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ɺɺɽɼɽʅʀɽ 

 

ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ 

ʥʘʭʦʜʠʪ ʩʚʦʸ ʘʜʝʢʚʘʪʥʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʰʢʦʣʴʥʦʤ ʦʙʫʯʝʥʠʠ. ʊʘʢ ʚ 

ʰʢʦʣʝ ʥʘʯʠʥʘʶʪ ʠʟʫʯʘʪʴʩʷ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʝʜʤʝʪʥʳʝ 

ʦʙʣʘʩʪʠ, ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʨʦʙʦʪʦʪʝʭ-

ʥʠʢʘ. ɿʥʘʥʠʷ ʠʟ ʜʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚʦʩʪʨʝʙʦʚʘʥʳ ʩʝʛʦ-

ʜʥʷ ʢʘʢ ʥʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ, ʪʘʢ ʠ ʥʘ ʙʳʪʦʚʦʤ ʫʨʦʚʥʝ, ʧʦ-

ʩʢʦʣʴʢʫ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʚʩʸ ʫʚʝʨʝʥʥʝʝ ʚʭʦʜʠʪ ʚ ʞʠʟʥʴ ʯʝʣʦʚʝʢʘ. 

ʈʦʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʚ ʚʦʝʥʥʦʤ ʜʝʣʝ, ʚ ʯʨʝʟ-

ʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʚ ʤʝʜʠʮʠʥʝ ʠ ʜʘʞʝ ʚ ʙʳʪʫ. ɺʦ ʤʥʦʛʠʭ 

ʩʪʨʘʥʘʭ ʤʠʨʘ (ʉʐɸ, ɻʝʨʤʘʥʠʷ, ʉʠʥʛʘʧʫʨ, ʗʧʦʥʠʷ, ʂʠʪʘʡ, ʂʦ-

ʨʝʷ, ɸʚʩʪʨʘʣʠʷ ʠ ʜʨ.) ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʠʥʪʝʨʝʩʘ 

ʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʘʥʥʦʛʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʚ 

ʨʦʩʩʠʡʩʢʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʦʩʚʘʠʚʘʝʪʩʷ ʫʯʘʱʠʤʠʩʷ ʚ ʰʢʦʣʴʥʳʭ 

ʢʨʫʞʢʘʭ, ʘ ʪʘʢʞʝ ʥʘ ʵʣʝʢʪʠʚʥʳʭ ʢʫʨʩʘʭ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʟʦ-

ʚʘʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ: Lego WeDo, Lego Mindstorms NXT, 

Lego Mindstorms EV3, Fischertechnic, Arduino, Roborobo, Bioloid 

ʠ ʜʨ. ʇʨʠ ʵʪʦʤ ʢʦʥʩʪʨʫʢʪʦʨ Lego Mindstorms NXT ʷʚʣʷʝʪʩʷ ʥʘʠ-

ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʰʠʨʦʢʠʡ 

ʢʣʘʩʩ ʟʘʜʘʯ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ ʦʪ 8 ʜʦ 18 ʣʝʪ.  

ɺ ʦʩʥʦʚʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʣʝʞʘʪ ʠʛʨʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʵʪʠʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʘ ʝʸ ʧʦʧʫ-

ʣʷʨʥʦʩʪʴ ʫ ʰʢʦʣʴʥʠʢʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʨʦʙʦʪʦ-

ʪʝʭʥʠʢʘ ï ʵʪʦ ʠʥʪʝʛʨʘʪʠʚʥʘʷ ʧʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ, ʢʘʢ ʠ ʜʣʷ ʣʶ-

ʙʦʛʦ ʠʥʪʝʛʨʘʪʠʚʥʦʛʦ ʢʫʨʩʘ ʜʣʷ ʥʝʸ ʭʘʨʘʢʪʝʨʥʦ ʩʦʝʜʠʥʝʥʠʝ ʥʝ-

ʩʢʦʣʴʢʠʭ ʫʯʝʙʥʳʭ ʧʨʝʜʤʝʪʦʚ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ ʠ ʚʳʜʝʣʝʥʠʝ ʚʝʜʫ-

ʱʝʛʦ ʧʨʝʜʤʝʪʘ. ɺʦ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʥʘʤ ʨʘʟʨʘʙʦʪʢʘʭ ʚʝʜʫʱʠʤ 

ʰʢʦʣʴʥʳʤ ʧʨʝʜʤʝʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭ-

ʥʠʢʠ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʪʠʢʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʟʥʘʢʦʤʩʪʚʦ ʫʯʘʱʠʭʩʷ ʩ ʨʦʙʦʪʦʪʝʭʥʠʢʦʡ ʥʘʯʠʥʘʝʪʩʷ ʠʤʝʥʥʦ  
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ʩ ʩʦʟʜʘʥʠʷ ʧʨʦʩʪʝʡʰʠʭ ʧʨʦʛʨʘʤʤ-ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʦʙʦʪʘ ʥʘ ʦʩ-

ʥʦʚʝ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ (ʜʚʫʭʤʦʪʦʨʥʦʡ ʪʝʣʝʞʢʠ). ɼʘʥʥʳʡ ʫʯʝʙʥʳʡ 

ʤʘʪʝʨʠʘʣ ʥʝ ʚʳʟʳʚʘʝʪ ʦʩʦʙʳʭ ʟʘʪʨʫʜʥʝʥʠʡ ʫ ʫʯʠʪʝʣʝʡ ʠʥʬʦʨ-

ʤʘʪʠʢʠ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʬʝʨʦʡ ʠʭ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺʩʝ ʞʝ ʜʫʤʘʝʤ, ʯʪʦ ʩʨʝʜʘ ʛʨʘʬʠʯʝʩ-

ʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʠʟʫ-

ʯʝʥʠʷ ʦʩʥʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ (ʥʘʧʨʠʤʝʨ, NXT-G 

ʜʣʷ Lego Mindstorms NXT), ʜʦʩʪʫʧʥʘ ʠ ʫʯʠʪʝʣʷʤ ʬʠʟʠʢʠ, ʪʝʭʥʦ-

ʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʫʯʠʪʝʣʷʤ ʥʘʯʘʣʴʥʳʭ ʢʣʘʩʩʦʚ. 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʥʦʚʦʝ ʜʣʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʠʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʘ ʠʥʪʝʥʩʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ ʢʘʢ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʚ ʤʠʨʦʚʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʦʡ ʧʨʘʢʪʠʢʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦʝ ʦʙʥʦʚʣʝ-

ʥʠʝ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ (ʟʘ ʧʝʨʠʦʜ ʩ 1998 ʧʦ 2013 

ʛʦʜʳ ʢʦʤʧʘʥʠʷ Lego ʪʨʠʞʜʳ ʦʙʥʦʚʠʣʘ ʩʦʩʪʘʚ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩ-

ʢʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢ ʥʝʤʫ), ʚ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʝʪ ʯʠʩʣʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʫʯʝʙʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʘʥʛʣʠʡʩʢʦʤ 

ʷʟʳʢʝ ʠ ʪʨʝʙʫʝʪ ʘʜʘʧʪʘʮʠʠ ʢ ʨʦʩʩʠʡʩʢʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʠʩ-

ʪʝʤʝ. ʇʦʵʪʦʤʫ ʤʝʪʦʜʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʩʪʫʜʝʥʪʦʚ ʧʝʜʚʫʟʘ (ʙʫ-

ʜʫʱʠʭ ʫʯʠʪʝʣʝʡ) ʧʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʜʦʣʞʥʘ 

ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʚʳʰʝʥʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʚ ʭʦʜʝ ʫʯʝʙ-

ʥʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʤʦʪʠʚʦʚ ʫʯʝ-

ʥʠʷ ʠ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʷ.  

ʎʝʣʴ ʜʘʥʥʦʛʦ ʧʦʩʦʙʠʷ ï ʦʢʘʟʘʪʴ ʧʦʤʦʱʴ ʩʪʫʜʝʥʪʫ (ʙʫʜʫ-

ʱʝʤʫ ʫʯʠʪʝʣʶ) ʠʣʠ ʥʘʯʠʥʘʶʱʝʤʫ ʫʯʠʪʝʣʶ ʚ ʦʩʚʦʝʥʠʠ ʜʘʥʥʦʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʈʘʙʦʪʘ ʩ ʫʯʝʙʥʳʤ ʧʦʩʦʙʠʝʤ ʙʫʜʝʪ ʩʧʦʩʦʙ-

ʩʪʚʦʚʘʪʴ ʧʦʜʜʝʨʞʢʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʣʠʯʥʦʩʪʥʦʛʦ ʨʦʩʪʘ ʩʪʫʜʝʥʪʦʚ, ʧʦʟʚʦʣʠʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʜʘʣʴʥʝʡ-

ʰʠʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʤʘʨʰʨʫʪ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʢʘʨʴʝʨʫ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ: 
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1) ʦʨʛʘʥʠʟʘʮʠʷ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʰʢʦʣʝ ʠ ʫʯʨʝ-

ʞʜʝʥʠʷʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ; 

2) ʦʙʫʯʝʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʚ ʰʢʦʣʝ: 

ʵʣʝʢʪʠʚʥʳʝ ʢʫʨʩʳ, ʚʩʪʨʘʠʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦ-

ʙʦʪʦʪʝʭʥʠʢʠ ʚ ʧʨʝʜʤʝʪ (ʠʥʬʦʨʤʘʪʠʢʘ, ʬʠʟʠʢʘ, ʪʝʭʥʦʣʦʛʠʷ, ʦʢ-

ʨʫʞʘʶʱʠʡ ʤʠʨ (ʥʘʯʘʣʴʥʘʷ ʰʢʦʣʘ)); 

3) ʧʦʜʛʦʪʦʚʢʘ ʦʙʫʯʘʶʱʠʭʩʷ ʢ ʦʣʠʤʧʠʘʜʘʤ ʧʦ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʝ; 

4) ʢʫʣʴʪʫʨʥʦ-ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ (ʯʪʝʥʠʝ ʥʘ-

ʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʭ ʣʝʢʮʠʡ, ʧʨʦʚʝʜʝʥʠʝ ʦʟʥʘʢʦʤʠʪʝʣʴʥʳʭ ʤʘʩʪʝʨ-

ʢʣʘʩʩʦʚ ʠ ʜʨ.); 

5) ʧʨʦʬʦʨʠʝʥʪʘʮʠʷ ʰʢʦʣʴʥʠʢʦʚ. 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʩʦʜʝʨʞʠʪ: 

¶ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʚʢʣʶʯʘʶʱʠʡ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʷʭ ʧʨʠʢʣʘʜʥʦʡ ʥʘʫʢʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʦ 

ʚʦʟʤʦʞʥʦʩʪʷʭ ʜʝʤʦʥʩʪʨʘʮʠʠ ʵʪʠʭ ʜʦʩʪʠʞʝʥʠʡ ʩʨʝʜʩʪʚʘʤʠ ʦʙʨʘ-

ʟʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ LegoMindstormsNXT; 

¶ ʩʠʩʪʝʤʫ ʟʘʜʘʥʠʡ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʚʥʝʘʫʜʠʪʦʨʥʦʡ 

ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ; 

¶ ʣʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ Lego-

MindstormsNXT ʠ ʩʪʘʥʜʘʨʪʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʢ ʥʝ-

ʤʫ; 

¶ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʢ ʣʘʙʦʨʘʪʦʨʥʳʤ ʨʘʙʦʪʘʤ, 

ʧʦʟʚʦʣʷʶʱʫʶ ʧʦʥʷʪʴ ʠʥʪʝʛʨʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʜʘʥʥʦʡ ʧʨʝʜʤʝʪ-

ʥʦʡ ʦʙʣʘʩʪʠ; 

¶ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ (ʧʝʯʘʪʥʳʝ ʠʟʜʘʥʠʷ ʠ ʀʥʪʝʨʥʝʪ-ʠʩʪʦʯ-

ʥʠʢʠ) ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 
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ɻʃɸɺɸ I 

ʊɽʍʅʆʃʆɻʀʀ ʀ ʄɽʊʆɼʓ ʆɹʋʏɽʅʀʗ 

ʆɹʈɸɿʆɺɸʊɽʃʔʅʆʁ ʈʆɹʆʊʆʊɽʍʅʀʂɽ 

Ä 1. ʈʆɹʆʊʆʊɽʍʅʀʂɸ ʂɸʂ ʇʈʀʂʃɸɼʅɸʗ ʅɸʋʂɸ 

1.1. ʈʦʙʦʪʦʪʝʭʥʠʢʘ ʚ ʩʠʩʪʝʤʝ ʥʘʫʢ 

ʆʧʠʨʘʷʩʴ ʥʘ ʩʘʤʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʥʘʫʢʠ  

ʠ ʪʝʭʥʠʢʠ, ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʨʘʟʚʠʚʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦ ʠ ʩʪʨʝ-

ʤʠʪʝʣʴʥʦ.  

ʈʦʙʦʪʦʪʝʭʥʠʢʘ ï ʦʙʣʘʩʪʴ ʪʝʭʥʠʢʠ, ʩʚʷʟʘʥʥʘʷ ʩ ʨʘʟʨʘʙʦʪ-

ʢʦʡ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʨʦʙʦʪʦʚ, ʘ ʪʘʢʞʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ, ʩʝʥʩʦʨʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨ-

ʤʘʮʠʠ [30]. ʈʦʙʦʪʳ ʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʨʝʜʥʘʟ-

ʥʘʯʝʥʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʯʠʭ ʦʧʝʨʘʮʠʡ ʦʪ ʤʠʢʨʦ- ʜʦ ʤʘʢʨʦ-

ʨʘʟʤʝʨʥʦʩʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʟʘʤʝʥʦʡ ʯʝʣʦʚʝʢʘ ʥʘ ʪʷʞʝʣʳʭ, ʫʪʦ-

ʤʠʪʝʣʴʥʳʭ ʠ ʦʧʘʩʥʳʭ ʨʘʙʦʪʘʭ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʪʠʧʦʚ ʨʦʙʦʪʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ: ʨʦʙʦʪʳ-ʤʘʥʠʧʫʣʷʪʦʨʳ, ʤʦʙʠʣʴʥʳʝ 

ʨʦʙʦʪʳ, ʰʘʛʘʶʱʠʝ ʨʦʙʦʪʳ, ʩʨʝʜʩʪʚʘ ʧʦʤʦʱʠ ʠʥʚʘʣʠʜʘʤ ʠ ʜʨ.  

ʈʦʙʦʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʰʠʥʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʩʚʦʡʩʪʚʘ ʤʘʰʠʥ ʨʘʙʦʯʠʭ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ, ʷʚʣʷʷʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʳʤ ʚʠʜʦʤ ʤʘʰʠʥ [47].ʂ ʬʫʥʢʮʠʷʤ, ʢʦʪʦʨʳʤʠ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʨʦʙʦʪ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ 

ʯʝʪʳʨʝ. ʇʝʨʚʘʷ ï ʬʫʥʢʮʠʷ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ.  

ʄʘʥʠʧʫʣʠʨʫʷ ʧʨʝʜʤʝʪʘʤʠ, ʨʦʙʦʪ ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴ ʧʦʣʝʟʥʫʶ 

ʨʘʙʦʪʫ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʚʦʝ ʧʝʨʝʤʝʱʝʥʠʝ. ɺʪʦʨʦʡ ʬʫʥʢʮʠʝʡ 

ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʈʦʙʦʪ 

ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʦʨʛʘʥʘʤʠ ʯʫʚʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʝʤʫ çʚʠʜʝʪʴè, 

çʦʩʷʟʘʪʴè, çʯʫʚʩʪʚʦʚʘʪʴè ʩʠʣʫ, çʨʘʩʧʦʟʥʘʚʘʪʴè ʦʙʲʝʢʪʳ ʠ ʜʨ.  

ʂ ʪʨʝʪʴʝʡ ʬʫʥʢʮʠʠ ʦʪʥʦʩʠʪʩʷ ʬʫʥʢʮʠʷ ʦʩʤʳʩʣʝʥʠʷ ʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʷ. ʆʥʘ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʥʠʨʦʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-
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ʥʦʩʪʴ ʦʧʝʨʘʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ, ʟʘʜʘʥʥʦʡ 

ʯʝʣʦʚʝʢʦʤ,  ʘ ʪʘʢʞʝ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. ʀ ʥʘʢʦʥʝʮ, ʯʝʪʚʝʨʪʦʡ ʬʫʥʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ 

ʜʠʘʣʦʛʘ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʘʷ 

ʩʚʷʟʴ ʯʝʣʦʚʝʢʘ ʩ ʨʦʙʦʪʦʤ.  ʉ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʵʪʠʭ ʯʝʪʳʨʝʭ ʬʫʥʢʮʠʡ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʨʦʙʦʪʘ [13].  

ʇʨʠ ʩʦʟʜʘʥʠʠ ʧʝʨʚʳʭ ʨʦʙʦʪʦʚ ʚʧʣʦʪʴ ʜʦ ʥʘʰʠʭ ʜʥʝʡ 

ʦʙʨʘʟʮʦʤ ʜʣʷ ʥʠʭ ʩʣʫʞʘʪ ʚʦʟʤʦʞʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʀʤʝʥʥʦ ʩʪʨʝʤ-

ʣʝʥʠʝ ʟʘʤʝʥʠʪʴ ʯʝʣʦʚʝʢʘ ʥʘ ʪʷʞʝʣʳʭ ʠ ʦʧʘʩʥʳʭ ʨʘʙʦʪʘʭ ʧʦʨʦ-

ʜʠʣʦ ʠʜʝʶ ʩʦʟʜʘʥʠʷ ʨʦʙʦʪʘ. ʉʚʦʠʤ ʧʦʷʚʣʝʥʠʝʤ ʨʦʙʦʪʳ ʦʙʷʟʘʥʳ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʦʛʨʦʤʥʦʤʫ ʦʧʳʪʫ, ʥʘʢʦʧ-

ʣʝʥʥʦʤʫ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʘʥʢʦʚ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩ ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʥʳʤ ʫʧʨʚʣʝʥʠʝʤ [19]. 

ɺʦʟʥʠʢʥʫʚ ʥʘ ʦʩʥʦʚʝ ʢʠʙʝʨʥʝʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ, ʨʦʙʦʪʦ-

ʪʝʭʥʠʢʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʨʦʜʠʣʘ ʥʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ 

ʩʘʤʠʭ ʵʪʠʭ ʥʘʫʢ. ɺ ʢʠʙʝʨʥʝʪʠʢʝ ʵʪʦ ʩʚ̫ ʟʘʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʠ ʙʠʦʥʠʢʦʡ ʢʘʢ ʠʩʪʦʯʥʠʢʦʤ 

ʥʦʚʳʭ, ʟʘʠʤʩʪʚʦʚʘʥʥʳʭ ʫ ʞʠʚʦʡ ʧʨʠʨʦʜʳ ʠʜʝʡ, ʘ ʚ ʤʝʭʘʥʠʢʝ ï 

ʤʥʦʛʦʩʪʝʧʝʥʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʪʠʧʘ ʤʘʥʠʧʫʣʷʪʦʨʦʚ [47].  

ʈʦʙʦʪʦʪʝʭʥʠʢʘ ʧʨʠʟʚʘʥʘ ʟʘʥʠʤʘʪʴʩʷ ʚʦʧʨʦʩʘʤʠ ʧʦʩʪʨʦʝ-

ʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʝʢʦ-

ʪʦʨʳʤ  ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʠʩʪʝʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ. ɿʘʜʘʯʠ, 

ʩʪʦʷʱʠʝ ʧʝʨʝʜ ʨʦʙʦʪʦʪʝʭʥʠʢʦʡ, ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʧʨʝ-

ʜʝʣʷʶʪ ʥʘʧʨʘʚʣʝʥʠʷ ʝʸ ʨʘʟʚʠʪʠʷ. ʊʘʢ ʩʦʟʜʘʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʠʩʢʫʩʪʚʝʥʥʳʭ ʯʫʚʩʪʚ ʨʦʙʦʪʘʟʘʥʠʤʘʝʪʩʷ ʪʘʢʦʡ ʨʘʟʜʝʣ 

ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʢʘʢ ʩʝʥʩʦʨʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʘ ʦʙʫʯʝʥʠʝʤ ʨʦʙʦʪʘ 

ʵʣʝʤʝʥʪʘʤ ʤʳʩʣʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ï ʠʩʢʫʩʩʪʚʝʥ-

ʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʠʥʬʦʨʤʘʪʠʢʘ. ʈʦʙʦʪʦʪʝʭʥʠʢʘ ʚ ʢʘʯʝʩʪʚʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦʨʘʟʜʝʣʘ ʚʢʣʶʯʘʝʪ ʦʙʣʘʩʪʴ ʤʝʭʘʥʠʢʠ, ʩʚʷʟʘʥ-

ʥʫʶ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʥʝʯʥʦʩʪʝʡ. ʈʘʟʜʝʣ ʨʦʙʦʪʦ-

ʪʝʭʥʠʢʠ, ʠʤʝʶʱʠʡ ʜʝʣʦ ʩ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʨʫʢ 

ʠʣʠ ʥʦʛ ʨʦʙʦʪʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ 
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ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭʦʧʝʨʘʮʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʢ ʚʦʟʤʦʞʥʦʩʪʷʤ ʢʦʥʝʯʥʦʩʪʝʡ 

ʢʦʥʢʨʝʪʥʦʛʦ ʨʦʙʦʪʘ, ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʧʨʦʤʳʰʣʝʥʥʘʷ 

ʨʦʙʦʪʦʪʝʭʥʠʢʘ. ʀʟ ʚʩʝʭ ʨʘʟʜʝʣʦʚ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʧʨʦʤʳʰʣʝʥʥʘʷ 

ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʨʘʟʚʠʚʘʝʪʩʷ ʩʘʤʳʤʠ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ. ʀʤʝʥʥʦ 

ʟʜʝʩʴ ʜʦʩʪʠʛʥʫʪʳ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ: ʚʥʝʜʨʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʙʦʪʦʚ ʧʦʟʚʦʣʠʣʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʤʥʦʛʠʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʧʝʨʘʮʠʠ [19].  

ʈʦʙʦʪʦʪʝʭʥʠʢʘ ʟʘʥʠʤʘʝʪʩʷ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝʤ ʚʦʧʨʦʩʦʚ 

ʠʤʠʪʘʮʠʠʩʧʦʩʦʙʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʦʛʦ ʩʚʦʙʦʜʥʦ ʧʝʨʝ-

ʤʝʱʘʪʴʩʷ ʚ ʣʶʙʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʉʶʜʘ ʦʪʥʦʩʷʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʧʨʦʙʣʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ-ʪʝʣʝʞʝʢ ʥʘ ʢʦʣʝʩʘʭ, 

ʥʦ ʠ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʰʘʛʘʶʱʠʭ ʨʦʙʦʪʦʚ, ʘ ʪʘʢʞʝ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦʜʦʙʥʦ ʟʤʝʝ ʠ 

ʤʦʨʩʢʠʤ ʤʦʣʣʶʩʢʘʤ. ʇʦʩʣʝʜʥʝʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʜʠʩʮʠʧʣʠʥʦʡ. ʄʥʦʛʠʝ 

ʧʦʜʭʦʜʳ ʠʟʚʝʩʪʥʳ ʫʞʝ ʩʝʛʦʜʥʷ, ʥʦ ʚʨʷʜ ʣʠ ʢʪʦ-ʥʠʙʫʜʴ ʤʦʞʝʪ 

ʩʢʘʟʘʪʴ, ʢʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ 

[19; 47]. 

ʅʘʨʷʜʫ ʩ ʨʦʙʦʪʦʪʝʭʥʠʢʦʡ ʯʘʩʪʦ ʫʧʦʪʨʝʙʣʷʶʪ ʪʝʨʤʠʥ 

çʤʝʭʘʪʨʦʥʠʢʘè. ʇʦʷʚʠʣʩʷ ʦʥ ʧʨʠʤʝʨʥʦ ʚ 80-ʭ ʛʦʜʘʭ XX ʚ.  

ʚ ʠʟʚʝʩʪʥʦʤ ʩʤʳʩʣʝ ʢʘʢ ʨʘʟʚʠʪʠʝ ʧʦʥʷʪʠʷ çʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘè. 

ʈʘʟʣʠʯʠʝ ʵʪʠʭ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʪʦʞʜʝʩʪʚʝʥʥʳʭ, ʧʦʥʷʪʠʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʥʦʤ ʫʨʦʚʥʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʨʝ-

ʰʝʥʠʡ. ʄʝʭʘʪʨʦʥʠʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʥʝʜʨʝʥʠʝ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʥʝʢʦʪʦʨʦʤ 

ʨʦʜʝ ʩʠʥʪʝʟ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʤʝʭʘʥʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʟʜʘʚʘʪʴ 

ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʛʫʣʷʪʦʨʳ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʪʝʨʤʠʥ çʤʝʭʘʪʨʦʥʠʢʘè 

ʙʳʣ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʦʙʱʝʥ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʢ ʤʝʭʘʪʨʦʥʥʳʤ 

ʩʠʩʪʝʤʘʤ ʩʪʘʣʠ ʦʪʥʦʩʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʝ ʩʣʦʞʥʳʝ ʪʝʭʥʠ-

ʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʝʭʘʥʠʯʝʩʢʫʶ ʠ ʵʣʝʢʪʨʦʥʥʫʶ 

ʯʘʩʪʠ ʠ ʫʧʨʘʚʣʷʝʤʳʝ ʢʦʤʧʴʶʪʝʨʦʤ [8]. ʄʝʭʘʪʨʦʥʠʢʫ ʢʘʢ 

ʥʘʫʯʥʫʶ ʜʠʩʮʠʧʣʠʥʫ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʦʙʣʘʩʪʴ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʠʩʪʝʤʥʦʤ ʦʙʲʝʜʠʥʝ-

ʥʠʠ ʫʟʣʦʚ ʪʦʯʥʦʡ ʤʝʭʘʥʠʢʠ, ʜʘʪʯʠʢʦʚ ʩʦʩʪʦʷʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

ʠ ʩʘʤʦʛʦ ʦʙʲʝʢʪʘ, ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ, ʫʩʠʣʠʪʝʣʝʡ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʕɺʄ ʠ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʳ) [42]. 

ʄʝʭʘʪʨʦʥʠʢʘ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʠʤʝʶʪ ʤʥʦʛʦ ʪʦʯʝʢ ʩʦʧʨʠ-

ʢʦʩʥʦʚʝʥʠʷ. ʆʙʝ ʜʠʩʮʠʧʣʠʥʳ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʵʣʝʢʪ-

ʨʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ. ʆʙʱʝʧʨʠʟ-

ʥʘʥʥʳʤ ʷʚʣʷʝʪʩʷ ʬʘʢʪ, ʯʪʦ ʨʦʙʦʪʳ ʷʚʣʷʶʪʩʷ ʤʝʭʘʪʨʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ [6;8;13;42]. ʇʦʵʪʦʤʫ ʪʝʨʤʠʥ çʤʝʭʘʪʨʦʥʠʢʘè, ʢʦʥʝʯʥʦ, 

ʰʠʨʝ. ʂ ʵʪʦʡ ʦʙʣʘʩʪʠ ʦʪʥʦʩʷʪʩʷ ʪʘʢʞʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʥʝ 

ʷʚʣʷʶʪʩʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʤʠ, ʥʘʧʨʠʤʝʨ: ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʢʦʤʧʣʝʢʩʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʨʘʙʘʪʳʚʘʶʱʠʝ 

ʮʝʥʪʨʳ, ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʧʦʤʝʱʝʥʠʠ. ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʚʷʟʘʥʦ ʩ 

ʚʳʧʦʣʥʝʥʠʝʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʜʣʷ ʯʝʛʦ ʠʭ ʪʘʢʞʝ 

ʦʩʥʘʱʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʝʥʩʦʨʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ [7]. 

1.2. ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʨʦʙʦʪʦʪʝʭʥʠʢʠ 

ʉʦʚʨʝʤʝʥʥʳʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʨʦʙʦʪʦʚ ʷʚʠʣʠʩʴ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʥʘ ʨʘʩʩʪʦʷ-

ʥʠʠ ʦʙʲʝʢʪʘʤʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʢʦʥʪʘʢʪ ʩ ʢʦʪʦʨʳʤʠ ʜʣʷ 

ʯʝʣʦʚʝʢ ʥʝʚʦʟʤʦʞʝʥ ʠʣʠ ʦʧʘʩʝʥ. ɺʧʝʨʚʳʝ ʤʘʥʠʧʫʣʷʪʦʨʳ ʙʳʣʠ 

ʩʦʟʜʘʥʳ ʚ 1940ï1950 ʛʛ. ʜʣʷ ʘʪʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʟʘʪʝʤ ʠ 

ʜʣʷ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦʜʦʙʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩʪʘʣʠ 

ʧʨʠʤʝʥʷʪʁʩʷ ʚ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʪʝʭʥʠʢʝ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʨʷʜʝ 

ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [47].  

ʇʝʨʚʳʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʨʦʙʦʪ Unimate ʙʳʣ ʚʳʧʫʱʝʥ ʚ 

ʢʦʥʮʝ 50-ʭ ʛʦʜʦʚ ʬʠʨʤʦʡ Unimation (ɼ. ɼʝʚʦʣʦʤ ʩʦʚʤʝʩʪʥʦ ʩ 

ɼ. ʕʥʛʝʣʴʙʝʨʛʝʨʦʤ). ʕʪʦʪ ʨʦʙʦʪ ʩʦʜʝʨʞʘʣ ʢʦʥʪʫʨ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ ʧʦ ʧʦʣʦʞʝʥʠʶ, ʚ ʢʦʪʦʨʦʤ ʧʝʨʝʤʝʱʝʥʠʷ ʟʚʝʥʴʝʚ 

ʤʘʥʠʧʫʣʷʪʦʨʘ ʠʟʤʝʨʷʣʠ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʥʠʭ ʜʘʪʯʠʢʠ. ɼʘʪʯʠʢʠ 
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ʫʛʣʦʚʦʛʦ ʠ ʣʠʥʝʡʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʩʝʛʦʜʥʷ ʩʦʩʪʘʚʣʷʶʪ 

ʦʩʥʦʚʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʤʝʭʘʪʨʦʥʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʩʝʨʝʜʠʥʝ 60-ʭ ʛʦʜʦʚ ʩʪʘʣʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʛʠʙʢʦʩʪʴ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʨʦʙʦʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʩʠʩʪʝʤ ʦʯʫʚʩʪʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʜʘʪ-

ʯʠʢʦʚ ʩʨʝʜʳ. ʇʝʨʚʘʷ ʩʠʩʪʝʤʘ ʪʘʢʦʛʦ ʪʠʧʘ ï ʪʘʢʪʠʣʴʥʘʷ ï ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ X. ʕʨʥʩʪʦʤ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ çMechanical Hand-1». 

ʆʥʘ ʧʦʟʚʦʣʷʣʘ ʨʦʙʦʪʫ ʫʢʣʘʜʳʚʘʪʴ ʢʠʨʧʠʯʥʳʝ ʙʣʦʢʠ ʙʝʟ ʧʦʤʦʱʠ 

ʦʧʝʨʘʪʦʨʘ. ʅʘʢʦʥʝʮ, ʚ ʥʘʯʘʣʝ 70-ʭ ʛʦʜʦʚ ʧʦ ʧʨʦʝʢʪʫ çStanford 

Armè ʛʨʫʧʧʘ ʈ. ʇʦʣʘ ʩʦʟʜʘʣʘ ʤʫʣʴʪʠʤʦʜʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʫʶ ʩʠʩʪʝʤʫ çʛʣʘʟ ï ʫʭʦ ï ʨʫʢʘè, ʩʦʜʝʨʞʘʱʫʶ ʪʘʢʪʠʣʴʥʳʝ, 

ʣʦʢʘʮʠʦʥʥʳʝ ʠ ʚʠʟʫʘʣʴʥʳʝ ʜʘʪʯʠʢʠ. ʕʪʠ ʨʘʟʨʘʙʦʪʢʠ ʟʘʣʦʞʠʣʠ 

ʦʩʥʦʚʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘʭ [8]. 

ʉʝʛʦʜʥʷ ʨʘʟʚʠʪʠʝ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʧʦʜʭʦʜʠʪ ʢ ʚʘʞʥʦʤʫ 

ʵʪʘʧʫ ï ʨʘʟʚʠʪʠʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. çʀʥʪʝʣʣʝʢʪè, 

ʟʘʢʣʶʯʝʥʥʳʡ ʚ ʨʦʙʦʪʝ, ʧʨʠʥʠʤʘʝʪ ʦʜʥʫ ʠʟ ʜʚʫʭ ʬʦʨʤ: 

ʧʨʦʛʨʘʤʤʥʦ ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ ʠʥʪʝʣʣʝʢʪ (ʵʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ) ʠ 

ʠʥʪʝʣʣʝʢʪ ʚ ʬʦʨʤʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ [16].  

ʕʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ʦʩʥʦʚʘʥʳ ʥʘ ʩʠʩʪʝʤʝ ʨʝʰʘʶʱʠʭ 

ʧʨʘʚʠʣ. ʕʪʦ ʩʠʩʪʝʤʳ-ʨʝʰʘʪʝʣʠ, ʩʠʩʪʝʤʳ-ʢʦʥʩʫʣʴʪʘʥʪʳ 

ʚʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʟʘʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʝ 

ʟʥʘʥʠʷ ʩʧʝʮʠʘʣʠʩʪʘ-ʵʢʩʧʝʨʪʘ [38].  

ʅʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʥʘʟʳʚʘʶʪ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʢʦʤʧʴʶ-

ʪʝʨʥʳʝ ʩʠʩʪʝʤʳ (ʥʘ ʙʘʟʝ ʘʧʧʘʨʘʪʥʦʛʦ  ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝ-

ʥʠʷ), ʢʦʪʦʨʳʝ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʠ çʦʙʫʯʘʶʪʩʷè ʥʘ ʦʩʥʦʚʝ ʤʦʜʝ-

ʣʝʡ, ʩʦʟʜʘʥʥʳʭ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦ ʦʙʨʘʟʮʫ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʤʦʟʛʦʚʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠʚʝʣʦ ʠ  ʢ ʫʩʧʝʰʥʦʤʫ ʨʝʰʝʥʠʶ ʥʝʢʦʪʦʨʳʭ 

ʯʘʩʪʥʳʭ ʧʨʦʙʣʝʤ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʩʢʫʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʪʘʢʠʭ ʢʘʢ ʤʘʰʠʥʥʦʝ ʟʨʝʥʠʝ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʥʝʡʨʦʩʝʪʝʡ ʧʦʟʚʦ-
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ʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʬʫʥʢʮʠʡ ʨʦʙʦʪʘ, ʧʨʝʚʦʩ-

ʭʦʜʷʱʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʳʭ ʎʇʋ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ [30].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʦʝ ʧʦʩʣʝʜʫʶʱʝʝ ʧʦʢʦʣʝʥʠʝ ʨʦʙʦʪʦʚ 

ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʤ, ʥʦ ʥʝ ʠʩ-

ʢʣʶʯʘʝʪ ʧʨʝʜʳʜʫʱʝʛʦ; ʦʥʠ ʚʟʘʠʤʥʦ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ ʠ ʥʘ-

ʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʚʦʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʚʦʟ-

ʤʦʞʥʦʩʪʷʤ ʠ ʫʩʣʦʚʠʷʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ. 

1.3. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʦʙʦʪʦʚ 

ʇʦ ʥʘʟʥʘʯʝʥʠʶ ʨʦʙʦʪʳ ʜʝʣʷʪʩʷ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʝ, ʧʦʠʩ-

ʢʦʚʳʝ, ʚʦʝʥʥʳʝ, ʙʳʪʦʚʳʝ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ.  

ʇʨʦʤʳʰʣʝʥʥʳʝ ʨʦʙʦʪʳ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʳ. ʇʦ ʭʘʨʘʢʪʝʨʫ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʦ-

ʤʳʰʣʝʥʥʳʝ ʨʦʙʦʪʳ ʜʝʣʷʪʩʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʚʩʧʦʤʦʛʘʪʝʣʴ-

ʥʳʝ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʝ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʦʙʦʪʳʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʫʯʘʩʪʚʫʶʪ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ: ʛʠʙʢʘ, ʩʚʘʨʢʘ, ʦʢʨʘʩʢʘ, ʩʙʦʨʢʘ ʠ ʜʨ. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 

(ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ) ʨʦʙʦʪʳ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʠ ʧʝʨʝʥʦʩʘ 

ʦʙʲʝʢʪʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ. ʆʥʠ ʧʨʠ-

ʤʝʥʷʶʪʩʷ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ. ʋʥʠʚʝʨʩʘʣʴʥʳʝ ʨʦʙʦʪʳ ʚʳʧʦʣʥʷʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ï ʦʩʥʦʚʥʳʝ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ. 

ʇʦʠʩʢʦʚʳʝ ʨʦʙʦʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ, ʧʨʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ. ɼʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ 

ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ ʚʦʝʥʥʳʭ ʨʦʙʦʪʦʚ: ʜʣʷ ʥʘʟʝʤʥʦʡ ʠ ʚʦʟʜʫʰ-

ʥʦʡ ʨʘʟʚʝʜʢʠ, ʜʣʷ ʥʘʟʝʤʥʳʭ ʠ ʚʦʟʜʫʰʥʳʭ ʪʘʢʪʠʯʝʩʢʠʭ ʦʧʝʨʘ-

ʮʠʡ, ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ, ʧʦʜʚʦʜʥʳʝ ʨʘʙʦʪʳ.  

ɹʳʪʦʚʳʝ ʨʦʙʦʪʳ ʚʩʝ ʫʚʝʨʝʥʥʝʝ ʚʭʦʜʷʪ ʚ ʞʠʟʥʴ ʯʝʣʦʚʝʢʘ. 

ʉʝʛʦʜʥʷ ʥʘ ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʦʙʦʪʳ-ʠʛʨʫʰʢʠ, ʨʦʙʦʪʳ ʜʣʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʝʪʝʡ,  ʧʨʝʩʪʘʨʝʣʳʭ ʣʶʜʝʡ ʠ ʜʨ.  

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʦʙʦʪʳ ʩʣʫʞʘʪ ʜʣʷ ʧʦʠʩʢʘ, ʩʙʦʨʘ,  

ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʘʭ. 
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ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʦʪʥʦʩʷʪʩʷ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪ, ʧʦʜʚʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʧʦʜʟʝʤʥʳʝ ʧʦ-

ʣʦʩʪʠ (ʰʘʭʪʳ, ʧʝʱʝʨʳ ʠ ʜʨ.), ɸʨʢʪʠʢʘ ʠ ɸʥʪʘʨʢʪʠʢʘ, ʧʫʩʪʳʥʠ, 

ʟʘʨʘʞʝʥʥʘʷ ʤʝʩʪʥʦʩʪʴ ʠ ʜʨʫʛʠʝ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʜʣʷ ʯʝʣʦʚʝʢʘ 

ʦʙʣʘʩʪʠ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʨʦʙʦʪʦʚ ʷʚʣʷʶʪʩʷ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘ-

ʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʨʦʙʦʪʳ-ʩʘʧʝʨʳ ʠ ʜʨ. 

ʇʦ ʚʠʜʫ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʤʝʭʘʥʠʢʠ ʚʳʜʝʣʷʶʪ ʨʦʙʦʪʳ-ʤʘʥʠ-

ʧʫʣʷʪʦʨʳ, ʨʦʙʦʪʳ-ʪʝʣʝʞʢʠ (ʠʣʠ ʢʦʣʝʩʥʳʝ ʨʦʙʦʪʳ), ʰʘʛʘʶʱʠʝ 

ʨʦʙʦʪʳ (ʥʘʩʝʢʦʤʦʧʦʜʦʙʥʳʝ, ʛʫʤʘʥʦʠʜʳ ʠ ʜʨ.), ʩʧʝʮʠʘʣʠʟʠʨʦ-

ʚʘʥʥʳʝ ʨʦʙʦʪʳ (ʨʦʙʦʪʳ-ʬʫʪʙʦʣʠʩʪʳ, ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ, ʣʝ-

ʪʘʶʱʠʝ ʨʦʙʦʪʳ ʠ ʜʨ.), ʥʘʥʦʨʦʙʦʪʳ.ʈʘʟʚʠʪʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ 

ʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʩʶ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʦʙʦʪʦʚ ʢʘʢ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʦʙʳʯʥʳʭ, ʤʘʢʨʦʩʢʦʧʠʯʝ-

ʩʢʠʭ, ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʦʪʦʨʳʭ ʥʝʠʟʤʝʨʠʤʦ ʨʘʩʰʠʨʠʣʩʷ, 

ʥʘʯʠʥʘʷ ʦʪ ʟʘʜʘʯ ʫʙʦʨʢʠ ʧʦʤʝʱʝʥʠʡ ʠ ʟʘʢʘʥʯʠʚʘʷ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ. ʉ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤʠ ʩʚʷ-

ʟʘʥʳ ʙʦʣʴʰʠʝ ʥʘʜʝʞʜʳ ʚ ʩʦʟʜʘʥʠʠ ʨʦʙʦʪʦʚ, ʠʤʝʶʱʠʭ ʤʠʢʨʦ-

ʩʢʦʧʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ. ʊʘʢʠʝ ʨʦʙʦʪʳ ʙʫʜʫʪ ʩʧʦʩʦʙʥʳ ʧʝʨʝʤʝ-

ʱʘʪʴʩʷ ʧʦ ʢʨʦʚʦʪʦʢʫ, ʫʜʘʣʷʷ ʭʦʣʝʩʪʝʨʠʥʦʚʳʝ ʙʣʷʰʢʠ,  ʦʪʳʩʢʠ-

ʚʘʪʴ ʨʘʢʦʚʳʝ ʦʧʫʭʦʣʠ ʠ ʫʜʘʣʷʪʴ ʚ ʥʠʭ ʚʩʝ ʧʦʨʘʞʝʥʥʳʝ ʢʣʝʪʢʠ, 

ʙʦʨʦʪʴʩʷ ʩ ʧʨʦʮʝʩʩʘʤʠ ʩʪʘʨʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʠ ʜʨ.  

ʇʦ ʧʨʠʥʮʠʧʫ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪ rʜʝʣʷʪʩʷ ʥʘ ʧʨʦʛʨʘʤʤ-

ʥʝr, ʘʜʘʧʪʠʚʥʳʝ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ. ʇʨʦʛʨʘʤʤʥʳʝ ʨʦʙʦʪʳ ʨʘ-

ʙʦʪʘʶʪ ʧʦ ʞʝʩʪʢʦʡ, ʟʘʨʘʥʝʝ ʟʘʣʦʞʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ; ʜʦʧʫʩʢʘʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝ ʧʦʨʷʜʢʘ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ. ɸʜʘʧʪʠʚʥʳʝ ʨʦʙʦ-

ʪʳ ʧʨʠʩʧʦʩʘʙʣʠʚʘʶʪʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʨʘʙʦʯʝʡ 

ʟʦʥʳ), ʠʤʝʶʪ ʩʝʥʩʦʨʥʳʝ ʜʘʪʯʠʢʠ, ʧʨʠ ʵʪʦʤ ʧʨʦʛʨʘʤʤʳ ʘʜʘʧʪʘ-

ʮʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʨʘʥʝʝ ʩʦʩʪʘʚʣʝʥʳ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʨʦʙʦ-

ʪʳ ʦʪʣʠʯʘʶʪʩʷ ʪʝʤ, ʯʪʦ ʢʦʥʝʯʥʘʷ ʮʝʣʴ ʦʧʝʨʘʮʠʠ ʟʘʨʘʥʝʝ ʥʝʠʟ-

ʚʝʩʪʥʘ, ʥʦ ʠʟʚʝʩʪʝʥ ʥʘʙʦʨ ʦʙʲʝʢʪʦʚ ʩ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ  

ʠ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩ ʢʘʞʜʳʤ ʦʙʲʝʢʪʦʤ, ʠʤʝʝʪʩʷ ʨʝʰʘʶʱʝʝ ʧʨʘ-

ʚʠʣʦ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʧʣʘʥʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʷ. 
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ʇʦ ʩʧʦʩʦʙʫ ʦʨʛʘʥʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʳ ʙʳʚʘʶʪ ʘʚʪʦ-

ʥʦʤʥʳʝʠ ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʷʝʤʳʝ. ɸʚʪʦʥʦʤʥʳʝ ʨʦʙʦʪʳ ʨʘ-

ʙʦʪʘʶʪ ʧʦ ʧʨʦʛʨʘʤʤʝ, ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ. ɼʠʩʪʘʥʮʠʦʥʥʦ-

ʫʧʨʘʚʣʷʝʤʳʝ ʨʦʙʦʪʳ  ʫʧʨʘʚʣʷʶʪʩʷ ʩ ʫʯʘʩʪʠʝʤ ʯʝʣʦʚʝʢʘ (ʩ ʧʦ-

ʤʦʱʴʶ ʟʘʜʘʶʱʠʭ ʨʫʢʦʷʪʦʢ, ʪʨʘʜʠʮʠʦʥʥʦ ï ʪʨʸʭʩʪʝʧʝʥʥʳʭ). 

ɿʘʜʘʥʠʷ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʚʥʝʘʫʜʠʪʦʨʥʦ ʨʘʙʦʪʳ 

ʇʦʜʛʦʪʦʚʴʪʝ ʧʨʝʟʝʥʪʘʮʠʠ ʧʦ ʪʝʤʘʤ: 

1. ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʨʦʙʦʪʦʪʝʭʥʠʢʠ; 

2. ʈʦʙʦʪʦʪʝʭʥʠʢʘ ʠ ʢʠʙʝʨʥʝʪʠʢʘ; 

3. ʈʦʙʦʪʦʪʝʭʥʠʢʘ ʠ ʙʠʦʥʠʢʘ; 

4. ʇʨʠʤʝʥʝʥʠʝ ʨʦʙʦʪʦʚ; 

5. ʇʨʦʤʳʰʣʝʥʥʳʝ ʨʦʙʦʪʳ; 

6. ʂʦʩʤʠʯʝʩʢʠʝ ʨʦʙʦʪʳ; 

7. ɺʦʝʥʥʳʝ ʨʦʙʦʪʳ; 

8. ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʨʦʙʦʪʦʪʝʭʥʠʢʠ; 

9. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʘ. 

Ä 2.ʆɹʈɸɿʆɺɸʊɽʃʔʅɸʗ ʈʆɹʆʊʆʊɽʍʅʀʂɸ  

ɺ ʉʈɽɼʅɽʁ ʐʂʆʃɽ 

2.1. ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ  

ʢʘʢ ʧʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ ʚ ʩʨʝʜʥʝʡ ʰʢʦʣʝ 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠ-

ʜʘʢʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ ʥʘʫʢʠ. ʕʣʝʤʝʥʪʳ ʵʪʦʡ 

ʤʦʜʝʣʠ ʥʝ ʷʚʣʷʶʪʩʷ ʥʘʫʯʥʳʤ ʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʟʥʘ-

ʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʨʦʙʦʪʦʩʪʨʦʝʥʠʷ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʧʝʜʝʚʪʠʯʝʩʢʦʛʦ ʦʙʫʯʝʥʠʷ ʰʢʦʣʴʥʠʢʦʚ ʦʩ-

ʥʦʚʘʤ ʠʥʞʝʥʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʮʝʣʴʶ ʧʨʠʚʣʝʯʝʥʠʷ ʠʭ ʠʥʪʝ-

ʨʝʩʘ ʢ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ  ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ. ʂʨʫʛ ʟʘʜʘʯ, 

ʨʝʰʘʝʤʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʦʡ, ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ, 

ʧʦʩʢʦʣʴʢʫ ʨʦʙʦʪ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʥʝ ʪʦʣʴʢʦ ʦʙʲʝʢʪʦʤ ʜʣʷ ʠʟʫ-
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ʯʝʥʠʷ, ʥʦʠ ʩʨʝʜʩʪʚʦʤ ʫʯʝʙʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘ-

ʥʠʷ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʦʪʢʨʳʚʘʶʪʩʷ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʚʩʪʨʘʠʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʚ ʨʘʟʣʠʯʥʳʝ 

ʰʢʦʣʴʥʳʝ ʧʨʝʜʤʝʪʳ. 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʢʘʢ ʥʘʧʨʘʚʣʝʥʠʝ ʫʯʝʙʥʦ-

ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʣʴʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʧʦʟʥʘʚʘʪʝʣʴ-

ʥʳʤ ʠʥʪʝʨʝʩʦʤ ʫ ʰʢʦʣʴʥʠʢʦʚ. ʀʟʫʯʝʥʠʝ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʚ ʰʢʦʣʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ: 

LegoWeDo, Lego Mindstorms NXT, Lego Mindstorms EV3, Tetrix, 

Matrix, Fischertechnic, Arduino, Roborobo, Bioloid ʠ ʜʨ. ɺ ʦʩʥʦʚʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʣʝʞʘʪ ʠʛʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʵʪʠʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʘ ʝʸ ʧʦʧʫʣʷʨʥʦʩʪʴ. ɹʝʟ-

ʫʩʣʦʚʥʦ, ʠʛʨʘ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠ ʬʦʨʤʦʡ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʦʙʫʯʝʥʠʷ, ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʰʢʦʣʴʥʠʢʘʤ ʫʯʠʪʴʩʷ, ʥʝ ʟʘʤʝʯʘʷ 

ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ï ʵʪʦ ʠʥʪʝ-

ʛʨʘʪʠʚʥʘʷ ʧʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ, ʦʪʨʘʞʘʶʱʘʷ ʩʦʚʨʝʤʝʥʥʳʡ ʫʨʦ-

ʚʝʥʴ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʟʥʘʥʠʷ ʠʟ 

ʰʢʦʣʴʥʳʭ ʧʨʝʜʤʝʪʦʚ: ʠʥʬʦʨʤʘʪʠʢʠ, ʬʠʟʠʢʠ, ʤʘʪʝʤʘʪʠʢʠ. ʀʥ-

ʬʦʨʤʘʪʠʢʘ ʢʘʢ ʚʝʜʫʱʠʡ ʫʯʝʙʥʳʡ ʧʨʝʜʤʝʪ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʩʧʝ-

ʮʠʬʠʢʫ, ʘ ʬʠʟʠʢʘ ʠ ʤʘʪʝʤʘʪʠʢʘ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘ-

ʪʝʣʴʥʦʡ ʦʩʥʦʚʳ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʚʠʜʘ ʠʥʪʝʛʨʘʪʠʚʥʳʭ ʩʚʷ-

ʟʝʡʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʩ ʥʘʟʚʘʥʥʳʤʠ ʫʯʝʙʥʳʤʠ 

ʧʨʝʜʤʝʪʘʤʠ: 1) ʵʣʝʤʝʥʪʳ ʧʨʝʜʤʝʪʥʳʭ ʟʥʘʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʨʦʙʦʪʦʪʝʭʥʠʢʠ; 2) ʵʣʝʤʝʥʪʳ ʤʝʞʧʨʝʜʤʝʪʥʳʭ ʟʥʘʥʠʡ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʦʙʦʪʦʪʝʭʥʠʢʠ. ʈʘʩʢʨʦʝʤ ʵʪʠ ʩʚʷʟʠ 

(ʨʠʩ. 1).  

ʉʦʟʜʘʥʠʝ ʠ ʦʪʣʘʜʢʘ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʦʙʦʪʘ ï ʟʘʜʘʯʘ ʠʟ 

ʢʫʨʩʘ ʠʥʬʦʨʤʘʪʠʢʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚ 

(ʤʦʪʦʨʦʚ ʠ ʜʘʪʯʠʢʦʚ), ʢʦʪʦʨʳʤʠ ʦʩʥʘʱʝʥ ʨʦʙʦʪ, ʟʘʪʨʘʛʠʚʘʝʪ ʠ 

ʦʙʣʘʩʪʴ ʬʠʟʠʢʠ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʧʨʦʛʨʘʤʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ 

ʩʫʪʴ ʨʘʙʦʪʳ ʜʘʪʯʠʢʘ (ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʳʭ 

ʦʩʥʦʚʘʥʘ ʝʛʦ ʨʘʙʦʪʘ), ʫʯʠʪʳʚʘʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʜʘʪʯʠ-



 

17 

ʢʘ ʠ ʜʨ. ʌʠʟʠʢʘ ʚʩʝʛʜʘ ʟʘʥʠʤʘʣʘ ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʢʘʢ ʥʘʫʯʥʘʷ ʦʩ-

ʥʦʚʘ ʪʝʭʥʠʢʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʚʩʝʭ ʥʘʠʙʦʣʝʝ ʟʥʘ-

ʯʠʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. ɼʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʦʩʦʙʦ ʚʘʞʥʳʤʠ ʨʘʟʜʝʣʘʤʠ ʬʠʟʠʯʝʩʢʦʡ ʥʘʫʢʠ 

ʷʚʣʷʶʪʩʷ ʤʝʭʘʥʠʢʘ ʠ ʵʣʝʢʪʨʦʥʠʢʘ. ʄʘʪʝʤʘʪʠʢʘ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ 

ʥʘʫʯʥʦʛʦ ʧʦʟʥʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʝ 

ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʩ ʫʛʣʘʤʠ, ʛʨʘʜʫʩʘʤʠ, ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠ ʧʨʦʧʦʨ-

ʮʠʷʤʠ. ɺ ʩʫʤʤʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʜʘʶʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʪʴ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ, ʠʟʤʝʨʷʪʴ 

ʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ. ʅʘʢʦʥʝʮ, ʚ ʩʦʚʦ-

ʢʫʧʥʦʩʪʠ ʩ ʠʥʬʦʨʤʘʪʠʢʦʡ ʤʘʪʝʤʘʪʠʢʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʦʩ-

ʪʘʪʦʯʥʦ ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʨʦʙʦʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝ-

ʤʝʥʥʳʭ ʚʝʣʠʯʠʥ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ.  

 

 

ʈʠʩ. 1. ʀʥʪʝʛʨʘʪʠʚʥʳʝ ʩʚʷʟʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ  
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ʈʘʟʲʷʩʥʠʤ ʠʟʣʦʞʝʥʥʦʝ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʝʢʪʘ ʧʦ ʩʦʟʜʘʥʠʶ 

ʨʦʙʦʪʘ, ʨʠʩʫʶʱʝʛʦ ʤʥʦʛʦʫʛʦʣʴʥʠʢ. ʉ ʧʦʤʦʱʴʶ ʥʝʩʣʦʞʥʦʛʦ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ (ʝʭʘʪʴ ʧʨʷʤʦ, ʧʦʚʝʨʥʫʪʴ (ʜʝʡʩʪʚʠʷ  

ʧʦʚʪʦʨʷʶʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦ)) ʨʦʙʦʪʫ ʟʘʜʘʝʪʩʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝ-

ʥʠʷ; ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʥʥʦʛʦ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʦʙʦʪ ʤʦʞʝʪ ʜʚʠ-

ʛʘʪʴʩʷ ʧʦʪʨʘʝʢʪʦʨʠʠ ʪʨʝʫʛʦʣʴʥʦʡ, ʢʚʘʜʨʘʪʥʦʡ, ʧʷʪʠʫʛʦʣʴʥʦʡ 

ʬʦʨʤ ʠ ʜʨ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʪʘʢʦʛʦ ʨʦʙʦʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶ-

ʱʠʝ ʜʠʜʘʢʪʠʯʝʩʢʠʝ ʧʦʥʷʪʠʷ: ʜʨʦʙʠ, ʧʨʦʧʦʨʮʠʠ, ʦʢʨʫʞʥʦʩʪʴ, ʨʘ-

ʜʠʫʩ, ʜʠʘʤʝʪʨ (ʤʘʪʝʤʘʪʠʢʘ); ʜʚʠʞʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʪʝʣʘ, ʧʨʦʡʜʝʥ-

ʥʳʡ ʧʫʪʴ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʪʝʧʣʦʪʘ, ʪʨʝʥʠʝ (ʬʠʟʠʢʘ); ʣʠ-

ʥʝʡʥʳʡ ʘʣʛʦʨʠʪʤ, ʮʠʢʣʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, ʧʨʦʛʨʘʤʤʘ, ʦʪʣʘʜʢʘ 

ʧʨʦʛʨʘʤʤʳ (ʠʥʬʦʨʤʘʪʠʢʘ). ʇʨʠ ʩʦʟʜʘʥʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʦʙʦ-

ʪʘ, ʨʠʩʫʶʱʝʛʦ ʤʥʦʛʦʫʛʦʣʴʥʠʢ, ʢʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ 

ʚʳʯʠʩʣʝʥʠʝ ʫʛʣʘ, ʥʘ ʢʦʪʦʨʳʡ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʨʦʙʦʪ. ʉʦʚʦʢʫʧ-

ʥʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʚ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘ-

ʜʘʯʠ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʚʳʚʦʜ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʜʣʠʪʝʣʴʥʦ-

ʩʪʠ ʨʘʙʦʪʳ ʤʦʪʦʨʘ, ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʫ.   

ʍʘʨʘʢʪʝʨʠʟʫʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʨʦʙʦʪʦʪʝʭʥʠʢʫ ʢʘʢ ʠʥʪʝ-

ʛʨʘʪʠʚʥʳʡ ʢʫʨʩ ʜʣʷ ʩʨʝʜʥʝʡ ʰʢʦʣʳ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʮʝʣʝʚʦʡ, 

ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ, ʜʝʷʪʝʣʴʥʦʩʪʥʳʡ, ʚʦʩʧʠʪʘʪʝʣʴʥʳʡ, ʨʘʟʚʠʚʘʶ-

ʱʠʡ ʘʩʧʝʢʪʳ ʝ yʧʨʝʧʦʜʘʚʘʥʠʷ. 

ʎʝʣʝʚʦʡ ʘʩʧʝʢʪ: ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʢʘʢ ʩʨʝʜʩʪʚʦ ʨʝʘʣʠʟʘʮʠʠ ʌɻʆʉ ʦʙʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

[41], ʧʨʦʝʢʪʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫ 

ʰʢʦʣʴʥʠʢʦʚ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʫʯʝʙʥʳʭ ʜʝʡʩʪʚʠʡ 

(ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ, ʨʝʛʫʣʷʪʠʚʥʳʭ, ʣʠʯʥʦʩʪʥʳʭ, ʢʦʤʤʫʥʠʢʘ-

ʪʠʚʥʳʭ); 

ʉʦʜʝʨʞʘʪʝʣʴʥʳʡ ʘʩʧʝʢʪ: ʚ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʫ ʫʯʠʪʝʣʷ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʤʝʞʧʨʝʜʤʝʪʥʳʭ ʩʚʷʟʝʡ ʧʦ ʦʩʥʦʚʥʳʤ ʰʢʦʣʴʥʳʤ 

ʧʨʝʜʤʝʪʘʤ çʀʥʬʦʨʤʘʪʠʢʘè, çʌʠʟʠʢʘè, çʄʘʪʝʤʘʪʠʢʘè (ʨʠʩ. 2). 

ʅʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ ʠ ʤʝʞʧʨʝʜʤʝʪʥʳʝ ʩʚʷʟʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 
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ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʩ ʙʠʦʣʦʛʠʝʡ. ʊʘʢ, ʟʘʯʘʩʪʫʶ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʭʘ-

ʥʠʟʤʳ  ʩʝʥʩʦʨʥʳʭ ʠ ʜʚʠʛʘʪʝʣʴʥʳʭ  ʬʫʥʢʮʠʡ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ 

ʷʚʣʷʶʪʩʷ ʧʨʦʪʦʪʠʧʘʤ ʩʝʥʩʦʨʥʳʭ ʠ ʜʚʠʛʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʨʦʙʦ-

ʪʘ [19].  

 

ʈʠʩ. 2. ʈʦʙʦʪ ʢʘʢ ʩʨʝʜʩʪʚʦ ʦʙʫʯʝʥʠʷ 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʦʙʦʪʘ ʢʘʢ ʩʨʝʜʩʪʚʦ ʦʙʫʯʝʥʠʷ ʢʘʢʦʤʫ-

ʣʠʙʦ ʧʨʝʜʤʝʪʫ, ʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʢʣʶʯʘʪʴ ʵʣʝʤʝʥʪʳ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʚ ʫʨʦʢʠ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ, ʪʝʭʥʦʣʦʛʠʠ, 

ʬʠʟʠʢʝ ʠ ʦʢʨʫʞʘʶʱʝʤʫ ʤʠʨʫ (ʥʘʯʘʣʴʥʘʷ ʰʢʦʣʘ) [20].  

ʇʨʦʝʢʪʳ ʨʦʙʦʪʦʚ, ʧʨʝʜʣʘʛʘʝʤʳʭ LegoMindstorms, ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʫʨʦʢʘʭ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ çʊʝʭʥʦʣʦʛʠʷè ʚ ʨʘʤ-

ʢʘʭ ʥʘʧʨʘʚʣʝʥʠʷ çʊʝʭʥʠʯʝʩʢʠʡ ʪʨʫʜè ʧʦ ʪʝʤʘʤ çʄʘʰʠʥʳ ʠ ʤʝ-

ʭʘʥʠʟʤʳ. ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝè (ʤʝʭʘ-

ʥʠʟʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʩʙʦʨʢʘ ʤʦʜʝʣʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩ-

ʢʠʭ ʤʘʰʠʥ ʠʟ ʜʝʪʘʣʝʡ ʢʦʥʩʪʨʫʢʪʦʨʘ ʧʦ ʵʩʢʠʟʘʤ ʠ ʯʝʨʪʝʞʘʤ)  
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ʠ çʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʨʘʙʦʪʳè (ʫʩʪʨʦʡʩʪʚʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʘʚ-

ʪʦʤʘʪʠʢʠ, ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʧʨʦʩʪʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ)[11]. 

ɺ ʥʘʯʘʣʴʥʳʭ ʢʣʘʩʩʘʭ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ 

ʫʨʦʢʘʭ ʧʦ ʦʢʨʫʞʘʶʱʝʤʫ ʤʠʨʫ. ʈʘʙʦʪʘʷ ʩ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤʠ 

ʤʦʜʝʣʷʤʠ, ʤʣʘʜʰʠʝ ʰʢʦʣʴʥʠʢʠ  ʚʦʩʩʦʟʜʘʶʪ ʞʠʟʥʝʥʥʳʝ ʩʠʪʫʘ-

ʮʠʠ ʠ ʦʙʲʝʢʪʳ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʦ ʢ ʨʝ-

ʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʫʯʰʝ ʦʩʚʘʠʚʘʶʪ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʜʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ[6]. ʅʘ ʫʨʦʢʘʭ  ʠʥʬʦʨ-

ʤʘʪʠʢʠ ʨʦʙʦʪ ʚʳʩʪʫʧʘʝʪ ʨʝʘʣʴʥʳʤ ʠʩʧʦʣʥʠʪʝʣʝʤ ʩʦʟʜʘʥʥʦʛʦ 

ʫʯʘʱʠʤʩʷ  ʘʣʛʦʨʠʪʤʘ. ʅʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʛʜʘ ʠʟ ʜʝʪʘʣʝʡ ʨʦʙʦʪʦʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʩʦʙʠʨʘʝʪʩʷ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʘʷ ʠʣʠ ʣʘ-

ʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʪ.ʝ. ʢʦʥʩʪʨʫʢʪʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʠʟʤʝ-

ʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩ ʦʙʨʘʙʦʪʢʦʡ ʠ ʬʠʢʩʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʠ 

ʵʪʦʤ ʚʦʟʤʦʞʥʘ ʠʥʪʝʛʨʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʘʙʠʥʝʪʘ ʬʠʟʠʢʠ ʠ ʨʦ-

ʙʦʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [11]. 

ɼʝʷʪʝʣʴʥʦʩʪʥʳʡ ʘʩʧʝʢʪ ʩʚʷʟʘʥ ʩ ʦʩʚʦʝʥʠʝʤ ʚ ʨʘʤʢʘʭ ʢʫʨʩʘ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʠʩʫʱʠʭ 

ʧʨʝʜʤʝʪʘʤ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʛʦ ʮʠʢʣʘ: ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʥʘʙʣʶ-

ʜʝʥʠʝ, ʚʳʜʚʠʞʝʥʠʝ ʛʠʧʦʪʝʟʳ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʩʙʦʨ ʠ ʠʥʪʝʨ-

ʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ, ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʬʦʨʤʫʣʠʨʦʚ-

ʢʘ ʚʳʚʦʜʦʚ ʠ ʜʨ.  ɺʝʜʫʱʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʦʙʫʯʝʥʠʠ ʰʢʦʣʴʥʠʢʦʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡʨʦʙʦʪʦʪʝʭʥʠʢʝ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʧʨʦʝʢʪʦʚ, ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʥʳʡ ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʯʘʱʠʭʩʷ ï ʠʥ-

ʜʠʚʠʜʫʘʣʴʥʫʶ, ʧʘʨʥʫʶ, ʛʨʫʧʧʦʚʫʶ, ʢʦʪʦʨʫʶ ʫʯʘʱʠʝʩʷ ʚʳʧʦʣ-

ʥʷʶʪ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʪʨʝʟʢʘ ʚʨʝʤʝʥʠ.  

ɺʦʩʧʠʪʘʪʝʣʴʥʳʡ ʘʩʧʝʢʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ 

ʩʚʷʟʘʥ ʢʘʢ ʩ ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʝʡ ʢʫʨʩʘ (ʥʘ ʟʘʥʷʪʠʷʭ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʦʙʨʘʟʮʳ ʠʥʞʝʥʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ), ʪʘʢ ʠ ʩ 

ʢʫʣʴʪʫʨʦʣʦʛʠʯʝʩʢʦʡ (ʟʥʘʥʠʷ ʧʦ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʢʘʢ çʟʥʘʯʠʤʳʝ 

ʬʦʨʤʳ ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʛʦ ʦʧʳʪʘ ʯʝʣʦʚʝʯʝʩʪʚʘè). ʕʪʦ ʟʘʚʠʩʠʪ ʦʪ 

çʛʣʫʙʠʥʳè ʦʩʚʦʝʥʠʷ ʢʫʨʩʘ. ɼʫʤʘʝʤ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʥʘ ʙʘʟʦʚʦʤ ʫʨʦʚʥʝ ʠʤʝʝʪ ʚʘʞʥʦʝ ʢʫʣʴʪʫʨʦʣʦ-
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ʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʫʯʘʱʠʝʩʷ  ʜʦʣʞʥʳ ʥʝ ʪʦʣʴʢʦ ʦʙ-

ʣʘʜʘʪʴ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤʠ ʟʥʘʥʠʷʤʠ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʜʠʩʮʠʧ-

ʣʠʥʘʭ, ʥʦ ʠ ʫʤʝʪʴ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʥʦʚʳʭ ʨʝʘʣʠʷʭ, ʦʜʥʦʡ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʧʦʚʩʝʤʝʩʪʥʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ 

ʨʦʙʦʪʦʚ ʠ ʫʧʨʘʚʣʷʝʤʳʭ ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤ. ʈʦʙʦʪʦʪʝʭʥʠʢʘ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ-

ʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. ʀʟʫʯʝʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦ-

ʪʦʪʝʭʥʠʢʠ ʥʘ ʫʛʣʫʙʣʸʥʥʦʤ ʫʨʦʚʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʰʝʥʠʝ ʜʦʩʪʘ-

ʪʦʯʥʦ ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ 

ʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʜʚʠʞʝʥʠʷ  ʨʦʙʦʪʘ ʧʦ ʣʘʙʠʨʠʥʪʫ ʠ ʧʦ ʯʝʨ-

ʥʦʡ ʣʠʥʠʠ. ʊʘʢʦʡ ʢʫʨʩ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʨʦʧʝʜʝʚʪʠ-

ʯʝʩʢʠʡ ʢʫʨʩ (ʦʪ ʛʨʝʯʝʩʢʦʛʦ çpropaideuo» ï çʦʙʫʯʘʶ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦè), ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʰʢʦʣʴʥʠʢʘʤ ʦʙʨʘʟʮʳ ʠʥʞʝʥʝʨʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʛʦʪʦʚʷʱʠʡ ʠʭ ʢ ʚʳʙʦʨʫ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʠ. 

ʈʘʟʚʠʚʘʶʱʠʡ ʘʩʧʝʢʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʠʥʪʝʟ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʷ ʚ ʦʜʥʦʤ ʢʫʨʩʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʨʘʟʚʠʪʠʷ ʫ ʦʙʫʯʘʶ-

ʱʠʭʩʧ̫ʩʠʭʠʯʝʩʢʠʭ ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʚʦʩʧʨʠʷʪʠʷ, 

ʤʳʰʣʝʥʠʷ ʠ ʨʝʯʠ, ʧʘʤʷʪʠ, ʚʦʦʙʨʘʞʝʥʠʷ), ʨʘʟʚʠʪʠʝ ʬʦʨʤ ʤʳʰ-

ʣʝʥʠʷ (ʘʥʘʣʠʟ, ʩʠʥʪʝʟ, ʩʨʘʚʥʝʥʠʝ ʠ ʜʨ.), ʨʘʟʚʠʪʠʝ ʢʘʯʝʩʪʚ ʣʠʯʥʦ-

ʩʪʠ (ʧʦʚʝʜʝʥʠʝ ʠ ʧʦʩʪʫʧʢʠ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ, ʦʩʦʙʝʥʥʦʩʪʠ, ʦʨ-

ʛʘʥʠʟʘʮʠʦʥʥʦ-ʚʦʣʝʚʳʝ ʢʘʯʝʩʪʚʘ, ʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠ ʜʨ.). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʢʘʢ ʠʥʪʝ-

ʛʨʘʪʠʚʥʳʡ ʢʫʨʩ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚ ʰʢʦʣʴ-

ʥʦʤ ʦʙʫʯʝʥʠʠ, ʦʪʚʝʯʘʷ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ, ʩʧʦʩʦʙʩʪʚʫʷ ʫʛʣʫʙʣʝʥʠʶ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʟʥʘʥʠʡ ʫʯʘ-

ʱʠʭʩʷ ʧʦ ʦʩʥʦʚʥʳʤ ʰʢʦʣʴʥʳʤ ʧʨʝʜʤʝʪʘʤ, ʧʦʟʚʦʣʷʷ ʩʦʨʠʝʥ-

ʪʠʨʦʚʘʪʴʩʷ ʚ ʚʳʙʦʨʝ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʠ. ʉ ʧʦʤʦʱʴʶ ʤʥʦʛʦ-

ʩʪʦʨʦʥʥʠʭ ʤʝʞʧʨʝʜʤʝʪʥʳʭ ʩʚʷʟʝʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦ-

ʪʝʭʥʠʢʠ ʩ ʙʘʟʦʚʳʤʠ ʰʢʦʣʴʥʳʤʠ ʧʨʝʜʤʝʪʘʤʠ ʟʘʜʘʯʠ ʦʙʫʯʝʥʠʷ, 

ʨʘʟʚʠʪʠʷ ʠ ʚʦʩʧʠʪʘʥʠʷ ʫʯʘʱʠʭʩʷ ʨʝʰʘʶʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦ 

ʥʦʚʦʤ ʫʨʦʚʥʝ, ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜ-

ʭʦʜʘ ʚ ʨʝʰʝʥʠʠ ʩʣʦʞʥʳʭ ʧʨʦʙʣʝʤ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. 
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2.2. ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ 

ʀʟʫʯʝʥʠʝ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʚ ʰʢʦʣʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ:Lego WeDo, 

LegoMindstorms NXT, Lego Mindstorms EV3, Tetrix, Matrix, 

Fischertechnic, Arduino, Roborobo, Bioloid ʠ ʜʨ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ 

ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

2.2.1. LegoWeDo 

ɼʘʥʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ 

ʥʘʯʘʣʴʥʦʡ ʰʢʦʣʳ (2ï4 ʢʣʘʩʩ). ʇʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʤʦʜʝʣʠ ʤʘʰʠʥ 

ʠ ʞʠʚʦʪʥʳʭ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʷ ʤʦʜʝʣʝʡ (çʧʦʚʝʜʝʥʠʝè). 

ʂʦʥʩʪʨʫʢʪʦʨ ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ 150 ʜʝʪʘʣʝʡ, ʚʘʞʥʝʡʰʠʤʠ ʠʟ ʥʠʭ 

ʷʚʣʷʶʪʩʷ: ʢʦʤʤʫʪʘʪʦʨ (ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʘʪʯʠʢʘʤʠ ʠ ʤʦʪʦʨʘʤʠ 

ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ WeDo), ʤʦʪʦʨ, ʜʘʪʯʠʢ 

ʥʘʢʣʦʥʘ, ʜʘʪʯʠʢ ʜʚʠʞʝʥʠʷ [12; 26]. 

 

ʈʠʩ. 3. ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ Lego WeDo 
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ʈʠʩ. 4. ʄʦʜʝʣʴ ʫʯʝʙʥʦʛʦ ʨʦʙʦʪʘ çɸʣʣʠʛʘʪʦʨè 

 

2.2.2. ʀʥʜʫʩʪʨʠʷ ʨʘʟʚʣʝʯʝʥʠʡ. ʇʝʨʚʦʈʦʙʦʪ RCX 

ʇʝʨʚʘʷ ʚʝʨʩʠʷ ʢʦʥʩʪʨʫʢʪʦʨʘ çʀʥʜʫʩʪʨʠʷ ʨʘʟʚʣʝʯʝʥʠʡ. 

ʇʝʨʚʦʈʦʙʦʪè (ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘ RCX) ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝ-

ʥʘ ʢʦʤʧʘʥʠʝʡ LEGO ʚ 1998 ʛ. ʂʦʥʩʪʨʫʢʪʦʨ ʦʙʲʝʜʠʥʷʣ ʚ ʩʝʙʝ ʥʝ 

ʪʦʣʴʢʦ ʦʙʳʯʥʳʝ ʜʣʷ LEGO ʢʫʙʠʢʠ, ʧʣʘʩʪʠʥʳ, ʢʦʣʸʩʘ ʠ ʰʝʩʪʝ-

ʨʸʥʢʠ, ʥʦ ʠ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨ ʚ ʚʠʜʝ ʥʝʙʦʣʴʰʦʛʦ ʷʨʢʦ-ʞʸʣʪʦʛʦ 

çʢʠʨʧʠʯʘè; ʵʪʦʪ ʥʘʙʦʨ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ Mindstorms. ʇʨʦʛʨʘʤ-

ʤʠʨʫʝʤʳʡ ʙʣʦʢ, ʥʘʟʚʘʥʥʳʡ RoboticControlExplorer (RCX), ʧʦ-

ʟʚʦʣʷʣ ʧʦʜʢʣʶʯʠʪʴ ʢ ʥʝʤʫ ʜʘʪʯʠʢʠ ʠ ʤʦʪʦʨʳ, ʥʘʧʠʩʘʪʴ ʧʨʦ-

ʛʨʘʤʤʫ ʠ ʧʨʝʚʨʘʪʠʪʴ ʣʶʙʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 

ʨʦʙʦʪʘ, ʫʤʝʶʱʝʛʦ ʚʠʜʝʪʴ, ʯʫʚʩʪʚʦʚʘʪʴ, ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʠ 

ʚʳʧʦʣʥʷʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ ʜʝʡʩʪʚʠʷ. ʅʘʟʚʘʥʠʝ çMindstormsè, ʢʦ-

ʪʦʨʦʝ ʩʪʘʣʦ ʠʤʝʥʝʤ ʚʩʝʛʦ ʩʝʤʝʡʩʪʚʘ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʥʘ ʙʘʟʝ ʧʨʦ-

ʛʨʘʤʤʠʨʫʝʤʳʭ ʢʦʥʪʨʦʣʣʝʨʦʚ LEGO, ʙʳʣʦ ʚʟʷʪʦ ʠʟ ʥʘʟʚʘʥʠʷ 

ʢʥʠʛʠ çMindstorms: Children, ComputersandPowerfulIdeasè, ʥʘʧʠ-

ʩʘʥʥʦʡ ʧʨʦʬʝʩʩʦʨʦʤ ʤʘʪʝʤʘʪʠʢʠ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʉʝʡʤʫʨʦʤ ʇʝʡʧʝʨʪʦʤ, ʛʜʝ ʦʥ ʧʨʝʜʣʦʞʠʣ ʫʥʠʢʘʣʴʥʫʶ ʢʦʥʮʝʧ-

ʮʠʶ ʦʙʲʝʜʠʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦ-

ʛʦ ʧʨʦʮʝʩʩʘ[23; 50]. 
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ʄʠʢʨʦʢʦʤʧʴʶʪʝʨ RCX ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʠ-

ʨʫʝʤʳʡ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʡ ʙʣʦʢ ʩ ʧʘʤʷʪʴʶ, ʞʠʜʢʦʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʠʤ ʜʠʩʧʣʝʝʤ ʠ ʠʥʬʨʘʢʨʘʩʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥ-

ʥʳʤ ʜʣʷ ʩʚʷʟʠ ʩ ʢʦʤʧʴʶʪʝʨʦʤ ʈʉ ʠʣʠ ʄʘʩ, ʘ ʪʘʢʞʝ ʩ ʜʨʫʛʠʤʠ 

ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘʤʠ. 

 

ʈʠʩ. 5. ʄʠʢʨʦʢʦʤʧʴʶʪʝʨ RCX 

RCX ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ ʘʚʪʦʥʦʤʥʳʡ ʢʦʤʧʴʶʪʝʨ ʠ ʷʚʣʷʝʪ-

ʩʷ çʤʦʟʛʦʤè ʚʩʝʭ ʤʦʜʝʣʝʡ ʨʦʙʦʪʦʚ ʩʝʨʠʠ çʇʝʨʚʦʈʦʙʦʪè. ʂ ʥʝʤʫ 

ʧʦʜʢʣʶʯʘʶʪʩʷ ʜʘʪʯʠʢʠ (ʜʦ ʪʨʝʭ ʦʜʥʦʚʨʝʤʝʥʥʦ), ʧʦʣʫʯʘʶʱʠʝ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɼʝʡʩʪʚʠʷ ʨʦʙʦʪʦʚ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʧʨʦʛʨʘʤʤʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʘ ʥʘʩʪʦʣʴʥʦʤ 

ʢʦʤʧʴʶʪʝʨʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ RoboLab ʠ 

ʟʘʛʨʫʞʘʶʪʩʷ ʚ RCX ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʧʝʨʝʜʘʪʯʠʢʘ. 

 

ʈʠʩ. 6. ʄʦʜʝʣʠ ʫʯʝʙʥʳʭ  ʨʦʙʦʪʦʚ ʥʘ ʙʘʟʝ  ʢʦʥʩʪʨʫʢʪʦʨʘ  

çʀʥʜʫʩʪʨʠʷ ʨʘʟʚʣʝʯʝʥʠʡ. ʇʝʨʚʦʈʦʙʦʪè 

http://www.ben.com/LEGO/rcx/one-wheel/halves-detail.jpg


 

25 

2.2.3. LEGOMindstormsNXT  

ʅʦʚʘʷ ʩʝʨʠʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ï

MindstormsNXT, ʚʳʧʫʱʝʥʥʘʷ ʢʦʤʧʘʥʠʝʡ çLEGOè ʚ 2006 ʛ., ʚ̫-

ʣʷʝʪʩʷ, ʧʦ ʩʫʪʠ, ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʨʘʙʦʪʘʥʥʦʡ ʠ ʫʣʫʯʰʝʥʥʦʡ ʧʨʘ-

ʚʦʧʨʝʝʤʥʠʮʝʡ RCX, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥ rʥʦʚʘʷ ʩʨʝʜʘ ʠ ʷʟʳʢ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ NXT-G. ʅʦʚʳʡ ʙʣʦʢ NXT ʦʢʘʟʘʣʩʷ ʩʦʚʤʝʩʪʠʤʳʤ 

ʩʦ ʩʪʘʨʳʤʠ ʜʘʪʯʠʢʘʤʠ RCX (ʯʝʨʝʟ ʧʝʨʝʭʦʜʥʠʢ). 

ɺ 2007  ʛ. ʙʳʣʘ ʚʳʧʫʱʝʥʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʚʝʨʩʠʷ NXT ï 

«LEGOMindstormsEducationNXTBaseSetè ʚ ʧʣʘʩʪʠʢʦʚʦʡ ʢʦʨʦʙʢʝ 

ʩ ʣʦʪʢʘʤʠ ʜʣʷ ʜʝʪʘʣʝʡ. ʇʦʟʜʥʝʝ ʚ 2008 ʛ. ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʝʜ-

ʣʦʞʠʣʠ  ʨʝʩʫʨʩʥʳʝ ʥʘʙʦʨʳ çLEGOMindstormsEducationResour-

ceSetè, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʪʦʣʴʢʦ ʜʝʪʘʣʠ LEGO, ʚ ʥʠʭ ʥʝʪ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

 

ʈʠʩ. 7. ɹʘʟʦʚʳʡ (v.9797) ʠ ʨʝʩʫʨʩʥʳʡ ʥʘʙʦʨʳ LEGO Mindstorms NXT 

ɺ 2009 ʛ. ʧʦʷʚʠʣʘʩʴ ʝʱʸ ʦʜʥʘ ʚʝʨʩʠʷ LEGOMindstormsNXT 

2.0 (ʩʤ. ʨʠʩ. 7). ʂʨʦʤʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʩʪʘʚʝ 

ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ, ʥʘʙʦʨ NXT 2.0 ʧʦʣʫʯʠʣ ʥʦʚʳʡ ʜʘʪʯʠʢ ʮʚʝʪʘ 

ʚʟʘʤʝʥ ʤʦʥʦʭʨʦʤʥʦʛʦ ʜʘʪʯʠʢʘ ʦʩʚʝʱʸʥʥʦʩʪʠ, ʥʦ ʠʟ ʥʘʙʦʨʘ ʙʳʣ 

ʠʩʢʣʶʯʸʥ ʜʘʪʯʠʢ ʟʚʫʢʘ [25; 50]. 

ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʦʥʩʪʨʫʢʪʦʨʦʚ LEGO-

MindstormsNXT ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨ NXT, ʩʥʘʙʞʝʥʥʳʡ 
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ʚʭʦʜʥʳʤʠ ʧʦʨʪʘʤʠ ʜʣʷ ʜʘʪʯʠʢʦʚ ʠ ʚʳʭʦʜʥʳʤʠ ʧʦʨʪʘʤʠ ʜʣʷ ʠʩ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʜʝʣʘʶʱʠʡ ʨʦʙʦʪʘ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ, ʩʧʦʩʦʙʥʳʤ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ. ɺ ʤʠʢʨʦ-

ʢʦʤʧʴʶʪʝʨ NXT ʤʦʞʥʦ ʟʘʛʨʫʞʘʪʴ ʧʨʦʛʨʘʤʤʫ, ʩʦʟʜʘʥʥʫʶ ʩ ʧʦ-

ʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʥʘʩʪʦʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝ-

ʨʘ, ʘ ʤʦʞʥʦ ʦʙʦʡʪʠʩʴ ʠ ʙʝʟ ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʘ ï ʠʩʧʦʣʴʟʫʷ 

ʤʝʥʶ NXTProgram, ʥʘʧʨʠʤʝʨ, ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʨʦʙʦʪʘ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥ ʜʚʠʛʘʣʩʷ ʚʧʝʨʸʜ ʠ ʥʘʟʘʜ ʧʨʠ ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ 

ʜʘʪʯʠʢʘ ʢʘʩʘʥʠʷ. ɼʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʧʝʨʩʦʥʘʣʴʥʳʤ 

ʢʦʤʧʴʶʪʝʨʦʤ ʠ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʦʤ NXT ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴ-

ʩʷ USB-ʧʦʨʪʦʤ, ʘ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʙʝʩʧʨʦʚʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʤʝʞʜʫ NXT ʠ ʜʨʫʛʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʤʠ 

Bluetooth-ʩʚʷʟʴ, ʥʘʧʨʠʤʝʨ, ʩ ʜʨʫʛʠʤʠ NXT, ʩ ʤʦʙʠʣʴʥʳʤʠ ʪʝʣʝ-

ʬʦʥʘʤʠ ʠʣʠ ʩ ʢʦʤʧʴʶʪʝʨʘʤʠ. 

NXT ʩʥʘʙʞʝʥ ʪʨʝʤʷ ʨʘʟʲʸʤʘʤʠ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʤʦʪʦʨʦʚ 

ʠ ʣʘʤʧ, ʯʝʪʳʨʴʤʷ ʨʘʟʲʸʤʘʤʠ ʜʣʷ ʜʘʪʯʠʢʦʚ (ʩʝʥʩʦʨʦʚ), ʚʩʪʨʦʝʥ-

ʥʳʤ ʜʠʥʘʤʠʢʦʤ ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʟʚʫʢʘ. 
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(ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʝʥʩʦʨ) 

ʈʠʩ. 8. ʉʪʘʥʜʘʨʪʥʳʝ ʩʝʥʩʦʨʳ ʜʣʷ LEGO Mindstorms NXT(v.9797) 
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http://images.yandex.ru/yandsearch?text=%D0%B4%D0%B0%D1%82%D1%87%D0%B8%D0%BA %D0%BA%D0%B0%D1%81%D0%B0%D0%BD%D0%B8%D1%8F&img_url=complubot.educa.madrid.org/pruebas/lego_nxt_version_educativa/lego_nxt_contacto.jpg&pos=0&rpt=simage
http://images.yandex.ru/yandsearch?text=%D0%B4%D0%B0%D1%82%D1%87%D0%B8%D0%BA %D0%B7%D0%B2%D1%83%D0%BA%D0%B0&img_url=complubot.educa.madrid.org/pruebas/lego_nxt_version_educativa/lego_nxt_sonido_p.jpg&pos=5&rpt=simage
http://images.yandex.ru/yandsearch?text=%D0%B4%D0%B0%D1%82%D1%87%D0%B8%D0%BA %D0%BE%D1%81%D0%B2%D0%B5%D1%89%D1%91%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D0%B8&img_url=bgmindstorms.files.wordpress.com/2010/03/xl_9844lightsensor.jpg&pos=0&rpt=simage
http://images.yandex.ru/yandsearch?text=%D0%B4%D0%B0%D1%82%D1%87%D0%B8%D0%BA %D1%80%D0%B0%D1%81%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%B8%D1%8F nxt&holdreq=%D0%B4%D0%B0%D1%82%D1%87%D0%B8%D0%BA %D1%80%D0%B0%D1%81%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%B8%D1%8F&img_url=teknokta.com/images/9846.jpg&pos=0&rpt=simage
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ʉʝʨʚʦʤʦʪʦʨ ʉʝʥʩʦʨ ʢʘʩʘʥʠʷ 

 
 

ʉʝʥʩʦʨ ʮʚʝʪʘ ʉʝʥʩʦʨ ʨʘʩʩʪʦʷʥʠʷ 

ʈʠʩ. 9. ʉʪʘʥʜʘʨʪʥʳʝ ʩʝʥʩʦʨʳ ʜʣʷ LEGO Mindstorms NXT 2.0 

 

ʊʘʙʣʠʮʘ 1 

ʂʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ LegoMindstormsNXT 

ʐʝʩʪʝʨʝʥʢʠ 

     
 

8-ʟʫʙʦʝ 

ʟʫʙʯʘ-

ʪʦʝ ʢʦ-

ʣʝʩʦ 

16-ʟʫʙʦʝ 

ʟʫʙʯʘʪʦʝ 

ʢʦʣʝʩʦ 

24-ʟʫʙʦʝ 

ʟʫʙʯʘʪʦʝ 

ʢʦʣʝʩʦ 

ʏʝʨʚʷʯʥʦʝ 

ʟʫʙʯʘʪʦʝ  

ʢʦʣʝʩʦ 

4-ʟʫʙʦʝ 

ʟʫʙʯʘʪʦʝ 

ʢʦʣʝʩʦ 

ɿʫʙʯʘʪʦʝ ʢʦʣʝ-

ʩʦ 24 ʟʫʙʘ 

ʚʥʫʪʨʠ, 56 

ʟʫʙʴʝʚ ʩʥʘʨʫʞʠ 

ʈʝʤʥʠ, ʦʩʠ, ʚʪʫʣʢʠ ʜʣʷ ʦʩʝʡ 

 
     

ʈʝʤʝʥʴ, 

33 ʤʤ 

ɺʪʫʣʢʘ, 

ʫʜʣʠʥʠʪʝʣʴ 

ʦʩʠ 

ɺʪʫʣʢʘ 
ʆʩʴ, 5-ʪʠ 

ʤʦʜʫʣʴʥʘʷ 

ʆʩʴ, 6-ʪʠ 

ʤʦʜʫʣʴʥʘʷ 

ʆʩʴ, 12-ʪʠ 

ʤʦʜʫʣʴʥʘʷ 

http://images.yandex.ru/yandsearch?text=%D1%81%D0%B5%D1%80%D0%B2%D0%BE%D0%BC%D0%BE%D1%82%D0%BE%D1%80&noreask=1&img_url=legolab.daimi.au.dk/DigitalControl.dir/NXT/pictures.dir/Motor.gif&pos=7&rpt=simage&lr=56
http://images.yandex.ru/yandsearch?text=%D0%B4%D0%B0%D1%82%D1%87%D0%B8%D0%BA %D0%BA%D0%B0%D1%81%D0%B0%D0%BD%D0%B8%D1%8F&img_url=complubot.educa.madrid.org/pruebas/lego_nxt_version_educativa/lego_nxt_contacto.jpg&pos=0&rpt=simage
https://encrypted-tbn3.google.com/images?q=tbn:ANd9GcQ25dUwPq_bmn9Jxho5V__y6Dy4tyGFCEj8ng8cOC3vLWwa2xMPcg
http://images.yandex.ru/yandsearch?text=%D0%B4%D0%B0%D1%82%D1%87%D0%B8%D0%BA %D1%80%D0%B0%D1%81%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%B8%D1%8F nxt&holdreq=%D0%B4%D0%B0%D1%82%D1%87%D0%B8%D0%BA %D1%80%D0%B0%D1%81%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%B8%D1%8F&img_url=teknokta.com/images/9846.jpg&pos=0&rpt=simage
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 1 

ʂʦʣʝʩʘ ʩ ʰʠʥʘʤʠ ʠ ʰʢʠʚʳ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ 

 

     

ʉʪʫʧʠʮʘ ʂʦʣʝʩʦ ʉʪʫʧʠʮʘ ʂʦʣʝʩʦ ʉʪʫʧʠʮʘ ʂʦʣʝʩʦ 

ʆʨʠʝʥʪʠʨʫʶʱʠʝ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʠʪʝʣʠ 

 
 

 
  

ʉʦʝʜʠʥʠʪʝʣʴʥʳʡ 

ʰʪʠʬʪ 2-ʤʦʜʫʣʴ-

ʥʳʡ ʜʚʦʡʥʦʡ 

ʉʦʝʜʠʥʠʪʝʣʴʥʳʡ 

ʰʪʠʬʪ 3-ʤʦʜʫʣʴ-

ʥʳʡ ʜʚʦʡʥʦʡ 

ʌʠʢʩʘʪʦʨ 

2-ʤʦʜʫʣʴ-

ʥʳʡ 

ʌʠʢʩʘʪʦʨ 

3-ʤʦʜʫʣʴ-

ʥʳʡ 

ʋʛʣʦʚʦʡ 

ʬʠʢʩʘʪʦʨ 

ʎʠʣʠʥʜʨʠʯʝʩʢʠʝ ʬʠʢʩʘʪʦʨʳ 

     
ʉʦʝʜʠʥʠ-

ʪʝʣʴʥʳʡ 

ʰʪʠʬʪ  

ʧʦʣʫʦʩʴ 

ʉʦʝʜʠʥʠʪʝʣʴ-

ʥʳʡ ʰʪʠʬʪ  

ʩ ʚʳʩʪʫʧʘʤʠ / 

ʧʦʣʫʦʩʴ 

ʉʦʝʜʠʥʠʪʝʣʴ-

ʥʳʡ ʰʪʠʬʪ  

ʩʦ ʚʪʫʣʢʦʡ 

ʉʦʝʜʠʥʠʪʝʣʴ-

ʥʳʡ ʰʪʠʬʪ ʩ 

ʚʳʩʪʫʧʘʤʠ 

ʉʦʝʜʠʥʠʪʝʣʴ-

ʥʳʡ ʰʪʠʬʪ  

ʩ ʚʳʩʪʫʧʘʤʠ 

ɹʘʣʢʠ 

 
  

   

ɹʘʣʢʘ 3-

ʤʦʜʫʣʴ-

ʥʘʷ 

ɹʘʣʢʘ 5-

ʤʦʜʫʣʴ-

ʥʘʷ 

ʀʟʦʛʥʫʪʘʷ 

ʙʘʣʢʘ 3*5-

ʤʦʜʫʣʴʥʘʷ 

ɹʘʣʢʘ ʩ 

ʰʠʧʘ-

ʤʠ 1*2 

ɹʘʣʢʘ ʩ ʰʠ-

ʧʘʤʠ 1*6 

ʇʣʘʩʪʠʥʘ ʩ ʦʪ-

ʚʝʨʩʪʠʷʤʠ 2*4 

2.2.4. LEGO Mindstorms EV3 

ʊʨʝʪʴʷ ʚʝʨʩʠʷLEGOMindstorms ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

2013 ʛ. ʆʙʥʦʚʠʣʩʷ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʥʩʪʨʫʢ-

ʪʦʨʘ, ʥʦ ʦʩʥʦʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʩʥʫʣʠʩʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʙʣʦʢʘ 

(ʨʠʩ. 10).  
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ʈʠʩ. 10. ʇʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʙʣʦʢ EV3 

ʂʘʢ ʠ ʧʨʝʜʳʜʫʱʘʷ ʤʦʜʝʣʴ ʢʦʥʩʪʨʫʢʪʦʨʘ NXT, ʥʦʚʳʡ EV3 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʜʚʫʭ ʢʦʤʧʣʝʢʪʘʮʠʷʭ: çʧʦʪʨʝʙʠʪʝʣʴʩʢʘʷè (retail 

version) ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ (educational version) [26]. ʇʨʦʛʨʘʤ-

ʤʠʨʫʝʤʳʡ ʙʣʦʢ ʠ ʪʨʠ ʤʦʪʦʨʘ ʦʜʠʥʘʢʦʚʳ ʚ ʦʙʦʠʭ ʥʘʙʦʨʘʭ, ʥʦ ʩʦ-

ʩʪʘʚ ʜʘʪʯʠʢʦʚ ʨʘʟʣʠʯʘʝʪʩʷ [25; 33; 49]: 
 

ɹʦʣʴʰʦʡ ʩʝʨʚʦʤʦʪʦʨ  ʉʨʝʜʥʠʡ ʩʝʨʚʦʤʦʪʦʨ ʉʝʥʩʦʨ ʢʘʩʘʥʠʷ 

   

ʉʝʥʩʦʨ ʮʚʝʪʘ ɻʠʨʦʩʢʦʧ 
ɼʘʪʯʠʢ ʨʘʩʩʪʦʷʥʠʷ 

(ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ) 

   
 

ʈʠʩ. 11. ʉʪʘʥʜʘʨʪʥʳʝʩʝʥʩʦʨʳʜʣʷLEGO Mindstorms EV3 

(educational version) 

  

http://storage.technicbricks.com/Media/2013/TBs_20130108_1/TBs_20130108_1_06.jpg
http://storage.technicbricks.com/Media/2013/TBs_20130108_1/TBs_20130108_1_07.jpg
http://educationnews.legoeducation.us/display-media/199/4
http://educationnews.legoeducation.us/display-media/198/4
http://educationnews.legoeducation.us/display-media/197/4
http://educationnews.legoeducation.us/display-media/196/4
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ɹʦʣʴʰʦʡ ʩʝʨʚʦʤʦʪʦʨ  ʉʨʝʜʥʠʡ ʩʝʨʚʦʤʦʪʦʨ ʉʝʥʩʦʨ ʢʘʩʘʥʠʷ 

   

ʉʝʥʩʦʨ ʮʚʝʪʘ 
ɼʘʪʯʠʢ ʨʘʩʩʪʦʷʥʠʷ 

(ʠʥʬʨʘʢʨʘʩʥʳʡ) 

1 ʠʥʬʨʘʢʨʘʩʥʳʡ ʤʘʷ-

ʯʦʢ / ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ 

  
 

ʈʠʩ. 12. ʉʪʘʥʜʘʨʪʥʳʝʩʝʥʩʦʨʳʜʣʷ LEGO Mindstorms EV3 

(retail version) 

ɺ ʢʦʤʧʣʝʢʪʝ ʩ EV3 ʧʦʩʪʘʚʣʷʝʪʩʷ ʥʦʚʘʷ ʛʨʘʬʠʯʝʩʢʘʷ ʩʨʝʜʘ 

ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʙʘʟʝ LabView, ʧʦʭʦʞʘʷ ʥʘ NXT-G (ʨʠʩ. 13).  

 

ʈʠʩ. 13. ɻʨʘʬʠʯʝʩʢʘʷ ʩʨʝʜʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʦʙʦʪʘ  

LEGOMindstormsEV3 

http://storage.technicbricks.com/Media/2013/TBs_20130108_1/TBs_20130108_1_06.jpg
http://storage.technicbricks.com/Media/2013/TBs_20130108_1/TBs_20130108_1_07.jpg
http://educationnews.legoeducation.us/display-media/199/4
http://educationnews.legoeducation.us/display-media/198/4
http://storage.technicbricks.com/Media/2013/TBs_20130108_1/TBs_20130108_1_12.jpg
http://educationnews.legoeducation.us/display-media/200/4
http://3.bp.blogspot.com/-Acwkl01mb6k/UPHaOKfC5FI/AAAAAAAAFDM/gNF8pEQkjO8/s800/ev3_ide_from_roberta.PNG
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ʈʠʩ. 14. ʄʦʜʝʣʠ ʫʯʝʙʥʳʭ ʨʦʙʦʪʦʚ LEGOMindstormsEV3 

 çʉʣʦʥè, çʉʝʛʚʝʡè  

2.2.5. Tetrix  

Tetrixï ʦʩʥʦʚʥʦʡ ʢʦʥʩʪʨʫʢʪʦʨ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʦʨʝʚʥʦʚʘ-

ʥʠʡ FIRST Tech Challenge (ʩʤ. Ä 14). Tetrix ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʦʙʦʪʦʚ, ʢʦʪʦʨʳʝ ʤʦ-

ʛʫʪ ʫʧʨʘʚʣʷʪʴʩʷ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʦʤ NXT. 

 

ʈʠʩ. 15. ʄʦʜʝʣʴ ʫʯʝʙʥʦʛʦ ʨʦʙʦʪʘ ʥʘ ʦʩʥʦʚʝ ʢʦʥʩʪʨʫʢʪʦʨʘ Tetrix 

ʩ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʦʤ NXT 
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2.2.6. Roborobo 

ʉʝʨʠʷ ʢʦʥʩʪʨʫʢʪʦʨʦʚ Roborobo ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʷʪʴʶ ʢʦʤʧ-

ʣʝʢʪʘʤʠ, ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʧʦ ʫʨʦʚʥʶ ʩʣʦʞʥʦʩʪʠ. ɺ ʢʘʞʜʳʡ ʠʟ 

ʥʠʭ ʚʭʦʜʷʪ: ʪʝʢʩʪʦʣʠʪʦʚʳʝ ʧʣʠʪʳ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʠʪʝʣʠ ʠ 

ʫʛʦʣʢʠ, ʤʦʪʦʨʳ ʠ ʩʝʨʚʦʧʨʠʚʦʜʳ, ʢʦʣʝʩʘ ʠ ʛʫʩʝʥʠʮʳ, ʢʦʥʪʨʦʣʣʝʨ 

ʜʣʷ ʤʦʪʦʨʦʚ ʠ ʩʝʨʚʦʧʨʠʚʦʜʦʚ, ʧʫʣʴʪ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʘʙʝʣʠ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ 

ʢʦʤʧʴʶʪʝʨʫ. ɼʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Roborobo ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ROGIC, ʦʥʦ ʧʦʟʚʦʣʷʝʪ ʥʘʯʠʥʘʶʱʠʤ 

ʣʝʛʢʦ ʦʩʚʦʠʪʴ ʘʟʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

 

ʈʠʩ. 16. ʄʦʜʝʣʠ ʫʯʝʙʥʳʭ ʨʦʙʦʪʦʚ Roborobo 

2.2.7. Fischertechnik 

ʈʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʪʦʨʳ Fischertechnik ʩʦʟʜʘʥʳ 

ʥʝʤʝʮʢʠʤ ʫʯʝʥʳʤ ï ʧʨʦʬʝʩʩʦʨʦʤ ɸʨʪʫʨʦʤ ʌʠʰʝʨʦʤ. ʕʪʠ ʢʦʥ-

ʩʪʨʫʢʪʦʨʳ ʚʦ ʤʥʦʛʦʤ ʥʝ ʫʩʪʫʧʘʶʪ LEGOMindstorms, ʦʥʠ ʠʤʝʶʪ 

ʘʥʘʣʦʛʠʯʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ  ʵʣʝʤʝʥʪʳ. ʈʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʥ-

ʩʪʨʫʢʪʦʨʳ Fischertechnik ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʫʯʘʱʠʭʩʷ ʩʪʘʨʰʝ 10 

ʣʝʪ. ɺ ʢʦʤʧʣʝʢʪʳ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʚʭʦʜʷʪ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʢʦʥ-

ʪʨʦʣʣʝʨʳ (Robo TX, Robotics TXT), ʜʚʠʛʘʪʝʣʠ, ʨʘʟʣʠʯʥʳʝ ʜʘʪʯʠ-

ʢʠ ʠ ʙʣʦʢʠ ʧʠʪʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʚʦʜʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʜʚʠʞʝʥʠʝ, ʩʦʟʜʘʚʘʪʴ ʨʦʙʦʪʦʚ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ 

ʠʭ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦ-

http://www.roborobo.co.kr/eng/winko.php?code=e_kit&type=kit1
http://www.roborobo.co.kr/eng/winko.php?code=e_kit&type=kit1
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ʛʨʘʤʤ ʜʣʷ ʢʦʥʪʨʦʣʣʝʨʘ Robo TX ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʨʝʜʘ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʷ Robo Pro. ʇʨʦʛʨʘʤʤʳ ʩʦʩʪʘʚʣʷʶʪʩʷ ʥʘ ʛʨʘʬʠʯʝʩʢʦʤ 

ʷʟʳʢʝ ʚ ʚʠʜʝ ʙʣʦʢ-ʩʭʝʤ. ɻʦʪʦʚʳʝ ʧʨʦʛʨʘʤʤʳ ʟʘʛʨʫʞʘʶʪʩʷ ʚ ʢʦʥ-

ʪʨʦʣʣʝʨ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩʳ USB ʠʣʠ Bluetooth. 
 

  

ʈʠʩ. 17. ʋʯʝʙʥʘʷ ʤʦʜʝʣʴ 

çɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʩʦʪʥʳʡ 

ʩʪʝʣʣʘʞʥʳʡ ʩʢʣʘʜ ʠʟ ʩʝʨʠʠè  

«RoboTX. ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ 

ʨʦʙʦʪʳè 

ʈʠʩ. 18. ʄʦʜʝʣʴ  ʫʯʝʙʥʦʛʦ 

ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ ʠʟ ʩʝʨʠʠ  

«Robo TX. ʋʯʝʙʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷè 

 

2.2.7. Arduino  

Arduinoï ʫʜʦʙʥʘʷ ʧʣʘʪʬʦʨʤʘ ʙʳʩʪʨʦʡ ʨʘʟʨʘʙʦʪʢʠ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʥʦʚʠʯʢʦʚ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ. ʇʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʥʝʙʦʣʴʰʫʶ ʧʣʘʪʫ ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ, ʧʘʤʷ-

ʪʴʶ. ʅʘ ʧʣʘʪʝ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʘʢ-

ʪʦʚ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʧʦʜʢʣʶʯʘʪʴ ʚʩʝʚʦʟʤʦʞʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: 

ʣʘʤʧʦʯʢʠ, ʜʘʪʯʠʢʠ, ʤʦʪʦʨʳ ʜʨʫʛʠʝ ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ.  

ʇʨʦʛʨʘʤʤʳ ʜʣʷ Arduino ʧʠʰʫʪʩʷ ʥʘ ʷʟʳʢʝ C++, ʜʦʧʦʣ-

ʥʝʥʥʳʤ ʧʨʦʩʪʳʤʠ ʠ ʧʦʥʷʪʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʚʚʦʜʦʤ/ʚʳʚʦʜʦʤ ʥʘ ʢʦʥʪʘʢʪʘʭ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ ʩ Arduino 

ʩʫʱʝʩʪʚʫʝʪ ʙʝʩʧʣʘʪʥʘʷ ʦʬʠʮʠʘʣʴʥʘʷ ʩʨʝʜʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

«Arduino IDEè, ʨʘʙʦʪʘʶʱʘʷ ʧʦʜ Windows, Mac OS ʠ Linux. ɼʣʷ 
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ʠʟʫʯʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʥʘʙʦʨ çɸʤʧʝʨʢʘè, ʚ ʢʦʤʧʣʝʢʪ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ 

ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ Arduino [2; 3]. 

 

 

ʈʠʩ. 19. ʇʣʘʪʬʦʨʤʘ Arduino ʈʠʩ. 20. ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʥʘʙʦʨ 

çɸʤʧʝʨʢʘè 

  

ʈʠʩ. 21. ʄʦʜʝʣʠ ʫʯʝʙʥʳʭ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ  ʥʘ ʙʘʟʝ Arduino 

2.2.8. Bioloid 

ʕʪʦ ʩʝʤʝʡʩʪʚʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥ-

ʩʪʨʫʢʪʦʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪ-

ʢʠ ʠ ʦʪʣʘʜʢʠ ʩʣʦʞʥʳʭ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʅʘʟʚʘʥʠʝ 

Bioloid ʧʦʣʫʯʝʥʦ ʧʫʪʝʤ ʩʣʦʞʝʥʠʷ ʩʣʦʚ çbioè +  «all» + çoidè, ʯʪʦ 

ʦʪʨʘʞʘʝʪ ʢʦʥʮʝʧʮʠʶ ʜʘʥʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ: ʣʶʙʦʝ ʞʠʚʦʝ ʩʫʱʝ-
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ʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʨʦʙʦʪʘ. ɼʣʷ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʉʄ-5 ʩʣʫʞʠʪ ʩʨʝʜʘ RoboPlus 

(ʩʤ.ʨʠʩ. 22). ɼʚʠʞʝʥʠʝ ʩʦʟʜʘʥʥʳʭ ʨʦʙʦʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʝʨ-

ʚʦʧʨʠʚʦʜʘʤʠ Dynamixel AX-12A ʠʣʠ AX-18A [32].  

 

ʈʠʩ. 22. RoboPlus (ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʨʦʙʦʪʦʚ  Bioloid) 

 
 

ʈʠʩ. 23. ʄʦʜʝʣʠ ʫʯʝʙʥʳʭ ʨʦʙʦʪʦʚ çʇʠʥʛʚʠʥè, çʂʨʦʢʦʜʠʣè 

 ʩʝʨʠʷ «RoboticsBioloid ʥʦʚʠʯʦʢ (BeginnerKit)» 
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ʈʠʩ. 24. ʄʦʜʝʣʠʫʯʝʙʥʳʭʨʦʙʦʪʦʚ «ʂʦʨʦʣʝʚʩʢʠʡʧʘʫʢ», «ɻʫʤʘʥʦʠʜ» 

ʩʝʨʠʷ«Robotis Bioloidʢʦʤʧʣʝʢʩʥʳʡ (Comprehensive Kit)» 

ɿʘʜʘʥʠʷ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʚʥʝʘʫʜʠʪʦʨʥʦʡ ʨʘʙʦʪʳ 

1. ʇʦʜʛʦʪʦʚʴʪʝ ʨʝʬʝʨʘʪ ʧʦ ʦʜʥʦʡ ʠʟ  ʪʝʤ: 

1.1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʥʘ ʫʨʦʢʘʭ 

ʬʠʟʠʢʠ; 

1.2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʥʘ ʫʨʦʢʘʭ 

ʠʥʬʦʨʤʘʪʠʢʠ; 

1.3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʥʘ ʫʨʦʢʘʭ 

ʤʘʪʝʤʘʪʠʢʠ; 

1.4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʥʘ ʫʨʦʢʘʭ 

ʪʝʭʥʦʣʦʛʠʠ; 

1.5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʥʘ ʫʨʦʢʘʭ 

ʙʠʦʣʦʛʠʠ; 

1.6. ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʚ ʥʘʯʘʣʴʥʦʡ ʰʢʦʣʝ. 

2. ʀʩʧʦʣʴʟʫʷ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʧʝʯʘʪʥʳʝ ʠʟʜʘʥʠʷ ʠ ʠʥ-

ʪʝʨʥʝʪ-ʠʩʪʦʯʥʠʢʠ ʩʦʩʪʘʚʴʪʝ ʩʚʦʜʥʫʶ ʪʘʙʣʠʮʫ ʧʦ ʦʙʦʨʫʜʦʚʘʥʠʶ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ (ʥʘʟʚʘʥʠʝ ʢʦʥʩʪ-

ʨʫʢʪʦʨʘ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʠʠ 

ʜʘʥʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ, ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʚʦʟʨʘʩʪ ʫʯʘʱʠʭʩʷ, 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ, ʧʨʝʠʤʫʱʝʩʪʚʘ, 

ʥʝʜʦʩʪʘʪʢʠ). 
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3. ʀʩʧʦʣʴʟʫʷ ʠʥʪʝʨʥʝʪ-ʠʩʪʦʯʥʠʢʠ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʦʙʝ-

ʨʠʪʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʥʩʪʨʫʢʪʦʨʘʭ (ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʟʨʘʙʦʪ-

ʢʘʭ), ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʚ ʰʢʦʣʝ. 

§3. ʄɽʊʆɼʀʂɸ ʆɹʋʏɽʅʀʗ  

ʆɹʈɸɿʆɺɸʊɽʃʔʅʆʁ ʈʆɹʆʊʆʊɽʍʅʀʂɽ 

ɺ ʦʩʥʦʚʝ ʚʩʝʭ ʧʨʦʜʫʢʪʦʚ LEGO ʣʝʞʠʪ ʧʨʠʥʮʠʧ çLearning 

by makingè (çʦʙʫʯʝʥʠʝ ʯʝʨʝʟ ʜʝʡʩʪʚʠʝè), ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʨʝʘ-

ʣʠʟʘʮʠʶ ʮʠʢʣʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʫʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʯʝʪʳʨʝʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: ʚʟʘʠʤʦʩʚʷʟʴ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ, 

ʨʝʬʣʝʢʩʠʷ, ʨʘʟʚʠʪʠʝ (ʨʠʩ. 25). 

 

ʈʠʩ. 25. ʎʠʢʣʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʙʫʯʝʥʠʷ  

ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ Lego [28; 29] 

çɺʟʘʠʤʦʩʚʷʟʴè ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʧʦʧʦʣʥʝʥʠʝ ʙʘʛʘʞʘ ʟʥʘ-

ʥʠʡ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʚʥʦʚʴ ʧʨʠʦʙʨʝʪʝʥʥʳʝ ʦʧʳʪ ʠ ʟʥʘʥʠʷ ʫʜʘ-

ʝʪʩʷ ʩʦʝʜʠʥʠʪʴ ʩ ʫʞʝ ʠʤʝʶʱʠʤʠʩʷ ʠʣʠ ʩʜʝʣʘʪʴ ʠʭ ʩʪʠʤʫʣʦʤ, 

ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʥʦʚʦʛʦ ʵʪʘʧʘ ʦʙʫʯʝʥʠʷ. 

çʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝè ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʝʡ ʠ 

ʛʝʥʝʨʘʮʠʶ ʠʜʝʡ. ʇʨʝʜʣʘʛʘʶʪʩʷ ʪʨʠ ʚʠʜʘ çʂʦʥʩʪʨʫʠʨʦʚʘʥʠʷè: 

1) ʩʚʦʙʦʜʥʦʝ «ʟʦʥʜʠʨʦʚʘʥʠʝ» ʧʨʦʙʣʝʤʳ ï ʫʯʘʱʠʝʩʷ ʟʥʘ-

ʢʦʤʷʪʩʷ ʩ ʥʦʚʳʤ ʧʦʥʷʪʠʝʤ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʤʦʜʠʬʠʮʠʨʫʷ ʧʨʦ-

ʩʪʳʝ ʤʦʜʝʣʠ ʠ ʫʧʨʘʚʣʷʷ ʠʤʠ; 
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2) ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʠʥʩʪʨʫʢʮʠʠ ï ʫʯʘʱʠʝʩʷ, ʩʣʝʜʫʷ ʧʦʜ-

ʨʦʙʥʳʤ ʠʥʩʪʨʫʢʮʠʷʤ, ʩʦʟʜʘʶʪ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ; 

3) ʩʚʦʙʦʜʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ï ʫʯʘʱʠʝʩʷ ʩʦʟʜʘʶʪ ʤʦ-

ʜʝʣʴ ʩʦʙʩʪʚʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʧʦʩʦʙʥʫʶ ʚʳʧʦʣʥʠʪʴ ʧʦʩʪʘʚ-

ʣʝʥʥʫʶ ʟʘʜʘʯʫ. 

çʈʝʬʣʝʢʩʠʷè ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʩʤʳʩʣʝʥʠʝ ʪʦʛʦ, ʯʪʦ ʩʜʝʣʘʥʦ, 

ʩʦʟʜʘʥʦ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʦ, ʧʦʠʩʢ ʩʣʦʚʝʩʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ ʧʦʣʫ-

ʯʝʥʥʦʛʦ ʟʥʘʥʠʷ, ʩʧʦʩʦʙʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʘ, ʧʫ-

ʪʝʡ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʠʜʝʷʤʠ ʠ ʨʝʰʝʥʠʷʤʠ. 

ʇʦʜʜʝʨʞʢʘ ʪʚʦʨʯʝʩʢʦʡ ʘʪʤʦʩʬʝʨʳ, ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʠ ʬʠ-

ʟʠʯʝʩʢʦʡ ʨʘʜʦʩʪʠ ʦʪ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʨʝʘʣʠʟʫʝʪʩʷ 

ʥʘ ʵʪʘʧʝ çʈʘʟʚʠʪʠʝè ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʟʘʜʘʥʠʡ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʫʛʣʫʙʣʝʥʠʶ ʧʦʣʫʯʝʥʥʦʛʦ ʦʧʳʪʘ, ʨʘʟʚʠʪʠʶ 

ʢʨʝʘʪʠʚʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʥʘʚʳʢʦʚ. 

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʥʘʯʘʣʴʥʦʤ ʢʫʨʩʝ ʠʟʫʯʝʥʠʷ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʨʘʟʜʝʣʘ: «ʆʩʥʦʚʳ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʤʝʭʘʥʠʢʠè ʠ çʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʨʦʙʦʪʦʪʝʭ-

ʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚè  [46]. ʈʘʟʜʝʣ çʆʩʥʦʚʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ 

ʤʝʭʘʥʠʢʠè ʥʘʧʨʘʚʣʝʥ ʥʘ ʠʟʫʯʝʥʠʝ ʙʘʟʦʚʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʥ-

ʮʠʧʦʚ ʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ 

ʚʩʝʭ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʫʩʪʨʦʡʩʪʚ (ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʟʫʙʯʘʪʳʝ ʠ ʨʝʤʝʥʥʳʝ ʧʝʨʝʜʘʯʠ, ʨʳʯʘʛʠ, 

ʢʦʣʝʩʘ, ʦʩʠ, ʙʣʦʢʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ). ʆʩʚʦʝʥʠʝ ʵʪʠʭ 

ʟʥʘʥʠʡ ʜʘʝʪ ʫʯʘʱʠʤʠʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʙʦʨʢʠ 

ʤʦʜʝʣʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

ʈʘʟʜʝʣ ʧʦʜʛʦʪʦʚʢʠ çʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩ-

ʢʠʭ ʫʩʪʨʦʡʩʪʚè ʜʦʣʞʝʥ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʨʝʟʫʣʴ-

ʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ çʄʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘ-

ʪʠʢʘè, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ çʨʘʟʚʠʪʠʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʤʳʰʣʝ-

ʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʩʦʚʨʝ-

ʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ; ʨʘʟʚʠʪʠʝ ʫʤʝʥʠʡ ʩʦʩʪʘʚʠʪʴ ʠ ʟʘʧʠʩʘʪʴ 
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ʘʣʛʦʨʠʪʤ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʷ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʥʘʥʠʡ 

ʦʙ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʣʦʛʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʷʭ ʠ 

ʦʧʝʨʘʮʠʷʭ; ʟʥʘʢʦʤʩʪʚʦ ʩ ʦʜʥʠʤ ʠʟ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ 

ʦʩʥʦʚʥʳʤʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ï ʣʠʥʝʡʥʦʡ, ʫʩʣʦʚ-

ʥʦʡ ʠ ʮʠʢʣʠʯʝʩʢʦʡè [41]. ʃʶʙʘʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʩʪ-

ʨʫʢʮʠʷ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʠʩʧʦʣʥʠʪʝʣʷ ʧʨʦʛʨʘʤʤʳ (ʘʣʛʦʨʠʪʤʘ). 

ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʧʝ-

ʜʘʛʦʛ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ: 

¶ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʥʘʫʯʥʦʛʦ ʧʦʟʥʘʥʠʷ ʚ ʭʦʜʝ ʚʳʧʦʣ-

ʥʝʥʠʷ ʧʨʦʝʢʪʘ; 

¶ ʧʦʜʛʦʪʦʚʢʠ ʫʯʘʱʠʭʩʷ ʢ ʩʦʨʝʚʥʦʚʘʥʠʷʤ ʨʦʙʦʪʦʚ.  

ʄʝʪʦʜ ʧʨʦʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʦʙʫʯʝʥʠʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʝ. ʕʪʦʪ ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʙʣʝʤʥʳʭ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ, 

ʧʦʠʩʢʦʚʳʭ ʤʝʪʦʜʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʝʣʴʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʨʝʟʫʣʴʪʘʪ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʧʨʦʝʢʪʦʚ ʚ ʦʙʫʯʝʥʠʠ ʧʨʝʜʧʦ-

ʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʟʥʘʯʠʤʦʡ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ, ʪʚʦʨʯʝʩʢʦʤ 

ʧʣʘʥʝ ʧʨʦʙʣʝʤʳ (ʟʘʜʘʯʠ, ʪʨʝʙʫʶʱʝʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʟʥʘʥʠʷ, 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʦʠʩʢʘ ʜʣʷ ʝʸ ʨʝʰʝʥʠʷ), ʘ ʪʘʢʞʝ ʦʨʘʛʥʠʟʘ-

ʮʠʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ (ʠʥʜʠʚʠʜʫʣʴʥʦʡ, ʧʘʨʥʦʡ, ʛʨʫʧʧʦʡ) ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʫʯʘʱʠʭʩʷ ʥʘ ʫʨʦʢʝ ʠʣʠ ʚʦ ʚʥʝʫʨʦʯʥʦʝ ʚʨʝʤʷ.  

ʉʦʟʜʘʥʠʝ ʜʝʡʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ ʨʦʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ 

ʚʠʜʝ ʧʨʦʝʢʪʘ[28]. ʇʨʠ ʵʪʦʤ ʩʦʟʜʘʥʥʘʷ ʤʦʜʝʣʴ ʨʦʙʦʪʘ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʬʫʥʢʮʠʠ ʢʘʢ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʥʦʛʦ, ʪʘʢ ʠ  ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʝʢʪʘ. 

ʇʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʨʦʝʢʪ ʦʪʣʠʯʘʝʪ ʦʙʦʟʥʘ-

ʯʝʥʥʳʡ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʨʝʟʫʣʴʪʘʪ ʜʝʷʪʝʣʴʥʦʩʪ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦ-

ʢʪʘ ï ʨʦʙʦʪ, ʚʳʧʦʣʥʷʶʱʠʡ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʫʥʢʮʠʠ (ʥʘʧʨʠʤʝʨ, 

ʧʨʦʝʢʪ çʇʘʨʢʦʚʢʘè, ʧʨʦʝʢʪ çʀʟʤʝʨʝʥʠʝ ʫʨʦʚʥʷ ʰʫʤʘè ʠ ʜʨ.). 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʭʘʨʘʢʪʝʨ ʪʘʢʦʡ ʧʨʦʝʢʪ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʠ ʦʪ-

ʣʘʜʢʝ ʨʘʙʦʪʳ ʨʦʙʦʪʘ. ʉʫʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʝʢʪʘ ʚ ʪʦʤ, 

ʯʪʦ ʦʥ ʧʦʜʯʠʥʝʥ ʣʦʛʠʢʝ ʧʫʩʪʴ ʥʝʙʦʣʴʰʦʛʦ, ʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 
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ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ, ʧʨʠʙʣʠʞʝʥʥʫʶ ʢ ʧʦʜʣʠʥʥʳʤ ʥʘʫʯʥʳʤ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷʤ. ʀʩʧʳʪʘʥʠʝ ʠ ʦʪʣʘʜʢʘ ʨʘʙʦʪʳ ʨʦʙʦʪʘ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘ-

ʛʘʝʪ ʫʷʩʥʝʥʠʝ ʮʝʣʠ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʛʠʧʦʪʝʟʳ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʩʝʨʠʠ ʦʧʳʪʦʚ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʤʦʜʝʣʠ, ʧʦʜʛʦʪʦʚʢʘ ʫʩʣʦʚʠʡ ʜʣʷ 

ʠʩʧʳʪʘʥʠʡ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʠʩʧʳʪʘʥʠʡ, ʚʥʝʩʝʥʠʝ ʠʩʧʨʘʚʣʝʥʠʡ  

ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʧʨʦʛʨʘʤʤʫ ʨʦʙʦʪʘ ʥʘ ʦʩʥʦʚʝ ʩʜʝʣʘʥʥʳʭ 

ʚʳʚʦʜʦʚ. 

ʇʦʜʛʦʪʦʚʢʘ ʢ ʩʦʨʝʚʥʦʚʘʥʠʷʤ ʨʦʙʦʪʦʚ ʩʪʘʚʠʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʧʝʨʝʜ ʫʯʠʪʝʣʝʤ ʨʘʙʦʪʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʪʨʝʥʝʨʘ ʢʦʤʘʥʜʳ 

(§ 8). ʉʦʨʝʚʥʦʚʘʥʠʷ ʢʘʢ ʤʝʪʦʜ ʦʨʘʛʥʠʟʘʮʠʠ ʫʯʝʙʥʦ-ʧʦʟʥʘʚʘ-

ʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʰʢʦʣʴʥʠʢʦʚ ʧʦ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʩʧʦʩʦʙʩʪ-

ʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʘʯʝʩʪʚ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʣʠʯʥʦʩʪʠ. 

ʕʪʦʪ ʤʝʪʦʜ ʦʧʠʨʘʝʪʩʷ ʥʘ ʝʩʪʝʩʪʚʝʥʥʳʝ ʩʢʣʦʥʥʦʩʪʠ ʫʯʘʱʝʛʦʩʷ ʢ 

ʣʠʜʝʨʩʪʚʫ, ʢ ʩʦʧʝʨʥʠʯʝʩʪʚʫ. ɺ ʧʨʦʮʝʩʩʝ ʩʦʨʝʚʥʦʚʘʥʠʷ ʰʢʦʣʴʥʠʢ 

ʜʦʩʪʠʛʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʩʧʝʭʘ ʚ ʦʪʥʦʰʝʥʠʷʭ ʩ ʪʦʚʘʨʠʱʘʤʠ, 

ʧʨʠʦʙʨʝʪʘʝʪ ʥʦʚʳʡ ʩʦʮʠʘʣʴʥʳʡ ʩʪʘʪʫʩ. ʉʦʨʝʚʥʦʚʘʥʠʝ ʚʳʟʳʚʘʝʪ 

ʥʝ ʪʦʣʴʢʦ ʘʢʪʠʚʥʦʩʪʴ, ʥʦ ʠ ʬʦʨʤʠʨʫʝʪ ʫ ʥʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʩʘʤʦʘʢʪʫʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʝʪʦʜ 

ʩʘʤʦʚʦʩʧʠʪʘʥʠʷ. 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢʦʤʘʥʜ ʢ ʩʦʨʝʥʦʚʘʥʠʷʤ ʰʠʨʦʢʦ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʤʝʪʦʜʳ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ ʩʦʚʤʝʩʪ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʰʢʦʣʴʥʠʢʦʚ ʠ ʪʨʝʥʝʨʘ ʢʦʤʘʥʜʳ çʥʘ ʨʘʚʥʳʭè. 

ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʩʦʚʤʝʩʪʥʳʝ ʦʙʩʫʞʜʝʥʠʷ, ʜʠʩʢʫʩʩʠʠ, ʘʢʪʠʚʠʟʠ-

ʨʫʶʱʝʝ ʦʙʱʝʥʠʝ ʚ ʧʘʨʘʭ çʫʯʠʪʝʣʴ-ʫʯʝʥʠʢè, çʫʯʝʥʠʢ-ʫʯʝʥʠʢè, ʚ 

ʢʦʣʣʝʢʪʠʚʝ çʪʨʝʥʝʨ-ʦʧʝʨʘʪʦʨʳè [34].  

ʉʦʨʝʚʥʦʚʘʥʠʷ ʨʦʙʦʪʦʚ ʷʚʣʷʶʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤ ʩʤʦʪʨʦʤ 

ʜʦʩʪʠʞʝʥʠʡ ʜʣʷ ʫʯʘʱʠʭʩʷ ʫʯʘʩʪʠʝ ʚ ʩʦʨʝʚʥʦʚʘʥʠʷʭ ʷʚʣʷʝʪʩʷ 

ʩʚʦʝʦʙʨʘʟʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʠʟʫʯʝʥʠʶ 

ʨʦʙʦʪʦʪʝʭʥʠʢʠ. ʉʦʨʝʚʥʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚ-

ʥʷ ʤʦʪʠʚʘʮʠʠ ʫ ʫʯʘʱʠʭʩʷ ʢ ʟʘʥʷʪʠʷʤ ʨʦʙʦʪʦʪʝʭʥʠʢʦʡ, ʥʘ ʧʦʧʫ-

ʣʷʨʠʟʘʮʠʶ ʵʪʦʛʦ ʚʠʜʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʪʚʦʨʯʝʩʪʚʘ. 

ʉʦʨʝʚʥʦʚʘʥʠʷ ʟʘʪʨʘʛʠʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʘʩʧʝʢʪʳ ʪʝʭʥʠʯʝʩ-

ʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʢʦʤʘʥʜ, ʥʦ ʠ ʢʦʣʣʝʢʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʘ-
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ʱʠʭʩʷ, ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʈʘʙʦʪʘʷ ʥʘʜ ʧʨʦʝʢʪʦʤ, 

ʯʣʝʥʳ ʢʦʤʘʥʜʳ ʫʯʘʪʩʷ ʨʘʩʧʨʝʜʝʣʷʪʴ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ, ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʦʚʘʪʴ, ʦʧʨʝʜʝʣʷʪʴ ʧʨʠʦʨʠʪʝʪʳ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟ-

ʤʦʞʥʳʝ ʟʘʪʨʫʜʥʝʥʠʷ. 

ʊʨʝʥʝʨʩʢʘʷ ʨʘʙʦʪʘ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʩʦʨʝʚʥʦʚʘʥʠʷʤ ʚʢʣʶ-

ʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ [38]: 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʢʦʤʘʥʜʳ; 

¶ ʩʧʝʮʠʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʢ ʢʦʥʢʨʝʪʥʳʤ ʩʦʨʝʚʥʦʚʘʥʠʷʤ 

(ʩʤ. ʛʣʘʚʘ IV);  

¶ ʤʦʨʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʥʘʩʪʨʦʡ ʢʦʤʘʥʜʳ ʥʘ ʧʨʝʜ-

ʩʪʦʷʱʠʝ ʩʦʨʝʚʥʦʚʘʥʠʷ. 

ʕʪʘʧʳ ʧʦʜʛʦʪʦʚʢʠ ʤʦʜʝʣʠ ʨʦʙʦʪʘ ʢ ʩʦʨʝʚʥʦʚʘʥʠʷʤ [38]: 

1) ʠʟʫʯʝʥʠʝ ʨʝʛʣʘʤʝʥʪʘ (ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʩʨʝʜʩʪʚʘʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʨʠʥʮʠʧ ʩʫʜʝʡʩʪʚʘ); 

2) ʩʦʩʪʘʚʣʝʥʠʝ ʧʣʘʥʘ ʧʦʜʛʦʪʦʚʢʠ; 

3) ʧʦʠʩʢ ʠʜʝʠ ʨʝʰʝʥʠʷ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʦʝʛʦ ʠ ʯʫʞʦʛʦ 

ʦʧʳʪʘ, ʨʝʩʫʨʩʦʚ ʩʝʪʠ ʠʥʪʝʨʥʝʪ); 

4) ʘʥʘʣʠʟ ʠʜʝʠ ʨʝʰʝʥʠʷ; 

5) ʩʦʟʜʘʥʠʝ ʵʩʢʠʟʘ ʤʦʜʝʣʠ; 

6) ʩʙʦʨʢʘ  ʢʦʥʩʪʨʫʢʮʠʠ ʨʦʙʦʪʘ ʩʦʛʣʘʩʥʦ ʚʳʙʨʘʥʥʦʡ ʠʜʝʝ; 

7) ʩʦʩʪʘʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʦʙʦʪʘ ʩʦʛʣʘʩʥʦ ʚʳʙʨʘʥ-

ʥʦʡ ʠʜʝʝ; 

8) ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʨʦʙʦʪʘ ʠ ʚʳʷʚʣʝʥʠʝ ʩʣʘʙʳʭ ʤʝʩʪ; 

9) ʜʦʨʘʙʦʪʢʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʦʜʝʣʠ. 

ɿʘʜʘʥʠʷ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʚʥʝʘʫʜʠʪʦʨʥʦʡ ʨʘʙʦʪʳ 

ʇʦʜʛʦʪʦʚʴʪʝ ʨʝʬʝʨʘʪʳ ʧʦ ʪʝʤʘʤ: 

1. ʇʨʦʝʢʪʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʰʢʦʣʴʥʠʢʦʚ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʝ; 

2. ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʰʢʦʣʴʥʠʢʦʚ ʥʘ ʟʘʥʷ-

ʪʠʷʭ ʧʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʝ; 

3. ʀʛʨʦʚʳʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦ-

ʪʝʭʥʠʢʝ. 
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ɻʃɸɺɸ II  

ʋʉʊʈʆʁʉʊɺʆ ʋʏɽɹʅʆɻʆ ʈʆɹʆʊɸ 

ʋ ʨʦʙʦʪʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʝ ʯʘʩʪʠ. ʆʜʥʘ ʯʘʩʪʴ 

ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʦʨʛʘʥʳ, ʙʘʟʦʡ ʢʦʪʦʨʳʭ 

ʩʣʫʞʘʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ. ʉ ʧʦʤʦʱʴʶ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ 

ʦʨʛʘʥʦʚ ʨʦʙʦʪ ʘʢʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʚʥʝʰʥʶʶ ʩʨʝʜʫ.  ɼʨʫʛʘʷ 

ʚʘʞʥʘʷ ʯʘʩʪʴ ʦʙʲʝʜʠʥʷʝʪ ʦʨʛʘʥʳ ʯʫʚʩʪʚ (ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʩʙʦʨ ʥʝʦʙʭʦʜʠʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ. ʏʫʚʩʪʚʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʚ 

ʩʚʦʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʶʪ ʪʝʭʥʠʢʫ ʠʟʤʝʨʝʥʠʡ. ʊʨʝʪʴʷ ʯʘʩʪʴ 

ʦʙʲʝʜʠʥʷʝʪ ʵʣʝʤʝʥʪʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʦʥʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ [47].  
 

 

ʈʠʩ. 26. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʨʦʙʦʪʘ [47] 

ʉʠʩʪʝʤʘ 

ʩʚʷʟʠ 

 

ʀʥʬʦʨʤʘʮʠ-

ʦʥʥʦ-ʫʧʨʘʚ-

ʣʷʶʱʘʷ  

ʩʠʩʪʝʤʘ 

ʉʝʥʩʦʨʥʘʷ  

ʩʠʩʪʝʤʘ 

 

 

 

 

ʄʘʥʠʧʫʣʷʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ 

 

 

 

 

ʉʠʩʪʝʤʘ  

ʧʝʨʝʜʚʠʞʝʥʠʷ 

ʇʨʠ-

ʚʦʜʳ 

ʇʨʠ-

ʚʦʜʳ 

ʄʝʭʘʥʠ-

ʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ 

ʤʘʥʠʧʫ-

ʣʷʪʦʨʘ 

ʄʝʭʘʥʠ-

ʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ 

ʧʝʨʝʜʚʠ-

ʞʝʥʠʷ 

ɺʥʝʰ

ʥʷʷ 

ʩʨʝʜʘ 

ʆʧʝʨʘʪʦʨ 
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§ 4. ʋʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʦʛʦ ʨʦʙʦʪʘ 

ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʘʷ ʩʠʩʪʝʤʘ ï ʵʪʦ çʤʦʟʛè 

ʨʦʙʦʪʘ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʤʝʭʘʥʠʟʤʘʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʟʘʣʦʞʝʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʩ ʫʯʝʪʦʤ ʩʠʛʥʘʣʦʚ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʪ ʩʝʥʩʦʨʥʦʡ 

ʩʠʩʪʝʤʳ. ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʘʷ ʩʠʩʪʝʤʘ Lego-ʨʦʙʦʪʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʣʦʢ ʩ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʦʤ ï RCX, NXT ʠʣʠ 

EV3 ï ʚ ʟʘʚʠʩʠʤʩʪʠ ʦʪ ʧʦʢʦʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʘ. ʂ ʜʘʥʥʦʤʫ 

ʙʣʦʢʫ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʨʷʜʢʝ ʧʦʜʢʣʶʯʘʶʪʩʷ ʤʦʪʦʨʳ, ʦʪʚʝ-

ʯʘʶʱʠʝ ʟʘ ʠʩʧʦʣʥʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʠ ʜʘʪʯʠʢʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʩʝʥʩʦʨʥʫʶ ʩʠʩʪʝʤʫ ʨʦʙʦʪʘ. 

 

ʈʠʩ. 27. ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʘʷ ʩʠʩʪʝʤʘ  

LegoMindstormsNXT 

ʊʘʙʣʠʮʘ 2 

ʇʦʨʷʜʦʢ ʧʦʜʢʣʶʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʤʦʪʦʨʦʚ ʢ ʙʣʦʢʫ NXT 

ʇʦʨʪ ʋʩʪʨʦʡʩʪʚʦ 

ɸ, ɺ, ʉ ʄʦʪʦʨʳ   

1 ɼʘʪʯʠʢ ʢʘʩʘʥʠʷ (Touch Sensor) 

2 ɼʘʪʯʠʢ ʟʚʫʢʘ (Sound Sensor) 

3 ɼʘʪʯʠʢ ʦʩʚʝʱʝʥʥʦʩʪʠ (Light Sensor) 

4 ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʪʯʠʢ ʨʘʩʩʪʦʷʥʠʷ (UltrasonicSensor) 
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ɿʘʜʘʥʠʷ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʚʥʝʘʫʜʠʪʦʨʥʦʡ ʨʘʙʦʪʳ 

ʀʩʧʦʣʴʟʫʷ ʩʧʠʩʦʢ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʥʪʝʨ-

ʥʝʪ-ʠʩʪʦʯʥʠʢʠ, ʩʦʩʪʘʚʴʪʝ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʪʘʙʣʠʮʫ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʙʣʦʢʦʚ RCX, NXT ʠʣʠ EV3. 

§ 5. ʉʝʥʩʦʨʥʘʷ ʩʠʩʪʝʤʘ ʫʯʝʙʥʦʛʦ ʨʦʙʦʪʘ 

5.1. ɼʘʪʯʠʢ ʢʘʢ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʚ ʩʠʩʪʝʤʝ ʨʦʙʦʪʘ 

ɺ ʜʘʪʯʠʢʝ ʢʘʢ ʫʩʪʨʦʡʩʪʚʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ  

ʚʝʣʠʯʠʥ ʧʨʦʠʩʭʦʜʷʪ ʪʨʠ ʧʨʦʮʝʩʩʘ: ʚʦʩʧʨʠʷʪʠʝ ʚʭʦʜʥʦʡ ʬʠʟʠ-

ʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ, ʝʸ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʧʨʦʤʝʞʫʪʦʯʥʫʶ (ʠʣʠ 

ʩʨʘʟʫ ʞʝ ʚʳʭʦʜʥʫʶ) ʚʝʣʠʯʠʥʫ ʪʦʡ ʞʝ ʠʣʠ ʠʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠ-

ʨʦʜʳ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʚʜʦʣʴ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʮʝʧʠ, ʩʦʧʨʷʛʘʝʤʦʡ ʩ ʜʘʪʯʠʢʦʤ [17]. 

ʇʦʩʢʦʣʴʢʫ ʣʶʙʦʡ ʜʘʪʯʠʢ ʷʚʣʷʝʪʩʷ ʩʨʝʜʩʪʚʦʤ ʠʟʤʝʨʝʥʠʷ, 

ʪʦ ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ ʩʤʳʩʣ ʪʝʨʤʠʥʦʚ çʪʦʯʥʦʩʪʴè ʠ çʧʦʛʨʝʰ-

ʥʦʩʪʴè ʠʟʤʝʨʝʥʠʡ. ʊʦʯʥʦʩʪʴ ï ʵʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʯʝʩʪʚʘ 

ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ. ʄʳ ʤʦʞʝʤ ʚʳʩʢʘʟʳʚʘʪʴ ʧʦʞʝʣʘʥʠʷ ʦʙ  

ʠʟʤʝʨʝʥʠʠ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ʩ ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ ʪʦʯ-

ʥʦʩʪʴʶ. ʇʦʛʨʝʰʥʦʩʪʴ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ 

ʦʮʝʥʢʘ ʧʦʣʫʯʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʡ, ʚʳʨʘʞʘʝʤʘʷ ʚ ʨʘʟ-

ʥʠʮʝ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤ ʠ ʠʩʪʠʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʬʠʟʠʯʝʩʢʦʡ  

ʚʝʣʠʯʠʥʳ [17]. 

ɼʘʪʯʠʢ ʢʘʢ ʩʨʝʜʩʪʚʦ ʠʟʤʝʨʝʥʠʷ  ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʠʘʧʘʟʦ-

ʥʦʤ ʠʟʤʝʨʝʥʠʡ, ʪ.ʝ. ʜʠʘʧʘʟʦʥʦʤ ʟʥʘʯʝʥʠʡ ʠʟʤʝʨʷʝʤʦʡ ʬʠʟʠʯʝ-

ʩʢʦʡ ʚʝʣʠʯʠʥʳ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʜʘʪʯʠʢ ʩʧʦʩʦʙʝʥ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʴ ʝʸ ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʚʝʣʠʯʠʥʘʤʠ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʚʝʣʠ-

ʯʠʥʘʤʠ ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʪʯʠʢʘ, ʦʥʘ ʤʦ-

ʞʝʪ  ʚʳʨʘʞʘʪʴʩʷ ʚ ʚʠʜʝ ʬʦʨʤʫʣʳ, ʛʨʘʬʠʢʘ ʠʣʠ ʪʘʙʣʠʮʳ. ʏʘʱʝ 

ʚʩʝʛʦ ʩʪʨʝʤʷʪʩʷ ʠʤʝʪʴ ʣʠʥʝʡʥʫʶ ʬʫʥʢʮʠʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʪ.ʝ. 
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ʧʨʷʤʫʶ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʝʤ ʚʭʦʜʥʦʡ ʚʝʣʠ-

ʯʠʥʳ ʠ   ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʠʨʘʱʝʥʠʝʤ ʚʳʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳ 

ʜʘʪʯʠʢʘ (ʨʠʩ. 28). 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ y = f (x), 

ʛʜʝ ʭ ï ʚʭʦʜʥʘʷ, ʘ y ï ʚʳʭʦʜʥʘʷ ʚʝʣʠʯʠʥʘ, ʜʦʩʪʘʪʦʯʥʦ ʥʘʯʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ y0, ʠʤʝʥʫʝʤʦʡ ʥʫʣʝʚʳʤ ʫʨʦʚʥʝʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʥʫʣʝʚʦʤʫ (ʠʣʠ ʢʘʢʦʤʫ-ʣʠʙʦ ʜʨʫʛʦʤʫ ʭʘʨʘʢʪʝʨʥʦʤʫ) ʟʥʘʯʝʥʠʶ  

ʚʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳ ʭ, ʠ ʧʦʢʘʟʘʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʥʘʢʣʦʥʘ ʧʨʷ-

ʤʦʡ s = ȹy / ȹx, ʥʘʟʳʚʘʝʤʦʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʜʘʪʯʠʢʘ [17].  

 

ʈʠʩ. 28. ʃʠʥʝʡʥʘ ʬʫʥʢʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʉʠʩʪʝʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʥʘʜʝʣʷʝʪ ʨʦʙʦʪʘ ʩʧʦ-

ʩʦʙʥʦʩʪʴʶ ʚʦʩʧʨʠʥʠʤʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ,  

ʟʘʯʘʩʪʫʶ ʜʘʪʯʠʢʠ ʷʚʣʷʶʪʩʷ ʧʨʦʪʦʪʠʧʘʤʠ ʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ 

ʯʝʣʦʚʝʢʘ. 

ɺʦʩʧʨʠʷʪʠʝ ʚʥʝʰʥʝʛʦ ʤʠʨʘ ʯʝʣʦʚʝʢʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝ-

ʨʝʟ ʰʝʩʪʴ ʦʩʥʦʚʥʳʭ ʢʘʥʘʣʦʚ ʩʝʥʩʦʨʥʦʡ ʨʝʮʝʧʮʠʠ, ʦʙʨʘʟʫʶʱʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʝʪʴ. ʕʪʦ ʢʘʥʘʣʳ ʦʨʛʘʥʦʚ 

ʯʫʚʩʪʚ ï ʩʣʫʭ, ʟʨʝʥʠʝ, ʦʩʷʟʘʥʠʝ, ʪʝʨʤʦʨʝʮʝʧʮʠʷ, ʦʙʦʥʷʥʠʝ ʠ 

ʚʢʫʩ. ɺ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʚʦʟʙʫʞʜʝʥʠʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩʠʩʪʝʤʦʡ 

ʨʝʮʝʧʪʦʨʦʚ, ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʣʷ ʨʘʟʥʳʭ ʩʝʥʩʦʨʥʳʭ ʤʦʜʘʣʴʥʦ-

ʩʪʝʡ, ʠ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ (ʥʝʨʚʥʦʤʫ ʚʦʣʦʢʥʫ) ʚ ʚʠʜʝ 

ʧʦʪʝʥʮʠʘʣʦʚ ʜʝʡʩʪʚʠʡ. ʉʠʩʪʝʤʘ ʨʝʮʝʧʪʦʨʦʚ ʢʘʞʜʦʡ ʤʦʜʘʣʴʥʦ-
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ʩʪʠ ʩʚʷʟʘʥʘ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʦʪʜʝʣʘʤʠ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ.  

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʩʝʥʩʦʨʥʦʛʦ ʦʙʨʘʟʘ ʫ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʨʝ-

ʟʫʣʴʪʘʪʦʤ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʤʦʟ-

ʛʘ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʫʞʝ ʥʘ 

ʫʨʦʚʥʝ ʨʝʮʝʧʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʮʝʧʪʦʨʦʚ ʧʦ ʧʝʨʝ-

ʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦ ʝʝ ʧʝʨʝʨʘʙʦʪʢʝ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʧʫ-

ʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʝʮʝʧʪʦʨʥʳʭ ʥʝʡʨʦʥʦʚ ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠ-

ʤʘʣʴʥʳʡ ʧʦʪʦʢ ʠʥʬʦʨʤʘʮʠʠ. ɿʘʤʝʪʠʤ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʨʝʥʠʝ  ʠʛʨʘʝʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʘʜʘʧ-

ʪʘʮʠʠ ʯʝʣʦʚʝʢʘ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʪʘ-

ʢʫʶ ʞʝ ʨʦʣʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʟʨʝʥʠʷ ʧʨʠ ʘʜʘʧʪʘʮʠʠ ʨʦʙʦʪʘ ʚ ʫʩ-

ʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʫʭ ʠ ʦʩʦʙʝʥʥʦ ʦʩʷʟʘ-

ʥʠʝ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʥʷ ʪʦʥʢʦʡ ʢʦʨʨʝʢʮʠʠ ʜʚʠʞʝʥʠʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʠ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ  ʩʝʥʩʦʨʥʳʭ ʬʫʥʢʮʠʡ ʷʚʣʷʶʪʩʷ 

ʧʨʦʪʦʪʠʧʦʤ ʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʨʦʙʦʪʘ. ɿʘʤʝʪʠʤ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ ʦʜʥʘ ʠ ʪʘ ʞʝ ʧʦʚʝʜʝʥʯʝʩʢʘʷ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ 

ʧʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʩʝʥʩʦʨʥʳʭ ʬʫʥʢʮʠʡ. ʍʦʨʦʰʠʤ 

ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝ. ʇʨʠ ʭʦʜʴ-

ʙʝ ʯʝʣʦʚʝʢ ʠʩʧʦʣʴʟʫʝʪ ʟʨʝʥʠʝ, ʪʘʢʪʠʣʴʥʫʶ, ʢʠʥʝʩʪʝʪʠʯʝʩʢʫʶ, ʘ 

ʪʘʢʞʝ ʩʣʫʭʦʚʫʶ ʩʝʥʩʦʨʥʳʝ ʬʫʥʢʮʠʠ. ʆʜʥʘʢʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦ-

ʩʪʘʚʣʷʝʤʘʷ ʵʪʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠʥʬʦʨʤʘʮʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʠʟʙʳʪʦʯ-

ʥʦʡ. ʅʘʧʨʠʤʝʨ, ʯʪʦʙʳ ʧʨʦʡʪʠ ʧʦ ʫʣʠʮʝ, ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʚʩʝʛʦ ʪʨʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʘʥʘʣʘ. ɿʘʤʝʱʝʥʠʝ ʦʜʥʦʡ ʩʝʥ-

ʩʦʨʥʦʡ ʬʫʥʢʮʠʠ ʜʨʫʛʦʡ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʩʝʥʩʦʨʥʦʡ ʢʦʤʧʝʥ-

ʩʘʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʪʠʣʴʥʘʷ ʨʝʮʝʧʮʠʷ ʩʣʝʧʦʛʦ ʯʘʩʪʠʯʥʦ ʟʘ-

ʤʝʱʘʝʪ ʟʨʝʥʠʝ. ʇʨʠʥʮʠʧ ʟʘʤʝʱʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʦ-

ʙʦʪʦʪʝʭʥʠʢʝ [8]. 

ʉʝʥʩʦʨʥʘʷ ʩʠʩʪʝʤʘ ʨʦʙʦʪʦʚ (ʩʠʩʪʝʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ  

ʜʘʪʯʠʢʦʚ) ʦʙʳʯʥʦ ʢʦʧʠʨʫʝʪ ʬʫʥʢʮʠʠ ʦʨʛʘʥʦʥ ʯʫʚʩʪʚ ʯʝʣʦʚʝʢʘ 
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(ʟʨʝʥʠʝ, ʩʣʫʭ, ʦʙʦʥʷʥʠʝ, ʦʩʷʟʘʥʠʝ ʠ ʚʢʫʩ). ʏʫʚʩʪʚʦ ʨʘʚʥʦʚʝʩʠʷ ʠ 

ʧʦʣʦʞʝʥʠʷ ʪʝʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʘʢ ʬʫʥʢʮʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʫʭʘ, 

ʠʥʦʛʜʘ ʩʯʠʪʘʶʪʩʷ ʰʝʩʪʳʤ ʯʫʚʩʪʚʦʤ. ʉʝʥʩʦʨʥʳʝ ʜʘʪʯʠʢʠ ʤʦʛʫʪ 

ʦʙʥʘʨʫʞʠʪʴ ʢʘʢʠʝ-ʪʦ ʚʥʝʰʥʠʝ ʩʠʛʥʘʣʳ ʠ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʚʝʣʠʯʠ-

ʥʫ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʥʘ ʚʳʭʦʜʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ʀʥʬʦʨʤʘʮʠʷ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʩʠʛʥʘʣʝ, 

ʜʦʣʞʥʘ ʙʳʪʴ ʩʯʠʪʘʥʘ ʠ ʦʙʨʘʙʦʪʘʥʘ çʠʥʪʝʣʣʝʢʪʦʤè ʨʦʙʦʪʘ (ʥʘ-

ʧʨʠʤʝʨ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ) ʠʣʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ. ʂʘʢ ʧʨʘʚʠ-

ʣʦ, ʢʣʘʩʩʳ ʩʝʥʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʳʜʝʣʷʶʪʩʷ ʧʦ ʪʠʧʫ ʚʦʟʜʝʡʩʪ-

ʚʠʷ, ʥʘ ʢʦʪʦʨʦʝ ʜʘʥʥʳʡ ʩʝʥʩʦʨ ʨʝʘʛʠʨʫʝʪ: ʩʚʝʪ, ʟʚʫʢ, ʪʝʧʣʦ ʠ ʜʨ. 

ʊʠʧʳ ʩʝʥʩʦʨʦʚ, ʚʩʪʨʦʝʥʥʳʭ ʚ ʨʦʙʦʪʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʮʝʣʷʤʠ ʠ 

ʤʝʩʪʦʤ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

ʊʘʙʣʠʮʘ 3 

ʅʘʟʥʘʯʝʥʠʝ ʜʘʪʯʠʢʦʚ ʜʣʷ Lego MindstormsNXT ʠ EV3 

ˉ ɼʘʪʯʠʢ ʅʘʟʥʘʯʝʥʠʝ 

1 
ɼʘʪʯʠʢ ʚʨʘʱʝʥʠʷ 

ʤʦʪʦʨʘ 
ɼʚʠʞʝʥʠʝ, ʧʦʜʩʯʝʪ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ  ʤʦʪʦʨʘ 

2 ɼʘʪʯʠʢ ʢʘʩʘʥʠʷ ʆʩʷʟʘʥʠʝ (ʧʨʠʢʦʩʥʦʚʝʥʠʝ) 

3 ɼʘʪʯʠʢ ʟʚʫʢʘ ʉʣʫʭ (ʫʨʦʚʝʥʴ ʛʨʦʤʢʦʩʪʠ ʟʚʫʢʘ) 

4 
ɼʘʪʯʠʢ ʮʚʝʪʘ /  

ʩʚʝʪʘ 

ɿʨʝʥʠʝ (ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʦʤʝ-

ʱʝʥʠʷ, ʷʨʢʦʩʪʠ ʦʙʲʝʢʪʦʚ, ʨʘʟʣʠʯʝʥʠʝ  

ʮʚʝʪʦʚ) 

5 ɼʘʪʯʠʢ ʨʘʩʩʪʦʷʥʠʷ 
ɿʨʝʥʠʝ (ʦʪʩʣʝʞʠʚʘʥʠʝ ʧʨʝʧʷʪʩʪʚʠʡ, ʦʧʨʝʜʝ-

ʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʧʨʝʧʷʪʩʪʚʠʡ) 

6 
ʀʥʬʨʘʢʨʘʩʥʳʡ 

ʜʘʪʯʠʢ 

ɿʨʝʥʠʝ (ʦʪʩʣʝʞʠʚʘʥʠʝ ʧʨʝʧʷʪʩʪʚʠʡ, ʦʧʨʝʜʝ-

ʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʧʨʝʧʷʪʩʪʚʠʡ) 

7 ɼʘʪʯʠʢ-ʛʠʨʦʩʢʦʧ ʆʧʨʝʜʝʣʝʥʠʝ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

8 ɼʘʪʯʠʢ ʫʩʢʦʨʝʥʠʷ ʆʧʨʝʜʝʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ 

9 ɼʘʪʯʠʢ-ʢʦʤʧʘʩ 
ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʝ ʪʝʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪ-

ʚʝ (ʦʨʠʝʥʪʘʮʠʷ ʧʦ ʩʪʦʨʦʥʘʤ ʩʚʝʪʘ) 
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5.2. ʉʝʨʚʦʤʦʪʦʨ 

ʉʝʨʚʦʤʦʪʦʨ NXT ï ʵʪʦ ʩʦʯʝʪʘʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʰʝʩ-

ʪʝʨʸʥʯʘʪʦʛʦ ʨʝʜʫʢʪʦʨʘ ʠ ʜʘʪʯʠʢʘ ʚʨʘʱʝʥʠʷ, ʦʙʲʝʜʠʥʸʥʥʳʭ ʚ ʦʜ-

ʥʦʤ ʢʦʨʧʫʩʝ ʩʚʦʝʦʙʨʘʟʥʦʡ ʬʦʨʤʳ. 

 

ʈʠʩ. 29. ʉʝʨʚʦʤʦʪʦʨ NXT 

ʄʘʣʦʛʘʙʘʨʠʪʥʳʝ ʜʚʠʛʘʪʝʣʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʦʙʳʯʥʦ 

ʚʨʘʱʘʶʪʩʷ ʩʣʠʰʢʦʤ ʙʳʩʪʨʦ ʠ ʠʤʝʶʪ ʥʝ ʦʯʝʥʴ ʙʦʣʴʰʫʶ ʤʦʱ-

ʥʦʩʪʴ ʥʘ ʚʘʣʫ, ʧʦʵʪʦʤʫ ʥʝʪ ʦʩʦʙʦʛʦ ʩʤʳʩʣʘ ʧʦʜʢʣʶʯʘʪʴ ʠʭ ʥʘ-

ʧʨʷʤʫʶ ʢ ʢʦʣʸʩʘʤ ʠʣʠ ʜʨʫʛʠʤ ʤʝʭʘʥʠʟʤʘʤ. ʏʪʦʙʳ ʧʦʥʠʟʠʪʴ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʠ ʟʘʦʜʥʦ ʫʚʝʣʠʯʠʪʴ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ, 

ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢʦʡ-ʣʠʙʦ ʨʝʜʫʢʪʦʨ. ʈʝʜʫʢʪʦʨ ʩʝʨʚʦʤʦʪʦʨʘ 

ʩʦʜʝʨʞʠʪ ʚʦʩʝʤʴ ʰʝʩʪʝʨʸʥʦʢ, ʠʤʝʶʱʠʭ ʩʫʤʤʘʨʥʦʝ ʧʝʨʝʜʘʪʦʯ-

ʥʦʝ ʦʪʥʦʰʝʥʠʝ1:48[20; 50]. 

 

ʈʠʩ. 30. ɺʥʫʪʨʝʥʥʝʝ ʫʩʪʨʦʡʩʪʚʦ ʩʝʨʚʦʤʦʪʦʨʘ NXT 




