʪʥʦʩʠʪʩʷ ʨʷʩʢʘ Lemna minor. ʍʠʤʠʯʝʩʢʠ ʭʣʦʨʦʬʠʣʣ ï ʩʦʝʜʠʥʝʥʠʝ ʧʦʨʬʠʨʠʥʦʚʦʡ çʛʦʣʦʚʢʠè 

ʠ ʬʠʪʦʣʴʥʦʛʦ çʭʚʦʩʪʘè [9]. ʂʘʨʦʪʠʥʦʠʜʳ ī ʣʠʧʦʬʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʫ ʨʘʩʪʝʥʠʡ 

ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʭʣʦʨʦʧʣʘʩʪʘʭ ʠ ʭʨʦʤʦʧʣʘʩʪʘʭ [10]. 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

¶ ʚʘʨʠʘʥʪ 1 ï ʙʠʦʤʘʩʩʘ Lemna minor, ʩʦʙʨʘʥʥʘʷ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ, ʚʳʩʫʰʝʥʥʘʷ ʧʨʠ 

ʀʂ-ʦʩʚʝʱʝʥʠʠ (35Áʉ); 

¶ ʚʘʨʠʘʥʪ 2 ï ʙʠʦʤʘʩʩʘ Lemna minor, ʟʘʤʦʨʦʞʝʥʥʘʷ ʧʨʠ -18Áʉ; 

¶ ʚʘʨʠʘʥʪ 3 ï ʨʘʩʪʝʥʠʷ Lemna minor, ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʩʨʝʜʝ ʊʘʤʠʷ. 



59 

ʕʢʩʪʨʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʵʪʠʣʦʚʳʡ (98%). ʄʝʪʦʜʳ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ï 

ʨʘʩʪʠʨʘʥʠʝ ʚ ʩʪʫʧʢʝ ʩ ʨʝʯʥʳʤ ʧʝʩʢʦʤ. ɿʘʤʦʨʦʞʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʤʦʨʘʞʠʚʘʣʠ 

ʧʦʜ ʀʂ-ʣʘʤʧʦʡ. ɺʳʨʘʱʝʥʥʳʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʨʘʩʪʝʥʠʷ ʪʘʢʞʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʩʫʰʠʚʘʣʠ ʧʦʜ 

ʀʂ-ʣʘʤʧʦʡ. ʆʧʨʝʜʝʣʷʣʠ ʜʦʣʶ ʚʣʘʛʠ ʠ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʚ ʦʙʨʘʟʮʘʭ ʧʦ ɻʆʉʊ 31640-2012. 

ɺʳʩʫʰʠʚʘʥʠʝ ʙʠʦʤʘʩʩʳ ʜʦʣʞʥʦ ʧʨʦʭʦʜʠʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʝʥʝʝ 40Áʉ, ʪʘʢ ʢʘʢ ʭʣʦ-

ʨʦʬʠʣʣ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʘʟʨʫʰʘʝʪʩʷ. ʉʫʰʢʘ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʞʝʪ 

ʧʨʦʜʣʠʪʩʷ ʜʦʣʛʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʦʨʯʝ ʤʘʪʝʨʠʘʣʘ. ʉʠʣʴʥʦʝ ʨʘʟʙʘʚʣʝ-

ʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʦʜʦʡ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʧʦʩʦʙʥʦʩʪʠ ʧʠʛʤʝʥʪʦʚ ʵʢʩʪʨʘʛʠʨʦʚʘʪʴʩʷ. 

ʄʘʩʩʘ ʥʘʚʝʩʢʠ ï 0,1 ʛ. ʅʘʚʝʩʢʫ ʭʦʨʦʰʦ ʨʘʩʪʠʨʘʶʪ ʚ ʩʪʫʧʢʝ ʩ ʨʝʯʥʳʤ ʧʝʩʢʦʤ ʠ ʥʝʙʦʣʴ-

ʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʩʪʚʦʨʠʪʝʣʷ (1-2 ʤʣ 96% ʵʪʘʥʦʣʘ) ʜʦ ʦʜʥʦʨʦʜʥʦʡ ʤʘʩʩʳ. ʆʙʲʝʤ ʨʘʩʪʚʦʨʠ-

ʪʝʣʷ ʚ ʩʫʤʤʝ 10-20 ʤʣ. ʈʘʩʪʝʨʪʫʶ ʛʦʤʦʛʝʥʥʫʶ ʤʘʩʩʫ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʝʨʝʥʦʩʷʪ ʚ ʮʝʥʪʨʠʬʫʞ-

ʥʫʶ ʧʨʦʙʠʨʢʫ ʩʤʳʚʘʷ ʦʩʪʘʪʢʦʤ ʩʧʠʨʪʘ ʧʝʩʪʠʢ ʠ ʩʪʫʧʢʫ, ʮʝʥʪʨʠʬʫʛʠʨʫʶʪ ʧʨʠ 2500 ʦʙ./ʤʠʥ. 10 

ʤʠʥʫʪ, ʦʪʙʠʨʘʶʪ ʥʘʜʦʩʘʜʦʯʥʫʶ ʞʠʜʢʦʩʪʴ ʚ ʢʶʚʝʪʫ ʜʣʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʨʦʚʘʥʠʷ ʥʘ 10 ʤʤ.  

ʅʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʦʧʨʝʜʝʣʷʶʪ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ (D) ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʜʣʠʥʳ ʚʦʣʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʢʩʠʤʫʤʘʤ ʧʦʛʣʦʱʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʠʛʤʝʥʪʦʚ: 

ʍʣʦʨʦʬʠʣʣ ʘ ī 665 ʥʤ, 

ʍʣʦʨʦʬʠʣʣ b ī 649 ʥʤ, 

ʂʘʨʦʪʠʥʦʠʜʳ ī 440 ʥʤ. 

ɺ ʢʶʚʝʪʝ ʩʨʘʚʥʝʥʠʷ 96% ʵʪʘʥʦʣ. 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʧʠʛʤʝʥʪʦʚ ʚ ʵʢʩʪʨʘʢʪʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʘʤ: 

# ρρȟφσ$ ςȟσω$ ,                                                     (1) 

ὅ ςπȟρρὈ υȟρψὈ ,                                                     (2) 

# φȟτυ$ ρχȟχς$ ,                                            (3) 

#ʢʘʨȢ τȟφωυ$ʢʘʨȢ πȟςφψ# ,                                               (4) 

ʛʜʝ ʉ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʦʚ ʘ, b ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʵʢʩʪʨʘʢʪʝ, ʤʛ/ʣ, D ï ʦʧʪʠʯʝʩ-ʢʘʷ 

ʧʣʦʪʥʦʩʪʴ ʚ ʮʝʥʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʧʠʛʤʝʥʪʦʚ 440,5, 649 ʠ 665 ʥʤ. 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʧʠʛʤʝʥʪʦʚ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʩʫʭʠʝ ʚʝʱʝʩʪʚʘ ʚ ʙʠʦʤʘʩʩʝ ʦʧʨʝʜʝʣʷʣʠ ʧʦ 

ʬʦʨʤʫʣʝ: 

ὃ                                                         (2) 

ʛʜʝ  ɸ ï ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʘ ʥʘ 1 ʛ ʩʫʭʦʡ ʥʘʚʝʩʢʠ, ʤʛ,  

ʉ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʠʛʤʝʥʪʘ (ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʧʨʝʜʳʜʫʱʠʤ ʬʦʨʤʫʣʘʤ), ʤʛ/ʣ,  

V ï ʦʙʲʝʤ ʚʳʪʷʞʢʠ ʧʠʛʤʝʥʪʘ, ʤʣ,  

ʈ ï ʥʘʚʝʩʢʘ, ʛ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʳ ʣʠʩʪʝʮʦʚ ʧʦʟʚʦʣʷʝʪ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʩʦʩʪʦʷʥʠʝ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʨʘʩʪʝʥʠʡ [7], [11], ʯʪʦ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʥʘʢʦʧ-

ʣʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʪʢʘʥʷʭ ʠ ʥʘʨʘʩʪʘʥʠʝʤ ʙʠʦʤʘʩʩʳ. 

ʄʦʨʬʦ-ʘʥʘʪʦʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʨʘʩʪʝʥʠʡ, ʩʦʙʨʘʥʥʳʭ ʚ ʣʝʪ-

ʥʠʡ ʧʝʨʠʦʜ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʭʨʘʥʠʣʠ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʇʦʢʘʟʘʪʝʣʷʤʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʷʚʣʷʝʪʩʷ: 

- ʢʨʫʧʥʳʝ ʦʪʢʨʳʪʳʝ ʫʩʪʴʠʮʘ, ʚʳʩʦʢʘʷ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ (ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʠʥʪʝʥʩʠʚʥʳʡ 

ʛʘʟʦʦʙʤʝʥ) (ʨʠʩ. 1ɸ); 

- ʢʨʫʧʥʳʝ ʢʣʝʪʢʠ ʭʣʦʨʝʥʭʠʤʳ (ʥʘʢʦʧʣʝʥʠʝ ʟʘʧʘʩʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʠʥʪʝʥʩʠʚʥʳʡ ʬʦ-

ʪʦʩʠʥʪʝʟ) (ʨʠʩ. 1 ɹ); 

- ʢʨʫʧʥʳʝ ʭʣʦʨʦʧʣʘʩʪʳ (ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ) (ʨʠʩ. 1 ɹ). 

ʈʘʟʤʝʨʳ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʭʣʦʨʝʥʭʠʤʝ ʣʠʩʪʝʮʦʚ ʨʘʩʪʝʥʠʡ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʨʦʩʪʝ ʧʦʧʫʣʷʮʠʡ 

ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ ( ʪʘʙʣ. 1), ʯʝʤ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ (ɽʢʘʪʝʨʠʥʙʫʨʛ) [11], ʯʪʦ ʚʦʟʤʦʞʥʦ 

ʩʚʷʟʘʥʦ ʩ ʤʝʥʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. 

 



60 

 
ɸ                                                       ɹ 

ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʣʠʩʪʠʮʦʚ L. minor: ɸ ï ʵʧʠʜʝʨʤʠʩ  

(1 ï ʫʩʪʴʠʮʝ); ɹ ï ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʝ ʢʣʝʪʢʠ ʧʘʨʝʥʭʠʤʳ (2 ï ʭʣʦʨʦʧʣʘʩʪʳ). 

 

ʊʘʙʣʠʮʘ 1 ï ɸʥʘʪʦʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʠʩʪʝʮʦʚ L. minor ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʉʇʙ, 

ʠʶʣʴ 2017 ʛ. (n=50). 

 

S ʧʨʦʝʢʮʠʠ ʢʣ. 

ʭʣʦʨʝʥʭʠʤʳ ʧʦʜ 

ʵʧʠʜʝʨʤʠʩʦʤ 

S ʧʨʦʝʢʮʠʠ 

ʫʩʪʴʠʮʘ 
ʉʆʋ, % 

S ʧʨʦʝʢʮʠʠ 

ʦʩʥ. ʢʣʝʪʦʢ 

ʵʧʠʜʝʨʤʠʩʘ 

ʂʘ 

153,87Ñ14,89 219,32Ñ11,49 11,29Ñ1,23 388,86Ñ66,84 1,73Ñ0,18 

ʇʨʠʤʝʯʘʥʠʝ: ʉʆʋ ï ʩʪʝʧʝʥʴ ʦʪʢʨʳʪʦʩʪʠ ʫʩʪʴʠʮ; ʂʘ ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʚʠʣʠʩʪʦʩʪʠ 

ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʩʪʝʥʦʢ ʦʩʥʦʚʥʳʭ ʢʣʝʪʦʢ ʵʧʠʜʝʨʤʠʩʘ. 

 

ʇʨʠ ʚʳʩʦʢʠʭ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘ ʩʚʝʪʫ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʧʫ-

ʪʝʤ ʬʦʪʦʦʢʠʩʣʝʥʠʷ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʥʝʢʨʦʪʠʯʝʩʢʠʭ ʧʷʪʝʥ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ-

ʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʠ ʚʳʩʫʰʠʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʭʣʦʨʦʬʠʣʣʘ, ʩʦʜʝʨ-

ʞʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ ʪʘʢʞʝ ʩʥʠʞʘʝʪʩʷ (ʪʘʙʣ. 2), ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʧʨʠ ʚʳʩʫʰʠʚʘʥʠʠ. 

 

ʊʘʙʣʠʮʘ 2 ï ɺʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ ʨʷʩʢʠ ʤʘʣʦʡ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʩʫʭʫʶ ʤʘʩʩʫ 

 

ʆʙʨʘʟʝʮ 
ʍʣʦʨʦʬʠʣʣ, ʤʛ/ʛ ʂʘʨʦʪʠʥʦʠʜʳ, 

ʤʛ/ʛ ʘ b ʘ+b ʘ/b 

ʇʨʠ ʀʂ-ʩʫʰʢʝ 2,38Ñ0,29 1,44Ñ0,28 3,79Ñ0,58 1,68 0,469Ñ0,057 

ɿʘʤʦʨʦʞʝʥʥʳʡ ʧʨʠ 

-18Áʉ 
2,59Ñ0,093 1,83Ñ0,13 4,41Ñ0,208 1,42 0,586Ñ0,021 

ɾʠʚʳʝ, ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ 

ʚ ʣʘʙʦʨʘʪʦʨʠʠ 
5,57Ñ0,73 2,40Ñ0,367 8,00Ñ1,10 2,33 1,655Ñ0,220 

 

ʇʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʩʨʝʜʝ ʊʘʤʠʷ ʧʦʣʫʯʝʥʥʘʷ ʙʠʦʤʘʩʩʘ 

ʩʦʜʝʨʞʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʧʠʛʤʝʥʪʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʳʤ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʢʫʣʴ-

ʪʠʚʠʨʦʚʘʥʠʷ ʨʷʩʢʠ ʤʘʣʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʥʘʨʘʙʦʪʢʠ ʥʘʠʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʠʛʤʝʥʪʦʚ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʝʪʦʜ ʩʦʭʨʘʥʝʥʠʷ ʞʠʚʦʡ ʨʷʩʢʠ ʚ ʘʢʚʘʨʠʫʤʘʭ, ʥʦ ʵʪʦʪ ʤʝʪʦʜ ʥʝ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳ-

ʛʦʜʥʳʤ. ʉʘʤʳʡ ʜʝʰʸʚʳʡ ʚʘʨʠʘʥʪ ʭʨʘʥʝʥʠʷ ʨʷʩʢʠ ï ʀʂ-ʩʫʰʢʘ. ʕʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ 

ʥʝʚʳʛʦʜʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʠʛʤʝʥʪʦʚ. ʇʨʠ ʟʘʤʦʨʦʟʢʝ ʧʦʪʝʨʷ ʧʠʛʤʝʥ-

ʪʦʚ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʘʷ, ʵʪʦʪ ʩʧʦʩʦʙ ʪʨʝʙʫʝʪ ʜʦʨʘʙʦʪʢʠ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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