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ɼɽʗʊɽʃʔʅʆʉʊʔ ʋʏɸʑʀʍʉʗ 

ɹʫʣʘʥʦʚʘ ʀ.ɽ. 

ʌɻɹʆʋ ɺʇʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

inna.bulanova.1998@mail.ru     

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʨʝʘʣʠʟʫʝʪʩʷ ʩʠʩʪʝʤʥʦ-ʜʝʷʪʝʣʴʥʦʩʪʥʳʡ ʧʦʜʭʦʜ, ʮʝʣʴʶ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʠʟʘʮʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʫʯʘʝʤʳʭ. ʇʨʦʚʝʜʝʥʠʝ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʣʠʙʦ ʩ ʵʣʝʤʝʥʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫʯʘʱʠʭʩʷ, ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ 

ʟʥʘʥʠʡ, ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʤʝʥʠʡ. ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʧʨʦʚʝʜʝʥʠʷ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʤʝʭʘʥʠʢʝ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʪʘʢʠʝ ʤʝʪʘʧʨʝʜʤʝʪʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʢʘʢ: ʧʦʩʪʘʥʦʚʢʘ ʮʝʣʠ, ʚʳʜʚʠʞʝʥʠʝ ʛʠʧʦʪʝʟʳ, ʚʳʷʚʣʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 

ʧʨʠʙʦʨʦʚ, ʩʙʦʨ ʫʩʪʘʥʦʚʢʠ, ʧʨʦʚʝʜʝʥʠʝ ʦʧʳʪʘ, ʠʟʤʝʨʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʉʦʩʪʘʚʣʝʥʳ ʦʧʠʩʘʥʠʷ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʬʦʨʤʘʪʝ HTML. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦ ʩʪʘʥʦʚʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʫʯʝʥʠʷ ʧʨʠʝʤʦʚ ʠ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʤʝʪʥʳʝ, ʥʦ ʠ ʪʘʢʠʝ 

ʤʝʪʘʧʨʝʜʤʝʪʥʳʝ ʫʤʝʥʠʷ ʠ ʥʘʚʳʢʠ, ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ  ʧʦʩʪʘʥʦʚʢʘ ʮʝʣʠ, ʚʳʜʚʠʞʝʥʠʝ 

ʛʠʧʦʪʝʟʳ, ʧʦʜʙʦʨ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʙʦʨ ʫʩʪʘʥʦʚʢʠ, ʧʨʦʚʝʜʝʥʠʝ ʦʧʳʪʘ, ʠʟʤʝʨʝʥʠʝ 

ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ [1]. 

ʇʨʠʟʥʘʥʥʳʤ ʧʦʜʭʦʜʦʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʥʦ - ʜʝʷʪʝʣʴʥʦʩʪʥʳʡ 

ʧʦʜʭʦʜ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʠʟʘʮʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ.  

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʦʣʥʦʩʪʴʶ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʣʠʙʦ ʩ ʵʣʝʤʝʥʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʨʦʚʝʜʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʣʠʙʦ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫʯʘʱʠʭʩʷ, ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʧʦʣʫʯʘʝʤʳʭ ʟʥʘʥʠʡ, ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʤʝʥʠʡ [2].  

ʎʝʣʴʶ ʥʘʫʯʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʦʵʪʘʧʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʚʝʜʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʤʝʭʘʥʠʢʝ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʠʟʘʮʠʠ 

ʩʠʩʪʝʤʥʦ-ʜʝʷʪʝʣʴʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʦʙʫʯʝʥʠʠ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʣʠʪʝʨʘʪʫʨʫ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʤʝʪʦʜʠʢʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ; 

¶ ʨʘʟʨʘʙʦʪʘʪʴ ʦʧʠʩʘʥʠʷ, ʤʝʪʦʜʠʢʫ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʤʝʭʘʥʠʢʝ; 

¶ cʦʩʪʘʚʠʪʴ ʦʧʠʩʘʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʚʳʧʦʣʥʝʥʠʷ ʠ 

ʤʝʪʦʜʠʢʦʡ ʠʭ ʧʨʦʚʝʜʝʥʠʷ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʬʦʨʤʘʪʝ HTML; 

¶ ʨʝʘʣʠʟʦʚʘʪʴ ʦʜʥʫ ʠʟ ʨʘʙʦʪ ʥʘ ʧʨʘʢʪʠʢʝ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʫ 

ʫʯʘʱʠʭʩʷ ʨʘʟʚʠʚʘʶʪʩʷ ʤʝʪʘʧʨʝʜʤʝʪʥʳʝ ʫʯʝʙʥʳʝ ʫʤʝʥʠʷ ʠ ʥʘʚʳʢʠ. ʉ ʫʯʝʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ ʫ ʫʯʘʱʠʭʩʷ, ʨʘʟʚʠʚʘʝʪʩʷ ʣʦʛʠʢʘ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 
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ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʠʣʠ ʨʘʙʦʪ, ʩʦʜʝʨʞʘʱʠʭ ʵʣʝʤʝʥʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫʯʘʱʠʝʩʷ ʦʩʚʘʠʚʘʶʪ ʚʩʝ 

ʵʪʘʧʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʳ ʧʦʜʨʦʙʥʳʝ ʦʧʠʩʘʥʠʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʪʠʧʘ ʥʘ ʥʦʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ʇʦʣʫʯʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ, ʧʨʦʚʝʜʝʥʳ 

ʨʘʩʯʝʪʳ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʤʝʪʦʜʠʢʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʩ ʵʣʝʤʝʥʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ çʀʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʪʝʣʘ ʧʨʠ ʨʘʚʥʦʫʩʢʦʨʝʥʥʦʤ ʜʚʠʞʝʥʠʠè ʠ çʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷè. 

ʆʩʥʦʚʥʳʤʠ ʵʪʘʧʘʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʘʱʠʭʩʷ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: ʚʳʜʚʠʞʝʥʠʝ ʛʠʧʦʪʝʟʳ, 

ʚʳʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʠʝ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ, ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʚʳʚʦʜ.  ʇʨʠ 

ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ, ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʳʷʩʥʠʪʴ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʋʯʘʱʠʤʩʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʳʙʦʨ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʈʦʣʴ ʫʯʠʪʝʣʷ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ï ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʨʘʙʦʪʦʡ 

ʫʯʘʱʠʭʩʷ, ʘ ʪʘʢ ʞʝ ʦʢʘʟʘʥʠʝ ʠʤ ʦʧʝʨʘʪʠʚʥʦʡ ʧʦʤʦʱʠ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʩ ʫʯʘʱʠʤʠʩʷ ʚʦ ʚʨʝʤʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʩʜʝʣʘʣʘ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʵʣʝʤʝʥʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ  ʨʘʟʚʠʚʘʶʪ  ʫʯʝʙʥʳʝ 

ʫʤʝʥʠʷ ʠ ʥʘʚʳʢʠ ʩ ʫʯʝʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʫʯʘʱʠʭʩʷ ʜʦʩʪʠʛʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʵʪʘʧʳ ʪʚʦʨʯʝʩʪʚʘ; 

- ʵʣʝʤʝʥʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʚʠʚʘʶʪ ʣʦʛʠʢʫ; 

- ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ  ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝ ʫʯʝʥʠʢʦʤ 
ʚʩʝʭ ʵʪʘʧʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

- ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʷʚʣʷʝʪʩʷ 
ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ. 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. ɻʦʨʰʝʥʸʚʘ ʅ.ʀ. ʈʦʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʦʙʫʯʝʥʠʠ ʬʠʟʠʢʝ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: URL: 

http://flatik.ru/role-eksperimenta-v-obuchenii-fizike (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 20.03.2020) 

2. ɽʨʤʘʢʦʚʘ ʊ. ʀ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʫʤʝʥʠʡ ʰʢʦʣʴʥʠʢʦʚ ʚ ʧʨʦʮʝʩʩʝ  
ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ [ʊʝʢʩʪ]:ɽʨʤʘʢʦʚʘ ʊ.ʀ.//ʌʠʟʠʢʘ ʚ ʰʢʦʣʝ.- ʄ: 

ʐʢʦʣʴʥʘʷ ʧʨʝʩʩʘ, 2018.- ˉ5. -ʉ.20-24. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ɻʦʨʜʠʝʥʦʢ ʅ.ʀ., ʌɻɹʆʋ ɺʇʆ çʂʝʤʝʨʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʋɼʂ 53.372.853, 53.536 

ʄɽʊʆɼʓ ʆʈɻɸʅʀɿɸʎʀʀ ʋʏɽɹʅʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ ʋʏɸʑʀʍʉʗ ʇʈʀ 

ɺʓʇʆʃʅɽʅʀʀ ʃɸɹʆʈɸʊʆʈʅʓʍ ʈɸɹʆʊ ʇʆ ʄʆʃɽʂʋʃʗʈʅʆʁ ʌʀɿʀʂɽ ʀ 

ʊɽʈʄʆɼʀʅɸʄʀʂɽ 

ʐʘʯʥʝʚʘ ʖ.ʖ. 

ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

yuliya.anohina.98@mail.ru  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʚʘʞʥʦ ʥʝ ʧʨʦʩʪʦ ʧʝʨʝʜʘʚʘʪʴ ʟʥʘʥʠʷ 

ʫʯʘʱʠʤʩʷ, ʘ ʥʘʫʯʠʪʴ ʠʭ ʫʯʠʪʴʩʷ, ʪʦ ʝʩʪʴ ʧʨʦʚʦʜʠʪʴ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʫʯʘʱʠʝʩʷ ʩʘʤʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʪʝ ʠʣʠ ʠʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷʤʠ, ʜʝʣʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʚʦʜʳ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʤʝʪʦʜʠʢʦʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʚʝʜʝʥʠʷ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʠʟʠʢʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʚ ʫʩʣʦʚʠʷʭ ʦʨʛʘʥʠʟʘʮʠʠ 

ʩʠʩʪʝʤʥʦ-ʜʝʷʪʝʣʴʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ. 

http://flatik.ru/role-eksperimenta-v-obuchenii-fizike
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ɿʘʜʘʯʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʩʦʜʝʨʞʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʨʘʟʜʝʣʘ çʄʦʣʝʢʫʣʷʨʥʘʷ 

ʬʠʟʠʢʘ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʘè. 

2. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʠʭ ʧʨʦʚʝʜʝʥʠʷ ʥʘ ʥʦʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʚ ʫʩʣʦʚʠʠ ʨʝʘʣʠʟʘʮʠʠ 

ʩʠʩʪʝʤʥʦ-ʜʝʷʪʝʣʴʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ. 

3. ʉʦʟʜʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʝʙ-ʫʟʣʘ ʬʦʨʤʘʪʘ çHTMLè ʩ ʦʧʠʩʘʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, 

ʦʩʥʦʚʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ ʚʳʧʦʣʥʝʥʠʷ ʠ ʤʝʪʦʜʠʢʦʡ ʠʭ ʧʨʦʚʝʜʝʥʠʷ. 

ʇʝʨʝʜ ʨʘʟʨʘʙʦʪʢʦʡ ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʣʠʪʝʨʘʪʫʨʥʳʡ ʤʘʪʝʨʠʘʣ ʠ 

ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʚ ʰʢʦʣʝ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʚʳʷʚʣʝʥʠʝ ʧʨʦʙʣʝʤʳ ʠ ʥʘʭʦʞʜʝʥʠʝ ʧʫʪʝʡ ʝʝ ʨʝʰʝʥʠʷ ʫʯʘʱʠʤʠʩʷ. 

2. ɺ ʨʘʤʢʘʭ ʌɻʆʉ, ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʫʨʦʢʘ ʧʦʜʙʠʨʘʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʤʝʪʦʜ 

ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ. 

3. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʬʦʨʤʠʨʫʶʪʩʷ ʚʩʝ ʚʠʜʳ ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʫʯʝʙʥʳʭ ʜʝʡʩʪʚʠʡ ʫʯʘʱʠʭʩʷ. 

ɼʘʣʝʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʠʟ ʢʫʨʩʘ çʄʦʣʝʢʫʣʷʨʥʘʷ ʬʠʟʠʢʘ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʢʘè ʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʥʦʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʡ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ ʩʦʜʝʨʞʘʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ 

ʨʘʟʜʝʣʘ çʄʦʣʝʢʫʣʷʨʥʘʷ ʬʠʟʠʢʘ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʘè. ʇʝʨʚʘʷ ʨʘʙʦʪʘ ʥʘʟʳʚʘʝʪʩʷ çʀʩʩʣʝʜʦʚʘʥʠʝ 

ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘè, ʚʪʦʨʘʷ çʀʟʤʝʨʝʥʠʝ ʤʦʜʫʣʷ ʖʥʛʘ ʨʝʟʠʥʦʚʦʛʦ ʞʛʫʪʘè. ɹʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠʭ ʦʧʠʩʘʥʠʷ, ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʠ ʢʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ ʧʦ ʨʘʙʦʪʝ. ʊʘʢʞʝ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʠʭ ʧʨʦʚʝʜʝʥʠʷ ʥʘ ʥʦʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʚ ʫʩʣʦʚʠʠ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʥʦ-

ʜʝʷʪʝʣʴʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ. ʄʝʪʦʜʠʯʝʩʢʠʝ ʦʧʠʩʘʥʠʷ ʙʳʣʠ ʩʦʟʜʘʥʳ ʜʣʷ ʜʚʫʭ ʪʠʧʦʚ ʫʨʦʢʘ ʧʦ 

ʌɻʆʉ. ʇʝʨʚʳʡ ʪʠʧ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʜʣʷ ʫʨʦʢʘ ʠʟʫʯʝʥʠʷ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʪʦʨʦʡ ʪʠʧ 

ʜʣʷ ʫʨʦʢʘ ʧʦʚʪʦʨʝʥʠʷ ʨʘʥʥʝʝ ʧʨʦʡʜʝʥʥʦʛʦ. ɺ ʜʘʥʥʳʭ ʤʝʪʦʜʠʢʘʭ ʧʨʦʧʠʩʘʥʳ ʧʦʜʨʦʙʥʳʝ 

ʨʫʢʦʚʦʜʩʪʚʘ ʢ ʜʝʡʩʪʚʠʶ ʫʯʝʥʠʢʦʚ ʠ ʫʯʠʪʝʣʝʡ, ʛʣʘʚʥʳʝ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʫʨʦʢʘ. ʅʘ ʫʨʦʢʘʭ 

ʠʟʫʯʝʥʠʷ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʘʞʥʦ ʥʘʫʯʠʪʴ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʫʨʦʢʦʚ ʧʦ 

ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʪʦʜʠʢʘʤ ʫ ʫʯʘʱʠʭʩʷ ʬʦʨʤʠʨʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʟʥʘʚʘʪʝʣʴʥʳʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʫʯʝʙʥʳʝ ʜʝʡʩʪʚʠʷ, ʥʦ ʪʘʢʞʝ ʨʝʛʫʣʷʪʠʚʥʳʝ ʠ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ 

ʫʯʝʙʥʳʝ ʜʝʡʩʪʚʠʷ.  

ɺʩʝ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʨʘʟʤʝʱʝʥʳ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʚʝʙ-ʫʟʣʝ ʬʦʨʤʘʪʘ çHTMLè: 

ʦʧʠʩʘʥʠʝ ʧʨʦʜʝʣʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʚʳʧʦʣʥʝʥʠʷ ʠ ʤʝʪʦʜʠʢʠ ʠʭ 

ʧʨʦʚʝʜʝʥʠʷ. ɺ ʜʘʥʥʦʤ ʧʦʩʦʙʠʠ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʝ ʪʦʣʴʢʦ ʧʦʜʨʦʙʥʳʝ ʦʧʠʩʘʥʠʷ ʨʘʙʦʪ ʠ 

ʤʝʪʦʜʠʢʫ ʠʭ ʧʨʦʚʝʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʞʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʪʠʭ ʨʘʙʦʪ ʠ 

ʦʪʜʝʣʴʥʫʶ ʩʪʨʘʥʠʮʫ, ʛʜʝ ʨʘʟʤʝʱʘʶʪʩʷ ʚʠʜʝʦ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʨʘʙʦʪ. 

      
ʈʠʩʫʥʦʢ 1. ʕʣʝʢʪʨʦʥʥʳʡ ʚʝʙ-ʫʟʝʣ ʧʦ ʪʝʤʝ "ʄʝʪʦʜʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ 

ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʠʟʠʢʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʝ"    
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʠʝ ʟʘʥʷʪʠʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʥʦ-ʜʝʷʪʝʣʴʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ, ʧʦʟʚʦʣʷʝʪ 

ʫʯʘʱʠʤʩʷ ʦʚʣʘʜʝʚʘʪʴ ʫʤʝʥʠʷʤʠ ʚʳʜʚʠʛʘʪʴ ʛʠʧʦʪʝʟʳ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʦʜʠʪʴ 

ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʠ ʫʤʝʪʴ ʦʙʦʙʱʘʪʴ ʠʭ ʩʦ 

ʟʥʘʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʥʝʝ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʰʢʦʣʴʥʠʢʘʤʠ, ʬʦʨʤʠʨʫʝʪʩʷ ʫʤʝʥʠʝ ʧʨʠʤʝʥʷʪʴ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʇʦʵʪʦʤʫ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʬʠʟʠʢʠ ʚʘʞʥʦ ʨʘʟʚʠʚʘʪʴ ʠʥʠʮʠʘʪʠʚʫ ʦʙʫʯʘʶʱʠʭʩʷ ʢʘʢ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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ʄʦʥʦʢʨʠʩʪʘʣʣ ʜʚʦʡʥʦʛʦ ʢʘʨʙʦʥʘʪʘ BaMn(CO3)2 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʥʦʨʩʝʩʠʪʘ ʠʩʩʣʝʜʫʝʪʩʷ 

ʧʝʨʚʦʧʨʠʥʮʠʧʥʳʤʠ ʤʝʪʦʜʘʤʠ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ  

CRYSTAL. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʥʘʙʦʨʳ ʙʘʟʠʩʦʚ ʠ 

ʦʙʤʝʥʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʦʚ. ʇʨʦʛʥʦʟʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ  a = 5,041 ¡ ʠ c = 16,515 ¡, ʜʣʷ ʪʨʠʛʦʥʘʣʴʥʦʡ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ: a = 6.227 ¡, Ŭ = 47.75ę. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ, ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʘ, BaMn(CO3)2, 

CRYSTAL 

ʄʝʪʦʜ ʨʘʩʯʸʪʘ 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ CRYSTAL. 

ʆʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʠʤʤʝʪʨʠʠ ʧʨʦʚʦʜʠʪʩʷ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʮʝʜʫʨʦʡ 

OPTGEOM. ʅʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ BaMn(CO3)2 ʟʘʜʘʚʘʣʠʩʴ ʠʟ [2]. CRYSTAL 

ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʛʝʦʤʝʪʨʠʶ ʩʠʩʪʝʤ ʩ ʣʶʙʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ: ʤʦʣʝʢʫʣ, ʧʦʣʠʤʝʨʦʚ, 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʢʨʠʩʪʘʣʣʦʚ. ʄʦʛʫʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʳ ʥʝʦʛʨʘʥʠʯʝʥʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ʩʪʨʫʢʪʫʨʳ 

ʠ ʨʘʟʣʠʯʥʳʝ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʇʦʣʥʘʷ ʩʠʤʤʝʪʨʠʷ ʩʠʩʪʝʤʳ R-3m ʩʦʭʨʘʥʷʝʪʩʷ [1]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʡ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ, ʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʨʘʩʯʸʪʦʚ ʩ ʨʘʟʥʳʤ ʥʘʙʦʨʦʤ 

ʙʘʟʠʩʦʚ Ba_HAYWSC-311(1d)G_piskunov_2004, Mn_HAYWSC-411d311_heifets_2005, C_6-

311d11G_valenzano_2006 ʠ O_8-411d11G_valenzano_2006 [3] ʠ ʩ ʨʘʟʥʳʤʠ ʦʙʤʝʥʥʦ-

https://fgos.ru/
https://cyberleninka.ru/article/n/fizicheskiy-praktikum-v-fiziko-matematicheskom-litsee-v-usloviyah-vvedeniya-fgos/viewer
https://cyberleninka.ru/article/n/fizicheskiy-praktikum-v-fiziko-matematicheskom-litsee-v-usloviyah-vvedeniya-fgos/viewer
mailto:slava.timofeev.mail@gmail.com
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ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʘʤʠ. ʀʟ ʦʙʤʝʥʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʦʚ ʜʣʷ ʨʘʩʯʸʪʦʚ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ: PBE, PBESOL, PWGGA ʠ VBH. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʸʪʳ ʜʣʷ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ, ʛʜʝ a ʠ c ð ʧʦʩʪʦʷʥʥʳʝ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʘ Ba-O, Mn-O, C-O ð ʜʣʠʥʳ ʩʚʷʟʝʡ ʙʘʨʠʡ - ʢʠʩʣʦʨʦʜ, ʤʘʨʛʘʥʝʮ - 

ʢʠʩʣʦʨʦʜ, ʫʛʣʝʨʦʜ ï ʢʠʩʣʦʨʦʜ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʙʣʠʮʘ 1: ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʛʝʦʤʝʪʨʠʠ BaMn(CO3)2 ʩ ʨʘʟʥʳʤʠ ʥʘʙʦʨʘʤʠ ʙʘʟʠʩʦʚ ʠ 

ʬʫʥʢʮʠʦʥʘʣʘʤʠ 

ʊʠʧ 

ʨʘʩʯʝʪʘ 

ʅʘʙʦʨ ʙʘʟʠʩʦʚ DFT ʇʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʘʥʛʩʪʨʝʤ (1) 

Ba Mn C O  a c Ba-O Mn-O C-O  

(2)      5,083 17,280 2,976 2,149 1,260  

(3) (4) (5) (6) (7) PBE 5,041 16,515 2,955 2,024 1,296 1,65 

PBESOL 4,991 16,026 2,907 1,985 1,291 2,40 

PWGGA 5,037 16,467 2,949 2,024 1,294 1,68 

VBH 4,942 15,576 2,864 1,951 1,283 3,16 

(8) (9) (10) (11) PBE 5,013 16,098 2,917 1,994 1,301 2,28 

PBESOL 4,964 15,670 2,876 1,955 1,298 3,03 

PWGGA 5,006 16,072 2,913 1,991 1,300 2,32 

VBH 4,929 15,108 2,836 1,918 1,291 3,95 

(1) - ʂʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʨʘʩʯʝʪʦʚ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, % 

(2) - ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [1] 

(3) - ʉ ʦʧʪʠʤʠʟʘʮʠʝʡ ʛʝʦʤʝʪʨʠʠ 

(4) - Ba_HAYWSC-311(1d)G_piskunov_2004 

(5) - Mn_HAYWSC-411d311_heifets_2005 

(6) - C_6-311d11G_valenzano_2006 

(7) - O_8-411d11G_valenzano_2006 

(8) - Ba_HAYWSC-311(1d)G_piskunov_2004 

(9) - Mn_HAYWSC-411d311_heifets_2005 

(10) - C_6-31d1G_gatti_1994 

(11) - O_6-31d1G_gatti_1994 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʥʘʠʤʝʥʴʰʝʝ ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʚ 1,65% ʜʘʝʪ ʥʘʙʦʨ ʙʘʟʠʩʦʚ: Ba_HAYWSC-311(1d)G_piskunov_2004, Mn_HAYWSC-

411d311_heifets_2005, C_6-311d11G_valenzano_2006 ʠ O_8-411d11G_valenzano_2006 ʩ 

ʦʙʤʝʥʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ PBE. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʦʣʫʯʘʶʪʩʷ ʩ PBE ʬʫʥʢʮʠʦʥʘʣʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʘʨʘʤʝʪʨʳ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ: a = 5,041 ¡ ʠ c = 16,515 ¡, Ŭ = ɓ =90ę,ɔ = 120ę. ɺ 

ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʡ ʷʯʝʡʢʝ. 
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ʊʘʙʣʠʮʘ 2. ʂʦʦʨʜʠʥʘʪʳ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʷʯʝʡʢʝ 

ɸʪʦʤ x/a y/a z/c 

1 Ba 0.0000 0.0000 0.0000 

2 Mn 0.0000 0.0000 0.5000 

3 C 0.3333 - 0.3333 - 0.0968 

5 O 0.4816 - 0.4816 - 0.0928 

 

ʈʘʩʯʝʪ ʙʳʣ ʧʨʦʠʟʚʝʜʸʥ ʜʣʷ ʜʚʫʭ ʩʠʥʛʦʥʠʡ: ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʠ ʪʨʠʛʦʥʘʣʴʥʦʡ. ʀ ʚ ʪʘʙʣʠʮʝ 1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ. ʇʘʨʘʤʝʪʨʳ ʪʨʠʛʦʥʘʣʴʥʦʡ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ BaMn(CO3)2 : a = 

6,227 ¡, Ŭ = 47,75ę. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ c 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ ʩʠʤʤʝʪʨʠʠ R-

3m ʜʣʷ BaMn(CO3)2. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ 

ʩʦʩʪʦʠʪ ʠʟ ʦʢʪʘʵʜʨʘ (MnO6), ʤʥʦʛʦʛʨʘʥʥʠʢʘ 

(BaO12) ʠ ʘʥʠʦʥʦʚ CO3
2ï. ʅʘ ʵʪʠʭ ʦʢʪʘʵʜʨʘʭ 

(MnO6) ʠ ʤʥʦʛʦʛʨʘʥʥʠʢʘʭ (BaO12) 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʷʚʣʷʶʪʩʷ ʯʝʨʝʜʫʶʱʠʝʩʷ 

ʩʣʦʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʪʦʯʥʦ ʜʨʫʛ ʥʘʜ 

ʜʨʫʛʦʤ, ʧʘʨʘʣʣʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʶ [001] ʠ 

ʨʘʟʜʝʣʝʥʥʳʝ ʪʨʝʫʛʦʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ CO3
2ï

. ʂʘʞʜʳʡ ʘʪʦʤ ʙʘʨʠʷ ʦʢʨʫʞʝʥ 12 ʘʪʦʤʘʤʠ 

ʢʠʩʣʦʨʦʜʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2.955 ¡. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 

ʢʘʪʠʦʥʘ Ba2+ ʨʘʚʥʦ 12. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʙʣʠʞʘʡʰʠʤʠ ʘʪʦʤʘʤʠ ʜʚʦʡʥʦʛʦ ʢʘʨʙʦʥʘʪʘ BaMn(CO3)2: Mn-O = 2.024 ¡ ʠ C-O = 1.296 ¡. ʋʛʦʣ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ O ï C ï O ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʚ [1] ʢʘʢ 119.77 (6)Á. ʊʦʛʜʘ ʢʘʢ ʚ ʨʘʩʯʝʪʝ ʚ ʩʠʣʫ 

ʩʠʤʤʝʪʨʠʠ ʨʘʚʝʥ 120Á, ʢʘʢ ʚ ʦʙʳʯʥʳʭ ʚ ʧʨʦʩʪʳʭ ʢʘʨʙʦʥʘʪʘʭ ʢʘʣʴʮʠʪʦʚʦʛʦ ʪʠʧʘ. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʩʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʘʨʘʤʝʪʨʳ ʪʨʠʛʦʥʘʣʴʥʦʡ 

ʷʯʝʡʢʠ BaMn(CO3)2 ʩ ʙʣʠʟʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʢʘʣʴʮʠʪʘ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ R-3c  ʜʣʷ 

MnCO3, ʚʟʷʪʦʡ ʠʟ [4]. ʇʘʨʘʤʝʪʨʳ ʪʨʠʛʦʥʘʣʴʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ MnCO3: a = 4.7754 ¡, c 

= 15.6484 ¡, ʯʪʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʜʚʦʡʥʦʤ ʢʘʨʙʦʥʘʪʝ. ʊʘʢ ʞʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʚʟʷʪʴ 

ʤʝʞʘʪʦʤʥʦʝ ʨʘʩʩʪʦʷʥʠʝ C-O, ʢʦʪʦʨʦʝ ʚ ʩʪʨʫʢʪʫʨʝ ʢʘʣʴʮʠʪʘ ʨʘʚʥʦ 1.2855 ¡, ʯʪʦ ʧʷʪʴ ʞʝ 

ʙʦʣʴʰʝ ʚ ʜʚʦʡʥʦʤ ʢʘʨʙʦʥʘʪʝ. ʉʪʨʫʢʪʫʨʫ ʥʦʨʩʝʩʠʪʘ ʠʤʝʝʪ ʩʦʝʜʠʥʝʥʠʝ BaMg(CO3)2 [5]. ɿʜʝʩʴ 

ʜʣʷ ʩʠʤʤʝʪʨʠʠ R-3m a = 4.9957 ¡, c = 16.4533 ¡, ʘ ʨʘʩʩʪʦʷʥʠʷ Ba-O 2.913 ¡, Mg-O 2.044 ¡ ʠ 

C-O 1.270 ¡. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣʠʮʳ 1, ʵʪʠ ʟʥʘʯʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʩ PBE ʦʙʤʝʥʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ 

ʬʫʥʢʮʠʦʥʘʣʦʤ ʚ ʙʘʟʠʩʝ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʦʨʙʠʪʘʣʝʡ ʧʘʨʘʤʝʪʨʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ  

BaMn(CO3)2 ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʚʧʘʜʘʶʪ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʜʘʥʥʳʤʠ ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ ʩ ʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪʳ ʟʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʠ ʢʘʨʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʃʠʪʝʨʘʪʫʨʘ 

ʈʠʩʫʥʦʢ 2: ʈʦʤʙʦʵʜʨʠʯʝʩʢʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ c ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ ʩʠʤʤʝʪʨʠʠ   

R -3 m ʜʣʷ BaMn(CO3)2 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʠʟʫʯʝʥʠʷ ʷʚʣʝʥʠʷ ʬʦʪʦʵʬʬʝʢʪʘ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ 

ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠ ʥʫʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʠ 

ʠʟʫʯʝʥʠʠ ʬʠʟʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ ʧʦ ʪʝʤʝ: çʀʩʩʣʝʜʦʚʘʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʘʢʫʫʤʥʦʛʦ ʬʦʪʦʵʣʝʤʝʥʪʘè. 

ʄʫʣʴʪʠʤʝʜʠʡʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʧʨʠʣʦʞʝʥʠʠ AdodeFlash. ʕʪʦ 

ʧʨʠʣʦʞʝʥʠʝ ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ActionScript, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʜʝʣʘʪʴ ʘʥʠʤʘʮʠʶ ʫʧʨʘʚʣʷʝʤʦʡ, ʘ ʩʘʤʦ ʧʨʠʣʦʞʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʳʤ.  

ʗʚʣʝʥʠʝ ʬʦʪʦʵʬʬʝʢʪʘ ʠʟʫʯʘʝʪʩʷ ʚ ʢʫʨʩʝ çʆʧʪʠʢʘè. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʣʴʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝʚʦʟʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʢʘʢ ʠ ʟʘ ʩʯʝʪ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʩʘʤ ʬʦʪʦʵʬʬʝʢʪ [1]. 

ʈʘʟʨʘʙʦʪʢʘ ʜʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʘʧʨʘʚʣʝʥʘ ʠʤʝʥʥʦ ʥʘ ʪʦ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ ʩʘʤʫ ʩʫʪʴ ʷʚʣʝʥʠʷ 

ʬʦʪʦʵʬʬʝʢʪʘ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʠʪʴ ʦʙʫʯʘʶʱʠʤʩʷ ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʠ ʧʨʦʚʝʩʪʠ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ.  

ɼʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ, ʚ ʢʦʪʦʨʳʭ ʠʟʫʯʘʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʨʦʚʦʜʠʪʩʷ ʩʘʤ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʟʫʯʝʥʠʶ ʬʦʪʦʵʣʝʤʝʥʪʘ. ɸ ʜʣʷ 

ʣʫʯʰʝʛʦ ʫʩʚʦʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚʩʝ ʚʘʞʥʳʝ ʤʦʤʝʥʪʳ ʢʦʤʤʝʥʪʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʚʩʧʣʳʚʘʶʱʠʭ ʦʢʦʥ.  

ʈʘʟʨʘʙʦʪʘʥ ʩʶʞʝʪ ʧʨʠʣʦʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʧʨʘʢʪʠʢʫʤʫ ʧʦ ʪʝʤʝ 

çʌʦʪʦʵʬʬʝʢʪè. ʇʝʨʝʭʦʜʳ ʤʝʞʜʫ ʩʪʨʘʥʠʮʘʤʠ ʠ ʚʝʩʴ ʠʥʪʝʨʘʢʪʠʚ ʩʦʟʜʘʥʳ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʣʠʯʥʳʭ ʢʥʦʧʦʢ ʠ ʩʢʨʠʧʪʦʚ, ʥʘʧʠʩʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ. ʅʘ ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʝ ʫʢʘʟʘʥʳ ʵʪʘʧʳ 

ʨʘʙʦʪʳ, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʛʦ ʰʘʛʘ çʀʟʫʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠè, ʚʩʝ ʵʣʝʤʝʥʪʳ 

ʧʨʦʢʦʤʤʝʥʪʠʨʦʚʘʥʳ ʠ ʧʦʜʧʠʩʘʥʳ (ʨʠʩ. 1). 

http://www.crystal.unito.it/documentation.php
http://www.crystal.unito.it/basis-sets.php
http://www.crystal.unito.it/basis-sets.php
mailto:matveevalina@bk.ru
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ʈʠʩʫʥʦʢ 1. ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ɺʪʦʨʳʤ ʰʘʛʦʤ ʙʫʜʝʪ çʌʠʟʠʯʝʩʢʘʷ ʩʫʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘè, ʜʘʥʥʳʡ ʰʘʛ ʥʘʭʦʜʠʪʩʷ ʚ 

ʨʘʟʨʘʙʦʪʢʝ, ʥʦ ʦʥ ʙʫʜʝʪ ʘʙʩʦʣʶʪʥʦ ʧʦʜʨʦʙʥʦ ʦʙʲʷʩʥʷʪʴ, ʢʘʢ ʠ ʟʘ ʩʯʝʪ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʬʦʪʦʵʬʬʝʢʪ. ʊʨʝʪʠʡ ʰʘʛ ʧʦʟʘʠʤʩʪʚʦʚʘʥ ʠʟ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ï çʇʦʩʪʨʦʝʥʠʝ ɺɸʍ 

ʬʦʪʦʵʣʝʤʝʥʪʘè. ʅʘ ʵʪʦʤ ʰʘʛʝ, ʩʣʝʜʫʷ ʚʩʝʤ ʠʥʩʪʨʫʢʮʠʷʤ, ʙʫʜʝʤ ʫʚʝʣʠʯʠʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʠ 

ʩʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʬʦʪʦʪʦʢʘ, ʧʦʣʥʦʩʪʴʶ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʧʦʣʫʯʠʤ ʛʨʘʬʠʢ ɺɸʍ ʜʣʷ 

ʬʦʪʦʵʣʝʤʝʥʪʘ [2] (ʨʠʩ. 2).  

 

ʈʠʩʫʥʦʢ 2. ʇʦʩʪʨʦʝʥʠʝ ɺɸʍ ʬʦʪʦʵʣʝʤʝʥʪʘ ʚ ʧʨʠʣʦʞʝʥʠʠ. 

ɼʘʣʝʝ ʙʫʜʝʪ ʨʘʟʨʘʙʦʪʘʥ ʩʣʝʜʫʶʱʠʡ ʰʘʛ ʧʦ ʠʟʫʯʝʥʠʶ ʬʦʪʦʵʬʬʝʢʪʘ ï çʆʧʨʝʜʝʣʝʥʠʝ 

ʤʝʪʘʣʣʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʢʘʪʦʜʦʤ ʬʦʪʦʵʣʝʤʝʥʪʘè. 

ʊʘʢʞʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʷʚʣʝʥʠʷ ʬʦʪʦʵʬʬʝʢʪʘ ʚ ʧʨʦʛʨʘʤʤʝ SynfigStudio 

(ʨʠʩ.3).  
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ʈʠʩʫʥʦʢ 3. ɺʠʟʫʘʣʠʟʘʮʠʷ ʦʧʳʪʘ ʉʪʦʣʝʪʦʚʘ 

ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʨʝʘʣʠʩʪʠʯʥʫʶ ʘʥʠʤʘʮʠʶ. ɺ ʜʘʥʥʦʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʘʢʮʝʥʪʠʨʫʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʤ, ʯʪʦ ʬʦʪʦʵʬʬʝʢʪ ʥʘʯʠʥʘʝʪʩʷ ʚ ʤʦʤʝʥʪ 

ʚʳʨʳʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʜʘʞʝ ʝʩʣʠ ʵʣʝʢʪʨʦʥʳ ʥʝ ʜʦʩʪʠʛʘʶʪ ʢʘʪʦʜʘ. ɼʘʣʝʝ ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ ʩʘʤ 

ʦʧʳʪ ʉʪʦʣʝʪʦʚʘ. 

ɼʣʷ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʠʟʫʯʝʥʠʷ ʷʚʣʝʥʠʷ ʬʦʪʦʵʬʬʝʢʪʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʢʘʨʪʘ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʜʘʥʥʦʡ ʪʝʤʳ [3]. ʎʝʥʪʨʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʢʘʨʪʳ ʷʚʣʷʝʪʩʷ ʥʘʟʚʘʥʠʝ ʠʟʫʯʘʝʤʦʡ ʪʝʤʳ ï 

ʬʦʪʦʵʬʬʝʢʪ. ɼʘʣʝʝ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʙʨʘʟʘ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʘʩʩʦʮʠʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʦʩʥʦʚʘʤʠ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ: ʛʠʧʦʪʝʟʘ ʇʣʘʥʢʘ, ʦʧʳʪ ʉʪʦʣʝʪʦʚʘ, 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʪʦʵʬʬʝʢʪʘ, ʫʨʘʚʥʝʥʠʝ ʕʡʥʰʪʝʥʡʘ, ʧʦʩʣʝ ʵʪʦʛʦ ʧʝʨʝʭʦʜʠʤ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʢ ʩʘʤʦʤʫ ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʫ (ʨʠʩ. 4). 

 
ʈʠʩʫʥʦʢ 4. ʂʘʨʪʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦ ʪʝʤʝ çʌʦʪʦʵʬʬʝʢʪè 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚʳʰʝ ʢʘʨʪʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʝʤʳ çʌʦʪʦʵʬʬʝʢʪè ʧʦʟʚʦʣʷʝʪ ʣʦʛʠʯʝʩʢʠ-

ʦʙʦʩʥʦʚʘʥʥʦ ʩʦʙʨʘʪʴ ʚʦʝʜʠʥʦ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ, ʘ ʪʘʢʞʝ ʩʨʘʟʫ 

ʧʝʨʝʡʪʠ ʚ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʦʧʳʪʘ ʉʪʦʣʝʪʦʚʘ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʚ 

AdobeFlash, ʠ ʚʳʧʦʣʥʠʪʴ ʤʦʜʝʣʴ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʫʩʪʘʥʦʚʢʠ, ʧʨʦʨʘʙʦʪʘʪʴ ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ, ʘ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʠ ʢʦʤʤʝʥʪʘʨʠʠ ʧʦʤʦʛʘʶʪ ʜʝʪʘʣʴʥʦ ʧʨʦʨʘʙʦʪʘʪʴ ʚʩʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʜʘʥʥʦʡ ʪʝʤʦʡ.   

ɺʳʧʦʣʥʝʥʠʝ ʜʘʥʥʳʭ ʫʯʝʙʥʳʭ ʜʝʡʩʪʚʠʷ ʧʨʠʟʚʘʥʦ ʧʦʤʦʛʘʪʴ ʦʙʫʯʘʶʱʠʤʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʥʠʡ, ʥʝ ʧʨʦʩʪʦ ʧʦʣʫʯʘʷ ʛʦʪʦʚʳʝ ʦʪʚʝʪʳ, ʘ ʧʫʪʝʤ 

ʚʦʚʣʝʯʝʥʠʷ ʠʭ ʚ ʠʥʪʝʨʝʩʥʝʡʰʠʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ: 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʝʧʦʜʘʚʘʥʠʷ ɿʘʢʦʥʘ 

ʆʤʘ ʚ ʰʢʦʣʴʥʦʤ ʢʫʨʩʝ ʬʠʟʠʢʠ. ʊʘʢʞʝ ʫʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ 

ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ ʨʘʟʚʠʚʘʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ, 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʠ ʧʦʠʩʢ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʙʣʝʤ. 

 ɿʘʢʦʥ ʆʤʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʟʘʢʦʥʦʤ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ. ʆʥ ʧʦʤʦʛʘʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʮʝʧʠ ʠ ʦʧʨʝʜʝʣʷʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʩʠʣʦʡ 

ʪʦʢʘ. ʆʯʝʥʴ ʚʘʞʥʦ ʥʝ ʧʨʦʩʪʦ ʟʥʘʪʴ ʝʛʦ, ʥʦ ʠ ʧʦʥʠʤʘʪʴ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯ.  

 ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʰʢʦʣʴʥʠʢʠ (ʦʙʫʯʘʶʱʠʝʩʷ ʧʦ ʋʄʂ ʇʝʨʳʰʢʠʥʘ) ʥʘʯʠʥʘʶʪ ʠʟʫʯʘʪʴ 

ʩ 8 ʢʣʘʩʩʘ. ɼʘʣʴʰʝ ʠʜʝʪ ʥʘʩʣʦʝʥʠʝ ʟʥʘʥʠʡ, ʥʦ ʩʘʤʳʝ ʦʩʥʦʚʳ ʦʥʠ ʧʦʣʫʯʘʶʪ ʠʤʝʥʥʦ ʚ ʵʪʦʪ  

ʧʝʨʠʦʜ.  

 ɺʳʙʦʨ ʪʝʤʳ ʥʝ ʙʳʣ ʩʣʫʯʘʡʥʳʤ, ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʰʢʦʣʴʥʦʛʦ 

ʢʫʨʩʘ çʀʟʤʝʨʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʘʤʧʝʨʤʝʪʨʘ ʠ ʚʦʣʴʪʤʝʪʨʘè ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ 2 ʨʘʟʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʣʘʤʧʝ ʩʠʣʘ ʪʦʢʘ ʚ ʮʝʧʠ ʥʝ ʫʚʝʣʠʯʠʣʘʩʴ. ʕʪʦ ʟʥʘʯʠʪ, 

ʯʪʦ ʟʘʢʦʥ ʆʤʘ ʩʧʨʘʚʝʜʣʠʚ ʥʝ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ. ʅʦ ʚ ʰʢʦʣʴʥʦʤ ʢʫʨʩʝ ʬʠʟʠʢʠ ʦʙ ʵʪʦʤ 

ʫʧʦʤʠʥʘʥʠʡ ʥʝʪ. 

 ʄʝʪʦʜ ʧʨʦʝʢʪʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʙʦʪʝ ʩ ʜʝʪʴʤʠ, ʥʘʯʠʥʘʷ ʩ ʤʣʘʜʰʝʛʦ ʜʦʰʢʦʣʴʥʦʛʦ 

ʚʦʟʨʘʩʪʘ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʟʘʜʘʯʠ ʦʙʫʯʝʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʨʝʜʧʦʩʳʣʢʠ ʫʯʝʙʥʳʭ ʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʥʦʚʥʳʤʠ ʣʠʥʠʷʤʠ ʨʘʟʚʠʪʠʷ. 

 ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴ ʤʦʝʡ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʘ ʧʨʦʝʢʪʦʚ ʜʣʷ ʘʢʪʠʚʠʟʘʮʠʠ ʨʘʙʦʪʳ ʫʯʘʱʠʭʩʷ ʚ ʰʢʦʣʴʥʦʤ ʢʫʨʩʝ ʬʠʟʠʢʠ. 

ɿʘʜʘʯʠ:  

¶ ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ ʧʨʦʝʢʪʘ 

¶ ʉʦʙʨʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ ʩʦʚʤʝʩʪʥʦ ʩ ʫʯʘʱʠʭʩʷ. 

¶ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʝʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʩʦʙʣʶʜʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʦʥʘ ʆʤʘ. 

¶ ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʟʫʯʝʥʠʶ ʪʝʤʳ ʟʘʢʦʥ ʆʤʘ ʜʣʷ ʫʯʘʱʠʭʩʷ 8 

ʢʣʘʩʩʦʚ. 

¶ ʉʦʟʜʘʪʴ ʧʣʘʥ-ʢʦʥʩʧʝʢʪ ʫʨʦʢʘ ʩ ʫʯʝʪʦʤ ʥʘʰʠʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠ 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
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¶ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ; 

¶ ʤʦʜʝʣʠʨʦʚʘʥʠʝ; 

¶ ʦʙʦʙʱʝʥʠʝ; 

 ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʦʚ ʚʭʦʜʠʪ ʚ ʟʘʢʦʥ ʆʤʘ ʜʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʮʝʧʠ Ὅ  
 
, 

ʠʟ ʢʦʪʦʨʦʛʦ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ  Ὑ . 

 ʀʟ ʧʦʩʣʝʜʥʝʡ ʬʦʨʤʫʣʳ ʚʳʭʦʜʠʪ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ ʧʦʩʪʦʷʥʥʦ, ʧʦʩʢʦʣʴʢʫ, 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʆʤʘ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʚʘʝʤ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʦʥʮʘʭ ʧʨʦʚʦʜʥʠʢʘ, 

ʚʦ ʩʪʦʣʴʢʦ ʞʝ ʨʘʟ ʚʦʟʨʘʩʪʘʝʪ ʠ ʩʠʣʘ ʪʦʢʘ ʚ ʥʝʤ.  

 ʅʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʪʘʢʞʝ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʠ ʜʨʫʛʠʝ ʷʚʣʝʥʠʷ. ʉʦʙʨʘʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. ɺ ʵʪʦʡ ʮʝʧʠ ʝʩʪʴ ʠʩʪʦʯʥʠʢ ʪʦʢʘ, 

ʨʝʦʩʪʘʪ, ʨʝʟʠʩʪʦʨ (ʠʩʢʦʤʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ), ʚʦʣʴʪʤʝʪʨ ʠ ʘʤʧʝʨʤʝʪʨ, ʧʦʢʘʟʳʚʘʶʱʠʝ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʨʝʟʠʩʪʦʨʝ ʠ ʩʠʣʫ ʪʦʢʘ ʚ ʥʝʤ. ʀʟʤʝʥʷʝʤ ʩ ʧʦʤʦʱʴʶ ʨʝʦʩʪʘʪʘ ʥʘʧʨʷʞʝʥʠʝ U1 ʠ 

ʦʪʤʝʯʘʝʤ ʩʠʣʫ ʪʦʢʘ I1. ɽʩʣʠ ʪʝʧʝʨʴ ʫʚʝʣʠʯʠʪʴ ʥʘʧʨʷʞʝʥʠʝ, ʥʘʧʨʠʤʝʨ ʚ 3 ʨʘʟʘ (U2 = 3U1), ʪʦʛʜʘ 

ʧʦ ʟʘʢʦʥʫ ʆʤʘ ʠ ʩʠʣʘ ʪʦʢʘ ʜʦʣʞʥʘ ʚʦʟʨʘʩʪʠ ʚ 3 ʨʘʟʘ (I2 = 2I1). ʆʜʥʘʢʦ ʘʤʧʝʨʤʝʪʨ ʧʦʢʘʟʳʚʘʝʪ 

ʩʠʣʫ ʪʦʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʫʶ, ʯʝʤ 3I1. ʉʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ  ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʢʦʥ ʆʤʘ ʥʝ ʚʳ-

ʧʦʣʥʷʝʪʩʷ. 

 

ʈʠʩ. 1. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʩ ʨʝʟʠʩʪʦʨʦʤ 

 ʇʦʷʚʠʣʦʩʴ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʥʘʰʠʤʠ ʟʥʘʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʜʘʶʪʩʷ ʚ ʰʢʦʣʴʥʦʤ 

ʢʫʨʩʝ, ʠ ʥʦʚʳʤ ʜʣʷ ʥʘʩ ʦʪʢʨʳʪʠʝʤ ð ʟʘʢʦʥ ʆʤʘ ʥʝ ʚʩʝʛʜʘ ʩʧʨʘʚʝʜʣʠʚ.  

 ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ  ʠ ʠʩʪʦʯʥʠʢʦʚ ʩʝʪʠ ʠʥʪʝʨʥʝʪ ʚʦ ʤʥʦʛʦʤ ʨʘʩʰʠʨʠʣ 

ʥʘʰʠ ʧʦʟʥʘʥʠʷ ʚ ʠʟʫʯʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ. ʄʳ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʆʤ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ 

ʦʧʠʩʳʚʘʣ ʠʟʤʝʥʝʥʠʝ ʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ.  

 ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʠʟʫʯʝʥʠʷ ʠ ʜʝʤʦʥʩʪʨʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʰʢʦʣʴʥʦʤ ʢʘʙʠʥʝʪʝ ʬʠʟʠʢʠ ʧʨʠ ʧʦʤʦʱʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ.  

 ʊʘʢ ʢʘʢ ʵʪʦ ʰʢʦʣʴʥʳʡ ʧʨʦʝʢʪ, ʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʙʦʨʳ, ʢʦʪʦʨʳʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʢʘʙʠʥʝʪʝ ʬʠʟʠʢʠ ʠ ʚʭʦʜʠʪʴ ʚ ʧʝʨʝʯʝʥʴ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 ʗ ʨʝʰʠʣʘ ʧʨʝʜʦʩʪʘʚʠʪʴ ʜʝʪʷʤ ʩʚʦʙʦʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʦ ʦʥʠ ʥʝ ʩʪʘʣʠ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ 

ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. ʇʦʵʪʦʤʫ ʰʢʦʣʴʥʠʢʠ ʨʘʟʜʝʣʠʣʠʩʴ ʥʘ 2 ʢʦʤʘʥʜʳ ʠ ʨʝʰʠʣʠ 

ʩʦʙʨʘʪʴ 2 ʧʦʭʦʞʠʭ ʢʦʤʧʣʝʢʪʘ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʣʘʙʦʨʘʪʦʨʥʫʶ ʨʘʙʦʪʫ ʧʦ ʌɻʆʉ çʀʟʤʝʨʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʘʤʧʝʨʤʝʪʨʘ ʠ ʚʦʣʴʪʤʝʪʨʘè. 
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ɺ ʧʝʨʚʳʡ ʢʦʤʧʣʝʢʪ ʚʭʦʜʠʪ(ʨʠʩ.2): 

1. ɸʤʧʝʨʤʝʪʨ ʣʘʙʦʨʘʪʦʨʥʳʡ 

2. ɺʦʣʴʪʤʝʪʨ ʣʘʙʦʨʘʪʦʨʥʳʡ  

3. ʈʝʦʩʪʘʪ ʧʦʣʟʫʥʢʦʚʳʡ 

4. ʂʣʶʯ ʟʘʤʳʢʘʥʠʷ ʪʦʢʘ 

5. ʃʘʤʧʘ ʥʘʢʘʣʠʚʘʥʠʷ ʤʘʣʝʥʴʢʦʡ ʤʦʱʥʦʩʪʠ 

6. ʉʦʝʜʠʥʠʪʝʣʴʥʳʝ ʧʨʦʚʦʜʘ 

7. ʀʩʪʦʯʥʠʢ ʪʦʢʘ  

ɺʦ ʚʪʦʨʦʡ ʢʦʤʧʣʝʢʪ ʚʭʦʜʠʪ(ʨʠʩ.3): 

1. ɸʤʧʝʨʤʝʪʨ ʣʘʙʦʨʘʪʦʨʥʳʡ 

2. ɺʦʣʴʪʤʝʪʨ ʣʘʙʦʨʘʪʦʨʥʳʡ 

3. ʈʝʦʩʪʘʪ ʧʦʣʟʫʥʢʦʚʳʡ 

4. ʂʣʶʯ ʟʘʤʳʢʘʥʠʷ ʪʦʢʘ 

5. ʈʝʟʠʩʪʦʨ 

6. ʉʦʝʜʠʥʠʪʝʣʴʥʳʝ ʧʨʦʚʦʜʘ 

7. ʀʩʪʦʯʥʠʢ ʪʦʢʘ 

 

ʈʠʩ. 2 ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʩ ʣʘʤʧʦʡ 

 

ʈʠʩ. 3 ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʩ ʨʝʟʠʩʪʦʨʦʤ 
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  ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʤʳ ʚʳʷʚʠʣʠ ʥʝʢʠʝ ʥʝʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʚ ɿʘʢʦʥʝ ʆʤʘ. ɸ ʵʪʦ 

ʟʥʘʯʠʪ,  ʯʪʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʵʪʦʡ ʪʝʤʳ ʥʫʞʥʦ ʥʝ ʪʦʣʴʢʦ ʜʘʚʘʪʴ ʯʝʪʢʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ, ʥʦ ʠ 

ʧʦʷʩʥʷʪʴ ʰʢʦʣʴʥʠʢʘʤ ʚ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʩʦʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥ. ɽʩʣʠ ʵʪʦʛʦ ʥʝ ʜʝʣʘʪʴ, ʪʦ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʳ ʧʦʣʫʯʘʝʤ ʥʝʧʨʘʚʠʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ  ʦʰʠʙʢʘʤ. 

  ʊʘʢʞʝ ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʣʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ ʠʤʝʶʪ ʥʝʣʠʥʝʡʥʫʶ ʚʦʣʴʪ-ʘʤʧʝʨʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʠ  ʧʦʵʪʦʤʫ ʥʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʣʠʥʝʡʥʦʡ (ʟʘʢʦʥ ʆʤʘ) 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʦʪ ʥʘʧʨʷʞʝʥʠʷ. ɸ ʟʥʘʯʠʪ, ʦʧʳʪʳ, ʧʨʦʚʦʜʠʤʳʝ ʚ ʰʢʦʣʝ ʩ ʨʝʟʠʩʪʦʨʦʤ, ʠʤʝʶʪ 

ʤʝʩʪʦ ʙʳʪʴ.  

 ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʟʜʘʥʠʶ 

ʧʨʦʝʢʪʘ ʜʣʷ ʫʯʘʱʠʭʩʷ ʠ ʫʯʠʪʝʣʝʡ, ʪʘʢʞʝ ʙʳʣ ʩʦʟʜʘʥ ʧʣʘʥ-ʢʦʥʩʧʝʢʪ ʫʨʦʢʘ ʚ 8 ʢʣʘʩʩʝ. 

 ʉʜʝʣʘʚ ʥʝʢʦʪʦʨʳʝ ʚʳʚʦʜʳ, ʷ ʫʚʠʜʝʣʘ, ʯʪʦ ʧʨʦʮʝʩʩ ʠʟʫʯʝʥʠʷ ɿʘʢʦʥʘ ʆʤʘ ʜʦʣʞʝʥ 

ʠʟʤʝʥʠʪʴʩʷ, ʜʣʷ ʵʪʦʛʦ ʷ ʙʫʜʫ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʜʘʛʦʛʠʯʝʩʢʫʶ ʪʝʭʥʦʣʦʛʠʶ ï ʤʝʪʦʜ ʧʨʦʝʢʪʦʚ, ʠ ʥʘ 

ʦʩʥʦʚʝ ʵʪʦʛʦ ʥʫʞʥʦ ʩʦʟʜʘʪʴ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ.  ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʥʘʰʠ ʨʘʟʨʘʙʦʪʢʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʫʯʝʙʥʳʭ ʮʝʣʷʭ.  

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. ʂʘʤʝʥʝʮʢʠʡ ʉ.ɽ. ʊʝʦʨʠʷ ʠ ʤʝʪʦʜʠʢʘ ʦʙʫʯʝʥʠʷ ʬʠʟʠʢʝ ʚ ʰʢʦʣʝ: ʆʙʱʠʝ ʚʦʧʨʦʩʳ: ʋʯʝʙ. 

ʧʦʩʦʙʠʝ ʜʣʷ ʩʪʫʜ. ʚʳʩʰ. ʧʝʜ. ʫʯʝʙ. ʟʘʚʝʜʝʥʠʡï ʄ.: ʀʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çɸʢʘʜʝʤʠʷè, 

2000. ï 368 ʩ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ- ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ., ɾʫʨʘʚʣʝʚ ʖ.ʅ. ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
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ʄʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʤʝʪʦʜʳ ʧʨʝʧʦʜʘʚʘʥʠʷ, ʫʯʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ. 

ʇʝʜʘʛʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʚʳʧʦʣʥʷʝʪ ʨʷʜ ʬʫʥʢʮʠʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ: ʦʙʫʯʘʶʱʫʶ, 

ʦʮʝʥʦʯʥʫʶ, ʩʪʠʤʫʣʠʨʫʶʱʫʶ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʠ ʜʨʫʛʠʝ. ɺʘʞʥʝʡʰʝʡ ʮʝʣʴʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʫʯʝʙʥʦʤ ʟʘʚʝʜʝʥʠʠ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ 

ʫʩʚʦʝʥʠʝ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʳ. ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ  

ʧʦ ʪʝʤʝ çʋʯʝʥʠʷ ʦ ɺʩʝʣʝʥʥʦʡè, çʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʷʚʣʝʥʠʷè, çʊʝʧʣʦʚʳʝ ʷʚʣʝʥʠʷè,ʢʦʪʦʨʳʝ 

ʬʦʨʤʠʨʫʶʪ ʪʘʢʠʝ ʤʝʪʘʧʨʝʜʤʝʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʘʢ: ʦʧʨʝʜʝʣʝʥʠʝ, ʚ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʫʩʚʦʝʥ 

ʠʟʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʘ ʪʘʢʞʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʩʪʠ ʢʦʨʨʝʢʪʠʚʳ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ 

ʫʨʦʚʥʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ ʤʝʪʦʜʘʤʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ 

ʠʟʫʯʝʥʠʝʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʩʪʦʨʦʥʳ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. 

ɺ ʜʘʥʥʦʝ ʚʨʝʤʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʪʢʨʳʪʦ ʥʝʩʢʦʣʴʢʦ ʮʝʥʪʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ 

ʟʘʥʠʤʘʶʪʩʷ ʨʘʙʦʪʦʡ ʩ ʤʝʪʦʜʠʢʦʡ ʪʝʩʪʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʙʘʥʢʘ ʪʝʩʪʦʚ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʘʷ 

ʢʘʨʪʠʥʘ ʤʠʨʘè. 
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ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʉ ʧʦʤʦʱʴʶ ʥʘʫʯʥʦʡ, ʫʯʝʙʥʦʡ ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʵʣʝʢʪʨʦʥʥʳʭ       ʨʝʩʫʨʩʦʚ 
ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʩʪʦʚʦʛʦ ʢʦʥʪʨʦʣʷ, ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ, ʧʨʘʚʠʣʘ ʩʦʩʪʘʚʣʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ;  

¶ ʇʨʦʚʝʩʪʠ ʩʧʝʮʠʬʠʢʘʮʠʶ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʜʠʩʮʠʧʣʠʥʝ 

çɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʘʷ ʢʘʨʪʠʥʘ ʤʠʨʘè; 

¶ ʈʘʟʨʘʙʦʪʘʪʴ ʙʘʥʢ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʘʷ ʢʘʨʪʠʥʘ 
ʤʠʨʘè ʜʣʷ ʨʘʟʜʝʣʦʚ ʬʠʟʠʢʠ ʧʦ ʪʝʤʘʤ çʋʯʝʥʠʷ ʦ ɺʩʝʣʝʥʥʦʡè, çʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʷʚʣʝʥʠʷè, çʊʝʧʣʦʚʳʝ ʷʚʣʝʥʠʷè. 

ɸʥʘʣʠʟ ʪʝʩʪʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ï ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʡ 

ʥʝʧʨʝʜʚʟʷʪʳʡ ʤʝʪʦʜ ʦʮʝʥʠʚʘʥʠʷ ʦʙʫʯʘʝʤʳʭ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʪʝʧʝʥʠ ʦʚʣʘʜʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʟʥʘʥʠʷʤʠ, ʫʤʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʩʦʧʦʩʪʘʚʠʪʴ ʩʪʝʧʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʙʫʯʝʥʠʷ ʧʦ ʚʩʝʤʫ ʤʘʪʝʨʠʘʣʫ ʢʫʨʩʘ ʠʣʠ ʦʪʜʝʣʴʥʦʡ ʝʛʦ ʪʝʤʳ. 

ɺʳʧʦʣʥʷʷ ʪʝʩʪ ʧʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʶ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʪʝʩʪʠʨʫʝʤʳʡ, ʚʩʧʦʤʠʥʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʦʪʚʝʪʘ ʩʚʝʜʝʥʠʷ: ʧʦʥʷʪʠʷ, ʜʘʪʳ, ʩʦʙʳʪʠʷ. ʇʨʠ ʵʪʦʤ ʚʦʧʨʦʩ 

ʟʘʜʘʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʪʘʢ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʦʩʴ ʪʨʝʙʦʚʘʥʠʝ ʢ ʦʪʚʝʪʫ, ʦʥ ʜʦʣʞʝʥ 

ʙʳʪʴ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʘʚʠʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ.[1] 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʪʝʩʪʘ, ʘʣʛʦʨʠʪʤ ʥʘʧʠʩʘʥʠʷ ʪʝʩʪʦʚʦʛʦ 

ʟʘʜʘʥʠʷ.[3] ʈʘʟʨʘʙʦʪʘʥ ʙʘʥʢ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʩʘʤʦʢʦʥʪʨʦʣʷ ʧʦ 

ʪʝʤʘʤ çʋʯʝʥʠʷ ʦ ɺʩʝʣʝʥʥʦʡè, çʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʷʚʣʝʥʠʷè, çʊʝʧʣʦʚʳʝ ʷʚʣʝʥʠʷè 

ʜʠʩʮʠʧʣʠʥʳ çɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʘʷ ʢʘʨʪʠʥʘ ʤʠʨʘè.ʀʪʘʢ, ʢʘʞʜʳʡ ʨʘʟʜʝʣ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʦ  

ʜʚʘʜʮʘʪʠ ʚʦʧʨʦʩʦʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʬʦʨʤ ʪʝʩʪʦʚʳʭ 

ʟʘʜʘʥʠʡ (ʟʘʢʨʳʪʘʷ ʬʦʨʤʘ, ʦʪʢʨʳʪʘʷ ʬʦʨʤʘ, ʟʘʜʘʥʠʷ ʥʘ çʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʘʚʠʣʴʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠè ʠ ʟʘʜʘʥʠʷ çʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝè).[2] 

ʇʦ ʠʪʦʛʘʤ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʘʧʨʦʙʘʮʠʠ ʪʝʩʪʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ï ʠʭ ʪʨʫʜʥʦʩʪʴ, ʚʘʣʠʜʥʦʩʪʴ ʠ ʜʠʩʢʠʤʠʥʘʪʠʚʥʦʩʪʴ ʟʘʜʘʥʠʷ. 

ʈʦʣʴ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʚʦ ʚʨʝʤʷ ʥʘʧʠʩʘʥʠʷ ʪʝʩʪʦʚʦʛʦ ʟʘʜʘʥʠʷ ï ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʨʘʙʦʪʦʡ 

ʫʯʘʱʠʭʩʷ, ʘ ʪʘʢ ʞʝ ʦʢʘʟʘʥʠʝ ʠʤ ʦʧʝʨʘʪʠʚʥʦʡ ʧʦʤʦʱʠ. 

ɺ ʭʦʜʝ ʥʘʧʠʩʘʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʩʜʝʣʘʣʘ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

¶ ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʥʘʫʯʥʦʡ, ʫʯʝʙʥʦʡ ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ ʨʘʙʦʪʳ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʩʪʦʚʦʛʦ ʢʦʥʪʨʦʣʷ, ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ, ʧʨʘʚʠʣʘ ʩʦʩʪʘʚʣʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. 

¶ ʈʘʟʨʘʙʦʪʘʥʳ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʩʘʤʦʢʦʥʪʨʦʣʷ ʧʦ ʪʝʤʘʤ 

çʋʯʝʥʠʷ ʦ ɺʩʝʣʝʥʥʦʡè, çʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʷʚʣʝʥʠʷè, çʊʝʧʣʦʚʳʝ ʷʚʣʝʥʠʷè 

ʜʠʩʮʠʧʣʠʥʳ çɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʘʷ ʢʘʨʪʠʥʘ ʤʠʨʘè. 

¶ ʇʨʦʚʝʜʝʥʘ ʩʧʝʮʠʬʠʢʘʮʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʜʠʩʮʠʧʣʠʥʝ 
çɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʘʷ ʢʘʨʪʠʥʘ ʤʠʨʘè. 

¶ ʉʬʦʨʤʠʨʦʚʘʥ ʙʘʥʢ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʘʷ ʢʘʨʪʠʥʘ 

ʤʠʨʘè. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʥʘʫʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʥʦʩʪʨʫʢʪʫʨʳ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʥʝʜʘʚʥʝʝ ʧʦʷʚʣʝʥʠʝ ʦʪʨʘʩʣʠ (ʚ ʧʦʩʣʝʜʥʝʡ ʯʝʪʚʝʨʪʠ ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ), ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ ʠ ʠʭ ʢʦʤʧʦʟʠʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʨʝʢʦʨʜʥʘʷ 

ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʤʘʣʦʤ ʫʜʝʣʴʥʦʤ ʚʝʩʝ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʜʨʫʛʠʝ. 

ʆʜʥʘʢʦ ʠʭ ʩʠʥʪʝʟ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʪʨʫʜʦʝʤʢʦʡ ʟʘʜʘʯʝʡ. ʇʨʠ ʦʩʘʞʜʝʥʠʠ ʥʘʥʦʯʘʩʪʠʮ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʣʦʞʢʠ ï ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʳʝ ʬʠʣʴʪʨʳ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʷʚʣʷʶʪʩʷ ʨʘʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ 

ʙʝʟʦʪʭʦʜʥʦʡ ʠ ʵʢʦʥʦʤʠʯʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʜʣʦʞʢʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʠʟʣʦʞʝʥʥʳʭ ʮʝʣʝʡ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʝʩʥʳ ʧʦʣʠʤʝʨʥʳʝ 

ʥʘʥʦʚʦʣʦʢʥʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʤʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʦʝ 

ʠʭ ʧʨʠʤʝʥʝʥʠʝ. ʂʦʤʧʦʟʠʪʳ ʥʘʥʦʧʦʣʠʤʝʨʦʚ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʩʝʨʝʙʨʘ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʠ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʭ ʤʘʩʦʢ ʠ ʬʠʣʴʪʨʦʚ[1,2], ʯʪʦ ʚ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʥʝ ʤʝʥʝʝ ʘʢʪʫʘʣʴʥʦ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʧʦʜʣʦʞʝʢ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ ʠʟ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʥʘ ʚʦʜʥʦʡ ʦʩʥʦʚʝ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʩʧʠʥʥʠʥʛʘ. 

ʕʣʝʢʨʦʩʧʠʥʥʠʥʛ ï  ʵʪʦ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʚʦʣʦʢʦʥ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʞʠʜʢʦʩʪʝʡ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ [3]. ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʘʥʦʚʦʣʦʢʦʥ ʙʳʣ ʚʟʷʪ 6%-ʥʳʡ ʨʘʩʪʚʦʨ 

ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʝʪʦʜʦʤ 

ʧʦʜʙʦʨʘ, ʠʩʭʦʜʷ ʠʟ ʚʷʟʢʦʩʪʠ. ʆʩʘʞʜʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʚʨʘʱʘʶʱʠʡʩʷ ʙʘʨʘʙʘʥ, ʦʙʤʦʪʘʥʥʳʡ 

ʘʣʶʤʠʥʠʝʚʦʡ ʬʦʣʴʛʦʡ. ʈʘʩʧʳʣʝʥʠʝ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʨʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʟ ʠʛʣʳ ʰʧʨʠʮʘ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʛʣʦʡ ʠ ʙʘʨʘʙʘʥʦʤ 20 ʩʤ. ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 

ʧʨʠʢʣʘʜʳʚʘʣʘʩʴ ʤʝʞʜʫ ʙʘʨʘʙʘʥʦʤ ʠ ʠʛʣʦʡ, ʧʨʠ ʵʪʦʤ ʥʘ ʠʛʣʫ ʧʦʜʘʚʘʣʩʷ ʘʥʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ. 

ɺʝʣʠʯʠʥʘ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 29 ʢɺ [4].  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʦʩʘʞʜʝʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʦ 

ʠʟʨʘʩʭʦʜʦʚʘʥʦ 3 ʤʣ ʨʘʩʪʚʦʨʘ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ɺ ʠʜʝʘʣʝ ʣʠʩʪ ʜʦʣʞʝʥ ʙʳʪʴ ʙʝʣʳʤ ʠ 

ʨʦʚʥʳʤ, ʦʜʥʘʢʦ ʥʘ ʦʙʨʘʟʮʝ ʚʠʜʥʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʚʠʜʝ ʪʦʯʝʢ ï ʢʨʫʧʥʳʭ ʢʘʧʝʣʴ. ɼʘʥʥʳʝ 

ʜʝʬʝʢʪʳ ʦʙʨʘʟʮʘ ʦʙʫʩʣʦʚʣʝʥʳ ʩʧʦʥʪʘʥʥʳʤ ʚʳʨʳʚʘʥʠʝʤ ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʘ, ʧʨʠ ʵʪʦʤ ʧʦʣʠʤʝʨ 

ʬʦʨʤʫʝʪʩʷ ʥʝ ʚ ʚʠʜʝ ʚʦʣʦʢʦʥ, ʘ ʚ ʚʠʜʝ ʫʯʘʩʪʢʘ ʩʧʣʦʰʥʦʡ ʧʣʸʥʢʠ. ʇʦʜʦʙʥʳʝ ʜʝʬʝʢʪʳ ʤʦʛʫʪ 

ʙʳʪʴ ʫʩʪʨʘʥʝʥʳ ʧʫʪʸʤ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʧʦʣʷ, ʚʷʟʢʦʩʪʴ 

ʨʘʩʪʚʦʨʘ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʠʛʣʳ ʜʦ ʙʘʨʘʙʘʥʘ, ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʜʘʯʠ ʨʘʩʪʚʦʨʘ ʚ ʠʛʣʫ) [5].  

 

https://studfile.net/%20preview/5675530/page:10/
http://umu.kemsu.ru/Content/userfiles/files/%20B1VOD10-030302-Physik-PhysPrepPh-2018_19032018.pdf
http://umu.kemsu.ru/Content/userfiles/files/%20B1VOD10-030302-Physik-PhysPrepPh-2018_19032018.pdf
mailto:margoo.bog@gmail.com
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ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪ ʦʩʘʞʜʝʥʠʷ ʥʘʥʦʚʦʣʦʢʦʥ ʇɺʉ ʥʘ ʣʠʩʪ ʬʦʣʴʛʠ 
 

 

 

ɼʘʣʝʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʩʘʞʜʝʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʧʦʣʫʯʝʥʥʦʝ ʚʦʣʦʢʥʦ 

ʘʵʨʦʟʦʣʴʥʳʤ CVD-ʤʝʪʦʜʦʤ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʫʛʣʝʨʦʜʘ (ʥʘʰʝʤ ʩʣʫʯʘʝ ï ʨʘʩʪʚʦʨʘ ʬʝʨʨʦʮʝʥʘ) [6]. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ 

ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʨʘʟʝʮ ʦʩʘʞʜʝʥʠʷ ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʧʦʣʫʯʝʥʥʦʝ ʚʦʣʦʢʥʦ ʠ ʥʘ ʬʘʙʨʠʯʥʳʡ 

ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʳʡ ʬʠʣʴʪʨ. 

 

 
 

ʈʠʩ. 4. ʆʩʘʞʜʝʥʥʳʝ ʋʅʊ ʥʘ ʬʠʣʴʪʨʝ ʠʟ ʇɺʉ (ʩʣʝʚʘ) ʠ ʥʠʪʨʦʮʝʣʣʶʣʦʟʳ (ʩʧʨʘʚʘ) 

 

ɿʜʝʩʴ ʙʝʣʳʝ ʪʦʯʢʠ ʪʘʢ ʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʝʬʝʢʪʳ, ʢʦʪʦʨʳʝ, ʧʦ ʩʫʪʠ, ʷʚʣʷʶʪʩʷ 

ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʧʣʝʥʢʘʤʠ ʜʣʷ ʛʘʟʘ, ʚʚʠʜʫ ʯʝʛʦ ʦʩʘʞʜʝʥʠʝ ʥʘʥʦʪʨʫʙʦʢ ʚ ʜʘʥʥʳʭ ʦʙʣʘʩʪʷʭ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ.  

ʆʩʘʞʜʸʥʥʘʷ ʩʝʪʢʘ ʠʟ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʙʳʣʘ ʧʝʨʝʥʝʩʝʥʘ ʥʘ ʧʨʝʜʤʝʪʥʦʝ ʩʪʝʢʣʦ. ʇʨʠ 

ʧʝʨʝʥʦʩʝ ʦʙʨʘʟʮʘ ʥʝ ʧʨʦʠʟʦʰʣʦ ʥʘʨʫʰʝʥʠʷ ʝʛʦ ʮʝʣʦʩʪʥʦʩʪʠ, ʦʙʨʘʟʝʮ ʧʦʣʥʦʩʪʴʶ ʦʪʜʝʣʠʣʩʷ ʦʪ 

ʧʦʜʣʦʞʢʠ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʫʯʢʠ ʥʘʥʦʪʨʫʙʦʢ ʥʝ ʧʨʦʥʠʢʣʠ ʚʛʣʫʙʴ 

ʚʦʣʦʢʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʦʩʚʝʥʥʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, 

ʯʪʦ ʨʘʟʤʝʨʳ ʧʦʨ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝ ʧʨʝʚʳʰʘʶʪ ʨʘʟʤʝʨʦʚ ʧʫʯʢʦʚ ʥʘʥʦʪʨʫʙʦʢ. ʇʫʯʢʠ 

ʞʝ ʥʘʥʦʪʨʫʙʦʢ ʠʤʝʶʪ ʨʘʟʤʝʨʳ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ. 
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ʈʠʩ. 3. ʇʝʨʝʥʝʩʝʥʠʝ ʩʝʪʢʠ ʋʅʊ ʦʩʘʞʜʸʥʥʦʡ ʥʘ ʬʠʣʴʪʨ ʠʟ ʚʦʣʦʢʦʥ ʇɺʉ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʥʘʤʠ ʙʳʣ ʧʦʣʫʯʝʥ ʪʦʥʢʦʩʣʦʡʥʳʡ ʧʦʨʠʩʪʳʡ ʤʘʪʝʨʠʘʣ 

ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʩʧʠʥʥʠʥʛʘ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʆʩʘʞʜʝʥʠʝ ʧʫʯʢʦʚ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʧʨʠ ʘʵʨʦʟʦʣʴʥʦʤ CVD-ʩʠʥʪʝʟʝ ʥʘ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʦʰʣʦ ʫʩʧʝʰʥʦ, 

ʦʙʨʘʟʝʮ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʧʦʜʣʦʞʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. ʆʪʨʘʙʦʪʘʥʥʘʷ 

ʧʦʜʣʦʞʢʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʪʚʦʨʝʥʘ ʚ ʚʦʜʝ ʠ ʟʘʥʦʚʦ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʠʟ ʵʪʦʛʦ 

ʨʘʩʪʚʦʨʘ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʋʅʊ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤ. 

ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʥʘʤʠ ʤʝʪʦʜʠʢʘ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʧʦʣʠʤʝʨʥʳʭ ʚʦʣʦʢʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ʋɼʂ 620.3  
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 ɼʘʪʯʠʢʠ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʘ ʠʤʝʥʥʦ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ (ʋʅʊ) ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʥʘʯʠʥʘʷ ʩ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʝʣʘ, ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ 

ʯʝʣʦʚʝʢʘ (ʜʳʭʘʥʠʝ, ʩʝʨʜʮʝʙʠʝʥʠʝ) ʠ ʟʘʢʘʥʯʠʚʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʦʡ [1], ʚʝʜʴ ʋʅʊ ʚʳʛʦʜʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʩʚʦʠʤʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ.  

 ʕʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʋʅʊ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʩʦʭʨʘʥʝʥʠʝ ʠʭ ʵʣʘʩʪʠʯʥʦʩʪʠ ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʭʦʨʦʰʝʡ ʛʠʙʢʦʩʪʴʶ [2,3]. ʅʦ ʩʦʟʜʘʥʠʝ ʫʩʪʨʦʡʩʪʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 

ʦʪʜʝʣʴʥʳʭ ʋʅʊ, ʦʩʪʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʤ ʠ ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʧʦʣʫʯʝʥʠʶ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʚ ʚʠʜʝ ʤʘʢʨʦʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʩ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʋʅʊ 

[4], ʚʦʣʦʢʥʘ [5], ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ ʩ ʋʅʊ [1,6].  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʢ ʜʝʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʢʘʣʠʙʨʦʚʦʯʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ (GF) ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʟʦʯʫʚʩʪʠʪʝʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ (K). ʈʘʩʩʯʠʪʳʚʘʶʪ ʝʛʦ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

      ὋὊ
Ўϳ

,                                                       (1) 

ʛʜʝ  æR - ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, Ὑ - ʥʘʯʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʲʝʢʪʘ, Ů - 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʦʙʲʝʢʪʫ. 

 ʄʘʢʨʦʦʙʲʝʢʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʩʦʩʪʘʚʦʤ, ʧʦʵʪʦʤʫ GF ʚ ʥʠʭ 

ʥʠʞʝ, ʯʝʤ ʫ ʦʪʜʝʣʴʥʳʭ ʋʅʊ. ʊʘʢ ʚ ʨʘʙʦʪʝ [1] ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʘʪʯʠʢʘ ʥʘ 

ʦʩʥʦʚʝ ʛʨʘʬʝʥʦʚʦʡ ʧʝʥʳ/ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʘ (ʇɼʄʉ), ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʜʝʬʦʨʤʘʮʠʝʡ ʜʦ 

(Ů) 100% ʩ ʢʘʣʠʙʨʦʚʦʯʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ GF~2,20. ɸ ʚ ʨʘʙʦʪʝ [7] ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ GF ʧʨʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ ʜʣʷ ʯʠʩʪʳʭ ʚʦʣʦʢʦʥ ʋʅʊ ʩʦʩʪʘʚʣʷʝʪ 3,03, ʘ ʜʣʷ ʚʦʣʦʢʦʥ ʧʦʜʚʝʨʛʰʠʭʩʷ 

ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʨʘʩʪʷʞʝʥʠʶ, ʠ ʩʢʨʫʯʠʚʘʥʠʶ GF ʩʦʩʪʘʚʠʣ 4,37.      

 ʇʦʤʠʤʦ ʭʦʨʦʰʠʭ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ï ʭʦʨʦʰʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ (ʩʪʘʙʠʣʴʥʦʩʪʴ) ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʪʯʠʢʦʚ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʳ ʮʠʢʣʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʘ [6].   

 ʇʨʝʜʣʘʛʘʝʤʳʡ ʥʘʤʠ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʚʦʣʦʢʦʥ ʠʟ ʩʝʪʦʢ ʋʅʊ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʤʝʪʦʜ 

"ʤʦʢʨʦʛʦ ʚʳʪʷʛʠʚʘʥʠʷ" ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʠ ʜʝʰʝʚʳʡ. ɺʦʣʦʢʥʘ ʬʦʨʤʠʨʫʶʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʪʦʥʢʠʭ ʩʝʪʦʢ ʋʅʊ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʧʦʜʣʦʞʢʫ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʷʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʩʣʘʙʦʛʦ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʥʦʪʨʫʙʦʢ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʫʧʣʦʪʥʝʥʠʷ ʚʦʣʦʢʥʘ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ [8].  

 ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʝʪʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʭʘʦʪʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʦʜʥʦʩʣʦʡʥʳʭ ʋʅʊ (ʆʋʅʊ), ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʧʫʩʢʘʥʠʷ 80% (ʧʨʠ ɚ=550 ʥʤ), 

ʩʠʥʪʝʟʠʨʫʝʤʳʝ ʘʵʨʦʟʦʣʴʥʳʤ CVD ʤʝʪʦʜʦʤ [9, 10], ʩʦʙʨʘʥʥʳʝ ʥʘ ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʦʤ ʬʠʣʴʪʨʝ.  

ʆʪʜʝʣʴʥʳʝ ʧʦʣʦʩʢʠ ʨʘʟʤʝʨʦʤ 5 x 15 ʤʤ, ʥʘʨʝʟʘʥʥʳʝ ʠʟ ʩʝʪʢʠ, ʧʝʨʝʥʦʩʠʣʠʩʴ ʥʘ ʧʨʝʜʤʝʪʥʦʝ 

ʩʪʝʢʣʦ, ʬʠʣʴʪʨʳ ʫʜʘʣʷʣʠʩʴ, ʘ ʩʘʤʘ ʩʝʪʢʘ ʧʨʦʧʠʪʳʚʘʣʘʩʴ ʨʘʩʪʚʦʨʠʪʝʣʝʤ (ʵʪʘʥʦʣ, ʘʮʝʪʦʥ), ʧʦʩʣʝ 

ʯʝʛʦ ʩʣʝʜʦʚʘʣʦ ʚʳʪʷʛʠʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʧʠʥʮʝʪʘ ʦʙʨʘʟʮʦʚ ʚʦʣʦʢʦʥ ʠʟ ʧʨʦʧʠʪʘʥʥʦʡ 

ʞʠʜʢʦʩʪʴʶ ʩʝʪʢʠ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʦʝ ʚʦʣʦʢʥʦ ʟʘʢʨʝʧʣʷʣʦʩʴ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʜʝʨʞʘʪʝʣʝ ʩ 

ʧʦʤʦʱʴʶ ʪʦʢʦʧʨʦʚʦʜʷʱʝʡ ʧʘʩʪʳ, ʜʘʣʝʝ ʧʨʠʢʣʝʠʚʘʣʠʩʴ ʤʝʜʥʳʝ ʢʦʥʪʘʢʪʳ. ʈʘʙʦʯʘʷ ʜʣʠʥʘ 
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ʚʦʣʦʢʥʘ ʩʦʩʪʘʚʣʷʣʘ 10 ʤʤ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʯʘʩʪʴ ʚʦʣʦʢʦʥ ʙʳʣʘ 

ʜʦʧʠʨʦʚʘʥʘ 10 mM ʨʘʩʪʚʦʨʦʤ ʟʦʣʦʪʦʭʣʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ (HAuCl4).   

   

 ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʣʦʢʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʠʢʨʦʚʠʥʪ ʩ ʬʠʢʩʘʪʦʨʘʤʠ ʜʣʷ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʳʡ ʧʦʜʢʣʶʯʝʥ ʢ ʰʘʛʦʚʦʤʫ ʜʚʠʛʘʪʝʣʶ (ʨʠʩ.1). 

ʋʧʨʘʚʣʝʥʠʝ ʚʩʝʡ ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ NI ELVIS 

II, ʧʨʦʛʨʘʤʤʘ ʥʘʧʠʩʘʥʘ ʥʘ ʚʠʟʫʘʣʴʥʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ LabVIEW. ʉʢʦʨʦʩʪʴ 

ʨʘʩʪʷʞʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 1 ʤʤ/ʤʠʥ. ʈʘʩʪʷʞʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ 1 ʤʤ. 

 
ʨʠʩ. 1 ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ GF ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʜʣʠʥʝʥʠʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

      ὋὊ
ЎϽ

ϽЎ
,        (2) 

æR -  ʠʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, Ὑ - ʥʘʯʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʣʦʢʥʘ, æl - ʠʟʤʝʥʝʥʠʝ 

ʜʣʠʥʳ ʚʦʣʦʢʥʘ, ὰ - ʨʘʙʦʯʘʷ ʜʣʠʥʘ ʚʦʣʦʢʥʘ (10 ʤʤ).  

 ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ GF ʦʪ ʫʜʣʠʥʝʥʠʷ ʚʦʣʦʢʥʘ (ʢʨʠʚʳʝ ʥʘ 

ʛʨʘʬʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʩʛʣʘʞʠʚʘʥʠʷ ʬʠʣʴʪʨʦʤ Adjacent Averaging ʩ 

ʧʘʨʘʤʝʪʨʦʤ 8). ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʚʦʣʦʢʥʦ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʘʥʦʣʘ ʧʨʠ 

ʤʘʣʦʤ ʫʜʣʠʥʝʥʠʠ ~0,01 ʤʤ ʠʤʝʝʪ ʨʝʟʢʠʡ ʩʢʘʯʝʢ GF ~10, ʘ ʟʘʪʝʤ, ʝʛʦ ʫʤʝʥʴʰʝʥʠʝ ʜʦ 4,66 ʧʨʠ 

ʫʜʣʠʥʝʥʠʠ ʚ 0,05 ʤʤ. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʠʟʤʝʥʝʥʠʠ ʢʦʦʨʜʠʥʘʪʳ ʫʜʣʠʥʝʥʠʷ ʚʦʣʦʢʥʘ ʧʨʠ 0,2 

ʤʤ GF ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ~ 7, ʘ ʟʘʪʝʤ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ.  ɺʦʣʦʢʥʦ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ 

ʘʮʝʪʦʥʘ, ʥʝ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʛʦ ʵʢʩʪʨʝʤʫʤ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʫʜʣʠʥʝʥʠʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, 

ʘ GF ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʣʠʥʝʥʠʝʤ ʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ GF ~8,6 ʚ ʦʙʣʘʩʪʠ 

~0,3 ʤʤ, ʘ ʜʘʣʝʝ GF ʩʥʠʞʘʝʪʩʷ ʜʦ ~6,5.  
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ʨʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ GF ʦʪ ʫʜʣʠʥʝʥʠʷ l 

  

ɺʦʣʦʢʥʘ, ʜʦʧʠʨʦʚʘʥʥʳʝ HAuCl4, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʫʚʝʣʠʯʝʥʠʷ GF ʩ 

ʨʦʩʪʦʤ ʫʜʣʠʥʝʥʠʷ ʜʦ ʚʝʣʠʯʠʥʳ 0.2 ʤʤ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʫʚʝʣʠʯʝʥʠʠ ʫʜʣʠʥʝʥʠʷ ʜʦ 1 ʤʤ ʜʦ ʟʥʘʯʝʥʠʡ GF ~ 2 ʠ 1 ʜʣʷ ʚʦʣʦʢʦʥ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʮʝʪʦʥʘ ʠ ʵʪʘʥʦʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʚʦʣʦʢʦʥ ʠʟ ʭʘʦʪʠʯʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ ʆʋʅʊ ʩ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʧʨʠ ʤʘʣʳʭ ʜʝʬʦʨʤʘʮʠʷʭ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʛʠʙʢʦʡ ʠ ʥʦʩʠʤʦʡ ʵʣʝʢʪʨʦʥʠʢʠ.  
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ʈʘʟʨʘʙʦʪʘʥʦ ʤʫʣʴʪʠʤʝʜʠʡʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʢ ʦʙʱʝʤʫ ʬʠʟʠʯʝʩʢʦʤʫ ʧʨʘʢʪʠʢʫʤʫ ʧʦ ʪʝʤʝ: 

çʈʝʬʨʘʢʪʦʤʝʪʨʠʷè. ʈʝʰʝʥʳ ʟʘʜʘʯʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʬʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚ ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʞʠʜʢʦʩʪʝʡ ʩ ʧʦʤʦʱʴʶ ʨʝʬʨʘʢʪʦʤʝʪʨʘ. ɺ 

ʧʨʠʣʦʞʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʣʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʵʧʦʭʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʱʝʩʪʚʦ, ʥʘʜʝʣʝʥʥʦʝ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʫʩʣʫʛʘʤʠ ʠ ʜʦʩʪʘʪʦʯʥʳʤ ʦʙʲʝʤʦʤ ʟʥʘʥʠʡ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʯʝʣʦʚʝʢʘ ʚ ʦʙʱʝʩʪʚʝ ʪʘʢʦʛʦ ʪʠʧʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʤʝʜʠʘ ʠ ʚʠʨʪʫʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, 

ʮʝʥʪʨʘʣʴʥʳʤ ʟʚʝʥʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʠʟʫʘʣʴʥʳʡ ʦʙʨʘʟ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʠʟʫʘʣʴʥʳʝ 

ʦʙʨʘʟʳ ï ʵʪʦ ʩʨʝʜʩʪʚʦ ʢʦʤʤʫʥʠʢʘʮʠʠ ʚʠʟʫʘʣʠʟʠʨʫʶʱʝʛʦ ʤʠʨʘ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʠ, ʚʢʣʶʯʘʷ 

ʦʙʨʘʟʦʚʘʥʠʝ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʦʯʝʥʴ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʚʥʝʜʨʝʥʠʷ ʤʝʪʦʜʠʢ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ [1]. 

ʎʝʣʴʶ ʥʘʫʯʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ  ʨʘʟʨʘʙʦʪʢʘ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʢ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʧʨʘʢʪʠʢʫʤʫ ʧʦ ʪʝʤʝ çʈʝʬʨʘʢʪʦʤʝʪʨʠʷè. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʷ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

V ʄʝʪʦʜʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʧʦ ʢʫʨʩʫ çʆʧʪʠʢʘè ʧʦ 
ʪʝʤʝ çʈʝʬʨʘʢʪʦʤʝʪʨʠʷè. 

V ʆʩʚʦʝʥʠʝ ʤʝʪʦʜʠʢʠ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʘʥʠʤʘʮʠʠ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. 

V ɺʠʟʫʘʣʠʟʘʮʠʷ ʬʠʟʠʯʝʩʢʦʡ ʩʫʪʠ ʨʝʬʨʘʢʮʠʠ ʩʚʝʪʘ. 

 

ʇʨʠʣʦʞʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʣʦʩʴ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ AdobeFlash, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʥʝ 

ʪʦʣʴʢʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʚʠʟʫʘʣʴʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʥʦ ʠ ʜʝʣʘʪʴ ʠʭ ʠʥʪʝʨʘʢʪʠʚʥʳʤʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ʧʦʣʥʦʩʪʴʶ ʠʤʠʪʠʨʦʚʘʪʴ 

ʣʘʙʦʨʘʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. 

ʋʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʢʘʪʘʣʦʛʘ, ʚ ʢʦʪʦʨʦʤ ʤʦʞʥʦ 

ʧʝʨʝʭʦʜʠʪʴ ʩ ʦʜʥʦʡ ʩʮʝʥʳ ʥʘ ʜʨʫʛʫʶ. ɼʣʷ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʩʮʝʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʢʥʦʧʢʠ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʜʦʤ 

ɼʣʷ ʠʤʠʪʘʮʠʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʪʘʩʢʠʚʘʝʤʳʭ, 

ʚʠʜʠʤʳʭ ʠ ʥʝʚʠʜʠʤʳʭ ʢʣʠʧʦʚ ʠ ʢʥʦʧʦʢ.ʊʘʢ ʥʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʧʝʨʝʤʝʱʘʪʴ ʢʦʣʙʳ ʩ 
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ʠʩʩʣʝʜʫʝʤʳʤʠ ʨʘʩʩʪʚʦʨʘʤʠ. ʇʨʠ ʵʪʦʤ ʥʘ ʧʝʨʝʪʘʩʢʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʘʭ ʤʘʢʩʠʤʘʣʴʥʦ 

ʬʠʢʩʠʨʫʝʪʩʷ ʚʥʠʤʘʥʠʝ ʦʙʫʯʘʝʤʦʛʦ. ʄʝʥʶ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʢʘʞʜʦʡ ʩʮʝʥʝ, ʦʧʨʝʜʝʣʷʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʦʙʫʯʘʝʤʦʛʦ.ɺ ʢʘʞʜʦʤ ʧʫʥʢʪʝ ʠʤʝʶʪʩʷ ʢʦʤʤʝʥʪʘʨʠʠ. ʅʠʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʨʘʛʤʝʥʪʳ ʤʝʜʠʡʥʦʛʦ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ (ʨʠʩ.1) [2]. 

 

 

 

 

 

 
ʈʠʩʫʥʦʢ 5. ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʝʬʨʘʢʪʦʤʝʪʨʘ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʨʝʬʨʘʢʪʦʤʝʪʨʝ: ʦʧʪʠʯʝʩʢʦʤ ʧʨʠʙʦʨʝ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʞʠʜʢʦʩʪʝʡ. ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

(ʨʠʩ.1).  ʇʨʠʥʮʠʧ ʝʛʦ ʜʝʡʩʪʚʠʷ, ʦʩʥʦʚʘʥ ʥʘ ʷʚʣʝʥʠʠ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ. 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʬʠʟʠʯʝʩʢʦʡ ʩʫʪʠ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʜʚʫʭ ʩʨʝʜ ʨʘʟʨʘʙʦʪʘʥʘ ʘʥʠʤʘʮʠʷ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ Synfig. ɼʘʥʥʘʷ ʘʥʠʤʘʮʠʷ 

ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʧʨʠʣʦʞʝʥʠʝ ʩ ʧʦʤʦʱʴʶ flv ʧʣʝʝʨʘ (ʨʠʩ.2). 

 
ʈʠʩʫʥʦʢ 6. ɺʠʟʫʘʣʠʟʘʮʠʷ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ 

ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ "ʙʝʣʦʤ" ʩʚʝʪʝ. ɼʣʷ ʪʦʛʦ, ʯʪʦ ʙʳ ʥʘʡʪʠ ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʞʠʜʢʦʩʪʠ ʥʫʞʥʦ ʥʘʥʝʩʪʠ ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ ʥʘ ʧʨʝʜʤʝʪʥʫʶ ʧʨʠʟʤʫ 

[3]. 

ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʣʥʦʩʪʴʶ ʧʦʟʚʦʣʷʶʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʵʪʦ ʜʝʡʩʪʚʠʝ. ʑʝʣʯʢʦʤ 

ʣʝʚʦʡ ʢʣʘʚʠʰʠ ʤʳʰʠ ʧʦ ʫʧʨʘʚʣʷʶʱʠʤ ʢʥʦʧʢʘʤ ʟʘʧʫʩʢʘʝʪʩʷ ʘʥʠʤʘʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʧʠʧʝʪʢʘ ʩ 

ʠʩʩʣʝʜʫʝʤʳʤ ʨʘʩʪʚʦʨʦʤ ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘ ʦʩʚʝʪʠʪʝʣʴʥʫʶ ʧʨʠʟʤʫ (ʨʠʩ.3) . ʇʨʠ ʵʪʦʤ ʠʟ 

ʧʠʧʝʪʢʠ ʢʘʧʘʝʪ ʞʠʜʢʦʩʪʴ ʠ ʦʙʫʯʘʝʤʳʡ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʥʘʙʣʶʜʘʝʪ ʛʨʘʥʠʮʫ ʩʚʝʪʘ ʠ ʪʝʥʠ, ʢʦʪʦʨʘʷ 

ʧʦʣʫʯʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʭʦʜʘ ʣʫʯʝʡ (ʨʠʩ.4). 
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ʈʠʩʫʥʦʢ 7.ʅʘʥʝʩʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ 

ʞʠʜʢʦʩʪʠ ʥʘ ʧʨʝʜʤʝʪʥʫʶ ʧʨʠʟʤʫ 

 
ʈʠʩʫʥʦʢ 8.ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ ʧʦ ʛʨʘʥʠʮʝ ʩʚʝʪʘ ʠ ʪʝʥʠ 

  

ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʢʘʨʪʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʨʝʬʨʘʢʪʦʤʝʪʨʘ (ʨʠʩ.5). ʂʘʨʪʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʠ 

ʦʙʦʙʱʝʥʠʝ ʠʟʫʯʘʝʤʦʡ ʪʝʤʳ. ʉ ʧʦʤʦʱʴʶ ʢʘʨʪʳ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʧʨʠʯʠʥʥʦ ʩʣʝʜʩʪʚʝʥʥʳʝ 

ʩʚʷʟʠ ʤʝʞʜʫ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʩʥʦʚʘʤʠ ʨʝʬʨʘʢʪʦʤʝʪʨʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ʂʘʨʪʘ ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʟʘʚʝʱʘʶʱʠʡ ʵʪʘʧ ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʡ ʪʝʤʳ - ʨʝʬʣʝʢʩʠʶ. ʈʝʬʣʝʢʩʠʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʱʝʡ ʢʘʨʪʠʥʳ ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ. 

 
ʈʠʩʫʥʦʢ 9. ʂʘʨʪʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʨʝʬʨʘʢʪʦʤʝʪʨʘ 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ  ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩ ʧʦʣʥʦʡ 

ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʬʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ: 

V ɺ ʚʠʨʪʫʘʣʴʥʦʤ ʨʝʞʠʤʝ ʧʦʟʥʘʢʦʤʠʪʩʷ ʩ ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʫʩʪʘʥʦʚʢʠ, 
ʧʦʨʷʜʢʦʤ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʠ ʨʘʩʯʝʪʦʤ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ. 

V ɺ ʚʠʨʪʫʘʣʴʥʦʤ ʨʝʞʠʤʝ  ʧʨʦʥʘʙʣʶʜʘʪʴ ʨʝʬʨʘʢʮʠʶ ʩʚʝʪʘ. 

V ʉ ʧʦʤʦʱʴʶ ʢʦʤʤʝʥʪʘʨʠʝʚ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʘʥʠʤʘʮʠʠ ʜʝʪʘʣʴʥʦ ʧʨʦʨʘʙʦʪʘʪʴ 
ʬʠʟʠʯʝʩʢʫʶ ʩʫʪʴ ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

3. ʇʦʜʛʦʪʦʚʢʘ ʫʯʠʪʝʣʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʦʚʦʤʝʜʠʡʥʳʭ ʚʠʟʫʘʣʴʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʚ 
ʦʙʨʘʟʦʚʘʥʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: URL: http://connect-

universum.tsu.ru/blog/connectuniversum2014_ru/476.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 06.09.2019). 

4. ɾʫʨʘʚʣʝʚʘ ʃ.ɺ. ʆʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦ ï ʤʦʜʝʣʠʨʫʶʱʠʭ ʫʯʝʙʥʦ ï 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʪʝʤʝ çʇʦʣʫʯʝʥʠʝ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʚ ʦʜʥʦʦʩʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭè / ʃ. ɺ. ɾʫʨʘʚʣʝʚʘ // ɺʝʩʪʥʠʢ ʂʝʤʝʨʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ï 

ʂʝʤʝʨʦʚʦ. ï 2013. ï ˉ4 (56). 

5. ʃʘʥʜʩʙʝʨʛ ɻ.ʉ.ʆʧʪʠʢʘ.ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ.7-ʝ ʠʟʜ.,ʩʪʝʨʝʦʪ. ï ʄ.:ʌʀɿʄɸʊʃʀʊ, 

2017. ï 852 ʩ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ɾʫʨʘʚʣʝʚʘ ʃ.ɺ., ʌɻɹʆʋ ɺʇʆ çʂʝʤʝʨʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè. 

http://connect-universum.tsu.ru/blog/connectuniversum2014_ru/476.html
http://connect-universum.tsu.ru/blog/connectuniversum2014_ru/476.html
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ʋɼʂ 538.911 

ʉʊʈʋʂʊʋʈʅʓɽ ʀ ʆʇʊʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʀʆʀɼʀɼɸ ʍʆʃʀʅɸ ʇʆɼ 

ɼɸɺʃɽʅʀɽʄ 

ɻʦʨʜʠʝʥʢʦ ʂ.ɸ. 

ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

gordie-kirill @rambler.ru  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʦʠʪ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʙʝʟʦʧʘʩʥʳʭ, ʜʝʰʝʚʳʭ, ʘ ʪʘʢʞʝ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʝʪʝʥʜʝʥʪʦʚ ʥʘ ʨʦʣʴ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʢʘʢ ʢʦʥʜʝʥʩʘʪʦʨʳ [1] ʠ ʪʝʨʤʦʙʘʪʘʨʝʠ [2] ʚʳʩʪʫʧʘʶʪ ʠʦʥʥʳʝ 

ʢʨʠʩʪʘʣʣʳ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʠ ʛʘʣʦʛʝʥʠʜʳ ʭʦʣʠʥʘ. ɼʘʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʧʨʠʚʣʝʢʘʶʪ ʢ ʩʝʙʝ ʚʥʠʤʘʥʠʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢʘʢ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʨʝʘʢʮʠʦʥʥʳʝ 

ʩʨʝʜʳ ʩ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ ʭʦʨʦʰʝʡ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟ 

ʥʠʭ ʚʳʩʦʢʦʧʨʦʚʦʜʷʱʠʝ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠʦʜʠʜʘ ʭʦʣʠʥʘ (ChI) (ʨʠʩ.1) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ Crystal [3], ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʣʩʷ PBE ʬʫʥʢʮʠʦʥʘʣ ʩ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʧʦʧʨʘʚʢʦʡ D3 [4], ʢʦʪʦʨʘʷ  ʧʦʟʚʦʣʷʝʪ 

ʢʦʨʨʝʢʪʥʦ ʫʯʠʪʳʚʘʪʴ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʢʨʠʩʪʘʣʣ C5H14NO I ʦʪʥʦʩʠʪʩʷ ʢ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ P21. ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1.  

 

ʨʠʩ.1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʡʦʜʠʜʘ ʭʦʣʠʥʘ 

ʪʘʙ.1. ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ C5H14NO I ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

ɼʘʚʣʝʥʠʝ, [GPa] a, [¡] b, [¡] c, [¡] ʋʛʦʣ ɓ, Á 

0 5.830 7.981 8.913 92.6 

0.5 5.792 7.822 8.817 93.0 

1 5.768 7.694 8.729 93.4 

1.5 5.750 7.587 8.650 93.7 

2.0 5.731 7.496 8.582 94.0 

 

ɼʣʠʥʳ ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʥʫʣʝʚʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʥʘʭʦʜʷʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ [5,6]. ʋʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʦʪ 0 GPa ʜʦ 2.0 GPa ʩʦʩʪʘʚʠʣʦ 11.21%, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ 

ʠʟʤʝʥʝʥʠʠ ʨʝʰʝʪʢʠ, ʦʜʥʘʢʦ ʚ ʩʘʤʠʭ ʤʦʣʝʢʫʣʘʭ ʠʦʜʠʜʘ ʭʦʣʠʥʘ ʠʟʤʝʥʝʥʠʷ ʥʝ ʩʪʦʣʴ 

ʟʥʘʯʠʪʝʣʴʥʳ, ʵʪʦ ʚʠʜʥʦ ʧʦ ʠʟʤʝʥʝʥʠʶ ʜʣʠʥ ʩʚʷʟʝʡ, ʢ ʧʨʠʤʝʨʫ, ʜʣʷ ʩʚʷʟʠ N-C ʠʟʤʝʥʝʥʠʝ 
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ʩʦʩʪʘʚʠʣʦ ʚʩʝʛʦ 0.33%, ʜʣʷ ʩʚʷʟʠ C-O - 0.28%, ʜʣʷ C-C - 0.06%. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

ʠʟʤʝʥʠʣʠʩʴ ʩʠʣʴʥʝʝ, ʚ ʩʨʝʜʥʝʤ ʥʘ 6% (ʤʝʞʜʫ ʩʚʷʟʷʤʠ O-H). ʆ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʚ 

ʩʪʨʦʝʥʠʠ ʤʦʣʝʢʫʣ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʨʘʩʩʯʠʪʘʥʥʳʡ ʀʂ-ʩʧʝʢʪʨ ʢʨʠʩʪʘʣʣʘ, ʧʨʠʚʝʜʝʥʥʳʡ 

ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʨʠʩ.2 ʀʂ-ʩʧʝʢʪʨ ʢʨʠʩʪʘʣʣʘ ʠʦʜʠʜʘ ʭʦʣʠʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2, ʩʠʣʴʥʝʝ ʚʩʝʛʦ ʧʦʜʚʝʨʛʣʘʩʴ ʠʟʤʝʥʝʥʠʶ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʯʘʩʪʴ 

ʩʧʝʢʪʨʘ, ʦʪʚʝʯʘʶʱʘʷ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʘʥʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ O-H ʦʪ 3362 ʜʦ 3321 ʩʤ-1, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 1,21%. ʄʝʥʝʝ ʚʩʝʛʦ ʠʟʤʝʥʠʣʘʩʴ ʩʨʝʜʥʷʷ ʯʘʩʪʴ ʩʧʝʢʪʨʘ, ʦʪʚʝʯʘʶʱʘʷ 

ʚʥʫʪʨʝʤʦʣʝʢʫʣʷʨʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ ʉ-ʉ (1250-1140 ʩʤ-1), C-N (1360-1020 ʩʤ-1) ʠ C-O 

(1260-1000 ʩʤ-1), ʩʨʝʜʥʝʝ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 0.35%. ʉʠʣʴʥʝʝ ʩʤʝʩʪʠʣʠʩʴ ʧʠʢʠ 

ʢʦʣʝʙʘʥʠʡ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ, ʦʪʚʝʯʘʶʱʝʡ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ O-H (950-

900 ʩʤ-1), ʘ ʪʘʢʞʝ ʢʦʣʝʙʘʥʠʷʤ ʩʘʤʦʡ ʨʝʰʝʪʢʠ, ʠʭ ʠʟʤʝʥʝʥʠʝ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʣʦ ʧʦʨʷʜʢʘ 

10%. 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʢʨʠʩʪʘʣʣʘ 

ʠʦʜʠʜʘ ʭʦʣʠʥʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʩʘʤʠʭ ʤʦʣʝʢʫʣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ. 

ʅʘʠʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʷʤ ʧʦʜʚʝʨʛʣʘʩʴ ʩʪʨʫʢʪʫʨʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. 
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ʈʘʟʨʘʙʦʪʢʘ ʢʝʡʩ-ʟʘʜʘʥʠʡ ʜʣʷ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʘʱʠʭʩʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, 

ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʩʪʘʣʦ ʩʦʚʨʝʤʝʥʥʦʡ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʦʩʥʦʚʫ ʨʘʟʨʘʙʦʪʢʠ ʵʪʘʣʦʥʘ 

ʧʦʣʦʞʝʥʘ ʮʝʣʝʚʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ ʧʝʨʝʭʦʜ ʦʪ ʜʦʛʦʥʷʶʱʝʡè ʢ çʦʧʝʨʝʞʘʶʱʝʡè 

ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʪʢʘʟ ʦʪ ʧʨʷʤʦʛʦ ʧʦʚʪʦʨʝʥʠʷ ʟʘʧʘʜʥʳʭ ʤʦʜʝʣʝʡ 

ʦʙʨʘʟʦʚʘʥʠʷ. ɼʨʫʛʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʦʚʦʛʦ ʵʪʘʣʦʥʘ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʢ ʩʪʨʘʪʝʛʠʠ ʩʦʮʠʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʥʦ-

ʜʝʷʪʝʣʴʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʩʦʦʙʱʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤʫ ʧʨʦʮʝʩʩʫ ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ. 

ʎʝʣʴʶ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʱʝʢʫʣʴʪʫʨʥʦʝ, ʣʠʯʥʦʩʪʥʦʝ ʠ ʧʦʟʥʘʚʘʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ 

ʫʯʘʱʠʭʩʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʪʘʢʫʶ ʚʘʞʥʫʶ ʢʦʤʧʝʪʝʥʮʠʶ, ʢʘʢ ʫʤʝʥʠʝ ʫʯʠʪʴʩʷ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʥʷʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠ ʥʘ ʦʩʥʦʚʝ ʘʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ. ɺ ʦʩʥʦʚʝ ʧʦʠʩʢʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ ʣʝʞʠʪ ʩʪʨʫʢʪʫʨʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ. ʉʨʝʜʠ ʥʳʥʝʰʥʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʟʘʥʠʤʘʝʪ 

ʦʙʫʯʝʥʠʝ ʢʝʡʩ ʪʝʭʥʦʣʦʛʠʝʡ, ʘ ʠʤʝʥʥʦ ʢʝʡʩ ï ʤʝʪʦʜʦʤ. ʂʝʡʩ-ʤʝʪʦʜ-ʵʪʦ ʩʦʚʤʝʩʪʥʳʡ, 

ʜʠʩʢʫʩʩʠʦʥʥʳʡ ʩʧʦʩʦʙ ʦʙʫʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʯʝʥʠʢʠ ʧʨʠʦʙʨʝʪʘʶʪ ʥʘʚʳʢʠ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʤʳʰʣʝʥʠʷ, ʦʙʱʝʥʠʷ ʠ ʛʨʫʧʧʦʚʦʡ ʜʠʥʘʤʠʢʠ. ʋʯʝʥʠʢʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩ ʢʝʡʩʦʤ ʚʦ ʚʨʝʤʷ 

ʟʘʥʷʪʠʡ ʚ ʮʝʣʦʤ ʠʣʠ ʚ ʥʝʙʦʣʴʰʠʭ ʛʨʫʧʧʘʭ. 

ʄʝʪʦʜʠʢʘ ʧʨʝʧʦʜʘʚʘʥʠʷ ʬʠʟʠʢʠ ʧʦ ʢʝʡʩ-ʤʝʪʦʜʫ ʠʤʝʝʪ ʩʚʦʡ ʦʩʦʙʝʥʥʦʩʪʠ. ʂʝʡʩ ï 

ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ, ʥʘʨʷʜʫ ʩ ʫʩʚʦʝʥʠʝʤ ʢʦʥʢʨʝʪʥʳʭ ʬʦʨʤʫʣ, ʩʚʦʡʩʪʚ, 

ʥʘʫʯʠʪʴ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʠ ʧʨʠʤʝʥʷʪʴ çʬʠʟʠʯʝʩʢʠʡè ʦʧʳʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʟʥʘʥʠʡ. 

ʆʪʣʠʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʵʬʬʝʢʪʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ, ʥʦ ʠ ʚʣʠʷʥʠʝʤ ʥʘ ʩʦʮʠʘʣʠʟʘʮʠʶ ʫʯʝʥʠʢʦʚ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʭ ʣʠʯʥʦʩʪʥʳʭ ʢʘʯʝʩʪʚ. ɸ ʠʤʝʥʥʦ, ʥʘʫʯʠʪʴ ʨʘʙʦʪʘʪʴ ʩ ʪʝʢʩʪʘʤʠ, ʨʠʩʫʥʢʘʤʠ, 

ʛʨʘʬʠʢʘʤʠ, ʪʘʙʣʠʮʘʤʠ ʠ ʩʭʝʤʘʤʠ ʩ ʮʝʣʴʶ ʦʪʙʦʨʘ, ʧʦʠʩʢʘ ʠ ʠʟʚʣʝʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 

ʦʪʚʝʪʦʚ ʥʘ ʚʦʧʨʦʩʳ, ʘʨʛʫʤʝʥʪʘʮʠʷ ʩʚʦʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʂʝʡʩ-ʤʝʪʦʜ ʬʦʨʤʠʨʫʝʪ ʧʨʦʛʨʝʩʩʠʚʥʫʶ 

ʧʘʨʘʜʠʛʤʫ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʪʚʝʯʘʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʚʨʝʤʝʥʠ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʢʝʡʩ çʌʠʟʠʢʘ - ʚʩʝ, ʯʪʦ ʥʘʩ ʦʢʨʫʞʘʝʪè ʟʘʢʣʶʯʘʝʪ ʚ ʩʝʙʝ ʧʨʦʙʣʝʤʫ, 

ʢʦʪʦʨʫʶ ʩʣʝʜʫʝʪ ʠʟʫʯʠʪʴ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʧʨʝʜʣʦʞʠʪʴ ʤʦʜʝʣʴ ʨʝʰʝʥʠʷ, ʦʙʦʩʥʦʚʘʥʥʫʶ 

ʨʷʜʦʤ ʫʩʣʦʚʠʡ, ʩʚʦʡʩʪʚ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʟʥʘʥʠʡ. ʆʥ 

ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʘʣʴʥʦ ʩʦʯʝʪʘʪʴ ʪʝʦʨʠʶ ʠ ʧʨʘʢʪʠʢʫ, ʨʘʟʚʠʚʘʪʴ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ. ʋʯʝʥʠʢʠ ʥʝ ʧʦʣʫʯʘʶʪ ʛʦʪʦʚʳʭ ʟʥʘʥʠʡ, ʘ ʫʯʘʪʩʷ ʧʦʣʫʯʘʪʴ ʠʭ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʈʝʰʝʥʠʷ, ʧʨʠʥʷʪʳʝ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʩʠʪʫʘʮʠʠ, ʙʳʩʪʨʦ ʟʘʧʦʤʠʥʘʶʪʩʷ, ʠ ʵʪʦ 

ʣʫʯʰʝ, ʯʝʤ ʟʘʧʦʤʠʥʘʪʴ ʧʨʘʚʠʣʘ. ʇʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʘʜʘʯʠ 

ʷʚʣʷʝʪʩʷ ʪʚʦʨʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʦʣʣʝʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʈʘʟʣʠʯʘʶʪ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʨʘʙʦʪʳ ʩ ʢʝʡʩʦʤ: 
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¶ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ; 

¶ ʦʙʩʫʞʜʝʥʠʝ ʚ ʥʝʙʦʣʴʰʦʡ ʛʨʫʧʧʝ; 

¶ ʦʙʩʫʞʜʝʥʠʝ ʚ ʙʦʣʴʰʦʡ ʛʨʫʧʧʝ ʠʣʠ ʢʣʘʩʩʝ; 

ʉʦʜʝʨʞʘʥʠʝ ʢʝʡʩʘ ï ʥʝ ʧʨʦʩʪʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ. ʕʪʦ 

ʠʥʬʦʨʤʘʮʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʫʯʝʥʠʢ ʧʦʛʨʫʟʠʣʩʷ ʚ ʪʫ ʞʝ ʩʘʤʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʯʪʦ ʠ ʘʚʪʦʨ ʢʝʡʩʘ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ʢʝʡʩʘ: 

- ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʝʤʳ ʫʨʦʢʘ, ʧʨʦʙʣʝʤʳ, ʚʦʧʨʦʩʦʚ, ʟʘʜʘʥʠʷ; 

-ʚʦʧʨʦʩʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

- ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʬʘʢʪʳ, ʧʦʣʦʞʝʥʠʷ, ʚʘʨʠʘʥʪʳ, ʘʣʴʪʝʨʥʘʪʠʚʳ; 

- ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ; 

- ʥʘʛʣʷʜʥʳʡ, ʨʘʟʜʘʪʦʯʥʳʡ ʠʣʠ ʜʨʫʛʦʡ ʠʣʣʶʩʪʨʘʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ; 

- ʣʠʪʝʨʘʪʫʨʘ ʦʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ; 

- ʢʦʣʣʝʢʪʠʚʥʦʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ; 

- ʢʨʠʪʝʨʠʠ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʂʝʡʩ-ʤʝʪʦʜ-ʵʪʦ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʩʣʫʯʘʠ ʧʨʠʥʫʞʜʝʥʠʷ ʢ 

ʧʨʠʥʷʪʠʶ ʨʝʰʝʥʠʡ, ʯʪʦʙʳ ʧʦʩʪʘʚʠʪʴ ʫʯʝʥʠʢʦʚ ʚ ʨʦʣʠ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʩʪʦʣʢʥʫʣʠʩʴ ʩ 

ʪʨʫʜʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʚ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʚ ʧʨʦʰʣʦʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ 

ʦʙʫʯʝʥʠʷ, ʢʝʡʩ-ʤʝʪʦʜ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʚʦʟʜʝʨʞʠʚʘʣʠʩʴ ʦʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʩʚʦʝʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʥʝʥʠʷ ʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʰʝʥʠʷʭ. ʉʢʦʨʝʝ, ʛʣʘʚʥʘʷ ʟʘʜʘʯʘ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʤʝʪʦʜ ʢʝʡʩʦʚ, ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦʧʨʦʩʠʪʴ ʫʯʝʥʠʢʦʚ 

ʨʘʟʨʘʙʦʪʘʪʴ, ʦʧʠʩʘʪʴ ʠ ʟʘʱʠʪʠʪʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ 

ʩʣʫʯʘʝ. 
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ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʩʝʡʯʘʩ ʚʳʧʫʩʢʘʶʪ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʈʦʩʩʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʘʩʪʤʘʩʩ ʠ ʫʜʦʙʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʧʦʩʪʘʚʢʠ ʥʘ ʵʢʩʧʦʨʪ. 

ʇʨʦʜʫʢʪʳ ʢʦʢʩʦʚʘʥʠʷ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʥʫʞʥʳ ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʩʪʘʣʝʡ. 

ʋʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ï ʵʪʦ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʚʳʩʦʢʦʨʝʥʪʘʙʝʣʴʥʳʡ ʠ ʜʝʬʠʮʠʪʥʳʡ ʥʘ 

ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʧʨʦʜʫʢʪ, ʥʘʣʠʯʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʪʨʘʥʝ 

ʦʧʨʝʜʝʣʷʝʪ ʛʣʦʙʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʛʦʩʫʜʘʨʩʪʚʘ ʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʳʥʢʘʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ 

ʢʦʤʧʦʟʠʪʦʚ. 

ʅʦʚʝʡʰʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦ- ʠ ʪʝʧʣʦʵʥʝʨʛʠʠ ʠʟ ʫʛʣʷ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ 

ʧʨʦʙʣʝʤʫ ʵʥʝʨʛʦʜʝʬʠʮʠʪʘ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʊʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʩʞʠʛʘʥʠʷ ʫʛʣʷ ʜʝʣʘʶʪ ʤʘʩʰʪʘʙʥʳʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʘ ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ (ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʦʨʙʝʥʪʳ, ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ) ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʋʩʪʘʥʦʚʢʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʦʟʜʘʥʠʝ ʙʠʦʨʝʘʢʪʦʨʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʫʩʣʦʚʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ ʰʣʘʤʦʚ 

ʫʛʣʝʦʙʦʛʘʱʝʥʠʷ ʠ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʫʛʣʝʡ. ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʦʙʨʘʙʦʪʢʘ, ʢʦʪʦʨʘʷ ʜʝʣʘʝʪ ʰʣʘʤʳ ʫʛʣʝʦʙʦʛʘʱʝʥʠʷ ʠ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʫʛʣʠ 

ʚʦʩʧʨʠʠʤʯʠʚʳʤʠ ʢ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ. 

ʆʙʱʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠ ʩʞʠʛʘʥʠʠ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʫʛʣʝʡ ʠʣʠ ʦʪʭʦʜʦʚ ʫʛʣʝʦʙʦʛʘʱʝʥʠʷ 

ʵʪʦ ʥʠʟʢʘʷ ʪʝʧʣʦʪʚʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʚʳʩʦʢʠʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʠʟʜʝʨʞʢʠ. ʈʝʘʣʠʟʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʝ, ʯʠʩʪʦʝ ʠ çʟʝʣʝʥʦʝè 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʪʦʧʣʠʚʘ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʙʠʦʩʠʥʪʝʟʘ ʛʘʟʘ. ʋʛʦʣʴ ʤʦʞʝʪ ʘʥʘʵʨʦʙʥʦ 

ʨʘʟʣʘʛʘʪʴʩʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʜʦ ʤʝʪʘʥʘ, ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʨʅ ʠ ʜʨʫʛʠʝ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʚʳʭʦʜ ʠ ʩʢʦʨʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʤʝʪʘʥʘ. 

ɿʘʜʘʯʝʡ, ʥʘ ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʥʘʧʨʘʚʣʝʥʦ ʨʘʙʦʪʘ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʞʠʜʢʠʭ ʠ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ ʫʛʣʝʡ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. ʋʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʝʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ, ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʠ ʙʠʦʛʘʟʠʬʠʢʘʮʠʠ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʢʦʥʪʫʨʘ 

ʨʝʘʢʪʦʨʥʳʭ ʛʘʟʦʚ ʚʢʣʶʯʘʶʱʝʛʦ ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʥʘʩʦʩ, ʨʝʩʠʚʝʨ ʠ ʛʨʝʙʝʥʢʫ ʜʣʷ ʫʩʪʘʥʦʚʢʠ 

ʜʘʪʯʠʢʦʚ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝʧʨʝʨʳʚʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʫʛʣʝʩʦʜʝʨʞʘʱʠʭ ʦʙʨʘʟʮʦʚ ʋʌ ʩʚʝʪʦʤ ʚ ʧʦʪʦʢʝ ʢʠʩʣʦʨʦʜʘ ʠ ʧʦʩʣʝʜʫʶʱʝʝ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʙʠʦʛʘʟʠʬʠʢʘʮʠʠ ʠ/ʠʣʠ ʩʦʣʶʙʠʣʠʟʘʮʠʠ ʚ 

ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ, ʘʟʦʪʘ ʠʣʠ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʠ ʧʨʠ ʵʪʦʤ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚ ʨʝʘʢʪʦʨʝ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʚʣʘʞʥʦʩʪʴ, ʩʦʩʪʘʚ ʘʪʤʦʩʬʝʨʳ.  
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ʈʠʩ. 1. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ 

 

 
ʈʠʩ. 2. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ. 

ʇʦʜʢʣʶʯʘʝʪʩʷ Arduino Mega 2560 ʢ ʇʂ ʧʦ  ʠʥʪʝʨʬʝʡʩʫ USB 2 , ʟʘʪʝʤ ʧʦʜʢʣʶʯʘʝʤ ʢ 

Arduino 4ʭ4 ʢʣʘʚʠʘʪʫʨʫ ʚ PIN 0,23,2,3,4,5,6,7. 16ʭ2 LCD 1 - GND, 2- 5V, 3- GND, 4 ï PIN 13, 5 

ï GND, 6 ï PIN 12, 11-14 ï PIN 11-8, 15 ï 3,3V, 16 ï GND. ɻʘʟʦʘʥʘʣʠʟʘʪʦʨ ï PIN 14-15. DHT22 

ï 1 ï 5V, 2 ï PIN 22, 3 ï GND. MQ2 ï 1 ï A0, 2 ï 5V, 3 ï GND. Relay ï CH1 ï PIN 24, CH2 ï 

PIN 25, CH3 ï PIN 26,  

ɿʘʪʝʤ ʧʦʜʢʣʶʯʘʝʤ ʯʝʨʝʟ  ʨʝʣʝ 8 Solid State Relay UT-4, ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʠʡ ʥʘʩʦʩ, 

ʪʝʨʤʦʩʪʘʪ, ʜʚʠʛʘʪʝʣʴ. 

ʌʦʨʤʫʣʘ ʠʟʦʙʨʝʪʝʥʠʷ: ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʛʘʟʠʬʠʢʘʮʠʠ ʠ 

ʦʞʠʞʝʥʠʷ ʰʣʘʤʦʚ ʫʛʣʝʦʙʦʛʘʱʝʥʠʷ ʠ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʫʛʣʝʡ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʩʪʦʷʱʘʷ ʠʟ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʢʦʥʪʫʨʘ ʨʝʘʢʪʦʨʥʳʭ ʛʘʟʦʚ 

ʚʢʣʶʯʘʶʱʝʛʦ ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʥʘʩʦʩ, ʨʝʩʠʚʝʨ ʠ ʛʨʝʙʸʥʢʫ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ, 

ʦʪʣʠʯʘʶʱʘʷʩʷ ʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝʧʨʝʨʳʚʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ 

ʫʛʣʝʩʦʜʝʨʞʘʱʠʭ ʦʙʨʘʟʮʦʚ ʋʌ ʩʚʝʪʦʤ ʚ ʧʦʪʦʢʝ ʢʠʩʣʦʨʦʜʘ, ʘʟʦʪʘ ʠʣʠ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʠ ʧʨʠ ʵʪʦʤ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚ ʨʝʘʢʪʦʨʝ ʪʝʤʧʝʨʘʪʫʨʫ, ʚʣʘʞʥʦʩʪʴ, ʩʦʩʪʘʚ ʘʪʤʦʩʬʝʨʳ. 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. ʇʘʪ. ˉ 2694965 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ/ɼʷʛʝʣʝʚ ɼ.ɺ. 

2. ɾʫʨʘʚʣʸʚ ʖ.ʅ. (2017). ʆʪʯʸʪ ʧʦ ʟʘʜʘʥʠʶ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʨʘʙʦʪ ʚ 

ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʥʦʡ ʯʘʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ 

15.3487.2017/ʇʏ çʈʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʢ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʤ ʪʝʭʥʦʣʦʛʠʷʤ 

ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʪʭʦʜʦʚ ʫʛʣʝʜʦʙʳʯʠè. ʂʝʤʝʨʦʚʦ. ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

 

  



 

37 

 
 

ʋɼʂ 372.853 

ʈɸɿʈɸɹʆʊʂɸ ʊɽʉʊʆɺʓʍ ɿɸɼɸʅʀʁ ʇʆ ʂʋʈʉʋ ʆɹʑɽʁ ʌʀɿʀʂʀ ɼʃʗ 

ʆɹʋʏɸʖʑʀʍʉʗ ʇʆ ʅɸʇʈɸɺʃɽʅʀʖ ʇʈʀʂʃɸɼʅɸʗ ʄɸʊɽʄɸʊʀʂɸ ʀ 

ʀʅʌʆʈʄɸʊʀʂɸ 

ʗʢʦʚʣʝʚ ɸ.ʅ. 

ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
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ʈʘʟʨʘʙʦʪʢʘ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʧʦ ʢʫʨʩʫ ʦʙʱʝʡ ʬʠʟʠʢʠ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, ʧʦʩʢʦʣʴʢʫ 

ʪʝʩʪʦʚʘʷ ʩʠʩʪʝʤʘ ʩʪʘʣʘ ʥʝʦʪʲʝʤʣʝʤʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʦ ʚʳʟʳʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʚʦʧʨʦʩʦʚ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʪʝʩʪʦʚ, ʠʭ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʮʝʥʢʠ ʥʘʜʸʞʥʦʩʪʠ ʠ ʚʘʣʠʜʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʩʪʦʚʳʭ 

ʩʠʩʪʝʤ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʘʧʨʦʙʘʮʠʠ ʪʝʩʪʦʚʳʭ 

ʟʘʜʘʥʠʡ ʧʦ ʤʝʭʘʥʠʢʝ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʠʟʠʢʝ. 

ʄʝʪʦʜʠʢʘ ʩʦʩʪʘʚʣʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʧʦ ʬʠʟʠʢʝ. 

ɺʩʝ ʤʝʪʦʜʠʢʠ ʠ ʧʨʘʚʠʣʘ ʩʦʩʪʘʚʣʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʪʝʩʪʳ ʙʳʣʠ ʜʦʩʪʘʪʦʯʥʦ ʚʘʣʠʜʥʳʤʠ ʠ ʠʤʝʣʠ ʥʝʦʙʭʦʜʠʤʳʡ ʠʥʜʝʢʩ (ʫʨʦʚʝʥʴ) 

ʪʨʫʜʥʦʩʪʠ. ʊʦʣʴʢʦ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʠʠ ʵʪʠʤ ʜʚʫʤ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʩʪʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʧʨʦʚʝʨʢʠ ʫʨʦʚʥʷ ʫʩʚʦʝʥʠʷ ʟʥʘʥʠʡ ʫʯʘʱʠʭʩʷ. 

ɺʘʣʠʜʥʦʩʪʴ ï ʵʪʦ ʧʨʠʛʦʜʥʦʩʪʴ ʪʝʩʪʘ ʜʣʷ ʪʦʡ ʮʝʣʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʦʥ ʠ ʧʨʦʚʦʜʠʪʩʷ. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʚʘʣʠʜʥʦʩʪʴ ï ʵʪʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩ ʦʮʝʥʢʦʡ ʫʨʦʚʥʷ ʟʥʘʥʠʡ 

ʪʝʩʪʠʨʫʝʤʦʛʦ, ʧʦʣʫʯʝʥʥʦʡ ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ. [1, 2] 

ʅʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʤʝʪʦʜʠʢʫ ʨʘʟʨʘʙʦʪʢʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʚ ʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥʘʭ 

ʚʥʝʩ ʧʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʯʣʝʥ ʈɸʆ ï ɸʚʘʥʝʩʦʚ ɺʘʜʠʤ ʉʝʨʛʝʝʚʠʯ.  

ʀʤʝʥʥʦ ʦʥ, ʝʱʝ ʚʦ ʚʨʝʤʝʥʘ ʉʉʉʈ, ʩʦʟʜʘʣ ʩʦʚʨʝʤʝʥʥʫʶ ʨʦʩʩʠʡʩʢʫʶ ʤʝʪʦʜʠʢʫ ʨʘʟʨʘʙʦʪʢʠ 

ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. ɺʳʜʝʣʠʤ ʝʝ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ: [3, 4] 

¶ ʠʩʢʣʶʯʠʪʴ ʟʘʜʘʥʠʷ ʩ ʦʜʠʥʘʢʦʚʳʤ ʘʣʛʦʨʠʪʤʦʤ ʨʝʰʝʥʠʷ; 

¶ ʚʢʣʶʯʠʪʴ ʚ ʪʝʩʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʚʦʧʨʦʩʦʚ; 

¶ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʪʨʫʜʥʦʩʪʠ; 

¶ ʧʨʦʚʝʨʠʪʴ, ʯʪʦʙʳ ʪʝʢʩʪ ʥʠ ʦʜʥʦʛʦ ʠʟ ʟʘʜʘʥʠʡ ʥʝ ʩʦʜʝʨʞʘʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 
ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʩʢʘʟʢʠ; 

¶ ʧʦʜʦʙʨʘʪʴ ʟʘʜʘʥʠʷ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʠʟʫʯʝʥʥʦʤʫ 

ʫʯʝʙʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʦʭʚʘʪʳʚʘʣʠ ʝʛʦ; 

¶ ʩʦʩʪʘʚʠʪʴ ʪʝʩʪ ʪʘʢ, ʯʪʦʙʳ ʦʥ ʩʦʜʝʨʞʘʣ ʪʦʣʴʢʦ ʚʘʞʥʳʝ ʵʣʝʤʝʥʪʳ ʠʟʫʯʝʥʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ. 

ɺʪʦʨʳʤ ʚʘʞʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʪʝʩʪʘ ʷʚʣʷʝʪʩʷ ʠʥʜʝʢʩ ʪʨʫʜʥʦʩʪʠ. ʀʥʜʝʢʩ ʪʨʫʜʥʦʩʪʠ ʪʝʩʪʘ 

ï ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʥʘʩʢʦʣʴʢʦ ʪʨʫʜʥʳʤ ʷʚʣʷʝʪʩʷ ʪʝʩʪʦʚʦʝ ʟʘʜʘʥʠʝ, ʠ ʪʝʩʪ ʮʝʣʠʢʦʤ. 

ɽʛʦ ʤʦʞʥʦ ʥʘʡʪʠ ʩ ʧʦʤʦʱʴʶ ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʧʨʦʩʪʝʡʰʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʥʝʚʝʨʥʳʭ 

ʦʪʚʝʪʦʚ ʠ ʢʦʣʠʯʝʩʪʚʘ ʪʝʩʪʠʨʫʝʤʳʭ: 

ή         (1) 

ʛʜʝ q ï ʠʥʜʝʢʩ ʪʨʫʜʥʦʩʪʠ, 

n ï ʢʦʣʠʯʝʩʪʚʦ ʥʝʚʝʨʥʳʭ ʦʪʚʝʪʦʚ ʥʘ ʟʘʜʘʥʠʝ, 

N ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʩʪʠʨʫʝʤʳʭ. 

ʊʝʩʪ ʩʯʠʪʘʝʪʩʷ ʧʨʠʛʦʜʥʳʤ, ʝʩʣʠ ʠʥʜʝʢʩ ʪʨʫʜʥʦʩʪʠ ʣʝʞʠʪ ʚ ʧʨʦʤʝʞʫʪʢʝ: 

πȟς ή πȟψ      (2) 

ʉʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ ʩʦʩʪʘʚʣʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ 

ʥʝʧʨʘʚʠʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʪʚʝʪʘ ï ʜʠʩʪʨʘʢʪʦʨʦʚ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʜʠʩʪʨʘʢʪʦʨʦʚ 

ʩʦʩʪʘʚʠʪʝʣʴ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʜʦʣʞʝʥ ʥʝ ʪʦʣʴʢʦ ʦʙʣʘʜʘʪʴ ʦʯʝʥʴ ʭʦʨʦʰʠʤ ʟʥʘʥʠʝʤ ʬʠʟʠʢʠ, ʥʦ 
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ʠ ʫʤʝʪʴ ʨʘʙʦʪʘʪʴ ʩʦ ʩʧʨʘʚʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʅʝʧʨʘʚʠʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʦʪʚʝʪʦʚ ʜʦʣʞʥʳ ʙʳʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʳ, ʠ ʥʝ ʜʦʣʞʥʳ ʧʦʚʪʦʨʷʪʴʩʷ ʚ ʨʘʟʥʳʭ ʚʦʧʨʦʩʘʭ, ʯʪʦʙʳ ʪʝʩʪʠʨʫʝʤʳʡ ʥʝ 

ʧʳʪʘʣʩʷ ʥʘʡʪʠ ʚʝʨʥʳʡ ʦʪʚʝʪ ʤʝʪʦʜʦʤ ʠʩʢʣʶʯʝʥʠʷ ʥʝʚʝʨʥʳʭ. ɻʦʨʘʟʜʦ ʧʨʦʱʝ ʧʦʜʦʙʨʘʪʴ 

ʥʝʚʝʨʥʳʝ ʚʘʨʠʘʥʪʳ ʦʪʚʝʪʦʚ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʥʠʷʭ (ʟʘʜʘʯʘʭ), ʛʜʝ ʥʝʚʝʨʥʳʝ ʚʘʨʠʘʥʪʳ ʤʦʞʥʦ 

ʧʦʜʦʙʨʘʪʴ ʧʫʪʝʤ çʠʛʨʳè ʩ ʝʜʠʥʠʮʘʤʠ ʠʟʤʝʨʝʥʠʡ, ʩʪʝʧʝʥʷʤʠ, ʜʦʣʷʤʠ ʯʠʩʝʣ ʠ ʪ.ʜ.  

ʉʦʩʪʘʚʣʝʥʥʳʝ ʪʝʩʪʦʚʳʝ ʚʦʧʨʦʩʳ ʨʘʥʞʠʨʦʚʘʥʳ ʧʦ ʪʝʤʘʪʠʢʝ ʠʟʫʯʘʝʤʦʛʦ ʧʨʝʜʤʝʪʘ ʠ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 12 ʟʘʜʘʥʠʡ ʧʦ ʤʝʭʘʥʠʢʝ ʠ 8 ʟʘʜʘʥʠʡ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʠʟʠʢʝ. ɺʦʧʨʦʩʳ 
ʧʦʤʦʛʘʶʪ ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʟʘʯʸʪʫ ʧʦ ʬʠʟʠʢʝ. ʆʙʲʝʤ ʟʘʜʘʥʠʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʛʨʘʤʤʝ ʧʦ ʬʠʟʠʢʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘè. ʊʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ ʧʦʤʦʛʘʶʪ ʟʘʢʨʝʧʠʪʴ ʧʦʥʠʤʘʥʠʝ 
ʟʘʢʦʥʦʚ ʢʠʥʝʤʘʪʠʢʠ, ʜʠʥʘʤʠʢʠ, ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʠʟʠʢʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʟʥʘʥʠʡ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ. 

ɺ ʥʦʤʝʨʘʭ ʪʝʩʪʦʚʳʭ ʚʦʧʨʦʩʦʚ (8, 13) ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ 

ʤʥʦʞʝʩʪʚʘ, ʚ ʥʦʤʝʨʘʭ ʟʘʜʘʥʠʡ (6, 12, 18) ʪʨʝʙʫʶʪʩʷ ʟʘʧʦʣʥʠʪʴ ʧʨʦʧʫʩʢʠ ʪʝʢʩʪʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʣʠ ʟʘʢʦʥʘ ʢʣʶʯʝʚʳʤʠ ʩʣʦʚʘʤʠ. ɺʩʝ ʦʩʪʘʚʰʠʝʩʷ ʚʦʧʨʦʩʳ ʧʦʩʪʨʦʝʥʳ ʧʦ ʧʨʠʥʮʠʧʫ ʚʳʙʦʨʘ 

ʦʜʥʦʛʦ ʧʨʘʚʠʣʴʥʦʛʦ ʦʪʚʝʪʘ.  

ʉʦʩʪʘʚʣʝʥʥʳʝ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ ʙʳʣʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ ʦʙʫʯʘʶʱʠʭʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʠʥʩʪʠʪʫʪʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʢ (ʄ-182, ʄ-185, ʄ-171). ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʩʪʠʨʫʝʤʳʭ ʦʙʫʯʘʶʱʠʭʩʷ - 55. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʘʚʠʣʴʥʳʭ/ʥʝʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ ʠ ʨʘʩʯʝʪʘ ʠʥʜʝʢʩʘ ʪʨʫʜʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʟʘʜʘʥʠʷ (ʊʘʙʣ. 1). ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ 11 ʠ 18 ʟʘʜʘʥʠʷ ʪʝʩʪʘ ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ 

ʪʨʫʜʥʦʩʪʠ ʥʠʞʝ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ 0,2. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʵʪʦʛʦ ʠʥʜʝʢʩʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʷ ʟʘʜʘʥʠʷʤʠ 12 ʠ 14 ʩ ʠʥʜʝʢʩʦʤ 0,7. 

ʊʘʙʣ. 1. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʫʜʥʦʩʪʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ 

ʅʦʤʝʨ 

ʟʘʜʘʥʠʷ 

ʂʦʣʠʯʝʩʪʚʦ ʚʝʨʥʳʭ 

ʦʪʚʝʪʦʚ 

ʂʦʣʠʯʝʩʪʚʦ ʥʝʚʝʨʥʳʭ 

ʦʪʚʝʪʦʚ 

ʀʥʜʝʢʩ ʪʨʫʜʥʦʩʪʠ, q 

1 24 31 0,6 

2 44 11 0,2 

3 22 33 0,6 

4 32 23 0,4 

5 27 28 0,5 

6 43 12 0,2 

7 35 20 0,4 

8 40 15 0,3 

9 31 24 0,4 

10 45 10 0,2 

11 47 8 0,1 

12 33 22 0,7 

13 37 18 0,3 

14 16 39 0,7 

15 40 15 0,3 

16 40 15 0,3 

17 38 17 0,3 

18 51 4 0,07 

19 22 33 0,6 

20 40 15 0,3 
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ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʪʝʩʪ ʙʳʣ ʧʨʠʛʦʜʝʥ ʜʣʷ ʧʨʦʚʝʨʢʠ ʫʨʦʚʥʷ ʟʥʘʥʠʡ 

ʦʥ ʜʦʣʞʝʥ ʠʤʝʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʠʥʜʝʢʩ ʪʨʫʜʥʦʩʪʠ, ʘ ʪʘʢ ʞʝ ʠʤʝʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ 

ʜʠʩʪʨʘʢʪʦʨʳ. 
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ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʘʤʤʠʘʢʘ. ʇʦʢʘʟʘʥ ʙʘʣʘʥʩ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʧʦʪʨʝʙʣʝʥʠʷ ʘʤʤʠʘʢʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʘʩʧʝʢʪʳ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʠʚʝʜʝʥʳ ʥʦʚʝʡʰʠʝ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ Low Energy, 

Megammonia ʢʦʤʧʘʥʠʠ çLurgiè, ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ LAC ʬʠʨʤʳ çLindeè. 

ɸʤʤʠʘʢ (NH3) ʧʨʠʤʝʥʷʶʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ (HNO3), ʤʦʯʝʚʠʥʳ ((NH2)2CO), 

ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ (NH4NO3), (NH4)2CO3), (NH4)2SO4, ʘ ʪʘʢʞʝ ʫʨʦʪʨʦʧʠʥʘ, ʘʤʤʦʬʦʩʘ, ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʤʤʠʘʢʘ ʢʘʢ ʫʜʦʙʨʝʥʠʝ ʚ ʞʠʜʢʦʤ ʚʠʜʝ ʠ ʭʣʘʜʘʛʝʥʪʘ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʘʤʤʠʘʢʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʧʫʩʢ ʝʛʦ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʘ ʜʚʘʜʮʘʪʠʧʷʪʠʧʨʦʮʝʥʪʥʦʛʦ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ 

ʘʤʤʠʘʯʥʘʷ ʚʦʜʘ ʠʣʠ ʧʨʦʩʪʦ ʚ ʞʠʜʢʦʤ [1]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʘʤʤʠʘʢʘ ʚʦʟʤʦʞʥʘ ʚ ʙʘʣʣʦʥʘʭ ʠʟ ʩʪʘʣʠ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʮʠʩʪʝʨʥʘʭ ʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ, 

ʚʦʜʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʚ ʪʘʥʢʝʨʘʭ, ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʪʨʫʙʦʧʨʦʚʦʜʘʤ. ʉʝʛʦʜʥʷ, ʤʠʨʦʚʦʝ 

ʧʦʪʨʝʙʣʝʥʠʝ ʘʤʤʠʘʢʘ ʨʘʩʪʝʪ, ʩ ʨʦʩʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʩ/ʭ.  

ʇʨʠʨʦʜʥʳʡ ʛʘʟ ʦʩʥʦʚʘ ʦʩʥʦʚ, ʩʝʛʦʜʥʷ ʠʟ ʥʝʛʦ ʧʦʣʫʯʘʶʪ ʥʝ ʪʦʣʴʢʦ ʘʤʤʠʘʢ, ʤʝʪʘʥʦʣ, 

ʘʮʝʪʠʣʝʥ, ʤʥʦʛʦʘʪʦʤʥʳʝ ʩʧʠʨʪʳ [1]. ɼʝʚʷʥʦʩʪʦ ʧʨʦʮʝʥʪʦʚ ʇɻ ʢʘʢ ʨʘʟ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʧʝʨʚʳʭ ʪʨʝʪ ʧʨʦʜʫʢʪʦʚ. ʋʞʝ ʩʝʡʯʘʩ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʞʠʜʢʠʭ 

ʪʦʧʣʠʚ ʨʘʩʭʦʜʫʝʪʩʷ ʧʨʠʨʦʜʥʳʡ ʛʘʟ [2]. 

ʇʦʪʨʝʙʣʝʥʠʝ ʘʤʤʠʘʢʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʛʣʦʙʘʣʴʥʳʤ ʩʧʨʦʩʦʤ ʥʘ ʫʜʦʙʨʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚ 2014 

ʛ. ʦʢʦʣʦ 77% ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʚʦ ʚʩʝʤ ʤʠʨʝ ʘʤʤʠʘʢʘ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

http://www.nbuv.gov.ua/Portal/natural/Popu/2007_2/5-3.pdf
http://kpmit.wl.dvgu.ru/library/aschepkova_test
http://teacode.com/online/udc/66/661.961.html
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ʫʜʦʙʨʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʙʦʣʝʝ 60% ʧʨʠʰʣʦʩʴ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʨʙʘʤʠʜʘ, ʦʢʦʣʦ 10% ï ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ. 

ɺ 2015 ʛ. ʧʨʠʤʝʨʥʦ ʧʦʣʦʚʠʥʘ ʚʩʝʛʦ ʘʤʤʠʘʢʘ ʧʦʪʨʝʙʣʷʣʘʩʴ ʚ ɸʟʠʠ, ʧʨʠʯʝʤ ʦʢʦʣʦ ʪʨʝʪʠ ï ʚ 

ʂʠʪʘʝ. ɺʪʦʨʳʤ ʧʦ ʦʙʲʝʤʘʤ ʨʳʥʢʦʤ ʦʩʪʘʶʪʩʷ ʉʦʝʜʠʥʝʥʥʳʝ ʰʪʘʪʳ ɸʤʝʨʠʢʠ (ʚʦʩʝʤʥʘʜʮʘʪʴ 

ʤʣʥ.ʪ.), ʀʥʜʠʷ (ʩʝʤʥʘʜʮʘʪʴ ʤʣʥ.ʪ.), ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ (ʦʜʠʥʥʘʜʮʘʪʴ ʩ ʧʦʣʦʚʠʥʦʡ ʤʣʥ.ʪ.), 

ʀʥʜʦʥʝʟʠʷ (ʧʷʪʴ ʩ ʧʦʣʦʚʠʥʦʡ ʤʣʥ.ʪ.). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʩʪʨʘʥʳ 

ʧʦʪʨʝʙʣʷʶʪ ʦʢʦʣʦ ʜʚʫʭ ʪʨʝʪʝʡ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʚ ʤʠʨʝ ʘʤʤʠʘʢʘ [3].  

ɹʘʣʘʥʩ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʘʤʤʠʘʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ: ʧʦʪʨʝʙʣʝʥʠʝ ʥʘ 90% 

ʧʨʦʜʦʣʞʘʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʚʥʫʪʨʝʥʥʠʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʘ ʜʦʣʷ ʤʠʨʦʚʦʡ ʪʦʨʛʦʚʣʠ ʩʦʩʪʘʚʣʷʝʪ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 10% (ʦʢʦʣʦ 20 ʤʣʥ ʪ). ʂʨʫʧʥʝʡʰʠʤʠ ʥʝʪʪʦ-ʵʢʩʧʦʨʪʝʨʘʤʠ ʷʚʣʷʶʪʩʷ ʊʨʠʥʠʜʘʜ 

ʠ ʊʦʙʘʛʦ, ʈʦʩʩʠʷ ʠ ʀʥʜʦʥʝʟʠʷ, ʘ ʢʨʫʧʥʝʡʰʠʤʠ ʥʝʪʪʦ-ʠʤʧʦʨʪʝʨʘʤʠ ï ʉʐɸ, ʀʥʜʠʷ ʠ ʖʞʥʘʷ 

ʂʦʨʝʷ. 

ʂʠʪʘʡʩʢʠʡ ʨʳʥʦʢ ʘʤʤʠʘʢʘ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʦʬʠʮʠʪʥʳʤ: ʦʞʠʜʘʝʪʩʷ, ʯʪʦ 

ʢʠʪʘʡʩʢʠʝ ʤʦʱʥʦʩʪʠ ʥʝ ʙʫʜʫʪ ʟʘʛʨʫʞʝʥʳ ʙʦʣʴʰʝ ʯʝʤ ʥʘ 60%, ʦʙʱʠʡ ʫʨʦʚʝʥʴ 

ʥʝʜʦʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʚ ʂʠʪʘʝ ʚ 2016 ʛ. ʉʦʩʪʘʚʠʣ ʩʦʨʦʢ ʤʣʥ.ʪ. ʚ ʛʦʜ ʘʤʤʠʘʢʘ. 

ɺʧʝʨʚʳʝ ʧʦʣʫʯʠʣ ʘʤʤʠʘʢ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʘʥʛʣʠʡʩʢʠʡ ʫʯʝʥʳʡ ɼʞ. ʇʨʠʩʪʣʠ (Priestley) ʚ 1774 ʛ. 

ʉʝʛʦʜʥʷ, ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʣʫʯʘʶʪ ʘʤʤʠʘʢ ʧʨʷʤʳʤ ʩʠʥʪʝʟʦʤ ʠʟ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ. ɺ 

1908 ʛʦʜʫ ʧʨʝʜʣʦʞʠʣ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʥʝʤʝʮʢʠʤ ʭʠʤʠʢʦʤ ʌ. ɻʘʙʝʨʦʤ (Haber) [3,4]: 

N2 + 3ʅ2 ź 2NH3 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʃʝ-ʐʘʪʝʣʴʝ ʥʫʞʥʦ 

ʫʚʝʣʠʯʠʪʴ ʜʘʚʣʝʥʠʝ ʠ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ. ʊʝʧʣʦʩʦʜʝʨʞʘʥʠʝ ʫʢʘʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ 29,4 

ʄʇʘ ʩʦʩʪʘʚʣʷʝʪ 52,38 ʢɼʞ/ʤʦʣʴ ʧʨʠ 500ÁC ʠ 51,29 ʢɼʞ/ʤʦʣʴ ʧʨʠ 400ÁC. ʂʘʪʘʣʠʟʘʪʦʨʦʤ 

ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʞʝʣʝʟʦ, ʘʢʪʠʚʠʨʦʚʘʥʥʦʝ ʦʢʩʠʜʦʤ ʢʘʣʠʷ (II), ʦʢʩʠʜʦʤ ʘʣʶʤʠʥʠʷ, 

ʦʢʩʠʜʦʤ ʢʘʣʴʮʠʷ ʠ ʪ.ʜ. ʉʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʘʱʠʝ ʩʝʨʫ ʠ ʢʠʩʣʦʨʦʜ ʷʚʣʷʶʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ 

ʷʜʘʤʠ [4]. 

ʉʠʥʪʝʪʠʯʝʩʢʠʡ NH3 ʧʦʣʫʯʘʶʪ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʜʘʚʣʝʥʠʶ 

ʩʠʩʪʝʤʳ: ʥʠʟʢʦʛʦ (~10 ʄʇʘ), ʩʨʝʜʥʝʛʦ (25ï 30 ʄʇʘ) ʠ ʚʳʩʦʢʦʛʦ (50ï100 ʄʇʘ) ʜʘʚʣʝʥʠʷ [3].  

ʇʨʠ ʜʘʚʣʝʥʠʠ 3 ï 4 ʄʇʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʘʨʦʚʘʷ ʢʦʥʚʝʨʩʠʷ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ. 

ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʦʪ ʤʘʪʝʨʠʘʣ ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʪʨʫʙʳ ʧʝʯʝʡ, ʦʥʠ 

ʚʳʜʝʨʞʠʚʘʶʪ ʥʝ ʚʳʰʝ 850ʦʉ. ʉʦʦʪʥʦʰʝʥʠʝ ʇʘʨ ï ɻʘʟ ʥʘ ʚʭʦʜʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 3õ4 ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʤʝʪʘʥʘ. ʐʘʭʪʥʳʡ ʨʝʘʢʪʦʨ ʧʘʨʦʢʠʩʣʦʨʦʜʥʦʡ ʢʦʥʚʝʨʩʠʠ ï 

ʵʪʦ ʚʝʨʪʠʢʘʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨ [5]. ʅʘ ʚʭʦʜ ʨʝʘʢʪʦʨʘ 

ʧʦʩʪʫʧʘʝʪ ʩʤʝʩʴ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʧʘʨʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 0.6 : 1õ2 [6]. 

ʂʦʛʜʘ ʜʘʚʣʝʥʠʝ ʪʨʠʜʮʘʪʴ ʄʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʷʪʴʩʦʪ ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ ʩʦʜʝʨʞʘʥʠʝ 

ʘʤʤʠʘʢʘ ʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʦʢʦʣʦ ʪʨʠʜʮʘʪʠ ʧʨʦʮʝʥʪʦʚ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʥʳʭ ʩʢʦʨʦʩʪʷʭ (ʦʢʦʣʦ 15000 ʯï1) ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʨʘʚʥʦʚʝʩʠʝ ʚ ʩʠʩʪʝʤʝ ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ.  

ʀʪʘʢ, ʤʳ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʜʦʨʦʜʘ ʚ ʧʦʣʫʯʝʥʠʠ NH3 

ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʡ ʤʝʪʦʜʦʤ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʧʘʨʦʚʦʡ ʢʦʥʚʝʨʩʠʠ; 

ʤʝʥʝʝ ʜʝʩʷʪʠ ʧʨʦʮʝʥʪʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʢʦʢʩʦʚʳʡ ʛʘʟ, ʠ ʚʦʜʦʨʦʜ, ʧʦʣʫʯʝʥʥʳʡ ʵʣʝʢʪʨʦʣʠʟʦʤ 

ʚʦʜʳ [3, 4], ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ [7]. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ 

ʘʤʤʠʘʢʫ ʩʦʩʪʘʚʣʷʝʪ 200 ʠ 420 ʪʳʩ. ʪ/ʛʦʜ. 

ʄʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʬʠʣʷ ʧʨʠʚʣʝʢʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʤʤʠʘʢʘ ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʛʘʟʦʚ [5 ï 8]. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠʟ ʧʨʠʨʦʜʥʦʡ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʜʦʙʘʚʢʘ 

ʩʧʣʘʚʘ ʠʟ ʘʣʶʤʠʥʠʷ ʠ ʛʘʣʣʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʧʨʝʩʩʦʚʳʚʘʶʪ ʚ ʧʝʣʣʝʪʳ. ʊʘʢʠʝ 

ʧʝʣʣʝʪʳ ʧʦʛʨʫʞʘʶʪ ʚ ʝʤʢʦʩʪʴ ʩ ʚʦʜʦʡ, ʠʜʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʚʳʜʝʣʷʝʪʩʷ ʚʦʜʦʨʦʜ. ʏʪʦʙʳ 

ʘʣʶʤʠʥʠʡ ʥʝ ʦʢʠʩʣʷʣʩʷ, ʛʘʣʣʠʡ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʟʘʱʠʪʥʦʡ ʧʣʝʥʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟ ʧʷʪʠʩʦʪ 

ʛʨʘʤʤ Al  ʧʦʣʫʯʘʶʪ ʜʚʘ ʩ ʧʦʣʦʚʠʥʦʡ ʢʠʣʦʚʘʪʪ ʚ ʯʘʩ ʵʥʝʨʛʠʠ ʦʪ ʩʞʠʛʘʥʠʷ H2 ʠ ʜʚʘ ʩ ʧʦʣʦʚʠʥʦʡ 
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ʢʠʣʦʚʘʪʪ ʚ ʯʘʩ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ʀʥʪʝʨʝʩʥʳʡ ʬʘʢʪ, ʯʪʦ ʩʪʦ ʧʷʪʴʜʝʩʷʪ ʢʠʣʦʛʨʘʤʤ ʘʣʶʤʠʥʠʷ, 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʘʚʪʦʤʦʙʠʣʴ ʧʨʦʝʭʘʣ ʧʷʪʴʩʦʪ ʧʷʪʴʜʝʩʷʪ ʢʠʣʦʤʝʪʨʦʚ [5,8]. 

ʂʨʦʤʝ ʪʦʛʦ, ʝʱʝ ʦʜʥʠʤ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʣʫʯʝʥʠʷ H2 ʷʚʣʷʝʪʩʷ, 

ʧʨʠʤʝʥʝʥʠʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʢʘʢ ʩʳʨʴʷ, ʦʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʘʷ ʠ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ. ʋʩʪʘʥʦʚʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʙʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ 

ʤʠʢʨʦʙʥʳʭ ʷʯʝʝʢ. ɹʘʢʪʝʨʠʠ Rodobacter speriodes ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʦʛʨʘʥʠʢʫ, ʧʨʝʦʙʨʘʟʫʷ ʥʘ 

ʚʳʭʦʜʝ ʚ ʵʣʝʢʪʨʦʪʦʢ. ɺʦʟʤʦʞʝʥ ʠ ʜʨʫʛʦʡ ʤʝʭʘʥʠʟʤ ʙʘʢʪʝʨʠʠ ʨʘʟʣʘʛʘʶʪ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ 

ʚʝʱʝʩʪʚʘ ʚ ʚʦʜʦʨʦʜ. 

ʕʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ ʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʠʢʨʦʙʘʭ, ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʪʦʧʣʠʚʦ, ʠ ʢʘʢ ʩʳʨʴʝ ʩʠʥʪʝʟʘ ʚʦʜʦʨʦʜʘ, ʟʘʚʠʩʠʪ ʵʪʦ ʦʪ ʪʦʛʦ ʢʘʢʦʡ ʪʠʧ 

ʤʠʢʨʦʙʥʳʝ ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠʣʠ ʤʠʢʨʦʙʥʳʝ ʷʯʝʡʢʠ [5, 10]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʚʦʜʦʨʦʜ ʠ ʘʤʤʠʘʢ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʠʟ ʩʠʥʪʝʟ-ʛʘʟʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʦʜʦʨʦʜ, ʧʨʝʜʦʧʨʝʜʝʣʝʥʦ ʧʦʪʨʝʙʣʷʶʪ ʩʠʥʪʝʟ-ʛʘʟ ʥʘʤʥʦʛʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʜʨʫʛʠʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ ʥʘʫʯʠʣʠʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʥʪʝʟ-ʛʘʟ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝ ʪʦʣʴʢʦ ʚʦʜʦʨʦʜʘ, ʥʦ ʠ ʦʢʩʠʜ ʠ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ. ʀʥʪʝʨʝʩʥʘ ʧʨʘʢʪʠʢʘ ʜʨʫʛʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʤʝʪʘʥʦʣ ʠʟ ʩʠʥʪʝʟ-ʛʘʟʘ, ʦʥʠ ʧʦʪʨʝʙʣʷʶʪ ʩʠʥʪʝʟ-ʛʘʟ ʚ ʜʚʘ ʨʘʟʘ 

ʙʦʣʴʰʝ, ʯʝʤ ʚʩʝ ʜʨʫʛʠʝ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʀʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʦʚʤʝʩʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʝʪʘʥʦʣ-ʚʦʜʦʨʦʜ ʠ ʤʝʪʘʥʦʣ-ʘʤʤʠʘʢ, ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, 

ʚʚʠʜʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʝʜʝʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ɺʘʞʝʥ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʘʩʧʝʢʪ, ʩʥʠʞʝʥʠʝ 

ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʚʳʙʨʦʩʳ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ [6]. 

ɼʘʪʩʢʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʢʦʤʧʘʥʠʷ çHaldor Topsßeè ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʮʝʩʩ Low Energy, 

ʧʨʝʜʨʠʬʦʨʤʠʥʛ, ʚ ʢʦʪʦʨʦʡ ʦʙʳʯʥʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʘ. ʂʦʤʧʘʥʠʷ 

çICIè ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʮʝʩʩʳ: AMV (ʜʘʚʣʝʥʠʝ ʩʠʥʪʝʟʘ 8ï11 ʄʇʘ) ʠ LCA (ʜʘʚʣʝʥʠʝ ʩʠʥʪʝʟʘ 8 

ʄʇʘ); ʚ ʧʦʩʣʝʜʥʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʚʠʯʥʳʡ ʨʠʬʦʨʤʠʥʛ ʩ ʛʘʟʦʚʳʤ ʦʙʦʛʨʝʚʦʤ.  

ʉʫʱʝʩʪʚʫʶʪ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʩʥʠʞʝʥʠʝʤ ʥʦʨʤʳ ʟʘʧʦʣʥʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʤ 

(ʧʨʦʮʝʩʩ LAC ʬʠʨʤʳ çLindeè, ʚ ʜʚʘ ʨʘʟʘ ʫʤʝʥʴʰʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ), ʠʣʠ 

ʧʨʠʤʝʥʷʶʪ ʥʦʚʝʡʰʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʥʘ ʦʩʥʦʚʝ ʨʫʪʝʥʠʷ (ʧʨʦʮʝʩʩ KAAP/KRES ʬʠʨʤʳ çKellogg 

Brown & Rootè). ʀʥʪʝʨʝʩʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʝʟ ʧʝʨʚʠʯʥʦʛʦ ʨʠʬʬʦʨʤʠʥʛʘ KAAP/KRES ʩ 

ʜʘʚʣʝʥʠʝʤ 9 ʄʇʘ, ʧʨʦʮʝʩʩ Megammonia ʢʦʤʧʘʥʠʠ çLurgiè ʩ ʜʘʚʣʝʥʠʝʤ 20 ʄʇʘ.   

ɺ 2016 ʛ. ʚ ʈʝʩʧʫʙʣʠʢʝ ʊʘʪʘʨʩʪʘʥ ʥʘ ʟʘʚʦʜʝ ʧʦ ʧʦʣʫʯʝʥʠʶ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʆʆʆ 

çʄʝʥʜʝʣʝʝʚʩʢʘʟʦʪè ʧʦ ʧʨʦʝʢʪʫ ʢʦʤʧʘʥʠʠ çHaldor Topsßeè ʙʳʣ ʧʦʩʪʨʦʝʥ ʥʦʚʳʡ ʢʦʤʧʣʝʢʩ 

çɸʤʤʦʥʠʡè (ɸʆ çɸʤʤʦʥʠʡè). ʉʙʦʨʢʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʡ ʦʙʝʩʧʝʯʠʣ ʢʦʥʩʦʨʮʠʫʤ ʠʟ 

ʷʧʦʥʩʢʠʭ ʢʦʤʧʘʥʠʡ çMitsubishi Heavy Industriesè (çMHIè), çSojitz Corp.è ʠ ʢʠʪʘʡʩʢʦʡ 

ʢʦʤʧʘʥʠʠ çChina National Chemical Engineering Co.è. ɿʘʚʦʜ ʙʫʜʝʪ ʚʳʧʫʩʢʘʪʴ 2050 ʪ ʘʤʤʠʘʢʘ ʠ 

ʜʦ 680 ʪ ʚ ʩʫʪʢʠ ʤʝʪʘʥʦʣʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʝʬʪʷʥʦʡ ʛʠʛʘʥʪ ʇɸʆ 

çʅʠʞʥʝʢʘʤʩʢʥʝʬʪʝʭʠʤè ʩʪʘʥʝʪ ʧʝʨʚʦʡ ʧʣʦʱʘʜʢʦʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʤʝʪʘʥʦʣʘ. ʂʘʨʙʘʤʠʜ ʠ 

ʥʠʪʨʘʪ ʘʤʤʦʥʠʷ ʩʪʘʥʫʪ ʧʦʣʫʯʘʪʴ, ʜʣʷ ʥʫʞʜ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠʟ ʘʤʤʠʘʢʘ. ɸʟʦʪʥʫʶ 

ʧʨʦʜʫʢʮʠʶ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʜʘʚʘʪʴ ʚ ʈʦʩʩʠʶ (30%) ʠ ʚ ʩʪʨʘʥʳ ʉʅɻ, ɽʚʨʦʧʳ ʠ ʉʝʚʝʨʥʦʡ 

ɸʤʝʨʠʢʠ (70%) [3]. 
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ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʨʝʥʠʷ ʤʫʪʥʦʩʪʠ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦ 

ʢʘʦʣʠʥʫ ʠ ʬʦʨʤʘʟʠʥʫ. ʇʨʠʚʝʜʝʥʳ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʪʪʝʩʪʦʚʘʥʥʦʡ ʩʤʝʩʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʤʦʞʥʦ ʚʥʝʜʨʠʪʴ, ʢʘʢ ʦʩʥʦʚʥʦʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʤʫʪʥʦʩʪʠ 

ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʧʨʠ ʢʦʥʪʨʦʣʝ ʚʦʜʳ ʚ ʜʠʘʧʘʟʦʥʝ: ʦʪ 1,0 ʜʦ 13,0 ɽʄʌ.  

ʀʟʤʝʨʝʥʠʝ ʤʫʪʥʦʩʪʠ, ʢʘʢ ʠ ʩʘʤʘ ʤʫʪʥʦʩʪʴ ʩʯʠʪʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʠʥʪʝʛʨʘʣʴʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʦʜʦʧʦʜʛʦʪʦʚʢʝ, ʚʦʜʦʦʯʠʩʪʢʝ, ʚ ʧʠʱʝʚʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʄʫʪʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʜʳ, ʚʣʠʷʷ ʥʘ ʝʸ ʧʨʦʟʨʘʯʥʦʩʪʴ, 

ʤʫʪʥʦʩʪʴ, ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʪʝʤ ʩʘʤʳʤ ʦʧʨʝʜʝʣʷʷ ʜʝʥʝʞʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ 

ʟʘʪʨʘʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʥʘ ʚʦʜʦʧʦʜʛʦʪʦʚʢʫ ʠ ʚʦʜʦʦʯʠʩʪʢʫ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʘʥʘʣʠʟʘ ʰʠʨʦʢʦ 

ʨʘʟʚʠʪ ʚʦ ʤʥʦʛʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʦʨʦʥʥʝʡ ʧʨʠʨʦʜʦʡ ʩʘʤʦʛʦ 

ʷʚʣʝʥʠʷ, ʪʘʢ ʠ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʢʦʪʦʨʳʝ, ʚ 

ʦʩʥʦʚʥʦʤ, ʩʯʠʪʘʶʪʩʷ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʠ ʥʘʮʝʣʝʥʥʳʤʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʪʝʭʥʦʣʦʛʠʶ. 

ʊʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʟʤʝʨʝʥʠʠ ʟʘʪʫʭʘʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ, ʧʨʦʭʦʜʷʱʝʡ ʩʢʚʦʟʴ ʢʶʚʝʪʫ ʩʦʜʝʨʞʘʱʫʶ ʢʦʣʣʦʠʜʥʳʡ ʨʘʩʪʚʦʨ, 

ʯʘʱʝ ʚʩʝʛʦ ʩʢʚʦʟʴ ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʩʫʩʧʝʥʟʠʶ ʯʘʩʪʠʮ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. ʏʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʚʟʚʝʩʴ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʨʘʟʤʝʨʘʤʠ 

ʯʘʩʪʠʮ (ʤʦʥʦʜʠʩʧʝʨʩʥʫʶ ʚʟʚʝʩʴ), ʪʘʢ ʢʘʢ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ [1]. 

mailto:peen@ngs.ru
mailto:sur.vik@mail.ru
https://ru.wikipedia.org/wiki/%D0%A1%D1%83%D1%81%D0%BF%D0%B5%D0%BD%D0%B7%D0%B8%D1%8F
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ʆʧʨʝʜʝʣʝʥʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʫʩʧʝʥʟʠʡ ʠ ʚʟʚʝʩʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ: 

- ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʘʜʦʢ, ʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʥʴʰʝ; 

-ʦʩʘʜʦʢ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʚʟʚʝʩʠ; 

- ʧʦʜʜʝʨʞʘʥʠʝ ʩʪʘʙʠʣʴʥʦʛʦ ʚʟʚʝʰʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʦʙʷʟʘʪʝʣʴʥʦ, ʜʥʷ 

ʥʝʛʦ ʧʨʠʤʝʥʷʶʪ ʟʘʱʠʪʥʳʝ ʢʦʣʣʦʠʜʳ (ʞʝʣʘʪʠʥ, ʢʨʘʭʤʘʣ);  

-ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʅ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ; 

-ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʨʞʠʚʘʪʴ ʜʣʷ ʧʦʣʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʢʘ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ; 

ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʫʶʪʩʷ ʯʘʩʪʠʮʳ ʦʩʘʜʢʘ ʩʭʦʞʝʡ ʬʦʨʤʳ ʠ ʦʙʲʸʤʘ, ʢʦʣʠʯʝʩʪʚʦ 

ʯʘʩʪʠʮ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʣʴʢʦ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʝ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʜʘʥʥʳʡ 

ʬʘʢʪ ʦʯʝʥʴ ʮʝʥʝʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʝʱʝʩʪʚʘʤ ʠʣʠ ʠʦʥʘʤ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʪ ʮʚʝʪʥʳʭ ʨʝʘʢʮʠʡ ʠ 

ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ [4].  

ʄʝʪʦʜʠʢʘ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʘʪʪʝʩʪʦʚʘʥʥʦʡ ʩʤʝʩʠ (ɸʉ) ʤʫʪʥʦʩʪʠ. 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʪʪʝʩʪʦʚʘʥʥʦʡ ʩʤʝʩʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮ 1 [4].   

  ʊʘʙʣʠʮʘ 1 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɿʥʘʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ 

ʘʪʪʝʩʪʦʚʘʥʥʦʡ ʩʤʝʩʠ 

ɸʉ1 ɸʉ2 

ɸʪʪʝʩʪʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʫʪʥʦʩʪʠ ʉɸʉ  (ɽʄʌ) 1,0 20,0 

ɻʨʘʥʠʮʳ ʧʦʛʨʝʰʥʦʩʪʠ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʤʫʪʥʦʩʪʠ,   Ñ æɸʉ ʧʨʠ ʈ=0,95, (ɽʄʌ)  
0,018 1,8 

 

ɺ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʫʪʥʦʩʪʠ ʧʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʛʦʪʦʚʷʪ 

ʘʪʪʝʩʪʦʚʘʥʥʳʝ ʩʤʝʩʠ ʩʦ ʟʥʘʯʝʥʠʝʤ ʤʫʪʥʦʩʪʠ ʧʦ ʬʦʨʤʘʟʠʥʦʚʦʡ ʰʢʘʣʝ 1,0 ɽʄʌ ʠ 20,0 ɽʄʌ 

[2]. 

ɸʪʪʝʩʪʦʚʘʥʥʫʶ ʩʤʝʩʴ ʛʦʪʦʚʷʪ ʠʟ ɻʉʆ ʩ ʘʪʪʝʩʪʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʤʫʪʥʦʩʪʠ ʧʦ 

ʬʦʨʤʘʟʠʥʦʚʦʡ ʰʢʘʣʝ 4029 ɽʄʌ. ʆʙʤʳʚʘʶʪ ʩʥʘʨʫʞʠ ʘʤʧʫʣʫ ʩʦ ʉʆ ʚʦʜʦʡ ʠ ʚʳʩʫʰʠʚʘʶʪ 

ʧʦʚʝʨʭʥʦʩʪʴ ʘʤʧʫʣʳ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʦʡ. ɺʩʪʨʷʭʠʚʘʶʪ ʘʤʧʫʣʫ ʥʝ ʤʝʥʝʝ 20 ʨʘʟ ʚ ʪʝʯʝʥʠʠ 

1 ʤʠʥʫʪʳ. ʆʪʢʨʳʚʘʶʪ ʘʤʧʫʣʫ ʠ ʚʳʣʠʚʘʶʪ ʩʦʜʝʨʞʠʤʦʝ ʚ ʯʠʩʪʳʡ ʩʫʭʦʡ ʩʪʘʢʘʥ. ɸʢʪʠʚʥʦ 

ʧʝʨʝʤʝʰʠʚʘʶʪ ʩʦʜʝʨʞʠʤʦʝ ʩʪʘʢʘʥʘ ʢʨʫʛʦʚʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʡ ʤʠʥʫʪʳ.  

ʆʩʪʦʨʦʞʥʦ ʜʦʚʦʜʷʪ ʦʙʲʝʤ ʚ ʢʦʣʙʝ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʪʱʘʪʝʣʴʥʦ 

ʧʝʨʝʤʝʰʠʚʘʶʪ. 

ʈʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦʛʨʝʰʥʦʩʪʠ ʘʪʪʝʩʪʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ °æɸʉ ʧʨʠ ʈ=0,95, ɽʄʌ ʜʣʷ   ʉɸʉ1 

= 1,0 ɽʄʌ; ʉɸʉ2 = 20,0 ɽʄʌ. ʈʘʩʯʸʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʜʣʷ ʉɸʉ1 = 1,0 ɽʄʌ 

ʧʦʣʫʯʠʣʦʩʴ ʨʘʚʥʳʤ 0,018 ɽʄʌ, ʘ ʜʣʷ  ʉɸʉ2 = 20,0 ɽʄʌ ʨʘʚʥʳʤ 1,8 ɽʄʌ. 

ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ ʤʫʪʥʦʩʪʠ ʧʦ ʬʦʨʤʘʟʠʥʫ. ʊʝʭʥʠʢʘ ʚʳʧʦʣʥʝʥʠʷ:  

ɸʢʢʫʨʘʪʥʦ ʜʦʙʘʚʴʪʝ ʚ ʢʶʚʝʪʫ ʩ ʪʦʣʱʠʥʦʡ ʦʧʪʠʯʝʩʢʦʛʦ ʩʣʦʷ 50 ʤʤ ʪʱʘʪʝʣʴʥʦ 

ʧʝʨʝʤʝʰʘʥʥʳʡ ʠʩʧʳʪʫʝʤʳʡ ʦʙʨʘʟʝʮ ʠ ʩʥʠʤʘʝʤ ʧʦʢʘʟʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 520 ʥʤ 

[3].  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʘʪʪʝʩʪʦʚʘʥʥʦʡ ʩʤʝʩʠ ɸʉ ʩʦ ʟʥʘʯʝʥʠʝʤ ʤʫʪʥʦʩʪʠ ʧʦ 

ʬʦʨʤʘʟʠʥʦʚʦʡ ʰʢʘʣʝ 1,0 ɽʄʌ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʳ 2. 
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ʊʘʙʣʠʮʘ 2 

ʄʫʪʥʦʩʪʴ ʧʦ ʬʦʨʤʘʟʠʥʦʚʦʡ ʰʢʘʣʝ 1,0 ɽʄʌ 

 

ɸʪʪʝʩʪʦʚʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʉ, 

ɽʄʌ 

ˉ ʩʝʨʠʠ 

l=1éL L=20 

ʈʝʟʫʣʴʪʘʪʳ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʈʝʟʫʣʴʪʘʪ 

ʠʟʤʝʨʝʥʠʷ ʍ1 

(ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ) 

ɺʳʙʦʨʦʯʥʘʷ 

ʜʠʩʧʝʨʩʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʦʧʨʝʜʝʣʝʥʠʡ   1 2 

 

1,0 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

   

  

1 1,13 1,12 1,125 0,000050 

2 0,98 0,99 0,985 0,000050 

3 0,99 1,12 1,055 0,008450 

4 1,02 1,17 1,095 0,011250 

5 1,15 1,06 1,105 0,004050 

6 1,09 0,99 1,04 0,005000 

7 1,16 1,18 1,17 0,000200 

8 1,06 1,03 1,045 0,000450 

9 0,98 0,97 0,975 0,000050 

10 0,99 1,13 1,06 0,009800 

11 0,89 0,98 0,935 0,004050 

12 1,01 0,98 0,995 0,000450 

13 1,08 1,02 1,05 0,001800 

14 0,95 0,99 0,97 0,000800 

15 0,98 1,04 1,01 0,001800 

16 1,01 1,03 1,02 0,000200 

17 0,99 1,15 1,07 0,012800 

18 0,98 0,99 0,985 0,000050 

19 0,98 0,96 0,97 0,000200 

20 1,05 1,00 1,025 0,001250 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʘʪʪʝʩʪʦʚʘʥʥʦʡ ʩʤʝʩʠ ɸʉ ʩʦ ʟʥʘʯʝʥʠʝʤ ʤʫʪʥʦʩʪʠ ʧʦ 

ʬʦʨʤʘʟʠʥʦʚʦʡ ʰʢʘʣʝ 20,0 ɽʄʌ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʳ 3. 

ʇʨʦʚʝʨʷʝʤ ʟʥʘʯʠʤʦʩʪʴ ʧʦ ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ ʨʘʚʥʘ 0,10. ʊʘʙʣʠʯʥʦʝ ʟʥʘʯʝʥʠʝ t ʪʘʙʣ = 

2,10 ʜʣʷ ʈ = 0,95, ʠ f = 20-1=19.  

ʊʘʢ ʢʘʢ tʨʘʩʯ < tʪʘʙʣ, ʟʥʘʯʠʪ ʦʮʝʥʢʘ ʩʠʩʪʝʤʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʣʘʙʦʨʘʪʦʨʠʠ ʥʝʩʫʱʝʩʪʚʝʥʥʘ 

ʚ ʫʩʣʦʚʠʷʭ ʩʣʫʯʘʡʥʦʛʦ ʨʘʟʙʨʦʩʘ ʨʘʚʥʦʡ ʥʫʣʶ.  

ʊʘʙʣʠʮʘ 3 

ʄʫʪʥʦʩʪʴ ʧʦ ʬʦʨʤʘʟʠʥʦʚʦʡ ʰʢʘʣʝ 20,0 ɽʄʌ 

 

ɸʪʪʝʩʪʦʚʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʉ, 

ɽʄʌ 

ˉ ʩʝʨʠʠ 

l=1éL L=20 

ʈʝʟʫʣʴʪʘʪʳ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʈʝʟʫʣʴʪʘʪ 

ʠʟʤʝʨʝʥʠʷ ʍ1 

(ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ) 

ɺʳʙʦʨʦʯʥʘʷ 

ʜʠʩʧʝʨʩʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʦʧʨʝʜʝʣʝʥʠʡ   1 2 

 

 

 

20,0 

1 20,26 19,78 20,02 0,115200 

2 20,34 19,74 20,04 0,180000 

3 20,54 20,21 20,375 0,054450 

4 19,81 20,18 19,995 0,068450 



 

45 

 
 

  

  

  

  

  

  

  

  

  

  

  

 

 

 

 

  

  

5 20,31 19,76 20,035 0,151250 

6 19,87 20,38 20,125 0,130050 

7 19,74 20,19 19,965 0,101250 

8 19,74 19,76 19,75 0,000200 

9 20,43 20,05 20,24 0,072200 

10 20,06 20,39 20,225 0,054450 

11 20,15 20,38 20,265 0,026450 

12 19,75 20,15 19,95 0,080000 

13 20,28 20,05 20,165 0,026450 

14 19,94 20,19 20,065 0,031250 

15 20,26 20,23 20,245 0,000450 

16 19,76 19,71 19,735 0,001250 

17 20,39 20,16 20,275 0,026450 

18 20,28 19,83 20,055 0,101250 

19 19,85 20,55 20,2 0,245000 

20 20,45 20,31 20,38 0,009800 

 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʷ ʤʫʪʥʦʩʪʠ ʧʦ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʤʫ ʤʝʪʦʜʫ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʧʨʠʙʦʨʦʤ ʠʟʤʝʨʝʥʠʷ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʠʤ.  

ɼʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʤʦʞʥʦ ʚʥʝʜʨʠʪʴ, ʢʘʢ ʦʩʥʦʚʥʦʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʤʫʪʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ 

ʚʦʜ ʧʨʠ ʢʦʥʪʨʦʣʝ ʚʦʜʳ ʚ ʜʠʘʧʘʟʦʥʝ: ʦʪ 1,0 ʜʦ 13,0 ɽʄʌ ʚʢʣ. ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 

Ñ20%; ʩʚ. 13,0 ʜʦ 100,0 ɽʄʌ ʚʢʣ. ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ Ñ14%  

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. ɼʦʣʛʦʚ ɺ.ɺ. ʊʫʨʙʠʜʠʤʝʪʨʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʝ. ï ʄʦʩʢʚʘ: ʈʝʘʬʘʨʤ, 2007, ï 175 ʩ. 

2. ʇʨʠʛʦʪʦʚʣʝʥʠʷ ʘʪʪʝʩʪʦʚʘʥʥʦʡ ʩʤʝʩʠ ʤʫʪʥʦʩʪʠ ʂɸʆ çɸʟʦʪè. 

3. ʇʅɼ ʌ 14.1:2:4.213-05 çʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʤʫʪʥʦʩʪʠ ʧʠʪʴʝʚʳʭ, 

ʧʨʠʨʦʜʥʳʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦ ʢʦʘʣʠʥʫ ʠ ʧʦ ʬʦʨʤʘʟʠʥʫè. 

4. ɻʆʉʊ ʈ 51592-2000. ɺʦʜʘ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʪʙʦʨʫ ʧʨʦʙ. 
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ɹʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʛʨʘʬʝʥ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʚ ʵʣʝʢʪʨʦʥʠʢʝ,ʤʦʞʝʪ ʟʘʤʝʥʠʪ ʢʨʝʤʥʠʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʦʪʦʵʣʝʤʝʥʪʦʚ, ʚ ʦʙʣʘʩʪʠ ʫʣʴʪʨʦʬʠʣʴʪʨʘʮʠʠ, ʙʠʦʠʥʞʠʥʝʨʠʠ ʠ ʤʝʜʠʮʠʥʝ, ʘ ʪʘʢ 

ʞʝ ʷʚʣʷʝʪʩʷ ʜʦʙʘʚʢʦʡ ʢ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʘʤ. ʅʦ ʵʪʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʬʝʥʘ ʠ ʝʛʦ 

ʤʦʜʠʬʠʢʘʮʠʡ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ, ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʥʘʭʦʜʠʪ ʚʩʝ ʙʦʣʴʰʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ 

ʛʨʘʬʝʥʘ ʠ ʛʨʘʬʝʥʦʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʩ ʥʝʦʙʭʦʜʠʤʳʤ 

ʩʧʝʢʪʨʦʤ ʩʚʦʡʩʪʚ. ʆʜʥʠʤ ʠʟ ʧʦʧʫʣʷʨʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʛʨʬʝʥʘ ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʝʛʦ ʦʢʩʠʜʘ, ʧʨʠʯʝʤ ʧʨʦʜʫʢʪ ʥʘʟʳʚʘʶʪ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ ʦʢʩʠʜʦʤ ʛʨʘʬʝʥʘ ʠ ʦʥ ʥʝ ʨʘʚʥʷʝʪʩʷ 

ʛʨʘʬʝʥʫ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʠ ʦʩʪʘʪʢʦʚ ʢʠʩʣʦʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʪʘʢʦʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʠ ʥʘʭʦʜʠʪ ʩʚʦʠ ʦʙʣʘʩʪʠ 
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ʧʨʠʤʝʥʝʥʠʷ[1]. ʊʘʢ ʞʝ ʩʫʱʝʩʪʚʫʶʪ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʠ ʛʨʘʬʝʥʘ ʠʟ ʩʧʠʨʪʦʚ, ʥʘʛʨʝʚʘʥʠʝʤ ʚ 

ʚʳʩʦʢʦʤ ʚʘʢʫʫʤʝ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʦʩʘʞʜʝʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʢʘʭ, ʘʜʩʦʨʙʮʠʝʡ ʤʦʣʝʢʫʣ ʥʘ ʪʚʝʨʜʦʤ ʪʝʣʝ ʧʨʠ ʧʦʤʦʱʠ ʣʘʟʝʨʥʳʭ 

ʠʤʧʫʣʴʩʦʚ ʠ ʜʨʫʛʠʝ.  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʝʥʘ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ (X, Y, Z 

ï ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʛʨʫʧʧʳ)[2] 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦʧʦʣʫʯʝʥʠʝ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʝʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʉʘʤ ʦʢʩʠʜ ʛʨʘʬʝʥʘ ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ ʦʧʠʩʘʥʥʦʡ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʤʝʪʦʜʠʢʝ ʤʝʪʦʜʦʤ ʍʘʤʝʨʩʘ[3] ʠʟ ʧʝʥʦʛʨʘʬʠʪʘ ʜʝʡʩʪʚʠʝʤ ʥʘ ʥʝʛʦ ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʠʷ ʚ 

ʩʤʝʩʠ ʬʦʩʬʦʨʥʦʡ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40-45Üʉ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʧʦʣʫʯʝʥʥʦʤ ʧʨʦʜʫʢʪʝ ʦʢʠʩʣʝʥʠʷ ʠʤʝʶʪʩʷ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ: ʆʅ, ʩʚʷʟʘʥʥʘʷ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ (3395 ʩʤ-1), ʉ=ʆ (1232 ʩʤ-1), 

ʉʆʆʅ (1743 ʩʤ-1,1630 ʩʤ-1), ʉ-ʆ-ʉ (594 ʩʤ-1, 1057 ʩʤ-1). ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 

ʦʢʩʠʜ ʛʨʘʬʝʥʘ ʩʦʜʝʨʞʠʪ 33,96% ʫʛʣʝʨʦʜʘ, 46,10% ʢʠʩʣʦʨʦʜʘ ʠ 3,24% ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢ ʞʝ 

ʧʨʠʤʝʩʠ ʩʝʨʳ ʠ ʘʟʦʪʘ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ. ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, 9,10-ʜʠʛʠʜʨʦʘʥʪʨʘʮʝʥ ʚ ɼʄʌɸ, ʪʝʪʨʘʛʠʜʨʦʙʦʨʘʪ 

ʢʘʣʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʧʦʨʦʰʦʢ ʮʠʥʢʘ ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ.ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ. 

ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʜʠʛʠʜʨʦʘʥʨʘʮʝʥʘ. ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʧʨʦʜʫʢʪʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ 

ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʦʚ ʚ ʦʙʣʘʩʪʠ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʠʩʯʝʟʥʦʚʝʥʠʝ ʧʠʢʦʚ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʦʢʠʩʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ʧʝʥʦʛʨʘʬʠʪʘ. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ, 

ʦʧʠʩʘʥʥʘʷ ʚ ʣʠʪʝʨʘʪʫʨʝ [4].ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʥʳʡ ʦʢʩʠʜ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʤʝʩʪʠʣʠ ʚ 

ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ, ʘ ʧʦʩʣʝ ʥʘʛʨʝʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠ 90ÜC ʚ 

ʪʝʯʝʥʠʝ ʯʘʩʘ. ʇʨʦʜʫʢʪ ʧʦʣʫʯʠʣʩʷ ʯʝʨʥʦʛʦ ʮʚʝʪʘ.  

ɼʠʛʠʜʨʦʘʥʪʨʘʮʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʘʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʘʥʪʨʘʮʝʥʘ ʥʘʪʨʠʝʤ ʚ ʩʧʠʨʪʝ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ɼʄʌɸ, ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 2 ʜʦ 14 ʯʘʩʦʚ. ʇʨʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ. ʆʜʥʘʢʦ ʯʘʩʪʠʮʳ ʧʨʦʜʫʢʪʘ ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʠʧʘʶʪʩʷ. 

ʊʝʪʨʘʛʠʜʨʦʙʦʨʘʪ ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ ʠ ʧʨʦʚʦʜʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʝ 

ʙʦʣʴʰʝ 50 ÜC ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ. ʇʨʦʜʫʢʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʤʝʣ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ, 

ʯʘʩʪʠʮʳ ʙʳʩʪʨʦ ʦʙʨʘʟʦʚʘʣʠ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʝ ʘʛʨʝʛʘʪʳ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩ ʮʠʥʢʦʤ ʚ ʚʦʜʥʦʡ 

ʩʨʝʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʳ ʧʨʦʚʦʜʠʣʦʩʴ ʪʘʢ ʞʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʧʨʝʜʝʣʘʭ 50 ÜC. ʇʝʨʝʜ 

ʢʘʞʜʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʦʨʮʠʷ ʜʠʩʧʝʨʩʠʠ ʦʢʩʠʜʘ ʙʳʣʘ ʪʘʢ ʞʝ ʦʙʨʘʙʦʪʘʥʘ ʫʣʴʪʨʦʟʚʫʢʦʤ.  

ʅʘʠʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ʦʢʘʟʘʣʩʷ ʪʝʪʨʘʛʠʜʨʦʙʦʨʘʪ. ɺ ʧʦʣʫʯʝʥʥʦʤ 

ʦʙʨʘʟʮʝ, ʧʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ ʦʢʩʠʜʝ 

ʛʨʘʬʝʥʘ ʫʤʝʥʴʰʠʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ.  
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ʕʤʫʣʴʛʘʪʦʨʳ ï ʵʪʦ ʧʦʚʝʨʭʥʦʩʪʥʦ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ʇɸɺ), ʢʦʪʦʨʳʝ ʦʙʣʝʛʯʘʶʪ ʧʨʦʮʝʩʩ 

ʵʤʫʣʴʛʠʨʦʚʘʥʠʷ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʦʡ ʵʤʫʣʴʩʠʠ. [1] ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ 

ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʵʤʫʣʴʛʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʘʤʳʭ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʧʦʣʠʵʬʠʨ ʘʣʢʠʣʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʵʤʫʣʴʛʘʪʦʨʦʚ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʤʫʣʴʩʠʦʥʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʠʵʬʠʨ 

ʘʣʢʠʣʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʦʠʟʚʦʜʷʪ ʤʥʦʛʠʝ ʣʘʙʦʨʘʪʦʨʠʠ, ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʣʘʙʦʨʘʪʦʨʠʷ ʆʆʆ çɿʘʚʦʜ ʫʛʣʝʭʠʤʠʠè, ʩ ʢʦʪʦʨʦʡ ʤʳ ʩʦʪʨʫʜʥʠʯʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʆʆʆ çɿʘʚʦʜ ʫʛʣʝʭʠʤʠʠè ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʦʧʳʪ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʵʬʠʨʘ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ, ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ, ʪʨʝʙʫʶʱʠʡ ʢʦʥʪʨʦʣʷ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ 

ʨʝʘʢʮʠʠ ʧʨʦʮʝʩʩ. ʆʙʥʘʨʫʞʝʥʳ ʥʝʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʵʤʫʣʴʛʘʪʦʨʘ. ɺ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʧʨʦʪʝʢʘʶʪ ʧʘʨʘʣʣʝʣʴʥʳʝ ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʢ ʩʠʣʴʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʵʤʫʣʴʛʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʶʪ ʝʸ ʯʠʩʪʦʪʝ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʪ ʵʪʦʛʦ 

ʟʘʚʠʩʠʪ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ ï ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ. ɺ 

ʣʘʙʦʨʘʪʦʨʠʠ ʆʆʆ çɿʘʚʦʜ ʫʛʣʝʭʠʤʠʠè ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʵʤʫʣʴʛʘʪʦʨʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʬʠʣʴʪʨʘʮʠʠ. ʕʪʦ ʧʨʦʮʝʩʩ ʪʨʫʜʦʝʤʢʠʡ, ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʠ ʠʤʝʝʪ 

ʥʝʩʢʦʣʴʢʦ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ: 

1. ʌʠʣʴʪʨʘʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʩʚʷʟʘʥʥʦ ʩ ʚʳʩʦʢʦʡ 

ʚ̫ ʟʢʦʩʪʴʶ ʧʨʦʜʫʢʪʘ. ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 130Áʉ; 

2. ɺ ʮʝʣʷʭ ʥʝʜʦʧʫʱʝʥʠʷ ʦʢʠʩʣʝʥʠʷ ʵʤʫʣʴʛʘʪʦʨʘ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ, ʬʠʣʴʪʨʘʮʠʶ ʧʨʦʚʦʜʷʪ ʧʦʜ ʘʟʦʪʥʦʡ ʧʦʜʫʰʢʦʡ ʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʪʦʣʴʢʦ ʘʟʦʪ. 

3. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʩʧʝʨʩʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʚ ʢʘʯʝʩʪʚʝ ʬʠʣʴʪʨʫʶʱʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʠ/ʢʘʨʪʦʥʘ ʠʣʠ ʬʠʣʴʪʨʫʶʱʝʡ ʪʢʘʥʠ. 

https://www.nature.com/articles/srep10160
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ʌʠʣʴʪʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʤʘʛʠ/ʢʘʨʪʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʟʘʜʝʨʞʢʝ ʙʦʣʝʝ ʪʦʥʢʠʭ ʯʘʩʪʠʮ, 

ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ ʯʨʝʟʚʳʯʘʡʥʦ ʜʣʠʪʝʣʴʥʳʡ ʠ ʪʨʝʙʫʝʪ ʯʘʩʪʦʡ ʧʝʨʝʟʘʨʷʜʢʠ 

ʬʠʣʴʪʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ, ʧʦʵʪʦʤʫ ʬʠʣʴʪʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʤʘʛʠ/ʢʘʨʪʦʥʘ ʧʦʜʭʦʜʠʪ 

ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ 

ʧʨʠʤʝʥʷʪʴ ʙʝʣʴʪʠʥʛ.  

4. ʕʤʫʣʴʛʘʪʦʨ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʧʨʦʭʦʜʠʪʴ ʢʦʥʪʨʦʣʴ ʤʝʪʦʜʦʤ ʤʠʢʨʦʩʢʦʧʠʠ, ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʪʦʪʳ ʧʨʦʜʫʢʪʘ ʠ ʢʘʯʝʩʪʚʘ ʬʠʣʴʪʨʘʮʠʠ. ʇʨʠ ʥʘʣʠʯʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ 

ʧʨʦʜʫʢʪ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʚʪʦʨʥʦʤʫ ʬʠʣʴʪʨʦʚʘʥʠʶ. 

 ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʩʥʠʞʝʥʠʶ ʟʘʛʨʷʟʥʝʥʠʡ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ï 

ʧʦʣʠʵʬʠʨʘ ʘʣʢʠʣʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ. 

ʉʠʥʪʝʟ ʧʦʣʠʵʬʠʨʘ ʘʣʢʠʣʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ (ʨʠʩ.1) [2]. ʆʥ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 190Áʉ ʚ ʪʝʯʝʥʠʠ 6 ʯʘʩʦʚ, ʚ 

ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ. ʆʧʨʝʜʝʣʷʶʱʝʡ ʩʪʘʜʠʝʡ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʘʷ - ʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ (ʄɸ) ʢ ʧʦʣʠʠʟʦʙʫʪʠʣʝʥʫ(ʇʀɹ), ʢʦʪʦʨʘʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʫʯʝʥʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ. 

 

 

 

 
ʈʠʩ. 1. ʉʠʥʪʝʟ ʧʦʣʠʵʬʠʨʘ ʘʣʢʠʣʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ 

 

ʇʦʩʢʦʣʴʢʫ ʤʘʣʝʠʥʦʚʳʡ ʘʥʛʠʜʨʠʜ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʦʥ ʚ 

ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ ʩʘʤʦʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʯʪʦ ʟʘʪʝʤ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʛʨʷʟʥʝʥʠʶ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʤʳ ʠʟʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʛʨʫʟʢʠ 

ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʧʦʨʮʠʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʟʙʝʞʘʪʴ ʠʟʙʳʪʢʘ ʵʪʦʛʦ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʳ ʧʦʣʫʯʠʣʠ ʵʤʫʣʴʛʘʪʦʨ ʚʠʟʫʘʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʚʝʪʣʝʝ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʤʝʥʴʰʝʤ ʦʩʤʦʣʝʥʠʠ, ʘ ʨʘʟʤʝʨ ʛʣʦʙʫʣ ʩʪʘʣ ʤʝʥʴʰʝ, ʧʦʩʢʦʣʴʢʫ 

ʫʤʝʥʴʰʠʣʦʩʴ ʢʠʩʣʦʪʥʦʝ ʯʠʩʣʦ. ʆʜʥʘʢʦ ʵʤʫʣʴʛʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʠʣʘ 170 ʧʌ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ 150ʧʌ.  

ɼʣʷ ʫʜʘʣʝʥʠʷ ʩʤʦʣʦʦʙʨʘʟʥʳʭ ʧʨʠʤʝʩʝʡ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʘʜʩʦʨʙʝʥʪʳ. ʄʳ ʦʩʫʱʝʩʪʚʠʣʠ ʩʠʥʪʝʟ ʩ ʜʦʙʘʚʣʝʥʠʝ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ, ʥʦ ʧʨʠ ʠʟʫʯʝʥʠʠ 
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ʧʦʣʫʯʝʥʥʦʛʦ ʵʤʫʣʴʛʘʪʦʨʘ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʪʦ ʥʝ ʜʘʣʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʥʝʯʥʦʤ 

ʧʨʦʜʫʢʪʝ. 

ʊ.ʢ. ʘʢʪʠʚʥʦʩʪʴ ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʤʳ ʧʦʧʳʪʘʣʠʩʴ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʠʤʝʥʥʦ 

ʧʨʠ 100ÁC, ʧʨʠ ʵʪʦʤ ʦʪʙʠʨʘʷ ʢʘʞʜʳʝ 30 ʤʠʥ ʧʦ ʦʜʥʦʡ ʢʘʧʣʝ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ɺ ʢʘʧʣʷʭ 

ʙʳʣʦ ʟʘʤʝʪʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʪʦʤ, ʯʪʦ ʠʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ ʥʝ ʚʩʪʫʧʠʣʠ ʚ ʨʝʘʢʮʠʶ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘ 

ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ, ʪʦ ʝʩʪʴ ʥʝ ʙʳʣ ʧʨʝʦʜʦʣʝʥ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʜʣʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ.  

ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʦʧʪʠʤʘʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ 170-190Áʉ, 

ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʠ 170-180 Áʉ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ ʞʝʣʝʟʦ-ʧʣʘʪʠʥʘ ʚ ʭʣʦʨʠʜʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʚʫʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʠ ʩ ʟʦʣʦʪʦ-ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʤ ʠʥʜʠʢʘʪʦʨʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʠ 

ʭʣʦʨʠʜʩʝʨʝʙʨʷʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʩʨʘʚʥʝʥʠʷ. ʇʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʢʨʠʚʳʭ (ʚʨʝʤʝʥʠ ʠ ʧʦʪʝʥʮʠʘʣʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʣʠʟʘ, ʩʢʦʨʦʩʪʠ 

ʨʘʟʚʝʨʪʢʠ, ʢʠʩʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʣʠʪʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ PtCl6
2-) ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʠʢʘ 

ʦʢʠʩʣʝʥʠʷ ʠʦʥʦʚ ʞʝʣʝʟʘ (II). ɺʳʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʦʪʢʣʠʢʘ ʠ ʧʦʣʫʯʝʥʳ ʣʠʥʝʡʥʳʝ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ çʪʦʢ ʘʥʦʜʥʦʛʦ ʧʠʢʘ ï 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʞʝʣʝʟʘè, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ 

ʠʥʚʝʨʩʠʦʥʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʥʘʨʥʳʝ ʩʠʩʪʝʤʳ, ʞʝʣʝʟʦ, ʧʣʘʪʠʥʘ, ʠʥʚʝʨʩʠʦʥʥʘʷ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʚ ʧʦʜʛʨʫʧʧʳ ʞʝʣʝʟʘ ʠ ʧʣʘʪʠʥʳ. ʅʘʧʨʠʤʝʨ, 

ʩʠʩʪʝʤʘ Fe-Pt ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʚʦʩʭʦʜʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʨʠ ʩʠʥʪʝʟʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ 

ʚ ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʚ ʧʦʣʫʯʝʥʥʦʤ ʧʨʦʜʫʢʪʝ. ɺʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ 

ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ, ʢʨʦʤʝ ʪʦʛʦ, ʚʳʧʦʣʥʝʥʠʝ ʘʥʘʣʠʟʘ ʥʝ ʪʨʝʙʫʝʪ 
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ʧʨʠʚʣʝʯʝʥʠʷ ʩʣʦʞʥʦʛʦ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʦʩʪʘʪʦʯʥʦ ʵʢʩʧʨʝʩʩʥʦ. ʎʝʣʴʶ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ ʚ ʩʦʩʪʘʚʝ 

ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ ʧʣʘʪʠʥʘ-ʞʝʣʝʟʦ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʤʝʥʷʣʩʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ ʊɸ-4 ʩ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ VALabTx. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʵʣʝʢʪʨʦʣʠʪʳ:  

0,1 M KCl; 0,1 M KCl ʨʅ=1,65 ʠ 0,5 M NaCl. ɺʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʚʫʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʝ ʩ ʭʣʦʨʠʜʩʝʨʝʙʨʷʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʩʨʘʚʥʝʥʠʷ ʠ ʟʦʣʦʪʦ-

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʤ ʠʥʜʠʢʘʪʦʨʥʳʤ ʵʣʝʢʪʨʦʜʦʤ. 

ʇʨʠʥʮʠʧ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʥʚʝʨʩʠʦʥʥʦ-

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʪʚʦʨʘ ʧʨʦʙʳ ʧʦʩʣʝ ʝʸ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. 

ʕʣʝʢʪʨʦʘʢʪʠʚʥʦʡ ʬʦʨʤʦʡ ʷʚʣʷʝʪʩʷ ʞʝʣʝʟʦ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ (+3); ʵʣʝʢʪʨʦʥʘʢʦʧʣʝʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʬʦʨʤʝ Fe2+; ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʦʣʫʯʘʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ Fe2+ Ÿ Fe3+. ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʝ ʥʘʥʝʩʝʥʠʝ ʟʦʣʦʪʦʡ 

ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʵʣʝʢʪʨʦʜʘ ʠʟ ʨʘʩʪʚʦʨʘ 

ʟʦʣʦʪʦʭʣʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʅʇʇ 

çʊʝʭʥʦʘʥʘʣʠʪè ʛ. ʊʦʤʩʢ. 

ʀʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ Fe3+ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʦʩʴ 

ʥʘ ʟʦʣʦʪʦ-ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʤ ʵʣʝʢʪʨʦʜʝ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ (10-60 ʩ) ʧʨʠ E = -1,0 

ɺ. ʇʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ Fe2+ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʣʠʥʝʡʥʦʤ ʠʟʤʝʥʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʚ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ ʜʦ + 0,6 ɺ. ʇʠʢ ʞʝʣʝʟʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ (+0,45 ɺ Ñ 

0,05 ɺ) ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ.  

ɺʪʦʨʳʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʠʢʘ ʦʢʠʩʣʝʥʠʷ ʠʦʥʦʚ ʞʝʣʝʟʘ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ:  

1. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʞʝʣʝʟʘ ʧʨʠʚʦʜʠʪ ʢ ʣʠʥʝʡʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʪʦʢʘ ʧʠʢʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1 ʜʣʷ ʵʣʝʢʪʨʦʣʠʪʘ 0,5 ʄ NaCl, 

ʘʥʘʣʦʛʠʯʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʳ ʜʣʷ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʨʘʩʪʚʦʨʦʚ, ʧʨʠʯʝʤ 

ʥʘʢʣʦʥʳ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʩʦʧʦʩʪʘʚʠʤʳ. ʆʪʤʝʯʝʥʦ ʚʣʠʷʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʟʦʣʦʪʦʡ 

ʧʣʝʥʢʠ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ ʞʝʣʝʟʘ (ʨʠʩ.1), ʦʜʥʘʢʦ ʣʠʥʝʡʥʦʩʪʴ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʝ ʥʘʨʫʰʘʝʪʩʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʪʦʯʥʦʩʪʴ ʘʥʘʣʠʟʘ ʵʪʦʪ ʬʘʢʪʦʨ ʥʝ ʧʦʚʣʠʷʝʪ.   

2. ʅʘ ʚʝʣʠʯʠʥʫ ʘʥʦʜʥʦʛʦ ʧʠʢʘ ʚʣʠʷʝʪ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚ 

ʧʨʠʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʠʦʥʳ Fe2+. 

3. ʀʟʤʝʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʦʣʠʟʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʤʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ ʠʦʥʦʚ ʞʝʣʝʟʘ. 
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ʈʠʩ.1.ɿʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʧʠʢʘ ʞʝʣʝʟʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʞʝʣʝʟʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ 0,5 ʄ 

ʨʘʩʪʚʦʨʝ NaCl ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʦʣʦʪʦ-ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʵʣʝʢʪʨʦʜʘ ʧʨʠ ʨʘʟʥʳʭ ʚʨʝʤʝʥʘʭ 

ʞʠʟʥʠ ʟʦʣʦʪʦʡ ʧʣʝʥʢʠ 

4. ʊʦʢ ʧʠʢʘ ʦʢʠʩʣʝʥʠʷ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʠ ʝʛʦ 

ʧʦʪʝʥʮʠʘʣʘ, ʥʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʪʘʜʠʠ ʥʘʢʦʧʣʝʥʠʷ ʩʠʛʥʘʣ ʥʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ. ɺʣʠʷʥʠʝ 

ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʦʣʠʟʘ ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʠʢʘ ʦʢʠʩʣʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ; 

5. ʋʚʝʣʠʯʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʣʠʪʘ (ʦʪ 4,3 ʜʦ 1,7 ʝʜ. ʨʅ) ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʪʦʢʘ ʧʠʢʘ ʥʘ 15 %. 

6. ʋʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʘʟʚʸʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ ʪʦʢʘ ʦʢʠʩʣʝʥʠʷ 

ʠʦʥʦʚ ʞʝʣʝʟʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ; 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʜʦʙʘʚʦʢ ʠʦʥʦʚ PtCl6
2- ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʠʢʦʚ ʦʢʠʩʣʝʥʠʷ ʠʦʥʦʚ ʞʝʣʝʟʘ, 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʧʣʘʪʠʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʦʢʠʩʣʝʥʠʷ ʪʦʢʘ ʧʠʢʘ ʞʝʣʝʟʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʘ ʚ ʧʨʝʜʣʘʛʘʝʤʳʭ ʫʩʣʦʚʠʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʣʘʪʠʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ ʞʝʣʝʟʦ-ʧʣʘʪʠʥʘ. 

ʇʦʣʫʯʝʥʳ ʣʠʥʝʡʥʳʝ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʧʠʢʘ ʦʢʠʩʣʝʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ 

Fe(III) ʚ ʜʠʘʧʘʟʦʥʝ ʩʦʜʝʨʞʘʥʠʡ ʦʪ 0,5 ʤʢʛ/ʤʣ ʜʦ 6 ʤʢʛ/ʤʣ ʚ ʵʣʝʢʪʨʦʣʠʪʘʭ: 0,1 M KCl; 

0,1 M KCl ʨʅ 1,65 ʠ 0,5 M NaCl. 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜʦʮʝʥʪ ʀʚʘʥʦʚʘ ʅ.ɺ., ʌɻɹʆʋ ɺʇʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪè 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

Al 2O3 ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʠ Cr. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʠʭ 

ʧʦʣʫʰʠʨʠʥʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʧʨʘʚʣʷʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʨʠʤʝʩʝʡ ʠ ʜʝʬʝʢʪʦʚ ʚ Ŭ -Al2O3 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʝʛʦ ʢʘʢ ʭʦʨʦʰʠʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʘʟʝʨʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʪʘʢ ʠ ʭʦʨʦʰʠʤ 

ʊʃ ʜʝʪʝʢʪʦʨʦʤ (ʟʘʧʘʩʘʥʠʝ ʵʥʝʨʛʠʠ ʥʘ ʛʣʫʙʦʢʠʭ ʣʦʚʫʰʢʘʭ, ʧʝʨʝʟʘʨʷʜʢʘ ʘʥʠʦʥʥʳʭ ʚʘʢʘʥʩʠʡ ʚʦ 

ʚʨʝʤʷ ʥʘʛʨʝʚʘ (ʊʃ) ʠʣʠ ʧʦʜʩʚʝʪʢʠ (OSL) ʧʨʠʚʦʜʷʱʘʷ ʢ ʣʶʤʠʥʝʩʮʝʥʮʠʠ). ʇʦ ʜʘʥʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʘʤ ʧʝʨʝʭʦʜʦʚ.  

 

ɺʚʝʜʝʥʠʝ  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ Ŭ-ɸ1203, ʫʩʣʦʚʥʦ 

ʯʠʩʪʦʛʦ ʠ ʩ ʧʨʠʤʝʩʷʤʠ. ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʠʙʦʣʝʝ 

ʨʘʜʠʘʮʠʦʥʥʦ ʩʪʦʡʢʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʠʤʝʶʪ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 9,5 ʵɺ. ʆʩʥʦʚʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʩʦʟʜʘʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʫʜʘʨʥʳʡ ʤʝʭʘʥʠʟʤ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Al2O3 ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʦʣʴʰʠʤ ʨʘʟʣʠʯʠʝʤ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʘʥʠʦʥʦʚ 

(1,2 ɸ) ʠ ʢʘʪʠʦʥʦʚ (0,67 ɸ) [1]. ʊʠʧ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʚ   Ŭ-Al 2ʆ3 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʦʥʥʳʡ, ʥʦ 

ʥʝ ʯʠʩʪʦ ʠʦʥʥʳʡ, ʪ.ʢ. ʜʦʣʷ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ - 20%. ɺʘʞʥʝʡʰʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʫʙʠʥʘ ï ʚʳʩʦʢʘʷ ʪʚʝʨʜʦʩʪʴ, ʧʦ ʪʚʝʨʜʦʩʪʠ ʪʦʣʴʢʦ ʫʩʪʫʧʘʝʪ ʘʣʤʘʟʫ. ʅʘ ʦʩʥʦʚʝ 

ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʝ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ 

ʜʝʪʝʢʪʦʨʳ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ 

ʩʠʛʥʘʣʘ. ʃʝʛʠʨʦʚʘʥʥʳʡ Cr Ŭ-ɸ1203 ʥʘʰʝʣ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ, ʠʟʣʫʯʘʶʱʝʡ 

ʩʚʝʪ, ʚ ʧʝʨʚʦʤ ʣʘʟʝʨʝ, ʩʦʟʜʘʥʥʦʤ ʚ 1960 ʛʦʜʫ. ʃʘʟʝʨʳ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʨʫʙʠʥʘʭ ʧʨʦʜʦʣʞʘʶʪ 

ʚʳʧʫʩʢʘʪʴʩʷ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [2]. ʇʨʠʤʝʩʴ ʭʨʦʤʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʷʨʢʦ 

ʢʨʘʩʥʳʡ ʮʚʝʪ ʨʫʙʠʥʘ, ʧʦʵʪʦʤʫ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʨʘʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ ʚ ʶʚʝʣʠʨʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʙʣʘʜʘʷ ʦʧʪʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ. ɹʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʶʚʝʣʠʨʥʦʛʦ 

ʢʘʯʝʩʪʚʘ ʥʦʩʷʪ ʥʘʟʚʘʥʠʝ ʣʝʡʢʦʩʘʧʬʠʨ ʠʭ ʣʝʛʠʨʦʚʘʥʥʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʩʠʥʝʡ ʦʢʨʘʩʢʠ ʩʘʧʬʠʨʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʶʚʝʣʠʨʥʦʤ ʜʝʣʝ ʠ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʩʨʝʜ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʠʥʪʝʟʠʨʫʶʪ (ʚʳʨʘʱʠʚʘʶʪ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʧʫʪʝʤ). 

ɸʧʧʘʨʘʪʫʨʘ  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Shimadzu 

UV-1700.  ʆʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ɸ ʠʟʤʝʨʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0-4, ʩ ʪʦʯʥʦʩʪʴʶ 0,001. ɼʣʠʥʘ 

ʚʦʣʥʳ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 190 ʜʦ 1100 ʥʤ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨ ñʌʃʖʆʈɸʊ-02-

ʇɸʅʆʈɸʄɸò. ʈʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʘʥʘʣʠʟʘʪʦʨʘ 210-840 ʥʤ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʘʥʘʣʠʟʘʪʦʨʝ çʇʘʥʦʨʘʤʘè ʧʨʠʤʝʥʷʝʪʩʷ ʜʚʘ ʤʦʥʦʭʨʦʤʘʪʦʨʘ (ʥʘ 

ʚʦʟʙʫʞʜʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ). 

ʆʙʨʘʟʮʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

http://teacode.com/online/udc/53/535.243.html
mailto:dellons73@mail.ru
mailto:danil.hram@yandex.ru
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1. ʃʘʟʝʨʥʳʡ ʨʫʙʠʥ (Ŭ-ɸ1203, ʣʝʛʠʨʦʚʘʥʥʳʡ ʭʨʦʤʦʤ). ʇʦ ʜʘʥʥʳʤ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʘʚʢʠ 

ʢʨʠʩʪʘʣʣʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʷ 0,05% 1,6ẗ1019 ʩʤ-3; 

2. ʈʫʙʠʥ ʩ ʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʭʨʦʤʘ  

3. Ŭ-ɸ1203 ʩ ʧʨʠʤʝʩʴʶ Mg. 

4. ʅʦʤʠʥʘʣʴʥʦ ʯʠʩʪʳʡ Ŭ-ɸ1203 

ʈʝʟʫʣʴʪʘʪʳ 

ʇʨʠʤʝʩʠ, ʩʦʟʜʘʶʱʠʝ ʰʠʨʦʢʠʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ, 

ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʚʠʜʠʤʦʡ ʦʢʨʘʩʢʠ ʢʨʠʩʪʘʣʣʘ. ʊʘʢ, ʯʠʩʪʳʡ ʢʨʠʩʪʘʣʣ ʣʝʡʢʦʩʘʧʬʠʨʘ 

ɸ12O3 ʥʝ ʠʤʝʝʪ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʠ ʧʨʦʟʨʘʯʝʥ, ʚʚʝʜʝʥʠʝ ʚ ʥʝʛʦ 

ʧʨʠʤʝʩʠ ʉr3+ ʧʨʠʚʦʜʠʪ ʢ ʧʦʛʣʦʱʝʥʠʶ ʠʟʣʫʯʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣ ʧʨʠʦʙʨʝʪʘʝʪ ʢʨʘʩʥʳʡ ʮʚʝʪ 

(ʨʫʙʠʥ).  

ɽʩʣʠ ʵʣʝʢʪʨʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʧʨʦʠʩʭʦʜʷʪ ʚ ʭʦʨʦʰʦ ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʚʥʫʪʨʝʥʥʠʭ 

ʦʙʦʣʦʯʢʘʭ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ (ʥʘʧʨʠʤʝʨ, ʚ ʘʪʦʤʘʭ ʧʝʨʝʭʦʜʥʳʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ), 

ʪʦ ʰʠʨʠʥʳ ʧʦʣʦʩ ʦʢʘʟʳʚʘʶʪʩʷ ʤʘʣʳʤʠ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥ ʠʟʤʝʨʝʥʥʳʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʨʫʙʠʥʘ. ʅʘ ʨʠʩ. 2 ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʨʫʙʠʥʘ ʩ ʦʧʪʠʤʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʭʨʦʤʘ 0,05% ʧʦ ʤʘʩʩʝ (1,6ẗ1019 ʩʤ-3) [2, 3]. 

 

 

 
ʈʠʩ. 1. ʀʟʤʝʨʝʥʥʳʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ 

ʦʙʨʘʟʮʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʨʫʙʠʥʘ. 

ʈʠʩ. 2. ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʨʫʙʠʥʘ 

ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,05% ʧʨʠ ʨʘʟʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ (ʣʠʪʝʨʘʫʨʥʳʡ). 

ɺ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʷʜ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ. ɼʚʝ ʠʥʪʝʥʩʠʚʥʳʝ ʰʠʨʦʢʠʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ 405 ʠ 555 ʥʤ (ʧʦʣʦʩʳ U ʠ Y, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʦʙʫʩʣʦʚʣʝʥʥʳ ʨʘʟʨʝʰʝʥʥʳʤʠ ʧʦ 

ʩʧʠʥʫ ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʚ ʠʦʥʘʭ ʉr3+. ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 260 ʥʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

F+ -ʮʝʥʪʨʘʤ (ʚʘʢʘʥʩʠʷ ʢʠʩʣʦʨʦʜʘ ʩ ʦʜʥʠʤ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʵʣʝʢʪʨʦʥʦʤ ʚ ʨʝʰʝʪʢʝ ʢʦʨʫʥʜʘ Ŭ -

Al2O3). ʅʘ ʧʦʣʦʩʫ ʧʦʛʣʦʱʝʥʠʷ F+ -ʮʝʥʪʨʦʚ ʩ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʩʪʦʨʦʥʳ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʪʘʢʞʝ 

ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ F ʮʝʥʪʨʦʚ ʠ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʩʥʳʭ ʮʝʥʪʨʘ Fe3+. ʋʟʢʘʷ ʩʣʘʙʘʷ ʧʦʣʦʩʘ 693 ʥʤ 

ʦʙʫʩʣʦʚʣʝʥʘ ʟʘʧʨʝʱʝʥʥʳʤ ʧʝʨʝʭʦʜʦʤ ʚ ʉr2+ Ÿ ʉr3+. ʅʘ ʨʠʩ 3. ʇʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩ ʨʘʟʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Cr, ʘ ʪʘʢʞʝ ʢʨʠʩʪʘʣʣʘ Ŭ -Al2O3-Mg ʠ 

ʜʝʪʝʢʪʦʨʘ ʊʃɼ-500.  

ɺ ʘʥʠʦʥ ʜʝʬʝʢʪʥʦʤ Ŭ -Al2O3 (ʊʃɼ-500) ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ, ʧʨʠʧʠʩʳʚʘʝʤʳʝ F 

ʮʝʥʪʨʘʤ (~204 ʥʤ, ʩʠʣʴʥʘʷ) ʠ F+ ʮʝʥʪʨʘʤ (260 ʥʤ, ʩʣʘʙʘʷ) [4]. ʇʦʣʦʩʘ ʚ ʦʙʣʘʩʪʠ 260 ʥʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʨʫʙʠʥʝ. ɺ ʦʙʣʘʩʪʠ 200 ʥʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʧʨʠʤʝʩʴʶ Mg.  
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ʈʠʩ. 3a. ʀʟʤʝʨʝʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʦʙʨʘʟʮʦʚ Ŭ -Al2O3 ʩ ʨʘʟʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

Cr. 

ʈʠʩ. 3b. ʋʌ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ 

ʦʙʨʘʟʮʦʚ Ŭ -Al2O3 ʩ Cr, Ŭ -Al2O3 ʩ Mg ʠ 

ʘʥʠʦʥ ʜʝʬʝʢʪʥʦʛʦ Ŭ -Al2O3 (ʊʃɼ-500). 

ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ʠʟʤʝʨʝʥʥʳʝ ʩʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ Ŭ -Al2O3 ʩ ʨʘʟʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Cr, ɸ ʥʘ ʨʠʩ 5 

ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʨʝʘʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʊʃɼ-500. 

  
 

ʈʠʩ. 4a. ʀʟʤʝʨʝʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʘ Ŭ -Al2O3 ï Cr, 

ʣʘʟʝʨʥʳʡ ʨʫʙʠʥ, C~0,05%. ɿʘʜʝʨʞʢʘ ʩʪʨʦʙʘ 

0,05 ʤʩ ʜʣʠʪʝʣʴʥʦʩʪʴ 1 ʤʩ. 

ʈʠʩ. 4b. ʀʟʤʝʨʝʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʘ Ŭ -Al2O3 ï Cr c 

ʙʦʣɹh ʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ɿʘʜʝʨʞʢʘ ʩʪʨʦʙʘ 

0,05 ʤʩ ʜʣʠʪʝʣʴʥʦʩʪʴ 1 ʤʩ. 

ʉʨʘʚʥʝʥʠʝ ʨʠʩ. 4 ʠ 5ʙ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʚ ʜʝʪʝʢʪʦʨʝ ʊʃɼ-500 ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʠʤʝʩʴ 

Cr. ɼʝʪʝʢʪʦʨ ʦʙʣʘʜʘʝʪ ʩʠʣʴʥʦʡ ʙʳʩʪʨʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ (ʨʠʩ.5ʘ) ʦʙʫʩʣʦʚʣʝʥʥʦʡ F+ ʮʝʥʪʨʘʤʠ 

[4]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʨʫʙʠʥʘ ʠ ʊʃɼ-500 ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ Cr ʚ ʜʝʪʝʢʪʦʨʝ ~ ʚ 130 ʨʘʟ ʥʠʞʝ, ʪ.ʝ. 4*10-4%, ʪ.ʝ. ~1017 ʩʤ-3. 

 

 

5ʘ. ʀʟʤʝʨʝʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʊʃɼ-500. ɿʘʜʝʨʞʢʘ ʩʪʨʦʙʘ 0,7 ʤʢʩ ʜʣʠʪʝʣʴʥʦʩʪʴ 

5,7 ʤʢʩ. ɹʳʩʪʨʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ. 

5ʙ. ʀʟʤʝʨʝʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʊʃɼ-500. ɿʘʜʝʨʞʢʘ ʩʪʨʦʙʘ 

50 ʤʢʩ ʜʣʠʪʝʣʴʥʦʩʪʴ 1000 ʤʢʩ. 

ʃʶʤʠʥʝʩʮʝʥʮʠʷ Cr. 

ʇʦʛʣʦʱʝʥʠʝ 410 ʠ 560 ʥʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʥʘʢʘʯʢʠ  (ʠʥʚʝʨʩʥʦʛʦ ʟʘʩʝʣʝʥʠʷ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʫʨʦʚʥʷ). ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʠʥʚʝʨʩʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʫʨʦʚʥʷ 
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ʩʠʩʪʝʤʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʜʩʚʝʪʢʠ ʩʧʦʩʦʙʥʘ ʛʝʥʝʨʠʨʦʚʘʪʴ ʤʦʱʥʦʝ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʝ 

ʠʟʣʫʯʝʥʠʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ~693 ʥʤ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ  

1. https://catalogmineralov.ru/mineral/rubin.html 

2. ɻʦʨʝʣʠʢ, ɺ.ʉ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʘ ʨʫʙʠʥʘ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʣʠʥʠʷʤʠ 
ʚʠʜʠʤʦʛʦ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ  ʩʧʝʢʪʨʦʚ ʠʟʣʫʯʝʥʠʷ //ɺʝʩʪʥʠʢ ʄɻʊʋ ʠʤ ʅ.ʕ.ɹʘʫʘʥʘ. ʉʝʨ. 

çɽʩʪʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠè.2014.ˉ5 ʩ.32-38. 

3. ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʜʠʵʣʝʢʪʨʠʢʘʭ ɺ.ɸ. ʇʫʩʪʦʚʘʨʦʚ 

4. ʂʦʨʪʦʚ, ɺ.ʉ. ʆʩʦʙʝʥʥʦʩʪʠ ʢʠʥʝʪʠʢʠ ʪʝʨʤʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ 

Ŭ-Al 2O3 ʩ ʜʝʬʝʢʪʘʤʠ / ɺ.ʉ. ʂʦʨʪʦʚ, ʀ.ʀ. ʄʠʣʴʤʘʥ, ʉ.ɺ. ʅʠʢʠʬʦʨʦʚ // ʌʠʟʠʢʘ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ. - 1997. - ʪ. 39. - ˉ9. - ʩ. 1538 ï 1543. 

 

ʈʫʢʦʚʦʜʠʪʝʣʴ ï ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ ɸʣʫʢʝʨ ʅ. ʃ. 

 

ʋɼʂ 535.243 

ʊɽʈʄʆʃʖʄʀʅɽʉʎɽʅʎʀʗ ɼɽʊɽʂʊʆʈʆɺ (ʊʃɼ-ʂ ʀ ʊʃɼ-500) ʀ ʇʈʀʈʆɼʅʆʁ 

ʉʆʃʀ ʇʈʀ ɹʆʃʔʐʀʍ ɼʆɿɸʍ ʆɹʃʋʏɽʅʀʗ 

ɹʘʢʘʰʝʚ ʊ.ʈ., ʍʨʘʤʯʝʥʢʦ ɼ.ʀ.  

 ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

dellons73@mail.ru, danil.hram@yandex.ru 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʠʟʤʝʨʝʥʳ ʊʃ ʩʠʛʥʘʣʳ ʜʣʷ ʊʃ ʜʝʪʝʢʪʦʨʦʚ ʠ ʧʨʠʨʦʜʥʦʡ 

ʛʠʤʘʣʘʡʩʢʦʡ ʩʦʣʠ (NaCl). ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʨʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʀʀ. ʆʮʝʥʝʥʳ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʣʦʚʫʰʝʢ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʊʃ ʧʠʢʠ ʚ 

ʜʝʪʝʢʪʦʨʘʭ ʠ ʧʨʠʨʦʜʥʦʡ ʩʦʣʠ. ʆʮʝʥʝʥʦ ʚʨʝʤʷ ʩʦʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʚʳʜʝʨʞʢʝ 

ʦʙʣʫʯʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɺʚʝʜʝʥʠʝ  

ʇʦʜ ʪʝʨʤʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ (ʊʉʃ) ʧʦʥʠʤʘʶʪ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʘʷ ʚ ʢʨʠʩʪʘʣʣʝ ʵʥʝʨʛʠʷ ʚʥʝʰʥʝʛʦ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ 

ʵʥʝʨʛʠʶ ʢʚʘʥʪʦʚ ʩʚʝʪʘ (ʬʦʪʦʥʦʚ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʧʣʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʪʦ ʝʩʪʴ ʥʘʛʨʝʚʘ 

ʢʨʠʩʪʘʣʣʘ. ʌʠʟʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ (ʊʃ) ʜʝʪʝʢʪʦʨʘ ʪʨʝʙʫʝʪ, 

ʯʪʦʙʳ ʚ ʧʨʦʮʝʩʩʝ ʦʙʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʜʝʪʝʢʪʦʨʘ ʵʥʝʨʛʠʷ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʙʳʣʘ 

ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʢʨʠʩʪʘʣʣʝ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʭ ʧʘʨ, ʪʦ ʝʩʪʴ ʩʦʟʜʘʥʠʷ ʟʦʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʜʳʨʦʢ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ (ʨʠʩ. 1) [1]. 

https://catalogmineralov.ru/mineral/rubin.html
http://teacode.com/online/udc/53/535.243.html
mailto:dellons73@mail.ru
mailto:danil.hram@yandex.ru
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ʈʠʩ. 10. ɿʦʥʥʘʷ ʩʭʝʤʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩ ʜʝʬʝʢʪʘʤʠ ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ 

ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʊʉʃ 

 

ɸʧʧʘʨʘʪʫʨʘ  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʦʤ ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ɼʊʋ-

01ʄ.   ʂʦʤʧʣʝʢʩ ɼʊʋ-01ʄ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʜʦʟʳ 

ʧʨʠ ʧʦʤʦʱʠ ʊʃ ʜʝʪʝʢʪʦʨʦʚ. ʂʦʤʧʣʝʢʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʩʯʠʪʳʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʤ ʢʦʥʪʨʦʣʝ ʧʝʨʩʦʥʘʣʘ ʠ ʦʪʜʝʣʴʥʳʭ ʣʠʮ ʧʨʠ ʧʦʤʦʱʠ 

ʠʟʤʝʨʝʥʠʷ ʊʃ ʩʠʛʥʘʣʘ ʜʝʪʝʢʪʦʨʦʚ ʠʟʣʫʯʝʥʠʷ. ɽʛʦ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʦʮʝʥʢʝ ʜʦʟ ʥʘ ʩʪʘʜʠʷʭ 

ʭʨʘʥʝʥʠʷ, ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʧʨʠ ʨʘʙʦʪʝ ʷʜʝʨʥʳʭ 

ʨʝʘʢʪʦʨʦʚ, ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ ʠ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʩʪʦʯʥʠʢʦʚ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʦʟ ʥʘʩʝʣʝʥʠʷ, ʧʨʦʞʠʚʘʶʱʝʛʦ ʥʘ ʟʘʨʘʞʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ. 

ʉʠʩʪʝʤʘ ɼʊʋ-01ʄ ʩʦʩʪʦʠʪ ʠʟ: 

¶ ʇʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ 

¶ ɹʣʦʢʘ ʪʝʨʤʦʚʳʩʚʝʯʠʚʘʥʠʷ (ɹʊɺ) 

¶ ɹʣʦʢʘ ʧʦʚʪʦʨʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

¶ ʊʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ.  

 

ɼʝʪʝʢʪʦʨʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ (ʪʝʨʤʦʣʶʤʠʥʦʬʦʨʳ ʥʘ ʦʩʥʦʚʝ LiF ʠ Al2O3, SiO2 ʠ ʜʨ.) ʟʘ ʚʨʝʤʷ 

ʵʢʩʧʦʟʠʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʥʦʰʝʥʠʷ ʥʘʢʘʧʣʠʚʘʶʪ ʵʥʝʨʛʠʶ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʜʦʟʝ ʠʟʣʫʯʝʥʠʷ. 

ʇʨʠ ʥʘʛʨʝʚʝ ʜʝʪʝʢʪʦʨʘ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʥʘʛʨʝʚʘʪʝʣʴʥʦʤ ʵʣʝʤʝʥʪʝ ʚ ɹʊɺ ʥʘʢʦʧʣʝʥʥʘʷ ʵʥʝʨʛʠʷ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʧʨʠ ʧʦʤʦʱʠ ʌʕʋ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʜʦʟʝ 

ʠʟʣʫʯʝʥʠʷ. ʅʘʛʨʝʚ ʜʝʪʝʢʪʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ. ɼʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʜʝʪʝʢʪʦʨʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʞʠʤʘʭ ʨʝʛʠʩʪʨʘʮʠʠ ʊʃ 

(ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ, ʧʦʜʣʦʞʢʘ, ʥʘʚʝʩʢʘ ʠ ʪ.ʜ.) ʧʨʦʚʦʜʠʪʩʷ 

ʛʨʘʜʫʠʨʦʚʢʘ ʧʨʠʙʦʨʘ ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʛʨʘʜʫʠʨʦʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʳʚʘʶʱʠʡ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ ʚ ʤʘʢʩʠʤʫʤʝ ʧʦʣʦʩʳ ʊʃ ʩ ʜʦʟʦʡ. 

ʆʙʣʫʯʝʥʠʝ ʜʝʪʝʢʪʦʨʦʚ ʙʦʣʴʰʦʡ ʜʦʟʦʡ ʧʨʦʚʦʜʠʣʦʩʴ ʛʘʤʤʘ ʠʟʣʫʯʝʥʠʝʤ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ 

ʠʟʦʪʦʧʘ ʢʦʙʘʣʴʪʘ-60 ʥʘ ʫʩʪʘʥʦʚʢʝ ʈʍʄ-ɔ-20. ɼʦʟʘ ʦʙʣʫʯʝʥʠʷ 1 ʢɻʨ ʠ 2,5 ʢɻʨ. ʇʨʠʨʦʜʥʘʷ 

ʛʠʤʘʣʘʡʩʢʘʷ ʩʦʣʴ ʥʝ ʧʦʜʚʝʨʛʘʣʘʩʴ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʦʙʣʫʯʝʥʠʶ [2]. 
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 ʀʩʧʦʣʴʟʫʝʤʳʡ ʥʘʤʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʨʠʙʦʨ ʜʣʷ ʊʃ-ʘʥʘʣʠʟʘ ɼʊʋ-01ʄ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʩʣʘʙʳʤ ʩʚʝʪʦʚʳʤ ʧʦʪʦʢʘʤ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʛʠʩʪʨʘʮʠʶ ʩʠʛʥʘʣʘ ʩ 

ʨʘʩʰʠʨʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʊʃ ʜʦ 450 Áʉ,  ʠ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʥʘʛʨʝʚʘ ʦʪ 2 ʜʦ 8 Üʉ/ʩʝʢ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʜʝʪʝʢʪʦʨʦʚ, ʦʙʣʫʯʝʥʥʳʭ ʪʘʢʠʤʠ ʙʦʣʴʰʠʤʠ ʜʦʟʘʤʠ 

ʩʪʘʥʜʘʨʪʥʳʝ ʥʘʩʪʨʦʡʢʠ ʥʝ ʛʦʜʷʪʩʷ, ʚʩʣʝʜʩʪʚʠʝ ʦʯʝʥʴ ʩʠʣʴʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʦʵʪʦʤʫ ʠʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʝʞʠʤʝ ʥʘʩʪʨʦʝʢ ʜʣʷ ʠʟʫʯʝʥʠʷ ʊʃ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʣʷ 

ʜʝʪʝʢʪʦʨʘ ʊʃɼ-ʂ ʚ ʨʝʞʠʤʝ ʪʘʢʦʡ ʥʘʩʪʨʦʡʢʠ ʥʠʞʝ ʚ 50 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ. 

 

  

ʈʠʩ.1ʘ. ʊʃ ʩʠʛʥʘʣʳ ʦʙʣʫʯʝʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʈʠʩ.1ʙ. ʊʃ ʩʠʛʥʘʣʳ ʧʨʠʨʦʜʥʦʡ ʩʦʣʠ 

 

ʇʨʠ ɻʪʦʤ ʞʝ ʨʝʞʠʤʝ ʨʝʛʠʩʪʨʘʮʠʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʠʩʭʦʜʥʦʡ (ʦʙʣʫʯʝʥʥʦʡ ʚ 

ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ) ʛʠʤʘʣʘʡʩʢʦʡ ʩʦʣʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʊʃɼ-500 

ʧʨʝʚʦʩʭʦʜʠʪ ʊʃɼ-ʂ ʧʦʯʪʠ ʚ 50 ʨʘʟ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʤʘʣʳʭ ʜʦʟ ʥʘʩʳʱʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʫʞʝ 

ʧʨʠ ʜʦʟʘʭ ʧʦʨʷʜʢʘ 1 ɻʨ ʩʠʛʥʘʣ ʚʳʰʝ ʥʝ ʨʘʩʪʝʪ, ʘ ʜʘʞʝ ʧʘʜʘʝʪ. ʇʨʠ ʜʦʟʝ 2,5 ʢɻʨ 

ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʊʃɼ-ʂ, ʢʦʪʦʨʘʷ ʫʞʝ ʪʦʞʝ ʚʭʦʜʠʪ ʚ ʩʪʘʜʠʶ ʥʘʩʳʱʝʥʠʷ, ʧʦʯʪʠ ʥʘ 

ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʊʃɼ-500. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʊʃ ʜʝʪʝʢʪʦʨʦʚ ʚ ʥʘʩʳʱʝʥʠʠ ʧʨʝʚʦʩʭʦʜʠʪ ʊʃ 

ʩʦʣʠ ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ 2 ʧʦʨʷʜʢʘ. ʇʨʠʨʦʜʥʳʝ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʩʦʣʠ ʧʨʠ ʚʦʟʨʘʩʪʝ ʝʝ ~106 ʣʝʪ 

ʚʝʨʦʷʪʥʦ ʜʦʣʞʥʳ ʙʳʪʴ ʙʣʠʟʢʠ ʢ ʪʝʤ, ʢʦʪʦʨʳʤʠ ʦʙʣʫʯʝʥʳ ʜʝʪʝʢʪʦʨʳ, ʟʥʘʯʠʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʩʦʣʠ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʥʘ 2 ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʊʃɼ-ʂ. 

ɻʠʤʘʣʘʡʩʢʘʷ ʩʦʣʴ ʩʦʙʠʨʘʝʪʩʷ ʚʨʫʯʥʫʶ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʚ 

ʩʦʣʷʥʳʭ ʧʝʱʝʨʘʭ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʤʠʣʣʠʦʥʳ ʣʝʪ ʥʘʟʘʜ ʠʟ ʦʪʣʦʞʝʥʠʡ ʦʢʝʘʥʩʢʦʡ ʩʦʣʠ. ʇʦʩʣʝ 

ʨʫʯʥʦʡ ʩʦʨʪʠʨʦʚʢʠ, ʩʦʣʴ ʠʟʤʝʣʴʯʘʶʪ ʠ ʧʨʦʤʳʚʘʶʪ ʚʨʫʯʥʫʶ, ʘ ʟʘʪʝʤ ʚʳʩʫʰʠʚʘʶʪ ʥʘ ʩʦʣʥʮʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʊʃ ʩʦʣʠ ʜʦʣʞʝʥ ʩʦʭʨʘʥʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʨʦʜʥʦʤ ʦʙʣʫʯʝʥʠʠ ʩ ʤʦʤʝʥʪʘ ʝʝ 

ʟʘʭʦʨʦʥʝʥʠʷ ʚ ʪʦʣʱʫ ʦʪʣʦʞʝʥʠʡ. 

 

ʆʙʩʫʞʜʝʥʠʝ ʠ ʚʳʚʦʜʳ 

ʆʮʝʥʠʤ ʛʣʫʙʠʥʫ ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʦʙʨʘʟʮʘʭ ʣʦʚʫʰʝʢ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʊʃ ʧʠʢʠ ʠ 

ʩʦʭʨʘʥʥʦʩʪʴ ʵʪʠʭ ʣʦʚʫʰʝʢ ʧʨʠ ʂʊ [4]. 

ɼʣʷ ʙʳʩʪʨʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʛʣʫʙʠʥʳ ʣʦʚʫʰʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʘʥʥʦʤʫ 

ʧʠʢʫ ʊʉʃ, ʫʜʦʙʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʚʳʨʘʞʝʥʠʝʤ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʛʨʘʜʫʩʘʭ ʂʝʣʴʚʠʥʘ: 

E
Tm=
400

   (1) 

 

ɻʣʫʙʠʥʳ ʣʦʚʫʰʝʢ ʜʣʷ ʜʝʪʝʢʪʦʨʦʚ ʩʦʩʪʘʚʣʷʶʪ:  ɽ = 1,1325 ʵɺ (ʜʣʷ ʊʃɼ-500 ʧʨʠ 2,5 ʢɻʨ), 

ɽ = 1,052 ʵɺ (ʜʣʷ ʊʃɼ-ʂ ʧʨʠ 1 ʢɻʨ), ɽ = 1,045 ʵɺ (ʜʣʷ ʊʃɼ-ʂ ʧʨʠ 2,5 ʢɻʨ) 

ɻʣʫʙʠʥʘ ʣʦʚʫʰʝʢ ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʧʨʠʨʦʜʥʦʡ ʩʦʣʠ ʩʦʩʪʘʚʣʷʝʪ: ɽ = 1,43 ʵɺ. 

ɺʨʝʤʷ ʞʠʟʥʠ ʵʣʝʢʪʨʦʥʦʚ (ʠʣʠ ʜʳʨʦʢ) ʥʘ ʣʦʚʫʰʢʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (2): 
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        (2) 

ʛʜʝ Ű - ʚʨʝʤʷ ʞʠʟʥʠ, S0 - ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ, ʦʙʳʯʥʦ 10
11 - 1012  ʩ-1, E - 

ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ (ʛʣʫʙʠʥʘ ʣʦʚʫʰʢʠ), k - ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, T - ʪʝʤʧʝʨʘʪʫʨʘ ʚ  K [3].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʛʠʤʘʣʘʡʩʢʦʡ ʩʦʣʠ ʧʨʠ ʥʘʙʣʶʜʘʝʤʦʤ ʧʠʢʝ ʊʃ (ʛʣʫʙʠʥʘ ʣʦʚʫʰʢʠ 1,43 

ʵɺ) ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʨʝʜʳ ʧʦʨʷʜʢʘ ʂʊ ʚʨʝʤʷ ʞʠʟʥʠ  ʩʦʩʪʘʚʣʷʝʪ  ~ 2 ʤʣʥ ʣʝʪ. ɼʣʷ ʜʝʪʝʢʪʦʨʘ 

ʊʃɼ-ʢ ʚʨʝʤʷ ʞʠʟʥʠ ʣʦʚʫʰʝʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 165Üʉ ʧʦʣʫʯʘʝʪʩʷ ~ 4 ʛʦʜʘ, ʘ ʜʣʷ ʜʝʪʝʢʪʦʨʘ 

ʊʃɼ-500 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180Üʉ ~8 ʣʝʪ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʨʘʩʪ ʛʠʤʘʣʘʡʩʢʦʡ ʩʦʣʠ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 2 ʤʣʥ. ʣʝʪ, ʪʦʛʜʘ ʜʦʟʘ 

ʦʙʣʫʯʝʥʠʷ, ʩ ʫʯʝʪʦʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʬʦʥʘ ~0,4 ʩɻʨ/ʛʦʜ ʧʦʨʷʜʢʘ 8 ʢɻʨ, ʪ.ʝ. ʚ 4 ʨʘʟʘ ʙʦʣʴʰʝʡ, ʯʝʤ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʟʘ ʦʙʣʫʯʝʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ, ʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʦʣʠ ʢ ʠʦʥʠʟʠʨʫʶʱʝʤʫ 

ʠʟʣʫʯʝʥʠʶ ʧʨʠʤʝʨʥʦ ʚ 500 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʫ ʜʝʪʝʢʪʦʨʘ ʊʃɼ-ʂ. 
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ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
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ɸʥʥʦʪʘʮʠʷ 

ɺ  ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ ʫʩʣʦʚʥʦ ʯʠʩʪʦʛʦ 

LiF, LiF ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʧʨʠʤʝʩʷʤʠ U ʠ Cu ʠ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʊʃɼ-100 ʥʘ 

ʦʩʥʦʚʝ LiF. ʌʪʦʨʠʜ ʣʠʪʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʟ-ʟʘ ʝʛʦ ʩʚʦʡʩʪʚ ʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʆʥ 

ʦʙʣʘʜʘʝʪ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʦʪ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʜʦ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ, 

ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʠ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʧʪʠʢʝ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʚ ʜʦʟʠʤʝʪʨʠʠ, ʪʘʢ ʠ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʤʦʥʦʭʨʦʤʘʪʦʨʦʚ ʠ  ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʣʘʟʝʨʦʚ. ʃʘʟʝʨ ʥʘ F2
ī 

ʮʝʥʪʨʘʭ ʚ LiF ʜʘʸʪ ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1120 ʥʤ [1].  ʊʘʢʞʝ, 

ʣʝʛʠʨʦʚʘʥʥʳʡ LiF ʧʨʦʷʚʣʷʝʪ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʥʳ ʩʦʩʪʘʚʳ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʠʥʦ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʩʥʦʛʦ ʬʪʦʨʠʜʘ ʣʠʪʠʷ [2,3]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Shimadzu UV-1700. ʈʝʛʠʩʪʨʘʮʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ ñʌʃʖʆʈɸʊ-02-ʇɸʅʆʈɸʄɸò. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ, ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ LiF. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʠ ʠʭ ʧʦʣʫʰʠʨʠʥʳ. ʇʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʦʝ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ. ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʦʩʥʦʚʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʘʤ ʧʝʨʝʭʦʜʦʚ, 
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ɸʧʧʘʨʘʪʫʨʘ ʠ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʜʚʫʣʫʯʝʚʦʤ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Shimadzu UV-1700. ʉʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʦʪ 190 ʜʦ 1100 ʥʤ. ɺ ʨʝʞʠʤ 

ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ ʦʪ 0,001 ʜʦ 4. ʉʧʝʢʪʨʳ ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʙ ʚ ʨʘʙʦʪʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʧʨʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʰʠʨʠʥʦʡ ʱʝʣʠ ï 1 nm ʠ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ ï 210 nm/min. ʀʟ-ʟʘ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʦʚ ʧʫʯʦʢ 

ʜʠʘʬʨʘʛʤʠʨʦʚʘʣʩʷ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘʩʪʨʦʡʢʘ ʥʫʣʝʚʦʡ ʣʠʥʠʠ. ʂʨʠʩʪʘʣʣ ʪʦʣʱʠʥʦʡ 

1,06 ʤʤ ʩʪʨʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʭʦʜʫ ʣʫʯʝʡ ʢʨʝʧʠʣʩʷ ʥʘ ʜʠʘʬʨʘʛʤʫ ʠ 

ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚ ʦʢʥʦ ʠʟʤʝʨʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʙʳʣʠ 

ʧʝʨʝʩʯʠʪʘʥʳ ʥʘ ʪʦʣʱʠʥʫ 1 ʩʤ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʨʠʩʫʥʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʝʩʷʪʠʯʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʤ-1. 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠʤʝʥʷʣʩʷ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨ ñʌʃʖʆʈɸʊ-02-

ʇɸʅʆʈɸʄɸò. ʀʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ ʘʥʘʣʠʟʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʢʩʝʥʦʥʦʚʘʷ ʣʘʤʧʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʙʫʞʜʝʥʠʝ ʚ ʨʝʞʠʤʝ ʢʦʨʦʪʢʠʭ (1 Õs) ʠʤʧʫʣʴʩʦʚ. ʈʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ 

ʜʣʠʥ ʚʦʣʥ ʘʥʘʣʠʟʘʪʦʨʘ 210-860 nm. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʦʜʙʠʨʘʣʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʪʨʦʙ ʠ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ. ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʪʨʦʙ ʤʦʛ ʚʳʙʠʨʘʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

1 ʜʦ 1000 Õs, ʘ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʦʪ 1 ʜʦ 6000 Õs ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ 

ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ, ʟʘʧʫʩʢʘʶʱʝʛʦ ʨʘʙʦʪʫ ʣʘʤʧʳ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚʦʟʙʫʞʜʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ,  ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʧʨʘʚʢʘ ʥʘ ʧʦʛʣʦʱʝʥʠʝ. 

ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʈʝʟʫʣʴʪʘʪʳ 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

 

ʈʠʩʫʥʦʢ 1.  ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʫʩʣʦʚʥʦ ʯʠʩʪʦʛʦ LiF, LiF ʣʝʛʠʨʦʚʘʥʥʦʛʦ U ʠ Cu ʠ 

ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʡ ʪʘʙʣʝʪʢʠ LiF 

 
ʈʠʩʫʥʦʢ 2. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʣʝʛʠʨʦʚʘʥʥʦʛʦ LiF 

 
ʈʠʩʫʥʦʢ 3. ʉʪʘʮʠʦʥʘʨʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʩ 

ʤʘʢʩʠʤʫʤʦʤ 521 ʥʤ ʚ LiF, ʣʝʛʠʨʦʚʘʥʥʦʤ U ʠ Cu 
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ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʛʦ ʬʪʦʨʠʜʘ ʣʠʪʠʷ - LiF (Mg, Ti) ʜʠʬʬʫʟʥʳʡ (ʩʠʣʴʥʦʝ 

ʨʘʩʩʝʷʥʠʝ) ʥʘ ʬʦʥʝ ʢʦʪʦʨʦʛʦ ʧʨʠʤʝʩʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʥʝ ʚʳʷʚʣʷʶʪʩʷ. ɺ ʩʧʝʢʪʨʝ 

ʧʦʛʣʦʱʝʥʠʷ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʤʝʜʴʶ ʠ ʫʨʘʥʦʤ LiF ʧʦʷʚʣʷʝʪʩʷ ʨʷʜ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ. 

ʇʦʛʣʦʱʝʥʠʝ ʩ ʤʘʢʩʠʤʫʤʦʤ 199 ʥʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʚʩʝʭ ʢʨʠʩʪʘʣʣʘʭ ʠ ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤ 

ʜʣʷ ʬʪʦʨʠʜʘ ʣʠʪʠʷ (ʧʨʠʤʝʩʴ Mg). ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʠ ʦʮʝʥʢʠ ʧʦʣʫʰʠʨʠʥ ʧʦʣʦʩ ʥʘ ʨʠʩ. 2 

ʧʨʠʚʝʜʝʥ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʨʘʟʜʝʣʝʥʥʳʡ ʥʘ ʛʘʫʩʩʠʘʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʳ 

MagicPlot Student. 

ʇʦʛʣʦʱʝʥʠʝ ʩ ʤʘʢʩʠʤʫʤʦʤ 255 ʥʤ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʤʝʜʴ-ʢʠʩʣʦʨʦʜʥʳʤʠ 

ʮʝʥʪʨʘʤʠ, ʧʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʬʪʦʨʠʜʘ ʣʠʪʠʷ ʤʝʜʴʶ, ʧʦʛʣʦʱʝʥʠʝ ʩ 

ʤʘʢʩʠʤʫʤʦʤ 320 ʥʤ ʪʘʢʞʝ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ Cu+-ʮʝʥʪʨʦʚ. ʋʟʢʠʝ ʣʠʥʠʠ ʧʦʛʣʦʱʝʥʠʷ 

ʠʦʥʦʚ ʫʨʘʥʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʙʣʘʩʪʠ 510-530 ʥʤ (LiF-U). ɼʣʷ LiF-U, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʧʨʠʤʝʩʝʡ 

ʤʝʜʠ ʠ ʪʠʪʘʥʘ, ʧʦʣʦʞʝʥʠʝ ʫʟʢʠʭ ʣʠʥʠʡ ʧʦʛʣʦʱʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʨʠʤʝʩʴʶ ʫʨʘʥʘ, ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ, ʥʦ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʫʩʠʣʠʚʘʶʪʩʷ. ʇʨʠʨʦʜʫ ʧʦʣʦʩʳ 521 ʥʤ ʚ ʥʝʢʦʪʦʨʳʭ 

ʠʩʪʦʯʥʠʢʘʭ ʩʚʷʟʳʚʘʶʪ ʩ ʮʝʥʪʨʘʤʠ ʦʢʨʘʩʢʠ F3
+-ʪʠʧʘ [5].  

ɺ ʣʶʤʠʥʝʩʮʝʥʮʠʠ  ʢʨʠʩʪʘʣʣʘ LiF-U, Cu ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʚ ʦʙʣʘʩʪʴ ʧʦʛʣʦʱʝʥʠʷ (ʨʠʩ. 4 ʠ 

5) ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʤʦʱʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ 521 ʥʤ. ɺʳʭʦʜ ʵʪʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘ ʫʨʦʚʥʝ ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

 

  

ʈʠʩʫʥʦʢ 4.ʉʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ LiF 

ʣʝʛʠʨʦʚʘʥʥʦʛʦ U ʠ Cu  ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 261 ʥʤ 

ʈʠʩʫʥʦʢ 5.ʉʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ 520 ʥʤ LiF ʣʝʛʠʨʦʚʘʥʥʦʛʦ U ʠ 

Cu  

ɿʘʜʝʨʞʘʥʥʳʡ ʩʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ ʵʪʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ ʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5. ʕʪʘ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚʦ ʚʨʝʤʷ 

ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ ʚʦʟʙʫʞʜʝʥʠʷ, ʥʦ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ. 

ʇʨʦʮʝʩʩ ʩʚʷʟʘʥ ʩ ʧʝʨʝʜʘʯʝʡ ʵʥʝʨʛʠʠ ʦʪ Cu ʮʝʥʪʨʦʚ ʢ U6+, ʪ.ʝ.  ʚ ʩʧʝʢʪʨʘʭ ʩʚʝʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

LiF-U,Me  ʧʨʦʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʡ ʢʦʤʧʣʝʢʩ, ʛʜʝ Me ʟʘʤʝʱʘʝʪ ʠʦʥ Li ʚ ʙʣʠʞʘʡʰʝʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ, ʘ ʷʜʨʦʤ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʠʦʥ ʫʨʘʥʘ. ʀʟ-ʟʘ  ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ  ʵʥʝʨʛʠʷ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ  ʦʙʤʝʥʥʦ-ʨʝʟʦʥʘʥʩʥʳʤ ʧʫʪʝʤ. ʅʘʙʣʶʜʘʝʤʳʡ ʧʨʦʮʝʩʩ 

ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʣʶʤʠʥʝʩʮʠʨʫʶʱʝʤʫ ʮʝʥʪʨʫ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʩʝʢʫʥʜ (ʥʘʢʘʯʢʘ 

ʮʝʥʪʨʘ) ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʛʝʨʝʥʪʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʃʶʤʠʥʝʩʮʝʥʮʠʠ  ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ LiF ʥʦʩʠʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟ-ʟʘ ʦʙʠʣʠʷ 

ʧʨʠʤʝʩʥʳʭ ʮʝʥʪʨʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʢʨʠʩʪʘʣʣʝ.  ɼʣʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʥʝ ʚʳʷʚʣʷʝʪʩʷ, ʘ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚʦ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʤʠʢʨʦʩʝʢʫʥʜʥʦʛʦ ʠʤʧʫʣʴʩʘ ʚʦʟʙʫʞʜʝʥʠʷ 

ʥʘ ʧʦʨʷʜʦʢ ʩʣʘʙʝʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʘ LiF-U. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʘ ʩʚʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʧʦʣʦʩʘʤ ʧʦʛʣʦʱʝʥʠʷ ʩ ʫʢʘʟʘʥʠʝʤ 

ʧʦʣʫʰʠʨʠʥʳ.  
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ʊʘʙʣ. 1. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ LiF-U, Cu 

ʇʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠ

ʷ, ʥʤ  

ʇʦʣʦʩʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʥʤ 

ʇʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ,  ɻ ɺ 

ʇʦʣʫʰʠʨʠʥʘ 

ʧʦʣʦʩʳ, ʵɺ 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʣʦʩʳ 

521 521 2.38 0.037 ʋʟʢʠʝ ʣʠʥʠʠ 

ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʫʨʘʥʘ 

320  3.88 0.6 Cu+-ʮʝʥʪʨʳ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʘʢʪʠʚʘʮʠʝʡ ʬʪʦʨʠʜʘ 

ʣʠʪʠʷ ʤʝʜʴʶ 

255  4.86  0.7 

199  6,23 0.4 ʉʦʙʩʪʚʝʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝ 

ʬʪʦʨʠʜʘ ʣʠʪʠʷ 

 

ɺʳʚʦʜʳ 

ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʟʤʝʨʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʦʙ ʠʟʚʝʩʪʥʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ ʚ ʜʘʥʥʦʤ ʢʨʠʩʪʘʣʣʝ [4,5], ʧʨʝʜʣʦʞʝʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʝʨʝʭʦʜʘʭ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʧʦʷʚʣʝʥʠʝ ʧʦʣʦʩ. 
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ɼʦʙʘʚʢʠ ʥʘʥʦʯʘʩʪʠʮ ʘʣʶʤʠʥʠʷ ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ ʯʝʤ ʚ ʩʪʦ ʨʘʟ ʩʥʠʟʠʪʴ ʢʨʠʪʠʯʝʩʢʫʶ 

ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʣʘʟʝʨʥʦʛʦ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʧʝʥʪʘʵʨʠʪʨʠʪʘ ʪʝʪʨʘʥʠʪʨʘʪʘ (PETN). ʆʯʝʨʝʜʥʳʤ 

ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʣʘʟʝʨʥʦʛʦ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʦʢʩʠʜʥʦʡ ʦʙʦʣʦʯʢʠ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʫʣʠʨʦʚʢʘ ʤʦʜʝʣʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʚʟʨʳʚʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ PETN ï 

ʥʘʥʦʯʘʩʪʠʮʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè ʠʤʧʫʣʴʩʦʤ ʣʘʟʝʨʘ, ʨʘʟʨʘʙʦʪʢʘ ʧʘʢʝʪʘ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʩʯʝʪʦʚ ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʵʚʦʣʶʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʚ ʧʦʣʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
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ʈʠʩ. 1 ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʘʣʶʤʠʥʠʷ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʨʘʜʠʫʩʦʚ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʷʜʨʘ ʠ ʚʩʝʡ ʯʘʩʪʠʮʳ ʦʪ ʨʘʜʠʫʩʦʚ 

ʥʘʥʦʯʘʩʪʠʮʳ. 

 

ɺ ʨʘʙʦʪʘʭ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ [1,2] ʧʨʝʜʣʦʞʝʥʦ ʚ ʢʘʯʝʩʪʚʝ ʢʘʧʩʶʣʷ ʦʧʪʠʯʝʩʢʦʛʦ 

ʜʝʪʦʥʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʪʴ PETN, ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ 

ʘʣʶʤʠʥʠʷ, ʥʠʢʝʣʷ, ʢʦʙʘʣʴʪʘ, ʤʝʜʠ, ʩʝʨʝʙʨʘ, ʞʝʣʝʟʘ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʜʠ ʚ ʤʘʪʨʠʮʝ PETN ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʥʝʦʜʠʤʦʚʦʛʦ ʣʘʟʝʨʘ 

ʧʦʛʣʦʱʘʶʪ ʩʚʝʪ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʬʘʢʪʦʨʘ ʧʦʛʣʦʱʝʥʠʷ (Qabs) ʦʢʦʣʦ 3.5, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʘʣʣʦʚ [1]. ɹʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʬʘʢʪʦʨʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʪʦʣʴʢʦ ʫ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ (ʦʢʦʣʦ 5). ʅʘʥʦʯʘʩʪʠʮʳ ʘʣʶʤʠʥʠʷ ʚ 

ʵʪʦʤ ʨʷʜʫ ʠʤʝʶʪ ʚʝʩʴʤʘ ʩʢʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ Qabs, ʨʘʚʥʦʝ 0.3 ʥʘ ʦʩʥʦʚʥʦʡ ʠ 0.7 ʥʘ ʚʪʦʨʦʡ 

ʛʘʨʤʦʥʠʢʘʭ ʥʝʦʜʠʤʦʚʦʛʦ ʣʘʟʝʨʘ. ʆʜʥʘʢʦ ʩʝʥʩʠʙʠʣʠʟʘʮʠʷ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʠʭ 

ʤʝʪʘʣʣʦʚ, ʩ ʤʝʥʴʰʠʤʠ ʦʙʲʝʤʥʳʤʠ ʪʝʧʣʦʝʤʢʦʩʪʷʤʠ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʝʢʦʨʜʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ PETN-Al  [2]. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʦʢʠʩʣʸʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʘʣʶʤʠʥʠʷ 

ʚʝʩʴʤʘ ʧʨʦʙʣʝʤʘʪʠʯʥʦ: ʥʘ ʚʦʟʜʫʭʝ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ ʧʦʢʨʳʚʘʶʪʩʷ ʧʨʦʟʨʘʯʥʦʡ 

ʦʙʦʣʦʯʢʦʡ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʦʢʩʠʜʥʘʷ ʦʙʦʣʦʯʢʘ ʜʘʥʥʳʭ ʯʘʩʪʠʮ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʟʘʱʠʪʥʳʡ ʙʘʨʴʝʨ, 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʡ ʦʢʠʩʣʝʥʠʶ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʷʜʨʘ, ʥʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʥʘʥʦʯʘʩʪʠʮ ʠ ʫʭʫʜʰʝʥʠʶ ʫʩʣʦʚʠʡ ʥʘʛʨʝʚʘʥʠʷ ʢʦʤʧʦʟʠʪʘ. 

ɺ ʨʘʤʢʘʭ ʪʝʦʨʠʡ ɸʜʝʥʘ-ʂʝʨʢʝʨʘ ʠ ʄʠ ʜʣʷ ʩʬʝʨʠʯʝʩʢʦʡ ʥʘʥʦʯʘʩʪʠʮʳ [3] ʨʘʩʩʯʠʪʘʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʢʪʦʨʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʩʩʝʷʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʘʣʶʤʠʥʠʷ ʩ 
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ʦʢʩʠʜʥʦʡ ʦʙʦʣʦʯʢʦʡ ʦʪ ʠʭ ʨʘʜʠʫʩʘ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 500 ʥʤ ʜʦ 1100 ʥʤ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʘʣʶʤʠʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʨʘʜʠʫʩʦʚ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʷʜʨʘ (r) ʠ ʚʩʝʡ ʯʘʩʪʠʮʳ (R) ʦʪ R ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʝ ʥʝʦʜʠʤʦʚʦʛʦ ʣʘʟʝʨʘ. ʇʨʠʚʝʜʝʥʳ 4 ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʷʭ r/R 

ʨʘʚʥʳʭ 0.5 (ç*è), 0.6 (ç+è), 0.7 (çʦè) ʠ 0.7 (ʟʚʝʟʜʦʯʢʘ), ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʦʙʥʳʝ ʜʨʫʛ ʜʨʫʛʫ. 

ɺʥʘʯʘʣʝ Qabs ʚʦʟʨʘʩʪʘʝʪ, ʜʦʩʪʠʛʘʷ ʰʠʨʦʢʦʛʦ ʤʘʢʩʠʤʫʤʘ, ʧʦʪʦʤ ʤʝʜʣʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʳ ʤʘʢʩʠʤʫʤʘ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʦʢʩʠʜʥʦʡ 

ʦʙʦʣʦʯʢʠ: ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʷʭ r/R = 0.5 ʨʘʜʠʫʩ ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ Qabs 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʜʨʫʛʠʭ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ, ʚ ʪʦʞʝ ʚʨʝʤʷ ʟʥʘʯʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ Qabs ï ʤʝʥʴʰʝ. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ Qabs ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ r/R 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 0.11 ʧʨʠ r/R = 0.5 ʜʦ 0.27 ʧʨʠ r=R. ɺ ʪʦʞʝ ʚʨʝʤʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ Qabs, ʧʦ ʨʘʟʥʦʤʫ 

ʟʘʚʠʩʷʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ r/R. ʊʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʯʝʚʠʜʥʦ, ʜʚʘ: ʨʘʜʠʫʩ ʷʜʨʘ ʥʘʥʦʯʘʩʪʠʮʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ Qabs, ʚʦʟʨʘʩʪʘʝʪ ʚ ʠʥʪʝʨʚʘʣʝ r/R ʦʪ 0.5 ʜʦ 1, ʘ 

ʨʘʜʠʫʩ ʥʘʥʦʯʘʩʪʠʮʳ ï ʙʳʩʪʨʦ ʫʙʳʚʘʝʪ.  

ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʤʦʜʝʣʴ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʚʟʨʳʚʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʯʘʩʪʠʮʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè, ʣʘʟʝʨʥʳʤ 

ʥʘʥʦʩʝʢʫʥʜʥʳʤ ʠʤʧʫʣʴʩʦʤ, ʫʯʠʪʳʚʘʶʱʘʷ ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ 

ʥʘʥʦʯʘʩʪʠʮʝʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʥʘʛʨʝʚʘʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘ ʩʯʝʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʣʘʙʠʣʴʥʦʡ ʤʘʪʨʠʮʳ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʠ ʧʦ ʫʨʘʚʥʝʥʠʶ ɸʨʨʝʥʠʫʩʘ. ɼʣʷ ʘʧʨʦʙʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʚʟʨʳʚʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ PETN ï ʥʘʥʦʯʘʩʪʠʮʳ 

ʘʣʶʤʠʥʠʷ ʩʦ ʩʪʨʫʢʪʫʨʦʡ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè ʨʘʜʠʫʩʘ 100 ʥʤ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʦʡ ʥʝʦʜʠʤʦʚʦʛʦ 

ʣʘʟʝʨʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʥʘ ʧʦʣʫʚʳʩʦʪʝ 14 ʥʩ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʦʣʱʠʥʳ ʦʙʦʣʦʯʢʠ (ʠʣʠ ʨʘʜʠʫʩʘ 

ʷʜʨʘ) ʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʨʘʩʪʘʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʵʥʝʨʛʠʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʦʢʩʠʜʥʦʡ ʦʙʦʣʦʯʢʠ ʩʚʷʟʘʥʦ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʝʝ ʨʘʟʦʛʨʝʚʘ ʵʥʝʨʛʠʠ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʩʝʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʷʜʨʘ. 
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ʄʝʜʴ ʚ ʤʘʩʩʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʷʚʣʷʝʪ ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʥʦ ʚ 

ʥʘʥʦʨʘʟʤʝʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʘʢʪʠʚʥʦ ʦʢʠʩʣʷʝʪʩʷ ʚʧʣʦʪʴ ʜʦ ʟʘʞʠʛʘʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʷʚʣʷʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʅʘʥʦʯʘʩʪʠʮʳ ʨʷʜʘ ʤʝʪʘʣʣʦʚ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ 

ʚʪʦʨʠʯʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʠ ʩʦʟʜʘʥʠʷ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʢʘʧʩʶʣʝʡ ʦʧʪʠʯʝʩʢʠʭ ʜʝʪʦʥʘʪʦʨʦʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʦʧʪʠʯʝʩʢʠʭ ʜʝʪʦʥʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʧʪʠʯʝʩʢʠʭ ʜʝʪʦʥʘʪʦʨʘʭ ʦʢʩʠʜʦʚ ʤʝʜʠ, ʥʝ 

ʧʦʜʚʝʨʞʝʥʥʳʭ ʦʢʠʩʣʝʥʠʶ ʢʘʢ ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʚ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʜʘʧʪʘʮʠʷ 

ʤʠʢʨʦʦʯʘʛʦʚʦʡ ʤʦʜʝʣʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʚʟʨʳʚʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ PETN-ʦʢʩʠʜ ʤʝʜʠ 

ʠʤʧʫʣʴʩʦʤ ʥʝʦʜʠʤʦʚʦʛʦ ʣʘʟʝʨʘ, ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʩʯʝʪʦʚ ʢʨʠʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʵʚʦʣʶʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʠʩʪʝʤʳ ʚ ʧʦʣʝ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʩʥʠʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʪʝʭʥʦʛʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʧʫʪʝʤ 

ʚʥʝʜʨʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʜʝʪʦʥʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ, 

ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʦʢʩʠʜʦʚ ʤʝʜʠ. 

ɺ ʨʷʜʝ ʨʘʙʦʪ [1,2] ʧʨʝʜʣʦʞʝʥʦ ʚ ʢʘʯʝʩʪʚʝ ʢʘʧʩʶʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʜʝʪʦʥʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʪʦʨʠʯʥʦʝ ʚʟʨʳʚʯʘʪʦʝ ʚʝʱʝʩʪʚʦ ʧʝʥʪʘʵʨʠʪʨʠʪ ʪʝʪʨʘʥʠʪʨʘʪʘ (PETN), ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʥʥʦʝ 

ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʤʝʪʘʣʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʩʣʝʜʥʠʭ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʘʢʠʝ 

ʤʝʪʘʣʣʳ ʢʘʢ ʘʣʶʤʠʥʠʡ, ʥʠʢʝʣʴ, ʢʦʙʘʣʴʪ, ʤʝʜʴ. ʅʘʥʦʯʘʩʪʠʮʳ ʤʝʜʠ ʚ PETN ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 

  

ʈʠʩ. 1 ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʢʪʦʨʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʨʘʜʠʫʩʘ ʥʘʥʦʯʘʩʪʠʮ 

ʦʢʩʠʜʦʚ ʤʝʜʠ ʩʚʝʪʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ: ʪʦʯʢʠï ʨʘʩʯʝʪ, ʣʠʥʠʷ ï ʩʧʣʘʡʥ ʯʝʨʝʟ 0.1 ʥʤ, ʢʨʫʞʢʠ 

ï ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʟʘʚʠʩʠʤʦʩʪʝʡ. 
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ʥʤ (ʚʪʦʨʘʷ ʛʘʨʤʦʥʠʢʘ ʥʝʦʜʠʤʦʚʦʛʦ ʣʘʟʝʨʘ) ʠʥʪʝʥʩʠʚʥʦ ʧʦʛʣʦʱʘʶʪ ʩʚʝʪ ʧʦ ʤʝʭʘʥʠʟʤʫ 

ʧʣʘʟʤʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʬʘʢʪʦʨʘ ʧʦʛʣʦʱʝʥʠʷ ʦʢʦʣʦ 3.5, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ ʧʦʜʛʨʫʧʧʳ ʞʝʣʝʟʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʤʝʜʠ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʭ ʘʢʪʠʚʥʦʩʪʴʶ ʢ ʦʢʠʩʣʝʥʠʶ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʷ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʤʝʜʠ.  

ɺ ʨʘʤʢʘʭ ʪʝʦʨʠʡ ʄʠ ʧʦ ʤʝʪʦʜʠʢʝ [1,2] ʨʘʩʩʯʠʪʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʢʪʦʨʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʛʣʦʱʝʥʠʷ (Qabs) ʥʘʥʦʯʘʩʪʠʮ ʤʝʜʠ (I ʠ II) ʦʪ ʠʭ ʨʘʜʠʫʩʘ ʚ ʤʘʪʨʠʮʝ PETN ʩ ʧʦʢʘʟʘʪʝʣʝʤ 

ʧʨʝʣʦʤʣʝʥʠʷ 1.54 ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ʦʩʥʦʚʥʦʡ ʠ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢ ʥʝʦʜʠʤʦʚʦʛʦ ʣʘʟʝʨʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1. ʂʦʦʨʜʠʥʘʪʳ ʤʘʢʩʠʤʫʤʘ Qabs ʜʣʷ CuO ʩʦʩʪʘʚʣʷʶʪ 95 ʥʤ 

(ʨʘʜʠʫʩ) ʠ 1.8 (Qabs), ʜʣʷ Cu2O - 82 ʥʤ ʠ 2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʤʝʜʠ (I ʠ II) ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʦʯʫʚʩʪʚʣʝʥʠʷ PETN ʢ 

ʜʝʡʩʪʚʠʶ ʠʤʧʫʣʴʩʘ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʥʝʦʜʠʤʦʚʦʛʦ ʣʘʟʝʨʘ.  

ɼʣʷ ʦʮʝʥʢʠ ʵʚʦʣʶʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʚ ʧʦʣʝ ʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʦʧʪʠʨʦʚʘʥʘ ʤʠʢʨʦʦʯʘʛʦʚʘʷ ʤʦʜʝʣʴ ʪʝʧʣʦʚʦʛʦ ʚʟʨʳʚʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʧʨʦʮʝʩʩʳ ʥʘʛʨʝʚʘʥʠʷ 

ʥʘʥʦʯʘʩʪʠʮʳ ʠ ʤʘʪʨʠʮʳ ʟʘ ʩʯʝʪ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʦʩʪʳʚʘʥʠʝ ʦʯʘʛʘ 

ʨʝʘʢʮʠʠ ʟʘ ʩʯʝʪ ʢʦʥʜʫʢʪʦʨʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʨʘʟʦʛʨʝʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʣʘʙʠʣʴʥʦʡ ʤʘʪʨʠʮʳ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ 

ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ, ʫʯʠʪʳʚʘʝʤʳʝ ʚ ʤʠʢʨʦʦʯʘʛʦʚʦʡ ʤʦʜʝʣʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʚʟʨʳʚʥʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʠʤʧʫʣʴʩʦʤ ʣʘʟʝʨʘ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʟʨʘʯʥʦʡ ʤʘʪʨʠʮʳ ʠ 

ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʭ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ. ʆʩʥʦʚʥʳʤʠ ʥʦʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ 

ʧʣʦʪʥʦʩʪʴ, ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʢʩʠʜʦʚ ʤʝʜʠ (I ʠ II). 

ɸʧʨʦʙʘʮʠʷ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʚʟʨʳʚʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ PETN-ʦʢʩʠʜʳ ʤʝʜʠ (I ʠ II) ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʨʘʜʠʫʩʘʤʠ ʥʘʥʦʯʘʩʪʠʮʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ 14 ʥʩ. ʆʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʤʘʪʝʨʠʘʣʘ ʩ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ (ʦʢʩʠʜ ʤʝʜʠ) 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʜʝʨʞʢʘʭ ʨʘʟʦʛʨʝʚʘ ʮʝʥʪʨʘ ʥʘʥʦʯʘʩʪʠʮʳ. ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʥʘʥʦʯʘʩʪʠʮʳ. ɽʩʣʠ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʚʦʟʜʝʡʩʪʚʠʷ (ʠʤʧʫʣʴʩʘ) ʝʱʝ ʫʤʝʥʴʰʠʪʩʷ, ʟʘʧʘʟʜʳʚʘʥʠʝ ʨʘʟʦʛʨʝʚʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʦʥʠʞʝʥʠʶ ʧʦʨʦʛʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ, ʯʪʦ ʙʫʜʝʪ ʠʩʩʣʝʜʦʚʘʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ. ʈʘʩʩʯʠʪʘʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʵʥʝʨʛʠʠ (ʅʩ) PETN ʦʪ ʨʘʜʠʫʩʘ ʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʠʭ 

ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʦʚ ʤʝʜʠ (I ʠ II) ʧʨʠ ʠʥʠʮʠʠʨʦʚʘʥʠʠ ʢʦʤʧʦʟʠʪʦʚ ʠʤʧʫʣʴʩʦʤ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

14 ʥʩ. ɼʣʷ PETN ʩ ʜʦʙʘʚʢʘʤʠ CuO ʠ Cu2O ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʅʩ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ 

(0.04 ɼʞ/ʩʤ2) ʥʦ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʨʘʜʠʫʩʳ (93 ʥʤ ʜʣʷ CuO ʠ 80 ʥʤ ʜʣʷ 

Cu2O). ɿʥʘʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ PETN ʩ ʜʦʙʘʚʢʘʤʠ ʦʢʩʠʜʦʚ 

ʤʝʪʘʣʣʦʚ ʚ ʨʘʡʦʥʝ 40 ʤɼʞ/ʩʤ2 ʙʣʠʟʢʠ ʢ ʧʦʨʦʛʘʤ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ PETN ʩ 

ʜʦʙʘʚʢʘʤʠ ʥʘʥʦʯʘʩʪʠʮ ʧʦʜʛʨʫʧʧʳ ʞʝʣʝʟʘ, ʘʣʶʤʠʥʠʷ, ʦʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ 

ʩʪʘʙʠʣʴʥʦʛʦ ʦʢʩʠʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʦʙʥʝʝ, ʯʝʤ ʤʝʪʘʣʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ 

ʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʚ ʢʘʧʩʶʣʴ ʦʧʪʠʯʝʩʢʦʛʦ ʜʝʪʦʥʘʪʦʨʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ 

ʥʘʥʦʯʘʩʪʠʮʳ ʥʝ ʪʦʣʴʢʦ ʤʝʪʘʣʣʦʚ, ʥʦ ʠ ʦʢʩʠʜʦʚ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ. ʅʘʥʦʯʘʩʪʠʮʳ ʦʢʩʠʜʦʚ 

ʤʝʜʠ (I ʠ II) ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʜʦʙʘʚʢʦʡ ʚ ʤʘʪʨʠʮʫ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʜʝʪʦʥʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʥʝʦʜʠʤʦʚʦʛʦ ʣʘʟʝʨʘ. 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʱʝʣʦʯʥʦ-ʛʘʣʦʠʜʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ  

ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʂʦʥʝʯʥʦʡ ʩʪʘʜʠʝʡ ʧʨʦʮʝʩʩʘ ʯʘʱʝ ʚʩʝʛʦ ʷʚʣʷʝʪʩʷ ʚʥʫʪʨʠʮʝʥʪʨʦʚʘʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʦʪʦʨʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟʫʯʘʪʴ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʦʙʣʘʩʪʠ 

ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʘ. ʀʟʫʯʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʱʝʣʦʯʥʦ-

ʛʘʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʫʩʣʦʚʥʦ ʯʠʩʪʳʭ ʠ ʩ ʧʨʠʤʝʩʴʶ ʪʘʣʣʠʷ). ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʠʭ ʧʦʣʫʰʠʨʠʥʳ. ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʘʤ ʧʝʨʝʭʦʜʦʚ.  

ɺʚʝʜʝʥʠʝ  

ɺ ʢʘʯʝʩʪʚʝ ʪʚʸʨʜʦʪʝʣʴʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ, NaCl(AgCl), 

NaI(Tl), LiI(Eu), LiF(Eu), CsI(Tl), KI(Tl), Bi4Ge3O12 (BGO) ʠ ʜʨ. ʉʮʠʥʪʠʣʣʷʪʦʨ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ 

ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʘ NaJ(Tl), ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʩʚʝʪʦʚʳʤ ʚʳʭʦʜʦʤ, ʦʜʥʘʢʦ ʢʨʠʩʪʘʣʣ ʩʠʣʴʥʦ 

ʛʠʛʨʦʩʢʦʧʠʯʝʥ, ʢʘʢ, ʚʧʨʦʯʝʤ, ʠ KI(Tl). ʄʘʣʦʡ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʢʨʠʩʪʘʣʣʳ CsI, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʩʯʸʪʯʠʢʘʭ ʜʘʞʝ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʩʮʠʥʪʠʣʣʷʪʦʨʳ ʦʙʣʘʜʘʶʪ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʟʢʠʤʠ ʚʨʝʤʝʥʘʤʠ ʚʳʩʚʝʯʠʚʘʥʠʷ 

ʧʦʨʷʜʢʘ 10-6 ʩʝʢ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪ ʧʦʨʷʜʦʢ ʨʘʟʨʝʰʘʶʱʝʛʦ ʚʨʝʤʝʥʠ ʩʯʸʪʯʠʢʘ ʥʘ ʠʭ 

ʦʩʥʦʚʝ [1]. ʉʚʝʪʦʚʳʭʦʜ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʢʣʘʜʦʤ ʨʘʟʥʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʀʀ. ʆʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʠʦʥʠʟʘʮʠʦʥʥʳʝ, ʛʝʥʝʨʘʮʠʦʥʥʳʝ  ʧʦʪʝʨʠ ʠ ʧʦʪʝʨʠ ʥʘ 

ʪʝʨʤʘʣʠʟʘʮʠʶ. ʉʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪʩʷ ʚ ʢʨʠʩʪʘʣʣʝ ʩ ʤʦʤʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʨʘʟʤʥʦʞʝʥʠʷ ʯʠʩʣʘ ʙʳʩʪʨʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ 

ʚʦʟʙʫʞʜʘʶʪ ʨʝʰʝʪʢʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʭ ʧʘʨ, ʵʢʩʠʪʦʥʦʚ, 

ʢʦʪʦʨʳʝ ʟʘ ʚʨʝʤʷ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʧʦʩʦʙʥʳ ʧʝʨʝʥʝʩʪʠ ʚʦʟʙʫʞʜʝʥʠʝ ʮʝʥʪʨʘʤ ʩʚʝʯʝʥʠʷ.  

ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʢʦʨʦʪʢʘʷ ʚʩʧʳʰʢʘ ʩʚʝʪʘ, 

ʩʮʠʥʪʠʣʣʷʮʠʷ [2]. 

ɼʦʩʪʦʠʥʩʪʚʘ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʩʯʸʪʯʠʢʘ: ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʠʮ; ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ; ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʨʘʟʥʳʭ 

ʨʘʟʤʝʨʦʚ ʠ ʢʦʥʬʠʛʫʨʘʮʠʡ; ʚʳʩʦʢʘʷ ʥʘʜʸʞʥʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʢʘʯʝʩʪʚʘʤ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʩʯʸʪʯʠʢʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʷʜʝʨʥʦʡ 
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ʬʠʟʠʢʝ, ʚ ʬʠʟʠʢʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ  ʠ ʨʘʜʠʘʮʠʦʥʥʦʤ ʢʦʥʪʨʦʣʝ. ʉ 

ʧʦʤʦʱʴʶ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʩʯʝʪʯʠʢʦʚ ʤʦʞʥʦ ʠʟʤʝʨʷʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʵʣʝʢʪʨʦʥʦʚ 

ʠ ɔ-ʣʫʯʝʡ. ʅʝʜʦʩʪʘʪʢʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʩʯʸʪʯʠʢʘ: ʤʘʣʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʯʘʩʪʠʮʘʤ 

ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ (1 ʢʵɺ), ʥʝʚʳʩʦʢʘʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʵʥʝʨʛʠʠ [3]. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʪʷʞʝʣʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ (Ŭ-ʯʘʩʪʠʮʳ ʠ ʜʨ.) ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪ CsI. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ KI, ʦʥ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʝʝ ʛʠʛʨʦʩʢʦʧʠʯʝʥ. CsI ʧʨʠʤʝʥʷʝʪʩʷ 

ʪʘʢʞʝ, ʢʦʛʜʘ ʪʨʝʙʫʶʪʩʷ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʡ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʭ ʵʥʝʨʛʠʡ, ʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʥʝ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ [4]. 

ɸʧʧʘʨʘʪʫʨʘ ʠ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Shimadzu 

UV-1700. ʆʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ɸ ʠʟʤʝʨʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0-4, ʩ ʪʦʯʥʦʩʪʴʶ 0,001. ɼʣʠʥʘ 

ʚʦʣʥʳ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 190 ʜʦ 1100 ʥʤ. ʉʧʝʢʪʨʳ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʙ 

ʚ ʨʘʙʦʪʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʧʨʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʰʠʨʠʥʦʡ ʱʝʣʠ ï 1 nm ʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ï 210 nm/min. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ ñʌʃʖʆʈɸʊ-02-

ʇɸʅʆʈɸʄɸò. ʈʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʘʥʘʣʠʟʘʪʦʨʘ 210-840 ʥʤ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʘʥʘʣʠʟʘʪʦʨʝ çʇʘʥʦʨʘʤʘè ʧʨʠʤʝʥʷʝʪʩʷ ʜʚʘ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʩ 

ʚʦʛʥʫʪʳʤʠ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʨʝʰʝʪʢʘʤʠ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʧʝʨʚʦʤ ʧʦʨʷʜʢʝ ʜʠʬʨʘʢʮʠʠ (ʥʘ 

ʚʦʟʙʫʞʜʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ). ʀʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ 

ʘʥʘʣʠʟʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʢʩʝʥʦʥʦʚʘʷ ʣʘʤʧʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʟʙʫʞʜʝʥʠʝ ʚ ʨʝʞʠʤʝ ʢʦʨʦʪʢʠʭ (1 ʤʢʩ) ʠʤʧʫʣʴʩʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ 

ʅʘ ʨʠʩ. 1 ʠ 2 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʥʝ ʣʝʛʠʨʦʚʘʥʥʳʭ ʑɻʂ ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʧʨʠʤʝʩʴʶ ʪʘʣʣʠʷ  KCl ʠ CsI. 

ʇʨʠʤʝʩʴ ʪʘʣʣʠʷ (Tl+-ʮʝʥʪʨ) ʭʦʨʦʰʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʛʣʦʱʝʥʠʠ ʠʤʝʷ ʦʩʥʦʚʥʫʶ ɸ ʧʦʣʦʩʫ 
1S0 Ÿ 

3P1 ʧʝʨʝʭʦʜʘ ʧʨʠ ~247 ʥʤ 5,02 ʵɺ (ʧʦʣʫʰʠʨʠʥʘ 0,3 ʵɺ) ʠ ʜʚʝ ʙʦʣʝʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʝ 

ʧʦʣʦʩʳ 1S0 Ÿ 
3P2 (~210 ʥʤ). ɺ ʩʚʦʙʦʜʥʳʭ ʠʦʥʘʭ Tl

+ ʵʪʦʪ ʧʝʨʝʭʦʜ ʟʘʧʨʝʱʝʥ ʧʦ ʩʠʤʤʝʪʨʠʠ ʚ 

ʢʨʠʩʪʘʣʣʝ ʟʘʧʨʝʪ ʯʘʩʪʠʯʥʦ ʩʥʠʤʘʝʪʩʷ. ʉ-ʧʦʣʦʩʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʝʭʦʜʫ 1S0 Ÿ 
1P1 (~195 ʥʤ). 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʘ ɸ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ Tl+-ʮʝʥʪʨʘ ʚ CsI  ʠ KCl.   

 
ʈʠʩʫʥʦʢ 11. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʫʩʣʦʚʥʦ 

ʯʠʩʪʳʭ ʑɻʂ 

 
ʈʠʩʫʥʦʢ 12. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʪʘʣʣʠʝʤ ʑɻʂ 
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ʈʠʩʫʥʦʢ 13. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ Tl+-ʮʝʥʪʨʘ ʚ ʑɻʂ 

ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʯʠʩʪʳʭ ʭʣʦʨʠʜʦʚ ʜʦʚʦʣʴʥʦ ʩʣʘʙʘʷ. ɺ ʙʳʩʪʨʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʯʠʩʪʦʛʦ 

NaCl ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ  ʟʘʜʝʨʞʢʝ ʩʪʨʦʙʘ 50  ʤʢʩ ʧʨʦʷʚʣʷʝʪʩʷ ʠʟʦʣʠʨʦʚʘʥʥʘʷ ʧʦʣʦʩʘ ʩ 

ʤʘʢʩʠʤʫʤʦʤ 357 ʥʤ. ʋʚʝʣʠʯʝʥʠʝ ʟʘʜʝʨʞʢʠ ʜʦ 5000 ʤʢʩ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʠʩʯʝʟʥʦʚʝʥʠʶ 

ʩʚʝʯʝʥʠʷ. ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʩʚʷʟʘʥʘ ʩ ʠʟʣʫʯʝʥʠʝʤ ʪʨʠʧʣʝʪʥʦʛʦ ʵʢʩʠʪʦʥʘ (3,47 

ʵɺ, ʧʦʣʫʰʠʨʠʥʘ 0,3 ʵɺ). ʅʘ ʩʣʝʜʫʶʱʝʤ ʨʠʩʫʥʢʝ (ʨʠʩ.4) ʧʨʠʚʝʜʝʥʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʩʪʘʣʣʘ CsI-Tl, ʘ ʥʘ ʨʠʩ.5. ʢʨʠʩʪʘʣʣʘ KI-Tl. ɺ ʣʶʤʠʥʝʩʮʝʥʮʠʠ CsI ʧʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʚ ʧʦʣʦʩʫ ʧʦʛʣʦʱʝʥʠʷ Tl+ ʮʝʥʪʨʦʚ, ʙʳʩʪʨʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ 

ʩʦʙʩʪʚʝʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ (Vk-ʮʝʥʪʨʘʤʠ) 410 ʥʤ ʠ 760 ʥʤ, ʘ ʜʣʠʪʝʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʧʨʠʩʫʪʩʪʚʠʝʤ Tl (485 ʥʤ). ʉ ʫʯʝʪʦʤ ʩʚʝʪʦʩʫʤʤ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʵʥʝʨʛʠʡ ʢʚʘʥʪʦʚ 

ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ CsI-Tl ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚ ~3%. 

 

 
ʈʠʩʫʥʦʢ 4. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ, ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 246 ʥʤ ʠ ʩʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ 420 ʥʤ  CsI-Tl 

ɹʳʩʪʨʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʢʨʠʩʪʘʣʣʘ KI-Tl ʦʯʝʥʴ ʩʠʣʴʥʘʷ, ʚʝʨʦʷʪʥʦ ʙʣʠʟʢʘ ʢ ʧʨʝʜʝʣʴʥʦʤʫ 

ʚʳʭʦʜʫ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʇʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʵʪʦ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʩʚʷʟʘʥʘ ʩ ʚʳʩʚʝʯʠʚʘʥʠʝʤ 

ʘʚʪʦʣʦʢʘʣʠʟʦʚʘʥʥʳʭ  (ʩʠʥʛʣʝʪʥʦʛʦ ʠ ʪʨʠʧʣʝʪʥʦʛʦ) ʵʢʩʠʪʦʥʦʚ (4,13 ʵɺ ʠ 2,15 ʵɺ).  
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ʈʠʩʫʥʦʢ 14. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ, ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 246 ʥʤ ʠ ʩʧʝʢʪʨ 

ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 300 ʥʤ  KI-Tl 
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ʊʘʣʘʘ). ʀʟʫʯʝʥʥʦʩʪʴ ʜʘʥʥʦʡ  ʪʝʨʨʠʪʦʨʠʡ, ʫʜʘʣʝʥʥʳʭ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʦʥ  ʥʠʟʢʘʷ. 

ʊʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʜʝʪʝʢʪʦʨʳ ʛʦʪʦʚʠʣʠʩʴ ʢ ʚʳʧʦʣʥʝʥʠʶ ʜʦʟʠʤʝʪʨʠʠ ʚ ʂʝʤʝʨʦʚʦ.  ɹʳʣ 

ʧʨʦʚʝʜʝʥ ʦʪʞʠʛ ʜʝʪʝʢʪʦʨʦʚ ʠ ʠʭ ʫʢʣʘʜʢʘ ʚ ʜʦʟʠʤʝʪʨʠʯʝʩʢʠʝ ʢʘʩʩʝʪʳ. ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ 

ʜʦʟʠʤʝʪʨʳ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʚ ʂʳʨʛʠʩʪʘʥ ʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʷʭ ʩʝʣ. ʆʙʱʝʝ 

ʚʨʝʤʷ ʤʝʞʜʫ ʦʪʞʠʛʦʤ ʠ ʠʟʤʝʨʝʥʠʝʤ ʜʝʪʝʢʪʦʨʦʚ ʩʦʩʪʘʚʠʣʦ 46 ʜʥʝʡ. ʀʟʤʝʨʝʥʠʝ 

ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʦʤ ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ 

ɼʊʋ-01ʄ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʨʘʜʫʠʨʦʚʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʫʩʪʘʥʦʚʢʠ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʤʝʨʝʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ  

ʧʝʨʝʩʯʠʪʳʚʘʝʪʩʷ ʚ ʧʦʛʣʦʱʝʥʥʫʶ ʜʦʟʫ  ʠ ʫʯʝʪʘ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʷ (ʯʠʩʣʦ ʜʥʝʡ) 

ʙʳʣʠ ʧʦʩʯʠʪʘʥʳ ʛʦʜʦʚʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʜʦʟʳ ʜʣʷ ʚʩʝʭ ʜʦʟʠʤʝʪʨʦʚ, ʧʨʠʚʝʟʝʥʥʳʭ ʠʟ ʂʠʨʛʳʩʪʘʥʘ 

ʠ ʧʦʩʪʨʦʝʥʦ ʜʦʟʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ɼʦʟʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʷʭ 

ɹʘʪʢʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ʠʤʝʝʪ ʤʝʜʠʘʥʥʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʙʣʠʟʢʦʝ ʢ  ʘʥʘʣʦʛʠʯʥʦʤʫ ʚ ʧʦʩ. 

ʅʦʚʦʩʪʨʦʡʢʘ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʠʡ ʚʢʣʘʜ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚ 

ʩʚʷʟʠ ʩ ʚʳʩʦʪʦʡ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʜʣʷ ʠʟʫʯʘʝʤʦʛʦ ʨʘʡʦʥʘ ʂʠʨʛʠʟʠʠ  1000 ʤ. 

 

ɺʚʝʜʝʥʠʝ 

ʊʝʨʨʠʪʦʨʠʷ ʨʝʩʧʫʙʣʠʢʠ ʠʤʝʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʣʘʥʜʰʘʬʪʳ. ɿʘ ʩʯʝʪ ʤʘʣʦʡ 

ʟʘʩʝʣʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʂʳʨʛʳʟʩʪʘʥʘ ʠ ʧʦʯʪʠ ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʟʘʚʦʜʦʚ ʠ ʬʘʙʨʠʢ, 

ʨʝʩʧʫʙʣʠʢʘ ʩʦʭʨʘʥʠʣʘ ʜʝʚʩʪʚʝʥʥʦʩʪʴ ʩʚʦʝʡ ʟʝʤʣʠ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʧʘʤʷʪʥʠʢʦʚ. ʀʟʫʯʝʥʥʦʩʪʴ ʵʢʦʣʦʛʠʠ, ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʪʝʨʨʠʪʦʨʠʡ, ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʫʜʘʣʝʥʥʳʭ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʦʥ  ʥʠʟʢʘʷ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʂʠʨʛʠʟʠʠ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʦʙʳʯʝʡ ʫʨʘʥʘ ʚ ʧʨʦʰʣʦʤ ʠ ʥʘʣʠʯʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʨʝʩʧʫʙʣʠʢʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ. ʍʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʨʘʟʙʨʦʩʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʤʫ 

ʂʳʨʛʳʟʩʪʘʥʫ, ʥʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʘʤʳʝ ʦʧʘʩʥʳʝ ʦʙʲʝʢʪʳ, ð ʥʘ ʶʛʝ ʩʪʨʘʥʳ. ʅʘ 

ʩʝʛʦʜʥʷ ʚ ʩʪʨʘʥʝ ʝʩʪʴ ʧʷʪʴ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ ʙʳʚʰʝʛʦ ʫʨʘʥʦʚʦʛʦ ʥʘʩʣʝʜʠʷ, ʛʜʝ 

ʭʨʘʥʠʪʩʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʦʪʨʘʙʦʪʘʥʥʦʡ ʫʨʘʥʦʚʦʡ ʨʫʜʳ. ɺ ʦʪʚʘʣʘʭ ʥʘʢʦʧʣʝʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʠʟʢʦ ʘʢʪʠʚʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʥʝʢʦʥʜʠʮʠʦʥʥʳʭ ʨʫʜ. ɺʩʝ ʦʪʚʘʣʳ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʨʝʢʫʣʴʪʠʚʠʨʦʚʘʥʳ.  

ʆʪʚʘʣʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʙʝʨʝʛʫ ʨ. ʉʫʤʩʘʨ, ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʤʳʚʘʶʪʩʷ ʚʦʜʘʤʠ ʨʝʢʠ ʩ 

ʚʳʥʦʩʦʤ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʝʝ ʨʫʩʣʦ ʠ ʧʦʡʤʫ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʳ 

ʦʧʨʦʙʦʚʘʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʝʢʠ, ʛʜʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʨʘʥʘ 215 ʛ/ʪ 

ʠ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ: ʩʚʠʥʮʘ, ʞʝʣʝʟʘ, ʤʝʜʠ, ʭʨʦʤʘ, ʢʘʜʤʠʷ. ʕʪʠ 

ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠ ʪʦʢʩʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʩʚʦʠʤ ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ ʦʙʷʟʘʥʳ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʉʫʤʩʘʨʩʢʦʛʦ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʛʦ ʨʫʜʥʠʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʪʨʝʭ ʢʠʣʦʤʝʪʨʘʭ ʚʳʰʝ ʧʦ 

ʜʦʣʠʥʝ ʨʝʢʠ. ɼʘʥʥʳʝ ʨʝʛʫʣʷʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ï ʦʪʩʫʪʩʪʚʫʶʪ.  ɺ ʃʝʡʣʝʢʩʢʦʤ (ʂʦʟʫʙʘʛʣʘʥʩʢʘʷ ʠ ʇʨʠʛʨʘʥʠʯʥʘʷ  

ʧʣʦʱʘʜʠ) ʠ ʂʘʜʘʤʞʘʡʩʢʦʤ (ʐʫʥʢʩʢʘʷ ʧʣʦʱʘʜʴ) ʨʘʡʦʥʘʭ ɹʘʪʢʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʝʩʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʣʦʱʘʜʠ ʜʣʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʥʘ ʫʨʘʥ [1]. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʚ ɹʘʪʢʝʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ 

ʜʦʟʠʤʝʪʨʠʠ ʚ ʪʨʝʭ ʩʝʣʘʭ ɹʘʪʢʝʥʩʢʦʛʦ ʨʘʡʦʥʘ. 

 

ʆʩʥʦʚʳ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʤʝʪʦʜʘ ʜʦʟʠʤʝʪʨʠʠ 

ʊʝʨʤʦʣʶʤʠʥʝʩʮʝʥʮʠʷ (ʊʃ) ð ʦʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʚʝʨʜʳʭ ʪʝʣ. 

ʊʃ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ. ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʊʃ ʦʪ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʠʤʝʝʪ ʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ ʨʦʩʪʘ. 

ɼʠʘʧʘʟʦʥ ʣʠʥʝʡʥʦʛʦ ʦʪʢʣʠʢʘ ʟʘʚʠʩʠʪ ʦʪ ʢʨʠʩʪʘʣʣʦʬʦʩʬʦʨʘ. ʂʨʠʚʘʷ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʚʨʝʤʝʥʠ) [2,3]. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʛʣʫʙʠʥʝ ʣʦʚʫʰʢʠ (ʝʸ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ [4]. 
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ɸʧʧʘʨʘʪʫʨʘ ʠ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʦʤ ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ɼʊʋ-

01ʄ.   ʂʦʤʧʣʝʢʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʩʯʠʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ 

ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʤ ʢʦʥʪʨʦʣʝ ʧʝʨʩʦʥʘʣʘ ʠ ʦʪʜʝʣʴʥʳʭ ʣʠʮ ʧʨʠ ʧʦʤʦʱʠ ʠʟʤʝʨʝʥʠʷ ʊʃ ʩʠʛʥʘʣʘ 

ʜʝʪʝʢʪʦʨʦʚ ʠʟʣʫʯʝʥʠʷ. ɽʛʦ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʦʮʝʥʢʝ ʜʦʟ ʥʘ ʩʪʘʜʠʷʭ ʭʨʘʥʝʥʠʷ, 

ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʧʨʠ ʨʘʙʦʪʝ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ, 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ ʠ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ 

ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʦʟ ʥʘʩʝʣʝʥʠʷ, ʧʨʦʞʠʚʘʶʱʝʛʦ ʥʘ ʟʘʨʘʞʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ. 

ʉʠʩʪʝʤʘ ɼʊʋ-01ʄ ʩʦʩʪʦʠʪ ʠʟ: ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʙʣʦʢʘ ʪʝʨʤʦʚʳʩʚʝʯʠʚʘʥʠʷ (ɹʊɺ), ʙʣʦʢʘ 

ʧʦʚʪʦʨʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠ ʜʝʪʝʢʪʦʨʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʝʪʝʢʪʦʨʳ ʊʃɼ-ʂ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʠʟ ʤʘʪʝʨʠʘʣʘ 

ʥʘ ʦʩʥʦʚʝ ʥʘʪʨʠʡ-ʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ (SiO2).  ɼʝʪʝʢʪʦʨ  ʟʘ ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʥʦʰʝʥʠʷ ʥʘʢʘʧʣʠʚʘʶʪ ʵʥʝʨʛʠʶ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʜʦʟʝ ʠʟʣʫʯʝʥʠʷ. ʇʨʠ ʥʘʛʨʝʚʝ ʜʝʪʝʢʪʦʨʘ ʥʘ 

ʩʧʝʮʠʘʣʴʥʦʤ ʥʘʛʨʝʚʘʪʝʣʴʥʦʤ ʵʣʝʤʝʥʪʝ ʚ ɹʊɺ ʥʘʢʦʧʣʝʥʥʘʷ ʵʥʝʨʛʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʩʚʝʪʦʚʦʡ 

ʧʦʪʦʢ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʧʨʠ ʧʦʤʦʱʠ ʌʕʋ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʜʦʟʝ ʠʟʣʫʯʝʥʠʷ. ʅʘʛʨʝʚ 

ʜʝʪʝʢʪʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ɼʣʷ ʜʘʥʥʦʛʦ 

ʪʠʧʘ ʜʝʪʝʢʪʦʨʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʞʠʤʘʭ ʨʝʛʠʩʪʨʘʮʠʠ ʊʃ (ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ, 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ, ʧʦʜʣʦʞʢʘ, ʥʘʚʝʩʢʘ ʠ ʪ.ʜ.) ʧʨʦʚʦʜʠʪʩʷ ʛʨʘʜʫʠʨʦʚʢʘ ʧʨʠʙʦʨʘ ʠ 

ʚʳʯʠʩʣʷʝʪʩʷ ʛʨʘʜʫʠʨʦʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʳʚʘʶʱʠʡ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʚʝʯʝʥʠʷ ʚ ʤʘʢʩʠʤʫʤʝ ʧʦʣʦʩʳ ʊʃ ʩ ʜʦʟʦʡ.  

 

ʈʝʟʫʣʴʪʘʪʳ 

ʇʨʠ ʧʦʤʦʱʠ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʊʃɼ-ʂ [4] ʧʨʦʚʦʜʠʣʠʩʴ  ʨʘʜʠʘʮʠʦʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʘʪʢʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ʂʳʨʛʳʩʪʘʥʘ ( ʩ. ɹʫʞʫʤ, ʩ. ɹʫʣʘʢ-ɹʘʰʳ 

ʩ.ʏʦʥ-ʊʘʣʘʘ). ʇʝʨʝʜ ʧʨʠʤʝʥʝʥʠʝʤ ʜʝʪʝʢʪʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʦʪʞʠʛ.  

ʈʘʜʠʘʮʠʦʥʥʳʡ ʬʦʥ ʠʟʤʝʨʷʣʩʷ ʚ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʷʭ, ʛʜʝ ʜʝʪʝʢʪʦʨʳ, ʧʦʤʝʱʝʥʥʳʝ ʚ 

ʢʘʩʩʝʪʳ ɼʊɻ, ʥʘʭʦʜʠʣʠʩʴ 46 ʜʥʝʡ ʩ 21.12.19 ʧʦ 05.02.2020. ʀʟʤʝʨʝʥʠʷ ʜʝʪʝʪʦʨʦʚ ʚʳʧʦʣʥʷʣʠʩʴ 

ʥʘ  ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ɼʊʋ-01ʄ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʛʨʘʜʫʠʨʦʚʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʪʘʥʦʚʢʠ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʤʝʨʝʥʥʦʡ 

ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʮʠʠ  ʧʝʨʝʩʯʠʪʳʚʘʝʪʩʷ ʚ ʧʦʛʣʦʱʝʥʥʫʶ ʜʦʟʫ ʠ ʫʯʝʪʘ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ 

ʢʦʥʪʨʦʣʷ (ʯʠʩʣʦ ʜʥʝʡ) ʙʳʣʠ ʧʦʩʯʠʪʘʥʳ ʛʦʜʦʚʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʜʦʟʳ ʜʣʷ ʚʩʝʭ ʜʦʟʠʤʝʪʨʦʚ, 

ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʛʦʨʦʜʘ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʦʧʨʝʜʝʣʷʣʘʩʴ, ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ ʩʦʚʧʘʜʝʥʠʷ ʜʚʫʭ ʜʝʪʝʢʪʦʨʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʜʥʦʡ ʢʘʩʩʝʪʝ, ʪ.ʝ. ʚ ʦʜʥʦʤ ʤʝʩʪʝ 

ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʷ. ɺ ʩʨʝʜʥʝʤ ʵʪʦ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʠʣʘ 2%, ʦʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʥʘʭʦʞʜʝʥʠʷ 

ʜʦʟʠʤʝʪʨʘ ʚ ʟʝʤʣʝ ʨʘʩʭʦʞʜʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 8%, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʞʝ ʩʢʦʨʝʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ 

ʧʦʯʚʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʨʘʜʠʦʥʫʢʣʠʜʦʚ. 

ʄʳ ʦʮʝʥʠʣʠ, ʢʘʢ ʤʝʥʷʶʪʩʷ ʩʨʝʜʥʠʝ ʜʦʟʳ ʚ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʷʭ ʧʦ ʨʘʡʦʥʘʤ. ʅʘ 

ʛʠʩʪʦʛʨʘʤʤʝ (ʨʠʩ. 1) ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʨʝʜʥʠʭ ʦʪʢʣʦʥʝʥʠʡ ʜʣʷ ʨʘʟʥʳʭ 

ʨʘʡʦʥʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʠʜʥʦ, ʯʪʦ ʩ ʫʯʝʪʦʤ ʦʪʢʣʦʥʝʥʠʷ ʩʨʝʜʥʠʝ ʜʦʟʳ ʜʣʷ ʚʩʝʭ ʤʝʩʪ 

ʩʦʧʦʩʪʘʚʠʤʳ ʠ ʙʣʠʟʢʠ ʢ ʩʨʝʜʥʝʡ ʜʦʟʝ ʚ ʛ. ʂʝʤʝʨʦʚʦ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʯʫʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʜʦʟʳ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʩ.ʏʦʥ-ʊʘʣʘʘ,. 

ʅʝʢʦʪʦʨʘʷ ʨʘʟʥʠʮʘ ʚ ʜʦʟʘʭ ʧʦ ʝʜʠʥʠʯʥʳʤ ʠʟʤʝʨʝʥʠʷʤ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʢʦʥʢʨʝʪʥʳʭ ʤʝʩʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʦʟʠʤʝʪʨʦʚ. ɺ ʯʘʩʪʥʳʭ ʜʝʨʝʚʷʥʥʳʭ ʜʦʤʘʭ ʜʦʟʳ ʥʠʞʝ, ʚ 

ʯʘʩʪʥʳʭ ʜʦʤʘʭ ʠʟ ʙʝʪʦʥʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʜʦʟʳ ʩʨʘʚʥʠʤʳ ʩ ʜʦʟʘʤʠ ʚ ʤʥʦʛʦʵʪʘʞʥʳʭ 

ʜʦʤʘʭ.  
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ʈʠʩ.1. ʉʨʝʜʥʠʝ ʜʦʟʳ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʷ 

 

ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʜʦʟʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ɹʘʪʢʝʥʩʢʦʤ ʨʘʡʦʥʝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʧ. 

ʅʦʚʦʩʪʨʦʡʢʘ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ.2), ʪʦ ʤʝʜʠʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ, ʥʦ 

ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ɹʘʪʢʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ʙʦʣʴʰʠʡ ʚʢʣʘʜ ʥʠʟʢʦ ʜʦʟʦʚʳʭ ʟʥʘʯʝʥʠʡ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ  

ʙʦʣʝʝ ʥʘʜʝʞʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʠʟʤʝʨʝʥʠʡ. 

 

  
ʈʠʩ.2. ɼʦʟʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʞʠʣʳʭ 

ʧʦʤʝʱʝʥʠʷʭ ɹʘʪʢʝʥʩʢʦʛʦ ʨʘʡʦʥʘ 

 

ʈʠʩ.2. ɼʦʟʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʞʠʣʳʭ 

ʧʦʤʝʱʝʥʠʷʭ ʧ. ʅʦʚʦʩʪʨʦʡʢʘ ʂʝʤʝʨʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠʨʦʜʥʳʭ, ʚʦʜʦʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʧʠʪʴʝʚʳʭ ʚʦʜ ʠ 

ʩʥʝʛʘ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʩʝʣʘʭ ʏʦʥ-ʊʘʣʘʘ  ʠ ɹʫʞʫʤ ɹʘʪʢʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ʂʳʨʛʳʟʩʪʘʥʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʙʲʝʢʪʦʚ ʩʨʘʚʥʝʥʠʷ ʠʩʩʣʝʜʫʶʪʩʷ ʚʦʜʳ ʠ ʩʥʝʛ, ʦʪʦʙʨʘʥʥʳʝ ʚ ʛ. ʂʝʤʝʨʦʚʦ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʰʘʛʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ 

ʤʠʢʨʦ ʢʦʣʠʯʝʩʪʚ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʭ, ʪʘʢ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ  ʚ ʋʌ ʦʙʣʘʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʠʟʫʯʘʣʠʩʴ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʚ ʋʌ ʠ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠ ʚʚʝʜʝʥʠʷ ʢʘʢʠʭ ʣʠʙʦ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ. ʇʨʠ ʦʪʙʦʨʝ ʦʜʥʦʡ ʠʟ ʧʨʦʙ ʩʥʝʛʘ ʚ ʂʠʨʛʠʟʠʠ ʧʨʦʠʟʦʰʣʦ ʝʛʦ ʚʥʝʰʥʝʝ 

ʟʘʛʨʷʟʥʝʥʠʝ ʠʟ ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʯʠʩʪʦʡ ʪʘʨʳ. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ. ɺʳʷʚʣʝʥ ʟʘʛʨʷʟʥʠʪʝʣʴ.   ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʚʦʜ.  ɺ ʚʦʜʝ ʠʟ 

ʩʢʚʘʞʠʥʳ ʠ ʧʨʠʨʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʘʪ ʠʦʥʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚ 

ʧʠʪʴʝʚʦʡ ʚʦʜʝ. ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʭʘʨʘʢʪʝʨʥʘ ʠ ʜʣʷ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ [1]. 

 
ɺʚʝʜʝʥʠʝ  

ʉʝʚʝʨʥʘʷ ʯʘʩʪʴ ɹʘʪʢʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ʂʳʨʛʳʟʩʪʘʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʶʞʥʦʡ ʦʢʨʘʠʥʳ 

ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ, ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʨʝʜʛʦʨʥʦʡ ʠ ʛʦʨʥʦʡ ʯʘʩʪʠ ɸʣʘʡʩʢʦʛʦ 

ʭʨʝʙʪʘ. ʅʘʠʚʳʩʰʘʷ ʪʦʯʢʘ ʚ ʨʘʡʦʥʝ ð 5621 ʤ. ʅʘ ʟʘʧʘʜʝ  ʠ ʚʦʩʪʦʢʝ ʨʘʡʦʥ ʛʨʘʥʠʯʠʪ ʩ ʜʨʫʛʠʤʠ 

ʨʘʡʦʥʘʤʠ ɹʘʪʢʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʂʠʨʛʠʟʠʠ, ʥʘ ʩʝʚʝʨʝ ð ʩ ʋʟʙʝʢʠʩʪʘʥʦʤ, ʥʘ ʶʛʝ ð ʩ 

ʊʘʜʞʠʢʠʩʪʘʥʦʤ. ɺʥʫʪʨʠ ʨʘʡʦʥʘ ʥʘʭʦʜʷʪʩʷ ʉʦʭʩʢʠʡ ʨʘʡʦʥ ʌʝʨʛʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʋʟʙʝʢʠʩʪʘʥʘ, ʘ 

ʪʘʢʞʝ ʵʢʩʢʣʘʚ ɺʦʨʫʭ, ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʊʘʜʞʠʢʠʩʪʘʥʫ. ɿʘ ʩʯʝʪ ʤʘʣʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ ʠ ʧʦʯʪʠ 

ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʟʘʚʦʜʦʚ ʠ ʬʘʙʨʠʢ, ʪʝʨʨʠʪʦʨʠʷ ʩʦʭʨʘʥʠʣʘ ʜʝʚʩʪʚʝʥʥʦʩʪʴ ʩʚʦʝʡ ʟʝʤʣʠ ʠ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʪʦʨʠʯʝʩʢʠʭ ʧʘʤʷʪʥʠʢʦʚ. ʀʟʫʯʝʥʥʦʩʪʴ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʫʜʘʣʝʥʥʦʡ ʦʪ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʦʥ  ʥʠʟʢʘʷ [2,3]. ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙ ʚʦʜ ʠ ʩʥʝʛ, 

ʦʪʦʙʨʘʥʥʳʭ  ʚ ʩʝʣʘʭ ʏʦʥ-ʊʘʣʘʘ  ʠ ɹʫʞʫʤ ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʨʦʙʘʤʠ ʛ. ʂʝʤʝʨʦʚʦ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʜʥʳʭ ʧʨʦʙ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ, ʢʦʪʦʨʳʝ 

ʟʘʥʠʤʘʶʪ ʚʝʜʫʱʫʶ ʨʦʣʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʦ-ʭʠʤʠʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

[4,5].  ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʰʘʛʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʤʠʢʨʦ ʢʦʣʠʯʝʩʪʚ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʢʘʢ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʪʘʢ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ  ʚ ʋʌ ʦʙʣʘʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʠʟʫʯʘʣʠʩʴ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʚ ʋʌ ʠ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ .  

 
ɸʧʧʘʨʘʪʫʨʘ  

SHIMADZU UV-1700 ʷʚʣʷʝʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤ ʜʚʫʣʫʯʝʚʳʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʤ. 

ʆʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ɸ ʠʟʤʝʨʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0-4, ʩ ʪʦʯʥʦʩʪʴʶ 0,001. ɼʣʠʥʘ ʚʦʣʥʳ ʤʦʞʝʪ 

ʤʝʥʷʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 190 ʜʦ 1100 ʥʤ. ʆʧʪʠʯʝʩʢʘʷ ʰʠʨʠʥʘ ʱʝʣʠ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 

ʟʥʘʯʝʥʠʷ: 0,1; 0,2; 0,5; 1; 2 ʠ 5 ʥʤ.  
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ʈʠʩ.1. ɺʥʝʰʥʠʡ ʚʠʜ ʧʨʠʙʦʨʘ çShimadzu UV -1700è 

 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ, ʚʦʜʘ ʧʠʪʴʝʚʘʷ ʠʟ ʢʨʘʥʘ ʩ. ɹʫʞʫʤ ʠ ʩ. ʏʦʥ-ʊʘʣʘʘ, ʚʦʜʘ ʠʟ ʩʢʚʘʞʠʥʳ 

ʠ ʧʨʠʨʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ. ʏʦʥ-ʊʘʣʘʘ, ʚʦʜʘ ʠʟ ʢʨʘʥʘ, ʂʝʤʝʨʦʚʦ (ʂʝʤɻʋ) ʄʝʪʘʣʣʧʣʦʱʘʜʢʘ, 

ʚʦʜʘ ʠʟ ʢʨʘʥʘ, ʄʝʪʘʣʣʧʣʦʱʘʜʢʘ ʧʦʩʣʝ ʬʠʣʴʪʨʘ. ʉʥʝʛ, ʦʪʦʙʨʘʥʥʳʡ ʦʢʦʣʦ ʛʣʘʚʥʦʛʦ ʢʦʨʧʫʩʘ 

ʂʝʤɻʋ, ʚ ʩ. ɹʫʞʫʤ ʠ ʚ ʩ. ɹʣʦʢ-ɹʘʰ ʠ ʩʦʩʫʣʴʢʘ, ʄʝʪʘʣʣʧʣʦʱʘʜʢʘ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʙ ʚʦʜʳ ʧʦʩʣʝ ʚʳʯʠʪʘʥʠʷ ʠʟ 

ʥʠʭ ʩʧʝʢʪʨʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʘ KNO3 ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 5 ʤʛ/ʣ. ɺʠʜʥʦ, ʯʪʦ ʧʦ ʋʌ ʩʧʝʢʪʨʘʤ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʩʦʜʝʨʞʘʥʠʠ ʥʠʪʨʘʪ ʠʦʥʦʚ ʚ ʚʦʜʝ [1]. ɼʣʷ ʧʠʪʴʝʚʳʭ ʚʦʜ ʛ. ʂʝʤʝʨʦʚʦ 

(ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʚʦʜʦʧʦʜʛʦʪʦʚʢʘ ʂʝʤʝʨʦʚʩʢʠʡ ʚʦʜʦʢʘʥʘʣ) ʠ ʩ. ɹʫʞʫʤ (ʧʨʫʜ ʦʪʩʪʦʡʥʠʢ) 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʘʪ ʠʦʥʘ 5 mg/l, ʘ ʚ ʩʝʣʝ ʏʦʥ-ʊʘʣʘʘ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ. 

ɺ ʚʦʜʝ ʠʟ ʩʢʚʘʞʠʥʳ ʠ ʧʨʠʨʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʘʪ ʠʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʤʝʨʥʦ 16 ʠ 23 mg/l, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʣʷ ʧʠʪʴʝʚʦʡ 

ʚʦʜʳ, ʥʦ ʚʩʝ ʞʝ ʥʠʞʝ ʇɼʂ (45 mg/l). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʯʪʦ ʚ ʩʢʚʘʞʠʥʥʳʭ ʚʦʜʘʭ ʂʝʤʝʨʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʦʩʪʠʛʘʶʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʠʝ, ʚʳʰʝ ʇɼʂ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʪʨʘʪ 

ʠʦʥʦʚ [1]. 

ʅʘ ʨʠʩ 3 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʪʘʣʦʛʦ ʩʥʝʛʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʚ ʂʠʨʛʠʟʠʠ ʠ 

ʂʝʤʝʨʦʚʦ. ʃʫʯʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʩʭʦʜʷ ʠʟ ʠʟʤʝʨʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʦʙʣʘʜʘʝʪ ʨʘʩʪʘʷʚʰʘʷ 

ʩʦʩʫʣʴʢʘ ʚ ʩʧʘʣʴʥʦʤ ʨʘʡʦʥʝ ʂʝʤʝʨʦʚʦ, ʉʥʝʛ, ʦʪʦʙʨʘʥʥʳʡ ʚ ʮʝʥʪʨʝ ʂʝʤʝʨʦʚʦ ʠ ʩʝʣʝ ɹʣʦʢ ɹʘʰʠ 

ʦʯʝʥʴ ʙʣʠʟʢʠ ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʧʨʠʯʝʤ ʩʥʝʛ ʠʟ ʩʝʣʘ ʥʝʩʢʦʣʴʢʦ ʯʠʱʝ, ʯʝʤ ʩʥʝʛ ʚ 

ʮʝʥʪʨʝ ʛ. ʂʝʤʝʨʦʚʦ. 

 

  
ʈʠʩ.2ʘ ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜ ɹʘʪʢʝʥʩʢʦʛʦ ʈʠʩ.2ʙ ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜ ʂʝʤʝʨʦʚʦ 
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ʨʘʡʦʥʘ 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʘʪʦʚ ʧʦ ʥʠʪʨʘʪ ʠʦʥʫ ʩʦʩʪʘʚʣʷʝʪ 5-6 mg/l, ʪʦ ʝʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʪʘʢʘʷ ʞʝ, 

ʢʘʢ ʚ ʧʨʦʙʘʭ ʧʠʪʴʝʚʳʭ ʚʦʜʘʭ. ʅʝʦʞʠʜʘʥʥʳʤ ʦʢʘʟʘʣʩʷ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʩʥʝʛʘ ʠʟ ʩ. ɹʫʞʫʤ. 

ɹʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʧʨʠʯʠʥʝ ʩʠʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʙʳ. ʇʨʦʙʘ ʙʳʣʘ ʦʪʦʙʨʘʥʘ ʚ 

ʙʫʪʳʣʢʫ ʠʟ ʧʦʜ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ (ʤʝʥʦʚʘʟʠʥ), ʠ, ʝʩʪʝʩʪʚʝʥʥʦ, ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʝʝ 

ʟʘʛʨʷʟʥʝʥʠʝ ʵʪʠʤ ʩʦʝʜʠʥʝʥʠʝʤ.  

 

  

ʈʠʩ.6ʘ. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʪʘʣʦʛʦ ʩʥʝʛʘ, 

ʦʪʦʙʨʘʥʥʦʛʦ ʚ ʂʠʨʛʠʟʠʠ ʠ ʂʝʤʝʨʦʚʦ. 

 

ʈʠʩ.6ʘ. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩʥʝʛʘ ʠʟ ʩ. 

ɹʫʞʫʤ ʠ ʨ-ʨʘ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ 

ʤʝʥʦʚʘʟʠʥ 

 

ɺ ʩʧʝʢʪʨʝ ʚʳʜʝʣʷʶʪʩʷ 3 ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ~195 ʥʤ, 220 ʥʤ ʠ 280 ʥʤ, ʯʪʦ 

ʧʦʭʦʞʝ ʥʘ ʠʟʤʝʨʝʥʥʳʡ ʥʘʤʠ ʩʧʝʢʪʨ. ɺʦʟʤʦʞʥʦ ʧʨʠʩʫʪʩʪʚʠʝ 2-ʙʝʥʟʠʣ-4-ʭʣʦʨʬʝʥʦʣʘ 

(ɹʍʌ) ʉ13ʅ11ʉlʆ ʠ ʪʨʠʧʪʦʬʘʥʘ [6-7].  

ʀʩʭʦʜʷ ʠʟ ʧʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʨʘʟʥʠʮʳ ʚ ʩʦʩʪʦʷʥʠʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʤʝʞʜʫ ʧʨʦʙʘʤʠ ʠʟ ɹʘʪʢʝʥʩʢʦʛʦ 

ʨʘʡʦʥʘ ʂʳʨʛʳʟʩʪʘʥʘ ʠ ʛ. ʂʝʤʝʨʦʚʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.  
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ʋɼʂ 661.183 

ʉʆɺʈɽʄɽʅʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ʀʉʉʃɽɼʆɺɸʅʀʁ ɺ ʆɹʃɸʉʊʀ ʋɻʃɽʈʆɼʅʓʍ 

ʉʆʈɹɽʅʊʆɺ 

ʎʚʝʪʢʦʚ ɺ.ʕ.1, ɿʳʢʦʚ ʀ.ʖ.1, ɻʘʣʢʠʥʘ ɺ.ɺ.2 
1ʌɻɹʅʋ çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʫʛʣʷ ʠ ʫʛʣʝʭʠʤʠʠ ʉʆ ʈɸʅè 

2ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʩʦʨʙʝʥʪʦʚ ï ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʡ ï ʥʘʯʘʣʘ 

ʨʘʟʚʠʚʘʪʴʩʷ ʙʦʣʝʝ 100 ʣʝʪ ʥʘʟʘʜ. ʍʦʨʦʰʦ ʘʧʨʦʙʠʨʦʚʘʥʳ ʤʝʪʦʜʠʢʠ ʢʘʨʙʦʥʠʟʘʮʠʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʘʢʪʠʚʘʮʠʠ ʠʩʢʦʧʘʝʤʳʭ ʫʛʣʝʡ ʠ ʙʠʦʤʘʩʩʳ, ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʘʢʪʠʚʘʮʠʠ 

ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʛʨʫʧʧʦʚʦʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʘʟʨʘʙʦʪʘʥʳ ʨʝʮʝʧʪʫʨʳ 

ʧʦʣʫʯʝʥʠʷ ʩʦʨʙʝʥʪʦʚ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠʟ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ, ʦʯʠʩʪʢʠ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ. ɼʦʩʪʠʛʥʫʪʳʝ 

ʫʩʧʝʭʠ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʠ ʢʦʥʢʨʝʪʠʟʠʨʫʶʪ ʟʘʜʘʯʠ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʧʝʨʝʜ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʧʦ ʩʠʥʪʝʟʫ ʩʦʨʙʝʥʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʝʣʘʝʪʩʷ ʢʨʘʪʢʠʡ ʦʙʟʦʨ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʩʦʨʙʝʥʪʦʚ ʠ ʜʦʩʪʠʛʥʫʪʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ: 

ʄʦʜʠʬʠʢʘʮʠʷ ʛʨʫʧʧʦʚʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʳ ʟʘ ʩʯʝʪ ʦʢʠʩʣʝʥʠʷ ʠʣʠ 

ʚʚʝʜʝʥʠʷ ʛʝʪʝʨʦʘʪʦʤʦʚ ʧʨʠ ʢʘʨʙʦʥʠʟʘʮʠʠ. ɺʚʝʜʝʥʠʝ ʢʠʩʣʦʨʦʜʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʫʛʣʝʨʦʜʥʳʭ ʩʦʨʙʝʥʪʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʠʩʣʠʪʝʣʝʡ, 

ʪʘʢʠʭ ʢʘʢ ʧʝʨʤʘʥʛʘʥʘʪ ʢʘʣʠʷ, ʘʟʦʪʥʘʷ ʠ ʩʝʨʥʘʷ ʢʠʩʣʦʪʳ. ɼʘʥʥʘʷ ʩʪʘʜʠʷ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʦʡ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʢ ʥʘʥʝʩʝʥʠʶ ʦʢʩʠʜʦʚ ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʋʜʘʣʝʥʠʝ ʢʠʩʣʦʨʦʜʥʳʭ ʛʨʫʧʧ ʥʘʛʨʝʚʘʥʠʝʤ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʦʩʥʦʚʘʥʦ ʥʘ ʨʝʘʢʮʠʷʭ 

ʦʪʱʝʧʣʝʥʠʷ. ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘʛʨʝʚʘʥʠʝ ʪʘʢʞʝ 

ʘʢʪʠʚʠʨʫʝʪ ʧʨʦʮʝʩʩʳ ʦʧʪʠʤʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ. ɺʚʝʜʝʥʠʝ ʛʝʪʝʨʦʘʪʦʤʦʚ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʘʟʦʪ ʠ ʩʝʨʘ) ʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʥʘ ʩʪʘʜʠʠ ʢʘʨʙʦʥʠʟʘʮʠʠ ʫʛʣʝʨʦʜ-ʩʦʜʝʨʞʘʱʝʛʦ ʚʝʱʝʩʪʚʘ. ʈʘʩʩʤʘʪʨʠʚʘʣʦʩʴ 

ʚʚʝʜʝʥʠʝ ʩʝʨʳ ʧʨʠ ʢʘʨʙʦʥʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʫʤʘʛʠ, ʧʨʦʧʠʪʘʥʥʳʭ ʩʫʣʴʬʠʜʦʤ. 

ʆʧʪʠʤʘʣʴʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʩʝʨʳ ʚ ʚʠʜʝ ʪʠʦʢʘʨʙʦʥʠʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʢʘʨʙʦʥʠʟʘʮʠʠ 400 ʦʉ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʛʠʧʩʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʩʝʨʳ ʚ ʩʚʷʟʳʚʘʥʠʠ ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ [1]. ʀʟʫʯʘʣʩʷ 

ʧʨʦʮʝʩʩ ʢʘʨʙʦʥʠʟʘʮʠʠ ʩʦʧʦʣʠʤʝʨʘ ʤʦʯʝʚʠʥʳ, ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʠ ʨʝʟʦʨʮʠʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʫʛʣʝʨʦʜʥʦʛʦ ʩʦʨʙʝʥʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʢʘʨʙʦʥʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʛʝʪʝʨʦʘʪʦʤʦʚ [2]. ɺ ʩʠʣʫ ʥʝʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʠʨʦʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʛʝʪʝʨʦʘʪʦʤʳ ʩʦʜʝʨʞʘʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʳʰʘʪʴ ʩʦʨʙʮʠʦʥʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢ ʠ ʥʝ ʚʣʠʷʪʴ ʥʘ ʥʝʝ. 

ɺʚʝʜʝʥʠʝ ʚ ʫʛʣʝʨʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʬʨʘʛʤʝʥʪʦʚ ʛʨʫʧʧ-ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ. 

ɼʘʥʥʳʡ ʧʨʠʝʤ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʩʦʨʙʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ 

ʤʝʪʘʣʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʪʠʧʠʯʥʳʭ ʣʠʛʘʥʜʥʳʭ ʛʨʫʧʧ ʠʩʧʦʣʴʟʫʶʪ ʩʫʣʴʬʠʜʥʫʶ [3], 

ʤʝʨʢʘʧʪʦʧʨʦʧʠʣʴʥʫʶ [4], ʤʝʨʢʘʧʪʦʙʝʥʟʦʪʠʘʟʦʣʴʥʫʶ [5], 9,10-ʬʝʥʘʥʪʨʦʣʠʥʦʚʫʶ [6] ʠ 

ʜʠʪʠʟʦʥʘʪʥʫʶ. ɼʣʷ ʚʚʝʜʝʥʠʷ ʩʫʣʴʬʠʜʥʦʡ ʛʨʫʧʧʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʵʪʝʨʠʬʠʢʘʮʠʷ ʛʠʜʨʦʢʩʠʣʦʚ 

ʧʨʠ ʨʝʘʢʮʠʠ ʩ ʪʠʦʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ. ʄʝʨʢʘʧʪʦʧʨʦʧʠʣʴʥʘʷ ʛʨʫʧʧʘ ʥʘʥʦʩʠʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ 

ʨʝʘʢʮʠʠ ʤʝʨʢʘʧʪʦʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥʘ ʩ ʨʘʥʝʝ ʥʘʥʝʩʝʥʥʳʤ ʤʘʛʥʝʪʠʪʦʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʪʘʢʞʝ ʟʘʱʠʪʠʪʴ ʤʘʛʥʝʪʠʪʥʳʝ ʯʘʩʪʠʮʳ. ɼʣʷ ʥʘʥʝʩʝʥʠʷ 9,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʩʦʚʤʝʩʪʥʦ ʩ 

ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʥʘ ʛʨʘʬʠʪʦʚʳʡ ʩʪʝʨʞʝʥʴ ʧʨʠʤʝʥʷʣʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʧʨʦʮʝʜʫʨ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʟʘ ʩʯʝʪ 

ʭʝʣʘʪʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ [4-6] ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʯʥʦʡ ʩʚʷʟʠ ʩʚʠʥʮʘ ʠʣʠ ʢʘʜʤʠʷ ʩ 

ʩʫʣʴʬʠʜʥʦʡ ʛʨʫʧʧʦʡ [3].  

- ʇʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʪʦʚ ʫʛʣʝʨʦʜʥʘʷ ʤʘʪʨʠʮʘ ï ʧʦʣʠʤʝʨ, ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʛʝʪʝʨʦʘʪʦʤʦʚ (ʚ ʦʩʥʦʚʥʦʤ ʘʟʦʪʘ ʠ ʩʝʨʳ). ʀʥʪʝʨʝʩʥʳʡ ʧʨʠʤʝʨ ʧʦʣʫʯʝʥʠʷ ʩʦʨʙʝʥʪʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʩʦʧʦʣʠʤʝʨʦʚ ʙʦʛʘʪʳʭ ʛʝʪʝʨʦʘʪʦʤʘʤʠ. ʉʫʱʝʩʪʚʫʶʪ ʚʘʨʠʘʥʪʳ 
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ʧʨʠʚʠʪʠʷ ʧʦʜʦʙʥʳʭ ʧʦʣʠʤʝʨʦʚ ʢ ʫʛʣʝʨʦʜʥʳʤ ʤʘʪʨʠʮʘʤ. ʈʘʩʩʤʦʪʨʝʥʦ ʧʦʣʫʯʝʥʠʝ ʩʦʧʦʣʠʤʝʨʘ 

ʪʨʠʪʠʦʮʠʘʥʫʨʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʦʢʠʩʣʝʥʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʩʫʣʴʬʠʜʥʳʭ 

ʤʦʩʪʠʢʦʚ [7]. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʛʣʝʨʦʜʥʳʡ ʩʦʨʙʝʥʪ ʙʳʣ ʦʢʠʩʣʝʥ ʜʣʷ ʚʚʝʜʝʥʠʷ ʢʘʨʙʦʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧ ʩ ʜʘʣʴʥʝʡʰʠʤ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʭʣʦʨ-ʘʥʛʠʜʨʠʜʥʳʝ. ɼʘʣʝʝ ʦʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʘʮʠʣʠʨʦʚʘʥʠʷ ʪʠʦʵʪʘʥʦʣʘʤʠʥʘ ʠ ʧʨʠʚʠʪʠʷ ʪʠʦʮʠʘʥʫʨʦʚʦʡ ʢʠʩʣʦʪʳ ʯʝʨʝʟ ʜʠʩʫʣʴʬʠʜʥʳʡ 

ʤʦʩʪʠʢ. ʅʘʣʠʯʠʝ ʘʟʦʪʥʳʭ ʧʠʨʠʜʠʥʦʧʦʜʦʙʥʳʭ ʛʨʫʧʧ ʠ ʩʫʣʴʬʠʜʥʳʭ ʛʨʫʧʧ ʧʦʚʳʰʘʝʪ 

ʩʦʨʙʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ ʢʘʜʤʠʷ. 

ʅʘʥʝʩʝʥʠʝ ʦʢʩʠʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʘʛʥʠʪʥʳʭ, ʥʘ ʫʛʣʝʨʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʇʦʣʫʯʝʥʠʝ 

ʤʘʛʥʠʪʥʳʭ ʩʦʨʙʝʥʪʦʚ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʦʯʠʩʪʢʠ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ɼʘʥʥʳʝ 

ʩʦʨʙʝʥʪʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʦʚ, ʜʨʝʚʝʩʥʦʛʦ ʚʦʣʦʢʥʘ, ʩʫʣʴʬʠʨʦʚʘʥʥʳʭ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ. ʅʘʨʦʞʜʘʶʱʝʡʩʷ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʩʦʨʙʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʄʘʛʥʠʪʥʳʡ ʩʦʨʙʝʥʪ ʜʣʷ ʪʚʝʨʜʦʬʘʟʥʦʡ ʤʠʢʨʦʵʢʩʪʨʘʢʮʠʠ ʢʘʜʤʠʷ ʠ ʩʚʠʥʮʘ ʥʘ 

ʦʩʥʦʚʝ ʤʥʦʛʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 2-ʤʝʨʢʘʧʪʦ-ʙʝʥʟʦʪʠʘʟʦʣʦʤ 

ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ [5]. ʇʨʝʜʣʦʞʝʥ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʩʦʨʙʝʥʪ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʩʚʠʥʮʘ ʠʟ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ ʠ ʩʰʠʪʦʛʦ ʧʦʣʠʤʝʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʠʪʠʟʦʥ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ. ɺ [4] ʧʨʝʜʣʦʞʝʥ 

ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ 3-ʤʝʨʢʘʧʪʦʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥ-ʤʥʦʛʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ ï ʤʘʛʥʝʪʠʪ (MPTS-MWCNTs-Fe3O4) ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʦʚ ʜʣʷ ʩʦʨʙʮʠʠ ʨʪʫʪʠ ʠ 

ʩʚʠʥʮʘ. ʉʦʨʙʝʥʪ ʜʣʷ ʤʠʢʨʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ (ʥʠʪʨʦʬʝʥʦʣ, 

ʙʠʩʬʝʥʦʣ ɸ ʘʥʪʠʙʠʦʪʠʢʠ ʠ ʛʝʨʙʠʮʠʜʳ) ʙʳʣ ʧʦʣʫʯʝʥ gʨʠ ʢʘʨʙʦʥʠʟʘʮʠʠ ʤʝʪʘʣʣ-ʫʛʣʝʨʦʜʥʦʛʦ 

ʢʘʨʢʘʩʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʬʝʨʨʠʪ ʮʠʥʢʘ.  

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʧʦ ʤʠʢʨʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʶ ʠʩʧʦʣʴʟʫʝʪ ʩʦʨʙʝʥʪʳ ʩʦ 

ʩʣʦʞʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. ɽʜʠʥʠʯʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʩʚʷʟʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʷ 

ʤʠʢʨʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʘʛʥʠʪʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʩʦʨʙʝʥʪʦʚ.  

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʩʪʨʘʪʝʛʠʠ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʩʦʨʙʝʥʪʦʚ: 

1. ʉʤʝʰʝʥʠʝ ʫʛʣʝʨʦʜ-ʩʦʜʝʨʞʘʱʝʛʦ ʧʨʝʢʫʨʩʦʨʘ ʩ ʤʘʛʥʠʪʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠʣʠ ʠʭ 

ʦʩʘʞʜʝʥʠʝ ʠʟ ʨʘʩʪʚʦʨʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʘʨʙʦʥʠʟʘʮʠʝʡ ʠ ʘʢʪʠʚʘʮʠʝʡ. 

2. ʆʩʘʞʜʝʥʠʝ ʥʘ ʚʳʩʦʢʦʧʦʨʠʩʪʫʶ ʫʛʣʝʨʦʜʥʫʶ ʤʘʪʨʠʮʫ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ. 

3. ʄʝʭʘʥʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʠʟ ʧʘʩʪʳ, ʩʦʜʝʨʞʘʱʝʡ ʤʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ, ʠ ʫʛʣʝʨʦʜʥʦʛʦ 

ʩʦʨʙʝʥʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʙʣʘʩʪʠ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʩʦʨʙʝʥʪʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʝʣʘʝʪʩʷ 

ʘʢʮʝʥʪ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʪʦʥʢʠʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. ʈʘʟʨʘʙʦʪʘʥʳ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʦʨʙʝʥʪʦʚ 

ʧʨʦʷʚʣʷʶʱʠʭ ʧʦʚʳʰʝʥʥʫʶ ʝʤʢʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʣʝʛʢʦʩʪʴ 

ʦʪʜʝʣʝʥʠʷ ʦʪ ʩʨʝʜʳ ʧʨʠ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ 20-43-420012. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʝʘʣʴʥʳʭ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ LiF, Al 2O3 ʠ SiO2. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʭ  ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʘʤ ʧʝʨʝʭʦʜʦʚ. 

ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʢʦʥʪʨʦʣʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʤʥʦʞʝʩʪʚʦ ʪʠʧʦʚ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʜʦʟʠʤʝʪʨʦʚ 

(ʊʃɼ), ʧʦʟʚʦʣʷʶʱʠʭ ʚ ʧʨʠʥʮʠʧʝ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʠʟʣʫʯʝʥʠʷ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ.  ʉʫʱʝʩʪʚʫʶʪ ʜʦʟʠʤʝʪʨʠʯʝʩʢʠʝ ʜʝʪʝʢʪʦʨʳ ʥʘ ʦʩʥʦʚʝ LiF, Al 2O3, CaSO4, CaF2, 

Li 2B4O7, ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʠ ʩʠʣʠʢʘʪʥʳʭ ʩʪʝʢʦʣ [1]. ʄʘʪʝʨʠʘʣʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ, ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʮʝʣʦʤʫ 

ʨʷʜʫ ʪʨʝʙʦʚʘʥʠʡ. ʕʪʦ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʊʃ  ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ, ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʧʠʢʝ ʦʪ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ, ʩʧʝʢʪʨ ʊʉʃ ʚ 

ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʌʕʋ, ʠʩʢʣʶʯʝʥʠʝ ʠʣʠ ʤʠʥʠʤʠʟʘʮʠʷ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʳʩʚʝʯʠʚʘʥʠʷ  ʟʘʧʘʩʝʥʥʦʡ ʚʦ ʚʨʝʤʷ ʦʙʣʫʯʝʥʠʷ ʊʃ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʅʝ ʦʜʠʥ ʠʟ ʤʥʦʞʝʩʪʚʘ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʜʦʟʠʤʝʪʨʠʠ ʣʶʤʠʥʦʬʦʨʦʚ ʥʝ ʦʙʣʘʜʘʝʪ 

ʧʦʣʥʳʤ ʢʦʤʧʣʝʢʪʦʤ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʫʞʥʳʭ ʜʣʷ ʠʜʝʘʣʴʥʳʭ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ 

ʩʚʦʡʩʪʚ  ʊʃ ʜʝʪʝʢʪʦʨʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʚʝʩʪʥʳʭ ʊʃ ʜʝʪʝʢʪʦʨʦʚ  

ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʊʃ ʩʠʩʪʝʤ ʠ ʘʢʪʫʘʣʴʥʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʘʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʣʴʥʳʭ ʊʃɼ ʜʝʪʝʢʪʦʨʦʚ  ʦʩʥʦʚʝ 

LiF, Al 2O3 ʠ SiO2. 

ʈʝʟʫʣʴʪʘʪʳ 

ʅʘ ʨʠʩ. 1a ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʜʝʪʝʢʪʦʨʘ ʊʃɼ-100 (LiF), ʫʩʣʦʚʥʦ ʯʠʩʪʦʛʦ 

ʢʨʠʩʪʘʣʣʘ LiF, ʧʦʣʠʨʦʚʘʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʊʃɼ-500 (Al 2O3) [1], ʢʨʠʩʪʘʣʣʘ Al 2O3 ʣʝʛʠʨʦʚʘʥʥʦʛʦ 

Mg ʠ ʧʦʣʠʨʦʚʘʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʊʃɼ-ʂ (SiO2) [2]. ʅʘ ʨʠʩ 1ʙ ʧʨʠʚʝʜʝʥʘ ʋʌ ʯʘʩʪʴ ʪʦʛʦ ʞʝ 

ʩʧʝʢʪʨʘ ʜʣʷ ʣʫʯʰʝʡ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ.  
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ʈʠʩ.1ʘ ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʜʝʪʝʢʪʦʨʦʚ ʠ 

ʢʨʠʩʪʘʣʣʦʚ 

ʈʠʩ.1ʙ. ʊʝ ʞʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʜʝʪʝʢʪʦʨʦʚ ʠ 

ʢʨʠʩʪʘʣʣʦʚ  ʚ ʋʌ ʦʙʣʘʩʪʴ 

ʅʝʧʦʣʠʨʦʚʘʥʥʳʝ (ʨʝʘʣʴʥʳʝ) ʜʝʪʝʢʪʦʨʳ ʊʃɼ-ʂ ʠ ʊʃɼ-500 ʦʙʣʘʜʘʶʪ ʩʠʣʴʥʳʤ ʨʘʩʩʝʷʥʠʝʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʦʩʪʦʷʥʥʳʡ ʬʦʥ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʩʧʝʢʪʨʘ ʊʃɼ-ʂ ʚʠʜʥʦ, ʯʪʦ 

ʵʪʦʪ ʜʝʪʝʢʪʦʨ ʦʙʣʘʜʘʝʪ ʦʧʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʪʝʢʣʘ (ʘʤʦʨʬʥʦʛʦ SiO2), ʘ ʥʝ ʢʚʘʨʮʘ. 

ɺ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʊʃɼ-500 ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 205 ʠ 260 ʥʤ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ F ʠ F+ ʮʝʥʪʨʘʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [1]. ɺ ʦʙʣʘʩʪʠ 205 

ʥʤ ʥʘʭʦʜʠʪʩʷ ʪʘʢʞʝ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠʤʝʩʠ Mg, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʠ ʚ ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʤ 

ʊʃɼ-100.  

ʉʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʝʪʝʢʪʦʨʘ ʊʃɼ-500 ʚʦ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ 

ʤʢʩ ʜʣʠʪʝʣʴʥʦʩʪʠ (2ʙ), ʧʦʛʣʦʱʝʥʠʷ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʬʣʶʦʨʝʩʮʝʥʮʠʠ ʜʝʪʝʢʪʦʨʘ ʊʃɼ-500 (2ʘ) 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ.2. 
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ʕʪʘ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ  F+ ʮʝʥʪʨʘʤ ʝʝ ʜʣʠʪʝʣʴʥʦʩʪʴ ʤʝʥʴʰʝ ʤʢʩ, ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʟʘʜʝʨʞʢʠ ʩʪʨʦʙʘ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʧʦʣʥʦʩʪʴʶ ʧʨʦʧʘʜʘʝʪ, ʟʘʪʦ ʧʦʷʚʣʷʶʪʩʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ F ʮʝʥʪʨʘʤʠ (3a) ʠ Cr (ʨʠʩ.3ʙ, 3ʩ) [2]. ʀ Cr ʠ F ʮʝʥʪʨʳ 

ʷʚʣʷʶʪʩʷ ʛʣʫʙʦʢʠʤʠ ʣʦʚʫʰʢʘʤ ʚ Al 2O3 ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʊʃ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʂʊ. 

ʉʯʠʪʘʶʪ, ʯʪʦ ʜʦʟʠʤʝʪʨʠʯʝʩʢʠʡ ʧʠʢ ʩʚʷʟʘʥ ʩ F ʠ F+ ʮʝʥʪʨʘʤʠ ʠ ʠʭ ʧʝʨʝʟʘʨʷʜʢʦʡ [1]. 

   

ʈʠʩ.3ʘ. ɿʘʜʝʨʞʘʥʥʘʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʊʃɼ-500 ʧʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʚ ʦʙʣʘʩʪʴ F ʮʝʥʪʨʘ 

(210 ʥʤ). 

ɿʘʜʝʨʞʢʘ ʩʪʨʦʙʘ 4,5 ʤʩ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ 1 ʤʩ 

ʈʠʩ.3ʙ. ɿʘʜʝʨʞʘʥʥʘʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʊʃɼ-500 ʧʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʚ ʦʙʣʘʩʪʴ ʉr3+ 

ʮʝʥʪʨʘ (400 ʥʤ). ɿʘʜʝʨʞʢʘ 

ʩʪʨʦʙʘ 0,05 ʤʩ, ʜʣʠʪʝʣʴʥʦʩʪʴ 1 

ʤʩ 

ʈʠʩ.3c. ʉʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʉr3+ ʮʝʥʪʨʘ 

(693 ʥʤ) ʚ ʊʃɼ-500. ɿʘʜʝʨʞʢʘ 

ʩʪʨʦʙʘ 0,05 ʤʩ, ʜʣʠʪʝʣʴʥʦʩʪʴ 1 

ʤʩ 

ʉʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚʦ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ 

ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ ʤʢʩ ʜʣʠʪʝʣʴʥʦʩʪʠ ʜʝʪʝʢʪʦʨʘ ʊʃɼ-ʂ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ.4ʘ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʨʘʚʥʠʤʘ ʠ ʜʘʞʝ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʊʃɼ-500. ʉʧʝʢʪʨ ʟʘʜʝʨʞʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ 4ʙ. ɿʘʜʝʨʞʘʥʥʘʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠʤʝʩʷʤʠ. ɹʳʩʪʨʘʷ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʩʦʙʩʪʚʝʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ, 

ʘʥʘʣʦʛʠʯʥʦ ʊʃɼ-500. 

 

  
ʈʠʩ.4ʘ. ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ, ʩʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ ʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʢʦʨʦʪʢʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʊʃɼ-ʂ 

ʈʠʩ.4ʙ. ɿʘʜʝʨʞʘʥʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʊʃɼ-ʂ 

ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 260 ʥʤ. ɿʘʜʝʨʞʢʘ ʩʪʨʦʙʘ 0,1 

ʤʩ, ʜʣʠʪʝʣʴʥʦʩʪʴ 1 ʤʩ 

ɹʳʩʪʨʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʜʝʪʝʢʪʦʨʘ ʊʃɼ-100 (LiF) ʥʦʩʠʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ, ʵʪʦ ʩʚʷʟʘʥʦ 

ʩ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʨʠʤʝʩʥʳʭ ʮʝʥʪʨʦʚ ʚ ʵʪʦʤ ʦʙʲʝʢʪʝ ʠ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʠʟʫʯʝʥʠʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʣʘʙʝʝ, ʯʝʤ ʊʃɼ-ʂ ʠ ʊʃɼ-500. ɺ ʪʘʙʣ. 1 ʩʚʝʜʝʥʳ 

ʈʠʩ.2ʘ ʉʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʨʦʪʢʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʊʃɼ-500 

ʈʠʩ.2ʙ. ʌʣʫʦʨʝʩʮʝʥʮʠʷ (ʢʦʨʦʪʢʘʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ) ʊʃɼ-500 ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʚ 

ʦʙʣʘʩʪʴ F+ ʮʝʥʪʨʘ (260 ʥʤ) 
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ʦʩʥʦʚʥʳʝ ʥʘʙʣʶʜʘʝʤʳʝ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʤʠʢʨʦʩʝʢʫʥʜʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʧʨʠ ʂʊ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ ʜʚʫʭ ʪʠʧʦʚ ʜʝʪʝʢʪʦʨʦʚ 
ʊʘʙʣʠʮʘ 1. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 

ʆʙʨʘʟʝʮ ʇʦʣʦʞʝʥʠʝ  

ʤʘʭ ʧʦʛʣ,  

ʥʤ (ʵɺ) 

Ŭ. ʩʤ-1 ʇʦʣʦʞʝʥʠʝ 

ʄʘʭ 

 ʚʦʟʙ 

ʙʳʩʪʨʦʡ 

ʣʶʤ,  

ʥʤ (ʵɺ) 

ʇʦʣʦʞʝʥʠʝ 

ʤʘʭ ʙʳʩʪʨʦʡ 

ʣʶʤ, ʥʤ 

(ʵɺ) < 1 ʤʢʩ 

ʇʦʣʦʞʝʥʠʝ 

ʤʘʭ ʚʦʟʙ. 

ʟʘʤʝʜʣʝʥʥʦʡ 

ʣʶʤ, ʥʤ (ʵɺ) 

ʠ  

ʇʦʣʦʞʝʥʠʝ 

ʤʘʭ 

ʟʘʤʝʜʣʝʥʥʦʡ 

ʣʶʤ, 

 ʥʤ (ʵɺ)  

ʊʃɼ-500 

(Al 2O3) 
205 (6,05) 

 

260 (4,77) 

12 

 

0,9 

 

230 (5,39) 

260 (4,77) 

 

330 (3,76) 

330 (3,76) 

205 (6,05) 
400 (3,1) 

550 (2,25) 

410 (3,02) 

693,(1,79) 

693,(1,79) 

ʊʃɼ-ʂ 

(SiO2) 

  330 (3,76) 

330 (3,76) 

370(3,35) 

390 (3,18) 

260 (4,77) 

260 (4,77) 

480 (2,58) 

680 (1,82)  

ʆʙʩʫʞʜʝʥʠʝ ʠ ʚʳʚʦʜʳ 

ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʭ ʧʦʣʫʰʠʨʠʥʳ. ʀʟʤʝʨʝʥʥʳʝ 

ʩʧʝʢʪʨʳ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʦʙ ʠʟʚʝʩʪʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ ʚ 

ʪʝʨʤʦʣʶʤʠʥʦʬʦʨʘʭ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʨʫʙʠʥʘ [3,4] 

ʠ ʊʃɼ-500 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ Cr ʚ ʜʝʪʝʢʪʦʨʝ ʚ ~1*10-4%, ʪ.ʝ. 3,2*1016 ʩʤ-

3. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʘʥʛʠʦʛʨʘʬʠʷ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʠ ʤʘʛʥʠʪʥʦ-

ʨʝʟʦʥʘʥʩʥʘʷ ʪʦʤʦʛʨʘʬʠʠ ʧʦʨʦʞʜʘʶʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʜʣʷ ʦʩʤʦʪʨʘ ʠ ʘʥʘʣʠʟʘ ʤʝʜʠʮʠʥʩʢʠʤʠ ʨʘʙʦʪʥʠʢʘʤʠ. ʄʝʪʦʜʳ 

ʤʘʰʠʥʥʦʛʦ ʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʦʤʦʯʴ ʩʧʝʮʠʘʣʠʩʪʘʤ ʚ ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʧʨʝʜʦʩʪʘʚʠʚ ʩʨʝʜʩʪʚʘ ʜʣʷ ʘʥʘʣʠʟʘ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʧʨʦʩʪʠʪʴ ʨʘʙʦʪʫ ʤʝʜʠʮʠʥʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ ʠ ʩʦʢʨʘʪʠʪʴ ʧʨʦʮʝʥʪ 

ʦʰʠʙʢʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ - ʩʦʟʜʘʪʴ ʤʦʜʫʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʩʪʝʥʦʟʦʚ ʩʦʩʫʜʦʚ ʥʘ 

ʘʥʛʠʦʛʨʘʬʠʠ ʧʦ ʩʥʠʤʢʘʤ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʥʠʭ ʝʩʪʴ ʩʪʝʥʦʟ. ʆʪ ʅʀʀ ʂʇʉʉɿ (ʛ. 

ʂʝʤʝʨʦʚʦ) ʙʳʣ ʧʨʝʜʦʩʪʘʚʣʝʥ ʘʨʭʠʚ ʠʟʦʙʨʘʞʝʥʠʡ, ʛʜʝ ʠʤʝʝʪʩʷ 2 ʥʘʙʦʨʘ ʜʘʥʥʳʭ: ʠʟʦʙʨʘʞʝʥʠʷ ʩ 

ʦʪʤʝʯʝʥʥʦʡ ʦʙʣʘʩʪʴʶ ʥʘʭʦʞʜʝʥʠʷ ʩʪʝʥʦʟʘ ʠ ʙʝʟ ʦʪʤʝʪʢʠ (ʨʠʩʫʥʦʢ 1). ʉʪʝʥʦʟ - ʵʪʦ 

ʥʝʝʩʪʝʩʪʚʝʥʥʦʝ ʩʫʞʝʥʠʝ ʚ ʣʶʙʦʤ ʧʨʦʭʦʜʝ ʪʝʣʘ.  

 

 
ʈʠʩʫʥʦʢ 15. ʅʘʙʦʨ ʜʘʥʥʳʭ ʩʦ ʩʪʝʥʦʟʦʤ 

 

ʆʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʜʚʫʭʵʪʘʧʥʦʡ: ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʡʨʦʥʥʘʷ 

ʩʝʪʴ, ʢʦʪʦʨʘʷ ʦʪʜʝʣʷʝʪ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʘ ʢʦʪʦʨʳʭ ʝʩʪʴ ʩʪʝʥʦʟ, ʘ ʚʪʦʨʦʡ ʵʪʘʧ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʩʪʝʥʦʟʘ ʥʘ ʩʥʠʤʢʝ.  

ʄʝʪʦʜ ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ ʚʩʝ ʯʘʱʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ [1]. 

ʀʜʝʷ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʩʭʦʜʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʧʝʨʝʤʝʱʘʶʱʝʤʩʷ ʩ 

ʟʘʜʘʥʥʳʤ ʰʘʛʦʤ ʦʢʥʝ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ 

ʦʢʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʥʝ ʚʩʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʘ ʝʛʦ ʥʝʙʦʣʴʰʘʷ 

ʧʦʜʦʙʣʘʩʪʴ. 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʥʘ ʦʩʥʦʚʝ ʬʨʘʛʤʝʥʪʘʮʠʠ ʚʦʟʥʠʢʣʠ ʥʘ 

ʵʪʘʧʝ ʩʦʟʜʘʥʠʷ ʦʙʫʯʘʶʱʝʡ ʠ ʚʘʣʠʜʘʮʠʦʥʥʦʡ ʚʳʙʦʨʦʢ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʜʙʦʨʦʤ ʚʘʨʴʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʘʟʤʝʨ ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ, ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʬʨʘʛʤʝʥʪʦʚ ʠʟʦʙʨʘʞʝʥʠʡ. ɿʘʪʨʫʜʥʝʥʠʷ ʪʘʢʞʝ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚ 

ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʣʝʜʫʶʱʠʭ ʤʝʪʦʜʦʚ: ʣʦʛʠʩʪʠʯʝʩʢʘʷ 

ʨʝʛʨʝʩʩʠʷ (Logistic regression), ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ (Support Vector Classification, SVʉ), 

ʜʝʨʝʚʴʷ ʨʝʰʝʥʠʡ (Decision Tree Classifier, DTC) [2]. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʙʝʟ ʧʦʜʙʦʨʢʠ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʝʪʦʜ ʦʧʦʨʥʳʭ 
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ʚʝʢʪʦʨʦʚ ʙʦʣʝʝ ʪʦʯʥʦ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ ʬʨʘʛʤʝʥʪʳ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʢʨʦʩʩ-

ʚʘʣʠʜʘʮʠʠ ʧʦ 5 ʥʘʙʦʨʘʤ, ʦʙʫʯʘʶʱʠʡ ʥʘʙʦʨ ʚʢʣʶʯʘʣ 70% ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʮʦʚ, ʫʢʘʟʘʥʥʦʛʦ 

ʚ ʧʝʨʚʦʤ ʩʪʦʣʙʮʝ, ʠ 30% ʚ ʚʘʣʠʜʘʮʠʦʥʥʦʡ ʚʳʙʦʨʢʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʭʦʜʥʘʷ ʚʳʙʦʨʢʘ ʙʳʣʘ 

ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ, ʧʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʨʠʢ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ f1 ʠ ʧʣʦʱʘʜʴ ʧʦʜ 

ROC-ʢʨʠʚʦʡ. ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʚʳʩʰʘʷ ʪʦʯʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʜʣʷ 

1400 ʧʨʠʤʝʨʘʭ (420 ʧʨʠʤʝʨʦʚ ʥʘ ʦʙʫʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʜʘʣʝʝ ʜʣʷ ʚʩʝʭ ʤʦʜʝʣʝʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʵʬʬʝʢʪ ʧʝʨʝʦʙʫʯʝʥʠʷ, ʧʦʵʪʦʤʫ ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʧʣʘʥʠʨʫʝʪʩʷ 

ʘʧʨʦʙʠʨʦʚʘʪʴ ʤʥʦʛʦʩʣʦʡʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʥʘ ʦʩʥʦʚʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʘʢʪʠʚʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʩʚʝʨʪʦʯʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ. 

 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʤʦʜʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ ʨʘʟʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʬʨʘʛʤʝʥʪʦʚ ʠʟʦʙʨʘʞʝʥʠʡ 

ʂʦʣʠʯʝʩʪʚʦ, ʰʪ F1 ROC AUC 

SVʉ 

500 0.89 0.93 

1400 0.92 0.95 

2200 0.86 0.96 

4000 0.89 0.97 

8000 0.81 0.97 

Logistic regression 

500 0.86 0.89 

1400 0.86 0.91 

2200 0.52 0.77 

4000 0.69 0.95 

8000 0.31 0.83 

DTC 

500 0.86 0.85 

1400 0.85 0.85 

2200 0.75 0.80 

4000 0.79 0.87 

8000 0.61 0.84 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. Antczak K., Liberadzki L., Stenosis Detection with Deep Convolutional Neural Networks // 

Military University of Technology, MATEC Web of Conferences 210, 04001 (2018) 

2. ɺʴʶʛʠʥ ɺ., ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ / ʄʦʩʢʚʘ: 
ʄʎʅʄʆ // 2014ʛ. ï 303ʩ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ɻʨʠʛʦʨʴʝʚʘ ʀ.ɺ., ʌɻɹʆʋ ɺʇʆ çʂʝʤʝʨʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʋɼʂ 004.41 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅɸʗ ʉʊʀʃʀɿɸʎʀʗ ʂʆʈʇʆʈɸʊʀɺʅʆɻʆ 

ɼʆʂʋʄɽʅʊʆʆɹʆʈʆʊɸ 

ʂʦʚʘʮʝʥʢʦ ʀ.ʆ, ɸʥʪʦʥʦʚ ɸ.ɼ 

ʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʅʘ ʨʳʥʢʝ ʤʦʞʥʦ ʥʘʡʪʠ ʤʥʦʞʝʩʪʚʦ ʧʨʠʣʦʞʝʥʠʡ ʠ ʩʠʩʪʝʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʪʝʥʪʘ ʠ 

ʟʘʯʘʩʪʫʶ ʣʶʜʠ ʪʝʨʷʶʪʩʷ ʚ ʚʳʙʦʨʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʝʰʝʥʠʷ. ʉʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ 

ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ, ʦʪ ʘʙʩʦʣʶʪʥʦ ʙʝʩʧʣʘʪʥʳʭ ʩ ʙʦʣʴʰʠʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʜʦ ʜʦʨʦʛʠʭ ʩ 

ʥʝʙʦʣʴʰʠʤʠ ʤʠʥʫʩʘʤʠ, ʟʘ ʢʦʪʦʨʳʝ ʧʨʠʜʝʪʩʷ ʧʣʘʪʠʪʴ. ʇʦʵʪʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʠ ʘʢʪʠʚʥʦ ʠʱʫʪ 

ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʠʭ ʢʦʥʪʝʥʪʘ. 
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ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʠʩʪʝʤ, ʩʝʨʚʠʩʦʚ, ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʦʥʪʝʥʪʘ, ʥʦ ʠʭ ʥʘʩʪʦʣʴʢʦ ʤʥʦʛʦ ʯʪʦ ʠʥʦʛʜʘ ʪʨʫʜʥʦ ʚʳʙʨʘʪʴ ʢʘʢʦʡ-ʪʦ ʦʜʠʥ. ʀʩʭʦʜʷ ʠʟ 

ʜʦʩʪʫʧʥʦʩʪʠ ʧʦʣʴʟʦʚʘʥʠʷ ʠ ʮʝʥʳ, ʭʦʨʦʰʠʤ ʨʝʰʝʥʠʝʤ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ. 

ʉʝʛʦʜʥʷ ʫʞʝ ʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʠʥʪʝʨʥʝʪ ʙʝʟ ʥʘʙʦʨʘ ʩʧʝʮʠʘʣʴʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʩʜʝʣʘʪʴ ʞʠʟʥʴ ʯʝʣʦʚʝʢʘ ʧʨʦʱʝ ʠ ʫʜʦʙʥʝʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ - ʩʦʟʜʘʥʠʝ ʚʝʙ-ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʦʙʣʝʛʯʝʥʥʦʛʦ 

ʩʦʟʜʘʥʠʷ ʢʦʥʪʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʰʘʙʣʦʥʦʚ. 

ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʜʦʙʥʦʛʦ ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʪ ʩ ʫʯʝʪʦʤ ʰʘʙʣʦʥʦʚ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʭʨʘʥʠʪʴ ʰʘʙʣʦʥʳ ʠ ʧʨʦʯʫʶ ʠʥʬʦʨʤʘʮʠʶ ʢʘʩʘʪʝʣʴʥʦ ʩʪʫʜʝʥʪʦʚ ʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ, ʧʦʣʫʯʘʶʱʝʝ ʵʪʠ ʜʘʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ API. 

ɺ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ: 

- Microsoft PowerPoint 

- Microsoft Word 

- Scribus 

- Business Card Maker 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʙʟʦʨʘ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʀʉ: 

- ɺʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʟʜʘʥʠʷ ʧʨʝʟʝʥʪʘʮʠʠ ʧʦ ʟʘʜʘʥʥʦʡ ʪʝʤʝ. 

- ʉʙʦʨ ʘʥʘʣʠʪʠʢʠ ʧʦ ʰʘʙʣʦʥʘʤ, ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

- ʉʙʦʨ ʘʥʘʣʠʪʠʢʠ ʧʦ ʩʣʦʚʘʤ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʘʱʝ ʚʩʝʛʦ 

- ʉʙʦʨ ʘʥʘʣʠʪʠʢʠ ʧʦ ʩʨʝʜʥʝʡ ʜʣʠʥʝ ʪʝʢʩʪʘ ʚ ʙʣʦʢʘʭ 

- ʇʦʜʙʠʨʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʜ ʪʝʢʩʪ ʩʣʘʡʜʦʚ ʥʘ ʦʩʥʦʚʝ ʙʝʩʧʣʘʪʥʳʭ ʬʦʪʦʩʪʦʢʦʚ 

- ʋʤʝʥʴʰʝʥʠʝ ʰʨʠʬʪʘ ʥʘ ʩʣʘʡʜʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʠʤʚʦʣʦʚ 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʘ glvrd.ru ʜʣʷ ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ ʚ ʙʣʦʢʘʭ 

ʇʨʦʚʝʜʝʥʥʳʡ ʦʙʟʦʨ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ  ʜʣʷ 

ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. ʆʜʥʘʢʦ ʥʠ ʦʜʥʘ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʪ 

ʚʩʝʤ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʟʨʘʙʦʪʘʪʴ ʩʚʦʶ ʀʉ ʜʣʷ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. 

ʀʉ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʚʢʣʶʯʘʝʪ ʜʚʝ ʧʦʜʩʠʩʪʝʤʳ ï ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ. ɼʣʷ 

ʘʚʪʦʨʠʟʘʮʠʠ ʚ ʩʝʨʚʠʩʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʝʡʩʪʚʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʠʥʩʪʠʪʫʪʘʭ ʠ ʛʨʫʧʧʘʭ, 

ʭʨʘʥʷʱʘʷʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʧʨʦʝʢʪʘ. ʇʨʠ ʧʝʨʚʦʡ ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʝʤʫ ʙʫʜʝʪ 

ʧʨʝʜʣʦʞʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʡʪʠ ʦʙʫʯʝʥʠʝ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʝʨʚʠʩʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʥʦʚʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʙʫʜʝʪ ʧʨʦʱʝ ʠ ʙʳʩʪʨʝʝ ʦʩʚʦʠʪʴʩʷ, ʘ ʪʘʢʞʝ ʧʨʠʩʪʫʧʠʪʴ ʢ 

ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ. ɺʩʝ ʣʠʯʥʳʝ ʜʘʥʥʳʝ ʥʘʜʝʞʥʦ ʰʠʬʨʫʶʪʩʷ ʚʥʫʪʨʠ ʙʘʟʳ ʜʘʥʥʳʭ. ʇʦʩʣʝ 

ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʙʫʜʝʪ ʜʦʩʪʫʧʥʦ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʨʘʙʦʪ ʠ ʧʨʦʩʤʦʪʨʘ ʚʩʝʭ ʝʛʦ ʨʘʙʦʪ. 

ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʩʦʟʜʘʥʠʷ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʝʸ ʩʢʘʯʘʪʴ. ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʰʘʙʣʦʥʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʝʤ ʞʝ ʠʥʪʝʨʬʝʡʩʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʝʨʚʠʩʘ, ʥʦ ʫʧʦʣʥʦʤʦʯʝʥʥʳʤʠ ʣʠʮʘʤʠ - 

ʤʦʜʝʨʘʪʦʨʘʤʠ. 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʀʉ: 

- ʌʫʥʢʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ: ʘʚʪʦʨʠʟʘʮʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʧʦ ʣʦʛʠʥʫ ʠ ʧʘʨʦʣʶ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʠʪʴ ʩʚʦʡ ʧʘʨʦʣʴ ʚ ʩʣʫʯʘʝ ʫʪʝʨʠ, ʩʦʟʜʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʪ, 

ʦʪʧʨʘʚʢʘ ʟʘʧʨʦʩʘ ʥʘ ʚʳʜʝʣʝʥʠʝ ʩʚʦʝʡ ʨʘʙʦʪʳ ʢʘʢ ʰʘʙʣʦʥʘ, ʧʨʦʩʤʦʪʨ ʚʩʝʭ ʩʦʟʜʘʥʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʨʘʙʦʪ ʚ ʩʠʩʪʝʤʝ, ʠʟʤʝʥʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʜʘʣʷʪʴ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʫʞʝ ʩʦʟʜʘʥʥʳʝ ʨʘʙʦʪʳ. 

- ʌʫʥʢʮʠʠ ʤʦʜʝʨʘʪʦʨʘ: ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʫʥʢʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʥʠʤʘʪʴ ʟʘʷʚʢʠ ʥʘ ʚʳʜʝʣʝʥʠʝ ʨʘʙʦʪʳ ʢʘʢ ʰʘʙʣʦʥʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ 

ʰʘʙʣʦʥʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʩʝʨʚʝʨ ʧʨʠʣʦʞʝʥʠʡ 

Node.js, ʉʋɹɼ Oracle, TypeScript, JavaScript-ʙʠʙʣʠʦʪʝʢʠ React.  
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ɺʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʥʘʧʠʩʘʥʦ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ TypeScript ʩ ʧʦʤʦʱʴʶ ʬʨʝʡʤʚʦʨʢʘ 

ReactJS ʠ ʤʝʥʝʜʞʝʨʘ ʩʦʩʪʦʷʥʠʡ MobX. 

   ɹʠʙʣʠʦʪʝʢʘ ReactJS ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʦʪʦʤʫ ʯʪʦ ʝʩʪʴ ʙʦʣʴʰʦʡ ʨʘʙʦʯʠʡ ʦʧʳʪ ʩ ʵʪʦʡ 

ʙʠʙʣʠʦʪʝʢʦʡ, ʵʪʦʪ ʬʨʝʡʤʚʦʨʢ ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʢʦʤʘʥʜʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʩʪʨʦʛʦʛʦ 

ʩʦʙʣʶʜʝʥʠʷ UI, ʦʙʣʘʜʘʝʪ ʯʠʪʘʙʝʣʴʥʳʤ ʢʦʜʦʤ ʠ ʧʨʦʩʪʳʤ ʚ ʩʦʧʨʦʚʦʞʜʝʥʠʠ, ʧʣʶʩ ʝʩʪʴ 

ʜʝʢʦʤʧʦʟʠʮʠʷ UI ʵʣʝʤʝʥʪʦʚ ʥʘ ʢʦʤʧʦʥʝʥʪʳ. 

ɹʘʟʘ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪ ʉʋɹɼ Oracle ʠ ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ PL/SQL. 

Oracle ʙʳʣ ʚʳʙʨʘʥ ʠʟ ʟʘ ʤʦʱʥʳʭ ʚʩʪʨʦʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ, ʘ ʪʘʢʞʝ 

ʧʦʪʦʤʫ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʨʝʣʷʮʠʦʥʥʦʡ, ʥʦ ʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʨʘʟʨʘʙʦʪʢʫ ʙʦʣʴʰʠʭ ʩʝʨʚʠʩʦʚ ʩ ʜʝʢʦʤʧʦʟʠʮʠʝʡ ʠ ʧʦʚʪʦʨʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʣʝʤʝʥʪʦʚ. ʊʘʢʞʝ Oracle ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʡ REST API, ʯʪʦ ʠʟʙʘʚʣʷʝʪ ʦʪ ʩʙʦʨʢʠ ʠ ʥʘʩʪʨʦʡʢʠ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤʳ ʨʘʟʤʝʱʝʥʠʷ ʚ ʥʦʪʘʮʠʠ 

UML. 

 
ʈʠʩʫʥʦʢ 1. ɼʠʘʛʨʘʤʤʘ ʨʘʟʤʝʱʝʥʠʷ 

 

ʅʘ ʜʘʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ c ʚʝʙ ʙʨʘʫʟʝʨʘ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʥʘ ʚʝʙ ʩʝʨʚʝʨ ʧʨʠʣʦʞʝʥʠʷ ʚ ʚʠʜʝ JSON, ʛʜʝ ʠʭ ʧʨʠʥʠʤʘʝʪ REST API, ʢʦʪʦʨʳʡ ʚʳʟʳʚʘʝʪ 

ʧʨʦʮʝʜʫʨʳ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʦʪʜʘʝʪ ʦʪʚʝʪ ʚ ʚʠʜʝ JSON ʦʙʨʘʪʥʦ ʧʦʣʴʟʦʚʘʪʝʣʶ.  ɺʩʸ ʵʪʦ 

ʨʘʟʨʘʙʘʪʳʚʘʣʦʩʴ ʧʦ ʢʦʥʮʝʧʮʠʠ stateless. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʝʜʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ  ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ. ɺ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʠ ʨʝʘʣʠʟʦʚʘʥʳ: 

ʵʢʨʘʥ ʘʚʪʦʨʠʟʘʮʠʠ, ʵʢʨʘʥ ʨʝʛʠʩʪʨʘʮʠʠ, ʵʢʨʘʥ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʘʨʦʣʷ, ʛʣʘʚʥʳʡ ʵʢʨʘʥ, ʵʢʨʘʥʳ 

ʩʦʟʜʘʥʠʷ ʚʠʟʠʪʦʢ, ʧʨʝʟʝʥʪʘʮʠʡ ʠ ʙʫʢʣʝʪʦʚ, ʵʢʨʘʥ ʧʨʦʩʤʦʪʨʘ ʚʩʝʭ ʨʘʙʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʵʢʨʘʥ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʈʝʘʣʠʟʦʚʘʥʳ REST-API ʩʝʨʚʠʩʳ, ʧʨʦʧʠʩʘʥʘ 

ʙʠʟʥʝʩ ʣʦʛʠʢʘ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʩʝʨʚʠʩ ʜʣʷ ʦʪʧʨʘʚʢʠ ʘʥʘʣʠʪʠʢʠ, ʩʝʨʚʠʩ ʜʣʷ ʨʝʥʜʝʨʘ ʨʘʙʦʪ ʚ 

ʬʦʨʤʘʪʝ PDF, ʩʝʨʚʠʩ ʜʣʷ ʥʘʚʠʛʘʮʠʠ ʧʦ ʚʝʙ ʧʨʠʣʦʞʝʥʠʶ, ʩʝʨʚʠʩ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʦʣʴʟʦʚʘʪʝʣʝ ʠ ʩʦʭʨʘʥʝʥʠʠ ʘʚʪʦʨʠʟʘʮʠʠ ʚ ʣʦʢʘʣʴʥʦʤ ʭʨʘʥʠʣʠʱʝ, ʨʝʘʣʠʟʦʚʘʥʳ ʤʝʪʦʜʳ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʨʘʙʦʪʘʤʠ ʠ ʘʚʪʦʨʠʟʘʮʠʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ ʯʝʨʝʟ REST-API ʩʝʨʚʠʩ.  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜʦʢʪʦʨ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʖʅɽʉʂʆ ʧʦ ʀɺʊ, 

ʉʪʝʧʘʥʦʚ ʖ.ɸ, ʌɻɹʆʋ ɺʇʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

 

ʋɼʂ 62-97/-98 

ʇʈʀʄɽʅɽʅʀɽ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ɺ ʋʏɽɹʅʓʍ ʎɽʃʗʍ 

ɹʘʨʘʥʦʚʘ ɺ.ɼ., ʈʷʙʯʝʚʩʢʘʷ ʉ.ʉ., ʄʫʭʘʤʝʪʞʘʥʦʚ ʉ.ɸ. 

ʌɻɹʆʋ ɺʆ çʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ssr9@tpu.ru, sam35@tpu.ru, vdb9@tpu.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʧʨʦʩʳ ʠʟʫʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʧʨʠʦʙʨʝʪʘʶʪ 

ʚʩʸ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʩʪʨʝʤʣʝʥʠʠ ʨʘʩʰʠʨʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʥʘʜʝʣʠʪʴ ʠʭ ʥʦʚʳʤʠ (ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ) 
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ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʠ ʚʳʭʦʜʝ ʠʭ ʠʟ ʩʪʨʦʷ. 

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ, ʣʝʞʘʱʝʡ ʚ ʦʩʥʦʚʝ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʦʪʢʘʟʘ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʠʙʨʘʮʠʷ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʠʤʝʨ, ʦʙʨʘʙʦʪʢʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʚʳʧʦʣʥʝʥʠʷ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠ ʪ.ʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʚ 

ʘʩʧʝʢʪʝ ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ ʥʝʩʢʦʣʴʢʠʭ ʩʪʦʨʦʥ [1]: 

¶ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʥʘʜʝʞʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʉʦ ʚʨʝʤʝʥʝʤ ʜʝʪʘʣʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʠʚʦʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʧʨʦʮʝʩʩʦʚ ʩʪʘʨʝʥʠʷ ʠʟʥʘʰʠʚʘʶʪʩʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚʦʟʥʠʢʘʶʪ ʟʘʜʘʯʠ ʜʠʘʛʥʦʩʪʠʢʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʤʝʪʦʜʘʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʦʡ 

[1-3]; 

¶ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ 
ʚʠʙʨʘʮʠʠ, ʨʘʟʜʝʣʝʥʥʳʭ ʫʩʣʦʚʥʦ ʥʘ: 

o ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʦʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʠʣʠ ʚ ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ (ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ) [4]; 

o ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʞʝʩʪʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ, 
ʚʚʝʜʝʥʠʝʤ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠ ʜʝʤʧʬʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʚʠʙʨʦʛʘʩʠʪʝʣʝʡ (ʫʜʘʨʥʳʭ, 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʜʨ.) [5, 6]. 

ʇʦʤʠʤʦ ʚʨʝʜʥʳʭ ʩʚʦʡʩʪʚ ʚʠʙʨʘʮʠʠ, ʦʥʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʩʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʨʦʮʝʩʩʘʭ, ʥʘʧʨʠʤʝʨ, ʚʠʙʨʦʰʣʠʬʦʚʘʥʠʝ, ʚʠʙʨʦʪʨʘʥʩʧʦʨʪʪʠʨʦʚʘʥʠʝ, 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ ʠ ʜʨ. [7]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʦʞʝ ʩʪʦʠʪ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʚʠʙʨʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʤʘʰʠʥ ʜʣʷ ʩʦʟʜʘʥʠʡ 

ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ.  

ʇʨʠ ʵʪʦʤ, ʢʘʢ ʚ ʧʝʨʚʦʤ, ʪʘʢ ʠ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʝ ʠ 

ʬʠʢʩʘʮʠʶ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʷ, ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʣʠʙʦ 

ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʫʩʪʨʦʡʩʪʚ, 

ʢʦʤʧʣʝʢʩʦʚ. ʇʦʩʣʝʜʥʠʝ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʬʫʥʢʮʠʡ. 

ɺ ʊʦʤʩʢʦʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʪʘʢʞʝ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʚʠʙʨʘʮʠʠ, ʝʝ ʚʣʠʷʥʠʷ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʜʝʪʘʣʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʤʘʰʠʥ, ʘ ʪʘʢʞʝ 

ʧʘʨʘʤʝʪʨʦʚ ʝʝ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʰʠʥ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ 

çʧʦʣʝʟʥʦʡè ʚʠʙʨʘʮʠʠ. ɺ ʜʘʥʥʦʤ ʘʩʧʝʢʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʥʘ ʙʘʟʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ [8], ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʦʡ 

ʚʠʙʨʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʝʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʜʘʯʝʡ ʘʢʩʠʘʣʴʥʦ-ʧʦʨʰʥʝʚʦʛʦ 

ʥʘʩʦʩʘʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ɤminé ɤmax. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ ʠ ʦʙʨʘʙʦʪʢʫ ʧʘʨʘʤʝʪʨʦʚ ʚʠʙʨʘʮʠʠ ʤʦʙʠʣʴʥʳʤ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ çɺʠʙʨʦʨʝʛʠʩʪʨʘʪʦʨè ʚ ʩʦʩʪʘʚʝ [9]: 

¶ ʧʨʠʙʦʨ ʂ-5101, ʚʥʝʩʝʥʥʳʡ ʚ ʨʝʝʩʪʨ ʩʠʩʪʝʤ ʠʟʤʝʨʝʥʠʡ ʈʌ; 

¶ ʥʦʫʪʙʫʢ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʦʛʨʘʤʤʥʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 

çɺʠʙʨʦʨʝʛʠʩʪʨʘʪʦʨ-ʄ2è (ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʤ) ʥʘ ʙʘʟʝ NI LabVIEW (ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʤʧʘʥʠʠ ɺʀʊʕʂ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ï ʊʦʤʩʢ, ʈʦʩʩʠʷ) [10]; 

¶ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʘʢʩʝʣʝʨʦʤʝʪʨʳ ï 4 ʰʪ. 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʠʩʧʳʪʘʥʠʡ ʥʘ ʦʙʲʝʢʪ 4 ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʘʪʯʠʢʠ 5 (ʨʠʩ. 1), ʢʦʪʦʨʳʝ 

ʧʨʝʦʙʨʘʟʫʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʦʙʲʝʢʪʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ. ɼʘʣʝʝ ʩʠʛʥʘʣ 

ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʠʙʨʦʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ ʩ ʬʫʥʢʮʠʝʡ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 
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ʈʠʩʫʥʦʢ 1. ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ: 

1 ï ʛʠʜʨʦʧʨʠʚʦʜ; 2 ï ʨʫʢʘʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ; 3 ï ʧʣʘʪʬʦʨʤʘ; 4 ï ʦʙʲʝʢʪ;  

5 ï ʜʘʪʯʠʢʠ; 6 ï ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʢʘʥʘʣʳ; 7 ï ʚʠʙʨʦʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ; 8 ï ʥʦʫʪʙʫʢ 

 

ʉʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʧʘʨʘʤʝʪʨʳ ʚʠʙʨʘʮʠʠ ʚ ʪʘʙʣʠʯʥʦʡ (ʪʘʙʣ. 1) ʠ ʛʨʘʬʠʯʝʩʢʦʡ (ʨʠʩ. 2) ʬʦʨʤʘʭ. 
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ʙ 

ʈʠʩʫʥʦʢ 2. ɺʠʙʨʘʮʠʦʥʥʘʷ ʠ ʩʧʝʢʪʨʘʣʴʥʘʷ ʜʠʘʛʨʘʤʤʳ 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʡ ʦʙʲʝʢʪʘ 
ʂʘʥʘʣ ʊʠʧ ʇʠʢ ʉʂɿ ʄʦʱʥʦʩʪʴ 

1 ʇʝʨʝʤʝʱʝʥʠʝ, ʤʢʤ 46,846559 17,506468 254754,164142 

2 ʇʝʨʝʤʝʱʝʥʠʝ, ʤʢʤ 19,360543 6,978932 5653,700604 

3 ʇʝʨʝʤʝʱʝʥʠʝ, ʤʢʤ 44,287311 16,778636 230073,662887 

4 ʇʝʨʝʤʝʱʝʥʠʝ, ʤʢʤ 28,484660 6,925081 5372,591445 

 

ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʨʘʙʦʪʫ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʧʣʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʘʩʪʨʦʡʢʠ ʩʪʝʥʜʘ ʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʚʳʧʦʣʥʷʶʪ ʩʪʫʜʝʥʪʳ ʚ ʦʩʥʦʚʥʦʤ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʧʨʠʤʝʥʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʫʯʝʙʥʳʭ ʮʝʣʷʭ ʜʣʷ ʧʨʠʚʠʪʠʷ ʠ ʨʘʟʚʠʪʠʷ ʥʘʚʳʢʦʚ ʧʦ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʝ. 
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https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56512419800&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57191736976&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57191738440&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57188854998&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84992567989&origin=resultslist&sort=plf-f&src=s&sid=82bf0a097290765bd9277a941ead95c8&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856512419800%29&relpos=9&citeCnt=8&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84992567989&origin=resultslist&sort=plf-f&src=s&sid=82bf0a097290765bd9277a941ead95c8&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856512419800%29&relpos=9&citeCnt=8&searchTerm=
https://www.scopus.com/sourceid/21100316064?origin=resultslist
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ʄʆɹʀʃʔʅʆɽ ʇʈʀʃʆɾɽʅʀɽ ɼʃʗ ɼʆʉʊʋʇɸ ʂ ʕʃɽʂʊʈʆʅʅʆʄʋ ʂɸʊɸʃʆɻʋ 

ʄɸʋʂ çʄʀɹʉè 

ɺʘʣʴʢʦʚ ɺ.ɺ., ʇʦʪʷʛʘʡʣʦ ɺ.ɺ., ʊʘʣʷʛʠʥ ʅ.ɸ. 

ʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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ʄʦʙʠʣʴʥʳʝ ʠ ʀʊ-ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʩ ʥʝʚʝʨʦʷʪʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʘ ʥʦʚʳʝ ʩʝʨʚʠʩʳ ʠ 

ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʥʠʭ ʝʞʝʜʥʝʚʥʦ ʚʭʦʜʷʪ ʚ ʥʘʰʫ ʞʠʟʥʴ. ʅʦ ʥʝʩʤʦʪʨʷ ʥʘ ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʧʝʨʝʭʦʜ 

ʥʘ ʮʠʬʨʦʚʳʝ ʨʝʩʫʨʩʳ, ʧʝʯʘʪʥʳʡ ʬʦʥʜ ʛʦʨʦʜʩʢʠʭ ʙʠʙʣʠʦʪʝʢ ʚʩʝ ʝʱʝ ʧʦʣʴʟʫʝʪʩʷ 

ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʫ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ ʥʘʩʝʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʠʥʪʝʨʝʩʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ IT-ʨʝʰʝʥʠʡ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʢ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʘʤ ʙʠʙʣʠʦʪʝʢ, ʪʘʢʠʤ ʢʘʢ ʂʝʤʝʨʦʚʩʢʘʷ ʄʫʥʠʮʠʧʘʣʴʥʘʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʙʠʙʣʠʦʪʝʯʥʘʷ ʩʠʩʪʝʤʘ (ʄʀɹʉ), ʩʦʩʪʦʷʱʘʷ ʠʟ 26 ʬʠʣʠʘʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʯʠʪʘʪʝʣʷʤ 

ʚʳʧʦʣʥʷʪʴ ʧʦʠʩʢ ʠ ʙʨʦʥʠʨʦʚʘʥʠʝ ʣʶʙʦʡ ʢʥʠʛʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʬʠʣʠʘʣʘʭ ʬʦʥʜʘ ʄʀɹʉ.  

ʇʝʨʝʜ ʨʘʟʨʘʙʦʪʢʦʡ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʘʥʘʣʦʛʠʯʥʳʭ ʠʣʠ ʧʦʭʦʞʠʭ ʧʨʠʣʦʞʝʥʠʡ: 

- Livelib.ru; 

- Handy Library; 

- ʄʦʷ ʙʠʙʣʠʦʪʝʢʘ. 

ʎʝʣʴʶ ʦʙʟʦʨʘ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʜʠʟʘʡʥʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʠʣʦʞʝʥʠʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʙʟʦʨʘ, ʘ ʪʘʢʞʝ ʧʦʞʝʣʘʥʠʡ ʟʘʢʘʟʯʠʢʘ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʦʙʠʣʴʥʦʤʫ ʧʨʠʣʦʞʝʥʠʶ ʜʣʷ ʄʀɹʉ. ʆʥʦ ʜʦʣʞʥʦ ʫʤʝʪʴ ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʠʝ 

ʜʝʡʩʪʚʠʷ: 

- ʧʨʦʠʟʚʦʜʠʪʴ ʧʦʠʩʢ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʧʘʨʘʤʝʪʨʘʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʦʟʤʦʞʥʦʩʪʷʤ 
ʧʦʠʩʢʘ ʥʘ ʩʘʡʪʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʘʪʘʣʦʛʘ ʄʀɹʉ; 

- ʧʨʦʠʟʚʦʜʠʪʴ ʫʧʨʦʱʝʥʥʳʡ ʧʦʠʩʢ çʦʜʥʦʡ ʩʪʨʦʢʦʡè; 

- ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʚʪʦʨʠʟʘʮʠʶ ʚ ʣʠʯʥʦʤ ʢʘʙʠʥʝʪʝ ʩ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 
ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʨʘʙʦʪʝ ʩ ʵʢʟʝʤʧʣʷʨʘʤʠ ʢʥʠʛ; 

- ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʨʦʥʠʨʦʚʘʥʠʝ ʢʥʠʛ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʣʫʯʝʥʠʷ ʵʢʟʝʤʧʣʷʨʘ; 

- ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʜʦʩʪʫʧ ʢ ʵʣʝʢʪʨʦʥʥʳʤ ʧʦʣʥʦʪʝʢʩʪʦʚʳʤ ʚʝʨʩʠʷʤ; 

- ʦʪʦʙʨʘʞʘʪʴ ʥʘ ʢʘʨʪʝ ʬʠʣʠʘʣʳ ʙʠʙʣʠʦʪʝʢ. 

ʅʘ ʜʠʘʛʨʘʤʤʘʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʚ ʥʦʪʘʮʠʠ UML (ʨʠʩʫʥʦʢ 1 ʠ 2) ʧʦʢʘʟʘʥ 

ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʤʦʙʠʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʟʘʧʫʩʢʘʝʪ ʤʦʙʠʣʴʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ, ʟʘʜʘʝʪ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʧʦʠʩʢʘ ʠ Post-ʟʘʧʨʦʩ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʩʘʡʪ 

ʄʀɹʉ ʧʦ ʘʜʨʝʩʫ http://catalog.kembibl.ru. ʉʘʡʪ ʚʦʟʚʨʘʱʘʝʪ ʦʪʚʝʪ ʚ ʚʠʜʝ XML ï ʬʘʡʣʘ, 

ʩʦʜʝʨʞʘʱʠʡ ʩʧʠʩʦʢ ʥʘʡʜʝʥʥʳʭ ʢʥʠʛ. ʆʪʚʝʪ ʨʘʟʙʠʨʘʝʪʩʷ ʥʘʧʠʩʘʥʥʳʤ ʥʘ java ʧʘʨʩʝʨʦʤ, ʠ 

ʩʧʠʩʦʢ ʢʥʠʛ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʵʢʨʘʥʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʠʨʘʝʪ ʢʣʠʢʦʤ 

ʟʘʠʥʪʝʨʝʩʦʚʘʚʰʫʶ ʝʛʦ ʢʥʠʛʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʦʪʧʨʘʚʣʷʝʪ Get-ʟʘʧʨʦʩ ʥʘ 

ʩʘʡʪ ʄʀɹʉ ʜʣʷ ʜʘʥʥʦʡ ʢʥʠʛʠ. ʇʦʠʩʢʦʚʘʷ ʩʠʩʪʝʤʘ ʩʘʡʪʘ ʚʦʟʚʨʘʱʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʠʟʜʘʥʠʶ, ʢʦʪʦʨʘʷ ʚ ʚʠʜʝ HTML-ʩʪʨʘʥʠʮʳ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʧʨʠʣʦʞʝʥʠʝ. ʇʝʨʝʜ 

ʦʪʦʙʨʘʞʝʥʠʝʤ ʥʘ ʵʢʨʘʥʝ, ʧʨʠʣʦʞʝʥʠʝ ʨʘʟʙʠʨʘʝʪ ʧʦʣʫʯʝʥʥʳʡ ʦʪʚʝʪ ʠ ʬʦʨʤʘʪʠʨʫʝʪ ʚʠʟʫʘʣʴʥʳʡ 

ʚʳʚʦʜ.  

ɼʣʷ ʚʭʦʜʘ ʚ ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʚʦʜʠʪ ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ, ʢʦʪʦʨʳʡ ʦʥ ʧʦʣʫʯʠʣ 

ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʙʠʙʣʠʦʪʝʯʥʦʡ ʩʝʪʠ ʄʀɹʉ (ʜʘʥʥʳʝ ʤʦʞʥʦ ʥʘʡʪʠ ʥʘ ʯʠʪʘʪʝʣʴʩʢʦʤ ʙʠʣʝʪʝ). 

mailto:vyvalkov@yandex.ru
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ʅʘ ʩʘʡʪ ʄʀɹʉ ʦʪʧʨʘʚʣʷʝʪʩʷ Post-ʟʘʧʨʦʩ, ʢʦʪʦʨʳʡ ʚʦʟʚʨʘʱʘʝʪ ʦʪʚʝʪ ʚ ʚʠʜʝ HTML-ʩʪʨʘʥʠʮʳ. 

ʉʪʨʘʥʠʮʘ ʨʘʟʙʠʨʘʝʪʩʷ ʧʘʨʩʝʨʦʤ, ʜʘʥʥʳʝ ʣʠʯʥʦʛʦ ʢʘʙʠʥʝʪʘ ʦʪʦʙʨʘʞʘʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ʏʪʦʙʳ ʨʘʙʦʪʘʪʴ ʩ ʣʠʯʥʳʤ ʢʘʙʠʥʝʪʦʤ ʠʟ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʚ ʟʘʧʨʦʩʘʭ ʚ 

ʧʦʣʝ Headers ʧʝʨʝʜʘʚʘʪʴ cookie, ʢʦʪʦʨʳʡ ʙʳʣ ʩʦʟʜʘʥ ʥʘ ʩʘʡʪʝ ʚ ʤʦʤʝʥʪ ʘʚʪʦʨʠʟʘʮʠʠ, ʪ.ʢ. ʩʘʡʪ 

ʚʩʝ ʞʝ ʧʝʨʚʠʯʝʥ, ʘ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪ ʝʛʦ ʩʝʨʚʠʩʳ. ɼʣʷ ʙʨʦʥʠʨʦʚʘʥʠʷ ʢʥʠʛ ʚ 

ʧʘʨʘʤʝʪʨʘʭ Post-ʟʘʧʨʦʩʘ ʪʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʜʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʪʦʢʝʥʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ 

ʙʨʦʥʠʨʦʚʘʥʠʷ. ʊʘʢʞʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʦʩʤʦʪʨʝʪʴ ʙʠʙʣʠʦʪʝʢʫ ʥʘ ʢʘʨʪʝ. 

 

ʘ) ʙ)  

ʈʠʩʫʥʦʢ 1. ʘ) ɼʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʇʦʠʩʢ ʢʥʠʛ ʠ ʙʨʦʥʠʨʦʚʘʥʠʝ; ʙ) ɼʠʘʛʨʘʤʤʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʇʨʦʩʤʦʪʨ ʙʠʙʣʠʦʪʝʢʠ ʥʘ ʢʘʨʪʝ 

 

 
ʈʠʩʫʥʦʢ 2. ɼʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɸʚʪʦʨʠʟʘʮʠʷ 

 

ʅʘ ʦʩʥʦʚʝ ʪʨʝʙʦʚʘʥʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ IDE Android 

Studio ʚʝʨʩʠʠ 3.3. ɺʩʷ ʣʦʛʠʢʘ ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java, ʘ ʚʠʟʫʘʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʘ ʷʟʳʢʝ ʨʘʟʤʝʪʢʠ xml. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʜʢʣʶʯʘʝʤʳʡ ʤʦʜʫʣʴ 

apache.httpcomponents.httpclient:4.2.1, ʤʦʜʫʣʴ jsoup:1.12.1 ʜʣʷ ʧʘʨʩʠʥʛʘ HTML-ʩʪʨʘʥʠʮ, 

ʧʦʜʢʣʶʯʘʝʤʳʡ ʤʦʜʫʣʴ volley:1.1.0 ʜʣʷ ʙʳʩʪʨʦʡ ʦʙʨʘʙʦʪʢʠ Get-ʟʘʧʨʦʩʦʚ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʬʫʥʢʮʠʠ ʘʚʪʦʨʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʣʦʢʘʣʴʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ cookie. 

ʊʘʢʞʝ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʘʷ ʚʝʨʩʠʷ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʘ 

ʬʨʝʡʤʚʦʨʢʝ React Native ʚʝʨʩʠʠ 0.61. ɺ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʩʷ 

JavaScript ʚ ʩʚʷʟʢʝ ʩ Node.js, ʘ ʚʝʨʩʪʢʘ ʤʘʢʝʪʦʚ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʧʘʢʝʪʘ styled-

components. ʆʪʣʘʜʢʘ ʧʨʠʣʦʞʝʥʠʷ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʩʪʨʦʡʩʪʚʝ ʩ ʆʉ ɸʥʜʨʦʠʜ. ɼʣʷ 

ʟʘʧʨʦʩʦʚ ʢ ʩʘʡʪʫ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʘʥʜʘʨʪʥʘʷ ʬʫʥʢʮʠʷ fetch ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʙʦʨʦʤ ʜʘʥʥʳʭ 

ʩ ʧʦʤʦʱʴʶ ʨʝʛʫʣʷʨʥʳʭ ʚʳʨʘʞʝʥʠʡ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʩʪʫʧʘʶʱʠʭ ʧʦ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ 
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ʩʧʝʮʠʘʣʴʥʳʤ ʙʠʙʣʠʦʪʝʢʘʤ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʨʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʦʭʨʘʥʝʥʠʝ cookie 

(ʬʫʥʢʮʠʷ fetch ʩ ʘʪʨʠʙʫʪʦʤ credentials) ʚ ʧʨʠʣʦʞʝʥʠʠ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʣʦʢʘʣʴʥʦʤ ʭʨʘʥʠʣʠʱʝ 

Async Storage. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʝʘʣʠʟʦʚʘʥʳ ʚʩʝ ʪʨʝʙʫʝʤʳʝ ʬʫʥʢʮʠʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ: 

- ʧʦʠʩʢ ʢʥʠʛ ʧʦ ʧʦʣʷʤ ʟʘʧʨʦʩʘ ʠ ʧʦʠʩʢ ʦʜʥʦʡ ʩʪʨʦʢʦʡ; 

- ʧʨʦʩʤʦʪʨ ʧʦʣʥʦʪʝʢʩʪʦʚʦʡ ʢʦʧʠʠ; 

- ʘʚʪʦʨʠʟʘʮʠʷ ʚ ʣʠʯʥʦʤ ʢʘʙʠʥʝʪʝ;  

- ʙʨʦʥʠʨʦʚʘʥʠʝ ʢʥʠʛ; 

- ʜʦʙʘʚʣʝʥʠʝ ʢʥʠʛ ʚ ʠʟʙʨʘʥʥʦʝ;  

- ʧʨʦʩʤʦʪʨ ʬʠʣʠʘʣʦʚ ʥʘ ʢʘʨʪʝ; 

- ʩʤʝʥʘ ʪʝʤʳ (react native). 

ʉʢʨʠʥʰʦʪʳ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʷʟʳʢʝ Java (Android Studio) 

 

ʘ)  ʙ)  ʚ)  
ʈʠʩʫʥʦʢ 3. ʘ) ʛʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ; ʙ) ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ; ʚ) ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ ï ʠʩʪʦʨʠʷ ʙʨʦʥʠʨʦʚʘʥʠʡ 

ʉʢʨʠʥʰʦʪʳ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʷʟʳʢʝ JavaScript (React Native, Node.js) 
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ʘ)  ʙ)  ʚ)  

ʈʠʩʫʥʦʢ 4. ʘ) ʛʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ; ʙ) ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ; ʚ) ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ- ʟʘʙʨʦʥʠʨʦʚʘʥʥʳʝ ʜʦʢʫʤʝʥʪʳ 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʠʣʦʞʝʥʠʷ ʦʪʧʨʘʚʣʝʥʳ ʩʦʪʨʫʜʥʠʢʘʤ ʙʠʙʣʠʦʪʝʢʠ ʥʘ ʟʘʢʨʳʪʦʝ ʙʝʪʘ-

ʪʝʩʪʠʨʦʚʘʥʠʝ. ʇʦʩʣʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʙʫʜʫʪ ʨʘʟʤʝʱʝʥʳ ʚ google play. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ ʉ.ʅ. ʂʘʨʘʙʮʝʚ, ʌɻɹʆʋ ɺʇʆ çʂʝʤʝʨʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè. 

 

 

ʋɼʂ 004.41 

ʄʆɹʀʃʔʅʆɽ ʇʈʀʃʆɾɽʅʀɽ ʆʈɻɸʅʀɿɸʎʀʀ ʋɼʆɹʅʆɻʆ ɼʆʉʊʋʇɸ ʂ ʋʉʃʋɻɸʄ 

ɼʃʗ ʃʖɼɽʁ ʉ ʆɺɿ  

ɺʦʨʦʙʴʝʚ ʅ.ɸ., ɽʬʠʤʦʚʘ ɸ.ʄ. 

ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

worik42@yandex.ru, mart_75@list.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʦʪʦʙʨʘʞʘʶʱʠʭ 

ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʣʶʜʝʡ ʩ ʆɺɿ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. ʀʤʝʶʱʠʝʩʷ ʢʘʨʪʳ ʠ ʧʦʨʪʘʣ ñɼʦʩʪʫʧʥʘʷ 

ʩʨʝʜʘò [1] ʠ ñʋʯʠʤʩʷ ʞʠʪʴ ʚʤʝʩʪʝò [2] ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʘʢʪʫʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʨʦʚʦʜʠʤʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. ʅʘʧʨʠʤʝʨ, ʚ ʛʦʨʦʜʝ ʂʝʤʝʨʦʚʦ ʚʦʚʩʝ 

ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦʙ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʦʙʳʪʠʷʭ, ʢʦʪʦʨʳʝ ʫʧʦʤʠʥʘʶʪʩʷ ʥʘ ʩʘʡʪʝ 

ʃʘʙʠʨʠʥʪ42 [3]. ʈʘʥʝʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʘʷ ʢʦʤʧʘʥʠʷ 2ɻʀʉ ʧʨʝʜʦʩʪʘʚʣʷʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʣʦʡ 

ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʛʦʨʦʜʦʚ ʈʦʩʩʠʠ, ʦʜʥʘʢʦ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʘʥʥʦʛʦ ʜʦʧʦʣʥʝʥʠʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ñɼʦʩʪʫʧʥʘʷ ʩʨʝʜʘò ʥʘ ʩʘʡʪʝ ñɾʠʪʴ ʚʤʝʩʪʝò ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʩ 

ʥʝʢʦʪʦʨʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. 

ñʂʘʨʪʘ ʜʦʩʪʫʧʥʦʩʪʠò ʥʘ ʩʘʡʪʝ ñʂʘʨʪʘ ʜʦʩʪʫʧʥʦʩʪʠò ʠʤʝʝʪ ʫʜʦʙʥʦʝ ʦʙʨʘʱʝʥʠʝ ʢ 

ʦʨʛʘʥʠʟʘʮʠʷʤ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤ ʫʩʣʫʛʠ ʜʣʷ ʣʶʜʝʡ ʩ ʆɺɿ: ʧʨʠ ʦʟʥʘʢʦʤʣʝʥʠʠ ʩ ʦʙʲʝʢʪʦʤ, 

ʧʦʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ñʵʣʝʤʝʥʪʘʭ ʙʝʟʙʘʨʴʝʨʥʦʡ ʩʨʝʜʳò ʜʣʷ ʫʪʦʯʥʝʥʠʷ, ʢʘʢʠʝ ʠʤʝʥʥʦ 

ʚʠʜʳ ʫʩʣʫʛ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʯʝʣʦʚʝʢʫ. 

ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʤʠʥʠʤʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʥʝʨʘʚʝʥʩʪʚʘ ʜʣʷ ʣʶʜʝʡ ʩ ʆɺɿ. 

mailto:worik42@yandex.ru
mailto:mart_75@list.ru
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ʎʝʣʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʳ ï ʩʦʟʜʘʥʠʝ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʫʜʦʙʥʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʫʩʣʫʛʘʤ ʜʣʷ ʣʶʜʝʡ ʩ ʆɺɿ, ʚʦʩʧʦʣʥʷʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ ʨʘʥʝʝ ʫʧʦʤʷʥʫʪʳʭ ʧʣʘʪʬʦʨʤ. 

ɸʥʘʣʠʟ ʜʦʩʪʫʧʥʳʭ ʧʨʦʛʨʘʤʤʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ 

ʤʦʙʠʣʴʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ (Access Earth; WheelMate; Wheelmap; ʂʘʨʪʘ ɼʦʩʪʫʧʥʦʩʪʠ; 

ɼʦʩʪʫʧʥʘʷ ʖʛʨʘ), ʧʦʢʘʟʘʣ, ʯʪʦ ʣʠʰʴ ʦʜʥʦ ʠʟ ʥʠʭ (ʂʘʨʪʘ ɼʦʩʪʫʧʥʦʩʪʠ) ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʦʙʲʝʢʪʦʚ ʠ ʦʨʛʘʥʠʟʘʮʠʡ ʥʘ ʢʘʨʪʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʩʪʘʣʴʥʳʤʠ 

ʧʣʘʪʬʦʨʤʘʤʠ. ʆʜʥʘʢʦ, ʦʥʦ ʥʝ ʚʢʣʶʯʘʪ ʚ ʩʚʦʠ ʬʫʥʢʮʠʠ ʦʪʦʙʨʘʞʝʥʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʤʝʨʦʧʨʠʷʪʠʡ 

ʚ ʛʦʨʦʜʝ ʜʣʷ ʣʶʜʝʡ ʩ ʆɺɿ. 

ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʩʦʟʜʘʥʳ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ: 

¶ ʘʚʪʦʨʠʟʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

¶ ʨʝʛʠʩʪʨʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʚʢʣʶʯʝʥʠʝʤ ʧʦʣʝʡ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʝʛʦ ʤʦʙʠʣʴʥʦʛʦ 
ʧʦʣʦʞʝʥʠʷ; 

¶ ʢʘʨʪʘ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʤʝʪʦʢ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʦʙʲʝʢʪʦʚ; 

¶ ʦʪʦʙʨʘʞʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ; 

¶ ʬʦʨʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠʣʠ ʦʙʲʝʢʪʘ ʥʘ ʢʘʨʪʝ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʧʨʘʚʣʷʪʴ ʠʣʠ ʧʨʠʥʠʤʘʪʴ ʟʘʷʚʢʫ ʥʘ ʫʯʘʩʪʠ ʚ ʤʝʨʦʧʨʠʷʪʠʠ; 

ʉʪʨʫʢʪʫʨʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ 

ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʧʦ ʧʨʠʥʮʠʧʫ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʋɹɼ ʠ 

ʤʦʙʠʣʴʥʦʛʦ ʢʣʠʝʥʪʘ ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʩ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ Android. 

 
ʈʠʩʫʥʦʢ 1. ɼʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
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ʂʣʠʝʥʪ-ʩʝʨʚʝʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʥʳʭ ʢʣʠʝʥʪʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʧʨʠʚʷʟʳʚʘʪʴʩʷ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʠʩʪʦʯʥʠʢʫ ʟʘʧʨʦʩʘ. ɽʩʪʴ ʦʙʱʘʷ RESTful API, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʦʜ ʣʶʙʦʡ ʧʣʘʪʬʦʨʤʦʡ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ HTTP. 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʧʨʠʣʦʞʝʥʠʷ. ʇʨʠʤʝʨ ʦʜʥʦʡ 

ʠʟ ʯʘʩʪʝʡ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʇʦʣʴʟʦʚʘʪʝʣʴ 

ʚʚʦʜʠʪ ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ ʚ ʬʦʨʤʫ ʘʚʪʦʨʠʟʘʮʠʠ, ʟʘʪʝʤ ʦʪʧʨʘʚʣʷʝʪʩʷ ʟʘʧʨʦʩ ʥʘ ʩʝʨʚʝʨ, ʝʩʣʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʤʦʛ ʘʚʪʦʨʠʟʦʚʘʪʴʩʷ, ʪʦ ʚ ʦʪʚʝʪʝ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʪʦʢʝʥ, ʷʚʣʷʶʱʠʡʩʷ ʢʣʶʯʦʤ, 

ʙʝʟ ʢʦʪʦʨʦʛʦ ʥʝʣʴʟʷ ʙʫʜʝʪ ʩʜʝʣʘʪʴ ʟʘʧʨʦʩ ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʟʘʧʨʦʩʳ ʧʨʠʣʦʞʝʥʠʷ. ɽʩʣʠ 

ʚʦʟʥʠʢʣʘ ʢʘʢʘʷ-ʪʦ ʦʰʠʙʢʘ, ʪʦ ʚ ʦʪʚʝʪʝ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʰʠʙʢʘ. ɽʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʘʚʪʦʨʠʟʦʚʘʥ, ʪʦ ʦʥ ʩʤʦʞʝʪ ʧʝʨʝʡʪʠ ʥʘ ʩʣʝʜʫʶʱʠʝ ʵʢʨʘʥʳ. 

ʅʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ [4] 

ɹɼ (ʨʠʩ. 2). ʆʥʘ ʦʪʦʙʨʘʞʘʝʪ ʩʚʷʟʠ ʩʫʱʥʦʩʪʝʡ ï ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʦʨʛʘʥʠʟʘʮʠʷ, ʝʝ ʢʦʦʨʜʠʥʘʪʳ, ʩʦʙʳʪʠʝ ʠ ʧʨʦʬʠʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ). 

 

 

ʈʠʩʫʥʦʢ 2. ʀʥʬʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʙʘʟʳ ʜʘʥʥʳʭ 

ɼʣʷ ʥʘʧʠʩʘʥʠʷ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʣʦʛʠʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʝʨʚʝʨ ʧʨʠʣʦʞʝʥʠʡ Spring Boot [5] 

ʧʦ ʰʘʙʣʦʥʫ MVC (Model-View-Controller, ʤʦʜʝʣʴ-ʦʪʦʙʨʘʞʝʥʠʝ-ʢʦʥʪʨʦʣʣʝʨ) [6]. ʄʦʜʝʣʴ 

ʦʙʲʝʜʠʥʷʝʪ ʜʘʥʥʳʝ, ʩʦʩʪʦʷʱʠʝ ʠʟ POJO (Java-ʦʙʲʝʢʪʦʚ); ʦʪʦʙʨʘʞʝʥʠʝ ʦʪʚʝʯʘʝʪ ʟʘ ʚʠʜ ʜʘʥʥʳʭ; 

ʢʦʥʪʨʦʣʣʝʨ ʦʙʨʘʙʘʪʳʚʘʝʪ ʟʘʧʨʦʩʳ. 

ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʘʨʭʠʪʝʢʪʫʨʝ VIPER (View, Interactor, Presenter, Entity, 

Router, ʦʪʦʙʨʘʞʝʥʠʝ, ʧʨʦʚʦʜʥʠʢ, ʣʦʛʠʢʘ ʦʪʦʙʨʘʞʝʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ, 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʭ) [7]. 

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʧʨʦʝʢʪ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ. ʈʘʟʚʝʨʥʫʪ ʩʝʨʚʝʨ 

ʧʨʠʣʦʞʝʥʠʡ, ʯʘʩʪʠʯʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʩʝʨʚʝʨʥʘʷ ʣʦʛʠʢʘ. ʇʨʠʣʦʞʝʥʠʝ ʛʦʪʦʚʠʪʩʷ ʢ ʚʳʧʫʩʢʫ ʚ 

Google Play Market. 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. ʂʘʨʪʘ ɼʦʩʪʫʧʥʦʩʪʠ: ʩʘʡʪ. ï URL: http://www.kartadostupnosti.ru/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

13.04.2020). ï ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ 

2. ʂɸʈʊɸ ɼʆʉʊʋʇʅʆʉʊʀ ʆɹʒɽʂʊʆɺ: ʩʘʡʪ. ï URL: http://zhit-vmeste.ru/map/ (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 13.04.2020). ï ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ 

3. ʃʘʙʠʨʠʥʪ42: ʩʘʡʪ. ï URL: https://labirint42.ru/organizacii-goroda-kemerovo (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 13.04.2020). ï ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ 



 

95 

 
 

4. ʃʝʢʮʠʷ 7: ʀʥʬʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ: ʩʘʡʪ. ï URL: 

https://www.intuit.ru/studies/courses/1001/297/lecture/7411?page=1/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

14.04.2020). ï ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ 

5. Spring Boot: ʩʘʡʪ. ï URL: https://spring.io/projects/spring-boot (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

26.02.2020). ï ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ. 

6. Spring MVC ð ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ: ʩʘʡʪ. ï URL: https://habr.com/ru/post/336816/ (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 14.04.2020). ï ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ. 

7. Android VIPER ʥʘ ʨʝʘʢʪʠʚʥʦʡ ʪʷʛʝ: ʩʘʡʪ. ï URL: https://habr.com/ru/company/rambler-

co/blog/277003/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 14.04.2020). ï ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ. 
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ɺ ʥʳʥʝʰʥʝʝ ʚʨʝʤʷ ʪʨʫʜʥʦ ʟʥʘʯʝʥʠʝ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʦʯʝʥʴ ʚʝʣʠʢʦ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʣʶʜʠ 

ʥʘʫʯʠʣʠʩʴ ʦʙʱʘʪʴʩʷ ʠ ʟʥʘʢʦʤʠʪʴʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ. ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʤʦʞʥʦ ʦʙʤʝʥʠʚʘʪʴʩʷ ʥʦʚʦʩʪʷʤʠ ʠ ʜʨʫʛʠʤ ʤʝʜʠʘ ʢʦʥʪʝʥʪʦʤ. 

ʉʦʮʠʘʣʴʥʘʷ ʩʝʪʴ ð ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʘ, ʢʦʪʦʨʫʶ ʣʶʜʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʙʱʝʥʠʷ, ʩʦʟʜʘʥʠʷ 

ʩʦʮʠʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ ʩ ʜʨʫʛʠʤʠ ʣʶʜʴʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʭʦʞʠʝ ʠʥʪʝʨʝʩʳ ʠʣʠ ʦʬʣʘʡʥ-

ʩʚʷʟʠ. 

ʄʫʣʴʪʠʧʦʩʪʠʥʛ ï ʵʪʦ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʦʦʙʱʝʥʠʡ ʚ ʧʦʩʪʝ 

[1].  

ɺ ʩʦʚʨʝʤʝʥʥʳʡ ʚʝʢ ʠʥʪʝʨʥʝʪʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʤʫʣʴʪʠʧʦʩʪʠʥʛʘ ʪʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ. ʊʘʢ ʢʘʢ 

ʩʝʡʯʘʩ ʣʶʜʠ ʠʩʧʦʣʴʟʫʶʪ ʩʨʘʟʫ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʪʦ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ 

ʤʫʣʴʪʠʧʦʩʪʠʥʛʘ ʧʦʤʦʞʝʪ ʥʝ ʧʦʪʝʨʷʪʴ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʪʘʢ ʞʝ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʝʝ ʩʨʘʟʫ 

ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʠ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ ʤʠʨʘ, ʛʜʝ ʙʳ ʚʳ ʥʝ ʥʘʭʦʜʠʣʠʩʴ, ʯʪʦ ʭʦʨʦʰʦ 

ʵʢʦʥʦʤʠʪ ʚʨʝʤʷ [2]. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʘʢʠʝ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʢʘʢ: 

ɺʢʦʥʪʘʢʪʝ, ʆʜʥʦʢʣʘʩʩʥʠʢʠ, Facebook, Instagram. ɹʳʣ ʦʧʨʝʜʝʣʝʥ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʢʘʞʜʦʡ ʠʟ 

ʩʦʮ. ʩʝʪʝʡ ʠ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ API. 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʩʝʨʚʠʩʦʚ ʤʫʣʴʪʠʧʦʩʪʠʥʛʘ, 

ʦʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʣʦʞʝʥʠʷʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ NovaPress, Publisher, SMM Planner, 

SMM Aero, SMM Box, Kuku.io, Publbox, Postmypost. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʚʘʨʠʘʥʪʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʦʮ.ʩʝʪʝʡ. 

 
ʊʘʙʣʠʮʘ 1. ʉʝʨʚʠʩʳ ʤʫʣʴʪʠʧʦʩʪʠʥʛʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ            

 

ʉʝʨʚʠʩʳ 

ʎʝʥʘ ɺʝʙ 

ʚʝʨʩ

ʠ ̫

ʄʦʙ. 

ʧʨʠʣʦ

ʞʝʥʠʝ 

ʆʪʣʦʞʝ

ʥʥʳʡ 

ʧʦʩʪʠʥʛ 

VK FB 
ʄʝʜʠʘ-

ʧʣʘʥ  

ʉʪʘʪʠ

ʩʪʠʢʘ 

Postmypost 

ʦʪ 450 

ʨʫʙʣʝʡ ʟʘ 5 

ʩʪʨʘʥʠʮ. 

+ - + + + + + 

Publbox 

ʇʨʠʤʝʨʥʦ 

540 ʨʫʙʣʝʡ 

ʟʘ 10 

ʩʪʨʘʥʠʮ.  

+ + + + + + + 
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ɸʤʧʣʠʬʝʨ 

ʦʢʦʣʦ 300 

ʨʫʙʣʝʡ ʟʘ 

ʚʝʜʝʥʠʝ 

ʦʜʥʦʡ 

ʩʪʨʘʥʠʮʳ. 

ɹʝʩʧʣʘʪʥʳʡ 

ʧʝʨʠʦʜ ð 2 

ʥʝʜʝʣʠ. 

+ - - + + + + 

Kuku.io 

ʦʪ 400 

ʨʫʙʣʝʡ ʚ 

ʤʝʩʷʮ ʟʘ 5 

ʘʢʢʘʫʥʪʦʚ 

ʩʦʮʩʝʪʝʡ 

+ + + + + + + 

SMM Box 

ʚʝʜʝʥʠʝ 5 

ʛʨʫʧʧ ð 300 

ʨʫʙʣʝʡ ʚ 

ʤʝʩʷʮ 

+ - - + + + + 

SMM Aero 

ʦʪ 300 

ʨʫʙʣʝʡ: ʟʘ 

ʵʪʠ ʜʝʥʴʛʠ 

ʤʦʞʥʦ ʚʝʩʪʠ 

ʧʦ ʦʜʥʦʡ 

ʩʪʨʘʥʠʮʝ ʚ 

ʢʘʞʜʦʡ 

ʩʦʮʩʝʪʠ 

+ - + + + + + 

SMM Planner 

ʦʪ 450 

ʨʫʙʣʝʡ ʟʘ 5 

ʩʪʨʘʥʠʮ 

+ - + + + + - 

NovaPress Publisher 

 

ʦʪ 350 

ʨʫʙʣʝʡ ʟʘ 1 

ʧʨʦʝʢʪ 

+ - + + + + - 

 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʩʨʝʜʩʪʚ ʨʝʘʣʠʟʘʮʠʠ. ʂʣʶʯʝʚʳʤ ʢʨʠʪʝʨʠʝʤ ʙʳʣʦ ï ʨʘʟʨʘʙʦʪʢʘ 

ʧʨʠʣʦʞʝʥʠʷ ʧʦʜ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ Android ʠ IOS. ɹʳʣʠ ʠʟʫʯʝʥʳ ʪʘʢʠʝ ʩʨʝʜʩʪʚʘ ʢʘʢ: 

JAVA, Kotlin, Swift ʠ React-Native. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ  ʙʳʣ ʚʳʙʨʘʥ React-Native. 

ʈʝʟʫʣʴʪʘʪ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 2. 

 
ʊʘʙʣʠʮʘ 2. ʉʨʝʜʩʪʚʘ ʨʝʘʣʠʟʘʮʠʠ ʩʝʨʚʠʩʦʚ ʤʫʣʴʪʠʧʦʩʪʠʥʛʘ 

      ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

 

 

 

ʈʝʘʣʠʟʘʮʠʠ 

 

ɹʳʩʪʨ

ʘʷ 

ʨʝʘʣʠ

ʟʘʮʠʷ 

ʇʦʷʚʣʝ

ʥʠʝ 

ʦʰʠʙʦ

ʢ 

ʄʘʩʰʪʘ

ʙʠʨʫʝʤ

ʦʩʪʴ 

ʆʙʫʯʘ

ʝʤʦʩʪʴ  

ʅʝʦʙʭʦʜʠ

ʤʦʩʪʴ 

ʧʨʦʧʨʠʝʪʘ

ʨʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘ

ʥʠʷ  

ʉʚʷʟʴ ʩ 

ʧʨʦʠʟʚʦ

ʜʠʪʝʣʝʤ 

ʇʦʜʜʝʨʞ

ʢʘ 

ʢʦʤʤʴʶʥ

ʠʪʠ  

1. JAVA (Android) 2 -\+ + 2 - +\- + 

2. Kotlin (Android) 3 -\+ + 3 - -\+ + 

3. Swift (iOS) 4 -\+ +\- 4 + + -\+ 

4. React-Native 

(Android/iOS) 
1 +\- +\- 1 (-\+) + + 
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ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʪʦʪʠʧ ʧʨʠʣʦʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʚʦʜʠʪʴ 

ʤʫʣʴʪʠʧʦʩʪʠʥʛ ʚ ʚʳʙʨʘʥʥʳʝ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ: 

- ʦʧʠʩʘʥʳ ʧʘʢʝʪʳ ʠ ʢʣʘʩʩʳ ʧʨʠʣʦʞʝʥʠʷ; 

- ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʚ Vkontakte, Facebook, Instagram; 

- ʨʝʘʣʠʟʦʚʘʥʦ ʤʝʥʶ ʧʨʠʣʦʞʝʥʠʷ (ʚ ʚʠʜʝ ʪʘʙ-ʙʘʨʘ ʠʣʠ ʰʪʦʨʢʠ). 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʨʠʣʦʞʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ:  

- ʥʘʧʠʩʘʥʠʝ ʧʦʩʪʘ;  

- ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʦʪʣʦʞʝʥʥʳʭ ʧʦʩʪʦʚ;  

- ʧʨʦʩʤʦʪʨ ʦʪʣʦʞʝʥʥʳʭ ʧʦʩʪʦʚ; 

- ʫʜʘʣʝʥʠʝ ʦʪʣʦʞʝʥʥʳʭ ʧʦʩʪʦʚ ʠʟ ʩʠʩʪʝʤʳ; 

- ʘʜʘʧʪʠʨʦʚʘʥʠʝ ʢʦʥʪʝʥʪʘ ʚʚʝʜʝʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʦʜ ʦʛʨʘʥʠʯʝʥʠʷ ʩʦʮ. ʩʝʪʝʡ; 

- ʦʙʨʘʙʦʪʢʘ ʠʩʢʣʶʯʝʥʠʡ ʠ ʦʰʠʙʦʢ; 

- ʚʳʭʦʜ ʠʟ ʘʢʢʘʫʥʪʦʚ ʩʦʮ. ʩʝʪʝʡ; 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʩʝʨʚʠʩ ʘʚʪʦʧʦʩʪʠʥʛʘ ʜʣʷ SMM-ʘʛʝʥʪʩʪʚ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://postmypost.ru/ 

2. 9 ʣʫʯʰʠʭ ʩʝʨʚʠʩʦʚ ʜʣʷ ʘʚʪʦʧʦʩʪʠʥʛʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://netology.ru/blog/best-autoposting 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ - ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ ʊ. ʉ. ʈʝʡʥ, ʌɻɹʆʋ ɺʇʆ çʂʝʤʝʨʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʋɼʂ 004.75:004.92:004.046 

ɺɽɹ-ʆʈʀɽʅʊʀʈʆɺɸʅʅɸʗ ʇʃɸʊʌʆʈʄɸ ʆɹʃɸʏʅʓʍ  

ɺʓʏʀʉʃɽʅʀʁ ɺ ɿɸɼɸʏɸʍ ɻʀɼʈʆɼʀʅɸʄʀʂʀ 

ɻʦʨʦʜʠʣʦʚ ɼ.ɺ. 

ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

dealenx@gmail.com 

 

ʈʘʟʚʠʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʩʚʷʟʘʥʦ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʩʣʦʞʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʶʪʩʷ ʤʦʱʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʢʣʘʩʪʝʨʳ, ʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʘʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʠʝ ʤʘʩʩʠʚʳ ʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ. ɺ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʘʞʥʘ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʚ ʫʧʨʘʚʣʝʥʠʠ ʨʘʩʯʝʪʥʳʤʠ ʟʘʜʘʯʘʤʠ ʠ ʫʜʘʣʝʥʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ. 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʥʘ ʣʦʢʘʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ (ʧʦʜ ʵʪʠʤ ʧʦʥʠʤʘʝʪʩʷ ʢʦʤʧʴʶʪʝʨ ʩ ʥʠʟʢʠʤʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ) ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʡ ʠ ʟʘʥʠʤʘʪʴ ʥʝʜʦʧʫʩʪʠʤʦʝ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʨʝʤʷ [1].  

ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʙʦʪʢʦʡ ʠ ʭʨʘʥʝʥʠʝʤ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ 

ʜʘʥʥʳʭ, ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʵʪʦ ʩʨʝʜʘ, ʩʢʨʳʚʘʶʱʘʷ ʚʩʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʜʝʪʘʣʠ [2]. 

ʊʘʢ ʠʣʠ ʠʥʘʯʝ, ʧʦʥʷʪʠʝ çʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷè ʦʟʥʘʯʘʝʪ, ʯʪʦ ʭʨʘʥʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʝ ʥʘ ʩʪʦʨʦʥʝ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʥʘ ʩʪʦʨʦʥʝ ʩʝʨʚʝʨʘ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʨʘʟʣʠʯʥʳʤ ʘʩʧʝʢʪʘʤ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʘʢʮʝʥʪ ʤʦʞʥʦ ʜʝʣʘʪʴ ʣʠʙʦ ʥʘ ʦʙʨʘʙʦʪʢʝ, ʣʠʙʦ ʥʘ 

ʭʨʘʥʝʥʠʠ ʜʘʥʥʳʭ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʩʪʫʧʘ ʢ ʥʠʤ. ɺ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʤʦʛʫʪ 

ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʪʦʣʴʢʦ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.   

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʚʝʙ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ ʦʙʣʘʯʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʚ ʟʘʜʘʯʘʭ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. 

 

ʆʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʤʦʜʝʣʠ SaaS ʚ ʟʘʜʘʯʘʭ ʛʠʜʨʦʜʠʥʘʤʠʢʠ 

https://postmypost.ru/
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ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʤʦʜʝʣʠ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ: IaaS, PaaS ʠ SaaS [3]. ʄʦʜʝʣʴ 

SaaS ʩʦʢʨʘʱʝʥʥʦ ʦʟʥʘʯʘʝʪ çʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʢ ʫʩʣʫʛʘè. ʇʨʠ ʨʘʙʦʪʝ ʩ ʵʪʦʡ 

ʤʦʜʝʣʴʶ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʝ ʥʫʞʥʦ ʙʝʩʧʦʢʦʠʪʴʩʷ ʦ ʧʦʜʜʝʨʞʢʝ ʩʝʨʚʠʩʘ ʠʣʠ ʫʧʨʘʚʣʝʥʠʠ 

ʙʘʟʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʠ ʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  

ʈʘʟʨʘʙʦʪʢʘ ʧʣʘʪʬʦʨʤʳ ʧʦʜ ʟʘʜʘʯʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʷʚʣʷʝʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, 

ʦʩʦʙʝʥʥʦ ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ ʙʳʪʴ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ.  ʉʫʱʝʩʪʚʫʶʪ ʧʣʘʪʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʳ ʧʦʜ ʟʘʜʘʯʠ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʪʘʢʠʝ ʢʘʢ: SimScale , ScaleX Platform, CONSELF ʠ HPCCloud [4].  

ɼʣʷ ʚʳʙʦʨʘ ʧʣʘʪʬʦʨʤʳ ʚʘʞʥʦ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʙʳ ʫʜʦʚʣʝʪʚʦʨʠʣʠ 

ʧʦʩʪʘʚʣʝʥʥʳʤ ʟʘʜʘʯʘʤ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ: ʧʣʘʪʬʦʨʤʘ ʷʚʣʷʝʪʩʷ 

ʦʪʢʨʳʪʦ-ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ, ʚʢʣʶʯʘʝʪ ʜʦʢʫʤʝʥʪʘʮʠʶ ʠ ʠʤʝʝʪ ʘʨʭʠʪʝʢʪʫʨʫ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʧʨʦʜʫʢʪʳ ʷʚʣʷʶʪʩʷ ʟʘʢʨʳʪʦ-

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʤʠ, ʢʨʦʤʝ ʧʣʘʪʬʦʨʤʳ HPCCloud ʦʪ ʢʦʤʧʘʥʠʠ Kitware, ʧʨʦʝʢʪʳ ʢʦʪʦʨʦʡ 

ʨʘʟʚʠʚʘʶʪʩʷ ʦʪʢʨʳʪʦ-ʨʘʟʨʘʙʘʪʳʚʘʝʤʦ. 

 

ʇʣʘʪʬʦʨʤʘ HPCCloud 

HPCCloud ð ʵʪʦ ʧʣʘʪʬʦʨʤʘ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʫʝʪ 

ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʚʝʙ-ʩʨʝʜʫ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʯʝʪʥʳʤʠ ʟʘʜʘʯʘʤʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ [4].  

ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʦʟʜʘʚʘʪʴ ʨʘʩʯʝʪʥʳʝ ʟʘʜʘʯʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʘʯʠʥʘʷ ʩ 

ʚʚʝʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʟʘʢʘʥʯʠʚʘʷ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʩʪʦʙʨʘʙʦʪʢʦʡ. 

ɼʣʷ ʟʘʧʫʩʢʘ ʟʘʜʘʯ ʩʦʟʜʘʶʪʩʷ ʧʨʦʝʢʪʳ, ʚ ʢʦʪʦʨʳʭ ʟʘʧʫʩʢʘʝʤʳʝ ʨʘʩʯʝʪʳ ʤʦʞʥʦ 

ʛʨʫʧʧʠʨʦʚʘʪʴ ʧʦ ʚʳʙʨʘʥʥʦʤʫ ʧʘʢʝʪʫ (ʥʘʧʨ., OpenFoam) ʠʣʠ ʧʦ ʥʘʯʘʣʴʥʳʤ ʜʘʥʥʳʤ: ʧʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤ, ʛʝʦʤʝʪʨʠʠ ʩʝʪʢʠ ʠ ʪ.ʧ. 

ʇʨʦʮʝʩʩʦʨ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʨʝʩʫʨʩʝ, 

ʧʦʵʪʦʤʫ ʧʣʘʪʬʦʨʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ ʧʨʦʪʦʢʦʣʫ SSH ʩ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ 

ʢʣʘʩʪʝʨʘʤʠ, ʣʠʙʦ ʩ  ʦʙʣʘʯʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ Amazon Elastic Compute Cloud (EC2).  

ʇʣʘʪʬʦʨʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘ ʬʨʝʡʤʚʦʨʢʝ Girder [5], ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʥʠʤ. ʄʦʜʫʣʴʥʦʩʪʴ ʬʨʝʡʤʚʦʨʢʘ ʚʢʣʶʯʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʫʣʝʡ (Plugins), ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ 

ʧʣʘʪʬʦʨʤʳ ʨʘʟʜʝʣʝʥʳ ʥʘ ʥʝʟʘʚʠʩʠʤʳʝ ʤʦʜʫʣʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ, ʢʘʢ ʦʪʜʝʣʴʥʳʝ 

ʧʘʢʝʪʳ ʥʘ ʷʟʳʢʝ Python (ʩʤ. ʨʠʩ. 1). 

 

 

 

 
ʈʠʩʫʥʦʢ 1. ɸʨʭʠʪʝʢʪʫʨʘ 

Girder 

 
ʈʠʩʫʥʦʢ 2. ɸʨʭʠʪʝʢʪʫʨʘ HPCCloud 

 

ɸʨʭʠʪʝʢʪʫʨʫ HPCCloud ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʨʘʟʥʳʝ ʯʘʩʪʠ (ʩʤ. ʨʠʩ. 2). ʆʩʥʦʚʥʦʡ ʯʘʩʪʴʶ 

ʷʚʣʷʝʪʩʷ ʩʝʨʚʝʨʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘ Girder, ʢʦʪʦʨʦʝ ʦʪʚʝʯʘʝʪ ʟʘ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʠ ʤʦʥʠʪʦʨʠʥʛ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʸʪʥʳʭ ʟʘʜʘʯ. ʂʣʠʝʥʪʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʨʝʘʣʠʟʫʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 
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ʧʣʘʪʬʦʨʤʳ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʝʨʚʝʨʦʤ ʧʦ ʧʨʦʪʦʢʦʣʘʤ HTTP ʠ WebSocket [6]. ɹʨʦʢʝʨ 

ʩʦʦʙʱʝʥʠʡ RabbitMQ ʠ ʚʦʨʢʝʨ ʟʘʜʘʯ Celery ʚʳʧʦʣʥʷʶʪ ʘʩʠʥʭʨʦʥʥʳʝ ʠ ʪʨʫʜʦʝʤʢʠʝ ʟʘʧʨʦʩʳ ʥʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʣʘʩʪʝʨ [7]. 

 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʟʘʧʫʩʢ ʨʘʩʯʝʪʥʳʭ ʟʘʜʘʯ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʢʣʘʩʪʝʨʝ ʂʝʤɻʋ 

ʇʣʘʪʬʦʨʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʂʘʯʝʩʪʚʝʥʥʳʡ ʟʘʧʫʩʢ 

ʚʩʝʡ ʧʣʘʪʬʦʨʤʳ çʚʨʫʯʥʫʶè - ʟʘʜʘʯʘ ʥʝʪʨʠʚʠʘʣʴʥʘʷ, ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ ʟʘʚʠʩʠʪ ʦʜʠʥ 

ʦʪ ʜʨʫʛʦʛʦ, ʧʦʵʪʦʤʫ ʨʘʟʚʸʨʪʳʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Docker, 

ʢʦʪʦʨʦʝ ʩʠʥʭʨʦʥʥʦ ʟʘʧʫʩʢʘʝʪ ʧʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ ʚ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ 

ʚʠʨʪʫʘʣʴʥʳʭ ʢʦʥʪʝʡʥʝʨʘʭ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʙʳʣʘ ʧʦʜʛʦʪʦʚʣʝʥʘ Docker-ʢʦʥʬʠʛʫʨʘʮʠʷ, ʟʘʧʫʩʢʘʶʱʘʷ 

ʠʩʭʦʜʥʦʡ ʢʦʜ ʧʣʘʪʬʦʨʤʳ HPCCloud. ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʷʚʣʷʣʦʩʴ ʪʦ, 

ʯʪʦ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʪʦʣʴʢʦ ʜʣʷ ʟʘʧʫʩʢʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ production-ʚʝʨʩʠʠ ʧʨʦʝʢʪʘ, ʧʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʠʟʫʯʠʪʴ ʚʩʝ ʚʘʞʥʳʝ ʠʥʩʪʨʫʢʮʠʠ ʨʘʟʚʸʨʪʳʚʘʥʠʷ ʠ ʩʦʟʜʘʪʴ ʥʦʚʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ, ʠʩʭʦʜʥʦʡ ʢʦʜ ʢʦʪʦʨʦʡ ʚʳʣʦʞʝʥ ʥʘ Github [8]. 

ʂʘʢ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʚ ʢʘʞʜʦʤ ʩʦʟʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʨʘʩʯʝʪʥʳʡ ʧʘʢʝʪ ʠ ʜʣʷ 

ʟʘʧʫʩʢʘ ʟʘʜʘʯ ʥʘ ʥʝʤ ʨʝʘʣʠʟʫʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʠʝ ʧʨʦʮʝʩʩʳ, ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʦʥʠ ʥʘʟʳʚʘʶʪʩʷ simulation workflows ï ʧʦʪʦʢ ʨʘʙʦʪ ʠʣʠ ʧʨʦʮʝʩʩʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʯʝʪʥʦʡ ʟʘʜʘʯʠ ʚ ʢʣʠʝʥʪʩʢʦʡ 

ʯʘʩʪʠ ʛʝʥʝʨʠʨʫʶʪʩʷ ʜʘʥʥʳʝ ʬʘʡʣʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʟʘʛʨʫʞʝʥʳ ʠ ʟʘʧʫʱʝʥʳ ʥʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʢʣʘʩʪʝʨʝ.  

ʈʘʟʨʘʙʦʪʯʠʢʠ ʧʣʘʪʬʦʨʤʳ ʥʝ ʤʦʛʣʠ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʣʷ 

ʟʘʧʫʩʢʘ ʟʘʜʘʯ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʘʭ, ʧʦʵʪʦʤʫ, ʥʘʧʨʠʤʝʨ, ʰʘʙʣʦʥʳ ʜʣʷ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ PBS Torque ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ ʧʦʜ ʩʧʝʮʠʬʠʢʫ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ. ʇʦʜ 

ʰʘʙʣʦʥʦʤ ʧʦʥʠʤʘʶʪʩʷ ʢʦʤʘʥʜʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʟʘʧʫʩʢʘ ʟʘʜʘʯʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ. 

ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ, ʵʪʠ ʰʘʙʣʦʥʳ ʙʳʣʠ ʠʟʤʝʥʝʥʳ ʚ ʠʩʭʦʜʥʦʤ ʢʦʜʝ ʧʣʘʪʬʦʨʤʳ, ʯʪʦʙʳ 

ʨʘʩʯʝʪʥʳʝ ʟʘʜʘʯʠ ʫʩʧʝʰʥʦ ʟʘʧʫʩʢʘʣʠʩʴ ʠ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʢʣʘʩʪʝʨʝ ʂʝʤɻʋ. 

ʅʘ ʨʠʩʫʥʢʘʭ 3 ʠ 4 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʟʘʧʫʩʢʘ ʨʘʩʯʝʪʥʦʡ ʟʘʜʘʯʠ ʧʘʢʝʪʘ OpenFoam ʦ 

ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ ʚ ʢʘʚʝʨʥʝ. 

 

  
ʈʠʩʫʥʦʢ 3. ʇʦʜʛʦʪʦʚʢʘ ʟʘʧʫʩʢʘ ʨʘʩʯʝʪʥʦʡ 

ʟʘʜʘʯʠ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʢʣʘʩʪʝʨʝ 

ʈʠʩʫʥʦʢ 4. ʄʦʥʠʪʦʨʠʥʛ ʚʳʧʦʣʥʝʥʠʷ  

ʨʘʩʯʝʪʥʦʡ ʟʘʜʘʯʠ 

 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʯʠʢʠ ʚ ʦʩʥʦʚʥʦʤ ʪʝʩʪʠʨʦʚʘʣʠ ʧʣʘʪʬʦʨʤʫ ʨʘʩʯʝʪʥʳʤʠ 

ʟʘʜʘʯʘʤʠ ʧʘʢʝʪʘ PyFR, ʧʦʵʪʦʤʫ ʚʩʝ ʧʨʦʮʝʩʩʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʧʫʩʢʘʶʪʩʷ ʫʩʧʝʰʥʦ ʪʦʣʴʢʦ ʜʣʷ 

ʵʪʦʛʦ ʧʘʢʝʪʘ. ʇʦʜʜʝʨʞʢʘ ʧʘʢʝʪʘ OpenFoam ʥʝ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʧʦʣʥʦʡ ʤʝʨʝ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʧʨʦʮʝʩʩʦʚ ʫʜʘʣʝʥʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʜʝʣʘʥʥʘʷ ʨʘʙʦʪʘ ʠʤʝʝʪ ʚ ʦʩʥʦʚʥʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʝʙ-ʧʣʘʪʬʦʨʤ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚ ʟʘʜʘʯʘʭ 



 

100 

 
 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʣʘʪʬʦʨʤʳ HPCCloud, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʚʳʙʨʘʥʥʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʘʨʠʘʥʪʦʚ.  

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʪʢʨʳʪʳʭ ʠ ʩʚʦʙʦʜʥʳʭ ʧʣʘʪʬʦʨʤ, ʚ ʢʦʪʦʨʳʭ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʙʳʣʠ ʙʳ ʨʝʘʣʠʟʦʚʘʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ. 

ʇʦʵʪʦʤʫ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠʟʫʯʝʥʠʝ ʠ ʫʣʫʯʰʝʥʠʝ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʢʦʪʦʨʳʝ ʙʳ 

ʨʝʘʣʠʟʦʚʳʚʘʣʠ ʜʦʩʪʫʧʥʫʶ ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʚʝʙ-ʩʨʝʜʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. ʅʝʥʘʞʝʥʢʦ ɼ.ɺ. ʋʜʘʣʝʥʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ / ɼ.ɺ. ʅʝʥʘʞʝʥʢʦ, 
ɻ.ʀ. ʈʘʜʯʝʥʢʦ // ɺʝʩʪʥʠʢ ʖʋʨɻʋ. ʉʝʨʠʷ çɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘè. ʊ 4, 

ʚʳʧ.1,-2015. -ʉ. 21-32. 

2. ɼʝʥʠʩʦʚ ɼ.ɺ. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ / ɼʝʥʠʩʦʚ ɼ.ɺ. ï ʄ.: 

ʄʦʩʢʦʚʩʢʠʡ ʬʠʥʘʥʩʦʚʦ-ʧʨʦʤʳʰʣʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ "ʉʠʥʝʨʛʠʷ" ʇʨʠʢʣʘʜʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘ ˉ 

5 (23) 2009, 2009. 

3. Amazon Web Services: ʏʪʦ ʪʘʢʦʝ ʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ? [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: 

https://aws.amazon.com/ru/what-is-cloud-computing/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 11.04.2020). 

4. Documentation HPCCloud. Kitware Inc [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: 

https://kitware.github.io/HPCCloud/docs (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 11.04.2020). 

5. Documentation Girder: a data management platform. Kitware Inc [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: 

https://girder.readthedocs.io/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 11.04.2020). 

6. OôLeary P. HPCCloud: A Cloud/Web-Based Simulation Environment / P. OôLeary, M. Christon, 

S. Jourdain, C. Harris, M. Berndt, A. Bauer ï 2015 IEEE 7th International Conference on Cloud 

Computing Technology and Science (CloudCom) ï 2015. ï 10 P. 

7. OôLeary P. HPCCloud: Dynamic Provisioning and Execution of HPC Workflows Using Python / 
P. OôLeary, ʉ. Harris, M. Grauer, A. Chaudhary,ï 2016 6th Workshop on Python for High-

Performance and Scientific Computing (PyHPC)ï 2016. ï 10 P. 

8. dealenx/ hpccloud-kemsu. Docker compose infrastructure for development HPCCloud 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: https://github.com/dealenx/hpccloud-kemsu (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

12.04.2019). 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʖʅɽʉʂʆ ʧʦ ʀɺʊ ʀʚʘʥʦʚ ʂ.ʉ., ʌɻɹʆʋ 

ɺʇʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʋɼʂ 004.021+519.85 

ʉʀʉʊɽʄɸ ʄɸʈʐʈʋʊʀɿɸʎʀʀ ʊʈɸʅʉʇʆʈʊʅʓʍ ʉʈɽɼʉʊɺ ʉ ʋʏɽʊʆʄ 

ʆɻʈɸʅʀʏɽʅʀʁ 

ɻʫʨʦʚ ɽ.ʉ., ɼʘʚʟʠʪ ʀ.ʇ., ʇʝʨʝʚʘʣʦʚ ʂ.ʉ. 

ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

gurov@kemsu.ru, davzit@kemsu.ru, asmodeyold@mail.ru 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʟʘʜʘʯʘ ʣʦʛʠʩʪʠʢʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʚʦ 

ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ, ʥʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʧʦʜʭʦʜʷʱʝʛʦ ʧʦʜ ʢʘʞʜʫʶ ʠʟ ʥʠʭ, ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ, ʚ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ. ʄʥʦʛʠʤ ʢʦʤʧʘʥʠʷʤ ʪʨʝʙʫʝʪʩʷ ʫʥʠʢʘʣʴʥʳʡ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʦʛʦ ʥʝʪ ʚ ʩʚʦʙʦʜʥʦʤ 

ʜʦʩʪʫʧʝ, ʪʘʢ ʢʘʢ ʨʝʰʝʥʠʝ ʥʝ ʫʯʠʪʳʚʘʝʪ ʩʧʝʮʠʬʠʢʫ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ, ʜʦʧʫʩʢʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʫʯʝʪ ʚʨʝʤʝʥʥʳʭ ʦʢʦʥ ʜʦʩʪʘʚʢʠ ʠʣʠ ʟʘʛʨʫʟʢʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ 

ʘʣʛʦʨʠʪʤ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʟʘʢʘʟʯʠʢʘʤ. ʂʦʤʧʘʥʠʠ Binman, ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪʩʷ 

ʫʧʨʘʚʣʝʥʠʝʤ ʚʳʚʦʟʘ ʤʫʩʦʨʘ ʠ ʩʦʙʠʨʘʝʪ ʩʪʘʪʠʩʪʠʢʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʫʩʦʨʥʳʭ ʙʘʢʦʚ, 

ʧʦʥʘʜʦʙʠʣʦʩʴ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʦʩʪʨʦʝʥʠʷ ʤʘʨʰʨʫʪʦʚ ʚʳʚʦʟʘ ʤʫʩʦʨʘ. 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʂʦʤʧʘʥʠʷ Binman ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ ʧʦ ʢʦʥʪʝʡʥʝʨʥʳʤ ʧʣʦʱʘʜʢʘʤ 

(ʛʝʦʟʦʥʘʤ): 

¶ ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʚ ʛʨʘʜʫʩʘʭ 

¶ ʊʠʧ ʢʦʥʪʝʡʥʝʨʦʚ (ʆʙʲʝʤ ʙʘʢʦʚ) 

¶ ʂʦʣʠʯʝʩʪʚʦ ʢʦʥʪʝʡʥʝʨʦʚ ʥʘ ʧʣʦʱʘʜʢʝ 

¶ ɻʨʘʬʠʢ ʚʳʚʦʟʘ (ʝʞʝʜʥʝʚʥʳʡ, ʢʦʥʢʨʝʪʥʳʡ ʜʝʥʴ, ʧʦ ʟʘʷʚʢʝ) 

¶ ɸʜʨʝʩ (ɻʦʨʦʜ, ʨʘʡʦʥ, ʥʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ, ʫʣʠʮʘ, ʜʦʤ) 

ɼʘʥʥʳʝ ʧʦ ʘʚʪʦʤʦʙʠʣʷʤ: 

¶ ʊʠʧ (ʤʫʩʦʨʦʚʦʟ, ʛʨʫʟʦʚʦʡ) 

¶ ʆʙʲʝʤ ʢʫʟʦʚʘ 

¶ ʆʙʲʝʤ ʪʦʧʣʠʚʥʦʛʦ ʙʘʢʘ 

¶ ʅʘʣʠʯʠʝ RFID ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʤʝʪʦʢ ʢʦʥʪʝʡʥʝʨʦʚ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʤʘʨʰʨʫʪʳ ʚʳʚʦʟʘ ʤʫʩʦʨʘ ʜʣʷ 

ʤʘʰʠʥ ʨʘʟʥʦʛʦ ʪʠʧʘ ʩ ʫʯʝʪʦʤ ʠʭ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʠ ʧʫʪʝʡ ʤʝʞʜʫ ʢʦʥʪʝʡʥʝʨʥʳʤʠ ʧʣʦʱʘʜʢʘʤʠ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʢʦʤʧʘʥʠʠ ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʦʢʥʘ (ʚʳʚʦʟ ʤʫʩʦʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʛʨʘʬʠʢʦʤ), ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʧʨʦʙʢʠ ʥʘ ʜʦʨʦʛʘʭ.  

ʆʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ 

1. ʇʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ  

ʀʟʥʘʯʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʪʨʝʙʫʶʪ ʥʦʨʤʘʣʠʟʘʮʠʠ. ʋʜʘʣʷʶʪʩʷ ʧʫʩʪʳʝ ʩʪʨʦʢʠ ʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʪʘʙʣʠʮʳ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ. 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʫʥʢʪʦʚ 

ʉʦʩʪʘʚʣʝʥʠʝ ʥʘʙʦʨʘ ʧʫʥʢʪʦʚ ʚʳʚʦʟʘ ʤʫʩʦʨʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ 

ʥʘʧʦʣʥʝʥʥʦʩʪʠ ʢʫʟʦʚʘ ʤʫʩʦʨʦʚʦʟʘ ʦʪ ʧʫʥʢʪʘ ʚʳʝʟʜʘ ʜʦ ʤʝʩʪʘ ʚʳʛʨʫʟʢʠ ʤʫʩʦʨʘ 

(ʧʦʣʠʛʦʥʘ). 

3. ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʨʠʮʳ ʨʘʩʩʪʦʷʥʠʡ 

ʅʘ ʦʩʥʦʚʝ ʧʫʥʢʪʦʚ ʚʳʚʦʟʘ ʤʫʩʦʨʘ ʩʦʩʪʘʚʣʷʝʪʩʷ ʤʘʪʨʠʮʘ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʢʘʞʜʳʤ ʠʟ 

ʥʠʭ, ʠʩʧʦʣʴʟʫʷ API OSRM (Open Source Routing Machine). 

4. ʉʦʩʪʘʚʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ 

ʅʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ ʨʘʩʩʪʦʷʥʠʡ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʦʩʝʱʝʥʠʡ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʫʪʴ, ʟʘʥʠʤʘʶʱʠʡ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʜʣʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʚʩʝʭ ʪʦʯʝʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ 

ʊʘʢ ʢʘʢ ʟʘʜʘʯʠ 2,4 ʷʚʣʷʶʪʩʷ NP-ʧʦʣʥʳʤʠ (ʊʦ ʝʩʪʴ, ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʶʙʳʭ ʠʟʚʝʩʪʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʣʛʦʨʠʪʤʦʚ ʙʳʩʪʨʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʢʘʢ ʨʘʟʤʝʨ ʧʨʦʙʣʝʤʳ ʚʦʟʨʘʩʪʘʝʪ), ʧʦʵʪʦʤʫ ʜʣʷ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʝʥʝʪʠʯʝʩʢʠʝ 

ʘʣʛʦʨʠʪʤʳ. ɻʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʫʝʪ ʤʝʭʘʥʠʟʤ ʵʚʦʣʶʮʠʠ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʝʩʪʝʩʪʚʝʥʥʳʡ ʦʪʙʦʨ. ɽʛʦ ʩʫʪʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʙʦʣʝʝ ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʝ ʦʩʦʙʠ ʠʤʝʶʪ 

ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʠ ʨʘʟʤʥʦʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʙʣʘʛʦʜʘʨʷ ʧʝʨʝʜʘʯʝ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʛʝʥʝʪʠʯʝʩʢʦʤʫ ʥʘʩʣʝʜʦʚʘʥʠʶ) ʧʦʪʦʤʢʠ ʥʘʩʣʝʜʫʶʪ ʦʪ ʨʦʜʠʪʝʣʝʡ 

ʦʩʥʦʚʥʳʝ ʠʭ ʢʘʯʝʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʪʦʤʢʠ ʩʠʣʴʥʳʭ ʠʥʜʠʚʠʜʫʫʤʦʚ ʪʘʢʞʝ ʙʫʜʫʪ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ, ʘ ʠʭ ʜʦʣʷ ʚ ʦʙʱʝʡ ʤʘʩʩʝ ʦʩʦʙʝʡ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ. ʇʦʩʣʝ ʩʤʝʥʳ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʠʣʠ ʩʦʪʝʥ ʧʦʢʦʣʝʥʠʡ ʩʨʝʜʥʷʷ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʦʩʦʙʝʡ ʜʘʥʥʦʛʦ ʚʠʜʘ ʟʘʤʝʪʥʦ 

ʚʦʟʨʘʩʪʘʝʪ [1].  

ɺ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʘʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: 

1. ʋʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʨʦʩʩʠʥʛʦʚʝʨ 

2. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʦʜʥʦʪʦʯʝʯʥʳʡ ʢʨʦʩʩʠʥʛʦʚʝʨ 

3. N-ʪʦʯʝʯʥʳʡ ʢʨʦʩʩʠʥʛʦʚʝʨ 
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4. ʕʣʠʪʘʨʥʘʷ ʩʝʣʝʢʮʠʷ 

5. ʈʫʣʝʪʦʯʥʘʷ ʩʝʣʝʢʮʠʷ 

6. ʊʫʨʥʠʨʥʘʷ ʩʝʣʝʢʮʠʷ 

7. ʄʫʪʘʮʠʷ ʮʠʢʣʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ 

8. ʆʙʨʘʪʥʘʷ ʤʫʪʘʮʠʷ ʦʩʦʙʠ 

9. ʄʫʪʘʮʠʷ ç2 ʟʘʤʝʥʘè 

 

ʈʝʟʫʣʴʪʘʪʳ 

1. ʅʘ ʪʝʢʫʱʝʤ ʵʪʘʧʝ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

2. ʅʦʨʤʘʣʠʟʦʚʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ. 

3. ʈʘʟʚʝʨʥʫʪ OSRM-ʩʝʨʚʝʨ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʪʨʠʮʳ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʪʦʯʢʘʤʠ, ʠʟʫʯʝʥʦ ʠ 

ʧʨʠʤʝʥʝʥʦ API. 

4. ʉʦʩʪʘʚʣʝʥ ʥʘʙʦʨ ʧʫʥʢʪʦʚ ʜʣʷ ʚʳʚʦʟʘ ʤʫʩʦʨʘ ʜʣʷ ʧʦʩʝʱʝʥʠʷ ʤʫʩʦʨʦʚʦʟʦʤ. 

5. ʉʬʦʨʤʠʨʦʚʘʥ ʤʘʨʰʨʫʪ ʧʦʩʝʱʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʡ ʧʦ ʚʨʝʤʝʥʠ (ʥʘʧʨʠʤʝʨ, ʧʦʩʪʨʦʝʥʠʝ 

ʤʘʨʰʨʫʪʘ ʜʣʷ 15 ʧʫʥʢʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3 ʩʝʢ., ʘ ʜʣʷ 40 ʧʫʥʢʪʦʚ ʦʢʦʣʦ 45 ʩʝʢʫʥʜ). 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. ʉʝʤʝʥʦʚ ʉ. ʉ., ʇʝʜʘʥ ɸ. ɺ., ɺʦʣʦʚʠʢʦʚ ɺ. ʉ., ʂʣʠʤʦʚ ʀ. ʉ. ɸʥʘʣʠʟ ʪʨʫʜʦʝʤʢʦʩʪʠ 
ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ // ʉʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ, ʩʚʷʟʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. - 2017. - ˉ1. - ʉ. 116-131.  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ - ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʖʅɽʉʂʆ ʧʦ ʀɺʊ, ɻʝʡʜʘʨʦʚ 
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ɺʘʞʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʤʘʨʢʝʪʠʥʛʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʰʢʦʣ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʢʦʥʲʶʥʢʪʫʨʳ ʨʳʥʢʘ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʧʨʦʜʚʠʞʝʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʩʣʫʛ.  

ʉʦʟʜʘʥʠʝ WEB ʧʦʨʪʘʣʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʫʢʘʟʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʦʨʪʘʣ ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʦ ï ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ 

ʦʩʥʦʚʥʳʝ ʩʫʙʲʝʢʪʳ ʨʳʥʢʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʩʣʫʛ ʠ ʨʳʥʢʘ ʪʨʫʜʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʝʝ ʚ 

ʫʜʦʙʥʦʡ, ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ (ʢʦʤʧʣʝʢʩ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʢʦʥʪʝʥʪ ʩʘʡʪʘ ʧʦʜ ʨʘʟʥʳʝ ʢʘʪʝʛʦʨʠʠ ʧʦʩʝʪʠʪʝʣʝʡ) ʮʝʣʝʚʦʡ 

ʘʫʜʠʪʦʨʠʠ [4]. 

ʇʨʦʙʣʝʤʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʩʘʡʪʘ ʠ ʤʘʨʢʝʪʠʥʛʦʚʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ ʪʨʫʜʘʭ ʌ.ʖ. ɺʠʨʠʥʘ [1], ɼ. ʈʘʡʝʥʘ, ʂ. ɼʞʦʥʩʘ [3], ɽ.ɺ. 

ʀʩʘʝʥʢʦ [2], ɽ.ɽ. ʊʘʨʘʩʦʚʦʡ, ɽ.ɸ ʐʝʠʥʘ [4,5] ʠ ʜʨ. 

ɺ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦʛʦ ʨʘʟʚʠʪʠʷ ʠʥʪʝʨʥʝʪ ï ʪʝʭʥʦʣʦʛʠʡ ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ 

ʧʨʦʙʣʝʤʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ WEB ʧʦʨʪʘʣʦʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʰʢʦʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ WEB ʧʦʨʪʘʣʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʩʦʚʝʨʰʝʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʝʛʦ ʦʮʝʥʢʝ. 
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ʇʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ WEB ʧʦʨʪʘʣʘ ʷʚʣʷʝʪʩʷ 

ʜʠʩʢʫʩʩʠʦʥʥʦʡ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʤʝʪʦʜʠʢʝ ʠ ʢʨʠʪʝʨʠʷʤ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʨʘʙʦʪʳ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʦʨʪʘʣʘ. ʆʜʥʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʣʘʛʘʶʪ ʦʮʝʥʠʚʘʪʴ ʢʘʯʝʩʪʚʦ ʥʘ 

ʦʩʥʦʚʝ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʩʫʨʩʘ, ʜʨʫʛʠʝ ï ʥʘ ʦʩʥʦʚʝ ʧʦʩʝʱʘʝʤʦʩʪʠ, 

ʪʨʝʪʴʠ ʧʨʝʜʣʘʛʘʶʪ ʩʚʦʠ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ. 

ʇʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʧʦ ʦʮʝʥʢʝ ʨʘʙʦʪʳ WEB ʧʦʨʪʘʣʘ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʠ 

ʙʶʜʞʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʣʘʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʢʘʟʳʚʘʶʱʝʝ ʠʭ 

ʢʘʯʝʩʪʚʦ, ʠ ʚʳʜʝʣʠʪʴ ʚʘʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʨʝʩʫʨʩʘ. 

ʂʦʥʮʝʧʮʠʷ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ KPI (Key Performance Indicators ï 

ʢʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʚ ʜʦʩʪʠʞʝʥʠʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʠ 

ʪʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ) ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʚʳʯʣʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʦ ʨʘʙʦʪʝ ʩʘʡʪʘ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʩʫʨʩʘ. 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʦʨʪʘʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʧʨʦʜʚʠʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʨʝʞʜʝʥʠʷ ʚ ʀʥʪʝʨʥʝʪʝ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʮʝʣʝʚʦʡ ʢʦʥʪʘʢʪʥʦʡ 

ʘʫʜʠʪʦʨʠʝʡ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ ʢ ʝʛʦ ʦʮʝʥʢʝ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʨʘʙʦʪʳ ʩʘʡʪʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʧʨʝʜʣʘʛʘʶʪ 

ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʦʨʪʘʣʘ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʚʳʜʝʣʝʥʥʳʤ ʩʦʩʪʘʚʣʷʶʱʠʤ: 

1. ʊʝʭʥʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ʆʧʨʝʜʝʣʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʪʨʝʙʦʚʘʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʧʦʨʪʘʣʘ: ʫʧʨʘʚʣʝʥʠʷ ʩʦʜʝʨʞʠʤʳʤ ʩʘʡʪʘ; ʦʪʩʫʪʩʪʚʠʝ ʦʰʠʙʦʢ ʚ ʪʝʭʥʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ; ʩʢʦʨʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ. 

2. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ʇʦʣʥʦʪʘ, ʘʢʪʫʘʣʴʥʦʩʪʴ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʥʘ WEB ʧʦʨʪʘʣʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʅʘʧʦʣʥʝʥʠʝ ʩʘʡʪʘ ʠʥʬʦʨʤʘʮʠʝʡ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ ʠ ʫʩʧʝʰʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʆʩʥʦʚʥʳʝ ʙʣʦʢʠ 

ʠʥʬʦʨʤʘʮʠʠ: ʦʩʥʦʚʥʳʤ ʮʝʣʝʚʳʝ ʢʦʥʪʘʢʪʥʳʝ ʘʫʜʠʪʦʨʠʠ, ʫʯʝʥʠʢʠ, ʫʯʠʪʝʣʷ, ʜʨ.; ʥʦʚʦʩʪʠ ʠ 

ʘʥʦʥʩʳ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʜʨ. 

3. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ʕʪʦ ʫʨʦʚʝʥʴ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʫʯʘʩʪʥʠʢʦʚ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʘʡʪʘ. ʇʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʩʘʡʪʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʘʡʪʘ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ 

ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ. ʂ ʦʩʥʦʚʥʳʤ ʠʥʪʝʨʘʢʪʠʚʥʳʤ ʵʣʝʤʝʥʪʘʤ ʦʪʥʦʩʷʪʩʷ: ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷ; ʦʧʨʦʩʳ ʠ ʛʦʣʦʩʦʚʘʥʠʷ; ʙʣʦʛ ʠ ʬʦʨʫʤ; ʬʦʨʤʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ ʜʨ. 

4. ʄʘʨʢʝʪʠʥʛʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ʕʪʦ ʢʘʯʝʩʪʚʦ ʦʧʪʠʤʠʟʘʮʠʠ ʩʘʡʪʘ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ï ʨʘʙʦʪʘ ʩ ʚʥʝʰʥʠʤ 

ʦʢʨʫʞʝʥʠʝʤ ʠ ʨʘʙʦʪʘ ʩ ʩʘʡʪʦʤ. ʆʩʥʦʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩʘʡʪʘ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝ ʷʜʨʘ ʠ SEO 

ï ʢʦʧʠʨʘʡʪʠʥʛ. ʉʙʦʨ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʧʦʩʝʱʘʝʤʦʩʪʠ ʩʘʡʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʫʣʷ ʘʥʘʣʠʪʠʢʠ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʩʦʜʝʨʞʠʤʳʤ, ʘʥʘʣʠʟ 

log ï ʬʘʡʣʦʚ ʩʝʨʚʝʨʘ, ʠ ʜʨ. 

5. ʋʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʕʪʦ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʘʡʪʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʮʝʣʝʡ 

(ʣʦʛʠʯʥʦʩʪʴ ʠ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʩʘʡʪʘ; ʫʜʦʙʩʪʚʦ ʥʘʚʠʛʘʮʠʠ ʧʦ ʩʘʡʪʫ ʠ ʧʦʠʩʢʘ 

ʠʥʬʦʨʤʘʮʠʠ; ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠ ʜʨ.) 

6. ɺʥʝʰʥʠʡ ʚʠʜ. ɺʳʩʦʢʠʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʵʩʪʝʪʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʬʦʨʤʣʝʥʠʝ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʩʘʡʪʘ (ʝʜʠʥʩʪʚʦ ʩʪʠʣʝʚʦʛʦ ʦʬʦʨʤʣʝʥʠʷ, 

ʧʦʜʯʝʨʢʠʚʘʶʱʝʝ ʭʘʨʘʢʪʝʨ ʩʘʡʪʘ: ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʘʡʪʘ; 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʮʚʝʪʦʚʦʡ ʛʘʤʤʳ, ʘʩʩʦʮʠʠʨʫʶʱʝʡʩʷ ʩ ʬʠʨʤʝʥʥʳʤ ʩʪʠʣʝʤ; ʚʳʩʦʢʦʝ 

ʢʘʯʝʩʪʚʦ ʚʝʨʩʪʢʠ, ʰʨʠʬʪʳ ʠ ʬʦʨʤʘʪʠʨʦʚʘʥʠʝ ʪʝʢʩʪʘ ʠ ʜʨ.) 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ WEB 

ʧʦʨʪʘʣʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʧʦʟʚʦʣʷʪ ʦʙʲʷʩʥʠʪʴ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʘʨʢʝʪʠʥʛʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʚ ʀʥʪʝʨʥʝʪʝ 

ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʫʙʲʝʢʪʘʤʠ ʨʳʥʢʘ ʧʦʜʦʙʥʳʭ ʫʩʣʫʛ. 
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ʉʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʟʘʥʠʤʘʶʪ ʧʝʨʚʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʧʨʠʯʠʥ ʩʤʝʨʪʥʦʩʪʠ ʢʘʢ 

ʚʦ ʚʩʝʤ ʤʠʨʝ, ʪʘʢ ʠ ʚ ʈʦʩʩʠʠ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʊʶʤʝʥʩʢʦʛʦ ʨʝʛʠʩʪʨʘ ʦʪ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʝʞʝʜʥʝʚʥʦ ʫʤʠʨʘʝʪ ʙʦʣʝʝ ʪʨʝʭ ʪʳʩʷʯ ʨʦʩʩʠʷʥ, ʠʟ ʥʠʭ 53% ʧʦ ʧʨʠʯʠʥʝ 

ʠʰʝʤʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ ʩʝʨʜʮʘ. ʀʰʝʤʠʯʝʩʢʘʷ ʙʦʣʝʟʥʴ ʩʝʨʜʮʘ ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ 

ʢʦʨʦʥʘʨʥʦʛʦ ʘʪʝʨʦʩʢʣʝʨʦʟʘ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʤʥʦʛʠʭ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ 

ʩʪʝʥʦʟʘ ʢʦʨʦʥʘʨʥʳʭ ʩʦʩʫʜʦʚ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʘʷ ʩʤʝʨʪʥʦʩʪʴ ʥʫʞʜʘʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ. ɼʦʙʠʪʴʩʷ ʵʪʦʛʦ 

ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʤʝʨ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʧʨʦʬʠʣʘʢʪʠʢʠ. ʇʝʨʚʠʯʥʘʷ ʧʨʦʬʠʣʘʢʪʠʢʘ 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʝʡ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʚ ʧʦʧʫʣʷʮʠʠ, ʚʪʦʨʠʯʥʘʷ ï ʥʘ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʦʩʣʦʞʥʝʥʠʡ ʟʘʙʦʣʝʚʘʥʠʷ, ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʯʝʛʦ 

ʷʚʣʷʝʪʩʷ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʝʛʦ ʚʳʷʚʣʝʥʠʝ ʠ ʣʝʯʝʥʠʝ. [1] 

ʎʝʣʴ ʧʨʦʚʦʜʠʤʦʡ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʪʝʥʦʟʦʚ 

ʢʦʨʦʥʘʨʥʳʭ ʩʦʩʫʜʦʚ ʩ ʫʯʝʪʦʤ ʘʫʛʤʝʥʪʘʮʠʠ ʜʘʥʥʳʭ ʚʭʦʜʠʪ ʚ ʤʝʪʦʜʳ ʚʪʦʨʠʯʥʦʡ ʧʨʦʬʠʣʘʢʪʠʢʠ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ï ʩʪʝʥʦʟʘ ʢʦʨʦʥʘʨʥʳʭ ʩʦʩʫʜʦʚ ï ʘ ʠʤʝʥʥʦ, ʚʳʷʚʣʝʥʠʝ ʝʛʦ 

ʥʘʣʠʯʠʷ ʥʘ ʩʥʠʤʢʘʭ ʢʦʨʦʥʘʨʥʦʡ ʘʥʛʠʦʛʨʘʬʠʠ, ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʳʤ ʜʘʣʝʝ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʤʠ. 

ɺ ʤʠʨʝ ʩʫʱʝʩʪʚʫʶʪ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʠʟʦʙʨʝʪʝʥʥʳʝ ʠʥʦʩʪʨʘʥʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ Analytics 4 Life, ʙʘʟʠʨʫʶʱʝʡʩʷ ʚ ʊʦʨʦʥʪʦ ʩʦ ʰʪʘʙ-ʢʚʘʨʪʠʨʦʡ ʚ ʉʐɸ, ʠ 

ʘʤʝʨʠʢʘʥʩʢʘʷ ʢʦʤʧʘʥʠʷ HeartFlow Inc. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ, ʟʘʯʘʩʪʫʶ 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʥʝʩʢʦʣʴʢʦ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʙʦʪʝ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, 

ʢʨʦʤʝ ʢʦʨʦʥʘʨʥʦʡ ʘʥʛʠʦʛʨʘʬʠʠ, ʝʱʝ ʥʝ ʚʚʝʜʝʥʳ ʚ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʤʝʜʠʮʠʥʩʢʠʭ 

ʫʯʨʝʞʜʝʥʠʷʭ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʦ ʦʛʨʘʥʠʯʝʥʠʡ ʢʘʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ, ʪʘʢ ʠ 
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ʵʢʦʥʦʤʠʯʝʩʢʠʭ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʩʦʛʣʘʩʥʦ ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʱʝʩʪʚʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ 2017 ï 2030 ʛʦʜʳ, ʫʪʚʝʨʞʜʝʥʥʦʡ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 9 ʤʘʷ 2017 ʛ. ˉ 203, ʚʘʞʥʦ ʩʦʭʨʘʥʷʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ 

ʩʝʨʚʠʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʤʠ, ʪʦ ʝʩʪʴ ʥʝ ʠʤʝʶʱʠʤʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʠʟ-ʟʘ ʨʫʙʝʞʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʢʘʩʘʝʪʩʷ ʦʙʲʝʢʪʦʚ ʢʨʠʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʫʯʨʝʞʜʝʥʠʷ ʩʬʝʨʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. [4] 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʝʨʪʦʯʥʫʶ ʥʝʡʨʦʥʥʫʶ 

ʩʝʪʴ - ʩʧʝʮʠʘʣʴʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʥʘʮʝʣʝʥʥʫʶ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ Python, 

ʙʠʙʣʠʦʪʝʢʠ ï OpenCV ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʚ ʨʘʤʢʘʭ 

ʘʫʛʤʝʥʪʘʮʠʠ ʜʘʥʥʳʭ, Numpy ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʚ 

ʢʘʯʝʩʪʚʝ ʯʠʩʣʦʚʳʭ ʤʘʩʩʠʚʦʚ, Keras ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʧʦʩʪʨʦʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʛʣʫʙʦʢʦʛʦ 

ʦʙʫʯʝʥʠʷ ʩ ʙʵʢ-ʵʥʜʦʤ TensorFlow ï ʩʠʩʪʝʤʦʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ Google Brain ʚʪʦʨʦʛʦ 

ʧʦʢʦʣʝʥʠʷ, ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʘʭ (ʥʘʧʨʠʤʝʨ, GPU) ʠ ʚʳʨʘʞʘʶʱʝʡ 

ʚʳʯʠʩʣʝʥʠʷ ʚ ʚʠʜʝ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʯʝʨʝʟ ʛʨʘʬ ʩʦʩʪʦʷʥʠʡ [5]. 

ʂʝʤʝʨʦʚʩʢʠʤ ʢʘʨʜʠʦʣʦʛʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ, ʧʣʘʥʠʨʫʶʱʠʤ ʚʥʝʜʨʠʪʴ ʚ ʩʚʦʶ ʨʘʙʦʪʫ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ, ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʟʜʦʨʦʚʳʭ 

ʢʦʨʦʥʘʨʥʳʭ ʩʦʩʫʜʦʚ (ʩʤ. ʨʠʩʫʥʦʢ 1-ʘ) ʚ ʢʦʣʠʯʝʩʪʚʝ 12 642 ʝʜʠʥʠʮ ʠ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ 

ʧʦʨʘʞʝʥʥʳʭ ʩʪʝʥʦʟʦʤ ʢʦʨʦʥʘʨʥʳʭ ʩʦʩʫʜʦʚ (ʩʤ. ʨʠʩʫʥʦʢ 1-ʙ) ʚ ʢʦʣʠʯʝʩʪʚʝ 1 043 ʝʜʠʥʠʮ, 

ʜʫʙʣʠʨʦʚʘʥʥʳʭ ʩ ʦʪʤʝʪʢʦʡ ʢʦʥʪʨʘʩʪʥʳʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ ʣʦʢʘʣʠʟʘʮʠʠ ʩʪʝʥʦʟʘ (ʩʤ. ʨʠʩʫʥʦʢ 

1-ʚ). 

 

 
ʈʠʩʫʥʦʢ 16. ï ʘ) ʟʜʦʨʦʚʳʝ ʩʦʩʫʜʳ, ʙ) ʩʦʩʫʜʳ ʩʦ ʩʪʝʥʦʟʦʤ, ʚ) ʩʦʩʫʜʳ ʩ ʦʪʤʝʯʝʥʥʳʤ ʩʪʝʥʦʟʦʤ 
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ʈʠʩʫʥʦʢ 17. ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʩ ʧʦʩʪʦʨʦʥʥʠʤ ʧʨʝʜʤʝʪʦʤ ʚ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ 

 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚʳʙʦʨʢʘ ï ʠʟ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 1 964 ʠʟʦʙʨʘʞʝʥʠʷ 

ʟʜʦʨʦʚʳʭ ʩʦʩʫʜʦʚ ʠ 225 ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʨʘʞʝʥʥʳʭ ʩʪʝʥʦʟʦʤ ʩʦʩʫʜʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʦʪʯʝʪʣʠʚʦ 

ʚʠʜʥʳ ʩʦʩʫʜʳ ʠ ʩʪʝʥʦʟʳ, ʠ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʩʪʦʨʦʥʥʠʝ ʧʨʝʜʤʝʪʳ, ʩʧʦʩʦʙʥʳʝ ʧʦʤʝʰʘʪʴ 

ʦʙʫʯʝʥʠʶ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (ʩʤ. ʨʠʩʫʥʦʢ 2). 

ʇʦʣʫʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠ ʤʘʣʦ: ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʪʨʝʙʫʝʪʩʷ ʦʢʦʣʦ ʤʠʣʣʠʦʥʘ ʠʟʦʙʨʘʞʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʘʫʛʤʝʥʪʘʮʠʷ ʜʘʥʥʳʭ, ʪʦ ʝʩʪʴ ʨʘʩʰʠʨʝʥʠʝ ʚʳʙʦʨʢʠ ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʜʣʷ ʯʝʛʦ ʙʳʣʠ ʩʦʟʜʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ, ʧʨʠʤʝʥʷʶʱʠʝ 

ʨʘʟʣʠʯʥʳʝ ʩʤʝʱʝʥʠʷ ʠ ʧʦʚʦʨʦʪʳ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʦʚ ʩʪʝʥʦʟʦʚ, ʢʦʦʨʜʠʥʘʪʳ 

ʢʦʪʦʨʳʭ ʙʳʣʦ ʚʦʟʤʦʞʥʦ ʥʘʡʪʠ ʧʨʦʛʨʘʤʤʥʦ ʙʣʘʛʦʜʘʨʷ ʢʦʥʪʨʘʩʪʥʳʤ ʦʪʤʝʪʢʘʤ. 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ ʘʫʛʤʝʥʪʘʮʠʠ ʜʘʥʥʳʭ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩʚʝʨʪʦʯʥʘʷ 

ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ Sequential, ʚ ʢʦʪʦʨʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʦʙʘʚʣʷʣʠʩʴ 

ʩʣʦʠ ʩʣʝʜʫʶʱʠʭ ʚʠʜʦʚ: 

¶ Conv2D ï ʩʣʦʡ ʜʚʫʤʝʨʥʦʡ ʩʚʝʨʪʢʠ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʩʚʝʨʪʦʯʥʦʝ ʷʜʨʦ. 

¶ MaxPooling2D ï ʩʣʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʚʫʤʝʨʥʦʡ ʧʦʜʚʳʙʦʨʢʠ, ʚ ʢʦʪʦʨʦʤ ʛʨʫʧʧʘ 

ʧʠʢʩʝʣʝʡ ʫʧʣʦʪʥʷʝʪʩʷ ʜʦ ʦʜʥʦʛʦ, ʧʨʦʭʦʜʷ ʥʝʣʠʥʝʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. 

¶ Dropout ï ʩʣʦʡ ʠʩʢʣʶʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʝʨʝʦʙʫʯʝʥʠʝ. 

¶ Flatten ï ʩʣʦʡ ʩʛʣʘʞʠʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪ ʤʥʦʛʦʤʝʨʥʳʡ ʚʳʭʦʜ 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʩʣʦʷ ʚ ʦʜʥʦʤʝʨʥʳʡ. 

¶ Dense ï ʧʦʣʥʦʩʚʷʟʥʳʡ ʩʣʦʡ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʥʝʡʨʦʥ ʩʦʝʜʠʥʝʥ ʩʦ ʚʩʝʤʠ ʥʝʡʨʦʥʘʤʠ 

ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ. 

ɹʳʣʠ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ ReLU ʜʣʷ ʨʘʟʨʝʞʝʥʥʦʡ ʘʢʪʠʚʘʮʠʠ ʥʝʡʨʦʥʦʚ ʠ 

Softmax ʜʣʷ ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ: çʝʩʪʴ ʩʪʝʥʦʟè ʠ çʥʝʪ ʩʪʝʥʦʟʘè. [6] 
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ʈʠʩʫʥʦʢ 18. ʊʦʧʦʣʦʛʠʷ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

 

ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʚ ʧʨʦʜʦʣʞʝʥʠʠ ʨʘʙʦʪʳ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʚʳʙʦʨʢʠ ʜʘʥʥʳʭ ʠ ʧʦʜʙʦʨʫ ʥʦʚʳʭ 

ʪʦʧʦʣʦʛʠʡ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʥʘʯʥʝʪ ʧʦʢʘʟʳʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚ 70% ʚʝʨʥʳʭ ʨʘʩʧʦʟʥʘʚʘʥʠʡ 

ʥʘʣʠʯʠʷ ʩʪʝʥʦʟʘ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ. 
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ʉʢʦʣʠʦʟ - ʜʦʚʦʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ʧʦʟʚʦʥʦʯʥʠʢʘ, ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪ 

ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʠ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʣʝʯʝʥʠʷ. ɺʩʝʛʦ ʚʳʜʝʣʷʶʪ ʯʝʪʳʨʝ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ 

ʧʦʟʚʦʥʦʯʥʦʛʦ ʩʪʦʣʙʘ, ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʛʦ ʜʠʘʛʥʦʟʘ, ʧʘʮʠʝʥʪʫ ʥʘʟʥʘʯʘʶʪ 

ʫʥʠʢʘʣʴʥʫʶ ʜʣʷ ʵʪʦʡ ʩʪʝʧʝʥʠ ʠʩʢʨʠʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʫ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʠʘʛʥʦʩʪʠʢʘ 

ʩʢʦʣʠʦʟʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʨʫʯʥʫʶ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʦʩʪʘʚʣʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʜʠʘʛʥʦʟ ʷʚʣʷʝʪʩʷ ʩʫʙʲʝʢʪʠʚʥʳʤ ʠ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʦʧʳʪʘ 

ʩʧʝʮʠʘʣʠʩʪʘ. ʆʧʠʩʘʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʠʩʢʨʠʚʣʝʥʠʷ 

ʜʦʩʪʠʛʘʣʘ 11,8Á [1], ʠ ʪʘʢ ʢʘʢ ʦʪ ʵʪʦʛʦ ʟʘʚʠʩʠʪ ʩʧʦʩʦʙ ʣʝʯʝʥʠʷ ʧʘʮʠʝʥʪʘ, ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. 

ɺ ʨʘʤʢʘʭ ʚʳʧʫʩʢʥʦʡ ʨʘʙʦʪʳ ʧʨʦʰʣʦʛʦ ʛʦʜʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʜʣʷ 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚ ʠ ʩʪʝʧʝʥʠ ʩʢʦʣʠʦʟʘ ʧʦ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʩʥʠʤʢʘʤ. 

ɺʭʦʜʥʦʡ ʥʝʨʘʟʤʝʯʝʥʥʳʡ ʩʥʠʤʦʢ ʧʦʟʚʦʥʦʯʥʠʢʘ ʚ ʩʠʩʪʝʤʝ ʧʨʦʭʦʜʠʣ ʵʪʘʧʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʨʘʟʤʝʪʢʠ ʧʦʟʚʦʥʢʦʚ, ʨʫʯʥʦʡ ʜʦʨʘʟʤʝʪʢʠ, ʚʳʯʠʩʣʝʥʠʷ ʫʛʣʦʚ ʠʩʢʨʠʚʣʝʥʠʷ ʠ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ 

ʩʢʦʣʠʦʟʘ. ɼʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʟʚʦʥʢʦʚ ʚ ʦʧʠʩʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʝʡʨʦʩʝʪʴ Unet [2], 

ʥʦ ʦʥʘ ʧʦʢʘʟʘʣʘ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʪʦʯʥʦʩʪʴ ʜʣʷ ʝʸ ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩ ʜʠʘʛʥʦʩʪʠʢʠ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʪʨʝʙʦʚʘʣʘʩʴ ʨʫʯʥʘʷ ʜʦʨʘʟʤʝʪʢʘ ʩʥʠʤʢʦʚ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ, 

ʨʝʰʘʶʱʠʭ ʟʘʜʘʯʫ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʟʚʦʥʢʦʚ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʥʠʤʢʘʭ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ 

ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʟʚʦʥʦʯʥʠʢʘ. ʆʧʠʩʘʥʥʳʝ ʚ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʘʣʴʪʝʨʥʘʪʠʚʫ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ ʩʝʤʘʥʪʠʯʝʩʢʦʡ 

ʩʝʛʤʝʥʪʘʮʠʠ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʳ ʧʦ ʚʳʯʠʩʣʝʥʠʶ ʫʛʣʦʚ ʩʢʦʣʠʦʟʘ. ɺ ʦʩʥʦʚʝ ʵʪʠʭ 

ʤʝʪʦʜʦʚ ʣʝʞʠʪ ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʝʡ ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʝʰʠʪʴ 

ʟʘʜʘʯʫ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʟʚʦʥʢʦʚ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʥʠʤʢʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʦʢʥʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʢʘʩʢʘʜʥʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ɺʠʦʣʳ-ɼʞʦʥʩʘ.  

 

Ä ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʣʦʢʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ 

ʄʝʪʦʜ ʩʢʘʥʠʨʫʶʱʝʛʦ ʦʢʥʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʦʚʦʣʴʥʦ ʜʘʚʥʦ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ 

ʨʘʟʣʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ [3]. ʀʜʝʷ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʚʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʟʘʜʘʝʪʩʷ ʦʢʥʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʵʪʦ ʦʢʥʦ ñʧʨʠʢʣʘʜʳʚʘʝʪʩʷò ʢ ʠʟʦʙʨʘʞʝʥʠʶ, ʟʘʪʝʤ ʚ 

ʧʝʨʝʩʝʢʘʶʱʝʡʩʷ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʎʝʣʴ ʵʪʦʡ 

ʦʧʝʨʘʮʠʠ: ʧʨʠʤʝʥʠʪʴ ʢ ʨʘʩʩʯʠʪʘʥʥʳʤ ʧʨʠʟʥʘʢʘʤ ʙʠʥʘʨʥʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ 

ʚʳʜʘʚʘʪʴ ʦʪʚʝʪ 1 ʜʣʷ ʦʙʣʘʩʪʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʟʚʦʥʦʢ, ʠ 0 ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʥʠʤʢʘ. ʉʘʤ ʧʨʦʩʤʘʪʨʠʚʘʝʤʳʡ ʬʨʘʛʤʝʥʪ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʘ ʧʦʜ ʝʛʦ ʧʨʠʟʥʘʢʦʤ (ʘʪʨʠʙʫʪʦʤ) ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ 

ʩʚʦʡʩʪʚʦ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ. ʇʦʩʣʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʢʥʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʜʚʠʛʘʝʪʩʷ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʩ ʥʝʢʦʪʦʨʳʤ ʰʘʛʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ 

ʣʦʢʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʛʦ ʦʢʥʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʩʚʦʜʠʪʩʷ ʢ ʚʳʙʦʨʫ ʠ 

ʦʙʫʯʝʥʠʶ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʩ ʢʦʪʦʨʳʤʠ ʨʘʙʦʪʘʶʪ ʚʩʝ ʦʧʠʩʘʥʥʳʝ ʟʜʝʩʴ ʤʝʪʦʜʳ, ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʚʳʙʦʨʢʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʢʘʜʨʦʚ ʦʪʜʝʣʴʥʳʭ ʧʦʟʚʦʥʢʦʚ ʠ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʣʘʩʪʝʡ, ʥʝ 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʧʦʟʚʦʥʦʯʥʦʤʫ ʩʪʦʣʙʫ. ɺʩʝ ʵʪʠ ʩʥʠʤʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 
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ʦʙʨʘʙʦʪʘʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʤʝʪʦʜʦʤ ʚʳʨʘʚʥʠʚʘʥʠʷ ʛʠʩʪʦʛʨʘʤʤʳ, ʚ ʮʝʣʷʭ 

ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʯʝʪʢʠʭ ʩʥʠʤʢʦʚ ʧʦʟʚʦʥʢʦʚ [4]. ɺ 

ʜʘʣʴʥʝʡʰʝʤ, ʚ ʢʘʞʜʦʡ ʤʦʜʝʣʠ ʵʪʠ ʜʘʥʥʳʝ ʧʨʦʭʦʜʷʪ ʩʚʦʡ ʵʪʘʧ ʧʦʜʛʦʪʦʚʢʠ ʩ ʚʳʜʝʣʝʥʠʝʤ 

ʧʨʠʟʥʘʢʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

 

Ä ʇʦʩʪʨʦʝʥʠʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʤʝʪʦʜʦʤ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ. 

ʄʝʪʦʜ ʆʧʦʨʥʳʭ ɺʝʢʪʦʨʦʚ ʠʣʠ SVM (ʦʪ ʘʥʛʣ. Support Vector Machines) ð ʵʪʦ ʣʠʥʝʡʥʳʡ 

ʘʣʛʦʨʠʪʤ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʟʘʜʘʯʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʨʝʛʨʝʩʩʠʠ. ʆʥ ʠʤʝʝʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʧʨʘʢʪʠʢʝ ʠ ʤʦʞʝʪ ʨʝʰʘʪʴ ʢʘʢ ʣʠʥʝʡʥʳʝ, ʪʘʢ ʠ ʥʝʣʠʥʝʡʥʳʝ ʟʘʜʘʯʠ [5]. ʇʨʠʟʥʘʢ 

- ʚʝʢʪʦʨ ʟʘʜʘʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ p ʦʙʲʝʢʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʪʦʯʢʘ ʚ p-ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʦʧʠʩʳʚʘʶʱʘʷ ʦʙʲʝʢʪ, ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʦʜʥʦʤʫ ʠʟ 2ʭ ʢʣʘʩʩʦʚ.   

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʤʝʪʦʜʦʤ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ ʥʘ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ 

ʚʩʝ ʩʥʠʤʢʠ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʢ ʦʜʥʦʤʫ ʰʘʙʣʦʥʥʦʤʫ ʨʘʟʤʝʨʫ, ʦʧʠʩʳʚʘʶʱʝʤʫ ʠʩʢʦʤʳʡ ʦʙʲʝʢʪ 

(ʨʘʟʤʝʨ ʩʢʘʥʠʨʫʶʱʝʛʦ ʦʢʥʘ). ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʩʨʝʜʥʷʷ ʰʠʨʠʥʘ ʠ ʚʳʩʦʪʘ ʧʦ ʚʩʝʤ 

ʩʥʠʤʢʘʤ ʩ ʧʦʟʚʦʥʢʘʤʠ (380x274 ʧʠʢʩʝʣʝʡ). ʉʥʠʤʢʠ ʦʙʣʘʩʪʝʡ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʧʦʟʚʦʥʢʠ, ʙʳʣʠ 

ʨʘʟʙʠʪʳ ʥʘ ʬʨʘʛʤʝʥʪʳ ʪʘʢʦʛʦ ʞʝ ʨʘʟʤʝʨʘ ʩ ʥʝʢʦʪʦʨʳʤ ʰʘʛʦʤ. ʂʘʞʜʳʡ ʩʥʠʤʦʢ ʚʳʙʦʨʢʠ 

ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʦʜʥʦʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʛʜʝ ʧʝʨʝʩʝʯʝʥʠʝ i ʩʪʨʦʢʠ ʠ j ʩʪʦʣʙʮʘ ʨʘʚʥʷʝʪʩʷ 

ʟʥʘʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʩʝʣʷ ʚ ʵʪʦʤ ʩʥʠʤʢʝ (ʮʝʣʦʝ ʯʠʩʣʦ ʦʪ 0 ʜʦ 255). ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʟʥʘʢʘ ʦʙʲʝʢʪʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʳʣʦ ʨʝʰʝʥʦ ʚʳʙʨʘʪʴ ʦʜʥʦʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʘʪʨʠʮʳ. 

ʄʘʰʠʥʘ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʦʙʫʯʘʪʴ ʜʚʘ ʪʠʧʘ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ: ʣʠʥʝʡʥʳʝ ʠ 

ʥʝʣʠʥʝʡʥʳʝ. ɺ ʩʣʫʯʘʝ ʥʝʣʠʥʝʡʥʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʷʜʨʦ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ [5]. ʈʝʟʫʣʴʪʘʪʦʤ ʦʙʫʯʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʛʦʪʦʚʳʝ ʤʦʜʝʣʠ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʤʝʪʦʜʝ ʩʢʘʥʠʨʫʶʱʝʛʦ ʦʢʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʣʦʢʘʣʠʟʘʮʠʠ 

ʧʦʟʚʦʥʢʦʚ. ʊʘʢ ʢʘʢ ʚʳʙʦʨʢʘ ʦʢʘʟʘʣʘʩʴ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ, ʪʦ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ F-ʤʝʨʘ ʠ AUC-ROC [6]. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɺ 

ʮʝʣʦʤ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʭʦʨʦʰʦ ʧʦʢʘʟʘʣ ʩʝʙʷ ʥʘ ʪʝʩʪʠʨʦʚʘʥʠʠ, ʘ ʟʥʘʯʠʪ, ʝʛʦ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʥʢʦʚ. 

 
ʊʘʙʣʠʮʘ ˉ1. ʉʨʘʚʥʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠ ʦʙʫʯʝʥʠʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ  

ʄʦʜʝʣʴ &  ʥʘ ʦʙʫʯʝʥʠʠ  AUC-ROC ʥʘ 

ʦʙʫʯʝʥʠʠ 
&  ʥʘ 

ʪʝʩʪʠʨʦʚʘʥʠʠ 

AUC-ROC ʥʘ 

ʪʝʩʪʠʨʦʚʘʥʠʠ 

ʄʆɺ ʙʝʟ ʥʘʩʪʨʦʡʢʠ 

ʷʜʨʘ 

0,96824 

  

0,99545 0,96618 

  

0,99613 

ʄʆɺ ʩ ʣʠʥʝʡʥʳʤ 

ʷʜʨʦʤ 

0.987898 

 

0,99902 0.985645 

 

0,99853 

ʄʆɺ ʩ 

ʧʦʣʠʥʦʤʠʘʣʴʥʳʤ 

ʷʜʨʦʤ 

1 

 

1 0.97852 

 

0.99851 

ʄʆɺ ʩ ʨʘʜʠʘʣʴʥʳʤ 

ʷʜʨʦʤ 

1 

 

1 0.98795 

 

0,99960 

 

Ä ʇʦʩʪʨʦʝʥʠʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʤʝʪʦʜʦʤ ɺʠʦʣʳ-ɼʞʦʥʩʘ. 

ʄʝʪʦʜ ʇʦʣʘ ɺʠʦʣʳ ʠ ʄʘʡʢʣʘ ɼʞʦʥʩʦʥʘ (ɼʝʪʝʢʪʦʨ ʍʘʘʨʘ) ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ 2001 ʛʦʜʫ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʣʠʮ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ [8]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʟʥʘʢʦʚ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʤʠʪʠʚʳ ʍʘʘʨʘ. ʇʨʠʟʥʘʢ ʍʘʘʨʘ ʠʤʝʝʪ ʬʦʨʤʫ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʠʣʠ ʢʚʘʜʨʘʪʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʩʤʝʞʥʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʦʙʣʘʩʪʝʡ. ɼʣʷ ʢʘʞʜʦʛʦ 

ʩʥʠʤʢʘ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʬʦʨʤʠʨʫʶʪʩʷ 200000 ʨʘʟʣʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʠʭ 



 

110 

 
 

ʤʘʩʰʪʘʙʦʚ ʠ ʧʦʣʦʞʝʥʠʷ ʚʥʫʪʨʠ ʩʥʠʤʢʘ (ʨʠʩʫʥʦʢ 1), ʧʦʩʣʝ ʯʝʛʦ ʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʧʨʠʟʥʘʢʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʷʨʢʦʩʪʠ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʧʠʢʩʝʣʷ ʚ ʙʝʣʦʤ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʝ, ʠʟ ʢʦʪʦʨʦʡ ʚʳʯʠʪʘʝʪʩʷ ʩʫʤʤʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʷʨʢʦʩʪʠ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʚ 

ʯʝʨʥʦʡ ʦʙʣʘʩʪʠ. ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʯʸʪʘ ʧʨʠʟʥʘʢʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ [7]. 

 

 
ʈʠʩʫʥʦʢ ˉ 1. ʇʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ ʍʘʘʨʘ 

 

ʉ ʢʘʞʜʳʤ ʧʨʠʟʥʘʢʦʤ ʩʚʷʟʳʚʘʝʪʩʷ ʩʣʘʙʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ 

ʦʜʥʦʫʨʦʚʥʝʚʦʝ ʜʝʨʝʚʦ ʨʝʰʝʥʠʡ.  ʆʪʚʝʪʦʤ ʪʘʢʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʷʚʣʷʝʪʩʷ 1, ʝʩʣʠ ʨʘʟʥʦʩʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚ ʯʸʨʥʳʭ ʠ ʙʝʣʳʭ ʦʙʣʘʩʪʷʭ ʙʦʣʴʰʝ ʧʦʨʦʛʘ ɖ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ) 

ʠ 0 ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. ʊʘʢʠʝ ʩʣʘʙʳʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ 

ʘʣʛʦʨʠʪʤʫ AdaBoost, ʢʦʪʦʨʳʡ ʦʪʙʠʨʘʝʪ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʠʟʥʘʢʠ ʠ ʩʪʨʦʠʪ ʙʠʥʘʨʥʳʡ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨ. ʇʦʩʣʝʜʥʝʡ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʤʝʪʦʜʘ ɺʠʦʣʳ ʠ ɼʞʦʥʩʘ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ 

ʦʙʲʝʜʠʥʝʥʠʷ ʥʘʙʦʨʘ ʩʠʣʴʥʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʚ ʢʘʩʢʘʜʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʂʘʩʢʘʜʥʘʷ ʤʦʜʝʣʴ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ï ʵʪʦ ʜʝʨʝʚʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʛʜʝ ʢʘʞʜʳʡ ʫʟʝʣ ʜʝʨʝʚʘ ʧʦʩʪʨʦʝʥ ʪʘʢ, 

ʯʪʦʙʳ ʥʘʭʦʜʠʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʠʥʪʝʨʝʩʫʶʱʠʭ ʦʙʨʘʟʦʚ ʠ ʦʪʢʣʦʥʷʪʴ ʨʝʛʠʦʥʳ, ʢʦʪʦʨʳʝ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʩʢʦʤʳʤ ʦʙʨʘʟʘʤ. ʇʨʠ ʵʪʦʤ ʫʟʣʳ ʜʝʨʝʚʘ ʨʘʟʤʝʱʝʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʯʝʤ 

ʙʣʠʞʝ ʫʟʝʣ ʥʘʭʦʜʠʪʩʷ ʢ ʢʦʨʥʶ ʜʝʨʝʚʘ, ʪʝʤ ʠʟ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʠʪʠʚʦʚ ʦʥ ʩʦʩʪʦʠʪ ʠ 

ʪʝʤ ʩʘʤʳʤ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝʛʦ ʚʨʝʤʝʥʠ ʥʘ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʘʤ ʧʨʦʮʝʩʩ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʚʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʟʘʥʠʤʘʝʪ ʜʦʣʠ ʩʝʢʫʥʜʳ.  

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʦʙʫʯʝʥʠʷ ʢʘʩʢʘʜʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʪʨʝʙʦʚʘʣʦʩʴ ʧʦʜʛʦʪʦʚʠʪʴ ʜʘʥʥʳʝ, 

ʧʦʜʘʚʘʝʤʳʝ ʥʘ ʚʭʦʜ ʤʝʪʦʜʘ ɺʠʦʣʳ-ɼʞʦʥʩʘ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ, ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʦʙʲʝʢʪ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚ ʤʝʪʦʜʝ ʍʘʘʨʘ, ʨʘʚʝʥ 100x100 ʧʠʢʩʝʣʝʡ, ʧʦʵʪʦʤʫ ʚʩʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʦʟʚʦʥʢʦʚ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʢ ʨʘʟʤʝʨʫ 70x50 ʧʠʢʩʝʣʝʡ, ʘ ʢʘʜʨʳ ʦʙʣʘʩʪʝʡ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ 

ʧʦʟʚʦʥʢʠ, ʙʳʣʠ ʨʘʟʙʠʪʳ ʥʘ ʬʨʘʛʤʝʥʪʳ ʪʘʢʦʛʦ ʞʝ ʨʘʟʤʝʨʘ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʳ 

ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ ʠ ɺʠʦʣʳ-ɼʞʦʥʩʘ ʚ ʤʝʪʦʜʝ ʩʢʘʥʠʨʫʶʱʝʛʦ ʦʢʥʘ ʠ ʩʨʘʚʥʠʪʴ ʪʦʯʥʦʩʪʴ 

ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʟʚʦʥʦʯʥʠʢʘ ʢʘʞʜʳʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ.  
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ʂʦʤʬʦʨʪʥʦʝ ʦʙʫʯʝʥʠʝ ʜʣʷ ʩʪʫʜʝʥʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʢʘʞʜʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʪʫʜʝʥʪʫ, ʚʘʞʥʦ ʧʦʣʫʯʠʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʥʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʢʘʢ ʤʦʞʥʦ ʙʳʩʪʨʝʝ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, ʚ ʂʝʤʝʨʦʚʩʢʦʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʥʝʪ ʤʦʙʠʣʴʥʦʛʦ ʢʣʠʝʥʪʘ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʫʩʧʝʚʘʝʤʦʩʪʠ 

ʦʙʫʯʘʶʱʝʛʦʩʷ, ʘ desktop ʚʝʨʩʠʷ ʷʚʣʷʝʪʩʷ ʥʝʫʜʦʙʥʦʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʦʜʩʠʩʪʝʤʳ çʋʩʧʝʚʘʝʤʦʩʪʴ ʩʪʫʜʝʥʪʘè, ʢʦʪʦʨʘʷ 

ʙʫʜʝʪ ʜʦʧʦʣʥʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʘ ʜʣʷ ʚʝʙ-ʩʘʡʪʘ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʥʫʣʷ ʜʣʷ ʤʦʙʠʣʴʥʦʡ 

ʧʣʘʪʬʦʨʤʳ.  

ʆʙʤʝʥ ʜʘʥʥʳʤʠ ʚ ʧʨʠʣʦʞʝʥʠʠ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʧʦʜʭʦʜʝ REST API[1]. ɸʚʪʦʨʠʟʘʮʠʷ 

ʧʨʦʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ JWT-ʪʦʢʝʥʦʚ, ʘ ʠʤʝʥʥʦ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʦ ʧʦʣʴʟʦʚʘʪʝʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʬʦʨʤʘʪʝ JSON ʚ ʟʘʰʠʬʨʦʚʘʥʥʦʤ ʚʠʜʝ.  

ɼʣʷ ʩʥʠʞʝʥʠʷ ʧʦʨʦʛʘ ʚʭʦʞʜʝʥʠʷ ʚ ʧʨʦʝʢʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʭʦʜ DDD (Domain Driven 

Design)[2]. ʕʪʦʪ ʤʝʪʦʜ ʥʝʦʙʭʦʜʠʤ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʨʘʟʨʘʙʦʪʯʠʢ ʥʝ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʠʩʪʦʤ ʚ 

ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʃʶʙʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʦʣʞʥʦ ʩʦʩʪʦʷʪʴ ʠʟ front-end ʠ back-end ʯʘʩʪʝʡ. ɼʣʷ ʧʝʨʚʦʛʦ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʬʨʝʡʤʚʦʨʢ Angular. ʆʥ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ Single Page Application 

(ʦʜʥʦʩʪʨʘʥʠʯʥʦʝ ʧʨʠʣʦʞʝʥʠʝ), ʛʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʙʝʟ 

ʧʝʨʝʟʘʛʨʫʟʦʢ ʩʪʨʘʥʠʮʳ[3]. Angular ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

çʢʦʤʧʦʥʝʥʪʦʚè, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʠʟʦʣʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʠ ʧʨʦʛʨʘʤʤʳ, 

ʯʪʦʙʳ ʧʝʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʧʨʠʣʦʞʝʥʠʷ[4]. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʛʠʙʢʦʩʪʴ ʠʥʪʝʨʬʝʡʩʘ, ʘ ʪʘʢʞʝ ʫʧʨʦʩʪʠʪʴ ʨʘʟʨʘʙʦʪʢʫ.  

ʇʨʠ ʩʦʟʜʘʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʬʦʨʤ ʢʦʤʧʦʥʝʥʪʦʚ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ PrimeNg, 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʚʤʝʩʪʝ ʩ 

ʥʘʪʠʚʥʳʤʠ css-ʩʪʠʣʷʤʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʚʥʝʰʥʝʛʦ ʚʠʜʘ.  

ɼʣʷ back-end ʨʘʟʨʘʙʦʪʢʠ ʚ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʬʨʝʡʤʚʦʨʢ Spring. Spring 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʬʨʝʡʤʚʦʨʢʦʚ ʜʣʷ Java. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʘʥʥʦʛʦ ʬʨʝʡʤʚʦʨʢʘ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʚʦʟʤʦʞʥʦʩʪʠ dependency 

injection[5]. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʛʠʙʢʠʝ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʜʦʨʘʙʘʪʳʚʘʪʴ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʙʝʟ ʦʩʦʙʳʭ ʩʣʦʞʥʦʩʪʝʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʜʘʥʥʳʭ ʠʟ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʘʙʣʠʮ (Entities) ʙʳʣ ʜʦʙʘʚʣʝʥ ʥʦʚʳʡ ʢʦʥʪʨʦʣʣʝʨ - ʦʙʨʘʙʦʪʯʠʢ 

https://docs.opencv.org/2.4/doc/tutorials/imgproc/histograms/histogram_equalization/histogram_equalization.html
https://docs.opencv.org/2.4/doc/tutorials/imgproc/histograms/histogram_equalization/histogram_equalization.html
https://ranalytics.github.io/data-mining/063-Nonlinear-Borders.html
https://habr.com/ru/company/ods/blog/328372/
https://habr.com/ru/post/133826/
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ʩʦʙʳʪʠʡ ʢʣʠʝʥʪʘ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʪʜʘʪʴ ʢʦʥʪʨʦʣʣʝʨʫ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʢʦʪʦʨʦʝ ʦʩʫʱʝʩʪʚʣʷʝʪ Repositories, ʠʩʧʦʣʴʟʫʝʪʩʷ Service, ʠ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʝʨʝʜʘʯʘ ʪʘʢʠʭ ʜʘʥʥʳʭ ʤʝʞʜʫ ʩʣʦʷʤʠ ʧʨʠʣʦʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ Data 

Transfer Object (DTO). 

ʇʦʜʩʠʩʪʝʤʘ ʜʣʷ ʚʝʙ ʧʨʠʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʚʠʜʝ 

ʪʘʙʣʠʮ ʩ ʬʠʣʴʪʨʘʤʠ ʧʦ ʥʫʞʥʦʤʫ ʧʝʨʠʦʜʫ. ɺ ʙʣʦʢʝ ñʇʨʦʩʤʦʪʨ ʫʩʧʝʚʘʝʤʦʩʪʠò ʚʳʚʦʜʠʪʩʷ 

ʜʘʥʥʳʝ ʧʦ ʢʘʞʜʦʤʫ ʧʨʝʜʤʝʪʫ, ʥʘʞʘʚ ʥʘ ʢʦʪʦʨʳʡ ʦʪʢʨʦʝʪʩʷ ʩʧʠʩʦʢ ʩ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ. 

 
ʈʠʩʫʥʦʢ 19. ʇʨʦʩʤʦʪʨ ʫʩʧʝʚʘʝʤʦʩʪʠ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʪʤʝʪʢʘʭ, ʥʘʜʦ ʧʝʨʝʡʪʠ ʚ 

ʨʘʟʜʝʣ ñɸʨʭʠʚ ʦʪʤʝʪʦʢò, ʛʜʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʟʘ ʣʶʙʦʡ ʧʝʨʠʦʜ. ɺ ʪʘʙʣʠʮʝ ʧʦ ʚʩʝʤ 

ʢʦʣʦʥʢʘʤ ʧʨʝʜʫʩʤʦʪʨʝʥ ʧʦʠʩʢ, ʚʳʧʦʣʥʷʝʤʳʡ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ. 

 

ʈʠʩʫʥʦʢ 20. ɸʨʭʠʚ ʦʪʤʝʪʦʢ 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʙʠʣʴʥʦʛʦ ʢʣʠʝʥʪʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʬʨʝʡʤʚʦʨʢ React Native[7] ʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ (IDE) Android Studio[8]. ʍʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʘ ʩʦʩʪʦʷʥʠʷ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʦʣʦʛʠʝʡ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʦʨʦʥʥʠʭ ʙʠʙʣʠʦʪʝʢ. 

ʈʝʘʣʠʟʘʮʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʟʘʧʨʦʩʦʚ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʤʝʪʦʜʫ ʢʦʣʙʵʢ-ʬʫʥʢʮʠʡ. ʉʙʦʨʢʘ 

ʧʨʦʝʢʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʙʠʙʣʠʦʪʝʢʠ webpack[9]. ɼʣʷ ʜʠʟʘʡʥʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʙʠʙʣʠʦʪʝʢʘ Native Base[10]. 

ʄʦʙʠʣʴʥʳʡ ʢʣʠʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʩʚʦʸ ʨʘʩʧʠʩʘʥʠʝ, 

ʨʘʩʧʠʩʘʥʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʠʤ.   

 

https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D0%B3%D1%80%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D1%80%D0%B5%D0%B4%D0%B0_%D1%80%D0%B0%D0%B7%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%BA%D0%B8
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     ʈʠʩʫʥʦʢ 3. ʈʘʩʧʠʩʘʥʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷ                        ʈʠʩʫʥʦʢ 4. ʈʘʩʧʠʩʘʥʠʝ ʩʪʫʜʝʥʪʘ 

 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʦʙʠʣʴʥʦʛʦ ʢʣʠʝʥʪʘ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ: 

ǒ ɸʚʪʦʨʠʟʘʮʠʦʥʥʳʡ ʵʢʨʘʥ 

ǒ ʅʘʚʠʛʘʮʠʦʥʥʦʝ ʤʝʥʶ 

ǒ ʕʢʨʘʥ ʦʪʦʙʨʘʞʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ 

ǒ ʕʢʨʘʥ ʦʪʦʙʨʘʞʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ 

ǒ ʕʢʨʘʥ ʦʪʦʙʨʘʞʝʥʠʷ ʧʨʦʬʠʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ 

ɺʥʝʜʨʝʥʠʝ ʧʦʜʩʠʩʪʝʤʳ çʋʩʧʝʚʘʝʤʦʩʪʴ ʩʪʫʜʝʥʪʘè ʧʦʚʳʰʘʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʦʣʴʟʫ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʬʝʜʨʦʡ. ʀʥʪʫʠʪʠʚʥʦ-ʧʦʥʷʪʥʳʡ 

ʠʥʪʝʨʬʝʡʩ ʠ ʧʦʣʫʯʝʥʠʝ ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʢ ʦ ʧʨʝʜʤʝʪʝ, ʪʘʢ ʠ ʦʙ ʦʪʤʝʪʢʘʭ, ʚʦ ʚʨʝʤʷ 

ʨʘʙʦʪʳ ʟʘ ʢʦʤʧʴʶʪʝʨʦʤ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʢʦʤʬʦʨʪʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʤʦʙʠʣʴʥʳʡ ʢʣʠʝʥʪ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʳʩʪʨʳʡ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʜʦʩʪʫʧ ʢ ʫʩʧʝʚʘʝʤʦʩʪʠ 

ʦʙʫʯʘʶʱʝʛʦʩʷ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʠ ʚ ʣʶʙʦʤ ʤʝʩʪʝ.  

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. REST-ʧʨʦʩʪʳʤ ʷʟʳʢʦʤ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: URL: https://medium.com/@andr.ivas12/rest-

%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%8B%D0%BC-

%D1%8F%D0%B7%D1%8B%D0%BA%D0%BE%D0%BC-90a0bca0bc78 (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ:18.03.2020) 

2. ʕ.ʕʚʘʥʩ ʇʨʝʜʤʝʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ (DDD). ʉʪʨʫʢʪʫʨʠʟʘʮʠʷ ʩʣʦʞʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ / ʇʦʜ ʨʝʜ. ɺ. ʃ. ɹʨʦʜʦʚʦʡ. ɺʠʣʴʷʤʩ, 2017 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ:18.03.2020) 

3. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ Angular [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: URL: https://angular.io/ (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ:20.03.2020) 

4.  ʌʘʡʥ ʗ. Angular ʠ TypeScript. ʉʘʡʪʦʩʪʨʦʝʥʠʝ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ/ ʍ. ʌʘʡʥ, ʄ. ɸʥʪʦʥ ï 

ʄ.: ʇʠʪʝʨ, 2018 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 22.03.2020) 

5. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ Spring [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: URL: https://spring.io// (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ:23.03.2020) 

6. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ ReactJs [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: URL: https://reactjs.org// (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ:27.03.2020) 

7. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ React Native [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: URL: 

https://reactnative.dev/docs/getting-started (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ:30.03.2020) 

8. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ Android Studio [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: URL: 

https://developer.android.com/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ:30.03.2020) 

9. Webpack ï ʩʙʦʨʢʘ JavaScript ʤʦʜʫʣʝʡ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: URL: 

https://codex.so/webpack-tutorial (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ:27.03.2020) 

10. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ Native Base [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: URL: https://nativebase.io/ (ʜʘʪʘ 
ʦʙʨʘʱʝʥʠʷ:30.03.2020) 
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ʉʦʛʣʘʩʥʦ ʧʦʜʭʦʜʫ ɻʨʠʰʠʥʘ [1] ʣʝʩ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 1) ʤʥʦʛʦʬʘʟʥʫʶ ʧʦʨʠʩʪʦ-

ʜʠʩʧʝʨʩʥʫʶ ʜʚʫʭʪʝʤʧʝʨʘʪʫʨʥʫʶ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʫʶ ʩʨʝʜʫ; 2) ʧʦʣʦʛ ʣʝʩʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʥʝʜʝʬʦʨʤʠʨʫʝʤʳʤ; 3) ʚ ʣʝʩʥʦʤ ʤʘʩʩʠʚʝ ʦʙʲʝʤʥʳʤʠ ʜʦʣʷʤʠ ʣʝʩʥʳʭ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʩʫʭʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʚʦʜʳ, ʟʦʣʳ, ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʠʨʦʣʠʟʘ, ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʥʦʡ ʜʦʣʝʡ ʛʘʟʦʚʦʡ ʬʘʟʳ; 4) ʪʝʯʝʥʠʝ 

ʩʯʠʪʘʝʪʩʷ ʨʘʟʚʠʪʳʤ ʪʫʨʙʫʣʝʥʪʥʳʤ. ʉʭʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ.1. 

 

ʈʠʩʫʥʦʢ 1. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʘʛʠʨʫʶʱʝʛʦ ʪʝʯʝʥʠʷ [1]. ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ 

ʯʠʩʣʝʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ ʠ ʘʣʛʦʨʠʪʤʘ SIMPLE [2]. ʉʠʩʪʝʤʘ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʧʨʦʮʝʩʩʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʙʳʣʘ ʨʝʰʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ SIP [2]. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʚ ʦʙʣʘʩʪʠ, ʛʜʝ ʧʨʦʠʩʭʦʜʷʪ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ 

(ʠʩʧʘʨʝʥʠʝ ʚʣʘʛʠ, ʧʠʨʦʣʠʟ ʠ ʛʦʨʝʥʠʝ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ), 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚʦʡ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟ, ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʦʚʦʡ ʬʘʟʳ ʠ ʦʙʲʝʤʥʳʭ ʜʦʣʝʡ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʳ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ ʠʩʪʦʯʥʠʢ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʩ ʣʝʚʦʡ ʩʪʦʨʦʥʳ 

ʣʝʩʥʦʛʦ ʤʘʩʩʠʚʘ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʥʘʛʨʝʚʫ ʣʝʩʥʳʭ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʘʨʝʥʠʶ ʚʣʘʛʠ, 

ʥʘʯʘʣʫ ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʣʝʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ ʠ ʠʭ 

ʚʦʩʧʣʘʤʝʥʝʥʠʶ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ ʧʠʨʦʣʠʟʘ ʧʦʣʦʛʘ ʣʝʩʘ 

ʚʦʩʧʣʘʤʝʥʷʶʪʩʷ ʠ ʧʣʘʤʷ ʦʭʚʘʪʳʚʘʝʪ ʧʦʣʦʛ ʣʝʩʘ ʠ ʜʘʣʝʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʝʪʨʘ ʬʨʦʥʪ ʚʝʨʭʦʚʦʛʦ 

ʣʝʩʥʦʛʦ ʧʦʞʘʨʘ ʥʘʯʠʥʘʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʬʨʦʥʪʘ ʚʝʨʭʦʚʦʛʦ 

ʧʦʞʘʨʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘʛʨʝʚ ʩʪʝʥ ʟʜʘʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʝ ʟʘʞʠʛʘʥʠʝ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ 

ʚʣʠʷʥʠʝ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʝʩʦʤ ʠ ʟʜʘʥʠʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʚʦʟʤʦʞʥʦ ʟʘʞʠʛʘʥʠʝ ʩʪʝʥ ʟʜʘʥʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʝʩʥʦʛʦ ʧʦʞʘʨʘ. ɼʝʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʤʦʛʫʪ ʚʦʩʧʣʘʤʝʥʷʪʴʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʕʪʦ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, 
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ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʟʦʥʳ ʛʦʨʝʥʠʷ ʜʦ ʟʜʘʥʠʷ, ʚʳʩʦʪʳ ʟʜʘʥʠʷ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʨʘʙʦʪʝ [3] 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʨʝʚʝʩʠʥʘ ʙʫʜʝʪ ʚʦʩʧʣʘʤʝʥʷʪʴʩʷ, ʢʦʛʜʘ ʝʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʚʳʩʠʪ 300Áʉ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʧʨʠ 

ʩʢʦʨʦʩʪʷʭ ʚʝʪʨʘ ʙʦʣʝʝ 6 ʤ/ʩ. ʊʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʤʠʥʠʤʘʣʴʥʳʝ ʙʝʟʦʧʘʩʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʣʝʩʦʤ ʠ ʟʜʘʥʠʝʤ, ʢʦʛʜʘ ʟʜʘʥʠʝ ʥʝ ʙʫʜʝʪ 

ʧʦʜʦʞʞʝʥʦ ʣʝʩʥʳʤ ʧʦʞʘʨʦʤ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠʟʤʝʥʷʣʦʩʴ ʦʪ 6 ʜʦ 14 ʤ/ʩ. 

ʊʘʢʞʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʚʳʩʦʪʳ ʟʜʘʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʙʝʟʦʧʘʩʥʳʭ ʨʘʩʩʪʦʷʥʠʡ. ʅʘ ʈʠʩ.2 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʙʝʟʦʧʘʩʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʳʩʦʪ 

ʟʜʘʥʠʡ (ʢʨʠʚʳʝ 1 - 3 ʤ ʠ 2 ï 6 ʤ). ɽʩʣʠ ʚʳʩʦʪʘ ʟʜʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 3 ʜʦ 6 ʤ, ʪʦ ʙʝʟʦʧʘʩʥʦʝ 

ʨʘʩʩʪʦʷʥʠʷ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ (ʈʠʩ. 2) ʜʣʷ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ. 

 

ʈʠʩʫʥʦʢ 2. 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. ɻʨʠʰʠʥ, ɸ.ʄ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʠ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʙʦʨʴʙʳ ʩ ʥʠʤʠ / 

ɸ.ʄ. ɻʨʠʰʠʥ. - ʅʦʚʦʩʠʙʠʨʩʢ: ʅʘʫʢʘ, 1992, -408 ʩ. 

2. ʇʘʪʘʥʢʘʨ, ʉ.ɺ. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʜʠʥʘʤʠʢʠ ʞʠʜʢʦʩʪʠ / 
ʉ.ɺ. ʇʘʪʘʥʢʘʨ. - ʄ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1984.-152ʩ. 

3. ɺʘʣʝʥʜʠʢ, ʕ.ʅ. ʂʨʫʧʥʳʝ ʣʝʩʥʳʝ ʧʦʞʘʨʳ / ʕ.ʅ. ɺʘʣʝʥʜʠʢ, ʇ.ʄ. ʄʘʪʚʝʝʚ, ʄ.ɸ. ʉʘʬʨʦʥʦʚ. 

ï ʄ.: ʅʘʫʢʘ, 1979.-198ʩ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ ʇʝʨʤʠʥʦʚ ɺ.ɸ., ʌɻɸʆʋ ɺʇʆ çʊʦʤʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʋɼʂ 004.41 

ʇʆɼʉʀʉʊɽʄɸ çɸʊʊɽʉʊɸʎʀʗ ʉʊʋɼɽʅʊʆɺè ɼʃʗ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʂɸʌɽɼʈʆʁ 

ʇ. ʉ. ʄʘʣʘʰʠʥ, ɸ. ʀ. ʅʝʡʤʘʥ 

ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

baren1998@gmail.com, arthurneiman@mail.ru 

 

ɺ 2019 ʛʦʜʫ ʥʘ ʙʘʟʝ ʂʝʤɻʋ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʢʘʬʝʜʨʦʡ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ: 

ʫʧʨʘʚʣʷʪʴ ʨʘʩʧʠʩʘʥʠʝʤ, ʚʝʩʪʠ ʞʫʨʥʘʣ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʩʦʟʜʘʚʘʪʴ ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ 

ʜʣʷ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ ʠ ʪ.ʜ. ʅʘ ʪʝʢʫʱʠʡ 2020 ʛʦʜ ʩʠʩʪʝʤʘ ʥʝ ʧʦʪʝʨʷʣʘ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ, ʪʘʢ 

ʢʘʢ ʧʦʜʦʙʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʚ ʂʝʤɻʋ ʚʚʝʜʝʥʦ ʥʝ ʙʳʣʦ[1].. 
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ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʨʘʩʧʠʩʘʥʠʝ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʦʪʤʝʪʢʫ ʧʦʩʝʱʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʩʠʩʪʝʤʳ ʦʪʯʝʪʥʦʩʪʠ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʥʘ ʚʝʙ ʢʣʠʝʥʪʝ. ʕʪʦ ʩʜʝʣʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʙʦʣʝʝ ʤʦʙʠʣʴʥʳʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ, ʧʨʝʜʦʩʪʘʚʠʪ ʙʦʣʝʝ ʛʠʙʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʟʘʜʘʯ ʢʘʬʝʜʨʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʜʭʦʜ DDD 

(Domain Driven Design). ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʦʣʠʨʦʚʘʪʴ ʣʦʛʠʢʫ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʦʪ 

ʦʩʪʘʣʴʥʳʭ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʤʦʜʝʨʥʠʟʘʮʠʶ ʠ ʨʘʩʰʠʨʝʥʠʝ ʩʠʩʪʝʤʳ 

[2]. 

ʇʦʜʩʠʩʪʝʤʘ ʦʪʯʝʪʥʦʩʪʠ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʦʪʜʝʣʴʥʳʡ ʜʦʤʝʥ-

ʩʫʱʥʦʩʪʴ ʠ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ. ʕʪʦʪ ʜʦʤʝʥ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ 

Domain layer, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʢʦʜʝ.  

ʇʦʜʩʠʩʪʝʤʘ ʦʪʯʝʪʥʦʩʪʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 2 ʢʦʤʧʦʥʝʥʪʘ: ʘʪʪʝʩʪʘʮʠʶ ʪʝʢʫʱʝʡ ʫʩʧʝʚʘʝʤʦʩʪʠ 

ʩʪʫʜʝʥʪʦʚ ʠ ʦʙʱʠʡ ʦʪʯʝʪ. 

ʂ ʧʦʜʩʠʩʪʝʤʝ ʦʪʯʝʪʥʦʩʪʠ ʪʝʢʫʱʝʡ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

 ɸʪʪʝʩʪʘʮʠʷ ʪʝʢʫʱʝʡ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ: 

o ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʪʪʝʩʪʘʮʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ, ʫʢʘʟʳʚʘʝʤʳʭ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ 
ʜʘʥʥʳʭ: ʛʦʜ, ʩʝʤʝʩʪʨ, ʛʨʫʧʧʘ, ʜʠʩʮʠʧʣʠʥʘ, ʥʘʯʘʣʦ ʧʝʨʠʦʜʘ ʘʪʪʝʩʪʘʮʠʠ, 

ʢʦʥʝʮ ʧʝʨʠʦʜʘ ʘʪʪʝʩʪʘʮʠʠ 

o ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ ʩʦ 

ʩʪʦʣʙʮʘʤʠ: ʌʀʆ ʩʪʫʜʝʥʪʘ, ʇʨʦʧʫʱʝʥʥʳʭ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʯʘʩʦʚ, 

ɸʪʪʝʩʪʘʮʠʦʥʥʳʡ ʙʘʣʣ 

 ʆʙʱʘʷ ʦʪʯʝʪʥʦʩʪʴ: 

o ɺʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʫʯʝʙʥʳʭ ʛʨʫʧʧ ʠ ʜʠʩʮʠʧʣʠʥ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʘ 

o ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʘ ʚ ʚʠʜʫ ʪʘʙʣʠʮʳ ʩʦ ʩʪʦʣʙʮʘʤʠ: ʌʀʆ ʩʪʫʜʝʥʪʘ, 

ʧʦʩʝʱʝʥʦ ʟʘʥʷʪʠʡ, ʚʩʝʛʦ ʟʘʥʷʪʠʡ, ʧʦʣʫʯʝʥʦ ʙʘʣʣʦʚ, ʤʘʢʩʠʤʫʤ ʙʘʣʣʦʚ 

o ʇʨʦʩʤʦʪʨ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʦʪʯʝʪʘ 

o ʕʢʩʧʦʨʪ ʦʪʯʝʪʘ ʚ ʬʦʨʤʘʪʝ xlsx 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʩʠʩʪʝʤʳ ʦʪʯʝʪʥʦʩʪʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ:  

 ʅʘ ʩʪʦʨʦʥʝ ʩʝʨʚʝʨʘ 

o Entities-ʩʫʱʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʜʦʤʝʥʘ. ʂʦʥʢʨʝʪʥʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʵʪʦ ʩʫʱʥʦʩʪʠ ʘʪʪʝʩʪʘʮʠʠ ʠ 

ʦʙʱʝʛʦ ʦʪʯʝʪʘ. 

o Repositories(ʨʝʧʦʟʠʪʦʨʠʠ ʚ ʢʦʥʪʝʢʩʪʝ Spring)-ʢʦʤʧʦʥʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʜʣʷ ʭʨʘʥʝʥʠʷ, ʠʟʚʣʝʯʝʥʠʷ ʠ ʧʦʠʩʢʘ. ʕʪʠ ʢʦʤʧʦʥʝʥʪʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ.  

o Services-ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ ʬʘʩʘʜʳ ʙʠʟʥʝʩ ʣʦʛʠʢʠ. 

o DTOs-ʜʘʪʘ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʦʙʲʝʢʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʜʘʥʥʳʭ ʤʝʞʜʫ ʩʣʦʷʤʠ.  

o Controllers-ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʙʘʪʳʚʘʶʪ ʧʦʩʪʫʧʘʶʱʠʝ ʟʘʧʨʦʩʳ ʩ ʢʣʠʝʥʪʘ 

ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʘʥʥʳʝ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ. 

o ʈʝʘʣʠʟʦʚʘʥʘ ʣʦʛʠʢʠ ʧʦʜʩʯʝʪʘ ʙʘʣʣʦʚ ʠ ʪ.ʜ. 

 ʅʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ  

o ʂʦʤʧʦʥʝʥʪʳ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʘʪʪʝʩʪʘʮʠʠ ʠ ʦʙʱʝʛʦ ʦʪʯʝʪʘ 

o ʉʝʨʚʠʩʳ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʠ ʵʢʩʧʦʨʪʘ 

ɸʪʪʝʩʪʘʮʠʷ ʪʝʢʫʱʝʡ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʪʘʙʣʠʮʫ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʧʦʩʝʱʘʝʤʦʩʪʠ ʠ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. ɼʦʩʪʫʧ ʢ ʘʪʪʝʩʪʘʮʠʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥ ʯʝʨʝʟ ʞʫʨʥʘʣ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʙʦʨʘ ʛʨʫʧʧʳ, 
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ʜʠʩʮʠʧʣʠʥʳ ʠ ʧʝʨʠʦʜʘ ʦʙʫʯʝʥʠʷ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʪʪʝʩʪʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʫʢʘʟʘʪʴ 

ʚʨʝʤʝʥʥʦʡ ʧʝʨʠʦʜ. 

ʆʙʱʠʡ ʦʪʯʝʪ - ʵʪʦ ʢʦʤʧʦʥʝʥʪ, ʢʦʪʦʨʳʡ ʚʳʥʝʩʝʥ ʚ ʦʪʜʝʣʴʥʳʡ ʨʘʟʜʝʣ. ʆʥ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʘ ʧʦ ʫʯʝʙʥʦʤʫ ʧʝʨʠʦʜʫ ʠ ʛʨʫʧʧʝ-ʜʠʩʮʠʧʣʠʥʝ. ɼʘʣʝʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʪʯʝʪʘ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʝʩʪʠ 

ʵʢʩʧʦʨʪ ʚ ʬʦʨʤʘʪ xlsx ʦʪʯʝʪʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʛʨʫʧʧʳ-ʜʠʩʮʠʧʣʠʥʝ ʠʣʠ ʚʩʝʭ, ʚʳʙʨʘʥʥʳʭ ʨʘʥʝʝ 

ʛʨʫʧʧ-ʜʠʩʮʠʧʣʠʥ. ʕʢʩʧʦʨʪ ʚ xlsx ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ ExcelJS.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʙʠʣʴʥʦʛʦ ʢʣʠʝʥʪʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʬʨʝʡʤʚʦʨʢ React Native ʚ ʩʚʷʟʢʝ ʩ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ Android Studio. ʍʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʘ ʩʦʩʪʦʷʥʠʷ ʦʩʫʱʝʩʪʚʣʝʥʘ ʩʪʘʥʜʘʨʪʥʦʡ 

ʤʝʪʦʜʦʣʦʛʠʝʡ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʦʨʦʥʥʠʭ ʙʠʙʣʠʦʪʝʢ. ʉʘʤ ʧʨʦʝʢʪ ʧʦʩʪʨʦʝʥ ʧʦ ʧʨʠʥʮʠʧʫ 

ñʦʜʥʦʩʪʨʘʥʠʯʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷò. ʈʝʘʣʠʟʘʮʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʟʘʧʨʦʩʦʚ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʦ 

ʤʝʪʦʜʫ ʢʦʣʙʵʢ-ʬʫʥʢʮʠʡ. ʉʙʦʨʢʘ ʧʨʦʝʢʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʙʠʙʣʠʦʪʝʢʠ webpack. 

ʀʥʪʝʨʬʝʡʩ ʦʙʤʝʥʘ ʜʘʥʥʳʭ ʨʝʘʣʠʟʦʚʘʥ ʧʦ ʪʝʭʥʦʣʦʛʠʠ REST API. ɸʚʪʦʨʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʧʦʤʦʱʴʶ JWT ʪʦʢʝʥʦʚ. 

ʄʦʙʠʣʴʥʳʡ ʢʣʠʝʥʪ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Android ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʢʘʢ ʫʩʪʘʥʦʚʦʯʥʳʡ ʬʘʡʣ ʩ ʨʘʩʰʠʨʝʥʠʝʤ .apk. ʇʨʠʣʦʞʝʥʠʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʪʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʘʢ: ʧʨʦʩʤʦʪʨ ʠ ʚʝʜʝʥʠʝ ʩʚʦʝʛʦ ʞʫʨʥʘʣʘ ʠ ʨʘʩʧʠʩʘʥʠʷ.  

ʈʘʩʧʠʩʘʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ, ʛʜʝ ʚ ʧʝʨʚʦʡ ʢʦʣʦʥʢʝ ʚʨʝʤʷ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ 

ʧʘʨʳ. ɺʪʦʨʳʤ ʩʪʦʣʙʮʦʤ ʥʘʭʦʜʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤ ʧʨʝʜʤʝʪ, ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʯʝʪ/ʥʝʯʝʪ 

ʠ ʛʨʫʧʧʠʨʦʚʢʦʡ ʧʦ ʛʨʫʧʧʘʤ ʩʪʫʜʝʥʪʦʚ. 

ʋʩʧʝʚʘʝʤʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʥʘ ʤʦʙʠʣʴʥʦʤ ʢʣʠʝʥʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ, ʛʜʝ ʚ 

ʧʝʨʚʦʤ ʩʪʦʣʙʮʝ ʥʘʭʦʜʠʪʩʷ ʌʀʆ ʩʪʫʜʝʥʪʘ, ʘ ʚʦ ʛʣʘʚʝ ʚʪʦʨʦʛʦ ʩʪʦʣʙʮʘ ʥʘʭʦʜʠʪʩʷ ʜʘʪʘ ʟʘʥʷʪʠʷ. 

ɺʪʦʨʦʡ ʩʪʦʣʙʝʮ ʨʘʟʙʠʚʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʡ ʧʦʜʛʨʫʧʧʳ. ʆʪ ʵʪʦʛʦ ʟʘʚʠʩʠʪ 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʦʥʦʢ ʩ ʦʪʤʝʪʢʘʤʠ. ɺʦ ʛʣʘʚʝ ʧʦʜ-ʢʦʣʦʥʢʠ ʩʪʦʠʪ ʥʦʤʝʨ ʧʘʨʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʘ 

ʢʦʣʦʥʢʘ ʪʘʢʞʝ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʪʠʧʦʚ ʫʯʸʪʘ 

ʫʩʧʝʚʘʝʤʦʩʪʠ (ʧʦʩʝʱʝʥʠʝ, ʣʘʙʦʨʘʪʦʨʥʘʷ ʠ ʪ.ʜ.). 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʦʙʠʣʴʥʦʛʦ ʢʣʠʝʥʪʘ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ: 

 ʕʢʨʘʥ ʘʚʪʦʨʠʟʘʮʠʠ 

 ʅʘʚʠʛʘʮʠʦʥʥʦʝ ʤʝʥʶ 

 ʕʢʨʘʥ ʦʪʦʙʨʘʞʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ 

 ʕʢʨʘʥ ʚʳʙʦʨʘ ʧʦʜʛʨʫʧʧʳ 

 ʕʢʨʘʥ ʦʪʦʙʨʘʞʝʥʠʷ ʫʩʧʝʚʘʝʤʦʩʪʠ 

 ʂ ʤʦʙʠʣʴʥʦʤʫ ʧʨʠʣʦʞʝʥʠʶ ʙʳʣʠ ʧʨʝʜʲʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ 
ʪʨʝʙʦʚʘʥʠʷ: 

 ʆʪʦʙʨʘʞʝʥʠʝ ʨʘʩʧʠʩʘʥʠʷ ʟʘ ʥʝʩʢʦʣʴʢʦ ʛʦʜʦʚ ʦʙʫʯʝʥʠʷ. 

 ʆʪʦʙʨʘʞʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʟʘ ʚʩʝ ʤʝʩʷʮʳ ʦʙʫʯʝʥʠʷ. 

 ɻʨʫʧʧʠʨʦʚʢʘ ʩʪʫʜʝʥʪʦʚ ʧʦ ʧʦʜʛʨʫʧʧʘʤ, ʧʨʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʠ ʫʩʧʝʚʘʝʤʦʩʪʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʦʪʯʝʪʥʦʩʪʠ ʪʝʢʫʱʝʡ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ 

ʠ ʜʦʩʪʫʧʥʦ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʦʩʤʦʪʨ ʠ 

ʵʢʩʧʦʨʪ ʦʪʯʝʪʦʚ. ʇʦʜʦʙʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʦʪʯʝʪʥʦʩʪʠ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʪʝʤ ʩʘʤʳʤ ʦʩʚʦʙʦʞʜʘʷ ʝʛʦ ʦʪ ʦʜʥʦʪʠʧʥʳʡ ʠ ʪʨʝʙʫʶʱʠʭ 

ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʦʚ. 

ʄʦʙʠʣʴʥʳʡ ʢʣʠʝʥʪ ʠʟʙʘʚʣʷʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʝʱʘʪʴ ʩʠʩʪʝʤʫ ʯʝʨʝʟ 

ʚʝʙ ʧʨʠʣʦʞʝʥʠʝ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʠʩʪʝʤʦʡ ʚ ʣʶʙʦʤ ʤʝʩʪʝ. ʀʩʧʦʣʴʟʫʷ ʤʦʙʠʣʴʥʳʡ 

ʢʣʠʝʥʪ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʤʦʞʝʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʩʚʦʝ ʨʘʩʧʠʩʘʥʠʝ, ʚʳʩʪʘʚʣʷʪʴ ʙʘʣʣʳ ʟʘ 

ʧʦʩʝʱʘʝʤʦʩʪʴ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ. ʕʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʙʦʣʴʰʫʶ ʤʦʙʠʣʴʥʦʩʪʴ. 
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ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʋɼʂ 004.41 

ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʉʀʉʊɽʄɸ ʄʆʅʀʊʆʈʀʅɻɸ ʉʆʉʊʆʗʅʀʗ ɿɼʆʈʆɺʔʗ 

ʇɸʎʀɽʅʊʆɺ 

ɼ.ʖ. ʅʦʚʠʢʦʚ, ʂ.ɻ. ʂʘʨʝʪʠʥ, ɺ.ʉ. ʄʘʪʨʦʩ, ɺ.ɸ. ɸʥʫʬʨʠʝʚ, ʄ.ʉ. ɽʨʸʤʠʥ 

ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʙʠʣʠʪʘʮʠʠ ʙʦʣʴʥʳʭ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ 

ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ. ʅʘʨʫʰʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩ 

ʨʝʘʙʠʣʠʪʘʮʠʠ. ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʠʭ ʚʳʷʚʣʝʥʠʝ ʠ ʢʦʨʨʝʢʮʠʷ ʤʦʛʫʪ ʫʣʫʯʰʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʠʩʭʦʜ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʀʉ) ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʦʩʪʦʷʥʠʷ ʙʦʣʴʥʳʭ ʚʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʨʝʘʙʠʣʠʪʘʮʠʠ. 

ɺ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʩʠʩʪʝʤ. ʎʝʣʴʶ ʦʙʟʦʨʘ ʙʳʣʦ 

ʠʟʫʯʠʪʴ ʪʦ, ʯʪʦ ʧʨʝʜʣʘʛʘʶʪ ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ ʩʠʩʪʝʤʳ ʧʦ ʩʦʩʪʦʷʥʠʶ ʟʜʦʨʦʚʴʷ ʧʘʮʠʝʥʪʦʚ ʠ ʥʘ 

ʦʩʥʦʚʝ ʵʪʦʛʦ ʩʦʩʪʘʚʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʀʉ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʧʘʮʠʝʥʪʦʚ.  

ʂʨʠʪʝʨʠʷʤʠ ʘʥʘʣʠʟʘ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʩʠʩʪʝʤ ʷʚʣʷʣʠʩʴ: ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʫʩʪʨʦʡʩʪʚʦ ʜʦʤʘ, ʥʘʣʠʯʠʝ ʫ ʩʠʩʪʝʤ ʬʫʥʢʮʠʡ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʜʘʚʣʝʥʠʷ, ʧʫʣʴʩʘ, ʰʘʛʦʚ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʚʘʪʴ ʩʯʠʪʘʥʥʳʝ ʜʘʥʥʳʝ ʥʘ ʩʝʨʚʝʨ, ʦʪʩʣʝʞʠʚʘʪʴ ʢʨʠʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʥʘ ʥʠʭ ʨʝʘʛʠʨʦʚʘʪʴ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ ʩʠʩʪʝʤʳ:  

- Biotronik Home Monitoring, 

- BPMpathway, 

- Caretaker, 

- Aimoto senior. 

ʇʨʦʚʝʜʝʥʥʳʡ ʦʙʟʦʨ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʠ ʘʧʧʘʨʘʪʥʳʝ 

ʨʝʰʝʥʠʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʮʠʝʥʪʦʚ ʧʦʩʣʝ ʦʧʝʨʘʮʠʡ. ʆʜʥʘʢʦ ʥʠ ʦʜʥʘ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʩʠʩʪʝʤ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʪ ʚʩʝʤ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ. ʂʨʦʤʝ ʪʦʛʦ ʚ ʦʩʥʦʚʥʦʤ ʪʘʢʠʝ ʩʠʩʪʝʤʳ 

ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʠ ʜʦʨʦʛʠʤʠ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʤʘʩʩʦʚʦ ʜʦʩʪʫʧʥʳ 

https://react-native.org/
https://html5book.ru/osnovy-css/
http://htmlbook.ru/css
http://htmlbook.ru/html
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ʚʩʝʤ ʨʝʘʙʠʣʠʪʠʨʫʶʱʠʤʩʷ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʟʨʘʙʦʪʘʪʴ ʀʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʤʘʨʪ-ʙʨʘʩʣʝʪʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʚʘʨʠʘʥʪʦʤ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʮʝʥʳ ʠ ʢʘʯʝʩʪʚʘ.   

ɼʘʣʝʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨʘ ʨʷʜʘ ʧʦʧʫʣʷʨʥʳʭ ʩʤʘʨʪ-ʙʨʘʩʣʝʪʦʚ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ, ʢʘʢʠʝ 

ʠʟ ʥʠʭ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʧʘʮʠʝʥʪʘ. 

ɼʣʷ ʦʙʟʦʨʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʩʤʘʨʪ-ʙʨʘʩʣʝʪʳ ʥʘ ʨʳʥʢʝ, ʦʙʣʘʜʘʶʱʠʝ 

ʫʤʝʨʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ:  

- Samsung Galaxy Fit E SM-R375,  

- Fitbit Charge 3,  

- Amazfit Bip,  

- Xiaomi Mi Band 4,  

- SKMEI B15P, CK11S. 

ʆʙʟʦʨ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʮʝʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʩʤʘʨʪ-ʯʘʩʳ ʠʟʤʝʨʷʶʪ ʜʘʚʣʝʥʠʝ 

ʢʨʘʡʥʝ ʥʝʪʦʯʥʦ, ʣʠʙʦ ʩʦʚʩʝʤ ʥʝ ʦʙʣʘʜʘʶʪ ʪʘʢʦʡ ʬʫʥʢʮʠʝʡ. ɺ ʦʩʪʘʣʴʥʦʤ ʞʝ ʫ ʥʠʭ ʩʭʦʞʘʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʜʣʷ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʭʦʜʷ ʠʟ ʩʦʯʝʪʘʥʠʷ ʮʝʥʘ-ʢʘʯʝʩʪʚʦ 

ʜʣʷ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʮʠʝʥʪʝ ʙʳʣʦ ʚʳʙʨʘʥʦ ʥʦʩʠʤʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ï Xiaomi 

Mi Band 4. 

ʀʉ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʧʘʮʠʝʥʪʦʚ ʚʢʣʶʯʘʝʪ ʜʚʝ ʧʦʜʩʠʩʪʝʤʳ ï ʤʦʙʠʣʴʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ ʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ. ɼʘʥʥʳʝ ʦ ʧʫʣʴʩʝ ʠ ʦ ʢʦʣʠʯʝʩʪʚʝ ʰʘʛʦʚ ʧʝʨʝʜʘʶʪʩʷ ʩʦ ʩʤʘʨʪ-

ʙʨʘʩʣʝʪʘ ʚ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʘ ʠʟ ʥʝʛʦ ʚ ʙʘʟʫ ʜʘʥʥʳʭ. ʇʘʮʠʝʥʪ ʤʦʞʝʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ 

ʩʚʦʠ ʧʦʢʘʟʘʪʝʣʠ ʠ ʠʭ ʜʠʥʘʤʠʢʫ ʚ ʤʦʙʠʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ. ɺʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʨʘʯʦʤ ʠʣʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ. ɺʨʘʯ ʠʩʧʦʣʴʟʫʝʪ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʧʘʮʠʝʥʪʦʚ, ʥʘʟʥʘʯʝʥʠʷ ʩʭʝʤʳ ʣʝʯʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ. ɸʜʤʠʥʠʩʪʨʘʪʦʨ ʫʧʨʘʚʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ ʠʭ ʧʨʘʚʘʤʠ. 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʀʉ: 

- ʌʫʥʢʮʠʠ ʧʘʮʠʝʥʪʘ: ʘʚʪʦʨʠʟʘʮʠʷ ʧʦ ʣʦʛʠʥʫ ʠ ʧʘʨʦʣʶ, ʧʨʦʩʤʦʪʨ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʨʦʩʤʦʪʨ 
ʨʝʢʦʤʝʥʜʘʮʠʡ ʦʪ ʚʨʘʯʘ, ʧʨʦʩʤʦʪʨ ʪʝʢʫʱʝʡ ʩʭʝʤʳ ʣʝʯʝʥʠʷ, ʩʭʝʤ ʣʝʯʝʥʠʷ ʥʘ 

ʚʳʙʨʘʥʥʫʶ ʜʘʪʫ, ʬʠʢʩʘʮʠʷ ʜʘʪʳ ʠ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʩʪʘʚʠʪʴ ʢʦʤʤʝʥʪʘʨʠʡ, ʟʘʥʝʩʝʥʠʝ ʜʘʥʥʳʭ ʦ ʜʘʚʣʝʥʠʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ 

ʩʙʦʨ ʜʘʥʥʳʭ ʩʦ ʩʤʘʨʪ-ʙʨʘʩʣʝʪʘ ʠ ʦʪʧʨʘʚʢʘ ʜʘʥʥʳʭ ʚ ʙʘʟʫ ʜʘʥʥʳʭ. 

- ʌʫʥʢʮʠʠ ʚʨʘʯʘ: ʘʚʪʦʨʠʟʘʮʠʷ ʧʦ ʣʦʛʠʥʫ ʠ ʧʘʨʦʣʶ, ʨʝʛʠʩʪʨʘʮʠʷ ʧʘʮʠʝʥʪʘ, ʧʨʦʩʤʦʪʨ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʜʥʦʤ ʠʟ ʩʚʦʠʭ ʧʘʮʠʝʥʪʦʚ, ʫʩʪʘʥʦʚʢʘ ʣʠʯʥʳʭ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ 

ʚʳʙʨʘʥʥʦʛʦ ʧʘʮʠʝʥʪʘ (ʧʫʣʴʩ, ʜʘʚʣʝʥʠʝ), ʟʘʥʝʩʝʥʠʝ ʩʭʝʤʳ ʣʝʯʝʥʠʷ ʧʘʮʠʝʥʪʘ, ʚʥʝʩʝʥʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʧʘʮʠʝʥʪʘ, ʧʦʣʫʯʝʥʠʝ ʫʚʝʜʦʤʣʝʥʠʡ ʦ ʢʨʠʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ 

ʧʘʮʠʝʥʪʘ. 

- ʌʫʥʢʮʠʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ: ʘʚʪʦʨʠʟʘʮʠʷ ʧʦ ʣʦʛʠʥʫ ʠ ʧʘʨʦʣʶ, ʨʝʛʠʩʪʨʘʮʠʷ ʚʨʘʯʘ, 
ʟʘʜʘʥʠʝ ʨʦʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʠʟʤʝʥʝʥʠʝ ʨʦʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʨʦʩʤʦʪʨ ʣʦʛʘ. 

ɺ ʦʩʥʦʚʫ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʦʞʝʥ ʩʝʨʚʠʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ. ʄʦʙʠʣʴʥʦʝ ʠ ʚʝʙ 

ʧʨʠʣʦʞʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʥʘʧʠʩʘʥʥʳʭ REST-

ʩʝʨʚʠʩʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʩʝʨʚʝʨ ʧʨʠʣʦʞʝʥʠʡ 

Node.js, ʉʋɹɼ MySQL, JavaScript, JavaScript-ʙʠʙʣʠʦʪʝʢʠ React.  

ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘʧʠʩʘʥʦ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Javascript ʩ ʧʦʤʦʱʴʶ 

JavaScript-ʙʠʙʣʠʦʪʝʢʠ React Native ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʤʝʥʝʜʞʝʨʘ ʩʦʩʪʦʷʥʠʡ Redux (actions ʠ 

reducers). ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʠʟʫʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʷʟʳʢ ʨʘʟʤʝʪʢʠ CSS. 

Actions (ʵʢʰʝʥʳ) ï ʵʪʦ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪ ʜʘʥʥʳʝ ʠʟ ʧʨʠʣʦʞʝʥʠʷ ʚ ʭʨʘʥʠʣʠʱʝ 

ʜʘʥʥʳʭ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʭʨʘʥʠʣʠʱʘ. ʊʘʢʞʝ ʚ ʥʠʭ 

ʥʘʧʠʩʘʥʘ ʚʩʷ ʣʦʛʠʢʘ ʧʨʠʣʦʞʝʥʠʷ. ʂʦʤʧʦʥʝʥʪʳ ï ʵʪʦ ʢʣʘʩʩʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʦʪʦʙʨʘʞʝʥʠʝ, ʘ 

ʪʘʢʞʝ ʩʚʷʟʢʠ actions ʩ reducers, ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʠʥʪʝʨʬʝʡʩʦʤ. Reducers (ʨʝʜʶʩʝʨʳ) 

ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢ ʩʦʩʪʦʷʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʵʢʰʝʥʳ, ʦʪʧʨʘʚʣʝʥʥʳʝ ʚ 

ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ. 
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React ʠ React Native ʙʳʣʠ ʚʳʙʨʘʥʳ, ʧʦʪʦʤʫ ʯʪʦ ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʢʦʪʦʨʳʝ ʫʞʝ ʫʩʧʝʣʠ ʭʦʨʦʰʦ ʩʝʙʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʪʴ ʠ ʷʚʣʷʶʪʩʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʳʤʠ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤʳ ʨʘʟʤʝʱʝʥʠʷ ʚ ʥʦʪʘʮʠʠ 

UML. 

 

 

ʈʠʩʫʥʦʢ 1. ɼʠʘʛʨʘʤʤʘ ʨʘʟʤʝʱʝʥʠʷ 

 

ʅʘ ʜʘʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʩ ʥʘʨʫʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʚ 

ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʘʮʠʝʥʪʘ, ʛʜʝ ʪʦʪ ʤʦʞʝʪ ʧʨʦʩʤʦʪʨʝʪʴ ʩʯʠʪʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ɼʘʣʝʝ 

ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ REST-ʩʝʨʚʠʩʦʚ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʢʣʠʝʥʪʩʢʦʡ 

ʯʘʩʪʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ. ɼʘʥʥʳʝ ʦʪ ʚʨʘʯʘ, ʪʘʢʠʝ ʢʘʢ ʩʭʝʤʘ ʣʝʯʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʧʝʨʝʜʘʶʪʩʷ 

ʩ ʧʦʤʦʱʴʶ REST-ʩʝʨʚʠʩʦʚ ʚ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ. 

ɸʚʪʦʨʠʟʘʮʠʷ ʚ ʀʉ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʧʘʮʠʝʥʪʦʚ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ 

JWT (Json Web Token). Json Web Token ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʨʝʜʩʪʚʦ ʘʚʪʦʨʠʟʘʮʠʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʟʘʧʨʦʩʘ ʦʪ ʢʣʠʝʥʪʘ ʢ ʩʝʨʚʝʨʫ. ʊʦʢʝʥʳ ʩʦʟʜʘʶʪʩʷ ʩʝʨʚʝʨʦʤ, ʧʦʜʧʠʩʳʚʘʶʪʩʷ 

ʩʝʢʨʝʪʥʳʤ ʢʣʶʯʦʤ ʠ ʧʝʨʝʜʘʶʪʩʷ ʢʣʠʝʥʪʫ, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʝʪ ʜʘʥʥʳʡ ʪʦʢʝʥ 

ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʚʦʝʡ ʣʠʯʥʦʩʪʠ.  

ʇʨʦʮʝʜʫʨʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʪʦʢʝʥʦʚ: 

1. ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʚʦʜʠʪ ʠʤʷ ʠ ʧʘʨʦʣʴ. 

2. ʉʝʨʚʝʨ ʧʨʦʚʝʨʷʝʪ ʠʭ ʠ ʚʦʟʚʨʘʱʘʝʪ ʪʦʢʝʥ (JWT), ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʤʝʪʘʜʘʥʥʳʝ 
ʚʨʦʜʝ user_id, ʨʘʟʨʝʰʝʥʠʡ ʠ ʪ. ʜ. 

3. ʊʦʢʝʥ ʭʨʘʥʠʪʩʷ ʥʘ ʢʣʠʝʥʪʩʢʦʡ ʩʪʦʨʦʥʝ, ʯʘʱʝ ʚʩʝʛʦ ʚ ʣʦʢʘʣʴʥʦʤ ʭʨʘʥʠʣʠʱʝ, ʥʦ ʤʦʞʝʪ 

ʣʝʞʘʪʴ ʚ ʭʨʘʥʠʣʠʱʝ ʩʝʩʩʠʡ ʠʣʠ cookie. 

4. ʇʦʩʣʝʜʫʶʱʠʝ ʟʘʧʨʦʩʳ ʢ ʩʝʨʚʝʨʫ ʦʙʳʯʥʦ ʩʦʜʝʨʞʘʪ ʵʪʦʪ ʪʦʢʝʥ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʟʘʛʦʣʦʚʢʘ ʘʚʪʦʨʠʟʘʮʠʠ ʚ ʚʠʜʝ Bearer {JWT}.  

5. ʉʝʨʚʝʨ ʨʘʩʰʠʬʨʦʚʳʚʘʝʪ JWT ʠ ʝʩʣʠ ʪʦʢʝʥ ʚʝʨʥʳʡ, ʩʝʨʚʝʨ ʦʙʨʘʙʘʪʳʚʘʝʪ ʟʘʧʨʦʩ. 

6. ʂʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʭʦʜʠʪ ʠʟ ʩʠʩʪʝʤʳ, ʪʦʢʝʥ ʥʘ ʢʣʠʝʥʪʩʢʦʡ ʩʪʦʨʦʥʝ ʫʥʠʯʪʦʞʘʝʪʩʷ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʝʥʘ ʜʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 
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ʈʠʩʫʥʦʢ 2. ɼʠʘʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ 

 

ɺʚʝʜʝʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ ʦʪʧʨʘʚʣʷʶʪʩʷ ʥʘ ʩʝʨʚʝʨ. ʉ ʧʦʤʦʱʴʶ ʩʝʨʚʠʩʘ 

çɸʚʪʦʨʠʟʘʮʠʷè ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʚ ɹɼ. ɺ ʩʣʫʯʘʝ ʚʘʣʠʜʥʦʩʪʠ 

ʜʘʥʥʳʭ ʛʝʥʝʨʠʨʫʝʪʩʷ ʪʦʢʝʥ ʠ ʦʪʧʨʘʚʣʷʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ. ɺ ʩʣʫʯʘʝ ʦʰʠʙʢʠ ï ʦʪʧʨʘʚʣʷʝʪʩʷ 

ʩʦʦʙʱʝʥʠʝ ʦʙ ʦʰʠʙʢʝ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʝʜʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ. ɺ 

ʤʦʙʠʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ʨʝʘʣʠʟʦʚʘʥʳ: ʵʢʨʘʥ ʘʚʪʦʨʠʟʘʮʠʠ; ʥʘʯʘʣʴʥʳʡ ʵʢʨʘʥ, ʛʜʝ ʩʦʜʝʨʞʠʪʩʷ - 

ʙʣʦʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʮʠʝʥʪʝ, ʙʣʦʢ ʥʘʧʦʤʠʥʘʥʠʡ, ʙʣʦʢ ʩʦʩʪʦʷʥʠʷ ʧʘʮʠʝʥʪʘ (ʰʘʛʠ, ʧʫʣʴʩ, ʚʝʩ); 

ʵʢʨʘʥ ʩʪʘʪʠʩʪʠʢʠ ʧʫʣʴʩʘ ʠ ʰʘʛʦʚ; ʵʢʨʘʥ ʩʚʷʟʠ ʩ ʚʨʘʯʦʤ. ʈʝʘʣʠʟʦʚʘʥʳ REST-ʩʝʨʚʠʩʳ. ɺ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʠ ʨʝʘʣʠʟʦʚʘʥʳ: ʨʝʛʠʩʪʨʘʮʠʷ ʧʘʮʠʝʥʪʘ, ʩʪʨʘʥʠʮʘ ʘʚʪʦʨʠʟʘʮʠʠ, ʩʪʨʘʥʠʮʘ ʜʣʷ 

ʧʨʦʩʤʦʪʨʘ ʚʩʝʭ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʥʠʮʘ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʩʚʦʠʭ ʧʘʮʠʝʥʪʦʚ, ʨʝʛʠʩʪʨʘʮʠʷ ʚʨʘʯʘ, 

ʩʪʨʘʥʠʮʘ ʧʨʦʩʤʦʪʨʘ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʉ.ʖ. ɿʘʚʦʟʢʠʥ, ʌɻɹʆʋ ɺʇʆ çʂʝʤʝʨʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  
 

ʋɼʂ 004.932 

ʇʈʆɻʈɸʄʄʅʓʁ ʄʆɼʋʃʔ ʈɸʉʇʆɿʅʆɺɸʅʀʗ ʂʆʈʆʅɸʈʅʓʍ ʉʆʉʋɼʆɺ  

ʀ ʆɹʅʆʈʋɾɽʅʀʗ ʉʊɽʅʆɿʆɺ ʅɸ ʈɽʅʊɻɽʅʆɻʈɸʄʄɸʍ 

ʅʦʚʠʢʦʚ ʀ.ʉ. 

ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʶʜʝʡ ʩʪʨʘʜʘʝʪ ʦʪ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ 

ʙʦʣʝʟʥʝʡ, ʚʦ ʚʨʝʤʷ ʦʧʝʨʠʨʦʚʘʥʠʷ ʭʠʨʫʨʛʘʤ ʥʝʦʙʭʦʜʠʤʦ ʪʨʘʪʠʪʴ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ 

ʦʙʥʘʨʫʞʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʩʪʝʥʦʟʦʚ, ʥʦ ʠ ʩʦʩʫʜʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʦʥʠ ʨʘʩʧʦʣʦʞʝʥʳ. ʆʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʚ 

ʤʝʜʠʮʠʥʝ. ʕʪʘ ʦʙʣʘʩʪʴ ʭʘʨʘʢʪʝʨʠʟʠʨʫʝʪʩʷ ʧʦʣʫʯʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʮʠʝʥʪʘʭ ʚ ʚʠʜʝ 
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122 

 
 

ʤʝʜʠʮʠʥʩʢʠʭ ʩʥʠʤʢʦʚ ʬʦʨʤʘʪʘ DICOM. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʩ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʩʦʩʫʜʦʚ (ʨʠʩ. 1) ʧʦʣʫʯʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʤ ʢʘʯʝʩʪʚʦʤ: ʬʦʥ ʠʟʦʙʨʘʞʝʥʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʩʣʘʙʦ ʦʪʣʠʯʠʤ ʦʪ ʩʘʤʠʭ ʩʦʩʫʜʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʩʪʦʨʦʥʥʠʝ ʦʙʲʝʢʪʳ, ʰʫʤʳ ʠ 

ʟʘʪʝʤʥʝʥʠʷ, ʠʟʦʙʨʘʞʝʥʠʝ ʯʘʩʪʦ ʧʦʣʫʯʘʝʪʩʷ ʨʘʟʤʳʪʳʤ. ʇʦʵʪʦʤʫ ʯʪʦʙʳ ʩʪʝʥʦʟʳ ʦʜʥʦʟʥʘʯʥʦ 

ʙʳʣʠ ʚʠʜʥʳ ʥʘ ʩʥʠʤʢʝ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʪʘʢʦʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʙʳ ʚʳʜʝʣʷʪʴ 

ʩʦʩʫʜʳ ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ ʠ ʨʘʟʣʠʯʠʤʦ ʦʪ ʬʦʥʘ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʜʝʣʷʪʴ ʦʙʲʝʢʪʳ ʥʘ ʩʥʠʤʢʘʭ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʙʠʙʣʠʦʪʝʢʠ: 

Å ʙʠʙʣʠʦʪʝʢʘ Matplotlib ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʜʚʫʤʝʨʥʦʡ ʛʨʘʬʠʢʦʡ [1]; 

Å ʙʠʙʣʠʦʪʝʢʘ OpenCV ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ [2]; 

 

 
ʈʠʩʫʥʦʢ 1. ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʩʥʠʤʦʢ  

 

ɺ OpenCV ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʬʫʥʢʮʠʡ ʜʣʷ ʰʫʤʦʧʦʜʘʚʣʝʥʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ. 

ʌʫʥʢʮʠʷ fastNlMeansDenoising ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʘʣʛʦʨʠʪʤʘʭ ʠ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʬʦʪʦʛʨʘʬʠʡ, ʥʦ ʠ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (ʈʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 2. ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʩʥʠʤʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʫʥʢʮʠʠ fastNlMeansDenoising. 

 

ʄʝʪʦʜ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ - ʵʪʦ ʥʝʢʦʪʦʨʳʝ ʧʨʦʩʪʳʝ ʦʧʝʨʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʬʦʨʤʝ ʠʟʦʙʨʘʞʝʥʠʷ [3].   

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ Opening (ʦʪʢʨʳʪʠʝ) ʩʥʘʯʘʣʘ ʢ ʠʟʦʙʨʘʞʝʥʠʶ 

ʧʨʠʤʝʥʷʝʪʩʷ ʵʨʦʟʠʷ (ʩʫʞʝʥʠʝ), ʘ ʧʦʪʦʤ ʜʠʣʘʪʘʮʠʷ (ʨʘʩʰʠʨʝʥʠʝ). ʌʠʣʴʪʨ ʩʛʣʘʞʠʚʘʝʪ ʠ ʫʜʘʣʷʝʪ 

ʰʫʤʳ, ʘ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʤʘʣʝʥʴʢʠʭ ʬʨʘʛʤʝʥʪʦʚ (ʈʠʩ. 3). 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ Closing (ʟʘʢʨʳʪʠʝ) ʩʥʘʯʘʣʘ ʢ ʠʟʦʙʨʘʞʝʥʠʶ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʠʣʘʪʘʮʠʷ (ʨʘʩʰʠʨʝʥʠʝ), ʘ ʧʦʪʦʤ ʵʨʦʟʠʷ (ʩʫʞʝʥʠʝ). ʌʠʣʴʪʨ ʫʜʘʣʷʝʪ ʪʝʤʥʳʝ 

ʜʝʪʘʣʠ ʠ ʜʝʣʘʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʩʚʝʪʣʝʝ, ʘ ʟʘʪʝʤ ʫʤʝʥʴʰʘʝʪ ʦʙʱʫʶ ʷʨʢʦʩʪʴ ʜʦ ʧʨʝʞʥʝʛʦ ʫʨʦʚʥʷ, 

ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʪʝʤʥʳʝ ʜʝʪʘʣʠ. (ʨʠʩ. 4). 
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ʈʠʩʫʥʦʢ 3. ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʩʥʠʤʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʠʣʴʪʨʘ Opening. 

 

 

 
ʈʠʩʫʥʦʢ 4. ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʩʥʠʤʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʠʣʴʪʨʘ Closing. 

ʌʫʥʢʮʠʷ subtract ʨʘʩʩʯʠʪʳʚʘʝʪ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʜʚʫʤʷ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʢʦʛʜʘ ʦʙʘ ʚʭʦʜʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʨʘʟʤʝʨ ʠ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ, ʩʦʟʜʘʚ ʥʦʚʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ. (ʈʠʩ. 5). 

    
ʈʠʩʫʥʦʢ 5. ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʩʥʠʤʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʫʥʢʮʠʠ Subtract. ʘ) ʚʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

b) ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʬʠʣʴʪʨʘʮʠʷ (a) ʩ) ʨʝʟʫʣʴʪʘʪ ʚʳʯʠʪʘʥʠʷ ʠʟ (a) ʠ (b)  

 

ʌʫʥʢʮʠʷ CLAHE [5] ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʦʥʪʨʘʩʪʥʦʩʪʠ 

ʠʟʦʙʨʘʞʝʥʠʡ. ʆʥʘ ʚʳʯʠʩʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʛʠʩʪʦʛʨʘʤʤ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʪʜʝʣʴʥʦʤʫ ʫʯʘʩʪʢʫ ʠʟʦʙʨʘʞʝʥʠʷ, ʠ ʠʩʧʦʣʴʟʫʝʪ ʠʭ ʜʣʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʷʨʢʦʩʪʠ 

ʠʟʦʙʨʘʞʝʥʠʷ (ʈʠʩ. 6). 
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ʈʠʩʫʥʦʢ 6. ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʩʥʠʤʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʫʥʢʮʠʠ Subtract. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʳʥʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʦ ʚʳʜʝʣʝʥʠʶ ʠ 

ʦʙʥʘʨʫʞʝʥʠʶ ʩʦʩʫʜʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ, ʨʘʙʦʪʘ ʩ ʥʠʤʠ ʙʫʜʝʪ ʧʨʦʜʦʣʞʝʥʘ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʯʝʪʢʦʛʦ ʚʳʜʝʣʝʥʠʝ ʩʦʩʫʜʦʚ ʪʘʢ, ʯʪʦʙʳ ʩʪʝʥʦʟʳ ʦʜʥʦʟʥʘʯʥʦ ʚʳʜʝʣʷʣʠʩʴ ʥʘ ʩʥʠʤʢʘʭ. 
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ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʥʘ 

ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-

ʉʪʦʢʩʘ. ʉʦʟʜʘʥʥʳʡ ʧʘʢʝʪ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʢʝʡʩʦʚ, ʚʢʣʶʯʘʶʱʠʭ 

ʥʝʠʟʤʝʥʷʝʤʫʶ (ʨʝʰʘʪʝʣʴ) ʠ ʥʘʩʪʨʘʠʚʘʝʤʫʶ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ (ʨʘʩʯʝʪʥʘʷ 

ʩʝʪʢʘ, ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ ʬʘʡʣʳ ʨʘʩʯʝʪʘ, ʢʦʥʩʪʘʥʪʳ ʤʦʜʝʣʠ, ʬʘʡʣʳ ʧʦʣʝʡ, ʟʘʜʘʶʱʠʝ 

ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ) ʯʘʩʪʠ. ʈʘʙʦʪʘ ʩ ʧʘʢʝʪʦʤ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ 

https://ru.wikipedia.org/wiki/Matplotlib
https://ru.wikipedia.org/wiki/OpenCV
https://docs.opencv.org/3.1.0/d9/d61/tutorial_py_morphological_ops.html
https://docs.opencv.org/3.1.0/d5/daf/tutorial_py_histogram_equalization.html
https://docs.opencv.org/2.4/modules/core/doc/operations_on_arrays.html#subtract
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ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʥʘ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦ ʪʝʯʝʥʠʠ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʚ 

ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʢʘʥʘʣʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʘʢʝʪʦʚ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʪʝʯʝʥʠʝ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ANSYS, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ, [1]), OpenFOAM, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ 

ʦʙʲʝʤʦʚ (ʄʂʆ, [2]) ʠʣʠ XFlow, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ (ʄʂʈ, [3]). 

ʅʘʠʙʦʣʴʰʠʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʢʦʤʧʣʝʢʩʥʳʝ ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʳʭ 

ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʯʝʥʠʝ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʥʦ ʠ ʩʚʷʟʘʥʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ʅʘʧʨʠʤʝʨ, ʚ ʟʘʜʘʯʝ ʦ ʨʘʟʤʳʚʝ ʛʨʫʥʪʘ [4] ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʯʝʥʠʷ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʪʝʢʫʱʝʡ ʜʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʣʝ ʩʢʦʨʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʜʚʠʛʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʧʦ ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʜʥʘ, ʜʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʩ 

ʫʯʝʪʦʤ ʧʝʨʝʩʪʨʦʝʥʥʦʡ ʛʨʘʥʠʮʳ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɼʘʥʥʳʡ ʧʨʠʤʝʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʟʤʝʥʝʥʠʝ 

ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʷ 

ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ. ɼʨʫʛʦʡ ʢʣʘʩʩ ʩʚʷʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʠʟʤʝʥʝʥʠʝʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚ ʩʤʝʞʥʦʡ ʟʘʜʘʯʝ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ. ʅʘʧʨʠʤʝʨ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʚʦʣʥʦʧʨʦʜʫʢʪʦʨʘ ʚ ʟʘʜʘʯʝ ʦ ʛʝʥʝʨʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ [5]. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʪʝʯʝʥʠʷ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʥʦ ʥʝ 

ʩʦʜʝʨʞʘʪ ʥʝʦʙʭʦʜʠʤʳʭ ʯʘʩʪʝʡ ʜʣʷ ʨʘʩʯʝʪʘ ʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ, ʧʦʵʪʦʤʫ, ʚ ʩʣʫʯʘʝ ʚʳʙʦʨʘ 

ʛʦʪʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʟʫʯʝʥʠʠ ʝʛʦ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʳ, ʚʝʨʠʬʠʢʘʮʠʠ ʨʝʰʘʪʝʣʝʡ ʠ ʩʦʟʜʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʩʦʟʜʘʥʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʪʝʯʝʥʠʷ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʚʝʨʠʬʠʮʠʨʦʚʘʥ ʠ ʧʦʟʚʦʣʠʪ ʜʦʙʘʚʣʷʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ɺʳʙʦʨ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ [6] ʦʙʫʩʣʦʚʣʝʥ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʄʂʈ ʠ ʄʂʆ. ɽʛʦ ʜʦʩʪʦʠʥʩʪʚʦʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄʂʈ, ʷʚʣʷʝʪʩʷ ʠʥʜʠʬʬʝʨʝʥʪʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ʛʝʦʤʝʪʨʠʠ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄʂʆ ï ʤʝʥʴʰʠʡ ʨʘʟʤʝʨ 

ʨʝʰʘʝʤʳʭ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ.  

 

ʉʦʩʪʘʚ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ 

1. ʈʝʰʘʪʝʣʠ ï ʵʪʦ ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ 

ʟʘʜʘʯ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʝʘʣʠʟʦʚʘʥʳ ʨʝʰʘʪʝʣʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʡ ʚʷʟʢʦʡ 

ʥʝʩʞʠʤʘʝʤʦʡ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ, ʦʧʠʩʳʚʘʝʤʳʭ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ, 

ʘ ʪʘʢʞʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʡ ʩʦ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʝʡ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ 

ʤʦʜʝʣʠ ʜʚʫʭʬʘʟʥʳʭ ʞʠʜʢʦʩʪʝʡ. 

2. ʂʝʡʩ ï ʢʦʥʬʠʛʫʨʘʮʠʷ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʨʝʰʘʪʝʣʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʦʧʠʩʘʥʠʷ ʧʨʠʢʣʘʜʥʦʡ 

ʟʘʜʘʯʠ ʚ ʟʘʜʘʥʥʦʤ ʬʦʨʤʘʪʝ. ɼʣʷ ʢʘʞʜʦʛʦ ʨʝʰʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʢʝʡʩʦʚ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʨʝʰʘʪʝʣʷ ʟʘʜʘʯ ʦ ʪʝʯʝʥʠʠ ʚʷʟʢʦʡ 

ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʧʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʝʡʩʳ: ʪʝʯʝʥʠʝ ʇʫʘʟʝʡʣʷ ʚ 

ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʢʘʥʘʣʝ, ʪʝʯʝʥʠʝ ʚ ʢʘʚʝʨʥʝ ʩ ʜʚʠʞʫʱʝʡʩʷ ʢʨʳʰʢʦʡ, ʦʙʪʝʢʘʥʠʝ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʫʩʪʫʧʘ. 

3. ʋʪʠʣʠʪʳ ï ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ 

ʟʘʜʘʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʦʙʣʘʩʪʷʭ ʠ ʧʨʦʛʨʘʤʤʘ, ʧʨʝʦʙʨʘʟʫʶʱʘʷ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ 

ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ParaView [7] ʠʣʠ Tecplot [8]. 

 

ʈʝʘʣʠʟʘʮʠʷ 
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ɺ ʧʘʢʝʪʝ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʚ ʢʘʯʝʩʪʚʝ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥʳ C++ ʠ 

Python. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʰʘʪʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ C++ ʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, 

ʪʘʢ ʢʘʢ ʚʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʛʨʘʤʤ ʠ ʙʝʨʝʞʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʧʘʤʷʪʠ. ʆʩʥʦʚʥʳʝ ʢʣʘʩʩʳ:  

¶ Mesh ï ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ. 

¶ Basis ï ʟʘʜʘʝʪ ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʩʭʦʜʥʦʡ ʬʫʥʢʮʠʠ ʥʘ ʵʣʝʤʝʥʪʘʭ. 

¶ ScalarField, VectorField ï ʭʨʘʥʷʪ ʩʢʘʣʷʨʥʳʝ ʠ ʚʝʢʪʦʨʥʳʝ ʧʦʣʷ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʘʩʯʝʪʝ. 

¶ BoudaryCondition ï ʦʧʠʩʳʚʘʝʪ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. 

¶ Operator ï ʟʘʜʘʝʪ ʦʧʝʨʘʪʦʨʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʧʦʣʷ. 

¶ Equation ï ʦʧʠʩʳʚʘʝʪ ʫʨʘʚʥʝʥʠʷ, ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. 

¶ Solver ï ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʝʰʘʪʝʣʠ ʉʃɸʋ. 

¶ TaskController ï ʫʧʨʘʚʣʷʝʪ ʧʨʦʮʝʩʩʦʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

ɼʣʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʫʪʠʣʠʪ ʚʳʙʨʘʥ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python, ʪʘʢ ʢʘʢ ʦʥ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʟʘʜʘʯʫ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʜʘ ʠ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʩʢʦʨʦʩʪʴ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʬʦʨʤʘʪʘ ʦʧʠʩʘʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʬʘʡʣʦʚ ʢʝʡʩʘ ʚʳʙʨʘʥ JSON (JavaScript 

Object Notation), ʢʘʢ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. 

 

ʇʨʠʤʝʥʝʥʠʝ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʇʇ ʥʘ ʧʨʠʤʝʨʝ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʯʝʥʠʷ ʇʫʘʟʝʡʣʷ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ (1)-(3) ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (4)-(6): 
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ʇʦʜʛʦʪʦʚʠʤ ʩʝʪʢʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʧʨʦʛʨʘʤʤʝ Salome [9] (ʨʠʩ.1). 

   
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩ ʟʘʜʘʥʥʦʡ ʩʝʪʢʦʡ ʜʣʷ ʪʝʯʝʥʠʷ ʇʫʘʟʝʡʣʷ 

ɼʘʣʝʝ ʦʧʠʰʝʤ ʥʘʧʦʣʥʝʥʠʝ ʢʝʡʩʘ, ʠʟʦʙʨʘʞʝʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 2. ʕʢʩʧʦʨʪʠʨʫʝʤ ʧʦʣʫʯʝʥʥʫʶ 

ʩʝʪʢʫ ʠ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʚ ʬʦʨʤʘʪʝ ʜʘʥʥʳʭ dat ʚ ʜʠʨʝʢʪʦʨʠʶ Mesh. 
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ʈʠʩʫʥʦʢ 2. ʉʪʨʫʢʪʫʨʘ ʢʝʡʩʘ 

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʛʨʘʥʠʯʥʳʭ ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʦʣʥʠʪʴ ʬʘʡʣʳ 

boundaryConditions.json ʠ values ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʧʦʣʷ: ʜʣʷ ʧʦʣʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ U ʚ 

ʧʦʜʜʠʨʝʢʪʦʨʠʠ Fields/0/U, ʜʣʷ ʧʦʣʷ ʜʘʚʣʝʥʠʷ P ï ʚ Fields/0/P, ʛʜʝ 0 ï ʧʦʜʜʠʨʝʢʪʦʨʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʘʯʘʣʴʥʦʤʫ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ ʧʦ ʫʤʦʣʯʘʥʠʶ. 

 

  
ʈʠʩʫʥʦʢ 3 ɺʠʟʫʘʣʠʟʘʮʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʚ ʧʨʦʛʨʘʤʤʝ Tecplot 

 

ɺ ʢʦʥʬʠʛʫʨʘʮʠʠ configuration.json ʟʘʜʘʝʤ ʢʦʥʩʪʘʥʪʳ ʨʘʩʯʝʪʘ ð ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ Re; ʰʘʛ 

ʧʦ ʚʨʝʤʝʥʠ, ʚʨʝʤʷ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʨʘʩʯʝʪʘ; ʨʝʰʘʪʝʣʴ ʉʃɸʋ ʠ ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʉʃɸʋ; 

ʯʘʩʪʦʪʘ ʟʘʧʠʩʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ɼʣʷ ʥʘʯʘʣʘ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʫʩʪʠʪʴ ʥʫʞʥʳʡ ʨʝʰʘʪʝʣʴ ʩ ʫʢʘʟʘʥʠʝʤ ʧʫʪʠ ʜʦ ʢʝʡʩʘ ʚ 

ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʘ. 

ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʨʘʩʯʝʪʘ, ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢ ʬʦʨʤʘʪʘʤ vtk ʜʣʷ 

ParaView ʠ dat ʜʣʷ Tecplot ʩ ʧʦʤʦʱʴʶ ʫʪʠʣʠʪʳ ʢʦʥʚʝʨʪʘʮʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʚʠʟʫʘʣʠʟʘʮʠʶ ʨʘʩʯʝʪʘ, ʧʦ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʝʥ ʜʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (ʥʘʧʨʠʤʝʨ, ʨʠʩ. 3).  

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʟʜʘʥʥʦʛʦ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ 

ʧʨʦʛʨʘʤʤ: 

¶ ɺ ʦʩʥʦʚʝ ʇʇʇ ʣʝʞʠʪ ʄʂʕ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʦʧʝʨʘʪʦʨʦʚ, ʫʥʠʚʝʨʩʘʣʴʥʳʭ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʰʝʥʠʷ 2D ʠ 3D ʟʘʜʘʯ. ɼʘʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 
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ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʚʳʙʦʨʦʤ ʨʘʟʤʝʨʥʦʩʪʠ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʧʨʠ ʩʯʠʪʳʚʘʥʠʠ ʨʘʩʯʝʪʥʳʭ 

ʩʝʪʦʢ ʠʟ ʬʘʡʣʦʚ ʜʘʥʥʳʭ.  

¶ ʇʇʇ ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʢʝʡʩʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʥʝʠʟʤʝʥʷʝʤʫʶ (ʨʝʰʘʪʝʣʴ) ʠ 

ʥʘʩʪʨʘʠʚʘʝʤʫʶ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ (ʨʘʩʯʝʪʥʘʷ ʩʝʪʢʘ, 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ ʬʘʡʣʳ ʨʘʩʯʝʪʘ, ʢʦʥʩʪʘʥʪʳ ʤʦʜʝʣʠ, ʬʘʡʣʳ ʧʦʣʝʡ, ʟʘʜʘʶʱʠʝ 

ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ) ʯʘʩʪʠ. 

¶ ʇʘʢʝʪ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʨʘʩʰʠʨʷʝʤʦʩʪʠ ï ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʦʟʜʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʨʝʰʘʪʝʣʷ ʜʣʷ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʤʦʜʝʣʠʨʫʝʤʫʶ 

ʩʨʝʜʫ, ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʦʣʝʡ ʠ ʦʧʝʨʘʪʦʨʦʚ ʥʘʜ ʥʠʤʠ. ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʤʦʜʫʣʝʡ ʜʣʷ ʨʘʩʯʝʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʣʠ ʩʚʷʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

¶ ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʫʛʠʭ ʧʨʝʧʨʦʮʝʩʩʦʨʦʚ ʠʣʠ ʧʦʩʪʧʨʦʮʝʩʩʦʨʦʚ ʜʦʩʪʘʪʦʯʥʦ 

ʥʘʧʠʩʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʪʠʣʠʪʳ-ʢʦʥʚʝʨʪʝʨʳ, ʥʝ ʠʟʤʝʥʷʷ ʥʠʯʝʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ. 

¶ ɺ ʧʘʢʝʪʝ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʜʦʣʞʝʥʠʷ ʩʯʝʪʘ ʧʦʩʣʝ ʧʨʝʨʳʚʘʥʠʷ ʨʘʩʯʝʪʘ. ʕʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝʤ ʨʘʩʯʝʪʥʳʭ ʧʦʣʝʡ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʩʣʦʷʭ, 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʧʦʩʪʧʨʦʮʝʩʩʠʥʛʘ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʩʯʝʪʘ. 
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ʀʟʫʯʝʥʠʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʫʯʘʱʠʭʩʷ ʩʨʝʜʥʝʛʦ ʟʚʝʥʘ 

ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʰʢʦʣʳ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʜʠʩʮʠʧʣʠʥʘʤ ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ 

ʧʦʥʠʤʘʥʠʝ ʰʢʦʣʴʥʠʢʘʤʠ ʤʘʪʝʤʘʪʠʢʠ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʘʟʥʳʭ ʨʘʟʜʝʣʦʚ, ʥʦ ʠ ʢʘʢ 

ʮʝʣʦʩʪʥʦʡ ʥʘʫʢʠ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʫʶ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʠ ʩʪʘʥʦʚʣʝʥʠʷ. 

ʀʩʪʦʨʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʥʘ ʫʨʦʢʝ ʤʘʪʝʤʘʪʠʢʠ, ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʦʜʭʦʜʝ ʫʯʠʪʝʣʷ, ʧʨʝʚʨʘʱʘʝʪʩʷ 

ʠʟ ʥʝʦʙʷʟʘʪʝʣʴʥʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢ ʠʟʫʯʝʥʠʶ, ʚ ʤʘʪʝʨʠʘʣ ʦʩʦʙʦʡ ʚʘʞʥʦʩʪʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʥʠʤʘʥʠʝ ʫʯʘʱʠʤʠʩʷ ʤʝʭʘʥʠʟʤʘ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʥʘʫʢʠ. ʇʨʠʥʮʠʧ ʠʩʪʦʨʠʟʤʘ 

ʚ ʫʯʝʙʥʦʡ ʠ ʚʥʝʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʫʨʦʢʘʭ ʘʣʛʝʙʨʳ ʠ ʛʝʦʤʝʪʨʠʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʩʠʩʪʝʤʳ ʠʩʪʦʨʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʠ ʠʩʪʦʨʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ. 

ʇʨʠ ʦʙʫʯʝʥʠʠ ʫʯʘʱʠʭʩʷ 7-8 ʢʣʘʩʩʦʚ ʠʩʪʦʨʠʠ ʤʘʪʝʤʘʪʠʢʠ ʚʳʜʝʣʷʝʤ ʩʣʝʜʫʶʱʠʝ ʮʝʣʠ:  

- ɿʥʘʢʦʤʩʪʚʦ ʦʙʫʯʘʶʱʠʭʩʷ ʩ ʤʦʤʝʥʪʘʤʠ ʠʩʪʦʨʠʠ, ʙʠʦʛʨʘʬʠʷʤʠ ʫʯʸʥʳʭ ʨʘʟʥʳʭ ʵʧʦʭ, 
ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʬʘʢʪʘʤʠ. 

- ʌʦʨʤʠʨʦʚʘʥʠʝ ʫ ʰʢʦʣʴʥʠʢʦʚ ʩʧʦʩʦʙʥʦʩʪʝʡ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʥʘʩʪʦʷʱʝʛʦ ʠ 

ʧʨʦʰʣʦʛʦ, ʦʙʦʙʱʝʥʠʶ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʬʘʢʪʦʚ ʠ ʪ.ʜ. 

- ʈʘʟʚʠʪʠʝ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʫʙʝʞʜʝʥʠʡ ʠ ʮʝʥʥʦʩʪʝʡ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʟʘʣʦʞʝʥʳ 
ʢʫʣʴʪʫʨʥʳʝ ʠ ʥʨʘʚʩʪʚʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚʩʝʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘ. 

- ʇʦʜʛʦʪʦʚʢʘ ʫʯʘʱʠʭʩʷ ʩʨʝʜʥʝʛʦ ʟʚʝʥʘ ʢ ʧʨʦʬʠʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ ʤʘʪʝʤʘʪʠʢʠ ʚ ʩʪʘʨʰʠʭ 

ʢʣʘʩʩʘʭ. 

 ɺʦʧʨʦʩʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʪʦʨʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʡ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʜʣʷ ʫʯʘʱʠʭʩʷ 

ʦʩʥʦʚʥʦʡ ʰʢʦʣʳ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʤʥʦʛʠʭ ʫʯʸʥʳʭ: ʤʘʪʝʤʘʪʠʢʦʚ, ʧʝʜʘʛʦʛʦʚ, ʧʩʠʭʦʣʦʛʦʚ. ʊʘʢ 

ʠʩʪʦʨʠʶ ʤʘʪʝʤʘʪʠʢʠ ʚ ʩʚʦʠʭ ʫʯʝʙʥʠʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ɻ. ʀ. ɻʣʝʡʟʝʨ. ɺ ʚʠʜʝ ʦʯʝʨʢʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ɸ. ʀ. ɺʦʣʦʜʘʨʩʢʠʡ, ɹ. ɺ. ɹʦʣʛʘʨʩʢʠʡ, ɺ. ʅ. ʄʦʣʦʜʰʠʡ, ʂ. ɸ. 

ʈʳʙʥʠʢʦʚ, ɸ. ɽ. ʈʘʠʢ, ɼ. ʗ. ʉʪʨʦʡʢ. ʅʘ ʫʨʦʚʥʝ ʭʨʝʩʪʦʤʘʪʠʡ ʠʩʪʦʨʠʶ ʤʘʪʝʤʘʪʠʢʠ ʚ ʰʢʦʣʴʥʦʤ 

ʧʨʦʮʝʩʩʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʖ. ɸ. ɹʝʣʳʡ, ʀ. ɻ. ɹʘʰʤʘʢʦʚʘ ʠ ʜʨ., ʚ ʚʠʜʝ ʧʦʩʦʙʠʡ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ 

ï ʅ. ʗ. ɺʠʣʝʥʢʠʥ, ʀ. ʗ. ɼʝʧʤʘʥ, ʃ. ʌ. ʇʠʯʫʨʠʥ, ɸ. ɸ. ʉʚʝʯʥʠʢʦʚ, ʥʘ ʫʨʦʚʥʝ ʤʦʥʦʛʨʘʬʠʡ ï ʕ. 

ʀ. ɹʝʨʝʟʢʠʥʘ, ʠ ʥʘʢʦʥʝʮ ʥʘ ʫʨʦʚʥʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ï ʖ. ɸ. ɼʨʦʙʳʰʝʚ, ʊ. ʉ. ʇʦʣʷʢʦʚʘ, 

ʅ. ɸ. ɹʫʨʦʚʘ, ʉ. ɺ. ʅʦʩʳʨʝʚʘ ʠ ʜʨʫʛʠʝ.  

ʄʥʦʛʠʝ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʠʩʪʦʚ ʠ ʧʝʜʘʛʦʛʦʚ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʠʩʪʦʨʠʟʤʘ ʚ ʫʯʝʙʥʦʡ ʠ ʚʥʝʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʙʣʘʛʦʧʨʠʷʪʥʦ 

ʚʣʠʷʝʪ ʥʘ ʨʘʟʨʝʰʝʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ ʟʘʜʘʯ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʰʢʦʣʴʥʫʶ ʫʯʝʙʥʫʶ ʣʠʪʝʨʘʪʫʨʫ ʩʢʘʞʝʤ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʚ ʫʯʝʙʥʠʢʘʭ 

ʠʩʪʦʨʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʥʦʩʠʪ ʩʫʛʫʙʦ ʧʦʚʝʩʪʚʦʚʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʫʯʘʱʠʤʩʷ ʚ 

ʚʠʜʝ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʟʜʝʣʦʚ ʠʣʠ ʧʨʠʤʝʯʘʥʠʡ. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʣʝʢʦ ʥʝ ʚʦ ʚʩʝʭ 

ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʷʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʩʪʦʨʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʠʣʠ ʩʪʘʨʠʥʥʳʝ ʟʘʜʘʯʠ. ʇʨʠʚʝʜʸʤ 

ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʳ  ʜʣʷ ʫʯʘʱʠʭʩʷ 7-8 ʢʣʘʩʩʦʚ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ, ʛʜʝ ʧʦʢʘʞʝʤ 

ʧʨʠʩʫʪʩʪʚʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʡ ʠ ʩʪʘʨʠʥʥʳʭ ʟʘʜʘʯ ʚ ʫʯʝʙʥʠʢʘʭ ʨʘʟʥʳʭ 

ʘʚʪʦʨʦʚ. 
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ʊʘʙʣʠʮʘ 3 

ɸʚʪʦʨ 

ʅʘʣʠʯʠʝ ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʩʚʝʜʝʥʠʡ ʚ ʫʯʝʙʥʳʭ 

ʧʦʩʦʙʠʷʭ 

ʅʘʣʠʯʠʝ ʩʪʘʨʠʥʥʳʭ ʟʘʜʘʯ 

ʚ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʷʭ 

ʋʯʝʙʥʳʝ ʧʦʩʦʙʠʷ ʧʦ ʘʣʛʝʙʨʝ 

ɸʣʠʤʦʚ  ʐ.ɸ., ʂʦʣʷʛʠʥ ʖ.ʄ., 

ʉʠʜʦʨʦʚ  ʖ.ɺ. ʠ ʜʨ. 
ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʪʩʫʪʩʪʚʫʶʪ 

ɹʘʰʤʘʢʦʚ ʄ.ʀ. ʧʨʠʩʫʪʩʪʚʫʶʪ, ʥʦ ʤʘʣʦ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ɼʦʨʦʬʝʝʚ ɻ.ɺ., ɹʫʥʠʤʦʚʠʯ ɽ.ɸ., 

ʉʫʚʦʨʦʚʘ ʉ.ɹ. ʠ ʜʨ. 
ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʪʩʫʪʩʪʚʫʶʪ 

ʄʘʢʘʨʳʯʝʚ ʖ.ʅ., ʄʠʥʜʶʢ ʅ.ɻ., 

ʅʝʰʢʦʚ ʂ.ʀ. 
ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʪʩʫʪʩʪʚʫʶʪ 

ʄʦʨʜʢʦʚʠʯ ɸ. ɻ. ʠ ʜʨ. ʦʪʩʫʪʩʪʚʫʶʪ ʦʪʩʫʪʩʪʚʫʶʪ 

ʄʫʨʘʚʠʥ ɻ.ʂ., ʄʫʨʘʚʠʥ ʂ.ʉ., 

ʄʫʨʘʚʠʥʘ ʆ.ɺ. 
ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʅʠʢʦʣʴʩʢʠʡ ʉ.ʄ., ʇʦʪʘʧʦʚ ʄ.ʂ.  ʠ ʜʨ. ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʊʝʣʷʢʦʚʩʢʠʡ ʉ.ɸ. ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʪʩʫʪʩʪʚʫʶʪ 

ɺʠʣʝʥʢʠʥ ʅ.ʗ. ʠ ʜʨ. ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʠʩʫʪʩʪʚʫʶʪ, ʥʦ ʤʘʣʦ 

ʋʯʝʙʥʳʝ ʧʦʩʦʙʠʷ ʧʦ ʛʝʦʤʝʪʨʠʠ 

ɸʪʘʥʘʩʷʥ ʃ.ʉ. ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʪʩʫʪʩʪʚʫʶʪ 

ʇʦʛʦʨʝʣʦʚ ɸ.ɺ. ʦʪʩʫʪʩʪʚʫʶʪ ʦʪʩʫʪʩʪʚʫʶʪ 

ʉʤʠʨʥʦʚ ɺ.ɸ., ʉʤʠʨʥʦʚʘ ʀ.ʄ. ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʠʩʫʪʩʪʚʫʶʪ, ʥʦ ʤʘʣʦ 

ɸʣʝʢʩʘʥʜʨʦʚ ɸ.ɼ. ʧʨʠʩʫʪʩʪʚʫʶʪ 
7 ʢʣʘʩʩ: ʧʨʠʩʫʪʩʪʚʫʶʪ 

8 ʢʣʘʩʩ: ʦʪʩʫʪʩʪʚʫʶʪ 

 

ɺʢʣʶʯʝʥʠʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʫ 

ʰʢʦʣʴʥʠʢʦʚ ʯʫʚʩʪʚʘ ʧʘʪʨʠʦʪʠʟʤʘ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʤʝʞʧʨʝʜʤʝʪʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʪʘʢʠʤʠ 

ʥʘʫʢʘʤʠ, ʢʘʢ ʠʩʪʦʨʠʷ ʠ ʤʘʪʝʤʘʪʠʢʘ, ʨʘʩʰʠʨʷʝʪ ʢʨʫʛʦʟʦʨ ʦʙʫʯʘʶʱʠʭʩʷ, ʧʨʦʙʫʞʜʘʝʪ 

ʣʶʙʦʧʳʪʩʪʚʦ ʠ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʘʝʤʦʤʫ ʧʨʝʜʤʝʪʫ. ɸʢʪʫʘʣʴʥʳʤʠ ʧʨʠʸʤʘʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʚʦʧʨʦʩʦʚ ʠʩʪʦʨʠʠ ʤʘʪʝʤʘʪʠʢʠ ʷʚʣʷʶʪʩʷ: ʧʨʦʙʣʝʤʥʦʝ ʠʟʣʦʞʝʥʠʝ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ 

ʫʯʝʥʠʢʘ ʠʣʠ ʛʨʫʧʧʳ ʰʢʦʣʴʥʠʢʦʚ, ʣʝʢʮʠʷ, ʨʘʩʩʢʘʟ ʫʯʠʪʝʣʷ, ʵʚʨʠʩʪʠʯʝʩʢʘʷ ʙʝʩʝʜʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʛʦ ʠʣʠ ʜʨʫʛʦʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʨʠʸʤʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫʘʮʠʠ, ʪʠʧʘ 

ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʜʙʠʨʘʝʪʩʷ ʫʯʠʪʝʣʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʝʙʥʦʛʦ ʠʣʠ 

ʚʥʝʫʯʝʙʥʦʛʦ ʟʘʥʷʪʠʷ.  

ɻʦʚʦʨʷ ʦ ʤʝʪʦʜʘʭ ʠʟʫʯʝʥʠʷ ʚʦʧʨʦʩʦʚ ʠʩʪʦʨʠʠ ʤʘʪʝʤʘʪʠʢʠ ʩʢʘʞʝʤ, ʯʪʦ ʥʘ ʥʘʰ ʚʟʛʣʷʜ, 

ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠ ʯʘʩʪʠʯʥʦ ʧʦʠʩʢʦʚʳʡ ʤʝʪʦʜ. ɼʘʥʥʳʝ 

ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʜʣʷ ʩʪʘʥʦʚʣʝʥʠʷ ʪʚʦʨʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ 

ʦʙʫʯʘʶʱʠʭʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ ʚʦ ʚʨʝʤʷ ʫʨʦʢʘ ʠ ʯʝʨʝʟ ʧʨʦʝʢʪʥʫʶ ʠʣʠ 

ʪʚʦʨʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʥʝ ʫʨʦʢʘ. ɼʨʦʙʳʰʝʚ ʖ.ɸ., ʨʘʩʩʫʞʜʘʷ ʥʘ ʪʝʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʠʩʪʦʨʠʟʤʘ ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʪʚʦʨʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʰʢʦʣʴʥʠʢʦʚ, ʫʪʚʝʨʞʜʘʣ, 

ʯʪʦ çʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʪʦʨʠʠ ʤʘʪʝʤʘʪʠʢʠ ʫʯʠʪ ʠʩʢʫʩʩʪʚʫ ʦʪʢʨʳʪʠʡè [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʦʜʠʥ ʠʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʨʦʢʦʚ ʧʦ ʘʣʛʝʙʨʝ ʜʣʷ ʫʯʘʱʠʭʩʷ 

7 ʢʣʘʩʩʘ, ʯʘʩʪʠʯʥʦ ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʧʦʠʩʢʦʚʦʤ ʤʝʪʦʜʝ ʠʟʫʯʝʥʠʷ. ʄʘʪʝʨʠʘʣ ʩʦʩʪʘʚʣʝʥ ʥʘ ʦʩʥʦʚʝ 

ʫʯʝʙʥʠʢʘ ʅʠʢʦʣʴʩʢʦʛʦ ʉ.ʅ. ɸʣʛʝʙʨʘ. 7 ʢʣʘʩʩ [2]. 

ʊʝʤʘ ʫʨʦʢʘ: çʊʨʝʫʛʦʣʴʥʠʢ ʇʘʩʢʘʣʷè.  

ʇʣʘʥ ʫʨʦʢʘ: 

1. ɺʭʦʜʥʦʡ ʪʝʩʪ (10 ʤʠʥ.); 

2. ʆʙʲʷʩʥʝʥʠʝ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ (10 ʤʠʥ.); 

3. ʈʝʰʝʥʠʝ ʟʘʜʘʯ (15 ʤʠʥ.); 

4. ʇʦʜʚʝʜʝʥʠʝ ʠʪʦʛʦʚ ʫʨʦʢʘ, ʜʦʤʘʰʥʝʝ ʟʘʜʘʥʠʝ (2-3 ʤʠʥ); 
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5. ʈʝʬʣʝʢʩʠʷ (5-7 ʤʠʥ.). 

ʊʠʧ ʫʨʦʢʘ: ʫʨʦʢ ʠʟʫʯʝʥʠʷ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘʤʠ ʚʳʜʘʚʘʣʩʷ  ʰʢʦʣʴʥʠʢʘʤ ʧʦʩʣʝ ʠʟʫʯʝʥʠʷ ʠʤʠ ʪʘʢʠʭ ʪʝʤ ʦʩʥʦʚʥʦʡ 

ʧʨʦʛʨʘʤʤʳ, ʢʘʢ: çʂʚʘʜʨʘʪ ʩʫʤʤʳè, çʂʚʘʜʨʘʪ ʨʘʟʥʦʩʪʠè, çʂʫʙ ʩʫʤʤʳè, çʂʫʙ ʨʘʟʥʦʩʪʠè. 

ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʛʦ ʪʝʩʪʘ ʧʨʝʜʣʘʛʘʝʤ ʫʯʘʱʠʤʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʝʰʠʪʴ ʢʦʤʧʣʝʢʪ 

ʟʘʜʘʥʠʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʙʫʜʠʪʴ ʫ ʥʠʭ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʘʝʤʦʡ ʪʝʤʝ, ʧʦʥʷʪʴ ʩʤʳʩʣ ʝʸ 

ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ. ɺʘʞʥʦ, ʯʪʦʙʳ ʫʯʘʱʠʝʩʷ 7 ʢʣʘʩʩʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʦʥʷʣʠ, ʜʣʷ ʯʝʛʦ 

ʥʫʞʝʥ ʜʘʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ. 

ʇʨʠʤʝʨʳ ʟʘʜʘʥʠʡ (ʬʨʘʛʤʝʥʪ): 

a. (2m + 3)3; 

b. (a + b)2 ; 

c. (a + b)4 ; 

d. (k + 2n)5;  

e. (4 + a)6. 

ɿʥʘʷ ʬʦʨʤʫʣʳ ʩʦʢʨʘʱʸʥʥʦʛʦ ʫʤʥʦʞʝʥʠʷ, ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʟʘʜʘʥʠʡ, 

ʫʯʘʱʠʝʩʷ ʩʧʨʘʚʷʪʩʷ ʙʝʟ ʦʩʦʙʳʭ ʫʩʠʣʠʡ. ɼʘʣʝʝ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʛʜʝ ʚ ʟʘʜʘʥʠʷʭ 

ʧʦʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ, ʫ ʨʝʙʷʪ ʚʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ ʠ ʥʝʧʦʥʠʤʘʥʠʷ. ɺ 

ʨʘʟʨʝʰʝʥʠʠ ʵʪʠʭ ʧʨʦʙʣʝʤ ʧʦʤʦʛʘʝʪ ʪ.ʥ. ʪʨʝʫʛʦʣʴʥʠʢ ʇʘʩʢʘʣʷ (ʩʤ. ʨʠʩ.1).   

 

ʈʠʩʫʥʦʢ 1. ʊʨʝʫʛʦʣʴʥʠʢ ʇʘʩʢʘʣʷ. 

ʆʙʲʷʩʥʷʷ ʤʘʪʝʨʠʘʣ, ʜʝʣʘʝʤ ʘʢʮʝʥʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʠʩʪʦʨʠʯʝʩʢʠʝ 

ʩʚʝʜʝʥʠʷ, ʥʦ ʠ ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ. ʉʣʝʜʫʝʪ ʫʪʦʯʥʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʨʘʙʦʪʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʩʫʤʤʳ ʚʳʨʘʞʝʥʠʡ ʚʦʟʚʝʜʸʥʥʳʭ ʚ ʢʘʢʫʶ-ʣʠʙʦ ʩʪʝʧʝʥʴ.  

ʇʨʠʤʝʨʳ ʟʘʜʘʥʠʡ (ʬʨʘʛʤʝʥʪ): 

1)  (ʭ + ʫ)8;   

ʈʝʰʝʥʠʝ:  

(ʭ + ʫ)8 = ʭ8 + 8ʭ7ʫ + 28ʭ6ʫ2 + 56ʭ5ʫ3 + 70 ʭ4ʫ4 + 56 ʭ3ʫ5 + 28 ʭ2ʫ6 + 8ʭʫ7 + ʫ8. 

2)  (2ʭ + ʫ)5; 

ʈʝʰʝʥʠʝ:  

(2ʭ + ʫ)5 = 32ʭ5 + 80ʭ4ʫ + 80ʭ3ʫ2 + 40ʭ2ʫ3 + 10ʭʫ4 + ʫ5.  

3)  (2ʭ + 2ʫ)6. 

ʈʝʰʝʥʠʝ: 

(2ʭ + 2ʫ)6 = 64ʭ6 + 384ʭ5ʫ + 960ʭ4ʫ2 + 1280ʭ3ʫ3 + 960ʭ2ʫ4 + 384ʭʫ5 + 64ʫ6. 

ɺ ʢʦʥʮʝ ʫʨʦʢʘ ʧʨʦʚʦʜʠʪʩʷ ʨʝʬʣʝʢʩʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʚʳʷʩʥʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʢʘʢ ʫʯʘʱʠʝʩʷ ʫʩʚʦʠʣʠ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʨʘʩʪʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʠʟʫʯʝʥʠʠ ʰʢʦʣʴʥʠʢʘʤʠ 

ʬʘʢʪʦʚ ʠʩʪʦʨʠʠ ʤʘʪʝʤʘʪʠʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʯʝʙʥʳʭ ʟʘʜʘʥʠʠ ʩ ʠʩʪʦʨʠʯʝʩʢʠʤ ʫʢʣʦʥʦʤ, 



 

132 

 
 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʙʦʛʘʱʝʥʠʝ ʠ ʘʢʪʫʘʣʠʟʘʮʠʶ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʦʨʤ ʫʤʩʪʚʝʥʥʦʛʦ ʦʧʳʪʘ 

(ʠʩʪʦʨʠʯʝʩʢʠʝ ʩʧʨʘʚʢʠ, ʩʪʘʨʠʥʥʳʝ ʟʘʜʘʯʠ, ʫʯʝʙʥʳʝ ʪʝʩʪʳ ʧʦ ʠʩʪʦʨʠʠ ʤʘʪʝʤʘʪʠʢʠ, 

ʠʩʪʦʨʠʯʝʩʢʠʝ ʵʢʩʢʫʨʩʳ) ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʋʯʝʙʥʳʝ ʟʘʜʘʥʠʷ ʪʘʢʦʛʦ ʨʦʜʘ ʩʧʦʩʦʙʩʪʚʫʶʪ, ʪʘʢ ʞʝ, ʨʘʟʚʠʪʠʶ ʫ 

ʦʙʫʯʘʶʱʠʭʩʷ ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʧʨʦʯʥʦʛʦ ʠʥʪʝʨʝʩʘ ʢ ʧʨʝʜʤʝʪʫ, ʫʛʣʫʙʣʝʥʥʦʤʫ ʠ ʩʦʟʥʘʪʝʣʴʥʦʤʫ 

ʠʟʫʯʝʥʠʶ ʤʘʪʝʤʘʪʠʢʠ, ʯʪʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʘʢʪʠʚʠʟʘʮʠʠ ʪʚʦʨʯʝʩʢʠʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ ʠ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʰʢʦʣʴʥʠʢʦʚ. 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 
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ʤʘʪʝʤʘʪʠʢʠ. ɼʠʩʩ. ʜ.ʧ.ʥ., - ʄʦʩʢʚʘ, 2011. ï 452 ʩ. 
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ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè. 
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ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʚʥʝʢʣʘʩʩʥʦʡ ʨʘʙʦʪʳ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʠʥʪʝʨʝʩʘ 

ʫʯʘʱʠʭʩʷ ʢ ʧʨʝʜʤʝʪʫ, ʘ ʪʘʢʞʝ ʧʨʠʚʣʝʯʝʥʠʝ ʠʭ ʢ ʚʥʝʢʣʘʩʩʥʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʟʘʥʷʪʠʷʤ. ʅʘ 

ʚʥʝʢʣʘʩʩʥʳʝ ʟʘʥʷʪʠʷ ʧʨʠʛʣʘʰʘʶʪʩʷ ʚʩʝ ʫʯʘʱʠʝʩʷ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʞʝʣʘʥʠʝ ʧʨʦʚʝʨʠʪʴ ʩʚʦʠ 

ʩʠʣʳ, ʩʧʦʩʦʙʥʦʩʪʠ, ʫʤʝʥʠʝ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ ʠ ʥʘʫʯʠʪʩʷ ʠʭ ʨʝʰʘʪʴ, ʘ 

ʪʘʢʞʝ ʟʘʜʘʪʴ ʠʥʪʝʨʝʩʫʶʱʠʝ ʠʭ ʚʦʧʨʦʩʳ.  

ʇʨʦʛʨʘʤʤʘ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʠ ʤʝʪʦʜʠʢʘ ʝʝ ʦʙʫʯʝʥʠʷ ʚ ʰʢʦʣʝ ʨʘʩʩʯʠʪʘʥʘ ʥʘ "ʩʨʝʜʥʝʛʦ" 

ʫʯʝʥʠʢʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʢʘʞʜʦʤ ʢʣʘʩʩʝ ʥʘʯʠʥʘʝʪʩʷ ʜʝʣʝʥʠʝ ʫʯʝʥʠʢʦʚ ʥʘ ʪʨʠ ʫʩʣʦʚʥʳʭ 

ʛʨʫʧʧʳ: ʚ ʧʝʨʚʫʶ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʪʝ, ʢʪʦ ʙʳʩʪʨʦ ʫʩʚʘʠʚʘʝʪ ʤʘʪʝʨʠʘʣ ʠ ʥʫʞʜʘʝʪʩʷ ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʜʘʥʠʷʭ, ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ; ʚʦ ʚʪʦʨʦʶ ʛʨʫʧʧʫ ʦʪʥʦʩʷʪʩʷ ʪʝ, ʢʪʦ 

ʚʳʧʦʣʥʷʝʪ ʠ ʫʩʚʘʠʚʘʝʪ ʤʘʪʝʨʠʘʣ ʥʘ ʭʦʨʦʰʠʝ ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ; ʪʨʝʪʴʷ ʛʨʫʧʧʘ 

ʩʦʩʪʦʠʪ ʠʟ ʪʝʭ, ʢʦʤʫ ʩ ʙʦʣʴʰʠʤ ʪʨʫʜʦʤ ʜʘʝʪʩʷ ʠʟʫʯʝʥʠʝ ʢʫʨʩʘ ʤʘʪʝʤʘʪʠʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʥʝʢʣʘʩʩʥʳʝ ʟʘʥʷʪʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʚʠʜʘ:  

1. ɺʥʝʢʣʘʩʩʥʘʷ ʨʘʙʦʪʘ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʥʷʪʠʷ ʜʣʷ ʫʯʘʱʠʭʩʷ, ʦʪʩʪʘʶʱʠʭ ʚ 
ʠʟʫʯʝʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

2. ʈʘʙʦʪʘ ʩ ʫʯʘʱʠʤʠʩʷ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʚ ʠʟʫʯʝʥʠʠ ʧʨʝʜʤʝʪʘ ʧʦ ʨʝʰʝʥʠʶ ʟʘʜʘʯ 

ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ. 

3. ɺʥʝʢʣʘʩʩʥʘʷ ʨʘʙʦʪʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʨʘʟʚʠʪʠʝ ʠʥʪʝʨʝʩʘ ʢ ʧʨʝʜʤʝʪʫ. 

ʉʠʩʪʝʤʘ ʚʥʝʢʣʘʩʩʥʦʡ ʨʘʙʦʪʳ ʠʤʝʝʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ: 

¶ ʉʦʜʝʨʞʘʥʠʝ ʚʥʝʢʣʘʩʩʥʦʡ ʨʘʙʦʪʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʥʝ 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ, ʫʯʠʪʝʣʴ ʩʘʤ ʧʦʜʙʠʨʘʝʪ ʟʘʜʘʥʠʷ, ʠʩʭʦʜʷ ʠʟ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʟʥʘʥʠʡ 

ʫʯʘʱʠʭʩʷ; 

¶ ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʥʝʢʣʘʩʩʥʳʭ ʟʘʥʷʪʠʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ, ʢʘʢ ʦʪ 15 ʤʠʥʫʪ, 
ʪʘʢ ʠ ʜʦ ʮʝʣʦʛʦ ʯʘʩʘ; 

¶ ʉʦʩʪʘʚ ʫʯʘʱʠʭʩʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ; 

¶ ʄʘʪʝʨʠʘʣ ʜʣʷ ʚʥʝʢʣʘʩʩʥʳʭ ʟʘʥʷʪʠʡ ʜʦʣʞʝʥ ʙʳʪʴ ʠʥʪʝʨʝʩʥʳʤ, ʟʘʥʠʤʘʪʝʣʴʥʳʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʦʜʥʦʛʦ ʚʥʝʢʣʘʩʩʥʦʛʦ ʟʘʥʷʪʠʷ. ɼʘʥʥʦʝ ʟʘʥʷʪʠʝ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʩ 

ʮʝʣʴʶ ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ ʫʯʘʱʠʭʩʷ ʠ ʦʙʦʙʱʠʪʴ ʤʘʪʝʨʠʘʣ ʧʨʦʡʜʝʥʥʳʡ ʚ ʧʝʨʚʦʡ ʯʝʪʚʝʨʪʠ 5-ʛʦ 
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ʢʣʘʩʩʘ. ʌʦʨʤʘ ʚʥʝʢʣʘʩʩʥʦʛʦ ʟʘʥʷʪʠʷ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʠʛʨʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘ ʧʦʣʥʦʮʝʥʥʳʡ 

ʫʨʦʢ. ɿʘʥʷʪʠʷ ʧʨʦʚʦʜʷʪʩʷ ʦʜʠʥ ʨʘʟ ʚ ʥʝʜʝʣʶ ʚ ʪʝʯʝʥʠʝ 45 ʤʠʥʫʪ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʚʦʟʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʥʷʪʠʷ.  

ʄʘʪʝʨʠʘʣ ʩʦʩʪʘʚʣʝʥ ʥʘ ʦʩʥʦʚʝ ʫʯʝʙʥʠʢʘ ʄʘʪʝʤʘʪʠʢʘ. 5 ʢʣʘʩʩ - ɺʠʣʝʥʢʠʥ ʅ.ʗ., ɾʦʭʦʚ ɺ.ʀ. 

[3]. 

ʊʝʤʘ ʟʘʥʷʪʠʷ çʄʦʨʩʢʦʡ ʙʦʡè. 

ɺʥʝʢʣʘʩʩʥʦʝ ʟʘʥʷʪʠʝ ʜʝʣʠʪʩʷ ʥʘ 3 ʯʘʩʪʠ. ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʨʘʟʜʝʣʷʝʤ ʫʯʘʱʠʭʩʷ ʥʘ ʨʘʚʥʳʝ 

ʢʦʤʘʥʜʳ (ʯʠʩʣʦ ʢʦʤʘʥʜ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ) ʠ ʦʙʲʷʩʥʷʝʤ ʧʨʘʚʠʣʘ ʠʛʨʳ, ʚʦ ʚʪʦʨʦʡ ʯʘʩʪʠ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʛʨʘ ʠ ʚ ʪʨʝʪʴʝʡ, ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ, ʧʦʜʚʦʜʠʤ ʠʪʦʛʠ. 

 

ɯ ʏʘʩʪʴ 

ʅʘʯʠʥʘʝʤ ʟʘʥʷʪʠʝ ʩ ʨʘʟʜʝʣʝʥʠʷ ʫʯʘʱʠʭʩʷ ʥʘ ʨʘʚʥʳʝ ʧʦ ʫʨʦʚʥʶ ʟʥʘʥʠʡ ʢʦʤʘʥʜʳ ʠ 

ʦʙʲʷʩʥʷʝʤ ʧʨʘʚʠʣʘ. 

ʇʨʘʚʠʣʘ. 

ɺ ʥʘʰʝʡ ʠʛʨʝ çʄʦʨʩʢʦʡ ʙʦʡè ʝʩʪʴ ʪʦʣʴʢʦ ʦʜʥʦ ʠʛʨʦʚʦʝ ʧʦʣʝ ï ʢʚʘʜʨʘʪ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ 

ʠʟ 10 ʩʪʨʦʢ ʠ 10 ʩʪʦʣʙʮʦʚ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʯʠʩʣʘʤʠ ʦʪ 1 ʜʦ 10 ʠ ʙʫʢʚʘʤʠ ʦʪ ɸ ʜʦ ʂ.  

ʅʘ ʧʦʣʝ ʩʧʨʷʪʘʥʳ 10 ʢʦʨʘʙʣʝʡ, ʢʘʢ ʠ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʠʛʨʝ. ʂʦʤʘʥʜʳ ʧʦ ʦʯʝʨʝʜʠ 

çʩʪʨʝʣʷʶʪè, ʥʘʟʳʚʘʷ ʢʣʝʪʢʠ, ʥʘʧʨʠʤʝʨ, ɻ7. ʇʦʤʠʤʦ ʢʦʨʘʙʣʝʡ ʥʘ ʧʦʣʝ ʝʩʪʴ ʝʱʝ 10 ʢʣʝʪʦʢ, 

ʢʦʪʦʨʳʝ ʦʙʦʟʥʘʯʘʶʪ ʧʝʨʝʭʦʜ ʭʦʜʘ, ʘ ʪʘʢʞʝ 70 ʢʣʝʪʦʢ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʜʘʥʠʷʤʠ (ʧʦ 7 ʥʘ 

ʢʘʞʜʫʶ ʪʝʤʫ): 

ʉ ï ʩʣʦʞʝʥʠʝ  

ɺ ï ʚʳʯʠʪʘʥʠʝ  

ɿ ï ʪʝʢʩʪʦʚʘʷ ʟʘʜʘʯʘ 

 

ɻ ï ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʟʘʜʘʯʘ 

ʂ ï ʢʦʤʙʠʥʘʪʦʨʥʘʷ ʟʘʜʘʯʘ 

ʊ ï ʚʦʧʨʦʩ ʧʦ ʪʝʦʨʠʠ 

ɹ ï ʟʥʘʯʝʥʠʝ ʙʫʢʚʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ 

ʋ ï ʫʤʥʦʞʝʥʠʝ  

ɼ ï ʜʝʣʝʥʠʝ  

ʍ ï ʫʨʘʚʥʝʥʠʝ. 

 

 

ɻʣʘʚʥʘʷ ʮʝʣʴï ʥʘʙʨʘʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ ʙʘʣʣʦʚ, ʩʜʝʣʘʪʴ ʵʪʦ ʤʦʞʥʦ ʧʫʪʸʤ ʧʦʧʘʜʘʥʠʷ ʚ 

ʢʦʨʘʙʣʠ ʠʣʠ ʚʝʨʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. ɽʩʣʠ ʢʦʤʘʥʜʘ ʧʦʧʘʜʘʝʪ ʚ ʢʦʨʘʙʣʴ, ʪʦ ʦʥʘ ʧʦʣʫʯʘʝʪ 1 ʙʘʣʣ 

ʠ ʧʨʘʚʦ ʩʣʝʜʫʶʱʝʛʦ ʭʦʜʘ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʢʣʝʪʢʫ ʩ ʟʘʜʘʥʠʝʤ ʚʩʝ ʢʦʤʘʥʜʳ ʚʳʧʦʣʥʷʶʪ ʝʛʦ ʠ, 

ʚ ʩʣʫʯʘʝ ʧʨʘʚʠʣʴʥʦʛʦ ʦʪʚʝʪʘ, ʪʘʢʞʝ ʧʦʣʫʯʘʝʪ 1 ʙʘʣʣ ʠ ʧʨʘʚʦ ʦʯʝʨʝʜʥʦʛʦ ʭʦʜʘ, ʚ ʩʣʫʯʘʝ ʥʝ 

ʧʨʘʚʠʣʴʥʦʛʦ ʦʪʚʝʪʘ, ʦʪʚʝʯʘʝʪ ʢʦʤʘʥʜʘ, ʧʝʨʚʘʷ ʧʦʜʥʷʚʰʘʷ ʨʫʢʫ.  ʅʘ ʦʙʜʫʤʳʚʘʥʠʝ ʦʪʚʝʪʘ 

ʢʦʤʘʥʜʘʤ ʜʘʝʪʩʷ 1 ʤʠʥʫʪʘ ʚʨʝʤʝʥʠ. ɼʣʷ ʙʦʣʝʝ ʩʣʘʞʝʥʥʦʡ ʨʘʙʦʪʳ ʢʦʤʘʥʜʳ ʠ ʣʫʯʰʝʛʦ 

ʫʩʚʦʝʥʠʷ ʫʯʠʪʝʣʴ ʚ ʧʨʘʚʝ ʩʘʤ ʚʳʙʠʨʘʪʴ ʢʪʦ ʦʪʚʝʪʠʪ ʠʣʠ ʜʘʞʝ ʚʳʟʚʘʪʴ ʢ ʜʦʩʢʝ ʩ ʧʦʣʥʳʤ 

ʨʘʟʙʦʨʦʤ ʠ ʨʝʰʝʥʠʝʤ ʟʘʜʘʥʠʷ. 

ʀʛʨʘ ʟʘʚʝʨʰʘʝʪʩʷ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʫʯʘʩʪʥʠʢʠ çʧʦʪʦʧʷʪè ʚʩʝ ʢʦʨʘʙʣʠ ʠʣʠ ʝʩʣʠ ʚ ʪʝʯʝʥʠʝ 45 

ʤʠʥʫʪ ʠʛʨʳ ʦʩʪʘʶʪʩʷ ʝʱʝ ʢʦʨʘʙʣʠ, ʪʦ ʧʦʙʝʞʜʘʝʪ ʢʦʤʘʥʜʘ, ʢʦʪʦʨʘʷ ʥʘʙʨʘʣʘ ʙʦʣʴʰʝ ʦʯʢʦʚ. 

ʋʯʘʩʪʥʠʢʦʚ ʤʦʞʥʦ ʥʘʛʨʘʜʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʦʪʤʝʪʢʘʤʠ. 

ʉʝʨʳʝ ʢʚʘʜʨʘʪʳ-ʢʦʨʘʙʣʠ, ʯʝʨʥʳʝ-ʧʨʦʧʫʩʢ ʭʦʜʘ, ʦʩʪʘʣʴʥʳʝ-ʟʘʜʘʥʠʷ. 

       

ɯɯ ʏʘʩʪʴ. ʀʛʨʘ ʠ ʟʘʜʘʥʠʷ. 

ʇʨʠʤʝʨʳ ʟʘʜʘʥʠʡ ʜʣʷ ʠʛʨʳ 

1. ɿʘʜʘʥʠʷ ʧʦʜ ʙʫʢʚʦʡ ʉ ï ʩʣʦʞʝʥʠʝ ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʝʣ: 

ʉ1. ʈʝʰʠʪʝ: 23 034 115+6 782 087 (29 816 202) 

ʉ1 ɹ1 ɼ1   ʂ1 ʉ5 ɹ3 ʋ4  

  ɺ1 ɻ2 ʋ7 ɿ1 ʊ2  ʂ2 ʉ4 

ʊ1  ɹ2 ʋ1 ʍ1  ʋ3 ɻ3 ɼ6 ɿ2 

ɺ2   ɿ6  ʂ3 ɼ5 ʍ3  ʊ3 

ɻ1  ʂ4 ɺ3  ʍ2 ʉ2 ɹ4  ɿ7 

ʉ6 ʊ5 ɼ2  ʍ6 ɼ4  ɻ4 ɺ7 ʍ4 

ʍ7 ɺ4 ɹ6 ʋ2 ʊ4 ɺ6  ʋ5  ɻ7 

 ɻ6 ʉ3 ʊ7 ɿ3 ɻ5  ʂ6 ɼ7  

ɹ7  ʂ5 ɼ3  ɹ5 ɿ4 ʉ7 ʊ6 ʍ5 

ɹ5 ɿ5    ʋ6 ʂ7    
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ʉ2. ʈʝʰʠʪʝ: 673 007+1 346 328(2 019 335) 

2. ɿʘʜʘʥʠʷ ʧʦʜ ʙʫʢʚʦʡ ɺ ï ʚʳʯʠʪʘʥʠʝ ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʝʣ: 

ɺ1. ʈʝʰʠʪʝ: 863 954-27 997(835 957) 

ɺ2. ʈʝʰʠʪʝ: 53 743-11 961 (41 782) 

3. ɿʘʜʘʥʠʷ ʧʦʜ ʙʫʢʚʦʡ ɿ ï ʪʝʢʩʪʦʚʳʝ ʟʘʜʘʯʠ: 

ɿ1. ʈʝʰʠʪʝ ʟʘʜʘʯʫ: 

ɺ ʦʜʥʦʡ ʰʢʦʣʝ 913 ʰʢʦʣʴʥʠʢʦʚ, ʘ ʚ ʜʨʫʛʦʡ ï ʥʘ 194 ʰʢʦʣʴʥʠʢʘ ʤʝʥʴʰʝ. ʉʢʦʣʴʢʦ 

ʰʢʦʣʴʥʠʢʦʚ ʚ ʜʚʫʭ ʰʢʦʣʘʭ? (1632) 

ɿ2. ʈʝʰʠʪʝ ʟʘʜʘʯʫ: 

ʃʳʞʥʠʢ ʟʘ 3 ʯ ʧʨʦʰʝʣ 60 ʢʤ. ʉʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʝʤʫ ʧʦʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʩ ʪʦʡ ʞʝ 

ʩʢʦʨʦʩʪʴʶ ʧʨʦʡʪʠ 80 ʢʤ? (4 ʯʘʩʘ) 

4. ɿʘʜʘʥʠʷ ʧʦʜ ʙʫʢʚʦʡ ɻ ï ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʟʘʜʘʯʠ: 

ɻ1. ʈʝʰʠʪʝ:  

ɺ ʪʨʝʫʛʦʣʴʥʠʢʝ ɸɺʉ ʩʪʦʨʦʥʘ ɸɺ ʨʘʚʥʘ 40 ʩʤ, ʠ ʦʥʘ ʙʦʣʴʰʝ ʩʪʦʨʦʥʳ ɺʉ ʚ 4 ʨʘʟʘ. ʅʘʡʜʠʪʝ 

ʜʣʠʥʫ ʩʪʦʨʦʥʳ ɸʉ, ʝʩʣʠ ʧʝʨʠʤʝʪʨ ʪʨʝʫʛʦʣʴʥʠʢʘ ɸɺʉ ʨʘʚʝʥ 73 ʩʤ. (23 ʩʤ) 

ɻ2. ʈʝʰʠʪʝ: 

ʊʦʯʢʘ ʉ ʣʝʞʠʪ ʥʘ ʦʪʨʝʟʢʝ ɸɺ. ʅʘʡʜʠʪʝ ʜʣʠʥʫ ʦʪʨʝʟʢʘ ɸɺ, ʝʩʣʠ ɸʉ = 14 ʩʤ, ʘ ʜʣʠʥʘ 

ʦʪʨʝʟʢʘ ʉɺ ʚ 3 ʨʘʟʘ ʙʦʣʴʰʝ ʜʣʠʥʳ ʦʪʨʝʟʢʘ ɸʉ. (56 ʩʤ) 

5. ɿʘʜʘʥʠʷ ʧʦʜ ʙʫʢʚʦʡ ʂ ï ʢʦʤʙʠʥʘʪʦʨʥʳʝ ʟʘʜʘʯʠ: 

ʂ1. ʈʝʰʠʪʝ ʢʦʤʙʠʥʘʪʦʨʥʫʶ ʟʘʜʘʯʫ: 

ʉʢʦʣʴʢʦ ʯʝʪʳʨʝʭʟʥʘʯʥʳʭ ʯʠʩʝʣ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʠʟ ʮʠʬʨ 2 ʠ 5? (16 ʯʠʩʝʣ) 

ʂ2. ʈʝʰʠʪʝ ʢʦʤʙʠʥʘʪʦʨʥʫʶ ʟʘʜʘʯʫ: 

ɺ ʢʣʘʩʩʝ 23 ʯʝʣʦʚʝʢʘ. ʉʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʩʪʘʨʦʩʪʫ ʢʣʘʩʩʘ ʠ ʝʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ? (506 ʩʧʦʩʦʙʦʚ) 

6. ɿʘʜʘʥʠʷ ʧʦʜ ʙʫʢʚʦʡ ʊ ï ʚʦʧʨʦʩʳ ʧʦ ʪʝʦʨʠʠ: 

ʊ1. ʆʪʚʝʪʴʪʝ ʥʘ ʚʦʧʨʦʩ: 

ʂʘʢ ʥʘʡʪʠ ʥʝʠʟʚʝʩʪʥʦʝ ʜʝʣʠʤʦʝ? (ʯʘʩʪʥʦʝ ʫʤʥʦʞʠʪʴ ʥʘ ʜʝʣʠʪʝʣʴ) 

ʊ2. ʆʪʚʝʪʴʪʝ ʥʘ ʚʦʧʨʦʩ: 

ʂʘʢ ʥʘʡʪʠ ʥʝʠʟʚʝʩʪʥʦʝ ʚʳʯʠʪʘʝʤʦʝ? (ʠʟ ʫʤʝʥʴʰʘʝʤʦʛʦ ʚʳʯʝʩʪʴ ʨʘʟʥʦʩʪʴ) 

7. ɿʘʜʘʥʠʷ ʧʦʜ ʙʫʢʚʦʡ ɹ ï ʥʘʡʪʠ ʟʥʘʯʝʥʠʝ ʙʫʢʚʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ: 

ɹ1. ʅʘʡʜʠʪʝ ʟʥʘʯʝʥʠʝ ʚʳʨʘʞʝʥʠʷ: (ʘ + 34) + 17, ʧʨʠ ʘ = 19 (70) 

ɹ2. ʅʘʡʜʠʪʝ ʟʥʘʯʝʥʠʝ ʚʳʨʘʞʝʥʠʷ: (63+ʘ) ï 23, ʧʨʠ ʘ = 38 (78) 

8. ɿʘʜʘʥʠʷ ʧʦʜ ʙʫʢʚʦʡ ʋ ï ʫʤʥʦʞʝʥʠʝ ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʝʣ: 

ʋ1. ʈʝʰʠʪʝ: 23 765 Ŀ 21 (499 065) 

ʋ2. ʈʝʰʠʪʝ: 843 402 Ŀ 59 (49 760 718) 

9. ɿʘʜʘʥʠʷ ʧʦʜ ʙʫʢʚʦʡ ɼ ï ʜʝʣʝʥʠʝ ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʝʣ: 

ɼ1. ʈʝʰʠʪʝ: 48 336 : 304 (159) 

ɼ2. ʈʝʰʠʪʝ: 282 905 : 413 (685) 

10. ɿʘʜʘʥʠʷ ʧʦʜ ʙʫʢʚʦʡ ʍ ï ʫʨʘʚʥʝʥʠʝ: 

ʍ1. ʅʘʡʜʠʪʝ ʢʦʨʝʥʴ ʫʨʘʚʥʝʥʠʷ: 469 + (ʭ + 68) = 677 (ʭ =140) 

ʍ2. ʅʘʡʜʠʪʝ ʢʦʨʝʥʴ ʫʨʘʚʥʝʥʠʷ: (ʭ + 294) -432 = 145 (ʭ = 283) 

 

ɯɯɯ ʏʘʩʪʴ. ʇʦʜʚʝʜʝʥʠʝ ʠʪʦʛʦʚ.  

ɺ ʢʦʥʮʝ ʟʘʥʷʪʠʷ ʧʨʦʚʦʜʠʪʩʷ ʙʝʩʝʜʘ, ʚ ʢʦʪʦʨʦʡ ʚʳʷʩʥʷʝʪʩʷ: ʯʪʦ ʚʳʟʚʘʣʦ ʟʘʪʨʫʜʥʝʥʠʷ ʚ 

ʭʦʜʝ ʠʛʨʳ, ʯʪʦ ʧʦʥʨʘʚʠʣʦʩʴ ʠ ʪ.ʜ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʥʝʦʙʷʟʘʪʝʣʴʥʦʩʪʴ ʜʣʷ ʫʯʘʱʠʭʩʷ, ʚʥʝʫʨʦʯʥʳʝ ʟʘʥʷʪʠʷ ʧʦ ʤʘʪʝʤʘʪʠʢʝ 

ʟʘʩʣʫʞʠʚʘʶʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʢʘʞʜʦʛʦ ʫʯʠʪʝʣʷ, ʧʨʝʧʦʜʘʶʱʝʛʦ ʵʪʦʪ ʧʨʝʜʤʝʪ. ɺʚʝʜʝʥʠʝ ʚ 

ʰʢʦʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʥʷʪʠʡ ʧʦ ʤʘʪʝʤʘʪʠʢʝ, ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠ 

ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʫʯʘʱʠʭʩʷ, ʘ ʪʘʢʞʝ ʧʦʤʦʞʝʪ ʚʳʜʝʣʠʪʴ ʦʜʘʨʝʥʥʳʭ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢ ʧʨʝʜʤʝʪʫ 
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ʜʝʪʝʡ. ʈʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʚʥʝʢʣʘʩʩʥʦʡ ʨʘʙʦʪʳ ʤʦʛʫʪ ʧʨʠʚʣʝʯʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʯʘʱʠʭʩʷ 

ʥʘ ʧʦʩʝʱʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʥʷʪʠʡ. 

ʅʘ ʚʥʝʫʨʦʯʥʳʭ ʟʘʥʷʪʠʷʭ ʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʝʨʝ ʥʫʞʥʦ ʫʯʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʠʥʪʝʨʝʩʳ 

ʩʚʦʠʭ ʫʯʝʥʠʢʦʚ. ɺʥʝʢʣʘʩʩʥʘʷ ʨʘʙʦʪʘ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʜʦʧʦʣʥʷʝʪ ʦʙʷʟʘʪʝʣʴʥʫʶ ʫʯʝʙʥʫʶ ʨʘʙʦʪʫ 

ʧʦ ʧʨʝʜʤʝʪʫ ʠ ʜʦʣʞʥʘ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʫʩʚʦʝʥʠʶ ʫʯʘʱʠʤʠʩʷ ʤʘʪʝʨʠʘʣʘ, 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʦʡ. 
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ʆʣʠʤʧʠʘʜʥʳʝ ʟʘʜʘʯʠ ð ʪʝʨʤʠʥ ʚ ʤʘʪʝʤʘʪʠʢʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʦʙʦʟʥʘʯʠʪʴ ʢʨʫʛ ʟʘʜʘʯ, 

ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʪʨʝʙʫʝʪ ʥʝʦʞʠʜʘʥʥʦʛʦ ʠ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ.  

ʈʝʰʝʥʠʝ ʜʘʥʥʦʛʦ ʪʠʧʘ ʟʘʜʘʯ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʰʝʥʠʷ ʜʘʞʝ ʦʯʝʥʴ 

ʪʨʫʜʥʳʭ ʟʘʜʘʯ ʰʢʦʣʴʥʦʛʦ ʫʨʦʚʥʷ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʙʦʨʦʤ ʨʘʟʜʝʣʦʚ, ʢʦʪʦʨʳʝ 

ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘ ʦʣʠʤʧʠʘʜʘʭ. ʅʘʧʨʠʤʝʨ, ʪʘʢʠʝ ʨʘʟʜʝʣʳ ʢʘʢ: ʛʨʘʬʳ, 

ʫʨʘʚʥʝʥʠʷ ʚ ʮʝʣʳʭ ʯʠʩʣʘʭ, ʪʝʦʨʠʷ ʠʛʨ, ʟʘʜʘʯʠ ʥʘ ʨʘʩʢʨʘʩʢʠ, ʥʘ ʩʤʝʢʘʣʢʫ ʠ ʪ. ʧ., ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʰʢʦʣʴʥʳʤ ʢʫʨʩʦʤ ʤʘʪʝʤʘʪʠʢʠ. ʊʝʤ ʙʦʣʝʝ, ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦ 

ʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ, ʵʣʝʤʝʥʪʘʭ ʪʝʦʨʠʠ ʯʠʩʝʣ, ʘ ʪʘʢʞʝ ʧʨʠʥʮʠʧʝ ɼʠʨʠʭʣʝ. ɿʘʜʘʯʠ ʞʝ ʧʦ 

ʛʝʦʤʝʪʨʠʠ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʦʣʠʤʧʠʘʜʘʭ, ʪʨʝʙʫʶʪ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʠʭ ʨʝʰʝʥʠʠ, ʢʘʢ 

ʠ ʟʘʜʘʯʠ ʠʟ ʜʨʫʛʠʭ çʟʥʘʢʦʤʳʭè ʨʘʟʜʝʣʦʚ. 

ɺʨʝʤʷ, ʢʦʪʦʨʦʝ ʦʪʚʦʜʠʪʩʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʦʣʠʤʧʠʘʜʥʦʛʦ ʟʘʜʘʥʠʷ, ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʦ. ɺ 

ʢʘʯʝʩʪʚʝ ʟʘʜʘʯ ʫʯʘʩʪʥʠʢʘʤ ʦʣʠʤʧʠʘʜʳ ʧʨʝʜʣʘʛʘʶʪʩʷ ʟʘʜʘʯʠ ʥʝ ʙʘʟʦʚʦʛʦ ʫʨʦʚʥʷ ʠʣʠ 

ʧʦʚʳʰʝʥʥʦʛʦ ʫʨʦʚʥʷ (ʧʦ ʤʝʨʢʘʤ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ ʤʘʪʝʤʘʪʠʢʠ), ʘ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʟʘʜʘʥʠʷ. 

ʊʘʢʠʝ ʟʘʜʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʩʪʳʤʠ ʧʦ ʩʚʦʝʡ ʬʦʨʤʫʣʠʨʦʚʢʝ, ʥʦ ʪʨʝʙʫʶʱʠʤʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ. 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʦ, ʯʪʦ ʧʦʯʪʠ ʚʩʝ ʨʘʟʙʠʨʘʝʤʳʝ ʨʘʟʜʝʣʳ ʤʦʞʥʦ ʦʜʠʥʘʢʦʚʦ ʫʩʧʝʰʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʘ ʬʘʢʫʣʴʪʘʪʠʚʥʳʭ ʟʘʥʷʪʠʷʭ ʢʘʢ ʚ 5-ʭ, ʪʘʢ ʠ ʚ 11-ʭ ʢʣʘʩʩʘʭ. ɽʩʪʝʩʪʚʝʥʥʦ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣʘ ʙʫʜʝʪ ʨʘʟʥʠʪʴʩʷ ʢʘʢ ʦʙʲʝʤʦʤ, ʪʘʢ ʠ ʛʣʫʙʠʥʦʡ ʧʨʝʧʦʜʥʦʩʠʤʦʛʦ, 

ʧʝʨʝʯʥʝʤ ʨʘʟʙʠʨʘʝʤʳʭ ʨʘʟʜʝʣʦʚ ʤʘʪʝʤʘʪʠʢʠ (ʥʝʦʙʭʦʜʠʤʦ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʟʫʯʘʝʤʦʤʫ 

ʰʢʦʣʴʥʦʤʫ ʢʫʨʩʫ). 
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ʊʘʢ ʢʘʢʫʶ ʞʝ ʟʘʜʘʯʫ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʥʝʩʪʘʥʜʘʨʪʥʦʡ? çʅʝʩʪʘʥʜʘʨʪʥʳʝ ʟʘʜʘʯʠ - ʵʪʦ ʪʘʢʠʝ 

ʟʘʜʘʯʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʚ ʢʫʨʩʝ ʤʘʪʝʤʘʪʠʢʠ ʥʝ ʠʤʝʝʪʩʷ ʦʙʱʠʭ ʧʨʘʚʠʣ ʠ ʧʦʣʦʞʝʥʠʡ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʦʯʥʫʶ ʧʨʦʛʨʘʤʤʫ ʠʭ ʨʝʰʝʥʠʷè [3]. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʠ ʪʦ, ʯʪʦ ʧʦʥʷʪʠʝ çʥʝʩʪʘʥʜʘʨʪʥʦʡ ʟʘʜʘʯʠè ʦʪʥʦʩʠʪʝʣʴʥʦ, ʪʘʢ ʢʘʢ, 

ʫʯʠʪʳʚʘʷ ʪʦ, ʟʥʘʢʦʤʳ ʤʳ ʩʦ ʩʧʦʩʦʙʘʤʠ ʨʝʰʝʥʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʟʘʜʘʯ ʠʣʠ ʥʝʪ, ʦʜʥʫ ʠ ʪʫ ʞʝ 

ʟʘʜʘʯʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʪʘʥʜʘʨʪʥʫʶ, ʪʘʢ ʠ ʥʝʩʪʘʥʜʘʨʪʥʫʶ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʣʠʤʧʠʘʜʥʘʷ ʟʘʜʘʯʘ ï ʵʪʦ ʪʘʢʘʷ ʟʘʜʘʯʘ, ʘʣʛʦʨʠʪʤ ʚʳʧʦʣʥʝʥʠʷ ʢʦʪʦʨʦʡ 

ʥʝʠʟʚʝʩʪʝʥ, ʪ.ʝ. ʥʝʠʟʚʝʩʪʥʦ ʥʠ ʪʦ, ʢʘʢʠʤ ʩʧʦʩʦʙʦʤ ʝʝ ʨʝʰʠʪʴ, ʥʠ ʪʦ, ʥʘ ʢʘʢʦʡ ʫʯʝʙʥʳʝ 

ʤʘʪʝʨʠʘʣ ʦʧʠʨʘʪʴʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ ʪʘʢʠʝ ʟʘʜʘʯʠ ʪʨʝʙʫʶʪ 

ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠ ʧʦʜʛʦʪʦʚʢʫ.  

ʋʯʘʱʠʡʩʷ, ʟʥʘʶʱʠʡ ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʠʝʤʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ, ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʣʠʤʧʠʘʜʝ. ɿʘʥʠʤʘʪʴʩʷ 

ʧʦʜʛʦʪʦʚʢʦʡ çʦʣʠʤʧʠʘʜʥʠʢʦʚè ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘʯʠʥʘʪʴ ʚ 5-7 ʢʣʘʩʩʘʭ. ʀʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ 

ʪʘʢʦʤʫ ʧʦʜʭʦʜʫ ʫʯʘʱʠʡʩʷ, ʧʦʧʘʚʰʠʡ ʥʘ ʦʣʠʤʧʠʘʜʫ ʚ 8-9 ʢʣʘʩʩʘʭ, ʩʤʦʞʝʪ ʯʫʚʩʪʚʦʚʘʪʴ ʩʝʙʷ 

ʫʚʝʨʝʥʥʦ: ʩʢʘʞʝʪʩʷ ʥʘʢʦʧʣʝʥʥʳʡ ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ ʦʧʳʪ ʨʝʰʝʥʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ. 

ɺ ɽʣʳʢʘʝʚʩʢʦʡ ʉʆʐ ʩʦʟʜʘʥʳ ʚʩʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʜʝʪʝʡ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʦʣʠʤʧʠʘʜʘʤ. ɼʣʷ ʵʪʦʛʦ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʬʘʢʫʣʴʪʘʪʠʚʥʳʡ ʢʫʨʩ çʈʝʰʝʥʠʝ 

ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ ʧʦ ʤʘʪʝʤʘʪʠʢʝè ʜʣʷ 8-9 ʢʣʘʩʩʦʚ. ɼʘʥʥʳʡ ʢʫʨʩ ʨʘʩʩʯʠʪʘʥ ʥʘ 34 ʯʘʩʘ ʚ ʛʦʜ. 

ʊʝʤʘʪʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʧʨʦʛʨʘʤʤ, 

ʫʯʝʙʥʠʢʦʚ. 

ʌʘʢʫʣʴʪʘʪʠʚʥʦʝ ʟʘʥʷʪʠʝ ʧʨʦʚʦʜʠʪʩʷ ʨʘʟ ʚ ʜʚʝ ʥʝʜʝʣʠ ʚ ʪʝʯʝʥʠʝ 45 ʤʠʥʫʪ ʚ ʢʣʘʩʩʝ, 

ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʜʣʷ ʟʘʥʷʪʠʡ ʧʦ ʤʘʪʝʤʘʪʠʢʝ. ɿʘʥʷʪʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʩʦʦʙʱʝʥʠʷ ʪʝʤʳ, ʫʩʪʥʦʛʦ 

ʦʧʨʦʩʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ, ʟʥʘʢʦʤʳ ʣʠ ʫʯʘʱʠʝʩʷ ʩ ʪʝʤʦʡ ʟʘʥʷʪʠʷ. ʄʘʪʝʨʠʘʣ ʟʘʥʷʪʠʡ 

ʩʦʩʪʘʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʫʯʝʙʥʠʢʦʚ ɼʦʙʦʬʝʝʚ ɻ.ɺ. ɸʣʛʝʙʨʘ.8 ʢʣʘʩʩ [1] ʠ ɼʦʨʦʬʝʝʚ ɻ.ɺ. 

ɸʣʛʝʙʨʘ.9 ʢʣʘʩʩ [2] ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʨʝʰʝʥʠʶ ʪʝʢʩʪʦʚʳʭ ʟʘʜʘʯ, ʘ ʪʘʢʞʝ 

ʦʣʠʤʧʠʘʜʥʳʭ ʟʘʜʘʯ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʟʘʜʘʥʠʷ ʦʜʥʦʛʦ ʠʟ ʟʘʥʷʪʠʡ ʬʘʢʫʣʴʪʘʪʠʚʥʦʛʦ ʢʫʨʩʘ 9 ʢʣʘʩʩʘ. 

ʊʝʤʘ ʟʘʥʷʪʠʷ: çʈʝʰʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʦʣʠʤʧʠʘʜʥʳʭ ʟʘʜʘʯ ʪʘʙʣʠʯʥʳʤ ʤʝʪʦʜʦʤè 

ʂʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʪʝʤʳ -2 ʯʘʩʘ. 

ɺʚʦʜʥʦʝ ʩʣʦʚʦ. 

 ɺ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʪʘʙʣʠʯʥʳʤ ʤʝʪʦʜʦʤ ʫʩʣʦʚʠʷ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ 

ʟʘʜʘʯʝ, ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʩʫʞʜʝʥʠʡ ʦʬʦʨʤʣʷʶʪʩʷ ʠ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦ ʩʦʩʪʘʚʣʝʥʥʦʡ 

ʪʘʙʣʠʮʝ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʬʦʨʤʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʪʘʙʣʠʮ ʠʩʪʠʥʥʦʩʪʠ ʧʨʠ 

ʨʝʰʝʥʠʠ ʪʝʢʩʪʦʚʳʭ ʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʌʠʢʩʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʨʘʚʠʣʴʥʳʤ ʣʦʛʠʯʝʩʢʠʤ ʚʳʚʦʜʘʤ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʘ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ ʥʘʛʣʷʜʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʫʩʣʦʚʠʝ ʟʘʜʘʯʠ ʠʣʠ ʝʝ ʦʪʚʝʪ.   

ʈʝʰʝʥʠʝ ʟʘʜʘʯ. ʂʦʤʤʝʥʪʠʨʦʚʘʥʥʳʝ ʫʧʨʘʞʥʝʥʠʷ. 

ɿʘʜʘʯʘ ˉ1 

ʊʨʠ ʦʜʥʦʢʣʘʩʩʥʠʮʳ ð ɺʘʣʷ, ʈʠʤʤʘ ʠ ʉʘʨʘ, ʚʩʪʨʝʪʠʣʠʩʴ ʩʧʫʩʪʷ 7 ʣʝʪ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ 

ʰʢʦʣʳ. ɺ ʭʦʜʝ ʨʘʟʛʦʚʦʨʘ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʦʜʥʘ ʠʟ ʥʠʭ ʩʪʘʣʘ ʚʨʘʯʦʤ, ʜʨʫʛʘʷ ʶʨʠʩʪʦʤ, ʘ ʪʨʝʪʴʷ 

ʭʠʤʠʢʦʤ. ʆʜʥʘ ʧʦʣʶʙʠʣʘ ʜʘʡʚʠʥʛ, ʜʨʫʛʘʷ ʙʝʛ, ʩʪʨʘʩʪʴ ʪʨʝʪʴʝʡ ð ʙʦʢʩ. 

ʉʘʨʘ ʩʢʘʟʘʣʘ, ʯʪʦ ʥʘ ʜʘʡʚʠʥʛ ʝʡ ʥʝ ʭʚʘʪʘʝʪ ʚʨʝʤʝʥʠ, ʭʦʪʷ ʝʝ ʙʨʘʪ ð ʝʜʠʥʩʪʚʝʥʥʳʡ ʚʨʘʯ ʚ 

ʩʝʤʴʝ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʟʘʥʠʤʘʝʪʩʷ ʜʘʡʚʠʥʛʦʤ. ɺʨʘʯ ʩʢʘʟʘʣʘ, ʯʪʦ ʦʥʘ ʨʘʟʜʝʣʷʝʪ ʫʚʣʝʯʝʥʠʝ 

ʢʦʣʣʝʛʠ. 

ɿʘʙʘʚʥʦ, ʥʦ ʫ ʜʚʦʠʭ ʠʟ ʧʦʜʨʫʛ ʚ ʥʘʟʚʘʥʠʷʭ ʠʭ ʧʨʦʬʝʩʩʠʡ ʠ ʫʚʣʝʯʝʥʠʡ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʥʠ 

ʦʜʥʘ ʙʫʢʚʘ ʠʭ ʠʤʝʥ. 

ʆʧʨʝʜʝʣʠʪʝ, ʢʪʦ ʯʝʤ ʣʶʙʠʪ ʟʘʥʠʤʘʪʴʩʷ ʚ ʩʚʦʙʦʜʥʦʝ ʚʨʝʤʷ ʠ ʫ ʢʦʛʦ ʢʘʢʘʷ ʧʨʦʬʝʩʩʠʷ. 

ʈʝʰʝʥʠʝ. ɿʜʝʩʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʪʨʦʡʢʠ (ʠʤʷ ð ʧʨʦʬʝʩʩʠʷ ð 

ʫʚʣʝʯʝʥʠʝ). 
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ʀʟ ʩʣʦʚ ʉʘʨʳ ʷʩʥʦ, ʯʪʦ ʦʥʘ ʥʝ ʫʚʣʝʢʘʝʪʩʷ ʜʘʡʚʠʥʛʦʤ, ʠ ʦʥʘ ʥʝ ʚʨʘʯ. ʀʟ ʩʣʦʚ ʚʨʘʯʘ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʦʥʘ ʜʘʡʚʝʨ. 

ʀʤ ̫ ʉʘʨʘ   

ʇʨʦʬʝʩʩʠʷ  ʚʨʘʯ  

ʋʚʣʝʯʝʥʠʝ  ʜʘʡʚʠʥʛ  

ɹʫʢʚʘ "ʘ", ʧʨʠʩʫʪʩʪʚʫʶʱʘʷ ʚ ʩʣʦʚʝ "ʚʨʘʯ", ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ɺʘʣʷ ʪʦʞʝ ʥʝ ʚʨʘʯ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʨʘʯ ð ʈʠʤʤʘ. ɺ ʝʝ ʠʤʝʥʠ ʝʩʪʴ ʙʫʢʚʳ "ʠ" ʠ "ʘ", ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʩʣʦʚʝ 

"ʜʘʡʚʠʥʛ", ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʪʦʨʘʷ ʠʟ ʧʦʜʨʫʛ, ʚ ʥʘʟʚʘʥʠʷʭ ʧʨʦʬʝʩʩʠʠ ʠ ʫʚʣʝʯʝʥʠʷ ʢʦʪʦʨʦʡ ʥʝ 

ʚʩʪʨʝʯʘʝʪʩʷ ʥʠ ʦʜʥʘ ʙʫʢʚʘ ʠʟ ʝʝ ʠʤʝʥʠ ð ʉʘʨʘ. ʉʘʨʘ ʥʝ ʶʨʠʩʪ ʠ ʥʝ ʙʦʢʩʝʨ, ʪʘʢ ʢʘʢ ʚ ʝʝ ʠʤʝʥʠ 

ʩʦʜʝʨʞʘʪʩʷ ʙʫʢʚʳ "ʨ" ʠ "ʩ". ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʠʤʝʝʤ: 

ʆʪʚʝʪ. ɺʘʣʷ ð ʶʨʠʩʪ ʠ ʙʦʢʩʝʨ, ʈʠʤʤʘ ð ʚʨʘʯ ʠ ʜʘʡʚʝʨ, ʉʘʨʘ ð ʭʠʤʠʢ ʠ ʙʝʛʫʥ. 

ɿʘʢʨʝʧʣʝʥʠʝ ʧʨʦʡʜʝʥʥʦʛʦ 

 

ɿʘʜʘʯʘ ˉ1.  

ʄʘʰʘ ï ʨʦʜʩʪʚʝʥʥʠʮʘ ʃʝʨʳ, ʉʘʰʘ ʠ ʃʝʨʘ ï ʨʦʜʩʪʚʝʥʥʠʮʳ ɽʚʛʝʥʠʠ, ɼʘʰʘ ï ʨʦʜʩʪʚʝʥʥʠʮʘ 

ʄʘʰʠ ʠʣʠ ʃʝʨʳ. ɺʳʧʠʩʘʪʴ ʚʩʝ ʚʘʨʠʘʥʪʳ ʨʦʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ.  

ʆʪʚʝʪ: ʚʩʝ ʦʥʠ ï ʨʦʜʩʪʚʝʥʥʠʮʳ. 

ɿʘʜʘʯʘ ˉ2.  

ʊʨʠ ʩʝʩʪʨʳ ʥʘʧʨʘʚʠʣʠʩʴ ʧʦʛʫʣʷʪʴ ʚ ʛʦʣʫʙʦʤ, ʩʠʨʝʥʝʚʦʤ ʠ ʢʨʘʩʥʦʤ ʩʘʨʘʬʘʥʘʭ ʠ ʚ ʙʘʣʝʪʢʘʭ 

ʪʘʢʠʭ ʞʝ ʮʚʝʪʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʫ ɸʣʠ ʮʚʝʪ ʩʘʨʘʬʘʥʘ ʠ ʙʘʣʝʪʦʢ ʩʦʚʧʘʜʘʝʪ. ʅʠ ʙʘʣʝʪʢʠ, 

ʥʠ ʩʘʨʘʬʘʥ ɻʘʣʠ ʥʝ ʙʳʣʠ ʛʦʣʫʙʳʤʠ. ʉʦʥʷ ʙʳʣʘ ʚ ʩʠʨʝʥʝʚʳʭ ʙʘʣʝʪʢʘʭ. ʆʧʨʝʜʝʣʠʪʝ ʮʚʝʪ 

ʩʘʨʘʬʘʥʘ ʠ ʙʘʣʝʪʦʢ ʥʘ ʢʘʞʜʦʡ ʠʟ ʩʝʩʪʝʨ. 

ʆʪʚʝʪ: ʫ ɸʣʠ ï ʛʦʣʫʙʦʡ ʩʘʨʘʬʘʥ ʠ ʛʦʣʫʙʳʝ ʙʘʣʝʪʢʠ, ɻʘʣʷ ï ʚ ʢʨʘʩʥʳʭ ʙʘʣʝʪʢʘʭ ʠ 

ʩʠʨʝʥʝʚʦʤ ʩʘʨʘʬʘʥʝ, ʉʦʥʷ ï ʚ ʩʠʨʝʥʝʚʳʭ ʙʘʣʝʪʢʘʭ ʠ ʢʨʘʩʥʦʤ ʩʘʨʘʬʘʥʝ. 

ɿʘʜʘʯʘ ˉ3.  

ʅʘ ʩʪʦʣʝ ʚ ʦʜʠʥ ʨʷʜ ʩʪʦʷʪ ʯʝʪʳʨʝ ʚʘʟʳ ʨʘʟʥʦʛʦ ʮʚʝʪʘ (ʢʨʘʩʥʦʛʦ, ʛʦʣʫʙʦʛʦ, ʞʝʣʪʦʛʦ ʠ 

ʩʘʣʘʪʦʚʦʛʦ). ɺ ʢʘʞʜʦʡ ʚʘʟʝ ʥʘʭʦʜʷʪʩʷ ʮʚʝʪʳ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʠʟ ʚʠʜʦʚ: ʭʨʠʟʘʥʪʝʤʳ, ʠʨʠʩʳ, 

ʧʠʦʥʳ ʠ ʣʘʥʜʳʰʠ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ: 

1) ʍʨʠʟʘʥʪʝʤʳ ʠ ʠʨʠʩʳ ʩʪʦʷʪ ʥʝ ʚ ʩʘʣʘʪʦʚʦʡ ʚʘʟʝ.  

2) ɺʘʟʘ ʩ ʧʠʦʥʘʤʠ ʩʪʦʠʪ ʤʝʞʜʫ ʛʦʣʫʙʦʡ ʚʘʟʦʡ ʠ ʚʘʟʦʡ ʩ ʣʘʥʜʳʰʘʤʠ. 

3) ɺ ʢʨʘʩʥʦʡ ʚʘʟʝ ʥʝ ʧʠʦʥʳ ʠ ʥʝ ʭʨʠʟʘʥʪʝʤʳ.  

4) ɾʝʣʪʘʷ ʚʘʟʘ ʩʪʦʠʪ ʦʢʦʣʦ ʢʨʘʩʥʦʡ ʚʘʟʳ ʠ ʚʘʟʳ ʩ ʠʨʠʩʘʤʠ. 

ʋʢʘʞʠʪʝ ʧʦ ʧʦʨʷʜʢʫ ʮʚʝʪʳ, ʢʦʪʦʨʳʝ ʩʪʦʷʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʢʨʘʩʥʦʡ, ʩʘʣʘʪʦʚʦʡ, ʞʝʣʪʦʡ ʠ 

ʛʦʣʫʙʦʡ ʚʘʟʘʭ. 

ʆʪʚʝʪ: ɺ ʢʨʘʩʥʦʡ ʚʘʟʝ ï ʣʘʥʜʳʰʠ, ʚ ʩʘʣʘʪʦʚʦʡ ï ʧʠʦʥʳ, ʚ ʞʝʣʪʦʡ ï ʭʨʠʟʘʥʪʝʤʳ, ʚ ʛʦʣʫʙʦʡ 

ï ʠʨʠʩʳ.  

ɺ ʢʦʥʮʝ ʟʘʥʷʪʠʷ ʧʨʦʚʦʜʠʪʩʷ ʙʝʩʝʜʘ, ʚ ʢʦʪʦʨʦʡ ʚʳʷʩʥʷʝʪʩʷ: ʯʪʦ ʥʦʚʦʛʦ ʫʟʥʘʣʠ ʫʯʘʱʠʝʩʷ, 

ʯʪʦ ʚʳʟʚʘʣʦ ʫ ʥʠʭ ʟʘʪʨʫʜʥʝʥʠʷ ʚ ʭʦʜʝ ʟʘʥʷʪʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʨʘʩʪʘʝʪ ʠʥʪʝʨʝʩ ʫʯʘʱʠʭʩʷ ʢ ʫʯʘʩʪʠʶ ʚ ʦʣʠʤʧʠʘʜʘʭ, ʵʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʫʯʘʩʪʠʝ ʚ ʦʣʠʤʧʠʘʜʘʭ ʧʦʤʦʛʘʝʪ ʜʝʪʷʤ ʧʨʦʷʚʠʪʴ ʩʝʙʷ ʠ ʩʚʦʠ 

ʩʧʦʩʦʙʥʦʩʪʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʭʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʙʦʪʘ ʩ ʜʝʪʴʤʠ-çʦʣʠʤʧʠʘʜʥʠʢʘʤʠè - ʵʪʦ ʨʘʙʦʪʘ 

ʥʝ ʦʜʥʦʛʦ ʛʦʜʘ. ʊʘʢʘʷ ʨʘʙʦʪʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʧʨʦʛʨʘʤʤʫ (ʞʝʣʘʪʝʣʴʥʦ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʜʣʷ 

ʢʘʞʜʦʛʦ ʥʝʦʨʜʠʥʘʨʥʦʛʦ ʨʝʙʝʥʢʘ). 

ʀʤ ̫ ʉʘʨʘ ʈʠʤʤʘ ɺʘʣʷ 

ʇʨʦʬʝʩʩʠʷ ʭʠʤʠʢ ʚʨʘʯ ʶʨʠʩʪ 

ʋʚʣʝʯʝʥʠʝ ʙʝʛ ʜʘʡʚʠʥʛ ʙʦʢʩ 
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ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʦʥʣʘʡʥ ʢʫʨʩʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʧʦʠʩʢ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʝʨʚʳʭ ʨʘʟʜʝʣʦʚ ʩʪʝʨʝʦʤʝʪʨʠʠ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ çGeogebraè. ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʘʷ 

ʨʘʙʦʪʘ ʚ Smart ʠ iSpring Suite, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʠʙʢʠʭ ʫʤʝʥʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʫʯʝʥʠʝ ʟʥʘʥʠʡ ʠ ʠʭ ʟʘʢʨʝʧʣʝʥʠʝ ʚ ʨʝʞʠʤʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʢʫʨʩʘ ʩʪʝʨʝʦʤʝʪʨʠʠ ʫʯʘʱʠʝʩʷ ʚʩʪʨʝʯʘʶʪ ʨʷʜ ʪʨʫʜʥʦʩʪʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʩʣʦʞʥʦʩʪʴʶ ʚʦʧʨʦʩʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʝʤ 

ʥʘ ʧʣʦʩʢʦʩʪʠ. ɿʘʜʘʯʘ ʜʘʥʥʦʛʦ ʦʥʣʘʡʥ ʢʫʨʩʘ ʦʙʣʝʛʯʠʪʴ ʫʩʚʦʝʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʯʪʦʙʳ ʢʘʞʜʳʡ 

ʫʯʘʱʠʡʩʷ ʤʦʛ ʥʝ ʪʦʣʴʢʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠ ʥʘʛʣʷʜʥʦ ʠʟʫʯʠʪʴ ʪʝʤʫ, ʥʦ ʠ ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʢ 

ʧʨʦʬʠʣʴʥʦʡ ʩʜʘʯʝ ɽɻʕ ʧʦ ʤʘʪʝʤʘʪʠʢʝ. ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʧʝʨʚʳʭ ʨʘʟʜʝʣʦʚ ʩʪʝʨʝʦʤʝʪʨʠʠ: 

ʩʪʨʦʛʦʩʪʴ ʣʦʛʠʯʝʩʢʠʭ ʨʘʩʩʫʞʜʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ, 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʰʢʦʣʴʥʠʢʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʝʨʚʦʡ ʪʝʤʳ ʩʪʝʨʝʦʤʝʪʨʠʠ. ɼʘʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ, ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʦʥʣʘʡʥ ʢʫʨʩʘ 

ʧʦ ʪʝʤʝ çʇʘʨʘʣʣʝʣʴʥʦʩʪʴ ʧʨʷʤʳʭ ʠ ʧʣʦʩʢʦʩʪʝʡ. ʇʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʴ ʧʨʷʤʳʭ ʠ ʧʣʦʩʢʦʩʪʝʡè.  

ʆʥʣʘʡʥ ʢʫʨʩ ʧʦ ʪʝʤʝ çʇʘʨʘʣʣʝʣʴʥʦʩʪʴ ʧʨʷʤʳʭ ʠ ʧʣʦʩʢʦʩʪʝʡ. ʇʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʴ 

ʧʨʷʤʳʭ ʠ ʧʣʦʩʢʦʩʪʝʡè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʫʧʥʦʙʣʦʯʥʫʶ ʩʠʩʪʝʤʫ ʦʙʫʯʝʥʠʷ: ʧʦʩʪʘʥʦʚʢʘ 

ʧʨʦʙʣʝʤʳ; ʦʪʙʦʨ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ; ʧʦʜʨʦʙʥʦʝ ʨʝʰʝʥʠʝ ʦʩʥʦʚʥʳʭ 

ʟʘʜʘʯ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ çGeogebraè; ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʟʥʘʥʠʡ, ʚʢʣʶʯʘʶʱʘʷ ʙʣʦʢ 

ʟʘʜʘʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʦʪʚʝʪʳ, ʢʦʤʤʝʥʪʘʨʠʠ ʠ ʨʠʩʫʥʢʠ. ʇʨʘʢʪʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ: ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʦʥʣʘʡʥ ʢʫʨʩʘ ʧʦ ʨʘʟʜʝʣʫ çʇʘʨʘʣʣʝʣʴʥʦʩʪʴ ʧʨʷʤʳʭ ʠ ʧʣʦʩʢʦʩʪʝʡ. 

ʇʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʴ ʧʨʷʤʳʭ ʠ ʧʣʦʩʢʦʩʪʝʡè ʚ ʢʨʫʧʥʦʙʣʦʯʥʦʡ ʬʦʨʤʝ: ʜʦʩʪʫʧʥʦʩʪʴ ʢʫʨʩʘ ʜʣʷ 

ʫʯʘʱʠʭʩʷ; ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʪʝʤʳ ʠ ʧʦʜʛʦʪʦʚʢʘ ʢ ɽɻʕ ʚ ʩʚʦʝʤ ʪʝʤʧʝ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʘʪʝʨʠʘʣʘ ʫʯʠʪʝʣʷʤʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ ʫʯʘʱʠʭʩʷ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʨʝʞʠʤʝ; 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʘʱʠʤʩʷ ʠ ʫʯʠʪʝʣʷʤ ʧʨʦʚʝʨʠʪʴ ʫʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʢʠ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʭʦʞʜʝʥʠʷ ʠʪʦʛʦʚʦʛʦ ʪʝʩʪʘ; ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʟʘʜʘʯʥʳʡ ʤʘʪʝʨʠʘʣ ʨʘʟʨʘʙʦʪʘʥʳ ʚ ʧʨʦʛʨʘʤʤʝ 

çGeogebraè ʠ SMART; ʠʪʦʛʦʚʳʡ ʪʝʩʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚ iSpring Suite [1]. 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ. 

ɿʘʜʘʯʘ. ɺ ʧʨʘʚʠʣʴʥʦʤ ʪʝʪʨʘʵʜʨʝ SABC ʧʨʷʤʘʷ DO ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʦʯʢʫ D - ʩʝʨʝʜʠʥʫ 

ʨʝʙʨʘ SC ʠ ʪʦʯʢʫ ʆ - ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʤʝʜʠʘʥ ʪʨʝʫʛʦʣʴʥʠʢʘ ɸɺʉ. ʊʦʯʢʘ F - ʩʝʨʝʜʠʥʘ ʨʝʙʨʘ 

SA. ʅʘʡʜʝʤ ʫʛʦʣ ʤʝʞʜʫ ʧʨʷʤʳʤʠ DO ʠ BF [2]. 

ʈʝʰʝʥʠʝ (ʚ ʧʨʦʛʨʘʤʤʝ çGeogebraè). 
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ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʨʘʩʩʤʦʪʨʝʥʘ ʥʘ 5-ʪʠ ʧʦʣʦʪʥʘʭ ʧʨʦʛʨʘʤʤʳ çGeogebraè:  

ʫʩʣʦʚʠʝ ʟʘʜʘʯʠ (ʨʠʩ. 1), ʜʘʥʦ (ʨʠʩ. 2), ʥʘʡʪʠ (ʨʠʩ. 3), ʧʦʩʪʦʨʝʥʥʠʝ ʠ ʨʝʰʝʥʠʝ (ʨʠʩ.4), 

ʭʦʜ ʨʝʰʝʥʠʷ (ʨʠʩ. 5). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʯʝʨʪʝʞʘ çɼɸʅʆè ʚ ʧʨʦʛʨʘʤʤʝ çGeogebraè, ʥʘʞʠʤʘʝʤ ʧʦʰʘʛʦʚʦ ʬʣʘʞʢʠ 

ʧʦʣʫʯʘʝʤ 3D ʯʝʨʪʝʞ ʢ ʟʘʜʘʯʝ (ʨʠʩ. 2). 

ʅʘʡʪʠ: ʥʘʞʠʤʘʝʤ ʬʣʘʞʦʢ çʅɸʁʊʀè ʚ ʧʨʦʛʨʘʤʤʝ çGeogebraè ʠ ʧʦʣʫʯʘʝʤ ʧʦʩʪʨʦʝʥʠʝ 

ʥʘ ʯʝʨʪʝʞʝ ʚ 3D ʬʦʨʤʘʪʝ (ʨʠʩ. 3).  

ʈʝʰʝʥʠʝ: ʜʘʣʝʝ ʥʘʞʠʤʘʝʤ ʬʣʘʞʦʢ çʈɽʐɽʅʀɽè ʚ ʧʨʦʛʨʘʤʤʝ çGeogebraè ʠ ʧʦʣʫʯʘʝʤ 

ʧʦʰʘʛʦʚʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. ʂʘʞʜʳʡ ʬʣʘʞʦʢ ʨʝʰʝʥʠʷ ʧʦʷʚʣʷʝʪʩʷ ʧʦʩʣʝ ʥʘʞʘʪʠʷ, ʪʘʢ ʞʝ 

ʚʳʧʦʣʥʷʝʪʩʷ 3D ʯʝʨʪʝʞ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ (ʨʠʩ. 4).  

ʊʘʢ ʞʝ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʠʩʧʦʣʴʟʫʝʪʩʷ çʇʦʣʟʫʥʦʢè ʥʘ ʧʦʣʦʪʥʝ 2 ʜʣʷ ʧʠʩʴʤʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ. ʇʨʦʢʨʫʯʠʚʘʷ ʧʦʣʟʫʥʦʢ ʚʳʩʚʝʯʠʚʘʝʪʩʷ ʧʦʰʘʛʦʚʦʝ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ.  
 

 

ʈʠʩʫʥʦʢ 1. ʋʩʣʦʚʠʝ ʟʘʜʘʯʠ 
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ʈʠʩʫʥʦʢ 3. ʅʘʡʪʠ  
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ʈʠʩʫʥʦʢ 5. ʍʦʜ ʨʝʰʝʥʠʷ 

 

ɺʳʚʦʜ: ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʣʦʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʩʪʨʦʝʥʠʝʤ, ʥʘʧʨʠʤʝʨ, 

ʧʦʩʪʨʦʝʥʠʠ ʫʛʣʘ ʤʝʞʜʫ ʧʨʷʤʳʤʠ, ʝʩʣʠ ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʤʥʦʛʦʛʨʘʥʥʠʢʘ, ʧʨʦʛʨʘʤʤʘ çGeoGebra ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʛʨʘʤʤʘ 

çGeoGebraè ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʧʦ ï ʥʦʚʦʤʫ ʩʪʨʦʠʪʴ ʤʝʪʦʜʠʢʫ ʦʙʫʯʝʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʫ ʢ ɽɻʕ, ʧʦʚʳʰʘʷ ʥʘʛʣʷʜʥʦʩʪʴ. 

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. https://www.geogebra.org/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 27.03.20). 

2. ʃʠʪʚʠʥʝʥʢʦ ɺ.ʅ. ɿʘʜʘʯʠ ʥʘ ʨʘʟʚʠʪʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ: ʂʥʠʛʘ ʜʣʷ 
ʫʯʠʪʝʣʷ. ʄ : ʇʨʦʩʚʝʱʝʥʠʝ, 1991.- 127 ʩ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢʘʥʜ. ʧʝʜ. ʥʘʫʢ, ʜʦʮʝʥʪ ɻʣʫʭʦʚʘ ʆ.ʖ., ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʨʘʟʜʝʣʦʚ ʚ ʠʟʫʯʝʥʠʠ ʛʝʦʤʝʪʨʠʠ ʩʯʠʪʘʝʪʩʷ ʛʝʦʤʝʪʨʠʷ ʪʨʝʫʛʦʣʴʥʠʢʘ. 

ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʠʟʫʯʘʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʢʫʨʩʘ ʧʣʘʥʠʤʝʪʨʠʠ, ʥʘʯʠʥʘʷ ʦʪ ʧʨʠʟʥʘʢʦʚ 

ʨʘʚʝʥʩʪʚʘ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʠʭ ʧʦʜʦʙʠʷ ʠ ʪ.ʜ. ʅʝʤʘʣʫʶ ʯʘʩʪʴ ʟʘʥʠʤʘʝʪ ʠʟʫʯʝʥʠʝ ʤʝʪʨʠʯʝʩʢʠʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʠʤʝʝʪ ʤʥʦʛʦ ʚʘʞʥʳʭ ʠ ʠʥʪʝʨʝʩʥʳʭ ʩʚʦʡʩʪʚ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʧʨʝʧʦʜʘʚʘʥʠʷ ʢʫʨʩʘ ʛʝʦʤʝʪʨʠʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʨʘʪʢʦʝ ʠʟʣʦʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʦʛʨʘʥʠʯʝʥ ʩʪʘʥʜʘʨʪʥʳʤʠ 

ʫʯʝʙʥʠʢʘʤʠ ʧʦ ʛʝʦʤʝʪʨʠʠ ʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʰʢʦʣʴʥʦʡ ʧʨʦʛʨʘʤʤʦʡ. ʆʜʥʘʢʦ, ʚʩʝ ʯʘʱʝ 
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ʰʢʦʣʴʥʠʢʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʪʨʫʜʥʦʩʪʷʤʠ, ʨʝʰʘʷ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ ʧʦ ʧʣʘʥʠʤʝʪʨʠʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʠʤʝʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʦʪʥʦʰʝʥʠʡ ʦʪʨʝʟʢʦʚ. 

ʉʨʝʜʠ ʪʝʦʨʝʤ ʦ ʪʨʝʫʛʦʣʴʥʠʢʝ ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʠʝ, ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʫʯʝʥʠʢʦʚ. ʊʝʦʨʝʤʳ ʄʝʥʝʣʘʷ ʠ ʏʝʚʳ ʥʝ ʚʭʦʜʷʪ ʚ 

ʙʘʟʦʚʫʶ ʰʢʦʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ ʢʫʨʩʘ ʧʦ ʛʝʦʤʝʪʨʠʠ ʠ ʚʩʪʨʝʯʘʶʪʩʷ ʣʠʰʴ ʚ ʢʣʘʩʩʘʭ, 

ʦʨʛʘʥʠʟʫʶʱʠʭ ʧʨʦʬʠʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʤʘʪʝʤʘʪʠʢʠ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʪʝʦʨʝʤʳ ʧʦʟʚʦʣʷʶʪ ʫʚʝʣʠʯʠʪʴ ʢʨʫʛ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʩ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʛʝʦʤʝʪʨʠʶ ʩ ʜʨʫʛʦʡ, ʥʝʦʞʠʜʘʥʥʦʡ 

ʩʪʦʨʦʥʳ, ʨʝʰʠʪʴ ʠʥʪʝʨʝʩʥʳʝ ʟʘʜʘʯʠ, ʦʪʢʨʳʪʴ ʥʦʚʳʝ ʬʘʢʪʳ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʚʢʣʶʯʝʥʠʝ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʝʢʪ çʉʪʝʨʝʦʤʝʪʨʠʷè 

(ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ) ʨʘʟʜʝʣʘ ʩ  ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʠ ʧʨʠʤʝʥʝʥʠʝʤ 

ʪʝʦʨʝʤ ʄʝʥʝʣʘʷ ʠ ʏʝʚʳ 

ɺ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚʳʧʦʣʥʝʥ ʩʣʝʜʫʶʱʠʡ ʧʝʨʝʯʝʥʴ ʟʘʜʘʯ: 

- ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʦʡ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʝʤʝ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʪʦʜʠʯʝʩʢʦʡ ʙʘʟʳ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʝʤʝ; 

- ʦʧʠʩʘʥʠʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤ ʄʝʥʝʣʘʷ ʠ ʏʝʚʳ; 

- ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʝʤ ʄʝʥʝʣʘʷ ʠ ʏʝʚʳ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʝʢʪ çʉʪʝʨʝʦʤʝʪʨʠʷè ʨʝʘʣʠʟʫʝʪʩʷ ʜʣʷ ʕʣʝʢʪʨʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʙʦʨʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 

ʢʫʨʩʦʚ iSpring Suite [6], ʩʚʦʙʦʜʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ ʚʩʝʭ ʫʨʦʚʥʝʡ ʦʙʨʘʟʦʚʘʥʠʷ 

GeoGebra ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Smart Notebook. ɺʩʝ ʨʠʩʫʥʢʠ ʠ ʧʨʠʣʦʞʝʥʠʷ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʨʘʙʦʪʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʬʦʨʤʫʣʠʨʦʚʢʫ ʪʝʦʨʝʤʳ ʄʝʥʝʣʘʷ [2]. 

ʇʫʩʪʴ ʪʨʝʫʛʦʣʴʥʠʢ ABC ʧʝʨʝʩʝʢʘʝʪʩʷ ʧʨʷʤʦʡ, ʥʝ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʪʦʨʦʥʝ AB ʠ 

ʧʝʨʝʩʝʢʘʶʱʝʡ ʜʚʝ ʝʛʦ ʩʪʦʨʦʥʳ Aʉ ʠ Bʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʪʦʯʢʘʭ B1 ʠ A1, ʘ ʧʨʷʤʫʶ AB ʚ ʪʦʯʢʝ 

C1. 
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ʈʠʩʫʥʦʢ 21. ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʝʢʫʱʝʡ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʅʘ ʈʠʩʫʥʢʝ 1 ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʩʣʫʯʘʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʝʢʫʱʝʡ ʠ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʅʘ ʈʠʩʫʥʢʝ 

1, ʘ) ʩʝʢʫʱʘʷ ʧʝʨʝʩʝʢʘʝʪ ʜʚʝ ʩʪʦʨʦʥʳ ʠ ʧʨʦʜʦʣʞʝʥʠʝ ʪʨʝʪʴʝʡ ʩʪʦʨʦʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʥʘ 

ʈʠʩʫʥʢʝ 1, ʙ) ʩʝʢʫʱʘʷ ʧʝʨʝʩʝʢʘʝʪ ʧʨʦʜʦʣʞʝʥʠʷ ʚʩʝʭ ʪʨʝʭ ʩʪʦʨʦʥ ʪʨʝʫʛʦʣʴʥʠʢʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʬʦʨʤʫʣʠʨʦʚʢʫ ʪʝʦʨʝʤʳ ʏʝʚʳ [2]. 

ɺ ʧʨʦʠʟʚʦʣʴʥʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ æABC ʥʘ ʩʪʦʨʦʥʘʭ BC, CA, AB ʠʣʠ ʠʭ ʧʨʦʜʦʣʞʝʥʠʷʭ ʚʟʷʪʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʦʯʢʠ A1, B1 ʠ C1 ʪʘʢʠʝ, ʯʪʦ ʧʨʷʤʳʝ AA1, BB1, CC1 ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ ʥʝʢʦʪʦʨʦʡ 

ʦʙʱʝʡ ʪʦʯʢʝ.  

ʊʦʛʜʘ  
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ʈʠʩʫʥʦʢ 2. ʈʘʩʧʦʣʦʞʝʥʠʝ ʯʝʚʠʘʥ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʅʘ ʈʠʩʫʥʢʝ 2 ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʩʣʫʯʘʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʯʝʚʠʘʥ. ʅʘ ʈʠʩʫʥʢʝ 2, ʘ) ʪʦʯʢʘ 

ʧʝʨʝʩʝʯʝʥʠʷ ʚʥʫʪʨʝʥʥʷʷ, ʘ ʢʦʥʮʳ ʯʝʚʠʘʥ ʣʝʞʘʪ ʥʘ ʩʪʦʨʦʥʘʭ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʥʘ ʈʠʩʫʥʢʝ 2, ʙ) 

ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʚʥʝʰʥʷʷ, ʫ ʜʚʫʭ ʯʝʚʠʘʥ ʢʦʥʮʳ ʣʝʞʘʪ ʥʘ ʧʨʦʜʦʣʞʝʥʠʷʭ ʩʪʦʨʦʥ, ʘ ʢʦʥʝʮ 

ʪʨʝʪʴʝʛʦ ʯʝʚʠʘʥʘ ʣʝʞʠʪ ʥʘ ʩʪʦʨʦʥʝ. 

ɼʘʣʝʝ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʦ ʙʳʣʦ ʜʦʩʪʫʧʥʦ ʣʶʙʦʤʫ ʰʢʦʣʴʥʠʢʫ. ɿʘʪʝʤ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʪʝʦʨʝʤ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ. 

ʀʟʣʦʞʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʬʦʨʤʘʪʝ ʦʥʣʘʡʥ ʢʫʨʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʢʫʨʩʦʚ iSpring Suite, ʘ ʪʘʢʞʝ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʤʘʢʝʪʳ (ʰʘʙʣʦʥʳ) ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʫʨʦʢʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʠʪʝʣʝʤ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ Smart Notebook. 
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ʆʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʫʥʢʮʠʡ ʰʢʦʣʳ ï ʵʪʦ ʚʦʩʧʠʪʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʩʧʝʰʥʦʛʦ ʠ 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʯʝʣʦʚʝʢʘ, ʢʦʤʧʝʪʝʥʪʥʦʛʦ ʚ ʩʬʝʨʝ ʙʳʪʘ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ. ɼʣʷ 

ʚʳʧʫʩʢʥʠʢʘ ʰʢʦʣʳ ʚ ʥʘʰʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʪʨʝʙʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʦʝ 

ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʛʦʪʦʚʥʦʩʪʴ ʢ ʞʠʟʥʠ ʚ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ 

ʩʪʨʘʥʳ. ʆʜʥʠʤʠ ʠʟ ʚʘʞʥʝʡʰʠʭ ʫʩʣʦʚʠʡ ʩʪʘʣʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʥʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʛʦʜʷʪʩʷ ʚ 

ʣʶʙʦʡ ʩʬʝʨʝ ʞʠʟʥʠ, ʦʩʦʙʝʥʥʦ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ, ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʯʘʩʪʴ ʫʯʝʙʥʦʛʦ ʚʨʝʤʝʥʠ ʫʜʝʣʠʪʴ 

ʟʘʜʘʯʘʤ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤ  ʩʦʜʝʨʞʘʥʠʝʤ. ʇʦʜ ʟʘʜʘʯʘʤʠ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʫʜʝʤ 

ʧʦʥʠʤʘʪʴ ʟʘʜʘʯʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʝʤʘʪʠʢʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ[1]. ʇʦʵʪʦʤʫ ʝʩʪʴ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʫʯʘʱʠʭʩʷ ʦʙʱʠʭ ʤʦʜʝʣʝʡ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʨʘʟʣʠʯʥʦʡ 

ʩʣʦʞʥʦʩʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʜʘʯ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘ ʫʨʦʢʘʭ ʠ ʚʦ ʚʥʝʢʣʘʩʩʥʦʡ 

ʨʘʙʦʪʝ ʧʦ ʤʘʪʝʤʘʪʠʢʝ, ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ: 

1. ʧʦʥʠʤʘʥʠʷ ʫʯʘʱʠʤʠʩʷ ʩʫʱʥʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʪʝʨʤʠʥʦʚ, ʯʘʩʪʦ ʫʧʦʪʨʝʙʣʷʝʤʳʭ ʚ 
ʟʘʜʘʯʘʭ; 

2. ʦʙʫʯʝʥʠʷ ʫʯʘʱʠʭʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ 

ʵʢʦʥʦʤʠʢʝ; 

3. ʦʟʥʘʢʦʤʣʝʥʠʷ ʫʯʘʱʠʭʩʷ ʩ ʤʝʪʦʜʘʤʠ ʨʝʰʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ  ʟʘʜʘʯ ʩ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʟ ɽɻʕ; 

4. ʜʝʤʦʥʩʪʨʘʮʠʠ ʫʯʝʥʠʢʘʤ ʤʝʞʧʨʝʜʤʝʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʤʘʪʝʤʘʪʠʢʦʡ ʠ ʵʢʦʥʦʤʠʢʦʡ; 

5. ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʫʯʝʥʠʢʦʚ ʦʩʥʦʚʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʵʢʦʥʦʤʠʢʝ ʩʪʨʘʥʳ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʟʘʜʘʯ ʧʦ ʤʘʪʝʤʘʪʠʢʝ, ʰʢʦʣʴʥʠʢʠ ʚʩʪʨʝʯʘʶʪʩʷ ʩ ʪʘʢʠʤʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʪʝʨʤʠʥʘʤʠ ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʚʘʣʶʪʥʳʡ ʢʫʨʩ, ʮʝʥʘ, ʘʢʮʠʠ, 

ʠʥʬʣʷʮʠʷ, ʥʘʣʦʛ, ʩʪʦʠʤʦʩʪʴ, ʧʦʪʨʝʙʠʪʝʣʴʩʢʘʷ ʢʦʨʟʠʥʘ, ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʡ ʢʨʝʜʠʪ ʠ ʪ.ʜ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʥʩʪʠʥʢʪʠʚʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʫʯʝʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ ʚʝʨʥʳ [2]. ʇʦʵʪʦʤʫ ʩʫʱʥʦʩʪʴ ʵʪʠʭ ʪʝʨʤʠʥʦʚ 

ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʩʣʝʜʫʝʪ ʜʦʭʦʜʯʠʚʦ ʦʙʲʷʩʥʠʪʴ ʫʯʘʱʠʤʩʷ. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʧʦʤʦʛʫʪ 

ʫʯʘʱʠʤʩʷ ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʦʩʦʙʝʥʥʦʩʪʷʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ, 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʟʥʘʥʠʷ ʥʘ 

ʵʤʦʮʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʧʦʜʩʦʟʥʘʥʠʝ ʫʯʝʥʠʢʦʚ, ʪʘʢ ʢʘʢ ʙʦʣʝʝ ʷʨʢʦ 

ʧʦʢʘʟʳʚʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʬʝʩʩʠʡ ʵʢʦʥʦʤʠʩʪʘ. 

ɿʘʜʘʯʠ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʪʝʤʘʤ ʧʨʦʛʨʘʤʤʳ 

ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ. 

ʉ ʧʷʪʦʛʦ ʧʦ ʩʝʜʴʤʦʡ ʢʣʘʩʩ ʰʢʦʣʴʥʠʢʠ ʠʟʫʯʘʶʪ ʟʘʜʘʯʠ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʳʭ ʧʨʦʮʝʥʪʦʚ[3]. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʘʢʠʝ ʪʝʤʳ ʢʘʢ: 

1. ʧʨʦʮʝʥʪʳ; 

2. ʧʨʦʧʦʨʮʠʠ; 

3. ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ; 

4. ʜʝʡʩʪʚʠʷ ʩ ʜʨʦʙʷʤʠ; 

5. ʛʨʘʬʠʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʬʫʥʢʮʠʡ. 
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ɿʘʜʘʯʠ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʙʨʘʥʳ ʪʘʢ, ʯʪʦʙʳ ʠʭ ʧʦʩʪʘʥʦʚʢʘ ʧʨʠʚʝʣʘ ʢ ʦʩʦʟʥʘʥʠʶ ʫʯʘʱʠʤʠʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʦʙʨʝʪʝʥʠʷ ʥʦʚʳʭ ʫʤʝʥʠʡ ʠ ʟʥʘʥʠʡ ʧʦ ʤʘʪʝʤʘʪʠʢʝ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ ʥʝʚʦʟʤʦʞʥʦ ʧʝʨʝʦʮʝʥʠʪʴ ʚʘʞʥʦʩʪʴ ʟʘʜʘʯ 

ʧʨʦʙʣʝʤʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʪʦʯʥʦʝ ʦʚʣʘʜʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ, ʫʯʠʪ ʰʢʦʣʴʥʠʢʦʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʚʳʧʦʣʥʝʥʠʶ ʫʯʝʙʥʳʭ ʟʘʜʘʥʠʡ, 

ʧʨʠʝʤʘʤ ʧʦʠʩʢʘ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʦʩʥʦʚʥʳʤ ʤʳʩʣʠʪʝʣʴʥʳʤ ʦʧʝʨʘʮʠʷʤ, 

ʚʳʜʝʣʝʥʠʶ ʛʣʘʚʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ɺ 8 ʠ 9 ʢʣʘʩʩʘʭ ʚʦʟʤʦʞʥʦ ʫʞʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʟʘʜʘʯ ʥʘ ʩʣʦʞʥʳʝ ʧʨʦʮʝʥʪʳ ʚ ʢʫʨʩʝ ʪʝʤ: 

1. ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʜʨʦʙʠ; 

2. ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʦʛʨʝʩʩʠʠ; 

3. ʩʪʝʧʝʥʥʘʷ ʬʫʥʢʮʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʠ ʞʝʣʘʪʝʣʴʥʦ ʩʪʨʦʠʪʴ ʪʘʢ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ ʫʯʘʱʠʤʩʷ 

ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʥʢʨʝʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʡ ʬʫʥʢʮʠʠ ʚ ʦʢʨʫʞʘʶʱʝʤ ʥʘʩ ʤʠʨʝ, ʚ 

ʬʠʥʘʥʩʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʎʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʨʠʚʣʝʯʝʥʠʝ ʰʢʦʣʴʥʠʢʦʚ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʧʦʠʩʢʫ ʧʨʠʤʝʨʦʚ 

ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʚ ʠʟʚʝʩʪʥʳʭ ʠʤ ʞʠʟʥʝʥʥʳʭ ʩʬʝʨʘʭʠ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʵʪʠʭ ʧʨʠʤʝʨʦʚ ʚ ʩʚʦʠʭ ʦʪʚʝʪʘʭ. 

ɺ ʩʪʘʨʰʠʭ ʢʣʘʩʩʘʭ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʙʦʣʝʝ ʦʙʲʝʤʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʧʝʜʝʚʪʠʢʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠʤʠʪʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ. ʍʦʨʦʰʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʝʤ [3]: 

1. ʧʨʦʠʟʚʦʜʥʘʷ; 

2. ʠʥʪʝʛʨʘʣʴʥʦʝ ʠʩʯʠʩʣʝʥʠʝ; 

3. ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʡ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʬʫʥʢʮʠʡ; 

4. ʯʠʩʣʦ Ȧ. 

ʅʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʥʷʪʠʷʭ ʰʢʦʣʴʥʠʢʘʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʠʜʝʪʴ, ʢʘʢ 

ʘʙʩʪʨʘʢʪʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʪʝʤʘʭ: 

1. ʥʝʨʘʚʝʥʩʪʚʦ ɹʝʨʥʫʣʣʠ; 

2. ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʠʩʯʠʩʣʝʥʠʝ. 

3. ʧʨʝʜʝʣ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ; 

4. ʪʝʦʨʠʷ ʛʨʘʬʦʚ; 

ʀʤʝʥʥʦ ʵʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʧʦʤʦʛʫʪ ʫʯʝʥʠʢʫ, ʠʟʙʨʘʚʰʝʤʫ ʵʢʦʥʦʤʠʯʝʩʢʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ, ʦʩʦʟʥʘʥʥʦ ʚʦʩʧʨʠʥʷʪʴ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʵʢʦʥʦʤʠʢʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ 

ʤʦʜʝʣʠ, ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʥʘ ʤʘʢʩʠʤʫʤ ʠ ʤʠʥʠʤʫʤ, ʥʘʯʘʣʘ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʨʠʤʝʨ ʟʘʜʘʯʠ. 

ʂʠʨʠʣʣ ʧʦʣʦʞʠʣ ʥʝʢʦʪʦʨʫʶ ʩʫʤʤʫ ʚ ʙʘʥʢ ʥʘ 4 ʛʦʜʘ ʧʦʜ 10% ʛʦʜʦʚʳʭ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʥʠʤ ʉʘʚʝʣʠʡ ʪʘʢʫʶ ʞʝ ʩʫʤʤʫ ʧʦʣʦʞʠʣ ʥʘ ʜʚʘ ʛʦʜʘ ʚ ʜʨʫʛʦʡ ʙʘʥʢ ʧʦʜ 15% ʛʦʜʦʚʳʭ. ʏʝʨʝʟ ʜʚʘ 

ʛʦʜʘ ʉʘʚʝʣʠʡ ʨʝʰʠʣ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʚʢʣʘʜʘ ʝʱʝ ʥʘ 2 ʛʦʜʘ. ʆʜʥʘʢʦ ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ ʧʨʦʮʝʥʪʥʘʷ 

ʩʪʘʚʢʘ ʧʦ ʚʢʣʘʜʘʤ ʚ ʵʪʦʤ ʙʘʥʢʝ ʠʟʤʝʥʠʣʘʩʴ ʠ ʩʦʩʪʘʚʣʷʣʘ ʫʞʝ p% ʛʦʜʦʚʳʭ. ɺ ʠʪʦʛʝ ʯʝʨʝʟ 

ʯʝʪʳʨʝ ʛʦʜʘ ʥʘ ʩʯʝʪʫ ʫ ʉʘʚʝʣʠʷ ʦʢʘʟʘʣʘʩʴ ʙʦʣʴʰʘʷ ʩʫʤʤʘ, ʯʝʤ ʫ ʂʠʨʠʣʣʘ, ʧʨʠʯʝʤ ʵʪʘ ʨʘʟʥʦʩʪʴ 

ʩʦʩʪʘʚʠʣʘ ʤʝʥʝʝ 10% ʦʪ ʩʫʤʤʳ, ʚʣʦʞʝʥʥʦʡ ʢʘʞʜʳʤ ʧʝʨʚʦʥʘʯʘʣʴʥʦ. ʅʘʡʜʠʪʝ ʥʘʠʙʦʣʴʰʝʝ 

ʚʦʟʤʦʞʥʦʝ ʮʝʣʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʮʝʥʪʥʦʡ ʩʪʘʚʢʠ[4]. 

ʈʝʰʝʥʠʝ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʂʠʨʠʣʣ ʠ ʉʘʚʝʣʠʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʦʣʦʞʠʣʠ ʚ ʙʘʥʢ S ʨʫʙ. 

ɼʠʥʘʤʠʢʘ ʧʨʠʨʦʩʪʘ ʚʢʣʘʜʘ ʂʠʨʠʣʣʘ: ʢ ʢʦʥʮʫ 4 ʛʦʜʘ ʭʨʘʥʝʥʠʷ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʩʯʝʪʫ 

ʂʠʨʠʣʣʘ ʦʢʘʟʘʣʦʩʴ 1,14S=1,4641S ʨʫʙ. 

ɼʠʥʘʤʠʢʘ ʧʨʠʨʦʩʪʘ ʚʢʣʘʜʘ ʉʘʚʝʣʠʷ: ʢ ʢʦʥʮʫ ʚʪʦʨʦʛʦ ʛʦʜʘ ʥʘ ʩʯʝʪʫ ʉʘʚʝʣʠʷ ʦʢʘʟʘʣʦʩʴ 

1,152S=1,3225S ʨʫʙ. ʂ ʢʦʥʮʫ ʞʝ ʯʝʪʚʝʨʪʦʛʦ ʛʦʜʘ ï

2
p

 1,3225 1+ S 
100

å õ
æ ö
ç ÷

ʨʫʙ. 
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ʈʘʟʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʥʳʭ ʩʫʤʤ ʦʙʦʠʭ ʚʢʣʘʜʦʚ ʩʦʩʪʘʚʠʣʘ 

2
p

1,3225 1+ S - 1,4641S 
100

å õ
æ ö
ç ÷

ʨʫʙ., ʯʪʦ 

ʤʝʥʴʰʝ ʚʝʣʠʯʠʥʳ 0,1S.ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʦʮʝʥʪʥʦʡ ʩʪʘʚʢʠʨʝʰʠʤ 

ʥʝʨʘʚʝʥʩʪʚʦ, ʦʧʠʩʳʚʘʶʱʝʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʫʶ ʩʠʪʫʘʮʠʶ: 
2 2

2

1,3225 1 1,4641 0,1 13225 1 14641 1000
100 100

15641 125,06...
1 1 1 1,087.. 0,087...

100 13225 100 115 100 100

p p
S S S S

p p p p

å õ å õ
+ - < Ý + - < Ýæ ö æ ö
ç ÷ ç ÷

å õ
Ý + < Ý + < Ý + < Ý <æ ö
ç ÷

 

 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ p < 8,7. 

ʇʦʩʢʦʣʴʢʫ ʫʩʣʦʚʠʝʤ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʥʘʠʙʦʣʴʰʝʝ ʚʦʟʤʦʞʥʦʝ ʮʝʣʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʦʮʝʥʪʥʦʡ ʩʪʘʚʢʠ, ʪʘʢʠʤ ʟʥʘʯʝʥʠʝʤ ʙʫʜʝʪ ʯʠʩʣʦ 8. 

ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ ʩʣʦʞʥʳʭ ʧʨʦʮʝʥʪʦʚ. ʊʘʢʦʛʦ ʨʦʜʘ ʟʘʜʘʯʠ 

ʘʢʪʫʘʣʴʥʳ, ʪʘʢ ʢʘʢ ʦʥʠ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ, ʢʨʦʤʝ ʪʦʛʦ, ʪʘʢʦʛʦ ʨʦʜʘ 

ʟʘʜʘʯʠ ʚʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ɽɻʕ (ʩʤ., ʥʘʧʨʠʤʝʨ ʟʘʜʘʥʠʝ ˉ 17[4]).  

ʆʪʤʝʪʠʤ, ʯʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʙʣʠʞʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʫʨʦʢʦʚ 

ʤʘʪʝʤʘʪʠʢʠ ʢ ʞʠʟʥʝʥʥʳʤ ʨʝʘʣʠʷʤ. ʆʥʠ ʬʦʨʤʠʨʫʶʪ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʦʙʨʘʟ ʤʳʰʣʝʥʠʷ ʠ 

ʬʠʥʘʥʩʦʚʫʶ ʛʨʘʤʦʪʥʦʩʪʴ ʦʙʫʯʘʶʱʠʭʩʷ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʩʢʦʨʝʥʠʶ ʩʦʮʠʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ 

ʫʯʘʱʠʭʩʷ ʠ ʠʭ ʠʥʪʝʛʨʘʮʠʠ ʚ ʦʙʱʝʩʪʚʦ. 
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ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʰʢʦʣʳ, ʢʦʛʜʘ ʮʝʥʪʨʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʨʝʙʝʥʦʢ, ʘ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʫʯʠʪʝʣʷ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʩʝʩʪʦʨʦʥʥʝ ʨʘʟʚʠʪʦʡ ʣʠʯʥʦʩʪʠ, ʥʘʠʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʫʯʝʥʠʷ, ʦʜʥʦʡ ʠʟ ʪʘʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʫʯʝʥʠʷ.  
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ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʫʯʝʥʠʷ ʧʨʠʚʝʜʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʚʳʭ 

ʩʣʦʚ: çʠʥʪʝʨʘʢʪʠʚʥʳʡè ʠ çʪʝʭʥʦʣʦʛʠʷè. ʊʝʨʤʠʥ çʠʥʪʝʨʘʢʪʠʚʥʳʡè ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʠʩʪʦʯʥʠʢʝ 

ɽ. ʂʘʨʧʝʥʢʦ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʥʘʭʦʞʜʝʥʠʝ ʚ ʨʝʞʠʤʝ ʙʝʩʝʜʳ, ʜʠʘʣʦʛʘ, ʩ ʭʦʨʦʰʦ 

ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. çʊʝʭʥʦʣʦʛʠʷè ï ʦʟʥʘʯʘʝʪ ʤʘʩʪʝʨʩʪʚʦ, ʫʤʝʥʠʝ, ʧʦʵʪʦʤʫ ʧʦʜ 

ʠʥʪʝʨʘʢʪʠʚʥʳʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʭʦʨʦʰʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʡ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʪʚʦʨʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʠʤʝʥʝʥʠʷ ʥʘʫʯʥʦ ï ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʫʯʝʙʥʳʭ ʮʝʣʝʡ [1]. ɹʦʣʝʝ 

ʰʠʨʦʢʠʤ ʪʦʣʢʦʚʘʥʠʝʤ ʪʝʨʤʠʥʘ çʠʥʪʝʨʘʢʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝè ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʝʛʦ, ʢʘʢ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʠʣʠ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʝʞʠʤʝ ʜʠʘʣʦʛʘ ʩ ʯʝʤ-ʣʠʙʦ (ʥʘʧʨʠʤʝʨ, 

ʢʦʤʧʴʶʪʝʨʦʤ) ʠʣʠ ʢʝʤ-ʣʠʙʦ (ʯʝʣʦʚʝʢʦʤ). 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʧʨʦʙʣʝʤ ʪʚʦʨʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʫʯʘʱʠʭʩʷ ʥʘ ʫʨʦʢʘʭ 

ʠʥʬʦʨʤʘʪʠʢʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʧʦʥʠʤʘʥʠʝ ʪʚʦʨʯʝʩʪʚʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʧʦʥʷʪʠʷ ʪʚʦʨʯʝʩʪʚʘ. ʊʚʦʨʯʝʩʪʚʦ 

ï ʚʳʩʰʘʷ ʬʦʨʤʘ ʘʢʪʠʚʥʦʡ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ [2]. ʅʦʚʠʢʦʚ ʅ. ʅ. ʜʘʝʪ 

ʦʧʨʝʜʝʣʝʥʠʝ ʪʚʦʨʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ ï ʵʪʦ ʚʩʝʛʜʘ ʧʨʦʨʳʚ ʚ ʥʝʠʟʚʝʩʪʥʦʝ, ʥʦ ʝʤʫ ʧʨʝʜʰʝʩʪʚʫʝʪ 

ʜʣʠʪʝʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʦʧʳʪʘ, ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ, ʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʝʭʦʜʦʤ 

ʢʦʣʠʯʝʩʪʚʘ ʚʩʝʚʦʟʤʦʞʥʳʭ ʠʜʝʡ ʠ ʧʦʜʭʦʜʦʚ ʚ ʥʦʚʦʝ ʩʚʦʝʦʙʨʘʟʥʦʝ ʢʘʯʝʩʪʚʦ [3]. ʉʪʘʜʠʠ 

ʪʚʦʨʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʘʩʩʫʞʜʝʥʠʠ ʇʫʘʥʢʘʨʝ, ʧʦʟʜʥʝʝ ʙʳʣʠ ʙʦʣʝʝ ʯʸʪʢʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚ ʨʘʙʦʪʝ ʧʩʠʭʦʣʦʛʘ ɻʨʵʤʘ ʋʦʣʣʝʩʘ çʀʩʢʫʩʩʪʚʦ ʤʳʩʣʠè (1926). ʆʥ ʚʳʜʝʣʠʣ 

ʯʝʪʳʨʝ ʩʪʘʜʠʠ ʪʚʦʨʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ [4]. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʪʚʦʨʯʝʩʪʚʦ ï ʵʪʦ ʨʝʰʝʥʠʝ ʪʚʦʨʯʝʩʢʠʭ (ʥʝʩʪʘʥʜʘʨʪʥʳʭ) ʟʘʜʘʯ. ʆʧʨʝʜʝʣʝʥʠʝ 

çʥʝʩʪʘʥʜʘʨʪʥʘʷ ʟʘʜʘʯʘè, ʫʧʦʤʠʥʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ ʖ. ʄ. ʂʦʣʷʛʠʥʘ: çʇʦʜ ʥʝʩʪʘʥʜʘʨʪʥʦʡ 

ʧʦʥʠʤʘʝʪʩʷ ʟʘʜʘʯʘ, ʧʨʠ ʧʨʝʜʲʷʚʣʝʥʠʠ ʢʦʪʦʨʦʡ ʫʯʘʱʠʝʩʷ ʥʝ ʟʥʘʶʪ ʟʘʨʘʥʝʝ ʥʠ ʩʧʦʩʦʙʘ ʝʝ 

ʨʝʰʝʥʠʷ, ʥʠ ʪʦʛʦ, ʥʘ ʢʘʢʦʡ ʫʯʝʙʥʳʡ ʤʘʪʝʨʠʘʣ ʦʧʠʨʘʝʪʩʷ ʨʝʰʝʥʠʝè [5]. ɺ ʩʚʦʝʡ ʩʪʘʪʴʝ 

ʄʝʥʜʳʛʘʣʠʝʚʘ ɸ. ʂ. ʧʠʰʝʪ, ʯʪʦ ʥʝʩʪʘʥʜʘʨʪʥʘʷ ʟʘʜʘʯʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʆʜʥʘʢʦ ʝʩʣʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʜʣʷ ʦʜʥʦʛʦ 

ʫʯʘʱʝʛʦʩʷ ʷʚʣʷʝʪʩʷ ʥʝʩʪʘʥʜʘʨʪʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʥʝʟʥʘʢʦʤ ʩ ʤʝʪʦʜʘʤʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʜʘʥʥʦʛʦ ʚʠʜʘ, ʪʦ ʜʣʷ ʜʨʫʛʦʛʦ ï ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ, ʪʘʢ ʢʘʢ ʦʥ 

ʫʞʝ ʨʝʰʘʣ ʪʘʢʠʝ ʟʘʜʘʯʠ ʠ ʥʝ ʦʜʥʫ.[6]. 

ʅʝʩʪʘʥʜʘʨʪʥʳʝ ʟʘʜʘʯʠ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʫʨʦʢʘʭ, ʥʦ ʠ ʚ ʨʘʟʥʳʭ 

ʬʦʨʤʘʭ ʚʥʝʢʣʘʩʩʥʦʡ ʨʘʙʦʪʳ. ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʢʫʨʩ ʚʦ ʚʥʝʫʨʦʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ çʅʝʩʪʘʥʜʘʨʪʥʳʝ ʟʘʜʘʯʠ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 8 ʢʣʘʩʩʘ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʪʚʦʨʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʫʯʘʱʠʭʩʷ. ʈʘʙʦʯʘʷ ʧʨʦʛʨʘʤʤʘ 

ʢʫʨʩʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʘ, ʧʨʠʤʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ. 

ʂʫʨʩ ʨʘʩʩʯʠʪʘʥ ʥʘ 34 ʯʘʩʘ, ʟʘʥʷʪʠʷ ʧʨʦʚʦʜʷʪʩʷ ʦʜʠʥ ʨʘʟ ʚ ʥʝʜʝʣʶ, ʚ ʬʦʨʤʝ ʣʝʢʮʠʡ, ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʩ ʧʦʤʦʱʴʶ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʨʘʙʦʪ. ʃʶʙʘʷ ʪʝʤʘ ʢʫʨʩʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ï 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʦʠʪ ʩʦʟʜʘʪʴ ʫʯʝʥʠʢʘʤ. ɺʦ ʚʨʝʤʷ 

ʦʙʫʯʝʥʠʷ ʰʢʦʣʴʥʠʢʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʠ ʪʝʩʪʦʚʳʝ 

ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ ʠʟʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʊʘʢ ʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʦʚʪʦʨʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʫʯʝʥʠʢʘʤ ʚʥʦʩʠʪʴ ʥʦʚʳʝ ʧʦʥʷʪʠʷ ʚ ʩʪʨʫʢʪʫʨʫ 

ʫʞʝ ʦʩʚʦʝʥʥʳʭ ʟʥʘʥʠʡ. 

ʇʨʦʚʝʨʢʘ ʜʦʩʪʨʠʞʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʬʦʨʤʘʭ: ʪʝʢʫʱʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʦʮʝʥʢʘ ʫʯʠʪʝʣʝʤ ʨʘʙʦʪʳ ʦʙʫʯʘʶʱʠʭʩʷ; ʪʝʢʫʱʠʡ ʨʝʬʣʝʢʩʠʚʥʳʡ ʩʘʤʦʘʥʘʣʠʟ, 

ʢʦʥʪʨʦʣʴ ʠ ʩʘʤʦʦʮʝʥʢʘ ʫʯʘʱʠʤʠʩʷ ʚʳʧʦʣʥʷʝʤʳʭ ʟʘʜʘʥʠʡ; ʧʫʙʣʠʯʥʘʷ ʟʘʱʠʪʘ ʚʳʧʦʣʥʝʥʥʳʭ 

ʫʯʘʱʠʤʠʩʷ ʪʚʦʨʯʝʩʢʠʭ ʨʘʙʦʪ (ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠ ʛʨʫʧʧʦʚʳʭ). 

ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ ʠʪʦʛʦʚʳʡ ʢʦʥʪʨʦʣʴ ʧʨʦʚʦʜʠʪʩʷ ʚ ʢʦʥʮʝ ʚʩʝʛʦ ʢʫʨʩʘ. ʆʥ ʦʨʛʘʥʠʟʫʝʪʩʷ ʚ 

ʬʦʨʤʝ ʟʘʱʠʪʳ ʪʚʦʨʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ. ʉʦʟʜʘʥʥʳʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʫʯʘʱʠʝʩʷ ʤʦʛʫʪ 

ʧʦʧʦʣʥʷʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʧʦʨʪʬʦʣʠʦ ʨʘʙʦʪ. 
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ɸʧʨʦʙʘʮʠʷ ʢʫʨʩʘ çʅʝʩʪʘʥʜʘʨʪʥʳʝ ʟʘʜʘʯʠ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʙʘʟʝ: ʄɸʆʋ "ʂʘʤʳʰʠʥʩʢʘʷ ʆʆʐ ʠʤ. ɻʝʨʦʷ 

ʂʫʟʙʘʩʩʘ ʅ.ɼ. ʅʘʟʘʨʝʥʢʦ" ʃʝʥʠʥʩʢ-ʂʫʟʥʝʮʢʠʡ ʨʘʡʦʥ, ʩ. ʂʘʤʳʰʠʥʦ ʚ 8 ʢʣʘʩʩʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʜʥʦ ʠʟ ʟʘʥʷʪʠʡ ʚ ʨʘʟʜʝʣʝ çʆʩʥʦʚʳ ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷè. 

ʊʝʤʘ ʫʨʦʢʘ: çʈʝʰʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯè. 

ʆʙʦʨʫʜʦʚʘʥʠʝ: ʂʦʤʧʴʶʪʝʨʥʳʡ ʢʣʘʩʩ, ʧʨʦʝʢʪʦʨ, ʵʢʨʘʥ, ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʧʨʝʟʝʥʪʘʮʠʷ, ʇʂ. 

ʇʣʘʥ ʫʨʦʢʘ: ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʤʦʤʝʥʪ (2 ʤʠʥ): ʇʦʩʪʘʥʦʚʢʘ ʮʝʣʠ ʫʨʦʢʘ (5 ʤʠʥ); 

ʇʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʟʥʘʥʠʡ (10 ʤʠʥ); ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ (25 ʤʠʥ); ɿʘʢʨʝʧʣʝʥʠʝ ʠʟʫʯʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠ ʨʝʬʣʝʢʩʠʷ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (3 ʤʠʥ). ɺ ʭʦʜʝ ʚʩʝʛʦ ʟʘʥʷʪʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ:  

ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʣʝʢʮʠʷ ï ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʤʫʣʴʪʠʤʝʜʠʡʥʳʤ 

ʩʦʧʨʦʚʦʞʜʝʥʠʝʤ, ʪʨʝʙʫʝʪ ʦʪ ʫʯʘʩʪʥʠʢʦʚ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʘʢʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ 

ʧʦʩʪʦʷʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʧʨʠʥʮʠʧʳ ʪʨʘʜʠʮʠʦʥʥʦʡ ʣʝʢʮʠʠ ʠ 

ʪʨʝʥʠʥʛʦʚʦʡ ʠʛʨʳ. ʋʯʘʩʪʥʠʢʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ, ʙʝʩʝʜʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ. 

ʆʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʟʝʥʪʘʮʠʶ ʩʦ ʩʪʦʨʦʥʳ ʫʯʠʪʝʣʷ, ʧʦʩʪʦʷʥʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ, ʢʘʢ ʦʪ 

ʫʯʠʪʝʣʷ, ʪʘʢ ʠ ʦʪ ʫʯʝʥʠʢʦʚ. ʇʝʜʘʛʦʛ ʧʦʣʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʫʝʪ ʩʪʝʧʝʥʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʫʯʘʩʪʥʠʢʘʤʠ.  

ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʝ ʫʯʝʥʠʢʘʤ ʧʨʝʜʣʘʛʘʣʦʩʴ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʝʢʪ çʆʧʨʝʜʝʣʝʥʠʝ ʯʝʪʥʦʩʪʠ 

ʠʣʠ ʥʝʯʝʪʥʦʩʪʠ ʥʘʪʫʨʘʣʴʥʦʛʦ ʯʠʩʣʘè ʚ ʩʨʝʜʝ Scratch (ʨʠʩ. 1), ʘʣʛʦʨʠʪʤ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʥʠ ʥʝ 

ʟʥʘʣʠ. ɺʤʝʩʪʝ ʩ ʟʘʜʘʥʠʝʤ ʠʤ ʧʨʝʜʦʩʪʘʚʣʷʣʘʩʴ ʧʦʜʩʢʘʟʢʘ ʚ ʚʠʜʝ ʙʣʦʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʭʘʦʪʠʯʥʦʤ ʧʦʨʷʜʢʝ (ʨʠʩ. 2). ʋʯʘʱʠʝʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʦʩʪʘʚʠʣʠ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ, 

ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʧʦʜʩʢʘʟʢʫ ʠ ʨʝʘʣʠʟʦʚʘʣʠ ʜʘʥʥʳʡ ʧʨʦʝʢʪ ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Scratch. 

 
ʈʠʩʫʥʦʢ 1. ʆʧʨʝʜʝʣʝʥʠʝ ʯʝʪʥʦʩʪʠ ʠʣʠ ʥʝʯʝʪʥʦʩʪʠ ʥʘʪʫʨʘʣʴʥʦʛʦ ʯʠʩʣʘ 

 

 
ʈʠʩʫʥʦʢ 2. ɹʣʦʢʠ ʩ ʧʦʜʩʢʘʟʢʦʡ 

ʈʝʰʝʥʠʝ (ʨʠʩ. 3). ɺ ʧʨʦʝʢʪʝ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʚʘ ʩʧʨʘʡʪʘ. ɻʣʘʚʥʫʶ ʨʦʣʴ 

ʚʳʧʦʣʥʷʝʪ ʧʝʨʚʳʡ, ʢʦʪʦʨʳʡ ʧʨʠ ʧʦʤʦʱʠ ʙʣʦʢʘ ʩʝʥʩʦʨʦʚ (ʩʧʨʦʩʠʪʴ ʠ ʞʜʘʪʴ) ʟʘʧʨʘʰʠʚʘʝʪ ʯʠʩʣʦ. 

ʇʦʩʣʝ ʚʚʦʜʘ ʯʠʩʣʘ ʩ ʢʣʘʚʠʘʪʫʨʳ ʩʦʟʜʘʝʤ ʥʦʚʦʝ ʩʦʦʙʱʝʥʠʝ (ʧʝʨʝʜʘʪʴ ʦʪʚʝʪ) ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ 
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ʩʦʙʳʪʠʷ, ʠ ʧʝʨʝʜʘʝʤ ʯʠʩʣʦ ʩʧʨʘʡʪʘʤ. ʇʨʠ ʧʦʤʦʱʠ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʷʝʤ ʫʩʣʦʚʥʳʡ 

ʦʧʝʨʘʪʦʨ (ʝʩʣʠé ʠʥʘʯʝ) ʢʦʪʦʨʳʡ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ ʦʧʝʨʘʪʦʨʘ (ʦʩʪʘʪʦʢ ʦʪ ʜʝʣʝʥʠʷ ʥʘ 2) ʚʳʧʦʣʥʷʝʪ 

ʚʳʯʠʩʣʝʥʠʝ ʠ ʚʳʚʦʜʠʪ ʨʝʟʫʣʴʪʘʪ ʥʘ ʵʢʨʘʥ.  

 
ʈʠʩʫʥʦʢ 3. ɸʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʡ ʜʣʷ ʧʝʨʚʦʛʦ ʩʧʨʘʡʪʘ 

 

ɺʪʦʨʦʡ ʩʧʨʘʡʪ ʧʨʦʩʪʦ ʚʳʚʦʜʠʪ ʥʘ ʵʢʨʘʥ ʯʠʩʣʦ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʢʣʘʚʠʘʪʫʨʳ (ʨʠʩ. 4). 

 
ʈʠʩʫʥʦʢ 4. ɸʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʡ ʜʣʷ ʚʪʦʨʦʛʦ ʩʧʨʘʡʪʘ 

 

ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʟʜʘʪʴ ʧʨʦʝʢʪ çʈʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘ ʥʘʭʦʞʜʝʥʠʝ ʩʫʤʤʳ 

ʮʠʬʨ ʪʨʸʭʟʥʘʯʥʦʛʦ ʯʠʩʣʘè. ɼʣʷ ʵʪʦʛʦ ʧʨʦʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʧʨʦʛʨʘʤʤʫ, 

ʢʦʪʦʨʘʷ ʟʘʧʨʘʰʠʚʘʝʪ ʪʨʝʭʟʥʘʯʥʦʝ ʯʠʩʣʦ ʩ ʢʣʘʚʠʘʪʫʨʳ ʠ ʚʳʜʘʝʪ ʩʦʦʙʱʝʥʠʝ ʦ ʩʫʤʤʝ ʮʠʬʨ 

ʚʚʝʜʝʥʥʦʛʦ ʯʠʩʣʘ. ʀʩʧʦʣʴʟʫʷ ʢʦʤʘʥʜʳ ʠʟ ʙʣʦʢʦʚ ʩʝʥʩʦʨʳ (ʟʘʧʨʘʰʠʚʘʝʪʩʷ ʠʩʭʦʜʥʦʝ 

ʪʨʝʭʟʥʘʯʥʦʝ ʯʠʩʣʦ). ɼʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʠʟʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ ʢʦʥʮʝ ʟʘʥʷʪʠʷ ʫʯʝʥʠʢʘʤ ʙʳʣʠ 

ʚʳʜʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʢʘʨʪʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʪʚʝʪʠʪʴ ʥʘ ʪʝʩʪʦʚʳʝ ʚʦʧʨʦʩʳ, 

ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʩʚʦʠʭ ʟʥʘʥʠʡ ʧʦ ʧʨʦʰʝʜʰʝʤʫ ʫʨʦʢʫ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʥʷʪʠʷ ʢʫʨʩʘ çʅʝʩʪʘʥʜʘʨʪʥʳʝ ʟʘʜʘʯʠ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʧʦʜʥʷʪʴ ʠʥʪʝʨʝʩ ʫʯʘʱʠʭʩʷ ʢ 

ʠʟʫʯʝʥʠʶ ʠʥʬʦʨʤʘʪʠʢʠ, ʥʦ ʠ ʨʘʟʚʠʪʴ ʪʚʦʨʯʝʩʢʫʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ. 
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ɺ ʩʪʘʨʰʠʭ ʢʣʘʩʩʘʭ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʪʝʤ ʜʣʷ ʫʩʚʦʝʥʠʷ ʚ ʰʢʦʣʴʥʦʤ ʢʫʨʩʝ 

ʤʘʪʝʤʘʪʠʢʠ ʷʚʣʷʝʪʩʷ ʪʨʠʛʦʥʦʤʝʪʨʠʷ. ɽʝ ʵʣʝʤʝʥʪʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʠʪʦʛʦʚʳʭ ʵʢʟʘʤʝʥʘʭ ʠ 

ʦʣʠʤʧʠʘʜʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʝʜʠʥʦʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʵʢʟʘʤʝʥʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ ʪʦ, ʯʪʦ ʪʘʢʘʷ ʪʝʤʘ ʢʘʢ ʪʨʠʛʦʥʦʤʝʪʨʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ 

ʠʟ ʙʘʟʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ ʤʘʪʝʤʘʪʠʢʠ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʡ ʪʝʤʳ ʫ 

ʤʥʦʛʠʭ ʫʯʘʱʠʭʩʷ ʚʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ, ʟʘʯʘʩʪʫʶ ʵʪʦ ʙʳʚʘʝʪ ʦʪ ʪʦʛʦ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʤʥʦʛʦ, ʘ ʚʨʝʤʝʥʠ ʥʘ ʝʛʦ ʠʟʫʯʝʥʠʝ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʭʦʨʦʰʦ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʚʨʝʤʝʥʠ, ʦʪʚʝʜʝʥʥʦʛʦ ʥʘ ʝʛʦ ʠʟʫʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʰʢʦʣʳ. ʕʪʦ ʧʦʨʦʞʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʦʙʫʯʝʥʠʷ, ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʢʘʢ ʧʨʘʚʠʣʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ. ɸ ʠʤʝʥʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʨʘʥʷʪʴ ʧʦʜʦʙʥʳʝ ʧʨʦʙʣʝʤʳ ʧʫʪʝʤ 

ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ ʩ ʪʱʘʪʝʣʴʥʦ ʦʪʦʙʨʘʥʥʳʤ ʫʯʝʙʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ 

ʭʦʨʦʰʦ ʧʦʜʦʙʨʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʠ ʩʨʝʜʩʪʚʘʤʠ ʠʟʣʦʞʝʥʠʷ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʊʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʩʦʙʠʡ ʷʚʣʷʝʪʩʷ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʥʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʝʪ ʠ ʠʩʧʦʣʴʟʫʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ. ʂʦʤʧʴʶʪʝʨʥʦʤʫ ʩʦʧʨʦʚʦʞʜʝʥʠʶ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʫʜʝʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ 

ʚʥʠʤʘʥʠʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʩʝʡʯʘʩ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʦʙʫʯʘʶʱʠʝ ʠ ʪʝʩʪʠʨʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʤ ʜʠʩʮʠʧʣʠʥʘʤ. 

ʂ ʧʨʠʤʝʨʫ, ʵʣʝʢʪʨʦʥʥʳʝ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʩʦʙʠʷ ʢʘʢ ʩʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʤʦʱʥʠʢʘ ʧʨʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʨʘʙʦʪʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʙʫʜʝʪ ʫʩʪʨʘʥʝʥʘ ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ï  ʦʨʛʘʥʠʟʘʮʠʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʫʯʘʱʠʭʩʷ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʩʦʙʠʷ 

ʧʦ ʪʝʤʝ çʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷè, ʘʧʨʦʙʘʮʠʷ ʠ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʠʟʫʯʝʥʘ 

ʥʝʦʙʭʦʜʠʤʘʷ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʘʷ ʣʠʪʝʨʘʪʫʨʘ, ʦʪʦʙʨʘʥ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ 

ʫʯʝʙʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦ ʚʳʙʨʘʥʥʦʡ ʪʝʤʘʪʠʢʝ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʟʘʜʘʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʫʩʚʦʝʥʠʷ ʪʝʤʳ, ʨʘʟʨʘʙʦʪʘʥ ʠʥʪʝʨʘʢʪʠʚʥʳʡ, ʵʣʝʢʪʨʦʥʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʦʥʣʘʡʥ ʢʫʨʩ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʢʫʨʩʦʚ iSpring Suite ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʚʩʝʭ ʫʨʦʚʥʝʡ ʦʙʨʘʟʦʚʘʥʠʷ GeoGebra. 

ʇʦʩʦʙʠʝ ʧʦʜʝʣʝʥʦ ʥʘ 4 ʛʣʘʚʳ. ɺ ʧʝʨʚʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʩʷ ʪʝʦʨʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʝʰʝʥʠʷ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ʀʤʝʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʝ ʛʨʘʬʠʢʠ, 

ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʫʯʘʱʠʤʩʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʠʟʫʯʠʪʴ ʪʝʤʫ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʠʭ 

ʩʚʦʡʩʪʚ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʚʠʜʳ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ ʠ ʤʝʪʦʜʳ ʠʭ ʨʝʰʝʥʠʡ. ɼʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʠʤʝʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, 

ʧʨʠʤʝʨʳ ʩ ʨʝʰʝʥʠʷʤʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʠʟʫʯʝʥʥʦʛʦ. ɺ ʪʨʝʪʝʡ ʛʣʘʚʝ ʧʦʩʦʙʠʷ 

ʨʘʟʦʙʨʘʥʳ ʤʝʪʦʜʳ ʦʪʙʦʨʘ ʢʦʨʥʝʡ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʧʦ ʢʘʞʜʦʤʫ ʤʝʪʦʜʫ 
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ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʪʝʦʨʠʷ, ʧʨʠʤʝʨʳ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ ʩ ʧʦʜʨʦʙʥʳʤ ʨʝʰʝʥʠʝʤ ʠ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ. ʏʝʪʚʝʨʪʘʷ ʛʣʘʚʘ ʩʦʜʝʨʞʠʪ ʫʨʘʚʥʝʥʠʷ ʪʨʝʭ ʫʨʦʚʥʝʡ ʩʣʦʞʥʦʩʪʠ 

ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʠ ʦʪʚʝʪʳ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʩʦʙʠʷ:  

× ɼʠʥʘʤʠʯʝʩʢʠʝ ʛʨʘʬʠʢʠ  

ɼʘʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʩ 

ʛʨʘʬʠʢʘʤʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʧʦ ʰʘʛʘʤ ʵʪʘʧʳ 

ʧʦʩʪʨʦʝʥʠʷ ʩʠʥʫʩʦʠʜʳ. 

× ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ 

 
ʈʠʩʫʥʦʢ 22. ʉʠʥʫʩʦʠʜʘ 

 
ʈʠʩʫʥʦʢ 2. ʉʠʥʫʩʦʠʜʘ 

 
ʈʠʩʫʥʦʢ 3. ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ 

 

 
ʈʠʩʫʥʦʢ 4. ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ 

 

ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʩʨʝʜʩʪʚʘ ʩʦʟʜʘʥʠʷ ʧʦʩʦʙʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʝʛʦ ʙʦʣʝʝ ʫʜʦʙʥʳʤ ʜʣʷ 

ʯʪʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʩʧʨʘʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʘʥʥʦʛʦ ʧʦʩʦʙʠʷ ʩʜʝʣʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʚʩʝ ʧʫʥʢʪʳ ʨʘʟʜʝʣʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʥʦʡ ʩʪʨʘʥʠʮʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʩʪʨʘʥʠʪʴ ʥʝʫʜʦʙʩʪʚʘ ʥʘʚʠʛʘʮʠʠ. 

× ʊʝʩʪʳ 

 
ʈʠʩʫʥʦʢ 5. ʊʝʩʪ 

 

 
ʈʠʩʫʥʦʢ 6. ʊʝʩʪ 

 

ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʧʨʦʡʜʝʥʥʦʛʦ ʧʫʥʢʪʘ ʠʤʝʶʪʩʷ ʪʝʩʪʳ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʠʟʫʯʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ɺ ʧʦʩʦʙʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʝʩʪʳ: ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ, ʥʘ 

ʚʳʙʦʨ ʦʜʥʦʛʦ ʧʨʘʚʠʣʴʥʦʛʦ ʦʪʚʝʪʘ, ʥʘ ʚʳʙʦʨ ʥʝʩʢʦʣʴʢʠʭ ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ, ʥʘ ʚʳʙʦʨ 
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ʧʨʘʚʠʣʴʥʦʛʦ ʛʨʘʬʠʢʘ ʠ ʧʨʦʯʠʝ. ʇʦ ʧʨʦʭʦʞʜʝʥʠʶ ʢʘʞʜʦʛʦ ʪʝʩʪʘ ʝʩʪʴ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ, ʪʦ ʝʩʪʴ 

ʫʯʝʥʠʢ ʩʨʘʟʫ ʚʠʜʠʪ, ʛʜʝ ʩʦʚʝʨʰʠʣ ʦʰʠʙʢʠ ʠ ʢʘʢʠʝ.  

 

ʃʠʪʝʨʘʪʫʨʘ ʠ ʠʩʪʦʯʥʠʢʠ 

1. ʄʦʨʜʢʦʚʠʯ ɸ.ɻ., ʉʝʤʝʥʦʚ ʇ.ɺ. ɸʣʛʝʙʨʘ ʠ ʥʘʯʘʣʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 10 ʢʣʘʩʩ. ɺ 2 

ʯ. ʏ. 1. ʋʯʝʙʥʠʢ ʜʣʷ ʫʯʘʱʠʭʩʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ (ʧʨʦʬʠʣʴʥʳʡ ʫʨʦʚʝʥʴ) ï 6-ʝ 

ʠʟʜ., ʩʪʝʨ. ï ʄ.: ʄʥʝʤʦʟʠʥʘ, 2009. ï 424ʩ. 

2. ʄʦʨʜʢʦʚʠʯ ɸ.ɻ. ɸʣʛʝʙʨʘ ʠ ʥʘʯʘʣʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 10 ʢʣʘʩʩ. ɺ 2 ʯ. ʏ. 2. 
ɿʘʜʘʯʥʠʢ ʜʣʷ ʫʯʘʱʠʭʩʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ (ʧʨʦʬʠʣʴʥʳʡ ʫʨʦʚʝʥʴ) / [ɸ.ɻ. 

ʄʦʨʜʢʦʚʠʯ ʠ ʜʨ.] ʧʦʜ ʨʝʜ. ɸ.ɻ. ʄʦʨʜʢʦʚʠʯʘ ï 6-ʝ ʠʟʜ., ʩʪʝʨ. ï ʄ.: ʄʥʝʤʦʟʠʥʘ, 2009. ï 343ʩ. 

3. ʇʝʨʝʧʸʣʢʠʥʘ ɸ.ʅ., ʅʦʚʦʩʸʣʦʚ ʉ.ʀ., ɻʝʦʤʝʪʨʠʷ ʠ ʪʨʠʛʦʥʦʤʝʪʨʠʷ, ʄ.-ʃ., 1947 

4. ʉʘʜʦʚʥʠʯʠʡ ʖ.ɺ., ʂɻʕ. ʄʘʪʝʤʘʪʠʢʘ. ʇʨʦʬʠʣʴʥʳʡ ʫʨʦʚʝʥʴ. ɿʘʜʘʥʠʷ ʩ ʨʘʟʚʝʨʥʫʪʳʤ 

ʦʪʚʝʪʦʤ ï ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ çʕʢʟʘʤʝʥè 2019. ï 654 ʩ. 

5. iSpring: ɺʝʜʫʱʠʡ ʨʘʟʨʘʙʦʪʯʠʢ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ], ʨʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.ispring.ru/ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ - ʧʨʦʬʝʩʩʦʨ, ʜ.ʬ.-ʤ.ʥ. ʅ.ʂ. ʉʤʦʣʝʥʮʝʚ, ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʋɼʂ 512 

ɺɽʂʊʆʈʓ ɺ ʇʈʆʉʊʈɸʅʉʊɺɽ. ʆʉʅʆɺʅʓɽ ʆʇɽʈɸʎʀʀ ʅɸɼ ɺɽʂʊʆʈɸʄʀ. 

ʈɽʐɽʅʀɽ ɿɸɼɸʏ ʄɽʊʆɼʆʄ ʂʆʆʈɼʀʅɸʊ  

ɽʨʤʘʢʦʚʘ ʊ.ɹ. 
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ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʨʝʩʫʨʩʘ ʧʦ ʪʝʤʝ 

çʉʪʝʨʝʦʤʝʪʨʠʠè ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʰʢʦʣʳ.  

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʙʳʣʠ ʟʘʚʝʨʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʥʘʙʦʨ ʟʘʥʷʪʠʷ ʧʦ ʪʝʤʝ "ʉʪʝʨʝʦʤʝʪʨʠʷ" ʚ ʬʦʨʤʘʪʝ SMART Notebook ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ SMART Learning Suite: ʚʠʟʫʘʣʠʟʘʮʠʷ, "ʞʠʚʳʝ" 

ʯʝʨʪʝʞʠ, ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ, ʤʦʙʠʣʴʥʳʝ ʠ ʦʙʣʘʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʠ ʪ.ʧ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʟʘʥʷʪʠʷ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʦʥʣʘʡʥ ʟʘʥʷʪʠʡ ʩʦ 

ʰʢʦʣʴʥʠʢʘʤʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʟʘʥʷʪʠʷ ʤʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʯʠʪʝʣʴ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʚʦʠʭ ʫʨʦʢʦʚ.  

2. ʈʘʟʨʘʙʦʪʘʥʘ ʩʝʨʠʷ ʫʯʝʙʥʳʭ ʦʥʣʘʡʥ ʢʫʨʩʦʚ (ʧʦʩʦʙʠʡ) ʜʣʷ ʦʥʣʘʡʥ ʦʙʫʯʝʥʠʷ ʚ ʪʝʤʝ 

"ʉʪʝʨʝʦʤʝʪʨʠʷ" ʚ ʬʦʨʤʘʪʝ SCORM ʠ ʜʣʷ ʇʂ. ʋʯʝʙʥʳʝ ʦʥʣʘʡʥ ʢʫʨʩʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʰʢʦʣʴʥʠʢʦʚ ʠ ʫʯʠʪʝʣʝʡ. ʆʥʠ ʩʦʟʜʘʶʪʩʷ ʚ ʩʨʝʜʝ iSpring Suite ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ [1].  

ʉʦʟʜʘʥʠʝ ʦʥʣʘʡʥ ʢʫʨʩʘ ʧʦ ʨʘʟʜʝʣʫ çɺʝʢʪʦʨʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʄʝʪʦʜʳ ʢʦʦʨʜʠʥʘʪ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝè ʚ ʨʘʤʢʘʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çʉʪʝʨʝʦʤʝʪʨʠʷè ʠ ʝʛʦ ʨʘʟʤʝʱʝʥʠʝ ʥʘ 

ʧʣʘʪʬʦʨʤʝ ʂʈʀʇʂʠʇʈʆ ʧʦʟʚʦʣʠʪ ʫʯʠʪʝʣʷʤ ʤʘʪʝʤʘʪʠʢʠ, ʫʯʘʱʠʤʩʷ ʩʪʘʨʰʠʭ ʢʣʘʩʩʦʚ 

ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʰʠʨʦʪʝ ʧʨʠʤʝʥʝʥʠʷ ʚʝʢʪʦʨʦʚ ʠ ʤʝʪʦʜʘ ʢʦʦʨʜʠʥʘʪ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʥʝʢʦʪʦʨʳʤʠ ʬʘʢʪʘʤʠ ʨʘʟʚʠʪʠʷ 

ʚʝʢʪʦʨʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ, ʫʩʚʦʠʪʴ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʚʝʢʪʦʨʘʭ ʠ ʤʝʪʦʜʝ 

ʢʦʦʨʜʠʥʘʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʘʫʯʠʪʴʩʷ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʦʛʠʠ ʤʝʞʜʫ ʧʣʦʩʢʠʤʠ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʚʝʢʪʦʨʦʚ, ʧʨʠʤʝʥʷʪʴ ʚʝʢʪʦʨʥʳʡ ʠ ʢʦʦʨʜʠʥʘʪʥʳʡ ʤʝʪʦʜ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʣʦʩʢʠʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʬʦʨʤ, ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ. 
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ɽʞʝʜʥʝʚʥʦ ʤʳ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʜʚʠʞʝʥʠʝʤ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʪʦʨʦʝ ʤʦʞʝʤ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʚʝʢʪʦʨʘ. ʄʘʨʰʨʫʪ ʟʘ ʜʝʥʴ, ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʤʳ ʚʩʝʛʜʘ ʤʦʞʝʤ 

ʝʛʦ ʠʟʦʙʨʘʟʠʪʴ ʥʘ ʧʣʦʩʢʦʩʪʠ.  

ɺʝʢʪʦʨʦʤ - ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʪʨʝʟʦʢ, ʠʤʝʶʱʠʡ ʜʣʠʥʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ 

ʪʦʯʢʘʤʠ: ʧʝʨʚʘʷ ʪʦʯʢʘ ʦʧʨʝʜʝʣʷʝʪ ʥʘʯʘʣʦ ʚʝʢʪʦʨʘ, ʘ ʚʪʦʨʘʷ - ʝʛʦ ʢʦʥʝʮ. ʊʘʢʞʝ ʚʝʢʪʦʨ - ʵʪʦ 

ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʧʘʨʘ ʪʦʯʝʢ. 

 
ʃʶʙʘʷ ʪʦʯʢʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʥʫʣʝʚʦʡ ʚʝʢʪʦʨ, ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʫ 

ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʶʪ. ʆʙʦʟʥʘʯʘʝʪʩʷ Ïᴆ. 
ɼʣʠʥʥʦʡ ʚʝʢʪʦʨʘ ʥʘʟʳʚʘʝʪʩʷ ʜʣʠʥʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʝʤʫ ʦʪʨʝʟʢʘ. ɼʣʠʥʥʘ ʥʫʣʝʚʦʛʦ 

ʚʝʢʪʦʨʘ ʨʘʚʥʘ ʥʫʣʶ. ȿ!"ȿ !",  ȿÏȿ π. 

 
ɼʚʘ ʥʝʥʫʣʝʚʳʭ ʚʝʢʪʦʨʘ ʥʘʟʳʚʘʶʪʩʷ ʢʦʣʣʠʥʝʘʨʥʳʤʠ, ʝʩʣʠ ʦʥʠ ʣʝʞʘʪ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʧʨʷʤʳʭ ʠʣʠ ʥʘ ʦʜʥʦʡ ʧʨʷʤʦʡ. 

ʀʟʫʯʝʥʠʝ ʚʝʢʪʦʨʦʚ ʚʭʦʜʠʪ ʚ ʰʢʦʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ ʠ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʢʘʞʝʪʩʷ ʧʨʦʩʪʳʤ. 

ʆʜʥʘʢʦ ʚʝʢʪʦʨʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʝ ʠ ʪʨʝʙʫʝʪ ʨʘʟʚʠʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʳʰʣʝʥʠʷ. ʏʝʤ 

ʩʣʦʞʥʝʝ ʧʫʪʴ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʚʝʢʪʦʨʦʚ, ʪʝʤ ʩʣʦʞʥʝʝ ʚʳʯʠʩʣʝʥʠʷ ʜʣʠʥʥʳ ʧʫʪʠ. ʇʦʵʪʦʤʫ, 

https://d.docs.live.net/647dfce60869e7ea/Новая%20структура%20ФС/Организационная%20деятельность/апрелька/2020/сборник/вектор+нулевой%20вектор.html











































































































































