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ɸʅʆʊɸʎɯʗ 

ʐʘʧʦʚʘʣʦʚ ɺ. ɹ. ʆʥʪʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʛʦ ʨʽʚʥʷ PhD candidate ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 122 ï ʂʦʤʧôʁ ʪʝʨʥʽ ʥʘʫʢʠ. ï ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ 

ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ, 

ʂʠʾʚ, 2023. ɼʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʦ ʚʠʨʽʰʝʥʥʶ ʘʢʪʫʘʣʴʥʦʾ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʟʘʜʘʯʽ ʢʦʥʩʦʣʽʜʘʮʽʾ ʦʩʚʽʪʥʽʭ STEM-ʨʝʩʫʨʩʽʚ ʟ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʆʙô̒ ʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ STEM-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʢʦʥʪʝʥʪʫ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʦʥʪʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʦʩʚʽʪʥʽʭ ʨʝʩʫʨʩʽʚ ʬʦʨʤʘʪʫ STEM.  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʟʘʻʤʦʜʽʶ ʫʯʥʽʚ ʟʽ STEM-ʢʦʥʪʝʥʪʦʤ ʥʘ ʟʘʩʘʜʘʭ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʊʘʢʽ ʧʨʦʮʝʩʠ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʦʥʩʦʣʽʜʘʮʽʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ 

ʾʭ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʤʫ ʚʠʛʣʷʜʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ 

ʫʯʥʽʚ ʪʘ ʚʯʠʪʝʣʽʚ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ.  

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʘʞʣʠʚʫ ʨʦʣ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʫ ʦʩʚʽʪʥʴʦʤʫ 

ʧʨʦʮʝʩʽ, ʟʦʢʨʝʤʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʠʬʨʦʚʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʽ ʚʽʨʪʫʘʣʴʥʠʭ ʦʩʚʽʪʥʽʭ 

ʮʝʥʪʨʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʫʜʝʥʪʘʤ ʪʘ ʫʯʥʷʤ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʧʨʦʝʢʪʘʭ. ʇʽʜʢʨʝʩʣʶʻʪʴʩʷ, ʱʦ ʦʩʚʽʪʥʽ ʧʨʦʛʨʘʤʠ ʰʚʠʜʢʦ 

ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ, ʚʠʤʘʛʘʶʯʠ ʧʦʩʪʽʡʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʢʦʥʪʝʥʪʫ. 

 ɺʢʘʟʫʻʪʴʩʷ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʢʦʛʥʽʪʠʚʥʠʭ ʧʦʩʣʫʛ ʫ ʦʩʚʽʪʥʽʡ 

ʧʨʦʮʝʩ, ʱʦ ʜʦʧʦʤʦʞʝ ʚ ʦʙʨʦʙʮʽ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ. ɺʠʟʥʘʯʝʥʦ, ʱʦ 

ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʘʜʘʧʪʠʚʥʦʩʪʽ ʥʘʚʯʘʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʦʞʥʦʛʦ ʫʯʥʷ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 
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ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʟʜʘʪʥʠʭ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʛʥʽʪʠʚʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʪʘ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʽʩʪʴ. ɺʢʘʟʫʻʪʴʩʷ ʥʘ ʟʥʘʯʝʥʥʷ ʦʥʪʦʣʦʛʽʯʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʣʷ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʟʥʘʥʴ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʘʧʪʠʚʥʦʩʪʽ ʪʘ 

ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʩʪʽ ʥʘʚʯʘʥʥʷ. 

ʆʧʠʩʘʥʦ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʪʘ ʾʭ ʧʝʨʝʚʘʛʠ, ʟʦʢʨʝʤʘ ʫ 

ʧʠʪʘʥʥʷʭ ʙʝʟʧʝʢʠ, ʝʢʦʥʦʤʽʾ ʯʘʩʫ ʪʘ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ ʫ ʤʦʞʣʠʚʦʩʪʷʭ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʧʦʪʝʥʮʽʡʥʦ ʤʦʛʣʠ ʙʠ ʚʠʨʽʰʫʚʘʪʠ ʟʘʟʥʘʯʝʥʽ 

ʧʨʦʙʣʝʤʠ ʪʘ ʚʠʟʥʘʯʝʥʦ ʢʨʠʪʝʨʽʾ ʜʣʷ ʾʭ ʦʮʽʥʢʠ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʨʽʟʥʠʭ 

ʽʩʥʫʶʯʠʭ ʦʥʪʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʧʽʜʪʚʝʨʜʞʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʪʨʠʤʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʯʘʣʴʥʠʤ 

ʧʨʦʮʝʩʦʤ ʰʣʷʭʦʤ ʢʦʥʩʦʣʽʜʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ. ɺʠʟʥʘʯʝʥʦ ʪʘ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʦʥʪʦʣʦʛʽʯʥʫ ʤʦʜʝʣʴ ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟʽ STEM-

ʩʝʨʝʜʦʚʠʱʝʤ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʦʧʠʩʘʥʦ ʤʦʜʝʣʽ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʦʥʪʝʥʪʫ ʚ 

ʦʩʚʽʪʽ, ʟʦʢʨʝʤʘ ʫ ʢʦʥʪʝʢʩʪʽ STEM-ʜʠʩʮʠʧʣʽʥ ʪʘ ʢʦʥʩʦʣʽʜʘʮʽʾ ʨʝʩʫʨʩʽʚ. 

ʋʚʘʛʫ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʢʦʥʮʝʧʮʽʾ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʦʥʪʝʥʪʫ ʫ 

ʬʦʨʤʘʪʽ ʢʦʥʩʦʣʽʜʦʚʘʥʠʭ ʨʽʟʥʦʪʠʧʥʠʭ ʥʘʨʘʪʠʚʽʚ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʘʥʘʣʽʟʫ, 

ʦʧʨʘʮʶʚʘʥʥʶ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚ ʦʩʚʽʪʥʽʭ ʧʨʦʮʝʩʘʭ. ʂʘʨʪʠʥʘ ʩʚʽʪʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʫʷʚʣʝʥʴ ʪʘ ʟʥʘʥʴ ʧʨʦ ʩʚʽʪ ʽ ʩʚʽʪʦʙʫʜʦʚʫ, ʚʢʣʶʯʘʶʯʠ 

ʧʽʟʥʘʚʘʣʴʥʽ ʪʘ ʪʚʦʨʯʽ ʤʦʞʣʠʚʦʩʪʽ ʣʶʜʠʥʠ. ʇʽʜʢʨʝʩʣʝʥʦ ʚʘʞʣʠʚʽʩʪʴ 

ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʦʪʨʠʤʘʥʘ ʟ ʘʚʪʦʨʠʟʦʚʘʥʠʭ 

ʜʞʝʨʝʣ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʦʙʨʘʟʫ ʩʚʽʪʫ. 

ʆʥʪʦʣʦʛʽʷ ʚ ʦʩʚʽʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʬʦʨʤʘʣʽʟʘʮʽʷ ʦʧʠʩʽʚ ʦʙʣʘʩʪʽ ʟʥʘʥʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʩʭʝʤ, ʱʦ ʚʢʣʶʯʘʻ ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢʪʫʨʫ 

ʧʦʥʷʪʴ. ɺʠʟʥʘʯʝʥʦ ʚʘʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʝʤʘʥʪʠʯʥʦ ʟʚôʷʟʥʦʾ ʩʫʢʫʧʥʦʩʪʽ 

ʜʦʢʫʤʝʥʪʽʚ ʽ ʥʘʨʘʪʠʚʽʚ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʦʩʚʽʪʥʴʦʛʦ 

ʧʨʦʮʝʩʫ ʪʘ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʾ ʦʩʚʽʪʠ ʜʣʷ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʥʴ 

ʟ ʨʽʟʥʠʭ ʦʙʣʘʩʪʝʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʪʫ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʤʦʜʝʣʽ ʤʝʭʘʥʽʟʤʽʚ 

ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʽʥʞʠʥʽʨʠʥʛʫ ʜʣʷ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʩʚʽʪʥʴʦʛʦ 
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ʢʦʥʪʝʥʪʫ. ɼʦ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʚʽʜʥʦʩʷʪʴʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʥʪʦʣʦʛʽʾ, ʥʘʨʘʪʠʚʽʚ, 

ʧʨʝʜʠʢʘʥʪʘ ʚʠʟʥʘʯʝʥʦʛʦ ʚʠʜʫ, ʪʘʢʩʦʥʦʤʽʾ ʪʘ ʾʭ ʨʽʟʥʦʤʘʥʽʪʪʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ 

ʨʝʢʫʨʩʠʚʥʦʤʫ ʚʠʛʣʷʜʽ, ʚʠʟʥʘʯʝʥʥʷ ʤʦʜʝʣʝʡ ʧʦʚôʟ̫ʘʥʠʭ ʽʟ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤ 

ʩʠʤʚʦʣʽʚ ʩʢʽʥʯʝʥʦʾ ʜʦʚʞʠʥʠ ʪʘ ʜʝʨʝʚʘʤʠ ɹʝʤʘ ʷʢ ʝʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʫ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʩʚʽʪʥʴʦʛʦ ʢʦʥʪʝʥʪʫ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʆʧʠʩʘʥʦ ʨʦʟʨʦʙʣʝʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʦʾ 

ʧʣʘʪʬʦʨʤʠ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ ʟ ʢʦʤʧʦʥʝʥʪʥʦ ʚʠʟʥʘʯʝʥʠʤʠ ʦʩʚʽʪʥʽʤʠ 

ʩʝʨʚʽʩʘʤʠ. ʆʧʠʩ ʘʨʭʽʪʝʢʪʫʨʠ ʚʢʣʶʯʘʚ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

- ʆʧʠʩʘʪʠ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ ʪʘ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ 

ʤʦʜʫʣʶ  

-  ʆʧʠʩʘʪʠ ʤʦʜʝʣʴ ʢʦʨʠʩʪʫʚʘʯʽʚ  

- ʆʧʠʩʘʪʠ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤʠ  

- ʆʧʠʩʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʧʨʦʛʨʘʤʥʠʭ ʩʫʪʥʦʩʪʝʡ  

- ʈʦʟʨʦʙʠʪʠ ʜʽʘʛʨʘʤʫ ʢʣʘʩʽʚ ʪʘ ʚʽʜʥʦʩʠʥ ʊ-STEM ʮʝʥʪʨʫ  

- ʈʦʟʨʦʙʠʪʠ ʘʨʭʽʪʝʢʪʫʨʫ T-STEM ʮʝʥʪʨʫ 

ʆʙˇʨʫʥʪʦʚʘʥʦ ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʟʜʽʡʩʥʶʻ ʟʙʽʨ ʪʘ ʦʙʨʦʙʢʫ 

ʜʘʥʠʭ ʟ ʤʝʪʦʶ ʢʦʥʩʦʣʽʜʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ. ɺʠʩʚʽʪʣʝʥʦ ʨʦʟʨʦʙʢʫ 

ʢʦʤʧʣʝʢʩʥʦʾ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ STEM-ʮʝʥʪʨʫ. 

ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʻ ʤʦʜʫʣʽ ʜʣʷ ʢʦʥʩʦʣʽʜʘʮʽʾ ʦʥʪʦʣʦʛʽʯʥʠʭ ʙʘʟ ʟʥʘʥʴ ʪʘ 

ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ, ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʠʯʥʠʭ ʨʦʟʨʦʙʦʢ ʪʘ ʛʝʥʝʨʘʮʽʾ 

ʨʝʢʦʤʝʥʜʘʮʽʡ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʢʦʤʧʦʥʝʥʪʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ, ʱʦ ʚʢʣʶʯʘʻ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʤʦʜʝʣʴ ʪʘ ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ 

ʨʝʩʫʨʩʘʤʠ. ʆʧʠʩʘʥʦ ʽʥʪʝʛʨʘʮʽʶ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ ʟ ʧʦʧʫʣʷʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʪʝʥʪʦʤ, ʪʘʢʠʤʠ ʷʢ Wordpress, ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʤʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʅʘʜʘʥʦ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʨʽʟʥʠʭ ʩʝʨʚʽʩʽʚ ʩʠʩʪʝʤʠ, 

ʚʢʣʶʯʘʶʯʠ ʩʝʨʚʽʩʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ, ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ, 

ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʛʝʥʝʨʘʮʽʾ ʦʥʪʦʣʦʛʽʡ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʝʨʝʛʣʷʜʫ. 

ʈʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʽʚ ʂɯʊ «ʇʦʣʽʝʜʨè ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 
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ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʠʤʠ ʥʘʚʯʘʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʽ ʨʝʩʫʨʩʘʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʦ 

ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʘʨʭʽʪʝʢʪʫʨʠ ʩʠʩʪʝʤʠ, ʚʢʣʶʯʘʶʯʠ ʨʦʣʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢ-ʦʪ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʠ, ʘʚʪʦʨʠ (ʚʯʠʪʝʣʽ), ʨʝʜʘʢʪʦʨʠ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽ, ʪʘ ʾʭʥʽ ʚʟʘʻʤʦʜʽʾ ʚ 

ʨʘʤʢʘʭ ʩʠʩʪʝʤʠ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʪʘ ʧô̫ ʪʦʤʫ ʨʦʟʜʽʣʘʭ ʚʠʩʚʽʪʣʝʥʦ ʨʝʟʫʣʴʪʘʪ ʨʦʟʨʦʙʢʠ 

ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ ʪʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʝ STEM-ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʩʚʽʪʥʽʭ ʨʝʩʫʨʩʽʚ. ʇʦʜʘʥʦ ʜʝʪʘʣʽ ʱʦʜʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʻʜʠʥʦʛʦ 

STEM-ʩʝʨʝʜʦʚʠʱʘ, ʚʢʣʶʯʘʶʯʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʧʦʩʽʙʥʠʢʽʚ, 

ʙʽʙʣʽʦʪʝʢ, ʨʝʧʦʟʠʪʦʨʽʾʚ, ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ. ʆʧʠʩʘʥʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ 

"ʇʦʣʽʝʜʨè ʜʣʷ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʯʘʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. 

ʅʘʜʘʥʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʥʪʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʛʨʘʤ ʽ ʨʝʩʫʨʩʽʚ. ʈʦʟʛʣʷʥʫʪʦ 

ʽʥʪʝʛʨʘʮʽʶ ʩʠʩʪʝʤʠ ʟ ʽʩʥʫʶʯʠʤʠ ʦʩʚʽʪʥʽʤʠ ʨʝʩʫʨʩʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʰʢʽʣʴʥʽ ʚʝʙ-

ʩʘʡʪʠ ʪʘ ʧʦʨʪʘʣʠ. ʆʧʠʩʘʥʦ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ-ʧʣʘʪʬʦʨʤʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʰʘʙʣʦʥʽʟʘʪʦʨʘ STEM-ʢʦʥʪʝʥʪʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, 

ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʽʩʪʴ, ʦʥʪʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ, ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ, 

ʽʥʪʝʛʨʘʮʽʷ ʨʝʩʫʨʩʽʚ, ʂɯʊ çʇʦʣʽʝʜʨè, ʥʘʚʯʘʣʴʥʽ ʧʨʦʛʨʘʤʠ, ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʽʩʪʴ, 

ʚʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ, ʦʙʤʽʥ ʜʘʥʠʤʠ, ʨʝʻʩʪʨʠ, ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤ.  

 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ 

ʇʫʙʣʽʢʘʮʽʾ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ 

1. V.B. Shapovalov. Modular architecture of the transdisciplinary virtual 

STEM-center. ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ. 

2023.ɺʠʧʫʩʢ. 81 ˉ 4. ʉ. 137-146. 
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2. Shapovalov, V., Stryzhak, O. Transdisciplinary integration of knowledge in 

the environment of a virtual stem center. Innovative Technologies and 

Scientific Solutions for Industries. 2023. ˉ 4(26). C. 95ï107. 

3. ɻʦʨʙʦʨʫʢʦʚ, ɺ. ɺ., ʉʪʨʠʞʘʢ, ʆ. ɭ., ʌʨʘʥʯʫʢ, ʆ. ɺ., ʐʘʧʦʚʘʣʦʚ ɺ.ɹ. 

ʆʥʪʦʣʦʛʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʘʜʘʯʽ ʨʘʥʞʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʝʢʦʥʦʤʽʮʽ. 2018. ˉ. 4. C. 49ï

69.ʐʘʧʦʚʘʣʦʚ, ɭ. ɹ., ʐʘʧʦʚʘʣʦʚ, ɺ. ɹ., ʉʪʨʠʞʘʢ, ʆ. ɭ., ʉʘʣʶʢ ɸ.ɯ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʥʪʦʣʦʛʽʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʘ ʘʥʘʣʽʟʫ 

ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʰʣʷʭʦʤ ʤʝʪʘʥʦʛʝʥʝʟʫ. ɽʢʦʣʦʛʽʯʥʘ 

ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ. 2018. ɺʠʧʫʩʢ. 27, No. 3. C. 68ï79. 

4. ʉʪʨʠʞʘʢ, ʆ.ɭ., ʇʨʠʭʦʜʥʶʢ ɺ.ɺ., ɻʘʡʢʦ ʉ. ɯ., ʐʘʧʦʚʘʣʦʚ ɺ.ɹ. 

ɺʽʜʦʙʨʘʞʝʥʥʷ ʤʝʨʝʞʝʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʨʘʢʪʠʚʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ.  ʊʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʠʡ ʧʽʜʭʽʜ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

ʝʢʦʥʦʤʽʮʽ. 2018. ˉ 3 (12). ʉ. 87-100. 

5. Shapovalov, Y., Shapovalov, V., Bilyk, Z., Shapovalova I. Structurization of 

educational expedition studies in the form of taxonomies. Educational 

Dimension. 2022. Vol. 59. P. 130ï149. 

6. ɹʽʣʠʢ ɾ. ɯ., ʐʘʧʦʚʘʣʦʚ ɭ. ɺ., ʐʘʧʦʚʘʣʦʚ ɺ. ɹ., ɸʪʘʤʘʩʴ ɸ. ɯ., 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʥʪʦʣʦʛʽʯʥʠʭ ʨʝʩʫʨʩʽʚ ʻʜʠʥʦʛʦ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʛʦ 

ʦʩʚʽʪʥʴʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ STEM/STEAM-

ʟʘʥʷʪʴ. ʆʩʚʽʪʘ ʪʘ ʨʦʟʚʠʪʦʢ ʦʙʜʘʨʦʚʘʥʦʾ ʦʩʦʙʠʩʪʦʩʪʽ.  ɺʠʧʫʩʢ 72. ʈ. 30ï

36. 

7. ɹʽʣʠʢ, ɾ. ɯ., ʐʘʧʦʚʘʣʦʚ, ɭ. ɹ., ʐʘʧʦʚʘʣʦʚ, ɺ. ɹ. ʈʦʟʚʠʪʦʢ 

ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʫ ʤʘʡʙʫʪʥʽʭ ʚʯʠʪʝʣʽʚ ʧʨʝʜʤʝʪʘ çʆʩʥʦʚʠ 

ʟʜʦʨʦʚôʷè ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ STEAM-ʪʝʭʥʦʣʦʛʽʾ. Scientific notes of Junior 

Academy of Sciences of Ukraine. 2023. ɺʠʧʫʩʢ. 1(26). C. 18ï26. 

8. Shapovalov, V. B. Using the Ontological Model of the STEMïCenter in The 
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ABSTRACT 

Shapovalov, V. B. Ontological Model of a Virtual STEM Center. - Qualifying 

scientific work on the rights of the manuscript. 

 Dissertation for the qualification level of PhD candidate in Specialty 122 - 

Computer Science. - Institute of Telecommunications and Global Information Space 

of the National Academy of Sciences of Ukraine, Kyiv, 2023. This dissertation 

research is dedicated to solving the relevant scientific and technical problem of 

consolidating educational STEM resources to ensure a transdisciplinary approach. 

 The object is the process of ontological representation of STEM-oriented 

content.  

The subject - ontological methods of representation of informational-

educational resources in the STEM format.  

The purpose of the dissertation is to implement processes of collecting and 

processing information in computer systems that facilitate studentsò interaction with 

STEM content on the basis of ontological modeling. These processes should ensure 

the consolidation of information resources and their representation in a 

transdisciplinary manner to facilitate interaction between students and teachers in 

the educational process. 

The first chapter discusses the important role of informatization in the 

educational process, particularly in the use of digital laboratories and virtual 

educational centers. This enables students to participate in various research projects. 

It is emphasized that educational programs are rapidly transforming, requiring 

constant updating of digital educational content. 

 It points out the necessity of including cognitive services in the educational 

process, which will assist in processing large volumes of information. It is 

determined that special attention is paid to the adaptability of learning, which 

includes an individual approach to each student. For this, the application of modern 

approaches capable of cognitive data processing and ensuring transdisciplinarity is 
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necessary. The importance of the ontological approach for structuring knowledge, 

ensuring adaptability, and transdisciplinarity of learning is indicated. 

The diversity of virtual laboratories and their advantages are described, 

particularly in terms of safety, time and resource efficiency, as well as the 

possibilities of remote learning, which potentially could solve the aforementioned 

problems. Criteria for their evaluation are determined. An analysis of various 

existing ontological systems confirms the need to develop systems that support 

information processes and manage the educational process through the consolidation 

of information resources. An ontological model of consolidated interaction with the 

STEM environment is defined and justified. 

 In the second chapter, models for the ontological representation of content in 

education, particularly in the context of STEM disciplines and resource 

consolidation, are described.  

The focus is on the concept of ontological representation of content in the format 

of consolidated diverse narratives, which facilitate analysis, processing, and use in 

educational processes. The worldview is defined as a set of perceptions and 

knowledge about the world and world-building, including the cognitive and creative 

capabilities of humans. The importance of structured interpretation of information 

obtained from authorized sources for forming a worldview is emphasized.  

Ontology in education is considered as the formalization of descriptions of 

knowledge domains using conceptual schemas, which includes a hierarchical 

structure of concepts. The importance of ensuring a semantically coherent collection 

of documents and narratives that facilitate the organization and implementation of 

the educational process and transdisciplinary education for the integrated use of 

knowledge from different fields to explore the world is determined. Models of 

ontological engineering mechanisms for structuring and representing educational 

content are presented. Such models include representation of ontology, narratives, a 

predicate of a certain kind, taxonomy, and their variety, representation in a recursive 
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form, definition of models associated with sequences of symbols of finite length, 

and Bem trees as an effective way of representing educational content. 

 In the third chapter, the developed architecture of a transdisciplinary platform 

for a virtual STEM center with component-defined educational services is described. 

The description of the architecture included the following tasks: 

 Describe the model of interaction of the virtual STEM center and the taxonomic 

module. 

Describe the user model. 

Describe the model of system interaction. 

Describe the representation of the interaction of software entities. 

Develop a diagram of classes and relations of the T-STEM center. 

Develop the architecture of the T-STEM center. 

The development of a software system that collects and processes data for the 

purpose of consolidating information resources is justified. The development of a 

comprehensive software system for the transdisciplinary STEM center is 

highlighted. The system includes modules for consolidating ontological knowledge 

bases and network resources, creating methodological developments, and generating 

recommendations. 

A functional-component model of the system is presented, including an 

information model and components for interaction with other systems and resources. 

The integration of the software system with popular content management systems 

such as Wordpress, and innovative information systems, is described. A detailed 

description of various system services is provided, including services for ensuring 

security, stable operation, information modeling, ontology generation, and 

interactive viewing. The use of KIT "Polyhedron" modules for creating and 

managing transdisciplinary educational materials and resources is considered. A 

detailed description of the system architecture is presented, including user roles such 

as administrators, authors (teachers), editors, and users, and their interactions within 

the system.  
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In the fourth and fifth chapters, the results of the development of the ontological 

model of the virtual STEM center and its use are highlighted. The creation of a 

unified STEM environment for the integration of various educational resources is 

considered. Details regarding the functioning of the unified STEM environment are 

provided, including the use of electronic manuals, libraries, repositories, virtual 

laboratories, and other resources. The application of the complex-integrated 

technological tool "Polyhedron" for structuring and managing educational materials 

is described. Information is provided on the use of ontological approaches and tools 

for creating and administering educational programs and resources. The integration 

of the system with existing educational resources, such as school websites and 

portals, is considered. Methods for creating and editing educational materials 

through an internet platform, including the use of a STEM content template, are 

described.  

Keywords: computer systems, information technology, transdisciplinarity, 

ontological approaches, network-centric environment, resource integration, kit 

"polyhedron", educational programs, interoperability, virtual laboratories, data 

exchange, registers, system design. 
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ɺʉʊʋʇ 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʘʢʪʫʘʣʴʥʦʶ ʻ STEM-ʦʩʚʽʪʘ, ʷʢʘ ʦʙ'ʻʜʥʫʻ ʧʨʠʨʦʜʥʠʯʽ ʥʘʫʢʠ, 

ʪʝʭʥʽʢʫ, ʽʥʞʝʥʝʨʽʶ ʪʘ ʤʘʪʝʤʘʪʠʢʫ, ʪʘ ʾʾ ʟʥʘʯʝʥʥʷ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ. ʅʘʷʚʥʽʩʪʴ 

ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʫʧ ʜʦ ʷʢʽʩʥʠʭ ʦʩʚʽʪʥʽʭ ʨʝʩʫʨʩʽʚ, 

ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ, ʽʥʥʦʚʘʮʽʡʥʠʭ ʥʘʚʠʯʦʢ, ʪʘ ʧʽʜʛʦʪʦʚʮʽ 

ʬʘʭʽʚʮʽʚ ʚʠʩʦʢʦʛʦ ʢʣʘʩʫ. 

ʊʘʢʠʡ ʮʝʥʪʨ ʩʪʘʻ ʥʝʟʘʤʽʥʥʠʤ ʫ ʢʦʥʪʝʢʩʪʽ ʥʝʧʝʨʝʨʚʥʦʛʦ ʦʥʦʚʣʝʥʥʷ 

ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʛʨʘʤ, ʚʠʤʦʛ ʜʦ ʟʥʘʥʴ ʪʘ ʥʘʚʠʯʦʢ, ʦʩʦʙʣʠʚʦ ʫ ʛʘʣʫʟʽ ʚʠʩʦʢʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ɺʽʥ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʰʢʦʣʷʨʘʤ ʽ ʩʪʫʜʝʥʪʘʤ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ 

ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʦʪʘʭ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʧʨʦʝʢʪʘʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʛʣʠʙʰʝ ʨʦʟʫʤʽʥʥʷ ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʥʴ. ʆʩʦʙʣʠʚʦ ʮʝ 

ʚʘʞʣʠʚʦ ʫ ʢʦʥʪʝʢʩʪʽ ʦʙʤʝʞʝʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʬʽʟʠʯʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʘʙʦ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɺʽʨʪʫʘʣʴʥʠʡ STEM-ʮʝʥʪʨ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʢʫ ʪʘ ʝʢʦʥʦʤʽʶ ʨʝʩʫʨʩʽʚ, 

ʦʩʢʽʣʴʢʠ ʫʯʥʽ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʚ ʙʝʟʧʝʯʥʦʤʫ 

ʮʠʬʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʊʘʢʦʞ ʚʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʤʦʙʽʣʴʥʽʩʪʴ ʜʦʩʪʫʧʫ ʪʘ 

ʛʥʫʯʢʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘʜʞʝ ʩʪʫʜʝʥʪʠ ʤʦʞʫʪʴ ʟʘʡʤʘʪʠʩʷ ʥʘʚʯʘʥʥʷʤ 

ʜʠʩʪʘʥʮʽʡʥʦ, ʟ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʩʚʽʪʫ. 

ʈʦʟʚʠʪʦʢ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʦʩʚʽʪʠ, 

ʨʦʙʠʪʴ ʾʾ ʙʽʣʴʰ ʜʦʩʪʫʧʥʦʶ ʪʘ ʝʬʝʢʪʠʚʥʦʶ, ʚʽʜʧʦʚʽʜʘʶʯʠ ʩʫʯʘʩʥʠʤ ʚʠʢʣʠʢʘʤ ʽ 

ʧʦʪʨʝʙʘʤ. ɺʦʥʠ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʽʜʛʦʪʦʚʮʽ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ 

ʬʘʭʽʚʮʽʚ, ʟʜʘʪʥʠʭ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʚ ʩʫʯʘʩʥʦʤʫ ʰʚʠʜʢʦʟʤʽʥʥʦʤʫ ʩʚʽʪʽ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʪʘʢʦʛʦ ʨʝʩʫʨʩʫ ʥʝʤʘʻ. ʆʪʞʝ, 

ʜʦʮʽʣʴʥʠʤ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʪʘ ʤʦʜʝʣʝʡ ʢʦʥʩʦʣʽʜʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʦʛʦ ʨʝʩʫʨʩʫ.  ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʨ ʩʧʠʨʘʚʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʨʦʙʦʪʠ ʚ 

ʦʙʣʘʩʪʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʥʪʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʚ 

ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʚʠʢʣʘʜʥʠʭ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ɻʣʫʰʢʦʚʘ ɺ. ʄ., ɼʦʚʦʛʦ ʉ. ʆ., 
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ɻʣʘʜʫʥʘ ɺ. ʇ., ʇʘʣʘʛʽʥʘ ʆ. ɺ., ʐʠʨʦʢʦʚʘ ɺ. ɸ., Joseph K. J., ʉʪʨʠʞʘʢʘ ʆ. ɭ., 

Schlenoff C., ʃʶʙʽʯʘ ʆ., Kalyanpur A., Holsapple C., ʇʘʩʽʭʦʚʘ ʖ. ʗ., ʅʘʜʫʪʝʥʢʘ 

ʄ. ɺ., ʏʝʨʥʝʮʴʢʦʛʦ ɯ. ʉ., ʐʘʧʦʚʘʣʦʚʘ ɭ. ɹ., ʇʨʠʭʦʜʥʶʢʘ ɺ., ʂʦʚʘʣʝʥʢʘ ʆ. ɸ., 

Hazelkorn E., ɹʠʢʦʚʘ ɺ. ʖ., ɺʝʣʠʯʢʦ ɺ., ɼʝʤôʥ̫ʝʥʢʘ ɺ. ɹ.,  Yeremeyev I., 

Dychko A., Amoatey P., Vidal N., Flores X., Ramasami K., Sinha A., Rivera M. F., 

Kultsova M.,  Volckmann R., Nicolescu B., ʂʫʥʘʥʝʮʴ ʅ. ɽ., Takashima A., 

Battaglia F., Gomez-Perez A., Aksu-Ko­ A., Elson D. K., Guajardo N. R., ʇʠʘʛʝʪʘ 

J., Barendregt X., Nicolescu B., Powell W. W., Ingar R. W., ʂʨʳʚʦʛʦ ʉ. ʃ., 

Honchar ɸ. V., Verma S., Cocchiarella N. B.,  ʪʘ ʽʥ." 

ɿʚôʷʟʦʢ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ. ɼʠʩʝʨʪʘʮʽʶ ʚʠʢʦʥʘʥʦ ʚ ʤʝʞʘʭ 

ʥʘʫʢʦʚʦʾ ʪʝʤʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʫ ñʄʘʣʘ ʘʢʘʜʝʤʽʷ ʥʘʫʢ ʋʢʨʘʾʥʠò: 

çʅʘʫʢʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʩʪʦʨʫ 

ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʦʥʪʦʣʦʛʽʯʥʠʭ ʦʧʠʩʽʚ ʤʝʨʝʞʥʠʭ ʙʘʟ 

ʟʥʘʥʴè (ˉ ɼʈ 0112U007539), 2013-2015 ʨʨ.; çʅʘʫʢʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ 

ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʥʪʦʣʦʛʽʯʥʠʭ ʟʘʩʦʙʽʚ ʬʦʨʤʫʚʘʥʥʷ 

ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʨʪʫʘʣʴʥʠʭ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ 

ʣʘʙʦʨʘʪʦʨʽʡè. (ˉ ɼʈ 0117U004042), 2017-2019 ʨʨ.; çʈʦʟʨʦʙʢʘ ʦʥʪʦʣʦʛʽʯʥʠʭ 

ʟʘʩʦʙʽʚ ʧʽʜʪʨʠʤʢʠ ʧʘʨʪʥʝʨʩʴʢʦʾ ʥʘʫʢʦʚʦ-ʦʩʚʽʪʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫʯʥʽʚ ʪʘ 

ʧʝʜʘʛʦʛʽʚ ʷʢ ʫʯʘʩʥʠʢʽʚ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫè (0115U002523), 2020-2022 ʨʨ.. 

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ. ʄʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʟʘʻʤʦʜʽʶ ʫʯʥʽʚ ʟʽ STEM-ʢʦʥʪʝʥʪʦʤ ʥʘ ʟʘʩʘʜʘʭ ʦʥʪʦʣʦʛʽʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʊʘʢʽ ʧʨʦʮʝʩʠ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʦʥʩʦʣʽʜʘʮʽʶ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʾʭ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʤʫ ʚʠʛʣʷʜʽ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʫʯʥʽʚ ʪʘ ʚʯʠʪʝʣʽʚ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʠ ʨʦʙʦʪʠ ʧʦʩʪʘʚʣʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ: 

ï ɸʥʘʣʽʟ ʮʠʬʨʦʚʠʭ ʩʝʨʝʜʦʚʠʱ ʬʦʨʤʘʪʫ STEM-ʦʩʚʽʪʠ  ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ    
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ï ʈʦʟʨʦʙʢʘ ʦʥʪʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ STEM-ʦʩʚʽʪʠ: 

ɺʠʚʯʝʥʥʷ ʪʘʢʩʦʥʦʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ STEM-ʥʘʨʘʪʠʚʽʚ ʪʘ ʨʝʘʣʽʟʘʮʽʷ 

ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫʯʥʽʚ ʟʽ STEM-ʢʦʥʪʝʥʪʦʤ. 

ï ɺʠʟʥʘʯʝʥʥʷ ʬʦʨʤʘʪʫ ʥʘʨʘʪʠʚʥʦʛʦ ʜʠʩʢʫʨʩʫ ʤʥʦʞʠʥʠ STEM-

ʥʘʨʘʪʠʚʽʚ ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʩʥʦʚʠ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫʯʥʽʚ ʟʽ 

STEM-ʩʝʨʝʜʦʚʠʱʝʤ. 

ï ɺʠʟʥʘʯʝʥʥʷ ʽʥʚʘʨʽʘʥʪʥʠʭ ʟʘʜʘʯ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʫʤʦʚʠ 

ʢʦʥʩʦʣʽʜʦʚʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ STEM-ʥʘʨʘʪʠʚʽʚ ʫʯʥʷʤʠ ʫ ʧʨʦʮʝʩʽ ʨʦʟʚôʷʟʘʥʥʷ 

ʥʠʤʠ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʟʘʚʜʘʥʴ ʫ STEM-ʩʝʨʝʜʦʚʠʱʽ. 

  ï ɺʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ T-STEM-ʮʝʥʪʨʫ ʪʘ ʾʾ ʨʝʘʣʽʟʘʮʽʷ: 

ɺʠʟʥʘʯʝʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ ʦʩʥʦʚʥʠʭ ʤʦʜʫʣʽʚ, ʢʦʥʬʽʛʫʨʘʮʽʷ ʙʘʟʦʚʠʭ ʩʝʨʚʽʩʽʚ 

ʱʦʜʦ ʦʙʨʦʙʢʠ ʦʩʚʽʪʥʽʭ STEM-ʥʘʨʘʪʠʚʽʚ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷ ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʟ ʥʠʤʠ ʫʯʥʽʚ. 

  ï ɺʠʟʥʘʯʝʥʥʷ ʨʦʣʽ ʚʯʠʪʝʣʽʚ ʪʘ ʫʯʥʽʚ ʫ STEM-ʩʝʨʝʜʦʚʠʱʽ ʥʘ ʨʽʚʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ ʾʭ ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦ-

ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ï  ʈʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʥʪʦʣʦʛʽʯʥʦʛʦ STEM-ʮʝʥʪʨʫ ʟ 

ʢʦʤʧʦʥʝʥʪʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ ʩʝʨʚʽʩʽʚ ʧʽʜʪʨʠʤʢʠ ʥʘʚʯʘʣʴʥʦ-ʧʽʟʥʘʚʘʣʴʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʫʯʥʷ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ STEM-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʢʦʥʪʝʥʪʫ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʦʥʪʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʩʚʽʪʥʽʭ ʨʝʩʫʨʩʽʚ ʬʦʨʤʘʪʫ STEM. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʶʪʴʩʷ ʥʘ ʟʘʛʘʣʴʥʽʡ 

ʪʝʦʨʽʾ ʥʘʫʢʦʚʦʛʦ ʧʽʟʥʘʥʥʷ ʪʘ ʥʘ ʟʘʩʘʜʘʭ ʩʠʩʪʝʤʥʦʩʪʽ, ʤʥʦʞʠʥʥʦʩʪʽ, 

ʨʝʢʫʨʩʠʚʥʦʾ ʨʝʜʫʢʮʽʾ, ʛʦʤʦʪʦʧʽʯʥʠʭ ʪʠʧʽʚ, ʨʝʬʣʝʢʩʽʾ STEM-ʥʘʨʘʪʠʚʽʚ. ɼʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʽ ʤʝʪʦʜʠ: ʜʣʷ ʘʥʘʣʽʟʫ 

ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʤʝʨʝʞʽ ï ʤʝʪʦʜ 

ʩʠʩʪʝʤʦʣʦʛʽʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ; ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ï ʪʝʦʨʽʷ 
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ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ, ʪʝʦʨʽʷ ʤʥʦʞʠʥ, ʪʝʦʨʽʷ ʛʨʘʬʽʚ, ʣʷʤʙʜʘ-

ʯʠʩʣʝʥʥʷ; ʜʣʷ ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ ï ʘʣʛʝʙʨʦ-ʣʦʛʽʯʥʠʡ ʪʘ 

ʘʢʩʽʦʤʘʪʠʯʥʠʡ ʤʝʪʦʜʠ; ʜʣʷ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ï 

ʰʘʙʣʦʥʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʘʥʘʣʽʟ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʪʘ ʪʝʦʨʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

ï ʅʘ ʟʘʩʘʜʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʩʪʽ ʚʧʝʨʰʝ ʙʫʚ 

ʨʦʟʨʦʙʣʝʥʠʡ ʪʘ ʟʘʩʪʦʩʦʚʘʥʠʡ ʤʝʭʘʥʽʟʤ ʩʠʩʪʝʤʦʣʦʛʽʟʘʮʽʾ STEM-ʥʘʨʘʪʠʚʽʚ. 

ï ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʦʜʝʣʴ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʾ ʘʛʨʝʛʘʮʽʾ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʩʦʣʽʜʘʮʽʾ STEM-ʥʘʨʘʪʠʚʽʚ ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʣʘʪʬʦʨʤʠ 

ʬʦʨʤʫʚʘʥʥʷ STEM-ʩʝʨʝʜʦʚʠʱ. 

ï ʋʜʦʩʢʦʥʘʣʝʥʦ ʧʦʥʷʪʪʷ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʬʦʨʤʘʪʫ 

ʥʘʨʘʪʠʚʥʦʛʦ ʜʠʩʢʫʨʩʫ, ʷʢ ʦʧʝʨʘʮʽʦʥʘʣʴʥʦʾ ʧʣʘʪʬʦʨʤʠ ʬʦʨʤʫʚʘʥʥʷ 

ʢʦʥʬʽʛʫʨʘʮʽʾ STEM-ʩʝʨʝʜʦʚʠʱʘ, ʩʝʨʚʽʩʠ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʩʦʣʽʜʦʚʘʥʫ 

ʚʟʘʻʤʦʜʽʶ ʫʯʥʽʚ ʟʽ STEM-ʥʘʨʘʪʠʚʘʤʠ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʦʥʪʦʣʦʛʦ-

ʢʝʨʦʚʘʥʠʤʠ ʥʘʚʯʘʣʴʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ. 

ï ɺʧʝʨʰʝ ʩʪʚʦʨʝʥʦ ʦʥʪʦʣʦʛʽʯʥʫ ʤʦʜʝʣʴ ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟʽ 

STEM-ʥʘʨʘʪʠʚʘʤʠ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʨʝʘʣʽʟʫʻ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ 

ʻʜʠʥʦʛʦ ʩʠʩʪʝʤʦʣʦʛʽʯʥʦ-ʦʨʛʘʥʽʟʦʚʘʥʦʛʦ STEM-ʩʝʨʝʜʦʚʠʱʘ 

ï ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʧʽʜʭʽʜ ʟʙʦʨʫ ʪʘ ʘʛʨʝʛʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ 

ʧʦʚôʷʟʘʥʦʾ ʟʽ STEM ʚʽʜ ʬʘʭʽʚʮʽʚ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʛʘʣʫʟʽ, ʾʾ ʧʦʜʘʣʴʰʦʾ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʘ ʢʦʥʩʦʣʽʜʘʮʽʾ ʫ ʦʥʪʦʣʦʛʽʯʥʽʡ ʬʦʨʤʽ. 

ï ɺʧʝʨʰʝ, ʚ ʩʪʨʫʢʪʫʨʽ ʮʠʬʨʦʚʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʩʚʽʪʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʩʪʚʦʨʝʥʦ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʫ ʦʥʪʦʣʦʛʽʯʥʫ ʩʠʩʪʝʤʫ ʜʦʙʦʨʫ 

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ ʷʢ ʩʠʩʪʝʤʥʦʾ ʢʦʤʧʦʥʝʥʪʠ STEM-ʮʝʥʪʨʫ, ʷʢʘ ʻ ʢʣʶʯʦʚʠʤ 

ʢʦʛʥʽʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ, ʟʛʽʜʥʦ ʟʥʘʥʴ, ʢʦʤʧʝʪʝʥʮʽʡ ʪʘ 

ʽʥʪʝʨʝʩʽʚ ʫʯʥʽʚ,  ʧʽʜʙʦʨʫ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʟʘʚʜʘʥʴ ʫ ʬʦʨʤʘʪʽ ʥʘʫʢʦʚʠʭ 

ʧʨʦʝʢʪʽʚ. 

ï ʋʜʦʩʢʦʥʘʣʝʥʦ ʢʦʛʥʽʪʠʚʥʽ ʩʝʨʚʽʩʠ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʢʦʥʩʦʣʽʜʘʮʽʶ 

ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫʯʥʽʚ ʟʽ STEM-ʥʘʨʘʪʠʚʘʤʠ ʥʘ ʦʩʥʦʚʽ 
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ʜʽʘʣʦʛʫ, ʷʢʽʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʬʦʨʤʘʪʽ ʥʘʨʘʪʠʚʥʦʛʦ ʜʠʩʢʫʨʩʫ ʟ ʚʘʣʽʜʦʚʘʥʠʤʠ 

ʧʩʠʭʦʣʦʛʽʯʥʠʤʠ ʦʧʠʪʫʚʘʣʴʥʠʢʘʤʠ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʷʚʣʝʥʥʷ ʽʥʪʝʨʝʩʽʚ 

ʫʯʥʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʘʜʘʧʪʫʚʘʪʠ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʦʪʨʝʙ ʪʘ ʧʝʨʝʚʘʛ ʩʪʫʜʝʥʪʽʚ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ:  

ï ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʠʡ ʟʘʩʽʙ ʟʙʦʨʫ ʪʘ ʘʛʨʝʛʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʧʦʚôʟ̫ʘʥʦʾ 

ʟʽ STEM ʚʽʜ ʬʘʭʽʚʮʽʚ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʛʘʣʫʟʽ, ʾʾ ʧʦʜʘʣʴʰʦʾ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʘ 

ʢʦʥʩʦʣʽʜʘʮʽʾ ʫ ʦʥʪʦʣʦʛʽʯʥʽʡ ʬʦʨʤʽ. 

ï ʈʦʟʨʦʙʣʝʥʦ ʟʘʩʽʙ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʦʙʫ ʟʙʦʨʫ ʪʘ 

ʘʛʨʝʛʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʧʦʚôʟ̫ʘʥʦʾ ʟʽ STEM ʪʘ ʽʥʪʝʨʧʨʝʪʘʪʦʨʘ ʦʥʪʦʣʦʛʽʡ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʘ ʢʦʥʩʦʣʽʜʘʮʽʾ ʫ ʦʥʪʦʣʦʛʽʯʥʽʡ ʬʦʨʤʽ  

ï ʈʦʟʨʦʙʣʝʥʦ ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʢʦʛʥʽʪʠʚʥʠʡ ʦʧʠʪʫʚʘʣʴʥʠʢ ʫʯʥʽʚ ʟ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʙʦʨʫ STEM-ʧʨʦʝʢʪʽʚ ʽʥʜʠʚʽʜʫʘʣʽʟʦʚʘʥʠʭ ʧʽʜ ʽʥʪʝʨʝʩʠ ʫʯʥʽʚ;  

ï ʈʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ STEM-ʦʨʽʻʥʪʦʚʘʥʠʭ ʦʥʪʦʣʦʛʽʯʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ 

ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʝʘʣʽʟʘʮʽʶ ʦʩʚʽʪʠ ʟʘ STEM-ʧʽʜʭʦʜʦʤ 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʘʢʪʘʤʠ ʚʧʨʦʚʘʜʞʝʥʴ (ɼʦʜʘʪʦʢ ɸ). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

ɺʩʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ ʦʩʥʦʚʥʠʡ ʟʤʽʩʪ ʜʠʩʝʨʪʘʮʽʾ, ʘʚʪʦʨ ʦʪʨʠʤʘʚ 

ʩʘʤʦʩʪʽʡʥʦ. ʈʷʜ ʨʦʙʽʪ ʥʘʧʠʩʘʥʦ ʟʜʦʙʫʚʘʯʝʤ ʩʘʤʦʩʪʽʡʥʦ [1, 2]. ʋ ʧʫʙʣʽʢʘʮʽʾ 

ʚʠʨʘʞʝʥʦ ʽʜʝʾ ʘʚʪʦʨʘ ʜʠʩʝʨʪʘʮʽʾ ʱʦʜʦ ʢʦʥʩʦʣʽʜʘʮʽʾ ̔ ʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ [3].   

ʋ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ [4, 5] ʘʚʪʦʨʫ ʜʠʩʝʨʪʘʮʽʾ ʥʘʣʝʞʠʪʴ ʢʣʶʯʦʚʘ ʽʜʝʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʫ STEM-

ʛʘʣʫʟʽ ï ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʞʝʥʽʨʥʽʥʛʫ. ɸʚʪʦʨʦʤ ʜʠʩʝʨʪʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʧʽʜʭʽʜ ʜʦ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʫʯʥʽʚ ʪʘ ʤʦʣʦʜʽ ʷʢ ʢʦʤʧʦʥʝʥʪʫ STEM-

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʽʜʭʦʜʠ ʜʦ ʢʦʥʩʦʣʽʜʘʮʽʾ ʫ ʨʦʙʦʪʘʭ [6ï12]. ʋ ʨʦʙʦʪʽ [7] ʘʚʪʦʨʫ 

ʥʘʣʝʞʠʪʴ ʽʜʝʷ ʨʦʟʨʦʙʢʠ ʽʥʪʝʨʬʝʡʩʽʚ ʧʨʝʟʝʥʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʥʠʢʽʚ ʫ 

ʬʦʨʤʽ ʦʥʪʦʣʦʛʽʡ. ʋ ʨʦʙʦʪʽ [13] ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʥʪʦʣʦʛʽʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʥʮʠʧʽʚ 
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ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʩʪʽ. ɸʚʪʦʨʦʤ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʫ ʧʫʙʣʽʢʘʮʽʾ [14] 

ʘʨʭʽʪʝʢʪʫʨʥʽ ʨʽʰʝʥʥʷ ʊ-STEM ʋ ʧʫʙʣʽʢʘʮʽʷʭ [15ï18] ʘʚʪʦʨʫ ʜʠʩʝʨʪʘʮʽʾ 

ʥʘʣʝʞʘʪʴ ʽʜʝʾ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ STEM-ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʪʘ 

ʾʭ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʥʪʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ. ʋ ʨʦʙʦʪʽ [19] 

ʘʚʪʦʨ ʟʘʧʨʦʧʦʥʫʚʘʚ ʧʽʜʭʦʜʠ ʜʦ ʦʧʠʩʫ ʤʦʜʝʣʝʡ ʘʨʭʽʪʝʢʪʫʨ, ʽʥʬʨʘʩʪʨʫʢʪʫʨ, 

ʨʝʻʩʪʨʽʚ. ʋ ʧʨʘʮʽ [20] ʘʚʪʦʨʫ ʜʠʩʝʨʪʘʮʽʾ ʥʘʣʝʞʠʪʴ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ STEM-ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʭʦʜʽʚ ʩʝʤʘʥʪʠʢʠ ʜʣʷ 

ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʡʦʛʦ ʬʫʥʢʮʦʽʥʫʚʘʥʥʷ. ʋ ʧʫʙʣʽʢʘʮʽʾ [21] ʘʚʪʦʨʦʤ 

ʜʠʩʝʨʪʘʮʽʾ ʦʧʠʩʘʥʦ ʧʽʜʭʦʜʠ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʥʪʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʧʨʠ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʘʢʘʜʝʤʽʯʥʠʭ ʟʘʭʦʜʽʚ, ʱʦ ʻ ʩʢʣʘʜʦʚʦʾ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ 

ʨʘʤʢʘʭ STEM. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ ʪʘ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʣʘʜʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʜʦʧʦʚʽʜʘʣʠʩʷ ʽ 

ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ 6 ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, ʘ ʩʘʤʝ ʥʘ: 18 

International Conferences on ICT in Education, Research and Industrial 

Applications (ICTERI 2023), 18-22 September 2023, Ivano-Frankivsk, Ukraine; the 

6th Workshop on Cloud Technologies in Education (CTE 2018), held in Kryvyi Rih; 

the 7th Workshop on Cloud Technologies in Education (CTE 2019) Kryvyi Rih, 

Ukraine, December 20, 2019; 9th Illia O. Teplytskyi Workshop on. Computer 

Simulation in Education (CoSinE 2021), held in Kherson, Ukraine, on the October 

1, 2021; the 3rd Edge Computing Workshop. Zhytomyr, Ukraine, April 7, 2023. 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʟ ʚʠʢʣʘʜʝʥʥʷʤ ʾʾ ʦʩʥʦʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʧʫʙʣʽʢʦʚʘʥʦ 18 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʩʝʨʝʜ ʷʢʠʭ 4 ï ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ 

ʋʢʨʘʾʥʠ (ʚ ʪʦʤʫ ʯʠʩʣʽ 1 ï ʦʜʥʦʦʩʽʙʥʦ), 1 ï ʚ ʥʘʫʢʦʚʦʤʫ ʧʝʨʽʦʜʠʯʥʦʤʫ ʚʠʜʘʥʥʽ 

ʽʥʦʟʝʤʥʠʭ ʜʝʨʞʘʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ, 1 ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʫ 

ʧʝʨʽʦʜʠʯʥʦʤʫ ʚʠʜʘʥʥʽ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ SCOPUS, 11 ï ʚ 

ʤʘʪʝʨʽʘʣʘʭ ʽ ʪʝʟʘʭ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʢʦʥʬʝʨʝʥʮʽʡ (ʚ ʪʦʤʫ ʯʠʩʣʽ 

2 ï ʦʜʥʦʦʩʽʙʥʦ), ʘ ʪʘʢʦʞ 1 ʘʚʪʦʨʩʴʢʝ ʩʚʽʜʦʮʪʚʦ. ɯʟ ʧʨʘʮʴ, ʱʦ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ 
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ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʚʠʢʣʶʯʥʦ ʪʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ 

ʦʜʝʨʞʘʥʦ ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ.   

ʆʙʩʷʛ ʽ ʩʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 

ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʪʘ ʧ'ʷʪʦʛʦ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʟʽ 151 ʥʘʡʤʝʥʫʚʘʥʴ ʪʘ 3 ʜʦʜʘʪʢʽʚ. ʇʦʚʥʠʡ ʦʙʩʷʛ 

ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 212 ʩʪʦʨʽʥʦʢ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʫ. ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ 

ʚʠʢʣʘʜʝʥʠʡ ʥʘ 167 ʩʪʦʨʽʥʢʘʭ. ʈʦʙʦʪʘ ʽʣʶʩʪʨʦʚʘʥʘ 72 ʨʠʩʫʥʢʘʤʠ ʪʘ 1 ʪʘʙʣʠʮʝ .ʁ 

  



27 

 

   

 

ʈʆɿɼɯʃ 1. ɯʉʅʋʖʏɯ ʇɯɼʍʆɼʀ ɼʃʗ ʈʆɿʈʆɹʂʀ ʆʅʊʆʃʆɻɯʏʅʆɻʆ 

STEM-ʎɽʅʊʋ 

1.1. ʆʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʛʝʥʝʨʘʮʽʾ STEM-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʢʦʥʪʝʥʪʫ 

ʉʴʦʛʦʜʥʽ ʚʘʞʣʠʚʠʤ ʻ ʥʝ ʧʨʦʩʪʦ ʥʘʢʦʧʠʯʝʥʥʷ ʟʥʘʥʥʷ, ʷʢʽ 

ʥʘʛʨʦʤʘʜʞʫʚʘʣʠʩʷ ʟʘʚʜʷʢʠ ʨʦʟʚʠʪʢʫ ʦʩʥʦʚʥʠʭ ʛʘʣʫʟʝʡ ʟʥʘʥʴ, ʘʣʝ ʽ ʾʭ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ. ʇʝʨʝʜ ʩʫʯʘʩʥʦʶ ʰʢʦʣʦʶ ʩʪʦʾʪʴ ʟʘʚʜʘʥʥʷ 

ʬʦʨʤʫʚʘʥʥʷ ʚ ʫʯʥʽʚ ʩʪʽʡʢʦʛʦ ʽʥʪʝʨʝʩʫ ʽ ʧʝʨʝʜʫʩʽʤ, ʜʦ ʧʨʠʨʦʜʥʠʯʦï

ʤʘʪʝʤʘʪʠʯʥʠʭ ʜʠʩʮʠʧʣʽʥ, ʷʢʽ ʻ ʦʩʥʦʚʦʶ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ; ʚʤʽʥʥʷ 

ʦʧʨʘʮʴʦʚʫʚʘʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ STEM-ʥʘʨʘʪʠʚʽʚ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʾ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʽʜʝʡ.  

ʎʠʤ ʟʘʚʜʘʥʥʷʤ ʷʢʥʘʡʢʨʘʱʝ ʚʽʜʧʦʚʽʜʘʻ STEM-ʦʩʚʽʪʘ, ʷʢ ʧʝʨʝʪʠʥ 

ʧʨʠʨʦʜʥʠʯʦʾ, ʪʝʭʥʽʯʥʦʾ ʪʚʦʨʯʦʩʪʽ, ʽʥʞʝʥʝʨʽʾ ʪʘ ʤʘʪʝʤʘʪʠʢʠ [17]. ʆʩʚʽʪʘ ʚ ʛʘʣʫʟʽ 

STEM ʻ ʦʩʥʦʚʦʶ ʧʽʜʛʦʪʦʚʢʠ ʨʦʙʽʪʥʠʢʽʚ ʚ ʦʙʣʘʩʪʽ ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ 

ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ: ʚ ɸʚʩʪʨʘʣʽʾ, ʂʠʪʘʾ, 

ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ, ɯʟʨʘʾʣʽ, ʂʦʨʝʾ, ʉʐɸ, ʉʽʥʛʘʧʫʨʽ, ʌʨʘʥʮʽʾ, ʗʧʦʥʽʾ [22].  

ʋ ʥʦʚʦʤʫ ʟʘʢʦʥʽ ʧʨʦ ʦʩʚʽʪʫ ʟʘʜʝʢʣʘʨʦʚʘʥʦ ʥʦʚʠʡ ʦʩʚʽʪʥʽʡ ʥʘʧʨʷʤʦʢ 

çʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʦʩʚʽʪʘ ʥʘʫʢʦʚʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ, ʜʝ ʡʜʝʪʴʩʷ ʧʨʦ ʧʦʛʣʠʙʣʝʥʫ 

ʧʽʜʛʦʪʦʚʢʫ ʟʽ STEM-ʜʠʩʮʠʧʣʽʥ (ʧʨʦʬʽʣʴʥʝ ʥʘʚʯʘʥʥʷ), ʧʝʨʝʜʙʘʯʝʥʦ ʦʩʚʦʻʥʥʷ 

ʥʘʫʢʦʚʦʾ ʤʝʪʦʜʦʣʦʛʽʾ, ʟʘʣʫʯʝʥʥʷ ʫʯʥʽʚ ʜʦ ʜʦʩʣʽʜʥʠʮʴʢʦʾ, ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʽ ʚʠʥʘʭʽʜʥʠʮʪʚʘ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʙʽʣʴʰʠʪʠ ʚʽʜʩʦʪʦʢ ʪʠʭ, ʭʪʦ ʩʪʘʥʝ 

ʪʘʣʘʥʦʚʠʪʠʤ ʫʯʝʥʠʤ, ʽʥʞʝʥʝʨʦʤ, ʥʦʚʘʪʦʨʦʤ [23]. ɺʧʨʦʚʘʜʞʝʥʥʷ STEM-ʦʩʚʽʪʠ 

ʚʠʤʘʛʘʻ ʚʽʜ ʦʩʚʽʪʷʥ ʘʢʪʠʚʥʦʛʦ ʚʚʝʜʝʥʥʷ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʝʣʝʤʝʥʪʽʚ ʦʩʚʽʪʠ 

ʤʘʡʙʫʪʥʴʦʛʦ, ʚʠʨʦʙʣʝʥʥʷ ʚ ʫʯʥʽʚ ʧʦʯʫʪʪʷ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ 

ʥʘʚʯʘʥʥʷ, ʨʦʟʫʤʽʥʥʷ ʪʨʝʥʜʫ çʥʘʚʯʘʥʥʷ ʚʧʨʦʜʦʚʞ ʞʠʪʪʷè, ʧʦʪʨʝʙʠ ʽ 

ʫʩʚʽʜʦʤʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʬʝʩʽʡʥʦʾ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʪʦʱʦ [24].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʩʴʦʛʦʜʥʽ ʧʨʦʙʣʝʤʘ ʨʝʘʣʽʟʘʮʽʾ STEM-ʧʽʜʭʦʜʽʚ ʚ 

ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʻ ʘʢʪʫʘʣʴʥʦʶ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʧʨʦʙʣʝʤʘ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʛʘʣʫʟʽ 

ʩʪʦʾʪʴ ʜʦʩʠʪʴ ʛʦʩʪʨʦ. 
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ʆʜʥʽʻʶ ʟ ʬʦʨʤʦʶ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʩʣʫʛ ʮʠʬʨʦʚʦʾ ʦʩʚʽʪʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʨʪʫʘʣʴʥʠʭ ʮʠʬʨʦʚʠʭ ʣʘʙʦʨʘʪʦʨʽʡ. ɺʦʥʠ ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʽʨʪʫʘʣʴʥʠʭ 

STEM-ʦʩʚʽʪʥʽʭ ʮʝʥʪʨʽʚ, ʷʢʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʝʪʦʜʦʣʦʛʽʾ ʨʦʟʨʦʙʣʝʥʽ ʽʟ ʟʘʣʫʯʝʥʥʷʤ 

ʧʝʚʥʠʭ ʦʥʪʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʪʘ ʩʦʮʽʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ 

ɯʥʪʝʨʥʝʪïʨʝʩʫʨʩʽʚ ʫʯʥʽ ʪʘ ʩʪʫʜʝʥʪʠ ʤʦʞʫʪʴ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʨʝʘʣʴʥʠʭ ʪʘ 

ʚʽʨʪʫʘʣʴʥʠʭ ʦʩʚʽʪʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʤʽʞʥʘʨʦʜʥʠʭ 

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʧʨʦʝʢʪʘʭ, ʪʘʢʠʭ ʷʢ ICE Cubes Service, EDUïARCTIC, 

BIOTALENT ʪʘ ʽʥʰʠʭ. 

ʆʜʥʘʢ, ʚʘʨʪʦ ʚʨʘʭʫʚʘʪʠ ʚ 21 ʩʪʦʣʽʪʪʽ, ʱʦ ʦʩʚʽʪʥʽ ʧʨʦʛʨʘʤʠ ʩʫʪʪʻʚʦ 

ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ ʢʦʞʥʽ 4ï6 ʨʦʢʽʚ. ʋ ʮʝʡ ʧʝʨʽʦʜ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʥʘʚʯʘʣʴʥʦʾ ʪʘ ʤʝʪʦʜʠʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ, ʟʤʽʩʪ ʷʢʦʾ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʢʦʥʪʝʥʪʫ. ʊʦʤʫ, ʚ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʠʭ ʦʩʚʽʪʥʽʭ 

ʨʝʩʫʨʩʽʚ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʟ ʦʙʨʦʙʢʦʶ ʚʝʣʠʢʠʭ ʜʘʥʠʭ. ʎʝ ʚʠʤʘʛʘʻ ʚʢʣʶʯʝʥʥʷ 

ʚ ʩʚʦʻ ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ ʢʦʛʥʽʪʠʚʥʠʭ ʧʦʩʣʫʛ, ʪʘʢʠʭ ʷʢ ʘʥʘʣʽʟ, 

ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ, ʚʠʙʽʨ, ʩʠʥʪʝʟ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʦʱʦ, ʷʢʽ ʤʘʶʪʴ ʭʘʨʘʢʪʝʨ 

ʢʦʛʥʽʪʠʚʥʠʭ ʦʙʯʠʩʣʝʥʴ. 

ʇʦʪʦʢʠ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʜʘʥʠʭ ʱʦʨʽʯʥʦ ʩʫʪʪʻʚʦ ʟʨʦʩʪʘʶʪʴ ʚ ʫʤʦʚʘʭ 

ʥʘʫʢʦʚʦïʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ. ɿʘʚʜʷʢʠ ʜʠʥʘʤʽʯʥʦʤʫ ʨʦʟʚʠʪʢʫ ʚʝʙï

ʩʝʨʝʜʦʚʠʱʘ, ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʧʦʣʽʧʰʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜ 

ʟʘʢʨʠʪʠʭ ʣʦʢʘʣʴʥʠʭ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦïʘʜʘʧʪʠʚʥʠʭ [25]. ɯʥʪʝʨʥʝʪ ʩʪʘʚ 

ʩʝʨʝʜʦʚʠʱʝʤ ʨʦʟʛʦʨʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʦʩʚʽʪʠ, ʟʦʢʨʝʤʘ STEM-

ʥʘʧʨʷʤʢʫ. ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ STEM-ʥʘʧʨʷʤʢʫ ʻ ʘʜʘʧʪʠʚʥʽʩʪʴ ʥʘʚʯʘʥʥʷ, ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʫʯʥʷ ʥʘ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ, ʟʦʢʨʝʤʘ ʦʩʚʽʪʥʻ, 

ʪʘ ʚʧʣʠʚʫ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʦʩʦʙʠʩʪʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʯʥʷ [26, 27].  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʘʧʪʠʚʥʦʩʪʽ ʥʘʚʯʘʥʥʷ ʥʝʦʙʭʽʜʥʦʶ ʻ ʨʦʟʨʦʙʢʘ 

ʚʽʜʢʨʠʪʠʭ ʦʩʚʽʪʥʽʭ ʩʝʨʝʜʦʚʠʱ, ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴ ʷʢ ʘʧʘʨʘʪʥʦïʧʨʦʛʨʘʤʥʫ 

ʩʢʣʘʜʦʚʫ, ʪʘʢ ʽ ʤʝʪʦʜʠʢʦïʧʝʜʘʛʦʛʽʯʥʫ ʡ ʜʠʜʘʢʪʠʯʥʫ. 
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ɹʽʣʴʰʝ ʪʦʛʦ, ʩʫʯʘʩʥʽ ʮʠʬʨʦʚʽ ʧʦʩʣʫʛʠ ʚ ʦʩʚʽʪʽ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ 

ʥʘʩʪʫʧʥʽ ʜʚʽ ʢʘʪʝʛʦʨʽʾ ï ʟʜʘʪʥʽʩʪʴ ʦʩʚʽʪʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘʜʘʚʘʪʠ ʝʬʝʢʪʠʚʥʽ 

ʦʩʚʽʪʥʽ ʧʦʩʣʫʛʠ ʪʘ ʮʠʬʨʦʚʫ ʦʩʚʽʪʥʶ ʣʦʛʽʩʪʠʢʫ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʷʢʽ 

ʫʪʚʦʨʶʶʪʴ ʩʢʣʘʜʥʠʡ ʣʘʥʮʶʞʦʢ ʪʨʘʥʟʘʢʮʽʡ ʜʣʷ ʢʦʞʥʦʛʦ ʫʯʥʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 

ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ. ʉʘʤʽ ʤʦʞʣʠʚʦʩʪʽ ʤʘʶʪʴ ʧʨʝʜʩʪʘʚʣʷʪʠ ʚʝʩʴ 

ʩʧʝʢʪʨ ʨʝʩʫʨʩʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ. ɾʦʜʥʘ ʽʟ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ, 

ʪʘʢʠʭ ʷʢ LMS, CMS, ʥʝ ʚʠʨʽʰʫʻ ʮʠʭ ʧʨʦʙʣʝʤ. 

ʋ ʩʫʯʘʩʥʦʤʫ ʦʩʚʽʪʥʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʢʣʶʯʦʚʠʤ ʻ ʥʝ ʣʠʰʝ ʢʫʤʫʣʷʪʠʚʥʝ 

ʥʘʢʦʧʠʯʝʥʥʷ ʟʥʘʥʴ, ʷʢʽ ʙʫʣʠ ʟʜʦʙʫʪʽ ʟʘʚʜʷʢʠ ʨʦʟʚʠʪʢʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʥʘʫʢʦʚʠʭ ʛʘʣʫʟʝʡ, ʘʣʝ ʡ ʾʭʥʷ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ. ɸʢʪʫʘʣʴʥʠʤ 

ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʩʫʯʘʩʥʦʾ ʦʩʚʽʪʥʴʦʾ ʩʠʩʪʝʤʠ ʻ ʩʪʠʤʫʣʶʚʘʥʥʷ ʫ ʩʪʫʜʝʥʪʽʚ ʩʪʽʡʢʦʾ 

ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʜʦ ʧʨʠʨʦʜʥʠʯʦïʤʘʪʝʤʘʪʠʯʥʠʭ ʜʠʩʮʠʧʣʽʥ, ʷʢʽ 

ʬʦʨʤʫʶʪʴ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ. ɺʘʞʣʠʚʠʤ ʻ ʪʘʢʦʞ ʨʦʟʚʠʪʦʢ 

ʥʘʚʠʯʦʢ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʛʝʥʝʨʘʮʽʾ 

ʥʦʚʠʭ ʽʜʝʡ. 

ʆʧʪʠʤʘʣʴʥʠʤ ʚʠʨʽʰʝʥʥʷʤ ʮʠʭ ʟʘʚʜʘʥʴ ʻ STEM-ʦʩʚʽʪʘ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʧʝʨʝʭʨʝʩʪʷ ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ, ʪʝʭʥʽʢʠ, ʽʥʞʝʥʝʨʽʾ ʪʘ ʤʘʪʝʤʘʪʠʢʠ. ʆʩʚʽʪʘ 

ʫ ʩʬʝʨʽ STEM ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʫ ʛʘʣʫʟʽ ʚʠʩʦʢʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʙʘʛʘʪʴʦʭ ʝʢʦʥʦʤʽʯʥʦ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ, ʪʘʢʠʭ ʷʢ ɸʚʩʪʨʘʣʽʷ, 

ʂʠʪʘʡ, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ, ɯʟʨʘʾʣʴ, ʂʦʨʝʷ, ʉʐɸ, ʉʽʥʛʘʧʫʨ, ʌʨʘʥʮʽʷ, ʗʧʦʥʽʷ. 

ʅʦʚʠʡ ʟʘʢʦʥ ʧʨʦ ʦʩʚʽʪʫ ʚ ʋʢʨʘʾʥʽ ʚʚʦʜʠʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʫ ʦʩʚʽʪʫ ʥʘʫʢʦʚʦʛʦ 

ʩʧʨʷʤʫʚʘʥʥʷ, ʘʢʮʝʥʪʫʶʯʠ ʥʘ ʧʦʛʣʠʙʣʝʥʽʡ ʧʽʜʛʦʪʦʚʮʽ ʫ ʩʬʝʨʽ STEM-

ʜʠʩʮʠʧʣʽʥ. ʎʝ ʧʝʨʝʜʙʘʯʘʻ ʟʘʣʫʯʝʥʥʷ ʩʪʫʜʝʥʪʽʚ ʜʦ ʥʘʫʢʦʚʠʭ, ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ 

ʪʘ ʚʠʥʘʭʽʜʥʠʮʴʢʠʭ ʜʽʷʣʴʥʦʩʪʝʡ, ʩʧʨʠʷʶʯʠ ʬʦʨʤʫʚʘʥʥʶ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ 

ʚʯʝʥʠʭ, ʽʥʞʝʥʝʨʽʚ ʪʘ ʥʦʚʘʪʦʨʽʚ. ɺʧʨʦʚʘʜʞʝʥʥʷ STEM-ʦʩʚʽʪʠ ʧʦʪʨʝʙʫʻ 

ʘʢʪʠʚʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʫʯʘʩʥʦʾ ʦʩʚʽʪʠ, ʨʦʟʚʠʪʢʫ ʫ ʩʪʫʜʝʥʪʽʚ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʟʘ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʯʘʥʥʷ ʪʘ ʫʩʚʽʜʦʤʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʥʝʧʝʨʝʨʚʥʦʾ ʧʨʦʬʝʩʽʡʥʦʾ ʩʘʤʦʦʩʚʽʪʠ. 
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ʉʫʯʘʩʥʘ ʧʨʦʙʣʝʤʘʪʠʢʘ ʨʝʘʣʽʟʘʮʽʾ STEM-ʧʽʜʭʦʜʽʚ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ 

ʘʢʪʫʘʣʴʥʘ, ʘ ʽʥʬʦʨʤʘʪʠʟʘʮʽʷ ʦʩʚʽʪʠ ʻ ʦʜʥʽʻʶ ʟ ʾʾ ʢʣʶʯʦʚʠʭ ʩʢʣʘʜʦʚʠʭ. ʆʜʥʽʻʶ 

ʟ ʬʦʨʤ ʦʨʛʘʥʽʟʘʮʽʾ ʮʠʬʨʦʚʦʾ ʦʩʚʽʪʠ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʮʠʬʨʦʚʠʭ 

ʣʘʙʦʨʘʪʦʨʽʡ, ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʘ ʙʘʟʽ ʚʽʨʪʫʘʣʴʥʠʭ STEM-ʦʩʚʽʪʥʽʭ ʮʝʥʪʨʽʚ, 

ʨʦʟʨʦʙʣʝʥʠʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʥʪʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʪʘ ʩʦʮʽʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʫʜʝʥʪʘʤ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʨʝʘʣʴʥʠʭ ʽ ʚʽʨʪʫʘʣʴʥʠʭ ʦʩʚʽʪʥʽʭ 

ʧʨʦʝʢʪʘʭ, ʚʢʣʶʯʘʶʯʠ ʤʽʞʥʘʨʦʜʥʽ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɺʦʜʥʦʯʘʩ, ʫ XXI ʩʪʦʣʽʪʪʽ ʦʩʚʽʪʥʽ ʧʨʦʛʨʘʤʠ ʧʝʨʝʞʠʚʘʶʪʴ ʟʥʘʯʥʽ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʢʦʞʥʽ 4ï6 ʨʦʢʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʥʘʚʯʘʣʴʥʦʛʦ ʪʘ ʤʝʪʦʜʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʟʤʽʩʪ ʷʢʦʛʦ ʤʘʻ ʙʫʪʠ 

ʚʨʘʭʦʚʘʥʠʡ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʮʠʬʨʦʚʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʫ. ʋ ʧʨʦʮʝʩʽ 

ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʠʭ ʦʩʚʽʪʥʽʭ ʨʝʩʫʨʩʽʚ ʚʠʥʠʢʘʻ ʚʠʢʣʠʢ 

ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ, ʱʦ ʚʠʤʘʛʘʻ ʽʥʪʝʛʨʘʮʽʾ ʢʦʛʥʽʪʠʚʥʠʭ ʧʦʩʣʫʛ, 

ʪʘʢʠʭ ʷʢ ʘʥʘʣʽʟ, ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ, ʚʠʙʽʨ, ʩʠʥʪʝʟ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʷʢʽ ʻ 

ʯʘʩʪʠʥʦʶ ʢʦʛʥʽʪʠʚʥʠʭ ʦʙʯʠʩʣʝʥʴ. 

 

1.2. ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʚʽʨʪʫʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ STEM-ʦʩʚʽʪʠ 

ɺ ʫʤʦʚʘʭ ʜʠʩʪʘʥʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʨʪʫʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ, ʟʦʢʨʝʤʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʚ 

ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ. ʆʢʨʽʤ ʤʦʞʣʠʚʦʩʪʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʚʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ, ʷʢʽ ʙʫʜʫʪʴ ʦʧʠʩʘʥʽ ʥʠʞʯʝ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʠʜʙʘʥʥʷ ʜʦʨʦʛʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʽ 

ʨʝʘʢʪʠʚʽʚ. ʏʝʨʝʟ ʥʝʜʦʩʪʘʪʥʻ ʬʽʥʘʥʩʫʚʘʥʥʷ ʚ ʙʘʛʘʪʴʦʭ ʣʘʙʦʨʘʪʦʨʽʷʭ 

ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʩʪʘʨʽʣʝ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʤʦʞʝ ʩʧʦʪʚʦʨʶʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʽʚ ʽ ʩʣʫʛʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʠʤ ʜʞʝʨʝʣʦʤ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʫʯʥʽʚ. ʂʨʽʤ ʪʦʛʦ, ʚ 

ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʭʽʤʽʷ, ʢʨʽʤ ʦʙʣʘʜʥʘʥʥʷ ʧʦʪʨʽʙʥʽ ʪʘʢʦʞ ʚʠʪʨʘʪʥʽ 

ʤʘʪʝʨʽʘʣʠ (ʨʝʘʢʪʠʚʠ), ʚʘʨʪʽʩʪʴ ʷʢʠʭ ʜʦʩʠʪʴ ʚʠʩʦʢʘ. ɿʨʦʟʫʤʽʣʦ, ʢʦʤʧôʶʪʝʨʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʦʞ ʢʦʰʪʫʻ ʥʝʜʝʰʝʚʦ, ʧʨʦʪʝ 
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ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʢʦʤʧôʁ ʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʽ ʾʾ ʰʠʨʦʢʘ ʧʦʰʠʨʝʥʽʩʪʴ ʢʦʤʧʝʥʩʫʶʪʴ 

ʮʝʡ ʥʝʜʦʣʽʢ.  

ʄʦʞʣʠʚʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʟʤʦʜʝʣʶʚʘʪʠ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʘʙʦ ʧʨʦʮʝʩʽʚ. ʉʫʯʘʩʥʽ ʢʦʤʧôʶʪʝʨʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʘʞʢʦ ʨʦʟʨʽʟʥʠʪʠ ʚ ʨʝʘʣʴʥʠʭ 

ʫʤʦʚʘʭ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʪʝʭʥʽʢʠ, ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʤʘʣʽ ʨʦʟʤʽʨʠ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʯʘʩʪʦʢ. ʄʦʞʣʠʚʽʩʪʴ ʨʦʟʫʤʽʥʥʷ ʪʦʥʢʦʱʽ ʧʨʦʮʝʩʽʚ ʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʦʜʝʣʴʦʚʘʥʽ ʚ ʨʽʟʥʽ ʯʘʩʦʚʽ ʜʽʘʧʘʟʦʥʠ. ʊʘʢ, ʜʝʷʢʽ 

ʚʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʪʨʠʚʘʶʪʴ 

ʩʝʢʫʥʜʠ, ʘ ʽʥʰʽ ï ʨʦʢʠ.  

ɹʝʟʧʝʢʘ ʻ ʚʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʫ 

ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʡʜʝ ʨʦʙʦʪʘ, ʥʘʧʨʠʢʣʘʜ, ʟ ʚʠʩʦʢʠʤʠ ʥʘʧʨʫʛʘʤʠ ʘʙʦ ʭʽʤʽʯʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ. ʋ ʟʚô̫ ʟʢʫ ʟ ʪʠʤ, ʱʦ ʫʧʨʘʚʣʽʥʥʷʤ ʚʽʨʪʫʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʟʘʡʤʘʻʪʴʩʷ 

ʢʦʤʧôʁ ʪʝʨ, ʟô̫ ʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʽʾ ʜʦʩʣʽʜʽʚ ʟ 

ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʯʘʩʪʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʣʝʞʥʦʩʪʝʡ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ ʚʭʽʜʥʠʭ.  

ɽʢʦʥʦʤʽʷ ʯʘʩʫ ʽ ʨʝʩʫʨʩʽʚ ʜʣʷ ʚʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʝʣʝʢʪʨʦʥʥʠʡ ʬʦʨʤʘʪ. 

ɼʝʷʢʽ ʨʦʙʦʪʠ ʚʠʤʘʛʘʶʪʴ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ 

ʦʪʨʠʤʘʥʠʭ ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʢʦʤʧôʁ ʪʝʨʽ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʉʣʘʙʢʠʤ ʤʽʩʮʝʤ ʫ ʮʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʽʡ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʨʝʘʣʴʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʻ ʚʚʝʜʝʥʥʷ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʦʤʧôʁ ʪʝʨ. ʋ 

ʚʽʨʪʫʘʣʴʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʮʝʡ ʢʨʦʢ ʚʽʜʩʫʪʥʽʡ, ʘʜʞʝ ʜʘʥʽ ʤʦʞʫʪʴ ʟʘʥʦʩʠʪʠʩʷ ʚ 

ʝʣʝʢʪʨʦʥʥʫ ʪʘʙʣʠʮʶ ʨʝʟʫʣʴʪʘʪʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʦʩʣʽʜʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʤ ʘʙʦ ʘʚʪʦʤʘʪʠʯʥʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʝʢʦʥʦʤʠʪʴʩʷ ʯʘʩ ʽ ʟʥʘʯʥʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜʩʦʪʦʢ ʧʦʤʠʣʦʢ. 

ɺʨʝʰʪʽ, ʦʢʨʝʤʘ ʽ ʚʘʞʣʠʚʘ ʧʝʨʝʚʘʛʘ ʧʦʣʷʛʘʻ ʚ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʨʪʫʘʣʴʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʚ ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʥʘʚʯʘʥʥ,̔ ʢʦʣʠ ʚ ʧʨʠʥʮʠʧʽ ʚʽʜʩʫʪʥʷ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʚ ʣʘʙʦʨʘʪʦʨʽʷʭ. 



32 

 

   

 

ʇʨʦʚʝʜʝʤʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʩʥʦʚʥʠʭ ʢʨʠʪʝʨʽʾʚ 

ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʥʢʫ ʚʽʨʪʫʘʣʴʥʠʭ ʧʣʦʱʘʜʦʢ: 

1. ɿʘʙʝʟʧʝʯʝʥʥʷ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʩʪʽ ï ʚʽʨʪʫʘʣʴʥʘ ʣʘʙʦʨʘʪʦʨʽʷ, ʱʦ 

ʦʭʦʧʣʶʻ ʙʘʛʘʪʦ ʜʠʩʮʠʧʣʽʥ ʪʘ ʜʝʤʦʥʩʪʨʫʻ ʚʟʘʻʤʦʟʚô̫ ʟʦʢ ʤʽʞ ʥʠʤʠ, ʻ ʙʽʣʴʰ 

ʮʽʥʥʦʶ ʜʣʷ ʧʽʟʥʘʥʥʷ. 

2. ʅʘʩʠʯʝʥʽʩʪʴ ʢʦʥʪʝʥʪʦʤ ï ʢʽʣʴʢʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

3. ʅʘʷʚʥʽʩʪʴ ʩʝʤʘʥʪʠʯʥʠʭ ʟʚô̫ ʟʢʽʚ ï ʩʝʤʘʥʪʠʯʥʠʡ ʟʚô̫ ʟʦʢ ʜʦʟʚʦʣʷʻ 

ʚʩʪʘʥʦʚʠʪʠ ʢʦʥʪʝʢʩʪʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʥʷʪʴ, ʚʠʢʣʘʜʝʥʠʭ ʚ ʦʜʥʽʡ ʨʦʙʦʪʽ, ʟ 

ʧʦʥʷʪʪʷʤʠ ʟ ʽʥʰʦʾ ʨʦʙʦʪʠ. 

4. ɯʥʜʝʢʩʘʮʽʷ ʢʦʥʪʝʥʪʫ ï ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʫʷʚʣʝʥʥʷ ʧʨʦ ʦʙô̒ ʢʪ, ʘʙʦ 

ʷʚʠʱʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʷʢʽʩʥʠʡ ʤʝʭʘʥʽʟʤ ʧʦʰʫʢʫ ʜʦʜʘʪʢʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʽʥʰʠʭ ʜʞʝʨʝʣ. ʋʩʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʚʽʨʪʫʘʣʴʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʤʘʶʪʴ ʙʫʪʠ ʧʨʦʽʥʜʝʢʩʦʚʘʥʽ. 

5. ʗʢʽʩʪʴ ʚʽʟʫʘʣʽʟʘʮʽʾ ï ʥʘʦʯʥʽʩʪʴ ʪʘ ʜʦʭʽʜʣʠʚʽʩʪʴ ʤʝʜʽʘ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʙʦʪʫ. 

6. ɽʨʛʦʥʦʤʽʯʥʽʩʪʴ ʽʥʪʝʨʬʝʡʩʫ ï ʥʘʷʚʥʽʩʪʴ ʪʘ ʟʨʫʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʥ̔ʩʪʨʫʤʝʥʪʽʚ ʬʫʥʢʮʽʦʥʘʣʫ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʢʦʨʠʩʪʫʚʘʯʫ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʮʝʩ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʫ ʩʝʨʝʜʦʚʠʱʽ ʚʽʨʪʫʘʣʴʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ. 

7. ʗʢʽʩʪʴ ʘʜʘʧʪʘʮʽʾ ʜʦ ʫʢʨʘʾʥʩʴʢʦʛʦ ʩʧʦʞʠʚʘʯʘ ï ʚʽʨʪʫʘʣʴʥʘ 

ʣʘʙʦʨʘʪʦʨʽʷ ʤʽʩʪʠʪʴ ʫʢʨʘʾʥʦʤʦʚʥʠʡ ʤʘʪʝʨʽʘʣ, ʘ ʧʨʦʛʨʘʤʥʘ ʦʙʦʣʦʥʢʘ ʤʘʻ 

ʫʢʨʘʾʥʦʤʦʚʥʠʡ ʽʥʪʝʨʬʝʡʩ. 

8. ɺʽʜʩʫʪʥʽʩʪʴ ʨʝʢʣʘʤʠ ï ʟʘʡʚʽ (ʥʝʙʝʟʧʝʯʥʽ) ʤʘʪʝʨʽʘʣʠ, ʷʢʽ 

ʨʦʟʨʦʙʥʠʢʠ ʽʤʧʣʘʥʪʫʶʪʴ ʜʦ ʚʽʨʪʫʘʣʴʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ, ʱʦ ʚʽʜʚʦʣʽʢʘʶʪʴ ʪʘ 

ʟʘʚʘʞʘʶʪʴ ʚʠʢʦʥʘʥʥʶ ʨʦʙʦʪʠ. 
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1.3.  ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ STEM-ʦʩʚʽʪʠ 

ɺʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ STAR. STAR (Software Tools for Academics and 

Researchers) [28] ï ʧʨʦʛʨʘʤʘ ʄʘʩʘʯʫʩʝʪʩʴʢʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ (MIT) 

ʟ ʨʦʟʨʦʙʢʠ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʽ ʥʘʚʯʘʥʥʷ. ɼʽʷʣʴʥʽʩʪʴ 

ʧʨʦʛʨʘʤʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʥʘʚʯʘʣʴʥʠʭ ʽ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʧʨʦʛʨʘʤ ʽʟ ʟʘʛʘʣʴʥʦʾ 

ʙʽʦʣʦʛʽʾ, ʙʽʦʭʽʤʽʾ, ʛʝʥʝʪʠʢʠ, ʛʽʜʨʦʣʦʛʽʾ, ʚ ʦʙʣʘʩʪʽ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ. 

ɹʽʣʴʰʽʩʪʴ ʜʦʜʘʪʢʽʚ ʨʝʘʣʽʟʦʚʘʥʽ java ʘʙʦ html.  

ÅStarBiochem ï 3Dïʚʽʟʫʘʣʽʟʘʪʦʨ ʤʦʣʝʢʫʣ ʙʽʣʢʽʚ. ʄʘʻ ʛʥʫʯʢʽ ʪʘ ʜʝʪʘʣʴʥʽ 

ʥʘʣʘʰʪʫʚʘʥʥʷ. 

Å StarGenetics ï ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʧʨʦʮʝʩʠ ʩʭʨʝʱʫʚʘʥʥʷ, ʚʠʚʯʘʪʠ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʫʩʧʘʜʢʫʚʘʥʥʷ ʤʦʥʦʛʝʥʥʠʭ ʦʟʥʘʢ (ʟʘʢʦʥʠ ʄʝʥʜʝʣʷ). 

StarORF ï ʜʦʟʚʦʣʷʻ ʥʘʚʯʠʪʠʩʷ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʪʘʢ ʟʚʘʥʽ ʚʽʜʢʨʠʪʽ ʨʘʤʢʠ 

ʟʯʠʪʫʚʘʥʥʷ (ʘʥʛʣ. ORF ï Open Reading Frame) ï ʦʜʠʥʠʮʽ ʚ ʩʢʣʘʜʽ ʣʘʥʮʶʛʘ ɼʅʂ 

ʘʙʦ ʈʅʂ, ʟʜʘʪʥʽ ʢʦʜʫʚʘʪʠ ʙʽʣʦʢ. 

Å StarMolSim ï ʩʝʨʽʷ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʤʦʜʝʣʶʻ ʧʨʦʮʝʩʠ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʜʠʥʘʤʽʢʠ. ʂʦʞʝʥ ʟ ʽʥʩʪʨʫʤʝʥʪʽʚ ʤʘʻ ʰʠʨʦʢʠʡ ʥʘʙʽʨ ʚʭʽʜʥʠʭ ʟʥʘʯʝʥʴ ʽ, 

ʘʥʘʣʦʛʽʯʥʦ, ʰʠʨʦʢʠʡ ʥʘʙʽʨ ʚʠʭʽʜʥʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʘʥʘʣʽʟʫ ʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

StarBiogene ï ʅʘʙ̔ʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟ ʛʝʥʝʪʠʢʠ.  

Å StarHydro ï ʧʨʦʛʨʘʤʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. 

Å StarCluster ï ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʽ 

ʫʧʨʘʚʣʽʥʥʷ ʢʣʘʩʪʝʨʘʤʠ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ ʥʘ ʚʝʙïʩʝʨʚʽʩʽ amazonòs EC2 cloud.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ STAR ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 1.1. 
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ʈʠʩ. 1.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ STAR 

 

ɺʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ VirtuLab. VirtuLab [29] ï ʧʨʦʝʢʪ ʟ ʨʦʟʨʦʙʢʠ 

ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟ ʬʽʟʠʢʠ, ʭʽʤʽʾ, ʙʽʦʣʦʛʽʾ, ʝʢʦʣʦʛʽʾ ʜʣʷ ʫʯʥʽʚ. 

ɺʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʥʽ ʨʦʙʦʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ Flash. 

ɺʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʫʟʴʢʦʶ ʩʧʝʮʽʘʣʽʟʘʮʽʻʶ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʣʽʥʽʡʥʽʩʪʶ 

ʝʢʩʧʝʨʠʤʝʥʪʫ (ʚʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘʜʘʥʽ 

ʟʘʟʜʘʣʝʛʽʜʴ). ʇʨʦʜʫʢʪʠ VirtuLab ʤʘʶʪʴ ʧʽʟʥʘʚʘʣʴʥʫ ʮʽʥʥʽʩʪʴ ʽ ʚʠʨʽʰʫʶʪʴ 

ʟʘʚʜʘʥʥʷ ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʟʘʢʣʘʜʽ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ VirtuLab ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 

1.2. 

 

ʈʠʩ. 1.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ VirtuLab 

 

ɺʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ Algodoo. Algodoo [30] ï ʧʨʦʛʨʘʤʫ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ 

ʬʽʟʠʯʥʠʭ 2D ʩʠʤʫʣʷʮʽʡ. ʄʘʻ ʜʫʞʝ ʙʘʛʘʪʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʨʽʟʥʠʭ ʦʙôʻʢʪʽʚ, ʤʝʭʘʥʽʟʤʽʚ ʽ ʩʠʩʪʝʤ ʟ ʤʝʪʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʾʭ ʬʽʟʠʯʥʦʾ 
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ʚʟʘʻʤʦʜʽʾ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʴ ʧʨʘʮʶʶʯʦʛʦ 

ʛʦʜʠʥʥʠʢʘ, ʘʙʦ ʧʥʝʚʤʘʪʠʯʥʦʾ ʛʚʠʥʪʽʚʢʠ.  

ʇʨʦʛʨʘʤʘ ʟʜʘʪʥʘ ʩʠʤʫʣʶʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʤʝʭʘʥʽʯʥʽ ʧʨʦʮʝʩʠ, ʘʣʝ ʡ ʦʧʪʠʯʥʽ, 

ʘ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʨʠʧʪʦʚʦʾ ʤʦʚʠ Thyme ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʦʙôʻʢʪʠ, ʝʬʝʢʪʠ ʡ ʷʚʠʱʘ ʟ ʦʨʠʛʽʥʘʣʴʥʠʤʠ ʬʽʟʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʨʽʟʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. ʊʘʢʦʞ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʚʘʥʪʘʞʫʚʘʪʠ 

ʤʘʣʶʥʢʠ, ʷʢʽ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʦʙôʻʢʪ ʩʠʤʫʣʷʮʽʾ, ʷʢʦʤʫ ʤʦʞʥʘ ʥʘʜʘʪʠ ʙʫʜʴï

ʷʢʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ VirtuLab ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 

1.3. 

 

ʈʠʩ. 1.3 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ Algodo 

 

ɺʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ PhET. PhET [31, 32] ï ʧʨʦʝʢʪ ʨʦʟʨʦʙʣʝʥʠʡ 

ʋʥʽʚʝʨʩʠʪʝʪʦʤ ʂʦʣʦʨʘʜʦ, ʱʦ ʚʢʣʶʯʘʻ ʙʝʟʣʽʯ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ, ʷʢʽ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʨʽʟʥʽ ʷʚʠʱʘ ʟ ʬʽʟʠʢʠ, ʙʽʦʣʦʛʽʾ, ʭʽʤʽʾ, ʤʘʪʝʤʘʪʠʢʠ, ʥʘʫʢ ʧʨʦ 

ɿʝʤʣʶ. 

ɼʦʩʣʽʜʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʽʟʥʘʚʘʣʴʥʫ ʮʽʥʥʽʩʪʴ ʽ ʧʨʠ ʮʴʦʤʫ ʻ ʟʘʭʦʧʣʶʶʯʠʤʠ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ PhET ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 1.4. 
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ʈʠʩ. 1.4 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ PhET 

 

ɺʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ Wolfram Demonstrations Project. ʄʝʪʘ ʧʨʦʝʢʪʫ 

Wolfram Demonstrations Project [33] ï ʥʘʦʯʥʘ ʜʝʤʦʥʩʪʨʘʮʽʷ ʢʦʥʮʝʧʮʽʡ ʩʫʯʘʩʥʦʾ 

ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ. Wolfram ʧʨʝʪʝʥʜʫʻ ʥʘ ʨʦʣʴ ʧʣʘʪʬʦʨʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ 

ʦʙôʜ̒ʥʘʥʠʡ ʢʘʪʘʣʦʛ ʦʥʣʘʡʥʦʚʠʭ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ. ʎʝ, ʥʘ ʜʫʤʢʫ ʡʦʛʦ 

ʨʦʟʨʦʙʥʠʢʽʚ, ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʫʥʠʢʥʫʪʠ ʧʨʦʙʣʝʤ, ʧʦʚôʟ̫ʘʥʠʭ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʟʥʦʨʽʜʥʠʭ ʥʘʚʯʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʧʣʘʪʬʦʨʤ ʨʦʟʨʦʙʢʠ.  

ɼʣʷ ʧʝʨʝʛʣʷʜʫ ʜʝʤʦʥʩʪʨʘʮʽʡ ʟʥʘʜʦʙʠʪʴʩʷ ʟʘʚʘʥʪʘʞʠʪʠ ʽ ʚʩʪʘʥʦʚʠʪʠ 

ʩʧʝʮʽʘʣʴʥʠʡ Wolfram CDF Player  

ʅʘ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ Wolfram Demonstrations Project ʚʦʣʦʜʽʻ ʟʥʘʯʥʠʤ 

ʢʘʪʘʣʦʛʦʤ ï 10968 ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʜʝʤʦʥʩʪʨʘʮʽʡ.  

ʂʘʪʘʣʦʛ ʧʨʦʝʢʪʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 11 ʦʩʥʦʚʥʠʭ ʨʦʟʜʽʣʽʚ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʨʽʟʥʠʭ 

ʛʘʣʫʟʝʡ ʟʥʘʥʴ ʽ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʊʫʪ ʻ ʚʝʣʠʢʽ ʬʽʟʠʯʥʽ, ʭʽʤʽʯʥʽ ʪʘ 

ʤʘʪʝʤʘʪʠʯʥʽ ʨʦʟʜʽʣʠ, ʘ ʪʘʢʦʞ ʧʨʠʩʚʷʯʝʥʽ ʪʝʭʥʽʮʽ, ʽʥʞʝʥʝʨʥʽʡ ʩʧʨʘʚʽ, 

ʩʦʮʽʘʣʴʥʠʤ ʥʘʫʢʘʤ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ VirtuLab ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 

1.5. 
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ʈʠʩ. 1.5 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ Wolfram 

 

ɺʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ The ChemCollective. The ChemCollective [34] 

ʧʨʠʩʚʷʯʝʥʽ ʚʠʚʯʝʥʥʶ ʭʽʤʽʾ. ɺʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʣʘʙʦʨʘʪʦʨʽʾ ʻ ʪʝ, ʱʦ 

ʚʽʜʩʫʪʥʽ ʙʫʜʴï̫ ʢʽ ʟʘʚʜʘʥʥʷ, ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʥʘʜʘʥʘ ʩʚʦʙʦʜʘ ʜʽʡ.  

ɯʥʰʽ ʧʨʦʜʫʢʪʠ ʧʨʦʝʢʪʫ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʣʘʙʦʨʘʪʦʨʥʽ ʧʨʦʝʢʪʠ, ʧʨʠʩʚʷʯʝʥʽ 

ʧʝʚʥʠʤ ʪʝʤʘʤ ʽ ʩʪʦʩʫʶʪʴʩʷ ʪʘʢʠʭ ʨʦʟʜʽʣʽʚ ʭʽʤʽʾ ʷʢ ʩʪʝʭʽʦʤʝʪʨʽʷ, ʪʝʨʤʦʭʽʤʽʷ, 

ʪʝʦʨʽʷ ʢʠʩʣʦʪ ʪʘ ʦʩʥʦʚ, ʘʥʘʣʽʪʠʯʥʘ ʭʽʤʽʷ ʪʘ ʽʥʰʽ ʥʘʧʨʷʤʢʠ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ The ChemCollective 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 1.6 

 

ʈʠʩ. 1.6. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ The ChemCollective 

 

ɺ̔ ʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ ʊeachmen. ɺʽʨʪʫʘʣʴʥʘ ʣʘʙʦʨʘʪʦʨʽʷ Teachmen 

ʧʨʦʧʦʥʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʨʦʛʨʘʤʠ ʪʘ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʚʠʚʯʝʥʥʷ ʬʽʟʠʢʠ. ɺʦʥʘ 

ʚʢʣʶʯʘʻ ʢʫʨʩʠ ʟ ʤʦʣʝʢʫʣʷʨʥʦʾ ʬʽʟʠʢʠ, ʦʧʪʠʢʠ, ʘʪʦʤʥʦʾ ʪʘ ʷʜʝʨʥʦʾ ʬʽʟʠʢʠ, ʘ 

ʪʘʢʦʞ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʪʝʤʠ ʷʢ ʤʝʭʘʥʽʯʥʽ ʪʘ ʤʘʛʥʽʪʥʽ ʤʦʤʝʥʪʠ ʘʪʦʤʘ, 

ʨʝʥʪʛʝʥʽʚʩʴʢʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʽ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʣʘʟʝʨʘ. ɺʦʥʘ ʪʘʢʦʞ ʥʘʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʩʘʤʦʩʪʽʡʥʦʛʦ 
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ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʣʝʢʮʽʾ ʥʦʙʝʣʽʚʩʴʢʠʭ ʣʘʫʨʝʘʪʽʚ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʛʣʠʙʦʢʝ ʨʦʟʫʤʽʥʥʷ ʧʨʝʜʤʝʪʫ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʊeachmen ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 

1.7. 

 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʨʦʙʣʝʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ 

ʣʘʙʦʨʘʪʦʨʽʡ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ, ʥʝ ʻ ʜʦʮʽʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʥʝ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʷʜʦʤ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ 

ʫʢʨʘʾʥʩʴʢʠʭ ʰʢʽʣ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɼʦʮʽʣʴʥʠʤ ʻ ʨʦʟʨʦʙʢʘ ʧʽʜʭʦʜʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ 

ʥʘ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ.  

 

1.4. ʆʥʪʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʨʘʥʩʜʠʩʠʧʣʽʥʘʨʥʦʩʪʽ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʛʥʽʪʠʚʥʦʩʪʽ ʧʽʟʥʘʥʥʷ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦïʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʫʤʦʚʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʚʘʪʦʨʩʴʢʦʾ ʘʣʴʪʝʨʥʘʪʠʚʠ ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʪʦʜʘʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʧʽʜʪʨʠʤʢʠ STEM-ʜʦʩʣʽʜʞʝʥʴ ʫʯʥʽʚ ʪʘ ʩʪʚʦʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʟʘʥʷʪʴ ʽ ʩʫʤʽʩʥʦʾ ʨʦʙʦʪʠ ʚ ʢʦʤʧôʶʪʝʨʥʽʡ ʤʝʨʝʞʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʤʽʩʮʷ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ, ʢʣʶʯʦʚʠʤʠ ʤʦʤʝʥʪʘʤʠ ʻ ʬʦʨʤʘ 

ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʞʝʨʝʣ ʬʦʨʤʫʚʘʥʥʷ ʟʥʘʥʴ, ʱʦ 

ʨʦʟʤʽʱʫʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʪʫʧʥʠʤʠ ʟ ʙʫʜʴï

ʷʢʦʛʦ ʤʽʩʮʷ ʪʘ ʚ ʙʫʜʴï̫ ʢʠʡ ʯʘʩ. 

ʈʠʩ. 1.7 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʊeachmen.ru 



39 

 

   

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʙʘʯʝʥʥʷ ʪʝʦʨʽʾ ʛʨʘʬʽʚ ʜʦʟʚʦʣʷʻ ʧʨʝʜʩʪʘʚʠʪʠ 

ʪʝʨʤʽʥʦʧʦʣʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʪʘ ʤʘʻ ʧʝʨʩʧʝʢʪʠʚʥʫ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʝʢʦʥʦʤʽʮʽ ʪʘ ʧʽʜʧʨʠʻʤʥʠʮʪʚʽ, ʤʝʥʝʜʞʤʝʥʪʽ, ʤʘʨʢʝʪʠʥʛʫ, ʽʥʬʦʨʤʘʪʠʮʽ, 

ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢʘʭ, ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʽʥʰʠʭ ʥʘʧʨʷʤʢʘʭ. 

ɺʠʩʦʢʠʡ ʧʦʧʠʪ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʦʨʽʾ ʛʨʘʬʽʚ ʟʫʤʦʚʠʚ ʨʦʟʚʠʪʦʢ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʛʨʘʬʽʚ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʦʥʪʦʣʦʛʽʡ.  

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʚʯʘʥʥʷ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʘʧʪʠʚʥʦʩʪʽ 

ʪʘ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʩʪʽ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʥʘʚʯʘʥʥʽ ʬʦʨʤʘʣʽʟʦʚʘʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʩʪʫʧʽʥʴ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ. 

ʆʥʪʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʟʘʙʝʟʧʝʯʫʻ ʮʽʣʽʩʥʠʡ 

ʪʘ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʧʨʠ ʚʠʚʯʝʥʥʽ ʨʽʟʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʞʝʨʝʣ ʪʘ ʧʝʚʥʦʾ 

ʧʨʝʜʤʝʪʥʦʾ ʛʘʣʫʟʽ, ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʮʝʧʪʫʘʣʽʟʘʮʽʶ ʪʘ ʪʘʢʩʦʥʦʤʽʟʘʮʽʶ ʪʝʨʤʽʥʽʚ ʫ 

ʤʝʞʘʭ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʪʘ ʥʘʷʚʥʽʩʪʴ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʪʝʨʤʽʥʘʤʠ ʨʽʟʥʠʭ 

ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʩʪʽ. ʊʦʙʪʦ, 

ʢʦʤʧôʶʪʝʨʥʽ ʦʥʪʦʣʦʛʽʾ ʻ ʦʜʥʠʤ ʽʟ ʝʬʝʢʪʠʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤ 

ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʥʴ, ʫ ʚʠʛʣʷʜʽ ʤʥʦʞʠʥ ʪʝʨʤʽʥʽʚ ʪʘ ʾʭ ʟʚôʷʟʢʽʚ. ʊʝʨʤʽʥʠ ʚ 

ʦʥʪʦʣʦʛʽʯʥʠʭ ʨʝʩʫʨʩʘʭ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚôʷʟʘʥʽ ʜʘʥʠʤʠ ʚʝʨʰʠʥ (ʪʝʨʤʽʥʽʚ), 

ʦʧʠʩʘʤʠ ʪʘ ʬʦʨʤʘʣʴʥʠʤʠ ʘʢʩʽʦʤʘʤʠ.  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʦʥʪʦʣʦʛʽʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ñʧʦʥʷʪʽʡʥʽ ʦʜʠʥʠʮʽò ʥʘʯʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʪʘ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʩʪʨʫʢʪʫʨʫʶʪʴʩʷ, ʟʚôʷʟʫʶʪʴʩʷ ʪʘ ʚʽʟʫʘʣʽʟʫʶʪʴʩʷ.  

ʆʥʪʦʣʦʛʽʟʦʚʘʥʽ ʪʘʢʩʦʥʦʤʽʾ ʩʪʚʦʨʶʶʪʴ ʫʤʦʚʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʙʫʜʴ ʷʢʠʭ ʦʩʚʽʪʥʽʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ 

ʩʠʩʪʝʤ [35ï37]. ɿʘʟʚʠʯʘʡ, ʦʥʪʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʩʪʝʤʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʤʥʦʞʠʥ ʢʦʥʮʝʧʪʽʚ ʬʦʨʤʘʣʴʥʦʾ ʤʦʜʝʣʽ ʧʨʝʜʤʝʪʥʦʛʦ 

ʢʦʥʪʝʥʪʫ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ 

ʤʝʨʝʞʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤ ʨʽʟʥʠʭ ʧʨʝʜʤʝʪʥʠʭ ʛʘʣʫʟʝʡ [38]. 

ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʛʨʘʬʽʚ ʜʦʧʦʤʘʛʘʶʪʴ ʫ ʚʠʷʚʣʝʥʥʽ ʢʣʶʯʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚ ʽʻʨʘʨʭʽʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʽ ʚʩʪʘʥʦʚʣʝʥʥʽ ʾʭʥʽʭ ʟʚôʷʟʢʽʚ ʫ ʢʦʥʪʝʢʩʪʽ, ʘ 
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ʪʘʢʦʞ ʫ ʜʦʩʪʫʧʽ ʜʦ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʤʽʩʪʠʪʴʩʷ ʫ ʚʫʟʣʘʭ ʛʨʘʬʽʚ. ʆʥʪʦʣʦʛʽʯʥʠʡ 

ʧʽʜʭʽʜ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʩʦʙʣʠʚʫ ʬʦʨʤʫ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ 

ʟʘʩʪʦʩʦʚʫʻ ʦʥʪʦʣʦʛʽʯʥʫ ʢʣʘʩʠʬʽʢʘʮʽʡʥʫ ʩʭʝʤʫ ʚ ʟʘʩʦʙʘʭ ʽ ʤʝʪʦʜʘʭ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ. 

ʈʦʟʰʠʨʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ 

ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʟʜʘʪʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʪʘ 

ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʥʘʙʫʚʘʻ ʚʩʝ ʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ. ʊʦʤʫ, ʟʘ ʦʩʪʘʥʥʽ 

ʨʦʢʠ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʟʥʘʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʫ ʨʦʟʨʦʙʮʽ ʽʜʝʡ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʟʥʘʥʴ, ʪʘʢʠʭ ʷʢ ʦʥʪʦʣʦʛʽʾ [39]. 

ʄʽʞʜʠʩʮʠʧʣʽʥʘʨʥʽʩʪʴ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʴ ʽʥʪʝʛʨʦʚʘʥʦʶ ʚʟʘʻʤʦʜʽʻʶ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʝʨʚʽʩʽʚ ʪʘ ʨʝʩʫʨʩʽʚ ʰʣʷʭʦʤ ʢʦʨʝʢʪʥʦʾ ʪʘ ʜʦʩʪʦʚʽʨʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʢʦʥʪʝʢʩʪʽʚ [38]. ʋʩʽ ʚʝʙïʨʝʩʫʨʩʠ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʽʩʪʴ ʪʘ 

ʩʪʨʫʢʪʫʨʦʚʘʥʽʩʪʴ ʷʢʦʾ ʣʽʤʽʪʫʻ ʾʭ ʦʧʝʨʘʮʽʦʥʘʣʴʥʽʩʪʴ [38, 40].  

ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ "ʦʥʪʦʣʦʛʽʷ" ï ʮʝ ʪʝʨʤʽʥ, ʷʢʠʡ ʦʟʥʘʯʘʻ ʜʝʷʢʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʙʦ ʚʝʙïʩʠʩʪʝʤʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʨʰʠʥ ʟ ʧʝʚʥʠʤʠ 

ʜʘʥʠʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʪʘʢʩʦʥʦʤʽʟʘʮʽʾ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ. ʋʩʽ ʚʝʨʰʠʥʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʝʚʥʦʤʫ ʽʻʨʘʨʭʽʯʥʦʤʫ 

ʧʦʨʷʜʢʫ, ʯʘʩʪʦ ʟʛʘʜʫʚʘʥʦʤʫ, ʷʢ ʦʥʪʦʣʦʛʽʯʥʝ ʜʝʨʝʚʦ ʘʙʦ ʦʥʪʦʣʦʛʽʯʥʠʡ ʛʨʘʬ. 

ɺʝʨʰʠʥʘ, ʟ ʷʢʦʾ ʧʦʯʠʥʘʶʪʴʩʷ ʫʩʽ ʟʚôʷʟʢʠ ʪʘ ʚʝʨʰʠʥʠ ʥʘʟʠʚʘʻʪʴʩʷ 

ʙʘʪʴʢʽʚʩʴʢʦʶ. ɯʥʰʽ ʚʝʨʰʠʥʠ ʥʘʟʠʚʘʶʪʴʩʷ ʜʦʯʽʨʥʽʤʠ. ʗʢʱʦ ʚ ʛʨʘʬʽ ʻ ʣʠʰʝ ʦʜʠʥ 

ʨʽʚʝʥʴ ʽʻʨʘʨʭʽʯʥʦʩʪʽ, ʘ ʜʦʜʘʪʢʦʚʽ ʛʽʣʢʠ ʟ ʜʦʯʽʨʥʽʤʠ ʚʝʨʰʠʥʘʤʠ ʚʽʜʩʫʪʥʽ, ʪʦ ʮʷ 

ʦʥʪʦʣʦʛʽʷ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʦʩʪʦʶ. ʆʥʪʦʣʦʛʽʷ ʥʝʦʜʤʽʥʥʦ ʚʪʽʣʶʻ ʧʝʚʥʠʡ ʩʚʽʪʦʛʣʷʜ 

ʱʦʜʦ ʧʝʚʥʦʾ ʩʬʝʨʠ. ʉʚʽʪʦʛʣʷʜ ʯʘʩʪʦ ʩʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʧʦʥʷʪʴ 

ʩʫʪʥʦʩʪʽ, ʘʪʨʠʙʫʪʠ ʘʙʦ ʧʨʦʮʝʩʠ ʾʭ ʚʠʟʥʘʯʝʥʴ ʪʘ ʾʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ, ʱʦ 

ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʥʮʝʧʪʫʘʣʽʟʘʮʽʻʶ [39]. ʂʨʽʤ ʪʦʛʦ, ʫʩʽ ʦʥʪʦʣʦʛʽʾ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʩʝʤʘʥʪʠʢʠ ʪʝʨʤʽʥʦʣʦʛʽʾ ʢʦʞʥʦʾ ʽʟ ʚʝʨʰʠʥ [39]. ʆʥʪʦʣʦʛʽʾ ʻ ʦʙôʻʢʪʠʚʥʠʤʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʣʦʛʽʯʥʽʩʪʶ ʪʘ ʥʝʫʧʝʨʝʜʞʝʥʽʩʪʶ ʧʨʠ ʧʦʙʫʜʦʚʽ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʽ. 
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ʊʦʙʪʦ, ʦʥʪʦʣʦʛʽʷ ʮʝ ʩʠʩʪʝʤʘ ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʚʢʣʶʯʝʥʥʷ ʤʥʦʞʠʥ ʪʝʨʤʽʥʽʚ, 

ʜʘʥʠʭ ʪʘ ʪʚʝʨʜʞʝʥʥʷ ʧʨʦ ʮʽ ʪʝʨʤʽʥʠ (ʧʦʥʷʪʪʷ; ʫ ʚʠʛʣʷʜʽ ʤʝʪʘʜʘʥʠʭ) ʥʘ ʦʩʥʦʚʽ 

ʷʢʠʭ ʙʫʜʫʶʪʴʩʷ ʢʣʘʩʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʘ 

ʪʘʢʦʞ ʟʚôʷʟʢʠ ʡ ʬʫʥʢʮʽʾ. ʆʥʪʦʣʦʛʽʾ ʤʽʩʪʷʪʴ ʢʦʥʮʝʧʪʠ, ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ 

ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʥʠʤʠ, ʘ ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʽ ʧʨʘʚʠʣʘ ʪʘ ʩʫʪʥʦʩʪʽ, ʷʢʽ ʧʝʨʝʜʙʘʯʝʥʽ 

ʘʢʩʽʦʤʘʤʠ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʩʪʦʪʥʦ ʢʦʨʝʣʶʻ ʟ ʦʧʪʠʤʽʟʘʮʽʻʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ. ʎʴʦʛʦ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʰʣʷʭʦʤ 

ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʬʦʨʤʘʣʽʟʘʮʽʾ ʟʥʘʥʴ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʥʪʦʣʦʛʽʯʥʠʭ 

ʤʝʪʦʜʽʚ. ʊʘʢʘ ʬʦʨʤʘʣʽʟʘʮʽʷ ʩʧʨʠʷʻ ʘʛʨʝʛʘʮʽʾ ʦʜʥʦʨʽʜʥʠʭ, ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʜʘʥʠʭ, ʚʽʜʽʛʨʘʶʯʠ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʾʭʥʽʡ ʝʬʝʢʪʠʚʥʽʡ ʦʙʨʦʙʮʽ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʨʦʙʦʪʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʥʪʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ ʫʤʦʞʣʠʚʣʶʻ 

ʽʥʪʝʛʨʘʪʠʚʥʝ ʨʦʟʫʤʽʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ, ʩʧʨʦʱʫʻ ʚʠʚʯʝʥʥʷ 

ʪʘ ʽʥʪʝʛʨʘʮʽʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʽ ʜʦʧʦʤʘʛʘʻ ʚ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʚʽʜʥʦʚʣʝʥʥʽ ʚʪʨʘʯʝʥʠʭ ʣʦʛʽʯʥʠʭ ʟʚôʷʟʢʽʚ. ʂʦʤʧôʶʪʝʨʥʽ 

ʦʥʪʦʣʦʛʽʾ ʻ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʫ ʬʦʨʤʘʪʽ, 

ʱʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʤʘʰʠʥʥʦʾ ʦʙʨʦʙʢʠ, ʩʧʨʠʷʶʯʠ ʦʙôʻʢʪʠʚʥʦʤʫ ʩʧʨʠʡʥʷʪʪʶ 

ʨʝʟʫʣʴʪʘʪʽʚ ʫʩʽʤʘ ʫʯʘʩʥʠʢʘʤʠ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʧʨʦʮʝʩʫ. ɺʽʟʫʘʣʽʟʘʮʽʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʥʪʦʣʦʛʽʡ ʝʬʝʢʪʠʚʥʦ ʩʧʨʠʷʻ ʰʚʠʜʢʦʤʫ ʪʘ ʩʠʩʪʝʤʘʪʠʯʥʦʤʫ 

ʟʘʩʚʦʻʥʥʶ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʟʥʘʥʴ. ʈʝʟʫʣʴʪʘʪʦʤ ʧʦʜʽʙʥʦʛʦ ʢʦʥʪʝʥʪ 

ʘʥʘʣʽʟʫ ʤʦʞʝ ʙʫʪʠ ʪʘʢʩʦʥʦʤʽʷ, ʢʣʘʩʠʬʽʢʘʪʦʨ ʚʽʜʥʦʰʝʥʴ [41]. ʅʘ ʩʴʦʛʦʜʥʽ 

ʥʘʙʫʚʘʶʪʴ ʧʦʰʠʨʝʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʩʥʦʚʘʥʽ ʥʘ ʢʦʥʩʦʣʽʜʘʮʽʾ ʚ ʤʝʪʘʧʨʦʩʪʦʨʽ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ [42]. ʇʦʜʽʙʥʽ ʧʽʜʭʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ 

ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʫʧʨʦʚʦʜʞʝʥʥʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʚʘʥʪʘʞʽʚ [43].  

1.5. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʛʝʥʝʨʘʮʽʾ ʦʥʪʦʣʦʛʽʡ 

ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʤʝʥʝʜʞʤʝʥʪ ʻ ʚʘʞʣʠʚʦʶ 

ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʩʴʦʛʦʜʝʥʥʷ. ʋʧʨʘʚʣʽʥʥʷ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʝ 
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ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʦʜʥʘʢ, ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʻ ʚʝʙïʦʨʽʻʥʪʦʚʘʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʇʨʘʢʪʠʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʦʩʚʽʪʽ ʧʦʯʠʥʘʻʪʴʩʷ ʥʘ 

ʧʦʯʘʪʢʫ 1960ïʭ. ʎʝʡ ʧʨʦʮʝʩ ʪʨʘʥʩʬʦʨʤʫʚʘʚʩʷ ʚʽʜ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʝʪʘʧʽʚ 

ʥʘʚʯʘʥʥʷ ʜʦ ʥʘʜʘʥʥʷ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦï

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɿʘʨʘʟ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʥʘʜ 2000 ʨʽʟʥʠʭ 

ʩʠʩʪʝʤʥʠʭ ʨʽʰʝʥʴ.  

ɺʧʨʦʚʘʜʞʝʥʦ ʧʝʚʥʽ ʢʣʘʩʠ LMS (ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʯʘʥʥʷʤ) ʪʘ CMS 

(ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʪʝʥʪʦʤ), ʥʘʡʧʦʧʫʣʷʨʥʽʰʽ ʟ ʥʠʭ: Moodle (LMS), ILIAS 

(LMS), ATutor (LMS), IBM LearningSpace (CMS), Apple Classroom (CMS), 

eLearning Server 3000 (LMS), LAMS (LMS), Google Classroom (CMS), Microsoft 

Teams (CMS), Claronline (LMS), SharePointLMS (LMS + CMS), Live @ EDU 

(LMS + CMS), eFront (LMS + CMS), Coursera (LMS + CMS), Canvas (LMS). 

ʇʦʙʫʜʦʚʘ ʟʤʽʩʪʫ ʥʘʚʯʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʧʣʘʪʬʦʨʤ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʘ ʩʘʤʝ: AICC, SCORM, xAPI 

(TinCan API), cmi5. ɺʨʘʭʫʚʘʥʥʷ ʾʭ ʧʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʟʤʽʩʪʫ 

ʟʘʙʝʟʧʝʯʫʻ ʧʝʚʥʫ ʛʥʫʯʢʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʯʘʣʴʥʠʤ ʟʤʽʩʪʦʤ ʟʘʚʜʷʢʠ ʡʦʛʦ 

ʽʻʨʘʨʭʽʯʥʽʡ ʦʨʛʘʥʽʟʘʮʽʾ. 

ʆʥʪʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʩʪʨʫʤʝʥʪʽʚ OWL ʪʘ 

Prot®g®, ʪʘʢʦʞ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʛʥʫʯʢʦʩʪʽ ʥʘʚʯʘʣʴʥʦʛʦ ʟʤʽʩʪʫ. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʚʤʽʩʪʦʤ ʫ ʮʠʭ ʨʽʰʝʥʥʷʭ 

ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʦʥʝʥʪʠ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʜʫʨ ʫʧʨʘʚʣʽʥʥʷ ʚʤʽʩʪʦʤ ʥʘʚʯʘʣʴʥʠʭ ʢʫʨʩʽʚ. ʎʝ 

ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʫʧʨʘʚʣʽʥʩʴʢʦʾ ʪʘ ʥʘʚʯʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ʷʢʦʩʪʽ 

ʟʤʽʩʪʫ. ʎʽ ʧʽʜʭʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʧʽʜʪʨʠʤʘʪʠ 

ʜʦʩʣʽʜʥʠʮʴʢʫ ʜʽʷʣʴʥʽʩʪʴ ʫʯʥʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ. 

ʋ ʢʦʥʪʝʢʩʪʽ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ ʩʪʚʦʨʝʥʥʷ ʦʥʪʦʣʦʛʽʡ, ʽʩʪʦʨʠʯʥʦ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʥʦʞʠʥʫ ʤʝʪʦʜʦʣʦʛʽʡ. ʇʨʦʪʝ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʧʝʨʤʘʥʝʥʪʥʦ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʦʙʽʣʠ, ʢʦʪʨʽ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 
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ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʨʝʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʆʥʪʦʣʦʛʽʾ 

ʚʠʩʪʫʧʘʶʪʴ ʷʢ ʚʘʞʣʠʚʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʘʩʧʝʢʪʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ, ʦʭʦʧʣʶʶʯʠ ʧʨʦʮʝʩʠ ʧʦʰʫʢʫ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʤʽʥʫ 

ʽʥʬʦʨʤʘʮʽʻʶ ʚ ʮʠʬʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. ɺʦʥʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟʥʘʥʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʦʤʝʥʫ, ʱʦ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʮʴʦʛʦ ʜʦʤʝʥʫ. ʎʝʥʪʨʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʦʥʪʦʣʦʛʽʡ 

ʻ ʩʧʽʣʴʥʽ ʢʦʥʮʝʧʪʫʘʣʽʟʘʮʽʾ ʜʦʤʝʥʽʚ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʮʠʭ 

ʢʦʥʮʝʧʪʫʘʣʽʟʘʮʽʡ, ʨʘʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʦʙʤʽʥʫ 

ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʣʶʜʴʤʠ, ʘʣʝ ʥʠʥʽ ʚʦʥʠ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʩʧʽʣʢʫʚʘʥʥʷ ʤʽʞ ʧʨʦʛʨʘʤʥʠʤʠ ʘʛʝʥʪʘʤʠ. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʦʙʢʠ ʦʥʪʦʣʦʛʽʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʩʪʚʦʨʶʚʘʪʠ ʽʻʨʘʨʭʽʾ ʪʘ ʬʦʨʤʫʚʘʪʠ ʩʝʤʘʥʪʠʯʥʽ ʟʚôʷʟʢʠ, ʧʨʠ 

ʮʴʦʤʫ ʽʩʥʫʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʽʜʢʨʠʪʠʭ ʽ ʢʦʤʝʨʮʽʡʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʚʽʜʦʤʠʭ 

ʷʢ ʦʥʪʦʣʦʛʽʯʥʽ ʨʝʜʘʢʪʦʨʠ. 

ɯʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦïʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʙʫʜʦʚʠ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʟʥʘʥʴ ʚ ʝïʤʝʨʝʞʽ ʤʘʶʪʴ ʰʠʨʦʢʫ ʪʝʦʨʝʪʠʯʥʫ ʡ ʧʨʘʢʪʠʯʥʫ 

ʧʣʘʪʬʦʨʤʫ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʉʴʦʛʦʜʥʽ ʪʘʢʽ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʚʠʚʘʶʪʴʩʷ: çʃʽʥʛʚʽʩʪʠʯʥʠʡ ʢʦʨʧʫʩè, Exalead, KAON2, Sesame, 

IBM SHER, JosekiJena, OracleSpatial Protégé 3.5, Apollo, SWOOP, OilEd, IsaViz, 

Polyhedron ʪʘ ʽʥʰʽ.  

 IsaViz [44] ï ʮʝ ʚʽʟʫʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʤʦʜʝʣʝʡ RDF ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ. ʎʝʡ ʽʥʩʪʨʫʤʝʥʪ ʧʨʦʧʦʥʫʻ ʢʦʥʩʦʨʮʽʫʤ W3C. 

IsaViz ʽʤʧʦʨʪʫʻ RDF / XML ʪʘ NïTriples, ʝʢʩʧʦʨʪʫʻ RDF / XML, NïTriples, 

ʧʦʨʪʘʪʠʚʥʫ ʤʝʨʝʞʝʚʫ ʛʨʘʬʽʢʫ (PNG) ʪʘ ʚʝʢʪʦʨʥʫ ʛʨʘʬʽʢʫ (SVG). ʆʢʨʽʤ ʪʦʛʦ, 

ʥʘ ʩʴʦʛʦʜʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʧʦʰʫʢʦʚʽ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ ʪʘʢʽ, ʷʢ ʄɽʊɸ, 

Google Desktop Search, Bing, ʱʦ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʘʥʘʣʽʟʫ 

ʩʝʤʘʥʪʠʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʘʩʠʚʽʚ, ʷʢʽ ʜʦʩʣʽʜʞʫʻ ʝʢʩʧʝʨʪïʘʥʘʣʽʪʠʢ [45].  

SWOOP [46] ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʽ ModelïViewïController (MVC [47]). 

SWOOP ʤʽʩʪʠʪʴ ʧʝʨʝʚʽʨʢʫ OWL (ʤʦʚʘ ʚʝʙïʦʥʪʦʣʦʛʽʾ) ʪʘ ʧʨʦʧʦʥʫʻ ʨʽʟʥʽ 
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ʧʦʜʘʥʥʷ ʩʠʥʪʘʢʩʠʩʫ ʧʨʝʟʝʥʪʘʮʽʾ OWL. ʆʥʪʦʣʦʛʽʾ ʤʦʞʥʘ ʧʦʨʽʚʥʶʚʘʪʠ, 

ʨʝʜʘʛʫʚʘʪʠ ʪʘ ʢʦʤʙʽʥʫʚʘʪʠ. OWL ʙʫʚ ʧʦʙʫʜʦʚʘʥʠʡ ʟ ʚʽʜʢʨʠʪʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ. 

ʂʝʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʥʘ ʦʩʥʦʚʽ ʧʣʘʛʽʥʘ, ʷʢʘ ʜʠʥʘʤʽʯʥʦ 

ʟʘʚʘʥʪʘʞʫʻ ʥʦʚʽ ʚʽʟʫʘʣʽʟʘʪʦʨʠ ʪʘ ʦʙʨʦʙʥʠʢʠ. SWOOP ʚʠʢʦʨʠʩʪʦʚʫʻ ʡʦʛʦ 

ʤʝʪʦʜʦʣʦʛʽʶ ʧʦʙʫʜʦʚʠ ʦʥʪʦʣʦʛʽʾ. 

Protégé 3.5 [48] ï ʮʝ ʨʝʜʘʢʪʦʨ ʦʥʪʦʣʦʛʽʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʛʨʘʬʽʯʥʠʡ 

ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʫ ʛʥʫʯʢʽʩʪʴ ʜʣʷ ʤʝʪʘʤʦʜʝʣʶʚʘʥʥʷ, 

ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʦʥʪʦʣʦʛʽʾ ʜʦʤʝʥʽʚ; ʥʘʣʘʰʪʫʚʘʪʠ ʬʦʨʤʠ ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ 

ʜʣʷ ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ. ɺʙʫʜʦʚʘʥʫ ʘʨʭʽʪʝʢʪʫʨʫ Prot®g® ʤʦʞʥʘ ʘʜʘʧʪʫʚʘʪʠ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʷʢ ʧʨʦʩʪʠʭ, ʪʘʢ ʽ ʩʢʣʘʜʥʠʭ ʦʥʪʦʣʦʛʽʯʥʠʭ ʜʦʜʘʪʢʽʚ. ʈʦʟʨʦʙʥʠʢʠ 

ʤʦʞʫʪʴ ʽʥʪʝʛʨʫʚʘʪʠ ʚʠʩʥʦʚʢʠ Prot®g® ʽʟ ʩʠʩʪʝʤʘʤʠ ʧʨʘʚʠʣ ʘʙʦ ʽʥʰʠʤʠ 

ʟʘʩʦʙʘʤʠ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ, ʱʦʙ ʧʦʙʫʜʫʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ. 

Apollo [49] ï ʮʝ ʟʨʫʯʥʘ ʧʨʦʛʨʘʤʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʟʥʘʥʴ. ɹʘʟʘ 

ʩʠʩʪʝʤʠ ʟʥʘʥʴ Apollo ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʽʻʨʘʨʭʽʯʥʦ ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʦʥʪʦʣʦʛʽʡ, ʷʢʽ 

ʤʦʞʥʘ ʫʩʧʘʜʢʫʚʘʪʠ ʚʽʜ ʽʥʰʠʭ ʦʥʪʦʣʦʛʽʡ. ʌʫʥʢʮʽʷ ʦʙôʻʢʪʥʦʾ ʤʦʜʝʣʽ Apollo 

ʜʦʟʚʦʣʷʻ ʥʘʜʽʡʥʦ ʚʚʦʜʠʪʠ ʪʝʢʩʪ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʽʨʷʪʠ ʟʥʘʯʝʥʥʷ ʧʽʜ ʯʘʩ 

ʨʝʜʘʛʫʚʘʥʥʷ. Apollo ʥʘʜʘʻ ʧʽʜʪʨʠʤʢʫ ʤʝʪʘʢʣʘʩʽʚ, ʙʘʛʘʪʦʢʦʨʠʩʪʫʚʘʮʴʢʠʭ, 

ʨʦʟhʠʨʶʚʘʥʠʭ ʧʣʘʛʽʥʽʚ, ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʩʭʦʚʠʱʘ ʪʘ ʙʽʙʣʽʦʪʝʢʠ. 

1.6. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʦʥʪʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʉʴʦʛʦʜʥʽ ʦʥʪʦʣʦʛʽʾ ʚʽʜʽʛʨʘʶʪʴ ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʚʠʨʽʰʝʥʥʽ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ 

ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ, ʩʝʨʝʜ ʷʢʠʭ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʧʨʦʙʣʝʤʘʪʠʢʘ 

ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ. ʋ ʢʦʥʪʝʢʩʪʽ ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʫʨʙʘʥʽʩʪʠʯʥʠʭ 

ʚʠʢʣʠʢʽʚ ʮʝ ʧʠʪʘʥʥʷ ʩʪʘʻ ʦʩʦʙʣʠʚʦ ʨʝʣʝʚʘʥʪʥʠʤ. ɯʩʥʫʻ ʰʠʨʦʢʝ ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʧʽʜʭʦʜʽʚ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʽʚ ʫ ʮʽʡ ʩʬʝʨʽ [50ï53]. ɿʦʢʨʝʤʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʥʪʦʣʦʛʽʡ, ʷʢʽ ʽʥʪʝʛʨʫʶʪʴ ʽʻʨʘʨʭʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʟ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʘʥʘʣʽʟʫ, ʜʝʤʦʥʩʪʨʫʻ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʫ ʢʦʥʪʝʢʩʪʽ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʩʧʨʠʷʻ ʦʧʪʠʤʽʟʘʮʽʾ 
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ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ 

[54, 55]. 

ʈ. ʂʘʣʧʘʥʘ, ɺ. ɹʭʫʚʘʥʝʩʚʘʨʽ ʪʘ ʇ. ʄʫʩʽ [56] ʫʩʧʽʰʥʦ ʚʠʨʽʰʠʣʠ ʨʽʟʥʽ 

ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟʽ ʟʙʝʨʽʛʘʥʥʷʤ, ʚʠʣʫʯʝʥʥʷʤ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʜʘʥʠʭ 

ʩʠʩʪʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ. ʆʩʥʦʚʥʦʶ ʧʨʦʧʦʟʠʮʽʻʶ ʩʠʩʪʝʤ ʻ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ. ʂʣʘʩʠ ʪʘ ʚʽʜʧʦʚʽʜʥʘ ʽʻʨʘʨʭʽʷ ʙʫʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʷʢ ʪʠʧ ʚʽʜʭʦʜʽʚ ʪʘ ʤʝʪʦʜʠ ʧʝʨʝʨʦʙʢʠ. ʂʨʽʤ ʪʦʛʦ, ʫ ʧʦʜʘʣʴʰʦʤʫ 

ʦʥʪʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʘʪʴ ʽʥʪʝʛʨʘʮʽʶ ʟ ɻɯʉ. ʆʥʪʦʣʦʛʽʷ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʽʥʩʪʨʫʤʝʥʪʦʤ 

Prot®g® ʪʘ OWL [56]. 

A. ʉʠʥʭʘ ʪʘ ʇ. ʂʦʫʜʝʨʢ [8] ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʪʠʧʦʚʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʚʽʜʭʦʜʽʚ 

ʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʪʦʨʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʷʢʠʭ ʚʦʥʠ ʩʢʣʘʜʘʶʪʴʩʷ. ɰʭʥʷ ʤʦʜʝʣʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʥʮʝʧʮʽʶ Nïʘʨʥʠʭ ʚʽʜʥʦʩʠʥ ʟ ʜʝʷʢʠʤʠ ʤʦʜʠʬʽʢʘʮʽʷʤʠ. ʄʦʜʝʣʴ 

ʥʘ ʦʩʥʦʚʽ ʦʥʪʦʣʦʛʽʾ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʩʦʨʪʫʚʘʥʥʷ ʧʨʝʜʤʝʪʽʚ ʥʘ 

ʟʘʚʦʜʘʭ ʟ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʟʜʽʡʩʥʶʻ ʚʠʙʽʨʢʦʚʫ 

ʧʝʨʝʨʦʙʢʫ ʜʘʥʠʭ ʪʘ ʤʘʻ ʜʦʩʪʘʪʥʽ ʟʥʘʥʥʷ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʧʨʠʡʥʷʪʪʷ 

ʘʙʦ ʚʽʜʭʠʣʝʥʥʷ ʦʙôʻʢʪʘ ʚʽʜʭʦʜʽʚ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ 

ʩʠʩʪʝʤʫ ʥʘ ʦʩʥʦʚʽ RFID (ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʨʘʜʽʦʯʘʩʪʦʪ). RFID ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʚʽʜʩʪʝʞʝʥʥʷ ʤʽʪʦʢ, 

ʧʨʠʢʨʽʧʣʝʥʠʭ ʜʦ ʦʙôʻʢʪʽʚ, ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʠʧʫ ʚʽʜʭʦʜʽʚ. ʇʨʦʛʨʘʤʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʥʘʥʥʷ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʦʥʪʦʣʦʛʽʾ, ʜʣʷ ʧʨʠʩʚʦʻʥʥʷ ʢʘʪʝʛʦʨʽʾ ʜʣʷ 

ʚʽʜʭʦʜʽʚ. ʉʦʨʪʫʚʘʥʥʷ ʟʘ ʪʠʧʘʤ ʚʽʜʭʦʜʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʨʽʟʥʽ ʢʦʥʪʝʡʥʝʨʠ. 

ʉʠʩʪʝʤʘ ʦʥʪʦʣʦʛʽʾ ʙʫʣʘ ʩʪʚʦʨʝʥʘ OWL ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʤʠ Protégé [57]. 

ʄʘʨʪʽʥ ʂ. ʚʘʥ ɯʪʪʝʨʩʫʤ, ʌʨʝʥʢ ɽʚʝʨʪ [58] ʧʨʝʜʩʪʘʚʠʣʠ ʩʠʩʪʝʤʫ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (SEAMLESS) ʪʘ 

SEAMLESSïIF, ʷʢʘ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʥʪʦʣʦʛʽʾ. ʆʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ SEAMLESS ʻ SeamFrame. ɺʽʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʠʩʪʝʤʽ SEAMLESSïIF. 

SEAMLESS ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʝʤʣʝʨʦʙʩʴʢʫ ʜʽʷʣʴʥʽʩʪʴ ʪʘ ʾʭ ʚʟʘʻʤʦʜʽʶ 
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ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʝʢʦʥʦʤʽʯʥʦʶ ʜʽʷʣʴʥʽʩʪʶ ʪʘ ʨʦʟʚʠʪʢʦʤ ʩʽʣʴʩʴʢʠʭ 

ʪʝʨʠʪʦʨʽʡ. [58]. ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʮʠʭ ʨʦʙʽʪ ʪʘʢʦʞ ʥʘʚʝʜʝʥʽ ʚ ʊʘʙʣʠʮʷ 1. 

ʊʘʙʣʠʮʷ 1 ʇʦʨʽʚʥʷʥʥʷ ʽʩʥʫʶʯʠʭ ʦʥʪʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʜʦʚʢʽʣʣʷʤ 

ʇʨʦʜʫʢʪ ɺʝʨʰʠʥʠ 

ʦʥʪʦʣʦʛʽʾ 

ɯʥʩʪʨʫʤʝʥʪ ɿʚôʷʟʦʢ ʟ 

ɻɯʉ 

ɸʚʪʦʨ 

ʉʪʚʦʨʝʥʥʷ 

ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ 

ʚʽʜʭʦʜʘʤʠ 

ʊʠʧ 

ʚʽʜʭʦʜʽʚ 

Protégé+OWL ʅ ̔ ʈ. ʂʘʣʧʘʥʘ, 

ɺ. 

ɹʭʫʚʘʥʝʩʚʘʨʽ 

ʪʘ ʇ. ʄʫʩʽ 

ʉʪʚʦʨʝʥʥʷ 

ʩʠʩʪʝʤʠ 

ʩʦʨʪʫʚʘʥʥʷ 

ʚʽʜʭʦʜʽʚ 

ʊʝʭʥʦʣʦʛʽʷ Protégé+OWL ʅ ̔ A. ʉʠʥʭʘ ʪʘ 

ʇ. ʂʦʫʜʝʨʢ 

ʉʪʚʦʨʝʥʥʷ 

ʩʠʩʪʝʤʠ 

ʢʦʨʠʩʪʫʚʘʥʥʷ 

ʜʦʚʢʽʣʣʷʤ 

ʊʝʭʥʦʣʦʛʽʷ SeamFrame ʅ ̔ ʄʘʨʪʽʥ ʂ. 

ʚʘʥ 

ɯʪʪʝʨʩʫʤ, 

ʌʨʝʥʢ ɽʚʝʨʪ  

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʘʥʽʰʝ ʦʥʪʦʣʦʛʽʾ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʣʶʜʩʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽ. ɺ ʫʧʨʘʚʣʽʥʥʽ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʮʝʡ ʟʚʠʯʥʠʡ ʧʽʜʭʽʜ 

ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʛʘʣʫʟʝʡ ʪʘ ʫʨʙʦʝʢʦʣʦʛʽʾ [59, 60]. ɾʦʜʥʘ ʽʟ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʘʥʽʰʝ ʦʥʪʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʥʝ ʤʦʛʣʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʚ ʛʘʣʫʟʽ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [56] [61].  

1.7. ɯʊïʧʣʘʪʬʦʨʤʘ ʂɯʊ çʇʦʣʽʝʜʨè ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʦʥʪʦʣʦʛʽʯʥʦʛʦ STEM-ʮʝʥʪʫ 

ɼʣʷ ʪʘʢʩʦʥʦʤʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʩʥʫʶʯʽ ʛʨʘʬʛʝʥʝʨʘʪʦʨʠ ʪʘ ʛʨʘʬʚʽʟʫʘʣʽʟʘʪʦʨʠ ʂɯʊ çʇʦʣʽʝʜʨ». 

ʆʜʥʽʻʶ ʟ ʧʨʘʢʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʻ ʟʘʜʘʯʘ ʚʠʙʦʨʫ. ɼʘʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʝʤʘʥʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʥʪʦʣʦʛʽʯʥʠʭ ʛʨʘʬʽʚ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʦʙôʻʢʪʽʚ ʚʠʚʯʝʥʥʷ) ʜʣʷ ʧʽʜʙʦʨʫ 

ʮʽʣʴʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ, ʘʙʦ ʞ ʜʣʷ ʚʠʚʯʝʥʥʷ ʩʘʤʝ ʮʠʭ ʩʝʤʘʥʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ [62].  
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ʊʝʭʥʦʣʦʛʽʯʥʫ ʧʣʘʪʬʦʨʤʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʦʧʝʨʘʮʽʦʥʘʣʴʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʚʢʘʟʘʥʦʾ ʟʘʜʘʯʽ, ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʨʚʽʩʽʚ 

ʢʦʛʥʽʪʠʚʥʦʾ ʂɯʊ çʇʦʣʽʝʜʨè. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʩʝʤʘʥʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʞʥʦʾ ʥʘʫʢʦʚʦʾ ʧʨʘʮʽ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʷʢʦʩʪʽ 

ʢʨʠʪʝʨʽʾʚ ʚʠʙʦʨʫ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʠʢʣʘʜʦʤ ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʦʧʝʨʝʜʥʴʦ 

ʩʠʩʪʝʤʠ ʚʠʙʦʨʫ ʥʘ ʙʘʟʽ ʂɯʊ çʇʦʣʽʝʜʨè ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʚʠʙʦʨʫ ʧʨʠ 

ʘʥʘʣʽʟʽ ʣʽʤʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ [38, 63]. 

ʄʝʪʦʜʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʚʯʘʣʴʥʦïʧʽʟʥʘʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʝ ʧʦʣʷʛʘʻ 

ʫ ʟʘʩʚʦʻʥʥʽ ʧʦʥʷʪʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʘʢʩʽʦʤʘʪʠʢʠ, ʧʨʘʚʠʣ, ʩʠʥʪʘʢʩʠʯʥʠʭ ʪʘ 

ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʮʽʻʾ ʪʝʦʨʽʾ. ʄʥʦʞʠʥʘ ʪʝʨʤʽʥʦʧʦʣʽʚ ʚʠʟʥʘʯʘʻ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦïʧʦʥʷʪʽʡʥʠʡ ʙʘʟʠʩ ʥʘʫʢʦʚʠʭ ʪʝʦʨʽʡ ʟʘ ʨʘʭʫʥʦʢ ʚʠʟʥʘʯʝʥʥʷ 

ʧʝʚʥʦʾ ʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʢʦʥʮʝʧʪʽʚ ʧʨʝʜʤʝʪʥʦʾ ʜʠʩʮʠʧʣʽʥʠ.  

ɿʘʚʜʷʢʠ ʘʢʪʠʚʥʠʤ ʩʪʘʥʘʤ ʤʥʦʞʠʥʥʦʛʦ ʯʘʩʪʢʦʚʦʛʦ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʟ 

ʛʽʧʝʨʚʽʜʥʦʰʝʥʥʷʤ [64, 65], ʂɯʊ çʇʦʣʽʝʜʨ» ï ʮʝ ʽʥʥʦʚʘʮʽʡʥʘ ɯʊïʪʝʭʥʦʣʦʛʽʷ 

ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʥʝʟʘʣʝʞʥʦ 

ʚʽʜ ʩʪʘʥʜʘʨʪʽʚ ʾʭ ʩʪʚʦʨʝʥʥʷ. ʂɯʊ çʇʦʣʽʝʜʨè ʚʠʢʦʨʠʩʪʦʚʫʻ ʬʫʥʢʮʽʶ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ [66]. ʆʥʪʦʣʦʛʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ 

ʨʝʘʣʽʟʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʮʝʜʫʨʠ ʘʢʪʠʚʘʮʽʾ ʤʥʦʞʠʥʥʠʭ ʟʚôʷʟʢʽʚ ʙʽʥʘʨʥʦʾ 

ʪʘʢʩʦʥʦʤʽʾ. ʎʝ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʟʘʩʽʙ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʦʥʪʦʣʦʛʽʯʥʦʶ 

ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʽʥʪʝʛʨʘʮʽʾ ʪʘ 

ʘʛʨʝʛʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʧʨʦʮʝʩʽ ʦʨʛʘʥʽʟʘʮʽʾ 

ʩʧʽʣʢʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʣʝʛʢʦʜʦʩʪʫʧʥʽʡ ʚʽʟʫʘʣʴʥʽʡ ʬʦʨʤʽ [26]. 

ɯʥʩʪʨʫʤʝʥʪʠ ʤʘʶʪʴ ʦʥʣʘʡʥʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʽ 

ʩʠʩʪʝʤʠ ʟʥʘʥʴ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʜʘʧʪʠʚʥʽʩʪʴ ʜʦ ʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʬʽʣʶ 

ʢʦʞʥʦʛʦ ʧʨʝʜʤʝʪʘ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʩʝʨʝʜʦʚʠʱʽ ʂɯʊ çʇʦʣʽʝʜʨ».  

 ʎʷ ʩʠʩʪʝʤʘ ʻ ʤʫʣʴʪʠʘʛʝʥʪʥʦʶ. ɿʘʟʚʠʯʘʡ ʨʝʩʫʨʩʠ, ʥʘ ʷʢʠʭ ʨʦʟʤʽʱʝʥʘ 

ʽʥʬʦʨʤʘʮʽʷ, ʻ ʚʫʟʴʢʦ ʦʨʽʻʥʪʦʚʘʥʠʤʠ. ʇʦʻʜʥʘʥʥʷ ʪʘʢʠʭ ʨʝʩʫʨʩʽʚ, ʷʢ ʘʛʝʥʪʽʚ, ʚ 

ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʦʥʪʦʣʦʛʽʯʥʫ ʩʠʩʪʝʤʫ ʂɯʊ çʇʦʣʽʝʜʨè ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʡ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʢʦʤʧʦʥʝʥʪ ʫ ʙʫʜʴï̫ ʢʠʭ ʥʘʚʯʘʣʴʥʠʭ ʪʘ 
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ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [67]. ɺ ʩʝʨʝʜʦʚʠʱʽ ʂɯʊ çʇʦʣʽʝʜʨè ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʧʦʙʫʜʦʚʘ ʚʩʽʭ ʣʘʥʮʶʛʽʚ ʧʨʦʮʝʩʫ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʾ ʽʥʪʝʛʨʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ: 

ʩʝʤʘʥʪʠʯʥʠʡ ʘʥʘʣʽʟ ʟʤʽʩʪʫ ʪʝʢʩʪʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ; ʪʘʢʩʦʥʦʤʽʟʘʮʽʶ; ʚʠʩʚʽʪʣʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘʢʩʦʥʦʤʽʯʥʠʭ ʧʦʥʷʪʴ; ʬʦʨʤʫʚʘʥʥʷ ʦʥʪʦʣʦʛʽʾ ʧʨʦʙʣʝʤʠ ʚʠʙʦʨʫ; 

ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʘ ʽʥʪʝʛʨʘʮʽʷ ʢʦʥʪʝʢʩʪʽʚ ʥʘ ʦʩʥʦʚʽ ʚʣʘʩʪʠʚʦʩʪʝʡïʢʨʠʪʝʨʽʾʚ, 

ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʦʥʪʦʣʦʛʽʶ ʚʠʙʦʨʫ; ʚʢʣʶʯʝʥʥʷ ʜʦʢʫʤʝʥʪʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ 

ʛʣʦʙʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʢʫʨʩʠʚʥʠʭ ʧʨʦʮʝʜʫʨ ʩʠʩʪʝʤ ʪʘ 

ʤʦʚʥʦʛʦ ʢʦʨʧʫʩʫ [26]. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʥʪʦʣʦʛʽʯʥʠʡ ʘʛʝʥʪ ʟʘ ʟʤʽʩʪʦʤ ʚʽʜʦʙʨʘʞʘʻ 

ʧʦʥʷʪʽʡʥʫ ʩʠʩʪʝʤʫ ʧʝʚʥʦʾ ʜʠʩʮʠʧʣʽʥʘʨʥʦʾ ʪʝʦʨʽʾ. ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʶʪʴʩʷ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʞʥʦʛʦ ʩʫʙôʻʢʪʘ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ [68]. 

ʂɯʊ çʇʦʣʽʝʜʨè ʧʦʧʝʨʝʜʥʴʦ ʙʫʣʘ ʽʥʪʝʛʨʦʚʘʥʘ ʽʟ ɻɯʉ [69]. ʄʦʜʝʣʽ 

ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʪʘ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ɻɯʉïʜʦʜʘʪʢʫ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʷʚʥʦʾ ʚ ʪʝʢʩʪʦʚʠʭ 

ʜʦʢʫʤʝʥʪʘʭ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʧʦʜʘʥʥʷ ʪʝʢʩʪʫ. ʈʝʘʣʽʟʘʮʽʷ 

ʤʦʜʝʣʽ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʧʦʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢ ʽʥʪʝʨʘʢʪʠʚʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʢʫʤʝʥʪʘ, ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʜʦʩʪʫʧʫ ʜʦ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʪʝʤʘʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʚ ʧʦʻʜʥʘʥʥʽ ʟ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʦʥʪʦʣʦʛʽʯʥʠʭ ɻɯʉïʜʦʜʘʪʢʽʚ ï ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʫ 

ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʝʦʧʨʦʩʪʦʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ [66, 70]. 

ɯʥʥʦʚʘʮʽʡʥʦʶ ʩʢʣʘʜʦʚʦʶ ʂɯʊ çʇʦʣʽʝʜʨè ʻ ʥʘʷʚʥʽʩʪʴ ʩʧʝʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ. 

ʅʘʧʨʠʢʣʘʜ, ʽʩʥʫʻ ʧʦʨʽʚʥʷʥʥʷ ʬʫʥʢʮʽʡ ʟ ʜʝʷʢʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ 

ʘʫʜʠʪʦʤ. ʆʜʥʠʤ ʽʟ ʧʨʠʢʣʘʜʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʛʘʣʫʟʽ ʝʢʦʣʦʛʽʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʢʦʥʢʨʝʪʥʠʭ 

ʦʙôʻʢʪʽʚ. [71].  

ʂɯʊ çʇʦʣʽʝʜʨè ʟʘʙʝʟʧʝʯʫʻ ʽʥʥʦʚʘʮʽʡʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʨʽʰʝʥʥʷ ʧʦʙʫʜʦʚʠ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦïʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ ʚʽʜ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ 

ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʜʦ ʦʥʪʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʢʦʣʝʢʪʠʚʥʦʛʦ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽ ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ ʂɯʊ 

«ʇʦʣʽʝʜʨè ʻ ʪʘʢ ʟʚʘʥʘ çʉʠʪʫʘʮʽʡʥʘ ʦʙʽʟʥʘʥʽʩʪʴè, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʘʥʥʷ 
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ʢʦʨʠʩʪʫʚʘʯʘʤ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʥʘʧʨʷʤʽʚ ʾʭ ʜʽʷʣʴʥʦʩʪʽ ʽ ʻ 

ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʢʦʤʧʣʝʢʩ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʂɯʊ çʇʦʣʽʝʜʨè ʽʤʧʣʝʤʝʥʪʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʣʶʯʦʚʠʭ ʢʘʪʝʛʦʨʽʡ, ʪʘʢʠʭ ʷʢ ʪʝʨʤʽʥʦʧʦʣʝ ʪʘ ʪʘʢʩʦʥʦʤʽʾ, ʷʢʽ ʚʽʜʽʛʨʘʶʪʴ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʫ ʨʦʣʴ ʫ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʧʽʜʪʨʠʤʮʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʟʥʘʯʝʥʦʛʦ ʫ 

ʜʞʝʨʝʣʘʭ [72]. ʊʝʨʤʽʥʦʧʦʣʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʥʘʙʽʨ ʪʝʨʤʽʥʦʣʦʛʽʯʥʠʭ ʚʠʟʥʘʯʝʥʴ 

ʪʘ ʾʭʥʽʭ ʥʘʟʚ, ʱʦ ʬʦʨʤʫʶʪʴ ʦʢʨʝʤʫ ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪʴ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʪʘʢʩʦʥʦʤʽʾ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʥʘʙʦʨʠ ʪʝʨʤʽʥʦʧʦʣʽʚ, ʧʦʚôʷʟʘʥʽ 

ʢʦʥʮʝʧʪʫʘʣʴʥʠʤʠ ʚʠʟʥʘʯʝʥʥʷʤʠ ʪʘ ʦʨʛʘʥʽʟʦʚʘʥʽ ʫ ʚʠʛʣʷʜʽ ʽʻʨʘʨʭʽʡ. ʋ ʨʘʤʢʘʭ 

ʂɯʊ «ʇʦʣʽʝʜʨ» ʪʘʢʩʦʥʦʤʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʙʘʟ 

ʟʥʘʥʴ. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʩʦʥʦʤʽʾ ʟʘʣʫʯʘʶʪʴʩʷ ʜʣʷ ʜʝʪʘʣʽʟʦʚʘʥʦʛʦ ʦʧʠʩʫ ʽʥʬʦʨʤʘʮʽʾ 

ʪʘ ʜʘʥʠʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʩʝʤʘʥʪʠʯʥʠʭ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʢʦʥʪʝʢʩʪʫʘʣʽʟʘʮʽʶ ʪʘ 

ʦʜʥʦʟʥʘʯʥʝ ʩʧʨʠʡʥʷʪʪʷ ʪʝʨʤʽʥʽʚ. ʆʜʥʽʻʶ ʟ ʤʝʪʦʜʠʢ ʩʪʚʦʨʝʥʥʷ ʪʘʢʩʦʥʦʤʽʡ ʻ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʦʙʨʦʙʢʘ ʪʝʢʩʪʽʚ. ɿʘʛʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ ʦʙʨʦʙʢʠ ʪʝʢʩʪʽʚ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʪʝʨʤʽʥʦʧʦʣʽʚ ʥʘ ʙʘʟʽ ʪʘʢʩʦʥʦʤʽʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 1.8 

 

ʈʠʩ. 1.8 ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʦʙʨʦʙʢʠ ʪʝʢʩʪʽʚ ʪʘ ʫʪʚʦʨʝʥʥʷ ʪʝʨʤʽʥʦʧʦʣʽʚ ʥʘ 

ʦʩʥʦʚʽ ʪʘʢʩʦʥʦʤʽʡ 
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1.8. ʆʮʽʥʢʘ ʧʦʪʝʥʮʽʘʣʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ 

ʣʘʙʦʨʘʪʦʨʽʡ ʪʘ ʦʥʪʦʣʦʛʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʯʽ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʦʧʠʩʘʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʟʛʽʜʥʦ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʙʫʜʝ 

ʟʘʜʽʷʥʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʂɯʊ çʇʦʣʽʝʜʨ» ʪʘ ʩʠʩʪʝʤʫ ʊʄɯɸʉ ï 

ʊʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʫ ʤʝʨʝʞʝʚʫ ʽʥʬʦʨʤʘʮʽʡʥʦïʘʥʘʣʽʪʠʯʥʫ ʩʠʩʪʝʤʫ. ɰʭ 

ʽʥʪʝʨʘʢʪʠʚʥʽ ʩʝʨʚʽʩʠ ʥʘʜʘʶʪʴ ʧʽʜʪʨʠʤʢʫ ʫ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʡʦʛʦ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

ʂʦʞʝʥ ʢʨʠʪʝʨʽʡ ʦʮʽʥʶʚʘʪʠʤʝʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʽʣʴʢʽʩʥʦʾ ʰʢʘʣʠ, 

ʚʠʟʥʘʯʝʥʦʾ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʩʪʽ: 

0ï3 ʙʘʣʠ: ʚʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ ʦʙʤʝʞʝʥʽ ʦʜʥʽʻʶ ʜʠʩʮʠʧʣʽʥʦʶ. 

4ï7 ʙʘʣʽʚ: ʣʘʙʦʨʘʪʦʨʽʾ ʦʭʦʧʣʶʶʪʴ ʢʽʣʴʢʘ ʜʠʩʮʠʧʣʽʥ, ʷʢʽ ʥʝ ʤʘʶʪʴ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʟʚôʷʟʢʫ. 

8ï10 ʙʘʣʽʚ: ʦʙôʻʢʪʠ ʚʠʚʯʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʽʟʥʠʭ 

ʜʠʩʮʠʧʣʽʥ. 

ʅʘʩʠʯʝʥʽʩʪʴ ʢʦʥʪʝʥʪʦʤ: 

0ï3 ʙʘʣʠ: ʜʦ 10 ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ. 

4ï7 ʙʘʣʽʚ: ʜʦ 100 ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ. 

8ï10 ʙʘʣʽʚ: ʧʦʥʘʜ 100 ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ. 

ʅʘʷʚʥʽʩʪʴ ʩʝʤʘʥʪʠʯʥʠʭ ʟʚôʷʟʢʽʚ: 

0ï3 ʙʘʣʠ: ʚʽʜʩʫʪʥʽʩʪʴ. 

4ï7 ʙʘʣʽʚ: ʩʝʤʘʥʪʠʢʘ ʦʢʨʝʤʠʭ ʩʣʽʚ (ʢʣʶʯʦʚʽ ʩʣʦʚʘ, ʭʝʰʪʝʛʠ). 

8ï10 ʙʘʣʽʚ: ʢʦʥʪʝʢʩʪʥʘ ʩʝʤʘʥʪʠʢʘ. 

ɯʥʜʝʢʩʘʮʽʷ ʢʦʥʪʝʥʪʫ: 

0 ʙʘʣʽʚ: ʚʽʜʩʫʪʥʽʩʪʴ ʽʥʜʝʢʩʘʮʽʾ. 

10 ʙʘʣʽʚ: ʥʘʷʚʥʽʩʪʴ ʽʥʜʝʢʩʘʮʽʾ. 

ʗʢʽʩʪʴ ʚʽʟʫʘʣʽʟʘʮʽʾ: 

0 ʙʘʣʽʚ: ʚʽʜʩʫʪʥʽʩʪʴ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 
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1ï3 ʙʘʣʠ: ʤʫʣʴʪʠʤʝʜʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ. 

3ï6 ʙʘʣʠ: ʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʷʢʽʩʥʦʛʦ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

10 ʙʘʣʽʚ: ʤʫʣʴʪʠʤʝʜʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ. 

ɽʨʛʦʥʦʤʽʯʥʽʩʪʴ ʽʥʪʝʨʬʝʡʩʫ: 

0ï3 ʙʘʣʠ: ʽʥʪʝʨʬʝʡʩ ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ. 

4ï7 ʙʘʣʽʚ: ʽʥʪʝʨʬʝʡʩ ʚʠʢʣʠʢʘʻ ʪʨʫʜʥʦʱʽ ʫ ʢʦʨʠʩʪʫʚʘʯʘ. 

8ï10 ʙʘʣʽʚ: ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ ʽʥʪʝʨʬʝʡʩ. 

ʗʢʽʩʪʴ ʘʜʘʧʪʘʮʽʾ ʜʦ ʫʢʨʘʾʥʩʴʢʦʛʦ ʩʧʦʞʠʚʘʯʘ: 

0 ʙʘʣʽʚ ï ʽʥʰʦʤʦʚʥʠʡ ʽʥʪʝʨʬʝʡʩ. 

10 ʙʘʣʽʚ ï ʫʢʨʘʾʥʦʤʦʚʥʠʡ ʽʥʪʝʨʬʝʡʩ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʨʝʢʣʘʤʠ: 

0 ʙʘʣʽʚ ï ʥʘʷʚʥʽʩʪʴ ʨʝʢʣʘʤʠ. 

10 ʙʘʣʽʚ ï ʚʽʜʩʫʪʥʽʩʪʴ ʨʝʢʣʘʤʠ.  

ɸʥʘʣʽʟ ʟʜʽʡʩʥʶʚʘʚʩʷ ʰʣʷʭʦʤ ʚʥʝʩʝʥʥʷ ʨʽʚʥʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʚʘʞʣʠʚʦʩʪʽ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ɯʊïʧʣʘʪʬʦʨʤʘ ʂɯʊ çʇʦʣʽʝʜʨè ʚʽʜʧʦʚʽʜʘʻ ʙʽʣʴʰʦʩʪʽ ʢʨʠʪʝʨʽʾʚ 

ʢʨʘʱʝ, ʥʽʞ ʽʥʰʽ ʚʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ. ɯʥʪʝʨʬʝʡʩ ʚʠʟʥʘʯʝʥʥʷ ʚʘʞʣʠʚʦʩʪʽ 

ʢʨʠʪʝʨʽʾʚ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘ ʈʠʩ. 1.9. ʈʝʟʫʣʴʪʘʪʠ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ 

ʟʘʩʦʙʘʤʠ ʊʄɯɸʉ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩ. 1.10. 

 

ʈʠʩ. 1.9 ɯʥʪʝʨʬʝʡʩ ʚʠʟʥʘʯʝʥʥʷ ʚʘʞʣʠʚʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ 
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ʈʠʩ. 1.10 ʈʝʟʫʣʴʪʘʪʠ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʨʪʫʘʣʴʥʠʭ 

ʣʘʙʦʨʘʪʦʨʽʡ 

 

ʇʨʦʚʽʚʰʠ ʘʥʘʣʽʟ ʩʚʽʪʦʚʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʚʩʪʘʥʦʚʣʝʥʦ 

ʥʘʩʪʫʧʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ: 

1. ʇʦʰʫʢ ʪʘ ʽʥʜʝʢʩʘʮʽʷ ʨʦʙʽʪ ʫ ʙʽʣʴʰʦʩʪʽ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʷʭ 

ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ. ʃʘʙʦʨʘʪʦʨʽʷ, ʱʦ ʥʘʨʘʭʦʚʫʻ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʥʝ ʤʘʻ ʚʽʜʧʦʚʽʜʥʦ ʥʘʣʘʰʪʦʚʘʥʦʛʦ ʧʦʰʫʢʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʥʝ 

ʮʽʥʫʻ ʯʘʩ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʠʡ ʥʝʶ ʢʦʨʠʩʪʫʻʪʴʩʷ. 

2. ʋʢʨʘʾʥʦʤʦʚʥʠʡ ʽʥʪʝʨʬʝʡʩ ʨʝʘʣʽʟʦʚʘʥʠʡ ʪʽʣʴʢʠ ʫ ʩʠʩʪʝʤʽ ʂɯʊ 

çʇʦʣʽʝʜʨè. 

3. ʗʢʽʩʪʴ ʢʦʥʪʝʥʪʫ ʫ ʜʝʷʢʠʭ ʣʘʙʦʨʘʪʦʨʽʷʭ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʘʪʠʮʽ 

ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʛʨʘʤ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʥʝʩʝ ʪʽʣʴʢʠ ʨʦʟʚʘʞʘʣʴʥʫ ʩʢʣʘʜʦʚʫ. 

ʊʦʤʫ, ʬʽʣʴʪʨʘʮʽʷ ʢʦʥʪʝʥʪʫ ʜʫʞʝ ʚʘʞʣʠʚʘ. 
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1.9. ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ I 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʠʩʪʝʤ, ʥʘ 

ʷʢʠʭ ʧʦʙʫʜʦʚʘʥʦ ʚʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ. ɺʩʪʘʥʦʚʣʝʥʦ ʚʘʞʣʠʚʘ ʨʦʣʴ 

ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ, ʟʦʢʨʝʤʘ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʠʭ 

ʣʘʙʦʨʘʪʦʨʽʡ ʽ ʚʽʨʪʫʘʣʴʥʠʭ ʦʩʚʽʪʥʽʭ ʮʝʥʪʨʽʚ.  

ɺʠʷʚʣʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʢʦʥʪʝʥʪʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʰʚʠʜʢʠʭ ʟʤʽʥ ʚ ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤʘʭ. ʅʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ 

ʚʘʞʣʠʚʦʩʪʽ ʚʢʣʶʯʝʥʥʷ ʢʦʛʥʽʪʠʚʥʠʭ ʧʦʩʣʫʛ ʫ ʦʩʚʽʪʥʽʡ ʧʨʦʮʝʩ, ʱʦ ʩʧʨʠʷʻ 

ʝʬʝʢʪʠʚʥʽʡ ʦʙʨʦʙʮʽ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʘʧʪʠʚʥʦʩʪʽ ʥʘʚʯʘʥʥʷ, ʷʢʝ ʚʨʘʭʦʚʫʻ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʦʞʥʦʛʦ ʫʯʥʷ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ 

ʤʝʪʠ ʥʝʦʙʭʽʜʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ, ʟʜʘʪʥʠʭ ʧʨʦʚʦʜʠʪʠ 

ʢʦʛʥʽʪʠʚʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʽʩʪʴ. 

ʆʥʪʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʚʠʦʢʨʝʤʣʶʻʪʴʩʷ ʷʢ ʢʣʶʯʦʚʠʡ ʜʣʷ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʟʥʘʥʴ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʘʧʪʠʚʥʦʩʪʽ ʪʘ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʩʪʽ ʥʘʚʯʘʥʥʷ. 

ɼʦʚʝʜʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʧʨʦʮʝʩʠ ʪʘ ʢʝʨʫʶʪʴ ʦʩʚʽʪʥʽʤ ʧʨʦʮʝʩʦʤ ʯʝʨʝʟ ʢʦʥʩʦʣʽʜʘʮʽʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ. ɺʠʟʥʘʯʝʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʦʥʪʦʣʦʛʽʯʥʫ ʤʦʜʝʣʴ ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʟʽ STEM-ʩʝʨʝʜʦʚʠʱʝʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫ ʥʘʚʝʜʝʥʦ ʚ ʧʫʙʣʽʢʘʮʽʷʭ [8, 15, 18] 
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ʈʆɿɼɯʃ 2. ʆʅʊʆʃʆɻɯʏʅɸ ʄʆɼɽʃʔ ʂʆʅʉʆʃɯɼʆɺɸʅʆɰ 

ɺɿɸɭʄʆɼɯɰ ɿɯ STEM-ʉɽʈɽɼʆɺʀʑɽʄ 

 

2.1. ɹʘʟʦʚʽ ʧʦʥʷʪʪʷ 

ʆʥʪʦʣʦʛʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʦʥʪʝʥʪʫ ʨʦʟʛʣʷʜʘʪʠʤʝʤʦ ʫ ʬʦʨʤʘʪʽ 

ʢʦʥʩʦʣʽʜʦʚʘʥʠʭ ʨʽʟʥʦʪʠʧʥʠʭ ʥʘʨʘʪʠʚʽʚ, ʷʢʽ ʚ ʩʫʢʫʧʥʦʩʪʽ ʥʘʜʽʣʝʥʽ ʦʟʥʘʢʘʤʠ 

ʘʢʩʽʦʤʘʪʠʯʥʦʾ ʧʦʚʥʦʪʠ, ʪʝʤʘʪʠʯʥʦʾ ʮʽʣʽʩʥʦʩʪʽ, ʯʘʩʪʢʦʚʦʾ ʥʝʩʫʧʝʨʝʯʥʦʩʪʽ ʪʘ 

ʤʦʞʫʪʴ ʩʢʣʘʜʘʪʠ ʢʦʥʩʦʣʽʜʦʚʘʥʫ ʧʘʩʠʚʥʫ ʩʠʩʪʝʤʫ ʟʥʘʥʴ ʟʘ ʪʝʤʘʪʠʢʦʶ 

ʜʠʩʮʠʧʣʽʥ STEM. ʎʝ ʩʧʨʠʷʪʠʤʝ ʾʭ ʩʝʤʘʥʪʠʯʥʦʤʫ ʘʥʘʣʽʟʫ ʧʝʨʝʚʝʜʝʥʥʷ ʫ 

ʦʥʪʦʣʦʛʽʯʥʠʡ ʬʦʨʤʘʪ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʥʘʚʯʘʣʴʥʦ-

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʟʘʚʜʘʥʴ ʚ STEM-ʩʝʨʝʜʦʚʠʱʽ [3, 73, 74]. 

ɺ ʣʽʪʝʨʘʪʫʨʽ STEM-ʦʩʚʽʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʧʦʥʷʪʪʷʤʠ, ʱʦ ʾʾ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ [75], ʘ ʩʘʤʝ: 

STEM-ʦʩʚʽʪʘ (ʦʜʥʘ ʟ ʬʦʨʤ ʥʘʫʢʦʚʦʾ ʦʩʚʽʪʠ) ï ʮʽʣʝʩʧʨʷʤʦʚʘʥʝ ʬʦʨʤʫʚʘʥʥʷ 

ʫ ʫʯʥʽʚ ʮʽʥʥʽʩʥʦʾ ʢʘʨʪʠʥʠ ʩʚʽʪʫ ʥʘ ʟʘʩʘʜʘʭ ʚʠʷʚʣʝʥʥʷ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʝʡ STEM-ʜʠʩʮʠʧʣʽʥ, ʘ ʩʘʤʝ ï ʦʩʥʦʚʠ ʥʘʫʢ, 

ʪʝʭʥʦʣʦʛʽʾ, ʽʥʞʝʥʝʨʽʷ, ʤʘʪʝʤʘʪʠʢʘ. ɿʘʛʘʣʴʥʦ ʚ ʦʩʥʦʚʽ ʥʘʫʢ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ï 

ʬʽʟʠʢʘ, ʭʽʤʽʷ; ʚ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʡ ïʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ; ʚ ʦʩʥʦʚʽ 

ʽʥʞʝʥʝʨʽʾ ï ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʚʢʣʶʯʘʶʯʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ; ʫ 

ʪʝʤʘʪʠʯʥʦʤʫ ʧʨʦʬʽʣʽ ʤʘʪʝʤʘʪʠʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʨʦʟʰʠʨʝʥʠʡ ʢʫʨʩ. 

ʂʘʨʪʠʥʘ ʩʚʽʪʫ ï ʩʫʢʫʧʥʽʩʪʴ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʩʚʽʪʦʚʽʜʯʫʪʪʽ, ʩʚʽʪʦʩʧʨʠʡʤʘʥʥʽ ʽ 

ʩʚʽʪʦʛʣʷʜʽ, ʮʽʣʽʩʥʠʭ ʽ ʩʠʩʪʝʤʦʣʦʛʽʯʥʦ ʚʠʟʥʘʯʝʥʠʭ ʫʷʚʣʝʥʴ, ʟʥʘʥʴ ʽ ʜʫʤʦʢ 

ʣʶʜʩʴʢʠʭ ʩʧʽʣʴʥʦʪ ʽ ʦʢʨʝʤʦʾ ʣʶʜʠʥʠ (ʤʠʩʣʷʯʦʛʦ ʩʫʙ'ʻʢʪʘ) ʧʨʦ ʩʚʽʪ (ɿʝʤʣʽ) ʽ 

ʩʚʽʪʦʙʫʜʦʚʫ (ɺʩʝʩʚʽʪʫ), ʘ ʪʘʢʦʞ ʧʨʦ ʧʽʟʥʘʚʘʣʴʥʽ ʽ ʪʚʦʨʯʽ ʤʦʞʣʠʚʦʩʪʽ ʽʥʜʠʚʽʜʫ, 

ʩʝʥʩ ʞʠʪʪʷ ʽ ʤʽʩʮʝ ʣʶʜʠʥʠ ʚ ʥʴʦʤʫ [76]. 

ʅʘʨʘʪʠʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ï ʦʙˇʨʫʥʪʦʚʘʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʮʠʬʨʦʚʠʭ ʦʧʠʩʽʚ ʦʙʨʘʟʽʚ ʢʘʨʪʠʥʠ ʩʚʽʪʫ ʟ ʧʝʚʥʠʭ 

ʧʦʟʠʮʽʡ ʫ ʚʠʛʣʷʜʽ ʜʦʚʽʣʴʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʚʠʢʣʘʜʫ ʬʘʢʪʽʚ, ʧʦʜʽʡ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ 

ʜʘʥʠʭ, ʱʦ ʦʪʨʠʤʘʥʽ ʟ ʘʚʪʦʨʠʟʦʚʘʥʠʭ ʜʞʝʨʝʣ.  
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ʆʥʪʦʣʦʛʽʷ ï ʬʦʨʤʘ ʚʩʝʦʩʷʞʥʦʾ ʽ ʜʝʪʘʣʴʥʦʾ ʬʦʨʤʘʣʽʟʘʮʽʾ ʦʧʠʩʽʚ ʜʝʷʢʦʾ 

ʦʙʣʘʩʪʽ ʟʥʘʥʴ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʦʙʨʘʟʠ ʢʘʨʪʠʥʠ ʩʚʽʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʩʭʝʤʠ. ɿʘʟʚʠʯʘʡ ʪʘʢʘ ʩʭʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʽʻʨʘʨʭʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʧʦʥʷʪʴ (ʪʘʢʩʦʥʦʤʽʾ), ʱʦ ʤʽʩʪʠʪʴ ʚʩʽ ʨʝʣʝʚʘʥʪʥʽ ʢʣʘʩʠ ʦʙ'ʻʢʪʽʚ, ʾʭ 

ʟʚ'ʷʟʢʠ ʽ ʧʨʘʚʠʣʘ, ʧʨʠʡʥʷʪʽ ʚ ʮʽʡ ʛʘʣʫʟʽ ʟʥʘʥʴ. ʇʽʜ ʢʦʥʮʝʧʪʫʘʣʴʥʦʶ ʩʭʝʤʦʶ 

ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʥʘʙʽʨ ʧʦʥʷʪʴ (ʢʦʥʮʝʧʪʽʚ) ʪʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʦʥʷʪʪʷ 

(ʚʣʘʩʪʠʚʦʩʪʽ, ʚʽʜʥʦʰʝʥʥʷ, ʦʙʤʝʞʝʥʥʷ, ʘʢʩʽʦʤʠ ʽ ʧʨʘʚʠʣʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʥʷʪʴ, 

ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ). ʌʘʢʪʠʯʥʦ ʦʥʪʦʣʦʛʽʷ ʷʚʣʷʻ 

ʩʦʙʦʶ  ʢʦʥʮʝʧʪʫʘʣʴʥʦ-ʧʦʥʷʪʽʡʥʠʡ ʢʘʨʢʘʩ ʫʩʽʭ ʙʝʟ ʚʠʢʣʶʯʝʥʥʷ ʥʘʫʢʦʚʠʭ 

ʪʝʦʨʽʡ. 

ʅʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ï ʩʝʤʘʥʪʠʯʥʦ 

ʟʚôʷʟʥʘ ʩʫʢʫʧʥʽʩʪʴ ʜʦʢʫʤʝʥʪʽʚ ʪʘ ʥʘʨʘʪʠʚʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʨʤʘʣʽʟʦʚʘʥʠʤ 

ʚʠʤʦʛʘʤ ʦʨʛʘʥʽʟʘʮʽʾ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ. ɭ 

ʩʠʩʪʝʤʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʘʪʝʛʦʨʽʾ çʩʧʨʦʤʦʞʥʽʩʪʴ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫè. 

ɼʠʩʢʫʨʩ ï ʢʦʛʥʽʪʠʚʥʦ-ʢʦʤʤʫʥʽʢʘʪʠʚʥʠʡ ʘʢʪ, ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ ʨʝʘʣʽʟʫʻ 

ʙʘʯʝʥʥʷ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ ʪʘ ʡʦʛʦ ʫʷʚʣʝʥʥʷ, ʡ ʟʘ ʧʝʚʥʠʤʠ ʫʤʦʚʘʤʠ ʘʢʪʠʚʽʟʫʻ 

ʟʚ'ʷʟʥʽʩʪʴ ʤʽʞ ʢʦʥʪʝʢʩʪʘʤʠ ʦʜʥʦʛʦ ʯʠ ʙʽʣʴʰ ʥʘʨʘʪʠʚʽʚ. 

ʅʘʨʘʪʠʚʥʠʡ ʜʠʩʢʫʨʩ ï ʤʽʞʢʦʥʪʝʢʩʪʥʘ ʟʚôʷʟʥʽʩʪʴ ʢʦʥʮʝʧʪʽʚ ʦʥʪʦʣʦʛʽʡ 

ʥʘʨʘʪʠʚʽʚ, ʷʢʘ ʚʠʷʚʣʷʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʾʭ ʩʝʤʘʥʪʠʯʥʠʭ ʧʦʣʽʚ.  

ɼʠʩʢʫʨʩʠʚʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ (ʫʤʦʚʥʦ ʜʣʷ ʥʘʫʢʦʚʦʾ ʦʩʚʽʪʠ) ï ʚʽʜʩʫʪʥʽʩʪʴ 

ʧʦʥʷʪʽʡʥʦʾ ʦʩʥʦʚʠ ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʧʦʚʥʦʾ ʢʘʨʪʠʥʠ ʩʚʽʪʫ 

ʊʘʢʩʦʥʦʤʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʩʚʽʪʥʽʭ ʨʝʩʫʨʩʽʚ ï ʽʻʨʘʨʭʽʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʩʝʤʘʥʪʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʩʠʩʪʝʤʘʪʠʢʠ ʡ ʥʦʤʝʥʢʣʘʪʫʨʠ 

ʩʢʣʘʜʥʦʦʨʛʘʥʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʦʙʨʘʟʠ ʢʘʨʪʠʥʠ ʩʚʽʪʫ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʥʘʨʘʪʠʚʽʚ, ʫ ʷʢʠʭ ʦʧʠʩʫʶʪʴʩʷ ʩʫʢʫʧʥʦʩʪʽ ʬʘʢʪʽʚ, ʧʦʜʽʡ 

ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʦʪʨʠʤʘʥʦ ʟ ʘʚʪʦʨʠʟʦʚʘʥʠʭ ʜʞʝʨʝʣ 

ʊʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʽʩʪʴ ï ʧʨʦʷʚ ʨʝʬʣʝʢʩʠʚʥʦʩʪʽ ʤʽʞʢʦʥʪʝʢʩʪʥʦʾ ʟʚôʷʟʥʦʩʪʽ 

ʦʙôʻʢʪʽʚ ʽ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ ʯʠ ʘʢʪʠʚʥʽ ʫ ʨʽʟʥʠʭ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʷʭ ʥʘ 

ʦʩʥʦʚʽ ʩʧʽʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʤʘʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ.  
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ʊʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʘ ʦʩʚʽʪʘ ï ʦʨʛʘʥʽʟʘʮʽʷ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʦʩʚʽʪʽ ʦʧʠʩʽʚ ʦʙʨʘʟʽʚ ʢʘʨʪʠʥʠ ʩʚʽʪʫ ʥʘ ʧʨʠʥʮʠʧʘʭ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʧʝʨʘʮʽʦʥʘʣʴʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʴ ʫʯʥʷʤʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʚʽʪʫ ʯʝʨʝʟ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʚʟʘʻʤʦʜʽʶ ʪʝʤʘʪʠʯʥʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʠʩʪʝʤ ʟʥʘʥʴ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʫʤʦʚ ʱʦʜʦ ʟʤʽʩʪʦʚʥʦʛʦ ʥʘʧʦʚʥʝʥʥʷ ʦʩʚʽʪʠ, ʷʢ ʧʨʦʮʝʩʫ 

ʧʨʦʛʨʝʩʠʚʥʠʭ ʟʤʽʥ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʷʢʦʩʪʝʡ ʦʩʦʙʠʩʪʦʩʪʽ, ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ 

ʷʢʦʛʦ ʻ ʦʩʦʙʣʠʚʠʤ ʯʠʥʦʤ ʦʨʛʘʥʽʟʦʚʘʥʘ ʾʾ ʥʘʚʯʘʣʴʥʘ ʜʽʷʣʴʥʽʩʪʴ. 

ʂʦʤʧʝʪʝʥʪʥʽʩʪʴ ï ʨʦʟʫʤʽʥʥʷ ʪʘ ʚʤʽʥʥʷ ʫʯʥʷʤʠ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʦʥʠ ʚʠʚʯʘʶʪʴ, ʟʛʽʜʥʦ ʦʧʝʨʘʮʽʦʥʘʣʴʥʦʩʪʽ ʮʽʥʥʽʩʥʦʾ ʢʘʨʪʠʥʠ ʩʚʽʪʫ. 

ʂʦʥʩʦʣʽʜʘʮʽʷ ʽʥʬʦʨʤʘʮʽʾ ï ʪʘʢʩʦʥʦʤʽʯʥʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʢʦʥʮʝʧʪʘʤʠ ʾʭ ʪʘʢʩʦʥʦʤʽʡ ʪʘ ʤʘʶʪʴ ʩʪʽʡʢʽ 

ʤʽʞʢʦʥʪʝʢʩʪʽ ʟʚôʷʟʢʠ. 

ʗʢʽʩʪʴ ʦʩʚʽʪʠ ï ʩʫʢʫʧʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ, ʨʝʘʣʽʟʘʮʽʷ 

ʷʢʠʭ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʚʠʭʦʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʟʥʘʥʴ ʡ ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʫ ʫʯʥʽʚ ʪʘ ʫʯʥʽʚʩʴʢʦʾ ʤʦʣʦʜʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭ ʛʘʨʤʦʥʽʡʥʫ 

ʩʘʤʦʨʝʘʣʽʟʘʮʽʶ ʟʛʽʜʥʦ ʽʩʥʫʶʯʠʭ ʫ ʩʫʩʧʽʣʴʩʪʚʽ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʚʠʤʦʛ ʪʘ 

ʚʠʢʣʠʢʽʚ, ʱʦ ʧʨʦʷʚʣʷʶʪʴʩʷ, ʫ ʧʨʦʮʝʩʽ ʾʭ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ.  

ɺ ʷʢʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʫ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʩʚʽʪʥʽʭ 

ʨʝʩʫʨʩʽʚ ʚ STEM-ʦʩʚʽʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʤʝʭʘʥʽʟʤʠ ʦʥʪʦʣʦʛʽʯʥʦʛʦ 

ʽʥʞʠʥʽʨʠʥʛʫ [73, 77ï80]. 

 

2.2 ʆʥʪʦʣʦʛʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʦʥʪʝʥʪʫ 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʤ ʦʩʚʽʪʥʽʭ ʨʝʩʫʨʩʽʚ ʷʚʣʷʶʪʴʩʷ ʥʘʨʘʪʠʚʠ (ʜʘʣʽ ʦʩʚʽʪʥʽ 

ʥʘʨʘʪʠʚʠ (ʆʩʅʨ)), ʟʤʽʩʪ ʷʢʠʭ ʨʦʟʢʨʠʚʘʻ ʪʝʤʘʪʠʢʠ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ 

ʨʦʙʽʪ ʫ ʬʦʨʤʘʪʘʭ ʥʘʫʢʦʚʠʭ ʤʦʥʦʛʨʘʬʽʡ, ʤʝʪʦʜʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʦʧʠʩʽʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʦʱʦ. ʉʘʤʝ ʾʭ ʟʤʽʩʪ ʚʠʟʥʘʯʘʻ ʪʦʡ 

ʢʦʥʪʝʥʪ, ʷʢʠʡ ʫʯʝʥʴ ʧʦʚʠʥʝʥ ʟʘʩʚʦʾʪʠ, ʡ ʩʘʤʝ ʜʣʷ ʯʦʛʦ ʚʠʢʦʥʘʪʠ ʧʝʚʥʽ ʜʽʾ. 



57 

 

   

 

ɼʣʷ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʟʤʽʩʪʫ ʦʩʚʽʪʥʽʭ ʥʘʨʘʪʠʚʽʚ ʚ ʥʘʫʢʦʚʦ-ʦʩʚʽʪʥʶ ʜʽʷʣʴʥʽʩʪʴ 

ʫʯʥʷ ʚ ʚʽʨʪʫʘʣʴʥʦʤʫ (ʮʠʬʨʦʚʦʤʫ) ʩʝʨʝʜʦʚʠʱʽ ʡʦʛʦ ʩʣʽʜ ʧʨʝʜʩʪʘʚʠʪʠ ʫ 

ʦʥʪʦʣʦʛʽʯʥʦʤʫ ʬʦʨʤʘʪʽ.  

ɿʛʽʜʥʦ ʨʦʙʽʪ [66, 73, 75, 81, 82] ʦʥʪʦʣʦʛʽʷ ʧʨʝʜʩʪʘʚʠʤʘ ʫ ʥʘʩʪʫʧʥʦʤʫ 

ʬʦʨʤʘʪʽ: 

t SO X,R,F,A,D,R=
    (2.1) 

ʜʝ X  ï ʤʥʦʞʠʥʘ ʢʦʥʮʝʧʪʽʚ ʟʘʜʘʥʦʾ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ (ʇʜʆ);  

R  ï ʢʽʥʮʝʚʘ ʤʥʦʞʠʥʘ ʩʝʤʘʥʪʠʯʥʦ ʟʥʘʯʫʱʠʭ ʚʽʜʥʦʰʝʥʴ ʤʽʞ ʢʦʥʮʝʧʪʘʤʠ; 

F ï ʢʽʥʮʝʚʘ ʤʥʦʞʠʥʘ ʬʫʥʢʮʽʡ ʽʥʪʝʨʧʨʝʪʘʮʽʾ, ʟʘʜʘʥʠʭ ʥʘ ʚʽʜʥʦʰʝʥʥʷʭ;  

A  ï ʩʢʽʥʯʝʥʥʘ ʤʥʦʞʠʥʘ ʘʢʩʽʦʤ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʧʠʩʫ ʟʘʚʞʜʠ 

ʽʩʪʠʥʥʠʭ ʚʠʩʣʦʚʣʶʚʘʥʴ ʚ ʪʝʨʤʽʥʘʭ ʢʦʥʮʝʧʪʽʚ;  

D  ï ʤʥʦʞʠʥʘ ʜʦʜʘʪʢʦʚʠʭ ʚʠʟʥʘʯʝʥʴ ʢʦʥʮʝʧʪʽʚ; 

SR  ï ʤʥʦʞʠʥʘ ʦʙʤʝʞʝʥʴ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʦʙʣʘʩʪʴ ʜʽʾ ʧʦʥʷʪʽʡʥʠʭ ʩʪʨʫʢʪʫʨ 

ʩʬʦʨʤʦʚʘʥʠʭ ʽʟ ʢʦʥʮʝʧʪʽʚ ʥʘ ʦʩʥʦʚʽ ʘʢʩʽʦʤ. 

ɺʠʟʥʘʯʝʥʥʷ (2.1) ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʦʧʝʨʘʮʽʦʥʘʣʴʥʽ ʧʨʘʚʠʣʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʩʚʽʪʥʽʭ ʥʘʨʘʪʠʚʽʚ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ, ʷʢ ʬʦʨʤʘʪ ʚʟʘʻʤʦʜʽʾ 

ʫʯʥʷ ʟ ʾʭ ʢʦʥʮʝʧʪʘʤʠ. ɹʽʣʴʰ ʪʦʛʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʆʩʅʨ ʚ ʬʦʨʤʘʪʽ ʦʥʪʦʣʦʛʽʾ 

ʚʠʟʥʘʯʘʻ ʟʘʣʝʞʥʽʩʪʴ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʜʽʡ ʫʯʥʷ ʚʽʜ ʘʢʩʽʦʤʘʪʠʢʠ 

ʥʘʫʢʦʚʠʭ ʜʠʩʮʠʧʣʽʥ, ʷʢʽ ʚʽʥ ʚʠʚʯʘʻ ʚ STEM-ʩʝʨʝʜʦʚʠʱ. ʅʘʩʣʽʜʢʦʤ ʮʴʦʛʦ ʻ 

ʨʝʘʣʽʟʘʮʽʷ ʫʯʥʝʤ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʽʥʪʝʨʧʨʝʪʘʮʽʡ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʥʮʝʧʪʽʚ STEM-ʜʠʩʮʠʧʣʽʥ. ʇʨʠ 

ʯʦʤʫ ʧʨʠ ʾʭ ʚʠʢʦʥʘʥʥʷ ʚ ʡʦʛʦ ʩʚʽʜʦʤʦʩʪʽ ʬʦʨʤʫʻʪʴʩʷ ʧʝʚʥʠʡ ʦʙʨʘʟ ʚʽʜʧʦʚʽʜʥʠʭ 

ʆʩʅʨ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʟʤʽʩʪʦʚʥʽ ʣʽʥʛʚʽʩʪʠʯʥʽ ʢʦʥʩʪʨʫʢʪʠ: ʪʚʝʨʜʞʝʥʥʷ, 

ʚʠʩʣʦʚʣʶʚʘʥʥʷ, ʚʠʩʥʦʚʢʠ, ʫʤʦʚʠʚʦʜʠ ʪʦʱʦ.  

ʌʘʢʪʠʯʥʦ ʫʯʝʥʴ ʫ ʩʚʦʻʾ ʩʚʽʜʦʤʦʩʪʽ, ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʥʘʚʯʘʣʴʥʦ-

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʜʽʡ, ʬʦʨʤʫʻ ʮʽʣʽ ʤʥʦʞʠʥʠ ʧʨʘʚʠʣ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʬʦʨʤʘʪʽ ʧʨʦʧʦʟʠʮʽʡʥʠʭ ʬʦʨʤʫʣ. ʉʘʤʝ ʮʽ ʧʨʘʚʠʣʘ ʡ ʻ 
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ʽʥʪʝʨʧʨʝʪʘʮʽʷʤʠ ʪʚʝʨʜʞʝʥʴ, ʚʠʩʣʦʚʣʶʚʘʥʴ, ʚʠʩʥʦʚʢʽʚ, ʫʤʦʚʠʚʦʜʽʚ, ʷʢʽ ʚʽʥ 

ʚʠʚʯʘʻ ʚ ʦʩʚʽʪʥʽʭ ʥʘʨʘʪʠʚʘʭ ʪʘ ʬʦʨʤʫʻ ʫ ʩʚʦʻʾ ʩʚʽʜʦʤʦʩʪʽ.  

ʊʦʙʪʦ ʢʦʞʥʘ ʦʥʪʦʣʦʛʽʷ ʦʩʚʽʪʥʴʦʛʦ ʥʘʨʘʪʠʚʫ ʤʦʞʝ ʤʘʪʠ ʘʪʨʠʙʫʪʠ, ʷʢʽ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʘʢʩʽʦʤʘʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ, ʱʦ ʚʠʢʣʘʜʘʶʪʴʩʷ ʚ ʆʩʅʨ ʡ ʪʘʢʦʞ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʦʧʝʨʘʮʽʦʥʘʣʴʥʽʩʪʴ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ 

ʜʽʡ ʫʯʥʷ ʚ STEM-ʩʝʨʝʜʦʚʠʱʽ. ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʘʪʨʠʙʫʪʠ ʦʥʪʦʣʦʛʽʡ ʆʩʅʨ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʬʦʨʤʘʪʽ ʪʘʚʪʦʣʦʛʽʡ, ʷʢʽ ʟʘʚʞʜʠ ʽʩʪʠʥʥʽ, ʪʘ 

ʧʨʝʜʠʢʘʪʘʭ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥʠ ʢʦʥʮʝʧʪʽʚ ʟʤʽʩʪʫ ʆʩʅʨ ʟʘ 

ʪʝʤʘʪʠʢʘʤʠ, ʱʦ ʚʠʚʯʘʶʪʴʩʷ ʡ ʧʨʠʡʤʘʶʪʴ ʟʥʘʯʝʥʥʷ çɯʉʊʀʅʅɽè ʯʠ çʍʀɹʅɽè, 

ʪʦʙʪʦ ʻ ʜʠʭʦʪʦʤʽʯʥʠʤʠ. ɸʢʩʽʦʤʘʪʠʯʥʽ ʘʪʨʠʙʫʪʠ ʟʘʚʞʜʠ ̒  ʪʘʚʪʦʣʦʛʽʷʤʠ [83, 84]. 

ɺʢʘʟʘʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʘʪʨʠʙʫʪʠ ʤʘʶʪʴ ʣʝʢʩʽʢʦʛʨʘʬʽʯʥʠʡ ʬʦʨʤʘʪ, ʪʦʙʪʦ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʚʥʠʤʠ ʨʝʯʝʥʥʷʤʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʥʮʝʧʪʽʚ ʦʥʪʦʣʦʛʽʡ 

ʆʩʅʨ. ʎʽ ʨʝʯʝʥʥʷ ʚʢʣʶʯʘʶʪʴ ʧʝʚʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʠʤʚʦʣʽʚ (ʝʣʝʤʝʥʪʠ 

ʢʦʥʝʯʥʦʛʦ ʘʣʬʘʚʽʪʫ), ʷʢʽ ʤʘʶʪʴ ʩʢʽʥʯʝʥʫ ʜʦʚʞʠʥʫ (ʇʉʉɼ). ʊʘʢʽ ʞ ʘʪʨʠʙʫʪʠ-

ʨʝʯʝʥʥʷ ʤʦʞʫʪʴ ʚʠʟʥʘʯʘʪʠ ʡ ʢʦʥʮʝʧʪʠ ʦʥʪʦʣʦʛʽʡ. ɰʭ ʤʠ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ 

ʢʦʥʪʝʢʩʪʘʤʠ ʢʦʥʮʝʧʪʽʚ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʢʦʥʪʝʥʪ ʆʩʅʨ ʩʢʣʘʜʘʶʪʴ ʪʘʢʽ ʘʪʨʠʙʫʪʠ-

ʨʝʯʝʥʥʷ. ʇʨʠ ʯʦʤʫ ʮʽ ʢʦʥʪʝʢʩʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʬʦʨʤʘʪʽ 

ʧʨʦʧʦʟʠʮʽʡʥʠʭ ʟʤʽʥʥʠʭ ʫ ʧʨʝʜʠʢʘʪʥʦʤʫ ʚʠʨʘʟʽ. ʁ ʚʦʥʠ ʪʘʢʦʞ ʤʦʞʫʪʴ 

ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ çɯʉʊʀʅʅɽè ʯʠ çʍʀɹʅɽè, ʱʦ ʩʚʽʜʯʠʪʴ ʱʦʜʦ ʾʭ 

ʜʠʭʦʪʦʤʽʯʥʦʾ ʧʨʠʨʦʜʽ.  

ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʨʘʟ (2.1) ʬʘʢʪʠʯʥʦ ʚ ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʬʦʨʤʘʪʽ ʚʽʜʦʙʨʘʞʘʻ 

ʩʪʨʫʢʪʫʨʫ ʪʘ ʩʤʠʩʣ ʢʦʥʪʝʢʩʪʽʚ ʆʩʅʨ. ɺʣʘʩʪʠʚʦʩʪʽ ʢʦʥʮʝʧʪʽʚ ʪʘ ʚʽʜʥʦʰʝʥʥʷ 

ʤʽʞ ʥʠʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʥʪʦʣʦʛʽʯʥʦʶ ʩʠʩʪʝʤʦʶ (2.1) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʦʧʝʨʘʮʽʦʥʘʣʴʥʽʩʪʴ ʢʦʥʪʝʢʩʪʽʚ ʆʩʅʨ  [73, 85ï89]. ɿʘʟʥʘʯʝʥʘ ʦʧʝʨʘʮʽʦʥʘʣʴʥʽʩʪʴ 

ʚʠʟʥʘʯʘʻ ʫʩʽ ʤʦʞʣʠʚʽ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʽ ʜʽʾ ʫʯʥʽʚ ʚ STEM-ʩʝʨʝʜʦʚʠʱʽ 

[73, 90]. ʎʝʡ ʦʧʝʨʘʮʽʦʥʘʣʴʥʠʡ ʧʨʦʩʪʽʨ ʫʯʥʷ ʥʦʩʠʪʴ ʟʘʤʢʥʫʪʦ-ʚʽʜʢʨʠʪʠʡ 

ʭʘʨʘʢʪʝʨ. ɿʘʤʢʥʫʪʽʩʪʴ ʚʠʟʥʘʯʘʻ, ʱʦ ʫʩʽ ʢʦʥʮʝʧʪʠ ʚʽʜʧʦʚʽʜʥʠʭ ʆʩʅʨ ʚʞʝ 

ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ. ɸ ʡʦʛʦ ʚʽʜʢʨʠʪʽʩʪʴ ʙʫʜʫʻʪʴʩʷ ʥʘ ʟʘʩʘʜʘʭ ʽʥʢʘʧʩʫʣʷʮʽʾ 

ʜʦʜʘʪʢʦʚʠʭ ʢʦʥʮʝʧʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʚʞʝ ʚʠʟʥʘʯʝʥʠʭ ʢʦʥʮʝʧʪʽʚ, ʘʣʝ 
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ʤʦʞʫʪʴ ʤʘʪʠ ʡ ʱʝ ʜʦʜʘʪʢʦʚʽ. ɻʦʣʦʚʥʝ ʪʫʪ, ʱʦ ʩʧʽʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʚôʷʟʥʽʩʪʴ ʤʽʞ ʚʞʝ ʚʠʟʥʘʯʝʥʠʤʠ ʚ ʆʩʅʨ ʢʦʥʮʝʧʪʘʤʠ ʡ 

ʢʦʥʮʝʧʪʘʤʠ ʥʦʚʦʛʦ ʆʩʅʨ. ɹʽʣʴʰ ʪʦʛʦ ʥʦʚʠʡ ʆʩʅʨ, ʷʢʱʦ ʚʽʥ ʩʧʨʦʤʦʞʝʥ ʙʫʪʠ 

ʽʥʢʘʧʩʫʣʴʦʚʘʥʠʤ ʜʦ STEM-ʩʝʨʝʜʦʚʠʱʘ, ʜʦʜʘʻ ʜʦ ʥʴʦʛʦ ʥʦʚʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʦʥʮʝʧʪʽʚ. ʅʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʮʴʦʛʦ ʻ ʾʭ ʤʽʞʢʦʥʪʝʢʩʪʥʘ ʟʚôʷʟʥʽʩʪʴ.  

ʎʝ ʨʦʟʰʠʨʶʻ ʩʧʝʢʪʨ ʢʦʥʮʝʧʪʽʚ ʦʧʝʨʘʮʽʦʥʘʣʴʥʦʩʪʽ ʫʯʥʷ, ʡ ʟʘʜʘʻ ʚʝʢʪʦʨ 

ʟʘʩʚʦʶʚʘʥʥʷ ʥʠʤ, ʥʘ ʦʩʥʦʚʽ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʜʽʡ, ʘʢʩʽʦʤʘʪʠʯʥʠʭ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ, ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʧʦʣʦʞʝʥʴ ʢʦʥʢʨʝʪʥʦʛʦ STEM-ʧʨʝʜʤʝʪʘ. 

ɸʣʝ ʮʝ ʟʘʩʚʦʶʚʘʥʥʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʟʘʩʘʜʘʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʥʷʪʴ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʟʤʽʩʪ ʆʩʅʨ [14]. 

ʗʢ ʚʠʟʥʘʯʝʥʦ ʫ ʨʦʟʜʽʣʽ 2.1., ʦʥʪʦʣʦʛʽʷ ʚʽʜʦʙʨʘʞʘʻ ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʩʭʝʤʫ 

ʪʝʦʨʽʾ, ʧʨʠ ʯʦʤʫ ʮʷ ʩʭʝʤʘ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʥʦʞʠʥʦʶ ʩʪʘʥʽʚ ʚʟʘʻʤʦʜʽʾ 

ʢʦʥʮʝʧʪʽʚ ʮʽʻʾ ʪʝʦʨʽʾ, ʥʘʜ ʷʢʠʤʠ ʷʢ ʝʣʝʤʝʥʪʘʤʠ ʮʽʻʾ ʤʥʦʞʠʥʠ ʟʘʜʘʻʪʴʩʷ ʧʝʚʥʝ 

ʚʽʜʥʦʰʝʥʥʷ ʤʥʦʞʠʥʥʦʾ ʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ. ʎʷ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʟʘʜʘʻ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʣʘʜʝʥʥʷ ʚ ʆʩʅʨ ʢʦʥʪʝʢʩʪʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʢʦʥʮʝʧʪʽʚ ʪʝʦʨʽʾ, ʷʢ ʩʢʣʘʜʦʚʠʭ ʧʦʥʷʪʽʡʥʦʾ ʩʠʩʪʝʤʠ. [84, 90]. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʫʯʥʷ ʟ ʤʥʦʞʠʥʦʶ ʆʩʅʨ, ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ 

ʝʢʩʧʣʽʮʠʪʥʽʩʪʴ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʩʭʝʤ ʪʝʦʨʽʾ ʱʦ ʚʠʚʯʘʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ 

ʦʥʪʦʣʦʛʽʷ ʮʶ ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʩʭʝʤʫ ʩʧʨʦʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʬʦʨʤʘʪʽ ʧʝʚʥʦʛʦ 

ʯʠʩʣʝʥʥʷ, ʘʢʩʽʦʤʘʪʠʢʘ ʷʢʦʛʦ ʟʘʜʘʻʪʴʩʷ ʬʦʨʤʘʣʴʥʠʤʠ ʚʠʟʥʘʯʝʥʥʷʤʠ. ʊʦʜʽ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʝʦʨʽʾ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʦʥʪʦʣʦʛʽʯʥʦʤʫ ʬʦʨʤʘʪʽ  ʦʥʪʦʣʦʛʽʷ, 

ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʝ ʥʘ ʟʘʩʘʜʘʭ ʧʝʚʥʦʾ ʩʠʩʪʝʤʦʣʦʛʽʟʘʮʽʾ ʫ ʬʦʨʤʘʪʽ 

ʪʚʝʨʜʞʝʥʴ, ʚʠʩʣʦʚʣʶʚʘʥʴ, ʣʦʛʽʢʦʚʠʭ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʠʨʘʟʽʚ ʪʦʱʦ, ʷʢʽ 

ʚʢʣʶʯʘʶʪʴ ʜʦ ʩʝʙʝ ʯʠ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʘʨʛʫʤʝʥʪʠ ʢʦʥʮʝʧʪʠ ʆʩʅʨ ʜʘʥʦʾ ʪʝʦʨʽʾ. 

[74, 91]. 

ʌʦʨʤʘʪ ʆʩʅʨ ʟʛʽʜʥʦ ʨʦʙʽʪ [73, 92ï94] ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʥʘʩʪʫʧʥʦʤʫ 

ʚʠʛʣʷʜʽ: 

nrO X(K),p=
      (2.2) 
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ʜʝ nrO  ï ʆʩʅʨ ʟ ʤʥʦʞʠʥʦʶ ʢʦʥʪʝʢʩʪʥʠʭ ʦʧʠʩʽʚ K  (ʦʧʠʩʠ) ʢʦʥʮʝʧʪʽʚ ʪʝʦʨʽʾ 

X , p  ï ʚʽʜʥʦʰʝʥʥʷ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʢʦʥʪʝʢʩʪʽʚ, ʷʢʝ ʚʠʟʥʘʯʘʻ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ 

ʢʦʥʮʝʧʪʽʚ X  ʚ ʪʝʢʩʪʽ ʪʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʣʘʜʘʥʥʷ ʾʭ ʢʦʥʪʝʢʩʪʽʚ ʂ. 

ʊʦʙʪʦ ʩʠʩʪʝʤʘ nrO  ʻ ʬʦʨʤʘʣʴʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʥʘʨʘʪʠʚʫ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʧʦʨʷʜʢʦʚʘʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʢʦʥʪʝʢʩʪʥʠʭ ʦʧʠʩʽʚ ʬʘʢʪʽʚ, 

ʧʨʦʮʝʩʽʚ ʽ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʚʥʦʾ ʪʝʦʨʽʾ [73, 92ï94]. 

ʌʦʨʤʘʪ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʆʩʅʨ ʫ ʚʠʛʣʷʜʽ ʬʦʨʤʫʣʠ (2.2.) ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʷʢ 

ʦʥʪʦʣʦʛʽʶ, ʘʢʩʽʦʤʘʪʠʢʘ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʜʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʚʧʦʨʷʜʢʫʚʘʥʥʷ, 

ʜʣʷ ʪʝʢʩʪʽʚ ʚʽʜʥʦʰʝʥʥʷʤ ʩʪʨʦʛʦʛʦ ʧʦʨʷʜʢʫ. ʎʝ ʚʽʜʥʦʰʝʥʥʷ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʘʚʠʣʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜ ʢʦʥʪʝʢʩʪʫ ʦʜʥʦʛʦ 

ʢʦʥʮʝʧʪʫ (ʬʦʨʤʫʣʘ (2.2) X(K)  ʜʦ ʢʦʥʪʝʢʩʪʥʦʛʦ ʦʧʠʩʫ ʽʥʰʦʛʦ ʢʦʥʮʝʧʪʫ. 

ʌʘʢʪʠʯʥʦ nrO , ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʬʦʨʤʘʪʽ ʬʦʨʤʫʣʠ (2.2) ʷʚʣʷʻ ʩʦʙʦʶ ʧʘʩʠʚʥʫ 

ʩʠʩʪʝʤʫ ʟʥʘʥʴ ʟʘ ʚʠʟʥʘʯʝʥʦʶ ʚ ʆʩʅʨ ʪʝʦʨʽʻʶ. ʇʽʜ ʧʘʩʠʚʥʦʶ ʩʠʩʪʝʤʦʶ ʟʥʘʥʴ 

ʜʘʣʽ ʙʫʜʴʤʦ ʨʦʟʫʤʽʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʜʘʥʠʭ ʥʘʜ ʥʝʶ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʬʫʥʢʮʽʡ 

ʚʟʘʻʤʦʜʽʾ. ɹʽʣʴʰ ʪʦʛʦ ʬʦʨʤʘʪ ʩʠʩʪʝʤʠ ʚʠʜʫ (2.2) ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʆʩʅʨ ʥʝ 

ʚʢʣʶʯʘʻ ʜʦ ʩʝʙʝ ʛʽʧʝʨʚʣʘʩʪʠʚʦʩʪʽ ʢʦʥʩʦʣʽʜʘʮʽʾ ʽʟ ʢʦʥʪʝʢʩʪʘʤʠ ʽʥʰʠʭ ʆʩʅʨ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʮʠʤʠ ʢʦʥʪʝʢʩʪʘʤʠ. 

ʇʝʚʥʘ ʥʝʧʦʨʦʞʥʷ ʤʥʦʞʠʥʘ ʪʘʢʠʭ ʥʘʨʘʪʠʚʽʚ ʫʪʚʦʨʶʻ ʧʘʩʠʚʥʫ 

ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʫ ʩʠʩʪʝʤʫ ʟʥʘʥʴ ʫ ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ ʨʽʟʥʦʪʝʤʘʪʠʯʥʠʭ 

ʪʝʢʩʪʽʚ [38, 73, 97ï102, 86ï89, 91, 92, 95, 96]. ɰʭ ʟʚôʷʟʫʚʘʥʥʷ ʤʽʞ ʩʦʙʦʶ ʪʘ 

ʫʪʚʦʨʶʚʘʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ ʧʝʚʥʠʭ ʥʦʚʽʪʥʽʭ ʪʝʢʩʪʽʚ, ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʟʘʩʘʜʘʭ 

ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʩʪʽ. ʇʨʠ ʨʦʟʛʣʷʜʽ ʩʠʩʪʝʤ ʚʠʜʫ (2.2) ʤʦʞʝʤʦ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʪʽʣʴʢʠ ʤʽʞʢʦʥʪʝʢʩʪʥʽ ʟʚ'ʷʟʢʠ ʩʪʨʦʛʦ ʚʧʦʨʷʜʢʫʚʘʥʥʷ, ʪʦʙʪʦ 

ʫʪʚʦʨʶʚʘʪʠ ʢʽʥʮʝʚʽ ʩʪʨʦʛʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʜʫ: 

i jX (K ) | i 1,n; j 1,m= =
uur uuur

    (2.3) 

ɺʠʨʘʟ (2.3) ʽʥʪʝʨʧʨʝʪʫʻ ʧʘʩʠʚʥʫ ʽʥʪʝʛʨʘʮʽʶ ʢʦʥʪʝʢʩʪʽʚ ʥʘʨʘʪʠʚʽʚ ʚʠʜʫ (2.2) 

ʫ ʬʦʨʤʘʪʽ ʧʦʩʣʽʜʦʚʥʦʛʦ ʾʭ ʨʦʟʤʽʱʝʥʥʷ. ɼʣʷ ʡʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʽʥʪʝʨʘʢʪʠʚʥʫ 

ʬʦʨʤʫ ʚʠʜʫ (2.1) ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʾ 
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ʦʧʝʨʘʮʽʦʥʘʣʴʥʦʩʪʽ [38, 73, 101, 102, 91, 92, 95ï100]: ʦʙʨʦʙʣʝʥʥʷ, ʢʦʤʫʥʽʢʘʮʽʷ 

ʪʘ ʚʠʙʽʨ [38, 73, 89, 103, 104]. 

ʊʦʙʪʦ ʢʦʞʝʥ ʆʩʅʨ ʚʽʜʦʙʨʘʞʘʻ ʟʘ ʩʚʦʾʤ ʟʤʽʩʪʦʤ ʜʝʷʢʫ ʤʥʦʞʠʥʫ ʪʝʤʘʪʠʯʥʠʭ 

ʟʥʘʥʴ , ʱʦ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʬʦʨʤʘʪʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʚʠʨʘʟʽʚ [91], 

ʘ ʩʘʤʝ: ʚʠʩʣʦʚʣʶʚʘʥʥʷ, ʩʫʜʞʝʥʥʷ, ʚʠʩʥʦʚʢʠ ʪʘ ʪʚʝʨʜʞʝʥʥʷ ʧʨʦ ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʝʜʤʝʪʥʦ-ʪʝʤʘʪʠʯʥʠʭ ʬʘʢʪʽʚ ʪʝʦʨʽʾ ʆʩʅʨ. ʅʘʜ ʦʧʠʩʘʤʠ ʬʘʢʪʽʚ, ʷʢ ʢʦʥʪʝʢʩʪʽʚ 

ʢʦʥʮʝʧʪʽʚ ʪʝʦʨʽʾ ʆʩʅʨ, ʟʘʜʘʻʪʴʩʷ ʧʝʚʥʘ ʤʥʦʞʠʥʘ ʚʽʜʥʦʰʝʥʴ, ʱʦ ʚ ʦʥʪʦʣʦʛʽʾ 

nrO  ʆʩʅʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʘʢʩʽʦʤʘʤʠ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʧʦʜʘʥʥʷ ʧʝʚʥʦʾ 

ʧʨʝʜʤʝʪʥʦ-ʪʝʤʘʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʪʝʦʨʽʾ ʆʩʅʨ.  

ɿʤʽʩʪ ʆʩʅʨ ʧʨʝʜʩʪʘʚʣʷʻ ʧʦʥʷʪʽʡʥʫ ʩʠʩʪʝʤʫ ʪʝʦʨʽʾ, ʱʦ ʚʠʚʯʘʻʪʴʩʷ ʫʯʥʝʤ 

[80, 84] . ʅʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʽ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʩʚʽʪʥʶ 

ʩʧʝʮʠʬʽʢʫ ʆʩʅʨ, ʦʨʽʻʥʪʦʚʥʽ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʨʝʜʤʝʪʥʦ-ʪʝʤʘʪʠʯʥʦʾ 

ʢʦʤʧʝʪʝʥʮʽʾ ʫʯʥʷ. ʋʤʦʚʠ ʾʾ ʬʦʨʤʫʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ 

ʽʥʪʝʨʧʨʝʪʘʮʽʻʶ ʫʯʥʝʤ ʫʩʽʻʾ ʧʦʥʷʪʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʝʦʨʽʾ ʱʦ ʚʠʚʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʟʤʽʩʪʫ ʆʩʅʨ, ʷʢʘ ʚʢʣʶʯʘʻ ʫʩʶ ʘʢʩʽʦʤʘʪʠʢʫ ʪʝʦʨʽʾ ʆʩʅʨ, ʾʾ ʬʫʥʢʮʽʾ, ʩʠʥʪʘʢʩʠʯʥʽ 

ʪʘ ʤʦʨʬʦʣʦʛʽʯʥʽ ʦʩʥʦʠ ʪʝʦʨʽʾ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʟʤʽʩʪ ʆʩʅʨ. ʎʽ ʫʤʦʚʠ ʻ ʦʩʥʦʚʦʶ 

ʨʝʘʣʽʟʘʮʽʾ ʦʧʝʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʫʯʥʽʚ, ʬʫʥʢʮʽʾ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʩʦʣʽʜʦʚʘʥʫ ʚʟʘʻʤʦʜʽʶ ʟ ʨʽʟʥʠʤʠ ʆʩʅʨ, 

ʥʘ ʟʘʩʘʜʘʭ ʚʠʷʚʣʝʥʥʷ ʟʚôʷʟʥʦʩʪʽ ʾʭ ʢʦʥʪʝʢʩʪʽʚ ʢʦʥʮʝʧʪʽʚ, ʱʦ ʚʠʟʥʘʯʝʥʦ ʫ 

ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʟʘʚʜʘʥʥʷʭ.  

ʉʧʨʦʤʦʞʥʽʩʪʴ ʚʢʘʟʘʥʦʾ ʢʦʥʩʦʣʽʜʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʚʥʦʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʚ ʆʩʅʨ ʧʦʥʷʪʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʝʦʨʽʾ, ʱʦ ʚʠʚʯʘʻʪʴʩʷ ʫʯʥʝʤ. ʎʝ ʻ ʧʝʚʥʦʶ ʫʤʦʚʦʶ 

ʢʦʤʧʝʪʝʥʪʥʦʾ ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫʯʥʷ ʚʞʝ ʟ ʩʠʩʪʝʤʥʠʤʠ ʩʢʣʘʜʥʠʢʘʤʠ 

STEM-ʩʝʨʝʜʦʚʠʱʘ, ʦʧʝʨʘʮʽʦʥʘʣʴʥʽʩʪʴ ʷʢʦʛʦ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʟʘʩʘʜʘʭ ʦʥʪʦʣʦʛʽʡ 

ʆʩʅʨ. ʉʘʤʘ ʧʦʥʷʪʽʡʥʘ ʩʠʩʪʝʤʘ ʪʝʦʨʽʾ ʆʩʅʨ ʷʚʣʷʻ ʩʦʙʦʶ ʟʥʘʥʥʻʚʦ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʷʜʨʦ ʦʧʝʨʘʮʽʦʥʘʣʴʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʫʯʥʷ. ɿʜʘʪʥʽʩʪʴ ʢʦʥʩʦʣʽʜʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʥʥʻʚʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʝ 

ʷʜʨʦ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʫ ʙʫʜʴ-ʷʢʦʛʦ ʫʯʥʷ, ʚʠʟʥʘʯʘʻ ʨʽʚʥʽ ʡʦʛʦ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʪʘ 

ʦʩʚʽʯʝʥʦʩʪʽ.  
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ʊʦʤʫ ʟʥʘʯʫʱʽʩʪʴ ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʨʘʪʠʚʫ ʚ STEM-ʩʝʨʝʜʦʚʠʱʽ ʜʣʷ ʧʟ̔ʥʘʚʘʣʴʥʦʾ 

ʦʧʝʨʘʮʽʦʥʘʣʴʥʦʩʪʽ ʫʯʥʽʚ ʜʫʞʝ ʚʠʩʦʢʘ.  

ʆʜʥʘʢ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʩʴʦʛʦʜʥʽ ʚʠʟʥʘʯʘʶʪʴ ʪʘ ʨʦʟʚʠʚʘʶʪʴʩʷ ʫ 

ʦʩʚʽʪʥʽʭ ʩʝʨʝʜʦʚʠʱʘʭ ʚʠʩʫʚʘʶʪʴ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ nrO  ʆʩʅʨ ʚʠʜʫ (2.2) ʧʝʚʥʽ ʚʠʤʦʛʠ ʱʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʚʢʣʶʯʘʶʪʴ ʥʘʷʚʥʽʩʪʴ ʬʫʥʢʮʽʡ ʟʘʙʝʟʧʝʯʠʪʠ ʽʥʪʝʨʘʢʪʠʚʥʫ ʽ ʢʦʥʩʦʣʽʜʦʚʘʥʫ 

ʚʟʘʻʤʦʜʽʶ ʟ ʫʯʥʝʤ. ʎʝ ʤʦʞʣʠʚʝ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘ ʟʘʩʘʜʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ɯʊ-ʪʝʭʥʦʣʦʛʽʡ, ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʟʘʩʦʙʠ ʷʢʠʭ ʨʝʘʣʽʟʫʶʪʴ 

ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʆʩʅʨ ʚ ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʬʦʨʤʘʪ, ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʩ̔ʪʴ ʡʦʛʦ 

ʟʤʽʩʪʫ ʟ ʽʥʰʠʤʠ ʆʩʅʨ, ʢʦʥʩʦʣʽʜʘʮʽʶ ʟ ʩʠʩʪʝʤʘʤʠ ʘʢʪʠʚʥʠʭ ʪʘ ʧʘʩʠʚʥʠʭ 

ʪʝʤʘʪʠʯʥʠʭ ʟʥʘʥʴ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʪʝʦʨʽʶ, ʷʢʫ ʚʠʚʯʘʻ ʫʯʝʥʴ. 

ʋʤʦʚʠ ʢʦʥʩʦʣʽʜʘʮʽʾ ʟʤʽʩʪʫ ʆʩʅʨ, ʱʦ ʧʨʝʜʩʪʘʚʠʤ ʫ ʬʦʨʤʘʪʽ (2.2) 

ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ nrO  ʟ ʢʦʥʪʝʢʩʪʘʤʠ ʽʥʰʠʭ ʆʩʅʨ, ʷʢʽ ʽʥʢʘʧʩʫʣʴʦʚʘʥʽ ʫ 

STEM-ʩʝʨʝʜʦʚʠʱʝ, ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʟʘʩʘʜʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʛʥʽʪʠʚʥʠʭ 

ʬʫʥʢʮʽʡ ʧʦʰʫʢʫ, ʢʘʪʝʛʦʨʠʟʘʮʽʾ, ʢʣʘʩʠʬʽʢʘʮʽʾ, ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ, ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʶʚʘʥʥʷ, ʚʠʙʦʨʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ, ʚʠʷʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʾʭ 

ʧʨʝʜʤʝʪʥʦ-ʪʝʤʘʪʠʯʥʦʾ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʟʘ ʟʤʽʩʪʦʤ ʽʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟʥʘʥʴ 

STEM-ʩʝʨʝʜʦʚʠʱʘ. ʊʦʤʫ ʤʽʞ ʫʯʥʝʤ ʪʘ STEM-ʩʝʨʝʜʦʚʠʱʝʤ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʢʦʥʩʦʣʽʜʦʚʘʥʘ ʚʟʘʻʤʦʜʽʷ, ʷʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʬʦʨʤʘʪʽ ʥʘʨʘʪʠʚʥʦʛʦ ʜʠʩʢʫʨʩʫ 

[73, 74, 77, 78, 85, 105ï107]. 

ʆʩʅʨ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʬʦʨʤʘʪʽ (2.2) ʦʥʪʦʣʦʛʽʾ nrO , ʬʘʢʪʠʯʥʦ 

ʩʧʨʦʤʦʞʝʥ ʧʨʝʜʩʪʘʚʠʪʠ ʫʯʥʶ ʘʢʩʽʦʤʘʪʠʢʫ ʧʦʥʷʪʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʝʦʨʽʾ, ʱʦ ʚʽʥ 

ʚʠʚʯʘʻ, ʡ ʟʤʽʩʪ ʷʢʦʾ ʦʧʠʩʫʻʪʴʩʷ ʧʝʚʥʦʶ ʤʥʦʞʠʥʦʶ ʧʨʝʜʤʝʪʥʦ-ʪʝʤʘʪʠʯʥʠʭ 

ʆʩʅʨ. nrO  ʚʢʣʶʯʘʻ ʜʦ ʩʚʦʻʾ ʩʪʨʫʢʪʫʨʠ ʫʩʶ ʤʥʦʞʠʥʫ ʪʝʨʤʽʥʦʣʦʛʽʾ ʪʘ 

ʧʦʥʷʪʴ/ʢʦʥʮʝʧʪʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʚʠʨʘʟʘʤ (2.1) ʽ (2.2) ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ 

ʤʽʞʢʦʥʪʝʢʩʪʥʽ ʚʟʘʻʤʦʟʚôʷʟʢʠ. ɺʢʘʟʘʥʫ ʤʥʦʞʠʥʫ ʪʝʨʤʽʥʦʣʦʛʽʾ ʪʘ 

ʧʦʥʷʪʴ/ʢʦʥʮʝʧʪʽʚ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʪʝʨʤʽʥʦʧʦʣʝ ʆʩʅʨ [93]. ʊʝʨʤʽʥʦʧʦʣʝ 

ʚʠʟʥʘʯʘʻ ʧʦʥʷʪʽʡʥʫ ʧʣʘʪʬʦʨʤʫ ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫʯʥʽʚ ʟ 
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ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ STEM-ʩʝʨʝʜʦʚʠʱʘ, ʷʢʝ ʚʢʣʶʯʘʻ ʦʥʪʦʣʦʛʽʯʥʽ 

ʤʦʜʝʣʽ ʬʦʨʤʘʪʫ nrO  ʤʥʦʞʠʥ ʆʩʅʨ.  

ɺʟʘʻʤʦʟʚ'ʷʟʢʠ ʢʦʥʪʝʢʩʪʽʚ ʧʦʥʷʪʴ/ʢʦʥʮʝʧʪʽʚ, ʱʦ ʚʠʢʣʘʜʘʶʪʴʩʷ ʚ ʆʩʅʨ, 

ʟʛʽʜʥʦ ʬʦʨʤʘʪʫ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ (2.1) ʽ (2.2) ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʘʢʩʽʦʤʘʪʠʯʥʦʶ ʤʥʦʞʠʥʦʶ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺʦʥʠ ʩʘʤʽ ʪʘ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʘ 

ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʟʛʽʜʥʦ (2.1) ʽ (2.2) ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʧʦʨʷʜʢʦʚʘʥʠʤʠ ʢʦʥʪʝʢʩʪʘʤʠ 

ʧʦʥʷʪʴ/ʢʦʮʝʧʪʽʚ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʧʨʝʜʤʝʪʥʦ-ʪʝʤʘʪʠʯʥʠʡ ʟʤʽʩʪ 

ʤʥʦʞʠʥʠ ʆʩʅʨ, [94]. ɺʢʘʟʘʥʽ ʤʥʦʞʠʥʠ ʻ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʬʦʨʤʫʚʘʥʥʷ 

ʪʝʦʨʽʾ, ʷʢʘ ʚʠʚʯʘʻʪʴʩʷ ʫʯʥʝʤ ʫ ʬʦʨʤʘʪʽ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʩʭʝʤʠ, ʱʦ ʫʪʚʦʨʶʻ 

ʫʤʦʚʠ ʨʝʘʣʽʟʘʮʽʾ ʦʥʪʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ nrO  ʤʥʦʞʠʥʠ ʆʩʅʨ, ʷʢʽ ʦʧʠʩʫʶʪʴ 

ʧʦʣʦʞʝʥʥʷ ʮʽʻʾ ʪʝʦʨʽʾ [93, 94]. 

ɿʥʘʯʫʱʠʤ ʬʘʢʪʦʨʦʤ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʨʽʟʥʠʤʠ ʆʩʅʨ ʥʘ 

ʦʩʥʦʚʽ ʾʭ ʦʥʪʦʣʦʛʽʡ ʚʠʜʫ nrO , ʻ ʧʝʚʥʝ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʪʚʝʨʜʞʝʥʴ 

ʪʘ ʚʠʩʣʦʚʣʶʚʘʥʴ ʟ ʾʭ ʢʦʥʮʝʧʪʽʚ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ ʜʠʭʦʪʦʤʽʯʥʽʩʪʶ.   

ʎʝ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʧʨʝʜʠʢʘʪʫ ʚʠʜʫ: 

n m
1 n m l 1 1 i jPr X , ,X 1 X K    X K  X : K Ypx( ( ) ) ( ) ( ) : x(K) X Y$ "Ì Í $» = Ý Ì =U U

 (2.4) 

ʜʝ nX  ï ʧʨʦʩʪʽ ʢʦʥʮʝʧʪʠ ʟ ʚʠʟʥʘʯʝʥʠʤʠ ʢʦʥʪʝʢʩʪʘʤʠ K  ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʥʘʨʘʪʠʚʫ, p  ï ʚʽʜʥʦʰʝʥʥʷ ʩʪʨʦʛʦʛʦ ʧʦʨʷʜʢʫ ʥʘʜ ʢʣʘʩʘʤʠ ʢʦʥʮʝʧʪʽʚ i 1X | i ,n=
uur

, ʱʦ ʫʪʚʦʨʶʶʪʴ ʢʦʥʢʨʝʪʥʠʡ ʥʘʨʘʪʠʚʥʠʡ ʜʦʢʫʤʝʥʪ nrO  ʚʠʜʫ (2.2). 

ʇʨʠ ʥʫʣʴʦʚʦʤʫ ʟʥʘʯʝʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʧʨʝʜʠʢʘʪʫ ʚʠʜʫ (2.4) 

ʚʽʜʧʦʚʽʜʥʘ ʧʘʨʘ Ypx  ̔ ʟ ʢʦʥʮʝʧʪʽʚ ʥʘʨʘʪʠʚʥʦʛʦ ʦʧʠʩʫ ʥʝ ʫʪʚʦʨʶʻʪʴʩʷ. ʊʦʤʫ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʧʨʦʮʝʩʽ ʤʝʨʝʞʝʚʦʾ ʚʟʘʻʤʦʜʽʾ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ 

ʙʘʟʦʚʠʡ ʢʦʥʩʪʨʫʢʪʠʚ, ʥʘ ʷʢʠʡ ʘʢʩʽʦʤʘʪʠʯʥʽ ʦʙʤʝʞʝʥʥʷ ʥʝ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ.  
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2.2. ʊʘʢʩʦʥʦʤʽʷ ï ʧʦʥʷʪʽʡʥʘ ʦʩʥʦʚʘ ʚʟʘʻʤʦʜʽʾ ʟ ʦʩʚʽʪʥʽʤʠ STEM-

ʥʘʨʘʪʠʚʘʤʠ 

ɺ ʷʢʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʫʯʥʽʚ ʟʽ STEM-

ʩʝʨʝʜʦʚʠʱʝʤ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ ʢʦʥʩʦʣʽʜʘʮʽʷ ʩʝʤʘʥʪʠʢʠ ʡʦʛʦ ʟʥʘʥʴ ʪʘ 

ʩʝʤʘʥʪʠʢʠ STEM-ʥʘʨʘʪʠʚʽʚ,  ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʘʪʝʛʦʨʽʶ 

ʪʘʢʩʦʥʦʤʽʾ [73], ʱʦ ʤʘʻ ʧʝʨʝʚʘʛʠ ʟʘʩʪʦʩʫʚʘʥʥʷ: 

ʪʘʢʩʦʥʦʤʽʾ ʚʠʟʥʘʯʘʶʪʴ ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʦʥʪʦʣʦʛʽʾ [73]; 

ʚʫʟʣʠ ʪʘʢʩʦʥʦʤʽʡ ʤʽʩʪʷʪʴ ʢʦʥʪʝʢʩʪʥʽ ʦʧʠʩʠ ʾʭ ʩʤʠʩʣʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʭ 

ʚʚʘʞʘʪʠ ʢʦʥʮʝʧʪʘʤʠ; 

ʪʘʢʩʦʥʦʤʽʾ ʫʪʚʦʨʶʶʪʴʩʷ ʢʣʘʩʘʤʠ ʢʦʥʮʝʧʪʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʾʭ 

ʧʝʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟʛʽʜʥʦ ʚʠʟʥʘʯʝʥʥʷ ʦʥʪʦʣʦʛʽʾ (2.1); 

ʥʘʜ ʪʘʢʩʦʥʦʤʽʻ  ʁʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʘʥʽ ʧʝʚʥʽ ʛʽʧʝʨʚʽʜʥʦʰʝʥʥʷ, ʢʦʞʥʝ ʟ ʷʢʠʭ 

ʚʢʣʶʯʘʻ ʜʦ ʩʝʙʝ ʙʽʥʘʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʧʝʚʥʠʤʠ ʢʦʥʪʝʢʩʪʘʤʠ ʽ ʢʦʥʮʝʧʪʘʤʠ 

ʦʥʪʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ. 

ɺʠʜʽʣʠʤʦ ʪʘʢʩʦʥʦʤʽʶ ʟ ʬʦʨʤʫʣʠ (2.1). ɼʦʚʽʣʴʥʘ ʪʘʢʩʦʥʦʤʽʷ ʻ ʦʨʽʻʥʪʦʚʘʥʠʤ 

ʛʨʘʬʦʤ ʙʝʟ ʮʠʢʣʽʚ ʽ, ʟʛʽʜʥʦ [73, 104], ʫʪʚʦʨʶʻʪʴʩʷ ʢʦʥʮʝʧʪʘʤʠ, ʷʢʽ ʽʻʨʘʨʭʽʯʥʦ 

ʚʟʘʻʤʦʟʚôʷʟʘʥʠʤʠ ʤʽʞ ʩʦʙʦʶ. ʊʦʙʪʦ ʾʾ ʚʠʟʥʘʯʘʻ ʫʧʦʨʷʜʢʦʚʘʥʘ ʧʘʨʘ ʚʠʜʫ: 

tT X,R=< >      (2.5) 

ʜʝ T  ï ʪʘʢʩʦʥʦʤʽʷ, X  ï ʤʥʦʞʠʥʘ ʢʦʥʮʝʧʪʽʚ, tR  ï ʤʥʦʞʠʥʘ ʙʽʥʘʨʥʠʭ 

ʚʽʜʥʦʰʝʥʴ ʤʽʞ ʢʦʥʮʝʧʪʘʤʠ ʪʘʢʩʦʥʦʤʽʾ T . 

ʗʢ ʙʘʯʠʤʦ ʬʦʨʤʫʣʘ (2.5) ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʽʟ ʬʦʨʤʫʣʠ (2.1) ʥʘ ʧʨʠ ʫʤʦʚʽ 

ʚʠʜʽʣʝʥʥʷ ʪʽʣʴʢʠ ʤʥʦʞʠʥ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʥʮʝʧʪʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʘʢʩʽʦʤʘʪʠʢʫ 

ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʧʨʝʜʤʝʪʥʦ ʾʦʙʣʘʩʪ ̔ʟ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʷʢʦʾ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʤʝʨʝʞʝʚʘ ʚʟʘʻʤʦʜʽʷ.  

ʇʨʦʪʝ ʥʘ ʪʘʢʩʦʥʦʤʽʯʥʦʤʫ ʨʽʚʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ, ʡ ʦʩʦʙʣʠʚʝ 

ʥʘʨʘʪʠʚʠ, ʧʨʝʜʩʪʘʚʠʤʠ ʧʝʚʥʠʤ ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʫ ʬʦʨʤʘʪʽ ʛʽʧʝʨʤʥʦʞʠʥʠ 

ʪʘʢʩʦʥʦʤʽʡ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʦʥʪʦʣʦʛʽʾ ʥʘʨʘʪʠʚʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʩʚʦʾʤʠ ʤʥʦʞʠʥʘʤʠ ʘʢʩʽʦʤ, ʷʢʽ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ. ɸʢʩʽʦʤʘʪʠʢʘ ʦʥʪʦʣʦʛʽʡ 
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ʚʠʟʥʘʯʘʪ̒ʴʩʷ ʥʘ ʦʩʥʦʚʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʤʠʩʣʽʚ ʢʦʥʪʝʢʩʪʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʢʦʥʮʝʧʪʠ ʥʘʨʘʪʠʚʽʚ ʜʣʷ ʷʢʠʭ ʬʦʨʤʫʶʪʴʩʷ ʩʧʦʯʘʪʢʫ ʪʘʢʩʦʥʦʤʽʾ, ʘ ʜʘʣʽ ï 

ʦʥʪʦʣʦʛʽʾ.  

ʂʦʥʪʝʢʩʪʠ ʚʫʟʣʽʚ ʪʘʢʩʦʥʦʤʽʡ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʝʣʝʤʝʥʪʠ ʧʝʚʥʠʭ ʟʥʘʥʴ. ʇʨʠ 

ʫʤʦʚʽ ʱʦ ʮʽ ʢʦʥʪʝʢʩʪʠ ʟʚô̫ ʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʧʝʚʥʠʤʠ ʚʽʜʥʦʰʝʥʥʷʤʠ, ʪʦ ʤʠ ʤʘʻʤʦ 

ʥʘ ʦʩʥʦʚʽ ʾʭ ʢʦʥʮʝʧʪʽʚ ʧʝʚʥʠʡ ʬʨʘʛʤʝʥʪ ʢʘʨʪʠʥʠ ʩʚʽʪʫ. ʄʥʦʞʠʥʫ 

ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʚʠʟʥʘʯʘʻ ʛʽʧʝʨʚʣʘʩʪʠʚʽʩʪʴ ʨʝʬʣʝʢʩʽʾ, ʷʢʘ ʨʝʘʣʽʟʫʻ 

ʧʨʦʮʝʜʫʨʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫʩʽʭ ʪʘʢʩʦʥʦʤʽʡ ʩʘʤʠʭ ʥʘ ʩʝʙʝ. ʊʘʢʝ ʨʝʬʣʝʢʩʠʚʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘʢʩʦʥʦʤʽʾ ʩʘʤʦʾ ʥʘ ʩʝʙʝ, ʟʛʽʜʥʦ ʧʨʘʮʴ [73, 104], 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʷʢ ʚʝʨʙʘʣʴʥʝ. ʎʝ ʩʣʽʜʫʻ ʟ ʬʘʢʪʫ, ʱʦ ʚʫʟʣʠ ʜʦʚʽʣʴʥʦʾ 

ʪʘʢʩʦʥʦʤʽʾ ʫʪʚʦʨʶʶʪʴ ʢʦʥʢʨʝʪʥʽ ʚʠʩʣʦʚʣʶʚʘʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ 

ʽʩʪʠʥʥʦʩʪʽ. 

ɿʛʽʜʥʦ ʨʦʙʦʪʠ [72, 74, 106] ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘʢʩʦʥʦʤʽʡ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʬʦʨʤʘʪʽ ʥʘʩʪʫʧʥʦʛʦ ʚʠʨʘʟʫ: 

n m
Rt Rt t n t m tT {T | R X (K ),Y (K ) }= =<< >>

(
   (2.6) 

ɺʠʨʘʟ (2.6) ʚʠʟʥʘʯʘʻ ʥʘʩʪʫʧʥʝ: ʤʥʦʞʠʥʘ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘʢʩʦʥʦʤʽʡ T
(
, ʷʢ 

ʛʽʧʝʨʤʥʦʞʠʥʘ, ʫʪʚʦʨʶʻʪʴʩʷ ʫʩʽʤʘ ʪʘʢʩʦʥʦʤʽʷʤʠ T, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʦʽʥʪʝʨʧʨʝʪʦʚʘʥʽ ʷʢ ʢʦʥʮʝʧʪʠ-ʟʛʦʨʪʢʠ, ʱʦ ʤʘʶʪʴ ʙʽʥʘʨʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʩʦʙʦʶ 

ʡ ʫʪʚʦʨʶʶʪʴ ʚʢʣʘʜʝʥʽ ʢʦʨʪʝʞʽ. ʂʦʞʝʥ ʪʘʢʠʡ ʢʦʥʮʝʧʪ-ʟʛʦʨʪʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʥʦʞʠʥʦʶ ʢʦʥʪʝʢʩʪʽʚ ʚʠʜʫ ï 
n
tK . ʊʝʧʝʨ ʤʠ ʤʦʞʝʤʦ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʢʦʥʩʦʣʽʜʘʮʽʷ STEM-ʥʘʨʘʪʠʚʽʚ, ʤʥʦʞʠʥʘ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʽʧʝʨʚʣʘʩʪʠʚʽʩʪʶ ʨʝʬʣʝʢʩʽʾ, ʫʪʚʦʨʶʻʪʴʩʷ ʚ 

ʬʦʨʤʘʪʽ ʥʘʨʘʪʠʚʥʦʛʦ ʜʠʩʢʫʨʩʫ ʥʘ ʟʘʩʘʜʘʭ ʛʽʧʝʨʚʽʜʥʦʰʝʥʴ, ʱʦ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʤʽʞ ʢʦʥʮʝʧʪʘʤʠ ʮʠʭ ʪʘʢʩʦʥʦʤʽʡ. ʊʦʙʪʦ ʢʦʥʩʦʣʽʜʘʮʽʷ STEM-

ʥʘʨʘʪʠʚʽʚ ʷʚʣʷʻ ʩʦʙʦʶ ʚʝʨʙʘʣʴʥʦ ʘʢʪʠʚʥʫ ʬʫʥʢʮʽʶ. ʎʷ ʬʫʥʢʮʽʷ ʻ 

ʽʥʪʝʨʧʨʝʪʘʮʽʻʶ ʛʽʧʝʨʚʽʜʥʦʰʝʥʥʷ, ʷʢʝ ʟʘʜʘʥʘ ʥʘʜ ʫʩʽʤʘ ʢʦʥʪʝʢʩʪʘʤʠ ʚʝʨʙʘʣʴʥʦ-

ʘʢʪʠʚʥʦʶ ʬʫʥʢʮʽʻʶ, ʷʢʘ ʨʝʘʣʽʟʫʻ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʤʥʦʞʠʥʠ ʙʽʥʘʨʥʠʭ ʚʽʜʥʦʰʝʥʴ 
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ʤʽʞ ʫʩʽʤʘ ʢʦʥʪʝʢʩʪʘʤʠ ʆʩʅʨ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʤʠʩʣʠ ʢʦʥʮʝʧʪʽʚ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʟʤʽʩʪ ʪʝʦʨʽʾ ʱʦ ʚʠʚʯʘʻʪʴʩʷ ʚ STEM-ʩʝʨʝʜʦʚʠʱʽ. 

ʋʤʦʚʠ ʪʘʢʩʦʥʦʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ STEM-ʥʘʨʘʪʠʚʽʚ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ 

ʬʦʨʤʘʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʧʨʝʜʠʢʘʪʫ, ʦʧʠʩʘʥʦʛʦ ʚ ʧʫʙʣʽʢʘʮʽʷʭ [73]: 

1 nPr(x ,...,x ) 0 T T : x X Y X :T YGrx= Ý$ Ì " Í $ Ì =
(

   (2.7) 

ʜʝ nx  ï ʧʨʦʩʪʽ ʢʦʥʮʝʧʪʠ ʪʘʢʩʦʥʦʤʽʡ T  ʡ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ T
(

, G  

ï ʛʽʧʝʨʚʣʘʩʪʠʚʽʩʪʴ ʢʣʘʩʫ ʢʦʥʮʝʧʪʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʢʦʥʢʨʝʪʥʫ ʪʘʢʩʦʥʦʤʽʶ, ʫ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ï Y . 

ɿʛʽʜʥʦ [73] ʚʝʨʙʘʣʴʥʦ-ʘʢʪʠʚʥʘ ʨʝʬʣʝʢʩʽʷ ʻ ʧʝʨʝʜʫʤʦʚʦʶ ʽʩʥʫʚʘʥʥʷ 

ʚʝʨʙʘʣʴʥʦ-ʘʢʪʠʚʥʦʾ ʨʝʢʫʨʩʽʾ. ʇʦʟʥʘʯʠʤʦ ʚʝʨʙʘʣʴʥʦ-ʘʢʪʠʚʥʫ ʨʝʬʣʝʢʩʽʶ ʯʝʨʝʟ 

fF . 

f(F : X X Y)­ ­      (2.8) 

ɼʣʷ ʨʦʟʢʨʠʪʪʷ ʧʝʨʝʪʚʦʨʝʥʥʷ (2.8) ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʬʦʨʤʫʣʦʶ, ʱʦ ʚʠʟʥʘʯʝʥʘ 

ʚ ʨʦʙʦʪʘʭ [72, 74, 106], ʡ ʷʢʘ ʚʠʨʘʟ (2.8) ʧʝʨʝʪʚʦʨʶʻ ʫ ʨʝʢʫʨʩʠʚʥʠʡ ʬʦʨʤʘʪ 

ʚʠʜʫ: 

f

f

F (X,T) T

F (X) T

XGx

ë ­
î
=ì
î
í

( (

     (2.9) 

ʇʨʘʚʠʣʘ (2.5) ï (2.9) ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ ʢʦʥʩʦʣʽʜʘʮʽʾ ʫʩʽʭ ʢʦʥʮʝʧʪʽʚ ʧʝʚʥʦʾ 

ʤʥʦʞʠʥʠ ʆʩʅʨ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʤʥʦʞʠʥʠ ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʪʘʢʩʦʥʦʤʽʡ ʾʭ ʢʦʥʮʝʧʪʽʚ ʽʟ ʨʽʟʥʠʭ ʪʝʦʨʽʡ, ʱʦ ʚʠʚʯʘʶʪʴ ʫʯʥʽ. ɹʽʣʴʰʝ ʪʦʛʦ, 

ʬʘʢʪʠʯʥʦ ʢʦʥʩʦʣʽʜʘʮʽʷ ʷʚʣʷʻ ʩʦʙʦʶ ʧʝʚʥʫ ʙʘʟʫ ʟʥʘʥʴ, ʷʢʘ ʦʙôʻʜʥʫʻ ʬʘʢʪʠ ʽʟ 

ʨʽʟʥʠʭ ʪʝʦʨʽʡ, ʘ, ʦʪʞʝ, ï ʨʽʟʥʽ ʤʝʨʝʞʝʚʽ ʆʩʅʨ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʠ ʢʦʥʩʦʣʽʜʫʚʘʣʠ ʚʩʽ ʢʦʥʮʝʧʪʠ ʧʝʚʥʦʾ ʤʥʦʞʠʥʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʨʽʟʥʦʤʘʥʽʪʪʷ 

T
(

 ʪʘʢʩʦʥʦʤʽʡ T  ʢʦʥʮʝʧʪʽʚ ʽʟ ʨʽʟʥʠʭ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ.   

ʈʦʟʛʣʷʜʘʶʯʠ ʢʘʪʝʛʦʨʽʶ ʢʦʥʩʦʣʽʜʘʮʽʾ ʚʟʘʻʤʦʜʽʾ, ʷʢʫ ʤʠ ʚʠʟʥʘʯʠʣʠ ʫ 

ʧʽʜʨʦʟʜʽʣʽ 2.1, ʷʢ ʪʘʢʩʦʥʦʤʽʯʥʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ 
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ʫʪʚʦʨʶʶʪʴʩʷ ʢʦʥʮʝʧʪʘʤʠ ʾʭ ʪʘʢʩʦʥʦʤʽʡ ʪʘ ʤʘʶʪʴ ʩʪʽʡʢʽ ʤʽʞʢʦʥʪʝʢʩʪʽ ʟʚôʷʟʢʠ, 

ʚʠʟʥʘʯʠʤ ʱʦ ʾʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʫʤʦʚʠ ʘʢʪʠʚʥʦʛʦ ʧʨʦʷʚʫ ʚʝʨʙʘʣʴʥʦ-ʘʢʪʠʚʥʠʭ 

ʨʝʬʣʝʢʩʽʾ ʽ ʨʝʢʫʨʩʽʾ, ʷʢʽ ʟʘʜʘʥʽ ʥʘʜ ʪʘʢʩʦʥʦʤʽʷʤʠ STEM-ʥʘʨʘʪʠʚʽʚ, ʱʦ ʟʘʜʽʷʥʽ 

ʚ ʥʘʚʯʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ. ɿʛʽʜʥʦ [73], ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʥʘʨʘʪʠʚʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʝʨʙʘʣʴʥʦ-ʘʢʪʠʚʥʠʭ ʬʫʥʢʮʽʡ ʨʝʬʣʝʢʩʽʾ ʽ ʨʝʢʫʨʩʽʾ, ʧʝʨʝʪʚʦʨʶʻ ʾʭ ʫ 

ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʠʡ ʬʦʨʤʘʪ. ʊʦʙʪʦ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʽʩʪʴ ʻ 

ʛʽʧʝʨʚʣʘʩʪʠʚʽʩʪʶ ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫʯʥʽʚ ʟʽ STEM-ʥʘʨʘʪʠʚʘʤʠ. ɰʾ 

ʘʢʪʠʚʘʮʽʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʬʦʨʤʘʪʽ ʢʦʛʥʽʪʠʚʥʦ-ʢʦʤʫʥʽʢʘʪʠʚʥʦʛʦ ʘʢʪʫ ʤʽʞ 

ʚʽʜʧʦʚʽʜʥʠʤʠ STEM-ʥʘʨʘʪʠʚʘʤʠ ʪʘ ʫʯʥʷʤʠ.  

2.3. ʌʦʨʤʫʚʘʥʥʷ ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫʯʥʽʚ ʟ STEM-ʩʝʨʝʜʦʚʠʱʝʤ 

ʥʘ ʦʩʥʦʚʽ ʥʘʨʘʪʠʚʥʦʛʦ ʜʠʩʢʫʨʩʫ 

ʄʽʞʢʦʥʪʝʢʩʪʥʘ ʟʚôʷʟʥʽʩʪʴ STEM-ʥʘʨʘʪʠʚʽʚ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʯʝʨʝʟ 

ʧʦʥʷʪʪʷ ʜʠʩʢʫʨʩʫ. ɼʠʩʢʫʨʩ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʟʘʩʘʜʘʭ ʚʝʨʙʘʣʴʥʦ-ʘʢʪʠʚʥʦʾ 

ʨʝʬʣʝʢʩʽʾ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ  

[86]. ʊʝʭʥʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʡʦʛʦ ʘʢʪʠʚʘʮʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʟʘʩʘʜʘʭ ʬʦʨʤʫʚʘʥʥʷ 

ʢʦʛʥʽʪʠʚʥʦ-ʢʦʤʫʥʽʢʘʪʠʚʥʦʛʦ ʬʦʨʤʘʪʫ ʚʟʘʻʤʦʜʽʾ ʫʯʥʷ ʟ ʆʩʅʨ, ʥʘ ʟʘʩʘʜʘʭ ʷʢʦʛʦ 

ʘʢʪʠʚʫʶʪʴʩʷ ʤʽʞʢʦʥʪʝʢʩʪʥʽ ʟʚôʷʟʢʠ ʢʦʥʩʦʣʽʜʦʚʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʙʨʘʥʠʭ 

STEM-ʥʘʨʘʪʠʚʽʚ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʢʦʥʮʝʧʪʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʩʝʤʘʥʪʠʯʥʝ 

ʧʦʣʝ [14, 73, 86, 88, 89]. 

ʂʦʥʩʦʣʽʜʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʫʯʥʷ ʟʽ STEM-ʩʝʨʝʜʦʚʠʱʝʤ ʤʦʞʣʠʚʘ, ʷʢʱʦ 

ʢʦʥʮʝʧʪʠ STEM-ʥʘʨʘʪʠʚʽʚ ʩʠʩʪʝʤʦʣʦʛʽʯʥʦ ʚʠʟʥʘʯʝʥʽ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, 

ʪʘʢʩʦʥʦʤʽʯʥʝ ʨʽʟʥʦʤʘʥʽʪʪʷ T
(

, ʙʫʜʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʦʚʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʢʦʥʮʝʧʪʽʚ STEM-ʥʘʨʘʪʠʚʽʚ, ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʟʘʮʽʶ ʛʽʧʝʨʬʫʥʢʮʽʾ ʩʝʤʘʥʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʦʱʦ. ɿʛʽʜʥʦ [80] ʤʦʞʝʤʦ ʜʦʚʽʣʴʥʫ ʪʘʢʩʦʥʦʤʽʶ ʚʠʜʫ 

(2.2) ʯʠ ʪʘʢʩʦʥʦʤʽʯʥʝ ʨʽʟʥʦʤʘʥʽʪʪʷ (2.3) ʜʦʚʝʩʪʠ ʜʦ ʬʦʨʤʘʪʫ ʦʥʪʦʣʦʛʽʾ ʚʠʜʫ 

(2.1). ʎʝ ʜʦʟʚʦʣʷʻ ʥʘʤ ʚʠʟʥʘʯʠʪʠ ʜʣʷ ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ ʤʥʦʞʠʥʠ STEM-

ʥʘʨʘʪʠʚʚ̔ ʬʦʨʤʘʪ ʥʘʨʘʪʠʚʥʦʛʦ ʜʠʩʢʫʨʩʫ [14, 73, 86, 88, 89]. ɼʦʚʽʣʴʥʠʡ STEM-

ʥʘʨʘʪʠʚ, ʷʢ ʧʘʩʠʚʥʘ ʩʠʩʪʝʤʘ ʟʥʘʥʴ, ʟʤʽʩʪʦʚʥʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʥʮʝʧʪʽʚ ʨʽʟʥʦʛʦ 
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ʪʠʧʫ [108, 109]. ʇʨʠ ʯʦʤʫ ʮʽ ʢʦʥʮʝʧʪʠ ʤʘʶʪʴ ʧʝʚʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʡ ʫʪʚʦʨʶʶʪʴ ʜʦʩʠʪʴ ʩʢʣʘʜʥʫ ʩʪʨʫʢʪʫʨʫ ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʚʽʜʥʦʰʝʥʴ. ʉʠʩʪʝʤʠ 

ʟʥʘʥʴ ʪʘʢʦʛʦ ʢʣʘʩʫ ʥʦʩʷʪʴ ʜʚʦʾʩʪʠʡ ʭʘʨʘʢʪʝʨ ï ʢʦʥʮʝʧʪʠ, ʱʦ ʾʾ ʩʢʣʘʜʘʶʪʴ, 

ʤʘʶʪʴ ʧʝʚʥʽ ʣʦʛʽʯʥʽ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʘ ʜʝʷʢʘ ʾʭ ʯʘʩʪʠʥʘ ʩʢʣʘʜʘʻ 

ʩʢʣʘʜʥʽ ʢʦʥʮʝʧʪʠ ʽ ʣʽʥʛʚʽʩʪʠʯʥʽ ʢʦʥʩʪʨʫʢʪʠ (ʪʘʢʦʞ ʢʦʥʮʝʧʪʠ) ʟ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʪʦʙʪʦ ʤʘʻʤʦ ʥʘʷʚʥʽʩʪʴ ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʘʪʨʠʙʫʪʠʢʠ [109]. ʌʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ 

ʪʘʢʠʭ ʢʦʥʮʝʧʪʽʚ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʠʤʚʦʣʴʥʦ-ʯʠʩʣʦʚʠʭ ʬʦʨʤʫʣ ʽ ʤʦʞʝ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʚʥʠʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ [84, 

108]. ʃʽʥʛʚʽʩʪʠʯʥʽ ʩʪʨʫʢʪʫʨʠ ʮʠʭ ʢʦʥʮʝʧʪʽʚ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʝʚʥʠʭ ʩʣʽʚ ʫ ʚʠʛʣʷʜʽ ʨʝʯʝʥʴ, ʪʚʝʨʜʞʝʥʴ, ʚʠʩʣʦʚʣʶʚʘʥʴ ʪʦʱʦ 

[109]. 

ʇʨʦʪʝ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʩʝ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʢʦʥʮʝʧʪʽʚ, ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʝ ʯʝʨʝʟ ʧʦʥʷʪʪʷ ʪʝʨʤʫ [109]. ɿ ʮʴʦʛʦ ʩʣʽʜʫʻ, ʱʦ ʢʦʞʥʘ ʇʉʉɼ, 

ʚʢʣʶʯʘʶʯʠ ʯʠʩʣʘ, ʘ ʪʘʢʦʞ ʾʭ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʬʦʨʤʫʣ, ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʛʣʷʥʫʪʘ ʷʢ ʧʝʚʥʝ ʧʨʘʚʠʣʦ ʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʪʝʨʤʫ. ɿ ʮʠʭ ʬʦʨʤʫʣ-

ʧʨʘʚʠʣ ʤʦʞʥʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʫʪʚʦʨʶʚʘʪʠ ʧʝʚʥʽ ʣʽʥʛʚʽʩʪʠʯʥʽ ʩʪʨʫʢʪʫʨʠ 

ʬʦʨʤʘʣʴʥʦʛʦ ʚʠʜʫ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʟʛʽʜʥʦ ʚʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʥʠʭ 

ʩʠʥʪʘʢʩʠʩʫ.  

ɼʘʣʽ ʨʦʟʛʣʷʜʘʪʠʤʝʤʦ ʪʘʢʽ ʢʽʥʮʝʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʠʤʚʦʣʽʚ, ʷʢʽ ʤʘʶʪʴ 

ʤʥʦʞʠʥʥʠʡ ʭʘʨʘʢʪʝʨ, ʪʦʙʪʦ ʤʦʞʫʪʴ ʦʙôʻʜʥʫʚʘʪʠʩʷ ʟʘ ʧʝʚʥʠʤʠ ʦʟʥʘʢʘʤʠ ʫ 

ʤʥʦʞʠʥʠ. ɿʦʢʨʝʤʘ, ʮʽ ʤʥʦʞʠʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʽʻʨʘʨʭʽʯʥʦ 

ʟʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʢʣʘʩʽʚ. ʂʦʞʝʥ ʪʘʢʠʡ ʢʣʘʩ ʚʢʣʶʯʘʻ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʷʢʽ 

ʤʘʶʪʴ ʷʢ ʤʽʥʽʤʫʤ ʦʜʥʫ ʩʧʽʣʴʥʫ ʚʣʘʩʪʠʚʽʩʪʴ [84, 108]. ʊʘʢʽ ʢʣʘʩʠ ʇʉʉɼ ʟ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʫʪʚʦʨʶʶʪʴ ʧʝʚʥʫ ʪʦʧʦʣʦʛʽʶ, ʡ ʪʦʤʫ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʜʝʨʝʚ [84, 103, 109]. ʆʜʥʠʤ ʽʟ ʚʠʜʽʚ ʪʘʢʠʭ ʜʝʨʝʚ ʻ 

ʟʨʦʩʪʘʶʯʠ ʧʽʨʘʤʽʜʘʣʴʥʽ ʤʝʨʝʞʽ (ɿʇʄ) [103, 104]. ɰʭ ʧʨʠʚʘʙʣʠʚʽʩʪʶ ʻ 

ʩʧʨʦʤʦʞʥʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʦʟʙʠʪʪʷ ʇʉʉɼ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʢʣʘʩʠ ʥʘ ʦʩʥʦʚʽ 

ʟʘʜʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  
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ʋʤʦʚʘ, ʱʦ ʇʉʉɼ ʨʦʟʙʠʚʘʶʪʴʩʷ ʥʘ ʢʣʘʩʠ ʟʘ ʧʝʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʚʠʟʥʘʯʘʻ ʾʭ ʷʢ ʽʥʪʝʥʩʽʦʥʘʣʴʥʽ [108], ʪʦʙʪʦ ʪʘʢʽ, ʱʦ ʤʘʶʪʴ ʦʟʥʘʢʠ-ʩʤʠʩʣʠ, ʷʢʽ 

ʜʘʣʽ ʚʠʟʥʘʯʘʪʠʤʝʤʦ ʷʢ ʢʦʥʪʝʢʩʪʠ ʇʉʉɼ. ʊʦʜʽ ʇʉʉɼ, ʱʦ ʤʘʶʪʴ ʚʠʟʥʘʯʝʥʠʡ 

ʥʝʧʦʨʦʞʥʽʡ ʥʘʙʽʨ ʢʦʥʪʝʢʩʪʽʚ, ʚʠʟʥʘʯʘʪʠʤʝʤʦ ʷʢ ʢʦʥʮʝʧʪʠ ʡ ʧʦʟʥʘʯʘʪʠʤʝʤʦ ʾʭ 

ʯʝʨʝʟ ʟʤʽʥʥʽ x,y,z, ʘ ʢʣʘʩʠ, ʷʢʽ ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ ʚʝʣʠʢʠʤʠ ʣʽʪʝʨʘʤʠ X,Y,Z  

ʪʦʱʦ. ʅʘʷʚʥʽʩʪʴ ʫ ʇʉʉɼ-ʢʦʥʮʝʧʪʽʚ ʧʝʚʥʠʭ ʢʦʥʪʝʢʩʪʽʚ ʙʫʜʝʤʦ ʧʨʝʜʩʪʘʚʣʷʪʠ 

ʟʛʽʜʥʦ ʥʦʪʘʮʽʾ ɚ-ʯʠʩʣʝʥʥʷ (ʣʘʤʙʜʘ-ʯʠʩʣʝʥʥʷ), ʘ ʩʘʤʝ ï []X
 [84]. ʉʢʦʙʢʘ [] 

ʤʘʻ ʥʘʟʚʫ çʜʽʨʢʠ ʢʦʥʪʝʢʩʪʫè. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʜʽʨʢʠ ʚʠʟʥʘʯʘʻ, ʱʦ 

ʢʦʥʮʝʧʪʠ ʥʝ ʤʘʶʪʴ ʟʚôʷʟʥʦʩʪʽ. ʗʢ ʪʽʣʴʢʠ ʤʠ ʚʠʟʥʘʯʘʻʤʦ ʪʝʨʤ, ʷʢʠʡ ʤʦʞʝ 

ʟʘʧʦʚʥʠʪʠ ʜʽʨʢʫ, ʤʠ ʦʪʨʠʤʘʻʤʦ ʟʚôʷʟʥʽ ʪʝʨʤʠ ʇʉʉɼ. ʊʦʜʽ ʫʩʽ ʢʣʘʩʠ, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʇʉʉɼ-ʢʦʥʮʝʧʪʘʤʠ, ʻ ʝʢʩʪʝʥʩʽʦʥʘʣʴʥʠʤʠ. ɺʣʘʩʪʠʚʦʩʪʽ ʇʉʉɼ-

ʢʦʥʮʝʧʪʽʚ ʚʠʟʥʘʯʘʪʠʤʝʤʦ ʣʽʪʝʨʦʶ r, ʘ ʤʥʦʞʠʥʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʝʨʝʟ R .   

ɯʻʨʘʨʭʽʯʥʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʽʟ ʇʉʉɼ ʫ ʚʠʛʣʷʜʽ ɿʇʄ, ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʧʦʤʽʯʝʥʽ ʜʝʨʝʚʘ. ɰʭ ʤʽʪʢʘʤʠ ʻ ʇʉʉɼ-ʢʦʥʮʝʧʪʠ, ʱʦ ʻ ʽʤʝʥʘʤʠ ʢʣʘʩʽʚ, ʡ 

ʇʉʉɼ-ʢʦʥʮʝʧʪʠ, ʷʢʽ ʥʝ ʻ ʝʢʩʪʝʥʮʽʦʥʘʣʴʥʠʤʠ, ʪʦʙʪʦ ʤʘʶʪʴ ʪʽʣʴʢʠ ʦʜʥʝ 

ʩʤʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ. ʇʉʉɼ-ʢʦʥʮʝʧʪʠ, ʷʢʽ ʤʘʶʪʴ ʪʽʣʴʢʠ ʦʜʥʝ ʟʥʘʯʝʥʥʷ, ʥʝ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʜʫʢʪʦʚʘʥʽ, ʪʦʙʪʦ ʨʦʟʙʠʪʽ ʥʘ ʙʽʣʴʰ ʧʨʦʩʪʽ ʢʦʥʮʝʧʪʠ. ʊʘʢʽ ʇʉʉɼ-

ʢʦʥʮʝʧʪʠ ʜʘʣʽ ʚʠʟʥʘʯʘʪʠʤʝʤʦ ʷʢ ʪʝʨʤʽʥʘʣʴʥʽ [103, 104].  

ʋʩʽ ʇʉʉɼ-ʢʦʥʮʝʧʪʠ ʫʪʚʦʨʶʶʪʴ ʧʝʚʥʫ ʤʥʦʞʠʥʫ ʽʤʝʥ S, ʷʢʽ ʻ ʤʽʪʢʘʤʠ ʫʩʽʭ 

ʚʫʟʣʽʚ ɿʇʄ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ɿʇʄ ʫʥʽʚʘʣʝʥʪʥʘ ʤʥʦʞʠʥʽ ʜʝʨʝʚ ɹʝʤʘ [84, 108, 

109]. ʪʦʧʦʣʦʛʽʶ ʚʟʘʻʤʦʜʽʾ ʤʥʦʞʠʥ ʇʉʉɼ-ʢʦʥʮʝʧʪʽʚ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ 

ʤʥʦʞʠʥʫ S-ʧʦʤʽʯʝʥʠʭ ʜʝʨʝʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚʫʟʣʘʤʠ ɿʇʄ ʟ ʤʥʦʞʠʥ 

ʢʦʥʮʝʧʪʽʚ ʧʝʚʥʠʭ STEM-ʥʘʨʘʪʠʚʽʚ .  

Ɇ = {ʍ̔ | ̔  ⱦ <1, é,n>|, ʘj | j ⱦ <1,é,m>}    (2.10) 

ʜʝ ʍ̔ ï ʢʣʘʩ ʢʦʥʮʝʧʪʽʚ, ʘj ï ʪʝʨʤʽʥʘʣʴʥʠʡ ʚʫʟʦʣ (ʥʝ ʝʢʩʪʝʥʮʽʦʥʘʣʴʥʠʡ 

ʇʉʉɼ-ʢʦʥʮʝʧʪ). 

ɿʇʄ ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʟʘʩʘʜʘʭ ʚʠʟʥʘʯʝʥʥʷ ʤʥʦʞʠʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ 

{ Rl | l ⱦ <1,é,k>} , ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʨʦʟʙʠʪʪʷ ʫʩʽʭ ʇʉʉɼ-ʢʦʥʮʝʧʪʽʚ ʥʘ ʢʣʘʩʠ ʪʘ 



70 

 

   

 

ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʦʥʮʝʧʪʘʤʠ STEM-ʥʘʨʘʪʠʚʫ. ɿʛʽʜʥʦ ʧʨʘʮʴ [38, 

103, 104] ʢʦʞʥʘ ɿʇʄ ʻ ʪʘʢʩʦʥʦʤʽʻʶ.  

ɺʠʭʦʜʷʯʠ ʟ ʫʤʦʚʠ, ʱʦ ʜʦʚʽʣʴʥʘ ʟʘ ʪʠʧʦʤ ʇʉʉɼ ʻ ʪʝʨʤʦʤ, ʤʦʞʥʘ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚʩʽ ʽʤʝʥʘ ʇʉʉɼ-ʢʦʥʮʝʧʪʽʚ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʤʥʦʞʠʥʫ ɚ-

ʪʝʨʤʽʚ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʥʦʪʘʮʽʾ ʣʘʤʙʜʘ-ʯʠʩʣʝʥʥʷ. ʎʝ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʛʣʷʜʘʪʠ ʫʩʽ ʇʉʉɼ-ʢʦʥʮʝʧʪʠ ʪʘ ʾʭ ʟʥʘʯʝʥʥʷ ʥʦʤʽʥʘʣʴʥʦ. ʎʷ 

ʫʤʦʚʘ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʪʦʛʦ, ʱʦ ʫʩʽ ʇʉʉɼ-ʢʦʥʮʝʧʪʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 

ʚʠʨʘʟʽ (2.10), ʥʝ ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷʤ ʩʪʨʦʛʦʛʦ ʚʧʦʨʷʜʢʫʚʘʥʥʷ. 

ɹʽʣʴʰʝ ʪʦʛʦ, ʢʦʣʠ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ɿʇʄ, ʚ ʥʽʡ ʟʘʚʞʜʠ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʤʥʦʞʠʥʠ 

ʇʉʉɼ-ʢʦʥʮʝʧʪʽʚ, ʷʢʽ ʪʘʢʦʞ ʥʝ ʟʚôʷʟʘʥʽ ʚʽʜʥʦʰʝʥʥʷʤ ʩʪʨʦʛʦʛʦ ʚʧʦʨʷʜʢʫʚʘʥʥʷ. 

ɿʘʟʥʘʯʠʤʦ ʪʘʢʦʞ ʱʝ ʦʜʥʫ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʚʣʘʩʪʠʚʽʩʪʴ ɿʇʄ. ɺʫʟʣʠ, ʷʢʽ 

ʤʘʶʪʴ ʤʽʞ ʩʦʙʦʶ ʽʻʨʘʨʭʽʯʥʫ ʟʚôʷʟʥʽʩʪʴ, ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʚʠʩʣʦʚʣʶʚʘʥʥʷ, 

ʽʩʪʠʥʥʽʩʪʴ ʷʢʠʭ ʧʨʝʜʩʪʘʚʠʤʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʠ ɿʇʄ ʟ ʇʉʉɼ-

ʢʦʥʮʝʧʪʽʚ ʬʦʨʤʫʻʪʴʩʷ ʧʝʚʥʘ ʩʠʩʪʝʤʘ ʟʥʘʥʴ ʚ ʪʝʨʤʽʥʘʭ ɚ-ʪʝʨʤʽʚ. ɰʾ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʙʘʟʫ ʩʢʣʘʜʘʶʪʴ ʧʝʚʥʽ ʣʽʥʛʚʽʩʪʠʯʥʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʽʟ 

ʇʉʉɼ-ʢʦʥʮʝʧʪʽʚ, ʷʢʽ ʻ ʪʝʨʤʘʤʠ. ʅʝʦʙʭʽʜʥʽ ʜʣʷ ʦʙʯʠʩʣʶʚʘʥʴ ʟʥʘʯʝʥʥʷ ʮʠʭ 

ʪʝʨʤʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʧʨʠʧʠʩʫʚʘʥʥʷ ʾʤ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʥʪʝʢʩʪʽʚ. ʎʝʡ 

ʧʨʦʮʝʩ ʥʦʩʠʪʴ ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ. ɿʛʽʜʥʦ [84] ʢʦʞʝʥ ʪʝʨʤ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʻ ʧʝʚʥʠʡ ʇʉʉɼ-ʢʦʥʮʝʧʪ, ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ 

ʜʝʨʝʚʘ ɹʝʤʘ ʚʠʜʫ (2.10). ʊʦʜʽ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ ʥʘʩʪʫʧʥʝ: ʽʩʥʫʻ ʧʝʚʥʘ 

ʤʝʪʘʧʨʦʮʝʜʫʨʘ, ʷʢʘ ʚʩʶ ʩʫʢʫʧʥʽʩʪʴ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʢʦʥʩʪʨʫʢʪʽʚ ʤʦʞʝ 

ʧʝʨʝʪʚʦʨʠʪʠ ʥʘ ɿʇʄ, ʱʦ ʻ ʢʦʤʧʦʟʠʮʽʻʶ ʜʝʨʝʚ ɹʝʤʘ, ʷʢʘ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʻ ʪʘʢʦʞ 

ʢʦʤʧʦʟʠʮʽʻʶ ʤʥʦʞʠʥʠ ɚ-ʪʝʨʤʽʚ, ʱʦ ʫʪʚʦʨʝʥʘ ʇʉʉɼ-ʢʦʥʮʝʧʪʘʤʠ ʪʽʻʾ ʞ ɿʇʄ. 

ʊʦʤʫ ʢʦʞʥʘ ʽʥʪʝʨʘʢʪʠʚʥʘ ʙʘʟʘ ʟʥʘʥʴ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

STEM-ʥʘʨʘʪʠʚʽʚ ʚ ʦʥʪʦʣʦʛʽʯʥʠʡ ʬʦʨʤʘʪ ʤʦʞʝ ʙʫʪʠ ʧʨʦʽʥʪʝʨʧʨʝʪʦʚʘʥʘ ʧʝʚʥʦʶ 

ʧʦʩʣʽʜʦʚʥʽʩʪʶ ɚ-ʪʝʨʤʽʚ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʧʝʚʥʦʾ 

ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʙʘʟʠ ʟʥʘʥʴ (ɯɹɿ).  

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʡ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʢʦʥʮʝʧʪʠ, ʡ ʣʽʥʛʚʽʩʪʠʯʥʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ 

ʩʢʣʘʜʘʶʪʴ ʽʥʪʝʨʘʢʪʠʚʥʫ ʩʠʩʪʝʤʫ ʟʥʘʥʴ STEM-ʩʝʨʝʜʦʚʠʱʘ, ʷʢʽ 
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ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʤʥʦʞʠʥʠ ɚ-ʪʝʨʤʽʚ, ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʧʝʚʥʠʤʠ 

ʚʽʜʥʦʰʝʥʥʷʤʠ. ʎʝ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʘ ʚʠʟʥʘʯʘʻ ʾʭ ʣʦʛʽʢʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʫ 

ʟʚôʷʟʥʽʩʪʴ ʤʽʞ ʩʦʙʦʶ. ʊʦʤʫ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʛʣʷʜʫ 

ʜʦʚʽʣʴʥʦʾ ɯɹɿ, ʷʢ ʩʠʩʪʝʤʥʦʾ ʢʦʤʧʦʥʝʥʪʠ STEM-ʩʝʨʝʜʦʚʠʱʘ, ʧʨʝʜʩʪʘʚʣʷʪʠ ʾʾ ʚ 

ʘʛʨʝʛʦʚʘʥʦʤʫ ʚʠʜʽ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʢʣʘʩʫ ʣʦʛʽʢʦ-ʣʽʥʛʚʽʩʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ (ʃʃʄ). ʊʘʢʠʡ ʢʣʘʩ ʤʦʜʝʣʝʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʟʘʩʘʜʘʭ ʧʨʝʜʠʢʘʪʠʚʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʚʽʣʴʥʦʛʦ ʪʠʧʫ [110, 111]. ʎʝ 

ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ʾʭ ʩʫʢʫʧʥʦ ʫ ʜʦʚʽʣʴʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʙʝʟ ʚʠʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʰʝʥʴ ʩʪʨʦʛʦ ʪʘ ʥʝ ʩʪʨʦʛʦ ʧʦʨʷʜʢʫ. ʊʘʢʦʞ ʚʩʽ ʦʙôʻʢʪʠ ʃʃʄ ʤʘʶʪʴ 

ʙʝʟʪʠʧʦʚʠʡ ʭʘʨʘʢʪʝʨ. ɺʢʘʟʘʥʘ ʙʝʟʪʠʧʦʚʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʮʝʜʫʨ, 

ʷʢʽ ʩʧʨʦʤʦʞʥʽ ʩʫʤʽʩʥʦ ʦʙʨʦʙʣʷʪʠ ʩʢʣʘʜʥʫ ʩʪʨʫʢʪʫʨʫ ʜʘʥʠʭ, ʱʦ ʩʢʣʘʜʘʶʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʙʘʟʠ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʟʥʘʥʴ. ʊʦʜʽ ʩʫʢʫʧʥʽʩʪʴ ʪʘʢʠʭ ʜʘʥʠʭ 

ʚʠʟʥʘʯʘʪʠʤʝʤʦ ʷʢ ʦʢʨʝʤʠʡ ʢʣʘʩ ʙʝʟʪʠʧʦʚʠʭ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʾʭ ʷʢ ʥʦʤʽʥʘʣʴʥʽ [84, 103]. ʇʨʝʜʠʢʘʪʠʚʥʽʩʪʴ ʣʽʥʛʚʽʩʪʠʯʥʠʭ 

ʢʦʥʩʪʨʫʢʪʽʚ ɯɹɿ, ʷʢ ʢʦʤʧʦʟʠʮʽʾ ʜʝʨʝʚ ɹʝʤʘ, ʚʠʟʥʘʯʘʻ ʭʘʨʘʢʪʝʨ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʩʣʦʚʣʶʚʘʥʴ ʟ ʚʫʟʣʽʚ ʮʠʭ ʜʝʨʝʚ.  

ʇʨʦʪʝ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʃʃʄ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʥʘʜ 

ʧʝʚʥʠʤʠ ʤʥʦʞʠʥʘʤʠ ɚ-ʪʝʨʤʽʚ ʚʽʜʥʦʰʝʥʥʷ ʧʦʨʷʜʢʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ 

ʥʦʤʽʥʘʣʴʥʦʩʪʽ ʾʭ ʪʝʨʤʽʚ. ʎʝ ʥʘʜʘʻ ʦʙʯʠʩʣʝʥʥʶ ʢʦʥʪʝʢʩʪʥʠʭ ʟʥʘʯʝʥʴ ʪʝʨʤʽʚ 

ʩʤʠʩʣʦʚʠʡ ʭʘʨʘʢʪʝʨ ʡ, ʪʠʤ ʩʘʤʠʤ, ʨʝʘʣʽʟʫʻ ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʘʢʪ ʚʟʘʻʤʦʜʽʾ ʟ 

ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʙʘʟʦʶ.  

ʊʘʢʩʦʥʦʤʽʾ ʟʛʽʜʥʦ [73, 89] ʤʘʶʪʴ ʢʦʨʠʩʥʫ ʚʣʘʩʪʠʚʽʩʪʴ: ʚʦʥʠ ʻ ʧʦʤʽʯʝʥʠʤʠ 

ʜʝʨʝʚʘʤʠ, ʚ ʷʢʦʩʪʽ ʤʽʪʦʢ ʚ ʷʢʠʭ ʚʠʩʪʫʧʘʶʪʴ ʽʤʝʥʘ ʢʦʥʮʝʧʪʽʚ. ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ 

ʫʩʽ ʢʦʥʮʝʧʪʠ ʫʪʚʦʨʶʶʪʴ ʧʝʚʥʫ ʤʥʦʞʠʥʫ ʽʤʝʥ S, ʷʢʽ ʻ ʤʽʪʢʘʤʠ ʫʩʽʭ ʚʫʟʣʽʚ 

ʪʘʢʩʦʥʦʤʽʾ T  ʡ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ T
(
. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʜʦʚʽʣʴʥʘ 

ʪʘʢʩʦʥʦʤʽʷ ʚʠʜʫ T  ʯʠ ʪʘʢʩʦʥʦʤʽʯʥʝ ʨʽʟʥʦʤʘʥʽʪʪʷ T
(

 ʫʥʽʚʘʣʝʥʪʥʽ ʤʥʦʞʠʥʽ 

ʜʝʨʝʚ ɹʝʤʘ [84, 89]. ʊʦʙʪʦ ʪʦʧʦʣʦʛʽʶ ʚʟʘʻʤʦʜʽʾ ʤʥʦʞʠʥ ʢʦʥʮʝʧʪʽʚ ʪʘʢʩʦʥʦʤʽʡ, 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʤʥʦʞʠʥʫ S-ʧʦʤʽʯʝʥʠʭ ʜʝʨʝʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʾʾ 

ʚʫʟʣʘʤʠ.  
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ʗʢ ʚʞʝ ʡʰʣʦʩʷ ʚʠʱʝ, ʧʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʣʘʩʽʚ ʚʣʘʩʪʠʚʦʩʪʝʡ 1 2 mR ,R ,...R , 

ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʨʦʟʙʠʪʪʷ ʫʩʽʭ ʢʦʥʮʝʧʪʽʚ ʽʟ ʤʥʦʞʠʥ 1 2 nX ,X ,...X  ʚʠʨʘʟʫ (2.7) ʥʘ 

ʽʻʨʘʨʭʽʯʥʽ ʢʣʘʩʠ, ʪʘ ʚʽʜʥʦʰʝʥʴ ʤʽʞ ʢʦʥʮʝʧʪʘʤʠ, ʦʪʨʠʤʘʻʤʦ ʚʽʜʧʦʚʽʜʥʫ 

ʪʘʢʩʦʥʦʤʽʶ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧʦʟʠʮʽʾ ʜʝʨʝʚ ɹʝʤʘ. ɼʝʨʝʚʦ ɹʝʤʘ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʝ ʯʝʨʝʟ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʧʨʝʜʠʢʘʪ (2.4) ʫ ʚʠʛʣʷʜʽ ʩʝʤʘʥʪʠʯʥʦʾ 

ʟʛʦʨʪʢʠ::  

i
XGxS=       (2.11) 

ʇʨʠ ʯʦʤʫ ʮʠʢʣʽʯʥʝ ʽʥʜʫʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ 

ʧʨʝʜʠʢʘʪʫ (2.4) ʧʨʝʜʩʪʘʚʣʷʻ ʽʻʨʘʨʭʽʯʥʦ ʟʨʦʩʪʘʶʯʫ ʢʦʤʧʦʟʠʮʽʶ ʜʝʨʝʚ ɹʝʤʘ ʚ 

ʥʘʩʪʫʧʥʦʤʫ ʬʦʨʤʘʪʽ: 

i
TGXGxS=
(

     (2.12)  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʜʥʽʻʶ ʟʽ ʩʢʣʘʜʦʚʠʭ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʛʽʧʝʨʚʽʜʥʦʰʝʥʥʷ 

G  , ʻ ʚʽʜʥʦʰʝʥʥʷ ʯʘʩʪʢʦʚʦʛʦ ʧʦʨʷʜʢʫ.  

ɺʠʨʘʟʠ (2.7) ï (2.9) ʪʘ (2.12) ʚʽʜʦʙʨʘʞʘʶʪʴ ʫʟʘʛʘʣʴʥʝʥʫ ʤʝʪʘʧʨʦʮʝʜʫʨʫ 

ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟʽ STEM-ʥʘʨʘʪʠʚʘʤʠ ʥʘ ʦʩʥʦʚʽ ʨʝʢʫʨʩʽʾ 

(2.9). 

ʌʦʨʤʘʣʽʟʫʻʤʦ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʧʦʥʷʪʪʷ ʢʦʥʮʝʧʪ. ɿʛʽʜʥʦ [84, 89] ʢʦʞʝʥ 

ʢʦʥʮʝʧʪ ʜʦʚʽʣʴʥʦʾ ʪʘʢʩʦʥʦʤʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʪʝʨʤ. ʎʝ ʫʪʚʦʨʶʻ ʫʤʦʚʠ ʱʦʜʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʩʦʥʦʤʽʡ STEM-ʥʘʨʘʪʠʚʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʥʦʞʠʥ ɚ-ʪʝʨʤʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ [84]. ʇʦʩʣʽʜʦʚʥʽʩʪʴ 

ʤʥʦʞʠʥ ɚ-ʪʝʨʤʽʚ ʽʥʪʝʨʧʨʝʪʫʻ ʩʤʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʾʭ ʢʦʥʪʝʢʩʪʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟʽ  STEM-ʥʘʨʘʪʠʚʘʤʠ.   

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʤʥʦʞʠʥʫ ʢʣʘʩʽʚ ʪʝʨʤʽʚ-ʢʦʥʮʝʧʪʽʚ ʽ ʧʨʦʩʪʠʭ ʢʦʥʮʝʧʪʽʚ 

ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʥʘ ʬʦʨʤʘʪ ɚ-ʪʝʨʤʽʚ. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʤʥʦʞʠʥʫ ɚ-ʪʝʨʤʽʚ 

ʪʘʢʦʞ ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʥʘ ʬʦʨʤʘʪ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ T
(
, ʘ ʜʘʣʽ ï 

ʥʘ ʬʦʨʤʘʪ ʜʝʨʝʚ ɹʝʤʘ S, ʡ ʥʘʚʧʘʢʠ, ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʬʦʨʤʘʪʽ ʚʠʜʫ (2.13).  

 

{ ʍ̔ | ̔  ⱦ <ρȟὲᴆ>|, ʘj | j ⱦ <ρȟάᴆ>|}­l­T
(
­Ɇ = { ʍ̔ | ̔  ⱦ <ρȟὲᴆ|, ʘj | j ⱦ <ρȟά >} (2.13) 
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ɺ ʧʨʦʮʝʩʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʛʽʜʥʦ ʚʠʨʘʟʫ (2.13) ʥʝʦʙʭʽʜʥʦ ʢʦʞʝʥ ʢʦʥʮʝʧʪ 

ʦʟʥʘʯʠʪʠ ʧʝʚʥʠʤ ʢʦʥʪʝʢʩʪʦʤ [ ]ÖÖ. ʗʢʱʦ ʧʝʨʚʠʥʥʘ ʪʘʢʩʦʥʦʤʽʷ T  ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʽʣʴʢʠ ʽʤʝʥʘʤʠ ʢʦʥʮʝʧʪʽʚ, ʪʦ ʚ ʧʨʦʮʝʩʽ ʾʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʜʝʨʝʚʘ ɹʝʤʘ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ T
(

 ʟ ʢʦʥʪʝʢʩʪʥʠʤ 

ʚʠʟʥʘʯʝʥʥʷʤ ʢʦʞʥʦʛʦ ʢʦʥʮʝʧʪʫ:  

{ʍ̔ [ ] | ̔  ⱦ <ρȟὲᴆ>|}­{ ʍ̔ [ɸj], ʍn [ɸv, ɸp]| ̔  ⱦ <ρȟὲᴆ>|  

j ⱦ  <ρȟάᴆ>| v ⱦ <ρȟËᴆ>|p ⱦ <ρȟὰᴆ>}  ­ T
(

      (2.14) 

ɸj, ɸv, ɸp ï ʣʽʥʛʚʽʩʪʠʯʥʽ ʢʦʥʩʪʘʥʪʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʪʝʢʩʪʥʠʭ ʩʤʠʩʣʽʚ 

ʢʦʥʮʝʧʪʽʚ STEM-ʥʘʨʘʪʠʚʽʚ.  

ʆʪʞʝ, ʤʦʞʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʜʦʚʽʣʴʥʫ ʪʘʢʩʦʥʦʤʽʶ ʟ ʚʫʟʣʘʤʠ-ʢʦʥʮʝʧʪʘʤʠ, ʷʢʽ 

ʤʘʶʪʴ ʢʦʥʪʝʢʩʪʥʽ ʟʥʘʯʝʥʥʷ. ʅʘ ʾʾ ʦʩʥʦʚʽ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʝ ʜʝʨʝʚʦ 

ɹʝʤʘ. ʇʝʨʝʪʚʦʨʝʥʥʷ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ T
(

 ʯʠ ʡʦʛʦ ʜʦʚʽʣʴʥʦʾ 

ʩʢʣʘʜʦʚʦʾ T  ʥʘ ʬʦʨʤʘʪ ʜʝʨʝʚʘ ɹʝʤʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʚʽʣʴʥʠʡ ʢʦʥʮʝʧʪ, ʱʦ ʤʘʻ ʚʠʟʥʘʯʝʥʠʡ ʢʦʥʪʝʢʩʪ ʪʠʧʫ []ʭ ʘ
, 

ʜʝ ʘ ï ʢʦʥʩʪʘʥʪʘ, ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʧʝʚʥʝ ʇʉʉɼ (ʣʽʪʝʨʘ, ʯʠʩʣʦ, ʣʝʢʩʝʤʘ, ʧʝʚʥʘ 

ʬʨʘʟʘ, ʨʝʯʝʥʥʷ ʪʘ ʯʘʩʪʢʦʚʦ ʫʧʦʨʷʜʢʦʚʘʥʘ ʤʥʦʞʠʥʘ ʨʝʯʝʥʴ ʪʦʱʦ); 

ʚʩʽ ʇʉʉɼ ʜʘʣʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʪʝʨʤʠ; 

ʟ ʫʩʽʻ ʤʥʦʞʠʥʠ (ʇʉʉɼ) ʪʝʨʤʽʚ ʚʠʜʽʣʷʻʪʴʩʷ ʦʜʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʠʤʚʦʣʽʚ, 

ʷʢʘ ʩʢʣʘʜʘʻ ʧʝʚʥʝ ʩʣʦʚʦ, ʱʦ ʻ ʢʦʥʮʝʧʪʦʤ T
(
, ʷʢʠʡ ʥʝʤʦʞʣʠʚʦ ʨʝʜʫʢʫʚʘʪʠ. 

ʊʘʢʠʡ ʪʝʨʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʥʘʡʤʝʥʰʠʡ ʫ T
(

 (ʧʝʨʚʠʥʥʠʡ) ʡ ʧʦʟʥʘʯʘʻʪʴʩʷ 

ʩʠʤʚʦʣʦʤ ;̂ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʽʥʰʽ ʪʝʨʤʠ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʚʠʙʨʘʥʦʾ ʤʥʦʞʠʥʠ (ʇʉʉɼ) 

ʪʝʨʤʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʫʩʽ ʢʦʥʪʝʢʩʪʠ T
(

; 

ʥʘʜ ʤʥʦʞʠʥʦʶ ʚʠʙʨʘʥʠʭ (ʇʉʉɼ) ʪʝʨʤʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ 

ʯʘʩʪʢʦʚʦʛʦ ʧʦʨʷʜʢʫ ï p
%

; 

ʚʩʽ ʚʠʙʨʘʥʽ (ʇʉʉɼ) ʪʝʨʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʚʽʜʧʦʚʽʜʥʽ ɚ-ʪʝʨʤʠ; 
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ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʥʘʜ ʤʥʦʞʠʥʦʶ ʚʠʙʨʘʥʠʭ ɚ-ʪʝʨʤʽʚ ʚʽʜʥʦʰʝʥʥʷ 

ʯʘʩʪʢʦʚʦʛʦ ʧʦʨʷʜʢʫ p% ʬʦʨʤʫʻʪʴʩʷ ʜʝʨʝʚʦ ɹʝʤʘ ʚ ʬʦʨʤʘʪʽ ʚʠʜʫ (2.15) [88, 106]: 

1 2 n 1 2 m{ } { x , x ,... x , a , a ,... a }= ^ l l l l l lS U    (2.15) 

 ̂ ï ʥʘʡʤʝʥʰʠʡ ʝʣʝʤʝʥʪ ʽʟ ʫʩʽʭ ʟʥʘʯʝʥʴ ʢʦʥʪʝʢʩʪʽʚ ʢʦʥʮʝʧʪʽʚ/ʚʫʟʣʚ̔ 

ʪʘʢʩʦʥʦʤʽʾ. 

ɺʚʝʜʝʥʥʷ ʥʘʡʤʝʥʰʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʥʪʝʢʩʪʫ ʽ ʚʠʟʥʘʯʝʥʥʷ ʩʘʤʠʭ ʢʦʥʪʝʢʩʪʽʚ 

ʚʠʟʥʘʯʘʻ ʚʽʜʥʦʰʝʥʥʷ ʯʘʩʪʢʦʚʦʛʦ ʧʦʨʷʜʢʫ ʥʘʜ ʤʥʦʞʠʥʦʶ ɚ-ʪʝʨʤʽʚ, ʡ, ʪʠʤ 

ʩʘʤʠʤ, ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ T
(
, ʷʢ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʩʥʦʚʠ ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ. ʊʦʜʽ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʥʘʩʪʫʧʥʠʡ ʚʠʩʥʦʚʦʢ: ʫʤʦʚʦʶ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫʯʥʷ ʟʽ 

STEM-ʥʘʨʘʪʠʚʦʤ ʻ ʫʪʚʦʨʝʥʥʷ ʪʘʢʩʦʥʦʤʽʡ, ʷʢʽ ʤʘʶʪʴ ʥʝʧʦʨʦʞʥʶ ʤʥʦʞʠʥʫ 

ʟʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʢʦʥʪʝʢʩʪʽʚ ʚʠʜʫ (2.14), ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʪʝʨʤʠ-ʢʦʥʮʝʧʪʠ, 

ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʮʠʤʠ ʢʦʥʪʝʢʩʪʘʤʠ, ʫʪʚʦʨʶʶʪʴ ʥʝʧʦʨʦʞʥʶ ʤʥʦʞʠʥʫ 

ʽʩʪʠʥʥʠʭ ʚʠʩʣʦʚʣʶʚʘʥʴ.   

ɺʩʽ ʢʦʥʩʪʨʫʢʪʠ ʦʥʪʦʣʦʛʽʾ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ 

ʨʽʟʥʦʤʘʥʽʪʪʷ T
(
, ʘ ʩʘʤʝ: ʚʠʩʣʦʚʣʶʚʘʥʥʷ, ʣʘʥʮʶʛʠ ʚʫʟʣʽʚ T

(
, ʣʦʛʽʯʥʽ ʬʦʨʤʫʣʠ, ʻ 

ʧʝʚʥʠʤʠ ʪʝʨʤʘʤʠ. ʃʽʥʛʚʽʩʪʠʯʥʽ ʢʦʥʩʪʨʫʢʪʠ ʟ ʪʝʨʤʽʚ ʤʘʶʪʴ ʙʝʟʪʠʧʦʚʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʡ ʤʦʞʫʪʴ ʪʘʢʦʞ ʤʘʪʠ ʧʨʦʧʦʟʠʮʽʡʥʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʥʦʤʽʥʘʣʴʥʽʩʪʴ ʾʭ ʢʦʥʮʝʧʪʽʚ, ʷʢʽ ʽʥʪʝʨʧʨʝʪʫʶʪʴʩʷ ʬʦʨʤʫʣʘʤʠ ʚ ʥʦʪʘʮʽʾ ʘʣʛʝʙʨʠ 

ʚʠʩʣʦʚʣʶʚʘʥʴ. ɹʽʣʴʰʝ ʪʦʛʦ, ʧʨʦʧʦʟʠʮʽʡʥʽ ʟʤʽʥʥʽ ʫ ʬʦʨʤʘʪʽ ʣʘʤʙʜʘ-ʯʠʩʣʝʥʥʷ, 

ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʝʤʘʥʪʠʢʫ ʢʦʞʥʦʛʦ ʢʦʥʮʝʧʪʫ ʦʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ nrO  ʆʩʅʨ, 

ʤʘʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʜʠʭʦʪʦʤʽʯʥʦʩʪʽ. ʊʦʙʪʦ, ʢʦʞʥʝ ʚʠʩʣʦʚʣʶʚʘʥʥʷ, ʷʢʝ 

ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʢʦʥʮʝʧʪʽʚ T
(
ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʜʥʠʤ ʟ ʜʚʦʭ ʟʥʘʯʝʥʴ, 

ʪʦʙʪʦ ʚʽʜʧʦʚʽʜʘʻ ʥʘ ʜʦʚʽʣʴʥʽ ʧʠʪʘʥʥʷ ʫ ʬʦʨʤʘʪʽ çʊɸʂè ʯʠ çʅɯè.  

ɼʣʷ ʚʠʨʘʟʽʚ (2.10) ï (2.15) ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʦʥʠ ʟʥʘʯʠʤʽ ʫ ʚʠʧʘʜʢʫ çʊɸʂè, 

ʡ ʤʦʞʫʪʴ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʫ ʚʠʧʘʜʢʫ çʅɯè. ʊʦʙʪʦ ʟʘ ʫʤʦʚʠ, ʱʦ ʢʦʥʪʝʢʩʪʠ T
(

ʫʪʚʦʨʶʶʪʴ ʽʩʪʠʥʥʝ ʚʠʩʣʦʚʣʶʚʘʥʥʷ (2.13) ï (2.15), ʬʦʨʤʫʻʪʴʩʷ ʦʥʪʦʣʦʛʽʯʥʘ 

ʩʠʩʪʝʤʘ ʫ ʬʦʨʤʘʪʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ. ʗʢʱʦ ʚʠʥʠʢʘʻ ʚʠʧʘʜʦʢ çʅɯè, ʘ ʮʝ 
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ʟʥʘʯʠʪʴ, ʱʦ ʽʩʪʠʥʥʽ ʚʠʩʣʦʚʣʶʚʘʥʥʷ ʥʝ ʩʬʦʨʤʫʚʘʣʠʩʷ, ʦʥʪʦʣʦʛʽʷ ʯʠ ʾʾ ʬʨʘʛʤʝʥʪ 

ʟ ʚʢʘʟʘʥʠʭ T
(

 ʥʝ ʨʝʘʣʽʟʫʻʪʴʩʷ. ʊʦʙʪʦ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʷʢʽ ʪʝʨʤʠ-ʢʦʥʮʝʧʪʠ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʮʶ ʦʥʪʦʣʦʛʽʶ, ʻ ʨʦʟʚ'ʷʟʥʠʤʠ, ʘ ʷʢʽ ʥʝʨʦʟʚ'ʷʟʥʠʤʠ.   

ʈʦʟʚ'ʷʟʥʽʩʪʴ ʪʝʨʤʽʚ-ʢʦʥʮʝʧʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʩʥʫʚʘʥʥʷʤ ʧʝʚʥʦʾ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʱʦ ʥʘ ʧʠʪʘʥʥʷ ʯʠ ʥʘʣʝʞʠʪʴ ʢʦʥʮʝʧʪ ʧʝʚʥʦʤʫ ʢʣʘʩʫ ʯʠ ʛʨʫʧʽ 

ʢʣʘʩʽʚ, ʟʘʚʞʜʠ ʦʪʨʠʤʘʻʤʦ ʚʽʜʧʦʚʽʜʴ çʊɸʂè. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʧʨʠ ʚʢʣʶʯʝʥʥʽ ʜʦ 

T
(
ʥʦʚʽʪʥʽʭ ʢʦʥʮʝʧʪʽʚ, ʦʪʨʠʤʫʚʘʪʠʤʝʤʦ ʚʽʜʧʦʚʽʜʽ ʥʝ ʣʠʰʝ çʊɸʂè, ʘʣʝ ʡ çʅɯè. 

ʎʝ ʚʠʟʥʘʯʘʻ ʚʠʥʠʢʥʝʥʥʷ ʨʦʟʚ'ʷʟʥʦʾ ʫʤʦʚʠ ʢʦʥʩʦʣʽʜʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. ʌʘʢʪʠʯʥʦ, ʟʛʽʜʥʦ ʚʠʨʘʟʽʚ (2.11) ï (2.15), ʟ 

ʪʝʨʤʽʚ ʤʦʞʥʘ ʩʬʦʨʤʫʚʘʪʠ ʥʦʚʽʪʥʽ ʚʠʩʣʦʚʣʶʚʘʥʥʷ, ʷʢʽ, ʟʘ ʫʤʦʚʠ ʾʭ ʽʩʪʠʥʥʦʩʪʽ, 

ʚʠʟʥʘʯʘʶʪʴ, ʱʦ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ, ʷʢʽ ʟʤʽʩʪʦʚʥʦ ʤʽʩʪʷʪʴ ʮʽ ʪʝʨʤʠ-

ʢʦʥʮʝʧʪʠ, ʤʘʶʪʴ ʢʦʥʩʦʣʽʜʦʚʘʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʢʦʥʪʝʢʩʪʘʤʠ. ʎʝ ʟʥʘʯʥʦ 

ʩʧʨʦʱʫʻ ʬʦʨʤʫʚʘʥʥʷ ʦʥʪʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢ ʬʦʨʤʘʪʫ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ. 

ɰʾ ʦʩʥʦʚʫ ʤʦʞʫʪʴ ʩʢʣʘʜʘʪʠ ʢʦʥʮʝʧʪʠ, ʪʝʨʤʠ ʷʢʠʭ ʻ ʨʦʟʚ'ʷʟʥʠʤʠ, ʘ 

ʧʨʦʧʦʟʠʮʽʦʥʘʣʴʥʽ ʚʠʨʘʟʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʩʪʠʥʥʽ ʚʠʩʣʦʚʣʶʚʘʥʥʷ ʚ ʥʦʪʘʮʽʾ 

ʚʽʜʧʦʚʽʜʥʦʾ ʘʣʛʝʙʨʠ, ʪʘʢʦʞ ʚʠʩʣʦʚʣʶʚʘʥʥʷ ʱʦʜʦ ʾʭ ʥʘʣʝʞʥʦʩʪʽ ʜʦ ʚʠʟʥʘʯʝʥʠʭ 

ʢʣʘʩʽʚ ʦʙôʻʜʥʘʥʠʭ ʪʘʢʩʦʥʦʤʽʯʥʠʭ ʨʽʟʥʦʤʘʥʽʪʴ ʻ ʽʩʪʠʥʥʠʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʩʬʦʨʤʦʚʘʥʘ ʥʘ ʟʘʩʘʜʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ 

ʨʽʟʥʦʤʘʥʽʪʪʷ T
(

 ʦʥʪʦʣʦʛʽʷ, ʩʧʨʦʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʩʠʩʪʝʤʦʣʦʛʽʯʥʝ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʩʽʭ ʥʘʨʘʪʠʚʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʫ ʙʘʟʫ ʚʟʘʻʤʦʜʽʾ ʫʯʥʷ 

ʚ STEM-ʩʝʨʝʜʦʚʠʱʽ. ɰʾ ʩʠʩʪʝʤʦʣʦʛʽʯʥʽʩʪʴ ʥʘʩʣʽʜʫʻʪʴʩʷ ʽʟ ʩʠʩʪʝʤʦʣʦʛʽʯʥʦʩʪʽ 

ʧʝʨʚʠʥʥʠʭ ʪʘʢʩʦʥʦʤʽʡ T, ʷʢʽ ʽʥʜʫʢʪʠʚʥʦ ʬʦʨʤʫʶʪʴ T
(
. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʫ ʡ 

ʢʦʨʝʢʪʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫʩʽʭ ʪʝʨʤʽʚ-ʢʦʥʮʝʧʪʽʚ, ʱʦ ʾʾ ʩʢʣʘʜʘʶʪʴ, 

ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʨʝʘʣʽʟʫʻ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʦʥʮʝʧʪʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʥʦʚʽʪʥʽ ʚʫʟʣʠ T
(
, ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʽʚ ʫʩʽʭ ʢʦʥʮʝʧʪʽʚ ʥʘ ʟʘʩʘʜʘʭ 

ʬʦʨʤʫʚʘʥʥʷ ʣʦʛʽʯʥʠʭ ʬʦʨʤʫʣ ʚ ʥʦʪʘʮʽʾ ʘʣʛʝʙʨʠ ʚʠʩʣʦʚʣʶʚʘʥʴ. ʊʘʢʦʞ 

ʩʠʩʪʝʤʦʣʦʛʽʯʥʽʩʪʴ ʪʘ ʜʠʭʦʪʦʤʽʯʥʽʩʪʴ ʧʨʦʧʦʟʠʮʽʡʥʠʭ ʚʠʨʘʟʽʚ ʟ ʢʦʥʮʝʧʪʽʚ T
(
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ʩʪʚʦʨʶʶʪʴ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʫʪʚʦʨʝʥʠʭ ʚʫʟʣʽʚ ʷʢ T
(
, ʪʘʢ ʡ ʚʽʜʧʦʚʽʜʥʦʾ 

ʪʝʤʘʪʠʯʥʦʾ ʦʥʪʦʣʦʛʽʾ tO  (ʽʥʜʝʢʩ t  ʚʠʟʥʘʯʘʻ ʪʝʤʘʪʠʯʥʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ).   

2.4. ʆʥʪʦʣʦʛʽʯʥʠʡ ʬʦʨʤʘʪ ʚʟʘʻʤʦʜʽʾ ʟʽ STEM-ʥʘʨʘʪʠʚʘʤʠ 

ʅʘ ʦʩʥʦʚʽ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʧʝʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʥʪʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ [73, 

80, 85, 92, 96, 104] ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʠʡ ʚʠʩʥʦʚʦʢ: ʩʝʤʘʥʪʠʯʥʽ 

ʢʦʥʩʪʨʫʢʪʠ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʬʦʨʤʘʪʽ ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ʚʠʜʫ (2.1) ʪʘ (2.2) 

nrO  ʆʩʅʨ, ʤʦʞʫʪʴ ʙʫʪʠ ʽʥʪʝʨʧʨʝʪʦʚʘʥʽ ʫ ʬʦʨʤʘʪʽ ʧʝʚʥʦʾ ʤʥʦʞʠʥʠ 

ʚʠʩʣʦʚʣʶʚʘʥʴ, ʪʚʝʨʜʞʝʥʴ, ʚʠʩʥʦʚʢʽʚ ʽ ʫʤʦʚʠʚʦʜʽʚ ʪʦʱʦ, ʷʢʽ ʟʛʽʜʥʦ 

ʘʢʩʽʦʤʘʪʠʢʠ nrO  ʆʩʅʨ, ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʽʩʪʠʥʥʦʩʪʽ. ɹʽʣʴʰ ʪʦʛʦ, ʾʭ ʟʘʚʞʜʠ 

ʤʦʞʥʘ ʪʨʠʚʽʘʣʴʥʝ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʬʦʨʤʘʪʽ ʟʚôʷʟʘʥʠʭ ʧʝʚʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʜʚʦʭ 

ʢʦʥʮʝʧʪʽʚ. ʎʝ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʟʘʩʘʜʘʭ ʨʝʢʫʨʩʠʚʥʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʘʢʩʽʦʤʘʤʠ ʦʥʪʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ nrO  ʆʩʅʨ, ʧʨʠ ʯʦʤʫ ʮʷ ʨʝʢʫʨʩʠʚʥʽʩʪʴ 

ʘʢʪʠʚʫʻ ʨʝʜʫʢʮʽʶ ʚʽʜʥʦʩʥʦ ʢʦʞʥʦʛʦ ʩʢʣʘʜʥʦʛʦ ʢʦʥʮʝʧʪʫ ʮʽʻʾ ʦʥʪʦʣʦʛʽʾ. ʊʦʙʪʦ 

ʜʦʚʽʣʴʥʫ ʣʽʥʛʚʽʩʪʠʯʥʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʱʦ ʦʧʠʩʫʻ ʢʦʥʮʝʧʪʠ nrO  ʆʩʅʨ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʬʦʨʤʘʪʽ ʢʦʤʧʦʟʠʮʽʡ ʪʨʠʚʽʘʣʴʥʠʭ ʚʠʩʣʦʚʣʶʚʘʥʴ. 

ɻʽʧʝʨʚʣʘʩʪʠʚʽʩʪʴ ʨʝʬʣʝʢʩʠʚʥʦʩʪʽ [84, 90], ʷʢʘ ʩʧʨʦʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʥʪʦʣʦʛʽʾ ʚʠʜʫ (2.1) ʽ (2.2) nrO  ʆʩʅʨ ʩʘʤʦʾ ʥʘ ʩʝʙʝ, ʟʘʙʝʟʧʝʯʫʻ 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʢʦʥʪʝʢʩʪʽʚ ʾʾ ʢʦʥʮʝʧʪʽʚ ʫ ʬʦʨʤʘʪʽ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʷʢʽ ʟʘʚʞʜʠ ʽʩʪʠʥʥʽ, ʡ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʨʽʟʥʠʭ ʬʦʨʤʘʪʘʭ ʾʭ 

ʬʦʨʤʘʣʽʟʘʮʽʾ. ʊʫʪ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʱʦ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʢʦʥʢʨʝʪʥʦʛʦ ʥʘʚʯʘʣʴʥʦ-

ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʟʘʚʜʘʥʥʷ ʚ STEM-ʩʝʨʝʜʦʚʠʱʽ, ʨʝʘʣʽʟʫʶʪʴʩʷ ʢʦʛʥʽʪʠʚʥʽ 

ʦʧʝʨʘʮʽʾ ʪʠʧʫ: ʩʝʤʘʥʪʠʯʥʠʡ ʘʥʘʣʽʟ ʚʠʭʽʜʥʠʭ ʢʦʥʮʝʧʪʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʘʢʩʽʦʤ ʽ 

ʧʨʘʚʠʣ-ʪʝʦʨʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʦ ʥʠʭ, ʚʽʜʦʙʨʘʞʝʥʥʷ ʢʦʞʥʦʛʦ 

ʧʨʦʤʽʞʥʦʛʦ ʩʪʘʥʫ ʧʨʦʮʝʩʫ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʟʘʚʜʘʥʥʷ 

ʪʦʱʦ. ʂʦʞʝʥ ʢʨʦʢ ʾʾ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʠʤ ʫ ʬʦʨʤʘʪʽ ʟʤʽʩʪʦʚʥʠʭ 

ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʢʦʥʩʪʨʫʢʪʽʚ: ʪʚʝʨʜʞʝʥʥʷ, ʚʠʩʣʦʚʣʶʚʘʥʥʷ, ʚʠʩʥʦʚʢʠ, ʫʤʦʚʠʚʦʜʠ 

ʪʦʱʦ, ʥʘʜ ʢʦʥʮʝʧʪʘʤʠ ʷʢʠʭ ʟʛʽʜʥʦ (2.1) ʚʠʟʥʘʯʝʥʦ ʢʦʥʢʨʝʪʥʽ ʽʥʪʝʨʧʨʝʪʫʶʯʠ 
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ʬʫʥʢʮʽʾ-ʜʽʾ, ʪʝʨʤʽʥʦʧʦʣʝ ʷʢʠʭ ʩʢʣʘʜʘʻ ʩʝʤʘʥʪʠʢʫ ʪʝʦʨʽʾ, ʷʢʫ ʚʠʚʯʘʻ ʫʯʝʥʴ ʚ 

STEM-ʩʝʨʝʜʦʚʠʱʽ [80, 84]. 

ʃʽʥʛʚʽʩʪʠʯʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʝʨʤʽʥʠ ʪʘ ʢʦʥʮʝʧʪʦʛʨʘʬʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʷʢʠʭ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʤʥʦʞʠʥʫ ʩʪʘʥʽʚ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ 

ʟʘʚʜʘʥʴ ʚ STEM-ʩʝʨʝʜʦʚʠʱʽ, ʟʘʜʘʯʽ, ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʨʠʨʦʜʥʦ-

ʤʦʚʥʦʶ ʪʝʨʤʽʥʦʣʦʛʽʻʶ, ʫ ʬʦʨʤʘʪʽ ʧʨʝʜʠʢʘʪʥʠʭ ʬʦʨʤʫʣ ʪʘ ʨʽʚʥʷʥʴ ʨʽʟʥʠʭ 

ʯʠʩʣʝʥʴ ʪʦʱʦ. ʄʥʦʞʠʥʘ ʦʥʪʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʚʠʜʫ nrO  ʆʩʅʨ, 

ʢʦʥʮʝʧʪʦʛʨʘʬʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʷʢʦʾ ʩʧʨʦʤʦʞʥʘ ʬʦʨʤʫʚʘʪʠ ʢʦʛʥʽʪʠʚʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʮʝʥʘʨʽʾ ʚʟʘʻʤʦʜʽʾ ʫʯʥʽʚ ʟʽ STEM-ʩʝʨʝʜʦʚʠʱʝʤ, ʟʘʙʝʟʧʝʯʫʻ 

ʧʽʜʪʨʠʤʢʫ ʧʨʦʮʝʩʫ ʨʦʟʚôʷʟʘʥʥʷ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʟʘʚʜʘʥʴ ʥʘ ʟʘʩʘʜʘʭ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʥʦʩʪʽ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʬʦʨʤʘʪʽ ʚʠʩʣʦʚʣʶʚʘʥʴ, ʪʚʝʨʜʞʝʥʴ, ʫʤʦʚʠʚʦʜʽʚ 

ʪʦʱʦ. ʎʝ ʚʠʟʥʘʯʘʻ ʤʥʦʞʠʥʫ ʢʦʥʢʨʝʪʥʠʭ ʩʪʘʥʽʚ ʚʟʘʻʤʦʜʽʾ ʫʯʥʷ ʟ ʤʥʦʞʠʥʦʶ 

ʆʩʅʨ, ʱʦ ʽʥʢʘʧʩʶʣʴʦʚʘʥʽ ʫ STEM-ʩʝʨʝʜʦʚʠʱʝ.  

ɺʠʟʥʘʯʠʤʦ ʧʦʥʷʪʪʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʥʪʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʯʠ 

ʦʥʪʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. ʇʽʜ ʚʟʘʻʤʦʜʽʻʶ ʨʦʟʫʤʽʪʠʤʝʤʦ ʙʫʜʴ-ʷʢʝ ʥʝʧʦʨʦʞʥʻ 

ʪʚʝʨʜʞʝʥʥʷ, ʷʢʝ ʧʦʚ'ʷʟʫʻ ʢʦʥʢʨʝʪʥʦʶ ʜʽʻʶ ʢʦʥʪʝʢʩʪʠ ʢʦʥʢʨʝʪʥʠʭ ʢʦʥʮʝʧʪʽʚ, 

ʷʢʽ ʤʦʞʫʪʴ ʥʘʣʝʞʘʪʠ ʷʢ ʦʜʥʽʻʾ ʪʘʢ ʡ ʥʝʧʫʩʪʦʾ ʤʥʦʞʠʥʽ ʦʥʪʦʣʦʛʽʡ. ʇʽʜ ʜʽʻʶ 

ʨʦʟʫʤʽʪʠʤʝʤʦ ʙʫʜʴ-ʷʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʧʦʚ'ʷʟʘʥʝ ʟ ʢʦʥʮʝʧʪʘʤʠ 

ʦʥʪʦʣʦʛʽʡ/ʦʥʪʦʣʦʛʽʡ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʩʦʣʽʜʦʚʘʥʫ ʚʟʘʻʤʦʜʽʶ ʫʯʥʽʚ ʟʽ 

STEM-ʥʘʨʘʪʠʚʘʤʠ. ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽʩʪʠʥʥʦʩʪʽ 

ʚʠʩʣʦʚʣʶʚʘʥʥʷ, ʧʦʙʫʜʦʚʘʥʦʛʦ ʟ ʢʦʥʮʝʧʪʽʚ ʦʜʥʽʻʾ ʯʠ ʜʝʢʽʣʴʢʦʭ ʦʥʪʦʣʦʛʽʡ ʚʠʜʫ 

(2.1) ʪʘ (2.2), ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʫ ʚʽʜʥʦʰʝʥʴ ʤʽʞ ʥʠʤʠ, ʜʦʢʘʟ ʽʩʪʠʥʥʦʩʪʽ 

ʪʚʝʨʜʞʝʥʥʷ ʪʘ ʫʤʦʚʠʚʦʜʫ ʷʢʽ ʥʘ ʦʩʥʦʚʽ ʥʠʭ ʩʬʦʨʤʫʣʴʦʚʘʥʽ.   

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʧʨʦʮʝʩ ʚʟʘʻʤʦʜʽʾ. ʂʘʪʝʛʦʨʽʷ ʚʟʘʻʤʦʜʽʷ ʚʢʣʶʯʘʻ 

ʧʝʚʥʫ ʤʥʦʞʠʥʫ ʧʦʩʣʽʜʦʚʥʠʭ ʜʽʡ, ʱʦ ʜʣʷ STEM-ʩʝʨʝʜʦʚʠʱʘ, ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʬʦʨʤʫʚʘʥʥʽ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʩʪʘʥʫ, ʷʢ ʤʽʥʽʤʫʤ ʜʚʦʭ 

ʢʦʥʮʝʧʪʽʚ ʦʥʪʦʣʦʛʽʾ, ʜʝ ʥʘʜ ʢʦʞʥʠʤ ʟ ʥʠʭ ʚʠʟʥʘʯʝʥʦ ʽʥʪʝʨʧʨʝʪʫʶʯʫ ʬʫʥʢʮʽʶ. 
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ʇʨʠʢʣʘʜʦʤ ʚʧʣʠʚʽʚ ʢʦʥʮʝʧʪʽʚ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʠʢʘʪʠ, 

ʧʨʝʧʦʟʠʮʽʡʥʽ ʚʠʨʘʟʠ, ʪʨʠʚʽʘʣʴʥʽ ʪʚʝʨʜʞʝʥʥʷ ʪʦʱʦ.  

ʇʦʚʝʨʥʝʤʦʩʷ ʜʦ ʨʦʟʛʣʷʜʫ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘʢʩʦʥʦʤʽʡ T
(

ʥʘʨʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʚʠʜʫ (2.2). 

ɿʛʽʜʥʦ ʚʠʨʘʟʽʚ (2.10) ï (2.15) ʪʘ (2.17), (2.18), ʢʦʥʮʝʧʪʠ ʟ T
(

 ʫʪʚʦʨʶʶʪʴ 

ʧʦʤʽʯʝʥʽ ʚʝʨʰʠʥʠ ʜʝʨʝʚ ɹʝʤʘ S. ʎʽ ʜʝʨʝʚʘ ʤʘʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʨʝʬʣʝʢʩʠʚʥʦʩʪʽ, 

ʪʦʙʪʦ ʩʧʨʘʚʝʜʣʠʚʠʤ ʻ ʚʠʨʘʟ: 

( )j ­S S     (2.16) 

ʜʝ j ï ʨʝʬʣʝʢʩʠʚʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ S ʩʘʤʦʛʦ ʥʘ ʩʝʙʝ, ʜʝ ʚʩʽ ʪʝʨʤʠ ʤʘʶʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʪʦʙʪʦ, ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʤʥʦʞʠʥ ɚ-ʪʝʨʤʽʚ ʤʦʞʝ ʤʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʝ 

ʚʠʨʘʞʝʥʥʷ ʧʨʠ ʯʦʤʫ ʢʦʥʪʝʢʩʪʠ ʜʣʷ ʚʩʽʭ ʪʝʨʤʚ̔-ʢʦʥʮʝʧʪʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʚʫʟʣʠ ʜʝʨʝʚ S ʚʠʟʥʘʯʝʥʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʤʥʦʞʠʥʘ ɚ-ʪʝʨʤʽʚ ʚʢʣʶʯʘʻ ʧʝʚʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʨʘʟʠ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʽʞʢʦʥʪʝʩʪʥʦʾ ʟʚôʷʟʥʦʩʪʽ 

ʥʘʨʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʚʠʜʫ (2.2).  

ɺʠʨʘʟ (2.16) ʻ ʨʦʟʚôʷʟʥʠʤ, ʪʦʙʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʧʨʝʜʠʢʘʪ ʚʠʜʫ (2.7) 

ʚʠʟʥʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʽʩʪʠʥʥʠʭ ʪʚʝʨʜʞʝʥʴ ʽ ʚʠʩʣʦʚʣʶʚʘʥʴ ʥʘ ʦʩʥʦʚʽ 

ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʽʟ ʪʝʨʤʽʚ-ʢʦʥʮʝʧʪʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʚʫʟʣʠ ʷʢ 

ʤʥʦʞʠʥʠ T
(
, ʪʘʢ ʽ ʤʥʦʞʠʥʠ S. ʊʦʜʽ ʜʝʨʝʚʦ ʚʟʘʻʤʦʟʚôʷʟʥʦʩʪʽ, ʷʢʝ ʚʽʜʦʙʨʘʞʘʻ 

ʤʽʞʢʦʥʪʝʢʩʪʥʫ ʟʚôʷʟʥʽʩʪʴ ʪʘ ʙʫʜʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʰʝʥʴ ʤʽʞ ʢʦʥʮʝʧʪʘʤʠ 

ɿʇʄ, ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʤʧʦʟʠʮʽʶ ʜʝʨʝʚ ɹʝʤʘ ʚʠʜʫ (2.10) ï (215), ʡ ʤʦʞʝ ʙʫʪʠ 

ʧʝʨʝʪʚʦʨʝʥʦ ʥʘ ʧʨʦʧʦʟʠʮʽʡʥʠʡ ʚʠʨʘʟ, ʝʣʝʤʝʥʪʘʨʥʽ ʚʠʨʘʟʠ ʷʢʦʛʦ, ʚ ʨʘʤʢʘʭ ʫʤʦʚ 

ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ, ʧʨʠʡʤʘʶʪʴ ʟʥʘʯʝʥʥʷ çʽʩʪʠʥʥʘè ʘʙʦ çʟʘʧʝʨʝʯʝʥʥʷè. 

ʆʙʯʠʩʣʝʥʥʷ ʮʠʭ ʟʥʘʯʝʥʴ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʶ 

ʥʘʣʝʞʥʦʩʪʽ ʘʪʨʠʙʫʪʽʚ ʥʦʚʠʭ ʢʦʥʮʝʧʪʽʚ ʦʟʥʘʢʦʚʠʤ ʦʧʠʩʘʤ, ʱʦ ʩʢʣʘʜʘʶʪʴ 

ʢʦʥʪʝʢʩʪʠ ʢʦʥʮʝʧʪʽʚ ʥʘʨʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʫ.  

ɺʠʨʘʟʠ (2.11) ï (2.16) ʚʠʟʥʘʯʘʶʪʴ ʪʘʢʦʞ ʩʠʩʪʝʤʦʣʦʛʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʥʦʚʽʪʥʽʭ 

ʢʦʥʮʝʧʪʽʚ T
(
, ʷʢʘ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʫʪʚʦʨʝʥʥʽ ʥʘ ʾʭ ʦʩʥʦʚʽ ʽʩʪʠʥʥʠʭ ʚʠʩʣʦʚʣʶʚʘʥʴ. 

ʊʦʙʪʦ ʪʝʨʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʥʮʝʧʪʘʤʠ, ʱʦ ʫʪʚʦʨʠʣʠ ʮʽ ʚʠʩʣʦʚʣʶʚʘʥʥʷ, ʻ 
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ʨʦʟʚôʷʟʥʠʤʠ. ʎʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʨʦʮʝʜʫʨʠ ʨʦʟʙʠʚʢʠ ʤʥʦʞʠʥʠ ɚ-

ʪʝʨʤʽʚ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʭʘʨʘʢʪʝʨʥʠʭ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʢʦʥʪʝʢʩʪʽʚ ʢʦʥʮʝʧʪʽʚ T
(

 ʚ ʢʦʥʢʨʝʪʥʦʤʫ ʩʪʘʥʽ. ʎʽ ʧʨʦʮʝʜʫʨʠ ʪʘʢʦʞ ʚʨʘʭʦʚʫʶʪʴ 

ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʧʪʽʚ ʧʦ ʨʽʟʥʠʭ ʢʣʘʩʘʭ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʧʽʜʚʠʱʫʶʪʴʩʷ ʾʭ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ ʦʟʥʘʢʠ ʚ S, ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʩʠʩʪʝʤʦʣʦʛʽʯʥʘ ʪʦʯʥʽʩʪʴ [73, 89]. 

ɯʥʰʠʤ ʥʘʩʣʽʜʢʦʤ ʻ ʬʦʨʤʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʽʪʥʽʭ ʪʝʨʤʽʚ-ʢʦʥʮʝʧʪʽʚ, 

ʷʢʽ ʚʢʣʶʯʘʶʪʴʩʷ ʜʦ ʜʝʨʝʚ ɹʝʤʘ S ʚʠʜʫ (2.10) ï (2.15), ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ 

ʧʨʦʧʦʟʠʮʽʡʥʠʭ ʚʠʨʘʟʽʚ, ʷʢʽ ʫʥʽʚʘʣʝʥʪʥʽ ʜʝʨʝʚʫ ʚʟʘʻʤʦʟʚôʷʟʥʦʩʪʽ, ʪʘ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʚʠʟʥʘʯʘʶʪʴ ʙʽʣʴʰ ʩʪʽʡʢʽ ʩʠʩʪʝʤʦʣʦʛʽʯʥʽ ʧʨʘʚʠʣʘ. ʎʷ ʫʤʦʚʘ ʤʦʞʝ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʨʝʬʣʝʢʩʠʚʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ (2.16) ʫ ʥʘʩʪʫʧʥʦʤʫ 

ʬʦʨʤʘʪʽ: 

1 2 n 1 2 m( ) ɺʊ(ʄ) { } { x , x ,... x , a , a ,... a }j ­ = ^ l l l l l lUS   (2.17) 

ʜʝ ɺʊ(ʄ), ʟʛʽʜʥʦ [84] ʧʦʤʽʯʝʥʝ ʜʝʨʝʚʦ, ʄ ï ʪʝʨʤ, ʷʢʠʡ ʤʘʻ ʨʦʟʚôʷʟʥʽʩʪʴ, 

ʪʦʙʪʦ ʫʩʽ ʪʚʝʨʜʞʝʥʥʷ ʽ ʚʠʩʣʦʚʣʶʚʘʥʥʷ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʟ ʡʦʛʦ ʇʉʉɼ-

ʢʦʥʮʝʧʪʽʚ ʽʩʪʠʥʥʽ. ʊʝʨʤʠ n mx , al l  ʻ ʩʢʣʘʜʥʠʤʠ ʡ ʚʠʟʥʘʯʘʶʪʴ ʮʽ 

ʚʠʩʣʦʚʣʶʚʘʥʥʷ ʥʘ ʢʦʥʪʝʢʩʪʘʭ ʢʦʥʮʝʧʪʽʚ x  ʯʠ ʢʦʥʩʪʘʥʪ a. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʥʩʦʣʽʜʘʮʽʶ ʚʟʘʻʤʦʜʽʾ ʫʯʥʷ ʟ ʤʥʦʞʠʥʦʶ STEM-ʥʘʨʘʪʠʚʽʚ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʨʝʬʣʝʢʩʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫʩʽʭ ʪʝʨʤʽʚ-

ʢʦʥʮʝʧʪʽʚ, ʢʦʥʪʝʢʩʪʠ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴ ʟʤʽʩʪʦʚʥʽʩʪʴ ʤʝʨʝʞʝʚʠʭ ʥʘʨʘʪʠʚʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ. ʎʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʘʣʽʟʫʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʥʦʞʠʥʠ ʫʩʴʦʛʦ 

ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ T
(

 ʫ ʬʦʨʤʘʪʽ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʟʥʘʥʴ ʪʘ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʟʘʩʘʜʘʭ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡ ʜʝʨʝʚ ɹʝʤʘ S (2.10) ï (2.15) ʚ 

ʧʨʦʮʝʩʽ ʦʙʨʦʙʣʝʥʥʷ ʥʘʨʘʪʠʚʥʠʭ ʪʝʢʩʪʽʚ. ʎʽ ʜʝʨʝʚʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʩʦʢʦʶ 

ʩʪʽʡʢʽʩʪʶ ʩʠʩʪʝʤʦʣʦʛʽʯʥʠʭ ʦʟʥʘʢ ʢʦʥʮʝʧʪʽʚ T
(

 ʪʘ ʾʭ ʚʽʜʥʦʰʝʥʴ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʧʨʦʮʝʜʫʨʥʦʶ ʽʥʪʝʨʧʨʝʪʘʮʽʻʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʠʭ 

T
(
, ʷʢ ʧʝʚʥʠʭ ʦʙôʻʢʪʽʚ ʩʢʣʘʜʥʦʾ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɰʾ ʩʢʣʘʜʘʶʪʴ ʥʘʩʪʫʧʥʽ 

ʝʪʘʧʠ: 



80 

 

   

 

ɺʠʟʥʘʯʝʥʥʷ ʚʠʨʘʟʽʚ ʫ ʬʦʨʤʘʪʽ ʧʨʦʧʦʟʠʮʽʡʥʠʭ ʬʦʨʤʫʣ ʟʘ ʧʨʘʚʠʣʘʤʠ ʥʦʪʘʮʽʾ 

ʘʣʛʝʙʨʠ ʚʠʩʣʦʚʣʶʚʘʥʴ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʢʣʘʩʠ ʢʦʥʮʝʧʪʽʚ ʽʟ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ 

ʨʽʟʥʦʤʘʥʽʪʪʷ T
(

 ʥʘ ʦʩʥʦʚʽ ʜʠʭʦʪʦʤʽʾ ʪʚʝʨʜʞʝʥʴ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʤʽʞʢʦʥʪʝʢʩʪʥʦʾ ʟʚôʷʟʥʦʩʪʽ. 

ʆʙôʻʢʪʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʫʩʽʭ ʢʦʥʮʝʧʪʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʪʘʢʩʦʥʦʤʽʾ 

T
(
, ʽ ʷʢ ʥʘʩʣʽʜʦʢ, ʚʠʟʥʘʯʝʥʥʷ ʚʠʨʘʟʽʚ ʫ ʬʦʨʤʘʪʽ ʧʨʦʧʦʟʠʮʽʡʥʠʭ ʬʦʨʤʫʣ, ʷʢʽ 

ʜʠʥʘʤʠʯʥʦ ʚʠʷʚʣʷʶʪʴ ʾʭ ʥʘʣʝʞʥʽʩʪʴ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʢʣʘʩʽʚ ʢʦʥʮʝʧʪʽʚ ʽʟ 

ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ T
(

. 

ɺʠʟʥʘʯʝʥʥʷ ʤʽʞʢʦʥʪʝʢʩʪʥʦʾ ʟʚôʷʟʥʦʩʪʽ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʦʟʥʘʢʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʮʝʧʪʽʚ ʽʟ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ T
(
, ʷʢʝ ʤʦʞʝ 

ʩʢʣʘʜʘʪʠʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʢʣʘʩʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʥʝʯʽʪʢʦʩʪʽ ʾʭ ʽʩʪʠʥʥʦʩʪʽ ʪʘ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʘʥʛʠ ʦʙôʻʢʪʠʚʥʦʩʪʽ 

ʘʪʨʠʙʫʪʽʚ ʢʦʥʮʝʧʪʽʚ ʪʘ ʾʭ ʜʠʭʦʪʦʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʚʽʜʥʦʰʝʥʴ.  

ʋʩʽ ʚʢʘʟʘʥʽ ʧʨʦʮʝʜʫʨʥʽ ʜʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ 

ʨʽʟʥʦʤʘʥʽʪʪʷ T
(
, ʱʦ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʢʦʤʧʦʟʠʮʽʷʤʠ ʜʝʨʝʚ ɹʝʤʘ S ʚʠʜʫ (2.10 ï 

( 2.15), ʷʢʘ ʚʠʟʥʘʯʘʻ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʦʥʪʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚʠʜʫ (2.1) 

ʽ (2.2) ʱʦʜʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʆʩʅʨ ʚ ʬʦʨʤʘʪ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʙʘʟʠ ʟʥʘʥʴ. ʅʘ ʦʩʥʦʚʽ 

ʮʠʭ ʜʝʨʝʚ ʚ STEM-ʩʝʨʝʜʦʚʠʱʽ, ʚ ʷʢʫ ʽʥʢʘʧʩʫʣʴʦʚʘʥʦ ʦʥʪʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ 

ʤʥʦʞʠʥʠ  ʆʩʅʨ, ʨʝʘʣʽʟʫʶʪʴʩʷ ʢʦʛʥʽʪʠʚʥʽ ʬʫʥʢʮʽʾ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ ʣʽʥʛʚʦ-

ʩʝʤʘʥʪʠʯʥʦʛʦ ʪʘ ʢʦʥʮʝʧʪʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʆʩʅʨ. ʋ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ  

ʘʥʘʣʽʟʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʢʦʥʩʪʨʫʢʪʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʤʽʞʢʦʥʪʝʢʩʪʥʠʭ ʚʽʜʥʦʰʝʥʴ ʜʣʷ ʫʩʽʭ ʢʦʥʮʝʧʪʽʚ ʤʥʦʞʠʥʠ 

ʆʩʅʨ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʝʤʘʥʪʠʯʥʽ ʦʟʥʘʢʠ ʢʦʥʮʝʧʪʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʬʦʨʤʫʚʘʥʥʷ T
(

 ʪʘ ʧʦʙʫʜʦʚʫ S, ʚʢʣʶʯʘʶʯʠ ʡ ʥʘʚʯʘʣʴʥʫ ʚʠʙʽʨʢʫ.  

ʊʘʢʩʦʥʦʤʽʯʥʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʥʘʨʘʪʠʚʥʠʭ ʦʧʠʩʽʚ T
(
, ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʝʨʝʚ 

ɹʝʤʘ S ʚʠʜʫ (2.10 ï ( 2.15), ʭʘʨʘʢʪʝʨʠʟʫʻ ʛʽʧʝʨʚʣʘʩʪʠʚʽʩʪʴ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʷʢʝ 

ʬʦʨʤʫʻʪʴʩʷ ʷʢ ʥʘʩʣʽʜʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʢʫʨʩʠʚʥʦʾ ʨʝʜʫʢʮʽʾ. ʇʦʜʘʣʴʰʝ 

ʬʦʨʤʫʚʘʥʥʷ ʤʥʦʞʠʥʠ T
(

 ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʽʥʢʘʧʩʫʣʷʮʽʾ ʥʦʚʽʪʥʽʭ 
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ʦʥʪʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ nrO ʆʩʅʨ. ɯʥʢʘʧʩʶʣʷʮʽʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʽʞ ʢʦʥʪʝʢʩʪʥʦʾ ʟʚôʷʟʥʦʩʪʽ ʢʦʥʮʝʧʪʽʚ ʦʥʪʦʣʦʛʽʡ ʚʠʜʫ (2.1) ʽ 

(2.2) ʫ ʬʦʨʤʘʪʽ ʧʨʦʧʦʟʠʮʽʡʥʠʭ ʚʠʨʘʟʽʚ ʬʦʨʤʘʪʫ (2.10) ï (2.17). ʎʽ ʚʠʨʘʟʠ ʻ 

ʬʦʨʤʘʣʴʥʦʶ ʽʥʪʝʨʧʨʝʪʘʮʽʻʶ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʽʚ, ʷʢʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʢʦʤʧʦʟʠʮʽʻʶ ʢʦʥʮʝʧʪʽʚ, ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʽʥʪʝʨʧʨʝʪʫʶʯʠʭ 

ʬʫʥʢʮʽʡ ʷʢ ʪʝʨʤʽʚ , ʚ ʥʦʪʘʮʽʾ ʣʘʤʙʜʘ-ʯʠʩʣʝʥʥʷ.   

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʜʝʨʝʚ ɹʝʤʘ S ʚʠʜʫ (2.10) ï ( 2.15) ʟʘ ʫʤʦʚ, ʱʦ ʢʦʥʪʝʢʩʪʠ 

ʾʭ ʚʫʟʣʽʚ ʚʠʟʥʘʯʘʶʪʴ ʪʽʣʴʢʠ ʽʩʪʠʥʥʽ ʟʥʘʯʝʥʥʷ, ʨʝʘʣʽʟʫʻʪʴʩʷ ʨʝʢʫʨʩʽʷ ʚʠʜʫ (2.9), 

ʷʢʘ ʻ ʨʦʟʚôʷʟʥʦʶ ʜʣʷ ʩʪʨʫʢʪʫʨ ʚʠʜʫ (2.10) ï (2.17).  

ɺʠʷʚʣʝʥʥʷ ʤʽʞʢʦʥʪʝʢʩʪʥʠʭ ʚʽʜʥʦʰʝʥʴ ʫ ʧʨʦʮʝʩʽ ʽʥʢʘʧʩʫʣʷʮʽʾ ʥʦʚʽʪʥʽʭ 

ʢʦʥʮʝʧʪʽʚ ʽ ʧʦʜʘʣʴʰʦʛʦ ʽʥʜʫʢʪʠʚʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʢʦʤʧʦʟʠʮʽʾ ʜʝʨʝʚ ɹʝʤʘ S 

ʚʠʜʫ (2.10) ï (2.15), ʨʝʘʣʽʟʫʻ ʚʠʷʚʣʝʥʥʷ ʥʦʚʠʭ ʚʠʩʣʦʚʣʶʚʘʥʴ ʷʢ ʩʠʩʪʝʤ ʟʥʘʥʴ. 

ɻʽʧʝʨʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʦʥʪʝʢʩʪʘʤʠ STEM-ʥʘʨʘʪʠʚʽʚ ʚʢʣʶʯʘʶʪʴ ʜʦ ʩʝʙʝ 

ʣʦʛʽʯʥʫ ʦʧʝʨʘʮʽʶ çʢʦʥôʶʥʢʮʽ»ʾ.   ʄʽʞʢʦʥʪʝʢʩʪʥʽ ʚʽʜʥʦʰʝʥʥʷ ʚʠʷʚʣʷʶʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ çʢʦʥôʶʥʢʮʽʷè, ʘ ʟʨʦʩʪʘʥʥʷ ɿʇʄ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ çʜʠʟôʶʥʢʮʽʷè, çʟʘʧʝʨʝʯʝʥʥʷè ʽ çʩʣʽʜʫʚʘʥʥʷè, 

ʷʢ ʧʨʷʤʦʛʦ ʪʘʢ ʡ ʟʚʦʨʦʪʥʦʛʦ.  

ʗʢʱʦ ʟʘʩʪʦʩʫʚʘʪʠ ʧʨʘʚʠʣʦ ʪʝʦʨʝʤʠ ɻʝʜʝʣʷ ʧʨʦ ʥʝʧʦʚʥʦʪʫ [84],ʪʦ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ, ʱʦ ʩʢʽʣʴʢʠ ʪʝʨʤʽʚ-ʢʦʥʮʝʧʪʽʚ ʥʝ ʽʥʢʘʧʩʫʣʶʚʘʪʠ ʫ T
(

 ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʨʦʟʰʠʨʷʪʠ ʢʦʤʧʦʟʠʮʽʶ ʜʝʨʝʚ ɹʝʤʘ S ʚʠʜʫ (2.10) ï ( 2.15), ʡ ʩʢʽʣʴʢʠ ʙ ʾʭ 

ʢʦʥʪʝʢʩʪʽʚ ʫ T
(

 ʥʝ ʟʚôʷʟʫʚʘʣʦʩʷ ʤʽʞ ʩʦʙʦʶ, ʚʦʥʠ ʪʘ ʚʽʜʧʦʚʽʜʥʘ ʦʥʪʦʣʦʛʽʯʥʘ 

ʽʥʪʝʨʘʢʪʠʚʥʘ ʩʠʩʪʝʤʘ ʟʥʘʥʴ ʥʽʢʦʣʠ ʥʝ ʙʫʜʫʪʴ ʧʦʚʥʠʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʘ ʤʥʦʞʠʥʘ ʥʝʚʠʟʥʘʯʝʥʠʭ ʚʫʟʣʽʚ.   

2.5. ɺʝʨʙʘʣʴʥʽ ʫʤʦʚʠ ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ɺʠʩʣʦʚʣʶʚʘʥʥʷ ʪʘ ʪʚʝʨʜʞʝʥʥʷ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʪʝʨʤʽʚ-

ʢʦʥʮʝʧʪʽʚ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ STEM-ʥʘʨʘʪʠʚʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʥʠʤʠ, ʤʘʶʪʴ 

ʚʝʨʙʘʣʴʥʦ ʦʨʽʻʥʪʦʚʥʠʡ ʭʘʨʘʢʪʝʨ [110, 111] 106, .[107, 110, 111], . ʇʨʘʚʠʣʘ-
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ʬʦʨʤʫʣʠ (2.1) ï (2.17), ʚʠʟʥʘʯʝʥʽ ʪʘ ʧʦʙʫʜʦʚʘʥʽ ʫ ʧʦʧʝʨʝʜʥʽʭ ʧʽʜʨʦʟʜʽʣʘʭ, 

ʜʦʟʚʦʣʷʶʪʴ ʤʦʜʠʬʽʢʫʚʘʪʠ ʧʨʘʚʠʣʘ, ʷʢʽ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʫ ʧʨʘʮʽ ʪʘ 

ʩʬʦʨʤʫʚʣʶʚʘʪʠ ʾʭ ʫ ʬʦʨʤʘʪʽ ʥʘʩʪʫʧʥʠʭ.  

ʊʚʝʨʜʞʝʥʥʷ 1. ʌʫʥʢʮʽʷ ʨʝʬʣʝʢcʽʾ fR  ʻ ʚʝʨʙʘʣʴʥʦ-ʘʢʪʠʚʥʦʶ ʫ STEM-

ʩʝʨʝʜʦʚʠʱʽ ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʜʣʷ STEM-ʥʘʨʘʪʠʚʫ ʽʩʥʫʻ ʪʘʢʩʦʥʦʤʽʯʥʝ 

ʨʽʟʥʦʤʘʥʽʪʪʷ T
(
, ʷʢʝ ʤʦʞʥʘ ʨʦʟʰʠʨʠʪʠ ʜʦ ʦʥʪʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚʠʜʫ (2.1).  

ʂʦʥʩʪʨʫʢʪʠʚʥʽʩʪʴ ʪʚʝʨʜʞʝʥʥʷ 1 ʜʦʟʚʦʣʷʻ ʧʨʝʜʩʪʘʚʠʪʠ ʬʦʨʤʘʪ ʥʘʨʘʪʠʚʫ 

ʚʠʜʫ (2.2) ndO  ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ:  

nd fO X(K),R=
     (2.18) 

ʜʝ fR  ï ʨʝʬʣʝʢʩʠʚʥʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʨʝʘʣʽʟʫʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʜʫ (2.17) ʡ 

ʚʠʨʘʟ ʥʘʨʘʪʠʚʫ (2.2) ʧʝʨʝʪʚʦʨʶʻ ʥʘ ʚʠʨʘʟ (2.18).  

ɿʛʽʜʥʦ ʚʠʨʘʟʽʚ (2.1) ï (2.17) ʟ ʜʦʚʽʣʴʥʦʛʦ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ T
(

 

ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʝʨʤʠ-ʢʦʥʮʝʧʪʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʽʩʪʠʥʥʽ ʚʠʩʣʦʚʣʶʚʘʥʥʷ, ʷʢʽ ʻ 

ʚʝʨʙʘʣʴʥʠʤʠ. 

ʊʚʝʨʜʞʝʥʥʷ 2. ɼʦʚʽʣʴʥʠʡ STEM-ʥʘʨʘʪʠʚ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ 

ʚʠʛʣʷʜʽ ʪʘʢʩʦʥʦʤʽʾ T, ʧʨʠ ʫʤʦʚʽ ʱʦ ʥʘʜ ʡʦʛʦ ʢʦʥʮʝʧʪʘʤʠ ʟʘʜʘʥʘ ʨʝʬʣʝʢʩʠʚʥʘ 

ʨʝʢʫʨʩʽʷ.  

ʇʝʨʝʪʚʦʨʝʥʥʷ ʥʘʨʘʪʠʚʫ ʚʠʨʘʟʫ (2.2) ʥʘ ʬʦʨʤʘʪ ʦʥʪʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ 

ʬʦʨʤʘʪʫ (2.1) ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʠʜʽʣʝʥʥʷ ʙʽʥʘʨʥʠʭ ʧʘʨ ʽʟ ʪʝʨʤʽʚ-

ʢʦʥʮʝʧʪʽʚ, ʱʦ ʚʠʟʥʘʯʘʻ ʜʦʚʽʣʴʥʫ ʪʘʢʩʦʥʦʤʽʶ. ʊʘʢʩʦʥʦʤʽʷ ʟʛʽʜʥʦ (2.4) ʽ (2.5) ʻ 

ʩʪʨʫʢʪʫʨʥʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʜʦʚʽʣʴʥʦʾ ʦʥʪʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʊʚʝʨʜʞʝʥʥʷ 3. ɼʦʚʽʣʴʥʫ ʦʥʪʦʣʦʛʽʯʥʫ ʩʠʩʪʝʤʫ, ʷʢ ʤʥʦʞʠʥʥʝ ʽʻʨʘʨʭʽʯʥʝ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʢʦʥʮʝʧʪʽʚ ʧʝʚʥʦʾ ʤʥʦʞʠʥʠ STEM-ʥʘʨʘʪʠʚʽʚ, ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʜʝʨʝʚʘ ɹʝʤʘ ï b
D . 

ɿʛʽʜʥʦ ʚʠʨʘʟʽʚ (2.10) ï (2.15) ʜʦʚʽʣʴʥʘ ʤʥʦʞʠʥʘ ʪʝʨʤʽʚ-ʢʦʥʮʝʧʪʽʚ ʤʦʞʝ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʬʦʨʤʘʪʽ ʟʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʽʩʪʠʥʥʠʭ ʚʠʩʣʦʚʣʶʚʘʥʴ. 

ʊʦʙʪʦ ʟʘʚʞʜʠ ʽʩʥʫʻ ʥʘʙʽʨ ʪʝʨʤʽʚ-ʢʦʥʮʝʧʪʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʨʦʟʚôʷʟʥʠʡ ʪʝʨʤ 
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[84]. ʊʦʜʽ ʪʘʢʠʡ ʥʘʙʽʨ ʪʝʨʤʽʚ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʬʦʨʤʘʪʽ (2.10), ʪʦʙʪʦ 

ʤʘʪʠ ʚʠʛʣʷʜ ʜʝʨʝʚʘ ɹʝʤʘ. 

ʊʚʝʨʜʞʝʥʥʷ 4. ɼʝʨʝʚʦ ɹʝʤʘ b
D  ʚʠʜʫ (2.10) ʟʘʚʞʜʠ ʻ ʫʥʽʚʘʣʝʥʪʥʠʤ 

ʦʥʪʦʣʦʛʽʾ ʟ ʪʘʢʩʦʥʦʤʽʯʥʦʶ ʦʩʥʦʚʦʶ T : 

b
D T@        (2.19) 

ɿʛʽʜʥʦ ʚʠʟʥʘʯʝʥʥʷ ʫʥʽʚʘʣʝʥʪʥʦʩʪʽ [108], ʨʽʚʥʽʩʪʴ ʚʠʩʣʦʚʣʶʚʘʥʴ ʻ 

ʪʦʪʦʞʥʦʶ ʾʭ ʣʦʛʽʯʥʽʡ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ, ʪʦʙʪʦ ʜʦ ʫʚʘʛʠ ʙʝʨʫʪʴʩʷ ʪʽʣʴʢʠ 

ʽʩʪʠʥʥʦʩʪʽ ʟʥʘʯʝʥʥʷ ʚʠʩʣʦʚʣʶʚʘʥʴ, ʘʣʝ ʥʝ ʾʭ ʟʤʽʩʪ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʩʽ 

ʚʠʩʣʦʚʣʶʚʘʥʥʷ, ʱʦ ʩʬʦʨʤʦʚʘʥʽ ʟ ʪʝʨʤʽʚ-ʢʦʥʮʝʧʪʽʚ ʜʦʚʽʣʴʥʦʾ T, ʪʘʢʦʞ ʽʩʪʠʥʥʽ 

ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʚʦʥʠ ʩʬʦʨʤʦʚʘʥʽ ʽʟ ʪʝʨʤʽʚ-ʢʦʥʮʝʧʪʽʚ ʜʝʨʝʚʘ ɹʝʤʘ. ʎʝ 

ʪʚʝʨʜʞʝʥʥʷ ʻ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʝʢʩʪʝʥʩʽʦʥʘʣʴʥʠʤ, ʪʦʙʪʦ ʩʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ 

ʬʫʥʢʮʽʾ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʨʽʚʥʽ ʜʣʷ ʚʩʽʭ ʨʽʚʥʠʭ ʟʥʘʯʝʥʴ ʾʭ ʘʨʛʫʤʝʥʪʽʚ, ʨʽʚʥʽ ʤʽʞ 

ʩʦʙʦʶ. ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʬʫʥʢʮʽʡ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʜʝʨʝʚʘ 

ʚʟʘʻʤʦʟʚôʷʟʥʦʩʪʽ.  

ʊʚʝʨʜʞʝʥʥʷ 5. ɿ ʤʥʦʞʠʥʠ ʢʦʥʮʝʧʪʽʚ STEM-ʥʘʨʘʪʠʚʽʚ ʟʘʚʞʜʠ ʤʦʞʥʘ 

ʩʬʦʨʤʫʚʘʪʠ ʤʥʦʞʠʥʫ ʪʘʢʩʦʥʦʤʽʯʥʠʭ ʨʽʟʥʦʤʘʥʽʪ ɹT
(

 ʪʘ ʤʥʦʞʠʥʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʜʝʨʝʚ ɹʝʤʘ b
D , ʷʢʽ ʫʥʽʚʘʣʝʥʪʥʽ ʤʽʞ ʩʦʙʦʶ.  

n

bi
i 1

T D
=

@
(

U
     (2.20) 

ʎʝ ʪʚʝʨʜʞʝʥʥʷ ʫʟʘʛʘʣʴʥʶʻ ʪʚʝʨʜʞʝʥʥʷ 4. ɿʛʽʜʥʦ ʚʠʨʽʟʽʚ (2.10) ï (2.19) ʚʩʽ 

ʪʝʨʤʠ-ʢʦʥʮʝʧʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʫʟʣʘʤʠ ʷʢ T
(
, ʪʘʢ ʽ b

D . 

ʊʚʝʨʜʞʝʥʥʷ 6. ʉʝʤʘʥʪʠʯʥʘ ʟʚôʷʟʥʽʩʪʴ ʢʦʥʮʝʧʪʽʚ STEM-ʥʘʨʘʪʠʚʫ ʪʘ ʾʭ 

ʢʦʥʪʝʢʩʪʽʚ X(K), ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʜʝʨʝʚ ʚʠʜʫ (2.10) ï

(2.15) ʡ (2.20), ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ 

T
(
, ʷʢʝ ʩʧʨʦʤʦʞʥʝ ʚʽʜʦʙʨʘʞʘʪʠ ʦʥʪʦʣʦʛʽʾ ʫʩʽʻʾ ʤʥʦʞʠʥʠ ʟʘʟʥʘʯʝʥʠʭ STEM-

ʥʘʨʘʪʠʚʽʚ. 

ʎʝ ʫʟʘʛʘʣʴʥʶʻ ʫʩʽ ʪʚʝʨʜʞʝʥʥʷ 1-5. 
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ʊʚʝʨʜʞʝʥʥʷ 7. ʗʢʱʦ ʧʽʜʤʥʦʞʠʥʘ ʢʦʥʮʝʧʪʽʚ ʍ TË  ʻ ʢʦʥʩʦʣʽʜʦʚʘʥʦʶ ʟ 

ʽʥʰʠʤʠ ʢʦʥʮʝʧʪʘʤʠ STEM-ʥʘʨʘʪʠʚʽʚ, ʪʦ ʮʷ ʪʘʢʩʦʥʦʤʽʷ T  ʤʦʞʝ 

ʧʦʧʦʚʥʶʚʘʪʠʩʷ ʥʦʚʽʪʥʽʤʠ ʜʝʨʝʚʘʤʠ ɹʝʤʘ ʚʠʜʫ (2.10) ï (2.15), ʷʢʽ ʤʘʶʪʴ 

ʜʦʜʘʪʢʦʚʽ ʢʦʥʮʝʧʪʠ kx | k n> . 

ɿʛʽʜʥʦ  [84] ʜʝʨʝʚʘ ɹʝʤʘ ʻ ʽʥʜʫʢʪʠʚʥʠʤʠ. ʊʦʙʪʦ ʚʦʥʠ ʤʦʞʫʪʴ ʧʦʨʦʜʞʫʚʘʪʠ 

ʥʦʚʽʪʥʽ ʪʝʨʤʠ ʚʫʟʣʠ, ʷʢʽ ʻ ʾʭ ʢʦʤʧʦʟʠʮʽʷʤʠ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʤʧʦʟʠʮʽʷʤʠ ʻ 

ʪʝʨʤʠ, ʷʢʽ ʤʘʶʪʴ ʢʦʥʪʝʢʩʪʥʫ ʟʚôʷʟʥʽʩʪʴ. ʗʢʱʦ ʨʦʟʛʣʷʥʫʪʠ ʚʠʨʘʟ (2.17), 

ʧʦʙʘʯʠʤʦ, ʱʦ ʚʽʥ ʤʘʻ ʥʘʙʽʨ ʧʦʤʽʯʝʥʠʭ ʜʝʨʝʚ ɺʊ(ʄ), ʜʝ ʄ ï ʩʢʣʘʜʥʠʡ ʪʝʨʤ, 

ʷʢʠʡ ʻ ʧʨʘʚʦʶ ʯʘʩʪʠʥʦʶ ʚʠʨʘʟʫ (2.15) ʽ ʤʘʻ ʨʦʟʚôʷʟʥʽʩʪʴ, ʪʦʙʪʦ ʚʩʽ ʪʚʝʨʜʞʝʥʥʷ 

ʽ ʚʠʩʣʦʚʣʶʚʘʥʥʷ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʟ ʡʦʛʦ ʇʉʉɼ-ʢʦʥʮʝʧʪʽʚ ʻ ʽʩʪʠʥʥʠʤʠ. ʊʝʨʤʠ 

n mx , al l ʻ ʩʢʣʘʜʥʠʤʠ ʽ ʚʠʟʥʘʯʘʶʪʴ ʮʽ ʚʠʩʣʦʚʣʶʚʘʥʥʷ ʥʘ ʢʦʥʪʝʢʩʪʘʭ ʢʦʥʮʝʧʪʽʚ 

x  ʯʠ ʢʦʥʩʪʘʥʪ a. 

ʊʚʝʨʜʞʝʥʥʷ 8. ʊʘʢʩʦʥʦʤʽʷ ʜʦʚʽʣʴʥʦʛʦ STEM-ʥʘʨʘʪʠʚʫ ʫʥʽʚʘʣʝʥʪʥʘ ʫʩʴʦʤʫ 

ʧʨʦʩʪʦʨʫ ʜʝʨʝʚ ɹʝʤʘ, ʷʢʽ ʤʦʞʥʘ ʫʪʚʦʨʠʪʠ ʟʽ ʡʦʛʦ ʢʦʥʮʝʧʪʽʚ.  

b
T D@       (2.21) 

ʎʝ ʪʚʝʨʜʞʝʥʥʷ ʚʠʚʦʜʠʪʴʩʷ ʟ ʧʦʻʜʥʘʥʥʷ ʚʠʟʥʘʯʝʥʴ ʫʥʽʚʘʣʝʥʪʥʦʩʪʽ [108] ʽ 

ʜʝʨʝʚʘ ɹʝʤʘ [84], ʪʚʝʨʜʞʝʥʴ 1-7 ʪʘ ʚʠʟʥʘʯʝʥʴ (2.6) ï (2.20). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʥʪʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ STEM-ʥʘʨʘʪʠʚʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ 

ʪʝʤʘʪʠʢʠ ʧʨʝʜʤʝʪʥʠʭ ʜʠʩʮʠʧʣʽʥ, ʱʦ ʚʠʚʯʘʶʪʴʩʷ, ʬʦʨʤʫʶʪʴ ʤʥʦʞʠʥʥʫ 

ʩʠʩʪʝʤʦʫʪʚʦʨʶʶʯʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʚʝʨʙʘʣʴʥʫ ʧʣʘʪʬʦʨʤʫ ʥʘʨʘʪʠʚʥʦʛʦ 

ʜʠʩʢʫʨʩʫ.  

ɿʘ ʨʘʭʫʥʦʢ ʚʣʘʩʪʠʚʦʩʪʽ ʫʥʽʚʘʣʝʥʪʥʦʩʪʽ ʪʘʢʩʦʥʦʤʽʡ ʽ ʜʝʨʝʚ ɹʝʤʘ 

ʨʝʘʣʽʟʫʪʁʴʩʷ ʚʠʷʚʣʝʥʥʷ ʢʣʘʩʽʚ ʢʦʥʮʝʧʪʽʚ ʜʣʷ ʤʥʦʞʠʥʠ ʪʘʢʩʦʥʦʤ̔ ʡ STEM-

ʥʘʨʘʪʠʚ̔ʚ ʛʽʧʝʨʚʣʘʩʪʠʚʽʩʪʴ, ʱʦ ʥʘʜ ʥʠʤʠ ʟʘʜʘʻʪʴʩʷ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ 

ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʬʦʨʤʘʪʫ ʥʘʨʘʪʠʚʥʦʛʦ ʜʠʩʢʫʨʩʫ ʤʽʞ STEM-ʥʘʨʘʪʠʚʘʤʠ. 

ʌʦʨʤʘʣʴʥʦ ʥʘʨʘʪʠʚʥʠʡ ʜʠʩʢʫʨʩ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʬʦʨʤʘʪʫ, ʧʨʠ ʫʤʦʚʽ 

ʚʠʟʥʘʯʝʥʥʷ ʤʥʦʞʠʥʠ ʢʦʥʮʝʧʪʽʚ ʍ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʟʤʽʩʪ ʮʠʭ ʥʘʨʘʪʠʚʽʚ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ, ʟʛʽʜʥʦ ʨʦʙʦʪ [74, 81], ʫ ʬʦʨʤʘʪʽ ʥʘʩʪʫʧʥʦʛʦ ʘʛʨʝʛʘʪʫ:  
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n m n m
f n m c f n m1 1 1 1(X) (T R X ( X ) Q (L) F (X) | X ( X ) X)= ³ ³ ³ ³ ËQ

(
U U U U  (2.22) 

ʜʝ cQ (L)  ï ʬʫʥʢʮʽʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʽʞʢʦʥʪʝʢʩʪʥʠʭ ʚʽʜʥʦʰʝʥʴ [73, 85]. 

Tc L s lQ (l) (Q (Q (C),T)=
(

U
     (2.23) 

ʜʝ ʉ ï ʤʥʦʞʠʥʘ STEM-ʥʘʨʘʪʠʚʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʟʤʽʩʪʦʚʥʽʩʪʴ STEM-

ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʨʦʟʚôʷʟʘʥʥʷ ʥʘʚʯʘʣʴʥʦ-

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʟʘʚʜʘʥʴ. 

x  ï ʣʝʢʩʠʯʥʘ ʦʜʠʥʠʮʷ ʚʠʜʫ ʇʉʉɼ, ʟ ʷʢʦʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʚôʷʟʫʚʘʥʥʷ; 

xL  ï ʪʝʢʩʪʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʦʥʪʝʢʩʪʫ ʣʝʢʩʠʯʥʦʾ ʦʜʠʥʠʮʽ x . 

l  ï ʧʝʚʥʘ ʣʝʢʩʝʤʘ ʚʠʜʫ ʇʉʉɼ il x x= ¸. 

ʄʥʦʞʠʥʘ ʽʥʜʝʢʩʽʚ {}I , ʷʢʘ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʤʥʦʞʠʥʠ 

C  ʬʫʥʢʮʽʾ ʽʥʜʝʢʩʘʮʽʾ lQ , ʬʦʨʤʫʻ ʽʥʜʝʢʩʥʫ ʟʦʥʫ I% ʫʩʽʭ ʥʘʨʘʪʠʚʽʚ ʤʝʨʝʞʝʚʠʭ 

ʜʦʢʫʤʝʥʪʽʚ ND  

{}{ }I I T= ³
(

%
      (2.24) 

ʅʘ ʦʩʥʦʚʽ ʚʠʨʘʟʫ (2.23) ʽ (2.24) ʬʫʥʢʮʽʶ ʢʦʥʪʝʢʩʪʥʦʾ ʟʚôʷʟʥʦʩʪʽ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ: 

cQ (L) I C T 3= ³ ³ ³Á
(

%
     (2.25) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʬʫʥʢʮʽʷ ʢʦʥʪʝʢʩʪʥʦʾ ʟʚôʷʟʥʦʩʪʽ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʱʦʜʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʥʦʞʠʥʠ STEM-ʥʘʨʘʪʠʚʽʚ ʫ ʬʦʨʤʘʪʽ ʥʘʨʘʪʠʚʥʦʛʦ ʜʠʩʢʫʨʩʫ ʥʘ 

ʦʩʥʦʚʽ ʩʝʤʘʥʪʠʢʦ-ʣʝʢʩʠʯʥʦʛʦ ʪʘ ʢʦʥʮʝʧʪʦʛʨʘʬʽʯʥʦʛʦ ʾʭ ʦʙʨʦʙʣʝʥʥʷ. ʇʨʠ 

ʮʴʦʤʫ ʪʘʢʩʦʥʦʤʽʯʥʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʠʡ ʬʦʨʤʘʪ 

ʥʘʨʘʪʠʚʥʦʛʦ ʜʠʩʢʫʨʩʫ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʶʪʴ ʢʘʪʝʛʦʨʽʶ ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʫʯʥʽʚ ʟʽ STEM-ʥʘʨʘʪʠʚʘʤʠ.  

2.6. ʂʘʪʝʛʦʨʽʾ ʤʝʪʘʟʘʜʘʯ STEM-ʩʝʨʝʜʦʚʠʱʘ 

ʆʧʝʨʘʮʽʦʥʘʣʴʥʽʩʪʴ STEM-ʩʝʨʝʜʦʚʠʱʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʚʥʠʤʠ 

ʤʝʪʘʟʘʜʘʯʘʤʠ, ʧʨʦʮʝʜʫʨʠ ʨʦʟʚôʷʟʘʥʥʷ ʷʢʠʭ ʜʦʩʠʪʴ ʧʦʚʥʦ ʨʝʘʣʽʟʫʶʪʴ ʡʦʛʦ 

ʥʘʫʢʦʚʦ-ʦʩʚʽʪʥʽ ʩʧʨʦʤʦʞʥʦʩʪʽ. ʎʝ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʢʦʛʥʽʪʠʚʥʠʭ 
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ʬʫʥʢʮʽʡ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʟʘʚʜʘʥʥʷ 

ʫ ʬʦʨʤʘʪʽ ʦʥʪʦʣʦʛʽʾ ʚʠʜʫ (2.1) ʽ (2.2). ʊʦʙʪʦ ʚ ʧʨʦʮʝʩʽ ʽʥʢʘʧʩʫʣʷʮʽʾ ʆʩʅʨ ʚ 

ʬʦʨʤʘʪ nrO  ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʪʘ ʚʠʨʽʰʠʪʠ ʧʝʚʥʽ ʟʘʜʘʯʽ, ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʚôʷʟʘʥʥʷ ʷʢʠʭ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʦʧʝʨʘʮʽʦʥʘʣʴʥʦʛʦ ʷʜʨʘ STEM-

ʮʝʥʪʨʫ. ʉʘʤʝ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʆʩʅʨ ʚ ʬʦʨʤʘʪ STEM-ʥʘʨʘʪʠʚʽʚ ʟʘʙʝʟʧʝʯʫʻ 

ʧʦʜʘʣʴʰʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫʩʽʭ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʟʘʚʜʘʥʴ ʚ 

ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʤʫ ʬʦʨʤʘʪʽ [14]. 

ʇʨʠ ʮʴʦʤʫ ʧʦʚʠʥʥʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʤʽʞʢʦʥʪʝʢʩʪʥʘ ʟʚôʷʟʥʽʩʪʴ ʢʦʥʮʝʧʪʽʚ 

ʆʩʅʨ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʚʠʟʥʘʯʝʥʥʷ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ 

ʟʘʚʜʘʥʴ, ʷʢʽ ʚʠʷʚʣʷʶʪʴʩʷ ʧʨʠ ʘʥʘʣʽʟʽ ʧʨʦʙʣʝʤʥʠʭ ʩʠʪʫʘʮʽʡ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʧʝʚʥʦʾ ʪʝʦʨʽʾ ʚ STEM-ʩʝʨʝʜʦʚʠʱʽ. ʊʘʢʦʞ ʥʘ ʾʭ ʦʩʥʦʚʽ ʬʦʨʤʫʻʪʴʩʷ 

ʧʨʦʩʪʽʨ ʤʥʦʞʠʥʥʠʭ ʧʝʨʝʭʦʜʽʚ ʨʽʟʥʠʤʠ ʦʥʪʦʣʦʛʽʷʤʠ, ʱʦ ʽʥʢʘʧʩʫʣʴʦʚʘʥʽ ʚ 

STEM-ʩʝʨʝʜʦʚʠʱʝ. ʉdbʘʤʝ ʧʨʦʮʝʜʫʨʠ ʾʭ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʜʦʢʘʟʦʚʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʫʯʥʝʤ ʨʝʟʫʣʴʪʘʪʫ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʥʘʚʯʘʣʴʥʦ-

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʟʘʚʜʘʥʴ. ʌʘʢʪʠʯʥʦ ʚʦʥʠ ʧʦʚʠʥʥʽ ʦʪʨʠʤʘʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʾʭ 

ʨʦʟʚôʷʟʢʫ ʽʩʪʠʥʥʝ ʪʚʝʨʜʞʝʥʥʷ ʱʦʜʦ ʧʝʚʥʠʭ ʩʪʘʥʽʚ ʪʝʦʨʽʾ, ʷʢʫ ʚʦʥʠ ʚʠʚʯʘʶʪʴ. 

ʂʦʥʩʦʣʽʜʘʮʽʷ ʆʩʅʨ ʚ ʧʨʦʮʝʩʽ ʚʟʘʻʤʦʜʽʾ ʫʯʥʷ ʟʽ STEM-ʩʝʨʝʜʦʚʠʱʝʤ 

ʨʝʘʣʽʟʫʻʪʴʩʷ, ʷʢ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚ ʧʧ. 2.1., ʥʘ ʟʘʩʘʜʘʭ ʬʦʨʤʫʚʘʥʥʷ 

ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʆʩʅʨ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʾʭ ʢʦʥʮʝʧʪʘʤʠ 

ʪʘʢʩʦʥʦʤʽʡ ʪʘ ʤʘʶʪʴ ʩʪʽʡʢʽ ʤʽʞʢʦʥʪʝʢʩʪʽ ʟʚôʷʟʢʠ.  

ɼʣʷ ʾʾ ʨʝʘʣʽʟʘʮʽʾ ʚʠʟʥʘʯʠʤʦ ʤʥʦʞʠʥʫ ʤʝʪʘʟʘʜʘʯ, ʧʨʦʮʝʜʫʨʠ ʨʦʟʚ'ʷʟʥʦʩʪʽ 

ʷʢʠʭ, ʷʢ ʚʞʝ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʽʞʢʦʥʪʝʢʩʪʥʠʭ 

ʚʽʜʥʦʰʝʥʴ ʤʽʞ ʢʦʥʮʝʧʪʘʤʠ ʆʩʅʨ. ɼʣʷ ʮʴʦʛʦ ʚʠʟʥʘʯʠʤʦ ʧʨʘʚʠʣʦ ʤʥʦʞʠʥʘ 

ʽʥʪʝʨʧʨʝʪʫʶʯʠʭ ʬʫʥʢʮʽʡ ʦʥʪʦʣʦʛʽʾ ʆʩʅʨ ʪʘ ʾʾ ʢʦʥʮʝʧʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʝʨʤʽʥʘʭ ʧʝʚʥʦʾ ʪʝʦʨʽʾ. ʇʨʠ ʮʴʦʤʫ [38]: 

ï ʙʫʜʴ-ʷʢʘ ʪʝʦʨʽʷ ʤʘʻ ʧʨʘʚʠʣʘ, ʷʢʽ ʩʠʥʪʝʟʫʶʪʴ ʥʦʚʽ ʪʚʝʨʜʞʝʥʥʷ, ʽ ʮʽ ʧʨʘʚʠʣʘ 

ʟʘʩʪʦʩʦʚʥʽ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʪʝʦʨʽʾ; 
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ï ʙʫʜʴ-ʷʢʘ ʪʝʦʨʽʷ ʤʘʻ ʧʨʘʚʠʣʘ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʪʚʝʨʜʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʚʜʘʥʥʷ, ʱʦ ʧʦʪʨʽʙʥʦ ʨʦʟʚ'ʷʟʘʪʠ, ʽ ʮʽ ʧʨʘʚʠʣʘ ʟʘʩʪʦʩʦʚʥʽ ʜʣʷ 

ʙʫʜʴ-ʷʢʦʾ ʪʝʦʨʽʾ; 

ï ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʙʫʜʴ-ʷʢʦʛʦ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʧʦʣʦʞʝʥʴ ʧʝʚʥʦʾ ʪʝʦʨʽʾ, ʷʢʘ ʦʧʠʩʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ʾʾ ʢʦʥʮʝʧʪʽʚ, ʢʦʞʝʥ ʝʪʘʧ ʟʘʚʞʜʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʙʦʨʦʤ ʥʝʦʙʭʽʜʥʠʭ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʜʣʷ ʷʢʠʭ ʪʨʝʙʘ ʚʠʙʨʘʪʠ 

ʬʫʥʢʮʽʾ, ʱʦ ʾʭ ʽʥʪʝʨʧʨʝʪʫʶʪʴ. 

ʂʘʪʝʛʦʨʽʷ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʝ ʟʘʚʜʘʥʥʷ (ʟʘʜʘʯʘ) (ʊʈ) ʤʦʞʝ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʦ ʫ ʬʦʨʤʘʪʽ ʢʦʨʪʝʞʫ: 

TP = < Ot, Ū(X), Du( ), Aim?>                                       (2.26) 

ʜʝ: Ot ï ʦʥʪʦʣʦʛʽʷ ʚʠʜʫ (2.1);  

Ū(X) ï ʥʘʨʘʪʠʚʥʠʡ ʜʠʩʢʫʨʩ ʚʠʜʫ (2.22);  

Du( ) ï ʜʠʩʢʫʨʩʠʚʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ,  ï ʤʥʦʞʠʥʘ ʢʦʥʮʝʧʪʽʚ, ʜʣʷ ʷʢʠʭ 

ʥʝʚʠʟʥʘʯʝʥʦ ʤʽʞʢʦʥʪʝʢʩʪʥʘ ʟʚôʷʟʥʽʩʪʴ ʚʠʜʫ (2.18) ʯʠ (2.25)   

Aim F R= ³ï ʫʧʦʨʷʜʢʦʚʘʥʘ ʤʥʦʞʠʥʘ ʮʽʣʝʡ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ, Aim? ï ʱʦ ʮʽʣʴ 

ʘʢʪʫʘʣʴʥʘ;  

F  ï ʤʥʦʞʠʥʘ ʽʥʪʝʨʧʨʝʪʫʶʯʠʭ ʬʫʥʢʮʽʡ, ʟʘʜʘʥʠʭ ʥʘ ʤʥʦʞʠʥʽ ʢʦʥʮʝʧʪʽʚ 

ʦʥʪʦʣʦʛʽʾ Ot,  

R ï ʤʥʦʞʠʥʘ ʚʽʜʥʦʰʝʥʴ ʤʽʞ ʢʦʥʮʝʧʪʘʤʠ ʦʥʪʦʣʦʛʽʾ Ot.. 

ʇʨʦʮʝʩ ʚʠʨʽʰʝʥʥʷ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʟʘʚʜʘʥʥʷ (ʅɼɿ), ʧʨʠ ʡʦʛʦ 

ʚʠʟʥʘʯʝʥʽ ʫ ʬʦʨʤʘʪʽ (2.26), ʤʦʞʝ ʷʚʣʷʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʝʜʤʝʪʥʘ ʦʙʣʘʩʪʴ ʅɼɿ ʪʘ ʪʝʦʨʽʷ, ʚ ʪʝʨʤʽʥʘʭ ʷʢʦʾ ʚʦʥʘ ʙʫʜʝ 

ʨʦʟʚôʷʟʫʚʘʪʠʩʷ;  

ʬʦʨʤʫʻʪʴʩʷ ʦʥʪʦʣʦʛʽʷ ʟʘʜʘʥʦʾ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ; 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʢʦʥʮʝʧʪʽʚ ʦʥʪʦʣʦʛʽʾ, ʷʢʽ ʤʘʶʪʴ ʤʽʞʢʦʥʪʝʢʩʪʥʽ 

ʚʽʜʥʦʰʝʥʥʷ; 

ʟʘ ʤʦʞʣʠʚʽʩʪʶ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʢʦʥʮʝʧʪʽʚ ʷʢʽ ʥʝ ʤʘʶʪʴ 

ʤʽʞʢʦʥʪʝʢʩʪʠʭ ʚʽʜʥʦʰʝʥʴ, ʘʣʝ ʚ ʾʭ ʪʝʨʤʽʥʘʭ ʬʦʨʤʫʣʶʶʪʴ ʮʝʣʽ ʟʘʚʜʘʥʥʷ,  (ʧʨʠ 

ʥʝʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʠʟʥʘʯʠʪʠ ʟʘʚʜʘʥʥʷ ʚʚʘʞʘʻʪʴʩʷ ʥʝʨʘʟʨʝʰʠʤʠʤ); 
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ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʥʦʞʠʥʘ ʧʨʘʚʠʣ (2.23) ï (2.25),  ʥʘ ʾʭ ʦʩʥʦʚʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʽʩʪʠʥʥʽ ʪʚʝʨʜʞʝʥʥʷ ʟ ʢʦʥʮʝʧʪʽʚ ʚʠʟʥʘʯʝʥʦʾ ʦʥʪʦʣʦʛʽʾ, ʪʘ ʬʦʨʤʫʻʪʴʩʷ ʾʭ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʪʘʥʠ ʨʦʟʚôʷʟʘʥʥʷ ʅɼɿ; 

ʧʦʩʣʽʜʦʚʥʦ ʟʘʩʪʦʩʫʶʪʴʩʷ ʧʨʘʚʠʣʘ (2.7) ï (2.15), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʝʪʘʧʥʝ 

ʚʢʣʶʯʝʥʥʷ ʢʦʥʮʝʧʪʽʚ  ʤʥʦʞʠʥʠ  ʜʦ ʤʥʦʞʠʥʠ ʢʦʥʮʝʧʪʽʚ X, ʷʢʽ ʻ ʘʨʛʫʤʝʥʪʦʤ 

ʥʘʨʘʪʠʚʥʦʛʦ ʜʠʩʢʫʨʩʫ ʚʠʜʫ (2.22), ʤʽʞʢʦʥʪʝʢʩʪʥʽ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʷʢʠʤʠ 

ʧʦʨʦʜʞʫʶʪʴʩʷ ʬʫʥʢʮʽʻʶ (2.23); 

ʥʘʜ ʤʥʦʞʠʥʦʶ ʢʦʥʮʝʧʪʽʚ X, ʷʢʘ ʜʦʧʦʚʥʝʥʘ ʢʦʥʮʝʧʪʘʤʠ  ʤʥʦʞʠʥʠ , 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʘʚʠʣʘ (2.7) ï(2.9), ʱʦ ʜʦʟʚʦʣʷʻ ʨʝʢʫʨʩʠʚʥʝ ʧʦʚʪʦʨʠʪʠ 

ʧʦʧʝʨʝʜʥʽ ʝʪʘʧʠ; 

ʢʦʣʠ ʤʥʦʞʠʥʘ  ʚʠʨʦʜʞʫʻʪʴʩʷ ʜʦ ʧʫʩʪʦʾ, ʟʘʚʜʘʥʥʷ ʚʚʘʞʘʻʪʴʩʷ 

ʨʦʟʚôʷʟʘʥʠʤ.     

ʌʘʢʪʠʯʥʦ ʚʢʘʟʘʥʠʡ ʤʝʪʘʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʘʻ ʧʝʚʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʪʘʥʽʚ 

ʚʟʘʻʤʦʜʽʾ ʫʯʥʷ ʟ ʆʩʅʨ ʚ STEM-ʩʝʨʝʜʦʚʠʱʽ. ʇʨʠ ʝʛʦ ʨʝʘʣʽʟʘʮʽʾ ʬʦʨʤʫʻʪʴʩʷ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʚʝʨʜʞʝʥʴ, ʢʦʞʥʝ ʟ ʷʢʠʭ 

ʫʩʧʘʜʢʦʚʫʻ ʚʩʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʧʪʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʧʦʧʝʨʝʜʥʽ 

ʪʚʝʨʜʞʝʥʥʷ ʚ ʪʝʨʤʽʥʘʭ ʪʝʦʨʽʾ ʆʩʅʨ. 

ʇʨʠ ʮʴʦʤʫ ʥʘʜ ʢʘʪʝʛʦʨʽʻʶ ʪʚʝʨʜʞʝʥʴ ʽ ʤʥʦʞʠʥʦʶ ʮʽʣʝʡ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʜʘʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʠʜʫ (2.10) ï (2.18). ʊʦʜʽ ʤʥʦʞʠʥʘ ʩʪʘʥʽʚ ʧʨʦʮʝʩʫ 

ʨʦʟʚôʷʟʘʥʥʷ ʅɼɿ, ʚʠʭʦʜʷʯʠ ʟ ʚʠʨʘʟʽʚ (2.10) ï (2.26), ʟʛʽʜʥʦ ʚʚʝʜʝʥʦʾ ʥʘʤʠ 

ʬʦʨʤʘʣʽʟʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

M = {<Ot, ( i
TGXGxS=
(

), ( ( )j ­S S), Ū(X), Aim! >}   (2.28) 

ʄ ï ʷʚʣʷʻ ʩʦʙʦʶ ʤʥʦʞʠʥʫ ʧʦʩʣʽʜʦʚʥʠʭ ʝʪʘʧʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʅɼɿ; 

Aim! ï ʚʠʟʥʘʯʘʻ, ʱʦ ʮʽʣʽ ʜʦʩʷʛʥʫʪʠ ʡ ʅɼɿ ʨʦʟʚôʷʟʘʥʘ.  

 

ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʢʦʞʝʥ ʦʧʠʩ ʩʪʘʥʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʅɼɿ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʚʝʨʜʞʝʥʴ, ʱʦ ʤʽʩʪʷʪʴ ʢʦʥʮʝʧʪʠ ʆʩʅʨ. 

ɺʚʝʜʝʤʦ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʩʪʦʛʦ ʪʚʝʨʜʞʝʥʥʷ ʷʢ ʚʠʩʣʦʚʣʶʚʘʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻ ʜʽʶ 

ʤʽʞ ʜʚʦʤʘ ʧʨʦʩʪʠʤʠ ʢʦʥʮʝʧʪʘʤʠ, ʷʢʝ ʧʨʠ ʟʘʜʘʥʠʭ ʙʽʥʘʨʥʠʭ ʚʽʜʥʦʰʝʥʥʷʭ ʤʽʞ 
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ʥʠʤʠ ʤʦʞʝ ʙʫʪʠ ʪʘʚʪʦʣʦʛʽʻʶ. ʊʦʜʽ ʤʥʦʞʠʥʫ ʩʪʘʥʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʅɼɿ ï ʄ, ʚʠʨʘʟ 

(2.28) ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʪʘʚʪʦʣʦʛʽʡ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʥʦʞʠʥʦʶ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘʢʩʦʥʦʤʽʡ T
(
, ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʦʧʝʨʘʮʽʡʥʦʛʦ STEM-ʩʝʨʝʜʦʚʠʱʘ. ʊʦʙʪʦ ʧʨʦʮʝʩ ʚʠʨʽʰʝʥʥʷ 

ʢʦʥʢʨʝʪʥʠʭ ʅɼɿ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʝʚʥʦʶ ʤʥʦʞʠʥʦʶ ʜʠʩʢʫʨʩʠʚʥʦʛʦ 

ʥʘʨʘʪʠʚʫ Ū(X) ʪʘ  ʤʥʦʞʠʥʦʶ ʜʠʩʢʫʨʩʠʚʥʠʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ Du( ), ʢʦʞʥʘ ʟ 

ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ  ʪʘʢʩʦʥʦʤʽʻʶ ʢʦʥʮʝʧʪʽʚ ʪʘʚʪʦʣʦʛʽʡ, ʷʢ ʧʨʦʩʪʠʭ ʪʚʝʨʜʞʝʥʴ 

ʪʠʧʫ {ʜʽʷ ᵼ ʨʝʟʫʣʴʪʘʪ}. ʁ ʮʝ ʚʠʟʥʘʯʘʻ ʧʦʩʣʽʜʦʚʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʜʠʩʢʫʨʩʠʚʥʠʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʫ ʬʦʨʤʘʪ ʥʘʨʘʪʠʚʥʦʛʦ ʜʠʩʢʫʨʩʫ. ʉʪʘʥ 

ʚʟʘʻʤʦʜʽʾ ʢʦʥʮʝʧʪʽʚ STEM-ʩʝʨʝʜʦʚʠʱʘ, ʢʦʞʝʥ ʝʪʘʧ ʷʢʦʛʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʪʘʚʪʦʣʦʛʽʾ, ʙʫʜʝʤʦ ʚʠʟʥʘʯʘʪʠ ʷʢ ʨʝʟʫʣʴʪʘʪ ʚʠʨʽʰʝʥʥʷ ʅɼɿ ʱʦʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ï ʤʝʪʠ ï Aim!, ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣʶʚʘʥʥʷ 

ʪʚʝʨʜʞʝʥʴ ʪʘ ʚʠʩʣʦʚʣʶʚʘʥʴ ʚʞʝ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʮʝʧʪʽʚ ʤʥʦʞʠʥʠ  . 

ɺʠʟʥʘʯʠʤʦ ʢʘʪʝʛʦʨʽʾ ʟʘʜʘʯ ̫ ʢʽ ʟʛʽʜʥʦ ʧʨʘʮʽ [38], ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʽ 

ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʪʚʝʨʜʞʝʥʴ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʨʦʤʽʞʥʽ ʽ ʢʽʥʮʝʚʝ ʨʽʰʝʥʥʷ. ɼʦ 

ʥʠʭ ʚʽʜʥʝʩʝʤʦ ʥʘʩʪʫʧʥʽ ʢʘʪʝʛʦʨʽʾ, ʷʢʽ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʤʝʪʘʟʘʜʘʯʘʤʽ: 

ʟʘʜʘʯʘ ʘʥʘʣʽʟʫ ­ ʚʠʜʽʣʝʥʥʷ ʧʨʦʙʣʝʤʠ (P)­ ʮʽʣʽ (Aim)­ ʬʫʥʢʮʽʾ (F )­ 

ʩʪʨʫʢʪʫʨʠ (Ū(X)ï ʩʪʘʥ); ʪʘʢʫ ʟʘʜʘʯʫ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʧʨʷʤʦʶ;  

ʟʘʜʘʯʘ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ (Ū(X))­ ʬʫʥʢʮʽʾ (F )­ ʮʽʣʽ (Aim)­ 

ʧʨʦʙʣʝʤʠ (P); ʪʘʢʫ ʟʘʜʘʯʫ ʥʘʟʠʚʘʶʪʴ ʟʚʦʨʦʪʥʦʶ ʟʘʜʘʯʝʶ; 

ʟʘʜʘʯʘ ʩʠʥʪʝʟʫ ï ʬʦʨʤʫʣʶʚʘʥʥʷ ʥʦʚʦʛʦ ʢʦʥʮʝʧʪʫ ʦʥʪʦʣʦʛʽʾ ʪʘ/ʘʙʦ 

ʪʚʝʨʜʞʝʥʥʷ ʚ ʧʦʨʷʜʢʫ ʨʦʟʛʣʷʜʫ ʚʽʜ ʧʨʦʙʣʝʤʠ ʜʦ ʩʪʨʫʢʪʫʨʠ; ʬʦʨʤʫʶʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʧʨʘʚʠʣ ʚʠʚʦʜʫ; 

ʟʘʜʘʯʘ ʚʠʙʦʨʫ ï ʬʦʨʤʫʚʘʥʥʷ ʥʝʧʦʨʦʞʥʴʦʾ ʤʥʦʞʠʥʠ ʢʦʥʮʝʧʪʽʚ ʦʥʪʦʣʦʛʽʾ 

ʟʘʜʘʯʽ ʥʘ ʦʩʥʦʚʽ ʩʧʝʮʽʘʣʴʥʦ ʚʽʜʽʙʨʘʥʦʾ ʤʥʦʞʠʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʧʝʚʥʽ ʢʨʠʪʝʨʽʾ ʜʣʷ ʬʦʨʤʫʣʶʚʘʥʥʷ ʽʩʪʠʥʥʠʭ ʪʚʝʨʜʞʝʥʴ 

ʧʨʦ ʩʪʘʥ ʾʾ ʚʠʨʽʰʝʥʥʷ. 

ɿʘʟʥʘʯʝʥʽ ʢʘʪʝʛʦʨʽʾ ʟʘʜʘʯ ʧʨʠʩʫʪʥʽ ʧʨʘʢʪʠʯʥʦ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʧʨʦʮʝʩʫ 

ʨʦʟʚôʷʟʘʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʅɼɿ. ʊʠʤ ʩʘʤʠʤ ʚʦʥʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 
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ʧʨʦʮʝʩʽʚ ʾʭ ʨʦʟʚôʷʟʘʥʥʷ. ʆʩʦʙʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʟʘʜʘʯʘ ʚʠʙʦʨʫ, ʢʦʞʝʥ ʝʪʘʧ 

ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʝʢʪʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʪʚʝʨʜʞʝʥʴ ʷʢ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʧʠʩʽʚ ʩʪʘʥʽʚ ʚʠʨʽʰʝʥʥʷ ʅɼɿ ʥʘ ʦʩʥʦʚʽ ʢʨʠʪʝʨʽʘʣʴʥʦʾ 

ʛʘʨʤʦʥʽʟʘʮʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʾʾ ʢʦʥʮʝʧʪʽʚ. 

ʉʘʤʝ ʟʘʜʘʯʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʪʘ ʚʽʜʧʦʚʽʜʥʘ ʦʥʪʦʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ 

ʚʠʟʥʘʯʘʶʪʴ ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʪʝʛʦʨʽʡ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ 

ʤʝʪʘʟʘʜʘʯ. ʇʨʘʢʪʠʯʥʦ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʧʦʰʫʢʫ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʨʦʙʣʝʤʥʦʾ 

ʩʠʪʫʘʮʽʾ P  ʚʠʢʦʥʫʻʪʴʩʷ ʘʥʘʣʽʟ ʾʾ ʦʧʠʩʫ, ʧʨʠ ʷʢʦʤʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʮʽʣʽ ʧʦʰʫʢʫ 

ʨʦʟʚ'ʷʟʘʥʥʷ Aim, ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʽ R ʽ F  ʬʫʥʢʮʽʾ ʦʙʨʦʙʢʠ ʚʠʭʽʜʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʦʧʠʩʫʶʪʴʩʷ ʤʦʞʣʠʚʽ ʩʪʨʫʢʪʫʨʥʽ ʩʪʘʥʠ ʬʦʨʤʘʪʫ ʥʘʨʘʪʠʚʥʦʛʦ 

ʜʠʩʢʫʨʩʫ Ū(X), ʷʢʽ ʤʦʞʫʪʴ ʢʦʨʝʢʪʥʦ ʚʽʜʦʙʨʘʞʘʪʠ ʝʪʘʧʠ ʨʦʟʚôʷʟʘʥʥʷ [14].  

ʅʘ ʧʽʜʩʪʘʚʽ ʟʘʟʥʘʯʝʥʠʭ ʜʽʡ ʬʦʨʤʫʣʶʶʪʴʩʷ ʅɼɿ ʬʦʨʤʘʪʫ TP, ʚʠʨʽʰʝʥʥʷ 

ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʚôʷʟʘʥʥʷ ʚʣʘʩʥʝ ʧʨʦʙʣʝʤʠ. ʊʘʢʩʦʥʦʤʽʷ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ 

ʟʘʜʘʯʽ ʬʘʢʪʠʯʥʦ ʚʠʟʥʘʯʘʻ ʤʥʦʞʠʥʫ ʢʦʥʮʝʧʪʽʚ - ʪʝʨʤʽʥʽʚ, ʟ ʷʢʠʭ ʬʦʨʤʫʣʶʶʪʴʩʷ 

ʽʩʪʠʥʥʽ ʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʧʠʩʽʚ ʩʪʘʥʽʚ ʚʟʘʻʤʦʜʽʾ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʊʘʢʦʞ ʪʘʢʩʦʥʦʤʽʷ ʦʥʪʦʣʦʛʽʾ ʚʠʟʥʘʯʘʻ ʤʥʦʞʠʥʥʽ 

ʙʽʥʘʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ, ʱʦ ʟʘʜʘʶʪʴʩʷ ʥʘʜ ʤʥʦʞʠʥʘʤʠ ʢʦʥʮʝʧʪʽʚ 

ʦʥʪʦʣʦʛʽʾ. ʊʦʜʽ ʢʣʘʩʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʦʥʪʦʣʦʛʽʶ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʰʝʥʴ ʤʽʞ 

ʢʦʥʮʝʧʪʘʤʠ, ʘʙʦ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʦʟʥʘʢʦʶ, ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʚʥʠʤʠ ʚʠʜʘʤʠ 

ʪʘʢʩʦʥʦʤʽʡ. 

ʊʦʙʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʥʘʩʪʫʧʥʝ ʪʚʝʨʜʞʝʥʥʷ: ʙʫʜʴ-ʷʢʘ ʅɼɿ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʤʝʪʘʟʘʜʘʯ ʷʢʘ ʽʥʪʝʨʧʨʝʪʫʻ ʧʝʚʥʠʡ 

ʧʣʘʥ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ. 

 

2.7. ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ ɯɯ 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʢʦʥʩʦʣʽʜʦʚʘʥʘ ʚʟʘʻʤʦʜʽʷ ʫʯʥʽʚ ʟʽ STEM-ʥʘʨʘʪʠʚʘʤʠ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʾʭ ʧʝʨʚʠʥʥʦʾ ʪʘʢʩʦʥʦʤʽʟʘʮʽʾ, ʦʩʥʦʚʫ ʷʢʦʾ ʩʢʣʘʜʘʻ 

ʪʘʢʩʦʥʦʤʽʯʥʝ ʨʽʟʥʦʤʘʥʽʪʪʷ. ʈʝʬʣʝʢʩʠʚʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ 
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ʨʽʟʥʦʤʘʥʽʪʪʷ T
(

 ʨʝʘʣʽʟʫʻ ʚʠʷʚʣʝʥʥʷ ʚʩʽʭ ʣʝʢʩʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ STEM-

ʥʘʨʘʪʠʚʽʚ, ʤʽʞ ʷʢʠʤʠ ʽʩʥʫʶʪʴ ʩʪʽʡʢʽ ʚʽʜʥʦʰʝʥʥʷ ʪʘ ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʤʽʞ ʥʠʤʠ 

ʫʪʚʦʨʶʶʪʴʩʷ ʽʩʪʠʥʥʽ ʚʠʩʣʦʚʣʶʚʘʥʥʷ, ʱʦ ʬʽʢʩʫʶʪʴ ʢʦʥʩʦʣʽʜʦʚʘʥʫ ʚʟʘʻʤʦʜʽʶ. 

ɯʩʥʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ʨʝʬʣʝʢʩʽʾ ʚʠʟʥʘʯʘʻ ʚʝʨʙʘʣʴʥʽ ʫʤʦʚʠ ʪʘʢʩʦʥʦʤʽʟʘʮʽʾ STEM-

ʥʘʨʘʪʠʚʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʧʝʨʰʝ ʨʦʟʨʦʙʠʪʠ ʦʥʪʦʣʦʛʽʯʥʫ ʤʦʜʝʣʴ 

ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟʽ STEM-ʩʝʨʝʜʦʚʠʱʝʤ ʪʘ ʩʠʩʪʝʤʘʤʠ ʟʥʘʥʴ, ʱʦ ʾʾ 

ʫʪʚʦʨʶʶʪʴ.  

ʎʝ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʫ ʦʩʥʦʚʫ ʢʦʥʩʦʣʽʜʦʚʘʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʫʯʥʽʚ ʟʽ STEM-ʩʝʨʝʜʦʚʠʱʝʤ, ʩʝʤʘʥʪʠʯʥʘ ʧʦʚʥʦʪʘ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ  

ʬʦʨʤʘʪʦʤ ʥʘʨʘʪʠʚʥʦʛʦ ʜʠʩʢʫʨʩʫ. ʉʠʩʪʝʤʦʫʪʚʦʨʶʶʯʦʶ ʦʩʥʦʚʦʶ ʮʽʻʾ ʧʦʚʥʦʪʠ 

ʻ ʜʝʨʝʚʘ ɹʝʤʘ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʝʤʘʥʪʠʯʥʫ ʽʥʪʝʛʨʘʮʽʶ ʢʦʥʪʝʢʩʪʽʚ STEM-

ʥʘʨʘʪʠʚʽʚ. ʅʘ ʾʭ ʦʩʥʦʚʽ ʬʦʨʤʫʻʪʴʩʷ ʪʘʢʩʦʥʦʤʽʯʥʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʚʩʴʦʛʦ STEM-

ʩʝʨʝʜʦʚʠʱʝʤ ʟ ʥʘʩʪʫʧʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʡʦʛʦ ʫ ʚʠʛʣʷʜʽ ʦʧʝʨʘʮʽʦʥʘʣʴʥʦ-

ʨʦʟʚʠʥʫʪʦʾ ʦʥʪʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ.  

ʅʘ ʦʩʥʦʚʽ ʥʘʨʘʪʠʚʥʦʛʦ ʜʠʩʢʫʨʩʫ ʚʠʟʥʘʯʝʥʦ ʢʘʪʝʛʦʨʽʶ ʤʝʪʘʟʘʜʘʯ, ʷʢʽ 

ʽʥʚʘʨʽʘʥʪʥʽ ʜʦ ʧʨʦʮʝʩʫ ʨʦʟʚôʷʟʘʥʥʷ ʜʦʚʽʣʴʥʦʾ ʅɼɿ. ʇʨʦʮʝʩ ʨʦʟʚôʷʟʘʥʥʷ ʚʧʝʨʰʝ 

ʚʠʟʥʘʯʝʥʦ ʥʘ ʦʩʥʦʚʽ ʜʠʩʢʫʨʩʠʚʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʥʘʚʝʜʝʥʦ ʚ ʪʘʢʠʭ ʧʫʙʣʽʢʘʮʽʷʭ [2, 3, 13, 113] 
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ʈʆɿɼɯʃ 3. ɸʈʍɯʊɽʂʊʋʈɸ ʉʀʉʊɽʄʀ 

ʊʈɸʅʉɼʀʉʎʀʇʃɯʅɸʈʅʆɻʆ ʇʈɽɼʉʊɸɺʃɽʅʅʗ 

ɺɯʈʊʋɸʃʔʅʆɻʆ STEM-ʎɽʅʊʈʋ 

ʇʨʦʛʨʘʤʥʘ ʩʠʩʪʝʤʘ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ STEM-ʮʝʥʪʨʫ ʻ ʩʫʢʫʧʥʽʩʪʶ 

ʤʦʜʫʣʽʚ, ʧʨʠʟʥʘʯʝʥʦʶ ʜʣʷ ʢʦʥʩʦʣʽʜʘʮʽʾ ʦʥʪʦʣʦʛʽʯʥʠʭ ʪʘ ʤʝʨʝʞʝʚʠʭ ʙʘʟ ʟʥʘʥʴ, 

ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʠʯʥʠʭ ʨʦʟʨʦʙʦʢ, ʪʘ ʛʝʥʝʨʘʮʽʾ ʨʝʢʦʤʝʥʜʘʮʽʡ ʥʘ ʙʘʟʽ 

ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʫʧʦʜʦʙʘʥʴ. ʉʠʩʪʝʤʘ ʚʠʢʦʥʫʻ ʨʘʥʞʫʚʘʥʥʷ ʪʘ ʬʽʣʴʪʨʘʮʽʶ 

ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʟʘʜʘʥʠʤʠ ʢʦʨʠʩʪʫʚʘʯʝʤ ʧʨʘʚʠʣʘʤʠ, ʾʾ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʦʥʪʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ [114, 115], ʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ï ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ. 

ʉʝʨʚʽʩʠ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ STEM-ʮʝʥʪʨʫ ʨʝʘʣʽʟʫʶʪʴ ʩʪʨʫʢʪʫʨʠʟʘʮʽʶ, 

ʢʣʘʩʠʬʽʢʘʮʽʶ, ʩʝʤʘʥʪʠʯʥʠʡ ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʤʥʦʞʠʥʫ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ, ʷʢ ̔ʚʠʚʯʘʻ ʫʯʝʥʴ.  

ɿ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʛʨʘʤʥʦʾ ʽʥʞʝʥʝʨʽʾ STEM-ʮʝʥʪʨ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʥʘʙʦʨʫ ʦʧʠʩʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʬʦʨʤʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʬʦʨʤʘʣʽʟʤʽʚ ʽ 

ʪʝʭʥʽʢ ʤʦʜʝʣʶʚʘʥʥʷ [116, 117]. 

ʉʪʨʫʢʪʫʨʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʛʨʘʤʥʠʭ ʩʫʪʥʦʩʪʝʡ ʪʘʢʦʛʦ ʨʦʜʫ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʘʩʪʫʧʥʽ ʤʦʜʝʣʽ [116, 117]: 

1) ʽʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ; 

2) ʬʫʥʢʮʽʦʥʘʣʴʥʦïʢʦʤʧʦʥʝʥʪʥʘ ʤʦʜʝʣʴ. 

3.1. ɯʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʾ 

ʣʘʙʦʨʘʪʦʨʽʾ STEM-ʮʝʥʪʨʘ 

ʋʟʘʛʘʣʴʥʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʧʝʨʝʜʙʘʯʘʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʤʽʞ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʪʝʥʪʦʤ Wordpress, ̫ ʢʘ ʟʘʨʘʟ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʡʤʘʶʯʠ 40% ʚʽʜ ʫʩʽʭ ʽʥʪʝʨʥʝʪïʨʝʩʫʨʩʽʚ ʪʘ 64% 

ʩʝʨʝʜ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʪʝʥʪʦʤ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʠʩʪʝʤʽ ʂɯʊ «ʇʦʣʽʝʜʨè. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʰʝʥʥʷ (ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʩʢʽʥʯʝʥʥʦʶ ʩʫʢʫʧʥʽʩʪʶ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʇR) ʽʥʪʝʛʨʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʫ ʂɯʊ 
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«ʇʦʣʽʝʜʨè ʟʘʧʨʦʧʦʥʦʚʘʥʦ, ʪʦ ʜʣʷ ʦʧʠʩʫ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦ ʾ ʣʘʙʦʨʘʪʦʨʽʾ 

STEM-ʮʝʥʪʨʫ ʟʘʩʪʦʩʫʻʤʦ ʫʟʘʛʘʣʴʥʝʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʤʦʜʝʣʴ ʚʠʢʦʨʠʩʪʘʥʫ 

ʧʦʧʝʨʝʜʥʴʦ (3.1): 

 
ʇ ʇ ᷾ʇ  (3.1) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʘʣʽʟʘʮʽʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʽʥʪʝʛʨʘʮʽʾ ʬʫʥʢʮʽʡ 

ʚʩʽʭ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʩʠʩʪʝʤʠ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʤʝʪʠ ï ʩʪʚʦʨʝʥʥʷ 

ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ STEM-ʮʝʥʪʨʫ ï ʙʫʣʦ ʟʘʙʝʟʧʝʯʝʥʦ 

ʦʙôʜ̒ʥʘʥʥʷ ʤʥʦʞʠʥ ʬʫʥʢʮʽʡ ʢʦʞʥʦʛʦ ʟ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʚ ʻʜʠʥʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʠʩʪʝʤʫ. ɯʊ ʧʣʘʪʬʦʨʤʘ ʂɯʊ «ʇʦʣʽʝʜʨè ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ɯʊ 

ʪʝʭʥʦʣʦʛʽʾ ʊʆɼʆʉ ʚ ʩʚʦʶ ʯʝʨʛʫ ʻ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʟ 

ʩʫʢʫʧʥʽʩʪʶ ʬʫʥʢʮʽʡ ʦʧʠʩʘʥʦʶ ʧʦʧʝʨʝʜʥʴʦ. 

 

3.1.1. ɯʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ ʰʘʙʣʦʥʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʊï

STEM-ʮʝʥʪʨʫ 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽ ʦʧʠʩʫ ʧʦʪʦʢʽʚ 

ʽʥʬʦʨʤʘʮʽʾ, ʩʪʨʫʢʪʫʨ ʜʘʥʠʭ ʘ ʪʘʢʦʞ ʧʨʦʛʨʘʤʥʠʭ ʩʝʨʚʽʩʽʚ ʚ ʩʝʨʝʜʦʚʠʱʽ ʊï

STEM.  

ʋʟʘʛʘʣʴʥʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ TïSTEM RS  ʤʘʻ ʚʠʛʣʷʜ (3.2). ɺʦʥʘ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʜʝʷʢʦʶ ʩʢʽʥʯʝʥʥʦʶ ʩʫʢʫʧʥʽʩʪʶ ʧʨʦʛʨʘʤʥʠʭ ʩʝʨʚʽʩʽʚ 
iRS , ʱʦ 

ʢʦʥʩʦʣʽʜʫʶʪʴʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ TïSTEM ʥʘ ʦʩʥʦʚʽ ʤʥʦʞʠʥʠ ʩʝʨʚʽʩʽʚ ʂɯʊ 

«ʇʦʣʽʝʜʨ» (3.2):  

 
Ὓ Ὓ  (3.2) 

 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʩʫʢʫʧʥʽʩʪʴ ʤʦʜʫʣʽʚ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ ʤʘʻ ʚʠʛʣʷʜ 

ʨʽʚʥʷʥʥʷ (3.3). 
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 3 3ȟ3 ȟ3 ȟ3 ȟ3  (3.3) 

3  ï ʩʝʨʚʽʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʚʽʨʪʫʘʣʴʥʠʡ STEM-ʮʝʥʪʨ. ʄʥʦʞʠʥʘ ʬʫʥʢʮʽʡ ʜʘʥʦʛʦ ʤʦʜʫʣʷ ʤʘʻ ʚʠʛʣʷʜ 

ʨʽʚʥʷʥʥʷ (3.4). 

 3 Ὂ ȟὊ ȟὊ˞ȟὊ ȟὊ ȟὊ ȟὊ  (3.4) 

ɼʦ ʡʦʛʦ ʬʫʥʢʮʽʡ ʚʽʜʥʦʩʷʪʴʩʷ: 

1. Ὂ  ï ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʦʪʨʠʤʘʥʦ ʾʚʽʜ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ 

ʫ ʩʭʦʚʠʱʝ ʽʥʬʦʨʤʘʮʽʾ. 

2. Ὂ  ï ʬʽʣʴʪʨʘʮʽʷ ʽʥʬʦʨʤʘʮʽʾ ʦʪʨʠʤʘʥʦʾ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

3. Ὂ  ï ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʦʪʨʠʤʘʥʦʾ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ. 

4. Ὂ  ï ʛʝʥʝʨʘʮʽʷ ʧʦʣʽʚ ʚʚʦʜʫ ʚʽʜʧʦʚʽʜʥʦ ʚʠʟʥʘʯʝʥʠʭ ʰʘʙʣʦʥʦʤ 

ʧʨʘʚʠʣ. 

5. Ὂ  ï ʛʝʥʝʨʘʮʽʷ ʢʘʪʝʛʦʨʽʡ ʢʦʥʪʝʥʪʫ. 

6. Ὂ  ï ʟʙʝʨʝʞʝʥʥʷ ʬʦʨʤʘʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ.  

7. Ὂ  ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʫʣ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʢʦʥʪʝʥʪʫ. 

3  ï ʩʝʨʚʽʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʢʦʨʝʢʪʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʎʝʡ 

ʩʝʨʚʽʩ ʚʠʢʦʥʫʻ ʥʘʩʪʫʧʥʽ ʬʫʥʢʮʽʾ ʚʽʜʦʙʨʘʞʝʥʠʡ ʫ ʨʽʚʥʷʥʥʽ (3.5). 

 3 Ὂ ȟὊ ȟὊ  (3.5) 

1. Ὂ  ï ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʠʪʫ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ. 

2. Ὂ  ï ʬʦʨʤʫʚʘʥʥʷ ʚʽʟʫʘʣʴʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. 

3. Ὂ  ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʝʨʝʛʣʷʜʫ ʽʥʬʦʨʤʘʮʽʾ. 

 

3  ï ʩʝʨʚʽʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʙʝʟʧʝʢʫ ʪʘ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʚʽʨʪʫʘʣʴʥʦʛʦ 

STEM-ʮʝʥʪʨʫ. ʄʥʦʞʠʥʘ ʬʫʥʢʮʽʡ ʜʘʥʦʛʦ ʤʦʜʫʣʷ ʤʘʻ ʚʠʛʣʷʜ (3.6). 

 Ὓ Ὂ ȟὊ ȟὊ  (3.6) 

ɼʦ ʡʦʛʦ ʬʫʥʢʮʽʡ ʚʽʜʥʦʩʷʪʴʩʷ: 
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1. Ὂ   ï ʙʣʦʢʫʚʘʥʥʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʚʽʨʪʫʘʣʴʥʦʛʦ 

STEM-ʮʝʥʪʨʫ; 

2. Ὂ  ï ʟʘʭʠʩʪ ʚʽʜ ʤʝʨʝʞʝʚʠʭ ʘʪʘʢ;  

3. Ὂ  ï ʬʽʣʴʪʨʘʮʽʷ ʥʝʙʝʟʧʝʯʥʠʭ ʚʢʣʶʯʝʥʴ ʫ ʩʭʦʚʠʱʝ ʽʥʬʦʨʤʘʮʽʾ ʪʘ 

ʩʧʦʪʚʦʨʝʥʥʷ ʬʘʡʣʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

3  ï ʩʝʨʚʽʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʤʦʜʝʣʴ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʢʨʠʪʝʨʽʾʚ ʫ ʟʘʜʘʯʽ ʨʘʥʞʫʚʘʥʥʷ. ʄʥʦʞʠʥʘ ʬʫʥʢʮʽʡ ʜʘʥʦʛʦ ʤʦʜʫʣʷ ʤʘʻ 

ʚʠʛʣʷʜ (3.7). 

 3 & ȟ& ȟ& ȟ&  (3.7) 

ɼʦ ʡʦʛʦ ʬʫʥʢʮʽʡ ʚʽʜʥʦʩʷʪʴʩʷ: 

1. Ὂ  ï ʩʪʚʦʨʝʥʥʷ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʽʨʪʫʘʣʴʥʦʛʦ 

STEM-ʮʝʥʪʨʫ; 

2. Ὂ ˞ ï ʩʪʚʦʨʝʥʥʷ ʨʦʣʝʡ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ;  

3. Ὂ  ï ʥʘʜʘʥʥʷ ʧʦʚʥʦʚʘʞʝʥʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ ʨʦʣʝʡ 

4. Ὂ  ï ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

3˟  ˟ ï ʩʝʨʚʽʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʙʤʽʥ ʜʘʥʠʤʠ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʂɯʊ çʇʦʣʽʝʜʨ» (3.8). 

 3 & ȟ& ȟ& ȟ&  (3.8) 

 

1. Ὂ  ï ʛʝʥʝʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ;  

2. Ὂ  ï ʢʦʥʚʝʨʪʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʙôʻʢʪʽʚ ʫ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʚʠʛʣʷʜ;  

3. Ὂ  ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ ʜʣʷ ʛʝʥʝʨʘʮʽʾ 

ʦʥʪʦʣʦʛʽʯʥʠʭ ʽʻʨʘʨʭʽʟʦʚʘʥʠʭ ʛʨʘʬʽʚ; 

4. Ὂ  ï ʦʪʨʠʤʘʥʥʷ ʦʙʨʦʙʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʩʠʩʪʝʤʦʶ ʂɯʊ «ʇʦʣʽʝʜʨè. 
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3.1.2.   ɯʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ ʧʽʜʤʥʦʞʠʥʠ ʤʦʜʫʣʽʚ ʚʟʘʻʤʦʜʽʾ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʟ ʂɯʊ «ʇʦʣʽʝʜʨè, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʜʘʥʠʭ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ STEM-ʮʝʥʪʨʽ 

 ɹʽʣʴʰʽʩʪʴ ʤʦʜʫʣʽʚ ʂɯʊ «ʇʦʣʽʝʜʨè ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ 

STEM-ʮʝʥʪʨʽ. ʋ ʩʢʣʘʜʽ ʂɯʊ «ʇʦʣʽʝʜʨè ʧʨʠʩʫʪʥʽʡ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ 

ʨʝʜʘʢʪʦʨ ʟ ʤʦʞʣʠʚʽʩʪʶ ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʽʟʥʠʭ ʬʦʨʤʘʪʘʭ, ʘ ʪʘʢʦʞ 

ʨʦʟʰʠʨʶʚʘʥʠʡ ʥʘʙʽʨ ʢʦʥʚʝʨʪʦʨʽʚ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘʢʩʦʥʦʤʽʡ ʚ ʬʦʨʤʘʪʠ 

ʜʘʥʠʭ, ʷʢʽ ʥʝ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʨʝʜʘʢʪʦʨʦʤ. ʂʨʽʤ ʪʦʛʦ, ʂɯʊ «ʇʦʣʽʝʜʨè 

ʦʙʣʘʜʥʘʥʠʡ ʨʦʟʰʠʨʶʚʘʥʦʶ ʧʨʦʛʨʘʤʥʦʶ ʧʽʜʩʠʩʪʝʤʦʶ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʦʥʪʦʣʦʛʽʡ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʤʦʜʫʣʽ ʜʣʷ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʣʘʙʦʨʘʪʦʨʽʡ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ. 

ʅʘʩʪʫʧʥʽ ʤʦʜʫʣʽ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʽʥʪʝʛʨʦʚʘʥʠʤʠ ʜʦ ʂɯʊ «ʇʦʣʽʝʜʨè: 

¶ ʉʝʨʚʽʩ ʚʽʜʦʙʨʘʞʝʥʥʽ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʦʥʪʦʛʨʘʬʫ; 

¶ ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʠ ʜʣʷ ʬʽʣʴʪʨʫʚʘʥʥʷ ʩʝʤʘʥʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

¶ ʉʝʨʚʽʩ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʨʘʥʞʫʚʘʥʥʷ. 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʧʽʜʤʥʦʞʠʥʫ ʇ  ʤʦʜʫʣʽʚ ʂɯʊ «ʇʦʣʽʝʜʨè, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ STEM-ʮʝʥʪʨʫ, ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ 

ʩʪʨʫʢʪʫʨʦʶ (3.9). 

 ˜ ˜ː ȟˑ̃˟ ȟˎ̃˟ ȟ̠̃˞ ȟs̃˝ ȟ˟̃˟ˑȟ̃̃ˑ  ̠ (3.9)  

   

ɼʝʷʢʽ ʤʦʜʫʣʽ ʂɯʊ «ʇʦʣʽʝʜʨè ʩʪʚʦʨʝʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʪʽʣʴʢʠ ʦʜʥʦʾ ʧʝʚʥʦʾ 

ʬʫʥʢʮʽʾ, ʟʦʢʨʝʤʘ: 

1) ˜ː  ˑ ï ʩʝʨʚʽʩ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʥʪʦʣʦʛʽʾ ʫ ʚʠʛʣʷʜʽ 

ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʢʘʪʘʣʦʛʫ ʤʝʪʦʜʠʢ; 

2) ˜˟  ˎï ʩʝʨʚʽʩ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʧʠʩʢʫ ʦʙôʻʢʪʽʚ ʦʥʪʦʣʦʛʽʾ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ;  

3) ˜˟  ̠ï ʩʝʨʚʽʩ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʥʪʦʣʦʛʽʾ ʫ ʚʠʛʣʷʜʽ ʦʥʪʦʛʨʘʬʫ; 

4) ˜˞  s ï ʩʝʨʚʽʩ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʥʪʦʣʦʛʽʾ ʫ ʚʠʛʣʷʜʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʨʘʥʞʫʚʘʥʥʷ (ɼʦʙʽʨ ʨʦʙʽʪ ʫʯʥʽʚ). 
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 Ὓ Ὓ ȟὛ ȟὛ ȟὛ ȟὛ  (3.10)  

 

ʌʫʥʢʮʽʾ ʤʦʜʫʣʷ: 

¶ Ὓ ï ʟʙʝʨʽʛʘʥʥʷ ʦʥʪʦʣʦʛʽʡ, ʚʽʜʢʨʠʪʠʭ ʜʣʷ ʧʫʙʣʽʯʥʦʛʦ ʜʦʩʪʫʧʫ; 

¶ Ὓ ï ʟʙʝʨʽʛʘʥʥʷ ʦʩʦʙʠʩʪʠʭ ʦʥʪʦʣʦʛʽʡ ʢʦʨʠʩʪʫʚʘʯʘ; 

¶ Ὓ ï ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ ʜʦ ʦʥʪʦʣʦʛʽʡ; 

¶ Ὓ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʟʯʠʪʫʚʘʥʥʷ ʽ ʟʘʧʠʩʫ 

ʦʥʪʦʣʦʛʽʡ; 

¶ Ὓ ï ʟʙʝʨʽʛʘʥʥʷ ʤʝʪʘʜʘʥʠʭ ʦʥʪʦʣʦʛʽʡ. 

 

5) ˜̋  ˟ ï ʩʝʨʚʽʩ ʛʝʥʝʨʘʮʽʾ ʦʥʪʦʣʦʛʽʾ ʟ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ 

ʦʪʨʠʤʘʥʠʭ ʟ ʤʝʨʝʞʽ. ʌʫʥʢʮʽʾ ʤʦʜʫʣʷ: 

Ὓ Ὓ˝˟ȟὛ˝˟ȟὛ˝˟ȟὛ˝˟ȟὛ˝˟ȟὛ˝˟  (3.11) 

 

¶ Ὓ˝˟ï ʟʯʠʪʫʚʘʥʥʷ ʽ ʟʘʧʠʩ ʦʥʪʦʣʦʛʽʡ ʚ ʬʦʨʤʘʪʽ XML; 

¶ Ὓ˝˟ï ʜʦʜʘʚʘʥʥʷ ʽ ʚʠʜʘʣʝʥʥʷ ʦʙôʻʢʪʽʚ; 

¶ Ὓ˝˟ï ʜʦʜʘʚʘʥʥʷ ʽ ʚʠʜʘʣʝʥʥʷ ʟʚôʷʟʢʽʚ ʤʽʞ ʦʙôʻʢʪʘʤʠ; 

¶ Ὓ˝˟ ï ʨʝʜʘʛʫʚʘʥʥʷ ʘʪʨʠʙʫʪʽʚ ʦʙôʻʢʪʽʚ; 

¶ Ὓ˝˟ï ʘʚʪʦʤʘʪʠʯʥʝ ʨʦʟʤʽʱʝʥʥʷ ʦʙôʻʢʪʽʚ ʚ ʨʦʙʦʯʽʡ ʦʙʣʘʩʪʽ; 

¶ Ὓ˝˟ï ʬʽʣʴʪʨʘʮʽʷ ʤʥʦʞʠʥʠ ʦʙôʻʢʪʽʚ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ. 

 

6) ˜˟ ˑ ̃ï ʩʝʨʚʽʩ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʩʪʽ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʜʘʥʠʭ ʽʟ ʨʽʟʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦïʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚ ʦʥʪʦʣʦʛʽʯʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ: 

 Ὓ Ὓ
˟ˑ˜
ȟὛ
˟ˑ˜
ȟὛ
˟ˑ˜

 (3.12)  
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ʌʫʥʢʮʽʾ ʤʦʜʫʣʷ: 

¶ Ὓ
˟ˑ˜
ï ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ ʽʟ ʽʥʬʦʨʤʘʮʽʡʥʦïʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʦʩʚʽʪʥʴʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ; 

¶ Ὓ
˟ˑ˜
ï ʬʦʨʤʫʚʘʥʥʷ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʚʝʨʰʠʥʘʤʠ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ɯʊʉ; 

¶ Ὓ
˟ˑ˜
ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʽʚ ʂɯʊ ñʇʦʣʽʝʜʨè ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʫʥʢʮʽʡ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʱʦʜʦ ʨʝʩʫʨʩʽʚ STEM-ʮʝʥʪʨʫ. 

 

7) ̃ ˑ  ̠ ï ʙʣʦʢ ʜʦʧʦʤʽʞʥʠʭ ʢʦʥʚʝʨʪʝʨʽʚ, ʱʦ ʤʽʩʪʠʪʴ ʧʨʦʛʨʘʤʥʠʡ ʽʥʪʝʨʬʝʡʩ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʽʜʧʨʦʛʨʘʤïʢʦʥʚʝʨʪʝʨʽʚ, ʘ ʪʘʢʦʞ ʙʘʟʦʚʠʡ ʥʘʙʽʨ ʪʘʢʠʭ 

ʧʽʜʧʨʦʛʨʘʤ. ʄʥʦʞʠʥʘ ʬʫʥʢʮʽʡ ʜʘʥʦʛʦ ʤʦʜʫʣʷ ʤʘʻ ʚʠʛʣʷʜ (3.13), ʜʝ Ὓ
ˑ˗
ï 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʧʽʜʧʨʦʛʨʘʤïʢʦʥʚʝʨʪʝʨʽʚ; Ὓ
ˑ˗
ï 

ʧʽʜʧʨʦʛʨʘʤʘïʢʦʥʚʝʨʪʝʨ ʟ ʬʦʨʤʘʪʫ ix  ʚ ʬʦʨʤʘʪ ώ; ὲˑ ï̠ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʥʘʷʚʥʠʭ ʧʽʜʧʨʦʛʨʘʤïʢʦʥʚʝʨʪʝʨʽʚ. 

 Ὓˑ  ̠ Ὓ
ˑ˗
Ὓ
ˑ˗
Ὥɴ ρȠὲˑ ˗  (3.13)  

  

ï  ʋ ʥʘʷʚʥʦʩʪʽ ʦʩʥʦʚʥʽ ʢʦʥʚʝʨʪʝʨʠ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ, ʟʦʢʨʝʤʘ ʟ 

CSV ʫ ʬʦʨʤʘʪ XML, ʟ JSON ʫ XML, ʟ XML ʫ CSV ʪʘ ʟ HTML ʫ 

ʪʝʢʩʪʦʚʠʡ ʬʘʡʣ. ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʶʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʢʦʥʚʝʨʪʝʨʠ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʪʝʛʨʘʮʽʶ ʟ ʚʘʞʣʠʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʚʢʣʶʯʘʶʯʠ 

ʢʦʥʚʝʨʪʝʨ ʟ HTML, ʩʪʚʦʨʝʥʦʛʦ Microsoft Office, ʫ ʪʝʢʩʪʦʚʠʡ ʬʦʨʤʘʪ, 

ʘ ʪʘʢʦʞ ʢʦʥʚʝʨʪʝʨ ʟ XML ʫ CSV ʬʦʨʤʘʪ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʟʯʠʪʘʥʠʡ ʚ 

MySQL. 
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3.2. ʌʫʥʢʮʽʦʥʘʣʴʥʦïʢʦʤʧʦʥʝʥʪʥʘ ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ 

ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʌʫʥʢʮʽʦʥʘʣʴʥʦïʢʦʤʧʦʥʝʥʪʥʘ ʤʦʜʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʚʟʘʻʤʦʜʽʡ, ʚʽʜʥʦʰʝʥʴ ʽ ʟʘʣʝʞʥʦʩʪʝʡ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʜʝʪʘʣʴʥʦʛʦ ʦʧʠʩʫ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ. ʋʟʘʛʘʣʴʥʝʥʦ ʜʘʥʫ ʤʦʜʝʣʴ ʜʣʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ STEM-ʮʝʥʪʨʘ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʩʪʨʫʢʪʫʨʦʶ (3.14). 

 Ὓ ὓ ȟὓȟὓ ȟὓȟὖ ὓ ȟὓ  (3.14)  

 

ɽʣʝʤʝʥʪʠ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʜʘʥʫ ʤʦʜʝʣʴ: 

1. ὓ ï ʤʦʜʝʣʴ, ʱʦ ʟʘʜʘʻ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ; 

2. ὓï ʤʦʜʝʣʴ, ʱʦ ʟʘʜʘʻ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ; 

3. ὓ ï ʤʦʜʝʣʴ, ʱʦ ʟʘʜʘʻ ʩʪʨʫʢʪʫʨʫ ʧʨʦʛʨʘʤʥʠʭ ʩʫʪʥʦʩʪʝʡ; 

4. ὓï ʤʦʜʝʣʴ (ʩʭʝʤʘ) ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ; 

5. ὖ ὓ ȟὓ ï ʧʨʝʜʠʢʘʪ ʮʽʣʽʩʥʦʩʪʽ ʩʠʩʪʝʤʠ. 

3.2.1. ʄʦʜʝʣʴ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ 

ʄʦʜʝʣʴ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ ʤʘʻ ʩʪʨʫʢʪʫʨʫ (3.15). 

 ὓ Ὠ ȟὨ ȟὨ  (3.15)  

  

ɺʦʥʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ: 

1) Ὠ  ï ʤʥʦʞʠʥʫ UMLïʜʽʘʛʨʘʤ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ 

ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

2) Ὠ ï ʤʥʦʞʠʥʫ UMLïʜʽʘʛʨʘʤ ʘʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

3) Ὠ ï ʤʥʦʞʠʥʫ UMLïʜʽʘʛʨʘʤ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤʠ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 
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UMLïʜʽʘʛʨʘʤʘ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ [118ï120] ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ 

ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 3.1. 

 

ʈʠʩ. 3.1. ʉʧʦʩʦʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ 

 

ɼʽʘʛʨʘʤʘ ʧʦʢʘʟʫʻ ʦʩʥʦʚʥʽ ʜʽʾ, ʱʦ ʤʦʞʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʠ, 

ʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʾʭ ʟʜʽʡʩʥʶʚʘʪʠ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʪʘʢʠʭ ʨʦʣʝʡ: ʘʜʤʽʥʽʩʪʨʘʪʦʨ 

STEM-ʮʝʥʪʨʫ, ʨʝʜʘʢʪʦʨ, ʘʚʪʦʨ, ʢʦʨʠʩʪʫʚʘʯ, ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʂɯʊ «ʇʦʣʽʝʜʨè. 

ɸʨʭʽʪʝʢʪʫʨʦʶ ʧʝʨʝʜʙʘʯʝʥʦ ʚʟʘʻʤʦʜʽʶ ʮʠʭ ʨʦʣʝʡ ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʜʣʷ ʥʠʭ 

ʻʜʠʥʦʛʦ ʧʦʣʷ ʥʘʧʦʚʥʝʥʥʷ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ STEM-

ʮʝʥʪʨʫ. ɼʦʮʽʣʴʥʠʤ ʻ ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʦʩʪʽ ʢʦʞʥʦʛʦ ʽʟ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ 

ʟʤʦʜʝʣʶʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʾʭ ʫ ʩʠʩʪʝʤʽ. 

ɸʜʤʽʥʽʩʪʨʘʪʦʨ STEM-ʮʝʥʪʨʫ ʚʠʟʥʘʯʘʻ ʦʩʥʦʚʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʪʘ 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʘʥʥʷ ʜʦʩʪʫʧʫ ʢʦʨʠʩʪʫʚʘʯʘʤ, ʚʠʟʥʘʯʘʶʯʠ ʾʭʥʽ ʜʦʜʘʪʢʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ. ʅʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫ ʪʦʤʫ ʯʠʩʣʽ ʚʢʣʶʯʘʶʪʴ ʤʦʜʝʨʥʽʟʘʮʽʶ 

ʨʝʩʫʨʩʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʜʘʥʠʭ ʚ ʩʠʩʪʝʤʽ. ʅʘ ʙʘʟʽ STEM-

ʮʝʥʪʨʫ ʧʝʨʝʙʘʯʝʥʦ ʥʘʷʚʥʽʩʪʴ ʢʣʽʻʥʪ ʩʝʨʚʝʨʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ REST API, 

ʟʘʙʝʟʧʝʯʫʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʷʢʦʛʦ ʘʜʤʽʥʽʩʪʨʘʪʦʨ STEM-ʮʝʥʪʨʫ. 
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ʆʩʥʦʚʥʠʡ ʤʘʪʝʨʽʘʣ ʛʦʪʫʻʪʴʩʷ ʨʦʟʨʽʟʥʝʥʠʤʠ ʘʚʪʦʨʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʜʦʩʪʫʧ ʜʦ 

ʩʠʩʪʝʤʠ STEM-ʮʝʥʪʨʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʣʘʩʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʨʦʙʦʯʠʭ 

ʤʽʩʮʴ (ʢʘʙʽʥʝʪʽʚ), ʚ ʷʢʠʭ ʧʝʨʝʜʙʘʯʝʥʠʡ ʚʽʜʧʦʚʽʜʥʠʡ ʬʫʥʢʮʽʦʥʘʣ, ʽʤʽʪʫʶʯʠʡ 

ʪʨʘʜʠʮʽʡʥʠʡ ʟʚʠʯʥʠʡ ʜʣʷ ʘʚʪʦʨʽʚ ʬʫʥʮʽʦʥʘʣ ʪʝʢʩʪʦʚʠʭ ʨʝʜʘʢʪʦʨʽʚ. 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʨʦʣʴ ʘʚʪʦʨʽʚ ʙʫʜʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʚʠʢʣʘʜʘʯʽ ʰʢʽʣ ʪʘ ʚʠʱʠʭ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠʩʪʠ. ɸʚʪʦʨ ʤʘʻ ʬʫʥʮʽʦʥʘʣ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. 

ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʩʘʡʪʽ ʢʦʥʪʝʥʪʫ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ, ʧʝʨʝʜʙʘʯʝʥʦ ʨʦʣʴ 

ʨʝʜʘʢʪʦʨʘ ʧʫʙʣʽʢʘʮʽʡ. ʈʝʜʘʢʪʦʨ ʧʝʨʝʚʽʨʷʻ ʷʢʽʩʪʴ ʪʘ ʩʪʠʣʽʩʪʠʢʫ ʥʘʧʠʩʘʥʥʷ, 

ʧʦʚʥʦʪʫ ʨʝʯʝʥʴ ʪʘ ʛʨʘʤʘʪʠʢʫ ʪʝʢʩʪʽʚ ʟʘʚʘʥʪʘʞʝʥʠʭ ʜʦ STEM-ʮʝʥʪʨʫ. 

ɺʽʜʧʦʚʽʜʥʦ, ʨʦʣʴ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʧʝʨʝʜʙʘʯʘʻ ʬʫʥʢʮʽʦʥʘʣ ʚʘʣʽʜʘʮʽʾ ʪʘ ʧʫʙʣʽʢʘʮʽʾ 

ʤʘʪʝʨʽʘʣʽʚ, ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʘʚʣʝʥʠʭ ʘʚʪʦʨʘʤʠ ʜʦ ʧʫʙʣʽʢʘʮʽʾ. 

ʇʽʩʣʷ ʚʥʝʩʝʥʥʷ ʜʘʥʠʭ ʫ ʩʠʩʪʝʤʫ ʚʦʥʠ ʩʪʨʫʢʪʫʨʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʩʪʘʥʜʘʨʪʫ ʧʝʨʝʜʙʘʯʝʥʦʛʦ ʧʨʦʪʦʢʦʣʦʤ ʦʙʤʽʥʫ ɸʈɯ ʪʘ ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ STEM-

ʮʝʥʪʨʫ ʥʘ ʙʘʟʽ ʂɯʊ «ʇʦʣʽʝʜʨè, ʜʝ ʧʝʨʝʜʙʘʯʝʥʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʛʝʥʝʨʘʮʽʶ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʦʥʪʦʣʦʛʽʯʥʠʭ ʛʨʘʬʽʚ, ʱʦ ʟʜʘʪʥʽ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʽʩʪʴ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɸʜʤʽʥʽʩʪʨʘʪʦʨ 

ʂɯʊ «ʇʦʣʽʝʜʨè ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʟʘ ʚʠʟʥʘʯʝʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ʪʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʛʝʥʝʨʘʮʽʶ ʦʥʪʦʣʦʛʽʡ. 

ʇʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʚʩʴʦʛʦ ʮʠʢʣʫ, ʢʦʨʠʩʪʫʚʘʯʽ STEM-ʮʝʥʪʨʫ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʥʪʝʥʪ STEM-ʮʝʥʪʨʫ. ʂʦʨʠʩʪʫʚʘʯʽ ʤʘʶʪʴ ʬʫʥʢʮʽʦʥʘʣ 

ʨʦʙʦʪʠ ʟ ʧʦʰʫʢʦʚʦʶ ʩʠʩʪʝʤʦʶ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʡ ʜʦʙʦʨʫ ʪʘ ʬʽʣʴʪʨʘʮʽʾ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʛʣʷʜʫ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʆʧʠʩʘʥʠʡ ʧʨʦʮʝʩ ʩʢʣʘʜʘʻ ʧʦʚʥʠʡ ʮʠʢʣ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʥʘ ʙʘʟʽ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ STEM-ʮʝʥʪʨʫ 

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʤʦʜʝʣʝʡ ʧʦʚʝʜʽʥʢʠ ʜʣʷ ʨʽʟʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ 

ʚʠʢʦʥʫʶʪʴ ʨʽʟʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʚʜʘʥʥʷ ʚ ʩʠʩʪʝʤʽ, ʧʨʦʮʝʩʠ ʦʧʠʩʘʥʽ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ UMLïʜʽʘʛʨʘʤ ʘʢʪʠʚʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʘʛʝʥʪʫ ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ 

ʩʠʩʪʝʤʠ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 
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ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʨʝʩʫʨʩ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-

ʮʝʥʪʨʫ (ʈʠʩ. 3.2), ʧʨʦʮʝʩʫ ʚʠʜʘʯʽ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ (ʈʠʩ. 3.2), ʧʨʦʮʝʩʫ ʨʦʙʦʪʠ ʽʟ ʨʝʩʫʨʩʦʤ 

ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ (ʈʠʩ. 3.4). 

ʗʢ ʚʠʜʥʦ ʽʟ ʈʠʩ. 3.2, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʘʛʝʥʪʫ ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ 

ʩʠʩʪʝʤʠ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ ʽʟ ʩʘʤʠʤ STEM-ʮʝʥʪʨʦʤ, ʧʝʨʝʜʙʘʯʝʥʦ 

ʧʨʦʮʝʩ ʥʘ ʩʪʦʨʦʥʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʛʝʥʪʫ stemua.science, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʚʝʙïʨʝʩʫʨʩʫ, ʟʘʧʠʪʫ ʜʦ ʙʘʟʠ ʜʘʥʠʭ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʠʜʫ ʟʘʧʠʪʫ (ʱʦ ʚʠʟʥʘʯʘʻ ʢʦʨʠʩʪʫʚʘʯ) ʜʦ ʙʘʟʠ ʜʘʥʠʭ, ʧʨʦʮʝʩ ʤʦʞʝ ʧʨʦʭʦʜʠʪʠ 

ʟʘ ʜʚʦʤʘ ʚʽʭʦʚʠʤʠ ʧʦʪʦʢʘʤʠ ï ʬʦʨʤʫʚʘʥʥʷ ʩʪʦʨʽʥʢʠ ʪʘ ʧʦʜʘʣʴʰʠʡ ʧʨʦʮʝʩ 

ʟʘʚʝʨʰʝʥʥʷ ʨʦʙʦʪʠ ʘʙʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʨʝʩʫʨʩʫ (ʢʨʦʢ ʟʘʧʠʪ ʜʦ ʙʘʟʠ ʜʘʥʠʭ); 

ʘʙʦ ʽʥʮʽʶʻʪʴʩʷ ʧʨʦʮʝʩ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʘʛʝʥʪʦʤ stemua.science ʪʘ ʚʽʨʪʫʘʣʴʥʠʤ. 
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ʈʠʩ. 3.2. UMLïʜʽʘʛʨʘʤʘ ʘʢʪʠʚʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʘʛʝʥʪʫ ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ 

ʩʠʩʪʝʤʠ ʚʽʨʪʫʘʣʴʥʠʡ STEM-ʮʝʥʪʨ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʨʝʩʫʨʩ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-

ʮʝʥʪʨʫ 

 

ʋ ʚʽʨʪʫʘʣʴʥʦʤʫ STEM-ʮʝʥʪʨʽ ʜʣʷ ʩʧʨʦʱʝʥʥʷ, ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʘ 

ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʜʘʥʠʭ STEM-ʮʝʥʪʨʫ, ʟʘʩʪʦʩʦʚʘʥʦ ʘʣʛʦʨʠʪʤʽʯʥʠʡ ʤʝʭʘʥʽʟʤ 

ʧʨʦʮʝʩʫ ʚʠʜʘʯʽ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ 

(ʈʠʩ. 3.3), ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʝʪʘʧ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʚʝʙïʨʝʩʫʨʩʫ ʪʘ ʧʦʜʘʣʴʰʫ ʚʽʭʦʚʫ 

ʚʘʨʽʘʪʠʚʥʽʩʪʴ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʥʘʥʥʷ ʟʘ ʚʠʙʦʨʦʤ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʨʪʫʘʣʴʥʦʛʦ 

STEM-ʮʝʥʪʨʫ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʩʽʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʩʧʠʩʢʦʤ, ʬʽʣʴʪʨʘʮʽʶ ʟʘ 
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ʧʨʝʜʤʝʪʘʤʠ ʘʙʦ ʬʽʣʴʪʨʘʮʽʶ ʟʘ ʪʠʧʘʤʠ ʤʘʪʝʨʽʘʣʽʚ; ʥʘ ʦʩʥʦʚʽ ʟʘʧʠʪʫ 

ʢʦʨʠʩʪʫʚʘʯʘ ʛʝʥʝʨʫʻʪʴʩʷ ʩʧʠʩʦʢ ʦʙôʻʢʪʽʚ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʘ. ʇʽʩʣʷ ʯʦʛʦ ʧʨʦʮʝʩ ʤʦʞʣʠʚʦ ʧʦʚʪʦʨʠʪʠ ʘʙʦ 

ʟʘʚʝʨʰʠʪʠ. 

 

ʈʠʩ. 3.3. UMLïʜʽʘʛʨʘʤʘ ʘʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʚʠʜʘʯʽ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʧʠʪʫ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ 
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ʇʨʦʮʝʩ ʨʦʙʦʪʠ ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʽʥʽʮʽʶʻʪʴʩʷ ʟ ʘʢʪʠʚʘʮʽʾ ʢʦʤʧʣʝʢʩʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʂɯʊ) «ʇʦʣʽʝʜʨ», ʜʝ ʢʦʨʠʩʪʫʚʘʯʽ ʟʜʽʡʩʥʶʶʪʴ ʦʛʣʷʜ 

ʥʘʷʚʥʠʭ ʦʥʪʦʣʦʛʽʡ, ʩʪʚʦʨʝʥʠʭ ʟʘʟʜʘʣʝʛʽʜʴ. ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʦʚʘʥʠʭ ʤʦʜʫʣʽʚ ʂɯʊ «ʇʦʣʽʝʜʨ», ʷʢʽ 

ʚʢʣʶʯʘʶʪʴ ñʂʦʥʩʧʝʢʪò, ñʂʦʥʬʦʨò, ñɽʜʽʪʦʨò, ñɸʣʴʪʝʨʥʘʪʠʚʘò, ñʇʦʰʫʢʦʚʘ 

ʤʘʰʠʥʘò, ñʃʽʥʛʚʽʩʪʠʯʥʠʡ ʢʦʨʧʫʩò ʪʘ ñʂʨʠʧʪʦò. 

ɼʘʥʽ ʫ ʚʝʨʰʠʥʘʭ ʪʘʢʩʦʥʦʤʽʯʥʠʭ ʛʨʘʬʽʚ ʦʙʨʦʙʣʶʶʪʴʩʷ ʚ ʤʦʜʫʣʽ 

çɸʣʴʪʝʨʥʘʪʠʚʘè, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʽ ʤʘʩʠʚʠ ʜʘʥʠʭ ʪʘ ʜʦʙʠʨʘʪʠ 

ʚʝʨʰʠʥʠ ʫ ʷʢʠʭ ʚʢʣʘʜʝʥʦ ʚʽʜʧʦʚʽʜʥʽ ʩʝʤʘʥʪʠʯʥʽ ʜʘʥʽ ʪʘ ʧʨʦʨʘʥʞʫʚʘʪʠ 

ʦʥʪʦʣʦʛʽʯʥʽ ʚʝʨʰʠʥʠ ʟʘ ʽʥʪʝʛʨʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʠʪʫ 

ʢʦʨʠʩʪʫʚʘʯʘ. 

STEM-ʦʨʽʻʥʪʦʚʘʥʽ ʩʠʩʪʝʤʠ, ʪʘʢ ʷʢ ʚʦʥʠ ʻ ʪʨʘʥʩʜʠʮʠʧʣʽʥʘʨʥʠʤʠ ʪʘ ʤʽʩʪʷʪʴ 

ʫʧʦʨʷʜʢʦʚʘʥʽ ʨʦʟʨʽʟʥʝʥʽ STEM-ʥʘʨʘʪʠʚʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʨʦʙʣʝʥʽ 

(ʧʨʦʬʽʣʴʪʨʦʚʘʥʽ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʘ ʱʦʜʦ ʜʦʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʟʘ 

ʟʘʧʠʪʫʚʘʥʠʤʠ ʘʚʪʦʨʘʤʠ, ʘʪʨʠʙʫʪʘʤʠ, ʧʨʝʜʤʝʪʘʤʠ ʪʘ ʪʠʧʘʤʠ ʘʙʦ ʧʨʦʚʝʩʪʠ 

ʨʘʥʞʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʟʘʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʤʦʜʫʣʝʤ çɸʣʴʪʝʨʥʘʪʠʚʘè, ʬʦʨʤʫʶʪʴʩʷ ʤʥʦʞʠʥʠ ʦʙôʻʢʪʽʚ ʪʘ 

ʢʦʨʠʩʪʫʚʘʯʫ ʥʘʜʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʛʣʷʜʫ ʫ ʪʨʘʥʩʜʠʮʠʧʣʽʥʘʨʥʦʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʽ. ʊʘʢʽ ʦʙʨʦʙʣʝʥʽ ʜʘʥʽ ʧʽʜʣʷʛʘʶʪʴ ʢʦʪʝʢʩʪʥʽʡ ʟʚôʷʟʮʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʦʙôʻʢʪʥʦʤʫ 

ʚʽʜʦʙʨʘʞʝʥʥʽ, ʪʘʙʣʠʯʥʦʤʫ ʚʽʜʦʙʨʘʞʝʥʥʽ, ʛʨʘʬʦʚʦʤʫ ʚʽʜʦʙʨʘʞʝʥʥʽ, ʫ ʚʠʛʣʷʜʽ 

ʦʥʪʦʣʦʛʽʯʥʦʾ ʧʨʠʟʤʠ ʘʙʦ ʫ ʦʥʪʦʣʦʛʽʾ ʫ ʚʠʛʣʷʜʽ ʚʝʙïʨʝʩʫʨʩʽʚ. ʂʦʨʠʩʪʫʚʘʯ 

ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ ʤʦʞʝ ʟʘʚʝʨʰʠʪʠ ʨʦʙʦʪʫ ʟ ʩʠʩʪʝʤʦʶ ʘʙʦ ʧʨʦʡʪʠ 

ʘʣʛʦʨʠʪʤʽʯʥʽʡ ʜʽʡ ʧʦʯʠʥʘʶʯʠ ʟ ʚʽʭʠ ʚʠʙʦʨʫ ʚʘʨʽʘʥʪʽʚ ʬʦʨʤʫʚʘʥʥʷ ʤʥʦʞʠʥ 

ʦʙôʻʢʪʽʚ ʟʘʥʦʚʦ. UMLïʜʽʘʛʨʘʤʘ ʘʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʚʠʜʘʯʽ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʧʠʪʫ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 3.4. 
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ʈʠʩ. 3.4. UMLïʜʽʘʛʨʘʤʘ ʘʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʚʠʜʘʯʽ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʧʠʪʫ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ 

 

ʗʢ ʚʠʜʥʦ ʽʟ ʈʠʩ. 3.5, ʻ ʜʝʢʽʣʴʢʘ ʰʣʷʭʽʚ ʥʘʧʦʚʥʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊï

STEM ʮʝʥʪʨʫ ʫ ʦʥʪʦʣʦʛʽʯʥʦʤʫ ʚʠʛʣʷʜʽ. ɽʢʩʧʝʨʪ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʛʨʘʤʥʠʡ 

ʤʦʜʫʣʴ çʂʦʥʩʧʝʢʪè ʤʦʞʝ ʬʦʨʤʫʚʘʪʠ ʙʘʟʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʥʘʧʦʚʥʝʥʥʷ ʊï

STEM ʮʝʥʪʨʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʝʢʫʨʩʠʚʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʪʘʢʘ ʙʘʟʦʚʘ ʽʥʬʦʨʤʘʮʽʷ 
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ʦʙʨʦʙʣʶʻʪʴʩʷ ʪʘ ʬʦʨʤʫʶʪʴʩʷ STEM-ʥʘʨʘʪʠʚʠ ʤʝʪʦʜʠʢ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʠʭ 

ʨʦʙʽʪ. ʄʝʪʦʜʠʢʠ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʽ ʨʦʙʦʪʠ ʩʬʦʨʤʦʚʘʥʽ ʟʯʠʪʫʶʪʴʩʷ ʟʘ ʟʘʧʠʪʘʤʠ 

ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ɸʈɯ ʇʦʣʽʝʜʝʨ ʪʘ ɸʈɯ ɸʣʴʪʝʨʥʘʪʠʚʘ, ʷʢʽ ʫ ʩʚʦʶ ʯʝʨʛʫ 

ʬʦʨʤʫʶʪʴ ʤʘʩʠʚ ʜʘʥʠʭ ʜʣʷ ʤʦʜʫʣʷ ʘʥʘʣʽʟʫ ʦʥʪʦʣʦʛʽʯʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ. 

ʄʦʜʫʣʴ ʘʥʘʣʽʟʫ ʦʥʪʦʣʦʛʽʯʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʛʝʥʝʨʫʻ ʢʦʥʪʝʥʪ ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ 

ʚʽʜʦʙʨʘʞʝʥʠʡ ʪʘ ʦʙʨʦʙʣʝʥʠʡ ʫ ʦʥʪʦʣʦʛʽʯʥʦʤʫ ɸʈʄ ʪʘ ʧʦʜʘʣʴʰʫ ʦʙʨʦʙʢʫ ʫ 

ʤʦʜʫʣʽ ʪʝʩʪʫʚʘʥʥʷ. ʂʦʨʠʩʪʫʚʘʯ ʤʦʜʫʣʷ ʪʝʩʪʫʚʘʥʥʷ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʘʥʥʽ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʾʭ ʜʦʙʦʨʫ ʚʽʜʧʦʚʽʜʥʦ ʢʨʠʪʝʨʽʾʚ ʟʘʧʠʪʫ.  

ʆʢʨʽʤ ʪʦʛʦ, ʜʦ ʤʦʜʫʣʷ ʘʥʘʣʽʟʫ ʦʥʪʦʣʦʛʽʯʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ̔ ʥʬʦʨʤʘʮʽʷ ʤʦʞʝ 

ʧʦʪʨʘʧʣʷʪʠ ʚʽʜ ʨʝʜʘʢʪʦʨʘ ʯʝʨʝʟ ʦʥʪʦʣʦʛʽʯʥʽ ʢʦʥʬʽʛʫʨʘʮʽ.ʾ ɯʥʬʦʨʤʘʮʽʷ 

ʦʙʨʦʙʣʝʥʘ ʤʦʜʫʣʝʤ ʘʥʘʣʽʟʫ ʦʥʦʪʦʣʦʛʽʯʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʫ ʧʝʨʝʛʣʷʜʘʯʽ ʪʘ ʟʦʢʨʝʤʘ ʫ ʬʦʨʤʽ ʦʥʪʦʣʦʛʽʯʥʦʾ 

ʧʨʠʟʤʠ. ʆʥʪʦʣʦʛʽʯʥʽ ʜʘʥʽ ʯʝʨʝʟ ʧʝʨʝʛʣʷʜʘʯ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʨʦʙʣʝʥʽ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ɸʣʴʪʝʨʥʘʪʠʚʘ, ʜʦ ʷʢʦʛʦ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʪʘʢʦʞ ʧʦʪʨʘʧʣʷʪʠ ʥʘ 

ʧʨ̫ʤʫ ʯʝʨʝʟ ɸʈɯ ɸʣʴʪʝʨʥʘʪʠʚʘ. 

ɯʥʰʠʤ ʰʣʷʭʦʤ ʥʘʧʦʚʥʝʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʧʘʥʝʣʽ 

ʰʘʙʣʦʥʽʟʘʪʦʨʘ STEMUA ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ REST API. ʆʥʪʦʣʦʛʽʯʥʽ 

ʩʫʪʥʦʩʪʽ ʊïSTEM ʮʝʥʪʨʫ ʛʝʥʝʨʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ ʧʨʠʨʦʜʦʤʦʚʥʠʭ 

ʪʝʢʩʪʽʚ ʤʦʜʫʣʝʤ çʂʦʥʩʧʝʢʪè, ʦʙʨʦʙʣʝʥʽ ʜʘʥʽ ʤʦʜʫʣʝʤ çɯʥʜʝʢʩʘʪʦʨè ʪʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ REST API ʤʝʪʦʜʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʜʘʥʠʭ ʟ ʙʘʟʠ ʜʘʥʠʭ MySQL ʫ 

XML ʬʦʨʤʘʪ ʦʥʪʦʣʦʛʽʡ. 

ʆʢʨʽʤ ʪʦʛʦ, ʦʥʪʦʣʦʛʽʯʥʠʡ ʊïSTEM ʮʝʥʪʨ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʽ 

ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ. ɼʣʷ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣ ʟʦʚʥʽʰʥʽʭ ʨʝʩʫʨʩʽʚ ʽʥʜʝʢʩʫʻʪʴʩʷ 

ʽʥʜʝʢʩʘʪʦʨʦʤ ʪʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɸʈɯ ɯʥʜʝʢʩʘʪʦʨ ʬʦʨʤʫʻʪʴʩʷ ʤʘʩʠʚ ʜʘʥʠʭ 

ʱʦʜʦ ʤʝʪʦʜʠʢ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ. 

ʌʦʨʤʫʚʘʥʥʷ ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʘ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʜʦʜʘʪʢʦʚʫ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʨʷʜʫ ʧʨʦʮʝʩʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʧʨʦʱʝʥʥʷ ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʩʦʥʦʤʽʯʥʠʭ ʤʘʩʠʚʽʚ ʟ ʜʘʥʠʤʠ ʫ 

ʚʝʨʰʠʥʘʭ. ɼʣʷ ʦʙʨʦʙʢʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʩʪʚʦʨʝʥʥʷ ʨʝʣʝʚʘʥʪʥʦʾ ʚʠʜʘʯʽ 
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ʽʥʬʦʨʤʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʛʨʘʤʥʽ ʤʦʜʫʣʽ ʂɯʊ çʇʦʣʽʝʜʝʨè. ɼʣʷ ʮʴʦʛʦ 

ʨʦʟʨʦʙʣʝʥʦ ʘʨʭʽʪʝʢʪʫʨʥʝ ʨʽʰʝʥʥʷ, ʱʦ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʜʘʥʠʭ ʘʛʝʥʪʽʚ 

ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ ʩʠʩʪʝʤʠ. ʈʦʟʛʣʷʥʝʤʦ ʘʨʭʽʪʝʢʪʫʨʥʝ ʨʽʰʝʥʥʷ ʥʘ ʧʨʘʢʪʠʯʥʦʤʫ 

ʧʨʠʢʣʘʜʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʘʛʝʥʪʫ stemua.science ʪʘ ʽʥʰʠʭ ʟʦʚʥʽʰʥʽʭ 

ʘʛʝʥʪʽʚ ʷʢ ʜʞʝʨʝʣ ʦʥʪʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ. 

ʌʦʨʤʫʚʘʥʥʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ API ʇʦʣʽʝʜʝʨ ʘʙʦ ʫ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʘʥʞʫʚʘʥʥʷ ɸʈɯ 

ɸʣʴʪʝʨʥʘʪʠʚʘ. API ʇʦʣʽʝʜʝʨ ʧʝʨʝʜʘʻ ʜʘʥʽ ʥʘ ʤʦʜʫʣʴ ʘʥʘʣʽʟʫ ʦʥʪʦʣʦʛʽʯʥʠʭ 

ʢʦʥʬʽʛʫʨʘʮʽʡ, ʷʢʠʡ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟʘʚʘʥʪʘʞʫʻ 

çʇʝʨʝʛʣʷʜʘʯè ʦʥʪʦʣʦʛʽʡ ʘʙʦ ʆʥʪʦʣʦʛʽʯʥʠʡ ɸʈʄ.  

 

ʈʠʩ. 3.5. ɿʘʛʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʧʨʦʛʨʘʤʥʠʭ ʩʫʪʥʦʩʪʝʡ ʊïSTEM 

ʮʝʥʪʨʫ ʫ ʦʥʪʦʣʦʛʽʯʥʦʤʫ ʚʠʛʣʷʜʽ 

 

ɸʚʪʦʨ ʧʫʙʣʽʢʘʮʽʾ ʩʪʚʦʨʶʻ ʢʦʥʪʝʥʪ ʪʘ ʚʚʦʜʠʪʴ ʡʦʛʦ ʚ ʩʠʩʪʝʤʫ, ʜʝ 

ʨʝʜʘʢʪʦʨʦʤ ʧʫʙʣʽʢʘʮʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʘ ʛʝʥʝʨʘʮʽʷ, ʬʦʨʤʘʪʫʚʘʥʥʷ ʪʘ 

ʦʙʨʦʙʢʫ ʢʦʥʪʝʥʪʫ. ʋ ʨʘʟʽ ʷʢʱʦ ʩʠʩʪʝʤʘ ʫʩʧʽʰʥʦ ʦʙʨʦʙʠʣʘ ʚʚʝʜʝʥʽ ʜʘʥʽ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʝʥʝʨʘʮʽʷ ʟʚʽʪʫ ʧʨʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʦʥʪʝʥʪʫ ʪʘ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ 

ʮʝ ʘʚʪʦʨʘ. ʋ ʚʽʜʧʦʚʽʜʴ ʘʚʪʦʨ ʬʦʨʤʫʻ ʟʘʧʠʪïʧʽʜʪʚʝʨʜʞʝʥʥʷ ʥʘ ʧʫʙʣʽʢʘʮʽʶ 

ʢʦʥʪʝʥʪʫ. ʈʝʜʘʢʪʦʨ ʧʫʙʣʽʢʘʮʽʡ, ʧʝʨʝʜʘʻ ʦʙʨʦʙʣʝʥʽ ʜʘʥʽ ʜʦ ʙʘʟʠ ʜʘʥʠʭ, ʜʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʦʙʤʽʥʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʪʦʢʦʣʽʚ ʦʙʤʽʥʫ 

ʜʘʥʠʤʠ. ʇʨʦʮʝʩ ʦʙʤʽʥʫ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʠʟʘʮʽʶ ʪʘ 
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ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʽ ʧʨʦ ʫʩʧʽʰʥʝ ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʩʫ. ɹʘʟʘ ʜʘʥʠʭ ʬʦʨʤʫʻ 

ʟʘʧʠʪ ʥʘ ʦʙʤʽʥ ʜʘʥʠʤʠ ʽʟ ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ ʩʠʩʪʝʤʠ ʫ ʢʦʥʪʨʦʣʝʨ ʽʥʽʮʽʘʣʽʟʘʮʽʾ 

ʪʦʯʢʠ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʨʝʩʫʨʩʽʚ. ʄʽʞ ʙʘʟʦʶ ʜʘʥʠʭ ʪʘ ʢʦʥʪʨʦʣʝʨʦʤ 

ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʪʦʯʢʠ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʨʝʩʫʨʩʽʚ ʧʨʦʭʦʜʠʪʴ ʪʨʘʥʩʬʝʨ ʜʘʥʠʭ.  

ɯʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʽʟ ʙʘʟʠ ʜʘʥʠʭ ʘʛʝʥʪʫ stemua.science, 

ʢʦʥʪʨʦʣʝʨ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʪʦʯʢʠ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʨʝʩʫʨʩʽʚ ʟʘʙʝʟʧʝʯʫʻ 

ʛʝʥʝʨʘʮʽʶ ʤʘʩʠʚʫ ʜʘʥʠʭ ʫ ʩʪʘʥʜʘʨʪʽ ʚʠʟʥʘʯʝʥʦʤʫ ʧʨʦʪʦʢʦʣʦʤ ʜʝ ʚʣʘʩʥʝ 

ʧʨʦʭʦʜʠʪʴ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʠʪʫ ʽʟ ʢʦʥʪʨʦʣʝʨʫ 

ʩʪʚʦʨʝʥʥʷ ʦʥʪʦʣʦʛʽʯʥʠʭ ʙʘʟ ʪʘ ʚʽʜʧʦʚʽʜʽ ʚʽʜ ʘʥʛʝʥʪʘ. ʇʽʩʣʷ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʬʦʨʤʫʚʘʥʥʷ ʦʙʤʽʥʥʦʛʦ XMLïʬʘʡʣʫ ʪʘ ʪʨʘʥʩʬʝʨʫ ʜʘʥʠʭ ʫ ʤʫʣʴʪʠʘʛʝʥʪʥʫ 

ʩʠʩʪʝʤʫ ʂɯʊ çʇʦʣʽʝʜʝʨè. 

XMLïʬʘʡʣ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ ʧʝʨʝʜʘʻʪʴʩʷ ʫ ʢʘʙʽʥʝʪ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʂɯʊ 

çʇʦʣʽʝʜʝʨè, ʜʝ ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʨʷʜ ʜʽʡ, ʟʦʢʨʝʤʘ, ʧʨʠʡʤʘʻ 

ʨʽʰʝʥʥʷ ʧʨʦ ʟʙʝʨʝʞʝʥʥʷ. ɼʘʣʽ, ʘʨʭʽʪʝʢʪʫʨʦʶ ʩʠʩʪʝʤʠ ʧʝʨʝʜʙʘʯʝʥʦ ʧʨʦʮʝʩ, ʱʦ 

ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʦʧʝʨʝʜʥʴʦ ʪʘ ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʟʘʧʠʩʽ ʚ ʦʥʪʦʣʦʛʽʯʥʫ ʙʘʟʫ 

ʜʘʥʠʭ. ɯʟ ʦʥʪʦʣʦʛʽʯʥʦʾ ʙʘʟʠ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʂɯʊ 

çʇʦʣʽʝʜʝʨè, ʟʦʢʨʝʤʘ ʦʪʨʠʤʘʥʥʷ ʟʘʧʠʪʫ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʧʨʦʚʝʜʝʥʥʷ 

ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ʢʘʣʴʢʫʣʷʮʽʾ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʤʘʥʪʠʯʥʠʭ ʪʘ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʠ ʮʴʦʤʫ ʦʙʨʦʙʢʘ ʧʨʦʭʦʜʠʪʴ ʫ ʤʦʜʫʣʽ 

çɸʣʴʪʝʨʥʘʪʠʚʘè.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʫ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʙʘʟʽ ʜʘʥʠʭ ʚʣʘʩʥʝ ʘʛʝʥʪʫ, ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʩʦʥʦʤʽʟʦʚʘʥʦʛʦ ʨʝʩʫʨʩʫ, ʨʦʟʤʽʱʝʥʦʛʦ ʚ ʂɯʊ çʇʦʣʽʝʜʝʨè ʘʙʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʽ ʦʙʨʦʙʣʝʥʽ ʤʦʜʫʣʝʤ ʘʣʴʪʝʨʥʘʪʠʚʘ. ɼʽʘʛʨʘʤʘ ʚʟʘʻʤʦʜʽʾ 

ʘʛʝʥʪʘ stemua.science ʪʘ ʂɯʊ çʇʦʣʽʝʜʝʨè ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩ. 3.6. 
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ʈʠʩ. 3.6. ɼʽʘʛʨʘʤʘ ʚʟʘʻʤʦʜʽʾ ʘʛʝʥʪʘ stemua.science ʪʘ ʂɯʊ çʇʦʣʽʝʜʝʨè 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʣʽʩʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʘʨʭʽʪʝʢʪʫʨʥʦ 

ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʘʩʽʚ, ʱʦ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʢʣʘʩʠïʢʦʥʪʨʦʣʝʨʠ 

(controller), ʢʣʘʩʠ ʜʘʥʠʭ (model), ʽ ʢʣʘʩʠ ʦʙʨʦʙʢʠ (service).  

ʂʦʥʪʨʦʣʝʨ STEM-ʮʝʥʪʨ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʛʝʥʪʽʚ ʤʫʣʴʪʠʘʛʝʥʪʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʠʪʽʚïʚʽʜʧʦʚʽʜʝʡ ʽʟ ʨʦʟʨʽʟʥʝʥʠʭ ʚʝʙï

ʩʝʨʝʜʦʚʠʱ (ʥʘʧʨʠʢʣʘʜ, ʪʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ wordpress). 

ɼʣʷ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʽ ʦʥʪʦʛʨʘʬʫ 

(ontograph), ʪʦʯʢʠ (node), ʚʣʘʩʪʠʚʦʩʪʽ (property), ʘʣʴʪʝʨʥʘʪʠʚʠ (alternative), 
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ʢʨʠʪʝʨʽʶ (criterium), ʟʘʜʘʯʽ ʟʘʚʜʘʥʥʷ (dessiontask), ʱʦ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ 

ʧʦʧʝʨʝʜʥʴʦ. 

ʂʣʘʩ Ontograph ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʛʨʘʬʫ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʙʦʨʫ ʚʝʨʰʠʥ ʛʨʘʬʫ ʪʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ 

ʙʘʪʴʢʽʚʩʴʢʠʭ ʪʘ ʜʦʯʽʨʥʽʭ ʚʝʨʰʠʥ ʪʘ ʝʣʝʤʝʥʪʽʚ ʦʙʨʘʥʦʾ ʚʝʨʰʠʥʠ. Ontograph 

ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʟʘ ʡʦʛʦ ʥʘʟʚʦʶ ʘʙʦ 

ʫʥʽʢʘʣʴʥʠʤ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ. ɺʠʢʦʨʠʩʪʦʚʫʻ xml/json ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʟʙʝʨʝʞʝʥʥʷ ʦʥʪʦʣʦʛʽʯʥʦʾ ʪʘʢʩʦʥʦʤʽʾ. 

ʂʣʘʩ Node ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʘʤʫ ʪʦʯʢʫ ʪʘ 

ʚʢʣʘʜʥʠʭ ʜʘʥʠʭ ʚ ʥʝʾ. ʎʝʡ ʢʣʘʩ ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʝʢʪʥʝ ʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʘʟʚʫ, ʚʣʘʩʪʠʚʦʩʪʽ, ʧʦʚôʷʟʘʥʽ ʚʫʟʣʠ ʪʘ ʚʝʨʰʠʥʠ.  

ʂʣʘʩ Property ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʞʥʦʾ ʚʝʨʰʠʥʠ. ʊʘʢʦʞ ʤʽʩʪʠʪʴ ʽʥʩʪʨʫʤʝʥʪʠ ʫʧʨʘʚʣʽʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʝʨʰʠʥʠ, ʟʦʢʨʝʤʘ, ʚʠʟʥʘʯʝʥʥʷ ʢʣʘʩʫ ʚʣʘʩʪʠʚʦʩʪʽ, ʜʦʜʘʚʘʥʥʷ, 

ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ ʚʠʜʘʣʝʥʥʷ. 

DecisionTask ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʦʜʝʣʴ ʨʘʥʞʫʚʘʥʥʷ, ʘʣʴʪʝʨʥʘʪʠʚʠ ʪʘ 

ʢʨʠʪʝʨʽʾ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʝʨʰʠʥʠ ʜʣʷ ʟʘʜʘʯ ʨʘʥʞʫʚʘʥʥʷ. 

ɼʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ. 

ʂʣʘʩ NodeAlternative ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʘʣʴʪʝʨʥʘʪʠʚʠ 

ʘʣʴʪʝʨʥʘʪʠʚ. ɺʥ̔ ʻ ʧʦʭʽʜʥʠʤ ʚʽʜ ʢʣʘʩʫ Node ʪʘ ʩʫʤʽʩʥʠʡ ʽʟ Ontograph. ʄʽʩʪʠʪʴ 

ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʘʪʨʠʙʫʪʽʚ. 

ʂʣʘʩ Criterion ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʣʘʩʪʠʚʦʩʪʽ ʪʦʯʢʠ ʪʘ ʬʦʨʤʫʻ ʟ ʥʠʭ ʢʨʠʪʝʨʽʾ, 

ʚʢʣʶʯʘʶʯʠ ʥʘʟʚʫ, ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ, ʚʝʢʪʦʨ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʉʝʨʚʽʩʠ ʻ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʜʝʣʽ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʽʟ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ, ʟʦʢʨʝʤʘ, 

ʘʛʝʥʪʽʚ ʤʫʣʴʪʠʘʛʝʥʪʥʦʛʦ STEM-ʮʝʥʪʨʫ. ɼʦ ʪʘʢʠʭ ʩʝʨʚʽʩʽʚ ʚʽʜʥʦʩʷʪʴʩʷ 

ʘʥʘʣʽʟʘʪʦʨ ʦʥʪʦʣʦʛʽʾ, ʘʥʘʣʽʟʘʪʦʨ ʪʘʢʩʦʥʦʤʽʾ (OntologyAnalyser), ʘʥʘʣʽʟʘʪʦʨ 
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ʪʘʢʩʦʥʦʤʽʡ (TaxonomicAnalyzer) ʪʘ ʽʥʪʝʨʧʨʝʪʘʪʦʨ ʚʣʘʩʪʠʚʦʩʪʝʡ 

(PropertyInterpretator). 

ɻʝʥʝʨʘʮʽʶ ʦʥʪʦʣʦʛʽʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʝʡ ʟʜʽʡʩʥʶʻ OntologyAnalyser. 

ɼʘʥʠʡ ʢʣʘʩ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʥʪʦʣʦʛʽʯʥʽ ʚʝʨʰʠʥʠ ʪʘ ʪʘʢʩʦʥʦʤʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʟʘʜʘʯʽ ʨʘʥʞʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚ ʥʘ ʦʩʥʦʚʽ 

ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ. OntologyAnalyser ʘʥʘʣʽʟʫʻ ʦʥʪʦʣʦʛʽʶ ʪʘ ʚʠʜʽʣʷʻ ʽʟ ʥʝʾ 

ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʬʦʨʤʫʻ STEM-ʥʘʨʘʪʠʚʠ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʣʷʛʘʶʪʴ ʦʙʨʦʙʮʽ. 

ʇʨʘʮʶʻ ʫ ʢʦʤʧʣʝʢʩʽ ʪʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʢʣʘʩʠ TaxonomicAnalyzer ʪʘ 

PropertyInterpretator. 

ʂʣʘʩ TaxonomicAnalyzer ʘʥʘʣʽʟʫʻ ʪʘʢʩʦʥʦʤʽʶ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʜʽʣʝʥʥʷ 

ʚʝʨʰʠʥ, ʱʦ ʤʽʩʪʷʪʴ ʚʽʜʧʦʚʽʜʥʽ ʜʘʥʽ, ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ 

ʘʣʴʪʝʨʥʘʪʠʚʠ, ʚʽʜ ʪʠʭ, ʷʢʽ ʥʝ ʤʽʩʪʷʪʴ ʚʽʜʧʦʚʽʜʥʽ ʜʘʥʽ ʪʘ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʠ. ɿʘʙʝʟʧʝʯʫʻ ʤʘʨʢʫʚʘʥʥʷ ʪʘʢʠʭ ʚʝʨʰʠʥ ʪʘ 

ʧʝʨʝʜʘʯʫ ʬʦʨʤʫʚʘʥʥʷ ʟʘʚʜʘʥʥʷ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ ʚʝʨʰʠʥ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚ.  

ʂʣʘʩ PropertyInterpretator ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʤʘʩʠʚʫ ʚʢʣʘʜʥʠʭ ʜʘʥʠʭ 

ʫʩʽʭ ʚʝʨʰʠʥ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥ ̔ʜʣʷ ʦʙʨʦʙʢʠ ʘʣʴʪʝʨʥʘʪʠʚ. ʊʘʢʦʞ, 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʢʪʽʚïʘʣʴʪʝʨʥʘʪʠʚ, ʷʢʽ 

ʬʦʨʤʫʶʪʴ ʤʘʩʠʚʠ ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʨʘʥʞʫʚʘʥʥʷ ʪʘ ʬʽʣʴʪʨʫʚʘʥʥʷ.  

ʆʩʢʽʣʴʢʠ ʜʘʥʽ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ STEM-ʮʝʥʪʨʽ ʬʦʨʤʫʶʪʴʩʷ ʟʥʘʯʥʽ ʤʘʩʠʚʠ 

ʨʽʟʥʦʨʽʜʥʠʭ STEM-ʥʘʨʘʪʠʚʽʚ, ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʫ ʢʦʨʠʩʪʫʚʘʥʥʽ ʚʘʞʣʠʚʠʤ ʻ 

ʦʙʨʦʙʢʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʫ ʘʣʴʪʝʨʥʘʪʠʚʘ. ʊʦʤʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʦʜʘʪʢʦʚʽ ʢʣʘʩʠ ʨʘʥʞʫʚʘʥʥʷ, ʪʘʢʽ ʷʢ, ʨʦʟʚôʷʟʘʥʥʷ ʩʬʦʨʤʦʚʘʥʦʾ ʟʘʜʘʯʽ 

ʨʘʥʞʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚ (MCDMWorker), ʢʣʘʩ ʘʣʛʦʨʠʪʤʫ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʨʘʥʞʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚ (MCDMAlgoritm), ʢʣʘʩ ʤʝʪʦʜʫ ʟʚʘʞʝʥʠʭ ʩʫʤ 

ʢʨʠʪʝʨʽʾʚ (AlgoritmWSM), ʢʣʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʽʜʝʘʣʴʥʦʾ ʪʦʯʢʠ 

(AlgoritmMIP), ʢʣʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʙʘʛʘʪʦʘʪʨʠʙʫʪʠʚʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

(AlgoritmMAVT). 
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ʂʣʘʩ MCDMWorker ʩʪʚʦʨʶʻ ʟʘʜʘʯʫ ʨʘʥʞʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚ ʜʣʷ ʨʦʟʚôʷʟʢʫ 

ʥʘ ʦʩʥʦʚʽ ʾʾ ʤʦʜʝʣʽ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʤʘʪʝʤʘʪʠʯʥʝ ʷʜʨʦ ʩʠʩʪʝʤʠ. ʊʦʙʪʦ, ʮʝʡ ʢʣʘʩ 

ʘʛʨʝʛʫʻ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʬʦʨʤʫʶʪʴ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ. 

ɸʙʩʪʨʘʢʪʥʠʡ ʢʣʘʩ MCDMAlgoritm ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʛʦʪʦʚʢʫ ʜʘʥʠʭ, ʷʢʽ 

ʧʦʪʨʽʙʥʽ ʜʣʷ ʽʥʰʠʭ ʢʣʘʩʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜʠ ʦʙʨʘʭʫʥʢʫ ʢʨʠʪʝʨʽʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʰʣʷʭʦʤ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʢʨʠʪʝʨʽʾʚ, ʟʘʙʝʟʧʝʯʫʻ ʛʝʥʝʨʘʮʽʶ ʻʜʠʥʦʾ ʙʘʟʠ 

ʟʚʝʜʝʥʥʷʤ ʜʘʥʠʭ ʢʦʥʢʨʝʪʥʠʭ ʚʝʨʰʠʥ (ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʥʘʯʝʥʴ) ʜʦ ʩʧʽʣʴʥʦʾ 

ʯʠʩʣʦʚʦʾ ʰʢʘʣʠ. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʣʛʦʨʠʪʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʛʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʢʨʠʪʝʨʽʶ. 

ʇʽʩʣʷ ʬʦʨʤʫʚʘʥʴ ʜʘʥʠʭ ʪʘ ʢʨʠʪʝʨʽʾʚ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʦʙʨʦʙʢʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʢʣʘʩʠ ʜʣʷ ʦʙʨʘʭʫʥʢʽʚ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʊʘʢ, ʽʩʥʫʶʪʴ ʢʣʘʩʠ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʨʘʥʞʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʟʚʘʞʝʥʠʭ ʩʫʤ ʢʨʠʪʝʨʽʾʚ (WSM; AlgoritmWSM), ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʽʜʝʘʣʴʥʦʾ ʪʦʯʢʠ (MIP; AlgoritmMIP), ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʙʘʛʘʪʦʘʪʨʠʙʫʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ (MAVT; AlgoritmMAVT). 
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ʈʠʩ. 3.7. ɼʽʘʛʨʘʤʘ ʢʣʘʩʽʚ ʊïSTEM ʮʝʥʪʨʫ 

 

 

ʆʩʥʦʚʥʠʤʠ ʩʫʪʥʦʩʪʷʤʠ ʩʠʩʪʝʤʠ ʻ ɸʚʪʦʨ (author), ʨʝʜʘʢʪʦʨ (editor), 

ʘʜʤʽʥʽʩʪʨʘʪʦʨ (Administrator), ʢʦʨʠʩʪʫʚʘʯ (User) ʪʘ ʤʘʪʝʨʽʘʣ (Material). ʂʦʞʥʘ 

ʽʟ ʮʠʭ ʩʫʪʥʦʩʪʝʡ ʤʽʩʪʠʪʴ ʜʘʥʽ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʦʧʠʩʘʥʠʭ ʫ ʜʽʘʛʨʘʤʘʭ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ. ʉʠʩʪʝʤʘ ʤʽʩʪʠʪʴ ʚʽʜʦʤʦʩʪʽ ʧʨʦ 

ʫʥʽʢʘʣʴʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ (AdminID), ʡʦʛʦ ʽʤôʷ (Name) ʪʘ 

ʜʦʟʚʦʣʠ (Prirogatives) ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʩʫʪʥʦʩʪʽ ʘʜʤʽʥʽʩʪʨʘʪʦʨ; ʽʜʝʥʪʠʬʽʢʘʪʦʨ 



115 

 

   

 

(AutorID), ʤ̔ôʷ (Name), ʜʦʟʚʦʣʠ (Prerogatives) ʪʘ ʤʘʪʝʨʽʘʣʠ (Materials), ʱʦ 

ʩʪʦʩʫʶʪʴʩʷ ʘʚʪʦʨʘ; ʽʜʝʥʪʠʬʽʢʘʪʦʨ (EditorID), ʤ̔ôʷ (Name), ʜʦʟʚʦʣʠ 

(Prerogatives) ʪʘ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʙʫʣʠ ʧʨʦʚʘʣʽʜʦʚʘʥʽ ʨʝʜʘʢʪʦʨʦʤ 

(ValidatedMaterials) ʱʦʜʦ ʨʝʜʘʢʪʦʨʘ; ʽʜʝʥʪʠʬʽʢʘʪʦʨ (MaterialID), ʤʘʩʠʚ 

ʚʣʘʩʪʠʚʦʩʪʝʡ (Properties), ʧʦʩʠʣʘʥʥʷ (URL), ʪʝʢʩʪ (TextData), ʘʥʥʦʪʘʮʽʷ 

(Abstract), ʧʘʨʘʤʝʪʨʠ ʦʧʫʙʣʽʢʫʚʘʥʥʷ (Published) ʪʘ ʯʘʩ ʦʧʫʙʣʽʢʫʚʘʥʥʷ 

(TimeStamp) ʱʦʜʦ ʤʘʪʝʨʽʘʣʽʚ. ɼʽʘʛʨʘʤʤʘ ʚʽʜʥʦʩʠʥ ʤʽʞ ʩʫʪʥʦʩʪʷʤʠ TïSTEM 

ʮʝʥʪʨʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 3.8. 

 

ʈʠʩ. 3.8. ɼʽʘʛʨʘʤʘ ʚʽʜʥʦʩʠʥ ʤʽʞ ʩʫʪʥʦʩʪʷʤʠ TïSTEM ʮʝʥʪʨʫ 
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ɸʨʭʽʪʝʢʪʫʨʘ TïSTEM ʮʝʥʪʨʫ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʽʩʥʫʶʯʠʭ ʤʦʜʫʣʽʚ ʂɯʊ 

çʇʦʣʽʝʜʝʨè, ʽʥʪʝʛʨʘʮʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʧʨʠʢʣʘʜʥʠʡ 

ʧʨʦʛʨʘʤʥʠʡ ʽʥʪʝʨʬʝʡʩ REST, ʽʥʪʝʨʬʝʡʩʠ ʢʦʤʫʥʽʢʘʮʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ ʪʘ 

ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʽ ʤʦʜʫʣʽ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ. ʉʠʩʪʝʤʘ ʟʜʘʪʥʘ ʦʧʨʘʮʴʦʚʫʚʘʪʠ 

ʷʢ ʩʪʨʫʢʪʫʨʦʚʘʥʽ (ʥʘʧʨʠʢʣʘʜ ʫ ʬʦʨʤʘʪʘʭ JSON, XML, OWL, CSV), ʪʘʢ ʽ 

ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʽ ʥʘʙʦʨʠ ʜʘʥʠʭ (ʥʘʧʨʠʢʣʘʜ ʫ ʬʦʨʤʘʪʘʭ PDF, TXT, DOC, 

HTML). ʉʪʨʫʢʪʫʨʦʚʘʥʽ ʧʦʧʝʨʝʜʥʴʦ ʥʘʙʦʨʠ ʜʘʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʥʘʧʨʷʤʫ ʜʣʷ ʦʙʨʦʙʢʠ ʫ ʨʝʜʘʢʪʦʨʽ ʪʘʢʩʦʥʦʤʽʡ ʪʘ ʙʫʪʠ ʧʝʨʝʛʣʷʥʫʪʠʤʠ ʫ 

ʢʦʤʧʦʥʝʥʪʽ çʇʝʨʝʛʣʷʜʘʯ ʪʘʢʩʦʥʦʤʽʡè ʤʦʜʫʣʶ çɯʥʪʝʨʬʝʡʩʫ ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾè. ʆʙʨʦʙʣʝʥʘ ʫ ʮʴʦʤʫ ʤʦʜʫʣʽ 

ʩʪʨʫʢʪʫʨʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʦʪʨʘʧʣʷʻ ʜʦ ʢʦʤʧʦʥʝʥʪʫ çʂʦʥʪʨʦʣʝʨ ʂɯʊ 

«ʇʦʣʽʝʜʝʨè ʤʦʜʫʣʶ çʎʝʥʪʨʘʣʴʥʠʡ ʩʝʨʚʝʨ ʂɯʊ «ʇʦʣʽʝʜʝʨè ʪʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ 

ʢʦʤʧʦʥʝʥʪʽ çɹʽʙʣʽʦʪʝʢʘ ʦʥʪʦʣʦʛʽʡè. ʅʝʩʪʨʫʢʪʫʨʦʚʘʥʽ ʥʘʙʦʨʠ ʜʘʥʠʭ 

ʧʽʜʣʷʛʘʶʪʴ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʧʝʨʝʜ ʟʙʝʨʝʞʝʥʥʷʤ ʫ ʢʦʤʧʦʥʝʥʪʘʭ ʤʦʜʫʣʶ 

çʎʝʥʪʨʘʣʴʥʠʡ ʩʝʨʚʝʨ ʂɯʊ ʇʦʣʽʝʜʝʨè. ʉʪʨʫʢʪʫʨʠʟʘʮʽʷ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʫ 

ʤʦʜʫʣʷʭ çʉʝʨʝʜʦʚʠʱʝ stemua.scienceè, çʄʦʜʫʣʴ ʨʝʢʫʨʩʠʚʥʠʡ ʨʝʜʫʢʪʦʨè ʪʘ 

çɯʥʜʝʢʩʘʪʦʨè (ʱʦʜʦ ʽʥʜʝʢʩʘʮʽʾ ʤʘʪʝʨʽʘʣʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʪʫʢʪʫʨʦʚʘʥʠʭ 

ʪʘʢʩʦʥʦʤʽʡ). ɿ ʤʝʪʦʶ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ 

ʽʥʪʝʨʬʝʡʩ çʈʝʜʘʢʪʦʨ ʤʘʪʝʨʽʘʣʽʚ stemua.scienceè, ʫ ʷʢʽʡ ʢʦʨʠʩʪʫʚʘʯʽ 

ʟʘʧʦʚʥʶʶʪʴ ʬʦʨʤʫ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʎʽ ʤʘʪʝʨʽʘʣʠ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʢʦʤʧʦʥʝʥʪʽ çɹʘʟʘ ʜʘʥʠʭ stemua.scienceè ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʢʦʤʧʦʥʝʥʪʠ çʇʽʜʩʠʩʪʝʤʘ ʦʙʤʽʥʫ REST APIè ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ ʢʦʤʧʦʥʝʥʪʫ 

çɹʽʙʣʽʦʪʝʢʘ ʦʥʪʦʣʦʛʽʡè ʤʦʜʫʣʶ çʎʝʥʪʨʘʣʴʥʠʡ ʩʝʨʚʝʨ ʂɯʊ «ʇʦʣʽʝʜʝʨè. 

ʅʝʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʧʨʠʨʦʜʦʤʦʚʥʠʭ ʪʝʢʩʪ ʤʦʞʝ ʙʫʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ 

ʦʧʨʘʮʴʦʚʘʥʠʡ ʫ ʤʦʜʫʣʽ çʈʝʢʫʨʩʠʚʥʠʡ ʨʝʜʫʢʪʦʨè, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʧʦʥʝʥʪʫ çɹʘʟʘ ʧʨʘʚʠʣ ʨʝʜʫʢʮʽʾè ʟʘʙʝʟʧʝʯʫʻ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʝ 

ʟʙʝʨʝʞʝʥʥʷ ʫ ʢʦʤʧʦʥʝʥʪʽ çɹʽʙʣʽʦʪʝʢʘ ʦʥʪʦʣʦʛʽʡè ʤʦʜʫʣʶ çʎʝʥʪʨʘʣʴʥʠʡ 

ʩʝʨʚʝʨ ʂɯʊ ʇʦʣʽʝʜʝʨè. ɯʥʜʝʢʩʘʪʦʨ ʟʘʙʝʟʧʝʯʫʻ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʽʩʥʫʶʯʠʭ 



117 

 

   

 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʦʥʪʦʣʦʛʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʽʥʰʠʤʠ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʤʠ, 

ʟʦʢʨʝʤʘ ʫ ʬʦʨʤʽ ʧʦʰʫʢʦʚʦʾ ʧʨʠʟʤʠ. ɼʣʷ ʮʴʦʛʦ, ʜʘʥʽ ʧʨʦʽʥʜʝʢʩʦʚʘʥʽ ʫ 

ʢʦʤʧʦʥʝʥʪʽ çɯʥʜʝʢʩʘʪʦʨè ʤʦʞʫʪʴ ʧʝʨʝʜʘʚʘʪʠʩʴ ʜʦ ʢʦʤʧʦʥʝʥʪʫ çʂʦʥʪʨʦʣʝʨ 

ʧʽʜʩʠʩʪʝʤʠ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾè ʤʦʜʫʣʶ çʈʝʢʫʨʩʠʚʥʦʛʦ ʨʝʜʫʢʪʦʨʫè ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʫʣʶ çʇʽʜʩʠʩʪʝʤʘ ʦʙʤʽʥʫ REST APIè ʘʙʦ ʦʜʨʘʟʫ ʽʟ 

ʢʦʤʧʦʥʝʥʪʫ çɯʥʜʝʢʩʘʪʦʨè ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʜʦ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ, 

ʟʙʝʨʝʞʝʥʠʭ ʫ ʢʦʤʧʦʥʝʥʪʽ çɹʽʙʣʽʦʪʝʢʘ ʦʥʪʦʣʦʛʽʡè ʤʦʜʫʣʶ çʎʝʥʪʨʘʣʴʥʠʡ 

ʩʝʨʚʝʨ ʂɯʊ «ʇʦʣʽʝʜʝʨè. 

ʋʩʽ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ ʊïSTEM ʮʝʥʪʨʫ ʚʽʟʫʘʣʽʟʫʶʪʴʩʷ ʪʘ 

ʦʧʨʘʮʴʦʚʫʶʪʴʩʷ ʫ ʤʦʜʫʣʷʭ çɼʦʧʦʤʽʞʥʠʡ ʮʝʥʪʨè ʪʘ çɯʥʪʝʨʬʝʡʩʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ çʂɯʊ ʇʦʣʽʝʜʝʨè. ʊʘʢ ʦʥʪʦʣʦʛʽʾ ʊïSTEM ʦʧʨʘʮʴʦʚʫʶʪʴʩʷ ʫ 

ʢʦʤʧʦʥʝʥʪʘʭ çʇʽʜʩʠʩʪʝʤʘ ɸʫʜʠʪè, çʇʽʜʩʠʩʪʝʤʘ ɸʣʴʪʝʨʥʘʪʠʚʘè ʪʘ 

çɸʥʘʣʽʪʠʯʥʘ ʩʠʩʪʝʤʘè. ʂʦʨʠʩʪʫʚʘʯʽ ʊïSTEM ʮʝʥʪʨʫ ʤʦʞʫʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʽʟ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʦʥʝʥʪʽʚ çʊʘʢʩʦʥʦʤʽʯʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷè, çʆʙôʻʢʪʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷè ʪʘ çʊʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʠʡ ʢʫʙè. 

ɸʨʭʽʪʝʢʪʫʨʘ TïSTEM ʮʝʥʪʨʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 3.9. 
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ʈʠʩ. 3.9. ɸʨʭʽʪʝʢʪʫʨʘ TïSTEM ʮʝʥʪʨʫ 

 

ʌʘʡʣʦʚʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʬʘʡʣʽʚ ʂɯʊ çʇʦʣʽʝʜʝʨè, ʰʘʙʣʦʥʽʟʘʪʦʨʘ 

STEMUA ʪʘ ʩʠʩʪʝʤʠ ʨʘʥʞʫʚʘʥʥʷ. ʂɯʊ çʇʦʣʽʝʜʝʨè ʤʽʩʪʠʪʴ ʬʘʡʣʠ 

ʘʩʠʥʭʨʦʥʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʧʽʜʧʨʦʛʨʘʤ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ 

ʩʝʨʚʝʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʨʝʜʘʢʪʦʨʫ ʡ ʧʝʨʝʛʣʷʜʘʯʫ ʪʘʢʩʦʥʦʤʽʡ, ɦ ʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʨʦʙʦʪʫ ʚʝʙï̔ ʥʪʝʨʬʝʡʩʫ. ʌʘʡʣʦʚʘ ʩʠʩʪʝʤʘ STEMUA ʤʽʩʪʠʪʴ ʢʦʨʝʥʝʚʠʡ ʢʘʪʘʣʦʛ 

ʪʘ ʦʙʨʦʙʥʠʢ ʰʘʙʣʦʥʽʚ. ʉʠʩʪʝʤʘ ʨʘʥʞʫʚʘʥʥʷ ʤʽʩʪʠʪʴ ʚʠʢʦʥʫʚʘʥʽ ʬʘʡʣʠ, 

ʩʝʨʚʽʩʠ, ʢʦʥʪʨʦʣʝʨʠ, ʽʥʪʝʨʧʨʝʪʘʪʦʨ, ʽʥʪʝʨʬʝʡʩʠ ʩʠʩʪʝʤʠ ʽʟ ʪʘʙʣʠʮʷʤʠ ʩʪʠʣʽʚ 

ʪʘ js ʩʢʨʠʧʪʘʤʠ ʡ ʰʘʙʣʦʥʘʤʠ. ʌʘʡʣʦʚʘ ʩʪʨʫʢʪʫʨʘ TïSTEM ʮʝʥʪʨʫ ʈʠʩ. 3.10.  
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ʈʠʩ. 3.10. ʌʘʡʣʦʚʘ ʩʪʨʫʢʪʫʨʘ TïSTEM ʮʝʥʪʨʫ 

3.3. ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ III  

ʈʦʟʨʦʙʣʝʥʦ ʘʨʭʽʪʝʢʪʫʨʥʫ ʤʦʜʝʣʴ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʾ ʧʣʘʪʬʦʨʤʠ 

ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ. ʆʧʠʩʘʥʦ ʤʦʜʝʣʽ ʚʟʘʻʤʦʜʽʾ ʊ-STEM-ʮʝʥʪʨʫ ʟ ʂɯʊ 

çʇʦʣʽʝʜʨ». ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʽ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ ʪʘ ʤʦʜʝʣʴ 

ʚʟʘʻʤʦʜʽʾ ʧʨʦʛʨʘʤʥʠʭ ʩʫʪʥʦʩʪʝʡ. ʆʧʠʩʘʥʦ ʜʽʘʛʨʘʤʫ ʢʣʘʩʽʚ ʪʘ ʚʽʜʥʦʩʠʥ T-STEM 

ʮʝʥʪʨʫ ʪʘ ʡʦʛʦ ʟʘʛʘʣʴʥʫ ʘʨʭʽʪʝʢʪʫʨʫ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʘʨʭʽʪʝʢʪʫʨʥʫ ʤʦʜʝʣʴ TïSTEM-ʮʝʥʪʨʫ ʦʧʪʠʤʘʣʴʥʦ ʚʪʽʣʠʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʽʚ ʂɯʊ çʇʦʣʽʝʜʨè. ɺʠʟʥʘʯʝʥʦ ʢʣʘʩʠ ʪʘ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʦʙʨʦʙʢʫ ʪʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʟ ʰʘʙʣʦʥʽʟʘʪʦʨʘ ʜʦ ʦʥʪʦʣʦʛʽʯʥʦʾ 

ʙʘʟʠ ʂɯʊ çʇʦʣʽʝʜʨè. 

ʈʦʟʨʦʙʣʝʥʽ ʨʽʰʝʥʥʷ ʪʘ ʘʣʛʦʨʠʪʤʠ ʜʦʟʚʦʣʷʶʪʴ ʩʠʩʪʝʤʽ ʝʬʝʢʪʠʚʥʦ 

ʦʙʨʦʙʣʷʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʨʽʟʥʽ ʪʠʧʠ ʜʘʥʠʭ, ʱʦ ʨʦʙʠʪʴ ʾʾ ʧʦʪʫʞʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʛʘʣʫʟʽ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʨʝʩʫʨʩʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʽ ʚ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ, ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ 

ʨʦʙʦʪʘʭ [2, 11, 12, 17]  
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ʈʆɿɼɯʃ 4. ʄʝʨʝʞʝʮʝʥʪʨʠʯʥʝ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʝ STEM-

ʩʝʨʝʜʦʚʠʱʝ 

4.1. ʆʥʪʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʷʢ ʦʩʥʦʚʘ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʛʦ STEM-

ʩʝʨʝʜʦʚʠʱʘ  

 

STEM-ʦʩʚʽʪʘ, ʻ ʩʬʝʨʦʶ ʦʩʚʽʪʠ, ʱʦ ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ ʽʥʪʝʛʨʘʮʽʾ 

ʜʠʩʮʠʧʣʽʥ. ɰʾ ʦʩʥʦʚʥʘ ʤʝʪʘ ð ʧʽʜʛʦʪʦʚʢʘ ʩʪʫʜʝʥʪʽʚ ʜʦ ʨʦʟʫʤʽʥʥʷ ʽ ʚʠʨʽʰʝʥʥʷ 

ʩʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʛʣʠʙʦʢʠʭ ʟʥʘʥʴ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ. 

ʊʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʠʡ ʭʘʨʘʢʪʝʨ STEM-ʦʩʚʽʪʠ ʧʦʣʷʛʘʻ ʚ ʾʾ ʟʜʘʪʥʦʩʪʽ ʧʝʨʝʪʠʥʘʪʠ 

ʪʨʘʜʠʮʽʡʥʽ ʜʠʩʮʠʧʣʽʥʘʨʥʽ ʤʝʞʽ, ʱʦʙ ʚʠʨʽʰʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʽ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʥʝ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʽʰʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʽʻʾ ʦʙʣʘʩʪʽ ʟʥʘʥʴ.  

ɺ ʢʦʥʪʝʢʩʪʽ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʛʦ STEM-ʩʝʨʝʜʦʚʠʱʘ, 

ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʽʩʪʴ ʻ ʢʣʶʯʦʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʜʦʟʚʦʣʷʻ 

ʽʥʪʝʛʨʫʚʘʪʠ ʟʥʘʥʥʷ ʽ ʧʽʜʭʦʜʠ ʟ ʨʽʟʥʠʭ ʥʘʫʢʦʚʠʭ ʛʘʣʫʟʝʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʽʜʝʡ ʽ ʨʽʰʝʥʴ. ʅʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ 

ʨʦʟʫʤʽʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʘʙʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʤʝʪʦʜʽʚ ʫ ʩʬʝʨʽ 

ʤʝʜʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʤʠʩʣʝʥʥʷ 

ʪʘ ʚʤʽʥʥʷ ʩʪʫʜʝʥʪʽʚ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʥʘʥʥʷ ʚ ʨʝʘʣʴʥʠʭ ʩʠʪʫʘʮʽʷʭ. 

 ʈʦʟʛʣʷʜʘʶʯʠ STEM-ʦʩʚʽʪʫ ʫ ʨʘʤʢʘʭ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʧʽʜʭʦʜʫ, 

ʚʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ, ʱʦ ʚʦʥʘ ʥʝ ʣʠʰʝ ʚʢʣʶʯʘʻ ʪʨʘʜʠʮʽʡʥʽ ʜʠʩʮʠʧʣʽʥʘʨʥʽ ʟʥʘʥʥʷ, 

ʘ ʡ ʩʧʦʥʫʢʘʻ ʜʦ ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ, ʨʦʟʚʠʪʢʫ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʥʘʚʠʯʦʢ, 

ʪʚʦʨʯʦʩʪʽ, ʽ ʟʜʘʪʥʦʩʪʽ ʧʨʘʮʶʚʘʪʠ ʚ ʢʦʤʘʥʜʽ ð ʥʘʚʠʯʦʢ, ʷʢʽ ʻ ʥʝʚʽʜôʤ̒ʥʠʤʠ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ʆʥʪʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ ʩʣʫʛʫʻ ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʘ 

ʦʩʥʦʚʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʫʢʦʚʦïʦʩʚʽʪʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʷ ʤʦʜʝʣʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʥʪʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʽ 

ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʥʘʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʩʬʝʨʽ STEM, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʮʽʣʽʩʥʠʡ ʽ ʽʥʪʝʛʨʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ. 
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ɺ ʦʩʥʦʚʽ ʩʫʯʘʩʥʦʛʦ ʥʘʫʢʦʚʦïʦʩʚʽʪʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʣʝʞʠʪʴ 

ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʘ ʽʥʪʝʛʨʘʮʽʷ ʫʩʽʭ ʥʘʚʯʘʣʴʥʦïʦʩʚʽʪʥʽʭ ʨʝʩʫʨʩʽʚ ʦʩʦʙʣʠʚʦ 

ʦʩʚʽʪʥʽʭ ʥʘʨʘʪʠʚʽʚ. ʎʝʡ ʧʨʦʮʝʩ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ STEM-ʦʩʚʽʪʫ. 

ɯʥʪʝʛʨʘʮʽʷ ʥʘʚʯʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ï ʚʘʞʣʠʚʘ ʩʢʣʘʜʦʚʘ STEM-ʧʽʜʭʦʜʫ. 

ɯʥʪʝʛʨʘʮʽʶ ʥʘʚʯʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʻʜʠʥʝ 

STEM-ʩʝʨʝʜʦʚʠʱʝ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʪʘʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʞʝ 

ʚʢʘʟʫʚʘʣʘʩʴ ʧʦʧʝʨʝʜʥʴʦ [121]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʪʘʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦʩʠʪʴ ʚʠʩʦʢʘ, ʜʝʬʽʥʽʮʽʷ çʤʝʨʝʞʝʮʝʥʪʨʠʯʥʝ ʥʘʚʯʘʣʴʥʝ 

ʽʥʬʦʨʤʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝè ʱʝ ʥʝ ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʦ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʮʽʣʴʥʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʦʥʷʪʪʷ. ɭʜʠʥʝ 

STEM-ʩʝʨʝʜʦʚʠʱʝ ï ʮʝ ʽʥʪʝʨʥʝʪïʦʨʽʻʥʪʦʚʘʥʝ ʥʘʚʯʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ 

ʦʙôʜ̒ʥʫʻ ʨʦʟʦʩʝʨʝʜʞʝʥʽ ʦʩʚʽʪʥʽ ʨʝʩʫʨʩʠ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʷʢ ʘʛʝʥʪʽʚ 

ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʽʩʪʴ ʧʨʠ ʚʠʚʯʝʥʥʽ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʛʨʘʤ. ɹʫʜʴï̫ ʢʘ 

ʥʘʚʯʘʣʴʥʘ ʧʨʦʛʨʘʤʘ ʤʘʻ ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʪʦʤʫ ʜʦʮʽʣʴʥʦ ʚʽʜʦʙʨʘʞʘʪʠ ʪʘʢʽ 

ʧʨʦʛʨʘʤʠ ʫ ʚʠʛʣʷʜʽ ʦʥʪʦʣʦʛʽʯʥʠʭ ʛʨʘʬʽʚ [122].  

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʦʚʠʥʥʦ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʧʦʩʽʙʥʠʢʽʚ, ʙʽʙʣʽʦʪʝʢ ʪʘ ʨʝʧʦʟʠʪʦʨʽʾ, ʮʠʬʨʦʚʠʭ 

ʤʝʪʦʜʠʢ ʪʘ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ, ʤʝʜʽʘ (ʬʦʪʦʛʨʘʬʽʡ, ʚʽʜʝʦ, ʘ ʪʘʢʦʞ 

ʜʦʧʦʚʥʝʥʦʾ ʪʘ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ), ʨʘʥʞʫʚʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ 

ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚ ʛʘʣʫʟʽ ʦʩʚʽʪʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʪʽ ʤʽʞ ʫʯʥʷʤʠ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʢʣʶʯʝʥʥʷ ʫʩʽʭ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʜʦ 

ʝʢʦʩʠʩʪʝʤʠ ʻʜʠʥʦʛʦ STEM-ʩʝʨʝʜʦʚʠʱʘ, ʟʦʢʨʝʤʘ ʫʯʥʽʚ, ʚʠʢʣʘʜʘʯʽʚ, ʨʦʜʠʯʽʚ, 

ʤʝʪʦʜʠʩʪʽʚ ʪʘ ʢʝʨʽʚʥʠʢʽʚ ʟʘʢʣʘʜʽʚ.  

ɿʘʣʫʯʝʥʥʷ ʪʘʢʠʭ ʨʝʩʫʨʩʽʚ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʚʠʪʦʢ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʥʘʚʠʯʦʢ, 

ʢʨʝʘʪʠʚʥʦʩʪʽ ʪʘ ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʟʘʙʝʟʧʝʯʫʻ ʚʢʣʶʯʝʥʥʷ 

ʫʯʥʽʚ ʜʦ ʚʠʚʯʝʥʥʷ ʦʙôʻʢʪʽʚ ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʴ ʪʝʨʤʽʥʦʧʦʣʽʚ ʪʘ ʧʦʰʫʢʫ 

ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʩʫʪʥʦʩʪʷʤʠ. ʊʦʙʪʦ, ʻʜʠʥʝ STEM-ʩʝʨʝʜʦʚʠʱʝ ʙʘʟʫʻʪʴʩʷ ʥʘ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʥʥʻʚʦïʦʨʽʻʥʪʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʘʜʘʧʪʠʚʥʽʩʪʴ 

ʦʩʚʽʪʥʽʭ ʩʝʨʚʽʩʽʚ ʪʘ ʚʽʜʢʨʠʪʽʩʪʴ ʨʝʩʫʨʩʽʚ [123].  

ɯʥʪʝʨʦʧʝʨʘʙʝʣʴʥʽʩʪʴ ʪʘ ʽʥʪʝʛʨʘʪʠʚʥʽʩʪʴ ʫ ʻʜʠʥʦʛʦ STEM-ʩʝʨʝʜʦʚʠʱʘ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʥʪʦʣʦʛʽʯʥʠʭ ʘʛʝʥʪʽʚ. ɿʘʜʘʯʘ ʪʘʢʦʛʦ ʘʛʝʥʪʫ ʻ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʢʦʥʮʝʧʪʽʚ ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʪʝʨʤʽʥʦʣʦʛʽʯʥʦʛʦ ʧʦʣʷ [37]. ɺʣʘʩʪʠʚʦʩʪʽ ʦʥʪʦʣʦʛʽʯʥʠʭ ʘʛʝʥʪʽʚ 

ʚʠʟʥʘʯʘʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʜʘʧʪʠʚʥʠʭ ʩʝʨʚʽʩʽʚ ʜʣʷ ʢʦʞʥʦʛʦ 

ʫʯʥʷ ʧʨʠ ʘʥʘʣʽʟʽ, ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ, ʩʠʥʪʝʟʫ ʪʘ ʜʦʙʦʨʫ ʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʜʞʝʨʝʣ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʚʯʘʣʴʥʠʭ ʟʘʚʜʘʥʴ.  

ʋʯʘʩʥʠʢʠ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʷʢ ʦʩʥʦʚʫ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʥʪʦʣʦʛʽʟʦʚʘʥʫ ʥʘʚʯʘʣʴʥʫ ʧʨʦʛʨʘʤʫ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʫʤʦʚ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʫʯʥʷʤʠ, ʚʠʢʣʘʜʘʯʘʤʠ, 

ʝʢʩʧʝʨʪʘʤʠ, ʤʝʪʦʜʠʩʪʘʤʠ ʪʘ ʽʥʰʠʤʠ ʬʘʭʽʚʮʷʤʠ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ 

ʻʜʠʥʦʛʦ STEM-ʩʝʨʝʜʦʚʠʱʘ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠʩʴ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʽ 

ʢʘʙʽʥʝʪʠ ʫʯʥʽʚ ʪʘ ʚʯʠʪʝʣʽʚ [35]. ɼʣʷ ʮʴʦʛʦ ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ 

ʘʜʘʧʪʠʚʥʽ ʧʽʜʭʦʜʠ ʬʦʨʤʘʣʽʟʘʮʽʾ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʬʦʨʤʫʶʪʴ ʟʥʘʥʥʷ ʪʘ 

ʚʨʘʭʦʚʫʶʪʴ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʽ ʟʘʧʠʪʠ ʪʘ ʧʦʪʨʝʙʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʉʪʚʦʨʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʟ ʦʩʚʽʪʥʽʭ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʜʞʝʨʝʣ ʻ 

ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʻʜʠʥʦʛʦ STEM-ʩʝʨʝʜʦʚʠʱ. ɺʨʘʭʦʚʫʶʯʠ ʟʥʘʯʥʫ 

ʥʘʷʚʥʽʩʪʴ ʪʘʢʠʭ STEM-ʥʘʨʘʪʠʚʽʚ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʾʭ ʢʣʘʩʠʬʽʢʘʮʽ ̫ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʧʨʝʜʤʝʪʥʠʭ ʛʘʣʫʟʝʡ ʘʙʦ ʩʬʝʨ ʽʥʪʝʨʝʩʽʚ.  

ʊʘʢʠʡ ʧʽʜʭʽʜ ʨʝʘʣʽʟʦʚʘʥʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʂɯʊ çʇʦʣʽʝʜʝʨè [121], ʱʦ ʻ 

ʽʥʬʦʨʤʘʮʽʡʥʦïʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʬʦʨʤʫʚʘʥʥʷ ʟʥʘʥʴ, ʱʦ ʩʪʨʫʢʪʫʨʫʻ STEM-ʦʨʽʻʥʪʦʚʘʥʠʡ 

ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ ʟ ʥʘʚʯʘʣʴʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʥʘ ʦʩʥʦʚʽ ʪʘʢʩʦʥʦʤʽʟʘʮʽʾ 

ʡ ʢʦʥʪʝʢʩʪʥʦïʩʝʤʘʥʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʻ ʩʠʩʪʝʤʦ  ʁʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ 

ʥʘʚʯʘʣʴʥʠʭ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʠʭ STEM ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ.  
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ʂɯʊ çʇʦʣʽʝʜʝʨè ʻ ʚʝʙïʦʨʽʻʥʪʦʚʘʥʠʤ ʪʘ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʠʤ [26]. ɼʣʷ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʙʘʟʦʚʽ ʥʘʚʠʯʢʠ ʢʦʨʠʩʪʫʚʘʥʥʷ Windows, ʚʝʙï

ʙʨʘʫʟʠʥʛʫ ʪʘ Microsoft Word ʡ Microsoft Excel. 

 

4.2. ʆʥʪʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʦʙʫʜʦʚʠ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ 

ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ 

ʇʨʠ ʦʥʪʦʣʦʛʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʛʨʘʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʂɯʊ 

çʇʦʣʽʝʜʝʨè. ɯʻʨʘʨʭʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʙʫʜʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʾʾ ʩʢʣʘʜʦʚʦʾ ï 

ʽʥʩʪʨʫʤʝʥʪʫ ɸɻʈɽɻɸʊʆʈ. ɯʥʩʪʨʫʤʝʥʪ çʇʆʐʋʂè ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʜʦʙʦʨʫ ʥʘʚʯʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʟʘʥʷʪʪʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʩʪʨʫʢʪʫʨʥʦʤʫ ʝʣʝʤʝʥʪʫ ʥʘʚʯʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ. ʇʦʚʥʦʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʜʦʙʦʨʫ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝʪʴʩʷ ʟʘ ʫʤʦʚʠ ʟʘʣʫʯʝʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʚʯʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʘʛʝʥʪʘʭ ʩʠʩʪʝʤʠ. ʇʨʠʢʣʘʜʦʤ ʽʥʪʝʛʨʘʮʽʾ ʘʛʝʥʪʫ ʚ 

ʻʜʠʥʦʛʦ STEM-ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʙʘʟʽ ʂɯʊ çʇʦʣʽʝʜʝʨè ʻ ʡʦʛʦ ʚʟʘʻʤʦʜʽʷ ʟ ʦʩʚʽʪʥʽʤ 

ʰʘʙʣʦʥʽʟʘʪʦʨʦʤ ʢʦʥʪʝʥʪʫ stemua.science [124]. ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʝʢʩʫʚʘʥʥʷ 

ʨʝʩʫʨʩʽʚ ʪʘ ʚʠʦʢʨʝʤʣʝʥʥʷ ʢʦʥʪʝʢʩʪʽʚ ʂɯʊ çʇʦʣʽʝʜʝʨè ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʰʫʢ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʧʦʨʪʘʣʽ. 

ɸʜʘʧʪʠʚʥʽʩʪʴ ʨʝʘʣʽʟʫʻʪʴʩʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʦʥʝʥʪʫ 

çʊʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʘ ʄʝʨʝʞʝʮʝʥʪʨʠʯʥʘ ʂʦʤʧôʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ 

ɯʥʬʦʨʤʘʮʽʡʥʦïɸʥʘʣʽʪʠʯʥʘ ʉʠʩʪʝʤʘè (ʊʄɯɸʉ), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʙʽʨ 

ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʧʠʪʘʤ ʪʘ ʽʥʪʝʨʝʩʘʤ ʫʯʥʽʚ STEM-

ʦʩʚʽʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʠʚʽʜʫʘʣʽʟʦʚʘʥʦʛʦ ʪʝʩʪʫïʨʘʥʞʫʚʘʥʥʷ. ʆʢʨʽʤ ʪʦʛʦ, 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʘʪʝʛʦʨʽʡʥʠʤ ʧʽʜʭʦʜʦʤ ʟʘ ʧʝʚʥʠʤʠ 

ʩʝʤʘʥʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ʉʝʨʚʽʩ çʂʆʅʉʇɽʂʊè ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʝ ʨʽʰʝʥʥʷ ʢʦʥʪʝʢʩʪʥʦï

ʩʝʤʘʥʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʰʣʷʭʦʤ ʦʙʨʦʙʢʫ ʪʝʢʩʪʽʚ ʜʦ ʩʧʨʦʱʝʥʦʛʦ 

ʩʠʥʪʘʢʩʠʯʥʦʛʦ ʪʘ ʩʝʤʘʥʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʦʙʨʦʙʢʫ ʪʘ ʚʠʜʽʣʝʥʥʷ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ 

ʚʠʦʢʨʝʤʣʝʥʠʭ ʪʝʨʤʽʥʽʚ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʪʝʤʠ ʦʙʨʦʙʢʫ, ʚʠʦʢʨʝʤʣʝʥʥʷ ʯʘʩʪʠʥ 

ʪʝʢʩʪʽʚ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ, ʪʝʟʘʫʨʫʩ, ʷʢʠʭ ʬʦʨʤʫʻʪʴʩʷ ʢʣʶʯʦʚʠʤʠ ʩʣʦʚʘʤʠ ʪʘ 
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ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷʤʠ, ʦʧʠʩ ʢʦʥʩʧʝʢʪʽʚ ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʢʣʶʯʽʚ, 

ʧʽʜʙʽʨ ʩʫʢʫʧʥʦʩʪʝʡ ʪʝʢʩʪʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʩʧʝʢʪʽʚ 

ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ. 

ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠʨʦʜʥʠʭ ʦʙʣʘʩʪʝʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʝʥʝʨʘʮʽʷ 

ʦʥʪʦʣʦʛʽʯʥʠʭ ʛʨʘʬʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʫʣʶ çʂʆʅʌʆʈè ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʶ 

ʪʘʢʩʦʥʦʤʽʡ ʪʘ ʝʣʝʤʝʥʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʪʝʢʩʪʘʤʠ ʫ ʤʦʜʫʣʽ çɽɼɯʊʆʈè, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʟʘʮʽʶ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʬʦʨʤʽ ʛʨʘʬʫ, ʦʙôʻʢʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʦʥʪʦʣʦʛʽʯʥʦʾ ʧʨʠʟʤʠ. ɻʨʘʬʦʚʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʪʘ 

ʟʨʫʯʥʠʤ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʠʩʪʘʤʠ ʪʘ ʧʝʜʘʛʦʛʘʤʠ, ʘ ʦʙôʻʢʪʥʝ ʪʘ ʫ ʚʠʛʣʷʜʽ 

ʦʥʪʦʣʦʛʽʯʥʦʾ ʧʨʠʟʤʠ ʜʣʷ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ï ʫʯʥʽʚ ʪʘ ʚʠʢʣʘʜʘʯʽʚ. 

ʋ ʂɯʊ çʇʦʣʽʝʜʝʨè ʧʦʜʘʣʴʰʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʫ ʩʪʚʦʨʝʥʠʭ ʪʘʢʩʦʥʦʤʽʯʥʠʭ 

ʧʦʣʷʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʤʦʜʫʣʷʭ çɸʃʔʊɽʈʅɸʊʀɺɸè ʪʘ çɯʥʜʝʢʩʘʪʦʨè, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʢʦʥʮʝʧʪʽʚ ʦʥʪʦʣʦʛʽʯʥʠʭ 

ʪʘʢʩʦʥʦʤʽʡ ʪʘ ʽʥʜʝʢʩʘʮʽʶ ʡ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʽʩʪʴ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʚʽʜʧʦʚʽʜʥʦ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʂɯʊ çʇʦʣʽʝʜʝʨè ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʝ ʨʽʰʝʥʥʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʦʥʪʦʣʦʛʽʯʥʠʭ ʪʘʢʩʦʥʦʤʽʡ ʰʣʷʭʦʤ 

ʩʝʤʘʥʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʪʘʢʩʦʥʦʤʽʟʘʮʽʾ, ʚʠʦʢʨʝʤʣʝʥʥʷ ʪʝʨʤʽʥʽʚ, ʢʦʥʪʝʢʩʪʽʚ 

ʪʝʨʤʽʥʽʚ ʪʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʡ ʚʽʜʧʦʚʽʜʥʦ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ 

ʪʝʨʤʽʥʦʧʦʣʽʚ, ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʨʝʘʣʽʟʘʮʽʻʶ ʟʘʜʘʯʽ ʚʠʙʦʨʫ, ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʾ 

ʽʥʪʝʛʨʘʮʽʾ ʢʦʥʪʝʢʩʪʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  

ʋ ʩʠʩʪʝʤʽ ʂɯʊ çʇʦʣʽʝʜʨè ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʫʩʽʭ ʣʘʥʮʶʛʽʚ 

ʧʨʦʮʝʩʫ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʾ ʽʥʪʝʛʨʘʮʽʾ: ʩʝʤʘʥʪʠʯʥʠʡ ʢʦʥʪʝʥʪïʘʥʘʣʽʟ 

ʪʝʢʩʪʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ; ʪʘʢʩʦʥʦʤʽʟʘʮʽʷ; ʚʠʦʢʨʝʤʣʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʥʮʝʧʪʽʚ 

ʪʘʢʩʦʥʦʤʽʾ; ʬʦʨʤʫʚʘʥʥʷ ʦʥʪʦʣʦʛʽʾ ʟʘʜʘʯʽ ʚʠʙʦʨʫ; ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʘ 

ʽʥʪʝʛʨʘʮʽʷ ʢʦʥʪʝʢʩʪʽʚ ʥʘ ʦʩʥʦʚʽ ʚʣʘʩʪʠʚʦʩʪʝʡïʢʨʠʪʝʨʽʾʚ ʢʦʥʮʝʧʪʽʚ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʦʥʪʦʣʦʛʽʶ ʚʠʙʦʨʫ. 

ʊʘʢʦʞ, ʧʝʨʝʚʘʛʦʶ ʂɯʊ çʇʦʣʽʝʜʝʨè ʻ ʪʝ, ʱʦ ʦʥʦʚʣʝʥʥʷʤ ʚʤʽʩʪʫ 

ʪʘʢʩʦʥʦʤʽʯʥʠʭ ʦʜʠʥʠʮʴ ʥʝ ʧʦʪʨʝʙʫʻ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ, ʱʦ 

ʤʦʞʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʝʛʫʣʷʨʥʝ ʪʘ ʜʠʥʘʤʽʯʥʝ ʦʥʦʚʣʝʥʥʷ ʚʤʽʩʪʫ ʦʥʪʦʣʦʛʽʯʥʠʭ 
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ʛʨʘʬʽʚ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ. ʎʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʪʠʤ ʱʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʂɯʊ 

çʇʦʣʽʝʜʝʨè ʤʽʩʪʠʪʴ ʰʘʙʣʦʥʠ, ʚʢʣʶʯʘʶʪʴ ʤʽʩʪʠʪʴ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʛʝʥʝʨʘʮʽʾ 

ʛʨʘʬʽʚ, ʱʦ ʻ ʩʪʘʪʠʯʥʦʶ ʯʘʩʪʠʥʦʶ ʢʦʜʫ. ɼʠʥʘʤʽʯʥʫ ʯʘʩʪʠʥʫ ʬʫʥʢʮʽʦʥʘʣʫ 

ʟʤʽʥʶʻ ʢʦʨʠʩʪʫʚʘʯ, ʦʜʥʘʢ ʾʾ ʟʤʽʥʘ ʥʝ ʧʦʪʨʝʙʫʻ ʟʥʘʥʴ ʫ ʧʨʦʛʨʘʤʫʚʘʥʥʽ, ʘ 

ʦʙʨʦʙʣʶʻʪʴʩʷ ʤʦʜʫʣʝʤ çʂʆʅʌʆʈè. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʷʜ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʰʣʷʭʦʤ ʧʦʢʨʘʱʝʥʥʷ ʩʫʢʫʧʥʦʩʪʽ ʝʨʛʦʥʦʤʽʯʥʠʭ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʥʘʥʴ, ʱʦ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ STEM-ʫʨʦʢʽʚ ʪʘ STEM-ʜʦʩʣʽʜʞʝʥʴ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʨʚʝʨʥʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ. 

 

4.3. ɸʛʝʥʪʠ ʤʫʣʴʪʠʘʛʝʥʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʦʥʪʦʣʦʛʽʯʥʠʡ STEM-ʮʝʥʪʨ 

4.3.1. ʐʘʙʣʦʥʽʟʘʪʦʨ STEM-ʢʦʥʪʝʥʪʫ stemua.science 

ɯʥʪʝʨʬʝʡʩ ʰʘʙʣʦʥʽʟʘʪʦʨʘ STEM-ʢʦʥʪʝʥʪʫ. ɿ ʤʝʪʦʶ ʧʦʰʠʨʝʥʥʷ STEM-

ʢʦʥʪʝʥʪʫ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʩʮʝʥʘʨʽʡ ʜʣʷ ʰʘʙʣʦʥʫ ʜʣʷ ʧʣʘʪʬʦʨʤʠ WordPress ʪʘ 

ʜʦʩʪʫʧʫ ʜʦ ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʰʠʨʦʢʠʤ ʢʦʣʦʤ ʦʩʚʽʪʷʥ, ʱʦ 

ʥʘʟʠʚʘʻʪʴʩʷ stemua.science. Stemua.science ï ʮʝ ʦʩʚʽʪʥʷ ʧʣʘʪʬʦʨʤʘ, ʧʨʠʟʥʘʯʝʥʘ 

ʜʣʷ ʥʘʜʘʥʥʷ ʤʝʪʦʜʠʯʥʦʾ ʧʽʜʪʨʠʤʢʠ ʙʫʜʴï̫ ʢʠʭ ʟʘʭʦʜʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ STEM-

ʧʽʜʭʦʜʽ ʦʩʚʽʪʠ [124ï126]. ʅʘ ʩʘʡʪʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠʢʠ ʪʘ ʧʨʦʝʢʪʠ 

ʧʦʚôʷʟʘʥʽ ʟʽ STEM, ʟʦʢʨʝʤʘ ʪʘʢʽ, ʱʦ ʤʘʶʪʴ ʥʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ 

ʘʧʨʦʙʘʮʽʶ.[15, 16, 127ï129]. ɻʦʣʦʚʥʘ ʩʪʦʨʽʥʢʘ stemua.science ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʈʠʩ. 4.1. 
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ʈʠʩ. 4.1. ɻʦʣʦʚʥʘ ʩʪʦʨʽʥʢʘ STEMUA 

 

ʋʯʘʩʥʠʢʠ ʩʪʚʦʨʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʥʘ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʂʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʜʦʜʘʚʘʪʠ ʚʣʘʩʥʽ 

ʤʘʪʝʨʽʘʣʠ ʪʘ ʢʦʨʠʛʫʚʘʪʠ ʾʭ, ʘ ʘʜʤʽʥʽʩʪʨʘʪʦʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʢʦʥʪʨʦʣʶʶʪʴ ʷʢʽʩʥʠʡ ʚʤʽʩʪ stemua.science. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʘʣʫʯʠʪʠ 

ʰʠʨʦʢʫ ʛʨʦʤʘʜʩʴʢʽʩʪʴ ʜʦ ʩʪʚʦʨʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʉʘʡʪ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʷʢ ʘʛʝʥʪʘ ʜʣʷ ʦʥʪʦʣʦʛʽʯʥʦʾ 

ʤʦʜʝʣʽ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ. ʆʩʦʙʣʠʚʽʩʪʶ ʩʘʡʪʫ ʻ ʥʘʧʠʩʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʫ ʬʦʨʤʽ, ʧʨʠʟʥʘʯʝʥʽʡ ʜʣʷ ʟʯʠʪʫʚʘʥʥʷ ʡʦʛʦ ʩʠʩʪʝʤʦʶ manlab.stemua.science. 

ʉʘʡʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 3 ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ:  

1. ʄʝʪʦʜʠʯʥʠʡ ʢʘʙʽʥʝʪ  

2. ʂʘʪʘʣʦʛ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ; 

3. ʂʘʪʘʣʦʛ ʤʝʪʦʜʠʢ;  

4. ʆʥʪʦʣʦʛʽʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦʛʽʾ ʂɯʊ çʇʦʣʽʝʜʝʨè  
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5. ɯʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

 

ʄʝʪʦʜʠʯʥʠʡ ʢʘʙʽʥʝʪ ʤʽʩʪʠʪʴ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ STEM-ʦʩʚʽʪʠ. ʉʪʘʪʪʽ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ, ʧʽʜʛʦʪʦʚʣʝʥʽ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʫ ʛʘʣʫʟʽ STEM-

ʦʩʚʽʪʠ, ʟʦʢʨʝʤʘ ʧʨʘʮʽʚʥʠʢʘʤʠ ɸʇʅ ʪʘ ʄʆʅ ʋʢʨʘʾʥʠ. 

ʆʥʪʦʣʦʛʽʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦʛʽʾ ʂɯʊ çʇʦʣʽʝʜʝʨè ʻ ʢʦʨʠʩʥʠʤʠ 

ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʪʘ ʩʢʣʘʜʦʚʠʤʠ ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-

ʮʝʥʪʨʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʰʫʢʫ ʪʘ ʧʽʜʙʽʨ ʥʘʫʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʤʝʪʦʜʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʥʪʦʣʦʛʽʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦʛʽʾ ʂɯʊ 

çʇʦʣʽʝʜʝʨè ʥʘ ʩʘʡʪʽ stemua.science ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 4.2. 

 

ʈʠʩ. 4.2. ʆʥʪʦʣʦʛʽʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦʛʽʾ ʂɯʊ çʇʦʣʽʝʜʝʨè 

  

ʄʝʪʦʜʠʯʥʘ ʯʘʩʪʠʥʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ 

ʤʝʪʦʜʠʯʥʠʤʠ ʘʩʧʝʢʪʘʤʠ STEM-ʧʽʜʭʦʜʫ ʚ ʦʩʚʽʪʽ, ʦʩʥʦʚʥʠʤʠ ʢʦʥʮʝʧʮʽʷʤʠ 

ʩʪʚʦʨʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʣʘʪʬʦʨʤʠ ʪʘ ʩʫʯʘʩʥʠʤʠ 

ʦʩʚʽʪʥʽʤʠ ʪʝʥʜʝʥʮʽʷʤʠ. ʅʘ ʈʠʩ. 4.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʛʘʣʴʥʘ ʬʦʨʤʘ ʄʝʪʦʜʠʯʥʦʾ 

ʯʘʩʪʠʥʠ. 
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ʈʠʩ. 4.3. ɿʘʛʘʣʴʥʘ ʬʦʨʤʘ ʤʝʪʦʜʠʯʥʦʾ ʯʘʩʪʠʥʠ 

  

ʂʘʪʘʣʦʛ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ ï ʮʝ ʜʠʥʘʤʽʯʥʦ ʩʬʦʨʤʦʚʘʥʠʡ ʧʝʨʝʣʽʢ 

ʤʘʪʝʨʽʘʣʽʚ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʥʘ ʩʘʡʪʽ. ʂʦʞʝʥ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʜʦʜʘʪʠ ʩʶʜʠ ʩʚʦʾ 

ʚʣʘʩʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦʙ ʧʦʜʽʣʠʪʠʩʷ ʥʠʤʠ ʟ ʩʫʩʧʽʣʴʩʪʚʦʤ. ɿʘʛʘʣʴʥʘ 

ʬʦʨʤʘ ʢʘʪʘʣʦʛʫ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʥʘʚʝʜʝʥʘ ʥʘ ʈʠʩ. 4.4.  

 

ʈʠʩ. 4.4. ɿʘʛʘʣʴʥʘ ʬʦʨʤʘ ʢʘʪʘʣʦʛʫ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ 

  

ʅʘ ʤʘʡʜʘʥʯʠʢʫ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʭʘʥʽʟʤ ʧʦʜʽʣʫ ʨʦʙʦʪʠ. ʆʙʠʜʚʘ ʤʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʤʝʪʦʜʠ ʱʦ ʤʽʩʪʷʪʴ ʧʘʨʘʤʝʪʨʠ ʨʦʟʜʽʣʝʥʥʷ ʦʩʚʽʪʥʽʭ ʨʦʟʨʦʙʦʢ. 
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ɼʣʷ ʚʚʝʜʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʦʙʣʝʥʽ ʩʧʝʮʽʘʣʴʥʽ ʧʦʣʷ ʚʚʝʜʝʥʥʷ 

«ʌʦʪʦʛʨʘʬʽʷ ʪʘ ʽʤôʷ ʘʚʪʦʨʘ», «ʅʘʟʚʘ ʤʘʪʝʨʽʘʣʫè, çʈʝʟʶʤʝ ʤʘʪʝʨʽʘʣʫè 

çʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫè, çɺʣʘʩʥʝ ʤʘʪʝʨʽʘʣ». 

 

ʈʠʩ. 4.5. ɺʠʜ ʢʘʪʘʣʦʛʫ ʤʝʪʦʜʠʢ 

  

ʉʪʚʦʨʝʥʥʷ STEM-ʢʦʥʪʝʥʪʫ ʫ ʨʝʜʘʢʪʦʨʽ stemua.science. ʉʪʚʦʨʝʥʥʷ 

ʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʬʫʥʢʮʽʷʤʠ çɼʦʜʘʪʠ ʜʦʩʣʽʜʥʠʮʴʢʫ ʨʦʙʦʪʫè ʪʘ 

çʜʦʜʘʪʠ ʤʝʪʦʜʠʢʫè, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʥʘ ʧʘʥʝʣʽ ʢʦʨʠʩʪʫʚʘʯʘ. ʇʦʪʨʽʙʥʦ 

ʟʘʨʝʻʩʪʨʫʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ Facebook, Google+ ʘʙʦ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ 

ʩʪʚʦʨʠʪʠ ʥʦʚʠʡ ʧʨʦʬʽʣʴ,. ʇʘʥʝʣʴ ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜʦʙʨʘʞʘʪʠʤʝʪʴʩʷ ʧʽʩʣʷ 

ʫʩʧʽʰʥʦʾ ʨʝʻʩʪʨʘʮʽʾ (ʈʠʩ. 4.6). 

 

ʈʠʩ. 4.6. ʇʝʨʝʛʣʷʜ ʧʘʥʝʣʽ ʢʦʨʠʩʪʫʚʘʯʘ 

 

ʂʦʥʩʪʨʫʢʪʦʨ ʤʽʩʪʠʪʴ 6 ʧʦʣʽʚ ʚʚʝʜʝʥʥʷ ʪʘ 5 ʧʦʣʽʚ ʜʣʷ ʚʠʙʦʨʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ. ʇʦʣʷ ʚʚʝʜʝʥʥʷ ʢʦʥʪʝʥʪʫ ̒  ʤʘʢʩʠʤʘʣʴʥʦ ʩʧʨʦʱʝʥʠʤʠ 

ʪʘ ʜʫʙʣʶʶʪʴ ʜʦʙʨʝ ʚʽʜʦʤʽ ʢʦʨʠʩʪʫʚʘʯʘʤ ʽʥʩʪʨʫʤʝʥʪʠ ʨʝʜʘʢʪʦʨʘ ʪʝʢʩʪʫ 

Microsoft Word. ʎʝʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʩʪʝ ʬʦʨʤʘʪʫʚʘʥʥʷ ʪʝʢʩʪʫ, ʽ ʥʘʚʽʪʴ ʫ 
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ʚʠʧʘʜʢʫ ʢʦʧʽʶʚʘʥʥʷ ʪʝʢʩʪʫ ʟ ʜʦʢʫʤʝʥʪʘ MS Word ʚʽʥ ʙʫʜʝ ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʽʜʬʦʨʤʘʪʦʚʘʥʠʡ. 

ɸʚʪʦʨʫ ʤʘʪʝʨʽʘʣʫ ʩʣʽʜ ʚʚʝʩʪʠ ʦʩʥʦʚʥʠʡ ʪʝʢʩʪ ʨʦʙʦʪʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʙʣʦʢʽʚ çʈʝʟʶʤʝ», «ʇʦʧʝʨʝʜʥʷ ʽʥʬʦʨʤʘʮʽʷ», «ʆʙʣʘʜʥʘʥʥʷ», 

«ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ», «ɸʥʘʣʽʟ ʜʘʥʠʭ», «ʅʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ (ʥʝ 

ʦʙʦʚôʟ̫ʢʦʚʝ ʧʦʣʝ)è ʪʘ ʩʝʤʘʥʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʚ 

ʂɯʊ çʇʦʣʽʝʜʝʨ», ʘ ʩʘʤʝ çʅʘʧʨʷʤʦʢ», «ʉʢʣʘʜʥʽʩʪʴ», «ɹʝʟʧʝʢʘ», «ʅʘʷʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚè, ʪʘ çʊʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ» (ʈʠʩ. 4.7). 

 

ʈʠʩ. 4.7. ʇʘʥʝʣʴ ʩʪʚʦʨʝʥʥʷ ʪʚʦʨʫ 

 

4.3.2. ʉʝʨʝʜʦʚʠʱʝ manlab 

ɯʥʪʝʨʥʝʪïʩʝʨʝʜʦʚʠʱʝ manlab ʻ ʚʘʞʣʠʚʠʤ ʦʩʚʽʪʥʽʤ ʧʦʨʪʘʣʦʤ, ʱʦ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʩʫʧʨʦʚʦʜʫ ʣʘʙʦʨʘʪʦʨʥʦʾ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫ 

ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʽʭ ʪʘ ʧʦʟʘʰʢʽʣʴʥʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ. 

ʉʝʨʝʜʦʚʠʱʝ manlab, ʷʢ ʘʛʝʥʪ ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-

ʮʝʥʪʨʫ, ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʪʘ 

ʦʩʚʽʪʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʾ ʬʫʥʢʮʽʾ ʜʦ ʩʢʣʘʜʫ ʩʘʡʪʫ ʚʭʦʜʷʪʴ 

ʥʘʩʪʫʧʥʽ ʨʦʟʜʽʣʠ: ñʆʙʣʘʜʥʘʥʥʷò, ñɽʢʩʧʝʨʠʤʝʥʪʘʨʽʡò, ñʅʘʚʯʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠò.  
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ʈʦʟʜʽʣ çʆʙʣʘʜʥʘʥʥʷè ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʽʟʥʦʤʘʥʽʪʥʝ ʦʙʣʘʜʥʘʥʥʷ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʥʘʚʯʘʥʥʽ. ɺʩʝ ʦʙʣʘʜʥʘʥʥʷ 

ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦ ʟʘ ʥʘʧʨʷʤʢʘʤʠ: ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʬʽʟʠʯʥʘ 

ʣʘʙʦʨʘʪʦʨʽʷ, ʭʽʤʽʯʥʘ ʣʘʙʦʨʘʪʦʨʽʷ, ʙʽʦʣʦʛʽʯʥʘ ʣʘʙʦʨʘʪʦʨʽʷ, ʤʽʥʝʨʘʣʦʛʽʯʥʘ 

ʣʘʙʦʨʘʪʦʨʽʷ, ʘʩʪʨʦʥʦʤʽʯʥʠʡ ʤʘʡʜʘʥʯʠʢ ʪʘ ʘʥʘʣʽʪʠʯʥʠʡ ʩʦʬʪ (ʜʠʚ ʈʠʩ. 4.8). 

 

ʈʠʩ. 4.8. ʉʪʨʫʢʪʫʨʘ ʩʝʨʝʜʦʚʠʱʘ manlab 

 

ʂʦʞʥʝ ʦʙʣʘʜʥʘʥʥʷ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʢʦʨʦʪʢʠʡ ʦʧʠʩ (ʈʠʩ. 4.9. ʧ.1). ʇʦʜʘʣʴʰʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ 

ʽʥʬʦʨʤʘʮʽʾ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʝʢʨʘʥʘ (ʈʠʩ. 4.9. ʧ.2). 

 

ʈʠʩ. 4.9. ʆʧʠʩ ʦʙʣʘʜʥʘʥʥʷ ʫ ʩʝʨʝʜʦʚʠʱʽ manlab 

 

ʈʦʟʜʽʣ ʝʢʩʧʝʨʠʤʝʥʪʘʨʽʡ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʽʥʬʦʨʤʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʱʦʜʦ ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʇʦʜʘʣʴʰʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʧʘʥʝʣʽ ʩ ʧʨʘʚʘ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ çɽʢʩʧʝʨʠʤʝʥʪʘʨʽʶè ʩʝʨʝʜʦʚʠʱʘ 

manlab ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩ. 4.10. 

 

ʈʠʩ. 4.10. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ çɽʢʩʧʝʨʠʤʝʥʪʘʨʽʶè ʩʝʨʝʜʦʚʠʱʘ manlab 

 

ʆʙʨʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ flipïʢʥʠʛʠ. ɯʥʬʦʨʤʘʮʽʷ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʙʣʦʢʽʚ ñʄʝʪʘò, ñʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽò, ñʆʙʣʘʜʥʘʥʥʷò, 

ñʍʽʜ ʨʦʙʦʪʠò, ñɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚò ʪʘ ñʈʦʟʚʠʪʦʢ ʜʦʩʣʽʜʞʝʥʥʷò. ɿʘʛʘʣʴʥʠʡ 

ʚʠʛʣʷʜ ʤʝʪʦʜʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʈʠʩ. 4.11.  

 

ʈʠʩ. 4.11. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʤʝʪʦʜʠʢʠ 

 

ʆʢʨʽʤ ʪʦʛʦ, ʽʥʬʦʨʤʘʮʽʶ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʟʽʙʨʘʥʠʭ ʤʝʪʦʜʠʢ ʪʘ 

ʧʦʩʽʙʥʠʢʽʚ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʦʟʘʰʢʽʣʴʥʽʡ ʪʘ 

ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʽʡ ʜʽʷʣʴʥʦʩʪʽ (ʈʠʩ. 4.12). 
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ʈʠʩ. 4.12. ɿʙʽʨʥʠʢʠ ʤʝʪʦʜʠʢ ʫ ʩʝʨʝʜʦʚʠʱʽ manlab 

4.3.3. ɯʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ ʢʦʤʫʥʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ çʈʽʰʝʣʴʻʚʩʴʢʠʡ 

ʣʽʮʝʡè 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ ʢʦʤʫʥʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ çʈʽʰʝʣʴʻʚʩʴʢʠʡ ʣʽʮʝʡè 

ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʾ ʦʩʚʽʪʠ. ɼʦ ʩʢʣʘʜʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ 

ʢʦʤʫʥʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ çʈʽʰʝʣʴʻʚʩʴʢʠʡ ʣʽʮʝʡè ʚʭʦʜʠʪʴ ʧʦʥʘʜ 100 

ʚʽʜʝʦʤʘʪʝʨʽʘʣʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʨʝʩʫʨʩʽ youtube. ʅʘʡʙʽʣʴʰ ʨʦʟʚʠʥʫʪʠʤ 

ʥʘʧʨʷʤʢʦʤ ʻ ʬʽʟʠʢʘ, ʦʜʥʘʢ, ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʨʦʟʚʠʚʘʶʪʴʩʷ ʡ ʽʥʰʽ ʥʘʧʨʷʤʢʠ, ʪʘʢʽ 

ʷʢ ʤʘʪʝʤʘʪʠʢʘ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʝʩʫʨʩʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩ. 4.13. 

 

ʈʠʩ. 4.13. ɺʠʛʣʷʜ youtube ʢʘʥʘʣʫ ʢʦʤʫʥʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ çʈʽʰʝʣʴʻʚʩʴʢʠʡ 

ʣʽʮʝʡè 
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4.3.4. ɯʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ ʢʦʤʫʥʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ çʌʽʟʠʢʦï

ʤʘʪʝʤʘʪʠʯʥʘ ʛʽʤʥʘʟʽʷ ˉ 17 ɺʽʥʥʠʮʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠè  

ʂʦʤʫʥʘʣʴʥʠʡ ʟʘʢʣʘʜ çʌʽʟʠʢʦïʤʘʪʝʤʘʪʠʯʥʘ ʛʽʤʥʘʟʽʷ ˉ 17 ɺʽʥʥʠʮʴʢʦʾ 

ʤʽʩʴʢʦʾ ʨʘʜʠè ʧʽʜʪʨʠʤʫʻ ʚʝʙïʩʘʡʪ, ʥʘ ʷʢʦʤʫ ʚʠʢʣʘʜʘʻ ʢʫʨʩʠ ʜʠʩʪʘʥʮʽʡʥʦʾ ʪʘ 

ʪʨʘʜʠʮʽʡʥʦʾ ʦʩʚʽʪʠ. ʆʩʦʙʣʠʚʽʩʪʶ ʨʝʩʫʨʩʽʚ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ 

ʩʠʩʪʝʤʥʽ ʢʫʨʩʠ ʪʘ ʤʦʞʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʧʨʦʛʨʘʤʘʤ ʄʆʅ ʱʦʜʦ ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʽʭ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʘʙʦ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʜʣʷ ʧʦʟʘʢʣʘʩʥʦʾ ʦʩʚʽʪʠ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʘ ʥʘʧʨʷʤʢʘʤʠ ʪʘ ʢʣʘʩʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʈʠʩ. 4.14 ʪʘ ʟʘʛʘʣʴʥʠʡ 

ʚʠʛʣʷʜ ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʈʠʩ. 4.15. 

 

ʈʠʩ. 4.14. ʂʣʘʩʠʬʽʢʘʪʦʨ ʽʥʬʦʨʤʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ ʢʦʤʫʥʘʣʴʥʦʛʦ 

ʟʘʢʣʘʜʫ çʌʽʟʠʢʦïʤʘʪʝʤʘʪʠʯʥʘ ʛʽʤʥʘʟʽʷ ˉ 17 ɺʽʥʥʠʮʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠè 

 

 

ʈʠʩ. 4.15. ʂʽʥʮʝʚʠʡ ʚʠʛʣʷʜ ʤʘʪʝʨʽʘʣʫ 
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4.4. ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ IV  

ɺʠʷʚʣʝʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʢʣʶʯʦʚʽ ʘʩʧʝʢʪʠ, ʧʦʚôʷʟʘʥʽ ʟ ʮʽʻʶ ʧʨʦʙʣʝʤʘʪʠʢʦʶ. 

ɼʦʚʝʜʝʥʦ ʚʘʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʥʘʚʯʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʩʠʩʪʝʤʫ STEM ʦʩʚʽʪʠ 

ʪʘ ʨʦʟʛʣʷʥʫʪʽ ʧʽʜʭʦʜʠ ʜʦ ʾʭʥʴʦʾ ʨʝʘʣʽʟʘʮʽʾ. 

ɼʦʚʝʜʝʥʦ, ʱʦ ʽʥʪʝʛʨʘʮʽʷ ʥʘʚʯʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʪʘ ʚʘʞʣʠʚʦʶ 

ʧʨʦʙʣʝʤʦʶ ʚ ʩʫʯʘʩʥʽʡ STEM ʦʩʚʽʪʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʫʧ ʜʦ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʢʨʝʘʪʠʚʥʦʩʪʽ, 

ʘʥʘʣʽʪʠʯʥʠʭ ʟʜʽʙʥʦʩʪʝʡ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʫʯʥʽʚ. ɯʥʪʝʛʨʘʮʽʷ ʪʘʢʠʭ 

ʨʝʩʫʨʩʽʚ ʩʪʚʦʨʶʻ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʪʘ ʮʽʣʴʦʚʦʛʦ ʚʠʚʯʝʥʥʷ 

STEM ʧʨʝʜʤʝʪʽʚ. 

ɼʦʩʣʽʜʞʝʥʦ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ ʽʥʪʝʛʨʘʮʽʾ ʥʘʚʯʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ ʫ STEM ʮʝʥʪʨ.̔ ʉʝʨʝʜ ʥʠʭ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʚʝʨʥʫʣʠ ʤʝʪʦʜʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʜʠʚʽʜʫʘʣʽʟʘʮʽʶ ʥʘʚʯʘʥʥʷ ʪʘ ʘʜʘʧʪʘʮʽʶ ʜʦ 

ʧʦʪʨʝʙ ʫʯʥʽʚ. ʊʘʢʦʞ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʦʥʪʦʣʦʛʽʯʥʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʩʠʩʪʝʤ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʚ ʩʪʨʫʢʪʫʨʫʚʘʥʥʽ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ 

ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʽʥʪʝʛʨʘʮʽʷ ʥʘʚʯʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʯʝʨʝʟ 

ʩʪʚʦʨʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM ʮʝʥʪʨʫ, ʷʢʠʡ ʦʙôʜ̒ʥʫʻ ʨʽʟʥʽ ʦʩʚʽʪʥʽ ʨʝʩʫʨʩʠ ʪʘ 

ʥʘʜʘʻ ʜʦʩʪʫʧ ʜʦ ʥʠʭ. ʊʘʢʠʡ ʮʝʥʪʨ ʩʪʚʦʨʶʻ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ 

ʫʯʥʷʤʠ ʪʘ ʚʯʠʪʝʣʷʤʠ, ʦʙʤʽʥʫ ʟʥʘʥʥʷʤʠ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʦʶ ʜʽʷʣʴʥʽʩʪʶ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʩʦʙʫ ʜʣʷ ʟʙʦʨʫ ʪʘ ʘʛʨʝʛʘʮʽʾ STEM-ʽʥʬʦʨʤʘʮʽʾ, ʾʾ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʘ 

ʢʦʥʩʦʣʽʜʘʮʽʾ ʫ ʦʥʪʦʣʦʛʽʯʥʽʡ ʬʦʨʤʽ. ʎʝ ʚʢʣʶʯʘʻ ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʢʦʛʥʽʪʠʚʥʠʡ 

ʦʧʠʪʫʚʘʣʴʥʠʢ ʜʣʷ ʫʯʥʽʚ ʟ ʤʝʪʦʶ ʚʽʜʙʦʨʫ STEM-ʧʨʦʝʢʪʽʚ ʪʘ ʩʠʩʪʝʤʫ 

ʦʥʪʦʣʦʛʽʯʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʘʣʽʟʘʮʽʶ ʦʩʚʽʪʠ ʟʘ STEM-

ʧʽʜʭʦʜʦʤ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʽ ʚ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ, ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ 

ʨʦʙʦʪʘʭ [1, 9, 10, 20] 
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ʈʆɿɼɯʃ 5. ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʥʪʦʣʦʛʽʯʥʦʛʦ STEM-ʮʝʥʪʨʫ 

5.1. ʂʦʤʧʦʥʝʥʪʠ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ 

5.1.1. ʆʥʪʦʣʦʛʽʯʥʽ ʥʘʚʯʘʣʴʥʽ ʧʨʦʛʨʘʤʠ 

ʆʩʥʦʚʦʶ ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ ʻ ʨʽʟʥ ̔ʪʠʧʠ 

ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤ (ʪʘʢʠʭ ʷʢ ʧʦʯʘʪʢʦʚʘ, ʩʝʨʝʜʥʷ, ʧʦʟʘʰʢʽʣʴʥʘ), ʱʦ ʬʦʨʤʫʶʪʴ 

ʨʝʻʩʪʨ ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʛʨʘʤ. ʎ̔ ʧʨʦʛʨʘʤʠ ʚʽʜʨʽʟʥʷʪʁʴʩʷ ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʧʽʜʭʦʜʽʚ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʩʪʨʫʢʪʫʨʦʚʘʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʦʩʪʽ. ʗʢ ʩʪʫʜʝʥʪʠ, ʪʘʢ ʽ ʚʠʢʣʘʜʘʯʽ ʤʦʞʫʪʴ ʧʝʨʝʛʣʷʥʫʪʠ 

ʚʩʶ ʩʪʨʫʢʪʫʨʫ ʥʘʚʯʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʚ ɯʥʪʝʨʥʝʪʽ. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʪʘʢʠʡ 

ʧʽʜʭʽʜ, ʚʠʢʦʨʠʩʪʘʥʦ ʪʝʤʠ ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʛʨʘʤ ʷʢ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ 

ʦʥʪʦʣʦʛʽʯʥʦʾ ʪʘʢʩʦʥʦʤʽʾ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʩʚʽʪʠ 

[130] ʆʥʪʦʣʦʛʽʯʥʽ ʚʝʨʰʠʥʠ ʪʝʤ ʧʦʚôʷʟʘʥʽ ʽʟ ʾʭ ʤʘʪʝʨʠʥʩʴʢʠʤʠ ʚʝʨʰʠʥʘʤʠ ï 

ʨʦʟʜʽʣʘʤʠ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʥʘʚʯʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʟ ʭʽʤʽʾ ʜʣʷ ʫʯʥʽʚ 10 ʢʣʘʩʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩ. 5.1.  

 

ʈʠʩ. 5.1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʥʘʚʯʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʟ ʭʽʤʽʾ ʜʣʷ ʫʯʥʽʚ 10 ʢʣʘʩʽʚ 

 

ɯʥʪʝʛʨʘʮʽʷ ʨʽʟʥʠʭ ʨʝʩʫʨʩʽʚ, ʦʧʠʩʘʥʠʭ ʫ ʧʫʥʢʪʽ 5, ʻ ʩʧʦʩʦʙʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦʩʪʽ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʂʦʨʠʩʪʫʚʘʯ, ʷʢʠʡ ʚʠʚʯʘʻ ʧʨʝʜʤʝʪ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʥʪʝʨʘʢʪʠʚʥʫ ʚʝʙï

ʦʨʽʻʥʪʦʚʘʥʫ ʥʘʚʯʘʣʴʥʫ ʧʨʦʛʨʘʤʫ ʥʘ ʙʘʟʽ ʂɯʊ çʇʦʣʽʝʜʨè, ʤʦʞʝ ʩʢʦʨʠʩʪʘʪʠʩʷ 

ʤʝʭʘʥʽʟʤʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʘʙʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʰʫʢʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʡʦʛʦ 

ʧʠʪʘʥʥʷ. ʄʝʭʘʥʽʟʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʰʫʢʫ ʻ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤ ʜʣʷ 



137 

 

   

 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʝʩʫʨʩʠ ʘʛʝʥʪʽʚ ʤʦʜʝʣʽ ʪʘ ʤʘʪʝʨʽʘʣʠ 

ʧʽʜʛʦʪʦʚʣʝʥʽ ʝʢʩʧʝʨʪʘʤʠ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʛʘʣʫʟʷʭ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ 

ʧʦʰʫʢʫ, ʜʝ ʢʦʥʪʝʥʪ ʤʦʞʝ ʙʫʪʠ ʟʛʝʥʝʨʦʚʘʥʠʡ ʙʫʜʴï̫ ʢʠʤ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʄʝʭʘʥʽʟʤ ʬʫʥʢʮʽʾ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʰʫʢʫ ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʥʘ ʈʠʩ. 5.2 ʪʘ ʡʦʛʦ 

ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʈʠʩ. 5.3 ʪʘ ʈʠʩ. 5.4. 

 

 

ʈʠʩ. 5.2. ʄʝʭʘʥʽʟʤ ʟʜʽʡʩʥʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʰʫʢʫ 

 

 

ʈʠʩ. 5.3. ʈʝʟʫʣʴʪʘʪʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʰʫʢʫ 
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ʈʠʩ. 5.4. ʈʝʟʫʣʴʪʘʪʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʰʫʢʫ 

 

ɺʥʫʪʨʽʰʥʽ ʨʝʩʫʨʩʠ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʷʢ ʥʘʟʚʠ ʛʨʘʬʽʚ, ʘ 

ʘʛʝʥʪʠ ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʚʝʙïʧʦʩʠʣʘʥʴ (http://kobzar.ua/item/show/245). ʋ ʨʘʟʽ ʧʝʨʝʭʦʜʫ ʜʦ 

ʚʥʫʪʨʽʰʥʽʭ ʛʨʘʬʽʢʽʚ ʚʽʥ ʚʽʜʢʨʠʻʪʴʩʷ ʫ ʚʽʟʫʘʣʽʟʘʪʦʨʽ ʂɯʊ çʇʦʣʽʝʜʝʨè 

(manlab.stemua.science ʪʘ ontology.stemua.science). ʄʝʭʘʥʽʟʤ ʚʽʜʢʨʠʪʪʷ ʘʛʝʥʪʽʚ 

ʂɯʊ çʇʦʣʽʝʜʝʨè ʚʽʜʨʽʟʥʷʻʪʴʩʷ, ʽ ʚʽʜʢʨʠʪʪʷ ʾʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʭʦʜʫ ʥʘ ʚʝʙï

ʩʘʡʪʠ ʘʛʝʥʪʽʚ.  
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5.1.2. ʉʠʩʪʝʤʘ ʚʽʨʪʫʘʣʴʥʠʭ ʤʫʟʝʡʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʪʘ ʨʝʻʩʪʨʽʚ 

ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ 'ʄʫʟʝʡʥʘ ʧʣʘʥʝʪʘ' ʦʭʦʧʣʶʻ ʨʦʟʨʦʙʢʫ 

ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʙôʻʢʪʽʚ ʦʥʪʦʣʦʛʽʾ ʚ 

ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʎʝʡ ʧʨʦʮʝʩ ʚʢʣʶʯʘʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ 

ʛʝʥʝʨʘʮʽʶ ʢʦʜʫ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʛʨʘʬʘ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʢʦʨʝʣʶʚʘʪʠ ʩʪʘʥʠ ʝʣʝʤʝʥʪʽʚ ʪʘʢʩʦʥʦʤʽʾ ʟ ʚʠʭʽʜʥʠʤʠ ʢʦʜʘʤʠ ʚ ʤʦʚʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʦʥʪʦʣʦʛʽʯʥʠʭ ʦʙʨʘʟʽʚ ʝʢʩʧʦʥʘʪʽʚ 

ʚʽʨʪʫʘʣʴʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʧʨʦʝʢʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ 'ʦʥʪʦʣʦʛʽʯʥʠʡ ʢʫʙ', ʱʦ 

ʩʧʨʠʷʻ ʽʥʪʝʛʨʦʚʘʥʦʤʫ ʩʧʨʠʡʥʷʪʪʶ ʽʥʬʦʨʤʘʮʽʾ ʰʣʷʭʦʤ ʦʙ'ʻʜʥʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ 

ʘʛʨʝʛʦʚʘʥʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʤʝʨʝʞʝʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʦʜʥʫ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʠʩʪʝʤʫ. ʆʧʪʠʤʽʟʘʮʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʜʦʩʷʛʘʻʪʴʩʷ ʯʝʨʝʟ ʩʚʦʻʯʘʩʥʽʩʪʴ, ʢʦʨʠʩʥʽʩʪʴ, ʜʦʮʽʣʴʥʽʩʪʴ, ʜʦʩʪʫʧʥʽʩʪʴ, 

ʤʽʥʽʤʽʟʘʮʽʶ ʰʫʤʫ, ʦʧʝʨʘʪʠʚʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ ʪʘ 

ʢʦʨʠʩʪʫʚʘʯʝʤ, ʘ ʪʘʢʦʞ ʘʜʘʧʪʘʮʽʶ ʜʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʢʦʨʠʩʪʫʚʘʯʘ. 

ʋ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʘʥʘʣʽʟʫ ʢʦʥʢʨʝʪʥʠʭ 

ʬʫʥʢʮʽʡ ʫ ʩʧʝʮʠʬʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʟʦʢʨʝʤʘ ʚ ʢʦʥʪʝʢʩʪʽ 

ʟʘʛʘʣʴʥʦʥʘʮʽʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʘ ʩʠʤʚʦʣʽʟʤʫ, ʷʢ ʫ ʚʠʧʘʜʢʫ ʚʽʨʪʫʘʣʴʥʦʾ 

ʩʚʽʪʣʠʮʽ ʊ.ɻ. ʐʝʚʯʝʥʢʘ. 

ʆʥʪʦʣʦʛʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʧʨʦʝʢʪʫ ʚʢʣʶʯʘʻ ʽʥʬʦʨʤʘʮʽʡʥʝ ʥʘʧʦʚʥʝʥʥʷ, ʜʝ 

ʚʽʟʫʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʦʥʪʦʣʦʛʽʾ ʨʝʘʣʽʟʦʚʘʥʦ ʯʝʨʝʟ ʟʦʙʨʘʞʝʥʥʷ, 

ʚʢʘʟʽʚʢʠ ʥʘ ʜʞʝʨʝʣʘ, ʘ ʪʘʢʦʞ ʪʝʢʩʪʦʚʽ ʦʧʠʩʠ ʪʘ ʧʦʩʠʣʘʥʥʷ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʨʝʩʫʨʩʠ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʻʜʠʥʠʤ ʩʪʠʣʝʤ ʚʽʟʫʘʣʽʟʘʮʽʾ. ɺʝʨʭʥʻ ʤʝʥʶ 

ʽʥʪʝʨʬʝʡʩʫ ʤʽʩʪʠʪʴ ʢʥʦʧʢʠ ʜʣʷ ʟʤʽʥʠ ʨʝʞʠʤʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ, 

ʚʢʣʶʯʘʶʯʠ ʨʽʟʥʽ ʨʽʚʥʽ ʽʥʪʝʨʘʢʪʠʚʥʦʩʪʽ ʪʘ ʜʝʪʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ (ʈʠʩ. 5.5). 
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ʈʠʩ. 5.5. ʆʙôʻʢʪʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʢʝʨʫʶʯʽ ʝʣʝʤʝʥʪʠ ʦʙôʻʢʪʽʚ ʦʥʪʦʣʦʛʽʾ 

çɯʟʤʘʾʣʴʩʴʢʘ ʢʘʨʪʠʥʥʘ ʛʘʣʝʨʝʷè 

 

ʋ ʨʝʻʩʪʨʽ ʜʘʥʠʭ 'ʄʫʟʝʡʥʘ ʧʣʘʥʝʪʘ' ʟ ʾʾ ʦʥʪʦʣʦʛʽʯʥʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʥʘ 

ʢʦʞʥʦʤʫ ʽʻʨʘʨʭʽʯʥʦʤʫ ʨʽʚʥʽ ʽʥʪʝʨʬʝʡʩʫ, ʟʘ ʚʠʥʷʪʢʦʤ ʥʘʡʚʠʱʦʛʦ, ʧʨʠʩʫʪʥʷ 

ʽʢʦʥʢʘ, ʱʦ ʩʠʤʚʦʣʽʟʫʻ ʚʽʟʫʘʣʴʥʫ ʢʦʧʽʶ ʦʙʨʘʥʦʛʦ ʦʙ'ʻʢʪʘ ʟ ʥʠʞʯʦʛʦ ʨʽʚʥʷ, 

ʢʣʘʩʠʬʽʢʦʚʘʥʦʛʦ ʷʢ ʦʙôʻʢʪ-ʢʣʘʩ. ʎʷ ʚʽʟʫʘʣʴʥʘ ʢʦʧʽʷ ʤʘʻ ʧʘʩʠʚʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʥʝ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʝʨʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɼʦʜʘʪʢʦʚʦ, ʩʠʩʪʝʤʘ ʧʨʦʧʦʥʫʻ ʛʨʘʬʦʚʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʻʩʪʨʫ, 

ʧʨʝʜʩʪʘʚʣʝʥʝ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʘ. ʎʝʡ ʨʝʞʠʤ ʽʤʽʪʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʧʽʜʩʠʩʪʝʤʠ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʨʝʜʘʢʪʦʨʽ ʪʘʢʩʦʥʦʤʽʡ. ʆʜʥʘʢ, ʚʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ 

ʨʦʟʤʽʱʝʥʥʷ ʢʝʨʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʬʽʣʴʪʨʘʮʽʾ ʚ ʨʦʟʜʽʣʽ ʥʘʣʘʰʪʫʚʘʥʴ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʛʥʫʯʢʝ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʜʘʥʠʭ (ʈʠʩ. 5.6). 
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ʈʠʩ. 5.6. ɻʨʘʬʦʚʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘʢʩʦʥʦʤʽʾ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ 

  

ʆʥʪʦʣʦʛʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʨʝʻʩʪʨʫ 'ʄʫʟʝʡʥʘ ʧʣʘʥʝʪʘ' ʚʢʣʶʯʘʻ ʪʨʠ ʢʣʶʯʦʚʽ 

ʢʦʤʧʦʥʝʥʪʠ: ʣʽʚʠʡ ʥʘʚʽʛʘʪʦʨ ʧʦ ʦʥʪʦʣʦʛʽʾ, ʚʽʜʧʦʚʽʜʥʠʡ ʪʘʢʩʦʥʦʤʽʯʥʽʡ 

ʩʪʨʫʢʪʫʨʽ ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʝʨʭʥʻ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʤʝʥʶ ʪʘ 

ʮʝʥʪʨʘʣʴʥʫ ʦʙʣʘʩʪʴ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʙôʻʢʪʽʚ ʦʥʪʦʣʦʛʽʾ. ʈʝʞʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʧʝʨʝʛʣʷʜʘʪʠ ʪʘ ʧʦʨʽʚʥʶʚʘʪʠ ʤʥʦʞʠʥʫ ʦʙôʻʢʪʽʚ ʦʥʪʦʣʦʛʽʾ, 

ʦʩʦʙʣʠʚʦ ʚ ʩʠʪʫʘʮʽʷʭ ʦʙʤʝʞʝʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤ ʘʙʦ ʬʽʣʴʪʨʽʚ. 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʢʘʨʪʢʠ ʦʙ'ʻʢʪʽʚ ʦʥʪʦʣʦʛʽʾ, ʘʢʪʠʚʦʚʘʥʽ ʯʝʨʝʟ ʢʝʨʫʶʯʠʡ 

ʝʣʝʤʝʥʪ 'ɼʝʪʘʣʽ', ʥʘʜʘʶʪʴ ʜʦʩʪʫʧ ʜʦ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ 

ʽʥʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʩʧʝʮʽʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʽ ʢʥʦʧʢʠ. ʎʽ ʽʥʩʪʨʫʤʝʥʪʠ ʨʦʟʪʘʰʦʚʘʥʽ 

ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʠʨʦʢʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʦʰʫʢʫ 

ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʊʘʢʦʞ, ʚ ʽʥʪʝʨʬʝʡʩʽ ʧʝʨʝʜʙʘʯʝʥʘ ʬʫʥʢʮʽʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʦʚ'ʷʟʘʥʠʭ 

ʦʙ'ʻʢʪʽʚ. ʇʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʦʙ'ʻʢʪʦʤ, ʱʦ ʤʽʩʪʠʪʴ ʧʦʚôʷʟʘʥʽ ʝʣʝʤʝʥʪʠ, ʢʫʨʩʦʨ ʤʠʰʽ 

ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ ʩʪʨʽʣʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʫ ʥʘʪʠʩʥʫʪʠ ʪʘ ʧʝʨʝʡʪʠ ʜʦ 

ʜʦʜʘʪʢʦʚʦʛʦ ʨʽʚʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʨʦʟʢʨʠʚʘʶʯʠ ʧʦʚ'ʷʟʘʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʜʝʪʘʣʴʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʠʭ. (ʈʠʩ. 5.7). 
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ʈʠʩ. 5.7. ɯʥʬʦʨʤʘʮʽʡʥʘ ʢʘʨʪʢʘ ʦʙôʻʢʪʘ ʦʥʪʦʣʦʛʽʾ çɯʟʤʘʾʣʴʩʴʢʘ ʢʘʨʪʠʥʥʘ 

ʛʘʣʝʨʝʷè  

 

ʋ ʩʪʨʫʢʪʫʨʽ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ 'ʄʫʟʝʡʥʘ ʧʣʘʥʝʪʘ', ʥʘ ʢʦʞʥʦʤʫ 

ʽʻʨʘʨʭʽʯʥʦʤʫ ʨʽʚʥʽ, ʟʘ ʚʠʥʷʪʢʦʤ ʚʝʨʭʥʴʦʛʦ, ʨʦʟʤʽʱʝʥʘ ʽʢʦʥʢʘ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ 

ʚʽʟʫʘʣʴʥʫ ʢʦʧʽʶ ʦʙʨʘʥʦʛʦ ʦʙôʻʢʪʘ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ. ʎʷ ʢʦʧʽʷ ʻ ʧʘʩʠʚʥʦʶ ʽ 

ʥʝ ʽʥʪʝʛʨʦʚʘʥʘ ʟ ʢʝʨʫʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʚʠʢʦʥʫʻ ʨʦʣʴ ʦʙôʻʢʪʘ-

ʢʣʘʩʫ ʥʘ ʧʦʪʦʯʥʦʤʫ ʨʽʚʥʽ. 

ʊʘʙʣʠʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʦʥʪʦʣʦʛʽʾ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʬʦʨʤʘʪʽ 

ʪʘʙʣʠʮʽ, ʱʦ ʤʽʩʪʠʪʴ ʽʤʝʥʦʚʘʥʽ ʘʪʨʠʙʫʪʠ (ʤʝʪʘʜʘʥʽ) ʦʙôʻʢʪʽʚ (ʈʠʩ. 5.8) ʪʘ ʾʭ 

ʟʥʘʯʝʥʥʷ. ɺʝʨʭʥʽʡ ʨʷʜʦʢ ʮʽʻʾ ʪʘʙʣʠʮʽ, ʚ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘʟʚʠ ʘʪʨʠʙʫʪʽʚ, ʻ 

ʬʽʢʩʦʚʘʥʠʤ ʽ ʥʝ ʟʤʽʥʶʻ ʩʚʦʻ ʧʦʣʦʞʝʥʥʷ ʧʽʜ ʯʘʩ ʧʨʦʢʨʫʪʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʪʘʙʣʠʮʷ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘʟʚ ʘʪʨʠʙʫʪʽʚ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʽʤʝʥʘ 

ʦʙôʻʢʪʽʚ, ʾʭ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʟʥʘʯʝʥʥʷ ʘʪʨʠʙʫʪʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʛʣʷʥʫʪʽ 

ʰʣʷʭʦʤ ʧʨʦʢʨʫʪʢʠ.  

 

ʈʠʩ. 5.8. ʊʘʙʣʠʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ  
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ɯʥʪʝʨʬʝʡʩ 'ʄʫʟʝʡʥʦʾ ʧʣʘʥʝʪʠ' ʚʢʣʶʯʘʻ ʫ ʩʝʙʝ ʧʘʥʝʣʴ ʢʝʨʫʚʘʥʥʷ 

ʦʥʪʦʣʦʛʽʯʥʠʤ ʢʫʙʦʤ, ʨʦʟʪʘʰʦʚʘʥʫ ʚ ʧʝʨʰʦʤʫ ʨʷʜʢʫ, ʷʢʘ ʚʠʩʪʫʧʘʻ ʷʢ ʛʦʣʦʚʥʝ 

ʤʝʥʶ ʜʣʷ ʥʘʚʽʛʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ. ʆʥʪʦʣʦʛʽʯʥʠʡ ʢʫʙ (ʈʠʩ. 5.9), ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ 

ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʽ ʦʥʪʦʣʦʛʽʯʥʽ ʦʙʨʘʟʠ, ʚʠʢʦʥʫʻ ʥʝ ʣʠʰʝ ʨʦʣʴ 

ʢʦʤʫʥʽʢʘʪʠʚʥʦʛʦ ʟʘʩʦʙʫ, ʘ ʡ ʩʧʨʠʷʻ ʝʬʝʢʪʠʚʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʽʥʪʝʛʨʦʚʘʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʥʘʫʢʦʚʦ-ʦʩʚʽʪʥʴʦʾ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʬʫʥʢʮʽʾ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʢʫʙʘ ʚʢʣʶʯʘʶʪʴ ʘʛʨʝʛʘʮʽʶ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʤʝʨʝʞʝʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʦʥʪʦʣʦʛʽʯʥʝ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ 

ʤʘʩʠʚʘʤʠ, ʘ ʪʘʢʦʞ ʚʽʟʫʘʣʽʟʘʮʽʶ ʦʙ'ʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʂʦʞʥʘ ʛʨʘʥʴ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʢʫʙʘ ʤʽʩʪʠʪʴ ʢʝʨʫʶʯʠʡ ʝʣʝʤʝʥʪ 

'ʌʽʣʴʪʨʫʚʘʪʠ ʦʪʦʯʝʥʥʷ', ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ ʥʦʚʠʡ ʢʫʙ ʟ ʦʢʨʝʤʠʭ ʦʙ'ʻʢʪʽʚ 

ʦʥʪʦʣʦʛʽʾ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ 'ɯʻʨʘʨʭʽʯʥʠʤ ʬʽʣʴʪʨʦʤ'. ɯʥʪʝʨʬʝʡʩ ʢʫʙʘ ʨʦʟʨʦʙʣʝʥʦ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʩʠʭʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʝʣʝʥʽ ʢʦʣʴʦʨʦʚʽ 

ʚʽʜʪʽʥʢʠ ʜʣʷ ʩʪʠʤʫʣʷʮʽʾ ʨʦʟʫʤʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʙʝʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʟʦʨʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʙʘʣʘʥʩʦʚʘʥʠʡ ʢʦʥʪʨʘʩʪ ʜʣʷ ʯʽʪʢʦʩʪʽ ʚʽʟʫʘʣʴʥʦʛʦ 

ʩʧʨʠʡʥʷʪʪʷ, ʘ ʽʥʬʦʨʤʘʮʽʷ ʥʘ ʝʢʨʘʥʽ ʩʪʨʫʢʪʫʨʦʚʘʥʘ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ. ɽʣʝʤʝʥʪʠ ʢʫʙʘ ʦʨʛʘʥʽʟʦʚʘʥʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʮʽʣʽʩʥʦʛʦ ʦʙʨʘʟʫ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʟʫʘʣʴʥʠʭ ʟʘʩʦʙʽʚ, ʪʘʢʠʭ ʷʢ ʨʠʩʫʥʢʠ, ʪʘʙʣʠʮʽ ʪʘ ʩʭʝʤʠ, ʜʣʷ 

ʙʽʣʴʰʦʾ ʥʘʦʯʥʦʩʪʽ. 

 

 

 

ʈʠʩ. 5.9. ɻʦʣʦʚʥʝ ʤʝʥʶ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʢʫʙʘ 
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ɺ ʦʥʪʦʣʦʛʽʯʥʦʤʫ ʽʥʪʝʨʬʝʡʩʽ 'ʄʫʟʝʡʥʘ ʧʣʘʥʝʪʘ', ʬʫʥʢʮʽʷ 'ɯʻʨʘʨʭʽʯʥʠʡ 

ʬʽʣʴʪʨ' ʚʠʢʦʥʫʻ ʨʦʣʴ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʯʠ ʧʨʠʭʦʚʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ 

ʦʥʪʦʣʦʛʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʊʘʢʦʞ, ʽʥʩʪʨʫʤʝʥʪ 'ʌʽʣʴʪʨ 

ʘʪʨʠʙʫʪʽʚ' ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʩʧʝʮʠʬʽʯʥʠʭ ʘʪʨʠʙʫʪʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʢʘʟʫ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʚʥʠʤ ʢʨʠʪʝʨʽʷʤ. ʎʽ ʽʥʩʪʨʫʤʝʥʪʠ ʧʽʜʚʠʱʫʶʪʴ 

ʛʥʫʯʢʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ 

ʩʧʝʮʠʬʽʯʥʠʭ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʪʘ ʥʘʚʯʘʣʴʥʠʭ ʟʘʚʜʘʥʴ (ʈʠʩ. 5.10). 

 

ʈʠʩ. 5.10. ʈʝʟʫʣʴʪʘʪʠ ʬʽʣʴʪʨʘʮʽʾ ʦʙôʻʢʪʽʚ ʧʦʨʪʘʣʫ çʄʫʟʝʡʥʘ ʧʣʘʥʝʪʘè ʟʘ 

ʟʥʘʯʝʥʥʷʤ çʄʫʟʝʾ ʂʠʻʚʘè ʘʪʨʠʙʫʪʫ çʆʙʣʘʩʪʴè 

ʌʫʥʢʮʽʷ 'ʌʽʣʴʪʨ ʘʪʨʠʙʫʪʽʚ' (ʈʠʩ. 5.10) ʚ ʽʥʪʝʨʬʝʡʩʽ 'ʄʫʟʝʡʥʘ ʧʣʘʥʝʪʘ' 

ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʝʬʝʢʪʠʚʥʦ ʬʽʣʴʪʨʫʚʘʪʠ ʦʙ'ʻʢʪʠ ʦʥʪʦʣʦʛʽʾ ʟʘ ʾʭ 

ʘʪʨʠʙʫʪʘʤʠ. ɼʦʩʪʫʧʥʘ ʪʽʣʴʢʠ ʜʣʷ ʦʥʪʦʣʦʛʽʡ ʽʟ ʚʠʟʥʘʯʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʮʷ 

ʬʫʥʢʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʚʠʙʽʨʢʦʚʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʚʥʠʤ 

ʧʘʨʘʤʝʪʨʘʤ. ʆʩʥʦʚʥʠʡ ʤʝʭʘʥʽʟʤ ʬʽʣʴʪʨʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʧʦʰʫʢʫ ʟʘ ʪʦʯʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʘʪʨʠʙʫʪʫ, ʧʨʠʯʦʤʫ ʜʣʷ ʪʝʢʩʪʦʚʠʭ ʜʘʥʠʭ ʦʧʪʠʤʘʣʴʥʠʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʰʫʢʫ, ʘ ʜʣʷ ʯʠʩʣʦʚʠʭ - ʧʦʰʫʢʫ ʚ ʤʝʞʘʭ 

ʯʠʩʣʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ. ɼʝʷʢʽ ʩʧʝʮʠʬʽʯʥʽ ʪʠʧʠ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ ʛʝʦʛʨʘʬʽʯʥʽ 

ʢʦʦʨʜʠʥʘʪʠ, ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʜʦʩʪʫʧʥʽ ʜʣʷ ʮʴʦʛʦ ʬʽʣʴʪʨʘ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 
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'ɼʦʩʣʽʜʞʝʥʥʷ ʜʞʝʨʝʣ' (ʈʠʩ. 5.11) ʘʢʪʠʚʽʟʫʻ ʧʦʰʫʢ ʩʝʤʘʥʪʠʯʥʦ ʧʦʚ'ʷʟʘʥʠʭ 

ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ, ʬʦʨʤʫʶʯʠ ʟʘʧʠʪʠ ʟʘ ʦʙʨʘʥʠʤʠ ʢʣʶʯʦʚʠʤʠ 

ʩʣʦʚʘʤʠ ʘʙʦ ʬʨʘʟʘʤʠ. 

 

ʈʠʩ. 5.11. çɼʦʩʣʽʜʞʝʥʥʷ ʜʞʝʨʝʣè 

 

"ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ, ʽʥʪʝʛʨʦʚʘʥʘ ʚ ʦʥʪʦʣʦʛʽʯʥʠʡ ʨʝʻʩʪʨ, ʥʘʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʽʟʫʘʣʽʟʘʮʽʾ ʛʝʦʛʨʘʬʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʦʧʠʩʘʥʠʭ ʫ ʘʨʭʽʚʥʠʭ 

ʜʦʢʫʤʝʥʪʘʭ, ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ. ɯʥʪʝʨʘʢʪʠʚʥʘ ʢʘʨʪʘ ʚ ʷʢʦʩʪʽ ʽʥʪʝʨʬʝʡʩʫ ʮʽʻʾ 

ʩʠʩʪʝʤʠ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʛʨʘʬʽʯʥʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ 

ʛʝʦʛʨʘʬʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʪʘ ʦʥʪʦʣʦʛʽʯʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʢʦʤʧʣʝʢʩʥʝ ʫʷʚʣʝʥʥʷ ʛʝʦʛʨʘʬʽʯʥʦ ʧʦʚ'ʷʟʘʥʠʭ ʢʘʪʝʛʦʨʽʡ." (ʈʠʩ. 5.12) 

 

 

ʈʠʩ. 5.12. ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʧʦʨʪʘʣʫ çʄʫʟʝʡʥʘ ʧʣʘʥʝʪʘè 
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ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʧʘʥʝʣʴ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʨʦʟʪʘʰʦʚʘʥʘ ʫ 

ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʢʘʨʪʠ, ʤʽʩʪʠʪʴ 'ʚʽʜʞʝʪʠ', ʷʢʽ ʩʧʨʠʷʶʪʴ ʦʟʥʘʡʦʤʣʝʥʥʶ ʟ ʚʤʽʩʪʦʤ 

ʢʘʨʪʠ ʪʘ ʨʦʟʰʠʨʶʶʪʴ ʜʦʩʣʽʜʥʠʮʴʢʽ ʤʦʞʣʠʚʦʩʪʽ. ɺʽʜʞʝʪ 'ʃʝʛʝʥʜʘ' ʜʦʟʚʦʣʷʻ 

ʬʽʣʴʪʨʫʚʘʪʠ ʽ ʚʠʙʠʨʘʪʠ ʪʠʧʠ ʤʫʟʝʾʚ, ʪʘʢʽ ʷʢ 3D ʪʫʨʠ, ʽʥʪʝʨʘʢʪʠʚʥʽ 3D ʪʫʨʠ ʯʠ 

ʝʢʩʧʦʟʠʮʽʾ, ʱʦ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʽ. 'ʉʧʠʩʦʢ ʰʘʨʽʚ' ʜʘʻ ʟʤʦʛʫ ʚʠʙʠʨʘʪʠ ʩʝʨʝʜ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʫʟʝʾʚ, ʚʢʣʶʯʘʶʯʠ ʰʢʽʣʴʥʽ ʤʫʟʝʾ. ʂʨʽʤ ʪʦʛʦ, ʽʥʪʝʨʬʝʡʩ ʥʘʜʘʻ 

ʬʫʥʢʮʽʶ ʧʦʰʫʢʫ ʟʘ ʥʘʟʚʦʶ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ ʯʠ ʤʫʟʝʶ. ʇʽʜ ʯʘʩ ʟʙʽʣʴʰʝʥʥʷ 

ʤʘʩʰʪʘʙʫ ʢʘʨʪʠ, ʦʙ'ʻʢʪʠ ʫʤʦʚʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʜʝʪʘʣʽʟʫʶʪʴʩʷ, ʘ ʧʨʠ ʥʘʚʝʜʝʥʥʽ 

ʢʫʨʩʦʨʫ ʤʠʰʽ ʥʘ ʦʙôʻʢʪ ʘʢʪʠʚʽʟʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʘ ʽʥʬʦʨʤʘʮʽʷ (ʈʠʩ.5.13) 

 

ʈʠʩ. 5.13. ʂʘʨʪʢʘ ʦʙôʻʢʪʘ, ʥʘʥʝʩʝʥʦʛʦ ʥʘ ʢʘʨʪʫ 

 

5.1.3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦ ʾʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʦ ʾʣʘʙʦʨʘʪʦʨʽ ʾ

ʤʽʥʝʨʘʣʽʚ 

ʆʥʪʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʟʘʮʽʶ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʧʨʠʢʣʘʜ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʣʽ 

ʩʫʣʴʬʘʪʽʚ ʫ ʜʦʚʢʽʣʣʽ ʥʘ ʙʘʟʽ ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʛʨʘʤ. ʊʘʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʛʨʘʤ ʟ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʝʻʩʪʨʫ ʻ ʦʩʥʦʚʥʠʤ ʧʨʠʥʮʠʧʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ [9, 131, 132]. 

ʅʘʚʯʘʣʴʥʘ ʧʨʦʛʨʘʤʘ ʟ ʭʽʤʽʾ 10 ʢʣʘʩʫ ʨʽʚʥʷ ʩʪʘʥʜʘʨʪ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ 

ʩʝʤʘʥʪʠʯʥʘ ʙʘʟʘ ʜʣʷ ʧʦʙʫʜʦʚʠ ʫʨʦʢʫ. ʊʝʤʠ, ʨʦʟʜʽʣʠ ʪʘ ʽʥʰʽ ʩʢʣʘʜʦʚʽ ʙʫʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʦʥʪʦʣʦʛʽʯʥʠʭ ʚʝʨʰʠʥ (ʈʠʩ. 5.14). ɺʠʢʣʘʜʘʯ, ʱʦ 
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ʢʦʨʠʩʪʫʻʪʴʩʷ ʜʘʥʦʶ ʦʥʪʦʣʦʛʽʻ  ʁ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, 

ʚʢʣʘʜʝʥʦʶ ʚ ʦʥʪʦʣʦʛʽʯʥʫ ʚʝʨʰʠʥʫ ʜʣʷ ʧʦʙʫʜʦʚʠ ʫʨʦʢʫ. ʇʨʠ ʮʴʦʤʫ, 

ʤʽʞʧʨʝʜʤʝʪʥʽ ʟʚôʷʟʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʧʦʰʫʢʦʚʦʶ ʤʘʰʠʥʦʶ ʪʘ ʣʽʥʛʚʽʩʪʠʯʥʠʤ 

ʢʦʨʧʫʩʦʤ ʂɯʊ «ʇʦʣʽʝʜʨ». 

 

ʈʠʩ. 5.14. ʆʥʪʦʣʦʛʽʯʥʠʡ ʚʠʛʣʷʜ ʥʘʚʯʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʟ ʭʽʤʽʾ 10 ʢʣʘʩʫ ʨʽʚʥʷ 

ʩʪʘʥʜʘʨʪ 

 

ɿʘʚʜʷʢʠ ʩʠʤʙʽʦʟʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʬʦʨʤʘʮʽʾ ʫ ʨʝʻʩʪʨʽ 

ʤʽʥʝʨʘʣʽʚ ʤʦʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʪʨʘʥʩʜʠʩʮʠʧʣʽʥʘʨʥʽʩʪʴ ʧʨʠ ʚʠʚʯʝʥʥʽ 

ʤʘʪʝʨʽʘʣʫ, ʟʦʢʨʝʤʘ, ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʤʽʥʝʨʘʣʽʚ. ʊʘʢ, ʫ ʧʨʦʛʨʘʤʽ ʧʦ ʭʽʤʽʾ 

ʚʢʘʟʘʥʦ, ʱʦ ʦʜʥʠʤ ʟ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʦʙôʻʢʪʽʚ ʝʢʩʢʫʨʩʽʡ ʻ ʟʘʚʦʜ ʟ ʚʠʨʦʙʥʠʮʪʚʘ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ. ʊʘʢ, ʜʦʮʽʣʴʥʦ ʧʦʧʝʨʝʜʥʴʦ ʫʯʥʶ ʥʘʜʘʪʠ ʨʦʟʫʤʽʥʥʷ ʱʦʜʦ 

ʪʝʨʤʽʥʫ ñʤʽʥʝʨʘʣʴʥʠʡò ʪʘ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ ʚʽʨʪʫʘʣʴʥʠʡ ʤʫʟʝʡ ʤʽʥʝʨʘʣʽʚ 

(ʈʠʩ. 5.15).  

 

ʈʠʩ. 5.15. ɺʽʨʪʫʘʣʴʥʠʡ ʤʫʟʝʡ ʤʽʥʝʨʘʣʽʚ 

 

ɼʣʷ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʜʘʥʠʭ ʧʨʦ ʤʽʥʝʨʘʣʠ ʜʦʮʽʣʴʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʾʭ ʫ 

ʚʠʛʣʷʜʽ ʦʥʪʦʣʦʛʽʯʥʦʾ ʧʨʠʟʤʠ (ʈʠʩ. 5.16). ʇʝʨʝʚʘʛʘʤʠ ʪʘʢʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʻ 

ʯʽʪʢʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʝʢʩʧʦʥʘʪʽʚ ʟʘ ʢʣʘʩʘʤʠ ʪʘ ʧʦʙʫʜʦʚʘ ʟʚôʷʟʢʽʚ ʤʽʞ ʥʠʤʠ. 
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ʈʠʩ. 5.16. ʆʥʪʦʣʦʛʽʯʥʘ ʧʨʠʟʤʘ ʤʽʥʝʨʘʣʽʚ 

 

ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʧʨʦʛʨʘʤʠ ʟʚôʷʟʘʥʘ ʟ ʚʠʚʯʝʥʥʷʤ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷʤ ʧʦʢʣʘʜʽʚ ʤʽʥʝʨʘʣʴʥʠʭ ʩʧʦʣʫʢ. ʅʘʷʚʥʽʩʪʴ ʪʠʭ ʯʠ ʽʥʰʠʭ 

ʤʽʥʝʨʘʣʴʥʠʭ ʩʧʦʣʫʢ ʜʣʷ ʧʝʚʥʦʛʦ ʨʝʛʽʦʥʫ ʜʦʮʽʣʴʥʦ ʚʠʚʯʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʠʩʪʝʤʠ ɻɯʉ ʷʢʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʣʦʢʘʣʽʟʫʚʘʪʠ ʪʝʨʠʪʦʨʽʶ ʥʘ ʷʢʽʡ ʟʥʘʭʦʜʷʪʴʩʷ 

ʧʝʚʥʽ ʩʧʦʣʫʢʠ (ʈʠʩ. 5.17). 

 

ʈʠʩ. 5.17. ʂʘʨʪʘ ʤʽʥʝʨʘʣʴʥʠʭ ʩʧʦʣʫʢ ʫ ʩʠʩʪʝʤʽ ɻɯʉ 

 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʫʯʘʩʥʠʢʘ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʟʘʮʽʢʘʚʠʣʦ ʧʠʪʘʥʥʷ: 

çʏʠ ʟʘʙʨʫʜʥʶʻ ʨʦʜʦʚʠʱʝ ʭʘʣʴʢʘʥʽʪʫ (ʢʫʧʨʫʤ(II) ʩʫʣʴʬʘʪ) ʜʦʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ?è ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʚʠʢʣʘʜʘʯ ʤʦʞʝ ʧʦʚʪʦʨʥʦ ʟʘʩʪʦʩʫʚʘʪʠ 

ʽʥʩʪʨʫʤʝʥʪʠ ʂɯʊ «ʇʦʣʽʝʜʨè ʜʣʷ ʧʦʰʫʢʫ ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚʤʽʩʪ ʢʫʨʧʫʤ(ɯɯ) ʩʫʣʴʬʘʪʫ ʫ ʜʦʚʢʽʣʣʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜʠʢʫ ʚʠʷʚʣʝʥʥʷ ʢʫʧʨʫʤʫ ʫ ʚʦʜʽ (ʈʠʩ. 5.18). ɿʘʚʜʷʢʠ 

ʯʽʪʢʽʡ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʤʘʪʝʨʽʘʣʫ ʚʠʜʽʣʷʶʪʴʩʷ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ ʤʝʪʦʜʠʢʠ ï 
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ʥʝʦʙʭʽʜʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʨʝʘʢʪʠʚʠ ʪʘ ʦʧʠʩʘʥʠʡ ʭʽʜ ʨʦʙʦʪʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʘʥʘʣʽʟʫ.  

 

ʈʠʩ. 5.18. ʄʝʪʦʜʠʢʫ ʚʠʷʚʣʝʥʥʷ ʢʫʧʨʫʤʫ ʫ ʚʦʜʽ 

 

5.1.4. ɯʥʩʪʨʫʤʝʥʪʠ ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ʚʽʨʪʫʘʣʴʥʦʛʦ STEM-ʮʝʥʪʨʫ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ 

ɺʘʞʣʠʚʠʤʠ ʜʣʷ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ ʤʦʞʫʪʴ 

ʙʫʪʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʈʦʟʛʣʷʥʝʤʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʘʢʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʚʠʚʯʝʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʊʘʢ, ʫ 

ʧʦʙʫʜʦʚʘʥʦʤʫ ʦʥʪʦʣʦʛʽʯʥʦʤʫ ʽʥʩʪʨʫʤʝʥʪʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʰʫʢʫ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʫ ʪʘ ʡʦʛʦ ʜʦʙʦʨʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʨʘʥʥʷ ʩʝʤʘʥʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʥʪʦʣʦʛʽʯʥʦʾ ʪʘʢʩʦʥʦʤʽʾ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ 

ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʩʠʩʪʝʤʥʽ ʜʘʥʽ ʧʨʦ ʦʙôʻʢʪʠ 

ʚʠʚʯʝʥʥʷ: ʥʘʣʝʞʥʽʩʪʴ ʜʦ ʚʠʜʽʚ, ʨʦʜʽʚ, ʨʦʜʠʥ, ʢʣʘʩʽʚ, ʧʦʨʷʜʢʽʚ, ʚʽʜʜʽʣʽʚ, 

ʜʦʤʝʥʽʚ. ʉʠʩʪʝʤʘʪʠʟʘʮʽʷ ʟʥʘʥʴ ʫ ʛʘʣʫʟʽ ʙʽʦʪʝʭʥʦʣʦʛʽʡ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ 

ʫʩʢʣʘʜʥʝʥʘ ʪʠʤ, ʱʦ ʩʝʤʘʥʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʟʘʚʞʜʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʝʥʽ, ʘ ʪʦʤʫ ʩʠʩʪʝʤʘ ʨʘʥʞʫʚʘʥʥʷ ʥʝ ʟʘʚʞʜʠ ʤʦʞʝ ʚʠʨʽʰʠʪʠ 

ʧʠʪʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ. ɼʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʨʦʧʦʥʫʚʘʣʦʩʷ ʚʠʜʽʣʠʪʠ 

ʩʝʤʘʥʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʟʘʩʪʦʩʫʚʘʪʠ ʬʫʥʢʮʽʶ ʬʽʣʴʪʨʘʮʽʾ [133]. 

ʆʪʨʠʤʘʥʠʡ ʦʥʪʦʣʦʛʽʯʥʠʡ ʛʨʘʬ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʽʣʴʪʨʘʮʽʾ, ʽ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚʠʷʚʣʝʥʠʡ ʤʽʢʨʦʦʨʛʘʥʽʟʤ ʘʙʦ ʛʨʫʧʫ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. [133].  
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ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʦʥʪʦʣʦʛʽʯʥʦʾ ʪʘʢʩʦʥʦʤʽʾ (ʨʝʻʩʪʨʫ) ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʈʠʩ. 5.19, ʘ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʩʠʩʪʝʤʠ ʜʦʙʦʨʫ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ï ʥʘ ʈʠʩ. 5.20. 

 

ʈʠʩ. 5.19. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʦʥʪʦʣʦʛʽʯʥʦʾ ʪʘʢʩʦʥʦʤʽʾ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

 

ʎʝʡ ʦʥʪʦʣʦʛʽʯʥʠʡ ʛʨʘʬ ʻ ʩʢʣʘʜʦʚʦʶ ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ʚʽʨʪʫʘʣʴʥʦʛʦ 

STEM-ʮʝʥʪʨʫ. ʆʪʞʝ, ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʣʠʚʝ ʷʢ ʘʚʪʦʥʦʤʥʦʾ ʦʜʠʥʠʮʽ, ʪʘʢ 

ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʫ ʥʘʚʯʘʥʥʽ.  

 

ʈʠʩ. 5.20. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʩʠʩʪʝʤʠ ʜʦʙʦʨʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 
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5.1.5. ʆʥʪʦʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʥʘʙʫʪʠʭ ʫ ʜʦʩʣʽʜʥʠʮʴʢʽ ʪʘ ʥʘʫʢʦʚʽʡ ʨʦʙʦʪʽ ʚ ʨʘʤʢʘʭ STEM-ʦʩʚʽʪʠ 

ɺʝʣʠʢʠʡ ʦʙʩʷʛ ʥʘʫʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʥʘ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ITïʧʣʘʪʬʦʨʤʠ ʂɯʊ «ʇʦʣʽʝʜʨè. ITïʧʣʘʪʬʦʨʤʘ ʂɯʊ «ʇʦʣʽʝʜʨè ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʥʷ ʽʻʨʘʨʭʽʾ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʂɯʊ «ʇʦʣʽʝʜʨè, 

ʪʘʢʠʭ ʷʢ ʨʘʥʞʫʚʘʥʥʷ ʪʘ ʬʽʣʴʪʨʫʚʘʥʥʷ. ʂɯʊ «ʇʦʣʽʝʜʨè ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʷʢ ʜʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʥʘʫʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢ ʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʨʠʩʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʙʘʟʠ ʜʘʥʠʭ (ʥʘ ʦʩʥʦʚʽ ʚʝʣʠʢʠʭ ʜʘʥʠʭ) ʜʣʷ ʚʯʝʥʦʛʦ. ʈʦʟʨʦʙʣʝʥʠʡ 

ʤʝʪʦʜ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʥʘʫʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʽʣʴʰ 

ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ʂɯʊ «ʇʦʣʽʝʜʨè ʽʥʪʝʛʨʫʻ ʦʙʨʦʙʣʝʥʽ 

ʥʘʫʢʦʚʽ ʜʘʥʽ ʚ ʻʜʠʥʝ ʥʘʫʢʦʚʝ ʽʥʬʦʨʤʘʮʽʡʥʝ ʧʦʣʝ, ʷʢʝ ʜʦʧʦʤʘʛʘʻ ʚʯʝʥʠʤ ʪʘ 

ʩʪʫʜʝʥʪʘʤ ʧʽʜ ʯʘʩ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʨʘʥʞʠʨʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʟʥʘʯʝʥʦ 

ʩʝʤʘʥʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʩʚʷʯʝʥʠʭ ʚʠʨʦʙʥʠʮʪʚʫ 

ʙʽʦʛʘʟʫ ʟ ʢʫʨʷʯʦʛʦ ʧʦʩʣʽʜʫ [134ï137]. ʎʽ ʩʤʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʢʣʶʯʘʶʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ (Á ʉ), ʦʙôʤ̒ ʨʝʘʢʪʦʨʘ (ʣ), ʚʤʽʩʪ ʢʫʨʷʯʦʛʦ ʧʦʩʣʽʜʫ (%), ʚʤʽʩʪ ʚʦʣʦʛʠ 

(%), ʚʤʽʩʪ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ (%), ʚʤʽʩʪ ʢʽʥʮʝʚʠʭ ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ (%), 

ʚʠʨʦʙʥʠʮʪʚʦ ʙʽʦʛʘʟʫ ʪʘ ʤʝʪʘʥʫ (ʤʣ / ʛ VS), ʚʤʽʩʪ ʤʝʪʘʥʫ (%), ʨʽʢ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʚʤʽʩʪ ʘʤʦʥʽʡʥʦʛʦ ʘʟʦʪʫ (ʤʛ / ʣ), ʢʽʥʮʝʚʠʡ ʨʅ, ʧʦʯʘʪʢʦʚʠʡ pH, ʤʽʥʽʤʘʣʴʥʠʡ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʠʡ pH ʩʫʙʩʪʨʘʪʫ [138ï142]. 

ɯʥʪʝʨʬʝʡʩ ʜʣʷ ʚʠʙʦʨʫ ʚʘʞʣʠʚʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩ. 5.21, 

ʘ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʨʘʥʞʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩ. 5.22. ɯʥʪʝʨʬʝʡʩ 

ʜʣʷ ʚʠʙʦʨʫ ʧʨʽʦʨʠʪʝʪʽʚ ʯʠʩʝʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽʥʬʦʨʤʘʮʽʷ ʜʣʷ ʨʘʥʞʫʚʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʽʦʨʠʪʝʪʥʽʩʪʴ ʩʫʯʘʩʥʠʭ ʩʪʘʪʝʡ ʟ ʧʨʘʚʠʣʴʥʠʤ 

ʤʘʨʢʫʚʘʥʥʷʤ ʚʘʞʣʠʚʠʭ ʢʨʠʪʝʨʽʾʚ. ʈʦʟʛʣʷʥʫʪʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ 

ʰʫʢʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟʘ ʥʝʦʙʭʽʜʥʠʤ ʢʨʠʪʝʨʽʻʤ [12, 133, 143ï146]. 
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ʈʠʩ. 5.21. ɯʥʪʝʨʬʝʡʩ ʚʠʙʦʨʫ ʚʘʞʣʠʚʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ 

 

 

ʈʠʩ. 5.22. ɯʥʪʝʨʬʝʡʩ ʨʘʥʞʫʚʘʥʥʷ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

 

ɯʥʪʝʨʬʝʡʩ ʚʠʙʦʨʫ ʧʨʽʦʨʠʪʝʪʽʚ ʩʝʤʘʥʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ 

ʨʘʥʞʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʽʦʨʠʪʝʪʥʽʩʪʴ ʩʫʯʘʩʥʠʭ ʩʪʘʪʝʡ, ʧʨʠ 

ʧʨʘʚʠʣʴʥʦʤʫ ʨʦʟʩʪʘʚʣʝʥʥʽ ʢʨʠʪʝʨʽʾʚ ʚʘʞʣʠʚʦʩʪʽ. ʈʦʟʛʣʷʥʫʪʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ 

ʰʚʠʜʢʦ ʚʽʜʩʦʨʪʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟʘ ʥʝʦʙʭʽʜʥʠʤ ʢʨʠʪʝʨʽʻʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʮʽʣʽʩʥʠʡ ʨʝʻʩʪʨ ʨʦʙʽʪ ʫʯʥʽʚ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʟʘʻʤʦ 

ʧʦʚôʷʟʘʥʥʽ ʤʽʞ ʩʦʙʦʶ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʥʪʦʣʦʛʽʯʥʠʭ ʟʚôʷʟʢʽʚ [147, 148]. ɺ 

ʮʽʣʦʤʫ ʦʮʽʥʢʘ ʩʪʘʥʫ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʥʘʷʚʥʦʩʪʽ ʽʥʥʦʚʘʮʽʡ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

(ʟʦʢʨʝʤʘ ʡ ʙʽʦʛʘʟʦʚʠʭ) ʻ ʚʘʞʣʠʚʦʶ ʟʦʢʨʝʤʘ ʚ ʢʦʥʪʝʢʩʪʽ ɭʚʨʦʽʥʪʝʛʨʘʮʽʾ [149, 

150] 
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5.1.6. ɺʽʨʪʫʘʣʴʥʠʡ ʨʝʻʩʪʨ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʴ 

ʉʪʚʦʨʝʥʦ ʦʥʣʘʡʥïʦʨʽʻʥʪʦʚʘʥʠʡ ʦʥʪʦʣʦʛʽʯʥʠʡ ʨʝʻʩʪʨ ʜʣʷ ʬʘʭʦʚʠʭ 

ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ ʪʘ SCOPUS ʜʣʷ ʚʠʙʦʨʫ. ʗʢ ʚʝʨʰʠʥʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʞʝʥ 

ʦʢʨʝʤʠʡ ʞʫʨʥʘʣ. ɼʣʷ ʦʙʦʭ ʨʦʟʜʽʣʝʥʽ ʩʝʤʘʥʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣʷ 

ʞʫʨʥʘʣʽʚ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʥʘʩʪʫʧʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

çɿʘʩʥʦʚʥʠʢʠè, çɻʘʣʫʟʴ ʥʘʫʢʠè, çɼʘʪʘ ʚʢʣʶʯʝʥʥʷ / ʦʥʦʚʣʝʥʥʷè, çɯʥʜʝʢʩʘʮʽʷ 

ʞʫʨʥʘʣʫè, çʉʧʝʮʽʘʣʽʟʘʮʽʷ ʞʫʨʥʘʣʫè. ʂʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʚʠʙʦʨʫ ʧʦʪʨʽʙʥʦʛʦ ʡʦʤʫ ʞʫʨʥʘʣʫ. ɯʥʩʪʨʫʤʝʥʪ ʚʠʙʦʨʫ 

ʞʫʨʥʘʣʽʚ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩ. 5.23. 

 

ʈʠʩ. 5.23. ɯʥʪʝʨʬʝʡʩ ʜʦʙʦʨʫ ʞʫʨʥʘʣʽʚ ʜʣʷ ʧʫʙʣʽʢʘʮʽʾ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ 

 

ʑʦʙ ʩʪʚʦʨʠʪʠ ʙʘʟʫ ʜʘʥʠʭ ʫ ʞʫʨʥʘʣʽʚ SCOPUS, SJR, SNIP, CiteScore, 

çʩʪʘʪʫʩ ʘʢʪʠʚʥʦʩʪʽ (ʘʢʪʠʚʥʠʡ ʯʠ ʥʽè), ʢʦʜ ʟʘʛʘʣʴʥʦʥʘʫʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ (ASJC), 

ʤʦʚʘ ʞʫʨʥʘʣʫ (ʪʨʠʙʫʢʚʝʥʥʽ ʢʦʜʠ ʤʦʚʠ ISO), ʢʨʘʾʥʘ ʚʠʜʘʚʮʷ ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʜʣʷ 

ʢʦʞʥʦʾ ʦʥʪʦʣʦʛʽʯʥʦʾ ʚʝʨʰʠʥʠ. ɯʥʩʪʨʫʤʝʥʪ ʚʠʙʦʨʫ ʞʫʨʥʘʣʫ Scopus 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩ. 5.24. 
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ʈʠʩ. 5.24. ɯʥʩʪʨʫʤʝʥʪ ʚʠʙʦʨʫ ʞʫʨʥʘʣʫ Scopus 

5.1.7. ʆʥʪʦʣʦʛʽʯʥʽ ʚʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ ʝʢʩʧʝʜʠʮʽʡ 

ɺʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ ʝʢʩʧʝʜʠʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʤʽʱʝʥʽ ʫ ʚʝʨʰʠʥʽ 

çʝʢʩʧʝʜʠʮʽʡʥʽ ʨʝʟʫʣʴʪʘʪʠè. ʈʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʦïʜʦʩʣʽʜʥʦʾ ʝʢʩʧʝʜʠʮʽʡʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʤʦʞʣʠʚʦ ʧʨʝʜʩʪʘʚʠʪʠ ʙʘʛʘʪʴʤʘ ʤʝʪʦʜʘʤʠ, ʦʜʥʘʢ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʟʘʙʝʟʧʝʯʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ 

ʣʘʙʦʨʘʪʦʨʽʡ ʥʘʫʢʦʚʦïʝʢʩʧʝʜʠʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʚʠʛʣʷʜʽ ʦʥʪʦʣʦʛʦï

ʢʝʨʦʚʘʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ. ʅʘ ʈʠʩ. 5.25 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʽʨʪʫʘʣʴʥʫ 

ʣʘʙʦʨʘʪʦʨʽʶ ʥʘʫʢʦʚʦïʝʢʩʧʝʜʠʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

ʈʠʩ. 5.25. ɺʽʨʪʫʘʣʴʥʘ ʣʘʙʦʨʘʪʦʨʽʷ ʥʘʫʢʦʚʦïʝʢʩʧʝʜʠʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ  
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ʆʩʦʙʣʠʚʽʩʪʶ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʞʫʨʥʘʣʫ ʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʪʘ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ, ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʭʦʜʫ ʤʽʞ ʩʧʦʨʽʜʥʝʥʠʤʠ ʚʝʨʰʠʥʘʤʠ ʪʘ 

ʧʦʰʫʢ ʩʝʤʘʥʪʠʯʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʚʝʨʰʠʥʘʤʠ ʪʘ ʾʾ ʝʣʝʤʝʥʪʘʤʠ. ɺʽʟʫʘʣʽʟʘʮʽʷ 

ʥʘʫʢʦʚʠʭ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʞʫʨʥʘʣʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 5.26. ɯʟ 

ʨʠʩʫʥʢʫ ʚʠʜʥʦ, ʱʦ ʚʝʣʠʢʽ STEM-ʥʘʨʘʪʠʚʽʚ ʪʘ ʜʘʥʠʭ, ʱʦ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ 

ʜʦʩʣʽʜʞʝʥʥʷ ʛʨʫʧʫʶʪʴʩʷ ʪʘ ʩʪʨʫʢʪʫʨʫʶʪʴʩʷ, ʘ ʧʝʨʝʭʽʜ ʜʦ ʥʘʫʢʦʚʠʭ ʜʘʥʠʭ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʚʠʜʢʦ ʪʘ ʟʨʦʟʫʤʽʣʦ. 

 

ʈʠʩ. 5.26. ɺʽʟʫʘʣʽʟʘʮʽʷ ʥʘʫʢʦʚʠʭ ʜʘʥʠʭ ʚ ʦʥʪʦʣʦʛʽʯʥʦʤʫ ʞʫʨʥʘʣʽ  
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ʇʨʠʧʫʩʪʠʤʦ, ʥʘʤ ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩ ʨʦʟʰʠʨʝʥʥʷ ʧʦʚʽʪʨʷ ʧʨʠ 

ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʩʠʯʝʥʦʩʪʽ ʨʽʟʥʠʤʠ ʛʘʟʘʤʠ, ʧʨʠïʯʦʤʫ ʛʽʧʦʪʝʟʘ 

ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʩʪʫʧʥʘ: ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ 

ʨʦʟʰʠʨʝʥʥʷ ʧʦʚʽʪʨʷ ʧʨʦʭʦʜʠʪʴ ʧʦʚʽʣʴʥʽʰʝ. 

5.2. ʂʦʤʧʣʝʢʩʥʽ ʨʽʰʝʥʥʷ ʦʥʪʦʣʦʛʽʯʥʦʛʦ STEM-ʮʝʥʪʨʫ 

5.2.1. ɺʽʨʪʫʘʣʴʥʘ ʣʘʙʦʨʘʪʦʨʽʷ ʄɸʅʃʘʙ 

ʉʠʩʪʝʤʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʨʘʤʢʘʭ ʨʦʙʦʪʠ ʫʯʥʽʚ ʚ ʄʘʣʽʡ ʘʢʘʜʝʤʽʾ ʥʘʫʢ. ʅʘ 

ʈʠʩ. 5.27 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʥʪʦʣʦʛʦïʢʝʨʦʚʘʥʠʡ ʨʝʩʫʨʩ ʄɸʅʃʘʙ. 

 

ʈʠʩ. 5.27. ʆʥʪʦʣʦʛʦïʢʝʨʦʚʘʥʠʡ ʨʝʩʫʨʩ ʄɸʅʃʘʙ  

 

ʉʪʨʫʢʪʫʨʘ ʚʽʨʪʫʘʣʴʥʦʾ ʧʣʦʱʘʜʢʠ ʄɸʅʃʘʙ ʧʝʨʝʜʙʘʯʘʻ ʚʩʽ ʝʣʝʤʝʥʪʠ ʪʘ 

ʨʝʻʩʪʨʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫʯʥʷʤʠ ʄʘʣʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ 

ʥʘʫʢʦʚʠʭ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʧʨʦʝʢʪʽʚ. ʇʝʨʝʭʽʜ ʧʦ ʦʥʪʦʣʦʛʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʰʣʷʭʦʤ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʥʘ ʚʽʟʫʘʣʽʟʘʮʽʡʥʽʡ ʯʘʩʪʠʥʽ ʦʥʪʦʣʦʛʽʾ ʘʙʦ ʥʘ 

ʩʪʨʫʢʪʫʨʥʽʡ ʯʘʩʪʠʥʽ ʦʥʪʦʣʦʛʽʾ. ʅʘ ʨʠʩʫʥʢʫ 5.10 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʪʨʫʢʪʫʨʫ 

ʨʝʩʫʨʩʫ, ʱʦ ʤʽʩʪʠʪʴ ʚʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ ʟ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʽʚ.  

ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʻ ʦʙʣʘʜʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʽʡ, 

ʷʢʠʤʠ ʤʦʞʫʪʴ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʫʯʥʽ. ʎʝ ʩʠʩʪʝʤʘ ʧʦ ʩʫʪʽ ʻ ʨʝʻʩʪʨʦʤ ʦʙʣʘʜʥʘʥʥʷ. 

ʆʩʥʦʚʥʘ ʟʘʜʘʯʘ ʜʘʥʦʾ ʚʝʨʰʠʥʠ ï ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʽʜʙʽʨ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʫʯʥʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦ ʚʽʨʪʫʘʣʴʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ çʆʙʣʘʜʥʘʥʥʷ ʄɸʅʃʘʙè ʫʚʽʡʰʣʠ 

ʽʥʩʪʨʫʤʝʥʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʧʦʰʫʢʫ ʦʙʣʘʜʥʘʥʥʷ: ʽʥʩʪʨʫʤʝʥʪʠ 

ʨʘʥʞʫʚʘʥʥʷ ʪʘ ʬʽʣʴʪʨʫʚʘʥʥʷ. ɺʽʨʪʫʘʣʴʥʫ ʣʘʙʦʨʘʪʦʨʽʶ çʆʙʣʘʜʥʘʥʥʷ 

ʄɸʅʃʘʙè ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩ. 5.28. 
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ʈʠʩ. 5.28. ɺʽʨʪʫʘʣʴʥʘ ʣʘʙʦʨʘʪʦʨʽʷ çʆʙʣʘʜʥʘʥʥʷ ʄɸʅʃʘʙè  

 

ɼʦʩʣʽʜʥʠʮʴʢʠʡ ʧʨʦʮʝʩ ʪʽʩʥʦ ʧʦʚôʟ̫ʫʻ ʧʨʘʢʪʠʢʫ ʪʘ ʪʝʦʨʽʶ, ʘ ʪʦʤʫ ʦʢʨʽʤ 

ʤʝʪʦʜʠʯʥʦʛʦ ʩʫʧʨʦʚʦʜʫ ʪʘ ʧʽʜʙʦʨʫ ʦʙʣʘʜʥʘʥʥʷ ʚʘʞʣʠʚʠʤ ʻ ʩʫʤʽʩʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʢʠ. ʎʷ ʩʠʩʪʝʤʘ ʧʦ ʩʫʪʽ ʻ ʨʝʻʩʪʨʦʤ ʤʝʪʦʜʠʯʥʠʭ 

ʚʢʘʟʽʚʦʢ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʝ ʚʠʚʯʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. ʊʝʦʨʝʪʠʯʥʽ ʪʘ 

ʣʝʢʮʽʡʥʽ ʟʘʥʷʪʪʷ ʟʽʙʨʘʥʦ ʫ ʚʝʨʰʠʥʽ çʣʝʢʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷè. ɺʝʨʰʠʥʘ 

çʣʝʢʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷè ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 47. ɺʝʨʰʠʥʘ çʣʝʢʮʽʡʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷè ʤʽʩʪʠʪʴ ʤʫʣʴʪʠʤʝʜʽʡʥʽ ʽʥʪʝʨʘʢʪʠʚʥʽ ʧʦʩʠʣʘʥʥʷ, ʟʦʢʨʝʤʘ ʫ 

ʩʝʨʝʜʦʚʠʱʝ çyoutubeè. ʄʫʣʴʪʠʤʝʜʽʡʥʠʡ ʢʦʥʪʝʥʪ ʚʝʨʰʠʥʠ çʃʘʙʦʨʘʪʦʨʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷè ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʈʠʩ. 5.29. 

 

 

    ʘ)      ʙ) 

ʈʠʩ. 5.29. ɺʝʨʰʠʥʘ ʣʝʢʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʘ) ʪʘ ʧʨʠʢʣʘʜ ʡʦʛʦ ʚʽʜʢʨʠʚʘʥʥʷ 

(ʙ)  
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ʈʝʧʦʟʠʪʦʨʽʡ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʨʦʟʤʽʱʝʥʠʡ ʫ ʚʝʨʰʠʥʽ 

çʤʝʪʦʜʠʯʥʠʡ ʩʫʧʨʦʚʽʜè. ʈʝʧʦʟʠʪʦʨʽʡ ʚʽʨʪʫʘʣʴʥʠʭ ʨʦʙʽʪ ʤʽʩʪʠʪʴ ʚʽʨʪʫʘʣʴʥʽ 

ʣʘʙʦʨʘʪʦʨʽʾ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʥʘʧʦʚʥʝʥʘ ʤʝʪʦʜʠʢʘʤʠ, ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʅʘ 

ʨʠʩʫʥʢʘʭ ʈʠʩ. 5.30ïʈʠʩ. 5.32 ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʝʨʰʠʥʠ ʤʝʪʦʜʠʯʥʦʛʦ ʩʫʧʨʦʚʦʜʫ.  

 

ʈʠʩ. 5.30. ɺʝʨʰʠʥʘ ʤʝʪʦʜʠʯʥʠʡ ʩʫʧʨʦʚʽʜ  

  

ʈʠʩ. 5.31. ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʽʚ  

 


































































































