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ʈʝʯʥʠʢ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʪʝʨʤʠʥʠ ʠ ʩʲʢʨʘʱʝʥʠʷ 
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National Science Foundation  

ʉʄɽʊ SMET Science, Mathematics, Engineering and Technology 
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 UART Universal Asynchronous Receiver-Transmitter/ 

ʋʥʠʚʝʨʩʘʣʝʥ ʘʩʠʥʭʨʦʥʝʥ ʧʨʠʝʤʦ-ʧʨʝʜʘʚʘʪʝʣ 

 I2C Inter-Integrated Circuit / ʀʥʪʝʨ-ʀʥʪʝʛʨʠʨʘʥʘ ʩʭʝʤʘ 

 GPT  Generative Pre-trained Transformer 

 

 

IMU Inertial Measurement Uni / ʀʥʝʨʮʠʦʥʝʥ ʠʟʤʝʨʚʘʪʝʣʝʥ 

ʤʦʜʫʣ 

 BMS Battery Management System/ ʉʠSTEMʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ 
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ʋɺʆɼ  

ɸʢʪʫʘʣʥʦʩʪ ʥʘ ʧʨʦʙʣʝʤʘ 

ɼʥʝʩ ʩʤʝ ʥʘ ʧʨʘʛʘ ʥʘ ʠʥʜʫʩʪʨʠʷ 5.0., ʢʦʝʪʦ ʛʦʚʦʨʠ ʟʘ ʥʝʧʨʝʢʲʩʥʘʪʦ ʨʘʟʚʠʪʠʝ ʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʝʞʝʜʥʝʚʠʝʪʦ ʥʘ ʦʙʱʝʩʪʚʦʪʦ.  ɿʘ ʜʘ 

ʙʲʜʝ ʝʜʥʦ ʦʙʱʝʩʪʚʦ ʫʩʪʦʡʯʠʚʦ, ʠʢʦʥʦʤʠʯʝʩʢʠ ʝʬʝʢʪʠʚʥʦ ʠ ʩ ʚʠʩʦʢʦ ʢʘʯʝʩʪʚʦ ʥʘ ʞʠʚʦʪ ʪʦ 

ʝ ʥʝʦʙʭʦʜʠʤʦ ʪʝʭʥʦʣʦʛʠʠʪʝ ʜʘ ʩʘ ʚʧʣʝʪʝʥʠ ʚ ʥʝʛʦʚʘʪʘ ʩʪʨʫʢʪʫʨʘ. ʊʦʟʠ ʧʨʦʮʝʩ ʟʘʧʦʯʚʘ ʩ 

ʨʘʞʜʘʥʝʪʦ ʥʘ ʚʩʝʢʠ ʝʜʠʥ ʩʫʙʝʢʪ ʦʪ ʪʦʚʘ ʦʙʱʝʩʪʚʦ. ɿʘ ʜʘ ʟʘʧʘʟʠ ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʩʠ ʠ ʜʘ ʷ 

ʫʪʚʲʨʞʜʘʚʘ ʥʝʛʦʚʠʪʝ ʝʜʠʥʠʮʠ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʘ ʧʦʜʛʦʪʚʝʥʠ. ʊʘʟʠ ʧʦʜʛʦʪʦʚʢʘ ʦʩʚʝʥ ʚ 

ʩʝʤʝʡʥʘʪʘ ʩʨʝʜʘ ʩʝ ʩʣʫʯʚʘ ʠ ʚ ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ. ɹʲʨʟʠʥʘʪʘ, ʩ ʢʦʷʪʦ ʩʝ ʨʘʟʚʠʚʘʪ 

ʪʝʭʥʦʣʦʛʠʠʪʝ ʥʝ ʫʩʧʷʚʘ ʜʘ ʩʝ ʩʠʥʭʨʦʥʠʟʠʨʘ ʩ ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ ʚ ɹʲʣʛʘʨʠʷ, ʢʦʷʪʦ ʙʠ 

ʧʦʜʛʦʪʚʷ ʙʲʜʝʱʠʪʝ ʫʧʨʘʚʣʷʚʘʱʠ, ʩʲʟʜʘʪʝʣʠ, ʠʟʦʙʨʝʪʘʪʝʣʠ ʠ ʪ.ʥ.  

ɼʠʩʙʘʣʘʥʩʲʪ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʠʪʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʟʘʧʦʯʚʘ ʩ ʞʝʣʘʥʠʝʪʦ ʥʘ 

ʠʥʜʠʚʠʜʠʪʝ ʜʘ ʩʝ ʨʘʟʚʠʚʘʪ ʧʨʝʟ 19 ʚ. ɺʝʢ ʥʘ ʤʥʦʛʦ ʦʪʢʨʠʪʠʷ ʠ ʧʦʜʝʤ ʚ ʨʘʟʚʠʪʠʝʪʦ. ʈʘʟʚʠʪʠʝ 

ʢʦʝʪʦ ʟʘʧʦʯʚʘ ʚʲʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ ʩ ʧʨʝʤʠʥʘʚʘʥʝ ʦʪ ʟʝʤʝʜʝʣʠʝ ʢʲʤ ʬʘʙʨʠʯʥʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ(ʤʘʥʠʬʘʢʪʫʨʘ). ʀʣʠ ʪʦʚʘ ʝ ʧʲʨʚʘʪʘ ʪ.ʥʘʨ. ʀʥʜʫʩʪʨʠʷ. ʉʣʝʜ ʥʝʷ ʠʜʚʘ ʠ ʚʪʦʨʘʪʘ 

ʠʥʜʫʩʪʨʠʘʣʥʘ ʨʝʚʦʣʶʮʠʷ, ʦʪ ʢʨʘʷ ʥʘ 50-ʪʝ ʜʦ ʢʨʘʷ ʥʘ 70-ʪʝ ʛʦʜʠʥʠ ʥʘ 19 ʚ., ʧʨʠ ʢʦʷʪʦ ʩʝ 

ʧʨʝʤʠʥʘ ʦʪ ʘʥʘʣʦʛʦʚʠ, ʤʝʭʘʥʠʯʥʠ ʠ ʝʣʝʢʪʨʦʥʥʦ-ʤʝʭʘʥʠʯʥʠ ʢʲʤ ʮʠʬʨʦʚʠ ʠ ʜʠʛʠʪʘʣʥʠ 

ʩʨʝʜʩʪʚʘ. ɼʦ ʪʫʢ ʨʝʚʦʣʶʮʠʠʪʝ ʚʲʨʚʷʪ ʧʣʘʚʥʦ ʠ ʧʦʝʪʘʧʥʦ. ʊʨʝʪʘʪʘ ʠʥʜʫʩʪʨʠʘʣʥʘ ʨʝʚʦʣʶʮʠʷ 

ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʩʠʥʭʨʦʥʠʟʠʨʘ ʪʝʟʠ ʧʨʦʮʝʩʠ. ʅʦ ʩ ʠʜʚʘʥʝʪʦ ʥʘ ʀʥʜʫʩʪʨʠʷ 4.0, ʚ ʢʦʷʪʦ ʩʝ 

ʧʦʷʚʷʚʘʪ ʠʥʪʝʨʥʝʪ ʥʘ ʥʝʱʘʪʘ, ʢʠʙʝʨʬʠʟʠʯʥʠ ʩʠʩʪʝʤʠ ʟʘʧʦʯʚʘ ʙʲʨʟʠʷ ʧʦʜʝʤ ʥʘ ʨʘʟʚʠʪʠʝ ʠ 

ʥʘʩʪʲʧʚʘ ʜʠʩʙʘʣʘʥʩʘ ʠ ʠʟʦʩʪʘʚʘʥʝʪʦ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝʪʦ, ʢʦʝʪʦ ʥʝ ʫʩʧʷʚʘ ʜʘ ʩʝ ʠʥʪʝʛʨʠʨʘ ʧʦ 

ʪʦʣʢʦʚʘ ʙʲʨʟʦ ʠ ʥʝ ʩʝ ʧʨʝʬʦʨʤʘʪʠʨʘ ʚ ʥʦʚʘ ʬʦʨʤʫʣʘ. ɼʥʝʩ ʝ ʠʟʚʝʩʪʥʦ, ʯʝ ʞʠʚʦʪʘ ʥʘ ʝʜʠʥ 

ʪʝʣʝʬʦʥ ʝ ʜʚʝ ʛʦʜʠʥʠ ʠ ʪʦʡ ʚʝʯʝ ʝ ʦʙʥʦʚʝʥ, ʥʦ ʥʝ ʪʘʢʘ ʩʝ ʦʙʥʦʚʷʚʘ ʩʠʩʪʝʤʘʪʘ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝʪʦ. ʉʣʝʜʦʚʘʪʝʣʥʦ ʠ ʥʝʡʥʠʪʝ ʧʦʣʟʚʘʪʝʣʠ ï ʫʯʝʥʠʮʠʪʝ, ʢʦʠʪʦ ʫʪʨʝ ʱʝ ʙʲʜʘʪ 

ʥʦʚʠʪʝ ʠʟʦʙʨʝʪʘʪʝʣʠ, ʠʥʦʚʘʪʦʨʠ, ʫʧʨʘʚʣʷʚʘʱʠ. ʅʦ ʢʘʢ ʪʝ ʱʝ ʙʲʜʘʪ ʪʘʢʠʚʘ ʘʢʦ ʥʝ ʧʦʣʫʯʘʪ 

ʝʜʥʘ ʜʦʙʨʘ ʦʩʥʦʚʘ ʥʘ ʩʚʦʝʪʦ ʨʘʟʚʠʪʠʝ? ʀʥʜʫʩʪʨʠʷ 4.0 ʩʝ ʟʘʨʘʞʜʘ ʧʨʝʟ 2013 ʛ. ʠ ʦʬʠʮʠʘʣʥʦ 

ʥʘʚʣʠʟʘ ʧʨʝʟ 2015 ʛ. ʧʨʦʢʣʘʤʠʨʘʥʦ ʦʪ ʢʘʥʮʣʝʨʢʘʪʘ ɸʥʛʝʣʘ ʄʝʨʢʝʨ ʥʘ ʀʢʦʥʦʤʠʯʝʩʢʠʷ 
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ʬʦʨʫʤ ʚ ɼʘʚʦʩ. (ʌʠʛ.1) ɼʥʝʩ ʩʤʝ 2025 ʛ., ʪʦʯʥʦ ʝʜʥʦ ʜʝʩʝʪʠʣʝʪʠʝ ʚ ʢʦʝʪʦ ʧʨʦʤʝʥʠ ʩʝ 

ʩʣʫʯʠʭʘ ʚʲʚ ʚʩʠʯʢʠ ʩʬʝʨʠ ʥʘ ʦʙʱʝʩʪʚʦʪʦ.  

 

ʌʠʛ. 1 ʇʲʪʷʪ ʥʘ ʠʥʜʫʩʪʨʠʠʪʝ 

ʇʨʦʤʝʥʠʪʝ ʦʩʚʝʥ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʦʙʭʚʘʱʘʪ ʦʙʨʘʟʦʚʘʥʠʝʪʦ, ʦʙʱʫʚʘʥʝʪʦ, 

ʢʦʤʫʥʠʢʘʮʠʷʪʘ, ʥʘʯʠʥʘ ʥʘ ʨʘʙʦʪʘ, ʢʘʪʦ ʦʩʥʦʚʥʘ ʨʦʣʷ ʠʛʨʘʷʪ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʠ 

ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ (ʀʂʊ). ɺ ʩʦʮʠʘʣʝʥ ʘʩʧʝʢʪ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʝ ʩʠʣʥʦ ʚʲʚʣʝʯʝʥʦ ʠ 

ʥʘʩʪʲʧʚʘʪ ʧʨʦʤʝʥʠ ʚ ʥʘʯʠʥʠʪʝ ʥʘ ʧʨʠʜʦʙʠʚʘʥʝ ʥʘ ʟʥʘʥʠʷ ʥʘ ʚʩʠʯʢʠ ʝʪʘʧʠ ʠ ʘʩʧʝʢʪʠ ʦʪ 

ʤʠʢʨʦ ʜʦ ʤʘʢʨʦ ʤʘʱʘʙ. ɿʘʧʦʯʚʘ ʥʦʚʦ ʨʘʟʚʠʪʠʝ ʚ ʧʝʜʘʛʦʛʠʢʘʪʘ ʠ ʪʲʨʩʝʥʝ ʥʘ ʥʦʚʠ ʤʝʪʦʜʠ 

ʦʩʥʦʚʘʚʘʱʠ ʩʝ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ï ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʪʝʭʥʦʣʦʛʠʯʥʦ ʧʦʜʧʦʤʘʛʘʥʦ ʠʣʠ 

ʪʝʭʥʦʣʦʛʠʯʥʦ ʙʘʟʠʨʘʥʦ ʦʙʫʯʝʥʠʝ [1]. ɽʜʠʥ ʦʪ ʧʲʨʚʠʪʝ ʠʥʦʚʘʪʠʚʥʠ ʤʝʪʦʜʠ ʥʘ ʀʂʊ ʝ 

ʦʙʫʯʝʥʠʝ ʯʨʝʟ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʠʛʨʠ ʟʘ ʫʯʝʙʥʠ ʮʝʣʠ. [2, 3, 4, 5] ʋʯʝʙʥʠʪʝ ʢʦʤʧʶʪʲʨʥʠ ʠʛʨʠ 

ʩʝ ʚʲʟʧʨʠʝʤʘʪ ʧʨʠʷʪʥʦ ʠ ʤʦʪʠʚʠʨʘʱʦ ʦʪ ʦʙʫʯʘʚʘʥʠʪʝ. ʅʝ ʙʠʚʘ ʜʘ ʩʝ  ʧʦʜʤʠʥʘʚʘ ʠ ʬʘʢʪʘ, ʯʝ 

ʩʝ ʜʝʬʠʥʠʨʘʪ ʥʦʚʠ ʧʦʢʦʣʝʥʠʷ. ʆʩʥʦʚʦʧʦʣʦʞʥʠʮʠ ʥʘ ʪʝʦʨʠʷʪʘ ʟʘ ʧʦʢʦʣʝʥʠʷʪʘ ʩʘ ʅʠʡʣ ʍʘʫ 

ʠ ʋʠʣʷʤ ʑʨʘʫʩ. [6] ʊʝʦʨʠʷʪʘ ʜʝʬʠʥʠʨʘ ʞʠʚʦʪ ʥʘ ʚʩʷʢʦ ʧʦʢʦʣʝʥʠʝ ʚ ʩʦʙʩʪʚʝʥʘ ʝʧʦʭʘ, ʢʦʷʪʦ 

ʧʨʦʜʲʣʞʘʚʘ ʦʢʦʣʦ 20 ï 25 ʛʦʜʠʥʠ ʠ ʦʧʨʝʜʝʣʷ ʧʦʣʠʪʠʯʝʩʢʦʪʦ, ʦʙʱʝʩʪʚʝʥʦʪʦ ʠ 

ʠʢʦʥʦʤʠʯʝʩʢʦʪʦ ʠʤ ʨʘʟʚʠʪʠʝ. ɺʩʷʢʦ ʧʦʢʦʣʝʥʠʝ ʠʤʘ ʠʤʝ ʠ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʛʨʘʥʠʯʠ ʩʧʦʨʝʜ 

ʩʧʝʮʠʬʠʯʥʠ ʯʝʨʪʠ, ʧʦʚʣʠʷʥʠ ʦʪ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʠ ʜʨʫʛʠ ʩʚʝʪʦʚʥʠ ʩʲʙʠʪʠʷ. ɼʦ 

ʜʥʝʩ ʩʝ ʦʧʨʝʜʝʣʷʪ ʧʝʪ ʪʠʧʘ ʧʦʢʦʣʝʥʠʷ, ʢʘʪʦ ʧʦʩʣʝʜʥʦʪʦ, ʟʘʧʦʯʥʘʣʦ ʧʨʝʟ 2013 ʛ. ʝ ʥʘ 

ʧʦʣʦʚʠʥʘʪʘ ʩʠ ʧʲʪ, ʪ.ʝ. ʩʝʛʘ ʠ ʩʣʝʜʚʘʱʠʪʝ ʛʦʜʠʥʠ ʱʝ ʧʨʦʜʲʣʞʠ ʜʘ ʩʝ ʨʘʞʜʘ ʧʦʢʦʣʝʥʠʝʪʦ 

ʘʣʬʘ ï Ŭ. ʅʘʯʘʣʦʪʦ ʩʝ ʧʦʩʪʘʚʷ ʩ ʧʦʢʦʣʝʥʠʝʪʦ ʙʝʡʙʠ ʙʫʤʲʨʠ ï ʧʦʢʦʣʝʥʠʷʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ 
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ʩʣʝʜ ʚʦʡʥʘʪʘ, ʢʦʠʪʦ ʟʘʧʦʯʚʘʪ ʜʘ ʦʙʣʘʛʦʨʦʜʷʚʘʪ ʞʠʚʦʪʘ ʠ ʜʘ ʩʝ ʛʨʠʞʘʪ ʟʘ ʥʘʨʘʩʪʚʘʥʝ ʥʘ 

ʧʦʧʫʣʘʮʠʷʪʘ ʩʣʝʜ ʛʦʣʷʤʘʪʘ ʩʤʲʨʪʥʦʩʪ. ʊʝʟʠ ʧʦʢʦʣʝʥʠʷ ʦʪ ʪʝʭʥʦʣʦʛʠʯʥʘ ʛʣʝʜʥʘ ʪʦʯʢʘ ʩʘ 

ʠʟʨʘʩʥʘʣʠ ʩʘʤʦ ʩ ʪʝʣʝʚʠʟʦʨʠ, ʩʣʝʜ ʨʘʜʠʦʪʦ. ʊʦʚʘ ʝ ʙʠʣ ʪʝʭʥʠʷ ʦʩʥʦʚʝʥ ʠʟʪʦʯʥʠʢ ʥʘ 

ʠʥʬʦʨʤʘʮʠʷ. ʉʣʝʜ ʪʷʭ ʠʜʚʘ ʧʦʢʦʣʝʥʠʝʪʦ ʍ ï ʪʫʢ ʩʝ ʧʦʷʚʷʚʘʪ ʧʲʨʚʠʪʝ ʥʘʩʪʦʣʥʠ ʢʦʤʧʶʪʨʠ. 

ʇʦʢʦʣʝʥʠʷʪʘ ʨʦʜʝʥʠ ʚ ʧʦʚʝʯʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʦʷʚʘʪʘ ʥʘ ʀʥʪʝʨʥʝʪ ʠ ʦʪʚʘʨʷʥʝ ʢʲʤ ʩʚʝʪʘ. ʊʫʢ 

ʟʘʧʦʯʚʘ ʠ ʙʲʨʟʦʪʦ ʨʘʟʚʠʪʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ, ʟʘʪʦʚʘ ʩʣʝʜʚʘʱʦʪʦ ʜʝʬʠʥʠʨʘʥʦ ʧʦʢʦʣʝʥʠʝ ʝ 

ʇʦʢʦʣʝʥʠʝʪʦ Z ï   ʧʦʢʦʣʝʥʠʝʪʦ ʥʘ ʩʦʮʠʘʣʥʠʪʝ ʤʨʝʞʠ, ʩʤʘʨʪ ʪʝʣʝʬʦʥʠ ʠʣʠ ʚʝʯʝ ʚ ʜʞʦʙʘ ʠʤ 

ʩʝ ʥʘʤʠʨʘʪ ʛʦʣʷʤ ʥʘʙʦʨ ʦʪ ʠʥʩʪʨʫʤʝʥʪʠ, ʢʦʠʪʦ ʧʨʝʜʭʦʜʥʦʪʦ ʧʦʢʦʣʝʥʠʝ ʝ ʩʲʙʠʨʘʣʦ ʠ 

ʪʲʨʩʠʣʦ ʩ ʚʨʝʤʝ. ʊʫʢ ʠʜʚʘ ʛʦʣʷʤʘʪʘ ʧʨʦʤʷʥʘ ʥʘ ʙʲʨʟʦʪʦ ï ʢʘʢʪʦ ʪʝʭʥʦʣʦʛʠʠʪʝ ʩʝ ʨʘʟʚʠʚʘʪ 

ʙʲʨʟʦ, ʪʘʢʘ ʠ ʪʦʚʘ ʧʦʢʦʣʝʥʠʝ ʠʩʢʘ ʜʘ ʝ ʙʲʨʟʘ ʠʥʬʦʨʤʘʮʠʷʪʘ, ʜʘ ʩʘ ʙʲʨʟʠ ʜʝʡʩʪʚʠʷʪʘ, ʙʲʨʟʦ 

ʛʦʚʦʨʷʪ, ʙʲʨʟʦ ʛʣʝʜʘʪ ʠ ʪʘʢʘ ʧʨʦʤʝʥʷʪ ʥʘʯʠʥʘ ʩʠ ʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʥʘʯʠʥʘ ʩʠ ʥʘ ʟʘʙʘʚʣʝʥʠʷ 

(ʥʝ ʠʛʨʘʷʪ ʥʘʚʲʥ ʠʣʠ ʩ ʥʘʩʪʦʣʥʠ ʠʛʨʠ, ʢʠʥʦ) ʠ ʥʘʯʠʥʘ ʥʘ ʦʙʱʫʚʘʥʝ.  

 

ʌʠʛ. 2 ɽʚʦʣʶʮʠʷ ʥʘ ʚʠʜʦʚʝʪʝ ʧʦʢʦʣʝʥʠʷ  

ʇʦʩʣʝʜʥʦʪʦ ʜʝʩʝʪʠʣʝʪʠʝ ʩʝ ʦʬʦʨʤʷ ʢʘʪʦ ʧʦʢʦʣʝʥʠʝʪʦ ʢʦʝʪʦ ʩʪʘʨʪʠʨʘ ʩ ʚʠʨʪʫʘʣʥʦ 

ʦʙʫʯʝʥʠʝ ï ʧʦʢʦʣʝʥʠʝ ʘʣʬʘ. ʀ ʪʫʢ ʠʜʚʘ ʛʦʣʝʤʠʷ ʩʙʣʲʩʲʢ ʥʘ ʨʝʘʣʥʦʩʪʪʘ ʤʝʞʜʫ 

ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ, ʥʝʡʥʦʪʦ ʠʟʥʦʩʚʘʥʝ, ʘʤʦʨʪʠʟʘʮʠʷ ʠ ʥʝ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʦʪʛʦʚʘʨʷ ʥʘ 

ʙʲʨʟʠʪʝ ʪʝʤʧʦʚʝ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʧʨʦʤʷʥʘ ʥʘ ʞʠʚʦʪ ʦʱʝ ʦʪ ʧʨʝʜʭʦʜʥʦʪʦ ʧʦʢʦʣʝʥʠʝ Z. 

ʇʦʢʦʣʝʥʠʝ ʘʣʬʘ ʜʦʨʠ ʩʝ ʟʘʧʦʟʥʘʚʘ ʩ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ (ʀʀ(AI)) ʠ ʟʘʧʦʯʚʘ ʧʣʘʚʝʥ ʦʧʠʪ 

ʟʘ ʩʚʲʨʟʚʘʥʝ ʩ ʤʘʰʠʥʠʪʝ.  
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ɺ ɹʲʣʛʘʨʠʷ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʩʝ ʥʘʤʠʨʘ ʚ ʢʨʠʟʠʩʥʦ ʩʲʩʪʦʷʥʠʝ. ɼʲʨʞʘʚʥʦʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʝ ʚ ʩʠʩʪʝʤʥʘ ʢʨʠʟʘ, ʢʦʝʪʦ ʧʨʦʪʠʚʦʨʝʯʠ ʩ ʯʘʩʪʥʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʝʪʦ ʠʤʘ 

ʚʲʟʤʦʞʥʦʩʪʪʘ ʧʦ-ʙʲʨʟʦ ʜʘ ʜʦʛʦʥʚʘ ʪʝʭʥʦʣʦʛʠʯʥʦʪʦ ʨʘʟʚʠʪʠʝ ʥʘ ʧʦʢʦʣʝʥʠʷʪʘ. ʆʪ ʜʨʫʛʘ 

ʩʪʨʘʥʘ ʪʨʫʜʦʚʠʷʪ ʧʘʟʘʨ ʚ ɹʲʣʛʘʨʠʷ ʩʝ ʨʘʟʚʠʚʘ ʪʝʭʥʦʣʦʛʠʯʥʦ, ʦʧʠʪʚʘʡʢʠ ʩʝ ʜʘ ʧʦʜʜʲʨʞʘ ʝʜʥʦ 

ʟʜʨʘʚʦ ʦʙʱʝʩʪʚʦ. ʂʦʤʧʝʪʝʥʪʥʠʪʝ ʪʨʫʜʦʚʠ ʢʘʜʨʠ ʩʘ ʚʩʝ ʧʦ-ʮʝʥʥʠ ʠ ʝ ʥʫʞʥʦ ʫʯʝʥʠʮʠʪʝ ʦʱʝ 

ʚ ʫʯʠʣʠʱʝ ʜʘ ʨʘʟʚʠʚʘʪ ʧʦʜʭʦʜʷʱʠʪʝ ʫʤʝʥʠʷ, ʟʘ ʜʘ ʩʘ ʢʦʥʢʫʨʝʥʪʥʦʩʧʦʩʦʙʥʠ. ɼʦʛʦʥʚʘʥʝʪʦ ʠ 

ʠʟʣʠʟʘʥʝʪʦ ʦʪ ʬʫʥʢʮʠʦʥʘʣʥʠʷ ʩʨʠʚ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʜʘ ʩʝ ʩʣʫʯʠ ʩ ʧʦʤʦʱʪʘ 

ʥʘ ʀʂʊ ʠ STEM ʦʙʫʯʝʥʠʝ. STEM1 ʝ ʘʙʨʝʚʠʘʪʫʨʘ ʦʪ ʘʥʛʣʠʡʩʢʦʪʦ STEM - Science Technology 

Engineering Mathematics, ʚ ʧʨʝʚʦʜ ʅʘʫʢʘ ʊʝʭʥʦʣʦʛʠʠ ʀʥʞʝʥʝʨʩʪʚʦ ʠ ʄʘʪʝʤʘʪʠʢʘ. ʏʝʪʠʨʠ 

ʛʣʦʙʘʣʥʠ ʥʘʫʢʠ ʦʙʝʜʠʥʝʥʠ ʚ ʝʜʥʦ ʩ ʮʝʣ ʢʦʣʘʙʦʨʘʮʠʷʪʘ ʠʤ ʚ ʧʨʝʧʦʜʘʚʘʥʝʪʦ ʚ ʝʜʠʥ ʯʘʩ. ʊʦʚʘ 

ʝ ʤʝʪʦʜ ʥʘ ʦʙʫʯʝʥʠʝ ʩ ʯʠʷʪʦ ʧʦʤʦʱ ʤʦʞʝ ʜʘ ʩʝ ʙʘʣʘʥʩʠʨʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ. ʆʩʚʝʥ 

ʪʲʨʩʝʥʠʷ ʙʘʣʘʥʩ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ, ʚʨʝʤʝʥʘʪʘ ʩʝ ʨʘʟʚʠʚʘʪ ʪʝʭʥʦʣʦʛʠʯʥʦ ʠ ʟʘʧʦʯʚʘ ʀʥʜʫʩʪʨʠʷ 

5.0, ʢʦʝʪʦ ʟʘʜʘʚʘ ʧʦʩʦʢʘ ʥʘ STEM ʤʝʪʦʜʘ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ, ʘ ʠʤʝʥʥʦ ʜʘ ʩʝ ʚʢʣʶʯʠ 

ʠʟʫʯʘʚʘʥʝʪʦ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ, ʜʘ ʤʦʞʝ ʪʦ ʜʘ ʩʝ ʦʙʥʦʚʷʚʘ ʠ ʜʘ ʙʲʜʝ ʘʜʝʢʚʘʪʥʦ ʥʘ ʨʝʘʣʥʠʪʝ 

ʪʝʭʥʦʣʦʛʠʯʥʠ ʧʨʦʤʝʥʠ ʠ ʥʦʚʦʩʪʠ, ʧʦʩʪʘʚʷʡʢʠ ʝʜʥʘ ʩʪʘʙʠʣʥʘ ʦʩʥʦʚʘ.   

ʆʙʨʘʟʦʚʘʥʠʝʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʦʪʛʦʚʘʨʷ ʥʘ ʝʞʝʜʥʝʚʥʘʪʘ ʜʠʥʘʤʠʢʘ, ʘ ʨʘʙʦʪʥʠʪʝ 

ʤʝʩʪʘ ʥʘ ʥʘʩʪʦʷʱʝʪʦ ʠ ʙʲʜʝʱʝʪʦ ʧʨʝʜʧʦʣʘʛʘʪ ʚʩʝ ʧʦʚʝʯʝ ʫʯʘʩʪʠʝ ʥʘ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ, 

ʨʘʙʦʪʘ ʩ ʘʣʛʦʨʠʪʤʠ, ʠʟʦʙʨʝʪʘʪʝʣʩʪʚʦ ʠ ʠʥʞʝʥʝʨʩʪʚʦ. ɿʘʪʦʚʘ ʠ ʠʥʪʝʨʝʩʲʪ ʢʲʤ STEM 

ʦʙʫʯʝʥʠʝʪʦ ʝ ʚʩʝ ʧʦ-ʛʦʣʷʤ. 

STEM ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʥʦʩʠ ʨʝʜʠʮʘ ʧʦʣʟʠ ʟʘ ʫʯʝʥʠʮʠʪʝ. ɸʢʦ ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʮʝʣ ʝ 

ʫʯʝʥʠʮʠʪʝ ʜʘ ʩʪʘʥʘʪ ʘʜʘʧʪʠʚʥʠ ʠ ʢʨʠʪʠʯʥʦ ʤʠʩʣʝʱʠ ʤʣʘʜʠ ʭʦʨʘ, ʢʦʠʪʦ ʜʘ ʤʦʛʘʪ ʜʘ ʨʝʘhʚʘʪ 

ʢʘʟʫʩʠ ʫʪʨʝ, ʫ ʪʷʭ ʝ ʥʫʞʥʦ ʜʘ ʩʝ ʧʦʜʢʨʝʧʷʪ ʩʣʝʜʥʠʪʝ ʫʤʝʥʠʷ, ʚʲʨʭʫ ʢʦʠʪʦ ʩʝ ʦʩʥʦʚʘʚʘ 

ʢʦʥʮʝʧʮʠʷʪʘ ʟʘ STEM:  

¶ ʊʚʦʨʯʝʩʢʦ ʤʠʩʣʝʥʝ (ʢʨʝʘʪʠʚʥʦ ʤʠʩʣʝʥʝ); 

¶ ʂʨʠʪʠʯʝʥ ʘʥʘʣʠʟ (ʘʥʘʣʠʪʠʯʥʦ ʤʠʩʣʝʥʝ); 

¶ ʈʘʙʦʪʘ ʚ ʝʢʠʧ; 

¶ ʀʥʠʮʠʘʪʠʚʥʦʩʪ; 

¶ ʄʘʪʝʤʘʪʠʯʝʩʢʘ ʛʨʘʤʦʪʥʦʩʪ; 

¶ ɸʣʛʦʨʠʪʤʠʯʥʦ ʤʠʩʣʝʥʝ; 

 
1 ʊʲʡ ʢʘʪʦ ʧʦʥʷʪʠʝʪʦ STEM ʩʝ ʝ ʥʘʣʦʞʠʣʦ ʠ ʥʘ ʘʥʛʣʠʡʩʢʠ ʠ ʥʘ ʙʲʣʛʘʨʩʢʠ ʱʝ ʟʘʧʘʟʷ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʘʙʨʝʚʠʘʪʫʨʘʪʘ ʥʘ ʣʘʪʠʥʠʮʘ. 
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¶ ʉʦʮʠʘʣʥʦ-ʝʤʦʮʠʦʥʘʣʥʠ ʫʤʝʥʠʷ (ʝʤʧʘʪʠʷ, ʘʢʪʠʚʥʦ ʩʣʫʰʘʥʝ). 

ɺ ʪʘʟʠ ʚʨʲʟʢʘ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʧʦʢʘʞʝ ʢʘʢ 

ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʩʝ ʧʨʠʣʘʛʘʪ ʚ STEM ʦʙʫʯʝʥʠʝʪʦ. ʇʦ 

ʢʦʥʢʨʝʪʥʦ ʢʘʢ ʨʦʙʦʪʠʪʝ ʤʦʛʘʪ ʜʘ ʧʦʤʦʛʥʘʪ ʚ ʪʝʭʥʦʣʦʛʠʯʥʦʪʦ ʦʙʫʯʝʥʠʝʪʦ, ʚʢʣʶʯʚʘʱʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʤʝʭʘʥʠʢʘ, ʬʠʟʠʢʘ, ʠʥʞʝʥʝʨʩʪʚʦ, ʤʘʪʝʤʘʪʠʢʘ ʠ ʜʨ.  

ɿʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʮʝʣʪʘ ʩʘ ʧʦʩʪʘʚʝʥʠ ʩʣʝʜʥʠʪʝ ʟʘʜʘʯʠ: 

o ɼʘ ʩʝ ʧʨʦʚʝʜʝ ʢʨʠʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʤʝʪʦʜʘ ʟʘ ʧʨʝʧʦʜʘʚʘʥʝ STEM; 

o ɼʘ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʚʨʲʟʢʠ ʤʝʞʜʫ ʤʝʪʦʜʘ STEM ʠ ʪʝʭʥʦʣʦʛʠʠʪʝ;  

o ɼʘ ʩʝ ʠʟʩʣʝʜʚʘʪ ʪʝʭʥʦʣʦʛʠʠ; 

o ɼʘ ʩʝ ʠʟʩʣʝʜʚʘʪ ʪʝʭʥʦʣʦʛʠʠʪʝ ʚ STEM ʦʙʨʘʟʦʚʘʥʠʝʪʦ;  

o ɼʘ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʦʨʠʛʠʥʘʣʥʠ ʨʝʰʝʥʠʷ ʟʘ ʨʘʙʦʪʘ ʩ ʢʦʥʢʨʝʪʥʠ ʨʦʙʦʪʠ.  

 

ɿʘʜʘʯʠʪʝ ʩʘ ʚ ʧʦʜʢʨʝʧʘ ʥʘ ʭʠʧʦʪʝʟʘʪʘ, ʯʝ ʀʂʊ ʝ ʧʦʣʝʟʝʥ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʠʟʧʦʣʟʚʘʥʝ 

ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʠ ʦʙʝʜʠʥʷʚʘʱ ʨʘʟʣʠʯʥʠ ʧʨʝʜʤʝʪʠ ʚ STEM ʦʙʫʯʝʥʠʝ.  

ʆʙʝʢʪ ʥʘ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʩʘ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʨʦʙʦʪʠ, ʧʦʜʭʦʜʷʱʠ ʟʘ 

ʦʙʫʯʝʥʠʝ ʥʘ ʫʯʝʥʠʮʠ ʚ ʨʘʟʣʠʯʥʠ ʝʪʘʧʠ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ, ʘʥʘʣʠʟʠʨʘʥʝ ʥʘ ʪʝʭʥʠʪʝ 

ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʨʘʙʦʪʘ.  

ʇʨʝʜʤʝʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ ʢʠʙʝʨʬʠʟʠʯʥʠʪʝ ʩʨʝʜʠ ʟʘ ʨʘʙʦʪʘ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʨʦʙʦʪʠ. 

ɼʦ ʢʦʣʢʦ ʨʘʟʣʠʯʥʠʪʝ ʨʦʙʦʪʠ ʠʤʘʪ ʪʘʢʠʚʘ, ʜʦ ʢʦʣʢʦ ʩʘ ʣʝʩʥʠ ʟʘ ʨʘʟʙʠʨʘʥʝ ʠ ʠʟʧʦʣʟʚʘʥʝ, ʜʦ 

ʢʦʣʢʦ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ STEM ʦʙʫʯʝʥʠʝ. ʀʤʘʪ ʣʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʨʘʟʚʠʪʠʝ. ʅʘ ʢʘʢʚʠ ʝʪʘʧʠ 

ʦʪ ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ ʦʪʛʦʚʘʨʷʪ. 

ʏʨʝʟ ʠʥʪʝʛʨʘʪʠʚʥʠʪʝ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʪʝʭʥʦʣʦʛʠʠ ʱʝ ʧʦʢʘʞʘ ʠʥʪʝʛʨʠʨʘʥʝʪʦ ʥʘ ʀʊ ʠ 

ʂʊ ʠ ʪʷʭʥʦʪʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ. 

ʇʨʝʜʣʦʞʝʥʠʷ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʝ ʩʪʨʫʢʪʫʨʠʨʘʥ ʚ ʫʚʦʜ, ʪʨʠ ʛʣʘʚʠ ʠ ʟʘʢʣʶʯʝʥʠʝ. 

ʊʨʫʜʲʪ ʩʝ ʧʨʠʜʨʫʞʘʚʘ ʦʪ ɼʝʢʣʘʨʘʮʠʷ ʟʘ ʦʨʠʛʠʥʘʣʥʦʩʪ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ.  

ɺ ʫʚʦʜʘ ʝ ʠʟʣʦʞʝʥʘ ʪʝʤʘʪʘ, ʦʙʝʢʪʘ ʠ ʧʨʝʜʤʝʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʷʪʘ. ʆʧʠʩʘʥʘ ʝ ʘʢʪʫʘʣʥʦʩʪʪʘ ʥʘ 

ʪʝʤʘʪʘ. ʇʦʣʦʞʝʥʘ ʝ ʮʝʣ ʥʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘʪʘ ʨʘʙʦʪʘ ʠ ʟʘʜʘʯʠ , ʯʨʝʟ ʢʦʠʪʦ ʪʷ ʜʘ ʙʲʜʝ ʧʦʩʪʠʛʥʘʪʘ.  



 

 10 

ʇʲʨʚʘ ʛʣʘʚʘ ʩʲʜʲʨʞʘ ʪʝʦʨʝʪʠʯʥʠ ʧʦʥʷʪʠʷ, ʥʘʧʨʘʚʝʥ ʝ ʦʙʟʦʨ, ʘʥʘʣʠʟ ʠ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʥʘ STEM ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʜʦ ʜʥʝʩ ʚ ɹʲʣʛʘʨʠʷ ʠ ʧʦ ʩʚʝʪʘ.  

ɺʪʦʨʘ ʛʣʘʚʘ ʨʘʟʛʣʝʞʜʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʩʧʨʷʤʦ 

STEM ʦʙʨʘʟʦʚʘʥʠʝʪʦ. ʈʦʙʦʪʠʢʘʪʘ ʢʘʪʦ ʯʘʩʪ ʦʪ ʀʀʂʊ.  

ʊʨʝʪʘ ʛʣʘʚʘ ʠʟʩʣʝʜʚʘ ʨʘʟʣʠʯʥʠ ʨʦʙʦʪʠ, ʜʘʣʠ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʫʯʝʙʥʘ ʩʨʝʜʘ, ʢʘʢʚʠ 

ʚʲʟʤʦʞʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʷʪ, ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʫʨʦʮʠ, ʩʦʨʩ ʢʦʜʦʚʝ ʟʘ ʩʲʦʪʚʝʪʥʠ ʨʦʙʦʪʠ. ɸʥʘʣʠʟ 

ʜʦ ʢʦʣʢʦ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʠʥʪʝʛʨʠʨʘʥʝ ʚ ʫʯʝʙʥʠʪʝ ʧʨʦʛʨʘʤʠ ʧʨʝʟ STEM ʫʨʦʮʠʪʝ. ɼʘʜʝʥʠ ʩʘ 

ʢʦʥʢʨʝʪʥʠ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʟʘʜʘʯʠ, ʢʦʠʪʦ ʩʘ ʪʝʩʪʚʘʥʠ ʠʣʠ ʧʨʦʚʝʜʝʥʠ ʩ ʮʝʣ ʘʥʘʣʠʟ ʠ 

ʧʨʦʚʝʨʢʘ ʥʘ ʟʘʜʘʯʠʪʝ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ.  

ɼʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʟʘʚʲʨʰʚʘ ʩʲʩ ʟʘʢʣʶʯʝʥʠʝ ʚ ʢʦʝʪʦ ʩʝ ʜʘʚʘʪ ʢʦʥʢʨʝʪʥʠ ʠ ʷʩʥʠ 

ʧʨʝʜʣʦʞʝʥʠʷ ʟʘ ʨʘʙʦʪʘ.  

ɼʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʩʝ ʩʲʩʪʦʠ ʦʪ 186 ʩʪʨʘʥʠʮʠ, ʦʪ ʢʦʠʪʦ ʦʩʥʦʚʥʦ ʩʲʜʲʨʞʘʥʠʝ 146, 

ʚʢʣʶʯʚʘ 109 ʬʠʛʫʨʠ, 7 ʪʘʙʣʠʮʠ, 2 ʧʨʠʣʦʞʝʥʠʷ, ʙʠʙʣʠʦʛʨʘʬʠʷʪʘ ʦʙʭʚʘʱʘ 126 ʠʟʪʦʯʥʠʢʘ, ʦʪ 

ʢʦʠʪʦ 126 ʥʘ ʘʥʛʣʠʡʩʢʠ ʝʟʠʢ ʠ 6 ʠʥʪʝʨʥʝʪ ʩʘʡʪʘ.  
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ɻʃɸɺɸ 1. STEM ʆɹʋʏɽʅʀɽ 

1.1 ʇʨʦʠʟʭʦʜ ʠ ʟʘʨʘʞʜʘʥʝ ʥʘ STEM  

1.1.1 ʆʧʨʝʜʝʣʝʥʠʝ 

STEM ʝ ʘʢʨʦʥʠʤ ʟʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠʣʠ ʦʙʨʘʟʦʚʘʪʝʣʝʥ ʧʦʜʭʦʜ, 

ʢʦʡʪʦ ʩʲʜʲʨʞʘ ʯʝʪʠʨʠ ʦʩʥʦʚʥʠ ʜʠʩʮʠʧʣʠʥʠ: ʥʘʫʢʘ, ʪʝʭʥʦʣʦʛʠʠ, ʠʥʞʝʥʝʨʩʪʚʦ ʠ ʤʘʪʝʤʘʪʠʢʘ. 

ʂʣʶʯʦʚ ʪʨʠʢ ʪʫʢ ʝ, ʯʝ ʅʘʫʢʘ ʩʲʜʲʨʞʘ ʚ ʩʝʙʝ ʩʠ ʚʩʠʯʢʠ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʨʘʟʜʝʣʠ ʢʘʪʦ 

ɹʠʦʣʦʛʠʷ, ʌʠʟʠʢʘ, ʍʠʤʠʷ ʠ ʪ.ʥ. STEM ʩʝ ʨʘʞʜʘ ʦʪ ʫʯʝʥ ʚ ʅʘʮʠʦʥʘʣʥʘʪʘ ʥʘʫʯʥʘ ʬʦʥʜʘʮʠʷ 

(ʅʅʌ) (National Science Foundation (NSF)) ʥʘ ʉɸʑ. ʅʅʌ ʥʘ ʧʦ-ʢʲʩʝʥ ʝʪʘʧ ʩʲʩʪʘʚ ̫ʩʧʠʩʲʢ 

ʦʪ STEM ʦʙʣʘʩʪʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʩʚʲʨʟʘʥʠʪʝ ʩ ʠʥʜʫʩʪʨʠʷʪʘ ʦʙʣʘʩʪʠ ʥʘ ʧʩʠʭʦʣʦʛʠʷ, ʩʦʮʠʘʣʥʠ 

ʥʘʫʢʠ ʠ ʠʟʩʣʝʜʚʘʥʠʷ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʠ ʫʯʝʥʝʪʦ. 

 ʅʷʤʘ ʦʬʠʮʠʘʣʥʘ ʜʝʬʠʥʠʮʠʷ ʟʘ STEM, ʥʦ ʜʥʝʩ ʘʙʨʝʚʠʘʪʫʨʘʪʘ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ 

ʤʘʨʢʘ, ʢʦʷʪʦ ʦʧʠʩʚʘ ʠʥʪʝʛʨʠʨʘʥʝʪʦ ʥʘ ʥʘʫʢʘʪʘ, ʪʝʭʥʦʣʦʛʠʠʪʝ, ʠʥʞʝʥʝʨʩʪʚʦʪʦ ʠ 

ʤʘʪʝʤʘʪʠʢʘʪʘ ʚ ʦʙʨʘʟʦʚʘʪʝʣʥʠʪʝ ʧʨʦʛʨʘʤʠ. ʀʣʠ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʥʘʩʦʯʚʘ ʬʦʢʫʩʘ ʢʲʤ 

ʨʘʟʚʠʚʘʥʝʪʦ ʥʘ ʘʣʛʦʨʠʪʤʠʯʥʦ, ʣʦʛʠʯʝʩʢʦ, ʠʥʞʝʥʝʨʥʦ ʤʠʩʣʝʥʝ ʠ ʥʦʚʘ ʤʝʪʦʜʠʢʘ ʥʘ ʦʙʫʯʝʥʠʝ, 

ʙʘʟʠʨʘʥʘ ʥʘ ʧʨʦʝʢʪʥʦ ʙʘʟʠʨʘʥʦʪʦ ʦʙʫʯʝʥʠʝ. ʊ.ʝ. ʫʯʝʥʠʮʠʪʝ ʠʤʘʪ ʟʘ ʟʘʜʘʯʘ ʜʘ ʨʝʰʘʚʘʪ 

ʧʨʦʙʣʝʤʠ ʦʪ ʨʝʘʣʥʠʷ ʩʚʷʪ ʩ ʧʦʤʦʱʪʘ ʥʘ ʚʩʠʯʢʠ ʪʝʟʠ ʥʘʫʢʠ ʟʘʝʜʥʦ. ʊʘʢʘ ʩʝ ʮʝʣʠ ʩʪʨʝʤʝʞ 

ʢʲʤ ʠʥʦʚʘʮʠʠ. [8, 9] 

1.1.2 ʂʦʥʮʝʧʮʠʷ 

ʂʦʥʮʝʧʮʠʷʪʘ ʜʘʚʘ ʦʪʛʦʚʦʨ ʥʘ ʪʦʚʘ ʢʘʢ ʜʘ ʩʝ ʧʨʝʦʜʦʣʝʝ Ăʩʢʫʯʥʦʪʦñ, ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʚʘʱʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʫʯʝʥʠʮʠʪʝ/ʩʪʫʜʝʥʪʠʪʝ ʥʘ ʩʪʘʥʜʘʨʪʠʟʠʨʘʥʠʪʝ ʠʟʧʠʪʠ ʧʦ 

ʤʘʪʝʤʘʪʠʢʘ ʠ ʧʨʠʨʦʜʥʠ ʥʘʫʢʠ. [8] ʅʠʚʦʪʦ ʢʦʝʪʦ ʜʥʝʩ ʩʤʝ ʜʦʩʪʠʛʥʘʣʠ ʠ ʚ ɹʲʣʛʘʨʠʷ. 

ɺ ʤʘʣʢʦ ʧʦ ʢʦʥʢʨʝʪʝʥ ʩʤʠʩʲʣ ʥʝʢʘ ʜʘ ʠʟʷʩʥʠʤ, ʯʝ S ʦʪ science (ʥʘʫʢʘ) ʩʝ ʟʘʥʠʤʘʚʘ ʩ 

ʨʘʟʙʠʨʘʥʝʪʦ ʥʘ ʝʩʪʝʩʪʚʝʥʠʷ ʩʚʘʪ. ʅʘʫʢʘʪʘ ʩʝ ʟʘʥʠʤʘʚʘ ʩ ʪʦʚʘ ʢʦʝʪʦ ʩʲʱʝʩʪʚʫʚʘ ʚ 

ʝʩʪʝʩʪʚʝʥʠʷ ʩʚʷʪ ʇʨʦʮʝʩʠ, ʢʦʠʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʥʘʫʢʘʪʘ ʟʘ ʪʲʨʩʝʥʝ ʥʘ ʝʩʪʝʩʪʚʝʥʠʷ ʩʚʷʪ ʩʘ: 

ʟʘʧʠʪʚʘʥʝ, ʦʪʢʨʠʚʘʥʝ ʥʘ ʪʦʚʘ ʢʦʝʪʦ ʝ, ʠʟʩʣʝʜʚʘʥʝ, ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʥʘʫʯʝʥ ʤʝʪʦʜ.  

ʊ ï ʪʝʭʥʦʣʦʛʠʷʪʘ ʝ ʤʦʜʠʬʠʢʘʮʠʷ ʥʘ ʝʩʪʝʩʪʚʝʥʠʷ ʩʚʷʪ, ʟʘ ʜʘ ʦʪʛʦʚʦʨʠ ʥʘ ʯʦʚʝʰʢʠʪʝ 

ʞʝʣʘʥʠʷ ʠ ʥʫʞʜʠ. [10, 11] ʎʝʣʪʘ ʥʘ ʪʝʭʥʦʣʦʛʠʷʪʘ ʝ ʜʘ ʥʘʧʨʘʚʠ ʤʦʜʠʬʠʢʘʮʠʠ ʚ ʩʚʝʪʘ, ʟʘ ʜʘ 

ʦʪʛʦʚʦʨʠ ʥʘ ʯʦʚʝʰʢʠʪʝ ʥʫʞʜʠ. [12] ʊʝʭʥʦʣʦʛʠʷʪʘ ʩʝ ʟʘʥʠʤʘʚʘ ʩ ʪʦʚʘ ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ 
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ʧʨʦʝʢʪʠʨʘʥʦ, ʥʘʧʨʘʚʝʥʦ ʠ ʨʘʟʨʘʙʦʪʝʥʦ ʦʪ ʤʘʪʝʨʠʘʣʠ ʠʣʠ ʚʝʱʝʩʪʚʘ ʦʪ ʝʩʪʝʩʪʚʝʥʠʷ ʩʚʷʪ. [13] 

ʇʨʦʮʝʩʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʚʝʜʘʪ ʟʘ ʧʨʦʤʝʥʠʪʝ ʥʘ ʝʩʪʝʩʪʚʝʥʠʷ ʩʚʷʪ ʩʘ: ʠʥʦʚʘʮʠʠʪʝ, 

ʧʨʘʢʪʠʯʝʩʢʦ ʨʝʰʘʚʘʥʝ ʥʘ ʢʘʟʫʩʘ, ʜʠʟʘʡʥ, ʚʠʟʠʷ.   

ɽ ï Engineering ï ʠʥʞʝʥʝʨʩʪʚʦʪʦ ʩʝ ʜʝʬʠʥʠʨʘ ʢʘʪʦ ʧʨʦʬʝʩʠʷ, ʚ ʢʦʷʪʦ ʟʥʘʥʠʷʪʘ ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʪʝ ʠ ʧʨʠʨʦʜʥʠ ʥʘʫʢʠ, ʧʨʠʜʦʙʠʪʠ ʯʨʝʟ ʫʯʝʥʝ ʠ ʧʨʘʢʪʠʢʘ ʩʝ ʧʨʠʣʘʛʘʪ ʪʘʢʘ, ʯʝ 

ʜʘ ʩʝ ʨʘʟʨʘʙʦʪʠ ʥʦʚʠ ʤʘʪʝʨʠʘʣʠ, ʤʘʰʠʥʠ ʠʣʠ ʜʨʫʛʠ ʠʥʦʚʘʮʠʠ ʩ ʮʝʣ ʠʢʦʥʦʤʠʯʥʦ ʠʟʧʦʣʟʚʘʥʝ 

ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʤʘʪʝʨʠʘʣʠ, ʚʲʟʧʨʦʠʟʚʝʞʜʘʥʝʪʦ ʠʤ, ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʠʣʠʪʝ ʥʘ ʧʨʠʨʦʜʘ ʠ 

ʚʩʠʯʢʦ ʚ ʧʦʣʟʘ ʥʘ ʭʦʨʘʪʘ. [14] 

ʄ ï Mathematics ï Ăʤʘʪʝʤʘʪʠʢʘʪʘ ʝ ʥʘʫʢʘ ʟʘ ʤʦʜʝʣʠʪʝ ʠ ʚʨʲʟʢʠʪʝñ [15] ʄʘʪʝʤʘʪʠʢʘʪʘ 

ʝ ʚ ʦʩʥʦʚʘʪʘ ʥʘ ʠʥʦʚʘʮʠʠʪʝ ʠʣʠ ʪʷʭʥʦʪʦ ʧʦʜʦʙʨʝʥʠʝ. ɻʦʚʦʨʝʡʢʠ ʜʥʝʩ ʟʘ ʪʝʭʥʦʣʦʛʠʠ, 

ʠʥʜʫʩʪʨʠʠ, ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ, ʟʘʜ ʚʩʠʯʢʦ ʩʝʜʠ ʤʥʦʛʦ ʤʘʪʝʤʘʪʠʢʘ.  

STEM ʤʦʞʝ ʜʘ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘ ʧʦ ʥʷʢʦʣʢʦ ʚʘʨʠʘʥʪʘ ʯʨʝʟ ʩʣʝʜʥʠʪʝ ʤʦʜʝʣʠ ʧʦʩʦʯʝʥʠ 

ʥʘ ʬʠʛ. 3 [8] ʄʦʜʝʣʠ ʥʘ ʧʨʝʜʤʝʪʥʠʪʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʥʘ STEM:  

   

  

ʌʠʛ. 3 ʄʦʜʝʣʠ ʥʘ ʧʨʝʜʤʝʪʥʠʪʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʥʘ STEM  

STEM ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʧʨʝʜʣʘʛʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʥʘʫʯʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʯʨʝʟ ʬʦʨʤʫʣʠʨʘʥʝ 

ʥʘ ʚʲʧʨʦʩʠ, ʥʘ ʢʦʠʪʦ ʩʝ ʪʲʨʩʷʪ ʦʪʛʦʚʦʨʠ ʯʨʝʟ ʧʨʦʫʯʚʘʥʝ, ʟʘ ʜʘ ʟʘʧʦʟʥʘʝ ʫʯʝʥʠʢʘ, ʧʨʝʜʠ ʜʘ 

ʩʝ ʚʢʣʶʯʠ ʚ ʧʨʦʮʝʩʘ ʥʘ ʠʥʞʝʥʝʨʥʦ ʧʨʦʝʢʪʠʨʘʥʝ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʠ. [16] ɺ ʩʚʦʝʪʦ 

ʟʘʨʘʞʜʘʥʝ ʧʦʜʭʦʜʲʪ STEM ʩʝ ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʱʝ ʧʦʚʠʰʠ ʤʦʪʠʚʘʮʠʷʪʘ ʥʘ ʫʯʝʥʠʮʠʪʝ, ʱʝ 

ʧʦʜʦʙʨʠ ʫʤʝʥʠʷʪʘ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʠ, ʧʦʩʪʠʞʝʥʠʷʪʘ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʥʘʫʢʘʪʘ. ʀ ʯʨʝʟ 

ʪʦʟʠ ʥʦʚ ʤʝʪʦʜ ʜʘ ʩʝ ʧʦʤʦʛʥʝ ʥʘ ʫʯʝʥʠʮʠʪʝ ʜʘ ʨʘʟʙʝʨʘʪ ʢʘʢʚʦ ʫʯʘʪ ʠ ʢʲʜʝ ʤʦʛʘʪ ʜʘ ʛʦ 

ʠʟʧʦʣʟʚʘʪ, ʜʘ ʧʨʠʣʘʛʘʪ ʧʨʠʜʦʙʠʪʠʪʝ ʟʥʘʥʠʷ.  

ʇʨʠ STEM ʦʙʫʯʝʥʠʝʪʦ ʫʯʝʥʠʢʲʪ ʝ ʚ ʮʝʥʪʲʨʘ ʥʘ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ. ʅʘʩʲʨʯʘʚʘ ʩʝ 

ʪʚʦʨʯʝʩʪʚʦʪʦ ʠ ʩʝ ʧʨʦʤʝʥʷ ʪʨʘʜʠʮʠʦʥʥʘʪʘ ʜʠʥʘʤʠʢʘ ʥʘ ʧʨʝʧʦʜʘʚʘʥʝ ʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʪʘ 

ʤʝʞʜʫ ʫʯʠʪʝʣ ʠ ʫʯʝʥʠʢ. ʋʯʠ ʩʝ ʯʨʝʟ ʧʨʝʞʠʚʷʚʘʥʝ, ʝʢʩʧʝʨʠʤʝʥʪʠ, ʨʝʰʘʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʠ ʠ 

ʩʝ ʪʲʨʩʠ ʧʨʘʢʪʠʯʝʩʢʦʪʦ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʨʘʟʚʠʪʠʪʝ ʫʤʝʥʠʷ ʠ ʧʨʠʜʦʙʠʪʠʪʝ ʟʥʘʥʠʷ. ʆʩʚʝʥ 
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ʚʩʠʯʢʦ, STEM ʥʘʜʛʨʘʞʜʘ ʪʨʘʜʠʮʠʦʥʥʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ, ʢʘʪʦ ʩʝ ʬʦʢʫʩʠʨʘ ʠ ʚʲʨʭʫ 

ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʤʝʞʜʫʧʨʝʜʤʝʪʥʠ ʚʨʲʟʢʠ ʠ ʨʘʙʦʪʘʪʘ ʚ ʝʢʠʧ ʥʝ ʩʘʤʦ ʤʝʞʜʫ ʫʯʝʥʠʮʠʪʝ, ʘ ʠ 

ʤʝʞʜʫ ʧʝʜʘʛʦʟʠʪʝ.  

ʎʝʣʪʘ ʥʘ STEM ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʝ ʜʘ ʥʘʩʲʨʯʠ ʫʯʝʥʠʮʠʪʝ ʜʘ ʨʘʟʚʠʷʪ ʢʨʠʪʠʯʥʦ ʤʠʩʣʝʥʝ, 

ʧʨʦʙʣʝʤʥʦ ʨʝʰʘʚʘʥʝ, ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʫʤʝʥʠʷ ʠ ʜʘ ʙʲʜʘʪ ʧʦʜʛʦʪʚʝʥʠ ʩ ʪʝʟʠ ʤʝʢʠ ʫʤʝʥʠʷ 

ʟʘ ʨʝʘʣʥʠʷ ʞʠʚʦʪ ʩʣʝʜ ʥʘʚʲʨʰʚʘʥʝ ʥʘ ʧʲʣʥʦʣʝʪʠʝ. 

ɺʲʧʨʝʢʠ ʠʟʷʩʥʷʚʘʥʝʪʦ ʥʘ STEM ʜʦ ʪʫʢ, ʥʷʤʘ ʤʝʞʜʫʥʘʨʦʜʥʦ ʧʨʠʝʪʘ ʜʝʬʠʥʠʮʠʷ ʟʘ 

STEM. ʅʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʘ:  

ü ʇʨʝʧʦʜʘʚʘʥʝ ʠ ʫʯʝʥʝ ʤʝʞʜʫ ʜʚʝ ʠʣʠ ʧʦʚʝʯʝ ʧʨʝʜʤʝʪʥʠ ʦʙʣʘʩʪʠ ʥʘ STEM ʠʣʠ 

ʤʝʞʜʫ STEM ʫʯʠʣʠʱʥʠ ʧʨʝʜʤʝʪʠ. [17, 18, 19] 

ü ʋʩʠʣʠʝ ʟʘ ʢʦʤʙʠʥʠʨʘʥʝ ʥʘ ʥʷʢʦʠ ʠʣʠ ʚʩʠʯʢʠ ʯʝʪʠʨʠ ʜʠʩʮʠʧʣʠʥʠ ʥʘʫʢʘ ï 

ʪʝʭʥʦʣʦʛʠʠ ï ʠʥʞʝʥʝʨʩʪʚʦ ʠ ʤʘʪʝʤʘʪʠʢʘ ʚ ʝʜʠʥ ʯʘʩ ʠʣʠ ʫʨʦʢ, ʢʦʡʪʦ ʩʝ 

ʦʩʥʦʚʘʚʘ ʥʘ ʚʨʲʟʢʠ ʤʝʞʜʫ ʧʨʝʜʤʝʪʠʪʝ ʠ ʧʨʦʙʣʝʤʠ ʦʪ ʨʝʘʣʥʠʷ ʩʚʷʪ. ʄʦʜʝʣʠʪʝ 

ʥʘ ʫʯʝʙʥʠ ʧʨʦʛʨʘʤʠ ʧʦ STEM ʤʦʛʘʪ ʜʘ ʩʲʜʲʨʞʘʪ ʫʯʝʙʥʠ ʮʝʣʠ ʬʦʢʫʩʠʨʘʥʠ 

ʚʲʨʭʫ ʝʜʠʥ ʧʨʝʜʤʝʪ, ʥʦ ʢʦʥʪʝʢʩʪʠʪʝ ʠʜʚʘʪ ʦʪ ʜʨʫʛʠ ʧʨʝʜʤʝʪʠ. [20,21]  

ü ʇʦʜʭʦʜʲʪ ʥʘ ʧʨʝʧʦʜʘʚʘʥʝ ʥʘ STEM ʩʲʜʲʨʞʘʥʠʝ ʝ ʥʘ ʜʚʝ ʠʣʠ ʧʦʚʝʯʝ ʦʙʣʘʩʪʠ, 

ʦʙʚʲʨʟʘʥʦ ʦʪ STEM ʧʨʘʢʪʠʢʠ ʚ ʨʝʘʣʥʦ ʩʲʜʲʨʞʘʥʠʝ ʩ ʮʝʣ ʩʚʲʨʟʚʘʥʝ ʥʘ ʪʝʟʠ 

ʧʨʝʜʤʝʪʠ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʦʙʫʯʝʥʠʝʪʦ ʥʘ ʫʯʝʥʠʮʠʪʝ.(ʧʦʜʨʘʩʪʚʘʱʠʪʝ). 

ʇʨʦʮʝʩʲʪ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʚʢʣʶʯʚʘ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʠʥʞʝʥʝʨʥʘ ʜʝʡʥʦʩʪ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʦ, ʘʥʘʣʠʪʠʯʥʦ ʤʠʩʣʝʥʝ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘ ʛʨʘʤʦʪʥʦʩʪ. [22]  

ʂʦʣʢʦʪʦ ʠ ʜʘ ʩʝ ʜʠʩʢʫʪʠʨʘ ʢʦʣʢʦ ʜʠʩʮʠʧʣʠʥʠ ʜʘ ʙʲʜʘʪ ʚʢʣʶʯʝʥʠ ʚ STEM, ʩʘʤʠʪʝ 

ʜʝʡʥʦʩʪʠ ʚʲʚʣʠʯʘʪ ʚʩʠʯʢʦ ʚ ʩʣʦʞʥʠ ʧʨʦʝʢʪʠ ʠʟʠʩʢʚʘʱʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʫʤʝʥʠʷ ʠ ʟʥʘʥʠʷ ʦʪ 

ʚʩʠʯʢʠ ʥʘʚʝʜʥʲʞ, ʢʦʝʪʦ ʝ ʥʘʡ-ʙʣʠʟʦ ʜʦ ʨʝʘʣʥʠʷ ʝʞʝʜʥʝʚʝʥ ʞʠʚʦʪ.  

ʆʙʦʙʱʝʥʦ ʚʩʠʯʢʦ ʪʦʚʘ ʩʝ ʟʘʢʣʶʯʘʚʘ ʚ ʪʝʨʤʠʥʘ Ăʧʨʦʝʢʪʥʦ ʙʘʟʠʨʘʥʦ ʦʙʫʯʝʥʠʝñ. ʂʦʝʪʦ 

ʚ ʨʝʘʣʥʘ ʩʠʪʫʘʮʠʷ ʚ ʫʨʦʢ ʠʟʛʣʝʞʜʘ ʧʦ ʩʣʝʜʥʠʷ ʥʘʯʠʥ: ʫʯʝʥʠʮʠʪʝ ʠʤʘʪ ʟʘ ʟʘʜʘʯʘ ʜʘ ʠʟʛʨʘʜʷʪ 

ʥʘʧʨ. ʨʘʙʦʪʝʱʘ ʦʨʘʥʞʝʨʠʷ. ɿʘ ʮʝʣʪʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʧʦʣʫʯʘʪ ʟʥʘʥʠʷ ʦʪ ʥʘʫʢʠ ʢʘʪʦ 

ʙʠʦʣʦʛʠʷ, ʬʠʟʠʢʘ, ʤʘʪʝʤʘʪʠʢʘ ï ʛʝʦʤʝʪʨʠʷ, ʱʝ ʠʤ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʙʲʜʘʪ ʠʥʞʝʥʝʨʠ 

(ʤʘʪʝʤʘʪʠʢʘ), ʩ ʢʦʷʪʦ ʜʘ ʠʟʛʨʘʞʜʘʪ ʠ ʪʝʭʥʦʣʦʛʠʷ ʜʘ ʛʦ ʨʝʘʣʠʟʠʨʘ. ʅʘ ʜʦʧʲʣʥʠʪʝʣʝʥ ʝʪʘʧ 



 

 14 

ʤʦʞʝ ʜʘ ʧʨʦʜʲʣʞʠ ʨʘʟʚʠʪʠʝʪʦ ʩ ʚʢʣʶʯʚʘʥʝ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠʣʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ.  

1.1.3 ʆʩʥʦʚʦʧʦʣʦʞʥʠʢ ʥʘ STEM ʢʦʥʮʝʧʮʠʷʪʘ 

ʀʤʝʪʦ, ʢʦʝʪʦ ʩʝ ʩʨʝʱʘ ʟʘ ʩʲʟʜʘʪʝʣ ʥʘ STEM ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʝ ɼʞʦʨʜʞʝʪ ʗʢʤʘʥ 

(Georgette Yakman), ʢʦʷʪʦ ʝ ʟʘʚʲʨʰʠʣʘ ʤʘʛʠʩʪʲʨʩʢʘ ʩʪʝʧʝʥ ʚ ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʷ ʠʥʩʪʠʪʫʪ ʥʘ 

ɺʠʨʜʞʠʥʠʷ ʠ ʠʥʪʝʛʨʠʨʘʥʘʪʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘ ʧʨʦʛʨʘʤʘ ʧʦ ʥʘʫʢʘ-ʪʝʭʥʦʣʦʛʠʠ-ʠʥʞʝʥʝʨʩʪʚʦ-

ʤʘʪʝʤʘʪʠʢʘ ʚ ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʧʨʦʛʨʘʤʘ (Science-Technology-Engineering-Mathematics 

Educational program (ISTEMed)) ʥʘ ʜʲʨʞʘʚʥʠʷ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʝʟ 2006 ʛ. ɺ ʧʦ-ʜʲʣʲʛ ʧʝʨʠʦʜ 

ʥʘʟʘʜ ʚʲʚ ʚʨʝʤʝʪʦ ʩʝ ʩʨʝʱʘ ʠʤʝʪʦ ɼʞʫʜʠʪ ʈʘʤʘʣʠ (Judith Ramaley), ʢʦʷʪʦ ʦʱʝ ʧʨʝʟ 90ʪʝ 

ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ ʠʟʧʦʣʟʚʘ ʩʲʢʨʘʱʝʥʠʝʪʦ SMET (Science, Mathematics, Engineering and 

Technology), ʢʦʝʪʦ ʝ ʥʘʫʢʘ, ʤʘʪʝʤʘʪʠʢʘ, ʠʥʞʝʥʝʨʩʪʚʦ ʠ ʪʝʭʥʦʣʦʛʠʠ.  

1.1.4 ʈʘʟʚʠʪʠʝ ʚʲʚ ʚʨʝʤʝʪʦ ʥʘ STEM ʦʙʫʯʝʥʠʝʪʦ 

ɺʲʧʨʝʢʠ ʙʣʠʟʢʠʷ ʧʨʦʯʠʪ ʦʪ 2006 ʛ. ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʤʝʨʷʪ ʠ ʤʘʪʝʨʠʘʣʠ ʜʦʩʪʘ ʧʦ-ʥʘʟʘʜ 

ʚʲʚ ʚʨʝʤʝʪʦ, ʢʦʠʪʦ ʩʚʠʜʝʪʝʣʩʪʚʘʪ ʟʘ STEM, ʢʘʪʦ ʟʘʢʦʥʘ ʥʘ ʄʦʨʠʣ ʦʪ 1862 ʛ., ʢʦʡʪʦ ʩʲʟʜʘʚʘ 

ʫʥʠʚʝʨʩʠʪʝʪʠ ʟʘ ʧʨʝʜʦʩʪʘʚʷʥʝ ʥʘ ʟʝʤʷ ʟʘ ʥʘʩʲʨʯʘʚʘʥʝ ʥʘ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʘʪʘ ʥʘʫʢʘ. ɿʘʢʦʥʲʪ 

ʩʲʟʜʘʚʘ ʠ ʠʥʞʝʥʝʨʥʠ ʧʨʦʛʨʘʤʠ ʥʘ ʧʦ-ʢʲʩʝʥ ʝʪʘʧ. ɺ ʧʦʩʣʝʜʩʪʚʠʝ ʚʲʟʥʠʢʚʘʪ ʧʦʚʝʯʝ 

ʠʥʩʪʠʪʫʮʠʠ ʧʨʝʜʦʩʪʘʚʷʱʠ ʟʝʤʷ ʠ STEM ʦʙʫʯʝʥʠʝʪʦ ʩʝ ʨʘʟʚʠʚʘ ʠ ʦʪʚʲʜ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʠ 

ʥʘʚʣʠʟʘ ʚ ʨʘʙʦʪʥʘʪʘ ʩʠʣʘ. ʉʲʢʨʘʱʝʥʠʝʪʦ STEM, ʠʜʚʘʱʦ ʦʪ Since Technology Engineering 

and mathematics /ʅʘʫʢʘ ʊʝʭʥʦʣʦʛʠʠ ʀʥʞʝʥʝʨʩʪʚʦ ʠ ʤʘʪʝʤʘʪʠʢʘ/ - STEM ʝ ʚʲʚʝʜʝʥʦ ʧʨʝʟ 

2001 ʛ. ʦʪ ʫʯʝʥʠ ʚ ʅʘʮʠʦʥʘʣʥʘʪʘ ʥʘʫʯʥʘ ʬʦʥʜʘʮʠʷ (National Science Foundation (NSF)) ʥʘ 

ʉɸʑ. ʇʨʝʜʠ ʪʦʚʘ ʝ ʙʠʣʦ ʠʟʧʦʣʟʚʘʥʦ ʩʲʢʨʘʱʝʥʠʝʪʦ SMET (Science, Mathematics, 

Engineering and Technology), ʚʲʚʝʜʝʥʦ ʦʪ ʙʠʦʣʦʛʲʪ ʠ ʘʢʘʜʝʤʠʯʝʥ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ɼʞʫʜʠʪ 

ʈʘʤʘʣʠ (Judith Ramaley) ʦʱʝ ʧʨʝʟ 90ʪʝ ʛʦʜʠʥʠ.  

 

 

 

1.2 STEM ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ ï ʨʝʪʨʦʩʧʝʢʮʠʷ 

 

ɼʲʨʞʘʚʠʪʝ ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʨʝʜʷʪ ʥʘ ʧʨʝʜʝʥ ʧʣʘʥ ʱʦ ʩʝ ʦʪʥʘʩʷ ʜʦ ʥʘʫʢʘ ʠ 

ʨʘʟʚʠʪʠʝʪʦ Ⱬ ʩʧʦʨʝʜ ʆʀʉʈ (OECD) [23, 24]ʩʘ:  
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ʖʞʥʘ ʂʦʨʝʷ ʩ 32% ʦʪʙʝʣʷʟʘ ʥʘʡ-ʛʦʣʝʤʠʷ ʩʧʘʜ ʚ ʯʝʣʥʘʪʘ ʜʝʩʝʪʢʘ, ʦʪ 39% ʧʨʝʟ 2002 

ʛ., ʚʲʧʨʝʢʠ ʯʝ ʩʪʨʘʥʘʪʘ ʟʘʧʘʟʚʘ ʧʦʟʠʮʠʷʪʘ ʩʠ ʥʘʯʝʣʦ ʚ ʩʧʠʩʲʢʘ ʥʘ ʆʀʉʈ. 

ɻʝʨʤʘʥʠʷ ʩ 31%, ʩʝ ʥʘʨʝʞʜʘ ʥʘ ʪʨʝʪʦ ʤʷʩʪʦ ʧʦ ʩʨʝʜʥʦ ʛʦʜʠʰʥʦ ʟʘʚʲʨʰʠʣʠ STEM 

ʩʪʫʜʝʥʪʠ (ʦʢʦʣʦ 10 000), ʩ ʢʦʝʪʦ ʩʝ ʥʘʨʝʞʜʘ ʩʣʝʜ ʉɸʑ ʠ ʂʠʪʘʡ.  

ʐʚʝʮʠʷ ʠʤʘ 28% ʠ ʩʝ ʥʘʨʝʞʜʘ ʩʣʝʜ ʅʦʨʚʝʛʠʷ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʢʦʤʧʶʪʨʠ ʥʘ ʨʘʙʦʪʥʦʪʦ ʤʷʩʪʦ, ʚʢʣʶʯʠʪʝʣʥʦ ʟʘ ʧʨʠʣʦʞʝʥʠʷ ʢʘʪʦ ʧʨʦʛʨʘʤʠʨʘʥʝ. ʇʦʚʝʯʝ ʦʪ 

ʪʨʠ ʯʝʪʚʲʨʪʠ ʦʪ ʘʢʪʠʚʥʦʪʦ ʥʘʩʝʣʝʥʠʝ ʠʟʧʦʣʟʚʘʪ ʢʦʤʧʶʪʨʠ ʥʘ ʨʘʙʦʪʥʦʪʦ ʩʠ ʤʷʩʪʦ. 

ʌʠʥʣʘʥʜʠʷ ʝ ʜʲʨʞʘʚʘʪʘ ʩ ʥʘʡ-ʛʦʣʷʤ ʜʷʣ ʥʘ ʟʘʚʲʨʰʠʣʠ STEM ʦʙʨʘʟʦʚʘʥʠʝ - ʥʘʜ 30% 

ʦʪ ʟʘʚʲʨʰʠʣʠʪʝ ʫʥʠʚʝʨʩʠʪʝʪʠ ʩʘ ʩʲʩ STEM ʩʧʝʮʠʘʣʥʦʩʪ, ʘ ʥʝ ʩʘʤʦ STEM ʦʙʫʯʝʥʠʝ.  

ʌʨʘʥʮʠʷ ʤʦʞʝ ʜʘ ʩʝ ʧʦʭʚʘʣʠ, ʯʝ ʟʘʚʲʨʰʠʣʠʪʝ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʩʠ ʠʟʩʣʝʜʦʚʘʪʝʣʠ ʚ 

STEM ʩʝ ʥʘʝʤʘʪ ʦʪ ʠʥʜʫʩʪʨʠʷʪʘ, ʘ ʥʝ ʦʪ ʫʥʠʚʝʨʩʠʪʝʪʠʪʝ ʠʣʠ ʧʨʘʚʠʪʝʣʩʪʚʦʪʦ.  

ɺʲʧʨʝʢʠ, ʯʝ ɻʲʨʮʠʷ ʩʝ ʥʘʨʝʞʜʘ ʥʘ ʰʝʩʪʦ ʤʷʩʪʦ ʨʘʟʭʦʜʚʘ ʩʘʤʦ 0.08% ʦʪ ɹɺʇ ʥʘ 

ʩʪʨʘʥʘʪʘ ʩʠ ʟʘ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʧʨʝʟ 2013 ʛ., ʢʦʡʪʦ ʝ ʝʜʠʥ ʦʪ ʥʘʡ-ʥʠʩʢʠʪʝ ʩʨʝʜ ʨʘʟʚʠʪʠʪʝ 

ʩʪʨʘʥʠ. ʊʦʟʠ ʬʘʢʪ ʦʙʷʩʥʷʚʘ ʟʘʱʦ ʧʨʦʮʝʥʪʲʪ ʥʘ STEM ʦʙʨʘʟʦʚʘʥʠʪʝ ʩʧʘʜʘ ʦʪ 28% ʧʨʝʟ 2002 

ʛ. ʥʘ 26% ʧʨʝʟ 2012 ʛʦʜʠʥʘ. 

ɽʩʪʦʥʠʷ ʟʘʝʤʘ ʩʝʜʤʘ ʧʦʟʠʮʠʷ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʞʝʥʠʪʝ ʟʘʚʲʨʰʠʣʠ STEM. ʊʝ ʩʘ ʩ ʥʘʡ-

ʚʠʩʦʢ ʧʨʦʮʝʥʪ - 41% ʧʨʝʟ 2012 ʛʦʜʠʥʘ.  

ʄʝʢʩʠʢʦ ʝ ʫʩʧʷʣʘ ʜʘ ʫʚʝʣʠʯʠ STEM ʦʙʫʯʝʥʠʝʪʦ ʩ 1 % ʦʪ 24% ʧʨʝʟ 2002 ʛ. ʜʦ 25% 

ʧʨʝʟ 2012 ʛ., ʚʲʧʨʝʢʠ ʯʝ ʧʨʘʚʠʪʝʣʩʪʚʦʪʦ ʝ ʧʨʝʤʘʭʥʘʣʦ ʜʘʥʲʯʥʠʪʝ ʦʙʣʝʢʯʝʥʠʷ ʟʘ 

ʠʥʚʝʩʪʠʮʠʠʪʝ ʥʘ ʙʠʟʥʝʩʘ ʚ ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʠ ʨʘʟʚʦʡʥʘ ʜʝʡʥʦʩʪ.  

ɺʲʧʨʝʢʠ ʜʝʚʝʪʦʪʦ ʩʠ ʤʷʩʪʦ ɸʚʩʪʨʠʷ ʜʦʩʪʠʛʘ 25% ʠ ʩʝ ʥʘʨʝʞʜʘ ʥʘ ʚʪʦʨʦ ʤʷʩʪʦ ʩ ʥʘʡ-

ʛʦʣʷʤ ʙʨʦʡ ʜʦʢʪʦʨʘʥʪʠ ʚ STEM ʚ ʪʨʫʜʦʩʧʦʩʦʙʥʘ ʚʲʟʨʘʩʪ,  6.7 ʥʘ 1000  ʞʝʥʠ ʠ 9.1  ʥʘ 1000 

ʤʲʞʝ.  

ʇʦʨʪʫʛʘʣʠʷ ʩʲʱʦ ʤʦʞʝ ʜʘ ʩʝ ʧʦʭʚʘʣʠ, ʯʝ 25% ʦʪ ʦʙʫʯʘʚʘʱʠʪʝ ʩʝ,  ʩʝ ʜʠʧʣʦʤʠʨʘʪ ʩʲʩ 

ʩʪʝʧʝʥ ʚ STEM. ʉʪʨʘʥʘʪʘ ʝ ʠ ʩ ʥʘʡ-ʚʠʩʦʢ ʧʨʦʮʝʥʪ ʜʦʢʪʦʨʘʥʪʠ - 72%, ʢʦʠʪʦ ʨʘʙʦʪʷʪ ʚ 

ʦʙʣʘʩʪʪʘ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝʪʦ, ʥʘ ʬʦʥʘ ʥʘ ʚʩʠʯʢʠʪʝ ʠʟʩʣʝʜʚʘʥʠ ʝʚʨʦʧʝʡʩʢʠ ʩʪʨʘʥʠ.  
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ʂʘʥʘʜʘ ʩʝ ʥʘʨʝʞʜʘ ʥʘ 12 -ʪʦ ʤʷʩʪʦ ʦʪ 16 ʜʲʨʞʘʚʠ ʧʦ ʧʨʦʮʝʥʪ ʦʪ ʟʘʚʲʨʰʠʣʠʪʝ, ʢʦʠʪʦ 

ʩʘ ʫʯʠʣʠ ʚ STEM ʧʨʦʛʨʘʤʠ ʩ 21,2%. ʊʦʚʘ ʝ ʧʦ-ʚʠʩʦʢʘ ʧʦʟʠʮʠʷ ʩʧʨʷʤʦ ʉɸʑ, ʥʦ ʧʦ-ʥʠʩʢʘ ʦʪ 

ʌʨʘʥʮʠʷ, ɻʝʨʤʘʥʠʷ ʠ ɸʚʩʪʨʠʷ.  

ɼʨʫʛʘ ʜʲʨʞʘʚʘ ʠʟʚʲʥ ɽʉ ʝ ʀʥʜʠʷ ʩ ʦʙʱ ʙʨʦʡ ʥʘ ʟʘʚʲʨʰʠʣʠʪʝ STEM ʦʙʨʘʟʦʚʘʥʠʝ - 

2,6 ʤʠʣʠʦʥʘ ʧʨʝʟ 2016 ʛ. ʊʝʟʠ ʩʧʝʮʠʘʣʠʩʪʠ ʠʤʘʪ ʠʟʢʣʶʯʠʪʝʣʝʥ ʧʨʠʥʦʩ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ 

ʠʥʜʠʡʩʢʘʪʘ ʠʢʦʥʦʤʠʢʘ. ɺʲʟʭʦʜʷʱʦʪʦ  ʨʘʟʚʠʪʠʝ ʥʘ ʠʢʦʥʦʤʠʢʘʪʘ ʩʝ ʜʲʣʞʠ ʛʣʘʚʥʦ ʥʘ 

ʫʤʝʥʠʷʪʘ ʥʘ ʩʧʝʮʠʘʣʠʩʪʠʪʝ ʧʦ STEM.  

ɼʲʨʞʘʚʘʪʘ, ʢʦʷʪʦ ʜʘʚʘ ʤʥʦʛʦ ʚʲʟʤʦʞʥʦʩʪʠ ʠ ʤʘʪʝʨʠʘʣʠ, ʦʪ ʢʲʜʝʪʦ ʠ ʚʲʟʥʠʢʚʘ 

ʦʬʠʮʠʘʣʥʦ STEM ʦʙʫʯʝʥʠʝʪʦ ï ʉɸʑ, ʧʨʝʟ 2015 ʛ. ʠʤʘ 9,0 ʤʠʣʠʦʥʘ STEM 

ʨʘʙʦʪʥʠʮʠ. ʆʢʦʣʦ 6,1 % ʦʪ ʚʩʠʯʢʠ ʨʘʙʦʪʥʠʮʠ ʩʘ ʚ STEM ʧʨʦʬʝʩʠʠ, ʩʧʨʷʤʦ 5,5 % ʧʨʝʟ 2010. 

ɿʘʝʪʦʩʪʪʘ ʚ STEM ʧʨʦʬʝʩʠʠʪʝ ʥʘʨʘʩʪʚʘ ʤʥʦʛʦ ʧʦ-ʙʲʨʟʦ ʦʪ ʟʘʝʪʦʩʪʪʘ ʚ ʥʝ-STEM 

ʧʨʦʬʝʩʠʠʪʝ ʧʨʝʟ ʧʦʩʣʝʜʥʦʪʦ ʜʝʩʝʪʠʣʝʪʠʝ (ʩʲʦʪʚʝʪʥʦ 24,4 % ʩʧʨʷʤʦ 4,0 %), ʢʘʪʦ ʩʝ ʟʘ 

ʧʝʨʠʦʜʘ 2014-2024 ʩʝ ʦʯʘʢʚʘ ʪʦʚʘ ʥʘʨʘʩʪʚʘʥʝ ʟʘ STEM ʧʨʦʬʝʩʠʠʪʝ ʜʘ ʝ ʩ 8,9 % , ʚ ʩʨʘʚʥʝʥʠʝ 

ʩ 6,4 % ʨʘʩʪʝʞ ʟʘ ʥʝ-STEM ʧʨʦʬʝʩʠʠ; 

STEM ʨʘʙʦʪʥʠʮʠʪʝ ʧʦʣʫʯʘʚʘʪ ʧʦ-ʚʠʩʦʢʠ ʟʘʧʣʘʪʠ, ʢʘʪʦ ʧʝʯʝʣʷʪ ʩ 29 % ʧʦʚʝʯʝ ʦʪ 

ʩʚʦʠʪʝ ʢʦʣʝʛʠ, ʢʦʠʪʦ ʥʝ ʩʘ STEM (ʜʘʥʥʠ ʦʪ 2015 ʛ.); 

ʇʦʯʪʠ ʪʨʠ ʯʝʪʚʲʨʪʠ ʦʪ STEM ʨʘʙʦʪʥʠʮʠʪʝ ʠʤʘʪ ʧʦʥʝ ʚʠʩʰʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʤʘʣʢʦ ʧʦʚʝʯʝ ʦʪ ʝʜʥʘ ʪʨʝʪʘ ʦʪ ʥʝ-STEM ʨʘʙʦʪʥʠʮʠʪʝ; 

ɺʩʷʢʘ ʛʦʜʠʥʘ 2 ʧʲʪʠ ʥʘʨʘʩʪʚʘ ʙʨʦʷ ʥʘ ʨʘʙʦʪʥʠʪʝ ʤʝʩʪʘ ʧʦ STEM ʚ ʉɸʑ. 

STEM ʥʘʩʲʨʯʘʚʘ ʨʘʚʝʥʩʪʚʦʪʦ ʤʝʞʜʫ ʧʦʣʦʚʝʪʝ, ʤʘʣʮʠʥʩʪʚʘʪʘ ʠ ʜʨ. ʦʙʱʥʦʩʪʠ. 

 

1.3 STEM ʦʙʨʘʟʦʚʘʥʠʝ ʚ ɹʲʣʛʘʨʠʷ 

 

ʇʨʝʟ 2014ʛ. ʩʝ ʧʨʠʝʤʘ ʜʦʢʫʤʝʥʪ Ăʉʪʨʘʪʝʛʠʷ ʟʘ ʝʬʝʢʪʠʚʥʦ ʧʨʠʣʘʛʘʥʝ ʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʠ ʥʘʫʢʘʪʘñ ʥʘ ʈʝʧʫʙʣʠʢʘ 

ɹʲʣʛʘʨʠʷ (2014-2020). ʆʩʥʦʚʥʘʪʘ ʮʝʣ ʥʘ ʉʪʨʘʪʝʛʠʷʪʘ ʝ ʜʘ ʦʩʠʛʫʨʠ ʨʘʚʝʥ ʠ ʛʲʚʢʘʚ ʜʦʩʪʲʧ ʜʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʥʘʫʯʥʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʚʩʷʢʦ ʚʨʝʤʝ ʠ ʦʪ ʚʩʷʢʦ ʤʷʩʪʦ - ʦʪ ʩʪʘʮʠʦʥʘʨʝʥ 

ʢʦʤʧʶʪʲʨ, ʣʘʧʪʦʧ, ʪʘʙʣʝʪ ʠʣʠ ʤʦʙʠʣʝʥ ʪʝʣʝʬʦʥ. ɿʘ ʧʲʨʚʠ ʧʲʪ ʩʝ ʩʲʟʜʘʚʘ ʝʜʠʥʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʨʝʜʘ, ʦʙʩʣʫʞʚʘʱʘ ʫʯʠʣʠʱʥʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ, ʚʠʩʰʝʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠ 

ʥʘʫʢʘʪʘ. 
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ɺ ɹʲʣʛʘʨʠʷ ʩʝ ʟʘʛʦʚʦʨʠ ʟʘ STEM ʧʨʝʜʠ ʝʜʥʦ ʜʝʩʝʪʠʣʝʪʠʝ, ʦʱʝ ʚ ʜʘʣʝʯʥʘʪʘ 2014 

ʥʝʧʨʘʚʠʪʝʣʩʪʚʝʥʠ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʧʦʯʥʘʭʘ ʪʝʤʘʪʘ ʠ ʣʝʢʘ ʧʦʣʝʢʘ ʧʨʦʢʘʨʘʭʘ ʧʲʪ ʜʦ 

ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ɹʲʣʛʘʨʠʷ. ʇʨʝʟ 2018 ʛ. ɹʲʣʛʘʨʠʷ ʩʝ ʧʨʠʩʲʝʜʠʥʠ ʢʘʪʦ 

ʧʲʣʥʦʧʨʘʚʝʥ ʯʣʝʥ ʢʲʤ ɽʚʨʦʧʝʡʩʢʘʪʘ STEM ʢʦʘʣʠʮʠʷ. ʊʦʚʘ ʝ ʤʨʝʞʘ ʦʪ ʥʘʮʠʦʥʘʣʥʠ STEM 

ʧʣʘʪʬʦʨʤʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʦʪʛʦʚʦʨʥʠ ʟʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʥʘʮʠʦʥʘʣʥʠʪʝ STEM ʩʪʨʘʪʝʛʠʠ. 

ɼʥʝʩ 8 ʛʦʜʠʥʠ ʧʦ ʢʲʩʥʦ ʠʤʘ ʥʘʮʠʦʥʘʣʥʘ ʩʪʨʘʪʝʛʠʷ ʟʘ STEM ʦʙʨʘʟʦʚʘʥʠʝ, ʅʘʮʠʦʥʘʣʝʥ 

STEM ʮʝʥʪʲʨ ʢʲʤ ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝʪʦ (ʄʆʅ), ʧʨʦʚʝʜʝʥ ʝ ʝʜʠʥ ʮʠʢʲʣ ʦʪ 

ʠʥʪʝʛʨʠʨʘʥʝ ʥʘ STEM ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʫʯʠʣʠʱʘ ʠʟ ʩʪʨʘʥʘʪʘ, ʚ ʭʦʜ ʝ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʚʪʦʨʠ 

ʮʠʢʲʣ, ʢʦʡʪʦ ʦʙʭʚʘʱʘ ʚʩʠʯʢʠ ʜʲʨʞʘʚʥʠ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʠʥʩʪʠʪʫʮʠʠ ï ʫʯʠʣʠʱʘ. ʊʦʚʘ ʩʝ 

ʩʣʫʯʚʘ ʯʨʝʟ ʥʘʮʠʦʥʘʣʥʘ ʧʨʦʛʨʘʤʘ ʥʘ ʄʆʅ ʟʘ Ăʀʟʛʨʘʞʜʘʥʝ ʥʘ ʫʯʠʣʠʱʥʘ STEM ʩʨʝʜʘñ ʦʪ 

2020 ʛ., ʢʦʷʪʦ ʝ ʥʘʩʦʯʝʥʘ ʢʲʤ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʥʦʚʠ ʫʯʠʣʠʱʥʠ ʮʝʥʪʨʦʚʝ. ʅʝʦʙʭʦʜʠʤʦ ʝ ʜʘ ʩʝ  

ʧʨʦʤʝʥʠ ʬʠʟʠʯʝʩʢʘʪʘ ʩʨʝʜʘ, ʜʘ ʩʝ ʧʨʦʤʝʥʠ ʩʪʘʥʜʘʨʪʥʘʪʘ ʢʣʘʩʥʘ ʩʪʘʷ, ʧʦʩʣʝʜʚʘʥʦ ʦʪ 

ʩʥʘʙʜʷʚʘʥʝ ʩʲʩ ʩʲʚʨʝʤʝʥʥʦ, ʘʜʝʢʚʘʪʥʦ ʦʙʦʨʫʜʚʘʥʝ ʠ ʤʘʪʝʨʠʘʣʠ ʟʘ ʨʲʯʥʘ ʨʘʙʦʪʘ. ʇʲʨʚʠʷʪ 

ʮʠʢʲʣ ʟʘ ʠʥʪʝʛʨʠʨʘʥʝ ʥʘ STEM ʦʙʫʯʝʥʠʝ ʟʘʧʦʯʥʘ ʧʨʝʟ 2020 ʛ. ʇʦʩʣʝʜʥʠʪʝ ʧʝʪ ʛʦʜʠʥʠ ʦʩʚʝʥ 

ʨʘʟʛʨʲʱʘʥʝ ʥʘ STEM ʢʦʥʮʝʧʮʠʷʪʘ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʩʝ ʧʨʦʚʝʞʜʘʪ ʠ ʤʥʦʛʦ ʩʲʙʠʪʠʷ, ʢʦʠʪʦ 

ʧʨʝʟʝʥʪʠʨʘʪ ʫʨʦʮʠ ʠ ʥʘʯʠʥʠ ʥʘ ʚʤʲʢʚʘʥʝ ʚ ʩʪʘʥʜʘʨʪʥʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʥʘ STEM ʯʘʩʦʚʝ, 

ʫʨʦʮʠ ʠ ʩʝ ʩʣʝʜʠ ʢʘʢ ʪʦʚʘ ʩʝ ʦʪʨʘʟʷʚʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʠ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ. ɼʥʝʩ ʪʝʟʠ ʩʲʙʠʪʠʷ 

ʠʟʛʣʝʞʜʘʪ ʤʥʦʛʦ ʧʦ ʧʲʣʥʠ, ʩ ʤʥʦʛʦ ʧʦʚʝʯʝ ʞʝʣʘʝʱʠ ʜʘ ʩʝ ʥʘʫʯʘʪ, ʜʨʫʛʠ ʜʘ ʩʧʦʜʝʣʷʪ ʦʧʠʪ.  

ɺʲʧʨʝʢʠ ʩʪʘʪʠʩʪʠʢʘʪʘ ʠ ʭʨʦʥʦʣʦʛʠʷʪʘ STEM ʩʝ ʩʣʫʯʚʘʰʝ ʚ ɹʲʣʛʘʨʠʷ ʠ ʧʦ ʥʘʧʨʝʜ ʚʲʚ 

ʚʨʝʤʝʪʦ, ʥʦ ʥʷʤʘʰʝ ʠʤʝ. ʆʱʝ ʧʨʝʟ ʤʠʥʘʣʠʷ ʚʝʢ ʪʘʢʘ ʠʟʚʝʩʪʥʘʪʘ ʉʝʥʜʦʚʩʢʘʪʘ 

ʩʠʩʪʝʤʘ ʩʲʟʜʘʚʘ ʧʲʨʚʠʪʝ ʩʪʲʧʢʠ ʢʲʤ ʤʦʜʝʨʥʦʪʦ ʜʥʝʩ STEM ʦʙʫʯʝʥʠʝ. ʉ ʪʦʚʘ ʩʝ ʟʘʧʦʟʥʘʚʘʪ 

ʥʷʢʦʠ ʫʯʝʥʠʮʠ ʦʪ ʉʦʬʠʡʩʢʠ ʫʯʠʣʠʱʘ ʦʪ ʧʨʝʜʩʪʘʚʷʥʝʪʦ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʷ ʥʘʯʠʥ ʥʘ 

ʦʙʫʯʝʥʠʝ, ʚʲʚʝʜʝʥ ʦʪ ʠʟʪʲʢʥʘʪʠʷ ʙʲʣʛʘʨʩʢʠ ʤʘʪʝʤʘʪʠʢ ʘʢʘʜ. ɹʣʘʛʦʚʝʩʪ ʉʝʥʜʦʚ, ʧʨʝʜʩʪʘʚʝʥʦ 

ʦʪ ʜʦʮ. ɾʝʥʠ ʉʝʥʜʦʚʘ, ʢʦʷʪʦ ʧʦʥʘʩʪʦʷʱʝʤ ʝ ʘʩʦʮʠʠʨʘʥ ʯʣʝʥ ʥʘ ʀʥʩʪʠʪʫʪʘ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ 

ʠʥʬʦʨʤʘʪʠʢʘ ʢʲʤ ɹɸʅ. [25] 

ʆʙʫʯʝʥʠʝʪʦ ʧʦ ʩʠʩʪʝʤʘʪʘ ʥʘ ʉʝʥʜʦʚ ʫ ʥʘʩ ʩʝ ʝ ʨʝʘʣʠʟʠʨʘʣʦ ʤʝʞʜʫ 1974 ʛ. ʠ 1996 

ʛ. "ʊʦʚʘ ʝ ʫʥʠʢʘʣʝʥ ʦʙʨʘʟʦʚʘʪʝʣʝʥ ʤʦʜʝʣ, ʥʘ ʢʦʡʪʦ ʜʥʝʩ ʢʘʟʚʘʤʝ STEM, ʠʥʦʚʘʮʠʷ, 
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ʝʢʩʧʝʨʠʤʝʥʪ. ɺ ʦʩʥʦʚʘʪʘ ʤʫ ʩʘ ʚʩʠʯʢʠ ʧʨʠʥʮʠʧʠ ʥʘ STEM ʦʙʫʯʝʥʠʝʪʦ - ʫʯʝʥʝ ʯʨʝʟ ʧʨʘʚʝʥʝ, 

ʧʨʦʝʢʪʠ, ʟʘʜʘʚʘʥʝ ʥʘ ʚʲʧʨʦʩʠ ʠ ʪ.ʥ.". 

ɺ ʦʩʥʦʚʘʪʘ ʥʘ ʉʝʥʜʦʚʩʢʘʪʘ ʩʠʩʪʝʤʘ ʝ ʬʠʣʦʩʦʬʠʷʪʘ, ʯʝ ʜʚʠʛʘʪʝʣ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʠʷʪ 

ʧʨʦʮʝʩ ʪʨʷʙʚʘ ʜʘ ʩʘ ʣʶʙʦʧʠʪʩʪʚʦʪʦ ʠ ʧʦʟʥʘʚʘʪʝʣʥʘʪʘ ʧʦʪʨʝʙʥʦʩʪ ʥʘ ʜʝʪʝʪʦ, ʘ ʥʝ ʧʨʠʥʫʜʘʪʘ 

ʠ ʟʘʧʣʘʭʘʪʘ ʦʪ ʩʘʥʢʮʠʷ, ʢʘʢʪʦ ʠ ʯʝ ʜʝʪʝʪʦ ʪʨʷʙʚʘ ʜʘ ʝ ʘʢʪʠʚʝʥ ʫʯʘʩʪʥʠʢ ʠ ʦʪʢʨʠʚʘʪʝʣ, ʘ ʥʝ 

ʧʘʩʠʚʝʥ ʩʣʫʰʘʪʝʣ. ʋʯʝʥʝʪʦ ʯʨʝʟ ʧʨʘʚʝʥʝ ʠ ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʠʷʪ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʡʪʦ ʩʝ 

ʟʘʣʠʯʘʚʘʪ ʛʨʘʥʠʮʠʪʝ ʤʝʞʜʫ ʦʪʜʝʣʥʠʪʝ ʧʨʝʜʤʝʪʠ (ʚʤʝʩʪʦ ʙʠʦʣʦʛʠʷ, ʬʠʟʠʢʘ ʠ ʭʠʤʠʷ 

ʥʘʧʨʠʤʝʨ ʩʝ ʝ ʧʨʝʧʦʜʘʚʘʣʦ ʧʨʠʨʦʜʘ), ʩʘ ʜʨʫʛʠ ʦʪʣʠʯʠʪʝʣʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʚʲʧʨʦʩʥʠʷ 

ʤʦʜʝʣ. 

STEM ʦʙʫʯʝʥʠʝʪʦ ʩʲʱʦ ʥʘʙʣʷʛʘ ʥʘ ʧʨʦʝʢʪʠʪʝ, ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ, ʫʯʝʥʝʪʦ ʯʨʝʟ ʠʛʨʘ 

ʠ ʪ.ʥʘʨ. "ʤʝʞʜʫʧʨʝʜʤʝʪʥʠ ʚʨʲʟʢʠ", ʢʦʠʪʦ ʧʦʢʘʟʚʘʪ ʥʘ ʫʯʝʥʠʮʠʪʝ, ʯʝ ʠʟʫʯʘʚʘʥʦʪʦ ʧʦ ʝʜʠʥ 

ʫʯʝʙʝʥ ʧʨʝʜʤʝʪ ʤʦʞʝ ʜʘ ʠʤʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘʚʩʷʢʲʜʝ ʚ ʞʠʚʦʪʘ ʠ ʝ ʩʚʲʨʟʘʥʦ ʠ ʩ ʜʨʫʛʠʪʝ 

ʫʯʝʙʥʠ ʧʨʝʜʤʝʪʠ.  

ɺʩʠʯʢʠ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʩʠʩʪʝʤʠ ʚ ɽʉ ʚʢʣʶʯʚʘʪ ʪʝʤʘʪʘ ʟʘ ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʚ ʩʚʦʠʪʝ 

ʫʯʝʙʥʠ ʧʨʦʛʨʘʤʠ. ʂʦʤʧʝʪʝʥʮʠʠʪʝ ʟʘ ʫʩʪʦʡʯʠʚʦʩʪ ʯʝʩʪʦ ʩʘ ʚʢʣʶʯʝʥʠ ʧʦ 

ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʝʥ ʥʘʯʠʥ, ʩ ʤʝʞʜʫʧʨʝʜʤʝʪʥʠ ʚʨʲʟʢʠ ʠʣʠ ʯʨʝʟ ʧʨʦʝʢʪʥʦ-ʙʘʟʠʨʘʥʦ 

ʦʙʫʯʝʥʠʝ. ʋʩʪʦʡʯʠʚʦʩʪʪʘ ʝ ʚʢʣʶʯʝʥʘ ʚ ʫʯʝʙʥʠʪʝ ʧʨʦʛʨʘʤʠ ʢʘʪʦ ʦʪʜʝʣʝʥ, ʯʝʩʪʦ ʠʟʙʠʨʘʝʤ 

ʧʨʝʜʤʝʪ ʩʘʤʦ ʚ 6 ʩʪʨʘʥʠ ʦʪ ɽʉ (ʂʠʧʲʨ, ʋʥʛʘʨʠʷ, ʈʫʤʲʥʠʷ, ʉʣʦʚʝʥʠʷ, ʀʩʧʘʥʠʷ ʠ ʐʚʝʮʠʷ) 

ʩʧʦʨʝʜ ʜʦʢʣʘʜʘ ʥʘ ɽʚʨʦʧʝʡʩʢʘʪʘ ʂʦʤʠʩʠʷ (ɽʂ) ʟʘ 2024 ʛ.  

ʊʨʘʥʩʬʦʨʤʘʪʠʚʥʠʪʝ ʧʝʜʘʛʦʛʠʯʝʩʢʠ ʧʦʜʭʦʜʠ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʥʘʩʲʨʯʘʚʘʥʝ ʥʘ 

ʢʦʤʧʝʪʝʥʮʠʠʪʝ ʟʘ ʫʩʪʦʡʯʠʚʦʩʪ. ʊʘʢʠʚʘ ʧʝʜʘʛʦʛʠʢʠ ʩʘ ʦʨʠʝʥʪʠʨʘʥʠ ʢʲʤ ʜʝʡʩʪʚʠʝ, 

ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠ ʩʝ ʩ ʝʣʝʤʝʥʪʠ ʢʘʪʦ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʫʯʝʥʝ, ʫʯʘʩʪʠʝ ʠ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ, 

ʦʨʠʝʥʪʠʨʘʥʝ ʢʲʤ ʧʨʦʙʣʝʤʠ, ʠʥʪʝʨ- ʠ ʪʨʘʥʩʜʠʩʮʠʧʣʠʥʘʨʥʠ ʧʦʜʭʦʜʠ ʠ ʩʚʲʨʟʚʘʥʝ ʥʘ 

ʬʦʨʤʘʣʥʦ, ʥʝʬʦʨʤʘʣʥʦ ʠ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʫʯʝʥʝ. ʊʨʘʥʩʬʦʨʤʘʪʠʚʥʠʪʝ ʧʦʜʭʦʜʠ ʚʢʣʶʯʚʘʪ 

ʠʩʢʘʥʝ ʢʲʤ ʫʯʝʥʠʮʠʪʝ ʜʘ ʠʟʩʣʝʜʚʘʪ ʨʘʟʣʠʯʥʠ ʢʫʣʪʫʨʥʠ ʧʝʨʩʧʝʢʪʠʚʠ (ʩʲʦʙʱʝʥʠ ʦʪ 73,0% ʦʪ 

ʫʯʠʪʝʣʠʪʝ) ʠʣʠ ʨʘʟʣʠʯʥʠ ʩʦʮʠʘʣʥʠ ʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ʧʝʨʩʧʝʢʪʠʚʠ (64,1%). ʇʦ-ʨʷʜʢʦ 

ʩʨʝʱʘʥʠ ʩʘ ʧʦ-ʦʨʠʝʥʪʠʨʘʥʠʪʝ ʢʲʤ ʜʝʡʩʪʚʠʝ ʧʨʠʤʝʨʠ ʟʘ ʨʘʙʦʪʘ ʚ ʤʘʣʢʠ ʛʨʫʧʠ ʧʦ ʨʘʟʣʠʯʥʠ 

ʚʲʧʨʦʩʠ (46,5%), ʨʦʣʝʚʘ ʠʛʨʘ (20,0%), ʧʨʝʜʣʘʛʘʥʝ ʦʪ ʫʯʝʥʠʮʠ ʥʘ ʪʝʤʠ ʟʘ ʧʦʩʣʝʜʚʘʱʠ ʫʨʦʮʠ 

(18,4%) ʠʣʠ ʧʨʦʝʢʪʠ, ʢʦʠʪʦ ʚʢʣʶʯʚʘʪ ʩʲʙʠʨʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʠʟʚʲʥ ʫʯʠʣʠʱʝ, ʢʘʪʦ 

ʥʘʧʨʠʤʝʨ ʠʥʪʝʨʚʶʪʘ ʚ ʢʚʘʨʪʘʣʘ (13,1%). [26] 
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ɻʃɸɺɸ 2. ʊɽʍʅʆʃʆɻʀʀ ɺ STEM 

 

ʊʝʨʤʠʥʲʪ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ (ʀʂʊ) ʝ ʩ ʰʠʨʦʢʦ 

ʟʥʘʯʝʥʠʝ, ʦʙʭʚʘʱʘʱʦ ʚʩʠʯʢʠ ʧʦʟʥʘʪʠ ʥʘʯʠʥʠ ʠ ʩʨʝʜʩʪʚʘ ʟʘ ʦʙʤʝʥ ʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʘʪʦ 

ʨʘʜʠʦ, ʪʝʣʝʚʠʟʠʷ, ʤʦʙʠʣʥʠ ʪʝʣʝʬʦʥʠ, ʢʦʤʧʶʪʲʨʝʥ ʩʦʬʪʫʝʨ ʠ ʭʘʨʜʫʝʨ, ʩʘʪʝʣʠʪʥʠ ʩʠʩʪʝʤʠ ʠ 

ʪ.ʥ. 

ʇʦʥʷʪʠʝʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ (ʀʊ) ʥʘ ʘʥʛʣʠʡʩʢʠ: Information tehcnologies 

ʚ ʩʲʚʨʝʤʝʥʥʠʷ ʩʠ ʩʤʠʩʲʣ ʝ ʠʟʧʦʣʟʚʘʥʦ ʟʘ ʧʨʲʚ ʧʲʪ ʧʨʝʟ 1958 ʛʦʜʠʥʘ ʚ ʩʪʘʪʠʷ ʚ ʍʘʨʚʘʨʜ 

ɹʠʟʥʝʩ ʈʝʚʶ, ʢʲʜʝʪʦ ʘʚʪʦʨʠʪʝ ʍʘʨʦʣʜ ʃʠʡʚʠʪ ʠ ʊʦʤʘʩ ʋʠʩʣʲʨ ʦʪʙʝʣʷʟʚʘʪ, ʯʝ Ăʥʦʚʘʪʘ 

ʪʝʭʥʦʣʦʛʠʷ ʚʩʝ ʦʱʝ ʥʷʤʘ ʦʧʨʝʜʝʣʝʥʦ ʥʘʠʤʝʥʦʚʘʥʠʝ. [27] ʅʦ ʟʘʧʦʯʚʘʤʝ ʜʘ ʷ ʥʘʨʠʯʘʤʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʪʝʭʥʦʣʦʛʠʷ (ʀʊ).  

 ʆʙʨʘʙʦʪʚʘʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʥʘʡ-ʯʝʩʪʦ ʝ ʚ ʜʠʩʢʨʝʜʠʪʠʨʘʥ ʚʠʜ, ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʥʷʢʦʛʘ ʩʘ ʥʘʨʠʯʘʥʠ ʠ ʮʠʬʨʦʚʠ ʠʣʠ ʜʠʛʠʪʘʣʥʠ. ʇʦʨʘʜʠ ʚʘʞʥʘʪʘ ʨʦʣʷ ʥʘ 

ʢʦʤʫʥʠʢʘʮʠʠʪʝ ʚ ʩʲʚʨʝʤʝʥʥʠʪʝ ʩʨʝʜʩʪʚʘ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʠ 

ʧʦ-ʰʠʨʦʢʦʪʦ ʧʦʥʷʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ.  

ʀʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ ʜʝʡʩʪʚʘʪ ʢʘʪʦ ʠʥʪʝʛʨʘʪʦʨ ʚ STEM 

ʦʙʫʯʝʥʠʝʪʦ. ʊʝ ʩʚʲʨʟʚʘʪ ʩʲʜʲʨʞʘʥʠʝ ʦʪ ʨʘʟʣʠʯʥʠ ʜʠʩʮʠʧʣʠʥʠ.  

 

2.1 ʀʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ ʚ STEM ʦʙʨʘʟʦʚʘʥʠʝʪʦ 

 

 ʀʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʩʘ ʛʨʫʧʘ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ 

ʩʲʙʠʨʘʥʝ, ʦʙʨʘʙʦʪʢʘ, ʩʲʭʨʘʥʝʥʠʝ, ʦʙʤʝʥ, ʩʲʟʜʘʚʘʥʝ ʠ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʪʝʢʩʪʦʚʦ-

ʠʥʬʦʨʤʘʮʠʦʥʥʘ, ʛʨʘʬʠʯʥʘ, ʟʚʫʢʦʚʘ, ʦʥʣʘʡʥ ʠʥʬʦʨʤʘʮʠʷ, ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʪʘʟʠ ʮʝʣ 

ʙʘʟʠʨʘʥʠ ʥʘ ʤʠʢʨʦʝʣʝʢʪʨʦʥʠʢʘʪʘ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʤʧʶʪʨʠ, ʧʨʠʥʪʝʨʠ, ʩʢʝʥʝʨʠ ʠ ʤʦʙʠʣʥʘ ʠ 

ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʦʥʥʘ ʪʝʭʥʠʢʘ. ʀʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʭʚʘʱʘʪ ʧʨʘʢʪʠʯʝʩʢʦʪʦ 

ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʭʘʨʜʫʝʨʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘʪʘ, ʠ ʠʥʬʦʨʤʘʪʠʢʘʪʘ, ʢʘʢʪʦ ʠ ʩʦʬʪʫʝʨʥʠʪʝ 
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ʪʝʭʥʦʣʦʛʠʠ, ʠ ʚ ʪʦʚʘ ʦʪʥʦʰʝʥʠʝ ʩʧʦʜʝʣʷʪ ʥʷʢʦʠ ʦʙʱʠ ʯʝʨʪʠ ʩ ʠʥʞʝʥʝʨʥʠʪʝ ʜʠʩʮʠʧʣʠʥʠ. 

[28, 29] 

ʂʦʛʘʪʦ ʛʦʚʦʨʠʤ ʟʘ ʀʂʊ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʝ ʥʫʞʥʦ ʜʘ ʫʪʦʯʥʠʤ ʢʘʢʚʦ ʪʦʯʥʦ ʩʝ ʚʢʣʶʯʚʘ 

ʚ ʪʦʚʘ ʧʦʥʷʪʠʝ. ʉʲʚʨʝʤʝʥʥʦʪʦ ʨʘʟʙʠʨʘʥʝ ʟʘ ʀʂʊ, ʢʦʠʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʩʝ 

ʦʪʥʘʩʷ ʟʘ ʪʝʭʥʦʣʦʛʠʯʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʠ ʨʝʩʫʨʩʠ, ʢʦʠʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ, 

ʩʲʟʜʘʚʘʥʝ, ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ, ʩʲʭʨʘʥʷʚʘʥʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷ.  

ɺ ʮʝʥʪʲʨʘ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʝ ʠʥʬʦʨʤʘʮʠʷʪʘ.  ʆʩʥʦʚʥʘ ʟʘʜʘʯʘ ʥʘ ʀʊ 

ʝ ʘʚʪʦʤʘʪʠʟʠʨʘʥʝ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʘʥʝ ʥʘ ʨʘʙʦʪʘʪʘ ʩ ʥʝʷ ʩ ʧʦʤʦʱʪʘ ʥʘ ʠʟʯʠʩʣʠʪʝʣʥʘ ʪʝʭʥʠʢʘ 

ʢʘʪʦ ʢʦʤʧʶʪʨʠ. ʀʥʬʦʨʤʘʮʠʷʪʘ ʝ ʧʦʥʷʪʠʝ, ʩʚʲʨʟʘʥʦ ʩ ʦʙʝʢʪʠʚʥʦʪʦ ʩʚʦʡʩʪʚʦ ʥʘ 

ʤʘʪʝʨʠʘʣʥʠʪʝ ʦʙʝʢʪʠ ʠ ʷʚʣʝʥʠʷ ʠʣʠ ʧʨʦʮʝʩʠ ʜʘ ʧʦʨʘʞʜʘʪ ʤʥʦʛʦʦʙʨʘʟʠʝ ʦʪ ʩʲʩʪʦʷʥʠʷ, ʢʦʠʪʦ 

ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʝʜʘʚʘʪ ʥʘ ʜʨʫʛʠ ʦʙʝʢʪʠ ʯʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʜʘ ʩʝ ʟʘʧʝʯʘʪʚʘʪ ʚ ʪʷʭʥʘʪʘ 

ʩʪʨʫʢʪʫʨʘ. [30] ʄʘʢʘʨ ʜʘ ʥʝ ʩʲʱʝʩʪʚʫʚʘ ʦʙʱʦʧʨʠʝʪʘ ʢʦʥʢʨʝʪʥʘ ʜʝʬʠʥʠʮʠʷ, ʦʙʠʢʥʦʚʝʥʦ ʧʦʜ 

ʠʥʬʦʨʤʘʮʠʷ ʩʝ ʨʘʟʙʠʨʘ ʥʘʣʠʯʥʦ, ʠʟʧʦʣʟʚʘʝʤʦ ʟʥʘʥʠʝ. [31] ɺ ʧʦ-ʪʝʩʥʠʷ ʪʝʭʥʠʯʝʩʢʠ ʩʤʠʩʲʣ 

ʠʥʬʦʨʤʘʮʠʷʪʘ ʝ ʧʦʜʨʝʜʝʥʘ ʨʝʜʠʮʘ ʦʪ ʩʠʤʚʦʣʠ ï ʜʘʥʥʠ.  

ʊʝʦʨʝʪʠʯʥʘʪʘ ʦʩʥʦʚʘ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʝ ʠʥʬʦʨʤʘʪʠʢʘʪʘ ï ʥʘʫʢʘ, 

ʟʘʥʠʤʘʚʘʱʘ ʩʝ ʩʲʩ ʩʲʙʠʨʘʥʝʪʦ, ʧʨʝʦʙʨʘʟʫʚʘʥʝʪʦ, ʧʨʝʥʦʩʘ ʠ ʩʲʭʨʘʥʝʥʠʝʪʦ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʩ 

ʧʨʦʠʟʚʦʣʥʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʘʚʪʦʤʘʪʠʯʥʠ, ʩʨʝʜʩʪʚʘ. ʊʷ ʠʟʫʯʘʚʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʦʪ ʛʣʝʜʥʘ 

ʪʦʯʢʘ ʥʘ ʥʝʡʥʘʪʘ ʩʪʨʫʢʪʫʨʠʨʘʥʦʩʪ, ʢʦʣʠʯʝʩʪʚʝʥʠʪʝ Ⱬ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʬʦʨʤʠʪʝ ʠ ʥʘʯʠʥʠʪʝ 

ʟʘ ʥʝʡʥʦʪʦ ʧʨʝʜʩʪʘʚʷʥʝ, ʢʘʢʪʦ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʧʨʦʮʝʩʠ ʢʘʪʦ ʢʦʤʧʦʟʠʮʠʷ ʥʘ ʦʩʥʦʚʥʠʪʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʜʝʡʥʦʩʪʠ ʠ ʤʝʪʦʜʠʪʝ ʠ ʩʨʝʜʩʪʚʘʪʘ ʟʘ ʪʷʭʥʦʪʦ ʘʚʪʦʤʘʪʠʟʠʨʘʥʝ. 

ʀʥʬʦʨʤʘʪʠʢʘʪʘ ʧʨʦʠʟʣʠʟʘ ʦʪ ʠ ʝ ʪʷʩʥʦ ʩʚʲʨʟʘʥʘ ʩ ʤʘʪʝʤʘʪʠʢʘʪʘ, ʣʠʥʛʚʠʩʪʠʢʘʪʘ, 

ʝʣʝʢʪʨʦʥʥʦʪʦ ʠʥʞʝʥʝʨʩʪʚʦ ʠ ʜʨʫʛʠ ʥʘʫʢʠ.  

ʊʝʭʥʦʣʦʛʠʠʪʝ ʥʝ ʙʠʚʘ ʜʘ ʩʝ ʩʚʲʨʟʚʘʪ ʩʘʤʦ ʩ ʮʠʬʨʦʚʠʪʝ ʤʝʜʠʠ ʠ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʆʧʨʝʜʝʣʝʥʠʝʪʦ ʟʘ ʪʝʭʥʦʣʦʛʠʷ ʝ ʚʩʷʢʦ ʫʩʪʨʦʡʩʪʚʦ ʠʣʠ ʠʥʦʚʘʮʠʷ, ʩʲʟʜʘʜʝʥʠ ʜʘ ʧʦʩʨʝʱʥʘʪ 

ʯʦʚʝʰʢʘ ʥʫʞʜʘ ʠʣʠ ʞʝʣʘʥʠʝ.  

 ʊʝʭʥʦʣʦʛʠʷʪʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʪʝʭʥʦʣʦʛʠʷ. 

ʏʨʝʟ STEM ʦʙʫʯʝʥʠʝʪʦ ʫʯʝʥʠʮʠʪʝ ʨʘʟʙʠʨʘʪ ʢʘʢ ʩʝ ʨʘʟʨʘʙʦʪʚʘʪ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʫʯʘʪ ʩʝ ʢʘʢ ʜʘ ʠʟʧʦʣʟʚʘʪ ʪʝʭʥʦʣʦʛʠʠʪʝ ʠ ʦʪʢʨʠʚʘʪ ʢʘʢ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʥʠ ʚʣʠʷʷʪ. ʀʣʠ ʟʘ 

STEM ʦʙʫʯʝʥʠʝʪʦ ʪʝʭʥʦʣʦʛʠʠʪʝ ʩʘ: Ăʇʨʝʜʘʚʘʪʝʣʥʘʪʘñ ʯʘʩʪ. 

 ʊʝʭʥʦʣʦʛʠʠʪʝ ʩʝ ʩʚʲʨʟʚʘʪ ʩ ʥʘʨʘʩʥʘʣʠʷ ʙʨʦʡ STEM ʧʨʦʬʝʩʠʠ. 
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2.2 ʂʦʤʫʥʠʢʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ ʚ STEM ʦʙʨʘʟʦʚʘʥʠʝʪʦ 

 

ʀʂʊ ʝ ʪʝʨʤʠʥ, ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʦʙʦʟʥʘʯʘʚʘʥʝ ʥʘ ʚʩʠʯʢʠ ʢʦʤʧʶʪʲʨʥʠ ʠ 

ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ. ʊ.ʝ. ʪʦʟʠ ʪʝʨʤʠʥ ʠʤʘ ʰʠʨʦʢʦ ʟʥʘʯʝʥʠʝ, ʦʙʭʚʘʱʘ ʚʩʠʯʢʠ 

ʧʦʟʥʘʪʠ ʥʘʯʠʥʠ ʠ ʩʨʝʜʩʪʚʘ ʟʘ ʦʙʤʝʥ ʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʘʪʦ ʨʘʜʠʦ, ʪʝʣʝʚʠʟʠʷ, ʤʦʙʠʣʥʠ 

ʪʝʣʝʬʦʥʠ, ʢʦʤʧʶʪʲʨʝʥ ʩʦʬʪʫʝʨ ʠ ʭʘʨʜʫʝʨ, ʩʘʪʝʣʠʪʥʠ ʩʠʩʪʝʤʠ ʠ ʪ.ʥ., ʢʘʢʪʦ ʠ ʨʘʟʣʠʯʥʠ 

ʚʠʜʦʚʝ ʫʩʣʫʛʠ ʠ ʧʨʠʣʦʞʝʥʠʷ, ʩʚʲʨʟʘʥʠ ʩ ʪʷʭ, ʢʘʪʦ ʚʠʜʝʦ ʢʦʥʬʝʨʝʥʮʠʠ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦ 

ʦʙʫʯʝʥʠʝ.  

ʀʂʊ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʪʝ ʩʬʝʨʠ, ʦʙʨʘʟʦʚʘʥʠʝʪʦ, ʟʜʨʘʚʝʦʧʘʟʚʘʥʝʪʦ, 

ʙʠʙʣʠʦʪʝʯʥʘʪʘ ʜʝʡʥʦʩʪ ʠ ʜʨ. ɺ ʩʲʚʨʝʤʝʥʥʦʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦ ʦʙʱʝʩʪʚʦ, ʥʫʞʜʘʪʘ ʦʪ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʀʂʊ ʝ ʥʝʠʟʙʝʞʥʘ, ʩ ʦʛʣʝʜ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʦʛʨʦʤʥʦʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʷ ʚ ʨʘʟʣʠʯʥʠʪʝ ʩʬʝʨʠ ʥʘ ʯʦʚʝʰʢʘʪʘ ʜʝʡʥʦʩʪ.  

ʂʘʢʪʦ ʧʦ ʛʦʨʝ ʩʝ ʩʧʦʤʝʥʘ ʧʨʝʟ 2014ʛ. ʚ ɹʲʣʛʘʨʠʷ ʩ ʧʨʠʝʤʘʥʝʪʦ ʥʘ Ăʉʪʨʘʪʝʛʠʷ ʟʘ 

ʝʬʝʢʪʠʚʥʦ ʧʨʠʣʘʛʘʥʝ ʥʘ ʀʂʊ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʠ ʥʘʫʢʘʪʘñ ʩʝ ʧʦʣʘʛʘ ʦʩʥʦʚʘʪʘ ʥʘ ʀʂʊ ʚ 

ʦʙʨʘʟʦʚʘʥʠʝʪʦ. ʋʩʧʝʰʥʦʪʦ ʧʨʠʣʘʛʘʥʝ ʥʘ ʀʂʊ ʚ ʦʙʨʘʟʦʚʘʪʝʣʥʠʪʝ ʠʥʩʪʠʪʫʮʠʠ ʥʦʩʠ 

ʤʥʦʞʝʩʪʚʦ ʧʦʣʟʠ ʢʘʢʪʦ ʟʘ ʫʯʘʱʠʪʝ, ʪʘʢʘ ʠ ʟʘ ʨʘʙʦʪʝʱʠ ʚ ʪʷʭ. ʏʨʝʟ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʀʂʊ ʩʝ 

ʧʨʝʦʜʦʣʝʷʪ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʦʪ ʥʘʡ-ʨʘʟʣʠʯʥʦ ʝʩʪʝʩʪʚʦ, ʢʘʪʦ ʥʘʡ-ʷʨʲʢ ʧʨʠʤʝʨ ʝ 

ʧʨʝʦʜʦʣʷʚʘʥʝ ʥʘ ʚʨʝʤʝʚʠʪʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʪʨʘʜʠʮʠʦʥʥʠʪʝ ʢʣʘʩʥʠ ʩʪʘʠ 

ʧʦ ʚʨʝʤʝ ʥʘ ʟʜʨʘʚʥʘʪʘ ʧʘʥʜʝʤʠʷ COVID 19. ʅʘʨʝʜ ʩ ʪʦʚʘ, ʯʨʝʟ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʀʂʊ ʥʘ 

ʦʙʫʯʘʝʤʠʪʝ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠʪʝ ʩʝ ʦʩʠʛʫʨʷʚʘ ʜʦʩʪʲʧ ʜʦ ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ ʩʲʚʨʝʤʝʥʥʘ ʠ 

ʨʘʟʥʦʦʙʨʘʟʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʫʣʝʩʥʠ ʫʯʘʱʠʪʝ ʧʨʠ ʫʩʚʦʷʚʘʥʝʪʦ, ʘ 

ʧʨʝʧʦʜʘʚʘʪʝʣʠʪʝ ï ʧʨʠ ʧʦʜʛʦʪʦʚʢʘʪʘ ï ʥʘ ʫʯʝʙʥʠʷ ʤʘʪʝʨʠʘʣ. ʈʘʟʚʠʪʠʝʪʦ ʥʘ ʀʂʊ ʚ 

ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʧʨʝʤʠʥʘ ʚ ʝʣʝʢʪʨʦʥʥʦ ʦʙʫʯʝʥʠʝ (e-learning), ʢʦʤʧʶʪʲʨʥʦ-ʙʘʟʠʨʘʥʦ ʦʙʫʯʝʥʠʝ 

(computer-based learning) ʠ ʦʙʫʯʝʥʠʝ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʶʪʲʨ (computer-mediated learning). 

ɺ ʛʦʜʠʥʠʪʝ ʟʘʧʦʯʥʘ ʙʘʚʥʦ ʩʲʟʜʘʚʘʥʝ ʥʘ ʢʦʤʧʶʪʲʨʥʦ, ʦʥʣʘʡʥ ʩʲʜʲʨʞʘʥʠʝ ʟʘ ʦʙʫʯʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʠ ʥʘʧʨʘʚʣʝʥʠʷ.  
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ʇʦ ʚʨʝʤʝ ʥʘ ʟʜʨʘʚʥʘʪʘ ʝʧʠʜʝʤʠʷ ʤʥʦʛʦ ʷʩʥʦ ʩʝ ʨʘʟʛʨʘʥʠʯʠʭʘ ʚʠʜʦʚʝʪʝ ʢʦʤʫʥʠʢʘʮʠʠ 

ʠ ʩʝ ʠʟʧʨʦʙʚʘʭʘ ʚʝʯʝ ʩʲʟʜʘʜʝʥʠʪʝ ʀʂʊ ʧʨʦʛʨʘʤʠ ʟʘ ʦʙʫʯʝʥʠʝ. ɺ ʪʘʟʠ ʚʨʲʟʢʘ ʤʦʛʘʪ ʜʘ ʩʝ 

ʨʘʟʛʨʘʥʠʯʘʪ ʜʚʘ ʚʠʜʘ ʢʦʤʫʥʠʢʘʮʠʷ ï ʩʠʥʭʨʦʥʥʘ ʠ ʘʩʠʥʭʨʦʥʥʘ. ʅʘ ʬʠʛ.4 ʤʦʛʘʪ ʜʘ ʩʝ ʚʠʜʷʪ. 

 

ʌʠʛ. 4 ɸʩʠʥʭʨʦʥʥʘ ʠ ʩʠʥʭʨʦʥʥʘ ʢʦʤʫʥʠʢʘʮʠʷ   

 

2.3 ʀʥʪʝʛʨʘʪʠʚʥʠ ʪʝʭʥʦʣʦʛʠʠ 

2.3.1 ʈʦʙʦʪʠʢʘ 

ʈʦʙʦʪʠʢʘʪʘ ʝ ʢʣʦʥ ʥʘ ʪʝʭʥʠʢʘʪʘ, ʤʘʰʠʥʦʩʪʨʦʝʥʝʪʦ, ʝʣʝʢʪʨʦʠʥʞʝʥʝʨʩʪʚʦʪʦ ʠ 

ʠʥʬʦʨʤʘʪʠʢʘʪʘ, ʚ ʢʦʡʪʦ ʩʘ ʚʢʣʶʯʝʥʠ ʜʠʟʘʡʥʘ, ʩʪʨʦʝʞʘ, ʫʧʨʘʚʣʝʥʠʝʪʦ ʠ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ 

ʨʦʙʦʪʠ, ʢʘʢʪʦ ʠ ʢʦʤʧʶʪʲʨʥʠʪʝ ʩʠʩʪʝʤʠ, ʥʫʞʥʠ ʟʘ ʪʝʭʥʠʷ ʢʦʥʪʨʦʣ, ʧʨʠʝʤʘʥʝ ʥʘ ʜʘʥʥʠ ʦʪ 

ʩʝʥʟʦʨʠ ʠ ʦʙʨʘʙʦʪʢʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ. ʊ.ʝ. ʨʦʙʦʪʠʢʘʪʘ ʝ ʯʘʩʪ ʦʪ ʀʂʊ.  

ʈʦʙʦʪʠʢʘʪʘ ʧʦʧʘʜʘ ʚ ʤʥʦʛʦ ʨʘʟʣʠʯʥʠ ʦʙʣʘʩʪʠ ʠ ʟʘʪʦʚʘ ʝ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʘ ʠ ʩʝ 

ʟʘʥʠʤʘʚʘ ʩ ʜʠʟʘʡʥʘ, ʢʦʥʩʪʨʫʠʨʘʥʝʪʦ, ʫʧʨʘʚʣʝʥʠʝʪʦ ʠ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʨʦʙʦʪʠ, ʢʘʢʪʦ ʠ 

ʢʦʤʧʶʪʲʨʥʠʪʝ ʩʠʩʪʝʤʠ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʪʝʭʥʠʷ ʢʦʥʪʨʦʣ. ʊʷ ʦʙʭʚʘʱʘ ʠʥʞʝʥʝʨʩʪʚʦ, 

ʝʣʝʢʪʨʦʪʝʭʥʠʢʘ, ʠʥʬʦʨʤʘʪʠʢʘ ʠ ʜʨʫʛʠ ʢʣʦʥʦʚʝ ʥʘ ʥʘʫʢʘʪʘ. ʈʦʙʦʪʠʢʘʪʘ ʥʘʤʠʨʘ ʧʨʠʣʦʞʝʥʠʝ 

ʚ ʨʘʟʣʠʯʥʠ ʩʬʝʨʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʧʨʦʤʠʰʣʝʥʦʩʪʪʘ, ʤʝʜʠʮʠʥʘʪʘ, ʚʦʝʥʥʘʪʘ ʪʝʭʥʠʢʘ, 

ʢʦʩʤʦʥʘʚʪʠʢʘʪʘ ʠ ʜʦʨʠ ʚ ʝʞʝʜʥʝʚʠʝʪʦ ʥʘ ʜʝʮʘʪʘ. 

ʅ̫ ʢʦʠ ʦʪ ʢʣʶʯʦʚʠʪʝ ʘʩʧʝʢʪʠ ʥʘ ʨʦʙʦʪʠʢʘʪʘ ʩʘ:  

¶ ɼʠʟʘʡʥ ʠ ʢʦʥʩʪʨʫʠʨʘʥʝ - ɺʢʣʶʯʚʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʤʝʭʘʥʠʯʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ 

ʨʦʙʦʪʠʪʝ, ʪʝʭʥʠʪʝ ʜʚʠʛʘʪʝʣʠ, ʩʝʥʟʦʨʠ ʠ ʜʨʫʛʠ ʢʦʤʧʦʥʝʥʪʠ.  

¶ ʋʧʨʘʚʣʝʥʠʝ - ɺʢʣʶʯʚʘ ʧʨʦʛʨʘʤʠʨʘʥʝʪʦ ʥʘ ʨʦʙʦʪʠʪʝ ʜʘ ʠʟʧʲʣʥʷʚʘʪ ʦʧʨʝʜʝʣʝʥʠ 

ʟʘʜʘʯʠ, ʢʘʪʦ ʠʟʧʦʣʟʚʘʪ ʢʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ ʠ ʩʝʥʟʦʨʠ.  

¶ ʇʨʠʣʦʞʝʥʠʷ - ʈʦʙʦʪʠʢʘʪʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʝ ʥʘ ʧʨʦʮʝʩʠ ʚ 

ʧʨʦʤʠʰʣʝʥʦʩʪʪʘ, ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʦʧʘʩʥʠ ʠʣʠ ʧʦʚʪʘʨʷʱʠ ʩʝ ʟʘʜʘʯʠ, ʟʘ ʠʟʩʣʝʜʚʘʥʠʷ 

https://www.google.com/search?client=firefox-b-d&sca_esv=e7acdfcc85ce9900&cs=0&sxsrf=AE3TifP0DiQUTppIrg3AZzkU5na6O2DU1w%3A1755262090696&q=%D0%9F%D1%80%D0%B8%D0%BB%D0%BE%D0%B6%D0%B5%D0%BD%D0%B8%D1%8F&sa=X&ved=2ahUKEwixv9rq7IyPAxXI2gIHHUV2NeYQxccNegQIEhAB&mstk=AUtExfCRdxrkjnMTIfbjyEwoiKSQoTKDyJunltehwht9yPQQ9c3Se67khgl-fYrmJNY1yftgVJocA94L1dNNpDmh-UbZM9Sz3qYb0Ye37O9KJIQV5CLieJWm-SI_e0emYvdlt1_l0M6zJlRUnplPoV_BT_LIj1uiSvDW5WWrPfzxCwSh9Fnd7IZ8ydJCUyU8yy6e3yLhHtqGOmXxtYTPDbxebeNrPLhM0KrLw1048OLXx5Ilgg9plS0caEFR5gWjTIxmOWi3Tg-8Np-3tjC465bQr8uow6inVX0oxbgV1WWtz_HY5Q&csui=3


 

 
 

 

 

 

23 

ʚ ʪʨʫʜʥʠ ʩʨʝʜʠ (ʢʘʪʦ ʢʦʩʤʦʩʘ ʠʣʠ ʜʲʣʙʦʢʦʚʦʜʥʠ ʦʢʝʘʥʩʢʠ ʫʩʣʦʚʠʷ) ʠ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ 

ʧʦʤʦʱʥʠ ʩʨʝʜʩʪʚʘ ʟʘ ʭʦʨʘ ʩ ʫʚʨʝʞʜʘʥʠʷ.  

¶ ʈʦʙʦʪʠʢʘ ʟʘ ʜʝʮʘ -  ɺʢʣʶʯʚʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʣʝʛʦ ʙʣʦʢʯʝʪʘ, ʜʚʠʛʘʪʝʣʠ, ʩʝʥʟʦʨʠ ʠ 

ʢʦʥʪʨʦʣʝʨʠ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʠ ʧʨʦʛʨʘʤʠʨʘʥʝ ʥʘ ʨʦʙʦʪʠ, ʨʘʟʚʠʚʘʡʢʠ STEM ʫʤʝʥʠʷ 

ʧʨʠ ʜʝʮʘʪʘ. 

ɼʫʤʘʪʘ ʨʦʙʦʪʠʢʘ ʧʨʦʠʟʣʠʟʘ ʦʪ ʜʫʤʘʪʘ ʨʦʙʦʪ, ʢʦʷʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʝ ʠʟʧʦʣʟʚʘʥʘ ʟʘ ʧʨʲʚ 

ʧʲʪ ʦʪ ʯʝʰʢʠʷ ʧʠʩʘʪʝʣ ʂʘʨʝʣ ʏʘʧʝʢ ʚ ʧʠʝʩʘʪʘ ʤʫ R.U.R. (ʥʘ ʯʝʰʢʠ: Rossumovi univerz§ln² 

roboti), ʢʦʷʪʦ ʝ ʠʟʥʝʩʝʥʘ ʧʨʝʟ 1920 ʛ. [32] ɼʫʤʘʪʘ ʨʦʙʦʪ ʠʜʚʘ ʦʪ ʩʣʘʚʷʥʩʢʘʪʘ ʜʫʤʘ Ărobotañ -  

ʨʘʙʦʪʘ, ʪʨʫʜ. ʇʠʝʩʘʪʘ ʟʘʧʦʯʚʘ ʚ ʝʜʥʘ ʬʘʙʨʠʢʘ, ʢʦʷʪʦ ʧʨʘʚʠ ʠʟʢʫʩʪʚʝʥʠ ʭʦʨʘ, ʥʘʨʝʯʝʥʠ 

ʨʦʙʦʪʠ ï ʩʲʱʝʩʪʚʘ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʦʙʲʨʢʘʥʠ ʩ ʭʦʨʘʪʘ ï ʤʥʦʛʦ ʧʦʜʦʙʥʠ ʥʘ 

ʩʲʚʨʝʤʝʥʥʘʪʘ ʠʜʝʷ ʟʘ ʘʥʜʨʦʠʜʠ. ɺʩʲʱʥʦʩʪ ʂʘʨʝʣ ʥʝ ʠʟʤʠʩʣʷ ʜʫʤʘʪʘ. ʊʦʡ ʝ ʥʘʧʠʩʘʣ ʢʨʘʪʢʦ 

ʧʠʩʤʦ ʢʲʤ ʝʪʠʤʦʣʦʛʠʷʪʘ ʥʘ ʜʫʤʘʪʘ ʚ Oxford English Dictionary, ʚ ʢʦʷʪʦ ʪʦʡ ʧʦʩʦʯʚʘ ʙʨʘʪ ʩʠ 

ʁʦʟʝʬ ʏʘʧʝʢ ʢʘʪʦ ʨʝʘʣʝʥ ʩʲʟʜʘʪʝʣ ʥʘ ʜʫʤʘʪʘ. [32] ʉʧʦʨʝʜ ʆʢʩʬʦʨʜʩʢʠʷ ʘʥʛʣʠʡʩʢʠ ʨʝʯʥʠʢ 

ʜʫʤʘʪʘ Ăʨʦʙʦʪʠʢʘʪʘñ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʧʲʨʚʠ ʧʲʪ ʦʪ ɸʡʟʲʢ ɸʟʠʤʦʚ ʚ ʥʝʛʦʚʠʷ 

ʥʘʫʯʥʦʬʘʥʪʘʩʪʠʯʝʥ ʨʘʟʢʘʟ ĂLiar!ñ, ʧʫʙʣʠʢʫʚʘʥ ʧʨʝʟ ʤʘʡ 1941 ʛ. ʚ Astounding Science Fiction. 

ɸʟʠʤʦʚ ʥʝ ʝ ʟʥʘʝʣ, ʯʝ ʩʲʟʜʘʚʘ ʥʦʚ ʪʝʨʤʠʥ; ʪʲʡ ʢʘʪʦ ʥʘʫʢʘʪʘ ʠ ʪʝʭʥʦʣʦʛʠʷʪʘ ʟʘ ʝʣʝʢʪʨʠʯʝʩʢʠ 

ʫʩʪʨʦʡʩʪʚʘ ʝ ʝʣʝʢʪʨʦʥʠʢʘʪʘ, ʪʦʡ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʝ ʨʦʙʦʪʠʢʘʪʘ ʧʦ ʩʚʦʷʪʘ ʩʲʱʥʦʩʪ ʩʝ ʦʪʥʘʩʷ 

ʢʲʤ ʥʘʫʢʘʪʘ ʠ ʪʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʨʦʙʦʪʠ. ɸʟʠʤʦʚ ʟʘʷʚʷʚʘ, ʯʝ ʧʲʨʚʘʪʘ ʫʧʦʪʨʝʙʘ ʥʘ ʜʫʤʘʪʘ 

ʨʦʙʦʪʠʢʘʪʘ ʝ ʚ ʨʘʟʢʘʟʘ ʤʫ ĂRunaroundñ (Astounding Science Fiction, ʤʘʨʪ 1942 ʛ.) ɺʲʧʨʝʢʠ 

ʪʦʚʘ ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ ʧʫʙʣʠʢʘʮʠʷ ʥʘ ĂLiar!ñ ʧʨʝʜʰʝʩʪʚʘ ʪʘʟʠ ʥʘ ĂRunaroundñ ʩ ʜʝʩʝʪ ʤʝʩʝʮʘ.  

ʇʨʝʟ 1942 ʛ. ʧʠʩʘʪʝʣʷʪ ʥʘ ʥʘʫʯʥʘ ʬʘʥʪʘʩʪʠʢʘ ɸʡʟʲʢ ɸʟʠʤʦʚ ʩʲʟʜʘʚʘ ʪʨʠʪʝ ʟʘʢʦʥʘ ʥʘ 

ʨʦʙʦʪʠʢʘʪʘ.  

ʇʨʝʟ 1948 ʛ. ʅʦʨʙʝʨʪ ɺʠʥʝʨ ʬʦʨʤʫʣʠʨʘ ʧʨʠʥʮʠʧʠʪʝ ʥʘ ʢʠʙʝʨʥʝʪʠʢʘʪʘ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʘ ʙʘʟʘʪʘ ʥʘ ʨʦʙʦʪʠʢʘʪʘ.  

ʅʘʧʲʣʥʦ ʘʚʪʦʥʦʤʥʠ ʨʦʙʦʪʠ ʩʝ ʧʦʷʚʷʚʘʪ ʝʜʚʘ ʧʨʝʟ ʚʪʦʨʘʪʘ ʧʦʣʦʚʠʥʘ ʥʘ 20 ʚʝʢ. ʇʲʨʚʠʷʪ 

ʮʠʬʨʦʚʦ ʫʧʨʘʚʣʷʚʘʥ ʠ ʧʨʦʛʨʘʤʠʨʫʝʤ ʨʦʙʦʪ ï The Unimate, ʝ ʠʥʩʪʘʣʠʨʘʥ ʧʨʝʟ 1961 ʛ., ʟʘ 

ʧʦʚʜʠʛʘʥʝ ʥʘ ʛʦʨʝʱʠ ʧʘʨʯʝʪʘ ʤʝʪʘʣ ʦʪ ʤʘʰʠʥʘ ʟʘ ʣʝʝʥʝ ʠ ʥʘʪʨʫʧʚʘʥʝ. ʊʲʨʛʦʚʩʢʠʪʝ ʠ 
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ʧʨʦʤʠʰʣʝʥʠʪʝ ʨʦʙʦʪʠ ʩʘ ʰʠʨʦʢʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠ ʜʥʝʩ ʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʦ-ʝʚʪʠʥʦ, ʧʦ-

ʪʦʯʥʦ ʠ ʧʦ-ʥʘʜʝʞʜʥʦ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʨʘʙʦʪʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʯʦʚʝʰʢʠʷ ʪʨʫʜ. 

ɽʪʦ ʟʘʱʦ ʥʘ ʧʨʘʛʘ ʥʘ ʀʥʜʫʩʪʨʠʷ 5 ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʝʮʘʪʘ ʦʪ ʨʘʥʥʘ ʜʝʪʩʢʘ ʚʲʟʨʘʩʪ ʜʘ ʩʝ 

ʟʘʧʦʟʥʘʷʪ ʩ ʨʦʙʦʪʠʢʘʪʘ ʥʝ ʩʘʤʦ ʚ ʢʘʯʝʩʪʚʦʪʦ ʩʠ ʥʘ ʠʛʨʘʯʢʘ, ʥʦ ʠ ʥʘ ʧʨʦʜʫʢʪʠ, ʩ ʢʦʠʪʦ ʱʝ 

ʩʲʞʠʪʝʣʩʪʚʘʪ, ʨʘʙʦʪʷʪ ʝʞʝʜʥʝʚʥʦ ʠ ʱʝ ʧʨʦʜʲʣʞʘʪ ʜʘ ʨʘʟʚʠʚʘʪ. ʊʦʚʘ ʝ ʠ ʧʨʠʯʠʥʘʪʘ ʪʷ ʜʘ 

ʙʲʜʝ ʧʦʜʥʝʩʝʥʘ ʚʝʯʝ ʚ ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ ʯʨʝʟ STEM ʦʙʫʯʝʥʠʝʪʦ.  

ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʪʨʘʜʠʮʠʦʥʥʠʷ ʧʦʜʭʦʜ ʟʘ ʜʠʛʠʪʘʣʠʟʘʮʠʷ, ʠʟʧʦʣʟʚʘʱ ʩʪʘʮʠʦʥʘʨʥʠ 

ʢʦʤʧʶʪʨʠ ʠ ʢʘʤʝʨʠ, ʨʦʙʦʪʠʪʝ ʦʩʠʛʫʨʷʚʘʪ ʥʝʟʘʚʠʩʠʤʘ ʤʦʙʠʣʥʦʩʪ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ 

ʧʨʝʦʜʦʣʷʚʘʪ ʬʠʟʠʯʝʩʢʠʪʝ ʙʘʨʠʝʨʠ, ʥʘʣʦʞʝʥʠ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʩʦʮʠʘʣʥʦ 

ʜʠʩʪʘʥʮʠʨʘʥʝ, ʩʦʮʠʘʣʥʦ-ʠʢʦʥʦʤʠʯʝʩʢʠ ʥʝʜʦʩʪʘʪʲʮʠ ʠʣʠ ʩʧʝʮʠʘʣʥʠ ʥʫʞʜʠ. ʊʝ ʩʲʯʝʪʘʚʘʪ 

ʧʨʝʜʠʤʩʪʚʘʪʘ ʥʘ ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʠʩʪʝʤʘ ʩ ʚʲʣʥʝʥʠʝʪʦ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʯʦʚʝʢ-ʨʦʙʦʪ, 

ʢʦʝʪʦ ʚʜʲʭʥʦʚʷʚʘ ʚʲʦʙʨʘʞʝʥʠʝʪʦ ʥʘ ʚʩʠʯʢʠ ʫʯʝʥʠʮʠ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʥʘʩʲʨʯʘʚʘʪ ʯʨʝʟ 

ʧʨʠʤʝʨ ʧʨʝʜʠʤʩʪʚʘʪʘ ʥʘ STEM ʦʙʨʘʟʦʚʘʥʠʝʪʦ.  

ʈʦʙʦʪʠʪʝ ʠʤʘʪ ʛʦʣʷʤ ʧʦʪʝʥʮʠʘʣ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʢʘʪʦ ʦʙʨʘʟʦʚʘʪʝʣʥʘ ʪʝʭʥʦʣʦʛʠʷ, 

ʪʝ ʜʦʙʘʚʷʪ ʯʠʩʪʦ ʥʦʚ ʮʠʬʨʦʚ ʢʘʧʘʮʠʪʝʪ ʢʲʤ ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ. ʊʝ ʤʦʛʘʪ ʜʘ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʤʦʱʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘ ʨʘʟʚʣʝʢʘʪʝʣʥʘ ʧʣʘʪʬʦʨʤʘ - ʢʦʤʙʠʥʠʨʘʡʢʠ 

ʪʨʘʜʠʮʠʦʥʥʠʪʝ ʠ ʠʥʦʚʘʪʠʚʥʠ ʜʠʜʘʢʪʠʯʝʩʢʠ ʤʝʪʦʜʠ ʠ ʦʙʨʘʟʦʚʘʪʝʣʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʧʦ 

ʤʘʪʝʤʘʪʠʢʘ, ʬʠʟʠʢʘ, ʢʦʤʧʶʪʨʠ, ʝʣʝʢʪʨʦʥʠʢʘ, ʤʘʰʠʥʥʦ ʠʥʞʝʥʝʨʩʪʚʦ ʠ ʜʦʨʠ ʠʟʢʫʩʪʚʝʥ 

ʠʥʪʝʣʝʢʪ, ʩ ʦʧʠʪʘ ʥʘ ʠʛʨʦʚʦʪʦ ʦʙʫʯʝʥʠʝ. ɹʘʟʠʨʘʥʘʪʘ ʥʘ ʨʦʙʦʪ ʩʠʩʪʝʤʘ ʤʦʞʝ ʜʘ ʩʝ ʟʘʭʨʘʥʚʘ 

ʦʪ ʯʠʩʪʠ ʝʥʝʨʛʠʡʥʠ ʠʟʪʦʯʥʠʮʠ (ʩʣʲʥʯʝʚʘ ʝʥʝʨʛʠʷ) ʠ ʜʘ ʥʘʩʲʨʯʘʚʘ ʯʨʝʟ ʧʨʠʤʝʨ 

ʦʩʚʝʜʦʤʝʥʦʩʪʪʘ ʠ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝʪʦ ʥʘ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ. 

 

2.3.2 ʀʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ (ʀʀ) ʚ STEM 

   

ʀʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ (ʀʀ) ʠʣʠ Artificial Intelligent (AI) ʠʛʨʘʝ ʟʥʘʯʠʪʝʣʥʘ ʨʦʣʷ ʚ 

ʥʘʰʠʷ ʞʠʚʦʪ ʜʥʝʩ. AI ʝ ʧʨʝʤʠʥʘʣ ʜʲʣʲʛ ʧʲʪ ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ. ɺ ʩʘʤʦʪʦ ʥʘʯʘʣʦ AI 

ʟʘʧʦʯʥʘ ʩ ʠʜʝʷʪʘ ʟʘ ʢʦʤʧʶʪʲʨʥʘ ʠ ʢʠʙʝʨʥʝʪʠʯʥʘ ʥʘʫʢʘ. ɼʲʣʛʦ ʚʨʝʤʝ ʟʘʝʪʠʪʝ ʚ ʦʙʣʘʩʪʪʘ ʥʘ 

ʢʦʤʧʶʪʲʨʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠ, ʨʝʘʣʥʦ ʨʘʟʨʘʙʦʪʚʘʭʘ AI, ʥʦ ʥʝ ʠʟʧʦʣʟʚʘʭʘ ʜʫʤʠʪʝ 

Ăʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪñ. ɺʩʠʯʢʠ ʘʥʛʘʞʠʨʘʥʠ ʚ ʨʘʙʦʪʘʪʘ ʩ ʙʘʟʠ ʜʘʥʥʠ ʠ ʨʘʟʣʠʯʥʠ ʢʦʤʧʶʪʲʨʥʠ 

ʩʧʝʮʠʘʣʥʦʩʪʠ ʚʩʲʱʥʦʩʪ ʨʘʙʦʪʝʭʘ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʧʨʦʮʝʩʘ, ʟʘ ʜʘ ʧʦʤʦʛʥʘʪ ʥʘ ʭʦʨʘʪʘ ʚ 

ʝʞʝʜʥʝʚʠʝʪʦ ʠʤ. ʊʝʨʤʠʥʲʪ AI ʝ ʩʲʟʜʘʜʝʥ ʢʘʪʦ ʯʘʩʪ ʦʪ ʧʨʦʝʢʪ ʠ ʩʝʤʠʥʘʨʠ ʚ ɼʘʨʪʤʫʪʩʢʠʷ 
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ʢʦʣʝʞ ʚ ʩʨʝʜʘʪʘ ʥʘ 50-ʪʝ ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ. [36, 37] ɿʘ ʦʥʦʚʘ ʚʨʝʤʝ ʦʙʱʝʩʪʚʦʪʦ ʥʝ ʙʝʰʝ 

ʧʦʜʛʦʪʚʝʥʦ ʜʘ ʨʘʟʙʝʨʝ ʢʘʢʚʦ ʝ ʪʦʚʘ. AI ʢʘʪʦ ʧʨʦʜʫʢʪ, ʥʘʟʚʘʥʠʝ ʩʝ ʧʦʷʚʠ ʩʣʝʜ 2010 ʛ. ʉʣʝʜ 

ʪʦʚʘ ʧʦʩʪʝʧʝʥʥʦ ʩʝ ʨʘʟʚʠ ʢʘʪʦ ʩʠʩʪʝʤʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʫʯʘʪ ʠ ʜʘ 

ʧʨʘʚʷʪ ʧʨʦʛʥʦʟʠ, ʢʘʪʦ ʢʣʘʩʠʬʠʮʠʨʘʪ ʠ ʢʦʨʝʣʠʨʘʪ ʦʛʨʦʤʥʠ ʢʦʣʠʯʝʩʪʚʘ Ăʛʦʣʝʤʠ ʜʘʥʥʠñ. [36, 

37] ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʠʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ ʝ ʤʥʦʛʦ ʧʦʧʫʣʷʨʥʘ ʪʝʤʘ ʠ ʩʝʛʘ ʝ ʯʘʩʪ ʦʪ 

ʮʝʣʠʷ ʥʠ ʞʠʚʦʪ. ʂʲʤ ʜʥʝʰʥʘ ʜʘʪʘ ʱʝ ʨʘʟʛʣʝʜʘʤʝ ʢʘʢ ʠʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ ʤʦʞʝ ʜʘ ʩʝ 

ʠʟʧʦʣʟʚʘ ʦʪ ʜʝʮʘ ʠ ʚʲʟʨʘʩʪʥʠ. 

ʀʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ ʩʝ ʧʨʦʤʲʢʥʘ ʧʨʝʟ ʠʥʜʫʩʪʨʠʘʣʥʠʪʝ ʨʝʚʦʣʶʮʠʠ. ʅʷʢʦʠ ʭʦʨʘ 

ʩʤʷʪʘʪ, ʯʝ ʠʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ ʝ ʜʚʠʛʘʪʝʣ ʥʘ ʯʝʪʚʲʨʪʘʪʘ ʠʥʜʫʩʪʨʠʘʣʥʘ ʨʝʚʦʣʶʮʠʷ ʠ ʤʦʞʝ 

ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʯʝʪʚʲʨʪʘʪʘ ʨʝʚʦʣʶʮʠʷ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ. [38] AI ʝ ʯʘʩʪ ʦʪ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʥʘ 

ʩʪʫʜʝʥʪʠʪʝ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʚ ʥʷʢʦʠ ʪʝʭʥʠʯʝʩʢʠ ʜʠʩʮʠʧʣʠʥʠ ʢʘʪʦ ʧʨʦʛʨʘʤʠʨʘʥʝ, ʩʦʬʪʫʝʨʥʦ 

ʠʥʞʝʥʝʨʩʪʚʦ, IoT, ʢʦʤʧʶʪʲʨʥʠ ʥʘʫʢʠ ʠ ʜʨ. ɺʲʟʤʦʞʥʦ ʣʠ ʝ AI ʜʘ ʩʪʘʥʝ ʯʘʩʪ ʦʪ ʦʩʥʦʚʥʦʪʦ 

ʠʣʠ ʩʨʝʜʥʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ? ʑʝ ʙʲʜʝ ʣʠ AI ʛʦʣʷʤʘ ʨʝʚʦʣʶʮʠʷ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʠʣʠ ʧʨʦʩʪʦ 

ʠʟʪʦʯʥʠʢ ʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʙʝʟ ʜʘ ʧʨʦʤʝʥʷ ʩʲʱʝʩʪʚʝʥʦ ʦʩʥʦʚʥʠʪʝ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʧʨʘʢʪʠʢʠ? 

ʊʦʚʘ ʤʦʪʠʚʠʨʘ ʫʯʠʪʝʣʠʪʝ ʜʘ ʧʨʝʨʘʟʛʣʝʜʘʪ ʥʘʩʪʦʷʱʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʥʘ AI ʠ ʜʘ 

ʠʜʝʥʪʠʬʠʮʠʨʘʪ ʚʲʟʤʦʞʥʠ ʥʘʯʠʥʠ ʟʘ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʦʙʫʯʝʥʠʝʪʦ ʠʣʠ ʠʥʪʝʛʨʠʨʘʥʝ ʥʘ AI ʚ 

ʩʚʦʠʪʝ ʯʘʩʦʚʝ. 

Loeckx ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʝʬʝʢʪʠʚʥʦ ʩʨʝʜʩʪʚʦ ʟʘ 

ʫʯʝʥʝ, ʢʦʝʪʦ ʥʘʤʘʣʷʚʘ ʪʝʞʝʩʪʪʘ ʢʘʢʪʦ ʟʘ ʫʯʠʪʝʣʠʪʝ, ʪʘʢʘ ʠ ʟʘ ʫʯʝʥʠʮʠʪʝ, ʠ ʧʨʝʜʣʘʛʘ 

ʝʬʝʢʪʠʚʥʠ ʫʯʝʙʥʠ ʧʨʝʞʠʚʷʚʘʥʠʷ ʟʘ ʫʯʝʥʠʮʠʪʝ. [38] ɺ ʩʲʯʝʪʘʥʠʝ ʩ ʥʘʩʪʦʷʱʠʪʝ ʨʝʬʦʨʤʠ ʚ 

ʦʙʨʘʟʦʚʘʥʠʝʪʦ, ʢʘʪʦ ʜʠʛʠʪʘʣʠʟʘʮʠʷ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʠʪʝ ʨʝʩʫʨʩʠ, ʛʝʡʤʠʬʠʢʘʮʠʷ ʠ 

ʧʝʨʩʦʥʘʣʠʟʠʨʘʥʠ ʫʯʝʙʥʠ ʧʨʝʞʠʚʷʚʘʥʠʷ, ʠʤʘ ʤʥʦʛʦ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʀʀ 

ʧʨʠʣʦʞʝʥʠʷ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ. [38] 

ɼʥʝʩ ʠʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ ʝ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ ʠ ʟʘ ʫʯʠʪʝʣʠʪʝ. ʋʯʠʪʝʣʠʪʝ 

ʟʘʧʦʯʥʘʭʘ ʜʘ ʠʟʧʦʣʟʚʘʪ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʚ ʝʞʝʜʥʝʚʥʠʪʝ ʩʠ ʜʝʡʥʦʩʪʠ, ʢʘʪʦ ʧʠʩʘʥʝ ʥʘ 

ʠʤʝʡʣʠ, ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʧʨʝʟʝʥʪʘʮʠʠ, ʪʲʨʩʝʥʝ ʥʘ ʧʦʜʭʦʜʷʱʠ ʛʨʘʬʠʯʥʠ ʤʘʪʝʨʠʘʣʠ ʠ ʜʨ., ʠ ʛʦ 

ʠʟʧʦʣʟʚʘʪ ʚ ʢʣʘʩʥʘʪʘ ʩʪʘʷ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʧʨʠʣʦʞʝʥʠʷ. 
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ʉʨʝʜ ʚʲʟʥʠʢʚʘʱʠʪʝ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʝ ʠ ʦʪʥʦʰʝʥʠʝʪʦ ʥʘ ʫʯʝʥʠʮʠʪʝ ʢʲʤ ʪʝʟʠ 

ʧʨʦʤʝʥʠ. [39] ɼʦ ʠʟʚʝʩʪʥʘ ʩʪʝʧʝʥ ʫʯʝʥʠʮʠʪʝ ʢʘʪʦ ʜʠʛʠʪʘʣʥʠ ʛʨʘʞʜʘʥʠ ʩʘ ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ 

ʠʟʧʦʣʟʚʘʪ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ, ʟʘ ʜʘ ʧʦʜʦʙʨʷʪ ʨʝʟʫʣʪʘʪʠʪʝ ʩʠ ʚ ʫʯʝʥʝʪʦ. [38] ɺʲʧʨʝʢʠ 

ʪʦʚʘ, ʪʝ ʤʦʞʝ ʜʘ ʥʝ ʫʩʧʝʷʪ ʜʘ ʠʟʧʦʣʟʚʘʪ ʧʦʜʭʦʜʷʱʠ ʪʝʭʥʠʢʠ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʧʦ 

ʧʦʜʭʦʜʷʱ ʥʘʯʠʥ ʟʘ ʢʦʥʢʨʝʪʝʥ ʢʦʥʪʝʢʩʪ ʥʘ ʫʯʝʥʝ, ʢʦʝʪʦ ʙʠ ʜʦʚʝʣʦ ʜʦ ʥʝʛʘʪʠʚʥʦ ʦʪʥʦʰʝʥʠʝ 

ʢʲʤ ʫʯʝʥʝʪʦ. [40]  

ɺ ʧʝʨʠʦʜʘ ʦʪ 2010 ʜʦ 2020 ʛ. ʬʦʢʫʩʲʪ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʩʝ ʨʘʟʜʝʣʷ ʥʘ ʪʨʠ 

ʯʘʩʪʠ: ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʟʥʘʥʠʷ, ʧʨʠʜʦʙʠʚʘʥʝ ʥʘ ʟʥʘʥʠʷ ʠ ʠʟʚʣʠʯʘʥʝ ʥʘ ʟʥʘʥʠʷ. [41, 42] ʊʦʚʘ 

ʙʝʰʝ ʥʘʯʘʣʦʪʦ ʥʘ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ. ʅʘʯʘʣʦʪʦ ʙʝ 

ʧʦʩʪʘʚʝʥʦ ʩ Ăʧʲʨʚʦʪʦ ʧʦʢʦʣʝʥʠʝñ, ʢʦʝʪʦ ʧʦʜʢʨʝʧʠ ʠʥʪʝʣʝʢʪʫʘʣʥʘʪʘ ʨʘʙʦʪʘ ʥʘ ʯʦʚʝʢʘ ʯʨʝʟ 

ʧʨʠʣʘʛʘʥʝ ʥʘ ʝʢʩʧʝʨʪʥʦ ʟʥʘʥʠʝ, ʙʘʟʠʨʘʥʦ ʥʘ ʧʨʘʚʠʣʘ, Ăʚʪʦʨʦʪʦ ʧʦʢʦʣʝʥʠʝñ ï ʤʦʜʝʣ ʟʘ 

ʪʲʨʩʝʥʝ, ʢʦʡʪʦ ʥʘʤʠʨʘʰʝ ʦʧʪʠʤʘʣʥʦʪʦ ʨʝʰʝʥʠʝ ʯʨʝʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʤʦʜʝʣ, ʠ Ăʪʨʝʪʦʪʦ 

ʧʦʢʦʣʝʥʠʝñ ï ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʧʨʝʜʩʪʘʚʷʥʝʪʦ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʤʦʜʝʣ ʥʘ ʤʦʟʲʢʘ. 

ʇʝʜʘʛʦʟʠʪʝ ʟʘʧʦʯʥʘʭʘ ʜʘ ʧʨʦʫʯʚʘʪ ʧʦʜʭʦʜʷʱʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʪʝʭʥʠʢʠʪʝ ʥʘ ʀʀ ʚ 

ʧʨʝʧʦʜʘʚʘʥʝʪʦ ʩʠ. ɺ ʤʦʤʝʥʪʘ ʠʤʘ ʥʷʢʦʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ AI, ʢʦʠʪʦ ʩʘ ʧʦʩʪʠʛʥʘʣʠ ʠʥʪʝʛʨʘʮʠʷ 

ʥʘ ʪʝʭʥʠʢʘ, ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʪʘ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠ ʜʠʟʘʡʥ. [38] 

 

ɺʠʜʦʚʝ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ  

ɺ ʧʝʨʠʦʜʘ 2010 ï 2020 ʛ. ʙʷʭʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ ʥʷʢʦʠ ʪʝʥʜʝʥʮʠʠ ʚ ʥʘʫʯʥʠʪʝ 

ʠʟʩʣʝʜʚʘʥʠʷ: ʠʥʪʝʨʥʝʪ ʥʘ ʥʝʱʘʪʘ (IoT), ʤʥʦʞʝʩʪʚʝʥʘ ʠʥʪʝʣʠʛʝʥʪʥʦʩʪ, ʜʲʣʙʦʢʦ ʦʙʫʯʝʥʠʝ ʠ 

ʥʝʚʨʦʥʘʫʢʘ, ʢʘʢʪʦ ʠ ʦʮʝʥʢʘ ʥʘ ʝʬʝʢʪʘ ʦʪ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ. 

ʇʨʝʟ 1989 ʛ. ʄʝʞʜʫʥʘʨʦʜʥʦʪʦ ʩʧʠʩʘʥʠʝ ʟʘ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ 

ʧʫʙʣʠʢʫʚʘ ʩʪʘʪʠʷ ʟʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ 

ʄʝʞʜʫʥʘʨʦʜʥʦʪʦ ʜʨʫʞʝʩʪʚʦ ʟʘ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ (IAIED). ʊʷ ʩʝ ʦʩʥʦʚʘʚʘ 

ʥʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʠʥʪʝʣʠʛʝʥʪʥʠ ʩʠʩʪʝʤʠ ʟʘ ʦʙʫʯʝʥʠʝ ʠ ʢʦʤʧʶʪʲʨʥʦ ʧʦʜʧʦʤʘʛʘʥʠ 

ʩʠʩʪʝʤʠ ʟʘ ʦʙʫʯʝʥʠʝ ʧʨʝʟ 60-ʪʝ ʠ 70-ʪʝ ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ [37]. ʀʀ ʟʘʧʦʯʚʘ ʩʚʦʝʪʦ 

ʨʘʟʚʠʪʠʝ ʚ ʜʚʘ ʩʝʛʤʝʥʪʘ: ʠʥʩʪʨʫʤʝʥʪʠ ʥʘ ʙʘʟʘʪʘ ʥʘ ʀʀ ʟʘ ʢʣʘʩʥʠʪʝ ʩʪʘʠ ʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʀʀ 

ʟʘ ʨʘʟʙʠʨʘʥʝ, ʠʟʤʝʨʚʘʥʝ ʠ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʫʯʝʥʝʪʦ.  

ɼʥʝʩ ʠʤʘ ʤʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʢʣʘʩʥʘʪʘ ʩʪʘʷ. ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʬʘʢʪʘ, ʯʝ 

ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʢʘʪʦ ʮʷʣʦ ʝ ʩʣʦʞʥʘ ʩʠʩʪʝʤʘ, ʠʟʠʩʢʚʘʱʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʧʦʜʩʠʩʪʝʤʠ ʠ 
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ʢʦʤʧʦʥʝʥʪʠ, ʚ ʢʦʷʪʦ ʥʝʚʠʜʠʤʠʪʝ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʠ ʧʨʦʮʝʩʠ ʤʝʞʜʫ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ 

ʢʦʤʧʦʥʝʥʪʠʪʝ ʩʝ ʚʣʠʷʷʪ ʚʟʘʠʤʥʦ. [43]  

ɹʝʰʝ ʧʨʝʜʣʦʞʝʥʦ ʩʠʩʪʝʤʘʪʠʯʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʜʘ ʘʥʘʣʠʟʠʨʘ ʪʨʠ ʠʟʤʝʨʝʥʠʷ ʚ 

ʢʦʥʪʝʢʩʪʘ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝʪʦ: ʚʘʨʠʘʮʠʠʪʝ ʧʨʠ ʫʯʘʱʠʪʝ, ʦʙʣʘʩʪʠʪʝ ʥʘ ʫʯʝʥʝ ʠ ʫʯʝʙʥʠʪʝ 

ʜʝʡʥʦʩʪʠ. [44, 45]  

ʎʝʣʠʪʝ ʥʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʩʠʩʪʝʤʘ, ʠʥʪʝʛʨʠʨʘʱʘ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʚ 

ʦʙʨʘʟʦʚʘʥʠʝʪʦ, ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʛʨʫʧʠʨʘʥʠ ʚ ʯʝʪʠʨʠ ʪʠʧʘ: ʢʣʘʩʠʬʠʢʘʮʠʷ (5 ʧʨʦʫʯʚʘʥʠʷ), 

ʩʲʧʦʩʪʘʚʷʥʝ (3 ʧʨʦʫʯʚʘʥʠʷ), ʧʨʝʧʦʨʲʢʠ (5 ʧʨʦʫʯʚʘʥʠʷ) ʠ ʜʲʣʙʦʢʦ ʦʙʫʯʝʥʠʝ (10 

ʧʨʦʫʯʚʘʥʠʷ). ʇʲʨʚʘʪʘ ʢʣʘʩʠʬʠʢʘʮʠʷʪʘ ʩʝ ʦʪʥʘʩʷ ʜʦ ʨʝʢʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʙʘʟʠ ʦʪ ʟʥʘʥʠʷ, ʚ 

ʢʦʠʪʦ ʤʘʪʝʨʠʘʣʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʢʘʪʝʛʦʨʠʟʠʨʘʥʠ ʩʧʦʨʝʜ ʨʘʟʣʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʂʣʘʩʠʬʠʢʘʮʠʷʪʘ ʨʘʟʛʨʘʥʠʯʘʚʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʟʥʘʥʠʷʪʘ, ʢʦʝʪʦ ʜʦʧʨʠʥʘʩʷ ʟʘ ʪʦʯʥʦʩʪʪʘ ʥʘ 

ʪʝʢʩʪʦʚʠʷ ʘʥʘʣʠʟ. [46] ʅʘʧʨʠʤʝʨ, ʥʷʢʦʠ ʠʟʩʣʝʜʦʚʘʪʝʣʠ ʨʘʟʨʘʙʦʪʠʭʘ ITS ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʟʘ ʢʘʪʝʛʦʨʠʟʠʨʘʥʝ ʥʘ ʟʘʜʘʯʠ ʟʘ ʜʚʠʞʝʥʠʝ, ʯʨʝʟ ʢʦʠʪʦ ʫʯʝʥʠʮʠʪʝ ʤʦʛʘʪ ʣʝʩʥʦ ʜʘ ʧʦʣʫʯʘʪ 

ʜʦʩʪʲʧ ʜʦ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʟʘʜʘʯʠ ʟʘ ʜʚʠʞʝʥʠʝ ʧʦ ʤʘʪʝʤʘʪʠʢʘ. [47] ɺʪʦʨʘʪʘ ʩʝ ʦʪʥʘʩʷ ʜʦ 

ʤʝʭʘʥʠʟʲʤ ʟʘ ʧʨʝʦʙʨʘʟʫʚʘʥʝ, ʧʨʠ ʢʦʡʪʦ ʨʘʟʣʠʯʥʠ ʥʘʙʦʨʠ ʦʪ ʢʣʘʩʠʬʠʢʘʮʠʠ ʩʘ ʩʚʲʨʟʘʥʠ ʩ 

ʢʦʥʢʨʝʪʥʘ ʫʯʝʙʥʘ ʮʝʣ. ʅʘʧʨʠʤʝʨ, ʟʘ ʥʝʟʨʷʱʠ ʫʯʝʥʠʮʠ ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʩʠʩʪʝʤʘ ʟʘ 

ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ ʪʝʢʩʪ ʚ ʜʠʘʛʨʘʤʘ, ʢʦʷʪʦ ʩʚʲʨʟʚʘ ʛʝʦʤʝʪʨʠʯʥʠ ʪʝʨʤʠʥʠ ʩ ʜʠʘʛʨʘʤʘ ʥʘ 

ʙʨʘʡʣʦʚʘ ʨʘʟʧʝʯʘʪʢʘ, ʢʦʷʪʦ ʝ ʩʝʨʪʠʬʠʮʠʨʘʥʘ ʢʘʪʦ ʝʬʝʢʪʠʚʥʦ ʩʨʝʜʩʪʚʦ ʟʘ ʧʨʝʧʦʜʘʚʘʥʝ/ʫʯʝʥʝ 

ʚ ʫʯʠʣʠʱʝ ʟʘ ʥʝʟʨʷʱʠ. [48] ʊʨʝʪʘʪʘ ʢʦʥʮʝʧʮʠʷ ʩʝ ʩʯʠʪʘ ʟʘ ʠʥʪʝʣʠʛʝʥʪʝʥ ʠʥʩʪʨʫʤʝʥʪ ʟʘ 

ʩʲʟʜʘʚʘʥʝ ʥʘ ʩʲʜʲʨʞʘʥʠʝ. ʉ ʧʦʜʢʨʝʧʘʪʘ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʝʩʪʝʩʪʚʝʥ ʝʟʠʢ, ʪʷ ʤʦʞʝ ʘʚʪʦʤʘʪʠʯʥʦ 

ʜʘ ʩʲʟʜʘʚʘ ʥʦʚʠ ʪʝʤʠ, ʪʝʦʨʠʠ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦ ʩʲʜʲʨʞʘʥʠʝ ʚ ʦʪʛʦʚʦʨ ʥʘ ʦʙʨʘʪʥʘʪʘ ʚʨʲʟʢʘ ʦʪ 

ʫʯʘʱʠʪʝ, ʟʘ ʜʘ ʧʦʤʦʛʥʝ ʥʘ ʫʯʠʪʝʣʠʪʝ ʜʘ ʩʧʝʩʪʷʪ ʚʨʝʤʝ ʠ ʫʩʠʣʠʷ. [49] ʊʷ ʩʲʟʜʘʜʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʯʦʚʝʢ ʠ ʢʦʤʧʶʪʲʨ ʠ ʩʝ ʠʟʧʦʣʟʚʘ ʰʠʨʦʢʦ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ 

ʠʥʪʝʣʠʛʝʥʪʥʘ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʩʧʦʨʝʜ ʚʲʚʝʜʝʥʠʪʝ ʦʪ ʫʯʝʥʠʮʠʪʝ ʜʘʥʥʠ, ʢʦʝʪʦ 

ʩʝ ʩʯʠʪʘ ʟʘ ʥʘʜʝʞʜʥʘ ʬʫʥʢʮʠʷ ʚ ʩʲʚʨʝʤʝʥʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʦʮʝʥʷʚʘʥʝ. [50] ʏʝʪʚʲʨʪʘʪʘ 

ʢʦʥʮʝʧʮʠʷ ʝ ʜʲʣʙʦʢʦʪʦ ʦʙʫʯʝʥʠʝ, ʠʣʠ ʤʘʰʠʥʥʦ ʦʙʫʯʝʥʠʝ, ʝ ʮʷʣʦʩʪʝʥ ʧʦʜʭʦʜ ʟʘ ʦʙʨʘʙʦʪʢʘ 

ʥʘ ʛʦʣʝʤʠ ʜʘʥʥʠ ʠ ʘʥʘʣʠʟ ʥʘ ʧʦʚʝʜʝʥʠʝʪʦ ʧʨʠ ʫʯʝʥʝ. ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ 

ʛʦʣʝʤʠ ʜʘʥʥʠ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ, ʢʘʪʦ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʫʯʝʥʝ ʠʣʠ ʧʨʝʧʦʜʘʚʘʥʝ, ʩʠʩʪʝʤʘʪʘ ʤʦʞʝ 
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ʜʘ ʩʝ ʩʘʤʦʥʘʩʪʨʦʡʚʘ, ʟʘ ʜʘ ʦʪʛʦʚʦʨʠ ʥʘ ʜʠʥʘʤʠʯʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ, ʢʘʪʦ 

ʘʢʪʫʘʣʠʟʠʨʘ ʩʚʦʠʪʝ ʘʣʛʦʨʠʪʤʠ. [36] 

ɼʨʫʛʘ ʧʨʦʤʝʥʣʠʚʘ ʝ ʪʝʦʨʠʷʪʘ ʥʘ ʆʣʩʦʥ: ʫʯʝʥʠʮʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʫʯʘʪ ʦʪ ʦʙʨʘʪʥʘʪʘ 

ʚʨʲʟʢʘ [46] ʆʩʚʝʥ ʪʦʚʘ ʝ ʨʘʟʨʘʙʦʪʝʥ ʫʝʙʩʘʡʪ ʟʘ ʦʙʫʯʝʥʠʝ, Jutge.org, ʩ ʬʫʥʢʮʠʠ ʥʘ ʙʦʛʘʪʦ ʠ 

ʜʦʙʨʝ ʦʨʛʘʥʠʟʠʨʘʥʦ ʭʨʘʥʠʣʠʱʝ ʥʘ ʟʘʜʘʯʠ. ʋʝʙʩʘʡʪʲʪ ʧʨʝʜʦʩʪʘʚʷ ʥʝʟʘʙʘʚʥʘ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ 

ʠ ʧʦʤʘʛʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʜʘ ʨʝʰʘʚʘʪ ʧʦʩʪʝʧʝʥʥʦ ʟʘʜʘʯʠʪʝ ʠ ʜʘ ʩʝ ʫʯʘʪ ʦʪ ʛʨʝʰʢʠʪʝ ʩʠ. [51] 

ʅʝʟʘʙʘʚʥʘʪʘ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ ʥʘʩʲʨʯʘʚʘ ʘʢʪʠʚʥʦʪʦ ʦʙʫʯʝʥʠʝ ʚ ʠʥʪʝʨʘʢʪʠʚʥʠ ʫʯʝʙʥʠ ʩʨʝʜʠ, 

ʥʦ ʩʘʤʦ ʚ ʛʠʤʥʘʟʠʠʪʝ ʠʣʠ ʫʥʠʚʝʨʩʠʪʝʪʠʪʝ. [52] 

ʂʘʢʲʚ ʝ ʝʬʝʢʪʲʪ ʚʲʨʭʫ ʫʯʝʥʝʪʦ ʥʘ ʫʯʝʥʠʮʠʪʝ? ʊʦʡ ʥʝ ʝ ʩʘʤʦ ʝʜʠʥ. ʅʘ ʧʲʨʚʦ ʤʷʩʪʦ, 

ʪʦʚʘ ʤʦʞʝ ʜʘ ʧʦʤʦʛʥʝ ʥʘ ʫʯʝʥʠʮʠʪʝ ʜʘ ʦʧʪʠʤʠʟʠʨʘʪ ʨʘʟʷʩʥʷʚʘʥʝʪʦ ʥʘ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʪʘ 

ʤʝʞʜʫ ʧʦʜʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʜʘʜʝʥʘ ʪʝʤʘ. ɺ ʟʘʤʷʥʘ ʥʘ ʪʦʚʘ ʠʥʪʝʣʠʛʝʥʪʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ 

ʨʘʟʩʲʞʜʝʥʠʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʬʦʨʤʘ ʥʘ ʦʮʝʥʢʘ, ʟʘ ʜʘ ʩʝ ʧʨʝʮʝʥʠ ʜʘʣʠ ʫʯʝʥʠʢʲʪ ʝ 

ʫʩʚʦʠʣ ʜʦʩʪʘʪʲʯʥʦ ʢʦʥʮʝʧʮʠʠ ʟʘ ʜʘʜʝʥʘʪʘ ʪʝʤʘ. [53] ɺʪʦʨʦ, ʩʠʩʪʝʤʘʪʘ ʤʦʞʝ ʜʘ ʦʩʠʛʫʨʠ 

ʘʨʛʫʤʝʥʪʘʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʢʦʝʪʦ ʠʤʘ ʛʦʣʷʤʦ ʟʥʘʯʝʥʠʝ ʟʘ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʘʪʤʦʩʬʝʨʘ 

ʥʘ ʩʲʚʤʝʩʪʥʦ ʫʯʝʥʝ. ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʬʘʢʪʘ, ʯʝ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʨʘʟʩʲʞʜʝʥʠʷʪʘ ʥʘ ʩʚʦʠʪʝ 

ʩʲʫʯʝʥʠʮʠ, ʫʯʝʥʠʮʠʪʝ ʩʘ ʩʢʣʦʥʥʠ ʜʘ ʠʟʨʘʟʷʚʘʪ ʩʚʦʠʪʝ ʘʨʛʫʤʝʥʪʠ ʠ ʜʘ ʧʦʜʦʙʨʷʚʘʪ ʩʚʦʠʪʝ 

ʧʨʝʜʧʦʩʪʘʚʢʠ. [53, 59] ʂʦʤʙʠʥʠʨʘ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʢʘʨʪʦʛʨʘʬʠʨʘʥʝ ʩʲʩ 

ʩʢʨʠʧʪʦʚʝ ʟʘ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ. ɼʠʟʘʡʥʲʪ ʫʩʧʝʰʥʦ ʧʦʤʦʛʥʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʜʘ ʘʥʘʣʠʟʠʨʘʪ ʠ 

ʦʮʝʥʷʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʠ ʧʦʟʠʮʠʠ ʧʦ ʩʧʦʨʥʠ ʪʝʤʠ. ʂʘʪʦ ʮʷʣʦ, ʠʟʩʣʝʜʦʚʘʪʝʣʠʪʝ ʩʯʠʪʘʪ 

ʠʥʩʪʨʫʤʝʥʪʠʪʝ ʟʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʨʘʟʩʲʞʜʝʥʠʷʪʘ ʟʘ ʮʝʥʥʠ ʩʨʝʜʩʪʚʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ 

ʢʨʠʪʠʯʥʦʪʦ ʤʠʩʣʝʥʝ ʠ ʧʠʩʘʥʝ ʥʘ ʫʯʘʱʠʪʝ.[54] 

ʉ ʪʝʯʝʥʠʝ ʥʘ ʚʨʝʤʝʪʦ ʧʝʜʘʛʦʟʠʪʝ ʦʩʠʛʫʨʷʚʘʪ ʘʜʘʧʪʠʚʥʠ ʧʦʜʧʦʨʠ ʟʘ ʨʘʟʥʦʦʙʨʘʟʥʠ 

ʫʯʝʙʥʠ ʩʨʝʜʠ ʩ ʨʘʟʣʠʯʥʠ ʪʠʧʦʚʝ ʫʯʘʱʠ. ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʩʠʩʪʝʤʘʪʘ ʟʘ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ, ʢʦʷʪʦ 

ʧʨʝʜʣʘʛʘ ʩʪʘʥʜʘʨʪʥʠ ʦʪʛʦʚʦʨʠ, ʘʜʘʧʪʠʚʥʘʪʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘ ʩʠʩʪʝʤʘ ʝ ʬʦʨʤʘʪʠʚʥʘ ʠ 

ʢʦʨʠʛʠʨʘʱʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʘ ʩʠʩʪʝʤʘ, ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʩʝ ʥʘʩʪʨʦʡʚʘ (ʩ ʮʝʣ ʥʘ ʠʥʪʝʨʚʝʥʮʠʷʪʘ) 

ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʫʞʜʠ ʠ ʧʨʝʜʧʦʯʠʪʘʥʠʷ ʥʘ ʫʯʘʱʠʪʝ 

(ʧʝʜʘʛʦʛʠʯʝʩʢʘ ʮʝʣ). [55, 38] ʅʷʢʦʠ ʠʟʩʣʝʜʦʚʘʪʝʣʠ ʙʷʭʘ ʤʥʦʛʦ ʧʦʣʦʞʠʪʝʣʥʦ ʥʘʩʪʨʦʝʥʠ ʢʲʤ 

ʙʲʜʝʱʦʪʦ ʧʦʧʫʣʷʨʠʟʠʨʘʥʝ ʥʘ ʘʜʘʧʪʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʚ ʧʨʝʧʦʜʘʚʘʥʝʪʦ ʠ ʫʯʝʥʝʪʦ. [38] 

ʊʝʭʥʦʣʦʛʠʠ ʢʘʪʦ ʠʥʪʝʣʠʛʝʥʪʥʦ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʨʝʯʪʘ ʠ ʘʚʪʦʤʘʪʠʟʠʨʘʥʘ ʦʮʝʥʢʘ ʥʘ ʧʠʩʘʥʝʪʦ 

ʩʘ ʪʝʩʪʚʘʥʠ ʩ ʦʙʝʱʘʚʘʱʠ ʨʝʟʫʣʪʘʪʠ. [56] ʆʩʚʝʥ ʪʦʚʘ ʠʤʘ ʩʲʱʝʩʪʚʝʥʠ ʜʦʢʘʟʘʪʝʣʩʪʚʘ, ʯʝ 

ʘʜʘʧʪʠʚʥʘʪʘ ʠʥʪʝʣʠʛʝʥʪʥʦʩʪ ʧʦʜʦʙʨʷʚʘ ʫʯʝʥʝʪʦ, ʢʘʪʦ ʘʚʪʦʤʘʪʠʯʥʦ ʧʦʟʚʦʣʷʚʘ ʥʘ ʫʯʘʱʠʪʝ ʜʘ 
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ʥʘʤʠʨʘʪ ʠ ʧʦʣʫʯʘʚʘʪ ʜʦʩʪʲʧ ʜʦ ʙʣʠʟʢʠ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʨʝʩʫʨʩʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʥʘʚʠʛʘʮʠʷʪʘ 

ʠ ʧʦʜʢʨʝʧʘʪʘ ʟʘ ʧʨʝʜʩʪʘʚʷʥʝʪʦ. [57] 

ɺ ʪʦʟʠ ʤʦʤʝʥʪ ʠʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʪʦ Ăʥʠʩʲʢ 

ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪñ, Ăʚʠʩʦʢ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪñ ʠ Ăʩʫʧʝʨ ʚʠʩʦʢ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪñ. 

Ăʅʠʩʢʠʷʪ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪñ ʥʘʧʨʠʤʝʨ ʩʘ ʮʠʬʨʦʚʠ ʘʩʠʩʪʝʥʪʠ ʢʘʪʦ ɸʣʝʢʩʘ (Alexa) ʠ ʉʠʨʠ 

(Siri). Ăɺʠʩʦʢʠʷʪ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪñ ʤʦʞʝ ʜʘ ʨʝʰʘʚʘ ʚʩʷʢʘ ʟʘʜʘʯʘ ʪʦʯʥʦ ʢʘʪʦ ʯʦʚʝʢ, ʢʘʪʦ 

ɹʘʨʜ ʠ ʯʘʪ ɼʞʠʇʠʊʠ (Bard, chat GPT). Ăʉʫʧʝʨ ʚʠʩʦʢʠʷʪ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪñ ʚʩʝ ʦʱʝ ʥʝ ʝ 

ʥʘʣʠʯʝʥ. 

ʀʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʚ ʨʘʟʣʠʯʥʠʪʝ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʩʪʝʧʝʥʠ 

ɺ ɹʲʣʛʘʨʠʷ ʠʤʘ ʯʝʪʠʨʠ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʩʪʝʧʝʥʠ: ʥʘʯʘʣʥʦ ʦʙʨʘʟʦʚʘʥʠʝ, ʩʨʝʜʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ, ʛʠʤʥʘʟʠʷ ʠ ʫʥʠʚʝʨʩʠʪʝʪ. ɺʩʷʢʘ ʩʪʝʧʝʥ ʤʦʞʝ ʜʘ ʩʝ ʚʲʟʧʦʣʟʚʘ ʦʪ ʠʟʢʫʩʪʚʝʥʠʷ 

ʠʥʪʝʣʝʢʪ ʚ ʜʥʝʰʥʦ ʚʨʝʤʝ. ʇʨʝʟ ʧʦʩʣʝʜʥʘʪʘ 2023 ʛʦʜʠʥʘ ʠʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ ʙʝʰʝ 

ʚʲʚʝʜʝʥ ʢʘʪʦ ʢʦʥʮʝʧʮʠʷ ʠ ʙʝʰʝ ʧʨʠʝʪ ʢʘʪʦ ʜʦʧʲʣʥʠʪʝʣʥʦ ʩʨʝʜʩʪʚʦ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ. ʍʦʨʘʪʘ 

ʟʘʧʦʯʥʘʭʘ ʜʘ ʠʟʧʦʣʟʚʘʪ ʨʘʟʣʠʯʥʠ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʝʣʝʤʝʥʪʠ ʦʪ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ. ʊʝ 

ʥʘʤʠʨʘʭʘ ʚʩʝ ʧʦʚʝʯʝ ʥʘʯʠʥʠ ʜʘ ʫʯʘʪ ʦʥʣʘʡʥ, ʜʘ ʠʟʧʦʣʟʚʘʪ ʨʘʟʣʠʯʥʠ ʠʥʩʪʨʫʤʝʥʪʠ, ʧʦʣʝʟʥʠ 

ʟʘ ʪʷʭ ʠʣʠ ʟʘ ʜʝʮʘʪʘ ʠʤ, ʘ ʤʥʦʛʦ ʫʯʠʪʝʣʠ ʟʘʧʦʯʥʘʭʘ ʜʘ ʪʲʨʩʷʪ ʘʣʪʝʨʥʘʪʠʚʥʠ ʥʘʯʠʥʠ ʜʘ 

ʧʦʤʦʛʥʘʪ ʥʘ ʫʯʝʥʠʮʠʪʝ ʩʠ. ʊʦʚʘ ʙʝʰʝ ʢʣʶʯʦʚ ʤʦʤʝʥʪ ʟʘ ʠʥʪʝʛʨʠʨʘʥʝ ʥʘ ʥʦʚʠ ʚʲʟʤʦʞʥʦʩʪʠ 

ʢʘʪʦ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ, ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʧʦʚʝʯʝ ʩʲʜʲʨʞʘʥʠʝ, ʟʘ ʨʘʟʙʠʨʘʥʝ ʥʘ ʦʩʥʦʚʥʠʪʝ 

ʧʨʠʥʮʠʧʠ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ. 

ɹʝʰʝ ʧʨʦʚʝʜʝʥ ʪʝʤʘʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ 50 ʧʨʦʫʯʚʘʥʠʷ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʧʦ 

ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʦʪ 2016 ʜʦ 2022 ʛ., ʚ ʢʦʡʪʦ ʙʷʭʘ ʦʮʝʥʝʥʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʪʝ ʤʝʪʦʜʠ, 

ʠʥʩʪʨʫʤʝʥʪʠʪʝ ʟʘ ʧʨʝʧʦʜʘʚʘʥʝ, ʫʯʝʙʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʠ ʤʝʪʦʜʠʪʝ ʟʘ ʦʮʝʥʷʚʘʥʝ ʩʨʝʜ 

ʫʯʝʥʠʮʠʪʝ ʦʪ ʩʨʝʜʥʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ. ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʘʭʘ, ʯʝ:  

ü ʥʘʡ-ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʷʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠ ʧʦʜʭʦʜ ʝ ʩʲʚʤʝʩʪʥʦʪʦ ʫʯʝʥʝ, ʙʘʟʠʨʘʥʦ 

ʥʘ ʧʨʦʝʢʪʠ, ʚʢʣʶʯʚʘʱʦ ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʦ ʨʝʰʘʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʠ ʯʨʝʟ 

ʩʲʟʜʘʚʘʥʝ ʥʘ ʘʨʪʝʬʘʢʪʠ; 

ü ʠʥʩʪʨʫʤʝʥʪʠʪʝ ʟʘ ʧʨʝʧʦʜʘʚʘʥʝ ʙʷʭʘ ʢʘʪʝʛʦʨʠʟʠʨʘʥʠ ʢʘʪʦ ʭʘʨʜʫʝʨ, ʩʦʬʪʫʝʨ, 

ʠʥʪʝʣʠʛʝʥʪʥʠ ʘʛʝʥʪʠ ʠ ʠʥʩʪʨʫʤʝʥʪʠ ʙʝʟ ʠʥʪʝʨʥʝʪ ʚʨʲʟʢʘ; 
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ü ʫʯʝʥʠʮʠʪʝ ʦʪ ʧʦ-ʥʠʩʢʠʪʝ ʢʣʘʩʦʚʝ ʩʝ ʬʦʢʫʩʠʨʘʭʘ ʚʲʨʭʫ ʦʧʦʟʥʘʚʘʥʝʪʦ ʥʘ 

ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʠ ʦʩʥʦʚʥʠʪʝ ʢʦʥʮʝʧʮʠʠ, ʜʦʢʘʪʦ ʫʯʝʥʠʮʠʪʝ ʦʪ ʧʦ-

ʚʠʩʦʢʠʪʝ ʢʣʘʩʦʚʝ ʧʨʦʫʯʚʘʭʘ ʧʦ-ʥʘʧʨʝʜʥʘʣʠ ʠ ʪʝʭʥʠʯʝʩʢʠ ʢʦʤʧʦʥʝʥʪʠ; 

ü ʦʮʝʥʷʚʘʥʝʪʦ ʚʢʣʶʯʚʘʰʝ ʪʝʩʪʦʚʝ ʟʘ ʟʥʘʥʠʷ, ʚʲʧʨʦʩʥʠʮʠ ʠ ʢʘʯʝʩʪʚʝʥ ʘʥʘʣʠʟ 

(ʥʘʧʨʠʤʝʨ ʚʠʜʝʦʢʣʠʧʦʚʝ, ʜʦʢʫʤʝʥʪʠ, ʧʨʝʟʝʥʪʘʮʠʠ);  

ü ʝʬʝʢʪʠʪʝ ʦʪ ʦʙʫʯʝʥʠʝʪʦ ʥʘ ʫʯʝʥʠʮʠʪʝ ʙʷʭʘ ʠʟʤʝʨʝʥʠ ʚ ʝʤʦʮʠʦʥʘʣʥʦ, 

ʧʦʚʝʜʝʥʯʝʩʢʦ, ʢʦʛʥʠʪʠʚʥʦ ʠ ʝʪʠʯʥʦ ʠʟʤʝʨʝʥʠʝ. [58] 

ʇʨʠʣʘʛʘʥʝʪʦ ʥʘ ʀʀ ʤʦʞʝ ʜʘ ʙʲʜʝ ʢʣʘʩʠʬʠʮʠʨʘʥʦ ʜʦʩʪʘ ʷʩʥʦ ʜʥʝʩ.  

ʅʘʯʘʣʥʦ ʫʯʠʣʠʱʝ. ʀʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʟʘ ʜʝʮʘ, ʦʪ ʧʨʦʝʢʪʘ Ăʀʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ 

ʉʠʥʛʘʧʫʨñ, ʝ ʥʘʩʦʯʝʥ ʠʟʮʷʣʦ ʢʲʤ ʫʯʝʥʠʮʠ ʦʪ ʥʘʯʘʣʥʦʪʦ ʫʯʠʣʠʱʝ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʥʘʫʯʘʪ 

ʦʩʥʦʚʥʠʪʝ ʢʦʥʮʝʧʮʠʠ ʥʘ ʀʀ ʠ ʜʘ ʠʟʧʦʣʟʚʘʪ ʠʥʩʪʨʫʤʝʥʪʠ ʠ ʧʨʠʣʦʞʝʥʠʷ, ʙʘʟʠʨʘʥʠ ʥʘ ʥʝʛʦ, 

ʧʦ ʝʪʠʯʝʥ ʥʘʯʠʥ, ʇʨʦʝʢʪ Ăʀʀ ʉʠʥʛʘʧʫʨñ [59] 

ʉʨʝʜʥʦʪʦ ʫʯʠʣʠʱʝ. ʇʨʝʟ 2018 ʛ. ʧʨʘʚʠʪʝʣʩʪʚʦʪʦ ʥʘ ʉʠʥʛʘʧʫʨ ʦʙʷʚʠ ʧʨʦʝʢʪʘ ĂAI 

Singaporeñ, ʯʠʷʪʦ ʮʝʣ ʝ ʜʘ ʨʘʟʚʠʝ ʫʤʝʥʠʷʪʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ 

ʠʥʪʝʣʝʢʪ. ɹʷʭʘ ʩʪʘʨʪʠʨʘʥʠ ʠ ʜʚʝ ʧʨʦʛʨʘʤʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ï ĂAI for 

Studentsñ ʠ ĂAI for Kidsñ. ʇʲʨʚʘʪʘ ʧʨʦʛʨʘʤʘ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʫʣʝʩʥʠ ʫʯʝʙʥʠʷ ʧʣʘʥ ʟʘ ʚʩʠʯʢʠ 

ʫʯʝʥʠʮʠ ʦʪ ʩʨʝʜʥʦʪʦ ʫʯʠʣʠʱʝ ʯʨʝʟ ʬʦʨʤʘʣʥʠ ʠ ʥʝʬʦʨʤʘʣʥʠ ʫʯʝʙʥʠ ʧʨʝʞʠʚʷʚʘʥʠʷ 

(ʥʘʧʨʠʤʝʨ AI Makerspace, Data Camp ʠ Society Discussion Forum). (ʇʨʦʝʢʪ Ăʀʀ ʉʠʥʛʘʧʫʨñ) 

[59] 

ɻʠʤʥʘʟʠʘʣʝʥ ʝʪʘʧ. ʀ. ʃʠʡ ʠ ɹ. ʇʝʨʝʪ ʩʧʦʜʝʣʷʪ ʟʘʢʣʶʯʝʥʠʷʪʘ ʩʠ ʦʪʥʦʩʥʦ ʨʝʟʫʣʪʘʪʠʪʝ 

ʟʘ ʫʯʠʪʝʣʠʪʝ ʦʪ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʜʚʘ ʝʜʥʦʩʝʜʤʠʯʥʠ ʩʝʤʠʥʘʨʘ ʟʘ ʧʨʦʬʝʩʠʦʥʘʣʥʦ ʨʘʟʚʠʪʠʝ 

ʧʨʝʟ ʣʷʪʦʪʦ ʥʘ 2021 ʛ. ʠ ʩʧʦʜʝʣʷʪ ʧʨʝʜʣʦʞʝʥʠʷʪʘ ʟʘ ʧʦʜʦʙʨʝʥʠʷ, ʥʘʧʨʘʚʝʥʠ ʦʪ ʫʯʠʪʝʣʠʪʝ. 

ʋʯʘʩʪʥʠʮʠʪʝ ʚ ʧʨʦʛʨʘʤʘʪʘ ʟʘ ʧʨʦʬʝʩʠʦʥʘʣʥʦ ʨʘʟʚʠʪʠʝ ʩʘ ʙʠʣʠ ʫʯʠʪʝʣʠ ʦʪ ʩʨʝʜʥʠ ʫʯʠʣʠʱʘ 

ʦʪ ʶʛʦʟʘʧʘʜʥʠʪʝ ʠ ʩʝʚʝʨʦʠʟʪʦʯʥʠʪʝ ʨʝʛʠʦʥʠ ʥʘ ʉʲʝʜʠʥʝʥʠʪʝ ʱʘʪʠ, ʢʦʠʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘʪ 

ʨʘʟʣʠʯʥʠ ʜʠʩʮʠʧʣʠʥʠ ʦʪ ʦʙʣʘʩʪʪʘ ʥʘ STEM: ʙʠʦʣʦʛʠʷ, ʭʠʤʠʷ, ʬʠʟʠʢʘ, ʠʥʞʝʥʝʨʩʪʚʦ ʠ 

ʤʘʪʝʤʘʪʠʢʘ. [60]  

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʦʙʫʯʝʥʠʝʪʦ ʥʘ ʫʯʘʩʪʥʠʮʠʪʝ ʠ ʨʝʘʢʮʠʠʪʝ ʠʤ ʢʲʤ ʫʯʝʙʥʘʪʘ ʧʨʦʛʨʘʤʘ ʠ 

ʩʝʤʠʥʘʨʠʪʝ ʟʘ ʧʨʦʬʝʩʠʦʥʘʣʥʦ ʨʘʟʚʠʪʠʝ ʧʦʢʘʟʚʘʪ ʦʙʝʱʘʚʘʱʠʷ ʭʘʨʘʢʪʝʨ ʥʘ ʠʥʪʝʛʨʠʨʘʥʠʷ 

ʧʦʜʭʦʜ ʟʘ ʧʨʝʜʣʘʛʘʥʝ ʥʘ ʦʧʠʪ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʚ ʛʠʤʥʘʟʠʠʪʝ. 

ɿʘʙʝʣʝʞʠʪʝʣʥʠʪʝ ʨʘʟʣʠʢʠ ʤʝʞʜʫ ʜʚʝʪʝ ʛʨʫʧʠ ʫʯʠʪʝʣʠ ʠ ʩʲʦʪʚʝʪʥʠʪʝ ʠʤ ʨʝʟʫʣʪʘʪʠ ʥʠ ʢʘʨʘʪ 

ʜʘ ʩʤʷʪʘʤʝ, ʯʝ ʩʦʣʠʜʥʘʪʘ ʦʩʥʦʚʘ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʧʨʝʜʚʘʨʠʪʝʣʥʦʪʦ ʟʘʧʦʟʥʘʚʘʥʝ ʩ 
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ʢʦʥʮʝʧʮʠʠʪʝ ʥʘ ʢʦʤʧʶʪʲʨʥʠʪʝ ʥʘʫʢʠ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʪʝ ʝʟʠʮʠ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʤʦʛʘʪ ʜʘ 

ʜʘʜʘʪ ʧʨʝʜʠʤʩʪʚʦ ʥʘ ʥʷʢʦʠ ʫʯʠʪʝʣʠ. ʋʩʪʘʥʦʚʷʚʘ ʩʝ, ʯʝ ʨʘʟʛʨʘʥʠʯʘʚʘʥʝʪʦ ʤʝʞʜʫ ʤʝʪʦʜʠʪʝ 

ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʢʘʪʦ ʢʦʛʥʠʪʠʚʥʘ ʟʘʜʘʯʘ ʩʝ ʦʢʘʟʘ ʥʘʧʲʣʥʦ ʧʦ ʩʠʣʠʪʝ ʥʘ ʫʯʠʪʝʣʠʪʝ 

ʦʪ ʩʨʝʜʥʠʪʝ ʫʯʠʣʠʱʘ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʦʙʫʯʝʥʠʝʪʦ ʥʘ ʫʯʠʪʝʣʠʪʝ ʠ ʦʩʥʦʚʥʠʪʝ 

ʧʨʝʜʤʝʪʠ, ʢʦʠʪʦ ʧʨʝʧʦʜʘʚʘʪ, ʚʩʠʯʢʠ ʫʯʠʪʝʣʠ ʠʟʨʘʟʷʚʘʪ ʛʦʣʷʤʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʦʪ ʚʦʜʝʥʝʪʦ 

ʥʘ ʫʨʦʮʠʪʝ.[60] 

ʋʥʠʚʝʨʩʠʪʝʪ. ʉʪʫʜʝʥʪʠʪʝ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘ ʙʠʣʠ ʧʲʨʚʠʪʝ ʧʦʪʨʝʙʠʪʝʣʠ ʥʘ ʀʀ. ʊʝ ʩʝ 

ʥʘʫʯʠʣʠ ʥʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʠ ʩʣʝʜ ʪʦʚʘ ʨʘʟʨʘʙʦʪʠʣʠ ʨʘʟʣʠʯʥʠ ʧʨʠʣʦʞʝʥʠʷ ʠʣʠ ʜʨʫʛʠ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʥʘ ʀʀ.   

ʀʀ ʉɽ ʂʃɸʉʀʌʀʎʀʈɸ ʇʆ ʆɹʈɸɿʆɺɸʊɽʃʅʀ ʅʀɺɸ:  

ʀʟʧʦʣʟʚʘʥʝ ʥʘ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʚ ʧʨʝʜʫʯʠʣʠʱʥʘ ʚʲʟʨʘʩʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ 

ʜʝʡʥʦʩʪʠ ʙʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʢʦʤʧʶʪʲʨ ʟʘ ʟʘʧʦʟʥʘʚʘʥʝ ʩ ʨʦʙʦʪʠ ʠʣʠ ʠʥʪʝʣʠʛʝʥʪʥʠ ʘʛʝʥʪʠ 

ʢʘʪʦ ʧʝʩʥʠ: ʇʝʩʝʥ ʟʘ ʠʟʨʘʟʷʚʘʥʝ, ʇʝʩʝʥ ʟʘ ʩʲʙʫʞʜʘʥʝ, ʇʝʩʝʥ ʟʘ ʦʙʣʠʯʘʥʝ, ʄʘʣʢʦ ʦʛʣʝʜʘʣʦ, 

ʊʠʥʛ-ʘ-ʃʠʥʛ, ʉʧʠʩʘʥʠʷ, ʈʘʟʭʦʜʢʘ ʚ ʧʘʨʢʘ, ʉʪʦʣʦʚʝ, ɹʶʨʦ, ʊʝʣʝʚʠʟʦʨ, ɼʠʚʘʥʲʪ ʥʘ ʤʘʤʘ, 

ʄʦʷʪ ʤʘʣʲʢ ʛʘʨʜʝʨʦʙ, ʅʦʞ, ʄʘʣʲʢ ʤʦʩʪ, ʆʙʠʯʘʤ ʢʠʪʘʨʘʪʘ, ʄʘʣʢʦ ʦʚʯʝ, ʃʠʩʠʮʘ, ʄʘʡʤʫʥʘ, 

ʊʨʠʢʦʣʢʘ, ʏʝʨʚʝʥʘ ʩʚʝʪʣʠʥʘ, ʟʝʣʝʥʘ ʩʚʝʪʣʠʥʘ, ʃʘʢʦʤ ʤʝʯʦʢ ɹʦʙʠ, ʄʘʡʤʫʥʘʪʘ ʦʪʠʚʘ ʥʘ 

ʫʯʠʣʠʱʝ. 

ʀʟʧʦʣʟʚʘʥʝ ʥʘ ʀʀ ʚ ʥʘʯʘʣʥʦʪʦ ʫʯʠʣʠʱʝ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʦʩʥʦʚʥʦ ʯʨʝʟ ʧʨʦʛʨʘʤʠʨʘʥʝ 

ʩʲʩ ʉʢʨʘʯ (Scratch) ʠ ʧʨʦʛʨʘʤʝʥ ʝʟʠʢ ʇʘʡʪʲʥ (Python), ʚʲʟʧʨʠʝʤʘʥʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʩ 

ʧʣʘʪʢʘ ɸʨʜʫʠʥʦ (Arduino), ʟʘʧʦʟʥʘʚʘʥʝ ʩ ʨʘʟʣʠʯʥʠ ʨʦʙʦʪʠ. ɺʲʚʝʜʝʥʠʝ ʚ ʀʀ, ʚʲʟʧʨʠʷʪʠʷ ʟʘ 

ʀʀ, ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʤʥʦʛʦ ʩʝʥʟʦʨʠ, ʨʝʰʘʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʠ ʯʨʝʟ ʜʘʥʥʠ ʠ ʘʣʛʦʨʠʪʤʠ. 

ʃʘʙʦʨʘʪʦʨʠʷ ʧʦ ʀʀ (ʥʘʧʨʠʤʝʨ, ʨʦʙʦʪ, ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʣʠʮʘ ʠ ʛʣʘʩ). Python (ʦʩʥʦʚʥʦ 

ʧʨʦʛʨʘʤʠʨʘʥʝ ʠ ʧʨʠʣʦʞʝʥʠʝ). 

ʀʟʧʦʣʟʚʘʥʝ ʥʘ ʀʀ ʚ ʛʠʤʥʘʟʠʷʪʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ ʨʘʟʙʠʨʘʥʝ ʥʘ ʀʀ, ʟʘʧʦʟʥʘʚʘʥʝ 

ʩ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʀʀ, ʧʦʩʪʘʚʷʥʝ ʥʘ ʦʩʥʦʚʠ ʥʘ ʀʀ, ʠʩʪʦʨʠʷ ʥʘ ʀʀ, ɽʪʠʢʘ ʥʘ ʀʀ, ɺʲʚʝʜʝʥʠʝ 

ʚ ʥʝʚʨʦʣʠʥʛʚʠʩʪʠʯʥʦ ʧʨʦʛʨʘʤʠʨʘʥʝ (ʅʃʇ), ɽʟʠʢ ʥʘ ʀʀ, ʏʘʩʪʠ ʥʘ ʨʝʯʪʘ, ʆʙʨʘʙʦʪʢʘ ʥʘ 

ʝʩʪʝʩʪʚʝʥ ʝʟʠʢ, ɺʝʢʪʦʨʠ ʥʘ ʜʫʤʠ, ʉʠʥʪʘʢʪʠʯʝʥ ʘʥʘʣʠʟ, ʀʟʚʣʠʯʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʂʘʨʪʘ ʥʘ 
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ʟʥʘʥʠʷʪʘ, ʈʝʰʘʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʠ, ʃʦʛʠʯʝʩʢʦ ʟʘʢʣʶʯʝʥʠʝ, ʈʘʟʰʠʨʷʚʘʥʝ ʥʘ ʣʦʛʠʯʝʩʢʦʪʦ 

ʟʘʢʣʶʯʝʥʠʝ, ʈʘʤʢʘ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ, ʆʙʫʯʝʥʠʝ ʥʘ ʜʲʨʚʦ ʥʘ ʨʝʰʝʥʠʷ, ʊʲʨʩʘʯʢʠ. 

ʉʪʫʜʝʥʪʠʪʝ ʚ ʫʥʠʚʝʨʩʠʪʝʪʠʪʝ ʩʝ ʟʘʥʠʤʘʚʘʪ ʦʩʥʦʚʥʦ ʩ ʧʨʦʛʨʘʤʠʨʘʥʝ ʥʘ ʧʨʦʛʨʘʤʥʠʪʝ 

ʝʟʠʮʠ: C#, C++, Java, C, ʟʘ ʜʘ ʠʟʩʣʝʜʚʘʪ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʠ ʜʘ ʛʦ 

ʨʘʟʚʠʚʘʪ ʜʦʧʲʣʥʠʪʝʣʥʦ.  

ʀʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʝ ʤʥʦʛʦ ʠʥʪʝʨʝʩʥʘ ʜʫʤʘ. ʀʟʢʫʩʪʚʦʪʦ ʝ ʯʦʚʝʰʢʘ ʜʝʡʥʦʩʪ ʠ ʠʤʘ ʟʘ 

ʨʝʟʫʣʪʘʪ ʧʨʦʜʫʢʪ. ʀʥʪʝʣʠʛʝʥʪʝʥ ʝ ʦʙʨʘʟʦʚʘʥʠʷʪ ʯʦʚʝʢ. ʀʟʢʫʩʪʚʝʥ ʝ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʧʨʦʜʫʢʪ, 

ʩʲʟʜʘʜʝʥ ʦʪ ʯʦʚʝʢʘ, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ, ʯʝ ʠʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ ʝ ʧʨʦʜʫʢʪ. ɼʥʝʩ ʠʤʘʤʝ ʤʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʠ ʚʩʝ ʧʦʚʝʯʝ ʩʝ ʨʘʟʨʘʙʦʪʚʘʪ ʥʦʚʠ.  

ɿʘ ʩʨʘʚʥʝʥʠʝ ʥʘ ʩ ʚʝʯʝ ʧʨʦʚʝʜʝʥʠ ʧʨʦʫʯʚʘʥʠʷ ʠ ʥʘʜʠʛʘʱʘʪʘ ʩʝ ʚʲʣʥʘ ʥʘ ʀʀ ʚ 

ɹʲʣʛʘʨʠʷ ʧʨʝʟ 2024 ʛʦʜʠʥʘ ʧʨʦʚʝʜʦʭ ʧʨʦʫʯʚʘʥʝ ʟʘ ʪʦʚʘ ʢʘʢʚʦ ʩʝ ʨʘʟʙʠʨʘ ʧʦʜ ʀʟʢʫʩʪʚʝʥ 

ʠʥʪʝʣʝʢʪ ʩʨʝʜ ʧʦʜʨʘʩʪʚʘʱʠʪʝ/ʫʯʝʥʠʮʠʪʝ.  

ʄɽʊʆɼʆʃʆɻʀʗ ʅɸ ʀɿʉʃɽɼɺɸʅɽʊʆ ɺ ʏɸʉʊʅʆ ʋʏʀʃʀʑɽ 

ʇʨʦʚʝʜʦʭ ʠʟʩʣʝʜʚʘʥʝ ʚ ʯʘʩʪʥʦ ʫʯʠʣʠʱʝ ʩʨʝʜ ʫʯʝʥʠʮʠ ʥʘ ʚʲʟʨʘʩʪ ʤʝʞʜʫ 6 ʠ 18 

ʛʦʜʠʥʠ. ʏʘʩʪʥʦʪʦ ʫʯʠʣʠʱʝ ʧʨʝʜʣʘʛʘ ʨʘʟʣʠʯʥʠ ʠʟʚʲʥʢʣʘʩʥʠ ʜʝʡʥʦʩʪʠ ʢʘʪʦ ʨʦʙʦʪʠʢʘ, 

ʙʣʦʢʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝ, ʤʘʪʝʤʘʪʠʢʘ, ʧʨʦʛʨʘʤʠʨʘʥʝ ʉ++, Phyton, ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ, ʘʥʛʣʠʡʩʢʠ 

ʝʟʠʢ, ʘʩʪʨʦʥʦʤʠʷ ʠ ʜʨ. ʅʘʤʠʨʘ ʩʝ ʚ ʉʦʬʠʷ, ɹʲʣʛʘʨʠʷ. ʆʙʱʠʷʪ ʙʨʦʡ ʥʘ ʫʯʝʥʠʮʠʪʝ, ʫʯʘʩʪʚʘʣʠ 

ʚ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ 130.  

ʎʝʣ: ʜʘ ʩʝ ʨʘʟʙʝʨʝ: Ăʂʘʢʚʦ ʨʘʟʙʠʨʘʪ ʫʯʝʥʠʮʠʪʝ ʧʦʜ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ?ñ. ɿʘ ʮʝʣʠʪʝ 

ʥʘ ʧʨʦʫʯʚʘʥʝʪʦ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʙʝ ʜʝʬʠʥʠʨʘʥ ʢʘʪʦ ʥʘʙʦʨ ʦʪ ʧʨʠʣʦʞʝʥʠʷ ʠʣʠ 

ʪʝʭʥʦʣʦʛʠʠ, ʢʦʠʪʦ ʧʦʟʚʦʣʷʚʘʪ ʥʘ ʢʦʤʧʶʪʨʠʪʝ ʜʘ ʠʟʧʲʣʥʷʚʘʪ ʨʘʟʣʠʯʥʠ ʟʘʜʘʯʠ, ʢʘʪʦ ʧʨʝʚʦʜ 

ʥʘ ʝʩʪʝʩʪʚʝʥ ʝʟʠʢ, ʘʥʘʣʠʟ ʥʘ ʜʘʥʥʠ ʠʣʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷ. ɺʩʠʯʢʠ ʪʝʟʠ ʜʝʡʩʪʚʠʷ ʩʝ 

ʠʟʧʲʣʥʷʚʘʪ ʦʪ ʤʘʰʠʥʘ, ʢʦʤʧʶʪʲʨ ʠʣʠ ʨʦʙʦʪ. ɿʘ ʫʯʝʥʠʮʠʪʝ ʥʘ ʚʲʟʨʘʩʪ 6-10 ʛʦʜʠʥʠ ʧʨʠʝʭʤʝ, 

ʯʝ ʢʦʤʧʶʪʲʨʲʪ ʠ ʨʦʙʦʪʠʪʝ ʩʘ ʤʘʰʠʥʠ, ʢʦʠʪʦ ʚʝʯʝ ʨʘʟʧʦʣʘʛʘʪ ʩ ʥʝʦʙʭʦʜʠʤʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ. 

ɿʘ ʧʦ-ʛʦʣʝʤʠʪʝ ʜʝʮʘ (10+) ʧʦʩʦʯʠʭʤʝ, ʯʝ ʨʘʟʣʠʯʥʠʪʝ ʧʨʠʣʦʞʝʥʠʷ ʚʩʲʱʥʦʩʪ ʩʘ ʠʣʠ 

ʠʟʧʦʣʟʚʘʪ ʀʀ, ʢʦʡʪʦ ʦʙʨʘʙʦʪʚʘ ʧʨʝʜʦʩʪʘʚʝʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ. 

ʍʠʧʦʪʝʟʠ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ:  

ü ʋʯʝʥʠʮʠʪʝ ʨʘʟʙʠʨʘʪ ʧʨʘʚʠʣʥʦ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʠ ʤʦʛʘʪ ʜʘ ʛʦ ʠʟʧʦʣʟʚʘʪ. 

ü ʋʯʝʥʠʮʠʪʝ ʨʘʟʙʠʨʘʪ ʧʨʘʚʠʣʥʦ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ, ʥʦ ʥʝ ʤʦʛʘʪ ʜʘ ʛʦ 

ʠʟʧʦʣʟʚʘʪ. 

ü ʋʯʝʥʠʮʠʪʝ ʥʝ ʨʘʟʙʠʨʘʪ ʢʘʢʚʦ ʝ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ, ʥʦ ʛʦ ʠʟʧʦʣʟʚʘʪ. 
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ɹʷʭʘ ʠʟʧʦʣʟʚʘʥʠ ʜʚʘ ʤʝʪʦʜʘ: ʟʘʜʘʯʘ ʠ ʚʲʧʨʦʩʥʠʢ. ɿʘʜʘʯʘʪʘ ʙʝʰʝ ʜʘ ʠʟʧʦʣʟʚʘʪ 

ChatGPT (ʢʘʪʦ AI ʠʥʩʪʨʫʤʝʥʪ) ʟʘ ʜʦʤʘʰʥʠʪʝ ʩʠ ʨʘʙʦʪʠ, ʧʨʦʝʢʪʠ ʠ ʜʨ. ɿʘ ʚʩʷʢʘ ʛʨʫʧʘ ʩʝ 

ʧʦʜʛʦʪʚʠ ʩʧʝʮʠʬʠʯʥʘ ʟʘʜʘʯʘ ʠ ʚʲʧʨʦʩʥʠʢ ʥʘ ʜʠʛʠʪʘʣʥʘʪʘ ʧʣʘʪʬʦʨʤʘ Kahoot, ʢʦʷʪʦ ʝ 

ʟʘʙʘʚʥʘ ʟʘ ʫʯʝʥʠʮʠʪʝ. ʇʲʨʚʦ ʧʨʦʚʝʜʦʭʤʝ ʩ ʚʦʜʝʱʠʷ ʫʯʠʪʝʣ ʜʠʩʢʫʩʠʷ ʧʦ ʪʝʤʘʪʘ ʥʘ 

ʠʟʩʣʝʜʚʘʥʝʪʦ, ʟʘ ʜʘ ʤʦʛʘʪ ʫʯʝʥʠʮʠʪʝ ʜʘ ʩʝ ʥʘʩʪʨʦʷʪ ʢʲʤ ʮʝʣʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ. ʇʦ-ʢʲʩʥʦ 

ʠʤ ʩʝ ʜʘʜʝ ʚʲʧʨʦʩʥʠʢ ʩ 20 ʚʲʧʨʦʩʘ ʚ Kahoot. ʉʣʝʜʚʘʱʘʪʘ ʩʪʲʧʢʘ ʙʝʰʝ ʜʘ ʧʨʦʚʝʜʝʤ ʢʨʘʪʢʘ 

ʜʠʩʢʫʩʠʷ ʟʘ ʪʦʚʘ ʢʘʢʚʦ ʝ ChatGPT ʠ ʜʘ ʠʤ ʜʘʜʝʤ ʜʦʤʘʰʥʘ ʨʘʙʦʪʘ, ʚ ʢʦʷʪʦ ʜʘ ʠʟʧʦʣʟʚʘʪ 

ChatGPT ʟʘ ʦʧʨʝʜʝʣʝʥʘ ʟʘʜʘʯʘ. ʅʘ ʩʣʝʜʚʘʱʠʷ ʜʝʥ ʠʤʘʭʤʝ ʧʨʝʟʝʥʪʘʮʠʠ ʥʘ ʜʦʤʘʰʥʠʪʝ ʨʘʙʦʪʠ 

ʠ ʩʣʝʜ ʪʦʚʘ ʧʨʦʚʝʜʦʭʤʝ ʩʲʱʠʷ ʚʲʧʨʦʩʥʠʢ ʚ Kahoot. 

ʋʯʘʩʪʥʠʮʠ ʙʷʭʘ ʨʘʟʜʝʣʝʥʠ ʚ 4 ʚʲʟʨʘʩʪʦʚʠ ʛʨʫʧʠ:  

ü ʇʦʜ 1 ʢʣʘʩ ï 6 ʛʦʜʠʥʠ; 

ü 1-4 ʢʣʘʩ ï 7 ï 10 ʛʦʜʠʥʠ; 

ü 5-7 ʢʣʘʩ ï 11-13 ʛʦʜʠʥʠ; 

ü 8-12 ʢʣʘʩ ï 14 ï 18 ʛʦʜʠʥʠ.  

ʅʘ ʬʠʛ. 5 ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʙʨʦʷ ʥʘ ʫʯʝʥʠʮʠʪʝ ʩʧʦʨʝʜ ʚʲʟʨʘʩʪʪʘ ʠʤ. 

ʅʘʡ-ʤʘʣʲʢ ʝ ʙʨʦʷʪ ʥʘ ʧʨʝʜʫʯʠʣʠʱʥʠʪʝ ʫʯʝʥʠʮʠ, ʪʲʡ ʢʘʪʦ ʚ ʫʯʠʣʠʱʝʪʦ ʠʤʘ ʩʘʤʦ ʝʜʥʘ 

ʧʨʝʜʫʯʠʣʠʱʥʘ ʛʨʫʧʘ. ʇʨʠʯʠʥʘʪʘ ʟʘ ʜʠʩʙʘʣʘʥʩʘ ʧʨʠ ʫʯʝʥʠʮʠʪʝ ʥʘ ʚʲʟʨʘʩʪ 6+ ʛʦʜʠʥʠ ʩʝ 

ʜʲʣʞʠ ʥʘ ʩʧʝʮʠʬʠʢʘʪʘ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʠʪʝ ʧʨʦʛʨʘʤʠ ʚ ʪʦʚʘ ʢʦʥʢʨʝʪʥʦ ʯʘʩʪʥʦ ʫʯʠʣʠʱʝ, ʚ 

ʢʦʝʪʦ ʩʝ ʧʨʦʚʝʜʝ ʧʨʦʫʯʚʘʥʝʪʦ. ʇʦʚʝʯʝʪʦ ʫʯʝʥʠʮʠ ʩʘ ʚ ʩʨʝʜʥʦ ʠ ʛʠʤʥʘʟʠʘʣʥʦ ʦʙʨʘʟʦʚʘʥʠʝ. 
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ʌʠʛ. 5: ɺʲʟʨʘʩʪ ʥʘ ʫʯʝʥʠʮʠʪʝ ʚ ʧʨʦʮʝʥʪ ʧʦ ʝʪʘʧʠ  

 

ʋʯʝʥʠʮʠ, ʢʦʠʪʦ ʩʘ ʫʯʘʩʪʚʘʣʠ ʚ ʧʨʦʫʯʚʘʥʝʪʦ, ʚ ʧʨʦʮʝʥʪʠ:  

ü 5 % ʧʨʝʜʫʯʠʣʠʱʥʘ ʚʲʟʨʘʩʪ (6 ʛʦʜʠʥʠ); 

ü 12 % ʥʘʯʘʣʥʦ ʫʯʠʣʠʱʝ ï 1-4 ʢʣʘʩ (7 ï 10 ʛʦʜʠʥʠ); 

ü 47 % ʩʨʝʜʥʦ ʫʯʠʣʠʱʝ ï 5-7 ʢʣʘʩ (11 ï 13 ʛʦʜʠʥʠ); 

ü 36 % ʛʠʤʥʘʟʠʷ ï 8-12 ʢʣʘʩ (14 ï 18 ʛʦʜʠʥʠ)  

ɺʲʧʨʦʩʥʠʢʲʪ ʩʲʜʲʨʞʘ ʧʨʝʜʠʤʥʦ ʚʲʧʨʦʩʠ ʩ ʦʪʛʦʚʦʨ Ăʜʘñ/Ăʥʝñ. ɿʘ ʧʦ-ʛʦʣʝʤʠʪʝ 

ʫʯʝʥʠʮʠ ʙʷʭʘ ʜʦʙʘʚʝʥʠ ʥʷʢʦʠ ʜʦʧʲʣʥʠʪʝʣʥʠ ʚʲʧʨʦʩʠ ʩ ʠʟʙʦʨ. ʆʩʚʝʥ ʪʦʚʘ ʚʲʚ ʚʲʧʨʦʩʥʠʢʲʪ 

ʙʷʭʘ ʚʢʣʶʯʝʥʠ ʥʷʢʦʠ ʬʠʣʪʨʠʨʘʱʠ ʠ ʢʦʥʪʨʦʣʥʠ ʚʲʧʨʦʩʠ. ʇʨʠʤʝʨʠ ʟʘ ʠʟʧʦʣʟʚʘʥʠ ʚʲʧʨʦʩʠ: 

ʊʝʣʝʬʦʥʲʪ ʠʛʨʘʯʢʘ ʣʠ ʝ? ʂʦʤʧʶʪʨʠʪʝ ʤʦʛʘʪ ʣʠ ʜʘ ʛʦʚʦʨʷʪ? FB ʨʦʙʦʪ ʣʠ ʝ? Google 

maps ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʣʠ ʝ? ChatGPT ʨʦʙʦʪ ʣʠ ʝ? 

ʅʘʡ-ʤʘʣʢʠʪʝ ʫʯʝʥʠʮʠ (ʧʨʝʜʫʯʠʣʠʱʥʘ ʠ ʥʘʯʘʣʥʘ ʰʢʦʣʘ) ʥʘ ʚʲʟʨʘʩʪ 6 ï 10 ʛʦʜʠʥʠ 

ʠʟʫʯʘʚʘʪ ʧʨʦʛʨʘʤʠʨʘʥʝ ʩ ʧʦʤʦʱʪʘ ʥʘ ʧʨʦʩʪʠ ʨʦʙʦʪʠ ʠ ʤʘʪʝʤʘʪʠʢʘ. ʊʝ ʩʘ ʠʟʨʘʩʥʘʣʠ ʚ ʩʨʝʜʘ, 

ʠʟʧʲʣʥʝʥʘ ʩ ʪʝʭʥʦʣʦʛʠʠ, ʠ ʤʦʛʘʪ ʜʘ ʛʠ ʠʟʧʦʣʟʚʘʪ ʧʦ-ʣʝʩʥʦ ʦʪ ʥʷʢʦʠ ʭʦʨʘ ʦʪ ʧʦ-ʩʪʘʨʦʪʦ 

ʧʦʢʦʣʝʥʠʝ. ʊʝ ʚʲʟʧʨʠʝʤʘʪ ʪʝʭʥʦʣʦʛʠʠʪʝ ʢʘʪʦ ʯʘʩʪ ʦʪ ʞʠʚʦʪʘ, ʢʘʪʦ ʧʨʠʷʪʝʣ ʠ ʧʦʤʦʱʥʠʢ. ʅʘ 

ʪʘʟʠ ʚʲʟʨʘʩʪ ʜʝʮʘʪʘ ʧʨʦʷʚʷʚʘʪ ʛʦʣʷʤ ʠʥʪʝʨʝʩ ʢʲʤ ʨʘʟʙʠʨʘʥʝʪʦ ʥʘ ʩʚʝʪʘ ʦʢʦʣʦ ʪʷʭ. ʊʝ ʥʝ ʩʝ 

ʩʪʨʘʭʫʚʘʪ ʦʪ ʪʝʭʥʦʣʦʛʠʠʪʝ.  

ʉ ʪʝʟʠ ʫʯʝʥʠʮʠ ʧʨʦʚʝʜʦʭʤʝ ʢʨʘʪʢʘ ʜʠʩʢʫʩʠʷ ʥʘ ʪʝʤʠ ʢʘʪʦ: Ăʂʘʢʚʦ ʝ ʠʟʢʫʩʪʚʝʥ 

ʠʥʪʝʣʝʢʪ? ʂʘʢʚʦ ʤʠʩʣʷʪ ʟʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ? ʊʦʚʘ ʯʦʚʝʢ ʣʠ ʝ ʠʣʠ ʤʘʰʠʥʘ? ɿʥʘʝʪʝ ʣʠ 

ʢʘʢʚʦ ʝ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ? ʄʦʞʝʪʝ ʣʠ ʜʘ ʜʘʜʝʪʝ ʧʨʠʤʝʨʠ ʟʘ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ?ñ. ʉʣʝʜ 

5%

12%

47%

36%

ˤΆͪ͊ͫͭ͘ ͤ͊ ͯ;͔͙ͤͼ͙͔ͭ ͍ ͨͪͦͼ͔͙ͤͭ ͨͦ ͔͙ͭ͊ͨ

˽͔ͪ͒ͯ;͙͙͡΅ͤ͊ όс years old)

˹͊;͔͊ͤ͡ ͔ͭ͊ͨόм -п ͊ͫ͟͡ύ

˽͎͙͙ͪͦͣͤ͊͘Ύ όр -т ͊ͫ͟͡ύ

˥͙͙ͣͤ͊͘Ύ όу -мн͊ͫ͟͡ύ
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ʜʠʩʢʫʩʠʷʪʘ ʠʤ ʜʘʜʦʭʤʝ ʜʦʤʘʰʥʘ ʨʘʙʦʪʘ. ɼʠʩʢʫʩʠʷʪʘ ʥʠ ʧʦʤʦʛʥʘ ʜʘ ʨʘʟʙʝʨʝʤ, ʯʝ ʪʝ ʛʣʝʜʘʪ 

ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʢʘʪʦ ʥʘ ʝʣʝʢʪʨʦʥʥʘ ʠʛʨʘ, ʢʘʪʦ ʥʘ ʟʘʙʘʚʥʦ ʧʨʠʣʦʞʝʥʠʝ. ɿʘʪʦʚʘ 

ʩʲʟʜʘʜʦʭʤʝ Kahoot ʚʲʧʨʦʩʥʠʢ, ʟʘ ʜʘ ʨʘʟʙʝʨʝʤ ʧʦ-ʪʦʯʥʦ ʥʘʛʣʘʩʠʪʝ ʠ ʚʷʨʚʘʥʠʷʪʘ ʠʤ ʦʪʥʦʩʥʦ 

ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ. ʀʟʧʦʣʟʚʘʭʤʝ ʦʩʥʦʚʥʘʪʘ ʚʝʨʩʠʷ ʥʘ Kahoot ʩ ʚʲʧʨʦʩʠ ʩ ʦʪʛʦʚʦʨʠ Ăɼʘñ 

ʠʣʠ Ăʅʝñ ʚ ʩʠʥʴʦ ʠ ʯʝʨʚʝʥʦ. ʉʣʝʜ ʚʲʧʨʦʩʥʠʢʲʪ ʠʤ ʧʦʢʘʟʘʭʤʝ ChatGPT ʥʘ ʢʦʤʧʶʪʲʨ. 

ʇʦʢʘʟʘʭʤʝ ʠʤ ʢʘʢ ʜʘ ʩʝ ʩʚʲʨʞʘʪ, ʢʘʢʚʦ ʜʘ ʧʨʘʚʷʪ ʠ ʢʘʢ ʜʘ ʪʲʨʩʷʪ ʠʥʬʦʨʤʘʮʠʷ ʩ ChatGPT. 

ɺʪʦʨʘʪʘ ʯʘʩʪ ʙʝʰʝ ʜʦʤʘʰʥʘ ʨʘʙʦʪʘ: ʜʘ ʠʟʧʦʣʟʚʘʪ ChatGPT ʠ ʜʘ ʧʨʦʫʯʘʪ ʜʦ ʢʘʢʚʘ ʩʪʝʧʝʥ 

ʤʦʛʘʪ ʜʘ ʨʘʟʙʝʨʘʪ ʧʨʝʜʦʩʪʘʚʝʥʘʪʘ ʦʪ ʥʝʛʦ ʠʥʬʦʨʤʘʮʠʷ. ʇʲʨʚʦ ʧʦʷʩʥʠʭʤʝ, ʯʝ ChatGPT ʝ 

ʧʨʦʛʨʘʤʘ ʚ ʙʨʘʫʟʲʨʘ ʠ ʤʦʞʝʤ ʜʘ ʡ ʟʘʜʘʚʘʤʝ ʨʘʟʣʠʯʥʠ ʚʲʧʨʦʩʠ. 

ʅʘ ʩʣʝʜʚʘʱʠʷ ʫʨʦʢ, ʢʦʛʘʪʦ ʩʝ ʩʨʝʱʥʘʭʤʝ ʩ ʫʯʝʥʠʮʠʪʝ, ʨʘʟʛʦʚʘʨʷʭʤʝ ʩ ʪʷʭ ʟʘ 

ʜʦʤʘʰʥʦʪʦ ʠʤ ʟʘʜʘʥʠʝ. ʂʘʢʚʦ ʩʘ ʧʦʧʠʪʘʣʠ ʢʦʤʧʶʪʲʨʘ? ʂʘʢʚʦ ʝ ʦʪʛʦʚʦʨʠʣ ChatGPT? ʂʘʢʚʦ 

ʩʧʦʨʝʜ ʪʷʭ ʝ ʙʠʣʦ ʧʨʘʚʠʣʥʦ ʠʣʠ ʛʨʝʰʥʦ ʚ ʦʪʛʦʚʦʨʠʪʝ? ʇʦʤʦʛʥʘʣʠ ʣʠ ʩʘ ʠʤ ʨʦʜʠʪʝʣʠʪʝ?  

ʉʣʝʜ ʪʦʚʘ ʦʪʥʦʚʦ ʥʘʧʨʘʚʠʭʤʝ ʘʥʢʝʪʘʪʘ Kahoot. ʊʦʟʠ ʧʲʪ ʪʝ ʧʨʦʤʝʥʠʭʘ ʥʷʢʦʠ ʦʪ 

ʦʪʛʦʚʦʨʠʪʝ ʠ ʙʝ ʥʘʧʨʘʚʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʧʲʨʚʦʪʦ ʠ ʚʪʦʨʦʪʦ ʧʨʦʫʯʚʘʥʝ. ʊʝ ʠʤʘʭʘ ʤʘʣʢʦ 

ʧʦ-ʧʨʘʚʠʣʥʦ ʚʲʟʧʨʠʷʪʠʝ ʟʘ ChatGPT.  

ɼʝʮʘʪʘ ʚ ʧʨʝʜʫʯʠʣʠʱʥʘ ʚʲʟʨʘʩʪ. ʅʘʡ-ʤʘʣʢʘʪʘ ʥʠ ʛʨʫʧʘ ï 6-ʛʦʜʠʰʥʠ ʜʝʮʘ, ʧʦʢʘʟʘʭʘ, 

ʯʝ ʤʦʛʘʪ ʜʘ ʠʟʧʦʣʟʚʘʪ ʪʝʭʥʦʣʦʛʠʠʪʝ ʩʘʤʦ ʩ ʧʦʤʦʱʪʘ ʥʘ ʧʦ-ʚʲʟʨʘʩʪʝʥ ʯʦʚʝʢ. ʊʝ ʥʷʤʘʪ 

ʧʨʘʚʠʣʥʦ ʨʘʟʙʠʨʘʥʝ ʟʘ ʩʲʱʥʦʩʪʪʘ ʥʘ ʧʨʠʣʦʞʝʥʠʷʪʘ, ʢʦʠʪʦ ʠʟʧʦʣʟʚʘʪ, ʜʘʣʠ ʪʝʟʠ ʧʨʠʣʦʞʝʥʠʷ 

ʤʦʛʘʪ ʜʘ ʠʤ ʧʦʤʦʛʥʘʪ ʠʣʠ ʜʘ ʠʤ ʥʘʚʨʝʜʷʪ. ʊʝ ʚʩʝ ʦʱʝ ʩʘ ʚ ʬʘʟʘʪʘ ʥʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʩʦʙʩʪʚʝʥʦ 

ʚʠʞʜʘʥʝ ʟʘ ʟʘʦʙʠʢʘʣʷʱʠʷ ʛʠ ʩʚʷʪ. ʊʦʚʘ ʚʠʞʜʘʥʝ ʩʝ ʩʲʟʜʘʚʘ ʯʨʝʟ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʚʩʠʯʢʦ, ʢʦʝʪʦ 

ʤʦʛʘʪ ʜʘ ʜʦʢʦʩʥʘʪ ʠ ʚʠʜʷʪ. 

ʋʯʘʩʪʥʠʮʠʪʝ ʦʪ ʧʨʝʜʫʯʠʣʠʱʥʘ ʚʲʟʨʘʩʪ ʩʲʱʦ ʩʝ ʩʧʨʘʚʠʭʘ ʜʦʩʪʘ ʜʦʙʨʝ ʩ ʘʥʢʝʪʘʪʘ. ʊʝ 

ʜʝʡʩʪʚʘʪ ʜʦʩʪʘ ʠʥʪʫʠʪʠʚʥʦ. 4 ʦʪ 6 ʜʝʮʘ ʧʦʩʦʯʚʘʪ, ʯʝ ʩʤʘʨʪʬʦʥʲʪ ʝ ʨʦʙʦʪ. 6 ʦʪ 6 ʧʦʩʦʯʠʭʘ, 

ʯʝ ʥʷʤʘʪ ʧʨʝʜʩʪʘʚʘ ʢʘʢʚʦ ʝ ChatGPT. ʆʪʛʦʚʦʨʲʪ ʙʝʰʝ ʯʝʩʪʝʥ.  

ʋʯʝʥʠʮʠʪʝ ʚ ʥʘʯʘʣʥʦʪʦ ʫʯʠʣʠʱʝ ʩʲʱʦ ʥʝ ʨʘʟʙʠʨʘʪ ʜʦʙʨʝ ʢʘʢʚʦ ʝ ʀʀ. ʇʨʠ ʪʝʟʠ 

ʫʯʝʥʠʮʠ (ʥʘ ʚʲʟʨʘʩʪ 7-10 ʛʦʜʠʥʠ) ʨʘʟʙʠʨʘʥʝʪʦ ʟʘ ʀʀ ʝ ʤʘʣʢʦ ʧʦ-ʧʦʜʦʙʥʦ. ɺʩʝ ʧʘʢ ʥʷʢʦʠ 

ʫʯʝʥʠʮʠ ʨʘʟʧʦʟʥʘʚʘʪ ʥʷʢʦʠ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʠʪʦ ʚʝʯʝ ʩʘ ʠʟʧʦʣʟʚʘʣʠ ʠʣʠ ʩʘ ʚʠʞʜʘʣʠ ʥʷʢʦʡ 

ʦʢʦʣʦ ʪʷʭ ʜʘ ʠʟʧʦʣʟʚʘ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʪʝ ʚʩʝ ʦʱʝ ʥʝ ʨʘʟʙʠʨʘʪ ʜʦʙʨʝ ʢʘʢʚʦ ʪʦʯʥʦ ʠʟʧʦʣʟʚʘʪ ʠ 
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ʟʘʱʦ. ʇʦʤʘʛʘ ʣʠ ʠʤ ʪʦʚʘ ʥʘʠʩʪʠʥʘ ʠʣʠ ʥʝ? ʊʝ ʨʘʟʙʠʨʘʪ, ʯʝ ʠʟʧʦʣʟʚʘʪ ʝʜʥʦ ʠ ʩʲʱʦ 

ʧʨʠʣʦʞʝʥʠʝ ï 80%, ʥʦ ʥʝ ʤʦʛʘʪ ʜʘ ʨʘʟʙʝʨʘʪ ʦʩʥʦʚʥʘʪʘ ʪʝʦʨʠʷ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ. ʊʝ 

ʧʨʦʩʪʦ ʩʠ ʠʛʨʘʷʪ ʠ ʩʝ ʟʘʙʘʚʣʷʚʘʪ ʩ ChatGPT ï 100%. ʀʥʪʝʨʝʩʥʦ ʝ, ʯʝ ʪʝ ʩʘ ʱʘʩʪʣʠʚʠ ʜʘ 

ʠʟʧʦʣʟʚʘʪ ChatGPT, ʟʘʱʦʪʦ ʤʦʛʘʪ ʜʘ ʨʘʟʛʦʚʘʨʷʪ ʩ Ăʥʷʢʦʛʦñ ï 5%. ʈʝʟʫʣʪʘʪʲʪ ʧʦʢʘʟʚʘ, ʯʝ ʟʘ 

ʪʷʭ ChatGPT ʝ ʥʝʱʦ ʟʘʙʘʚʥʦ, ʘ ʥʝ ʥʝʱʦ, ʢʦʝʪʦ ʧʦ ʥʷʢʘʢʲʚ ʥʘʯʠʥ Ăʧʨʝʜʦʩʪʘʚʷ ʟʥʘʥʠʷñ. ʊʝ 

ʚʠʞʜʘʪ ʧʨʠʷʪʝʣ ʚ Ăʣʠʮʝʪʦñ ʥʘ ʀʀ ï 70%. (ʌʠʛ. 6) ʊʦʚʘ ʤʦʞʝ ʜʘ ʝ ʧʦʣʝʟʥʦ, ʢʦʛʘʪʦ ʨʦʜʠʪʝʣʠʪʝ 

ʩʘ ʟʘʝʪʠ ʠ ʜʝʮʘʪʘ ʥʝ ʤʦʛʘʪ ʜʘ ʠʛʨʘʷʪ ʩ ʠʩʪʠʥʩʢʠ ʧʨʠʷʪʝʣʠ ʠ ʧʨʝʢʘʨʚʘʪ ʚʨʝʤʝʪʦ ʩʠ ʩʘʤʠ ʫ 

ʜʦʤʘ. 

  

ʌʠʛ. 6: ʇʨʝʜʫʯʠʣʠʱʥʘ ʠ ʥʘʯʘʣʥʘ ʫʯʠʣʠʱʥʘ ʚʲʟʨʘʩʪ 

ɽʢʩʧʝʨʠʤʝʥʪʲʪ ʧʦʢʘʟʚʘ, ʯʝ ʘʢʦ ʠʤ ʧʨʝʜʦʩʪʘʚʠʤ ʧʨʘʚʠʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʥʘʚʨʝʤʝ, 

ʫʯʝʥʠʮʠʪʝ ʤʦʛʘʪ ʜʘ ʨʘʟʙʝʨʘʪ ʠ ʜʘ ʥʘʫʯʘʪ ʢʘʢʚʦ ʝ ChatGPT ʠ ʢʘʢ ʜʘ ʛʦ ʠʟʧʦʣʟʚʘʪ ʧʨʘʚʠʣʥʦ. 

ʊʦʚʘ ʝ ʠ ʥʘʡ-ʧʦʜʭʦʜʷʱʘʪʘ ʚʲʟʨʘʩʪ ʟʘ ʜʝʮʘʪʘ, ʚ ʢʦʷʪʦ ʤʦʞʝʤ ʜʘ ʟʘʧʦʯʥʝʤ ʧʨʘʚʠʣʥʦʪʦ 

ʧʦʟʠʮʠʦʥʠʨʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʟʘ ʨʦʣʷʪʘ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʚ ʟʘʦʙʠʢʘʣʷʱʠʷ ʥʠ ʩʚʷʪ. ʊʦʚʘ 

ʝ ʤʦʤʝʥʪʲʪ ʜʘ ʛʠ ʤʦʪʠʚʠʨʘʤʝ ʟʘ ʧʦʚʝʯʝ ʟʥʘʥʠʷ ʠ ʨʘʟʚʠʪʠʝ. 

ʋʯʝʥʠʮʠʪʝ ʦʪ ʩʨʝʜʥʦʪʦ ʫʯʠʣʠʱʝ ʩʘ ʧʦʢʦʣʝʥʠʝʪʦ, ʢʦʝʪʦ ʟʘʧʦʯʚʘ ʜʘ ʠʟʧʦʣʟʚʘ AI 

ʧʦʚʝʯʝ ʢʘʪʦ ʪʝʨʤʠʥ ʠ ʨʘʟʙʠʨʘ ʤʘʣʢʦ ʧʦ-ʜʦʙʨʝ ʟʥʘʯʝʥʠʝʪʦ ʥʘ ʘʙʨʝʚʠʘʪʫʨʘʪʘ AI. ʉ ʪʘʟʠ ʛʨʫʧʘ 

ʫʯʝʥʠʮʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦʪʦ ʙʝʰʝ ʧʦ-ʛʦʣʷʤʦ. ʊʝ ʨʘʟʙʠʨʘʪ ʧʦʚʝʯʝ ʦʪ AI, ʪʲʨʩʷʪ 

ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʥʦʚʠ ʜʫʤʠ, ʥʦʚʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʲʱʦ ʪʘʢʘ ʛʦʚʦʨʷʪ ʯʫʞʜ ʝʟʠʢ. 

ɺ ʤʦʤʝʥʪʘ ʞʠʚʝʝʤ ʚ ʝʨʘʪʘ ʥʘ ʩʘʤʦʫʢʠʪʝ ʜʝʮʘ. ɼʦʩʝʛʘ ʪʝ ʥʝ ʩʘ ʠʤʘʣʠ ʚʲʟʤʦʞʥʦʩʪ 

ʥʷʢʦʡ ʜʘ ʛʠ ʥʘʫʯʠ ʥʘ ʧʨʘʚʠʣʥʘʪʘ ʨʦʣʷ ʠ ʫʧʦʪʨʝʙʘ ʥʘ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ. ɺ ʤʥʦʛʦ ʩʣʫʯʘʠ ʪʝ 

ʩʘʤʠ ʦʪʢʨʠʚʘʪ ʨʘʟʣʠʯʥʠʪʝ ʧʨʠʣʦʞʝʥʠʷ ʠ ʚʲʟʤʦʞʥʦʩʪʠ, ʩʘʤʠ ʪʲʨʩʷʪ ʥʝʦʙʭʦʜʠʤʘʪʘ 

ʠʥʬʦʨʤʘʮʠʷ ʠ ʚ ʤʥʦʛʦ ʩʣʫʯʘʠ ʩʝ ʧʨʦʚʘʣʷʪ ʠ ʩʝ ʫʯʘʪ ʦʪ ʩʚʦʠʪʝ ʛʨʝʰʢʠ. ʊʦʚʘ, ʢʦʝʪʦ ʧʦʣʫʯʘʚʘʪ 

ʢʘʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʫʯʠʣʠʱʝ, ʥʝ ʝ ʜʦʩʪʘʪʲʯʥʦ ʠ ʥʝ ʦʙʭʚʘʱʘ ʧʲʣʥʠʷ ʩʧʝʢʪʲʨ ʦʪ ʪʝʭʥʦʣʦʛʠʠ. 
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 ʆʙʩʲʜʠʭʤʝ ʩ ʫʯʝʥʠʮʠ ʥʘ ʚʲʟʨʘʩʪ 11-13 ʛʦʜʠʥʠ ʪʝʤʘʪʘ ʟʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ: 

ʢʘʢʚʦ ʦʟʥʘʯʘʚʘ ʪʘʟʠ ʘʙʨʝʚʠʘʪʫʨʘ? ʂʘʢʚʦ ʨʘʟʙʠʨʘʪ, ʢʦʛʘʪʦ ʛʦʚʦʨʠʤ ʟʘ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ? 

ʄʦʛʘʪ ʣʠ ʜʘ ʜʘʜʘʪ ʧʨʠʤʝʨʠ ʟʘ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ? ʊʝʟʠ ʫʯʝʥʠʮʠ ʚʝʯʝ ʧʦʟʥʘʚʘʭʘ ʧʨʦʛʨʘʤʘʪʘ 

Kahoot. ʋʯʠʪʝʣʠʪʝ ʠʤ ʷ ʠʟʧʦʣʟʚʘʪ ʚ ʯʘʩʦʚʝʪʝ. ɻʦʚʦʨʠʭʤʝ ʟʘ ʨʘʟʣʠʯʥʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ 

ʪʝʣʝʬʦʥʠʪʝ ʠʤ, ʢʘʢʚʠ ʠʤʘʪ, ʢʘʢʚʠ ʠʟʧʦʣʟʚʘʪ ʯʝʩʪʦ. ʊʝ ʠʟʧʦʣʟʚʘʪ: ʢʘʣʢʫʣʘʪʦʨ, ʢʘʨʪʠ, 

ʩʦʮʠʘʣʥʠ ʤʝʜʠʠ, ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʧʣʘʪʬʦʨʤʠ, ʛʨʘʬʠʯʥʠ ʨʝʜʘʢʪʦʨʠ. ʅʷʢʦʠ ʫʯʝʥʠʮʠ 

ʠʟʧʦʣʟʚʘʭʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʧʨʠʣʦʞʝʥʠʷ, ʟʘ ʜʘ ʩʠ ʧʦʜʛʦʪʚʷʪ ʜʦʤʘʰʥʠʪʝ, ʥʦ ʠʤʘʪ ʤʘʣʢʦ 

ʥʝʛʘʪʠʚʝʥ ʦʧʠʪ, ʟʘʱʦʪʦ ʨʝʟʫʣʪʘʪʲʪ ʥʝ ʚʠʥʘʛʠ ʙʠʣ ʧʨʘʚʠʣʝʥ. ʆʩʚʝʥ ʪʦʚʘ, ʢʦʛʘʪʦ ʨʝʰʘʚʘʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘ ʟʘʜʘʯʘ, ʧʦʣʫʯʘʚʘʪ ʢʨʘʡʥʠʷ ʨʝʟʫʣʪʘʪ, ʥʦ ʥʝ ʧʦʣʫʯʘʚʘʪ ʩʪʲʧʢʠʪʝ, ʧʦ ʢʦʠʪʦ ʝ 

ʠʟʯʠʩʣʝʥ ʪʦʟʠ ʨʝʟʫʣʪʘʪ. 

ʅʘ ʬʠʛ. 7 ʤʦʞʝʤ ʜʘ ʚʠʜʠʤ, ʯʝ 100% ʦʪ ʫʯʝʥʠʮʠʪʝ ʚ ʩʨʝʜʥʦʪʦ ʫʯʠʣʠʱʝ ʚʝʯʝ ʠʟʧʦʣʟʚʘʪ 

ʀʀ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʧʨʠʣʦʞʝʥʠʷ ʚ ʝʞʝʜʥʝʚʠʝʪʦ ʩʠ ʠʣʠ ʚ ʫʯʠʣʠʱʝ. ɺʲʧʨʝʢʠ ʪʦʚʘ, 

ʪʝ ʩʲʱʦ ʥʝ ʨʘʟʙʠʨʘʪ ʥʘʧʲʣʥʦ ʢʘʢʚʦ ʦʟʥʘʯʘʚʘ ʀʀ. ʅʘ ʬʠʛ. 7 ʚʠʞʜʘʤʝ ʩʲʱʦ, ʯʝ 10% ʦʪ 

ʫʯʝʥʠʮʠʪʝ ʩʘ ʦʪʙʝʣʷʟʘʣʠ ChatGPT ʢʘʪʦ ʧʣʘʪʬʦʨʤʘʪʘ, ʢʦʷʪʦ ʪʝʭʥʠʪʝ ʫʯʠʪʝʣʠ ʠʟʧʦʣʟʚʘʪ ʟʘ 

ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʜʦʤʘʰʥʠʪʝ ʠʤ ʟʘʜʘʯʠ, ʘ ʜʦʧʲʣʥʠʪʝʣʥʦ 10% ʦʪʙʝʣʷʟʚʘʪ ʜʨʫʛʠ ʧʨʠʣʦʞʝʥʠʷ ʠ 

ʧʣʘʪʬʦʨʤʠ, ʠʟʧʦʣʟʚʘʥʠ ʦʪ ʪʝʭʥʠʪʝ ʫʯʠʪʝʣʠ. 

 

ʌʠʛ. 7: ʈʘʟʙʠʨʘʥʝ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʚ ʩʨʝʜʥʦʪʦ ʫʯʠʣʠʱʝ 

ɼʨʫʛʘ ʟʘʜʘʯʘ ʟʘ ʫʯʝʥʠʮʠʪʝ ʦʪ ʩʨʝʜʥʦʪʦ ʫʯʠʣʠʱʝ ʙʝʰʝ ʜʘ ʧʦʜʛʦʪʚʷʪ ʜʦʤʘʰʥʘ ʨʘʙʦʪʘ 

ʧʦ ʙʲʣʛʘʨʩʢʘ ʣʠʪʝʨʘʪʫʨʘ ï ʜʘ ʪʲʨʩʷʪ ʩ ʧʦʤʦʱʪʘ ʥʘ ChatGPT ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʥʷʢʦʠ ʙʲʣʛʘʨʩʢʠ 
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ʧʦʝʪʠ. ʆʩʚʝʥ ʪʦʚʘ ʪʝ ʪʨʷʙʚʘʰʝ ʜʘ ʠʟʧʦʣʟʚʘʪ ʚʲʧʨʦʩʠ ʥʘ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ ʩ ʢʠʨʠʣʠʮʘ. ɻʦʣʷʤʘ 

ʯʘʩʪ ʦʪ ʠʥʬʦʨʤʘʮʠʷʪʘ, ʧʦʣʫʯʝʥʘ ʦʪ ChatGPT ʚ ʪʦʟʠ ʩʣʫʯʘʡ, ʥʝ ʙʝʰʝ ʧʨʘʚʠʣʥʘ, ʚʲʧʨʝʢʠ ʯʝ ʚ 

ʠʥʪʝʨʥʝʪ ʠʤʘ ʜʦʩʪʘʪʲʯʥʦ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʞʠʚʦʪʘ, ʩʪʠʭʦʚʝʪʝ, ʨʘʟʢʘʟʠʪʝ, ʪʚʦʨʙʠʪʝ ʠ ʪ.ʥ. ʥʘ 

ʧʦʝʪʠʪʝ. 

ʉʣʝʜ ʢʘʪʦ ʠʟʧʦʣʟʚʘʭʘ ChatGPT ʟʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʜʦʤʘʰʥʠʪʝ ʩʠ ʟʘʜʘʯʠ, ʫʯʝʥʠʮʠʪʝ 

ʙʷʭʘ ʠʟʥʝʥʘʜʘʥʠ, ʯʝ ʠʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ ʥʝ ʝ ʪʦʣʢʦʚʘ ʜʦʙʲʨ ʚ ʪʦʚʘ ï ʜʘ ʨʘʙʦʪʠ ʥʘ 

ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ ʠ ʜʘ ʠʟʧʦʣʟʚʘ ʢʠʨʠʣʠʮʘ ʟʘ ʚʲʧʨʦʩʠʪʝ ʠ ʦʪʛʦʚʦʨʠʪʝ. ʊʝ ʚʠʜʷʭʘ, ʯʝ 

ʠʥʬʦʨʤʘʮʠʷʪʘ ʥʝ ʝ ʥʘʧʲʣʥʦ ʪʦʯʥʘ. ChatGPT ʤʦʞʝ ʜʘ ʥʘʤʠʨʘ ʠʥʬʦʨʤʘʮʠʷ, ʥʦ ʪʘʟʠ 

ʠʥʬʦʨʤʘʮʠʷ ʝ ʩʤʝʩʝʥʘ, ʥʝʪʦʯʥʘ ʠ ʚ ʥʷʢʦʠ ʩʣʫʯʘʠ ʧʦʜʚʝʞʜʘʱʘ. ʋʯʝʥʠʮʠʪʝ ʥʘ ʪʘʟʠ ʚʲʟʨʘʩʪ 

ʟʥʘʷʪ ʪʦʯʥʦ ʢʦʷ ʠʥʬʦʨʤʘʮʠʷ ʝ ʧʨʘʚʠʣʥʘ ʠ ʢʦʷ ʝ ʥʝʚʷʨʥʘ. ʊʝ ʤʦʛʘʪ ʜʘ ʠʟʧʦʣʟʚʘʪ ʜʨʫʛʠ AI 

ʧʨʠʣʦʞʝʥʠʷ ʠʣʠ ʜʘ ʧʨʝʜʦʩʪʘʚʷʪ ʧʦʚʝʯʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʠ ʧʘʨʘʤʝʪʨʠ, ʥʦ ʪʦʚʘ ʦʪʥʝʤʘ ʧʦʚʝʯʝ 

ʚʨʝʤʝ. ʊʝ ʩʲʱʦ ʪʘʢʘ ʚʠʞʜʘʪ, ʯʝ ʪʝʭʥʠʪʝ ʫʯʠʪʝʣʠ ʠʟʧʦʣʟʚʘʪ ʜʨʫʛʠ ʧʨʠʣʦʞʝʥʠʷ, ʟʘ ʜʘ 

ʧʦʜʛʦʪʚʷʪ ʫʨʦʮʠʪʝ ʜʘ ʙʲʜʘʪ ʧʦ-ʘʪʨʘʢʪʠʚʥʠ ʠ ʨʘʟʙʨʘʥʠ.  

ʋʯʝʥʠʮʠʪʝ ʦʪ ʛʠʤʥʘʟʠʷʪʘ ʠʟʧʦʣʟʚʘʪ ChatGPT ʧʦ ʥʘʡ-ʧʦʜʭʦʜʷʱʠʷ ʥʘʯʠʥ. ʊʝ ʙʲʨʟʦ 

ʨʘʟʙʠʨʘʪ ʢʘʢ ʨʘʙʦʪʠ, ʢʘʢʚʠ ʘʨʛʫʤʝʥʪʠ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʠ ʢʘʢ ʜʘ ʠʟʚʣʝʢʘʪ ʤʘʢʩʠʤʘʣʥʦʪʦ ʦʪ 

ʥʝʛʦ. ʈʘʟʙʠʨʘʪ ʚ ʢʦʠ ʘʩʧʝʢʪʠ ʠʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ ʝ ʧʦʣʝʟʝʥ ʠ ʚ ʢʦʠ ʥʝ. ʈʘʟʜʝʣʠʭʤʝ ʪʝʟʠ 

ʫʯʝʥʠʮʠ ʥʘ ʜʚʝ ʧʦʜʛʨʫʧʠ ʧʦ ʚʲʟʨʘʩʪ: 

ü ʛʨʫʧʘ 14-16 ʛʦʜʠʰʥʠ 

ü ʛʨʫʧʘ 17-18 ʛʦʜʠʰʥʠ 

ʇʨʝʜʣʦʞʠʭʤʝ ʥʘ ʜʚʝʪʝ ʧʦʜʛʨʫʧʠ ʜʘ ʠʟʧʦʣʟʚʘʪ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʟʘ ʧʦʜʛʦʪʦʚʢʘʪʘ 

ʥʘ ʧʨʝʟʝʥʪʘʮʠʠʪʝ ʩʠ ʟʘ ʧʨʦʝʢʪʠ ʚ ʩʲʱʠʷ ʢʣʘʩ. ʊʝ ʠʟʧʦʣʟʚʘʭʘ ChatGPT ʢʘʪʦ ʧʨʠʣʦʞʝʥʠʝ, ʥʦ 

ʩʢʦʨʦ ʦʩʲʟʥʘʭʘ, ʯʝ ʪʦ ʝ ʜʦʩʪʘ ʥʝʪʦʯʥʦ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ. ʇʦ-ʛʦʣʷʤʘʪʘ ʯʘʩʪ ʦʪ 

ʩʲʜ̡ʨʞʘʥʠʝʪʦ ʙʝʰʝ ʥʝʪʦʯʥʦ, ʢʦʛʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘʰʝ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ. ʇʦ-ʛʦʣʷʤ ʫʩʧʝʭ ʠʤʘʭʘ, 

ʢʦʛʘʪʦ ʩʲʜʲʨʞʘʥʠʝʪʦ ʙʝʰʝ ʥʘ ʘʥʛʣʠʡʩʢʠ ʝʟʠʢ. ʋʯʠʪʝʣʠʪʝ ʜʘʜʦʭʘ ʠ ʧʨʠʤʝʨʠ ʟʘ ʪʦʚʘ ʢʘʢ ʜʘ 

ʛʦ ʠʟʧʦʣʟʚʘʪ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʩʥʠʤʢʠ, ʠʟʦʙʨʘʞʝʥʠʷ. ʊʝ ʩʝ ʟʘʙʘʚʣʷʚʘʭʘ, ʥʦ ʠʤ ʦʪʥʝ ʧʦʚʝʯʝ 

ʚʨʝʤʝ ʜʘ ʧʦʜʛʦʪʚʷʪ ʜʦʙʨʦ ʠ ʩʤʠʩʣʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ. ʋʯʝʥʠʮʠʪʝ ʩʲʱʦ ʠʤʘʭʘ ʤʥʦʛʦ ʭʫʙʘʚʠ ʠ 

ʠʥʪʝʨʝʩʥʠ ʠʜʝʠ. ʊʝʟʠ, ʢʦʠʪʦ ʥʷʤʘʭʘ ʦʪʥʦʰʝʥʠʝ ʢʲʤ ʠʟʢʫʩʪʚʦʪʦ, ʠʟʧʦʣʟʚʘʭʘ ChatGPT ʧʦ-

ʣʝʩʥʦ ʦʪ ʫʯʝʥʠʮʠʪʝ, ʢʦʠʪʦ ʠʤʘʭʘ ʧʦʚʝʯʝ ʦʯʘʢʚʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʠ ʚ ChatGPT ʟʘ ʧʦʜʛʦʪʦʚʢʘʪʘ 

ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʪʘ ʩʠ. 
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ʌʠʛ. 8: ɻʠʤʥʘʟʠʘʣʝʥ ʝʪʘʧ 16 ï 16 ʛʦʜʠʰʥʠ 

ʅʘ ʬʠʛ. 8 ʤʦʞʝʤ ʜʘ ʩʝ ʚʠʜʠ, ʯʝ 50% ʦʪ ʧʦʜʛʨʫʧʘʪʘ ʥʘ 14-16-ʛʦʜʠʰʥʠʪʝ ʩʘ ʠʟʧʦʣʟʚʘʣʠ 

ChatGPT ʧʦ ʧʦʜʭʦʜʷʱ ʥʘʯʠʥ ʧʨʠ ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʥʝʦʙʭʦʜʠʤʠʷ ʧʨʦʝʢʪ. 60% ʩʘ ʠʟʧʦʣʟʚʘʣʠ 

ChatGPT ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʧʨʝʟʝʥʪʘʮʠʷʪʘ ʧʦ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ ʠ ʣʠʪʝʨʘʪʫʨʘ. 30% ʦʪ ʫʯʝʥʠʮʠʪʝ 

ʩʘ ʫʩʪʘʥʦʚʠʣʠ, ʯʝ ʩʲʜʲʨʞʘʥʠʝʪʦ, ʛʝʥʝʨʠʨʘʥʦ ʦʪ Chat GPT, ʝ ʥʝʪʦʯʥʦ. 5% ʦʪ ʫʯʝʥʠʮʠʪʝ ʩʘ 

ʧʨʝʢʘʨʘʣʠ ʤʥʦʛʦ ʚʨʝʤʝ ʚ ʧʨʝʜʦʩʪʘʚʷʥʝʪʦ ʥʘ ʚʩʝ ʧʦʚʝʯʝ ʠ ʧʦʚʝʯʝ ʧʘʨʘʤʝʪʨʠ ʥʘ Chat GPT, ʟʘ 

ʜʘ ʧʦʣʫʯʘʪ ʟʘʜʦʚʦʣʠʪʝʣʥʠ ʛʝʥʝʨʠʨʘʥʠ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʋʯʝʥʠʮʠʪʝ ʥʘ ʚʲʟʨʘʩʪ 17ï18 ʛʦʜʠʥʠ ʧʨʦʷʚʷʚʘʪ ʠʩʪʠʥʩʢʠ ʠʥʪʝʨʝʩ ʢʲʤ ʥʦʚʠʪʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʢʲʤ ʩʲʙʠʪʠʷʪʘ ʚ ʩʚʝʪʘ, ʪʲʡ ʢʘʪʦ ʩʘ ʧʦ-ʙʣʠʟʦ ʜʦ ʨʝʘʣʥʠʷ ʞʠʚʦʪ ʠ ʫʪʨʝ ʱʝ ʙʲʜʘʪ 

ʥʦʚʠʪʝ ʠʟʦʙʨʝʪʘʪʝʣʠ ʠ ʧʨʝʜʧʨʠʝʤʘʯʠ. ʊʘʟʠ ʚʲʟʨʘʩʪʦʚʘ ʛʨʫʧʘ ʧʨʠʪʝʞʘʚʘ ʟʥʘʥʠʷ ʟʘ 

ʧʨʦʛʨʘʤʠʨʘʥʝ, ʥʷʢʦʠ ʧʦʟʥʘʥʠʷ ʟʘ ʩʦʬʪʫʝʨʘ ʠ ʧʦ-ʧʨʘʚʠʣʥʘ ʧʨʝʜʩʪʘʚʘ ʟʘ ʠʟʢʫʩʪʚʝʥʠʷ 

ʠʥʪʝʣʝʢʪ. 

ʌʠʛʫʨʘ 9 ʧʨʝʜʩʪʘʚʷ ʩʠʪʫʘʮʠʷʪʘ ʩʲʩ ʩʲʱʘʪʘ Ăʜʦʤʘʰʥʘ ʨʘʙʦʪʘñ, ʢʦʛʘʪʦ ʩʘ ʟʘʜʘʜʝʥʠ ʧʦ-

ʩʪʨʠʢʪʥʠ ʢʨʠʪʝʨʠʠ. ɼʦʢʘʪʦ ʫʯʠʪʝʣʷʪ ʜʘʚʘ ʝʜʥʠ ʠ ʩʲʱʠ ʧʘʨʘʤʝʪʨʠ ʠ ʫʯʝʥʠʮʠʪʝ ʥʝ ʤʦʛʘʪ ʜʘ 

ʧʨʘʚʷʪ ʥʠʢʘʢʚʠ ʧʨʦʤʝʥʠ, ʪʝ ʧʦʣʫʯʘʚʘʪ ʝʜʠʥ ʠ ʩʲʱ ʨʝʟʫʣʪʘʪ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʧʦʚʪʦʨʝʥʠʝ ʠ 

ʫʝʜʥʘʢʚʷʚʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ï ʥʝ ʩʝ ʟʘʙʝʣʷʟʚʘ ʥʠʢʘʢʲʚ ʧʨʠʟʥʘʢ ʥʘ ʠʥʜʠʚʠʜʫʘʣʥʦʩʪ. 

ʀʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ ʜʘʚʘ 90% ʝʜʥʘʢʚʘ ʠʥʬʦʨʤʘʮʠʷ/ʨʝʟʫʣʪʘʪ ʥʘ ʚʩʠʯʢʠ ʫʯʝʥʠʮʠ ʟʘ ʝʜʥʘ 

ʠ ʩʲʱʘ ʟʘʜʘʯʘ. ɺʠʞʜʘʤʝ ʩʲʱʦ 27% ʩʚʦʙʦʜʘ ʟʘ ʪʚʦʨʯʝʩʪʚʦ ʠ ʠʥʜʠʚʠʜʫʘʣʠʟʲʤ, ʢʦʛʘʪʦ 

ʚʭʦʜʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʩʘ ʩʭʦʜʥʠ, ʥʦ ʥʝ ʩʘ ʝʜʥʘʢʚʠ. ʂʦʛʘʪʦ ʫʯʝʥʠʮʠʪʝ ʧʨʦʷʚʷʚʘʪ ʢʨʠʪʠʯʥʦ 
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ʤʠʩʣʝʥʝ ʠ ʥʝ ʩʝ ʜʦʚʝʨʷʚʘʪ ʥʘʧʲʣʥʦ ʥʘ ChatGPT, ʧʦʣʫʯʘʚʘʤʝ 50% ʨʘʚʝʥʩʪʚʦ ʧʨʠ 

ʧʨʝʜʩʪʘʚʷʥʝʪʦ ʥʘ ʧʨʦʝʢʪʘ. 

 

ʌʠʛ. 9: ɻʠʤʥʘʟʠʘʣʝʥ ʝʪʘʧ 17-18 ʛʦʜʠʰʥʠ 

ʉʪʫʜʝʥʪʠʪʝ ʦʪ ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʝ ʫʯʘʩʪʚʘʭʘ ʚ ʧʨʦʫʯʚʘʥʝʪʦ, ʥʦ ʩ ʥʷʢʦʣʢʦ ʜʦʙʨʦʚʦʣʝʮʘ 

ʧʨʠʣʦʞʠʭ ʩʲʱʘʪʘ ʤʝʪʦʜʦʣʦʛʠʷ. ʊʝʟʠ ʩʪʫʜʝʥʪʠ ʩʘ ʥʘ ʚʲʟʨʘʩʪ ʥʘʜ 18 ʛʦʜʠʥʠ ʠ ʩʘ ʧʲʣʥʦʣʝʪʥʠ 

ʚ ɹʲʣʛʘʨʠʷ. ʅʦ ʢʘʪʦ ʤʣʘʜʠ ʚʲʟʨʘʩʪʥʠ, ʝ ʜʦʙʨʝ ʜʘ ʨʘʟʙʝʨʝʤ ʠ ʪʷʭʥʦʪʦ ʦʪʥʦʰʝʥʠʝ ʢʲʤ 

ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʠ ChatGPT. ɿʘʜʘʜʝ ʠʤ ʩʝ ʜʦʤʘʰʥʘ ʨʘʙʦʪʘ ʜʘ ʠʟʧʦʣʟʚʘʪ ChatGPT, ʟʘ 

ʜʘ ʧʦʜʛʦʪʚʷʪ ʧʨʝʟʝʥʪʘʮʠʷ ʩ PowerPoint (ppt) ʥʘ ʪʝʤʘ: Ăʀʜʝʠ ʟʘ ʩʲʚʨʝʤʝʥʝʥ ʜʠʟʘʡʥ ʥʘ ʭʦʣʘñ. 

ɿʘ ʮʝʣʪʘ ʥʘ ʧʨʦʫʯʚʘʥʝʪʦ ʩʝ ʠʟʧʦʣʟʚʘʭʘ ʢʦʥʢʨʝʪʥʠ ʜʫʤʠ ʟʘ  ChatGPT ʠ ʜʘ ʩʝ ʧʦʜʛʦʪʚʠ 

ʧʨʝʟʝʥʪʘʮʠʷ, ʬʦʨʤʘʪ - ppt. 

ʉʪʫʜʝʥʪʠʪʝ ʦʪ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʟʧʦʣʟʚʘʭʘ ChatGPT ʟʘ ʩʚʦʷ ʧʨʦʝʢʪ, ʥʦ ʩʲʱʦ ʪʘʢʘ 

ʦʩʲʟʥʘʭʘ, ʯʝ ʠʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ ʠʤ ʧʨʝʜʦʩʪʘʚʷ ʝʜʥʘʢʚʘ ʠʥʬʦʨʤʘʮʠʷ ʠ ʯʝ ʥʝ ʤʦʛʘʪ ʜʘ 

ʙʲʜʘʪ ʫʥʠʢʘʣʥʠ, ʟʘʪʦʚʘ ʪʨʷʙʚʘ ʜʘ ʧʦʜʛʦʪʚʷʪ ʧʨʦʝʢʪʠʪʝ ʩʠ, ʢʘʪʦ ʠʟʧʦʣʟʚʘʪ ʧʦʚʝʯʝ ʦʪ ʩʚʦʠʪʝ 

ʟʥʘʥʠʷ ʠ ʪʚʦʨʯʝʩʪʚʦ. Chat GPT ʜʘʚʘ ʩʭʦʜʥʠ ʠʣʠ ʝʜʥʘʢʚʠ ʨʝʟʫʣʪʘʪʠ, ʢʦʛʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʩ 

ʧʦʜʦʙʥʠ ʠʣʠ ʝʜʥʘʢʚʠ ʧʘʨʘʤʝʪʨʠ, ʢʘʢʪʦ ʚʝʯʝ ʩʝ ʚʠʞʜʘ ʥʘ ʬʠʛ. 9. ʅʷʢʦʠ ʩʪʫʜʝʥʪʠ ʜʦʨʠ ʥʝ 

ʧʨʝʜʩʪʘʚʠʭʘ ʩʚʦʠʪʝ ʧʨʦʝʢʪʠ, ʟʘʱʦʪʦ ʜʨʫʛʠ ʪʝʭʥʠ ʢʦʣʝʛʠ ʧʦʢʘʟʘʭʘ ʩʲʱʠʪʝ ʧʨʦʝʢʪʠ. 

ʉʪʫʜʝʥʪʠʪʝ ʦʪ ʫʥʠʚʝʨʩʠʪʝʪʘ ʨʘʟʙʠʨʘʪ ʧʦ-ʜʦʙʨʝ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʠ ʪʲʨʩʷʪ ʥʘʯʠʥʠ ʜʘ ʛʦ 

ʠʟʧʦʣʟʚʘʪ ʧʦʚʝʯʝ ʚ ʫʯʝʥʠʝʪʦ ʩʠ ʠʣʠ ʚ ʝʞʝʜʥʝʚʠʝʪʦ ʩʠ. ʆʩʚʝʥ ʪʦʚʘ, ʪʝ ʤʠʩʣʷʪ ʠ ʟʘ 

ʜʦʧʲʣʥʠʪʝʣʥʠ ʧʦʜʦʙʨʝʥʠʷ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ, ʟʘ ʜʘ ʩʲʟʜʘʜʘʪ ʥʦʚ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ, 

ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʩʘʤʠʷ ChatGPT. 

ʋʯʝʥʠʮʠʪʝ ʥʘ ʚʩʠʯʢʠ ʥʠʚʘ ʦʩʲʟʥʘʚʘʪ, ʯʝ ChatGPT ʥʝ ʝ ʩʲʚʲʨʰʝʥ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ. 

ʊʦʡ ʤʦʞʝ ʜʘ ʚʠ ʧʦʤʦʛʥʝ, ʜʘ ʚʠ ʜʘʜʝ ʙʲʨʟʘ ʠʥʬʦʨʤʘʮʠʷ, ʥʦ ʥʝ ʤʦʞʝ ʜʘ ʠʟʧʲʣʥʠ ʮʷʣʦʩʪʥʦ 
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ʟʘʜʘʯʘ, ʧʨʦʝʢʪ ʠ ʪ.ʥ. ɺ ʥʷʢʦʠ ʩʣʫʯʘʠ ʤʦʞʝ ʜʘ ʙʲʜʝ ʜʦʙʲʨ ʠ ʙʲʨʟ, ʥʦ ʚ ʜʨʫʛʠ ʩʣʫʯʘʠ ʤʦʞʝ ʜʘ 

ʙʲʜʝ ʥʝʪʦʯʝʥ ʠ ʜʘ ʠʟʠʩʢʚʘ ʧʦʚʝʯʝ ʚʨʝʤʝ ʟʘ ʢʦʥʬʠʛʫʨʠʨʘʥʝ, ʦʪʢʦʣʢʦʪʦ ʜʘ ʩʧʝʩʪʠ ʚʨʝʤʝ, ʢʦʝʪʦ 

ʤʦʞʝ ʜʘ ʙʲʜʝ ʥʝʜʦʩʪʘʪʲʢ. 

ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʥʘʧʨʘʚʝʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʥʷʢʦʠ ʠʟʚʦʜʠ.  

ʋʯʝʥʠʮʠʪʝ ʦʪ ʥʘʯʘʣʝʥ ʝʪʘʧ ʥʝ ʨʘʟʙʠʨʘʪ ʥʘʧʲʣʥʦ ʢʘʢʚʦ ʝ ʀʀ. ʊʝ ʨʘʟʙʠʨʘʪ, ʯʝ 

ʠʟʧʦʣʟʚʘʪ ʝʜʥʦ ʠ ʩʲʱʦ ʧʨʠʣʦʞʝʥʠʝ, ʥʦ ʥʝ ʤʦʛʘʪ ʜʘ ʨʘʟʙʝʨʘʪ ʦʩʥʦʚʥʘʪʘ ʪʝʦʨʠʷ ʥʘ ʀʀ. ʊʝ 

ʧʨʦʩʪʦ ʩʠ ʠʛʨʘʷʪ ʠ ʩʝ ʟʘʙʘʚʣʷʚʘʪ ʩ ChatGPT. ʀʥʪʝʨʝʩʥʦʪʦ ʝ, ʯʝ ʪʝ ʩʘ ʱʘʩʪʣʠʚʠ ʜʘ ʠʟʧʦʣʟʚʘʪ 

ChatGPT, ʟʘʱʦʪʦ ʤʦʛʘʪ ʜʘ ʨʘʟʛʦʚʘʨʷʪ ʩ Ăʥʷʢʦʛʦñ. ʊʝ ʚʠʞʜʘʪ ʧʨʠʷʪʝʣ ʚ Ăʣʠʮʝʪʦñ ʥʘ 

ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ. ʊʦʚʘ ʝ ʧʦʣʝʟʥʦ, ʢʦʛʘʪʦ ʨʦʜʠʪʝʣʠʪʝ ʩʘ ʟʘʝʪʠ ʠ ʜʝʮʘʪʘ ʥʝ ʤʦʛʘʪ ʜʘ 

ʠʛʨʘʷʪ ʩ ʠʩʪʠʥʩʢʠ ʧʨʠʷʪʝʣʠ ʠ ʧʨʝʢʘʨʚʘʪ ʜʲʣʛʦ ʚʨʝʤʝ ʩʘʤʠ ʫ ʜʦʤʘ. 

ʋʯʝʥʠʮʠ ʚ ʪʠʡʥʝʡʜʞʲʨʩʢʘ ʚʲʟʨʘʩʪ. ʉʨʝʜʥʦ ʦʙʨʘʟʦʚʘʥʠʝ. ʊʝ ʠʟʧʦʣʟʚʘʪ ʠʟʢʫʩʪʚʝʥ 

ʠʥʪʝʣʝʢʪ ʩ ʨʘʟʣʠʯʥʠ ʧʨʠʣʦʞʝʥʠʷ ʚ ʝʞʝʜʥʝʚʠʝʪʦ ʩʠ ʠ ʚ ʫʯʠʣʠʱʝ. ʅʦ ʪʝ ʩʲʱʦ ʥʝ ʨʘʟʙʠʨʘʪ 

ʥʘʧʲʣʥʦ ʢʘʢ ʠʟʧʦʣʟʚʘʪ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ. ʇʦ-ʢʲʩʥʦ ʫʯʠʪʝʣʠʪʝ ʠʤ ʦʙʷʩʥʷʚʘʪ ʢʘʢʚʦ ʝ 

ChatGPT ʠ ʢʘʢ ʜʘ ʛʦ ʠʟʧʦʣʟʚʘʪ ʧʨʠ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʟʘʜʘʯʠʪʝ ʩʠ. ɺ ʥʘʯʘʣʦʪʦ ʪʝ ʛʦ ʠʟʧʦʣʟʚʘʪ, 

ʟʘ ʜʘ ʩʠ ʧʦʜʛʦʪʚʷʪ ʜʦʤʘʰʥʠʪʝ, ʥʦ ʩʘ ʠʟʥʝʥʘʜʘʥʠ, ʯʝ ʠʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ ʥʝ ʝ ʪʦʣʢʦʚʘ 

ʜʦʙʲʨ ʚ ʪʦʚʘ. ɿʘʙʝʣʷʟʚʘʪ, ʯʝ ʠʥʬʦʨʤʘʮʠʷʪʘ ʥʝ ʝ ʪʦʯʥʘ. ChatGPT ʤʦʞʝ ʜʘ ʥʘʤʠʨʘ 

ʠʥʬʦʨʤʘʮʠʷ, ʥʦ ʚ ʥʷʢʦʠ ʩʣʫʯʘʠ ʪʷ ʝ ʩʤʝʩʝʥʘ, ʥʝʪʦʯʥʘ ʠ ʧʦʜʚʝʞʜʘʱʘ. ʋʯʝʥʠʮʠʪʝ ʥʘ ʪʘʟʠ 

ʚʲʟʨʘʩʪ ʟʥʘʷʪ ʪʦʯʥʦ ʢʦʷ ʠʥʬʦʨʤʘʮʠʷ ʝ ʧʨʘʚʠʣʥʘ ʠ ʢʦʷ ʝ ʥʝʪʦʯʥʘ. ʊʝ ʤʦʛʘʪ ʜʘ ʠʟʧʦʣʟʚʘʪ 

ʜʨʫʛʠ ʧʨʠʣʦʞʝʥʠʷ ʩ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʠʣʠ ʜʘ ʧʨʝʜʦʩʪʘʚʷʪ ʧʦʚʝʯʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʠ 

ʧʘʨʘʤʝʪʨʠ, ʥʦ ʪʦʚʘ ʦʪʥʝʤʘ ʧʦʚʝʯʝ ʚʨʝʤʝ. ʉʲʱʦ ʪʘʢʘ ʪʝ ʚʠʞʜʘʪ, ʯʝ ʫʯʠʪʝʣʠʪʝ ʠʤ ʠʟʧʦʣʟʚʘʪ 

ʜʨʫʛʠ ʧʨʠʣʦʞʝʥʠʷ, ʟʘ ʜʘ ʥʘʧʨʘʚʷʪ ʫʨʦʮʠʪʝ ʩʠ ʧʦ-ʘʪʨʘʢʪʠʚʥʠ ʠ ʧʦ-ʨʘʟʙʠʨʘʝʤʠ. ʋʯʠʪʝʣʠʪʝ 

ʦʙʷʩʥʷʚʘʪ ʢʲʜʝ ʠ ʢʘʢ ʪʦʯʥʦ ʩʘ ʠʟʧʦʣʟʚʘʣʠ ChatGPT ʧʨʠ ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʫʨʦʮʠʪʝ ʩʠ. ʊʦʚʘ 

ʦʙʷʩʥʷʚʘ ʢʦʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ChatGPT ʛʦ ʧʨʘʚʷʪ ʥʘʡ-ʝʬʝʢʪʠʚʝʥ.  

ʋʯʝʥʠʮʠʪʝ ʚ ʛʠʤʥʘʟʠʷʪʘ ʠʟʧʦʣʟʚʘʪ ChatGPT ʧʦ ʥʘʡ-ʧʦʜʭʦʜʷʱʠʷ ʥʘʯʠʥ. ʊʝ ʙʲʨʟʦ 

ʨʘʟʙʠʨʘʪ ʢʘʢ ʨʘʙʦʪʠ, ʢʘʢʚʠ ʘʨʛʫʤʝʥʪʠ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʠ ʢʘʢ ʜʘ ʠʟʚʣʝʢʘʪ ʤʘʢʩʠʤʘʣʥʘ ʧʦʣʟʘ 

ʦʪ ʥʝʛʦ. ʈʘʟʙʠʨʘʪ ʚ ʢʦʠ ʘʩʧʝʢʪʠ ʠʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ ʝ ʧʦʣʝʟʝʥ ʠ ʚ ʢʦʠ ʥʝ. ʇʨʝʜʣʦʞʠʭʤʝ 

ʠʤ ʜʘ ʠʟʧʦʣʟʚʘʪ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʟʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʧʨʝʟʝʥʪʘʮʠʠʪʝ ʩʠ ʟʘ ʧʨʦʝʢʪʠ ʚ 

ʩʲʱʠʷ ʢʣʘʩ. ʊʝ ʛʦ ʠʟʧʦʣʟʚʘʭʘ ʢʘʪʦ ʨʘʤʢʘ, ʥʦ ʩʢʦʨʦ ʦʩʲʟʥʘʭʘ, ʯʝ ʝ ʜʦʩʪʘ ʥʝʪʦʯʝʥ ʧʦ 
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ʦʪʥʦʰʝʥʠʝ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ. ʉʲʜʲʨʞʘʥʠʝʪʦ ʙʝʰʝ ʥʝʪʦʯʥʦ ʚ ʧʦ-ʛʦʣʷʤʘʪʘ ʩʠ ʯʘʩʪ ʥʘ 

ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ. ʊʝ ʠʤʘʭʘ ʧʦ-ʛʦʣʷʤ ʫʩʧʝʭ, ʢʦʛʘʪʦ ʩʲʜʲʨʞʘʥʠʝʪʦ ʙʝʰʝ ʥʘ ʘʥʛʣʠʡʩʢʠ ʝʟʠʢ. 

ʋʯʠʪʝʣʠʪʝ ʩʲʱʦ ʜʘʜʦʭʘ ʧʨʠʤʝʨʠ ʢʘʢ ʜʘ ʛʦ ʠʟʧʦʣʟʚʘʪ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷ. ʊʝ ʩʝ 

ʟʘʙʘʚʣʷʚʘʭʘ, ʥʦ ʠʤ ʦʪʥʝ ʧʦʚʝʯʝ ʚʨʝʤʝ ʜʘ ʧʦʜʛʦʪʚʷʪ ʜʦʙʨʦ ʠ ʩʤʠʩʣʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ. 

ʋʯʝʥʠʮʠʪʝ ʩʲʱʦ ʠʤʘʪ ʤʥʦʛʦ ʭʫʙʘʚʠ ʠ ʠʥʪʝʨʝʩʥʠ ʠʜʝʠ. ʊʝʟʠ, ʢʦʠʪʦ ʥʷʤʘʭʘ ʭʫʜʦʞʝʩʪʚʝʥʠ 

ʥʘʚʠʮʠ, ʠʟʧʦʣʟʚʘʭʘ ChatGPT ʧʦ-ʣʝʩʥʦ ʦʪ ʫʯʝʥʠʮʠʪʝ, ʢʦʠʪʦ ʠʤʘʭʘ ʧʦʚʝʯʝ ʦʯʘʢʚʘʥʠʷ ʠ 

ʫʩʣʦʚʠʷ ʢʲʤ ChatGPT ʟʘ ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʪʘ ʩʠ.  

ʉʪʫʜʝʥʪʠʪʝ ʦʪ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʟʧʦʣʟʚʘʭʘ ChatGPT ʟʘ ʩʚʦʷ ʧʨʦʝʢʪ, ʥʦ ʩʲʱʦ ʪʘʢʘ 

ʦʩʲʟʥʘʭʘ, ʯʝ ʠʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ ʠʤ ʧʨʝʜʦʩʪʘʚʷ ʝʜʥʘʢʚʘ ʠʥʬʦʨʤʘʮʠʷ ʠ ʯʝ ʥʝ ʤʦʛʘʪ ʜʘ 

ʙʲʜʘʪ ʫʥʠʢʘʣʥʠ, ʟʘʪʦʚʘ ʪʨʷʙʚʘ ʜʘ ʧʦʜʛʦʪʚʷʪ ʧʨʦʝʢʪʠʪʝ ʩʠ, ʢʘʪʦ ʠʟʧʦʣʟʚʘʪ ʧʦʚʝʯʝ ʦʪ ʩʚʦʠʪʝ 

ʟʥʘʥʠʷ ʠ ʪʚʦʨʯʝʩʪʚʦ. ChatGPT ʜʘʚʘ ʩʭʦʜʥʠ ʠʣʠ ʝʜʥʘʢʚʠ ʨʝʟʫʣʪʘʪʠ, ʢʦʛʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʩ 

ʧʦʜʦʙʥʠ ʠʣʠ ʝʜʥʘʢʚʠ ʧʘʨʘʤʝʪʨʠ. ʅʷʢʦʠ ʩʪʫʜʝʥʪʠ ʥʝ ʧʨʝʜʩʪʘʚʠʭʘ ʩʚʦʠʪʝ ʧʨʦʝʢʪʠ, ʟʘʱʦʪʦ 

ʜʨʫʛʠ ʪʝʭʥʠ ʢʦʣʝʛʠ ʧʦʢʘʟʘʭʘ ʩʲʱʠʪʝ ʧʨʦʝʢʪʠ. ʉʪʫʜʝʥʪʠʪʝ ʦʪ ʫʥʠʚʝʨʩʠʪʝʪʘ ʨʘʟʙʠʨʘʪ ʧʦ-

ʜʦʙʨʝ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʠ ʪʲʨʩʷʪ ʥʘʯʠʥʠ ʜʘ ʛʦ ʠʟʧʦʣʟʚʘʪ ʧʦʚʝʯʝ ʚ ʩʚʦʠʪʝ ʧʨʦʫʯʚʘʥʠʷ 

ʠʣʠ ʚ ʝʞʝʜʥʝʚʠʝʪʦ ʩʠ. ʆʩʚʝʥ ʪʦʚʘ, ʪʝ ʤʠʩʣʷʪ ʠ ʟʘ ʜʦʧʲʣʥʠʪʝʣʥʠ ʧʦʜʦʙʨʝʥʠʷ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ 

ʠʥʪʝʣʝʢʪ, ʟʘ ʜʘ ʩʲʟʜʘʜʘʪ ʥʦʚ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ, ʚʢʣʶʯʠʪʝʣʥʦ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʩʘʤʠʷ 

ChatGPT. 

ʆʙʫʯʘʚʘʱʠʪʝ ʩʝ ʦʪ ʚʩʠʯʢʠ ʩʪʝʧʝʥʠ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʦʩʲʟʥʘʚʘʪ, ʯʝ ChatGPT ʥʝ ʝ 

ʩʲʚʲʨʰʝʥ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ. ʊʦʡ ʤʦʞʝ ʜʘ ʚʠ ʧʦʤʦʛʥʝ, ʜʘ ʚʠ ʜʘʜʝ ʙʲʨʟʘ ʠʥʬʦʨʤʘʮʠʷ, ʥʦ 

ʥʝ ʤʦʞʝ ʜʘ ʠʟʧʲʣʥʠ ʮʷʣʦʩʪʥʘ ʟʘʜʘʯʘ, ʧʨʦʝʢʪ ʠ ʪ.ʥ. ɺ ʥʷʢʦʠ ʩʣʫʯʘʠ ʤʦʞʝ ʜʘ ʝ ʜʦʙʲʨ ʠ ʙʲʨʟ, 

ʥʦ ʚ ʜʨʫʛʠ ʩʣʫʯʘʠ ʤʦʞʝ ʜʘ ʝ ʥʝʪʦʯʝʥ ʠ ʜʘ ʠʟʠʩʢʚʘ ʧʦʚʝʯʝ ʚʨʝʤʝ ʟʘ ʢʦʥʬʠʛʫʨʠʨʘʥʝ, ʦʪʢʦʣʢʦʪʦ 

ʜʘ ʩʧʝʩʪʠ ʚʨʝʤʝ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʥʝʜʦʩʪʘʪʲʢ.  

ʊʦʚʘ ʧʦʢʘʟʘ, ʯʝ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘʪʘ ʧʨʠ ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʧʝʨʩʦʥʘʣʠʟʠʨʘʥʦ ʦʙʫʯʝʥʠʝ 

ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʥʝʧʦʜʭʦʜʷʱʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ. ʇʨʝʩʪʨʫʢʪʫʨʠʨʘʥʝʪʦ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʪʘ ʥʘ ʧʨʝʜʩʪʘʚʷʥʝʪʦ ʪʲʨʩʠ ʥʘʯʠʥ ʜʘ ʧʨʝʜʝʬʠʥʠʨʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʥʘ 

ʟʥʘʥʠʷʪʘ ʩʧʦʨʝʜ ʪʲʨʩʝʥʝʪʦ ʥʘ ʫʯʝʥʠʢʘ. ɺ ʪʘʟʠ ʩʠʪʫʘʮʠʷ ʦʙʨʘʪʥʘʪʘ ʚʨʲʟʢʘ ʝ ʚʘʞʝʥ ʧʦʜʭʦʜ ʟʘ 

ʟʘʜʦʚʦʣʷʚʘʥʝ ʥʘ ʤʦʜʝʣʠʪʝ ʥʘ ʫʯʝʥʝ ʥʘ ʫʯʝʥʠʮʠʪʝ [61]   

ʀʟʧʦʣʟʚʘʡʢʠ ʠʟʢʫʩʪʚʝʥʘ ʥʝʚʨʦʥʥʘ ʤʨʝʞʘ ʚ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ, ʩʠʩʪʝʤʘʪʘ 

ʧʨʝʜʦʩʪʘʚʷ ʥʝʟʘʙʘʚʥʘ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ ʩʧʦʨʝʜ ʚʲʚʝʜʝʥʠʪʝ ʦʪ ʫʯʝʥʠʮʠʪʝ ʜʘʥʥʠ, ʟʘ ʜʘ ʠʤ 

ʧʦʤʦʛʥʝ ʧʦʩʪʝʧʝʥʥʦ ʜʘ ʧʦʣʫʯʘʪ ʜʦʩʪʲʧ ʜʦ ʘʙʩʪʨʘʢʪʥʠʪʝ ʢʦʥʮʝʧʮʠʠ ʠ ʜʘ ʠʟʧʲʣʥʷʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʫʧʨʘʞʥʝʥʠʷ.  
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ʂʦʛʘʪʦ ʫʯʝʥʠʮʠʪʝ ʠʟʧʦʣʟʚʘʭʘ ChatGPT, ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘʪʘ ʤʦʞʝʭʘ ʜʘ ʙʲʜʘʪ 

ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʚ ʪʨʠ ʢʘʪʝʛʦʨʠʠ: ʪʝʭʥʠʢʘ, ʫʯʠʪʝʣʠ ʠ ʫʯʝʥʠʮʠ, ʠ ʩʦʮʠʘʣʥʘ ʝʪʠʢʘ. 

ʇʨʝʜʩʪʘʚʝʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʧʦʢʘʟʚʘ ʢʦʣʢʦ ʤʥʦʛʦ ʥʦʚʠ ʤʝʪʦʜʠ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʙʲʜʘʪ 

ʚʲʚʝʜʝʥʠ ʚ ʙʲʣʛʘʨʩʢʘʪʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘ ʩʠʩʪʝʤʘ, ʟʘ ʜʘ ʤʦʞʝ ʪʷ ʜʘ ʩʝ ʘʜʘʧʪʠʨʘ ʢʲʤ ʥʫʞʜʠʪʝ 

ʥʘ ʩʲʚʨʝʤʝʥʥʠʷ ʩʚʷʪ. ʋʯʝʥʠʮʠʪʝ ʧʦʢʘʟʘʭʘ ʞʘʞʜʘ ʟʘ ʥʦʚʠ ʟʥʘʥʠʷ, ʥʦ ʝ ʩʲʱʦ ʪʘʢʘ ʚʘʞʥʦ 

ʫʯʠʪʝʣʠʪʝ ʜʘ ʧʨʝʜʦʩʪʘʚʷʪ ʩʲʚʨʝʤʝʥʥʘ ʠ ʘʜʝʢʚʘʪʥʘ ʦʩʥʦʚʘ. ʉʝʛʘ ʝ ʚʨʝʤʝ ʜʘ ʛʦʚʦʨʠʤ ʧʦʚʝʯʝ 

ʟʘ ʟʥʘʯʝʥʠʝʪʦ ʥʘ ʜʫʤʠʪʝ, ʢʦʠʪʦ ʠʟʧʦʣʟʚʘʤʝ, ʠ ʜʘ ʥʝ ʩʝ ʜʦʚʝʨʷʚʘʤʝ ʩʣʷʧʦ ʥʘ ʩʪʘʥʜʘʨʪʥʠʪʝ 

ʬʨʘʟʠ. ʉʧʦʨʝʜ ʥʘʡ-ʥʦʚʘʪʘ ʢʣʘʩʘʮʠʷ ʟʘ Ăʜʫʤʘʪʘ ʥʘ ʛʦʜʠʥʘʪʘñ ʚ ʧʣʘʪʬʦʨʤʘʪʘ Ăʂʘʢ ʩʝ ʧʠʰʝ?ñ 

ʟʘ 2023 ʛ. ʘʙʨʝʚʠʘʪʫʨʘʪʘ AI ʟʘʝʤʘ ʧʲʨʚʦ ʤʷʩʪʦ ʩ 45%. ʊʦʚʘ ʝ ʯʫʜʝʩʥʦ, ʥʦ ʢʘʢʪʦ ʚʠʜʷʭʤʝ ʚ 

ʥʘʰʝʪʦ ʧʨʦʫʯʚʘʥʝ, ʚʩʝ ʦʱʝ ʠʤʘʤʝ ʨʘʙʦʪʘ ʟʘ ʚʲʨʰʝʥʝ, ʟʘ ʜʘ ʦʙʷʩʥʠʤ ʦʩʥʦʚʠʪʝ ʠ ʩʲʱʥʦʩʪʪʘ 

ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ/AI/ ʥʘ ʤʣʘʜʠʪʝ ʧʦʢʦʣʝʥʠʷ. ɽʪʦ ʟʘʱʦ ʠ ʫʯʠʪʝʣʠʪʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ 

ʩʝ ʧʦʜʛʦʪʚʷʪ  ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʀʀ. ʂʦʣʢʦʪʦ ʧʦ-ʨʘʥʦ ʩʝ ʠʟʷʩʥʠ ʩʲʱʥʦʩʪʪʘ ʥʘ AI, ʪʦʣʢʦʚʘ ʧʦ-

ʜʦʙʨʦ ʱʝ ʩʪʘʥʝ ʥʘʰʝʪʦ ʦʙʨʘʟʦʚʘʥʠʝ. 

ɹʲʣʛʘʨʩʢʘʪʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘ ʩʠʩʪʝʤʘ ʟʘʧʦʯʚʘ ʜʘ ʠʥʪʝʛʨʠʨʘ STEM ʩ ʦʩʥʦʚʥʘʪʘ ʮʝʣ 

ʫʯʠʪʝʣʠʪʝ ʜʘ ʧʨʝʜʦʩʪʘʚʷʪ ʧʦʚʝʯʝ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʘʥʦ ʦʙʫʯʝʥʠʝ. STEM ʦʙʨʘʟʦʚʘʥʠʝʪʦ 

ʜʦʧʲʣʥʠʪʝʣʥʦ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʚʲʚʝʜʝ ʧʦʚʝʯʝ ʨʝʩʫʨʩʠ, ʦʩʚʝʥ ʀʀ. ʅʝ ʩʘʤʦ ʧʨʠʣʦʞʝʥʠʷ, ʥʦ ʠ 

ʨʦʙʦʪʠ, ʚʝʨʠʛʠ, ʠʥʩʪʨʫʤʝʥʪʠ, ʢʦʠʪʦ ʥʘʰʠʪʝ ʫʯʝʥʠʮʠ ʤʦʛʘʪ ʜʘ ʠʟʧʦʣʟʚʘʪ, ʟʘ ʜʘ ʨʘʟʙʝʨʘʪ ʧʦ-

ʜʦʙʨʝ ʢʘʢʚʦ ʚʩʲʱʥʦʩʪ ʝ ʠʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ, ʢʘʢ ʩʝ ʨʘʟʨʘʙʦʪʚʘ, ʢʘʢ ʜʘ ʛʦ ʠʟʧʦʣʟʚʘʪ ʧʦ-

ʜʦʙʨʝ, ʢʘʢʚʘ ʝ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʨʦʙʦʪʠʪʝ ʠ ʭʦʨʘʪʘ, ʪʘʢʘ ʯʝ ʫʯʝʥʠʮʠʪʝ ʜʘ ʤʦʛʘʪ ʜʘ ʩʪʘʥʘʪ 

ʙʲʜʝʱʠ ʠʥʦʚʘʪʦʨʠ. ɼʦʢʘʪʦ ʛʦʚʦʨʠʤ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʨʦʙʦʪʠ ʠ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ, ʥʠʝ 

ʠʟʛʨʘʞʜʘʤʝ ʥʦʚ ʦʙʨʘʟʦʚʘʪʝʣʝʥ ʤʦʜʝʣ ï ʤʦʜʝʣ, ʙʘʟʠʨʘʥ ʥʘ ʧʨʦʝʢʪʠ. 

ʂʘʨʪʦʛʨʘʬʠʨʘʥʝʪʦ ʥʘ ʜʝʡʥʦʩʪʠʪʝ ʩ ʀʀ ʥʘ ʚʩʷʢʦ ʦʙʨʘʟʦʚʘʪʝʣʥʦ ʥʠʚʦ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʧʨʝʜʣʦʞʝʥʦ ʢʘʢʪʦ ʩʣʝʜʚʘ: 

ʀʟʧʦʣʟʚʘʥʝ ʥʘ ʀʀ ʚ ʧʨʝʜʫʯʠʣʠʱʥʘ ʚʲʟʨʘʩʪ: ʜʝʡʥʦʩʪʠ ʙʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʢʦʤʧʶʪʲʨ ʟʘ 

ʟʘʧʦʟʥʘʚʘʥʝ ʩ ʨʦʙʦʪʠ ʠʣʠ ʠʥʪʝʣʠʛʝʥʪʥʠ ʘʛʝʥʪʠ ï ʇʝʩʝʥ ʟʘ ʠʟʨʘʟʷʚʘʥʝ, ʇʝʩʝʥ ʟʘ ʩʲʙʫʞʜʘʥʝ, 

ʇʝʩʝʥ ʟʘ ʦʙʣʠʯʘʥʝ, ʄʘʣʢʦ ʦʛʣʝʜʘʣʦ, ʊʠʥʛ-ʘ-ʃʠʥʛ, ʉʧʠʩʘʥʠʷ, ʈʘʟʭʦʜʢʘ ʚ ʧʘʨʢʘ, ʉʪʦʣʦʚʝ, 

ɹʶʨʦ, ʊʝʣʝʚʠʟʦʨ, ɼʠʚʘʥʲʪ ʥʘ ʤʘʤʘ, ʄʦʷʪ ʤʘʣʲʢ ʛʘʨʜʝʨʦʙ, ʅʦʞ, ʄʘʣʲʢ ʤʦʩʪ, ʆʙʠʯʘʤ 
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ʢʠʪʘʨʘʪʘ, ʄʘʣʢʦ ʦʚʯʝ, ʃʠʩʠʮʘ, ʄʘʡʤʫʥʘ, ʊʨʠʢʦʣʢʘ, ʏʝʨʚʝʥʘ ʩʚʝʪʣʠʥʘ, ʟʝʣʝʥʘ ʩʚʝʪʣʠʥʘ, 

ʃʘʢʦʤ ʤʝʯʦʢ ɹʦʙʠ, ʄʘʡʤʫʥʘʪʘ ʦʪʠʚʘ ʥʘ ʫʯʠʣʠʱʝ. 

ʀʟʧʦʣʟʚʘʥʝ ʥʘ ʀʀ ʚ ʥʘʯʘʣʥʦʪʦ ʫʯʠʣʠʱʝ: ʆʩʥʦʚʥʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʩ Scratch ʠ Python, 

ʚʲʟʧʨʠʝʤʘʥʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʩ Arduino, ʟʘʧʦʟʥʘʚʘʥʝ ʩ ʨʘʟʣʠʯʥʠ ʨʦʙʦʪʠ. 

ʀʟʧʦʣʟʚʘʥʝ ʥʘ ʀʀ ʚ ʩʨʝʜʥʦʪʦ ʫʯʠʣʠʱʝ: ɺʲʚʝʜʝʥʠʝ ʚ ʀʀ, ʚʲʟʧʨʠʷʪʠʷ ʟʘ ʀʀ, 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʤʥʦʛʦ ʩʝʥʟʦʨʠ, ʨʝʰʘʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʠ ʯʨʝʟ ʜʘʥʥʠ ʠ ʘʣʛʦʨʠʪʤʠ. ʃʘʙʦʨʘʪʦʨʠʷ 

ʧʦ ʀʀ (ʥʘʧʨʠʤʝʨ ʨʦʙʦʪ, ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʣʠʮʘ ʠ ʛʣʘʩ). Python (ʦʩʥʦʚʥʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʠ 

ʧʨʠʣʦʞʝʥʠʝ). 

ʀʟʧʦʣʟʚʘʥʝ ʥʘ ʀʀ ʚ ʛʠʤʥʘʟʠʷʪʘ: ʈʘʟʙʠʨʘʥʝ ʥʘ ʀʀ, ʇʨʠʣʦʞʝʥʠʷ ʥʘ ʀʀ, ʆʩʥʦʚʠ ʥʘ ʀʀ, 

ʀʩʪʦʨʠʷ ʥʘ ʀʀ, ʉʠʣʥʘ ʀʀ, ʉʣʘʙʘ ʀʀ, ɽʪʠʢʘ ʥʘ ʀʀ, ɺʲʚʝʜʝʥʠʝ ʚ ʅʃʇ, ɽʟʠʢ ʥʘ ʀʀ, ʏʘʩʪʠ 

ʥʘ ʨʝʯʪʘ, ʆʙʨʘʙʦʪʢʘ ʥʘ ʝʩʪʝʩʪʚʝʥ ʝʟʠʢ, ɺʝʢʪʦʨʠ ʥʘ ʜʫʤʠ, ʉʠʥʪʘʢʪʠʯʝʥ ʘʥʘʣʠʟ, ʀʟʚʣʠʯʘʥʝ 

ʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʂʘʨʪʘ ʥʘ ʟʥʘʥʠʷʪʘ, ʈʝʰʘʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʠ, ʃʦʛʠʯʝʩʢʦ ʟʘʢʣʶʯʝʥʠʝ, 

ʈʘʟʰʠʨʷʚʘʥʝ ʥʘ ʣʦʛʠʯʝʩʢʦʪʦ ʟʘʢʣʶʯʝʥʠʝ, ʈʘʤʢʘ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ, ʆʙʫʯʝʥʠʝ ʥʘ ʜʲʨʚʦ ʥʘ 

ʨʝʰʝʥʠʷ, ʊʲʨʩʘʯʢʠ. 

ɺ ʪʦʚʘ ʧʨʦʫʯʚʘʥʝ ʘʢʪʠʚʥʦ ʠʟʧʦʣʟʚʘʭʤʝ ʩʪʘʥʜʘʨʪʥʠʷ ChatGPT. ʉʣʝʜʚʘʱʘʪʘ ʩʪʲʧʢʘ ʱʝ 

ʙʲʜʝ ʜʘ ʧʨʦʫʯʠʤ ʙʲʣʛʘʨʩʢʘʪʘ ʚʝʨʩʠʷ ʥʘ ChatGPT, ʢʦʷʪʦ ʱʝ ʙʲʜʝ ʧʨʝʜʩʪʘʚʝʥʘ ʠ ʠʥʪʝʛʨʠʨʘʥʘ 

ʧʨʝʟ ʤʘʨʪ 2024 ʛ. ʄʦʞʝʤ ʜʘ ʦʯʘʢʚʘʤʝ ʪʘʟʠ ʚʝʨʩʠʷ ʜʘ ʙʲʜʝ ʧʦ-ʧʦʜʭʦʜʷʱʘ ʟʘ ʥʘʰʠʪʝ ʟʘʜʘʯʠ 

ʦʪ ʦʙʠʢʥʦʚʝʥʠʷ ChatGPT. 

ɼʨʫʛʦʪʦ ʟʘʢʣʶʯʝʥʠʝ ʝ, ʯʝ ʙʲʣʛʘʨʩʢʠʪʝ ʧʝʜʘʛʦʟʠ ʪʨʷʙʚʘ ʜʘ ʨʘʙʦʪʷʪ ʩ ʠʥʞʝʥʝʨʠ ʧʦ 

ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ, ʟʘ ʜʘ ʧʨʝʦʜʦʣʝʷʪ ʨʘʟʣʠʢʠʪʝ ʤʝʞʜʫ ʪʝʭʥʠʢʘʪʘ ʠ ʧʝʜʘʛʦʛʠʢʘʪʘ. ʅʷʢʦʠ ʦʪ 

ʫʯʠʪʝʣʠʪʝ ʚʩʝ ʦʱʝ ʥʝ ʩʘ ʧʦʜʛʦʪʚʝʥʠ ʜʘ ʠʟʧʦʣʟʚʘʪ ʠ ʨʘʙʦʪʷʪ ʩ ChatGPT ʠʣʠ ʜʨʫʛ ʠʟʢʫʩʪʚʝʥ 

ʠʥʪʝʣʝʢʪ.  

ʋʯʝʥʠʮʠʪʝ ʨʘʟʙʠʨʘʪ, ʯʝ ChatGPT ʤʦʞʝ ʜʘ ʠʟʧʲʣʥʷʚʘ ʥʷʢʦʠ ʟʘʜʘʯʠ ʙʝʟ ʯʦʚʝʰʢʘ ʥʘʤʝʩʘ. 

ʊʦʟʠ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʝ Ăʤʘʰʠʥʥʦ ʦʙʫʯʝʥʠʝñ, ʢʘʪʦ ʟʘ ʦʙʫʯʝʥʠʝʪʦ ʥʘ ʢʦʤʧʶʪʨʠʪʝ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʤʝʪʦʜʠ ʢʘʪʦ ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ, ʘ ʩʝʛʘ ʧʦʩʪʘʚʷʤʝ ʧʦʜ ʚʲʧʨʦʩ ʧʨʠʣʦʞʠʤʦʩʪʪʘ ʥʘ 

ʪʦʟʠ ʤʝʪʦʜ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ.  

ʊʦʟʠ ʧʦʜʭʦʜ ʦʙʨʲʱʘ ʚʥʠʤʘʥʠʝ ʥʘ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʪʘ ʤʝʞʜʫ ʨʘʟʣʠʯʥʠʪʝ ʧʨʦʙʣʝʤʥʠ 

ʝʜʠʥʠʮʠ ʥʘ ʘʥʘʣʠʟ ï ʜʝʬʝʢʪʥʠ ʜʘʥʥʠ, ʯʘʩʪʠʯʥʦ ʥʝʨʘʟʙʠʨʘʝʤʠ ʠʟʯʠʩʣʠʪʝʣʥʠ ʤʝʪʦʜʠ, ʪʝʩʥʠ 

ʬʦʨʤʠ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʦ ʟʥʘʥʠʝ, ʠʥʪʝʛʨʠʨʘʥʠ ʚ ʦʥʣʘʡʥ ʩʨʝʜʠʪʝ, ʢʘʢʪʦ ʠ ʨʝʜʫʢʮʠʦʥʠʩʪʢʠʷ 

ʜʠʩʢʫʨʩ ʥʘ ʥʘʫʢʘʪʘ ʟʘ ʜʘʥʥʠʪʝ, ʢʦʡʪʦ ʠʤʘ ʦʯʝʚʠʜʥʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ʧʦʩʣʝʜʠʮʠ. 
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ʅʘʩʪʦʷʱʘʪʘ ʪʝʥʜʝʥʮʠʷ ʚ ʥʘʰʝʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʝ ʧʨʦʬʠʣʠʨʘʥʝʪʦ ʥʘ ʫʯʝʥʠʮʠʪʝ ʚ 

ʦʧʨʝʜʝʣʝʥʠ ʦʙʣʘʩʪʠ. ʊʘʢʠʚʘ ʦʙʣʘʩʪʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʙʠʟʥʝʩ, ʤʝʥʠʜʞʤʲʥʪ, ʪʝʭʥʠʢʘ, ʬʠʟʠʢʘ 

ʠ ʜʨ. ɼʥʝʩ ʥʝ ʝ ʜʦʩʪʘʪʲʯʥʦ ʚ ʫʯʠʣʠʱʝ ʠʣʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʜʘ ʧʦʣʫʯʠʰ ʦʩʥʦʚʥʠ ʧʦʟʥʘʥʠʷ, 

ʢʦʠʪʦ ʜʘ ʨʘʟʚʠʚʘʰ ʩʘʤʦʩʪʦʷʪʝʣʥʦ. ʄʥʦʛʦ ʝ ʚʘʞʥʦ ʜʘ ʧʨʠʜʦʙʠʝʰ ʟʥʘʥʠʷ ʚʲʟ ʦʩʥʦʚʘ ʥʘ 

ʨʝʘʣʥʠ ʟʘʜʘʯʠ, ʟʘʜʘʥʠʷ ʠ ʨʝʰʘʚʘʥʝ ʥʘ ʨʝʘʣʥʠ ʧʨʦʙʣʝʤʠ, ʩ ʢʦʠʪʦ ʤʦʞʝ ʜʘ ʩʝ ʩʙʣʲʩʢʘʰ ʢʘʪʦ 

ʧʨʦʬʝʩʠʦʥʘʣʠʩʪ. ɺ ʪʦʟʠ ʘʩʧʝʢʪ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦʪʦ ʟʘ ʫʯʠʪʝʣʠʪʝ ʝ ʢʘʢ ʚʩʲʱʥʦʩʪ ʤʦʛʘʪ ʜʘ 

ʧʦʜʢʨʝʧʷʪ ʠ ʧʨʦʚʝʞʜʘʪ ʪʘʢʦʚʘ ʦʙʫʯʝʥʠʝ, ʙʘʟʠʨʘʥʦ ʥʘ ʟʘʜʘʯʠ ʠ ʧʨʦʝʢʪʠ.  

ʆʱʝ ʝʜʥʦ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ, ʧʨʝʜ ʢʦʝʪʦ ʩʤʝ ʠʟʧʨʘʚʝʥʠ ï ʢʘʢ ʜʘ ʦʮʝʥʷʚʘʤʝ ʠ 

ʢʣʘʩʠʬʠʮʠʨʘʤʝ ʠʥʬʦʨʤʘʮʠʷʪʘ, ʢʦʷʪʦ ʧʦʣʫʯʘʚʘʤʝ ʦʪ ʪʦʣʢʦʚʘ ʤʥʦʛʦ ʠʟʪʦʯʥʠʮʠ? 

ɺ ʤʦʤʝʥʪʘ ʫʯʝʥʠʮʠʪʝ ʠ ʜʦʨʠ ʫʯʠʪʝʣʠʪʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʧʨʘʚʷʪ ʩ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ ʦʛʨʦʤʥʦ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʷ. ʂʘʢʪʦ ʟʥʘʝʤ, ʦʩʥʦʚʥʦʪʦ ʧʨʝʜʠʤʩʪʚʦ ʥʘ ʢʦʤʧʶʪʨʠʪʝ ʝ ʜʘ 

ʦʙʨʘʙʦʪʚʘʪ ʠ ʩʲʭʨʘʥʷʚʘʪ ʠʥʬʦʨʤʘʮʠʷ. ʊʘʢʘ ʚʩʝʢʠ ʜʝʥ ʩʝ ʩʲʟʜʘʚʘ ʠ ʩʲʭʨʘʥʷʚʘ ʚʩʝ ʥʦʚʘ ʠ ʥʦʚʘ 

ʠʥʬʦʨʤʘʮʠʷ. ʋʯʝʥʠʮʠʪʝ ʠ ʫʯʠʪʝʣʠʪʝ ʟʥʘʷʪ ʪʦʚʘ ʠ ʧʦ ʥʷʢʘʢʲʚ ʥʘʯʠʥ ʟʘʧʦʯʚʘʪ ʜʘ ʷ ʠʟʧʦʣʟʚʘʪ. 

ʅʦ ʩʘʤʦʪʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʚʩʷʢʘʢʚʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʷʪʦ ʧʦʣʫʯʘʚʘʪʝ, ʥʝ ʝ ʜʦʩʪʘʪʲʯʥʦ. ʊʨʷʙʚʘ 

ʜʘ ʟʥʘʝʤ ʢʘʢ ʜʘ ʠʟʧʦʣʟʚʘʤʝ ʪʦʟʠ ʧʦʪʝʥʮʠʘʣ, ʪʘʟʠ ʛʦʪʦʚʘ ʠʥʬʦʨʤʘʮʠʷ, ʩ ʢʦʷʪʦ ʨʘʟʧʦʣʘʛʘʤʝ. 

ʅʫʞʜʘʝʤ ʩʝ ʦʪ ʜʠʜʘʢʪʠʢʘ ʟʘ ʪʦʚʘ ʢʘʢ ʜʘ ʩʲʟʜʘʚʘʤʝ ʧʦʜʭʦʜʷʱʠ ʟʘʜʘʯʠ ʠ ʧʨʦʙʣʝʤʠ ʟʘ 

ʨʝʰʘʚʘʥʝ, ʪʘʢʘ ʯʝ ʪʦʚʘ ʟʥʘʥʠʝ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʧʦ ʧʦʜʭʦʜʷʱ ʥʘʯʠʥ ʧʨʠ ʠʟʧʲʣʥʝʥʠʝʪʦ 

ʥʘ ʟʘʜʘʯʠʪʝ. 

ʉʨʝʜʘʪʘ ChatGPT ʝ ʨʘʟʨʘʙʦʪʝʥʘ, ʟʘ ʜʘ ʠʟʧʦʣʟʚʘ ʛʦʣʝʤʠ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʠ ʢʘʪʦ 

ʠʟʪʦʯʥʠʢ, ʠ ʝ ʙʠʣʘ ʠʟʧʦʣʟʚʘʥʘ ʟʘʨʘʜʠ ʛʲʚʢʘʚʦʩʪʪʘ ʩʠ ʧʨʠ ʥʘʤʠʨʘʥʝʪʦ ʠ ʛʝʥʝʨʠʨʘʥʝʪʦ ʥʘ 

ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʥʘʰʠʪʝ ʩʦʙʩʪʚʝʥʠ ʮʝʣʠ ʠ ʟʘʜʘʯʠ. 

ʆʩʥʦʚʥʘʪʘ ʮʝʣ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʝ ʜʘ ʧʨʝʚʲʨʥʝ ʫʯʠʪʝʣʷ ʦʪ ʠʟʪʦʯʥʠʢ ʥʘ 

ʠʥʬʦʨʤʘʮʠʷ ʚ ʤʝʥʪʦʨ, ʢʦʡʪʦ ʥʘʩʦʯʚʘ ʫʯʝʥʠʮʠʪʝ ʢʲʤ ʟʥʘʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʘ ʦʙʣʘʩʪ. 

ʉ ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʢʘʯʝʩʪʚʝʥʘʪʘ ʠ ʢʦʣʠʯʝʩʪʚʝʥʘʪʘ ʦʮʝʥʢʘ ʥʘ ʨʘʟʙʠʨʘʥʝʪʦ ʥʘ ʫʯʝʥʠʮʠʪʝ 

ʟʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʀʀ ʚ ʦʙʫʯʝʥʠʝʪʦ, ʩʝ ʧʨʘʚʠ ʦʧʠʪ ʜʘ ʩʝ ʧʦʢʘʞʝ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ 

ʦʙʨʘʟʦʚʘʪʝʣʥʠʪʝ ʮʝʣʠ ʠ ʪʝʭʥʠʢʠʪʝ, ʢʦʠʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʦʜʧʦʤʘʛʘʥʝ ʥʘ ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ 

ʪʝʟʠ ʮʝʣʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ChatGPT. ʇʨʦʫʯʚʘʥʝʪʦ ʧʦʢʘʟʚʘ, ʯʝ ʪʝʟʠ ʥʦʚʠ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʘʪ ʜʘ 

ʠʟʧʦʣʟʚʘʪ AI ʪʝʭʥʠʢʠ ʢʘʪʦ ʜʦʧʲʣʥʠʪʝʣʥʘ ʧʦʜʢʨʝʧʘ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ. 
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ɼʝʮʘʪʘ ʠʤʘʭʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʠʟʩʣʝʜʚʘʪ ʠ ʦʙʩʲʞʜʘʪ ʜʝʡʥʦʩʪʠʪʝ ʧʦ ʜʚʦʡʢʠ ʠʣʠ ʚ ʤʘʣʢʠ 

ʛʨʫʧʠ. 

ʋʯʠʪʝʣʠʪʝ ʚ ʪʦʚʘ ʧʨʦʫʯʚʘʥʝ, ʢʦʠʪʦ ʠʟʧʦʣʟʚʘʭʘ ChatGPT ʢʘʪʦ AI ʤʝʪʦʜʠ, ʚʝʯʝ 

ʧʨʦʤʝʥʠʭʘ ʦʪʥʦʰʝʥʠʝʪʦ ʩʠ ʢʲʤ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ. ɺʩʠʯʢʠ ʪʝ ʩʧʦʜʝʣʷʪ, 

ʯʝ ʩʝ ʯʫʚʩʪʚʘʪ ʢʦʤʬʦʨʪʥʦ ʜʘ ʠʟʧʦʣʟʚʘʪ AI ʚ ʯʘʩʦʚʝʪʝ ʩʠ. ʇʨʝʜʦʩʪʘʚʷʥʝʪʦ ʥʘ ʥʷʢʦʠ ʤʦʜʫʣʥʠ 

ʯʘʩʪʠ ʥʘ ʀʀ ʤʦʞʝ ʜʘ ʙʲʜʝ ʚʢʣʶʯʝʥʦ ʚ ʥʘʩʪʦʷʱʘʪʘ ʫʯʝʙʥʘ ʧʨʦʛʨʘʤʘ. ɺ ʥʘʰʠʷ ʩʣʫʯʘʡ 

ChatGPT ʥʝ ʙʝʰʝ ʪʦʣʢʦʚʘ ʫʩʧʝʰʝʥ ʥʘ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ ʠ ʣʠʪʝʨʘʪʫʨʘ, ʥʦ ʟʘ ʤʘʪʝʤʘʪʠʢʘ, 

ʧʨʦʛʨʘʤʠʨʘʥʝ, ʨʦʙʦʪʠ, ʙʠʦʣʦʛʠʷ, ʛʝʦʛʨʘʬʠʷ, ʜʨʫʛʠ ʝʟʠʮʠ ʠ ʪ.ʥ. ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʩ ʧʦ-

ʛʦʣʷʤ ʫʩʧʝʭ. 

ʇʨʦʚʝʜʝʥʦʪʦ ʧʨʦʫʯʚʘʥʝ ʟʘ ʨʘʟʙʠʨʘʥʝʪʦ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʚ 

ʦʙʫʯʝʥʠʝʪʦ ʚ ɹʲʣʛʘʨʠʷ ʧʦʩʪʘʚʷ ʦʩʥʦʚʠʪʝ ʟʘ ʤʥʦʛʦ ʙʲʜʝʱʠ ʧʨʦʫʯʚʘʥʠʷ ʚ ʧʦ-ʰʠʨʦʢʘ ʛʨʫʧʘ ï 

ʚʢʣʶʯʠʪʝʣʥʦ ʫʯʝʥʠʮʠ ʦʪ ʧʦʚʝʯʝ ʠ ʨʘʟʣʠʯʥʠ ʫʯʠʣʠʱʘ ï ʯʘʩʪʥʠ ʠ ʜʲʨʞʘʚʥʠ. ʊʦʚʘ ʧʨʦʫʯʚʘʥʝ 

ʱʝ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥʦ ʢʘʪʦ ʦʩʥʦʚʘ ʟʘ ʙʲʜʝʱʠ ʧʨʦʫʯʚʘʥʠʷ ʟʘ ʪʦʚʘ ʢʘʢ ʠ ʢʦʛʘ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʚ 

ʦʙʣʘʩʪʪʘ ʥʘ STEM ʠ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʥʪʝʛʨʠʨʘʥʦ ʚ ʫʯʝʙʥʘʪʘ ʧʨʦʛʨʘʤʘ 

ʥʘ ʫʯʝʥʠʮʠʪʝ. 

 

2.3.3 Edge ʥʘ ʫʩʪʨʦʡʩʪʚʦʪʦ ʠ ʦʙʣʘʯʥʠ (cloud) ʪʝʭʥʦʣʦʛʠʠ  

 

Edge ʫʩʪʨʦʡʩʪʚʦ" (ʥʘ ʘʥʛʣʠʡʩʢʠ: edge device) ʝ ʪʝʨʤʠʥ ʦʪ ʦʙʣʘʩʪʪʘ ʥʘ 

ʠʟʯʠʩʣʠʪʝʣʥʠʪʝ ʪʝʭʥʠʢʠ ʠ ʤʨʝʞʠʪʝ. ʊʦ ʝ ʧʝʨʠʬʝʨʥʦ ʠʟʯʠʩʣʠʪʝʣʥʦ ʫʩʪʨʦʡʩʪʚʦ ʟʘ ʦʙʨʘʙʦʪʢʘ 

ʥʘ ʜʘʥʥʠ. ʇʝʨʠʬʝʨʥʠʪʝ ʠʟʯʠʩʣʠʪʝʣʥʠ ʫʩʪʨʦʡʩʪʚʘ ʠʟʚʲʨʰʚʘʪ ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ 

ʜʘʥʥʠʪʝ ʚ ʤʨʝʞʦʚʘʪʘ ʧʝʨʠʬʝʨʠʷ, ʧʨʝʜʠ ʪʝ ʜʘ ʙʲʜʘʪ ʧʨʝʜʘʜʝʥʠ ʢʲʤ ʮʝʥʪʨʘʣʥʠʪʝ ʩʲʨʚʲʨʠ.  

Edge ʫʩʪʨʦʡʩʪʚʦʪʦ ʝ ʭʘʨʜʫʝʨʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʝʪʦ: 

¶ ʆʙʨʘʙʦʪʚʘ ʜʘʥʥʠ ʥʘ ʤʷʩʪʦ (ʚ ʧʝʨʠʬʝʨʠʷʪʘ ʥʘ ʤʨʝʞʘʪʘ) 

¶ ʅʘʤʘʣʷʚʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʧʨʝʥʦʩ ʥʘ ʜʘʥʥʠ ʢʲʤ ʦʙʣʘʢʘ 

¶ ʇʦʜʦʙʨʷʚʘ ʙʲʨʟʦʜʝʡʩʪʚʠʝʪʦ ʠ ʥʘʤʘʣʷʚʘ ʟʘʙʘʚʷʥʠʷʪʘ 

¶ ʏʝʩʪʦ ʚʢʣʶʯʚʘ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʟʘ ʣʦʢʘʣʥʘ ʦʙʨʘʙʦʪʢʘ 

 

ʆʙʣʘʯʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ï ʩʘ ʪʝʭʥʦʣʦʛʠʠ, ʯʠʷʪʦ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠ ʩʝ ʠʟʚʲʨʰʚʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʣʘʯʥʠ ʠʟʯʠʩʣʝʥʠʷ. 
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ɺʠʜʦʚʝʪʝ ʥʘ ʦʙʣʘʯʥʠ ʪʝʭʥʦʣʦʛʠʠ (cloud) ʩʘ: 

¶ ʇʫʙʣʠʯʝʥ ʦʙʣʘʢ (public cloud) 

¶ ʏʘʩʪʝʥ ʦʙʣʘʢ (private cloud) 

¶ ʍʠʙʨʠʜʝʥ ʦʙʣʘʢ (hybrid cloud) 

¶ ʆʙʣʘʯʥʠ ʫʩʣʫʛʠ (cloud services) 

 

ɼʚʝʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠʤʘʪ ʩʚʦʠʪʝ ʨʘʟʣʠʢʠ ʠ ʩʚʦʠʪʝ ʧʦʣʟʠ ʠ ʥʝʜʦʩʪʘʪʲʮʠ. Edge ʪʝʭʥʦʣʦʛʠʷʪʘ 

ʦʟʥʘʯʘʚʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʤʷʩʪʦ. ʊʦʟʠ ʤʝʪʦʜ ʝ ʜʦʙʲʨ ʟʘ ʥʝʟʘʙʘʚʥʘ ʨʝʘʢʮʠʷ, ʨʘʙʦʪʘ ʚ ʨʝʘʣʥʦ 

ʚʨʝʤʝ, ʩ ʥʝʷ ʩʝ ʦʙʨʘʙʦʪʚʘʪ ʧʦʚʝʨʠʪʝʣʥʠ ʜʘʥʥʠ ʠʣʠ ʠʤʘ ʦʛʨʘʥʠʯʝʥʘ ʤʨʝʞʘ. ʆʙʣʘʯʥʘʪʘ 

ʪʝʭʥʦʣʦʛʠʷ ʝ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠ ʚ ʮʝʥʪʲʨ ʟʘ ʪʘʢʠʚʘ ʜʘʥʥʠ. ʊʷ ʝ ʧʦʜʭʦʜʷʱʘ ʟʘ ʩʣʦʞʥʠ 

ʘʥʘʣʠʟʠ, ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʛʦʣʷʤ ʦʙʝʤ ʦʪ ʜʘʥʥʠ, ʤʘʱʘʙʥʠ ʫʩʣʫʛʠ, ʥʦ ʪʫʢ ʠʤʘ ʟʘʙʘʚʷʥʝ. ɺ 

ʪʘʙʣʠʮʘ 1 ʧʨʝʜʩʪʘʚʷ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʜʚʝʪʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʪ ʢʲʜʝʪʦ ʚʠʜʥʦ ʤʦʞʝ ʜʘ ʩʝ 

ʦʧʨʝʜʝʣʠ ʟʘ ʢʘʢʚʘ ʨʘʙʦʪʘ ʢʦʷ ʪʝʭʥʦʣʦʛʠʷ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ.    

 

ʊɸɹʃʀʎɸ 1 ʂʣʶʯʦʚʠ ʢʨʠʪʝʨʠʠ ʥʘ Edge ʠ ʦʙʣʘʯʥʠ ʪʝʭʥʦʣʦʛʠʠ 

ʂʨʠʪʝʨʠʡ ʇʝʨʠʬʝʨʥʠ ʠʟʯʠʩʣʝʥʠʷ 

(Edge) 
ʆʙʣʘʯʥʠ ʠʟʯʠʩʣʝʥʠʷ 

(Cloud) 
 

ʃʘʪʝʥʪʥʦʩʪ 

 

 
 

ʄʥʦʛʦ ʥʠʩʢʘ  
(ʦʙʨʘʙʦʪʢʘ ʥʘ ʤʷʩʪʦ, ʚ ʨʝʘʣʥʦ 

ʚʨʝʤʝ) 

ɺʠʩʦʢʘ  

(ʟʘʢʲʩʥʝʥʠʝ ʧʦʨʘʜʠ ʧʨʝʥʦʩ ʜʦ 
ʜʘʪʘ  ʮʝʥʪʲʨ) 

 

ʆʬʣʘʡʥ ʨʘʙʦʪʘ ɺʲʟʤʦʞʥʘ  

(ʘʚʪʦʥʦʤʥʘ ʨʘʙʦʪʘ ʙʝʟ ʤʨʝʞʘ) 
ʅʝʚʲʟʤʦʞʥʘ  
(ʟʘʚʠʩʠ ʦʪ ʠʥʪʝʨʥʝʪ ʚʨʲʟʢʘ) 

 

ʇʦʚʝʨʠʪʝʣʥʦʩʪ/GDPR/ ɺʠʩʦʢʘ  

(ʜʘʥʥʠʪʝ ʩʝ ʦʙʨʘʙʦʪʚʘʪ ʣʦʢʘʣʥʦ) 

ʇʦ-ʥʠʩʢʘ 
(ʜʘʥʥʠʪʝ ʩʝ ʧʨʝʜʘʚʘʪ ʠ ʩʲʭʨʘʥʷʚʘʪ 

ʚ ʜʘʪʘ ʮʝʥʪʲʨ) 

ʀʟʯʠʩʣʠʪʝʣʥʘ ʤʦʱ 
 

ʆʛʨʘʥʠʯʝʥʘ 
 (ʨʝʩʫʨʩʠ ʥʘ ʫʩʪʨʦʡʩʪʚʦʪʦ) 

ʇʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʘ 
(ʤʘʱʘʙʠʨʫʝʤʘ ʚ ʦʙʣʘʢʘ) 

ʈʘʟʭʦʜʠ ɺʠʩʦʢʠ CAPEX  
(ʠʥʚʝʩʪʠʮʠʷ ʚ ʭʘʨʜʫʝʨ) 

ʅʠʩʢʠ CAPEX, ʧʨʦʤʝʥʣʠʚʠ 

OPEX  
(ʧʣʘʱʘʥʝ ʥʘ ʘʙʦʥʘʤʝʥʪ) 

ʇʦʜʜʨʲʞʢʘ ʉʣʦʞʥʘ  
(ʨʘʟʧʨʲʩʥʘʪʠ ʫʩʪʨʦʡʩʪʚʘ ʥʘ 

ʤʷʩʪʦ) 

ʎʝʥʪʨʘʣʠʟʠʨʘʥʘ ʠ 

ʦʧʨʦʩʪʝʥʘ  
(ʦʪ ʜʦʩʪʘʚʯʠʢʘ) 
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ʅʘʜʝʞʜʥʦʩʪ 
 

ʋʷʟʚʠʤʘ  

(ʟʘʚʠʩʠ ʦʪ ʥʘʜʝʞʜʥʦʩʪʪʘ ʥʘ ʚʩʷʢʦ 
ʫʩʪʨʦʡʩʪʚʦ) 

ʄʥʦʛʦ ʚʠʩʦʢʘ 
 (ʨʝʜʠ ʜʘʥʥʠ ʜʘʪʘ ʮʝʥʪʨʦʚʝ) 

ɽʥʝʨʛʠʡʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ɽʬʠʢʘʩʥʘ  
(ʣʦʢʘʣʥʘ ʦʙʨʘʙʦʪʢʘ ʩʧʝʩʪʷʚʘ 

ʧʨʝʥʦʩ) 

ʇʦ-ʥʠʩʢʘ  
(ʝʥʝʨʛʠʷ ʟʘ ʧʨʝʥʦʩ ʠ ʦʭʣʘʞʜʘʥʝ ʥʘ 

ʜʘʪʘʮʝʥʪʨʦʚʝ) 

ʄʘʱʘʙʠʨʫʝʤʦʩʪ ʉʣʦʞʥʘ  

(ʠʟʠʩʢʚʘ ʨʘʟʧʦʣʘʛʘʥʝ ʥʘ ʥʦʚʠ 

ʫʩʪʨʦʡʩʪʚʘ) 

ʄʥʦʛʦ ʣʝʢʘ  
(ʨʝʩʫʨʩʠ ʩʝ ʜʦʙʘʚʷʪ ʩ ʢʣʠʢ) 

ɿʘʚʠʩʠʤʦʩʪ ʦʪ ʤʨʝʞʘ ʄʠʥʠʤʘʣʥʘ  
(ʩʘʤʦ ʟʘ ʩʠʥʭʨʦʥʠʟʘʮʠʷ) 

 

ʇʲʣʥʘ 
 (ʢʨʠʪʠʯʥʘ ʟʘ ʜʦʩʪʲʧ ʠ ʨʘʙʦʪʘ) 

 ʀʂʊ ʧʨʝʜʩʪʘʚʣʷʚʘ ʠʥʪʝʨʝʩ ʥʝ ʩʘʤʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʨʝʰʘʚʘʥʝʪʦ ʥʘ ʧʨʘʢʪʠʯʥʠ 

ʢʘʟʫʩʠ, ʥʦ ʝ ʠʥʪʝʨʝʩʥʦ ʠ ʟʘ ʧʦʜʨʘʩʪʚʘʱʠʪʝ, ʢʦʠʪʦ ʥʘ ʝʪʘʧ ʫʯʠʣʠʱʥʘ ʚʲʟʨʘʩʪ ʤʦʛʘʪ ʜʘ ʩʝ 

ʟʘʧʦʟʥʘʷʪ ʩ ʚʠʜʦʚʝʪʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ ʨʘʙʦʪʷʪ, ʚʨʲʟʢʘ ʩ ʥʘʫʢʠ ʢʘʪʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʬʠʟʠʢʘ ʠ 

ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʱʝ ʤʦʛʘʪ ʤʥʦʛʦ ʧʦ-ʙʲʨʟʦ ʜʘ ʟʘʧʦʯʥʘʪ ʩ ʥʘʫʯʥʠ ʧʨʦʫʯʚʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʨʝʰʝʥʠʷ. ʊʦʚʘ ʱʝ ʩʝ ʧʨʦʩʣʝʜʠ ʚ ʩʣʝʜʚʘʱʘʪʘ ʛʣʘʚʘ, ʢʲʜʝʪʦ ʩʘ ʧʨʝʜʣʦʞʝʥʠ ʨʘʟʣʠʯʥʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʟʘʜʘʯʠ ʠ ʨʝʰʝʥʠʷ ʩ ʀʂʊ, ʩʣʫʯʚʘʡʢʠ ʩʝ ʧʨʝʟ ʤʝʪʦʜʘ STEM. ʊʘʢʠʚʘ ʧʨʠʤʝʨʠ ʩʘ:  

Å ʅʘʯʘʣʝʥ ʝʪʘʧ: ʩʣʝʜʚʘʥʝ ʥʘ ʣʠʥʠʷ, ʢʦʝʪʦ ʩʝ ʠʟʧʲʣʥʷʚʘ ʩ Edge ʪʝʭʥʦʣʦʛʠʷ ʦʪ ʨʦʙʦʪ; 

Å ʇʨʦʛʠʤʥʘʟʠʷ: ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʦʙʦʪ ʩ ʞʝʩʪʦʚʝ, ʢʦʝʪʦ ʩʲʱʦ ʝ Edge ʪʝʭʥʦʣʦʛʠʷ; 

Å ɻʠʤʥʘʟʠʷ: ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʦʙʝʢʪʠ ʠ ʮʚʝʪʦʚʝ ʠ ʠʟʤʝʨʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝ/ʜʲʣʙʦʯʠʥʘ ʩ 

Edge ʪʝʭʥʦʣʦʛʠʷ; ʨʦʙʦʪʲʪ ʨʝʰʘʚʘ ʜʘʣʠ ʜʘ ʩʧʨʝ/ʟʘʦʙʠʢʦʣʠ/ʧʨʠʙʣʠʞʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. 

Å ʇʨʦʛʠʤʥʘʟʠʷ ʠ ʛʠʤʥʘʟʠʷ: ʠʟʤʝʨʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝ/ʜʲʣʙʦʯʠʥʘ ʩ Edge ʪʝʭʥʦʣʦʛʠʷ ʠ 

ʀʥʪʝʛʨʠʨʘʥʝ ʩ Cloud ï ʩʲʟʜʘʚʘʥʝ ʥʘ ʢʣʘʩʥʦ ʪʘʙʣʦ (Dashboard) ʩ ʠʩʪʦʨʠʷ ʥʘ ʜʘʥʥʠʪʝ. 

ʊʘʙʣʦ ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʧʦʢʘʟʚʘ ʦʧʠʪʠ ʚʲʚ ʚʨʝʤʝʪʦ, ʩʨʘʚʥʷʚʘ ʝʢʠʧʠ ʢʘʪʦ ʧʦʢʘʟʚʘ ʪʝʢʫʱʦ 

ʩʲʩʪʦʷʥʠʝ ʠ ʠʩʪʦʨʠʷ. ɼʘʥʥʠʪʝ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʨʘʪʷʪ ʩʘ ʚʨʝʤʝ ʟʘ ʦʙʠʢʦʣʢʘ, 

ʩʨʝʜʥʘ/ʤʘʢʩʠʤʘʣʥʘ ʩʢʦʨʦʩʪ, ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʣʠʥʠʷʪʘ, ʙʨʦʡ ʥʘʧʫʩʢʘʥʠʷ ʥʘ ʣʠʥʠʷʪʘ, 

ʙʨʦʡ ʩʧʠʨʘʥʠʷ, ʢʘʢʲʚ ʝ ʪʝʢʫʱʠʷʪ ʞʝʩʪ, ʢʘʢʚʠ ʞʝʩʪʦʚʝ ʩʘ ʨʘʟʧʦʟʥʘʪʠ, ʨʘʟʩʪʦʷʥʠʝ ʜʦ 

ʦʙʝʢʪ ʠ ʜʨ. 
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ɻʃɸɺɸ 3. ʈɸɿʈɸɹʆʊʂɸ, ʀɿʉʃɽɼɺɸʅɽ ʀ ʀʅʊɽɻʈʀʈɸʅɽ ʅɸ 

ʋʏɽɹʅʀ ʈʆɹʆʊʀ ɺ STEM ʆɹʋʏɽʅʀɽ    

 

3.1. ʀʟʩʣʝʜʚʘʥʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʨʦʙʦʪʠʟʠʨʘʥʠ STEM ʨʝʰʝʥʠʷ  

 

3.1.1. Ozobot 

 

ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʚʥʝʜʨʷʚʘʥʝʪʦ ʥʘ AI ʩʝ ʫʩʢʦʨʠ, ʢʦʝʪʦ ʜʦʚʝʜʝ ʜʦ ʤʘʩʦʚʦ 

ʧʨʠʝʤʘʥʝ ʥʘ ʥʝʛʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ. ʆʩʥʦʚʥʘʪʘ ʮʝʣ ʥʘ ʀʥʜʫʩʪʨʠʷ 4.0 ʝ ʜʘ ʨʘʟʨʘʙʦʪʠ ʚʩʝ ʧʦ-

ʠʥʪʝʣʠʛʝʥʪʥʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʩʠʩʪʝʤʠ, ʦʧʪʠʤʠʟʠʨʘʡʢʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷʪʘ ʥʘ ʧʨʦʮʝʩʠʪʝ, ʟʘ 

ʜʘ ʩʝ ʩʚʝʜʝ ʜʦ ʤʠʥʠʤʫʤ ʯʦʚʝʰʢʘʪʘ ʥʘʤʝʩʘ [64,65,70]. ʊʘʟʠ ʝʚʦʣʶʮʠʷ ʩʲʚʧʘʜʘ ʩ ʧʦʷʚʘʪʘ ʥʘ 

ʥʦʚʠ ʧʦʢʦʣʝʥʠʷ, ʢʦʠʪʦ ʩʘ ʠʟʨʘʩʥʘʣʠ ʚ ʩʨʝʜʘ, ʧʦʚʣʠʷʥʘ ʢʘʢʪʦ ʦʪ ʀʥʜʫʩʪʨʠʷ 3.0, ʪʘʢʘ ʠ ʦʪ 

ʀʥʜʫʩʪʨʠʷ 4.0, ʢʦʝʪʦ ʛʠ ʝ ʧʨʠʩʧʦʩʦʙʠʣʦ ʢʲʤ ʪʝʟʠ ʪʝʭʥʦʣʦʛʠʯʥʠ ʧʦʩʪʠʞʝʥʠʷ. ɿʘ ʜʘ ʩʝ 

ʧʦʜʦʙʨʠ ʪʷʭʥʘʪʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪ ʚ ʦʙʱʫʚʘʥʝʪʦ ʩ ʤʘʰʠʥʠ ʠ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝʪʦ ʥʘ ʪʚʦʨʯʝʩʢʠʷ 

ʠʤ ʧʦʪʝʥʮʠʘʣ, ʝ ʥʘʣʦʞʠʪʝʣʥʦ ʪʝʟʠ ʧʦ-ʤʣʘʜʠ ʧʦʢʦʣʝʥʠʷ ʜʘ ʨʘʟʚʠʷʪ ʮʷʣʦʩʪʥʦ ʨʘʟʙʠʨʘʥʝ ʟʘ 

ʨʦʙʦʪʠʢʘʪʘ ʠ ʤʘʰʠʥʠʪʝ ʦʪ ʨʘʥʥʘ ʚʲʟʨʘʩʪ. ɺ ʦʪʛʦʚʦʨ ʥʘ ʪʘʟʠ ʥʫʞʜʘ ʩʝ ʧʦʩʪʘʚʷ ʚʩʝ ʧʦ-ʛʦʣʷʤ 

ʘʢʮʝʥʪ ʚʲʨʭʫ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʥʘʫʢʘʪʘ, ʪʝʭʥʦʣʦʛʠʠʪʝ, ʠʥʞʝʥʝʨʩʪʚʦʪʦ ʠ 

ʤʘʪʝʤʘʪʠʢʘʪʘ (STEM), ʢʘʪʦ ʫʯʝʙʥʠ ʧʨʦʛʨʘʤʠ ʧʦ ʧʨʦʛʨʘʤʠʨʘʥʝ (ʢʦʤʧʶʪʲʨʥʦ ʤʦʜʝʣʠʨʘʥʝ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ) ʩʝ ʚʲʚʝʞʜʘʪ ʥʘ ʚʩʝ ʧʦ-ʨʘʥʥʘ ʚʲʟʨʘʩʪ. ʉʝʢʪʦʨʲʪ ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʥʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʙʝʣʷʟʘ ʟʥʘʯʠʪʝʣʝʥ ʥʘʧʨʝʜʲʢ ʩ ʚʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ 

ʨʦʙʦʪʠʟʠʨʘʥʠ ʩʠʩʪʝʤʠ, ʢʦʠʪʦ ʫʣʝʩʥʷʚʘʪ ʧʨʝʭʦʜʘ ʢʲʤ ʨʘʟʙʠʨʘʥʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʘʪʘ ʩʨʝʜʘ. 

ʈʦʙʦʪʠʢʘʪʘ ʩʝ ʦʪʢʨʦʷʚʘ ʢʘʪʦ ʝʜʥʘ ʦʪ ʥʘʡ-ʩʣʦʞʥʠʪʝ ʦʙʣʘʩʪʠ ʚ ʨʘʤʢʠʪʝ ʥʘ STEM, ʢʦʝʪʦ 

ʧʦʜʯʝʨʪʘʚʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʠʥʪʝʛʨʠʨʘʥʝ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʠʥʠʮʠʘʪʠʚʠ ʚ ʫʯʝʙʥʠʪʝ 

ʧʨʦʛʨʘʤʠ ʟʘ ʥʘʯʘʣʥʦ ʠ ʩʨʝʜʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʝʥʪʘʙʠʣʥʠ ʨʦʙʦʪʠʟʠʨʘʥʠ 

ʨʝʰʝʥʠʷ [66, 67]. ʊʦʟʠ ʧʦʜʭʦʜ ʥʝ ʩʘʤʦ ʥʘʩʲʨʯʘʚʘ ʪʝʭʥʠʯʝʩʢʘʪʘ ʛʨʘʤʦʪʥʦʩʪ, ʥʦ ʠ ʧʦʜʛʦʪʚʷ 
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ʙʲʜʝʱʠʪʝ ʧʦʢʦʣʝʥʠʷ ʟʘ ʧʨʝʜʩʪʦʷʱʠʪʝ ʩʣʦʞʥʠ ʘʚʪʦʤʘʪʠʟʠʨʘʥʠ ʩʠʩʪʝʤʠ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ 

ʧʨʠʚʝʞʜʘ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʀʥʜʫʩʪʨʠʷ 4.0 [65, 68, 69]. 

ɿʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʘʪ ʝʬʝʢʪʠʚʥʠ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʨʝʟʫʣʪʘʪʠ, ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ 

ʚʠʩʦʢʦʢʘʯʝʩʪʚʝʥʠ ʤʘʪʝʨʠʘʣʠ. ɽʜʠʥ ʜʦʙʲʨ ʨʦʙʦʪ ʝ Ozobot EVO ï ʨʦʙʦʪ, ʢʦʡʪʦ ʝ ʦʩʦʙʝʥʦ 

ʧʦʜʭʦʜʷʱ ʟʘ ʠʥʪʝʛʨʠʨʘʥʝ ʚ ʫʯʝʙʥʘʪʘ ʩʨʝʜʘ. ʀʟʨʘʙʦʪʝʥ ʦʪ ʠʟʜʨʲʞʣʠʚʠ ʤʘʪʝʨʠʘʣʠ, 

ʢʦʤʧʘʢʪʥʠʷʪ ʜʠʟʘʡʥ ʥʘ Ozobot ʧʦʚʠʰʘʚʘ ʥʝʛʦʚʘʪʘ ʧʨʘʢʪʠʯʥʦʩʪ ʟʘ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʮʝʣʠ, 

ʢʦʝʪʦ ʛʦ ʧʨʘʚʠ ʧʦʣʝʟʝʥ ʢʘʢʪʦ ʟʘ ʠʥʜʠʚʠʜʫʘʣʥʠ, ʪʘʢʘ ʠ ʟʘ ʛʨʫʧʦʚʠ ʫʯʝʥʠʯʝʩʢʠ ʜʝʡʥʦʩʪʠ. ɺ 

ʤʦʤʝʥʪʘ Ozobot EVO ʝ ʧʨʝʜʥʘʟʥʘʯʝʥ ʟʘ ʮʝʣʝʚʘ ʚʲʟʨʘʩʪʦʚʘ ʛʨʫʧʘ ʦʪ 6 ʜʦ 10 ʛʦʜʠʰʥʠ ʠ 

ʧʨʝʜʣʘʛʘ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʩ RGB ʪʝʭʥʦʣʦʛʠʷʪʘ ʜʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʩ ʧʨʦʛʨʘʤʝʥ 

ʝʟʠʢ Python 3, ʢʦʡʪʦ ʝ ʚʢʣʶʯʝʥ ʚ ʫʯʝʙʥʘʪʘ ʧʨʦʛʨʘʤʘ ʟʘ ʫʯʝʥʠʮʠ ʦʪ ʰʝʩʪʠ ʠ ʩʝʜʤʠ ʢʣʘʩ ʚ 

ɹʲʣʛʘʨʠʷ. 

ɺ ʙʲʣʛʘʨʩʢʘʪʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘ ʩʠʩʪʝʤʘ ʫʯʝʥʠʮʠʪʝ ʚ ʩʝʜʤʠ ʢʣʘʩ ʠʟʫʯʘʚʘʪ ʠ Python ʢʘʪʦ 

ʧʲʨʚʠ ʧʨʦʬʝʩʠʦʥʘʣʝʥ ʝʟʠʢ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʚ ʧʨʦʛʨʘʤʘʪʘ ʧʦ ʂʦʤʧʶʪʲʨʥʦ ʤʦʜʝʣʠʨʘʥʝ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ. ɼʦʢʘʪʦ ʫʯʝʥʠʮʠʪʝ ʧʦʣʫʯʘʚʘʪ ʨʝʟʫʣʪʘʪʠ ʯʨʝʟ ʢʦʥʟʦʣʘʪʘ ʥʘ 

ʧʨʦʛʨʘʤʘʪʘ, ʪʦʟʠ ʧʦʜʭʦʜ ʤʦʞʝ ʜʘ ʙʲʜʝ ʚʲʟʧʨʠʝʪ ʢʘʪʦ ʥʝ ʠʥʪʨʠʛʫʚʘʱ ʠ ʪʨʫʜʝʥ ʟʘ ʨʘʟʙʠʨʘʥʝ 

ʟʘ ʪʘʟʠ ʚʲʟʨʘʩʪʦʚʘ ʛʨʫʧʘ. ɺʢʣʶʯʚʘʥʝʪʦ ʥʘ ʦʩʝʟʘʝʤ ʨʦʙʦʪ ʚ ʫʨʦʢʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦʚʠʰʘʚʘ 

ʤʦʪʠʚʘʮʠʷʪʘ ʠ ʘʥʛʘʞʠʨʘʥʦʩʪʪʘ ʥʘ ʫʯʝʥʠʮʠʪʝ. ʏʨʝʟ ʩʚʲʨʟʚʘʥʝʪʦ ʥʘ ʪʝʦʨʝʪʠʯʥʠʪʝ ʢʦʥʮʝʧʮʠʠ 

ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʩ ʬʠʟʠʯʝʩʢʠ ʨʦʙʦʪ, ʦʙʨʘʟʦʚʘʪʝʣʥʠʪʝ ʧʨʝʞʠʚʷʚʘʥʠʷ ʩʪʘʚʘʪ ʧʦ-

ʠʥʪʝʨʘʢʪʠʚʥʠ ʠ ʫʚʣʝʢʘʪʝʣʥʠ. ɽʪʦ ʟʘʱʦ ʱʝ ʧʨʝʜʩʪʘʚʷ ʧʨʘʢʪʠʯʝʩʢʠ ʫʨʦʢ, ʧʨʦʚʝʜʝʥ ʚ ʩʝʜʤʠ 

ʢʣʘʩ, ʢʲʜʝʪʦ ʧʨʦʛʨʘʤʠʨʘʥʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʚ Python. 

ɿʘ ʝʬʝʢʪʠʚʥʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʥʘ ʨʦʙʦʪʠʟʠʨʘʥʘ ʩʠʩʪʝʤʘ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʘʞʥʦ ʜʘ ʩʝ 

ʨʘʟʙʝʨʝ ʥʝʡʥʘʪʘ ʭʘʨʜʫʝʨʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʢʦʤʧʦʥʝʥʪʠ. ʊʝʟʠ ʟʥʘʥʠʷ ʩʘ ʧʦʣʝʟʥʠ, ʪʲʡ ʢʘʪʦ 

ʧʨʝʜʦʩʪʘʚʷ ʦʙʱ ʧʨʝʛʣʝʜ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʥʘ ʨʦʙʦʪʘ ʠ ʩʲʱʦ ʪʘʢʘ ʧʦʤʘʛʘ ʚ 

ʠʜʝʥʪʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʦʛʨʘʥʠʯʝʥʠʷ, ʧʨʠʩʲʱʠ ʥʘ ʥʝʛʦʚʠʷ ʜʠʟʘʡʥ, ʢʘʪʦ ʚ ʩʲʱʦʪʦ ʚʨʝʤʝ 

ʧʨʝʜʣʘʛʘ ʧʦʪʝʥʮʠʘʣ ʟʘ ʙʲʜʝʱʠ ʧʦʜʦʙʨʝʥʠʷ. ʅʘ ʬʠʛ. 10 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʠʣʶʩʪʨʘʪʠʚʥʘ 

ʢʘʨʪʠʥʢʘ ʥʘ ʤʠʥʠ ʨʦʙʦʪʘ ʟʘ ʮʝʣʠʪʝ ʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʚʲʟʧʨʠʝʤʘʥʝ ʥʘ ʨʘʟʤʝʨʘ.. 
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ʌʠʛ. 10: ʄʦʙʠʣʝʥ ʨʦʙʦʪ Ozobot Evo   ʌʠʛ. 11: ɻʦʨʝʥ ʠʟʛʣʝʜ ʥʘ Ozobot EVO 

Ăʂʘʢʪʦ ʩʝ ʚʠʞʜʘ ʦʪ ʬʠʛ.10, ʨʘʟʤʝʨʠʪʝ ʥʘ ʨʦʙʦʪʘ ʩʘ ʟʘʙʝʣʝʞʠʪʝʣʥʦ ʢʦʤʧʘʢʪʥʠ ð ʝʜʚʘ 

2,5 ʩʤ Ĭ 2,5 ʩʤ ʠ ʠʤʘʪ ʤʘʩʘ ʦʪ ʝʜʚʘ 17 ʛʨʘʤʘ. ɺʲʧʨʝʢʠ ʤʠʥʠʘʪʶʨʥʠʷ ʩʠ ʨʘʟʤʝʨ, ʌʠʛʫʨʠ 11 

ʠ 12 ʧʨʝʜʦʩʪʘʚʷʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ Ozobot EVO.ñ. 

 

 

ʌʠʛ. 12: ʉʝʥʟʦʨʠ ʠ ʧʦʨʪʦʚʝ ʥʘ Ozobot EVO 

Ozobot EVO ʝ ʠʟʛʨʘʜʝʥ ʦʪ ʧʨʦʟʨʘʯʥʘ ʧʦʣʠʢʘʨʙʦʥʘʪʥʘ ʦʙʚʠʚʢʘ, ʢʦʷʪʦ ʚʢʣʶʯʚʘ ʙʫʪʦʥ 

ʟʘ ʚʢʣʶʯʚʘʥʝ ʥʘ ʟʘʭʨʘʥʚʘʥʝʪʦ, ʧʦʨʪ ʟʘ ʟʘʨʝʞʜʘʥʝ, ʛʦʨʥʘ LED ʩʚʝʪʣʠʥʘ, ʩʝʜʝʤ ʢʦʥʪʨʦʣʠʨʘʥʠ 

ʮʚʝʪʥʠ LED ʩʚʝʪʣʠʥʠ, ʟʚʫʢʦʚʘ ʩʠʩʪʝʤʘ/ʢʦʣʦʥʘ, Bluetooth, ʩʝʥʟʦʨ ʟʘ ʙʣʠʟʦʩʪ, ʯʝʪʠʨʠ 

ʦʧʪʠʯʥʠ ʩʝʥʟʦʨʘ (IR) ʠ ʢʦʣʝʣʘ ʟʘ ʜʚʠʞʝʥʠʝ [71]. 

ʉʲʚʨʝʤʝʥʥʘʪʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘ ʧʨʘʢʪʠʢʘ ʚʩʝ ʧʦ-ʯʝʩʪʦ ʚʢʣʶʯʚʘ ʤʝʪʦʜʦʣʦʛʠʠ, ʙʘʟʠʨʘʥʠ 

ʚʲʨʭʫ ʨʝʰʘʚʘʥʝ ʥʘ ʢʘʟʫʩʠ ʠʣʠ ʪ.ʥʘʨ. ʧʨʦʙʣʝʤʥʦ ʫʯʝʥʝ. ʇʨʝʟ ʨʘʥʥʠʪʝ ʝʪʘʧʠ ʥʘ ʨʘʟʚʠʪʠʝ, 

ʫʯʘʩʪʠʝʪʦ ʥʘ ʜʝʮʘʪʘ ʚ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ ʯʝʩʪʦ ʩʝ ʧʨʦʷʚʷʚʘ ʯʨʝʟ ʠʛʨʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; ʧʦʨʘʜʠ 

ʪʦʚʘ Ozobot ʝ ʩʧʝʮʠʘʣʥʦ ʧʨʦʝʢʪʠʨʘʥ ʪʘʢʘ, ʯʝ ʜʘ ʦʪʛʦʚʘʨʷ ʥʘ ʜʚʠʛʘʪʝʣʥʠʪʝ ʫʤʝʥʠʷ ʥʘ ʤʘʣʢʠʪʝ 

ʫʯʝʥʠʮʠ, ʢʘʪʦ ʠʤʘ ʢʦʤʧʘʢʪʝʥ ʨʘʟʤʝʨ, ʢʦʡʪʦ ʝ ʣʝʩʝʥ ʟʘ ʤʘʥʠʧʫʣʘʮʠʷ ʦʪ ʧʦ-ʤʘʣʢʠ ʨʲʮʝ, ʠ ʚ 

ʩʲʱʦʪʦ ʚʨʝʤʝ ʤʠʥʠʤʠʟʠʨʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ ʚ ʢʣʘʩʥʘʪʘ ʩʪʘʷ. 

Ozobot ʠʟʧʦʣʟʚʘ ʨʘʟʥʦʦʙʨʘʟʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ, ʢʘʢʪʦ ʟʘʚʠʩʠʤʠ ʦʪ 

ʫʩʪʨʦʡʩʪʚʦ, ʪʘʢʘ ʠ ʥʝʟʘʚʠʩʠʤʠ ʦʪ ʫʩʪʨʦʡʩʪʚʦ. ɺ ʩʣʫʯʘʡ, ʯʝ ʥʷʤʘ ʜʠʛʠʪʘʣʝʥ ʠʥʪʝʨʬʝʡʩ, 
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ʨʦʙʦʪʲʪ ʠʟʧʦʣʟʚʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʮʚʝʪʥʦ ʨʘʟʧʦʟʥʘʚʘʥʝ, ʟʘ ʜʘ ʠʥʪʝʨʧʨʝʪʠʨʘ ʮʚʝʪʦʚʘ 

ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʥʘʨʠʩʫʚʘʥʠ ʧʲʪʝʢʠ, ʢʦʠʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʧʨʦʩʪʠ ʧʨʦʛʨʘʤʠ, ʦʪʧʝʯʘʪʘʥʠ ʩ 

ʮʚʝʪʝʥ ʢʦʜ, ʨʘʟʙʠʨʘʝʤ ʟʘ Ozobot. ʇʨʠʤʝʨʠ ʟʘ ʪʘʢʲʚ ʮʚʝʪʝʥ ʢʦʜ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛ. 13. 

 

ʌʠʛ. 13: ʇʨʦʛʨʘʤʠʨʘʥʝ ʧʦ ʮʚʷʪ ʩ Ozobot 

ʅʘ ʧʦ-ʢʲʩʝʥ ʝʪʘʧ, ʢʦʛʘʪʦ ʫʯʝʥʠʮʠʪʝ ʤʦʛʘʪ ʜʘ ʠʟʧʦʣʟʚʘʪ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʜʦʙʥʠ ʥʘ 

ʢʦʤʧʶʪʨʠ, Ozobot ʠʤ ʧʦʟʚʦʣʷʚʘ ʜʘ ʨʘʙʦʪʷʪ ʯʨʝʟ ʪʘʙʣʝʪ, ʪʝʣʝʬʦʥ ʠʣʠ ʢʦʤʧʶʪʲʨ. ɼʦʢʘʪʦ ʩʝ 

ʫʯʘʪ ʥʘʡ-ʤʘʣʢʠʪʝ ʫʯʝʥʠʮʠ ʜʘ ʯʝʪʘʪ, ʪʝ ʤʦʛʘʪ ʜʘ ʧʨʝʤʠʥʘʪ ʢʲʤ ʙʣʦʢʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝ. ʊʝ ʱʝ 

ʧʦʜʨʝʞʜʘʪ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʩʲʟʜʘʜʝʥʠ ʢʦʤʘʥʜʠ, ʥʦ ʱʝ ʤʦʛʘʪ ʜʘ ʛʠ ʯʝʪʘʪ ʠ ʜʘ ʨʘʟʙʠʨʘʪ ʢʘʢʚʠ 

ʢʦʤʘʥʜʠ ʠʟʧʦʣʟʚʘʪ. ʌʠʛ. 14 ʠ 15 ʧʦʢʘʟʚʘʪ ʠʥʪʝʨʬʝʡʩʘ ʟʘ ʙʣʦʢʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʥʘ Ozobot. 

ʇʨʦʛʨʘʤʘʪʘ ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʥʘ ʧʝʪ ʩʪʝʧʝʥʠ, ʚʘʨʠʨʘʱʠ ʦʪ ʥʠʚʦ ʟʘ ʥʘʯʠʥʘʝʱʠ ʜʦ ʤʘʡʩʪʦʨʩʢʦ 

ʥʠʚʦ ʥʘ ʪʨʫʜʥʦʩʪ. ʅʘ ʫʯʠʣʠʱʥʘ ʚʲʟʨʘʩʪ, ʫʯʝʥʠʮʠʪʝ ʤʦʛʘʪ ʜʘ ʟʘʧʦʯʥʘʪ ʥʘ ʥʠʚʦ ʟʘ 

ʥʘʯʠʥʘʝʱʠ, ʢʲʜʝʪʦ, ʦʩʚʝʥ ʦʩʥʦʚʥʠʪʝ ʧʨʦʛʨʘʤʠ ʟʘ ʜʚʠʞʝʥʠʝ, ʩʚʝʪʣʠʥʘ, ʚʨʝʤʝ ʠ ʟʚʫʢ, ʩʝ 

ʚʲʚʝʞʜʘ ʠ ʧʘʥʝʣʲʪ ʟʘ ʮʠʢʣʠ. 

ɺ ʩʣʝʜʚʘʱʦʪʦ ʥʠʚʦ, ʤʝʞʜʠʥʥʦ (ʅʠʚʦ 3), ʫʯʝʥʠʮʠʪʝ ʨʘʟʰʠʨʷʚʘʪ ʩʚʦʠʪʝ ʟʥʘʥʠʷ, ʢʘʪʦ 

ʚʢʣʶʯʚʘʪ ʜʚʠʞʝʥʠʝ ʧʦ ʣʠʥʠʷ, ʩʝʥʟʦʨʠ ʠ ʣʦʛʠʯʝʩʢʠ ʫʩʣʦʚʠʷ (ʘʢʦ-ʪʦʛʘʚʘ-ʠʥʘʯʝ). ʉʣʝʜ ʢʘʪʦ 

ʫʩʚʦʷʪ ʥʦʚʠʪʝ ʢʦʥʮʝʧʮʠʠ, ʪʝ ʤʦʛʘʪ ʜʘ ʧʨʦʜʲʣʞʘʪ ʢʲʤ ʅʠʚʦ 4, ʢʲʜʝʪʦ ʩʝ ʨʘʟʛʣʝʞʜʘʪ ʦʩʥʦʚʥʠ 

ʧʨʦʛʨʘʤʥʠ ʢʦʥʮʝʧʮʠʠ ʢʘʪʦ ʤʘʪʝʤʘʪʠʢʘ, ʬʫʥʢʮʠʠ ʠ ʧʨʦʤʝʥʣʠʚʠ. ʏʨʝʟ ʥʘʫʯʘʚʘʥʝʪʦ ʥʘ 

ʢʦʤʘʥʜʠʪʝ ʯʨʝʟ ʙʣʦʢʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʠ ʧʨʠʣʘʛʘʥʝʪʦ ʠʤ ʢʲʤ Ozobot, ʫʯʝʥʠʮʠʪʝ ʤʦʛʘʪ ʜʘ 

ʚʠʜʷʪ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʩʚʦʝʪʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʠ ʜʘ ʨʘʟʙʝʨʘʪ ʢʘʢʚʦ ʧʨʘʚʠ ʚʩʝʢʠ ʙʣʦʢ. ʊʘʟʠ ʝʪʘʧ 

ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʫʩʚʦʷʚʘʥʝ ʥʘ ʦʩʥʦʚʥʠʪʝ ʢʦʥʮʝʧʮʠʠ. ʉʚʲʨʟʚʘʥʝʪʦ ʤʝʞʜʫ 

ʧʨʦʛʨʘʤʠʨʘʥʝʪʦ ʠ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʨʦʙʦʪʘ ʫʚʝʣʠʯʘʚʘ ʤʦʪʠʚʘʮʠʷʪʘ ʠ ʥʘʩʲʨʯʘʚʘ ʨʘʟʤʠʩʲʣ 

ʚʲʨʭʫ ʪʦʚʘ, ʢʘʢʚʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʜʦʙʨʝʥʦ. ʂʦʛʘʪʦ ʫʯʝʥʠʮʠʪʝ ʥʘʙʣʶʜʘʚʘʪ ʨʝʘʣʥʦʪʦ 

ʠʟʧʲʣʥʝʥʠʝ, ʪʝ ʧʨʠʜʦʙʠʚʘʪ ʧʦ-ʜʲʣʙʦʢʦ ʨʘʟʙʠʨʘʥʝ ʟʘ ʪʦʚʘ, ʢʦʝʪʦ ʩʲʟʜʘʚʘʪ.. 



 

 
 

 

 

 

53 

                    

ʌʠʛ. 14: ɹʣʦʢʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʟʘ ʥʘʯʠʥʘʝʱʠ      ʌʠʛ. 15: ɹʣʦʢʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʟʘ ʥʘʧʨʝʜʥʘʣʠ 

ʈʘʟʙʠʨʘʡʢʠ ʪʘʟʠ ʚʟʘʠʤʦʚʨʲʟʢʘ, ʥʘʫʯʘʚʘʡʢʠ ʩʝ ʥʘ ʥʘʙʦʨ ʦʪ ʢʦʤʘʥʜʠ ʠ ʨʘʟʚʠʚʘʡʢʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʘ ʦʨʠʝʥʪʘʮʠʷ ʠ ʘʙʩʪʨʘʢʪʥʦ ʤʠʩʣʝʥʝ ð ʦʙʠʢʥʦʚʝʥʦ ʦʢʦʣʦ ʧʝʪʠ ʜʦ ʰʝʩʪʠ ʢʣʘʩ, 

ʢʦʛʘʪʦ ʩʘ ʥʘ 12 ʜʦ 13 ʛʦʜʠʥʠ ð ʫʯʝʥʠʮʠʪʝ ʤʦʛʘʪ ʜʘ ʧʨʝʤʠʥʘʪ ʢʲʤ ʨʝʘʣʥʠʷ ʧʨʦʛʨʘʤʝʥ ʝʟʠʢ 

Python. ʅʘ ʪʦʟʠ ʝʪʘʧ ʪʝ ʥʘʚʣʠʟʘʪ ʚ ʧʨʦʛʨʘʤʥʘʪʘ ʩʨʝʜʘ, ʢʲʜʝʪʦ ʤʦʛʘʪ ʜʘ ʧʠʰʘʪ ʢʦʜ. ʊʦʛʘʚʘ 

ʠʤ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʙʠʙʣʠʦʪʝʢʠ, ʢʦʥʮʝʧʮʠʠ ʢʘʪʦ ʤʘʩʠʚʠ ʠ ʜʨʫʛʠ ʚʘʞʥʠ ʪʝʤʠ, ʢʦʠʪʦ ʱʝ 

ʫʩʚʦʷʚʘʪ ʧʦʩʪʝʧʝʥʥʦ. ʉ ʥʘʧʨʝʜʚʘʥʝʪʦ ʩʠ ʚʲʚ ʚʲʟʨʘʩʪʪʘ ʪʝ ʱʝ ʧʨʠʜʦʙʠʚʘʪ ʠ ʥʦʚʠ ʟʥʘʥʠʷ ʚ 

ʤʘʪʝʤʘʪʠʢʘ, ʢʦʷʪʦ ʝ ʬʫʥʜʘʤʝʥʪʘʣʝʥ ʘʩʧʝʢʪ ʥʘ ʣʦʛʠʯʝʩʢʦʪʦ ʤʠʩʣʝʥʝ ʚ ʧʨʦʛʨʘʤʠʨʘʥʝʪʦ. ɿʘ 

ʪʝʟʠ ʫʯʝʥʠʮʠ ʚ ʧʦ-ʛʦʨʥʠʪʝ ʢʣʘʩʦʚʝ, ʢʦʠʪʦ ʩʘ ʟʘʧʦʟʥʘʪʠ ʩ ʧʨʦʛʨʘʤʠʨʘʱʠ ʝʟʠʮʠ ʠ ʢʦʜʠʨʘʥʝ, 

ʝ ʧʨʝʜʦʩʪʘʚʝʥʘ ʙʠʙʣʠʦʪʝʢʘ ʟʘ Python ʟʘ Ozobot, ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ 

ʩ ʮʝʣ ʩʲʟʜʘʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ, ʧʦ-ʩʣʦʞʥʠ ʧʨʦʛʨʘʤʠ ʟʘ ʢʦʥʪʨʦʣʠʨʘʥʝ ʥʘ ʜʝʡʩʪʚʠʷʪʘ ʥʘ 

ʨʦʙʦʪʠʪʝ ʠ ʯʝʪʝʥʝ ʥʘ ʩʝʥʟʦʨʠ. ʊʘʟʠ ʙʠʙʣʠʦʪʝʢʘ ʤʦʞʝ ʣʝʩʥʦ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥʘ ʦʪ ʫʯʝʥʠʮʠʪʝ 

ʟʘ ʥʘʧʨʝʜʥʘʣʦ ʫʧʨʘʚʣʝʥʠʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʦʙʦʪʘ. 

ʇʦʨʘʜʠ ʩʚʦʷʪ ʢʦʤʧʘʢʪʝʥ ʨʘʟʤʝʨ, Ozobot ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʠʥʜʠʚʠʜʫʘʣʥʠ ʠʣʠ ʛʨʫʧʦʚʠ 

ʜʝʡʥʦʩʪʠ, ʢʦʠʪʦ ʫʣʝʩʥʷʚʘʪ ʧʨʘʢʪʠʯʝʩʢʦʪʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʠ ʧʨʝʜʦʩʪʘʚʷʪ ʢʦʥʢʨʝʪʥʘ ʦʙʨʘʪʥʘ 

ʚʨʲʟʢʘ ʟʘ ʚʲʚʝʜʝʥʠʪʝ ʟʘʜʘʯʠ. ʊʦʟʠ ʠʥʪʝʨʘʢʪʠʚʝʥ ʫʯʝʙʝʥ ʠʥʩʪʨʫʤʝʥʪ ʩʣʫʞʠ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ 

ʥʘ ʨʘʟʙʠʨʘʥʝʪʦ ʥʘ ʫʯʝʥʠʮʠʪʝ ʦʪʥʦʩʥʦ ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʢʦʥʮʝʧʮʠʠ, ʢʘʪʦ ʦʙʷʩʥʷʚʘ ʤʝʭʘʥʠʟʤʘ 

ʥʘ ʧʨʦʛʨʘʤʠʨʘʥʝʪʦ ʠ ʧʨʠʥʮʠʧʠʪʝ, ʢʦʠʪʦ ʩʪʦʷʪ ʟʘʜ ʩʚʲʨʟʘʥʦʩʪʪʘ ʚ ʪʝʭʥʦʣʦʛʠʠʪʝ. ʆʩʚʝʥ ʪʦʚʘ, 

Ozobot ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʢʘʪʦ ʧʝʜʘʛʦʛʠʯʝʩʢʠ ʩʨʝʜʩʪʚʘ ʟʘ ʦʙʷʩʥʝʥʠʝ ʥʘ ʦʩʥʦʚʥʠʪʝ 

ʢʦʥʮʝʧʮʠʠ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʦʙʦʛʘʪʷʚʘʪ ʨʘʟʙʠʨʘʥʝʪʦ ʥʘ 

ʩʪʫʜʝʥʪʠʪʝ ʟʘ ʪʘʟʠ ʚʩʝ ʧʦ-ʟʥʘʯʠʤʘ ʦʙʣʘʩʪ. 

ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʠʥʪʝʛʨʠʨʘʥʝʪʦ ʥʘ ʧʨʦʛʨʘʤʥʠʷ ʝʟʠʢ Python ʚ ʫʯʝʙʥʠʪʝ 

ʧʨʦʛʨʘʤʠ ʧʨʠʜʦʙʠ ʟʥʘʯʠʪʝʣʥʘ ʧʦʧʫʣʷʨʥʦʩʪ, ʧʦʨʘʜʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ROS ʪʝʭʥʦʣʦʛʠʷʪʘ, 
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ʢʦʷʪʦ ʠʟʠʩʢʚʘ ʧʨʦʛʨʘʤʠ ʝʟʠʮʠ Python and C++. ɺ ʧʨʦʛʨʘʤʘʪʘ ʧʦ ʢʦʤʧʶʪʲʨʥʦ ʤʦʜʝʣʠʨʘʥʝ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʩʝʜʤʠ ʢʣʘʩ ʩʘ ʚʢʣʶʯʝʥʠ ʩʝʨʠʷ ʦʪ ʫʨʦʮʠ ʧʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʥʘ 

ʧʨʦʛʨʘʤʥʠʷʪ ʝʟʠʢ Python, ʢʦʠʪʦ ʟʘʩʠʣʚʘʪ ʦʩʥʦʚʥʠʪʝ ʟʥʘʥʠʷ, ʧʨʠʜʦʙʠʪʠ ʚ ʰʝʩʪʠ ʢʣʘʩ. ɺ 

ʤʦʤʝʥʪʘ ʧʣʘʪʬʦʨʤʘʪʘ, ʢʦʷʪʦ ʩʝ ʧʦʣʟʚʘ ʦʪ ʫʯʠʣʠʱʘʪʘ ʟʘ ʧʠʩʘʥʝ ʥʘ Python ʢʦʜʦʚʝ ʝ 

trinket.io/python/. 

ɺ ʰʝʩʪʠ ʢʣʘʩ ʫʯʝʥʠʮʠʪʝ ʩʝ ʟʘʧʦʟʥʘʚʘʪ ʩ ʧʨʦʛʨʘʤʠʨʘʥʝʪʦ ʥʘ Python, ʢʘʪʦ ʠʟʧʲʣʥʷʚʘʪ 

ʦʛʨʘʥʠʯʝʥ ʙʨʦʡ ʦʩʥʦʚʥʠ ʢʦʤʘʥʜʠ. ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʪʦʚʘ, ʫʯʝʙʥʠʷʪ ʤʘʪʝʨʠʘʣ ʟʘ ʩʝʜʤʠ ʢʣʘʩ 

ʫʣʝʩʥʷʚʘ ʧʨʝʭʦʜʘ ʦʪ ʙʣʦʢʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʢʲʤ ʪʝʢʩʪʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝ, ʧʨʠ ʢʦʝʪʦ 

ʫʯʝʥʠʮʠʪʝ ʨʘʙʦʪʷʪ ʩ ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʪʦ ʮʠʢʣʠ, ʬʫʥʢʮʠʠ ʠ ʨʘʟʣʠʯʥʠ 

ʧʨʦʛʨʘʤʥʠ ʢʦʤʘʥʜʠ. ʊʦʟʠ ʝʪʘʧ ʦʪ ʦʙʫʯʝʥʠʝʪʦ ʧʨʝʜʩʪʘʚʷ ʧʦ-ʛʦʣʷʤʘ ʩʣʦʞʥʦʩʪ ʧʨʠ 

ʜʝʬʠʥʠʨʘʥʝʪʦ ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʬʫʥʢʮʠʠ, ʪʲʡ ʢʘʪʦ ʫʯʝʥʠʮʠʪʝ ʪʨʷʙʚʘ ʜʘ ʥʘʚʠʛʠʨʘʪ ʚ 

ʦʩʦʙʝʥʦʩʪʠʪʝ ʥʘ ʜʝʬʠʥʠʨʘʥʝʪʦ ʥʘ ʧʘʨʘʤʝʪʨʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʪʠʧʦʚʝ ʜʘʥʥʠ ʢʘʪʦ ʠ ʮʝʣʠ ʯʠʩʣʘ 

(integers), ʯʠʩʣʘ ʩ ʧʣʘʚʘʱʘ ʟʘʧʝʪʘʷ (floats) ʠ ʯʠʩʣʘ ʩ ʜʚʦʡʥʘ ʟʘʧʝʪʘʷ (doubles). 

ʆʩʚʝʥ ʪʦʚʘ, ʩʝ ʦʯʘʢʚʘ ʫʯʝʥʠʮʠʪʝ ʜʘ ʧʨʠʣʘʛʘʪ ʪʝʟʠ ʧʨʦʛʨʘʤʥʠ ʢʦʥʮʝʧʮʠʠ ʚ ʨʘʟʣʠʯʥʠ 

ʧʨʦʝʢʪʥʦ ʦʨʠʝʥʪʠʨʘʥʠ ʟʘʜʘʯʠ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʤʝʞʜʫʜʠʩʮʠʧʣʠʥʘʨʥʠ ʚʨʲʟʢʠ, ʦʩʦʙʝʥʦ ʩ 

ʧʨʦʛʨʘʤʠ ʢʘʪʦ Microsoft Excel, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʟʘʜʲʣʙʦʯʘʚʘʪ ʨʘʟʙʠʨʘʥʝʪʦ ʩʠ ʟʘ 

ʧʨʠʥʮʠʧʠʪʝ ʥʘ ʧʨʦʛʨʘʤʠʨʘʥʝʪʦ. ɺʲʧʨʝʢʠ ʪʝʟʠ ʫʩʠʣʠʷ, ʥʷʢʦʠ ʫʯʝʥʠʮʠ ʧʨʦʜʲʣʞʘʚʘʪ ʜʘ ʠʤʘʪ 

ʟʘʪʨʫʜʥʝʥʠʷ ʩ ʢʦʥʮʝʧʪʫʘʣʥʦʪʦ ʨʘʟʙʠʨʘʥʝ. 

ɽʪʦ ʢʘʢ ʙʠ ʠʟʛʣʝʞʜʘʣ ʝʜʠʥ ʫʨʦʢ ʧʦ ʂʦʤʧʶʪʲʨʥʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʠ 

ʪʝʭʥʦʣʦʛʠʠ, ʢʦʠʪʦ ʚʢʣʶʯʚʘ ʠ ʨʦʙʦʪʘ Ozobot EVO. ʋʨʦʢʲʪ ʝ ʩ ʢʦʥʢʨʝʪʥʠ ʬʨʘʛʤʝʥʪʠ ʦʪ 

Python ʢʦʜ, ʢʦʠʪʦ ʩʘ ʩʲʚʤʝʩʪʠʤʠ ʩ ʨʦʙʦʪʘ Ozobot, ʧʦʟʚʦʣʷʚʘʱʠ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ 

ʧʨʦʛʨʘʤʠʨʘʥʠ ʟʘʜʘʯʠ. ɽʜʠʥ ʪʘʢʲʚ ʫʨʦʢ ʚʢʣʶʯʚʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʘʣʛʦʨʠʪʲʤ ʟʘ ʜʚʠʞʝʥʠʝ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʘ ʚʲʟʧʨʦʠʟʚʝʜʝ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʪʨʘʢʠʡʩʢʦ ʭʦʨʦ (ɹʫʯʠʥʩʢʦ ʭʦʨʦ). 

ʅʝʦʙʭʦʜʠʤʠʷʪ ʟʘ ʪʘʟʠ ʟʘʜʘʯʘ ʧʨʦʛʨʘʤʝʥ ʢʦʜ ʝ ʩʪʨʫʢʪʫʨʠʨʘʥ ʘʣʛʦʨʠʪʤʠʯʥʦ, ʟʘ ʜʘ ʩʲʟʜʘʜʝ 

ʟʚʝʟʜʦʦʙʨʘʟʝʥ ʤʦʜʝʣ, ʢʘʢʲʚʪʦ ʩʝ ʧʦʣʫʯʘʚʘ ʦʪ ʩʪʲʧʢʠʪʝ ʥʘ ʭʦʨʦʪʦ.  ʉʲʦʪʚʝʪʥʠʷʪ ʫʯʝʙʝʥ ʢʦʜ 

ʝ ʠʣʶʩʪʨʠʨʘʥ ʥʘ ʬʠʛ. 16, ʘ ʧʨʝʜʣʦʞʝʥʠʷʪ ʘʣʛʦʨʠʪʲʤ ʚʝʨʩʠʷ ʥʘ ʢʦʜʘ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʩ Ozobot 

ʠ ʥʝʛʦʚʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʜʚʠʞʝʥʠʝ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛ. 17. 
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ʌʠʛ. 16: ʂʦʜ ʟʘ ʪʨʘʢʠʡʩʢʦ ʭʦʨʦ ʚ  Trinket Python 

ɺ ʪʦʟʠ ʢʦʥʪʝʢʩʪ, ʦʩʚʝʥ ʬʠʟʠʯʝʩʢʦʪʦ ʜʚʠʞʝʥʠʝ, ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʢʦʤʧʶʪʲʨʥʠʪʝ 

ʢʦʥʮʝʧʮʠʠ ʦʪ ʩʪʨʘʥʘ ʥʘ ʫʯʝʥʠʢʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʜʦʧʲʣʥʠʪʝʣʥʦ ʦʙʦʛʘʪʝʥʦ ʯʨʝʟ ʠʥʪʝʛʨʠʨʘʥʝ 

ʥʘ ʤʫʟʠʢʘʣʥʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʠ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʘʣʛʦʨʠʪʤʠ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʪʨʘʢʠʡʩʢʠ ʭʦʨʦ 

ï ʉʚʦʨʥʘʪʦ ʭʦʨʦ (9/8). ɿʘ ʪʘʟʠ ʟʘʜʘʯʘ ʝ ʚʘʞʥʦ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʮʠʨʘʪ ʤʫʟʠʢʘʣʥʠʪʝ ʥʦʪʠ, 

ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ ʭʦʨʦʪʦ, ʠ ʩʣʝʜ ʪʦʚʘ ʜʘ ʩʝ ʢʦʜʠʨʘ ʪʷʭʥʦʪʦ ʬʦʥʝʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʧʦ 

ʩʠʩʪʝʤʘʪʠʯʝʥ ʥʘʯʠʥ. ʂʘʢʪʦ ʝ ʧʦʢʘʟʘʥʦ ʥʘ ʬʠʛʫʨʘ 18, ʯʘʩʪ ʦʪ ʪʘʟʠ ʟʘʜʘʯʘ ʧʨʝʜʩʪʘʚʣʷʚʘ 

ʦʪʜʝʣʝʥ ʧʨʦʝʢʪ, ʢʘʢʪʦ ʝ ʠʣʶʩʪʨʠʨʘʥʦ ʥʘ ʬʠʛʫʨʘ 19. 
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ʌʠʛ. 17: ɸʣʛʦʨʠʪʲʤ ʥʘ ʪʨʘʢʠʡʩʢʦ ʭʦʨʦ ʚ  Ozobot Python 

 

ʌʠʛ. 18: ʅʦʪʠ ʥʘ ʉʚʦʨʥʘʪʦ ʭʦʨʦ 

 

ʌʠʛ.19: ɸʣʛʦʨʠʪʲʤ ʟʘ ʤʫʟʠʢʘʪʘ ʥʘ ʉʚʦʨʥʘʪʦ ʭʦʨʦ (9/8) ʚ Ozobot Python. 

ʂʘʪʦ ʩʣʝʜʚʘʱ ʝʪʘʧ ʦʪ ʪʦʟʠ ʧʨʦʝʢʪ ʝ ʬʘʟʘʪʘ, ʢʦʷʪʦ ʚʢʣʶʯʚʘ ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʜʚʘʪʘ 

ʝʜʠʥʠʯʥʘ ʧʨʦʝʢʪʘ ʠʣʠ ʪʦʚʘ ʝ ʧʨʦʛʨʘʤʠʨʘʥʝ ʥʘ Ozobot EVO ʟʘ ʩʠʤʫʣʘʮʠʷ ʥʘ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ 
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ʪʘʥʮʫʚʘʱ ʨʦʙʦʪ, ʢʦʡʪʦ ʠʟʧʲʣʥʷʚʘ ʟʚʝʟʜʦʚʠʜʥʘ ʬʠʛʫʨʘ ʠ ʝʜʥʦʚʨʝʤʝʥʥʦ ʠʟʧʲʣʥʷʚʘʱ ʭʦʨʦʚ 

ʩʲʧʨʦʚʦʜ ʠʣʠ ʪʦʚʘ ʚʢʣʶʯʚʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʥʘ ʨʦʙʦʪʘ ʜʘ ʩʝ ʜʚʠʞʠ ʧʦ ʟʚʝʟʜʦʦʙʨʘʟʥʘ 

ʪʨʘʝʢʪʦʨʠʷ, ʢʘʪʦ ʝʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʟʚʝʞʜʘ ʘʫʜʠʦ ʠʟʭʦʜ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʤʝʣʦʜʠʷ, 

ʥʘʧʦʤʥʷʱʘ ʪʨʘʢʠʡʩʢʠ ʭʦʨʦ. ʉʲʦʪʚʝʪʥʠʪʝ ʬʨʘʛʤʝʥʪʠ ʦʪ ʘʣʛʦʨʠʪʲʤʘ, ʠʣʶʩʪʨʠʨʘʱʠ ʪʘʟʠ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ, ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʬʠʛʫʨʠ  20 ʠ 21. 

ʆʩʚʝʥ ʪʦʚʘ, ʝ ʚʘʞʥʦ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʘʩʠʥʭʨʦʥʥʠ ʧʨʦʛʨʘʤʥʠ ʧʘʨʘʜʠʛʤʠ ʟʘ ʪʦʟʠ 

ʧʨʦʝʢʪ. ʇʲʨʚʦʥʘʯʘʣʥʦ ʧʨʝʜʣʦʞʝʥʠʪʝ ʨʝʘʣʠʟʘʮʠʠ ʠʟʧʦʣʟʚʘʭʘ ʩʠʥʭʨʦʥʥʠ ʪʝʭʥʠʢʠ ʟʘ 

ʢʦʜʠʨʘʥʝ; ʪʝʢʫʱʘʪʘ ʚʝʨʩʠʷ ʠʟʠʩʢʚʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʘʩʠʥʭʨʦʥʥʠ ʙʠʙʣʠʦʪʝʢʠ ʟʘ ʫʣʝʩʥʷʚʘʥʝ 

ʥʘ ʞʝʣʘʥʠʪʝ ʝʜʥʦʚʨʝʤʝʥʥʠ ʦʧʝʨʘʮʠʠ. 

 

ʌʠʛ. 20. ɸʣʛʦʨʠʪʲʤ ʥʘ ʘʫʜʠʦʪʦ ʥʘ ʉʚʦʨʥʘʪʦ ʭʦʨʦ ʥʘ Ozobot Python  
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ʌʠʛ. 21: ɸʣʛʦʨʠʪʲʤ ʥʘ ʘʫʜʠʦʪʦ ʥʘ ʉʚʲʨʥʘʪʦ ʭʦʨʦ (9/8) ʥʘ Ozobot Python ʩ ʘʩʠʥʭʨʦʥ 

ɿʘ ʠʣʶʩʪʨʠʨʘʥʝ ʥʘ ʟʚʝʟʜʥʘʪʘ ʬʦʨʤʘ ʢʲʤ ʨʦʙʦʪʘ ʝ ʧʨʠʢʨʝʧʝʥ ʮʚʝʪʝʥ ʬʣʫʤʘʩʪʝʨ, ʟʘ ʜʘ 

ʩʝ ʚʠʜʠ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʨʦʙʦʪʘ ʩʧʦʨʝʜ ʟʘʜʘʜʝʥʠʷ ʘʣʛʦʨʠʪʲʤ. ʌʠʛ. 22.  

 

ʌʠʛ. 22: ʈʠʩʫʚʘʥʝ ʥʘ ʩʪʲʧʢʠʪʝ ʥʘ ʪʨʘʢʠʡʩʢʦ ʭʦʨʦ ʩ Ozobot EVO 

ʊʘʟʠ ʛʨʘʬʠʯʥʘ ʧʨʝʟʝʥʪʘʮʠʷ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʠʟʯʠʩʣʝʥʘ, ʢʦʝʪʦ ʩʝ ʜʲʣʞʠ 

ʥʘ ʢʦʜʘ ʠ ʧʦʟʚʦʣʷʚʘ ʧʦʩʣʝʜʚʘʱʘʪʘ ʬʦʨʤʫʣʠʨʦʚʢʘ ʥʘ ʫʧʨʘʚʣʷʚʘʱʠʷ ʘʣʛʦʨʠʪʲʤ. 

Ozobot EVO ʝ ʢʦʤʧʘʢʪʝʥ ʤʦʙʠʣʝʥ ʨʦʙʦʪ, ʢʦʡʪʦ ʙʝʟʧʨʦʙʣʝʤʥʦ ʩʝ ʠʥʪʝʛʨʠʨʘ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʥʠʪʝ ʧʨʦʛʨʘʤʠ ʥʘ ʨʘʟʣʠʯʥʠ ʚʲʟʨʘʩʪʦʚʠ ʛʨʫʧʠ ʫʯʝʥʠʮʠ, ʦʙʭʚʘʱʘʱʘ ʜʝʮʘ ʦʪ 6 ʜʦ 

18 ʛʦʜʠʥʠ. ʅʝʛʦʚʠʷʪ ʜʠʟʘʡʥ ʫʣʝʩʥʷʚʘ ʠʥʜʠʚʠʜʫʘʣʥʦʪʦ ʠʣʠ ʩʲʚʤʝʩʪʥʦʪʦ ʠʟʧʦʣʟʚʘʥʝ ʩʨʝʜ 
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ʦʙʫʯʘʚʘʱʠʪʝ ʩʝ, ʥʘʩʲʨʯʘʚʘʡʢʠ ʠʥʪʝʨʘʢʪʠʚʥʦ ʫʯʘʩʪʠʝ. ɹʘʪʝʨʠʷʪʘ ʥʘ ʨʦʙʦʪʘ ʤʦʞʝ ʜʘ ʩʝ 

ʟʘʨʝʞʜʘ ʟʘ ʦʢʦʣʦ 20 ʤʠʥʫʪʠ, ʢʘʪʦ ʦʩʠʛʫʨʷʚʘ ʨʘʙʦʪʥʦ ʚʨʝʤʝ ʦʪ 45 ʜʦ 50 ʤʠʥʫʪʠ, ʢʦʝʪʦ ʝ 

ʜʦʩʪʘʪʲʯʥʦ ʟʘ ʩʪʘʥʜʘʨʪʝʥ ʫʯʝʙʝʥ ʯʘʩ. ʄʠʥʠʤʘʣʠʩʪʠʯʥʠʪʝ ʨʘʟʤʝʨʠ ʥʘ Ozobot EVO 

ʧʦʟʚʦʣʷʚʘʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʥʦʞʝʩʪʚʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʢʣʘʩʥʘʪʘ ʩʪʘʷ, ʤʠʥʠʤʠʟʠʨʘʡʢʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʠʪʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʫʚʝʣʠʯʘʚʘʡʢʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʨʘʢʪʠʯʝʩʢʠ ʫʯʝʙʥʠ 

ʦʧʠʪʠ. 

ʄʘʣʢʠʪʝ ʤʫ ʨʘʟʤʝʨʠ ʩʘ ʩʚʲʨʟʘʥʠ ʧʨʷʢʦ ʩ ʤʘʪʝʨʠʘʣʠʪʝ, ʦʪ ʢʦʠʪʦ ʝ ʠʟʨʘʙʦʪʝʥ, ʢʘʢʪʦ ʠ 

ʩ ʥʝʛʦʚʠʷ ʧʨʦʬʠʣ ʟʘ ʫʩʪʦʡʯʠʚʦʩʪ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʪʦʡ ʧʨʦʷʚʷʚʘ ʟʘʙʝʣʝʞʠʪʝʣʥʘ 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʢʲʤ ʤʘʪʝʨʠʘʣʘ, ʧʦ ʢʦʡʪʦ ʩʝ ʜʚʠʞʠ. ʊʦʟʠ ʬʝʥʦʤʝʥ ʝ ʟʘʙʝʣʝʞʠʤ, ʢʦʛʘʪʦ ʢʲʤ 

ʥʝʛʦ ʝ ʟʘʢʨʝʧʝʥ ʧʠʩʝʮ, ʢʘʪʦ ʬʣʫʤʘʩʪʝʨ. 

Ozobot EVO ʧʨʝʜʦʩʪʘʚʷ ʟʥʘʯʠʪʝʣʥʘ ʛʲʚʢʘʚʦʩʪ ʧʨʠ ʦʙʫʯʝʥʠʝ ʠ ʧʨʠʣʦʞʝʥʠʝ, 

ʫʣʝʩʥʷʚʘʡʢʠ ʟʘʜʘʯʠ, ʚʘʨʠʨʘʱʠ ʦʪ ʠʥʪʝʨʧʨʝʪʠʨʘʥʝ ʥʘ ʮʚʝʪʦʚʠ ʢʦʜʦʚʝ ʜʦ ʫʯʘʩʪʠʝ ʚ ʙʣʦʢʦʚʦ 

ʙʘʟʠʨʘʥʦ ʧʨʦʛʨʘʤʠʨʘʥʝ. ʊʦʟʠ ʧʨʦʛʨʝʩ ʝ ʩʪʨʫʢʪʫʨʠʨʘʥ ʚ ʧʝʪ ʨʘʟʣʠʯʥʠ ʝʪʘʧʘ, ʢʘʪʦ ʟʘʚʲʨʰʚʘ 

ʩ ʧʨʦʛʨʘʤʠʨʘʥʝ ʟʘ ʥʘʧʨʝʜʥʘʣʠ ʢʘʪʦ ʠʟʧʦʣʟʚʘ ʝʟʠʢ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ï Python 3. 

Ozobot ʝ ʦʪʣʠʯʝʥ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʦʙʫʯʝʥʠʝʪʦ ʧʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʯʨʝʟ 

ʩʠʩʪʝʤʘʪʘ ʟʘ ʙʣʦʢʦʚʦ ʢʦʜʠʨʘʥʝ, ʦʩʦʙʝʥʦ ʟʘ ʫʯʝʥʠʮʠ ʚ ʝʪʘʧ, ʢʦʛʘʪʦ ʪʲʨʩʷʪ ʜʘ ʨʘʟʙʝʨʘʪ 

ʧʦʩʣʝʜʠʮʠʪʝ ʦʪ ʩʚʦʠʪʝ ʢʦʤʘʥʜʠ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʩʚʦʠʪʝ ʜʝʡʩʪʚʠʷ. ɼʦʢʘʪʦ ʙʣʦʢʦʚʦʪʦ 

ʧʨʦʛʨʘʤʠʨʘʥʝ ʧʦ ʩʲʱʝʩʪʚʦ ʫʣʝʩʥʷʚʘ ʚʠʟʫʘʣʥʦʪʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʢʦʜʘ ʠ ʦʙʷʩʥʷʚʘ ʥʝʛʦʚʦʪʦ 

ʦʩʥʦʚʥʦ ʦʙʦʩʥʦʚʢʘ, ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ ʚʲʥʰʝʥ ʝʣʝʤʝʥʪ ð ʢʘʪʦ ʤʦʙʠʣʝʥ ʨʦʙʦʪ ð ʟʥʘʯʠʪʝʣʥʦ 

ʟʘʜʲʣʙʦʯʘʚʘ ʨʘʟʙʠʨʘʥʝʪʦ ʥʘ ʫʯʝʥʠʮʠʪʝ ʟʘ ʧʨʠʥʮʠʧʠʪʝ ʥʘ ʧʨʦʛʨʘʤʠʨʘʥʝ, ʣʦʛʠʢʘʪʘ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʪʝ ʢʦʥʮʝʧʮʠʠ. ʊʘʟʠ ʧʨʘʢʪʠʯʝʩʢʘ ʠʥʪʝʨʘʢʮʠʷ ʥʝ ʩʘʤʦ ʧʦʜʩʠʣʚʘ ʢʦʛʥʠʪʠʚʥʘʪʘ 

ʠʥʪʝʛʨʘʮʠʷ, ʥʦ ʠ ʧʦʚʠʰʘʚʘ ʤʦʪʠʚʘʮʠʷʪʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʜʘ ʠʟʩʣʝʜʚʘʪ ʜʦʧʲʣʥʠʪʝʣʥʠ ʟʥʘʥʠʷ ʚ 

ʪʝʟʠ ʦʙʣʘʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʪʘʟʠ ʚʨʲʟʢʘ ʤʝʞʜʫ ʯʦʚʝʢʘ ʠ ʨʦʙʦʪʠʢʘʪʘ ʩʲʟʜʘʚʘ ʩʦʣʠʜʥʘ ʦʩʥʦʚʘ 

ʟʘ ʧʦʷʚʘʪʘ ʥʘ ʀʥʜʫʩʪʨʠʷ 5.0, ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʘ ʩʝ ʩ ʫʚʝʣʠʯʝʥʦ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ ʤʝʞʜʫ 

ʯʦʚʝʰʢʠʷ ʠʥʪʝʣʝʢʪ ʠ ʨʦʙʦʪʠʟʠʨʘʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʚ ʙʲʜʝʱʦʪʦ ʨʘʟʚʠʪʠʝ. 

ʀʤʘ ʨʘʟʨʘʙʦʪʝʥʠ ʫʨʦʮʠ, ʥʦ ʩʘ ʬʦʢʫʩʠʨʘʥʠ ʚʲʨʭʫ ʢʦʜʠʨʘʥʝ ʧʦ ʮʚʷʪ ʠ ʧʨʦʛʨʘʤʠʨʘʥʝ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʩʪʨʦʡʩʪʚʦʪʦ; ʚʲʧʨʝʢʠ ʪʦʚʘ, ʩʲʱʝʩʪʚʫʚʘ ʠ ʨʘʚʥʦʩʪʦʡʥʦ ʟʥʘʯʠʤ ʠʥʪʝʨʝʩ ʢʲʤ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʫʩʪʨʦʡʩʪʚʘ ʠ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʧʨʦʛʨʘʤʠ ʯʨʝʟ ʨʦʙʦʪʠʢʘ. 
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ʂʦʛʘʪʦ ʨʘʙʦʪʠʪʝ ʩ Python, ʧʦʟʥʘʚʘʥʝʪʦ ʥʘ ʧʣʘʪʬʦʨʤʘʪʘ Ozobot EVO ʩʣʫʞʠ ʢʘʪʦ ʦʩʥʦʚʥʘ 

ʧʨʝʜʧʦʩʪʘʚʢʘ, ʢʦʷʪʦ ʧʦʟʚʦʣʷʚʘ ʥʘ ʫʯʘʱʠʪʝ ʜʘ ʨʘʟʙʠʨʘʪ ʨʘʟʣʠʢʠʪʝ ʠ ʦʙʱʥʦʩʪʠʪʝ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʠʪʝ ʠʥʪʝʨʬʝʡʩʠ, ʩʚʲʨʟʘʥʠ ʩ Python. ʊʘʟʠ ʦʧʠʪʥʦʩʪ ʧʦʜʦʙʨʷʚʘ ʨʘʟʙʠʨʘʥʝʪʦ ʥʘ 

ʢʦʥʮʝʧʮʠʠ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʢʘʪʦ ʙʠʙʣʠʦʪʝʢʠ, ʤʘʩʠʚʠ, ʬʫʥʢʮʠʠ ʠ ʥʶʘʥʩʠʪʝ ʤʝʞʜʫ 

ʩʠʥʭʨʦʥʥʦʪʦ ʠ ʘʩʠʥʭʨʦʥʥʦʪʦ ʧʨʦʛʨʘʤʠʨʘʥʝ. 

ɺʲʧʨʝʢʠ ʦʛʨʘʥʠʯʝʥʠʪʝ ʯʘʩʦʚʝ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʫʯʝʙʥʘʪʘ ʧʨʦʛʨʘʤʘ, 

ʠʥʪʝʛʨʘʮʠʷʪʘ ʥʘ Ozobot EVO ʠ ʧʨʦʛʨʘʤʠʨʘʥʝʪʦ ʩ Python ʤʦʞʝ ʜʘ ʙʲʜʝ ʩʲʯʝʪʘʥʘ ʩʠʥʝʨʛʠʡʥʦ 

ʩ ʨʘʟʣʠʯʥʠ ʫʯʝʙʥʠ ʧʨʝʜʤʝʪʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʤʫʟʠʢʘ, ʪʘʥʮʠ ʠ ʤʘʪʝʤʘʪʠʢʘ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ 

ʩʝ ʫʣʝʩʥʷʚʘ ʧʦ-ʰʠʨʦʢʦʪʦ ʠʤ ʧʨʠʣʦʞʝʥʠʝ ʚ STEM (ʥʘʫʢʘ, ʪʝʭʥʦʣʦʛʠʠ, ʠʥʞʝʥʝʨʩʪʚʦ ʠ 

ʤʘʪʝʤʘʪʠʢʘ) ʫʯʝʙʥʠʪʝ ʧʨʦʛʨʘʤʠ. 

Ozobot EVO ʠʟʧʦʣʟʚʘʡʢʠ RGB ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʯʝʪʝʥʝ ʥʘ ʮʚʝʪʦʚʝ, ʢʘʪʦ ʛʠ ʫʣʘʚʷ, 

ʙʣʦʢʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʠ ʧʨʦʛʨʘʤʠʨʘ ʥʘ Python 3 ʠʟʧʲʣʥʷʚʘ ʟʘʜʘʯʠ ʩ ʧʦʩʪʘʚʝʥʠ ʧʘʨʘʤʝʪʨʠ, 

ʠʟʤʝʨʠʤʠ ʟʘ ʨʘʟʩʪʦʷʥʠʷ, ʚʨʝʤʝ ʠ ʜʨ., ʧʦʩʪʠʛʘ ʟʘʜʘʜʝʥʠ ʮʝʣʠʪʝ ʠ ʩʝ ʠʥʪʝʛʨʠʨʘ ʩ ʨʘʟʣʠʯʥʠ 

ʧʨʝʜʤʝʪʠ. ɺ ʘʧʨʦʙʠʨʘʥʠʷ ʧʨʠʤʝʨ ʚ ʩʝʜʤʠ ʢʣʘʩ, ʫʯʝʥʠʮʠʪʝ ʧʨʝʤʠʥʘʭʘ ʧʨʝʟ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ, 

ʠʩʪʦʨʠʷ, ʩʧʦʨʪ, ʤʫʟʠʢʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʤʘʪʝʤʘʪʠʢʘ, ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʧʨʝʜʧʨʠʝʤʘʯʝʩʪʚʦ,  ʟʘ ʜʘ ʜʦʩʪʠʛʥʘʪ ʜʦ ʢʨʘʡʥʠʷ ʨʝʟʫʣʪʘʪ ʜʘ ʙʲʜʝ ʧʨʝʜʩʪʘʚʝʥ ʨʦʙʦʪʘ ʚ ʨʦʣʷ 

ʥʘ ʤʦʤʠʯʝ/ʤʦʤʯʝ ʚ ʥʦʩʠʷ, ʢʦʝʪʦ ʠʛʨʘʝ ʥʘʨʦʜʥʠ ʪʘʥʮʠ ʠ ʧʝʝ ʥʘʨʦʜʥʘ ʧʝʩʝʥ ʯʨʝʟ ʥʦʚ 

ʘʣʛʦʨʠʪʲʤ.  

 

3.1.2. BlueBot 

 

ɼʨʫʛ ʤʦʙʠʣʝʥ ʨʦʙʦʪ ʧʦʜʭʦʜʷʱ ʟʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ ʝ BlueBot. ʌʠʛ. 23. ʊʦʡ ʝ 

ʩ ʤʘʣʢʦ ʧʦ-ʛʦʣʝʤʠ ʨʘʟʤʝʨʠ ʦʪ Ozobot, 13 ʩʤ ʭ 10 ʩʤ ʭ 7 ʩʤ. ʊʝʟʠ ʩʘʤʦ 340 ʛʨ. ʊʦʡ ʢʘʢʪʦ ʠ 

Ozobot ʝ ʠʟʨʘʙʦʪʝʥ ʦʪ ʧʦʣʠʢʘʨʙʦʥʘʪ, ʢʦʝʪʦ ʤʫ ʜʘʚʘ ʧʨʝʜʠʤʩʪʚʦʪʦ ʜʘ ʙʲʜʝ ʫʩʪʦʡʯʠʚ ʚʲʚ 

ʚʨʝʤʝʪʦ. ʀʤʘ ʧʨʝʟʘʨʝʞʜʘʱʘ ʩʝ ʙʘʪʝʨʠʷ, ʧʦʨʪʘ ʟʘ ʟʘʨʝʞʜʘʥʝ ʝ USB type B. ɹʘʪʝʨʠʷʪʘ 

ʠʟʜʲʨʞʘ 6 ʯʘʩʘ ʟʘ ʨʘʙʦʪʘ, ʢʦʝʪʦ ʩʝ ʚʤʝʩʪʚʘ ʚ ʨʘʙʦʪʥʠʷ ʠʣʠ ʫʯʝʥʠʯʝʩʢʠʷ ʜʝʥ ʟʘ ʨʘʙʦʪʘ ʩ 

ʨʦʙʦʪʘ, ʟʘʨʝʞʜʘ ʩʝ 4 ʯʘʩʘ.  ɼʚʠʞʠ ʩʝ ʩ ʜʚʝ ʢʦʣʝʣʘ ʠ ʩʝ ʙʘʣʘʥʩʠʨʘ ʥʘ ʩ ʘʣʫʤʠʥʠʝʚʦ ʪʦʧʯʝ, 

ʥʘʤʠʨʘʱʦ ʩʝ ʧʦ ʩʨʝʜʘ ʧʦʜ ʦʯʠʪʝ. ʀʥʬʨʘʯʝʨʚʝʥʠʪʝ ʩʝʥʟʦʨʠ ʤʦʛʘʪ ʜʘ ʢʦʤʫʥʠʢʠʨʘʪ ʩ ʜʨʫʛʠ 

ʨʦʙʦʪʠ ʦʪ ʩʲʱʠʷ ʪʠʧ, ʠʤʘ ʤʠʢʨʦʬʦʥ ʠ ʚʠʩʦʢʦʛʦʚʦʨʠʪʝʣ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʧʨʘʚʷʪ ʠ 

ʚʲʟʧʨʦʠʟʚʝʞʜʘʪ ʟʘʧʠʩʠ.  
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ʌʠʛ. 23: ʋʩʪʨʦʡʩʪʚʦ ʥʘ BlueBot 

LED ʩʚʝʪʣʠʥʠ ï ʪʦʚʘ ʩʘ ʦʯʠʪʝ, ʢʦʠʪʦ ʧʨʝʤʠʛʚʘʪ ʠʣʠ ʧʦʩʪʦʷʥʥʦ ʩʚʝʪʷʪ ʚ ʩʠʥʴʦ, 

ʠʟʧʦʣʟʚʘ Bluetooth ʩʠʩʪʝʤʘʪʘ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ ʩ ʜʨʫʛʠ ʫʩʪʨʦʡʩʪʚʘ ʢʘʪʦ ʪʝʣʝʬʦʥʠ(ʬʠʛ.24), 

ʪʘʙʣʝʪʠ(ʬʠʛ.25), ʢʦʤʧʶʪʨʠ (ʬʠʛ.26) ʠʣʠ ʯʝʪʝʮ (TacTile Reader) ʬʠʛ.27, ʧʨʝʜʣʘʛʘ 

ʩʲʚʤʝʩʪʠʤʦʩʪ ʩ ɸʥʜʨʦʠʜ (Android), ʋʠʥʜʦʫʩ ʚʝʨʩʠʷ 7+ (Windows 7+) ʠ iOS. ʄʦʙʠʣʥʠʷ 

ʨʦʙʦʪ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʛʨʘʤʠʨʘ ʯʨʝʟ ʙʫʪʦʥʠ ï ʨʲʯʥʦ, ʯʨʝʟ ʧʨʠʣʦʞʝʥʠʷ ʟʘ ʪʝʣʝʬʦʥ, ʪʘʙʣʝʪ, 

ʢʦʤʧʶʪʲʨ ʩʪʲʧʢʦʚʦ ʠʣʠ ʙʣʦʢʦʚʦ (ʬʠʛ.24).   

 

                           

ʌʠʛ. 24: ʇʨʠʣʦʞʝʥʠʝ ʥʘ BlueBot ʥʘ ʪʝʣʝʬʦʥ           ʌʠʛ. 25: ʇʨʠʣʦʞʝʥʠʝ ʥʘ BlueBot ʥʘ ʪʘʙʣʝʪ 
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ʌʠʛ. 26: ʇʨʠʣʦʞʝʥʠʝ ʥʘ BlueBot ʥʘ  ʢʦʤʧʶʪʲʨ 

 

ʌʠʛ.27: ʈʘʙʦʪʘ ʩ ʯʝʪʝʮ TacTile Reader 

ʈʦʙʦʪʘ ʠʤʘ ʠ ʨʘʟʣʠʯʥʠ ʧʨʠʩʪʘʚʢʠ ʢʘʪʦ ʦʙʣʝʢʣʘ, ʯʨʝʟ ʢʦʠʪʦ ʤʦʞʝ ʜʘ ʩʝ ʟʘʜʘʚʘ 

ʢʦʥʢʨʝʪʠʢʘ ʥʘ ʟʘʜʘʯʘʪʘ. ɽʜʥʘ ʦʪ ʧʨʠʩʪʘʚʢʠʪʝ ʝ ʩ ʦʧʮʠʷ ʜʘ ʩʝ ʩʣʘʛʘ ʠ ʬʣʫʤʘʩʪʝʨ. ʊʦʚʘ 

ʧʦʟʚʦʣʷʚʘ ʠʥʪʝʛʨʠʨʘʥʝ ʥʘ STEM ʫʨʦʢ ʩ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ. (ʬʠʛ. 28) ʋʨʦʮʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʧʨʦʚʝʜʝʥʠ ʢʘʢʪʦ ʩ ʫʧʨʘʚʣʝʥʠʝ ʩ ʙʫʪʦʥʠ, ʪʘʢʘ ʠ ʧʨʝʟ ʯʝʪʝʮʘ ʠʣʠ ʧʨʝʟ ʢʦʤʧʶʪʲʨʘ. ʈʘʟʙʠʨʘ ʩʝ 

ʪʫʢ ʠʜʚʘ ʥʝ ʩʘʤʦ ʧʦʟʥʘʥʠʷʪʘ ʧʦ ʝʟʠʢ, ʥʦ ʠ ʤʘʪʝʤʘʪʠʢʘ, ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʷ, ʨʘʟʤʝʨʠ 

ʥʘ ʙʫʢʚʠʪʝ, ʚʠʜ ʠʟʧʠʩʚʘʥʝ ï ʧʝʯʘʪʥʦ ʥʘʧʨʠʤʝʨ, ʨʘʟʤʝʨʠ ʥʘ ʣʠʩʪʘ, ʛʦʣʝʤʠʥʘ ʥʘ ʙʫʢʚʘʪʘ ʠ ʪ.ʥ. 

(ʬʠʛ. 28, ʬʠʛ.29 ʠ ʬʠʛ.30) 
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ʌʠʛ.28: ʀʟʧʠʩʚʘʥʝ ʥʘ 3 ʄɸʈʊ ʩ ʙʫʪʦʥʠ 

 

       

ʌʠʛ.29: ʀʟʧʠʩʚʘʥʝ ʥʘ 3 ʄɸʈʊ ʩ ʯʝʪʝʮ                    ʌʠʛ.30: ʀʟʧʠʩʚʘʥʝ ʥʘ 8 ʄɸʈʊ  

Blue-Bot ʩʝ ʜʚʠʞʠ ʥʘ ʩʪʲʧʢʠ ʦʪ 15 ʩʤ, ʤʦʞʝ ʜʘ ʩʝ ʟʘʚʲʨʪʘ ʥʘ 90Á ʠ ʟʘʧʦʤʥʷ ʜʦ 200 

ʢʦʤʘʥʜʠ. ʇʨʠ ʧʨʦʛʨʘʤʠʨʘʥʝ ʯʨʝʟ ʧʨʠʣʦʞʝʥʠʝ ʠʣʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ TacTile ʯʝʪʝʮ ʩ 

ʜʦʧʲʣʥʠʪʝʣʥʠ ʧʣʦʯʢʠ ʦʪ ʢʦʤʘʥʜʠ, ʤʦʞʝʪʝ ʜʘ ʩʝ ʧʨʦʛʨʘʤʠʨʘ ʨʦʙʦʪʘ ʜʘ ʩʝ ʟʘʚʲʨʪʘ ʩʘʤʦ ʥʘ 

45Á ʠʣʠ ʧʨʦʩʪʦ ʜʘ ʧʦʚʪʘʨʷ ʟʘʜʘʜʝʥʠʪʝ ʘʣʛʦʨʠʪʤʠ. ɺ ʪʘʟʠ ʚʨʲʟʢʘ ʝ ʤʥʦʛʦ ʫʜʦʙʥʘ ʨʘʙʦʪʘʪʘ ʚ 

ʢʚʘʜʨʘʪʥʘ ʤʨʝʞʘ. (ʬʠʛ.31) ɽʪʦ ʟʘʱʦ ʤʦʞʝ ʜʘ ʩʝ ʫʧʨʘʞʥʷʚʘʪ ʨʘʟʣʠʯʥʠ ʭʦʜʦʚʝ ʥʘ ʨʘʙʦʪʥʠ 

ʣʠʩʪʦʚʝ, ʩ ʧʦʧʲʣʚʘʥʝ ʥʘ ʩʪʨʝʣʢʠ ʟʘ ʜʘʜʝʥʘ ʧʦʩʦʢʘ ʠʣʠ ʜʘ ʩʝ ʨʝʜʷʪ ʛʦʪʦʚʠ ʢʘʨʪʦʥʯʝʪʘ ʩ 

ʢʦʤʘʥʜʠ. ʄʦʛʘʪ ʜʘ ʩʝ ʠʟʨʘʙʦʪʚʘʪ ʪʘʙʣʘ ʚ ʢʚʘʜʨʘʪʥʠ ʤʨʝʞʠ ʠʣʠ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʛʦʪʦʚʠ 
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ʪʘʢʠʚʘ(ʢʠʣʠʤʯʝʪʘ), ʚʲʨʭʫ, ʢʦʠʪʦ ʜʘ ʚʲʨʚʠ ʨʦʙʦʪʘ. ʅʘ ʬʠʛ.32 ʩʝ ʜʚʠʞʠ ʚʲʨʭʫ ʧʨʦʟʨʘʯʥʦ 

ʢʠʣʠʤʯʝ/ʪʘʙʣʦ. ʅʘ ʬʠʛ. 26 ʩʝ ʚʠʞʜʘ ʪʘʙʣʦʪʦ ʚʲʚ ʚʠʜ ʥʘ ʢʘʨʪʘ, ʢʦʝʪʦ ʝ ʢʘʯʝʥʦ ʠ ʚ ʧʨʦʛʨʘʤʘʪʘ.  
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ʌʠʛ.31: ʈʘʙʦʪʝʥ ʣʠʩʪ ï ʂʚʘʜʨʘʪʥʘ ʤʨʝʞʘ ʟʘ BlueBot 

 

ʌʠʛ.32: BlueBot ʧʨʝʤʠʚʘ ʧʨʝʧʷʪʩʪʚʠʷ 
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ʆʩʚʝʥ ʚʝʯʝ ʩʧʦʤʝʥʘʪʠʪʝ ʥʘʯʠʥʠ ʟʘ ʨʘʙʦʪʘ ʩ BlueBot, ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʠ 

ʧʨʠʣʦʞʝʥʠʝʪʦ: https://bluebot.terrapinlogo.com/, ʩʘʡʪ ʢʦʡʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʦʥʣʘʡʥ ʩʠʤʫʣʘʮʠʷ, 

ʦʪʥʦʚʦ ʩʝ ʚʠʞʜʘʪ ʭʦʜʦʚʝʪʝ ʥʘ ʨʦʙʦʪʘ, ʪʦʡ ʝ ʧʦʩʪʘʚʝʥ ʥʘ ʢʘʨʪʘ, ʧʦ ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʲʣʥʠ 

ʫʨʦʢ ʚ ʩʣʫʯʘʷ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʧʝʧʝʨʫʜʘʪʘ. ʌʠʛ. 33 ʀʤʘ ʧʨʝʜʣʦʞʝʥʠ ʦʱʝ ʥʷʢʦʣʢʦ ʪʘʙʣʘ ʟʘ 

ʨʘʟʣʠʯʥʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʥʘʫʢʠʪʝ.  

 

ʌʠʛ.33: BlueBot ʦʥʣʘʡʥ ʩʠʤʫʣʘʮʠʷ ï ʇʲʪʷ ʥʘ ʧʝʧʝʨʫʜʘʪʘ 

BlueBot ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ ʩʝ ʭʘʨʝʩʚʘ ʦʪ ʫʯʝʥʠʮʠʪʝ, ʜʦʨʠ ʠ ʧʦ-ʛʦʣʝʤʠʪʝ, ʛʠʤʥʘʟʠʘʣʝʥ 

ʝʪʘʧ. ʉ ʪʦʟʠ ʨʦʙʦʪ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʦʚʝʞʜʘʪ ʤʥʦʛʦ ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʠ ʫʨʦʮʠ, ʪʲʡ ʢʘʪʦ 

ʨʦʙʦʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʩʪʘʚʷʥ ʚ ʥʘʡ-ʨʘʟʣʠʯʥʠ ʨʦʣʠ ʦʪ ʥʘʩʝʢʦʤʦ, ʜʦ ʧʦʣʠʮʘʡ. ʄʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʩʲʪʚʦʨʷʚʘʥʠ ʥʘʡ ʨʘʟʣʠʯʥʠ ʪʘʙʣʘ, ʩʠʪʫʘʮʠʠ, ʦʙʣʝʢʣʘ, ʤʦʞʝ ʜʘ ʩʝ ʫʧʨʘʚʣʷʚʘ ʧʦ ʨʘʟʣʠʯʥʠ 

ʥʘʯʠʥʠ. ʎʷʣʦʪʦ ʪʦʚʘ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪʚʘʨʷ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʫʯʝʥʝ, ʨʘʟʙʠʨʘʥʝ ʠ ʥʘʜʛʨʘʞʜʘʥʝ 

ʢʘʢʪʦ ʥʘ ʟʥʘʥʠʷ ʪʘʢʘ ʠ ʥʘ ʫʤʝʥʠʷ.  

ʈʦʙʦʪʘ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʟʜʨʘʚ, ʢʦʤʧʘʢʪʝʥ ʠ ʨʝʥʪʘʙʠʣʝʥ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʚ STEM ʫʨʦʮʠ 

ʚ ʥʘʯʘʣʝʥ ʝʪʘʧ ʠʣʠ ʜʝʪʩʢʠ ʛʨʘʜʠʥʠ. BlueBot ʨʘʟʧʦʣʘʛʘ ʩ ʪʝʭʥʦʣʦʛʠʷʪʘ Bluetooth, ʠʥʪʝʨʬʝʡʩ 

ʠ Edge. ɸʧʨʦʙʠʨʘʥʠ ʩʘ ʤʥʦʞʝʩʪʚʦ ʫʨʦʮʠ ʩ ʫʯʝʥʠʮʠ 6 ï 10 ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ ʠ ʩ ʫʯʠʪʝʣʠ, 

ʢʦʠʪʦ ʨʘʟʙʠʨʘʪ ʪʝʭʥʦʣʦʛʠʠʪʝ, ʚʠʞʜʘʪ ʚʨʲʟʢʘʪʘ ʚ ʨʘʟʣʠʯʥʠ ʫʨʦʮʠ, ʝʟʠʢ (ʙʲʣʛʘʨʩʢʠ ʠ ʯʫʞʜ), 
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ʤʘʪʝʤʘʪʠʢʘ, ʨʠʩʫʚʘʥʝ, ʢʦʤʧʶʪʲʨʥʦ ʤʦʜʝʣʠʨʘʥʝ, ʨʦʜʠʥʦʟʥʘʥʠʝ, ʦʢʦʣʝʥ ʩʚʷʪ, ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʧʨʝʜʧʨʠʝʤʘʯʝʩʪʚʦ, ʤʫʟʠʢʘ. (ʇʨʠʣʦʞʝʥʠʝ 1) 

 

 

3.1.3. ArtieMax 

 

ɿʘ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʯʥʠ ʧʦʢʦʣʝʥʠʷ ʦʙʱʝʩʪʚʦʪʦ ʠʟʠʩʢʚʘ ʩʠʣʝʥ ʬʦʢʫʩ ʚʲʨʭʫ ʥʘʫʢʘʪʘ, 

ʪʝʭʥʦʣʦʛʠʠʪʝ, ʠʥʞʝʥʝʨʩʪʚʦʪʦ ʠ ʤʘʪʝʤʘʪʠʢʘʪʘ - STEM. ʈʦʙʦʪʠʢʘʪʘ ʝ ʝʜʥʘ ʦʪ ʥʘʡ-

ʥʘʧʨʝʜʥʘʣʠʪʝ ʦʙʣʘʩʪʠ ʥʘ STEM [72, 73] ʠ ʦʙʫʯʝʥʠʝʪʦ ʚ ʥʝʷ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʨʘʟʰʠʨʝʥʦ ʜʦ 

ʥʘʯʘʣʥʦʪʦ ʠ ʩʨʝʜʥʦʪʦ ʫʯʠʣʠʱʝ ʩ ʨʝʥʪʘʙʠʣʥʠ ʨʦʙʦʪʠ. [74, 75]  

ʉʣʝʜʚʘʱ ʨʦʙʦʪ, ʩ ʢʦʠʪʦ ʩʘ ʧʨʦʚʝʜʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʩ ʫʯʝʥʠʮʠ ʠ 

ʫʯʠʪʝʣʠ, ʟʘ ʨʘʙʦʪʘ ʚ ʫʯʠʣʠʱʝ ʝ ʦʙʨʘʟʦʚʘʪʝʣʥʠʷ ʨʦʙʦʪ ArtieMax ʠ ʠʥʪʝʛʨʠʨʘʥʝʪʦ ʤʫ ʚ 

ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ. ArtieMAx ʝ ʨʦʙʦʪ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʚʲʚʝʞʜʘʥʝ ʚ ʧʲʨʚʠʪʝ 

ʩʪʲʧʢʠ ʥʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʦʪ ʥʘʡ-ʤʘʣʢʘʪʘ ʚʲʟʨʘʩʪʦʚʘ ʛʨʫʧʘ 6 - 10 ʛʦʜʠʰʥʠ ʫʯʝʥʠʮʠ. ʈʦʙʦʪʲʪ 

ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʠʥʜʠʚʠʜʫʘʣʥʘ ʠʣʠ ʛʨʫʧʦʚʘ ʨʘʙʦʪʘ. ʈʦʙʦʪʲʪ ʧʦʢʘʟʚʘ ʚ ʩʠʤʫʣʘʮʠʦʥʥʘ ʩʨʝʜʘ 

ʢʦʜʘ. ʈʦʙʦʪʲʪ ʧʦʢʘʟʚʘ ʭʘʨʜʫʝʨʥʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ, ʢʦʛʘʪʦ ʥʝ ʨʠʩʫʚʘ ʩʲʱʠʷ ʢʦʜ ʥʘ 

ʭʘʨʪʠʷʪʘ, ʢʘʢʪʦ ʚ ʩʠʤʫʣʘʮʠʷʪʘ. ʄʥʦʛʦ ʚʘʞʥʘ ʯʘʩʪ ʝ ʜʘʚʘʥʝʪʦ ʥʘ ʟʘʜʘʯʠ ʠ ʪʲʨʩʝʥʝʪʦ ʥʘ 

ʨʝʰʝʥʠʷ ʦʪ ʫʯʝʥʠʮʠʪʝ ʟʘ ʪʷʭʥʦʪʦ ʫʤʩʪʚʝʥʦ ʨʘʟʚʠʪʠʝ ʠ ʣʦʛʠʯʝʩʢʦ ʤʠʩʣʝʥʝ ʦʱʝ ʦʪ ʥʘʯʘʣʥʦʪʦ 

ʫʯʠʣʠʱʝ. ʊʘʟʠ ʮʝʣ ʢʘʢʪʦ ʚʝʯʝ ʩʧʦʤʝʥʘʭ ʩʝ ʧʦʩʪʠʛʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʠʷ ʧʦʜʭʦʜʘ 

STEM ʦʙʫʯʝʥʠʝ.  

ɿʘ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʯʥʠ ʧʦʢʦʣʝʥʠʷ ʝ ʤʥʦʛʦ ʜʦʙʨʦ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ ʜʘ ʠʤ ʩʝ  

ʧʨʝʧʦʜʘʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʠʣʠ ʯʨʝʟ ʪʷʭ. ʆʙʨʘʟʦʚʘʪʝʣʥʠʷʪ ʨʦʙʦʪ ArtieMax ʝ ʝʜʠʥ 

ʦʪ ʜʝʩʝʪʪʝ ʥʘʡ-ʧʨʝʧʦʨʲʯʚʘʥʠ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʨʦʙʦʪʠ . ʈʦʙʦʪʠʢʘʪʘ, ʢʦʜʠʨʘʥʝʪʦ, ʚʠʨʪʫʘʣʥʘʪʘ 

ʠ ʨʘʟʰʠʨʝʥʘʪʘ ʨʝʘʣʥʦʩʪ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʛʣʝʞʜʘʪ ʢʘʪʦ ʩʪʲʧʢʠ ʚ ʪʦʚʘ ʢʘʢ ʪʝʭʥʦʣʦʛʠʠʪʝ ʤʦʛʘʪ 

ʜʘ ʧʦʤʦʛʥʘʪ ʥʘ ʫʯʝʥʠʮʠʪʝ ʜʘ ʧʨʠʜʦʙʠʷʪ ʫʤʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʙʲʜʝʱʠʷ ʠʤ ʞʠʚʦʪ.  

ʊʝʭʥʦʣʦʛʠʷʪʘ ʤʦʞʝ ʜʘ ʠʛʨʘʝ ʢʣʶʯʦʚʘ ʨʦʣʷ ʚ ʩʪʠʤʫʣʠʨʘʥʝʪʦ ʥʘ ʫʯʝʥʝʪʦ ʠ ʜʘ ʧʦʤʦʛʥʝ 

ʫʯʝʥʠʮʠʪʝ ʜʘ ʙʲʜʘʪ ʥʘʡ-ʜʦʙʨʠʪʝ ʚ ʨʘʤʢʠʪʝ ʥʘ ʫʯʠʣʠʱʝʪʦ, ʥʝʟʘʚʠʩʠʤʦ ʜʘʣʠ ʩʪʘʚʘ ʚʲʧʨʦʩ ʟʘ 

ʫʯʘʩʪʠʝ ʥʘ ʫʯʝʥʠʮʠʪʝ, ʜʦʙʘʚʷʥʝ ʥʘ ʩʤʠʩʲʣ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ ʠʣʠ 

ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʟʥʘʥʠʷ. 

ʊʝʭʥʦʣʦʛʠʠʪʝ, ʢʦʠʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʫʯʠʣʠʱʘʪʘ, ʚʠʥʘʛʠ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʧʨʦʝʢʪʠʨʘʥʠ 

ʦʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʫʯʘʱʠʷ: ʢʘʢ ʤʦʛʘʪ ʜʘ ʥʘʧʨʘʚʷʪ ʧʲʪ ʢʲʤ ʫʯʝʥʝʪʦ, ʜʘ ʧʨʝʤʘʭʥʘʪ ʧʨʝʯʢʠʪʝ, 
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ʜʘ ʙʲʜʘʪ ʣʝʩʥʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ, ʜʘ ʦʙʩʣʫʞʚʘʪ ʫʯʘʱʠʪʝ ʩʲʩ ʩʧʝʮʠʘʣʥʠ ʥʫʞʜʠ, ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ 

ʚ ʨʘʟʣʠʯʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʜʘ ʩʝ ʧʨʠʜʚʠʞʚʘʪ ʣʝʩʥʦ, ʤʦʛʘʪ ʣʠ ʜʘ ʜʘʜʘʪ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 

ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʟʥʘʥʠʷ ʠ ʩʧʦʜʝʣʷʥʝ ʥʘ ʟʥʘʥʠʷ ʩ ʚʨʲʩʪʥʠʮʠʪʝ. ɺ ʪʘʟʠ ʚʨʲʟʢʘ ʨʦʙʦʪʲʪ ʪʨʷʙʚʘ 

ʜʘ ʙʲʜʝ ʣʝʩʥʦ ʜʦʩʪʲʧʝʥ ʟʘ ʚʩʠʯʢʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʠ ʩʪʨʘʥʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʫʯʠʪʝʣʠ, 

ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʠ ʫʯʝʥʠʮʠ. ʅʝʦʙʭʦʜʠʤʦ ʝ ʜʘ ʩʝ ʩʣʝʜʚʘ ʢʦʥʮʝʧʮʠʷʪʘ ʟʘ ʧʨʦʩʪʦʪʘ, ʢʦʷʪʦ ʠʤʘ 

ʪʨʠ ʠʟʠʩʢʚʘʥʠʷ: ʠʥʩʪʘʣʠʨʘʥʝ, ʝʢʩʧʣʦʘʪʘʮʠʷ ʠ ʧʦʜʜʨʲʞʢʘ. [76]  

ʅʝʢʘ ʧʲʨʚʦ ʩʝ ʟʘʧʦʟʥʘʝʤ ʩ ʭʘʨʜʫʝʨʥʦʪʦ ʦʙʦʨʫʜʚʘʥʝ ʥʘ ʫʯʝʙʥʠʷ ʨʦʙʦʪ ArtirMax, 

ʠʟʧʦʣʟʚʘʥ ʧʨʠ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʠ ʚʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʧʣʘʪʬʦʨʤʘʪʘ ʟʘ ʤʦʙʠʣʝʥ ʨʦʙʦʪ ArtieMax.  

ʊʘʟʠ ʯʘʩʪ ʧʨʝʜʩʪʘʚʣʷʚʘ ʦʙʨʘʪʝʥ ʠʥʞʝʥʝʨʠʥʛ, ʪʲʡ ʢʘʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʥʝ ʝ 

ʧʨʝʜʦʩʪʘʚʠʣ ʪʘʢʘʚʘ ʠʥʬʦʨʤʘʮʠʷ.  

ʈʦʙʦʪʲʪ ʝ ʩ ʨʘʟʤʝʨʠ 17,5 ʭ 17 cm. ESP32 (ʬʠʛ.34) ʝ ʚʠʩʦʢʦʝʬʝʢʪʠʚʝʥ ʠ ʨʝʥʪʘʙʠʣʝʥ 

ʤʠʢʨʦʢʦʥʪʨʦʣʝʨ ʚʲʨʭʫ ʯʠʧ ʩ ʜʚʫʷʜʨʝʥʘ ʩʠʩʪʝʤʘ ʩ ʜʚʘ ʧʨʦʮʝʩʦʨʘ Xtensa LX6 ʩ ʭʘʨʚʘʨʜʩʢʘ 

ʘʨʭʠʪʝʢʪʫʨʘ. ʎʷʣʘʪʘ ʚʛʨʘʜʝʥʘ ʧʘʤʝʪ, ʚʲʥʰʥʘʪʘ ʧʘʤʝʪ ʠ ʧʝʨʠʬʝʨʥʠʪʝ ʫʩʪʨʦʡʩʪʚʘ ʩʘ 

ʨʘʟʧʦʣʦʞʝʥʠ ʥʘ ʰʠʥʘʪʘ ʟʘ ʜʘʥʥʠ ʠ/ʠʣʠ ʥʘ ʰʠʥʘʪʘ ʟʘ ʠʥʩʪʨʫʢʮʠʠ ʥʘ ʪʝʟʠ ʧʨʦʮʝʩʦʨʠ. [77]  

ʉ ʥʷʢʦʠ ʤʘʣʢʠ ʠʟʢʣʶʯʝʥʠʷ ʘʜʨʝʩʥʦʪʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʜʚʘʪʘ ʧʨʦʮʝʩʦʨʘ ʝ 

ʩʠʤʝʪʨʠʯʥʦ, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ, ʯʝ ʪʝ ʠʟʧʦʣʟʚʘʪ ʝʜʥʠ ʠ ʩʲʱʠ ʘʜʨʝʩʠ ʟʘ ʜʦʩʪʲʧ ʜʦ ʝʜʥʘ ʠ ʩʲʱʘ 

ʧʘʤʝʪ. ʄʥʦʞʝʩʪʚʦ ʧʝʨʠʬʝʨʥʠ ʫʩʪʨʦʡʩʪʚʘ ʚ ʩʠʩʪʝʤʘʪʘ ʤʦʛʘʪ ʜʘ ʦʩʲʱʝʩʪʚʷʚʘʪ ʜʦʩʪʲʧ ʜʦ 

ʚʛʨʘʜʝʥʘʪʘ ʧʘʤʝʪ ʯʨʝʟ DMA (Direct Memory Access). 

ɼʚʘʪʘ ʮʝʥʪʨʘʣʥʠ ʧʨʦʮʝʩʦʨʘ ʩʘ ʥʘʨʝʯʝʥʠ "PRO_CPU" ʠ "APP_CPU" (ʟʘ "ʧʨʦʪʦʢʦʣ" ʠ 

"ʧʨʠʣʦʞʝʥʠʝ"), ʥʦ ʟʘ ʧʦʚʝʯʝʪʦ ʮʝʣʠ ʜʚʘʪʘ ʮʝʥʪʨʘʣʥʠ ʧʨʦʮʝʩʦʨʘ ʩʘ ʚʟʘʠʤʥʦʟʘʤʝʥʷʝʤʠ. [78, 

79] 

 

ʌʠʛ. 34: ʄʠʢʨʦʢʦʥʪʨʦʣʝʨ ESP32 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʘ ESP32: 

ü ɸʜʨʝʩʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʉʠʤʝʪʨʠʯʥʦ ʢʘʨʪʦʛʨʘʬʠʨʘʥʝ ʥʘ ʘʜʨʝʩʠʪʝ  

- 4 GB (32-ʙʠʪʦʚʦ) ʘʜʨʝʩʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘ ʰʠʥʘʪʘ ʟʘ ʜʘʥʥʠ ʠ ʟʘ ʰʠʥʘʪʘ ʟʘ 

ʠʥʩʪʨʫʢʮʠʠ  

- 1296 KB ʘʜʨʝʩʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʚʛʨʘʜʝʥʘʪʘ ʧʘʤʝʪ  

- 19704 KB ʘʜʨʝʩʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘ ʚʲʥʰʥʘ ʧʘʤʝʪ  

- 512 KB ʧʝʨʠʬʝʨʥʦ ʘʜʨʝʩʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ  

- ɼʦ ʥʷʢʦʠ ʦʙʣʘʩʪʠ ʥʘ ʚʛʨʘʜʝʥʘʪʘ ʠ ʚʲʥʰʥʘʪʘ ʧʘʤʝʪ ʤʦʞʝ ʜʘ ʩʝ ʧʦʣʫʯʠ ʜʦʩʪʲʧ ʯʨʝʟ 

ʰʠʥʘʪʘ ʟʘ ʜʘʥʥʠ ʠʣʠ ʰʠʥʘʪʘ ʟʘ ʠʥʩʪʨʫʢʮʠʠ  

- 328 KB ʘʜʨʝʩʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘ DMA  

ü ɺʛʨʘʜʝʥʘ ʧʘʤʝʪ  

- 448 KB ʚʲʪʨʝʰʝʥ ROM  

- 520 KB ʚʲʪʨʝʰʥʘ ʧʘʤʝʪ SRAM  

- 8 KB RTC FAST ʧʘʤʝʪ  

- 8 KB RTC SLOW ʧʘʤʝʪ  

ü ɺʲʥʰʥʘ ʧʘʤʝʪ  

- ʀʟʚʲʥʯʠʧʦʚʘʪʘ SPI ʧʘʤʝʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʥʘʥʝʩʝʥʘ ʚ ʥʘʣʠʯʥʦʪʦ ʘʜʨʝʩʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʢʘʪʦ ʚʲʥʰʥʘ ʧʘʤʝʪ. ʏʘʩʪʠ ʦʪ ʚʛʨʘʜʝʥʘʪʘ ʧʘʤʝʪ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʧʨʦʟʨʘʯʝʥ 

ʢʝʰ ʟʘ ʪʘʟʠ ʚʲʥʰʥʘ ʧʘʤʝʪ. 

- ʇʦʜʜʲʨʞʘ ʜʦ 16 MB SPI Flash ʧʘʤʝʪ ʠʟʚʲʥ ʯʠʧʘ.  

- ʇʦʜʜʲʨʞʘ ʜʦ 8 MB SPI SRAM ʠʟʚʲʥ ʯʠʧʘ.  

ü ʇʝʨʠʬʝʨʥʠ ʫʩʪʨʦʡʩʪʚʘ  

- 41 ʧʝʨʠʬʝʨʥʠ ʫʩʪʨʦʡʩʪʚʘ  

ü DMA 

- 13 ʤʦʜʫʣʘ ʤʦʛʘʪ ʜʘ ʨʘʙʦʪʷʪ ʩ DMA  

ʅʘ ʬʠʛ. 35 e ʧʦʢʘʟʘʥʘ ʙʣʦʢ-ʩʭʝʤʘʪʘ, ʢʦʷʪʦ ʠʣʶʩʪʨʠʨʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ.  
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ʌʠʛ.35: ʉʪʨʫʢʪʫʨʘ ʥʘ ʩʠʩʪʝʤʘʪʘ [77] 

 

ESP32 ʤʦʞʝ ʜʘ ʬʫʥʢʮʠʦʥʠʨʘ ʢʘʪʦ ʥʘʧʲʣʥʦ ʩʘʤʦʩʪʦʷʪʝʣʥʘ ʩʠʩʪʝʤʘ ʠʣʠ ʢʘʪʦ 

ʧʦʜʯʠʥʝʥʦ ʫʩʪʨʦʡʩʪʚʦ ʢʲʤ ʭʦʩʪ MCU(Micro Controller Unit, ʄʠʢʨʦʢʦʥʪʨʦʣʝʨʥʘ ʝʜʠʥʠʮʘ ð 

ʤʘʣʲʢ ʢʦʤʧʶʪʲʨʝʥ ʯʠʧ, ʢʦʡʪʦ ʩʝ ʥʘʤʠʨʘ ʚ ʝʣʝʢʪʨʦʥʥʠ ʫʩʪʨʦʡʩʪʚʘ), ʢʘʪʦ ʥʘʤʘʣʷʚʘ 

ʥʘʪʦʚʘʨʚʘʥʝʪʦ ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʷ ʩʪʝʢ ʥʘ ʦʩʥʦʚʥʠʷ ʧʨʠʣʦʞʝʥ ʧʨʦʮʝʩʦʨ. ESP32 ʤʦʞʝ ʜʘ 

ʩʝ ʩʚʲʨʞʝ ʩ ʜʨʫʛʠ ʩʠʩʪʝʤʠ, ʟʘ ʜʘ ʦʩʠʛʫʨʠ WiFi ʠ Bluetooth ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʯʨʝʟ ʩʚʦʠʪʝ 

SPI/SDIO ʠʣʠ I2C/UART ʠʥʪʝʨʬʝʡʩʠ. 
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ʉʠʩʪʝʤʘʪʘ ʩʪʘʨʪʠʨʘ ʩ ʜʚʘ ʩʪʲʧʢʦʚʠ ʜʚʠʛʘʪʝʣʷ. (ʌʠʛ.36) 

 

 

 

 

ʌʠʛ.36: ɼʚʘ ʩʪʲʧʢʦʚʠ ʜʚʠʛʘʪʝʣʷ 

ʈʦʙʦʪʲʪ ʝ ʦʙʦʨʫʜʚʘʥ ʩ:  

ü LED ʦʯʠ ʌʠʛ.37.  

ü ɻʦʚʦʨʠʪʝʣ  

ü ʃʠʪʠʝʚʦ-ʡʦʥʥʘ ʙʘʪʝʨʠʷ  

ü ɹʣʦʢ ʟʘ ʟʘʨʝʞʜʘʥʝ ʥʘ ʟʘʭʨʘʥʚʘʥʝʪʦ ʩ USB ʧʦʨʪ  

ü ʇʣʘʪʢʘ / ESP32 ʝ ʜʚʫʷʜʨʝʥʘ ʩʠʩʪʝʤʘ/  

ü ʉʝʥʟʦʨʠ  

 

ʌʠʛ.37: 4 ʙʨʦʷ LED ʦʯʠ 

ɿʘʭʨʘʥʚʘʥʝ/ɹʘʪʝʨʠʷ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʥʘ ʬʠʛ. 38: 

ü ɻʘʨʘʥʮʠʷ: 1 ʛʦʜʠʥʘ (12 ʤʝʩʝʮʘ)  

ü ʀʤʝ ʥʘ ʤʘʨʢʘʪʘ: AUK  
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ü ʅʦʤʝʨ ʥʘ ʤʦʜʝʣʘ: 18650 3.7v 2600mah ʣʠʪʠʝʚʦ-ʡʦʥʥʘ ʙʘʪʝʨʠʷ  

ü ʊʠʧ: ɸʢʫʤʫʣʘʪʦʨʥʘ ʙʘʪʝʨʠʷ ʟʘ ʘʢʫʤʫʣʘʪʦʨʥʠ ʙʘʪʝʨʠʠ Li-Ion  

ü ʅʘʧʨʝʞʝʥʠʝ: 3,7 V  

ü ɾʠʚʦʪ ʥʘ ʮʠʢʲʣʘ: 500 ʧʲʪʠ  

 

ʌʠʛ.38: ʃʠʪʠʝʚʦ-ʡʦʥʥʘ ʙʘʪʝʨʠʷ 

ʉʭʝʤʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʝ ʠʣʶʩʪʨʠʨʘʥʘ ʥʘ ʬʠʛ. 39, ʢʦʷʪʦ ʧʦʢʘʟʚʘ 

ʢʦʥʪʨʦʣʝʨʠʪʝ, ʜʨʘʡʚʝʨʠʪʝ ʠ ʩʝʥʟʦʨʠʪʝ ʥʘ ʤʦʙʠʣʥʘʪʘ ʨʦʙʦʪʠʟʠʨʘʥʘ ʧʣʘʪʬʦʨʤʘ ʥʘ ArtieMax.  

 

ʌʠʛ.39: ʉʭʝʤʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ  
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ʉʦʬʪʫʝʨ ʥʘ ArtieMax  

ʈʦʙʦʪʲʪ ʨʘʙʦʪʠ ʩʲʩ ʩʦʙʩʪʚʝʥ ʚʛʨʘʜʝʥ ʩʲʨʚʲʨ(ʫʝʙ-ʙʘʟʠʨʘʥʘ ʩʨʝʜʘ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ï 

local.artiemax.com) ʠ ʩʝ ʩʚʲʨʟʚʘ ʯʨʝʟ WiFi, ʟʘ ʜʘ ʤʦʞʝ ʜʘ ʠʤʘ ʙʲʨʟʘ ʚʨʲʟʢʘ ʥʘ ʨʘʟʩʪʦʷʥʠʝ ʠ 

ʜʘ ʝ ʥʝʟʘʚʠʩʠʤ ʦʪ ʩʚʲʨʟʚʘʥʝʪʦ ʢʲʤ ʦʧʨʝʜʝʣʝʥʘ ʤʨʝʞʘ (ʠʥʪʝʨʥʝʪ), ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ 

ʟʘʙʘʚʷʥʝ ʥʘ ʧʨʦʮʝʩʘ. ʀʟʢʣʶʯʝʥʠ ʩʘ ʧʨʦʙʣʝʤʠ ʢʘʪʦ ʧʨʝʪʦʚʘʨʚʘʥʝ, ʟʘʙʘʚʷʥʝ ʥʘ ʪʨʘʬʠʢʘ, 

ʧʨʝʢʲʩʚʘʥʝ ʥʘ ʤʨʝʞʘʪʘ, ʧʨʝʢʲʩʚʘʥʝ ʥʘ ʝʣʝʢʪʨʦʟʘʭʨʘʥʚʘʥʝʪʦ ʠ ʪ.ʥ., ʢʦʝʪʦ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ 

ʚʘʞʥʦ ʧʨʠ ʨʘʙʦʪʘ ʩ ʫʯʝʥʠʮʠ ʚ ʨʘʟʣʠʯʥʠʪʝ ʝʪʘʧʠ, ʥʦ ʠ ʦʪ ʬʘʢʪʘ, ʯʝ ʜʥʝʰʥʠʪʝ ʧʦʢʦʣʝʥʠʷ 

ʠʩʢʘʪ ʙʲʨʟʠ ʨʝʟʫʣʪʘʪʠ.  

ɺʨʲʟʢʘʪʘ ʯʨʝʟ ʚʛʨʘʜʝʥʠʷ Wi-Fi ʥʘ Artie Max ʠ ʜʠʨʝʢʪʥʦʪʦ ʠʟʧʦʣʟʚʘʥʝ ʯʨʝʟ ʪʘʙʣʝʪ 

ʠʣʠ ʢʦʤʧʶʪʲʨ ʟʘ ʜʦʩʪʲʧ ʜʦ ʧʦʪʨʝʙʠʪʝʣʩʢʠʷʪ ʠʥʪʝʨʬʝʡʩ, ʙʘʟʠʨʘʥ ʥʘ ʙʨʘʫʟʲʨ. (ʧʨʦʜʫʢʪʲʪ ʥʝ 

ʩʝ ʩʚʲʨʟʚʘ ʩ ʠʥʪʝʨʥʝʪ, ʜʦʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ, ʠ ʥʝ ʩʲʙʠʨʘ ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʜʘʥʥʠ) [78].  

ʇʨʠ ʩʠʤʫʣʘʮʠʦʥʥʘ ʨʘʙʦʪʘ 1 ʨʦʙʦʪ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʦʪ 4 ʜʝʮʘ, ʪ.ʝ. 4 ʙʨʦʷ 

ʢʦʤʧʶʪʨʠ. ʂʦʛʘʪʦ ʦʙʨʘʟʦʚʘʪʝʣʥʠʷʪ ʨʦʙʦʪ ʨʘʟʧʝʯʘʪʚʘ, ʪʦʡ ʩʝ ʠʟʧʦʣʟʚʘ ʩʘʤʦ ʦʪ ʝʜʠʥ ʫʯʝʥʠʢ.  

ʋʯʝʙʥʠʷʪ ʨʦʙʦʪ ʧʨʦʛʨʘʤʠʨʘ ʥʘ 5 ʝʟʠʢʘ[78]:  

ü Blockly,  

ü Snap!,  

ü JavaScript,  

ü Python ʠ  

ü C++.  

ArtieMaxÊ ʩʝ ʜʦʩʪʘʚʷ ʩ 3 ʤʘʨʢʝʨʘ (ʬʠʛ.40), ʩʲʜʲʨʞʘʱʠ ʤʠʝʱʦ ʩʝ ʤʘʩʪʠʣʦ (ʩʠʥ, ʟʝʣʝʥ ʠ 

ʨʦʟʦʚ), ʢʘʪʦ ʧʨʦʜʫʢʪʲʪ ʝ ʩʲʚʤʝʩʪʠʤ ʩ ʚʩʠʯʢʠ ʤʘʨʢʝʨʠ ʩ ʜʠʘʤʝʪʲʨ 8 - 10,5 ʤʤ. [78]  

 

ʌʠʛ.40: ArtieMax ʩ ʪʨʠ ʤʘʨʢʝʨʘ   

 

ArtieMax ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʢʘʟʘʥ ʠ ʩ ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʝʥʠʝ(remote control), ʯʨʝʟ 

ʫʩʪʨʦʡʩʪʚʦ. ʊ.ʝ. ʤʦʞʝ ʜʘ ʩʝ ʫʧʨʘʚʣʷʚʘ ʜʘ ʚʲʨʚʠ ʢʘʪʦ ʩ ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʝʥʠʝ, ʥʦ ʩʣʝʜ 

ʢʘʪʦ ʩʝ ʚʠʜʠ ʢʘʢ ʩʝ ʜʚʠʞʠ ʨʦʙʦʪʘ, ʩʝ ʧʨʝʤʠʥʘʚʘ ʢʲʤ ʥʝʛʦʚʦʪʦ ʜʚʠʞʝʥʠʝ ʯʨʝʟ ʟʘʜʘʜʝʥʠ 
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ʢʦʤʘʥʜʠ ʠʣʠ ʪ.ʥʘʨ. ʧʨʦʛʨʘʤʠʨʘʥʝ. ɼʠʩʪʘʥʮʠʦʥʥʦʪʦ ʫʧʨʘʚʣʝʥʠʝ (remote control) (ʬʠʛ. 41) ʥʠ 

ʧʦʤʘʛʘ ʜʘ ʟʘʧʦʯʥʝʤ ʨʘʙʦʪʘ ʩ ʤʠʰʢʘʪʘ. ʉʣʝʜ ʪʦʚʘ ʩʝ ʧʨʝʤʠʥʘʚʘ ʢʲʤ ʙʣʦʢʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝ 

- Blockly ʠ ʫʯʝʥʠʮʠʪʝ ʩʝ ʟʘʧʦʟʥʘʚʘʪ ʩ ʛʦʪʦʚʠ ʢʦʤʘʥʜʠ, ʥʘʫʯʘʚʘʡʢʠ ʢʘʢ ʜʘ ʛʠ ʧʦʜʨʝʞʜʘʪ, ʟʘ 

ʜʘ ʥʘʧʨʘʚʷʪ ʬʦʨʤʘ. ʌʠʛ.42 (ʢʫʙ) [80][81] 

 

 

ʌʠʛ.41: ʉʨʝʜʠ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ - ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʝʥʠʝ 

 

ʋʯʝʥʠʮʠʪʝ ʟʘʧʦʯʚʘʪ ʩʚʦʷ ʧʲʪ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʩ ʠʟʫʯʘʚʘʥʝ ʥʘ ʝʜʠʥ ʝʟʠʢ ʯʨʝʟ ʥʝʛʦʚʦʪʦ 

ʠʟʧʠʩʚʘʥʝ ʩʲʩ ʩʠʤʚʦʣʠ ʠ ʟʚʫʢʦʚʦ ʟʥʘʯʝʥʠʝ. ɺ ʜʦʧʲʣʥʝʥʠʝ ʢʲʤ ʧʠʩʘʥʝʪʦ ʥʘ ʩʠʤʚʦʣʠʪʝ ʥʘ 

ʨʲʢʘ, ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʚʝʜʝ ʠ STEM ʫʨʦʢ ʯʨʝʟ ʧʠʩʘʥʝ ʥʘ ʙʫʢʚʠʪʝ ʦʪ ʘʥʛʣʠʡʩʢʘʪʘ ʘʟʙʫʢʘ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʠʷ ʨʦʙʦʪ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʩʲʯʝʪʘʚʘ ʟʘʪʚʲʨʞʜʘʚʘʥʝ ʥʘ ʟʥʘʥʠʷʪʘ, 

ʠʟʛʨʘʞʜʘʪ ʩʝ ʤʝʞʜʫʧʨʝʜʤʝʪʥʠ ʚʨʲʟʢʠ - ʝʟʠʢ, ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʤʘʪʝʤʘʪʠʢʘ. 
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ʌʠʛ.42: ʂʫʙʯʝ (ʢʦʤʘʥʜʠ, ʫʯʝʥʝ ʢʘʢ ʜʘ ʩʝ ʧʦʜʨʝʞʜʘʪ, ʟʘ ʜʘ ʩʝ ʧʦʣʫʯʠ ʬʠʛʫʨʘ) 

 

ɺʲʟʤʦʞʥʦ ʝ ʜʘ ʩʝ ʧʨʦʚʝʜʘʪ ʤʠʥʠʤʫʤ 26 ʫʨʦʢʘ ʟʘ ʚʩʷʢʘ ʙʫʢʚʘ ʦʪ ʘʥʛʣʠʡʩʢʘʪʘ ʘʟʙʫʢʘ. 

ʉʣʝʜ ʪʦʚʘ ʩʝ ʧʨʝʤʠʥʘʚʘ ʢʲʤ ʧʠʩʘʥʝ ʥʘ ʜʫʤʠ. ʉʣʝʜ ʪʦʚʘ ʫʯʝʥʠʮʠʪʝ ʱʝ ʜʦʩʪʠʛʥʘʪ ʥʠʚʦ ʥʘ 

ʧʨʦʛʨʘʤʠʨʘʥʝ ʥʘ ʜʫʤʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘ ʬʫʥʢʮʠʷ. ʌʫʥʢʮʠʷʪʘ ʧʦʤʘʛʘ ʜʘ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʚʝʯʝ ʩʲʟʜʘʜʝʥʠʪʝ ʙʫʢʚʠ. ɺ ʧʨʠʤʝʨʥʠʷ ʫʨʦʢ ʱʝ ʠʟʧʦʣʟʚʘʤ ʠʤʝʥʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘ 

ʬʫʥʢʮʠʷ ʟʘ ʠʟʧʠʩʚʘʥʝʪʦ ʥʘ ʜʫʤʘʪʘ ʃʆʅɼʆʅ. (LONDON). 

ɸʣʛʦʨʠʪʲʤʲʪ (ʬʠʛ. 43) ʝ ʧʲʨʚʦ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʙʫʢʚʠʪʝ ʠ ʩʣʝʜ ʪʦʚʘ ʜʘ ʩʝ ʩʚʲʨʞʘʪ ʚ 

ʜʫʤʘʪʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʫʯʠʪʝʣʷ ʯʨʝʟ ʦʧʮʠʷʪʘ ʬʫʥʢʮʠʷ. ɼʫʤʘʪʘ ʩʝ ʧʦʷʚʷʚʘ, ʢʘʢʪʦ ʝ ʧʦʢʘʟʘʥʦ 

ʥʘ ʬʠʛ. 44 ʥʘ ʩʠʤʫʣʘʮʠʷʪʘ, ʢʘʪʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʩʘ ʥʘʧʨʘʚʝʥʠ ʨʘʟʤʝʨʠ ʟʘ ʩʲʦʪʚʝʪʥʠʪʝ 

ʨʘʟʩʪʦʷʥʠʷ ʤʝʞʜʫ ʙʫʢʚʠʪʝ, ʪʘʢʘ ʯʝ ʜʘ ʤʦʛʘʪ ʜʘ ʩʝ ʧʦʙʝʨʘʪ ʥʘ ʣʠʩʪ ʩ ʦʧʨʝʜʝʣʝʥʘ ʜʲʣʞʠʥʘ 

ʬʠʛ. 45. ʂʦʝʪʦ ʦʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ STEM ʝ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʤʘʪʝʤʘʪʠʢʘʪʘ - ʠʟʤʝʨʚʘʥʝ, ʤʝʨʥʠ 

ʝʜʠʥʠʮʠ, ʨʘʟʩʪʦʷʥʠʝ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʦ ʚʠʞʜʘʥʝ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʧʠʰʝʤ ʘʣʛʦʨʠʪʲʤ - 

ʪʝʭʥʦʣʦʛʠʯʥʘ ʙʫʢʚʘ. ʀ ʩʲʱʦʪʦ ʪʘʢʘ ʪʦʚʘ ʝ ʝʟʠʢʦʚʦ ʦʙʫʯʝʥʠʝ ʧʦ ʘʥʛʣʠʡʩʢʠ ʝʟʠʢ. 
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ʌʠʛ.43: ɸʣʛʦʨʠʪʲʤ ʥʘ ʙʣʦʢʦʚʘʪʘ ʩʭʝʤʘ 

 

ʌʠʛ.44: ʉʠʤʫʣʘʮʠʷ 



 

 76 

 

ʌʠʛ.45:ʈʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʙʫʢʚʠʪʝ 

ɼʫʤʘʪʘ LONDON ʥʘ ʭʘʨʪʠʷʪʘ ʠʟʧʠʩʘʥʘ ʦʪ ʦʙʨʘʟʦʚʘʪʝʣʥʠʷ ʨʦʙʦʪ ʠʟʛʣʝʞʜʘ ʧʦ 

ʩʣʝʜʥʠʷ ʥʘʯʠʥ: ʌʠʛʫʨʘ 46 - ʨʝʟʫʣʪʘʪʠ ʦʪ ʪʝʩʪʘ. 

 

ʌʠʛ.46: ʈʝʟʫʣʪʘʪʠ ʦʪ ʪʝʩʪʘ 

ʅʘ ʬʠʛ. 48 ʩʝ ʚʠʞʜʘ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʨʝʜʘ ʠ ʠʟʢʨʠʚʷʚʘʥʝ ʥʘ ʙʫʢʚʠʪʝ ʩʣʝʜ ʙʫʢʚʘʪʘ D. ɺ 

ʧʨʦʮʝʩʘ ʥʘ ʪʝʩʪʚʘʥʝ ʙʷʭʘ ʦʪʢʨʠʪʠ ʜʚʝ ʧʨʠʯʠʥʠ.  

ɽʜʥʘʪʘ ʝ ʥʘʢʣʦʥʲʪ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ, ʚ ʪʦʟʠ ʩʣʫʯʘʡ ʪʦʚʘ ʝ ʥʝʨʘʚʥʦʩʪ ʥʘ ʤʘʩʘʪʘ. ʆʢʘʟʘ 

ʩʝ, ʯʝ ʨʦʙʦʪʲʪ ʝ ʤʥʦʛʦ ʯʫʚʩʪʚʠʪʝʣʝʥ ʠ ʥʘʡ-ʤʘʣʢʠʷʪ ʥʘʢʣʦʥ ʤʫ ʚʣʠʷʝ, ʥʦ ʪʦʚʘ ʙʝʰʝ 

ʫʩʪʘʥʦʚʝʥʦ ʩ ʥʷʢʦʣʢʦ ʪʝʩʪʘ. ʆʪʢʣʦʥʝʥʠʷʪʘ ʩʝ ʚʠʜʷʭʘ ʤʥʦʛʦ ʷʩʥʦ ʠ ʧʨʠ ʙʫʢʚʘʪʘ ʆ. (ʬʠʛ. 47, 

ʬʠʛ. 48, ʬʠʛ. 50)  

ɺʲʧʨʝʢʠ ʯʝ ʤʠʥʠʤʠʟʠʨʘ ʥʘʢʣʦʥʘ, ʨʦʙʦʪʲʪ ʧʨʦʜʲʣʞʠ ʜʘ ʧʨʘʚʠ ʩʲʱʘʪʘ ʛʨʝʰʢʘ ʤʝʞʜʫ 

ʙʫʢʚʠʪʝ D ʠ O. ɹʫʢʚʘʪʘ O ʩʝ ʧʨʠʙʣʠʞʘʚʘ ʤʥʦʛʦ ʙʣʠʟʦ ʜʦ ʙʫʢʚʘʪʘ D ʠʣʠ ʥʘ ʣʠʥʠʷʪʘ ʥʘ 

ʙʫʢʚʘʪʘ D. ʊʦʚʘ ʦʪʢʣʦʥʝʥʠʝ ʝ ʭʘʨʜʫʝʨʝʥ ʧʨʦʙʣʝʤ, ʧʨʠʯʠʥʝʥ ʦʪ ʢʘʣʠʙʨʠʨʘʥʝʪʦ ʥʘ ʨʦʙʦʪʘ. 

ʊʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʢʦʨʠʛʠʨʘʥʦ ʩʲʩ ʩʦʬʪʫʝʨ. ʊʘʟʠ ʩʠʪʫʘʮʠʷ ʜʘʚʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʜʦʧʲʣʥʠʪʝʣʥʠ 
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ʟʥʘʥʠʷ ʠ ʥʦʚʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ ʧʨʠ ʚʲʟʥʠʢʚʘʥʝ ʥʘ ʥʝʧʨʝʜʚʠʜʝʥʘ 

ʩʠʪʫʘʮʠʷ. 

ʇʨʦʚʝʜʝʥʠ ʪʝʩʪʦʚʝ  

ʂʘʢʪʦ ʚʝʯʝ ʩʝ ʚʠʜʷ, ʠʟʢʨʠʚʷʚʘʥʝʪʦ ʩʝ ʧʦʣʫʯʘʚʘ ʧʦ ʜʚʝ ʧʨʠʯʠʥʠ. ʂʦʛʘʪʦ ʝʜʥʘʪʘ ʩʝ 

ʦʪʩʪʨʘʥʠ ʠʣʠ ʤʠʥʠʤʠʟʠʨʘ - ʥʘʢʣʦʥʲʪ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ, ʚʲʨʭʫ ʢʦʷʪʦ ʩʝ ʯʝʨʪʘʝ, ʠʜʚʘ 

ʩʦʬʪʫʝʨʥʦʪʦ ʨʝʰʝʥʠʝ. ɺ ʢʦʥʢʨʝʪʥʠʷ ʩʣʫʯʘʡ ʩʝ ʚʠʞʜʘ, ʯʝ ʠʤʘ ʨʘʟʤʠʥʘʚʘʥʝ ʤʝʞʜʫ ʙʫʢʚʠʪʝ 

D ʠ ʩʣʝʜʚʘʱʦʪʦ O. ʈʝʰʝʥʠʝʪʦ ʟʘ ʢʦʨʝʢʮʠʷ ʝ ʜʘ ʩʝ ʫʚʝʣʠʯʠ ʲʛʲʣʲʪ ʥʘ ʟʘʚʲʨʪʘʥʝ ʥʘ ʨʦʙʦʪʘ 

ʠʣʠ ʜʘ ʩʝ ʫʚʝʣʠʯʠ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʪʷʭ, ʠʣʠ ʠ ʜʚʝʪʝ.  

ɽʢʩʧʝʨʠʤʝʥʪʠʪʝ ʧʦʢʘʟʘʭʘ, ʯʝ ʧʨʠ ʢʦʨʠʛʠʨʘʥʝ ʠ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʩ + 10 

ʤʤ (1 ʩʤ) ʠ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʟʘʚʲʨʪʘʥʝʪʦ (+5 ↔ ) ʙʫʢʚʘʪʘ ʆ ʩʝ ʦʪʜʝʣʷ ʤʥʦʛʦ ʷʩʥʦ ʦʪ ʙʫʢʚʘʪʘ D 

ʠ ʩʝ ʨʘʟʧʦʣʘʛʘ ʧʨʘʚʠʣʥʦ. ʌʠʛ. 47 ʠ ʩʠʤʫʣʘʮʠʷʪʘ ʥʘ ʬʠʛ. 48, ʥʘ ʢʦʷʪʦ ʙʫʢʚʘʪʘ ʆ ʝ ʷʩʥʦ 

ʥʘʢʣʦʥʝʥʘ ʢʲʤ ʜʷʩʥʘʪʘ ʩʪʨʘʥʘ, ʥʦ ʥʘ ʭʘʨʪʠʷʪʘ ʙʫʢʚʘʪʘ ʝ ʠʟʧʨʘʚʝʥʘ.  

 

ʌʠʛ.47: ɹʫʢʚʘʪʘ ʆ ʩʝ ʦʪʜʝʣʷ ʤʥʦʛʦ ʷʩʥʦ ʦʪ ʙʫʢʚʘʪʘ D ʠ ʩʝʜʠ ʧʨʘʚʠʣʥʦ 
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ʌʠʛ.48: ʉʠʤʫʣʘʮʠʷʪʘ, ʥʘ ʢʦʷʪʦ ʙʫʢʚʘʪʘ ʆ ʝ ʷʩʥʦ ʥʘʢʣʦʥʝʥʘ ʢʲʤ ʜʷʩʥʘʪʘ ʩʪʨʘʥʘ 

 

ʅʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʫʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʩ + 5 ʤʤ (0,5 ʩʤ) ʠ ʫʚʝʣʠʯʘʚʘʥʝʪʦ 

ʥʘ ʟʘʚʲʨʪʘʥʝʪʦ (+5 ↔ ) ʧʦʢʘʟʚʘ ʥʘʢʣʦʥ ʢʲʤ ʜʷʩʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʙʫʢʚʘʪʘ ʆ ʠ ʩʲʦʪʚʝʪʥʦ 

ʧʦʜʨʘʚʥʝʥʘʪʘ ʙʫʢʚʘ N ʩʲʱʦ ʝ ʟʘʚʲʨʪʷʥʘ ʢʲʤ ʜʷʩʥʘʪʘ ʩʪʨʘʥʘ. ʌʠʛ. 48 - ʩʠʤʫʣʘʮʠʷ ʠ ʬʠʛ. 49 

- ʨʝʟʫʣʪʘʪ. ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʠ ʥʘ ʜʚʝʪʝ ʤʝʩʪʘ - ʥʘ ʩʠʤʫʣʘʮʠʷʪʘ ʠ ʥʘ ʭʘʨʪʠʷʪʘ - ʩʝ ʚʠʞʜʘ 

ʥʘʢʣʘʥʷʥʝ ʢʲʤ ʜʷʩʥʘʪʘ ʩʪʨʘʥʘ. 

 

ʌʠʛ.49: ʉʠʤʫʣʘʮʠʷ 

 

ʌʠʛ.50: ʈʝʟʫʣʪʘʪ   

 

ɽʢʩʧʝʨʠʤʝʥʪʲʪ ʧʨʠ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʩ + 5 mm (0,5 cm) ʠ ʟʘʧʘʟʚʘʥʝ ʥʘ 

ʧʲʨʚʦʥʘʯʘʣʥʦʪʦ ʟʘʚʲʨʪʘʥʝ ʥʘ 90 ↔. ʅʘ ʩʠʤʫʣʘʮʠʷʪʘ ʥʘʜʧʠʩʲʪ ʠʟʛʣʝʞʜʘ ʧʣʦʩʲʢ (ʬʠʛ. 49), ʥʦ 

ʥʘ ʭʘʨʪʠʷʪʘ ʙʫʢʚʘʪʘ ʆ ʝ ʤʥʦʛʦ ʧʦ-ʙʣʠʟʦ ʜʦ ʙʫʢʚʘʪʘ D (ʬʠʛ. 50). 
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ʌʠʛ.51: ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʠ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʩ + 5 ʤʤ (0,5 ʩʤ) ʠ ʧʨʠ ʟʘʧʘʟʚʘʥʝ ʥʘ 

ʧʲʨʚʦʥʘʯʘʣʥʦʪʦ ʟʘʚʲʨʪʘʥʝ ʥʘ 90 ↔.     

 

 

 

ʌʠʛ.52: ɹʫʢʚʘʪʘ ʆ ʝ ʤʥʦʛʦ ʧʦ-ʙʣʠʟʦ ʜʦ ʙʫʢʚʘʪʘ D 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʪʝ ʤʦʜʝʣʠ ʟʘ ʜʚʠʞʝʥʠʝ ʥʘ ʢʦʣʝʣʘʪʘ ʥʘ ʨʦʙʦʪʘ  

ʆʙʨʘʟʦʚʘʪʝʣʥʠʷʪ ʨʦʙʦʪ ArtieMax ʝ ʨʦʙʦʪ ʩ ʝʜʥʦ ʟʘʜʚʠʞʚʘʱʦ ʢʦʣʝʣʦ ʠ ʜʚʝ ʧʘʩʠʚʥʠ 

ʢʦʣʝʣʘ. (ʌʠʛ.53) 
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ʌʠʛ.53: ʄʦʜʝʣ ʥʘ ʨʦʙʦʪʘ ArtieMax  ʌʠʛ.54: ʉʲʟʜʘʚʘʥʝ ʥʘ ʛʝʦʤʝʪʨʠʯʝʥ ʤʦʜʝʣ ʩ ʝʜʥʦ  

       ʧʘʩʠʚʥʦ ʢʦʣʝʣʦ 

ɿʘ ʫʣʝʩʥʝʥʠʝ ʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷʪʘ ʥʘ ʪʨʘʝʢʪʦʨʠʷʪʘ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʱʝ ʠʟʧʦʣʟʚʘʤ 

ʛʝʦʤʝʪʨʠʯʝʥ ʤʦʜʝʣ ʥʘ ʢʦʣʝʣʘʪʘ ʥʘ ʨʦʙʦʪʘ (ʬʠʛ.53), ʢʘʪʦ ʠʟʧʦʣʟʚʘʤ ʩʘʤʦ ʝʜʥʦ ʦʪ ʧʘʩʠʚʥʠʪʝ 

ʢʦʣʝʣʘ. ɼʨʫʛʦʪʦ ʧʘʩʠʚʥʦ ʢʦʣʝʣʦ ʱʝ ʩʝ ʜʚʠʞʠ ʟʘʝʜʥʦ ʩ ʥʝʛʦ. (ʌʠʛ.55) 

 

ʌʠʛ.55: ʄʦʜʝʣ ʩʲʩ ʟʘʚʲʨʪʘʥʝ ʥʘ 90 ↔ 

l = DD √ ʝ ʜʲʣʞʠʥʘʪʘ ʥʘ ʟʘʜʚʠʞʚʘʱʦʪʦ ʢʦʣʝʣʦ, ʢʦʛʘʪʦ ʥʠ ʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘʚʲʨʪʘʥʝ ʥʘ 

90 ↔. ʊʲʡ ʢʘʪʦ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʱʦʪʦ ʩʝ ʢʦʣʝʣʦ ʝ ʢʦʥʩʪʘʥʪʘ, ʜʲʣʞʠʥʘʪʘ ʥʘ ʜʚʠʞʝʥʠʝʪʦ (l) 

ʝ ʬʫʥʢʮʠʷ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʜʚʠʞʝʥʠʝ. ʊ.ʝ. l = f (t). ʊʘʢʘ ʯʝ ʘʢʦ ʲʛʲʣʲʪ ʥʘ ʜʚʠʞʝʥʠʝ ʝ ʧʦ-ʤʘʣʲʢ 

ʦʪ 90 ↔, ʪʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʜʲʣʞʠʥʘʪʘ l ʝ ʧʦ-ʤʘʣʢʘ ʦʪ ʥʝʦʙʭʦʜʠʤʦʪʦ. ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʪʨʷʙʚʘ ʜʘ 

ʫʚʝʣʠʯʠʤ ʜʲʣʞʠʥʘʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʧʦʜʚʠʞʥʦʪʦ ʢʦʣʝʣʦ ʠ ʪʲʡ ʢʘʪʦ ʜʲʣʞʠʥʘʪʘ ʝ ʬʫʥʢʮʠʷ 

ʥʘ ʚʨʝʤʝʪʦ - ʪʨʷʙʚʘ ʜʘ ʫʚʝʣʠʯʠʤ ʚʨʝʤʝʪʦ ʥʘ ʜʚʠʞʝʥʠʝ. (ʌʠʛ.55) 

ʆʙʨʘʟʦʚʘʪʝʣʥʠʷʪ ʨʦʙʦʪ ArtiMax ʠʤʘ ʧʦʪʝʥʮʠʘʣ ʟʘ ʨʘʙʦʪʘ ʩ ʫʯʝʥʠʮʠ. ɼʦʨʠ 

ʥʝʩʲʚʲʨʰʝʥʩʪʚʘʪʘ ʤʫ ʛʦ ʧʨʘʚʷʪ ʦʱʝ ʧʦ-ʫʜʦʙʝʥ ʟʘ ʨʘʙʦʪʘ. ʇʨʘʚʝʡʢʠ ʥʦʚʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ 

ʟʘ ʫʯʝʥʠʮʠʪʝ. ʊʝ ʪʨʷʙʚʘ ʜʘ ʥʘʤʝʨʷʪ ʥʷʢʦʠ ʥʦʚʠ ʨʝʰʝʥʠʷ, ʢʦʝʪʦ ʱʝ ʩʲʟʜʘʜʝ ʠʥʪʝʨʝʩ ʠ 

ʣʶʙʦʧʠʪʩʪʚʦ ʚ ʫʯʝʥʠʮʠʪʝ.  
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ʄʝʭʘʥʠʯʥʠʷʪ ʜʠʟʘʡʥ ʥʘ Artiemax ʛʦ ʧʨʝʚʨʲʱʘ ʚ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʝʥ ʤʦʙʠʣʝʥ ʨʦʙʦʪ. 

ʅʘʣʠʯʠʝʪʦ ʥʘ ʚʩʠʯʢʠ ʥʘʡ-ʚʘʞʥʠ ʢʦʤʧʦʥʝʥʪʠ: ʧʣʘʪʢʘ ESP32, ʩʝʥʟʦʨʠ, ʩʦʬʪʫʝʨ ʟʘ 

ʫʧʨʘʚʣʝʥʠʝ ʛʦ ʧʨʘʚʠ ʫʜʦʙʝʥ ʟʘ ʨʘʙʦʪʘ ʩ ʜʦ 4 ʜʝʮʘ ʩʘʤʦʩʪʦʷʪʝʣʥʦ, ʟʘʱʦʪʦ WiFi ʧʦʟʚʦʣʷʚʘ 

ʢʲʤ ʥʝʛʦ ʜʘ ʩʝ ʩʚʲʨʞʘʪ ʪʦʣʢʦʚʘ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʣʢʦʪʦ ʜʘ ʩʝ ʦʪʚʦʨʠ ʠʥʪʝʨʬʝʡʩʲʪ ʥʘ ʨʦʙʦʪʘ. 

ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʨʘʙʦʪʘʪʘ ʩʲʩ ʩʦʬʪʫʝʨʘ ʨʦʙʦʪʲʪ ʝ ʤʥʦʛʦ ʛʲʚʢʘʚ ʠ ʜʨʫʞʝʣʶʙʝʥ. 

ʈʘʟʨʘʙʦʪʝʥʘʪʘ ʧʣʘʪʬʦʨʤʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʥʘʜʛʨʘʞʜʘʥʘ ʠʣʠ ʧʨʦʤʝʥʷʥʘ. [82] [83]  

ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʭʘʨʜʫʝʨʘ ʦʙʨʘʟʦʚʘʪʝʣʥʠʷʪ ʨʦʙʦʪ ʝ ʯʫʚʩʪʚʠʪʝʣʝʥ, ʜʘʚʘ ʦʪʢʣʦʥʝʥʠʷ, 

ʧʨʠʯʠʥʝʥʠ ʦʪ ʥʝʨʘʚʥʦʩʪʠ, ʟʘ ʢʦʝʪʦ ʩʧʦʤʘʛʘʪ ʠ ʥʝʛʦʚʠʷʪ ʜʠʟʘʡʥ ʠ ʢʦʥʩʪʨʫʢʮʠʷ. ʆʩʥʦʚʥʦʪʦ 

ʪʝʛʣʦ ʥʘ ʨʦʙʦʪʘ ʝ ʚ ʧʨʝʜʥʘʪʘ ʯʘʩʪ, ʧʦʜ ʛʣʘʚʘʪʘ ʠ ʩʝ ʜʚʠʞʠ ʩʘʤʦ ʦʪ ʝʜʥʦ ʢʦʣʝʣʦ. ʅʦ ʪʦʚʘ 

ʢʦʣʝʣʦ ʝ ʠ ʦʩʥʦʚʥʦ, ʢʦʝʪʦ ʟʘʚʲʨʪʘ ʨʦʙʦʪʘ. ʆʩʪʘʥʘʣʘʪʘ ʯʘʩʪ ʦʪ ʪʷʣʦʪʦ ʤʫ ʝ ʩ ʜʦʙʨʘ 

ʢʦʥʩʪʨʫʢʮʠʷ, ʥʦ ʩʘʤʦ ʟʘ ʜʘ ʧʦʙʝʨʝ ʪʨʠʪʝ ʤʘʨʢʝʨʘ. ʂʦʣʝʣʘʪʘ ʥʝ ʩʘ ʩʚʲʨʟʘʥʠ ʚ ʤʝʭʘʥʠʟʲʤ, ʪʝ 

ʩʚʦʙʦʜʥʦ ʩʣʝʜʚʘʪ ʧʨʝʜʥʦʪʦ ʢʦʣʝʣʦ ʠ ʥʝ ʤʦʛʘʪ ʜʘ ʤʫ ʧʦʤʘʛʘʪ ʚ ʧʨʦʮʝʩʘ ʥʘ ʥʠʚʝʣʠʨʘʥʝ. ʊʝ ʥʝ 

ʤʦʛʘʪ ʜʘ ʢʦʤʧʝʥʩʠʨʘʪ ʠ ʧʨʠ ʟʘʚʠʚʘʥʝ ʚ ʦʩʪʲʨ ʲʛʲʣ. ɺ ʧʨʦʮʝʩʘ ʥʘ ʪʝʩʪʚʘʥʝ ʙʝʰʝ ʟʘʙʝʣʷʟʘʥʦ, 

ʯʝ ʩʝ ʟʘʚʲʨʪʘʪ, ʢʦʝʪʦ ʜʦʚʝʜʝ ʠ ʜʦ ʨʝʘʣʥʦ ʠʟʢʨʠʚʷʚʘʥʝ ʥʘ ʜʘʥʥʠ ʥʘ ʩʦʬʪʫʝʨʘ. ʊʦʚʘ ʩʝ 

ʢʦʤʧʝʥʩʠʨʘ ʠʣʠ ʯʨʝʟ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʛʨʘʜʫʩʠʪʝ ʥʘ ʟʘʚʦʷ, ʠʣʠ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʦʙʨʘʪʥʦ 

ʜʚʠʞʝʥʠʝ ʥʘ ʨʦʙʦʪʘ. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʪʦʡ ʧʨʘʚʠ ʧʦ-ʜʦʙʲʨ ʣʷʚ ʠʣʠ ʜʝʩʝʥ ʟʘʚʦʡ ʩʣʝʜ 

ʜʚʠʞʝʥʠʝ ʥʘʟʘʜ.  

ɺ ʢʦʥʢʨʝʪʥʘʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʦʩʪʘʥʦʚʢʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʙʫʢʚʠ, ʢʦʤʧʠʣʠʨʘʥʝʪʦ 

ʠʤ ʚ ʝʜʠʥ ʢʦʜ ʠ ʦʪʧʝʯʘʪʚʘʥʝʪʦ ʥʘ 6-ʙʫʢʚʝʥʘ ʜʫʤʘ, ʩ ʜʚʝ ʧʦʚʪʘʨʷʱʠ ʩʝ ʙʫʢʚʠ, ʤʦʞʝ ʜʘ ʩʝ 

ʚʠʜʠ, ʯʝ ʜʦ 4-ʪʘʪʘ ʙʫʢʚʘ ʚʩʠʯʢʠ ʙʫʢʚʠ ʩʘ ʨʘʟʣʠʯʥʠ ʠ ʥʷʤʘ ʟʥʘʯʠʪʝʣʝʥ ʟʘʙʝʣʝʞʠʤ ʧʨʦʙʣʝʤ. 

ʉʣʝʜ ʪʦʚʘ ʦʪʢʣʦʥʝʥʠʝʪʦ ʥʘ ʙʫʢʚʠʪʝ ʝ ʷʩʥʦ ʚʠʜʠʤʦ.  

ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʚʲʥʰʥʠʷ ʜʠʟʘʡʥ ʨʦʙʦʪʲʪ ʝ ʠʥʪʝʨʝʩʝʥ, ʧʨʠʚʣʝʢʘʪʝʣʝʥ ʟʘ ʫʯʝʥʠʮʠʪʝ, 

ʥʦ ʠʤʘ ʠ ʩʚʦʠʪʝ ʥʝʜʦʩʪʘʪʲʮʠ. ʈʘʟʤʝʨʲʪ ʥʘ ʨʦʙʦʪʘ ʝ ʛʦʣʷʤ, ʘ ʩʘʤʦʪʦ ʯʝʨʪʘʥʝ ʩʝ ʠʟʚʲʨʰʚʘ ʚ 

ʟʘʜʥʘʪʘ ʯʘʩʪ ʥʘ ʨʦʙʦʪʘ ʠ ʢʦʛʘʪʦ ʩʝ ʯʝʨʪʘʝ, ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʚʘ ʧʲʪʠ ʧʦʚʝʯʝ ʤʷʩʪʦ ʟʘ ʯʝʨʪʘʥʝ. 

ɿʘʨʘʜʠ ʩʝʥʟʦʨʘ ʟʘ ʧʨʝʧʷʪʩʪʚʠʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦ-ʛʦʣʷʤʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʟʘ ʜʘ ʤʦʞʝ ʨʦʙʦʪʲʪ 

ʜʘ ʥʝ ʥʘʧʫʩʢʘ ʤʘʩʘʪʘ, ʥʘ ʢʦʷʪʦ ʨʠʩʫʚʘ, ʚ ʧʨʦʪʠʚʝʥ ʩʣʫʯʘʡ ʧʨʝʢʲʩʚʘ ʨʠʩʫʚʘʥʝʪʦ/ʯʝʨʪʘʝʥʝʪʦ. 

ɺʲʧʨʝʢʠ ʤʠʥʫʩʠʪʝ ʘʧʨʦʙʠʨʘʥʠʷ ʫʨʦʢ ʚʢʣʶʯʚʘʱ ʘʥʛʣʠʡʩʢʠ ʝʟʠʢ, ʤʘʪʝʤʘʪʠʢʘ, 

ʢʦʤʧʶʪʲʨʥʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʨʠʩʫʚʘʥʝ, ʛʝʦʛʨʘʬʠʷ ʠ ʠʩʪʦʨʠʷ ʟʘ 
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ʃʦʥʜʦʥ(ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʜʦʚʝʜʝ ʜʦ ʟʥʘʥʠʷ ʠ ʠʥʪʝʨʝʩ ʥʘ ʫʯʝʥʠʮʠʪʝ, ʚ ʧʦʜʢʨʝʧʘ ʥʘ STEM 

ʦʙʫʯʝʥʠʝʪʦ.   

 

3.1.4. Artie 3000 

 

ʇʨʝʜʰʝʩʪʚʝʥʠʢʘ ʥʘ ArtieMax ʝ Artie 3000. ʈʘʟʤʝʨʠʪʝ ʩʘ ʧʦ-ʤʘʣʢʠ: 14 x 14 x 15.5 cm, 

ʢʦʝʪʦ ʠʟʠʩʢʚʘ ʧʦ ʤʘʣʢʦ ʧʣʦʱ ʟʘ ʨʘʙʦʪʘ, ʪʝʞʠ 449.06 ʛʨʘʤʘ, ʧʦ-ʩʪʘʙʠʣʝʥ ʩʝʜʠ, ʧʦʨʘʜʠ ʬʘʢʪʘ, 

ʯʝ ʝ ʩ ʜʚʝ ʢʦʣʝʣʘ. ʅʷʤʘ LED ʩʚʝʪʣʠʥʠ. ʈʘʙʦʪʠ ʩ 4 ʙʘʪʝʨʠʠ ʪʠʧ ɸɸ. ʀʤʘ ʠ USB ʧʦʨʪ ʟʘ ʚʨʲʟʢʘ 

ʩ ʢʦʤʧʶʪʲʨ ʘʢʦ ʩʝ ʥʘʣʘʛʘ ʧʨʝʠʥʩʪʘʣʘʮʠʷ, ʘʢʪʫʘʣʠʟʘʮʠʷ ʠ ʜʨ. ʅʝʛʦʚʠʷ ʬʣʫʤʘʩʪʝʨ ʩʝ ʥʘʤʠʨʘ 

ʧʨʝʟ ʛʣʘʚʘʪʘ ʠ ʪʷʣʦʪʦ, ʤʝʞʜʫ ʜʚʝʪʝ ʢʦʣʝʣʘ (ʢʨʘʢʘ) ʥʘ ʨʦʙʦʪʘ (ʬʠʛ.56)  

 

ʌʠʛ.56: Artie 3000 ʫʩʪʨʦʡʩʪʚʦ 

ʈʦʙʦʪʲʪ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʛʨʘʤʠʨʘ ʚ ʪʨʠ ʩʪʝʧʝʥʠ, ʚʩʷʢʦ ʦʪ ʢʦʠʪʦ ʠʤʘ ʧʦ ʜʚʘ ʤʦʜʫʣʘ. 

ʅʘʯʠʥʘʝʱʠʪʝ ʟʘʧʦʯʚʘʪ ʩ ʫʧʨʘʚʣʝʥʠʝ ʢʘʪʦ ʜʠʩʪʘʥʮʠʦʥʥʦ (remote control) ʠʣʠ ʢʘʪʦ ʤʝʩʪʷʪ 

ʤʠʰʢʘʪʘ (Point & click) ʥʘ ʢʦʤʧʶʪʲʨʘ ʚʲʨʭʫ ʩʠʤʫʣʘʮʠʦʥʥʘʪʘ ʤʨʝʞʘ ʨʦʙʦʪʘ ʱʝ ʩʣʝʜʚʘ 

ʜʚʠʞʝʥʠʝʪʦ ʠ ʱʝ ʥʘʨʠʩʫʚʘ ʢʘʨʪʠʥʘ. JavaScript ʠ Python ʩʘ ʧʨʦʛʨʘʤʥʠ ʝʟʠʮʠ ʟʘ ʧʦ-ʛʦʣʝʤʠ 

ʫʯʝʥʠʮʠ ʢʲʤ 6 ï 7 ʢʣʘʩ. ɿʘ ʫʯʝʥʠʮʠ ʤʝʞʜʫ 7 ʠ 12 ʛʦʜʠʥʠ ʥʘʡ-ʧʦʜʭʦʜʷʱʦ ʝ ʙʣʦʢʦʚʦʪʦ 

ʧʨʦʛʨʘʤʠʨʘʥʝ ʥʘ Blocky ʠʣʠ Snap!. (ʬʠʛ. 57) 
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ʌʠʛ.57: ʉʨʝʜʠ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʥʘ Artie 3000  

Artie 3000 ʠʤʘ ʧʦ-ʩʪʘʙʠʣʥʘ WiFi ʚʨʲʟʢʘ ʩʧʨʷʤʦ ArtieMax. ɽʜʠʥ ʨʦʙʦʪ ʤʦʞʝ ʜʘ ʩʝ 

ʩʚʲʨʞʝ ʩ 4 ʢʦʤʧʶʪʲʨʘ, ʟʘ ʜʘ ʩʝ ʦʪʚʦʨʠ ʫʝʙ-ʙʘʟʠʨʘʥʘʪʘ ʩʨʝʜʘ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ï 

local.codewithartie.com.  

Artie 3000 ʩʲʱʦ ʜʘʚʘ ʣʝʢʠ ʦʪʢʣʦʥʝʥʠʷ ʢʦʛʘʪʦ ʠʟʯʝʨʪʘʚʘ ʟʘʜʘʜʝʥʠʷ ʢʦʜ, ʦʪʥʦʚʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ, ʥʘ ʢʦʷʪʦ ʩʝ ʯʝʨʪʘʝ ʠ ʦʪ ʤʘʪʝʨʠʘʣʘ, ʚʲʨʭʫ ʢʦʡʪʦ ʩʝ 

ʯʝʨʪʘʝ/ʨʠʩʫʚʘ. ʅʘ ʬʠʛ. 58 ʝ ʧʦʢʘʟʘʥ ʘʣʛʦʨʠʪʲʤ ʦʪ ʠʥʪʝʛʨʠʨʘʥ ʠ ʘʧʨʦʙʠʨʘʥ STEM ʫʨʦʢ 

(ʇʨʠʣʦʞʝʥʠʝ 1) ʧʦ ʤʘʪʝʤʘʪʠʢʘ, ʠʥʬʦʨʤʘʪʠʢʘ ʠ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ ʠ ʥʘ ʬʠʛ.59 ʝ ʧʦʢʘʟʘʥ 

ʨʝʟʫʣʪʘʪʲʪ, ʢʦʡʪʦ ʝ ʙʝʟ ʦʪʢʣʦʥʝʥʠʷ.  

 

   

ʌʠʛ.58: ɸʣʛʦʨʠʪʲʤ ʟʘ ʜʫʤʘʪʘ Ăʉʊɽʄñ        ʌʠʛ.59: ʈʝʟʫʣʪʘʪ ʦʪ ʠʟʧʠʩʚʘʥʝʪʦ ʥʘ Artie 3000 

 

3.1.5. Cody Rocky 

 

Codey Rocky ʩʲʱʦ ʝ ʠʥʪʝʨʝʩʝʥ ʦʙʨʘʟʦʚʘʪʝʣʝʥ ʤʦʙʠʣʝʥ ʨʦʙʦʪ, ʢʦʡʪʦ ʨʘʙʦʪʠ ʩ ʚʝʯʝ 

ʧʦʟʥʘʪʦʪʦ ʙʣʦʢʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝ. ʊʦʡ ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʧʨʝʜʭʦʜʥʠʪʝ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʠʤʘ ʠ 

ʩʝʥʟʦʨʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʚʢʣʶʯʘʪ ʚ ʧʨʦʛʨʘʤʠʨʘʥʝʪʦ ʠ ʯʨʝʟ ʪʷʭ ʜʘ ʩʝ ʨʘʟʙʝʨʘʪ ʤʥʦʛʦ ʦʪ 
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ʟʘʦʙʠʢʘʣʷʱʠʪʝ ʥʠ ʠʟʦʙʨʝʪʝʥʠʷ, ʢʘʪʦ ʦʩʚʝʪʣʝʥʠʝ ʢʦʝʪʦ ʩʝ ʚʢʣʶʯʚʘ ʧʨʠ ʟʘʩʠʯʘʥʝ ʥʘ 

ʜʚʠʞʝʥʠʝ. ʊʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʝʥʟʦʨʠ, ʢʦʠʪʦ ʩʘ ʧʨʦʛʨʘʤʠʨʘʥʠ ʜʘ ʟʘʩʠʯʘʪ 

ʜʚʠʞʝʥʠʝ ʠ ʩʣʝʜ ʪʦʚʘ ʜʘ ʠʟʧʲʣʥʷʚʘʪ ʦʧʨʝʜʝʣʝʥʠ ʜʝʡʩʪʚʠʷ. ʆʪʢʣʶʯʚʘʥʝ ʩ ʯʠʧ ʥʘ ʚʨʘʪʠ, 

ʘʣʘʨʤʝʥʠ ʩʠʩʪʝʤʠ ʠʣʠ ʨʘʟʣʠʯʥʠ ʜʠʩʪʘʥʮʠʦʥʥʠ. ʉʣʝʜʝʥʝ ʥʘ ʮʚʷʪ ʠʣʠ ʣʠʥʠʷ ʩʲʱʦ ʝ 

ʟʘʩʪʲʧʝʥʦ ʚ ʘʚʪʦʤʦʙʠʣʥʘʪʘ ʠʥʜʫʩʪʨʠʷ. ɺʲʧʨʝʢʠ, ʯʝ ʠʤʘ ʚʩʝ ʥʦʚʠ ʠ ʥʦʚʠ ʨʘʟʨʘʙʦʪʢʠ, ʚʩʝ ʦʱʝ 

ʩʝ ʪʲʨʩʷʪ ʧʦʜʦʙʨʝʥʠʷ ʠʣʠ ʥʦʚʠ ʨʝʰʝʥʠʷ ʟʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʘʚʪʦʤʦʙʠʣʠʪʝ, ʩʠʛʫʨʥʦʩʪʪʘ ʥʘ 

ʜʦʤʦʚʝʪʝ, ʫʣʝʩʥʝʥʠʷ ʧʨʠ ʧʨʠʜʚʠʞʚʘʥʝ ʥʘ ʭʦʨʘ ʠʣʠ ʞʠʚʦʪʥʠ. ʅʘ ʬʠʛ. 60 ʝ ʧʦʢʘʟʘʥʦ 

ʫʩʪʨʦʡʩʪʚʦʪʦ ʥʘ ʤʦʙʠʣʥʠʷ ʫʯʝʙʝʥ Codey Rockey. ʊʦʡ ʩʝ ʩʲʩʪʦʡ ʦʪ ʜʚʝ ʯʘʩʪʠ, ʢʦʠʪʦ ʩʝ 

ʨʘʟʜʝʣʷʪ ï Codey ʠ Rockey.  Codey ʝ ʛʣʘʚʘʪʘ ʯʨʝʟ, ʢʦʷʪʦ ʩʝ ʢʦʤʫʥʠʢʠʨʘ ʠ ʩ ʢʦʤʧʶʪʲʨʘ ʠ ʩʝ 

ʧʨʝʜʘʚʘ ʢʦʜʘ, ʢʦʡʪʦ ʜʘ ʠʟʧʲʣʥʠ. ɻʣʘʚʘʪʘ ʝ ʩʥʘʙʜʝʥʘ ʩ ʢʦʧʯʝ ʟʘ ʚʢʣʶʯʚʘʥʝ ʠ ʠʟʢʣʶʯʚʘʥʝ, 

ʢʦʧʯʝ ʟʘ ʩʢʦʨʦʩʪʠ, ʪʨʠ ʙʫʪʦʥʘ, ʥʘ ʢʦʠʪʦ ʩʝ ʢʘʯʚʘʪ ʨʘʟʣʠʯʥʠ ʢʦʤʘʥʜʠ, ʠʤʘ ʠʥʬʨʘʯʝʨʚʝʥ 

ʧʨʠʝʤʥʠʢ ʠ ʧʨʝʜʘʚʘʪʝʣ, ʮʚʝʪʦʚʠ ʠʥʜʠʢʘʪʦʨ, ʩʚʝʪʣʠʥʝʥ ʠ ʟʚʫʢʦʚ ʩʝʥʟʦʨ, 6 ʦʩʝʥ ʞʠʨʦʩʢʦʧ, 

ʛʦʚʦʨʠʪʝʣ. Rockey ʝ ʜʦʣʥʘʪʘ ʯʘʩʪ, ʥʘ ʢʦʷʪʦ ʩʝ ʥʘʤʠʨʘʪ ʚʝʨʠʞʥʠʪʝ ʢʦʣʝʣʘ, ʦʪ ʣʷʚʦ ʠ ʦʪ ʜʷʩʥʦ, 

ʦʪʧʨʝʜ ʤʝʞʜʫ ʢʦʣʝʣʘʪʘ ʩʝ ʥʘʤʠʨʘ ʧʘʥʝʣ ʩ ʠʥʬʨʘʯʝʨʚʝʥʠ ʩʝʥʟʦʨʠ ʟʘ ʙʣʠʟʦʩʪ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ 

ʩʝ ʟʘʚʲʨʪʘ ʢʲʤ ʧʦʜʘ ʠ ʥʘʧʨʝʜ, ʪ.ʝ. ʤʦʞʝ ʜʘ ʠʥʜʠʢʠʨʘ ʧʨʝʧʷʪʩʪʚʠʷ ʥʘ ʧʦʜʘ, ʟʘ ʧʘʜʘʥʝ, ʘʢʦ 

ʠʤʘ ʩʪʲʣʙʠ ʠʣʠ ʜʫʧʢʘ, ʠʣʠ ʟʘ ʩʪʝʥʘ ʠ ʜʨʫʛʠ ʢʦʠʪʦ ʩʘ ʧʨʝʜ ʨʦʙʦʪʘ.  

 

ʌʠʛ.60: ʋʩʪʨʦʡʩʪʚʦ ʥʘ Codey Rockey 
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ʄʦʙʠʣʥʠʷʪ ʨʦʙʦʪ ʠʟʧʦʣʟʚʘ ESP32 ʤʠʢʨʦʢʦʥʪʨʦʣʝʨ, DC ʤʦʪʦʨ ʩ ʨʝʜʫʢʪʦʨ, ʜʚʫʷʜʨʝʥ 

ʧʨʦʮʝʩʦʨ Tensilica LX6. ʇʨʝʟʘʨʝʞʜʘʱʘ ʩʝ LiPo ʙʘʪʝʨʠʷ 3.7V. ʈʘʟʤʝʨʠʪʝ ʤʫ ʩʘ: 102 × 95.4 × 

103 ʤʤ (ɼ Ĭ ʐ Ĭ ɺ), ʪʝʛʣʦ - 295 ʛʨʘʤʘ.  

ʈʝʞʠʤ ʥʘ ʢʦʤʫʥʠʢʘʮʠʷ ʤʦʞʝ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʯʨʝʟ USB ʧʦʨʪ(ʪʠʧ B ʤʠʢʨʦ), Bluetooth 

ʠʣʠ Wi-Fi.  

ʈʦʙʦʪʲʪ ʨʘʙʦʪʠ ʩ ʧʨʦʛʨʘʤʘʪʘ mBlock, ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʦʥʣʘʡʥ ʚ ʙʨʘʫʟʲʨ, 

ʧʨʠ ʥʘʣʠʯʠʝ ʥʘ ʠʥʪʝʨʥʝʪ ʚʨʲʟʢʘ ʠʣʠ ʤʦʞʝ ʜʘ ʩʚʘʣʠ ʥʘ ʢʦʤʧʶʪʲʨʘ ʠ ʜʘ ʩʝ ʨʘʙʦʪʠ ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʠʥʪʝʨʥʝʪ, ʢʦʝʪʦ ʝ ʧʨʝʧʦʨʲʯʠʪʝʣʝʥ ʚʘʨʠʘʥʪ. ʇʨʦʛʨʘʤʘʪʘ ʨʘʙʦʪʠ ʙʣʦʢʦʚʦ ʧʦ ʧʦʜʦʙʠʝ ʥʘ 

Scratch ʧʨʦʛʨʘʤʘʪʘ. ʄʦʞʝ ʜʘ ʙʲʜʝ ʠ ʧʨʦʛʨʘʤʠʨʘʥʦ ʩ Python.  

Codey Rockey ʠʤʘ ʩʲʚʤʝʩʪʠʤʦʩʪ ʩ LEGO ʙʣʦʢʯʝʪʘʪʘ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ ï Lego 

Spike/Lego WeDo 2.0. ʬʠʛ. 61 ʬʠʛ. 62  

         

ʌʠʛ.61: Codey Rockey ʩ Lego Spike               ʌʠʛ.62: Codey Rockey ʩ Lego WeDo 2.0. 

ɿʘ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʜʘʣʠ ʤʦʙʠʣʥʠʷʪ ʨʦʙʦʪ Codey Rockey ʝ ʩʲʚʤʝʩʪʠʤʠ ʩ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ 

ʠ ʢʲʜʝ ʤʦʞʝ ʜʘ ʩʝ ʠʥʪʝʛʨʠʨʘ ʢʘʪʦ STEM ʫʨʦʮʠ ʙʝ ʧʨʦʚʝʜʝʥ ʫʨʦʢ Ăʃʘʙʠʨʠʥʪ ʩ Codey 

Rockeyññ.  

ʎʝʣ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʨʦʙʦʪʲʪ Codey Rocky ʤʦʞʝ ʣʠ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥ ʚ ʫʯʝʙʥʠ 

ʯʘʩʦʚʝ, ʟʘ ʜʘ ʙʲʜʝ ʠʥʪʝʛʨʠʨʘʥʘ ʪʝʭʥʦʣʦʛʠʷʪʘ ʚ ʧʦʤʦʱ ʥʘ ʫʯʠʪʝʣʷ. ɿʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʪʘʟʠ ʮʝʣ 

ʙʝ ʩʲʟʜʘʜʝʥ ʫʨʦʢ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠʥʪʝʛʨʠʨʘʥ ʩ ʨʦʙʦʪ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʝʜʧʨʠʝʤʘʯʝʩʪʚʦ. 

ʉʲʟʜʘʜʝ ʩʝ ʣʘʙʠʨʠʥʪ ʧʨʝʟ, ʢʦʠʪʦ ʨʦʙʦʪʲʪ ʜʘ ʧʨʝʤʠʥʝ ʧʦ ʟʘʜʘʜʝʥ ʘʣʛʦʨʠʪʲʤ ʠʟʧʦʣʟʚʘʡʢʠ 

ʧʨʝʜʣʦʞʝʥʠʪʝ ʙʣʦʢʦʚʝ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʠ ʩʝʥʟʦʨʠ, ʩ ʢʦʠʪʦ ʨʘʟʧʦʣʘʛʘ.  
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ʇʲʨʚʘʪʘ ʧʦʩʪʘʥʦʚʢʘ ʙʝ ʫʯʝʥʠʮʠʪʝ ʜʘ ʩʲʟʜʘʜʘʪ ʧʨʘʚʦʲʛʲʣʝʥ ʣʘʙʠʨʠʥʪ ʦʪ ʢʘʰʦʥʠ ʠʣʠ 

ʢʘʨʪʦʥ. ʈʘʟʤʝʨʠʪʝ ʥʘ ʧʨʘʚʦʲʛʲʣʥʠʢʘ ʜʘ ʩʘ ʤʠʥʠʤʫʤ 140 ʩʤ ʭ 60 ʩʤ. ʉʣʝʜ ʢʦʝʪʦ ʜʘ ʩʝ ʪʝʩʪʚʘ 

ʨʦʙʦʪʘ ʜʘʣʠ ʱʝ ʩʝ ʙʣʲʩʢʘ ʚ ʩʪʝʥʠʪʝ ʠʣʠ ʱʝ ʤʦʞʝ ʜʘ ʠʟʙʷʛʚʘ ʧʨʝʧʷʪʩʪʚʠʷʪʘ (ʩʪʝʥʠ ʥʘ 

ʧʨʘʚʦʲʛʲʣʥʠʢʘ), ʟʘ ʜʘ ʧʨʦʜʲʣʞʘʪ ʩʲʩ ʩʲʟʜʘʚʘʥʝ ʥʘ ʣʘʙʠʨʠʥʪ. ʌʠʛ. 63 

 

ʌʠʛ.63: ʇʨʘʚʦʲʛʲʣʥʠʢ ʟʘ ʣʘʙʠʨʠʥʪ 

 

ʇʲʨʚʘʪʘ ʧʨʘʢʪʠʯʝʩʢʘ ʯʘʩʪ ʥʘ ʫʨʦʢ ʝ ï ʧʦʩʪʨʦʷʚʘʥʝ ʥʘ ʣʘʙʠʨʠʥʪ ʠ ʩʲʟʜʘʚʘʥʝ ʥʘ 

ʘʣʛʦʨʠʪʲʤ ʥʘ ʨʦʙʦʪʘ ʜʘ ʩʝ ʜʚʠʞʠ ʚ ʥʝʛʦ, ʙʝʟ ʜʘ ʩʝ ʙʣʲʩʢʘ ʚ ʩʪʝʥʠʪʝ (ʧʨʝʧʷʪʩʪʚʠʷ) ʥʘ 

ʣʘʙʠʨʠʥʪʘ ʧʨʘʚʦʲʛʲʣʥʠʢ. ʋʯʝʥʠʮʠʪʝ ʤʦʛʘʪ ʜʘ ʠʟʧʦʣʟʚʘʪ ʚʩʠʯʢʠ ʢʦʤʘʥʜʠ, ʥʘʣʠʯʥʠ ʚ 

ʧʨʦʛʨʘʤʘʪʘ. ʇʨʘʢʪʠʢʘʪʘ ʧʦʢʘʟʘ, ʯʝ ʫʯʝʥʠʮʠʪʝ ʩʘ ʠʟʧʦʣʟʚʘʣʠ ʜʝʡʩʪʚʠʷ ʩ ʚʨʝʤʝ ʠ ʤʦʱʥʦʩʪ, 

ʟʘ ʜʘ ʥʘʢʘʨʘʪ ʨʦʙʦʪʘ ʜʘ ʩʝ ʜʚʠʞʠ. ʅʦ ʠ ʚ ʜʚʘʪʘ ʩʣʫʯʘʷ ʢʦʜʲʪ (ʬʠʛ. 64 ʠ ʬʠʛ. 65) ʝ ʙʠʣ 

ʥʝʫʩʧʝʰʝʥ. ʈʦʙʦʪ ʩʝ ʙʣʲʩʢʘ ʚ ʩʪʝʥʠʪʝ, ʩʧʠʨʘ ʥʘ ʥʝʧʨʘʚʠʣʥʦ ʤʷʩʪʦ, ʩʢʦʨʦʩʪʪʘ ʥʝ ʝ 

ʧʦʜʭʦʜʷʱʘ. ɸʢʦ ʨʘʟʛʣʝʜʘʤʝ ʜʠʘʛʨʘʤʘʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʬʠʛ. 66, ʱʝ ʚʠʜʠʤ, ʯʝ ʪʦʡ ʠʤʘ 

ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʧʨʝ, ʥʦ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʩʪʘʨʪʠʨʘ ʦʪʥʦʚʦ. 

  

ʌʠʛ.64: ʂʦʜ ʟʘ ʧʨʝʧʷʪʩʪʚʠʝ ʚʘʨʠʘʥʪ 1                ʌʠʛ.65: ʂʦʜ ʟʘ ʧʨʝʧʷʪʩʪʚʠʝ ʚʘʨʠʘʥʪ 2 
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ʌʠʛ.66: ɼʠʘʛʨʘʤʘʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ 

 

ʊʫʢ ʠʜʚʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʜʘ ʩʝ ʤʦʪʠʚʠʨʘʪ ʫʯʝʥʠʮʠʪʝ ʜʘ ʪʲʨʩʷʪ ʜʨʫʛʠ ʧʨʦʤʝʥʣʠʚʠ, ʜʘ 

ʪʲʨʩʷʪ ʜʨʫʛʠ ʨʝʰʝʥʠʷ, ʪʘʢʘ, ʯʝ ʜʘ ʩʪʠʛʥʘʪ ʜʦ ʧʨʘʚʠʣʥʦʪʦ ʨʝʰʝʥʠʝ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ 

ʧʦʜʨʘʩʪʚʘʱʠʪʝ ʩʝ ʫʯʘʪ ʜʘ ʤʠʩʣʷʪ ʢʨʠʪʠʯʥʦ ʠ ʜʘ ʪʲʨʩʷʪ ʨʝʰʝʥʠʷ, ʜʘ ʥʝ ʩʝ ʩʪʨʘʭʫʚʘʪ ʦʪ 

ʥʝʫʩʧʝʰʥʠʪʝ ʦʧʠʪʠ.  

ʅʘ ʬʠʛ. 67 ʠ ʬʠʛ. 68 ʤʦʞʝʤ ʜʘ ʚʠʜʠʤ ʘʣʛʦʨʠʪʲʤ ʟʘ ʜʚʠʞʝʥʠʝ, ʢʦʡʪʦ ʩʪʘʨʪʠʨʘ, 

ʦʙʠʢʘʣʷ ʣʘʙʠʨʠʥʪʘ ʠ ʠʟʙʷʛʚʘ ʜʦʢʦʩʚʘʥʝ ʥʘ ʩʪʝʥʠʪʝ(ʧʨʝʧʷʪʩʪʚʠʷʪʘ). ʊ.ʝ. ʘʢʦ ʠʤʘ ʧʨʝʧʷʪʩʪʚʠʝ 

ʨʦʙʦʪʘ ʠʟʧʲʣʥʷʚʘ ʢʦʤʘʥʜʘ ʜʘ ʩʧʨʝ  ʠ ʜʘ ʩʤʝʥʠ ʧʦʩʦʢʘʪʘ ʩʠ. ʈʘʟʨʘʙʦʪʝʥʠʷ ʘʣʛʦʨʠʪʲʤʘ ʤʦʞʝ 

ʜʘ ʩʝ ʚʠʜʠ ʥʘ ʬʠʛ. 69.  
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       ʌʠʛ.67: ɸʣʛʦʨʠʪʲʤ ʟʘ ʧʨʝʧʷʪʩʪʚʠʝ ʚʘʨʠʘʥʪ 3         ʌʠʛ.68: ɸʣʛʦʨʠʪʲʤ ʟʘ ʧʨʝʧʷʪʩʪʚʠʝ ʚʘʨʠʘʥʪ 4 

 

ʌʠʛ.69: ɼʠʘʛʨʘʤʘʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ 1 

 

ʉʣʝʜ ʢʘʪʦ ʠʤʘʪ ʚʝʯʝ ʢʦʨʝʢʪʝʥ ʢʦʜ ʟʘ ʜʚʠʞʝʥʠʝ ʥʘ ʨʦʙʦʪʘ, ʢʦʠʪʦ ʜʘ ʥʝ ʩʝ ʙʣʲʩʢʘ, ʘ ʜʘ 

ʠʟʙʷʛʚʘ ʧʨʝʧʷʪʩʪʚʠʷ ʤʦʞʝ ʜʘ ʩʝ ʫʩʣʦʞʥʠ ʣʘʙʠʨʠʥʪʘ ʢʘʪʦ ʩʝ ʩʣʦʞʘʪ ʜʨʫʛʠ ʩʪʝʥʠ ʬʠʛ. 70. 

ɼʦʙʘʚʝʥʠ ʩʘ ʪʨʠ ʩʪʝʥʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠ ʥʘ ʦʩʥʦʚʥʠʪʝ. ʉʣʝʜ ʪʦʚʘ ʩʝ ʧʫʩʢʘ ʨʦʙʦʪʘ ʦʪʥʦʚʦ ʜʘ 

ʩʝ ʚʠʜʠ ʜʘʣʠ ʱʝ ʛʠ ʟʘʦʙʠʢʦʣʠ. ʆʧʠʪʘ ʧʦʢʘʟʘ, ʯʝ ʨʦʙʦʪʘ ʠʟʙʠʨʘ ʨʘʟʣʠʯʥʠ ʧʦʩʦʢʠ ʩʧʦʨʝʜ 

ʟʘʚʠʩʠ ʢʘʢ ʱʝ ʧʦʧʘʜʥʝ ʦʙʩʝʛʘ ʥʘ ʩʝʥʟʦʨʘ ʟʘ ʧʨʝʧʷʪʩʪʚʠʝ ʠ ʩʪʝʥʘʪʘ. ʅʘ ʬʠʛ.71 ʩʘ ʜʦʙʘʚʝʥʠ 

ʦʱʝ ʩʪʝʥʠ ʢʲʤ ʧʨʝʜʠʰʥʠʪʝ, ʪʘʣʘ ʯʝ ʩʝ ʧʦʣʫʯʘʚʘʪ ʲʛʣʦʚʠ ʧʨʝʧʷʪʩʪʚʠʷ ʟʘ Codey Rockey. 

ɽʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘ, ʯʝ ʚʲʨʚʠ ʧʨʘʚʠʣʥʦ ʠ ʥʝ ʩʝ ʙʣʲʩʢʘ ʚ ʩʪʝʥʠ, ʚʲʨʪʠ ʩʝ ʜʦʢʘʪʦ ʥʘʤʝʨʠ 

ʦʧʮʠʷ ʟʘ ʜʚʠʞʝʥʠʝ ʥʘʧʨʝʜ.     
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     ʌʠʛ.70: ʃʘʙʠʨʠʥʪ ʩ 3 ʜʦʧʲʣʥʠʪʝʣʥʠ ʩʪʝʥʠ          ʌʠʛ.71: ʃʘʙʠʨʠʥʪ ʩ 6 ʜʦʧʲʣʥʠʪʝʣʥʠ ʩʪʝʥʠ  

   

ɺ ʝʜʠʥ ʫʨʦʢ ʤʦʞʝʤ ʜʘ ʢʦʤʙʠʥʠʨʘʤʝ ʨʘʟʣʠʯʥʠ ʨʦʣʠ ʟʘ ʩʘʤʠʪʝ ʫʯʝʥʠʮʠ, ʢʘʪʦ 

ʦʙʫʯʘʚʘʱʠ ʩʝ, ʢʘʪʦ ʩʲʟʜʘʪʝʣʠ, ʜʘ ʧʨʝʟʝʥʪʠʨʘʪ, ʟʘ ʜʘ ʧʦʢʘʞʘʪ ʠʣʠ ʦʙʷʩʥʷʪ ʣʘʙʠʨʠʥʪʘ.  

ʆʪ ʧʨʦʚʝʜʝʥʠʷ ʫʨʦʢ ʩʲʯʝʪʘʚʘʱ ʤʘʪʝʤʘʪʠʢʘ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʝʜʧʨʠʝʤʘʯʝʩʪʚʦ, 

ʙʲʣʛʘʨʩʢʠ ʠ ʣʠʪʝʨʘʪʫʨʘ, ʬʠʟʠʢʘ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʩʣʝʜʥʠʪʝ ʠʟʚʦʜʠ: 

ü ʧʨʠ ʥʝʫʩʧʝʭ ʥʘ ʟʘʜʘʯʘʪʘ, ʪ.ʝ. ʥʝ ʩʝ ʧʨʝʤʠʥʝ ʫʩʧʝʰʥʦ ʣʘʙʠʨʠʥʪʘ ʫʯʝʥʠʮʠʪʝ ʱʝ 

ʠʟʧʦʣʟʚʘ ʤʘʪʝʤʘʪʠʢʘ ʠ ʬʠʟʠʯʥʠ ʟʘʢʦʥʠ, ʢʦʠʪʦ ʜʘ ʠʤ ʧʦʤʦʛʥʘʪ ʜʘ ʧʨʦʤʝʥʷʪ 

ʧʲʨʚʦʥʘʯʘʣʥʦ ʟʘʜʘʜʝʥʠʷ ʢʦʜ ʠ ʜʘ ʠʟʧʲʣʥʷʪ ʫʩʧʝʰʥʦ ʟʘʜʘʯʘʪʘ;  

ü ʫʯʝʥʠʮʠʪʝ ʤʦʛʘʪ ʜʘ ʨʘʙʦʪʷʪ ʥʘʡ-ʤʘʣʢʦ  ʧʦ ʜʚʘʤʘ, ʤʘʢʩʠʤʫʤ 5 ʜʝʮʘ; 

ü ʩʲʟʜʘʚʘʥʝ ʥʘ ʣʘʙʠʨʠʥʪʘ ʤʦʞʝ ʜʘ ʝ ʚ ʨʘʟʣʠʯʥʠ ʚʘʨʠʘʥʪʠ. ʃʘʙʠʨʠʥʪʘ ʤʦʞʝ ʜʘ 

ʙʲʜʝ ʣʝʩʝʥ ʠ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʜʘ ʩʝ ʫʩʣʦʞʥʷʚʘ ʠ ʥʘʜʛʨʘʞʜʘ. ʄʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʦʙʝʜʠʥʝʥʠ ʥʷʢʦʣʢʦ ʣʘʙʠʨʠʥʪʘ ʚ ʝʜʠʥ ʧʦ-ʛʦʣʷʤ. ʄʘʪʝʨʠʘʣʠʪʝ ʟʘ ʣʘʙʠʨʠʥʪʘ 

ʤʦʛʘʪ ʜʘ ʩʘ ʩʲʦʙʨʘʟʝʥʠ ʩ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʠ ʜʘ ʩʘ ʝʢʦʣʦʛʠʯʥʠ; 

ü ʩ ʥʘʣʠʯʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʥʝ ʝ ʜʦʩʪʘʪʲʯʥʦ ʜʘ ʩʝ ʧʨʝʤʠʥʝ ʣʘʙʠʨʠʥʪʘ. 

ʅʝʦʙʭʦʜʠʤʦ ʝ ʧʨʦʤʷʥʘ ʥʘ ʢʦʜʘ, ʥʝʛʦʚʦʪʦ ʧʦʜʦʙʨʝʥʠʝ ʩ ʧʦʤʦʱʪʘ ʥʘ 

ʠʟʤʝʨʚʘʥʠʷ, ʧʨʝʩʤʷʪʘʥʠʷ ʠ ʣʦʛʠʯʝʩʢʦ ʧʦʜʨʝʞʜʘʥʝ ʥʘ ʢʦʜʦʚʝʪʝ, ʪʘʢʘ ʯʝ ʜʘ ʩʝ 

ʧʨʝʤʠʥʝ ʣʘʙʠʨʠʥʪʘ; 

ü ɺʩʠʯʢʠ ʜʝʮʘ ʠʤʘʪ ʥʫʞʜʘ ʠ ʟʘʩʣʫʞʘʚʘʪ ʰʘʥʩ ʜʘ ʜʦʩʪʠʛʥʘʪ ʧʦʪʝʥʮʠʘʣʘ ʩʠ;  

ü ʋʯʝʥʠʝʪʦ ʥʝ ʩʝ ʩʣʫʯʚʘ ʠ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʩʣʫʯʠ ʠʟʦʣʠʨʘʥʦ, ʜʘ ʝ ʩʘʤʦ ʨʦʙʦʪʠʢʘ, 

ʩʘʤʦ ʤʘʪʝʤʘʪʠʢʘ ʠʣʠ ʩʘʤʦ ʪʝʭʥʦʣʦʛʠʠ, ʪʝ ʩʝ ʩʲʯʝʪʘʚʘʪ ʟʘʝʜʥʦ;  
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ü ʆʙʱʝʩʪʚʦʪʦ ʪʨʷʙʚʘ ʜʘ ʧʦʜʛʦʪʚʠ ʩʣʝʜʚʘʱʦʪʦ ʧʦʢʦʣʝʥʠʝ ʜʘ ʚʦʜʠ ʠ ʜʘ 

ʧʨʦʩʧʝʨʠʨʘ ʚ ʩʚʷʪ, ʜʦʤʠʥʠʨʘʥ ʦʪ ʪʝʭʥʦʣʦʛʠʯʥʠʷ ʥʘʧʨʝʜʲʢ, ʠ ʜʘ ʩʲʟʜʘʜʝ ʧʦ-

ʦʩʲʟʥʘʪʠ ʧʲʪʠʱʘ ʟʘ ʫʩʧʝʭ ʩʣʝʜ ʟʘʚʲʨʰʚʘʥʝ ʥʘ ʩʨʝʜʥʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ. 

 

3.1.6. XGO-mini 2 Dog  

 

ɺʲʨʚʝʡʢʠ ʧʦ ʧʲʪʷ ʥʘ ʨʘʟʚʠʪʠʝ ʚ ʪʝʭʥʦʣʦʛʠʯʥʠʷʪ ʩʚʷʪ ʠ ʝʞʝʜʥʝʚʥʠʪʝ ʧʨʝʜʣʦʞʝʥʠʷ  

ʥʘ ʥʦʚʠ ʪʝʭʥʦʣʦʛʠʠ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʠʥʪʝʨʝʩʫʚʘʤʝ ʦʪ ʨʘʟʣʠʯʥʠ ʩʦʬʪʫʝʨʥʠ ʦʧʮʠʠ ʟʘ 

ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʚ ʨʘʟʣʠʯʥʠʪʝ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʥʠʚʘ. ʂʘʢʪʦ ʚʝʯʝ ʩʧʦʤʝʥʘʭ ʞʠʚʝʝʤ ʚ 

ʝʧʦʭʘʪʘ ʥʘ ʠʥʜʫʩʪʨʠʷ 4.0 - ʢʠʙʝʨʬʠʟʠʯʥʠ ʩʠʩʪʝʤʠ (ʂʌʉ) ʠ ʠʥʜʫʩʪʨʠʷ 5.0, ʢʦʷʪʦ ʪʨʷʙʚʘ ʜʘ 

ʧʦʩʪʠʛʥʝ ʩʠʥʝʨʛʠʷ ʤʝʞʜʫ ʯʦʚʝʰʢʠʷ ʠ ʤʘʰʠʥʥʠʷ ʠʥʪʝʣʝʢʪ. [88, 89, 90] ɺʲʚʝʞʜʘʥʝʪʦ ʥʘ 

ʇʝʪʘʪʘ ʠʥʜʫʩʪʨʠʘʣʥʘ ʨʝʚʦʣʶʮʠʷ ʝ ʫʩʢʦʨʝʥʦ ʦʪ ʠʥʦʚʘʪʠʚʥʠʪʝ ʤʫʣʪʠʤʦʜʘʣʥʠ ʚʲʟʤʦʞʥʦʩʪʠ 

ʥʘ GPT (Generative Pre-trained Transformer) ʝʟʠʢʦʚʠʪʝ ʤʦʜʝʣʠ ʥʘ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ, ʢʦʠʪʦ 

ʜʦʧʲʣʚʘʪ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʩʲʩ ʩʝʥʟʦʨʥʠ ʧʘʨʘʤʝʪʨʠ ʠ ʦʙʦʛʘʪʷʚʘʪ ʯʦʚʝʰʢʠʷ ʦʧʠʪ. 

ʋʯʝʥʠʮʠʪʝ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʛʦʪʦʚʠ ʟʘ ʩʚʦʷʪʘ ʪʝʭʥʦʣʦʛʠʯʥʘ ʨʝʘʣʥʦʩʪ ʠ ʜʘ ʫʚʝʣʠʯʘʚʘʪ 

ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʩʠ ʫʤʝʥʠʷ, ʟʘ ʜʘ ʩʪʘʥʘʪ ʥʦʚʠ ʧʨʝʜʧʨʠʝʤʘʯʠ, ʦʪʢʨʠʚʘʪʝʣʠ ʠ ʧʨ. 

ɼʥʝʩ ʜʝʮʘʪʘ ʩʝ ʟʘʧʦʟʥʘʚʘʪ ʩ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʦʱʝ ʦʪ ʜʝʪʩʢʘʪʘ ʛʨʘʜʠʥʘ ʠʣʠ 

ʥʘʯʘʣʥʦʪʦ ʫʯʠʣʠʱʝ. ʊʝ ʟʘʧʦʯʚʘʪ ʜʘ ʨʘʟʙʠʨʘʪ ʠ ʢʦʤʫʥʠʢʠʨʘʪ ʩ ʨʦʙʦʪʠ. ɺ ʛʠʤʥʘʟʠʷʪʘ ʠʣʠ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝ ʟʘʧʦʯʚʘʪ ʜʘ ʨʘʟʙʠʨʘʪ ʨʘʟʣʠʢʘʪʘ ʤʝʞʜʫ ʭʘʨʜʫʝʨ ʠ ʩʦʬʪʫʝʨ. ʉʪʫʜʝʥʪʠʪʝ ʠʤʘʪ 

ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʫʯʘʪ ʚʩʝ ʧʦʚʝʯʝ ʠ ʧʦʚʝʯʝ ʢʘʢʪʦ ʚ ʝʜʥʘʪʘ, ʪʘʢʘ ʠ ʚ ʜʨʫʛʘʪʘ ʦʙʣʘʩʪ. ʈʦʙʦʪʠʪʝ 

ʧʨʝʜʦʩʪʘʚʷʪ ʜʦʧʲʣʥʠʪʝʣʥʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʦʙʫʯʝʥʠʝ ʟʘ ʫʯʝʥʠʮʠʪʝ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʠ ʦʪ 

ʨʦʙʦʪʠʢʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʭʘʨʜʫʝʨ. XGO-mini 2 Dog  ʝ ʨʦʙʦʪ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ 

ʙʲʜʝ ʩʣʝʜʚʘʱʘʪʘ ʩʪʲʧʢʘ ʩʣʝʜ ʙʣʦʢʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʥʘ Scratch ʠʣʠ ʜʨʫʛʠ ʧʦʜʦʙʥʠ 

ʧʨʦʛʨʘʤʠ, ʢʘʪʦ ʚʠʟʫʘʣʥʘ ʨʝʘʣʥʦʩʪ: ʧʨʦʛʨʘʤʠʨʘʥʝ (ʩʦʬʪʫʝʨ) ʠʣʠ ʧʨʦʜʫʢʪ ï ʨʦʙʦʪ (ʭʘʨʜʫʝʨ). 

ʈʦʙʦʪʲʪ XGO-mini 2 Dog  ʝ ʤʥʦʛʦ ʛʲʚʢʘʚ ʠ ʠʤʘ ʢʦʨʧʫʩ ʦʪ ʘʣʫʤʠʥʠʝʚ ʩʧʣʘʚ. ʄʦʞʝ ʜʘ 

ʙʲʜʝ ʧʨʦʛʨʘʤʠʨʘʥ ʩ ʧʦʤʦʱʪʘ ʥʘ ʪʨʠ ʩʨʝʜʠ ʟʘ ʨʘʟʨʘʙʦʪʢʘ: Blockly, Python ʠ ROS. ʋʯʝʥʠʮʠʪʝ 

ʟʘʧʦʯʚʘʪ ʙʣʦʢʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝʪʦ ʚʝʯʝ ʚ ʥʘʯʘʣʥʦʪʦ ʫʯʠʣʠʱʝ (1 ï 4 ʢʣʘʩ). ʊʦʟʠ ʤʦʙʠʣʝʥ 

ʨʦʙʦʪ ʠʤ ʜʘʚʘ ʣʝʩʝʥ ʥʘʯʠʥ ʜʘ ʧʨʝʤʠʥʘʪ ʢʲʤ ʩʣʝʜʚʘʱʦʪʦ ʥʠʚʦ ʥʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʩ Python ʚ 

ʧʦ-ʚʠʩʦʢʠʪʝ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʩʪʝʧʝʥʠ (6-7 ʢʣʘʩ). XGO-mini 2 Dog  ʧʨʝʜʣʘʛʘ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ 

ʪʚʦʨʯʝʩʪʚʦ ʯʨʝʟ ʩʦʬʪʫʝʨʥʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʠ ʭʘʨʜʫʝʨʥʠ ʲʧʛʨʝʡʜʠ. ʊʫʢ ʱʝ ʧʨʝʜʣʦʞʘ 

ʥʷʢʦʠ ʫʧʨʘʞʥʝʥʠʷ ʩ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ (AI), ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʦʣʝʟʥʠ ʟʘ ʫʧʨʘʞʥʝʥʠʷ 
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ʚ ʢʣʘʩ ʠ ʥʷʢʦʣʢʦ ʢʦʜʘ. ʊʝʟʠ ʫʨʦʮʠ ʧʨʝʜʦʩʪʘʚʷʪ ʘʣʪʝʨʥʘʪʠʚʠ ʟʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ 

ʫʨʦʯʥʠ ʧʨʦʛʨʘʤʠ ʠ ʨʦʙʦʪʠ.  

Python ʝ ʣʝʩʝʥ ʟʘ ʨʘʟʙʠʨʘʥʝ ʝʟʠʢ ʚ ʧʨʦʛʨʘʤʠʨʘʥʝʪʦ. ʊʦʟʠ ʝʟʠʢ ʫʣʝʩʥʷʚʘ ʨʘʟʙʠʨʘʥʝʪʦ 

ʥʘ ʪʦʚʘ ʢʘʢʚʦ ʧʨʘʚʷʪ ʨʘʟʣʠʯʥʠʪʝ ʬʫʥʢʮʠʠ. ʊʦʡ ʚʣʝʟʝ ʦʬʠʮʠʘʣʥʦ ʚ ʫʯʝʙʥʘʪʘ ʧʨʦʛʨʘʤʘ ʧʦ 

ʀʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʢʦʤʧʶʪʲʨʥʦ ʤʦʜʝʣʠʨʘʥʝ ʦʪ 5 ʢʣʘʩ ʥʘ ʛʦʨʝ. ʊʦʚʘ ʫʣʝʩʥʷʚʘ 

ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʥʘ ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ ʥʝ ʩʘʤʦ ʟʘ ʦʥʝʟʠ, ʢʦʠʪʦ ʠʩʢʘʪ ʜʘ 

ʨʘʟʰʠʨʷʪ ʩʚʦʠʪʝ ʫʤʝʥʠʷ ʢʘʢʪʦ ʚ ʧʨʦʛʨʘʤʠʨʘʥʝʪʦ, ʪʘʢʘ ʠ ʚ ʭʘʨʜʫʝʨʥʦʪʦ ʨʘʟʚʠʪʠʝ, ʥʦ ʠ ʟʘ 

ʪʦʚʘ ʜʘ ʩʝ ʚʠʜʠ ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʢʚʦ ʩʝ ʧʦʩʪʠʛʘ ʯʨʝʟ ʧʨʦʛʨʘʤʠʨʘʥʝ(ʩʦʬʪʫʝʨ).  

ɺʘʞʥʦ ʝ ʜʘ ʧʦʟʥʘʚʘʤʝ ʭʘʨʜʫʝʨʘ ʥʘ ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ XGO-mini 2 Dog. ɺʠʜʥʦ ʦʪ ʠʤʝʪʦ 

ʩʠ ʪʦʚʘ ʝ ʨʦʙʦʪ ʢʫʯʝ. ʅʝʛʦʚʠʷʪ ʨʘʟʤʝʨ ʝ ʢʦʤʧʘʢʪʝʥ, ʢʘʪʦ ʥʘ ʤʘʣʢʦ ʢʫʯʝ. ʈʘʟʤʝʨʠʪʝ ʤʫ ʩʘ 270 

x 150 x 180 ʤʤ ʠ 270 x 145 x 170 ʤʤ ʚ ʠʟʧʨʘʚʝʥʦ ʩʲʩʪʦʷʥʠʝ. ʊʝʛʣʦʪʦ ʤʫ ʝ 915 ʛ. ʈʦʙʦʪʲʪ 

XGO-mini 2 Dog ʨʘʟʧʦʣʘʛʘ ʩ ʯʝʪʠʨʠ ʢʨʘʢʘ, ʦʙʦʨʫʜʚʘʥʠ ʩʲʩ ʩʤʘʨʪ ʩʝʨʚʦ ʤʝʭʘʥʠʟʲʤ 6V, ʢʘʢʪʦ 

ʝ ʧʦʢʘʟʘʥʦ ʥʘ ʬʠʛ. 70. ʊʦʟʠ ʚʠʜ ʨʫʣʝʚʦ ʫʧʨʘʚʣʝʥʠʝ ʠʤʘ ʛʦʣʷʤ ʚʲʨʪʷʱ ʤʦʤʝʥʪ ʠ ʤʦʞʝ ʜʘ 

ʧʦʜʜʲʨʞʘ ʩʪʘʙʠʣʥʘ ʧʦʟʠʮʠʷ ʧʨʠ ʪʝʞʢʠ ʥʘʪʦʚʘʨʚʘʥʠʷ. ʉʢʦʨʦʩʪʪʘ ʥʘ ʩʝʨʚʦ ʤʝʭʘʥʠʟʤʘ ʝ 

ʤʥʦʛʦ ʙʲʨʟ ʠ ʧʨʝʮʠʟʥʦʩʪʪʘ ʩʲʱʦ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʠʩʦʢʘ. ʊʦʚʘ ʚʠʩʦʢʦ ʧʨʝʮʠʟʥʦ ʫʧʨʘʚʣʝʥʠʝ 

ʤʦʞʝ ʜʘ ʛʘʨʘʥʪʠʨʘ, ʯʝ XGO-mini 2 Dog ʠʤʘ ʧʦ-ʩʪʘʙʠʣʥʘ ʠ ʧʨʝʮʠʟʥʘ ʩʪʦʡʢʘ ʧʦ ʚʨʝʤʝ ʥʘ 

ʜʚʠʞʝʥʠʝ. [90] 

ʄʦʙʠʣʥʠʷʪ ʨʦʙʦʪ ʨʘʟʧʦʣʘʛʘ ʩ ʦʤʥʠʜʠʨʝʢʮʠʦʥʘʣʥʦ ʜʚʠʞʝʥʠʝ(omnidirectional 

motion), h ʝʩʪ ʠʟʤʝʨʝʥ ʢʦʥʪʨʦʣ ʥʘ ʧʦʟʠʮʠʷʪʘ ʠ ʤʥʦʞʝʩʪʚʦ ʨʝʞʠʤʠ ʥʘ ʜʚʠʞʝʥʠʝ, ʢʦʠʪʦ ʤʦʛʘʪ 

ʛʲʚʢʘʚʦ ʜʘ ʨʝʘʛʠʨʘʪ ʥʘ ʨʘʟʣʠʯʥʠ ʩʮʝʥʘʨʠʠ ʠ ʟʘʜʘʯʠ. ʆʙʦʨʫʜʚʘʥ ʝ ʩ IMU (Inertial 

Measurement Uni / ʠʥʝʨʮʠʦʥʝʥ ʠʟʤʝʨʚʘʪʝʣʝʥ ʤʦʜʫʣ), ʩʝʥʟʦʨʠ ʟʘ ʧʦʣʦʞʝʥʠʝ ʥʘ ʩʪʘʚʠʪʝ ʠ 

ʩʝʥʟʦʨʠ ʟʘ ʪʦʢ, ʪʦ ʦʩʠʛʫʨʷʚʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʦʙʨʘʪʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʩʦʙʩʪʚʝʥʘʪʘ ʩʠ 

ʦʨʠʝʥʪʘʮʠʷ, ʲʛʲʣ ʥʘ ʩʪʘʚʠʪʝ ʠ ʚʲʨʪʷʱ ʤʦʤʝʥʪ, ʧʦʜʢʨʝʧʷʡʢʠ ʚʲʪʨʝʰʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʠ 

ʧʦʟʚʦʣʷʚʘʡʢʠ ʜʦʧʲʣʥʠʪʝʣʥʦ ʨʘʟʚʠʪʠʝ. [90]   

ɹʘʪʝʨʠʷʪʘ ʝ ʩʪʘʥʜʘʨʪʥʘ 18650 ʩ ʢʘʧʘʮʠʪʝʪ 3500mAh ʠ ʪʦʢ 3C. ʇʨʦʜʫʢʪʦʚʘʪʘ ʣʠʥʠʷ 

POWERPAQ ʝ ʙʘʟʠʨʘʥʘ ʥʘ ʮʠʣʠʥʜʨʠʯʥʠ ʢʣʝʪʢʠ ʚʲʚ ʬʦʨʤʘʪ 18650 ʠʣʠ 21700. ʊʷ ʝ 

ʧʨʦʝʢʪʠʨʘʥʘ ʜʘ ʦʪʛʦʚʘʨʷ ʥʘ ʥʘʡ-ʚʠʩʦʢʠʪʝ ʠʟʠʩʢʚʘʥʠʷ ʟʘ ʢʘʧʘʮʠʪʝʪ ʠ ʜʦʩʪʘʚʢʘ ʥʘ ʪʦʢ. 

ʃʠʥʠʷʪʘ POWERPAQ ʝ ʦʙʦʨʫʜʚʘʥʘ ʩ ʨʘʟʰʠʨʝʥʘ ʩʠʩʪʝʤʘ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪ ʠ ʠʥʪʝʣʠʛʝʥʪʥʘ 
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ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʙʘʪʝʨʠʷʪʘ (BMS - Battery Management System). ʈʦʙʦʪʲʪ ʨʘʟʧʦʣʘʛʘ 

ʩ ʣʠʪʠʝʚʦ-ʡʦʥʥʘ ʙʘʪʝʨʠ ̫ ʦʪ ʝʜʠʥʠʯʥʠ ʢʣʝʪʢʠ ʜʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʜʚʘʥʘʡʩʝʪ ʢʣʝʪʢʠ. 

ɿʘʨʷʜʥʦʪʦ ʫʩʪʨʦʡʩʪʚʦ ʨʘʟʧʦʣʘʛʘ ʩ ʬʫʥʢʮʠʷ ʟʘ ʟʘʱʠʪʘ ʩʨʝʱʫ ʧʨʝʟʘʨʝʞʜʘʥʝ, ʢʦʷʪʦ 

ʧʨʝʜʦʪʚʨʘʪʷʚʘ ʝʢʩʧʣʦʟʠʠ, ʧʨʠʯʠʥʝʥʠ ʦʪ ʧʨʝʟʘʨʝʞʜʘʥʝ. [90] ɽʥʝʨʛʠʡʥʘʪʘ ʩʠʩʪʝʤ ʥʘ XGO-

mini 2 Dog ʩʲʱʦ ʝ ʤʥʦʛʦ ʥʘʜʝʞʜʥʘ ʠ ʙʝʟʦʧʘʩʥʘ. 

ʂʫʯʝʪʦ XGO-mini 2 Dog ʝ ʦʙʦʨʫʜʚʘʥʦ ʩ ʨʦʙʦʪʩʢʘ ʨʲʢʘ ʠ ʛʨʠʧʝʨ, ʟʘʭʚʘʱʘʱʘ 

ʯʘʩʪ(ʱʠʧʢʘ), ʢʘʢʪʦ ʠ ʩ ʚʛʨʘʜʝʥ ʤʦʜʫʣ Raspberry Pi CM4 ʟʘ ʧʨʠʣʦʞʝʥʠʷ ʟʘ ʠʟʢʫʩʪʚʝʥ 

ʠʥʪʝʣʝʢʪ (ʌʠʛ.72). 

 

ʌʠʛ.72: XGO-mini 2 Dog 

ʂʘʧʘʮʠʪʝʪʲʪ ʥʘ ʧʘʤʝʪʪʘ ʥʘ ĂXGO-mini 2 Dogñ ʝ 4 GB, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʦʙʨʘʙʦʪʢʘ ʠ 

ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʛʦʣʝʤʠ ʦʙʝʤʠ ʜʘʥʥʠ. ʊʦʡ ʨʘʟʧʦʣʘʛʘ ʩʲʱʦ ʩ 4 ʧʨʦʛʨʘʤʠʨʫʝʤʠ ʙʫʪʦʥʘ ʟʘ 

ʧʦʚʝʯʝ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʢʦʥʪʨʦʣ. ɺʠʜʝʦʚʭʦʜʥʠʷʪ ʠʥʪʝʨʬʝʡʩ Micro HDMI 

ʠ USB ʧʦʨʪ ʪʠʧ C ʧʦʟʚʦʣʷʚʘʪ ʥʘ ĂXGO-mini 2 Dog ñʜʘ ʩʝ ʩʚʲʨʟʚʘ ʩ ʚʲʥʰʥʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʜʘ 

ʧʨʝʥʘʩʷ ʜʘʥʥʠ. [92] (ʌʠʛ.73) 

 

ʌʠʛ.73: XGO-mini 2 Dog ï ʛʣʘʚʘ ʥʘ ʨʦʙʦʪʘ 
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ɻʣʘʚʘʪʘ ʥʘ ʨʦʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʤʦʥʠʪʦʨ (ʌʠʛ.71), ʢʦʠʪʦ ʩʲʜʲʨʞʘ ʤʦʜʫʣ XGO-CM4, 

ʩʲʜʲʨʞʘ Raspberry Pi CM4 ʩ 2 GB RAM ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨ ESP32, ʢʦʷʪʦ ʦʩʠʛʫʨʷʚʘ ʩʝʨʚʦ 

ʫʧʨʘʚʣʝʥʠʝ ʟʘ ʪʷʣʦʪʦ, ʘʫʜʠʦ DAC (Digital-to-Analog Converter) ʠ ʛʦʚʦʨʠʪʝʣ, ʩʣʦʪ ʟʘ SD 

(Secure Digital) ʢʘʨʪʘ, ʯʝʪʠʨʠ ʙʫʪʦʥʘ ʠ ʢʘʤʝʨʘ. [91] ʄʠʢʨʦʢʦʥʪʨʦʣʝʨʘ ESP32 ʝ ʜʚʫʷʜʨʝʥ 

ʩʠʩʪʝʤ ʩ ʜʚʘ ʧʨʦʮʝʩʦʨʘ Harvard Architecture Xtensa LX6 [92]. ɺʩʷʢʘ ʚʛʨʘʜʝʥʘ ʧʘʤʝʪ, ʚʲʥʰʥʘ 

ʧʘʤʝʪ ʠ ʧʝʨʠʬʝʨʥʠ ʫʩʪʨʦʡʩʪʚʘ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʚʲʨʭʫ ʰʠʥʘʪʘ ʟʘ ʜʘʥʥʠ ʠ/ʠʣʠ ʰʠʥʘʪʘ ʟʘ 

ʠʥʩʪʨʫʢʮʠʠ ʥʘ ʪʝʟʠ ʧʨʦʮʝʩʦʨʠ.  

ʉ ʥʷʢʦʠ ʜʨʝʙʥʠ ʠʟʢʣʶʯʝʥʠʷ, ʩʲʦʪʚʝʪʩʪʚʠʝʪʦ ʥʘ ʘʜʨʝʩʠʪʝ ʥʘ ʜʚʘʪʘ ʧʨʦʮʝʩʦʨʘ ʝ 

ʩʠʤʝʪʨʠʯʥʦ, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ, ʯʝ ʪʝ ʠʟʧʦʣʟʚʘʪ ʝʜʥʠ ʠ ʩʲʱʠ ʘʜʨʝʩʠ ʟʘ ʜʦʩʪʲʧ ʜʦ ʩʲʱʘʪʘ ʧʘʤʝʪ. 

ɺ ʩʠʩʪʝʤʘʪʘ ʤʦʛʘʪ ʜʘ ʠʤʘʪ ʜʦʩʪʲʧ ʜʦ ʚʛʨʘʜʝʥʘ ʧʘʤʝʪ ʤʥʦʞʝʩʪʚʦ ʧʝʨʠʬʝʨʥʠ ʫʩʪʨʦʡʩʪʚʘ ʯʨʝʟ 

DMA. 

ɼʚʘʪʘ ʧʨʦʮʝʩʦʨʘ ʩʝ ʥʘʨʠʯʘʪ ĂPRO_CPUñ ʠ ĂAPP_CPUñ (ʟʘ Ăʧʨʦʪʦʢʦʣñ ʠ 

Ăʧʨʠʣʦʞʝʥʠʝñ), ʥʦ ʟʘ ʧʦʚʝʯʝʪʦ ʮʝʣʠ ʜʚʘʪʘ ʧʨʦʮʝʩʦʨʘ ʩʘ ʚʟʘʠʤʥʦʟʘʤʝʥʷʝʤʠ. [65] 

ɼʦ ʪʫʢ ʙʝ ʧʨʝʜʩʪʘʚʝʥ ʭʘʨʜʫʝʨʘ ʥʘ ʢʫʯʝʪʦ ʨʦʙʦʪ. ʉʝʛʘ ʜʘ ʩʝ ʟʘʧʦʟʥʘʝʤ ʩʲʩ 

ʩʦʬʪʫʝʨʥʠʪʝ ʤʫ ʚʲʟʤʦʞʥʦʩʪʠ.  

ʂʦʛʘʪʦ ʩʝ ʚʢʣʶʯʠ XGO, ʥʝʛʦʚʠʷʪ ʝʢʨʘʥ ʧʦʢʘʟʚʘ ʣʦʛʦʪʦ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʟʘʝʜʥʦ ʩ 

ʪʨʠ ʦʧʮʠʠ: ʇʨʦʛʨʘʤʠ, RC (remote control) ʠ ʦʧʠʪʘʡ ʜʝʤʦʥʩʪʨʘʮʠʷ. ɿʘ ʜʘ ʩʝ ʠʟʙʝʨʝ ʦʧʮʠʷ ʩʝ 

ʧʨʝʤʠʥʘʚʘʪʝ ʯʨʝʟ ʙʫʪʦʥʠʪʝ, ʨʘʟʧʦʣʦʞʝʥʠ ʦʪ ʩʪʨʘʥʠ ʥʘ ʢʦʨʧʫʩʘ ʥʘ ʝʢʨʘʥʘ.  ɼʚʝ ʦʪ ʦʧʮʠʠʪʝ 

ʚʘʨʠʨʘʪ ʦʪ ʦʩʥʦʚʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ ʥʘ ʨʝʯ ʠ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʢʣʶʯʦʚʠ ʜʫʤʠ ʟʘ ʢʦʤʘʥʜʠ ʚ 

ʨʘʟʜʝʣ Ăʈʝʯñ, ʜʦ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʬʦʨʤʠ ʠ ʮʚʝʪʦʚʝ, ʢʘʢʪʦ ʠ ʜʝʤʦʥʩʪʨʘʮʠʠ ʥʘ ʤʘʰʠʥʥʦ 

ʚʠʞʜʘʥʝ, ʚʢʣʶʯʚʘʱʠ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʣʠʮʘ ʠ ʞʝʩʪʦʚʝ. ʇʨʦʛʨʘʤʠʪʝ ʩʣʫʞʘʪ ʧʦʚʝʯʝ ʢʘʪʦ 

ʰʘʙʣʦʥʝʥ ʢʦʜ ʟʘ ʨʘʟʨʘʙʦʪʯʠʮʠʪʝ, ʨʘʙʦʪʝʱʠ ʩʲʩ ʩʠʩʪʝʤʘʪʘ. [92] 

ĂAgeSexñ ʝ ʦʱʝ ʝʜʥʘ ʜʝʤʦʥʩʪʨʘʮʠʷ ʟʘ ʤʘʰʠʥʥʦ ʟʨʝʥʠʝ. ʊʷ ʠʟʧʦʣʟʚʘ Open CV ʟʘ 

ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʧʦʣʘ ʠ ʚʲʟʨʘʩʪʪʘ ʩ ʤʦʜʝʣʠ ʟʘ ʧʦʣ ʦʪ ʧʣʘʪʬʦʨʤʘʪʘ Caffe, ʢʘʪʦ ʢʨʘʡʥʠʷʪ 

ʨʝʟʫʣʪʘʪ ʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʟʘ ʧʦʣʘ, ʢʦʝʪʦ ʚ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʟʘʚʠʩʠ ʦʪ ʪʦʚʘ ʢʘʢ ʩʪʝ ʩʪʠʣʠʟʠʨʘʣʠ 

ʢʦʩʘʪʘ ʩʠ. [92] 
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ʈʝʞʠʤ ĂEmotionñ (ɽʤʦʮʠʷ) ʩʝ ʦʧʠʪʚʘ ʜʘ ʨʝʘʛʠʨʘ ʥʘ ʣʠʮʝʚʠ ʠʟʨʘʞʝʥʠʷ, ʠʟʧʦʣʟʚʘʡʢʠ 

ʤʦʜʝʣʘ ʟʘ ʝʤʦʮʠʦʥʘʣʥʦ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ Keras. ʊʦʡ ʝ ʤʘʣʢʦ ʟʘʙʘʚʝʥ ʠ ʝ ʦʛʨʘʥʠʯʝʥ ʦʪ 

ʥʠʩʢʦʪʦ ʢʘʯʝʩʪʚʦ ʥʘ ʢʘʤʝʨʘʪʘ. 

ʈʝʞʠʤ ĂRecogñ ("recognition" - ʨʘʟʧʦʟʥʘʚʘʥʝ) ʚʠ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʲʭʨʘʥʷʚʘʪʝ ʠ 

ʧʨʦʚʝʨʷʚʘʪʝ ʧʦʟʥʘʪʠ ʣʠʮʘ, ʢʦʝʪʦ ʠʤʘ ʚʧʝʯʘʪʣʷʚʘʱ ʧʦʪʝʥʮʠʘʣ ʧʨʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʩʦʙʩʪʚʝʥʠ 

ʧʨʠʣʦʞʝʥʠʷ ʩ ʪʝʤʘ ʨʦʙʦʪ-ʧʦʜʨʘʞʘʪʝʣ.  

ʈʝʞʠʤ ĂPoseñ (ʧʦʟʘ) ʝ ʪʨʘʢʝʨ ʟʘ ʞʝʩʪʦʚʝ ʥʘ ʨʲʮʝ ʠ ʪʷʣʦ ð ʚʩʲʱʥʦʩʪ ʪʦʚʘ ʝ ʦʩʪʘʨʷʣʘ 

ʯʘʩʪ ʦʪ ʤʘʰʠʥʥʦ ʦʙʫʯʠʪʝʣʥʘʪʘ ʙʠʙʣʠʦʪʝʢʘ MediaPipe ʥʘ Google. ɺ ʢʦʥʪʝʢʩʪʘ ʥʘ 

ʢʦʤʧʶʪʲʨʥʦʪʦ ʟʨʝʥʠʝ ʠ ʨʘʟʧʦʟʥʘʚʘʥʝʪʦ ʥʘ ʣʠʮʘ ʦʟʥʘʯʘʚʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʧʦʣʦʞʝʥʠʝʪʦ ʠʣʠ 

ʧʦʟʠʮʠʷʪʘ ʥʘ ʣʠʮʝ ʠʣʠ ʪʷʣʦ ʚ ʠʟʦʙʨʘʞʝʥʠʝ ʠʣʠ ʚʠʜʝʦ. ʆʪʥʦʚʦ, ʪʦʡ ʝ ʤʘʣʢʦ ʟʘʙʘʚʝʥ ʥʘ CM4, 

ʥʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʣʝʟʝʥ, ʘʢʦ ʠʩʢʘʪʝ ʜʘ ʧʨʦʛʨʘʤʠʨʘʪʝ ʧʨʦʩʪʘ ʧʦʜʜʨʲʞʢʘ ʟʘ ʞʝʩʪʦʚ ʝʟʠʢ ʚʲʚ 

ʚʘʰ ʧʨʦʝʢʪ ʩ XGO. 

ʈʝʞʠʤ Ăʆʙʫʯʝʥʠʝñ ʚʠ ʧʦʟʚʦʣʷʚʘ ʜʘ ʧʦʟʠʮʠʦʥʠʨʘʪʝ ʢʨʘʡʥʠʮʠʪʝ ʥʘ ʨʦʙʦʪʘ ʨʲʯʥʦ ʠ ʜʘ 

ʟʘʧʠʰʝʪʝ ʚʩʷʢʦ ʜʚʠʞʝʥʠʝ ʟʘ ʧʦ-ʢʲʩʥʦ ʚʲʟʧʨʦʠʟʚʝʞʜʘʥʝ. Ăʍʚʘʱʘʥʝñ ʠ Ăʊʦʧʢʘñ ʠʟʧʦʣʟʚʘʪ 

ʢʦʤʧʶʪʲʨʥʦ ʟʨʝʥʠʝ, ʟʘ ʜʘ ʥʘʢʘʨʘʪ XGO-mini 2 Dog ʜʘ ʠʟʧʦʣʟʚʘ ʩʚʦʷʪʘ ʨʲʢʘ, ʟʘ ʜʘ ʚʟʝʤʝ 

ʧʨʝʜʤʝʪʠ, ʢʦʠʪʦ ʤʫ ʩʝ ʧʦʢʘʟʚʘʪ. ʊʦʚʘ ʝ ʤʥʦʛʦ ʜʦʙʨʘ ʪʝʭʥʠʢʘ ʟʘ ʦʙʫʯʝʥʠʝ ʥʘ ʫʯʝʥʠʮʠ.  

ʈʝʞʠʤ ĂQR codeñ ʝ ʠʥʪʝʨʝʩʥʘ. ʊʦʡ ʱʝ ʩʝ ʦʧʠʪʘ ʜʘ ʟʘʨʝʜʠ ʠʣʠ ʧʦʢʘʞʝ ʩʲʜʲʨʞʘʥʠʝ 

ʚʲʟ ʦʩʥʦʚʘ ʥʘ QR ʢʦʜ, ʢʦʡʪʦ ʩʝ ʧʦʢʘʞʝʪʝ ʥʘ ʨʦʙʦʪʘ, ʢʦʝʪʦ ʛʦ ʧʨʘʚʠ ʟʘʙʘʚʥʦ ʩʲʯʝʪʘʥʠʝ ʩ 

ʛʝʥʝʨʘʪʦʨ ʥʘ QR ʢʦʜʦʚʝ.  

ʄʦʙʠʣʥʠʷ ʫʯʝʙʝʥ ʢʫʯʝ ʨʘʟʧʦʟʥʘʚʘ ʦʙʝʢʪʠ, ʙʘʟʠʨʘʥʦ ʥʘ Yolo (You Only Look Once). 

ʊʦʚʘ ʝ ʘʣʛʦʨʠʪʤʠ ʟʘ ʨʝʘʣʥʦ ʚʨʝʤʝ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʦʙʝʢʪʠ. YOLO ʠʟʧʦʣʟʚʘ ʝʜʥʘ ʥʝʚʨʦʥʥʘ 

ʤʨʝʞʘ, ʟʘ ʜʘ ʧʨʝʜʩʢʘʞʝ ʨʘʤʢʠ ʥʘ ʦʙʝʢʪʠ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʟʘ ʢʣʘʩʦʚʝ ʟʘ ʦʙʝʢʪʠ ʚ 

ʠʟʦʙʨʘʞʝʥʠʝʪʦ. ʊʦʚʘ ʝ ʢʣʶʯʦʚʘ ʨʘʟʣʠʢʘ ʦʪ ʜʨʫʛʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʦʙʝʢʪʠ. ʅʦ ʚ 

ʩʣʫʯʘʷ ʥʘ ʨʦʙʦʪʘ ʢʫʯʝ ʥʝ ʝ ʤʥʦʛʦ ʧʦʣʝʟʥʦ, ʪʲʡ ʢʘʪʦ ʩʝ ʨʘʟʩʝʡʚʘ ʦʪ ʚʩʝʢʠ ʯʦʚʝʢ, ʢʦʡʪʦ ʜʲʨʞʠ 

ʧʨʝʜʤʝʪ, ʜʘʚʘ ʦʪʢʣʦʥʝʥʠʷ ʧʨʠ ʩʮʝʥʠ ʩ ʤʥʦʞʝʩʪʚʦ ʦʙʝʢʪʠ. 
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ʌʠʛ.74: XGO ɼʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʟ ʪʝʣʝʬʦʥ 

XGO-mini 2 Dog ʝ ʤʦʞʝ ʜʘ ʩʝ ʫʧʨʘʚʣʷʚʘ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʩ ʧʨʠʣʦʞʝʥʠʝʪʦ ĂXGOBOTñ. 

ɼʦʢʘʪʦ ʩʝ ʫʧʨʘʚʣʷʚʘ ʜʠʩʪʘʥʮʠʦʥʥʦ ʨʦʙʦʪʘ, ʩʲʱʝʚʨʝʤʝʥʥʦ ʩʝ ʧʦʣʫʯʘʚʘ ʠ ʠʟʛʣʝʜ ʦʪ ʛʣʝʜʥʘʪʘ 

ʪʦʯʢʘ ʥʘ ʨʦʙʦʪʘ ʯʨʝʟ ʢʘʤʝʨʘʪʘ (ʬʠʛ.74), ʢʘʢʪʦ ʠ ʧʲʣʝʥ ʢʦʥʪʨʦʣ ʚʲʨʭʫ ʜʚʠʞʝʥʠʝʪʦ, ʧʦʩʦʢʘʪʘ 

ʠ ʧʦʟʠʮʠʷʪʘ ʥʘ ʪʷʣʦʪʦ ʠ ʨʘʙʘʪʩʢʘʪʘ ʨʲʢʘ (ʛʨʠʧʝʨ). 

ɿʘ ʦʩʥʦʚʥʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʠʤʘ ʠʥʪʝʛʨʠʨʘʥʘ ʩʨʝʜʘ ʟʘ ʨʘʟʨʘʙʦʪʢʘ, ʢʦʛʘʪʦ ʩʝ ʦʪʚʦʨʠ 

ʠʥʪʝʨʬʝʡʩʘ ʚ ʙʨʘʫʟʲʨʘ ʪʦʡ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʩʲʟʜʘʚʘʪ ʠ ʠʟʧʨʘʱʘʪ ʢʦʜʦʚʝ ʜʠʨʝʢʪʥʦ ʢʲʤ ʨʦʙʦʪʘ 

ʠ ʜʘ ʩʪʘʨʪʠʨʘ ʚʝʜʥʘʛʘ. ʉʨʝʜʘʪʘ ʩʝ ʟʘʨʝʞʜʘ ʯʨʝʟ ʣʠʥʢʘ ĂXGO-Blocklyñ ʦʪ ʩʘʡʪʘ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠʪʝ. (ʌʠʛ.75) ʂʦʛʘʪʦ IDE (Integrated Development Environment) ʩʨʝʜʘʪʘ ʩʝ 

ʟʘʨʝʜʠ, ʤʦʞʝʪʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʜʠʨʝʢʪʥʦ ʦʪ ʫʝʙ ʙʨʘʫʟʲʨʘ. 

 

ʌʠʛ.75: XGO ɹʣʦʢʦʚ ʢʦʜ ʚ ʠʥʪʝʛʨʠʨʘʥʘʪʘ ʩʨʝʜʘ ʟʘ ʨʘʟʨʘʙʦʪʢʘ 

ĂXGO-Blocklyñ ʝ ʨʝʘʣʠʟʘʮʠʷ ʥʘ Edublocks-ʢʘʩʪʲʤ ʚʝʨʩʠʷ ʥʘ Blockly ʥʘ Google, ʢʦʷʪʦ 

ʝ ʩʨʝʜʘ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ, ʧʦʜʭʦʜʷʱʘ ʟʘ ʥʘʯʠʥʘʝʱʠ, ʩ ʛʨʘʬʠʯʝʥ ʠʥʪʝʨʬʝʡʩ, ʢʦʡʪʦ ʧʦʟʚʦʣʷʚʘ 
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ʚʣʘʯʝʥʝ ʠ ʧʫʩʢʘʥʝ ʥʘ ʧʨʦʛʨʘʤʥʠ ʬʫʥʢʮʠʠ(ʙʣʦʢʦʚʝ) ʦʪ ʤʝʥʶ ʚ ʩʚʲʨʟʘʥʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ 

ʙʣʦʢʦʚʝ. ɺʩʲʱʥʦʩʪ ʪʦʚʘ ʝ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʤʘʣʲʢ Python ʢʦʜ, ʢʦʡʪʦ ʤʦʞʝʪʝ ʜʘ ʩʝ ʚʠʜʠ ʠ 

ʨʝʜʘʢʪʠʨʘ ʨʲʯʥʦ ʧʦ ʚʩʷʢʦ ʚʨʝʤʝ. ʊʦʚʘ ʝ ʣʝʩʝʥ ʥʘʯʠʥ ʟʘ ʦʙʫʯʝʥʠʝ ʥʘ ʫʯʝʥʠʮʠ ʠ ʩʲʟʜʘʚʘʥʝ ʥʘ 

ʧʦʚʝʯʝ ʧʨʠʤʝʨʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ. 

ʇʨʦʚʝʜʝʥʠ ʪʝʩʪʦʚʝ ʩ ʈʦʙʦʪʲʪ XGO-Mini 2 

ʈʦʙʦʪʲʪ XGO-Mini 2, ʢʦʡʪʦ ʝ ʢʫʯʝ-ʨʦʙʦʪ ʝ ʩ ʚʛʨʘʜʝʥ AI/ʀʀ ʤʦʜʫʣ. ʅʷʢʦʠ ʦʪ 

ʬʫʥʢʮʠʠʪʝ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ, ʛʦʪʦʚʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʜʠʨʝʢʪʥʦ, ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛʫʨʘ 

76. 

 

ʌʠʛ.76: AI ʧʨʠʤʝʨʠ 

ʇʨʝʜʠ ʜʘ ʩʝ ʧʨʦʜʲʣʞʠ ʩ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʦʜʫʣʘ ʟʘ ʠʟʢʫʩʪʚʝʥʦ ʟʨʝʥʠʝ (AI Vision) ʥʘ 

ELECFREAKS [95], ʨʦʙʦʪʲʪ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʠʥʠʮʠʘʣʠʟʠʨʘʥ. ʊʦʚʘ ʩʝ ʠʟʚʲʨʰʚʘ ʚ ʫʝʙ ʩʨʝʜʘʪʘ 

xgorobot /working/ [96]. ɹʣʦʢʲʪ ʟʘ ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʥʘ ʨʦʙʦʪʘ ʝ ʧʦʢʘʟʘʥ ʥʘ ʌʠʛʫʨʘ 77: 

 

 

 

ʌʠʛ.77: ɹʣʦʢ ʟʘ ʠʥʠʮʠʘʣʠʟʘʮʠʷ  

 ʊʦʟʠ ʙʣʦʢ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʩʣʝʜʥʠʷ Python ʢʦʜ: 

  from xgolib import XGO 

  from xgoedu import XGOEDU 

  XGO_mini = XGO("xgomini") 

  XGO_edu = XGOEDU() 

 

ʈʦʙʦʪʲʪ XGO-Mini 2 ʨʘʟʧʦʣʘʛʘ ʩ ʨʝʜʠʮʘ ʚʲʟʤʦʞʥʦʩʪʠ, ʩʚʲʨʟʘʥʠ ʩ ʨʘʟʧʦʟʥʘʚʘʥʝ ʯʨʝʟ 

ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ, ʢʦʠʪʦ ʩʘ ʜʦʩʪʲʧʥʠ ʯʨʝʟ ʤʦʜʫʣʘ AI ʟʨʝʥʠʝ: ʞʝʩʪʦʚʝ, YOLO, QR ʢʦʜ, 

ʣʠʮʝ, ʝʤʦʮʠʠ ʠ ʜʨ. (ʌʠʛ.78). 
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ʌʠʛ.78: ʄʦʜʫʣ ʟʘ ʚʠʟʫʘʣʥʦ ʨʘʟʧʦʟʥʘʚʘʥʝ ʯʨʝʟ ʀʀ 

ʂʨʘʪʢʠʪʝ ʧʨʦʛʨʘʤʠ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʩ YOLO, ʞʝʩʪʦʚʝ ʠ QR ʢʦʜʦʚʝ ʱʝ ʙʲʜʘʪ 

ʨʘʟʛʣʝʜʘʥʠ ʧʦ-ʜʦʣʫ ʩ ʢʦʥʢʨʝʪʥʠʪʝ ʬʫʥʢʮʠʠ ʟʘ ʨʦʙʦʪʘ ʢʫʯʝ XGO-mini 2 [97]. 

YOLO ʝ ʘʣʛʦʨʠʪʲʤ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʦʙʝʢʪʠ ʚ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʚʠʜʝʘ. ɸʣʛʦʨʠʪʲʤʲʪ 

ʦʪʢʨʠʚʘ (ʧʨʝʜʩʢʘʟʚʘ) ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʢʣʘʩʘ ʥʘ ʦʙʝʢʪʠʪʝ ʠ ʛʨʘʥʠʮʠʪʝ ʥʘ ʪʝʟʠ ʦʙʝʢʪʠ ʚ 

ʠʟʦʙʨʘʞʝʥʠʝʪʦ. ʊʨʘʜʠʮʠʦʥʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʦʙʝʢʪʠ ʠʟʧʦʣʟʚʘʪ ʜʚʫʩʪʲʧʢʦʚ 

ʧʦʜʭʦʜ: ʧʲʨʚʦ ʠʟʧʦʣʟʚʘʪ ʘʣʛʦʨʠʪʤʠ ʟʘ ʥʘʤʠʨʘʥʝ ʥʘ ʦʙʣʘʩʪʠ (ʧʨʝʜʣʦʞʝʥʠʷ ʟʘ ʦʙʝʢʪʠ), ʢʦʠʪʦ 

ʤʦʞʝ ʜʘ ʩʘ ʧʦʪʝʥʮʠʘʣʥʠ ʦʙʝʢʪʠ ʚ ʠʟʦʙʨʘʞʝʥʠʝʪʦ, ʩʣʝʜ ʢʦʝʪʦ ʠʟʧʦʣʟʚʘʪ ʩʣʦʞʥʠ ʘʣʛʦʨʠʪʤʠ 

ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʷ ʠʣʠ ʜʝʪʝʢʮʠʷ (ʤʦʜʝʣʠ), ʢʦʠʪʦ ʦʧʨʝʜʝʣʷʪ ʢʘʢʲʚ ʚʠʜ ʦʙʝʢʪ ʝ ʚʩʷʢʘ ʦʙʣʘʩʪ ʠ 

ʢʲʜʝ ʩʝ ʥʘʤʠʨʘ ʪʦʟʠ ʦʙʝʢʪ. ʊʦʟʠ ʧʦʜʭʦʜ ʝ ʙʘʚʝʥ ʠ ʥʝʝʬʝʢʪʠʚʝʥ, ʦʩʦʙʝʥʦ ʧʨʠ ʦʙʨʘʙʦʪʢʘ ʥʘ 

ʚʠʜʝʦʩʲʜʲʨʞʘʥʠʝ. 

YOLO ʧʨʝʦʜʦʣʷʚʘ ʪʝʟʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʘʪʦ ʠʟʧʦʣʟʚʘ ʝʜʥʘ ʢʦʥʚʦʣʶʮʠʦʥʥʘ ʥʝʚʨʦʥʥʘ 

ʤʨʝʞʘ, ʢʦʷʪʦ ʝʜʥʦʚʨʝʤʝʥʥʦ ʧʨʝʜʩʢʘʟʚʘ ʢʣʘʩʦʚʝʪʝ ʥʘ ʦʙʝʢʪʠʪʝ ʠ ʪʝʭʥʠʪʝ ʛʨʘʥʠʮʠ. ʊʦʟʠ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʚʘ ʥʘ YOLO ʜʘ ʙʲʜʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʙʲʨʟ, ʦʩʠʛʫʨʷʚʘʡʢʠ ʨʝʘʣʥʦ ʚʨʝʤʝ ʟʘ 

ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʦʙʝʢʪʠ ʜʦʨʠ ʚ ʚʠʜʝʦ. ʊʝʩʪʲʪ 1 (ʬʠʛ. 79) ʧʦʢʘʟʚʘ ʙʲʨʟ ʢʦʜ, ʠʟʧʦʣʟʚʘʱ YOLO. 
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ʌʠʛ.79: ʨʘʟʧʦʟʥʘʚʘʥʝ ʩ YOLO ʤʦʜʫʣ 

ʈʦʙʦʪʲʪ XGO-mini 2 dog ʤʦʞʝ ʜʘ ʨʘʟʧʦʟʥʘʝ ʩʣʝʜʥʠʪʝ ʦʙʝʢʪʠ (ʩʧʦʨʝʜ 

ʩʧʝʮʠʬʠʢʘʮʠʷʪʘ ʩʠ): 

 [ʯʦʚʝʢ, ʚʝʣʦʩʠʧʝʜ, ʢʦʣʘ, ʤʦʪʦʮʠʢʣʝʪ, ʩʘʤʦʣʝʪ, ʘʚʪʦʙʫʩ, ʚʣʘʢ, ʢʘʤʠʦʥ, ʣʦʜʢʘ, 

ʩʚʝʪʦʬʘʨ, ʧʨʦʪʠʚʦʧʦʞʘʨʥʘ ʭʠʜʨʘʥʪʘ, ʟʥʘʢ ʟʘ ʩʧʠʨʘʥʝ, ʧʘʨʢʦʤʘʪ, ʧʝʡʢʘ, ʧʪʠʯʢʘ, ʢʦʪʢʘ, ʢʫʯʝ, 

ʢʦʥ, ʦʚʮʘ, ʢʨʘʚʘ, ʩʣʦʥ, ʤʝʯʢʘ, ʟʝʙʨʘ, ʞʠʨʘʬ, ʨʘʥʠʮʘ, ʯʘʜʲʨ, ʯʘʥʪʘ, ʚʨʘʪʦʚʨʲʟʢʘ, ʢʫʬʘʨ, 

ʬʨʠʟʙʠ, ʩʢʠ, ʩʥʦʫʙʦʨʜ, ʩʧʦʨʪʥʘ ʪʦʧʢʘ, ʭʚʲʨʯʠʣʦ, ʙʝʡʟʙʦʣʥʘ ʙʫʭʘʣʢʘ, ʙʝʡʟʙʦʣʥʘ ʨʲʢʘʚʠʮʘ, 

ʩʢʝʡʪʙʦʨʜ, ʩʲʨʬʠʩʪ, ʪʝʥʠʩ ʨʘʢʝʪʘ, ʙʫʪʠʣʢʘ, ʚʠʥʝʥʘ ʯʘʰʘ, ʯʘʰʘ, ʚʠʣʠʮʘ, ʥʦʞ, ʣʲʞʠʮʘ, ʢʫʧʘ, 

ʙʘʥʘʥ, ʷʙʲʣʢʘ, ʩʘʥʜʚʠʯ, ʧʦʨʪʦʢʘʣ, ʙʨʦʢʦʣʠ, ʤʦʨʢʦʚ, ʭʦʪʜʦʛ, ʧʠʮʘ, ʜʦʥʲʪ, ʪʦʨʪʘ, ʩʪʦʣ, ʜʠʚʘʥ, 

ʩʘʢʩʠʷ ʩ ʨʘʩʪʝʥʠʝ, ʣʝʛʣʦ, ʤʘʩʘ ʟʘ ʭʨʘʥʝʥʝ, ʪʦʘʣʝʪʥʘ, ʪʝʣʝʚʠʟʦʨ, ʣʘʧʪʦʧ, ʤʠʰʢʘ, 

ʜʠʩʪʘʥʮʠʦʥʥʦ, ʢʣʘʚʠʘʪʫʨʘ, ʤʦʙʠʣʝʥ ʪʝʣʝʬʦʥ, ʤʠʢʨʦʚʲʣʥʦʚʘ ʧʝʯʢʘ, ʬʫʨʥʘ, ʪʦʩʪʝʨ, ʤʠʚʢʘ, 

ʭʣʘʜʠʣʥʠʢ, ʢʥʠʛʘ, ʯʘʩʦʚʥʠʢ, ʚʘʟʘ, ʥʦʞʠʮʠ, ʧʣʶʰʝʥʦ ʤʝʯʝ, ʩʝʰʦʘʨ, ʯʝʪʢʘ ʟʘ ʟʲʙʠ.] 

ʈʘʟʧʦʟʥʘʚʘʥʝʪʦ ʥʘ ʞʝʩʪʦʚʝ ʝ ʪʝʭʥʠʢʘ ʟʘ ʪʲʣʢʫʚʘʥʝ ʥʘ ʞʝʩʪʦʚʝ, ʢʦʠʪʦ ʩʝ ʧʨʘʚʷʪ ʩ ʨʲʮʝ 

ʠʣʠ ʜʨʫʛʠ ʯʘʩʪʠ ʥʘ ʪʷʣʦʪʦ, ʩ ʮʝʣ ʢʦʤʫʥʠʢʘʮʠʷ ʩ ʢʦʤʧʶʪʲʨʥʘ ʩʠʩʪʝʤʘ. ʊʘʟʠ ʪʝʭʥʦʣʦʛʠʷ ʩʝ 

ʠʟʧʦʣʟʚʘ ʚ ʨʘʟʣʠʯʥʠ ʦʙʣʘʩʪʠ ʢʘʪʦ ʢʦʤʧʶʪʲʨʥʦ ʟʨʝʥʠʝ, ʠʥʪʝʨʘʢʪʠʚʥʠ ʩʠʩʪʝʤʠ, ʚʠʨʪʫʘʣʥʘ 

ʨʝʘʣʥʦʩʪ, ʠʛʨʠ ʠ ʜʨʫʛʠ. ɽʜʥʦ ʦʪ ʦʩʥʦʚʥʠʪʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʨʘʟʧʦʟʥʘʚʘʥʝʪʦ ʥʘ ʞʝʩʪʦʚʝ ʝ ʚ 

ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʙʝʟʢʦʥʪʘʢʪʥʠ ʠʥʪʝʨʬʝʡʩʠ, ʢʦʠʪʦ ʧʨʝʜʣʘʛʘʪ ʝʩʪʝʩʪʚʝʥ ʥʘʯʠʥ ʟʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʫʩʪʨʦʡʩʪʚʘ. 

ʈʘʟʧʦʟʥʘʚʘʥʝʪʦ ʥʘ ʞʝʩʪʦʚʝ ʩʝ ʙʘʟʠʨʘ ʥʘ ʘʥʘʣʠʟʘ ʥʘ ʜʘʥʥʠ ʦʪ ʩʝʥʟʦʨʠ ʢʘʪʦ ʢʘʤʝʨʠ, 

ʩʝʥʟʦʨʠ ʟʘ ʜʚʠʞʝʥʠʝ, ʛʣʘʩʦʚʠ ʫʩʪʨʦʡʩʪʚʘ, ʜʲʣʙʦʯʠʥʥʠ ʩʝʥʟʦʨʠ ʠʣʠ ʜʨʫʛʠ ʪʠʧʦʚʝ. 

ʄʦʜʝʨʥʠʪʝ ʩʠʩʪʝʤʠ ʠʟʧʦʣʟʚʘʪ ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ ʠ ʜʨʫʛʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʤʘʰʠʥʥʦ ʦʙʫʯʝʥʠʝ ʟʘ 

ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠʪʝ ʠ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʞʝʩʪʦʚʝ. 
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ʅʷʢʦʠ ʦʩʥʦʚʥʠ ʝʪʘʧʠ ʚ ʨʘʟʧʦʟʥʘʚʘʥʝʪʦ ʥʘ ʞʝʩʪʦʚʝ ʚʢʣʶʯʚʘʪ:  

ü ʇʨʝʜʚʘʨʠʪʝʣʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠʪʝ: ʜʘʥʥʠʪʝ ʧʦʜʣʝʞʘʪ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʥʘ 

ʦʙʨʘʙʦʪʢʘ, ʢʘʪʦ ʬʠʣʪʨʠʨʘʥʝ, ʫʩʨʝʜʥʷʚʘʥʝ ʠʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʟʘ ʜʘ ʩʝ ʧʦʜʛʦʪʚʷʪ ʟʘ 

ʧʦ-ʥʘʪʘʪʲʰʥʘ ʦʙʨʘʙʦʪʢʘ. ʇʨʝʜʚʘʨʠʪʝʣʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʧʨʝʤʘʭʚʘ ʰʫʤʦʚʝ ʚ 

ʧʦʣʫʯʝʥʠʪʝ ʜʘʥʥʠ. 

ü ʀʟʚʣʠʯʘʥʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʩʝ ʠʟʚʣʠʯʘʪ ʦʪ ʜʘʥʥʠʪʝ ʠ ʦʧʠʩʚʘʪ 

ʞʝʩʪʦʚʝʪʝ, ʢʘʪʦ ʬʦʨʤʘ, ʦʨʠʝʥʪʘʮʠʷ, ʩʢʦʨʦʩʪ ʠ ʜʨ. 

ü ʆʙʫʯʘʚʘʥʝ ʥʘ ʤʦʜʝʣʘ: ʠʟʚʣʝʯʝʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʦʙʫʯʝʥʠʝ ʥʘ 

ʤʦʜʝʣ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʞʝʩʪʦʚʝ. ʊʦʟʠ ʤʦʜʝʣ ʤʦʞʝ ʜʘ ʙʲʜʝ ʥʝʚʨʦʥʥʘ ʤʨʝʞʘ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʤʦʜʝʣ ʠʣʠ ʥʷʢʘʢʲʚ ʜʨʫʛ ʪʠʧ ʢʣʘʩʠʬʠʢʘʮʠʦʥʝʥ ʘʣʛʦʨʠʪʲʤ. 

ü ʈʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʞʝʩʪʦʚʝ: ʦʙʫʯʝʥʠʷʪ ʤʦʜʝʣ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ 

ʞʝʩʪʦʚʝʪʝ ʦʪ ʥʦʚʠ ʜʘʥʥʠ, ʢʦʠʪʦ ʠʜʚʘʪ ʦʪ ʩʝʥʟʦʨʠʪʝ. 

ü ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʨʝʘʢʮʠʷ: ʨʘʟʧʦʟʥʘʪʠʪʝ ʞʝʩʪʦʚʝ ʩʝ ʠʥʪʝʨʧʨʝʪʠʨʘʪ ʠ ʩʝ 

ʧʨʝʜʧʨʠʝʤʘʪ ʧʦʜʭʦʜʷʱʠ ʜʝʡʩʪʚʠʷ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʪʷʭ ʯʨʝʟ ʠʟʧʨʘʱʘʥʝ ʥʘ ʢʦʤʘʥʜʠ ʢʲʤ 

ʧʨʠʣʦʞʝʥʠʝʪʦ ʠʣʠ ʩʠʩʪʝʤʘʪʘ. 

ʇʨʠʤʝʨʠ ʟʘ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʨʘʟʧʦʟʥʘʚʘʥʝʪʦ ʥʘ ʞʝʩʪʦʚʝ ʚʢʣʶʯʚʘʪ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 

ʧʨʝʟʝʥʪʘʮʠʠ, ʚʠʨʪʫʘʣʥʠ ʠʛʨʠ, ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʝʣʝʢʪʨʦʥʥʠ ʫʩʪʨʦʡʩʪʚʘ (ʢʘʪʦ ʩʤʘʨʪʬʦʥʠ ʠʣʠ 

ʪʝʣʝʚʠʟʦʨʠ), ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʦʙʦʪʠ, ʤʝʜʠʮʠʥʩʢʠ ʩʠʤʫʣʘʪʦʨʠ ʠ ʤʥʦʛʦ ʜʨʫʛʠ. ʊʘʟʠ 

ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʜʲʣʞʘʚʘ ʜʘ ʩʝ ʨʘʟʚʠʚʘ ʠ ʜʘ ʥʘʤʠʨʘ ʥʦʚʠ ʠ ʠʥʦʚʘʪʠʚʥʠ ʧʨʠʣʦʞʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʠ ʦʙʣʘʩʪʠ. 

XGO-mini 2 Dog ʤʦʞʝ ʜʘ ʨʘʟʧʦʟʥʘʝ ʩʣʝʜʥʠʪʝ ʞʝʩʪʦʚʝ (ʌʠʛ.80):  

["1", "2", "3", "4", "5", "Good", "Ok", "Rock", "Stone"] 

 

ʌʠʛ.80: ɾʝʩʪʦʚʝʪʝ, ʨʘʟʧʦʟʥʘʚʘʥʠ ʦʪ ʨʦʙʦʪʘ ʢʫʯʝ 

ɽʪʦ ʥʷʢʦʠ ʚʲʟʤʦʞʥʠ ʪʲʣʢʫʚʘʥʠʷ ʥʘ ʪʝʟʠ ʞʝʩʪʦʚʝ: 
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Ă1ñ ï ʆʪʛʦʚʘʨʷ ʥʘ ʞʝʩʪ ʩ ʝʜʠʥ ʧʨʲʩʪ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʦʟʥʘʯʘʚʘʥʝ ʥʘ 

ʯʠʩʣʦ ʠʣʠ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʢʦʥʢʨʝʪʥʘ ʢʦʤʘʥʜʘ. 

Ă2ñ ï ʞʝʩʪ ʩ ʜʚʘ ʧʨʲʩʪʘ, ʤʦʞʝ ʜʘ ʠʤʘ ʨʘʟʣʠʯʥʦ ʟʥʘʯʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʢʦʥʪʝʢʩʪʘ. 

Ă3ñ, Ă4ñ, Ă5ñ ï ʞʝʩʪ ʩ ʧʦʚʝʯʝ ʧʨʲʩʪʠ, ʧʦʜʦʙʝʥ ʥʘ Ă2ñ. 

Ăɼʦʙʨʝñ(Good) ï ʊʦʟʠ ʞʝʩʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʩʚʲʨʟʘʥ ʩ ʧʦʣʦʞʠʪʝʣʥʦ ʧʦʪʚʲʨʞʜʝʥʠʝ ʠʣʠ 

ʦʜʦʙʨʝʥʠʝ. ʅʘʧʨʠʤʝʨ, ʢʦʛʘʪʦ ʧʦʪʨʝʙʠʪʝʣ ʥʘʧʨʘʚʠ ʞʝʩʪʘ Ăɼʦʙʨʝñ, ʩʠʩʪʝʤʘʪʘ ʤʦʞʝ ʜʘ ʛʦ 

ʠʥʪʝʨʧʨʝʪʠʨʘ ʢʘʪʦ ʩʠʛʥʘʣ ʟʘ ʧʦʪʚʲʨʞʜʝʥʠʝ ʠʣʠ ʦʜʦʙʨʝʥʠʝ ʥʘ ʜʝʡʩʪʚʠʝ. 

Ăʆʢñ ï ʊʦʟʠ ʞʝʩʪ ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʧʦʪʚʲʨʞʜʘʚʘʥʝ ʥʘ ʨʘʟʙʠʨʘʥʝ ʠʣʠ 

ʧʨʠʝʤʘʥʝ ʥʘ ʥʝʱʦ. ɾʝʩʪʲʪ Ăʆʢñ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʧʦʪʚʲʨʞʜʝʥʠʝ ʥʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ 

ʦʧʨʝʜʝʣʝʥʘ ʢʦʤʘʥʜʘ ʠʣʠ ʟʘ ʧʨʠʝʤʘʥʝ ʥʘ ʜʘʜʝʥʦ ʩʲʩʪʦʷʥʠʝ. 

Ăʈʦʢñ (Rock)ï ʊʦʟʠ ʞʝʩʪ ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʩʚʲʨʟʚʘ ʩ ʩʠʣʥʘ ʠʣʠ ʩʪʘʙʠʣʥʘ ʧʦʟʠʮʠʷ. ɺ 

ʢʦʥʪʝʢʩʪʘ ʥʘ ʩʠʩʪʝʤʘ ʟʘ ʞʝʩʪʦʚ ʢʦʥʪʨʦʣ, ʞʝʩʪʲʪ Ăʈʦʢñ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʠʥʠʮʠʠʨʘʥʝ 

ʥʘ ʢʦʥʢʨʝʪʥʦ ʜʝʡʩʪʚʠʝ ʠʣʠ ʟʘ ʦʙʦʟʥʘʯʘʚʘʥʝ ʥʘ ʦʧʨʝʜʝʣʝʥʦ ʩʲʩʪʦʷʥʠʝ. 

Ăʂʘʤʲʢñ (Stone ) ï ʊʦʟʠ ʞʝʩʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʩʚʲʨʟʘʥ ʩ ʥʝʱʦ ʪʚʲʨʜʦ, ʥʝʧʦʜʚʠʞʥʦ ʠʣʠ 

ʩʪʘʙʠʣʥʦ. ɺ ʩʠʩʪʝʤʘʪʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʩ ʞʝʩʪʦʚʝ, ʞʝʩʪʲʪ Ăʂʘʤʲʢñ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ 

ʫʢʘʟʚʘʥʝ ʥʘ ʦʧʨʝʜʝʣʝʥʘ ʧʦʟʠʮʠʷ ʠʣʠ ʩʲʩʪʦʷʥʠʝ, ʢʦʝʪʦ ʠʟʠʩʢʚʘ ʩʪʘʙʠʣʥʦʩʪ ʠʣʠ 

ʥʝʧʦʜʚʠʞʥʦʩʪ. 

ɿʘ ʨʘʟʧʦʟʥʘʪʠʪʝ ʞʝʩʪʦʚʝ ʩʲʱʦ ʩʘ ʧʦʩʦʯʝʥʠ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʢʦʦʨʜʠʥʘʪʠʪʝ ʟʘ x ʠ y. 

ʊʝʩʪ 2 
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ʌʠʛ.81: ʇʨʲʩʪʦʚʦ ʨʘʟʧʦʟʥʘʚʘʥʝ 

ʄʦʞʝʤ ʜʘ ʚʠʜʠʤ, ʯʝ ʠʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ ʨʘʟʧʦʟʥʘʚʘ ʙʨʦʷ ʥʘ ʧʨʲʩʪʠʪʝ ʠ ʠʟʧʠʩʚʘ 

ʯʠʩʣʦʪʦ ʦʪʣʷʚʦ ʥʘ ʤʦʥʠʪʦʨʘ (ʌʠʛ. 81). ɺʲʧʨʝʢʠ ʥʘʣʠʯʠʝʪʦ ʥʘ ʤʥʦʞʝʩʪʚʦ ʦʙʝʢʪʠ ʥʘ ʬʦʥʘ, 

ʪʦʟʠ ʪʝʩʪ ʙʝʰʝ ʙʲʨʟ ʠ ʪʦʯʝʥ. 

XGO-mini 2 Dog ʤʦʞʝ ʜʘ ʨʘʟʧʦʟʥʘʝ QR ʢʦʜʦʚʝ. QR (Quick Response) ʢʦʜʦʚʝʪʝ ʩʘ ʚʠʜ 

ʜʚʫʤʝʨʥʠ ʙʘʨʢʦʜʦʚʝ, ʢʦʠʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʩʲʭʨʘʥʷʚʘʥʝ ʥʘ ʜʘʥʥʠ. ʊʝ ʩʘ ʠʟʢʣʶʯʠʪʝʣʥʦ 

ʧʦʧʫʣʷʨʥʠ ʧʦʨʘʜʠ ʚʠʩʦʢʘʪʘ ʩʠ ʧʣʲʪʥʦʩʪ ʥʘ ʜʘʥʥʠʪʝ (ʢʦʣʠʯʝʩʪʚʦʪʦ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʷʪʦ ʤʦʞʝ 

ʜʘ ʩʝ ʩʲʭʨʘʥʠ ʥʘ ʝʜʠʥʠʮʘ ʧʣʦʱ) ʠ ʣʝʩʥʦʪʘʪʘ ʧʨʠ ʩʢʘʥʠʨʘʥʝ, ʢʘʢʪʦ ʠ ʧʦʨʘʜʠ ʬʘʢʪʘ, ʯʝ ʤʦʛʘʪ 

ʜʘ ʩʲʜʲʨʞʘʪ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʠʥʬʦʨʤʘʮʠʷ, ʚʢʣʶʯʠʪʝʣʥʦ ʪʝʢʩʪ, ʚʨʲʟʢʠ ʢʲʤ ʫʝʙʩʘʡʪʦʚʝ, 

ʢʦʥʪʘʢʪʥʠ ʜʘʥʥʠ, ʛʝʦʛʨʘʬʩʢʠ ʢʦʦʨʜʠʥʘʪʠ ʠ ʪ.ʥ. 

ʅʷʢʦʠ ʦʩʥʦʚʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ QR ʢʦʜʦʚʝʪʝ ʠ ʪʷʭʥʦʪʦ ʜʝʢʦʜʠʨʘʥʝ: 
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ü ʉʪʨʫʢʪʫʨʘ. QR ʢʦʜʦʚʝʪʝ ʩʝ ʩʲʩʪʦʷʪ ʦʪ ʯʝʨʥʠ ʠ ʙʝʣʠ ʢʚʘʜʨʘʪʥʠ ʤʦʜʫʣʠ, 

ʦʨʛʘʥʠʟʠʨʘʥʠ ʚʲʚ ʚʠʟʫʘʣʥʘ ʤʨʝʞʘ. ʊʝ ʩʲʜʲʨʞʘʪ ʨʘʟʣʠʯʥʠ ʝʣʝʤʝʥʪʠ ʢʘʪʦ ʫʢʘʟʘʪʝʣʥʠ 

ʙʝʣʝʞʢʠ, ʤʘʨʢʝʨʠ ʟʘ ʧʦʟʠʮʠʷ ʠ ʩʝʢʮʠʠ ʩ ʜʘʥʥʠ. 

ü ɺʠʜʦʚʝ ʜʘʥʥʠ. QR ʢʦʜʦʚʝʪʝ ʤʦʛʘʪ ʜʘ ʩʲʜʲʨʞʘʪ ʨʘʟʣʠʯʥʠ ʪʠʧʦʚʝ ʠʥʬʦʨʤʘʮʠʷ, 

ʚʢʣʶʯʠʪʝʣʥʦ ʪʝʢʩʪ, ʫʝʙ ʘʜʨʝʩʠ (URL), ʢʦʥʪʘʢʪʥʘ ʠʥʬʦʨʤʘʮʠʷ (vCard), ʛʝʦʛʨʘʬʩʢʠ 

ʢʦʦʨʜʠʥʘʪʠ, ʩʲʙʠʪʠʷ ʚ ʢʘʣʝʥʜʘʨʘ ʠ ʧʨ. 

ü ɼʝʢʦʜʠʨʘʥʝ. ɿʘ ʜʘ ʩʝ ʜʝʢʦʜʠʨʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʦʪ QR ʢʦʜ, ʩʝ ʠʟʧʦʣʟʚʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥ 

ʩʦʬʪʫʝʨ ʠʣʠ ʙʠʙʣʠʦʪʝʢʘ, ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʩʢʘʥʠʨʘ ʠ ʠʥʪʝʨʧʨʝʪʠʨʘ QR ʢʦʜʘ. ʊʦʟʠ 

ʧʨʦʮʝʩ ʥʘ ʜʝʢʦʜʠʨʘʥʝ ʚʢʣʶʯʚʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ QR ʢʦʜʘ, ʪʲʣʢʫʚʘʥʝ 

ʥʘ ʥʝʛʦʚʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʠ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ ʜʘʥʥʠʪʝ ʚʲʚ ʚʠʜʠʤʘ ʬʦʨʤʘ ʟʘ 

ʧʦʪʨʝʙʠʪʝʣʷ. 

ü ʇʨʠʣʦʞʝʥʠʝ. QR ʢʦʜʦʚʝʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʰʠʨʦʢʦ ʟʘ ʨʘʟʣʠʯʥʠ ʮʝʣʠ, ʚʢʣʶʯʠʪʝʣʥʦ 

ʤʘʨʢʠʨʘʥʝ ʥʘ ʧʨʦʜʫʢʪʠ, ʨʝʢʣʘʤʘ, ʫʜʦʩʪʦʚʝʨʷʚʘʥʝ, ʣʝʩʥʦ ʩʚʲʨʟʚʘʥʝ ʢʲʤ ʫʝʙʩʘʡʪʦʚʝ ʠ 

ʤʥʦʛʦ ʜʨʫʛʠ. 

 

ʇʨʦʠʟʚʦʜʠʪʝʣʷʪ ʥʝ ʧʨʝʜʣʘʛʘ ʧʨʠʤʝʨʠ ʟʘ QR ʢʦʜʦʚʝ. ʇʨʝʜʣʘʛʘʤ ʪʨʠ ʘʣʛʦʨʠʪʲʤʘ ʟʘ 

QR ʢʦʜʦʚʝ ʟʘ ʧʨʠʜʚʠʞʚʘʥʝ ʥʘ ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ ʢʫʯʝ. ʂʦʛʘʪʦ ʤʫ ʩʝ ʧʦʢʘʞʝ ʦʧʨʝʜʝʣʝʥ QR ʢʦʜ 

ʜʘ ʥʘʧʨʘʚʠ ʜʚʠʞʝʥʠʝ ʚ ʧʨʘʚʦʲʛʲʣʥʠʢ, ʢʚʘʜʨʘʪ ʠʣʠ ʢʨʲʛ ʦʢʦʣʦ ʦʙʝʢʪʘ. ʊʝʩʪ 3 ʝ ʚʲʚʝʜʝʥ 

ʘʣʛʦʨʠʪʲʤ ʟʘ ʯʝʪʝʥʝ ʥʘ ʩʲʟʜʘʜʝʥʠʪʝ QR ʢʦʜʦʚʝ 1, 2 ʠ 3(part1, part2 ʠ part3).  

from  xgolib import  XGO 
from  xgoedu import  XGOEDU 
XGO_mini = XGO( "xgomini" )  
XGO_edu = XGOEDU()  
 
def  qr_decode ():  
    while  True :  
        # Check if there is a QR code  
        qr_recognition = XGO_edu.QRRecognition()  
        if  qr_recognition:  
            # Extract the value from the QR code  
            qr_value = qr_recognition[0]  
            print ( "Extracted value from the QR code:" , qr_value)  
         
            # Split the value into parts based on the space  
            qr_parts = qr_value.split()  
            num_parts = len (qr_parts)  
         
            # Check the number of parts and print information accordingly  
            if  num_parts == 1:  
                print ( "QR part 1:" , qr_parts[0])  
            elif  num_parts == 2:  
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                part1, part2 = qr_parts  
                print ( "QR part 1:" , part1)  
                print ( "QR part 2:" , part2)  
            elif  num_parts == 3:  
                part1, part2, part3 = qr_parts  
                print ( "QR part 1:" , part1)  
                print ( "QR part 2:" , part2)  
                print ( "QR part 3:" , part3)  
            else :  
                print ( "The QR code has more than 3 parts and  cannot be 

processed." )  
                 
            print ()  
 
qr_decode()  
 

ʈʝʟʫʣʪʘʪ ʦʪ ʘʣʛʦʨʠʪʲʤʘ ʧʨʠ ʧʦʜʘʜʝʥ QR ʢʦʜ ĂCircle 450ñ: 

 

  Extracted value from the QR code: Circle 450 

 

  QR part 1: Circle 

 

  QR part 2: 450 

 

ʅʘ ʬʠʛ. 82 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʪʨʠʪʝ QR ʢʦʜʘ, ʩ ʢʦʠʪʦ ʝ ʧʨʦʚʝʜʝʥ ʊʝʩʪ 4 ʯʝʪʝʥʝ, 

ʜʝʢʦʜʠʨʘʥʝ ʥʘ ʘʣʛʦʨʠʪʲʤ ʠ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʘʣʛʦʨʠʪʲʤ.  

 

 

 

 

 

 

ʌʠʛ.82: QR ʢʦʜʦʚʝ ï ʢʨʲʛ, ʧʨʘʚʦʲʛʲʣʥʠʢ, ʢʚʘʜʨʘʪ 

 

ʇʨʠʤʝʨʲʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʤʦʜʠʬʠʮʠʨʘʥ ʩʧʦʨʝʜ ʥʫʞʜʠʪʝ ʥʘ ʮʷʣʦʩʪʥʘʪʘ ʧʨʦʛʨʘʤʘ ʠ ʜʘ 

ʚʢʣʶʯʚʘ ʨʘʟʣʠʯʥʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʘ QR ʢʦʜʦʚʝʪʝ. 

ʂʨʲʛ  ʇʨʘʚʦʲʛʲʣʥʠʢ  300 

400 

ʂʚʘʜʨʘʪ  



 

 104 

ɸʣʛʦʨʠʪʲʤ ʟʘ ʜʚʠʞʝʥʠʝ, ʙʘʟʠʨʘʥʘ ʥʘ QR ʢʦʜʠʨʘʥʝ. ʌʫʥʢʮʠʠ ʟʘ ʜʚʠʞʝʥʠʝ ʥʘ ʨʦʙʦʪ 

ʢʫʯʝ XGO-mini 2 Dog: ʜʚʠʞʝʥʠʝ, ʟʘʚʲʨʪʘʥʝ, ʩʢʦʨʦʩʪ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʩʣʝʜʚʘʱʠʪʝ ʪʘʙʣʠʮʠ 

(ʪʘʙʣʠʮʘ 2, ʪʘʙʣʠʮʘ 3 ʠ ʪʘʙʣʠʮʘ 4): 

 

 

 

ʊɸɹʃʀʎɸ 2. ɼʚʠʞʝʥʠʝ (ʧʦʩʦʢʘ, ʩʪʲʧʢʘ) 

ʀʤʝ ʥʘ 

ʧʘʨʘʤʝʪʲʨʘ  

ʊʠʧ ʉʪʦʡʥʦʩʪ ʆʧʠʩʘʥʠʝ 

 

ʧʦʩʦʢʘ 
 

char 'x'⁸'X'⁸'y'⁸'Y' 
' x' or 'X' ʜʚʠʞʝʥʠʝ ʥʘʧʨʝʜ ʠʣʠ ʥʘʟʘʜ, 'y' or 'Y' 

ʜʚʠʞʝʥʠʝ ʥʘ ʣʷʚʦ ʠʣʠ ʜʷʩʥʦ  

 

ʩʪʲʧʢʘ int x:[-25,25], y:[-18,18] 

  ʉʪʲʧʢʘ ʝ ʥʘʧʨʝʜʚʘʥʝ, ʧʦʣʦʞʠʪʝʣʥʦʪʦ ʦʟʥʘʯʘʚʘ 

ʜʚʠʞʝʥʠʝ ʥʘʧʨʝʜ ʠʣʠ ʥʘʣʷʚʦ, ʘ ʦʪʨʠʮʘʪʝʣʥʦʪʦ 

ʦʟʥʘʯʘʚʘ ʜʚʠʞʝʥʠʝ ʥʘʟʘʜ ʠʣʠ ʥʘʜʷʩʥʦ.. 

ʊɸɹʃʀʎɸ 3. ɿʘʚʲʨʪʘʥʝ (ʩʪʲʧʢʘ) 

ʀʤʝ ʥʘ 

ʧʘʨʘʤʝʪʲʨʘ  

ʊʠʧ ʉʪʦʡʥʦʩʪ ʆʧʠʩʘʥʠʝ 

ʩʪʲʧʢʘ int [-150,150] 

   ʉʪʲʧʢʘ ʝ ʢʨʘʯʢʘ, ʧʦʣʦʞʠʪʝʣʥʦʪʦ ʦʟʥʘʯʘʚʘ 

ʥʘʧʨʝʜ ʠʣʠ ʥʘʣʷʚʦ, ʘ ʦʪʨʠʮʘʪʝʣʥʦʪʦ ð ʥʘʟʘʜ 

ʠʣʠ ʥʘʜʷʩʥʦ. ʉʪʲʧʢʘʪʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʢʦʨʦʩʪ 

ʥʘ ʚʲʨʪʝʥʝ ʚ ʛʨʘʜʫʩʠ ʟʘ ʩʝʢʫʥʜʘ, ʧʦʣʦʞʠʪʝʣʥʘ 

ʝ ʧʦʩʦʢʘʪʘ ʧʦ ʯʘʩʦʚʥʠʢʦʚʘʪʘ ʩʪʨʝʣʢʘ, ʘ 

ʦʪʨʠʮʘʪʝʣʥʘ ð ʦʙʨʘʪʥʘ ʥʘ  ʯʘʩʦʚʥʠʢʦʚʘʪʘ 

ʩʪʨʝʣʢʘ. 

ʊɸɹʃʀʎɸ 4. ʈʝʞʠʤ ʥʘ ʪʝʤʧʦ (ʩʢʦʨʦʩʪ) 

ʀʤʝ ʥʘ 

ʧʘʨʘʤʝʪʲʨʘ  

ʊʠʧ ʉʪʦʡʥʦʩʪ ʆʧʠʩʘʥʠʝ 

ʨʝʞʠʤ char 

['normal', 

'slow', 

'high'] 

ʊʦʟʠ ʧʘʨʘʤʝʪʲʨ ʧʨʝʜʩʪʘʚʣʷʚʘ ʯʝʩʪʦʪʘʪʘ ʥʘ 

ʢʨʘʯʢʠʪʝ, ʢʘʪʦ "normal" ʝ ʩʪʘʥʜʘʨʪʥʘʪʘ 

ʩʢʦʨʦʩʪ ʥʘ ʢʨʘʯʢʠʪʝ, "low" ʝ ʙʘʚʥʘʪʘ ʩʢʦʨʦʩʪ, 

ʘ "high" ʝ ʙʲʨʟʘʪʘ ʩʢʦʨʦʩʪ. 
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ʀʥʪʝʨʝʩʥʘ ʟʘʜʘʯʘ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʜʚʠʞʝʥʠʷʪʘ ʥʘ ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ ʢʫʯʝ ʝ: ʅʘ ʨʦʙʦʪʘ 

ʩʝ ʧʦʢʘʟʚʘ QR ʢʦʜ, ʢʦʡʪʦ ʢʦʜʠʨʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʚʠʜʘ ʥʘ ʬʦʨʤʘʪʘ, ʥʘʧʨʠʤʝʨ ʢʚʘʜʨʘʪ ʩ 

ʦʧʨʝʜʝʣʝʥ ʨʘʟʤʝʨ ʚ ʤʠʣʠʤʝʪʨʠ. ʉʣʝʜ ʨʘʟʧʦʟʥʘʚʘʥʝʪʦ ʥʘ ʬʠʛʫʨʘʪʘ, ʨʦʙʦʪʲʪ ʢʫʯʝ ʪʨʷʙʚʘ ʜʘ 

ʠʟʧʲʣʥʠ ʜʚʠʞʝʥʠʷ, ʢʦʠʪʦ ʩʲʦʪʚʝʪʩʪʚʘʪ ʥʘ ʜʝʢʦʜʠʨʘʥʘʪʘ ʬʠʛʫʨʘ ʠ ʥʝʡʥʠʪʝ ʨʘʟʤʝʨʠ. ʊʝʩʪ 4 

ʝ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʟʘʜʘʯʘʪʘ ʥʘ ʙʘʟʘ ʩʣʝʜʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʚ ʪʨʠʪʝ ʨʘʟʣʠʯʥʠ ʜʚʠʞʝʥʠʷ ï ʢʨʲʛ, 

ʧʨʘʚʦʲʛʲʣʥʠʢ ʠ ʢʚʘʜʨʘʪ.  

from  xgolib import  XGO 
from  xgoedu import  XGOEDU 
XGO_mini = XGO( "xgomini" )  

XGO_edu = XGOEDU()  

import  math  

 
mode  = 'slow'  # ['normal','slow',' high']  

# For a floor where there is no slippage with the robot dog's feet, the value of 
the coefficient is 1.0  

friction_coefficient = 1.0  

 
# *** Movement of the robot dog of rectangle  ***  

r_step_x = 25 # x:[ - 25,25] robot dog step back and forth.  

r_step_y = 18 # y:[ - 18,18] robot dog step left and right.  

 
# Limit the values of step  

r_step_x = max( - 35, min (35, r_step_x))  # Interval restriction [ - 35, +35] for 'x'  

r_step_y = max( - 18, min (18, r_step_y))  # Interval restriction [ - 18, +18] for 'y'  

     

# The values are determined according to the selected step. Increasing the values 
decreases the robot dog's movement time.  

r_decreasing_steps_x = r_step_x * 3.1     

r_decreasing_steps_y = r_step_y * 2.7  

 
r_decreasing_steps_x = max(1.0, r_decreasing_steps_x)  # Interval restriction [1.0, 

decreasing_steps_x]  

r_decreasing_steps_y = max(1.0, r_decreasing_steps_y)  # Interval restriction [1.0, 
decreasing_steps_y]  

 
 
# *** Movement of the robot dog of circle ***  

c_step_x = 18  

c_step_y = 18  

# How many parts to divide the circle into  

c_number_parts = 40  

# Increasing the values decreases the robot dog's movement time.  

c_decreasing_time = 300  

 
 
def  xgo_move_circle (radius):  

    global  c_step_x, c_step_y, c_number_parts, c_decreasing_time  

 
    # Calculate the lenght of the circle  

    lenght_circle = 2 * math.pi * float (radius)  
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    lenght_delta = lenght_circle / c_number_parts  

     

    # Calculate the angle increment for each step  

    angle_increment = 360 / c_number_parts  

     

    c_delay_time = float (radius) / ( c_decreasing_time * friction_coefficient)  

     

    # Display the parameters on the screen  

    print ( "The robot dog moves in a circle." )  

    print ( "Radius:" , radius)  

    print ( "Lenght Circle:" , round (lenght_circle,2))  

    print ( "Lenght Delta:" , round (lenght_delta,2))  

    print ( "Number of Steps:" , c_number_parts)  

    print ( "Angle Increment:" , round (angle_increment,2))  

    print ( "Delay time:" , round (c_delay_time,2))  

     

    # The robot dog moves with a high stride frequency.  

    XGO_mini.pace(mode)  

     

    # Move the robot dog along the circumference of the circle  

    for  i in  range (1, c_number_parts):  

        # Calculate the current angle  

        current_angle = i * angle_increment  

 
        # Calculate step_x and step_y based on the current angle  

        s_x = int (c_step_x * math.cos(math.radians(current_angle)))  

        s_y = int (c_step_y * math.sin(math.radians(current_angle)))  

         

        XGO_mini.move( 'x' , s_x)  # Move forward/backward  

        XGO_mini.move( 'y' , s_y)  # Move left/right  

        time.sleep(c_delay_time)  

        print ( f "current_angle: {current_angle} \ tstep_x: {s_x} \ tstep_y: {s_y} " )  

 
    XGO_mini.stop()  

 
 
# *** Movement of the robot dog along the sides of the square  ***  

# length_x, length_y -   the length of the sides  (x, y) of the rectangle [mm]  

def  xgo_move_rectangle (length_x, length_y):  

    global  r_step_x, r_step_y, r_decreasing_steps_x, r_decreasing_steps_y  

     

    # Display the parameters on the screen  

    print ( "The robot dog moves in a rectangle." )  

    print ( "Length X:" , length_x)  

    print ( "Length Y:" , length_y)  

     

    # Calculate the time to move each side based on length, times_x and 
friction_coefficient  

    delay_time_x = float (length_x) / (r_decreasing_steps_x * friction_coefficient)  

    delay_time_y = float (length_y) / (r_decreasing_steps_y * friction_coefficient)  

     

    print ( "Delay Time X:" , round (delay_time_x,2))  

    print ( "Delay Time Y:" , round (delay_time_y,2))  

     

    # The robot dog moves with a high stride frequency.  

    XGO_mini.pace(mode)  

     

    # Dog movement with direction viewed from the side of the robot dog  

    XGO_mini.move( 'x' , r_step_x) # Move forward  

    time.sleep(delay_time_x)  

    XGO_mini.stop()  

    XGO_mini.move( 'y' , r_step_y) # Move right  
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    time.sleep(delay_time_y)  

    XGO_mini.stop()  

    XGO_mini.move( 'x' , - r_step_x) # Move backward  

    time.sleep(delay_time_x)  

    XGO_mini.stop()  

    XGO_mini.move( 'y' , - r_step_y)  # Move left  

    time.sleep(delay_time_y)  

    XGO_mini.stop()  

 
def  qr_decode ():  

    while  True :  

        # Check if there is a QR code  

        qr_recognition = XGO_edu.QRRecognition()  

        if  qr_recognition:  

            print ( "QR code recognized!" )  

            # Extract the value from the QR code  

            qr_value = qr_recognition[0]  

            print ( "Extracted value from the QR code:" , qr_value)  

         

            # Split the value into parts based on the space  

            qr_parts = qr_value.split()  

            num_parts = len (qr_parts)  

         

            # Checking the number of parts, displaying the information and calling 
a function  

            if  num_parts == 1:  

                print ( "QR part 1:" , qr_parts[0])  

            elif  num_parts == 2:  

                part1, part2 = qr_parts  

                print ( "QR part 1:" , part1)  

                print ( "QR part 2:" , part2)  

                 

                if  part1 == 'Circle' :  

                    # Call the function xgo_move_circle  

                    xgo_move_circle(part2)  

                     

                if  part1 == 'Square' :  

                    # Call the function xgo_move_rectangle  

                    xgo_move_rectangle(part2, part2)  

                 

            elif  num_parts == 3:  

                part1, part2, part3 = qr_parts  

                print ( "QR part 1:" , part1)  

                print ( "QR part 2:" , part2)  

                print ( "QR part 3:" , part3)  

                 

                if  part1 == 'Rectangle' :  

                    # Call the function xgo_move_rectangle  

                    xgo_move_rectangle(part2, part3)  

            else :  

                print ( "There is no set functionality for this QR code." )  

                 

            print ()  

         

print ( "#######################################" )  
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print ( "Battery level: " , XGO_mini.read_battery())  

print ( "#######################################" )  

print ( " \ n<<< Show the camera a QR code >>>" )  

qr_decode()  

 

XGO-mini 2 Dog ï ʨʦʙʦʪʘ ʢʫʯʝ  ʜʘʚʘ ʜʦʙʨʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʮʝʣʠʪʝ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝʪʦ 

ʚ ʦʙʣʘʩʪʠʪʝ ʥʘ ʠʟʫʯʘʚʘʥʝ ʥʘ ʩʦʬʪʫʝʨ, ʭʘʨʜʫʝʨ ʠ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ. ʊʲʡ ʢʘʪʦ ʚ 

ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʩʝ ʪʲʨʩʠ ʠ ʤʦʪʠʚʘʮʠʦʥʥʠʷ ʠ ʟʘʙʘʚʥʠʷ ʝʣʝʤʝʥʪ ʢʫʯʝʪʦ ʦʪʛʦʚʘʨʷ ʠ ʥʘ ʜʚʘʪʘ. 

ʇʦʩʦʯʝʥʠʪʝ ʧʨʠʤʝʨʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʚ ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʩʬʝʨʘ, ʥʦ ʪʝ ʩʲʜʲʨʞʘʪ 

ʢʘʢʪʦ ʥʘʫʢʘ, ʪʝʭʥʦʣʦʛʠ,̫ ʠʥʞʝʥʝʨʩʪʚʦ ʠ ʤʘʪʝʤʘʪʠʢʘ ʠʣʠ ʪʫʢ ʩʝ ʚʠʞʜʘ, ʯʝ ʤʦʞʝ ʜʘ ʩʝ 

ʠʟʧʦʣʟʚʘ ʤʝʪʦʜʘ STEM ʦʙʨʘʟʦʚʘʥʠʝ. ɺ ʪʘʟʠ ʚʨʲʟʢʘ XGO-mini 2 Dog, ʤʦʙʠʣʝʥ ʨʦʙʦʪ ʢʫʯʝ ʝ 

ʜʦʙʲʨ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʯʘʩʦʚʝʪʝ ʧʦ STEM.   

ʈʦʙʦʪʲʪ ʝ ʤʘʣʲʢ, ʧʦʜʭʦʜʷʱ ʟʘ ʢʣʘʩʥʘ ʩʪʘʷ, ʧʦʜʭʦʜʷʱ ʟʘ ʨʘʙʦʪʘ ʚ ʤʘʣʢʠ ʛʨʫʧʠ 

ʫʯʝʥʠʮʠ. ʅʘʧʨʠʤʝʨ, ʝʜʠʥ ʢʣʘʩ ʤʦʞʝ ʜʘ ʠʟʧʦʣʟʚʘ 3 ʠʣʠ 4 ʨʦʙʦʪʘ ʚ ʛʨʫʧʠ. ʈʦʙʦʪʲʪ ʤʦʞʝ ʜʘ 

ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʩ ʙʣʦʢʦʚ ʝʟʠʢ, ʢʘʢʪʦ ʠ ʟʘ ʦʙʫʯʝʥʠʝ ʧʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʥʘ Python 

ʠ ROS. ʋʯʝʥʠʮʠʪʝ, ʢʦʠʪʦ ʩʝ ʠʥʪʝʨʝʩʫʚʘʪ ʦʪ ʭʘʨʜʫʝʨ, ʤʦʛʘʪ ʜʘ ʛʦ ʠʟʧʦʣʟʚʘʪ ʟʘ ʨʘʙʦʪʘ ʚ 

ʧʦʩʦʢʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ ʠ ʚ ʢʨʘʡʥʘ ʩʤʝʪʢʘ ʜʘ ʧʦʜʦʙʨʷʪ ʥʷʢʦʠ ʦʪ ʥʝʛʦʚʠʪʝ 

ʩʣʘʙʦʩʪʠ. 

XGO-mini 2 Dog ʝ ʛʲʚʢʘʚ, ʠʤʘ 15 ʛʨʘʜʫʩʘ ʩʚʦʙʦʜʥʦ ʜʚʠʞʝʥʠʝ, ʠʥʪʝʣʠʛʝʥʪʥʘ 

ʨʦʙʦʪʠʟʠʨʘʥ ʨʲʢʘ (ʛʨʠʧʝʨ) ʠ ʩʘʤʦʩʪʦʷʪʝʣʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ. ʂʨʘʢʘʪʘ ʤʫ ʩʘ ʰʫʤʥʠ. ʅʦ ʝ 

ʦʪʚʦʨʝʥ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʠ ʥʘʜʛʨʘʞʜʘʥʝ. ʄʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʚ ʯʘʩ ʧʦ ʠʥʬʦʨʤʘʪʠʢʘ, ʯʘʩ ʧʦ 

ʠʥʬʦʨʤʘʪʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʯʘʩ ʧʦ ʢʦʤʧʶʪʲʨʥʦ ʤʦʜʝʣʠʨʘʥʝ, ʯʘʩ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʯʘʩ ʧʦ 

ʭʘʨʜʫʝʨ ʠ ʧʨ. 

ʆʧʠʪʠʪʝ ʧʦʢʘʟʚʘʪ, ʯʝ ʤʦʙʠʣʥʠʷʪ ʨʦʙʦʪ XGO-mini 2 Dog ʧʨʝʜʦʩʪʘʚʷ ʤʥʦʛʦ 

ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʫʨʦʮʠ ʚ ʧʨʦʛʠʤʥʘʟʠʘʣʥʦ ʠ ʛʠʤʥʘʟʠʘʣʥʦ ʥʠʚʦ. ɺ ʥʷʢʦʠ ʦʪ ʪʝʩʪʦʚʝ ʩʝ 

ʟʘʙʝʣʷʟʘ, ʯʝ ʨʦʙʦʪʲʪ ʥʝ ʠʟʧʲʣʥʷʚʘ ʪʦʯʥʦ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʜʚʠʞʝʥʠʝʪʦ. ʊʦʚʘ ʝ 

ʜʦʙʨʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʫʯʝʥʠʮʠʪʝ ʜʘ ʦʪʢʨʠʷʪ ʪʝʟʠ ʧʨʦʧʫʩʢʠ ʠ ʜʘ ʥʘʤʝʨʷʪ ʥʘʯʠʥʠ ʟʘ ʢʦʨʝʢʮʠʷ, 

ʥʦʚʠ ʘʣʛʦʨʠʪʤʠ ʚ ʧʨʘʢʪʠʢʘʪʘ. 

ʄʘʣʢʠʷ ʨʘʟʤʝʨ ʥʘ ʢʫʯʝʪʦ ʚʦʜʠ ʜʦ ʥʠʩʢʦ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʛʣʘʚʘʪʘ ʤʫ, ʢʲʜʝʪʦ ʝ ʤʦʜʫʣʘ 

ʟʘ ʢʘʤʝʨʘ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨʥʘʪʘ ʧʣʘʪʢʘ ʩ ʚʩʠʯʢʠ ʤʦʜʫʣʠ ʢʦʝʪʦ ʧʨʘʚʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʩ 

ʢʦʷʪʦ ʠ ʜʘ ʝ ʦʪ ʬʫʥʢʮʠʠʪʝ ʟʘ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʛʣʘʚʘʪʘ, ʜʦʩʪʘ ʥʝʫʜʦʙʥʦ. ʂʘʢʪʦ ʧʨʠ ʤʥʦʛʦ 

ʤʘʣʢʠ ʩʲʟʜʘʥʠʷ, ʩʚʝʪʦʛʣʝʜʲʪ ʥʘ XGO-mini 2 Dog ʝ ʧʨʝʜʠʤʥʦ ʩʲʩʪʘʚʝʥ ʦʪ ʢʨʘʢʘ, ʘʢʦ ʝ ʥʘ 
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ʧʦʜʘ, ʠʣʠ ʦʪ ʪʦʨʩʦʚʝ, ʘʢʦ ʝ ʥʘ ʙʶʨʦʪʦ ʚʠ, ʪ.ʝ. ʪʦʚʘ ʢʦʝʪʦ ʦʩʥʦʚʥʦ ʚʠʞʜʘ ʠ ʦʧʨʝʜʝʣʷ ʟʘ ʩʚʦʷ 

ʩʚʝʪʦʛʣʝʜ. 

ɹʝʰʝ ʤʥʦʛʦ ʪʨʫʜʥʦ ʜʘ ʚʠʜʠ ʦʙʝʢʪ - ʢʨʘʚʘ ʠ ʜʘ  ̫ʨʘʟʧʦʟʥʘʝ. ʂʨʘʚʘʪʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ 

ʤʥʦʛʦ ʙʣʠʟʦ ʜʦ ʢʘʤʝʨʘʪʘ, ʥʘ ʥʠʚʦʪʦ ʥʘ ʛʣʘʚʘʪʘ ʥʘ ʢʫʯʝʪʦ, ʠ ʬʦʢʫʩʲʪ ʝ ʤʥʦʛʦ ʪʨʫʜʝʥ (ʌʠʛ. 

83 ʠ ʬʠʛ.84). ʀʟʢʫʩʪʚʝʥʠʷʪ ʠʥʪʝʣʝʢʪ ʨʘʟʧʦʟʥʘʚʘ ʩʘʤʦ ʢʨʘʚʠ ʩ ʪʷʣʦ, ʛʣʘʚʘ ʠ ʙʷʣʘ ʩ ʯʝʨʥʠ 

ʧʝʪʥʘ. ʀʀ ʥʝ ʤʦʞʝ ʜʘ ʨʘʟʧʦʟʥʘʝ ʣʠʮʝʪʦ ʥʘ ʢʨʘʚʘʪʘ ʠʣʠ ʜʨʫʛʠ ʮʚʝʪʦʚʝ. ʊʝʩʪʘ ʝ ʧʨʦʚʝʜʝʥ ʩ 

YOLO ʤʦʜʫʣʘ. ʂʘʤʝʨʘʪʘ ʠʤʘ ʤʥʦʛʦ ʦʛʨʘʥʠʯʝʥʘ ʚʠʜʠʤʘ ʟʦʥʘ. 

 

ʌʠʛ.83: ʊʝʩʪ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʢʨʘʚʘ ï 2 ʫʩʧʝʰʥʠ ʦʪ 3 ʦʧʠʪʘ 
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ʌʠʛ.84: ʈʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʢʨʘʚʘ ï ʪʨʠ ʦʪ ʪʨʠ ʪʝʩʪʘ 

 

ʊʝʩʪʲʪ ʩ ʧʨʲʩʪʠʪʝ ʙʝʰʝ ʫʩʧʝʰʝʥ, ʙʲʨʟ ʠ ʷʩʝʥ. ʅʘʣʠʯʠʝʪʦ ʥʘ ʧʦʚʝʯʝ ʦʙʝʢʪʠ ʚ ʧʦʣʝʪʦ 

ʥʘ ʢʘʤʝʨʘʪʘ ʥʝ ʧʨʠʯʠʥʷʚʘ ʧʨʦʙʣʝʤʠ, ʢʦʛʘʪʦ ʧʨʲʩʪʠʪʝ ʩʘ ʧʦ-ʙʣʠʟʦ ʜʦ ʢʘʤʝʨʘʪʘ.  

QR ʢʦʜʲʪ ʙʝʰʝ ʷʩʝʥ, ʘ ʨʘʟʧʦʟʥʘʚʘʥʝʪʦ ʦʪ ʩʪʨʘʥʘ ʥʘ ʨʦʙʦʪʘ ʙʝʰʝ ʜʦʩʪʘ ʙʲʨʟʦ. 

ELECFREAKS [95] ʦʥʣʘʡʥ AI Vision ʤʦʜʫʣ [96] ʧʨʝʜʦʩʪʘʚʷ ʙʦʛʘʪ ʥʘʙʦʨ ʦʪ 

ʢʦʥʪʨʦʣʥʠ ʦʧʮʠʠ ʟʘ ʨʦʙʦʪʘ ʢʫʯʝ XGO-Mini 2 Dog [97], ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʫʩʧʝʰʥʦ 

ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʦʙʫʯʝʥʠʝ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʨʦʙʦʪʠʢʘʪʘ ʠ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ. 

ɹʷʭʘ ʧʨʝʜʩʪʘʚʝʥʠ ʨʘʟʣʠʯʥʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ, ʢʘʪʦ YOLO, Gesture ʠ QR, ʥʦ 

ʚ ʤʦʜʫʣʘ AI Vision ʩʘ ʚʢʣʶʯʝʥʠ ʠ ʜʨʫʛʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ, ʢʘʪʦ Face, Age, 

Emotional, Color, Ball, Speech, ʢʦʠʪʦ ʨʘʟʰʠʨʷʚʘʪ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ. ɺʩʠʯʢʠ ʪʝʟʠ 

ʘʣʛʦʨʠʪʤʠ ʤʦʛʘʪ ʜʘ ʥʘʧʨʘʚʷʪ ʧʨʦʮʝʩʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠʨʘʥʝ ʦʙʨʘʟʦʚʘʪʝʣʝʥ ʧʦ ʟʘʙʘʚʝʥ 

ʥʘʯʠʥ, ʦʪʚʘʨʷʡʢʠ ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʟʘ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʜʝʡʥʦʩʪʠ, ʠʛʨʠ ʠ ʜʦʨʠ ʬʫʥʢʮʠʠ 

ʘʩʠʩʪʠʨʘʥʝ ʥʘ ʭʦʨʘ ʩʲʩ ʩʧʝʮʠʘʣʥʠ ʧʦʪʨʝʙʥʦʩʪʠ. 

ʇʦ ʚʨʝʤʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʚ ʦʥʣʘʡʥ ʩʨʝʜʘ ʩʝ ʟʘʙʝʣʷʟʘʭʘ ʥʷʢʦʠ 

ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ, ʢʘʪʦ ʛʦʣʷʤʦ ʧʨʠʧʣʲʟʚʘʥʝ ʥʘ ʢʨʘʢʘʪʘ ʧʦ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʧʦʜʘ ʧʨʠ 

ʬʫʥʢʮʠʠʪʝ ʟʘ ʜʚʠʞʝʥʠʝ ð ʩʧʦʤʝʥʘʪʠ ʚ ʨʘʟʜʝʣʘ Ăʄʝʪʦʜʠ, ʩʚʲʨʟʘʥʠ ʩ ʤʦʙʠʣʥʦʩʪʪʘñ [97]. 

ʃʠʧʩʚʘ ʥʘʩʪʨʦʡʢʘ ʥʘ ʪʦʯʥʦ ʯʠʩʣʦ ʥʘ ʩʪʲʧʢʠʪʝ, ʢʦʝʪʦ ʟʘʪʨʫʜʥʷʚʘ ʥʷʢʦʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʠ 

ʠʟʩʣʝʜʚʘʥʠʷ. 

ʋʩʪʘʥʦʚʠ ʩʝ ʛʦʣʷʤʦ ʭʘʨʯʝʥʝ ʥʘ ʝʥʝʨʛʠʷ ʦʪ ʛʨʠʧʝʨ (ʨʦʙʦ ʨʲʢʘʪʘ), ʢʦʝʪʦ ʜʦʚʝʜʝ ʜʦ 

ʙʲʨʟʦ ʠʟʭʘʙʷʚʘʥʝ ʥʘ ʙʘʪʝʨʠʷʪʘ ʠ ʜʦ ʥʝʡʥʦʪʦ ʠʟʢʣʶʯʚʘʥʝ, ʘʢʦ ʥʝ ʝ ʥʝʦʙʭʦʜʠʤʘ ʟʘ ʜʘʜʝʥʠʷ 

ʝʢʩʧʝʨʠʤʝʥʪ ʠʣʠ ʘʣʛʦʨʠʪʲʤ. ɺ ʥʘʡ-ʜʦʙʨʠʷ ʩʣʫʯʘʡ ʨʦʙʦʪʘ ʢʫʯʝ ʠʟʜʲʨʞʘ ʦʢʦʣʦ 40 ʤʠʥ 

ʝʢʩʧʣʦʘʪʘʮʠʷ ʩʲʩ ʩʦʨʩ ʢʦʜʦʚʝ, ʢʦʝʪʦ ʝ ʜʦʩʪʘʪʲʯʥʦ ʟʘ ʝʜʠʥ ʫʯʝʙʝʥ ʯʘʩ. ʅʦ ʩʣʝʜ ʪʦʚʘ ʪʨʷʙʚʘ 

ʜʘ ʩʝ ʟʘʨʝʜʠ ʥʘʧʲʣʥʦ, ʧʨʝʜʠ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʦʪʥʦʚʦ. ʂʦʝʪʦ ʘʚʪʦʤʘʪʠʯʥʦ ʦʪʛʦʚʘʨʷ ʠ ʥʘ 

ʚʨʝʤʝʪʦ ʢʦʝʪʦ ʨʦʙʦʪʘ ʙʠ ʠʟʧʦʣʟʚʘʣ ʠ ʚ ʜʦʤʘʰʥʘ ʩʨʝʜʘ ʢʘʪʦ ʣʶʙʠʤʝʮ.  

ʈʦʙʦʪʘ ʢʫʯʝ, ʦʩʚʝʥ ʩʝʥʟʦʨʠ, ʭʘʨʜʫʝʨ ʧʨʝʜʣʘʛʘ ʠ ʨʘʟʣʠʯʥʠ ʪʝʭʥʦʣʦʛʠʠ ʚʢʣʶʯʠʪʝʣʥʦ 

ʠ ʀʀ. ʅʦ ʢʲʤ ʤʦʤʝʥʪʘ ʦʩʚʝʥ ʯʘʩʪʪʘ ʩ ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʟ ʫʩʪʨʦʡʩʪʚʦ ʠ ʪʦ ʟʘ ʚʲʟʨʘʩʪʦʚʘ ʛʨʫʧʘ 

ʜʦ 10 ʛʦʜʠʥʠ ʥʝ ʝ ʘʧʨʦʙʠʨʘʥ ʩʨʝʜ ʫʯʝʥʠʮʠ ʚ ʧʦ-ʛʦʨʥʠʪʝ ʢʣʘʩʦʚʝ, ʢʲʜʝʪʦ ʱʝ ʙʲʜʝ ʜʦʙʲʨ 

ʠʥʩʪʨʫʤʝʥʪ, ʩʲʯʝʪʘʚʘʱ ʟʥʘʥʠʷ ʦʪ ʨʘʟʣʠʯʥʠ ʩʬʝʨʠ, ʟʘ ʜʘ ʩʝ ʧʦʜʦʙʨʷʪ ʢʲʤ ʤʦʤʝʥʪʘ 

ʫʩʪʘʥʦʚʝʥʠʪʝ ʩʣʘʙʠ ʤʝʩʪʘ ʠ ʜʘ ʩʝ ʤʠʩʣʠ ʟʘ ʥʦʚʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʟʘ ʥʝʛʦʚʦʪʦ ʠʟʧʦʣʟʚʘʥʝ. 
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STEM ʫʨʦʢʘ ʤʦʞʝ ʜʘ ʩʲʯʝʪʘʚʘ ʬʠʟʠʢʘ, ʤʝʭʘʥʠʢʘ, ʤʘʪʝʤʘʪʠʢʘ, ʧʨʠʨʦʜʥʠ ʥʘʫʢʠ(ʠʟʫʯʘʚʘʥʝ 

ʥʘ ʭʘʙʠʪʘʪʘ), ʤʫʟʠʢʘ, ʬʠʟʠʯʝʩʢʦ(ʟʘ ʜʚʠʞʝʥʠʝ) ʠ ʜʨ.  

 

3.1.7. ʀʥʪʝʣʠʛʝʥʪʥʠ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ  

 

ʂʘʢʪʦ ʚʝʯʝ ʩʝ ʦʪʙʝʣʷʟʘ ʫʯʝʙʥʠʪʝ ʨʦʙʦʪʠ ʠʤʘʪ ʩʚʦʝʪʦ ʤʷʩʪʦ ʚ ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ 

ʩʠʩʪʝʤʘ. ʂʘʢʪʦ ʜʘʚʘʪ ʨʝʰʝʥʠʷ ʪʘʢʘ ʠ ʚʩʝ ʦʱʝ ʪʲʨʩʷʪ ʪʘʢʠʚʘ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʧʨʝʮʠʟʥʦʩʪ 

ʠʣʠ ʥʦʚʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ. ɽʜʥʦ ʦʪ ʦʩʥʦʚʥʠʪʝ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʚʩʝ ʦʱʝ ʧʨʝʜ 

ʠʥʪʝʣʠʛʝʥʪʥʠʪʝ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʝ ʨʘʟʧʦʟʥʘʚʘʥʝʪʦ ʥʘ ʦʙʝʢʪʠ, ʠʟʤʝʨʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʷ ʜʦ 

ʦʙʝʢʪʠ ʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʪʝʭʥʠʪʝ ʬʠʟʠʯʝʩʢʠ ʨʘʟʤʝʨʠ, ʢʘʢʪʦ ʠ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ 

ʠʟʯʠʩʣʠʪʝʣʥʠʪʝ ʨʝʩʫʨʩʠ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʪʝʟʠ ʟʘʜʘʯʠ [115, 116, 117, 118]. 

ʉʲʱʝʩʪʚʫʚʘʱʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ ʠ ʜʲʣʙʦʯʠʥʥʠʪʝ 

ʢʘʤʝʨʠ ʯʝʩʪʦ ʩʝ ʬʦʢʫʩʠʨʘʪ ʚʲʨʭʫ ʧʦʜʦʙʨʷʚʘʥʝ ʠʣʠ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʥʦʚʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʧʦ-

ʪʦʯʝʥ ʘʥʘʣʠʟ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ.  

ʅʝʢʘ ʚʠʜʠʤ ʝʬʝʢʪʠʚʥʘ ʘʨʭʠʪʝʢʪʫʨʘ, ʢʦʷʪʦ ʨʘʟʧʨʝʜʝʣʷ ʨʝʩʫʨʩʠʪʝ ʠ ʬʫʥʢʮʠʠʪʝ ʤʝʞʜʫ 

ʤʠʢʨʦʢʦʤʧʶʪʲʨʥʘ ʩʠʩʪʝʤʘ, ʧʦʜʭʦʜʷʱʘ ʟʘ ʤʦʙʠʣʝʥ ʨʦʙʦʪ, ʠ ʦʪʜʘʣʝʯʝʥʘ ʢʦʤʧʶʪʲʨʥʘ 

ʩʪʘʥʮʠʷ. ʄʠʢʨʦʢʦʤʧʶʪʲʨʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʨʦʙʦʪʘ ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ ʜʘ ʦʙʨʘʙʦʪʚʘ ʥʠʩʢʦ ʥʠʚʦ 

ʥʘ ʫʧʨʘʚʣʝʥʠʝʪʦ ʠ ʢʦʥʪʨʦʣʘ, ʢʘʢʪʦ ʠ ʜʘ ʠʟʚʣʠʯʘ ʢʘʜʨʠ ʦʪ 3D ʢʘʤʝʨʘ. ɻʦʣʝʤʠʪʝ ʦʙʝʤʠ ʜʘʥʥʠ, 

ʠʟʠʩʢʚʘʱʠ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ, ʩʝ ʧʨʝʜʘʚʘʪ ʢʲʤ ʦʪʜʘʣʝʯʝʥʘʪʘ ʩʪʘʥʮʠʷ, ʢʦʷʪʦ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪ ʤʦʞʝ ʜʘ ʚʨʲʱʘ ʨʝʟʫʣʪʘʪʠ ʢʲʤ ʤʠʢʨʦʢʦʤʧʶʪʲʨʘ. ʊʦʟʠ ʧʦʜʭʦʜ ʥʘʤʘʣʷʚʘ 

ʠʟʯʠʩʣʠʪʝʣʥʘʪʘ ʪʝʞʝʩʪ ʚʲʨʭʫ ʭʘʨʜʫʝʨʘ ʥʘ ʨʦʙʦʪʘ ʠ ʝʣʠʤʠʥʠʨʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ 

ʜʦʧʲʣʥʠʪʝʣʥʦ ʦʙʦʨʫʜʚʘʥʝ, ʢʘʪʦ ʧʦ-ʤʦʱʝʥ ʧʨʦʮʝʩʦʨ ʠ ʧʦ-ʛʦʣʷʤʘ ʧʘʤʝʪ. ʆʩʚʝʥ ʪʦʚʘ, ʪʦʡ 

ʠʟʙʷʛʚʘ ʧʨʦʙʣʝʤʠʪʝ, ʩʚʲʨʟʘʥʠ ʩ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʪʝʛʣʦʪʦ ʥʘ ʨʦʙʦʪʘ, ʧʦ-ʚʠʩʦʢʘ ʢʦʥʩʫʤʘʮʠʷ 

ʥʘ ʝʥʝʨʛʠʷ ʠ ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ ʢʦʤʫʥʠʢʘʮʠʷʪʘ. 

ʇʨʝʜʩʪʘʚʝʥʘʪʘ ʨʘʟʧʨʝʜʝʣʠʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ ʝ ʧʨʦʝʢʪʠʨʘʥʘ ʟʘ ʘʥʘʣʠʟ ʥʘ ʩʮʝʥʠ ʚ ʨʝʘʣʥʦ 

ʚʨʝʤʝ ʬʦʢʫʩʠʨʘʡʢʠ ʩʝ ʚʲʨʭʫ ʜʚʫʤʝʨʥʠ ʦʙʝʢʪʠ ʚ ʪʨʠʠʟʤʝʨʥʘ ʩʨʝʜʘ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʚʩʠʯʢʠ 

ʨʘʟʧʦʟʥʘʪʠ ʦʙʝʢʪʠ ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʩ ʨʘʟʤʝʨʠ ʚ ʜʚʫʤʝʨʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʜʠʘʤʝʪʲʨ, ʰʠʨʠʥʘ, 
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ʚʠʩʦʯʠʥʘ). ʅʷʢʦʠ ʪʨʠʠʟʤʝʨʥʠ ʦʙʝʢʪʠ ʩʘ ʦʧʨʦʩʪʝʥʠ ʜʦ ʩʚʦʠʪʝ ʜʚʫʤʝʨʥʠ ʘʥʘʣʦʛʠʠ; ʥʘʧʨʠʤʝʨ, 

ʩʬʝʨʘʪʘ ʩʝ ʠʥʪʝʨʧʨʝʪʠʨʘ ʢʘʪʦ ʢʨʲʛ, ʘ ʢʫʙʲʪ ð ʢʘʪʦ ʢʚʘʜʨʘʪ.  

ʈʘʟʧʨʝʜʝʣʝʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʢʦʥʪʨʦʣ ʠʥʪʝʛʨʠʨʘ ʭʘʨʜʫʝʨʥʠ ʠ 

ʩʦʬʪʫʝʨʥʠ ʢʦʤʧʦʥʝʥʪʠ. ʍʘʨʜʫʝʨʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʚʢʣʶʯʚʘʪ: ʤʠʢʨʦʢʦʤʧʶʪʲʨʝʥ ʤʦʜʫʣ, 

ʙʘʟʠʨʘʥ ʥʘ Raspberry Pi 5; ʢʘʤʝʨʘ ʟʘ ʜʲʣʙʦʯʠʥʘ Orbbec Petrel A; ʨʫʪʝʨ ʠ ʢʦʤʧʶʪʲʨʥʘ ʩʪʘʥʮʠʷ 

(ʜʝʩʢʪʦʧ ʠʣʠ ʣʘʧʪʦʧ) [124, 125]. ʉʦʬʪʫʝʨʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʦʙʭʚʘʱʘʪ ʩʧʝʮʠʬʠʯʥʠ ʧʨʦʛʨʘʤʠ, 

ʢʦʠʪʦ ʦʩʠʛʫʨʷʚʘʪ ʢʦʦʨʜʠʥʠʨʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʨʘʟʣʠʯʥʠʪʝ ʝʪʘʧʠ ʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ 

ʠʥʬʦʨʤʘʮʠʷʪʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. 

ʂʘʤʝʨʘʪʘ ʟʘ ʜʲʣʙʦʯʠʥʘ ʝ ʩʚʲʨʟʘʥʘ ʩ Raspberry Pi. ɿʘʩʥʝʪʠʪʝ ʢʘʜʨʠ ʦʪ ʢʘʤʝʨʘʪʘ ʩʝ 

ʧʨʝʜʘʚʘʪ ʯʨʝʟ ʢʘʙʝʣ ʠʣʠ ʙʝʟʞʠʯʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʨʫʪʝʨʘ ʢʲʤ ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʪʘʥʮʠʷ. 

ɸʥʘʣʠʟʲʪ ʥʘ ʢʘʜʨʠʪʝ ʩʝ ʠʟʚʲʨʰʚʘ ʥʘ ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʪʘʥʮʠʷ, ʢʲʜʝʪʦ ʩʧʝʮʠʘʣʠʟʠʨʘʥ 

ʩʦʬʪʫʝʨʝʥ ʤʦʜʫʣ (ʧʨʦʛʨʘʤʝʥ ʤʦʜʝʣ) ʨʘʟʧʦʟʥʘʚʘ ʦʙʝʢʪʠ, ʪʝʭʥʠʪʝ ʮʚʝʪʦʚʝ ʠ QR ʢʦʜʦʚʝ. 

ɼʦʙʘʚʝʥʘ ʝ ʜʦʧʲʣʥʠʪʝʣʥʘʪʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʚ ʧʨʦʛʨʘʤʠʨʫʝʤʠʷ ʤʦʜʝʣ, ʢʦʷʪʦ ʠʟʯʠʩʣʷʚʘ 

ʨʘʟʩʪʦʷʥʠʝʪʦ ʜʦ ʨʘʟʧʦʟʥʘʪʠʪʝ ʦʙʝʢʪʠ ʠ ʪʝʭʥʠʪʝ ʬʠʟʠʯʝʩʢʠ ʨʘʟʤʝʨʠ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʧʦ-

ʜʦʙʲʨ ʘʥʘʣʠʟ ʥʘ ʦʙʝʢʪʠʪʝ ʚ ʪʨʠʠʟʤʝʨʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ʊʘʟʠ ʨʘʟʧʨʝʜʝʣʝʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʠʣʦʞʝʥʘ ʢʲʤ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʠʣʠ ʚ 

ʜʨʫʛʠ ʦʙʣʘʩʪʠ, ʢʲʜʝʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʪʨʠʠʟʤʝʨʥʦ ʥʘʙʣʶʜʝʥʠʝ. ɺ ʢʦʥʪʝʢʩʪʘ ʥʘ ʤʦʙʠʣʝʥ 

ʨʦʙʦʪ ʩʠʩʪʝʤʘʪʘ ʧʦʟʚʦʣʷʚʘ ʘʥʘʣʠʟʲʪ ʥʘ ʪʨʠʠʟʤʝʨʥʘ ʩʮʝʥʘ ʜʘ ʩʝ ʠʟʚʲʨʰʚʘ ʥʘ ʦʪʜʘʣʝʯʝʥ 

ʢʦʤʧʶʪʲʨ, ʢʦʡʪʦ ʨʘʟʧʦʣʘʛʘ ʩ ʢʘʧʘʮʠʪʝʪ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʛʦʣʷʤ ʦʙʝʤ ʜʘʥʥʠ ʠ ʛʝʥʝʨʠʨʘʥʝ ʥʘ 

ʨʝʟʫʣʪʘʪʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʘʥʘʣʠʟʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʚʲʨʥʘʪʠ ʢʲʤ ʤʠʢʨʦ-

ʢʦʤʧʶʪʲʨʝʥ ʤʦʜʫʣ, ʢʦʡʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʨʝʘʣʠʟʠʨʘ ʥʠʩʢʦ ʥʠʚʦ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʠ ʢʦʥʪʨʦʣ ʥʘ 

ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ, ʘʥʘʣʠʟʲʪ ʥʘ ʩʮʝʥʘʪʘ ʠ ʣʦʛʠʢʘʪʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʦʙʦʪʘ ʩʝ 

ʠʟʧʲʣʥʷʚʘʪ ʥʘ ʦʪʜʘʣʝʯʝʥ ʢʦʤʧʶʪʲʨ, ʢʦʝʪʦ ʥʝ ʥʘʪʦʚʘʨʚʘ ʩʠʩʪʝʤʘʪʘ ʩ ʤʠʢʨʦʢʦʤʧʶʪʲʨ 

(Raspberry Pi 5), ʦʙʩʣʫʞʚʘʱ ʥʠʩʢʦ ʥʠʚʦ ʥʘ ʫʧʨʘʚʣʝʥʠʝ. ʊʦʚʘ ʚʦʜʠ ʜʦ ʧʦ-ʝʬʝʢʪʠʚʥʘ ʨʘʙʦʪʘ 

ʥʘ ʨʦʙʦʪʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʥʘ ʨʝʩʫʨʩʠʪʝ ʚ ʮʷʣʦʩʪʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʘʚʪʦʥʦʤʥʦ ʫʧʨʘʚʣʝʥʠʝ. ɹʣʦʢ-

ʩʭʝʤʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʘʪʘ ʩʠʩʪʝʤʘ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛʫʨʘ 85. 
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ʌʠʛ.86: ʄʠʢʨʦʢʦʤʧʶʪʨ̡ʝʥ ʤʦʜʫʣ,                   ʌʠʛ.85: ɹʣʦʢʦʚʘ ʩʭʝʤʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʘʪʘ ʩʠʩʪʝʤʘ 

ʙʘʟʠʨʘʥ ʥʘ Raspberry Pi 5                                                      ʟʘ ʘʥʘʣʠʟ ʠ ʫʧʨʘʚʣʝʥʠʝ 

 

ʍʘʨʜʫʝʨʥʦ ʦʩʠʛʫʨʷʚʘʥʝ 

ü ʄʠʢʨʦʢʦʤʧʶʪʨ̡ʝʥ ʤʦʜʫʣ, ʙʘʟʠʨʘʥ ʥʘ Raspberry Pi 5 (ʌʠʛ.86) 

ʄʠʢʨʦʢʦʤʧʶʪʨ̡ʥʠʷʪ ʤʦʜʫʣ ʝ ʧʦʢʘʟʘʥ ʥʘ ʬʠʛʫʨʘ 2. ʊʦʡ ʚʢʣʶʯʚʘ ʩʣʝʜʥʠʪʝ ʭʘʨʜʫʝʨʥʠ 

ʢʦʤʧʦʥʝʥʪʠ: ʧʣʘʪʢʘ Raspberry Pi 5, ʨʘʟʰʠʨʠʪʝʣʥʘ ʧʣʘʪʢʘ PCIe ʢʲʤ M.2 HAT NVMe, SSD 

ʜʠʩʢ ʩ ʢʘʧʘʮʠʪʝʪ 512GB ʪʠʧ M.2 NVMe 2230 ʠ ʟʘʭʨʘʥʚʘʱ ʤʦʜʫʣ UPS HAT Power Supply. 

ʢʲʤ ʤʦʜʫʣʘ ʩʘ ʩʚʲʨʟʘʥʠ ʤʠʰʢʘ, ʢʣʘʚʠʘʪʫʨʘ, Ethernet ʢʘʙʝʣ ʠ RTC ʙʘʪʝʨʠʷ. 

ɿʘʜʘʯʠʪʝ ʥʘ ʤʠʢʨʦʢʦʤʧʶʪʲʨʥʠʷ ʤʦʜʫʣ ʩʘ ʩʣʝʜʥʠʪʝ: 

¶ ɼʘ ʯʝʪʝ ʢʘʜʨʠ ʦʪ ʢʘʤʝʨʘʪʘ, ʜʘ ʛʠ ʦʙʨʘʙʦʪʚʘ ʚ ʫʜʦʙʥʘ ʬʦʨʤʘ ʠ ʜʘ ʛʠ ʠʟʧʨʘʱʘ ʢʲʤ 

ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʪʘʥʮʠʷ ʟʘ ʧʦʩʣʝʜʚʘʱʘ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ. 

¶ ɼʘ ʦʩʠʛʫʨʠ ʢʦʤʫʥʠʢʘʮʠʷ ʩ ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʪʘʥʮʠʷ ʯʨʝʟ ʠʟʧʨʘʱʘʥʝ ʠ ʧʦʣʫʯʘʚʘʥʝ ʥʘ 

ʠʥʬʦʨʤʘʮʠʷ. ʊʘʟʠ ʢʦʤʫʥʠʢʘʮʠʷ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʨʫʪʝʨ ʯʨʝʟ ʢʘʙʝʣ ʠʣʠ 

WiFi. 

¶ ɼʘ ʧʨʝʜʘʚʘ ʠ ʧʦʣʫʯʘʚʘ ʠʥʬʦʨʤʘʮʠʷ ʢʲʤ ʠ ʦʪ ʧʨʦʛʨʘʤʘ, ʦʪʛʦʚʦʨʥʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝʪʦ 

ʥʘ ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ, ʦʙʦʟʥʘʯʝʥʘ ʥʘ ʬʠʛʫʨʘ 85 ʢʘʪʦ ĂC++ ʧʨʦʛʨʘʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 

ʨʦʙʦʪñ. ʄʠʢʨʦʢʦʤʧʶʪʝʨʥʠʷ ʤʦʜʫʣ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʤʦʥʪʠʨʘʥ ʥʘ ʘʚʪʦʥʦʤʝʥ ʤʦʙʠʣʝʥ 

ʨʦʙʦʪ. ɿʘʜʘʯʠʪʝ, ʢʦʠʪʦ ʨʦʙʦʪʲʪ ʪʨʷʙʚʘ ʜʘ ʠʟʧʲʣʥʷʚʘ, ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʟʘʜʘʚʘʥʠ ʦʪ 
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ʦʧʝʨʘʪʦʨ ʯʨʝʟ ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʪʘʥʮʠʷ. ʉʲʦʪʚʝʪʥʦ, ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ 

ʨʦʙʦʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʨʘʱʘʥʘ ʢʲʤ ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʪʘʥʮʠʷ, ʢʲʜʝʪʦ ʜʘ ʙʲʜʝ 

ʚʠʟʫʘʣʠʟʠʨʘʥʘ ʧʦ ʫʜʦʙʝʥ ʟʘ ʦʧʝʨʘʪʦʨʘ ʥʘʯʠʥ. 

ɿʥʘʯʝʥʠʝʪʦ ʥʘ ʦʩʥʦʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʤʠʢʨʦʢʦʤʧʶʪʨ̡ʥʠʷ ʤʦʜʫʣ ʝ ʩʣʝʜʥʦʪʦ: 

¶ ʄʠʢʨʦʢʦʥʪʨʦʣʝʨʲʪ Raspberry Pi 5: ʨʘʟʧʦʣʘʛʘ ʩ 64-ʙʠʪʦʚ ʯʝʪʠʨʠʷʜʨʝʥ ʧʨʦʮʝʩʦʨ Arm 

Cortex-A76, ʨʘʙʦʪʝʱ ʥʘ 2.4 GHz, ʜʦʩʪʘʪʲʯʥʦ ʤʦʱʝʥ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʧʨʦʛʨʘʤʠ ʟʘ 

ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, ʚʢʣʶʯʠʪʝʣʥʦ ʦʪ ʜʲʣʙʦʯʠʥʥʘʪʘ ʢʘʤʝʨʘ, 

ʧʝʨʠʬʝʨʥʠ ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʠ ʢʦʤʫʥʠʢʘʮʠʷ ʩ ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʪʘʥʮʠʷ. 

¶ ɿʘʭʨʘʥʚʘʱ ʤʦʜʫʣ UPS HAT Power Supply: ʟʘʭʨʘʥʚʘʱ ʙʣʦʢ, ʢʦʡʪʦ ʧʦʜʜʲʨʞʘ ʣʠʪʠʝʚʘ 

ʙʘʪʝʨʠʷ 21700 ʠ ʦʩʠʛʫʨʷʚʘ ʥʘʜʝʞʜʥʦ ʠ ʥʝʧʨʝʢʲʩʥʘʪʦ ʟʘʭʨʘʥʚʘʥʝ ʥʘ Raspberry Pi 5. 

¶ PCIe ʢʲʤ M.2 HAT NVMe: ʨʘʟʰʠʨʠʪʝʣʥʘ ʧʣʘʪʢʘ, ʢʦʷʪʦ ʧʦʟʚʦʣʷʚʘ ʩʚʲʨʟʚʘʥʝʪʦ ʥʘ 

NVMe SSD ʜʠʩʢʦʚʝ ʪʠʧ M.2 ʢʲʤ Raspberry Pi. 

¶ 512GB M.2 NVMe 2230 Micron Bulk: SSD ʜʠʩʢ ʩ ʚʠʩʦʢ ʩʢʦʨʦʩʪ ʥʘ ʯʝʪʝʥʝ ʠ ʟʘʧʠʩ, 

ʧʦʜʭʦʜʷʱ ʠ ʫʜʦʙʝʥ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʩ Raspberry Pi. 

ü ɼʲʣʙʦʯʠʥʥʘ ʢʘʤʝʨʘ 

ɼʲʣʙʦʯʠʥʥʘʪʘ ʢʘʤʝʨʘ ʠʟʤʝʨʚʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʜʦ ʪʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ. ɺ 

ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʙʝʰʝ ʠʟʧʦʣʟʚʘʥʘ ʢʘʤʝʨʘ Petrel A ʥʘ Orbbec [119] 

(ʬʠʛʫʨʘ 87). 

 

 

ʌʠʛ.87: ʂʘʤʝʨʘ Petrel A, Orbbec. 

 

ʂʘʤʝʨʘʪʘ ʟʘʩʥʝʤʘ RGB ʠ ʜʲʣʙʦʯʠʥʥʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʠʪʦ ʧʨʝʜʦʩʪʘʚʷʪ ʜʘʥʥʠ ʟʘ 

ʨʘʟʩʪʦʷʥʠʷ ʜʦ ʪʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ. ʇʦʣʫʯʝʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ ʢʘʤʝʨʘʪʘ ʩʝ ʧʨʠʝʤʘʪ ʦʪ 

ʧʨʦʛʨʘʤʘ, ʨʝʘʣʠʟʠʨʘʥʘ ʥʘ Raspberry Pi 5, ʠ ʩʣʝʜ ʪʦʚʘ ʩʝ ʠʟʧʨʘʱʘʪ ʢʲʤ ʦʪʜʘʣʝʯʝʥʘ 

ʢʦʤʧʶʪʲʨʥʘ ʩʪʘʥʮʠʷ. ʂʘʤʝʨʘʪʘ ʝ ʩʚʲʨʟʘʥʘ ʢʲʤ Raspberry Pi 5 ʯʨʝʟ USB 2.0. ʉʦʬʪʫʝʨʲʪ ʥʘ 

ʢʘʤʝʨʘʪʘ ʠʟʧʦʣʟʚʘ SDK-ʪʘʪʘ OpenNI [120] ʠ OpenCV [122]. 
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ü ʈʫʪʝʨ 

ʈʫʪʝʨʲʪ ʦʩʠʛʫʨʷʚʘ ʜʚʫʧʦʩʦʯʥʘ ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʤʠʢʨʦʢʦʤʧʶʪʝʨʥʠʷ ʤʦʜʫʣ ʠ 

ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʪʘʥʮʠʷ. ɸʜʨʝʩʲʪ ʥʘ ʩʲʨʚʲʨʘ ʝ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥ ʚ ʤʨʝʞʘʪʘ. ɿʘ ʜʘ 

ʢʦʤʫʥʠʢʠʨʘʪ, ʤʠʢʨʦʢʦʤʧʶʪʨ̡ʥʠʷʪ ʤʦʜʫʣ ʠ ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʪʘʥʮʠʷ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʚ ʝʜʥʘ 

ʠ ʩʲʱʘ ʤʨʝʞʘ. 

ü ʂʦʤʧʶʪʲʨʥʘ ʩʪʘʥʮʠʷ 

ʂʦʤʧʶʪʲʨʥʘʪʘ ʩʪʘʥʮʠʷ ʤʦʞʝ ʜʘ ʙʲʜʝ ʩʪʘʮʠʦʥʘʨʝʥ ʢʦʤʧʶʪʲʨ ʠʣʠ ʣʘʧʪʦʧ, ʢʦʡʪʦ 

ʠʟʧʲʣʥʷʚʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʧʨʦʛʨʘʤʠ ʟʘ ʘʥʘʣʠʟ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʜʘʥʥʠ. ʊʘʟʠ ʩʪʘʥʮʠʷ 

ʘʥʘʣʠʟʠʨʘ ʠʟʦʙʨʘʞʝʥʠʷʪʘ, ʠʟʧʨʘʪʝʥʠ ʦʪ ʤʠʢʨʦʢʦʤʧʶʪʝʨʥʠʷ ʤʦʜʫʣ, ʠ ʛʝʥʝʨʠʨʘ ʠʟʭʦʜʥʘ 

ʠʥʬʦʨʤʘʮʠʷ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʘʥʘʣʠʟʘ. ɺʨʲʟʢʘʪʘ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʩʪʘʥʮʠʷʪʘ ʠ 

ʤʠʢʨʦʢʦʤʧʶʪʝʨʥʠʷ ʤʦʜʫʣ ʝ ʜʚʫʧʦʩʦʯʥʘ. ʉʪʘʥʮʠʷʪʘ ʧʨʝʜʦʩʪʘʚʷ ʠʥʪʝʨʬʝʡʩ ʟʘ ʦʧʝʨʘʪʦʨʘ ʟʘ 

ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʨʦʮʝʩʠʪʝ ʥʘ ʘʥʘʣʠʟ ʠ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ. 

 

ʉʦʬʪʫʝʨ  

ü ʇʨʦʛʨʘʤʘ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʠ ʘʥʘʣʠʟ ʥʘ ʦʙʝʢʪʠ 

ʉʧʝʮʠʘʣʠʟʠʨʘʥʘ ʧʨʦʛʨʘʤʘ (ʤʦʜʝʣ ʥʘ ʧʨʦʛʨʘʤʘ), ʢʦʷʪʦ ʬʫʥʢʮʠʦʥʠʨʘ ʥʘ 

ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʪʘʥʮʠʷ ʠ ʝ ʦʙʦʟʥʘʯʝʥʘ ʢʘʪʦ ĂC++ ʧʨʦʛʨʘʤʥʘ ʤʦʜʝʣñ ʥʘ ʬʠʛʫʨʘ 83. 

ʊʘʟʠ ʧʨʦʛʨʘʤʘ ʦʙʝʜʠʥʷʚʘ ʩʣʝʜʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ:  

¶ ʈʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʪʠʧʦʚʝ ʦʙʝʢʪʠ (ʬʦʨʤʠ);  

¶ ʂʣʘʩʠʬʠʢʘʮʠʷ ʧʦ ʮʚʷʪ ʥʘ ʨʘʟʧʦʟʥʘʪʠʪʝ ʦʙʝʢʪʠ;  

¶ ɼʝʢʦʜʠʨʘʥʝ ʥʘ QR ʢʦʜʦʚʝ ʥʘ ʦʙʝʢʪʠ, ʘʢʦ ʪʝ ʩʲʜʲʨʞʘʪ ʤʘʨʢʠʨʘʥʠ ʢʦʜʦʚʝ. 

ɺ ʢʦʥʪʝʢʩʪʘ ʥʘ ʪʝʢʫʱʦʪʦ ʨʘʟʚʠʪʠʝ ʢʲʤ ʪʦʟʠ ʤʦʜʝʣ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʩʘ ʜʦʙʘʚʝʥʠ ʥʦʚʠ 

ʚʲʟʤʦʞʥʦʩʪʠ:  

¶ ʀʟʤʝʨʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʜʦ ʨʘʟʧʦʟʥʘʪ ʦʙʝʢʪ. 

¶ ʀʟʤʝʨʚʘʥʝ ʥʘ ʬʠʟʠʯʝʩʢʠʪʝ ʨʘʟʤʝʨʠ ʥʘ ʨʘʟʧʦʟʥʘʪʠʷ ʦʙʝʢʪ.  

ʊʝʟʠ ʥʦʚʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʩʝ ʨʝʘʣʠʟʠʨʘʪ ʯʨʝʟ ʜʦʙʘʚʷʥʝ ʥʘ ʦʧʮʠʷ 5 ʢʲʤ 

ʧʨʦʛʨʘʤʥʦʪʦ ʤʝʥʶ, ʢʘʢʪʦ ʝ ʧʦʢʘʟʘʥʦ ʥʘ ʌʠʛʫʨʘ 88. 
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ʌʠʛ.88: ɼʦʙʘʚʝʥʘ ʝ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʙʦʨ ʧʨʠ ʨʘʙʦʪʘ ʩ RGB ʠ ʜʲʣʙʦʯʠʥʥʠ ʠʟʦʙʨʘʞʝʥʠʷ. 

 

ʀʟʙʦʨ 5 ʠʟʧʦʣʟʚʘ ʧʨʦʛʨʘʤʝʥ ʧʦʜʭʦʜ ʟʘ ʩʧʦʜʝʣʷʥʝ ʥʘ ʧʘʤʝʪ [122]. ʉ ʪʦʟʠ ʧʦʜʭʦʜ ʩʝ 

ʠʟʚʣʠʯʘʪ ʜʚʝ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ ʦʙʱʘʪʘ ʧʘʤʝʪ: ʧʲʨʚʦʪʦ ʝ RGB ʠʟʦʙʨʘʞʝʥʠʝʪʦ, ʘ ʚʪʦʨʦʪʦ ð 

ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʩ ʜʲʣʙʦʯʠʥʘ (DEPTH). ɿʘ ʮʝʣʪʘ ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʩʲʨʚʲʨʥʘ ʧʨʦʛʨʘʤʘ, ʢʦʷʪʦ 

ʬʫʥʢʮʠʦʥʠʨʘ ʥʘ ʩʪʨʘʥʘʪʘ ʥʘ ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʪʘʥʮʠʷ. ʊʘʟʠ ʧʨʦʛʨʘʤʘ ʧʦʣʫʯʘʚʘ RGB ʠ DEPTH 

ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ ʢʣʠʝʥʪʘ (ʤʠʢʨʦʢʦʤʧʶʪʲʨʥʠʷ ʤʦʜʫʣ, ʙʘʟʠʨʘʥ ʥʘ Raspberry Pi 5) ʠ ʛʠ ʟʘʧʠʩʚʘ 

ʚ ʩʧʦʜʝʣʝʥʘʪʘ ʦʙʣʘʩʪ, ʦʪ ʢʦʷʪʦ ʤʦʜʝʣʲʪ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʤʦʞʝ ʜʘ ʛʠ ʠʟʚʣʠʯʘ ʟʘ ʦʙʨʘʙʦʪʢʘ ʠ 

ʘʥʘʣʠʟ. ɼʦʙʘʚʝʥʠʷʪ ʢʦʜ ʢʲʤ ʤʦʜʝʣʥʘʪʘ ʧʨʦʛʨʘʤʘ ʠʟʯʠʩʣʷʚʘ ʬʠʟʠʯʝʩʢʠʪʝ ʨʘʟʤʝʨʠ ʥʘ 

ʨʘʟʧʦʟʥʘʪʠʪʝ ʦʙʝʢʪʠ ʠ ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʪ ʢʘʤʝʨʘʪʘ ʜʦ ʪʷʭ, ʙʘʟʠʨʘʡʢʠ ʩʝ ʥʘ ʧʦʣʫʯʝʥʦʪʦ 

ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʜʲʣʙʦʯʠʥʘ. ʌʠʛʫʨʘ 89 ʠʣʶʩʪʨʠʨʘ ʙʣʦʢ-ʩʭʝʤʘ ʥʘ ʦʩʥʦʚʥʠʷ ʮʠʢʲʣ, ʢʲʜʝʪʦ 

ʜʦʧʲʣʥʝʥʘʪʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʝ ʦʙʦʟʥʘʯʝʥʘ ʩ ʫʜʝʙʝʣʝʥ ʰʨʠʬʪ. 
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ʌʠʛ.89: ɹʣʦʢ-ʩʭʝʤʘ ʥʘ ʤʦʜʝʣʘ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʟʘ ʘʥʘʣʠʟ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ 

 

¶ ʉʲʨʚʲʨʥʘ ʧʨʦʛʨʘʤʘ ʥʘ ʩʪʨʘʥʘʪʘ ʥʘ ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʪʘʥʮʠʷ 

ʉʲʨʚʲʨʥʘʪʘ ʧʨʦʛʨʘʤʘ ʩʝ ʟʘʨʝʞʜʘ ʦʪ ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʪʘʥʮʠʷ ʠ ʠʟʧʦʣʟʚʘ ʙʠʙʣʠʦʪʝʢʘʪʘ 

Boost.Asio ʟʘ ʘʩʠʥʭʨʦʥʥʘ ʤʨʝʞʦʚʘ ʢʦʤʫʥʠʢʘʮʠʷ ʠ OpenCV ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʊʷ ʝ ʢʦʥʬʠʛʫʨʠʨʘʥʘ ʢʘʪʦ ʩʲʨʚʲʨ, ʢʦʡʪʦ ʠʟʯʘʢʚʘ ʚʭʦʜʷʱʠ ʚʨʲʟʢʠ ʦʪ ʢʣʠʝʥʪ. ʇʨʦʛʨʘʤʘʪʘ 

ʠʟʧʦʣʟʚʘ ʧʨʠʝʤʥʠʢ (tcp::acceptor), ʢʦʡʪʦ ʩʣʫʰʘ ʟʘ ʚʭʦʜʷʱʠ ʚʨʲʟʢʠ ʥʘ ʦʧʨʝʜʝʣʝʥ ʧʦʨʪ (ʚ 

ʩʣʫʯʘʷ ʧʦʨʪ 12345). ʂʦʛʘʪʦ ʧʦʣʫʯʠ ʚʭʦʜʷʱ TCP ʚʨʲʟʢʘ, ʧʨʦʛʨʘʤʘʪʘ ʧʨʠʝʤʘ RGB ʠ 

ʜʲʣʙʦʯʠʥʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ ʢʣʠʝʥʪʘ, ʜʝʢʦʜʠʨʘ ʛʠ ʠ ʩʣʝʜ ʪʦʚʘ ʛʠ ʧʦʢʘʟʚʘ ʠʣʠ ʟʘʧʠʩʚʘ ʚ 

ʩʧʦʜʝʣʝʥʘʪʘ ʧʘʤʝʪ. ʌʠʛʫʨʠ 90 ʠ 91 ʧʦʢʘʟʚʘʪ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʪʘ ʥʘ ʢʣʠʝʥʪʩʢʘʪʘ ʧʨʦʛʨʘʤʘ. 
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ʌʠʛ.90: ɹʣʦʢʦʚʘ ʜʠʘʛʨʘʤʘ ʥʘ ʩʲʨʚʲʨʥʘʪʘ ʧʨʦʛʨʘʤʘ 

 

¶ ʂʣʠʝʥʪʩʢʘ ʧʨʦʛʨʘʤʘ ʥʘ ʩʪʨʘʥʘʪʘ ʥʘ ʤʠʢʨʦʢʦʤʧʶʪʲʨʥʠʷ ʤʦʜʫʣ. 

 

ʂʣʠʝʥʪʩʢʘʪʘ ʧʨʦʛʨʘʤʘ ʨʘʙʦʪʠ ʥʘ ʤʠʢʨʦʢʦʤʧʶʪʲʨʥʠʷ ʤʦʜʫʣ, ʙʘʟʠʨʘʥ ʥʘ Raspberry Pi 

5. ɹʣʦʢʦʚʘ ʜʠʘʛʨʘʤʘ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛʫʨʘ 91. 
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ʌʠʛ.91: ɹʣʦʢʦʚʘ ʜʠʘʛʨʘʤʘ ʥʘ ʢʣʠʝʥʪʩʢʘʪʘ ʧʨʦʛʨʘʤʘ  

 

ʊʷ ʠʟʧʦʣʟʚʘ ʙʠʙʣʠʦʪʝʢʘʪʘ Boost.Asio ʟʘ ʤʨʝʞʦʚʘ ʢʦʤʫʥʠʢʘʮʠʷ ʠ ʝ ʠʥʪʝʛʨʠʨʘʥʘ ʚ 

SDK OpenNI, ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʘʤʝʨʘʪʘ ʠ ʦʙʨʘʙʦʪʢʘ ʥʘ ʢʘʜʨʠʪʝ ʦʪ ʥʝʷ. 

RGB ʠ ʜʲʣʙʦʯʠʥʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʝ ʩʲʛʣʘʩʫʚʘʪ ʯʨʝʟ ĂSoftware Depth-to-Color Alignmentñ 

ʧʨʝʜʠ ʜʘ ʙʲʜʘʪ ʠʟʧʨʘʪʝʥʠ ʢʲʤ ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʪʘʥʮʠʷ. ʇʨʦʮʝʩʲʪ ʥʘ ʩʲʛʣʘʩʫʚʘʥʝ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʦʪ ʩʝʥʟʦʨʘ ʟʘ ʜʲʣʙʦʯʠʥʘ (Depth Image) ʠ ʮʚʝʪʥʦʪʦ RGB ʠʟʦʙʨʘʞʝʥʠʝ (Color 

Image) ʩʧʦʤʘʛʘ ʟʘ ʧʦ-ʪʦʯʥʦʪʦ ʩʲʚʧʘʜʝʥʠʝ ʥʘ ʧʠʢʩʝʣʠʪʝ ʚ ʜʚʝʪʝ ʠʟʦʙʨʘʞʝʥʠʷ. 
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ɽʢʩʧʝʨʠʤʝʥʪ 1 

 

ʇʨʝʜʩʪʘʚʝʥʠʷʪ ʥʘ ʬʠʛʫʨʘ 92 ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ ʤʦʜʝʣ ʚʢʣʶʯʚʘ ʥʷʢʦʣʢʦ ʦʙʝʢʪʘ, ʢʦʠʪʦ 

ʧʨʠ ʜʠʨʝʢʪʝʥ ʧʦʛʣʝʜ ʦʪ ʢʘʤʝʨʘʪʘ ʠʟʛʣʝʞʜʘʪ ʢʘʪʦ: ʯʝʨʚʝʥ ʢʚʘʜʨʘʪ, ʩʠʥ ʧʨʘʚʦʲʛʲʣʥʠʢ, ʞʲʣʪ 

ʢʨʲʛ ʠ ʦʨʘʥʞʝʚ ʢʨʲʛ. ʈʘʟʩʪʦʷʥʠʷʪʘ ʜʦ ʦʙʝʢʪʠʪʝ ʝ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 40 ʩʤ. ʆʩʥʦʚʥʘʪʘ ʮʝʣ ʥʘ 

ʧʨʦʚʝʜʝʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʝ ʜʘ ʩʝ ʧʦʪʚʲʨʜʷʪ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ 

ʥʘ ʦʙʝʢʪʠ, ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʪʝʭʥʠʪʝ ʮʚʝʪʦʚʝ, ʠʟʤʝʨʚʘʥʝ ʥʘ ʬʠʟʠʯʝʩʢʠʪʝ ʠʤ ʨʘʟʤʝʨʠ ʠ 

ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʪ ʢʘʤʝʨʘʪʘ ʜʦ ʚʩʝʢʠ ʦʙʝʢʪ. 

 

 

ʌʠʛ.92: ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠʷʪ ʤʦʜʝʣ ï ʦʙʝʢʪʠ ʠ ʢʘʤʝʨʘ. 

ʊʘʙʣʠʮʘ 5 ʦʧʠʩʚʘ ʨʝʘʣʥʠʪʝ ʮʚʝʪʦʚʝ ʠ ʨʘʟʤʝʨʠ ʥʘ ʦʙʝʢʪʠʪʝ. 

ʊʘʙʣʠʮʘ 5. ʈʝʘʣʥʠ ʮʚʝʪʦʚʝ ʠ ʨʘʟʤʝʨʠ ʥʘ ʦʙʝʢʪʠʪʝ ʦʪ ʤʦʜʝʣʘ. 

ʆʙʝʢʪ 
ʎʚʷʪ ʥʘ 

ʦʙʝʢʪʘ 
ʈʘʟʤʝʨ ʥʘ ʦʙʝʢʪʘ 

ʈʘʟʩʪʦʷʥʠʝ ʦʪ 

ʢʘʤʝʨʘʪʘ 

ʂʨʲʛ ʆʨʘʥʞʝʚʦ ɼʠʘʤʝʪʲʨ: 63 ʤʤ 33.0 ʩʤ. 

ʂʚʘʜʨʘʪ ʏʝʨʚʝʥʦ  ʉʪʨʘʥʘ: 75 ʤʤ / 75 ʤʤ  43.0 ʩʤ. 

ʂʨʲʛ ɾʲʣʪʦ ɼʠʘʤʝʪʲʨ: 70 ʤʤ  38.0 ʩʤ. 

ʇʨʘʚʦʲʛʲʣʥʠʢ ʉʠʥʴʦ ʉʪʨʘʥʘ: 57 ʤʤ / 80 ʤʤ  34.0 ʩʤ. 
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ɽʢʩʧʝʨʠʤʝʥʪ 2 - ʂʣʠʝʥʪʩʢʘ ʩʪʨʘʥʘ ï ʤʠʢʨʦʢʦʤʧʶʪʨ̡ʝʥ ʤʦʜʫʣ, ʙʘʟʠʨʘʥ ʥʘ Raspberry Pi 5  

 

ʂʦʛʘʪʦ ʧʨʦʛʨʘʤʘʪʘ ʩʪʘʨʪʠʨʘ, ʩʝ ʟʘʩʥʝʤʘʪ RGB ʠ ɼʒɹʆʏʀʅʅʀ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ 

ʢʘʤʝʨʘʪʘ. ʌʠʛʫʨʘ 93 ʠʣʶʩʪʨʠʨʘ RGB ʠ ɼʒɹʆʏʀʅʅʀ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʷ 

ʤʦʜʝʣ, ʚʲʟʧʨʠʝʪʠ ʦʪ ʢʘʤʝʨʘʪʘ. 

 

 

 

 

 

 

 

ʌʠʛ.93: RGB ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʜʲʣʙʦʯʠʥʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʷ ʤʦʜʝʣ 

 

ʌʠʛʫʨʘ 94 ʧʦʢʘʟʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦ ʠʟʦʙʨʘʞʝʥʠʝ, ʢʦʝʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʤʝʩ ʦʪ RGB ʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʜʲʣʙʦʯʠʥʘ, ʥʘʣʦʞʝʥʠ ʝʜʥʦ ʚʲʨʭʫ ʜʨʫʛʦ ʠ ʩʲʛʣʘʩʫʚʘʥʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 

ʧʦʟʠʮʠʦʥʠʨʘʥʝʪʦ. 

 

 

 

 

 

 

 

 

 

ʌʠʛ.94: RGB ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʜʲʣʙʦʯʠʥʘ, ʥʘʣʦʞʝʥʠ ʠ ʧʦʜʨʘʚʥʝʥʠ ʠʟʦʙʨʘʞʝʥʠʷ. 
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ʂʣʠʝʥʪʩʢʘʪʘ ʩʪʨʘʥʘ ʠʟʧʨʘʱʘ RGB ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʜʲʣʙʦʯʠʥʘ ʢʲʤ ʩʲʨʚʲʨʘ, ʢʘʪʦ 

ʧʨʝʜʦʩʪʘʚʷ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʪʷʭ ʚ ʢʦʥʟʦʣʘʪʘ. ʇʠʢʩʝʣʠʪʝ (ʪʦʯʢʠʪʝ) ʚ ʜʲʣʙʦʯʠʥʥʦʪʦ 

ʠʟʦʙʨʘʞʝʥʠʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʯʨʝʟ ʝʜʥʦʢʘʥʘʣʝʥ, 16-ʙʠʪʦʚ, ʙʝʟʟʥʘʢʦʚ ʮʝʣʦʯʠʩʣʝʥ ʪʠʧ (int) 

(CV_16UC1). ʌʠʛʫʨʘ 95 ʠʣʶʩʪʨʠʨʘ ʨʘʟʤʝʨʘ ʥʘ ʢʦʜʠʨʘʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚʲʚ ʬʦʨʤʘʪ .png, 

ʢʘʢʪʦ ʠ ʤʠʥʠʤʘʣʥʠʪʝ ʠ ʤʘʢʩʠʤʘʣʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʠʟʤʝʨʝʥʠʪʝ ʨʘʟʩʪʦʷʥʠʷ ʟʘ ʪʦʯʢʠʪʝ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ (ʧʠʢʩʝʣʠʪʝ). ʄʘʢʩʠʤʘʣʥʘʪʘ ʩʪʦʡʥʦʩʪ ʝ 533 ʤʤ (53,3 ʩʤ), ʢʦʝʪʦ ʩʲʦʪʚʝʪʩʪʚʘ 

ʥʘ ʨʝʘʣʥʠʪʝ ʨʘʟʤʝʨʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʷ ʤʦʜʝʣ. ɿʘʜʥʘʪʘ ʩʪʝʥʘ ʥʘ ʤʦʜʝʣʘ, ʧʦ ʧʨʘʚʘ ʣʠʥʠʷ 

ʦʪ ʢʘʤʝʨʘʪʘ, ʝ ʨʘʟʧʦʣʦʞʝʥʘ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʥʘ 51 ʩʤ ʨʘʟʩʪʦʷʥʠʝ, ʢʘʪʦ ʜʚʘʪʘ ʢʨʘʷ ʥʘ ʩʪʝʥʘʪʘ 

ʩʘ ʦʪʜʘʣʝʯʝʥʠ ʦʪ ʢʘʤʝʨʘʪʘ ʩ ʧʦ-ʛʦʣʷʤʦ ʨʘʟʩʪʦʷʥʠʝ. 

 

 

 

 

 

 

 

ʌʠʛ.95: ʀʥʬʦʨʤʘʮʠʷ ʟʘ RGB ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʜʲʣʙʦʯʠʥʘ, ʧʨʝʜʦʩʪʘʚʝʥʠ ʦʪ ʢʣʠʝʥʪʘ.. 

 

ɽʢʩʧʝʨʠʤʝʥʪ 3 - ʉʪʨʘʥʠʮʘ ʥʘ ʩʲʨʚʲʨʘ ï ʢʦʤʧʶʪʲʨʥʘ ʩʪʘʥʮʠʷ 

 

ʂʦʛʘʪʦ ʩʲʨʚʲʨʥʘʪʘ ʧʨʦʛʨʘʤʘ ʙʲʜʝ ʩʪʘʨʪʠʨʘʥʘ ʥʘ ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʪʘʥʮʠʷ, ʪʷ ʦʯʘʢʚʘ 

ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʚʨʲʟʢʘ ʩ ʢʣʠʝʥʪʘ. ʉʣʝʜ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʚʨʲʟʢʘʪʘ, ʢʣʠʝʥʪʲʪ ʟʘʧʦʯʚʘ ʜʘ 

ʠʟʧʨʘʱʘ ʠʟʦʙʨʘʞʝʥʠʷ ʢʲʤ ʩʲʨʚʲʨʘ. ʇʦʣʫʯʝʥʠʪʝ ʦʪ ʩʲʨʚʲʨʘ RGB ʠ DEPTH ʠʟʦʙʨʘʞʝʥʠʷ 

ʩʲʦʪʚʝʪʩʪʚʘʪ ʥʘ ʪʝʟʠ, ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛʫʨʘ 93. ʉʲʨʚʲʨʲʪ ʧʦʣʫʯʘʚʘ ʪʝʟʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ 

ʠʟʚʝʞʜʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʪʷʭ ʚ ʢʦʥʟʦʣʘʪʘ. ʌʠʛʫʨʘ 96 ʠʣʶʩʪʨʠʨʘ, ʯʝ ʠʟʦʙʨʘʞʝʥʠʷʪʘ, 

ʠʟʧʨʘʪʝʥʠ ʦʪ ʢʣʠʝʥʪʘ, ʩʘ ʫʩʧʝʰʥʦ ʧʦʣʫʯʝʥʠ ʦʪ ʩʲʨʚʲʨʘ ʠ ʪʝʭʥʠʷʪ ʨʘʟʤʝʨ ʩʲʚʧʘʜʘ ʩ ʪʦʟʠ ʥʘ 

ʠʟʧʨʘʪʝʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ (ʬʠʛʫʨʘ 95). 
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ʌʠʛ.96: ʀʥʬʦʨʤʘʮʠʷ ʟʘ RGB ʠ ʠʟʦʙʨʘʞʝʥʠʷʪʘ ʩ ʜʲʣʙʦʯʠʥʘ, ʧʦʣʫʯʝʥʠ ʦʪ ʩʲʨʚʲʨʘ 

 

ʌʠʛʫʨʘ 97 ʧʨʝʜʩʪʘʚʷ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʜʲʣʙʦʯʠʥʘ, ʧʦʣʫʯʝʥʦ ʦʪ ʩʲʨʚʲʨʘ, 

ʥʦʨʤʘʣʠʟʠʨʘʥʦ ʚ ʠʥʪʝʨʚʘʣʘ [0, 255] ʠ ʢʦʥʚʝʨʪʠʨʘʥʦ ʚ 8-ʙʠʪʦʚ RGB ʮʚʝʪʦʚʠ ʬʦʨʤʘʪ ʩ ʮʝʣ 

ʧʦ-ʷʩʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʜʲʣʙʦʯʠʥʘʪʘ ʥʘ ʪʦʯʢʠʪʝ. 

 

ʌʠʛ.97: ʅʦʨʤʘʣʠʟʠʨʘʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʜʲʣʙʦʯʠʥʘʪʘ ʚ ʮʚʝʪʝʥ ʬʦʨʤʘʪ. 

ɿʥʘʯʝʥʠʝʪʦ ʥʘ ʮʚʝʪʦʚʝʪʝ ʝ ʩʣʝʜʥʦʪʦ:  

¶ ʉʠʥʴʦ: ʦʙʝʢʪʠ, ʥʘʡ-ʙʣʠʟʢʠ ʜʦ ʢʘʤʝʨʘʪʘ (ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ ʯʝʨʥʠʷ ʮʚʷʪ ʚ 

ʦʨʠʛʠʥʘʣʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ).  

¶ ʎʠʘʥ (Cyan): ʦʙʝʢʪʠ, ʢʦʠʪʦ ʩʝ ʥʘʤʠʨʘʪ ʤʘʣʢʦ ʧʦ-ʜʘʣʝʯʝ ʦʪ ʥʘʡ-ʙʣʠʟʢʠʪʝ.  

¶ ɿʝʣʝʥʦ: ʦʙʝʢʪʠ ʩʲʩ ʩʨʝʜʥʘ ʜʲʣʙʦʯʠʥʘ.  

¶ ɾʲʣʪʦ: ʦʙʝʢʪʠ, ʨʘʟʧʦʣʦʞʝʥʠ ʧʦ-ʙʣʠʟʦ ʦʪ ʥʘʡ-ʦʪʜʘʣʝʯʝʥʠʪʝ.  

¶ ʏʝʨʚʝʥʦ: ʥʘʡ-ʦʪʜʘʣʝʯʝʥʠʪʝ ʦʙʝʢʪʠ ʦʪ ʢʘʤʝʨʘʪʘ. 
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ɺʘʞʥʦ ʝ ʜʘ ʩʝ ʧʦʜʯʝʨʪʘʝ, ʯʝ ʠʟʯʠʩʣʷʚʘʥʝʪʦ ʥʘ ʨʘʟʩʪʦʷʥʠʷʪʘ ʜʦ ʦʙʝʢʪʠʪʝ ʩʝ ʙʘʟʠʨʘ ʥʘ 

ʦʨʠʛʠʥʘʣʥʠʪʝ 16-ʙʠʪʦʚʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ, ʙʝʟ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʢʲʤ 8-ʙʠʪʦʚʠ 

ʩʪʦʡʥʦʩʪʠ. ʊʦʚʘ ʦʩʠʛʫʨʷʚʘ ʧʨʝʮʠʟʥʦ ʠʟʯʠʩʣʝʥʠʝ ʥʘ ʨʘʟʩʪʦʷʥʠʷʪʘ ʜʦ ʦʙʝʢʪʠʪʝ.  

ʇʨʠ ʥʘʣʠʯʠʝ ʥʘ ʜʠʥʘʤʠʯʥʠ ʦʙʝʢʪʠ ʚ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʩʨʝʜʘ, ʟʘʙʘʚʝʥʘʪʘ ʢʦʤʫʥʠʢʘʮʠʷ 

ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʟʘʛʫʙʘ ʥʘ ʚʘʞʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʪʥʦʩʥʦ ʧʦʟʠʮʠʷʪʘ ʠ ʜʚʠʞʝʥʠʝʪʦ ʥʘ 

ʦʙʝʢʪʠʪʝ ʚ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʇʨʠ ʨʝʟʦʣʶʮʠʷ 640x480 ʧʠʢʩʝʣʘ, ʩʨʝʜʥʦʪʦ ʚʨʝʤʝ ʟʘ ʧʦʣʫʯʘʚʘʥʝ 

ʠ ʥʘ ʜʚʝʪʝ ʠʟʦʙʨʘʞʝʥʠʷ (RGB ʠ ɼʒɹʆʏʀʅɸ), ʠʟʧʨʘʪʝʥʠ ʦʪ ʢʣʠʝʥʪʘ, ʝ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 60 

ʤʩ (ʌʠʛʫʨʘ 98). ʊʦʚʘ ʚʨʝʤʝ ʝ ʜʦʩʪʘʪʲʯʥʦ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʮʝʣʠ ʚ ʥʘʩʪʦʷʱʠʷ ʝʪʘʧ. ɺ 

ʙʲʜʝʱʝ ʱʝ ʙʲʜʘʪ ʧʨʝʜʧʨʠʝʪʠ ʫʩʠʣʠʷ ʟʘ ʥʝʛʦʚʦʪʦ ʧʦʜʦʙʨʷʚʘʥʝ. 

 

ʌʠʛ.98: ʉʨʝʜʥʦ ʚʨʝʤʝ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʠʣʶʩʪʨʘʮʠʠ ʠ ʦʪ ʜʚʘʤʘʪʘ ʢʣʠʝʥʪʘ. 

 

ɺʨʝʤʝʪʦ ʩʝ ʠʟʯʠʩʣʷʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ: 

 

ʉʨʝʜʥʦ ʚʨʝʤʝ (ʤʩ) = 1000 / ʠʪʝʨʘʮʠʠ 

 

ʢʲʜʝʪʦ:  

¶ 1000 ʧʨʝʜʩʪʘʚʣʷʚʘ ʙʨʦʷ ʤʠʣʠʩʝʢʫʥʜʠ ʚ ʝʜʥʘ ʩʝʢʫʥʜʘ;  

¶ ʠʪʝʨʘʮʠʠ ʝ ʙʨʦʷʪ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ (RGB + Depth) ʟʘ ʝʜʥʘ ʩʝʢʫʥʜʘ. 

 

ɽʢʩʧʝʨʠʤʝʥʪ 4 - ʄʦʜʝʣ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ï ʢʦʤʧʶʪʲʨʥʘ ʩʪʘʥʮʠʷ 

 

ʇʨʠ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʧʨʦʛʨʘʤʥʠʷ ʤʦʜʝʣ ʩʝ ʠʟʙʠʨʘ ʜʦʧʲʣʥʠʪʝʣʥʘʪʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ 

ʯʨʝʟ ʦʧʮʠʷʪʘ ʚ ʤʝʥʶʪʦ 5, ʢʘʢʪʦ ʝ ʧʦʢʘʟʘʥʦ ʥʘ ʬʠʛʫʨʘ 86. ʊʘʟʠ ʦʧʮʠʷ ʧʦʟʚʦʣʷʚʘ ʥʘ 

ʧʨʦʛʨʘʤʥʠʷ ʤʦʜʝʣ ʜʘ ʘʥʘʣʠʟʠʨʘ RGB ʠ DEPTH ʠʟʦʙʨʘʞʝʥʠʷʪʘ. ɿʘ ʮʝʣʠʪʝ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ ʥʝ ʩʝ ʠʟʧʦʣʟʚʘʪ QR ʢʦʜʦʚʝ ʠ ʨʘʟʧʦʟʥʘʚʘʥʝʪʦ ʠʤ ʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ. 
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ʉʣʝʜ ʠʟʙʦʨʘ ʠ ʥʘʪʠʩʢʘʥʝʪʦ ʥʘ Enter ʩʝ ʧʦʷʚʷʚʘʪ ʪʨʠ ʧʨʦʟʦʨʝʮʘ: ʚʭʦʜʥʦʪʦ RGB 

ʠʟʦʙʨʘʞʝʥʠʝ (ʌʠʛʫʨʘ 99, ʦʪʜʷʩʥʦ), ʣʝʥʪʘ ʟʘ ʨʝʛʫʣʠʨʘʥʝ (trackbar) ʠ ʠʟʭʦʜʥʦʪʦ 

(ʬʠʣʪʨʠʨʘʥʦʪʦ) RGB ʠʟʦʙʨʘʞʝʥʠʝ. 

ɺʭʦʜʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ RGB ʠʟʦʙʨʘʞʝʥʠʝʪʦ, ʠʟʧʨʘʪʝʥʦ ʦʪ ʢʘʤʝʨʘʪʘ. 

ʀʟʭʦʜʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ, ʧʦʣʫʯʝʥʦ ʩʣʝʜ ʧʨʠʣʘʛʘʥʝ ʥʘ ʮʚʝʪʦʚʠ ʧʨʘʛʦʚʝ, ʝ ʬʠʣʪʨʠʨʘʥʦ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʣʝʥʪʘʪʘ ʟʘ ʨʝʛʫʣʠʨʘʥʝ. DEPTH ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʥʝ ʩʝ ʧʦʢʘʟʚʘ ʚ ʧʨʦʟʦʨʝʮ, ʥʦ 

ʧʨʦʛʨʘʤʘʪʘ ʛʦ ʠʟʧʦʣʟʚʘ ʚʲʪʨʝʰʥʦ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʨʘʟʤʝʨʘ ʠ ʨʘʟʩʪʦʷʥʠʝʪʦ ʜʦ ʦʙʝʢʪʠʪʝ. 

ʀʟʧʦʣʟʚʘʡʢʠ ʣʝʥʪʘʪʘ ʟʘ ʧʨʝʚʲʨʪʘʥʝ (trackbar), ʢʲʤ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʩʝ ʧʨʠʣʘʛʘʪ 

ʮʚʝʪʦʚʠ ʧʨʘʛʦʚʝ ʟʘ ʠʟʦʣʠʨʘʥʝ ʥʘ ʟʥʘʯʠʤʠʪʝ ʦʙʝʢʪʠ. ʂʣʘʩʠʬʠʢʘʮʠʷʪʘ ʧʦ ʮʚʷʪ ʩʝ ʠʟʚʲʨʰʚʘ 

ʩʲʛʣʘʩʥʦ ʩʭʝʤʘʪʘ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʷ, ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʬʠʛʫʨʘ 97. ɿʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʪʘʟʠ 

ʢʣʘʩʠʬʠʢʘʮʠʷ ʝ ʠʟʧʦʣʟʚʘʥ ʦʙʱ ʧʦʜʭʦʜ [11]. ɺ ʜʚʫʤʝʨʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʝ ʨʘʟʛʨʘʥʠʯʘʚʘʪ 

ʪʨʠ ʦʩʥʦʚʥʠ ʮʚʷʪʘ: ʯʝʨʚʝʥ, ʟʝʣʝʥ ʠ ʩʠʥ (Red, Green, Blue), ʢʘʢʪʦ ʠ ʪʨʠ ʚʪʦʨʠʯʥʠ ʮʚʷʪʘ: 

ʤʘʛʝʥʪʘ, ʮʠʘʥ ʠ ʞʲʣʪ (Magenta, Cyan, Yellow). 

 

 

 

 

 

 

 

 

ʌʠʛ.99: ʉʭʝʤʘ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʷ ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʮʚʝʪʘ ʥʘ ʦʙʝʢʪʠʪʝ. 

 

ʈʝʟʫʣʪʘʪʲʪ ʦʪ ʧʨʦʛʨʘʤʘʪʘ ʟʘ ʧʲʨʚʠʷ ʦʙʝʢʪ, ʦʪʣʷʚʦ ʥʘʜʷʩʥʦ, ʝ ʧʦʢʘʟʘʥ ʥʘ ʌʠʛʫʨʘ 100. 

ʆʨʘʥʞʝʚʠʷʪ ʢʨʲʛ ʝ ʢʣʘʩʠʬʠʮʠʨʘʥ ʢʘʪʦ ʯʝʨʚʝʥ, ʪʲʡ ʢʘʪʦ ʥʷʤʘ ʥʘʣʠʯʥʘ ʢʣʘʩʠʬʠʢʘʮʠʷ ʟʘ 

ʦʨʘʥʞʝʚʦ. ɼʨʫʛʠ ʚʲʟʤʦʞʥʠ ʢʣʘʩʠʬʠʢʘʮʠʠ ʩʘ ʞʲʣʪʦ ʠʣʠ ʤʘʜʞʝʥʪʘ, ʥʦ ʜʝʡʩʪʚʠʪʝʣʥʠʷʪ ʮʚʷʪ 

ʥʘ ʦʙʝʢʪʘ ʥʝ ʧʦʧʘʜʘ ʚ ʜʠʘʧʘʟʦʥʘ ʥʘ ʪʝʟʠ ʮʚʝʪʦʚʝ. 
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ʌʠʛ.100: ʈʘʟʧʦʟʥʘʪ ʦʙʝʢʪ ï ʯʝʨʚʝʥ ʢʨʲʛ ʩ ʨʘʟʤʝʨʠ ʚ ʤʠʣʠʤʝʪʨʠ. 

 

ʀʟʭʦʜʥʠʪʝ ʜʘʥʥʠ ʦʪ ʧʨʦʛʨʘʤʘʪʘ ʟʘ ʚʪʦʨʠʷ ʦʙʝʢʪ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʌʠʛʫʨʘ 101. 

 

 

 

 

 

 

 

 

ʌʠʛ.101: ʈʘʟʧʦʟʥʘʪ ʦʙʝʢʪ ï ʯʝʨʚʝʥ ʧʨʘʚʦʲʛʲʣʥʠʢ ʩ ʨʘʟʤʝʨʠ ʚ ʤʠʣʠʤʝʪʨʠ 

ʀʟʭʦʜʥʠʪʝ ʜʘʥʥʠ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʟʘ ʪʨʝʪʠʷ ʦʙʝʢʪ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛʫʨʘ 102. 
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ʌʠʛ.102: ʈʘʟʧʦʟʥʘʪ ʦʙʝʢʪ ï ʞʲʣʪ ʢʨʲʛ ʩ ʨʘʟʤʝʨʠ ʚ ʤʠʣʠʤʝʪʨʠ 

ʀʟʭʦʜʲʪ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʟʘ ʪʨʝʪʠʷ ʦʙʝʢʪ ʝ ʧʦʢʘʟʘʥ ʥʘ ʬʠʛʫʨʘ 103. 

 

 

 

 

 

 

 

 

ʌʠʛ.103: ʈʘʟʧʦʟʥʘʪ ʦʙʝʢʪ ï ʩʠʥ ʧʨʘʚʦʲʛʲʣʥʠʢ ʩ ʨʘʟʤʝʨʠ ʚ ʤʠʣʠʤʝʪʨʠ 

 

ʊʘʙʣʠʮʘ 6 ʧʨʝʜʩʪʘʚʷ ʦʙʦʙʱʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʘʥʘʣʠʟʘ ʥʘ ʨʘʟʧʦʟʥʘʪʠʪʝ ʦʙʝʢʪʠ, 

ʚʢʣʶʯʠʪʝʣʥʦ ʮʚʝʪʦʚʝ, ʬʠʟʠʯʝʩʢʠ ʨʘʟʤʝʨʠ ʠ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʢʘʤʝʨʘʪʘ ʠ ʦʙʝʢʪʠʪʝ. 

ʊʘʙʣʠʮʘ 6. ʈʝʟʫʣʪʘʪʠ ʟʘ ʨʘʟʧʦʟʥʘʪʠʪʝ ʦʙʝʢʪʠ. 

ʆʙʝʢʪ ʎʚʷʪ ʥʘ ʦʙʝʢʪʘ ʈʘʟʤʝʨ ʥʘ ʦʙʝʢʪʘ 
ʈʘʟʩʪʦʷʥʠʝ ʦʪ 

ʢʘʤʝʨʘʪʘ 

ʂʨʲʛ (CIR) ʏʝʨʚʝʥʦ ɼʠʘʤʝʪʲʨ: 62 ʤʤ 32.3 ʩʤ. 

ʇʨʘʚʦʲʛʲʣʥʠʢ (REC) ʏʝʨʚʝʥʦ ʉʪʨʘʥʘ: 74 ʤʤ / 74 ʤʤ 43.0 ʩʤ. 
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ʆʙʝʢʪ ʎʚʷʪ ʥʘ ʦʙʝʢʪʘ ʈʘʟʤʝʨ ʥʘ ʦʙʝʢʪʘ 
ʈʘʟʩʪʦʷʥʠʝ ʦʪ 

ʢʘʤʝʨʘʪʘ 

ʂʨʲʛ (CIR) ɾʲʣʪʦ ɼʠʘʤʝʪʲʨ: 66 ʤʤ 38.0 ʩʤ. 

ʇʨʘʚʦʲʛʲʣʥʠʢ (REC) ʉʠʥʴʦ ʉʪʨʘʥʘ: 60 ʤʤ / 80 ʤʤ 33.3 ʩʤ. 

 

 

ʆʪ ʪʘʙʣʠʮʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʠʟʚʦʜ, ʯʝ ʠʟʯʠʩʣʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʩʘ ʤʥʦʛʦ ʙʣʠʟʢʠ 

ʜʦ ʨʝʘʣʥʠʪʝ ʩʪʦʡʥʦʩʪʠ, ʧʦʢʘʟʘʥʠ ʚ ʊʘʙʣʠʮʘ 5. 

ʊʘʙʣʠʮʘ 7 ʧʨʝʜʩʪʘʚʷ ʦʪʥʦʩʠʪʝʣʥʠʪʝ ʛʨʝʰʢʠ, ʠʟʯʠʩʣʝʥʠ ʢʘʪʦ ʧʨʦʮʝʥʪʥʠ ʩʪʦʡʥʦʩʪʠ, 

ʢʘʢʪʦ ʟʘ ʨʘʟʤʝʨʠʪʝ ʥʘ ʦʙʝʢʪʠʪʝ, ʪʘʢʘ ʠ ʟʘ ʨʘʟʩʪʦʷʥʠʷʪʘ ʜʦ ʪʷʭ. 

ʊʘʙʣʠʮʘ 7. ʆʪʥʦʩʠʪʝʣʥʠʪʝ ʛʨʝʰʢʠ, ʠʟʨʘʟʝʥʠ ʢʘʪʦ ʧʨʦʮʝʥʪʠ. 

ʆʙʝʢʪ 

ʈʝʘʣʝʥ 

ʨʘʟʤʝʨ  

(ʤʤ) 

ʀʟʤʝʨʝʥ 

ʨʘʟʤʝʨ. (ʤʤ) 

ʈʝʘʣʥʦ 

ʨʘʟʩʪʦʷʥʠʝ 

(ʩʤ) 

ʀʟʤʝʨʝʥʦ 

ʨʘʟʩʪʦʷʥʠʝ 

(ʩʤ) 

ɻʨʝʰʢʘ ʚ 

ʨʘʟʤʝʨ 

(%) 

ɻʨʝʰʢʘ ʚ 

ʨʘʟʩʪʦʷʥʠʝ 

(%) 

ʂʨʲʛ (CIR) 63.0 62.0 (avg.) 33.0 32.3 1.59% 2.12% 

ʂʚʘʜʨʘʪ (REC) 75.0 74.0 43.0 43.0 1.33% 0.00% 

ʂʨʲʛ (CIR) 70.0 66.0 (avg.) 38.0 38.0 5.71% 0.00% 

ʇʨʘʚʦʲʛʲʣʥʠʢ 

(REC) 

68.5 

(avg.) 
70.0 (avg.) 34.0 33.3 2.19% 2.06% 

 

ʌʦʨʤʫʣʘʪʘ, ʠʟʧʦʣʟʚʘʥʘ ʚ ʥʘʩʪʦʷʱʠʷ ʘʥʘʣʠʟ, ʝ ʩʣʝʜʥʘʪʘ: 

 

ʆʪʥʦʩʠʪʝʣʥʘ ʛʨʝʰʢʘ (%) = (|ʀʩʪʠʥʩʢʘ ʩʪʦʡʥʦʩʪ - ʀʟʤʝʨʝʥʘ ʩʪʦʡʥʦʩʪ| / ʀʩʪʠʥʩʢʘ 

ʩʪʦʡʥʦʩʪ) * 100. 

 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʘʙʣʠʮʘʪʘ ʧʦʢʘʟʚʘʪ, ʯʝ ʛʨʝʰʢʠʪʝ ʧʨʠ ʠʟʤʝʨʚʘʥʝ ʥʘ ʦʙʝʢʪʠʪʝ ʠ 

ʨʘʟʩʪʦʷʥʠʷʪʘ ʜʦ ʪʷʭ ʩʘ ʚ ʤʥʦʛʦ ʪʝʩʥʠ ʛʨʘʥʠʮʠ. ʄʘʢʩʠʤʘʣʥʘʪʘ ʛʨʝʰʢʘ ʧʨʠ ʠʟʤʝʨʚʘʥʝ ʥʘ 

ʨʘʟʤʝʨʠʪʝ ʥʘ ʦʙʝʢʪʠʪʝ ʝ 5,71%, ʜʦʢʘʪʦ ʧʨʠ ʠʟʤʝʨʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʷʪʘ ʝ ʝʜʚʘ 2,12%. 

ʊʦʚʘ ʜʝʤʦʥʩʪʨʠʨʘ ʚʠʩʦʢʘʪʘ ʪʦʯʥʦʩʪ ʥʘ ʩʠʩʪʝʤʘʪʘ ʧʨʠ ʠʟʤʝʨʚʘʥʝʪʦ ʥʘ ʬʠʟʠʯʝʩʢʠʪʝ 

ʧʘʨʘʤʝʪʨʠ ʥʘ ʦʙʝʢʪʠʪʝ ʠ ʨʘʟʩʪʦʷʥʠʷʪʘ ʜʦ ʪʷʭ, ʢʦʝʪʦ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ 
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ʧʨʝʮʠʟʥʦʩʪʪʘ ʥʘ ʨʦʙʦʪʠʟʠʨʘʥʠʪʝ ʟʘʜʘʯʠ ʚ ʜʠʥʘʤʠʯʥʠ ʩʨʝʜʠ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪ, ʪʦʯʥʦʩʪʪʘ 

ʤʦʞʝ ʜʘ ʙʲʜʝ ʜʦʧʲʣʥʠʪʝʣʥʦ ʦʧʪʠʤʠʟʠʨʘʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʲʪʨʝʰʥʠ ʧʨʦʤʝʥʣʠʚʠ 

ʢʦʝʬʠʮʠʝʥʪʠ ʚ ʩʦʬʪʫʝʨʥʘʪʘ ʧʨʦʛʨʘʤʘ.  

ʇʨʠ ʧʨʦʤʷʥʘ ʥʘ ʦʩʚʝʪʣʝʥʠʝʪʦ, ʦʙʝʢʪʠʪʝ ʤʦʛʘʪ ʜʘ ʧʨʦʤʝʥʷʪ ʮʚʝʪʦʚʝʪʝ ʩʠ ʩʧʦʨʝʜ 

ʚʲʟʧʨʠʝʤʘʥʝʪʦ ʦʪ ʢʘʤʝʨʘʪʘ. ʅʘ ʬʠʛʫʨʘ 104 ʝ ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʟʘ ʝʬʝʢʪʘ ʦʪ ʧʨʦʤʷʥʘʪʘ ʥʘ 

ʦʩʚʝʪʣʝʥʠʝʪʦ (ʨʘʟʤʝʨʠʪʝ, ʧʦʩʦʯʝʥʠ ʚ ʢʦʥʟʦʣʘʪʘ, ʩʘ ʚ ʤʠʣʠʤʝʪʨʠ). 

 

 

 

 

 

 

 

 

 

 

ʌʠʛ.104: ɺʣʠʷʥʠʝ ʥʘ ʧʨʦʤʷʥʘʪʘ ʥʘ ʦʩʚʝʪʣʝʥʠʝʪʦ ï ʮʚʝʪʲʪ ʥʘ ʦʙʝʢʪʘ ʩʝ ʧʨʦʤʝʥʷ 

 

ɺ ʧʦʢʘʟʘʥʠʷ ʩʣʫʯʘʡ ʩʠʥʠʷʪ ʧʨʘʚʦʲʛʲʣʥʠʢ ʩʝ ʨʘʟʧʦʟʥʘʚʘ ʢʘʪʦ ʟʝʣʝʥʦ, ʪʲʡ ʢʘʪʦ ʚ 

ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʥʘ ʢʘʤʝʨʘʪʘ ʠʟʛʣʝʞʜʘ ʟʝʣʝʥʦ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʪʦʟʠ ʮʚʷʪ ʝ ʤʥʦʛʦ ʙʣʠʟʲʢ ʜʦ 

ʩʠʥʷʪʘ ʟʦʥʘ ʚ ʢʣʘʩʠʬʠʢʘʮʠʷʪʘ ʧʦ ʮʚʷʪ. 

ʎʚʝʪʦʚʝʪʝ, ʩ ʢʦʠʪʦ ʩʝ ʚʲʟʧʨʠʝʤʘʪ ʦʙʝʢʪʠʪʝ, ʟʘʚʠʩʷʪ ʦʪ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʩʝʥʟʦʨʘ ʠ ʦʪ 

ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʦʢʦʣʥʘʪʘ ʩʚʝʪʣʠʥʘ. ʈʘʟʣʠʢʠʪʝ ʤʝʞʜʫ ʦʨʠʛʠʥʘʣʥʠʷ ʠ ʚʲʟʧʨʠʝʤʘʥʠʷ ʮʚʷʪ 

ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʧʨʦʙʣʝʤ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʩʲʟʜʘʜʝ ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ. ʇʦʨʘʜʠ ʪʦʚʘ, ʤʦʜʝʣʘ ʥʘ ʧʨʦʛʨʘʤʘ ʧʨʝʜʣʘʛʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 

ʨʘʙʦʪʘ ʩ ʨʘʟʣʠʯʥʠ ʠʟʪʦʯʥʠʮʠ ʥʘ ʚʭʦʜʥʠ ʠʟʦʙʨʘʞʝʥʠʷ. ɺ ʩʧʦʜʝʣʝʥʘʪʘ ʟʦʥʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʟʘʧʘʟʚʘʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ 3D ʩʠʤʫʣʘʮʠʠ, ʢʦʝʪʦ ʤʦʞʝ ʟʥʘʯʠʪʝʣʥʦ ʜʘ ʧʦʜʦʙʨʠ ʨʝʟʫʣʪʘʪʠʪʝ 
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ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ, ʪʲʡ ʢʘʪʦ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʦʙʝʢʪʠʪʝ ʥʷʤʘ ʜʘ ʟʘʚʠʩʷʪ ʦʪ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ 

ʦʢʦʣʥʘʪʘ ʩʚʝʪʣʠʥʘ ʠ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʩʝʥʟʦʨʠʪʝ.  

ɺʲʧʨʝʢʠ ʧʦʩʦʯʝʥʠʪʝ ʧʨʦʙʣʝʤʠ ʩ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʦʩʚʝʪʣʝʥʠʝʪʦ ʠ ʩʝʥʟʦʨʘ, ʢʘʤʝʨʘʪʘ 

Petrel A ʥʘ Orbbec, ʠʟʧʦʣʟʚʘʥʘ ʚ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ, ʩʝ ʧʨʝʜʩʪʘʚʠ ʜʦʙʨʝ ʠ ʝ ʧʦʜʭʦʜʷʱʘ 

ʟʘ ʙʲʜʝʱʠ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʝʢʩʧʝʨʠʤʝʥʪʠ. 

ʇʨʠ ʜʚʠʞʝʱʠ ʩʝ ʦʙʝʢʪʠ, ʩʢʦʨʦʩʪʪʘ ʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʝ ʦʪ ʨʝʰʘʚʘʱʦ 

ʟʥʘʯʝʥʠʝ ʟʘ ʫʩʧʝʰʥʦʪʦ ʬʫʥʢʮʠʦʥʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʪʲʡ ʢʘʪʦ ʚʩʷʢʦ ʟʘʙʘʚʷʥʝ ʚ ʮʠʢʲʣʘ ʤʦʞʝ 

ʜʘ ʜʦʚʝʜʝ ʜʦ ʟʘʙʘʚʷʥʝ ʚ ʨʝʘʢʮʠʷʪʘ ʥʘ ʨʦʙʦʪʘ ʠ ʜʦ ʥʘʤʘʣʝʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʧʨʠ ʧʨʦʩʣʝʜʷʚʘʥʝ 

ʥʘ ʜʚʠʞʝʱʠ ʩʝ ʮʝʣʠ. ʇʨʠ ʨʝʟʦʣʶʮʠʷ 640x480, ʧʨʦʛʨʘʤʘʪʘ ʟʘ ʘʥʘʣʠʟ ʥʘ ʩʮʝʥʘʪʘ ʠʟʧʲʣʥʷʚʘ 

ʮʠʢʲʣ ʥʘ ʦʙʨʘʙʦʪʢʘ ʟʘ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 20 ʤʠʣʠʩʝʢʫʥʜʠ. ʊʦʟʠ ʘʥʘʣʠʟ ʚʢʣʶʯʚʘ ʨʘʟʧʦʟʥʘʚʘʥʝ 

ʥʘ ʦʙʝʢʪʘ, ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʥʝʛʦʚʠʷ ʮʚʷʪ, ʠʟʤʝʨʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʜʦ ʦʙʝʢʪʘ ʠ ʥʝʛʦʚʠʪʝ 

ʜʚʫʤʝʨʥʠ ʨʘʟʤʝʨʠ. 

 

ʌʠʛ.105: ɺʣʠʷʥʠʝ ʚʨʝʤʝ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʝʜʠʥ ʘʥʘʣʠʟʝʥ ʮʠʢʲʣ 

 

ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʚʘʪ, ʯʝ ʧʨʦʛʨʘʤʘʪʘ ʠʤʘ ʜʦʙʨʦ ʚʨʝʤʝ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ 

ʘʥʘʣʠʟʘʪʦʨʩʢʠʪʝ ʘʣʛʦʨʠʪʤʠ, ʢʘʪʦ ʩʨʝʜʥʦʪʦ ʚʨʝʤʝ ʟʘ ʮʠʢʲʣ ʝ 20 ʤʠʣʠʩʝʢʫʥʜʠ, ʢʦʝʪʦ ʧʨʘʚʠ 

ʩʠʩʪʝʤʘʪʘ ʩʧʦʩʦʙʥʘ ʜʘ ʨʝʘʛʠʨʘ ʙʲʨʟʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʚʠʞʝʱʠ ʩʝ ʦʙʝʢʪʠ. ʊʦʚʘ ʚʨʝʤʝ 

ʟʘ ʦʙʨʘʙʦʪʢʘ ʦʩʠʛʫʨʷʚʘ ʧʨʝʮʠʟʥʦʩʪ ʠ ʝʬʝʢʪʠʚʥʦʩʪ ʧʨʠ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʮʝʣʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, 

ʢʦʝʪʦ ʝ ʦʩʦʙʝʥʦ ʚʘʞʥʦ ʚ ʜʠʥʘʤʠʯʥʠ ʩʨʝʜʠ. ɺʲʧʨʝʢʠ ʯʝ ʚʨʝʤʝʪʦ ʟʘ ʦʙʨʘʙʦʪʢʘ ʝ ʧʦ-ʢʨʘʪʢʦ ʦʪ 

ʚʨʝʤʝʪʦ, ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʧʨʝʥʦʩ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ 3D ʢʘʤʝʨʘʪʘ, ʢʦʝʪʦ ʝ ʫʩʪʘʥʦʚʝʥʦ ʢʘʪʦ 60 

ʤʠʣʠʩʝʢʫʥʜʠ (ʌʠʛ. 105), ʩʣʝʜʚʘ ʜʘ ʩʝ ʧʦʜʯʝʨʪʘʝ, ʯʝ ʘʥʘʣʠʟʠʨʘʱʘʪʘ ʧʨʦʛʨʘʤʘ ʤʦʞʝ ʜʘ 

ʨʘʙʦʪʠ ʠ ʩʲʩ ʩʠʤʫʣʠʨʘʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚ 3D ʩʨʝʜʘ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ 

ʠʟʩʣʝʜʚʘʥʠʷ ʚʲʨʭʫ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʨʦʙʦʪʘ ʧʨʠ ʫʩʣʦʚʠʷ, ʙʣʠʟʢʠ ʜʦ ʨʝʘʣʥʠʪʝ. 

ʊʘʟʠ ʨʘʟʧʨʝʜʝʣʝʥʘ ʩʠʩʪʝʤʘ ʩʲʟʜʘʚʘ ʥʦʚ ʤʦʜʝʣ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʜʦ 

ʦʙʝʢʪʠ, ʠʟʧʦʣʟʚʘʱʘ 3D ʢʘʤʝʨʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʠʣʦʞʝʥʘ ʚ ʠʥʪʝʣʠʛʝʥʪʥʠ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ. 

ʏʨʝʟ ʠʥʪʝʛʨʘʮʠʷ ʥʘ ʭʘʨʜʫʝʨʥʠ ʠ ʩʦʬʪʫʝʨʥʠ ʢʦʤʧʦʥʝʥʪʠ, ʩʠʩʪʝʤʘʪʘ ʜʦʙʘʚʷ ʥʦʚʠ 
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ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʢʲʤ ʧʨʝʜʣʦʞʝʥʘʪʘ ʧʨʦʛʨʘʤʘ, ʩʚʲʨʟʘʥʠ ʩ ʘʥʘʣʠʟ ʚ ʪʨʠʠʟʤʝʨʥʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ.  

ʅʦʚʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʚʢʣʶʯʚʘʪ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʜʦ ʨʘʟʧʦʟʥʘʪʠʪʝ ʦʙʝʢʪʠ 

ʠ ʠʟʤʝʨʚʘʥʝ ʥʘ ʪʝʭʥʠʪʝ ʬʠʟʠʯʝʩʢʠ ʨʘʟʤʝʨʠ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʧʦ-ʜʝʪʘʡʣʝʥ ʘʥzʘʣʠʟ ʥʘ 

ʦʙʝʢʪʠʪʝ ʚ ʪʨʠʠʟʤʝʨʥʘʪʘ ʩʨʝʜʘ. ʇʨʝʜʠ ʪʝʟʠ ʧʨʦʤʝʥʠ, ʤʦʜʝʣʲʪ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʚʢʣʶʯʚʘʰʝ 

ʝʜʠʥʩʪʚʝʥʦ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʦʙʝʢʪʠ, ʢʣʘʩʠʬʠʢʘʮʠʷ ʧʦ ʮʚʷʪ ʠ ʜʝʢʦʜʠʨʘʥʝ ʥʘ QR ʢʦʜʦʚʝ. 

ʇʨʝʜʩʪʘʚʝʥʠʷ ʤʦʜʝʣ ʦʩʠʛʫʨʷʚʘ ʢʦʦʨʜʠʥʠʨʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʨʘʟʣʠʯʥʠʪʝ 

ʝʪʘʧʠ ʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. ʂʘʤʝʨʘʪʘ ʟʘ ʜʲʣʙʦʯʠʥʘ, ʩʚʲʨʟʘʥʘ ʩ 

Raspberry Pi, ʧʨʝʥʘʩʷ ʜʘʥʥʠ ʢʲʤ ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʪʘʥʮʠʷ, ʢʲʜʝʪʦ ʠʥʬʦʨʤʘʮʠʷʪʘ ʩʝ ʦʙʨʘʙʦʪʚʘ 

ʠ ʘʥʘʣʠʟʠʨʘ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʘʥʘʣʠʟʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʨʘʪʝʥʠ ʦʙʨʘʪʥʦ ʢʲʤ 

ʤʠʢʨʦʢʦʤʧʶʪʲʨʥʠʷ ʤʦʜʫʣ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʠ ʢʦʥʪʨʦʣ ʥʘ 

ʤʦʙʠʣʝʥ ʨʦʙʦʪ. 

ʇʨʝʜʩʪʘʚʝʥʠʷ ʤʦʜʝʣ ʨʘʟʧʨʝʜʝʣʷ ʩʣʦʞʥʠʪʝ ʠʟʯʠʩʣʝʥʠʷ ʠ ʨʝʩʫʨʩʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʦʧʪʠʤʠʟʘʮʠʷ ʠ ʧʦ-ʝʬʝʢʪʠʚʝʥ 

ʘʚʪʦʥʦʤʝʥ ʢʦʥʪʨʦʣ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʥʘ ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ. 

ʉ ʪʦʟʠ ʨʦʙʦʪ ʠ ʧʦʜʦʙʨʝʥʠʷʪʘ ʠʟʚʲʨʰʝʥʠ ʚ ʭʘʨʜʫʝʨʥʘʪʘ ʯʘʩʪ ʩʝ ʧʦʢʘʟʚʘ ʢʘʢ ʪʦʡ 

ʦʙʭʚʘʱʘ ʚʩʠʯʢʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʀʊ, ʂʊ, ʂʌʉ, ʀʀ, Cloud ʠ ʝ ʧʨʠʣʦʞʠʤ ʟʘ STEM ʦʙʫʯʝʥʠʝ, 

ʩʲʯʝʪʘʚʘʱʦ ʝʟʠʢ, ʪʝʭʥʦʣʦʛʠʠ, ʠʥʬʦʨʤʘʪʠʢʘ, ʤʘʪʝʤʘʪʠʢʘ, ʬʠʟʠʢʘ ʠ ʧʨʠʣʘʛʘ ʤʥʦʛʦ ʤʝʢʠ 

ʫʤʝʥʠʷ ʥʝʦʙʭʦʜʠʤʠ ʥʘ ʚʩʝʢʠ ʝʜʠʥ ʟʘ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʪʘ ʠ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ 

ʦʙʱʝʩʪʚʦʪʦ.  

ʉ ʧʨʝʜʩʪʘʚʝʥʠʷ ʨʦʙʦʪ ʧʨʝʜʩʪʦʷʪ ʘʧʨʦʙʘʮʠʠ ʩʨʝʜ ʫʯʝʥʠʮʠ ʠ ʫʯʠʪʝʣʠ.   

 

3.1.8. ɼʨʫʛʠ ʤʦʙʠʣʥʠ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʨʦʙʦʪʠ 

 

ɼʦ ʪʫʢ ʙʷʭʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʷʢʦʣʢʦ ʤʦʙʠʣʥʠ ʨʦʙʦʪʘ, ʢʦʠʪʦ ʩʘ ʥʘ ʧʘʟʘʨʘ ʠ ʙʠʭʘ ʤʦʛʣʠ 

ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ ʩ ʮʝʣ ʧʨʝʤʠʥʘʚʘʥʝ ʢʲʤ ʠʥʜʫʩʪʨʠʷ 5.0.  
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ʉʝʛʘ ʱʝ ʙʲʜʘʪ ʧʨʝʜʩʪʘʚʝʥʠ ʥʷʢʦʣʢʦ ʨʦʙʦʪʘ ʨʘʟʨʘʙʦʪʚʘʥʠ ʩʧʝʮʠʘʣʥʦ ʟʘ ʥʫʞʜʠʪʝ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝʪʦ, ʢʦʠʪʦ ʜʘ ʤʦʛʘʪ ʜʘ ʩʝ ʠʥʪʝʛʨʠʨʘʪ ʩʲʩ ʩʲʚʨʝʤʝʥʥʠʪʝ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʤʝʪʦʜʠ, ʘ 

ʠʤʝʥʥʦ STEM ʤʝʪʦʜʘ ʥʘ ʧʨʝʧʦʜʘʚʘʥʝ.  

ʇʲʨʚʠʷʪ ʨʦʙʦʪ ʝ ʠʥʠʮʠʘʣʠʟʠʨʘʥ ʦʪ ʟʜʨʘʚʥʘʪʘ ʢʨʠʟʘ COVID-19. ʊʘʟʠ ʧʘʥʜʝʤʠʷ 

ʧʨʦʤʝʥʠ ʢʘʢʪʦ ʙʲʣʛʘʨʩʢʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʚ ʮʝʣʠʷ ʩʚʷʪ. ʅʦ ʪʘʟʠ ʢʨʠʟʘʪʘ 

ʦʯʝʨʪʘ ʟʥʘʯʝʥʠʝʪʦ ʥʘ ʜʠʛʠʪʘʣʠʟʘʮʠʷʪʘ ʠ ʩʦʮʠʘʣʥʦʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʅʘʡ-ʫʷʟʚʠʤʠ ʛʨʫʧʠ 

ʙʷʭʘ ʫʯʝʥʠʮʠʪʝ, ʢʦʡʪʦ ʪʨʷʙʚʘʰʝ ʜʘ ʠʟʩʣʝʜʚʘʪ ʥʝʦʙʷʪʥʠʷ ʩʚʷʪ ʥʘ ʟʥʘʥʠʝʪʦ, ʩʝʜʝʡʢʠ ʯʘʩʦʚʝ 

ʥʘʨʝʜ ʧʨʝʜ ʝʢʨʘʥʠʪʝ ʥʘ ʢʦʤʧʶʪʨʠʪʝ ʩʠ. ʅʦ ʜʠʛʠʪʘʣʥʘʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘʜʭʚʲʨʣʠ 

ʛʨʘʥʠʮʠʪʝ ʥʘ ʥʘʩʪʦʣʥʠʪʝ ʢʦʤʧʶʪʨʠ, ʣʘʧʪʦʧʠ ʠ ʪʘʙʣʝʪʠ.  

ʅʷʤʘ ʜʘ ʩʝ ʩʧʠʨʘʤ ʧʦʜʨʦʙʥʦ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʚ ɹʲʣʛʘʨʠʷ(ʤʦʞʝ ʜʘ ʩʝ 

ʚʠʜʠ ʚ ʇʨʠʣʦʞʝʥʠʝ 2) 

ʂʣʶʯʦʚ ʝ ʤʦʤʝʥʪʘ , ʯʝ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʩʝ ʨʘʟʜʝʣ ̫ʥʘ ʜʚʝ ʯʘʩʪʠ ʩʧʦʨʝʜ ʘʙʩʪʨʘʢʪʥʦʪʦ 

ʨʘʟʚʠʪʠʝ ʥʘ ʫʯʝʥʠʮʠʪʝ. ɿʨʝʥʠʝʪʦ ʥʘ ʜʝʪʝʪʦ ʩʪʘʚʘ ʚʩʝ ʧʦ-ʩʠʣʥʦ ʚʩʷʢʘ ʛʦʜʠʥʘ. ʊʦʚʘ ʧʦʜʦʙʨʝʥʦ 

ʟʨʝʥʠʝ ʝ ʥʝʦʙʭʦʜʠʤʦ, ʢʦʛʘʪʦ ʜʝʪʝʪʦ ʠʟʩʣʝʜʚʘ ʩʚʝʪʘ ʧʦ-ʧʲʣʥʦ ʠ ʟʘʧʦʯʚʘ ʫʯʠʣʠʱʝ. 

ʈʘʟʚʠʚʘʱʦʪʦ ʩʝ ʦʢʦ ʩʝ ʫʯʠ ʜʘ ʧʨʘʚʠ ʤʥʦʛʦ ʥʝʱʘ ʧʦ-ʜʦʙʨʝ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ: ʜʘ ʚʠʞʜʘ ʥʝʱʘʪʘ 

ʚ 3D (ʪʨʠ ʠʟʤʝʨʝʥʠʷ) ʠʟʤʝʨʝʥʠʝ. ʊʦʚʘ ʝ ʠʟʚʝʩʪʥʦ ʢʘʪʦ ʚʲʟʧʨʠʷʪʠʝ ʟʘ ʜʲʣʙʦʯʠʥʘ, 

ʧʨʦʩʣʝʜʷʚʘʥʝ, ʢʦʝʪʦ ʧʦʤʘʛʘ ʥʘ ʦʯʠʪʝ ʜʘ ʩʣʝʜʚʘʪ ʜʚʠʞʝʱʘ ʩʝ ʮʝʣ ʠ ʪ.ʥ. ʆʢʦʣʦ 11 - 12-

ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ ʜʝʮʘʪʘ ʩʝ ʥʘʫʯʘʚʘʪ ʜʘ ʤʠʩʣʷʪ ʟʘ ʘʙʩʪʨʘʢʪʥʠ ʧʦʥʷʪʠʷ, ʢʦʛʘʪʦ ʩʘ ʧʨʠʜʦʙʠʣʠ 

ʚʠʟʫʘʣʝʥ ʦʧʠʪ. ʊʦʚʘ ʝ ʚʨʝʤʝʪʦ ʥʘ ʧʨʦʛʠʤʥʘʟʠʘʣʥʠʷ ʝʪʘʧ. ʊʝ ʟʘʚʲʨʰʚʘʪ ʪʦʚʘ, ʢʦʝʪʦ ʇʠʘʞʝ 

ʥʘʨʠʯʘ ʢʦʥʢʨʝʪʝʥ ʦʧʝʨʘʪʠʚʝʥ ʧʝʨʠʦʜ ʠ ʚʣʠʟʘʪ ʚ ʦʬʠʮʠʘʣʥʠʷ ʦʧʝʨʘʪʠʚʝʥ ʧʝʨʠʦʜ. ʀʤʘ ʜʚʘ 

ʦʩʥʦʚʥʠ ʘʩʧʝʢʪʘ ʥʘ ʪʘʟʠ ʪʝʦʨʠʷ: ʧʨʦʮʝʩʲʪ ʥʘ ʧʦʟʥʘʥʠʝ ʠ ʝʪʘʧʠʪʝ, ʧʨʝʟ ʢʦʠʪʦ ʧʨʝʤʠʥʘʚʘʤʝ, 

ʜʦʢʘʪʦ ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʜʦʙʠʚʘʤʝ ʪʘʟʠ ʩʧʦʩʦʙʥʦʩʪ. [111] ʇʠʘʞʝ ʩʝ ʠʥʪʝʨʝʩʫʚʘ ʦʪ ʪʦʚʘ ʢʘʢ 

ʝʜʠʥ ʦʨʛʘʥʠʟʲʤ ʩʝ ʘʜʘʧʪʠʨʘ ʢʲʤ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ɿʘʪʦʚʘ ʪʦʡ ʝ ʦʧʠʩʚʘ ʠʥʪʝʣʠʛʝʥʪʥʦʩʪʪʘ. 

ʇʠʘʞʝ ʦʙʷʩʥʷʚʘ ʧʦʚʝʜʝʥʠʝʪʦ, ʢʦʝʪʦ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʯʨʝʟ ʤʝʥʪʘʣʥʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʥʘʨʝʯʝʥʠ 

ʩʭʝʤʠ, ʢʦʠʪʦ ʠʥʜʠʚʠʜʲʪ ʠʟʧʦʣʟʚʘ, ʟʘ ʜʘ ʩʠ ʧʨʝʜʩʪʘʚʠ ʩʚʝʪʘ ʠ ʜʘ ʦʙʦʟʥʘʯʠ ʜʝʡʩʪʚʠʝ. ʊʘʟʠ 

ʘʜʘʧʪʘʮʠʷ ʩʝ ʟʘʜʚʠʞʚʘ ʦʪ ʙʠʦʣʦʛʠʯʝʥ ʩʪʨʝʤʝʞ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʙʘʣʘʥʩ ʤʝʞʜʫ ʩʭʝʤʠʪʝ ʠ 

ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ.[111] ʇʠʘʞʝ ʦʧʠʩʚʘ ʜʚʘ ʧʨʦʮʝʩʘ, ʠʟʧʦʣʟʚʘʥʠ ʦʪ ʠʥʜʠʚʠʜʘ ʚ ʦʧʠʪʘ ʤʫ ʜʘ ʩʝ 

ʘʜʘʧʪʠʨʘ: ʘʩʠʤʠʣʘʮʠʷ ʠ ʘʢʦʤʦʜʘʮʠʷ. ʀ ʜʚʘʪʘ ʧʨʦʮʝʩʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʨʝʟ ʮʝʣʠʷ ʞʠʚʦʪ, ʪʲʡ 

ʢʘʪʦ ʯʦʚʝʢ ʚʩʝ ʧʦʚʝʯʝ ʩʝ ʘʜʘʧʪʠʨʘ ʢʲʤ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʧʦ ʧʦ-ʩʣʦʞʝʥ ʥʘʯʠʥ. ʇʠʘʞʝ 

ʠʜʝʥʪʠʬʠʮʠʨʘ ʯʝʪʠʨʠ ʝʪʘʧʘ ʚ ʢʦʛʥʠʪʠʚʥʦʪʦ ʨʘʟʚʠʪʠʝ: ʉʝʥʟʦʤʦʪʦʨʝʥ ʝʪʘʧ (7-ʤʝʩʝʯʥʘ 
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ʚʲʟʨʘʩʪ); ʇʨʝʜʦʧʝʨʘʪʠʚʝʥ ʝʪʘʧ (ʧʨʦʭʦʞʜʘʱʦ ʠ ʨʘʥʥʦ ʜʝʪʩʪʚʦ); ʂʦʥʢʨʝʪʝʥ ʦʧʝʨʘʪʠʚʝʥ ʝʪʘʧ 

(ʥʘʯʘʣʥʦ ʠ ʨʘʥʥʦ ʶʥʦʰʝʩʪʚʦ) ʠ ʦʬʠʮʠʘʣʝʥ ʦʧʝʨʘʪʠʚʝʥ ʝʪʘʧ (ʶʥʦʰʝʩʪʚʦ ʠ ʟʨʷʣʘ ʚʲʟʨʘʩʪ). 

ʂʦʥʢʨʝʪʥʠʷ ʦʧʝʨʘʪʠʚʝʥ ʝʪʘʧ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩʲʩ ʩʝʜʝʤ ʚʠʜʘ ʟʘʧʘʤʝʪʷʚʘʱʠ 

ʜʝʡʩʪʚʠʷ: ʙʨʦʡ; ʜʲʣʞʠʥʘ, ʪʝʯʥʦʩʪ, ʤʘʩʘ, ʪʝʛʣʦ, ʧʣʦʱ, ʦʙʝʤ. ɺʩʠʯʢʦ ʪʦʚʘ ʩʝ ʠʟʫʯʘʚʘ 

ʮʝʣʝʥʘʩʦʯʝʥʦ ʤʝʞʜʫ 7ʤʘ ʠ 10 ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ. ʀʥʪʝʣʠʛʝʥʪʥʦʩʪʪʘ ʩʝ ʜʝʤʦʥʩʪʨʠʨʘ ʯʨʝʟ 

ʣʦʛʠʯʥʦ ʠ ʩʠʩʪʝʤʘʪʠʯʥʦ ʤʘʥʠʧʫʣʠʨʘʥʝ ʥʘ ʩʠʤʚʦʣʠ, ʩʚʲʨʟʘʥʠ ʩ ʢʦʥʢʨʝʪʥʠ ʦʙʝʢʪʠ. ʈʘʟʚʠʚʘ 

ʩʝ ʦʧʝʨʘʪʠʚʥʦʪʦ ʤʠʩʣʝʥʝ (ʫʤʩʪʚʝʥʠ ʜʝʡʩʪʚʠʷ, ʢʦʠʪʦ ʩʘ ʦʙʨʘʪʠʤʠ). ɽʛʦʮʝʥʪʨʠʯʥʦʪʦ ʤʠʩʣʝʥʝ 

ʥʘʤʘʣʷʚʘ. [111] 

ʄʥʦʛʦ ʧʨʝʜʫʯʠʣʠʱʥʠ ʠ ʥʘʯʘʣʥʠ ʧʨʦʛʨʘʤʠ ʩʘ ʤʦʜʝʣʠʨʘʥʠ ʧʦ ʪʝʦʨʠʷʪʘ ʥʘ ʇʠʘʞʝ, 

ʢʦʷʪʦ ʦʩʠʛʫʨʷʚʘ ʯʘʩʪ ʦʪ ʦʩʥʦʚʘʪʘ ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʙʫʯʝʥʠʝ. ʆʪʢʨʠʚʘʪʝʣʩʢʦʪʦ ʫʯʝʥʝ ʠ 

ʧʦʜʧʦʤʘʛʘʥʝʪʦ ʥʘ ʨʘʟʚʠʚʘʱʠʪʝ ʩʝ ʠʥʪʝʨʝʩʠ ʥʘ ʜʝʪʝʪʦ ʩʘ ʜʚʝ ʦʩʥʦʚʥʠ ʪʝʭʥʠʢʠ ʟʘ ʦʙʫʯʝʥʠʝ. 

ʇʨʝʧʦʨʲʯʠʪʝʣʥʦ ʝ ʫʯʠʪʝʣʠʪʝ ʜʘ ʧʨʝʜʠʟʚʠʢʚʘʪ ʩʧʦʩʦʙʥʦʩʪʠʪʝ ʥʘ ʜʝʪʝʪʦ, ʥʦ ʜʘ ʥʝ ʧʨʝʜʩʪʘʚʷʪ 

ʤʘʪʝʨʠʘʣ ʠʣʠ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʠʪʦ ʩʘ ʪʚʲʨʜʝ ʜʘʣʝʯ ʥʘʜ ʥʠʚʦʪʦ ʥʘ ʜʝʪʝʪʦ. ʇʨʝʧʦʨʲʯʚʘ ʩʝ ʩʲʱʦ 

ʫʯʠʪʝʣʠʪʝ ʜʘ ʠʟʧʦʣʟʚʘʪ ʛʦʣʷʤʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪ ʢʦʥʢʨʝʪʥʠ ʧʨʝʞʠʚʷʚʘʥʠʷ, ʟʘ ʜʘ ʧʦʤʦʛʥʘʪ 

ʥʘ ʜʝʪʝʪʦ ʜʘ ʫʯʠ, ʥʘʧʨʠʤʝʨ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʤʘʥʠʧʫʣʘʮʠʠ, ʨʘʙʦʪʘ ʚ ʛʨʫʧʠ, ʟʘ ʜʘ ʧʨʠʜʦʙʠʷʪ 

ʦʧʠʪ, ʚʠʞʜʘʡʢʠ ʦʪ ʯʫʞʜʘ ʛʣʝʜʥʘ ʪʦʯʢʘ, ʝʢʩʢʫʨʟʠʠ, ʨʘʙʦʪʘ ʩ ʨʲʮʝ, ʩʝʪʠʚʘ ʠ ʪ.ʥ. [13] 

ʆʪʣʠʯʠʪʝʣʥʠʪʝ ʧʦʩʪʠʞʝʥʠʷ ʥʘ ʢʦʥʢʨʝʪʥʠʪʝ ʦʧʝʨʘʮʠʠ ʩʘ, ʯʝ ʜʝʮʘʪʘ ʧʨʦʷʚʷʚʘʪ ʣʦʛʠʯʝʩʢʦ 

ʤʠʩʣʝʥʝ. ʊʝ ʟʘʧʦʯʚʘʪ ʜʘ ʤʠʩʣʷʪ ʘʙʩʪʨʘʢʪʥʦ. ɼʝʮʘʪʘ ʥʘ ʪʘʟʠ ʚʲʟʨʘʩʪ ʩʘ ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ 

ʜʝʤʦʥʩʪʨʠʨʘʪ ʘʙʩʪʨʘʢʪʥʦ ʤʠʩʣʝʥʝ. ʅʘʧʨʠʤʝʨ, ʪʝ ʤʦʛʘʪ ʜʘ ʨʘʟʙʠʨʘʪ ʥʶʘʥʩʠʪʝ ʥʘ ʩʠʚʦʪʦ, ʜʘ 

ʩʝ ʙʦʨʷʪ ʩ ʘʙʩʪʨʘʢʪʥʠ ʧʦʥʷʪʠʷ ʢʘʪʦ ʣʶʙʦʚ ʠʣʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪ ʠ ʜʘ ʬʦʨʤʫʣʠʨʘʪ ʮʝʥʥʦʩʪʠ, 

ʦʩʥʦʚʘʥʠ ʥʘ ʤʠʩʣʝʥʝ ʠ ʘʥʘʣʠʟʠʨʘʥʝ, ʘ ʥʝ ʩʘʤʦ ʥʘ ʯʫʚʩʪʚʘ ʠʣʠ ʧʨʝʞʠʚʷʚʘʥʠʷ. ʊʦʚʘ ʦʟʥʘʯʘʚʘ, 

ʯʝ ʜʝʮʘʪʘ ʚ ʥʘʯʘʣʥʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʷʙʚʘ ʜʘ ʚʠʜʷʪ, ʜʘ ʧʠʧʥʘʪ ʚʩʠʯʢʦ, ʢʦʝʪʦ ʯʫʷʪ, ʙʝʟ 

ʟʥʘʯʝʥʠʝ ʦʪ ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʩʬʝʨʘ ï ʤʘʪʝʤʘʪʠʢʘ, ʠʩʪʦʨʠʷ, ʛʝʦʛʨʘʬʠʷ. ʂʘʢʪʦ ʚʝʯʝ ʩʝ ʫʪʦʯʥʠ 

ʪʦʚʘ ʦʙʫʯʝʥʠʝ ʜʥʝʩ ʩʝ ʥʘʨʠʯʘ STEM.  

ʋʜʦʚʣʝʪʚʦʨʝʥʠʝʪʦ ʥʘ ʫʯʝʥʠʮʠʪʝ ʝ ʠʥʩʪʨʫʤʝʥʪʘ ʟʘ ʨʘʟʙʠʨʘʥʝ ʥʘ ʫʩʧʝʭʘ ʚ 

ʦʙʨʘʟʦʚʘʥʠʝʪʦ. 

ʋʯʠʪʝʣʠʪʝ ʯʨʝʟ ʧʨʘʚʠʣʥʦ ʥʘʩʦʯʚʘʥʝ ʠ ʩʦʮʠʘʣʥʘ ʧʦʜʢʨʝʧʘ ʤʦʛʘʪ ʜʘ ʦʧʨʝʜʝʣʷʪ ʠ 

ʧʨʦʝʢʪʠʨʘʪ ʙʲʜʝʱʝʪʦ ʥʘ ʜʝʮʘʪʘ. ʋʯʠʪʝʣʠʪʝ ʜʝʡʩʪʚʘʪ ʢʘʪʦ ʩʪʠʤʫʣʘʪʦʨʠ ʥʘ ʤʦʪʠʚʘʮʠʷʪʘ ʠ 
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ʘʥʛʘʞʠʨʘʥʦʩʪʪʘ ʥʘ ʫʯʝʥʠʮʠʪʝ. ʇʦʣʦʞʠʪʝʣʥʠʪʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʫʯʠʪʝʣ-ʫʯʝʥʠʢ ʱʝ 

ʦʩʠʛʫʨʷʪ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʥʘ ʫʯʝʥʠʮʠʪʝ ʦʪ ʪʝʭʥʠʷ ʦʧʠʪ ʚ ʫʯʠʣʠʱʝ, ʜʦʢʘʪʦ Vieno et al (2007) 

ʠʜʝʥʪʠʬʠʮʠʨʘʪ, ʯʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠ ʤʦʪʠʚʠʨʘʥʠʪʝ ʠ ʛʨʠʞʦʚʥʠ ʫʯʠʪʝʣʠ ʤʦʛʘʪ ʜʘ ʧʦʜʦʙʨʷʪ 

ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʫʯʠʣʠʱʝʪʦ ʟʘ ʜʝʮʘʪʘ. ʂʦʛʘʪʦ ʦʙʫʯʝʥʠʝʪʦ ʚ ʢʣʘʩʥʘʪʘ ʩʪʘʷ ʝ ʦʨʛʘʥʠʟʠʨʘʥʦ 

ʚ ʩʨʝʜʘ ʥʘ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ ʦʪ ʫʯʠʪʝʣʠ, ʫʯʝʥʠʮʠʪʝ ʱʝ ʧʦʯʫʚʩʪʚʘʪ ʧʦʚʠʰʝʥʘ ʝʬʠʢʘʩʥʦʩʪ. 

ʋʯʝʥʠʮʠʪʝ ʩʪʘʚʘʪ ʧʦ-ʘʥʛʘʞʠʨʘʥʠ ʚ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ, ʢʦʛʘʪʦ ʥʘʤʝʨʷʪ ʫʯʠʪʝʣʠ, ʢʦʠʪʦ ʩʝ 

ʛʨʠʞʘʪ ʟʘ ʪʝʭʥʠʪʝ ʩʦʮʠʘʣʥʠ ʠ ʘʢʘʜʝʤʠʯʥʠ ʥʫʞʜʠ. ʂʘʪʦ ʮʷʣʦ ʜʝʮʘʪʘ, ʢʦʠʪʦ ʫʯʘʪ ʠʟʚʲʥ 

ʨʦʜʥʠʪʝ ʩʠ ʩʪʨʘʥʠ, ʩʘ ʧʦ-ʥʘʙʣʶʜʘʪʝʣʥʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʩʚʦʠʪʝ ʫʯʠʪʝʣʠ ʠ ʛʠ ʦʮʝʥʷʚʘʪ ʧʦ 

ʬʘʢʪʦʨʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʪʷʭʥʘʪʘ ʘʥʛʘʞʠʨʘʥʦʩʪ ʩ ʧʨʦʬʝʩʠʷʪʘ ʠ ʦʪʥʦʰʝʥʠʝ ʢʲʤ ʫʯʝʥʠʮʠʪʝ, 

ʢʦʠʪʦ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʙʠʭʘ ʤʦʛʣʠ ʜʘ ʧʦʚʣʠʷʷʪ ʥʘ ʫʯʝʥʠʮʠʪʝ ʜʘ ʚʲʟʧʨʠʝʤʘʪ ʫʯʠʪʝʣʠʪʝ ʢʘʪʦ 

ʤʦʜʝʣʠ ʟʘ ʧʦʜʨʘʞʘʥʠʝ ʚ ʞʠʚʦʪʘ ʩʠ ʢʘʪʦ ʚʲʟʨʘʩʪʥʠ. ʆʩʚʝʥ ʪʦʚʘ ʫʯʠʣʠʱʥʠʷʪ ʦʧʠʪ ʥʘ ʜʝʮʘʪʘ 

ʝʤʠʛʨʘʥʪʠ ʠʤ ʧʦʤʘʛʘ ʜʘ ʨʘʟʚʠʷʪ ʩʚʦʠʪʝ ʩʧʦʩʦʙʥʦʩʪʠ ʯʨʝʟ ʚʣʠʷʥʠʝʪʦ ʥʘ ʧʨʠʷʪʝʣʠ ʠ 

ʠʟʚʲʥʢʣʘʩʥʠ ʜʝʡʥʦʩʪʠ. ʊʘʢʠʚʘ ʧʨʦʫʯʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʪ, ʯʝ ʝ ʨʘʟʫʤʥʦ ʜʘ ʩʝ ʧʨʝʜʧʦʣʦʞʠ, ʯʝ 

ʧʦʜʢʨʝʧʘʪʘ ʥʘ ʫʯʠʪʝʣʠʪʝ ʙʠ ʧʦʚʠʰʠʣʘ ʫʜʦʚʣʝʪʚʦʨʝʥʦʩʪʪʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʦʪ ʪʝʭʥʠʪʝ 

ʫʯʠʣʠʱʘ, ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʙʠ ʜʦʚʝʣʦ ʜʦ ʧʦ-ʜʦʙʨʘ ʘʥʛʘʞʠʨʘʥʦʩʪ ʥʘ ʫʯʝʥʠʮʠʪʝ. [100] 

ʅʝʢʘ ʚʠʜʠʤ ʧʨʝʜʣʘʛʘʥʠʪʝ ʭʠʧʦʪʝʟʠ(ʍ) (ʬʠʛ.106):  

ʍ1: ʇʦʜʢʨʝʧʘʪʘ ʥʘ ʫʯʠʪʝʣʠʪʝ ʱʝ ʠʤʘ ʧʦʣʦʞʠʪʝʣʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ 

ʫʜʦʚʣʝʪʚʦʨʝʥʦʩʪʪʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʦʪ ʫʯʠʣʠʱʝ.  

ʍ2: ʋʯʠʣʠʱʥʘʪʘ ʧʦʜʢʨʝʧʘ ʱʝ ʠʤʘ ʧʦʣʦʞʠʪʝʣʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ 

ʫʜʦʚʣʝʪʚʦʨʝʥʦʩʪʪʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʦʪ ʫʯʠʣʠʱʝ.  

ʍ3: ʇʦʜʢʨʝʧʘʪʘ ʦʪ ʚʨʲʩʪʥʠʮʠ ʱʝ ʠʤʘ ʧʦʣʦʞʠʪʝʣʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ 

ʫʜʦʚʣʝʪʚʦʨʝʥʦʩʪʪʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʦʪ ʫʯʠʣʠʱʝ.  

ʍ4: ʋʜʦʚʣʝʪʚʦʨʝʥʠʝʪʦ ʦʪ ʫʯʠʣʠʱʝ ʱʝ ʜʦʚʝʜʝ ʜʦ ʧʦʣʦʞʠʪʝʣʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ 

ʘʥʛʘʞʠʨʘʥʦʩʪʪʘ ʥʘ ʫʯʝʥʠʮʠʪʝ.  

ʍ5: ʄʝʩʪʦʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʫʯʠʣʠʱʝʪʦ ʱʝ ʩʤʝʢʯʠ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝʪʦ 

ʦʪ ʫʯʠʣʠʱʝ ʠ ʘʥʛʘʞʠʨʘʥʦʩʪʪʘ ʥʘ ʫʯʝʥʠʮʠʪʝ. 
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ʌʠʛ.106: ʆʯʘʢʚʘʥʠʷ ʥʘ ʫʯʝʥʠʮʠʪʝ  

ʇʦʜʢʨʝʧʘ ʥʘ ʫʯʠʪʝʣʠʪʝ  

ü ʄʦʠʪʝ ʫʯʠʪʝʣʠ ʧʨʘʚʷʪ ʦʙʫʯʝʥʠʝʪʦ ʤʠ ʠʥʪʝʨʝʩʥʦ ʠ ʨʘʜʦʩʪʥʦ.  

ü ʄʦʠʪʝ ʫʯʠʪʝʣʠ ʠ ʜʨʫʛʠ ʩʣʫʞʠʪʝʣʠ ʩʝ ʦʪʥʘʩʷʪ ʢʲʤ ʤʝʥ ʩ ʫʚʘʞʝʥʠʝ.  

ü ʇʦʣʫʯʘʚʘʤ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ ʟʘ ʧʨʝʜʩʪʘʚʷʥʝʪʦ ʩʠ ʦʪ ʤʦʠʪʝ ʫʯʠʪʝʣʠ.  

ü ʄʦʠʪʝ ʫʯʠʪʝʣʠ ʤʠ ʧʦʤʘʛʘʪ ʜʘ ʩʝ ʧʦʜʦʙʨʷʚʘʤ ʚʠʥʘʛʠ, ʢʦʛʘʪʦ ʩʝ ʧʨʝʜʩʪʘʚʷʤ 

ʩʣʘʙʦ.  

ü ʄʦʠʪʝ ʫʯʠʪʝʣʠ ʤʝ ʥʘʩʲʨʯʘʚʘʪ.  

ü ʄʦʠʪʝ ʫʯʠʪʝʣʠ ʧʨʠʟʥʘʚʘʪ ʜʦʙʨʠʪʝ ʤʠ ʜʝʣʘ ʧʫʙʣʠʯʥʦ.  

ü 7. ʋʯʠʪʝʣʠʪʝ ʤʠ ʥʘʠʩʪʠʥʘ ʩʝ ʛʨʠʞʘʪ ʟʘ ʤʝʥ.  

ü 8. ʂʦʛʘʪʦ ʠʤʘʤ ʧʨʦʙʣʝʤ, ʟʥʘʤ ʢʲʤ ʢʦʛʦ ʜʘ ʩʝ ʦʙʲʨʥʘ ʟʘ ʧʦʤʦʱ.  

ü 9. ʏʫʚʩʪʚʘʤ ʩʝ ʢʦʤʬʦʨʪʥʦ ʜʘ ʩʝ ʦʙʨʲʱʘʤ ʢʲʤ ʫʯʠʪʝʣʠ/ʩʲʚʝʪʥʠʮʠ ʟʘ 

ʦʙʩʲʞʜʘʥʝ ʥʘ ʧʨʦʙʣʝʤʠʪʝ ʤʠ. 

ʇʦʜʢʨʝʧʘ ʥʘ ʫʯʠʪʝʣʠʪʝ  

ü ʄʦʠʪʝ ʫʯʠʪʝʣʠ ʧʨʘʚʷʪ ʦʙʫʯʝʥʠʝʪʦ ʤʠ ʠʥʪʝʨʝʩʥʦ ʠ ʨʘʜʦʩʪʥʦ.  

ü ʄʦʠʪʝ ʫʯʠʪʝʣʠ ʠ ʜʨʫʛʠ ʩʣʫʞʠʪʝʣʠ ʩʝ ʦʪʥʘʩʷʪ ʢʲʤ ʤʝʥ ʩ ʫʚʘʞʝʥʠʝ.  

ü ʇʦʣʫʯʘʚʘʤ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ ʟʘ ʧʨʝʜʩʪʘʚʷʥʝʪʦ ʩʠ ʦʪ ʤʦʠʪʝ ʫʯʠʪʝʣʠ.  

ü ʄʦʠʪʝ ʫʯʠʪʝʣʠ ʤʠ ʧʦʤʘʛʘʪ ʜʘ ʩʝ ʧʦʜʦʙʨʷʚʘʤ ʚʠʥʘʛʠ, ʢʦʛʘʪʦ ʩʝ ʧʨʝʜʩʪʘʚʷʤ 

ʩʣʘʙʦ.  
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ü ʄʦʠʪʝ ʫʯʠʪʝʣʠ ʤʝ ʥʘʩʲʨʯʘʚʘʪ.  

ü ʄʦʠʪʝ ʫʯʠʪʝʣʠ ʧʨʠʟʥʘʚʘʪ ʜʦʙʨʠʪʝ ʤʠ ʜʝʣʘ ʧʫʙʣʠʯʥʦ.  

ü ʋʯʠʪʝʣʠʪʝ ʤʠ ʥʘʠʩʪʠʥʘ ʩʝ ʛʨʠʞʘʪ ʟʘ ʤʝʥ.  

ü ʂʦʛʘʪʦ ʠʤʘʤ ʧʨʦʙʣʝʤ, ʟʥʘʤ ʢʲʤ ʢʦʛʦ ʜʘ ʩʝ ʦʙʲʨʥʘ ʟʘ ʧʦʤʦʱ.  

ü ʏʫʚʩʪʚʘʤ ʩʝ ʢʦʤʬʦʨʪʥʦ ʜʘ ʩʝ ʦʙʨʲʱʘʤ ʢʲʤ ʫʯʠʪʝʣʠ/ʩʲʚʝʪʥʠʮʠ ʟʘ ʦʙʩʲʞʜʘʥʝ 

ʥʘ ʧʨʦʙʣʝʤʠʪʝ ʤʠ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʘ ʧʦʜʢʨʝʧʘ  

ü ʄʦʝʪʦ ʫʯʠʣʠʱʝ ʧʨʝʜʣʘʛʘ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʫʯʘʩʪʠʝ ʚ ʩʧʦʨʪ, ʢʣʫʙʦʚʝ ʠ ʜʨʫʛʠ 

ʜʝʡʥʦʩʪʠ ʠʟʚʲʥ ʢʣʘʩʘ.  

ü ʊʝʨʝʥʠʪʝ, ʩʛʨʘʜʠʪʝ ʠ ʦʪʢʨʠʪʦ ʩʝ ʧʦʜʜʲʨʞʘʪ ʚ ʯʠʩʪʦ ʠ ʜʦʙʨʦ ʩʲʩʪʦʷʥʠʝ.  

ü ʅʘʤʠʨʘʤ ʢʣʘʩʥʠʪʝ ʩʪʘʠ ʚ ʫʯʠʣʠʱʝ ʟʘ ʦʪʣʠʯʥʠ ʠ ʜʦʙʨʝ ʦʙʦʨʫʜʚʘʥʠ ʩ ʨʝʩʫʨʩʠ 

ʟʘ ʦʙʫʯʝʥʠʝ ʠ ʧʨʝʧʦʜʘʚʘʥʝ.  

ü ʅʘʤʠʨʘʤ ʢʦʤʧʶʪʲʨʥʠʪʝ ʣʘʙʦʨʘʪʦʨʠʠ ʚ ʫʯʠʣʠʱʝ ʟʘ ʦʪʣʠʯʥʠ ʠ ʜʦʙʨʝ 

ʦʙʦʨʫʜʚʘʥʠ ʩ ʨʝʩʫʨʩʠ ʟʘ ʦʙʫʯʝʥʠʝ ʠ ʧʨʝʧʦʜʘʚʘʥʝ. 

ü ʅʘʤʠʨʘʤ ʥʘʫʯʥʠʪʝ ʣʘʙʦʨʘʪʦʨʠʠ ʚ ʫʯʠʣʠʱʝ ʟʘ ʦʪʣʠʯʥʠ ʠ ʜʦʙʨʝ ʦʙʦʨʫʜʚʘʥʠ ʩ 

ʨʝʩʫʨʩʠ ʟʘ ʦʙʫʯʝʥʠʝ ʠ ʧʨʝʧʦʜʘʚʘʥʝ.  

ü ʅʘʤʠʨʘʤ ʙʠʙʣʠʦʪʝʢʘʪʘ ʚ ʫʯʠʣʠʱʝ ʟʘ ʦʪʣʠʯʥʘ ʠ ʜʦʙʨʝ ʦʙʦʨʫʜʚʘʥʘ ʩ 

ʧʦʜʭʦʜʷʱʠ ʢʥʠʛʠ. 

ʋʜʦʚʣʝʪʚʦʨʝʥʠʝ ʦʪ ʫʯʠʣʠʱʝ  

ü ʑʘʩʪʣʠʚ ʩʲʤ ʚ ʫʯʠʣʠʱʝ.  

ü ʉʤʷʪʘʤ, ʯʝ ʜʠʩʮʠʧʣʠʥʘʪʘ ʚ ʫʯʠʣʠʱʝ ʝ ʘʜʝʢʚʘʪʥʘ.  

ü ʏʫʚʩʪʚʘʤ ʩʝ ʚ ʙʝʟʦʧʘʩʥʦʩʪ ʚ ʫʯʠʣʠʱʝ.  

ü ʏʫʚʩʪʚʘʤ ʩʝ ʛʦʨʜ ʦʪ ʤʦʝʪʦ ʫʯʠʣʠʱʝ. 

ʇʘʨʪʥʴʦʨʩʢʘ ʧʦʜʜʨʲʞʢʘ 

ü ʋʯʝʥʠʮʠʪʝ ʚ ʤʦʝʪʦ ʫʯʠʣʠʱʝ ʩʝ ʦʪʥʘʩʷʪ ʩ ʫʚʘʞʝʥʠʝ ʢʲʤ ʜʨʫʛʠʪʝ.  

ü ʄʦʠʪʝ ʧʨʠʷʪʝʣʠ ʚ ʫʯʠʣʠʱʝ ʩʘ ʧʨʝʜʠʤʥʦ ʢʦʦʧʝʨʘʪʠʚʥʠ ʠ ʨʘʙʦʪʷʪ ʚ ʝʢʠʧ.  

ü ʇʨʠʷʪʝʣʠʪʝ ʤʠ ʤʠ ʧʦʤʘʛʘʪ ʜʘ ʠʟʧʲʣʥʷʚʘʤ ʟʘʜʘʯʠʪʝ ʩʠ. 

ʋʯʝʥʠʯʝʩʢʘ ʘʥʛʘʞʠʨʘʥʦʩʪ  

ü ɸʢʪʠʚʥʦ ʫʯʘʩʪʚʘʤ ʚ ʠʟʚʲʥʢʣʘʩʥʠ ʜʝʡʥʦʩʪʠ.  

ü ɿʘʥʠʤʘʚʘʤ ʩʝ ʘʢʪʠʚʥʦ ʩʲʩ ʩʧʦʨʪ. 
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ɺ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʪʘ ʧʦʜʢʨʝʧʘ ʩʝ ʚʠʞʜʘʪ 3 ʪʦʯʢʠ, ʩʚʲʨʟʘʥʠ ʩ ʢʣʘʩʥʘ ʩʪʘʷ, ʨʝʩʫʨʩ ʠ 

ʦʙʦʨʫʜʚʘʥʝ. ʊʦʚʘ ʝ STEM ʦʙʫʯʝʥʠʝʪʦ.  

ʅʠʝ ʠʤʘʤʝ ʫʯʝʥʠʮʠ ʠ ʫʯʠʣʠʱʘ ʠ ʩʤʷʪʘʤʝ, ʯʝ ʚʩʠʯʢʦ ʝ ʦʨʛʘʥʠʟʠʨʘʥʦ. ʋʧʨʘʚʣʷʚʘʤʝ 

ʫʯʠʣʠʱʥʘʪʘ ʩʠʩʪʝʤʘ. ʅʦ ʦʙʨʘʟʦʚʘʪʝʣʥʘ ʩʠʩʪʝʤʘ ʠʤʘ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʦʪ ʞʠʚʦʪʘ. 

ʇʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʢʘʪʦ: ʜʝʮʘ, ʞʠʚʝʝʱʠ ʚ ʯʫʞʙʠʥʘ; ʫʯʝʥʠʮʠ, ʞʠʚʝʝʱʠ ʠʟʚʲʥ ʩʪʦʣʠʮʘʪʘ 

(ʉʦʬʠʷ); ʭʦʨʘ ʩ ʫʚʨʝʞʜʘʥʠʷ ʠ ʟʜʨʘʚʥʠ ʧʘʥʜʝʤʠʠ. 

ʇʨʦʚʦʢʠʨʘʥʠ ʦʪ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘʪʘ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦʪʦ ʦʙʫʯʝʥʠʝ, ʩ ʢʦʝʪʦ ʩʝ 

ʩʙʣʲʩʢʚʘʪ ʚʩʠʯʢʠ ʫʯʝʥʠʮʠ ʠ ʫʯʠʪʝʣʠ ʚ ɽʉ ʧʦ ʚʨʝʤʝ ʥʘ COVID-19 ʧʘʥʜʝʤʠʷʪʘ, ʟʘʧʦʯʥʘʭʘ 

ʧʦʨʝʜʠʮʘ ʦʪ ʩʝʩʠʠ ʩ ʤʝʪʦʜʘ Ăʤʦʟʲʯʥʘ ʘʪʘʢʘñ ʟʘ ʪʦʚʘ: Ăʂʘʢ ʪʝʭʥʦʣʦʛʠʷʪʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ 

ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʦʙʣʝʢʯʝʥʠʝ ʧʦ ʚʨʝʤʝ ʥʘ ʩʦʮʠʘʣʥʘʪʘ ʠʟʦʣʘʮʠʷ?ñ. 

ʇʦʩʣʝʜʥʘʪʘ ʟʜʨʘʚʥʘ ʧʘʥʜʝʤʠʷ, ʢʦʷʪʦ ʚʝʯʝ ʩʧʦʤʝʥʘʭ COVID 19 ʝ ʧʲʨʚʘʪʘ, ʢʦʷʪʦ 

ʥʘʧʨʘʚʠ ʛʦʣʷʤ ʪʝʭʥʦʣʦʛʠʯʝʥ ʥʘʧʨʝʜʲʢ. ʆʪʜʘʚʥʘ ʩʝ ʛʦʚʦʨʠ ʟʘ ʥʦʚʠ ʪʝʭʥʦʣʦʛʠʠ, ʥʦʚʠ 

ʧʦʢʦʣʝʥʠʷ ï ʪʝʭʥʦʣʦʛʠʯʥʠ ʧʦʢʦʣʝʥʠʷ, ʥʦ ʥʘʰʝʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʚʦʨʝʰʝ ʩʘʤʦ ʟʘ ʧʦʜʛʦʪʦʚʢʘ, 

ʘ ʥʝ ʟʘ ʨʝʘʣʥʠ ʧʨʦʤʝʥʠ. ʅʷʢʦʠ ʯʘʩʪʥʠ ʫʯʠʣʠʱʘ ʟʘʧʦʯʥʘʭʘ ʜʘ ʠʥʪʝʛʨʠʨʘʪ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʦʙʨʘʟʦʚʘʥʠʝʪʦ, ʥʦ ʚ ʜʲʨʞʘʚʥʠʪʝ ʫʯʠʣʠʱʘ ʪʦʚʘ ʙʝʰʝ ʤʠʨʘʞ. 

ʂʨʠʟʘʪʘ ʩ COVID-19 ʦʪʥʦʚʦ ʦʯʝʨʪʘ ʟʥʘʯʝʥʠʝʪʦ ʥʘ ʜʠʛʠʪʘʣʠʟʘʮʠʷʪʘ ʥʘ ʩʦʮʠʘʣʥʦʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʈʦʙʦʪʠʪʝ ʢʘʪʦ ʣʦʛʠʯʥʦ ʩʣʝʜʚʘʱʦ ʧʦʢʦʣʝʥʠʝ ʮʠʬʨʦʚʠ ʠʥʩʪʨʫʤʝʥʪʠ, ʢʦʠʪʦ 

ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʫʩʢʦʨʷʚʘʥʝ ʥʘ ʮʠʬʨʦʚʘʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʠʪʝ 

ʩʠʩʪʝʤʠ ʚ ʮʝʣʠʷ ɽʉ ʠ ʜʦʨʠ ʚ ʮʝʣʠʷ ʩʚʷʪ. ʊʘʟʠ ʢʣʶʯʦʚʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʚʲʚʝʜʝ 

ʥʦʚ ʮʠʬʨʦʚ ʢʘʧʘʮʠʪʝʪ ʠ ʦʪʚʘʨʷ ʥʦʚʠ ʭʦʨʠʟʦʥʪʠ ʟʘ ʦʙʨʘʟʦʚʘʪʝʣʥʠʪʝ ʠʥʩʪʠʪʫʮʠʠ ʥʘ ʚʩʠʯʢʠ 

ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʥʠʚʘ.  

ʅʘʡ-ʪʲʨʩʝʥʠʪʝ ʧʨʦʬʝʩʠʠ ʜʥʝʩ ʥʝ ʩʘ ʩʲʱʝʩʪʚʫʚʘʣʠ ʧʨʝʜʠ ʧʝʪʥʘʜʝʩʝʪ ʛʦʜʠʥʠ. ʉʣʝʜ 

ʦʱʝ ʧʝʪ ʛʦʜʠʥʠ ʨʦʙʦʪʠʪʝ ʱʝ ʚʲʨʰʘʪ 65% ʦʪ ʨʘʙʦʪʘʪʘ, ʢʦʷʪʦ ʚʲʨʰʠʤ ʜʥʝʩ. ʉʪʨʘʪʝʛʠʷʪʘ ʟʘ 

ʠʥʜʫʩʪʨʠʘʣʥʘ ʧʦʣʠʪʠʢʘ ʥʘ ɽʉ ʦʧʨʝʜʝʣʷ ʨʦʙʦʪʠʢʘʪʘ ʢʘʪʦ ʥʝʨʘʟʜʝʣʥʘ ʯʘʩʪ ʦʪ ʢʣʶʯʦʚʠʪʝ 

ʙʘʟʦʚʠ ʪʝʭʥʦʣʦʛʠʠ (ʂɹʊ) ʩ ʥʘʡ-ʚʘʞʝʥ ʜʷʣ ʚ ʨʘʩʪʝʞʘ ʥʘ ʝʚʨʦʧʝʡʩʢʠʪʝ ʠʥʜʫʩʪʨʠʠ. 

ʉʣʝʜʦʚʘʪʝʣʥʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʥʘʩʦʯʠ ʧʦ-ʛʦʣʷʤʦ ʚʥʠʤʘʥʠʝ ʢʲʤ ʪʦʚʘ ʢʘʢ ʨʦʙʦʪʠʪʝ ʤʦʛʘʪ ʜʘ 

ʙʲʜʘʪ ʧʦ-ʜʦʙʨʝ ʠʥʪʝʛʨʠʨʘʥʠ ʚ ʞʠʚʦʪʘ ʥʘ ʤʣʘʜʠʪʝ ʭʦʨʘ ʠ ʪʷʭʥʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ. 
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ʆʩʪʨʘʪʘ ʥʫʞʜʘ ʦʪ ʥʦʚ ʪʠʧ ʚʠʩʦʢʦʢʘʯʝʩʪʚʝʥʦ ʦʙʨʘʟʦʚʘʪʝʣʥʦ ʩʲʜʲʨʞʘʥʠʝ, ʠʥʦʚʘʪʠʚʥʠ 

ʜʠʜʘʢʪʠʯʝʩʢʠ ʧʦʜʭʦʜʠ ʠ ʥʘʜʝʞʜʥʠ ʩʨʝʜʩʪʚʘ ʟʘ ʧʨʝʜʦʩʪʘʚʷʥʝ ʥʘ ʢʫʣʪʫʨʥʠ ʠ ʦʙʨʘʟʦʚʘʪʝʣʥʠ 

ʧʨʝʞʠʚʷʚʘʥʠʷ ʥʘ ʫʯʝʥʠʮʠʪʝ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʩʦʮʠʘʣʥʦʪʦ ʜʠʩʪʘʥʮʠʨʘʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʘʜʨʝʩʠʨʘʥʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʨʦʙʦʪʠʢʘʪʘ. ʈʦʙʦʪʠʪʝ ʥʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʟʘʨʘʟʝʥʠ ʦʪ COVID-19 

ʠʣʠ ʜʨʫʛʠ ʠʥʬʝʢʮʠʦʟʥʠ ʟʘʙʦʣʷʚʘʥʠʷ. ʊʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʘʚʘʪʘʨʠ ʥʘ ʫʯʠʪʝʣʠ ʠ 

ʫʯʝʥʠʮʠ, ʟʘ ʜʘ ʤʦʛʘʪ ʜʘ ʠʟʧʠʪʘʪ ʚʲʣʥʝʥʠʝʪʦ ʦʪ ʧʦʩʝʱʝʥʠʷʪʘ ʚ ʤʫʟʝʡ ʥʘʧʨʠʤʝʨ. ʉʲʱʦ ʪʘʢʘ 

ʪʝ ʤʦʛʘʪ ʜʘ ʧʦʜʢʨʝʧʷʪ ʤʫʟʝʡʥʠʪʝ ʠʟʩʣʝʜʦʚʘʪʝʣʠ ʧʦ ʚʨʝʤʝ ʥʘ ʦʙʠʢʦʣʢʠʪʝ ʩ ʝʢʩʢʫʨʟʦʚʦʜ ʥʘ 

ʤʷʩʪʦ ʠʣʠ ʧʦ ʚʨʝʤʝ ʥʘ ʜʠʩʪʘʥʮʠʦʥʝʥ ʫʨʦʢ ʚ ʢʣʘʩʥʘʪʘ ʩʪʘʷ. 

ʂʨʠʟʘʪʘ ʩ COVID-19 ʫʩʢʦʨʠ ʧʨʦʮʝʩʘ ʥʘ ʜʠʛʠʪʘʣʠʟʘʮʠʷ ʠ ʧʦʜʯʝʨʪʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ 

ʦʪ ʜʠʩʪʘʥʮʠʦʥʥʦ ʦʙʫʯʝʥʠʝ ʠʣʠ ʧʦ-ʩʢʦʨʦ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʧʨʝʜʦʩʪʘʚʷʥʝ ʥʘ 

ʚʠʩʦʢʦʢʘʯʝʩʪʚʝʥʦ ʦʙʫʯʝʥʠʝ ʠʟʚʲʥ ʢʣʘʩʥʘʪʘ ʩʪʘʷ ʥʘ ʚʩʠʯʢʠ ʫʯʝʥʠʮʠ. 

ɽʢʠʧ ʦʪ ʠʟʩʣʝʜʦʚʘʪʝʣʠ ʨʘʟʨʘʙʦʪʠʭʘ ʘʚʪʦʥʦʤʝʥ ʤʦʙʠʣʝʥ ʨʦʙʦʪ Tele-ROBCO ʠ 

ʥʝʦʙʭʦʜʠʤʠʷ ʩʦʬʪʫʝʨ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʚʠʨʪʫʘʣʥʠ ʧʨʠʩʲʩʪʚʝʥʠ ʧʦʩʝʱʝʥʠʷ ʥʘ ʤʫʟʝʠ, ʢʘʪʦ 

ʯʘʩʪ ʦʪ ʫʯʝʙʥʘʪʘ ʧʨʦʛʨʘʤʘ ʠʣʠ ʢʘʪʦ ʠʟʚʲʥʢʣʘʩʥʘ ʜʝʡʥʦʩʪ ʟʘ ʢʣʘʩʦʚʝ ʥʘ ʫʯʝʥʠʮʠ (ʩʪʫʜʝʥʪʠ) 

ʠ ʪʝʭʥʠʪʝ ʫʯʠʪʝʣʠ. 

ʊʦʚʘ ʝ ʥʠʩʢʦ ʙʶʜʞʝʪʝʥ ʘʚʪʦʥʦʤʝʥ ʤʦʙʠʣʝʥ ʨʦʙʦʪ, ʩʲʩʪʦʷʱ ʩʝ ʦʪ ʧʣʘʪʬʦʨʤʘ ʟʘ 

ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʦʪ ʜʠʬʝʨʝʥʮʠʘʣʝʥ ʪʠʧ, ʢʦʤʧʶʪʲʨ ʠ ʢʦʥʪʨʦʣʝʨʠ, ʝʣʝʢʪʨʦʟʘʜʚʠʞʚʘʱʘ 

ʩʠʩʪʝʤʘ, ʚʢʣʶʯʚʘʱʘ ʜʚʝ 12V LiFePo ʙʘʪʝʨʠʠ ʠ ʩʪʘʥʮʠʷ ʟʘ ʧʨʝʟʘʨʝʞʜʘʥʝ ʠ ʩʝʥʟʦʨʥʘ ʩʠʩʪʝʤʘ, 

ʚʢʣʶʯʚʘʱʘ: ʠʥʬʨʘʯʝʨʚʝʥ, ʫʣʪʨʘʟʚʫʢ, ʣʘʟʝʨʝʥ ʩʢʝʥʝʨ, 3D ʩʝʥʟʦʨ - ñReal Senseò ʠ ʠʥʪʝʛʨʠʨʘʥ 

ʘʢʩʝʣʝʨʦʤʝʪʲʨ, ʞʠʨʦʩʢʦʧ ʠ ʠʥʝʨʮʠʦʥʝʥ ʩʝʥʟʦʨ (ʬʠʛ. 107) 
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ɽʜʥʘ ʦʪ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠʪʝ ʥʘ ʨʦʙʦʪʘ ʝ ʨʝʞʠʤ ʥʘ ʪʝʣʝʧʨʠʩʲʩʪʚʠʝ ʚ ʫʯʠʣʠʱʝʥ ʢʣʘʩ 

(ʬʠʛ. 108):  

ʆʙʠʢʦʣʢʘ ʩ ʝʢʩʢʫʨʟʦʚʦʜ Ăʊʝʣʝʧʦʩʝʱʝʥʠʝñ ʥʘ ʤʫʟʝʷï ʈʦʙʦʪʲʪ ʱʝ ʩʠ ʩʲʪʨʫʜʥʠʯʠ ʩ 

ʝʢʩʧʝʨʪʘ ʧʦ ʦʙʠʢʦʣʢʘʪʘ ʥʘ ʤʫʟʝʷ - ʛʠʜ ʠ ʱʝ ʧʨʝʜʦʩʪʘʚʠ ʘʚʘʪʘʨ ʥʘ ʧʦʩʝʱʘʚʘʱʠʷ ʢʣʘʩ 

(ʫʯʝʥʠʮʠ), ʢʘʪʦ ʩʣʝʜʚʘ ʪʝʤʘʪʠʯʥʘʪʘ ʧʨʝʟʝʥʪʘʮʠʷ ʥʘ ʤʫʟʝʡʥʠʷ ʝʢʩʧʝʨʪ. ʇʨʝʜ ʚʩʝʢʠ ʝʢʩʧʦʥʘʪ 

ʝʢʩʧʝʨʪʥʠʷʪ ʚʦʜʘʯ ʧʨʦʚʝʞʜʘ ʙʝʩʝʜʘ, ʠʟʛʦʪʚʝʥʘ ʠ ʜʠʜʘʢʪʠʯʝʩʢʠ ʩʲʦʙʨʘʟʝʥʘ ʩ ʫʯʝʙʥʘʪʘ 

ʧʨʦʛʨʘʤʘ ʧʦ ʧʨʝʜʤʝʪʘ. ʆʙʠʢʦʣʢʘʪʘ ʩʝ ʩʲʩʪʦʠ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʦʧʨʝʜʝʣʝʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʦʪ ʝʢʩʧʦʥʘʪʠ, ʩʚʲʨʟʘʥʠ ʩ ʦʙʱʘ ʪʝʤʘ. ʈʦʙʦʪʲʪ ʱʝ ʧʨʝʤʠʥʘʚʘ ʦʪ ʝʜʠʥ 

ʝʢʩʧʦʥʘʪ ʢʲʤ ʜʨʫʛ, ʩʧʦʨʝʜ ʫʢʘʟʘʥʠʷʪʘ ʥʘ ʤʫʟʝʡʥʠʷ ʝʢʩʢʫʨʟʦʚʦʜ (ʯʨʝʟ ʜʠʩʪʘʥʮʠʦʥʥʦ 

ʫʧʨʘʚʣʝʥʠʝ ʠʣʠ ʧʨʝʟ ʫʝʙ ʠʥʪʝʨʬʝʡʩ). ʈʦʙʦʪʲʪ ʱʝ ʩʝ ʧʦʟʠʮʠʦʥʠʨʘ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ 

ʟʘʜʘʜʝʥʘ ʧʦʟʠʮʠʷ ʧʨʝʜ ʝʢʩʧʦʥʘʪʘ, ʢʦʝʪʦ ʦʩʠʛʫʨʷʚʘ ʥʘʡ-ʜʦʙʨʠʷ ʠʟʛʣʝʜ ʥʘ ʝʢʩʧʦʥʘʪʘ. 

ɼʝʬʠʥʠʨʘʥʘ ʠ ʢʦʥʪʨʦʣʠʨʘʥʘ ʦʪ ʫʯʠʪʝʣʷ ʦʙʠʢʦʣʢʘ ʥʘ ʪʝʣʝʚʠʟʠʦʥʥʦ ʧʦʩʝʱʝʥʠʝ ʚ ʨʝʘʣʥʦ 

ʚʨʝʤʝ . ʇʨʝʜʠ ʪʦʟʠ ʚʠʜ ʧʦʩʝʱʝʥʠʝ ʫʯʠʪʝʣʷʪ, ʠʟʧʦʣʟʚʘʡʢʠ ʫʝʙ ʠʥʪʝʨʬʝʡʩ, ʩʲʟʜʘʚʘ ʩʧʠʩʲʢ ʩ 

ʝʢʩʧʦʥʘʪʠ (ʦʪ ʥʘʣʠʯʥʠʪʝ ʚ ʙʘʟʘʪʘ ʜʘʥʥʠ). ʂʦʛʘʪʦ ʦʙʠʢʦʣʢʘʪʘ ʟʘʧʦʯʥʝ, ʨʦʙʦʪʲʪ ʘʚʪʦʥʦʤʥʦ 

ʦʪʠʚʘ ʜʦ ʥʘʡ-ʜʦʙʨʦʪʦ ʤʷʩʪʦ ʟʘ ʛʣʝʜʘʥʝ ʧʨʝʜ ʧʲʨʚʠʷ ʝʢʩʧʦʥʘʪ, ʧʨʠ ʧʦʠʩʢʚʘʥʝ ʦʪ ʫʯʠʪʝʣʷ 

(ʧʨʝʟ ʫʝʙ ʠʥʪʝʨʬʝʡʩ) ʦʪʠʚʘ ʜʦ ʩʣʝʜʚʘʱʠʷ ʝʢʩʧʦʥʘʪ ʚ ʩʧʠʩʲʢʘ. 

ʊʝʣʝʚʠʟʠʦʥʥʦ ʧʦʩʝʱʝʥʠʝ Ăʦʪʠʜʝʪʝ ʥʘ ʠʟʣʦʞʙʘñ, ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʪ ʫʯʠʪʝʣʷ. ʇʨʠ ʪʦʟʠ 

ʪʠʧ ʧʦʩʝʱʝʥʠʝ ʫʯʠʪʝʣʷʪ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʠʟʧʨʘʱʘ ʟʘʜʘʥʠʝ ʥʘ ʨʦʙʦʪʘ ʧʨʝʜ ʝʢʩʧʦʥʘʪʠʪʝ ʧʦ 

ʩʚʦʡ ʠʟʙʦʨ.  
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ʀʥʦʚʘʮʠʷ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʱʝ ʙʲʜʘʪ:  

Å ɺʲʚʝʞʜʘʥʝ ʥʘ ʥʦʚ ʠʥʪʝʨʘʢʪʠʚʝʥ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʦʙʫʯʝʥʠʝ ʚ ʙʲʣʛʘʨʩʢʠʪʝ 

ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʠʥʩʪʠʪʫʮʠʠ;  

Å ʀʥʦʚʘʪʠʚʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ʤʫʟʝʡʥʠ ʝʢʩʧʦʥʘʪʠ;  

Å ʉʲʟʜʘʚʘʥʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʜʠʩʪʘʥʮʠʦʥʝʥ ʜʦʩʪʲʧ ʜʦ ʢʫʣʪʫʨʥʠ ʠʥʩʪʠʪʫʮʠʠ 

(ʤʫʟʝʡʥʠ ʝʢʩʧʦʟʠʮʠʠ ʠ ʜʨ.);  

Å ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʨʦʙʦʪʠʟʠʨʘʥʘ ʩʠʩʪʝʤʘ ʟʘ Ăʪʝʣʝʧʦʩʝʱʝʥʠʷò ʥʘ ʢʫʣʪʫʨʥʠ 

ʠʥʩʪʠʪʫʮʠʠ (ʤʫʟʝʡʥʠ ʝʢʩʧʦʟʠʮʠʠ, ʛʘʣʝʨʠʠ, ʠʟʣʦʞʙʠ ʠ ʜʨʫʛʠ ʦʙʝʢʪʠ) ĂTele-ROBCOñ;  

Å ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʫʥʠʢʘʣʝʥ, ʫʝʙ-ʙʘʟʠʨʘʥ ʛʨʘʬʠʯʝʥ ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʠʥʪʝʨʬʝʡʩ ʟʘ 

ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʈʦʙʦʪʠʟʠʨʘʥʘ ʩʠʩʪʝʤʘ ʟʘ ʪʝʣʝʚʠʟʠʦʥʥʠ ʧʦʩʝʱʝʥʠʷ ï ĂTele-ROBCOñ ;  

Tele-ROBCO ʱʝ ʜʦʚʝʜʝ ʜʦ ʥʦʚʘ ʂʌʉ ʟʘ ʪʝʣʝʧʦʩʝʱʝʥʠʷ (ʪʝʣʝʧʨʠʩʲʩʪʚʠʝ). 

ʉʦʬʪʫʝʨʥʘ ʧʦʜʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʦʙʦʪʠ ʝ ʙʘʟʠʨʘʥʘ ʥʘ ROS - Robot Operating System 

ʩ ʦʪʚʦʨʝʥ ʢʦʜ.  

ɹʝʰʝ ʧʨʦʚʝʜʝʥʘ ʘʧʨʦʙʘʮʠʷ ʩ ʨʦʙʦʪʘ, ʢʘʪʦ ʫʯʝʥʠʮʠ ʧʦʩʝʪʠʭʘ ʤʫʟʝʷ ʥʘ ʤʷʩʪʦ ʠʣʠ 

ʨʦʙʦʪʘ ʦʪʠʜʝ ʧʨʠ ʜʨʫʛʠ ʫʯʝʥʠʮʠ ʚ ʫʯʠʣʠʱʝʪʦ ʠʤ, ʟʘ ʜʘ ʤʦʛʘʪ ʜʘ ʛʦ ʚʠʜʷʪ, ʜʘ ʛʦ ʫʧʨʘʚʣʷʚʘʪ, 

ʜʨʫʛʠ ʜʘ ʛʦ ʜʦʩʪʠʛʥʘʪ ʯʨʝʟ ʪʝʭʥʦʣʦʛʠʠʪʝ ï streem ʠʣʠ ʪ.ʥʘʨ. ʧʦʪʦʢʦʚʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠ 

(ʧʦʪʦʢʦʚʦ ʧʨʝʜʘʚʘʥʝ) . ʉʠʩʪʝʤʘʪʘ ʧʨʠʣʘʛʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʧʦʪʦʢʦʚʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠ ʟʘ 

ʘʥʘʣʠʟ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. 

ʉʧʝʮʠʬʠʯʥʠ ʧʨʠʣʦʞʝʥʠʷ ʟʘ ʤʫʣʪʠʤʝʜʠʷ ʩʘ: 
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¶ ʇʦʪʦʢʦʚʦ ʧʨʝʜʘʚʘʥʝ ʥʘ ʤʫʣʪʠʤʝʜʠʷ (media streaming) 

¶ ɺʠʜʝʦ ʩʪʨʠʡʤʠʥʛ (video streaming) 

ɿʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠ: 

¶ ʇʦʪʦʢʦʚʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʲʙʠʪʠʷ (stream processing) 

¶ ʆʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠ ʚ ʜʚʠʞʝʥʠʝ (data-in-motion processing) 

 

ɸʧʨʦʙʠʨʘʥʠʷ ʯʘʩ ʩ ʨʘʟʨʘʙʦʪʝʥ ʠʥʦʚʘʪʠʚʝʥ ʫʨʦʢ ʧʦ ʠʩʪʦʨʠʷ ʧʦʢʘʟʚʘ ʤʝʞʜʫʧʨʝʜʤʝʪʥʘ 

ʚʨʲʟʢʘ ʠ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʀʂʊ ʩ ʠʩʪʦʨʠʷ, ʛʝʦʛʨʘʬʠʷ, ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ, ʪʝʭʥʠʯʝʩʢʘʪʘ ʯʘʩʪ 

ʦʙʭʚʘʱʘ ʤʘʪʝʤʘʪʠʢʘ, ʤʝʭʘʥʠʢʘ ʠ ʜʨ., ʚ ʧʦʪʚʲʨʞʜʝʥʠʝ ʥʘ STEM ʦʙʫʯʝʥʠʝʪʦ.  

 

ɼʨʫʛ ʨʦʙʦʪ ʚʩʝ ʦʱʝ ʚ ʨʘʟʨʘʙʦʪʢʘ ʝ ʫʯʝʙʝʥ ʤʘʥʠʧʫʣʘʪʦʨ 

 

ʈʘʟʨʘʙʦʪʚʘ ʩʝ ʤʦʙʠʣʝʥ ʨʦʙʦʪ ʤʘʥʠʧʫʣʘʪʦʨ ʟʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ: ʤʦʙʠʣʝʥ 

ʨʦʙʦʪ - ʤʘʥʠʧʫʣʘʪʦʨ, ʢʦʡʪʦ ʠʟʧʦʣʟʚʘ Raspberry Pi Pico W ʠ ʩʝ ʧʨʦʛʨʘʤʠʨʘ ʥʘ Python. ʊʦʡ ʩʝ 

ʩʲʟʜʘʚʘ ʩ ʮʝʣ ʜʘ ʦʙʦʛʘʪʠ STEM ʦʙʨʘʟʦʚʘʥʠʝʪʦ, ʢʘʪʦ ʧʨʝʜʦʩʪʘʚʷ ʠʥʪʝʨʘʢʪʠʚʥʘ ʩʨʝʜʘ ʟʘ 

ʠʟʫʯʘʚʘʥʝ ʥʘ ʨʦʙʦʪʠʢʘʪʘ ʭʘʨʜʫʝʨʥʦ ʠ ʩʦʬʪʫʝʨʥʦ, ʪ.ʝ. ʠʟʫʯʘʚʘʥʝ ʥʘ ʩʝʥʟʦʨʥʘ ʠʥʪʝʛʨʘʮʠʷ ʠ 

ʧʨʦʛʨʘʤʠʨʘʥʝ. ʈʦʙʦʪʲʪ ʝ ʧʦʩʪʨʦʝʥ ʚʲʨʭʫ ʩʪʘʥʜʘʨʪʥʦ ʰʘʩʠ, ʦʙʦʨʫʜʚʘʥ ʩ ʤʝʢʘʥʦʤ ʢʦʣʝʣʘ ʠ 

ʨʦʙʦ ʨʲʢʘ(ʛʨʠʧʝʨ), ʢʦʷʪʦ ʩʝ ʫʧʨʘʚʣʷʚʘ ʦʪ ʩʝʨʚʦ ʤʦʪʦʨʠ. ʊʦʟʠ ʨʦʙʦʪ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʛʨʘʤʠʨʘ 

ʚ ʩʨʝʜʘ ʥʘ Python, ʧʨʝʜʣʘʛʘ ʫʧʨʘʚʣʝʥʠʝ ʢʘʢʪʦ ʥʘ ʰʘʩʠʪʦ, ʪʘʢʘ ʠ ʥʘ ʛʨʠʧʝʨʘ ʯʨʝʟ ʫʝʙ 

ʠʥʪʝʨʬʝʡʩ, ʜʦʩʪʲʧʝʥ ʯʨʝʟ Wi-Fi ʭʦʪʩʧʦʪʘ ʥʘ ʨʦʙʦʪʘ. ʬʠʛ. 109. 

ʊʦʟʠ ʨʦʙʦʪ ʝ ʥʘʩʦʯʝʥ ʟʘ ʛʠʤʥʘʟʠʘʣʝʥ ʝʪʘʧ ʠ ʩʝ ʘʧʨʦʙʠʨʘʪ ʧʦ ʩʧʝʮʠʬʠʯʥʠ ʫʨʦʮʠ 

ʠʥʪʝʛʨʠʨʘʱʠ ʝʟʠʢ, ʤʘʪʝʤʘʪʠʢʘ, ʬʠʟʠʢʘ, ʤʝʭʘʥʠʢʘ, ʀʊ, ʂʊ, ʀʀ ʠ ʜʨ., ʩ ʮʝʣ ʦʙʫʯʝʥʠʝ ʥʘ 

ʩʧʝʮʠʘʣʠʩʪʠ ʚ ʠʥʞʝʥʝʨʥʠʪʝ ʥʘʫʢʠ.  
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ʌʠʛ. 109: ʆʙʨʘʟʦʚʘʪʝʣʝʥ ʤʘʥʠʧʫʣʘʪʦʨ 

 

ʀɿɺʆɼʀ  

 

ɺ ʧʨʝʜʩʪʘʚʝʥʘʪʘ ʛʣʘʚʘ ʙʷʭʘ ʠʟʩʣʝʜʚʘʥʠ ʨʘʟʣʠʯʥʠ ʫʯʝʙʥʠ ʨʦʙʦʪʠ, ʪʝʭʥʠʪʝ ʀʂʊ, ʙʝʰʝ 

ʧʦʢʘʟʘʥʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ STEM ʦʙʫʯʝʥʠʝʪʦ ʩ ʜʘʜʝʥʠ ʧʨʠʤʝʨʥʠ ʫʨʦʮʠ ʠʣʠ ʯʘʩʪʠ ʦʪ ʪʘʢʠʚʘ 

ʠ ʀʂʊ, ʙʷʭʘ ʧʨʝʜʣʦʞʝʥʠ ʠ ʨʝʰʝʥʠʷ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʦʪ ʨʦʙʦʪʠʪʝ ʩʧʨʷʤʦ ʫʨʦʢʘ. ɺʩʠʯʢʠ ʪʝʟʠ 

ʨʘʟʨʘʙʦʪʢʠ ʧʦʜʢʨʝʧʷʪ ʭʠʧʦʪʝʟʘʪʘ, ʯʝ ʀʂʊ ʝ ʧʦʣʝʟʝʥ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʚ 

ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʠ ʦʙʝʜʠʥʷʚʘʱ ʨʘʟʣʠʯʥʠ ʧʨʝʜʤʝʪʠ ʚ STEM ʦʙʫʯʝʥʠʝ.   

ʆʪ ʘʧʨʦʙʠʨʘʥʠʪʝ ʫʨʦʮʠ ʩʝ ʚʠʞʜʘ ʣʝʢʘʪʘ ʧʨʠʝʤʩʪʚʝʥʦʩʪ ʥʘ ʫʯʝʥʠʮʠʪʝ ʚʲʚ ʚʩʝʢʠ ʝʜʠʥ 

ʝʪʘʧ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘ ʨʘʙʦʪʘ ʢʘʢʪʦ ʩʘʤʦ ʩ ʨʦʙʦʪʠʪʝ, ʥʦ ʦʱʝ ʧʦʚʝʯʝ ʦʙʚʲʨʟʘʥʦʩʪʪʘ ʩ ʜʨʫʛʠʪʝ 

ʧʨʝʜʤʝʪʠ ʠ ʜʠʩʮʠʧʣʠʥʠ ʦʪ ʦʩʥʦʚʥʘʪʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘ ʧʨʦʛʨʘʤʘ ʠ ʨʝʘʣʥʦʪʦ ʧʨʠʣʘʛʘʥʝ ʥʘ 

STEM ʧʦʜʭʦʜʘ.  

 ɸʧʨʦʙʘʮʠʷʪʘ ʩ ʫʯʠʪʝʣʠ ʩʲʱʦ ʧʦʢʘʟʚʘ ʧʨʠʝʤʩʪʚʝʥʦʩʪ ʠ ʦʪʚʘʨʷʥʝ ʢʲʤ ʤʝʪʦʜʘ, ʤʘʢʘʨ 

ʠ ʧʦ-ʧʣʘʭʦ. ʅʦ ʢʘʪʝʛʦʨʠʯʥʦʪʦ ʠʤ ʚʧʝʯʘʪʣʝʥʠʝ ʝ, ʯʝ ʙʠ ʙʠʣʦ ʧʦ-ʟʘʙʘʚʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʙʠ 

ʙʠʣʦ ʧʦʣʝʟʝʥ ʥʘʯʠʥ ʥʘ ʧʨʝʧʦʜʘʚʘʥʝ.   
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ɿɸʂʃʖʏɽʅʀɽ 

 

ɺ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʩʘ ʧʨʝʜʣʦʞʝʥʠ ʨʘʟʨʘʙʦʪʝʥʠ ʧʨʦʛʨʘʤʥʠ ʨʝʰʝʥʠʷ ʟʘ ʨʘʟʣʠʯʥʠ 

ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʨʦʙʦʪʠ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʧʦʜʛʦʪʚʝʥʘ STEM ʤʝʪʦʜʦʣʦʛʠʷ ʟʘ ʚʩʝʢʠ ʫʨʦʢ.  

ʈʘʟʛʣʝʜʘʥʠ ʩʘ ʭʘʨʜʫʝʨʥʠ ʠ ʩʦʬʪʫʝʨʥʠ ʚʲʟʤʦʞʥʦʩʪʠ ʥʘ ʚʩʝʢʠ ʝʜʠʥ ʨʦʙʦʪ.  

ʅʘʧʨʘʚʝʥʠʪʝ ʪʝʩʪʦʚʝ ʩʘ ʧʦʜʙʨʘʥʠ ʪʘʢʘ, ʯʝ ʜʘ ʠʟʩʣʝʜʚʘʪ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʨʦʙʦʪʠʪʝ 

ʠ ʜʘ ʧʨʝʜʦʩʪʘʚʷʪ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʪʷʭʥʘʪʘ ʨʘʙʦʪʘ. ɼʘ ʙʲʜʘʪ ʪʝʩʪʚʘʥʠ ʜʘʣʠ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ 

ʫʯʝʥʠʮʠ ʠ ʟʘ ʢʘʢʚʠ ʚʲʟʨʘʩʪʦʚʠ ʛʨʫʧʠ.  

ʅʘ ʙʘʟʘ ʪʝʭʥʠʯʝʩʢʠ ʚʲʟʤʦʞʥʦʩʪʠ  ʥʘ ʨʦʙʦʪʠʪʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚʲʟʤʦʞʥʠ ʫʨʦʮʠ ʟʘ 

STEM, ʚʩʠʯʢʠ ʪʝ ʩʘ ʘʧʨʦʙʠʨʘʥʠ ʚ ʨʝʘʣʥʘ ʩʨʝʜʘ ʩ ʫʯʝʥʠʮʠ ʤʝʞʜʫ 6 ï 18 ʛ. ʠ ʫʯʠʪʝʣʠ. 

ʇʨʝʜʣʦʞʝʥʠʷ ʨʦʙʦʪ Ozobot EVO ʦʪʛʦʚʘʨʷ ʥʘ ʤʥʦʛʦ ʦʪ ʢʨʠʪʝʨʠʠʪʝ ʟʘ ʨʘʙʦʪʘ ʩ 

ʫʯʝʥʠʮʠ, ʜʘʚʘ ʨʘʟʣʠʯʥʠ ʦʧʮʠʠ ʩʚʲʨʟʘʥʠ ʩ ʦʙʨʘʟʦʚʘʪʝʣʥʠʷ ʧʣʘʥ ʚ ɹʲʣʛʘʨʠʷ. ʉʣʫʯʚʘ 

ʧʨʦʛʨʘʤʠʨʘʥʝ ʦʪ ʙʝʟ ʫʩʪʨʦʡʩʪʚʘ ʜʦ ʝʟʠʢʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʥʘ Python. 

BlueBot ʝ ʜʨʫʛ ʦʙʨʘʟʦʚʘʪʝʣʝʥ ʤʦʙʠʣʝʥ ʨʦʙʦʪ, ʤʥʦʛʦ ʧʦʜʭʦʜʷʱ ʟʘ ʥʘʯʘʣʝʥ ʝʪʘʧ, ʢʦʡʪʦ 

ʜʘʚʘ ʧʲʨʚʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʦ ʦʨʠʝʥʪʠʨʘʥʝ, ʟʘʧʦʟʥʘʚʘʥʝ ʥʘ ʨʘʙʦʪʘ ʩ 

ʢʦʤʧʶʪʲʨ ʠ ʧʲʨʚʠ ʩʪʲʧʢʠ ʚ ʧʨʦʛʨʘʤʠʨʘʥʝʪʦ.  

Artie 3000 ʠ ArtieMax ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʦʙʫʯʝʥʠʝ ʧʦ ʨʦʙʦʪʠʢʘ, ʟʘ ʠʥʪʝʛʨʠʨʘʥʠ ʫʨʦʮʠ 

ʧʦ STEM. ʊʝ ʩʘ ʟʘ ʫʯʝʥʠʮʠ, ʢʦʠʪʦ ʚʝʯʝ ʤʦʛʘʪ ʜʘ ʩʝ ʩʧʨʘʚʷʪ ʩ ʯʝʪʝʥʝʪʦ ʠ ʩʪʠʛʘʪ ʜʦ 

ʧʨʦʛʨʘʤʠʨʘʥʝ ʥʘ ʧʨʦʛʨʘʤʥʠʪʝ ʝʟʠʮʠ Python, C++, Java.  

Cody Rocky ʝ ʠʥʪʝʨʝʩʝʥ ʤʦʙʠʣʝʥ ʨʦʙʦʪ ʩ ʚʲʟʤʦʞʥʦʩʪʠ ʜʘ ʝ ʧʦʣʝʟʝʥ ʚ STEM 

ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʠ ʧʲʪʷ ʢʲʤ ʨʘʟʙʠʨʘʥʝ ʥʘ ʤʘʰʠʥʠʪʝ ʠ ʧʨʦʛʨʘʤʠʪʝ. ʊʦʡ ʩʲʱʦ ʜʘʚʘ 

ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʥʘ Python, ʦʩʚʝʥ ʠ ʙʣʦʢʦʚʦʪʦ ʧʨʦʛʨʘʤʠʨʘʥʝ.  

XGO mini 2 Dog ʝ ʤʘʣʢʦ ʧʦ-ʚʠʩʦʢ ʢʣʘʩ ʤʦʙʠʣʝʥ ʨʦʙʦʪ. ʊʦʡ ʝ ʤʥʦʛʦ ʘʪʨʘʢʪʠʚʝʥ ʟʘ 

ʤʘʣʢʠʪʝ ʫʯʝʥʠʮʠ, ʥʦ ʨʝʘʣʥʦ ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʨʘʙʦʪʘ ʩ ʧʦ-ʛʦʣʝʤʠʪʝ ʫʯʝʥʠʮʠ, ʢʦʠʪʦ ʚʝʯʝ ʧʨʘʚʷʪ 

ʷʩʥʦ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʤʝʞʜʫ ʭʘʨʜʫʝʨ ʠ ʩʦʬʪʫʝʨ ʠ ʤʦʛʘʪ ʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ, ʚ ʢʦʷ ʧʦʩʦʢʘ ʙʠʭʘ ʩʝ 
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ʨʘʟʚʠʚʘʣʠ. ʈʦʙʘʪʘ ʜʘʚʘ ʛʦʣʝʤʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ, ʟʘ ʜʦʨʘʟʨʘʙʦʪʢʘ, ʟʘ ʨʘʙʦʪʘ ʢʘʢʪʦ 

ʙʣʦʢʦʚʦ, ʪʘʢʘ ʠ ʥʘ Python.  

ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʮʚʝʪʦʚʝ ʠ ʬʦʨʤʠ ʠʤʘ ʢʘʢʚʦ ʜʘ 

ʩʝ ʞʝʣʘʝ, ʚʩʝ ʦʱʝ ʩʚʝʪʣʠʥʘʪʘ ʦʢʘʟʚʘ ʚʣʠʷʥʠʝ ʢʘʪʦ ʧʨʦʤʝʥʷ ʮʚʝʪʘ ʢʦʝʪʦ ʧʦʜʘʚʘ ʛʨʝʰʥʘ 

ʠʥʬʦʨʤʘʮʠʷ ʥʘ ʯʝʪʷʱʠʪʝ ʫʩʪʨʦʡʩʪʚʘ. ʀʤʘ ʦʱʝ ʢʘʢʚʦ ʜʘ ʩʝ ʞʝʣʘʝ ʠ ʚ ʠʟʤʝʨʚʘʥʝʪʦ ʥʘ ʩʘʤʠʪʝ 

ʦʙʝʢʪʠ ʠ ʪʷʭʥʦʪʦ ʟʘʩʠʯʘʥʝ ʢʘʪʦ ʨʘʟʩʪʦʷʥʠʝ, ʦʙʝʤ, ʨʘʟʤʝʨ ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʢʘʢʲʚ ʝ ʦʙʝʢʪʘ. 

ʊʝʭʥʦʣʦʛʠʠʪʝ ʩʝ ʨʘʟʚʠʚʘʪ ʝʞʝʜʥʝʚʥʦ ʠ ʢʘʢʪʦ ʩʝ ʧʦʜʦʙʨʷʚʘʪ ʩʘʤʠʪʝ ʢʘʤʝʨʠ ʠ ʯʘʩʪʠ ʪʘʢʘ ʠ 

ʥʠʝ ʪʲʨʩʠʤ ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʨʘʟʣʠʯʥʠ ʢʦʤʧʦʥʝʥʪʠ, ʟʘ ʜʘ ʧʦʜʦʙʨʠʤ ʙʲʨʟʠʥʘʪʘ ʠ ʨʝʘʢʮʠʷʪʘ ʥʘ 

ʨʦʙʦʪʠʪʝ.  
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ʇʈʀʅʆʉʀ 

 

ʇʨʠʥʦʩʠ: ʅʘʫʯʥʠ; ʅʘʫʯʥʦ-ʧʨʠʣʦʞʥʠ ʠ ʇʨʠʣʦʞʥʠ:  

ü ʈʘʟʨʘʙʦʪʝʥ ʘʣʛʦʨʠʪʲʤ ʟʘ Ozobot EVO ʟʘ ʧʨʠʜʚʠʞʚʘʥʝ ʥʘ ʨʦʙʦʪʘ ʧʦ 

ʪʨʘʝʢʪʦʨʠʷ ʚʲʚ ʬʦʨʤʘ ʥʘ ʟʚʝʟʜʘ, ʙʝʟ ʧʨʝʩʠʯʘʥʝ ʥʘ ʣʠʥʠʠ ʠ ʘʣʛʦʨʠʪʲʤ ʟʘ 

ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʨʠʪʤʠ ʦʪ ʙʲʣʛʘʨʩʢʠʷ ʬʦʣʢʣʦʨ.  

ü ʈʘʟʨʘʙʦʪʝʥ ʘʣʛʦʨʠʪʲʤ ʟʘ ʤʦʙʠʣʝʥ ʨʦʙʦʪ XGO mini 2 Dog ʟʘ ʜʚʠʞʝʥʠʝ ʥʘ 

ʨʦʙʦʪʘ ʚ ʢʨʲʛ, ʧʨʘʚʦʲʛʲʣʥʠʢ ʠ ʢʚʘʜʨʘʪ ʦʢʦʣʦ ʟʘʜʘʜʝʥ ʦʙʝʢʪ ʠ ʟʘʜʘʜʝʥʠ 

ʧʘʨʘʤʝʪʨʠ. 

ü Ăʈʝʠʞʠʥʠʨʠʥʛñ ʥʘ ʭʘʨʜʫʝʨʥʘʪʘ ʯʘʩʪ ʥʘ ʤʦʙʠʣʝʥ ʨʦʙʦʪ ArtieMax. 

ü ʈʘʟʨʘʙʦʪʝʥ ʘʣʛʦʨʠʪʲʤ ʟʘ ʨʦʙʦʪ ArtieMax ʟʘ ʠʥʪʝʛʨʠʨʘʥ STEM ʫʨʦʢ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ, ʤʘʪʝʤʘʪʠʢʘ ʠ ʘʥʛʣʠʡʩʢʠ ʝʟʠʢ. 

ü ʈʘʟʨʘʙʦʪʝʥ ʘʣʛʦʨʠʪʲʤ ʟʘ ʠʟʧʠʩʚʘʥʝ ʥʘ ʢʦʥʢʨʝʪʥʘ ʜʫʤʘ ʩ ʨʦʙʦʪʘ ArtieMax,  

ʯʨʝʟ ʤʘʪʝʤʘʪʠʯʝʩʢʘ ʬʫʥʢʮʠʷ. ʇʨʝʜʩʪʘʚʝʥ ʝ ʠ ʘʣʛʦʨʠʪʲʤ ʟʘ ʢʦʨʝʢʮʠʷ ʧʨʠ 

ʥʝʧʨʘʚʠʣʥʦ ʠʟʧʠʩʚʘʥʝ ʥʘ ʜʫʤʘʪʘ. 

ü ʈʘʟʨʘʙʦʪʝʥ ʥʦʚ ʤʦʜʝʣ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʜʦ ʦʙʝʢʪʠ, ʠʟʧʦʣʟʚʘʱ 3D 

ʢʘʤʝʨʘ. ʏʨʝʟ ʠʥʪʝʛʨʘʮʠʷ ʥʘ ʥʦʚʠ ʭʘʨʜʫʝʨʥʠ ʠ ʩʦʬʪʫʝʨʥʠ ʢʦʤʧʦʥʝʥʪʠ, 

ʩʠʩʪʝʤʘʪʘ ʜʦʙʘʚʷ ʥʦʚʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʢʲʤ ʧʨʝʜʣʦʞʝʥʘʪʘ ʧʨʦʛʨʘʤʘ, 

ʩʚʲʨʟʘʥʠ ʩ ʘʥʘʣʠʟ ʚ ʪʨʠʠʟʤʝʨʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ.  ʉʠʩʪʝʤʘ ʨʘʟʧʨʝʜʝʣʷ ʩʣʦʞʥʠʪʝ 

ʠʟʯʠʩʣʝʥʠʷ ʠ ʨʝʩʫʨʩʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ, ʢʦʝʪʦ 

ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʦʧʪʠʤʠʟʘʮʠʷ ʠ ʧʦ-ʝʬʝʢʪʠʚʝʥ ʘʚʪʦʥʦʤʝʥ ʢʦʥʪʨʦʣ ʚ ʨʝʘʣʥʦ 

ʚʨʝʤʝ ʥʘ ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ. 

ü ʀʟʩʣʝʜʚʘʥʘ ʝ ʢʘʯʝʩʪʚʝʥʘ ʠ ʢʦʣʠʯʝʩʪʚʝʥʘ ʦʮʝʥʢʘ ʥʘ ʨʘʟʙʠʨʘʥʝʪʦ ʥʘ ʫʯʝʥʠʮʠʪʝ 

ʦʪ 6 ʜʦ 18 ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ ʟʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʀʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʚ 

ʦʙʫʯʝʥʠʝʪʦ.  

ü ʈʘʟʨʘʙʦʪʝʥ ʘʣʛʦʨʠʪʲʤ ʟʘ ʚʝʨʠʞʝʥ ʨʦʙʦʪ Codey Rockey ʟʘ ʜʚʠʞʝʥʠʝ ʢʦʝʪʦ ʜʘ 

ʠʟʙʷʛʚʘ ʧʨʝʧʷʪʩʪʚʠʷ ʩ ʮʝʣ ʠʥʪʝʛʨʠʨʘʥʝ ʚ STEM ʫʨʦʢ ʧʦ ʤʘʪʝʤʘʪʠʢʘ. 
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ü ʈʘʟʨʘʙʦʪʝʥ ʘʣʛʦʨʠʪʲʤ ʟʘ ʨʦʙʦʪ Artie 3000 ʟʘ ʠʟʯʝʨʪʘʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ 

ʛʨʘʬʠʯʥʠ ʤʦʜʝʣʠ.   

ü ʈʘʟʨʘʙʦʪʝʥ ʠʥʦʚʘʪʠʚʝʥ ʫʨʦʢ ʧʦ ʠʩʪʦʨʠʷ ʥʘ ʙʘʟʘʪʘ ʥʘ ʧʣʘʪʬʦʨʤʘʪʘ streamit,  

ʧʦʟʚʦʣʷʚʘʱ ʜʠʩʪʘʥʮʠʦʥʥʦ ʧʦʩʝʱʝʥʠʝ ʥʘ ʤʫʟʝʡ, ʯʨʝʟ ʨʦʙʦʪʠʟʠʨʘʥ ʛʠʜ 

ñRobcoò (https://www.youtube.com/watch?v=bJJLvZO6tAg)  

 

 

 

 

  

https://www.youtube.com/watch?v=bJJLvZO6tAg
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ɸʇʈʆɹɸʎʀʗ ʅɸ ʈɽɿʋʃʊɸʊʀʊɽ  

 

ɿʥʘʯʠʪʝʣʥʘ ʯʘʩʪ ʦʪ ʧʦʩʪʠʛʥʘʪʠ ʨʝʟʫʣʪʘʪʠ ʚ ʥʘʩʪʦʷʱʦʪʦ ʜʠʩʝʨʪʘʮʠʦʥʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ 

ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʠ ʘʧʨʦʙʠʨʘʥʠ ʧʨʠ ʫʯʘʩʪʠʝʪʦ ʥʘ ʘʚʪʦʨʘ ʚ ʨʘʟʣʠʯʥʠ ʥʘʮʠʦʥʘʣʥʠ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʠ ʥʘʫʯʥʠ ʢʦʥʬʝʨʝʥʮʠʠ ʠ ʜʨʫʛʠ ʥʘʫʯʥʠ ʠ ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʠ ʤʝʨʦʧʨʠʷʪʠʷ, 

ʠʟʙʨʦʝʥʠ ʧʦ-ʜʦʣʫ: 

 

V 14th International Scientific Conference TechSys 2025 - Gaining Python Skills Through 

Interactive Education robot Ozobot EVO 

V 14th International Scientific Conference TechSys 2025 - Engineering, Technology and 

Systems Development of an Educational Omnidirectional Mobile Manipulator with 

Mecanum Wheels.  

V 13th International Conference ñTechSys 2024ò ï ENGINEERING, TECHNOLOGIES 

AND SYSTEMS - AI algorithms for object and gesture recognition with mobile robot 

XGO-mini 2 dog.  

V ICAI'24 - International Conference Automatics and Informatics 2024 - Distributed 3D 

camera distance measurement system for intelligent mobile robots 

V 22nd IFAC Conference on Technology, Culture and International Stability, TECIS 2024 - 

Combining Software Algorithms and Machine Learning in Business Data 

V 12th International Conference ñTechSys 2023ò ï ENGINEERING, TECHNOLOGIES 

AND SYSTEMS, ĂARTIEMAX robot AS A STEM education TOOL THROUGHT 

Integration technology, math and English language 

V 22nd IFAC Conference on Technology, Culture and International Stability, TECIS 2024 - 

Students understanding for AI in different educational levels.  

V ĂInternational Science Conference "Educational Technologies - 2023" ROBO STEAM - 

INCLUSIVE TECHNOLOGIES 

V 4th Interdisciplinary PhD Forum with International Participation, 16 ï 19 May 2023, 

Sandanski, Bulgaria - "ɼʠʬʝʨʝʥʮʠʘʣʝʥ ʨʦʙʦʪ ʩ ʚʝʨʠʛʠ Cody Rocky" 
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V 5th Interdisciplinary PhD Forum with International Participation 16 ï 19 April 2024 

Kyustendil, Bulgaria - ñʆʙʨʘʟʦʚʘʪʝʣʝʥ ʨʦʙʦʪ Robcoò 

V 3th International Itinerant Conference Languages, security, technology 5-6-October 2023 

- ʇʦʣʟʠ ʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʚ STEM ʦʙʫʯʝʥʠʝʪʦ 

V ʅʘʫʯʝʥ ʩʝʤʠʥʘʨ ʥʘ ʀʀʂʊ ï ɹɸʅ ʚ ʩʝʢʮʠʷ ñʂʠʙʝʨ-ʬʠʟʠʯʥʠ ʩʠʩʪʝʤʠò, ʥʘ 06.12.2024ʛ. 

ʇʨʝʜʩʪʘʚʝʥʘ ʧʨʝʟʝʥʪʘʮʠʷ ʥʘ ʪʝʤʘ: 
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ɹʃɸɻʆɼɸʈʅʆʉʊʀ 

 

ʇʦʜʥʘʩʷʤ ʩʚʦʠʪʝ ʥʘʡ-ʠʩʢʨʝʥʠ ʙʣʘʛʦʜʘʨʥʦʩʪʠ ʢʲʤ ʥʘʫʯʥʠʷʪ ʤʠ ʨʲʢʦʚʦʜʠʪʝʣ ʧʨʦʬ. ʜ-

ʨ ʅʘʡʜʝʥ ʐʠʚʘʨʦʚ ʦʪ ʀʥʩʪʠʪʫʪʘ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ ʢʲʤ 

ɹʲʣʛʘʨʩʢʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ. ɹʣʘʛʦʜʘʨʷ ɺʠ ʟʘ ʪʦʚʘ, ʯʝ ʙʷʭʪʝ ʤʦʡ ʤʝʥʪʦʨ, ʟʘ ʙʝʟʨʝʟʝʨʚʥʘ 

ʧʨʦʬʝʩʠʦʥʘʣʥʘ ʧʦʜʢʨʝʧʘ, ʥʘʩʦʢʠ ʠ ʛʨʘʜʠʚʥʘ ʢʨʠʪʠʢʘ, ʟʘ ʜʘ ʩʝ ʩʣʫʯʠ ʪʦʟʠ ʜʠʩʝʨʪʘʮʠʦʥʝʥ 

ʪʨʫʜ. ɹʣʘʛʦʜʘʨʷ ɺʠ ʟʘ ʩ̡ ʚʤʝʩʪʥʘ ʪʚʦʨʯʝʩʢʘ ʨʘʙʦʪʘ, ʧʦ ʚʨʝʤʝ ʥʘ ʢʦʷʪʦ ʙʷʭʤʝ ʦʪʜʘʜʝʥʠ ʥʘ 

ʥʘʫʢʘʪʘ ʠ ʩʧʦʜʝʣʷʤʝ ʦʙʱʠ ʠʥʪʝʨʝʩʠ ʠ ʮʝʥʥʦʩʪʠ. ɹʣʘʛʦʜʘʨʷ ɺʠ ʟʘ ʫʩʧʝʰʥʘʪʘ ʨʘʙʦʪʘʪʘ ʧʦ  

ʠʥʪʝʨʝʩʥʠ ʧʨʦʝʢʪʠ, ʢʦʠʪʦ ʜʦʧʨʠʥʝʩʦʭʘ ʟʘ ʫʩʧʝʰʥʦʪʦ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʥʘʩʪʦʷʱʠʷ ʪʨʫʜ! 

ɹʣʘʛʦʜʘʨʷ ʠ ʥʘ ʚʩʠʯʢʠ ʢʦʣʝʛʠ ʦʪ ʀʥʩʪʠʪʫʪʘ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ 

ʪʝʭʥʦʣʦʛʠʠ ʦʪ ʩʝʢʮʠʷ Ăʂʠʙʝʨ-ʬʠʟʠʯʥʠ ʩʠʩʪʝʤʠñ ʠ ʩʝʢʮʠʷ Ăʈʘʟʧʨʝʜʝʣʝʥʠ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʠ 

ʫʧʨʘʚʣʷʚʘʱʠ ʩʠʩʪʝʤʠñ, ʩ ʢʦʠʪʦ ʩʠ ʩʲʪʨʫʜʥʠʯʠʭʤʝ.  

ʉʧʝʮʠʘʣʥʦ ʙʠʭ ʠʩʢʘʣʘ ʜʘ ʦʪʙʝʣʝʞʘ ʜʲʣʙʦʢʘʪʘ ʩʠ ʧʨʠʟʥʘʪʝʣʥʦʩʪ ʢʲʤ ʚʩʠʯʢʠ ʢʦʣʝʛʠ 

ʦʪ ʀʀʂʊ ï ɹɸʅ, ʢʦʠʪʦ ʜʦʙʨʦʥʘʤʝʨʝʥʦ ʠ ʙʝʟʢʦʨʠʩʪʥʦ ʤʠ ʩʲʜʝʡʩʪʚʘʭʘ ʠ ʧʦʤʘʛʘʭʘ ʩ ʮʝʥʥʠ 

ʩʲʚʝʪʠ ʠ ʥʘʩʦʢʠ! ɹʣʘʛʦʜʘʨʷ ɺʠ ʟʘ ʢʦʣʝʛʠʘʣʥʘʪʘ ʠ ʪʚʦʨʯʝʩʢʘ ʘʪʤʦʩʬʝʨʘ, ʚ ʢʦʷʪʦ ʨʘʙʦʪʠʭʤʝ! 

  

https://cps.iict.bas.bg/
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ʇʨʠʣʦʞʝʥʠʝ ˉ1 

Ăʄʘʣʢʠ ʢʘʨʪʦʛʨʘʬʠñ 
 

ɺʲʟʨʘʩʪʦʚʘ ʛʨʫʧʘ 1 ï 4 ʢʣʘʩ 

 

ʎʝʣʠ: 

ʋʯʝʥʠʮʠʪʝ ʜʘ: 

¶ ʨʘʟʙʠʨʘʪ ʢʘʢʚʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʛʝʦʛʨʘʬʩʢʘ ʢʘʨʪʘ;  

¶ ʧʘʨʘʤʝʪʨʠʪʝ ʢʦʠʪʦ Ⱬ ʪʨʷʙʚʘʪ, ʟʘ ʜʘ ʷ ʠʤʘ ï ʤʝʨʠʜʠʘʥʠ, ʧʘʨʘʣʝʣʠ, ʛʝʦʛʨʘʬʩʢʘ 

ʜʲʣʞʠʥʘ, ʰʠʨʠʥʘ, ʤʝʨʥʠ ʝʜʠʥʠʮʠ, ʤʘʱʘʙ;  

¶ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʠʟʤʝʨʚʘʥʝ ï ʢʦʤʧʘʩ; 

¶ ʥʘʫʯʘʪ ʟʘ ʠʩʪʦʨʠʷʪʘ ʥʘ ʢʘʨʪʠʪʝ, ʪʷʭʥʘʪʘ ʨʦʣʷ/ʧʨʠʣʦʞʝʥʠʝ ʚ ʝʞʝʜʥʝʚʠʝʪʦ; 

¶ ʥʘʫʯʘʚʘʪ ʦʩʥʦʚʥʠ ʧʦʥʷʪʠʷ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʢʘʨʪʠ;  

¶ ʜʘ ʨʘʟʛʨʘʥʠʯʘʚʘʪ ʚʠʜʦʚʝ ʢʘʨʪʠ ï ʛʝʦʛʨʘʬʩʢʠ, ʪʨʘʥʩʧʦʨʪʥʠ, GPS, ʯʠʧ, ʙʘʥʢʦʚʠ;  

¶ ʦʧʠʰʘʪ ʦʩʥʦʚʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʞʝʥʝʨʥʠ ʨʝʰʝʥʠʷ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʢʘʨʪʠ; 

¶ ʠʟʧʦʣʟʚʘʪ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʟʘʜʘʯʠ, 
ʩʚʲʨʟʘʥʠ ʩʲʩ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʢʘʨʪʘ. 

 

ʀʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪ: ʢʦʤʧʶʪʲʨʥʦ ʤʦʜʝʣʠʨʘʥʝ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʝʜʧʨʠʝʤʘʯʝʩʪʚʦ, 

ʦʢʦʣʝʥ ʩʚʷʪ ï ʛʝʦʛʨʘʬʠʷ, ʠʩʪʦʨʠʷ, ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ, ʤʘʪʝʤʘʪʠʢʘ. 

 ɺʨʲʟʢʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ STEM ʦʙʫʯʝʥʠʝʪʦ ʩʘ ʧʦʢʘʟʘʥʠ 

ʥʘ ʬʠʛ.1, ʘ ʥʘ ʬʠʛ.2 ʩʘ ʧʦʩʦʯʝʥʠ ʚʨʲʟʢʠʪʝ ʩ ʧʨʝʜʤʝʪʠʪʝ ʧʦ ʫʯʝʙʥʘʪʘ ʧʨʦʛʨʘʤʘ.  

 
 

ʅʘʧʨʘʚʣʝʥʠʝ 

 

ɺʲʟʤʦʞʥʠ ʚʨʲʟʢʠ ʥʘ ʪʝʤʘʪʘ ʩʲʩ STEM ʥʘʧʨʘʚʣʝʥʠʷʪʘ 

ʄʘʪʝʤʘʪʠʢʘ ʠ 

ʠʥʬʦʨʤʘʪʠʢʘ 

 

 

ʋʯʝʥʠʮʠʪʝ ʱʝ ʠʟʧʦʣʟʚʘʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʠʟʯʠʩʣʝʥʠʷ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʢʘʨʪʘ, ʢʘʪʦ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʤʘʪʝʨʠʘʣʠ. ʑʝ ʙʲʜʘʪ ʩʲʟʜʘʜʝʥʠ ʤʦʜʝʣʠ ʥʘ Canva, Google 

Jamboard, ʠʣʠ Word,  scratch , app ï map plus, gps fiels, area, measure..; 3D mappa 

- GIS (Scratch). 

 

ʈʦʜʠʥʦʟʥʘʥʠʝ 

ʏʦʚʝʢʲʪ ʠ ʦʙʱʝʩʪʚʦʪʦ 

ʑʝ ʩʝ ʟʘʧʦʟʥʘʷʪ ʩ ʨʘʟʣʠʯʥʠ ʛʝʦʛʨʘʬʩʢʠ ʪʝʨʤʠʥʠ, ʟʥʘʯʝʥʠʝ, ʢʘʨʪʠ , ʨʘʡʦʥʠ , ʧʲʪʷ 

ʦʢʦʣʦ ʤʝʥ   

ʂʦʤʧʶʪʲʨʥʦ 

ʤʦʜʝʣʠʨʘʥʝ 
ɼʘ ʩʝ ʥʘʯʝʨʪʘʷʪ ʢʘʨʪʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ 

ʈʦʙʦʪʠʢʘ ʠ ʢʠʙʝʨ-

ʬʠʟʠʯʥʠ ʩʠʩʪʝʤʠ 

 

ɺʲʟʤʦʞʥʦ ʝ ʜʘ ʨʘʟʛʣʝʜʘ ʨʦʣʷʪʘ ʥʘ ʢʠʙʝʨ-ʬʠʟʠʯʥʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ 

ʢʘʨʪʠ, ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʦʙʦʪʘ ʟʘ ʧʠʩʘʥʝ 

ɸʨʪ  ʈʠʩʫʚʘʥʝ  

ʌʠʛ. 1. ɺʲʟʤʦʞʥʠ ʚʨʲʟʢʠ ʩʲʩ STEM ʥʘʧʨʘʚʣʝʥʠʷʪʘ 

 

ʇʨʝʜʤʝʪ  ʊʝʤʠ ʦʪ ʫʯʝʙʥʘʪʘ ʧʨʦʛʨʘʤʘ  
ʂʦʤʧʝʪʝʥʪʥʦʩʪʠ ʢʘʪʦ ʦʯʘʢʚʘʥʠ ʨʝʟʫʣʪʘʪʠ 

ʦʪ ʦʙʫʯʝʥʠʝʪʦ  



 

 162 

ʄʘʪʝʤʘʪʠʢʘ 

ʉʲʙʠʨʘʥʝ ʠ ʠʟʚʘʞʜʘʥʝ 

ʋʤʥʦʞʝʥʠʝ ʥʘ 

ʝʜʥʦʮʠʬʨʝʥʠ/ʤʥʦʛʦʮʠʬʨʝʥʠ 

ʯʠʩʣʘ ʩ ʝʜʥʦʮʠʬʨʝʥʦ/ʜʚʫʮʠʬʨʝʥʦ 

ʯʠʩʣʦ 

 

ʀʟʚʲʨʰʚʘ ʘʨʠʪʤʝʪʠʯʥʦ ʜʝʡʩʪʚʠʝ ʩʲʙʠʨʘʥʝ ʠ 

ʠʟʚʘʞʜʘʥʝ  

ʀʟʚʲʨʰʚʘ ʘʨʠʪʤʝʪʠʯʥʦʪʦ ʜʝʡʩʪʚʠʝ 

ʫʤʥʦʞʝʥʠʝ ʥʘ ʝʜʥʦʮʠʬʨʝʥʦ/ʤʥʦʛʦʮʠʬʨʝʥʦ 

ʯʠʩʣʦ ʩ ʝʜʥʦʮʠʬʨʝʥʦ/ʜʚʫʮʠʬʨʝʥʦ ʯʠʩʣʦ. 

ʆʙʷʩʥʷʚʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʨʝʰʝʥʘ 

ʟʘʜʘʯʘ. 

ʉʲʩʪʘʚʷ ʪʝʢʩʪʦʚʘ ʟʘʜʘʯʘ ʧʦ ʜʘʥʥʠ, 

ʧʨʝʜʩʪʘʚʝʥʠ ʯʨʝʟ ʯʝʨʪʝʞʠ ʠ ʩʭʝʤʠ. 

ʂʦʤʧʶʪʲʨʥʦ 

ʤʦʜʝʣʠʨʘʥʝ 

 

ʉʲʟʜʘʚʘʥʝ ʤʦʜʝʣʠ 

ʇʦʣʟʚʘ ʨʘʟʣʠʯʥʠ ʧʨʦʛʨʘʤʥʠ ʟʘ ʠʟʯʝʨʪʘʚʘʥʝ 

ʥʘ ʤʦʜʝʣʠ ʥʘ ʛʝʦʛʨʘʬʩʢʠ ʠ ʜʨʫʛʠ ʢʘʨʪʠ   

ʋʤʝʝ ʜʘ ʩʠ ʩʣʫʞʠ ʩ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʠʥʪʝʨʥʝʪ 

ʈʦʜʠʥʦʟʥʘʥʠʝ/ 

ʏʦʚʝʢʲʪ ʠ ʦʙʱʝʩʪʚʦʪʦ  

ʆʧʦʟʥʘʚʘʤ ʩʝʣʠʱʘʪʘ ʚ ɹʲʣʛʘʨʠʷ 

ʆʨʠʝʥʪʠʨʘʥʝ ʧʦ ʛʝʦʛʨʘʬʩʢʘʪʘ 

ʢʘʨʪʘ 

ʇʦʚʲʨʭʥʠʥʘ ʥʘ ɹʲʣʛʘʨʠʷ ï 

ʨʘʚʥʠʥʠ ʠ ʥʠʟʠʥʠ 

ʆʪʢʨʠʚʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʦʩʦʙʝʥʦʩʪʠʪʝ ʥʘ 

ʧʨʠʨʦʜʥʘʪʘ ʩʨʝʜʘ ʠ ʥʘ ʪʠʧʘ ʩʝʣʠʱʝ (ʛʨʘʜ, 

ʩʝʣʦ) ʩ ʪʨʫʜʦʚʘʪʘ ʜʝʡʥʦʩʪ ʥʘ ʭʦʨʘʪʘ ʚ 

ʥʘʰʘʪʘ ʨʦʜʠʥʘ. 

ʇʦʟʥʘʚʘ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʪʦ ʠ 

ʧʨʠʨʦʜʘʪʘ ʥʘ ʨʦʜʥʠʷ ʢʨʘʡ 

ʆʧʨʝʜʝʣʷ ʧʦʩʦʢʠʪʝ ʥʘ ʩʚʝʪʘ ʧʨʠ ʨʘʙʦʪʘ ʩ 

ʛʝʦʛʨʘʬʩʢʘʪʘ ʢʘʨʪʘ.  

ʇʦʩʦʯʚʘ ʜʲʨʞʘʚʥʠʪʝ ʛʨʘʥʠʮʠ ʥʘ ɹʲʣʛʘʨʠʷ 

ʥʘ ʛʝʦʛʨʘʬʩʢʘ ʢʘʨʪʘ.  

ʆʨʠʝʥʪʠʨʘ ʩʝ ʧʦ ʛʝʦʛʨʘʬʩʢʘ ʢʘʨʪʘ ʟʘ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ɹʲʣʛʘʨʠʷ ʥʘ 

ɹʘʣʢʘʥʩʢʠʷ ʧʦʣʫʦʩʪʨʦʚ.  

ʈʘʟʙʠʨʘ ʟʥʘʯʝʥʠʝʪʦ ʥʘ ʛʝʦʛʨʘʬʩʢʦʪʦ 

ʧʦʣʦʞʝʥʠʝ ʥʘ ɹʲʣʛʘʨʠʷ ʟʘ ʥʝʡʥʦʪʦ ʨʘʟʚʠʪʠʝ. 

ʆʨʠʝʥʪʠʨʘ ʩʝ ʧʦ ʛʝʦʛʨʘʬʩʢʘ ʢʘʨʪʘ ʟʘ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ɹʲʣʛʘʨʠʷ ʥʘ 

ɹʘʣʢʘʥʩʢʠʷ ʧʦʣʫʦʩʪʨʦʚ. 

ʈʘʟʧʦʟʥʘʚʘ ʫʩʣʦʚʥʠ ʟʥʘʮʠ ʥʘ ʢʘʨʪʘʪʘ. 

ʏʝʨʪʘʝ ʦʩʥʦʚʥʠ ʚʠʜʦʚʝ ʫʩʣʦʚʥʠ ʟʥʘʮʠ. 

ʆʧʠʩʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʛʝʦʛʨʘʬʩʢʘʪʘ ʢʘʨʪʘ 

ʧʦʚʲʨʭʥʠʥʘʪʘ ʥʘ ʈ ɹʲʣʛʘʨʠʷ.  

ʆʨʠʝʥʪʠʨʘ ʩʝ ʧʦ ʮʚʝʪʦʚʝʪʝ ʥʘ ʛʝʦʛʨʘʬʩʢʘʪʘ 

ʢʘʨʪʘ ʟʘ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʧʨʠʨʦʜʥʠ 

ʦʙʝʢʪʠ.  

ʆʧʠʩʚʘ ʦʩʥʦʚʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʧʨʠʨʦʜʥʠʪʝ ʦʙʝʢʪʠ ʠ ʟʥʘʯʝʥʠʝʪʦ ʠʤ ï 

ʨʘʚʥʠʥʠ, ʥʠʟʠʥʠ.  

ʈʘʟʙʠʨʘ ʦʪʛʦʚʦʨʥʦʩʪʪʘ ʥʘ ʭʦʨʘʪʘ ʟʘ 

ʦʧʘʟʚʘʥʝʪʦ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʙʦʛʘʪʩʪʚʘ ʥʘ 

ɹʲʣʛʘʨʠʷ. ʆʙʷʩʥʷʚʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ 

ʧʨʠʨʦʜʥʠ ʜʘʜʝʥʦʩʪʠ ʠ ʪʨʫʜʦʚʘʪʘ ʜʝʡʥʦʩʪ ʥʘ 

ʭʦʨʘʪʘ. 

ʇʦʭʚʘʪʠ ʟʘ ʦʨʠʝʥʪʠʨʘʥʝ ʧʦ ʢʘʨʪʘ. 

ʊʝʭʥʦʣʦʛʠʠ ʠ 

ʧʨʝʜʧʨʠʝʤʘʯʝʩʪʚʦ 
ʀʥʩʪʨʫʤʝʥʪʠ ʠ ʤʘʪʝʨʠʘʣʠ 

ʈʘʟʣʠʯʘʚʘ ʤʘʪʝʨʠʘʣʠ ʩ ʛʦʣʷʤʘ ʠ ʤʘʣʢʘ 

ʜʲʣʛʦʪʨʘʡʥʦʩʪ. 

ʈʘʟʧʦʟʥʘʚʘ ʤʘʪʝʨʠʘʣʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ 

ʨʝʮʠʢʣʠʨʘʪ. 

ʆʙʨʘʙʦʪʚʘ ʭʘʨʪʠʷ ʠ ʢʘʨʪʦʥ ʢʘʪʦ ʙʝʟʦʧʘʩʥʦ 

ʠʟʧʦʣʟʚʘ ʠʥʩʪʨʫʤʝʥʪʠ. 
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ʇʨʠʣʘʛʘ ʦʧʝʨʘʮʠʠʪʝ ʨʷʟʘʥʝ, ʦʛʲʚʘʥʝ, 

ʧʨʦʙʠʚʘʥʝ ʧʨʠ ʨʘʙʦʪʘ ʩ ʜʦʩʪʲʧʥʠ ʤʘʪʝʨʠʘʣʠ 

(ʭʘʨʪʠʷ, ʢʘʨʪʦʥ, ʤʝʪʘʣʥʦ ʬʦʣʠʦ, ʪʝʣ). 

ʆʩʲʱʝʩʪʚʷʚʘ ʩʘʤʦʩʪʦʷʪʝʣʝʥ ʠʟʙʦʨ ʥʘ 

ʤʘʪʝʨʠʘʣʠ ʠ ʠʥʩʪʨʫʤʝʥʪʠ ʧʨʠ ʠʟʨʘʙʦʪʚʘʥʝ 

ʥʘ ʠʟʜʝʣʠʝ ʠ ʙʝʟʦʧʘʩʥʠ ʫʩʣʦʚʠʷ ʟʘ ʨʘʙʦʪʘ. 

ʈʠʩʫʚʘʥʝ  
ʎʚʝʪʦʚʝ, GPR, ʪʝʭʥʠʢʠ ʟʘ 

ʨʠʩʫʚʘʥʝ, ʠʥʩʪʨʫʤʝʥʪʠ 

ʈʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʦʩʥʦʚʥʠ ʮʚʝʪʦʚʝ, ʧʘʣʠʪʨʘ, 

ʧʦʟʥʘʚʘʥʝ ʥʘ ʠʥʩʪʨʫʤʝʥʪʠ, ʚʠʜʦʚʝ ʧʠʩʮʠ, 

ʦʩʥʦʚʘ ʟʘ ʨʠʩʫʚʘʥʝ, ʤʘʪʝʨʠʘʣʠ. 

ʌʠʛ. 2. ɺʲʟʤʦʞʥʠ ʚʨʲʟʢʠ ʩ ʧʨʝʜʤʝʪʠ ʦʪ ʫʯʝʙʥʘʪʘ ʧʨʦʛʨʘʤʘ 
 

ɿʘ ʜʘ ʙʲʜʝ ʚʲʟʧʨʠʝʪʘ ʪʝʤʘʪʘ ʠ ʜʘ ʠʤʘ ʫʩʚʦʷʚʘʥʝ ʥʘ ʥʦʚʠ ʟʥʘʥʠʷ ʫʯʝʥʠʮʠʪʝ ʝ 

ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʧʨʠʪʝʞʘʚʘʪ ʥʷʢʘʢʚʠ ʫʧʦʨʥʠ ʟʥʘʥʠʷ, ʢʦʠʪʦ ʜʘ ʛʠ ʥʘʜʛʨʘʞʜʘʤʝ. ɺ ʩʣʫʯʘʷ 

ʦʧʦʨʥʠʪʝ ʟʥʘʥʠʷ ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʢʘʨʪʦʛʨʘʬʠʷʪʘ ʩʘ:  

¶ ʆʨʠʝʥʪʘʮʠʷ ʟʘ ʧʦʩʦʢʠ ï ʟʘʚʲʨʪʘʥʝ ʥʘ ʣʷʚʦ, ʟʘʚʲʨʪʘʥʝ ʥʘ ʜʷʩʥʦ, ʥʘʧʨʝʜ, ʥʘʟʘʜ;  

¶ ʆʨʘʟʤʝʨʷʚʘʥʝ, ʤʘʱʘʙ; 

¶ ʄʘʪʝʨʠʘʣʠ ʠ ʪʝʭʥʠʪʝ ʦʩʥʦʚʥʠ ʩʚʦʡʩʪʚʘ; 

¶ ʈʘʟʣʠʯʥʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʨʠʩʫʚʘʥʝ; 

¶ ʊʝʭʥʦʣʦʛʠʠ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʢʘʨʪʠ; 

¶ ʀʟʩʣʝʜʚʘʥʠʷ ʥʘ ʤʘʪʝʨʠʘʣʠ ʟʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ʢʘʨʪʠ (ʜʝʙʝʣʠʥʘ, ʷʢʦʩʪ, 

ʠʟʜʨʲʞʣʠʚʦʩʪ, ʨʘʟʣʘʛʘʥʝ, ʚʦʜʦʫʩʪʦʡʯʠʚʦʩʪ, ʚʣʘʛʦʫʩʪʦʡʯʠʚʦʩʪ); 

¶ ɿʘʜʘʯʠ ʠ ʨʠʩʢʦʚʝ ʧʨʠ ʩʲʟʜʘʚʘʥʝʪʦ ʢʘʨʪʠ; 

¶ ʈʦʣʷʪʘ ʥʘ ʠʥʞʝʥʝʨʩʪʚʦʪʦ ʧʨʠ ʩʲʟʜʘʚʘʥʝ ʠ ʧʦʜʜʨʲʞʢʘʪʘ ʥʘ ʢʘʨʪʠ; 

¶ ɻʝʦʤʝʪʨʠʷ ʠ ʜʠʟʘʡʥ ʥʘ ʢʘʨʪʠ; 

¶ ʀʥʞʝʥʝʨʥʠ ʨʝʰʝʥʠʷ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪ ʥʘ ʢʘʨʪʠʪʝ; 

¶ ɺʜʲʭʥʦʚʝʥʠʝ ʦʪ ʧʨʠʨʦʜʘʪʘ ʟʘ ʫʩʪʦʡʯʠʚʠ ʪʝʭʥʦʣʦʛʠʠ. 

 

ʈɽɸʃʀɿɸʎʀʗ ʅɸ ʊɽʄɸʊɸ  

 

1. ʄʦʪʠʚʠʨʘʥʝ 

1.1. ɺʨʲʟʢʘ ʩ ʦʙʝʢʪʠ ʠ ʦʩʥʦʚʥʠ ʥʘʫʯʥʠ ʧʨʠʥʮʠʧʠ ʟʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʜʚʠʞʝʥʠʝ 

ʉʲʟʜʘʚʘʥʝʪʦ ʥʘ ʛʝʦʛʨʘʬʩʢʘ ʢʘʨʪʘ ʱʝ ʠʟʠʩʢʚʘ ʨʘʟʙʠʨʘʥʝʪʦ ʠ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ 

ʧʦʩʦʢʠʪʝ ʟʘ ʜʚʠʞʝʥʠʝ, ʧʦʩʦʢʠʪʝ ʥʘ ʩʚʝʪʘ, ʩʚʦʡʩʪʚʘ ʥʘ ʤʘʪʝʨʠʘʣʠ ʢʘʪʦ ʜʝʙʝʣʠʥʘ, ʷʢʦʩʪ, 

ʠʟʜʨʲʞʣʠʚʦʩʪ, ʨʘʟʣʘʛʘʥʝ, ʚʦʜʦʫʩʪʦʡʯʠʚʦʩʪ, ʚʣʘʛʦʫʩʪʦʡʯʠʚʦʩʪ. ɼʝʮʘʪʘ ʱʝ ʥʘʫʯʘʪ ʢʘʢ ʪʝʟʠ 

ʩʚʦʡʩʪʚʘ ʚʣʠʷʷʪ ʥʘ ʝʞʝʜʥʝʚʠʝʪʦ ʥʘ ʭʦʨʘʪʘ, ʚʢʣʶʯʠʪʝʣʥʦ ʢʦʣʢʦ ʚʘʞʥʠ ʩʘ ʪʝ ʟʘ ʩʲʟʜʘʚʘʥʝʪʦ 

ʥʘ ʨʘʟʣʠʯʥʠ ʧʨʝʜʤʝʪʠ ʥʝʦʙʭʦʜʠʤʠ ʚ ʝʞʝʜʥʝʚʠʝʪʦ ʥʠ. ʊʦʚʘ ʱʝ ʩʪʠʤʫʣʠʨʘ ʪʝʭʥʠʷ ʠʥʪʝʨʝʩ 

ʢʲʤ ʥʘʫʢʘʪʘ ʠ ʪʝʭʥʦʣʦʛʠʠʪʝ ʦʪ ʥʘʡ-ʨʘʥʥʘ ʚʲʟʨʘʩʪ. 

1.2. ʊʚʦʨʯʝʩʪʚʦ ʠ ʩʨʲʯʥʦʩʪ 

ʇʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʢʘʨʪʠ ʝ ʥʝ ʩʘʤʦ ʪʝʭʥʦʣʦʛʠʯʥʦ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ, ʥʦ ʠ ʪʚʦʨʯʝʩʢʠ 

ʧʨʦʮʝʩ. ɼʝʮʘʪʘ ʱʝ ʩʲʟʜʘʚʘʪ ʩʚʦʠ ʩʦʙʩʪʚʝʥʠ ʧʣʘʥʦʚʝ ʟʘ ʢʘʨʪʠ, ʢʘʪʦ ʠʟʧʦʣʟʚʘʪ ʨʘʟʣʠʯʥʠ 

ʤʘʪʝʨʠʘʣʠ ʠ ʪʝʭʥʠʢʠ. ʊʦʚʘ ʨʘʟʚʠʚʘ ʪʷʭʥʦʪʦ ʚʲʦʙʨʘʞʝʥʠʝ, ʘ ʩʲʱʦ ʪʘʢʘ ʠ ʫʤʝʥʠʷʪʘ ʠʤ ʟʘ 

ʨʘʙʦʪʘ ʩ ʨʘʟʣʠʯʥʠ ʤʘʪʝʨʠʘʣʠ ʠ ʠʥʩʪʨʫʤʝʥʪʠ.  

1.3. ʂʫʣʪʫʨʥʦ ʠ ʠʩʪʦʨʠʯʝʩʢʦ ʦʙʦʛʘʪʷʚʘʥʝ 
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ʊʝʤʘʪʘ ʟʘ ʢʘʨʪʠʪʝ ʝ ʩʚʲʨʟʘʥʘ ʩ ʠʟʩʣʝʜʚʘʥʝ ʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʬʦʨʤʘʪʠ ʢʘʨʪʠ. 

ɼʝʮʘʪʘ ʱʝ ʥʘʫʯʘʪ ʟʘ ʠʩʪʦʨʠʷʪʘ ʥʘ ʢʘʨʪʠʪʝ, ʛʝʦʛʨʘʬʩʢʠ, ʪʨʘʥʩʧʦʨʪʥʠ, ʙʘʥʢʦʚʠ ʠ ʜʨʫʛʠ. ʊʦʚʘ 

ʱʝ ʛʠ ʦʙʦʛʘʪʠ ʢʫʣʪʫʨʥʦ.  

1.4. ɽʤʦʮʠʦʥʘʣʥʘ ʠ ʩʦʮʠʘʣʥʘ ʧʦʣʟʘ 

ʈʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʠʜʝʠ ʠ ʨʝʰʘʚʘʥʝ ʥʘ ʟʘʜʘʯʠ ʟʘ ʢʘʨʪʠ ʤʦʞʝ ʜʘ ʙʲʜʝ ʝʢʠʧʥʘ ʜʝʡʥʦʩʪ, 

ʢʦʷʪʦ ʥʘʩʲʨʯʘʚʘ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦʪʦ ʠ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʤʝʞʜʫ ʜʝʮʘʪʘ. ʊʝ ʱʝ ʨʘʙʦʪʷʪ ʟʘʝʜʥʦ, 

ʟʘ ʜʘ ʩʲʟʜʘʜʘʪ ʧʣʘʥʦʚʝ ʠ ʨʝʰʝʥʠʷ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʧʦʤʦʛʥʘʪ ʥʘ ʙʲʜʝʱʠʪʝ ʧʦʢʦʣʝʥʠʷ ʜʘ ʩʝ 

ʣʦʢʘʣʠʟʠʨʘʪ ʧʨʘʚʠʣʥʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ. ʊʦʚʘ ʨʘʟʚʠʚʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʘʪʘ ʠʤ ʦʨʠʝʥʪʘʮʠʷ, 

ʩʦʮʠʘʣʥʠʪʝ ʠʤ ʫʤʝʥʠʷ ʠ ʩʲʟʜʘʚʘ ʫʩʝʱʘʥʝ ʟʘ ʩʧʦʜʝʣʝʥʘ ʮʝʣ. 

1.5. ʇʨʘʢʪʠʯʝʩʢʦ ʧʨʠʣʦʞʝʥʠʝ 

ɼʝʮʘʪʘ ʱʝ ʥʘʫʯʘʪ ʢʘʢ ʜʘ ʠʟʧʦʣʟʚʘʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʪʝ ʠ ʥʘʫʯʥʠ ʧʨʠʥʮʠʧʠ, ʟʘ ʜʘ 

ʨʝʰʘʚʘʪ ʨʝʘʣʥʠ ʧʨʦʙʣʝʤʠ, ʩʚʲʨʟʘʥʠ ʩ ʞʠʚʦʪʘ ʚ ʝʞʝʜʥʝʚʠʝʪʦ. ʊʦʚʘ ʚʢʣʶʯʚʘ ʠʟʯʠʩʣʝʥʠʷ ʟʘ 

ʩʲʟʜʘʚʘʥʝ ʥʘ ʤʦʜʝʣʠ ʥʘ ʢʘʨʪʠ. ʊʝʟʠ ʟʥʘʥʠʷ ʱʝ ʛʠ ʧʦʜʛʦʪʚʷʪ ʟʘ ʙʲʜʝʱʝʪʦ ʥʘ ʥʘʫʢʘʪʘ ʠ 

ʪʝʭʥʦʣʦʛʠʠʪʝ. 

 

2. ɺʲʚʝʜʝʥʠʝ ʠ ʪʝʦʨʝʪʠʯʥʘ ʦʙʦʩʥʦʚʢʘ 

 

9.1. ʀʟʛʨʘʞʜʘʥʝ ʥʘ ʙʲʜʝʱʘ ʩʨʝʜʘ/ʠ 

 

 ɾʠʚʦʪʘ ʠ ʩʨʝʜʘʪʘ ʦʢʦʣʦ ʥʘʩ ʩʘ ʚ ʥʝʧʨʝʢʲʩʥʘʪ ʧʨʦʮʝʩ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʧʨʦʤʝʥʠ. ɺ 

ʝʞʝʜʥʝʚʠʝʪʦ ʠ ʚ ʨʘʟʚʠʪʠʝʪʦ ʩʠ ʠʟʧʦʣʟʚʘʤʝ ʨʘʟʣʠʯʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʦʨʠʝʥʪʠʨʘʥʝ ʚ 

ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʀʟʫʯʘʚʘʥʝʪʦ ʥʘ ʢʘʨʪʠ, ʢʦʠʪʦ ʜʘ ʠʟʧʦʣʟʚʘʤʝ ʟʘ ʦʨʠʝʥʪʘʮʠʷ ʠʣʠ ʜʨʫʛʦ, ʱʝ 

ʜʘʜʝ ʦʙʦʩʥʦʚʢʘ ʥʘ ʙʲʜʝʱʠʪʝ ʧʦʜʨʘʩʪʚʘʱʠ ʟʘ ʩʚʝʪʘ ʦʢʦʣʦ ʪʷʭ, ʢʘʢ ʜʘ ʪʲʨʩʷʪ, ʜʘ ʥʘʙʣʶʜʘʚʘʪ 

ʠ ʢʘʢ ʜʘ ʧʨʠʣʘʛʘʪ ʟʘʦʙʠʢʘʣʷʱʘʪʘ ʛʠ ʩʨʝʜʘ ʚ ʪʷʭʥʦʪʦ ʝʞʝʜʥʝʚʠʝ. ʑʝ ʠʤ ʜʘʜʝ ʢʨʝʘʪʠʚʥʦʩʪ ʟʘ 

ʩʲʟʜʘʚʘʥʝ ʥʘ ʩʦʙʩʪʚʝʥʠ ʤʦʜʝʣʠ. 

 

3. ɿʘʨʘʞʜʘʥʝ ʥʘ ʢʘʨʪʠʪʝ 

 

ʂʘʨʪʘʪʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʧʨʝʭʦʜ ʦʪ ʨʠʩʫʚʘʥʝ ʢʲʤ ʢʘʨʪʦʛʨʘʬʠʷ. ʂʘʨʪʦʛʨʘʬʩʢʠʪʝ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʦʪʨʘʟʷʚʘʪ ʚʠʞʜʘʥʝʪʦ ʥʘ ʥʘʨʦʜʠʪʝ ʟʘ ʩʚʝʪʘ ʠ ʪʷʭʥʦʪʦ ʤʷʩʪʦ ʚ ʥʝʛʦ. 

 

9.1.ɼʨʝʚʥʦʠʟʪʦʯʥʘ ʢʘʨʪʦʛʨʘʬʩʢʘ ʰʢʦʣʘ 

 

ɿʘ ʥʘʡ-ʩʪʘʨʘʪʘ ʢʘʨʪʘ ʥʘ ʩʚʝʪʘ ʤʦʞʝ ʜʘ ʩʝ ʩʤʷʪʘ ɺʘʚʠʣʦʥʩʢʘʪʘ ʢʘʨʪʘ (ʌʠʛ. 3), ʥʘʨʠʯʘʥʘ 

ʦʱʝ Imago Mundi. ʊʷ ʝ ʦʪʢʨʠʪʘ ʚ ʀʨʘʢ, ʠʟʨʘʙʦʪʝʥʘ ʝ ʦʪ ʛʣʠʥʘ ʠ ʧʨʝʜʩʪʘʚʣʷʚʘ ʮʝʣʠʷʪ ʧʦʟʥʘʪ 

ʟʘ ʥʝʡʥʠʪʝ ʘʚʪʦʨʠ ʪʦʛʘʚʘʰʝʥ ʩʚʷʪ. ʉʲʭʨʘʥʷʚʘ ʩʝ ʚ ɹʨʠʪʘʥʩʢʠʷ ʤʫʟʝʡ ʚ ʃʦʥʜʦʥ ʠ ʝ ʜʘʪʠʨʘʥʘ 

ʦʢ. V-VI ʚ. ʧʨ. ʍʨ. [1] 
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ʌʠʛ. 3 ɺʘʚʠʣʦʥʩʢʘ ʢʘʨʪʘ ʥʘ ʩʚʝʪʘ 

 

ʆʢʦʣʦ ʮʝʥʪʨʘʣʥʘʪʘ ʯʘʩʪ ʥʘ ʢʘʨʪʘʪʘ ʩʘ ʠʟʦʙʨʘʟʝʥʠ ʩʝʜʝʤ ʪʨʠʲʛʲʣʥʠʢʘ, ʢʦʠʪʦ 

ʧʨʠʣʠʯʘʪ ʥʘ ʣʲʯʠ. ʊʝ ʧʦʢʘʟʚʘʪ ʧʦʩʦʢʠʪʝ ʠ ʨʘʟʩʪʦʷʥʠʷʪʘ ʦʪ ɺʘʚʠʣʦʥ ʜʦ ʨʘʟʣʠʯʥʠ ʦʙʝʢʪʠ. 

ɼʨʫʛ ʧʨʠʤʝʨ, ʢʦʡʪʦ ʦʪ ʥʷʢʦʠ ʘʨʭʝʦʣʦʟʠ ʝ ʧʦʩʦʯʚʘʥ ʟʘ ʥʘʡ-ʩʪʘʨʘʪʘ ʢʘʨʪʘ ʥʘ ʩʚʝʪʘ, ʝ 

ʛʣʠʥʝʥʘ ʧʣʦʯʢʘ ʩ ʨʘʟʤʝʨʠ 7.6 Ĭ 6.8 cm, ʦʪʢʨʠʪʘ ʙʣʠʟʦ ʜʦ ʠʨʘʢʩʢʠʷ ʛʨʘʜ ʂʠʨʢʫʢ ʧʨʝʟ 1930 ʛ. 

ʊʷ ʧʨʝʜʩʪʘʚʣʷʚʘ ʢʘʨʪʘ ʥʘ ʨʝʯʥʘ ʜʦʣʠʥʘ, ʧʨʦʩʪʠʨʘʱʘ ʩʝ ʤʝʞʜʫ ʜʚʘ ʭʲʣʤʘ. ʂʘʨʪʦʛʨʘʬʲʪ ʃʝʦ 

ɹʘʛʨʦʚ ʷ ʜʘʪʠʨʘ ʩ ʚʲʟʨʘʩʪ 7000 ʛ. ʧʨ. ʍʨ (History Of Cartography Project, Volume 1, 1987). 

 

9.1.ʂʘʨʪʦʛʨʘʬʠʷʪʘ ʚ ɼʨʝʚʥʘ ɻʲʨʮʠʷ ʠ ʝʣʠʥʠʩʪʠʯʥʠʷ ʩʚʷʪ 

 

ʅʘʫʯʥʘʪʘ ʦʩʥʦʚʘ ʥʘ ʟʘʧʘʜʥʠʪʝ ʢʘʨʪʦʛʨʘʬʩʢʠ ʪʨʘʜʠʮʠʠ ʝ ʬʦʨʤʠʨʘʥʘ ʩ ʢʣʘʩʠʯʝʩʢʠʪʝ 

ʛʨʲʮʢʠ ʪʝʦʨʠʠ ʟʘ ʝʩʪʝʩʪʚʦʪʦ ʠ ʬʦʨʤʘʪʘ ʥʘ ɿʝʤʷʪʘ (Ehrenberg, 2006). [1] ʇʠʪʘʛʦʨʝʡʮʠʪʝ 

ʚʲʚʝʞʜʘʪ ʢʦʥʮʝʧʮʠʷʪʘ ʟʘ ʩʬʝʨʠʯʥʘʪʘ ɿʝʤʷ ʦʢʦʣʦ V ʚ. ʧʨ. ʍʨ. (ʂʘʥʝʚ, 1965). ʇʲʨʚʘʪʘ ʢʘʨʪʘ 

ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ, ʧʦʟʥʘʪʘ ʥʘ ʜʨʝʚʥʠʪʝ ʛʲʨʮʠ, ʝ ʩʲʩʪʘʚʝʥʘ ʦʪ ʛʨʲʮʢʠʷ ʤʘʪʝʤʘʪʠʢ ʠ 

ʬʠʣʦʩʦʬ ɸʥʘʢʩʠʤʘʥʜʲʨ (610 ï 540 ʛ. ʧʨ. ʥ.ʝ.) (ʌʠʛ. 4). ʊʦʡ ʠʟʦʙʨʘʟʷʚʘ ɿʝʤʷʪʘ ʢʘʪʦ ʧʣʦʩʲʢ 

ʢʨʲʛ, ʦʢʦʣʦ ʢʦʡʪʦ ʩʝ ʥʘʤʠʨʘ ʦʢʝʘʥʲʪ. ɺ ʮʝʥʪʨʘʣʥʘʪʘ ʯʘʩʪ ʝ ʉʨʝʜʠʟʝʤʥʦ ʤʦʨʝ, ʘ ʦʢʦʣʦ ʥʝʛʦ 

ʩʘ ɽʚʨʦʧʘ, ɸʟʠʷ ʠ ʃʠʙʠʷ (ɸʬʨʠʢʘ). ʉʲʱʠʷʪ ʦʙʨʘʟ ʥʘ ɿʝʤʷʪʘ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʦʧʠʩʘʥ ʠ ʚ 

ʆʤʠʨʦʚʘʪʘ Ăʀʣʠʘʜʘñ. [é] 

 
ʌʠʛ. 4 ʉʚʝʪʲʪ ʩʧʦʨʝʜ ɸʥʘʢʩʠʤʘʥʜʲʨ 
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ʄʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʦʢʘʟʘʥʠ ʦʱʝ ʤʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʥʠ ʚʘʨʠʘʥʪʠ ʥʘ ʢʘʨʪʠ ʠ ʜʘ ʙʲʜʘʪ 

ʜʠʩʢʫʪʠʨʘʥʠ ʩ ʫʯʝʥʠʮʠʪʝ. ʂʘʢʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʦʢʘʞʘʪ ʧʝʪ ʨʘʟʣʠʯʥʠ ʢʘʨʪʠ, ʜʘ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ 

ʧʝʪ ʦʪʙʦʨʘ(ʛʨʫʧʠ) ʠ ʚʩʝʢʠ ʦʪʙʦʨ ʜʘ ʥʘʤʝʨʠ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʢʘʨʪʘʪʘ, ʜʘ ʥʘʧʨʘʚʠ ʧʨʝʜʩʪʘʚʷʥʝ 

ʧʨʝʜ ʜʨʫʛʠʪʝ ʛʨʫʧʠ ʫʩʪʥʦ ʠʣʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʧʨʝʟʝʥʪʘʮʠʷ ʠʣʠ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʪʘʙʣʦ, ʥʘ ʢʦʝʪʦ 

ʜʘ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘ ʠʥʬʦʨʤʘʮʠʷʪʘ. ɿʘ ʮʝʣʪʘ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʨʝʩʫʨʩʠ ʦʪ ʫʯʝʙʥʠʢ ʧʦ 

ʂʘʨʪʦʛʨʘʬʠʷ. [1] ʄʘʪʝʨʠʘʣʘ ʝ ʜʦʩʪʲʧʝʥ ʩʚʦʙʦʜʥʦ ʠʣʠ ʫʯʠʪʝʣʷ ʜʘ ʧʦʜʙʝʨʝ ʠ ʧʨʝʜʦʩʪʘʚʠ ʧʦ 

ʧʦʜʭʦʜʷʱ ʥʘʯʠʥ ʠʥʬʦʨʤʘʮʠʷʪʘ.   

4. ʇʨʠʯʠʥʠ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʢʘʨʪʠʪʝ 

 

ʇʲʨʚʘʪʘ ʤʝʞʜʫʥʘʨʦʜʥʘ ʜʝʬʠʥʠʮʠʷ ʟʘ ʢʘʨʪʦʛʨʘʬʩʢʘʪʘ ʥʘʫʢʘ ʠ ʥʝʡʥʠʷ ʧʨʝʜʤʝʪ ʥʘ 

ʠʟʫʯʘʚʘʥʝ ʝ ʜʘʜʝʥʘ ʦʪ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʢʘʨʪʦʛʨʘʬʩʢʘ ʘʩʦʮʠʘʮʠʷ (International Cartographic 

Association - ICA) ʠ ʝ ʧʫʙʣʠʢʫʚʘʥʘ ʧʨʝʟ 1973ʛ.: ñʂʘʨʪʦʛʨʘʬʠʷʪʘ ʝ ʠʟʢʫʩʪʚʦ, ʥʘʫʢʘ ʠ 

ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʢʘʨʪʠ, ʝʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʷʭʥʦʪʦ ʠʟʫʯʘʚʘʥʝ ʢʘʪʦ ʥʘʫʯʥʠ 

ʜʦʢʫʤʝʥʪʠ ʠ ʨʘʙʦʪʠ ʥʘ ʠʟʢʫʩʪʚʦʪʦò. ɺ ʪʦʟʠ ʢʦʥʪʝʢʩʪ, ʢʘʨʪʦʛʨʘʬʩʢʠ ʧʨʦʜʫʢʪʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʚʩʠʯʢʠ ʚʠʜʦʚʝ ʢʘʨʪʠ, ʧʣʘʥʦʚʝ, ʜʠʘʛʨʘʤʠ ʠ ʧʨʦʬʠʣʠ, ʪʨʠʤʝʨʥʠ ʤʦʜʝʣʠ ʠ ʛʣʦʙʫʩʠ, ʢʦʠʪʦ 

ʧʨʝʜʩʪʘʚʷʪ ɿʝʤʷʪʘ ʠʣʠ ʥʷʢʦʝ ʥʝʙʝʩʥʦ ʪʷʣʦ ʚʲʚ ʚʩʷʢʘʢʚʠ ʤʘʱʘʙʠ.  

ʂʘʨʪʘʪʘ ʥʘʡ-ʯʝʩʪʦ ʩʝ ʦʧʨʝʜʝʣʷ ʢʘʪʦ Ăʋʤʘʣʝʥʦ, ʦʙʦʙʱʝʥʦ, ʦʙʨʘʟʥʦ-ʟʥʘʢʦʚʦ, 

ʤʘʪʝʤʘʪʠʯʥʦ ʦʧʨʝʜʝʣʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʚʲʨʭʫ ʨʘʚʥʠʥʘ, ʢʦʝʪʦ ʧʦʢʘʟʚʘ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ, ʩʲʩʪʦʷʥʠʝʪʦ ʠ ʚʟʘʠʤʥʠʪʝ ʚʨʲʟʢʠ ʥʘ ʨʘʟʣʠʯʥʠ ʧʨʝʜʤʝʪʠ ʠ ʷʚʣʝʥʠʷ ʦʪ 

ʧʨʠʨʦʜʘʪʘ ʠ ʦʙʱʝʩʪʚʦʪʦ, ʧʦʜʙʨʘʥʠ ʩʲʦʙʨʘʟʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʪʦ ʥʘ ʚʩʷʢʘ ʢʘʨʪʘñ. 

ʉʲʚʨʝʤʝʥʥʦʪʦ ʨʘʚʥʠʱʝ ʥʘ ʢʘʨʪʦʛʨʘʬʠʷʪʘ ʨʘʟʰʠʨʠ ʩʚʦʷʪʘ ʜʝʡʥʦʩʪ ʠ ʠʟʣʝʟʝ ʠʟʚʲʥ ʛʨʘʥʠʮʠʪʝ 

ʥʘ ʧʣʘʥʝʪʘʪʘ. ʇʦ ʪʝʟʠ ʧʨʠʯʠʥʠ ʥʷʢʦʠ ʘʚʪʦʨʠ ʜʘʚʘʪ ʩʣʝʜʥʦʪʦ ʧʦ-ʰʠʨʦʢʦ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘ 

ʢʘʨʪʘ: ñʋʤʘʣʝʥʦ ʠ ʦʙʦʙʱʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʥʘ ʜʨʫʛʠ ʥʝʙʝʩʥʠ ʪʝʣʘ 

ʠʣʠ ʥʘ ʥʝʙʝʩʥʘʪʘ ʩʬʝʨʘ ʠ ʥʘ ʦʪʥʘʩʷʱʠʪʝ ʩʝ ʢʲʤ ʪʷʭ ʦʙʝʢʪʠ ʠ ʷʚʣʝʥʠʷ ʚʲʨʭʫ ʨʘʚʥʠʥʘ ʚ ʜʘʜʝʥʘ 

ʧʨʦʝʢʮʠʷ ʯʨʝʟ ʩʠʩʪʝʤʘ ʦʪ ʫʩʣʦʚʥʠ ʟʥʘʮʠò. 

 

5.  ɹʲʣʛʘʨʠʷ ʚ ʩʪʘʨʠʪʝ ʢʘʨʪʠ 

ɼʘ ʩʝ ʥʘʧʨʘʚʠ ʧʨʦʫʯʚʘʥʝ ʟʘ ɹʲʣʛʘʨʠʷ, ʢʘʢ ʠ ʢʲʜʝ ʩʝ ʥʘʤʠʨʘ ʧʦ ʩʪʘʨʠʪʝ ʢʘʨʪʠ. ʄʦʛʘʪ 

ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʦʥʣʘʡʥ ʨʝʩʫʨʩʠ. [2] 

 

6. ʅʘʚʠʛʘʮʠʦʥʥʠ ʢʘʨʪʠ ʦʪ ʄʘʨʰʘʣʦʚʠʪʝ ʦʩʪʨʦʚʠ 

 

ɿʘʧʦʟʥʘʚʘʥʝ ʥʘ ʫʯʝʥʠʮʠʪʝ ʩ ʄʘʨʰʘʣʦʚʠʪʝ ʦʩʪʨʦʚʠ. ʂʨʘʪʢʘ ʠʥʬʦʨʤʘʮʠʷ ï ʢʘʢʚʦ ʝ ʦʩʪʨʦʚ, 

ʢʲʜʝ ʩʝ ʥʘʤʠʨʘʪ, ʪʲʨʩʝʥʝ ʧʦ ʛʣʦʙʫʩ, ʢʘʨʪʘ. ʀʟʨʘʙʦʪʚʘʥʝ ʥʘ ʤʦʜʝʣ ʥʘ ʢʘʨʪʘ ʦʪ ʬʠʛ.5 [7] 

 
ʌʠʛ. 5 ʅʘʚʠʛʘʮʠʦʥʥʠ ʢʘʨʪʠ ï ʄʘʨʰʘʣʦʚʠ ʦʩʪʨʦʚʠ 
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ʂʘʢ ʄʘʨʠ ʊʘʨʧ (ʬʠʛ.6) ʢʘʨʪʦʛʨʘʬʠʨʘ ʦʢʝʘʥʩʢʦʪʦ ʜʲʥʦ ʄʘʨʠ ʊʘʨʧ ʝ ʘʤʝʨʠʢʘʥʩʢʘ 

ʛʝʦʣʦʞʢʘ ʠ ʦʢʝʘʥʦʛʨʘʬʢʘ, ʢʦʷʪʦ ʧʦʤʘʛʘ ʚ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʧʲʨʚʘʪʘ ʢʘʨʪʘ ʥʘ ʦʢʝʘʥʘ. [6]   

 
ʌʠʛ. 6 ʄʘʨʠ ʊʘʨʧ 

7. ʂʦʣʦʥʠʘʣʥʘ ʝʧʦʭʘ ʢʘʨʪʠʪʝ ʢʘʪʦ ʩʨʝʜʩʪʚʦ ʟʘ Ăʟʘʧʣʶʚʘʥʝñ ʥʘ ʪʝʨʠʪʦʨʠʠ  

 

ʋʚʣʝʢʘʪʝʣʥʘ ʧʨʠʢʘʟʢʘ ʟʘ ʟʘʚʣʘʜʷʚʘʥʝ ʥʘ ʪʝʨʠʪʦʨʠʠ ʠ ʢʘʢ ʪʝ ʩʘ ʙʠʣʠ Ăʟʘʧʣʶʚʘʥʠñ ʠ 

ʟʘʚʣʘʜʷʚʘʥʠ. ʀʩʪʦʨʠʷ ʥʘ ʚʦʡʥʠʪʝ ʚʦʜʝʥʠ ʦʪ ʭʲʩ ʟʘ ʫʧʨʘʚʣʝʥʠʝ, ʚʣʘʜʝʝʥʝ, ʨʘʟʰʠʨʷʚʘʥʝ. [7] 

 

8. ʇʨʦʝʢʪʥʠ ʢʦʥʮʝʧʮʠʠ ʟʘ ʢʘʨʪʠ 

 

ɼʘ ʩʝ ʟʘʧʦʟʥʘʷʪ ʫʯʝʥʠʮʠʪʝ ʩ ʚʠʜʦʚʝ ʢʘʨʪʠ ʠ ʪʝʭʥʠʪʝ ʮʝʣʠ, ʤʠʩʠʠ ʠ ʚʠʟʠʷ. ʌʠʛ.7 

ʊʝʤʘʪʘ ʩʝ ʨʘʟʛʨʲʱʘ ʚ ʘʨʪ ʥʘʩʦʯʝʥʦʩʪ, ʨʠʩʫʚʘʥʝ, ʯʝʨʪʘʥʝ, ʜʠʟʘʡʥ.  

 
ʌʠʛ. 7. ɺʠʜʦʚʝ ʢʘʨʪʠ 

 

9. ʀʥʩʪʨʫʤʝʥʪʠ ʚ ʧʦʤʦʱ ʥʘ ʢʘʨʪʘʪʘ - ʂʦʤʧʘʩ  

 

9.1. ʇʲʨʚʠʷʪ ʢʦʤʧʘʩ ʬʠʛ.8 ï ʠʩʪʦʨʠʷ. ʀʟʦʙʨʝʪʝʥ ʝ ʧʦ ʚʨʝʤʝ ʥʘ ʜʠʥʘʩʪʠʷʪʘ ʍʘʥ, ʦʢ. 

300-200 ʛ., ʧʨ.ʍʨ., ʆʩʥʦʚʥʘʪʘ ʧʦʩʦʢʘ ï ʶʛ "south-governor" (sǭn§n ). ɺ ɽʚʨʦʧʘ 

ï ʦʢ. XIII-XIV ʚ. 
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ʌʠʛ. 8 ʂʠʪʘʡʩʢʠ ʢʦʤʧʘʩ 

ʂʦʤʧʘʩʲʪ ʝ ʠʟʦʙʨʝʪʝʥ ʧʨʝʜʠ ʧʦʚʝʯʝ ʦʪ 2000 ʛʦʜʠʥʠ ʧʦ ʚʨʝʤʝ ʥʘ ʜʠʥʘʩʪʠʷ ʍʘʥ (

). ʀʥʪʝʨʝʩʝʥ ʬʘʢʪ ʝ, ʯʝ ʪʦʡ ʟʘ ʧʲʨʚʠ ʧʲʪ ʝ ʠʟʧʦʣʟʚʘʥ ʥʝ ʢʘʪʦ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʧʦʩʦʢʠʪʝ, ʘ ʩ ʮʝʣ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʛʘʜʘʥʠʷ. ɻʘʜʘʥʠʷʪʘ ʙʠʣʠ ʥʘʩʦʯʝʥʠ ʢʲʤ ʥʘʤʠʨʘʥʝ ʥʘ 

ʱʘʩʪʠʝʪʦ, ʩ ʢʦʝʪʦ ʩʝ ʧʦʨʘʞʜʘ ʜʨʝʚʥʦʪʦ ʢʠʪʘʡʩʢʦ ʠʟʢʫʩʪʚʦ ʟʘ ʭʘʨʤʦʥʠʷʪʘ, ʧʦʟʥʘʪʦ ʥʘ ʩʚʝʪʘ 

ʢʘʪʦ ʬʲʥ ʰʫʝʡ (). ɺ ʥʘʡ-ʨʘʥʥʠʪʝ ʩʠ ʜʥʠ ʢʦʤʧʘʩʲʪ ʙʠʣ ʥʘʨʝʯʝʥ ,,ʩʠôʥʘʥñ (, ʙʫʢʚ. 

,,ʟʘʧʘʜ-ʶʛñ). ʋʧʦʪʨʝʙʘʪʘ ʤʫ ʩʝ ʨʘʟʰʠʨʷʚʘ, ʘ ʥʝʛʦʚʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ɸʨʘʙʠʷ ʠ ɽʚʨʦʧʘ 

ʩʪʘʚʘ ʬʘʢʪ ʝʜʚʘ ʧʨʝʟ XIII ʚʝʢ.  

ʂʦʤʧʘʩʠʪʝ ʩʘ ʙʠʣʠ ʥʘʧʨʘʚʝʥʠ ʦʪ ʣʦʜʝʩʪʦʥ, ʢʦʡʪʦ ʝ ʝʩʪʝʩʪʚʝʥʦ ʤʘʛʥʠʪʥʘ ʩʢʘʣʘ. 

ʃʦʜʝʩʪʦʥʲʪ ʙʠʣ ʦʬʦʨʤʝʥ ʚʲʚ ʬʦʨʤʘ, ʥʘʧʦʜʦʙʷʚʘʱʘ ʣʲʞʠʮʘ ʠ ʩʝ ʧʦʩʪʘʚʷ ʚʲʨʭʫ ʙʨʦʥʟʦʚʘ 

ʧʣʦʯʘ, ʤʘʨʢʠʨʘʥʘ ʩ ʢʘʨʜʠʥʘʣʥʠʪʝ ʧʦʩʦʢʠ. ʊʘʟʠ ʥʘʩʪʨʦʡʢʘ ʩʝ ʥʘʨʠʯʘʣʘ Ăʉʠʥʘʥñ. 

ʅʦ ʩ ʪʝʯʝʥʠʝ ʥʘ ʚʨʝʤʝʪʦ ʭʦʨʘʪʘ ʟʘʧʦʯʥʘʣʠ ʜʘ ʦʩʲʟʥʘʚʘʪ ʧʨʘʢʪʠʯʝʩʢʠʪʝ ʤʫ 

ʧʨʠʣʦʞʝʥʠʷ ʟʘ ʥʘʚʠʛʘʮʠʷ. ɼʦ 11 -ʪʠ ʚʝʢ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʦʤʧʘʩʠʪʝ ʥʘ ʢʠʪʘʡʩʢʠʪʝ ʢʦʨʘʙʠ, ʟʘ ʜʘ 

ʥʘʤʝʨʷʪ ʧʲʪʷ ʩʠ ʧʨʝʟ ʤʦʨʝʪʘʪʘ. ʊʦʚʘ ʙʠʣʦ ʩʤʷʥʘ ʥʘ ʠʛʨʘʪʘ ʟʘ ʤʦʨʩʢʘ ʪʲʨʛʦʚʠʷ ʠ ʧʨʦʫʯʚʘʥʠʷ. 

ʉ ʢʦʤʧʘʩʘ ʤʦʨʷʮʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʚʧʫʩʥʘʪ ʧʦ -ʜʘʣʝʯ ʦʪ ʙʨʝʛʘ ʠ ʜʘ ʠʟʩʣʝʜʚʘʪ ʥʦʚʠ ʟʝʤʠ ʩ 

ʧʦʚʝʯʝ ʫʚʝʨʝʥʦʩʪ. 

 

9.2. ʈʘʟʧʨʦʩʪʨʘʥʝʥʠ ʚ ʠʩʣʷʤʩʢʠʷ ʩʚʷʪ ʠ ɽʚʨʦʧʘ 

 

ʆʪ ʂʠʪʘʡ ʪʝʭʥʦʣʦʛʠʷʪʘ ĂCompassñ ʧʦʩʪʝʧʝʥʥʦ ʩʠ ʧʨʦʧʨʘʚʷ ʧʲʪ ʢʲʤ ʠʩʣʷʤʩʢʠʷ ʩʚʷʪ. 

ɸʨʘʙʩʢʠʪʝ ʪʲʨʛʦʚʮʠ ʠ ʤʦʨʷʮʠ ʙʲʨʟʦ ʧʨʠʝʣʠ ʪʦʟʠ ʧʦʣʝʟʝʥ ʠʥʩʪʨʫʤʝʥʪ. ʊʝ ʩʝ ʧʦʜʦʙʨʠʣʠ ʥʘ 

ʜʠʟʘʡʥʘ ʠ ʛʦ ʥʘʧʨʘʚʠʣʠ ʧʦ-ʪʦʯʝʥ ʠ ʧʨʝʥʦʩʠʤ. ʀʩʣʷʤʩʢʠʷʪ ʩʚʷʪ ʠʟʠʛʨʘʣ ʨʝʰʘʚʘʱʘ ʨʦʣʷ ʟʘ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʢʦʤʧʘʩʘ ʚ ɽʚʨʦʧʘ. 

ʇʨʝʟ 12 ʚʝʢ ʝʚʨʦʧʝʡʩʢʠʪʝ ʤʦʨʷʮʠ ʟʘʧʦʯʥʘʣʠ ʜʘ ʠʟʧʦʣʟʚʘʪ ʢʦʤʧʘʩʠ. ʆʪʥʘʯʘʣʦ ʪʝ ʙʠʣʠ 

ʤʘʣʢʦ ʩʢʝʧʪʠʯʥʠ ʢʲʤ ʪʘʟʠ ʥʦʚʘ ʪʝʭʥʦʣʦʛʠʷ. ʅʦ ʪʲʡ ʢʘʪʦ ʚʠʜʷʭʘ ʢʘʢ ʪʦʚʘ ʤʦʞʝ ʜʘ ʠʤ 

ʧʦʤʦʛʥʝ ʜʘ ʩʝ ʦʨʠʝʥʪʠʨʘʪ ʧʦ-ʙʝʟʦʧʘʩʥʦ ʠ ʝʬʝʢʪʠʚʥʦ, ʢʦʤʧʘʩʲʪ ʩʝ ʧʨʝʚʲʨʥʘʣ ʚ ʩʲʱʝʩʪʚʝʥʘ 

ʯʘʩʪ ʦʪ ʪʷʭʥʦʪʦ ʦʙʦʨʫʜʚʘʥʝ. ʂʦʤʧʘʩʲʪ ʨʝʚʦʣʶʮʠʦʥʠʟʠʨʘ ʝʚʨʦʧʝʡʩʢʦʪʦ ʧʨʦʫʯʚʘʥʝ. ʊʦʚʘ 

ʧʦʟʚʦʣʠʣʦ ʥʘ ʠʟʩʣʝʜʦʚʘʪʝʣʠ ʢʘʪʦ ʂʨʠʩʪʦʬʲʨ ʂʦʣʫʤʙ ʠ ʌʝʨʜʠʥʘʥʜ ʄʘʛʝʣʘʥ ʜʘ ʩʝ ʚʧʫʩʥʘʪ ʚ 

ʩʚʦʠʪʝ ʝʧʠʯʥʠ ʧʲʪʝʰʝʩʪʚʠʷ ʠ ʜʘ ʦʪʢʨʠʷʪ ʥʦʚʠ ʢʦʥʪʠʥʝʥʪʠ.  

 

9.3. ʉʲʚʨʝʤʝʥʥʠ ʠʥʦʚʘʮʠʠ ʥʘ ʢʦʤʧʘʩʘ 

 

ʇʨʝʟ ʚʝʢʦʚʝʪʝ ʢʦʤʧʘʩʠʪʝ ʧʨʝʤʠʥʘʣʠ ʧʨʝʟ ʤʥʦʛʦ ʧʨʦʤʝʥʠ ʠ ʧʦʜʦʙʨʝʥʠʷ. ɼʥʝʩ ʠʤʘʤʝ 

ʚʩʷʢʘʢʚʠ ʢʦʤʧʘʩʠ, ʢʦʠʪʦ ʜʘ ʦʪʛʦʚʘʨʷʪ ʥʘ ʨʘʟʣʠʯʥʠ ʥʫʞʜʠ. ʅʘʧʨʠʤʝʨ, ʘʢʦ ʩʪʝ ʚ 

ʪʫʨʠʩʪʠʯʝʩʢʠʷʪ ʩʝʢʪʦʨ, ʤʦʞʝ ʜʘ ʠʩʢʘʪʝ ʜʘ ʧʦʣʟʚʘʪʝ ɺʦʜʦʫʩʪʦʡʯʠʚ ʮʠʬʨʦʚ ʢʦʤʧʘʩ.  
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ʀʤʘ ʠ ʤʝʪʘʣʝʥ ʚʦʜʦʫʩʪʦʡʯʠʚ ʢʦʤʧʘʩ ʩ ʠʟʤʝʨʚʘʪʝʣ ʥʘ ʢʘʨʪʘʪʘ ʦʛʣʝʜʘʣʦ ʟʘ ʩʧʘʩʷʚʘʥʝ. 

ʂʦʤʧʘʩ ʩ ʤʝʪʘʣʝʥ ʬʣʠʧ ʢʘʧʘʢ, ʤʠʥʠ. ʊʦʡ ʝ ʜʦʩʪʘʪʲʯʥʦ ʤʘʣʲʢ, ʟʘ ʜʘ ʥʦʩʠʪʝ ʚ ʜʞʦʙʘ ʩʠ, ʥʦ 

ʚʩʝ ʧʘʢ ʤʥʦʛʦ ʪʦʯʝʥ. 

 

ʂʘʨʪʦʛʨʘʬʩʢʦ ʩʲʜʲʨʞʘʥʠʝ ï ʪʦʚʘ ʝ ʛʣʘʚʥʠʷʪ ʝʣʝʤʝʥʪ ʥʘ ʢʘʨʪʘʪʘ, ʧʨʝʜʩʪʘʚʣʷʚʘʱ 

ʢʘʨʪʦʛʨʘʬʠʨʘʥʘʪʘ ʪʝʨʠʪʦʨʠʷ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʦʩʥʦʚʘ ʥʘ ʢʘʨʪʘʪʘ ï ɺʢʣʶʯʚʘ ʤʘʱʘʙʘ, ʚʲʪʨʝʰʥʘʪʘ ʨʘʤʢʘ, 

ʢʘʨʪʦʛʨʘʬʩʢʘʪʘ ʤʨʝʞʘ ʦʪ ʤʝʨʠʜʠʘʥʠ ʠ ʧʘʨʘʣʝʣʠ, ʢʦʦʨʜʠʥʘʪʥʘʪʘ ʤʨʝʞʘ. 

ɼʦʧʲʣʥʠʪʝʣʥʦ ʩʲʜʲʨʞʘʥʠʝ ï ʩʲʜʲʨʞʘ ʚʲʥʰʥʘʪʘ ʨʘʤʢʘ, ʟʘʛʣʘʚʠʝ, ʣʝʛʝʥʜʘ, 

ʬʦʪʦʩʥʠʤʢʘ, ʜʠʘʛʨʘʤʠ, ʚʨʲʟʢʠ. 

 

ʇʈɸʂʊʀʏɽʉʂʀ ɿɸɼɸʏʀ  

 

ɿʘʜʘʯʘ 1: ʉʲʟʜʘʚʘʥʝ ʥʘ ʤʠʥʠ ʢʘʨʪʘ   

ʋʯʝʥʠʮʠʪʝ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ 5 ʛʨʫʧʠ. ʋʯʠʪʝʣʷ ʛʠ ʨʘʟʜʝʣʷ, ʩʧʦʨʝʜ ʪʷʭʥʦʪʦ 

ʤʝʩʪʦʞʠʪʝʣʩʪʚʦ, ʪʘʢʘ, ʯʝ ʜʘ ʩʲʯʝʪʘʝ ʧʦ-ʛʦʣʷʤʘ ʦʪʜʘʣʝʯʝʥʦʩʪ ʥʘ ʫʯʝʥʠʮʠʪʝ ʝʜʠʥ ʦʪ ʜʨʫʛ ʠ 

ʩʧʨʷʤʦ ʫʯʠʣʠʱʝʪʦ. ɺʩʝʢʠ ʫʯʝʥʠʢ ʪʨʷʙʚʘ ʜʘ ʥʘʯʝʨʪʘ ʧʲʪʷ ʦʪ ʥʝʛʦʚʠʷ ʜʦʤ ʜʦ ʫʯʠʣʠʱʝ, 

ʫʣʠʮʠʪʝ, ʤʦʞʝ ʠ ʠʤʝʥʘ, ʘʢʦ ʟʥʘʝ, ʩʛʨʘʜʠ, ʜʨʫʛʠ ʟʘʙʝʣʝʞʠʪʝʣʥʦʩʪʠ. ʏʝʨʪʘʝʥʝʪʦ ʩʝ 

ʦʩʲʱʝʩʪʚʷʚʘ ʥʘ ʧʘʫʩ ʭʘʨʪʠʷ ɸ4 ʩ ʤʦʣʠʚ HB ʠ ʣʠʥʠʷ. ʉʣʝʜ ʪʦʚʘ ʫʯʝʥʠʮʠʪʝ ʥʘʣʘʛʘʪ ʣʠʩʪʦʚʝʪʝ 

ʩʠ ʪʘʢʘ, ʯʝ ʫʯʠʣʠʱʝʪʦ ʜʘ ʩʝ ʧʦʟʠʮʠʦʥʠʨʘ ʚ ʝʜʥʘ ʪʦʯʢʘ ʠ ʜʘ ʚʠʜʷʪ ʢʘʢ ʩʝ ʧʦʣʫʯʘʚʘ ʢʘʨʪʘ ʥʘ 

ʢʚʘʨʪʘʣʘ ʩʧʦʨʝʜ ʪʝʭʥʠʷ ʜʦʤ.  

ʈʝʩʫʨʩʠ ʟʘ ʟʘʜʘʯʘʪʘ:  

Å ʇʘʫʩ ʭʘʨʪʠʷ ɸ4 

Å ɻʨʘʬʠʪʝʥ ʤʦʣʠʚ HB 

Å ʣʠʥʠʠ 

 

ɿʘʜʘʯʘ 2: ʉʲʟʜʘʚʘʥʝ ʥʘ ʧʦ-ʛʦʣʷʤʘ ʢʘʨʪʘ 

ʋʯʝʥʠʮʠʪʝ ʟʘʩʪʦʧʦʨʷʚʘʪ ʢʘʨʪʠʪʝ ʦʪ ʟʘʜ.1. ʚ ʪʦʯʢʘ ʥʘ ʫʯʠʣʠʱʝʪʦ ʠ ʧʨʘʚʷʪ ʟʘʝʜʥʦ ʝʜʥʘ 

ʧʦ-ʛʦʣʷʤʘ ʢʘʨʪʘ, ʚ ʢʦʷʪʦ ʫʯʠʣʠʱʝʪʦ ʝ ʚ ʩʨʝʜʘʪʘ ʠ ʩʧʨʷʤʦ ʥʝʛʦ ʦʯʝʨʪʘʚʘʪ ʢʘʨʪʘʪʘ ʜʦ ʪʝʭʥʠʷ 

ʜʦʤ. ʈʘʙʦʪʠ ʩʝ ʚʲʨʭʫ ʣʠʩʪ ʪʠʧ ʬʣʠʧʯʘʨʪ.  

ʈʝʩʫʨʩʠ ʟʘ ʟʘʜʘʯʘʪʘ:  

Å ʌʣʠʧʯʘʨʪ ʭʘʨʪʠʷ  

Å ɻʨʘʬʠʪʝʥ ʤʦʣʠʚ HB 

Å ʃʠʥʠʠ 

Å ʎʚʝʪʥʠ ʤʦʣʠʚʠ 

 

ɿʘʜʘʯʘ 3: ʀʟʨʘʙʦʪʚʘʥʝ ʥʘ ʧʦ ʧʲʣʥʘ ʛʝʦʛʨʘʬʩʢʘ ʢʘʨʪʘ 

ʋʯʝʥʠʮʠʪʝ ʦʙʩʲʞʜʘʪ ʩʲʙʨʘʥʠʪʝ ʜʘʥʥʠ, ʜʠʩʢʫʩʠʪʠʨʘʪ ʚ ʝʢʠʧʘ ʢʘʢ ʜʘ ʠʟʛʣʝʞʜʘ 

ʢʘʨʪʘʪʘ, ʨʘʟʧʨʝʜʝʣʷʪ ʩʠ ʟʘʜʘʯʠʪʝ; ʠʟʤʝʨʚʘʪ ʠ ʦʪʙʝʣʷʟʚʘʪ ʩʲʦʪʚʝʪʥʠʪʝ ʪʦʯʢʠ ï ʦʨʘʟʤʝʨʷʚʘʥʝ 

ï ʤʘʱʘʙ. ʅʘʩʠʪʝʥʦʩʪ ʥʘ ʮʚʝʪʦʚʝ, ʭʘʨʤʦʥʠʯʥʦʩʪ ï ʟʥʘʯʝʥʠʝ ʥʘ ʮʚʝʪʦʚʝʪʝ ʧʣʘʥʠʥʠ, ʥʠʟʠʥʠ, 

ʨʝʢʠ, ʧʲʪ, ʩʛʨʘʜʘ, ʧʘʨʢ, ʧʘʨʢʦ ʤʷʩʪʦ. ʌʠʛ.9 

 

https://bg.remotionercamping.com/hiking-gear/compass/metal-flip-cover-mini-compass.html
https://bg.wikipedia.org/wiki/%D0%9C%D0%B5%D1%80%D0%B8%D0%B4%D0%B8%D0%B0%D0%BD
https://bg.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%B0%D0%BB%D0%B5%D0%BB
https://bg.wikipedia.org/wiki/%D0%93%D0%B5%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D1%81%D0%BA%D0%B8_%D0%BA%D0%BE%D0%BE%D1%80%D0%B4%D0%B8%D0%BD%D0%B0%D1%82%D0%B8
https://bg.wikipedia.org/w/index.php?title=%D0%A4%D0%BE%D1%82%D0%BE%D1%81%D0%BD%D0%B8%D0%BC%D0%BA%D0%B0&action=edit&redlink=1
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ʌʠʛ. 9 ʀʟʨʘʙʦʪʚʘʥʝ ʥʘ ʢʘʨʪʘ 

 

ɿʘʜʘʯʘ 4: ʆʨʠʝʥʪʠʨʘʥʝ ʧʦ ʢʘʨʪʘ 

ɿʘʩʷʛʘ ʩʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʷ ʤʝʪʦʜ ɸʟʠʤʫʪ. ʌʠʛ. 10 ʅʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʦʙʷʩʥʷʚʘ 

ʪʝʦʨʠʷ ʥʘ ʫʯʝʥʠʮʠʪʝ ʚ ʥʘʯʘʣʝʥ ʝʪʘʧ. ʅʦ ʩʣʝʜ ʟʘʜʘʯʘʪʘ ʥʝʢʘ ʩʝ ʥʘʧʨʘʚʠ ʠʟʚʦʜ ʟʘ ʪʦʚʘ, ʯʝ ʩʘ 

ʨʘʙʦʪʠʣʠ ʧʦ ʢʘʨʪʘ ʢʘʪʦ ʩʘ ʩʝ ʦʨʠʝʥʪʠʨʘʣʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠ ʪʦʯʢʠ.  

 
ʌʠʛ. 10 ɸʟʠʤʫʪ 

ʋʯʝʥʠʮʠʪʝ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ ʦʪʙʦʨʠ. ɺʩʝʢʠ ʦʪʙʦʨ ʠʤʘ ʠʤʝ. ʈʘʙʦʪʷʪ ʧʦ ʛʨʫʧʠ. ɿʘʜʘʚʘ ʩʝ 

ʢʦʥʢʨʝʪʥʘ ʪʦʯʢʘ, ʦʪ ʢʦʷʪʦ ʫʯʝʥʠʮʠʪʝ ʪʨʲʛʚʘʪ. ʋʯʠʪʝʣʷʪ ʤʦʞʝ ʜʘ ʠʟʧʨʘʪʠ ʥʘ ʪʝʣʝʬʦʥʠʪʝ ʠʤ 

ʣʦʢʘʮʠʷʪʘ ʥʘ ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ ʪʦʯʢʘ.  ɼʘʚʘ ʠʤ ʩʝ ʢʘʨʪʘ ʥʘ ʜʚʦʨʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ 

ʫʯʠʣʠʱʝʪʦ ʩ ʤʘʨʢʠʨʘʥʠ ʪʦʯʢʠ.  ɼʘʚʘʪ ʠʤ ʩʝ ʫʢʘʟʘʥʠʷ ï ʨʘʙʦʪʝʥ ʣʠʩʪ (ʬʠʛ.11) ʠ ʢʘʨʪʘ ï 

ʤʘʨʰʨʫʪ (ʬʠʛ.12). ʇʦ ʢʘʨʪʘʪʘ ʩʝ ʜʘʚʘʪ ʫʢʘʟʘʥʠʷ ʜʘ ʧʨʝʤʠʥʘʪ ʧʨʝʟ ʚʩʠʯʢʠ ʪʦʯʢʠ ʠ ʠʤʘʪ ʟʘ 

ʟʘʜʘʯʘ ʥʘ ʚʩʷʢʘ ʪʦʯʢʘ ʜʘ ʥʘʤʝʨʷʪ Ăʩʲʢʨʦʚʠʱʝñ. ʋʢʘʟʘʥʠʷʪʘ ʟʘ ʨʘʙʦʪʥʠʷʪ ʣʠʩʪ ʩʘ: ʧʲʨʚʘ 

ʢʦʣʦʥʘ ʩʝ ʟʘʧʠʩʚʘʪ ʢʦʦʨʜʠʥʘʪʠʪʝ ʩʧʦʨʝʜ ʜʚʫʠʟʤʝʨʥʘʪʘ ʢʦʦʨʜʠʥʘʪʥʘ ʩʠʩʪʝʤʘ ʥʘ ʪʷʭʥʘʪʘ 

ʢʘʨʪʘ ï ʙʫʢʚʘ (x) ʠ ʮʠʬʨʘ(y), ʚʪʦʨʘ ʢʦʣʦʥʘ - ʜʘ ʠʟʧʦʣʟʚʘʪ ʢʦʤʧʘʩ ʠ ʜʘ ʟʘʧʠʩʚʘʪ ʥʘ ʚʩʷʢʘ ʝʜʥʘ 

ʪʦʯʢʘ ʛʨʘʜʫʩʠʪʝ, ʢʦʠʪʦ ʠʤ ʧʦʢʘʟʚʘ,   ʪʨʝʪʘ ʢʦʣʦʥʘ ï ʦʪʙʝʣʷʟʚʘʪ ʙʨʦʡ ʩʪʲʧʢʠ ʦʪ ʪʦʯʢʘ ʜʦ 

ʪʦʯʢʘ (ʤʦʞʝ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʜʘ ʩʝ ʜʠʩʢʫʪʠʨʘ 1 ʩʪʲʧʢʘ ʢʘʢ ʩʝ ʠʟʤʝʨʚʘ), 4ʪʘ ʢʦʣʦʥʘ ï ʥʘ 

ʨʘʟʧʝʯʘʪʘʥʘʪʘ ʢʘʨʪʘ ʯʝʨʪʘʷʪ ʣʠʥʠʠ ʦʪ ʪʦʯʢʘ ʜʦ ʪʦʯʢʘ ʠ ʠʟʤʝʨʚʘʪ ʨʘʟʩʪʦʷʥʠʝʪʦ ʚ ʩʤ, 

ʧʨʝʚʨʲʱʘ ʩʝ ʚ ʤʝʪʨʠ ʠʣʠ ʤʤ. ɺ ʧʝʪʘ ʢʦʣʦʥʘ ʩʝ ʟʘʜʘʚʘ, ʯʝ ʝʜʥʘ ʩʪʲʧʢʘ ʝ ʨʘʚʥʘ ʥʘ 2 ʩʤ ʠ ʪʨʷʙʚʘ 

ʜʘ ʩʝ ʠʟʯʠʩʣʠ ʨʘʟʩʪʦʷʥʠʝʪʦ ʩʧʦʨʝʜ 4ʪʘ ʢʦʣʦʥʘ. ɺ ʧʦʩʣʝʜʥʘʪʘ ʢʦʣʦʥʘ ʩʝ ʦʪʙʝʣʷʟʚʘ 

ʥʘʤʝʨʝʥʦʪʦ Ăʩʲʢʨʦʚʠʱʝñ. ʉʲʢʨʦʚʠʱʝʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʩʥʠʤʢʠ ʥʘ ʭʦʨʘ ʩʚʲʨʟʘʥʠ ʩ 

ʢʘʨʪʦʛʨʘʬʠʷʪʘ. ɼʘ ʥʘʤʝʨʷʪ ʥʘʯʠʥ ʜʘ ʛʠ ʨʘʟʧʦʟʥʘʷʪ ʠ ʜʘ ʥʘʤʝʨʷʪ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʪʷʭ ʠ ʜʘ ʛʠ 

ʧʨʝʜʩʪʘʚʷʪ. ʄʦʞʝ ʠ ʜʘ ʙʲʜʝ ʩʘʤʦ ʝʜʥʘ ʣʠʯʥʦʩʪ, ʨʘʟʨʷʟʘʥʘ ʥʘ ʧʲʟʝʣ, ʢʦʡʪʦ ʪʝ ʜʘ ʩʛʣʦʙʷʪ ʠ 
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ʦʪʥʦʚʦ ʜʘ ʠʟʜʠʨʷʪ(ʥʘʤʝʨʷʪ) ʢʦʷ ʝ ʣʠʯʥʦʩʪʪʘ ʠ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʥʝʷ. ʄʦʞʝ ʜʘ ʝ ʄʘʛʝʣʘʥ, 

ʂʨʠʩʪʦʬʦʨ ʂʦʣʫʤʙ ʠ ʪ.ʥ. ʅʷʢʦʡ ʦʪ ʧʨʠʢʘʟʢʠ ʩʚʲʨʟʘʥʠ ʩ ʧʲʪʝʰʝʩʪʚʠʷ. ʀʟʧʦʣʟʚʘʡʪʝ ʢʘʢʪʦ 

ʭʘʨʪʠʝʥʠ ʚʘʨʠʘʥʪʠ, ʪʘʢʘ ʠ ʚʠʜʝʦ ʤʘʪʝʨʠʘʣʠ. ʇʝʩʝʥʪʘ Ăʊʝʯʝ, ʚʩʠʯʢʦ ʪʝʯʝñ ï ʜʘ ʩʝ ʥʘʫʯʠ ʟʘ 

ʥʘʛʨʘʜʘ ʟʘ ʩʧʨʘʚʷʥʝ ʩʲʩ ʟʘʜʘʯʠʪʝ. [5, 8, 9,10]  

 
ʌʠʛ. 11 ʈʘʙʦʪʝʥ ʣʠʩʪ ʦʨʠʝʥʪʠʨʘʥʝ 

 
ʌʠʛ. 12 ʂʘʨʪʘ ʤʘʨʰʨʫʪ 

ɿʘʜʘʯʘ 5: ʀʟʤʝʨʚʘʥʝ ʥʘ ʲʛʣʠ 

ʉʣʝʜ ʢʘʪʦ ʩʘ ʠʟʯʝʨʪʘʣʠ ʣʠʥʠʠ ʦʪ ʪʦʯʢʘ ʜʦ ʪʦʯʢʘ, ʜʘ ʠʟʤʝʨʷʪ ʲʛʣʠʪʝ ʩ ʪʨʘʥʩʧʦʨʪʠʨ ʠ 

ʦʪ ʜʚʝʪʝ ʩʪʨʘʥʠ (ʚʲʥʰʝʥ ʠ ʚʲʪʨʝʰʚʥ).  

 

ɿʘʜʘʯʘ 6: ʂʘʢ ʠʟʤʝʨʚʘʤʝ ʢʨʘʯʢʠʪʝ?  

ɽʜʥʘ ʢʨʘʯʢʘ ʢʦʣʢʦ ʩʤ ʝ, ʤʤ, ʤ? ʆʪ ʪ.ɸ ʜʦ ʪ.ɹ  ʩʘ 15 ʢʨʘʯʢʠ, ʢʦʣʢʦ ʩʤ/ʤʤ/ʤ ʩʘ ?  

 

ʈʝʰʝʥʠʝ: ʠʟʤʝʨʚʘʥʝ ʩ ʣʠʥʠʷ, ʨʦʣʝʪʢʘ, ʪʝʭʥʠʯʝʩʢʠ ʤʝʪʲʨ - 1 ʢʨʘʯʢʘ ʝ 20 ʩʤ.  

1 ʢʨʘʯʢʘ ʝ 200 ʤʤ, 0.2 ʤ  

ʆʪ ʪ. ɸ ʜʦ ʪ. ɹ ï 15 (ʢʨʘʯʢʠ) ʭ 20 ʩʤ = 300 ʩʤ /3000ʤʤ / 0.3 ʤ 

ʆʪ ʪ. ɹ ʜʦ ʪ. ʉ ï 5 (ʢʨʘʯʢʠ) ʭ 20 ʩʤ = 100 ʩʤ/ 1000 ʤʤ/ 0.1 ʤ 
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ʆʪ ʪ. ʉ ʜʦ ʪ. ɼ ï 20 (ʢʨʘʯʢʠ) ʭ 20 ʩʤ = 400 ʩʤ/ 4000 ʤʤ/ 0.4 ʤ 

 

ɿʘʜʘʯʘ 7: ʂʘʨʪʘ ʟʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʪʝʣʝʬʦʥ /ʊʝʭʥʠʯʝʩʢʘ ʢʘʨʪʘ  

ʋʯʝʥʠʮʠʪʝ ʜʘ ʥʘʯʝʨʪʘʷʪ ʢʚʘʜʨʘʪʥʘ ʤʨʝʞʘ ʥʘ ʣʠʩʪ ɸ4, ʢʘʪʦ ʚʩʷʢʦ ʢʚʘʜʨʘʪʯʝ ʜʘ ʙʲʜʝ 

2 ʭ 2 ʩʤ. ɼʘ ʧʦʩʪʘʚʷʪ(ʧʨʝʥʝʩʘ) ʦʪ ʜʨʫʛʘʪʘ ʢʘʨʪʘ ʪʦʯʢʠʪʝ ʧʨʝʟ, ʢʦʠʪʦ ʩʘ ʧʨʝʤʠʥʘʣʠ. ʀ ʦʪʥʦʚʦ 

ʜʘ ʢʘʞʘʪ ʢʦʷ ʪʦʯʢʘ ʢʲʜʝ ʩʝ ʥʘʤʠʨʘ ʚ ʢʦʦʨʜʠʥʘʪʥʘʪʘ ʩʠʩʪʝʤʘ. ɿʘ ʧʦʯʠʚʢʘ ʠʛʨʘ: Ăʂʦʨʘʙʠ ʠ 

ʣʦʜʢʠñ.   

 

ɿʘʜʘʯʘ 8: ʀʟʯʠʩʣʠ ʮʝʣʠʷ ʠʟʤʠʥʘʪ ʧʲʪ ʚ ʤ ʠ ʢʤ. 

ʋʯʝʥʠʮʠʪʝ ʩʝ ʧʦʟʦʚʘʚʘʪ ʥʘ ʟʘʜ.4, ʢʲʜʝʪʦ ʩʘ ʥʘʯʝʨʪʘʣʠ ʠ ʦʪʙʝʣʷʟʘʣʠ ʚʩʷʢʘ ʦʪʩʝʯʢʘ ʦʪ 

ʪʦʯʢʘ ʜʦ ʪʦʯʢʘ. ʅʝʦʙʭʦʜʠʤʦ ʝ ʜʘ ʠʟʚʲʨʰʘʪ ʜʝʡʩʪʚʠʝ ʩʲʙʠʨʘʥʝ ʥʘ ʚʩʠʯʢʠ ʦʪʩʝʯʢʠ, ʟʘ ʜʘ 

ʥʘʤʝʨʷʪ/ʧʨʝʩʤʝʪʥʘʪ ʮʷʣʦʪʦ ʠʟʤʠʥʘʪʦ ʨʘʟʩʪʦʷʥʠʝ ʠ ʜʘ ʛʦ ʧʨʝʦʙʨʘʟʫʚʘʪ ʚ ʨʘʟʣʠʯʥʠ ʤʝʨʥʠ 

ʝʜʠʥʠʮʠ.  

 

ɿʘʜʘʯʘ 9: ʃʠʮʝ ʥʘ ʧʦʚʲʨʭʥʠʥʘ/ʢʚʘʜʨʘʪ ʠʣʠ ʧʨʘʚʧʲʛʲʣʥʠʢ/ 

ʅʝʦʙʭʦʜʠʤʦ ʝ ʫʯʝʥʠʮʠʪʝ ʜʘ ʥʘʤʝʨʷʪ ʣʠʮʝʪʦ ʥʘ ʬʠʛʫʨʘʪʘ, ʢʦʷʪʦ ʩʝ ʧʦʣʫʯʘʚʘ ʦʪ 

ʪʝʭʥʠʷ ʧʲʪ, ʚʟʠʤʘʪ ʩʝ ʩʘʤʦ ʢʚʘʜʨʘʪʯʝʪʘʪʘ ʦʪ ʤʨʝʞʘʪʘ, ʢʲʜʝʪʦ ʠʤʘ ʪʦʯʢʘ. ɸʢʦ ʝ ʥʝʦʙʭʦʜʠʤʦ 

ʩʝ ʜʦʙʘʚʷʪ ʢʚʘʜʨʘʪʯʝʪʘ ʟʘ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʧʨʘʚʠʣʥʘ ʬʠʛʫʨʘ ʢʚʘʜʨʘʪ ʠʣʠ ʧʨʘʚʦʲʛʲʣʥʠʢ. ɼʘ ʩʝ 

ʧʨʠʣʘʛʘ ʩʧʦʨʝʜ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʫʯʝʥʠʮʠʪʝ. ʄʦʞʝ ʜʘ ʝ ʨʘʟʣʠʯʥʦ ʟʘ ʚʩʷʢʘ ʛʨʫʧʘ. ʄʦʞʝ ʜʘ 

ʩʝ ʠʟʯʠʩʣʠ ʟʘ ʛʦʪʦʚʘʪʘ ʢʘʨʪʘ ʥʘ ʛʦʩʧʦʞʘʪʘ ʠʣʠ ʟʘ ʢʘʨʪʘʪʘ ʩ ʤʨʝʞʘ ʦʪ ʢʚʘʜʨʘʪʯʝʪʘ ʧʦ 2 ʩʤ.  

 

ɿʘʜʘʯʘ 10: ʄʦʷ ʤʘʨʰʨʫʪ 

ʅʝʢʘ ʫʯʝʥʠʮʠʪʝ ʧʨʝʜʣʦʞʘʪ ʩʦʙʩʪʚʝʥ ʤʘʨʰʨʫʪ, ʩ ʢʦʥʢʨʝʪʥʠ ʪʦʯʢʠ, ʠʟʤʝʨʚʘʥʝ ʥʘ 

ʢʨʘʯʢʠ, ʲʛʣʠ, ʣʠʮʝ ʥʘ ʪʝʨʝʥʘ: 

Å ʜʘ ʙʲʜʝ ʥʘʡ-ʧʦʣʝʛʘʪ; 

Å ʜʘ ʙʲʜʝ ʩ ʝʜʥʦ ʠʟʢʘʯʚʘʥʝ; 

Å ʜʘ ʙʲʜʝ ʚ ʜʚʝ ʠʟʢʘʯʚʘʥʠʷ. 

 

ɿʘʜʘʯʘ 11: ʇʨʝʦʙʨʘʟʫʚʘʥʝ ʚ ʜʝʢʘʨ 

ʂʦʣʢʦ ʜʝʢ ʝ ʪʝʨʝʥʘ? 

 

ɿʘ ʧʦ-ʛʦʣʝʤʠ ʫʯʝʥʠʮʠ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʟʘʜʘʯʠ ʩ ʲʛʣʦʧʦʚʷʱʠ ʠ ʪʨʠʲʛʲʣʥʠʮʠ. 

 

ɿʘʜʘʯʘ 12: ɺʲʧʨʦʩʥʠʢ 

 

ʄʦʞʝ ʜʘ ʠʟʧʦʣʟʚʘʪʝ ʪʦʟʠ ʛʦʪʦʚ ʨʝʩʫʨʩ ʟʘ ʚʲʧʨʦʩʥʠʢ, ʟʘ ʜʘ ʧʨʦʚʝʨʠʪʝ ʧʦ ʟʘʙʘʚʝʥ ʠ 

ʠʥʪʝʨʘʢʪʠʚʝʥ ʥʘʯʠʥ ʟʥʘʥʠʷʪʘ ʥʘ ʫʯʝʥʠʮʠʪʝ. [11] ʠʣʠ ʜʘ ʩʲʟʜʘʜʝʪʝ ʩʘʤʠ ʚ ʧʣʘʪʬʦʨʤʘʪʘ 

Kahoot. ɺ ʪʘʟʠ ʧʣʘʪʬʦʨʤʘ ʤʦʞʝʪʝ ʜʘ ʩʝ ʨʝʛʠʩʪʨʠʨʘʪʝ ʙʝʟʧʣʘʪʥʦ ʥʘ ʙʘʟʦʚ ʧʘʢʝʪ ʠ ʜʘ 

ʩʲʟʜʘʚʘʪʝ ɺʲʧʨʦʩʥʠʮʠ, ʤʦʞʝʪʝ ʠ ʜʘ ʛʠ ʩʧʦʜʝʣʷʪʝ ʤʝʞʜʫ ʢʦʣʝʛʠ. [12] ʀʤʘʪʝ ʜʚʘ ʣʠʥʢʘ, ʝʜʠʥ 

ʟʘ ʨʝʛʠʩʪʨʘʮʠʷ ʠ ʨʘʙʦʪʘ ʥʘ ʫʯʠʪʝʣʷ ʠ ʝʜʠʥ ʟʘ ʫʯʝʥʠʮʠʪʝ, ʤʦʞʝ ʜʘ ʩʝ ʧʦʣʟʚʘ ʦʪ ʪʝʣʝʬʦʥʠ, 

ʪʘʙʣʝʪʠ ʠ ʢʦʤʧʶʪʨʠ, ʢʘʪʦ ʫʯʝʥʠʮʠʪʝ ʚʲʚʝʞʜʘʪ ʛʝʥʝʨʠʨʘʥ game pin, ʢʦʛʘʪʦ ʫʯʠʪʝʣʷ ʟʘʨʝʜʠ 

ʚʲʧʨʦʩʥʠʢʘ, ʠ ʩʣʝʜ ʪʦʚʘ ʩʠ ʚʲʚʝʞʜʘʪ Ăʠʤʝñ (name). ʋʯʝʥʠʮʠʪʝ ʤʦʛʘʪ ʜʘ ʩʠ ʠʟʙʝʨʘʪ ʠ ʘʚʘʪʘʨ 

(ʣʠʮʝ).  

 

ɿʘʜʘʯʘ 13: ʅʘʧʠʰʠ ʩ Artie 3000 ʠʤʝʪʦ ʥʘ ʫʯʠʣʠʱʝʪʦ.  
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ʋʯʝʥʠʮʠʪʝ ʠʤʘʪ ʟʘ ʟʘʜʘʯʘ ʜʘ ʠʟʧʦʣʟʚʘʪ ʨʦʙʦʪʘ Artie 3000 (BlueBot) ʜʘ ʥʘʧʠʰʘʪ ʠʤʝʪʦ 

ʥʘ ʫʯʠʣʠʱʝʪʦ ʩʠ. ʀʤʝʥʘʪʘ ʥʘ ʫʯʠʣʠʱʘʪʘ ʩʘ ʜʲʣʛʠ ʠ ʧʠʩʘʥʝʪʦ ʥʘ ʢʦʜ ʟʘ ʙʫʢʚʘ ʱʝ ʦʪʥʝʤʝ 

ʚʨʝʤʝ. ɽʪʦ ʟʘʱʦ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʜʝʣʠ ʟʘʜʘʯʘʪʘ ʚ ʥʷʢʦʣʢʦ ʯʘʩʘ ʠ ʜʘ ʩʝ ʜʦʧʠʩʚʘ ʙʫʢʚʘ ʧʦ ʙʫʢʚʘ. 

ɿʘʜʘʯʘʪʘ ʠʟʠʩʢʚʘ ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ ʤʷʩʪʦʪʦ, ʢʲʜʝʪʦ ʱʝ ʩʝ ʠʟʧʠʩʚʘ ʠʤʝʪʦ, ʨʘʟʤʝʨ, ʜʘ ʩʝ ʠʟʯʠʩʣʠ 

ʚʩʷʢʘ ʙʫʢʚʘ ʢʘʢʚʠ ʨʘʟʤʝʨʠ ʱʝ ʠʤʘ, ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʷʭ, ʲʛʣʠ ʘʢʦ ʠʤʘ ʚ ʙʫʢʚʠʪʝ. ʅʘ 

ʧʦʜʘʜʝʥʠʷ ʧʨʠʤʝʨ ʝ ʦʪʙʝʣʷʟʘʥ ʠ ʢʦʜʘ ʟʘ ʚʩʷʢʘ ʙʫʢʚʘ. ʌʠʛ. 13 ʠ ʌʠʛ. 14. ʇʦ ʪʦʟʠ ʥʘʯʠʥ 

ʦʙʚʲʨʟʚʘʤʝ ʙʲʣʛʘʨʩʢʠʷʪ ʝʟʠʢ, ʧʠʩʤʝʥʦʩʪ ʩ ʤʘʪʝʤʘʪʠʢʘ, ʧʨʦʛʨʘʤʠʨʘʥʝ ʠ ʨʦʙʦʪʠʢʘ.  

 

 

 
ʌʠʛ. 13 ʀʤʝ ʥʘ ʫʯʠʣʠʱʝ ï STEM 

 

 

 
ʌʠʛ. 14 ʀʤʝ ʥʘ ʫʯʠʣʠʱʝ ï STEM_1 

 

ɿʘʜʘʯʘ 14: ʂʘʨʪʘ Ăʇʲʪʝʰʝʩʪʚʝʥʠʢñ 

ɿʘʜʘʯʘʪʘ ʝ ʜʘ ʩʝ ʩʲʟʜʘʜʝ ʢʘʨʪʘ ʩ ʧʨʦʛʨʘʤʘ ʥʘ ʢʦʤʧʶʪʲʨ. ʇʨʦʛʨʘʤʠ, ʢʦʠʪʦ ʙʠʭʘ ʤʦʛʣʠ 

ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ: scratch, Canva, Google Jamboard, ʠʣʠ Word, app ï map plus, gps fiels, area, 

measure..3D mappa - GIS (Geographic Information System) Software.  ʉʧʦʨʝʜ ʠʟʙʦʨʘ ʥʘ ʨʘʙʦʪʘ 

ʠ ʚʲʟʨʘʩʪʪʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʟʘʜʘʯʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʜʝʣʠ ʥʘ ʧʦʜʫʨʦʮʠ. ɺ ʪʘʟʠ ʟʘʜʘʯʘ ʱʝ 

ʩʲʟʜʘʜʝʪʝ ʧʨʦʛʨʘʤʘ, ʢʦʷʪʦ: 

Å ʀʟʧʦʣʟʚʘʡ ʢʚʘʜʨʘʪʥʘ ʤʨʝʞʘ ʟʘ ʬʦʥ; 
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Å ʅʘʨʠʩʫʚʘʡ ʠʣʠ ʩʣʦʞʠ ʛʦʪʦʚʠ ʠʢʦʥʠ ʟʘ ʦʙʝʢʪʠ (ʢʲʱʘ, ʫʯʠʣʠʱʝ, ʟʘʚʦʜ, ʜʝʪʩʢʘ 
ʧʣʦʱʘʜʢʘ);  

Å ʉʣʦʞʝʪʝ ʧʲʪʠʱʘ; 

Å ʆʮʚʝʪʝʪʝ ʧʦʜʭʦʜʷʱʦ ï ʪʝʨʝʥ , ʮʚʝʪʦʚʝ, ʟʥʘʯʝʥʠʝ; 

Å ʉʣʦʞʝʪʝ ʛʝʨʦʡ, ʢʦʡʪʦ ʜʘ ʚʲʨʚʠ ʧʦ ʤʘʨʰʨʫʪ; 

Å ʊʝʩʪʚʘʡʪʝ ʧʨʦʛʨʘʤʘʪʘ.  

 

ʈʝʰʝʥʠʝ: ʌʠʛ. 15 ʠ ʌʠʛ. 16 

 

    
ʌʠʛ. 15 ʂʦʜ ï ʙʣʦʢʦʚ   ʌʠʛ. 16 ʂʘʨʪʘñʇʲʪʝʰʝʩʪʚʝʥʠʢñ 

 

ɿʘʜʘʯʘ 15: ʀʟʨʘʙʦʪʢʘ ʥʘ ɺʦʜʝʥ ʢʦʤʧʘʩ  

ʅʝʦʙʭʦʜʠʤʠ ʤʘʪʝʨʠʘʣʠ (ʌʠʛ.17): 

Å ʀʛʣʘ 

Å ʄʘʛʥʠʪ 

Å ʇʘʨʯʝ ʪʚʲʨʜʘ ʭʘʨʪʠʷ/ ʪʘʤʧʦʥ ʟʘ ʛʨʠʤ/ ʪʦʧʯʝ ʤʘʣʢʦ ʦʪ ʩʪʠʨʦʧʦʨ/ ʧʣʘʩʪʤʘʩʦʚʘ 
ʢʘʧʘʯʢʘ ʦʪ ʙʫʪʠʣʢʘ 

Å ʅʦʞʠʮʘ 

Å ʊʠʢʩʦ 
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Å ʂʫʧʘ 

Å ɺʦʜʘ 

ʀʥʩʪʨʫʢʮʠʷ : 

Å ʀʟʨʝʞʝʪʝ ʢʨʲʛ ʩ ʜʠʘʤʝʪʲʨ 5 ʩʤ 

Å ɿʘʣʝʧʝʪʝ ʠʛʣʘʪʘ ʚ ʩʨʝʜʘʪʘ ʥʘ ʢʨʲʛʘ 

Å ʅʘʧʲʣʥʝʪʝ ʢʫʧʘʪʘ ʩ ʚʦʜʘ 

Å ɺʟʝʤʝʪʝ ʤʘʛʥʠʪʘ ʠ ʛʦ ʥʘʪʲʨʢʘʡʪʝ ʧʦ ʠʛʣʘʪʘ ʚ ʝʜʥʘ ʠ ʩʲʱʘ ʧʦʩʦʢʘ ʦʢʦʣʦ 20 
ʧʲʪʠ 

Å ʇʦʩʪʘʚʝʪʝ ʙʘʚʥʦ ʧʘʨʯʝʪʦ ʭʘʨʪʠʷ ʚʲʚ ʚʦʜʘʪʘ, ʜʘ ʦʩʪʘʥʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ 

Å ʅʘʙʣʶʜʘʚʘʡʪʝ ʢʘʢ ʩʝ ʚʲʨʪʠ ʠ ʠʛʣʘʪʘ ʪʨʷʙʚʘ ʜʘ ʟʘʩʪʘʥʝ ʥʘ ʩʝʚʝʨ ʢʘʪʦ ʢʦʤʧʘʩ 

ʊʨʠʝʥʝʪʦ ʥʘ ʠʛʣʘʪʘ ʩ ʤʘʛʥʠʪʘ ʚʦʜʠ ʜʦ ʥʘʤʘʛʥʝʪʠʟʠʨʘʥʝʪʦ Ⱬ, ʧʦʣʫʯʘʚʘ ʩʝʚʝʨʝʥ ʠ 

ʶʞʝʥ ʧʦʣʶʩ. ʀʛʣʘʪʘ ʟʘʧʦʯʚʘ ʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʘ ʩ ʤʘʛʥʠʪʥʦʪʦ ʧʦʣʝ ʥʘ ɿʝʤʷʪʘ. ʍʘʨʪʠʷʪʘ 

(ʩʪʠʨʦʧʦʨ, ʢʘʧʘʯʢʘ, ʪʘʤʧʦʥ) ʚʲʚ ʚʦʜʘʪʘ ʜʘʚʘ ʩʚʦʙʦʜʥʦ ʜʚʠʞʝʥʠʝ ʥʘ ʠʛʣʘʪʘ. ɽʢʩʧʝʨʠʤʝʥʪʘ ʝ 

ʫʩʧʝʰʝʥ ʘʢʦ ʚʦʜʘʪʘ ʢʦʛʘʪʦ ʝʜʠʥʠʷ ʢʨʘʡ ʥʘ ʠʛʣʘʪʘ ʩʦʯʠ ʝʜʥʘ ʠ ʩʲʱʘ ʧʦʩʦʢʘ. ʌʠʛ. 18. 

ʊʦʯʥʦʩʪʪʘ ʟʘʚʠʩʠ ʠ ʦʪ ʥʘʪʲʨʢʚʘʥʝʪʦ ʩ ʤʘʛʥʠʪ. ʇʦ-ʜʲʣʛʦ, ʧʦ-ʪʦʯʥʦ. 

 

 
ʌʠʛ. 17 ʄʘʪʝʨʠʘʣʠ ʟʘ ʚʦʜʝʥ ʢʦʤʧʘʩ 

 
ʌʠʛ. 18 ɺʦʜʝʥ ʢʦʤʧʘʩ 

 

ɿʘʜʘʯʘ 16: ʀʟʨʘʙʦʪʚʘʥʝ ʥʘ ʩʣʲʥʯʝʚ ʢʦʤʧʘʩ 

 ʉʣʲʥʯʝʚʠʷʪ ʢʦʤʧʘʩ ʤʦʞʝ ʜʘ ʩʝ ʠʟʨʘʙʦʪʠ ʨʝʘʣʥʦ ʩʧʦʨʝʜ ʤʝʪʝʦʨʦʣʦʛʠʯʥʦʪʦ ʚʨʝʤʝ, ʘʢʦ 

ʧʦʟʚʦʣʷʚʘ. ʀ/ʠʣʠ ʩ ʧʨʦʛʨʘʤʘ ʟʘ ʦʥʘʛʣʝʜʷʚʘʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ.  

ʅʝʦʙʭʦʜʠʤʠ ʤʘʪʝʨʠʘʣʠ (ʌʠʛ.19): 

Å ʇʨʘʚʘ ʧʨʲʯʢʘ ʦʪ ʜʲʨʚʦ/ ʢʣʦʥʢʘ; 

Å ʂʘʤʲʯʝʪʘ ï 4 ʙʨʦʷ; 

ʀʥʩʪʨʫʢʮʠʷ : 

Å ɿʘʙʠʡʪʝ ʧʨʲʯʢʘʪʘ ʥʘ ʧʦʜʭʦʜʷʱʦ ʤʷʩʪʦ, ʤʝʢʘ ʧʦʯʚʘ/ʧʷʩʲʢ/ ʠ ʥʘ ʩʣʲʥʯʝʚʦ 
ʤʷʩʪʦ; 

Å ʇʦʩʪʘʚʝʪʝ ʝʜʥʦ ʢʘʤʲʯʝ ʚ ʢʨʘʷ ʥʘ ʧʘʜʥʘʣʘʪʘ ʩʷʥʢʘ; 
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Å ʀʟʯʘʢʘʡʪʝ 15-20 ʤʠʥ. ʠ ʩʣʦʞʝʪʝ ʜʨʫʛʦʪʦ ʢʘʤʲʯʝ ʥʘ ʢʨʘʷ ʥʘ ʩʷʥʢʘʪʘ. 

 

ʉʲʦʪʚʝʪʥʦ ʧʲʨʚʠʪʝ ʜʚʝ ʢʘʤʲʯʝʪʘ ʝʜʥʦ ʩʨʝʱʫ ʜʨʫʛʦ ʱʝ ʦʯʝʨʪʘʷʪ ʧʦʩʦʢʘʪʘ ʠʟʪʦʢ ï 

ʟʘʧʘʜ ʠ ʤʦʞʝ ʜʘ ʩʝ ʩʣʦʞʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʣʠʥʠʷ, ʢʦʷʪʦ ʱʝ ʦʯʝʨʪʘʝ ʶʛ ï ʩʝʚʝʨ. ʌʠʛ. 15 

 

 
ʌʠʛ. 19 ʉʣʲʥʯʝʚ ʢʦʤʧʘʩ ʥʘ paint/ scratch 

 

ɿʘʜʘʯʘ 17: ɼʘ ʦʙʠʢʦʣʷ ʤʦʷ ʢʚʘʨʪʘʣ ʩ ʤʦʷ ʨʦʙʦʪ 

 ʋʯʝʥʠʮʠʪʝ ʚʢʣʶʯʚʘʪ ʚ ʧʨʦʝʢʪʘ ʩʠ ʟʘʜʘʯʘ ʩ ʫʯʝʙʝʥ ʨʦʙʦʪ BlueBot/Artie 300/Ozobot. 

ʌʠʛ. 20. ʌʠʛ. 21. ʌʠʛ. 22 ʌʠʛ. 23. ʀ ʪʨʠʪʝ ʨʦʙʦʪʘ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʨʘʙʦʪʘ ʚ ʥʘʯʘʣʝʥ ʝʪʘʧ. 

ɿʘʜʘʯʘʪʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʝ ʜʘ ʧʨʠʜʚʠʞʘʪ ʨʦʙʦʪʘ ʦʪ ʪʝʭʥʠʷ ʜʦʤ ʜʦ ʫʯʠʣʠʱʝ. ʄʦʛʘʪ ʜʘ ʩʝ 

ʩʲʟʜʘʚʘʪ ʥʘʡ-ʨʘʟʣʠʯʥʠ ʤʘʨʰʨʫʪʠ ʢʘʪʦ:  

Å ʈʦʙʦʪʘ ʚ ʫʯʠʣʠʱʝ ʘʚʪʦʙʫʩ, ʢʦʛʦ ʱʝ ʚʟʝʤʝ ʧʲʨʚʦ, ʪʘʢʘ ʯʝ ʜʘ ʥʘʧʨʘʚʠ ʥʘʡ-ʢʨʘʪʲʢ 

ʤʘʨʰʨʫʪ.  

Å ɸʟ ʦʪʠʚʘʤ ʧʨʠ ʜʝʪʝ ʍ ʠ ʟʘʝʜʥʦ ʦʪʠʚʘʤʝ ʥʘ ʫʯʠʣʠʱʝ, ʥʘʤʝʨʠ ʥʘʡ-ʢʨʘʪʲʢ ʧʲʪ.  

Å ʂʦʣʢʦ ʝ ʢʨʘʯʢʘʪʘ/ʩʪʲʧʢʘʪʘ ʥʘ ʨʦʙʦʪʘ? 

Å ʂʦʣʢʦ ʩʪʲʧʢʠ ʧʨʘʚʠ ʥʘ ʢʘʨʪʘʪʘ, ʟʘ ʜʘ ʩʪʠʛʥʝ ʜʦ ʜʘʜʝʥʘʪʘ ʮʝʣ? 

Å ʂʦʣʢʦ ʝ ʜʲʣʲʛ ʧʲʪʷ, ʧʦ ʢʦʡʪʦ ʤʠʥʘʚʘ? 

Å ʀ ʪ.ʥ. 

 

  
ʌʠʛ. 20 ʇʲʪ ʩ BlueBot 
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ʌʠʛ. 21 ʇʲʪ ʩ BlueBot 1 

 

 

   
ʌʠʛ. 22 ʇʲʪ ʩ Ozobot Evo     ʌʠʛ.23 ʇʲʪ ʩ Artie 3000 
 

ɿʘʜʘʯʘ 18: ɼʘ ʦʩʚʝʪʠʤ ʧʲʪʷ  

ʉʣʝʜ ʢʘʪʦ ʠʤʘʤʝ ʥʷʢʦʣʢʦ ʨʘʟʣʠʯʥʠ ʢʘʨʪʠ ʠ ʢʚʘʜʨʘʪʥʠ ʤʨʝʞʠ ʝ ʚʨʝʤʝ ʟʘ ʥʝʱʦ 

ʠʥʪʝʨʝʩʥʦ. ɽʣʝʤʝʥʪʘʨʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʚʝʨʠʛʘ. ʄʦʞʝ ʜʘ ʧʦʜʥʝʩʝʤ ʤʦʪʠʚʘʮʠʷʪʘ ʢʲʤ 

ʫʯʝʥʠʮʠʪʝ ï ʜʘʣʠ ʠʩʢʘʪ ʩʝʛʘ ʜʘ ʦʩʚʝʪʠʤ ʥʘʰʠʪʝ ʧʨʦʝʢʪʠ ʠ ʢʘʢ ʙʠ ʩʝ ʩʣʫʯʠʣʦ ʪʦʚʘ. ɼʘʣʠ 

ʚʝʯʝʨ ʨʘʟʭʦʞʜʘʡʢʠ ʩʝ ʠʤʘ ʣʘʤʧʠ ʧʦ ʫʣʠʮʠʪʝ? ɿʥʘʷʪ ʣʠ Ăʂʦʡ ʝ ʯʦʚʝʢʘ, ʢʦʡʪʦ ʝ ʠʟʚʝʩʪʝʥ, ʯʝ 

ʝ ʦʩʚʝʪʠʣ ɿʝʤʷʪʘ? (ʅʠʢʦʣʘ ʊʝʩʣʘ). ʇʨʦʝʢʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʪ ʝʜʥʘ ʣʘʤʧʘ ʠ ʥʷʢʦʣʢʦ.  

ɽʣʝʢʪʨʠʯʝʩʢʘ ʚʝʨʠʛʘ ʩʪʘʥʜʘʨʪʥʘ ʬʠʛ. 24. ɽʣʝʢʪʨʠʯʝʩʢʘ ʚʝʨʠʛʘ ʟʘ ʤʘʣʢʠ ʫʯʝʥʠʮʠ ï 

ʬʠʛ. 25 ʠ ʬʠʛ. 26. 
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ʌʠʛ. 24 ɽʣʝʢʪʨʠʯʝʩʢʘ ʚʝʨʠʛʘ ʢʣʘʩʠʯʝʩʢʘ  ʌʠʛ. 25 ɽʣʝʢʪʨʠʯʝʩʢʘ ʚʝʨʠʛʘ ʟʘ ʥʘʯ. ʝʪʘʧ 

 

 
ʌʠʛ. 26 ɽʣʝʢʪʨʠʯʝʩʢʘ ʚʝʨʠʛʘ ʟʘ ʢʘʨʪʘ 

 

 

 

ʇʦ ʩʣʦʞʥʦ ʩ ʥʷʢʦʣʢʦ ʜʠʦʜʘ, ʢʘʪʦ ʥʘ ʬʠʛ. 25. ʆʩʥʦʚʥʦ ʧʨʘʚʠʣʦ ʚʩʠʯʢʠ + ʢʨʘʯʝʪʘ ʜʘ ʩʘ ʦʪ 

ʝʜʥʘʪʘ ʩʪʨʘʥʘ, ʟʘʩʪʘʚʘʪ ʥʘ ʬʦʣʠʦ ʣʝʥʪʘʪʘ, ʟʘʣʝʧʚʘʪ ʩʝ ʠ ʚʩʠʯʢʠ ʤʠʥʫʩ ʢʨʘʯʝʪʘ ʦʪ ʜʨʫʛʘʪʘ 

ʩʪʨʘʥʘ ʩʝ ʧʦʩʪʘʚʷʪ ʥʘ ʬʦʣʠʦ ʣʝʥʪʘʪʘ. ɼʘ ʩʝ ʩʲʦʙʨʘʟʠ ʥʘ ʢʲʜʝ ʝ ʥʘʡ-ʜʦʙʨʝ ʜʘ ʙʲʜʝ ʙʘʪʝʨʠʷʪʘ.  

 

ʈʘʟʪʚʘʨʷʪ ʩʝ ʢʨʘʯʝʪʘʪʘ ʥʘ ʜʠʦʜʘ 

(ʣʘʤʧʠʯʢʘʪʘ) ʚ ʩʪʨʘʥʠ. ɿʘʧʦʤʥʷʪ ʩʝ ʢʦʝ 

ʝ ʜʲʣʛʦʪʦ ʧʣʶʩʦʚʦ ʢʨʘʯʝ ʠ ʢʦʝ ʝ ʢʲʩʦʪʦ 

ʤʠʥʫʩʦʚʦ ʢʨʘʯʝ. ʊʲʡ ʢʘʪʦ ʢʨʘʯʝʪʘʪʘ ʩʘ 

ʢʲʩʠ ʛʠ ʫʜʲʣʞʘʚʘʤʝ ʩ ʧʦʤʦʱʪʘ ʥʘ 

ʬʦʣʠʝʚʦ ʪʠʢʩʦ. ʂʨʘʪʢʘ ʜʠʩʢʫʩʠʷ ʟʘ 

ʬʦʣʠʦʪʦ ʢʘʪʦ ʤʘʪʝʨʠʘʣ ʠ ʩʚʦʡʩʪʚʘ. ʆʪ 

ʢʫʭʥʷʪʘ ʥʘ ʤʘʤʘ, ʟʘʱʦ ʩʝ ʩʣʘʛʘ ʚʲʨʭʫ 

ʪʘʚʘʪʘ ʠ ʧʦʩʣʝ ʚʲʚ ʬʫʨʥʘʪʘ? ʇʘʟʠ ʜʘ ʥʝ 

ʠʟʛʦʨʠ ʭʨʘʥʘʪʘ. ʅʦ ʝ ʧʨʦʚʦʜʥʠʢ, ʧʦ 

ʥʝʛʦ ʩʝ ʧʨʝʜʘʚʘ ʪʦʢ. ʂʨʘʯʝʪʘʪʘ ʜʘ ʩʝ 

ʩʣʦʞʘʪ ʚʲʨʭʫ ʬʦʣʠʦʪʦ ʠ ʜʘ ʩʝ ʟʘʣʝʧʷʪ ʩ 

ʦʙʠʢʥʦʚʝʥʦ ʪʠʢʩʦ. ʂʨʘʷ ʥʘ + ʜʘ ʝ ʧʦ-

ʜʲʣʲʛ, ʟʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʘʚʠ ʚ/ʫ ʙʘ-

ʪʝʨʠʷʪʘ, ʥʘ +. ɹʘʪʝʨʠʷʪʘ ʩʝ ʧʦʩʪʘʚʷ ʩ 

ʤʠʥʫʩʦʚʘʪʘ ʩʪʨʘʥʘ ʥʘ ʤʠʥʫʩʦʚʦʪʦ 

ʢʨʘʯʝ. ʂʦʛʘʪʦ ʩʝ ʩʣʦʞʠ + ʢʨʘʯʝ ʚʲʨʭʫ + 

ʣʘʤʧʠʯʢʘʪʘ ʩʚʝʪʚʘ.  
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ʌʠʛ. 27 ɽʣʝʢʪʨʠʯʝʩʢʘ ʚʝʨʠʛʘ ʦʪ ʥʷʢʦʣʢʦ ʣʘʤʧʠʯʢʠ   ʌʠʛ. 28 ɹʘʪʝʨʠʷ V9 ʩ ʢʦʥʝʢʪʦʨ 
 

ʅʘ ʬʠʛ.27 ʝ ʠʟʧʦʣʟʚʘʥʘ ʙʘʪʝʨʠʷ ʪʠʧ V9 ʩʲʩ ʢʦʥʝʢʪʦʨ(ʌʠʛ. 28) ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ ʚʝʨʠʛʘʪʘ, ʥʦ 

ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʠ ʚʤʝʩʪʦ ʦʙʠʢʥʦʚʝʥʘ ʢʨʲʛʣʘ ʙʘʪʝʨʠʷ.  

 

ʅʝʦʙʭʦʜʠʤʠ ʤʘʪʝʨʠʘʣʠ: 

Å ʜʠʦʜʠ; 

Å ʘʣʫʤʠʥʠʝʚʦ ʬʦʣʠʦ; 

Å ʙʘʪʝʨʠʠ. 

ʀʥʩʪʨʫʢʮʠʷ : 

ʈʘʟʪʚʘʨʷʪ ʩʝ ʢʨʘʯʝʪʘʪʘ ʥʘ ʜʠʦʜʘ (ʣʘʤʧʠʯʢʘʪʘ) ʚ ʩʪʨʘʥʠ. ɿʘʧʦʤʥʷʪ ʩʝ ʢʦʝ ʝ ʜʲʣʛʦʪʦ 

ʧʣʶʩʦʚʦ ʢʨʘʯʝ ʠ ʢʦʝ ʝ ʢʲʩʦʪʦ ʤʠʥʫʩʦʚʦ ʢʨʘʯʝ. ʊʲʡ ʢʘʪʦ ʢʨʘʯʝʪʘʪʘ ʩʘ ʢʲʩʠ ʛʠ ʫʜʲʣʞʘʚʘʤʝ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʬʦʣʠʝʚʦ ʪʠʢʩʦ. ʂʨʘʪʢʘ ʜʠʩʢʫʩʠʷ ʟʘ ʬʦʣʠʦʪʦ ʢʘʪʦ ʤʘʪʝʨʠʘʣ ʠ ʩʚʦʡʩʪʚʘ. ʆʪ 

ʢʫʭʥʷʪʘ ʥʘ ʤʘʤʘ, ʟʘʱʦ ʩʝ ʩʣʘʛʘ ʚʲʨʭʫ ʪʘʚʘʪʘ ʠ ʧʦʩʣʝ ʚʲʚ ʬʫʨʥʘʪʘ? ʇʘʟʠ ʜʘ ʥʝ ʠʟʛʦʨʠ ʭʨʘʥʘʪʘ. 

ʅʦ ʝ ʧʨʦʚʦʜʥʠʢ, ʧʦ ʥʝʛʦ ʩʝ ʧʨʝʜʘʚʘ ʪʦʢ. ʂʨʘʯʝʪʘʪʘ ʜʘ ʩʝ ʩʣʦʞʘʪ ʚʲʨʭʫ ʬʦʣʠʦʪʦ ʠ ʜʘ ʩʝ 

ʟʘʣʝʧʷʪ ʩ ʦʙʠʢʥʦʚʝʥʦ ʪʠʢʩʦ. ʂʨʘʷ ʥʘ + ʜʘ ʝ ʧʦ-ʜʲʣʲʛ, ʟʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʘʚʠ ʚ/ʫ ʙʘʪʝʨʠʷʪʘ, 

ʥʘ +. ɹʘʪʝʨʠʷʪʘ ʩʝ ʧʦʩʪʘʚʷ ʩ ʤʠʥʫʩʦʚʘʪʘ ʩʪʨʘʥʘ ʥʘ ʤʠʥʫʩʦʚʦʪʦ ʢʨʘʯʝ. ʂʦʛʘʪʦ ʩʝ ʩʣʦʞʠ + 

ʢʨʘʯʝ ʚʲʨʭʫ + ʣʘʤʧʠʯʢʘʪʘ ʩʚʝʪʚʘ.  

 

ɿɸʂʃʖʏɽʅʀɽ 

ʆʙʫʯʝʥʠʝʪʦ ʧʨʝʟ STEM ʫʨʦʮʠ ʩʝ ʧʨʝʚʨʲʱʘ ʚ ʤʦʱʥʦ ʩʨʝʜʩʪʚʦ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ 

ʟʥʘʥʠʷ, ʦʧʦʟʥʘʚʘʥʝ ʥʘ ʩʚʝʪʘ, ʟʘʙʘʚʣʝʥʠʝ ʠ ʤʦʪʠʚʘʮʠʷ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʠ ʟʘʜʲʣʙʦʯʘʚʘʥʝ ʚ 

ʞʠʚʦʪʘ. ʅʘʯʘʣʥʘʪʘ ʧʝʜʘʛʦʛʠʢʘ ʠʤʘ ʟʘ ʟʘʜʘʯʘ ʥʝ ʩʘʤʦ ʜʘ ʫʯʠ ʫʯʝʥʠʮʠʪʝ ʥʘ ʥʦʚʠ ʟʥʘʥʠʷ, ʥʦ ʠ 

ʜʘ ʟʘʧʘʣʠ ʠʩʢʨʘʪʘ ʚ ʪʷʭ ʟʘ ʦʧʦʟʥʘʚʘʥʝ ʥʘ ʟʘʦʙʠʢʘʣʷʱʠʷ ʛʠ ʩʚʷʪ. STEM ʦʙʫʯʝʥʠʝʪʦ ʧʨʝʜʣʘʛʘ 

ʝʜʥʘ ʦʪʚʦʨʝʥʘ ʠ ʚʩʝʦʙʭʚʘʪʥʘ ʪʝʨʠʪʦʨʠʷ, ʢʦʷʪʦ ʥʝ ʟʘʪʚʘʨʷ, ʘ ʦʪʚʘʨʷ ʚʨʘʪʠ, ʢʦʷʪʦ ʜʘʚʘ 

ʨʘʟʥʦʦʙʨʘʟʠʝ, ʢʦʷʪʦ ʤʥʦʛʦ-ʣʝʢʦ ʧʦʜʥʘʩʷ ʥʦʚʠʪʝ ʟʥʘʥʠʷ, ʨʘʟʙʠʨʘʥʝ ʟʘ ʪʷʭ, ʟʘʧʦʤʥʷʥʝ, 


