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ʇʈɽɼɻʆɺʆʈ  
 

ɼʝʩʝʪʘʪʘ ʛʦʜʠʰʥʠʥʘ ʦʪ ʧʦʷʚʘʪʘ ʥʘ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʚ 

ɹʲʣʛʘʨʠʷ (http://cabinet.bg) ʝ ʜʦʙʲʨ ʧʦʚʦʜ ʟʘ ʦʛʣʝʞʜʘʥʝ ʥʘ ʠʟʤʠʥʘʪʠʷ ʧʲʪ, ʟʘ ʦʩʤʠʩʣʷʥʝ ʥʘ 

ʧʦʩʪʠʛʥʘʪʠʪʝ ʨʝʟʫʣʪʘʪʠ ʠ ʟʘ ʦʯʝʨʪʘʚʘʥʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʙʲʜʝʱʦ ʨʘʟʚʠʪʠʝ ʥʘ 

ʦʙʨʘʟʦʚʘʪʝʣʥʠʷ ʧʦʪʝʥʮʠʘʣ ʥʘ ʀʥʩʪʠʪʫʪʘ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ (ʀʄʀ) ʧʨʠ ɹɸʅ. ɺ 

ʨʘʤʢʠʪʝ ʥʘ ʝʜʠʥ ʢʨʘʪʲʢ ʇʨʝʜʛʦʚʦʨ ʪʦʚʘ ʝʜʚʘ ʣʠ ʝ ʚʲʟʤʦʞʥʦ. ɿʘʪʦʚʘ ʱʝ ʩʝ ʦʛʨʘʥʠʯʘ ʩʘʤʦ ʩ 

ʤʘʨʢʠʨʘʥʝ ʥʘ ʥʘʯʘʣʥʠʪʝ ʩʪʲʧʢʠ ʠ ʩ ʪʦʚʘ, ʢʘʢʚʦ ʝ ʜʦʙʨʝ ʦʱʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ. 

ʇʨʝʟ ʚʪʦʨʘʪʘ ʧʦʣʦʚʠʥʘ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ ʚ ʤʥʦʛʦ ʦʪ ʙʲʣʛʘʨʩʢʠʪʝ ʫʯʠʣʠʱʘ ʠʤʘʰʝ ʩʪʘʠ, 

ʢʦʠʪʦ ʩʝ ʥʘʨʠʯʘʭʘ Ăʢʘʙʠʥʝʪ ʧʦ ʬʠʟʠʢʘñ, Ăʢʘʙʠʥʝʪ ʧʦ ʭʠʤʠʷñ, Ăʢʘʙʠʥʝʪ ʧʦ ʙʠʦʣʦʛʠʷñ. ʊʝ 

ʙʷʭʘ ʦʙʦʨʫʜʚʘʥʠ ʩ ʫʨʝʜʠ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʟʘ ʦʥʘʛʣʝʜʷʘʥʝ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ 

ʧʦʪʚʲʨʞʜʘʚʘʥʝ  ʥʘ ʠʟʫʯʘʚʘʥʠʪʝ ʷʚʣʝʥʠʷ ʠ ʥʘʫʯʥʠ ʬʘʢʪʠ ʦʪ ʩʲʦʪʚʝʪʥʠʷ ʫʯʝʙʝʥ ʧʨʝʜʤʝʪ. ʊʝʟʠ 

ʢʘʙʠʥʝʪʠ ʜʦʧʨʠʥʘʩʷʭʘ ʠ ʟʘ ʟʘʩʠʣʚʘʥʝ ʥʘ ʠʥʪʝʨʝʩʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʢʲʤ ʩʲʦʪʚʝʪʥʠʷ ʧʨʝʜʤʝʪ. 

ʂʘʙʠʥʝʪʠʪʝ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʙʷʭʘ ʨʷʜʢʦʩʪ ʠ ʩʠʣʥʦ ʦʪʩʪʲʧʚʘʭʘ ʥʘ ʜʨʫʛʠʪʝ ʢʘʙʠʥʝʪʠ ʧʦ 

ʦʪʥʦʰʝʥʠʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʙʝʢʪʠ  ʠ 

ʪʝʭʥʠʪʝ ʩʚʦʡʩʪʚʘ. ʅʘʧʨʝʜʲʢʲʪ ʚ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʢʦʤʧʶʪʨʠʪʝ ʠ ʥʘ ʩʦʬʪʫʝʨʘ ʟʘ ʪʷʭ ʦʙʘʯʝ 

ʢʦʨʝʥʥʦ ʧʨʦʤʝʥʠ ʪʦʚʘ ʩʲʩʪʦʷʥʠʝ ʥʘ ʥʝʱʘʪʘ. ʉʦʬʪʫʝʨʥʠʪʝ ʩʠʩʪʝʤʠ ʢʘʪʦ LOGO, GEONEXT, 

GEOGEBRA, CABRI, CINDERELLA, GEOMETERôS SKETCHPAD ʠ ʜʝʩʝʪʢʠ ʜʨʫʛʠ ʩʝ 

ʦʢʘʟʘʭʘ ʤʦʱʥʠ ʠ ʛʲʚʢʘʚʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʣʘʙʦʨʘʪʦʨʠʠ, ʢʦʠʪʦ ʤʥʦʛʦʢʨʘʪʥʦ ʥʘʜʭʚʲʨʷʪ 

ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʦʙʠʯʘʡʥʠʪʝ ʢʘʙʠʥʝʪʠ ʠ ʤʦʛʘʪ ʜʘ ʩʝ ʧʦʣʟʚʘʪ ʥʘʚʩʷʢʲʜʝ, ʥʝ ʩʘʤʦ ʚ 

ʫʯʠʣʠʱʝ. ʆʩʚʝʥ, ʯʝ ʧʦʜʧʦʤʘʛʘʪ ʦʥʘʛʣʝʜʷʚʘʥʝʪʦ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʪʝ ʦʙʝʢʪʠ ʠ ʷʚʣʝʥʠʷ, ʪʝ 

ʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʠ ʜʘ ʦʪʢʨʠʷʪ ʧʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ ʧʲʪ ʥʦʚʠ 

ʟʘ ʪʷʭ ʩʚʦʡʩʪʚʘ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʪʝ ʦʙʝʢʪʠ. ʅʘ ʪʘʟʠ ʦʩʥʦʚʘ ʙʷʭʘ ʨʘʟʨʘʙʦʪʝʥʠ ʦʛʨʦʤʝʥ ʙʨʦʡ 

ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʨʝʩʫʨʩʠ, ʢʦʠʪʦ ʟʘʧʦʯʥʘʭʘ ʜʘ ʧʨʦʤʝʥʷʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʚʝʪʘ. 

ɹʲʣʛʘʨʠʷ ʥʝ ʦʩʪʘʥʘ ʚʩʪʨʘʥʠ ʦʪ ʪʦʚʘ ʨʘʟʚʠʪʠʝ. ʇʨʝʟ 80-ʪʝ ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ, ʚʲʚ 

ʌʘʢʫʣʪʝʪʘ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ ʥʘ ʉʦʬʠʡʩʢʠʷ ʫʥʠʚʝʨʩʠʪʝʪ, ʧʦʜ ʨʲʢʦʚʦʜʩʪʚʦʪʦ ʥʘ 

ɹʦʞʠʜʘʨ ʉʝʥʜʦʚ ʙʝ ʨʘʟʨʘʙʦʪʝʥʘ Ăʉʠʩʪʝʤʘ ʧʣʘʥʠʤʝʪʨʠʷñ, ʩʪʘʥʘʣʘ ʠʟʚʝʩʪʥʘ ʧʦ ʩʚʝʪʘ ʢʘʪʦ 

GEOMLAND. ʇʦ-ʢʲʩʥʦ, ʇʘʚʝʣ ɹʦʡʯʝʚ ʨʘʟʨʘʙʦʪʠ ʩʠʩʪʝʤʘʪʘ ELICA, ʯʠʷʪʦ ʪʨʠʤʝʨʥʘ 

ʛʨʘʬʠʢʘ ʠ ʜʦ ʜʥʝʩ ʩʲʧʝʨʥʠʯʠ ʥʘ ʥʘʡ-ʜʦʙʨʠʪʝ ʦʙʨʘʟʮʠ. ʉʚʦʝʚʨʝʤʝʥʥʦ ʫ ʥʘʩ ʟʘʧʦʯʥʘ ʜʘ ʩʝ 

ʨʘʟʚʠʚʘ ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʢʦʤʧʶʪʨʠ ʟʘ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʮʝʣʠ. ʇʠʦʥʝʨʩʢʘ ʨʦʣʷ ʚ ʪʦʚʘ 

ʦʪʥʦʰʝʥʠʝ ʠʤʘʰʝ ʇʨʦʙʣʝʤʥʘʪʘ ʛʨʫʧʘ ʧʦ ʦʙʨʘʟʦʚʘʥʠʝʪʦ (ʇɻʆ) ˈ ʩʲʚʤʝʩʪʝʥ ʦʙʨʘʟʦʚʘʪʝʣʝʥ 

ʝʢʩʧʝʨʠʤʝʥʪ ʥʘ ɹɸʅ ʠ ʄʠʥʠʩʪʝʨʩʪʚʦʪʦ ʥʘ ʧʨʦʩʚʝʪʘʪʘ, ʚ ʢʦʡʪʦ ʫʯʘʩʪʚʘʭʘ ʠ ʩʣʫʞʠʪʝʣʠ ʥʘ 

ʀʄʀ. ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʫʯʠʣʠʱʘ ʥʘ ʇɻʆ ʦʱʝ ʦʪ 1984 ʛ. ʙʝʰʝ ʚʥʝʜʨʝʥ ʦʙʨʘʟʦʚʘʪʝʣʥʠʷʪ 

ʩʪʠʣ learning by doing. ʋʯʝʥʠʮʠʪʝ ʩʝ ʨʘʟʛʣʝʞʜʘʭʘ ʢʘʪʦ ʥʦʚ ʦʙʝʢʪ ʥʘ ʦʙʫʯʝʥʠʝʪʦ ï Ăʫʯʝʥʠʢ, 

ʚʲʦʨʲʞʝʥ ʩ ʢʦʤʧʶʪʲʨñ, ʢʦʝʪʦ ʧʨʝʜʧʦʣʘʛʘʰʝ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʦʙʨʘʟʦʚʘʪʝʣʥʠ 

ʨʝʩʫʨʩʠ. ɿʘ ʩʲʞʘʣʝʥʠʝ, ʧʦʣʠʪʠʯʝʩʢʠʪʝ ʧʨʦʤʝʥʠ ʦʪ 1989 ʛ. ʟʘʜʘʜʦʭʘ ʜʨʫʛ ʜʥʝʚʝʥ ʨʝʜ ʥʘ 

ʦʙʱʝʩʪʚʦʪʦ ʠ ʠʥʦʚʘʮʠʠʪʝ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʧʨʝʤʠʥʘʭʘ ʥʘ ʧʦ-ʟʘʜʝʥ ʧʣʘʥ ʧʦʨʘʜʠ ʣʠʧʩʘ ʥʘ 

ʨʝʩʫʨʩʠ. ʅʝʱʘʪʘ ʧʨʠʝʭʘ ʦʪʥʦʚʦ ʧʨʘʚʠʣʥʘʪʘ ʧʦʩʦʢʘ ʥʘ ʨʘʟʚʠʪʠʝ ʝʜʚʘ ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʥʦʚʠʷ 

ʚʝʢ, ʢʦʛʘʪʦ ʯʨʝʟ ʨʝʜʠʮʘ ʝʚʨʦʧʝʡʩʢʠ ʧʨʦʝʢʪʠ ʩʪʨʘʥʘʪʘ ʥʠ ʩʝ ʚʢʣʶʯʠ ʘʢʪʠʚʥʦ ʚ ʜʚʠʞʝʥʠʝʪʦ 

ʟʘ ʦʙʥʦʚʣʝʥʠʝ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ. ʇʦ ʣʠʥʠʷ ʥʘ Centre of Excellence for 

Applications of Mathematics, ʬʠʥʘʥʩʠʨʘʥ ʦʪ ʥʝʤʩʢʘʪʘ ʩʣʫʞʙʘ ʟʘ ʘʢʘʜʝʤʠʯʝʥ ʦʙʤʝʥ (DAAD), 

ʧʨʝʟ 2004 ʛ. ʠ 2006 ʛ. ʙʷʭʘ ʧʨʦʚʝʜʥʠ ʠʥʪʝʥʟʠʚʥʠ ʢʫʨʩʦʚʝ ʟʘ ʫʩʚʦʷʚʘʥʝ ʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʩʠʩʪʝʤʘʪʘ GEONEXT, ʨʘʟʨʘʙʦʪʝʥʘ ʚ ʋʥʠʚʝʨʩʠʪʝʪʘ ʚ ɹʘʡʨʦʡʪ, ɻʝʨʤʘʥʠʷ. ɿʘʥʷʪʠʷʪʘ ʚ 

ʧʲʨʚʠʷ ʢʫʨʩ ʩʝ ʚʦʜʝʭʘ ʦʪ ʄʘʥʬʨʝʜ ɹʘʫʭ ʠ ʄʘʨʠʷ ɹʨʘʫʭʣʝ, ʢʦʷʪʦ ʚʝʯʝ ʙʝ ʧʨʝʚʝʣʘ GEONEXT 

ʥʘ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ. ʇʨʠ ʚʪʦʨʠʷ ʢʫʨʩ, ʦʩʚʝʥ ɹʘʫʭ ʠ ɹʨʘʫʭʣʝ, ʚ ʧʨʝʧʦʜʘʚʘʪʝʣʩʢʠʷ ʝʢʠʧ ʩʝ 

ʚʢʣʶʯʠ ʠ ʂʦʥʩʪʘʥʪʠʥ ɼʝʣʯʝʚ. ʇʦʩʣʝʜʚʘʭʘ ʨʝʜʠʮʘ ʜʨʫʛʠ ʝʚʨʦʧʝʡʩʢʠ ʧʨʦʝʢʪʠ (Meetings in 

Mathematics, Math2Earth, InnoMathEd, DynaMat, Fibonacci, MaSciL, Scientix, KeyCoMath, 

STEM-PD-Net) ʚ ʨʘʤʢʠʪʝ ʥʘ ʢʦʠʪʦ ʙʷʭʘ ʨʘʟʨʘʙʦʪʝʥʠ ʠ ʠʟʧʨʦʙʚʘʥʠ ʛʦʣʷʤ ʙʨʦʡ 

ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʨʝʩʫʨʩʠ, ʙʘʟʠʨʘʥʠ ʥʘ ʢʦʤʧʶʪʲʨʥʠ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʦʣʠʯʘʭʘ ʠ ʥʷʢʦʠ 
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ʥʝʙʣʘʛʦʧʦʣʫʯʠʷ. ɼʦʩʪʲʧʲʪ ʜʦ ʨʝʩʫʨʩʠʪʝ ʩʪʘʚʘʰʝ ʦʙʠʢʥʦʚʝʥʦ ʯʨʝʟ ʩʘʡʪʘ ʥʘ ʩʲʦʪʚʝʪʥʠʷ 

ʝʚʨʦʧʝʡʩʢʠ ʧʨʦʝʢʪ, ʘ ʦʪʥʦʩʠʪʝʣʥʦ ʩʢʦʨʦ ʩʣʝʜ ʟʘʚʲʨʰʚʘʥʝ ʥʘ ʧʨʦʝʢʪʘ ʦʪʧʘʜʘʰʝ ʠ 

ʧʦʜʜʨʲʞʢʘʪʘ ʥʘ ʩʘʡʪʘ ʤʫ. ʉʘʤʠʪʝ ʨʝʩʫʨʩʠ Ăʩʧʠʨʘʭʘ ʜʘ ʩʝ ʦʪʚʘʨʷʪñ ʧʦʨʘʜʠ ʧʨʦʤʷʥʘ ʥʘ 

ʠʟʧʦʣʟʚʘʥʠʷ ʩʦʬʪʫʝʨ ʠ ʣʠʧʩʘ ʥʘ ʧʦʜʜʨʲʞʢʘ. ʆʩʚʝʥ ʪʦʚʘ, ʨʝʩʫʨʩʠʪʝ ʯʝʩʪʦ ʙʷʭʘ Ăʚ ʥʘʩʠʧʥʦ 

ʩʲʩʪʦʷʥʠʝñ ˈ ʙʝʟ ʧʦʜʨʝʜʙʘ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʨʘʟʜʝʣʠ ʠ ʧʦ ʢʣʘʩʦʚʝ, ʢʦʝʪʦ ʟʘʪʨʫʜʥʷʚʘʰʝ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʠ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʠʤ. ʊʘʢʘ, ʧʦ ʚʨʝʤʝ ʥʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʧʨʦʝʢʪʘ Fibonacci 

(2010ï2013 ʛ. http://www.math.bas.bg/omi/Fibonacci/), ʯʠʷʪʦ ʦʩʥʦʚʥʘ ʟʘʜʘʯʘ ʙʝ ʚʥʝʜʨʷʚʘʥʝʪʦ 

ʠ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʥʦʚʠʪʝ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʚʲʟʥʠʢʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʜʘ ʩʝ 

ʦʙʦʩʦʙʠ ʤʷʩʪʦ ʚʲʚ ʚʠʨʪʫʘʣʥʠʷ ʩʚʷʪ, ʢʲʜʝʪʦ ʜʘ ʩʝ ʩʲʙʠʨʘʪ, ʩʲʭʨʘʥʷʚʘʪ ʠ ʇʆɼɼʒʈɾɸʊ 

ʩʲʟʜʘʜʝʥʠʪʝ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʨʝʩʫʨʩʠ, ʧʨʠ ʪʦʚʘ ʚ ʧʦʜʨʝʜʝʥ ʧʦ ʢʣʘʩʦʚʝ ʠ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʨʘʟʜʝʣʠ ʥʘʯʠʥ. ɺ ʦʪʛʦʚʦʨ ʥʘ ʪʘʟʠ ʥʝʦʙʭʦʜʠʤʦʩʪ ʙʝ ʦʩʥʦʚʘʥ ɺʠʨʪʫʘʣʝʥ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ 

ʧʦ ʤʘʪʝʤʘʪʠʢʘ. ɺ ʦʙʩʲʞʜʘʥʝʪʦ ʥʘ ʥʝʛʦʚʘʪʘ ʧʲʨʚʦʥʘʯʘʣʥʘ ʩʪʨʫʢʪʫʨʘ ʫʯʘʩʪʠʝ ʚʟʝʭʘ ʊʦʥʠ 

ʏʝʭʣʘʨʦʚʘ, ɽʚʛʝʥʠʷ ʉʝʥʜʦʚʘ ʠ ʇʝʪʲʨ ʂʝʥʜʝʨʦʚ. ʉʦʬʪʫʝʨʥʦʪʦ ʠʟʛʨaʞʜʘʥʝ ʠ ʨʘʟʚʠʪʠʝ ʥʘ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʂʘʙʠʥʝʪʘ ʠ ʧʦʜʜʲʨʞʘʥʝʪʦ ʥʘ ʨʝʩʫʨʩʠʪʝ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦ ʩʲʩʪʦʷʥʠʝ ʧʨʝʟ 

ʛʦʜʠʥʠʪʝ ʩʝ ʜʲʣʞʠ ʥʘ ɻʝʦʨʛʠ ɻʘʯʝʚ. ʅʘʡ-ʛʦʣʷʤ ʧʨʠʥʦʩ ʧʦ ʙʨʦʡ ʥʘ ʨʘʟʨʘʙʦʪʝʥʠʪʝ ʨʝʩʫʨʩʠ, 

ʧʦ ʚʩʝʢʠʜʥʝʚʥʦ ʩʲʧʨʦʚʦʞʜʘʥʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʠʜʝʠ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʤʫ, ʠʤʘ 

ʊʦʥʠ ʏʝʭʣʘʨʦʚʘ. ʎʝʣʝʩʲʦʙʨʘʟʥʦ ʝ ʜʘ ʩʝ ʧʦʦʱʨʷʪ ʠ ʜʨʫʛʠ ʩʣʫʞʠʪʝʣʠ ʥʘ ʀʄʀ-ɹɸʅ, ʫʯʠʪʝʣʠ, 

ʘ ʟʘʱʦ ʥʝ ʠ ʫʯʝʥʠʮʠ, ʜʘ ʨʘʟʨʘʙʦʪʷʪ ʩʚʦʠ ʨʝʩʫʨʩʠ, ʢʦʠʪʦ ʜʘ ʥʘʤʝʨʷʪ ʤʷʩʪʦ ʚ ʢʘʙʠʥʝʪʘ. ʊʦʚʘ 

ʱʝ ʧʦʚʠʰʠ ʠʥʪʝʨʝʩʘ ʢʲʤ ʂʘʙʠʥʝʪʘ (ʘ ʤʦʞʝ ʙʠ ʠ ʧʦʩʝʱʝʥʠʷʪʘ ʤʫ). ʇʲʨʚʦʥʘʯʘʣʥʦ ʚ ʥʝʛʦ 

ʙʷʭʘ ʚʢʣʶʯʝʥʠ ʩʘʤʦ Ăʯʠʩʪʠ ʘʧʣʝʪʠñ ï ʢʦʥʩʪʨʫʢʮʠʠ, ʨʝʘʣʠʟʠʨʘʥʠ ʥʘ GEOGEBRA, ʙʝʟ 

ʮʷʣʦʩʪʥʦ ʨʘʟʨʘʙʦʪʚʘʥʝ, ʧʨʠʤʝʨʥʦ, ʥʘ ʝʜʠʥʠʮʘ ʦʪ ʫʯʝʙʥʠʷ ʧʣʘʥ. ɺʧʦʩʣʝʜʩʪʚʠʝ ʙʷʭʘ 

ʥʘʧʨʘʚʝʥʠ ʮʷʣʦʩʪʥʠ Ăʪʝʤʠñ ʩ ʧʦʜʨʦʙʥʦ ʨʘʟʚʠʪʠʝ ʥʘ ʦʪʜʝʣʥʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʟʘʜʘʯʠ. ʊʝʟʠ 

ʪʝʤʠ ʩʝ ʦʢʘʟʘʭʘ ʫʜʦʙʥʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʠ ʚ STEM-ʮʝʥʪʨʦʚʝʪʝ ʠ ʟʘʪʦʚʘ ʪʝ ʚ ʤʦʤʝʥʪʘ ʩʘ ʚ 

ʨʫʙʨʠʢʘʪʘ STEAM (STEM+ART) ʥʘ ʢʘʙʠʥʝʪʘ. ʇʦ ʥʘʪʘʲʢ ʢʘʙʠʥʝʪʲʪ ʩʝ ʦʙʦʛʘʪʠ ʠ ʩ ʜʨʫʛʠ 

ʨʫʙʨʠʢʠ ï ʩʲʩʪʝʟʘʥʠʷ, ʧʫʙʣʠʢʘʮʠʠ, ʚʠʜʝʘ ʠ ʜʨ. 

ʉʲʩ ʩʚʦʷ ɺʠʨʪʫʘʣʝʥ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʀʄʀ-ɹɸʅ ʠʤʘ ʩʝʨʠʦʟʝʥ ʧʨʠʥʦʩ ʚ ʨʘʟʚʠʪʠʝʪʦ 

ʥʘ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʚ ʩʪʨʘʥʘʪʘ. ɿʘ ʫʯʝʙʥʘʪʘ ʛʦʜʠʥʘ ʦʪ ʩʝʧʪʝʤʚʨʠ 2022 ʛ. ʜʦ ʶʥʠ 

2023 ʛ. ʩʨʝʜʥʦʤʝʩʝʯʥʦ ʚ ʢʘʙʠʥʝʪʘ ʠʤʘ ʥʘʜ 30 000 ʧʦʩʝʱʝʥʠʷ. ʀʤʘ ʩʤʠʩʲʣ ʦʙʭʚʘʪʲʪ ʥʘ 

ʢʘʙʠʥʝʪʘ ʜʘ ʩʝ ʨʘʟʰʠʨʠ, ʢʘʪʦ ʩʝ ʚʢʣʶʯʘʪ ʠ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʨʝʩʫʨʩʠ, ʩʚʲʨʟʘʥʠ ʩ ʧʦʜʛʦʪʦʚʢʘʪʘ 

ʥʘ ʫʯʝʥʠʮʠ ʠ ʫʯʠʪʝʣʠ ʟʘ ʫʯʘʩʪʠʝ ʚ ʤʥʦʛʦʙʨʦʡʥʠʪʝ ʩʲʩʪʝʟʘʥʠʷ. ɺ ʪʘʟʠ ʦʙʣʘʩʪ ʀʄʀ-ɹɸʅ ʠʤʘ 

ʚʦʜʝʱʘ ʨʦʣʷ ʚ ʩʪʨʘʥʘʪʘ ʠ ʧʨʝʜʦʩʪʘʚʷʥʝʪʦ ʥʘ ʨʝʩʫʨʩʠ ʩʲʩ ʩʚʦʙʦʜʝʥ ʜʦʩʪʲʧ ʙʝʟ ʩʲʤʥʝʥʠʝ ʱʝ 

ʨʘʟʰʠʨʠ ʢʨʲʛʘ ʥʘ ʫʯʘʩʪʥʠʮʠʪʝ ʠ ʱʝ ʧʦʚʠʰʠ ʨʘʚʥʠʱʝʪʦ ʥʘ ʧʦʜʛʦʪʦʚʢʘ. 

ʅʘʢʨʘʷ, ʥʦ ʥʝ ʠ ʧʦ ʚʘʞʥʦʩʪ, ʩʣʝʜʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʩʣʝʜ 2013 ʛ. ʨʝʩʫʨʩʲʪ ʟʘ 

ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʢʘʙʠʥʝʪʘ ʠʜʚʘʰʝ ʥʝ ʩʘʤʦ ʦʪ ʩʧʦʤʝʥʘʪʠʪʝ ʝʚʨʦʧʝʡʩʢʠʪʝ ʧʨʦʝʢʪʠ, ʥʦ ʠ ʦʪ 

ʙʲʣʛʘʨʩʢʠ ʠʟʪʦʯʥʠʮʠ: ʉʲʚʤʝʩʪʥʠʷʪ ʧʨʦʝʢʪ ʥʘ ʀʄʀ-ɹɸʅ ʠ ɺʀɺɸʂʆʄ ĂVIVACOGNITAñ, 

ʪʨʠʪʝ ʝʪʘʧʘ ʥʘ ʩʲʚʤʝʩʪʥʘʪʘ ʧʨʦʛʨʘʤʘ ʥʘ ɹɸʅ ʠ ʄʆʅ ñʆʙʨʘʟʦʚʘʥʠʝ ʩ ʥʘʫʢʘñ, ɸʩʦʮʠʘʮʠʷʪʘ 

ʥʘ ʠʥʜʫʩʪʨʠʘʣʥʠʷ ʢʘʧʠʪʘʣ ʚ ɹʲʣʛʘʨʠʷ (ʯʨʝʟ ʬʦʥʜʘʮʠʷ Ăɽʚʨʠʢʘñ), ʅʘʮʠʦʥʘʣʥʘʪʘ ʥʘʫʯʥʘ 

ʧʨʦʛʨʘʤʘ ʀʂʊ ʚ ʅʆʉ ʠ, ʨʘʟʙʠʨʘ ʩʝ, ʪʨʘʜʠʮʠʦʥʥʘʪʘ ʧʦʜʢʨʝʧʘ ʦʪ ʀʄʀ-ɹɸʅ. 

 

 

ʉʦʬʠʷ, ʜʝʢʝʤʚʨʠ 2024 ʛ.     ʇʝʪʲʨ ʂʝʥʜʝʨʦʚ 
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ɺʀʈʊʋɸʃʅʀʗʊ ʋʏʀʃʀʑɽʅ ʂɸɹʀʅɽʊ ʇʆ ʄɸʊɽʄɸʊʀʂɸ ʂɸʊʆ STEAM 

ʎɽʅʊʒʈ 

 
ʊʦʥʠ ʏʝʭʣʘʨʦʚʘ 

 

 

ʈɽɿʖʄɽ 

ʇʨʝʜʩʪʘʚʝʥʘ ʝ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ, ʢʦʡʪʦ ʩʝ 

ʨʘʟʨʘʙʦʪʚʘ ʦʪ 2013 ʛ. ʦʪ ʀʥʩʪʠʪʫʪa ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ ʥʘ ɹʲʣʛʘʨʩʢʘʪʘ ʘʢʘʜʝʤʠʷ 

ʥʘ ʥʘʫʢʠʪʝ ʠ ʉʲʶʟa ʥʘ ʤʘʪʝʤʘʪʠʮʠʪʝ ʚ ɹʲʣʛʘʨʠʷ. ʅʘʧʨʘʚʝʥʠ ʩʘ ʠʣʶʩʪʨʘʮʠʠ ʥʘ ʢʦʤʧʶʪʲʨʥʠ 

ʤʦʜʝʣʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʬʦʨʤʫʣʠʨʘʥʝ ʥʘ 

ʭʠʧʦʪʝʟʠ, ʟʘ ʥʘʤʠʨʘʥʝ ʥʘ ʨʝʰʝʥʠʷ ʥʘ ʧʨʠʣʦʞʥʠ ʟʘʜʘʯʠ ʩ ʜʦʩʪʘʪʲʯʥʘ ʪʦʯʥʦʩʪ. ʇʨʝʜʩʪʘʚʝʥʠ 

ʩʘ ʧʨʠʤʝʨʠ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʨʝʩʫʨʩʠ ʟʘ ʧʨʦʚʝʨʢʘ ʠ ʩʘʤʦʧʨʦʚʝʨʢʘ, ʚʢʣʶʯʠʪʝʣʥʦ ʟʘ ʨʘʟʚʠʪʠʝ 

ʥʘ ʦʢʦʤʝʨʘ. ʇʨʝʜʦʩʪʘʚʝʥʠʪʝ ʩʲʩ ʩʚʦʙʦʜʝʥ ʜʦʩʪʲʧ ʪʝʤʠ, ʬʘʡʣʦʚʝ ʩ ʜʠʥʘʤʠʯʥʠ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʪʝʤʠ ʦʪ ʤʠʥʘʣʠ ʠʟʜʘʥʠʷ ʥʘ ʦʥʣʘʡʥ ʩʲʩʪʝʟʘʥʠʷ ĂVIVA ʄʘʪʝʤʘʪʠʢʘ ʩ ʢʦʤʧʶʪʲʨñ ʠ Ăʊʝʤʘ ʥʘ 

ʤʝʩʝʮʘñ, ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʨʝʩʫʨʩʠ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʜʦʙʘʚʝʥʘ ʨʝʘʣʥʦʩʪ, ʚʠʨʪʫʘʣʥʘ ʨʝʘʣʥʦʩʪ  ʠ 

ʜʨʫʛʠ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʢʘʢʪʦ ʚ ʯʘʩʦʚʝʪʝ ʧʦ ʤʘʪʝʤʘʪʠʢʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʠ 

ʪʝʭʥʦʣʦʛʠʠ, ʢʦʤʧʶʪʲʨʥʦ ʤʦʜʝʣʠʨʘʥʝ, ʠʟʦʙʨʘʟʠʪʝʣʥʦ ʠʟʢʫʩʪʚʦ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʧʨʝʜʧʨʠʝʤʘʯʝʩʪʚʦ, ʪʘʢʘ ʠ ʟʘ ʨʘʙʦʪʘ ʚ STEAM ʮʝʥʪʨʦʚʝ ʠ ʧʨʦʝʢʪʥʘ ʨʘʙʦʪʘ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʢʦʤʧʶʪʲʨʥʠ ʤʦʜʝʣʠ; STEM; STEAM; ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʧʦʜʭʦʜ; ʜʠʛʠʪʘʣʥʘ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪ; ʤʘʪʝʤʘʪʠʯʝʩʢʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪ; ʧʨʠʣʦʞʥʠ ʟʘʜʘʯʠ; ʩʘʤʦʧʨʦʚʝʨʢʘ  

 

ɺʒɺɽɼɽʅʀɽ 

ɺʠʨʪʫʘʣʥʠʷʪ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ (www.cabinet.bg) ʩʝ ʨʘʟʨʘʙʦʪʚʘ ʦʪ 

2013 ʛ. ʦʪ ʀʥʩʪʠʪʫʪa ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ ʥʘ ɹʲʣʛʘʨʩʢʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ ʠ 

ʉʲʶʟa ʥʘ ʤʘʪʝʤʘʪʠʮʠʪʝ ʚ ɹʲʣʛʘʨʠʷ (Chehlarova, Gachev, Kenderov  & Sendova 2014). ʎʝʣʪʘ 

ʝ ʜʘ ʩʝ ʧʨʝʜʦʩʪʘʚʷʪ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʨʝʩʫʨʩʠ ʩʲʩ ʩʚʦʙʦʜʝʥ ʜʦʩʪʲʧ ʟʘ ʦʙʫʯʝʥʠʝʪʦ ʧʦ 

ʤʘʪʝʤʘʪʠʢʘ, ʯʨʝʟ ʢʦʠʪʦ ʜʘ ʩʝ ʧʦʜʧʦʤʦʛʥʝ ʝʜʥʦʚʨʝʤʝʥʥʦʪʦ ʨʘʟʚʠʪʠʝ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘ ʠ 

ʜʠʛʠʪʘʣʥʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪ, ʢʘʢʪʦ ʠ STEAM ʦʙʨʘʟʦʚʘʥʠʝʪʦ. ʇʲʨʚʦʥʘʯʘʣʥʦ ʩʘ ʚʢʣʶʯʝʥʠ ʠ 

ʫʯʝʙʥʠ ʤʘʪʝʨʠʘʣʠ, ʩʲʟʜʘʚʘʥʠ ʧʦ ʧʨʦʝʢʪʠʪʝ InnoMathEd ʠ Fibonacci, ʢʦʦʨʜʠʥʠʨʘʥʠ ʦʪ ʘʢʘʜ. 

ʇ. ʂʝʥʜʝʨʦʚ. ʈʝʩʫʨʩʠ, ʨʘʟʨʘʙʦʪʚʘʥʠ ʦʪ ʙʲʣʛʘʨʩʢʠʷ ʝʢʠʧ ʧʦ ʧʨʦʝʢʪʠʪʝ KeyCoMath, Mascil ʠ 

STEM PD NET, ʩʝ ʧʦʜʜʲʨʞʘʪ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʜʠʥʘʤʠʯʥʠʪʝ ʬʘʡʣʦʚʝ ʯʨʝʟ ʪʦʟʠ ʚʠʨʪʫʘʣʝʥ 

ʢʘʙʠʥʝʪ. ʇʨʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʥʷʢʦʠ ʦʪ ʪʝʤʠʪʝ ʚʲʚ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ 

ʤʘʪʝʤʘʪʠʢʘ ʝ ʧʦʣʫʯʘʚʘʥʘ ʧʦʜʢʨʝʧʘ ʦʪ ʬʦʥʜʘʮʠʷ Ăɽʚʨʠʢʘñ, ɸʩʦʮʠʘʮʠʷ ʥʘ ʠʥʜʫʩʪʨʠʘʣʥʠʷ 

ʢʘʧʠʪʘʣ ʚ ɹʲʣʛʘʨʠʷ, ɹɸʅ ʧʦ ʇʄʉ ˉ347, ʪ.5 ʚ) ʦʪ 08.12.2016 ʛ., ʅʘʮʠʦʥʘʣʥʘ ʧʨʦʛʨʘʤʘ ʀʂʊ 

ʚ ʅʆʉ, ʧʨʦʛʨʘʤʘ ʥʘ ʄʆʅ ʠ ɹɸʅ Ăʆʙʨʘʟʦʚʘʥʠʝ ʩ ʥʘʫʢʘñ. ʋʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ɺʠʨʪʫʘʣʥʠʷ 

ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʦʪ ʧʨʦʬ. ʊ. ʏʝʭʣʘʨʦʚʘ. ʊʝʭʥʠʯʝʩʢʘʪʘ 

ʨʝʘʣʠʟʘʮʠʷ ʠ ʧʦʜʜʨʲʞʢʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʦʪ ʜ-ʨ ɻʝʦʨʛʠ ɻʘʯʝʚ, ʩʲʩ ʩʲʜʝʡʩʪʚʠʝʪʦ ʥʘ ʜ-ʨ ʄʦʥʢʘ 

ʂʦʮʝʚʘ. ɿʘ ʧʦʜʜʲʨʞʘʥʝʪʦ, ʨʘʟʚʠʪʠʝʪʦ ʠ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʤʫ ʚʘʞʥʘ ʨʦʣʷ ʠʤʘ ʘʢʘʜ. ʇʝʪʲʨ 

ʂʝʥʜʝʨʦʚ. ʆʪʜʝʣʥʠ ʪʝʤʠ ʠʣʠ ʬʘʡʣʦʚʝ ʩʘ ʨʘʟʨʘʙʦʪʚʘʥʠ ʦʪ ʜʦʮ. ɽʚʛʝʥʠʷ ʉʝʥʜʦʚʘ, ʄʣʘʜʝʥ 

ɺʲʣʢʦʚ, ʈʫʤʷʥʘ ɸʥʛʝʣʦʚʘ, ɼʠʥʢʦ ʎʚʷʪʢʦʚ, ʜʦʮ. ʀʚʘʡʣʦ ʂʦʨʪʝʟʦʚ, ʉʪʝʣʠʘʥʘ ʂʦʢʠʥʦʚʘ, 

ʧʨʦʬ. ʅʝʣʠ ɼʠʤʠʪʨʦʚʘ, ɽʣʠʩʘʚʝʪʘ ʉʪʝʬʘʥʦʚʘ, ʜ-ʨ ʅʝʜʘ ʏʝʭʣʘʨʦʚʘ, ʂʦʡʷ ʏʝʭʣʘʨʦʚʘ, ʄʘʨʠʷ 

ɹʨʘʫʭʣʝ, ʈʫʩʢʘ ʀʣʠʝʚʘ, ʎʚʝʪʝʣʠʥ ɸʥʜʨʝʝʚ. 
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ʉʊʈʋʂʊʋʈɸ ʅɸ ɺʀʈʊʋɸʃʅʀʗ ʋʏʀʃʀʑɽʅ ʂɸɹʀʅɽʊ ʇʆ ʄɸʊɽʄɸʊʀʂɸ 

ʆʙʨʘʟʦʚʘʪʝʣʥʠʪʝ ʨʝʩʫʨʩʠ ʚʲʚ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʩʘ 

ʬʘʡʣʦʚʝ, ʨʘʟʨʘʙʦʪʝʥʠ ʩ ʜʠʥʘʤʠʯʝʥ ʩʦʬʪʫʝʨ, ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ, ʢʥʠʛʠ ʠ ʩʪʘʪʠʠ, ʧʨʝʟʝʥʪʘʮʠʠ, 

ʩʥʠʤʢʠ, ʪʝʤʠ (ʢʦʠʪʦ ʩʘ ʩʘʤʦʩʪʦʷʪʝʣʥʠ web ʩʪʨʘʥʠʮʠ), ʪʝʤʠ ʦʪ ʩʲʩʪʝʟʘʥʠʷ, ʧʦʩʪʝʨʠ ʠ ʜʨ. 

ʇʨʝʦʙʣʘʜʘʚʘʱʘʪʘ ʯʘʩʪ ʦʪ ʬʘʡʣʦʚʝʪʝ ʩʘ ʨʘʟʨʘʙʦʪʝʥʠ ʩ Geogebra (Hohenwarter, Hohenwarter,  

& Lavicza 2009). ʊʲʨʩʝʥʝʪʦ ʥʘ ʘʧʣʝʪʠ/ʬʘʡʣʦʚʝ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʦ ʢʘʪʝʛʦʨʠʠ ʠʣʠ ʧʦ ʢʣʶʯʦʚʠ 

ʜʫʤʠ (ʬʠʛ. 1).  

  

 
ʌʠʛʫʨʘ 1. ʊʲʨʩʝʥʝ ʥʘ ʬʘʡʣʦʚʝ ʚʲʚ ɺʠʨʪʫʘʣʥʠ ̫ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ  

 

ʇʨʠ ʪʲʨʩʝʥʝ ʧʦ ʢʘʪʝʛʦʨʠʠ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʙʦʨ ʧʦ ʩʪʨʘʥʠʮʠ, ʚʲʚ ʚʩʷʢʘ ʦʪ ʢʦʠʪʦ 

ʠʤʘ ʧʦ 9 ʘʧʣʝʪʘ, ʧʦʯʪʠ ʚʩʠʯʢʠ ʦʪ ʢʦʠʪʦ ʩʘ ʧʨʠʜʨʫʞʝʥʠ ʠ ʦʪ ʬʘʡʣʦʚʝ ʚʲʚ ʬʦʨʤʘʪ ggb. ʊʦʚʘ 

ʧʦʟʚʦʣʷʚʘ ʪʝʟʠ ʨʝʩʫʨʩʠ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠ ʙʝʟ ʥʘʣʠʯʠʝ ʥʘ ʠʥʪʝʨʥʝʪ. ʀʟʙʦʨʲʪ ʥʘ ʪʝʤʠ ʤʦʞʝ 

ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʧʦ ʢʣʘʩʦʚʝ ʠ ʩʲʜʲʨʞʘʪʝʣʥʘ ʦʙʣʘʩʪ ʠʣʠ ʯʨʝʟ ʜʠʨʝʢʪʝʥ ʠʟʙʦʨ ʦʪ ʚʩʠʯʢʠ ʪʝʤʠ 

(ʬʠʛ. 2). 

 

 
ʌʠʛʫʨʘ 2. ʀʟʙʦʨ ʥʘ ʪʝʤʘ ʚʲʚ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ 

 

ɺʩʷʢʘ ʦʪ ʪʝʤʠʪʝ ʩʲʜʲʨʞʘ ʜʠʥʘʤʠʯʥʠ ʬʘʡʣʦʚʝ. ɺ ʥʷʢʦʠ ʦʪ ʪʝʤʠʪʝ ʠʤʘ ʩʥʠʤʢʠ, 

ʚʢʣʶʯʠʪʝʣʥʦ 360 ʛʨʘʜʫʩʦʚʠ, ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ, ʬʘʡʣʦʚʝ ʟʘ 3D ʧʨʠʥʪʠʨʘʥʝ, ʜʦʙʘʚʝʥʘ 

ʨʝʘʣʥʦʩʪ. ʅʘ ʬʠʛ. 3 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚʠʜʦʚʝ ʨʝʩʫʨʩʠ ʦʪ ʪʝʤʘʪʘ Ăʀʟʚʦʨʲʪ ʥʘ ʞʠʚʦʪʘñ ʚ 

ɽʧʠʩʢʦʧʩʢʘʪʘ ʙʘʟʠʣʠʢʘ ʥʘ ʌʠʣʠʧʦʧʦʣ (Chehlarova 2021). 
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ʌʠʛʫʨʘ 3. ʌʘʡʣʦʚʝ ʦʪ ʪʝʤʘ Ăʀʟʚʦʨʲʪ ʥʘ ʞʠʚʦʪʘñ ʚ ɽʧʠʩʢʦʧʩʢʘʪʘ ʙʘʟʠʣʠʢʘ ʥʘ 

ʌʠʣʠʧʦʧʦʣ  

https://cabinet.bg/index.php?contenttype=viewarticle&id=327 

 

ʈʫʙʨʠʢʘ Ăʉʲʩʪʝʟʘʥʠʷñ ʩʲʜʲʨʞʘ ʪʝʤʠʪʝ ʦʪ ʠʟʤʠʥʘʣʠʪʝ ʠʟʜʘʥʠʷ ʥʘ ʦʥʣʘʡʥ ʩʲʩʪʝʟʘʥʠʷ 

ĂVIVA ʄʘʪʝʤʘʪʠʢʘ ʩ ʢʦʤʧʶʪʲʨñ, Ăʊʝʤʘ ʥʘ ʤʝʩʝʮʘñ ʠ ĂVIVA ʈʦʜʦʣʶʙʠʝñ (ʂʝʥʜʝʨʦʚ, 

ʏʝʭʣʘʨʦʚʘ & ɻʘʯʝʚ 2021); (Kenderov 2022); (Kenderov, Chehlarova & Sendova 2015). 

ɺʲʚ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʩʘ ʧʨʝʜʦʩʪʘʚʝʥʠ ʚʨʲʟʢʠ ʢʲʤ ʝʚʨʦʧʝʡʩʢʠ 

ʠ ʥʘʮʠʦʥʘʣʥʠ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʧʨʦʝʢʪʠ, ʚ ʢʦʠʪʦ ʠʤʘ ʤʘʪʝʨʠʘʣʠ ʥʘ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ. ɺʨʲʟʢʠ 

ʠʤʘ ʠ ʢʲʤ ʜʚʝ ʩʲʙʠʪʠʷ, ʦʨʛʘʥʠʟʠʨʘʥʠ ʦʪ ʩʝʢʮʠʷ ʆʙʨʘʟʦʚʘʥʠʝ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ 

ʠʥʬʦʨʤʘʪʠʢʘ ʥʘ ʀʄʀ-ɹɸʅ: ʅʘʮʠʦʥʘʣʝʥ ʩʝʤʠʥʘʨ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦ ʦʙʨʘʟʦʚʘʥʠʝ 

Ăʀʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʧʦʜʭʦʜ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝñ 

(http://www.math.bas.bg/omi/nso/) ʠ ʢʦʥʬʝʨʝʥʮʠʷ Ăɼʠʥʘʤʠʯʥʘ ʤʘʪʝʤʘʪʠʢʘ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦñ 

(http://www.math.bas.bg/omi/dmo/). ɻʦʣʷʤʘ ʯʘʩʪ ʦʪ ʫʯʘʩʪʥʠʮʠʪʝ ʚ ʪʷʭ ʩʘ ʫʯʠʪʝʣʠ, 

ʧʨʝʜʩʪʘʚʷʱʠ ʜʦʙʨʠ ʧʨʘʢʪʠʢʠ. Tʝʭʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʩʲʱʦ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʢʘʪʦ 

ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʨʝʩʫʨʩʠ. 

ʈʝʩʫʨʩʠʪʝ ʚʲʚ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʩʘ ʧʦʣʝʟʥʠ ʟʘ ʩʲʟʜʘʚʘʥʝ 

ʥʘ ʫʩʣʦʚʠʷ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʠ ʬʦʨʤʫʣʠʨʘʥʝ ʥʘ ʭʠʧʦʪʝʟʠ, ʟʘ ʬʦʨʤʠʨʘʥʝ ʥʘ 

ʥʦʚʠ ʟʥʘʥʠʷ, ʟʘ ʧʦʩʪʘʚʷʥʝ ʥʘ ʟʘʜʘʯʠ ʠʣʠ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʨʝʰʝʥʠʷ, ʟʘ ʩʘʤʦʧʨʦʚʝʨʢʘ ʠ 

ʧʨʦʚʝʨʢʘ. 

 

ʀɿʉʃɽɼɺɸʅʀʗ ʀ ʌʆʈʄʋʃʀʈɸʅɽ ʅɸ ʍʀʇʆʊɽɿʀ 

ɽʜʥʘ ʦʪ ʧʨʠʯʠʥʠʪʝ ʟʘ ʥʝʜʦʩʪʘʪʲʯʥʦ ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠʷ ʧʦʜʭʦʜ ʚ 

ʫʯʠʣʠʱʥʦʪʦ ʦʙʫʯʝʥʠʝ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʝ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʧʦʜʛʦʪʦʚʢʘ ʟʘ 

ʩʲʟʜʘʚʘʥʝ ʥʘ ʫʩʣʦʚʠʷ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪ, ʢʘʢʪʦ ʠ ʦʪ ʜʦʩʪʘʪʲʯʥʦ ʚʨʝʤʝ ʟʘ 

ʧʨʦʚʝʞʜʘʥʝʪʦ ʤʫ. ʏʘʩʪ ʦʪ ʜʠʥʘʤʠʯʥʠʪʝ ʬʘʡʣʦʚʝ ʚʲʚ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ 

https://cabinet.bg/index.php?contenttype=viewarticle&id=327
http://www.math.bas.bg/omi/nso/
http://www.math.bas.bg/omi/dmo/
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ʤʘʪʝʤʘʪʠʢʘ ʦʩʠʛʫʨʷʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʢʨʘʪʢʦ ʚʨʝʤʝ ʜʘ ʩʝ ʠʟʚʲʨʰʠ ʠʟʩʣʝʜʚʘʥʝ ʠ ʬʦʨʤʫʣʠʨʘ 

ʭʠʧʦʪʝʟʘ ʢʘʢʪʦ ʟʘ ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʟʘʣʦʞʝʥʠʪʝ ʚ ʟʘʜʲʣʞʠʪʝʣʥʦʪʦ ʦʙʫʯʝʥʠʝ ʪʚʲʨʜʝʥʠʷ, ʪʘʢʘ ʠ 

ʢʘʪʦ ʯʘʩʪ ʦʪ ʧʦʜʭʦʜʷʱʠ ʟʘ ʪʝʤʠ ʟʘ STEM ʠ STEAM ʮʝʥʪʨʦʚʝ (ʬʠʛ. 4).  

        
ʌʠʛʫʨʘ 4. ʌʘʡʣʦʚʝ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʠ ʬʦʨʤʫʣʠʨʘʥʝ ʥʘ ʭʠʧʦʪʝʟʠ 

 

ʇʨʝʧʦʨʲʯʠʪʝʣʥʦ ʝ ʯʘʩʪ ʦʪ ʟʘʜʘʯʠʪʝ ʚ ʫʯʝʙʥʠʮʠʪʝ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʜʘ ʩʝ ʧʨʝʬʦʨʤʫʣʠʨʘʪ 

ʦʪ Ăɼʦʢʘʞʝʪʝ, ʯʝéñ ʚʲʚ Ăʀʟʩʣʝʜʚʘʡʪʝ ʠ ʬʦʨʤʫʣʠʨʘʡʪʝ ʭʠʧʦʪʝʟʠñ ï ʤʥʦʛʦ  ʧʨʠʤʝʨʠ ʟʘ ʪʦʚʘ 

ʠʤʘ ʚʲʚ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ (Chehlarova & Sendova 2011). 

 

ʂʆʄʇʖʊʒʈʅʀ ʄʆɼɽʃʀ ɿɸ ʈɽʐɸɺɸʅɽ ʅɸ ʇʈʀʃʆɾʅʀ ɿɸɼɸʏʀ 

ɽʜʠʥ ʦʪ ʛʦʣʝʤʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥ ʩʦʬʪʫʝʨ ʚ ʦʙʫʯʝʥʠʝʪʦ 

ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʝ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪ ʟʘ ʠʟʧʦʣʟʚʘʥʝ, ʤʦʜʠʬʠʮʠʨʘʥʝ ʠʣʠ 

ʩʲʟʜʘʚʘʥʝ ʥʘ ʢʦʤʧʶʪʲʨʥʠ ʤʦʜʝʣʠ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʧʨʠʣʦʞʥʠ ʟʘʜʘʯʠ. ɿʘ ʨʝʰʘʚʘʥʝ ʥʘ ʟʘʜʘʯʘ, 

ʩʚʲʨʟʘʥʘ ʩ ʥʘʤʠʨʘʥʝ ʥʘ ʦʧʪʠʤʘʣʥʦ ʧʨʝʛʲʚʘʥʝ ʩ ʧʦʩʦʯʝʥʠ ʫʩʣʦʚʠʷ ʥʘ ʧʨʘʚʦʲʛʲʣʥʘ ʩʘʣʬʝʪʢʘ, 

ʩʘ ʧʨʝʜʦʩʪʘʚʝʥʠ ʬʘʡʣʦʚʝʪʝ ʥʘ ʬʠʛ. 5 (ʏʝʭʣʘʨʦʚʘ 2011). 

 
ʌʠʛʫʨʘ 5. ʂʦʤʧʶʪʲʨʥʠ ʤʦʜʝʣʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʧʨʝʛʲʚʘʥʝ ʥʘ ʧʨʘʚʦʲʛʲʣʥʘ ʩʘʣʬʝʪʢʘ 

https://cabinet.bg/content/bg/html/d22175.html 

https://cabinet.bg/content/bg/html/d22176.html 

ʉ ʪʷʭ ʤʦʞʝ ʜʘ ʩʝ ʥʘʤʝʨʠ ʜʦʩʪʘʪʲʯʥʦ ʜʦʙʨʦ ʧʨʠʙʣʠʞʝʥʠʝ ʥʘ ʨʝʰʝʥʠʝʪʦ ʥʘ ʟʘʜʘʯʘʪʘ, 

ʢʘʢʪʦ ʠ ʜʘ ʩʝ ʬʦʨʤʫʣʠʨʘʪ ʥʷʢʦʣʢʦ ʭʠʧʦʪʝʟʠ. ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʟʘʜʘʯʘʪʘ ʤʦʞʝ ʜʘ 

ʩʝ ʪʨʘʥʩʬʦʨʤʠʨʘ ʚ ʟʘʜʘʯʘ ʟʘ ʜʦʢʘʟʘʪʝʣʩʪʚʦ, ʢʦʝʪʦ ʫʣʝʩʥʷʚʘ ʟʥʘʯʠʪʝʣʥʦ ʨʝʰʘʚʘʥʝʪʦ Ⱬ.  

ɺ ʯʘʩʪ ʦʪ ʨʝʩʫʨʩʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʤʘʪʝʤʘʪʠʢʘʪʘ ʠ ʠʟʦʙʨʘʟʠʪʝʣʥʦʪʦ 

ʠʟʢʫʩʪʚʦ. ʊʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʠʟʫʯʘʚʘʥʝ ʥʘ ʤʘʪʝʤʘʪʠʢʘ ʯʨʝʟ ʠʟʢʫʩʪʚʦ, ʟʘ ʠʟʩʣʝʜʚʘʥʝ 

ʥʘ ʪʚʦʨʯʝʩʪʚʦʪʦ ʥʘ ʘʚʪʦʨʠ ʢʘʪʦ ʄʦʨʠʮ ɽʰʝʨ, ʇʠʡʪ ʄʦʥʜʨʠʘʥ, ɸʥʜʠ ʋʦʨʭʦʣ ʠ ʜʨʫʛʠ, ʟʘ 

ʩʲʟʜʘʚʘʥʝ ʥʘ ʭʫʜʦʞʝʩʪʚʝʥʠ ʧʨʦʠʟʚʝʜʝʥʠʷ (Chehlarova &  Gachev 2021).  
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ʇʈʆɺɽʈʂɸ ʀ ʉɸʄʆʇʈʆɺɽʈʂɸ 

ʏʘʩʪ ʦʪ ʨʝʩʫʨʩʠʪʝ ʩʘ ʟʘ ʧʦʜʧʦʤʘʛʘʥʝ ʥʘ ʩʘʤʦʧʨʦʚʝʨʢʘʪʘ, ʚʟʘʠʤʦʧʨʦʚʝʨʢʘʪʘ ʠ 

ʧʨʦʚʝʨʢʘʪʘ (ʬʠʛ. 6).  

 
ʌʠʛʫʨʘ 6. ɿʘʜʘʯʠ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʦʢʦʤʝʨʘ  

https://cabinet.bg/content/bg/html/d13019.html 

https://cabinet.bg/index.php?contenttype=viewarticle&id=82 

ʇʨʠ ʩʲʟʜʘʚʘʥʝʪʦ ʠʤ ʩʘ ʦʩʠʛʫʨʝʥʠ ʧʨʦʩʪʦʪʘ ʥʘ ʦʧʝʨʠʨʘʥʝ, ʩʲʟʜʘʚʘʥʝ ʥʘ ʠʛʨʦʚʘ 

ʘʪʤʦʩʬʝʨʘ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʘʢʪʦ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʧʦʣʫʯʘʚʘʥʝ  ʥʘ ʧʨʠʤʝʨ ʦʪ ʜʘʜʝʥ ʚʠʜ ʟʘʜʘʯʘ, 

ʪʘʢʘ ʠ ʩʧʦʨʝʜ ʥʘʯʠʥʘ ʥʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ (ʏʝʭʣʘʨʦʚʘ 2020). 

 

ɿɸʂʃʖʏɽʅʀɽ 

ʇʦʣʫʯʝʥʠʪʝ ʥʘʮʠʦʥʘʣʥʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʠ ʥʘʛʨʘʜʠ ʥʘ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ 

ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʥʘ ʦʪʜʝʣʥʠ ʨʝʩʫʨʩʠ ʚ ʥʝʛʦ ʩʘ ʜʦʙʨʦ ʩʨʝʜʩʪʚʦ ʟʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʤʫ. 

ʇʦʩʝʱʘʝʤʦʩʪʪʘ ʠ ʦʙʨʘʪʥʘʪʘ ʚʨʲʟʢʘ ʦʪ ʫʯʠʪʝʣʠ, ʨʦʜʠʪʝʣʠ ʠ ʫʯʝʥʠʮʠ ʩʘ ʜʦʩʪʘʪʲʯʝʥ ʤʦʪʠʚ ʟʘ 

ʝʢʠʧʘ ʜʘ ʧʨʦʜʲʣʞʘʚʘ ʧʦʜʜʲʨʞʘʥʝʪʦ ʠ ʦʙʦʛʘʪʷʚʘʥʝʪʦ ʤʫ ʩ ʥʦʚʠ ʨʝʩʫʨʩʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʩ 

ʧʨʠʣʘʛʘʥʝ ʥʘ ʥʦʚʠ ʪʝʭʥʦʣʦʛʠʠ. ɺʠʨʪʫʘʣʥʠʷʪ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʝ ʢʘʯʝʥ ʚ 

ʧʦʨʪʘʣʘ Scientix (http://www.scientix.eu/ ), ʢʦʝʪʦ ʜʦʧʨʠʥʘʩʷ ʟʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʤʫ ʠ ʚ 

ʤʝʞʜʫʥʘʨʦʜʝʥ ʧʣʘʥ. ʊʦʡ ʝ ʠʟʧʦʣʟʚʘʥ ʩʠʩʪʝʤʥʦ ʚ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʠ ʢʫʨʩʦʚʝ ʩ ʫʯʠʪʝʣʠ ʠ 

ʦʙʫʯʠʪʝʣʠ, ʥʦ ʦʯʘʢʚʘʤʝ ʨʘʟʰʠʨʷʚʘʥʝ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʤʫ ʚ ʯʘʩʦʚʝʪʝ ʧʦ ʤʘʪʝʤʘʪʠʢʘ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʤʧʶʪʲʨʥʦ ʤʦʜʝʣʠʨʘʥʝ, ʠʟʦʙʨʘʟʠʪʝʣʥʦ ʠʟʢʫʩʪʚʦ,  

ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʝʜʧʨʠʝʤʘʯʝʩʪʚʦ; ʧʨʠ ʩʘʤʦʧʦʜʛʦʪʦʚʢʘʪʘ ʚ ʧʨʦʝʢʪʥʘʪʘ ʨʘʙʦʪʘ ʠ ʧʨʠ 

ʦʙʫʯʝʥʠʝʪʦ ʚ STEM ʮʝʥʪʨʦʚʝʪʝ ʚ ʙʲʣʛʘʨʩʢʠʪʝ ʫʯʠʣʠʱʘ.   
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The structure of the Virtual Mathematics Laboratory is presented, which has been developed 
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and the Union of Mathematicians in Bulgaria. Computer models that can be used to conduct 

explorations and formulate hypotheses to find solutions to applied problems with sufficient 

accuracy, are illustrated. Examples of educational resources for examination and self-examination 

are presented, including for the development of the eye-based proportion estimation. Open access 

topics, dynamic construction files, topics from past editions of "VIVA Mathematics with a 

Computer" and "Theme of the Month" online competitions, educational resources using 

augmented reality, virtual reality and more are suitable for use both in class in mathematics, 

information technology, computer modeling, fine arts, technology and entrepreneurship as well as 

during self-preparation in project work and education in STEAM centers.  
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ʀʅʊɽʈʅɽʊ ɹɸɿʀʈɸʅɸ ʉʀʉʊɽʄɸ ɿɸ ʇʋɹʃʀʂʋɺɸʅɽ ʅɸ ʊɽʄʀ ʇʆ 

ʄɸʊɽʄɸʊʀʂɸ ɺ ʈɸʄʂʀʊɽ ʅɸ ñɺʀʈʊʋɸʃɽʅ ʋʏʀʃʀʑɽʅ ʂɸɹʀʅɽʊ ʇʆ 

ʄɸʊɽʄɸʊʀʂɸñ 

 
ɻʝʦʨʛʠ ɻʘʯʝʚ 

 

ʈɽɿʖʄɽ 

ʉʠʩʪʝʤʘʪʘ ʟʘ ʧʫʙʣʠʢʫʚʘʥʝ ʥʘ ʪʝʤʠ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʝ ʯʘʩʪ ʦʪ Ăɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ 

ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘñ. ʅʝʡʥʦʪʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʝ ʜʘ ʫʣʝʩʥʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠʪʝ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʫʯʝʙʥʠ ʤʘʪʝʨʠʘʣʠ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʩ ʪʷʭʥʘʪʘ ʭʘʨʘʢʪʝʨʥʘ ʩʧʝʮʠʬʠʢʘ ʢʘʪʦ 

ʪʠʧʦʛʨʘʬʠʷ, ʦʩʦʙʝʥʠ ʛʨʘʬʠʯʥʠ ʝʣʝʤʝʥʪʠ ʠ ʮʷʣʦʩʪʥʦ ʚʠʟʫʘʣʥʦ ʦʬʦʨʤʷʥʝ. ʅʘʧʨʘʚʝʥʦ e 

ʦʧʠʩʘʥʠʝ ʥʘ ʦʩʥʦʚʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʥʘ ʩʠʩʪʝʤʘʪʘ. ʇʨʝʜʩʪʘʚʝʥʦ ʝ ʧʨʠʤʝʨʥʦ ʧʦʩʦʙʠʝ ʧʦ 

ʤʘʪʝʤʘʪʠʢʘ ʢʘʪʦ ʢʨʘʝʥ ʨʝʟʫʣʪʘʪ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʪʝʤʠ ʧʦ ʤʘʪʝʤʘʪʠʢʘ; ʚʠʟʫʘʣʥʦ ʦʬʦʨʤʣʝʥʠʝ; ʪʠʧʦʛʨʘʬʠʷ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʩʠʤʚʦʣʠ; 

ʢʣʘʩʠʬʠʢʘʮʠʦʥʥʠ ʢʨʠʪʝʨʠʠ 

 

ɺʒɺɽɼɽʅʀɽ 

ʇʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠ ʤʘʪʝʨʠʘʣʠ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʝ ʚʘʞʝʥ ʝ ʝʪʘʧ ʦʪ 

ʜʝʡʥʦʩʪʪʘ ʥʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ʆʪ ʪʷʭʥʦʪʦ ʢʘʯʝʩʪʚʦʪʦ ʧʨʷʢʦ ʟʘʚʠʩʠ ʩʪʝʧʝʥʪʘ ʥʘ ʚʲʟʧʨʠʝʤʘʥʝ 

ʥʘ ʥʦʚʠʪʝ ʟʥʘʥʠʷ ʦʪ ʫʯʘʱʠʪʝ ʩʝ. ʆʩʚʝʥ ʪʦʚʘ, ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʰʠʨʦʢʠʷ ʜʦʩʪʲʧ ʜʦ ʀʥʪʝʨʥʝʪ, 

ʰʘʥʩʲʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʫʯʝʙʥʦ ʧʦʩʦʙʠʝ ʟʘ ʩʘʤʦʧʦʜʛʦʪʦʚʢʘ, ʙʝʟ ʪʦ ʜʘ ʝ ʚʲʚʝʜʝʥʦ ʦʪ 

ʧʨʝʧʦʜʘʚʘʪʝʣ ʠʣʠ ʜʘ ʩʝ ʥʘʤʠʨʘ ʚ ʦʧʨʝʜʝʣʝʥ  ʫʯʝʙʝʥ ʧʣʘʥ, ʝ ʥʘʨʘʩʥʘʣ ʟʥʘʯʠʪʝʣʥʦ. ɺʨʝʤʝʪʦ, 

ʢʦʝʪʦ ʫʯʘʱʠʷʪ ʩʝ ʧʨʦʚʝʞʜʘ ʩ ʫʯʝʙʥʦʪʦ ʧʦʩʦʙʠʝ, ʝ ʚʠʥʘʛʠ ʧʦ-ʜʲʣʛʦ, ʦʪʢʦʣʢʦʪʦ ʚʨʝʤʝʪʦ, 

ʧʨʦʚʝʜʝʥʦ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣ ʠ ʫʯʝʙʥʦ ʧʦʩʦʙʠʝ. ʊʦʟʠ ʬʘʢʪ ʧʦʩʪʘʚʷ ʧʦʚʠʰʝʥʠ ʠʟʠʩʢʚʘʥʠʷ ʢʲʤ 

ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʫʯʝʙʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦ ʦʪʥʦʰʝʥʠʝ, ʢʲʤ ʚʠʟʫʘʣʥʦʪʦ ʠʤ  

ʦʬʦʨʤʣʝʥʠʝ ʠ ʢʲʤ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʧʦ-ʥʘʪʘʪʲʰʥʦ ʨʘʟʚʠʪʠʝ ʠ ʦʙʥʦʚʷʚʘʥʝ. ʋʯʝʙʥʦʪʦ 

ʧʦʩʦʙʠʝ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʧʨʦʝʢʪʠʨʘʥʦ ʠ ʠʟʧʲʣʥʝʥʦ ʧʦ ʥʘʯʠʥ, ʧʦ ʢʦʡʪʦ ʪʦ ʤʦʞʝ ʜʘ ʦʢʘʞʝ 

ʦʙʨʘʟʦʚʘʪʝʣʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʢʘʢʪʦ ʩ ʧʦʤʦʱʪʘ ʥʘ ʧʨʝʧʦʜʘʚʘʪʝʣ, ʪʘʢʘ ʠ ʧʨʠ ʩʘʤʦʧʦʜʛʦʪʦʚʢʘ, 

ʢʘʢʪʦ ʚ ʨʘʤʢʠʪʝ ʥʘ ʫʯʝʙʝʥ ʧʣʘʥ, ʪʘʢʘ ʠ ʠʥʜʠʚʠʜʫʘʣʥʦ ʚ ʢʘʯʝʩʪʚʦʪʦ ʤʫ ʥʘ ʩʧʨʘʚʦʯʝʥ 

ʠʟʪʦʯʥʠʢ. 

ɼʚʝ ʩʘ ʦʩʥʦʚʥʠʪʝ ʪʨʫʜʥʦʩʪʠ, ʢʦʠʪʦ ʩʝ ʩʨʝʱʘʪ ʧʨʠ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘʫʯʥʠ ʤʘʪʝʨʠʘʣʠ 

ʠ ʫʯʝʙʥʠ ʧʦʩʦʙʠʷ ʧʦ ʤʘʪʝʤʘʪʠʢʘ. ʇʲʨʚʘʪʘ ʪʨʫʜʥʦʩʪ ʝ ʥʘʤʠʨʘʥʝʪʦ ʥʘ ʟʥʘʯʠʪʝʣʝʥ ʙʨʦʡ 

ʧʦʜʭʦʜʷʱʠ ʧʨʠʤʝʨʥʠ ʟʘʜʘʯʠ, ʘ ʚʪʦʨʘʪʘ ʪʨʫʜʥʦʩʪ ʝ ʚʠʟʫʘʣʠʟʘʮʠʷʪʘ, ʪʠʧʦʛʨʘʬʩʢʦʪʦ 

ʦʬʦʨʤʣʝʥʠʝ ʠ ʦʙʥʦʚʷʚʘʥʝʪʦ ʥʘ ʫʯʝʙʥʦʪʦ ʧʦʩʦʙʠʝ. 

ʅʘʡ-ʯʝʩʪʦ ʟʘ ʩʧʨʘʚʷʥʝ ʩ ʧʲʨʚʘʪʘ ʪʨʫʜʥʦʩʪ ʩʝ ʠʟʧʦʣʟʚʘʪ ʨʝʩʫʨʩʠ ʦʪ ʀʥʪʝʨʥʝʪ. ʅʘ ʧʨʲʚ 

ʧʦʛʣʝʜ ʪʘʤ ʠʟʦʙʠʣʩʪʚʘʪ ʤʘʪʝʨʠʘʣʠ, ʥʦ ʧʨʠ ʧʦ-ʟʘʜʲʣʙʦʯʝʥʦ ʧʨʦʫʯʚʘʥʝ ʩʝ ʦʢʘʟʚʘ, ʯʝ ʪʦʚʘ ʥʝ 

ʝ ʪʘʢʘ. ʅʝʦʙʭʦʜʠʤʠʪʝ ʨʝʩʫʨʩʠ ʩʘ ʨʘʟʧʨʲʩʥʘʪʠ ʚ ʤʥʦʞʝʩʪʚʦ ʠʟʪʦʯʥʠʮʠ, ʜʦʩʪʲʧʲʪ ʜʦ ʪʷʭ ʝ 

ʦʛʨʘʥʠʯʝʥ, ʥʝ ʩʘ ʜʦʩʪʘʪʲʯʥʠ ʢʘʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝʩʪʚʦ, ʞʠʚʦʪʲʪ ʥʘ ʠʟʪʦʯʥʠʮʠʪʝ ʚ 

ʀʥʪʝʨʥʝʪ ʝ ʩʨʘʚʥʠʪʝʣʥʦ ʢʨʘʪʲʢ ʠ ʧʦʟʦʚʘʚʘʥʝʪʦ ʩ ʚʨʲʟʢʠ ʢʲʤ ʧʨʠʤʝʨʠ ʦʪ ʜʘʜʝʥ ʠʟʪʦʯʥʠʢ ʝ 

ʥʝʥʘʜʝʞʜʥʦ. 

ɺʪʦʨʘʪʘ ʪʨʫʜʥʦʩʪ ʝ ʩʚʲʨʟʘʥʘ ʩ ʪʦʚʘ, ʯʝ ʫʯʝʙʥʠʪʝ ʧʦʩʦʙʠʷ ʟʘ ʨʘʟʣʠʯʥʠʪʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʜʠʩʮʠʧʣʠʥʠ ʩʘ ʩʣʦʞʥʠ ʦʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʪʠʧʦʛʨʘʬʠʷ. 

ʅʘʣʠʯʠʝʪʦ ʥʘ ʤʥʦʛʦʦʙʨʘʟʥʠ ʩʠʤʚʦʣʠ, ʛʨʫʧʠʨʘʥʠ ʚʲʚ ʬʦʨʤʫʣʠ, ʩʭʝʤʠ, ʯʝʨʪʝʞʠ ʥʘ 

ʛʝʦʤʝʪʨʠʯʥʠ ʬʠʛʫʨʠ ʠ ʪʷʭʥʦʪʦ ʨʘʟʧʦʣʦʞʝʥʠ ʚ ʨʘʤʢʠʪʝ ʥʘ ʨʘʙʦʪʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʧʨʘʚʷʪ 

ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʧʲʣʥʦʮʝʥʥʦ ʧʦʩʦʙʠʝ ʩʣʦʞʥʦ ʠ ʪʨʫʜʦʝʤʢʦ. ʈʘʟʨʘʙʦʪʚʘʥʝʪʦ ʠ ʦʙʥʦʚʷʚʘʥʝʪʦ 

ʥʘ ʧʦʜʦʙʥʦ ʫʯʝʙʥʦ ʧʦʩʦʙʠʝ ʯʝʩʪʦ ʩʝ ʚʲʟʣʘʛʘ ʥʘ ʩʧʝʮʠʘʣʠʩʪ ʩʲʩ ʩʧʝʮʠʬʠʯʥʠ ʥʘʚʠʮʠ ʠ 
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ʫʤʝʥʠʷ ʚ ʛʨʘʬʠʯʥʠʷ ʜʠʟʘʡʥ. ʊʦʚʘ ʟʘʪʨʫʜʥʷʚʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʚ ʫʯʠʣʠʱʝ, ʪʲʡ ʢʘʪʦ ʪʦʡ ʥʝ 

ʤʦʞʝ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʜʘ ʧʦʜʛʦʪʚʠ ʧʦʩʦʙʠʝ ʩ ʥʝʦʙʭʦʜʠʤʦʪʦ ʢʘʯʝʩʪʚʦ. 

 

ʇʈɽɼʅɸɿʅɸʏɽʅʀɽ ʀ ʆʉʅʆɺʅʀ ʂʆʄʇʆʅɽʅʊʀ ʅɸ ʉʀʉʊɽʄɸʊɸ ɿɸ 

ʇʋɹʃʀʂʋɺɸʅɽ ʅɸ ʊɽʄʀ ʇʆ ʄɸʊɽʄɸʊʀʂɸ 

ʎʝʣʪʘ ʥʘ ʠʥʪʝʨʥʝʪ ʙʘʟʠʨʘʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʧʫʙʣʠʢʫʚʘʥʝ ʥʘ ʪʝʤʠ ʝ ʜʘ ʫʣʝʩʥʠ, 

ʜʦʢʦʣʢʦʪʦ ʪʦʚʘ ʝ ʚʲʟʤʦʞʥʦ, ʩʲʟʜʘʚʘʥʝʪʦ ʠ ʩʚʦʙʦʜʥʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʫʯʝʙʥʠ 

ʤʘʪʝʨʠʘʣʠ ʧʦ ʤʘʪʝʤʘʪʠʢʘ. ʊʦʚʘ ʩʝ ʧʦʩʪʠʛʘ, ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʥʘʡ-ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʪʝ 

ʠʥʪʝʨʥʝʪ ʪʝʭʥʦʣʦʛʠʠ ʢʘʢʪʦ ʠ ʥʘ ʝʣʝʢʪʨʦʥʥʠ ʨʝʩʫʨʩʠ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʩʲʩ ʩʚʦʙʦʜʝʥ ʜʦʩʪʲʧ. 

ʇʦʩʣʝʜʥʦʪʦ ʩʝ ʨʝʘʣʠʟʠʨʘ ʩ ʧʦʤʦʱʪʘ ʥʘ Ăɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘñ 

(Chehlarova et al. 2014). ʇʦʥʘʩʪʦʷʱʝʤ ʪʦʚʘ ʝ ʥʘʡ-ʛʦʣʷʤʦʪʦ ʠ ʫʜʦʙʥʦ ʟʘ ʠʟʧʦʣʟʚʘʥʝ 

ʭʨʘʥʠʣʠʱʝ ʩʲʩ ʩʚʦʙʦʜʥʠ ʝʣʝʢʪʨʦʥʥʠ ʨʝʩʫʨʩʠ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʦʪ ʨʘʟʣʠʯʥʠ ʦʙʣʘʩʪʠ ʠ ʥʘ 

ʨʘʟʣʠʯʥʠ ʥʠʚʘ (ʂʝʥʜʝʨʦʚ ʠ ʜʨ. 2014). ʊʲʡ ʢʘʪʦ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʝʣʝʢʪʨʦʥʝʥ ʨʝʩʫʨʩ ʧʦ 

ʤʘʪʝʤʘʪʠʢʘ ʠʟʠʩʢʚʘ ʚʣʘʛʘʥʝʪʦ ʥʘ ʫʩʠʣʠʷ ʠ ʚʨʝʤʝ, ʝ ʦʙʦʩʥʦʚʘʥʦ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʠʥʪʝʨʥʝʪ 

ʙʘʟʠʨʘʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʧʫʙʣʠʢʫʚʘʥʝ ʥʘ ʪʝʤʠ ʜʘ ʙʲʜʝ ʠʟʮʷʣʦ ʚ ʨʘʤʢʠʪʝ ʥʘ Ăɺʠʨʪʫʘʣʥʠʷ 

ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘñ. ɺʟʝʪʠ ʟʘʝʜʥʦ, ʪʝʟʠ ʦʙʩʪʦʷʪʝʣʩʪʚʘ ʩʲʟʜʘʚʘʪ ʧʨʝʜʧʦʩʪʘʚʢʘ 

ʟʘ ʫʣʝʩʥʝʥʦ ʩʲʟʜʘʚʘʥʝ ʠ ʫʧʦʪʨʝʙʘ ʥʘ ʢʘʯʝʩʪʚʝʥʠ ʫʯʝʙʥʠ ʤʘʪʝʨʠʘʣʠ ʧʦ ʤʘʪʝʤʘʪʠʢʘ. 

 

ʆʩʥʦʚʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʘ ʥʘ ʠʥʪʝʨʥʝʪ ʙʘʟʠʨʘʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʧʫʙʣʠʢʫʚʘʥʝ 

ʥʘ ʪʝʤʠ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʚ ʨʘʤʢʠʪʝ ʥʘ Ăɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘñ ʩʘ 

ʟʘʜʘʜʝʥʠ ʦʪ ʊʦʥʠ ʏʝʭʣʘʨʦʚʘ ʠ ʩʘ ʨʝʘʣʠʟʠʨʘʥʠ ʦʪ ɻʝʦʨʛʠ ɻʘʯʝʚ: 

¶ ʉʲʟʜʘʚʘʥʝ ʥʘ ʪʝʤʘ ï ʮʷʣʦʩʪʥʦ ʫʯʝʙʥʦ ʧʦʩʦʙʠʝ, ʚ ʢʦʝʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʠʥʪʝʛʨʠʨʘʪ 

ʛʨʘʬʠʢʘ, ʚʠʜʝʦ, ʯʝʨʪʝʞʠ, ʩʨʝʜʩʪʚʘ ʥʘ ʜʠʥʘʤʠʯʥʘʪʘ ʤʘʪʝʤʘʪʠʢʘ, ʧʨʠʜʨʫʞʝʥʠ 

ʩʲʩ ʩʧʝʮʠʬʠʯʥʘʪʘ ʟʘ ʦʙʣʘʩʪʪʘ ʪʠʧʦʛʨʘʬʠʷ; 

¶ ʊʲʨʩʝʥʝ ʥʘ ʨʝʩʫʨʩʠ ʧʦ ʢʣʘʩʠʬʠʢʘʮʠʦʥʝʥ ʢʨʠʪʝʨʠʠ; 

¶ ʆʨʛʘʥʠʟʠʨʘʥʝ ʥʘ ʪʝʤʠʪʝ ʚ ʫʯʝʙʥʠ ʧʣʘʥʦʚʝ; 

¶ ʉʲʭʨʘʥʝʥʠʝ ʥʘ ʨʝʩʫʨʩʠ ʚ ʧʝʨʩʦʥʘʣʥʘ ʠ ʧʫʙʣʠʯʥʘ ʬʘʡʣʦʚʘ ʙʠʙʣʠʦʪʝʢʘ; 

¶ ʆʪʯʠʪʘʥʝ ʥʘ ʠʟʧʦʣʟʚʘʝʤʦʩʪʪʘ ʥʘ ʨʝʩʫʨʩʠʪʝ. 

ʊʝʤʘʪʘ ʤʦʞʝ ʜʘ ʙʲʜʘ ʨʘʟʛʣʝʞʜʘʥʘ ʢʘʪʦ ʦʩʥʦʚʥʘ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʘ ʝʜʠʥʠʮʘ ʚ 

ʩʠʩʪʝʤʘʪʘ ʟʘ ʧʫʙʣʠʢʫʚʘʥʝ. ʊʷ ʩʝ ʩʲʩʪʦʠ ʦʪ ʫʚʦʜʝʥ ʨʘʟʜʝʣ ʠ ʨʘʟʜʝʣ ʩ ʧʨʝʜʤʝʪʥʦ ʩʲʜʲʨʞʘʥʠʝ. 

ʋʚʦʜʥʠʷʪ ʨʘʟʜʝʣ ʥʘ ʪʝʤʘʪʘ (ʌʠʛʫʨʘ 1 1) ʩʝ ʩʲʩʪʦʠ ʦʪ ʟʘʛʣʘʚʠʝ, ʟʘʛʣʘʚʥʦ ʠʟʦʙʨʘʞʝʥʠʝ, 

ʢʣʘʩʠʬʠʢʘʮʠʦʥʥʠ ʢʨʠʪʝʨʠʠ ï ʢʣʘʩ, ʨʘʟʜʝʣ, ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ, ʢʨʘʪʢʦ ʦʧʠʩʘʥʠʝ ï ʙʝʣʝʞʢʠ, 

ʩʧʦʥʩʦʨ ʠ ʘʚʪʦʨ. ʉʪʨʫʢʪʫʨʘʪʘ ʥʘ ʧʦʣʝʪʘʪʘ ʚ ʟʘʛʣʘʚʥʘʪʘ ʯʘʩʪ ʮʝʣʠ ʜʘ ʩʝ ʫʣʝʩʥʠ ʥʘʤʠʨʘʥʝʪʦ 

ʥʘ ʧʦʜʭʦʜʷʱ ʫʯʝʙʝʥ ʤʘʪʝʨʠʘʣ ʩʧʦʨʝʜ ʢʨʠʪʝʨʠʠ, ʢʦʠʪʦ ʦʪʛʦʚʘʨʷʪ ʥʘ ʟʘʜʘʜʝʥʘ ʧʝʜʘʛʦʛʠʯʝʩʢʘ 

ʮʝʣ.  

 

 
ʌʠʛʫʨʘ 1. ʋʚʦʜʝʥ ʨʘʟʜʝʣ ʥʘ ʪʝʤʘʪʘ 
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 ʇʦ ʚʨʝʤʝ ʥʘ ʩʲʟʜʘʚʘʥʝ ʠʣʠ ʨʝʜʘʢʪʠʨʘʥʝ ʥʘ ʪʝʤʘ ʘʚʪʦʨʲʪ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʦʧʨʝʜʝʣʠ 

ʢʣʘʩʠʬʠʢʘʮʠʦʥʥʠʪʝ ʢʨʠʪʝʨʠʠ (ʌʠʛʫʨʘ 2), ʩ ʢʦʝʪʦ ʜʘ ʦʩʠʛʫʨʠ ʩʝʣʝʢʪʠʚʥʦʩʪ ʠ ʜʘ ʥʘʩʦʯʠ 

ʧʝʜʘʛʦʛʘ ʢʲʤ ʢʦʥʢʨʝʪʥʘ ʦʙʣʘʩʪ ʥʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʪʝʤʘʪʘ. ɺʲʧʨʝʢʠ ʪʦʚʘ ʢʨʠʪʝʨʠʠʪʝ ʥʝ ʩʘ 

ʦʛʨʘʥʠʯʘʚʘʱʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʫʯʝʙʥʠʷ ʤʘʪʝʨʠʘʣ. ʊʦʡ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʘʜʘʧʪʠʨʘʥ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʚ ʜʨʫʛʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘ ʪʨʘʝʢʪʦʨʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʟʘʤʠʩʲʣʘ ʥʘ 

ʧʝʜʘʛʦʛʘ. ʆʧʨʝʜʝʣʝʥʠʪʝ ʥʘ ʪʦʟʠ ʝʪʘʧ ʢʨʠʪʝʨʠʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʦ-ʥʘʪʘʪʲʢ ʧʨʠ ʬʦʢʫʩʠʨʘʥʦ 

ʪʲʨʩʝʥʝ ʥʘ ʫʯʝʙʥʠ ʤʘʪʝʨʠʘʣʠ. 

 
ʌʠʛʫʨʘ 2. ʀʟʙʦʨ ʥʘ ʢʣʘʩʠʬʠʢʘʮʠʦʥʥʠ ʢʨʠʪʝʨʠʠ 

 

ɽʜʥʦ ʦʪ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘʪʘ ʧʨʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ʠʥʪʝʨʥʝʪ-ʙʘʟʠʨʘʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʪʝʢʩʪ ʝ ʥʝʛʦʚʦʪʦ ʪʦʯʥʦ ʧʨʝʩʲʟʜʘʚʘʥʝ ʥʘ ʝʢʨʘʥʘ ʥʘ ʯʠʪʘʪʝʣʷ. ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʧʝʯʘʪʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʪʝʢʩʪ, ʥʝʛʦʚʠʷʪ ʝʣʝʢʪʨʦʥʝʥ ʚʘʨʠʘʥʪ ʥʝ ʛʘʨʘʥʪʠʨʘ ʪʠʧʦʛʨʘʬʩʢʘ ʠʜʝʥʪʠʯʥʦʩʪ 

ʩ ʦʨʠʛʥʘʣʘ, ʩʲʟʜʘʜʝʥ ʦʪ  ʘʚʪʦʨʘ. ʊʦʚʘ ʝ ʩʣʝʜʩʪʚʠʝ ʦʪ ʬʘʢʪʘ, ʯʝ ʚ ʀʥʪʝʨʥʝʪ ʥʝ ʩʲʱʝʩʪʚʫʚʘ 

ʝʜʠʥʝʥ ʪʠʧʦʛʨʘʬʩʢʠ ʩʪʘʥʜʘʨʪ, ʘ ʥʘʯʠʥʲʪ, ʧʦ ʢʦʡʪʦ ʩʝ ʠʟʦʙʨʘʟʷʚʘʪ ʩʠʤʚʦʣʠʪʝ, ʝ ʩʘʤʦ 

ʧʨʝʧʦʨʲʯʠʪʝʣʝʥ. ʂʘʪʦ ʩʣʝʜʩʪʚʠʝ ʩʘ ʚʲʟʤʦʞʥʠ ʥʝʪʦʯʥʦʩʪʠ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷʪʘ ʥʘ ʥʷʢʦʠ 

ʩʠʤʚʦʣʠ ʦʪ ʧʨʦʛʨʘʤʥʠʷ ʧʨʦʜʫʢʪ, ʩ ʢʦʡʪʦ ʧʦʪʨʝʙʠʪʝʣʷʪ ʯʝʪʝ ʪʝʤʘʪʘ. ʊʦʚʘ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʙʠ 

ʤʦʛʣʦ ʜʘ ʜʦʚʝʜʝ ʜʦ ʩʝʤʘʥʪʠʯʥʠ ʛʨʝʰʢʠ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʪʝ ʠʟʨʘʟʠ. ɺʩʲʱʥʦʩʪ ʤʘʪʝʤʘʪʠʮʠʪʝ 

ʧʨʝʢʘʨʚʘʪ ʟʥʘʯʠʪʝʣʥʦ ʚʨʝʤʝ ʚ ʧʠʩʘʥʝ ʠ ʦʬʦʨʤʷʥʝ ʥʘ ʥʘʫʯʥʠ ʠʣʠ ʫʯʝʙʥʠ ʤʘʪʝʨʠʘʣʠ. 

ʆʚʣʘʜʷʚʘʥʝʪʦ ʥʘ ʩʧʦʩʦʙʥʦʩʪʪʘ ʟʘ ʧʠʩʘʥʝ ʥʘ ʷʩʥʠ ʠ ʪʦʯʥʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʪʝʢʩʪʦʚʝ ʝ ʦʪ 

ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʚʩʝʢʠ ʩʧʝʮʠʘʣʠʩʪ ʚ ʪʘʟʠ ʦʙʣʘʩʪ. ʉ ʮʝʣ ʜʘ ʩʝ ʫʝʜʥʘʢʚʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʪʘ ʩʠʤʚʦʣʠʢʘ ʚ ʩʠʩʪʝʤʘʪʘ ʟʘ ʧʫʙʣʠʢʫʚʘʥʝ ʥʘ ʪʝʤʠ, ʩʝ ʠʟʧʦʣʟʚʘ ʪʠʧʦʛʨʘʬʩʢʠ 

ʥʘʙʦʨ, ʢʦʡʪʦ ʝ ʥʝʟʘʚʠʩʠʤ ʦʪ ʧʨʦʛʨʘʤʥʠʪʝ ʧʨʦʜʫʢʪʠ ʟʘ ʚʠʟʫʘʣʠʟʘʮʠʷ, ʠʟʧʦʣʟʚʘʥʠ ʦʪ 

ʧʦʪʨʝʙʠʪʝʣʠʪʝ. ʇʦ-ʜʦʣʫ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʧʨʠʤʝʨʥʘ ʪʠʧʦʛʨʘʬʠʷ ʥʘ ʩʠʤʚʦʣʠ ʚ ʨʘʤʢʠʪʝ ʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘ ʪʝʤʘ (ʌʠʛʫʨʘ 3). ɺʲʚʝʞʜʘʥʝʪʦ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʪʝ ʠʟʨʘʟʠ ʧʦ ʚʨʝʤʝ ʥʘ 

ʨʝʜʘʢʪʠʨʘʥʝ ʥʘ ʜʘʜʝʥʘ ʪʝʤʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʚʲʨʰʚʘ ʩʲʩ ʩʠʥʪʘʢʩʠʩ ʥʘ ʝʟʠʢʘ LaTeX ʠʣʠ 

ʦʧʨʦʩʪʝʥ ʩʠʥʪʘʢʩʠʩ, ʧʦʟʥʘʪ ʦʪ ʨʘʙʦʪʘ ʩ ʜʨʫʛʠ ʧʨʦʛʨʘʤʥʠ ʧʨʦʜʫʢʪʠ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʘ 

ʥʘʩʦʯʝʥʦʩʪ. 
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ʌʠʛʫʨʘ 3. ʊʠʧʦʛʨʘʬʠʷ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʠʟʨʘʟʠ ʚ ʪʝʤʘ 

ʇʨʝʜʠʤʩʪʚʦ ʥʘ ʨʝʩʫʨʩʠʪʝ ʚ ʀʥʪʝʨʥʝʪ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʧʝʯʘʪʘʥʠʪʝ ʝ ʚ ʪʦʚʘ, ʯʝ ʪʝ ʤʦʛʘʪ 

ʜʘ ʙʲʜʘʪ ʥʝ ʩʘʤʦ ʩʪʘʪʠʯʥʠ, ʥʦ ʠ ʜʠʥʘʤʠʯʥʠ. ʅʘʧʨʠʤʝʨ, ʚʲʟʤʦʞʥʦ ʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʷʪ ʤʦʜʝʣ 

ʚ ʀʥʪʝʨʥʝʪ ʜʘ ʙʲʜʝ ʠʥʪʝʨʘʢʪʠʚʝʥ ʠ ʯʠʪʘʪʝʣʷʪ ʜʘ ʠʟʩʣʝʜʚʘ ʤʦʜʝʣʘ, ʯʨʝʟ ʧʨʦʤʷʥʘ ʥʘ ʥʝʛʦʚʠʪʝ 

ʧʘʨʘʤʝʪʨʠ, ʢʘʪʦ ʥʘʙʣʶʜʘʚʘ ʬʫʥʢʮʠʦʥʘʣʥʠʪʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. ʇʦʜʦʙʝʥ 

ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʧʦʜʭʦʜ ʨʘʟʰʠʨʷʚʘ ʟʥʘʯʠʪʝʣʥʦ ʦʙʨʘʟʦʚʘʪʝʣʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʚʩʝʢʠ 

ʝʜʠʥ ʫʯʝʙʝʥ ʨʝʩʫʨʩ, ʚ ʢʦʡʪʦ ʪʦʡ ʝ ʧʨʠʣʦʞʝʥ (ʏʝʭʣʘʨʦʚʘ 2015). ʉʠʩʪʝʤʘʪʘ ʟʘ ʧʫʙʣʠʢʫʚʘʥʝ 

ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʪʝʤʠ ʧʦʟʚʦʣʷʚʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʠʥʪʝʨʘʢʪʠʚʥʠ, ʜʠʥʘʤʠʯʥʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʘʪʦ ʠʟʧʦʣʟʚʘ ʠʥʪʝʨʧʨʝʪʘʪʦʨ ʥʘ Geogebra (ʌʠʛʫʨʘ 4). 

 

 
ʌʠʛʫʨʘ 4. ʀʟʧʦʣʟʚʘʥʝ ʥʘ ʜʠʥʘʤʠʯʥʘ ʤʘʪʝʤʘʪʠʢʘ ʚ ʪʝʤʘ 

 

ɼʲʣʛʦʪʨʘʡʥʦʪʦ ʩʲʭʨʘʥʷʚʘʥʝ ʥʘ ʤʘʪʝʨʠʘʣʠʪʝ ʢʲʤ ʚʩʷʢʘ ʪʝʤʘ ʩʝ ʠʟʚʲʨʰʚʘ ʚ 

ʭʨʘʥʠʣʠʱʝ ʥʘ ʬʘʡʣʦʚʝ. ɺʩʝʢʠ ʧʦʪʨʝʙʠʪʝʣ ʠʤʘ ʜʦʩʪʲʧ ʜʦ ʧʝʨʩʦʥʘʣʥʘ ʠ ʜʦ ʩʧʦʜʝʣʝʥʘ 

ʬʘʡʣʦʚʠ ʙʠʙʣʠʦʪʝʢʠ (ʌʠʛʫʨʘ 5). 

 
ʌʠʛʫʨʘ 5. ʆʙʱ ʚʠʜ ʥʘ ʧʝʨʩʦʥʘʣʥʘʪʘ ʬʘʡʣʦʚʘ ʙʠʙʣʠʦʪʝʢʘ 

ʂʨʘʡʥʘʪʘ ʮʝʣ, ʧʦʩʪʠʞʠʤʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʝ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʟʘʚʲʨʰʝʥʘ 

ʩʘʤʦʩʪʦʷʪʝʣʥʘ ʪʝʤʘ. ʉʲʯʝʪʘʚʘʥʝʪʦ ʥʘ ʧʦʜʭʦʜʷʱʘ ʚʠʟʫʘʣʠʟʘʮʠʷ, ʪʠʧʦʛʨʘʬʠʷ ʠ ʩʨʝʜʩʪʚʘ ʥʘ 

ʜʠʥʘʤʠʯʥʘʪʘ ʤʘʪʝʤʘʪʠʢʘ ʧʨʠ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʪʝʤʘʪʘ ʩʘ ʥʝʦʙʭʦʜʠʤʦ ʫʩʣʦʚʠʝ ʟʘ ʧʦ-

ʝʬʝʢʪʠʚʥʦ ʦʙʫʯʝʥʠʝ (ʌʠʛʫʨʘ 6). 
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ʌʠʛʫʨʘ 6. ʀʥʪʝʛʨʠʨʘʥʝ ʥʘ ʜʠʥʘʤʠʯʝʥ ʨʝʩʫʨʩ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʘ ʪʠʧʦʛʨʘʬʠʷ 

ʅʝ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʫʩʲʚʲʨʰʝʥʩʪʚʘ ʧʨʦʮʝʩʲʪ ʥʘ ʦʙʫʯʝʥʠʝ, ʢʦʛʘʪʦ ʥʝ ʤʦʞʝ ʜʘ ʩʝ 

ʦʧʨʝʜʝʣʠ ʩʪʝʧʝʥʪʘ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʧʨʠʣʘʛʘʥʠʪʝ ʧʝʜʘʛʦʛʠʯʝʩʢʠʪʝ ʩʨʝʜʩʪʚʘ. ɽʜʠʥ ʦʪ 

ʩʧʦʩʦʙʠʪʝ ʟʘ ʦʮʝʥʷʚʘʥʝ ʥʘ ʫʯʝʙʥʠʪʝ ʪʝʤʠ ʝ ʢʦʣʠʯʝʩʪʚʝʥʦ ʦʪʯʠʪʘʥʝ ʥʘ ʪʷʭʥʘʪʘ ʧʦʩʝʱʘʝʤʦʩʪ. 

ʊʦʚʘ ʝ ʚʘʞʥʘ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ, ʯʨʝʟ ʢʦʷʪʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷʪ ʤʦʞʝ ʜʘ ʦʧʨʝʜʝʣʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ 

ʠ ʘʢʦ ʧʨʝʮʝʥʠ, ʜʘ ʢʦʨʠʛʠʨʘ ʢʦʥʢʨʝʪʝʥ ʫʯʝʙʝʥ ʤʘʪʝʨʠʘʣ (ʌʠʛʫʨʘ 7). 

 

 
ʌʠʛʫʨʘ 7. ʉʪʘʪʠʩʪʠʯʝʩʢʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʝʩʫʨʩʠʪʝ 

ɼʦʧʲʣʥʠʪʝʣʥʦ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʪʝʤʠʪʝ ʠ ʪʷʭʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʧʨʝʜʣʘʛʘ ʢʦʣʝʢʪʠʚʥʦ 

ʠ ʠʥʜʠʚʠʜʫʘʣʥʦ ʘʚʪʦʨʩʪʚʦ, ʢʘʢʪʦ ʠ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʨʝʩʫʨʩ ʚ ʨʘʤʢʠʪʝ ʥʘ ʧʨʦʝʢʪ ʠʣʠ 

ʧʨʦʛʨʘʤʘ (ʌʠʛʫʨʘ 8). 

 
 

ʌʠʛʫʨʘ 8. ʇʘʥʝʣ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʪʝʤʠʪʝ 

 

ɿɸʂʃʖʏɽʅʀɽ 

ʂʲʤ ʥʘʩʪʦʷʱʠʷ ʤʦʤʝʥʪ ʘʚʪʦʨʠʪʝ ʠʤʘʪ ʜʦʩʪʲʧ ʠ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʠʟʧʦʣʟʚʘʪ ʚʩʠʯʢʠ  

ʨʝʩʫʨʩʠ ʥʘ Ăɺʠʨʪʫʘʣʝʥ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘñ (ʏʝʭʣʘʨʦʚʘ 2020). ʆʪ ʠʥʪʝʨʥʝʪ 

ʙʘʟʠʨʘʥʘ ʩʠʩʪʝʤʘ ʟʘ ʧʫʙʣʠʢʫʚʘʥʝ ʥʘ ʪʝʤʠ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʙʠʭʘ ʤʦʛʣʠ ʜʘ ʩʝ ʚʲʟʧʦʣʟʚʘʪ 

ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʦʪ ʚʩʠʯʢʠ ʥʠʚʘ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ. ʉʣʝʜ ʢʨʘʪʢʦ 

ʟʘʧʦʟʥʘʚʘʥʝ ʩʲʩ ʩʠʩʪʝʤʘʪʘ, ʪʝ ʙʠʭʘ ʤʦʛʣʠ ʜʘ ʩʲʟʜʘʚʘʪ ʝʬʝʢʪʠʚʥʠ ʫʯʝʙʥʠ ʤʘʪʝʨʠʘʣʠ, ʢʘʪʦ 

ʨʝʘʣʠʟʠʨʘʪ ʩʚʦʠʪʝ ʧʝʜʘʛʦʛʠʯʝʩʢʠ ʧʣʘʥʦʚʝ. 
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INTERNET-BASED SYSTEM FOR PUBLISHING MATHEMATICS 

THEME S WITHIN THE FRAMEWORK OF THE " VIRTUAL 

MATHEMATICS LABORATORY "  
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ABSTRACT  

The Internet-Based System for Publishing Mathematics Themes is part of the "Virtual 

Mathematics Laboratory". Its purpose is to facilitate teachers in the preparation of teaching 

materials in mathematics with their characteristic specificity such as typography, special graphic 

elements and overall visual design. The main capabilities of the system are described. A sample 

math workbook is presented as the final result. 

Keywords: mathematics topics; visual layout; typography of mathematical symbols; classification criteria 
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ʄɸʊɽʄɸʊʀʂɸ ʀ ʂʆʄʇʖʊʒʈʅʆ ʄʆɼɽʃʀʈɸʅɽ ɺ ʀɿʉʃɽɼʆɺɸʊɽʃʉʂʀ 

ʉʊʀʃ 

 
ɽʚʛʝʥʠʷ ʉʝʥʜʦʚʘ ʠ ʎʚʝʪʝʣʠʥ ɸʥʜʨʝʝʚ 

 

ʈɽɿʖʄɽ 

ʅʷʢʦʠ ʠʜʝʠ ʥʘ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ (VirMathLab), ʚ ʢʦʡʪʦ 

ʫʯʝʥʠʮʠ ʠ ʫʯʠʪʝʣʠ  ʜʝʡʩʪʚʘʪ ʢʘʪʦ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʝʢʠʧ, ʩʘ ʚʜʲʭʥʦʚʝʥʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʦʥʠʟʤʘ, 

ʦʙʨʘʟʦʚʘʪʝʣʥʘ ʬʠʣʦʩʦʬʠʷ ʥʘ ʇʨʦʙʣʝʤʥʘʪʘ ʛʨʫʧʘ ʧʦ ʦʙʨʘʟʦʚʘʥʠʝ (ʇɻʆ). ʀʥʪʝʛʨʠʨʘʥʝʪʦ ʥʘ 

ʤʘʪʝʤʘʪʠʢʘʪʘ ʩ ʝʟʠʢʘ, ʧʨʠʨʦʜʥʠʪʝ ʥʘʫʢʠ ʠ ʠʟʢʫʩʪʚʦʪʦ ʙʝ ʦʩʥʦʚʝʥ ʧʨʠʥʮʠʧ ʥʘ ʇɻʆ, ʢʦʡʪʦ ʜʥʝʩ 

ʩʝ ʚʲʟʨʘʞʜʘ ʥʘ ʥʦʚʦ ʨʘʚʥʠʱʝ ʚ ʙʲʣʛʘʨʩʢʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠʷ 

ʧʦʜʭʦʜ. ɺ ʥʘʩʪʦʷʱʘʪʘ ʩʪʘʪʠʷ ʧʨʝʜʣʘʛʘʤʝ ʝʜʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʪʦʟʠ ʧʦʜʭʦʜ, ʢʘʪʦ ʚʲʟʨʘʞʜʘʤʝ ʯʨʝʟ 

ʙʣʦʢʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʜʠʜʘʢʪʠʯʝʩʢʠ ʩʮʝʥʘʨʠʠ, ʢʦʠʪʦ ʠ ʜʥʝʩ ʩʘ ʘʢʪʫʘʣʥʠ ʩʲʩ ʩʚʦʝʪʦ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪ ʠʜʝʠ ʠ ʠʥʪʝʛʨʠʨʘʥʝ ʥʘ ʟʥʘʥʠʷ ʦʪ ʨʘʟʣʠʯʥʠ STEAM ʦʙʣʘʩʪʠ. ʀʟʣʦʞʝʥʠʝʪʦ ʝ ʚʲʚ 

ʚʠʜ ʥʘ ʜʠʘʣʦʛ ʤʝʞʜʫ ɸʭʠʣ ʠ ʂʦʩʪʝʥʫʨʢʘʪʘ (ʢʘʪʦ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ ʜʚʝ ʧʦʢʦʣʝʥʠʷ ʜʝʡʮʠ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ). 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʧʦʜʭʦʜ; ʢʦʥʩʪʨʫʢʮʠʦʥʠʟʲʤ; ʤʘʪʝʤʘʪʠʢʘ; STEAM; ʙʣʦʢʦʚʦ 

ʧʨʦʛʨʘʤʠʨʘʥʝ; SNAP!; ʜʠʜʘʢʪʠʯʝʩʢʠ ʩʮʝʥʘʨʠʠ 

 

ɺʒɺɽɼɽʅʀɽ 

ɺ ʧʦʩʣʝʜʥʠʪʝ ʜʝʩʝʪʠʣʝʪʠʷ ʩʨʝʜ ʩʧʝʮʠʘʣʠʩʪʠʪʝ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʝ 

ʛʦʚʦʨʠ ʟʘ ʠʟʤʝʩʪʚʘʥʝ ʥʘ ʘʢʮʝʥʪʘ ʦʪ ʥʘʪʨʫʧʚʘʥʝ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʩʨʲʯʥʦʩʪʠ ʠ ʪʝʭʥʠʢʠ ʢʲʤ 

ʧʨʠʜʦʙʠʚʘʥʝʪʦ ʥʘ ʦʧʨʝʜʝʣʝʥʘ ʢʫʣʪʫʨʘ. ʅʦ ʜʘʣʠ ʩʪʘʚʘ ʜʫʤʘ ʟʘ ʢʫʣʪʫʨʘ, ʢʦʷʪʦ ʧʦʟʚʦʣʷʚʘ ʩʘʤʦ 

ʩʪʨʦʛʦ ʬʦʨʤʘʣʠʟʠʨʘʥʦ ʤʠʩʣʝʥʝ? ɽʜʥʦ ʝ ʩʠʛʫʨʥʦ, ʯʝ ʩ ʥʘʚʣʠʟʘʥʝʪʦ ʥʘ ʜʠʛʠʪʘʣʥʠʪʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʫʯʠʣʠʱʝʪʦ ʨʝʜʠʮʘ ʪʨʘʜʠʮʠʦʥʥʠ ʟʘ ʧʨʠʨʦʜʥʠʪʝ ʥʘʫʢʠ  ʠ ʠʟʢʫʩʪʚʦʪʦ ʜʝʡʥʦʩʪʠ 

ʩʪʘʚʘʪ ʝʣʝʤʝʥʪ ʦʪ ʤʘʪʝʤʘʪʠʯʝʩʢʘʪʘ ʢʫʣʪʫʨʘ. ʂʣʶʯʦʚʘʪʘ ʨʦʣʷ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʝ ʫʯʝʥʠʮʠʪʝ 

ʜʘ ʠʟʛʨʘʜʷʪ, ʜʘ ʧʦʜʣʦʞʘʪ ʥʘ ʧʨʦʚʝʨʢʘ ʠ ʜʘ ʫʩʲʚʲʨʰʝʥʩʪʚʘʪ ʠʜʝʠʪʝ ʩʠ. ɿʘ ʫʯʝʥʠʮʠʪʝ ʩʪʘʚʘ 

ʚʩʝ ʧʦ-ʚʘʞʥʦ ʫʤʝʥʠʝʪʦ ʜʘ ʬʦʨʤʫʣʠʨʘʪ ʦʨʠʛʠʥʘʣʥʠ ʠʜʝʠ, ʟʘ ʜʘ ʤʦʛʘʪ ʧʦ-ʢʲʩʥʦ ʜʘ ʦʪʛʦʚʦʨʷʪ 

ʥʘ ʚʲʧʨʦʩʠ, ʢʦʠʪʦ ʜʥʝʩ ʥʠʢʦʡ ʥʝ ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʱʝ ʚʲʟʥʠʢʥʘʪ. ʀ ʪʦʟʠ, ʧʨʠʩʲʱ ʥʘ ʫʯʝʥʠʪʝ 

ʜʫʭ, ʢʦʡʪʦ ʚ ʧʦʩʣʝʜʥʦ ʚʨʝʤʝ ʥʘʨʠʯʘʤʝ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʧʦʜʭʦʜ, ʪʲʨʩʠ ʩʚʦʝʪʦ ʜʦʩʪʦʡʥʦ 

ʤʷʩʪʦ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʥʝ ʦʪ ʜʥʝʩ ʠ ʦʪ ʚʯʝʨʘ. ɸ ʚʝʯʝ ʠʤʘ ʠ ʙʣʘʛʦʧʨʠʷʪʥʠ ʫʩʣʦʚʠʷ ʟʘ 

ʚʥʝʜʨʷʚʘʥʝʪʦ ʤʫ, ʦʩʦʙʝʥʦ ʚ STEM ʮʝʥʪʨʦʚʝʪʝ, ʩʨʝʜ ʢʦʠʪʦ ɺʠʨʪʫʘʣʥʠʷʪ ʫʯʠʣʠʱʝʥ ʮʝʥʪʲʨ 

(Chehlarova, Gachev, Kenderov, Sendova 2014) ʟʘʝʤʘ ʚʦʜʝʱʘ ʨʦʣʷ ʩ ʚʝʯʝ 10-ʛʦʜʠʰʥʘʪʘ ʩʠ 

ʜʝʡʥʦʩʪ. 

 

ʂʆʀ ʉʄɽ ʅʀɽ, ɸɺʊʆʈʀʊɽ, ʀ ɿɸ ʂɸʂɺʆ ʉɽ ɹʆʈʀʄ 

ɼʦ ʠʜʝʷʪʘ ʜʘ ʨʘʟʨʘʙʦʪʠʤ ʩʝʨʠʷ ʦʪ ʜʠʜʘʢʪʠʯʝʩʢʠ ʩʮʝʥʘʨʠʠ ʢʲʤ ɺʠʨʪʫʘʣʥʠʷ ʢʘʙʠʥʝʪ 

ʟʘ ʫʯʠʣʠʱʥʘ ʤʘʪʝʤʘʪʠʢʘ (https://blockmath.cabinet.bg/), ʢʦʠʪʦ ʜʘ ʦʪʛʦʚʘʨʷʪ ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ 

ʪʝʥʜʝʥʮʠʠ ʠ ʩʨʝʜʠ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ, ʩʪʠʛʥʘʭʤʝ ʩʣʝʜ ʥʢ̫ʦʣʢʦʛʦʜʠʰʥʠ 

ʜʠʩʢʫʩʠʠ. ʆʩʥʦʚʥʠʪʝ ʤʦʤʝʥʪʠ ʙʷʭʘ ʢʦʝ ʦʪ Ăʜʦʙʨʦʪʦ ʩʪʘʨʦ ʚʨʝʤʝñ ʩʠ ʩʪʨʫʚʘ ʜʘ ʚʲʟʨʦʜʠʤ, ʘ 

ʢʦʝ ʜʘ ʠʟʤʝʥʠʤ, ʪʘʢʘ ʯʝ ʠ ʫʯʠʪʝʣʠ ʠ ʫʯʝʥʠʮʠ ʜʘ ʨʝʘʛʠʨʘʪ ʥʝ ʩ: Ăʊʦʚʘ ʟʘ ʢʘʢʚʦ ɦ ʝ ʤʠ ʪʨʷʙʚʘ?ñ, 

ʘ ʩʲʩ: Ăɿʘʱʦ ʜʘ ʥʝ ʧʨʦʙʚʘʤ ʠ ʘʟ, ʤʦʞʝ ʜʘ ʦʪʢʨʠʷ ʥʝʱʦ ʦʱʝ ʧʦ-ʠʥʪʝʨʝʩʥʦ! 

ɿʘ ʜʘ ʚʲʟʧʨʦʠʟʚʝʜʝʤ ʧʦ-ʞʠʚʦ ʘʪʤʦʩʬʝʨʘʪʘ ʥʘ ʜʠʩʢʫʩʠʠʪʝ ʥʠ, ʱʝ ʚʣʝʟʝʤ ʚ ʨʦʣʷʪʘ ʥʘ 

ʛʝʨʦʠʪʝ ʦʪ ʠʟʚʝʩʪʥʠʷ ʜʨʝʚʥʦʛʨʲʮʢʠ ʧʘʨʘʜʦʢʩ ʥʘ ɿʝʥʦʥ ʟʘ ɸʭʠʣ ʠ ʂʦʩʪʝʥʫʨʢʘʪʘ. ʂʘʪʦ ʫʯʝʥ, 
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ʢʦʡʪʦ ʧʨʦʜʲʣʞʘʚʘ ʜʘ ʩʝ ʫʯʠ, ʠ Ăʥʘʫʯʥʘ ʙʘʙʘñ ʥʘ ʥʷʢʦʣʢʦ ʧʦʢʦʣʝʥʠʷ ʤʘʪʝʤʘʪʠʮʠ ʠ 

ʠʥʬʦʨʤʘʪʠʮʠ, ʧʲʨʚʠʷʪ ʘʚʪʦʨ ʚʣʠʟʘ ʚ ʨʦʣʷʪʘ ʥʘ ʤʲʜʨʘʪʘ ʂʦʩʪʝʥʫʨʢʘ, ʥʘ ʢʦʷʪʦ ʝ ʥʘʨʝʯʝʥʘ 

ʂʦʩʪʝʥʫʨʢʦʚʘʪʘ ʛʝʦʤʝʪʨʠʷ (ʉʝʥʜʦʚʘ 2017). ɺʪʦʨʠʷʪ ʘʚʪʦʨ ʧʲʢ ɦ ʝ ʙʲʜʝ ʙʲʨʟʦʥʦʛʠʷʪ ɸʭʠʣ, 

ʢʦʡʪʦ ʥʷʤʘ ʪʲʨʧʝʥʠʝ ʥʝʱʘʪʘ ʜʘ ʩʪʘʥʘʪ! (ʄʦʞʝ ʙʠ ʙʲʨʟʠʥʘʪʘ ʜʘ ʝ ʝʜʠʥʩʪʚʝʥʘʪʘ ʤʫ ʘʭʠʣʝʩʦʚʘ 

ʧʝʪʘ, ʟʘʱʦʪʦ ʝ ʥʝʧʨʠʤʠʨʠʤ ʪʲʨʩʘʯ ʥʘ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ  ʦʪ ʧʨʦʛʨʘʤʠʩʪ ʠ ʧʨʝʜʧʨʠʝʤʘʯ ʜʦ 

ʤʫʟʠʢʘʥʪ ʠ ʫʯʠʪʝʣ.) ɸ ʟʘ ʢʘʢʚʦ ʩʝ ʙʦʨʠʤ? 

ʂʦʩʪʝʥʫʨʢʘʪʘ: ɼʝʮʘʪʘ ʜʘ ʭʦʜʷʪ ʩ ʨʘʜʦʩʪ ʥʘ ʫʯʠʣʠʱʝ! ɸ ʫʯʠʪʝʣʠʪʝ ʠʤ ʜʘ ʛʠ ʯʫʚʩʪʚʘʪ 

ʧʘʨʪʥʴʦʨʠ ʚ ʝʜʠʥ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʧʨʦʮʝʩ, ʚ ʢʦʡʪʦ ʟʘʝʜʥʦ ʱʝ ʦʪʢʨʠʚʘʪ, ʱʝ ʧʨʘʚʷʪ ʠ ʱʝ 

ʩʧʦʜʝʣʷʪ ʟʥʘʯʠʤʠ ʥʝʱʘ. 

ɸʭʠʣ: ɼʘ ʜʦʙʘʚʷ, ʯʝ ʠ ʫʯʠʪʝʣʠʪʝ ʩʲʱʦ ʪʨʷʙʚʘ ʜʘ ʭʦʜʷʪ ʩ ʨʘʜʦʩʪ ʥʘ ʫʯʠʣʠʱʝ, ʟʘ ʜʘ 

ʦʪʢʨʠʷʪ ʥʝʱʦ ʥʦʚʦ ʩ ʜʝʮʘʪʘ. ʈʦʜʠʪʝʣʠʪʝ ʧʲʢ ʩ ʥʝʪʲʨʧʝʥʠʝ ʜʘ ʯʘʢʘʪ ʜʝʮʘʪʘ ʠ ʫʯʠʪʝʣʠʪʝ ʠʤ 

ʜʘ ʩʧʦʜʝʣʷʪ ʩʚʦʠʪʝ ʦʪʢʨʠʪʠʷ. ɸ ʟʘʱʦ ʥʝ ʠ ʜʘ ʛʠ ʧʨʝʞʠʚʝʷʪ ʟʘʝʜʥʦ? ʊʘʢʘ ʜʝʮʘ, ʫʯʠʪʝʣʠ ʠ 

ʨʦʜʠʪʝʣʠ ʜʘ ʫʢʨʝʧʚʘʪ ʚʨʲʟʢʘʪʘ ʧʦʤʝʞʜʫ ʩʠ, ʜʦʢʘʪʦ ʫʯʘʪ. 

ʂʦʩʪʝʥʫʨʢʘʪʘ: ʉʣʝʜ ʧʦʚʝʯʝ ʦʪ 50 ʛʦʜʠʥʠ ʧʨʦʬʝʩʠʦʥʘʣʥʘ ʨʘʙʦʪʘ ʩ ʢʦʤʧʶʪʲʨ ʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʩʢʠ ʦʧʠʪ ʩ ʫʯʝʥʠʮʠ ʦʪ ʚʩʠʯʢʠ ʚʲʟʨʘʩʪʠ, ʩʪʫʜʝʥʪʠ ʠ ʫʯʠʪʝʣʠ ʩʝ ʧʠʪʘʤ ʢʦʝ ʝ 

ʙʠʣʦ ʥʘʡ-ʚʘʞʥʦʪʦ ʠ ʚʘʣʠʜʥʦ ʚʯʝʨʘ, ʜʥʝʩ, ʘ ʜʘ ʩʝ ʥʘʜʷʚʘʤʝ ï ʠ ʫʪʨʝé ɼʘʣʠ ʫʤʝʥʠʝʪʦ ʜʘ 

ʧʠʰʝʰ ʚ ʜʚʦʠʯʝʥ ʢʦʜ ʧʨʦʛʨʘʤʠ ʟʘ ʢʦʤʧʦʟʠʨʘʥʝ ʠ ʭʘʨʤʦʥʠʟʠʨʘʥʝ ʥʘ ʤʝʣʦʜʠʠ ʠ ʟʘ 

ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʢʣʝʪʢʘʪʘ? ɼʘʣʠ ʜʘ ʧʨʦʛʨʘʤʠʨʘʰ ʥʘ ʨʘʟʣʠʯʥʠ ʝʟʠʮʠ ʦʪ ʧʦ-ʚʠʩʦʢʦ ʨʘʚʥʠʱʝ? 

ʀʣʠ ʜʘ ʪʲʨʩʠʰ ʝʟʠʢ, ʩʨʝʜʘ ʠ ʤʠʢʨʦʩʚʝʪʦʚʝ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ, ʢʦʠʪʦ ʜʘ ʩʘ ʜʨʫʞʝʣʶʙʥʠ ʠ ʢʲʤ 

ʜʝʮʘʪʘ, ʠ ʚ ʢʦʠʪʦ ʊɽ, ʜʝʮʘʪʘ, ʫʯʘʪ ʢʦʤʧʶʪʲʨʘ ʥʘ ʥʦʚʠ ʥʝʱʘ, ʠʟʩʣʝʜʚʘʪ ʷʚʣʝʥʠʷ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʚʣʠʟʘʪ ʚ ʢʦʞʘʪʘ ʥʘ ʫʯʝʥʠ. ʀ ʚ ʢʨʘʡʥʘ ʩʤʝʪʢʘ ʜʘ ʩʠ ʦʪʛʦʚʦʨʷ ʥʘ ʥʘʡ-

ʚʘʞʥʠʷ ʚʲʧʨʦʩ, ʨʘʟʠʩʢʚʘʥ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʘʪʘ ʢʦʥʬʝʨʝʥʮʠʷ ñɼʝʮʘʪʘ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʠʷ 

ʚʝʢò (ɺʘʨʥʘ, 1985): ɼʘʣʠ ʱʝ ʠʟʧʦʣʟʚʘʤʝ ʢʦʤʧʶʪʨʠʪʝ, ʟʘ ʜʘ ʥʘʧʨʘʚʠʤ ʦʙʨʘʟʦʚʘʪʝʣʥʠʷ 

ʧʨʦʮʝʩ ʦʱʝ ʧʦ-ʪʝʭʥʠʯʝʩʢʠ ʠʣʠ (ʥʝʱʦ, ʢʦʝʪʦ ʤʦʞʝ ʙʠ ʟʚʫʯʠ ʧʘʨʘʜʦʢʩʘʣʥʦ) ï ʧʦ-ʭʫʤʘʥʝʥ! 

ɸʭʠʣ: ʇʘʨʘʜʦʢʩʘʣʥʦ ʠʣʠ ʥʝ, ʠʤʝʥʥʦ ʠʥʪʝʨʝʩʲʪ ʤʠ ʢʲʤ ʭʫʤʘʥʥʘʪʘ ʩʨʘʥʘ ʚ 

ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʤʝ ʥʘʩʦʯʠ ʧʦ ʩʣʝʜʠʪʝ ʥʘ ʠʜʝʠʪʝ, ʟʘ ʢʦʠʪʦ ʛʦʚʦʨʠʤ ʪʫʢ. ʆʪʢʘʢʪʦ ʩʪʘʥʘʭ 

ʨʦʜʠʪʝʣ, ʩʝ ʧʠʪʘʤ ʂʦʝ ʝ ʜʦʙʨʝ ʟʘ ʜʝʮʘʪʘ?. ʉʧʦʤʥʠʭ ʩʠ ʧʲʨʚʠʪʝ ʩʠ ʩʪʲʧʢʠ ʢʘʪʦ ʧʨʦʛʨʘʤʠʩʪ 

(ʪʦʛʘʚʘ 11 ʛʦʜʠʰʝʥ) ʠ ʢʦʣʢʦ ʨʘʜʦʩʪ ʤʠ ʜʦʥʝʩʝ ʪʦʚʘ. ʀ ʢʦʛʘʪʦ ʧʦʧʠʪʘʭ ʂʘʢ ʩʝ ʧʨʝʧʦʜʘʚʘ 

ʧʨʦʛʨʘʤʠʨʘʥʝ ʪʘʢʘ, ʯʝ ʜʘ ʝ ʜʦʙʨʝ ʟʘ ʜʝʮʘʪʘ, ʠ ʢʦʠ ʩʘ ʤʘʡʩʪʦʨʠ ʚ ʪʦʚʘ? ʩ ʠʟʥʝʥʘʜʘ ʠ ʨʘʜʦʩʪ 

ʫʩʪʘʥʦʚʠʭ, ʯʝ ʚ ɹʲʣʛʘʨʠʷ ʩʲʱʝʩʪʚʫʚʘ ʜʲʣʛʦʛʦʜʠʰʥʘ ʪʨʘʜʠʮʠʷ. 

ʂʦʩʪʝʥʫʨʢʘʪʘ: ɼʠʣʝʤʘʪʘ ʢʣʘʩʠʢʘ-ʩʲʚʨʝʤʝʥʥʦʩʪ ʟʘ ʤʝʥ ʩʲʱʝʩʪʚʫʚʘʰʝ ʦʱʝ ʢʦʛʘʪʦ 

ʩʪʘʥʘʭ ʩʲʘʚʪʦʨ ʥʘ ʈʫʤʝʥ ʅʠʢʦʣʦʚ ʚ ʧʲʨʚʠʪʝ ʫʯʝʙʥʠʮʠ ʠ ʢʥʠʛʠ ʧʦ ʃʦʛʦ ʚ ɹʲʣʛʘʨʠʷ (ʅʠʢʦʣʦʚ 

1983; ʅʠʢʦʣʦʚ, ʉʝʥʜʦʚʘ 1984) ï ʢʘʢ ʜʘ ʧʨʝʥʝʩʝʤ ʥʘʡ-ʮʝʥʥʠʪʝ ʠʜʝʠ ʦʪ ʧʨʝʜʜʠʛʠʪʘʣʥʘʪʘ 

ʦʙʨʘʟʦʚʘʪʝʣʥʘ ʝʨʘ ʚ ʨʘʤʢʠʪʝ ʥʘ ʠʥʪʝʛʨʠʨʘʥʠʷ ʧʨʝʜʤʝʪ ɽʟʠʢ ʠ ʤʘʪʝʤʘʪʠʢʘ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʫʯʝʙʥʠʮʠ ʙʷʭʘ ʯʘʩʪ ʦʪ ʥʦʚʘ ʫʯʝʙʥʘ ʧʨʦʛʨʘʤʘ, ʠʥʠʮʠʠʨʘʥʘ ʧʨʝʟ 1978 ʛ. 

ʦʪ ʇʨʦʙʣʝʤʥʘʪʘ ʛʨʫʧʘ ʧʦ ʦʙʨʘʟʦʚʘʥʠʝʪʦ (ʇɻʆ). ʊʘʟʠ ʛʨʫʧʘ ʙʝ ʩʲʟʜʘʜʝʥʘ ʧʦʜ 

ʨʲʢʦʚʦʜʩʪʚʦʪʦ ʥʘ ʘʢʘʜ. ɹʣʘʛʦʚʝʩʪ ʉʝʥʜʦʚ ʧʨʝʟ 1978 ʛ. ʢʘʪʦ ʩʲʚʤʝʩʪʝʥ ʧʨʦʝʢʪ ʥʘ ɹɸʅ ʠ 

ʪʦʛʘʚʘʰʥʦʪʦ ʧʨʦʩʚʝʪʥʦ ʤʠʥʠʩʪʝʨʩʪʚʦ. 

ɸʭʠʣ: ʏʘʩʪ ʦʪ ʪʝʟʠ ʫʯʝʙʥʠʮʠ ʫʩʧʷʭ ʜʘ ʥʘʤʝʨʷ ʚ ʦʥʣʘʡʥ ʢʥʠʞʘʨʥʠʮʘ ʟʘ ʩʪʘʨʠ ʠ 

ʘʥʪʠʢʚʘʨʥʠ ʢʥʠʛʠ. ɺʧʝʯʘʪʣʠʭ ʩʝ, ʯʝ ʩʨʝʜ ʘʚʪʦʨʠʪʝ ʩʘ ʥʝ ʩʘʤʦ ʫʯʝʥʠ, ʥʦ ʠ ʭʫʜʦʞʥʠʢʲʪ ɼʦʥʴʦ 

ɼʦʥʝʚ ʠ ʧʦʝʪʠʪʝ ʠ ʘʚʪʦʨʠ ʥʘ ʜʝʪʩʢʘ ʣʠʪʝʨʘʪʫʨʘ ɺʘʣʝʨʠ ʇʝʪʨʦʚ ʠ ʄʘʨʢʦ ɻʘʥʯʝʚ. ɺ ʪʷʭ ʥʝ 

ʩʘʤʦ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʪʝʤʠ, ʫʤʝʣʦ ʩʲʯʝʪʘʚʘʱʠ ʥʷʢʦʣʢʦ ʦʙʣʘʩʪʠ, ʘ ʠ ʩʘʤʠʪʝ ʫʯʝʙʥʠʮʠ ʩʘ 

ʨʝʟʫʣʪʘʪ ʦʪ ʩʲʚʤʝʩʪʥʘʪʘ ʨʘʙʦʪʘ ʥʘ ʟʥʘʯʠʤʠ ʣʠʯʥʦʩʪʠ. ɺʜʲʭʥʦʚʝʥ ʦʪ ʪʝʟʠ ʧʨʠʥʮʠʧʠ, ʢʦʛʘʪʦ 

ʨʘʙʦʪʷ ʩ ʜʝʮʘ, ʩʲʯʝʪʘʚʘʤ ʧʨʦʛʨʘʤʠʨʘʥʝ, ʤʘʪʝʤʘʪʠʢʘ, ʠʟʢʫʩʪʚʦ, ʧʨʠʨʦʜʥʠ ʥʘʫʢʠ ʠ ʩʝ ʫʯʘ ʦʪ 

ʦʧʠʪʘ ʥʘ ʝʢʩʧʝʨʪʠ ʚ ʩʲʦʪʚʝʪʥʠʪʝ ʦʙʣʘʩʪʠ. ʂʦʛʘʪʦ ʰʫʤʲʪ ʦʢʦʣʦ ʥʦʚʠ ʜʠʛʠʪʘʣʥʠ ʩʨʝʜʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʟʘʧʦʯʥʘ ʜʘ ʥʘʨʘʩʪʚʘ, ʧʦʷʚʠʭʘ ʩʝ ʨʘʟʣʠʯʥʠ ʧʦʤʘʛʘʣʘ, ʥʦ ʚ ʪʭ̫ ʥʝ ʫʩʧʷʭ ʜʘ ʧʨʦʟʨʘ 

ʠʜʝʠʪʝ ʥʘ ʇɻʆ. ɼʘʣʠ ʩʲʚʨʝʤʝʥʥʠʪʝ ʜʝʮʘ ʚʝʯʝ ʥʷʤʘʪ ʥʫʞʜʘ ʦʪ ʧʦʜʦʙʥʠ ʠʜʝʠ?  
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ʂʦʩʪʝʥʫʨʢʘʪʘ: ʉʲʚʨʝʤʝʥʥʠʪʝ ʜʝʮʘ ʪʨʷʙʚʘ ʜʘ ʧʨʠʜʦʙʠʷʪ ʫʤʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʠ ʧʨʠ 

ʩʲʪʚʦʨʷʚʘʥʝʪʦ ʥʘ ʥʝʱʦ ʥʦʚʦ, ʢʦʝʪʦ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʩʧʦʜʝʣʷ, ʠ ʠʤʝʥʥʦ ʪʘʟʠ ʠʜʝʷ ʝ ʚ ʦʩʥʦʚʘʪʘ 

ʥʘ ʢʦʥʩʪʨʫʢʮʠʦʥʠʟʤʘ ï ʦʙʨʘʟʦʚʘʪʝʣʥʘ ʬʠʣʦʩʦʬʠʷ ʠ ʢʫʣʪʫʨʘ, ʩʲʟʜʘʪʝʣ ʥʘ ʢʦ̫ʪʦ ʝ ʉʠʡʤʲʨ 

ʇʝʧʲʨʪ. ʊʦʡ ʛʦʚʦʨʠ ʟʘ ʩʪʨʘʥʘ ʄʘʪʣʘʥʜʠʷ, ʚ ʢʦʷʪʦ ʜʝʮʘʪʘ ʥʝ ʤʦʛʘʪ ʜʘ ʥʝ ʩʝ ʚʣʶʙʷʪ ʚ 

ʤʘʪʝʤʘʪʠʢʘʪʘ ʠ  ̫ʫʯʘʪ, ʢʘʢʪʦ ʫʯʘʪ ʨʦʜʥʠʷ ʩʠ ʝʟʠʢ. ʀ ʩʲʟʜʘʚʘ ʟʘ ʮʝʣʪʘ ʂʦʩʪʝʥʫʨʢʦʚʘʪʘ 

ʛʝʦʤʝʪʨʠʷ ï ʤʠʢʨʦʩʚʷʪ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʝʟʠʢʘ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʃʦʛʦ, ʚ ʢʦʡʪʦ ʜʝʮʘʪʘ ʢʦʤʘʥʜʚʘʪ 

ʚʠʨʪʫʘʣʝʥ ʨʦʙʦʪ-ʢʦʩʪʝʥʫʨʢʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʢʦʤʘʥʜʠʪʝ ʅɸʇʈɽɼ ʠ ʅɸɼʗʉʅʆ ʠ ʩʲʟʜʘʚʘʪ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʤʦʱʥʠ ʠʥʬʦʨʤʘʪʠʯʥʠ ʠʜʝʠ (ʢʘʪʦ ʨʝʢʫʨʩʠʷ) ʚʧʝʯʘʪʣʷʚʘʱʠ ʩʲʩ ʩʣʦʞʥʦʩʪʪʘ ʩʠ 

ʛʨʘʬʠʯʥʠ ʦʙʝʢʪʠ (ʬʠʛ. 1 ʠ ʬʠʛ. 2) 

 

 
ʌʠʛʫʨʘ 1. ʄʦʜʝʣʠʨʘʥʝ ʥʘ ʧʝʥʪʘʛʨʘʤ ʠ ʩʧʠʨʘʣʠ ʚ ʙʣʦʢʦʚʘ ʧʨʦʛʨʘʤʥʘ ʩʨʝʜʘ 

 

 
ʌʠʛʫʨʘ 2. ʄʦʜʝʣʠʨʘʥʝ ʥʘ ʨʘʩʪʝʥʠʷ ʠ ʧʘʫʥʦʚʘ ʦʧʘʰʢʘ  

 

ʊʘʢʠʚʘ ʥʘʧʨʠʤʝʨ ʩʘ ʬʨʘʢʪʘʣʠʪʝ ï ʪʝʟʠ ʫʜʠʚʠʪʝʣʥʠ ʦʙʝʢʪʠ, ʯʠʷʪʦ ʜʲʣʞʠʥʘ ʤʦʞʝ ʜʘ 

ʧʨʝʚʠʰʠ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ɿʝʤʷʪʘ ʠ ʃʫʥʘʪʘ, ʥʦ ʩʝ ʩʲʙʠʨʘʪ ʥʘ ʢʦʤʧʶʪʲʨʥʠʷ ʝʢʨʘʥ. 

ʇʨʝʜʩʪʘʚʝʥʠʪʝ ʥʘ ʬʠʛ. 1 ʠ ʬʠʛ. 2 ʤʦʜʝʣʠ, ʢʦʠʪʦ ʯʝʨʪʘʝʭʤʝ ʩ ʝʟʠʢʘ ʃʦʛʦ, ʩʝʛʘ ʣʝʩʥʦ ʩʪʘʚʘʪ ʩ 

ʙʣʦʢʯʝʪʘ ʥʘ SCRATCH, ʘ ʪʫʢ ʩʘ ʨʝʘʣʠʟʠʨʘʥʠ ʩ ʦʱʝ ʧʦ-ʤʦʱʥʠʷ SNAP! (ʂʦʤʘʥʜʠʪʝ ʟʘ 

ʧʨʝʤʝʩʪʚʘʥʝ ʠ ʟʘʚʲʨʪʘʥʝ ʥʘ ʢʦʩʪʝʥʫʨʢʘʪʘ ʪʫʢ ʩʘ ʩʲʦʪʚʝʪʥʦ move ʠ turn ). 

ɽʜʠʥ ʦʪ ʥʘʡ-ʩʲʱʝʩʪʚʝʥʠʪʝ ʘʩʧʝʢʪʠ ʥʘ ʨʘʙʦʪʘʪʘ ʩ ʃʦʛʦ ʝ, ʯʝ ʪʘʟʠ ʩʨʝʜʘ ʝ ʙʣʘʛʦʧʨʠʷʪʥʘ 

ʟʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʩʠʪʫʘʮʠʠ, ʢʦʠʪʦ ʫʯʠʪʝʣʷʪ ʥʝ ʝ ʩʨʝʱʘʣ. ʊʘʢʘ ʪʦʡ ʩʪʘʚʘ ʝʩʪʝʩʪʚʝʥ ʧʘʨʪʥʴʦʨ 

ʥʘ ʜʝʮʘʪʘ ʚ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ ʚ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʩʪʠʣ ʠ ʩʲʧʨʝʞʠʚʷʚʘ ʦʪʢʨʠʪʠʷʪʘ ʠʤ. ʀ ʧʦʥʝʞʝ 

ʚ ʪʨʘʜʠʮʠʦʥʥʦʪʦ ʫʯʠʣʠʱʝ ʥʷʤʘ ʤʥʦʛʦ ʝʩʪʝʩʪʚʝʥʠ ʩʠʪʫʘʮʠʠ, ʚ ʢʦʠʪʦ ʫʯʠʪʝʣʷʪ ʥʘʠʩʪʠʥʘ ʜʘ 

ʥʘʫʯʘʚʘ ʥʝʱʦ ʥʦʚʦ ʧʨʠ ʨʘʙʦʪʘʪʘ ʩʠ ʩ ʫʯʝʥʠʮʠʪʝ, ʃʦʛʦ ʚʥʘʩʷ ʥʦʚʘ ʠʜʝʷ ï ʫʯʝʥʠʢʲʪ ʜʘ ʝ ʥʝʱʦ 

ʢʘʪʦ ʯʠʨʘʢ ʧʨʠ ʫʯʠʪʝʣ, ʢʦʡʪʦ ʝ ʤʘʡʩʪʦʨ ʚ ʫʯʝʥʝʪʦ. 

ʅʘʡ-ʚʘʞʥʠʷʪ ʘʩʧʝʢʪ ʥʘ ʃʦʛʦ (ʘ ʚ ʯʘʩʪʥʦʩʪ ʠ ʥʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠʷ ʧʦʜʭʦʜ) ʩʝ ʩʲʩʪʦʠ ʚ 

ʪʦʚʘ, ʯʝ ʛʨʝʰʢʠʪʝ ʩʝ ʧʨʠʝʤʘʪ ʢʘʪʦ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʨʘʟʙʝʨʝʤ ʧʦ-ʜʦʙʨʝ ʢʘʢʚʦ ʩʝ ʦʧʠʪʚʘʤʝ ʜʘ 

ʥʘʧʨʘʚʠʤ ʠʣʠ ʜʘʞʝ ʢʘʪʦ ʠʟʚʦʨ ʥʘ ʥʦʚʠ ʠʜʝʠ. ɺ ʪʦʟʠ ʩʤʠʩʲʣ ʤʦʞʝʤ ʜʘ ʛʦʚʦʨʠʤ ʟʘ ʃʦʛʦ (ʘ ʚ 

ʥʘʰʠʷ ʩʣʫʯʘʡ ʠ ʟʘ SNAP!) ʢʘʪʦ ʢʦʤʧʶʪʲʨʥʘ ʩʨʝʜʘ, ʢʦʷʪʦ ʝ ʨʝʜʘʢʪʦʨ ʥʘ ʠʜʝʠ. ɺ ʪʘʢʘʚʘ ʩʨʝʜʘ 

ʤʦʞʝʤ ʜʘ ʤʘʪʝʨʠʘʣʠʟʠʨʘʤʝ ʚʲʚ ʚʠʜ ʥʘ ʧʨʦʛʨʘʤʘ ʠʜʝʠ ʦʪ ʨʘʟʣʠʯʥʠ STEAM ʦʙʣʘʩʪʠ), ʜʘ ʛʠ 

ʪʝʩʪʚʘʤʝ ʠ ʩʣʝʜ ʢʘʪʦ ʧʦʣʫʯʠʤ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ, ʜʘ ʨʝʜʘʢʪʠʨʘʤʝ ʧʨʦʛʨʘʤʘʪʘ ʩʠ ʚ ʩʤʠʩʲʣ ʥʘ 
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ʢʦʨʠʛʠʨʘʥʝ, ʤʦʜʠʬʠʮʠʨʘʥʝ, ʧʨʝʮʠʟʠʨʘʥʝ, ʦʙʦʛʘʪʷʚʘʥʝ. ʅʝ ʝ ʩʣʫʯʘʡʥʦ, ʯʝ debugging-ʲʪ (ʠʣʠ 

ʧʦʱʝʥʝʪʦ ʥʘ ʧʨʦʛʨʘʤʠ, ʢʘʢʪʦ ʙʝ ʧʨʝʜʣʦʞʠʣ ʜʘ ʛʦ ʧʨʝʚʝʜʝʤ ɹʦʷʥ ʇʝʥʢʦʚ) ʩʝ ʩʤʷʪʘ ʟʘ ʥʘʡ-

ʚʝʣʠʢʘʪʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘ ʠʜʝʷ ʥʘ 20. ʚʝʢ. 

ɸʭʠʣ: ɺ ʝʜʥʘ ʦʪ ʧʲʨʚʠʪʝ ʩʠ ʩʨʝʱʠ ʩ ʃʦʛʦ ʩʙʲʨʢʘʭ ʧʨʠ ʯʝʨʪʘʥʝʪʦ ʥʘ ʢʫʣʘ ʦʪ ʢʚʘʜʨʘʪʠ. 

ɺ ʢʨʘʡʥʘ ʩʤʝʪʢʘ ʩʤʝʥʠʭʤʝ ʫʩʣʦʚʠʝʪʦ ʥʘ ʟʘʜʘʯʘʪʘ (ʚ ʩʪʠʣ: Ăʂʘʢʚʦ ʙʠ ʩʪʘʥʘʣʦ, ʘʢʦéñ) ʠ ʪʘʢʘ 

ʜʝʬʝʢʪʲʪ ʩʝ ʧʨʝʚʲʨʥʘ ʚ ʝʬʝʢʪ. ʉʣʝʜ ʢʘʪʦ ʧʨʝʞʠʚʷʭ Ăʛʨʝʰʥʘʪʘ ʢʫʣʘñ, ʫʩʧʷʭ ʜʘ ʨʘʟʙʝʨʘ 

ʩʲʱʠʥʘʪʘ ʥʘ ʧʨʠʥʮʠʧʘ: ʋʯʘ ʯʨʝʟ ʧʨʘʚʝʥʝ (ʚʢʣʶʯʠʪʝʣʥʦ ʥʘ ʛʨʝʰʢʠ). ʊʦʚʘ ʣʠ ʝ ʥʘʯʠʥʲʪ 

ʙʲʜʝʱʠʪʝ ʫʯʠʪʝʣʠ ʜʘ ʟʘʧʦʯʥʘʪ ʜʘ ʠʟʧʦʣʟʚʘʪ ʥʘ ʧʨʘʢʪʠʢʘ ʠʜʝʠʪʝ, ʟʘ ʢʦʠʪʦ ʛʦʚʦʨʠʤ ʪʫʢ? 

ʂʦʩʪʝʥʫʨʢʘʪʘ: ʆʙʨʘʟʦʚʘʪʝʣʥʠʪʝ ʩʪʨʘʪʝʛʠʠ, ʧʨʠʣʘʛʘʥʠ ʥʘ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦ ʨʘʚʥʠʱʝ, ʩʘ 

ʜʠʥʘʤʠʯʥʠ ï ʦʙʦʛʘʪʷʚʘʪ ʩʝ ʩʣʝʜ ʚʩʝʢʠ ʥʦʚ ʢʫʨʩ ʩ ʠʜʝʠ, ʧʦʣʫʯʝʥʠ ʦʪ ʩʪʫʜʝʥʪʠʪʝ ʚ ʨʝʟʫʣʪʘʪ 

ʥʘ ʧʨʝʢʠ ʦʙʩʲʞʜʘʥʠʷ, ʘʥʢʝʪʠ ʠ ʥʘʡ-ʚʝʯʝ ʦʪ ʢʫʨʩʦʚʠʪʝ ʠʤ ʧʨʦʝʢʪʠ ʠ ʜʠʧʣʦʤʥʠʪʝ ʠʤ 

ʨʘʟʨʘʙʦʪʢʠ. ʀʟʩʣʝʜʦʚʘʪʝʣʩʢʠʷʪ ʧʦʜʭʦʜ, ʢʦʡʪʦ ʦʩʥʦʚʥʦ ʩʤʝ ʠʟʧʦʣʟʚʘʣʠ ʚ ʢʫʨʩʦʚʝʪʝ ʩ 

ʙʲʜʝʱʠ ʫʯʠʪʝʣʠ, ʩʚʠʜʝʪʝʣʩʪʚʘ, ʯʝ ʩʪʫʜʝʥʪʠʪʝ ʦʮʝʥʷʚʘʪ ʨʘʟʣʠʢʘʪʘ ʤʝʞʜʫ ʪʦʚʘ ʜʘ ʟʥʘʝʰ 

ʥʝʱʦ, ʠ ʪʦʚʘ, ʜʘ ʤʦʞʝʰ ʜʘ ʥʘʧʨʘʚʠʰ ʥʝʱʦ (ʠʣʠ ʩʧʦʨʝʜ ʬʦʨʤʫʣʠʨʦʚʢʘʪʘ ʥʘ ʧʩʠʭʦʣʦʟʠʪʝ ï 

ʤʝʞʜʫ ʬʠʛʫʨʘʪʠʚʥʦʪʦ ʠ ʦʧʝʨʘʪʠʚʥʦʪʦ ʟʥʘʥʠʝ). ɸ ʨʦʣʷʪʘ ʥʘ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʝ ʠ 

ʫʯʠʪʝʣʠʪʝ, ʠ ʫʯʝʥʠʮʠʪʝ ʠʤ ʜʘ ʠʤʘʪ ʧʦʚʝʯʝ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʩʝʙʝʠʟʨʘʟʷʚʘʥʝ. 

ɸʭʠʣ: ʊʝʭʥʦʣʦʛʠʠʪʝ ʩʘ ʢʘʪʦ ʠʥʩʪʨʫʤʝʥʪʠ  ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʦʣʝʟʥʠ ʠʣʠ ʚʨʝʜʥʠ. 

ʇʝʧʲʨʪ ʧʠʰʝ ʧʨʝʜʠ 40 ʛʦʜʠʥʠ Ăʀʤʘ ʦʛʨʦʤʥʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʪʦʚʘ, ʢʦʝʪʦ ʢʦʤʧʶʪʨʠʪʝ ʤʦʛʘʪ, 

ʠ ʪʦʚʘ, ʢʦʝʪʦ ʦʙʱʝʩʪʚʦʪʦ ʠʟʙʠʨʘ ʜʘ ʧʨʘʚʠ ʩ ʪʷʭéñ. 

ʂʦʩʪʝʥʫʨʢʘʪʘ: ʅʘʠʩʪʠʥʘ ʃʦʛʦ ʧʨʝʜʦʩʪʘʚʷ ʙʦʛʘʪʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʪʚʦʨʯʝʩʪʚʦ 

ʚʢʣʶʯʠʪʝʣʥʦ ʚ ʤʘʪʝʤʘʪʠʢʘʪʘ, ʥʦ ʪʦʚʘ ʩʪʘʚʘ ʧʨʠ ʜʦʙʨʝ ʦʙʤʠʩʣʝʥʠ ʟʘʜʘʯʠ ʠ ʧʨʦʝʢʪʠ ʠ ʧʨʠ 

ʫʤʝʣʦ ʧʘʨʪʥʠʨʘʥʝ ʦʪ ʩʪʨʘʥʘ ʥʘ ʫʯʠʪʝʣʠʪʝ. 

ɸʭʠʣ: ʆʩʦʙʝʥʦ ʩʝʛʘ, ʢʦʛʘʪʦ ʧʨʦʙʣʝʤʲʪ ʩ ʝʢʨʘʥʥʘʪʘ ʟʘʚʠʩʠʤʦʩʪ ʧʨʠ ʜʝʮʘ ʠ ʚʲʟʨʘʩʪʥʠ 

ʚʩʝ ʧʦʚʝʯʝ ʥʘʰʫʤʷʚʘ, ʝ ʚʘʞʥʦ ʜʘ ʧʦʢʘʞʝʤ ʪʝʭʥʦʣʦʛʠʠʪʝ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʚ ʩʚʝʪʣʠʥʘʪʘ ʥʘ 

ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʪʚʦʨʯʝʩʪʚʦ ʠ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʜʝʡʥʦʩʪ, ʚʤʝʩʪʦ ʚ ʩʚʝʪʣʠʥʘʪʘ ʥʘ ʧʘʩʠʚʥʦʪʦ 

ʚʲʟʧʨʠʝʤʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷ. ɺʷʨʥʦ ʝ, ʯʝ ʢʦʤʧʶʪʲʨ ʦʟʥʘʯʘʚʘ Ăʩʤʝʪʘʯñ, ʘ ʜʠʛʠʪʘʣʥʠ  - 

ʙʫʢʚʘʣʥʦ Ăʥʘ ʧʨʲʩʪʠñ, ʥʦ ʜʘ ʙʨʦʷʪ ʠ ʩʤʷʪʘʪ ʜʝʮʘʪʘ ʤʦʛʘʪ ʠ ʩ ʥʷʢʦʣʢʦ ʰʠʰʘʨʢʠ, ʜʦʢʘʪʦ ʩʘ ʚ 

ʛʦʨʘʪʘ. ʉʘʤʦ ʯʝ ʟʘ ʪʷʭ ʙʠ ʙʠʣʦ  ʦʱʝ ʧʦ-ʚʲʣʥʫʚʘʱʦ ʜʘ ʠʤ ʦʙʲʨʥʝʤ ʚʥʠʤʘʥʠʝ, ʯʝ ʣʶʩʧʠʪʝ ʥʘ 

ʰʠʰʘʨʢʠʪʝ ʩʝ ʨʘʟʪʚʘʨʷʪ ʥʘ ʩʣʲʥʯʝʚʘ ʩʚʝʪʣʠʥʘ ʠ ʩʣʝʜʚʘʪ ʦʧʨʝʜʝʣʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪ ʧʨʠ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʩʠ. ʀ ʢʦʛʘʪʦ ʚʝʯʝ ʠʤʘʤʝ ʢʦʤʧʶʪʲʨ ʧʦʜ ʨʲʢʘ, ʜʘ ʤʦʜʝʣʠʨʘʤʝ ʪʘʟʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪ. ɸ ʧʨʠ ʩʣʝʜʚʘʱʘʪʘ ʨʘʟʭʦʜʢʘ ʚ ʧʨʠʨʦʜʘʪʘ  ʜʘ ʦʪʢʨʠʝʤ ʢʲʜʝ ʦʱʝ ʩʝ 

ʥʘʙʣʶʜʘʚʘ ʪ ̫(ɸʥʜʨʝʝʚ 2021)! 

ʂʦʩʪʝʥʫʨʢʘʪʘ: ɺ ʢʥʠʛʘʪʘ ʩʠ Mindstorms ʇʝʧʲʨʪ ʥʝ ʩʘʤʦ ʧʨʝʜʩʪʘʚʷ ʢʦʩʪʝʥʫʨʢʘʪʘ ʢʘʪʦ 

ʦʙʝʢʪ, ʩ ʢʦʡʪʦ ʤʦʞʝʤ ʜʘ ʤʠʩʣʠʤ, ʘ ʟʘʱʠʪʘʚʘ ʠ ʪʝʟʘʪʘ, ʯʝ ʫʩʚʦʷʚʘʥʝʪʦ ʥʘ ʟʥʘʯʠʪʝʣʥʘ ʯʘʩʪ ʦʪ 

ʛʝʦʤʝʪʨʠʯʥʠʪʝ ʟʥʘʥʠʷ ʤʦʞʝ ʜʘ ʩʪʘʥʝ ʢʘʪʦ ʧʨʦʮʝʩ ʥʘ ʦʧʦʟʥʘʚʘʥʝ ʥʘ ʜʘʜʝʥʘ ʣʠʯʥʦʩʪ. ʊʦʡ ʥʝ 

ʦʪʨʠʯʘ ʚʘʞʥʦʩʪʪʘ ʥʘ ʩʪʨʦʛʦʪʦ ʜʦʢʘʟʘʪʝʣʩʪʚʦ ʥʘ ʜʦʙʨʝ ʬʦʨʤʫʣʠʨʘʥʠ ʩʲʞʜʝʥʠʷ ï ʟʘ ʫʯʝʥʠʮʠ 

ʩ ʪʘʢʲʚ ʩʪʠʣ ʥʘ ʤʠʩʣʝʥʝ, ʪʦʚʘ ʤʦʞʝ ʜʘ ʝ ʝʩʪʝʩʪʚʝʥʠʷʪ ʧʲʪ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʛʝʦʤʝʪʨʠʯʥʦʪʦ 

ʟʥʘʥʠʝ. ʅʦ ʟʘ ʦʩʪʘʥʘʣʠʪʝ (ʘ ʪʦʚʘ ʩʘ ʧʦʚʝʯʝʪʦ ʞʝʨʪʚʠ ʥʘ ʫʯʠʣʠʱʥʘʪʘ ʤʘʪʝʤʘʪʠʢʘ) ʥʝ ʩʘ 

ʥʝʦʙʭʦʜʠʤʠ ʧʦ-ʷʩʥʠ ʠʣʠ ʧʦ-ʜʦʙʨʠ ʬʦʨʤʘʣʥʠ ʦʙʷʩʥʝʥʠʷ, ʘ ʢʦʥʮʝʧʪʫʘʣʠʟʘʮʠʷ ʥʘ 

ʢʦʥʢʨʝʪʥʦʪʦ, ʢʘʪʦ ʩʝ ʜʘʜʝ ʥʘ ʦʙʝʢʪʠʪʝ ʮʝʥʪʨʘʣʥʘ ʨʦʣʷ ʚ ʤʠʩʣʦʚʥʠʷ ʧʨʦʮʝʩ.  

ɸʭʠʣ: ʏʝʩʪʦ ʩʝ ʧʠʪʘʤ ʢʲʜʝ ʝ ʛʨʘʥʠʮʘʪʘ ʤʝʞʜʫ ʫʯʝʥʝʪʦ ʠ ʞʠʚʦʪʘ. ʆʩʦʙʝʥʦ ʢʦʛʘʪʦ 

ʛʣʝʜʘʤ ʢʘʢ ʜʝʮʘ ʫʯʘʪ ʩ ʨʘʜʦʩʪ. ɸ ʢʲʜʝ ʝ ʛʨʘʥʠʮʘʪʘ ʤʝʞʜʫ ʦʪʜʝʣʥʠʪʝ ʫʯʝʙʥʠ ʧʨʝʜʤʝʪʠ? 

ʅʘʧʨʠʤʝʨ ʤʝʞʜʫ ʤʘʪʝʤʘʪʠʢʘʪʘ, ʤʫʟʠʢʘʪʘ ʠ ʝʟʠʢʘ, ʢʦʛʘʪʦ ʩʝ ʢʦʤʧʦʟʠʨʘ ʧʝʩʝʥ? 

ʂʦʩʪʝʥʫʨʢʘʪʘ: ʂʦʛʘʪʦ ʝʢʩʧʝʨʠʤʝʥʪʠʨʘʤʝ ʩ ʜʘʜʝʥʘ ʬʦʨʤʘʣʠʟʘʮʠʷ, ʤʦʞʝʤ ʜʘ ʧʦʣʫʯʠʤ 

ʧʦ-ʟʘʜʲʣʙʦʯʝʥʦ ʨʘʟʙʠʨʘʥʝ ʥʘ ʜʘʜʝʥʦ ʷʚʣʝʥʠʝ, ʢʦʝʪʦ ʥʘ ʩʚʦʡ ʨʝʜ ʜʘ ʥʠ ʜʦʚʝʜʝ ʜʦ ʥʦʚʘ 

ʬʦʨʤʘʣʠʟʘʮʠʷ. ɽʢʩʧʝʨʠʤʝʥʪʠʪʝ ʥʠ ʧʦʟʚʦʣʷʚʘʪ ʜʘ ʧʨʝʮʝʥʠʤ ʢʦʝ ʝ ʩʲʱʝʩʪʚʝʥʦ ʠ ʢʦʝ ʜʘ 
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ʦʪʭʚʲʨʣʠʤ. ʀʥʪʝʨʝʩʥʦʪʦ ʧʨʠ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʷʚʣʝʥʠʷ ʝ, ʯʝ ʫʯʝʥʠʮʠʪʝ ʠ ʩʪʫʜʝʥʪʠʪʝ ʫʯʘʩʪʚʘʪ 

ʥʝ ʩʘʤʦ ʚ òʨʝʰʘʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʠñ, ʘ ʠ ʚʲʚ òʬʦʨʤʫʣʠʨʘʥʝ ʥʘ ʟʥʘʯʠʤʠ ʟʘ ʪʷʭ ʧʨʦʙʣʝʤʠñ.  

ʂʘʪʦ ʧʨʝʜʩʪʘʚʠʪʝʣ ʥʘ ʧʦ-ʩʪʘʨʦʪʦ ʧʦʢʦʣʝʥʠʝ ʧʨʦʛʨʘʤʠʩʪʠ ʘʟ ʩʲʤ ʧʨʠʩʪʨʘʩʪʥʘ ʢʲʤ ʠʜʝʷʪʘ 

ʟʘ ʧʨʦʛʨʘʤʥʘʪʘ ʩʨʝʜʘ ʢʘʪʦ Ăʨʝʜʘʢʪʦʨ ʥʘ ʠʜʝʠñ, ʘ ʪʘʟʠ ʠʜʝʷ ʝ ʧʦ-ʣʝʩʥʦ ʦʩʲʱʝʩʪʚʠʤʘ ʚ ʝʟʠʢʦʚʘ 

ʩʨʝʜʘ (Sendova, Boytchev, Nikolov 2018).  

ɸʭʠʣ: ɼʘ ʥʝ ʟʘʙʨʘʚʷʤʝ ʚʩʝ ʧʘʢ ʠ ʜʦʩʪʦʡʥʩʪʚʘʪʘ ʥʘ ʤʦʜʝʨʥʠʪʝ ʩʨʝʜʠ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ. 

ʂʦʣʢʦ ʣʝʩʥʦ ʝ ʩʝʛʘ ʜʘ ʩʧʦʜʝʣʠʰ ʧʨʦʛʨʘʤʘ, ʥʘʧʨʘʚʝʥʘ ʚ ʩʨʝʜʠʪʝ ʟʘ ʙʣʦʢʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝ 

SCRATCH ʠʣʠ SNAP!  ʩʘʤʦ ʩ ʥʷʢʦʣʢʦ ʥʘʪʠʩʢʘʥʠʷ ʥʘ ʢʣʘʚʠʰʠ ʠ ʙʫʪʦʥʠ ʧʨʦʛʨʘʤʘʪʘ ʝ ʚ 

ʀʥʪʝʨʥʝʪ ʠ ʤʦʞʝ ʜʘ ʙʲʜʝ ʩʪʘʨʪʠʨʘʥʘ ʠ ʤʦʜʠʬʠʮʠʨʘʥʘ. ʉʣʝʜ ʪʦʣʢʦʚʘ ʛʦʜʠʥʠ ʧʨʦʛʨʘʤʠʨʘʥʝ 

ʩʝ ʫʙʝʞʜʘʚʘʤ, ʯʝ ʧʨʦʛʨʘʤʥʘʪʘ ʩʨʝʜʘ ʝ ʥʝʩʲʱʝʩʪʚʝʥʘʪʘ ʯʘʩʪ ʦʪ ʧʨʦʮʝʩʘ. ʅʘʤʠʨʘʤ ʟʘ ʤʥʦʛʦ 

ʧʦ-ʠʥʪʝʨʝʩʥʠ ʥʘʙʣʶʜʝʥʠʷʪʘ ʥʘʜ ʪʦʚʘ, ʢʘʢ ʨʝʟʫʣʪʘʪʲʪ ʚʣʠʷʝ ʥʘ ʪʝʟʠ, ʩ ʢʦʠʪʦ ʝ ʩʧʦʜʝʣʝʥ, 

ʢʘʢʚʠ ʩʘ ʦʪʥʦʰʝʥʠʷʪʘ ʤʝʞʜʫ ʫʯʘʩʪʥʠʮʠʪʝ ʧʦ ʚʨʝʤʝ ʥʘ ʧʨʦʮʝʩʘ, ʢʘʢʚʦ ʩʘ ʧʨʝʞʠʚʝʣʠ, ʜʦʢʘʪʦ 

ʩʘ ʨʘʙʦʪʠʣʠ ʟʘʝʜʥʦ. ʊʦʚʘ ʥʘʙʣʶʜʘʚʘʭʤʝ ʠ ʧʦ ʚʨʝʤʝ ʥʘ ʫʲʨʢʰʦʧʘ (ʉʝʥʜʦʚʘ, ɸʥʜʨʝʝʚ 2023), 

ʥʘ ʢʦʡʪʦ ʧʨʝʜʩʪʘʚʠʭʤʝ ʜʚʘ ʤʠʢʨʦʩʚʷʪʘ (ʬʠʛ. 3): ʃʠʥʝʘʨʠʷ (ʚ ʢʦʡʪʦ ʢʦʩʪʝʥʫʨʢʘʪʘ ʧʨʘʚʠ 

ʩʢʦʢʦʚʝ ʧʦ ʯʠʩʣʦʚʘʪʘ ʦʩ ) ʠ ʂʚʘʜʨʘʪʦʛʨʘʜ (ʚ ʢʦʡʪʦ ʩʝ ʜʚʠʞʠ  ʧʦ ʟʘʜʘʜʝʥ ʤʘʨʰʨʫʪ): 

 

 
ʌʠʛʫʨʘ 3. ʇʲʪʝʰʝʩʪʚʠʷ ʚ ʜʚʘ ʤʠʢʨʦʩʚʷʪʘ ʥʘ ʄʘʪʣʘʥʜʠʷ: ʃʠʥʝʘʨʠʷ ʠ ʂʚʘʜʨʘʪʦʛʨʘʜ 

 

ɿɸʂʃʖʏɽʅʀɽ 

ʂʦʩʪʝʥʫʨʢʘʪʘ: ɺ ʪʨʘʜʠʮʠʦʥʥʦʪʦ ʫʯʠʣʠʱʝ ʚʩʝ ʦʱʝ ʩʝ ʜʲʨʞʠ ʤʥʦʛʦ ʥʘ ʪʦʚʘ ʜʘ ʩʝ 

ʧʦʣʫʯʠ ʧʨʘʚʠʣʝʥ ʦʪʛʦʚʦʨ, ʘ ʧʨʦʮʝʩʲʪ ʥʘ ʪʲʨʩʝʥʝ ʦʩʪʘʚʘ ʥʘ ʟʘʜʝʥ ʧʣʘʥ. ɸ ʞʠʚʦʪʲʪ ʥʝ ʩʝ 

ʩʲʩʪʦʠ ʚ ʪʦʚʘ, ʜʘ ʟʥʘʝʰ Ăʚʝʨʥʠʷ ʦʪʛʦʚʦʨñ. ʇʨʠʥʮʠʧʲʪ ʜʘ ʥʘʧʨʘʚʠʰ ʥʝʱʦ ʠ ʪʦ ʪʘʢʘ, ʯʝ ʜʘ 

ʨʘʙʦʪʠ, ʝ ʩʲʱʝʩʪʚʝʥʦ ʨʘʟʣʠʯʝʥ ʦʪ ʜʦʩʝʛʘʰʥʠʪʝ ʠʜʝʠ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝʪʦ. 

ɸʭʠʣ: ɸ ʜʦʢʦʣʢʦʪʦ ʩʲʤ ʯʝʣ, ʦʱʝ ʚ ʥʘʯʘʣʦʪʦ ʥʘ 60-ʪʝ ʛʦʜʠʥʠ ʥʘ 20. ʚʝʢ ʇʝʧʲʨʪ ʝ 

ʩʤʷʪʘʣ, ʯʝ ʜʝʮʘʪʘ ʱʝ ʠʟʧʦʣʟʚʘʪ ʢʦʤʧʶʪʨʠʪʝ ʢʘʪʦ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʫʯʝʥʝ, ʪʚʦʨʯʝʩʪʚʦ, 

ʠʥʦʚʘʮʠʠ, ʘ ʤʥʦʟʠʥʘ ʦʪʢʨʦʚʝʥʦ ʤʫ ʩʝ ʧʨʠʩʤʠʚʘʣʠ. ʀʜʝʷʪʘ ʟʘ ʢʦʤʧʶʪʲʨ, ʜʦʩʪʲʧʝʥ ʟʘ ʚʩʷʢʦ 

ʜʝʪʝ, ʝ ʟʚʫʯʘʣʘ ʢʘʪʦ ʥʘʫʯʥʘ ʬʘʥʪʘʩʪʠʢʘ. ɽ, ʚʝʯʝ ʥʝ ʝ, ʠ ʢʘʪʦ ʤʦʞʝʤ ʜʘ ʚʣʝʟʝʤ ʚʲʚ WirMathLab 

ʠ ʩ ʪʝʣʝʬʦʥʘ ʩʠ, ʜʘ ʚʠʜʠʤ ʜʘʣʠ ʪʨʷʙʚʘ ʜʘ ʛʦ ʟʘʙʨʘʥʷʚʘʤʝ ʚ ʯʘʩé 

 

ʃʀʊɽʈɸʊʋʈɸ 

ɸʥʜʨʝʝʚ, ʎ. (2021) ɿʘ ʧʨʠʨʦʜʘʪʘ ʥʘ ʤʘʪʝʤʘʪʠʢʘʪʘ ʠ ʟʘ ʤʘʪʝʤʘʪʠʢʘʪʘ ʚ ʧʨʠʨʦʜʘʪʘ ï ʝʜʥʘ 

ʧʨʠʢʘʟʢʘ ʟʘ ʩʠʤʝʪʨʠʷʪʘ ʩ ʧʨʦʜʲʣʞʝʥʠʝ ʟʘ ʤʘʣʢʠ ʠ ʛʦʣʝʤʠ ï ʄʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ. 

64(4), 425 ï 437. 
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MATHEMATICS AND COMPUTER MODELING IN THE STYLE OF 

INQUIRY -BASED LEARNING  
 

Evgenia Sendova and Tsvetelin Andreev 

 

ABSTRACT 

The core concepts of VirMathLab, a virtual math laboratory for students and teachers to collaborate as 

a research team, draw inspiration from constructionism with emphacis on the inquiry-based learning 

(IBL). This philosophy was central to the Research Group on Education (RGE, 1978-1989). The RGE 

principles include integrating STEAM fields, empowering students as knowledge builders, and 

fostering the creation of a public entity. These principles revive in Bulgarian education today through 

IBL. We present an IBL implementation in VirMathLab by rejuvenating relevant educational scenarios 

and integrating knowledge from diverse STEAM fields using block programming. The format is a 

dialogue between Achilles and the Turtle, symbolizing two generations engaged in math and 

informatics education. 

Keywords: VirMathLab; constructionism; STEAM; IBL; block programming; SNAP!  
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ʄʆʊʀɺʀʈɸʅʀ ʆʊ ɺʀʈʊʋɸʃʅʀʗ ʋʏʀʃʀʑɽʅ ʂɸɹʀʅɽʊ ʇʆ ʄɸʊɽʄɸʊʀʂɸ 

 

ʅʝʣʠ ʉʪʦʷʥʦʚʘ 

 

 

ʈɽɿʖʄɽ 

ɺ ʩʪʘʪʠʷʪʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʠʛʨʠ ʩ ʛʨʘʬʠʢʠ ʥʘ ʬʫʥʢʮʠʠ, ʧʨʘʚʝʥʠ  ʦʪ 

ʫʯʝʥʠʮʠ ʚ ʛʠʤʥʘʟʠʘʣʥʠʷ ʢʫʨʩ ʥʘ ʦʙʫʯʝʥʠʝ. ʅʷʢʦʠ ʦʪ ʠʛʨʠʪʝ ʩʘ ʩʲʟʜʘʜʝʥʠ ʯʨʝʟ ʪʚʦʨʯʝʩʢʘ 

ʤʦʜʠʬʠʢʘʮʠʷ ʥʘ  ʛʦʪʦʚʠ ʤʘʪʝʨʠʘʣʠ ʦʪ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ. ɼʨʫʛʠ 

ʠʛʨʠ ʩʘ ʧʦ ʠʜʝʷ ʥʘ ʨʝʩʫʨʩʠ ʦʪ ʢʘʙʠʥʝʪʘ, ʥʦ ʩʘ ʜʝʣʦ ʥʘ ʜʝʮʘʪʘ.  

ʈʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʠʛʨʠʪʝ ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤ ʩʘ ʦʩʲʱʝʩʪʚʝʥʠ ʚ ʯʘʩʦʚʝ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ 

ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢʪʦ ʠ ʚ ʟʘʥʠʤʘʥʠʷ ʚ ʠʟʚʲʥʫʯʝʙʥʦ ʚʨʝʤʝ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʛʨʘʬʠʢʠ ʥʘ ʬʫʥʢʮʠʠ; ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʠʛʨʠ; ʫʯʝʥʠʯʝʩʢʦ ʪʚʦʨʯʝʩʪʚʦ 

 

ɺʒɺɽɼɽʅʀɽ 

ʄʘʪʝʨʠʘʣʠʪʝ ʚʲʚ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ  ʧʦ ʤʘʪʝʤʘʪʠʢʘ (Chehlarova et al. 

2014), ʥʘʨʠʯʘʥ ʧʦ-ʥʘʪʘʪʲʢ ʟʘ ʢʨʘʪʢʦʩʪ ʂʘʙʠʥʝʪ, ʩʘ ʠʟʪʦʯʥʠʮʠ ʥʘ ʠʜʝʠ, ʢʦʠʪʦ ʫʯʝʥʠʮʠ ʠ 

ʫʯʠʪʝʣʠ ʤʦʛʘʪ ʜʘ ʥʘʜʛʨʘʞʜʘʪ ʠ ʨʘʟʚʠʚʘʪ. 

ʄʥʦʛʦ ʦʪ ʜʝʮʘʪʘ ʫʩʧʷʚʘʪ ʜʘ ʦʪʢʨʠʷʪ ʚʨʲʟʢʘ ʤʝʞʜʫ ʤʦʜʝʣʠ ʦʪ ʂʘʙʠʥʝʪʘ ʠ ʢʦʥʢʨʝʪʥʘ 

ʞʠʪʝʡʩʢʘ ʩʠʪʫʘʮʠʷ. ʊʝ ʣʝʩʥʦ ʩʝ ʥʘʩʦʯʚʘʪ ʢʲʤ ʩʲʟʜʘʚʘʥʝ ʥʘ ʩʦʬʪʫʝʨ ʟʘ ʟʘʙʘʚʣʝʥʠʝ ʠʣʠ 

ʧʨʠʣʦʞʠʤ ʚ ʫʯʝʙʥʠ ʯʘʩʦʚʝ. ʊʝʟʠ, ʢʦʠʪʦ ʥʝ ʫʩʧʷʚʘʪ ʜʘ ʩʪʠʛʥʘʪ ʜʦ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʫʯʝʙʥʠ 

ʨʝʩʫʨʩʠ, ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʘʥʛʘʞʠʨʘʥʠ ʚ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʜʝʡʥʦʩʪ ʯʨʝʟ ʤʘʪʝʨʠʘʣʠ ʦʪ ʂʘʙʠʥʝʪʘ 

ʠʣʠ ʜʘ ʠʤ ʩʝ ʧʨʝʜʣʦʞʠ ʜʘ ʪʝʩʪʚʘʪ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʜʨʫʛʠ ʫʯʝʥʠʮʠ. ʋʚʣʝʯʝʥʠ ʚ ʪʝʩʪʚʘʥʝʪʦ, ʥʘ 

ʯʘʩʪ ʦʪ ʪʷʭ ʠʤ ʭʨʫʤʥʘʪ ʠʜʝʠ ʟʘ ʥʦʚʠ ʚʘʨʠʘʥʪʠ ʥʘ ʩʦʬʪʫʝʨʘ, ʟʘ ʥʘʯʠʥʠ ʥʘ ʦʧʪʠʤʠʟʠʨʘʥʝ ʠʣʠ 

ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʨʘʟʥʦʦʙʨʘʟʷʚʘʥʝʪʦ ʤʫ. ʇʦʩʪʝʧʝʥʥʦ ʩʪʘʚʘʪ ʩʲʘʚʪʦʨʠ ʠʣʠ ʟʘʧʦʯʚʘʪ ʜʘ ʧʨʘʚʷʪ 

ʦʧʠʪʠ ʟʘ ʩʚʦʠ ʨʘʟʨʘʙʦʪʢʠ. ʊʦʟʠ ʥʘʯʠʥ ʥʘ ʨʘʙʦʪʘ ʩ ʬʘʡʣʦʚʝʪʝ ʦʪ ʂʘʙʠʥʝʪʘ ʝ ʧʨʦʜʲʣʞʝʥʠʝ 

ʥʘ ʠʜʝʠʪʝ, ʟʘʣʦʞʝʥʠ ʚ (Stoyanova 1999) ʠ (Stoyanova & Radanov 1989). 

 

ʀɻʈʀ ʉ ɻʈɸʌʀʂʀ ʅɸ ʃʀʅɽʁʅɸ ʌʋʅʂʎʀʗ 

ʋʯʝʥʠʮʠʪʝ ʠʟʧʦʣʟʚʘʭʘ ʠʛʨʠ ʩ ʛʨʘʬʠʢʠ ʥʘ ʬʫʥʢʮʠʠ ʦʪ ʂʘʙʠʥʝʪʘ, ʟʘ ʜʘ ʩʲʟʜʘʜʘʪ ʩʚʦʠ 

ʠʛʨʠ, ʩʚʲʨʟʘʥʠ ʩ ʢʦʥʢʨʝʪʥʠ ʞʠʪʝʡʩʢʠ ʩʠʪʫʘʮʠʠ.   

   

https://cabinet.bg/content/bg/html/d24018.html 

       ʌʠʛʫʨʘ 1. ʀʛʨʘʪʘ ʆʪʢʣʶʯʠ ʢʦʚʯʝʞʝʪʦ                 ʌʠʛʫʨʘ 2. ʆʨʠʛʠʥʘʣʥʠʷʪ ʬʘʡʣ ʟʘ 

        ʆʪʢʣʶʯʠ ʢʦʚʯʝʞʝʪʦ 
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ɺ ʠʛʨʘʪʘ ʆʪʢʣʶʯʠ ʢʦʚʯʝʞʝʪʦ (ʬʠʛ. 1) ʛʨʘʬʠʢʠʪʝ ʩʘ ʚʲʣʰʝʙʥʠ ʧʨʲʯʢʠ-ʢʣʶʯʦʚʝ, ʢʦʠʪʦ 

ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʝʩʝʢʘʪ ʚ ʢʘʪʠʥʘʨʘ ʥʘ ʢʦʚʯʝʞʝʪʦ, ʟʘ ʜʘ ʛʦ ʦʪʢʣʶʯʘʪ. ʂʦʛʘʪʦ ʝ ʦʪʚʦʨʝʥʦ, ʩʝ 

ʧʦʢʘʟʚʘʪ ʥʘʭʦʜʢʠ ʦʪ ʇʘʥʘʛʶʨʩʢʦʪʦ ʟʣʘʪʥʦ ʩʲʢʨʦʚʠʱʝ. ʂʦʚʯʝʞʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʤʝʩʪʠ. ɺ 

ʪʘʙʣʠʮʘʪʘ ʩʘ ʭʦʜʦʚʝʪʝ, ʢʦʠʪʦ ʩʘ ʧʨʘʚʝʥʠ ʚ ʠʛʨʘʪʘ ʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʘʥʘʣʠʟʠʨʘʥʠ. ʀʟʧʦʣʟʚʘʥ 

ʝ ʬʘʡʣʲʪ ʦʪ ʬʠʛ. 2. 

ʋʩʣʦʚʠʝʪʦ ʝʜʥʘ ʪʦʯʢʘ ʜʘ ʣʝʞʠ ʚʲʨʭʫ ʜʘʜʝʥʘ ʧʨʘʚʘ ʝ ʟʘʣʦʞʝʥʦ ʚ ʠʛʨʘʪʘ ʋʛʘʩʠ ʦʛʲʥʷ                                                                    

(ʬʠʛ. 3). ɻʨʘʬʠʢʘʪʘ ʥʘ ʬʫʥʢʮʠʷʪʘ ʠʟʧʲʣʥʷʚʘ ʨʦʣʷʪʘ ʥʘ ʚʦʜʥʘ ʩʪʨʫʷ, ʢʦʷʪʦ ʪʨʷʙʚʘ ʜʘ ʤʠʥʝ 

ʧʨʝʟ ʪʦʯʢʘʪʘ, ʚ ʦʩʥʦʚʘʪʘ ʥʘ ʦʛʲʥʷ. ʆʛʲʥʷʪ ʤʦʞʝ ʜʘ ʩʝ ʤʝʩʪʠ. Ăʆʪʢʨʠʪʠʝʪʦñ ʝ ʚʠʜʠʤʦ ʩʘʤʦ 

ʢʦʛʘʪʦ ʪʦʯʢʘʪʘ ʝ ʚʲʨʭʫ ʧʨʘʚʘʪʘ. 

      ʌʠʛʫʨʘ 3. ʀʛʨʘʪʘ ʋʛʘʩʠ ʦʛʲʥʷ                   ʌʠʛʫʨʘ 4. ʀʛʨʘʪʘ ʈʘʟʨʝʞʠ ʙʘʥʠʮʘʪʘ 

 

ɺ ʠʛʨʘʪʘ ʈʘʟʨʝʞʠ ʙʘʥʠʮʘʪʘ (ʬʠʛ. 4) ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʪʨʝʞʘʪ ʧʘʨʯʝʪʘ ʦʪ ʙʘʥʠʮʘʪʘ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʛʨʘʬʠʢʘʪʘ ʥʘ ʬʫʥʢʮʠʷʪʘ. ʄʝʩʪʘʪʘ ʟʘ ʨʘʟʨʷʟʚʘʥʝ ʩʘ ʦʪʙʝʣʷʟʘʥʠ ʩ ʧʫʥʢʪʠʨ. ʇʨʠ 

ʫʩʧʝʰʥʦ ʧʦʟʠʮʠʦʥʠʨʘʥʝ ʥʘ ʛʨʘʬʠʢʘʪʘ ʩʝ ʦʪʜʝʣʷ ʧʘʨʯʝ ʙʘʥʠʮʘ ʩ ʢʲʩʤʝʪ. 

ɻʨʫʧʘ ʫʯʝʥʠʮʠ ʧʦʜʛʦʪʚʠʭʘ ʢʦʣʝʜʝʥ ʚʘʨʠʘʥʪ ʥʘ ʠʛʨʠ ʩ ʣʠʥʝʡʥʠ ʬʫʥʢʮʠʠ. ɼʝʮʘʪʘ 

ʧʨʝʚʲʨʥʘʭʘ ʛʨʘʬʠʢʠʪʝ ʚ ʛʠʨʣʷʥʜʠ (ʬʠʛ. 5) ʠ ʚ ʧʲʪʠʱʘ ʥʘ ɼʷʜʦ ʂʦʣʝʜʘ (ʬʠʛ. 6, ʬʠʛ. 7). 

ʇʦʜʛʦʪʚʠʭʘ ʥʘʙʦʨ ʦʪ ʟʘʜʘʯʠ ʟʘ ʧʦʜʨʝʞʜʘʥʝ ʥʘ ʪʝʟʠ ʛʠʨʣʷʥʜʠ ʠ ʢʦʨʠʛʠʨʘʥʝ ʥʘ ʧʲʪʠʱʘʪʘ. 

ʂʲʤ ʚʩʷʢʘ ʠʛʨʘ ʠʤʘʰʝ ʢʦʣʝʜʥʠ ʚʲʧʨʦʩʠ, ʩʚʲʨʟʘʥʠ ʩʲʩ ʟʘʚʠʩʠʤʦʩʪʪʘ ʤʝʞʜʫ ʢʦʝʬʠʮʠʝʥʪʠʪʝ 

ʠ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʛʨʘʬʠʢʠʪʝ ʥʘ ʬʫʥʢʮʠʠʪʝ, ʢʘʪʦ Ăʂʦʛʘ ɼʷʜʦ ʂʦʣʝʜʘ ʩʝ ʩʧʫʩʢʘ ʠ ʢʦʛʘ ʩʝ 

ʠʟʜʠʛʘ?ñ (ʬʠʛ. 6), ñɸʢʦ ʦʩʝʚʘʪʘ ʣʠʥʠʷ ʝ ʛʨʘʬʠʢʘ ʥʘ ʬʫʥʢʮʠʷʪʘ ʫ = ʢ3 ʭ + n3, ʥʘ ʢʦʣʢʦ ʝ ʨʘʚʥʦ 

ʢ3? (ʬʠʛ. 7) ʠ ʜʨʫʛʠ. ʆʩʝʚʘʪʘ ʣʠʥʠʷ ʩʝ ʧʦʷʚʷʚʘ ʩʘʤʦ ʢʦʛʘʪʦ ʜʚʝʪʝ ʛʨʘʬʠʢʠ ʩʘ ʫʩʧʦʨʝʜʥʠ. ʇʦ 

ʥʝʷ ʩʝ ʜʚʠʞʠ ʘʥʠʤʠʨʘʥʠʷʪ ɼʷʜʦ ʂʦʣʝʜʘ.  

  ʌʠʛʫʨʘ 5. ɻʨʘʬʠʢʠʪʝ ʢʘʪʦ       ʌʠʛʫʨʘ 6. ɼʷʜʦ ʂʦʣʝʜʘ ʧʦ             ʌʠʛʫʨʘ 7. ʂʘʢʚʦ ʝ  

               ʛʠʨʣʷʥʜʠ                                         ʧʠʩʪʘʪʘ                         ʫʨʘʚʥʝʥʠʝʪʦ ʥʘ ʣʠʥʠʷʪʘ, 

                                                                                                            ʚʲʨʭʫ ʢʦʷʪʦ ʝ ʜʷʜʦ ʂʦʣʝʜʘ 

 

ʉ ʧʦʜʛʦʪʚʝʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʫʯʝʥʠʮʠʪʝ ʘʩʠʩʪʠʨʘʭʘ ʥʘ ʧʨʝʧʦʜʘʚʘʪʝʣʢʘʪʘ ʧʦ ʤʘʪʝʤʘʪʠʢʘ 

ʚ ʫʨʦʢʘ ʟʘ ʥʦʚʠ ʟʥʘʥʠʷ, ʩʚʲʨʟʘʥ ʩ ʣʠʥʝʡʥʘ ʬʫʥʢʮʠʷ. ʊʦʛʘʚʘ ʪʝʤʘʪʘ ʟʘ ʣʠʥʝʡʥʘ ʬʫʥʢʮʠʷ ʩʝ 

ʠʟʫʯʘʚʘʰʝ ʚ 8. ʢʣʘʩ ʠ ʯʘʩʲʪ ʙʝʰʝ ʚ ʥʘʚʝʯʝʨʠʝʪʦ ʥʘ ʂʦʣʝʜʘ. 
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ʀɻʈʀ ʉ ɻʈɸʌʀʂʀ ʅɸ ʊʈʀɻʆʅʆʄɽʊʈʀʏʅʀ ʌʋʅʂʎʀʀ 

ʋʯʝʥʠʮʠʪʝ ʠʟʧʦʣʟʚʘʭʘ ʟʘ ʦʩʥʦʚʘ ʨʝʩʫʨʩʘ ʦʪ ʂʘʙʠʥʝʪʘ  ʥʘ ʬʠʛ. 8, ʥʘʧʨʘʚʠʭʘ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʦ ʥʝʛʦ ʠ ʩʲʟʜʘʜʦʭʘ ʠʛʨʘʪʘ ʅʘ ʛʨʝʙʝʥʘ ʥʘ ʚʲʣʥʘʪʘ (ʬʠʛ. 9). ʇʦ ʝʜʥʘʪʘ ʛʨʘʬʠʢʘ 

ʩʝ ʜʚʠʞʠ ʨʠʙʘʪʘ ʈʝʥʠ. ʆʩʪʘʥʘʣʠʪʝ ʨʠʙʠ ʩʝ ʜʚʠʞʘʪ ʩʚʦʙʦʜʥʦ. ʎʝʣʪʘ ʥʘ ʠʛʨʘʪʘ ʝ ʜʘ ʩʝ 

ʧʨʦʤʝʥʷʪ ʚʲʣʥʠʪʝ, ʪʘʢʘ ʯʝ ʈʝʥʠ ʜʘ ʩʝ ʜʚʠʞʠ ʪʦʯʥʦ ʧʦ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʚʦʜʘʪʘ. 
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ʌʠʛʫʨʘ 8. ʆʨʠʛʠʥʘʣʥʠʷʪ ʬʘʡʣ ʥʘ ʚʲʣʥʠʪʝ                                   ʌʠʛʫʨʘ 9. ʀʛʨʠ ʩ ʨʠʙʠ 

 

ʈʠʙʠʪʝ ʩʘ ʨʠʩʫʚʘʥʠ ʥʘ ʭʘʨʪʠʷ ʦʪ ʧʲʨʚʦʢʣʘʩʥʠʮʠ, ʘ  ʜʠʛʠʪʘʣʥʠʷʪ ʚʘʨʠʘʥʪ ʝ ʩʲʟʜʘʜʝʥ ʦʪ 

ʧʦ-ʛʦʣʝʤʠ ʫʯʝʥʠʮʠ. ʊʝʟʠ ʨʠʙʠ ʩʘ ʛʣʘʚʥʠ ʛʝʨʦʠ ʥʘ ʥʷʢʦʣʢʦ ʠʛʨʠ ʟʘ ʜʝʮʘ ʦʪ ʥʘʯʘʣʥʠʷ ʢʫʨʩ. 

ʄʘʣʢʠʪʝ ʫʯʝʥʠʮʠ ʠʟʧʠʪʚʘʭʘ ʥʝ ʩʘʤʦ ʝʤʦʮʠʠ ʦʪ ʠʛʨʠʪʝ, ʥʦ ʠ ʚʲʣʥʝʥʠʝ ʦʪ ʬʘʢʪʘ, ʯʝ ʨʠʙʠʪʝ 

ʠʤ ʩʘ ʦʞʠʚʝʣʠ ʥʘ ʝʢʨʘʥʘ. ɿʘʥʠʤʘʥʠʷʪʘ ʩ ʤʘʣʢʠʪʝ ʩʝ ʧʨʦʚʝʞʜʘʭʘ ʦʪ ʩʲʟʜʘʪʝʣʠʪʝ ʥʘ ʠʛʨʠʪʝ. 

ʉʲʚʤʝʩʪʥʘʪʘ ʨʘʙʦʪʘ ʥʦʩʝʰʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʠ ʥʘ ʜʚʝʪʝ ʛʨʫʧʠ ʫʯʝʥʠʮʠ. 

ʅʘ ʬʠʛ. 10 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʠʛʨʘʪʘ ʄʠʰʝʥʘ. ɺ ʥʝʷ ʩʝ ʪʲʨʩʷʪ ʩʪʦʡʥʦʩʪʠ ʥʘ a, b, c ʠ d, ʟʘ 

ʢʦʠʪʦ ʛʨʘʬʠʢʘʪʘ Ăʱʝ ʧʨʝʥʝʩʝñ ʪʦʧʯʝʪʦ (ʯʝʨʚʝʥʘʪʘ ʪʦʯʢʘ) ʚ ʢʨʲʛʘ. ʂʨʲʛʲʪ ʤʦʞʝ ʜʘ ʩʝ ʤʝʩʪʠ, 

ʘ ʜʲʣʞʠʥʘʪʘ ʥʘ ʨʘʜʠʫʩʘ ʤʫ ʜʘ ʩʝ ʠʟʤʝʥʷ. ʂʘʪʦ ʚʘʨʠʘʥʪʠ ʩʝ ʜʦʙʘʚʷʪ ʫʩʣʦʚʠʷ ʟʘ ʧʦʟʠʮʠʷʪʘ ʥʘ 

ʪʦʧʯʝʪʦ ʩʧʨʷʤʦ ʛʨʘʬʠʢʘʪʘ (ʚ ʥʘʡ-ʚʠʩʦʢʘʪʘ, ʚ ʥʘʡ-ʥʠʩʢʘʪʘ ʯʘʩʪ ʠ ʪ.ʥ.). ɿʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ 

ʠʛʨʘʪʘ ʝ ʠʟʧʦʣʟʚʘʥ ʬʘʡʣ ʦʪ ʂʘʙʠʥʝʪʘ (ʬʠʛ. 11). 

       ʌʠʛʫʨʘ 10. ʀʛʨʘʪʘ ʄʠʰʝʥʘ                                            ʌʠʛʫʨʘ 11. ʆʨʠʛʠʥʘʣʥʠʷʪ ʬʘʡʣ 

                                                                                                                     ʟʘ ʄʠʰʝʥʘ 
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ʏʘʩʪ ʦʪ ʤʦʨʘʣʥʦ-ʝʪʠʯʥʠʪʝ ʨʘʟʤʠʩʣʠ ʥʘ ʜʝʪʝʪʦ, ʩʲʟʜʘʣʦ ʠʛʨʘʪʘ ʄʠʰʝʥʘ, ʙʷʭʘ ʩʚʲʨʟʘʥʠ 

ʩ ʪʦʚʘ ʜʘʣʠ ʠʤʘ ʧʨʘʚʦ ʜʘ ʧʨʦʤʝʥʷ ʯʫʞʜ ʬʘʡʣ, ʩʣʝʜ ʢʘʪʦ ʪʘʤ ʝ ʣʦʛʦʪʦ ʥʘ ʩʲʟʜʘʪʝʣʷ, ʩʪʘʚʘ ʣʠ 

ʩʲʘʚʪʦʨ ʠ ʤʦʞʝ ʣʠ ʜʘ ʩʠ ʜʦʙʘʚʷ ʥʘ ʝʢʨʘʥʘ ʠ ʩʚʦʝ ʣʦʛʦ. 

 

ʀɻʈʀ ʉ ɻʈɸʌʀʂʀ ʅɸ ʆɹʈɸʊʅɸ ʇʈʆʇʆʈʎʀʆʅɸʃʅʆʉʊ 

ʇʨʠ ʬʠʢʩʠʨʘʥʠ l1 ʠ m1 ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʢʦʷ ʪʦʧʢʘ ʤʘʞʝ ʜʘ ʙʘʣʘʥʩʠʨʘ ʣʦʩʪʘ 

(ʬʠʛ. 12). ʀʥʬʦʨʤʘʮʠʷʪʘ ʩʝ ʧʦʣʫʯʘʚʘ ʦʪ ʛʨʘʬʠʢʘʪʘ ʥʘ ʬʫʥʢʮʠʷʪʘ y= l1 m1/x (l2=l1m1/m2.). 

ʀʟʧʦʣʟʚʘ ʩʝ ʠ ʧʦʤʦʱʥʘ ʧʨʘʚʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʥʘ ʘʙʩʮʠʩʥʘʪʘ ʦʩ, ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʩʝ ʤʝʩʪʠ 

ʩ ʧʦʤʦʱʪʘ ʥʘ ʪʦʯʢʘ ɸ (ɸ ʝ ʦʪ ʦʩʪʘ ʆm).  

https://cabinet.bg/content/bg/html/d24028.html
https://cabinet.bg/content/bg/html/d24026.html


30 

 

ɿʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʥʦʚʘ ʟʘʜʘʯʘ ʩʝ ʧʨʦʤʝʥʷ ʨʘʟʩʪʦʷʥʠʝʪʦ l1, ʯʨʝʟ ʤʝʩʪʝʥʝ ʥʘ ʪʝʛʣʠʣʢʘʪʘ, 

ʢʘʢʪʦ ʠ ʤʘʩʘʪʘ m1, ʯʨʝʟ ʧʣʲʟʛʘʯʘ. ʇʨʦʤʷʥʘʪʘ ʥʘ m1 ʛʝʥʝʨʠʨʘ ʥʦʚʠ ʤʘʩʠ ʥʘ ʪʦʧʢʠʪʝ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʩʝ ʥʘʥʘʩʷʪ ʚ ʪʘʙʣʠʮʘ, ʩʣʝʜ ʢʦʝʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʘʚʷʪ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʠ ʠʟʚʦʜʠ. 

ʊʚʦʨʯʝʩʢʠʪʝ ʥʝʚʦʣʠ ʥʘ ʠʛʨʘʯʠʪʝ ʤʠʥʘʭʘ ʧʨʝʟ ʨʘʟʩʲʞʜʝʥʠʷ ʢʘʪʦ: Ăɿʘ ʚʩʷʢʘ ʤʘʩʘ ʠʤʘ 

ʧʦʜʭʦʜʷʱʘ ʜʲʣʞʠʥʘ ʟʘ ʙʘʣʘʥʩʠʨʘʥʝñ; Ăʊʝʟʠ, ʥʦ ʠ ʙʝʟʙʨʦʡ ʜʨʫʛʠ ʪʦʧʢʠ ʤʦʛʘʪ ʜʘ ʙʘʣʘʥʩʠʨʘʪ 

ʣʦʩʪʘ, ʘʢʦ ʜʚʠʞʠʤ ʪ. ɸ ʧʦ-ʙʘʚʥʦñ;  Ăɺʩʠʯʢʠ ʪʦʧʢʠ ʩʪʘʚʘʪ, ʥʦ ʟʘ ʥʷʢʦʠ ʣʦʩʪʲʪ ʝ ʢʲʩñ (ʩʣʝʜ 

ʪʦʚʘ ʦʪʢʨʠʪʠʝ ʫʯʝʥʠʢʲʪ ʫʜʲʣʞʠ ʣʦʩʪʘ ʚ ʜʚʝʪʝ ʧʦʩʦʢʠ); Ăɸʢʦ ʙʝʰʝ ʧʦ-ʪʝʞʢʘ ʪʝʛʣʠʣʢʘʪʘ, 

ʚʩʠʯʢʠ ʪʦʧʢʠ ʤʦʞʝʰʝ ʜʘ ʙʘʣʘʥʩʠʨʘʪñ (ʘʚʪʦʨʲʪ ʥʘ ʪʘʟʠ ʤʠʩʲʣ ʩʠ ʧʦʩʪʘʚʠ ʟʘʜʘʯʘ ʜʘ ʥʘʤʝʨʠ 

ʚʘʨʠʘʥʪ, ʧʨʠ ʢʦʡʪʦ ʚʩʷʢʘ ʦʪ ʪʦʧʢʠʪʝ ʜʘ ʤʦʞʝ ʜʘ ʙʘʣʘʥʩʠʨʘ ʣʦʩʪʘ). 

      ʌʠʛʫʨʘ 12. ʂʦʷ ʪʦʧʢʘ ʙʘʣʘʥʩʠʨʘ ʣʦʩʪʘ?                    ʌʠʛʫʨʘ 13. ʀʛʨʘʪʘ ɹʘʣʘʥʩ 

 

ʀʛʨʘʪʘ ɹʘʣʘʥʩ (ʬʠʛ. 13) ʠʟʠʩʢʚʘ ʦʪ ʠʛʨʘʯʠʪʝ ʜʘ ʥʘʤʝʨʷʪ ʧʦʜʭʦʜʷʱʠ ʩʪʦʡʥʦʩʪʠ ʥʘ l3 ʠ 

m3, ʟʘ ʢʦʠʪʦ ʪʦʧʢʘʪʘ, ʧʦʩʪʘʚʝʥʘ ʚʜʷʩʥʦ ʦʪ ʦʧʦʨʥʘʪʘ ʪʦʯʢʘ ʜʘ ʙʘʣʘʥʩʠʨʘ ʪʝʞʝʩʪʠʪʝ, ʧʦʩʪʘʚʝʥʠ 

ʦʪʣʷʚʦ. ʀʟʧʦʣʟʚʘ ʩʝ ʛʨʘʬʠʢʘʪʘ ʥʘ ʬʫʥʢʮʠʷʪʘ ʫ = ((l1.m1 +l2.m2))/ʭ ʠ ʧʦʤʦʱʥʘ ʧʨʘʚʘ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʥʘ ʘʙʩʮʠʩʥʘʪʘ ʦʩ, ʜʚʠʞʝʥʘ ʦʪ ʪʦʯʢʘ ʚʲʨʭʫ ʦʩʪʘ. ʊʝʞʝʩʪʠʪʝ ʚʣʷʚʦ ʩʘ 

ʧʦʜʚʠʞʥʠ. ʄʘʩʘʪʘ ʠʤ ʩʝ ʧʨʦʤʝʥʷ ʩ ʧʣʲʟʛʘʯʠ. ʈʝʟʫʣʪʘʪʠʪʝ ʚ ʪʘʟʠ ʠʛʨʘ ʩʝ ʥʘʥʘʩʷʪ ʚ ʪʘʙʣʠʮʘ, 

ʢʘʪʦ ʮʝʣʪʘ ʝ ʩʣʝʜ ʩʝʨʠʷ ʝʢʩʧʝʨʠʤʝʥʪʠ ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʠʛʨʘʝʱʠʪʝ ʜʘ ʩʪʠʛʥʘʪ ʜʦ ʫʩʣʦʚʠʝʪʦ 

ʟʘ ʙʘʣʘʥʩ ʥʘ ʣʦʩʪʘ. 

ɺʲʚ ʚʘʨʠʘʥʪʘ ʥʘ ʠʛʨʘʪʘ ɹʘʣʘʥʩ ʦʪ  ʬʠʛ. 14 ʠ ʬʠʛ. 15 ʜʝʮʘʪʘ ʤʦʛʘʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʘ 

ʧʨʦʚʝʨʷʪ ʟʘ ʢʦʠ ʩʪʦʡʥʦʩʪʠ ʥʘ l3 ʠ m3 ʣʦʩʪʲʪ ʝ ʚ ʨʘʚʥʦʚʝʩʠʝ. ɼʦʩʪʘʪʲʯʥʦ ʝ ʜʘ ʧʦʩʪʘʚʷʪ ʥʘ 

ʧʨʘʚʠʣʥʦʪʦ ʤʷʩʪʦ ʪʝʛʣʠʣʢʘʪʘ,  ʢʦʷʪʦ ʥʝ ʝ  ʟʘʢʘʯʝʥʘ  (ʬʠʛ. 14). ɸʢʦ ʥʷʤʘʪ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, 

ʤʦʛʘʪ ʜʘ ʜʚʠʞʘʪ ʪʝʛʣʠʣʢʘʪʘ ʧʦ ʣʦʩʪʘ, ʜʦʢʘʪʦ ʪʦʡ ʟʘʝʤʝ ʧʦʟʠʮʠʷʪʘ ʦʪ ʬʠʛ. 15.  

ɺʩʠʯʢʠ ʪʝʛʣʠʣʢʠ ʩʘ ʧʦʜʚʠʞʥʠ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʤʦʛʘʪ ʜʘ ʩʝ ʛʝʥʝʨʠʨʘʪ ʨʘʟʣʠʯʥʠ 

ʟʘʜʘʯʠ. ɻʨʘʬʠʢʘʪʘ ʥʘ ʬʫʥʢʮʠʷʪʘ ʥʝ ʝ ʧʦʩʪʨʦʝʥʘ, ʥʦ ʝ ʦʩʠʛʫʨʝʥʘ ʚʲʟʤʦʞʥʦʩʪ ʯʨʝʟ ʜʘʥʥʠʪʝ 

ʦʪ ʦʧʠʪʠʪʝ ʜʘ ʩʝ ʥʘʤʝʨʷʪ ʠ ʧʦʩʪʘʚʷʪ ʥʘ ʤʝʩʪʘʪʘ ʠʤ ʥʷʢʦʣʢʦ ʪʦʯʢʠ ʦʪ ʪʘʟʠ ʛʨʘʬʠʢʘ (ʬʠʛ. 15). 

    ʌʠʛʫʨʘ 14. ɺʘʨʠʘʥʪ ʥʘ ʠʛʨʘʪʘ ɹʘʣʘʥʩ              ʌʠʛʫʨʘ 15. ɺʘʨʠʘʥʪ ʥʘ ʠʛʨʘʪʘ ɹʘʣʘʥʩ  

                            ʧʨʠʤʝʨ 1                                                                ʧʨʠʤʝʨ 2 

 

ɺ ʠʛʨʠʪʝ, ʩʚʲʨʟʘʥʠ ʩ ʙʘʣʘʥʩʠʨʘʥʝʪʦ ʥʘ ʣʦʩʪ, ʝ ʟʘʣʦʞʝʥʦ ʨʝʰʘʚʘʥʝʪʦ ʥʘ ʫʨʘʚʥʝʥʠʝʪʦ  

ʫ=ʘ/ʭ (ʠʣʠ ʭʫ=ʘ), ʢʦʝʪʦ ʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣ ʥʘ ʤʥʦʛʦ ʟʘʜʘʯʠ.  ʋʯʝʥʠʮʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʥʘʩʦʯʝʥʠ ʢʲʤ ʦʪʢʨʠʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʛʨʘʬʠʢʘʪʘ ʥʘ ʦʙʨʘʪʥʘʪʘ 
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ʧʨʦʧʦʨʮʠʦʥʘʣʥʦʩʪ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʠ ʦʪ ʧʨʘʢʪʠʢʦ-ʧʨʠʣʦʞʝʥ ʭʘʨʘʢʪʝʨ. ɿʘ ʮʝʣʪʘ 

ʪʨʷʙʚʘ ʜʘ ʩʲʩʪʘʚʷʪ ʟʘʜʘʯʠ ʠ ʧʦʜʛʦʪʚʷʪ ʜʠʥʘʤʠʯʝʥ ʬʘʡʣ, ʯʨʝʟ ʢʦʡʪʦ ʜʘ ʛʠ ʨʝʰʘʚʘʪ. ɻʦʣʷʤʦ 

ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ ʟʘ ʪʷʭ ʝ ʢʘʢ ʜʘ ʜʝʬʠʥʠʨʘʪ ʬʫʥʢʮʠʷʪʘ ʠ ʯʝʩʪʦ ʩʝ ʥʫʞʜʘʷʪ ʦʪ ʧʦʤʦʱ. 

ʇʲʨʚʦʥʘʯʘʣʥʠʷʪ ʚʘʨʠʘʥʪ ʥʘ ʝʜʥʘ ʦʪ ʩʲʩʪʘʚʝʥʠʪʝ ʦʪ ʪʷʭ ʟʘʜʘʯʠ ʙʝʰʝ Ăɿʘ ʝʢʩʢʫʨʟʠʷ 

ʀʚʘʥ ʠ ʇʝʪʲʨ ʨʘʟʧʦʣʘʛʘʪ ʩ ʝʜʥʘʢʚʘ ʩʫʤʘ ʟʘ ʦʙʤʝʥ ʚ ʜʨʫʛʘ ʚʘʣʫʪʘ. ʉ ʧʘʨʠʪʝ ʩʠ ʀʚʘʥ ʢʫʧʠʣ 

36 ʝʚʨʦ, ʘ ʇʝʪʲʨ ʩʠ ʢʫʧʠʣ ʜʦʣʘʨʠ. ʂʦʣʢʦ ʜʦʣʘʨʘ ʩʠ ʝ ʢʫʧʠʣ ʇʝʪʲʨ?ñ (ʠʟʧʦʣʟʚʘ ʩʝ ʚʘʣʫʪʥʠʷ 

ʢʫʨʩ ʟʘ ʜʝʥʷ).  

ɺ ʧʨʦʮʝʩʘ ʥʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʜʠʥʘʤʠʯʥʠʷ ʬʘʡʣ ʨʝʰʠʭʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʟʘʢʫʧʝʥʘ ʚʘʣʫʪʘ ʦʪ 

ʀʚʘʥ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʤʝʥʷ ʠ ʇʝʪʲʨ ʜʘ ʤʦʞʝ ʜʘ ʩʠ ʟʘʢʫʧʫʚʘ ʧʨʦʠʟʚʦʣʝʥ ʚʠʜ ʚʘʣʫʪʘ.  

ʉ ʤʘʣʢʠ ʢʦʨʝʢʮʠʠ ʬʘʡʣʲʪ, ʩʚʲʨʟʘʥ ʩ ʬʠʛ. 12, ʨʝʰʘʚʘ ʟʘʜʘʯʘʪʘ ʠ ʚʩʲʱʥʦʩʪ ʧʨʝʜʩʪʘʚʣʷʚʘ 

ʚʘʣʫʪʝʥ ʢʘʣʢʫʣʘʪʦʨ (ʬʠʛ. 16). ɺʲʟʥʠʢʥʘ ʚʲʧʨʦʩʲʪ ʜʘʣʠ ʩʠ ʝ ʩʪʨʫʚʘʣʦ ʪʦʣʢʦʚʘ ʪʨʫʜ, ʩʣʝʜ ʢʘʪʦ 

ʚ ʠʥʪʝʨʥʝʪ ʠʤʘ ʤʥʦʛʦ ʚʘʣʫʪʥʠ ʢʘʣʢʫʣʘʪʦʨʠ. ɼʝʮʘʪʘ ʙʷʭʘ ʛʦʨʜʠ ʦʪ ʬʘʢʪʘ, ʯʝ ʩʘ ʩʲʟʜʘʣʠ ʩʚʦʡ 

ʫʥʠʢʘʣʝʥ ʛʨʘʬʠʯʝʥ ʚʘʣʫʪʝʥ ʢʘʣʢʫʣʘʪʦʨ (ʙʝʟ ʪʦʚʘ ʧʲʨʚʦʥʘʯʘʣʥʦ ʜʘ ʠʤ ʝ ʙʠʣʦ ʮʝʣ). ʆʩʚʝʥ ʟʘ 

ʚʘʣʫʪʘ ʪʦʡ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʧʨʝʤʠʥʘʚʘʥʝ ʦʪ ʝʜʥʘ ʤʝʨʥʘ ʝʜʠʥʠʮʘ ʚ ʜʨʫʛʘ, ʥʝʟʘʚʠʩʠʤʦ 

ʟʘ ʢʘʢʚʦ ʩʝ ʦʪʥʘʩʷʪ ʤʝʨʥʠʪʝ ʝʜʠʥʠʮʠ (ʟʘ ʜʲʣʞʠʥʘ, ʟʘ ʧʣʦʱ, ʟʘ ʦʙʝʤ, ʟʘ ʪʝʛʣʦ, ʟʘ ʪʝʯʥʦʩʪʠ ʠ 

ʜʨ.), ʘ ʤʦʛʘʪ ʜʘ ʩʝ ʨʝʰʘʚʘʪ ʠ ʜʨʫʛʠ ʚʠʜʦʚʝ ʟʘʜʘʯʠ.  

 

                                             ʌʠʛʫʨʘ 16. ɺʘʣʫʪʝʥ ʢʘʣʢʫʣʘʪʦʨ 

 

ʇʨʦʮʝʩʲʪ ʥʘ ʩʲʩʪʘʚʷʥʝ ʥʘ ʟʘʜʘʯʠ ʠ ʨʝʜʘʢʪʠʨʘʥʝʪʦ ʠʤ ʩ ʮʝʣ ʤʦʜʠʬʠʢʘʮʠʷ ʥʘ ʟʘʜʘʯʘʪʘ 

ʝ ʪʨʫʜʝʥ ʟʘ ʫʯʝʥʠʮʠʪʝ, ʥʦ ʠʤ ʜʘʚʘ ʫʤʝʥʠʝʪʦ ʜʘ ʤʦʜʝʣʠʨʘʪ ʠ ʚʲʟʤʦʞʥʦʩʪʪʘ ʜʘ ʦʩʲʟʥʘʷʪ 

ʩʠʣʘʪʘ ʥʘ ʤʦʜʝʣʠʪʝ.  
 

ɿɸʂʃʖʏɽʅʀɽ 

ʈʘʟʥʦʦʙʨʘʟʠʝʪʦ ʦʪ ʤʘʪʝʨʠʘʣʠ ʚʲʚ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ  ʧʦ ʤʘʪʝʤʘʪʠʢʘ 

ʧʨʝʜʦʩʪʘʚʷ ʛʦʣʝʤʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʨʘʙʦʪʘ ʠ ʪʚʦʨʯʝʩʢʘ ʜʝʡʥʦʩʪ ʟʘ ʚʩʝʢʠ 

ʫʯʠʪʝʣ ʠ ʫʯʝʥʠʢ. ʇʦʤʘʛʘ ʠ ʟʘ ʧʨʝʧʦʜʘʚʘʥʝʪʦ, ʠ ʟʘ ʫʩʚʦʷʚʘʥʝʪʦ ʥʘ ʫʯʝʙʥʠʷ ʤʘʪʝʨʠʘʣ. ʅʦ ʥʝ 

ʩʘʤʦ! ʉʪʠʤʫʣʠʨʘ ʧʨʝʧʦʜʘʚʘʪʝʣʠʪʝ ʜʘ ʠʟʣʷʟʘʪ ʦʪ ʟʦʥʘʪʘ ʩʠ ʥʘ ʢʦʤʬʦʨʪ ʠ ʜʘ ʦʙʦʛʘʪʷʪ 

ʧʨʘʢʪʠʢʘʪʘ ʩʠ ʩ ʥʦʚʠ ʤʝʪʦʜʠ ʠ ʩʨʝʜʩʪʚʘ. ʂʦʛʘʪʦ ʫʯʝʥʠʮʠʪʝ ʧʨʝʨʘʙʦʪʚʘʪ ʛʦʪʦʚʠʪʝ ʤʘʪʝʨʠʘʣʠ, 

ʪʝ ʧʦ ʥʝʧʨʠʥʫʜʝʥ ʥʘʯʠʥ ʦʙʦʛʘʪʷʚʘʪ ʟʥʘʥʠʷʪʘ ʩʠ ʠ ʧʦʚʠʰʘʚʘʪ ʫʤʝʥʠʷʪʘ ʩʠ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ. 

ʉʲʟʜʘʚʘʥʝʪʦ ʥʘ ʠʛʨʠ ʠʤ ʜʘʚʘ ʩʘʤʦʯʫʚʩʪʚʠʝ ʠ ʫʚʝʨʝʥʦʩʪ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʝʭʥʠʪʝ ʨʝʩʫʨʩʠ  

ʦʪ ʜʨʫʛʠ ʫʯʝʥʠʮʠ ʠʤ ʥʦʩʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʠ ʛʠ ʤʦʪʠʚʠʨʘ ʟʘ ʨʘʙʦʪʘ. 
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ʂʈɸʊʂʀ ɺʀɼɽʆʄɸʊɽʈʀɸʃʀ ɺʒɺ ɺʀʈʊʋɸʃʅʀʗ ʋʏʀʃʀʑɽʅ ʂɸɹʀʅɽʊ ʇʆ 

ʄɸʊɽʄɸʊʀʂɸ 

  
ʅʝʜʘ ʏʝʭʣʘʨʦʚʘ, ʂʦʡʷ ʏʝʭʣʘʨʦʚʘ 

 

ʈɽɿʖʄɽ 

ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʚʠʜʦʚʝ ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ ʚʲʚ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ 

ʤʘʪʝʤʘʪʠʢʘ, ʨʘʟʨʘʙʦʪʚʘʥ ʚ ʀʥʩʪʠʪʫʪʘ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ ʥʘ ɹʲʣʛʘʨʩʢʘ ʘʢʘʜʝʤʠʷ 

ʥʘ ʥʘʫʢʠʪʝ ʠ ʉʲʶʟʘ ʥʘ ʤʘʪʝʤʘʪʠʮʠʪʝ ʚ ɹʲʣʛʘʨʠʷ. ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʥʷʢʦʠ ʠʜʝʠ, ʩʚʲʨʟʘʥʠ ʩ 

ʦʬʦʨʤʣʝʥʠʝʪʦ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʪʦ ʥʘ ʢʨʘʪʢʠʪʝ ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ. ɸʢʮʝʥʪ ʝ ʧʦʩʪʘʚʝʥ ʚʲʨʭʫ 

ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʥʷʢʦʠ ʦʪ ʪʷʭ ʟʘ ʦʙʫʯʝʥʠʝ ʚ STEAM ʮʝʥʪʨʦʚʝ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʚʠʜʝʦ; ʚʠʜʝʦʤʘʪʝʨʠʘʣ; STEAM; ʜʠʛʠʪʘʣʥʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪ; ʦʙʨʘʟʦʚʘʥʠʝ 

 

ɺʒɺɽɼɽʅʀɽ 

ɺʠʨʪʫʘʣʥʠʷʪ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ, ʨʘʟʨʘʙʦʪʚʘʥ ʚ ʀʥʩʪʠʪʫʪʘ ʧʦ 

ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ ʥʘ ɹʲʣʛʘʨʩʢʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ (Chehlarova et al. 2014), 

ʩʲʜʲʨʞʘ ʨʘʟʥʦʦʙʨʘʟʥʠ ʨʝʩʫʨʩʠ ï ʜʠʥʘʤʠʯʥʠ ʬʘʡʣʦʚʝ, ʩʘʡʪʦʚʝ ʩ ʪʝʤʠ ʟʘ STEAM 

ʦʙʨʘʟʦʚʘʥʠʝ, ʫʯʝʙʥʠ ʧʦʤʘʛʘʣʘ, ʥʘʫʯʥʠ ʩʪʘʪʠʠ, ʧʨʝʟʝʥʪʘʮʠʠ, ʧʦʩʪʝʨʠ, ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ, 

ʤʘʪʝʨʠʘʣʠ ʟʘ ʜʦʙʘʚʝʥʘ ʠ ʚʠʨʪʫʘʣʥʘ ʨʝʘʣʥʦʩʪ. ɻʦʣʷʤʘ ʯʘʩʪ ʦʪ ʨʝʩʫʨʩʠʪʝ ʩʘ ʥʘʩʦʯʝʥʠ ʢʲʤ 

ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʬʦʨʤʫʣʠʨʘʥʝ ʥʘ ʭʠʧʦʪʝʟʠ (ʏʝʭʣʘʨʦʚʘ 2017). ʀʤʘ ʠ ʨʝʩʫʨʩʠ ʟʘ 

ʦʨʛʘʥʠʟʠʨʘʥʝ ʥʘ ʧʨʦʚʝʨʢʘ ʠ ʩʘʤʦʧʨʦʚʝʨʢʘ (Chehlarova 2020). ɺʲʚ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ 

ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʩʘ ʥʘʣʠʯʥʠ ʠ ʪʝʤʠʪʝ ʦʪ ʠʟʤʠʥʘʣʠʪʝ ʚʝʯʝ ʠʟʜʘʥʠʷ ʥʘ ʦʥʣʘʡʥ 

ʩʲʩʪʝʟʘʥʠʝ ĂVIVA ʄʘʪʝʤʘʪʠʢʘ ʩ ʢʦʤʧʶʪʲʨñ (ʂʝʥʜʝʨʦʚ, ʏʝʭʣʘʨʦʚʘ & ɻʘʯʝʚ 2021). 

ʈʝʩʫʨʩʠʪʝ ʚʲʚ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʩʘ ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ 

ʨʘʟʥʦʦʙʨʘʟʥʘ ʘʫʜʠʪʦʨʠʷ ʢʘʢʪʦ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʚʲʟʨʘʩʪ, ʪʘʢʘ ʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʠʥʪʝʨʝʩʘ 

ʢʲʤ ʤʘʪʝʤʘʪʠʢʘʪʘ ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʠʟʫʯʘʚʘʥʝʪʦ ʠ ʧʨʠ 

ʧʨʠʣʘʛʘʥʝʪʦ Ⱬ. ʊʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʢʪʦ ʦʪ ʫʯʝʥʠʮʠ, ʪʘʢʘ ʠ ʦʪ ʫʯʠʪʝʣʠ ʠ ʨʦʜʠʪʝʣʠ. 

ʅʘʨʘʩʪʚʘ ʠʥʪʝʨʝʩʲʪ ʢʲʤ ʦʙʨʘʟʦʚʘʪʝʣʥʠʪʝ ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ. ʇʦ ʚʨʝʤʝ ʥʘ COVID-19    

ʧʘʥʜʝʤʠʷʪʘ ʚ ʩʪʨʘʥʘʪʘ ʩʪʘʨʪʠʨʘ ʥʘʮʠʦʥʘʣʥʘʪʘ ʠʥʠʮʠʘʪʠʚʘ ʟʘ ʙʝʟʧʣʘʪʥʠ ʫʨʦʮʠ ʟʘ ʫʯʝʥʠʮʠ 

ʧʦ ʥʘʮʠʦʥʘʣʥʠʷ ʝʬʠʨ Ăʉ ɹʅʊ2 ʥʘ ʫʯʠʣʠʱʝñ (https://bnt.bg/bg/a/s-bnt-na-uchilishche). ʂʲʤ 

ʤʦʤʝʥʪʘ ʩ ʚʠʩʦʢʘ ʧʦʧʫʣʷʨʥʦʩʪ ʩʨʝʜ ʫʯʝʥʠʮʠʪʝ ʚ ɹʲʣʛʘʨʠʷ ʩʘ ʚʠʜʝʦʤʘʪʝʨʠʘʣʠʪʝ ʚ Ăʋʯʘ ʩʝñ 

(https://ucha.se/), ʧʦ-ʛʦʣʷʤʘʪʘ ʯʘʩʪ ʦʪ ʢʦʠʪʦ ʩʘ ʩʲʦʙʨʘʟʝʥʠ ʩ ʦʬʠʮʠʘʣʥʘʪʘ ʫʯʠʣʠʱʥʘ 

ʧʨʦʛʨʘʤʘ. ʀʟʧʦʣʟʚʘʪ ʩʝ ʠ ʚʠʜʝʦʤʘʪʝʨʠʘʣʠʪʝ ʥʘ Ăʂʘʥ ɸʢʘʜʝʤʠʷñ 

(https://bg.khanacademy.org/math ), ʢʦʠʪʦ ʩʲʩʪʘʚʷʪ ʦʙʫʯʠʪʝʣʥʘʪʘ ʯʘʩʪ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ, ʩʣʝʜ 

ʢʦʝʪʦ ʠʤʘ ʪʝʩʪʦʚʝ ʩ ʦʙʨʘʪʥʘ ʚʨʲʟʢʘ. ʏʘʩʪ ʦʪ ʫʯʝʙʥʠʮʠʪʝ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʩʲʱʦ ʧʨʝʜʣʘʛʘʪ 

ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ. ʉʯʠʪʘʤʝ, ʯʝ ʚʲʧʨʝʢʠ ʥʷʢʦʠ ʣʦʰʠ ʧʨʘʢʪʠʢʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʚ ʢʣʘʩ, ʧʨʠ 

ʩʘʤʦʧʦʜʛʦʪʦʚʢʘʪʘ, ʦʩʦʙʝʥʦ ʟʘ ʧʦʜʧʦʤʘʛʘʥʝ ʥʘ ʨʘʟʙʠʨʘʥʝʪʦ, ʢʦʛʘʪʦ ʥʝ ʝ ʦʩʲʱʝʩʪʚʝʥʦ ʚ ʯʘʩ, 

ʝ ʧʦʜʭʦʜʷʱʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤ. ʇʦʣʝʟʥʠ ʠ ʟʘ ʫʯʝʥʠʮʠʪʝ, ʠ ʟʘ ʫʯʠʪʝʣʠʪʝ ʩʘ ʥʘʣʠʯʥʠʪʝ ʚ 

ʠʥʪʝʨʥʝʪ ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ ʟʘ ʠʟʚʲʥʢʣʘʩʥʘ ʨʘʙʦʪʘ ʧʦ ʤʘʪʝʤʘʪʠʢʘ, ʢʘʢʪʦ ʠ ʟʘ STEAM 

ʦʙʨʘʟʦʚʘʥʠʝ. ʅʘʣʠʯʥʠ ʩʘ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʚ ɹʲʣʛʘʨʠʷ, ʩʚʲʨʟʘʥʠ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ ʠ ʚʠʜʝʦʠʛʨʠ ʚ ʦʙʨʘʟʦʚʘʥʠʝʪʦ (ʇʝʡʯʝʚʘ-ʌʦʨʩʘʡʪ & ʁʦʚʢʦʚʘ 2020), 

(ɸʥʛʝʣʦʚʘ & ʁʦʨʜʘʥʦʚʘ 2014), (ɸʣʝʢʩʠʝʚʘ 2021), (ʍʨʠʩʪʦʚ 2021), (ʊʝʨʟʠʝʚʘ 2021), 

(ɻʝʦʨʛʠʝʚʘ, ʊʫʧʘʨʦʚʘ 2019), (ɼʠʤʠʪʨʦʚ, ʂʦʚʘʯʝʚʘ 2023). 
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ɺʀɼʆɺɽ ɺʀɼɽʆʄɸʊɽʈʀɸʃʀ ɺʒɺ ɺʀʈʊʋɸʃʅʀʗ ʋʏʀʃʀʑɽʅ ʂɸɹʀʅɽʊ ʇʆ 

ʄɸʊɽʄɸʊʀʂɸ 

ɺʠʜʝʦʤʘʪʝʨʠʘʣʠʪʝ ʚʲʚ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʤʦʛʘʪ ʜʘ ʩʝ 

ʨʘʟʜʝʣʷʪ ʥʘ ʪʨʠ ʚʠʜʘ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʠʤ: 

¶ ɼʲʣʛʠ ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ ʩ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘʜ 20 ʤʠʥʫʪʠ. ʅʘʡ-ʯʝʩʪʦ ʪʝ ʩʘ ʩ 

ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʢʲʤ 60 ʤʠʥʫʪʠ. ɼʲʣʛʠ ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ ʩʘ ʟʘʧʠʩʠ ʥʘ ʫʝʙʠʥʘʨʠ, 

ʥʘʧʨʠʤʝʨ  ʟʘʧʠʩ ʥʘ ʫʝʙʠʥʘʨ Ăʇʦʜʛʦʪʦʚʢʘ ʟʘ ʦʥʣʘʡʥ ʩʲʩʪʝʟʘʥʠʝ ĂVIVA  ʄʘʪʝʤʘʪʠʢʘ ʩ 

ʢʦʤʧʶʪʲʨñ, ʧʨʦʚʝʜʝʥ ʥʘ 13 ʬʝʚʨʫʘʨʠ 2019 ʛ. (ʬʠʛ. 1). 

 

 
ʌʠʛʫʨʘ 1. ɿʘʧʠʩ ʥʘ ʫʝʙʠʥʘʨ Ăʇʦʜʛʦʪʦʚʢʘ ʟʘ ʦʥʣʘʡʥ ʩʲʩʪʝʟʘʥʠʝ ĂVIVA  ʄʘʪʝʤʘʪʠʢʘ ʩ 

ʢʦʤʧʶʪʲʨñ https://cabinet.bg/content/bg/pages/file/Web_video/Webinar_1302_3_0.mp4 

 

¶ ɺʠʜʝʦʤʘʪʝʨʠʘʣʠ ʩʲʩ ʩʨʝʜʥʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ, ʢʦʠʪʦ ʩʘ ʤʝʞʜʫ 4 ʠ 20 ʤʠʥʫʪʥʠ. ʊʝ ʩʘ 

ʧʦʜʭʦʜʷʱʠ ʧʨʠ ʚʠʜʝʦʟʘʩʥʝʤʘʥʝ ʥʘ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʨʝʰʝʥʠʝ ʥʘ ʩʣʦʞʥʘ ʟʘʜʘʯʘ, ʥʘ 

ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʠ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʟʘʜʘʯʘ, ʥʘ ʧʦʩʪʨʦʷʚʘʥʝ ʥʘ ʩʣʦʞʝʥ ʤʦʜʝʣ ʠ ʜʨ.  

¶ ʂʨʘʪʢʠ ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ ʩ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʜʦ 4 ʤʠʥʫʪʠ, ʢʦʠʪʦ ʱʝ ʨʘʟʛʣʝʜʘʤʝ ʧʦ-

ʜʝʪʘʡʣʥʦ. 

ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʮʝʣʪʘ ʚʠʜʝʦʤʘʪʝʨʠʘʣʠʪʝ ʚʲʚ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ 

ʤʘʪʝʤʘʪʠʢʘ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ ʦʙʫʯʘʚʘʱʠ ʦʪʥʦʩʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʜʠʥʘʤʠʯʝʥ ʬʘʡʣ; 

ʦʙʫʯʘʚʘʱʠ ʦʪʥʦʩʥʦ ʩʲʟʜʘʚʘʥʝ ʥʘ ʜʠʥʘʤʠʯʝʥ ʬʘʡʣ; ʧʨʝʜʩʪʘʚʷʱʠ ʟʘʜʘʯʘ; ʧʨʝʜʩʪʘʚʷʱʠ 

ʨʝʰʝʥʠʝ ʥʘ ʟʘʜʘʯʘ; ʚʲʚʝʞʜʘʱʠ ʚ ʩʠʪʫʘʮʠʷ (ʧʨʦʩʪʨʘʥʩʪʚʦ, ʠʜʝʷ, ʤʥʝʥʠʝ ʠ ʜʨ). 

ʊʫʢ ʱʝ ʧʨʝʜʩʪʘʚʠʤ ʦʬʦʨʤʣʝʥʠʝʪʦ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʪʦ ʥʘ ʥʷʢʦʠ ʦʪ ʢʨʘʪʢʠʪʝ 

ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ. 

 

ʂʈɸʊʂʀ ɺʀɼɽʆʄɸʊɽʈʀɸʃʀ 

ʏʘʩʪ ʦʪ ʢʨʘʪʢʠʪʝ ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ ʙʷʭʘ ʩʲʟʜʘʜʝʥʠ ʧʨʝʟ 2020-2022 ʛ., ʧʦ ʚʨʝʤʝ ʥʘ 

ʧʘʥʜʝʤʠʷʪʘ, ʧʨʠʯʠʥʝʥʘ ʦʪ COVID-19. ʆʱʝ ʚ ʧʲʨʚʘʪʘ ʩʝʜʤʠʮʘ ʦʪ ʦʙʷʚʝʥʦʪʦ ʜʠʩʪʘʥʮʠʦʥʥʦ 

ʦʙʫʯʝʥʠʝ ʚ ʫʯʠʣʠʱʘʪʘ, ʚʲʚ ʚʨʲʟʢʘ ʩ ʠʟʚʲʥʨʝʜʥʦʪʦ ʧʦʣʦʞʝʥʠʝ, ʦʙʷʚʝʥʦ ʩ ʨʝʰʝʥʠʝ ʥʘ 

ʅʘʨʦʜʥʦʪʦ ʩʲʙʨʘʥʠʝ ʥʘ ɹʲʣʛʘʨʠʷ, ʩʝ ʦʮʝʥʠ ʥʫʞʜʘʪʘ ʦʪ ʜʠʛʠʪʘʣʥʠ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʨʝʩʫʨʩʠ 

(ʏʝʭʣʘʨʦʚʘ, ʎʚʷʪʢʦʚ & ʏʝʭʣʘʨʦʚʘ 2021). ʎʝʣʪʘ ʥʘ ʢʨʘʪʢʠʪʝ ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ ʙʝ ʜʘ 

ʧʦʜʧʦʤʦʛʥʘʪ ʫʯʝʥʠʮʠʪʝ, ʨʦʜʠʪʝʣʠʪʝ ʠ ʫʯʠʪʝʣʠʪʝ, ʯʨʝʟ ʦʙʷʩʥʝʥʠʷ ʥʘ ʜʦʩʪʲʧʝʥ ʝʟʠʢ, ʚ 

ʧʲʣʥʦʮʝʥʥʦʪʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʝʩʫʨʩʠ ʦʪ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ. 

ʏʘʩʪ ʦʪ ʪʷʭ ʩʝ ʥʘʤʠʨʘʪ ʚ ʨʘʟʜʝʣ Ăɺʠʜʝʦ ʟʘʜʘʯʠñ (ʬʠʛ. 2). 

 

https://cabinet.bg/content/bg/pages/file/Web_video/Webinar_1302_3_0.mp4
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ʌʠʛʫʨʘ 2. ʈʘʟʜʝʣ Ăɺʠʜʝʦ ʟʘʜʘʯʠñ 

 

ʀʟʨʘʙʦʪʚʘʥʠ ʩʘ ʩʧʝʮʠʘʣʥʠ ʬʦʥʦʚʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʦʪʛʦʚʘʨʷʱʠ ʥʘ ʪʝʤʘʪʘ ʥʘ 

ʩʲʦʪʚʝʪʥʠʷ ʤʘʪʝʨʠʘʣ (ʬʠʛ. 3). 

 

 

 
ʌʠʛʫʨʘ 3. ʌʦʥ ʥʘ ʛʦʚʦʨʝʱʠʷ  

https://cabinet.bg/video/Nauka/NOSOS1.mp4       

 https://cabinet.bg/video/Nauka/NOSO7.mp4 

 

ɺ ʥʘʯʘʣʦʪʦ ʥʘ ʪʝʟʠ ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ ʩʝ ʧʨʝʜʦʩʪʘʚʷ ʫʝʙ ʘʜʨʝʩʲʪ ʥʘ ʬʘʡʣʘ ʠʣʠ ʪʝʤʘʪʘ, 

ʩ ʢʦʠʪʦ ʩʝ ʨʘʙʦʪʠ ʠ/ʠʣʠ ʩʲʦʪʚʝʪʥʠʷ QR ʢʦʜ. ɺ ʥʷʢʦʠ ʦʪ ʚʠʜʝʦʤʘʪʝʨʠʘʣʠʪʝ ʩʝ ʧʦʢʘʟʚʘ ʧʲʪʷʪ, 

ʧʦ ʢʦʡʪʦ ʦʪ ʥʘʯʘʣʥʘ ʩʪʨʘʥʠʮʘ ʥʘ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʩʝ ʩʪʠʛʘ ʜʦ 

ʘʧʣʝʪʘ, ʩ ʢʦʡʪʦ ʱʝ ʩʝ ʨʘʙʦʪʠ (ʬʠʛ. 4). 

 

 
ʌʠʛʫʨʘ 4. ʇʨʝʜʩʪʘʚʷʥʝ ʥʘ ʧʲʪʷ ʟʘ ʜʦʩʪʲʧ ʜʦ ʨʘʟʛʣʝʞʜʘʥ ʨʝʩʫʨʩ 
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ʆʩʚʝʥ ʦʩʥʦʚʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ, ʦʙʩʲʞʜʘʪ ʩʝ ʠ ʨʘʟʣʠʯʥʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʥʘ 

ʩʦʬʪʫʝʨʘ, ʥʘʧʨʠʤʝʨ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʪʦ ʥʘ ʥʘʣʠʯʥʠʪʝ ʠʥʩʪʨʫʤʝʥʪʠ, ʢʦʠʪʦ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ 

ʝʢʨʘʥʘ, ʠ ʙʫʪʦʥʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ.  

     

 
ʌʠʛʫʨʘ 5. ʇʨʝʜʩʪʘʚʷʥʝ ʥʘ ʟʘʜʘʯʘʪʘ ʠ ʨʝʰʝʥʠʝʪʦ Ⱬ  

 

ʅʘʧʨʠʤʝʨ, ʩʣʝʜ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʟʘʜʘʯʘʪʘ ʠ ʥʘʯʠʥʘ ʥʘ ʨʝʰʘʚʘʥʝ (ʬʠʛ. 5) ʩʝ ʧʦʩʪʘʚʷ 

ʘʢʮʝʥʪ ʚʲʨʭʫ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʦʪʤʝʪʢʘʪʘ ʟʘ ʩʢʨʠʚʘʥʝ/ʧʦʢʘʟʚʘʥʝ ʠ ʚʨʲʱʘʥʝʪʦ ʚ ʠʟʭʦʜʥʘ 

ʧʦʟʠʮʠʷ ʯʨʝʟ ʙʫʪʦʥʘ ʛʦʨʝ ʚʜʷʩʥʦ (ʬʠʛ. 6). 

 

 
ʌʠʛʫʨʘ 6. ʇʨʝʜʩʪʘʚʷʥʝ ʥʘ ʠʥʩʪʨʫʤʝʥʪʠ ʥʘ ʩʦʬʪʫʝʨʘ 

 

ʂʨʘʪʢʠ ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ ʠʤʘ ʚ ʥʷʢʦʠ ʦʪ STEAM ʪʝʤʠʪʝ ʚ ʢʘʙʠʥʝʪʘ. ʇʦ-ʛʦʣʷʤʘʪʘ ʯʘʩʪ 

ʦʪ ʪʷʭ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʜʠʥʘʤʠʯʥʠʪʝ ʬʘʡʣʦʚʝ, ʢʦʠʪʦ ʩʘ ʯʘʩʪ ʦʪ ʩʲʦʪʚʝʪʥʠʪʝ ʪʝʤʠ. ʅʘʧʨʠʤʝʨ ʚ 

ʪʝʤʘʪʘ ɺʧʠʩʘʥ ʲʛʲʣ ʩʘ ʚʢʣʶʯʝʥʠ ʯʝʪʠʨʠ ʚʠʜʝʦʤʘʪʝʨʠʘʣʘ. ɺ ʧʲʨʚʠʷ ʩʝ ʧʦʩʪʨʦʷʚʘ ʜʠʥʘʤʠʯʝʥ 

ʚʧʠʩʘʥ ̡ʛʲʣ (ʬʠʛ. 7). ɺʲʚ ʚʪʦʨʠʷ ʚʠʜʝʦʤʘʪʝʨʠʘʣ ʩʝ ʧʨʝʜʩʪʘʚʷ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʧʨʝʜʦʩʪʘʚʝʥʠʷ ʬʘʡʣ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʚʧʠʩʘʥ ʲʛʲʣ 

ʠ ʩʲʦʪʚʝʪʥʠʷ ʮʝʥʪʨʘʣʝʥ ʲʛʲʣ. ɼʨʫʛʠʪʝ ʜʚʘ ʚʠʜʝʦʤʘʪʝʨʠʘʣʘ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʧʨʦʚʝʨʢʘ ʠʣʠ ʩʘʤʦʧʨʦʚʝʨʢʘ ʧʦ ʜʚʝʪʝ ʦʩʥʦʚʥʠ ʟʘʜʘʯʠ ï ʥʘʤʠʨʘʥʝ ʥʘ ʛʨʘʜʫʩʥʘʪʘ ʤʷʨʢʘ ʥʘ 

ʮʝʥʪʨʘʣʝʥ ʲʛʲʣ ʧʨʠ ʜʘʜʝʥ ʩʲʦʪʚʝʪʥʠʷ ʚʧʠʩʘʥ ʲʛʲʣ ʠ ʦʙʨʘʪʥʦ. 

 

 
ʌʠʛʫʨʘ 7. ʇʦʩʪʨʦʷʚʘʥʝ ʥʘ ʜʠʥʘʤʠʯʝʥ ʚʧʠʩʘʥ ʲʛʲʣ 

https://cabinet.bg/index.php?contenttype=viewarticle&id=13 
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ʇʨʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʥʷʢʦʠ ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ ʩʝ ʠʟʧʦʣʟʚʘ ʘʥʠʤʘʮʠʷʪʘ, ʧʦʨʦʜʝʥʘ ʦʪ 

ʧʦʩʪʘʚʷʥʝ ʥʘ ʧʘʨʘʤʝʪʲʨ ʚ ʩʲʦʪʚʝʪʝʥ ʨʝʞʠʤ (ʬʠʛ. 8). 

 

 

ʌʠʛʫʨʘ 8. ʌʨʘʢʪʘʣʘ Ăʉʥʝʞʠʥʢʘʪʘ ʥʘ ʂʦʭñ  

https://cabinet.bg/video/Fractal_Koch_video5.webm 

https://cabinet.bg/index.php?contenttype=viewarticle&id=144 

 

ɹʠʭʤʝ ʧʨʝʧʦʨʲʯʘʣʠ ʩʧʝʮʠʘʣʥʦ ʦʟʚʫʯʘʚʘʥʝ ʥʘ ʥʷʢʦʠ ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ, ʥʘʧʨʠʤʝʨ  

ʚʠʜʝʦʤʘʪʝʨʠʘʣʘ ʩ ʬʨʘʢʪʘʣʘ Ăʉʥʝʞʠʥʢʘʪʘ ʥʘ ʂʦʭñ ʩ ʧʦʜʭʦʜʷʱʘ ʠʥʩʪʨʫʤʝʥʪʘʣʥʘ ʤʫʟʠʢʘ.  

ʂʘʪʦ ʢʨʘʪʢʠ ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ ʩʘ ʧʨʝʜʦʩʪʘʚʝʥʠ ʠʥʪʝʨʚʶʪʘ ʠ ʟʘʩʥʝʤʘʥʠ ʦʙʝʢʪʠ ʚ STEAM 

ʪʝʤʠ, ʢʦʠʪʦ ʧʦʜʧʦʤʘʛʘʪ ʧʦʪʘʧʷʥʝʪʦ ʚ ʩʲʦʪʚʝʪʥʘʪʘ ʩʨʝʜʘ, ʥʘʧʨʠʤʝʨ ɽʧʠʩʢʦʧʩʢʘʪʘ ʙʘʟʠʣʠʢʘ 

ʥʘ ʌʠʣʠʧʦʧʦʣ (Chehlarova 2021),  ʠʣʠ ʩʠʪʫʘʮʠʷ, ʥʘʧʨʠʤʝʨ ʠʥʪʝʨʚʶ, ʩʚʲʨʟʘʥʦ ʩ ʙʣʘʪʥʦʪʦ 

ʢʦʢʠʯʝ (ʬʠʛ. 9). ʏʘʩʪ ʦʪ ʪʝʟʠ ʤʘʪʝʨʠʘʣʠ ʩʘ ʟʘʩʥʝʪʠ ʩ ʜʨʦʥ. 
 

  
ʌʠʛʫʨʘ 9. ɺʠʜʝʦʤʘʪʝʨʠʘʣʠ ʠ ʩʮʝʥʘʨʠʠ ʟʘ ʧʦʪʘʧʷʥʝ ʚ ʩʲʦʪʚʝʪʥʘʪʘ ʩʨʝʜʘ 

https://cabinet.bg/index.php?contenttype=viewarticle&id=453 

https://cabinet.bg/index.php?contenttype=viewarticle&id=327 

https://cabinet.bg/storage/vt_327.mp4 

 

ɿɸʂʃʖʏɽʅʀɽ 

ɺʠʜʝʦʤʘʪʝʨʠʘʣʠʪʝ ʩʘ ʧʦʜʭʦʜʷʱʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦ ʩʨʝʜʩʪʚʦ ʢʘʢʪʦ ʟʘ ʧʦʩʪʘʚʷʥʝ ʥʘ 

ʧʨʦʙʣʝʤʠ, ʪʘʢʘ ʠ ʟʘ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʨʝʰʝʥʠʷ ʠ ʥʘ ʠʥʩʪʨʫʤʝʥʪʠ, ʧʦʜʧʦʤʘʛʘʱʠ ʨʝʰʘʚʘʥʝʪʦ 

ʠʤ. ʋʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʚʠʜʝʦʤʘʪʝʨʠʘʣʠʪʝ ʚʲʚ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ, 

ʢʘʢʪʦ ʠ ʧʦʩʪʘʚʷʥʝʪʦ ʠʤ ʚ ʪʝʤʠ ʟʘ STEAM ʦʙʨʘʟʦʚʘʥʠʝ, ʱʝ ʫʣʝʩʥʠ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʧʨʠ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʨʝʩʫʨʩʠʪʝ. ʇʦʜʭʦʜʷʱʦ ʝ ʜʦʧʲʣʚʘʥʝʪʦ ʩ ʚʠʜʝʦʤʘʪʝʨʠʘʣʠ ʩʲʩ ʩʨʝʜʥʘ 

ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ï ʥʘʧʨʠʤʝʨ ʟʘ ʟʘʧʦʟʥʘʚʘʥʝ ʩ ʦʩʥʦʚʥʠʪʝ ʨʘʟʜʝʣʠ ʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʥʘ 

ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʥʘ ʩʲʩʪʝʟʘʥʠʝ ĂViva ʄʘʪʝʤʘʪʠʢʘ ʩ 

ʢʦʤʧʶʪʲʨñ. ʊʝʭʥʠʯʝʩʢʘʪʘ ʦʙʨʘʙʦʪʢʘ ʠ  ʤʦʥʪʘʞ ʥʘ ʚʠʜʝʦʢʣʠʧʦʚʝʪʝ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʮʠʟʠʨʘ 

ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥ ʩʦʬʪʫʝʨ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʟʚʫʢʦʚʠ ʠ ʰʫʤʦʚʠ ʝʬʝʢʪʠ.  

 

 

 

https://cabinet.bg/video/Fractal_Koch_video5.webm
https://cabinet.bg/index.php?contenttype=viewarticle&id=144
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SHORT VIDEO RESOURCES IN THE VIRTUAL ʄɸTHEMATICS 

LABORATORY  
 

Neda Chehlarova, Koya Chehlarova 

 

ABSTRACT 

There are separate types of video resources in the Virtual ʄʘthematics Laboratory, 

developed at the Institute of Mathematics and Informatics at the Bulgarian Academy of Sciences 

and the Union of Mathematicians in Bulgaria. Some ideas, the layout and the purpose of the short 

video materials are presented. Emphasis is placed on the possibilities of using some of them for 

training in STEAM centers. 

Keywords: video; video resources; digital competence; STEAM; education 
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ɿɼʈɸɺʆʉʃʆɺʅʆʊʆ ʍʈɸʅɽʅɽ ɺ ʂʆʅʊɽʂʉʊɸ ʅɸ STEM 

 
ʀʚʘʥ ʇʝʪʢʦʚ 

 

 

ʈɽɿʖʄɽ 

ʇʨʝʜʩʪʘʚʝʥ ʝ ʚʘʨʠʘʥʪ ʟʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʧʨʦʝʢʪʥʦ-ʙʘʟʠʨʘʥʦ ʦʙʫʯʝʥʠʝ ʚ ʯʘʩʦʚʝʪʝ ʧʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʩʲʯʝʪʘʚʘʱ ʢʦʤʧʶʪʲʨʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʤʘʪʝʤʘʪʠʢʘ, ʬʠʟʠʢʘ, 

ʙʠʦʣʦʛʠʷ ʠ ʛʝʦʛʨʘʬʠʷ. ʉʧʦʜʝʣʝʥʠ ʩʘ ʠʜʝʠ, ʩʚʲʨʟʘʥʠ ʩ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʜʠʥʘʤʠʯʥʠ ʨʝʩʫʨʩʠ 

ʩ GeoGebra, ʩʲʟʜʘʚʘʥʝ ʥʘ ʤʘʨʰʨʫʪ ʚ Google Earth ʠ ʠʥʪʝʛʨʠʨʘʥʝʪʦ ʠʤ ʚ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ. 

ʆʧʠʩʘʥʠ ʩʘ ʜʝʡʥʦʩʪʠ, ʧʨʠ ʢʦʠʪʦ ʫʯʝʥʠʮʠʪʝ ʠʤʘʭʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʧʨʠʣʦʞʘʪ ʥʘ ʧʨʘʢʪʠʢʘ ʠ ʚ 

ʨʝʘʣʥʘ ʦʙʩʪʘʥʦʚʢʘ ʥʘʫʯʝʥʦʪʦ. ɸʢʮʝʥʪʲʪ ʝ ʧʦʩʪʘʚʝʥ ʚʲʨʭʫ ʟʜʨʘʚʦʩʣʦʚʥʦʪʦ ʭʨʘʥʝʥʝ ʠ 

ʦʙʦʛʘʪʷʚʘʥʝ ʥʘ ʜʠʛʠʪʘʣʥʘʪʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪ ʥʘ ʫʯʝʥʠʮʠʪʝ. ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʟʘʜʘʯʠ, 

ʧʨʝʜʦʩʪʘʚʷʱʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʠʨʘʥʝ, ʠʟʩʣʝʜʚʘʥʝ ʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʛʦʪʦʚʠʷ 

ʧʨʦʜʫʢʪ ʚ ʨʝʘʣʥʘ ʩʠʪʫʘʮʠʷ. ʆʪʙʝʣʷʟʘʥʠ ʩʘ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʧʨʦʝʢʪʥʠʪʝ 

ʜʝʡʥʦʩʪʠ ʠ ʩʘ ʧʨʝʜʣʦʞʝʥʠ ʨʝʰʝʥʠʷ ʧʦʜʧʦʤʘʛʘʱʠ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ.  

ʂʣʶʯʦʚʠ ʜʫʤʠ: STEM; ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʧʦʜʭʦʜ; ʜʠʛʠʪʘʣʥʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪ; ʠʥʬʦʨʤʘʮʠʦʥʥʠ 

ʪʝʭʥʦʣʦʛʠʠ 

 

ɺʒɺɽɼɽʅʀɽ 

ɿʜʨʘʚʦʩʣʦʚʥʦʪʦ ʭʨʘʥʝʥʝ ʝ ʪʝʤʘ, ʚʲʣʥʫʚʘʱʘ ʜʦ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʯʘʩʪ ʦʪ ʫʯʝʥʠʮʠʪʝ ʧʦʨʘʜʠ 

ʠʟʧʨʘʚʷʥʝʪʦ ʠʤ ʧʨʝʜ ʧʨʦʙʣʝʤʠ ʩ ʧʦʜʜʲʨʞʘʥʝʪʦ ʥʘ ʥʦʨʤʘʣʥʦ ʪʝʛʣʦ ʠʣʠ ʟʘʨʘʜʠ ʩʪʨʝʤʝʞ ʟʘ 

ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʘʢʪʠʚʥʠ ʩʧʦʨʪʥʠ ʜʝʡʥʦʩʪʠ. ɺ ʩʲʯʝʪʘʥʠʝ ʩʲʩ ʩʲʚʨʝʤʝʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ 

ʪʝʤʘʪʘ ʧʨʝʜʠʟʚʠʢʚʘ ʛʦʣʷʤ ʠʥʪʝʨʝʩ, ʧʦʜʪʠʢʚʘʡʢʠ ʫʯʝʥʠʮʠʪʝ ʢʲʤ ʧʦ-ʣʝʩʝʥ ʠ ʫʜʦʙʝʥ ʟʘ ʪʷʭ 

ʥʘʯʠʥ ʜʘ ʩʝ ʚʧʫʩʥʘʪ ʚ ʧʦ-ʟʘʜʲʣʙʦʯʝʥʦ ʠʟʫʯʘʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʘ. 

ɺʩʝ ʧʦ-ʪʨʫʜʥʦ ʠ ʘʥʛʘʞʠʨʘʱʦ ʟʘ ʫʯʠʪʝʣʷ ʝ ʜʘ ʦʪʛʦʚʦʨʠ ʥʘ ʚʠʩʦʢʠʪʝ ʠʟʠʩʢʚʘʥʠʷ ʥʘ 

ʫʯʝʥʠʮʠ, ʨʦʜʠʪʝʣʠ ʠ ʦʙʱʝʩʪʚʝʥʦʩʪ, ʜʘ ʥʘʤʝʨʠ ʧʨʘʚʠʣʥʠʷ ʧʦʜʭʦʜ, ʜʘ ʧʨʝʜʩʪʘʚʠ ʥʦʚʠʪʝ 

ʟʥʘʥʠʷ ʧʦ ʠʥʪʝʨʝʩʝʥ ʠ ʣʝʩʝʥ ʟʘ ʚʲʟʧʨʠʝʤʘʥʝ ʥʘʯʠʥ, ʜʘ ʫʩʧʝʝ ʜʘ ʤʦʪʠʚʠʨʘ ʫʯʝʥʠʮʠʪʝ ʠ ʜʘ 

ʥʘʢʘʨʘ ʨʦʜʠʪʝʣʠʪʝ ʜʘ ʩʪʘʥʘʪ ʩʲʧʨʠʯʘʩʪʥʠ ʢʲʤ ʦʙʨʘʟʦʚʘʪʝʣʥʠʷ ʧʨʦʮʝʩ. ɺ (Galabova 2022) ʩʘ 

ʬʦʨʤʫʣʠʨʘʥʠ ʦʩʥʦʚʥʠ ʟʘʜʘʯʠ, ʧʨʝʜ ʢʦʠʪʦ ʩʝ ʠʟʧʨʘʚʷ ʝʞʝʜʥʝʚʥʦ ʩʲʚʨʝʤʝʥʥʠʷ ʫʯʠʪʝʣ ʚ 

ʧʝʜʘʛʦʛʠʯʝʩʢʘʪʘ ʩʠ ʧʨʘʢʪʠʢʘ, ʩʚʲʨʟʘʥʠ ʩ ʧʝʨʩʦʥʘʣʠʟʘʮʠʷ ʥʘ ʫʯʝʙʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʠ 

ʦʨʠʝʥʪʠʨʘʥʝʪʦ ʤʫ ʢʲʤ ʨʝʟʫʣʪʘʪʠ; ʧʦʩʦʯʚʘʪ ʩʝ ʥʝʦʙʭʦʜʠʤʠ ʢʘʯʝʩʪʚʘ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ 

ʧʨʠʪʝʞʘʚʘ, ʤʝʞʜʫ ʢʦʠʪʦ ʢʨʝʘʪʠʚʥʦʩʪ, ʫʤʝʥʠʷ ʜʘ ʬʦʨʤʠʨʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʠ ʪʚʦʨʯʝʩʢʠ 

ʠʥʪʝʨʝʩʠ, ʫʤʝʥʠʷ ʜʘ ʚʜʲʭʥʦʚʷʚʘ ʠ ʤʦʪʠʚʠʨʘ ʤʣʘʜʠʪʝ ʭʦʨʘ ʜʘ ʪʲʨʩʷʪ ʥʦʚʠ ʟʥʘʥʠʷ.  

ʆʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʠʟʫʯʘʚʘʥʦʪʦ ʫʯʝʙʥʦ ʩʲʜʲʨʞʘʥʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʘʪʘ 

ʤʫ ʥʘʩʦʯʝʥʦʩʪ ʝ ʚʘʞʝʥ ʤʦʤʝʥʪ ʧʨʠ ʧʣʘʥʠʨʘʥʝʪʦ ʥʘ ʫʯʝʙʥʠʷ ʯʘʩ ʠ ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʫʯʠʪʝʣʷ. 

ɺ (ʏʝʭʣʘʨʦʚʘ & ʇʝʪʢʦʚ 2018) ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʨʝʦʜʦʣʷʚʘʥʝ ʥʘ ʫʩʝʱʘʥʝʪʦ ʟʘ 

ʟʘʩʠʣʝʥʦ ʪʝʦʨʝʪʠʟʠʨʘʥʝ ʥʘ ʦʙʫʯʝʥʠʝʪʦ ʠ ʝ ʠʣʶʩʪʨʠʨʘʥ ʚʘʨʠʘʥʪ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʚʨʲʟʢʘ 

ʤʝʞʜʫ ʠʟʫʯʘʚʘʥʦʪʦ ʫʯʝʙʥʦ ʩʲʜʲʨʞʘʥʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʘʪʘ ʤʫ ʥʘʩʦʯʝʥʦʩʪ ʯʨʝʟ ʫʯʘʩʪʠʝ ʥʘ 

ʫʯʝʥʠʮʠʪʝ ʚ ʦʥʣʘʡʥ ʢʦʥʢʫʨʩ. ʋʩʧʝʰʥʘʪʘ ʨʝʘʣʠʟʘʮʠʷ ʟʘʚʠʩʠ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʥʘʪʘ ʧʦʜʛʦʪʦʚʢʘ, 

ʧʨʠ ʢʦʷʪʦ ʫʯʠʪʝʣʷʪ ʪʨʷʙʚʘ ʚʥʠʤʘʪʝʣʥʦ ʜʘ ʧʣʘʥʠʨʘ ʧʨʦʝʢʪʥʠʪʝ ʜʝʡʥʦʩʪʠ, ʜʘ ʛʠ ʦʙʚʲʨʞʝ ʧʦ 

ʧʦʜʭʦʜʷʱ ʥʘʯʠʥ ʩ ʫʯʝʙʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ, ʜʘ ʩʲʫʤʝʝ ʜʘ ʘʢʮʝʥʪʠʨʘ ʚʲʨʭʫ ʧʨʘʢʪʠʯʝʩʢʘʪʘ 

ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʠʟʫʯʘʚʘʥʠʷ ʤʘʪʝʨʠʘʣ, ʜʘ ʧʨʦʫʯʠ ʩʲʱʝʩʪʚʫʚʘʱʠ ʨʝʰʝʥʠʷ ʧʦ ʪʝʤʘʪʘ ʠ ʜʘ 

ʧʨʝʜʣʦʞʠ ʧʦʜʭʦʜʷʱʠ ʧʨʠʤʝʨʠ ʠ ʟʘʜʘʯʠ, ʢʘʢʪʦ ʠ ʩʦʬʪʫʝʨʥʠ ʧʨʦʜʫʢʪʠ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʠʤ. 
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ɽʊɸʇʀ ʅɸ ʈɽɸʃʀɿɸʎʀʗ ʀ ɸʅɸʃʀɿ ʅɸ ʇʆʉʊʀɻʅɸʊʀʊɽ ʈɽɿʋʃʊɸʊʀ 

ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʧʨʦʝʢʪʥʠ ʜʝʡʥʦʩʪʠ ʥʘ ʪʝʤʘ Ăɿʜʨʘʚʦʩʣʦʚʥʦ ʭʨʘʥʝʥʝñ, ʨʝʘʣʠʟʠʨʘʥʠ ʚ 

ʯʘʩʦʚʝʪʝ ʧʦ ʀʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ ʩ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ 90 ʤʠʥʫʪʠ (ʜʚʘ ʫʯʝʙʥʠ ʯʘʩʘ ʧʦ 

45 ʤʠʥʫʪʠ) ʠ ʦʙʭʚʘʥʘʣʠ 76 ʫʯʝʥʠʮʠ ʦʪ ʉʨʝʜʥʦ ʫʯʠʣʠʱʝ Ăʉʚʝʪʠ ʩʚʝʪʠ ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʡñ, 

ʛʨ. ʇʣʦʚʜʠʚ. ʋʯʘʩʪʥʠʮʠʪʝ, ʩ ʧʨʝʚʝʩ ʥʘ ʤʦʤʠʯʝʪʘ (72%) ʥʘʜ ʤʦʤʯʝʪʘ (28%), ʩʘ ʦʪ 

ʛʠʤʥʘʟʠʘʣʝʥ ʝʪʘʧ ʥʘ ʦʙʫʯʝʥʠʝ (9. ʢʣʘʩ ï ʪʨʠ ʧʘʨʘʣʝʣʢʠ).  

ʇʲʨʚʠʷʪ ʫʯʝʙʝʥ ʯʘʩ ʦʙʭʚʘʥʘ ʜʝʡʥʦʩʪʠ ʧʦ ʧʨʦʫʯʚʘʥʝ, ʩʲʟʜʘʚʘʥʝ ʠ ʪʝʩʪʚʘʥʝ ʥʘ ʢʘʣʦʨʠʝʥ 

ʢʘʣʢʫʣʘʪʦʨ (ʬʠʛ. 1). ɼʝʡʥʦʩʪʠʪʝ ʧʦ ʚʨʝʤʝ ʥʘ ʚʪʦʨʠʷʪ ʫʯʝʙʝʥ ʯʘʩ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʧʨʘʢʪʠʯʝʩʢʦ 

ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʢʘʣʦʨʠʡʥʠʷ ʢʘʣʢʫʣʘʪʦʨ, ʩʲʟʜʘʚʘʥʝ ʥʘ ʙʘʣʘʥʩʠʨʘʥʦ ʜʥʝʚʥʦ ʤʝʥʶ ʠ ʩʲʩʪʘʚʷʥʝ 

ʥʘ ʤʘʨʰʨʫʪ ʚ Google Earth, ʧʨʝʜʩʪʘʚʷʱ ʦʩʥʦʚʥʠ ʭʨʘʥʠʪʝʣʥʠ ʧʨʦʜʫʢʪʠ ʠ ʨʘʟʣʠʯʥʠʪʝ ʩʪʨʘʥʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠ ʠʟʥʦʩʠʪʝʣʠ. 

 
ʌʠʛʫʨʘ 1. ʂʘʣʦʨʠʝʥ  ʢʘʣʢʫʣʘʪʦʨ 

https://www.geogebra.org/material/iframe/id/nmqjup9h 

 

ɺ ʥʘʯʘʣʦʪʦ ʥʘ ʧʲʨʚʠʷʪ ʫʯʝʙʝʥ ʯʘʩ ʫʯʝʥʠʮʠʪʝ ʦʪ ʚʩʷʢʘ ʧʘʨʘʣʝʣʢʘ ʩʝ ʨʘʟʜʝʣʠʭʘ ʥʘ ʝʢʠʧʠ. 

ʏʘʩʲʪ ʦʙʭʚʘʥʘ ʜʚʘ ʝʪʘʧʘ, ʧʲʨʚʠʷʪ ʦʪ ʢʦʠʪʦ ʚʢʣʶʯʚʘʰʝ ʧʨʦʝʢʪʥʠ ʜʝʡʥʦʩʪʠ, ʢʘʪʦ ʠʥʪʝʨʥʝʪ 

ʧʨʦʫʯʚʘʥʝ, ʩʚʲʨʟʘʥʦ ʩʲʩ ʟʜʨʘʚʦʩʣʦʚʥʦʪʦ ʭʨʘʥʝʥʝ ʠ ʦʪʢʨʠʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ ʟʘ 

ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʠʥʜʝʢʩʘ ʥʘ ʪʝʣʝʩʥʘʪʘ ʤʘʩʘ, ʙʘʟʦʚʠʷʪ ʤʝʪʘʙʦʣʠʟʲʤ ʠ ʥʝʦʙʭʦʜʠʤʠʪʝ ʟʘ 

ʦʨʛʘʥʠʟʤʘ ʜʥʝʚʥʠ ʢʦʣʠʯʝʩʪʚʘ ʢʘʣʦʨʠʠ, ʚʲʛʣʝʭʠʜʨʘʪʠ, ʧʨʦʪʝʠʥʠ ʠ ʤʘʟʥʠʥʠ. ʇʦʩʣʝʜʚʘ 

ʦʙʩʲʞʜʘʥʝ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʜʠʩʢʫʩʠʷ ʟʘ ʦʬʦʨʤʷʥʝ ʥʘ ʩʦʙʩʪʚʝʥʘ ʠʜʝʷ ʠ ʚʠʟʠʷ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ 

ʢʘʣʦʨʠʝʥ ʢʘʣʢʫʣʘʪʦʨ. ʈʦʣʷʪʘ ʥʘ  ʫʯʠʪʝʣʷ ʥʘ ʪʦʟʠ ʝʪʘʧ ʝ ʜʘ ʧʦʜʧʦʤʦʛʥʝ ʯʨʝʟ ʥʘʩʦʯʚʘʥʝ ʢʲʤ 

ʣʠʪʝʨʘʪʫʨʥʠ ʠʟʪʦʯʥʠʮʠ. ʇʦʜʭʦʜʷʱʦ ʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʠ ʤʦʟʲʯʥʘ ʘʪʘʢʘ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʠʜʝʠ, 

ʢʘʪʦ ʩʝ ʦʪʛʦʚʦʨʠ ʥʘ ʩʣʝʜʥʠʪʝ ʚʲʧʨʦʩʠ: ʂʘʢʚʦ ʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʪʦ ʥʘ ʢʘʣʦʨʠʡʥʠʷ 

ʢʘʣʢʫʣʘʪʦʨ? ʂʘʢʚʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʪʨʷʙʚʘ ʜʘ ʧʨʠʪʝʞʘʚʘ? ʂʘʢʚʠ ʚʭʦʜʥʠ ʜʘʥʥʠ ʩʘ 

ʥʝʦʙʭʦʜʠʤʠ? ʂʘʢʚʘ ʠʥʬʦʨʤʘʮʠʷ ʥʠ ʧʨʝʜʦʩʪʘʚʷ? ʆʪ ʢʘʢʚʠ ʧʦʪʨʝʙʠʪʝʣʠ ʱʝ ʩʝ ʠʟʧʦʣʟʚʘ? 

ʉʣʝʜʚʘʱ ʝʪʘʧ ʙʝ ʩʲʟʜʘʚʘʥʝ ʥʘ ʢʘʣʦʨʠʝʥ ʢʘʣʢʫʣʘʪʦʨ ʩ ʧʦʤʦʱʪʘ ʥʘ GeoGebra. ʇʨʦʝʢʪʥʠʪʝ 

ʜʝʡʥʦʩʪʠ ʚʢʣʶʯʚʘʭʘ ʜʦʙʘʚʷʥʝ ʥʘ ʥʝʦʙʭʦʜʠʤʠʪʝ ʧʣʲʟʛʘʯʠ ʟʘ ʧʦʣ, ʚʲʟʨʘʩʪ, ʪʝʛʣʦ, ʚʠʩʦʯʠʥʘ, 

ʥʠʚʦ ʥʘ ʬʠʟʠʯʝʩʢʘ ʘʢʪʠʚʥʦʩʪ, ʥʦʨʤʠ ʟʘ ʦʪʩʣʘʙʚʘʥʝ ʠ ʥʘʜʜʘʚʘʥʝ. ɼʦʙʘʚʷʥʝ ʥʘ ʜʠʥʘʤʠʯʥʠ 

ʪʝʢʩʪʦʚʝ ʠ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʥʝʦʙʭʦʜʠʤʠʪʝ ʠʟʯʠʩʣʝʥʠʷ (ʠʥʜʝʢʩ ʥʘ ʪʝʣʝʩʥʘ ʤʘʩʘ, ʙʘʟʦʚ 

ʤʝʪʘʙʦʣʠʟʲʤ ʠ ʥʝʦʙʭʦʜʠʤʠʪʝ ʢʘʣʦʨʠʠ, ʚʲʛʣʝʭʠʜʨʘʪʠ, ʧʨʦʪʝʠʥʠ ʠ ʤʘʟʥʠʥʠ ʟʘ ʧʦʜʜʲʨʞʘʥʝ, 

ʦʪʩʣʘʙʚʘʥʝ ʠʣʠ ʥʘʜʜʘʚʘʥʝ ʥʘ ʪʝʢʫʱʦʪʦ ʪʝʛʣʦ). ɼʦʙʘʚʷʥʝ ʥʘ ʲʛʲʣ ʧʦ ʢʦʡʪʦ ʜʘ ʩʝ ʜʚʠʞʠ 

ʩʪʨʝʣʢʘ, ʧʦʢʘʟʚʘʱʘ ʠʥʜʝʢʩʘ ʥʘ ʪʝʣʝʩʥʘʪʘ ʤʘʩʘ. ʅʘ ʪʦʟʠ ʝʪʘʧ ʝ ʧʨʝʜʦʩʪʘʚʝʥʘ ʚʲʟʤʦʞʥʦʩʪ ʥʘ 

ʫʯʝʥʠʮʠʪʝ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʜʘ ʨʘʟʫʯʘʪ ʠ ʝʢʩʧʝʨʠʤʝʥʪʠʨʘʪ ʩ ʥʝʧʦʟʥʘʪʠʷ ʩʦʬʪʫʝʨʝʥ ʧʨʦʜʫʢʪ 

GeoGebra, ʜʘ ʩʝ ʟʘʧʦʟʥʘʷʪ ʩ ʥʘʣʠʯʥʠʪʝ ʨʝʩʫʨʩʠ ʚʲʚ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ 

ʤʘʪʝʤʘʪʠʢʘ (Chehlarova et al. 2014), ʟʘ ʜʘ ʧʨʠʜʦʙʠʷʪ ʧʨʝʜʩʪʘʚʘ ʟʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ 

ʩʦʬʪʫʝʨʘ, ʢʘʢʪʦ ʠ ʜʘ ʩʝ ʦʧʠʪʘʪ ʜʘ ʨʝʘʣʠʟʠʨʘʪ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʯʘʩʪ ʦʪ ʥʘʙʝʣʷʟʘʥʠʪʝ ʧʦ-ʛʦʨʝ 

ʜʝʡʥʦʩʪʠ. ɺ (ʏʝʭʣʘʨʦʚʘ 2020) ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʨʘʟʣʠʯʥʠ ʨʝʩʫʨʩʠ ʟʘ ʩʘʤʦʦʮʝʥʢʘ, ʨʘʟʨʘʙʦʪʝʥʠ 
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ʠ ʧʦʜʜʲʨʞʘʥʠ ʚʲʚ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ, ʧʦʩʦʯʝʥʠ ʩʘ ʥʷʢʦʣʢʦ 

ʤʦʜʝʣʘ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʢʦʥʢʨʝʪʥʠ ʧʨʠʤʝʨʠ ʠ ʩʝ ʨʘʟʛʣʝʞʜʘʪ ʥʘʯʠʥʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʧʣʲʟʛʘʯʠ, ʚʲʚʝʞʜʘʥʝ ʥʘ ʯʠʩʣʦʚʠ ʩʪʦʡʥʦʩʪʠ, ʧʨʝʤʝʩʪʚʘʥʝ ʥʘ ʦʙʝʢʪ ʠ ʜʨ. ʇʨʠʤʝʨ ʟʘ ʫʩʧʝʰʥʦ 

ʠʥʪʝʛʨʠʨʘʥʝ ʠ ʨʘʟʧʨʦʩʪʨʘʥʷʚʘʥʝ ʥʘ STEAM ʨʝʩʫʨʩʠ ʦʪ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ 

ʤʘʪʝʤʘʪʠʢʘ ʚ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ, ʝ ʧʨʝʜʩʪʘʚʝʥ ʚ (ʏʝʭʣʘʨʦʚʘ et al. 2019), ʢʲʜʝʪʦ ʩʝ ʦʧʠʩʚʘ 

ʧʨʦʚʝʜʝʥ ʫʝʙʠʥʘʨ. 

ʈʦʣʷʪʘ ʥʘ ʫʯʠʪʝʣʷ ʥʘ ʪʦʟʠ ʝʪʘʧ ʝ ʜʘ ʧʦʜʧʦʤʦʛʥʝ ʫʯʝʥʠʮʠʪʝ ʯʨʝʟ ʥʘʩʦʯʚʘʥʝ ʠ ʜʦʧʲʣʚʘʥʝ 

ʥʘ ʧʨʠʜʦʙʠʪʠʪʝ ʟʥʘʥʠʷ ʩ ʪʘʢʠʚʘ ʟʘ ʚʲʚʝʞʜʘʥʝ ʥʘ ʜʠʥʘʤʠʯʝʥ ʪʝʢʩʪ, ʩʲʜʲʨʞʘʱ ʬʦʨʤʫʣʠ ʠʣʠ 

ʫʩʣʦʚʥʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʲʟʜʘʚʘʥʝ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʠ ʧʨʦʤʝʥʣʠʚʠ ʠ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ 

ʦʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʩʪʨʝʣʢʘʪʘ ʦʪ 0 ʜʦ 180 ʛʨʘʜʫʩʘ, ʩʧʨʷʤʦ ʧʦʣʫʯʝʥʠʷ ʠʥʜʝʢʩ ʥʘ 

ʪʝʣʝʩʥʘ ʤʘʩʘ. ɽʢʠʧʥʘʪʘ ʨʘʙʦʪʘ ʠ ʪʝʩʪʚʘʥʝʪʦ ʩʝ ʦʢʘʟʘʭʘ ʚʘʞʥʘ ʯʘʩʪ ʦʪ ʨʘʙʦʪʥʠʷ ʧʨʦʮʝʩ, ʧʨʠ 

ʢʦʡʪʦ ʩʝ ʦʪʩʪʨʘʥʠʭʘ ʜʦʧʫʩʥʘʪʠ ʥʝʪʦʯʥʦʩʪʠ, ʥʘʡ-ʯʝʩʪʦ ʪʝʭʥʠʯʝʩʢʠ ʛʨʝʰʢʠ ʧʨʠ ʚʲʚʝʞʜʘʥʝ 

ʥʘ ʫʩʣʦʚʥʠʪʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʊʦʚʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʤʦʪʠʚʠʨʘ ʫʯʝʥʠʮʠʪʝ ʜʘ ʝʢʩʧʝʨʠʤʝʥʪʠʨʘʪ, ʟʘ 

ʜʘ ʦʪʢʨʠʷʪ ʥʝʢʦʨʝʢʪʥʠ ʨʝʟʫʣʪʘʪʠ, ʜʦʨʠ ʩʣʝʜ ʧʨʠʢʣʶʯʚʘʥʝ ʥʘ ʫʯʝʙʥʠʪʝ ʟʘʥʷʪʠʷ. 

ɺʪʦʨʠʷʪ ʫʯʝʙʝʥ ʯʘʩ ʟʘʧʦʯʥʘ ʩ ʚʥʝʜʨʷʚʘʥʝ ʥʘ ʛʦʪʦʚʠʷ ʢʘʣʦʨʠʝʥ ʢʘʣʢʫʣʘʪʦʨ ʚ ʨʝʘʣʥʘ 

ʩʠʪʫʘʮʠʷ ʯʨʝʟ ʧʨʘʢʪʠʯʝʩʢʘ ʟʘʜʘʯʘ, ʟʘʠʤʩʪʚʘʥʘ ʦʪ ʝʞʝʜʥʝʚʥʠʪʝ ʜʝʡʥʦʩʪʠ, ʢʦʠʪʦ ʠʟʚʲʨʰʚʘ 

ʢʦʥʩʫʣʪʘʥʪ ʧʦ ʟʜʨʘʚʦʩʣʦʚʥʦ ʭʨʘʥʝʥʝ. ʋʯʝʥʠʮʠʪʝ ʪʨʷʙʚʘʰʝ ʜʘ ʩʝ ʩʧʨʘʚʷʪ ʩʲʩ ʩʣʝʜʥʘʪʘ 

ʩʠʪʫʘʮʠʷ:  Ăɺʠʝ ʩʪʝ ʢʦʥʩʫʣʪʘʥʪ ʧʦ ʟʜʨʘʚʦʩʣʦʚʥʦ ʭʨʘʥʝʥʝ ʠ ʩʪʝ ʠʟʧʨʘʚʝʥ/a ʧʨʝʜ ʩʣʫʯʘʡ, ʚ 

ʢʦʡʪʦ ʤʣʘʜ ʤʲʞ (ʥʘ 27 ʛʦʜʠʥʠ, ʩ ʪʝʛʣʦ 79 ʢʠʣʦʛʨʘʤʘ ʠ ʚʠʩʦʯʠʥʘ 1,76 ʤʝʪʨʘ) ʩʝ ʥʫʞʜʘʝ ʦʪ 

ʢʦʥʩʫʣʪʘʮʠʷ. ɿʘ ʮʝʣʪʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʪʨʷʙʚʘ ʜʘ ʠʟʯʠʩʣʠʪʝ ʠʥʜʝʢʩʘ ʥʘ ʪʝʣʝʩʥʘʪʘ ʤʘʩʘ ʠ 

ʙʘʟʦʚʠʷ ʤʝʪʘʙʦʣʠʟʲʤ ʥʘ ʚʘʰʠʷ ʧʘʮʠʝʥʪ. ɸʢʦ ʟʥʘʝʪʝ, ʯʝ ʚʘʰʠʷʪ ʧʘʮʠʝʥʪ ʧʦʜʜʲʨʞʘ ʣʝʢʘ 

ʬʠʟʠʯʝʩʢʘ ʘʢʪʠʚʥʦʩʪ, ʠʟʯʠʩʣʝʪʝ: 

¶ ʥʦʨʤʠʪʝ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʪʝʢʫʱʦʪʦ ʪʝʛʣʦ; 

¶ ʥʦʨʤʠʪʝ ʟʘ ʦʪʩʣʘʙʚʘʥʝ ʩ 1 ʢʠʣʦʛʨʘʤ ʩʝʜʤʠʯʥʦ; 

¶ ʥʦʨʤʠʪʝ ʟʘ ʥʘʜʜʘʚʘʥʝ ʩ 0,5 ʢʠʣʦʛʨʘʤʘ ʩʝʜʤʠʯʥʦ. 

ʅʘ ʪʦʟʠ ʝʪʘʧ ʫʯʠʪʝʣʷʪ ʩʣʝʜʠ ʟʘ ʛʨʫʧʦʚʘʪʘ ʨʘʙʦʪʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʤʝʞʜʫ ʯʣʝʥʦʚʝʪʝ 

ʥʘ ʝʢʠʧʘ, ʢʘʪʦ ʛʠ ʧʦʜʧʦʤʘʛʘ ʧʨʠ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʟʘʜʘʯʘʪʘ. ʉʣʝʜ ʧʨʠʢʣʶʯʚʘʥʝ ʥʘ ʝʢʠʧʥʘʪʘ 

ʨʘʙʦʪʘ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʧʨʦʚʝʜʝ ʢʨʘʪʢʘ ʜʠʩʢʫʩʠʷ ʟʘ ʧʦʣʟʠʪʝ ʦʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʢʘʣʦʨʠʡʥʠʷ 

ʢʘʣʢʫʣʘʪʦʨ. 

ʉʣʝʜʚʘʱʠʷʪ ʪʨʝʪʠ ʝʪʘʧ ʦʪ ʧʨʦʝʢʪʥʠʪʝ ʜʝʡʥʦʩʪʠ ʝ ʩʚʲʨʟʘʥ ʩʲʩ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ 

ʙʘʣʘʥʩʠʨʘʥʦ ʜʥʝʚʥʦ ʤʝʥʶ ʯʨʝʟ ʝʣʝʢʪʨʦʥʥʘ ʪʘʙʣʠʮʘ, ʚ ʢʦʷʪʦ ʫʯʝʥʠʮʠʪʝ, ʩʣʝʜ ʢʘʪʦ ʩʘ 

ʠʟʯʠʩʣʠʣʠ ʥʝʦʙʭʦʜʠʤʠʷ ʧʨʠʝʤ ʥʘ ʢʘʣʦʨʠʠ ʟʘ ʜʝʥ, ʪʨʷʙʚʘʰʝ ʜʘ ʠʟʛʦʪʚʷʪ ʤʝʥʶʪʦ ʚ ʨʘʤʢʠʪʝ 

ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʟʘ: 

¶ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʪʝʢʫʱʦʪʦ ʪʝʛʣʦ; 

¶ ʦʪʩʣʘʙʚʘʥʝ ʩ 1 ʢʠʣʦʛʨʘʤ ʩʝʜʤʠʯʥʦ; 

¶ ʥʘʜʜʘʚʘʥʝ ʩ 0,5 ʢʠʣʦʛʨʘʤʘ ʩʝʜʤʠʯʥʦ. 

ʅʘ ʫʯʝʥʠʮʠʪʝ ʙʝ ʧʨʝʜʦʩʪʘʚʝʥʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʠʟʧʦʣʟʚʘʪ ʪʘʙʣʠʮʘ ʩ ʦʩʥʦʚʥʠ 

ʭʨʘʥʠʪʝʣʥʠ ʧʨʦʜʫʢʪʠ, ʛʨʫʧʠʨʘʥʠ ʚ ʰʝʩʪ ʢʘʪʝʛʦʨʠʠ (ʧʣʦʜʦʚʝ, ʟʝʣʝʥʯʫʮʠ, ʟʲʨʥʝʥʠ ʢʫʣʪʫʨʠ, 

ʤʝʩʦ, ʤʣʝʯʥʠ ʧʨʦʜʫʢʪʠ, ʩʝʤʝʥʘ ʠ ʷʜʢʠ) ʠ ʝʥʝʨʛʠʡʥʘʪʘ ʩʪʦʡʥʦʩʪ, ʢʦʷʪʦ ʩʝ ʩʲʜʲʨʞʘ ʚ 100 

ʛʨʘʤʘ. ʉʣʝʜ ʧʨʠʢʣʶʯʚʘʥʝ ʥʘ ʟʘʜʘʥʠʝʪʦ ʚʩʝʢʠ ʝʢʠʧ ʠʤʘʰʝ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʧʨʝʜʩʪʘʚʠ ʩʚʦʝʪʦ 

ʙʘʣʘʥʩʠʨʘʥʦ ʤʝʥʶ. ʅʘ ʪʦʟʠ ʝʪʘʧ ʫʯʠʪʝʣʷʪ ʩʣʝʜʠ ʟʘ ʢʦʨʝʢʪʥʦʪʦ ʧʦʧʲʣʚʘʥʝ ʥʘ ʜʘʥʥʠʪʝ ʚ 

ʝʣʝʢʪʨʦʥʥʘʪʘ ʪʘʙʣʠʮʘ, ʧʦʜʧʦʤʘʛʘ ʫʯʝʥʠʮʠʪʝ ʧʨʠ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʠʟʯʠʩʣʝʥʠʷʪʘ ʩ ʧʦʤʦʱʪʘ 

ʥʘ ʬʦʨʤʫʣʠ ʠ ʜʘʚʘ ʩʲʚʝʪʠ ʟʘ ʧʦ-ʜʦʙʨʦ ʠ ʘʪʨʘʢʪʠʚʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʧʨʝʜ ʘʫʜʠʪʦʨʠʷ. 

ʏʝʪʚʲʨʪʠʷʪ ʝʪʘʧ ʦʪ ʧʨʦʝʢʪʥʠʪʝ ʜʝʡʥʦʩʪʠ ʝ ʩʚʲʨʟʘʥ ʩʲʩ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʤʘʨʰʨʫʪ ʚ 

Google Earth, ʧʨʝʜʩʪʘʚʷʱ ʦʩʥʦʚʥʠ ʭʨʘʥʠʪʝʣʥʠ ʧʨʦʜʫʢʪʠ ʠ ʨʘʟʣʠʯʥʠʪʝ ʠʤ ʩʪʨʘʥʠ-

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠ ʠʟʥʦʩʠʪʝʣʠ (ʬʠʛ. 2). ɿʘ ʚʩʝʢʠ ʭʨʘʥʠʪʝʣʝʥ ʧʨʦʜʫʢʪ ʫʯʝʥʠʮʠʪʝ, ʪʨʷʙʚʘʰʝ ʜʘ 

ʜʦʙʘʚʷʪ ʣʦʢʘʮʠʷ ʥʘ ʠʟʙʨʘʥʘ ʦʪ ʪʷʭ ʩʪʨʘʥʘ (ʧʨʦʠʟʚʦʜʠʪʝʣ ʠ ʠʟʥʦʩʠʪʝʣ), ʜʘ ʷ ʦʟʥʘʯʘʪ ʚ 

ʩʚʝʪʣʦʩʠʥ ʮʚʷʪ, ʜʘ ʜʦʙʘʚʷʪ ʧʦʜʭʦʜʷʱʠ ʠʟʦʙʨʘʞʝʥʠʷ ʢʲʤ ʚʩʷʢʘ ʣʦʢʘʮʠʷ, ʠʣʶʩʪʨʠʨʘʱʠ 
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ʭʨʘʥʠʪʝʣʥʠʷ ʧʨʦʜʫʢʪ, ʠ ʜʘ ʜʦʙʘʚʷʪ ʢʨʘʪʢʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʚʩʝʢʠ ʭʨʘʥʠʪʝʣʝʥ ʧʨʦʜʫʢʪ, 

ʩʚʲʨʟʘʥʘ ʩ: 

¶ ʧʦ-ʛʦʣʝʤʠʪʝ ʩʪʨʘʥʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠ ʠʟʥʦʩʠʪʝʣʠ; 

¶ ʦʩʥʦʚʥʠʪʝ ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ, ʢʦʠʪʦ ʩʝ ʩʲʜʲʨʞʘʪ ʚ ʧʨʦʜʫʢʪʘ; 

¶ ʝʥʝʨʛʠʡʥʘʪʘ ʩʪʦʡʥʦʩʪ ʟʘ 100 ʛʨʘʤʘ ʦʪ ʧʨʦʜʫʢʪʘ (ʢʘʣʦʨʠʠ, ʤʘʟʥʠʥʠ, 

ʚʲʛʣʝʭʠʜʨʘʪʠ, ʬʠʙʨʠ ʠ ʧʨʦʪʝʠʥʠ). 

ɿʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʤʘʨʰʨʫʪʘ ʙʝ ʚʘʞʥʦ ʜʘ ʧʦʜʨʝʜʷʪ ʭʨʘʥʠʪʝʣʥʠʪʝ ʧʨʦʜʫʢʪʠ, ʢʘʪʦ 

ʟʘʧʦʯʥʘʪ ʦʪ ʪʝʟʠ, ʧʨʦʠʟʚʝʞʜʘʥʠ ʚ ɹʲʣʛʘʨʠʷ, ʠ ʧʨʦʜʲʣʞʘʪ ʩ ʦʩʪʘʥʘʣʠʪʝ, ʢʘʪʦ ʩʲʙʣʶʜʘʚʘʪ 

ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʦʪʜʝʣʥʠʪʝ ʩʪʨʘʥʠ ʜʘ ʝ ʚʲʟʤʦʞʥʦ ʥʘʡ-ʙʣʠʟʢʦ. ʅʝʦʙʭʦʜʠʤʘʪʘ 

ʠʥʬʦʨʤʘʮʠʷ ʠ ʧʦʜʭʦʜʷʱʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʫʯʝʥʠʮʠʪʝ ʪʨʷʙʚʘʰʝ ʜʘ ʦʪʢʨʠʷʪ ʚ ʠʥʪʝʨʥʝʪ. ɿʘ 

ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦ-ʜʦʙʨʘ ʚʠʟʠʷ ʯʘʩʪ ʦʪ ʠʟʦʙʨʘʞʝʥʠʷʪʘ ʪʨʷʙʚʘʰʝ ʜʘ ʩʝ ʦʙʨʘʙʦʪʷʪ ʩ ʧʦʤʦʱʪʘ ʥʘ 

ʠʟʫʯʘʚʘʥ ʛʨʘʬʠʯʝʥ ʨʝʜʘʢʪʦʨ. ʅʘʡ-ʯʝʩʪʦ ʫʯʝʥʠʮʠʪʝ ʠʟʚʲʨʰʚʘʭʘ ʩʣʝʜʥʠʪʝ ʢʦʨʝʢʮʠʠ: 

ʠʟʨʷʟʚʘʥʝ ʥʘ ʯʘʩʪʠ ʦʪ ʠʟʦʙʨʘʞʝʥʠʝʪʦ, ʧʨʝʤʘʭʚʘʥʝ ʥʘ ʥʝʞʝʣʘʥ ʬʦʥ, ʧʨʦʤʷʥʘ ʥʘ ʨʘʟʤʝʨʘ ʠ 

ʝʢʩʧʦʨʪʠʨʘʥʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʚ ʧʦʜʭʦʜʷʱ ʬʘʡʣʦʚ ʬʦʨʤʘʪ. 

 

 
ʌʠʛʫʨʘ 2. ʉʪʨʘʥʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠ ʠʟʥʦʩʠʪʝʣʠ ʥʘ ʦʩʥʦʚʥʠ ʭʨʘʥʠʪʝʣʥʠ ʧʨʦʜʫʢʪʠ 

 

ʋʯʝʥʠʮʠʪʝ ʠʤʘʭʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʧʨʠʜʦʙʠʷʪ ʫʤʝʥʠʷ ʟʘ ʨʘʙʦʪʘ ʩ ʠʥʩʪʨʫʤʝʥʪʘʨʠʫʤʘ ʥʘ 

Google Earth ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʜʚʝ ʣʦʢʘʮʠʠ, ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʧʨʠʙʣʠʟʠʪʝʣʥʘʪʘ ʧʣʦʱ, ʢʦʷʪʦ ʟʘʝʤʘ ʜʘʜʝʥʘ ʣʦʢʘʮʠʷ ʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʛʝʦʛʨʘʬʩʢʠ ʢʦʦʨʜʠʥʘʪʠ 

(ʰʠʨʠʥʘ, ʜʲʣʞʠʥʘ ʠ ʥʘʜʤʦʨʩʢʘ ʚʠʩʦʯʠʥʘ ʚʲʨʭʫ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ). ʅʘ ʪʦʟʠ ʝʪʘʧ ʫʯʠʪʝʣʷʪ 

ʩʣʝʜʠ ʟʘ ʛʨʫʧʦʚʘʪʘ ʨʘʙʦʪʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʤʝʞʜʫ ʯʣʝʥʦʚʝʪʝ ʥʘ ʝʢʠʧʘ, ʢʘʪʦ ʛʠ ʧʦʜʧʦʤʘʛʘ 

ʧʨʠ ʚʲʟʥʠʢʥʘʣʠ ʟʘʪʨʫʜʥʝʥʠʷ ʩ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʠʥʩʪʨʫʤʝʥʪʠ. ɺ ʢʨʘʷ ʥʘ ʫʯʝʙʥʠʷ 

ʯʘʩ, ʥʘ ʚʩʝʢʠ ʝʢʠʧ ʙʝ ʧʨʝʜʦʩʪʘʚʝʥʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʧʨʝʜʩʪʘʚʠ ʩʚʦʷ ʤʘʨʰʨʫʪ ʠ ʜʘ ʩʧʦʜʝʣʠ 

ʢʘʢʚʦ ʛʠ ʝ ʚʧʝʯʘʪʣʠʣʦ ʥʘʡ-ʤʥʦʛʦ ʧʦ ʪʝʤʘʪʘ. 

ɽʪʦ ʥʷʢʦʠ ʠʟʢʘʟʚʘʥʠʷ: Ăʆʪ ʨʘʙʦʪʘʪʘ ʤʠ ʧʦ ʧʨʦʝʢʪʘ ʥʘʡ-ʤʥʦʛʦ ʤʝ ʚʧʝʯʘʪʣʠ ʩʲʟʜʘʚʘʥʝʪʦ 

ʥʘ ʢʘʣʦʨʠʡʥʠʷ ʢʘʣʢʫʣʘʪʦʨ, ʟʘʱʦʪʦ ʥʘʫʯʠʭ ʤʥʦʛʦ ʧʦʣʝʟʥʠ ʥʝʱʘ, ʩʚʲʨʟʘʥʠ ʩ ʭʨʘʥʝʥʝʪʦ.ñ; Ăɿʘ 

ʤʝʥ ʪʝʤʘʪʘ ʙʝʰʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʧʦʣʝʟʥʘ ʠ ʚʲʟʥʘʤʝʨʷʚʘʤ ʜʘ ʩʝ ʚʲʟʧʦʣʟʚʘʤ ʦʪ ʩʲʟʜʘʜʝʥʠʷ 

ʢʘʣʦʨʠʝʥ ʢʘʣʢʫʣʘʪʦʨ, ʟʘ ʜʘ ʧʦʜʦʙʨʷ ʨʝʞʠʤʘ ʩʠ ʥʘ ʭʨʘʥʝʥʝñ; Ăɹʠʭ ʩʝ ʚʲʟʧʦʣʟʚʘʣʘ ʦʪ 

ʧʨʠʜʦʙʠʪʠʪʝ ʟʥʘʥʠʷ ʠ ʚʲʟʤʦʞʥʦʩʪʪʘ ʜʘ ʩʠ ʠʟʯʠʩʣʷ ʥʝʦʙʭʦʜʠʤʠʪʝ ʢʘʣʦʨʠʠ, ʟʘ ʜʘ ʧʦʩʪʠʛʥʘ 

ʧʦ-ʜʦʙʨʠ ʨʝʟʫʣʪʘʪʠ ʚ ʩʧʦʨʪʘñ; Ăɿʘ ʤʝʥ ʥʘʡ-ʚʲʣʥʫʚʘʱʦ ʙʝʰʝ ʜʘ ʨʘʙʦʪʠʤ ʟʘʝʜʥʦ, ʜʘ ʩʠ 

ʧʦʤʘʛʘʤʝ, ʜʘ ʪʲʨʩʠʤ ʨʝʰʝʥʠʷ, ʜʘ ʩʝ ʟʘʙʘʚʣʷʚʘʤʝ ʠ ʚ ʩʲʱʦʪʦ ʚʨʝʤʝ ʜʘ ʥʘʫʯʘʚʘʤʝ ʥʦʚʠ ʠ 

ʧʦʣʝʟʥʠ ʥʝʱʘñ; Ăʅʘʡ-ʤʥʦʛʦ ʤʝ ʚʧʝʯʘʪʣʠ ʢʘʢ ʚʩʝʢʠ ʦʪ ʥʘʩ ʩʝ ʚʲʣʥʫʚʘʰʝ, ʢʦʛʘʪʦ ʚʲʚʝʞʜʘʭʤʝ 

ʩʦʙʩʪʚʝʥʠʪʝ ʩʠ ʧʦʢʘʟʘʪʝʣʠ ʠ ʪʘʡʥʦ ʩʝ ʥʘʜʷʚʘʭʤʝ ʨʝʟʫʣʪʘʪʘ ʜʘ ʝ ʚ ʥʦʨʤʘñ. 

ʆʢʘʟʘ ʩʝ, ʯʝ ʩʠʣʥʦʪʦ ʝʤʦʮʠʦʥʘʣʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʦʪ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ, 

ʬʦʢʫʩʠʨʘʥʝʪʦ ʚʲʨʭʫ ʧʨʘʢʪʠʯʝʩʢʦʪʦ ʠ ʞʠʪʝʡʩʢʦ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʠʟʫʯʘʚʘʥʦʪʦ ʫʯʝʙʥʦ 

ʩʲʜʲʨʞʘʥʠʝ ʠ ʠʟʨʘʟʝʥʘʪʘ ʩʲʧʨʠʯʘʩʪʥʦʩʪ ʩʘ ʜʦʙʨʘ ʧʨʝʜʧʦʩʪʘʚʢʘ ʟʘ ʧʦ-ʩʠʣʥʦʪʦ ʩʧʣʦʪʷʚʘʥʝ 

ʧʨʠ ʝʢʠʧʥʘʪʘ ʨʘʙʦʪʘ. ʊʝʤʘʪʘ, ʩʲʯʝʪʘʥʘ ʩ ʧʦʟʠʪʠʚʥʘʪʘ ʥʘʛʣʘʩʘ ʦʪ ʩʪʨʘʥʘ ʥʘ ʫʯʠʪʝʣʠ ʠ 

ʩʲʫʯʝʥʠʮʠ, ʧʨʝʜʨʘʟʧʦʣʘʛʘ ʧʦʜʨʘʩʪʚʘʱʠʪʝ ʜʘ ʠʟʨʘʟʷʪ ʝʤʦʮʠʦʥʘʣʥʦʪʦ ʩʠ ʩʲʩʪʦʷʥʠʝ ʠ ʜʘ 

ʩʧʦʜʝʣʷʪ ʩʚʦʙʦʜʥʦ ʚʲʧʨʦʩʠʪʝ, ʢʦʠʪʦ ʛʠ ʚʲʣʥʫʚʘʪ. 
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ʇʈɽʇʆʈʒʂʀ ʂʒʄ ʋʏʀʊɽʃʀʊɽ 

ʇʨʝʜʩʪʘʚʝʥʠʷʪ ʚʘʨʠʘʥʪ ʟʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʧʨʦʝʢʪʥʦ-ʙʘʟʠʨʘʥʦ ʦʙʫʯʝʥʠʝ ʥʘ ʪʝʤʘ 

Ăɿʜʨʘʚʦʩʣʦʚʥʦ ʭʨʘʥʝʥʝñ ʚ ʯʘʩʦʚʝʪʝ ʧʦ ʀʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʫʯʝʥʠʮʠ 

ʦʪ ʛʠʤʥʘʟʠʘʣʝʥ ʝʪʘʧ ʥʘ ʦʙʫʯʝʥʠʝ ʠ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʚ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ ʧʨʠ ʠʟʫʯʘʚʘʥʝ ʥʘ 

ʪʝʤʠʪʝ:  

¶ Ăʈʘʙʦʪʘ ʧʦ ʧʨʦʝʢʪñ ʠ Ăʂʦʤʧʶʪʲʨʥʠ ʤʨʝʞʠ ʠ ʫʩʣʫʛʠñ ʚ 8. ʢʣʘʩ; 

¶ Ăʈʘʙʦʪʘ ʧʦ ʧʨʦʝʢʪñ, Ăʂʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠñ ʠ Ăʇʨʠʣʦʞʥʠ ʧʨʦʛʨʘʤʠñ ʚ 9. ʢʣʘʩ; 

¶ Ăʆʙʨʘʙʦʪʢʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʠ ʢʦʤʫʥʠʢʘʮʠʷñ ʚ 10. ʢʣʘʩ. 

ɽʜʥʘ ʦʪ ʧʨʝʧʦʨʲʢʠʪʝ ʟʘ ʙʲʜʝʱʝʪʦ ʥʘʜʛʨʘʞʜʘʥʝ ʥʘ ʧʨʦʝʢʪʥʦ-ʙʘʟʠʨʘʥʦʪʦ ʦʙʫʯʝʥʠʝ ʥʘ 

ʪʝʤʘ Ăɿʜʨʘʚʦʩʣʦʚʥʦ ʭʨʘʥʝʥʝñ ʝ ʜʘ ʩʝ ʨʘʟʰʠʨʠ ʚʲʟʨʘʩʪʦʚʠʷʪ ʦʙʭʚʘʪ ʥʘ ʫʯʝʥʠʮʠʪʝ ʩ 

ʚʢʣʶʯʚʘʥʝʪʦ ʥʘ ʫʯʝʥʠʮʠ ʦʪ ʧʨʦʛʠʤʥʘʟʠʘʣʝʥ ʝʪʘʧ (5. ï 7. ʢʣʘʩ), ʢʲʜʝʪʦ ʪʝʤʘʪʘ ʩʲʱʦ ʙʠ 

ʧʨʝʜʠʟʚʠʢʘʣʘ ʠʥʪʝʨʝʩ. ʆʩʚʝʥ ʪʦʚʘ ʝ ʧʦʜʭʦʜʷʱʦ ʜʘ ʩʝ ʦʨʛʘʥʠʟʠʨʘʪ ʠ ʧʨʦʚʝʜʘʪ ʙʠʥʘʨʥʠ ʫʨʦʮʠ 

(ɸʥʛʝʣʦʚʘ 2018). ɺ ʩʣʫʯʘʷ ʩ ʪʝʤʘʪʘ Ăɿʜʨʘʚʦʩʣʦʚʥʦ ʭʨʘʥʝʥʝñ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ 

ʧʨʦʜʲʣʞʝʥʠʝ ʩ ʙʠʥʘʨʝʥ ʫʨʦʢ ʧʨʠ ʩʲʯʝʪʘʚʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ ʩ ʙʠʦʣʦʛʠʷ ʠ 

ʟʜʨʘʚʥʦ ʦʙʨʘʟʦʚʘʥʠʝ, ʬʠʟʠʢʘ ʠ ʘʩʪʨʦʥʦʤʠʷ, ʛʝʦʛʨʘʬʠʷ ʠ ʠʢʦʥʦʤʠʢʘ ʠ ʬʠʟʠʯʝʩʢʦ ʚʲʟʧʠʪʘʥʠʝ 

ʠ ʩʧʦʨʪ. 

 

ʀɿɺʆɼʀ 

ɺ ʢʨʘʷ ʥʘ ʧʨʦʝʢʪʥʠʪʝ ʜʝʡʥʦʩʪʠ ʫʯʝʥʠʮʠʪʝ ʧʦʟʥʘʚʘʭʘ ʧʦ-ʟʘʜʲʣʙʦʯʝʥʦ ʦʩʥʦʚʥʠ 

ʧʦʥʷʪʠʷ, ʩʚʲʨʟʘʥʠ ʩʲʩ ʟʜʨʘʚʦʩʣʦʚʥʦʪʦ ʭʨʘʥʝʥʝ ʠ ʠʟʤʝʨʚʘʥʝʪʦ ʥʘ ʠʥʜʝʢʩʘ ʥʘ ʪʝʣʝʩʥʘ ʤʘʩʘ, 

ʦʧʦʟʥʘʭʘ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ ʟʘ ʪʲʨʩʝʥʝ ʠ ʧʦʜʙʦʨ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʚ ʠʥʪʝʨʥʝʪ, ʥʘʫʯʠʭʘ ʥʘʯʠʥʠ 

ʟʘ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʨʘʟʫʯʘʚʘʥʝ ʥʘ ʥʝʧʦʟʥʘʪ ʩʦʬʪʫʝʨʝʥ ʧʨʦʜʫʢʪ, ʫʩʲʚʲʨʰʝʥʩʪʚʘʭʘ ʫʤʝʥʠʷʪʘ ʩʠ 

ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʠʟʯʠʩʣʝʥʠʷ ʩ ʧʦʤʦʱʪʘ ʥʘ ʝʣʝʢʪʨʦʥʥʘ ʪʘʙʣʠʮʘ ʠ ʦʙʨʘʙʦʪʢʘ ʥʘ ʛʨʘʬʠʯʥʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʠʟʫʯʘʚʘʥ ʛʨʘʬʠʯʝʥ ʨʝʜʘʢʪʦʨ, ʧʨʠʜʦʙʠʭʘ ʟʥʘʥʠʷ ʟʘ ʩʲʩʪʘʚʷʥʝ ʥʘ ʤʘʨʰʨʫʪ ʚ 

Google Earth.  

ʋʯʝʥʠʮʠʪʝ ʠʤʘʭʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʨʘʟʚʠʷʪ ʢʨʝʘʪʠʚʥʦʩʪʪʘ ʠ ʪʚʦʨʯʝʩʢʠʪʝ ʩʠ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʜʘ ʦʙʦʛʘʪʷʪ ʜʠʛʠʪʘʣʥʠʪʝ ʩʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ ʫʤʝʥʠʷʪʘ ʩʠ ʟʘ ʨʘʙʦʪʘ ʩ 

ʜʠʛʠʪʘʣʥʠ ʫʩʪʨʦʡʩʪʚʘ, ʜʘ ʧʨʝʜʩʪʘʚʷʪ ʛʦʪʦʚ ʧʨʦʝʢʪ ʧʨʝʜ ʩʲʫʯʝʥʠʮʠ, ʜʘ ʨʘʙʦʪʷʪ ʚ ʝʢʠʧ ʠ ʜʘ 

ʦʚʣʘʜʝʷʪ ʥʦʚʠ, ʩʦʮʠʘʣʥʦ ʟʥʘʯʠʤʠ ʧʦʭʚʘʪʠ ʥʘ ʧʦʚʝʜʝʥʠʝ ʠ ʦʙʱʫʚʘʥʝ.  

ʋʯʝʥʠʮʠʪʝ ʙʷʭʘ ʤʦʪʠʚʠʨʘʥʠ ʟʘ ʫʯʝʙʥʘ ʜʝʡʥʦʩʪ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩ 

ʞʝʣʘʥʠʝ ʦʧʦʟʥʘʚʘʭʘ ʥʦʚʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʜʠʥʘʤʠʯʥʠ ʨʝʩʫʨʩʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʪʦ 

ʠʤ ʧʨʠʣʦʞʝʥʠʝ ʚ ʨʝʘʣʥʘ ʦʙʩʪʘʥʦʚʢʘ. 

 

ɿɸʂʃʖʏɽʅʀɽ 

ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʧʨʦʝʢʪʥʦ-ʙʘʟʠʨʘʥʦ ʦʙʫʯʝʥʠʝ ʚ ʯʘʩʦʚʝʪʝ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʠ 

ʪʝʭʥʦʣʦʛʠʠ ʩʲʜʝʡʩʪʚʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʫʤʝʥʠʷʪʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʟʘ ʨʘʙʦʪʘ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʫʥʠʢʘʮʠʦʥʥʘ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʨʘʟʰʠʨʷʚʘ ʫʩʣʦʚʠʷʪʘ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʠ, ʤʦʪʠʚʠʨʘ ʛʠ ʟʘ ʫʯʝʙʥʘ ʜʝʡʥʦʩʪ. ʆʯʘʢʚʘʤʝ ʧʦʣʫʯʝʥʠʷ ʝʬʝʢʪ ʦʪ ʢʦʥʢʨʝʪʥʠʷ 

ʧʨʦʝʢʪ ʜʘ ʩʝ ʧʨʦʷʚʠ ʚ ʧʦ-ʰʠʨʦʢ ʢʦʥʪʝʢʩʪ, ʩʪʠʛʘ ʪʝʤʘʪʠʢʘʪʘ ʥʘ ʧʨʦʝʢʪʘ ʜʘ ʦʪʛʦʚʘʨʷ ʥʘ 

ʠʥʪʝʨʝʩʠʪʝ ʥʘ ʫʯʝʥʠʮʠʪʝ. ɺʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʩʦʬʪʫʝʨ, ʧʦʟʚʦʣʷʚʘʱ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʜʠʥʘʤʠʯʥʠ 

ʨʝʩʫʨʩʠ ʠ ʧʦʜʭʦʜʷʱʦ ʧʦʜʙʨʘʥʠ Google ʧʨʠʣʦʞʝʥʠʷ ʚ ʦʙʫʯʝʥʠʝʪʦ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʠ 

ʪʝʭʥʦʣʦʛʠʠ, ʥʝʤʠʥʫʝʤʦ ʦʙʦʛʘʪʷʚʘ ʜʠʛʠʪʘʣʥʠʪʝ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʥʘ ʫʯʝʥʠʮʠʪʝ ʠ ʧʦʚʠʰʘʚʘ 

ʫʚʝʨʝʥʦʩʪʪʘ ʠ ʩʘʤʦʯʫʚʩʪʚʠʝʪʦ ʠʤ ʧʦ ʠʥʪʝʨʝʩʝʥ, ʜʦʩʪʲʧʝʥ ʠ ʩʪʠʤʫʣʠʨʘʱ ʥʘʯʠʥ. 
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THE HEALTHY EATING IN CONTEXT OF STEM  
 

Ivan Petkov 

 

ABSTRACT  

An option for realization of project-based learning in information technology lessons is 

introduced. It combines computer technologies, mathematics, physics, biology and geography. 

Some ideas, related to the development of dynamic resources with GeoGebra, creating a route in 

Google Earth and their integration into the learning process are shared. Activities in which students 

had the opportunity to put into practice and in real surroundings what they have learned are 

described. Emphasis is placed on the healthy eating and enrichment of studentsô digital 

competence. Tasks, providing an opportunity for experimentation, research and application of the 

finished product in a real situation are presented. Difficulties in the realization of project activities 

and solutions supporting the learning process, are shown. 

Keywords: STEM; inquiry based learning; digital competence; information technology 
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ʄɸʊɽʄɸʊʀʂɸʊɸ ï ɺʀʈʊʋɸʃʅɸ ʀ ʈɽɸʃʅɸ 

 

ɼʠʥʢʦ ʎʚʷʪʢʦʚ 

 

ʄʘʪʝʤʘʪʠʢʘʪʘ ʥʝ ʝ ʚʩʠʯʢʦ. 

ʅʦ ʙʝʟ ʤʘʪʝʤʘʪʠʢʘ ʚʩʠʯʢʦ ʝ ʥʠʱʦ. 

ʍʘʥʩ ʆʣʘʬ ʍʝʥʢʝʣ 

 

ʈɽɿʖʄɽ 

ʀʟʤʠʥʘʭʘ 10 ʜʠʥʘʤʠʯʥʠ ʛʦʜʠʥʠ ʦʪ ʧʲʨʚʘʪʘ ʤʠ ʩʨʝʱʘ ʩ ɺʠʨʪʫʘʣʥʠ ̫ʢʘʙʠʥʝʪ ʧʦ 

ʤʘʪʝʤʘʪʠʢʘ. ʊʦʚʘ ʝ ʙʲʣʛʘʨʩʢʘʪʘ ʜʠʥʘʤʠʯʥʘ ʧʣʘʪʬʦʨʤʘ ʟʘ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʧʨʝʧʦʜʘʚʘʥʝ ʧʦ ʥʦʚ 

ʠ ʠʥʪʝʨʝʩʝʥ ʥʘʯʠʥ ʥʘ ʤʘʪʝʤʘʪʠʢʘʪʘ ʢʘʪʦ ʥʘʫʢʘ. ʊʘʟʠ ʧʣʘʪʬʦʨʤʘ ʦʪʚʦʨʠ ʥʦʚʠ ʚʨʘʪʠ ʢʲʤ 

ʟʥʘʥʠʝʪʦ, ʢʲʤ ʤʘʪʝʤʘʪʠʢʘʪʘ ʠ ʢʘʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʥʘʫʢʘ ʠ ʧʦʤʦʛʥʘ ʥʘ ʙʲʣʛʘʨʩʢʠʷ ʫʯʠʪʝʣ 

ʜʘ ʧʨʠʣʘʛʘ ʧʦ ʝʩʪʝʩʪʚʝʥ ʥʘʯʠʥ  ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠʷ ʧʦʜʭʦʜ ʚ ʦʙʫʯʝʥʠʝʪʦ ʧʦ ʤʘʪʝʤʘʪʠʢʘ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʤʘʪʝʤʘʪʠʢʘ; ʚʠʨʪʫʘʣʝʥ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ; ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʧʦʜʭʦʜ; 

GeoGebra 

 

ɺʒɺɽɼɽʅʀɽ 

ʄʘʪʝʤʘʪʠʢʘʪʘ ʩʧʦʨʝʜ ɻʘʫʩ ʝ ʮʘʨʠʮʘʪʘ ʥʘ ʥʘʫʢʠʪʝ. ʊʷ ʝ ʝʜʥʦ ʥʘʡ-ʢʨʘʩʠʚʠʪʝ ʥʝʱʘ, 

ʩʲʟʜʘʜʝʥʠ ʦʪ ʥʘʰʘʪʘ ʮʠʚʠʣʠʟʘʮʠʷ ʠ  ʝ ʫʥʠʚʝʨʩʘʣʥʠʷʪ ʝʟʠʢ, ʥʘ ʢʦʡʪʦ ʯʦʚʝʯʝʩʪʚʦʪʦ ʤʦʞʝ ʜʘ 

ʨʘʟʛʦʚʘʨʷ. ʆʩʥʦʚʥʘʪʘ ʨʦʣʷ ʥʘ ʩʲʚʨʝʤʝʥʥʠʷ ʫʯʠʪʝʣ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʥʝ ʝ ʜʘ ʦʙʫʯʘʚʘ ʩʚʦʠʪʝ 

ʫʯʝʥʠʮʠ ʜʘ ʧʨʠʣʛʘʪ ʤʝʭʘʥʠʯʥʦ ʤʘʪʝʤʘʪʠʯʥʠʪʝ ʧʨʘʚʠʣʘ. ɿʘ ʜʘ ʦʪʛʦʚʘʨʷʪ ʥʘ ʜʠʥʘʤʠʢʘʪʘ ʥʘ 

ʩʲʚʨʝʤʝʥʥʠʷ ʩʚʷʪ, ʥʘʰʠʪʝ ʫʯʝʥʠʮʠ ʪʨʷʙʚʘ ʜʘ ʚʣʠʟʘʪ ʚ ʨʦʣʷʪʘ  ʠʟʩʣʝʜʦʚʘʪʝʣʠ. ɿʘʪʦʚʘ ʝ ʚʘʞʥʦ 

ʪʝ ʜʘ ʩʲʫʤʷʚʘʪ ʜʘ ʦʪʢʨʠʚʘʪ ʚʨʲʟʢʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʠ ʩʬʝʨʠ ʥʘ ʧʦʟʥʘʥʠʝʪʦ. ʅʦʚʠ ʭʦʨʠʟʦʥʪʠ ʚ 

ʤʝʞʜʫʧʨʝʜʤʝʪʥʠʪʝ ʚʨʲʟʢʠ ʩʝ ʦʪʢʨʠʚʘʪ  ʚ ʨʘʤʢʠʪʝ ʥʘ STEM ʠʣʠ STEAM ʢʘʪʦ ʤʝʪʦʜʦʣʦʛʠʷ 

ʚ ʧʨʝʧʦʜʘʚʘʥʝʪʦ.  

ɼʥʝʩ ʚ ʯʘʩʦʚʝʪʝ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʚʩʝ ʧʦʚʝʯʝ ʩʝ ʠʟʧʦʣʟʚʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠʷʪ ʧʦʜʭʦʜ 

(ʂʝʥʜʝʨʦʚ, ʉʝʥʜʦʚʘ 2013), (ɹʘʧʪʠʩʪ, ʄʠʣʝʨ, ʈʘʘʙ 2012). ʊʦʡ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ 

ʢʦʥʩʪʨʫʢʪʠʚʠʩʪʢʠʷ ʧʦʜʭʦʜ ʢʲʤ ʦʙʫʯʝʥʠʝʪʦ, ʩʧʦʨʝʜ ʢʦʡʪʦ ʚʩʝʢʠ ʦʙʫʯʘʝʤ ʩʣʝʜʚʘ ʩʦʙʩʪʚʝʥ 

ʧʲʪ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʠ ʦʨʛʘʥʠʟʠʨʘʥʝ ʥʘ ʟʥʘʥʠʷʪʘ ʩʠ. ʊʦʟʠ ʧʦʜʭʦʜ ʧʦʩʪʘʚʷ ʫʯʝʥʠʮʠʪʝ ʚ ʮʝʥʪʲʨʘ 

ʥʘ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ ʠ ʧʨʝʜʧʦʣʘʛʘ ʩʘʤʦʩʪʦʷʪʝʣʝʥ ʠʟʙʦʨ ʟʘ ʧʦʩʦʢʘʪʘ ʥʘ ʫʯʝʥʝ. ʏʨʝʟ ʥʝʛʦ 

ʫʯʝʥʠʮʠʪʝ ʩʝ ʥʘʩʲʨʯʘʚʘʪ ʜʘ ʙʲʜʘʪ ʢʨʝʘʪʠʚʥʠ, ʘʢʪʠʚʥʠ ʠ ʜʘ ʧʨʝʚʲʨʥʘʪ ʠʜʝʠʪʝ ʩʠ ʚ ʜʝʡʩʪʚʠʝ. 

ʊʫʢ ʪʝ ʨʘʟʚʠʚʘʪ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘ ʧʣʘʥʠʨʘʪ, ʦʨʛʘʥʠʟʠʨʘʪ ʠ ʨʲʢʦʚʦʜʷʪ ʨʘʙʦʪʘʪʘ ʩʠ. ʊʝʟʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʫʤʝʥʠʷ ʩʘ ʚʘʞʥʠ ʥʝ ʩʘʤʦ ʟʘ ʯʘʩʦʚʝʪʝ ʧʦ ʤʘʪʝʤʘʪʠʢʘ, ʥʦ ʠ ʟʘ ʮʝʣʠʷ ʠʤ 

ʩʲʟʥʘʪʝʣʝʥ ʞʠʚʦʪ.  ɿʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʠʪʝ ʠ ʚʲʟʧʠʪʘʪʝʣʥʠ ʮʝʣʠ, ʩʚʲʨʟʘʥʠ ʩ 

ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠʷʪ ʧʦʜʭʦʜ ʚ ʫʯʝʙʥʠʪʝ ʯʘʩʦʚʝ ʧʦ ʤʘʪʝʤʘʪʠʢʘ, ʠʟʧʦʣʟʚʘʤʝ ʨʘʟʥʦʦʙʨʘʟʥʠ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠ ʩʨʝʜʩʪʚʘ. ɽʜʥʘ ʥʘʡ-ʦʙʱʘ ʪʷʭʥʘ ʢʣʘʩʠʬʠʢʘʮʠʷ ʝ ʩʧʦʨʝʜ ʭʘʨʘʢʪʝʨʥʠʪʝ ʠʤ 

ʦʩʦʙʝʥʦʩʪʠ: ʣʠʯʥʦʩʪʥʠ, ʢʣʘʩʠʯʝʩʢʠ ʠ ʪʝʭʥʠʯʝʩʢʠ (ʏʝʭʣʘʨʦʚʘ 2013).  

× ʃʠʯʥʦʩʪʥʠʪʝ ʧʝʜʘʛʦʛʠʯʝʩʢʠ ʩʨʝʜʩʪʚʘ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʣʠʯʥʦʩʪʪʘ ʥʘ ʫʯʠʪʝʣʷ. ɺʠʥʘʛʠ 
ʩʲʤ ʩʝ ʩʪʨʝʤʠʣ ʜʘ ʧʨʝʧʦʜʘʚʘʤ ʩ ʪʲʨʧʝʥʠʝ ʠ ʞʝʣʘʥʠʝ ʜʘ ʫʚʣʝʢʘ ʫʯʝʥʠʮʠʪʝ ʩʠ ʚ 

ʢʦʥʢʨʝʪʥʘʪʘ ʪʝʤʘ. 

×  ʂʣʘʩʠʯʝʩʢʠʪʝ ʩʨʝʜʩʪʚʘ ʚʢʣʶʯʚʘʪ ʜʚʫʤʝʨʥʠ ʠʣʠ ʪʨʠʤʝʨʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʤʦʜʝʣʠ ʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʙʝʢʪʠ. ʋʯʝʥʠʮʠʪʝ ʤʠ ʚ 6. ʢʣʘʩ ʩ ʧʦʤʦʱʪʘ ʥʘ ʧʦʜʨʲʯʥʠ ʤʘʪʝʨʠʘʣʠ 

ʫʩʧʷʭʘ ʜʘ ʠʟʨʘʙʦʪʷʪ ʪʨʠʲʛʲʣʥʠ ʠ ʯʝʪʠʨʠʲʛʲʣʥʠ ʧʠʨʘʤʠʜʠ, ʚʲʨʭʫ  ʢʦʠʪʦ ʧʦʩʪʨʦʠʭʘ 

ʘʧʦʪʝʤʘʪʘ ʠ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʧʠʨʘʤʠʜʘʪʘ. 

× ʊʝʭʥʠʯʝʩʢʠʪʝ ʩʨʝʜʩʪʚʘ ʚ ʩʲʚʨʝʤʝʥʥʠʷ ʧʨʦʮʝʩ ʥʘ ʦʙʫʯʝʥʠʝ ʩʘ ʪʝʭʥʠʯʝʩʢʠ ʫʩʪʨʦʡʩʪʚʘ 

ʢʘʪʦ ʪʘʙʣʝʪʠ, ʤʫʣʪʠʤʝʜʠʷ, ʩʤʘʨʪ ʪʝʣʝʬʦʥʠ. ʉ ʧʦʤʦʱʪʘ ʥʘ ʜʠʥʘʤʠʯʝʥ ʩʦʬʪʫʝʨ ʢʘʪʦ 
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GeoGebra, Elica ʠ ʜʨ. ʩʝ ʩʲʟʜʘʚʘʪ ʜʠʥʘʤʠʯʥʠ ʚʠʨʪʫʘʣʥʠ ʤʦʜʝʣʠ. ʊʝ ʩʘ ʠʟʢʣʶʯʠʪʝʣʥʦ 

ʧʦʣʝʟʥʠ ʥʝ ʩʘʤʦ ʟʘ ʦʥʘʛʣʝʜʷʚʘʥʝ, ʥʦ ʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʩʚʦʡʩʪʚʘʪʘ ʠʤ.  

 

ʄʆʗʊ ʆʇʀʊ ʉ ʂɸɹʀʅɽʊɸ 

ɺʠʨʪʫʘʣʥʠʷʪ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ (Chehlarova, Gachev, Kenderov, 

Sendova 2014) ʧʨʝʜʩʪʘʚʣʷʚʘ ʙʦʛʘʪʘ ʧʣʘʪʬʦʨʤʘ ʟʘ ʧʨʠʣʘʛʘʥʝ ʥʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠʷ ʧʦʜʭʦʜ 

ʚ ʯʘʩʦʚʝʪʝ ʧʦ ʤʘʪʝʤʘʪʠʢʘ. ʀʟʧʦʣʟʚʘʡʢʠ ʨʝʩʫʨʩʠʪʝ ʚ ʢʘʙʠʥʝʪʘ ʢʘʪʦ ʫʯʠʪʝʣ, ʫʩʧʷʭ ʜʘ: 

- ʦʥʘʛʣʝʜʷʚʘʤ ʩʣʦʞʥʠ (ʥʘ ʧʨʲʚ ʧʦʛʣʝʜ) ʟʘ ʫʯʝʥʠʮʠʪʝ ʬʫʥʢʮʠʠ ʠ ʪʝʦʨʝʤʠ; 

- ʠʟʩʣʝʜʚʘʤ ʠ ʪʲʨʩʷ ʧʦʚʝʯʝ ʦʪ ʝʜʥʦ ʨʝʰʝʥʠʝ; 

- ʜʦʢʘʟʚʘʤ ʠʟʢʘʟʘʥʠ ʭʠʧʦʪʝʟʠ; 

- ʠʟʧʦʣʟʚʘʤ ʨʝʩʫʨʩʠ ʠ ʨʘʟʨʘʙʦʪʝʥʠ ʪʝʤʠ (ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʦʪ ʤʝʞʜʫʥʘʨʦʜʥʠ ʧʨʦʝʢʪʠ) 

ʉʪʨʫʢʪʫʨʘʪʘ ʥʘ ʪʝʤʠʪʝ ʚ ʢʘʙʠʥʝʪʘ ʥʝ ʩʘʤʦ ʦʪʛʦʚʘʨʷ ʥʘ ʠʟʫʯʘʚʘʥʦʪʦ ʚ ʫʯʠʣʠʱʝ ʧʦ 

ʤʘʪʝʤʘʪʠʢʘ ʦʪ 1. ʜʦ 12. ʢʣʘʩ, ʥʦ ʠ  ʧʦʟʚʦʣʷʚʘ  ʥʘʜʛʨʘʞʜʘʥʝ ʥʘ ʟʥʘʥʠʷʪʘ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʚ 

ʨʘʟʣʠʯʥʠ ʝʪʘʧʠ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝʪʦ.  ʉʨʝʜ ʣʶʙʠʤʠʪʝ ʤʠ ʨʝʩʫʨʩʠ ʚ ʢʘʙʠʥʝʪʘ ʩʘ ʩʚʲʨʟʘʥʠʪʝ ʩ 

ʨʘʟʚʠʚʘʥʝ ʥʘ ʦʢʦʤʝʨʘ ʠ ʠʛʨʠʪʝ (ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʩ ʧʨʠʙʣʠʞʘʚʘʥʝ ʥʘ ʬʫʥʢʮʠʠ): 

 

ʌʠʛʫʨʘ 1. ʀʛʨʠ ʟʘ ʨʘʟʚʠʚʘʥʝ ʥʘ ʦʢʦʤʝʨʘ ʠ ʧʨʠʙʣʠʞʘʚʘʥʝ ʥʘ ʬʫʥʢʮʠʠ 

 

ɽʪʦ ʠ ʥʷʢʦʣʢʦ ʧʨʠʤʝʨʘ ʦʪ ʢʘʙʠʥʝʪʘ, ʢʦʠʪʦ ʩʲʤ ʜʘʚʘʣ ʥʘ ʫʯʝʥʠʮʠʪʝ ʩʠ ʢʘʪʦ ʧʦʜʭʦʜʷʱʘ 

ʩʨʝʜʘ ʟʘ ʠʟʩʣʝʜʚʘʥʠʷ ʚ ʯʘʩʦʚʝʪʝ ʧʦ ʤʘʪʝʤʘʪʠʢʘ.  

ʇʨʠʤʝʨ 1. (http://www.math.bas.bg/omi/cabinet/content/bg/html_old/d16100.html) ʇʨʝʤʝʩʪʝʪʝ 

M, N, P ʠ Q ʚ ʜʠʥʘʤʠʯʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʪʘʢʘ, ʯʝ ʜʘ ʩʝ ʧʦʣʫʯʠ ʨʘʟʚʠʚʢʘ ʥʘ ʧʨʘʚʦʲʛʲʣʝʥ 

ʧʘʨʘʣʝʣʝʧʠʧʝʜ. ɿʘ ʧʦʣʫʯʝʥʘʪʘ ʨʘʟʚʠʚʢʘ ʟʘʧʠʰʝʪʝ ʜʲʣʞʠʥʠʪʝ ʥʘ ʄN, Nɸ, ɺʈ ʠ ʈQ: 

 

ʌʠʛʫʨʘ 2. ɼʠʥʘʤʠʯʥʘ ʢʦʥʩʪʨʫʢʮʠʷ, ʦʪ ʢʦʷʪʦ ʜʘ ʩʝ ʧʦʣʫʯʠ ʨʘʟʚʠʚʢʘ ʥʘ ʧʘʨʘʣʝʣʝʧʠʧʝʜ 

ɿʘʜʘʯʘʪʘ ʥʘ ʧʨʲʚ ʧʦʛʣʝʜ ʩʝ ʩʪʦʨʠ ʣʝʩʥʘ ʥʘ ʚʩʠʯʢʠ. ʀʤʘʭʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʨʘʙʦʪʷʪ ʧʦ 

ʛʨʫʧʠ, ʜʘ ʪʲʨʩʷʪ ʟʘʝʜʥʦ ʨʝʰʝʥʠʝʪʦ ʠ ʜʘ ʠʟʧʦʣʟʚʘʪ ʚʩʠʯʢʠ ʥʘʣʠʯʥʠ ʨʝʩʫʨʩʠ, ʩ ʢʦʠʪʦ 

ʨʘʟʧʦʣʘʛʘʪ. ɻʦʣʷʤʘ ʯʘʩʪ ʦʪ ʫʯʝʥʠʮʠʪʝ ʠʤʘʭʘ ʠʥʩʪʘʣʠʨʘʥʘ ʧʨʦʛʨʘʤʘʪʘ GeoGebra ʥʘ 

ʪʝʣʝʬʦʥʠʪʝ ʩʠ ʠ ʚʝʜʥʘʛʘ ʟʘʧʦʯʥʘʭʘ ʜʘ ʪʲʨʩʷʪ ʨʝʰʝʥʠʝʪʦ. ʊʝʟʠ, ʢʦʠʪʦ ʥʷʤʘʭʘ ʪʘʢʘʚʘ 

http://www.math.bas.bg/omi/cabinet/content/bg/html_old/d16100.html)
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ʚʲʟʤʦʞʥʦʩʪ, ʧʦʣʫʯʠʭʘ ʨʘʟʨʝʰʝʥʠʝʪʦ ʤʠ ʜʘ ʧʦʣʟʚʘʪ ʫʯʠʪʝʣʩʢʠʷ ʢʦʤʧʶʪʲʨ, ʥʦ ʫʩʣʦʚʠʝʪʦ ʤʠ 

ʙʝʰʝ ʜʘ ʧʦʣʫʯʘʪ ʨʘʟʚʠʚʢʘʪʘ ʩ ʥʘʡ-ʤʥʦʛʦ ʪʨʠ ʧʨʝʤʝʩʪʚʘʥʠʷ. ʅʘʡ-ʤʥʦʛʦ ʤʝ ʚʧʝʯʘʪʣʠ 

ʫʯʝʥʠʯʢʘ ʦʪ ʢʣʘʩʘ, ʢʦʷʪʦ ʠʟʢʣʶʯʠʪʝʣʥʦ ʙʲʨʟʦ ʩ ʧʦʜʨʲʯʥʠ ʤʘʪʝʨʠʘʣʠ ʠʟʨʘʙʦʪʠ ʭʘʨʪʠʝʥʘ 

ʨʘʟʚʠʚʢʘ ʧʦ-ʧʦʢʘʟʘʥʠʷ ʥʘʯʠʥ ʠ ʧʲʨʚʘ ʫʩʧʷ ʜʘ ʥʘʤʝʨʠ ʜʲʣʞʠʥʠʪʝ ʥʘ ʪʲʨʩʝʥʠʪʝ ʦʪʩʝʯʢʠ. 

ɼʝʮʘʪʘ ʚ ʢʨʘʷ ʥʘ ʯʘʩʘ ʩʧʦʜʝʣʠʭʘ, ʯʝ ʟʘʜʘʯʠ ʦʪ ʪʘʢʲʚ ʦʪʚʦʨʝʥ ʪʠʧ ʩʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʧʦʣʝʟʥʠ 

ʠ ʠʥʪʝʨʝʩʥʠ ʟʘ ʪʷʭ. 

ʇʨʠʤʝʨ 2. ɼʘʜʝʥ ʝ ʢʚʘʜʨʘʪ. ʋʯʝʥʠʮʠʪʝ ʟʘʧʦʯʚʘʪ ʜʘ ʜʝʣʷʪ ʢʚʘʜʨʘʪʘ ʥʘ ʯʘʩʪʠ, ʢʘʪʦ ʩʧʘʟʚʘʪ 

ʩʣʝʜʥʦʪʦ ʧʨʘʚʠʣʦ: ʧʲʨʚʦ ʨʘʟʜʝʣʷʪ ʢʚʘʜʨʘʪʘ ʥʘ ʜʚʝ ʝʜʥʘʢʚʠ ʧʦʣʦʚʠʥʠ (ʧʦ ʜʠʘʛʦʥʘʣʘ), ʝʜʥʘʪʘ 

ʧʦʣʦʚʠʥʘ ʦʩʪʘʚʷʪ, ʘ ʜʨʫʛʘʪʘ ʧʘʢ ʨʘʟʜʝʣʷʪ ʥʘ ʜʚʝ ʠ ʪ.ʥ. ʋʯʝʥʠʮʠʪʝ ʦʪ 5. ʢʣʘʩ ʪʨʷʙʚʘʰʝ ʢʘʞʘʪ 

ʢʘʢʚʘ ʯʘʩʪ ʦʪ ʣʠʮʝʪʦ ʥʘ ʢʚʘʜʨʘʪʘ ʝ ʣʠʮʝʪʦ ʥʘ ʚʩʝʢʠ ʝʜʠʥ ʦʪ ʧʦʣʫʯʝʥʠʪʝ ʧʨʠ ʜʝʣʝʥʠʝʪʦ 

ʪʨʠʲʛʲʣʥʠʮʠ. ʊʘʟʠ ʩʠʪʫʘʮʠʷ ʝ ʧʦʜʭʦʜʷʱʘ ʟʘ ʚʲʚʝʞʜʘʥʝ ʥʘ ʯʘʩʪ ʦʪ ʮʷʣʦ. ʆʪʜʝʣʥʠʪʝ 

ʪʨʠʲʛʲʣʥʠʮʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʨʷʟʘʥʠ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʠ ʩ ʪʷʭ ʜʘ ʙʲʜʝ ʧʦʩʪʨʦʝʥ ʢʚʘʜʨʘʪʲʪ. 

ʉʣʝʜ ʪʦʚʘ ʚʩʝʢʠ ʪʨʠʲʛʲʣʥʠʢ ʤʦʞʝ ʜʘ ʩʝ ʩʚʲʨʞʝ ʩ ʜʨʦʙʪʘ, ʢʦʷʪʦ ʦʪʛʦʚʘʨʷ ʥʘ ʯʘʩʪʪʘ ʦʪ ʣʠʮʝʪʦ 

ʥʘ ʢʚʘʜʨʘʪʘ. ɺ 6. ʢʣʘʩ ʧʨʠʤʝʨʲʪ ʝ ʧʦʣʝʟʝʥ ʟʘ ʦʥʘʛʣʝʜʷʚʘʥʝʪʦ ʥʘ ʛʝʦʤʝʪʨʠʯʥʘ ʧʨʦʛʨʝʩʠʷ ʠ 

ʥʘ ʩʫʤʘ ʥʘ ʙʝʟʢʨʘʡʥʦ ʥʘʤʘʣʷʚʘʱʘ ʛʝʦʤʝʪʨʠʯʥʘ ʧʨʦʛʨʝʩʠʷ ʪ.ʝ, ʯʝ ʩʫʤʘʪʘ ʦʪ ʣʠʮʘʪʘ ʥʘ 

ʧʦʣʫʯʝʥʠʪʝ ʧʨʠ ʜʝʣʝʥʠʝʪʦ ʪʨʠʲʛʲʣʥʠʮʠ ʝ ʨʘʚʝʥ ʥʘ ʣʠʮʝʪʦ ʥʘ ʢʚʘʜʨʘʪʘ (ʬʠʛ. 3).  

 

ʌʠʛʫʨʘ 3. ʆʥʘʛʣʝʜʷʚʘʥʝ ʥʘ ʩʫʤʘ ʥʘ ʙʝʟʢʨʘʡʥʦ ʥʘʤʘʣʷʚʘʱʘ ʛʝʦʤʝʪʨʠʯʥʘ ʧʨʦʛʨʝʩʠʷ 

 

ʉʠʪʫʘʮʠʷʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʤʦʜʠʬʠʮʠʨʘʥʘ, ʢʘʢʪʦ ʥʘʧʨʠʤʝʨ ʝ ʧʦʢʘʟʘʥʦ ʥʘ ʬʠʛ. 4: 

 

 

ʌʠʛʫʨʘ 4. ʄʦʜʠʬʠʢʘʮʠʠ 
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ʂʦʝ ʙʝʰʝ ʧʦʣʝʟʥʦʪʦ ʧʨʠ ʨʘʟʠʛʨʘʚʘʥʝʪʦ ʩ ʜʠʥʘʤʠʯʥʠʪʝ ʬʘʡʣʦʚʝ? ʀ ʤʘʣʢʠ, ʠ ʛʦʣʝʤʠ 

ʙʝʟʧʨʦʙʣʝʤʥʦ ʩʲʦʙʨʘʟʠʭʘ ʢʘʢʚʘ ʯʘʩʪ ʦʪ ʣʠʮʝʪʦ ʥʘ ʛʦʣʝʤʠʷ ʪʨʠʲʛʲʣʥʠʢ ʝ ʩʫʤʘʪʘ ʥʘ ʣʠʮʘʪʘ 

ʥʘ ʙʝʣʠʪʝ ʪʨʠʲʛʲʣʥʠʮʠ ʠ ʢʘʢʚʘ ï ʩʫʤʘʪʘ ʥʘ ʣʠʮʘʪʘ ʥʘ ʟʝʣʝʥʠʪʝ ʢʚʘʜʨʘʪʠ ʦʪ ʣʠʮʝʪʦ 

ʧʲʨʚʦʥʘʯʘʣʥʠʷ ʢʚʘʜʨʘʪ. ʉ ʫʯʝʥʠʮʠʪʝ ʦʪ 11. ʢʣʘʩ ʜʘʜʦʭʤʝ ʠ ʤʘʪʝʤʘʪʠʯʥʘʪʘ ʦʙʦʩʥʦʚʢʘ ʟʘ 

ʩʫʤʘ ʥʘ ʙʝʟʢʨʘʡʥʦ ʥʘʤʘʣʷʚʘʱʘ ʛʝʦʤʝʪʨʠʯʥʘ ʧʨʦʛʨʝʩʠʷ. 

ɺʲʚ ʚʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʠʤʘ ʟʥʘʯʠʪʝʣʝʥ ʙʨʦʡ ʬʘʡʣʦʚʝ ʟʘ ʦʥʘʛʣʝʜʷʚʘʥʝ ʥʘ 

ʯʠʩʣʦʚʠ ʨʝʜʠʮʠ (ʬʠʛ. 5): 

 

 

ʌʠʛʫʨʘ 5. ʆʥʘʛʣʝʜʷʚʘʥʝ ʥʘ ʯʠʩʣʦʚʠ ʨʝʜʠʮʠ  
 

ɽʢʠʧʲʪ ʦʪ ʩʲʟʜʘʪʝʣʠ ʥʘ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʜʦ ʜʥʝʩ 

ʧʨʝʜʦʩʪʘʚʷ ʚʲʟʤʦʞʥʦʩʪʪʘ ʥʘ ʫʯʠʪʝʣʠ ʠ ʫʯʝʥʠʮʠ ʜʘ ʩʲʟʜʘʚʘʪ ʨʝʩʫʨʩʠ ʟʘ ʦʥʘʛʣʝʜʷʚʘʥʝ ʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʪʝʦʨʝʤʠ ʠ ʧʨʘʚʠʣʘ. ɺ ʩʘʡʪʘ ʥʘ  ʢʘʙʠʥʝʪʘ ʚ ʨʘʟʜʝʣ STEAM ʝ ʧʦʤʝʩʪʝʥ ʫʨʦʢ 

ʟʘ ʩʠʥʫʩʦʚʘ ʪʝʦʨʝʤʘ (https://cabinet.bg/index.php?contenttype=viewarticle&id=136), 

ʨʘʟʨʘʙʦʪʝʥ ʦʪ ʘʚʪʦʨʘ (ʬʠʛ. 6). ʀʜʝʷʪʘ ʥʘ ʫʨʦʢʘ ʝ ʩʚʲʨʟʘʥʘ ʩʲʩ ʩʲʟʜʘʚʘʥʝ ʥʘ ʫʩʣʦʚʠʷ ʟʘ 

ʬʦʨʤʫʣʠʨʘʥʝ ʥʘ ʭʠʧʦʪʝʟʠ, ʩʚʲʨʟʘʥʠ ʩʲʩ ʩʠʥʫʩʦʚʘʪʘ ʪʝʦʨʝʤʘ, ʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʪʨʠʲʛʲʣʥʠʢʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʜʠʥʘʤʠʯʥʠʪʝ ʢʦʥʩʪʨʫʢʮʠʠ: 

 

ʌʠʛʫʨʘ 6. ʌʦʨʤʫʣʠʨʦʚʢʠ ʥʘ ʟʘʜʘʯʠʪʝ ʚ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʩʪʠʣ  
 

https://cabinet.bg/index.php?contenttype=viewarticle&id=136
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ɿɸʂʃʖʏɽʅʀɽ 

ʅʠʝ, ʫʯʠʪʝʣʠʪʝ, ʪʨʷʙʚʘ ʜʘ ʨʘʟʚʠʚʘʤʝ ʠ ʥʘʜʛʨʘʞʜʘʤʝ ʟʥʘʥʠʷʪʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʠ ʜʘ 

ʠʟʧʦʣʟʚʘʤʝ ʚʩʷʢʘ ʚʲʟʤʦʞʥʦʩʪ, ʧʨʠ ʢʦʷʪʦ ʪʝ ʤʦʛʘʪ ʝʢʩʧʝʨʠʤʝʥʪʠʨʘʪ, ʜʘ ʠʟʩʣʝʜʚʘʪ ʠ ʦʪʢʨʠʚʘʪ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʩʚʦʡʩʪʚʘ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʙʝʢʪʠ ʠ ʪʘʢʘ, ʧʦ ʝʩʪʝʩʪʚʝʥ ʥʘʯʠʥ, ʜʘ ʩʝ 

ʜʦʢʦʩʥʘʪ ʜʦ ʢʨʘʩʦʪʘʪʘ ʥʘ ʤʘʪʝʤʘʪʠʢʘʪʘ. ʊʝʭʥʦʣʦʛʠʠʪʝ ʤʥʦʛʦ ʙʲʨʟʦ ʥʠ ʜʘʚʘʪ ʦʪʛʦʚʦʨʠʪʝ, 

ʢʦʠʪʦ ʪʲʨʩʠʤ, ʥʦ ʩʲʱʝʚʨʝʤʝʥʥʦ ʧʦʩʪʘʚʷʪ ʠ ʤʥʦʛʦ ʚʲʧʨʦʩʠ ʢʲʤ ʥʘʩ. ʀʜʝʠʪʝ, ʨʘʟʚʠʪʠ ʦʪ 

ʫʯʝʥʠʮʠʪʝ ʤʠ, ʙʷʭʘ ʩʧʦʜʝʣʝʥʠ ʩ ʪʝʭʥʠ ʚʨʲʩʪʥʠʮʠ ʚ ʨʘʤʢʠʪʝ ʥʘ ʧʨʦʝʢʪʠ ʧʦ ʧʨʦʛʨʘʤʘʪʘ  

ɽʨʘʟʲʤ+. ʊʘʢʘ ɺʠʨʪʫʘʣʥʠʷʪ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ, ʢʦʡʪʦ ʝ ʙʲʣʛʘʨʩʢʘʪʘ ʤʘʪʝʤʘʪʠʯʥʘ 

ʣʘʙʦʨʘʪʦʨʠʷ, ʜʦʙʠ ʦʱʝ ʧʦ-ʛʦʣʷʤʘ ʧʦʧʫʣʷʨʥʦʩʪ ʩʨʝʜ ʫʯʠʪʝʣʠ ʠ ʫʯʝʥʠʮʠ  ʥʝ ʩʘʤʦ ʚ ɹʲʣʛʘʨʠʷ, 

ʥʦ ʠ ʚ ɽʚʨʦʧʘ. ɸʟ ʩʲʤ ʫʙʝʜʝʥ, ʯʝ ʠ ʩʣʝʜ 10 ʛʦʜʠʥʠ ʪʦʡ ʱʝ ʝ ʩʲʱʦ ʪʦʣʢʦʚʘ ʧʦʣʝʟʝʥ, ʢʦʣʢʦʪʦ 

ʝ ʜʥʝʩ, ʠ ʱʝ ʙʲʜʝ ʚʩʝ ʪʘʢʘ ʘʢʪʫʘʣʝʥ, ʨʘʟʰʠʨʝʥ ʠ ʦʙʦʛʘʪʝʥ. 
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MATHEMATICS  VIRTUAL AND REAL  
 

Dinko Tsvyatkov 

 

ABSTRACT 

It has been 10 dynamic years since my first encounter with the Virtual Mathematics 

Laboratory. This is the Bulgarian dynamic platform for explorations and teaching in a new and 

interesting way of mathematics as a science. This platform opened new doors to knowledge, 

science, and helped the Bulgarian teacher to apply inquiry-based learning in mathematics 

education in a more exciting and intriguing manner. 

Keywords: mathematics; virtual school mathematics laboratory; inquiry based learning; GeoGebra 
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ʊɽʍʅʀʏɽʉʂʆ ʏɽʈʊɸʅɽ ʉ ɹɽɿʇʃɸʊɽʅ ɼʀʅɸʄʀʏɽʅ ʉʆʌʊʋɽʈ 

 
ɼʘʨʠʥʢʘ ɺʲʣʢʦʚʘ  

 

 

ʈɽɿʖʄɽ 

ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʜʠʥʘʤʠʯʝʥ ʩʦʬʪʫʝʨ ʚ ʯʘʩʦʚʝʪʝ ʧʦ ʪʝʭʥʠʯʝʩʢʦ ʯʝʨʪʘʥʝ ʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪ. ɼʦʩʪʲʧʝʥ, ʩ ʤʥʦʛʦ ʬʫʥʢʮʠʠ, ʠʥʪʝʨʘʢʪʠʚʝʥ, GeoGebra ʝ ʩʦʬʪʫʝʨ, ʢʦʡʪʦ ʤʦʞʝ 

ʜʘ ʧʦʤʦʛʥʝ ʥʘ ʫʯʠʪʝʣʷ ʜʘ ʥʘʤʝʨʠ ʧʨʘʚʠʣʥʠʷ ʧʦʜʭʦʜ ʟʘ ʨʘʟʙʠʨʘʥʝʪʦ ʥʘ ʟʘʜʘʯʠ, ʢʦʠʪʦ ʱʝ 

ʨʘʟʚʠʷʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʦʪʦ ʤʠʩʣʝʥʝ ʥʘ ʫʯʝʥʠʮʠʪʝ. ɿʘ ʠʟʷʩʥʷʚʘʥʝ ʩʲʱʥʦʩʪʪʘ ʥʘ ʧʨʝʜʤʝʪʠʪʝ 

ʦʢʦʣʦ ʥʘʩ ʥʠʝ ʠʟʧʦʣʟʚʘʤʝ ʧʦʜ ʝʜʥʘ ʠʣʠ ʜʨʫʛʘ ʬʦʨʤʘ ʨʘʟʨʝʟʘ ʠ ʩʝʯʝʥʠʝʪʦ ʢʘʪʦ ʥʘʯʠʥʠ ʟʘ 

ʚʠʟʫʘʣʠʟʘʮʠʷ. ʄʠʩʣʝʥʠʪʝ ʨʘʚʥʠʥʠ, ʢʦʠʪʦ ʧʨʝʢʘʨʚʘʤʝ ʧʨʝʟ ʧʨʝʜʤʝʪʠʪʝ, ʪʨʷʙʚʘ ʜʘ ʩʘ ʩʚʝʜʝʥʠ 

ʜʦ ʦʧʪʠʤʘʣʝʥ ʙʨʦʡ, ʢʘʢʪʦ ʠ ʧʦʣʫʯʝʥʠʪʝ ʨʘʟʨʝʟʠ ʠ ʩʝʯʝʥʠʷ ʜʘ ʙʲʜʘʪ ʜʦʩʪʘʪʲʯʥʠ ʠ ʚ ʩʲʱʦʪʦ 

ʚʨʝʤʝ ʜʘ ʥʷʤʘ ʥʝʠʟʷʩʥʝʥʠ ʯʘʩʪʠ ʦʪ ʧʨʝʜʤʝʪʠʪʝ.  

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʨʘʟʨʝʟ; ʩʝʯʝʥʠʝ; ʩʝʢʫʱʘ ʨʘʚʥʠʥʘ; ʜʝʪʘʡʣ 

 

ɺʒɺɽɼɽʅʀɽ 

ʈʘʟʣʠʢʘʪʘ ʤʝʞʜʫ ʨʘʟʨʝʟ ʠ ʩʝʯʝʥʠʝ ʝ ʚ ʥʘʯʠʥʘ ʥʘ ʠʟʦʙʨʘʟʷʚʘʥʝ ʥʘ ʪʷʣʦʪʦ, ʥʘʤʠʨʘʱʦ 

ʩʝ ʟʘʜ ʩʝʢʫʱʘʪʘ ʨʘʚʥʠʥʘ. ʉʝʢʫʱʘʪʘ ʨʘʚʥʠʥʘ ʝ ʤʠʩʣʝʥʘ ʨʘʚʥʠʥʘ, ʢʦʷʪʦ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʠʟʷʩʥʷʚʘ 

ʚʲʪʨʝʰʥʠʪʝ ʧʦʚʲʨʭʥʠʥʠ ʥʘ ʜʘʜʝʥʦ ʪʷʣʦ. ʊʷ ʩʝ ʧʨʝʢʘʨʚʘ ʧʨʝʟ ʪʷʣʦʪʦ ʪʘʢʘ, ʯʝ ʥʝʦʙʭʦʜʠʤʠʪʝ 

ʨʘʟʨʝʟʠ ʠ ʩʝʯʝʥʠʷ ʜʘ ʩʘ ʚʲʟʤʦʞʥʦ ʥʘʡ-ʤʘʣʢʦ. ʎʝʣʠ ʩʝ ʤʘʢʩʠʤʘʣʥʦ ʠʟʷʩʥʷʚʘʥʝ ʩ ʤʠʥʠʤʘʣʥʦ 

ʠʟʦʙʨʘʟʷʚʘʥʝ.  

ʈʘʟʨʝʟʠʪʝ ʠ ʩʝʯʝʥʠʷʪʘ ʩʝ ʱʨʠʭʦʚʘʪ ʧʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥ ʥʘʯʠʥ. ʑʨʠʭʦʚʢʘʪʘ ʟʘʚʠʩʠ 

ʦʪ ʤʘʪʝʨʠʘʣʘ, ʦʪ ʢʦʡʪʦ ʝ ʠʟʨʘʙʦʪʝʥʦ ʪʷʣʦʪʦ. ɼʨʫʛ ʚʘʞʝʥ ʤʦʤʝʥʪ ʩʘ ʦʩʠʪʝ ʥʘ ʩʠʤʝʪʨʠʷ ʠʣʠ 

ʦʩʝʚʠʪʝ ʣʠʥʠʠ, ʢʦʠʪʦ ʠʟʷʩʥʷʚʘʪ ʢʘʢʚʠ ʩʠʤʝʪʨʠʯʥʠ ʝʣʝʤʝʥʪʠ ʠʤʘ ʚ ʜʝʪʘʡʣʠʪʝ ʠʣʠ ʩʙʦʨʥʠʪʝ 

ʝʜʠʥʠʮʠ.  

ʆʨʘʟʤʝʨʷʚʘʥʝʪʦ ʝ ʦʪ ʠʟʢʣʶʯʠʪʝʣʥʦ ʟʥʘʯʝʥʠʝ. ʊʫʢ ʩʝ ʪʲʨʩʠ ʦʧʪʠʤʘʣʥʦʪʦ ʧʦʩʦʯʚʘʥʝ 

ʥʘ ʨʘʟʤʝʨʠʪʝ, ʢʘʪʦ ʥʝ ʩʝ ʜʦʧʫʩʢʘ ʜʫʙʣʠʨʘʥʝʪʦ ʠʤ. ɺʩʠʯʢʠ ʪʝʟʠ ʠʟʠʩʢʚʘʥʠʷ ʩʘ 

ʨʝʛʣʘʤʝʥʪʠʨʘʥʠ ʚ ʩʪʘʥʜʘʨʪʠʪʝ, ʢʦʠʪʦ ʝ ʥʝʜʦʧʫʩʪʠʤʦ ʜʘ ʙʲʜʘʪ ʥʘʨʫʰʘʚʘʥʠ. ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ 

ʯʝʨʪʝʞʲʪ ʠʣʠ ʩʢʠʮʘʪʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʧʦʜʨʝʜʝʥʠ, ʠʟʧʲʣʥʝʥʠ ʝʩʪʝʪʠʯʝʩʢʠ, ʜʘ ʙʲʜʘʪ 

ʚʲʟʧʨʠʝʤʘʥʠ ʙʝʟ ʤʥʦʛʦ ʫʩʠʣʠʷ ʦʪ ʯʦʚʝʢʘ, ʢʦʡʪʦ ʛʠ ʨʘʟʯʠʪʘ. ʈʘʟʤʝʨʠʪʝ ʜʦʧʲʣʥʠʪʝʣʥʦ 

ʠʟʷʩʥʷʚʘʪ ʦʩʦʙʝʥʦʩʪʠʪʝ ʥʘ ʜʝʪʘʡʣʘ (ɹʦʛʦʣʶʙʦʚ 1986). 

ʉʪʘʥʜʘʨʪʠʪʝ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʩʪʨʘʥʠ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʯʝʨʪʝʞʠʪʝ ʩʝ ʨʘʟʣʠʯʘʚʘʪ, ʥʦ 

ʧʦʚʝʯʝʪʦ ʩʠʤʚʦʣʠ ʩʘ ʫʥʠʚʝʨʩʘʣʥʠ.  

 

ʀɿʈɸɹʆʊɺɸʅɽ ʅɸ ʉʂʀʎɸ ʅɸ ɼɽʊɸʁʃ 

 ʉʢʠʮʘʪʘ ʩʝ ʠʟʨʘʙʦʪʚʘ ʙʝʟ ʯʝʨʪʦʞʥʠ ʠʥʩʪʨʫʤʝʥʪʠ, ʥʦ ʩʝ ʠʟʤʝʨʚʘʪ ʨʘʟʤʝʨʠʪʝ, 

ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʠʟʦʙʨʘʟʷʚʘʥʝʪʦ. ʇʨʠ ʠʟʤʝʨʚʘʥʝ ʥʘ ʠʟʜʝʣʠʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʫʨʝʜʠ ʩ ʧʦ-ʚʠʩʦʢʘ 

ʪʦʯʥʦʩʪ, ʥʦ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʘʢʩʦʥʦʤʝʪʨʠʯʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ï ʤʦʞʝ ʠ ʯʝʨʪʦʞʥʘ ʣʠʥʠʷ.  

 ɺʘʞʥʦʪʦ ʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʧʨʝʮʝʥʢʘ ï ʢʦʣʢʦ ʧʨʦʝʢʮʠʠ, ʩʝʯʝʥʠʷ, ʨʘʟʨʝʟʠ 

ʱʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʤʘʢʩʠʤʘʣʥʦ ʦʥʘʛʣʝʜʷʚʘʥʝ ʥʘ ʠʟʜʝʣʠʝʪʦ. ʅʘ ʬʠʛ. 1 ʝ ʧʦʢʘʟʘʥʘ ʩʪʦʡʢʘ, 

ʠʟʦʙʨʘʟʝʥʘ ʥʘ AutoCad. ʗʩʥʦ ʩʝ ʚʠʞʜʘ, ʯʝ ʟʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʟʘʜʘʯʘʪʘ ʩʘ ʜʦʩʪʘʪʲʯʥʠ ʜʚʝ 

ʧʨʦʝʢʮʠʠ, ʢʘʪʦ ʧʲʨʚʘʪʘ ʤʦʞʝ ʜʘ ʝ ʧʦʣʫʨʘʟʨʝʟ. ʅʘ ʧʦʛʣʝʜʘ ʦʪʛʦʨʝ ʝ ʜʦʙʨʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ 

ʦʨʘʟʤʝʨʷʚʘʥʝ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʩʪʦʡʢʘ.  
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ʌʠʛʫʨʘ 1. ʉʪʦʡʢʘ 

 

GeoGebra ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʣʝʟʥʘ ʥʝ ʩʘʤʦ ʩʲʩ ʟʘʧʦʯʚʘʥʝʪʦ ʠ ʨʘʟʙʠʨʘʥʝʪʦ ʥʘ ʪʦʟʠ ʚʠʜ 

ʟʘʜʘʯʠ, ʥʝʡʥʦʪʦ ʠʟʧʦʣʟʚʘʥʝ ʱʝ ʨʘʟʰʠʨʠ ʨʘʟʙʠʨʘʥʝʪʦ ʥʘ ʜʝʪʘʡʣʠʪʝ. ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʪʘ ʥʘ 

ʩʦʬʪʫʝʨʘ ʱʝ ʧʦʟʚʦʣʠ ʥʘ ʧʦʪʨʝʙʠʪʝʣʷ ʜʘ ʥʘʧʨʘʚʠ ʪʦʯʥʘ ʧʨʝʮʝʥʢʘ ʢʘʢ ʜʘ ʠʟʧʲʣʥʠ ʟʘʜʘʯʘʪʘ. 

ʋʯʠʪʝʣʷʪ, ʢʦʡʪʦ ʧʨʝʧʦʜʘʚʘ ʤʘʪʝʨʠʘʣʘ ʦʪ ʨʘʟʜʝʣʘ ʂʦʥʩʪʨʫʠʨʘʥʝ ʠ ʧʨʦʝʢʪʠʨʘʥʝ ʧʦ 

ʊʝʭʥʦʣʦʛʠʠ ʠ ʧʨʝʜʧʨʠʝʤʘʯʝʩʪʚʦ, ʱʝ ʤʦʞʝ ʜʘ ʧʦʢʘʞʝ ʥʘ ʫʯʝʥʠʮʠ ʚʩʠʯʢʠ ʦʩʦʙʝʥʦʩʪʠ ʥʘ 

ʜʝʪʘʡʣʘ ʠ ʟʘʱʦ ʥʷʤʘ ʥʫʞʜʘ ʦʪ ʧʦʚʝʯʝ ʦʪ ʜʚʝ ʧʨʦʝʢʮʠʠ. 

ʅʘ ʬʠʛ. 2 ʝ ʠʟʦʙʨʘʟʝʥʘ ʚʪʫʣʢʘ, ʢʦʷʪʦ ʠʤʘ ʚʲʪʨʝʰʥʠ ʠ ʚʲʥʰʥʠ ʮʠʣʠʥʜʨʠʯʥʠ 

ʧʦʚʲʨʭʥʠʥʠ. ʅʘ GeoGebra ʩʝ ʧʦʣʫʯʘʚʘ ʧʦ-ʪʨʫʜʦʝʤʢʦ, ʦʪʢʦʣʢʦʪʦ ʥʘ AutoCad, ʥʦ ʬʘʡʣʲʪ 

ʤʦʞʝ ʜʘ ʙʲʜʝ ʩʧʦʜʝʣʝʥ ʚ ʧʣʘʪʬʦʨʤʘʪʘ ʥʘ ʩʦʬʪʫʝʨʘ ʠ ʜʘ ʩʝ ʧʦʣʟʚʘ ʦʪ ʤʥʦʛʦ ʫʯʠʪʝʣʠ ʠ 

ʫʯʝʥʠʮʠ.  

 
ʌʠʛʫʨʘ 2. ɺʪʫʣʢʘ 

 

ɺʲʟʤʦʞʥʦ ʝ ʜʘ ʩʝ ʧʦʩʪʘʚʠ ʧʣʲʟʛʘʯ ʠ ʜʘ ʩʝ ʧʦʢʘʞʝ ʟʘʱʦ ʩʝ ʧʨʝʤʘʭʚʘ ı ʦʪ ʜʝʪʘʡʣʘ ʟʘ 

ʟʘʜʘʥʠʝʪʦ. ɿʘ ʚʪʫʣʢʘʪʘ ʦʪʥʦʚʦ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʜʚʝ ʧʨʦʝʢʮʠʠ, ʥʦ ʪʦʟʠ ʧʲʪ ʦʩʚʝʥ ʧʲʨʚʘ 

ʧʨʦʝʢʮʠʷ ʱʝ ʠʟʧʦʣʟʚʘʤʝ ʪʨʝʪʘ ʧʨʦʝʢʮʠʷ (ʧʦʛʣʝʜ ʦʪʣʷʚʦ). 

GeoGebra ʝ ʫʜʦʙʥʘ ʟʘ ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʦʙʝʤʘ ʠ ʧʦʚʲʨʭʥʠʥʘʪʘ ʜʘ ʜʝʪʘʡʣʠʪʝ. ʊʫʢ ʤʦʞʝ ʜʘ 

ʩʝ ʠʟʩʣʝʜʚʘ ʢʘʢ ʩʝ ʧʨʦʤʝʥʷ ʪʝʛʣʦʪʦ ʥʘ ʜʝʪʘʡʣʘ, ʘʢʦ ʧʨʦʙʠʝʤ ʥʷʢʘʢʚʠ ʦʪʚʦʨʠ, ʢʘʢʚʦ ʩʝ ʩʣʫʯʚʘ 

ʩ ʮʝʥʪʲʨʘ ʥʘ ʪʝʞʝʩʪʪʘ, ʘʢʦ ʧʦʩʪʘʚʠʤ ʜʦʧʲʣʥʠʪʝʣʥʠ ʨʝʙʨʘ ʠʣʠ ʩʢʦʩʠʤ ʥʷʢʦʠ ʯʘʩʪʠ. 

ɿʘ ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʦʙʝʤʘ ʥʘ ʚʪʫʣʢʘʪʘ ʪʨʷʙʚʘ ʤʠʩʣʝʥʦ ʜʘ ʷ ʨʘʟʜʝʣʠʤ ʥʘ ʯʘʩʪʠ. 
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ʌʠʛʫʨʘ 3. ʅʘʧʨʝʯʥʦ ʩʝʯʝʥʠʝ ʥʘ ʧʨʝʜʥʘʪʘ ʯʘʩʪ ʥʘ ʚʪʫʣʢʘʪʘ 

 

 ɿʘ ʦʥʘʛʣʝʜʷʚʘʥʝ ʥʘ ʥʘʧʨʝʯʥʦʪʦ ʩʝʯʝʥʠʝ ʥʘ ʚʪʫʣʢʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ Locus, ʥʦ ʟʘ 

ʜʘ ʧʨʝʩʤʝʪʥʝʤ ʦʙʝʤʘ ʥʘ ʪʘʟʠ ʯʘʩʪ ʦʪ ʚʪʫʣʢʘʪʘ, ʪʦʚʘ ʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ. 

 

 
ʌʠʛʫʨʘ 4. ʅʘʧʨʝʯʥʦ ʩʝʯʝʥʠʝ ʥʘ ʧʨʝʜʥʘʪʘ ʯʘʩʪ ʥʘ ʚʪʫʣʢʘʪʘ 

 

ɿʘ ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʩʝʯʝʥʠʝʪʦ ʝ ʜʦʙʨʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʚ GeoGebra ʩʝ ʧʦʢʘʟʚʘʪ ʣʠʮʘʪʘ 

ʥʘ ʩʝʢʪʦʨʠ ʠ ʤʥʦʛʦʲʛʲʣʥʠʮʠ ʚ Algebra. ʄʦʞʝʤ ʜʘ ʩʲʙʝʨʝʤ ʣʠʮʘʪʘ ʥʘ ʩʠʥʠʷ ʪʨʘʧʝʮ, ʟʝʣʝʥʠʷ 

ʠ ʞʲʣʪʠʷ ʩʝʢʪʦʨ ʠ ʦʪ ʧʦʣʫʯʝʥʘʪʘ ʩʫʤʘ ʜʘ ʠʟʚʘʜʠʤ ʣʠʮʘʪʘ ʥʘ ʯʝʨʚʝʥʠʪʝ ʩʝʢʪʦʨʠ. ʈʝʟʫʣʪʘʪʲʪ 

ʱʝ ʫʤʥʦʞʠʤ ʧʦ ʯʝʪʠʨʠ, ʟʘ ʜʘ ʧʦʣʫʯʠʤ ʮʷʣʦʪʦ ʣʠʮʝ. ʆʙʝʤʲʪ ʥʘ ʧʨʝʜʥʘʪʘ ʯʘʩʪ ʥʘ ʚʪʫʣʢʘʪʘ 

ʱʝ ʧʦʣʫʯʠʤ, ʢʘʪʦ ʫʤʥʦʞʠʤ ʧʦ ʥʝʡʥʘʪʘ ʜʝʙʝʣʠʥʘ. ɺ GeoGebra ʪʦʚʘ ʝ ʣʝʩʥʦ, ʢʘʢʪʦ ʩʝ ʚʠʞʜʘ 

ʥʘ ʬʠʛʫʨʘʪʘ. ʇʨʠ ʧʨʦʤʷʥʘ ʥʘ ʨʘʟʤʝʨʠʪʝ ʱʝ ʩʝ ʧʨʦʤʝʥʷʪ ʠ ʩʪʦʡʥʦʩʪʠʪʝ. 

 

ʀɿʈɸɹʆʊɺɸʅɽ ʅɸ ʏɽʈʊɽɾ ʅɸ ɼɽʊɸʁʃ 

 ɺ ʪʝʭʥʠʯʝʩʢʦʪʦ ʯʝʨʪʘʥʝ ʩʝ ʠʟʠʩʢʚʘʪ ʫʤʝʥʠʷ ʟʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʯʝʨʪʦʞʥʠ 

ʠʥʩʪʨʫʤʝʥʪʠ, ʢʦʠʪʦ ʩʘ ʟʘʜʲʣʞʠʪʝʣʥʠ ʧʨʠ ʠʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʯʝʨʪʝʞ ʩ ʠʥʩʪʨʫʤʝʥʪʠ. 

ɽʩʪʝʪʠʢʘʪʘ ʥʘ ʯʝʨʪʝʞʘ ʪʨʷʙʚʘ ʜʘ ʝ ʥʘ ʜʦʩʪʘʪʲʯʥʦ ʚʠʩʦʢʦ ʥʠʚʦ, ʟʘ ʜʘ ʝ ʯʝʪʠʤ ʟʘ ʚʩʝʢʠ, ʢʦʡʪʦ 

ʱʝ ʛʦ ʠʟʧʦʣʟʚʘ. ʋʯʝʥʠʮʠʪʝ ʪʨʷʙʚʘ ʦʱʝ ʚ ʦʩʥʦʚʥʠʷ ʢʫʨʩ ʜʘ ʦʩʲʟʥʘʷʪ ʟʥʘʯʝʥʠʝʪʦ ʥʘ 

ʧʨʝʛʣʝʜʥʠʷ, ʯʠʩʪʦ ʠʟʧʲʣʥʝʥ ʯʝʨʪʝʞ. ʊʦʚʘ ʩʝ ʠʟʫʯʘʚʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʝʜʧʨʠʝʤʘʯʝʩʪʚʦ 

ʦʱʝ ʦʪ 5. ʢʣʘʩ. ɺʩʠʯʢʦ ʪʦʚʘ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʪʘʥʝ ʩʘʤʦ, ʘʢʦ ʫʯʝʥʠʮʠʪʝ ʨʘʟʙʠʨʘʪ ʢʘʢʚʦ ʧʨʘʚʷʪ 

ʠ ʚ ʢʘʢʚʦ ʪʦʯʥʦ ʝ ʪʷʭʥʘʪʘ ʟʘʜʘʯʘ. 
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ʌʠʛʫʨʘ 3. ʌʣʘʥʝʮ 

 

ʅʘ ʬʠʛ. 3 ʚʠʞʜʘʤʝ ʬʣʘʥʝʮ. ɿʘ ʜʘ ʩʝ ʥʘʯʝʨʪʘʝ ʧʦ ʩʪʘʥʜʘʨʪʠʪʝ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʨʘʙʦʪʠ 

ʦʪʣʠʯʥʦ ʩ ʧʝʨʛʝʣ, ʜʘ ʩʝ ʠʟʧʲʣʥʠ ʧʨʦʝʢʮʠʦʥʥʘʪʘ ʚʨʲʟʢʘ, ʪʲʡ ʢʘʪʦ ʠ ʟʘ ʬʣʘʥʝʮʘ ʱʝ ʩʘ 

ʥʝʦʙʭʦʜʠʤʠ ʜʚʝ ʧʨʦʝʢʮʠʠ. 

 

ʀɿʈɸɹʆʊɺɸʅɽ ʅɸ ʏɽʈʊɽɾ ʅɸ ʆɹʑʀʗ ɺʀɼ 

ɿʘ ʯʝʨʪʝʞʘ ʥʘ ʦʙʱʠʷ ʚʠʜ ʝ ʥʝʦʙʭʦʜʠʤʦ ʚʩʠʯʢʠ ʜʝʪʘʡʣʠ ʜʘ ʩʘ ʦʮʚʝʪʝʥʠ ʚ ʨʘʟʣʠʯʝʥ 

ʮʚʷʪ, ʟʘ ʜʘ ʩʝ ʨʘʟʙʝʨʝ ʪʷʭʥʘʪʘ ʨʦʣʷ ʠ ʤʷʩʪʦ ʚ ʩʛʣʦʙʝʥʘʪʘ ʝʜʠʥʠʮʘ. GeoGebra ʝ ʤʥʦʛʦ ʫʜʦʙʥʘ, 

ʟʘ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʠ ʩʙʦʨʥʠʷ ʯʝʨʪʝʞ, ʢʘʪʦ ʩʙʦʨ ʦʪ ʨʘʟʣʠʯʥʦ ʦʮʚʝʪʝʥʠ ʜʝʪʘʡʣʠ. ʇʨʠ ʚʢʣʶʯʚʘʥʝ 

ʚ ʦʥʣʘʡʥ ʨʝʩʫʨʩʠʪʝ, ʧʦʪʨʝʙʠʪʝʣʷʪ ʤʦʞʝ ʜʘ ʥʘʧʨʘʚʠ ʨʘʟʛʣʝʞʜʘʥʝ ʥʘ ʜʝʪʘʡʣʠʪʝ, ʜʘ ʛʠ 

ʫʚʝʣʠʯʘʚʘ ʠ ʥʘʤʘʣʷʚʘ, ʜʘ ʛʠ ʟʘʚʲʨʪʘ ʧʦʜ ʨʘʟʣʠʯʝʥ ʲʛʲʣ, ʜʘ ʩʲʟʜʘʚʘ ʩʚʦʷ ʮʚʝʪʦʚʘ ʧʘʣʠʪʨʘ. 

ʉʲʟʜʘʚʘʥʝʪʦ ʥʘ ʬʘʡʣʘ ʝ ʧʦ-ʪʨʫʜʦʝʤʢʦ, ʦʪʢʦʣʢʦʪʦ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠʪʝ ʧʨʦʛʨʘʤʠ, ʥʦ 

ʜʦʩʪʲʧʥʦʩʪʪʘ ʝ ʙʝʟʩʧʦʨʥʦ ʧʨʝʜʠʤʩʪʚʦ, ʩʪʠʛʘ ʘʚʪʦʨʲʪ ʜʘ ʞʝʣʘʝ ʜʘ ʛʠ ʩʧʦʜʝʣʠ ʧʫʙʣʠʯʥʦ 

(ʉʘʥʜʘʣʩʢʠ, ɿʣʘʪʘʥʦʚʘ, ɻʝʦʨʛʠʝʚʘ 2000). 

 
ʌʠʛʫʨʘ 4. ʈʦʣʢʦʚ ʤʝʭʘʥʠʟʲʤ 

 

ʄʦʞʝ ʜʘ ʩʝ ʧʦʩʪʘʚʠ ʟʘʜʘʯʘʪʘ ï ʜʘ ʩʝ ʧʨʝʩʤʝʪʥʝ ʪʝʛʣʦʪʦ ʥʘ ʚʩʝʢʠ ʝʣʝʤʝʥʪ ʦʪ 

ʤʝʭʘʥʠʟʤʘ. ɿʘ ʪʘʟʠ ʮʝʣ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʦʙʝʤʲʪ ʥʘ ʚʩʝʢʠ ʦʪ ʜʝʪʘʡʣʠʪʝ, ʦʪ ʢʦʠʪʦ ʝ 

ʩʲʩʪʘʚʝʥ ʤʝʭʘʥʠʟʤʲʪ. ʅʘ ʬʠʛ. 4 ʩʝ ʚʠʞʜʘʪ ʜʝʪʘʡʣʠʪʝ, ʦʮʚʝʪʝʥʠ ʚ ʨʘʟʣʠʯʥʠ ʮʚʝʪʦʚʝ ï ʦʩʠʪʝ, 

ʧʦ ʢʦʠʪʦ ʱʝ ʩʝ ʠʟʚʲʨʰʚʘ ʚʲʨʪʝʣʠʚʦ ʜʚʠʞʝʥʠʝ. ʄʝʭʘʥʠʟʤʲʪ ʤʦʞʝ ʜʘ ʩʝ ʠʟʦʙʨʘʟʠ ʩ ʧʣʲʟʛʘʯ 

ʠ ʜʘ ʩʝ ʧʦʢʘʞʘʪ ʜʚʠʞʝʥʠʷʪʘ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʤʝʭʘʥʠʟʤʘ. 

 

ʀɿɺʆɼʀ 

ɺʩʝʢʠ ʩʦʬʪʫʝʨ ʠʤʘ ʩʚʦʠʪʝ ʧʦʣʦʞʠʪʝʣʥʠ ʩʪʨʘʥʠ, ʩʚʦʝʪʦ ʧʨʠʣʦʞʝʥʠʝ. ʀʟʧʦʣʟʚʘʥʝʪʦ 

ʥʘ GeoGebra ʚ ʧʨʦʬʝʩʠʦʥʘʣʥʘʪʘ ʪʝʭʥʦʣʦʛʠʯʥʘ ʩʬʝʨʘ ʝ ʠʥʪʝʨʝʩʥʦ, ʥʝ ʠ ʥʝʚʲʟʤʦʞʥʦ. 

ʇʨʦʬʝʩʠʦʥʘʣʥʠʪʝ ʩʦʬʪʫʝʨʠ ʠʤʘʪ ʩʚʦʝʪʦ ʙʝʟʩʧʦʨʥʦ ʤʷʩʪʦ, ʢʦʤʧʶʪʨʠʪʝ ʩʘ ʟʘʜʲʣʞʠʪʝʣʥʠ, ʥʦ 

ʚ ʫʯʠʣʠʱʝ ʩʝ ʩʣʫʯʚʘ ʧʲʨʚʦʪʦ ʟʘʧʦʟʥʘʚʘʥʝ ʩ ʥʘʯʠʥʘ ʥʘ ʨʘʙʦʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʤʝʭʘʥʠʟʤʠ. 
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GeoGebra ʤʦʞʝ ʜʘ ʠʤʘ ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ ʚ ʪʝʭʥʠʯʝʩʢʦʪʦ ʯʝʨʪʘʥʝ ʠ ʨʘʟʙʠʨʘʥʝʪʦ ʥʘ 

ʩʛʣʦʙʝʥʠʪʝ ʝʜʠʥʠʮʠ ʠ ʜʝʪʘʡʣʠʪʝ, ʦʪ ʢʦʠʪʦ ʩʝ ʩʲʩʪʦʷʪ ʪʝ. 

 

ɿɸʂʃʖʏɽʅʀɽ 

ʉʲʩʪʝʟʘʥʠʷʪʘ ʠ ʦʣʠʤʧʠʘʜʠʪʝ ʧʦ ʪʝʭʥʠʯʝʩʢʦ ʯʝʨʪʘʥʝ ʩʘ ʥʝ ʩʘʤʦ ʤʷʩʪʦʪʦ, ʥʘ ʢʦʝʪʦ ʩʝ 

ʦʧʨʝʜʝʣʷʪ ʥʘʡ-ʤʦʞʝʱʠʪʝ ʫʯʝʥʠʮʠ ʚ ʪʘʟʠ ʦʙʣʘʩʪ, ʥʦ ʠ ʧʨʝʢʠʷʪ ʧʲʪ ʟʘ ʚʨʲʟʢʘ ʤʝʞʜʫ 

ʪʘʣʘʥʪʣʠʚʠʪʝ ʙʲʣʛʘʨʩʢʠ ʫʯʝʥʠʮʠ ʠ ʙʠʟʥʝʩʘ. ʉʧʦʨʝʜ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ ʙʠʟʥʝʩʘ ʠʤʘ ʛʦʣʷʤʦ 

ʪʨ̡ʩʝʥʝ ʥʘ ʤʣʘʜʠ ʭʦʨʘ, ʢʦʠʪʦ ʥʝ ʩʘʤʦ ʜʘ ʤʦʛʘʪ ʜʘ ʨʘʙʦʪʷʪ ʥʘ ʝʜʠʥ, ʜʚʘ ʠʣʠ ʧʦʚʝʯʝ 

ʧʨʦʬʝʩʠʦʥʘʣʥʠ ʩʦʬʪʫʝʨʘ, ʥʦ ʠ ʜʘ ʨʘʟʙʠʨʘʪ ʟʘʜʲʣʙʦʯʝʥʦ ʢʘʢʚʦ ʪʦʯʥʦ ʨʘʙʦʪʷʪ. ʊʦʚʘ ʝ ʠ 

ʧʨʠʯʠʥʘʪʘ ʜʘ ʩʝ ʨʘʙʦʪʠ ʧʦ-ʘʢʪʠʚʥʦ ʩ ʫʯʝʥʠʮʠʪʝ ʦʱʝ ʚ ʦʩʥʦʚʥʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ. ʇʨʝʜʠ ʜʘ 

ʧʦʢʘʞʘʪ ʧʦʟʥʘʥʠʷ ʥʘ ʥʷʢʦʡ ʧʨʦʬʝʩʠʦʥʘʣʝʥ ʩʦʬʪʫʝʨ, ʫʯʝʥʠʮʠʪʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʟʘʧʦʟʥʘʷʪ ʩ 

ʦʩʥʦʚʥʦʪʦ ʚ ʪʝʭʥʦʣʦʛʠʠʪʝ ï ʢʦʝ ʢʘʢ ʨʘʙʦʪʠ ʠ ʟʘʱʦ. 
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TECHNICAL DRAWING WITH FREE DYNAMIC SOFTWARE  

 

Darinka Valkova 

 

ABSTRACT  

Using dynamic software in technical drawing classes is a must. Accessible, feature-rich and 

interactive, GeoGebra can help the teacher find the right approach to explain tasks that will develop 

students' spatial thinking. To clarify the essence of the objects around us, we use in one form or 

another the cut and section as ways of visualization. The secant planes that we pass through the 

objects must be reduced to an optimal number, as well as the obtained cuts and sections must be 

sufficient and at the same time there should not be any unvisualized parts of the objects. 

Keywords: section; section; secant plane; detail 
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ʀɿʉʃɽɼʆɺɸʊɽʃʉʂʀ ʀʉʊʆʈʀʀ ɺʒɺ ɺʀʈʊʋɸʃʅʀʗ ʋʏʀʃʀʑɽʅ ʂɸɹʀʅɽʊ 

ʇʆ ʄɸʊɽʄɸʊʀʂɸ 

 

ʈʫʤʷʥʘ ɸʥʛʝʣʦʚʘ 

 

ʈɽɿʖʄɽ  

ʉʪʘʪʠʷʪʘ ʧʨʝʜʩʪʘʚʷ ʤʦʤʝʥʪʠ ʦʪ ʝʜʠʥ ʙʠʥʘʨʝʥ ʫʨʦʢ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʥʝʤʩʢʠ ʝʟʠʢ ʚ 

ʜʝʚʝʪʠ ʢʣʘʩ ʥʘ ʇʨʦʬʝʩʠʦʥʘʣʥʘ ʛʠʤʥʘʟʠʷ ʧʦ ʠʢʦʥʦʤʠʢʘ ʠ ʤʝʥʠʜʞʤʲʥʪ, ʛʨʘʜ ʇʘʟʘʨʜʞʠʢ, 

ʧʦʜʛʦʪʚʝʥ ʠ ʧʨʦʚʝʜʝʥ ʩ ʨʝʩʫʨʩʠ ʦʪ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ. ɸʢʮʝʥʪʲʪ 

ʝ ʧʦʩʪʘʚʝʥ ʚʲʨʭʫ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ, ʢʦʠʪʦ ʧʨʝʜʦʩʪʘʚʷʪ ʬʦʨʤʘʪʘ ʥʘ ʫʨʦʢʘ ʠ 

ʜʠʛʠʪʘʣʥʘʪʘ ʩʨʝʜʘ ʥʘ ʧʨʦʚʝʞʜʘʥʝʪʦ ʤʫ, ʟʘ ʤʦʪʠʚʠʨʘʥʝ ʥʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘʪʘ ʜʝʡʥʦʩʪ ʥʘ 

ʫʯʝʥʠʮʠʪʝ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʩʪʠʣ; ʙʠʥʘʨʝʥ ʫʨʦʢ; ʤʘʣʢʘ ʫʯʝʙʥʦ-ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʛʨʫʧʘ 

 

ɺʒɺɽɼɽʅʀɽ 

ʉʲʚʨʝʤʝʥʥʠʷʪ ʫʯʠʪʝʣ ʩʝ ʩʙʣʲʩʢʚʘ ʩ ʥʝʧʨʝʢʲʩʥʘʪʦ ʧʨʦʤʝʥʷʱʘ ʩʝ ʦʙʨʘʟʦʚʘʪʝʣʥʘ 

ʩʨʝʜʘ, ʢʲʜʝʪʦ ʫʯʝʥʠʮʠʪʝ ʠʤʘʪ ʨʘʟʣʠʯʥʠ ʠʥʪʝʨʝʩʠ ʠ ʥʠʚʘ ʥʘ ʤʦʪʠʚʘʮʠʷ. ʂʦʤʙʠʥʠʨʘʡʢʠ 

ʫʤʝʥʠʷ, ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ ʩʪʨʘʪʝʛʠʠ, ʫʯʠʪʝʣʷʪ ʤʦʞʝ ʜʘ ʩʲʟʜʘʜʝ ʜʠʥʘʤʠʯʥʘ ʠ ʩʪʠʤʫʣʠʨʘʱʘ 

ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʫʯʝʙʥʘ ʩʨʝʜʘ, ʢʦʷʪʦ ʜʘ ʤʦʪʠʚʠʨʘ ʫʯʝʥʠʮʠʪʝ ʥʝ ʩʘʤʦ ʜʘ ʫʯʘʪ ʠ ʠʟʩʣʝʜʚʘʪ, 

ʥʦ ʠ ʜʘ ʩʝ ʩʪʨʝʤʷʪ ʢʲʤ ʧʦ-ʚʠʩʦʢʠ ʫʩʧʝʭʠ. ɺ ʧʦʜʢʨʝʧʘ ʥʘ ʪʘʟʠ ʪʝʟʘ, ʩʪʘʪʠʷʪʘ ʧʨʝʜʩʪʘʚʷ 

ʦʩʥʦʚʥʠ ʤʦʤʝʥʪʠ ʦʪ ʫʨʦʢʘ Ăʀʟʩʣʝʜʚʘʥʝ ʩ ʬʫʥʢʮʠʠñ, ʙʠʥʘʨʥʦ ʦʙʝʜʠʥʝʥʠʝ ʤʘʪʝʤʘʪʠʢʘ ï 

ʥʝʤʩʢʠ ʝʟʠʢ, ʢʦʡʪʦ ʩʝ ʧʨʦʚʝʜʝ ʥʘ 27 ʘʧʨʠʣ 2023 ʛ. -  ʚ ʨʘʤʢʠʪʝ ʥʘ ʅʘʮʠʦʥʘʣʥʘʪʘ ʧʨʦʛʨʘʤʘ 

Ăʀʥʦʚʘʮʠʠ ʚ ʜʝʡʩʪʚʠʝñ, ʧʨʠ ʜʦʤʘʢʠʥʩʪʚʦʪʦ ʥʘ ʇɻʀʄ, ʛʨʘʜ ʇʘʟʘʨʜʞʠʢ, ʠʟʮʷʣʦ ʚʲʚ ʠ ʩ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʝʩʫʨʩʠʪʝ ʥʘ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ (Chehlarova et al. 

2016). 

 

ɹʀʅɸʈɽʅ ʋʈʆʂ 

ʀʜʝʷʪʘ ʟʘ ʙʠʥʘʨʥʠʪʝ ʫʨʦʮʠ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʘʞʥʘ ʟʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ. 

ʏʨʝʟ ʪʷʭ ʩʝ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʦʙʝʜʠʥʷʚʘʥʝ, ʩʲʯʝʪʘʚʘʥʝ ʠ ʩʠʥʪʝʟ ʥʘ ʧʝʜʘʛʦʛʠʯʝʩʢʠʪʝ 

ʫʩʠʣʠʷ ʠ ʤʘʡʩʪʦʨʩʪʚʦ ʥʘ ʜʚʘʤʘ ʧʝʜʘʛʦʟʠ. ɹʠʥʘʨʥʠʷʪ ʫʨʦʢ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʨʝʰʠ ʥʦʚʠʷ ʫʯʝʙʝʥ 

ʧʨʦʙʣʝʤ ʟʘ ʩʲʚʤʝʩʪʥʦ ʪʚʦʨʯʝʩʪʚʦ ʥʘ ʫʯʠʪʝʣʠʪʝ ʠ ʫʯʝʥʠʯʝʩʢʠʷ ʢʦʣʝʢʪʠʚ ʧʦ ʚʨʝʤʝ ʥʘ 

ʧʦʜʛʦʪʦʚʢʘʪʘ ʠ ʧʨʦʚʝʞʜʘʥʝʪʦ ʤʫ. ʂʘʪʦ ʧʨʘʚʠʣʦ ʪʦʟʠ ʫʨʦʢ ʦʙʭʚʘʱʘ ʧʦ-ʦʙʰʠʨʝʥ ʪʝʦʨʝʪʠʯʝʥ 

ʤʘʪʝʨʠʘʣ ʠ ʧʨʦʜʲʣʞʠʪʝʣʥʘ ʧʨʘʢʪʠʯʝʩʢʘ ʨʘʙʦʪʘ. ʊʦʚʘ ʝ ʧʨʠʯʠʥʘʪʘ ʪʦʡ ʜʘ ʠʟʣʝʟʝ ʦʪ ʨʘʤʢʠʪʝ 

ʥʘ ʝʜʠʥ ʫʨʦʢ ʢʘʪʦ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʠ ʜʘ ʧʨʦʜʲʣʞʘʚʘ 2 ʫʯʝʙʥʠ ʯʘʩʘ. ʇʨʠ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ 

ʪʘʢʲʚ ʫʨʦʢ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʙʱʘʪʘ ʮʝʣ ʥʘ ʫʨʦʢʘ, ʧʨʝʜ ʚʩʝʢʠ ʧʝʜʘʛʦʛ ʩʪʦʷʪ ʩʦʙʩʪʚʝʥʠ ʟʘʜʘʯʠ, 

ʧʨʦʜʠʢʪʫʚʘʥʠ ʦʪ ʩʧʝʮʠʬʠʢʘʪʘ ʥʘ ʧʨʝʜʤʝʪʘ. ɿʥʘʥʠʷʪʘ ʠ ʫʤʝʥʠʷʪʘ ʩʝ ʧʨʠʣʘʛʘʪ ʚ ʧʨʘʢʪʠʯʝʩʢʠ 

ʜʝʡʩʪʚʠʷ ʠ ʦʙʨʘʪʥʦ. ɺʲʟʣʦʞʝʥʠʪʝ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʟʘʜʘʯʠ ʚʦʜʷʪ ʜʦ ʧʦʜʙʦʨ, ʠʟʨʘʙʦʪʚʘʥʝ ʠ 

ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʧʦʜʭʦʜʷʱʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʠ, ʛʦʪʦʚʠ ʬʦʨʤʫʣʠ ʠʣʠ ʟʥʘʥʠʷ. 

ʇʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʙʠʥʘʨʥʠ ʫʨʦʮʠ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʥʘ 

ʫʯʝʥʠʮʠʪʝ ʜʘ ʧʦʜʢʨʝʧʷʪ ʟʥʘʥʠʷʪʘ ʩʠ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʜʝʡʩʪʚʠʷ, ʜʘ ʫʯʘʩʪʚʘʪ ʚ ʨʘʟʥʦʦʙʨʘʟʥʠ 

ʜʝʡʥʦʩʪʠ, ʜʘ ʠʟʚʝʜʘʪ ʥʘ ʧʨʝʜʝʥ ʧʣʘʥ ʩʚʦʷ ʘʢʪʠʚʝʥ, ʜʠʥʘʤʠʯʝʥ ʣʠʯʝʥ ʦʧʠʪ. ʇʦʚʠʰʘʚʘ ʩʝ 

ʤʦʪʠʚʘʮʠʷʪʘ ʠʤ, ʪʷʭʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʚ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ, ʧʦʜʜʲʨʞʘ ʩʝ ʚʥʠʤʘʥʠʝʪʦ ʠʤ ʥʘ 

ʚʠʩʦʢʦ ʥʠʚʦ,  ʘ ʦʪ ʪʘʤ ʩʝ ʧʦʚʠʰʘʚʘʪ ʠ ʫʯʝʙʥʠʪʝ ʧʦʩʪʠʞʝʥʠʷ. ʇʨʠ ʨʘʟʣʠʯʥʠʪʝ ʙʠʥʘʨʥʠ 

ʦʙʝʜʠʥʝʥʠʷ ʤʘʪʝʤʘʪʠʢʘʪʘ ʜʘʚʘ ʠʥʩʪʨʫʤʝʥʪʘʨʠʫʤ, ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ, ʦʧʠʩʘʥʠʝ ʠ 

ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʷʚʣʝʥʠʷ ʠ ʧʨʦʮʝʩʠ (ɸʥʛʝʣʦʚʘ 2014), (ɸʥʛʝʣʦʚʘ 2018).  
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ʈɸɹʆʊɸ ɺ ʄɸʃʂʀ ʋʏɽɹʅʆ ʀɿʉʃɽɼʆɺɸʊɽʃʉʂʀ ɻʈʋʇʀ 

ʀʥʦʚʘʮʠʷʪʘ Ăʈʘʙʦʪʘʪʘ ʚ ʤʘʣʢʠ ʫʯʝʙʥʦïʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʛʨʫʧʠ ï ʟʘ ʤʦʪʠʚʠʨʘʱʦ STEAM 

ʦʙʨʘʟʦʚʘʥʠʝñ, ʧʦ ʢʦʷʪʦ ʨʘʙʦʪʠ ʇɻʀʄ, ʇʘʟʘʨʜʞʠʢ, ʠʤʘ ʟʘ ʮʝʣ ʩʲʟʜʘʚʘʥʝ ʥʘ ʨʘʙʦʪʝʱ 

ʠʥʪʝʨʘʢʪʠʚʝʥ ʤʝʪʦʜʠʯʝʩʢʠ ʤʦʜʝʣ ʥʘ ʧʨʝʧʦʜʘʚʘʥʝ ʠ ʫʯʝʥʝ, ʦʙʫʯʝʥʠʝ ʥʘ ʯʣʝʥʦʚʝʪʝ ʥʘ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʷ ʢʦʣʝʢʪʠʚ ʠ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʪʦʟʠ ʤʦʜʝʣ ʚ ʢʣʘʩʥʘʪʘ ʠ ʠʟʚʲʥʢʣʘʩʥʘ ʨʘʙʦʪʘ, ʟʘ 

ʤʦʪʠʚʠʨʘʱʦ STEAM ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʦʚʠʰʘʚʘʥʝ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʫʯʝʙʥʘʪʘ ʨʘʙʦʪʘ. ʇʦ ʚʨʝʤʝ 

ʥʘ ʨʘʙʦʪʥʠʷ ʧʨʦʮʝʩ ʩʝ ʫʩʪʘʥʦʚʷʚʘʪ ʩʣʝʜʥʠʪʝ ʭʘʨʘʢʪʝʨʥʠ ʯʝʨʪʠ ʥʘ ʚʩʷʢʘ ʤʘʣʢʘ ʫʯʝʙʥʦ-

ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʛʨʫʧʘ: 

¶ ʦʙʱʘ ʮʝʣ, ʦʙʱʠ ʟʘʜʘʯʠ ʠ ʜʝʡʥʦʩʪʠ, ʜʦʙʨʘ ʦʨʛʘʥʠʟʘʮʠʷ; 

¶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʠʥʪʝʥʟʠʚʥʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʯʣʝʥʦʚʝʪʝ; 

¶ ʯʫʚʩʪʚʦ ʟʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʢʲʤ ʛʨʫʧʘʪʘ, ʠʟʧʦʣʟʚʘʥʝ ʥʘ Ăʥʠʝò ʧʨʠ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ 
ʨʝʟʫʣʪʘʪʠʪʝ ʠ ʠʟʚʦʜʠʪʝ ʦʪ ʦʙʱʘʪʘ ʜʝʡʥʦʩʪ; 

¶ ʥʘʣʠʯʠʝ ʥʘ ʢʦʭʝʟʠʷ, ʙʘʟʠʨʘʥʘ ʚʲʨʭʫ ʠʥʪʝʨʝʩʘ ʢʲʤ ʦʙʱʠʪʝ ʜʝʡʥʦʩʪʠ; 

¶ ʨʘʟʚʠʪʠʝ ʥʘ ʦʙʱʘ ʚʦʣʷ. 

 

ʀɿʉʃɽɼɺɸʅʀʗ ɺʒɺ ɺʀʈʊʋɸʃʅʀʗ ʋʏʀʃʀʑɽʅ ʂɸɹʀʅɽʊ ʇʆ ʄɸʊɽʄɸʊʀʂɸ 

ʇʦʚʝʯʝ ʦʪ ʜʝʩʝʪ ʛʦʜʠʥʠ ʫʯʠʪʝʣʠ ʠ ʫʯʝʥʠʮʠ ʠʤʘʪ ʚʲʟʤʦʞʥʦʩʪʪʘ ʜʘ ʨʘʙʦʪʷʪ ʧʦ 

ʤʘʪʝʤʘʪʠʢʘ ʠ ʧʦ STEAM ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʚ ʥʦʚʘ ʜʠʥʘʤʠʯʥʘ ʩʨʝʜʘ, ʜʘ ʠʟʧʦʣʟʚʘʪ ʛʦʪʦʚʠ 

GeoGebra ʬʘʡʣʦʚʝ, ʨʘʟʨʘʙʦʪʝʥʠ ʪʝʤʠ, ʜʘ ʛʠ ʦʙʨʘʙʦʪʚʘʪ ʠ ʜʘ ʧʨʘʚʷʪ ʠʟʩʣʝʜʚʘʥʠʷ. ʂʲʜʝ? ɺʲʚ 

ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ. ʋʯʠʪʝʣʷʪ ʥʘʩʦʯʚʘ ʚʥʠʤʘʥʠʝʪʦ, ʘ ʫʯʝʥʠʢʲʪ ʝ 

ʪʦʟʠ, ʢʦʡʪʦ ʠʟʙʠʨʘ, ʝʢʩʧʝʨʠʤʝʥʪʠʨʘ, ʦʪʢʨʠʚʘ. ʈʘʙʦʪʘʪʘ ʩ ʜʠʥʘʤʠʯʥʠʪʝ ʬʘʡʣʦʚʝ ʝ 

ʜʠʥʘʤʠʯʥʘ, ʩʚʲʨʟʘʥʘ ʩ ʧʨʝʚʢʣʶʯʚʘʥʠʷ. ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʚʠʜʦʚʝ ʨʝʩʫʨʩʠ ʟʘ ʩʘʤʦʧʨʦʚʝʨʢʘ ʧʦ 

ʤʘʪʝʤʘʪʠʢʘ ʚʲʚ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ (ʏʝʭʣʘʨʦʚʘ 2014). ʆʪʜʝʣʥʦ 

ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʬʘʡʣʦʚʝ ʠ ʪʝʤʠ ʟʘ ʩʘʤʦʧʨʦʚʝʨʢʘ. ʌʘʡʣʦʚʝʪʝ ʟʘ ʩʘʤʦʧʨʦʚʝʨʢʘ ʩʘ ʩʚʲʨʟʘʥʠ ʩ 

ʝʜʥʦʩʪʲʧʢʦʚʠ ʟʘʜʘʯʠ ʟʘ ʜʠʨʝʢʪʥʦ ʧʨʠʣʘʛʘʥʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ, ʘʣʛʦʨʠʪʲʤ, ʩʚʦʡʩʪʚʦ ʠʣʠ ʩ 

ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʟʘʜʘʯʠ (ʏʝʭʣʘʨʦʚʘ 2017). 

ʇʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʫʨʦʢʘ Ăʀʟʩʣʝʜʚʘʥʝ ʩ ʬʫʥʢʮʠʠñ ʚ 9ʜ ʢʣʘʩ ʩʝ ʧʨʦʚʝʜʝ ʚ ʧʝʨʠʦʜʘ ʤʝʩʝʮ 

ʷʥʫʘʨʠ ï ʤʝʩʝʮ ʘʧʨʠʣ. ʋʯʝʥʠʮʠʪʝ ʦʬʦʨʤʠʭʘ ʯʝʪʠʨʠ ʫʯʝʙʥʦ-ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʛʨʫʧʠ. ʀʟʙʨʘʭʘ 

ʠʤʝʥʘ ï ɸʩʪʨʦʠʜʘ, ʂʘʨʜʠʦʠʜʘ, ɽʧʠʮʠʢʣʦʠʜʘ ʠ ʃʝʤʥʠʩʢʘʪʘ ʥʘ ɹʝʨʥʫʣʠ. ɺʦʜʝʥʠ ʦʪ ʩʚʦʠʪʝ 

ʫʯʠʪʝʣʠ ʄʘʨʠʦʣʘ ɿʷʧʢʦʚʘ ï ʥʝʤʩʢʠ ʝʟʠʢ ʠ ʈʫʤʷʥʘ ɸʥʛʝʣʦʚʘ ï ʤʘʪʝʤʘʪʠʢʘ, ʪʝ ʧʨʝʤʠʥʘʭʘ 

ʧʨʝʟ ʨʘʟʣʠʯʥʠ ʬʘʟʠ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʥʘʪʨʫʧʚʘʥʝ ʥʘ ʚʧʝʯʘʪʣʝʥʠʷ, ʟʥʘʥʠʷ ʠ ʧʨʝʞʠʚʷʚʘʥʠʷ. 

ʇʨʠ ʝʞʝʩʝʜʤʠʯʥʠʪʝ ʩʨʝʱʠ ʪʝ ʧʦʣʫʯʘʚʘʭʘ ʟʘʜʘʯʠ ʟʘ ʨʘʙʦʪʘ ʠ ʠʟʩʣʝʜʚʘʥʠʷ ʩ ʜʠʥʘʤʠʯʥʠ 

ʬʘʡʣʦʚʝ ʠ ʪʝʤʠ ʦʪ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ, ʩʚʲʨʟʘʥʠ ʩ ʣʠʥʝʡʥʠ ʠ 

ʢʚʘʜʨʘʪʥʠ ʬʫʥʢʮʠʠ ʠ ʢʣʶʯʦʚʠ ʜʫʤʠ ɹʨʘʪʷ ɻʨʠʤ, 451 ʛʨʘʜʫʩʘ ʧʦ ʌʘʨʝʥʭʘʡʪ, ʥʘʩʝʣʝʥʠʝ - 

ʜʝʤʦʛʨʘʬʠʷ, ʜʚʠʞʝʥʠʝ ï ʛʦʨʠʚʘ. ʂʘʪʦ ʧʨʝʜʚʘʨʠʪʝʣʝʥ ʧʨʦʜʫʢʪ ʦʪ ʩʚʦʷʪʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ  

ʨʘʙʦʪʘ ʛʨʫʧʠʪʝ ʠʟʨʘʙʦʪʠʭʘ ʧʨʝʟʝʥʪʘʮʠʠ ʟʘ ʪʝʟʠ ʬʫʥʢʮʠʠ ʥʘ ʥʝʤʩʢʠ ʝʟʠʢ. ʈʘʙʦʪʠʭʘ ʩ 

ʜʠʥʘʤʠʯʥʠʪʝ ʬʘʡʣʦʚʝ ʠ ʩʲʩʪʘʚʠʭʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʠʩʪʦʨʠʠ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʠʪʝ 

ʪʝʤʠ.  

ɺ ʭʦʜʘ ʥʘ ʫʨʦʢʘ, ʯʨʝʟ QR ʢʦʜ ʚʩʷʢʘ ʫʯʝʙʥʦ-ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʛʨʫʧʘ ʧʦʣʫʯʠ ʘʜʨʝʩ ʥʘ 

ʜʠʥʘʤʠʯʝʥ ʨʝʩʫʨʩ ʦʪ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʢʣʶʯʦʚʠ ʜʫʤʠ. ɺ 

ʨʘʤʢʠʪʝ ʥʘ 10 ʤʠʥʫʪʠ, ʧʨʠ ʘʢʪʠʚʥʦʪʦ ʫʯʘʩʪʠʝ ʥʘ ʚʩʝʢʠ ʯʣʝʥ, ʩʝ ʦʬʦʨʤʠʭʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ 

ʠʩʪʦʨʠʠ. ʇʨʠ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠʪʝ ʛʨʫʧʠ ʥʘ ʥʝʤʩʢʠ ʝʟʠʢ ʛʦʚʦʨʠʭʘ ʚʩʠʯʢʠ 

ʫʯʝʥʠʮʠ. ʌʠʛʫʨʠʪʝ 1, 2, 3, 4 ʠ 5 ʧʦʢʘʟʚʘʪ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠʪʝ ʠʩʪʦʨʠʠ ʚ ʜʠʥʘʤʠʯʥʘ ʩʨʝʜʘ ʥʘ 

ʚʩʷʢʘ ʝʜʥʘ ʦʪ ʛʨʫʧʠʪʝ. ʇʨʝʞʠʚʷʥʦ ʦʪ ʚʩʝʢʠ ʝʜʠʥ ʫʯʘʩʪʥʠʢ, ʠʟʩʣʝʜʚʘʥʝʪʦ ʩ ʬʫʥʢʮʠʠ ʜʦʢʘʟʘ, 

ʯʝ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʟʥʘʥʠʷ, ʫʤʝʥʠʷ ʠ ʥʘʛʣʘʩʠ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʚ ʨʝʘʣʥʠʷ ʞʠʚʦʪ ʝ  

ʥʝʦʙʭʦʜʠʤʦʩʪ ʠ ʯʘʩʪ ʦʪ ʝʬʝʢʪʠʚʥʘʪʘ ʧʦʜʛʦʪʦʚʢʘ ʟʘ ʥʝʛʦ. 
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ʌʠʛʫʨʘ 1. ʃʠʥʝʡʥʠ ʬʫʥʢʮʠʠ ï ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʧʨʦʙʣʝʤ ʩ ʜʚʝ ʣʠʥʝʡʥʠ 

ʬʫʥʢʮʠʠ  

 

 
ʌʠʛʫʨʘ 2. ʃʠʥʝʡʥʠ ʬʫʥʢʮʠʠ ï ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʜʝʤʦʛʨʘʬʩʢʠ ʧʨʦʙʣʝʤ ʚ ɻʝʨʤʘʥʠʷ  

 

 
ʌʠʛʫʨʘ 3. ʃʠʥʝʡʥa ʬʫʥʢʮʠʷ ï ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʚʨʲʟʢʘʪʘ ʠ ʧʨʝʚʨʲʱʘʥʝ ʥʘ ʛʨʘʜʫʩʥʘ ʤʷʨʢʘ ʧʦ 

ʌʘʨʝʥʭʘʡʪ ʚ ʛʨʘʜʫʩʠ ʧʦ ʎʝʣʟʠʡ 

 

ʅʘ ʬʠʛ. 4 ʠ ʬʠʛ. 5 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩʥʠʤʢʠ ʥʘ ʜʠʥʘʤʠʯʥʠʷ ʬʘʡʣ, ʢʦʡʪʦ ʛʨʫʧʘ ɸʩʪʨʦʠʜʘ  

ʧʦʣʫʯʠ ʢʘʪʦ ʟʘʜʘʥʠʝ, ʢʣʶʯʦʚʠ ʜʫʤʠ ɹʨʘʪʷ ɻʨʠʤ ʠ ʢʦʥʢʨʝʪʥʘʪʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʯʨʝʟ 

ʧʨʠʢʘʟʢʘʪʘ ʍʝʥʟʝʣ ʠ ɻʨʝʪʝʣ.  
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ʌʠʛʫʨʘ 4. ʂʚʘʜʨʘʪʥʘ ʬʫʥʢʮʠʷ   

 

 
ʌʠʛʫʨʘ 5. ʂʚʘʜʨʘʪʥʠ ʬʫʥʢʮʠʠ ï ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʮʝʣʦʯʠʩʣʝʥʦ ʨʝʰʝʥʠʝ ʯʨʝʟ ʢʚʘʜʨʘʪʥʘ 

ʬʫʥʢʮʠʷ ʚ Ăʧʨʠʢʘʟʝʥ ʬʦʨʤʘʪñ    

 

ʌʠʥʘʣʥʦ ʫʯʝʥʠʮʠʪʝ ʩʝ ʩʲʩʪʝʟʘʚʘʭʘ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʘʨʰʨʫʪʠ, ʢʘʪʦ ʩʝ ʩʧʘʟʠ 

ʟʘʜʲʣʞʠʪʝʣʥʦʪʦ ʫʩʣʦʚʠʝ ʚʩʷʢʘ ʛʨʫʧʘ ʜʘ ʩʪʠʛʥʝ ʜʦ ʚʲʨʭʘ. 

 

ɸʅɸʃʀɿ ʅɸ ʈɽɿʋʃʊɸʊʀʊɽ ʆʊ ɸʅʂɽʊɸʊɸ 

ɺ ʢʨʘʷ ʥʘ ʫʨʦʢʘ ʩʝ ʧʨʦʚʝʜʝ ʘʥʢʝʪʘ ʟʘ ʧʨʦʫʯʚʘʥʝ ʥʘ ʤʥʝʥʠʷʪʘ ʟʘ ʨʦʣʷʪʘ ʥʘ 

ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʙʠʥʘʨʥʠʪʝ ʫʨʦʮʠ, ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʥʘ ʫʨʦʢʘ ʠ ʩʨʝʜʘʪʘ ï ɺʠʨʪʫʘʣʥʠʷ 

ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ. ɺ ʘʥʢʝʪʘʪʘ ʚʟʝʭʘ ʫʯʘʩʪʠʝ ʦʙʱʦ 38 ʫʯʝʥʠʮʠ, ʦʪ ʢʦʠʪʦ 26 

ʦʪ ʢʣʘʩʘ ʠ 12 ʫʯʝʥʠʮʠ ʠ 21 ʫʯʠʪʝʣʠ ʦʪ ʛʦʩʪʫʚʘʱʠʪʝ ʫʯʠʣʠʱʘ. 
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ʌʠʛʫʨʘ 6. ɺʲʧʨʦʩ 1 

 

 
ʌʠʛʫʨʘ 7. ɺʲʧʨʦʩ 2. 

 

 
ʌʠʛʫʨʘ 8. ɺʲʧʨʦʩ 3. 

 

ʈʝʟʫʣʪʘʪʠʪʝ, ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʬʠʛ. 6, ʬʠʛ. 7 ʠ ʬʠʛ. 8 ʜʦʢʘʟʚʘʪ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ 

ʧʨʦʚʝʜʝʥʘʪʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʨʘʙʦʪʘ ʚʲʚ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ, 

ʦʨʛʘʥʠʟʠʨʘʥʘ ʢʘʪʦ ʙʠʥʘʨʝʥ ʫʨʦʢ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʥʝʤʩʢʠ ʝʟʠʢ ʯʨʝʟ ʪʝʭʥʠʢʘʪʘ ʤʘʣʢʠ ʫʯʝʙʥʦ-

ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʛʨʫʧʠ. 

 

ɿɸʂʃʖʏɽʅʀɽ 

ʋʨʦʢʲʪ Ăʀʟʩʣʝʜʚʘʥʝ ʩ ʬʫʥʢʮʠʠñ, ʦʪʟʚʫʢʲʪ ʦʪ ʥʝʛʦ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʘʥʢʝʪʘʪʘ ʩ 

ʫʯʝʥʠʮʠ ʠ ʫʯʠʪʝʣʠ ʜʦʢʘʟʚʘʪ, ʯʝ ʙʠʥʘʨʥʠʪʝ ʫʨʦʮʠ ʜʘʚʘʪ ʥʦʚ ʦʙʣʠʢ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ. ʇʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ ʚ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʩʨʝʜʘ, ʩʚʲʨʟʚʘʥʝʪʦ ʤʫ ʩ 

ʨʝʘʣʥʠʷ ʩʚʷʪ ʠ ʧʦʢʘʟʚʘʥʝʪʦ ʥʘ ʧʨʠʣʦʞʠʤʦʩʪʪʘ ʥʘ ʟʥʘʥʠʷʪʘ ʛʦ ʧʨʘʚʠ ʠʥʪʝʨʘʢʪʠʚʝʥ ʠ 

ʘʥʛʘʞʠʨʘʱ.  
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ʎɽʅʊʈɸʃʅɸ ʉʀʄɽʊʈʀʗ ɺʒʈʍʋ ʊʈʀʄɽʈʅɸ ɼʒʉʂɸ 

 

ʄʣʘʜʝʥ ɺʲʣʢʦʚ 

 

ʈɽɿʖʄɽ 

ʇʨʝʜʩʪʘʚʝʥʘ ʝ ʪʝʤʘʪʘ ʟʘ ʮʝʥʪʨʘʣʥʘ ʩʠʤʝʪʨʠʷ ʚʲʨʭʫ ʪʨʠʤʝʨʥʘ ʜʲʩʢʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ, ʨʘʟʨʘʙʦʪʝʥʘ ʥʘ Unity3D. ʊʷ ʚʢʣʶʯʚʘ ʜʚʝ ʩʝʢʮʠʠ ʩ ʥʠʚʘ ʩ ʥʘʨʘʩʪʚʘʱʘ 

ʪʨʫʜʥʦʩʪ ʠ ʝ ʝʩʪʝʩʪʚʝʥʦ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʚʝʯʝ ʥʘʧʨʘʚʝʥʠʪʝ ʩʝʢʮʠʠ ʩ ʨʘʚʥʠʥʥʘ ʜʲʩʢʘ ʩʲʩ 

ʩʠʤʝʪʨʠʷ. ʎʝʣʪʘ ʝ ʚʥʝʜʨʷʚʘʥʝ ʥʘ ʧʦ-ʛʦʣʷʤ ʙʨʦʡ ʜʝʡʥʦʩʪʠ ʩ ʪʨʠʤʝʨʥʠ ʦʙʝʢʪʠ, ʢʘʢʪʦ ʠ 

ʨʘʟʚʠʪʠʝ ʥʘ ʜʠʛʠʪʘʣʥʘʪʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪ ʥʘ ʠʛʨʘʝʱʠʷ. ʊʝʤʘʪʘ ʟʘ ʩʠʤʝʪʨʠʷ ʚʲʨʭʫ ʜʲʩʢʘ ʚ 

ʧʨʦʩʪʨʘʥʦʩʪʚʦʪʦ ʝ ʯʘʩʪ ʦʪ ʩʠʩʪʝʤʘʪʘ ʉʪʨʫʥʠʄʘ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʮʝʥʪʨʘʣʥʘ ʩʠʤʝʪʨʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ; ʪʨʠʤʝʨʥʘ ʜʲʩʢʘ; ʮʝʥʪʲʨ ʥʘ ʩʠʤʝʪʨʠʷ 

 

ɺʒɺɽɼɽʅʀɽ 

ɺʲʚ ɺʠʨʪʫʘʣʥʠʷ ʫʯʠʣʠʱʝʥ ʢʘʙʠʥʝʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ (Chehlarova et al. 2014) ʠʤʘ 

ʨʘʟʥʦʦʙʨʘʟʥʠ ʨʝʩʫʨʩʠ, ʦʩʠʛʫʨʷʚʘʱʠ ʫʩʣʦʚʠʷ ʟʘ ʧʨʦʧʝʜʝʚʪʠʢʘ ʠ ʬʦʨʤʠʨʘʥʝ ʥʘ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪ ʟʘ ʚʠʜʦʚʝ ʩʠʤʝʪʨʠʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʚ ʠʛʨʦʚʘ ʬʦʨʤʘ (ʂʝʥʜʝʨʦʚ, ʏʝʭʣʘʨʦʚʘ 

2018), (ʏʝʭʣʘʨʦʚʘ 2021), (Chehlarova, N. 2021), (Chehlarova, T. 2021), (Chehlarova, 

Chehlarova 2021). ʇʦʜʭʦʜʷʱʦ ʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤ ʦʩʚʝʥ ʚ ʢʣʘʩ, ʧʨʠ ʦʨʛʘʥʠʟʠʨʘʥʝ ʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʧʲʨʬʦʨʤʘʥʩʠ (ʏʝʭʣʘʨʦʚʘ & ʏʝʭʣʘʨʦʚʘ 2015).  ɺ (ɸʥʜʨʝʝʚ 2021) ʝ ʩʧʦʜʝʣʝʥ 

ʦʧʠʪ ʟʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤ ʠ ʦʪ ʨʦʜʠʪʝʣʠ. ʇʨʝʦʙʣʘʜʘʚʘʱʘ ʯʘʩʪ ʦʪ ʪʝʟʠ ʨʝʩʫʨʩʠ ʩʘ ʨʘʟʨʘʙʦʪʝʥʠ 

ʩ GeoGebra.  

ʏʘʩʪ ʦʪ ʨʝʩʫʨʩʠʪʝ, ʩʚʲʨʟʘʥʠ ʩ ʚʠʜʦʚʝ ʩʠʤʝʪʨʠʠ, ʩʘ ʨʘʟʨʘʙʦʪʝʥʠ ʥʘ Unity3D. ʊʝʤʘʪʘ 

ʟʘ ʮʝʥʪʨʘʣʥʘ ʩʠʤʝʪʨʠʷ ʚʲʨʭʫ ʪʨʠʤʝʨʥʘ ʜʲʩʢʘ ʝ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʨʘʟʨʘʙʦʪʝʥʠʪʝ ʥʠʚʘ ʚ Ăʀʛʨʘ 

ʩ ʮʝʥʪʨʘʣʥʘ ʩʠʤʝʪʨʠʷñ (ʏʝʭʣʘʨʦʚʘ & ɺʲʣʢʦʚ 2021) ʠ Ăʀʛʨʘ ʩ ʦʩʝʚʘ ʩʠʤʝʪʨʠʷñ (Chehlarova 

&Valkov 2021), ʢʘʢʪʦ ʠ ʯʘʩʪ ʦʪ ʪʝʤʘʪʘ ʟʘ ʩʠʤʝʪʨʠʷ ʚʲʨʭʫ ʜʲʩʢʘ ʚ ʦʙʫʯʠʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ 

ʉʪʨʫʥʠʄʘ (ɺʲʣʢʦʚ 2022). ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʦʬʪʫʝʨ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʩʠʤʝʪʨʠʷ ʚʲʨʭʫ 

ʪʨʠʤʝʨʥʠ ʦʙʝʢʪʠ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʠ ʟʥʘʥʠʷ ʠ ʫʤʝʥʠʷ ʚ ʯʘʩʦʚʝʪʝ 

ʧʦ ʤʘʪʝʤʘʪʠʢʘ, ʚ ʢʦʠʪʦ ʩʝ ʠʟʫʯʘʚʘ ʮʝʥʪʨʘʣʥʘ ʩʠʤʝʪʨʠʷ, ʢʘʢʪʦ ʠ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʜʠʛʠʪʘʣʥʘʪʘ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪ ʥʘ ʠʛʨʘʝʱʠʷ. 

 

ʉɽʂʎʀʀ ʉ ʎɽʅʊʈɸʃʅɸ ʉʀʄɽʊʈʀʗ ɺ ʇʈʆʉʊʈɸʅʉʊɺʆʊʆ 

ɺ Ăʀʛʨʘ ʩ ʮʝʥʪʨʘʣʥʘ ʩʠʤʝʪʨʠʷñ ʠʤʘ ʨʘʟʨʘʙʦʪʝʥʠ ʜʚʝ ʩʝʢʮʠʠ ʩ ʪʨʠʤʝʨʥʘ ʜʲʩʢʘ ʩ 

ʮʝʥʪʨʘʣʥʘ ʩʠʤʝʪʨʠʷ ï ʩ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʚʨʝʤʝʪʦ ʠ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʚʨʝʤʝʪʦ (ʬʠʛ. 1).  
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ʌʠʛʫʨʘ 1. ʉʝʢʮʠʠ ʩ ʮʝʥʪʨʘʣʥʘ ʩʠʤʝʪʨʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ 

ʀʥʪʝʨʘʢʪʠʚʥʠʷʪ ʦʙʝʢʪ ʝ ʜʲʩʢʘ ʚʲʚ ʬʦʨʤʘʪʘ ʥʘ ʧʨʘʚʦʲʛʲʣʝʥ ʧʘʨʘʣʝʣʝʧʠʧʝʜ, 

ʨʘʟʜʝʣʝʥʘ ʥʘ ʝʜʠʥʠʯʥʠ ʢʫʙʯʝʪʘ. ɼʲʩʢʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʚʲʨʪʠ ʦʪ ʨʘʤʢʠʪʝ, ʧʦʩʪʘʚʝʥʠ ʧʦ 

ʨʲʙʦʚʝʪʝ ʥʘ ʜʲʩʢʘʪʘ. ɺʩʷʢʘ ʦʪ ʜʚʝʪʝ ʩʝʢʮʠʠ ʟʘ ʮʝʥʪʨʘʣʥʘʪʘ ʩʠʤʝʪʨʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ 

ʚʢʣʶʯʚʘ ʧʦ 16 ʥʠʚʘ (ʟʘʜʘʯʠ) ʩ ʥʘʨʘʩʪʚʘʱʘ ʪʨʫʜʥʦʩʪ, ʢʦʠʪʦ ʩʝ ʦʧʨʝʜʝʣʷʪ ʦʪ ʨʘʟʤʝʨʠʪʝ ʥʘ 

ʜʲʩʢʘʪʘ (ʬʠʛ. 2). 

 

ʌʠʛʫʨʘ 2. ʅʠʚʦ ʙʝʟ ʚʨʝʤʝ ʩ ʮʝʥʪʨʘʣʥʘ ʩʠʤʝʪʨʠʷ ʚʲʨʭʫ ʪʨʠʤʝʨʥʘ ʜʲʩʢʘ 

ɺ ʮʝʥʪʲʨʘ ʥʘ ʜʲʩʢʘʪʘ ʠʤʘ ʯʝʨʚʝʥʘ ʪʦʯʢʘ, ʢʦʷʪʦ ʠʛʨʘʝ ʨʦʣʷʪʘ ʥʘ ʮʝʥʪʲʨ ʥʘ ʩʠʤʝʪʨʠʷ 

ʥʘ ʜʲʩʢʘʪʘ. ʆʮʚʝʪʝʥʠ ʩʘ ʥʷʢʦʠ ʦʪ ʢʫʙʯʝʪʘʪʘ ʧʦ ʧʦʣʦʚʠʥʘʪʘ ʦʪ ʧʦʚʲʨʭʥʠʥʘʪʘ ʥʘ ʜʲʩʢʘʪʘ 

(ʬʠʛ. 3). 
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ʌʠʛʫʨʘ 3. ʊʨʠʤʝʨʥʘ ʜʲʩʢʘ ʩ ʮʝʥʪʨʘʣʥʘ ʩʠʤʝʪʨʠʷ 

ʎʝʣʪʘ ʥʘ ʠʛʨʘʪʘ ʝ ʜʘ ʩʝ ʦʮʚʝʪʷʪ ʥʷʢʦʠ ʦʪ ʦʩʪʘʥʘʣʠʪʝ ʢʫʙʯʝʪʘ ʪʘʢʘ, ʯʝ ʜʲʩʢʘʪʘ ʜʘ ʝ 

ʩʠʤʝʪʨʠʯʥʘ ʩʧʨʷʤʦ ʮʝʥʪʲʨʘ ʥʘ ʩʠʤʝʪʨʠʷ. ʊʨʷʙʚʘ ʜʘ ʩʝ ʧʦʧʲʣʥʷʪ ʝʜʥʘ ʮʷʣʘ ʩʪʝʥʘ, ʢʘʢʪʦ ʠ 

ʧʦʣʦʚʠʥʠʪʝ ʥʘ ʯʝʪʠʨʠ ʦʪ ʩʪʝʥʠʪʝ. ʉʣʝʜ ʟʘʚʲʨʪʘʥʝ ʧʦ ʚʝʨʪʠʢʘʣʥʘʪʘ ʧʨʘʚʘ, ʢʦʷʪʦ ʤʠʥʘʚʘ ʧʨʝʟ 

ʮʝʥʪʲʨʘ ʥʘ ʩʠʤʝʪʨʠʷ, ʩʨʝʱʫʧʦʣʦʞʥʘʪʘ ʩʪʝʥʘ ʥʘ ʧʦʢʘʟʘʥʘʪʘ ʥʘ ʬʠʛ. 3 ʩʪʝʥʘ ʠʟʛʣʝʞʜʘ ʢʘʪʦ 

ʥʘ ʬʠʛ. 4. 

 

ʌʠʛʫʨʘ 4. ʊʨʠʤʝʨʥʘ ʜʲʩʢʘ ʩ ʮʝʥʪʨʘʣʥʘ ʩʠʤʝʪʨʠʷ 

ɺ ʝʢʩʧʝʨʠʤʝʥʪ ʩ 16 ʫʯʝʥʠʮʠ ʚ ʉʋ "ʇʘʥʘʡʦʪ ɺʦʣʦʚ" ʚ ʛʨ. ʂʘʩʧʠʯʘʥ ʯʨʝʟ ʧʨʦʝʢʪʦʨ 

ʙʝʰʝ ʧʦʢʘʟʘʥʘ ʪʨʠʤʝʨʥʘ ʜʲʩʢʘ ʩ ʦʮʚʝʪʝʥʠ ʢʫʙʯʝʪʘ 3ʭ3ʭ3 ʚ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘʪʘ ʯʘʩʪ ʥʘ ʠʛʨʘʪʘ 

(ʬʠʛ. 5). 
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ʌʠʛʫʨʘ 5. ʊʨʠʤʝʨʥʘ ʜʲʩʢʘ ʩ ʮʝʥʪʨʘʣʥʘ ʩʠʤʝʪʨʠʷ 

ɹʷʭʘ ʦʙʩʲʜʝʥʠ ʦʩʥʦʚʥʠ ʩʚʦʡʩʪʚʘ ʥʘ ʜʘʜʝʥʠʷ ʢʫʙ ï ʩʲʩʪʘʚʝʥ ʝ ʦʪ 27 ʢʫʙʯʝʪʘ, ʙʨʦʷʪ ʥʘ 

ʚʲʨʭʦʚʝʪʝ ʤʫ ʝ 8, ʙʨʦʷʪ ʥʘ ʨʲʙʦʚʝʪʝ ʤʫ ʝ 12 ʠ ʜʨ. ɺʲʚʝʜʝʥʠʝʪʦ ʚ ʪʦʚʘ, ʢʘʢ ʜʘ ʩʝ ʥʘʤʠʨʘʪ 

ʩʠʤʝʪʨʠʯʥʠʪʝ ʢʫʙʯʝʪʘ ʩʧʨʷʤʦ ʮʝʥʪʲʨʘ ʥʘ ʜʲʩʢʘʪʘ, ʙʝʰʝ ʥʘʧʨʘʚʝʥʦ ʯʨʝʟ ʥʘʤʠʨʘʥʝʪʦ ʥʘ 

ʩʨʝʱʫʧʦʣʦʞʥʠ ʚʲʨʭʦʚʝ ʠ ʨʲʙʦʚʝ. ʅʘʧʨʠʤʝʨ, ʘʢʦ ʠʤʘʤʝ ʦʮʚʝʪʝʥʦ ʢʫʙʯʝ, ʥʘʤʠʨʘʱʦ ʩʝ ʥʘ 

ʥʷʢʦʡ ʦʪ ʚʲʨʭʦʚʝʪʝ ʥʘ ʢʫʙʘ, ʪʦ ʪʲʨʩʝʥʦʪʦ ʟʘ ʦʮʚʝʪʷʚʘʥʝ ʢʫʙʯʝ ʩʝ ʥʘʤʠʨʘ ʥʘ ʩʨʝʱʫʧʦʣʦʞʥʠʷ 

ʚʨʲʭ ʥʘ ʢʫʙʘ. ʇʨʠ ʧʲʨʚʠʷ ʦʧʠʪ ʟʘ ʨʘʙʦʪʘ ʩ ñʎʝʥʪʨʘʣʥʘ ʩʠʤʝʪʨʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ï ʙʝʟ 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʚʨʝʤʝʪʦò ʥʷʤʘʰʝ ʫʯʝʥʠʢ ʩ ʧʦʚʝʯʝ ʦʪ 5 ʨʝʰʝʥʠ ʥʠʚʘ, ʢʘʪʦ ʧʨʝʦʙʣʘʜʘʚʘʱʠʷʪ 

ʙʨʦʡ ʙʝʰʝ ʤʝʞʜʫ 1 ʠ 3. ʅʠʚʘʪʘ, ʢʦʠʪʦ ʩʲʜʲʨʞʘʪ ʜʲʩʢʠ ʜʘʞʝ ʩ ʤʘʣʢʠ ʨʘʟʤʝʨʠ, ʩʝ ʦʢʘʟʘʭʘ 

ʪʨʫʜʥʠ ʩʧʨʷʤʦ ʪʝʟʠ, ʢʦʠʪʦ ʩʘ ʥʘ ʨʘʚʥʠʥʥʘ ʜʲʩʢʘ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʪʦʚʘ ʙʝʰʝ ʧʲʨʚʘʪʘ ʩʨʝʱʘ 

ʥʘ ʫʯʝʥʠʮʠʪʝ ʩ ʪʨʠʤʝʨʥʘ ʜʲʩʢʘ, ʢʘʪʦ ʧʦʜʦʙʥʠ ʨʝʟʫʣʪʘʪʠ ʩʝ ʥʘʙʣʶʜʘʚʘʭʘ ʠ ʧʨʠ ʚʲʚʝʞʜʘʥʝʪʦ 

ʠʤ ʚ ʮʝʥʪʨʘʣʥʘʪʘ ʩʠʤʝʪʨʠʷ ʚ ʨʘʚʥʠʥʘʪʘ. ʀʥʪʝʨʝʩʲʪ ʥʘ ʫʯʝʥʠʮʠʪʝ ʙʝ ʟʘʧʘʟʝʥ ʧʨʝʟ ʮʝʣʠʷ ʯʘʩ. 

ʅʘʤʠʨʘʥʝʪʦ ʥʘ ʩʠʤʝʪʨʠʯʥʠ ʢʣʝʪʢʠ ʚʲʨʭʫ ʪʦʟʠ ʪʠʧ ʜʲʩʢʠ ʠʟʠʩʢʚʘ ʠ ʨʘʟʚʠʚʘ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʢʘʢʪʦ ʠ ʧʨʠ ʨʝʰʘʚʘʥʝʪʦ ʥʘ ʟʘʜʘʯʠʪʝ ʩʲʩ ʩʠʤʝʪʨʠʷ ʚʲʨʭʫ ʜʚʫʤʝʨʥʘ ʜʲʩʢʘ.  

 

ɿɸʂʃʖʏɽʅʀɽ 

ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʦʬʪʫʝʨ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʦ-ʰʠʨʦʢʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʩʚʦʡʩʪʚʘ ʚʲʨʭʫ ʪʨʠʤʝʨʥʠ ʦʙʝʢʪʠ ʚ ʩʪʘʥʜʘʨʪʥʠʪʝ ʯʘʩʦʚʝ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ï 

ʩʠʤʝʪʨʠʷ, ʧʘʨʢʝʪʠʨʘʥʝ, ʧʨʦʝʢʮʠʠ ʥʘ ʪʝʣʘ. ʅʘʣʠʯʝʥ ʝ ʚʘʨʠʘʥʪ ʥʘ ʠʛʨʘʪʘ ʠ ʟʘ ʜʦʙʘʚʝʥʘ 

ʨʝʘʣʥʦʩʪ, ʢʦʷʪʦ ʝ ʧʦʜʭʦʜʷʘɦ ʧʨʠ ʨʘʙʦʪʘʪʘ ʩ ʪʨʠʤʝʨʥʠ ʦʙʝʢʪʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʪʝʭʥʠ 

ʩʚʦʡʩʪʚʘ. 
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CENTRAL SYMMETRY ON A 3 -DIMENSIONAL BOARD  
 

Mladen Valkov 

 

ABSTRACT  

Here we present the usage of a 3D board in an educational game Central symmetry on a 

board developed on the game engine Unity3D. It includes two sections with levels with increasing 

difficulty, which are a natural extension to the already existing sections with central symmetry on 

a board in the plane. The purpose of it is to include more educational activities using 3D objects 

in the standard mathematical classes, and also for development of the digital competence in the 

player. This topic is also part of the theme Central symmetry on a board in the educational system 

StruniMa. 

Keywords: symmetry in the 3-dimensional space; 3D board, center of symmetry  
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