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ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʦʢʨʝʩʣʝʥʦ ʧʨʦʙʣʝʤʫ ʧʽʜʛʦʪʦʚʢʠ ʤʘʡʙʫʪʥʽʭ ʚʯʠʪʝʣʽʚ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ  

STEAM-ʦʩʚʽʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʥʘʚʯʘʥʥʷ ʪʘ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ 
ʦʨʛʘʥʽʟʘʮʽʾ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ. ɸʚʪʦʨʠ ʟʜʽʡʩʥʠʣʠ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʢʣʘʩʫ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ STEAM-ʥʘʚʯʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʫʯʠʪʝʣʽʚ ʧʦʯʘʪʢʦʚʦʾ ʰʢʦʣʠ 

ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ  ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʝʜʘʛʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʭ ʬʦʨʤ 

ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʩʪʫʜʝʥʪʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʦʪʘʮʽʡʥʽʡ ʤʦʜʝʣʽ. ɿʦʢʨʝʤʘ, 

ʚʠʟʥʘʯʝʥʦ ʦʙôʻʢʪʠ ʝʢʦʩʠʩʪʝʤʠ STEAM-ʥʘʚʯʘʥʥʷ, ʤʽʩʮʝ ʪʘ ʨʦʣʴ ʥʘʚʯʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ ʥʘ 

ʧʨʠʢʣʘʜʽ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʢʣʘʩʫ (ICR) ʚ ʥʠʭ. ɺ ʩʪʘʪʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʟʥʘʯʝʥʠʭ ʩʪʫʜʝʥʪʘʤʠ ʂʠʾʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɹʦʨʠʩʘ ɻʨʽʥʯʝʥʢʘ ʦʩʚʽʪʥʽʭ ʪʨʝʥʜʽʚ, 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʝʜʘʛʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʽʥʥʦʚʘʮʽʡʥʦʤʫ ʢʣʘʩʽ, 

ʷʢʠʡ ʙʫʜʝ ʟʘʜʦʚʦʣʴʥʷʪʠ ʧʦʪʨʝʙʠ ʫʯʘʩʥʠʢʽʚ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ. ʆʧʠʩʘʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʢʣʘʩʫ,  ʡʦʛʦ ʩʪʨʫʢʪʫʨʘ ʪʘ  ʦʨʛʘʥʽʟʘʮʽʷ ʟʘʣʝʞʥʦ ʚʽʜ ʤʦʜʝʣʽ ʨʦʪʘʮʽʾ ʪʘ ʢʽʣʴʢʦʩʪʽ 

ʨʦʪʘʮʽʡʥʠʭ ʩʪʘʥʮʽʡ, ʾʭ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ʇʦʜʘʥʦ ʦʧʠʩ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʢʣʘʩʫ ʚ ʋʥʽʚʝʨʩʠʪʝʪʽ 

ɻʨʽʥʯʝʥʢʘ, ʷʢʠʡ ʩʧʨʦʝʢʪʦʚʘʥʦ ʷʢ ʽʥʥʦʚʘʮʽʡʥʠʡ ʦʩʚʽʪʥʽʡ ʮʝʥʪʨ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʤʘʡʙʫʪʥʽʭ 
ʫʯʠʪʝʣʽʚ ʧʦʯʘʪʢʦʚʦʾ ʰʢʦʣʠ, ʥʘʚʯʘʥʥʷ  ʚʯʠʪʝʣʽʚ ʽʥʥʦʚʘʮʽʡʥʠʤ ʪʝʭʥʦʣʦʛʽʷʤ, ʟʦʢʨʝʤʘ ʟ ʤʝʪʦʶ 

ʨʝʘʣʽʟʘʮʽʾ ʟʘʚʜʘʥʴ STEAM-ʦʩʚʽʪʠ. ʅʘʚʝʜʝʥʦ  ʩʮʝʥʘʨʽʡ  ʪʨʝʥʽʥʛʫ ʧʨʦʚʝʜʝʥʥʷ STEAM-ʟʘʥʷʪʪʷ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʢʘʟʘʥʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʦʜʝʣʝʡ.  ʋʯʘʩʥʠʢʠ ʪʨʝʥʽʥʛʫ  

ʚʠʢʦʥʫʚʘʣʠ  ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʻʢʪ, ʟʘʩʪʦʩʦʚʫʶʯʠ  ʜʦʩʣʽʜʥʠʮʴʢʦ-ʧʽʟʥʘʚʘʣʴʥʠʡ ʤʝʪʦʜ, ʢʦʞʝʥ 

ʝʪʘʧ ʷʢʦʛʦ ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘ ʦʢʨʝʤʽʡ ʨʦʪʘʮʽʡʥʽʡ ʩʪʘʥʮʽʾ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʢʣʘʩʫ. ɼʦʩʣʽʜʞʝʥʥʷ, 

ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʚʠʢʣʘʜʝʥʽ ʚ ʩʪʘʪʪʽ, ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ çʄʦʜʝʨʥʽʟʘʮʽʷ ʧʝʜʘʛʦʛʽʯʥʦʾ 

ʚʠʱʦʾ ʦʩʚʽʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚʠʢʣʘʜʘʥʥʷè (MoPED) ʧʨʦʛʨʘʤʠ ɭʉ 

ɽʨʘʟʤʫʩ + ʂɸ2 ï ʈʦʟʚʠʪʦʢ ʧʦʪʝʥʮʽʘʣʫ ʚʠʱʦʾ ʦʩʚʽʪʠ, ˉ 586098-EPP-1-2017-1-UA-EPPKA2-

CBHE-JP. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʢʦʩʠʩʪʝʤʘ STEAM-ʥʘʚʯʘʥʥʷ; STEAM-ʦʩʚʽʪʘ; STEAM-ʟʘʥʷʪʪʷ; 
ʽʥʥʦʚʘʮʽʡʥʠʡ ʢʣʘʩ (ICR); ʩʪʘʥʮʽʾ ʨʦʪʘʮʽʾ; ʜʦʩʣʽʜʥʠʮʴʢʦ-ʧʽʟʥʘʚʘʣʴʥʠʡ ʤʝʪʦʜ ʥʘʚʯʘʥʥʷ.  

  

ɸʢʪʫʘʣʴʥʽʩʪʴ. ʅʘ ʉʚʽʪʦʚʦʤʫ ʝʢʦʥʦʤʽʯʥʦʤʫ ʬʦʨʫʤʽ ʫ ɼʘʚʦʩʽ ʚ 2019 ʨʦʮʽ [12] ʦʜʥʘ 

ʟ ʮʝʥʪʨʘʣʴʥʠʭ ʪʝʤ ʙʫʣʘ ʧʨʠʩʚʷʯʝʥʘ ʢʘʨʜʠʥʘʣʴʥʽʡ ʟʤʽʥʽ ʨʠʥʢʫ ʧʨʘʮʽ ʪʘ ʚʠʢʣʠʢʘʤ, ʷʢʽ 
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ʩʪʦʷʪʴ ʧʝʨʝʜ ʦʩʚʽʪʦʶ. ɹʫʣʠ ʦʢʨʝʩʣʝʥʽ ʜʦʤʽʥʫʶʯʽ ʤʝʩʝʜʞʽ ʚ ʫʨʽʟʥʦʤʘʥʽʪʥʝʥʥʽ 

ʢʦʥʪʘʢʪʥʦʩʪʽ ʢʨʘʾʥ ï ʮʝ çʪʝʭʥʦʣʦʛʽʾè, çʮʠʬʨʦʚʘ ʝʢʦʥʦʤʽʢʘè, çʢʣʽʤʘʪʠʯʥʘ ʢʨʠʟʘè, 

çʦʭʦʨʦʥʘ ʜʦʚʢʽʣʣʷè. ɹʣʠʟʴʢʦ 60% ʧʨʦʬʝʩʽʡ, ʽʩʥʫʶʯʠʭ ʩʴʦʛʦʜʥʽ,  ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʤʽʥʝʥʽ 

ʨʦʙʦʪʘʤʠ, ʮʝ ʩʝʨʡʦʟʥʠʡ ʚʠʢʣʠʢ ʜʣʷ ʩʫʩʧʽʣʴʩʪʚʘ. ʅʘ ʨʠʥʢʫ ʧʨʘʮʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʬʽʮʠʪ 

ʬʘʭʽʚʮʽʚ ʟ ʪʝʭʥʽʯʥʠʭ ʥʘʧʨʷʤʢʽʚ, ʧʦʧʠʪ ʥʘ ʥʠʭ ʟʨʦʩʪʘʻ ʰʚʠʜʰʝ, ʥʽʞ ʥʘ ʽʥʰʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ, 

ʩʘʤʝ ʪʦʤʫ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʚʠʢʣʠʢʠ ʯʘʩʫ, STEAM-ʥʘʚʯʘʥʥʷ ʩʪʘʻ ʘʢʪʫʘʣʴʥʠʤ, ʘʜʞʝ ʡʦʛʦ 

ʧʝʨʝʚʘʛʦʶ ʜʣʷ ʫʯʥʽʚ ʻ ʾʭ ʧʽʜʛʦʪʦʚʢʘ ʜʦ ʨʝʘʣʴʥʦʛʦ ʞʠʪʪʷ. ɼʣʷ ʤʦʪʠʚʫʚʘʥʥʷ ʫʯʥʽʚ 

(ʩʪʫʜʝʥʪʽʚ) ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʚʯʝʥʥʷ ʽʥʞʝʥʝʨʽʾ, ʤʘʪʝʤʘʪʠʢʠ, ʦʩʥʦʚ ʥʘʫʢ, 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʠʩʪʝʮʪʚʘ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʫ ʥʠʭ ʧʽʜʧʨʠʻʤʥʠʮʴʢʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ 

ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʽʥʪʝʛʨʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ  ʟʤʽʩʪʫ ʥʘʚʯʘʥʥʷ. ʎʝ ʜʘʻ ʚʧʝʚʥʝʥʽʩʪʴ ʙʘʪʴʢʘʤ ʫ 

ʤʘʡʙʫʪʥʴʦʤʫ ʾʭʥʽʭ ʜʽʪʝʡ, ʘʜʞʝ  ʚʧʨʦʚʘʜʞʝʥʥʷ STEAM-ʦʩʚʽʪʠ ʥʘʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʜʽʪʷʤ 

ʤʘʪʠ  ʛʣʠʙʦʢʝ ʨʦʟʫʤʽʥʥʷ ʷʢ ʞʠʪʠ ʫ ʩʫʯʘʩʥʦʤʫ ʜʠʥʘʤʽʯʥʦʤʫ ʩʚʽʪʽ ʪʘ ʩʪʘʚʘʪʠ ʫʩʧʽʰʥʠʤʠ. 

ʇʽʜ ʯʘʩ STEAM-ʥʘʚʯʘʥʥʷ ʚ ʮʝʥʪʨʽ ʫʚʘʛʠ ʟʥʘʭʦʜʠʪʴʩʷ ʥʝ ʚʯʠʪʝʣʴ (ʚʠʢʣʘʜʘʯ), ʘ ʧʨʦʙʣʝʤʘ, 

ʷʢʫ ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʠʪʠ. ʋʯʥʽ (ʩʪʫʜʝʥʪʠ) ʚʯʘʪʴʩʷ ʜʦʩʣʽʜʞʫʚʘʪʠ, ʩʪʘʚʠʪʠ ʛʽʧʦʪʝʟʠ ʪʘ 

ʜʦʚʦʜʠʪʠ ʾʭ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʣʴʥʠʭ ʯʠ ʚʽʨʪʫʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ.   ɼʦ 

ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʥʴ ʚʦʥʠ ʟʚʝʨʪʘʶʪʴʩʷ ʟʘ ʧʦʪʨʝʙʠ ʦʙˇʨʫʥʪʦʚʫʚʘʪʠ ʚʠʨʽʰʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ 

ʧʨʦʙʣʝʤ ʪʘ ʟʘʚʜʘʥʴ. ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʦʛʦ ʥʘʚʯʘʥʥʷ ʧʦʪʨʝʙʫʻ ʮʽʣʽʩʥʦʾ ʝʢʦʩʠʩʪʝʤʠ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʚʽʜʧʦʚʽʜʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʤʘʡʙʫʪʥʽʭ ʫʯʠʪʝʣʽʚ. 

 ʉʪʘʻ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷ ʟʤʽʥʠ ʪʨʘʜʠʮʽʡʥʠʭ ʬʦʨʤ ʥʘʚʯʘʥʥʷ, ʦʥʦʚʣʝʥʥʷ ʤʝʪʦʜʠʢ 

ʪʘ ʩʠʩʪʝʤʠ ʦʩʚʽʪʠ ʚ ʮʽʣʦʤʫ.  ɼʠʩʢʫʩʽʷ ʥʘʚʢʦʣʦ ʧʠʪʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ ʥʦʚʠʤʠ ʧʘʨʘʜʠʛʤʘʤʠ 

ʦʩʚʽʪʠ, ʷʢʽ ʧʦʯʘʣʠ ʬʦʨʤʫʚʘʪʠʩʷ ʚ 21 ʩʪʦʣʽʪʪʽ, ʥʝ ʧʨʠʧʠʥʷʻʪʴʩʷ. ʂʦʥʮʝʧʮʽʷ ʅʦʚʦʾ 

ʫʢʨʘʾʥʩʴʢʦʾ ʰʢʦʣʠ ʧʝʨʝʜʙʘʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ  ʦʩʥʦʚʥʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʰʢʦʣʷʨʽʚ, 

ʷʢ ʚʤʽʥʥʷ ʣʦʛʽʯʥʦ ʽ ʤʘʪʝʤʘʪʠʯʥʦ ʤʠʩʣʠʪʠ, ʥʘʫʢʦʚʝ ʨʦʟʫʤʽʥʥʷ ʧʨʠʨʦʜʠ ʽ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʚʧʝʚʥʝʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʦʙʽʟʥʘʥʽʩʪʴ ʽ ʩʘʤʦʚʠʨʘʞʝʥʥʷ ʫ ʩʬʝʨʽ ʢʫʣʴʪʫʨʠ. ʌʦʨʤʫʚʘʥʥʷ ʮʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ  ʩʪʘʻ 

ʤʦʞʣʠʚʠʤ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʩʘʤʝ STEAM-ʥʘʚʯʘʥʥʷ. 

STEAM-ʥʘʚʯʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʭʦʚʘʪʠ ʚ ʜʽʪʷʭ ʛʥʫʯʢʽʩʪʴ ʪʘ ʢʨʠʪʠʯʥʝ, ʧʨʘʢʪʠʯʥʦ 

ʦʨʽʻʥʪʦʚʘʥʝ, ʽʥʥʦʚʘʮʽʡʥʝ ʤʠʩʣʝʥʥʷ. ʅʘ ʧʝʨʰʠʡ ʧʣʘʥ ʚʠʭʦʜʠʪʴ ʟʜʘʪʥʽʩʪʴ ʚʯʠʪʠʩʴ ʪʘ 

ʩʧʨʠʡʤʘʪʠ ʟʤʽʥʠ, ʘ ʥʝ ʩʘʤʽ ʟʥʘʥʥʷ, ʷʢʽ ʥʠʥʽ ʩʪʘʶʪʴ ʟʘʩʪʘʨʽʣʠʤʠ ʜʫʞʝ ʰʚʠʜʢʦ. 

ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʢʣʘʩʫ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ STEAM-ʥʘʚʯʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʚʯʠʪʝʣʽʚ   ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ  ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʧʝʜʘʛʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʭ ʬʦʨʤ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʩʪʫʜʝʥʪʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʦʪʘʮʽʡʥʽʡ ʤʦʜʝʣʽ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʅʘʫʢʦʚʮʽ ʈ. ɸʜʥʝʨ ʽ ʈ. ʂʘʧʫʨ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʝʢʦʩʠʩʪʝʤʫ ʷʢ çʨʷʜ ʜʦʜʘʪʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ - ʪʝʭʥʦʣʦʛʽʡ (ʩʦʮʽʘʣʴʥʦ 

ʧʨʠʡʥʷʪʠʭ), ʧʦʩʣʫʛ ʩʪʘʥʜʘʨʪʽʚ, ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛè [1]. ɽʢʦʩʠʩʪʝʤʘ STEɸM-ʥʘʚʯʘʥʥʷ ï 

ʮʝ ʰʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʛʨʘʤʦʪʥʦʩʪʽ STEɸM, ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʯʦʾ ʩʠʣʠ ʪʘ 

ʛʣʦʙʘʣʴʥʦʾ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʜʣʷ ʚʩʽʭ [3]. ɽʢʦʩʠʩʪʝʤʘ STEAM-ʥʘʚʯʘʥʥʷ ʦʙ'ʻʜʥʫʻ 

ʟʘʮʽʢʘʚʣʝʥʽ ʩʪʦʨʦʥʠ ʟ ʨʽʟʥʠʭ ʛʨʦʤʘʜʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ - ʚʢʣʶʯʘʶʯʠ ʬʦʨʤʘʣʴʥʫ ʪʘ 

ʥʝʬʦʨʤʘʣʴʥʫ ʦʩʚʽʪʫ, ʚʠʱʫ ʦʩʚʽʪʫ, ʙʽʟʥʝʩ, ʫʨʷʜ, ʬʽʣʘʥʪʨʦʧʽʶ ʪʘ ʥʝʧʨʠʙʫʪʢʦʚʠʡ ʩʝʢʪʦʨ ï 

ʜʣʷ ʨʦʟʚʠʪʢʫ, ʽʥʥʦʚʘʮʽʡ, ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʧʽʣʴʥʠʭ ʮʽʣʝʡ 

ʪʘ ʜʽʡ. ʗʢʱʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʦʥʷʪʪʷ çʝʢʦʩʠʩʪʝʤʠè ʥʘ ʧʨʠʢʣʘʜʽ çʝʢʦʩʠʩʪʝʤʠ STEAM-

ʥʘʚʯʘʥʥʷò, ʪʦ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʜʽʣʠʪʠ ʦʙôʻʢʪʠ, ʷʢʽ ʚ ʥʽʡ ʟʘʜʽʷʥʽ [5] (ʨʠʩ.1). 
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ʈʠʩ.1. ɽʢʦʩʠʩʪʝʤʘ STEAM-ʥʘʚʯʘʥʥʷ  

 

ɺʠʚʯʝʥʥʷʤ ʰʣʷʭʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ 

ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʟʘʡʤʘʣʠʩʴ C. Abbott, S. Livingstone, ʅ. ɹʘʣʠʢ, ʆ. ɹʘʨʥʘ, ɺ. ɹʠʢʦʚ, ʄ. 

ɾʘʣʜʘʢ, ʆ. ʂʫʟʴʤʽʥʩʴʢʘ, ʆ.ɻʣʘʟʫʥʦʚʘ, ʉ. ʉʝʤʝʨʽʢʦʚ, ʆ. ʉʧʽʨʽʥ, ɺ. ʆʣʝʢʩʶʢ ʪʘ ʽʥʰʽ. ʈʽʟʥʽ 

ʘʩʧʝʢʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʪʦʜʠʢ ʥʘʚʯʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ STEAM-ʥʘʚʯʘʥʥʷ  

ʚ ʟʘʢʣʘʜʘʭ ʦʩʚʽʪʠ, ʧʨʠʚʝʨʥʫʣʠ ʫʚʘʛʫ ʽʥʦʟʝʤʥʠʭ ʪʘ ʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʮʽʚ (ʩʝʨʝʜ ʥʠʭ E. 

Smyrnova-Trybulska, H. Gonzalez, M. Sanders, R. Bybee, J. Williams, ʉ. ɹʘʙʽʡʯʫʢ, ʆ. ɹʘʨʥʘ, 

ʆ. ɹʫʪʫʨʣʽʥʘ, ɼ. ɺʘʩʠʣʴʻʚʘ, ʆ. ɺʦʨʦʥʢʽʥ, ʉ. ɯʚʘʥʦʚ, ʄ. ʋʤʨʠʢ, ʆ. ʉʪʨʫʪʠʥʩʴʢʘ, ʉ. 

ʂʠʨʠʣʝʥʢʦ, ʃ. ʂʣʠʤʝʥʢʦ, ʆ. ʂʫʟʴʤʝʥʢʦ, ɺ. ʄʘʯʫʩʴʢʠʡ, ɯ. ʇʘʨʭʦʤʝʥʢʦ, ʅ. ʇʦʣʽʭʫʥ, ɯ. 

ʉʘʚʯʝʥʢʦ, ɺ. ʉʽʧʽʡ, ɯ. ʉʣʽʧʫʭʽʥʘ, ʆ. ʉʪʨʠʞʘʢ, ɯ. ʏʝʨʥʝʮʴʢʠʡ ʪʘ ʽʥ.). ɼʦʩʣʽʜʞʝʥʥʷ 

ʟʤʽʰʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚʯʝʥʽ Ch. Graham, J. Stein, D. Clark, E. Smyrnova-

Trybulska ʅ. ɹʦʣʶʙʘʰ, ʅ. ʈʘʰʝʚʩʴʢʘ, ɸ. ʇʽʢʯʘʥʦ, ʂ. ʊʦʨʥ, ʂ. ɼʟʶʙʘʥ, ɺ. ʂʫʭʘʨʝʥʢʦ ʪʘ 

ʽʥʰʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʫʚʘʣʠ A. 

Bhardwaj, D. Carnevale, A. Jochheim, A. Dalal, LAI. Min-Ken, C. Rohrig, ʖ. ɾʫʢ, ʅ. 

ɼʝʤʝʥʪʽʻʚʩʴʢʘ, ʆ. ʃʷʰʝʥʢʦ, ɺ. ʆʣʝʢʩʶʢ, ɸ. ʖʨʯʝʥʢʦ ʪʘ ʽʥʰʽ. ɿʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ 
ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʚ ʦʩʚʽʪʽ ʟʘʡʤʘʣʠʩʴ ʪʘʢʽ ʥʘʫʢʦʚʮʽ ʷʢ T. Caudell,  J.-M. Cieutat , E. 

Guinters, J. Martin-Gutierrez, P. Milgram, D. Mizell, F. Kishino, D. Perez-Lopez,  M. Restivo, 

ʖ. ɭʯʢʘʣʦ, ɭ. ʄʦʜʣʦ, ʉ. ʉʝʤʝʨʽʢʦʚ, ɸ. ʉʪʨʶʢ, ɺ. ʊʢʘʯʫʢ, ʊ. ʈʽʟʦʚ, ɭ. ʈʽʟʦʚʘ ʪʽ ʽʥʰʽ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʪʦʜʠʢ ʥʘʚʯʘʥʥʷ ʚʯʠʪʝʣʽʚ ʧʦʯʘʪʢʦʚʦʾ ʰʢʦʣʠ ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʆ. ɹʘʨʥʘ, ɯ. ʄʘʢʩʘʢ, ʃ. ʇʦʨʷʜʯʝʥʢʦ, ʄ. ʇʨʠʩʪʽʥʩʴʢʘ, ʉ. ʉʪʨʽʣʝʮʴ, ɻ. ʐʝʡʢʦ ʪʘ ʽʥʰʽ. 

ʇʨʦʪʝ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʝʢʦʩʠʩʪʝʤʠ 

STEAM-ʥʘʚʯʘʥʥʷ ʪʘ ʦʧʠʩʫ ʬʦʨʤ ʦʨʛʘʥʽʟʘʮʽʾ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʢʣʘʩʫ, ʦʥʦʚʣʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʠʢ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʾʾ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʄʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʝʢʦʩʠʩʪʝʤʠ STEAM-

ʥʘʚʯʘʥʥʷ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ ʟʜʦʙʫʚʘʯʘ ʦʩʚʽʪʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʬʝʩʽʡʥʠʭ ʪʘ 

ʟʘʛʘʣʴʥʠʭ  ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ, ʷʢʽ ʙ ʜʦʧʦʤʦʛʣʠ ʡʦʤʫ ʩʪʘʪʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤ 
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ʛʨʦʤʘʜʷʥʠʥʦʤ  ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ, ʘ ʩʘʤʝ: ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ - ʢʨʠʪʠʯʥʝ 

ʤʠʩʣʝʥʥʷ, ʢʦʤʧʣʝʢʩʥʝ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ, ʤʘʪʝʤʘʪʠʯʥʽ, ʜʦʩʣʽʜʥʠʮʴʢʽ ʪʘ 

ʽʥʥʦʚʘʮʽʡʥʽ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ; ʫʧʨʘʚʣʽʥʥʷ ʣʶʜʩʴʢʠʤ ʢʘʧʽʪʘʣʦʤ, ʩʧʽʚʧʨʘʮʷ ʪʘ ʝʬʝʢʪʠʚʥʘ 

ʢʦʤʫʥʽʢʘʮʽʷ; ʨʦʙʦʪʘ ʟ ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʠ ï ʤʦʥʽʪʦʨʠʥʛ, ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ, ʦʮʽʥʢʘ 

ʩʠʩʪʝʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ; ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ  ï ʩʪʨʘʪʝʛʽʾ ʥʘʚʯʘʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʦʤ 

ʪʦʱʦ  [13]. 

ʆʜʥʠʤ ʟ ʩʧʦʩʦʙʽʚ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʦʩʚʽʪʥʽʭ ʩʝʨʝʜʦʚʠʱ, ʷʢʽ ʙ ʙʫʣʠ 

ʚʟʘʻʤʦʟʘʣʝʞʥʠʤʠ  ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʝʢʦʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʚʠʢʦʥʫʚʘʣʠ ʨʦʣʴ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʚʫʟʣʘ, ʢʦʤʫʥʽʢʘʪʦʨʘ ʽʟ ʩʫʩʧʽʣʴʩʪʚʦʤ. ʉʪʚʦʨʝʥʠʡ ʚ ʂʠʾʚʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʽʤʝʥʽ ɹʦʨʠʩʘ 

ɻʨʥ̔ʯʝʥʢʘ, ʚ ʨʘʤʢʘʭ ʤʽʞʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʫ MoPED, ʽʥʥʦʚʘʮʽʡʥʠʡ ʢʣʘʩ (ICR ï innovative 

classroom), ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʷʢ ʽʥʥʦʚʘʮʽʡʥʠʡ ʦʩʚʽʪʥʽʡ ʮʝʥʪʨ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʤʘʡʙʫʪʥʽʭ 

ʫʯʠʪʝʣʽʚ ʧʦʯʘʪʢʦʚʦʾ ʰʢʦʣʠ, ʥʘʚʯʘʥʥʷ  ʚʯʠʪʝʣʽʚ ʽʥʥʦʚʘʮʽʡʥʠʤ ʪʝʭʥʦʣʦʛʽʷʤ, ʟʦʢʨʝʤʘ ʟ 

ʤʝʪʦʶ ʨʝʘʣʽʟʘʮʽʾ ʟʘʚʜʘʥʴ   STEAM-ʦʩʚʽʪʠ. ɺʽʥ ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ  ʚʟʘʻʤʦʜʽʶ  ʚʩʽʭ 

ʟʘʮʽʢʘʚʣʝʥʠʭ ʦʩʽʙ ʫ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʦʩʚʽʪʠ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʽʾ  ʅʋʐ ʥʘ ʤʽʩʮʝʚʦʤʫ, 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʪʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʷʭ  (ʪʘʙʣ.1). ɯ ʡʦʛʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʙʘʟʦʶ ʜʣʷ 

ʝʢʦʩʠʩʪʝʤʠ STEAM-ʥʘʚʯʘʥʥʷ ʚ ʋʥʽʚʝʨʩʠʪʝʪʽ. 

ʊʘʙʣ. 1.  

ɺʠʢʦʨʠʩʪʘʥʥʷ  ICR ʚ ʨʘʤʢʘʭ ʝʢʦʩʠʩʪʝʤʠ 

ʈʽʚʝʥʴ ʅʘʧʨʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ  

ʋʥʽʚʝʨʩʠʪʝʪʩʴʢ

ʠʡ  

ɺʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʜʠʩʮʠʧʣʽʥ ʚ ʦʩʚʽʪʥʽʡ ʧʨʦʮʝʩ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ 

ʟʘʣʫʯʘʶʪʴʩʷ ʩʪʫʜʝʥʪʠ, ʷʢʽ ʚʠʚʯʘʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʜʠʩʮʠʧʣʽʥʠ. 

ʆʨʛʘʥʽʟʫʶʪʴʩʷ ʧʦʩʪʽʡʥʦ ʜʽʶʯʽ ʩʝʤʽʥʘʨʠ ʜʣʷ ʚʠʢʣʘʜʘʯʽʚ, ʷʢʽ 

ʚʠʢʣʘʜʘʶʪʴ ʯʠ ʚʠʢʣʘʜʘʪʠʤʫʪʴ ʚʽʜʧʦʚʽʜʥʽ ʯʠ ʩʧʦʨʽʜʥʝʥʽ ʜʠʩʮʠʧʣʽʥʠ 

ʈʝʛʽʦʥʘʣʴʥʠʡ ʇʨʦʚʝʜʝʥʥʷ ʤʘʡʩʪʝʨ-ʢʣʘʩʽʚ ʜʣʷ ʚʯʠʪʝʣʽʚ ʤʽʩʪʘ, ʦʙʣʘʩʪʽ ʟ ʤʝʪʦʶ 

ʧʽʜʚʠʱʝʥʥʷ  ʮʠʬʨʦʚʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʟ ʪʘʢʠʭ ʧʠʪʘʥʴ: ʽʥʥʦʚʘʮʽʡʥʽ 

ʧʝʜʘʛʦʛʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ, ʨʦʟʰʠʨʝʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʋ ʩʦʮʽʘʣʴʥʦʤʫ ʧʣʘʥʽ ʤʦʞʣʠʚʦ ʟʘʧʨʦʚʘʜʠʪʠ 

ʦʟʥʘʡʦʤʯʽ ʽʥʩʪʨʫʢʮʽʾ ʜʣʷ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʙʘʪʴʢʽʚʩʴʢʠʭ ʦʨʛʢʦʤʽʪʝʪʽʚ 

ʫʯʥʽʚ ʧʦʯʘʪʢʦʚʦʾ ʰʢʦʣʠ. ɼʝʤʦʥʩʪʨʫʚʘʥʥʷ ʚʯʠʪʝʣʷʤ ʤ. ʂʠʻʚʘ 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ. ʅʘʚʯʘʥʥʷ ʫʯʘʩʥʠʢʽʚ ʩʦʮʽʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫ 

çɿ ʂʠʻʚʦʤ ʪʘ ʜʣʷ ʂʠʻʚʘè 

ʅʘʮʽʦʥʘʣʴʥʠʡ ɼʝʤʦʥʩʪʨʘʮʽʷ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʢʣʘʩʫ ʷʢ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʾ ʅʋʐ, 

ʝʢʦʩʠʩʪʝʤʠ ʷʢ ʚʽʜʢʨʠʪʦʾ ʰʢʦʣʠ, ʧʨʦʚʝʜʝʥʥʷ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ 

ʤʘʡʩʪʝʨ-ʢʣʘʩʽʚ, ʩʝʤʽʥʘʨʽʚ ʪʘ ʢʦʥʬʝʨʝʥʮʽʡ ʜʣʷ ʥʘʫʢʦʚʮʽʚ, ʢʝʨʽʚʥʠʢʽʚ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʟʘʛʘʣʴʥʦʾ ʩʝʨʝʜʥʴʦʾ ʪʘ ʚʠʱʦʾ ʧʝʜʘʛʦʛʽʯʥʦʾ 

ʦʩʚʽʪʠ ʪʦʱʦ. 

 

ICR ʢʣʘʩ, ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʬʦʨʤʫʚʘʥʥʷ ʦʩʚʽʪʥʴʦʾ ʝʢʦʩʠʩʪʝʤʠ, ʻ ʥʘʚʯʘʣʴʥʠʤ 

ʧʨʦʩʪʦʨʦʤ 21 ʩʪʦʣʽʪʪʷ, ʱʦ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʢʨʘʱʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʧʨʘʢʪʠʢ. ɺʽʥ 

ʩʪʚʦʨʝʥʠʡ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʝʜʘʛʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʦʪʘʮʽʡʥʠʭ ʟʦʥ (ʧʨʦʩʪʦʨʽʚ, ʩʪʘʥʮʽʡ) ʢʣʘʩʫ ʪʘ ʻ ʦʜʥʠʤ ʽʟ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ 

STEAM-ʦʩʚʽʪʠ. ʊʘʢʦʞ ICR ʢʣʘʩ ʜʘʻ ʟʤʦʛʫ ʬʦʨʤʫʚʘʪʠ ʚ ʫʯʘʩʥʠʢʽʚ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ 

ʮʠʬʨʦʚʫ, ʧʽʜʧʨʠʻʤʥʠʮʴʢʫ ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ ʪʘ ʫʤʽʥʥʷ ʥʘʚʯʘʪʠʩʷ ʚʧʨʦʜʦʚʞ ʞʠʪʪʷ. 
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 ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʜʘʛʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʧʦʪʨʽʙʥʽ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ  ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʢʣʘʩʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ  STEAM-ʦʩʚʽʪʠ, ʚ ʨʘʤʢʘʭ 

ʤʽʞʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʫ Erasmus + MoPED ʧʨʦʚʦʜʠʣʦʩʴ ʘʥʢʝʪʫʚʘʥʥʷ ʩʪʫʜʝʥʪʽʚ ʂʠʾʚʩʴʢʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɹʦʨʠʩʘ ɻʨʽʥʯʝʥʢʘ, ʚ ʷʢʦʤʫ ʚʟʷʣʠ ʫʯʘʩʪʴ 198 ʫʯʘʩʥʠʢʽʚ. ɺ ʦʜʥʽʡ ʟ 

ʯʘʩʪʠʥ ʘʥʢʝʪʠ  ʩʪʫʜʝʥʪʘʤ  ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʮʽʥʠʪʠ ʚʘʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʠʭ 

ʘʢʪʫʘʣʴʥʠʭ  ʦʩʚʽʪʥʽʭ ʪʨʝʥʜʽʚ ʟʘ ʰʢʘʣʦʶ ʚʽʜ 1 ʜʦ 10, ʜʝ 1 ï ʟʦʚʩʽʤ ʥʝʚʘʞʣʠʚʦ, 10 ï ʜʫʞʝ 

ʚʘʞʣʠʚʦ.  

ʉʪʫʜʝʥʪʠ  ʚʠʟʥʘʯʠʣʠ ʘʢʪʫʘʣʴʥʠʤʠ ʪʘʢʽ ʦʩʚʽʪʥʽ ʪʨʝʥʜʠ [11]: 

- STEAM-ʦʩʚʽʪʘ (Science, Technology, Engineering, Art, Mathematics); 

- ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ (ʧʨʝʜʤʝʪʥʠʭ ʽ ʢʣʶʯʦʚʠʭ); 

- ʧʝʨʩʦʥʘʣʽʟʘʮʽʷ ʥʘʚʯʘʥʥʷ, ʘʜʘʧʪʠʚʥʝ ʥʘʚʯʘʥʥʷ; 

- ʨʦʟʚʠʪʦʢ ʥʝʬʦʨʤʘʣʴʥʦʾ ʦʩʚʽʪʠ, ʚʽʜʢʨʠʪʽʩʪʴ ʽ ʜʦʩʪʫʧʥʽʩʪʴ ʦʩʚʽʪʠ; 

- ʧʨʘʢʪʠʢʦ-ʦʨʽʻʥʪʦʚʘʥʝ ʥʘʚʯʘʥʥʷ, ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʢʦʥʢʨʝʪʥʽ ʨʝʟʫʣʴʪʘʪʠ; 

- ʨʦʟʚʠʪʦʢ ʧʽʜʧʨʠʻʤʥʠʮʴʢʦʛʦ ʽ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ, ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ; 

- ʛʝʡʤʠʬʽʢʘʮʽʷ - ʥʘʚʯʘʥʥʷ ʯʝʨʝʟ ʛʨʫ; 

- ʨʦʟʚʠʪʦʢ ʥʝʬʦʨʤʘʣʴʥʦʾ ʦʩʚʽʪʠ, ʚʽʜʢʨʠʪʽʩʪʴ ʽ ʜʦʩʪʫʧʥʽʩʪʴ ʦʩʚʽʪʠ; 

- ʤʦʙʽʣʴʥʝ ʥʘʚʯʘʥʥʷ; 

- ʟʤʽʥʘ ʨʦʣʽ ʚʯʠʪʝʣʷ ʽ ʚʠʢʣʘʜʘʯʘ. 

ʉʝʨʝʜ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʭ ʩʪʫʜʝʥʪʠ ʦʙʨʘʣʠ ʪʨʝʥʜʠ ñʇʨʘʢʪʠʢʦ-ʦʨʽʻʥʪʦʚʘʥʝ 

ʥʘʚʯʘʥʥʷ, ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʢʦʥʢʨʝʪʥʽ ʨʝʟʫʣʴʪʘʪʠò ʪʘ ñʈʦʟʚʠʪʦʢ ʥʝʬʦʨʤʘʣʴʥʦʾ ʦʩʚʽʪʠ, 

ʚʽʜʢʨʠʪʽʩʪʴ ʽ ʜʦʩʪʫʧʥʽʩʪʴ ʦʩʚʽʪʠò. ʊʘʢʦʞ ʚʽʜʤʽʪʠʣʠ ʪʨʝʥʜʠ ñʈʦʟʚʠʪʦʢ ʧʽʜʧʨʠʻʤʥʠʮʴʢʦʛʦ 

ʽ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ, ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷò, ñʇʝʨʩʦʥʘʣʽʟʘʮʽʷ ʥʘʚʯʘʥʥʷ, ʘʜʘʧʪʠʚʥʝ 

ʥʘʚʯʘʥʥʷò,  ñʌʦʨʤʫʚʘʥʥʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡò. ɺʘʞʣʠʚʦ, ʱʦ ʚʩʽ ʚʢʘʟʘʥʽ ʪʨʝʥʜʠ ʻ ʜʦʩʪʘʪʥʴʦ 

ʟʥʘʯʫʱʠʤʠ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʋʥʽʚʝʨʩʠʪʝʪʫ ɻʨʽʥʯʝʥʢʘ,   ʩʝʨʝʜʥʽʡ ʙʘʣ ʜʣʷ ʚʩʽʭ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʪʨʝʥʜʽʚ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 8 ʜʦ 9,2, ʩʝʨʝʜʥʽʡ ʙʘʣ ʜʣʷ ʪʨʝʥʜʫ  ñSTEAM-ʦʩʚʽʪʘò 

ï 8,4 (ʨʠʩ.2).  

 
ʈʠʩ. 2. ʅʘʡʙʽʣʴʰ ʟʥʘʯʫʱʽ ʦʩʚʽʪʥʽ  ʪʨʝʥʜʠ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʠʪʫʚʘʥʥʷ 

ʩʪʫʜʝʥʪʽʚ)  
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʟʥʘʯʝʥʠʭ ʦʩʚʽʪʥʽʭ ʪʨʝʥʜʽʚ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʤʝʪʦʜʦʤ ʝʢʩʧʝʨʪʥʠʭ 

ʦʮʽʥʦʢ  ʽʥʥʦʚʘʮʽʡʥʽ ʧʝʜʘʛʦʛʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʤʝʪʦʜʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʷʻ ʾʭ 

ʨʝʘʣʽʟʫʚʘʪʠ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ  ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʦʩʚʽʪʠ, ʟʦʢʨʝʤʘ 

ʧʝʜʘʛʦʛʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ  ʦʩʚʽʪʥʴʦʛʦ ʪʨʝʥʜʫ STEAM-ʦʩʚʽʪʘ [11]: 

ʽʥʪʝʛʨʦʚʘʥʝ ʥʘʚʯʘʥʥʷ,   IBL (Inquiry Based Learning),  PBL (Project Based Learning), 

ʢʦʣʘʙʦʨʘʪʠʚʥʝ ʥʘʚʯʘʥʥʷ, ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʚʝʨʥʫʪʦʛʦ ʢʣʘʩʫ, ʚʽʨʪʫʘʣʴʥʘ, ʟʤʽʰʘʥʘ ʽ 

ʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ, 3D ʧʨʠʥʪʠʥʛ, ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʤʠʩʣʝʥʥʷ 

(computation thinking),  ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ ʥʘʚʯʘʥʥʷ (PrBL - Problem Based Learning), 

ʟʤʽʰʘʥʝ ʥʘʚʯʘʥʥʷ,  ʧʽʨʽʥʛʦʚʝ ʦʮʽʥʶʚʘʥʥʷ,  ʤʝʡʢʝʨʩʪʚʦ,  ʪʝʭʥʦʣʦʛʽʾ ʽʥʢʣʶʟʠʚʥʦʾ ʦʩʚʽʪʠ, 

microlearning,  ʪʝʭʥʦʣʦʛʽʾ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʢʨʠʪʠʯʥʦʛʦ 

ʤʠʩʣʝʥʥʷ, BYOD (Bring Your Own Devices), ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʚʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝ-ʥʘʚʯʘʣʴʥʠʭ ʽʛʨʦʚʠʭ ʩʝʨʝʜʦʚʠʱ. 

ʉʝʨʝʜʥʽʡ ʙʘʣ ʟʥʘʯʫʱʦʩʪʽ ʢʦʞʥʦʾ ʟ ʚʢʘʟʘʥʠʭ ʩʫʯʘʩʥʠʭ ʧʝʜʘʛʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 

ʩʪʫʜʝʥʪʽʚ ʂʠʾʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɹʦʨʠʩʘ ɻʨʽʥʯʝʥʢʘ  ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ  ʨʠʩ.3, ʷʢʽ 

ʦʮʽʥʶʚʘʣʠʩʴ ʟʘ ʰʢʘʣʦʶ ʚʽʜ 1 ʜʦ 10.  

 
ʈʠʩ. 3. ɿʥʘʯʫʱʽʩʪʴ ʩʫʯʘʩʥʠʭ ʧʝʜʘʛʦʛʽʯʥʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʠʪʫʚʘʥʥʷ) 

 

ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʩʪʽʡʢʫ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʩʪʫʜʝʥʪʽʚ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʩʝʨʝʜʥʽʡ ʙʘʣ ʢʦʞʥʦʾ ʟ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 7,7 ʜʦ 9.  

ʈʝʘʣʽʟʘʮʽʷ ʩʫʯʘʩʥʠʭ ʦʩʚʽʪʥʽʭ ʪʨʝʥʜʽʚ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʝʜʘʛʦʛʽʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ ʚʠʤʘʛʘʶʪʴ ʟʤʽʥ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʩʪʦʨʫ ʚ ʫʥʽʚʝʨʩʠʪʝʪʘʭ. 

ɹʽʣʴʰʽʩʪʴ  ʟʚʠʯʘʡʥʠʭ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʠʭ  ʘʫʜʠʪʦʨʽʡ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʚʧʨʦʚʘʜʞʫʚʘʪʠ 

ʟʘʟʥʘʯʝʥʽ  ʧʝʜʘʛʦʛʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ: ʙʨʘʢʫʻ ʩʫʯʘʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʦʩʥʦʚ 

ʽʥʞʝʥʝʨʽʾ, ʨʦʙʦʪʦʪʝʭʥʽʢʠ, ɯʥʪʝʨʥʝʪʫ-ʨʝʯʝʡ, ʢʦʤʧ'ʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ, ʷʢʘ ʙ ʜʦʟʚʦʣʷʣʘ 

ʩʧʽʚʧʨʘʮʶʚʘʪʠ ʩʪʫʜʝʥʪʘʤ ʚ ʛʨʫʧʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʚʠʛʦʪʦʚʣʷʪʠ 

ʩʚʦʾʤʠ ʨʫʢʘʤʠ ʤʦʜʝʣʽ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʤʝʭʘʥʽʟʤʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʽʥʪʝʨʘʢʪʠʚʥʽ ʬʣʽʧʯʘʨʪʠ ʪʘ ʩʤʘʨʪ-ʜʦʰʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʨʝʟʝʥʪʘʮʽʡ, ʧʨʦʚʦʜʠʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʛʽʧʦʪʝʟ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦʩʣʽʜʥʠʮʴʢʦ-ʧʽʟʥʘʚʘʣʴʥʦʛʦ 

ʤʝʪʦʜʫ,  ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ  ʚ ʛʨʫʧʘʭ ʪʦʱʦ.   ʉʧʝʮʽʘʣʴʥʦ ʦʙʣʘʜʥʘʥʠʡ  ʦʩʚʽʪʥʽʡ ʧʨʦʩʪʽʨ 

ʜʦʟʚʦʣʠʪʴ  ʫʩʫʥʫʪʠ ʟʘʟʥʘʯʝʥʽ ʧʨʦʙʣʝʤʠ ʪʘ ʩʧʨʠʷʪʠʤʝ ʫʩʧʽʰʥʦʤʫ ʚʠʨʽʰʝʥʥʶ ʟʘʚʜʘʥʴ  

STEAM-ʦʩʚʽʪʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʽʥʥʦʚʘʮʽʡʥʦʤʫ  ʢʣʘʩʽ 

ʧʝʨʝʜʙʘʯʘʻ ʨʷʜ ʧʝʨʝʚʘʛ. ʆʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ICR [2] ʧʦʜʘʥʦ ʚ  ʪʘʙʣ.2. 
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ʊʘʙʣ. 2. 

ʆʩʦʙʣʠʚʦʩʪʽ  ʽʥʥʦʚʘʮʽʡʥʦʛʦ  ʢʣʘʩʫ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʜʽʷʣʴʥʦʩʪʽ 

ʩʪʫʜʝʥʪʽʚ ʚ ICR  

ʇʦʷʩʥʝʥʥʷ 

ʆʙʤʽʨʢʦʚʫʚʘʥʥʷ ʪʘ 

ʩʪʘʚʣʝʥʥʷ ʟʘʧʠʪʘʥʴ 

ʈʦʙʦʪʘ ʚ ʽʥʥʦʚʘʮʽʡʥʦʤʫ ʢʣʘʩʽ  ʜʦʟʚʦʣʷʻ ʟʘʣʫʯʘʪʠ ʩʪʫʜʝʥʪʽʚ ʜʦ 

ʧʦʩʪʽʡʥʠʭ ʨʦʟʜʫʤʽʚ. ɺ ʽʥʥʦʚʘʮʽʡʥʦʤʫ ʢʣʘʩʽ ʚʦʥʠ  ʟʘʚʞʜʠ 

ʙʫʜʫʪʴ ʟʘʧʠʪʫʚʘʪʠ ʩʝʙʝ: çʑʦ ʨʦʙʠʪʠ?è. ɺʦʥʠ ʥʝ ʙʫʜʫʪʴ 

ʟʘʜʦʚʦʣʝʥʽ ʩʪʘʪʫʩ-ʢʚʦ ʽ ʙʫʜʫʪʴ ʥʘʧʦʣʷʛʘʪʠ ʥʘ ʪʦʤʫ, ʱʦʙ 

ʟʘʚʞʜʠ ʚʠʚʯʠʪʠ ʙʽʣʴʰʝ. ɺʘʞʣʠʚʠʤ ʧʨʠ ʮʴʦʤʫ ʻ ʟʘʦʭʦʯʝʥʥʷ 

ʩʪʫʜʝʥʪʽʚ ʩʪʘʚʠʪʠ ʷʢʥʘʡʙʽʣʴʰʝ ʟʘʧʠʪʘʥʴ 

ʇʦʩʪʽʡʥʝ ʥʘʚʯʘʥʥʷ ɯʥʥʦʚʘʮʽʡʥʠʡ ʢʣʘʩ ʥʽʢʦʣʠ ʥʝ ʧʨʠʧʠʥʷʻ çʜʠʭʘʪʠè. ʂʦʞʥʘ ʧʦʜʽʷ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʥʘʚʯʘʣʴʥʠʡ ʤʦʤʝʥʪ, ʩʪʫʜʝʥʪʠ ʦʪʨʠʤʫʶʪʴ 

ʢʦʨʠʩʪʴ ʚʽʜ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʝ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʪʘ ʧʦʩʪʽʡʥʦ 

ʟʤʽʥʶʻʪʴʩʷ 

ʊʚʦʨʯʽʩʪʴ ɺ ʽʥʥʦʚʘʮʽʡʥʦʤʫ  ʢʣʘʩʽ ʤʦʞʥʘ ʥʝ ʪʽʣʴʢʠ ʨʦʟʚôʷʟʫʚʘʪʠ ʫʥʽʢʘʣʴʥʽ 

ʧʦʚʩʷʢʜʝʥʥʽ ʧʨʦʙʣʝʤʠ, ʘʣʝ ʡ ʟʥʘʭʦʜʠʪʠ ʚʽʜʧʦʚʽʜʽ, ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʤʘʡʙʫʪʥʴʦʛʦ.  ɯʥʥʦʚʘʮʽʡʥʘ ʘʫʜʠʪʦʨʽʷ 

ʩʧʨʠʷʻ ʽʥʥʦʚʘʮʽʷʤ, ʟʘʦʭʦʯʫʶʯʠ ʩʪʫʜʝʥʪʽʚ ʜʦ ʤʠʩʣʝʥʥʷ ʧʦʟʘ 

ʤʝʞʘʤʠ ʢʣʘʩʫ 

ɿʘʣʫʯʝʥʽʩʪʴ ʜʦ 

ʚʠʨʽʰʝʥʥʷ  

ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ 

ɺʠʢʣʘʜʘʯ ʧʦʚʠʥʝʥ ʟʘʚʞʜʠ ʟʥʘʪʠ ʩʚʦʾʭ ʩʪʫʜʝʥʪʽʚ, ʘ ʪʘʢʦʞ 

ʪʝʥʜʝʥʮʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʧʨʦʬʝʩʽʾ. ɺʽʥ ʘʙʦ ʚʦʥʘ 

ʰʫʢʘʪʠʤʫʪʴ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʟʘʦʭʦʯʫʚʘʪʠʤʫʪʴ ʩʪʫʜʝʥʪʽʚ 

ʨʦʙʠʪʠ ʪʝ ʞ ʩʘʤʝ 

ɼʦʪʨʠʤʘʥʥʷ ʧʨʦʮʝʜʫʨ 

ʙʝʟʧʝʯʥʦʾ ʧʨʘʮʽ ʟ 

ʦʙʣʘʜʥʘʥʥʷʤ ʪʘ ʥʘ 

ʩʪʘʥʮʽʷʭ ʨʦʪʘʮʽʾ 

ɺ ʢʣʘʩʽ ʫʯʘʩʥʠʢʠ ʧʦʚʠʥʥʽ ʧʨʘʮʶʚʘʪʠ, ʙʘʟʫʶʯʠʩʴ ʥʘ 

ʚʠʟʥʘʯʝʥʠʭ  ʧʨʠʥʮʠʧʘʭ ʽ ʧʨʦʮʝʜʫʨʘʭ. ʅʝʦʙʭʽʜʥʽ ʯʽʪʢʽ 

ʽʥʩʪʨʫʢʮʽʾ ʜʣʷ ʙʝʟʧʝʯʥʦʾ ʨʦʙʦʪʠ ʚ ʢʣʘʩʽ ʪʘ ʥʘ ʩʪʘʥʮʽʷʭ ʨʦʪʘʮʽʾ. 

ɺʠʢʣʘʜʘʯ  ʚ ʽʥʥʦʚʘʮʽʡʥʦʤʫ ʢʣʘʩʽ ʧʦʚʠʥʝʥ ʟʘʦʭʦʯʫʚʘʪʠ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽ ʧʨʘʮʴʦʚʠʪʽʩʪʴ, ʚʩʪʘʥʦʚʣʶʶʯʠ ʯʽʪʢʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʪʦʛʦ, ʷʢ ʧʨʦʭʦʜʷʪʴ ʘʢʪʠʚʥʦʩʪʽ 

ɺʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤ ɯʥʥʦʚʘʮʽʡʥʽ ʘʫʜʠʪʦʨʽʾ  ʤʘʶʪʴ ʩʪʘʪʠ ʮʝʥʪʨʦʤ ʚʠʷʚʣʝʥʥʷ ʥʦʚʠʭ 

ʦʩʚʽʪʥʽʭ ʧʨʦʙʣʝʤ ʥʝ ʣʠʰʝ ʚ ʫʢʨʘʾʥʩʴʢʽʡ ʧʝʜʘʛʦʛʽʯʥʽʡ 

ʩʧʽʣʴʥʦʩʪʽ, ʘ  ʽ ʚ ʩʚʽʪʽ. ɯʥʥʦʚʘʮʽʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʧʠʪʘʥʥʷ ï ʥʝ ʟ 

ʚʽʜʧʦʚʽʜʽ. ʅʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʨʦʟʫʤʽʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʦʟʨʦʙʣʝʥʽ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʩʪʫʜʝʥʪʠ ʧʦʯʠʥʘʶʪʴ ʩʪʘʚʠʪʠ 

ʧʠʪʘʥʥʷ ʧʨʦ çʯʦʤʫè ʘʙʦ çʷʢè 

ʉʧʽʚʧʨʘʮʷ ʪʘ 

ʝʬʝʢʪʠʚʥʘ 

ʢʦʤʫʥʽʢʘʮʽʷ 

ʉʧʽʣʴʥʘ ʜʽʷʣʴʥʽʩʪʴ ʩʪʫʜʝʥʪʽʚ ʚ ʢʣʘʩʽ ʟʘʦʭʦʯʫʻ ʜʦ ʽʥʥʦʚʘʮʽʡ, 

ʟʘʣʫʯʘʶʯʠ ʾʭ ʜʦ ʩʧʽʚʧʨʘʮʽ ʪʘ ʢʦʤʫʥʽʢʘʮʽʾ ʟ ʽʥʰʠʤʠ ʣʶʜʴʤʠ, ʷʢʽ 

ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʥʠʭ ʫ ʧʝʨʝʢʦʥʘʥʥʷʭ, ʧʦʚʝʜʽʥʮʽ ʘʙʦ 

ʧʝʨʝʜʽʩʪʦʨʽʾ. ʉʧʽʚʧʨʘʮʷ ʪʘ ʝʬʝʢʪʠʚʥʘ ʢʦʤʫʥʽʢʘʮʽʷ ʚ ʢʣʘʩʽ 

ʟʘʦʭʦʯʫʻ ʾʭ ʜʦ ʦʙʛʦʚʦʨʝʥʥʷ, ʷʢʝ ʻ ʦʩʥʦʚʦʶ ʚʩʽʭ ʽʥʥʦʚʘʮʽʡ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ 

ʦʩʚʽʪʥʽʭ ʩʪʨʘʪʝʛʽʡ  

ʅʝʜʦʮʽʣʴʥʦ ʧʦʢʣʘʜʘʪʠʩʷ ʥʘ ʦʜʥʫ ʤʝʪʦʜʠʢʫ ʥʘʚʯʘʥʥʷ ʜʣʷ  

ʦʪʨʠʤʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ. ɯʥʥʦʚʘʮʽʡʥʠʡ ʢʣʘʩ ʧʝʨʝʜʙʘʯʘʻ  

ʚʠʢʦʨʠʩʪʘʥʥʷ   ʨʽʟʥʠʭ ʩʪʨʘʪʝʛʽʡ ʥʘʚʯʘʥʥʷ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ  ʪʘ 

ʱʦʜʝʥʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ 

ʇʦʩʪʘʥʦʚʢʘ ʮʽʣʝʡ  

ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʥʦʚʘʮʽʡ 

ʉʫʯʘʩʥʽ  ʩʪʫʜʝʥʪʠ ʩʪʘʚʣʷʪʴ ʧʝʨʝʜ ʩʦʙʦʶ ʮʽʣʽ ʽ ʜʦʩʷʛʘʶʪʴ ʾʭ. ʎʽ 

ʮʽʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʝʣʠʢʠʤʠ ʯʠ ʤʘʣʠʤʠ, ʘʙʦ ʚ ʽʜʝʘʣʽ ʤʽʩʪʷʪʴ 

ʜʝʷʢʽ ʘʩʧʝʢʪʠ ʦʙʦʭ ʪʠʧʽʚ, ʘʣʝ ʤʘʶʪʴ ʩʧʨʷʤʦʚʫʚʘʪʠ ʩʪʫʜʝʥʪʽʚ 

ʜʦ ʽʥʥʦʚʘʮʽʡ 
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ʈʝʬʣʝʢʩʽʷ ʪʘ 

ʚʥʝʩʝʥʥʷ  ʟʤʽʥ ʜʦ 

ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ 

ʉʫʯʘʩʥʽ ʩʪʫʜʝʥʪʠ ʥʝ ʣʠʰʝ ʨʦʟʛʣʷʜʘʶʪʴ ʨʠʟʠʢʠ ʪʘ ʚʠʟʥʘʶʪʴ, 

ʱʦ ʥʽʱʦ ʥʝ ʻ ʜʦʩʢʦʥʘʣʠʤ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʽʥʥʦʚʘʮʽʡʥʠʡ ʢʣʘʩ 

ʧʽʜʰʪʦʚʭʫʻ ʩʪʫʜʝʥʪʽʚ ʽ ʚʠʢʣʘʜʘʯʽʚ  ʜʦ ʧʦʩʪʽʡʥʠʭ ʟʤʽʥ, 

ʘʜʘʧʪʘʮʽʾ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ.  ʉʪʫʜʝʥʪʠ, ʷʢʽ ʥʘʚʯʘʶʪʴʩʷ ʚ 

ʽʥʥʦʚʘʮʽʡʥʦʤʫ ʢʣʘʩʽ, ʙʫʜʫʪʴ ʜʠʚʠʪʠʩʷ ʥʘ ʩʝʙʝ ʪʘ ʽʥʰʠʭ, 

ʟʜʽʡʩʥʶʚʘʪʠ ʨʝʬʣʝʢʩʽʶ ʜʣʷ ʢʨʘʱʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʨʦʟʫʤʽʥʥʷ  ʚʩʽʭ 

ʘʩʧʝʢʪʽʚ ʩʚʦʻʾ ʜʽʷʣʴʥʦʩʪʽ 

  

STEAM-ʥʘʚʯʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʽʥʪʝʛʨʘʮʽʶ ʟʤʽʩʪʫ ʥʘʚʯʘʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ 

ʬʦʨʤ ʘʢʪʠʚʥʦʩʪʝʡ,  ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟ ʧʝʨʝʚʽʨʢʦʶ ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʛʽʧʦʪʝʟ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ. ɼʣʷ  ʧʨʦʚʝʜʝʥʥʷ 

STEAM-ʟʘʥʷʪʴ  ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʻʢʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʩʪʫʜʝʥʪʽʚ ʥʝʦʙʭʽʜʥʘ ʨʦʙʦʪʘ ʚ 

ʛʨʫʧʘʭ, ʧʨʠ ʯʦʤʫ ʢʦʞʥʘ ʟ ʛʨʫʧ ʤʘʻ ʧʨʘʮʶʚʘʪʠ ʚ ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʯʘʩ ʥʘʜ ʨʽʟʥʠʤʠ 

ʯʘʩʪʠʥʘʤʠ ʧʨʦʻʢʪʫ ï ʧʨʦʚʦʜʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪ, ʚʠʩʫʚʘʪʠ ʛʽʧʦʪʝʟʫ, ʦʙʛʦʚʦʨʶʚʘʪʠ ʟʘʚʜʘʥʥʷ, 

ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʰʫʢ ʚʽʜʦʤʦʩʪʝʡ ʪʦʱʦ. ɸʣʝ ʜʦʚʦʣʽ ʩʢʣʘʜʥʦ ʝʬʝʢʪʠʚʥʦ ʦʨʛʘʥʽʟʫʚʘʪʠ ʪʘʢʫ 

ʦʩʚʽʪʥʶ ʜʽʷʣʴʥʽʩʪʴ  ʚ ʨʘʤʢʘʭ ʟʚʠʯʘʡʥʦʾ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʦʾ ʘʫʜʠʪʦʨʽʾ. ɺʠʨʽʰʝʥʥʷ 

ʦʢʨʝʩʣʝʥʦʾ  ʧʨʦʙʣʝʤʠ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʰʠʭ ʬʦʨʤ ʦʨʛʘʥʽʟʘʮʽʾ ʦʩʚʽʪʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʩʪʫʜʝʥʪʽʚ, ʦʜʥʦʯʘʩʥʦʾ ʨʦʙʦʪʠ ʚ ʘʫʜʠʪʦʨʽʾ ʢʽʣʴʢʦʭ ʩʪʫʜʝʥʪʩʴʢʠʭ ʛʨʫʧ. ɯ ʮʝ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʟʤʽʰʘʥʝ ʥʘʚʯʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʠʭ  

ʦʩʚʽʪʥʽʭ ʟʘʚʜʘʥʴ ʧʨʦʝʢʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ɺ ʽʥʥʦʚʘʮʽʡʥʦʤʫ ʢʣʘʩʽ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʥʘʚʯʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʮʽʡ 

ʨʦʪʘʮʽʾ, ʪʦʙʪʦ ʚ ʢʦʞʥʽʡ ʯʘʩʪʠʥʽ ʢʣʘʩʫ ʥʘʷʚʥʽ ʨʽʟʥʽ ʟʘʩʦʙʠ ʥʘʚʯʘʥʥʷ ʪʘ ʦʨʛʘʥʽʟʦʚʘʥʦ 

ʩʧʝʮʽʘʣʴʥʠʡ ʧʨʦʩʪʽʨ ʜʣʷ ʧʝʚʥʦʛʦ ʚʠʜʫ ʜʽʷʣʴʥʦʩʪʽ (ʥʘʧʨʠʢʣʘʜ, ʧʣʘʥʰʝʪʠ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ 

ʤʝʨʝʞʽ ʽʥʪʝʨʥʝʪ, ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʘʙʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʤʝʡʢʝʨʩʪʚʘ, ʤʽʩʮʷ ʜʣʷ ʛʨʫʧʦʚʦʾ ʨʦʙʦʪʠ ʪʦʱʦ) ʽ ʥʘ ʢʦʞʥʽʡ 

ʪʘʢʽʡ ʩʪʘʥʮʽʾ ʩʪʫʜʝʥʪʠ ʧʨʘʮʶʶʪʴ ʧʝʚʥʠʡ ʯʘʩ, ʘ ʧʦʪʽʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʽʥʰʦʾ  

ʩʪʘʥʮʽʾ, ʪʦʙʪʦ ñʨʦʪʘʮʽʷò ʜʽʷʣʴʥʦʩʪʽ. ɺʠʢʣʘʜʘʯ ʚʠʟʥʘʯʘʻ ʧʨʘʚʠʣʘ ʨʦʙʦʪʠ ʥʘ ʢʦʞʥʽʡ ʩʪʘʥʮʽʾ 

ʪʘ ʨʦʪʘʮʽʾ ʤʽʞ ʥʠʤʠ. ʄʦʜʝʣʴ ʨʦʪʘʮʽʾ ʤʘʻ ʢʽʣʴʢʘ ʪʠʧʽʚ [10]: 

ʘ) ʄʦʜʝʣʴ ʨʦʪʘʮʽʾ ʟ ʥʘʷʚʥʽʩʪʶ ʪʝʭʥʦʣʦʛʽʯʥʦʾ  ʩʪʘʥʮʽʾ. ɿʘ ʮʽʻʶ ʤʦʜʝʣʣʶ ʩʪʫʜʝʥʪʠ 

ʯʝʨʛʫʶʪʴ ʩʧʦʩʦʙʠ ʚʠʚʯʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʽʟʥʠʭ ʩʪʘʥʮʽʷʭ 

ʨʦʪʘʮʽʾ, ʧʨʠʥʘʡʤʥʽ ʦʜʥʘ ʟ ʷʢʠʭ - ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʪʘʥʮʽʷ - ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ. ʅʘ ʽʥʰʠʭ ʩʪʘʥʮʽʷʭ ʩʪʫʜʝʥʪʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʧʘʨʘʭ ʯʠ ʛʨʫʧʘʭ, 

ʚʠʢʦʥʫʚʘʪʠ ʥʘʚʯʘʣʴʥʽ ʧʨʦʻʢʪʠ ʪʦʱʦ. ʎʷ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʫʩʧʽʰʥʦ ʨʝʘʣʽʟʦʚʘʥʘ ʩʘʤʝ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʥʦʚʘʮʽʡʥʦʛʦ  ʢʣʘʩʫ. 

ʙ) ʄʦʜʝʣʴ ʨʦʪʘʮʽʾ ʟ ʦʙʣʘʜʥʘʥʥʷʤ (ʨʝʘʣʴʥʠʤ ʯʠ ʚʽʨʪʫʘʣʴʥʠʤ) ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ ʤʦʜʝʣʽ ʩʪʫʜʝʥʪʠ ʯʝʨʛʫʶʪʴ ʨʦʙʦʪʫ ʟ ʨʽʟʥʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʤ ʛʨʘʬʽʢʦʤ ʫ ʩʘʤʦʤʫ ʢʣʘʩʽ. ʇʨʠ ʮʴʦʤʫ ʭʦʯʘ ʙ ʦʜʥʠʤ ʽʟ 

ʩʧʦʩʦʙʽʚ ʨʦʙʦʪʠ ʻ ñʦʥʣʘʡʥ ʣʘʙʦʨʘʪʦʨʥʽ ʨʦʙʦʪʠò. 

ʚ) ʄʦʜʝʣʴ ʨʦʪʘʮʽʾ ʟ ʧʝʨʝʚʝʨʥʫʪʠʤ ʥʘʚʯʘʥʥʷʤ. ʎʷ ʤʦʜʝʣʴ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʧʦʜʽʾ, ʷʢʽ 

ʪʨʘʜʠʮʽʡʥʦ ʚʽʜʙʫʚʘʣʠʩʷ  ʚ ʘʫʜʠʪʦʨʽʾ, ʧʨʦʭʦʜʷʪʴ ʧʦʟʘ ʘʫʜʠʪʦʨʽʻʶ ʽ ʥʘʚʧʘʢʠ, ʟʦʢʨʝʤʘ 

ʩʪʫʜʝʥʪʘʤ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʝʨʝʛʣʷʥʫʪʠ ʥʘʚʯʘʣʴʥʽ ʚʽʜʝʦ ʧʝʨʝʜ ʘʫʜʠʪʦʨʥʦʶ ʨʦʙʦʪʦʶ ʽ ʪʦʜʽ 

ʚʦʥʠ ʤʘʶʪʴ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʘʪʠ ʘʫʜʠʪʦʨʥʠʡ ʯʘʩ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʣʘʩʽ, ʟʘʜʘʚʘʪʠ  ʟʘʧʠʪʘʥʥʷ, ʩʪʫʜʝʥʪʘʤ ʧʨʦʧʦʥʫʻʪʴʩʷ ʘʢʪʠʚʥʦ 

ʩʧʽʚʧʨʘʮʶʚʘʪʠ ʪʘ ʢʦʤʫʥʽʢʫʚʘʪʠ, ʷʢ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʟ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ. 

ʛ) ʄʦʜʝʣʴ ʨʦʪʘʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ  ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ.  ɿʘ ʮʽʻʶ ʤʦʜʝʣʣʶ 

ʢʦʞʝʥ ʩʪʫʜʝʥʪ ʤʘʻ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʛʨʘʬʽʢ ʚʠʚʯʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ 

ʦʙʦʚôʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʦʥʣʘʡʥ ʝʪʘʧʫ. ʇʨʠ ʮʴʦʤʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʦʜʝʣʽ 

ʨʦʪʘʮʽʾ ʟ ʥʘʷʚʥʽʩʪʶ ʦʥʣʘʡʥ ʩʪʘʥʮʽʾ, ʧʨʦʭʦʜʠʪʠ ʚʩʽ ʩʪʘʥʮʽʾ ʥʝʦʙʦʚôʷʟʢʦʚʦ.   

ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʟʽ  ʩʪʘʥʮʽʷʤʠ  ʨʦʪʘʮʽʡ 

ʻ ʤʝʙʣʽ. ɼʦʮʽʣʴʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ICR  ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʽʥʥʦʚʘʮʽʡʥʠʤʠ ʤʝʙʣʷʤʠ. ʎʝ ʤʦʞʫʪʴ 
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ʙʫʪʠ  ʤʦʙʽʣʴʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʪʘ ʛʨʫʧʦʚʽ ʨʦʙʦʯʽ ʤʽʩʮʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʛʨʫʧʦʚʠʭ ʪʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʝʨʝʛʦʨʦʜʢʠ-ʪʨʘʥʩʬʦʨʤʝʨʠ ʪʘ ʽʥʰʽ. 

ɺʦʥʠ ʜʦʟʚʦʣʷʪʴ ʦʨʛʘʥʽʟʫʚʘʪʠ ʛʨʫʧʦʚʫ ʨʦʙʦʪʫ, ʜʦʩʪʫʧ ʩʪʫʜʝʥʪʽʚ ʜʦ ʨʽʟʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʧʨʠʩʪʨʦʾʚ ʥʘ ʨʽʟʥʠʭ ʩʪʘʥʮʽʷʭ ʨʦʪʘʮʽʾ ʪʘ ʧʦʯʝʨʛʦʚʫ ʨʦʙʦʪʫ ʚʩʽʭ ʩʪʫʜʝʥʪʽʚ ʟ ʦʙʣʘʜʥʘʥʥʷʤ, 

ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʢʽʣʴʢʽʩʪʴ ʷʢʦʛʦ ʻ ʥʝʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʩʽʻʾ ʛʨʫʧʠ ʦʜʨʘʟʫ. 

ɯʥʥʦʚʘʮʽʡʥʽ ʤʝʙʣʽ ʜʣʷ ʢʣʘʩʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʛʥʫʯʢʽʩʪʴ ʽ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ, 

ʜʦʧʦʤʘʛʘʶʯʠ ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʨʦʙʣʝʤʠ ʥʘʚʯʘʥʥʷ. ʄʘʶʯʠ ʣʠʰʝ ʢʽʣʴʢʘ ʥʝʟʥʘʯʥʠʭ 

ʨʝʢʦʥʩʪʨʫʢʮʽʡ, ʤʦʞʥʘ ʥʘʜʘʪʠ ʢʦʞʥʦʤʫ ʩʪʫʜʝʥʪʫ  ʝʬʝʢʪʠʚʥʝ ʥʘʚʯʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʢʣʘʩʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʦʜʝʣʽ ICR, ʷʢʘ ʙʫʜʝ ʚʧʨʦʚʘʜʞʫʚʘʪʠʩʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʦʨʛʘʥʽʟʘʮʽʾ ICR ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʩʪʘʥʮʽʡ  ʨʦʪʘʮʽʡ 

(ʪʘʙʣ. 3).  

ʊʘʙʣ. 3. 

ʇʽʜʭʦʜʠ ʦʨʛʘʥʽʟʘʮʽʾ ICR 

 

ʄʦʜʝʣʴ ʆʧʠʩ 

 

ɼʚʽ ʩʪʘʥʮʽʾ ʨʦʪʘʮʽʾ  

ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʪʘʥʮʽʷ ʜʣʷ ʬʨʦʥʪʘʣʴʥʦʾ ʨʦʙʦʪʠ ʪʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʨʦʙʦʯʽ ʤʽʩʮʷ  ʜʣʷ ʚʠʢʦʥʘʥʥʷ  

ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ 

 

ɼʚʽ ʩʪʘʥʮʽʾ ʨʦʪʘʮʽʡ 

ʉʪʘʥʮʽʷ ʚʟʘʻʤʦʜʽʾ ʟ ʚʠʢʣʘʜʘʯʝʤ (ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʯʠ 

ʛʨʫʧʦʚʽ ʢʦʥʩʫʣʴʪʘʮʽʾ) ʽ  ʧʨʦʩʪʽʨ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ 

 

ɼʚʽ ʩʪʘʥʮʽʾ ʨʦʪʘʮʽʡ 

ʉʪʘʥʮʽʷ ʜʣʷ ʩʧʽʚʧʨʘʮʽ ʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʨʦʙʦʯʽ ʤʽʩʮʷ  

ʜʣʷ ʚʠʢʦʥʘʥʥʷ  ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ 

 

 

ɼʚʽ ʩʪʘʥʮʽʾ ʨʦʪʘʮʽʡ 

ʉʪʘʥʮʽʷ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʚʠʢʣʘʜʘʯʝʤ (ʽʥʜʠʚʽʜʫʘʣʴʥʽ 

ʯʠ ʛʨʫʧʦʚʽ ʢʦʥʩʫʣʴʪʘʮʽʾ) ʪʘ ʩʪʘʥʮʽʷ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ  

ʩʧʽʚʧʨʘʮʽ ʩʪʫʜʝʥʪʽʚ 
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ʊʨʠ ʩʪʘʥʮʽʾ ʨʦʪʘʮʽʡ 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʪʘʥʮʽʷ ʜʣʷ ʬʨʦʥʪʘʣʴʥʦʾ ʨʦʙʦʪʠ, 

ʩʪʘʥʮʽʷ ʜʣʷ ʩʧʽʚʧʨʘʮʽ ʩʪʫʜʝʥʪʽʚ,  ʧʨʦʩʪʽʨ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ  

 

 

ʂʽʣʴʢʘ ʩʪʘʥʮʽʡ ʨʦʪʘʮʽʡ 

ʉʪʘʥʮʽʷ ʤʝʡʢʝʨʩʪʚʘ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʜʦʩʣʽʜʞʝʥʴ 

ʽ ʩʪʘʥʮʽʾ ʜʣʷ ʛʨʫʧʦʚʦʾ ʨʦʙʦʪʠ ʩʪʫʜʝʥʪʽʚ 

 

 

ʆʨʛʘʥʽʟʘʮʽʷ ʨʽʟʥʦʾ ʢʽʣʴʢʦʩʪʽ  ʩʪʘʥʮʽʡ  ʨʦʪʘʮʽʾ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ.   

ʏʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʦʪʘʮʽʶ ʥʘ ʯʦʪʠʨʴʦʭ ʩʪʘʥʮʽʷʭ (ʨʠʩ.4): ʩʪʘʥʮʽʶ ʚʟʘʻʤʦʜʽʾ ʟ 

ʚʠʢʣʘʜʘʯʝʤ, ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʪʘʥʮʽʶ,  ʩʪʘʥʮʽʶ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʨʘʢʪʠʯʥʠʭ 

ʨʦʙʽʪ  ʽ ʩʪʘʥʮʽʶ  ʧʨʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ ʚ ʛʨʫʧʘʭ. ʏʘʩ, ʚʠʪʨʘʯʝʥʠʡ ʩʪʫʜʝʥʪʘʤʠ ʥʘ ʢʦʞʥʽʡ 

ʩʪʘʥʮʽʾ, ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʩʢʽʣʴʢʠ ʯʘʩʫ ʚʠʜʽʣʷʻʪʴʩʷ ʥʘ ʙʣʦʢ 

ʟʘʥʷʪʪʷ, ʘʣʝ ʢʦʞʝʥ ʝʪʘʧ ʮʠʢʣʫ ʪʨʠʚʘʻ 6-10 ʭʚʠʣʠʥ [4]. ʆʧʠʰʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ 

ʦʩʚʽʪʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ ʩʪʫʜʝʥʪʽʚ ʥʘ ʢʦʞʥʽʡ ʽʟ ʨʦʪʘʮʽʡʥʠʭ ʩʪʘʥʮʽʡ.  

 

 
ʈʠʩ. 4. ʈʦʪʘʮʽʷ ʥʘ ʯʦʪʠʨʴʦʭ ʩʪʘʥʮʽʷʭ 

   

ʉʪʘʥʮʽʷ ʚʟʘʻʤʦʜʽʾ ʟ ʚʠʢʣʘʜʘʯʝʤ  
ʉʪʘʥʮʽʷ ʚʟʘʻʤʦʜʽʾ ʟ ʚʠʢʣʘʜʘʯʝʤ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ  ʜʣʷ ʧʦʷʩʥʝʥʥʷ ʟʤʽʩʪʫ 

ʟʘʚʜʘʥʴ, ʜʣʷ ʟʘʣʫʯʝʥʥʷ ʩʪʫʜʝʥʪʽʚ ʜʦ ʬʦʨʤʫʣʶʚʘʥʥʷ ʛʽʧʦʪʝʟ ʪʘ ʟʘʧʠʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. ʎʝ 
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ʜʦʟʚʦʣʷʻ ʧʦʷʩʥʠʪʠ ʘʢʪʠʚʥʦʩʪʽ ʢʦʞʥʽʡ ʛʨʫʧʽ. ʎʝ ʪʘʢʦʞ ʦʟʥʘʯʘʻ, ʱʦ ʚʠʢʣʘʜʘʯ ʧʦʚʠʥʝʥ 

ʧʨʝʟʝʥʪʫʚʘʪʠ ʤʘʪʝʨʽʘʣʠ ʟʘʥʷʪʪʷ ʥʝʚʝʣʠʢʽʡ ʛʨʫʧʽ ʜʦ  6 ʩʪʫʜʝʥʪʽʚ, ʘ ʥʝ ʚʩʽʡ ʛʨʫʧʽ. 

ɻʨʫʧʘ ʟ ʥʠʞʯʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʨʦʭʦʜʠʪʴ ʩʧʦʯʘʪʢʫ ʯʝʨʝʟ ʩʪʘʥʮʽʶ ʚʠʢʣʘʜʘʯʘ. ɰʭʥʽ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʦʜʥʦʣʽʪʢʠ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʙʫʜʫʪʴ ʫʩʧʽʰʥʠʤʠ ʥʘ ʧʨʘʢʪʠʯʥʠʭ ʩʪʘʥʮʽʷʭ 

ʙʝʟ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʚʯʘʥʥʷ, ʽ ʚʠʢʣʘʜʘʯ ʤʦʞʝ ʚʠʢʦʨʠʩʪʘʪʠ ʯʘʩ ʥʘ ʮʽʡ ʩʪʘʥʮʽʾ ʜʣʷ ʾʭ 

ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʥʩʫʣʴʪʫʚʘʥʥʷ. 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʪʘʥʮʽʷ 

ɯʩʥʫʻ ʨʷʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ  ʜʣʷ ʨʦʙʦʪʠ ʩʪʫʜʝʥʪʽʚ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʪʘʥʮʽʾ. 

ɿʦʢʨʝʤʘ, ʚ ʋʥʽʚʝʨʩʠʪʝʪʽ ɻʨʽʥʯʝʥʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ LMS Moodle ʜʣʷ ʧʦʜʘʥʥʷ 

ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʝʣʝʢʪʨʦʥʥʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʢʫʨʩʫ ʜʣʷ ʩʪʫʜʝʥʪʽʚ, ʽʥʩʪʨʫʢʮʽʡ ʜʣʷ 

ʧʨʘʢʪʠʯʥʠʭ, ʣʘʙʦʨʘʪʦʨʥʠʭ, ʩʝʤʽʥʘʨʩʴʢʠʭ ʪʘ ʩʘʤʦʩʪʽʡʥʠʭ ʨʦʙʽʪ, ʦʨʛʘʥʽʟʘʮʽʾ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚôʷʟʢʫ ʪʦʱʦ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʩʪʫʜʝʥʪʘʤ ʩʘʤʦʩʪʽʡʥʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘʭʦʜʠ ʥʘ ʪʝʭʥʽʯʥʽʡ ʩʪʘʥʮʽʾ. 

 ʉʪʘʥʮʽʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʨʦʙʽʪ 

ʊʘʢʫ ʩʪʘʥʮʽʶ  ʚʠʢʣʘʜʘʯ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʘʙʦ  ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʠʭ 

ʥʘʚʠʯʦʢ ʩʪʫʜʝʥʪʽʚ ʘʙʦ ʟʘʢʨʽʧʣʝʥʥʷ  ʽʩʥʫʶʯʽ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ 

ʢʦʥʢʨʝʪʥʦʛʦ ʟʤʽʩʪʫ, ʜʫʞʝ ʚʘʞʣʠʚʦ, ʱʦʙ ʨʦʙʦʪʘ, ʷʢʫ ʩʪʫʜʝʥʪʠ ʚʠʢʦʥʫʶʪʴ  ʥʘ ʮʽʡ ʩʪʘʥʮʽʾ, 

ʤʘʣʘ ʩʝʥʩ. ʉʪʫʜʝʥʪʠ ʟ ʙʽʣʴʰʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʚʢʣʶʯʘʪʠʤʫʪʴʩʷ ʜʦ ʨʦʙʦʪʠ, ʷʢʱʦ ʮʷ ʩʪʘʥʮʽʷ 

ʥʘʜʘʻ ʣʠʰʝ "ʨʝʘʣʴʥʫ ʨʦʙʦʪʫ". ɺʠʢʣʘʜʘʯ ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ ʪʘ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʚʣʘʩʥʽ 

ʧʨʘʢʪʠʯʥʽ ʟʘʚʜʘʥʥʷ, ʘʙʦ ʤʦʞʝ ʩʢʦʨʠʩʪʘʪʠʩʷ ʽʩʥʫʶʯʠʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʉʪʘʥʮʽʷ ʧʨʘʢʪʠʯʥʦʾ ʨʦʙʦʪʠ ʚ ʛʨʫʧʘʭ  
ʍʦʯʘ ʮʷ ʩʪʘʥʮʽʷ ʪʘʢʦʞ ʻ ʩʪʘʥʮʽʻʶ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʨʦʙʽʪ ʩʪʫʜʝʥʪʘʤʠ, 

ʘʢʮʝʥʪ ʨʦʙʠʪʴʩʷ ʥʘ  ʩʧʽʣʴʥʽʡ ʨʦʙʦʪʽ ʚ ʛʨʫʧʘʭ ʯʠ ʚ ʧʘʨʘʭ. ʇʨʘʢʪʠʯʥʘ ʜʽʷʣʴʥʽʩʪʴ ʩʪʫʜʝʥʪʽʚ, 

ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʩʧʽʣʴʥʫ ʨʦʙʦʪʫ, ʻ  ʜʫʞʝ ʧʨʠʚʘʙʣʠʚʦʶ ʜʣʷ ʩʪʫʜʝʥʪʽʚ.  ʊʘʢʘ ʩʪʘʥʮʽʷ  ʻ 

ʧʨʝʢʨʘʩʥʠʤ ʤʽʩʮʝʤ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʫ ʘʙʦ ʟʘʚʜʘʥʥʷ, ʚʠʢʦʥʘʥʥʷ ʷʢʦʛʦ ʚʠʤʘʛʘʻ ʚʽʜ 

ʩʪʫʜʝʥʪʽʚ  ʧʨʘʮʶʚʘʪʠ ʨʘʟʦʤ ʽ ʚʯʠʪʠʩʷ ʦʜʠʥ ʫ ʦʜʥʦʛʦ. ʉʪʫʜʝʥʪʠ ʙʘʛʘʪʦ ʥʘʚʯʘʶʪʴʩʷ ʯʝʨʝʟ 

ʚʟʘʻʤʦʜʽʶ ʟ ʦʜʥʦʣʽʪʢʘʤʠ  ʪʘ ʧʽʜ ʯʘʩ ʩʧʽʣʴʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ. 

ʂʣʶʯʝʤ ʜʦ ʫʩʧʽʭʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʪʘʮʽʡʥʠʭ ʩʪʘʥʮʽʡ ʻ ʦʮʽʥʶʚʘʥʥʷ. ʇʝʨʰ ʥʽʞ 

ʦʙ'ʻʜʥʫʚʘʪʠ  ʩʪʫʜʝʥʪʽʚ ʫ ʛʨʫʧʠ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʾʭ ʚʭʽʜʥʽ ʟʥʘʥʥʷ ʪʘ ʚʤʽʥʥʷ,  ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʪʦʱʦ. ʎʠʬʨʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ  

ʰʚʠʜʢʝ ʦʪʨʠʤʘʥʥʷ ʧʦʪʨʽʙʥʠʭ  ʜʘʥʠʭ. ɿʦʢʨʝʤʘ ʭʤʘʨʥʽ ʨʝʩʫʨʩʠ, ʪʘʢʽ ʷʢ Socrative, Plickers, 

Mentimeter ʪʘ ʽʥʰʽ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʟʥʘʥʥʷ ʢʦʞʥʦʛʦ ʩʪʫʜʝʥʪʘ. 

ʈʦʙʦʪʘ ʟ ʥʝʚʝʣʠʢʠʤʠ, ʢʝʨʦʚʘʥʠʤʠ ʛʨʫʧʘʤʠ ʩʪʫʜʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʚʠʢʣʘʜʘʯʫ 

ʧʨʦʚʦʜʠʪʠ ʢʦʥʩʫʣʴʪʫʚʘʥʥʷ ʪʘ ʽʥʩʪʨʫʢʪʫʚʘʥʥʷ ʩʪʫʜʝʥʪʽʚ  ʚʽʜʧʦʚʽʜʥʦ ʜʦ  ʾʭ ʧʦʪʨʝʙ. ʈʦʪʘʮʽʷ  

ʩʪʘʥʮʽʡ ʪʨʠʤʘʻ ʩʪʫʜʝʥʪʽʚ  ʫ ʨʫʩʽ, ʪʨʠʤʘʻ ʾʭ ʫ ʟʘʣʫʯʝʥʥʽ ʽ ʜʘʻ ʾʤ ʙʽʣʴʰʝ, ʥʽʞ ʦʜʠʥ ʩʧʦʩʽʙ 

ʧʨʘʢʪʠʢʫʚʘʪʠ ʪʝ, ʱʦ ʚʦʥʠ ʟʥʘʶʪʴ. 

ʉʪʘʥʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʩʪʫʜʝʥʪʘʤ ʚʯʠʪʠʩʷ ʩʘʤʦʩʪʽʡʥʦ, ʟʽ ʩʚʦʾʤʠ ʦʜʥʦʣʽʪʢʘʤʠ, ʟʽ ʩʚʦʾʤ 

ʚʠʢʣʘʜʘʯʝʤ  ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʝʥʪʫ ʪʘ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ICR ʤʘʡʙʫʪʥʽʭ ʚʯʠʪʝʣʽʚ (ʚʠʢʣʘʜʘʯʽʚ)  

ʜʦʮʽʣʴʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʪʘʢʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ: 

1) ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʥʮʽʶ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʚʯʠʪʝʣʷ (ʚʠʢʣʘʜʘʯʘ) ʜʣʷ ʮʽʣʦʛʦ ʨʷʜʫ 

ʚʠʜʽʚ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʥʘʚʯʘʥʥʶ.  

2) ɺʘʨʪʦ ʟʤʽʥʶʚʘʪʠ ʫʯʘʩʥʠʢʽʚ ʛʨʫʧ,  ʟʘʣʫʯʝʥʥʷ ʩʪʫʜʝʥʪʽʚ ʫ ʛʨʫʧʠ ʟ ʦʜʥʘʢʦʚʠʤ 

ʨʽʚʥʝʤ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʟʘʣʠʰʝʥʥʷ ʾʭ ʪʘʤ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʤʦʞʝ ʟʘʚʜʘʪʠ 

ʰʢʦʜʠ ʾʭʥʽʡ ʚʧʝʚʥʝʥʦʩʪʽ ʷʢ ʫʯʘʩʥʠʢʽʚ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ. ɻʨʫʧʠ ʟʤʽʰʘʥʠʭ ʟʜʽʙʥʦʩʪʝʡ, 

ʛʨʫʧʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʽʥʪʝʨʝʩʘʭ, ʩʠʣʴʥʽ ʩʪʦʨʦʥʠ ʚ ʛʨʫʧʦʚʽʡ ʜʠʥʘʤʽʮʽ ʻ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ 

ʩʪʨʘʪʝʛʽʷʤʠ ʦʙ'ʻʜʥʘʥʥʷ ʩʪʫʜʝʥʪʽʚ ʚ ʛʨʫʧʠ.  

3) ɺʠʟʥʘʯʘʪʠ ʩʪʨʘʪʝʛʽʶ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʩʪʘʥʮʽʷʤʠ ʨʦʪʘʮʽʡ, ʥʘʚʯʘʪʠ ʩʪʫʜʝʥʪʽʚ 

ʧʝʨʝʭʦʜʫ ʤʽʞ ʩʪʘʥʮʽʷʤʠ ʪʘ ʧʨʦʛʦʚʦʨʶʚʘʪʠ ʥʘ ʧʦʯʘʪʢʫ ʚʩʽʭ ʘʢʪʠʚʥʦʩʪʝʡ ʟʘʛʘʣʴʥʽ ʧʨʘʚʠʣʘ 

ʱʦʜʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʩʪʘʥʮʽʷʭ.  
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4) ɼʝʤʦʥʩʪʨʫʚʘʪʠ ʪʘʡʤʝʨ ʥʘ ʜʦʰʮʽ, ʱʦʙ ʩʪʫʜʝʥʪʠ ʤʦʛʣʠ ʚʽʜʩʪʝʞʫʚʘʪʠ ʯʘʩ ʾʭʥʴʦʾ 

ʨʦʙʦʪʠ.  

5) ʈʦʙʦʪʘ ʥʘ ʢʦʞʥʽʡ  ʩʪʘʥʮʽʾ ʧʦʚʠʥʥʘ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ  ʯʽʪʢʠʤʠ ʽʥʩʪʨʫʢʮʽʷʤʠ.  

6) ʇʽʜʛʦʪʫʚʘʪʠ ʽʥʩʪʨʫʢʮʽʶ ʜʣʷ ʩʪʫʜʝʥʪʽʚ, ʷʢʠʭ ʥʝʤʘʻ ʚ ʘʫʜʠʪʦʨʽʾ.  

7) ʅʝ ʦʙʦʚôʷʟʢʦʚʝ ʦʮʽʥʶʚʘʥʥʷ  ʚʩʽʭ ʩʪʫʜʝʥʪʽʚ ʥʘ ʩʪʘʥʮʽʷʭ.   

8) ɼʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ  ʨʽʟʥʽ ʩʪʨʘʪʝʛʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʥʘ ʨʽʟʥʠʭ 

ʩʪʘʥʮʽʷʭ. ʎʝ ʜʘʩʪʴ ʟʤʦʛʫ ʪʨʠʤʘʪʠ ʩʪʫʜʝʥʪʽʚ ʘʢʪʠʚʥʠʤʠ ʽ ʟʘʣʫʯʝʥʠʤʠ. 

ɯʥʥʦʚʘʮʽʡʥʠʡ ʢʣʘʩ ʚ ʂʠʾʚʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʽʤʝʥʽ ɹʦʨʠʩʘ ɻʨʽʥʯʝʥʢʘ ʨʦʟʧʦʜʽʣʝʥʦ 

ʥʘ ʜʝʢʽʣʴʢʘ ʟʦʥ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʨʛʘʥʽʟʫʚʘʪʠ ʩʪʘʥʮʽʾ ʨʦʪʘʮʽʾ, ʟʦʢʨʝʤʘ ʦʜʥʽʻʶ ʟ ʪʘʢʠʭ ʩʪʘʥʮʽʡ 

ʻ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʪʘʥʮʽʷ, ʱʦ ʦʩʥʘʱʝʥʘ  ʢʦʤʧôʶʪʝʨʘʤʠ, ʽʥʪʝʨʘʢʪʠʚʥʦʶ ʜʦʰʢʦʶ,  

ʧʨʦʝʢʪʦʨʦʤ ʪʘ ʤʫʣʴʪʠʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ - ʧʨʠʥʪʝʨʦʤ, ʩʢʘʥʝʨʦʤ, ʢʦʧʽʨʦʤ 

(ʨʠʩ.5). 

 

 
ʈʠʩ.5.  ʇʨʠʢʣʘʜ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʪʘʥʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧôʶʪʝʨʽʚ 

 

ɯʥʰʘ ʯʘʩʪʠʥʘ ʢʣʘʩʫ ʤʽʩʪʠʪʴ ʤʦʙʽʣʴʥʽ ʤʝʙʣʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʨʛʘʥʽʟʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ 

ʢʽʣʴʢʽʩʪʴ ʩʪʘʥʮʽʡ ʨʦʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʮʠʬʨʦʚʽ ʟʘʩʦʙʠ - ʥʦʫʪʙʫʢʠ, ʧʣʘʥʰʝʪʠ, ʝʣʝʢʪʨʦʥʥʠʡ 

ʬʣʽʧʯʘʨʪ, ʽʥʪʝʨʘʢʪʠʚʥʽ ʜʦʰʢʠ ʪʘ ʧʨʦʝʢʪʦʨʠ (ʨʠʩ.6), ʜʚʘ 3D ʧʨʠʥʪʝʨʠ XYZprinting ʟ 

ʤʦʜʫʣʝʤ ʣʘʟʝʨʥʦʾ ʛʨʘʚʽʨʦʚʢʠ, ʘ ʪʘʢʦʞ ʥʘʙʦʨʠ ʢʦʥʩʪʨʫʢʪʦʨʽʚ Makeblock ʪʘ ʚʽʟʦʯʢʠ ʜʣʷ ʾʭ 

ʟʙʝʨʽʛʘʥʥʷ, ʰʘʬʠ ʜʣʷ ʟʘʨʷʜʢʠ ʧʣʘʥʰʝʪʽʚ ʪʘ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ (ʨʠʩ.7). 

 
ʈʠʩ.6. ʄʦʙʽʣʴʥʽ ʤʝʙʣʽ ʪʘ ʮʠʬʨʦʚʽ ʟʘʩʦʙʠ ʚ ʽʥʥʦʚʘʮʽʡʥʦʤʫ ʢʣʘʩʽ ʋʥʽʚʝʨʩʠʪʝʪʫ ɻʨʽʥʯʝʥʢʘ 
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ʈʠʩ.7. ʇʨʠʢʣʘʜʠ ʜʝʷʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʢʣʘʩʫ, ʟʦʢʨʝʤʘ ʢʦʥʩʪʨʫʢʪʦʨʠ 

Makeblock, ʚʧʦʨʷʜʢʦʚʘʥʽ ʫ ʚʽʟʦʯʢʘʭ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʟʘʥʷʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ʪʝʭʥʦʣʦʛʽʾ ʚʽʨʪʫʘʣʴʥʦʾ ʪʘ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʽʥʥʦʚʘʮʽʡʥʠʡ ʢʣʘʩ ʦʩʥʘʱʝʥʦ ʩʠʩʪʝʤʦʶ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ: ʰʦʣʦʤʦʤ, 

ʢʦʥʪʨʦʣʝʨʘʤʠ ʪʘ ʩʝʥʩʦʨʘʤʠ ʧʦʣʦʞʝʥʥʷ (ʨʠʩ.8, 9), ʘ ʪʘʢʦʞ ʧʣʘʥʰʝʪʘʤʠ, ʥʘ ʷʢʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʝʦʙʭʽʜʥʽ ʧʨʦʛʨʘʤʠ ʜʣʷ ʨʦʙʦʪʠ ʟ ʜʦʧʦʚʥʝʥʦʶ ʨʝʘʣʴʥʽʩʪʶ. 

 
ʈʠʩ.8. ʆʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʦʙʦʪʠ ʟ ʚʽʨʪʫʘʣʴʥʦʶ ʨʝʘʣʴʥʽʩʪʶ 

 

 
ʈʠʩ.9. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʚ ʋʥʽʚʝʨʩʠʪʝʪʽ ɻʨʽʥʯʝʥʢʘ 
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ʇʨʠʢʣʘʜʦʤ ʦʨʛʘʥʽʟʘʮʽʾ STEAM-ʟʘʥʷʪʴ ʚ ʽʥʥʦʚʘʮʽʡʥʦʤʫ ʢʣʘʩʽ ʤʦʞʝ ʙʫʪʠ  ʪʨʝʥʽʥʛ  

ñɸʚʪʦʤʦʙʽʣʴ ʥʘ ʧʦʚʽʪʨʷʥʽʡ ʢʫʣʽò, ʷʢʠʡ ʧʨʦʚʦʜʠʚʩʷ ʫʯʘʩʥʠʢʘʤʠ ʧʨʦʻʢʪʫ MoPED ʚ  

ʋʥʽʚʝʨʩʠʪʝʪʽ ɻʨʽʥʯʝʥʢʘ ʥʘ ʚʽʜʢʨʠʪʪʽ ʮʝʥʪʨʫ ʽʥʥʦʚʘʮʽʡʥʦʾ ʦʩʚʽʪʠ ʥʘ ʙʘʟʽ ʽʥʥʦʚʘʮʽʡʥʦʛʦ 

ʢʣʘʩʫ. ʄʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ ʟʘʭʦʜʫ ʙʫʣʦ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʤʦʜʝʣʽ ʨʦʪʘʮʽʡʥʠʭ ʩʪʘʥʮʽʡ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʻʢʪʫ ʥʘ  ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʩʪʠʭ 

ʤʝʭʘʥʽʟʤʽʚ, ʧʦʥʷʪʪʷ ʨʫʭʫ, ʝʥʝʨʛʽʾ ʪʘ ʪʨʝʪʴʦʛʦ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ ʰʣʷʭʦʤ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʛʦʥʦʯʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. 
ʇʨʦʪʷʛʦʤ  ʪʨʝʥʽʥʛʫ  ʙʫʣʘ ʧʝʨʝʜʙʘʯʝʥʘ ʨʦʙʦʪʘ ʫʯʘʩʥʠʢʽʚ ʥʘ 5 ʩʪʘʥʮʽʷʭ ʨʦʪʘʮʽʾ, ʜʝ  

ʫʯʘʩʥʠʢʠ ʙʫʣʠ ʟʘʣʫʯʝʥʠʤʠ ʜʦ ʨʽʟʥʠʭ ʝʪʘʧʽʚ ʧʨʦʻʢʪʫ, ʱʦ ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘ ʦʩʥʦʚʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʮʠʢʣʫ 5E [7]: ʟʘʣʫʯʝʥʥʷ (Engagement), 

ʜʦʩʣʽʜʞʝʥʥʷ (Exploration), ʧʦʷʩʥʝʥʥʷ (Explanation), ʨʦʟʨʦʙʢʘ (Elaboration) ʪʘ ʦʮʽʥʢʘ 

(Evaluation).  ʇʨʠ ʮʴʦʤʫ ʧʝʨʝʜʙʘʯʘʣʘʩʷ ʥʘʚʯʘʣʴʥʘ ʜʽʷʣʴʥʽʩʪʴ ʥʘ ʪʘʢʠʭ ʩʪʘʥʮʽʷʭ ʨʦʪʘʮʽʾ: 

1. ʄʝʡʢʝʨʩʪʚʘ. 

2. ɺʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʪʘ ILS (Inquiry Learning Spaces - ʜʦʩʣʽʜʥʠʮʴʢʦ-ʥʘʚʯʘʣʴʥʽ  

ʧʨʦʩʪʦʨʠ). 

3. ɺʽʨʪʫʘʣʴʥʦʾ ʪʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

4. ʉʧʽʚʧʨʘʮʽ ʪʘ ʢʦʣʘʙʦʨʘʮʽʾ.   

5. ʇʨʝʟʝʥʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʻʢʪʫ. 

ʅʘ ʩʪʘʥʮʽʾ ʤʝʡʢʝʨʩʪʚʘ ʫʯʘʩʥʠʢʠ  ʪʨʝʥʽʥʛʫ  ʤʘʣʠ ʜʦʩʣʽʜʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ  ʤʘʰʠʥʦʢ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʧʽʜʨʫʯʥʠʭ ʟʘʩʦʙʽʚ, ʪʘ ʽʥʰʠʭ ʤʘʰʠʥʦʢ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ 

ʧʨʠʚʦʜʷʪʴ ʾʭ ʚ ʨʫʭ, ʘ ʪʘʢʦʞ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ ï ʚʽʜʩʪʘʥʴ, ʷʢʫ ʚʦʥʠ ʟʜʘʪʥʽ ʧʦʜʦʣʘʪʠ, ʯʘʩ ʪʘ 

ʰʚʠʜʢʽʩʪʴ. ʊʘʢʦʞ ʜʝʤʦʥʩʪʨʫʚʘʣʠʩʴ ʨʽʟʥʽ ʧʽʜʨʫʯʥʽ ʟʘʩʦʙʠ, ʟ ʷʢʠʭ ʫʯʥʽ ʤʦʞʫʪʴ 

ʚʠʛʦʪʦʚʣʷʪʠ ʚʣʘʩʥʽ ʤʦʜʝʣʽ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʚʽʪʨʷʥʦʾ ʢʫʣʴʢʠ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʽʾ ʨʝʘʢʪʠʚʥʦʾ ʩʠʣʠ. ɿʦʢʨʝʤʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʢʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʜʝʷʢʽ 

ʜʝʪʘʣʽ ʙʫʣʠ ʟʤʦʜʝʣʴʦʚʘʥʽ ʥʘ ʢʦʤʧôʶʪʝʨʽ ʪʘ ʥʘʜʨʫʢʦʚʘʥʽ ʥʘ 3D ʧʨʠʥʪʝʨʽ, ʚʩʪʘʥʦʚʣʝʥʦʤʫ 

ʚ ʽʥʥʦʚʘʮʽʡʥʦʤʫ ʢʣʘʩʽ. ʋʯʘʩʥʠʢʠ  ʪʨʝʥʽʥʛʫ  ʙʫʣʠ ʩʚʽʜʢʘʤʠ ʧʨʦʮʝʩʫ ʜʨʫʢʫ ʥʘʩʪʫʧʥʦʛʦ 

ʢʦʤʧʣʝʢʪʫ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʥʘ 3D ʧʨʠʥʪʝʨʽ. ʅʘ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʘʭ ʥʘ ʮʽʡ ʩʪʘʥʮʽʾ ʫʯʥʽ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʙʦʪʠ-ʢʦʥʩʪʨʫʢʪʦʨʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʰʠʥʦʢ ʪʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʾʭ 

ʨʫʭʫ (ʨʠʩ.10). 

 

 
ʈʠʩ.10. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʪʽʚ-ʢʦʥʩʪʨʫʢʪʦʨʽʚ ʥʘ ʩʪʘʥʮʽʾ ʤʝʡʢʝʨʩʪʚʘ 

 

ʅʘ ʩʪʘʥʮʽʾ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʪʘ ILS ʫʯʘʩʥʠʢʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʦʥʷʪʪʷ ʨʫʭʫ 

ʪʘ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʦʪʠ ʥʘ ʩʪʘʥʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʪʘʢʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ ʟʘʩʦʙʠ: ʟʘʜʽʷʥʽ  ʧʣʘʥʰʝʪʠ (ʜʣʷ ʟʯʠʪʫʚʘʥʥʷ QR-ʢʦʜʫ ʜʣʷ ʨʦʟʛʘʜʫʚʘʥʥʷ 

ʨʝʙʫʩʽʚ, ʧʨʦʭʦʜʞʝʥʥʷ ʪʝʩʪʫ ʥʘ socrative.com, ʷʢ ʝʣʝʤʝʥʪʫ ʬʦʨʤʫʚʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ, 

ʨʦʙʦʪʠ ʟ ʚʽʨʪʫʘʣʴʥʦʶ ʣʘʙʦʨʘʪʦʨʽʻʶ Stopping Distance Test Track, ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʫ 

ɻʫʛʣ-ʧʝʨʝʢʣʘʜʘʯ ʪʘ ʧʦʰʫʢʫ ʽʥʬʦʨʤʘʮʽʾ)  ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʘ ʜʦʰʢʘ (ʜʣʷ ʨʦʙʦʪʠ ʟ ʚʽʜʜʘʣʝʥʦʶ 

ʣʘʙʦʨʘʪʦʨʽʻʶ Wind Tunnel) (ʨʠʩ. 11). ʈʦʙʦʪʘ ʥʘ ʩʪʘʥʮʽʾ ʜʦʟʚʦʣʠʣʘ ʫʯʘʩʥʠʢʘʤ 
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ʩʬʦʨʤʫʣʶʚʘʪʠ ʛʽʧʦʪʝʟʠ ʪʘ ʧʨʦʚʝʩʪʠ ʚʣʘʩʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʦʙôʻʢʪʘʤʠ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʪʘ 

ʨʝʘʣʴʥʦʤʫ ñʚʽʜʜʘʣʝʥʦʤʫò ʩʝʨʝʜʦʚʠʱʽ. 

 
ʈʠʩ. 11. ɺʽʨʪʫʘʣʴʥʘ ʣʘʙʦʨʘʪʦʨʽʷ Stopping Distance Test Track ʪʘ ʚʽʜʜʘʣʝʥʘ ʣʘʙʦʨʘʪʦʨʽʷ 

Wind Tunnel 

 

ʉʪʘʥʮʽʷ ʚʽʨʪʫʘʣʴʥʦʾ ʪʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʧʝʨʝʜʙʘʯʘʣʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇʂ,  

ʩʠʩʪʝʤʠ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ: ʰʦʣʦʤ, ʢʦʥʪʨʦʣʝʨʠ, ʩʝʥʩʦʨʠ ʧʦʣʦʞʝʥʥʷ (ʜʣʷ ʽʤʽʪʘʮʽʾ 

ʢʝʨʫʚʘʥʥʷ ʫʯʘʩʥʠʢʘʤʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ), ʧʣʘʥʰʝʪʠ (ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤ ʪʘ 

ʧʨʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

ʟʘʩʦʙʘʤʠ ʧʨʦʛʨʘʤʠ Quiver) (ʨʠʩ. 12). 

 

  
ʈʠʩ. 12. ɼʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

 

ʅʘ ʩʪʘʥʮʽʾ ʩʧʽʚʧʨʘʮʽ ʪʘ ʢʦʣʘʙʦʨʘʮʽʾ ʙʫʣʘ ʦʨʛʘʥʽʟʦʚʘʥʘ ʩʧʽʣʴʥʘ ʜʽʷʣʴʥʽʩʪʴ 

ʫʯʘʩʥʠʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʣʘʥʰʝʪʽʚ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʬʣʽʧʯʘʨʪʫ SMART. ʋ ʷʢʦʩʪʽ 

ʨʦʙʦʯʠʭ ʟʦʰʠʪʽʚ ñʫʯʥʽò ʧʨʘʮʶʚʘʣʠ ʟʽ ʩʧʽʣʴʥʠʤ ʙʣʦʢʥʦʪʦʤ OneNote (ʱʦ ʩʢʣʘʜʘʚʩʷ ʟ ʜʚʦʭ 

ʨʦʙʦʯʠʭ ʨʦʟʜʽʣʽʚ ï ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʪʘ ʜʣʷ ʩʧʽʚʧʨʘʮʽ ʫʯʥʽʚ), ʘ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ 

ʤʦʟʢʦʚʦʛʦ ʰʪʫʨʤʫ ʪʘ ʧʨʠʡʥʷʪʪʷ ʩʧʽʣʴʥʠʭ ʨʽʰʝʥʴ ʫʯʘʩʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʬʣʽʧʯʘʨʪ, ʦʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʷʢʦʛʦ ʻ ʤʦʞʣʠʚʽʩʪʴ ʙʫʜʴ-ʷʢʫ 

ʽʥʬʦʨʤʘʮʽʶ, ʥʘʧʠʩʘʥʫ ʟʚʠʯʘʡʥʠʤ ʤʘʨʢʝʨʦʤ, ʧʝʨʝʪʚʦʨʠʪʠ ʚ ʮʠʬʨʦʚʠʡ ʬʦʨʤʘʪ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʩʧʽʣʴʥʦʛʦ ʜʦʩʪʫʧʫ ʚʩʽʭ ʧʽʜʢʣʶʯʝʥʠʭ ʤʦʜʝʨʘʪʦʨʦʤ ʫʯʘʩʥʠʢʽʚ ʟ ʧʣʘʥʰʝʪʽʚ, 

ʪʦʙʪʦ ʧʝʨʝʜʘʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟ ʧʽʜʢʣʶʯʝʥʠʭ ʫʯʥʽʚʩʴʢʠʭ ʧʣʘʥʰʝʪʽʚ ʥʘ ʬʣʽʧʯʘʨʪ ʪʘ ʚ 

ʟʚʦʨʦʪʥʴʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʅʘ ʩʪʘʥʮʽʾ ʧʨʝʟʝʥʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʻʢʪʫ ʫʯʘʩʥʠʢʠ ʤʘʣʠ ʟʤʦʛʫ ʧʽʜʛʦʪʫʚʘʪʠ 

ʧʨʝʟʝʥʪʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʩʚʦʾ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʇʂ, ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʜʦʰʢʠ. ʎʝʡ ʝʪʘʧ 

ʧʝʨʝʜʙʘʯʘʚ ʧʨʦʚʝʜʝʥʥʷ ʨʝʬʣʝʢʩʽʾ, ʘʥʘʣʽʟ ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʛʽʧʦʪʝʟ, ʾʭ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʯʠ 

ʩʧʨʦʩʪʫʚʘʥʥʷ ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʦʙʛʦʚʦʨʝʥʥʷ ʪʘ ʧʨʝʟʝʥʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʻʢʪʫ, 

ʧʨʦʚʝʜʝʥʥʷ ʧʽʨʽʥʛʦʚʦʛʦ ʦʮʽʥʶʚʘʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ  ʧʝʨʩʧʝʢʪʠʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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ʇʦ ʟʘʚʝʨʰʝʥʥʶ ʟʘʭʦʜʫ ʚʽʜʙʫʣʦʩʷ ʦʧʠʪʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ 

ʪʨʝʥʽʥʛʫ. ɹʽʣʴʰʽʩʪʴ ʫʯʘʩʥʠʢʽʚ ʚʢʘʟʘʣʠ, ʱʦ ʙʫʜʫʪʴ ʩʧʨʠʷʪʠ ʚʧʨʦʚʘʜʞʝʥʥʶ ʧʨʝʜʩʪʘʚʣʝʥʠʭ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (10) ʪʘ ʾʤ ʙʫʣʦ ʮʽʢʘʚʦ (3). ʉʝʨʝʜʥʷ ʦʮʽʥʢʘ ʜʽʷʣʴʥʦʩʪʽ ʟ ʧʫʥʢʪʫ 

ñɼʽʟʥʘʚʩʷ/ʜʽʟʥʘʣʘʩʷ ʧʨʦ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾò ʩʢʣʘʣʘ 4.7 ʙʘʣʠ ʟ 5 (ʨʠʩ. 13).   

 

 
ʈʠʩ. 13. ʆʧʠʪʫʚʘʥʥʷ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʪʨʝʥʽʥʛʫ 

 

ɺʠʩʥʦʚʢʠ. ɽʢʦʩʠʩʪʝʤʘ STEAM-ʥʘʚʯʘʥʥʷ ʧʦʢʣʠʢʘʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʬʦʨʤʫʚʘʥʥʷ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʧʠʪʘʤ ʩʫʯʘʩʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʩʫʩʧʽʣʴʩʪʚʘ. ʉʢʣʘʜʦʚʠʤʠ ʪʘʢʦʾ ʝʢʦʩʠʩʪʝʤʠ ʤʘʶʪʴ ʩʪʘʪʠ ʽʥʥʦʚʘʮʽʡʥʽ ʢʣʘʩʠ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʟʤʽʥʠʪʠ ʧʽʜʭʦʜʠ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ STEAM-ʟʘʥʷʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ  

ʽʥʥʦʚʘʮʽʡʥʽ ʧʝʜʘʛʦʛʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʟʦʢʨʝʤʘ ʟʤʽʰʘʥʝ ʪʘ ʽʥʪʝʛʨʦʚʘʥʝ ʥʘʚʯʘʥʥʷ, 

ʢʦʣʘʙʦʨʘʪʠʚʥʝ ʥʘʚʯʘʥʥʷ, ʤʝʡʢʝʨʩʪʚʦ, ʚʽʨʪʫʘʣʴʥʫ ʪʘ ʜʦʧʦʚʥʝʥʫ ʨʝʘʣʴʥʽʩʪʴ, 3D ʧʨʠʥʪʠʥʛ, 

ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ ʪʘ ʧʨʦʻʢʪʥʝ ʥʘʚʯʘʥʥʷ, ʜʦʩʣʽʜʥʦ-ʧʽʟʥʘʚʘʣʴʥʝ ʥʘʚʯʘʥʥʷ (IBL) 

ʪʦʱʦ  ʪʘ ʽʥʥʦʚʘʮʽʡʥʽ ʬʦʨʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʩʪʫʜʝʥʪʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʨʦʪʘʮʽʡʥʽʡ ʤʦʜʝʣʽ. ʊʘʢʘ ʟʤʽʥʘ ʧʽʜʭʦʜʽʚ ʜʦʟʚʦʣʠʪʴ ʟʨʦʙʠʪʠ ʥʘʚʯʘʥʥʷ ʧʨʘʢʪʠʢʦ-

ʦʨʽʻʥʪʦʚʘʥʠʤ, ʩʧʨʷʤʦʚʘʥʠʤ ʥʘ ʢʦʥʢʨʝʪʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʪʘ ʟʤʽʥʠʪʠ ʨʦʣʴ ʚʯʠʪʝʣʷ ʽ 

ʚʠʢʣʘʜʘʯʘ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʥʝʬʦʨʤʘʣʴʥʦʾ STEAM-ʦʩʚʽʪʠ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʫ ʫʯʥʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ ʥʘʚʠʯʦʢ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʷʢʽʩʪʴ ʬʦʨʤʘʣʴʥʦʾ STEAM-ʦʩʚʽʪʠ. 

ʇʦʜʷʢʘ. ɼʦʩʣʽʜʞʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʚʠʢʣʘʜʝʥʽ ʚ ʩʪʘʪʪʽ, ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ 

ʧʨʦʝʢʪʫ çʄʦʜʝʨʥʽʟʘʮʽʷ ʧʝʜʘʛʦʛʽʯʥʦʾ ʚʠʱʦʾ ʦʩʚʽʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʚʠʢʣʘʜʘʥʥʷè (MoPED) ʧʨʦʛʨʘʤʠ ɭʉ ɽʨʘʟʤʫʩ + ʂɸ2 ï ʈʦʟʚʠʪʦʢ ʧʦʪʝʥʮʽʘʣʫ 

ʚʠʱʦʾ ʦʩʚʽʪʠ, ˉ 586098-EPP-1-2017-1-UA-EPPKA2-CBHE-JP. ʎʷ ʩʪʘʪʪʷ ʚʽʜʦʙʨʘʞʘʻ 

ʣʠʰʝ ʧʦʛʣʷʜʠ ʘʚʪʦʨʘ, ʽ ɭʚʨʦʧʝʡʩʴʢʘ ʂʦʤʽʩʽʷ ʥʝ ʤʦʞʝ ʥʝʩʪʠ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʙʫʜʴ-ʷʢʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʥʽʡ.  
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Abstract. The article outlines the problem of future teachers preparation for implementation of 

STEAM education with the help of innovative learning models and new approaches to organization 
of educational process. The authors carried out the analysis of innovative classroom utilization 

peculiarities for organization of STEAM training of future teachers on the basis of innovative 

pedagogical technologies utilization and innovative forms of studentsô learning activities 

organization that are based on the rotation model. In particular, objects of STEAM learning 

ecosystem were defined as well as the place and the role of learning environments there exemplified 

by innovative classroom (ICR). The article represents the results of the research on educational 

trends, innovative pedagogical technologies and methods of innovative classroom organization 

which will satisfy the needs of the learning process participants. These results are based on the 

survey where 198 students of Borys Grinchenko Kyiv University took part. Characteristics of 

innovative classroom, approaches to organization of ICR depending on the number of rotation 

stations, rotation models, their advantages and disadvantages are described. There is a description 
of innovative classroom in Borys Grinchenko Kyiv University which is designed as an educational 

centre for preparation of future primary school teachers, training teachers in the sphere of innovative 

technologies, in particular, to implement tasks of STEAM education. The practical part of the 

research is in description of STEAM lesson organization in the innovative classroom using the 

example of the training carried out using innovative classroom equipment, mentioned innovative 

technologies and models. The participants of the training had to perform a learning project using 

inquiry-based method where each stage of the project had to be fulfilled on a definite rotation station 

of the innovative classroom. The research leading to these results received, within the framework of 

the Modernization of Pedagogical Higher Education by Innovative Teaching Instruments. MoPED 

ï KA2 CBHE ï 586098-EPP-1-2017-1-UA-EPPKA2-CBHE-JP. 

 
Keywords: STEAM teaching  ecosystem; STEAM-education; STEAM-lesson; innovation 

classroom (ICR); rotation stations; inquiry learning cycle. 
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