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ɻʨʠʙôʁ ʢ ʆ.ʆ., 

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʽʯʥʠʭ ʥʘʫʢ, 

ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ɯʥʩʪʠʪʫʪʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʟʘʩʦʙʽʚ ʥʘʚʯʘʥʥʷ 

ʅɸʇʅ ʋʢʨʘʾʥʠ 

ʖʥʯʠʢ ɺ.ʃ., 

ʘʩʧʽʨʘʥʪ ɯʥʩʪʠʪʫʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ 

ʟʘʩʦʙʽʚ ʥʘʚʯʘʥʥʷ ʅɸʇʅ ʋʢʨʘʾʥʠ 
 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʉʀʉʊɽʄ ʂʆʄʇôʖʊɽʈʅʆɰ ʄɸʊɽʄɸʊʀʂʀ ʋ 

ʂʆʅʊɽʂʉʊɯ ʄʆɼɽʃɯ ɿʄɯʐɸʅʆɻʆ ʅɸɺʏɸʅʅʗ 
 

ʆʩʦʙʠʩʪʽʩʥʘ ʦʨʽʻʥʪʘʮʽʷ ʦʩʚʽʪʠ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʩʚʽʪʥʽʭ ʽʥʥʦʚʘʮʽʡ, 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ˇʨʫʥʪʦʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʢʨʝʤʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʠʩʪʝʤ ʥʘʚʯʘʥʥʷ ʫ ʧʦʻʜʥʘʥʥʽ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʬʦʨʤʘʤʠ ʽ ʟʘʩʦʙʘʤʠ ʥʘʚʯʘʥʥʷ ʫʯʥʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, 

ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʥʘʚʯʘʥʥʷ ʽ ʚʠʭʦʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʠʤʠ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʻ ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʚ ʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʦʤʫ 

ʧʨʦʮʝʩʽ.  

ʄʘʪʝʤʘʪʠʢʠ ʚʽʜʽʛʨʘʣʠ ʥʘʡʚʘʞʣʠʚʽʰʫ ʨʦʣʴ ʫ ʩʪʚʦʨʝʥʥʽ ʢʦʤʧôʶʪʝʨʽʚ; 

ʧʨʠʨʦʜʥʦ ʙʫʣʦ ʾʤ ʩʘʤʠʤ ʩʢʦʨʠʩʪʘʪʠʩʷ ʧʣʦʜʘʤʠ ʩʚʦʾʭ ʟʫʩʠʣʴ. ʊʘʢ ʚʠʥʠʢʣʘ 

ñʢʦʤʧôʶʪʝʨʥʘ ʤʘʪʝʤʘʪʠʢʘò ï ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʫʪʦ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʨʦʙʣʝʤ ʟ 

ʰʠʨʦʢʦʶ (ʽʥʢʦʣʠ ʚʠʨʽʰʘʣʴʥʦʶ) ñʫʯʘʩʪʶò ʢʦʤʧôʶʪʝʨʽʚ [7]. 

ʇʦʢʘʟʥʠʢʦʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʢʦʤʧôʶʪʝʨʽʚ ʩʪʘʣʠ ʥʦʚʽʪʥʽ 

ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ (ʉʂʄ). ʉʂʄ ʚʠʧʫʩʢʘʶʪʴʩʷ ʨʽʟʥʦʛʦ ʨʽʚʥʷ 

ʩʢʣʘʜʥʦʩʪʽ ï ʚʽʜ ʛʥʫʯʢʦʾ ʩʠʩʪʝʤʠ Mathcad, ʟʨʫʯʥʦʾ ʜʣʷ ʩʠʤʚʦʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ 

ʩʠʩʪʝʤʠ Derive ʜʦ ʩʠʩʪʝʤ Mathematika, Mathlab, Maple ʽʟ ʤʦʞʣʠʚʽʩʪʶ ʛʨʘʬʽʯʥʦʾ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʙʯʠʩʣʝʥʴ. 

ʉʂʄ ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʥʘʚʯʘʥʥʷ ʤʘʪʝʤʘʪʠʢʠ ʩʪʫʜʝʥʪʽʚ ʉʐɸ, ɭʚʨʦʧʠ, 

ʗʧʦʥʽʾ, ʌʨʘʥʮʽʾ ʽ ʪ.ʜ. ʅʘ ʞʘʣʴ, ʚ ʥʘʰʽʡ ʩʠʩʪʝʤʽ ʦʩʚʽʪʠ ʥʝʜʦʩʪʘʪʥʴʦ ʟʥʘʡʦʤʽ ʟ 

ʩʫʯʘʩʥʠʤʠ ʉʂʄ ʥʝ ʪʽʣʴʢʠ ʩʪʫʜʝʥʪʠ, ʘʣʝ ʽ ʚʠʢʣʘʜʘʯʽ, ʱʦ ʩʫʪʪʻʚʦ ʩʧʦʚʽʣʴʥʶʻ 

ʚʠʨʽʰʝʥʥʷ ʨʷʜʫ ʧʨʦʙʣʝʤ ʚʭʦʜʞʝʥʥʷ ʚʽʪʯʠʟʥʷʥʦʾ ʦʩʚʽʪʥʴʦʾ ʩʠʩʪʝʤʠ ʫ ʩʚʽʪʦʚʫ, ʜʝ 

ʉʂʄ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ ʢʦʤʧôʶʪʝʨʥʦ-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʠʩʪʝʤ ʥʘʚʯʘʥʥʷ. ʅʘʫʢʦʚʽ ʧʦʰʫʢʠ ʟʘʧʦʯʘʪʢʫʚʘʣʠ ɺ. ʖ. ɹʠʢʦʚ, 

ɺ. ʄ. ɻʣʫʰʢʦʚ, ʄ. ɯ. ɾʘʣʜʘʢ, ʖ. ʉ. ʈʘʤʩʴʢʠʡ, ɸ. ʇ. ɭʨʰʦʚ. ʐʠʨʦʢʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʽʪʯʠʟʥʷʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘʙʫʣʠ ʨʦʟʨʦʙʢʠ ʚʽʪʯʠʟʥʷʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ 

(Gran, DG, ʊʝʨʄ ʽ ʪ.ʜ.). 

ʉʧʽʚʧʨʘʮʷ ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʽʭ ʰʢʽʣ ʪʘ ʚʫʟʽʚ ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ ʫʤʦʚ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʟʜʽʙʥʦʩʪʝʡ ʤʦʣʦʜʽ ʜʦ ʥʘʚʯʘʥʥʷ. ʊʘʢʽ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʥʠʢʘʶʪʴ ʣʠʰʝ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʚʟʘʻʤʦʜʽʾ ʰʢʽʣ ʪʘ ʚʫʟʽʚ, ʜʝ ʫʯʥʝʚʽ ʚ̔ ʜʚʦʜʠʪʴʩʷ 

ʘʢʪʠʚʥʘ ʨʦʣʴ. ɹʝʟʧʝʨʝʯʥʦ, ʨʝʩʫʨʩʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷ 

ʛʥʫʯʢʦʩʪʽ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʪʚʦʨʯʦʛʦ ʘʢʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʥʘʚʯʘʣʴʥʦ-ʧʽʟʥʘʚʘʣʴʥʫ ʜʽʷʣʴʥʽʩʪʴ ʫʯʥʽʚ ʽ ʩʪʫʜʝʥʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʷʻ ʟʘʙʝʟʧʝʯʝʥʥʶ ʷʢʽʩʥʦ ʥʦʚʦʛʦ ʨʽʚʥ ̫ʦʩʚʽʪʠ, ʘʣʝ 

ʢʦʤʧôʶʪʝʨʥʘ ʪʝʭʥʽʢʘ ʥʝ ʤʦʞʝ ʟʘʤʽʥʠʪʠ ʚʯʠʪʝʣʷ, ʚʠʢʣʘʜʘʯʘ. 
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ʏ̔ ʪʢʦ ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʝʨʽʾ ʷʢʦʩʪʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʦʩʽ ʥʝ ʚʜʘʣʦʩʷ, 

ʥʘʧʨʠʢʣʘʜ, ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʜʝʷʢʠʭ ʪʠʧʽʚ ñʩʪʫʜʝʥʪ-ʩʪʫʜʝʥʪò, ñʩʪʫʜʝʥʪ-ʢʦʥʪʝʥʪò 

ʘʙʦ ñʩʪʫʜʝʥʪ-ʚʠʢʣʘʜʘʯò ʧʽʜ ʢʫʪʦʤ ʟʦʨʫ ʜʦʩʣʽʜʞʝʥʥʷ ʩʦʮʽʘʣʴʥʠʭ, ʢʦʛʥʽʪʠʚʥʠʭ ʽ 

ʥʘʚʯʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʣʶʜʠʥʠ. ɺʠʢʣʘʜʘʯʽ ʘʢʮʝʥʪʫʶʪʴ ʫʚʘʛʫ ʥʘ ʧʨʦʙʣʝʤʘʭ 

ʫʯʥʽʚ ʧʨʠ ʥʘʚʯʘʥʥʽ ʤʘʪʝʤʘʪʠʢʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ 

ʧʽʜʛʦʪʦʚʢʠ ʘʙʽʪʫʨʽʻʥʪʽʚ. ʋʯʥʽ ʧʨʠʭʦʜʷʪʴ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʟʥʘʥʴ ʚ ʦʙʣʘʩʪʽ 

ʤʘʪʝʤʘʪʠʢʠ, ʚʽʜʧʦʚʽʜʥʦ ʪʝʦʨʝʪʠʯʥʽ ʘʩʧʝʢʪʠ ʤʘʪʝʤʘʪʠʢʠ ʜʣʷ ʙʘʛʘʪʴʦʭ ʟ ʥʠʭ ʻ 

ʥʝʟʨʦʟʫʤʽʣʠʤʠ, ʤʘʶʪʴ ʧʦʚʝʨʭʥʝʚʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʘʪʝʤʘʪʠʯʥʽ ʧʦʥʷʪʪʷ. ʊʘʢʽ 

ʤʽʨʢʫʚʘʥʥʷ ʜʦʚʦʜʷʪʴ ʚʘʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʥʘʚʯʘʥʥʷ 

ʤʘʪʝʤʘʪʠʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʽʥʥʦʛʦ ʜʦʩʚʽʜʫ ʥʘʚʯʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʦʥ-ʣʘʡʥ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʢʦʛʥʽʪʠʚʥʽ ʩʪʠʣʽ ʧʦʚʝʜʽʥʢʠ ʫʯʥʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ ʦʨʠʛʽʥʘʣʴʥʽ, ʭʦʯʘ ʽ 

ʚʠʜʦʟʤʽʥʶʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʩʧʽʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʛʨʫʧʠ, ʢʣʘʩʫ. 

ʅʝʨʽʜʢʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʧʦʩʪʘʚʣʝʥʽ ʚʠʢʣʘʜʘʯʘʤʠ ʟʘʧʠʪʘʥʥʷ 

ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʩʪʫʜʝʥʪʘʤʠ ʚ ʦʥ-ʣʘʡʥ ʩʝʨʝʜʦʚʠʱʽ ʽ ʟʥʘʭʦʜʷʪʴ ʩʧʽʣʴʥʝ ʨʽʰʝʥʥʷ 

ʙʝʟ ʚʠʢʣʘʜʘʯʘ. ʂʦʞʝʥ ʟ ʥʠʭ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʥʫʻ ʟʘʚʜʘʥʥʷ ʚ ɯʥʪʝʨʥʝʪʽ, ʧʨʠʯʦʤʫ 

ʙʝʟ ʢʦʨʝʢʮʽʾ ʟ ʙʦʢʫ ʚʠʢʣʘʜʘʯʘ, ʩʧʽʚʧʨʘʮʶʶʯʠ ʟʽ ʩʚʦʾʤʠ ʢʦʣʝʛʘʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʢʦʣʝʢʪʠʚʥʦʾ ʚʽʜʧʦʚʽʜʽ. ʉʘʤʝ ʪʦʤʫ ʚʘʞʣʠʚʘ ʘʢʪʠʚʥʘ ʢʦʣʝʢʪʠʚʥʘ ʨʦʙʦʪʘ ʩʝʨʝʜ 

ʤʦʣʦʜʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʧʽʣʴʥʠʭ ʧʨʝʜʤʝʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʤʘʡʙʫʪʥʴʦʤʫ, ʘ 

ʥʘʚʯʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɯʂʊ ʨʦʟʛʣʜ̫ʘ̒ʪʴʩʷ ʷʢ ʽʥʩʪʨʫʤʝʥʪ (ʧʣʘʪʬʦʨʤʘ) ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʉʝʨʝʜ ʫʩʽʭ ʤʦʜʝʣʝʡ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚʠʜʽʣʷʻʤʦ ʟʤʽʰʘʥʝ ʥʘʚʯʘʥʥʷ 

(blended learning), ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʢʦʧʠʯʝʥʠʡ ʧʦʟʠʪʠʚʥʠʡ 

ʜʦʩʚʽʜ ʟʜʽʡʩʥʝʥʥʷ ʪʨʘʜʠʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʜʦʧʦʚʥʶʶʯʠ ʡʦʛʦ ʩʫʯʘʩʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʽʥʥʦʚʘʮʽʷʤʠ. ɺʯʠʪʝʣʽ ʩʪʚʦʨʶʶʪʴ ʽ ʧʽʜʪʨʠʤʫʶʪʴ ʚʽʜʥʦʩʠʥʠ ʟ 

ʢʦʞʥʠʤ ʩʪʫʜʝʥʪʦʤ ʚ ʤʝʨʝʞʽ, ʥʘʤʘʛʘʶʯʠʩʴ ʫʥʠʢʘʪʠ «ʘʩʠʤʝʪʨʽʾ» ʟ ʩʪʫʜʝʥʪʦʤ. 

ɺʯʠʪʝʣʴ ʚ ʦʥ-ʣʘʡʥ ʩʝʨʝʜʦʚʠʱʽ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʘʢʪʠʚʥʦʛʦ ʜʽʘʣʦʛʫ, ʥʝ 

ʥʘʚôʷʟʫʶʯʠ ʨʦʣʽ, ʧʝʨʝʜʙʘʯʝʥʦ ʾʟʘʚʜʘʥʥʷʤ. ɺʩʽ ʫʯʘʩʥʠʢʠ ʧʨʦʮʝʩʫ ʦʙʛʦʚʦʨʝʥʥʷ 

ʥʘʚʯʘʣʴʥʦʾ ʪʝʤʠ ʦʙʤʽʥʶʶʪʩɹʷ ʽʜʝʷʤʠ, ʘ ʚʯʠʪʝʣʴ ʢʦʦʨʜʠʥʫʻ ʘʚʪʦʥʦʤʽʶ ʫʯʥʽʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʩʪʫʜʝʥʪʠ ʜʦʣʘʶʪʴ ʪʨʫʜʥʦʱʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʘ ʧʩʠʭʦʣʦʛʽʯʥʦʤʫ ʨʽʚʥʽ 

(ʥʝʚʧʝʚʥʝʥʽʩʪʴ ʫ ʩʦʙʽ). ʅʝʦʙʭʽʜʥʝ ʟʘʦʭʦʯʝʥʥʷ ʚʽʜʢʨʠʪʦʩʪ̔ ʟ ʙʦʢʫ ʩʪʫʜʝʥʪʽʚ, ʪʦʤʫ 

ʫʩʧʽʰʥʽʩʪʴ ʪʘʢʦʛʦ ʥʘʚʯʘʥʥʷ ʚʠʤʘʛʘʻ ʧʨʠʩʫʪʥʦʩʪʽ ʚʯʠʪʝʣʷ, ʽʥʘʢʰʝ ʩʧʽʚʧʨʘʮ ʁ

ʫʯʥʽʚ ʚ ʤʝʨʝʞʽ ʙʝʟ ʥʘʩʪʘʚʥʠʢʘ ʥʝ ʤʦʞʥʘ ʥʘʟʠʚʘʪʠ ʥʘʚʯʘʥʥʷʤ. 

ʇʩʠʭʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʦʛʦ ʥʘʚʯʘʥʥʷ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʢʦʤʧʦʥʝʥʪʠ: 

ʦʙʛʦʚʦʨʝʥʥʷ ʪʚʦʨʯʦʾ ʫʷʚʠ ʫʯʥʽʚ ʫ ʧʨʘʢʪʠʯʥʽʡ ʽ ʪʚʦʨʯʽʡ ʜʽʷʣʴʥʦʩʪʽ; ʩʪʚʦʨʝʥʥʷ 

ʢʦʤʬʦʨʪʥʦʾ, ʜʦʙʨʦʟʠʯʣʠʚʦʾ ʘʪʤʦʩʬʝʨʠ ʥʘ ʟʘʥʷʪʪʷʭ; ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ, ʛʨʫʧʦʚʠʭ ʬʦʨʤ ʥʘʚʯʘʥʥʷ; ʨʦʟʚʠʪʦʢ ʢʦʤʫʥʽʢʘʪʠʚʥʠʭ ʥʘʚʠʯʦʢ 

ʫʯʥʽʚ; ʬʦʨʤʫʚʘʥʥʷ ʟʥʘʥʴ ʫʯʥʽʚ ʥʘ ʨʽʟʥʠʭ ʧʩʠʭʦʣʦʛʽʯʥʠʭ ʨʽʚʥʷʭ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʜʽʷʣʴʥʽʩʪʴ ʜʦʚʦʜʠʪʴ, ʱʦ ʚ ʟʤʽʰʘʥʦʤʫ ʨʝʞʠʤʽ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ (ʟ ʫʯʘʩʪʶ ʚʯʠʪʝʣʷ) ʤʦʨʘʣʴʥʘ, ʧʩʠʭʦʣʦʛʽʯʥʘ ʧʽʜʪʨʠʤʢʘ 

ʚʘʞʣʠʚʽʰʘ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʩʣʘʙʢʠʭ ʫʯʥʽʚ, ʥʽʞ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʷʩʥʝʥʥʷ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʢʫʨʩʫ. ʇʝʨʝʚʘʛʦʶ ʟʤʽʰʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʣʘʜʘʯʽʚ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʢʦʞʥʠʤ ʫʯʥʷʤʠ ʚ ʭʦʜʽ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʚʜʘʥʴ ʽ 

ʟʘʦʭʦʯʫʚʘʪʠ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ ʤʽʞ ʦʢʨʝʤʠʤʠ ʫʯʥʷʤʠ (ʚ ʨʘʟʽ ʧʦʪʨʝʙʠ). 

ʋ ʟʤʽʰʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʘʚʯʘʥʥʷ ʚʯʠʪʝʣʷ ʜʦʣʘʻʪʴʩʷ ʧʩʠʭʦʣʦʛʽʯʥʠʡ 

ʙʘʨôʻʨ ʤʽʞ ʚʠʢʣʘʜʘʯʝʤ ʽ ʫʯʥʝʤ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʽʦʨʠʪʝʪʥʫ ʫʯʘʩʪʴ ʫʯʥʷ ʚ 



 3 

ʥʘʚʯʘʥʥʽ ʽ ˇʨʫʥʪʦʚʥʝ ʨʦʟʫʤʽʥʥʷ ʤʘʪʝʤʘʪʠʢʠ ʚ ʪʝʦʨʝʪʠʯʥʦʤʫ ʽ ʧʨʘʢʪʠʯʥʦʤʫ 

ʘʩʧʝʢʪʘʭ. 

ɯʩʥʫʚʘʥʥʷ ʧʦʟʠʪʠʚʥʠʭ ʽ ʥʝʛʘʪʠʚʥʠʭ ʤʦʤʝʥʪʽʚ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ 

ʬʦʨʤ ʪʨʘʜʠʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʜʝʤʦʥʩʪʨʘʮʽʷ ʪʽʩʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʤʽʞ ʨʽʟʥʠʤʠ 

ʚʠʜʘʤʠ ʜʽʷʣʴʥʦʩʪʽ ʚ ʢʣʘʩʽ ʪʘ ʚ ʦʥ-ʣʘʡʥ ʨʝʞʠʤʽ ʟʘʩʦʙʘʤʠ ɯʂʊ ʪʘ ɯʥʪʝʨʥʝʪ 

ʜʦʚʦʜʠʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʚʽʜʥʦʩʠʥ ʤʽʞ ʫʯʥʷʤʠ ʚ ʢʣʘʩʽ ʪʘ ʚ ʨʝʞʠʤʽ ʦʥ-

ʣʘʡʥ. ʂʨʽʤ ʪʦʛʦ, ʚʯʠʪʝʣʴ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʧʦʩʝʨʝʜʥʠʢʘ ʚ ɯʥʪʝʨʥʝʪʽ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʩʝʤʽʥʘʨʽʚ, ʣʝʢʮʽʡ, ʫʨʦʢʽʚ ʽʟ ʚʨʘʭʫʚʘʥʥʷ ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʽʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʫʯʥʽʚ [3], ʩʪʠʤʫʣʶ ̒ ʫʯʘʩʪʴ ʫʯʥʽʚ ʚ ʦʥ-ʣʘʡʥ ʦʙʛʦʚʦʨʝʥʥʷʭ, ʚ 

ʬʦʨʫʤʘʭ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʣʘʜʘʯʽ ʚʽʜʯʫʚʘʶʪʴ ñʢʦʥʢʫʨʝʥʮʽʶò ʚ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʽ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʦʥ-ʣʘʡʥ, ʱʦ ʩʪʠʤʫʣʶʻ ʙʨʘʪʠ ʥʘ ʩʝʙʝ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʚʣʘʩʥʽ 

ʬʦʨʫʤʠ ʪʘ ʾʭ ʘʚʪʦʥʦʤʥʽʩʪʴ, ʧʨʦʬʝʩʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʚ 

ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɿ ʤʝʪʦʶ ʧʽʜʪʨʠʤʢʠ ʨʽʟʥʠʭ ʧʦʪʨʝʙ ʫʯʥʽʚ ʚʯʠʪʝʣʴ 

ʧʨʦʜʫʤʫʻ ʟʘʚʜʘʥʥʷ, ʜʦʙʠʨʘʻ ʚʽʜʧʦʚʽʜʥʽ ʧʽʜʭʦʜʠ ʜʦ ʥʘʚʯʘʥʥʷ ʤʘʪʝʤʘʪʠʢʠ. 

ɿʘʚʜʷʢʠ ʟʤʽʰʘʥʽʡ ʬʦʨʤʽ ʥʘʚʯʘʥʥʷ ʚʠʢʣʘʜʘʯʽ ʜʦʧʦʤʘʛʘʶʪʴ ʫʯʥʷʤ 

ʧʽʜʛʦʪʫʚʘʪʠʩʷ ʜʦ ʽʩʧʠʪʽʚ, ʢʦʨʝʛʫʶʯʠ ʾʭ ʚʽʜʧʦʚʽʜʽ, ʽ ʦʮʽʥʠʚʰʠ ʽʥʜʠʚʽʜʫʘʣʴʥʫ 

ʪʨʘʻʢʪʦʨʽʶ ʨʦʟʚʠʪʢʫ ʢʦʞʥʦʛʦ ʫʯʥʷ ʚ ʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʦʤʫ ʧʨʦʮʝʩʽ. ʈʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʦʚʦʜʷʪʴ, ʱʦ ʧʨʠ ʟʤʽʰʘʥʦʤʫ ʥʘʚʯʘʥʥʽ ʫʯʥʽ ʘʢʪʠʚʥʽʰʝ ʪʘ ʟ 

ʙʽʣʴʰʦʶ ʮʽʢʘʚʽʩʪʶ ʦʙʛʦʚʦʨʶʶʪʴ ʢʦʣʝʢʪʠʚʥʽ ʧʨʦʝʢʪʠ ʪʘ ʚʠʨʽʰʫʶʪʴ ʧʨʘʢʪʠʯʥ ̔

ʟʘʚʜʘʥʥʷ. ɹʝʟʧʝʨʝʯʥʦ, ʥʘʡʩʢʣʘʜʥʽʰʽ ʟʘʚʜʘʥʥ ̫ ʫʯʥʽ ʚʠʨʽʰʫʶʪʴ ʚ ʢʣʘʩʽ ʟ 

ʜʦʧʦʤʦʛʦʶ ʚʯʠʪʝʣʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʫ ʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʦʤʫ ʧʨʦʮʝʩʽ ʚ ʨʝʞʠʤʽ ñʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘò 

(Collaboration) ʩʠʩʪʝʤ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ (ʉʂʄ), ʢʦʤʧôʶʪʝʨʥʦ-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʠʩʪʝʤ ʻ ʥʝ ʪʽʣʴʢʠ ʢʦʨʠʩʥʠʤ, ʘʣʝ ʡ ʥʝʦʙʭʽʜʥʠʤ ʟʘʚʜʷʢʠ ʯʽʪʢʦʩʪʽ 

ʛʨʘʬʽʢʠ, ʚʠʢʦʨʠʩʪʘʥʥʶ ʟʘʩʦʙʚ̔ ʚʽʟʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ 

ʟʘʩʦʙʽʚ. ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʤʘʪʝʤʘʯʥʠʭ ʦʙʯʠʩʣʝʥʴ ʽ ʪ.ʜ. 

ʇʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʯʠʩʝʣʴʥʠʭ ʪʘ ʘʥʘʣʽʪʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ, ʱʦ 

ʜʦʧʫʩʢʘʶʪʴ ʢʦʨʝʢʪʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʽʥʽʚ ʤʘʪʝʤʘʪʠʢʠ 

ʥʘʟʠʚʘʶʪʴʩʷ ʩʠʩʪʝʤʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ (ʉʂʄ). ʍʘʨʘʢʪʝʨʥʦʶ ʨʠʩʦʶ 

ʉʂʄ ʻ ʾʭ ʛʥʫʯʢʽʩʪʴ, ʪʦʙʪʦ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʪʨʫʯʘʪʠʩʷ ʚ ʭʽʜ 

ʦʙʯʠʩʣʝʥʴ, ʩʧʨʷʤʦʚʫʶʯʠ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʚ ʧʦʪʨʽʙʥʝ ʨʫʩʣʦ. ʊʘʢʦʛʦ ʥʝ 

ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʧʨʦ ʧʝʨʝʚʘʞʥʫ ʙʽʣʴʰʽʩʪʴ ʧʘʢʝʪʽʚ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ. ʋ ʉʂʄ 

ʨʝʘʣʽʟʦʚʘʥʦ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺʠʙʽʨ ʉʂʄ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʥʮʝʚʦʾ ʤʝʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤ, ʢʣʘʩʫ ʟʘʜʘʯ, 

ʾʭ ʧʨʠʟʥʘʯʝʥʥʷ. ɼʠʜʘʢʪʠʯʥ ̔ʬʫʥʢʮʽʾ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʘʩʪʫʧʥʽ: 

-  ʥʘʦʯʥʠʡ ʟʘʩʽʙ ʧʦʜʘʥʥʷ ʤʘʪʝʨʽʘʣʫ (ʝʣʝʢʪʨʦʥʥʽ ʜʦʚʽʜʥʠʢʠ ʟ 

ʛʽʧʝʨʪʝʢʩʪʦʚʦʶ ʩʠʩʪʝʤʦʶ ʜʦʧʦʤʦʛʠ ʪʘ ʽʥʪʫʾʪʠʚʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ, ʘʥʽʤʘʮʽʡʥʠʤʠ 

ʧʨʠʢʣʘʜʘʤʠ, ʟʚʫʢʦʚʠʤ ʽ ʚʽʜʝʦ ʩʫʧʨʦʚʦʜʦʤ; 

-  ʟʘʩʽʙ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ, ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʥʠʭ ʤʦʜʝʣʝʡ, 

ˇʨʫʥʪʦʚʥʠʡ ʘʥʘʣʽʟ ʚʘʨʽʘʥʪʽʚ ʨʦʟʚôʷʟʘʥʠʭ ʟʘʜʘʯ, ʨʦʟʚʠʪʦʢ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʽʨʢʫʚʘʥʴ. 

ʉʂʄ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʩʽʤ ʢʣʘʩʽʚ: ʩʠʩʪʝʤʠ ʜʣʷ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ; 

ʪʘʙʣʠʯʥʽ ʧʨʦʮʝʩʦʨʠ; ʤʘʪʨʠʯʥʽ ʩʠʩʪʝʤʠ; ʩʠʩʪʝʤʠ ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ; 

ʩʠʩʪʝʤʠ ʜʣʷ ʩʧʝʮʽʘʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ; ʩʠʩʪʝʤʠ ʜʣʷ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

(ʢʦʤʧôʶʪʝʨʥʦʾ ʘʣʛʝʙʨʠ); ʫʥʽʚʝʨʩʘʣʴʥʽ ʩʠʩʪʝʤʠ [4]. 
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ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤ ʢʦʤʧôʁ ʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ (ʨʠʩ. 1): 

 
ʂʦʜʠ ʤʥʦʞʠʥʠ ʚʽʜʢʦʤʧʽʣʴʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʽ ʧʨʦʮʝʜʫʨ (ʷʜʨʦ ʩʠʩʪʝʤʠ) 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʙ̔ʨ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʽ ʦʧʝʨʘʪʦʨʽʚ ʩʠʩʪʝʤʠ. ʆʙôʻʤ ʷʜʨʘ 

ʦʙʤʝʞʫʶʪʴ, ʦʩʢʽʣʴʢʠ ʬʫʥʢʮʽʾ ʽ ʧʨʦʮʝʜʫʨʠ ʚʠʢʦʥʫʶʪʴʩʷ ʰʚʠʜʢʦ. ʈʦʟʰʠʨʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʝʡ ʩʠʩʪʝʤ, ʾʭ ʘʜʘʧʪʘʮʽʷ ʜʦ ʢʦʥʢʨʝʥʠʭ ʟʘʚʜʘʥʴ ʤʦʞʣʠʚʝ ʟʘʚʜʷʢʠ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʧʘʢʝʪʽʚ ʨʦʟʰʠʨʝʥʴ ʩʠʩʪʝʤ. 

ʉʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ (ʉʂʄ) ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʜʘʚʥʦ ʽ Maxima  ̒

ʦʜʥʽʻʶ ʟ ʧʝʨʰʠʭ ʉʂʄ. ʇʝʨʝʚʘʛʘ Maxima ʥʘʜ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʦʣʷʛʘʻ  

ʧʽʜʪʨʠʤʮ ̔ʩʠʤʚʦʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ. Maxima ʜʦʧʦʤʘʛʘʻ ʨʦʟʚôʷʟʫʚʘʪʠ ʘʣʛʝʙʨʘʾʯʥʽ 

ʨʽʚʥʷʥʥʷ, ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʚʠʢʦʥʫʚʘʪʠ ʦʧʝʨʘʮʽʾ ʽʥʪʝʛʨʫʚʘʥʥʷ, 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʨʷʜʠ. ʅʘʡʟʨʫʯʥʽʰʦʶ ʦʙʦʣʦʥʢʦʶ Maxima ʻ 

wxMaxima (0.8.3) ʟ ʧʝʨʝʚʘʛʘʤʠ ʚʽʜʦʤʠʭ ʧʘʢʝʪʽʚ Maple ʪʘ MathCAD. ʉʠʩʪʝʤʘ 

ˇʨʫʥʪʦʚʥʦ ʜʦʢʫʤʝʥʪʦʚʘʥʘ. Maxima, ʷʢ ʢʦʥʩʦʣʴʥʠʡ ʜʦʜʘʪʦʢ, ʧʨʘʮʶ ̒ʚ ʧʘʢʝʪʥʦʤʫ 

ʨʝʞʠʤʽ, ʪʦʙʪʦ ʾʡ ʤʦʞʥʘ ʧʝʨʝʜʘʚʘʪʠ ʥʘ ʦʙʨʦʙʢʫ ʪʝʢʩʪʦʚʠʡ ʬʘʡʣ ʟʽ ʩʧʠʩʢʦʤ 

ʢʦʤʘʥʜ ʽ ʦʪʨʠʤʫʚʘʪʠ ʪʝʢʩʪʦʚʠʡ ʬʘʡʣ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ. Maxima ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʢ̫ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʧʦʙʫʜʦʚʠ ʚʣʘʩʥʠʭ ʜʦʜʘʪʢʽʚ, ʦʩʢʽʣʴʢʠ ʚʠʩʥʦʚʦʢ ʤʦʞʝ ʙʫʪʠ 

ʦʬʦʨʤʣʝʥʠʡ ʟʘʩʦʙʘʤʠ ʩʠʩʪʝʤʠ ʨʦʟʤʽʪʢʠ TeX. ʟ ʨʦʟʰʠʨʝʥʥʷʤ TeXmacs. 

ʅʝʛʘʪʠʚʥʽ ʤʦʤʝʥʪʠ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ Maxima: 

1). ʂ̔ʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ ʚ ʧʨʦʮʝʩʽ ʚʠʨʽʰʝʥʥʽ ʩʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʽʚʥʷ ʟʥʘʥ ɹʤʘʪʝʤʘʪʠʢʠ ʽ ʜʦʩʚʽʜʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉʂʄ, ʦʩʢʽʣʴʢʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʩʘʤʦʩʪʽʡʥʝ ʚʠʢʦʥʘʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʧʝʨʝʪʚʦʨʝʥʴ; 

2). ʉʫʤʽʩʥʽʩʪʴ ʟ ʘʣʛʝʙʨʘʾʯʥʠʤʠ ʚʠʨʘʟʘʤʠ, ʦʢʨʽʤ ʪʨʘʥʩʮʝʥʜʝʥʪʥʠʭ, 

ʣʦʛʘʨʠʬʤʽʯʥʠʭ; 

3). ʄʦʞʣʠʚʦʩʪʽ Maxima ʱʦʜʦ ʧʦʙʫʜʦʚʠ ʩʢʣʘʜʥʠʭ ʛʨʘʬʽʢʽʚ ʘʙʦ ʚʽʟʫʘʣʽʟʘʮʽʾ, 

ʧʦʩʪʫʧʘʶʪʴʩʷ ʽʥʰʠʤ ʉʂʄ, ʥʘʧʨʠʢʣʘʜ Maple. 

4). ʅʝʦʙʭʽʜʥʝ ʚʠʚʯʝʥʥʷ ʯʠʩʣʝʥʥʠʭ ʢʦʤʘʥʜ ʽ ʢʦʥʩʪʘʥʪ Maxima. 

ʉʂʄ Maxima ʚʭʦʜʠʪʴ ʚ ʜʠʩʪʨʠʙʫʪʠʚʠ Linux  ̔ʧʨʠʩʫʪʥʷ ʚ ʨʝʧʦʟʠʪʦʨʽʷʭ. 

ɺʦʥʘ ʚʢʣʶʯʝʥʘ ʜʦ ʩʢʣʘʜʫ AltLinux, Edubuntu ʽ EduMandriva. 

SMath Studio ʧʨʘʮʶʻ ʥʘʜ ʘʣʴʪʝʨʥʘʪʠʚʦʶ MathCAD. ɼʦʜʘʪʦʢ ʨʦʟʨʦʙʣʝʥʠʡ 

ʜʣʷ ʩʝʨʝʜʦʚʠʱʘ .NET ʽ ʘʜʘʧʪʦʚʘʥʦ ʜʣʷ Mono. ɿʘʩʦʙʘʤʠ SMath Studio 

ʚʠʢʦʥʫʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʦʧʝʨʘʮʽʾ ʟ ʤʘʪʨʠʮʷʤʠ, ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ 

ʪʘ ʦʙʯʠʩʣʝʥʥʷ ʧʦʭʽʜʥʠʭ, ʧʽʜʪʨʠʤʢʘ ʬʫʥʢʮʽʾ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

Maxima ʜʦʧʦʤʘʛʘʻ ʩʧʨʦʱʫʚʘʪʠ ʚʠʨʘʟʠ ʰʣʷʭʦʤ ʨʦʟʢʨʠʪʪʷ ʜʫʞʦʢ, ʟʚʝʜʝʥʥʷ 

ʧʦʜʽʙʥʠʭ ʜʦʜʘʥʢʽʚ, ʚʠʢʦʥʘʥʥʷ ʧʽʜʩʪʘʥʦʚʦʢ, ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʠʤʚʦʣʴʥʦʛʦ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʨʽʚʥʷʥʴ ʪʘ ʾʭ ʩʠʩʪʝʤ, ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ɺʠʢʣʘʜʘʯʽ 

ɹʽʙʣʽʦʪʝʢʠ  

ʇʘʢʝʪʠ ʨʦʟʰʠʨʝʥʴ 

ʗʜʨʦ ɯʥʪʝʨʬʝʡʩ ɼʦʚʽʜʢʦʚʘ ʩʠʩʪʝʤʘ 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ 
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ʧʨʠʨʦʜʥʠʯʠʭ ʜʠʩʮʠʧʣʽʥ ʤʦʞʫʪʴ ñʦʞʠʚʠʪʠò ʫʨʦʢʠ ʽ ʧʨʘʢʪʠʯʥʽ ʟʘʥʷʪʪʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʪʝʨʘʢʪʠʚʥ ̔ʟʘʚʜʘʥʥʷ ʽ ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ. 

ʅʝ ʢʦʞʥʫ ʟʘʜʘʯʫ ʤʦʞʥʘ ʨʦʟʚôʷʟʘʪʠ ʘʥʘʣʽʪʠʯʥʦ, ʪʦʜ ̔ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ 

ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ. ɺʽʜʦʤʠʤ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʜʦʜʘʪʢʽʚ ʜʣʷ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʻ 

ʩʠʩʪʝʤʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʘʣʛʝʙʨʠ (ʉʂɸ) Matlab, ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʘ ʧʦ ʚʩʴʦʤʫ 

ʩʚʽʪʫ. ʈʦʟʨʦʙʥʠʢʠ ʧʦʟʠʮʽʦʥʫʶʪʴ ʩʠʩʪʝʤʫ (GNU Oʩtave
1
) ʷʢ ʚʠʩʦʢʦʨʽʚʥʝʚʫ ʤʦʚʫ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʣʷ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ɯʥʪʝʨʬʝʡʩ ʢʦʤʘʥʜʥʦʛʦ ʨʷʜʢʘ ʤʘʻ 

ʩʚʦʾ ʧʝʨʝʚʘʛʠ, ʙʦ ʥʝ ʦʪʨʠʤʫʻ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʢʦʤʧôʶʪʝʨʘ, ʟʘʣʠʰʘʶʯʠ 

ʚʩʶ ʧʦʪʫʞʥʽʩʪʴ ʧʨʦʮʝʩʦʨʘ ʥʘ ʦʙʯʠʩʣʝʥʥʷ, ʘ ʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʝʢʩʪʫ ʢʦʤʘʥʜ ʽ 

ʨʝʟʫʣʴʪʘʪʽʚ. ʆʙʦʣʦʥʢʘ ʥʘʛʘʜʫʻ ʽʥʪʝʨʬʝʡʩ Matlab ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʟʘʙʝʟʧʝʯʫʻ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʚʠʢʦʥʘʥʥʷ ʨʫʪʠʥʥʠʭ ʦʧʝʨʘʮʽʡ (ʥʘʧʨʠʢʣʘʜ, ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ) 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʡʩʪʨʽʚ ʬʫʥʢʮʽʡ. ʅʝʜʦʣʽʢʦʤ ʩʠʩʪʝʤʠ ʻ ʥʝʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ 

ʦʙʦʣʦʥʢʠ qtOctave. 

Scilab
2
 ï ʧʨʠʢʣʘʜ ʧʣʘʪʬʦʨʤʠ, ʱʦ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ ʨʦʟʚʠʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʟʫʩʠʣʣʷʤ ʂʦʥʩʦʨʮʽʫʤʫ Scilab: 25 ʢʦʨʧʦʨʘʮʽʡ ʽ ʦʩʚʽʪʥʽʭ ʫʩʪʘʥʦʚ ʚ INRIA 

(ʌʨʘʥʮʫʟʴʢʦʤʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ɯʥʩʪʠʪʫʪʽ ɼʦʩʣʽʜʞʝʥʴ ʚ ʂʦʤʧôʶʪʝʨʥʠʭ ʅʘʫʢʘʭ ʽ 

ʋʧʨʘʚʣʽʥʥʽ). ʋ ʜʠʩʪʨʠʙʫʪʠʚʽ ʧʨʦʜʫʢʪʫ ʻ ʚʙʫʜʦʚʘʥʠʡ ʨʝʜʘʢʪʦʨ ʩʢʨʠʧʪʽʚ ʽ 

ʬʫʥʢʮʽʡ. ɺ Scilab ʥʝʤʘʻ IDE, ʚʽʢʥʦ ʢʦʤʘʥʜ ʟʚôʷʟʘʥʝ ʟ ʨʝʜʘʢʪʦʨʦʤ, ʜʝ ʤʦʞʥʘ 

ʨʦʟʨʦʙʣʷʪʠ ʬʫʥʢʮʽʾ. ʉʂʄ ʤʘʻ ˇʨʫʥʪʦʚʥʠʡ ʧʝʨʝʣʽʢ ʚʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʧʘʢʝʪʽʚ  ̔

ʨʦʟʰʠʨʝʥʴ (Toolbox), ʚʢʣʶʯʝʥʠʭ ʚ ʢʦʜʦʚʫ ʙʘʟʫ. ʆʜʥʝ ʽʟ ʨʦʟʰʠʨʝʥʴ Scilab ï 

ʧʘʢʝʪ Metanet ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʥʘʚʯʘʥʥʽ ʪʝʦʨʽʾ ʛʨʘʬʽʚ ʽ ʤʝʨʝʞ, ʘ Scicos ʻ 

ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʜʠʥʘʤʽʯʥʦʾ ʽʤʽʪʘʮʽʾ. 

Scicos ï ʚʽʣʴʥʠʡ ʘʥʘʣʦʛ ʧʨʦʜʫʢʪʘ Simulink ʢʦʤʧʘʥʽʾ MathWorks. ɺ ʘʨʭʽʪʝʢʪʫʨʫ 

ʥʦʚʦʾ ʚʝʨʩʽʾ Scilab ʚʭʦʜʠʪʴ Java, ʥʦʚʠʡ ʨʝʜʘʢʪʦʨ ʟʤʽʥʥʠʭ ʚ ʤʝʥʶ ʚʽʢʥʘ ʢʦʤʘʥʜ 

ʜʝʤʦʥʩʪʨʫʻ ʛʨʘʬʽʯʥ ̔ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʟʤʽʥʥʠʭ. 

ʇʘʢʝʪ Freemat
3
 ʤʘʻ ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ. ʋ ʚʽʢʥʽ ʻ ʨʝʞʠʤ ʘʚʪʦʤʘʪʠʯʥʝ 

ʜʦʧʦʚʥʝʥʥʷ ʢʦʤʘʥʜ. ʆʙʩʷʛ ʜʠʩʪʨʠʙʫʪʠʚ ʧʨʦʛʨʘʤʠ ʩʪʘʥʦʚʠʪʴ 18 ʄɹ. ɿʘʚʜʷʢʠ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʩʠʩʪʝʤʠ ʤʦʞʣʠʚʝ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʨʽʚʥʷʥʴ, ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʽ 

ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʽ ʪ.ʜ. ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ Freemat ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

OpenGL ʜʣʷ ʧʦʙʫʜʦʚʠ ʯʽʪʢʠʭ ʛʨʘʬʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʽ ʧʦʚʝʨʭʦʥʴ. ʅʝʜʦʣʽʢʘʤʠ 

Freemat ʻ ʥʠʟʴʢʘ ʰʚʠʜʢʦʜʽʷ ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʧʘʢʝʪʽʚ ʨʦʟʰʠʨʝʥʴ. 

ʄʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉʂʄ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 

ʉʂʄ ʇʝʨʝʚʘʛʠ ʉʂʄ ʅʝʜʦʣʽʢʠ ʉʂʄ 

Derive
4
 

 

ɸʥʘʣʽʪʠʯʥʽ ʦʙʯʠʩʣʝʥʥʷ. ʄʽʥʽʤʘʣʴʥʽ 

ʚʠʤʦʛʠ ʜʦ ʘʧʘʨʘʪʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʉʣʘʙʢʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʽ 

ʛʨʘʬʽʢʘ,. ʥʝʜʦʩʪʘʪʥʷ 

ʧʽʜʪʨʠʤʢʘ ʬʫʥʢʮʽʡ ʚ 

ʩʠʤʚʦʣʴʥʠʭ 

ʦʙʯʠʩʣʝʥʥʷʭ. 

Mathematika
5
 ʉʫʤʽʩʥʽʩʪʴ ʟ ʢʦʤʧôʁ ʪʝʨʥʠʤʠ 

ʧʣʘʪʬʦʨʤʘʤʠ. 3D-ʛʨʘʬʽʢʘ. 

ʅʘʜʤʽʨʥʠʡ ʟʘʭʠʩʪ ʚʽʜ 

ʢʦʧʽʶʚʘʥʥʷ. ʆʨʽʻʥʪʘʮʽʷ 

                                                 
1
 GNU Oʩtave

1
 (http://www.gnu.org/ software/octave/) 

2
 Scilab (http://www.scilab.org) 

3
 Freemat (http://freemat.sourceforge.net/) 

4
 Derive (http://education.ti.com/educationportal/downloadcenter/SoftwareDetail.do?website=US&appId=6217 ) 

5
 Mathematica (http://www.wolfram.com/products/mathematica/index.html) 

http://freemat.sourceforge.net/
Derive%20(http:/education.ti.com/educationportal/downloadcenter/SoftwareDetail.do?website=US&appId=6217�)
Mathematica%20(http:/www.wolfram.com/products/mathematica/index.html)
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ɼʦʢʫʤʝʥʪʠ (notebook). ʇʽʜʪʨʠʤʢʘ 

ʩʠʥʪʝʟʫ ʟʚʫʢʫ. 

ʥʘ ʜʦʩʚʽʜʯʝʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ.  

Matlab
6
 ʋʥʽʢʘʣʴʥʽ ʤʘʪʨʠʯʥʽ ʟʘʩʦʙʠ, 

ʜʝʩʢʨʠʧʪʦʨʥʘ ʛʨʘʬʽʢʘ, ʚʠʩʦʢʘ 

ʰʚʠʜʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ, ʘʜʘʧʪʘʮʽʷ ʜʦ 

ʟʘʚʜʘʥʴ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʯʠʩʝʣʴʥʽʩʪʴ 

ʧʘʢʝʪʽʚ ʨʦʟʰʠʨʝʥʥʷ ʩʠʪʝʤʠ. 

ʆʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʩʠʤʚʦʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ. 

ɼʦʨʦʛʦʚʠʟʥʘ ʩʠʩʪʝʤʠ ʪʘ 

ʾʾ ʧʘʢʝʪʽʚ ʨʦʟʰʠʨʝʥʴ. 

Mathcad
7
 ʗʢʽʩʥʘ ʛʨʘʬʽʢʘ ʽ ʚʽʟʫʘʣʽʟʘʮʽʷ ʧʨʠ 

ʦʙʯʠʩʣʝʥʥʷʭ. ɿʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ. 

ʅʘʷʚʥʽʩʪʴ ʧʘʣʽʪʨʠ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʟʥʘʢʽʚ. ɺʝʣʠʢʠʡ ʚʠʙʽʨ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʥʠʛ ʽ ʙʽʙʣʽʦʪʝʢ, ʦʧʝʨʘʪʦʨʽʚ ʽ 

ʬʫʥʢʮʽʡ. 

ʆʙʤʝʞʝʥʽʩʪʴ 

ʩʠʤʚʦʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠ. 

ʇʨʠʤʽʪʠʚʥʝ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɺʘʨʪʽʩʪʴ 

ʝʣʝʢʪʨʦʥʥʠʭ ʢʥʠʛ ʽ 

ʙʽʙʣʽʦʪʝʢ. 

Maple
8
 ʇʨʦʜʫʤʘʥʝ ʷʜʨʦ ʩʠʤʚʦʣʴʥʠʭ 

ʦʙʯʠʩʣʝʥʴ. ɼʦʢʫʤʝʥʪʠ (notebook). 

ɺʠʩʦʢʦʷʢʽʩʥʘ ʛʨʘʬʽʢʘ. ɿʨʫʯʥʘ 

ʩʠʩʪʝʤʘ ʜʦʧʦʤʦʛʠ.  

ɺʽʜʩʫʪʥʽʩʪʴ ʩʠʥʪʝʟʫ 

ʟʚʫʢʽʚ. 

MuPad
9
 ʏʽʪʢʘ ʛʨʘʬʽʢʘ. ɼʦʢʫʤʝʥʪʠ 

(notebook). ɼʦʩʪʘʪʥʽ ʚʠʤʦʛʠ ʜʦ 

ʘʧʘʨʘʪʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʌʦʨʤʘʪʫʚʘʥʥʷ ʛʨʘʬʽʢʽʚ. 

ʆʙʤʝʞʝʥʘ ʩʠʩʪʝʤʘ 

ʜʦʧʦʤʦʛʠ ʽ ʘʧʨʦʙʘʮʽʷ. 

ʇʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ Gran
10

 ʬʫʥʢʮʽʦʥʫʶʪʴ ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ ʦʧʝʨʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ Windows, ʧʨʦʩʪʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʦʩʥʘʱʝʥʽ ʜʦʩʠʪʴ ʟʨʫʯʥʠʤ ʽ 

ñʣʶʙôʷʟʥʠʤò ʽʥʪʝʨʬʝʡʩʦʤ, ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʤ ʜʦ ʽʥʪʝʨʬʝʡʩʫ ʧʦʰʠʨʝʥʠʭ 

ʧʨʦʛʨʘʤ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (Microsoft Word, Microsoft Excel, ʉʋɹɼ, 

ʛʨʘʬʽʯʥʠʭ ʽ ʤʫʟʠʯʥʠʭ ʨʝʜʘʢʪʦʨʽʚ ʽ ʽʥ.) ʪʘ ʢʦʥʪʝʢʩʪʥʦ-ʯʫʪʣʠʚʦʶ ʜʦʧʦʤʦʛʦʶ. 

ɼʦʩʪʝʤʝʥʥʦ ʧʨʦʛʨʘʤʥʠʡ ʟʘʩʽʙ GRAN1(GRaphic ANalysis) ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʬʫʥʢʮʽʡ; GRAN-2D (GRaphic Analysis 2-Dimension) ï 

ʧʨʦʛʨʘʤʘ ʜʣʷ ʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʠʩʪʝʤ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʧʣʦʱʠʥʽ; 

GRAN-3D (GRaphic Analysis 3-Dimension) ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʧʨʦʩʪʦʨʦʚʠʭ ʦʙôʻʢʪʽʚ.  

Advanced Grapher
11

 ʧʨʘʮʶʻ ʧʽʜ ʆʉ Windows, ʤʘʻ ʧʨʦʜʫʤʘʥʠʡ ʽʥʪʝʨʬʝʡʩ; 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʠ ʜʦ 100 ʛʨʘʬʽʢʽʚ ʥʘ ʦʜʥʽʡ ʢʦʦʨʜʠʥʘʪʥʽʡ ʧʣʦʱʠʥʽ (ʚ ʦʜʥʦʤʫ 

ʜʦʢʫʤʝʥʪʽ); ʧʽʜʪʨʠʤʫʻ ʛʨʘʬʽʯʥʽ ʧʦʙʫʜʦʚʠ ʚ ʧʦʣʷʨʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ, 

ʧʘʨʘʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ; ʛʨʘʬʽʢʠ ʨʽʚʥʷʥʴ, ʥʝʨʽʚʥʦʩʪʽ ʪʘ ʩʠʩʪʝʤ ʥʝʨʽʚʥʦʩʪʝʡ; 

ʤʦʞʣʠʚʦʩʪʽ ʦʙʯʠʩʣʝʥʥʷ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ (ʢʨʠʚʦʾ); ʯʠʩʝʣʴʥʝ ʽʥʪʝʛʨʫʚʘʥʥʷ, 

ʟʥʘʭʦʜʞʝʥʥʷ ʥʫʣʽʚ ʽ ʝʢʩʪʨʝʤʫʤʽʚ ʬʫʥʢʮʽʡ, ʚʙʫʜʦʚʘʥʠʡ ʢʘʣʴʢʫʣʷʪʦʨ ʪʦʱʦ. 

ʆʧʠʩʘʥʽ ʚʠʱʝ ʩʠʩʪʝʤʠ ʻ ʣʦʢʘʣʴʥʠʤʠ ʧʨʦʝʢʪʘʤʠ, ʪʦʙʪʦ ʨʦʙʦʪʘ ʟ ʥʠʤʠ 

ʚʝʜʝʪʴʩʷ ʥʘ ʦʜʥʦʤʫ ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧôʶʪʝʨʽ, ʱʦ ʥʝʟʨʫʯʥʦ, ʥʘʧʨʠʢʣʘʜ, ʚ 

ʧʨʦʮʝʩʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥ.̫ ʋ ʨʦʟʜʽʣʽ Live ʦʬʽʮʽʡʥʦʛʦ ʩʘʡʪʫ ʧʘʢʝʪʫ SMath 

                                                 
6
 Matlab http://www.mathworks.com/products/matlab/ 

7
 MathCAD (http://www.ptc.com/products/mathcad ) 

8 Maple (http://www.maplesoft.com/products/Maple/index.aspx ) 
9
 MuPAD (1.41http://www.mathworks.com/help/symbolic/getting-started-with-mupad.html) 

10
 Gran (http://www.zhaldak.npu.edu.ua/index.php/prohramnyi-zasib-gran) 

11
Advanced Grapher http://www.alentum.com/agrapher/ 

http://www.mathworks.com/products/matlab/
MathCAD%20(http:/www.ptc.com/products/mathcad�)
Maple%20(http:/www.maplesoft.com/products/Maple/index.aspx�)
http://www.mathworks.com/help/symbolic/getting-started-with-mupad.html
http://www.zhaldak.npu.edu.ua/index.php/prohramnyi-zasib-gran
http://www.alentum.com/agrapher/
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Studio
12

 ʻ ʚʽʨʪʫʘʣʴʥʝ ʨʦʙʦʯʝ ʧʦʣʝ, ʥʘ ʷʢʦʤʫ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ 

ʦʙʯʠʩʣʝʥʥʷ (ʨʠʩ. 2, ʨʠʩ. 3). 
 

 
ʈʠʩ. 2 

 

 
ʈʠʩ. 3 

ʉʠʩʪʝʤʘ Sage
13

  ʤʘʻ web-ʩʝʨʚʝʨ ʽʟ ʚʙʫʜʦʚʘʥʠʤ ʛʨʘʬʽʯʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ ʜʣʷ 

ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʜʦʤ Python, ʜʝ ʦʧʠʩʘʥʝ ʾʾ ʷʜʨʦ. ʂʦʨʠʩʪʫʚʘʯ ʟʘ ʜʦʧʦʤʦʛʦʶ web-

ʙʨʘʫʟʝʨʘ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʩʝʨʚʝʨʘ, ʨʝʻʩʪʨʫʻʪʴʩʷ ʽ ʦʪʨʠʤʫ ̒ʜʣʷ ʨʦʙʦʪʠ ʦʩʦʙʠʩʪʝ 

ʧʦʣʝ ʟ ʚʽʜʢʨʠʪʠʤ, ʘʙʦ ʟʘʢʨʠʪʠʡ ʜʦʩʪʫʧʦʤ. Sage ï ʩʠʩʪʝʤʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʘʥʘʣʽʪʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʢʨʠʧʪʦʛʨʘʬʽʾ, ʪʝʦʨʽʾ ʯʠʩʝʣ, ʛʨʘʬʽʚ 

ʽ ʪ.ʜ. ɼʘʥʘ ʉʂʄ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python ʟ ʙʽʙʣʽʦʪʝʢʦ  ʁPython 

Numpy, ʥʝ ʧʦʩʪʫʧʘʶʯʠʩʴ Scilab ʽ Octave. Maxima ʪʘ ʽʥʰʽ ʢʦʤʧʦʥʝʥʪʠ Sage ʻ 

ʽʥʪʝʛʨʦʚʘʥʠʤ ʥʘʙʦʨʦʤ ʧʘʢʝʪʽʚ ʉʂʄ. ɻʨʘʬʽʢʠ Sage ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ Java-

ʘʧʣʝʪʘʤʠ. ɿʘʩʦʙʘʤʠ Sage ʟʨʫʯʥʦ ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʦʙʤʽʥ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʽʜʝʷʤʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʢʩʪʦʚʠʡ ʨʝʜʘʢʪʦʨ ʟ web-ʽʥʪʝʨʬʝʡʩʦʤ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʚʦʜʠʪʠ ʢʦʤʘʥʜʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʦʥʩʦʣʽ, ʘʥʘʣʦʛʽʯʥʦ ʟʘʧʠʩʘʤ ʚ 

ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʝʨʝʞʝʚʦʤʫ ʙʣʦʢʥʦʪʽ ʧʨʠ ʥʘʚʯʘʥʥʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷʭ 

(ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʥʘʚʯʘʥʥʽ ʟ ʚʣʘʩʥʠʤ ʦʙʣʽʢʦʚʠʤ ʟʘʧʠʩʦʤ ʽ ʙʣʦʢʥʦʪʦʤ). 

Sage ʦʙôʻʜʥʫʻ GAP, Maxima, Python, R, LaTeX ʟ ʜʦʜʘʪʢʦʚʠʤ ʧʽʜʢʣʶʯʝʥʷʤ 

Octave, Axiom, Magma, Mathematica, Matlab, Maple, Mupad. ʊʘʢʠʡ ʻʜʠʥʠʡ 

ʩʝʨʚʝʨ ʚʽʜʜʘʣʝʥʦʾ ʨʦʙʦʪʠ ʜʦʟʚʦʣʷʻ ʥʘʚʯʘʪʠ ʙʫʜʴ-ʷʢʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʧʘʢʝʪʘʤ ʽ 

ʚʠʢʦʥʫʚʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʉʂʄ. ʉʠʩʪʝʤʘ ʧʨʘʚ ʜʦʩʪʫʧʫ ʽ 

ʤʦʞʣʠʚʽʩʪʴ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʙʦʯʦʛʦ ʧʦʣ̫ ʜʝʢʽʣʴʢʦʭ 
                                                 
12

 SMath Studio (http://smath.info/live) 
13

 Sage (http://www.sagenb.org, www.sagemath.org) 

http://www.sagemath.org/
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ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʧʨʦʱʫʻ ʦʨʛʘʥʽʟʘʮʽʶ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʽʟ ʧʦʣʝʤ ʧʦʷʩʥʝʥʥʷ 

ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʤʽʩʪʠʪʴ ʧʨʠʢʣʘʜʠ ʨʦʟʚôʷʟʘʥʠʭ ʟʘʚʜʘʥʴ ʽ ʚʘʨʽʘʥʪʽʚ 

ʟʘʚʜʘʥʴ ʜʣʷ ʢʦʞʥʦʛʦ ʩʪʫʜʝʥʪʘ. ɺ ʤʝʨʝʞʽ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʧʫʙʣʽʯʥʠʭ Sage-

ʩʝʨʚʝʨʽʚ, ʜʦ ʷʢʠʭ ʤʦʞʥʘ ʧʽʜʢʣʶʯʠʪʠʩʷ, ʧʝʨʝʛʣʷʜʘʪʠ ʣʠʩʪʠ ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʜʦʩʪʫʧʽ, ʩʪʚʦʨʠʪʠ ʚʣʘʩʥʠʡ ʧʨʦʩʪʽʨ ʽ ʦʪʨʠʤʘʪʠ ʜʦʧʦʤʦʛʫ. ɼʣʷ ʮʴʦʛʦ ʜʦʩʪʘʪʥʴʦ 

ʩʪʚʦʨʠʪʠ ʨʦʙʦʯʝ ʧʦʣʝ ʧʫʙʣʽʯʥʠʤ (ʨʠʩ.4). ʇʨʠ ʚʭʦʜʽ ʥʘ ʩʝʨʚʝʨ Sage ʟʘʩʦʙʘʤʠ 

Firefox ʚʠʥʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ. 
 

 
ʈʠʩ. 4 

ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʧʣʘʪʬʦʨʤʘ Matlab ʥʘʜʘʻ ʩʫʯʘʩʥʫ IDE ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʨʦʙʦʪʠ ʽʟ ʚʽʢʥʦʤ ʢʦʤʘʥʜ, ʚʽʢʥʦʤ ʽʩʪʦʨʽʾ ʢʦʤʘʥʜ ʽ ʤʝʥʝʜʞʝʨʦʤ ʬʘʡʣʽʚ. Matlab 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʽʚ ʟ ʫʧʨʘʚʣʽʥʥʷʤ ʢʦʜʦʤ. ɹʘʟʦʚʘ ʚʝʨʩʽʷ 

Matlab ʤʘ ̒ ʚʝʣʠʢʠʡ ʥʘʙʽʨ ʤʘʪʝʤʘʪʠʯʥʠʭ ʬʫʥʢʮʽʡ. ʆʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʥʝ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ Mahlab ʟ  ʤʦʞʣʠʚʦʩʪʷʤʠ ʧʽʜʩʠʣʝʥʥʷ ʜʦʜʘʪʢʽʚ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʟ 

ʛʨʘʬʽʯʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ ʤʘʻ ʧʝʨʝʚʘʛʠ ʩʝʨʝʜ ʙʽʣʴʰʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʣʘʪʬʦʨʤ. 

ʅʝʜʦʣʽʢʦʤ ʻ ʜʦʨʦʛʦʚʠʟʥʘ ʧʘʢʝʪʫ. 

Octave
14

 ʻ ʘʣʴʪʝʨʥʘʪʠʚʦʶ Matlab ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʽ ʙʝʟ ʩʪʘʥʜʘʨʪʥʦʾ IDE, 

ʫʥʽʢʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʷʢʦʾ ʻ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ʚ ʨʷʜʢʫ (inline) ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʠʥʘʨʥʠʭ ʽ ʧʦʜʚʽʡʥʠʭ ʣʘʧʦʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʷʜʢʽʚ (ʷʢ ʚ Python). 

ɼʦʜʘʪʢʦʚʽ ʧʘʢʝʪʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ Octave ʻ ʝʢʚʽʚʘʣʝʥʪʘʤʠ ʧʘʢʝʪʽʚ ʨʦʟʰʠʨʝʥʴ 

(Toolbox) Matlab. ʐʠʨʦʢʠʡ ʚʠʙʽʨ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʢʦʜʫ ʦʙʫʤʦʚʣʶʻ ʚʘʞʣʠʚʽʩʪʴ 

ʚʽʣʴʥʦʛʦ ʽ ʚʽʜʢʨʠʪʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɯʥʩʪʨʫʤʝʥʪ Euler Math Toolbox (ɽʄʊ
15

) ʩʪʚʦʨʝʥʠʡ ʷʢ ʤʘʪʝʤʘʪʠʯʥʘ 

ʣʘʙʦʨʘʪʦʨʽʷ. ʌʘʡʣʠ ʙʣʦʢʥʦʪʘ ɽʄʊ ʟʙʝʨʽʛʘʶʪʴʩʷ ʽ ʧʫʙʣʽʢʫʶʪʴʩʷ. ɽʄʊ ʰʚʠʜʢʦ 

ʚʠʢʦʥʫʻ ʯʠʩʣʦʚʽ ʦʙʯʠʩʣʝʥʴ, ʘ ʜʣʷ ʩʠʤʚʦʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ ɽʄʊ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʽ 

ʞ ʬʫʥʢʮʽʾ Maxima. ʇʨʦʩʪʠʡ ʽ ʟʨʦʟʫʤʽʣʠʡ ʽʥʪʝʨʬʝʡʩ ʙʣʦʢʥʦʪʘ EMT ʩʧʨʦʱʫʻ 

ʨʦʙʦʪʫ ʢʦʨʠʩʪʫʚʘʯʘ. 

                                                 
14

Octave ( www.octave.org) 
15

 Euler Math Toolbox (http://euler.rene-grothmann.de/download.html) 

http://www.octave.org/
http://euler.rene-grothmann.de/download.html
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ʆʪʞʝ, ʤʠ ʨʦʟʛʣʷʥʫʣʠ ʧʦʧʫʣʷʨʥʽ ʚʽʣʴʥʦ ʧʦʰʠʨʶʚʘʥʽ ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʤʘʪʝʤʘʪʠʢʠ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ, ʾʭ ʘʥʘʣʽʟʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ (ʊʘʙʣʠʮʷ 2). 

ʊʘʙʣʠʮʷ 2 

ʅʘʟʚʘ ʃʽʮʝʥʟʽʷ IDE ʄʦʚʘ Toolbox ʂʦʤʧôʶʪʝʨʥʘ 

ʘʣʛʝʙʨʘ 

ɹʣʦʢʥʦʪ 

EMT GPL  Matrix  + + 

Matlab ʇʨʦʧʨʽʻʥʪʥʘ 

 

+ Matrix + + +
 

Octave GPL + Matrix +   

Sage GPL  Python  + + 

Scilab ʅʘʧʽʚʚʽʣʴʥʘ + Matrix +   
 

ʉʫʯʘʩʥʽ ʉʂʄ, ʥʘʧʨʠʢʣʘʜ Gran [8], Graph
16

 ʽ ʪ.ʜ., ʤʘʶʪʴ ʯʽʪʢʦ ʧʨʦʜʫʤʘʥʽ 

ʟʘʩʦʙʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ ʨʽʟʥʦʾ ʩʢʣʘʜʥʦʩʪʽ (2D, 3D). ɼʦʩʪʘʪʥʴʦ ʦʙʨʘʪʠ 

ʟʘʩʦʙʠ ʧʦʙʫʜʦʚʠ: ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʬʘʨʙʫʚʘʥʥʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʚʨʘʭʫʚʘʥʥʷ 

ʩʚʽʪʣʦʚʠʭ ʝʬʝʢʪʽʚ, ʧʝʨʩʧʝʢʪʠʚʠ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʽ ʪ.ʜ. ʉʠʩʪʝʤʠ 

ʜʦʟʚʦʣʷʶʪʴ ʧʦʚʝʨʪʘʪʠ 3D-ʛʨʘʬʽʢʠ ʤʠʰʢʦʶ ʟ ʤʝʪʦʶ ʦʧʪʠʤʘʣʽʟʘʮʽʾ ʟʘʛʘʣʴʥʦʛʦ 

ʚʠʛʣʷʜʫ ʬʽʛʫʨʠ, ʤʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʩʧʨʦʱʝʥʽ ʟʘʩʦʙʠ ʧʦʙʫʜʦʚʠ 3D-ʛʨʘʬʽʢʽʚ. 

ʉʠʩʪʝʤʠ ʢʦʤʧôʁ ʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʜʦʧʦʤʘʛʘʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʚʠʢʦʥʫʚʘʪʠ 

ʧʨʦʩʪʽ ʪʘ ʩʢʣʘʜʥʽ ʨʦʟʨʘʭʫʥʢʠ. ʄʦʞʣʠʚʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʚ ʉʂʄ ʜʦʢʫʤʝʥʪʽʚ ʪʘ 

ʝʣʝʢʪʨʦʥʥʠʭ ʢʥʠʛ ʚ ʩʪʠʣʽ notebook ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʘʬʽʯʥʠʭ ʽʣʶʩʪʨʘʮʽʡ ʪʘ 

ʞʠʪʪʻʚʠʭ ʧʨʠʢʣʘʜʽʚ ʨʦʙʠʪʴ ʩʠʩʪʝʤʠ ʥʝʟʘʤʽʥʥʠʤʠ ʚ ʥʘʚʯʘʥʥʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʜʠʩʪʘʥʮʽʡʥʦʤʫ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʥʘ ʫʯʥʽʚ ʟ ʦʙʤʝʞʝʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. 

ɺ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥ ̫ ʜʠʥʘʤʽʯʥʽʡ ʛʝʦʤʝʪʨʽʾ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʽ ʧʘʢʝʪʠ DG
17

, Geogebra
18

, ʉabri II Plus
19

, Geometers'SketchPad
20

 , 

ʦʩʢʽʣʴʢʠ ʪʘʢʽ ʜʽʪʠ ʥʝ ʤʦʞʫʪʴ ʚʨʫʯʥʫ ʙʫʜʫʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʬʽʛʫʨʠ ʽʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʩʚʦʾʭ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. ʂʨʽʤ ʪʦʛʦ, ʫʯʥʽ ʥʝ 

ʟʘʚʞʜʠ ʛʦʪʦʚʽ ʙʫʪʠ ʧʨʠʩʫʪʥʽʤʠ ʥʘ ʦʯʥʠʭ ʟʘʥʷʪʪʷʭ ʟʘ ʩʪʘʥʦʤ ʟʜʦʨʦʚô̫  ʽ ʟʤʫʰʝʥʽ 

ʟʘʡʤʘʪʠʩʷ ʜʠʩʪʘʥʮʽʡʥʦ. ʉʘʤʝ ʪʦʜʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʢʦʥʩʪʨʫʢʪʦʨʽʚ Euler 3D
21

, Poly
22

, Stella
23

 ʧʨʠ ʥʘʚʯʘʥʥʽ ʩʪʝʨʝʦʤʝʪʨʽʾ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ. 

ʆʟʥʘʡʦʤʣʝʥʥʷ ʟ ʥʘʚʯʘʣʴʥʠʤʠ ʪʝʤʘʤʠ, ʥʘʧʨʠʢʣʘʜ ʤʥʦʛʦʛʨʘʥʥʠʢʘʤʠ, ʩʧʨʠʷʻ 

ʚʠʷʚʣʝʥʥʶ ʘʥʘʣʦʛʽʡ ʽ ʩʫʪʪʻʚʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ ʧʣʦʩʢʠʤʠ ʽ ʦʙôʻʤʥʠʤʠ 

ʬʽʛʫʨʘʤʠ: ʪʝʪʨʘʝʜʨʦʤ ʽ ʪʨʠʢʫʪʥʠʢʦʤ, ʢʫʙʦʤ ʽ ʢʚʘʜʨʘʪʦʤ ʪʦʱʦ [3]. ʈʽʟʥʽ ʬʦʨʤʠ 

ʨʦʙʽʪ ʟ ʚʽʨʪʫʘʣʴʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ 

ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʽ ʪ.ʜ. ɽʬʝʢʪ ʪʨʠʚʠʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ 

ʚ ʧʨʦʮʝʩʽ ʧʦʷʩʥʝʥʥ ̫ʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʨʦʟʚô̫ ʟʫʚʘʥʥ ̫ʟʘʜʘʯ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʠʩʣʝʥʥʷ ʽ ʫʷʚʠ, ʜʦʧʦʤʘʛʘʻ ʟʜʦʣʘʪʠ ʩʝʨʡʦʟʥʽ ʧʝʨʝʧʦʥʠ ʧʨʠ 

ʧʝʨʝʭʦʜ ̔ʚʽʜ ʧʣʦʩʢʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʦʙôʻʤʥʦʛʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʥʘʤʽʯʥʠʭ 

                                                 
16 Graph (http://www.padowan.dk/graph) 
17

 DG ( http://dg.osenkov.com/index_ru.html ) 
18

 Geogebra ( http://www.geogebra.org ) 
19

 ʉabri II Plus ( http://www.cabri.com ) 
20

 Geometers' SketchPad ( http://www.dynamicgeometry.com ) 
21

 Euler 3D ( http://www.euler3d.hu ) 
22

 Poly ( http://www.peda.com/download ) 
23

Stella ( http://www.software3d.com/Stella.php ) 

http://dg.osenkov.com/index_ru.html
http://www.geogebra.org/
http://www.geogebra.org/
http://www.euler3d.hu/
Graph%20(http:/www.padowan.dk/graph)
http://dg.osenkov.com/index_ru.html
http://www.geogebra.org/
http://www.cabri.com/
http://www.dynamicgeometry.com/
http://www.euler3d.hu/
http://www.peda.com/download
http://www.software3d.com/Stella.php
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ʧʘʢʝʪʽʚ ɾʠʚʘʷ ʄʘʪʝʤʘʪʠʢʘ
24

, Geometry Expressions
25

, Geonext
26

, Cinderella
27

, 

Live Geometry
28

  ̔ʪ.ʜ.  

ʇʽʜ ʯʘʩ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʫʨʦʢʫ ʚ ʧʨʦʮʝʩʽ ʚʠʚʯʝʥʥ ̫ ʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʟʥʘʡʦʤʩʪʚʘ ʟ ʧʣʘʥʽʤʝʪʨʠʯʥʠʤʠ ʽ ʩʪʝʨʝʦʤʝʪʨʠʯʥʠʤʠ ʦʙô̒ ʢʪʘʤʠ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʠ Geogebra (ʨʠʩ.5, ʨʠʩ.6), Cabri3D
29

, Wingeon
30

 ʽ ʪ.ʜ., 

ʜʝ ʫʯʥʽ ʽ ʚʯʠʪʝʣʴ ʤʦʞʫʪʴ ʨʘʟʦʤ ʧʦʙʫʜʫʚʘʪʠ ʧʦʪʨʽʙʥʫ ʬʽʛʫʨʫ ʽ ʜʦʩʣʽʜʞʫʚʘʪʠ ʾʾ. 

ʇʽʩʣʷ ʯʦʛʦ ʚʯʠʪʝʣ ɹʧʨʦʧʦʥʫʻ ʫʯʥʷʤ ʚʠʢʦʥʘʪʠ ʩʘʤʦʩʪʽʡʥʫ ʜʦʩʣʽʜʥʠʮʴʢʫ ʨʦʙʦʪʫ, 

ʝʢʩʧʝʨʝʤʝʥʪʫʶʯʠ ʟ ʬʽʛʫʨʘʤʠ, ʪʘ ʢʦʣʝʢʪʠʚʥʦ ʦʙʛʦʚʦʨʠʪʠ ʨʝʟʫʣʴʪʘʪʠ. 
 

 
ʈʠʩ. 5 

                                                 
24

 ɾʠʚʘʷ ʄʘʪʝʤʘʪʠʢʘ ( http://www.int-edu.ru/object.php?m1=3&m2=2&id=203 ) 
25

 Geometry Expressions ( http://www.geometryexpressions.com ) 
26

 Geonext ( http://geonext.uni-bayreuth.de ) 
27

 Cinderella ( http://www.cinderella.de ) 
28

 Live Geometry ( http://livegeometry.codeplex.com ) 
29

 Cabri 3D ( http://www.cabri.com ) 
30

 Wingeon ( http://math.exeter.edu/rparris/wingeom.html ) 

http://www.int-edu.ru/object.php?m1=3&m2=2&id=203
http://www.geometryexpressions.com/
http://geonext.uni-bayreuth.de/
http://www.cinderella.de/
http://livegeometry.codeplex.com/
http://www.cabri.com/
http://math.exeter.edu/rparris/wingeom.html
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ʈʠʩ. 6 

ɼʣʷ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʜʦʮʽʣʴʥʦ ʧʝʨʝʡʪʠ ʜʦ ʨʦʙʦʪʠ ʚ ʧʘʨʘʭ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʨʪʫʘʣʴʥʠʡ ʢʦʥʩʪʨʫʢʪʦʨ GSP4, Geogebra (ʨʠʩ.7). ʑʦʨʘʟ 

ʟʤʽʥʶʶʯʠ ʨʦʣʽ ʫʯʥʽʚ ʚ ʧʘʨʘʭ, ʙʝʟ ʘʢʪʠʯʥʦʾ ʫʯʘʩʪʽ ʚʯʠʪʝʣʷ, ʦʜʥʘʢ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʟʜʘʣʝʛʽʜʴ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʥʠʤ ʧʨʘʚʠʣ-ʦʨʽʻʥʪʦʨʽʚ ʪʘ ʜʠʥʘʤʽʯʥʠʭ 

ʨʠʩʫʥʢʽʚ, ʫʯʥʽ ʩʘʤʦʩʪʽʡʥʦ ñʚʽʜʢʨʠʚʘʶʪòɹ ʜʣʷ ʩʝʙʝ ʘʣʛʦʨʠʪʤʠ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ 

ʟʘʜʘʯ, ʚʠʧʨʘʚʣʷʶʯʠ ʧʦʤʠʣʢʠ ʦʜʠʥ ʦʜʥʦʛʦ, ʦʩʢʽʣʴʢʠ ʢʨʝʩʣʝʥʥʷ ʦʙô̒ ʤʥʦʾ ʬʽʛʫʨʠ, 

ʧʦʚʝʨʪʘʶʯʠʩʴ, ʜʦʧʦʤʘʛʘʻ ʟʥʘʡʪʠ ʥʝʚʽʨʥʽ ʧʦʙʫʜʦʚʠ, ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʦʤʠʣʢʠ 

(ʨʠʩ.6). ʈʦʣʴ ʚʯʠʪʝʣʷ ʥʘ ʪʘʢʦʤʫ ʟʘʥʷʪʪʽ ʧʦʣ̫ʛʘʻ ʚ ʧʽʜʪʨʠʤʮʽ ʘʢʪʠʚʥʦʛʦ ʨʠʪʤʫ 

ʫʨʦʢʫ ʽ ʜʦʧʦʤʦʟʽ ʨʦʙʦʪʽ ʫʯʥʽʚ [3]. 
 

 
ʈʠʩ.7 
 



 12 

ʈʠʩ. 8 

ɼʦʮʽʣʴʥʦ ʟʘʫʚʘʞʠʪʠ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʛʨʘʬʽʯʥʠʭ ʯʽʪʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʩʪʝʤʠ (2D, 3D), ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʘʦʯʥʶʚʘʪʠ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ï ʧʨʦʧʦʥʫʚʘʪʠ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʚ ʛʨʘʬʽʯʥʽʡ ʬʦʨʤʽ (ʨʠʩ. 8, ʨʠʩ. 9). 
 

 
ʈʠʩ. 9 

ʉʫʪʪʻʚʠʭ ʪʨʫʜʥʦʱʽʚ ʧʨʠ ʨʦʙʦʪʽ ʟ ʉʂʄ ʫ ʰʢʦʣʷʨʽʚ ʽ ʩʪʫʜʝʥʪʽʚ ʥʝ ʚʠʥʠʢʘʻ, 

ʦʩʢʽʣʴʢʠ ʫ ʥʠʭ ʻ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʟ ʧʘʢʝʪʘʤʠ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɹʝʟʧʝʨʝʯʥʦ, ʉʂʄ ʻ ʟʨʫʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʫʯʥʽʚ, ʩʪʫʜʝʥʪʽʚ, ʧʝʜʘʛʦʛʽʚ, 

ʥʘʫʢʦʚʮʽʚ, ʽʥʞʝʥʝʨʽʚ ʪʦʱʦ. ʄʦʞʣʠʚʦʩʪʽ ʡʦʛʦ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ ʚ ʤʝʪʦʜʠʯʥʦʤʫ, 

ʧʨʘʢʪʠʯʥʦʤʫ ʽ ʥʘʫʢʦʚʦʤʫ ʢʦʥʪʝʢʩʪʘʭ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɿ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʉʂʄ ʚ ʫʯʥʽʚ ʨʫʡʥʫʻʪʴʩʷ ʧʩʠʭʦʣʦʛʽʯʥʠʡ ʙʘʨôʻʨ ʱʦʜʦ 


