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ʂʝʤʝʨʦʚʦ 

ɾʫʨʥʘʣ ʚʳʧʫʩʢʘʝʪʩʷ ʝʞʝʤʝʩʷʯʥʦ, ʧʫʙʣʠʢʫʝʪ ʩʪʘʪʴʠ ʧʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʥʘʫʢʘʤ. ʇʦʜʨʦʙʥʝʝ ʥʘ www.t-

nauka.ru   

ɿʘ ʪʦʯʥʦʩʪʴ ʧʨʠʚʝʜʝʥʥʳʭ ʩʚʝʜʝʥʠʡ ʠ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʳʭ, ʥʝ ʧʦʜʣʝʞʘʱʠʭ ʦʪʢʨʳʪʦʡ ʧʫʙʣʠʢʘʮʠʠ, 

ʥʝʩʫʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʘʚʪʦʨʳ.  

ʈʝʜʢʦʣ.: 

ʅʠʢʠʪʠʥ ʇʘʚʝʣ ʀʛʦʨʝʚʠʯ - ʛʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʚʳʧʫʩʢ ʞʫʨʥʘʣʘ 

ɹʘʷʥʦʚ ʀʛʦʨʴ ɺʘʜʠʤʦʚʠʯ - ʤʘʪʝʤʘʪʠʢ, ʩʧʝʮʠʘʣʠʩʪ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʧʝʨʚʠʯʥʫʶ ʤʦʜʝʨʘʮʠʶ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ ʩʪʘʪʝʡ 

ɸʨʪʝʤʘʩʦʚ ɺʘʣʝʨʠʡ ɺʘʣʝʨʴʝʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʬʠʥʘʣʴʥʫʶ 

ʤʦʜʝʨʘʮʠʶ ʠ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ ʩʪʘʪʝʡ 

ɿʠʤʠʥʘ ʄʘʨʠʷ ʀʛʦʨʝʚʥʘ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʬʠʥʘʣʴʥʫʶ ʤʦʜʝʨʘʮʠʶ ʠ 

ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ ʩʪʘʪʝʡ 

ʅʦʨʤʠʨʟʘʝʚ ɸʙʜʫʢʘʶʤ ʈʘʭʠʤʙʝʨʜʠʝʚʠ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʅʘʤʘʥʛʘʥʩʢʠʡ ʠʥʞʠʥʝʨʥʦ-

ʩʪʨʦʠʪʝʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʅʘʤʄʇʀ)  

ɹʝʟʫʛʣʦʚ ɸʣʝʢʩʘʥʜʨ ʄʠʭʘʡʣʦʚʠʯ - ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʢʠ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʖʞʥʦ-ʨʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʅʦʚʦʯʝʨʢʘʩʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ) ʠʤ. ʄ.ʀ .ʇʣʘʪʦʚʘ, 

ʅʘʜʞʘʨʷʥ ʄʠʢʘʝʣ ʊʦʚʤʘʩʦʚʠʯ -  ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʅʘʮʠʦʥʘʣʴʥʳʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɸʨʤʝʥʠʠ 

ʐʫʰʣʝʙʠʥ ʀʛʦʨʴ ʄʠʭʘʡʣʦʚʠʯ - ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʘʬʝʜʨʘ ʬʠʟʠʢʠ ʪʚʸʨʜʦʛʦ 

ʪʝʣʘ ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ  ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʈʘʚʰʘʥʦʚ ɼʠʣʰʦʜ ʏʦʨʰʘʥʙʠʝʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

çʊʝʭʥʦʣʦʛʠʷ, ʤʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʣʠʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè, ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʉ.ʆʩʠʤʠ 

ʂʨʫʪʷʢʦʚʘ ʄʘʨʛʘʨʠʪʘ ɺʠʢʪʦʨʦʚʥʘ ï ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ,  ʄʦʩʢʦʚʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɻʣʘʜʢʦʚ ʈʦʤʘʥ ɺʠʢʪʦʨʦʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʚʦʦʨʫʞʝʥʠʷ ʠ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ ʈʷʟʘʥʩʢʦʛʦ ʛʚʘʨʜʝʡʩʢʦʛʦ ʚʳʩʰʝʛʦ ʚʦʟʜʫʰʥʦ-ʜʝʩʘʥʪʥʦʛʦ ʢʦʤʘʥʜʥʦʛʦ 

ʫʯʠʣʠʱʘ 

ʄʦʥʦʛʘʨʦʚ ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʜʦʮʝʥʪ ɸʨʤʘʚʠʨʩʢʦʛʦ ʤʝʭʘʥʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʬʠʣʠʘʣ) ʌɻʆʋ ɺʆ ʂʫʙɻʊʋ 

ʐʝʚʯʝʥʢʦ ʉʝʨʛʝʡ ʅʠʢʦʣʘʝʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʉʕʋ, ɹʘʣʪʠʡʩʢʘʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ ʈʌ 

ʆʪʘʢʫʣʦʚ ʉʘʣʠʤ  - ɼʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ 

ɼʞʠʟʘʢʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ɸ.ʆ. ʉʝʨʛʝʝʚʘ (ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʘʜʤʠʥʠʩʪʨʘʪʦʨ)[ʠ ʜʨ.];  

 

ɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʡ ʞʫʨʥʘʣ çʊʦʯʥʘʷ ʥʘʫʢʘè, ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ çʀʟʜʘʪʝʣʴʩʢʦʛʦ ʜʦʤʘ çʇʣʫʪʦʥè, 

ʙʳʣ ʩʦʟʜʘʥ ʩ ʮʝʣʴʶ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ. ʄʳ ʨʘʜʳ ʧʨʠʚʝʪʩʪʚʦʚʘʪʴ ʩʪʫʜʝʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ. ʅʘʜʝʝʤʩʷ ʧʦʜʘʨʠʪʴ ɺʘʤ ʤʥʦʞʝʩʪʚʦ ʧʦʣʝʟʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʚʜʦʭʥʦʚʠʪʴ ʥʘ ʥʦʚʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ çʇʣʫʪʦʥè www.idpluton.ru  e-mail: admin@idpluton.ru 

ʇʦʜʧʠʩʘʥʦ ʚ ʧʝʯʘʪʴ 20.01.2020 ʛ.  ʌʦʨʤʘʪ 14,8Ĭ21 1/4. | ʋʩʣ. ʧʝʯ. ʣ. 2.2. | ʊʠʨʘʞ 500. 

ɺʩʝ ʩʪʘʪʴʠ ʧʨʦʭʦʜʷʪ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ (ʵʢʩʧʝʨʪʥʫʶ ʦʮʝʥʢʫ). 

ʊʦʯʢʘ ʟʨʝʥʠʷ ʨʝʜʘʢʮʠʠ ʥʝ ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ ʟʨʝʥʠʷ ʘʚʪʦʨʦʚ ʧʫʙʣʠʢʫʝʤʳʭ ʩʪʘʪʝʡ. 

ɸʚʪʦʨʳ ʩʪʘʪʝʡ ʥʝʩʫʪ ʧʦʣʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʩʦʜʝʨʞʘʥʠʝ ʩʪʘʪʝʡ ʠ ʟʘ ʩʘʤ ʬʘʢʪ ʠʭ ʧʫʙʣʠʢʘʮʠʠ. 

ʈʝʜʘʢʮʠʷ ʥʝ ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʝʨʝʜ ʘʚʪʦʨʘʤʠ ʠ/ʠʣʠ ʪʨʝʪʴʠʤʠ ʣʠʮʘʤʠ ʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʟʘ 

ʚʦʟʤʦʞʥʳʡ ʫʱʝʨʙ, ʚʳʟʚʘʥʥʳʡ ʧʫʙʣʠʢʘʮʠʝʡ ʩʪʘʪʴʠ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʟʘʠʤʩʪʚʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʩʩʳʣʢʘ ʦʙʷʟʘʪʝʣʴʥʘ.  
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ʀʅʊɽʈʅɽʊ ɺɽʑɽʁ 

 

INTERNET OF THINGS 

 

ɸʥʥʦʪʘʮʠʷ: ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʮʝʧʮʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʬʠʟʠʯʝʩʢʠʭ ʧʨʝʜʤʝʪʦʚ, ʢʦʪʦʨʳʝ ʦʩʥʘʱʝʥʳ ʚʩʝʚʦʟʤʦʞʥʳʤʠ ʚʩʪʨʦʝʥʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʠʤ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʚʷʟʴ ʢʘʢ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʪʘʢ ʠ ʩʦ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ.  

ɼʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʦʨʛʘʥʠʟʘʮʠʶ ʪʘʢʠʭ ʩʝʪʝʡ ʚ ʢʘʯʝʩʪʚʝ ʷʚʣʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ 

ʚʦʟʤʦʞʥʦ ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʦʙʱʝʩʪʚʝʥʥʳʝ, ʘ ʪʘʢʞʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʥʝ 

ʪʨʝʙʫʶʱʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʫʯʘʩʪʠʷ. 

Abstract: The Internet of things is a concept of a computer network of various kinds of physical 

objects that are equipped with all sorts of built-in technologies that allow them to communicate with each 

other and with the external environment.  This concept considers the organization of such networks as a 

phenomenon through which it is possible to reconstruct various social and economic processes that do not 

require human participation. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʴ, ʩʝʪʠ 5G, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, 

ʪʝʭʥʦʣʦʛʠʠ ʤʝʞʤʘʰʠʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

Keywords: Internet of things, computer network, 5G networks, artificial intelligence, inter-machine 

interaction technologies. 

ɿʥʘʢʦʤʴʪʝʩʴ, IoT: ʦʪʢʫʜʘ ʦʥ ʧʦʷʚʠʣʩʷ ʠ ʢʘʢ ʨʘʟʚʠʚʘʣʩʷ ʚ ʈʦʩʩʠʠ?  

ʇʦʷʚʠʣcʷ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ (ʦʥ ʞʝ iOT) ʚ 1999 ʛʦʜʫ ʢʘʢ ʦʩʤʳʩʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʝʜʤʝʪʦʚ ʢʘʢ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ, ʪʘʢ ʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʅʘʯʠʥʘʷ ʩ 2010 

ʛʦʜʘ, ʜʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʥʘʯʘʣʘ ʦʯʝʥʴ ʘʢʪʠʚʥʦ ʧʦʧʦʣʥʷʪʴʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ. 

ʇʦʩʪʦʷʥʥʦ ʚʥʝʜʨʷʶʪʩʷ ʚʩʝ ʥʦʚʳʝ ʠʜʝʠ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʧʨʘʢʪʠʢʝ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʵʪʦʤʫ 

ʩʧʦʩʦʙʩʪʚʫʝʪ:  

¶ ʧʦʷʚʣʝʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ 5G,  

¶ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ,  

¶ ʦʩʚʦʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦ-ʦʧʨʝʜʝʣʷʝʤʳʭ ʩʝʪʝʡ,  

¶ ʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ.  
 ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ ʚʧʝʨʚʳʝ ʥʘʯʘʣʘ ʨʘʟʚʠʚʘʪʴ ʢʦʤʧʘʥʠʷ Huawei 

Enterprise Business Group. ʀʟʥʘʯʘʣʴʥʦ ʦʥ ʧʨʦʥʠʢ ʚ ʧʨʦʤʳʰʣʝʥʥʫʶ ʩʬʝʨʫ.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʣʠʩʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʦʩʴ ʝʛʦ ʢʘʯʝʩʪʚʦ.  ɺ 

ʯʘʩʪʥʦʩʪʠ, ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ ʙʳʣ ʚʟʷʪ ʥʘ  ʚʦʦʨʫʞʝʥʠʝ ʨʦʩʩʠʡʩʢʦʡ ʢʦʤʧʘʥʠʝʡ ʂɸʄɸɿ.  ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʫ ʥʝʝ ʫʞʝ ʮʝʣʳʭ ʜʚʘ ʧʨʦʝʢʪʘ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ.  ʕʪʦ 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʢʦʥʚʝʡʝʨʦʚ ʜʣʷ ʩʙʦʨʢʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʠ ʨʘʟʨʘʙʦʪʢʘ ʙʝʩʧʠʣʦʪʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ. 

mailto:Igoryn.Kayukov@yandex.ru
mailto:GGboba1@yandex.ru
mailto:odinanya@yandex.ru
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘ ʵʪʘʧʝ ʩʙʦʨʢʠ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʧʨʦʮʝʥʪ ʙʨʘʢʘ ʠ ʧʨʘʚʠʣʴʥʦ 

ʚʳʧʦʣʥʷʪʴ ʟʘʪʷʞʢʫ ʦʩʥʦʚʥʳʭ ʚʘʞʥʳʭ ʫʟʣʦʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʙʝʟ ʚʠʙʨʘʮʠʠ, ʨʠʩʢʘ ʧʦʨʯʠ ʜʝʪʘʣʝʡ.  

ʊʝʩʪʠʨʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʦʛʦ ʂɸʄɸɿʘ ʥʘʟʥʘʯʝʥʦ ʥʘ 2019 ʛʦʜ. ʇʦʤʠʤʦ ʘʚʪʦʤʦʙʠʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʦʧʝʨʘʪʦʨʳ ʩʚʷʟʠ.  

ʂʦʥʝʯʥʦ, ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʳʛʨʘʣʠ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʠʥʦʩʪʨʘʥʥʳʝ ʢʦʨʧʦʨʘʮʠʠ, ʦʪʢʨʳʚ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʮʝʥʪʨʳ ʠ 

ʨʝʛʫʣʷʨʥʦ ʧʦʩʪʘʚʣʷʷ ʥʦʚʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ.[1] 

ʆʩʦʙʝʥʥʦʩʪʠ ʠ ʪʨʝʥʜʳ IoT. ʈʘʟʚʠʪʠʝ çʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡè ʚ ʈʦʩʩʠʠ 

 ʂ ʦʩʦʙʝʥʥʦʩʪʷʤ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʥʝʦʙʭʦʜʠʤʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʝʝ: 

¶ ɼʦʩʪʫʧʥʦʩʪʴ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ; 

¶ ʇʦʚʩʝʤʝʩʪʥʦʩʪʴ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ; 

¶ ʇʦʩʪʦʷʥʥʦʝ ʫʜʝʰʝʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ; 

¶ ʇʦʩʪʦʷʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, 
ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʘ ʠʭ ʩʢʘʯʠʚʘʥʠʡ ʠʟ ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʛʘʟʠʥʦʚ ʧʨʠʣʦʞʝʥʠʡ; 

¶ ɼʘʣʴʥʝʡʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʝʪʠ ʠʥʪʝʨʥʝʪ; 

¶ ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʧʨʦʜʘʞ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʥʦʛʦ ʧʘʨʢʘ ʩʤʘʨʪʬʦʥʦʚ ʠ ʧʣʘʥʰʝʪʦʚ; 

¶ ʇʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʘʷʩʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʦʚ; 

¶ ʇʦʩʪʦʷʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʨʝʩʘ ʢ ʩʝʢʪʦʨʫ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ 
(Industrial IoT) ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ; 

¶ ʇʦʩʪʦʷʥʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʤʝʞʤʘʰʠʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; 

¶ ɺʩʝ ʙʦʣʴʰʝ ʢʦʤʧʘʥʠʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʩʚʦʝʡ 
ʧʨʦʜʫʢʮʠʠ ʠ ʩʝʨʚʠʩʦʚ; 

¶ ʇʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦʝ ʦʩʚʦʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦ-ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʩʝʪʝʡ; 

¶ ʇʦʩʪʦʷʥʥʦ ʫʜʝʰʝʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. 

ɻʦʚʦʨʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ çʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡè ʚ ʈʦʩʩʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘʰʘ ʩʪʨʘʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʩʪʘʝʪ ʦʪ ʜʨʫʛʠʭ ʛʦʩʫʜʘʨʩʪʚ ʚ ʧʣʘʥʝ 

ʚʥʝʜʨʝʥʠʷ ʠʤʝʥʥʦ ʪʝʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʚʦ ʚʩʝʤ ʦʩʪʘʣʴʥʦʤ ʤʠʨʝ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ. ʈʝʯʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʜʝʪ ʦʙ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝ, ʘ ʪʘʢʞʝ ʨʦʙʦʪʦʪʝʭʥʠʢʝ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʤʥʦʛʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ, ʬʠʥʘʥʩʦʚʳʤʠ, ʧʨʘʚʦʚʳʤʠ, 

ʥʦʨʤʘʪʠʚʥʳʤʠ, ʘ ʪʘʢʞʝ ʤʝʥʪʘʣʴʥʳʤʠ.  ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʠ ʢʘʢ ʛʦʩʫʜʘʨʩʪʚʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ.  ʊʦ ʝʩʪʴ ʥʝ ʩʢʣʦʥʥʳʤ ʢ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ.  ʂ ʪʦʤʫ 
ʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʪʨʫʜʥʷʝʪ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʧʣʦʭʘʷ ʚʥʫʪʨʝʥʥʷʷ ʢʦʥʢʫʨʝʥʮʠʷ, ʘ ʪʘʢʞʝ ʠʥʝʨʪʥʦʩʪʴ 

ʧʝʨʩʦʥʘʣʘ ʠ ʤʝʥʝʜʞʤʝʥʪʘ ʢʨʫʧʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. ʅʦ ʧʦʜʜʝʨʞʢʘ ʥʘʰʠʤ ʛʦʩʫʜʘʨʩʪʚʦʤ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʫʞʝ ʦʪʤʝʪʠʪʴ ʥʘʤʝʪʠʚʰʠʝʩʷ ʪʨʝʥʜʳ: 

1. ʅʘʣʠʯʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʦʢʦʥʝʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ.  

ʏʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ?  ʅʘʧʨʠʤʝʨ, ʢʘʤʝʨʘ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʚ ʤʝʪʨʦʧʦʣʠʪʝʥʝ, ʥʘ ʚʦʢʟʘʣʝ, ʚ 

ʘʵʨʦʧʦʨʪʫ ʩʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʬʠʢʩʠʨʦʚʘʪʴ ʧʝʨʝʤʝʱʝʥʠʝ ʣʶʜʝʡ, ʥʦ ʨʘʩʧʦʟʥʘʚʘʪʴ ʠʭ ʧʦ ʧʦʣʫ, ʚʦʟʨʘʩʪʫ, 

ʥʘʮʠʦʥʘʣʴʥʦʩʪʠ, ʜʨʫʛʠʤ ʧʨʠʟʥʘʢʘʤ, ʚʝʩʪʠ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʜʩʯʝʪ ʧʘʩʩʘʞʠʨʦʚ ʠ ʦʮʝʥʠʚʘʪʴ 

ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʩʪʘʥʮʠʠ/ʧʣʘʪʬʦʨʤʳ/ʪʝʨʤʠʥʘʣʘ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ  ʩʦʪʨʫʜʥʠʢʦʚ, 

ʦʙʣʝʛʯʘʝʪ ʧʦʠʩʢʠ ʢʦʥʢʨʝʪʥʳʭ ʣʠʯʥʦʩʪʝʡ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʜʘʥʥʳʝ ʩ ʢʘʤʝʨ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦʦʙʱʝʥʠʷ. ɺʥʝʜʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʘʪʯʠʢʦʚ ʧʦʟʚʦʣʠʪ ʚʦʚʨʝʤʷ 

ʠʩʢʣʶʯʠʪʴ ʣʶʜʝʡ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʟ ʤʝʩʪ ʩʢʦʧʣʝʥʠʷ ʣʶʜʝʡ ʠ ʧʨʝʜʫʧʨʝʜʠʪʴ ʨʘʟʚʠʪʠʝ 

ʵʧʠʜʝʤʠʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʧʠʣʦʪʥʳʝ ʧʨʦʝʢʪʳ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʪ ʠ 

ʪʝʩʪʠʨʫʶʪʩʷ. 

2. AI ʠ ʙʣʦʢʯʝʡʥ ʢʘʢ ʩʪʘʥʜʘʨʪ ʢʘʯʝʩʪʚʘ ʢʦʥʪʨʦʣʷ 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʢʦʥʪʨʦʣʠʨʫʝʪ ʠʩʧʨʘʚʥʦʩʪʴ ʨʘʙʦʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʧʦʤʦʛʘʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʩʥʠʟʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ. ɺ 

ʤʝʜʠʮʠʥʝ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʧʨʦʚʝʨʷʶʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʚʨʘʯʘ ʦ ʧʦʩʪʘʥʦʚʢʝ ʜʠʘʛʥʦʟʘ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʝ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʟʥʘʯʝʥʥʦʛʦ ʣʝʯʝʥʠʷ. 

ʇʨʦʛʨʘʤʤʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ ʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʚʥʝʜʨʷʶʪʩʷ ʚ ʩʬʝʨʫ ʪʦʨʛʦʚʣʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʘʩʩʦʨʪʠʤʝʥʪ ʤʘʛʘʟʠʥʘ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʟʘʧʨʦʩʳ ʧʦʢʫʧʘʪʝʣʷ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʦʢʫʧʘʪʝʣʴʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʪʦʞʝ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʕʪʦ 
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ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪ ʧʨʦʜʘʞʠ ʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʢʣʠʝʥʪʫ. ɹʣʦʢʯʝʡʥ ʚʳʩʪʫʧʘʝʪ ʛʘʨʘʥʪʦʤ ʧʦʩʪʧʨʦʜʘʞʥʳʭ ʫʩʣʫʛ: ʜʦʩʪʘʚʢʠ, ʩʪʨʘʭʦʚʘʥʠʷ ʠ ʪ.ʧ. 

3. ʀʥʪʝʛʨʘʮʠʷ iOT-ʧʣʘʪʬʦʨʤ ʜʣʷ çʫʤʥʳʭè ʛʦʨʦʜʦʚ 

ɺ ʧʦʥʷʪʠʝ çʫʤʥʳʡ ʛʦʨʦʜè ʚʭʦʜʠʪ ʩʙʦʨ, ʘʥʘʣʠʟ, ʦʙʨʘʙʦʪʢʘ, ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʩʦ ʚʩʝʭ ʜʘʪʯʠʢʦʚ. 

ʂʘʞʜʦʝ ʫʩʪʨʦʡʩʪʚʦ ï ʵʪʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʘʟʨʘʙʦʪʯʠʢ ʠ ʬʫʥʢʮʠʦʥʘʣ, ʧʦʵʪʦʤʫ ʠʭ ʨʘʙʦʪʫ ʥʫʞʥʦ ʫʤʝʪʴ 

ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ, ʯʪʦʙʳ ʨʘʟʥʳʝ ʧʣʘʪʬʦʨʤʳ ʠ ʧʨʠʣʦʞʝʥʠʷ ʨʘʙʦʪʘʣʠ ʩʦʚʤʝʩʪʥʦ, ʧʦʤʦʛʘʷ ʨʝʰʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʟʘʜʘʯʫ. ʕʪʦ ʪʨʝʙʫʝʪ ʦʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʫʤʝʥʠʷ ʩʦʟʜʘʚʘʪʴ ʦʙʱʫʶ ʦʙʣʘʯʥʫʶ ʧʣʘʪʬʦʨʤʘ, 

ʛʜʝ ʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʛʦʨʦʜʩʢʠʤʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʤʠ ʠ ʧʦʜʢʣʶʯʝʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

4. ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʚʠʪʠʠ iOT ʠ ʧʦʷʚʣʝʥʠʠ ʦʧʝʨʘʪʦʨʦʚ 

ʊʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʠ ʨʘʟʚʠʪʠʝ ʤʠʨʦʚʳʭ ʪʝʥʜʝʥʮʠʡ ʢ ʦʮʠʬʨʦʚʢʝ ʜʘʥʥʳʭ ʜʝʣʘʝʪ 

ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚ ʙʫʜʫʱʝʤ ʠ ʝʛʦ ʦʙʷʟʘʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ.  ʅʝʢʦʪʦʨʳʝ ʩʬʝʨʳ 

ʪʦʨʛʦʚʣʠ ʫʞʝ ʧʦʯʫʚʩʪʚʦʚʘʣʠ ʥʘ ʩʝʙʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʣʝʛʯʠʪʴ ʧʨʦʮʝʩʩ ʢʦʥʪʨʦʣʷ ʧʦʩʪʘʚʦʢ ʠ 

ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʵʪʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦ ʪʦʚʘʨʦʦʙʦʨʦʪʝ ʘʣʢʦʛʦʣʷ ʠ ʧʫʰʥʳʭ ʠʟʜʝʣʠʡ ï 

ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʚ ʮʝʣʷʭ ʙʦʨʴʙʳ ʩ ʢʦʥʪʨʘʬʘʢʪʦʤ ʧʦʪʨʝʙʦʚʘʣʦ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʤʘʨʢʠʨʦʚʢʠ ʥʘ 

ʜʘʥʥʳʝ ʪʠʧʳ ʧʨʦʜʫʢʮʠʠ. ɺ 2019 ʛʦʜʫ ʢ ʦʙʷʟʘʪʝʣʴʥʦ ʤʘʨʢʠʨʫʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʤʦʛʫʪ ʦʪʥʝʩʪʠ ʦʜʝʞʜʫ ʠ 

ʦʙʫʚʴ.  

5. ʇʦʩʪʝʧʝʥʥʘʷ ʟʘʤʝʥʘ ʬʠʟʠʯʝʩʢʦʡ IT-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʙʣʘʯʥʦʡ 

ʆʪʢʘʟ ʦʪ ʚʳʜʝʣʝʥʥʳʭ ʩʝʨʚʝʨʦʚ ʩʝʡʯʘʩ ʫʞʝ ʩʪʘʣʦ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʝʡ. ʅʘ ʩʤʝʥʫ ʠʤ ʧʨʠʰʣʠ 

ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʕʪʦ ʫʜʝʰʝʚʣʷʝʪ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʢʦʨʷʝʪ ʠʭ ʚʳʚʦʜ ʥʘ 

ʨʳʥʦʢ.  ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʯʘʪ-ʙʦʪʦʚ, ʧʨʠʣʦʞʝʥʠʡ, ʩʝʨʚʠʩʦʚ ʚ ʩʬʝʨʝ ʬʠʥʘʥʩʦʚ, iOT-

ʩʝʨʚʠʩʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʨʭʠʪʝʢʪʫʨʳ serverless ʦʙʭʦʜʠʣʘʩʴ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʚ 15-20 ʨʘʟ ʜʝʰʝʚʣʝ.[2] 

ɹʣʘʛʦʚʦʣʠʪ ʩʠʪʫʘʮʠʠ ʠ ʠʥʪʝʨʝʩ ʢ ʨʘʟʚʠʪʠʶ iOT ʚ ʈʦʩʩʠʠ ʟʘʨʫʙʝʞʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ. ʅʘʧʨʠʤʝʨ, ʦ ʈʦʩʩʠʠ ʢʘʢ ʦ ʣʠʜʠʨʫʶʱʝʡ ʧʣʦʱʘʜʢʝ ʜʣʷ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʟʘʷʚʠʣ ʙʨʝʥʜ Huawei. 

ʕʪʘ ʢʦʤʧʘʥʠʷ ʧʨʦʚʦʜʠʪ ʦʙʰʠʨʥʫʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʩʬʝʨʝ ʮʠʬʨʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ 

ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ. ʉʚʦʠ ʟʥʘʥʠʷ ʠ ʫʤʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʩʬʝʨʝ IT ʤʦʛʫʪ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚ ʭʦʜʝ ʩʦʨʝʚʥʦʚʘʥʠʡ Huawei Honor Cup. ʕʪʦ ʤʝʨʦʧʨʠʷʪʠʝ ï ʦʪʣʠʯʥʳʡ ʰʘʥʩ ʜʣʷ 

ʤʦʣʦʜʳʭ IT-ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ ʟʘʷʚʠʪʴ ʦ ʩʝʙʝ ʠ ʥʘʯʘʪʴ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʩ 

ʦʜʥʠʤ ʠʟ ʣʠʜʝʨʦʚ iOT-ʥʘʧʨʘʚʣʝʥʠʷ. ʉʦʨʝʚʥʦʚʘʥʠʷ ʚʩʝʛʜʘ ʠʤʝʶʪ ʰʠʨʦʢʫʶ ʦʛʣʘʩʢʫ ʚ ʉʄʀ, 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʥʢʫʨʩʝ ʚ ʩʦʮʩʝʪʷʭ ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʭʵʰʪʝʛʫ  #huaweihonorcup.  

ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʢʘʢ ʧʦʚʩʝʜʥʝʚʥʦʩʪʴ: ʚ ʯʝʤ ʮʝʥʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ IoT?  

ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʩʬʝʨʘʭ: 

1. ɸʛʨʦʢʫʣʴʪʫʨʘ. ʈʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʫʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʢʘʢ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʪʘʢ ʠ ʚ ʬʝʨʤʝʨʩʪʚʝ.  ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʜʨʦʥʳ, ʘ ʪʘʢʞʝ 

ʠʥʩʪʨʫʤʝʥʪʳ, ʫʩʢʦʨʷʶʱʠʝ ʚʳʧʦʣʥʝʥʠʝ ʚʘʞʥʳʭ ʝʞʝʜʥʝʚʥʳʭ ʟʘʜʘʯ: ʧʨʦʚʝʨʢʠ ʩʦʩʪʘʚʘ ʛʨʫʥʪʘ, 

ʧʨʦʛʥʦʟʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʩʢʦʪʘ, ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʙʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ. 

2. ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʝʥʩʦʨʥʳʝ 

ʵʢʨʘʥʳ, ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʠʟʘʡʥʘ ʚ ʬʫʪʫʨʠʩʪʠʯʝʩʢʦʤ ʩʪʠʣʝ, ʘ ʪʘʢʞʝ ʪʦʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ.  

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʫʨʦʚʝʥʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʩʧʨʘʚʠʪʴ ʚʩʝʚʦʟʤʦʞʥʳʝ 

ʦʰʠʙʢʠ, ʜʦʧʫʱʝʥʥʳʝ ʯʝʣʦʚʝʢʦʤ. 

3. ʊʦʨʛʦʚʣʷ.  ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʫʤʥʳʭ ʫʩʪʨʦʡʩʪʚ ʤʦʞʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʧʦʢʫʧʘʪʝʣʴʩʢʠʡ ʦʧʳʪ ʣʶʜʝʡ, ʯʘʩʪʦ ʧʦʩʝʱʘʶʱʠʭ ʪʦʨʛʦʚʳʝ ʮʝʥʪʨʳ.  ɺʩʝ 

ʩʘʤʳʝ ʥʝʦʙʭʦʜʠʤʳʝ ʠʤ ʪʦʚʘʨʳ ʠʣʠ ʞʝ ʫʩʣʫʛʠ ʧʦʷʚʣʷʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʥʠʭ ʧʝʨʝʜ ʛʣʘʟʘʤʠ ʢʘʢ 

ʪʦʣʴʢʦ ʦʥʠ ʟʘʭʦʜʷʪ ʚ ʤʘʛʘʟʠʥ.  ʂʨʦʤʝ ʪʦʛʦ, ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʚ ʦʙʣʘʩʪʠ 

ʨʠʪʝʡʣʘ ʤʦʞʥʦ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʥʘʩʪʨʦʠʪʴ ʨʝʢʣʘʤʫ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʮʠʢʣ ʧʦʩʪʘʚʦʢ, ʘ ʪʘʢʞʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʘʢʠʝ ʪʦʚʘʨʳ ʠʣʠ ʞʝ ʫʩʣʫʛʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ.  ʊʘʢʞʝ, ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʩʢʦʥʪʘʢʪʥʦʡ 

ʦʧʣʘʪʳ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʪʦʚʘʨʦʚ ʠʣʠ ʞʝ ʫʩʣʫʛ.  

4.  ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʝ. ɺ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ ʥʝ ʧʨʦʩʪʦ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ 

ʞʠʟʥʴ ʠ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ, ʥʦ ʝʱʝ ʠ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʚʨʘʯʝʡ.  ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʩʦʪʨʫʜʥʠʢʠ ʩʢʦʨʦʡ ʧʦʤʦʱʠ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʚʳʟʦʚʳ ʧʦ ʠʥʪʝʨʥʝʪʫ.  ʂ ʪʦʤʫ ʞʝ, ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ 

ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʙʦʪʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʣʝʯʝʥʠʶ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ.  ʆʜʥʘʢʦ ʪʫʪ ʧʦʢʘ 

ʯʪʦ ʥʝ ʚʩʝ ʪʘʢ ʛʣʘʜʢʦ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʠʣʦʞʝʥʠʷ ʥʫʞʜʘʶʪʩʷ ʚ ʩʝʨʴʝʟʥʦʡ ʜʦʨʘʙʦʪʢʝ.[3] 
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ʅʫʞʥʦ ʣʠ ʨʘʟʚʠʚʘʪʴ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ ʚ ʈʦʩʩʠʠ? ʇʨʠʤʝʥʷʝʤʳʝ ʤʝʨʳ ʠ ʥʘʩʫʱʥʳʝ 

ʧʨʦʙʣʝʤʳ  

ʈʘʟʚʠʚʘʪʴ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʥʝʩʦʤʥʝʥʥʦ, ʥʫʞʥʦ. ʀ ʜʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʧʨʠʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʨʳ: 

1. ʋʩʪʨʘʥʝʥʠʝ ʜʠʩʙʘʣʘʥʩʘ ʤʝʞʜʫ çʞʝʣʝʟʦʤè ʠ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ.  ʈʳʥʦʢ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʠʣʴʥʳʤ.  ʏʝʛʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦ ʨʳʥʢʝ ʪʘʢ 

ʥʘʟrʚʘʝʤʦʛʦ ʞʝʣʝʟʘ.  ʄʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ ʧʝʨʝʩʪʘʣʘ ʨʘʟʚʠʚʘʪʴʩʷ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʨʘʩʧʘʣʩʷ  

ʉʦʶʟ ʉʦʚʝʪʩʢʠʭ ʉʦʮʠʘʣʠʩʪʠʯʝʩʢʠʭ ʈʝʩʧʫʙʣʠʢ. ʅʘʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʝʪʝʥʮʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʧʨʦʮʝʩʩʦʨʦʚ, ʯʠʧʦʚ, ʜʘʪʯʠʢʦʚ, ʩʝʨʚʝʨʦʚ ʠ ʤʦʜʝʤʦʚ ʦʪʩʫʪʩʪʚʫʝʪ ʢʘʢ ʪʘʢʦʚʘʷ. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʟʘ 

ʩʯʝʪ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʇʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʪʝʯʝʥʠʝ ʙʣʠʞʘʡʰʝʛʦ 

ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ.  ʉʝʡʯʘʩ ʚʩʝ çʞʝʣʝʟʦè ʜʝʣʘʝʪʩʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʟʘʛʨʘʥʠʯʥʦʤʫ ʦʙʨʘʟʮʫ 

2. ɼʦʩʪʠʞʝʥʠʝ ʤʠʨʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʈʦʩʩʠʡʩʢʘʷ 

ʌʝʜʝʨʘʮʠʷ ʦʪʩʪʘʝʪ ʦʪ ʪʘʢʠʭ ʛʦʩʫʜʘʨʩʪʚ ʢʘʢ ʂʠʪʘʡ, ʗʧʦʥʠʷ, ʘ ʪʘʢʞʝ ɻʝʨʤʘʥʠʷ ʧʨʠʤʝʨʥʦ ʥʘ ʧʷʪʴ ʣʝʪ.  

3. ʋʩʪʨʘʥʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ.  ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʳʥʦʢ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʤ.  ʆʪʩʫʪʩʪʚʫʶʪ ʝʜʠʥʳʝ ʥʘʮʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʢʘʢ 

ʩʙʦʨʘ, ʪʘʢ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ.  ɺ ʠʪʦʛʝ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʫʩʧʝʰʥʳʭ ʧʨʦʝʢʪʦʚ. ʆʜʥʘʢʦ ʚ ʮʝʣʦʤ 

ʢʘʨʪʠʥʫ ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʡ. ʀ ʚʝʩʴʤʘ ʩʝʨʴʝʟʥʳʤ ʩʜʝʨʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʟʜʝʩʴ 

ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʡ. ʊʦ ʝʩʪʴ ʩʨʦʢ ʚʦʟʚʨʘʪʘ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʚ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ ʥʝʚʦʟʤʦʞʥʦ 

ʧʨʝʜʩʢʘʟʘʪʴ.  

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ IoT ʚ ʈʦʩʩʠʠ 

ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʙʫʜʝʪ ʩʢʦʨʝʝ ʥʝ ʢʦʨʧʦʨʘʪʠʚʥʳʤ,  ʘ 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʤ.  ʊʦ ʝʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʫʜʫʪ ʠʤʝʥʥʦ ʠʥʜʫʩʪʨʠʠ, ʪʝʤ ʙʦʣʝʝ, ʯʪʦ ʩʚʦʶ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʚ ʵʪʦʤ ʦʥʠ ʫʞʝ ʚʳʨʘʟʠʣʠ.  

ʊʘʢʞʝ ʨʘʟʚʠʪʠʝ iOT ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʠʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʙʠʟʥʝʩ-ʤʦʜʝʣʝʡ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ.  ʂ ʧʨʠʤʝʨʫ, ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʙʫʜʫʪ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ ʜʝʪʘʣʠ, ʠʤʝʶʱʠʝ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʢʠ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ.  ʇʦʪʦʤʫ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʠʟ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʟʚʝʥʴʷʤʠ ʤʠʨʦʚʦʡ ʮʝʧʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠ ʚʧʦʣʥʝ ʤʦʛʫʪ ʩʪʘʪʴ ʛʣʦʙʘʣʴʥʳʤʠ ʣʠʜʝʨʘʤʠ, ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦ 

ʥʝʦʙʭʦʜʠʤʳʤ.[4] 

ʇʦ ʧʨʠʯʠʥʝ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʜʦʣʠ ʫʯʘʩʪʠʷ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʵʢʦʥʦʤʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʜʨʘʡʚʝʨʦʤ ʨʦʩʪʘ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʙʫʜʝʪ ʚʳʩʪʫʧʘʪʴ ʠʤʝʥʥʦ ʩʝʛʤʝʥʪ ʝʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʯʝʨʝʟ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʢʨʫʧʥʳʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʢʦʨʧʦʨʘʮʠʠ.  ɺ 

ʯʘʩʪʥʦʩʪʠ, ʪʘʢʠʤʠ ʜʨʘʡʚʝʨʘʤʠ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʩʬʝʨʳ: 

1) ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʝ ʭʦʟʷʡʩʪʚʦ; 

2) ʫʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ; 

3) ʫʤʥʳʝ ʛʦʨʦʜʘ 

4) ʫʤʥʘʷ ʤʝʜʠʮʠʥʘ. 

ɹʦʣʴʰʝ ʚʩʝʛʦ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʦʙʣʘʩʪʠ 

ʤʝʜʠʮʠʥʳ, ʘ ʪʘʢʞʝ ʚ ʦʙʣʘʩʪʠ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ.  ʊʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʩʬʝʨʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʷʚʣʷʝʪʩʷ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʧʦʪʦʤʫ ʢʘʢ ʜʘʥʥʘʷ ʦʪʨʘʩʣʴ ʚ 

ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʪʨʘʪʠʣʘ ʩʚʦʠ ʧʦʟʠʮʠʠ. ʆʩʦʙʝʥʥʦ ʚ ʧʣʘʥʝ ʵʢʩʧʦʨʪʘ.  ʅʝʣʴʟʷ 

ʩʙʨʘʩʳʚʘʪʴ ʩʦ ʩʯʝʪʦʚ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʡ ʨʳʥʦʢ.  ɼʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʬʘʢʪ ʪʦʛʦ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʝʛʦ 

ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʠʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʩʝʤʠ ʦʩʪʘʣʴʥʳʤʠ ʨʳʥʢʘʤʠ ʧʦ ʧʨʠʯʠʥʝ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʵʢʦʥʦʤʠʢʝ.  

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʨʦʩʩʠʡʩʢʠʭ ʥʝʬʪʝʛʘʟʦʚʳʭ ʢʦʤʧʘʥʠʡ, ʪʦ ʜʣʷ ʥʠʭ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ.  

ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʝʛʦʜʥʷʰʥʝʝ ʦʪʩʪʘʚʘʥʠʝ 

ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ.  ʉʢʘʞʝʤ ʙʦʣʴʰʝ: 

ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʠʤʝʶʪ ʘʙʩʦʣʶʪʥʦ ʚʩʝ ʰʘʥʩʳ ʥʘ ʪʦ,  ʯʪʦʙʳ ʟʘʥʷʪʴ ʥʠʰʫ IIoT-ʨʝʰʝʥʠʡ 

ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʩʳʨʴʝʚʳʭ, ʘ ʪʘʢʞʝ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ.   

ʀʛʥʦʨʠʨʦʚʘʥʠʝ ʦʙʱʝʤʠʨʦʚʳʭ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʪʫʧʠʢʦʚʳʤ ʧʫʪʝʤ ʜʣʷ 

ʨʦʩʩʠʡʩʢʦʛʦ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ.  ʇʨʝʩʣʝʜʫʷ ʮʝʣʴ ʩʦʭʨʘʥʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʘʞʝ ʥʘ 

ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ, ʪʦʧ-ʤʝʥʝʜʞʝʨʳ ʢʨʫʧʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚʳʥʫʞʜʝʥʳ ʧʨʝʦʜʦʣʝʚʘʪʴ 
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ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʩʪʝʨʝʦʪʠʧʳ ʠʥʝʨʪʥʦʛʦ ʤʳʰʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʝʥʪʘʣʴʥʦ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ 

ʩʦʚʨʝʤʝʥʥʳʝ ʨʝʘʣʠʠ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ.  

ʉʘʤʦʡ ʛʣʘʚʥʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʛʦʩʫʜʘʨʩʪʚʫ ʦʪʚʦʜʠʪʩʷ ʦʛʨʦʤʥʘʷ ʨʦʣʴ ʨʝʛʫʣʷʪʦʨʘ ʠ ʟʘʢʘʟʯʠʢʘ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʧʨʦʮʝʩʩʦʚ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʀ ʧʨʠʯʝʤ ʪʘʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʠʤʝʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʡ, 

ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ.  ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʘʞʝ ʫ ʤʘʣʝʥʴʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʧʦʷʚʣʷʝʪʩʷ ʰʘʥʩ 

ʧʨʦʙʠʪʴʩʷ, ʪʦ ʝʩʪʴ ʟʘʢʣʶʯʠʪʴ ʢʦʥʪʨʘʢʪ ʩ ʢʘʢʦʡ-ʣʠʙʦ ʢʨʫʧʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʨʧʦʨʘʮʠʝʡ.  ʉ 

ʜʨʫʛʦʡ ʞʝ ʩʪʦʨʦʥʳ ʩʫʱʝʩʪʚʫʝʪ ʦʯʝʥʴ ʙʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʙʶʨʦʢʨʘʪʠʟʘʮʠʠ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ 

ʩʚʷʟʘʥʳ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ.[5] 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʜʦʣʞʥʦʝ ʨʘʟʚʠʪʠʝ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʛʦʩʫʜʘʨʩʪʚʦ ʜʦʣʞʥʦ ʧʨʦʚʝʩʪʠ ʨʝʚʠʟʠʶ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʚ ʯʘʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʦʛʦ 

ʨʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢʞʝ ʚʝʩʴʤʘ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʢʦʤʧʣʝʢʩʘ ʤʝʨ, ʢʦʪʦʨʳʝ ʙʳ ʤʦʛʣʠ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʩʧʨʦʩ ʥʘ IoT-ʨʝʰʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ. ʇʨʠʯʝʤ, ʵʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʠʤʝʥʥʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ, ʘ ʥʝ ʧʨʠʥʫʞʜʝʥʠʝ.  
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ʈɸɿʈɸɹʆʊʂɸ ʇʈɽɼʃʆɾɽʅʀʁ ʇʆ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀʖ ʋʇʈɸɺʃɽʅʀʗ 

ʊʆɺɸʈʅʓʄʀ ɿɸʇɸʉɸʄʀ ʇʈɽɼʇʈʀʗʊʀʗ 

 

DEVELOPMENT OF PROPOSALS FOR IMPROVING THE MANAGEMENT OF THE 

COMPANY'S INVENTORY  

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʆʆʆ çɻʘʟʧʨʦʤ ʪʨʘʥʩʛʘʟ ʤʘʢʩʠʤʘʣɹʥrʡ ʉʘʤʘʨʘè ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʚrʘhʪɹ çʀʥʬʦʨʤʘʮʠʦʥʥʦ-

ʫʧʨʘʚʣʷʶʱʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣ̫ʝʪ ʧʨʝʜʧʨʠʷʪʠʷ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʘʥʩʛʘʟ ʨʝʩʫʨʩʦʚè, ʧʦʟʚʦʣʷʶʱʘʷ ʪʨʘʥʩʛʘʟ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʩʥʘʙʞʝʥʯʝʩʢʦ-ʩʙʳʪʦʚʫʶ ʪʨʘʥʩʛʘʟ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʥʪʫʨʳ ʨʘʩʭʦʜr ʩʠʩʪʝʤʳ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʚʨʝʤʝʥʥrʭ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʧʨʝʜʩʪʘʚʣʝʥr (ɸʈʄ) ʦʪ ʢʣʘʜʦʚʱʠʢʘ ʜʦʩʪʠʞʝʥʠ̫ ʜʦ 

ʚʳʩʰʝʛʦ ʨʫʢʦʚʦʜʩʪʚʘ ʠʩʭʦʜʥrʝ ʦʙʲʝʜʠʥʝʥʠʷ. ʉʠʩʪʝʤʘ ʘʧʧʘʨʘʪʘ ʬʦʨʤʠʨʫʝʪ ʦʢʦʣʦ ɻʬʬʝʢʪʘ 200 ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ ʘʥʘʣʠʟʠʨʫ̫ ʠ ʩʧʨʘʚʦʢ 

ʜʣʷ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʦʩʪɹʶ ʫʨʦʚʥʝʡ ʫʧʨʘʚʣʝʥʠʷ ʚʨʝʤ̫ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ ʫʯʝʪʦʤ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ-ʬʠʣʠʘʣʦʚ ʧʦʣʫʯʝʥʠ̫. 

Abstract: Gazprom transgaz - Samara LLC uses the concept "Information management system for 

the enterprise of material and technical resources of transgaz", which allows transgaz to automate the supply 

and marketing activities of transgaz. The technological contours of this system support the administration of 

specialized automated temporary jobs represented (APM) from the storekeeper of achievement to the top 

management of the original Association. The system of the apparatus generates about 200 analytical reports 

analyzing and references for all the necessary levels of time management of material flows for enterprises 

and divisions-branches of production. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣ̫ʝʪ ʧʨʝʜʧʨʠʷʪʠʷ 

ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʘʥʩʛʘʟ ʨʝʩʫʨʩʦʚ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʚʨʝʤʝʥʥrʭ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʧʨʝʜʩʪʘʚʣʝʥr (ɸʈʄ), ʫʧʨʘʚʣʝʥʠʝ 

ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ ʫʯʝʪʦʤ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʢʣʘʜʘ, ʫʧʨʘʚʣʝʥʠʝ ʪʦʚʘʨʥʳʤʠ ʟʘʧʘʩʘʤʠ. 

Keywords: The information management system allows enterprises of material and technical 

transgas resources, automated temporary work stations (APMS), material flow management, warehouse 

activities, inventory management.  

ʇʦʚʳʰʝʥʠʝ ʛʦʜʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʨʝʩʫʨʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʪʦʚʘʨʥʳʤʠ ʦʧʪʠʤʘʣɹʥʦ ʟʘʧʘʩʘʤʠ ʆʆʆ çɻʘʟʧʨʦʤ ʛʦʩʪ 

ʪʨʘʥʩʛʘʟ ʉʘʤʘʨʘ ʧʘʧʢʘè 

ʉʢʚʦʟʥʳʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʥʪʫʨʳ ʦʪʜʝʣʝ ʩʠʩʪʝʤʳ ʦʭʚʘʪʳʚʘʶʪ ʪʨʘʥʩʛʘʟ ʚʝʩʴ ʞʠʟʥʝʥʥʳʡ ʟʘʧʘʩʘ ʮʠʢʣ ʜʚʠʞʝʥʠʷ ʟʘʢʣʁʯʘʝʪʩ̫ 

ʄʊʈ: ʟʘʷʚʦʯʥʫʶ ʢʘʤʧʘʥʠʶ ʫʧʨʘʚʣʝʥʠ̫ ʠ ʜʦʛʦʚʦʨʥʳʝ ʦʪʥʦʰʝʥʠʷ ʩʠʩʪʝʤʘ ʩ ʧʦʩʪʘʚʱʠʢʘʤʠ/ʧʦʪʨʝʙʠʪʝʣʷʤʠ; ʧʦʩʪʫʧʣʝʥʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, 

ʭʨʘʥʝʥʠʝ, ʧʝʨʝʤʝʱʝʥʠʝ ʟʘʧʘʩʘʤ ʠ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʜʫʢʮʠʠ ʟʘʧʘʩr; ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ̫ʯʝʡʢʫ; ʩʢʣʘʜʩʢʦʡ ʫʯʝʪ ʫʩʣʦʚʠ̫ ʠ 

ʠʥʚʝʥʪʘʨʠʟʘʮʠʶ ʩʢʣʘʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥr; ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʩʦʟʜʘʥʠʝ; ʨʘʙʦʪʫ ʩ ʤʘʪʝʨʠʘʣʴʥʦ-ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʬʦʨʤʠʨʦʚʘʥʠ̫ 

ʣʠʮʘʤʠ; ʧʨʝʪʝʥʟʠʦʥʥʫʶ ʚʠʜʦʚ ʨʘʙʦʪʫ ʚ ʢʨʫʛʣʦʩʫʪʦʯʥʦʤ ʚʦhʣʠ ʨʝʞʠʤʝ.  

ʆʜʥʘʢʦ ʜʘʥʥʘʷ ʚʥʝʩʪʠ ʩʠʩʪʝʤʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʤrhʣʝʥʥʦʡ ʦʪʚʝʪʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʡ ʢʦʤʧʘʥʠ̫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʚʦʧʨʦʩ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠʨʦʜʥʦʛʦ ʟʘʧʘʩʦʚ ʧʨʦʜʫʢʮʠʠ ʦʜʥʘʢʦ ʥʘ ʩʢʣʘʜʝ: ʢʘʢʦʚʘ ʪʨʫʜʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʤʦʛʘʁʪ ʚʝʣʠʯʠʥʘ ʪʦʚʘʨʥʦʛʦ ʪʨʘʥʩʛʘʟ ʟʘʧʘʩʘ ʥʘ ʩʢʣʘʜʝ ʧʦʟʚʦʣ̫ʶɦʘ̫

, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʜʨʫʛʘ ʠʟʜʝʨʞʢʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʨʠʨʦʜʥʦʛʦ ʟʘʧʘʩʘʤʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʩʦʩʪʘʚʣ̫ʶɦʠʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʙʦʪʘʁɦʠʭ 

ʦʙʩʣʫʞʠʚʘʥʠʷ (ʧʦʩʪʘʚʦʢ ʪʨʘʥʩʛʘʟ), ʦʥʘ ʥʝ ʚʳʧʦʣʥʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʨʦʚʥʷ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʨʝʘʛʝʥʪ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʪʦʢʘ, ʥʝ ʧʨʦʠʟʚʦʜʠʪ ʜʝʣʝʥʠʝʤ ʨʘʩʯʝʪ ʫʨʦʚʥʷ ʬʫʥʢʮʠʠ ʩʪʨʘʭʦʚʦʛʦ ʟʘʧʘʩʘ ʧʨʘʢʪʠʯʝʩʢʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʘʝʪʩʷ ʧʦʚrʰʘʪɹ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʙʫʜʝʪ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʣʦʞʝʥʠ̫ ʪʦʚʘʨʥʳʤʠ ʟʘʧʘʩʘʤʠ ʥʘʙʦʨ, ʪʘʢ 

ʢʘʢ ʥʘ ʩʢʣʘʜʘʭ ʭʨʘʥʷʪʩʷ ʫʤʪʩʠʢ ʢʘʢ ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ, ʪʘʢ ʠ ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʫʧʨʘʚʣʝʥʠ̫ ʪʦʚʘʨʥʳʝ ʟʘʧʘʩʳ, ʤʝʪʦʜʳ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠʥʦʡ ʚ ʫʧʨʘʚʣʝʥʠʠ ʟʘʧʘʩʘʤʠ ʢʘʪʝ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ. 
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ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʘʥʘʣʠʟ ʚʳʷʚʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʞʘʨʥʦʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʩʦʚʝʨhʝʥʩʪʚʫʝʪ 

ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ ʚrʧʦʣʥʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʥʘ ʩʢʣʘʜʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʢʪʦʚ ʥʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʩʦʟʜʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ 

ʙʘʟʘʤʠ ʪʨʘʥʩʛʘʟ ʜʘʥʥʳʭ.[1] 

ɺʝʩʴ ʨʘʩʯʝʪʘ ʧʨʦʮʝʩʩ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʟʤʝʨ ʩʢʣʘʜʘ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʦʤ ʥʘ: 

- ʧʨʠʝʤʢʫ ʪʦʚʘʨʘ ʦʙʤʝʥʘ (ʧʨʠʥʷʪʠʝ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʚʨʝʤ̫ ʧʨʦʜʫʢʮʠʠ ʠʟ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʫʩʪʦʡʯʠʚʦʩʪɹ ʮʝʭʘ ʧʦ 
ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʤ ʫʤʪʩʠ ʜʦʢʫʤʝʥʪʘʤ ʠ ʧʝʨʝʜʘʯʘ ʪʨʘʥʩʛʘʟ ʝʛʦ ʥʘ ʭʨʘʥʝʥʠʝ); 

- ʭʨʘʥʝʥʠʝ ʫʧʨʘʚʣʝʥʠ̫ (ʦʩʥʦʚʥʘʷ ʠ ʩʘʤʘʷ ʚrʧʦʣʥ̫ ʪʁ ʩʣʦʞʥʘʷ ʬʫʥʢʮʠʷ ʨʝʤʦʥʪʘ ʩʢʣʘʜʘ, ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʧʪʠʤʘʣɹʥrʡ ʚʩʝ ʜʝʡʩʪʚʠʷ ʩ 

ʧʨʦʜʫʢʮʠʝʡ ʦʭʚʘʪrʚʘʁʪ: ʩʢʣʘʜʠʨʦʚʘʥʠʝ, ʢʦʤʧʣʝʢʪʦʚʘʥʠʝ ʨʝʟʫʣɹʪʘʪ, ʦʬʦʨʤʣʝʥʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ ʙʘʣʣʦʥ ʥʘ ʪʦʚʘʨ, ʩʧʠʩʘʥʠʝ ʚʥʝʜʨʝʥʘ); 

- ʦʪʛʨʫʟʢʫ ʠ ʚʦʟʚʨʘʪ ʦʮʝʥʢʠ ʪʦʚʘʨʘ (ʚʳʜʘʯʘ ʟʘʢʘʟr ʩʢʦʤʧʣʝʢʪʦʚʘʥʥʦʛʦ ʪʦʚʘʨʘ ʜʘʣɹʥʝʡhʝʡ ʢʣʠʝʥʪʫ, ʣʠʙʦ ʦʧʨʝʜʝʣ̫ʝʪ ʚʦʟʚʨʘʪ ʚ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʦʟʚʦʣ̫ʶɦʘ̫ ʦʪʜʝʣ); 

ʇʨʦʮʝʩʩ ʨʫʢʦʚʦʜʩʪʚʦ ʭʨʘʥʝʥʠʷ, ʚ ʩʚʦʶ ʩʣʝʜʫʁɦʠʤ ʦʯʝʨʝʜʴ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʢʦʤʧʘʥʠ̫ ʥʘ: 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʛʨʫʟʦʯʥʳʭ ʣʠʥʝʡʥrʝ ʜʦʢʫʤʝʥʪʦʚ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʪʨʫʜʘ ʩ ʦʧʣʘʯʝʥʥʳʤ ʩʯʝʪʦʤ ʪʦʚʘʨʥrʝ ʦʪ 
ʢʣʠʝʥʪʘ); ʥʘ ʜʘʥʥʦʤ ʦʪʥʦhʝʥʠʠ ʵʪʘʧʝ ʬʦʨʤʠʨʫʶʪʩʷ ʢʘʞʜʦʤ ʦʪʛʨʫʟʦʯʥʳʝ ʜʦʢʫʤʝʥʪʳ ʩʣʝʜʫʁɦʠʡ, ʘ ʪʘʢʞʝ ʜʦʢʫʤʝʥʪʳ ʝʩʣʠ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʳʤ ʨʘʟʣʠʯʥrʤʠ ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʝʥʦ ʤʝʪʦʜʠʢʘ ʢʦʤʠʩʩʠʦʥʠʨʦʚʘʥʠʝ( ʢʦʤʧʣʝʢʪʘʮʠʷ ʥʘʠʤʝʥʝʝ) ʪʦʚʘʨʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʟʘʪʨʘʪr ʦʪʛʨʫʟʢʠ 

ʢʣʠʝʥʪʫ ʩʤʝʩɹ, ʣʠʙʦ ʚʦʟʚʨʘʪʘ ʧʨʝʪʝʨʧʝʣʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʝʭ; 

- ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠ̫ (ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʢʦʨʧʦʨʘʪʠʚʥrʭ ʥʘ ʩʢʣʘʜʝ). 
ʆʩʥʦʚʫ ʛʨʘʬʠʢ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʦhʣʠ ʪʦʚʘʨʥʳʤʠ ʟʘʧʘʩʘʤʠ ʧʣʦɦʘʜʠ ʧʨʦʜʫʢʮʠʠ ʆʆʆ çɻʘʟ ʫʧʨʘʚʣʝʥʠ̫ʧʨʦʤ ʪʨʘʥʩʛʘʟ ʧʦʜʘʯʠ 

ʉʘʤʘʨʘè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʨʝʜʥʠʡ ʙʘʟʘ ʜʘʥʥʳʭ ʦʧʪʠʤʘʣɹʥrʡ: ʵʣʝʢʪʨʦʥʥʳʭ ʬʦʨʤ ʧʨʝʠʤʫɦʝʩʪʚ ʜʦʢʫʤʝʥʪʦʚ, ʜʘʥʥʳʭ ʧʘʧʢʘ ʦ ʢʣʠʝʥʪʘʭ, ʜʘʥʥʳʝ ʢʦʤʧʣʝʢʪ ʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʮʠʠ ʪʘʢʠʤ, ʦʧʝʨʘʪʠʚʥʦ-ʫʯʝʪʥʳʝ ʜʘʥʥʳʝ ʪʝʢʫɦʝʡ ʦʙ ʦʪʛʨʫʟʢʘʭ ʪʦʚʘʨʦʚ ʟʘʢʣʁʯʘʝʪʩ̫ ʩʦ ʩʢʣʘʜʘ, ʩʧʨʘʚʦʯʥʳʝ ʩʦʚʝʨhʝʥʩʪʚʫʝʪ 

ʜʘʥʥʳʝ.[2] 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʜʘʥʥrʡ ʫʨʦʚʥʷ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʨʘʩʭʦʜr ʧʦʪʦʢʘ 

ɺʘʞʥʝʡʰʝʝ ʦʧʪʠʤʘʣɹʥrʡ ʟʥʘʯʝʥʠʝ ʚ ʫʧʨʘʚʣʝʥʠʠ ʦʪʛʨʫʟʢʘʭ ʪʦʚʘʨʥʳʤʠ ʟʘʧʘʩʘʤʠ ʨʝʥʪʘʙʝʣɹʥʦʩʪɹ ʠʤʝʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʘʟʤʝʨʘ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʦʪʥʦhʝʥʠʠ. 

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʝʩʧʝʯʠʚʘʪɹ ʧʦʪʦʢʦʚ ʠʩʧʦʣʴʟʦʚʘ ʪʘʙʣʠʮʘʥ ʤʝʪʦʜ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ. 

ʉʫʱʥʦʩʪʴ ʪʨʘʥʩʛʘʟ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʨʘʟʤʝʨ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʤʝʥʪʦʚ ʧʦʣʫʯʝʥʥrʭ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʨʫʧʧʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʜʥʘ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ ʚʘʛʦʥʦʚ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʦʧʪʠʤʘʣɹʥrʡ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʣʠʥʠʠ ʨʫʢʦʚʦʜʩʪʚʦ ʪʨʝʥʜʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ̫ʚʣ̫ʝʪʩ̫ ʨʘʩʯʝʪʦʤ ʧʨʦʛʥʦʟʥʳʭ ʨʘʟʨʘʙʦʪʢʘ ʦʮʝʥʦʢ ʪʦʚʘʨʥʳʭ ʦʧʨʝʜʝʣʠʤ ʟʘʧʘʩʦʚ. 

ʄʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʠʩʪʝʤr: 

ʇʝʨʚʳʡ ʵʪʘʧ ʮʝʣ̫ʭ ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʮʝʣʝʡ ʫʧʨʘʚʣʝʥʠ̫ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʘʬʠʢ, ʘʥʘʣʠʟ ʦʙʲʝʢʪʘ ʟʘʧʘʩʘʤʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ɿʘʜʘʯʠ ʧʨʦʤrhʣʝʥʥʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

- ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ ʩʦʢʨʘʪʠʪɹ, ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʱʠʭ ʩʜʝʣʘʝʤ ʠʩʭʦʜʥʳʡ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʛʦʜr ʨʷʜ; 

- ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʥʜʦʚʦʛʦ ʢʘʯʝʩʪʚʝ ʘʥʘʣʠʟʘ; 

- ʧʦʩʪʨʦʝʥʠʝ ʜʨʫʛʠʭ ʧʨʦʛʥʦʟʘ ʛʦʜʦʚʦʡ ʫʧʨʘʚʣʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʩʯʝʪʯʠʢʘʭ ʩʢʣʘʜ ʛʘʟʘ. 
ɺʪʦʨʦʡ ʪʨʘʥʩʛʘʟ ʵʪʘʧ ï ʧʦʜʛʦʪʦʚʢʘ ʥʘʪʫʨʘʣɹʥrʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʫʩʧ. 

ʊʨʝʪʠʡ ʧʨʝʜʩʪʘʚʣ̫ʝʪ ʵʪʘʧ ï ʣʦʛʠʯʝʩʢʠʡ ʦʭʨʘʥʝ ʦʪʙʦʨ ʚʠʜʦʚ ʟʘʧʘʩr ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ ʪʨʘʥʩʛʘʟ. 

ʏʝʪʚʝʨʪʳʡ ʧʨʦʤrhʣʝʥʥʦʡ ʵʪʘʧ ï ʧʦʣʫʯʝʥʠʝ ʪʘʯʢʘ ʪʦʯʝʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʩʠʩʪʝʤʫ. 

ɿʥʘʷ ʧʨʦʛʥʦʟʠʨʫʝʤʫʶ ʩʤʝʩɹ ʛʦʜʦʚʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʟʘʜʘʯʠ ʚ ʪʦʚʘʨʥʳʭ ʟʘʧʘʩʘʭ ʜʘʥʥʘ̫, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʚʦhʣʠ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʩʘʤʘʨʘʪʨʘʥʩʛʘʟ ʨʘʟʤʝʨ ʟʘʢʘʟ ʟʘʧʘʩʘʘ ʪʦʚʘʨʘ ʩ ʮʝʣʴʶ ʧʨʦʜʘʞ ʤʠʥʠʤʠʟʘʮʠʠ ʠʟʜʝʨʞʝʢ ʬʫʥʢʮʠʁ 

ʟʘʢʘʟʘ ʠ ʭʨʘʥʝʥʠʷ ʟʘʥʠʤʘʝʪʩ̫. 

ɺʳʯʠʩʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨ ʨʘʟʤʝʨʘ ʟʘʢʘʟʘ ʧʨʦʤ ʧʨʦʠʟʚʝʜʝʤ ʚ ʪʨʠ ʵʪʘʧʘ ʧʨʝʜʩʪʘʚʣʝʥr: 

ʇʝʨʚʳʡ ʵʪʘʧ ɻʬʬʝʢʪʠʚʥʦʩʪʠ ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʮʝʣʠ ʤʘʪʝʨʠʘʣɹʥrʭ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʠ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʟʦʪ: 

- ʘʥʘʣʠʟ ʠ ʫʪʦʯʥʝʥʠʝ ʢʦʤʧʝʥʩʠʨʦʚʘʪɹ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩʨʘʚʥʝʥʠʁ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʪʨʘʪr ʨʘʟʤʝʨʘ ʟʘʪʨʘʪ ʪʘʢʞʝ ʥʘ ʩʦʟʜʘʥʠʝ ʟʘʧʘʩʘ ʨʘʩʯʝʪʘ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʨʘʚʦʯʥʦʡ ʨʘʟʤʝʨʘ ʟʘʪʨʘʪ ʪʨʘʥʩʛʘʟ ʥʘ ʭʨʘʥʝʥʠʝ ʟʘʧʘʩʘ ʚʦʟʜʝʡʩʪʚʠ̫; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʨʘʥʩʛʘʟ ʨʘʟʤʝʨʘ ʩʨʝʜʥʝʛʦ ʦʧʪʠʤ ʟʥʘʯʝʥʠʷ ʪʝʢʫʱʝʛʦ ʦʪʣʦʞʝʥʥrʭ ʟʘʧʘʩʘ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʝʜʥʠʭ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʢʘʟʦʚ ʚʝʣʠʯʠʥr ʟʘ ʛʦʜ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʨʘʙʦʪʘ ʤʝʞʜʫ ʟʘʢʘʟʘʤʠ ʛʣʘʚʥrʡ. 
ɺʪʦʨʦʡ ʵʪʘʧ ʪʨʘʥʩʛʘʟ ï ʧʦʜʛʦʪʦʚʢʘ ʠʩʭʦʜʥʳʭ ʚʩʝʛʦ ʜʘʥʥʳʭ. 

ʊʨʝʪʠʡ ʧʦʤʦɦɹ ʶ ʵʪʘʧ - ʧʦʩʪʨʦʝʥʠʝ ʠʤʝʁɦʝʡ ʪʘʙʣʠʮʳ ʠ ʚʚʦʜ ʜʠʩʢ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʪʨʘʥʩʛʘʟ ʚ MS Excel. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʜʩʪʘʚʣ̫ʷ ʨʘʟʤʝʨʘ ʟʘʢʘʟʘ ʯʠʩʣʝ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʡ ʚ ʩʨʘʚʥʠʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʧʦʥʠʤʘʥʠ̫ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʧʦʜʛʦʪʦʚʢʘ, ʧʦʣʫʯʝʥʥʳʤʠ, ʚ ʆʆʆ çɻʘʟʧʨʦʤ ʠʟʫʯʝʥʠʝ ʪʨʘʥʩʛʘʟ ʉʘʤʘʨʘ ʪʦʯʢʝè ʧʨʠ 

ʟʘʢʘʟʝ ʪʦʚʘʨʥʦʡ ʘʣʛʦʨʠʪʤʘ ʧʨʦʜʫʢʮʠʠ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʦʢʫʤʝʥʪʘʤ ʧʝʨʠʦʜ.   
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ʏʝʪʚʝʨʪʳʡ ʫʩʪʨʘʥʝʥʠ̫ ʵʪʘʧ ï ʚʳʧʦʣʥʝʥʠʝ ʚrʨʫʯʢʘ ʨʘʩʯʝʪʦʚ. 

ʇʷʪʳʡ ʵʪʘʧ ʬʘʢʪʠʯʝʩʢʠ ï ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʘʥʦʚʠʪʩ̫. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʦʚʝʨʦʯʥʘ̫ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥrʤʠ ʪʦʚʘʨʥʳʭ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʫʥʜʘʤʝʥ ʟʘʧʘʩʦʚ ʚʩʝʭ ʢʦʥʪʨʦʣ̫ ʚʠʜʦʚ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʪʨʘʥʩʛʘʟ ʦʧʪʠʤʠʟʘʮʠʶ ʨʘʟʤʝʨʘ ʢʘʢʦʚʘ ʟʘʢʘʟʘ ʧʨʦʜʫʢʮʠʠ ʠʟʜʝʨʞʢʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʤʠʥʠʤʠʟʘʮʠʶ ʘʚʪʦʤʦʙʠʣɹʥʦʛʦ ʟʘʪʨʘʪ ʥʘ ʩʦʟʜʘʥʠʝ ʟʘʧʘʩʘ ʠ ʭʨʘʥʝʥʠʝ ʟʘʧʘʩʦʚ ʧʦʪʦʢʦʚ.[3] 

ʇʨʝʜʣʦʞʝʥʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʦʩʣʝʜ ʫʧʨʘʚʣʝʥʠʷ ʪʦʚʘʨʥʳʤʠ ʫʧʨʘʚʣʝʥʠʝ ʟʘʧʘʩʘʤʠ ʧʨʦʜʫʢʮʠʠ ʦʧʪʠʤʘʣɹʥrʡ ʚ 

ʆʆʆ çɻʘʟʧʨʦʤ ʪʨʘʥʩʛʘʟ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʉʘʤʘʨʘè 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʠʩʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ɻʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʪʦʚʘʨʥʳʤʠ ʠʩʧʦʣɹʟʫʝʤʘ̫ ʟʘʧʘʩʘʤʠ ʧʨʦʜʫʢʮʠʠ ʢʦʪʦʨrʝ ʚ ʆʆʆ 

çɻʘʟʧʨʦʤ ʪʨʘʥʩʛʘʟ ʩʦʭʨʘʥʝʥʠʁ ʉʘʤʘʨʘè ʫʩʪʘʥʦʚʣʝʥʦ ʦʪʥʦhʝʥʠ̫: 

- ʧʨʦʮʝʩʩ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʚ̫ʟʘʥʥrʭ ʩʥʘʙʞʝʥʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʦʭʨʘʥʝ ʦʧʪʠʤʘʣʴʥʳʤ, ʘ ʜʝʡʩʪʚʫʝʪ ʣʠʥʠʁ 
ʧʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʤʫ ʪʘʙʣʠʮʘ ʚʘʨʠʘʥʪʫ, ʪ.ʝ. ʧʣʘʥ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʢʫʧʦʢ ʤʘʪʝʨʠʘʣʴʥʳʭ ʯʪʦʙr ʨʝʩʫʨʩʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʦʨʤʠʨʫʁɦʠʭ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʜʘʥʥʳʤʠ ʨʘʟʨʘʙʦʪʢʝ ʟʘʷʚʢʘʤʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʙɦʝʝ ʥʘ ʢʚʘʨʪʘʣ ʠʣʠ ʛʦʜ; 

- ʦʜʥʘ ʧʦʣʫʯʝʥʥrʭ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʢʦʛʜʘ ʫʧʨʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʟʜʘʥʠʁ ʩʥʘʙʞʝʥʠʷ ʠ 

ʢʦʤʧʣʝʢʪʘʮʠʠ ʩʪʨʫʢʪʫʨʥrʝ ʧʦ ʩʦʙʣʶʜʝʥʠʶ ʦʧʪʠʤʘʣʴʥʳʭ ʢʘʥʜʠʜʘʪʦʚ ʨʘʟʤʝʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʫʤʤʦʡ ʟʘʧʘʩʦʚ, 

ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠ̫ʪʠʠ ʨʝʩʫʨʩʦʚ, ʩʥʠʞʝʥʠʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʟʘʪʨʘʪ, ʩʚʷʟʘʥʥʳʭ ʘʚʪʦʤʘʪʠʟʘʮʠ̫ ʩ ʠʭ ʧʨʠʦʙʨʝʪʝʥʠʝʤ, ʧʦʩʪʘʚʢʦʡ ʩʚ̫ʟʘʥʥrʭ ʠ 

ʭʨʘʥʝʥʠʝʤ ï ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʮʝʩ; 

- ʧʣʘʥ ʟʘʢʫʧʦʢ ʩʪʨʦʛʦ ʥʘ ʛʦʜ ʩʦʩʪʘʚʣʷʝʪʩʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʠʪʝʨʠʝʤ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʦʮʝʥʢʘ, 
ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʩʧʨʦʩʘ ʧʝʨʠʦʜ ʥʘ ʪʦʚʘʨʥʫʶ ʧʨʦʜʫʢʮʠʶ ʢʣʘʩʩʠʯʝʩʢʠʡ ʥʝ ʟʘʥʠʤʘʶʪʩʷ; 

- ʜʝʡʩʪʚʫʶʱʘʷ ʨʘʤʢʘʭ ʚ ʢʦʤʧʘʥʠʠ ʀʋʉʇ ʧʨʝʜʧʨʠ̫ʪʠʝ ʄʊʈ ʪʨʝʙʫʝʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʜʝʣɹʥrʝ, ʪʘʢ ʢʘʢ ʟʘʣʦʞʝʥʥʳʡ ʚ 
ʥʝʡ ʘʣʛʦʨʠʪʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʰʝʥʠʝ ʩʚ̫ʟʘʥʥrʭ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦʩʪɹ ʟʘʧʘʩʦʚ ʧʨʦʜʫʢʮʠʠ ʪʨʘʥʩʛʘʟ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʤʦʛʘʁʪ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʥʝʜʦʧʫɦʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʪʦʚʘʨʥʳʤʠ ʧʨʝʜʩʪʘʚʣ̫ʝʪ 

ʟʘʧʘʩʘʤʠ ʧʨʦʜʫʢʮʠʠ ʠʤʝʁʪ ʚ ʆʆʆ çɻʘʟʧʨʦʤ ʪʨʘʥʩʛʘʟ ʭʨʘʥ̫ ʠɦʭʩ̫ ʉʘʤʘʨʘè.[4] 

1. çʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʘʷ ʧʦʜʯʠʥʝʥʥrʡ ʩʠʩʪʝʤʘ ʧʨʝʜʧʨʠʷʪʠʷ ʠʩʧʦʣɹʟʦʚʘʥʠʁ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ ʪʨʘʥʩʛʘʟè (ʀʋʉʇ ʄʊʈ ʨʘʟʤʝʨʦʤ) ʧʦʜʣʝʞʠʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠʩʭʦʜʥrʝ ʚ ʯʘʩʪʠ ʨʘʩʯʝʪʘ ʦʣʫʯʝʥʥrʝ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʩʧʨʦʩʘ ʢʠʣʦʤʝʪʨʦʚʘ̫ ʪʦʚʘʨʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʢʦʨʧʦʨʘʪʠʚʥr ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʠʩʧʦʣɹʟʦʚʘʥʠʝ ʜʘʥʥʳʭ -  ʦʧʪʠʤʠʟʘʮʠʠ ʜʝʡʩʪʚʫʁɦʘ̫ ʟʘʢʘʟʘ ʪʦʚʘʨʥʦʡ ʧʦʪʨʝʙʠʪʝʣ̫ʤ ʧʨʦʜʫʢʮʠʠ ʥʘ 

ʩʣʝʜʫʶʱʠʡ ʤʠʣʣʠʘʨʜʦʚ ʛʦʜ (ʢʚʘʨʪʘʣ). 

2. ɺ ʩʦʩʪʘʚ ʢʨʠʪʝʨʠʝʤ ʛʨʫʧʧʳ ɸʉʋ ʚʤʝʩʪʦ ʠʥʦʡ ʜʦʣʞʥʦʩʪʠ ʦʧʝʨʘʪʦʨʘ ʠʘʩʫ ʕɺʄ ʚʚʝʩʪʠ ʜʦʣʞʥʦʩʪʴ ʜʦʯʝʨʥʝʝ 

ʠʥʬʦʨʤʘʪʠʢʘ-ʘʥʘʣʠʪʠʢʘ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʪʨʝʥʜʦʚʦʛʦ ʦʙʷʟʘʥʥʦʩʪʷʤʠ: ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʷ ʘʧʧʦʣʦ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʦʙ̫ʟʘʪʝʣɹʩʪʚʘ 

ʚ ʆʆʆ çɻʘʟʧʨʦʤ ʪʨʘʥʩʛʘʟ ʩʧʨʦʩʦʤ ʉʘʤʘʨʘè, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʚʝʜʝʤ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʘ̫ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʠʩʪʝʤʝ ʦʩʫɦʝʩʪʚʣ̫ʶɦʘ̫ 

ʫʧʨʘʚʣʝʥʠʷ ʪʦʚʘʨʥʳʤʠ ʫʧʘʢʦʚʦʯʥrʭ ʟʘʧʘʩʘʤʠ. 

3. ɺ ʩʣʫʯʘʝ ʥʝʟʘʛʨʫʞʝʥʥʳʭ ʢʦʤʧʘʥʠ̫ ʧʣʦʱʘʜʝʡ ʩʢʣʘʜʘ ʚʨʝʤ̫, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʦʙɦʝʡ ʚʝʜʝʥʠʝ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʟʜʘʥʠʝ ʧʦ ʢʦʤʤʝʨʯʝʩʢʦʤʫ ʧʨʝʜʦʩʪʘʚʣʝʥʠ ʧʦʜʘʥʥrʤʠʶ ʫʩʣʫʛ ʭʨʘʥʝʥʠʷ ʢʘʥʜʠʜʘʪʦʚ.   

4. ɺʥʝʩʪʠ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʫʣʝ ʚ ʜʦʣʞʥʦʩʪʥʳʝ ʠʥʩʪʨʫʢʮʠʠ ʢʦʣɹʮʦ ʩʦʪʨʫʜʥʠʢʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʪʨʘʥʩʛʘʟ ʚ 

ʧʦʜʛʦʪʦʚʢʝ ʠ ʧʨʠʥʷʪʠʠ ʛʦʜr ʨʝʰʝʥʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʩʚʝʜʝʥʠ̫ ʟʘʧʘʩʘʤʠ ʪʦʚʘʨʥʦʡ ʩʧʨʘʚʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʆʆʆ çɻʘʟʧʨʦʤ ʧʨʦʜʫʢʮʠʁ 

ʪʨʘʥʩʛʘʟ ʉʘʤʘʨʘ ʨʝʩʫʨʩʦʚè.[5] 

ɿʘʢʣʶʯʝʥʠʝ: 

1. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʦʚʘʨʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʧʘʩʘʤʠ ʧʨʦʜʫʢʮʠʠ ʆʆʆ çɻʘʟʧʨʦʤ ʪʨʘʥʩʛʘʟ ʧʦʣʫʯʝʥʥrʝ ʉʘʤʘʨʘè 

ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʩʥʘʙʞʝʥʯʝʩʢʦ-ʙʳʪʦʚʫʶ ʩʦʩʪʘʚʣ̫ʝʪ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʦʜʥʘʢʦ ʪʨʘʥʩʛʘʟ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʢʣʘʜ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʪʨʘʥʩʛʘʟ ʥʝʦʙʭʦʜʠʤʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʘ̫ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ ʜʝʡʩʪʚʫʶʱʝʡ ʚʪʦʨʦʩʪʝʧʝʥʥrʭ ʚ 

ʢʦʤʧʘʥʠʠ ʀʋʉʇ ʛʨʘʬʠʢʘ ʄʊʈ.  

2. ʈʘʟʨʘʙʦʪʘʥʳ ʬʦʨʤʠʨʦʚʘ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʪʦʠʤʦʩʪɹ ʫʧʨʘʚʣʝʥʠʷ ʪʦʚʘʨʥʳʤʠ ʧʦʜʩʪʘʚʣ̫ʷ ʟʘʧʘʩʘʤʠ 

ʧʨʦʜʫʢʮʠʠ ʩʘʤʘʨʘ ʚ ʆʆʆ çɻʘʟʧʨʦʤ ʪʨʘʥʩʛʘʟ ʤʝʞʜʫ ʉʘʤʘʨʘè. 
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ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ / ɽ.ʀ. ʂʦʩʪʶʢʦʚʘ // ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ: ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ. - 2008. - ˉ18. - 
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ENERGY  OF  FOTON.  FINAL   RESULT. 

 

ɸʥʥʦʪʘʮʠʷ.  ɸʢʮʝʥʪ  ʩʜʝʣʘʥ  ʥʘ  ʧʨʦʮʝʩʩʳ  ʨʘʩʧʘʜʘ  ʚ  ʪʨʝʢʝ  ʬʦʪʦʥʘ  ʠ  ʥʘ  ʩʨʘʚʥʝʥʠʝ  

ʚʝʣʠʯʠʥ   ʵʥʝʨʛʠʠ ,  ʠʟʤʝʨʝʥʥʳʭ  ʚ   ʢʦʦʨʜʠʥʘʪʥʳʭ   ʩʠʩʪʝʤʘʭ  -  ʥʘʙʣʶʜʘʪʝʣʷ  ʠ  ʬʦʪʦʥʘ. ɺʳʩʢʘʟʘʥʳ    

ʢʨʠʪʠʯʝʩʢʠʝ   ʟʘʤʝʯʘʥʠʷ  ʦʪʥʦʩʠʪʝʣʴʥʦ   ʨʝʣʠʢʪʦʚʦʛʦ  ʠʟʣʫʯʝʥʠʷ.   ʈʘʩʩʤʦʪʨʝʥʳ   ʚʦʧʨʦʩʳ   

ʜʠʥʘʤʠʢʠ   ʨʘʩʧʘʜʘ,  ʨʘʥʝʝ   ʥʝ   ʠʩʩʣʝʜʦʚʘʥʥʳʝ.   

ʂʣʶʯʝʚʳʝ   ʩʣʦʚʘ:   ʪʨʝʢ   ʬʦʪʦʥʦʚ,  ʵʥʝʨʛʠʷ   ʚ  ʪʨʝʢʝ,   ʧʦʪʝʥʮʠʘʣʴʥʘʷ  ʵʥʝʨʛʠʷ,  ʧʨʝʜʝʣʴʥʘʷ  

ʵʥʝʨʛʠʷ  ʬʦʪʦʥʘ. 

Summary.  The  frequence  balance   between  two   coordinate   systems  are  discussed   and   new     

theoretical   result   phenomenal  degrades  of    photon  are  investigate.   

Key  words:  photon   energy,   trek  of  cloud   photons,   potential  energy  ,   limit  frequence  

quant.      

                                                          ɺʚʝʜʝʥʠʝ.  ʆʩʥʦʚʥʳʝ  ʬʦʨʤʫʣʳ.  

ʆʙʨʘʱʘʷʩʴ   ʢ  ʨʝʟʫʣʴʪʘʪʘʤ  ʧʦ  ʠʩʩʣʝʜʦʚʘʥʠʶ  ʨʘʩʧʘʜʘ  ʬʦʪʦʥʘ,  ʜʣʷ  ʥʘʩʪʦʷʱʝʛʦ  

ʠʩʩʣʝʜʦʚʘʥʠʷ  ʫʢʘʞʝʤ  ʥʘ  ʜʚʝ  ʬʦʨʤʫʣʳ  [ 1 , ʩʪʨ.6-17]: 

              - ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʦʪ ʚʨʝʤʝʥʠ    

‐ ‐ ρ                                       ( 1 ) 

              - ʚʨʝʤʷ ʞʠʟʥʠ ʬʦʪʦʥʘ                                           

ὸ
Ὤ

—
̆  

ʛʜʝ:      -   ‐ -  ʥʘʯʘʣʴʥʘʷ  ʵʥʝʨʛʠʷ,   -  ʢʦʥʩʪʘʥʪʘ,  ʨʘʚʥʘʷ  ρπ   ʩ.,  ὺ -  ʥʘʯʘʣʴʥʘʷ   ʯʘʩʪʦʪʘ  

ʬʦʪʦʥʘ. 

ʆʪʤʝʪʠʤ,  ʯʪʦ  ʬʦʨʤʫʣʘ  (1)  ʧʦʣʫʯʝʥʘ  ʠʟ  ʦʙʱʠʭ  ʬʠʟʠʯʝʩʢʠʭ  ʟʘʢʦʥʦʚ  ʠ ,ʢʘʢ  ʩʣʝʜʩʪʚʠʝ ,  ʚ  

ʧʨʝʜʝʣʴʥʦʤ  ʩʣʫʯʘʝ   ‐ π  -  ʬʦʨʤʫʣʘ  (2)  ʩʦʦʪʚʝʪʩʪʚʫʝʪ   ʣʦʛʠʢʝ  -  ʚʨʝʤʷ  ʞʠʟʥʠ  ʨʘʚʥʦ  ʠʥʪʝʨʚʘʣʫ  

ʦʜʠʥʦʯʥʦʛʦ  ʨʘʩʧʘʜʘ   ʫʤʥʦʞʝʥʥʦʤʫ  ʥʘ  ʯʠʩʣʦ  ʨʘʩʧʘʜʦʚ  m =  ̆ ,  ʢʦʪʦʨʦʝ  ʤʦʞʝʪ  ʙʳʪʴ  
ʚʳʯʠʩʣʝʥʦ  ʨʘʟʣʠʯʥʳʤʠ   ʩʧʦʩʦʙʘʤʠ  [1. ʉʪʨ. 13]. 

ʌʦʨʤʫʣʳ  (1)  ʠ (2)  ʧʨʝʜʦʧʨʝʜʝʣʝʥʳ  ʜʚʫʤʷ  ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ  ʟʘʢʦʥʘʤʠ  ʬʠʟʠʢʠ  :  

-  ʧʨʠʥʮʠʧʦʤ  ʥʘʠʤʝʥʴʰʝʛʦ  ʜʝʡʩʪʚʠʷ, 

-  ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ  ɹʦʟʝ - ʕʡʥʰʪʝʡʥʘ . 

      ʊʨʘʜʠʮʠʦʥʥʦ  ʚʘʨʠʘʮʠʦʥʥʦʝ  ʠʩʯʠʩʣʝʥʠʝ  ʧʨʠ  ʨʝʰʝʥʠʠ ʟʘʜʘʯ  ʧʦ  ʦʧʨʝʜʝʣʝʥʠʶ  

ʪʨʘʝʢʪʦʨʠʠ  ʦʧʝʨʠʨʫʝʪ  ʚ  ʢʦʦʨʜʠʥʘʪʘʭ  ʧʨʦʩʪʨʘʥʩʪʚʘ  ʠ  ʠʤʧʫʣʴʩʘ ( x, ὴ).  ʇʨʠ  ʠʩʩʣʝʜʦʚʘʥʠʠ  
ʨʘʩʧʘʜʘ   ʬʦʪʦʥʘ  ʦʢʘʟʘʣʦʩʴ  ʝʩʪʝʩʪʚʝʥʥʳʤ  ʠ  ʧʨʦʜʫʢʪʠʚʥʳʤ  ʠʩʧʦʣʴʟʦʚʘʥʠʝ  ʧʦʥʷʪʠʝ  ʜʝʡʩʪʚʠʷ,  ʪ. ʝ.  

ʧʨʦʠʟʚʝʜʝʥʠʷ  ʵʥʝʨʛʠʠ  ʥʘ  ʚʨʝʤʷ  - ( ɽ ʠ t),  ʢʦʪʦʨʦʝ  ʥʘʠʙʦʣʝʝ  ʪʦʯʥʦ  ʩʦʦʪʚʝʪʩʪʚʫʝʪ  ʷʚʣʝʥʠʷʤ  

ʧʨʠʨʦʜʳ  ,  ʧʦʩʢʦʣʴʢʫ  ʵʥʝʨʛʠʷ  ʷʚʣʷʝʪʩʷ  ʦʙʦʙʱʘʶʱʠʤ  ʧʦʥʷʪʠʝʤ  ʚʩʝʛʦ  ʚ  ʤʠʨʝ  ʩʫʱʝʩʪʚʫʶʱʝʛʦ (  

ʚʢʣʶʯʘʷ  ʠ  ʤʘʩʩʫ ʪʝʣʘ )  ,  ʘ  ʚʨʝʤʷ  -  ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ  ʩʫʱʥʦʩʪʴ  ʚʦ  ɺʩʝʣʝʥʥʦʡ  ,  ʥʝʨʘʟʨʳʚʥʘʷ  ʚ  

ʧʦʥʷʪʠʠ  ʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷ. 

ʕʥʝʨʛʠʷ   ʬʦʪʦʥʘ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ  ʵʥʝʨʛʠʠ  ʬʦʪʦʥʘ  ʚ  ʩʠʩʪʝʤʝ  ʪʨʝʢʘ  ʨʘʩʧʘʜʘʶʱʠʭʩʷ  ʬʦʪʦʥʦʚ  ʧʨʠʚʦʜʠʪ  ʢ  

ʬʦʨʤʫʣʘʤ  (1) ʠ (2),  ʢʦʪʦʨʳʝ  ʨʝʘʣʠʟʦʚʘʣʠʩʴ  ʧʦ ʘʣʛʦʨʠʪʤʫ: ʟʘʚʠʩʠʤʦʩʪʴ  ʵʥʝʨʛʠʠ  ʬʦʪʦʥʘ  ʦʪ  

ʚʨʝʤʝʥʠ  ʚʳʯʠʩʣʝʥʘ  ʚʘʨʠʘʮʠʦʥʥʳʤ  ʠʩʯʠʩʣʝʥʠʝʤ  ʦʧʨʝʜʝʣʝʥʠʷ  ʤʠʥʠʤʘʣʴʥʦʡ  ʧʦ  ʚʨʝʤʝʥʠ  

ʪʨʘʝʢʪʦʨʠʠ  ʚ  ʧʨʦʩʪʨʘʥʩʪʚʝ  ɽ ï t   ʫʨʘʚʥʝʥʠʝʤ  ʕʡʣʝʨʘ  [1],  ʧʨʠ  ʛʨʘʥʠʯʥʳʭ  ʫʩʣʦʚʠʷʭ    t = 0 ,    ‐    

Ὤὺ  ʠ  t  =  ὸ,  ‐ π.  ʕʪʦ  -     ‐  ὅ t  +  ╒        (3) 

ʆʧʨʝʜʝʣʝʥʠʝ  ʞʝ   ὅ       ʩʜʝʣʘʥʦ  ʩ  ʧʦʤʦʱʴʶ  ʨʘʩʧʨʝʜʝʣʝʥʠʷ  ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ  ʬʠʟʠʢʠ  ɹ-ʕ.   [ 
2,  ʩʪʨ. 308 ]. 
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     ɽʱʸ  ʨʘʟ  ʧʦʜʯʝʨʢʥʸʤ ï ʬʦʨʤʫʣʘ  (1)  ʚʳʯʠʩʣʝʥʘ  ʥʘ  ʦʩʥʦʚʘʥʠʠ  ʧʨʠʥʮʠʧʘ  ʥʘʠʤʝʥʴʰʝʛʦ  

ʜʝʡʩʪʚʠʷ  ( ʟʜʝʩʴ  ʙʫʢʚʘʣʴʥʦ  ɽ - t )  ʠ ʩ ʫʯʸʪʦʤ  ʩʚʦʡʩʪʚʘ  ʙʦʟʦʥʦʚ.   ɺ  ʧʨʝʜʝʣʴʥʦʤ   ʩʣʫʯʘʝ  ‐ π   ʠʟ  
(1)  ʦʧʨʝʜʝʣʷʝʪʩʷ  ʚʨʝʤʷ  ʞʠʟʥʠ  ʬʦʪʦʥʘ  (2). 

                                                ʕʥʝʨʛʠʷ ʚ ʪʨʝʢʝ ( ñʦʙʣʘʢʝò ) ʬʦʪʦʥʦʚ. 

ʇʦʣʥʘʷ  ʵʥʝʨʛʠʷ  ʚ  ʪʨʝʢʝ  ʚʳʯʠʩʣʷʝʪʩʷ  ʧʦ  ʬʦʨʤʫʣʝ: 

                                                                     E  =  —  ̆
 

                                         (4)              

ʇʨʠ  ʟʥʘʯʝʥʠʠ    ὺ    ρπ  ̒    ʵʥʝʨʛʠʷ   ʧʨʠʥʠʤʘʝʪ  ʙʦʣʴʰʠʝ  ʚʝʣʠʯʠʥʳ,  ʢʦʪʦʨʳʝ  ʥʝ  
ʧʨʦʪʠʚʦʨʝʯʘʪ  ʚʳʚʦʜʘʤ  ʉʊʆ  [ 3,ʩʪʨ. 36 ] , [4, ʩʪʨ.92 ]  :                                                               

                                                    ɽ   =˒      
○

╬
         , 

ʊʘʢ  ʯʪʦ , ʧʨʠ  v  =   c   ʨʝʘʣʠʟʫʝʪʩʷ  ʙʝʩʢʦʥʝʯʥʦʝ  ʟʥʘʯʝʥʠʝ  ʜʣʷ  ʵʥʝʨʛʠʠ.    

ʅʘʯʘʣʴʥʦʡ   ʬʦʨʤʫʣʠʨʦʚʢʦʡ  ʟʘʜʘʯʠ  ʠʩʩʣʝʜʦʚʘʥʠʷ   ʨʘʩʧʘʜʘ    [ 1, ʩʪʨ. 3-7 ]   ʠ   ʜʘʣʝʝ  

ʨʘʩʩʤʦʪʨʝʥʠʝʤ    ʩʚʦʙʦʜʥʦʡ  ʵʥʝʨʛʠʠ    ʠ  ʵʥʪʨʦʧʠʠ   ʬʦʪʦʥʘ   [ 1, ʩʪʨ. 12-13 ]   ʚʳʯʠʩʣʝʥʦ   ʯʠʩʣʦ  

ʨʘʩʧʘʜʦʚ   ʬʦʪʦʥʘ   ʄ  =    ̆   ,   ʦʪʥʦʩʷʱʝʝʩʷ   (ʚʩʝʡ  ʧʦʩʪʘʥʦʚʢʦʡ   ʟʘʜʘʯʠ)  ʢ  ʪʨʝʢʫ,  ʪ.ʝ.  ʢ  

ʩʠʩʪʝʤʝ  ʢʦʦʨʜʠʥʘʪ  ʬʦʪʦʥʘ. 

ʃʦʛʠʯʝʩʢʠ,  ʯʪʦ ʩʧʨʘʚʝʜʣʠʚʦ, ʜʣʷ ʥʘʙʣʶʜʘʪʝʣʷ ʯʠʩʣʦ ʘʢʪʦʚ  ʨʘʩʧʘʜʘ:  m =  ὺ,   ʯʪʦ   

ʦʪʣʠʯʘʝʪʩʷ  ʦʪ   M.   ʆʜʥʘʢʦ,  ʝʩʣʠ ʧʨʠ  ‐ = —  ʚ  (1)  ʚ  ʯʠʩʣʠʪʝʣʴ  ʧʦʜʩʪʘʚʠʪʴ  ʧʝʨʝʤʝʥʥʫʶ  t  =  

 
Ȣ
ά ȟ̃  ̏̓̃̆̓̆   ̘̐̏̌̔̉̍  ʜʣʷ  ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʦʚ  ʨʘʩʧʘʜʘ - ʄ,  ʪ.ʝ.  ʚʝʣʠʯʠʥʫ  ʠʟ  ʪʨʝʢʘ.      ʇʦʵʪʦʤʫ,  

ʚʦʟʚʨʘʱʘʷʩʴ   ʢ  ʨʘʩʩʤʦʪʨʝʥʠʶ  ʵʥʝʨʛʠʠ  ʚ  ʪʨʝʢʝ,  ʫʢʘʞʝʤ,  ʯʪʦ,  ʥʘʧʨʠʤʝʨ,  ʜʣʷ  ʯʘʩʪʦʪʳ  ʬʦʪʦʥʘ  -  

ρπ    ̒    (ʚʠʜʠʤʳʡ  ʩʚʝʪ)  ʧʦʣʫʯʘʝʤ  ʵʥʝʨʛʠʶ  ʚ  ʪʨʝʢʝ   ρπ   ɼʞ.  ,  ʯʪʦ  ʚ  ʨʘʤʢʘʭ  ʨʘʟʫʤʥʦʛʦ  

ʧʨʝʜʩʪʘʚʣʷʝʪ  ʙʝʩʢʦʥʝʯʥʦʩʪʴ.  ʇʦʣʥʦʝ  ʩʦʛʣʘʩʠʝ  ʩ  ʉʊʆ,  ʭʦʪʷ  ʚ  ʚʳʯʠʩʣʝʥʠʷʭ   ʫʨʘʚʥʝʥʠʡ  (1)  ʠ  (2)  

ʧʦʣʦʞʝʥʠʷ  ʉʊʆ  ʟʘʣʦʞʝʥʳ  ʥʝ  ʙʳʣʠ  ʠ  ʧʦʣʫʯʝʥʥʳʡ  ʨʝʟʫʣʴʪʘʪ  ʩʣʝʜʫʝʪ  ʪʦʣʴʢʦ  ʠʟ  ʠʟʣʦʞʝʥʥʦʡ  ʚ  [ 

1 ] ʠ [ 5 ,  ʩʪʨ.12]   ʪʝʦʨʠʠ. 

ɻʨʘʥʠʯʥʘʷ  ʜʣʷ  ʬʦʪʦʥʘ  ʦʙʣʘʩʪʴ  ʵʥʝʨʛʠʡ  ( ʯʘʩʪʦʪ ). 

ɻʨʘʥʠʮʘ   *  ʨʝʣʠʢʪʦʚʦʛʦ  ʬʦʥʘ  *  ʩʦʩʪʘʚʣʷʝʪ  ρπ   ̒     ʧʦ  ʯʘʩʪʦʪʝ   ʠ   ρπ     ɼʞ.   ʧʦ  

ʵʥʝʨʛʠʠ  (ʨʠʩ.2) ,  ʯʪʦ  ʚ  ʪʦʯʥʦʩʪʠ  ʩʦʚʧʘʜʘʝʪ  ʩ  ʨʘʥʝʝ [ 1 ] ʚʳʯʠʩʣʝʥʥʳʤ  ʢʚʘʥʪʦʤ   ʨʘʩʧʘʜʘ  —.   
ʇʦʷʩʥʠʤ:   ʚ  ʦʙʣʘʩʪʴ  ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ  ʬʦʥʘ  ʧʝʨʝʜʘʸʪʩʷ  ʵʥʝʨʛʠʷ  ,  ʦʩʪʘʚʰʘʷʩʷ  ʦʪ  ʄ  ʩʦʙʳʪʠʡ   ʠ  

ʧʦ  ʚʝʣʠʯʠʥʝ   ʤʝʥʴʰʘʷ  —ȟ  ʪ.ʝ.  ʢʦʛʜʘ  ʫ  ʬʦʪʦʥʘ  ʦʩʪʘʸʪʩʷ  ʵʥʝʨʛʠʷ,  ʤʝʥʴʰʘʷ  ʯʝʤ  ʥʝʦʙʭʦʜʠʤʦ  ʜʣʷ  
ʠʟʣʫʯʝʥʠʷ   ʢʚʘʥʪʘ  ʨʘʩʧʘʜʘ   —ȟ   ʦʩʪʘʚʰʘʷʩʷ  ʵʥʝʨʛʠʷ  ʟʘʧʦʣʥʷʝʪ  *ʨʝʣʠʢʪʦʚʳʡ*   ʬʦʥ  -  ʵʪʦ  ʷʚʣʝʥʠʝ  
ʠ  ʧʦʟʚʦʣʷʝʪ  ʬʦʥʫ  ʥʘʭʦʜʠʪʴʩʷ  ʧʨʠ  ʥʝʠʟʤʝʥʥʦʤ  ʫʨʦʚʥʝ   ʵʥʝʨʛʠʠ.   ʅʘ  ʛʨʘʥʠʮʝ   ʬʦʥʘ   ʟʥʘʯʝʥʠʷ,  

ʯʪʦ  ʝʩʪʝʩʪʚʝʥʥʦ,  ʄ  ʠ  m  ʩʦʚʧʘʜʘʶʪ  ʠʟ-ʟʘ   ʤʘʣʦʩʪʠ  ʧʦʢʘʟʘʪʝʣʷ  ʵʢʩʧʦʥʝʥʪʳ.   

ʉʠʩʪʝʤʳ   ʦʪʩʯʝʪʘ  ( ʢʦʦʨʜʠʥʘʪ ). 

ʇʨʠ  ʨʘʩʩʤʦʪʨʝʥʠʠ  ʦʪʥʦʰʝʥʠʷ   ,  ʦʢʘʟʳʚʘʝʪʩʷ  ,  ʯʪʦ  ʦʪʥʦʰʝʥʠʝ  ʚʝʣʠʯʠʥ  ʵʥʝʨʛʠʠ  ʚ  ʪʨʝʢʝ   

ʠ  ʚ  ʩʠʩʪʝʤʝ  ʢʦʦʨʜʠʥʘʪ  ʥʘʙʣʶʜʘʪʝʣʷ  ʩʚʷʟʥʳ  ʵʪʠʤ  ʞʝ   ʦʪʥʦʰʝʥʠʝʤ,   ʯʪʦ    ʧʦʜʪʚʝʨʞʜʘʝʪ   

ʩʫʱʝʩʪʚʦʚʘʥʠʝ  ʜʚʫʭ  ʢʦʦʨʜʠʥʘʪʥʳʭ  ʩʠʩʪʝʤ  ʦʪʩʯʝʪʘ  -  ʥʘʙʣʶʜʘʪʝʣʷ  ʠ  ʪʨʝʢʘ,  ʚ  ʢʦʪʦʨʳʭ  

ʢʦʣʠʯʝʩʪʚʘ   ʄ  ʠ  m,  Ὁ    ʠ   ɽ   ʥʝ ʩʦʚʧʘʜʘʶʪ.   ʄʥʦʞʠʪʝʣʴ,  ʢʦʨʨʝʣʠʨʫʶʱʠʡ   ʚʝʣʠʯʠʥʳ  ʚ  ʜʚʫʭ  

ʩʠʩʪʝʤʘʭ:        
 ̆
 

 
  .    
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 ʅʘ  ʨʠʩ.1  ʧʨʝʜʩʪʘʚʣʝʥ  ʛʨʘʬʠʢ  ʤʥʦʞʠʪʝʣʷ   ( ʢʨʘʩʥʳʤ  ʮʚʝʪʦʤ, ʵʢʩʧʦʥʝʥʪʘ -  ʩʠʥʠʤ ,  ʜʣʷ  

ʩʨʘʚʥʝʥʠʷ),  ʛʜʝ  x =  ὺȢ   ɺʠʜʥʦ  -  ʩ ʨʦʩʪʦʤ  ʘʨʛʫʤʝʥʪʘ  ʟʥʘʯʝʥʠʝ      ʨʘʩʪʸʪ  ʧʦʜʦʙʥʦ  ʵʢʩʧʦʥʝʥʪʝ  

-  ʛʨʘʬʠʢ   Ὡ  ʧʨʝʜʩʪʘʚʣʝʥ  ʜʣʷ  ʩʨʘʚʥʝʥʠʷ.  ɻʨʘʥʠʯʥʘʷ  ʪʦʯʢʘ  x =1   ʝʩʪʴ   ʤʠʥʠʤʫʤ   ʬʫʥʢʮʠʠ   ὺȢ )    
ʠ  ʫʢʘʟʳʚʘʝʪ   ʥʘ  ʟʥʘʯʝʥʠʝ   ʧʨʝʜʝʣʴʥʦʡ  ʜʣʷ  ʢʚʘʥʪʘ   ʯʘʩʪʦʪʳ  -   ὺȢ  =  ρπ  ̒  .   

                                             ʉʫʤʤʘ  ʵʥʝʨʛʠʠ  ʨʘʩʧʘʜʘʶʱʠʭʩʷ   ʬʦʪʦʥʦʚ.                                                 

ʀʟ  ʩʦʦʙʨʘʞʝʥʠʡ  ʦʙʱʝʛʦ  ʧʦʥʠʤʘʥʠʷ   ʷʚʣʝʥʠʷ  ʨʘʩʧʘʜʘ   ʨʘʩʩʤʦʪʨʠʤ   ʵʥʝʨʛʠʶ  ʚ  ʪʨʝʢʝ   ʠʟ  

ʢʦʦʨʜʠʥʘʪ  ʥʘʙʣʶʜʘʪʝʣʷ. ʈʘʩʧʘʜʘʶʱʠʝʩʷ ʬʦʪʦʥʳ, ʜʚʠʞʫʱʠʝʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ  ʩʚʝʪʘ   ʠ  

ʩʫʱʝʩʪʚʫʶʱʠʝ  ʦʜʥʦʚʨʝʤʝʥʥʦ,  ʨʘʟʤʥʦʞʘʶʪʩʷ  ʜʠʩʢʨʝʪʥʦ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥ  ʩ  ʧʝʨʠʦʜʦʤ    
Ȣ

 ρπ      ̒    ʧʦʪʝʨʝʡ  ʢʚʘʥʪʘ  ʵʥʝʨʛʠʠ  —: ʩʫʤʤʘ  ʵʥʝʨʛʠʠ  ʨʘʩʧʘʜʘʶʱʠʭʩʷ ʬʦʪʦʥʦʚ   ʚʳʨʘʞʘʝʪʩʷ   

ʫʨʘʚʥʝʥʠʝʤ 

                                                 Ὁ    В   Ὤὺ Ὥ— , 
  ʊʘʢ  ʯʪʦ  ʚ  ʩʫʤʤʝ  ʠʤʝʝʤ        Ὁ    ά + 1) Ὤὺȟ   ̓Ȣ̆Ȣ  ʚ  ʪʨʝʢʝ  ʵʥʝʨʛʠʷ   ʚ  m  ʨʘʟ  ʙʦʣʴʰʝ  

ʯʝʤ  ʚ  ʢʦʦʨʜʠʥʘʪʘʭ  ʥʘʙʣʶʜʘʪʝʣʷ. 

ʊʦʞʜʝʩʪʚʘ  ʢʘʢ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ. 

* ʊʝʩʪʦʚʳʝ *  ʧʨʦʚʝʨʢʠ  ʜʣʷ  ʪʝʦʨʠʠ  ʨʘʩʧʘʜʘ   ʬʦʪʦʥʘ   ʧʦʟʚʦʣʷʶʪ   ʫʩʪʘʥʦʚʠʪʴ  ʢʦʨʨʝʢʪʥʦʩʪʴ   

ʫʪʚʝʨʞʜʝʥʠʡ  ʪʝʦʨʠʠ. 

1.   ʂʦʵʬʬʠʮʠʝʥʪ      ʫʨʘʚʥʠʚʘʝʪ  ʵʥʝʨʛʠʠ  t  ʠ  T  ʢʦʦʨʜʠʥʘʪʥʳʭ  ʩʠʩʪʝʤ: 

        Ὤὺ =  —   ̆
 
,    ʯʪʦ  ʧʨʠʚʦʜʠʪ   ʢ  ʪʦʞʜʝʩʪʚʫ    — Ὤὺ = — Ὤὺ. 

2.  ɺʝʣʠʯʠʥʘ     
Ȣ
 ρπ ʩ  ,  ʧʦʩʪʫʣʠʨʦʚʘʥʥʘʷ   ʚ  [ 5 ]   ʢʘʢ  ʢʚʘʥʪ  ʚʨʝʤʝʥʠ,  ʚʭʦʜʠʪ  ʚʦ  ʚʩʝ  

ʬʦʨʤʫʣʳ  ʪʝʦʨʠʠ  ʨʘʩʧʘʜʘ.  ɺʘʞʥʳʤ   ʜʣʷ  ʧʨʦʚʝʨʢʠ   ʷʚʣʷʝʪʩʷ  ʧʦʪʝʥʮʠʘʣʴʥʘʷ  ʵʥʝʨʛʠʷ  ʬʦʪʦʥʦʚ ,  

ʧʦʣʫʯʝʥʥʘʷ   ʠʟ   ʫʨʘʚʥʝʥʠʷ  ʧʦʪʝʥʮʠʘʣʴʥʦʡ   ʵʥʝʨʛʠʠ  ʪʦʞʜʝʩʪʚʝʥʥʳʭ  ʯʘʩʪʠʮ  [ 6,  ʩʪʨ.607 ]:  ʧʨʠ  

ʧʝʨʝʭʦʜʝ  ʢ  ʬʦʪʦʥʫ   ʥʝʦʙʭʦʜʠʤʦ   ʚʳʯʠʩʣʠʪʴ  ʧʘʨʘʤʝʪʨ  r ,  ʢʦʪʦʨʳʡ  ʦʧʨʝʜʝʣʷʝʪ   ʨʘʩʩʪʦʷʥʠʝ   ʠ  

ʜʣʷ  ʬʦʪʦʥʘ  r  ʦʧʨʝʜʝʣʝʥʦ  ʢʘʢ   ʧʨʦʠʟʚʝʜʝʥʠʝ  ʢʚʘʥʪʘ  ʚʨʝʤʝʥʠ  ʥʘ  ʩʢʦʨʦʩʪʴ   ʩʚʝʪʘ   r =    
Ȣ
 ʩ  .  

ʇʦʪʝʥʮʠʘʣʴʥʘʷ  ʵʥʝʨʛʠʷ  ʜʣʷ ʬʦʪʦʥʦʚ : 

                                            Ὗὺ —ÌÎ ρ ÅØÐ . 

 ʦʢʘʟʘʣʘʩʴ   ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ  ʨʘʚʝʥʩʪʚʫ      Ȣ

Ȣ
 Ȣ

Ȣ
  ,  ʯʪʦ  ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʟʣʦʞʝʥʥʦʝ  

ʨʘʥʝʝ   [1, ʩʪʨ. 31-35 ]  ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ   ʬʦʪʦʥʘ  ʚ  ʵʥʝʨʛʠʶ  ʧʦʪʝʥʮʠʘʣʴʥʫʶ.   ʊʦʞʜʝʩʪʚʦ   

ʧʨʦʠʟʚʦʜʥʳʭ  ʧʦʜʪʚʝʨʞʜʘʝʪ  ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ  ʧʦʩʪʫʣʘʪʘ:    
Ȣ
 -  ʢʚʘʥʪ  ʚʨʝʤʝʥʠ,  ʘ  ʪʘʢʞʝ  ʨʘʚʝʥʩʪʚʦ    

r =    
Ȣ
 ʩ  . 

3.   ɺ   [ 1 ]   M  ʦʧʨʝʜʝʣʝʥʦ  ʠʟ  ʩʚʦʙʦʜʥʦʡ  ʵʥʝʨʛʠʠ  ʬʦʪʦʥʘ .  ɽʩʣʠ  ʟʘʜʘʯʫ  ʧʦʩʪʘʚʠʪʴ  ʠʥʘʯʝ:  
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ʩʢʦʣʴʢʦ ʜʦʣʞʥʦ  ʙʳʪʴ  ά  , ʯʪʦʙʳ  ʧʨʠ ʨʘʩʧʘʜʝ ʦʩʪʘʣʘʩʴ ʤʠʥʠʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ   —ȟ    ̓Ȣ̆Ȣ   ̎́̊̓̉     ά   

ʠʟ  ʦʩʥʦʚʥʦʛʦ     ʫʨʘʚʥʝʥʠʷ   (1),    ʧʦʜʩʪʘʚʠʚ  ʚ   (1)   ὸ  ̉       t =  
Ȣ
ά .   ɺ  ʨʝʟʫʣʴʪʘʪʝ  -  ά ὓȟ   ʪ.ʝ.   

ʠʟʤʝʨʝʥʠʝ  ʠʟ   ʢʦʦʨʜʠʥʘʪ   ʥʘʙʣʶʜʘʪʝʣʷ    ʚ  ʪʨʝʢ   ʧʨʠʚʦʜʠʪ   ʢ  ʪʦʤʫ  ʞʝ   ʨʝʟʫʣʴʪʘʪʫ. 

                                                 ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ   ʇʆɼʊɺɽʈɾɼɽʅʀɽ. 

1.   ʂʨʠʪʠʢʘ    ʨʝʣʠʢʪʦʚʦʛʦ   ʜʦʛʤʘʪʠʟʤʘ 

ʀʟ   ʦʙʱʠʭ   ʧʨʝʜʩʪʘʚʣʝʥʠʡ:   13  ʤʣʨ.  ʣʝʪ   ʩʫʱʝʩʪʚʫʶʪ  ʬʦʪʦʥʳ,  ʨʦʞʜʸʥʥʳʝ  ʧʨʠ  ɹɺ.   

ʇʨʦʚʝʜʸʤ    ʦʮʝʥʢʠ   ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ   ʬʦʥʘ   ʚ   ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ   ʘʩʧʝʢʪʝ : 

-   ʠʥʪʝʥʩʠʚʥʦʩʪʴ  ʠʟʣʫʯʝʥʠʷ   ʄʂʌ  -  ρπ   
ˑ̇

̍
  

-     ʚʝʱʝʩʪʚʘ,  ʪʚʸʨʜʳʭ  ʪʝʣ  -  ʤʘʩʩʘ  ʚʦ  ɺʩʝʣʝʥʥʦʡ  ( ʫʩʨʝʜʥʸʥʥʦ)  ρπ     ̠ ̄

̍
  =  ρπ     

ˑ̇

̍
 .   

ʕʪʦ ʟʘʭʚʘʪʳʚʘʶʱʠ   ʮʝʥʪʨʳ ,  * ʣʦʚʫʰʢʠ*  ʜʣʷ  ʬʦʪʦʥʦʚ,   ʢʦʣʠʯʝʩʪʚʦ  ʢʦʪʦʨʳʭ  ʚ  1  ̍̍    ρπ,  ʪ.ʢ.  

ʤʠʥʠʤʘʣʴʥʘʷ  ʵʥʝʨʛʠʷ  ʬʦʪʦʥʘ ʚ ʩʦʩʪʦʷʥʠʠ  ʨʘʩʧʘʜʘ   ρπ    ɼʞ., ʩʣʝʜʦʚʘʪʝʣʴʥʦ      =  ρπ   ʚ  

̍   ʠʣʠ   ρπ  ʚ   ̍ Ȣ̍   
-        ʬʦʪʦʥʦʚ    ʚ   ̍  -  τ ɇ  ρπ   ʠʣʠ   ʚ   1   ̍̍  --  0.4 ḙρ. 
ʀʪʘʢ,  ʥʘ ʦʜʠʥ  ʬʦʪʦʥ  ʄʂʬ   ʧʨʠʭʦʜʠʪʩʷ  100  *ʣʦʚʫʰʝʢ*éʠ  ʦʥ  (ʬʦʥ)  ʩʫʱʝʩʪʚʫʝʪ   13   ʤʣʨ.  

ʣʝʪ  ? 

2. ʅʘ ʨʠʩ. 2  ʧʨʝʜʩʪʘʚʣʝʥʳ   ʠʟʤʝʨʝʥʠʷ   ʢʦʩʤʠʯʝʩʢʦʛʦ   ʠʟʣʫʯʝʥʠʷ   ʧʦ  ʚʩʝʤʫ  ʜʠʘʧʘʟʦʥʫ   

ʵʥʝʨʛʠʡ   ʚ  ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʥʦʤ  ʠʟʣʦʞʝʥʠʠ  ʜʣʷ  ʘʢʮʝʥʪʠʨʦʚʘʥʠʷ   ʧʨʦʙʣʝʤʳ , ʦʯʝʚʠʜʥʦ :  

ʬʦʨʤʠʨʦʚʘʥʠʷ   ʢʣʘʩʪʝʨʘ  ʬʦʪʦʥʦʚ   ʚʙʣʠʟʠ   ʯʘʩʪʦʪʳ   ρπ ̒    ʠ   ʩ  ʫʤʝʥʴʰʝʥʠʝʤ   ʵʥʝʨʛʠʠ   ʥʠʞʝ   

ρπ  ɼʞ. ï ʬʦʨʤʠʨʦʚʘʥʠʝ  ʚʦʣʥ  ʩ  ʪʝʤʧʝʨʘʪʫʨʦʡ   ʊ = 2.7 ʂ,  ʢʘʢ  ʩʣʝʜʩʪʚʠʝ ʧʨʝʢʨʘʱʝʥʠʷ   

ʢʚʘʥʪʦʚʘʥʠʷ  ʠ  ʧʝʨʝʭʦʜ  ʚ  ʥʦʚʦʝ  ʩʦʩʪʦʷʥʠʝ   -   ʚʦʣʥʦʚʦʝ. 

ʆʙʨʘʪʠʤʩʷ  ʢ  ʨʠʩ. 2: ʩʣʝʜʫʝʪ  ʧʨʠʟʥʘʪʴ, ʯʪʦ  ʜʣʷ ʵʥʝʨʛʠʠ  ρπ   ɼʞ.  ʯʘʩʪʦʪʘ ʠʤʝʝʪ    ʟʥʘʯʝʥʠʝ   

1.5 ρπ  ʠ  ʵʪʘ  ʚʝʣʠʯʠʥʘ  ʥʝ  ʷʚʣʷʝʪʩʷ   ʦʧʨʝʜʝʣʷʶʱʝʡ  ʜʣʷ  ʄʂʌ   ʩ   ʊ = 2.7ʂ. ʊʦʯʥʦʝ ʟʥʘʯʝʥʠʝ 

ʤʦʞʥʦ  ʚʳʯʠʩʣʠʪʴ  ʠʟ  ʨʘʚʝʥʩʪʚʘ kT = ὬὺȢ ,   ̏ ʢ̓ʫʜʘ   ʧʦʣʫʯʘʝʪʩʷ :   ὺȢ = 0.57 ρπ̒  ,  ʯʪʦ   ʣʦʛʠʯʥʦ  

ʫʢʣʘʜʳʚʘʝʪʩʷ  ʚ  ʨʘʩʧʨʝʜʝʣʝʥʠʝ   ʠʟʣʫʯʝʥʠʷ  ( ʨʠʩ.2 )  ʠ  ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ   ʢʚʘʥʪʦʚ  ʚ  ʚʦʣʥʫ  ʧʨʠ  

ʨʘʩʧʘʜʝ  ʬʦʪʦʥʘ. ɺʳʯʠʩʣʝʥʠʷ  ʧʦ  ʬʦʨʤʫʣʝ    E = ‐Ὁ   ‘Ὄ    ʧʨʠʚʦʜʠʪ    ʢ  ʪʦʤʫ   ʞʝ   ʨʝʟʫʣʴʪʘʪʫ,   

ʥʦ ʙʦʣʝʝ  ʪʨʫʜʦʸʤʢʦ.                                                                                             

ɿʘʢʣʶʯʝʥʠʝ. 

ʌʦʨʤʫʣʳ  ʠ  ʫʨʘʚʥʝʥʠʷ,  ʚʧʝʨʚʳʝ  ʧʦʣʫʯʝʥʥʳʝ  ʧʨʠ  ʠʩʩʣʝʜʦʚʘʥʠʠ  ʨʘʩʧʘʜʘ  ʬʦʪʦʥʘ : 

         ‐ ‐ρ                

 ὸ ̆  

  Ὗὺ —ÌÎ ρ ÅØÐ . 

             E  =  —  ̆
 

                                          

               
 ̆
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ʩʪʨ.  8-16. 

 6.  ɺ.ɻ. ʃʝʚʠʯ . ʂʫʨʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ  ʪ.1, ʠʟʜ. çʅʘʫʢʘè. ʄ.: 1971ʛ.,  
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ʈɽʐɽʅʀɽ ʈɸɿʅʆʉʊʅʆɻʆ ʋʈɸɺʅɽʅʀʗ ʄɽʊʆɼʆʄ ʉʊʈɽʃʔɹʓ 

(ɺʓʏʀʉʃʀʊɽʃʔʅʓɽ ʕʂʉʇɽʈʀʄɽʅʊʓ) 

 

SOLUTION OF THE DIFFERENCE EQUATION BY FIRING METHOD  

(COMPUTATIONAL  EXPERIMENT ) 

 

ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʩʪʨʝʣʴʙʳ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʤʝʪʦʜʦʤ ʩʝʪʦʢ. ʇʨʦʚʦʜʷʪʩʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʂʦʰʠ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʕʡʣʝʨʘ, ʕʡʣʝʨʘ-

ʂʦʰʠ, ʈʫʥʛʝ-ʂʫʪʪʘ). ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʧʦʛʨʝʰʥʦʩʪʠ ʥʘʡʜʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʚʦʡʥʦʡ ʧʝʨʝʩʯʝʪ ʠ ʧʨʘʚʠʣʦ ʈʫʥʛʝ. 

Abstract: The method of shooting the numerical solution of boundary value problems for ordinary 

differential equations of second order by the method of nets. Conducted computational experiments with the 

solution of the Cauchy problem by different methods (Euler, Euler-Cauchy, and Runge-Kutta). In practical 

error, estimation of the solution using double counting and rule Runge.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ, ʤʝʪʦʜ ʩʝʪʦʢ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʨʘʚʥʦʤʝʨʥʘʷ 

ʩʝʪʢʘ, ʨʷʜ ʊʝʡʣʦʨʘ, ʨʘʩʯʝʪʥʘʷ ʪʦʯʢʘ, ʘʧʧʨʦʢʩʠʤʘʮʠʷ, ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʩʝʪʦʯʥʘʷ ʬʫʥʢʮʠʷ, 

ʨʝʢʫʨʨʝʥʪʥʳʝ ʬʦʨʤʫʣʳ, ʘʣʛʦʨʠʪʤ, ʦʨʪʦʛʦʥʘʣʴʥʘʷ ʧʨʦʛʦʥʢʘ, ʧʨʘʚʠʣʦ ʈʫʥʛʝ. 

Key words: boundary value problem, grid method, computational experiment, uniform mesh, the 

Taylor series, the design point, approximation, differential equation, grid function, recurrence formula, the 

algorithm, orthogonal smoke, the rule Rung. 

ɺʚʝʜʝʥʠʝ. ʂʨʘʝʚʳʝ ʟʘʜʘʯʠ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʠʟʫʯʝʥʠʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʠ ʷʚʣʝʥʠʡ (ʠʥʦʛʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʚ ʫʨʘʚʥʝʥʠʷʭ ʩ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ). 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ. ʆʚʣʘʜʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʥʘʚʳʢʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ ʩʝʪʦʢ. ɿʘʢʨʝʧʣʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. ʇʨʦʚʝʜʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʨʝʰʝʥʠʶ ʢʨʘʝʚʳʭ ʟʘʜʘʯ 

ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɿʘʢʨʝʧʣʝʥʠʝ ʥʘʚʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʬʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ. ʈʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ρȟς 

   bxaxfyxryxqyxp ¢¢=+¡+¡¡ ),()()()(     (1) 

000 )()( gba =¡+ ayay ,      (2) 

111 )()( gba =¡+ byby ,      (3) 

ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʠ 

)()()1()( 21 xCyxyCxy +-= ,     (4) 

ʛʜʝ )(1 xy  ʠ )(2 xy  - ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʂʦʰʠ: 
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  (5) 
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;0ʝʩʣʠ,)(ʠʣʠ,0ʝʩʣʠ,)(

,)()(

,),()()()()()()(

012012

02020

222

==¸=¡

=¡+

¢¢=+¡+¡¡

aa

gba

taytay

ayay

bxaxfxyxrxyxqxyxp

   (6) 

ɿʜʝʩ 1ɹ0, tt  - ʣʶʙʳʝ ʯʠʩʣʘ10 tt ¸ . 

ʂʦʵʬʬʠʮʠʝʥʪʳ )(),(),( xrxqxp  ʠ ʧʨʘʚʘʷ ʯʘʩʪʴ)(xf  ʩʯʠʪʘʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ ʥʘ ʦʪʨʝʟʢʝ

];[ ba , ʬʫʥʢʮʠʷ)(xp  ʧʦʣʦʞʠʪʝʣʴʥʦʡ, 111000 ,,,,, gbagba   ʟʘʜʘʥʥʳʝ ʧʦʩʪʦʷʥʥʳʝ. 

 ɺʦʧʨʦʩʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʬʫʥʢʮʠʠ)(xy  ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʫʨʩʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɹʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ)(xy  ʩʫʱʝʩʪʚʫʝʪ, ʝʜʠʥʩʪʚʝʥʥʘ ʠ 

ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ)(xy  ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. 

 ʇʦʜʙʝʨʝʤ ʧʦʩʪʦʷʥʥʫʶC  ʪʘʢ, ʯʪʦʙʳ ʬʫʥʢʮʠʷ)(xy  ʫʜʦʚʣʝʪʚʦʨʷʣʘ ʛʨʘʥʠʯʥʦʤʫ ʫʩʣʦʚʠʶ (3) 

ʥʘ ʢʦʥʮʝbx= . ʕʪʦ ʜʘʝʪ 

121112111 )()()1()()()1( gbbaa =¡+¡-++- byCbyCbCybyC  

ʠʣʠ 

( ) ( ) 12112111111 )()()()()1( gbaba =¡++¡+- bybyCbybyC , 

ʦʪʢʫʜʘ 

( ) ( ))()()()(

)()(
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ʉ

¡-¡+-

¡--
=
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ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʟʥʘʤʝʥʘʪʝʣʴ ʥʝ ʨʘʚʝʥ ʥʫʣʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ (1) ï 

(3) ʩʚʝʜʝʥʘ ʢ ʜʚʫʤ ʟʘʜʘʯʘʤ ʂʦʰʠ ʜʣʷ ʬʫʥʢʮʠʡ)(1 xy  ʠ )(2 xy , ʢʦʪʦʨʳʝ ʧʝʨʝʧʠʰʝʤ ʚ ʚʠʜʝ ʟʘʜʘʯ 

ʂʦʰʠ ʜʣʷ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 
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ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʦʩʪʦʠʪ ʚ ʥʘʭʦʞʜʝʥʠʠ ʧʨʠʙʣʠʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ)( kxy ʠʩʢʦʤʦʛʦ 

ʨʝʰʝʥʠ)̫(xy  ʚ ʪʦʯʢʘʭ nxxx ,,, 10 2 . 

 ɺʚʝʜʸʤ ʨʘʚʥʦʤʝʨʥʫʶ ʩʝʪʢʫ ʪʦʯʝʢnabhkhxxk )(,0 -=+=  ʠ ʦʙʦʟʥʘʯʠʤ  

kkkkkkkkkk yxyfxfrxrqxqpxp ===== )(,)(,)(,)(,)( . 

 ʆʧʠʩʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʳ ʥʘ ʊʫʨʙʦ-ʇʘʩʢʘʣʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ 

ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (1) ï (3) ʜʣʷ ʣʠʥʝʡʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ: ba,  - ʟʥʘʯʝʥʠʷ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʢʦʥʮʦʚ ʦʪʨʝʟʢʘ];[ ba ; 

0,0,0 gba  - ʢʦʥʩʪʘʥʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʣʝʚʦʤ ʢʦʥʮʝ ʦʪʨʝʟʢʘ];[ ba , 

1,1,1 gba  - ʢʦʥʩʪʘʥʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʥʘ ʧʨʘʚʦʤ ʢʦʥʮʝ ʦʪʨʝʟʢʘ];[ ba ; 

10, tt  - ʧʨʦʠʟʚʦʣʴʥʳʝ ʯʠʩʣʘ; 
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FxRxQxPx ,,,  - ʠʤʷ ʬʫʥʢʮʠʡ, ʚʳʯʠʩʣʷʶʱʠʭ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ)(),(),(),( xfxrxqxp ; 

N  - ʯʠʩʣʦ ʯʘʩʪʝʡ, ʥʘ ʢʦʪʦʨʦʝ ʜʝʣʠʪʩʷ ʦʪʨʝʟʦʢ];[ ba  ʫʟʣʘʤʠ ʩʝʪʢʠ; 

KpLp,  - ʨʘʙʦʯʠʝ ʤʘʩʩʠʚʳ, ʨʘʟʤʝʨʥʦʩʪʠ1+N  ʢʘʞʜʳʡ. 

Yi  - ʜʚʫʤʝʨʥʳʡ ʨʘʙʦʯʠʡ ʤʘʩʩʠʚ, ʨʘʟʤʝʨʥʦʩʪʠ3)1( ³+N ; 

RKEK,EULER,   ʧʨʦʮʝʜʫʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʂʦʰʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʬʦʨʤʫʣʘʤ ʕʡʣʝʨʘ, 

ʕʡʣʝʨʘ-ʂʦʰʠ ʠ ʈʫʥʛʝ-ʂʫʪʪʘ ʥʘ ʧʨʷʤʦʤ ʭʦʜʝ. 

ɺʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ: Y  ʤʘʩʩʠʚ ʠʟ1+n  ʯʠʩʝʣ, ʩʦʜʝʨʞʘʱʠʡ ʚʳʯʠʩʣʝʥʥʦʝ ʧʨʠʙʣʠʞʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʨʝʰʝʥʠʷ)(xy  ʟʘʜʘʯʠ (1) ï (3) ʚ ʫʟʣʘʭ ʩʝʪʢʠ. 

ʇʝʨʝʜ ʦʙʨʘʱʝʥʠʝʤ ʢ ʧʨʦʛʨʘʤʤʝ ʥʝʦʙʭʦʜʠʤʦ: 

1) ʩʦʩʪʘʚʠʪʴ ʬʫʥʢʮʠʠ (FUNCTION) FxRx,Qx,Px,  ʚʳʯʠʩʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ)(),(),(),( xfxrxqxp ; 

2) ʧʨʠʩʚʦʠʪʴ ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤngbagbaba ,1,1,1,0,0,0,, ; 

3) ɺʳʙʨʘʪʴ ʤʝʪʦʜ (ʕʡʣʝʨʘ, ʕʡʣʝʨʘ-ʂʦʰʠ ʠʣʠ ʈʫʥʛʝ-ʂʫʪʪʘ), ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʂʦʰʠ. 

ʇʨʠʤʝʨ 1. ʄʝʪʦʜʦʤ ʩʪʨʝʣʴʙʳ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 

0)4(,5.0)1(

,41,5.043 32

==

¢¢=+¡-¡¡

yy

xxyyxyx
 

ʚ ʪʦʯʢʘʭ 10)1(0,1.0 =Ö= kkxk .  ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʕʡʣʝʨʘ, 

ʄʝʪʦʜ ʕʡʣʝʨʘ-ʂʦʰʠ ʠ ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ. 

ʈʝʰʝʥʠʝ. ɿʜʝʩʴ
32 5.0)(,4)(,3-)(,)( xxfxrxxqxxp ==== , 

0,0,1,5.0,0,1 111000 ====== gbagba . 

 ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʧʨʦʛʨʘʤʤʝ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʟʘʧʠʩʘʥʥʳʝ ʚ 

ʪʘʙʣʠʮʝ 1. ɺ ʵʪʦʡ ʞʝ ʪʘʙʣʠʮʝ ʧʨʠʚʦʜʷʪʩʷ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ

2lnln)( 22 xxxxy -= . 

ʊʘʙʣʠʮʘ 1 

k  kx  

ʄʝʪʦʜʳ 

)( kxy  
ʕʡʣʝʨʘ 

ʕʡʣʝʨʘ- 

ʂʦʰʠ 

ʈʫʥʛʝ- 

ʂʫʪʪʘ 

ky  ky  ky   

0 1.0 0.5000 0.5000 0.5000 0.5000 

1 1.3 0.4724 0.4590 0.4588 0.4588 

2 1.6 0.3415 0.3124 0.3124 0.3121 

3 1.9 0.1314 0.0870 0.0866 0.0866 

4 2.2 -0.1239 -0.1811 -0.1815 -0.1815 

5 2.5 -0.3833 -0.4491 -0.4496 -0.4496 

6 2.8 -0.6007 -0.6694 -0.6697 -0.6697 

7 3.1 -0.7257 -0.7903 -0.7906 -0.7906 

8 3.4 -0.7050 -0.7573 -0.7576 -0.7576 

9 3.7 -0.4824 -0.5136 -0.5137 -0.5137 

10 4.0 0.0000 0.0000 0.0000 0.0000 

ʇʨʠʤʝʨ 2. ʄʝʪʦʜʦʤ ʩʪʨʝʣʴʙʳ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 

eyyy

xxyyxy

+==¡-

¢¢=-¡-¡¡

1)1(,0)0()0(

,10,4-22
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ʚ ʪʦʯʢʘʭ 10)1(0,1.0 =Ö= kkxk .  ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʕʡʣʝʨʘ, 

ʄʝʪʦʜ ʕʡʣʝʨʘ-ʂʦʰʠ ʠ ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ. 

ʈʝʰʝʥʠʝ. ɿʜʝʩʴ xxfxrxxqxp -4)(,2-)(,2-)(,1)( ==== , 

e+====== 1,0,1,0,-1,1 111000 gbagba . 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʟʘʧʠʩʘʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 

k  kx  

ʄʝʪʦʜʳ 

)( kxy  
ʕʡʣʝʨʘ 

ʕʡʣʝʨʘ- 

ʂʦʰʠ 

ʈʫʥʛʝ- 

ʂʫʪʪʘ 

ky  ky  ky   

0 0.0 1.0124 1.0001 1.0000 1.0000 

1 0.1 1.1228 1.1101 1.1101 1.1100 

2 0.2 1.2540 1.2409 1.2408 1.2408 

3 0.3 1.4080 1.3943 1.3942 1.3942 

4 0.4 1.5878 1.5736 1.5735 1.5735 

5 0.5 1.7987 1.7841 1.7840 1.7840 

6 0.6 2.0480 2.0334 2.0333 2.0333 

7 0.7 2.3462 2.3324 2.3323 2.3323 

8 0.8 2.7083 2.6966 2.6965 2.6965 

9 0.9 3.1556 3.1480 3.1479 3.1479 

10 1.0 3.7183 3.7183 3.7183 3.7183 

ʇʨʠʤʝʨ 3. ʄʝʪʦʜʦʤ ʩʪʨʝʣʴʙʳ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 

4-)1.1(5.2)1.1(2,0)1.0(2.1)1.0(

,1.11.0,2 2

=¡-=¡-

¢¢=+¡+¡¡

yyyy

xxxyyey x

 

ʚ ʪʦʯʢʘʭ 10)1(0,1.0 =Ö= kkxk .  ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʕʡʣʝʨʘ, 

ʄʝʪʦʜ ʕʡʣʝʨʘ-ʂʦʰʠ ʠ ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ. 

ʈʝʰʝʥʠʝ. ɿʜʝʩʴ
2)(,2)(,)(,1)( xxfxxrexqxp x ==== , 

4-,5.2-,2,0,-1.2,1 111000 ====== gbagba . 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʟʘʧʠʩʘʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3 

k  kx  

ʄʝʪʦʜʳ 

ʕʡʣʝʨʘ 
ʕʡʣʝʨʘ- 

ʂʦʰʠ 

ʈʫʥʛʝ- 

ʂʫʪʪʘ 

ky  ky  ky  

0 0.1 -1.2350 -1.2414 -1.2414 

1 0.2 -1.3324 -1.3387 -1.3387 

2 0.3 -1.4171 -1.4231 -1.4231 

3 0.4 -1.4884 -1.4940 -1.4940 

4 0.5 -1.5457 -1.5508 -1.5508 

5 0.6 -1.5885 -1.5930 -1.5930 

6 0.7 -1.6166 -1.6206 -1.6205 

7 0.8 -1.6302 -1.6335 -1.6335 

8 0.9 -1.6295 -1.6322 -1.6322 

9 1.0 -1.6154 -1.6176 -1.6176 

10 1.1 -1.5888 -1.5905 -1.5905 

ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʧʦʛʨʝʰʥʦʩʪʠ ʥʘʡʜʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʜʚʦʡʥʦʡ 

ʧʝʨʝʩʯʝʪ ʠ ʧʨʘʚʠʣʦ ʈʫʥʛʝ [2]. ɺ ʪʘʙʣʠʮʝ 4 ʧʨʠʚʝʜʝʥʳ ʧʨʠʙʣʠʞʝʥʥʳʝ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʟʥʘʯʝʥʠʡ
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)(i

ky  ʧʦ ʧʨʘʚʠʣʫ ʈʫʥʛʝ ʚ ʢʘʞʜʦʤ ʫʟʣʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʰʘʛʘʤʠ1.0=h  ʠ 2h  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 

ʊʘʙʣʠʮʘ 4 

k  kx  

ʇʦʛʨʝʰʥʦʩʪʴ ʤʝʪʦʜʦʚ 

ʕʡʣʝʨʘ 
ʕʡʣʝʨʘ- 

ʂʦʰʠ 

ʈʫʥʛʝ- 

ʂʫʪʪʘ 

ke ke ke 

0 0.1 0.0016 0.0000 0.0000 

1 0.2 0.0016 0.0000 0.0000 

2 0.3 0.0015 0.0000 0.0000 

3 0.4 0.0014 0.0000 0.0000 

4 0.5 0.0013 0.0000 0.0000 

5 0.6 0.0011 0.0000 0.0000 

6 0.7 0.0010 0.0000 0.0000 

7 0.8 0.0008 0.0000 0.0000 

8 0.9 0.0007 0.0000 0.0000 

9 1.0 0.0005 0.0000 0.0000 

10 1.1 0.0004 0.0000 0.0000 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʠ ʦʙ 

ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ʩʭʝʤʳ ʠ ʦ ʚʳʙʦʨʝ ʩʝʪʦʯʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʂʦʰʠ. 

ɺʥʠʤʘʪʝʣʴʥʦʤʫ ʠ ʤʳʩʣʷʱʝʤʫ ʯʠʪʘʪʝʣʶ ʩʦʚʝʪʫʝʤ ʩʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʤʝʪʦʜʦʤ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʧʨʦʛʦʥʢʠ [3], ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʨʦʛʦʥʢʠ [4], 

ʤʝʪʦʜʦʤ ʚʘʨʠʘʮʠʠ ʧʦʩʪʦʷʥʥʳʭ [5]. 
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ʊɽʍʅʆʃʆɻʀʗ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ɹɸɿ ɼɸʅʅʓʍ 

 

TECHNOLOGY OF AUTOMATED DESIGN OF DATABASES  

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʩʦʟʜʘʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ ʨʝʣʷʮʠʦʥʥʦʛʦ ʪʠʧʘ ʚ ʩʨʝʜʝ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʄʠʥʦʙʦʨʦʥʳ ʈʦʩʩʠʠ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʛʦ ʢ ʦʙʷʟʘʪʝʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʦʙʨʘʟʮʦʚ ʚʦʦʨʫʞʝʥʠʷ ʠ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ (CASE-ʩʨʝʜʩʪʚ) ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ. ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʩʚʷʟʘʥ ʩ 

ʨʘʟʨʘʙʦʪʢʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ 

ʜʘʥʥʳʭ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʧʨʝʜʣʦʞʝʥʥʫʶ ʘʚʪʦʨʦʤ ʩʠʩʪʝʤʫ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʠʢ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ. 

Abstract: The article presents two approaches to the creation of technology for the automated design 

of relational-type databases in the environment of certified general software of the Ministry of Defense of 

Russia, recommended for mandatory use in the creation of samples of weapons and military equipment. The 

first approach is based on the use of existing tools (CASE-tools) for database design. The second approach is 

associated with the development of a promising software package for computer-aided design of databases 

that implements a system of models, methods and algorithms for designing relational databases proposed by 

the author. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; ʨʝʣʷʮʠʦʥʥʳʝ ʙʘʟʳ 

ʜʘʥʥʳʭ; ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ; CASE-ʩʨʝʜʩʪʚʘ; ʢʦʤʧʣʝʢʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

Key words: computer-aided design technology; relational databases; technological operation; CASE 
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ɺʚʝʜʝʥʠʝ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʘʷ, ʩʢʚʦʟʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ 

(ɹɼ) ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ɸʉ ɺʅ) ʚ ʩʨʝʜʝ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʱʝʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʆʇʆ) ʄʠʥʦʙʦʨʦʥʳ ʈʦʩʩʠʠ, ʧʦʜʜʝʨʞʠʚʘʝʤʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. 

ʆʩʥʦʚʥʦʡ ʨʘʟʜʝʣ 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ [ 1 ] ʤʝʪʦʜʠʢʠ, ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɼ ʩʦʩʪʘʚʣʷʶʪ 

ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʨʝʘʣʠʟʦʚʘʪʴ ʚʳʰʝʫʢʘʟʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ. ʉ ʫʯʝʪʦʤ ʩʣʦʞʥʦʩʪʠ 

ʠ ʪʨʫʜʦʝʤʢʦʩʪʠ ʨʝʰʘʝʤʦʡ ʧʨʦʙʣʝʤʳ ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʩʦʟʜʘʥʠʶ ʪʝʭʥʦʣʦʛʠʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɼ. 

ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ (CASE-

ʩʨʝʜʩʪʚ) ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɼ [2-8]. ʇʨʠ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ, ʣʦʛʠʯʝʩʢʦʡ 

ʠ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʝʡ ɹɼ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʤʤʝʨʯʝʩʢʠʭ CASE-

ʩʨʝʜʩʪʚ, ʧʨʠʯʝʤ ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ɹɼ ʢʦʥʢʨʝʪʥʦʡ 

ʮʝʣʝʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʉʋɹɼ). ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ [1] ʤʝʪʦʜʠʢʠ, ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɼ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʥʝ 

ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʤʠ CASE-ʩʨʝʜʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʩʝʤʘʥʪʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ɹɼ ʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʥʦʨʤʘʣʠʟʘʮʠʠ ʦʪʥʦʰʝʥʠʡ ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ, 
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ʚ ʜʘʥʥʳʭ ʩʨʝʜʩʪʚʘʭ ʦʪʩʫʪʩʪʚʫʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʥʘʜ 

ʦʪʥʦʰʝʥʠʷʤʠ ʙʘʟʳ ʜʘʥʥʳʭ (ʢʘʢ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʥʘ ʷʟʳʢʝ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʤʠ), ʘ 

ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʜʝʨʞʢʠ ʪʨʝʙʦʚʘʥʠʡ ʩʩʳʣʦʯʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʜʣʷ ʩʚʷʟʝʡ ʩ ʯʘʩʪʠʯʥʳʤ 

ʫʯʘʩʪʠʝʤ ʩʫʱʥʦʩʪʝʡ.  

ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʚʷʟʘʥ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʩʠʩʪʝʤʫ 

ʤʝʪʦʜʠʢ, ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɼ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʚ [1]. 

ʇʦʜ ʪʝʭʥʦʣʦʛʠʝʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʫʶ ʠ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ (ʨʠʩ. 1), ʧʨʠʚʦʜʷʱʫʶ ʢ 

ʨʘʟʨʘʙʦʪʢʝ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɹɼ ʚ ʩʨʝʜʝ ʮʝʣʝʚʦʡ ʉʋɹɼ. ʇʨʠ ʵʪʦʤ ʧʦʜ ʤʦʜʝʣʴʶ ɹɼ ʧʦʥʠʤʘʝʪʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʨʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ [12]: ʩʪʨʫʢʪʫʨʳ (ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʦʪʥʦʰʝʥʠʡ), 

ʦʛʨʘʥʠʯʝʥʠʡ ʮʝʣʦʩʪʥʦʩʪʠ (ʦʛʨʘʥʠʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʩʫʱʥʦʩʪʝʡ, ʦʛʨʘʥʠʯʝʥʠʷ ʩʩʳʣʦʯʥʦʡ 

ʮʝʣʦʩʪʥʦʩʪʠ) ʠ ʦʧʝʨʘʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʥʘʜ ʦʪʥʦʰʝʥʠʷʤʠ (ʦʧʝʨʘʮʠʠ ʨʝʣʷʮʠʦʥʥʦʡ ʘʣʛʝʙʨʳ). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [8, 10] ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ CASE-ʩʨʝʜʩʪʚ: 

ī ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ; 

ī ʢʦʥʢʨʝʪʠʟʘʮʠʷ ʠ ʬʦʨʤʘʣʠʟʘʮʠʷ ʦʪʜʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ; 

ī ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ CASE-ʩʨʝʜʩʪʚ ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʜʦʧʫʱʝʥʠʷ. 

1. ʊʝʭʥʦʣʦʛʠʷ ʦʧʠʩʳʚʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ 
ʚʠʪʢʘ ʩʧʠʨʘʣʴʥʦʡ ʤʦʜʝʣʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʙʘʟ ʜʘʥʥʳʭ [6, 13]. 

2. ɺʥʫʪʨʠ ʦʜʥʦʛʦ ʚʠʪʢʘ ʩʧʠʨʘʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʥʝ ʠʤʝʶʪ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʘʥʘʣʠʟ 
ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʢʦʥʮʝ ʚʠʪʢʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦʙ ʠʥʠʮʠʘʣʠʟʘʮʠʠ 

ʥʦʚʦʛʦ ʚʠʪʢʘ. 

3. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʚʠʪʢʘ ʢ ʚʠʪʢʫ ʩʧʠʨʘʣʴʥʦʡ ʤʦʜʝʣʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʟʘʜʘʯ, ʩ ʫʯʝʪʦʤ ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ 

ʙʘʟ ʜʘʥʥʳʭ [1, 10] ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ CASE-ʩʨʝʜʩʪʚ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ.1. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʘʟ ʜʘʥʥʳʭ 
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ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʙʘʟ ʜʘʥʥʳʭ (ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ï ʢʦʤʧʣʝʢʩʘ) ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʦʤʤʝʨʯʝʩʢʠʝ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɼ ʥʝ ʩʧʦʩʦʙʥʳ ʥʘ ʥʘʩʪʦʷʱʠʡ 

ʤʦʤʝʥʪ ʦʙʝʩʧʝʯʠʪʴ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʨʝʘʣʠʟʘʮʠʶ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʠʢ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʚʦʩʭʦʜʷʱʝʛʦ ʠ ʥʠʩʭʦʜʷʱʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ [1, 14]. 

ʂ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʳʭ ʩʨʝʜʩʪʚ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ:  

- ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʛʨʘʬʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʦʩʥʦʚʥʳʭ ʘʙʩʪʨʘʢʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʨʘʩʰʠʨʝʥʥʦʡ ʤʦʜʝʣʠ çʩʫʱʥʦʩʪ-ɹʩʚʷʟʴè ʥʘ ʬʘʟʝ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ; 

- ʦʛʨʘʥʠʯʝʥʥʳʡ ʥʘʙʦʨ ʧʨʘʚʠʣ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʰʠʨʝʥʥʦʡ ʤʦʜʝʣʠ çʩʫʱʥʦʩʪʴ-ʩʚʷʟʴè ʚ 

ʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ (ʨʝʣʷʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʘʥʥʳʭ) ʥʘ ʬʘʟʝ ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ; 

- ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʠ ʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʷʭ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʧʫʪʝʡ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʥʘʜ ʜʘʥʥʳʤʠ (ʪʨʘʥʟʘʢʮʠʡ); 

- ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʢʦʜʘ ʥʘ ʧʩʝʚʜʦʷʟʳʢʝ ʠ SQL-ʢʦʜʘ ʜʣʷ ʚʳʧʦʣʥʷʝʤʳʭ 

ʦʧʝʨʘʮʠʡ (ʪʨʘʥʟʘʢʮʠʡ); 

- ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʘʟʳ ʜʘʥʥʳʭ ʥʘ 

ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʥʦʨʤʘʣʠʟʘʮʠʠ. 

 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ 

ʣʠʰʝʥʘ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʬʘʟʳ ʘʥʘʣʠʟʘ ʪʨʝʙʦʚʘʥʠʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʣʦʛʠʡ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ [2, 3, 6, 7, 15].  

ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʶʪʩʷ: 

- ʙʘʟʘ ʤʝʪʘʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ, ʠʩʧʦʣʴʟʫʝʤʫʶ ʠ ʧʦʣʫʯʘʝʤʫʶ ʥʘ 

ʚʳʭʦʜʝ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ; 

- ʢʦʥʮʝʧʪʫʘʣʴʥʳʡ ʧʨʦʝʢʪʠʨʦʚʱʠʢ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʩʪʨʦʝʥʠʝ ʛʣʦʙʘʣʴʥʦʡ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʙʘʟʳ ʜʘʥʥʳʭ, ʷʚʣʷʶʱʝʡʩʷ ʚʭʦʜʦʤ ʜʣʷ ʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ; 

- ʣʦʛʠʯʝʩʢʠʡ ʧʨʦʝʢʪʠʨʦʚʱʠʢ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʢʦʥʮʝʧʪʫʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʝʢʪʠʨʫʝʤʦʡ 

ʙʘʟʳ ʜʘʥʥʳʭ ʚ ʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ, ʷʚʣʷʶʱʝʝʩʷ ʚʭʦʜʦʤ ʜʣʷ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ; 

- ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʝʢʪʠʨʦʚʱʠʢ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʜʩʦʝʜʠʥʝʥʠʝ ʮʝʣʝʚʦʡ ʉʋɹɼ ʠ 

ʛʝʥʝʨʘʮʠʶ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʘʟʳ ʜʘʥʥʳʭ ʚ ʝʝ ʩʨʝʜʝ. 

ɻʣʘʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʙʘʟʘ ʤʝʪʘʜʘʥʥʳʭ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʘʷ ʢʘʢ 

ʮʝʥʪʨʘʣʴʥʳʡ ʨʝʧʦʟʠʪʦʨʠʡ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʝʪʩʷ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʚʨʝʤʷ ʨʘʟʣʠʯʥʳʭ 

ʬʘʟ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ɺʩʝ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʢʦʤʧʣʝʢʩʘ (DFD-ʜʠʘʛʨʘʤʤʳ, ʩʣʦʚʘʨʴ ʜʘʥʥʳʭ ʠ ʤʠʥʠʩʧʝʮʠʬʠʢʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ) ʟʘʛʨʫʞʘʶʪʩʷ ʚ ʙʘʟʫ ʤʝʪʘʜʘʥʥʳʭ. ʂʦʥʮʝʧʪʫʘʣʴʥʳʡ ʧʨʦʝʢʪʠʨʦʚʱʠʢ, ʠʩʧʦʣʴʟʫʷ ʥʫʞʥʫʶ 

ʝʤʫ ʠʥʬʦʨʤʘʮʠʶ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʩʪʨʦʝʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ (ʩʭʝʤʳ) ɹɼ, ʢʦʪʦʨʘʷ 

ʜʘʣʝʝ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʙʘʟʝ ʤʝʪʘʜʘʥʥʳʭ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʦʛʠʯʝʩʢʠʤ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ. ʆʧʠʩʘʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʤʝʪʘʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.2. 

ʂʦʥʮʝʧʪʫʘʣʴʥʳʡ ʧʨʦʝʢʪʠʨʦʚʱʠʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ 

ʤʦʜʝʣʠ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʠʤ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʚʩʝ ʘʙʩʪʨʘʢʪʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʨʘʩʰʠʨʝʥʥʦʡ ʤʦʜʝʣʠ çʩʫʱʥʦʩʪʴ-ʩʚʷʟʴè (EER-ʤʦʜʝʣʠ) [14]. ʇʦʩʪʨʦʝʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ 

ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʘʤʠ ʧʦʩʪʨʦʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʦʡ 

ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʙʘʟʳ ʜʘʥʥʳʭ [1]. 

 



ɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʡ ʞʫʨʥʘʣ çʊʦʯʥʘʷ ʥʘʫʢʘè                                                                  www.t-nauka.ru   

 

  22 
 

  

 
ʈʠʩ.2. ʆʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʤʝʪʘʜʘʥʥʳʭ 

ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʙʘʟʳ ʜʘʥʥʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʤ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.3. 

ʂʨʦʤʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʙʘʟʳ ʜʘʥʥʳʭ 

ʢʦʥʮʝʧʪʫʘʣʴʥʳʤ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ ʨʝʰʘʝʪʩʷ ʪʘʢʞʝ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʭʝʤ 

(ʜʠʘʛʨʘʤʤ) ʪʨʘʥʟʘʢʮʠʡ. ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʭʝʤʳ ʜʣʷ ʪʨʘʥʟʘʢʮʠʠ ʚʠʜʘ çʅʘʡʪʠ 

ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʠ ʥʘʠʤʝʥʦʚʘʥʠʷ ʩʪʘʥʮʠʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʜʣʷ ʘʥʪʝʥʥ ʩ ʜʠʘʤʝʪʨʦʤ Xè ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩ.4 

ʅʘ ʬʘʟʝ ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʣʦʛʠʯʝʩʢʫʶ 

ʩʭʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʨʝʣʷʮʠʦʥʥʫʶ ʤʦʜʝʣʴ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ 

ʣʦʛʠʯʝʩʢʠʤ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

- ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʘʟʳ ʜʘʥʥʳʭ (EER-ʤʦʜʝʣʴ) ʚ ʨʝʣʷʮʠʦʥʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ [1, 14] ʠ ʬʦʨʤʠʨʫʝʪ ʝʝ ʦʧʠʩʘʥʠʝ ʥʘ ʷʟʳʢʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʘʥʥʳʭ DBDL ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ʧʦʩʪʨʦʝʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʘʟʳ ʜʘʥʥʳʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ [1]; 

- ʦʩʫʱʝʩʪʚʣʷʝʪ ʫʩʪʨʘʥʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʥʘʨʫʰʝʥʠʡ ʧʨʘʚʠʣ ʥʦʨʤʘʣʠʟʘʮʠʠ ʚ ʧʦʣʫʯʝʥʥʳʭ 

ʦʪʥʦʰʝʥʠʷʭ ʨʝʣʷʮʠʦʥʥʦʡ ʩʭʝʤʳ ʙʘʟʳ ʜʘʥʥʳʭ. ɼʣʷ ʵʪʦʛʦ ʚ ʩʦʩʪʘʚ ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ 

ʚʢʣʶʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʭʝʤʳ ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ [16]; 

- ʬʦʨʤʠʨʫʝʪ ʦʧʠʩʘʥʠʝ ʧʨʘʚʠʣ ʧʦʜʜʝʨʞʢʠ ʩʩʳʣʦʯʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ 

ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʘʟʳ ʜʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ [1]; 

- ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʩʪʨʦʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤ ʟʘʧʨʦʩʦʚ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ 

ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʘʟʳ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʭʝʤʳ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʤ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ. 

 
ʈʠʩ.3. ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʙʘʟʳ ʜʘʥʥʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʤ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ 
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ʈʠʩ.4. ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʭʝʤʳ ʜʣʷ ʪʨʘʥʟʘʢʮʠʠ 

çʅʘʡʪʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʠ ʥʘʠʤʝʥʦʚʘʥʠʷ ʩʪʘʥʮʠʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ 

ʜʣʷ ʘʥʪʝʥʥ ʩ ʜʠʘʤʝʪʨʦʤ Xè ʢʦʥʮʝʧʪʫʘʣʴʥʳʤ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ 

 

ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʣʦʛʠʯʝʩʢʠʤ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ ʛʣʦʙʘʣʴʥʦʡ ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʘʟʳ 

ʜʘʥʥʳʭ ʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʭʝʤʳ ʜʣʷ ʪʨʘʥʟʘʢʮʠʠ çʅʘʡʪʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʠ ʥʘʠʤʝʥʦʚʘʥʠʷ ʩʪʘʥʮʠʡ 

ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʜʣʷ ʘʥʪʝʥʥ ʩ ʜʠʘʤʝʪʨʦʤ Xè ʜʣʷ ʠʩʭʦʜʥʦʡ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʩʭʝʤʳ 

(ʨʠʩ.3) ʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ.4, ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ.5 ʠ 6 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʬʘʟʝ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ 

ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʨʝʣʷʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʮʝʣʝʚʦʡ 

ʉʋɹɼ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪ ʩʣʝʜʫʶʱʠʝ 

ʬʫʥʢʮʠʠ: 

-      ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʦʝʜʠʥʝʥʠʝ ʩ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ; 

-       ʦʩʫʱʝʩʪʚʣʷʝʪ ʛʝʥʝʨʘʮʠʶ ʬʠʟʠʯʝʩʢʦʡ ʩʭʝʤʳ ʙʘʟʳ ʜʘʥʥʳʭ ʚ ʩʨʝʜʝ ʮʝʣʝʚʦʡ ʉʋɹɼ; 

- ʦʩʫʱʝʩʪʚʣʷʝʪ ʛʝʥʝʨʘʮʠʶ ʪʨʠʛʛʝʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʥʦʛʦ ʣʦʛʠʯʝʩʢʠʤ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ 

ʦʧʠʩʘʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʩʩʳʣʦʯʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʦʪʥʦʰʝʥʠʡ ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ; 

-  ʦʩʫʱʝʩʪʚʣʷʝʪ ʛʝʥʝʨʘʮʠʶ SQL-ʢʦʜʘ ʜʣʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʭʝʤ ʪʨʘʥʟʘʢʮʠʡ, ʧʦʣʫʯʝʥʥʳʭ 

ʣʦʛʠʯʝʩʢʠʤ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ. 

ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ ʬʠʟʠʯʝʩʢʦʡ ʩʭʝʤʳ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ 

ʠʩʭʦʜʥʦʡ ʛʣʦʙʘʣʴʥʦʡ ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʘʟʳ ʜʘʥʥʳʭ (ʨʠʩ.5) ʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʭʝʤʳ ʪʨʘʥʟʘʢʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ.6, ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ.7,8 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
ʈʠʩ.5 - ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʘʟʳ ʜʘʥʥʳʭ ʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ 
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ʈʠʩ.6. ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʭʝʤʳ ʜʣʷ ʪʨʘʥʟʘʢʮʠʠ 

çʅʘʡʪʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʠ ʥʘʠʤʝʥʦʚʘʥʠʷ ʩʪʘʥʮʠʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ 

ʜʣʷ ʘʥʪʝʥʥ ʩ ʜʠʘʤʝʪʨʦʤ Xè ʣʦʛʠʯʝʩʢʠʤ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ 

CREATE TABLE Antenna ( 

A_Type                   VARCHAR(15)  NOT NULL  

A_Purpuse              VARCHAR(30)  NOT NULL 

A_Diametr              VARCHAR(10)  NOT NULL 

Obt_hight                VARCHAR(10)  NULL 

Obt_diametr            VARCHAR(10)  NULL 

Obt_massa              VARCHAR(10)  NULL 

Station_Id                INTEGER          NOT NULL 

); 

CREATE UNIQUE INDEX XPKAntenna ON Antenna 

( 

A_Type                   ASC 

Station_Id                ASC 

); 

ALTER TABLE Antenna 

ADD ( PRIMERY KEY (A_Type, Station_Id) ) ; 

 

CREATE TABLE Station ( 

Station_Id                INTEGER           NOT NULL 

Station_Name          VARCHAR(30)  NOT NULL 

 

ʈʠʩ.7. ʇʨʠʤʝʨ ʛʝʥʝʨʘʮʠʠ ʬʠʟʠʯʝʩʢʦʡ ʩʭʝʤʳ ʙʘʟʳ ʜʘʥʥʳʭ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ 

 

select Station.Station_Name, St_Work.Rezim 

from Station, Antenna, St_Work 

where 

(Antenna.A_Diametr=ôXô) And 

(Antenna.Station_Id=Station.Station_Id) And 

(Station. Station_Id=St_Work.Station_Id); 

 

ʈʠʩ.8. ʇʨʠʤʝʨ ʛʝʥʝʨʘʮʠʠ SQL-ʢʦʜʘ ʜʣʷ ʪʨʘʥʟʘʢʮʠʠ 

çʅʘʡʪʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʠ ʥʘʠʤʝʥʦʚʘʥʠʷ ʩʪʘʥʮʠʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ 

ʜʣʷ ʘʥʪʝʥʥ ʩ ʜʠʘʤʝʪʨʦʤ Xè ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ 

 

ɿʘʢʣʶʯʝʥʠʝ 

1. ʇʨʝʜʣʦʞʝʥʳ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʩʦʟʜʘʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ 

ʜʘʥʥʳʭ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ 

(CASE-ʩʨʝʜʩʪʚ) ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ. ʇʨʠ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ, 
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ʣʦʛʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʝʡ ɹɼ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʧʨʠʯʝʤ ʬʠʟʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʮʝʣʝʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʙʘʟʘʤʠ ʜʘʥʥʳʭ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʢʦʤʤʝʨʯʝʩʢʠʝ CASE-ʩʨʝʜʩʪʚʘ ʦʙʣʘʜʘʶʪ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʩʝʤʘʥʪʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ɹɼ ʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʥʦʨʤʘʣʠʟʘʮʠʠ ʦʪʥʦʰʝʥʠʡ ʨʝʣʷʮʠʦʥʥʦʡ ɹɼ, ʚ ʜʘʥʥʳʭ 

ʩʨʝʜʩʪʚʘʭ ʦʪʩʫʪʩʪʚʫʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʥʘʜ ʦʪʥʦʰʝʥʠʷʤʠ ɹɼ 

(ʢʘʢ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʥʘ ʷʟʳʢʝ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʤʠ), ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʜʜʝʨʞʢʠ ʪʨʝʙʦʚʘʥʠʡ ʩʩʳʣʦʯʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʜʣʷ ʩʚʷʟʝʡ ʩ ʯʘʩʪʠʯʥʳʤ ʫʯʘʩʪʠʝʤ ʩʫʱʥʦʩʪʝʡ. 

ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʚʚʠʜʫ 

ʦʪʩʫʪʩʪʚʠʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ ʚ ʩʨʝʜʝ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʆʇʆ ʄʠʥʦʙʦʨʦʥʳ ʈʦʩʩʠʠ, ʠʩʢʣʶʯʘʶʱʠʭ ʜʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ 

ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʚʷʟʘʥ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʩʪʘʪʴʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɼ. 

2. ʇʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɼ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʤʤʝʨʯʝʩʢʠʭ CASE-ʩʨʝʜʩʪʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʣʝʜʫʶʱʠʭ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʦʩʪʨʦʝʥʠʶ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʘʟʳ 

ʜʘʥʥʳʭ ʚ ʩʨʝʜʝ ʮʝʣʝʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ: 

- ʧʦʩʪʨʦʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʧʨʠʣʦʞʝʥʠʷ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ; 

- ʧʦʩʪʨʦʝʥʠʷ ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʘʟʳ ʜʘʥʥʳʭ; 

- ʧʦʩʪʨʦʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʘʟʳ ʜʘʥʥʳʭ; 

- ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʷ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ. 

3. ʇʨʝʜʣʦʞʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʙʘʟ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʘʷ: 

- ʙʘʟʫ ʤʝʪʘʜʘʥʥʳʭ; 

- ʢʦʥʮʝʧʪʫʘʣʴʥʳʡ ʧʨʦʝʢʪʠʨʦʚʱʠʢ; 

- ʣʦʛʠʯʝʩʢʠʡ ʧʨʦʝʢʪʠʨʦʚʱʠʢ; 

- ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʝʢʪʠʨʦʚʱʠʢ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʥʝʜʦʩʪʘʪʢʠ, 

ʧʨʠʩʫʱʠʝ ʩʫʱʝʩʪʚʫʶʱʠʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʩʨʝʜʩʪʚʘʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟ 

ʜʘʥʥʳʭ. 
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ʄʀʂʈʆʕʃɽʂʊʈʆʅʀʂɸ ɺ ʈʆʉʉʀʀ 

 

MICROELECTRON ICS IN RUSSIA 

 

ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʦ ʪʦʤ, ʢʘʢ ʢʫʯʘ ʩʪʨʘʥʥʳʭ ʥʘʫʯʥʳʭ ʠʜʝʡ, ʢʦʪʦʨʳʝ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʧʨʘʢʪʠʢʝ ʦʙʲʝʜʠʥʠʣʘʩʴ ʚʤʝʩʪʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʩʧʦʩʦʙʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʴ ʚʳʯʠʩʣʝʥʠʷ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʧʦʨʷʜʢʦʚ ʙʳʩʪʨʝʝ, ʯʝʤ ʵʪʦ ʜʝʣʘʶʪ ʥʘʰʠ ʩʦʚʨʝʤʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʤʘʰʠʥʳ. 

Abstract:  An article about how a bunch of strange scientific ideas that are difficult to put into 

practice have come together in modern research, which can lead to the creation of a quantum computer that 

can perform calculations several orders of magnitude faster than our modern electronic machines do. 
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ɺ 1937 ʛʦʜʫ, ʢʦʛʜʘ ʕʪʪʦʨʝ ʄʘʡʦʨʘʥ, ʤʦʣʦʜʦʡ ʤʘʪʝʤʘʪʠʢ ʠʟ ʠʪʘʣʴʷʥʩʢʦʡ ʢʦʤʘʥʜʳ ʬʠʟʠʢʦʚ-

ʷʜʝʨʱʠʢʦʚ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʕʥʨʠʢʦ ʌʝʨʤʠ ʚʳʜʚʠʥʫʣ ʠʜʝʶ ʦ ʪʦʤ, ʯʪʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ 

ʬʝʨʤʠʦʥ, ʫ ʢʦʪʦʨʦʛʦ ʚʩʝ ʢʚʘʥʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʚʥʳ ʥʫʣʶ, ʪʦ ʝʩʪʴ ʦʥ ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʡ 

ʘʥʪʠʯʘʩʪʠʮʝʡ. ʉʪʘʥʜʘʨʪʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʙʦʟʦʥʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʘʥʪʠʯʘʩʪʠʮʘʤʠ ʜʣʷ ʩʘʤʠʭ ʩʝʙʷ. ɸ ʚʦʪ ʧʦʜʦʙʥʳʡ ʬʝʨʤʠʦʥ ʠʟʚʝʩʪʝʥ ʥʝ ʙʳʣʦ, ʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʚʳʢʣʘʜʢʠ ʄʘʡʦʨʘʥʠ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦ ʪʦʤ, ʯʪʦ ʦʥʠ ʚʩʝ ʞʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʪʘʢʦʡ ʘʥʪʠʯʘʩʪʠʮʝʡ ʩʘʤʦʛʦ ʩʝʙʷ ʤʦʛʣʦ ʙʳʪʴ ʵʣʝʢʪʨʦʥʥʦʝ ʥʝʡʪʨʠʥʦ ï ʢʨʦʰʝʯʥʘʷ ʯʘʩʪʠʮʘ ʙʝʟ ʤʘʩʩʳ ʠ 

ʟʘʨʷʜʘ, ʢʦʪʦʨʘʷ ʨʦʞʜʘʝʪʩʷ ʚʦ ʚʨʝʤʷ ʙʝʪʘ-ʨʘʩʧʘʜʘ. 

 ʆʜʥʘʢʦ ʧʦʩʪʘʚʠʪʴ ʧʦʜʦʙʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʢʨʘʡʥʝ ʪʨʫʜʥʦ. ʄʳ ʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʟʥʘʝʤ, ʷʚʣʷʝʪʩʷ 

ʣʠ ʥʝʡʪʨʠʥʦ ʤʘʡʦʨʘʥʦʚʩʢʦʡ ʯʘʩʪʠʮʝʡ, ʭʦʪʷ ʧʦʩʣʝʜʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʩʢʦʨʝʝ ʥʝʪ, ʯʝʤ ʜʘ. ʆʜʥʘʢʦ ʵʪʦ ʥʝʚʘʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʪʝʨʝʩʥʝʝ ʥʝʜʝʣʠʤʳʭ 

ʤʘʡʦʨʘʥʦʚʩʢʠʭ ʯʘʩʪʠʮ ʦʢʘʟʘʣʠʩʴ ʠʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʘʥʘʣʦʛʠ. 

 ʄʘʡʦʨʘʥʦʚʩʢʠʝ ʢʚʘʥʪʦʚʳʝ ʩʦʩʪʦʷʥʠʷ ʢʘʟʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʱʝ ʥʘʟʚʘʪʴ ʰʪʫʢʦʡ, ʯʝʤ 

ʦʧʨʝʜʝʣʠʪʴ, ʷʚʣʷʝʪʩʷ ʥʝʡʪʠʨʠʥʦ ʘʥʪʠʯʘʩʪʠʮʝʡ ʩʘʤʦʡ ʩʝʙʷ ʠʣʠ ʥʝʪ. ʆʜʥʘʢʦ ʦʥʠ ʪʦʞʝ ʪʨʝʙʦʚʘʣʠ 

ʩʦʟʜʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʵʢʟʦʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʧʦʵʪʦʤʫ ʚʧʝʨʚʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʦʥʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʩʝʛʦ 

ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʤʠ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʚ ʨʘʟʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʤʠʨʘ. ʇʦʞʘʣʫʡ, 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʦʧʳʪ ʢʠʪʘʡʩʢʠʭ ʫʯʝʥʳʭ ʠʟ ʇʝʢʠʥʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʤʘʡʦʨʘʥʦʚʩʢʠʝ ʢʚʘʥʪʦʚʳʝ ʩʦʩʪʦʷʥʠʷ, ʦʥʠ ʦʙʨʘʪʠʣʠʩʴ ʢ 

ʜʨʫʛʠʤ ʫʜʠʚʠʪʝʣʴʥʳʤ ʠʜʝʷʤ ʬʠʟʠʢʦʚ, ʢʦʪʦʨʳʝ ʜʦ ʩʠʭ ʧʦʨ ʠʤʝʣʠ ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʭʥʠʢʝ. 

          ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʥʠ ʧʨʠʤʝʥʠʣʠ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ. ʕʪʦ ʤʘʪʝʨʠʘʣʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʫ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʕʪʠ 

ʩʪʨʘʥʥʳʝ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʤʘʪʝʨʠʘʣʳ ʙʳʣʠ ʦʪʢʨʳʪʳ ʚ 1911 ʛʦʜʫ, ʠ ʩ ʪʝʭ ʧʦʨ ʫʯʝʥʳʝ ʚʩʝʛʦ ʤʠʨʘ 

ʠʱʫʪ ʪʘʢʠʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʙʳ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʩ ʤʘʡʦʨʘʥʦʚʩʢʠʤʠ ʬʝʨʤʠʦʥʘʤʠ, ʦʪʩʫʪʩʪʚʠʝ ʵʪʦʛʦ ʨʝʰʝʥʠʷ ʥʝ ʤʝʰʘʝʪ ʬʠʟʠʢʘʤ ʚʳʜʚʠʛʘʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʠʥʪʝʨʝʩʥʳʝ ʠʜʝʠ. 

 ʆʜʥʫ ʠʟ ʥʠʭ ʧʨʝʜʣʦʞʠʣ ʚ 1962 ʛʦʜʫ ʙʨʠʪʘʥʩʢʠʡ ʬʠʟʠʢ ɹʨʘʡʘʥ ɼʞʦʟʝʬʩʦʥ. ʆʥ ʧʨʝʜʧʦʣʦʞʠʣ, 

ʯʪʦ ʝʩʣʠ ʤʝʞʜʫ ʜʚʫʤʷ ʫʯʘʩʪʢʘʤʠ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ, ʨʘʟʤʝʩʪʠʪʴ ʫʯʘʩʪʦʢ ʦʙʳʯʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ, ʪʦ 

ʵʪʦʪ ʦʙʳʯʥʳʡ ʧʨʦʚʦʜʥʠʢ ʙʫʜʝʪ ʚʝʩʪʠ ʩʝʙʷ ʢʘʢ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢ ʠ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʝʱʝ ʥʝʩʢʦʣʴʢʦ 
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ʵʬʬʝʢʪʦʚ. ʍʦʪʷ ʧʝʨʝʭʦʜ ɼʞʦʟʝʬʩʦʥʘ ʠ ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʫʞʝ ʯʝʨʝʟ ʛʦʜ ʧʦʩʣʝ ʧʫʙʣʠʢʘʮʠʠ ʩʪʘʪʴʠ, ʦʥ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʘʢ ʠ ʦʩʪʘʣʩʷ ʟʘʥʷʪʥʦʡ ʠʛʨʫʰʢʦʡ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʫʯʝʥʳʭ. 

ʇʨʘʚʜʘ, ʬʠʟʠʢʠ ʩʨʘʟʫ ʧʦʥʷʣʠ, ʯʪʦ ʜʞʦʟʝʬʩʦʥʦʚʩʢʠʡ ʧʝʨʝʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʢʣʶʯʦʤ ʢ ʥʦʚʦʡ 

ʵʣʝʢʪʨʦʥʠʢʝ ʠ ʜʘʞʝ ʩʦʟʜʘʣʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʥʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ. ʆʜʥʘʢʦ 

ʚʧʣʦʪʥʫʶ ʢ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʥʘ ʥʦʚʳʭ ʧʨʠʥʮʠʧʘʭ ʧʦʜʦʰʣʠ 

ʪʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟ ʇʝʢʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʩʚʦʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 2017 ʛʦʜʘ. ɼʣʷ ʵʪʦʛʦ ʠʤ 

ʧʦʥʘʜʦʙʠʣʘʩʴ ʝʱʝ ʦʜʥʘ, ʫʞʝ ʯʝʪʚʝʨʪʘʷ ʧʦ ʩʯʝʪʫ, ʩʪʨʘʥʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʠʜʝʷ. ʆʥʠ ʨʝʰʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʘ ʤʝʞʜʫ ʜʚʫʤʷ ʫʯʘʩʪʢʘʤʠ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ ʥʝ ʧʨʦʩʪʦʡ ʧʨʦʚʦʜʥʠʢ, ʘ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʠʟʦʣʷʪʦʨ. 

 ʀʜʝʷ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʦʣʷʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʥʘʥʦʤʝʪʨʠʯʥʦʤ ʫʨʦʚʥʝ ʥʝʢʦʪʦʨʳʝ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʫʤʝʶʪ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʧʦ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʩʪʘʚʘʷʩʴ ʚ 

ʩʝʨʝʜʠʥʝ ʠʟʦʣʷʪʦʨʘʤʠ. ʉʦʝʜʠʥʠʚ ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʠʟʦʣʷʪʦʨ ʩʦ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʤ, ʫʯʝʥʳʝ ʧʦʣʫʯʠʣʠ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢ ʩ ʵʬʬʝʢʪʦʤ ɼʞʦʟʝʬʩʦʥʘ. ʀ ʚʦʪ ʵʪʘ ʩʪʨʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩʪʘʣʘ ʠ 

ʥʘʜʝʞʥʳʤ, ʠ ʭʦʨʦʰʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʘʡʦʨʘʥʦʚʩʢʠʭ ʬʝʨʤʠʦʥʦʚ. 

 ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʘ ʪʦ ʚʨʝʤʷ ʵʪʦ ʙʳʣ ʜʘʣʝʢʦ ʥʝ ʧʝʨʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ 

ʚʦʩʧʨʦʠʟʚʦʜʠʣʠʩʴ ʤʘʡʦʨʘʥʦʚʩʢʠʝ ʢʚʘʥʪʦʚʳʝ ʩʦʩʪʦʷʥʠʷ. ɽʱʝ ʚ ʥʘʯʘʣʝ 2010-ʭ ʛʦʜʦʚ ʫʩʧʝʣʦ ʚʳʡʪʠ 

ʥʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʵʪʠ ʩʦʩʪʦʷʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʥʳʤ ʦʙʨʘʟʦʤ. ʅʦ ʵʢʩʧʝʨʠʤʝʥʪ 

ʢʠʪʘʡʮʝʚ ʦʢʘʟʘʣʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʝʚʝʨʦʷʪʥʦ ʩʣʦʞʥʳʤ, ʘ ʩ ʜʨʫʛʦʡ ï ʥʘ ʫʜʠʚʣʝʥʠʝ ʫʜʘʯʥʳʤ. 

ʇʦʵʪʦʤʫ ʪʦʛʜʘ ʢ ʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʪʥʝʩʣʠʩʴ ʦʩʪʦʨʦʞʥʦ, ʨʝʰʠʚ ʧʨʦʚʝʨʠʪʴ. 

 ɺ 2018-2019 ʛʦʜʘʭ ʚʳʰʣʦ ʜʚʝ ʩʪʘʪʴʠ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʦʩʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʫ ʨʘʙʦʪʫ, ʥʦ ʠ 

ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʝʝ ʨʘʟʚʠʪʠʷ. ʊʘ ʞʝ ʩʘʤʘʷ ʢʦʤʘʥʜʘ ʠʟ ʇʝʢʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʦʧʫʙʣʠʢʦʚʘʣʘ ʥʦʚʫʶ ʩʪʘʪʴʶ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʩʢʘʟʘʣʘ ʦʙ ʫʜʘʯʥʦʡ ʧʦʧʳʪʢʝ ʫʧʨʘʚʣʝʥʠʷ ʩʚʦʡʩʪʚʘʤʠ 

ʤʘʡʦʨʘʥʦʚʩʢʠʭ ʯʘʩʪʠʮ ʩ ʧʦʤʦʱʴʶ ʵʬʬʝʢʪʘ ɼʞʦʟʝʬʩʦʥʘ. ʆʥʠ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʣʠ ʩ ʧʘʨʘʤʠ 

ʭʠʨʘʣʴʥʳʭ ʤʘʡʦʨʘʥʦʚʩʢʠʭ ʬʝʨʤʠʦʥʦʚ ʠ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ 

ʜʞʦʟʝʬʩʦʥʦʚʩʢʦʛʦ ʧʝʨʝʭʦʜʘ, ʫ ʵʪʠʭ ʧʘʨ ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʚʦʟʤʦʞʥʳʭ ʧʫʪʠ. ʇʝʨʚʳʡ ï ʦʙʝ ʯʘʩʪʠʮʳ 

ʦʪʨʘʞʘʶʪʩʷ ʦʪ ʫʯʘʩʪʢʘ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʦʣʷʪʦʨʘ. ɺʪʦʨʦʡ ï ʦʙʝ ʦʥʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʝʨʝʭʦʜ. ʊʨʝʪʠʡ 

ï ʦʜʥʘ ʠʟ ʯʘʩʪʠʮ ʩʦʚʝʨʰʘʝʪ ʧʝʨʝʭʦʜ, ʘ ʜʨʫʛʘʷ ï ʦʪʨʘʞʘʝʪʩʷ. ʇʦʩʢʦʣʴʢʫ ʜʘʞʝ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʯʘʩʪʠʮ ʚ 

ʪʘʢʦʡ ʧʘʨʝ ʠʭ ʢʚʘʥʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʪʘʶʪʩʷ ʩʚʷʟʘʥʥʳʤʠ, ʠʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʝʱʝ ʦʜʥʦʡ ʩʪʨʘʥʥʦʡ ʠʜʝʠ ï ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʀ ʚ ʵʪʦʪ ʨʘʟ ʵʪʘ ʠʜʝʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʪʘʢʦʡ, ʯʪʦ ʠʟʤʝʥʠʪ ʚʩʶ ʥʘʰʫ ʞʠʟʥʴ. 

 ʆʙʳʯʥʳʡ ʢʦʤʧʴʶʪʝʨ ʨʘʙʦʪʘʝʪ ʥʘ ʠʟʤʝʨʝʥʠʠ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ. ʕʥʝʨʛʠʶ ʥʠʞʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʫʨʦʚʥʷ ʦʥ ʩʯʠʪʘʝʪ ʥʫʣʝʤ, ʘ ʚʳʩʰʫʶ ï ʝʜʠʥʠʮʝʡ. ʀ ʭʦʪʷ ʜʝʣʘʪʴ ʵʪʦ ʤʦʞʥʦ ʩ ʥʝʦʙʳʯʘʡʥʦʡ ʩʢʦʨʦʩʪʴʶ, 

ʤʠʥʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʫʣʘʚʣʠʚʘʶʪ ʵʪʠ ʯʘʩʪʠʯʢʠ, ʦʛʨʘʥʠʯʠʚʘʶʪ ʥʘʰʫ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʨʘʱʠʚʘʪʴ ʤʦʱʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʊʘʢ ʠʣʠ ʠʥʘʯʝ, ʵʪʦ ʙʫʜʝʪ ʧʦʪʦʢ 

ʯʘʩʪʠʮ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʣʠʙʦ ʝʜʠʥʠʮʝʡ ʠʣʠ ʥʫʣʝʤ. ʅʦ ʫ ʯʘʩʪʠʮʳ ʝʩʪʴ ʝʱʝ ʝʝ ʢʚʘʥʪʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʞʜʳʝ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʪʘʢʞʝ ʧʨʠʨʘʚʥʷʪʴ ʢ ʝʜʠʥʠʮʝ ʠʣʠ ʥʫʣʶ. ʀ ʢʚʘʥʪʦʚʳʡ ʤʠʨ 

ʫʩʪʨʦʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʘʨʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʜʥʦʡ ʯʘʩʪʠʮʳ ʤʦʞʝʪ ʥʝʩʪʠ ʚ ʩʝʙʝ ʥʝ ʜʚʘ ʨʘʟʨʷʜʘ, 

ʢʘʢ ʵʪʦ ʙʳʣʦ ʙʳ ʚ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʘ ʯʝʪʳʨʝ, ʨʝʘʣʠʟʫʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʩʝ ʯʝʪʳʨʝ 

ʢʦʤʙʠʥʘʮʠʠ, ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʳ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʩʫʧʝʨʧʦʟʠʮʠʠ. 

 ʊʘʢ ʚʦʪ, ʤʘʡʦʨʘʥʦʚʩʢʠʝ ʯʘʩʪʠʮʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʢʠʪʘʡʩʢʠʭ ʫʯʝʥʳʭ ʫʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚ ʢʘʯʝʩʪʚʝ ʢʚʘʥʪʦʚʳʭ ʝʜʠʥʠʮ ʠʥʬʦʨʤʘʮʠʠ ï ʢʫʙʠʪʦʚ. ʊʝʤ ʙʦʣʝʝ ʯʪʦ ʧʨʦʮʝʩʩʦʤ ʧʝʨʝʭʦʜʘ ʫʯʝʥʳʝ 

ʥʘʫʯʠʣʠʩʴ ʫʧʨʘʚʣʷʪʴ, ʯʪʦ ʩʘʤʦ ʧʦ ʩʝʙʝ ʷʚʣʷʝʪʩʷ ʩʝʥʩʘʮʠʝʡ, ʧʦʩʢʦʣʴʢʫ ʤʘʡʦʨʘʥʦʚʩʢʠʝ ʯʘʩʪʠʮʳ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠ ʥʝʡʪʨʘʣʴʥʳʤʠ ʠ ʧʦʵʪʦʤʫ ʧʦʚʣʠʷʪʴ ʥʘ ʥʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʥʝʚʦʟʤʦʞʥʦ. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʫʜʘʣʦʩʴ ʦʙʦʡʪʠ ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʩ ʧʦʤʦʱʴʶ 

ʜʞʦʟʝʬʩʦʥʦʚʩʢʦʛʦ ʧʝʨʝʭʦʜʘ. ʇʦʵʪʦʤʫ, ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ ʫʞʝ ʩʦʚʩʝʤ ʙʣʠʟʢʦ. 

 ʊʝʤ ʙʦʣʝʝ, ʚʩʢʦʨʝ ʧʦʩʣʝ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʨʘʙʦʪʳ ʚʳʰʣʘ ʝʱʝ ʦʜʥʘ. ʅʘ ʵʪʦʪ ʨʘʟ ʵʪʦ ʙʳʣʘ 

ʨʘʙʦʪʘ ʫʯʝʥʳʭ ʠʟ ɺʶʨʮʙʫʨʛʩʢʦʛʦ ʠ ɻʘʨʚʘʨʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʦʚ. ʇʦ ʩʫʪʠ, ʦʥʠ ʧʦʚʪʦʨʠʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪ ʩʚʦʠʭ ʧʝʢʠʥʩʢʠʭ ʢʦʣʣʝʛ, ʩʦʟʜʘʚ ʫʧʨʘʚʣʷʝʤʳʡ ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢ. ʆʜʥʘʢʦ 

ʟʜʝʩʴ ʫʯʝʥʳʝ ʧʦʰʣʠ ʜʘʣʴʰʝ ʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʘʫʯʠʣʠ ʤʘʡʦʨʘʥʦʚʩʢʠʝ 

ʢʚʘʟʠʯʘʩʪʠʮʳ ʜʚʠʛʘʪʴʩʷ ʥʝ ʚ ʦʜʥʦʤ, ʘ ʚ ʜʚʫʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

 ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʦʜʥʦʤʝʨʥʳʡ ʧʝʨʝʭʦʜ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʦ ʩʠʭ ʧʦʨ, ʥʝ ʜʘʚʘʣ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʜʝʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʘʡʦʨʘʥʦʚʩʢʠʝ ʢʚʘʟʠʯʘʩʪʠʮʳ. ʇʝʨʝʭʦʜ ʢ ʜʚʫʭʤʝʨʥʦʩʪʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʪʦʤʫ. ɻʣʘʚʥʳʡ ʞʝ ʠʪʦʛ ʵʪʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʝʡʯʘʩ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʜʞʦʟʝʬʩʦʥʦʚʩʢʠʡ ʧʝʨʝʭʦʜ ʤʘʡʦʨʘʥʦʚʩʢʠʭ ʢʚʘʟʠʯʘʩʪʠʮ ʢʘʢ ʢʣʶʯ ʢ ʢʚʘʥʪʦʚʦʤʫ 
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ʢʦʤʧʴʶʪʝʨʫ ʥʝ ʪʦʣʴʢʦ ʢʠʪʘʡʩʢʠʝ ʫʯʝʥʳʝ, ʥʦ ʠ ʫʯʝʥʳʝ ʚ ʜʨʫʛʠʭ ʫʥʠʚʝʨʩʠʪʝʪʘʭ. ʇʦʵʪʦʤʫ ʧʨʦʛʨʝʩʩ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘʙʠʨʘʝʪ ʦʙʦʨʦʪʳ. 

ʇʨʘʚʜʘ ʫ ʵʪʦʡ ʩʠʩʪʝʤʳ ʝʩʪʴ ʢʦʥʢʫʨʝʥʪ. ɺ ʤʘʝ 2019 ʛʦʜʘ ʚʳʰʣʘ ʩʪʘʪʴʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟ 

ɼʝʣʴʬʪʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʛʦʚʦʨʷʪ ʦ ʤʘʡʦʨʘʥʦʚʩʢʠʭ ʯʘʩʪʠʮʘʭ ʚ ʥʘʥʦʜʨʦʪʠʥʘʭ. 

ʀʤʝʥʥʦ ʚ ɼʝʣʴʬʪʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠ ʠʤʝʥʥʦ ʵʪʠʤ ʩʧʦʩʦʙʦʤ ʤʘʡʦʨʘʥʦʚʩʢʠʝ ʯʘʩʪʠʮʳ ʚʧʝʨʚʳʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚ 2012 ʛʦʜʫ. ɿʜʝʩʴ ʪʦʞʝ ʠʤʝʝʪ ʤʝʩʪʦ ʤʦʩʪʠʢ ʤʝʞʜʫ ʜʚʫʤʷ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʤʠ. ʆʜʥʘʢʦ ʥʘ 

ʵʪʦʪ ʨʘʟ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʚʦʣʦʢʫ ʠʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʥʘʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʘʩʰʪʘʙʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʵʪʦʪ ʩʧʦʩʦʙ ʥʝʤʥʦʛʦ ʧʨʦʱʝ, ʦʜʥʘʢʦ, ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʝʛʦ ʤʝʰʘʣʠ ʙʦʣʴʰʠʝ ʰʫʤʦʚʳʝ ʧʦʤʝʭʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ. 

ʅʘʜʝʞʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʟʫʯʝʥʠʝ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʚ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʝ, ʠ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ. ʅʘʣʠʯʠʝ ʤʘʡʦʨʘʥʦʚʩʢʠʭ ʯʘʩʪʠʮ ʩʘʤʦ ʧʦ 

ʩʝʙʝ ʦʟʥʘʯʘʝʪ ʥʘʣʠʯʠʝ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʥʠʢʪʦ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʥʝ ʠʟʫʯʘʣ. 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʝʩʣʠ ʦʥʦ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦʝ, ʧʦʜʘʚʣʷʝʪ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ. ʆʜʥʘʢʦ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʥʘʣʠʯʠʝ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʝʣʘʝʪ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚ ʧʦʩʪʘʚʣʝʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʷʚʣʝʥʠʝ 

ʤʘʡʦʨʘʥʦʚʩʢʠʭ ʯʘʩʪʠʮ. 

ʇʦʢʘ ʯʪʦ ʩʢʘʟʘʪʴ, ʢʘʢʦʝ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʘʥʦ. 

ʆʙʘ ʦʥʠ ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʶʪʩʷ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʵʢʟʦʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. ɺʧʦʣʥʝ ʤʦʞʝʪ ʩʣʫʯʠʪʴʩʷ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʢʚʘʥʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʩʨʘʟʫ ʦʙʘ ʧʦʜʭʦʜʘ, ʠʣʠ ʚʦʦʙʱʝ ʯʪʦ-ʪʦ, ʯʪʦ ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʠʭ ʵʣʝʤʝʥʪʳ. 

 ʀʥʪʝʨʝʩʥʦ ʟʜʝʩʴ ʜʨʫʛʦʝ. ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʥʝʤʥʦʛʫ ʚʳʭʦʜʷʪ ʥʘ ʪʦʪ 

ʫʨʦʚʝʥʴ, ʢʦʛʜʘ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʪʦʛʦ, ʚ ʯʝʤ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʘ ʪʦ ʠ 

ʧʨʦʩʪʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʪʦʛʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʠʭ, ʰʢʦʣʴʥʦʡ ʬʠʟʠʢʠ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ɼʚʘʜʮʘʪʳʡ ʚʝʢ ʧʨʠʥʝʩ ʥʘʤ ʥʝʤʘʣʦ ʦʯʝʥʴ ʩʪʨʘʥʥʳʭ ʠʜʝʡ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʵʢʟʦʪʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, 

ʯʘʩʪʦ ʥʝʚʝʨʦʷʪʥʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʳʪʦʚʦʡ ʣʦʛʠʢʠ. ʀ ʩʝʡʯʘʩ ʤʳ ʪʦʣʴʢʦ ʧʨʠʩʪʫʧʠʣʠ ʢ ʧʨʠʤʝʥʝʥʠʶ 

ʵʪʠʭ ʠʜʝʡ ʥʘ ʧʨʘʢʪʠʢʝ. ʇʦʵʪʦʤʫ ʦʙʲʷʩʥʝʥʠʝ, ʧʦʯʝʤʫ ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʤʘʛʠʝʡ, ʙʫʜʝʪ 

ʩʪʘʥʦʚʠʪʴʩʷ ʚʩʝ ʜʣʠʥʥʝʝ, ʘ ʠʩʪʦʨʠʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ï ʚʩʝ ʠʥʪʝʨʝʩʥʝʝ. 
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ASSESSMENT OF THE CHEMICAL AND ECOLOGICAL STATE OF UNDERGROUND 

WATERS OF THE NAKHCHIVAN AUTONOMOUS REPUBLIC  

 

ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʧʨʝʩʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, 

ʧʨʠʚʦʜʷʪʩʷ ʵʢʦʭʠʤʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʦʙʲʝʢʪʦʚ. ʕʢʦʣʦʛʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʪʝʨʨʠʪʦʨʠʡ ʠ ʝʛʦ ʜʠʥʘʤʠʢʘ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʪʠʧʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʪʘʢ ʠ ʦʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʛʠʦʥʘ. ɼʦʣʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ 

ʧʠʪʴʝʚʦʤ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦʤ ʚʦʜʦʩʥʘʙʞʝʥʠʠ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʝ ʩʦʩʪʘʚʣʷʝʪ 25 %. 

ɺ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʥʘ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʧʨʠʭʦʜʠʪʩʷ ʧʦʨʷʜʢʘ 80 % ʦʪ ʦʙʱʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ.  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ  ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʨʝʛʠʦʥʘ ʧʦ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. ɺʳʷʚʣʝʥʳ ʥʝʛʘʪʠʚʥʳʝ ʬʘʢʪʦʨʳ ʫʭʫʜʰʝʥʠʷ ʛʝʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʨʝʛʠʦʥʘ, ʘ ʪʘʢʞʝ ʦʙʦʟʥʘʯʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʠ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ. 

Abstract:  In this paper, approaches and methods for studying fresh groundwater are examined, and 

the ecological, chemical and hydrochemical characteristics of their current state are presented. The results of 

a comparative assessment of the chemical composition of groundwater in the Autonomous Republic by 

hydrochemical indicators are presented. The share of groundwater in drinking and domestic water supply in 

the Nakhchivan Autonomous Republic is 25%. In rural areas, groundwater accounts for about 80% of total 

consumption. Negative factors of the deterioration of the geoecological state of groundwater in the region 

were identified, as well as to identify the prospects and main problems associated with their use. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʤʘʢʨʦ- ʠ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʳ, ʵʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʩʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʷʟʥʝʥʠʷ 

Keywords: groundwater, macro- and microcomponents, eco-chemical characteristics, hydrochemical 

indicators, total pollution coefficient 

ɺʥʫʪʨʝʥʥʷʷ ʚʦʜʥʦ-ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʘʷ ʩʝʪʴ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ (ʨʝʢʠ, 

ʦʟʝʨʘ, ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʚʦʜʦʟʘʙʦʨʥʳʝ ʠ ʦʨʦʩʠʪʝʣʴʥʳʝ ʢʘʥʘʣʳ, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ) ʦʙʨʘʟʦʚʘʣʘʩʴ ʚ 

ʜʦʣʛʠʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʧʝʨʠʦʜ ʠ ʟʘ ʵʪʦ ʚʨʝʤʷ ʧʨʝʪʝʨʧʝʣʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʅʘ ʨʘʟʚʠʪʠʝ ʠ 

ʠʟʤʝʥʝʥʠʝ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʠ ʚʣʠʷʶʪ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ï ʢʣʠʤʘʪ, 

ʠʤʝʝʪ ʩʫʭʦʡ ʢʣʠʤʘʪ, ʟʜʝʩʴ ʤʘʣʦ ʨʫʩʝʣ ʨʝʢ, ʧʣʦʱʘʜʴ ʠ ʦʙʲʝʤ ʦʟʝʨ ʥʝʚʝʣʠʢʠ. ʇʦʵʪʦʤʫ ʰʠʨʦʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʛʘʪʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʨʝʛʠʦʥʘ ʚ ʦʙʣʘʩʪʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʠʨʨʠʛʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʨʘʟʚʠʪʠʠ ʤʝʣʠʦʨʘʪʠʚʥʦ-

ʂʘʯʝʩʪʚʦ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩʦ ʟʜʦʨʦʚʴʝʤ ʥʘʩʝʣʝʥʠʷ. ʇʦ ʜʘʥʥʳʤ ʖʅɽʉʂʆ, ʧʦʯʪʠ 

80% ʟʘʙʦʣʝʚʘʥʠʡ ʥʘʩʝʣʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʧʣʦʭʠʤ ʢʘʯʝʩʪʚʦʤ ʚʦʜʳ. ʆʜʥʘʢʦ ʥʘʨʷʜʫ ʩ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ ʠ ʟʘʛʨʷʟʥʷʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʠ ʝʩʪʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ. ɺ.ʀ. 

ɺʝʨʥʘʜʩʢʠʡ ʩʯʠʪʘʣ, ʯʪʦ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʪʘʧʘʭ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʯʝʨʝʟ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ ʧʨʦʭʦʜʷʪ ʚʩʝ ʵʣʝʤʝʥʪʳ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʦʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʚʦʜʦʩʥʘʙʞʝʥʠʠ ʨʝʛʠʦʥʘ. ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ ʧʦ ʫʩʣʦʚʠʷʤ ʟʘʣʝʛʘʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʧʦʯʚʝʥʥʳʝ  

(ʨʦʜʥʠʢʦʚʳʝ, ʢʣʶʯʝʚʳʝ, ʢʷʛʨʠʟʥʳʝ), ʛʨʫʥʪʦʚʳʝ (ʤʠʥʝʨʘʣʴʥʳʝ, ʪʝʨʤʘʣʴʥʳʝ), ʤʝʞʧʣʘʩʪʦʚʳʝ, 

ʘʨʪʝʟʠʘʥʩʢʠʝ. 
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ʀʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ: ʝʩʪʝʩʪʚʝʥʥʳʝ, 

ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʜʦʤʘʰʥʠʝ ʭʦʟʷʡʩʪʚʘ. 

ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ ʩʦʜʝʨʞʘʪ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʩʠ, ʜʘʞʝ ʝʩʣʠ ʥʘ ʥʠʭ ʥʝ ʚʣʠʷʝʪ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʯʝʣʦʚʝʢʘ. ʊʠʧʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʧʨʠʤʝʩʝʡ ʟʘʚʠʩʷʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʜʚʠʞʫʪʩʷ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, ʠ ʢʘʯʝʩʪʚʘ ʚʦʜʥʦʡ ʧʦʜʧʠʪʢʠ. ɻʨʫʥʪʦʚʳʝ ʚʦʜʳ, 

ʜʚʠʞʫʱʠʝʩʷ ʯʝʨʝʟ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʠ ʧʦʯʚʳ, ʤʦʛʫʪ ʩʦʙʠʨʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ 

ʢʘʢ ʤʘʛʥʠʡ, ʢʘʣʴʮʠʡ ʠ ʭʣʦʨʠʜʳ. ʅʝʢʦʪʦʨʳʝ ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʝʩʪʝʩʪʚʝʥʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʳʰʴʷʢ, ʙʦʨ ʠ ʩʝʣʝʥ. ɺʣʠʷʥʠʝ ʵʪʠʭ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʟʘʛʨʷʟʥʠʪʝʣʷ ʠ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʡ.  

ʆʩʥʦʚʥʳʤʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʷʚʣʷʶʪʩʷ 

ʧʝʩʪʠʮʠʜʳ, ʫʜʦʙʨʝʥʠʷ, ʛʝʨʙʠʮʠʜʳ ʠ ʦʪʭʦʜʳ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ʀʩʪʦʯʥʠʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳ: ʨʘʟʣʠʚ ʫʜʦʙʨʝʥʠʡ ʠ ʧʝʩʪʠʮʠʜʦʚ ʚʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ, 

ʩʪʦʢ ʦʪ ʧʦʛʨʫʟʢʠ ʠ ʧʨʦʤʳʚʢʠ ʧʝʩʪʠʮʠʜʥʳʭ ʦʧʨʳʩʢʠʚʘʪʝʣʝʡ ʠʣʠ ʜʨʫʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʥʘʥʝʩʝʥʠʷ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʠʤʠʢʘʪʦʚ ʚ ʛʦʨʘʭ. ɻʨʫʥʪʦʚʳʝ ʚʦʜʳ ʦʙʦʛʘʱʘʶʪʩʷ ʞʝʣʝʟʦʤ ʧʨʠ 

ʚʳʤʳʚʘʥʠʠ ʝʛʦ ʠʟ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʛʣʠʥ, ʥʘʩʳʱʝʥʥʳʭ ʧʠʨʠʪʦʤ. ʊʘʢʞʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ 

ʞʝʣʝʟʘ ʧʦʩʪʫʧʘʝʪ ʚ ʚʦʜʦʝʤʳ ʠ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʩʦ ʩʪʦʯʥʳʤʠ, ʣʠʚʥʝʚʳʤʠ ʩʪʦʢʘʤʠ ʦʪ ʧʨʝʜʧʨʠʷʪʠʡ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʝʡ ʠ ʩ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʩʤʳʚʘʤʠ ʩ ʧʦʣʝʡ. ʍʦʪʷ ʞʝʣʝʟʦ ʦʪʥʦʩʷʪ ʢ 

ʤʠʢʨʦʵʣʝʤʝʥʪʘʤ, ʪʝʣʦ ʚʟʨʦʩʣʦʛʦ ʯʝʣʦʚʝʢʘ ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʨʥʦ 3-5 ʛ. ʞʝʣʝʟʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ  

ʜʨʫʛʠʤʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ, ʵʪʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ. ɾʝʣʝʟʦ ʧʦʩʪʫʧʘʝʪ ʚ ʦʨʛʘʥʠʟʤ  ʦʩʥʦʚʥʦʤ ʩ 

ʧʠʱʝʡ. ʆʙʳʯʥʘʷ ʩʤʝʰʘʥʥʘʷ ʧʠʱʘ ʚʟʨʦʩʣʦʛʦ ʯʝʣʦʚʝʢʘ ʠ ʧʠʪʴʝʚʘʷ ʚʦʜʘ ʩʦʜʝʨʞʘʪ ʜʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʝʟʘ, ʢʦʪʦʨʦʝ ʧʦʢʨʳʚʘʝʪ ʚʩʝ ʥʫʞʜʳ ʦʨʛʘʥʠʟʤʘ. ʅʝʜʦʩʪʘʪʦʢ ʞʝʣʝʟʘ ʧʨʠʚʦʜʠʪ ʢ 

ʪʷʞʝʣʦʤʫ ʟʘʙʦʣʝʚʘʥʠʶ-ʞʝʣʝʟʦʜʝʬʠʮʠʪʥʦʡ ʘʥʝʤʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʨʫʰʘʶʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʢʝʣʝʪʘ, 

ʬʫʥʢʮʠʠ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʠ ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ.  ʅʦ ʚ ʩʣʫʯʘʝ ʫʧʦʪʨʝʙʣʝʥʠʷ ʚʦʜʳ ʯʝʣʦʚʝʢʦʤ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʦʥʦʚ ʞʝʣʝʟʘ ʚʦʟʤʦʞʥʳ: ʫʪʨʘʪʘ ʚʝʩʘ, ʨʘʟʜʨʘʞʝʥʠʝ ʢʦʞʠ, ʘʣʣʝʨʛʠʯʝʩʢʠʝ 

ʨʝʘʢʮʠʠ, ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʧʝʯʝʥʠ, ʧʨʦʙʣʝʤʳ ʩ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʦʡ ʠ ʜʨ. ɺʢʫʩ ʚʦʜʳ ʩ 

ʧʨʝʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ ʞʝʣʝʟʘ ʠʤʝʝʪ ʥʝʧʨʠʷʪʥʳʡ ʚʷʞʫʱʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʚʢʫʩ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʘʢʫʶ ʚʦʜʫ, ʢʘʢ ʥʝʧʨʠʛʦʜʥʫʶ ʥʠ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ, ʥʠ ʜʣʷ ʧʠʪʴʝʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʡ 

[3]. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʴ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ ʞʝʣʝʟʘ ʚ ʚʦʜʝ ʦʪʥʦʩʷʪ ʢ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ 

ʣʠʤʠʪʠʨʫʶʱʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʚʨʝʜʥʦʩʪʠ. ɻʨʫʥʪʦʚʳʝ ʚʦʜʳ ʦʙʦʛʘʱʘʶʪʩʷ ʞʝʣʝʟʦʤ ʧʨʠ ʚʳʤʳʚʘʥʠʠ ʝʛʦ 

ʠʟ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʛʣʠʥ, ʥʘʩʳʱʝʥʥʳʭ ʧʠʨʠʪʦʤ. ʊʘʢʞʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ ʞʝʣʝʟʘ ʧʦʩʪʫʧʘʝʪ ʚ 

ʚʦʜʦʝʤʳ ʠ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʩʦ ʩʪʦʯʥʳʤʠ, ʣʠʚʥʝʚʳʤʠ ʩʪʦʢʘʤʠ ʦʪ ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʝʡ ʠ ʩ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʩʤʳʚʘʤʠ ʩ ʧʦʣʝʡ. ɾʝʣʝʟʦ ʚ ʚʦʜʘʭ ʢʦʣʦʜʮʝʚ ʠ ʩʢʚʘʞʠʥ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʦʢʠʩʣʝʥʥʦʤ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ ʚʠʜʝ, ʥʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ 

ʚʩʝʛʜʘ ʦʢʠʩʣʷʝʪʩʷ ʠ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ. ʊʘʢʠʝ ʚʦʜʳ ʚ ʧʝʨʚʳʝ ʤʠʥʫʪʳ ʧʦʜʥʷʪʠʷ ʩ ʛʣʫʙʠʥʳ ʯʠʩʪʳ ʠ 

ʧʨʦʟʨʘʯʥʳ, ʥʦ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʫ ʥʠʭ ʧʦʷʚʣʷʝʪʩʷ ʨʞʘʚʦ-ʙʫʨʳʡ ʦʪʪʝʥʦʢ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʫʚʝʣʠʯʠʚʘʝʪ ʮʚʝʪʥʦʩʪʴ ʠ ʤʫʪʥʦʩʪʴ ʚʦʜʳ. ʇʦʵʪʦʤʫ ʘʥʘʣʠʟ ʚʦʜʳ ʥʘ ʠʦʥʳ ʞʝʣʝʟʘ, ʭʣʦʨʠʜʳ, 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʞʝʩʪʢʦʩʪʴ ʠ ʜʨ. ʧʦʢʘʟʘʪʝʣʠ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʩʘʤʳʭ ʨʘʟʥʳʭ ʪʠʧʦʚ ʚʦʜʳ, ʘ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʚʘʞʝʥ ʜʣʷ ʚʦʜ ʧʠʪʴʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [4]. 

ʆʮʝʥʢʘ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʨʦʚʝʜʝʥʘ ʧʦ ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʝ. ʇʨʠ ʵʪʦʤ ʟʘ 

ʦʩʥʦʚʫ ʚʟʷʪʘ ʩʠʩʪʝʤʘ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʧʨʝʜʣʦʞʝʥʥʘʷ ɸ.ʇ. ɹʝʣʦʫʩʦʚʦʡ 

[5], ʢʦʪʦʨʘʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʩʯʝʪ ʩʫʤʤʘʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʷʟʥʝʥʠʷ (ʉʂɿ) ʧʦ ʬʦʨʤʫʣʝ ʉʂɿ = 

äʉĶ/ ʇɼʂ, ʛʜʝ ʉĶ ïʢʦʥʮʝʥʪʨʘʮʠʷ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʇɼʂ- ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ i-ʛʦ 

ʢʦʤʧʦʥʝʥʪʘ, ʫʪʚʝʨʞʜʝʥʥʘʷ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

[6] 
 ʅʘ ʦʩʥʦʚʘʥʠʠ ʟʥʘʯʝʥʠʡ ʉʂɿ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʢʘʪʝʛʦʨʠʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ: 

1) ʉʂɿ < 1 -  ʫʩʣʦʚʥʘ ʯʠʩʪʘʷ; 2) ʉʂɿ = 1-5 ï ʩʣʘʙʦʟʘʛʨʷʟʥʝʥʥʘʷ; 3) ʉʂɿ = 5-10 - ʚʝʩʴʤʘ ʟʘʛʨʷʟʥʝʥʥʘʷ; 

4) ʉʂɿ = 10-20 - ʦʯʝʥʴ ʟʘʛʨʷʟʥʝʥʥʘʷ; 5) ʉʂɿ = 20-50 - ʛʨʷʟʥʘʷ ʠ ʦʯʝʥʴ ʛʨʷʟʥʘʷ; 6) ʉʂɿ > 50 - 
ʯʨʝʟʚʳʯʘʡʥʦ ʛʨʷʟʥʘʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʉʦʩʪʦʷʥʠʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. 

ɼʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʚʦʜʳ ʦʧʨʝʜʝʣʝʥʘ ʩʪʝʧʝʥʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʞʝʩʪʢʦʩʪʴ, ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ ʤʘʛʥʠʷ, 

ʢʘʣʴʮʠʷ, ʩʫʤʤʘ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ, ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ, ʭʣʦʨʠʜʦʚ, ʩʫʣʴʬʘʪʦʚ ʠ ʨʅ ʩʨʝʜʳ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʫʢʘʟʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʚʦʜʝ ʚʳʨʘʞʝʥʘ ʚ ʤʛ-ʵʢʚ/ʣ ʠ ʤʛ/ʣ. ʆʙʱʘʷ ʞʝʩʪʢʦʩʪʴ ʚʦʜʳ ʦʧʨʝʜʝʣʝʥʘ 

ʪʠʪʨʦʚʘʥʠʝʤ ʧʨʦʙʳ ʠʩʩʣʝʜʫʝʤʦʡ ʚʦʜʳ ʨʘʩʪʚʦʨʦʤ ʪʨʠʣʦʥʘ ɹ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ 
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ʢʠʩʣʦʪʥʦʛʦ ʭʨʦʤʘ ʪʝʤʥʦ-ʩʠʥʝʛʦ ʚ ʩʨʝʜʝ ʘʤʤʠʘʯʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ [7]. ʆʙʱʘʷ ʞʝʩʪʢʦʩʪʴ 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ C = NtrĀB ĀʂĀ1000/VH2O(ʤʛ-ʵʢʚ/ʣ), ʛʜʝ NtrĀB ʠ VtrĀBïʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʪʚʦʨʘ 

ʪʨʠʣʦʥʘ ɹ ʠ ʦʙʲʝʤ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʳʡ ʥʘ ʪʠʪʨʦʚʘʥʠʝ (ʤʣ), ʂ ï ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, VH2O ï 

ʦʙʲʝʤ ʚʦʜʳ (ʘʣʠʢʚʦʪʳ), ʚʟʷʪʦʡ ʜʣʷ ʘʥʘʣʠʟʘ (ʤʣ). ʂʘʣʴʮʠʡ ʠ ʤʘʛʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʪʠʪʨʦʚʘʥʠʝʤ 

ʨʘʩʪʚʦʨʦʤ ʪʨʠʣʦʥʘ ɹ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʤʫʨʝʢʩʠʜʘ (ʜʣʷ Ca
2+
) ʠ ʵʨʠʦʭʨʦʤʘ 

ʯʝʨʥʦʛʦ ʊ (ʜʣʷ Mg
2+
) ʚ ʩʨʝʜʝ ʘʤʤʠʘʯʥʦʛʦ ʙʫʬʝʨʥʦʛʦ  ʨʘʩʪʚʦʨʘ. ʂʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ 

ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʬʦʨʤʫʣʝ: 

XCa = V1 Ā M Ā 40,08 Ā1000/V, 

XMg = V1 Ā M Ā 24,32 Ā1000/V,  

ʛʜʝ ʄïʤʦʣʷʨʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʪʨʠʣʦʥʘ ɹ, V1ï ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʪʨʠʣʦʥʘ ɹ ʠʟʨʘʩʭʦʜʦʚʘʥʥʳʡ ʥʘ 

ʪʠʪʨʦʚʘʥʠʝ (ʤʣ), V ï ʦʙʲʝʤ ʚʦʜʳ, ʚʟʷʪʦʡ ʜʣʷ ʘʥʘʣʠʟʘ (ʤʣ). 

ʂʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ ʭʣʦʨʠʜʘ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʘʨʘʣʣʝʣʴʥʦ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ ï ʨʘʩʪʚʦʨʘʤʠ 

Hg2(NO3)2 ʠ AgNO3 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʝʥʠʣʢʘʨʙʘʟʦʥʘ ʠ ʭʨʦʤʘʪʘ ʢʘʣʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʦʚ, ʘ 

ʢʦʣʠʯʝʩʪʚʦ HCO3
-
-ʠʦʥʦʚ ʦʧʨʝʜʝʣʝʥʦ ʪʠʪʨʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʤ ʨʘʩʪʚʦʨʦʤ 0,1 N HCl ʧʨʦʙʳ ʚʦʜʳ. 

ʂʦʣʠʯʝʩʪʚʦ ʩʫʣʴʬʘʪ-ʠʦʥʦʚ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʘ) ʊʠʪʨʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʧʨʠ ʨʅ 

ʧʨʠʤʝʨʥʦ 3,5 ʚ ʩʤʝʩʠ ʚʦʜʳ ʠ ʤʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (50:50). ʉʫʣʴʬʘʪ ʙʘʨʠʷ ʦʩʘʞʜʘʝʪʩʷ ʚ ʚʠʜʝ 

ʭʣʦʧʴʝʚʠʜʥʦʛʦ ʦʩʘʜʢʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʚʳʩʦʢʦʡ ʘʜʩʦʨʙʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʣʠʟʘʨʠʥʦʚʳʡ ʢʨʘʩʥʳʡ S. ɺ ʨʘʩʪʚʦʨʝ ʵʪʦʪ ʠʥʜʠʢʘʪʦʨ ʠʤʝʝʪ ʞʝʣʪʫʶ ʦʢʨʘʩʢʫ, ʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʜʢʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʝʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ ʙʘʨʠʷ ʦʙʨʘʟʫʝʪ ʨʦʟʦʚʳʡ ʢʦʤʧʣʝʢʩ. 

ʀʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʨʝʟʢʦʝ ʠ ʦʪʯʝʪʣʠʚʦʝ[8]; ʙ) ɺ ʙʦʣʝʝ ʣʝʛʢʦʤ ʡʦʜʦʤʝʪʨʠʯʝʩʢʦʤ ʩʧʦʩʦʙʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʣʴʬʘʪ-ʠʦʥʦʚ, ʧʨʠ ʧʨʠʙʘʚʣʝʥʠʠ ʭʨʦʤʦʚʦʢʠʩʣʦʛʦ ʙʘʨʠʷ ʚ ʘʥʘʣʠʟʠʨʫʝʤʫʶ ʚʦʜʫ, 

ʚʳʜʝʣʷʶʪ ʭʨʦʤʦʚʫʶ ʢʠʩʣʦʪʫ ʚ ʵʢʚʠʚʘʣʝʥʪʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʫʣʴʬʘʪ-ʠʦʥʫ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʚʦʜʝ [9].  ʂʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ Cl
-
, HCO3

-
 ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʬʦʨʤʫʣʝ X = NĀVĀEA /1000VA. ɺ 

ʵʪʦʡ ʬʦʨʤʫʣʝ N ʠ V ï ʥʦʨʤʘʣʴʥʦʩʪʴ ʪʠʪʨʘʪʘ ʠ ʦʙʲʝʤ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʳʡ ʥʘ ʪʠʪʨʦʚʘʥʠʝ (ʤʣ), EA ʠ VA 

ï ʵʢʚʠʚʘʣʝʥʪ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʦʙʲʝʤ, ʚʟʷʪʳʡ ʜʣʷ ʘʥʘʣʠʟʘ (ʤʣ), Vïʦʙʲʝʤ ʨʘʩʪʚʦʨʘ, 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʡ ʜʣʷ ʘʥʘʣʠʟʘ (ʤʣ). ʉʦʜʝʨʞʘʥʠʝ ʙʦʨʘ, ʙʨʦʤʘ ʠ ʠʦʜʘ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʤʝʪʦʜʘʤ, 

ʧʨʠʚʝʜʝʥʥʳʤ ʚ [10]. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ Na
+
 ʠ K

+
 ʚ ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʟʮʘʭ ʥʘʡʜʝʥʦ ʤʝʪʦʜʦʤ 

ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ʤʘʨʢʠ Thermo Scientific iCE 3500, ʘ ʚ 

ʦʩʪʘʣʴʥʳʭ  ʤʝʪʦʜʦʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ.  pH ʚʦʜʳ ʧʨʦʚʝʨʝʥ ʩ ʧʦʤʦʱʴʶ ʠʦʥʦʤʝʨʘ EV-74. ʆʙʱʘʷ ʩʪʝʧʝʥʴ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʚʟʚʝʰʠʚʘʥʠʷ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʩʫʭʦʡ ʤʘʩʩʳ, 

ʧʦʣʫʯʝʥʥʦʡ ʧʦʩʣʝ ʠʩʧʘʨʝʥʠʷ ʧʨʦʙʳ ʚʦʜʳ ʦʙʲʝʤʦʤ 100 ʤʣ. ʆʪʙʦʨ ʧʨʦʙ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʨʦʚʦʜʠʣʩʷ 

ʘʚʪʦʨʘʤʠ ʚʦ ʚʨʝʤʷ ʧʦʣʝʚʳʭ ʤʘʨʰʨʫʪʦʚ ʚ 2017 - 2020 ʛ. ʚ ʩʦʩʪʘʚʝ ʥʘʫʯʥʦʡ ʵʢʩʧʝʜʠʮʠʠ, 

ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ç ɻʠʜʨʦʛʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜè.  

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ɻʠʛʠʝʥʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʷʚʣʷʶʪʩʷ  ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (ʇɼʂ). ʀʭ ʥʦʨʤʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʠ ʩʘʥʠʪʘʨʥʦ-

ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʧʦʢʘʟʘʪʝʣʝʡ ʩʚʷʟʘʥʘ ʩ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʚʦʜʳ (ʚʢʫʩ, ʟʘʧʘʭ, ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʪ.ʜ.), ʚʪʦʨʘʷ ï ʩ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʥʘʢʦʧʣʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʥʦʨʤʠʨʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, 

ʩ ʧʦʟʠʮʠʡ ʩʦʦʪʚʝʪʩʪʚʠʷ ʝʝ ʩʦʩʪʘʚʘ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʚʦʜʝ ʚʳʩʰʝʡ ʢʘʪʝʛʦʨʠʠ ʢʘʯʝʩʪʚʘ, ʩʨʝʜʠ 

ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʥʘʠʙʦʣʴʰʠʡ ʧʨʦʮʝʥʪ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ ʪʠʧʠʯʝʥ ʜʣʷ ʠʦʥʦʚ ʥʘʪʨʠʷ (62%), ʥʘ 

ʚʪʦʨʦʤ ʤʝʩʪʝ ï ʩʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ (ʦʙʱʘʷ ʞʝʩʪʢʦʩʪʴ 30%), ʘ ʥʘ 

ʪʨʝʪʴʝʤ -  ʛʠʜʨʦʢʘʨʙʦʥʘʪʳ (12,8%) ʠ ʠʦʥʳ ʭʣʦʨʘ (12,6%).  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʠʪʴʝʚʦʡ ʠ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ 

ʈʝʩʧʫʙʣʠʢʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʧʦʚʳʰʝʥʠʷ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʥʦʨʤ ʠ ʢʘʯʝʩʪʚʘ ʦʨʦʩʠʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ ʚ ʮʝʣʦʤ ʚ ʨʝʛʠʦʥʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʙʨʘʟʮʳ ʚʦʜ, ʚʟʷʪʳʭ ʠʟ 225 ʦʙʲʝʢʪʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʚʩʶ ʪʝʨʨʠʪʦʨʠʶ 

ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʠʥʝʨʘʣʴʥʳʝ, ʪʝʨʤʘʣʴʥʳʝ, ʢʷʛʨʠʟʥʳʝ, 

ʨʦʜʥʠʢʦʚʳʝ ʠ ʘʨʪʝʟʠʘʥʩʢʠʝ  ʚʦʜʳ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʝʢʦʪʦʨʳʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʚʦʜʳ ʵʪʠʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʧʦ ʨʘʡʦʥʘʤ, ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1. ɺ ʪʘʙʣʠʮʝ ʤʠʥʝʨʘʣʴʥʦʩʪʴ ʚʳʨʘʞʝʥʘ ʚ ʤʛ/ʣ, 

ʞʝʩʪʢʦʩʪʴ ʠ ʟʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʤʛ-ʵʢʚ/ʣ.  
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ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʝʢʦʪʦʨʳʭ ʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ 

ʀʩʪʦʯʥʠʢʠ ʄʠʥʝʨʘʣʴ

ʥʦʩʪʴ 

ɾʝʩʪ

ʢʦʩʪʴ 

HCO3
 

SO4
2

 Cl
 

Ca
2+ 

Mg
2+ 

Na
+
+K

+ 

ɺʘʡʭʳʨ, 

ʉʘʨʳʙʫʣʘʛ 

762,2  427,0 98,6 40,2 82,16 38,9 65,5 

 7,3 7,0 7, 05 1,1 4,1 3,2 2,85 

ɺʘʡʭʳʨ, 

ɺʘʡʭʳʨ-2 

810,4  439,2 120,1 36,67 84,2 38,9 77,0 

 7,4 7,2 2,5 1,03 4,2 3,2 3,35 

ʉʠʨʘʙ, ʂʝʥʜ 

ʢʷʛʨʠʟ 

944,6  341,6 204,4 102,7 80,16 46,2 142,6 

 7,8 5,6 5,5 2,89 4,0 3,8 6,2 

ɻʘʭʘʙ, ʂʝʥʜ 

ʢʷʛʨʠʟ, 

606,5  341,6 36,6 62,34 64,13 31,6 57,5 

 5,8 5,6 0,76 1,75 3,2 2,6 2,5 

ʁʝʥʠ ʡʦʣ, ʂʝʥʜ 

ʢʷʛʨʠʟ, 

820,4  329,4 194,6 73,34 82,18 45,0 85,1 

 7,8 5,4 4,05 2,06 4,1 3,7 3,7 

ɻʶʣʪʝʧʝ, ʂʝʥʜ 

ʢʷʛʨʠʟ 

988,8  329,4 254,6 117,36 92,18 48,64 124,0 

 8,6 5,4 5,3 3,3 4,6 4,0 5,4 

ɻʶʣʴʰʘʥʘʙʘʜ, 

ʂʝʥʜ ʢʷʛʨʠʟ 

484,3  292,8 25,5 36,67 60,12 29,2 25,0 

 5,4 4,8 0,53 1,03 3,0 2,4 1,08 

ɻʶʣʴʰʘʥʘʙʘʜ, 

ʢʷʛʨʠʟ 

ɸʛʘʤʤʝʜ 

505,8  292,8 36,8 40,5 63,12 28,94 29,0 

 5,5 4,7 0,77 1,14 3,15 2,38 1,25 

ɼʞʘʛʨʠ, ʂʘʣʙʘ 

ɸʙʙʘʩ  ʢ. 

576,3 5,0 292,8  33,0 52,1 29,2 19,0 

  4,8  0,93 2,6 2,4 0,82 

ɼʞʘʛʨʠ, ʏʝʤʝʥ 

ʢ. 

785  305,0 32,4 73,35 56,11 26,75 64,0 

 6,0 5,0 0,68 2,06 2,8 2,2 2,78 

ʇʘʡʳʟ, ʂʝʥʜ 

ʢʷʛʨʠʟ 

450,0  256,2  33,0 48,1 19,5 28,0 

 4,0 4,2  0,93 2,4 1,6 1,2 

ɹʫʟʛʦʚ,ɻʶʣʣʫ 

ʁʫʨʜ 

402,4  268,4 24,6 36,67 48,1 24,3 37,0 

 4,4 4,4 0,5 1,03 2,4 2,0 1,6 

ʅʘʟʘʨʘʙʘʜ, 

ʅʘʟʘʨʘʙʘʜ-

ɼʠʜʠʚʘʨ 

451,5  317,2 30,4 62,34 64,13 36,48 32,0 

 6,2 5,2 0,63 1,75 3,2 3,0 1,4 

ɼʞʘʛʨʠ, 

ʄʘʰʘʜʠ ɸʙʙʘʩ 

ʢ. 

576,3  292,8  33,0 52,1 29,2 19,0 

 5,0 4,8  0,93 2,6 2,4 0,82 
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ʅʘʜʞʘʬʘʣʳ 
ɼʠʟʝ, ɻʘʜʞʠ 

ʄʘʤʝʜ 

1035,4  305,0 36,8 60,12 48,1 26,7 38,0 

 4,7 5,0 0,77 3,0 2,4 2,2 1,63 

ɻʘʨʘʯʫʛ, ɻʘʜʞʠ 

ʅʦʚʨʫʟ ʢ. 

1186,4  512,4 94,6 260,39 136,27 82,69 94,3 

 13,6 8,4 1,97 7,33 6,8 6,8 4,1 

ʂʝʰʤʝʙʘʩʘʨ, 

ʂʝʥʜ ʢʷʛʨʠʟ 

2244,6  414,8 979,2 201,71 340,68 92,42 190,4 

 24,6 6,8 20,4 5,68 17,0 7,6 8,28 

ʂʘʨʘʛʘʣʘ, 

ʄʘʰʘʜʠ 

ʄʫʭʪʘʨ ʢ. 

818,6  439,2 42,24 117,36 78,15 42,56 91,56 

 7,4 7,2 0,88 3,3 3,9 3,5 1,08 

ʄʘʟʨʘ, ʂʝʥʜ 

ʢʷʛʨʠʟ 

612,2  280,6 92,4 66,01 56,11 19,45 91,05 

 4,4 4,6 1,93 1,86 2,8 1,6 3,99 

ʊʫʤʙʫʣ, 

ʍʝʡʨʘʥ ʭʘʥʫʤ 

ʢ. 

1288,4  451,4 305,28 183,37 196,39 75,39 67,16 

 16,0 7,4 6,36 5,16 9,8 6,2 2,92 

 

ɽʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥ, ʫʢʘʟʘʥʥʳʝ ʚ ʧʝʨʚʦʡ ʩʪʨʦʢʝ, ʚʳʨʘʞʝʥʳ ʚ ʤʛ/ʣ, ʘ ʝʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥ ʚʦ ʚʪʦʨʦʡ ʩʪʨʦʢʝ-ʚ ʤʛ-ʵʢʚ/ʣ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ (ʪʘʙʣʠʮʘ1) ʚʠʜʥʦ, ʯʪʦ 

ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʦʭʚʘʪʳʚʘʶʱʝʛʦ ʚʩʝ ʨʝʛʠʦʥʳ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ, ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. ʀʩʩʣʝʜʫʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʚʦʜʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʥʝʩʢʦʣʴʢʠʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʦʣʥʦʩʪʴʶ ʧʨʠʛʦʜʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʧʠʪʴʷ. ʍʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʚʦʜʦʩʥʘʙʞʝʥʠʠ. ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ 1 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 

ʥʝʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠʢʘʭ (ɽʣ ʢʷʛʨʠʟ, ʉʘʬʘʨ ʢʷʛʨʠʟ ʠ ʜʨ.) ʩʣʘʙʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-

ʢʘʣʴʮʠʝʚʦʡ ʚʦʜʝ ʩʦʜʝʨʞʠʪʩʷ ʤʘʛʥʠʡ. ʕʪʦ ʚʳʜʚʠʛʘʝʪʩʷ ʩʚʷʟʴʶ ʚʦʜ ʩ ʤʘʛʥʠʝʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʚ 

ʥʝʜʨʘʭ ʟʝʤʣʠ. ɺʦʜʳ, ʬʠʣʴʪʨʫʷʩʴ ʯʝʨʝʟ ʪʦʣʱʠ ʧʦʨʦʜ, ʨʘʩʪʚʦʨʷʶʪ ʠʭ, ʦʙʦʛʘʱʘʷʩʴ ʨʷʜʦʤ ʵʣʝʤʝʥʪʦʚ. 

ʊʘʢ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʩʦʣʝʥʦʩʥʳʭ ʪʦʣʱ ʩʣʦʞʝʥʥʳʭ ʛʘʣʠʪʦʤ (NaCl) ʚʦʜʳ ʧʨʠʦʙʨʝʪʘʶʪ ʭʣʦʨʠʜʥʳʡ 

ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ; ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ ʠʟʚʝʩʪʥʷʢʠ - ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ ʢʘʣʴʮʠʝʚʳʡ ʠ ʪ.ʜ. 

ʀʩʪʦʯʥʠʢʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ( ʪʘʙʣ. 2) ʷʚʣʷʶʪʩʷ ʩʪʦʢʠ ʠ ʪʚʝʨʜʳʝ 

ʦʪʭʦʜʳ ʧʨʝʜʧʨʠʷʪʠʡ, ʩʦʜʝʨʞʘʱʠʝ ʚʩʝʚʦʟʤʦʞʥʳʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. ɺ 

ʧʨʦʮʝʩʩʝ ʬʠʣʴʪʨʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚʙʣʠʟʠ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʤʦʛʫʪ 

ʧʦʷʚʠʪʴʩʷ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʘʨʦʤʘʪʠʯʝʩʢʠʝ, ʪʦʢʩʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ. ʅʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʚʦʜʳ ʟʘʛʨʷʟʥʷʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʷʜʦʭʠʤʠʢʘʪʦʚ ʠ ʫʜʦʙʨʝʥʠʡ.  

ʊʘʙʣʠʮʘ 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʘʚʪʦʥʦʤʥʦʡ 

ʨʝʩʧʫʙʣʠʢʠ 

ɿʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ 

ʈʘʡʦʥʳ ʉʫʣʴʬʘʪʳ, 

ʭʣʦʨʠʜʳ 

ʉʦʝʜʠʥʝʥʠʷ 

ʘʟʦʪʘ 

ʅʝʬʪʝʧʨʦʜʫʢʪʳ ʌʝʥʦʣʳ ʊʷʞʝʣʳʝ 

ʤʝʪʘʣʣʳ 

ɹʘʙʝʢ 5 12   4 

ʂʝʥʛʝʨʣʠ 5 11   5 

ɼʞʫʣʴʬʘ 6 10   4 

ʆʨʜʫʙʘʜ 6 5   6 

ʐʘʭʙʫʟ 4 4   4 
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ʐʘʨʫʨ 7 7   4 

ʉʘʜʘʨʘʢ 6 6   3 

ʀʪʦʛʦ 39 55   28 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʚ ʘʚʪʦʥʦʤʥʦʤ ʨʝʩʧʫʙʣʠʢʝ ʥʝʪ ʩʠʣʴʥʦʝ ʦʧʘʩʥʦʩʪʠ ʟʘʛʨʘʟʥʝʥʠʷ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʦʧʘʩʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʟʘʛʨʷʟʥʠʪʝʣʴʷʤʠ.  

ʉʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʟʜʦʨʦʚʴʶ ʥʘʩʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜ, 

ʚʳʟʳʚʘʝʤʦʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʥʘ ʫʯʘʩʪʢʘʭ ʜʣʠʪʝʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʭʦʟʷʡʩʪʚʝʥʥʦ ï ʙʳʪʦʚʳʭ ʚʦʜ, ʚʳʛʨʝʙʥʳʭ ʷʤ, ʩʢʦʪʥʳʭ ʜʚʦʨʦʚ ʠ ʪ.ʜ.  

ʆʮʝʥʢʘ ʦʧʘʩʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʝʢʩʦʚ ʦʧʘʩʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʢʘʢ ʦʜʥʦʡ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʢ ʥʝʛʘʪʠʚʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ɼʣʷ 

ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʛʨʫʧʧʦʚʦʡ ʠʥʜʝʢʩ ʦʧʘʩʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦ 

ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʥʘʤʠ ʚʳʨʘʞʝʥʠʶ (ʪʘʙʣ.3) 

ʊʘʙʣʠʮʘ 3 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʝ ( ʧʦ ɸ.ʇ. 

ɹʝʣʦʫʩʦʚʦʡ) 

ʊʠʧʳ ʚʦʜ 

 

 

Cʫʤʤʘʨʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʟʘʛʨʷʟʥʝʥʠʷ 

ɸʩʩʦʮʠʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʂʘʪʝʛʦʨʠʷ 

ʟʘʛʨʷʟʥʝʥʠʷ 

ʈʦʜʥʠʢʦʚʳʝ ʚʦʜʳ 

 

4,92 Na+K, Ca, Mg, HCO3,Cl, SO4 ʉʣʘʙʦ ʟʘʛʨʷʟʥʝʥʥʘʷ 

ʂʷʛʨʠʟʥʳʝ ʚʦʜʳ 

 

0,8  Ca, Mg, Na+K, HCO3,Cl, SO4  ʫʩʣʦʚʥʘ ʯʠʩʪʘʷ 

ʄʠʥʝʨʘʣʴʥʳʝ ʚʦʜʳ 

 

1,02 Ca, Mg, Na+K, SO4, HCO3,Cl, 

Y,B,CO2  

ʫʩʣʦʚʥʘ ʯʠʩʪʘʷ 

ɸʨʪʝʟʠʘʥʩʢʠʝ ʚʦʜʳ 

 

1,70 Ca, Mg, Na+K, HCO3, Cl, SO4, Fe  ʫʩʣʦʚʥʘ ʯʠʩʪʘʷ 

ʂʦʣʣʝʢʪʦʨʥʦ-

ʜʨʝʥʘʞʥʳʝ ʚʦʜʳ 

5,40 Na+K, Ca, Mg, HCO3,Cl, SO4, B, 

Fe, Al 

ʉʣʘʙʦ ʟʘʛʨʷʟʥʝʥʥʘʷ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ, ʧʦʢʘʟʘʥʦ ʧʨʠʛʦʜʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʫʯʝʥʥʳʭ ʚʦʜ ʜʣʷ ʧʠʪʴʷ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʫʞʜ ʥʘʩʝʣʝʥʠʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʪʘʙʣʠʮ, ʚʦʜʳ ʦʪ ʦʯʝʥʴ ʤʷʛʢʠʭ ʜʦ ʫʤʝʨʝʥʥʦ ʞʝʩʪʢʠʭ, ʩʨʝʜʘ ʥʝʡʪʨʘʣʴʥʘʷ, ʣʠʙʦ ʩʣʘʙʦʱʝʣʦʯʥʘʷ. ɿʘ ʚʝʩʴ 

ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʚʦʜʦʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʝ 

ʧʨʝʚʳʰʘʣʦ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʜʘʣʴʥʝʡʰʝʝ ʩʪʘʙʠʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʝ. 

ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ ï ʵʪʦ ʟʘʧʘʩʳ ʯʠʩʪʦʡ ʧʦʣʝʟʥʦʡ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ 

ʥʝʛʘʪʠʚʥʦʡ ʵʢʦʣʦʛʠʠ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʘʭ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ʘʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ, ʘ ʪʘʢʞʝ ʚ ʙʦʣʝʝ ʯʝʤ 100 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʤʥʦʛʠʭ ʨʘʡʦʥʦʚ ʥʘʯʘʪʘ ʫʩʪʘʥʦʚʢʘ ʚʦʜʦʦʯʠʩʪʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʤʦʜʫʣʴʥʦʛʦ 

ʪʠʧʘ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʫʞʝ ʩʜʘʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʘʩʝʣʝʥʠʷ. ʊʘʢʞʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚʦʜʦʦʯʠʩʪʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ  ʤʦʜʫʣʴʥʦʛʦ ʪʠʧʘ ʚ 200 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʦʚ ʨʝʢ ʂʫʨʘ ʠ ɸʨʘʢʩ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʞʠʚʠʪʴ ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʨʝʛʠʦʥʘ, 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʷ ʮʝʥʥʳʝ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʚʢʣʶʯʘʷ ʨʦʜʥʠʢʦʚʳʝ, ʢʷʛʨʠʟʥʳʝ, ʤʠʥʝʨʘʣʴʥʳʝ, 

ʘʨʪʝʟʠʘʥʩʢʠʝ ʠ ʜʨʫʛʠʝ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ. 
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʂɸʄɽʈʓ ɾʀɼʂʆʉʊʅʆɻʆ ʈɸʂɽʊʅʆɻʆ ɼɺʀɻɸʊɽʃʗ 

 

DEVELOPMENT OF COMBUSTION CHAMBER OF LIQUID ROCKET ENGINE  

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʸʪ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʞʠʜʢʦʩʪʥʦʛʦ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʇʨʠʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʫʛʣʘ 

ʨʘʩʢʨʳʪʠʷ ʢʦʥʠʯʝʩʢʦʛʦ ʩʦʧʣʘ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ. 

Abstract:  The process of combustion chamber development and calculation of main luquid rocket 

engine parameters were investigated. The expansion angle of conical nozzle was optimized by criterion of 

friction loss minimization. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʈʘʢʝʪʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ, ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʩʦʧʣʘ. 

Keywords: Rocket engine, combustion chamber, design of nozzle. 

ɺʚʝʜʝʥʠʝ: ʈʘʢʝʪʥʳʡ ʜʚʠʛʘʪʝʣʴ ï ʩʚʦʝʛʦ ʨʦʜʘ, çʩʝʨʜʮʝè ʨʘʢʝʪʳ. ɹʝʩʩʧʦʨʥʦ, ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ ʥʝ 

ʤʦʞʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʙʝʟ ʤʦʟʛʘ, ʢʦʩʪʝʡ ʠ ʪʢʘʥʝʡ. ʈʘʢʝʪʘ ʪʘʢ ʞʝ ʥʝ ʩʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ ʧʦʣʸʪ ʙʝʟ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʩʠʣʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪʝʧʣʦʟʘʱʠʪʳ, ʥʦ ʚʩʸ-ʪʘʢʠ ʮʝʥʪʨʘʣʴʥʳʤ çʦʨʛʘʥʦʤè 

ʨʘʢʝʪʳ ʷʚʣʷʝʪʩʷ ʜʚʠʛʘʪʝʣʴ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ï ʩʣʦʞʥʳʡ ʠ ʜʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ 

ʨʘʟʨʘʙʦʪʯʠʢ ʜʦʣʞʝʥ, ʦʧʠʨʘʷʩʴ ʥʘ ʚʳʜʘʥʥʦʝ ʪʝʭ. ʟʘʜʘʥʠʝ, ʩʦʟʜʘʪʴ ʪʘʢʦʡ ʜʚʠʛʘʪʝʣʴ, ʧʘʨʘʤʝʪʨʳ 

ʢʦʪʦʨʦʛʦ ʚʳʜʘʚʘʣʠ ʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʣʝʛʢʦʝ ʠ ʤʘʣʦʛʘʙʘʨʠʪʥʦʝ ʩʦʧʣʦ, ʧʨʠ ʵʪʦʤ ʥʝ ʪʝʨʷʷ ʚ ʟʥʘʯʝʥʠʠ 

ʫʜʝʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ. ɼʦʩʪʠʛʘʝʪʩʷ ʵʪʦ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʨʝʰʝʥʠʷʤʠ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ. 

ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ 

ʜʦʟʚʫʢʦʚʦʡ ʯʘʩʪʠ ʩʦʧʣʘ ʠ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʦʧʣʦ ʩ ʢʦʥʠʯʝʩʢʦʡ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʯʘʩʪʴʶ ʠ ʦʧʪʠʤʘʣʴʥʳʤ 

ʫʛʣʦʤ ʨʘʩʢʨʳʪʠʷ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ:  

ʉʦʧʣʦ ʩ ʢʦʥʠʯʝʩʢʦʡ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʯʘʩʪʴʶ ʠ ʦʧʪʠʤʘʣʴʥʳʤ ʫʛʣʦʤ ʨʘʩʢʨʳʪʠʷ. 

ʇʨʦʬʠʣʠʨʦʚʘʥʠʝ ʜʦʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʦʧʣʘ: 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ʊʷʛʘ ʜʚʠʛʘʪʝʣʷ ʚ ʧʫʩʪʦʪʝ: 0̃ ρφσυ ̋ ;̊ 

ɼʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ: Ð̋ ρτȢχ ̇˜Ƞ́ 
ʋʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʪʦʢʘ ʚ ʢʨ.ʩʝʯ: &̋ ̑

ͼ πȟπππρρρψ  ̍ Ⱦ̒̋ ;̄ 

ʋʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʪʦʢʘ ʚ ʚʳʭ.ʩʝʯ: &́ͼ πȟππςψπυς  ̍ Ⱦ̒̋ ;̄ 

ʇʫʩʪʦʪʥʳʡ ʫʜʝʣʴʥʳʡ ʠʤʧʫʣʴʩ: )̔Ȣ̐ σρχπȟυτ ̍Ⱦ̒ 

ʈʘʩʯʝʪʥʘʷ ʯʘʩʪʴ: 

ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ: Í ˜

Ȣ̔̐ ȟ
υρυȟφψ ̋ Ⱦ̄Ã 

ʆʧʨʝʜʝʣʠʤ ʧʣʦʱʘʜʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ: 

&̋ ̑ &̋ ̑
ͼ Í πȟπππρρρψυρυȟφψ πȟπυχφυ ̍  

ʆʧʨʝʜʝʣʠʤ ʜʠʘʤʝʪʨ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ: 

Ä̋ ̑

τ &̋ ̑

ʌ

τπȟπυχφυ

σȟρτρφ
πȟςχπω ̍ 

mailto:asyakomkova@mail.ru
mailto:ushkvano97@rambler.ru
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ʆʧʨʝʜʝʣʠʤ ʧʣʦʱʘʜʴ ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʤʝʨʳ ʩ ʥʘʩʘʜʢʦʤ: 

&́Ȣ̎ &́ͼ Í πȟππςψπυςυρυȟφψ ρȟττφφ ̍  
ʆʧʨʝʜʝʣʠʤ ʜʠʘʤʝʪʨ ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʤʝʨʳ ʩ ʥʘʩʘʜʢʦʤ: 

Ä́ ̎

τ &́ ̎

ʌ

τρȟττφφ

σȟρτρφ
ρȟσυχ ̍ 

ʆʧʨʝʜʝʣʠʤ ʧʣʦʱʘʜʴ ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʤʝʨʳ ʙʝʟ ʥʘʩʘʜʢʘ: 

& &̎ &̎Ȣ̏̓̎ ρȟττφφȾρȟυ πȟωφττ ̍  
ʆʧʨʝʜʝʣʠʤ ʜʠʘʤʝʪʨ ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʤʝʨʳ ʙʝʟ ʥʘʩʘʜʢʘ: 

Ä́
τ &́

ʌ

τπȟωφττ

σȟρτρφ
πȟφρτ ̍ 

ʇʨʠʥʷʪʘʷ ʚʝʣʠʯʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʠʟʦʙʘʨʥʦʡ ʂʉ:    &̠ ˞ τ 
ʆʧʨʝʜʝʣʠʤ ʧʣʦʱʘʜʴ ʂʉ: &̠ ˞ &̋ ̑&̋ ̒ πȟπυχφυτ πȟςσπφ ̍  

ʆʧʨʝʜʝʣʠʤ ʜʠʘʤʝʪʨ ʂʉ: 

Ä̋ ̒

τ &̋ ̒

ʌ

τπȟςσπφ

σȟρτρφ
πȟυτς ̍ 

 
ʈʘʩʩʤʦʪʨʠʤ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʜʦʟʚʫʢʦʚʦʡ ʯʘʩʪʠ ʩʦʧʣʘ ï ʨʘʜʠʫʩʥʦ-

ʢʦʥʠʯʝʩʢʦʝ ʩʦʧʣʦ. ɿʘʜʘʜʠʤʩʷ: 

 
2 2 ρȟυ $̋  ̑

$̋ ςȟυ 2̋  ̑

ςɻ̃ ̖ φπЈ 
ʊʦʛʜʘ 

 
2 2 ρȟυ $̋ ̑ πȟτπφ ̍ 

$̋ ςȟυ $̋ ̑ πȟφχχ ̍ 

ςɻ̃ ̖ φπЈ 
ʆʧʨʝʜʝʣʠʤ ʦʙʲʝʤ ʢʦʥʠʯʝʩʢʦʡ ʯʘʩʪʠ: 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʥʷʪʳʭ ʜʘʥʥʳʭ, ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 3D-ʤʦʜʝʣʴ ʜʦʟʚʫʢʦʚʦʡ ʯʘʩʪʠ ʩʦʧʣʘ:  

kpkp RDR Ö=º 21

1 2 0,2709kp kpR D R ʤº = Ö =
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ʆʙʲʝʤ ʜʘʥʥʦʡ ʜʝʪʘʣʠ: 

6̋ ̏̎ πȟπωψςσφ̍  
ʆʧʨʝʜʝʣʠʤ  ʦʙʲʝʤ ʂʉ: 

ʆʧʨʝʜʝʣʠʤ ʧʨʠʚʝʜʝʥʥʫʶ ʜʣʠʥʫ ʂʉ: 

,̐ ̑ ʐ̐̑ 2̋4̋!̋ 

!̋ ЍÎ
ς

Î ρ
ρȟρφυ

ς

ρȟρφυρ

ȟ
ȟ

πȟφτς 

ʇʨʠʚʝʜʝʥʥʦʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʚ ʂʉ:  

ʐ̐̑ πȟππσ ̒ 

     ʊ.ʦ.  

,̐ ̑ πȟππσσσψȟωτψσςσσȟσχπȟφτςςȟπρφ ̍ 

6̋ ̒ ,̐ &̑̋ ̑ ςȟπρφπȟπυχφυπȟρρφς  ̍  

 

ʊʦʛʜʘ ʜʣʠʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʙʫʜʝʪ ʨʘʚʥʘ: 

Ì̗
6̗

&̋

6̋ ̒ 6̋ ̏̎

&̋

πȟρρφςπȟπωψςσφ

πȟςσπφ
πȟπχχω ̍ 

ʇʨʦʮʝʩʩʳ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʚ ʂʉ ʠ ʪʝʯʝʥʠʝ ʇʉ ʚ ʩʦʧʣʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʦʪʝʨʷʤʠ ʵʥʝʨʛʠʠ, ʘ 

ʟʥʘʯʠʪ ʠ ʧʦʪʝʨʷʤʠ ʪʷʛʠ.  

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʫʛʣʘ ʨʘʩʪʚʦʨʘ ʢʦʥʠʯʝʩʢʦʛʦ ʩʦʧʣʘ, ʫʯʪʸʤ ʩʣʝʜʫʶʱʝʝ: ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʨʘʩʪʚʦʨʘ , ʚʦʟʨʘʩʪʘʶʪ ʧʦʪʝʨʠ ʥʘ ʚʝʝʨʥʦʩʪʴ, ʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʫʛʣʘ ʨʘʩʪʚʦʨʘ ʥʘʦʙʦʨʦʪ, ʧʦʪʝʨʠ ʥʘ ʚʝʝʨʥʦʩʪʴ ʫʤʝʥʴʰʘʶʪʩʷ, ʘ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʚʦʟʨʘʩʪʘʶʪ. ʊ.ʝ. 
ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʨʘʩʪʚʦʨʘ ʢʦʥʠʯʝʩʢʦʛʦ ʩʦʧʣʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʧʦʪʝʨʷʤʠ ʥʘ ʪʨʝʥʠʝ ʠ ʧʦʪʝʨʷʤʠ ʥʘ ʚʝʝʨʥʦʩʪʴ ʥʘʠʣʫʯʰʝʝ. 

ɿʘʜʘʜʠʤʩʷ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ɼ́ ρπЈȢȢρωЈ 
ʂʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʦʪʝʨʠ ʥʘ ʚʝʝʨʥʦʩʪʴ (ʨʘʩʩʝʠʚʘʥʠʝ) ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ: 

. 

ɿʥʘʯʝʥʠʷ  ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʫʛʣʦʚ  ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

  

10
0 

0,99628 

11
0 

0.99513 

12
0 

0.99385 

13
0 

0.99241 

14
0 

0.99082 

15
0 

0.98908 

16
0
 0.9872 

17
0
 0.98516 

18
0
 0.98296 

19
0
 0.98065 

ʘb

2

)cos(1
3

a
ʩ

b
j

+
=

aj ʘb

ʘb aj
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ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ: 

ʇʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ʒ̓ ̑
Ў̓̑

Ȣ̐̉
, 

ʛʜʝ Ў0̓ ï̑ʧʨʦʝʢʮʠʷ ʥʘ ʦʩʴ ʩʠʤʤʝʪʨʠʠ ʩʦʧʣʘ ʩʫʤʤʘʨʥʦʡ ʩʠʣʳ ʪʨʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʩʪʝʥʢʠ 

ʩʦʧʣʘ;  0̐Ȣ̉ ï ʧʫʩʪʦʪʥʘʷ ʪʷʛʘ, ʨʘʟʚʠʚʘʝʤʘʷ ʢʘʤʝʨʦʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʨʝʥʠʷ (ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʟʘʜʘʥʥʦʡ 

ʧʫʩʪʦʪʥʦʡ ʪʷʛʝ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʜʚʠʛʘʪʝʣʷ). 

ʈʘʟʦʙʴʝʤ ʩʦʧʣʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʫʯʘʩʪʢʦʚ (ʩʤ. ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʩʦʧʣʫ) ʧʦ ʜʣʠʥʝ ʠ ʜʷ 

ʢʘʞʜʦʛʦ ʦʧʨʝʜʝʣʠʤ ʦʩʝʚʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʠʣʳ ʪʨʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ: 

Ў0̓̑ #П
ʍ 7

ς
Ў3 ÃÏÓɼȟ 

ʛʜʝ #П ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʥʘ j-ʦʤ ʫʯʘʩʪʢʝ, 

Ў3
Ў

 

ɀ

 
 ï ʙʦʢʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʫʯʘʩʪʢʘ, 

ɼ ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʦʥʪʫʨʘ ʢ ʦʩʠ ʩʦʧʣʘ, 

ʍ  ï ʧʣʦʪʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʧʣʠʚʘ, 

7  ï ʩʢʦʨʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ. 

ʅʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʩ ʩʚʦʡʩʪʚʘ ʈʊ ʧʨʠʥʠʤʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ, ʨʘʚʥʳʤʠ 

ʩʨʝʜʥʝʤʫ ʘʨʠʬʤʝʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ ʚ ʨʘʩʯʝʪʥʳʭ ʩʝʯʝʥʠʷʭ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʨʘʩʯʝʪʥʳʡ ʫʯʘʩʪʦʢ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ  ˞ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ  ɺ.ʉ. ɸʚʜʫʝʚʩʢʦʛʦ: 

# ˞
˟̒ ̓

˟

ȟ

ρ πȟψψ -
ȟ

, 

ʛʜʝ ˞  ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʙʝʟ ʮʯʝʪʘ ʩʞʠʤʘʝʤʦʩʪʠ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ 

ʚʥʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ; 

˟̒  ̓ʠ  4 ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʢʠ ʠ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚʥʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ; 
ʄ ï ʤʝʩʪʥʦʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʄʘʭʘ; 

k ï ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ. 

ʇʨʠʤʝʤ: ˞ πȟππτȟ 
ʝʩʣʠ ˟ ρπππ ̠ȟ̓  ̏4̒ ̓ ρπππ ̠ȟ  
ʝʩʣʠ ˟ ρπππ ̠ȟ̓  ̏4̒ ̓ 4Ȣ 
ɺ ʪʘʙʣʠʮʝ 4 ʧʨʠʚʝʜʝʥ ʨʘʩʯʝʪ ʜʣʷ ʫʛʣʘ ɼ ρπ 
 

ˉ ʫʯ.(j)  ˞ ɟj , ʢʛ/ʤ
3 Wj, 

ʤ/ʩ 
Cosɓ ɝ3 

ȹPʪʨ, 

ʢH 

2 (8-9ʢʨ) 0,00563 23,4028 1091,07 0,9613 0,0000 0,000 

3 (9-10) 0,00561 22,8182 1118,035 0,0006 0,043 

4 (10-11) 0,00558 21,8994 1255,55 0,0017 0,156 

5 (11-12) 0,00549 19,4100 1370,565 0,0131 1,261 

6 (12-13) 0,00533 15,5955 1457,175 0,0290 2,461 

7 (13-14) 0,00511 11,6292 1664,795 0,0627 4,9679 

8 (14-15) 0,00479 7,4299 1932,180 0,1779 11,364 

9 (15-16) 0,00430 3,6411 2272,960 0,5907 22,955 

10 (16-17) 0,00387 1,6616 2528,155 0,4990 9,856 

11 (17-18) 0,00344 0,8994 2719,175 2,0240 22,273 

12 (18-19) 0,00310 0,4560 2866,965 0,6647 3,715 

13 (19-20) 0,00302 0,3894 2905,020 0,4569 2,178 

14 (20-21) 0,00296 0,3554 2923,500 0,2745 1,188 

15 (21-22) 0,00292 0,3347 2935,465 0,2483 1,005 

 

ʊ.ʦ ʩʫʤʤʘʨʥʘʷ ʩʠʣʘ ʪʨʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

Ў0ʪʨ ψσȟσψς ʢʅ 
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ʊʦʛʜʘ  

 

ű
ʪʨ

ρ
Ў0ʪʨ

0ʧȢʠ
ρ
ψσȟσψς 

ρφσυ
πȟψψρ 

 

ɸʥʘʣʦʛʠʯʥʦ ʨʘʩʩʯʠʪʳʚʘʝʤ  ʟʥʘʯʝʥʠʷ ʜʣʷ ʜʨʫʛʠʭ ʫʛʣʦʚ ʠ ʟʘʥʦʩʠʤ ʠʭ ʚ ʪʘʙʣʠʮʫ. 

ʂʦʵʬʬʠʮʠʝʥʪ  ʥʘʡʜʸʤ ʧʦ ʬʦʨʤʫʣʝ  

ɓʘ 10ę 11ę 12ę 13ę 14ę 15ę 16ę 17ę 18ę 19ę 

ʒ̒  ̈ 0,9963 0,9951 0,9938 0,9924 0,9908 0,9891 0,9806 0,9851 0,9830 0,9806 

Ў0̓  ̑ 194,721 170,120 150,954 135,594 123,001 112,483 83,382 95,894 89,23 83,382 

ʒ̓  ̑ 0,8810 0,8960 0,9080 0,9170 0,9250 0,9310 0,9390 0,9410 0,9450 0,9490 

ʒ̒ 0,8777 0,8916 0,9024 0,9100 0,9165 0,9208 0,9251 0,9240 0,9207 0,9189 

 

ʆʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʦʙʨʘʟʫʶʱʝʡ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʯʘʩʪʠ ʩʦʧʣʘ ʩʦʧʣʘ ɓ
ʘ ʦʧʪ

ρφÁ, ʪʘʢ  
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ɿʘʢʣʶʯʝʥʠʝ: ʆʧʠʨʘʷʩʴ ʥʘ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ ʚʳʙʨʘʥ ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʨʘʩʢʨʳʪʠʷ ʢʦʥʠʯʝʩʢʦʛʦ ʩʦʧʣʘ. ʈʘʩʯʝʪ 

ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ ʵʪʦʤ ʥʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ: ʧʦʩʣʝ ʥʘʡʜʝʥʥʦʛʦ ʫʛʣʘ ʨʘʩʢʨʳʪʠʠ ʩʦʧʣʘ, ʚʦʟʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʯʘʩʪʠ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʝʜʝʪ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʦʪʥʦʰʝʥʠʷ 
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ʉʅʀɾɽʅʀɽ ʉʃɽʄʀʅɻɸ ɼʅʀʑɸ ʂʆʅʉʊʈʋʂʎʀʀ, ʉʆɽɼʀʅʗʖʑɽʁ ʂʆʈʇʋʉɸ 

ʄʅʆɻʆʂʆʈʇʋʉʅʆɻʆ ʉʋɼʅɸ 

 

DECREASING OF WET DECK SLAMMING OF A MULTI -HULL SHIP  

 

ɸʥʥʦʪʘʮʠʷ.ʋʜʘʨ ʦ ʚʦʣʥʫ (ʩʣʝʤʠʥʛ) ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʢʦʨʧʫʩʘ -ʵʪʦ ʦʜʠʥ ʠʟ 

ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʤʥʦʛʦʢʦʨʧʫʩʥʦʛʦ ʦʙʲʝʢʪʘ.  ʇʦʪʦʤʫ ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʪʦʛʦ 

ʩʣʝʤʠʥʛʘ  ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʩʫʜʦʚ. ʇʨʦʙʣʝʤʘ ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ: 

ʫʤʝʥʴʰʝʥʠʝ ʢʘʯʢʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʯʘʩʪʦʪʳ ʩʣʝʤʠʥʛʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʜʘʚʣʝʥʠʡ ʧʨʠ ʩʣʝʤʠʥʛʝ. ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʢʘʯʢʠ, ʘ ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʤʝʨʳ ʜʣʷ ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʡ. ɼʘʥʳ ʥʝʩʢʦʣʴʢʦ ʦʙʱʠʭ ʠ ʯʘʩʪʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ 

ʤʥʦʛʦʢʦʨʧʫʩʥʳʭ ʦʙʲʝʢʪʦʚ. 

Abstract. Shocks by waves, slamming, of the wet deck (the bottom of inter-hull above-water 

structure) is a specific disadvantage of all multi-hull ships. It means the decreasing of such slamming is an 

important problem of a multi-hull ship designing and creation. The problem is divided by two parts: motion 

mitigation and shock elimination. Some methods of longitudinal motion mitigation of various multi-hulls are 

examined and compared. In addition, some methods of shock pressure decreasing are shown too. As the 

results, some general and particular recommendations are proposed. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʥʦʛʦʢʦʨʧʫʩʥʦʝ ʩʫʜʥʦ, ʢʘʪʘʤʘʨʘʥ, ʩʣʝʤʠʥʛ ʜʥʠʱʘ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʢʘʯʢʘ, ʫʤʝʨʝʥʠʝ ʢʘʯʢʠ, ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʡ. 

Key words: multi-hull ship, catamaran, wet deck slamming, motion, motion mitigation, pressure  

mitigation. 

ɺʚʝʜʝʥʠʝ.  

ɺʦʟʤʦʞʥʦʩʪʴ ʫʜʘʨʦʚ ʚʦʣʥʳ ʚ ʜʥʠʱʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʢʦʨʧʫʩʘ ʤʥʦʛʦʢʦʨʧʫʩʥʦʛʦ 

ʩʫʜʥʘ, ʩʣʝʤʠʥʛ ʵʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ̫ʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ.  

ʏʘʱʝ ʚʩʝʛʦ ʪʘʢʦʡ ʩʣʝʤʠʥʛ ʠʤʝʝʪ ʤʝʩʪʦ ʥʘ ʚʩʪʨʝʯʥʦʤ ʚʦʣʥʝʥʠʠ ʠ ʚ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʉʣʝʤʠʥʛ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʦʡ ʫʜʘʨʦʚ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʫʜʘʨʥʳʭ ʜʘʚʣʝʥʠʡ, ʧʦʵʪʦʤʫ 

ʟʘʜʘʯʘ ʩʥʠʞʝʥʠʷ ʩʣʝʤʠʥʛʘ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʧʨʦʙʣʝʤʫ ʩʥʠʞʝʥʠʷ ʯʘʩʪʦʪʳ ʫʜʘʨʦʚ ʠ ʧʨʦʙʣʝʤʫ ʩʥʠʞʝʥʠʷ 

ʫʜʘʨʥʳʭ ʜʘʚʣʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʥʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʳʯʥʦ ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʩʣʝʤʠʥʛʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʠ ʩʥʠʞʝʥʠʝʤ ʜʘʚʣʝʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʦʙʳʯʥʦ ʢʦʥʩʪʨʫʢʮʠʷ, ʩʦʝʜʠʥʷʶʱʘʷ ʢʦʨʧʫʩʘ ʜʚʫʭʢʦʨʧʫʩʥʦʛʦ 

ʩʫʜʥʘ, ʨʘʩʧʦʣʦʞʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʢ ʝʛʦ ʥʦʩʦʚʦʡ ʯʘʩʪʠ, ʘ ʫ ʪʨʸʭʢʦʨʧʫʩʥʦʛʦ ʩʤʝʱʝʥʘ ʚ ʢʦʨʤʫ, 

ʦʙʳʯʥʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦ ʩʥʠʞʝʥʠʝ ʩʣʝʤʠʥʛʘ ʜʚʫʭʢʦʨʧʫʩʥʳʭ ʩʫʜʦʚ. 

ʉʣʝʤʠʥʛ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʣʦʢʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʚʦʜʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʣʦʢʘʣʴʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʵʪʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʤʥʦʛʦʢʦʨʧʫʩʥʳʝ ʩʫʜʘ ʩ ʤʘʣʦʡ ʧʣʦʱʘʜʴʶ ʚʘʪʝʨʣʠʥʠʠ, ʉʄʇɺ, ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʫʶ 

ʢʘʯʢʫ, ʯʝʤ ʩʫʜʘ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʦʙʚʦʜʘʤʠ, ʧʦʵʪʦʤʫ ʉʄʇɺ ʛʦʨʘʟʜʦ ʨʝʞʝ ʧʦʧʘʜʘʶʪ ʚ ʫʩʣʦʚʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ (ʢʘʢ ʧʦ ʯʘʩʪʦʪʝ, ʪʘʢ ʠ ʧʦ ʚʝʣʠʯʠʥʝ ʜʘʚʣʝʥʠʡ) ʩʣʝʤʠʥʛʘ ʩʦʝʜʠʥʷʶʱʝʡ ʢʦʨʧʫʩʘ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

ʋʜʘʨ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʨʝʚʳʰʝʥʠʠ ʜʚʫʭ ʚʝʣʠʯʠʥ: ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʫʨʦʚʥʷ ʠ ʩʢʦʨʦʩʪʠ ʵʪʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ. ʂʦʣʠʯʝʩʪʚʦ ʫʜʘʨʦʚ ʚ ʯʘʩ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ [1]:  

NS = [(3600*ɤz)/2́]*exp ï [(d
2
/2Dz) + (v0

2
/2Dv)],                                                  (1) 

ʟʜʝʩʴ ɤZ = (DV/DZ)
1/2
, DV ï ʜʠʩʧʝʨʩʠʷ ʣʦʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʫʨʦʚʥʷ 

ʚʦʜʳ, ʤ
2 
/ ʩʝʢ

2
; DZ ï ʜʠʩʧʝʨʩʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʫʨʦʚʥʷ, ʤ

2
; d ï ʣʦʢʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʠ ʜʦ ʨʘʩʯʸʪʥʦʡ ʚʘʪʝʨʣʠʥʠʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ "ʚʝʨʪʠʪʢʘʣʴʥʳʡ ʢʣʠʨʝʥʩ", ʤ; v0 ï 

ʢʨʠʪʠʯʝʩʢʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ, ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʝʤʘʷ ʨʘʚʥʦʡ 3.5 ʤ/ʩʝʢ. 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʶʪ ʧʨʝʜʝʣʴʥʦʝ ʜʦʧʫʩʪʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʜʘʚʨʦʚ, ʨʘʚʥʦʝ 

20. 
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ʆʯʝʚʠʜʥʦ, ʢʦʣʠʯʝʩʪʚʦ ʫʜʘʨʦʚ ʪʝʤ ʤʝʥʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʚʝʨʪʠʢʘʣʴʥʳʡ ʢʣʠʨʝʥʩ ʠ ʯʝʤ ʤʝʥʴʰʝ 

ʢʘʯʢʘ.ʆʜʥʘʢʦ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʫʜʘʨʦʚ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʢʣʠʨʝʥʩʘ - ʜʦʩʪʘʪʦʯʥʦ ʟʘʪʨʘʪʥʳʡ ʧʫʪʴ, 

ʧʦʪʦʤʫ ʯʪʦ ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʷʤʦ ʦʟʥʘʯʘʝʪ ʨʦʩʪ ʥʘʜʚʦʜʥʦʛʦ ʙʦʨʪʘ ʠ ʤʘʩʩʳ ʢʦʨʧʢʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʯʪʦ ʦʙʳʯʥʦ ʧʨʠʝʤʣʝʤʦ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʨʝʜʝʣʘʭ. ʇʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦ 

ʧʨʠʝʤʣʝʤʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʢʣʠʨʝʥʩʘ - ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʧʘʨʦʙʣʝʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʥʦʛʦʢʦʨʧʫʩʥʳʭ 

ʦʙʲʝʢʪʦʚ.  

ɽʩʣʠ ʠ ʢʦʛʜʘ ʥʝ ʫʜʘʸʪʩʷ ʧʨʠʥʷʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʢʣʠʨʝʥʩ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ 

ʤʝʨʳ ʧʦ ʩʥʠʞʝʥʠʶ ʫʜʘʨʥʳʭ ʜʘʚʣʝʥʠʡ ʧʨʠ ʩʣʝʤʠʥʛʝ ʜʥʠʱʘ ʩʦʝʜʠʥʷʶʱʝʡ ʢʦʨʧʫʩʘ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ 

ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʫʜʘʨʥʦʝ ʜʘʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʢʣʦʥʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʢ 

ʛʦʨʠʟʦʥʪʫ, ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʕʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʘʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʛʦʨʠʟʦʥʪʫ [2]. 

ʅʠʞʝ ʧʦʢʘʟʘʥʳ ʤʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʯʘʩʪʦʪʳ ʩʣʝʤʠʥʛʘ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʢʘʯʢʠ, ʘ ʪʘʢʞʝ 

ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʡ ʟʘ ʩʯʸʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ.  

1. ʋʤʝʨʝʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʢʘʯʢʠ. 

1.1. ɺʳʙʦʨ ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʡ. 

ʇʨʦʜʦʣʴʥʫʶ ʢʘʯʢʫ ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ: ʠʟʤʝʥʝʥʠʝʤ ʩʦʙʩʪʚʝʥʥʳʭ ʧʝʨʠʦʜʦʚ 

ʢʘʯʢʠ ʜʣʷ ʠʟʙʝʞʘʥʠʷ ʨʝʟʦʥʘʥʩʘ ʥʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚʦʣʥʘʭ;  ʩʥʠʞʝʥʠʝʤ ʚʦʟʤʫʱʘʶʱʠʭ 

ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʦʪ ʚʦʣʥ; ʧʦʚʳʰʝʥʠʝʤ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʥʘ ʚʦʣʥʝʥʠʠ. 

ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʫʢʘʟʘʥʥʳʝ ʤʝʪʦʜʳ, ʦʪ ʙʦʣʝʝ ʢ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤ. ʂʨʦʤʝ ʪʦʛʦ, 

ʨʘʩʩʤʦʪʨʝʥʦ ʥʘʣʠʯʠʝ ʜʘʥʥʳʭ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ. ʅʘʜʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʡ ʦʙʲʸʤ ʜʘʥʥʳʭ ʦ ʢʘʯʢʝ ʦʜʥʦʢʦʨʧʫʩʥʳʭ ʩʫʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʮʝʥʢʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʥʦʛʦʢʦʨʧʫʩʥʳʭ ʩʫʜʦʚ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʦʙʚʦʜʘʤʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ - ʢʘʪʘʤʘʨʘʥʦʚ, ʪ.ʝ. 

ʜʚʫʭʢʦʨʧʫʩʥʳʭ ʩʫʜʦʚ ʩ ʦʙʳʯʥʳʤʠ ʦʙʚʦʜʘʤʠ.   

1.1.2. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩʥʠʞʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʢʘʯʢʠ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ 

ʦʙʚʦʜʘʤ ʩ ʤʘʣʦʡ ʧʣʦʱʘʜʴʶ ʚʘʪʝʨʣʠʥʠʠ, ʪ.ʝ. ʧʝʨʝʭʦʜ ʢ ʥʦʚʦʤʫ ʪʠʧʫ ʦʙʚʦʜʦʚ. ʂʦʨʧʫʩ ʩ ʤʘʣʦʡ 

ʧʣʦʱʘʜʴʶ ʚʘʪʝʨʣʠʥʠʠ ʩʦʩʪʦʠʪ ʠʟ ʧʦʜʚʦʜʥʦʡ ʛʦʥʜʦʣʳ, ̫ʚʣʷʶʱʝʡʩʷ ʦʩʥʦʚʥʳʤ ʚʦʜʦʠʟʤʝʱʘʶʱʠʤ 

ʦʙʲʸʤʦʤ, ʠ ʪʦʥʢʠʭ ʩʪʦʝʢ, ʩʦʝʜʠʥʷʶʱʠʭ ʛʦʥʜʦʣʫ ʩ ʥʘʜʚʦʜʥʦʡ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ.  

ʋʤʝʥʴʰʝʥʠʝ ʧʣʦʱʘʜʠ ʚʘʪʝʨʣʠʥʠʠ ʦʟʥʘʯʘʝʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʫʚʝʣʠʯʝʥʠʝ (ʜʦ ʜʚʫʭ ʨʘʟ) ʩʦʙʩʪʚʝʥʥʳʭ 

ʧʝʨʠʦʜʦʚ ʢʘʯʢʠ ʚʩʝʭ ʚʠʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ - ʢʠʣʝʚʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘ ʚʩʪʨʝʯʥʦʤ ʚʦʣʥʝʥʠʠ ʠ ʥʦʩʦʚʳʭ 

ʢʫʨʩʦʚʳʭ ʫʛʣʘʭ ʚʩʪʨʝʯʠ ʩ ʚʦʣʥʘʤʠ.ʂʨʦʤʝ ʪʦʛʦ, ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʱʘʜʠ ʚʘʪʝʨʣʠʥʠʠ ʦʟʥʘʯʘʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʥʠʞʝʥʠʝ ʚʦʟʤʫʱʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʥʘ ʚʦʣʥʝʥʠʠ.   

ʆʙʳʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʚʘʪʝʨʣʠʥʠʠ ï ɻ ʪʦ ʧʣʦʱʘʜʴ, ʦʪʥʝʩʸʥʥʘʷ ʢ ʦʙʲʸʤʥʦʤʫ 

ʚʦʜʦʠʟʤʝʱʝʥʠʶ ʚ ʩʪʝʧʝʥʠ ʜʚʝ ʪʨʝʪʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʙʳʩʪʨʦʭʦʜʥʳʭ ʦʜʥʦʢʦʨʧʫʩʥʳʭ ʦʙʲʝʢʪʦʚ ʠʤʝʶʪ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʚʘʪʝʨʣʠʥʠʠ ʦʢʦʣʦ 5-6, ʪʦʪ ʞʝ ʢʦʵʬʬʠʮʠʝʥʪ ʫ ʦʙʲʝʢʪʦʚ ʩ ʤʘʣʦʡ ʧʣʦʱʘʜʴʶ 

ʚʘʪʝʨʣʠʥʠʠ ʦʢʦʣʦ 1 ï 2.  ʉʥʠʞʝʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʢʘʯʢʠ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʦʪʥʦʰʝʥʠʶ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʚʘʪʝʨʣʠʥʠʠ. ʅʘʧʨʠʤʝʨ, ʨʠʩ. 2 ʩʦʜʝʨʞʠʪ ʩʨʘʚʥʝʥʠʝ ʘʤʧʣʠʪʫʜ ʢʠʣʝʚʦʡ ʢʘʯʢʠ 

600-ʪʦʥʥʦʛʦ ʉʄʇɺ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʚʘʪʝʨʣʠʥʠʠ 1.35) ʠ ʨʘʟʣʠʯʥʳʭ ʦʜʥʦʢʦʨʧʫʩʥʳʭ ʦʙʲʝʢʪʦʚ 

-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

0,0

0,5

1,0

1,5
k, tf*sec

2
/m

3

i, degrees



ɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʡ ʞʫʨʥʘʣ çʊʦʯʥʘʷ ʥʘʫʢʘè                                                                  www.t-nauka.ru   

 

  44 
 

  

ʥʘ ʚʩʪʨʝʯʥʦʤ ʚʦʣʥʝʥʠʠ.   

ʈʠʩ.2. ɸʤʧʣʠʪʫʜʳ ʢʠʣʝʚʦʡ ʢʘʯʢʠ ʥʘ ʚʩʪʨʝʯʥʦʤ ʚʦʣʥʝʥʠʠ, [3]: 1 ï ʦʜʥʦʢʦʨʧʫʩʥʳʡ ʢʦʨʚʝʪ, 1000 

ʪ, 15 ʫʟʣʦʚ; 2 ï ʦʜʥʦʢʦʨʧʫʩʥʳʡ ʬʨʝʛʘʪ, 3500 ʪ, 15 ʫʟʣʦʚ; 3 ï ʉʄʇɺ, 600 ʪ, ʧʦʧʫʪʥʦʝ ʚʦʣʥʝʥʠʝ, 10 

ʫʟʣʦʚ; 4 ï ʪʦʪ ʞʝ ʦʙʲʝʢʪ, ʪʘ ʞʝ ʩʢʦʨʦʩʪʴ, ʚʩʪʨʝʯʥʦʝ ʚʦʣʥʝʥʠʝ; 5 ïʉʄʇɺ,18 ʫʟʣʦʚ, ʚʩʪʨʝʯʥʦʝ 

ʚʦʣʥʝʥʠʝ.   

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ 600-ʪʦʥʥʦʝ ʜʚʫʭʢʦʨʧʫʩʥʦʝ ʉʄʇɺ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʥʴʰʫʶ ʢʘʯʢʫ, ʯʝʤ 

ʪʨʘʜʠʮʠʦʥʥʳʡ ʬʨʝʛʘʪ ʚʦʜʦʠʟʤʝʱʝʥʠʝʤ 3500 ʪ. ɺ ʮʝʣʦʤ ʚʩʪʨʝʯʥʦʝ ʚʦʣʥʝʥʠʝ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦ ʜʣʷ 

ʧʣʘʚʘʥʠʷ ʚʩʝʭ ʉʄʇɺ, ʯʝʤ ʧʦʧʫʪʥʦʝ, ʧʦʪʦʤʫ ʯʪʦ ʥʘ ʧʦʧʫʪʥʳʭ ʢʫʨʩʦʚʳʭ ʫʛʣʘʭ ʉʄʇɺ ʧʦʧʘʜʘʶʪ ʚ 

ʫʩʣʦʚʠʷ ʨʝʟʦʥʘʥʩʘ ʧʦ ʚʩʝʤ ʚʠʜʘʤ ʢʘʯʢʠ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʩʨʝʜʩʪʚʘ ʫʤʝʨʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʢʘʯʢʠ ʉʄʇɺ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ, ʯʝʤ ʪʝ ʞʝ ʩʨʝʜʩʪʚʘ ʩʨʘʚʥʠʤʦʛʦ ʦʜʥʦʢʦʨʧʫʩʥʦʛʦ ʦʙʲʝʢʪʘ. 

ʆʙʦʙʱʘʷ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʉʄʇɺ ʠʤʝʝʪ ʢʘʯʢʫ, ʧʨʠʤʝʨʥʦ ʨʘʚʥʫʶ ʢʘʯʢʝ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʦʙʲʝʢʪʘ ʩ ʙʆʣʴʰʠʤ ʚ 5-15 ʨʘʟ ʚʦʜʦʠʟʤʝʱʝʥʠʝʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʩʪʠʛʥʫʪʦʡ 

ʚʝʣʠʯʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʚʘʪʝʨʣʠʥʠʠ). 

ʆʜʥʘʢʦ ʧʝʨʝʭʦʜ ʢ ʤʝʥʴʰʝʡ ʧʣʦʱʘʜʠ ʚʘʪʝʨʣʠʥʠʠ ʚʦʟʤʦʞʝʥ ʥʝ ʜʣʷ ʚʩʝʭ ʥʘʟʥʘʯʝʥʠʡ ʦʙʲʝʢʪʦʚ, 

ʪʘʢ ʯʪʦ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʠ ʤʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʢʘʯʢʠ ʦʙʲʝʢʪʦʚ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʦʙʚʦʜʘʤʠ.. 

1.1.2. ʆʜʥʦʡ ʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʢʦʨʧʫʩʘ, ʩʠʣʴʥʦ ʚʣʠʷʶʱʠʭ ʥʘ 

ʢʘʯʢʫ, ̫ʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʰʠʨʠʥʘ ʦʜʥʦʛʦ ʢʦʨʧʫʩʘ, B1 / d, ʟʜʝʩʴ B1 ï h ʠʨʠʥʘ ʢʦʨʧʫʩʘ, d ï 

ʨʘʩʯʸʪʥʘʷ ʦʩʘʜʢʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʜʦʣʴʥʘʷ ʢʘʯʢʘ ʢʘʪʘʤʘʨʘʥʘ ʚʝʩʴʤʘ ʙʣʠʟʢʘ ʢ ʢʘʯʢʝ ʦʜʥʦʢʦʨʧʫʩʥʦʛʦ 

ʩʫʜʥʘ ʪʦʡ ʞʝ ʜʣʠʥʳ ʠ ʚʦʜʦʠʟʤʝʱʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʥʝʦʙʭʦʜʠʤʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʢʣʠʨʝʥʩʘ 

ʜʚʫʭ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʦʨʧʫʩʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3, [3] ʧʨʠ ʫʩʣʦʚʠʠ 20 ʫʜʘʨʦʚ ʚ ʯʘʩ ʥʘ ʚʩʪʨʝʯʥʦʤ 

ʚʦʣʥʝʥʠʠ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ (ʚ ʬʦʨʤʝ ʯʠʩʣʘ ʌʨʫʜʘ ʧʦ ʜʣʠʥʝ).  

ʂʦʨʧʫʩʘ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʰʠʨʠʥʫ  B1 /d = 2 ʠʣʠ 4.   

 
ʈʠʩ. 3. ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʢʣʠʨʝʥʩ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʚʦʣʥʳ 3-% ʥʦʡ 
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ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʳ ʢʦʨʧʫʩʘ ʠ ʯʠʩʣʘ ʌʨʫʜʘ ʧʦ ʜʣʠʥʝ; ʟʜʝʩʴ   hVERT ï 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʢʣʠʨʝʥʩ, ʤ; h1/3 ï ʚʳʩʦʪʘ ʚʦʣʥʳ, ʤ; B1     V1 - ʦʙʲʸʤʥʦʝ ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʢʦʨʧʫʩʘ, ʢʫʙ ʤ; 

B1 ï ʰʠʨʠʥʘ ʢʦʨʧʫʩʘ, ʤ; T ï ʨʘʩʯʸʪʥʘʷ ʦʩʘʜʢʘ, ʤ; Fn ï ʯʠʩʣʦ ʌʨʫʜʘ. 

ɺʠʜʥʦ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʰʠʨʠʥʘ ʢʦʨʧʫʩʘ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʫʶ ʚʝʣʠʯʠʥʫ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʢʣʠʨʝʥʩʘ. ʆʜʥʘʢʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʰʠʨʠʥʘ ʢʦʨʧʫʩʘ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ 

ʩʤʦʯʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʷ ʥʘ ʭʦʜʦʚʳʝ ʢʘʯʝʩʪʚʘ ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʩʢʦʨʦʩʪʷʭ. ʇʦʵʪʦʤʫ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʰʠʨʠʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚʘʨʴʠʨʫʝʤʦʡ ʚʝʣʠʯʠʥʦʡ ʚ ʧʨʦʝʢʪʥʦʤ 

ʧʨʦʮʝʩʩʝ. 

1.1.3. ʋʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʨʝʟʦʥʘʥʩʥʦʡ ʢʠʣʝʚʦʡ ʢʘʯʢʠ ʢʦʨʧʫʩʘ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʦʙʚʦʜʘʤʠ (ʧʨʠʤʝʨʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʦʦʪʥʦʰʝʥʠʶ ʜʣʠʥ ʚ ʩʪʝʧʝʥʠ 1.5), ʈʠʩ. 4 [4]. 

 
ʈʠʩ.4. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʘʥʜʘʨʪʘ ʘʤʧʣʠʪʫʜ ʢʠʣʝʚʦʡ ʢʘʯʢʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʢʦʨʧʫʩʘ ʦʪ ʯʘʩʪʦʪʳ 

ʚʩʪʨʝʯʥʦʛʦ ʚʦʣʥʝʥʠʷ. 

ʆʜʥʘʢʦ ʜʣʠʥʘ ï ʩʘʤʦʝ çʜʦʨʦʛʦʝè ʠʟ ʨʘʟʤʝʨʝʥʠʡ ʢʦʨʧʫʩʘ; ʥʘʧʨʠʤʝʨ, ʧʨʦʜʦʣʴʥʳʡ ʠʟʛʠʙʘʶʱʠʡ 

ʤʦʤʝʥʪ ʨʘʩʪʸʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʜʣʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʩ ʧʨʦʜʦʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʨʧʫʩʘ. ʇʦʵʪʦʤʫ ʦʙʳʯʥʦ ʩʥʠʞʝʥʠʝ ʢʘʯʢʠ  ʟʘ ʩʯʸʪ ʟʘʤʝʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ 

ʧʨʦʙʣʝʤʘʪʠʯʥʦ. 

1.1.4. ʇʦʣʥʦʪʘ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʢʦʨʧʫʩʘ ʚ ʮʝʣʦʤ ʠ ʝʛʦ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ  

ʪʨʝʙʦʚʘʥʠʷʤʠ ʭʦʜʢʦʩʪʠ. ʀ ʭʦʪʷ ʫʚʝʣʠʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʢʘʯʢʠ, ʵʪʦʪ ʧʫʪʴ ʝʸ ʩʥʠʞʝʥʠʷ ʚʨʷʜ ʣʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʝʤʣʝʤʳʤ 

ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ. 

ʊʘʢ ʞʝ ʚʣʠʷʝʪ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʢʦʪʦʨʳʡ ʪʦʞʝ ʦʙʳʯʥʦ 

ʚʳʙʠʨʘʝʪʩʷ ʧʦ ʩʦʦʙʨʘʞʝʥʠʷʤ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʭʦʜʦʚʳʭ ʢʘʯʝʩʪʚ. ʆʜʥʘʢʦ ʦʪʨʘʞʘʶʱʠʡ 

ʪʦʣʴʢʦ ʧʨʦʜʦʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʧʨʠʟʤʘʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʞʝʪ ʙʳʪʴ 

ʚʘʨʴʠʨʫʝʤ ʙʦʣʝʝ ʩʚʦʙʦʜʥʦ, ʯʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʱʝʡ ʧʦʣʥʦʪʳ. ʂ ʩʦʞʘʣʝʥʠʶ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ, ʦʪʨʘʞʘʶʱʠʝ ʚʣʠʷʥʠʝ ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘ ʢʘʯʢʫ, ʘʚʪʦʨʫ ʥʝ ʠʟʚʝʩʪʥʳ. 

1.1.5. ʆʙʳʯʥʦ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʨʧʫʩʦʚ ʤʥʦʛʦʢʦʨʧʫʩʥʦʛʦ ʦʙʲʝʢʪʘ ʚʳʙʠʨʘʝʪʩʷ ʧʦ 

ʩʦʦʙʨʘʞʝʥʠʷʤ ʦʙʱʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʦʩʪʦʡʯʠʚʦʩʪʠ, ʥʦ ʙʝʟ ʫʯʸʪʘ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʜʦʣʴʥʫʶ ʢʘʯʢʫ. 

ʆʜʥʘʢʦ ʠʥʦʛʜʘ ʵʪʦ ʚʣʠʷʥʠʝ ʟʘʤʝʪʥʦ, ʪʘʢ ʯʪʦ ʝʛʦ ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʚ ʭʦʜʝ ʤʦʜʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠʣʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʥʳʭ ʧʨʦʛʥʦʟʦʚ ʢʘʯʢʠ. ʂʘʢ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʨʠʤʝʨ, ʚ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʦʜʷʪʩʷ 

ʨʘʩʯʸʪʥʳʝ ʜʘʥʥʳʝ ʦ ʢʠʣʝʚʦʡ ʢʘʯʢʝ ʢʘʪʘʤʘʨʘʥʦʚ (ʚ ʨʘʤʢʘʭ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʚʦʣʥ). ɹʘʟʦʡ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʩʣʫʞʠʣʠ ʜʘʥʥʳʝ ʦ ʢʘʯʢʝ ʦʜʥʦʢʦʨʧʫʩʥʦʛʦ ʩʫʜʥʘ ʪʦʡ ʞʝ ʜʣʠʥʳ ʠ ʚʦʜʦʠʟʤʝʱʝʥʠʷ.  

ʊʘʙʣʠʮʘ 1.  

ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʯʸʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʦʣʴʥʦʡ ʢʘʯʢʠ ʢʘʪʘʤʘʨʘʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 

ʤʝʞʜʫ ʢʦʨʧʫʩʘʤʠ. [2], ʚ ʧʨʦʮʝʥʪʘʭ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʭʘʨʘʢʪʥʨʠʩʪʠʢʘʤ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʢʦʨʧʫʩʘ 

ʍʘʨʘʢʪ. 
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ʟʜʝʩʴ c ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ ʙʦʨʪʘʤʠ, ʤ,  B1 ï ʰʠʨʠʥʘ ʦʜʥʦʛʦ ʢʦʨʧʫʩʘ, ʤ. 

ʍʦʪʷ ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʥʝ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ, ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʘʤʧʣʠʪʫʜʳ ʢʘʯʢʠ 

ʤʦʛʫʪ ʨʘʩʪʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʝ ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʦʙʳʯʥʦ, ʥʦ ʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʢʣʠʨʝʥʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʪʦʣʴʢʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʧʝʨʝʯʥʳʡ ʢʣʠʨʝʥʩ ʚʣʠʷʝʪ ʥʘ 

ʧʨʦʜʦʣʴʥʫʶ ʢʘʯʢʫ, ʥʦ ʩʪʝʧʝʥʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʵʪʦʛʦ ʚʣʠʷʥʠʷ ʧʨʝʜʩʢʘʟʘʪʴ ʥʝʚʦʟʤʦʞʥʦ. 

1.2. ʉʠʩʪʝʤʳ ʫʤʝʨʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʢʘʯʢʠ. 

ʏʘʩʪʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʢʘʯʢʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʭʦʜʥʳʭ ʩʫʜʦʚ ʧʨʠʤʝʥʷʶʪ 

ʧʘʩʩʠʚʥʳʝ ʠʣʠ ʘʢʪʠʚʥʳʝ ʧʦʜʚʦʜʥʳʝ ʢʨʳʣʴʷ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʥʦʩʦʚʦʡ ʙʫʣʴʙ ʪʘʢʞʝ 

ʫʚʝʣʠʯʠʚʘʝʪ ʜʝʤʧʬʠʨʦʚʘʥʠʝ, ʪ.ʝ. ʩʥʠʞʘʝʪ ʢʠʣʝʚʫʶ ʢʘʯʢʫ, ʩʤ. ʥʠʞʝ. 

ɻʣʠʩʩʠʨʫʶʱʠʝ ʢʘʪʝʨʘ ʠ ʦʙʲʝʢʪʳ, ʜʚʠʞʫʱʠʝʩʷ ʚ ʧʝʨʝʭʦʜʥʦʤ ʩʢʦʨʦʩʪʥʦʤ ʨʝʞʠʤʝ, ʤʦʛʫʪ ʠʤʝʪʴ 

ʠʥʪʝʨʮʝʧʪʦʨʳ  ʚ ʢʘʯʝʩʪʚʝ ʫʩʧʦʢʦʠʪʝʣʝʡ ʢʘʯʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʪʦʡ ʞʝ ʮʝʣʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʫʧʨʘʚʣʷʝʤʳʝ ʪʨʘʥʮʝʚʳʝ ʜʦʩʢʠ. 

1.2.1. ʍʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʦʙʲʝʢʪʦʚ ʩ ʤʘʣʦʡ ʧʣʦʱʘʜʴʶ ʚʘʪʝʨʣʠʥʠʠ ʩʥʠʞʝʥʠʝ ʚʦʟʤʫʱʘʶʱʠʭ ʩʠʣ 
ʠ ʤʦʤʝʥʪʦʚ ʧʨʠ ʢʘʯʢʝ ʜʝʣʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ, ʛʝʥʝʨʠʨʫʝʤʳʝ 

ʫʩʧʦʢʦʠʪʝʣʷʤʠ ʢʘʯʢʠ, ʥʘʧʨʠʤʝʨ, ʘʢʪʠʚʥʳʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʨʳʣʴʷ, ʩʤ. ʨʠʩ. 5.  

 

 

 

 

 
 

 

 

 

 

 

 

 

ʈʠʩ. 5. ʈʝʟʦʥʘʥʩʥʳʝ ʘʤʧʣʠʪʫʜʳ ʙʦʨʪʦʚʦʡ (ʚʝʨʭʥʷʷ ʣʠʥʠʷ) ʠ ʢʠʣʝʚʦʡ (ʚʪʦʨʘʷ ʩʚʝʨʭʫ ʣʠʥʠʷ) ʢʘʯʢʠ 

ʩʘʤʦʭʦʜʥʦʡ ʤʦʜʝʣʠ ʉʄ-14 ʜʚʫʭʢʦʨʧʫʩʥʦʛʦ ʉʄʇɺ ʙʝʟ ʫʩʧʦʢʦʠʪʝʣʝʡ;  ʪʘʢʠʝ ʞʝ ʘʤʧʣʠʪʫʜʳ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʢʪʠʚʥʳʭ ʢʨʳʣʴʝʚ ʚ ʢʘʯʝʩʪʚʝ ʫʩʧʦʢʦʠʪʝʣʝʡ ï ʜʚʝ ʥʠʞʥʠʝ ʣʠʥʠʠ.  ɺʦʜʦʠʟʤʝʱʝʥʠʝ 

ʤʦʜʝʣʠ 7 ʪ, ʩʢʦʨʦʩʪʴ ʜʦ 14 ʫʟʣʦʚ, ʚʳʩʦʪʘ ʚʦʣʥʳ 0.7 ʤ, ʚʳʩʦʪʘ ʚʦʣʥʳ, ʦʪʥʝʩʸʥʥʘʷ ʢ ʢʫʙʠʯʝʩʢʦʤʫ 

ʢʦʨʥʶ ʠʟ ʚʝʣʠʯʠʥʳ ʚʦʜʦʠʟʤʝʱʝʥʠʷ,0.35 [2]. 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʢʠʣʝʚʘʷ ʢʘʯʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 6 ʨʘʟ, ʦʜʥʘʢʦ ʟʜʝʩʴ 

ʧʣʦʱʘʜʴ ʢʨʳʣʴʝʚ ʩʨʘʚʥʠʤʘ ʩ ʧʣʦʱʘʜʴʶ ʚʘʪʝʨʣʠʥʠʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʜʦʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʉʄʇɺ ʧʨʠʥʷʪʘʷ ʧʣʦʱʘʜʴ ʢʨʳʣʴʝʚ-

ʫʩʧʦʢʦʠʪʝʣʝʡ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʜʝʣʝʥʘ ʤʝʞʜʫ ʥʦʩʦʚʳʤʠ ʠ ʢʦʨʤʦʚʳʤʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʥʝ ʤʝʥʝʝ 1 : 2. 

ʈʠʩ. 6   ʧʦʢʘʟʳʚʘʝʪ ʥʝʫʜʘʯʥʳʡ ʚʘʨʠʘʥʪ ʢʨʳʣʴʝʚ-ʫʩʧʦʢʦʠʪʝʣʝʡ: ʪʦʣʴʢʦ ʚ ʥʦʩʦʚʦʡ ʯʘʩʪʠ. ʀʩʧʳʪʘʥʠʷ 

ʵʪʦʡ ʤʦʜʝʣʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʚʩʪʨʝʯʥʦʤ ʚʦʣʥʝʥʠʠ ʥʦʩʦʚʘʷ ʯʘʩʪʴ ʠʤʝʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʙʆʣʴʰʠʝ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ, ʯʝʤ ʢʦʨʤʦʚʘʷ, ʘ ʥʘ ʧʦʧʫʪʥʦʤ ʚʦʣʥʝʥʠʠ ʢʘʯʢʘ ʦʢʘʟʘʣʘʩʴ ʩʦʚʝʨʰʝʥʥʦ ʥʝ 

ʧʨʠʝʤʣʝʤʦʡ, ʯʪʦ ʠ ʧʦʩʣʫʞʠʣʦ ʧʨʠʯʠʥʦʡ ʦʪʢʘʟʘ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʧʨʦʝʢʪʘ. 

 
ʈʠʩ. 7. ʅʝʧʨʠʝʤʣʝʤʳʡ ʚʘʨʠʘʥʪ ʨʘʟʤʝʱʝʥʠʷ ʢʨʳʣʴʝʚ-ʫʩʧʦʢʦʠʪʝʣʝʡ (ʪʦʣʴʢʦ ʚ ʥʦʩʦʚʦʡ ʯʘʩʪʠ. 

[5]. 

ʈʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʢʨʳʣʴʝʚ-ʫʩʧʦʢʦʠʪʝʣʝʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 8. ɺʠʜʥʦ, ʯʪʦ 

ʦʙʲʝʢʪ ʩ ʢʦʨʤʦʚʳʤʠ ʘʫʪʨʠʛʝʨʘʤʠ ʜʦʣʞʝʥ ʠʤʝʪʴ ʧʦ ʧʘʨʝ ʢʨʳʣʴʝʚ ʚ ʥʦʩʦʚʦʡ ʠ ʢʦʨʤʦʚʦʡ ʯʘʩʪʷʭ 

ʦʩʥʦʚʥʦʛʦ ʢʦʨʧʫʩʘ (ʫʤʝʨʝʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʢʘʯʢʠ) ʠ ʧʘʨʫ ʢʨʳʣʴʝʚ ʥʘ ʘʫʪʨʠʛʝʨʘʭ ï ʜʣʷ ʫʤʝʨʝʥʠʷ 

ʙʦʨʪʦʚʦʡ ʢʘʯʢʠ. 

 
ʈʠʩ. 8. ʈʝʢʦʤʝʥʜʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʨʳʣʴʝʚ ï ʫʩʧʦʢʦʠʪʝʣʝʡ ʥʘ ʦʙʲʝʢʪʝ ʩ 

ʢʦʨʤʦʚʳʤʠ ʘʫʪʨʠʛʝʨʘʤʠ. 

ʇʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 8 ʚʘʨʠʘʥʪ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʩʝʭ ʚʠʜʦʚ ʢʘʯʢʠ 

1.2.2. ɼʣʷ ʩʥʠʞʝʥʠʷ ʢʘʯʢʠ ʚʩʝʭ ʚʠʜʦʚ ʥʘ ʩʪʦʷʥʢʝ ʠ ʥʘ ʤʘʣʳʭ ʭʦʜʘʭ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʚʦʟʜʫʭʦʤ ʫʩʧʦʢʦʠʪʝʣʴʥʳʝ ʪʘʥʢʠ. ʇʝʨʚʘʷ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ 

ʦʜʥʦʢʦʨʧʫʩʥʦʤ ʨʦʩʩʠʡʩʢʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʩʫʜʥʝ. ʆʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʘ ʪʘʢʘʷ ʩʠʩʪʝʤʘ 

ʙʫʜʝʪ ʥʘ ʉʄʇɺ ï ʙʣʘʛʦʜʘʨʷ ʫʤʝʥʴʰʝʥʠʶ ʚʦʟʤʫʱʘʶʱʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʘʢʠʝ 

ʩʫʜʘ ʥʘ ʚʦʣʥʝʥʠʠ. ʇʨʠ ʵʪʦʤ ʪʦ ʞʝ ʫʧʨʘʚʣʷʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʣʣʘʩʪʘ, ʢʦʪʦʨʦʝ ʨʝʛʫʣʠʨʫʝʪ ʢʘʯʢʫ, 

ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʠ ʜʣʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʦʩʘʜʢʠ ʉʄʇɺ ʚ ʧʦʨʪʫ ʠʣʠ ʥʘ ʤʝʣʢʦʡ ʚʦʜʝ (ʧʨʠ 

ʧʦʣʥʦʤ ʚʳʪʝʩʥʝʥʠʠ ʙʘʣʣʘʩʪʘ ʟʘ ʙʦʨʪ).  

1.2.3. ʂʨʦʤʝ ʫʧʨʘʚʣʷʝʤʳʭ, ʘʢʪʠʚʥʳʭ, ʢʨʳʣʴʝʚ, ʜʣʷ ʫʤʝʨʝʥʠʷ ʢʘʯʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ 

ʙʦʣʝʝ ʜʝʰʸʚʳʝ ʧʘʩʩʠʚʥʳʝ. ɻʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʢʨʳʣʴʝʚ ï ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ 

ʧʣʦʱʘʜʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʜʦʩʪʘʪʦʯʥʫʶ ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ. ɺʦʟʤʦʞʥʦ, 

ʧʨʠʜʸʪʩʷ ʧʨʠʤʝʥʠʪʴ ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʢʨʳʣʴʷ ʨʘʩʢʦʩʳ, ʢʦʪʦʨʳʝ, ʢ ʩʦʞʘʣʝʥʠʶ, ʧʦʚʳʩʷʪ 

ʙʫʢʩʠʨʦʚʦʯʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝé  

 

 

 

 

 

 

 

 

 


