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ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʰʪʘʤʧʦʚ ʛʦʨʷʯʝʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 106 

ʉʦʢʦʣʦʚ ʀ.ɺ., ɿʝʨʥʠʥ ʉ.ɸ., ʂʨʘʩʥʦʙʦʨʦʚ ʄ.ʀ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦʭʨʘʥʥʦ-ʧʦʞʘʨʥʳʭ ʩʠʩʪʝʤ 117 

ʐʠʧʫʥʦʚ ʂ.ɸ., ʑʝʨʙʘʢʦʚ ʅ.ʇ. 

ʇʨʦʛʨʝʩʩʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʨʝʙʦʨʜʳ ʰʥʝʢʦʚ 125 
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ʉʝʢʮʠʷ 3. ʅʘʟʝʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ 

ʂʫʨʩʦʚ ʀ.ɺ., ʄʘʨʰʘʣʦʚ ʕ.ʉ., ɼʝʤʠʜʦʚ ɸ.ʉ. 

ʄʘʣʦʛʘʙʘʨʠʪʥʳʝ ʩʦʯʣʝʥʝʥʥʳʝ ʛʫʩʝʥʠʯʥʳʝ ʪʨʘʥʩʧʦʨʪʝʨʳ  130 

ʇʝʨʤʷʢʦʚ ɼ.ɺ. 

ɸʥʘʣʠʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʧʠʣʦʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʤʘʣʦʤ ʛʦʨʦʜʝ 134 

ʉʝʢʮʠʷ 4. ʉʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʤʘʪʝʨʠʘʣʳ, ʪʝʭʥʦʣʦʛʠʠ, ʤʘʰʠʥʳ ʠ ʤʝʭʘʥʠʟʤʳ 

ɸʨʟʘʤʘʟʦʚ ʅ.ʆ., ɹʘʭʪʠʥʘ ʀ.ɸ., ʂʦʨʥʝʝʚ ɸ.ʅ. 

ʀʟʦʣʷʮʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ 141 

ɹʘʭʪʠʥʦʚ ɸ.ʀ., ɹʘʭʪʠʥʘ ʀ.ɸ., ʂʦʨʥʝʝʚ ɸ.ʅ. 

ɸʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ 145 

ɹʝʨʝʞʥʦʚʘ ɺ.ɸ., ɹʘʭʪʠʥʘ ʀ.ɸ., ɻʝʡʢʦ ʅ.ɺ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ 149 

ɺʷʪʢʠʥʘ ʄ.ʖ., ɹʘʭʪʠʥʘ ʀ.ɸ., ʃʦʧʘʪʠʥʘ ʄ.ʃ. 

ɺʳʧʦʣʥʝʥʠʝ ʜʝʪʘʣʠʨʦʚʢʠ ʥʘʨʫʞʥʳʭ ʩʝʪʝʡ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʚ NanoCAD ɻʝʦʥʠʢʘ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 154 

ɼʝʥʠʩʝʥʢʦ ɸ.ɸ., ɸʨʪʝʤʦʚʘ ʂ.ɸ. 

ɺʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʤʦʙʠʣʴʥʦʛʦ ʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ ʜʨʫʛ ʥʘ 

ʜʨʫʛʘ 160 

ɼʨʘʛʘʣʠʥ ɼ.ʉ., ɹʘʭʪʠʥʘ ʀ.ɸ., ʃʦʧʘʪʠʥʘ ʄ.ʃ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʛʘʟʦʧʨʦʚʦʜʘ 165 

ʂʠʩʝʣʝʚ ɽ.ʄ., ɹʘʭʪʠʥʘ ʀ.ɸ., ɻʝʡʢʦ ʅ.ɺ. 

ɺʠʜʳ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʧʨʠʪʦʯʥʳʭ ʫʩʪʘʥʦʚʦʢ 170 

ʂʦʨʦʙʢʘ ɺ.ɸ., ɹʘʭʪʠʥʘ ʀ.ɸ., ʂʦʨʥʝʝʚ ɸ.ʅ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʟʜʘʥʠʡ 174 

ʄʘʥʷʢ ʉ.ʅ., ɹʘʭʪʠʥʘ ʀ.ɸ., ʀʚʘʥʦʚʘ ʊ.ʖ., ʂʦʨʥʝʝʚ ɸ.ʅ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʘʙʦʪ ʧʦ ʢʘʧʠʪʘʣʴʥʦʤʫ ʨʝʤʦʥʪʫ ʩʠʩʪʝʤʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 177 

ʄʠʭʘʡʣʝʥʢʦ ʆ.ɸ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʜʝʨʝʚʷʥʥʦʡ ʙʘʣʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʝʨʞʥʝʚʳʭ, 

ʧʣʘʩʪʠʥʯʘʪʳʭ ʠ ʦʙʲʝʤʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 183 

ʇʝʨʝʧʝʯʠʥ ɺ.ɸ., ʇʦʩʪʥʳʡ ɽ.ɺ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ 192 

ʇʦʣʴʢʦʚʩʢʠʡ ʄ.ɸ., ɹʘʭʪʠʥʘ ʀ.ɸ., ɻʝʡʢʦ ʅ.ɺ. 

ɺʠʜʳ ʨʝʢʫʧʝʨʘʪʦʨʦʚ ʜʣʷ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ 198 

ʈʘʱʝʧʢʠʥ ɼ.ɼ., ɹʘʭʪʠʥʘ ʀ.ɸ., ʂʦʨʥʝʝʚ ɸ.ʅ. 

ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʪʨʫʙ ʚ ʩʠʩʪʝʤʘʭ ʢʘʥʘʣʠʟʘʮʠʠ 203 

ʉʠʷʥʦʚ ɸ.ʀ., ʄʠʪʨʦʬʘʥʦʚ ɸ.ʖ., ʗʨʦʰʝʚʠʯ ɼ.ʂ. 

ʉʚʷʟʴ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʠʜʝʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ 207 

ʉʠʷʥʦʚ ɸ.ʀ., ʗʨʦʰʝʚʠʯ ɼ.ʂ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʩʪʘʣʴʥʳʭ ʙʘʣʦʢ ʚ ANSYS 213 

ʉʝʢʮʠʷ 5. ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ɸʣʠʢʠʥ ɼ.ɸ., ʂʨʘʩʥʦʙʦʨʦʚ ʄ.ʀ. 

ɺʝʪʨʷʥʳʝ ʤʝʣʴʥʠʮʳ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ 218 
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ɹʘʣʘʰʦʚ ʆ.ʇ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʝʪʝʚʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʛʦʨʦʜʩʢʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʝʚʳʩʦʢʦʡ ʵʪʘʞʥʦʩʪʠ 222 

ɺʝʣʠʢʞʘʥʠʥ ɺ.ɼ., ʂʠʨʷʢʦʚ ʂ.ʉ., ʂʨʘʩʥʦʙʦʨʦʚ ʄ.ʀ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 228 

ɿʚʝʨʝʚ ʉ.ɸ., ʂʨʘʩʥʦʙʦʨʦʚ ʄ.ʀ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʳʭ ʢʦʪʝʣʴʥʳʭ 233 

ʇʩʘʨʝʚ ʂ.ʆ., ʇʝʨʤʷʢʦʚ ɼ.ɺ., ʂʨʘʩʥʦʙʦʨʦʚ ʄ.ʀ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʦʩʥʦʚʝ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ 240 

ʊʘʪʘʨʥʠʢʦʚʘ ɸ.ʅ. 

ʆʙʦʩʥʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 20 ʢʚ ʚ ʚʦʟʜʫʰʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ 245 

ʉʝʢʮʠʷ 6. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʅʠʩʠʥʘ ʆ.ɽ., ʃʝʜʥʝʚʘ ɸ.ʀ., ʀʚʘʥʦʚʘ ɼ.ʉ. 

ʇʨʠʤʝʥʝʥʠʝ ʛʣʠʥʠʩʪʦ-ʩʦʣʝʚʳʭ ʰʣʘʤʦʚ ʢʘʣʠʡʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʢʘʯʝʩʪʚʝ 

ʤʝʣʠʦʨʘʥʪʘ 251 

ʏʝʨʥʝʮʢʘʷ ʄ.ʂ., ʏʝʨʥʝʮʢʘʷ ʅ.ɸ. 

ʕʢʦʣʦʛʠʯʝʩʢʠ ʙʣʘʛʦʧʨʠʷʪʥʘʷ ʠ ʢʦʤʬʦʨʪʥʘʷ ʩʨʝʜʘ ʚ ʧʨʦʝʢʪʝ ʠʥʪʝʨʴʝʨʘ ʫʯʝʙʥʦʛʦ 

ʧʦʤʝʱʝʥʠʷ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ çɻʣʦʙʘʣ-ʤʘʪʝʤʘʪʠʢè 255 

ʉʝʢʮʠʷ 7. ʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ɸʩʢʘʥʦʚʘ ʆ.ɺ. 

ʆʪʝʯʝʩʪʚʝʥʥʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ: ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ  265 

ʂʦʣʜʘʰʦʚ ɽ.ɸ., ʂʨʘʩʥʦʙʦʨʦʚ ʄ.ʀ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ 276 

ʉʝʢʮʠʷ 8. ʆʙʨʘʟʦʚʘʥʠʝ. ʇʝʜʘʛʦʛʠʢʘ. ɻʫʤʘʥʠʪʘʨʥʳʝ ʥʘʫʢʠ 

ɿʝʥʮʦʚʘ ʀ.ʄ., ʄʘʤʘʝʚ ɸ.ɸ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʱʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʩʪʫʜʝʥʪʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʬʠʟʠʢʠ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʚʫʟʝ  283 

ʂʘʟʘʥʮʝʚʘ ʖ.ɺ. 

ɸʢʪʠʚʠʟʘʮʠʷ ʫʧʦʪʨʝʙʣʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʣʝʢʩʠʢʠ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ ʥʝʤʝʮʢʦʤʫ 

ʷʟʳʢʫ 292 

ʂʦʨʥʠʝʥʢʦ ɸ.ʅ., ʆʨʣʦʚ ɸ.ɺ. 

ʇʘʪʨʠʦʪʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝ ʩʪʫʜʝʥʪʦʚ ʚʫʟʘ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ ʠʥʦʩʪʨʘʥʥʦʤʫ ʷʟʳʢʫ 298 

ʉʠʷʥʦʚ ɸ.ʀ., ʇʘʥʠʭʠʥ ʈ.ɺ. 

ʆʭʨʘʥʘ ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ. ʊʝʥʜʝʥʮʠʠ ʠ ʧʨʦʙʣʝʤʳ 304 

ʐʝʚʯʝʥʢʦ ɸ.ʉ., ɼʦʣʤʘʪʦʚʘ ʄ.ɸ., ʀʩʤʘʛʫʣʦʚ ʉ.ɽ. 

ɻʝʡʤʠʬʠʢʘʮʠʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ: ʧʨʠʤʝʥʝʥʠʝ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʠʨʘ ʜʣʷ 

ʤʦʪʠʚʘʮʠʠ ʠ ʦʙʫʯʝʥʠʷ ʜʝʪʝʡ 309 
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ʉɽʂʎʀʗ 1. ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ, ʏʀʉʃɽʅʅʓɽ 

ʄɽʊʆɼʓ ʀ ʂʆʄʇʃɽʂʉʓ ʇʈʆɻʈɸʄʄ 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʠ.ʦ. ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ 

çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘè ʇʦʧʦʚʘ ʃʶʜʤʠʣʘ ɸʥʘʪʦʣʴʝʚʥʘ 

 

ʋɼʂ 621.3.052 

ʅʆʈʄʀʈʆɺɸʅʀɽ ɺʓʍʆɼʅʆɻʆ ɼɾʀʊʊɽʈɸ ɼʃʗ ɻɽʅɽʈɸʊʆʈʆɺ 

ʉɽʊɽɺʓʍ ʕʃɽʄɽʅʊʆɺ, ʈɽɻɽʅɽʈɸʊʆʈʆɺ ʀ ʉɽʊɽɺʓʍ 

ʀʅʊɽʈʌɽʁʉʆɺ  

ʂ. ɸ. ɹʘʪʝʥʢʦʚ 

ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʚʷʟʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ 
ɸʥʥʦʪʘʮʠʷ. ɺʳʭʦʜʥʦʡ ʜʞʠʪʪʝʨ ʜʣʷ ʛʝʥʝʨʘʪʦʨʦʚ ʩʝʪʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʥʦʨʤʠʨʫʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʦʨʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʟʥʘʯʝʥʠʷ ʬʠʣʴʪʨʦʚ ʜʣʷ ʠʥʪʝʨʬʝʡʩʦʚ STM-N 

ʩʦʛʣʘʩʦʚʘʥʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʬʠʣʴʪʨʦʚ, ʫʢʘʟʘʥʥʳʤʠ ʚ ʨʝʢʦʤʝʥʜʘʮʠʠ ITU-T G.825, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʬʠʣʴʪʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʡ ʠʝʨʘʨʭʠʠ 

ʚʘʨʠʘʥʪʘ 2, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʨʝʢʦʤʝʥʜʘʮʠʠ ITU-T G.783. ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʳʭʦʜʥʦʡ ʜʞʠʪʪʝʨ 

ʩʝʪʝʚʳʭ ʠʥʪʝʨʬʝʡʩʦʚ PDH ʝʚʨʦʧʝʡʩʢʦʡ ʠʝʨʘʨʭʠʠ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʚʩʝʭ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʩʝʪʝʚʦʤʫ 

ʠʥʪʝʨʬʝʡʩʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʞʠʪʪʝʨ, ʬʘʟʦʚʳʝ ʬʣʫʢʪʫʘʮʠʠ, ʠʟʤʝʨʝʥʠʷ, ʩʠʥʭʨʦʥʠʟʘʮʠʷ, ʥʦʨʤʳ. 

 

NORMALIZATION OF OUTPUT JITTER FOR GENERATORS OF 

NETWORK ELEMENTS, REGENERATORS AND NETWORK 

INTERFACES 

K. A. Batenkov 

Moscow Technical University of Communications and Informatics 
Annotation. The output jitter for generators of network elements is normalized relative to the 

speed. At the same time, all filter values for STM-N interfaces are consistent with the filter 

parameters specified in ITU-T recommendation G.825, with the exception of the high-frequency 

filters used for the North American hierarchy of option 2, given in ITU-T recommendation G.783. 

Restrictions on the output jitter of PDH network interfaces of the European hierarchy They are also 

used for all operating conditions, regardless of the number of equipment preceding the network 

interface. 

Keywords: jitter, phase fluctuations, measurements, synchronization, norms. 

 

ɺʳʭʦʜʥʦʡ ʜʞʠʪʪʝʨ ʜʣʷ ʛʝʥʝʨʘʪʦʨʦʚ ʩʝʪʝʚʳʭ ʵʣʝʤʝʥʪʦʚ SEC ʥʦʨʤʠʨʫʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʦʨʦʩʪʠ [1]. ɺʩʝ ʟʥʘʯʝʥʠʷ ʬʠʣʴʪʨʦʚ ʜʣʷ ʠʥʪʝʨʬʝʡʩʦʚ STM-N 

ʩʦʛʣʘʩʦʚʘʥʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʬʠʣʴʪʨʦʚ, ʫʢʘʟʘʥʥʳʤʠ ʚ ʨʝʢʦʤʝʥʜʘʮʠʠ  

ITU-T G.825 [2, 3], ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʬʠʣʴʪʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʜʣʷ ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʡ ʠʝʨʘʨʭʠʠ ʚʘʨʠʘʥʪʘ 2, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ITU-T G.783 [4]. ʇʘʨʘʤʝʪʨʳ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʬʠʣʴʪʨʦʚ ʘʥʘʣʦʛʠʯʥʳ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʚʪʦʨʠʯʥʳʭ ʟʘʜʘʶʱʠʭ ʛʝʥʝʨʘʪʦʨʦʚ (ʪʘʙʣ. 1, 2). 
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ʊʘʙʣʠʮʘ 1 

ʅʦʨʤʳ ʧʘʨʘʤʝʪʨʦʚ ʚʳʭʦʜʥʦʛʦ ʜʞʠʪʪʝʨʘ ʛʝʥʝʨʘʪʦʨʦʚ ʩʝʪʝʚʳʭ ʵʣʝʤʝʥʪʦʚ SEC 

ʝʚʨʦʧʝʡʩʢʦʡ ʠʝʨʘʨʭʠʠ (ʚʘʨʠʘʥʪ 1 ï G.813) 

ʩʢʦʨʦʩʪʴ 

ὺ 

ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʝʜʠʥʠʯʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ UI 

Ὕ, ʥʩ 

ʜʠʘʧʘʟʦʥ 

ʰʠʨʦʢʦ-

ʧʦʣʦʩʥʦʛʦ 

ʜʞʠʪʪʝʨʘ 

ʠhʨʦʢʦ-

ʧʦʣʦʩʥʳʡ 

ʜʞʠʪʪʝʨ ά , 

UIpp 

ʜʠʘʧʘʟʦʥ 

ʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʦʛʦ 

ʜʞʠʪʪʝʨʘ 

ʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʳʡ 

ʜʞʠʪʪʝʨ ά , 

UIpp 

2,048 488 
20 ɻʮ ï 

100 ʢɻʮ 
0,05   

STM-1 6,43 
0,5 ʢɻʮ ï 

1,3 ʄɻʮ 
0,5 

65 ʢɻʮ ï 

1,3 ʄɻʮ 
0,1 

STM-4 1,61 
1 ʢɻʮ ï 

5 ʄɻʮ 
0,5 

250 ʢɻʮ ï 

5 ʄɻʮ 
0,1 

STM-16 0,4 
5 ʢɻʮ ï 

20 ʄɻʮ 
0,5 

1 ʄɻʮ ï 

20 ʄɻʮ 
0,1 

STM-64 0,1 
20 ʢɻʮ ï 

80 ʄɻʮ 
0,5 

4 ʄɻʮ ï 

80 ʄɻʮ 
0,1 

 

ʊʘʙʣʠʮʘ 2 

ʅʦʨʤʳ ʧʘʨʘʤʝʪʨʦʚ ʚʳʭʦʜʥʦʛʦ ʜʞʠʪʪʝʨʘ ʛʝʥʝʨʘʪʦʨʦʚ ʩʝʪʝʚʳʭ ʵʣʝʤʝʥʪʦʚ SEC 

ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʡ ʠʝʨʘʨʭʠʠ (ʚʘʨʠʘʥʪ 2 ï G.813) 

ʩʢʦʨʦʩʪʴ 

ὺ 

ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʝʜʠʥʠʯʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ UI 

Ὕ, ʥʩ 

ʜʠʘʧʘʟʦʥ 

ʰʠʨʦʢʦ-

ʧʦʣʦʩʥʦʛʦ 

ʜʞʠʪʪʝʨʘ 

ʰʠʨʦʢʦ-

ʧʦʣʦʩʥʳʡ 

ʜʞʠʪʪʝʨ ά , 

UIpp 

ʜʠʘʧʘʟʦʥ 

ʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʦʛʦ 

ʜʞʠʪʪʝʨʘ 

ɺr ʩʦʢʦ-

ʯʘʩʪʦʪʥʳʡ 

ʜʞʠʪʪʝʨ ά , 

UIpp 

STM-1 6,43 
12 ʢɻʮ ï 

1,3 ʄɻʮ 
0,1   

STM-4 1,61 
12 ʢɻʮ ï 

5 ʄɻʮ 
0,1   

STM-16 0,4 
12 ʢɻʮ ï 

20 ʄɻʮ 
0,1   

STM-64 0,1 
20 ʢɻʮ ï 

80 ʄɻʮ 
0,3 

4 ʄɻʮ ï 

80 ʄɻʮ 
0,1 

 

ɺʳʭʦʜʥʦʡ ʜʞʠʪʪʝʨ ʜʣʷ ʨʝʛʝʥʝʨʘʪʦʨʦʚ SDH ʪʘʢʞʝ ʥʦʨʤʠʨʫʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʦʨʦʩʪʠ [4] (ʪʘʙʣ. 3). ʅʦʨʤʳ ʧʘʨʘʤʝʪʨʦʚ ʚʳʭʦʜʥʦʛʦ ʜʞʠʪʪʝʨʘ 

ʨʝʛʝʥʝʨʘʪʦʨʦʚ SDH ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʡ ʠʝʨʘʨʭʠʠ (ʚʘʨʠʘʥʪ 2) ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʥʦʨʤʘʤ ʚʪʦʨʠʯʥʳʭ ʟʘʜʘʶʱʠʭ ʛʝʥʝʨʘʪʦʨʦʚ (ʪʘʙʣ. 2). 

 

  



8  

ʊʘʙʣʠʮʘ 3 

ʅʦʨʤʳ ʧʘʨʘʤʝʪʨʦʚ ʚʳʭʦʜʥʦʛʦ ʜʞʠʪʪʝʨʘ ʨʝʛʝʥʝʨʘʪʦʨʦʚ SDH ʝʚʨʦʧʝʡʩʢʦʡ 

ʠʝʨʘʨʭʠʠ (ʚʘʨʠʘʥʪ 1 ï G.783) 

ʩʢʦʨʦʩʪʴ 

ὺ 

ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʝʜʠʥʠʯʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ UI 

Ὕ, ʥʩ 

ʜʠʘʧʘʟʦʥ 

ʰʠʨʦʢʦ-

ʧʦʣʦʩʥʦʛʦ 

ʜʞʠʪʪʝʨʘ 

ʰʠʨʦʢʦ-

ʧʦʣʦʩʥʳʡ 

ʜʞʠʪʪʝʨ ά , 

UIpp 

ʜʠʘʧʘʟʦʥ 

ʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʦʛʦ 

ʜʞʠʪʪʝʨʘ 

ʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʳʡ 

ʜʞʠʪʪʝʨ ά , 

UIpp 

STM-1 

(ʵʣʝʢʪʨ.) 
6,43   

65 ʢɻʮ ï 

1,3 ʄɻʮ 
0,075 

STM-1 6,43 
0,5 ʢɻʮ ï 

1,3 ʄɻʮ 
0,3 

65 ʢɻʮ ï 

1,3 ʄɻʮ 
0,1 

STM-4 1,61 
1 ʢɻʮ ï 

5 ʄɻʮ 
0,3 

250 ʢɻʮ ï 

5 ʄɻʮ 
0,1 

STM-16 0,4 
5 ʢɻʮ ï 

20 ʄɻʮ 
0,3 

1 ʄɻʮ ï 

20 ʄɻʮ 
0,1 

STM-64 0,1 
20 ʢɻʮ ï 

80 ʄɻʮ 
0,3 

4 ʄɻʮ ï 

80 ʄɻʮ 
0,1 

STM-256 0,025   
16 ʄɻʮ ï 

320 ʄɻʮ 
0,1 

 

ɺʳʭʦʜʥʦʡ ʜʞʠʪʪʝʨ ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ PDH ʪʘʢʞʝ ʥʦʨʤʠʨʫʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʦʨʦʩʪʠ [5, 6, 7] (ʪʘʙʣ. 4). 

 

ʊʘʙʣʠʮʘ 4 

ʅʦʨʤʳ ʧʘʨʘʤʝʪʨʦʚ ʚʳʭʦʜʥʦʛʦ ʜʞʠʪʪʝʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ PDH 

ʈʝʢʦʤʝʥʜʘ-

ʮʠʷ 

ʩʢʦʨʦʩʪʴ ὺ, 

ʄʙʠʪ/ʩ 

ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʝʜʠʥʠʯʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ Ὕ, ʥʩ 

ʜʠʘʧʘʟʦʥ ʜʞʠʪʪʝʨʘ 
ʜʞʠʪʪʝʨ 

ά , UIpp 

G.735 

2,048 488 20 ɻʮ ï 100 ʢɻʮ 0,05 

0,064 15 625 20 ɻʮ ï 10 ʢɻʮ 0,025 

0,384 2 604 20 ɻʮ ï 100 ʢɻʮ 0,1 

G.742 8,448 118 20 ɻʮ ï 400 ʢɻʮ 0,05 

G.751 
34,368 29,1 100 ɻʮ ï 800 ʢɻʮ 0,05 

139,264 7,18 200 ɻʮ ï 3,5 ʄɻʮ 0,05 

 

ʇʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʞʠʪʪʝʨʘ ʷʚʣʷʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʤʠ ʥʘ 

ʩʝʪʝʚʳʭ ʠʥʪʝʨʬʝʡʩʘʭ ʩʝʢʮʠʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʙʣʦʢʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ OUT ʠ 

ʦʧʪʠʯʝʩʢʠʤʠ ʢʘʥʘʣʘʤʠ ʧʦʩʣʝ ʜʝʣʝʥʠʷ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʝ ʮʠʬʨʦʚʳʝ ʧʦʪʦʢʠ 

ʢʘʥʘʣʦʚ ʦʧʪʠʯʝʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʣʠʥʠʡ (OTL ï Optical channel Transport Lane) 

ʦʧʪʠʯʝʩʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ OTN (ʪʘʙʣ. 5) [8, 9]. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ 

ʧʦʜʦʙʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʷʚʣʷʝʪʩʷ ʚʭʦʜ 3R-ʨʝʛʝʥʝʨʘʪʦʨʘ (ʧʨʠʝʤʥʠʢ) ʠʣʠ ʚʳʭʦʜ 

3R-ʨʝʛʝʥʝʨʘʪʦʨʘ (ʠʩʪʦʯʥʠʢ). 
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ʊʘʙʣʠʮʘ 5 

ʅʦʨʤʳ ʧʘʨʘʤʝʪʨʦʚ ʚʳʭʦʜʥʦʛʦ ʜʞʠʪʪʝʨʘ ʩʝʪʝʚʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʩʝʢʮʠʡ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʙʣʦʢʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ OTU ʠ ʦʧʪʠʯʝʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʣʠʥʠʡ OTL (G.8251) 

ʠʥʪʝʨʬʝʡʩ 

ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʝʜʠʥʠʯʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ Ὕ, 

ʧʩ 

ʜʠʘʧʘʟʦʥ 

ʰʠʨʦʢʦ-

ʧʦʣʦʩʥʦʛʦ 

ʜʞʠʪʪʝʨʘ 

ʰʠʨʦʢʦ-

ʧʦʣʦʩʥʳʡ 

ʜʞʠʪʪʝʨ ά , 

UIpp 

ʜʠʘʧʘʟʦʥ 

ʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʦʛʦ 

ʜʞʠʪʪʝʨʘ 

ʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʳʡ 

ʜʞʠʪʪʝʨ ά , 

UIpp 

OTU1 375,1 
5 ʢɻʮ ï 

20 ʄɻʮ 
1,5 

1 ʄɻʮ ï 

20 ʄɻʮ 
0,15 

OTU2 93,38 
20 ʢɻʮ ï 

80 ʄɻʮ 
1,5 

4 ʄɻʮ ï 

80 ʄɻʮ 
0,15 

OTU3 23,25 
20 ʢɻʮ ï 

320 ʄɻʮ 
6 

16 ʄɻʮ ï 

320 ʄɻʮ 
0,18 

OTL3.4 92,98 
20 ʢɻʮ ï 

80 ʄɻʮ 
6   

OTL4.4 35,77 
50 ʢɻʮ ï 

200 ʄɻʮ 
6   

 

ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʳʭʦʜʥʦʡ ʜʞʠʪʪʝʨ ʩʝʪʝʚʳʭ ʠʥʪʝʨʬʝʡʩʦʚ (NNI ï network-

network interface) SDH ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʚʩʝʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʩʝʪʝʚʦʤʫ 

ʠʥʪʝʨʬʝʡʩʫ [2]. ɼʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʠʥʠʤʘʣʴʥʳʤ ʜʦʧʫʩʢʘʤ ʥʘ 

ʜʞʠʪʪʝʨ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʤʠ ʚʩʝʤʠ ʚʭʦʜʥʳʤʠ ʧʦʨʪʘʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʪʘʙʣ. 6).  

 

ʊʘʙʣʠʮʘ 6 

ʅʦʨʤʳ ʧʘʨʘʤʝʪʨʦʚ ʚʳʭʦʜʥʦʛʦ ʜʞʠʪʪʝʨʘ ʩʝʪʝʚʳʭ ʠʥʪʝʨʬʝʡʩʦʚ SDH (G.825) 

ʩʢʦʨʦʩʪʴ 

ὺ 

ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʝʜʠʥʠʯʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ UI 

Ὕ, ʥʩ 

ʜʠʘʧʘʟʦʥ 

ʰʠʨʦʢʦ-

ʧʦʣʦʩʥʦʛʦ 

ʜʞʠʪʪʝʨʘ 

ʰʠʨʦʢʦ-

ʧʦʣʦʩʥʳʡ 

ʜʞʠʪʪʝʨ ά , 

UIpp 

ʜʠʘʧʘʟʦʥ 

ʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʦʛʦ 

ʜʞʠʪʪʝʨʘ 

ʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʳʡ 

ʜʞʠʪʪʝʨ ά , 

UIpp 

STM-1 

(ʵʣʝʢʪʨ.) 
6,43 

0,5 ʢɻʮ ï 

1,3 ʄɻʮ 
1,5 

65 ʢɻʮ ï 

1,3 ʄɻʮ 
0,075 

STM-1 6,43 
0,5 ʢɻʮ ï 

1,3 ʄɻʮ 
1,5 

65 ʢɻʮ ï 

1,3 ʄɻʮ 
0,15 

STM-4 1,61 
1 ʢɻʮ ï 

5 ʄɻʮ 
1,5 

250 ʢɻʮ ï 

5 ʄɻʮ 
0,15 

STM-16 0,4 
5 ʢɻʮ ï 

20 ʄɻʮ 
1,5 

1 ʄɻʮ ï 

20 ʄɻʮ 
0,15 

STM-64 0,1 
20 ʢɻʮ ï 

80 ʄɻʮ 
1,5 

4 ʄɻʮ ï 

80 ʄɻʮ 
0,15 
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ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʳʭʦʜʥʦʡ ʜʞʠʪʪʝʨ ʩʝʪʝʚʳʭ ʠʥʪʝʨʬʝʡʩʦʚ PDH 

ʝʚʨʦʧʝʡʩʢʦʡ ʠʝʨʘʨʭʠʠ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʚʩʝʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʩʝʪʝʚʦʤʫ 

ʠʥʪʝʨʬʝʡʩʫ (ʪʘʙʣ. 7) [10]. ɸʥʘʣʦʛʠʯʥʦ ʩʫʱʝʩʪʚʫʶʪ ʥʦʨʤʳ ʚʳʭʦʜʥʦʛʦ ʜʞʠʪʪʝʨʘ 

ʠ ʜʣʷ ʠʥʪʝʨʬʝʡʩʦʚ PDH ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʡ ʠʝʨʘʨʭʠʠ (ʪʘʙʣ. 8) [11]. 

 

ʊʘʙʣʠʮʘ 7 

ʅʦʨʤʳ ʧʘʨʘʤʝʪʨʦʚ ʚʳʭʦʜʥʦʛʦ ʜʞʠʪʪʝʨʘ ʩʝʪʝʚʳʭ ʠʥʪʝʨʬʝʡʩʦʚ PDH 

ʝʚʨʦʧʝʡʩʢʦʡ ʠʝʨʘʨʭʠʠ (G.823) 

ʩʢʦʨʦʩʪʴ 

ὺ, 

ʄʙʠʪ/ʩ 

ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʝʜʠʥʠʯʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ UI 

Ὕ, ʥʩ 

ʜʠʘʧʘʟʦʥ 

ʰʠʨʦʢʦ-

ʧʦʣʦʩʥʦʛʦ 

ʜʞʠʪʪʝʨʘ 

ʰʠʨʦʢʦ-

ʧʦʣʦʩʥʳʡ 

ʜʞʠʪʪʝʨ ά , 

UIpp 

ʜʠʘʧʘʟʦʥ 

ʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʦʛʦ 

ʜʞʠʪʪʝʨʘ 

ʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʳʡ 

ʜʞʠʪʪʝʨ ά , 

UIpp 

0,064 15 625 
20 ɻʮ ï 

20 ʢɻʮ 
0,25 

3 ʢɻʮ ï 

20 ʢɻʮ 
0,05 

2,048 488 
20 ɻʮ ï 

100 ʢɻʮ 
1,5 

18 ʢɻʮ ï 

100 ʢɻʮ 
0,2 

8,448 118 
20 ɻʮ ï 

400 ʢɻʮ 
1,5 

3 ʢɻʮ ï 

400 ʢɻʮ 
0,2 

34,368 29,1 
100 ɻʮ ï 

800 ʢɻʮ 
1,5 

10 ʢɻʮ ï 

800 ʢɻʮ 
0,15 

139,264 7,18 
200 ɻʮ ï 

3,5 ʄɻʮ 
1,5 

10 ʢɻʮ ï 

3,5 ʄɻʮ 
0,075 

 

ʊʘʙʣʠʮʘ 8 

ʅʦʨʤʳ ʧʘʨʘʤʝʪʨʦʚ ʚʳʭʦʜʥʦʛʦ ʜʞʠʪʪʝʨʘ ʩʝʪʝʚʳʭ ʠʥʪʝʨʬʝʡʩʦʚ PDH 

ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʡ ʠʝʨʘʨʭʠʠ (G.824) 

ʩʢʦʨʦʩʪʴ 

ὺ, 

ʄʙʠʪ/ʩ 

ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʝʜʠʥʠʯʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ UI 

Ὕ, ʥʩ 

ʜʠʘʧʘʟʦʥ 

ʰʠʨʦʢʦ-

ʧʦʣʦʩʥʦʛʦ 

ʜʞʠʪʪʝʨʘ 

ʰʠʨʦʢʦ-

ʧʦʣʦʩʥʳʡ 

ʜʞʠʪʪʝʨ ά , 

UIpp 

ʜʠʘʧʘʟʦʥ 

ʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʦʛʦ 

ʜʞʠʪʪʝʨʘ 

ʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʳʡ 

ʜʞʠʪʪʝʨ ά , 

UIpp 

1,544 647 
10 ɻʮ ï 

40 ʢɻʮ 
5 8 ɻʮ ï 40 ʢɻʮ 0,1 

6,312 158 
10 ɻʮ ï 

60 ʢɻʮ 
5 3 ɻʮ ï 60 ʢɻʮ 0,1 

32,064 31,1 
10 ɻʮ ï 

400 ʢɻʮ 
5 

8 ɻʮ ï 

400 ʢɻʮ 
0,1 

44,736 22,3 
10 ɻʮ ï 

400 ʢɻʮ 
5 

30 ɻʮ ï 

400 ʢɻʮ 
0,1 

97,728 10,2 
10 ɻʮ ï 

1 ʄɻʮ 
5 

240 ɻʮ ï 

1 ʄɻʮ 
0,1 
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ʋɼʂ 372.851  

ʅɽʉʊɸʅɼɸʈʊʅʓɽ ʄɽʊʆɼʓ ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ 

ʀʈʈɸʎʀʆʅɸʃʔʅʓʍ ɺʓʈɸɾɽʅʀʁ 

ʆ.ɺ. ɽʬʨʝʤʝʥʢʦʚʘ, ʀ.ʀ. ʂʫʣʝʰʦʚʘ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  ʠʤ.ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʩʧʦʩʦʙʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʨʨʘʮʠʦʥʘʣʴʥʳʭ 

ʚʳʨʘʞʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʩʫʤʤʫ ʠʣʠ ʨʘʟʥʦʩʪʴ ʜʚʫʭ ʯʠʩʝʣ: ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠ ʠʨʨʘʮʠʦʥʘʣʴʥʦʛʦ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʩʧʦʩʦʙʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʠʨʨʘʮʠʦʥʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ 

ʥʝʨʘʚʝʥʩʪʚ. ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʝʜʠʥʫʶ ʣʦʛʠʢʫ ʠʟʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʠ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʫ ʩʪʫʜʝʥʪʦʚ ʫʤʝʥʠʝ ʩʪʨʦʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʦʛʠʯʥʳʝ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʯʘʩʪʥʳʝ ʩʫʞʜʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʠʬʤʝʪʠʯʝʩʢʠʡ ʢʦʨʝʥʴ, ʠʨʨʘʮʠʦʥʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ, 

ʠʨʨʘʮʠʦʥʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʠʨʨʘʮʠʦʥʘʣʴʥʦʝ ʥʝʨʘʚʝʥʩʪʚʦ 
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NON-STANDARD METHODS OF TRANSFORMATION OF IRRATIONAL 

EXPRESSIONS 

O.V. Efremenkova, I.I. Kuleshova 

Rubtsovsky Industrial Institute (branch) of the Altai State Technical University 

named after I.I. Polzunov 
Abstract. Non-standard methods of transformation of irrational expressions containing the 

sum or difference of two numbers: rational and irrational are considered, the application of these 

methods in solving irrational equations and inequalities is presented. A systematic approach allows 

you to create a unified logic of presentation of the material, and makes it possible for students to 

form the ability to build relatively logical and consistent private judgments. 

Keywords: arithmetic root, irrational expression, irrational equation, irrational inequality 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʠʨʨʘʮʠʦʥʘʣʴʥʳʤʠ ʯʠʩʣʘʤʠ ʥʘʠʙʦʣʴʰʠʝ ʟʘʪʨʫʜʥʝʥʠʷ 

ʚʦʟʥʠʢʘʶʪ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʠʟʚʣʝʯʴ ʢʦʨʝʥʴ ʠʟ ʩʫʤʤʳ ʠʣʠ ʨʘʟʥʦʩʪʠ 

ʜʚʫʭ ʯʠʩʝʣ: ʯʘʱʝ ʦʜʥʦʛʦ ʨʘʮʠʦʥʘʣʴʥʦʛʦ, ʘ ʜʨʫʛʦʛʦ ï ʠʨʨʘʮʠʦʥʘʣʴʥʦʛʦ. ɺ 

ʤʝʪʦʜʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ [1], ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʣʘʛʘʶʪʩʷ ʧʨʠʤʝʨʳ ʚʠʜʘ 

ʘ Ѝὦ, ʩʦʜʝʨʞʘʱʠʝ ʧʝʨʝʜ Ѝὦ ʯʝʪʥʳʡ ʤʥʦʞʠʪʝʣʴ. 

ʊʘʢʠʝ ʚʳʨʘʞʝʥʠʷ ʚʳʜʝʣʝʥʠʝʤ ʧʦʜ ʢʦʨʥʝʤ ʪʨʝʭ ʩʣʘʛʘʝʤʳʭ ʠ 

ʩʚʦʨʘʯʠʚʘʥʠʝʤ ʠʭ ʚ ʬʦʨʤʫʣʫ ʧʦʣʥʦʛʦ ʢʚʘʜʨʘʪʘ ʩʫʤʤʳ (ʠʣʠ ʨʘʟʥʦʩʪʠ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʢʘ ʚʥʫʪʨʠ ʢʦʨʥʷ) ʧʦʟʚʦʣʷʶʪ ʠʟʚʣʝʯʴ ʢʦʨʝʥʴ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ 

ʢʚʘʜʨʘʪʘ. ʇʨʠʤʝʥʝʥʠʝ ʬʦʨʤʫʣ ʩʦʢʨʘʱʝʥʥʦʛʦ ʫʤʥʦʞʝʥʠʷ ʦʧʨʘʚʜʘʥʦ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʨʨʘʮʠʦʥʘʣʴʥʦʝ ʩʣʘʛʘʝʤʦʝ ʩʦʜʝʨʞʠʪ ʯʝʪʥʳʡ ʤʥʦʞʠʪʝʣʴ, 

ʩʦʜʝʨʞʘʱʠʡ ʫʜʚʦʝʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʭ ʯʠʩʝʣ a ʠ b. ʊʦʛʜʘ ʜʦʙʘʚʣʝʥʠʝ ʢ 

ʵʪʦʤʫ ʧʨʦʠʟʚʝʜʝʥʠʶ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʯʠʩʝʣ a ʠ b ʜʝʣʘʝʪ ʦʯʝʚʠʜʥʳʤ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʠʟ-ʧʦʜ ʢʦʨʥʷ ʤʦʜʫʣʷ ʧʦʜʢʦʨʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ. ɺ 

ʩʣʫʯʘʝ ʢʚʘʜʨʘʪʘ ʨʘʟʥʦʩʪʠ, ʚʳʜʝʣʝʥʥʦʛʦ ʧʦʜ ʢʦʨʥʝʤ, ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ 

ʥʘ ʟʥʘʢ ʧʦʜʤʦʜʫʣʴʥʦʛʦ ʚʳʨʘʞʝʥʠʷ [2]. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʚʦʟʚʝʩʪʠ ʫʤʝʥʴʰʘʝʤʦʝ 

ʠ ʚʳʯʠʪʘʝʤʦʝ ʚ ʢʚʘʜʨʘʪ, ʩʨʘʚʥʠʪʴ ʵʪʠ ʢʚʘʜʨʘʪʳ ʠ ʨʘʩʢʨʳʪʴ ʤʦʜʫʣʴ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʥʘʢʦʤ.  

 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʅʘ ʧʨʘʢʪʠʢʝ ʟʘʯʘʩʪʫʶ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʦʯʝʚʠʜʥʳʭ 

ʬʦʨʤʫʣ: 

ὥ ὦ ςЍὥὦ Ѝὥ Ѝὦ Ѝὥ Ѝὦȟ ʛʜʝ ὥ πȟὦ π; 

ὥ ὦ ςЍὥὦ Ѝὥ Ѝὦ Ѝὥ Ѝὦȟ ʛʜʝ ὥ  ὦ πȢ 
ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʬʦʨʤʫʣ ʥʘ ʧʨʠʤʝʨʘʭ. 

ʇʨʠʤʝʨ 1. ʀʟʚʣʝʯʴ ʢʦʨʝʥʴ ʠʟ ʜʚʫʯʣʝʥʘ   ω τЍυ. 
ʉʦʩʪʘʚʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ a ʠ b: 

ὥ ὦ ωȟ

ςὥὦ τυȟ
    
ὥ ὦ ωȟ

ὥὦ ςЍυȢ
 

ʈʝʰʘʷ ʵʪʫ ʩʠʩʪʝʤʫ, ʧʦʣʫʯʘʝʤ ʜʚʝ ʧʘʨʳ ʯʠʩʝʣ, ʝʡ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ: 
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ὥ ςȟ

ὦ υȟ
   
ὥ ρȟ

ὦ ςЍυȢ
 

ʊʦʛʜʘ ʧʨʠ ὥ ςȟ  ὦ Ѝυ ʧʦʣʫʯʠʤ ὥ ὦ τ υ ω, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʶ. ʇʦʜʩʪʘʥʦʚʢʘ ʞʝ ʚʪʦʨʦʛʦ ʢʦʨʥʷ ʧʨʦʪʠʚʦʨʝʯʠʪ ʫʩʣʦʚʠʶ.  

ʄʦʞʥʦ ʨʝʰʠʪʴ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʠʥʘʯʝ, çʫʚʠʜʝʪʴè, ʯʪʦ τЍυ ʩʦʜʝʨʞʠʪ 

ʫʜʚʦʝʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʯʠʩʝʣ a ʠ b, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ςϽςϽЍυ, ʣʠʙʦ ςϽρϽ

ςЍυ. ʇʦʜʩʪʘʥʦʚʢʘ ʚ ʠʩʭʦʜʥʳʡ ʜʚʫʯʣʝʥ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʝʨʚʘʷ ʢʦʤʙʠʥʘʮʠʷ 

ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʘʷ. 

ω τЍυ υ τ τЍυ Ѝυ ς ςϽςϽЍυ Ѝυ ς  

ɿʥʘʢ ʧʦʜʤʦʜʫʣʴʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʙʫʜʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʚ ʩʣʫʯʘʝ Ѝυ ς, 

ʧʦʩʢʦʣʴʢʫ Ѝυ ς π. 
 

ʀʟʚʣʝʯʝʥʠʝ ʢʦʨʥʷ ʠʟ ʜʚʫʯʣʝʥʘ ʚʠʜʘ ὥ Ѝὦ ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ ʜʘʣʝʢʦ ʥʝ ʚʦ 
ʚʩʝʭ ʩʣʫʯʘʷʭ. ʆʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠʝʚ ʧʨʦʚʝʨʢʠ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʩʣʫʯʘʡ, ʢʦʛʜʘ ʜʚʫʯʣʝʥ ὥ ὦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʥʳʡ ʢʚʘʜʨʘʪ. ʊʦʛʜʘ 
ʬʦʨʤʫʣʘ ʫʧʨʦʱʝʥʠʷ ʠʤʝʝʪ ʚʠʜ: 

ὥ Ѝὦ
Ѝ Ѝ

.            (1) 

ɺʝʨʥʦʩʪʴ ʵʪʦʡ ʬʦʨʤʫʣʳ ʥʝʩʣʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʚʦʟʚʝʜʷ ʦʙʝ ʝʝ ʯʘʩʪʠ ʚ 

ʢʚʘʜʨʘʪ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʬʦʨʤʫʣʳ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʮʠʦʥʘʣʠʟʠʨʫʝʪ ʠʟʚʣʝʯʝʥʠʝ 

ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ ʠʟ ʜʚʫʯʣʝʥʘ, ʧʦʤʦʞʝʪ ʫʚʠʜʝʪʴ ʚ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʜʚʫʯʣʝʥ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʫʧʨʦʱʝʥ.  

ʇʨʠʤʝʨ 2. ʀʟʚʣʝʯʴ ʢʦʨʝʥʴ ʠʟ ʜʚʫʯʣʝʥʘ τ Ѝχ. 
ɿʜʝʩʴ ὥ τȟὦ χ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʚʳʰʝ 

ʢʨʠʪʝʨʠʷ: ὥ  ὦ ρφχ ω σ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ ʠʟ 

ʜʚʫʯʣʝʥʘ ʤʦʞʝʪ ʙʳʪʴ ʫʧʨʦʱʝʥ ʧʦ ʬʦʨʤʫʣʝ (1): 

τ Ѝχ
Ѝ Ѝ

. 

ʇʨʠʯʝʤ ʨʘʩʢʨʳʪʠʝ ʤʦʜʫʣʷ ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ ʫʯʝʪʦʤ ʟʥʘʢʘ 

ʧʦʜʢʦʨʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ. 

ʇʨʠʤʝʨ 3. ʀʟʚʣʝʯʴ ʢʦʨʝʥʴ ʠʟ ʜʚʫʯʣʝʥʘ  ρςτσςЍρυ. 
ɹʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʢʘʢ ʨʘʮʠʦʥʘʣʴʥʦʡ ʯʘʩʪʠ ʜʚʫʯʣʝʥʘ ὥ ρςτ, ʪʘʢ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʠ b, ʟʘʪʨʫʜʥʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʠʜʝʪʴ ʪʝ ʪʨʠ ʩʣʘʛʘʝʤʳʝ, 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʧʦʣʥʳʡ ʢʚʘʜʨʘʪ ʨʘʟʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʞʝ ʢʨʠʪʝʨʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʠʪ ʵʪʫ ʟʘʜʘʯʫ. 

ὥ  ὦ ρςτσςϽЍρυ ρυσχφρυσφπρφ τ,  

ʟʥʘʯʠʪ ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ ʠʟ ʜʚʫʯʣʝʥʘ ʤʦʞʝʪ ʙʳʪʴ ʫʧʨʦʱʝʥ: 

  ρςτσςρυ
ρςττ

ς

ρςττ

ς

ρςψ

ς

ρςπ

ς
ЍφτЍφπ ψ ςρυ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʜʚʫʯʣʝʥʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʩʫʤʤʫ ʠʣʠ ʨʘʟʥʦʩʪʴ ʢʚʘʜʨʘʪʥʳʭ 

ʢʦʨʥʝʡ, ʧʦʪʨʝʙʫʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʥʝʩʪʠ ʦʙʱʠʡ ʢʦʨʝʥʴ, ʠ ʪʦʛʜʘ ʚʳʨʘʞʝʥʠʝ 
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ʚ ʩʢʦʙʢʘʭ ὥ  ὦ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʧʦʣʥʳʤ ʢʚʘʜʨʘʪʦʤ, ʠ ʫʧʨʦʱʝʥʠʝ ʩʪʘʥʝʪ 

ʚʦʟʤʦʞʥʳʤ. 

ʇʨʠʤʝʨ 4. ʀʟʚʣʝʯʴ ʢʦʨʝʥʴ ʠʟ ʜʚʫʯʣʝʥʘ τЍς ςЍφ. 

ɺ ʜʚʫʯʣʝʥʝ  ὥ τЍςȟὦ ςτ, ʪʘʢ ʢʘʢ ʤʥʦʞʠʪʝʣʴ, ʩʪʦʷʱʠʡ ʧʝʨʝʜ Ѝὦ 
ʚʥʝʩʝʥ ʧʦʜ ʟʥʘʢ ʨʘʜʠʢʘʣʘ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʟʥʘʯʝʥʠʷ b. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʚr ʰʝ ʢʨʠʪʝʨʠʷ:  

ὥ  ὦ τϽЍς ςτ σςςτ ψ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ὥ  ὦ ʥʝ 

ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ ʢʚʘʜʨʘʪʦʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʳʥʝʩʝʥʠʝ ʚ ʠʩʭʦʜʥʦʤ ʜʚʫʯʣʝʥʝ Ѝς 
ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʠʪʝʨʠʡ. 

τЍς ςЍφ Ѝςτ ςЍσ ЍςϽτ Ѝρς, ʪʦʛʜʘ ʚʦ ʚʪʦʨʦʤ 

ʨʘʜʠʢʘʣʝ ὥ τȟὦ ρςȠ  ὥ  ὦ τ ρς τ ς ï ʧʦʣʥʳʡ ʢʚʘʜʨʘʪ. 

ʇʨʠʤʝʥʷʝʤ ʬʦʨʤʫʣʫ (1) ʫʧʨʦʱʝʥʠʷ ʜʚʫʯʣʝʥʘ: 

  τЍς ςЍφ ЍςϽτ Ѝρς Ѝς
τ
Ͻτ Ѝρς Ѝς

τ
Ͻ

τ ς

ς

τ ς

ς
  

ЍςϽ ЍςϽЍσ ρ Ѝρψ Ѝς. 

ʇʨʠʤʝʨ 4. ɺʳʯʠʩʣʠʪʴ ρχφ τ ω τЍς. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘʯʥʝʤ ʩ ʚʳʨʘʞʝʥʠʷ ω τЍς. 
ʇʦʩʢʦʣʴʢʫ ὥ  ὦ ψρσς τω χ ï ʧʦʣʥʳʡ ʢʚʘʜʨʘʪ, ʪʦ 

ω τЍς Ѝψ ρ. 

ɺʳʯʠʩʣʠʤ  τ ω τЍς ʩ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ: 

τ ω τЍς τ Ѝψ ρ σ ςЍς. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, σ ςЍς ʪʦʞʝ ʧʦʜʣʝʞʠʪ ʫʧʨʦʱʝʥʠʶ, ʪʘʢ ʢʘʢ ὥ  ὦ  
ω ψ ρ ï ʧʦʣʥʳʡ ʢʚʘʜʨʘʪ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

σ ςЍς Ѝς ρ. 

ʊʦʛʜʘ ρχφ τ ω τЍς ρχφЍς ρ ρχφ φЍς  

ρρφЍς. ʊʘʢ ʢʘʢ ὥ  ὦ ρρ σφϽς τω χ, ʪʦ 

ρρφЍς Ѝς σ. 

 

ʋʤʝʥʠʝ ʫʧʨʦʱʘʪʴ ʜʚʫʯʣʝʥ ʚʠʜʘ ὥ Ѝὦ ʧʦʤʦʛʘʝʪ ʢʘʢ ʧʨʠ ʨʝʰʝʥʠʠ 

ʠʨʨʘʮʠʦʥʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʪʘʢ ʠ ʥʝʨʘʚʝʥʩʪʚ. ʇʨʠʯʝʤ, ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʧʦʣʝʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʨʤʫʣʳ Ѝὥ ȿὥȿ. 
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ʇʨʠʤʝʨ 5. ʈʝʰʠʪʴ ʫʨʘʚʥʝʥʠʝ ὼ σ τЍὼ ρ ὼ ψ φЍὼ ρ ρ. 
ɺ ʧʝʨʚʦʤ ʩʣʘʛʘʝʤʦʤ ʫʨʘʚʥʝʥʠʷ ὥ ὼ σȟὦ ρφὼ ρ. 

ʊʦʛʜʘ ὥ  ὦ ὼ σ ρφὼ ρ ὼ υ  ï ʧʦʣʥʳʡ ʢʚʘʜʨʘʪ. 

ʇʨʝʦʙʨʘʟʫʝʤ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʫʨʘʚʥʝʥʠʷ: 

ὼ σ τЍὼ ρ Ѝὼ ρ ς. 

ɼʣʷ ʚʪʦʨʦʛʦ ʩʣʘʛʘʝʤʦʛʦ ʣʝʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ: 

ὥ  ὦ ὼ ψ σφὼ σφ ὼ ρπ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ὼ ψ φЍὼ ρ  

Ѝὼ ρ σ. 

ʊʦʛʜʘ ʠʩʭʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʠʤʝʪ ʚʠʜ: Ѝὼ ρ ς Ѝὼ ρ σ ρ. 

ɿʘʤʝʥʠʤ ὸ Ѝὼ ρ π. ʊʦʛʜʘ ʯʠʩʣʦʚʘʷ ʧʨʷʤʘʷ ʪʦʯʢʘʤʠ ὸ ςȟὸ σ 
ʨʘʟʦʙʴʝʪʩʷ ʥʘ ʪʨʠ ʠʥʪʝʨʚʘʣʘ, ʚ ʢʦʪʦʨʳʭ ʟʥʘʢʠ ʧʦʜʤʦʜʫʣʴʥʳʭ ʚʳʨʘʞʝʥʠʡ 

ʨʘʟʣʠʯʥʳ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʚ ʠʭ ʥʘ ʪʨʝʭ ʠʥʪʝʨʚʘʣʘʭ, ʧʦʣʫʯʠʤ, ʯʪʦ 

ʫʩʣʦʚʠʶ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʠʥʪʝʨʚʘʣ ὸɴ ςȟσ. ʉʜʝʣʘʚ ʦʙʨʘʪʥʫʶ ʟʘʤʝʥʫ 

Ѝὼ ρ ςȟὼ υ ʠ Ѝὼ ρ σȟὼ ρπ, ʯʪʦ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʦʪʚʝʪʦʤ ʷʚʣʷʝʪʩʷ 

ʮʝʣʳʡ ʠʥʪʝʨʚʘʣ  ὼɴ υȟρπ. ʕʪʦ ʜʦʚʦʣʴʥʦ ʥʝʦʙʳʯʥʦ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʧʨʘʚʠʣʦ, 
ʢʦʨʥʝʡ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʩʪʦʣʴʢʦ, ʢʘʢʦʚ ʝʛʦ ʧʦʨʷʜʦʢ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʥʘ ʚʩʝʤ 

ʠʥʪʝʨʚʘʣʝ υȟρπ ʨʘʜʠʢʘʣʳ ʨʘʩʢʨʳʚʘʶʪʩʷ ʩ ʨʘʟʥʳʤʠ ʟʥʘʢʘʤʠ, ʠ ʠʭ ʩʫʤʤʘ ʨʘʚʥʘ 
ʥʫʣʶ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʠʥʪʝʨʚʘʣʘ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ   ὼɴ
υȟρπ. 
ʇʨʠʤʝʥʝʥʠʝ ʢʨʠʪʝʨʠʷ (1) ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʜʢʦʨʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ 

ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʨʝʰʝʥʠʝ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʜʦʚʦʣʴʥʦ 

ʩʣʦʞʥʦʛʦ ʠʨʨʘʮʠʦʥʘʣʴʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ. ʇʨʦʙʣʝʤʘ ʨʝʰʝʥʠʷ ʠʨʨʘʮʠʦʥʘʣʴʥʳʭ 

ʥʝʨʘʚʝʥʩʪʚ ʩʦʧʨʷʞʝʥʘ ʩ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʚʝʨʢʠ ʨʝʟʫʣʴʪʘʪʘ, ʧʦʵʪʦʤʫ ʚʩʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢ ʨʘʮʠʦʥʘʣʴʥʳʤ ʚʳʨʘʞʝʥʠʷʤ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʦʩʠʣʴʥʳʤʠ. 

ʇʨʠʤʝʨ 6. ʈʝʰʠʪʴ ʥʝʨʘʚʝʥʩʪʚʦ ὼ ρ Ѝςὼ σ ὼ σ σЍςὼ σ  

φЍς. 
ɺ ʧʝʨʚʦʤ ʩʣʘʛʘʝʤʦʤ ʥʝʨʘʚʝʥʩʪʚʘ ὥ ὼ ρȟὦ ςὼ σ.  
ʊʦʛʜʘ ὥ  ὦ ὼ ρ ςὼ σ ὼ ς  ï ʧʦʣʥʳʡ ʢʚʘʜʨʘʪ. 

ʇʨʝʦʙʨʘʟʫʝʤ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʥʝʨʘʚʝʥʩʪʚʘ: 

ὼ ρ Ѝςὼ σ   

= Ѝςὼ σ ρ. 

ɸʥʘʣʦʛʠʯʥʦ,  

ὼ σ σЍςὼ σ   
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Ѝςὼ σ σ, ʪʘʢ ʢʘʢ ὥ  ὦ ὼ σ ρψὼ ςχ ὼ φ . 

ɺʳʜʝʣʠʚ ʧʦʣʥʳʝ ʢʚʘʜʨʘʪʳ ʚ ʧʦʜʢʦʨʝʥʥʳʭ ʚʳʨʘʞʝʥʠʷʭ, ʧʨʝʦʙʨʘʟʫʝʤ 

ʠʩʭʦʜʥʦʝ ʥʝʨʘʚʝʥʩʪʚʦ ʢ ʚʠʜʫ Ѝςὼ σ ρ Ѝςὼ σ σ φЍς. 

ʀʟʚʣʝʯʝʤ ʠʟ-ʧʦʜ ʢʚʘʜʨʘʪʥʳʭ ʢʦʨʥʝʡ ʧʦʣʥʳʝ ʢʚʘʜʨʘʪʳ: 

Ѝςὼ σ ρ Ѝςὼ σ σ φЍς. 

ʆʩʚʦʙʦʜʠʚʰʠʩʴ ʦʪ ʤʦʜʫʣʝʡ ʠ ʜʦʤʥʦʞʠʚ ʥʘ Ѝς ʦʙʝ ʯʘʩʪʠ, ʧʦʣʫʯʠʤ 

ʥʝʨʘʚʝʥʩʪʚʦ, ʨʘʚʥʦʩʠʣʴʥʦʝ ʠʩʭʦʜʥʦʤʫ: Ѝςὼ σ ρ Ѝςὼ σ σ ρς. 

ʈʘʩʢʨʦʝʤ ʩʢʦʙʢʠ ʠ ʧʨʠʚʝʜʝʤ ʧʦʜʦʙʥʳʝ: ςЍςὼ σ τ ρςȟὼ ωȟυ. 
ʄʳ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʠʟʤʝʥʝʥʠʝ ʟʥʘʢʦʚ ʧʦʜʤʦʜʫʣʴʥʳʭ ʚʳʨʘʞʝʥʠʡ ʥʘ 

ʠʥʪʝʨʚʘʣʘʭ (Њ, σ, σȟρȟ ρȟЊ, ʧʦʩʢʦʣʴʢʫ ʘʨʠʬʤʝʪʠʯʝʩʢʠʡ ʢʦʨʝʥʴ 

Ѝςὼ σ π (ʟʘʚʝʜʦʤʦ ʥʝʦʪʨʠʮʘʪʝʣʝʥ) ʠ ʦʧʨʝʜʝʣʝʥ ʥʘ ʠʥʪʝʨʚʘʣʝ ȟЊ. ʉ 

ʫʯʝʪʦʤ ʦʙʣʘʩʪʠ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤ ʭ ɴ ȟ Њ .  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʣʦʞʥʦʩʪʴ ʚʦʩʧʨʠʷʪʠʷ ʠʨʨʘʮʠʦʥʘʣʴʥʳʭ ʯʠʩʝʣ ʠ ʚʳʨʘʞʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʝ ʪʦʣʴʢʦ ʧʨʠʥʷʪʦʡ ʘʙʩʪʨʘʢʪʥʦʡ ʩʠʤʚʦʣʠʢʦʡ ʜʣʷ ʠʭ ʦʙʦʟʥʘʯʝʥʠʡ, ʥʦ ʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʟʘʜʘʥʠʡ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʫʩʚʦʝʥʠʝ ʧʦʥʷʪʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʘʤʦʛʦ 

ʠʨʨʘʮʠʦʥʘʣʴʥʦʛʦ ʯʠʩʣʘ. ɿʥʘʥʠʷ ʥʦʩʷʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʬʦʨʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʜʝʡʩʪʚʠʷ ʩ ʠʨʨʘʮʠʦʥʘʣʴʥʳʤʠ ʯʠʩʣʘʤʠ ʩʚʦʜʷʪʩʷ ʢ 

ʦʩʥʦʚʥʳʤ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʦʧʝʨʘʮʠʷʤ ʥʘʜ ʥʠʤʠ.  
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ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʦʤ 

ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ 

ʦʧʪʠʤʠʟʘʮʠʷ, ʪʦʢʘʨʥʘʷ ʦʙʨʘʙʦʪʢʘ. 

 

USING MATHEMATICAL MODELING TO SOLVING PROBLEMS OF 

OPTIMIZATION OF CUTTING MODES IN TURNING  

G.A. Kirillova, D.I. Mikhalev 

Rubtsovsk Industrial Institute (branch) of the Federal State Budgetary 

Educational Institution of Higher Education çAltai State Technical University named 

after I.I. Polzunovè 
Annotation. This article discusses a method for automating the solution of problems of 

optimizing cutting modes during turning by developing and solving a mathematical model. The 

basic principles of the simplex method are considered, as well as its implementation by the linear 

programming method.  

Keywords: mathematical model, simplex method, parametric optimization, turning. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʨʝʙʫʶʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ 

ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʧʨʠ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʣʠʷʪʴ 

ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʅʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʜʘʯʝ ʚʳʙʦʨʘ ʥʘʠʣʫʯʰʝʛʦ ʚʘʨʠʘʥʪʘ. ʊʘʢʦʚʳʤ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʝʘʣʠʟʘʮʠʶ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ 

ʯʝʨʪʝʞʘ ʜʝʪʘʣʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʥʘʠʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʳʭʦʜʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. ɿʥʘʯʝʥʠʝ ʫʯʝʪʘ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʩʪʠ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʝʫʢʣʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʧʦʩʢʦʣʴʢʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʚʣʠʷʥʠʝ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ 

ʠʥʪʫʠʮʠʷ ʠ ʦʧʳʪ ʪʝʭʥʦʣʦʛʘ. ʂʦʤʧʴʶʪʝʨ ʩʧʦʩʦʙʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʥʘʣʠʟ ʛʦʨʘʟʜʦ 

ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʚʘʨʠʘʥʪʦʚ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɹʣʘʛʦʜʘʨʷ 

ʵʪʠʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʢʦʤʧʴʶʪʝʨʦʚ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʩʪʘʥʦʚʠʪʩʷ 

ʢʣʶʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʦʧʠʩʘʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʧʨʝʜʤʝʪʦʤ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 
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ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʧʨʠ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʝ ʧʦʪʝʥʮʠʘʣʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʧʨʠ ʪʦʢʘʨʥʦʡ 

ʦʙʨʘʙʦʪʢʝ. ɸʚʪʦʤʘʪʠʟʠʨʫʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ, 

ʧʨʦʛʨʘʤʤʘ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ, ʵʢʦʥʦʤʷ ʚʨʝʤʷ ʠ ʩʥʠʞʘʷ ʨʠʩʢ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʦʰʠʙʢʠ.  

 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʧʪʠʤʘʣʴʥʳʤ ʩʯʠʪʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʝʩʣʠ ʦʥ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʠʩʪʝʤʝ ʦʛʨʘʥʠʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʫʩʣʦʚʠʷ ʝʛʦ 

ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʥʝʤʫ ʪʨʝʙʦʚʘʥʠʷ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʦʩʪʠʛʘʝʪ 

ʵʢʩʪʨʝʤʫʤʘ (ʤʘʢʩʠʤʫʤʘ ʠʣʠ ʤʠʥʠʤʫʤʘ) ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ʄʝʪʦʜʳ: ɹʳʣ 

ʧʨʦʚʝʜʝʥ ʚʩʝʩʪʦʨʦʥʥʠʡ ʧʦʠʩʢ ʧʦ ʘʢʘʜʝʤʠʯʝʩʢʠʤ ʙʘʟʘʤ ʜʘʥʥʳʭ. ɺ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʙʠʥʘʮʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʪʠʤʠʟʘʮʠʷ 

ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʦʧʪʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜ, ʉɸʇʈ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ, ʪʦʢʘʨʥʘʷ 

ʦʙʨʘʙʦʪʢʘ.  

ʅʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ ʩʪʨʘʪʝʛʠʠ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʦʚ: 

ʬʠʢʩʠʨʦʚʘʥʥʘʷ (ʩʪʘʪʠʯʝʩʢʘʷ) ʠ ʘʜʘʧʪʠʚʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ (ʜʠʥʘʤʠʯʝʩʢʘʷ). 

ʌʠʢʩʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ 

ʯʝʨʝʟ ʩʪʘʙʠʣʴʥʳʝ ʤʦʜʝʣʠ, ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʝ ʫʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ. 

ʂʣʶʯʝʚʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʜʠʥʘʤʠʢʦʡ 

ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ: ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʢʘʢ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ 

(ʥʘʧʨʠʤʝʨ, ʥʝʧʦʩʪʦʷʥʩʪʚʦ ʪʚʝʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚ ʧʘʨʪʠʠ), ʪʘʢ ʠ ʧʦ 

ʦʧʨʝʜʝʣʸʥʥʳʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʩʦ ʚʨʝʤʝʥʝʤ (ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ). 

ɺ ʯʘʩʪʥʦʩʪʠ: 

- ʪʚʝʨʜʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʜʘʞʝ 

ʚʥʫʪʨʠ ʦʜʥʦʡ ʧʘʨʪʠʠ; 

- ʠʥʩʪʨʫʤʝʥʪ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʤʫ ʠʟʥʦʩʫ ʠʣʠ ʚʥʝʟʘʧʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩʣʦʤʘʥʥʦʛʦ ʪʚʸʨʜʦʩʧʣʘʚʥʦʛʦ ʣʝʟʚʠʷ. 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʦʛʨʘʥʠʯʝʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ: ʦʥʘ ʥʝ ʩʧʦʩʦʙʥʘ ʘʜʝʢʚʘʪʥʦ ʨʝʰʘʪʴ ʚʩʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʙʣʝʤʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʝʸ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʚʢʣʶʯʘʝʪ ʥʝʧʨʝʨʳʚʥʦʝ 

ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʢʘʢ 

ʩʣʫʯʘʡʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ (ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʪʚʝʨʜʦʩʪʠ), ʪʘʢ ʠ ʠʭ 

ʟʘʢʦʥʦʤʝʨʥʫʶ ʵʚʦʣʶʮʠʶ ʩʦ ʚʨʝʤʝʥʝʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʛʠʙʢʦ ʨʝʘʛʠʨʦʚʘʪʴ 

ʥʘ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ ʠ ʜʦʩʪʠʛʘʪʴ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʈʘʟʣʠʯʥʳʤ ʘʩʧʝʢʪʘʤ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ 

ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʚʝʜʫʱʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʯʝʥʳʭ: ʃ. ɸ. ɹʨʘʭʤʘʥʘ, ɹ. ʉ. 

ɹʘʣʘʢʰʠʥʘ, ɺ. ʌ. ɹʝʟʲʷʟʳʯʥʦʛʦ, ɺ. ʌ. ɹʦʙʨʦʚʘ, ʉ. ɸ. ɺʘʩʠʥʘ, ɸ. ʃ. ɻʠʣʴ-ʤʘʥʘ, 

ʉ. ʌ. ɻʣʝʙʦʚʘ, ɻ. ʂ. ɻʦʨʘʥʩʢʦʛʦ, ɺ. ʃ. ɿʘʢʦʚʦʨʦʪʥʦʛʦ, ʖ. ɻ. ʂʘʙʘʣʜʠʥʘ, ɸ. ʄ. 

ʂʦʨʳʪʠʥʘ, ɻ. ɻ. ʀʥʦʟʝʤʮʝʚʘ, ʊ. ʅ. ʃʦʣʘʜʟʝ, ɸ. ɼ. ʄʘʢʘʨʦʚʘ, ɺ. ʀ. ʅʦʚʦʞʠʣʦʚʘ, 
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ʅ. ʀ ʇʘʩʴʢʦ, ɺ. ʅ. ʇʦʜʫʨʘʝʚʘ, ʉ. ʉ. ʉʠʣʠʥʘ, ʖ. ʄ. ʉʦʣʦʤʝʥʮʝʚʘ, ɺ. ʂ. 

ʉʪʘʨʢʦʚʘ, ʅ. ɺ. ʊʘʣʘʥʪʦʚʘ, ʌ. ʗ. ʗʢʫʙʦʚʘ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ, ʟʘʣʦʞʠʚʰʠʭ ʦʩʥʦʚʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ: ɺ ʥʝʩʢʦʣʴʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʨʘʩʯʝʪʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʅʘʧʨʠʤʝʨ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʘʙʣʠʯʥʳʡ ʧʨʦʮʝʩʩʦʨ Exel ʠʣʠ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ. 

ɹʫʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ, ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʦʙʦʙʱʝʥʠʶ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʨʝʰʝʥʠʠ ʪʘʢʠʭ ʧʨʦʙʣʝʤ, ʢʘʢ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʠʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʠ ʦʙʨʘʙʦʪʢʘ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ.  

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʩʪʫʱʝʤ ʠʥʪʝʨʝʩʝ ʢ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ. ʕʪʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʧʦʜʭʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʫʤʝʥʴʰʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʠ ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʟʚʣʝʢʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʜʘʥʥʳʭ. ʀʥʪʝʛʨʘʮʠʷ ʤʝʪʦʜʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ ʠʟʫʯʝʥʠʝ 

ʧʦʜʭʦʜʦʚ ʢ ʤʘʰʠʥʥʦʤʫ ʦʙʫʯʝʥʠʶ ʦʙʝʱʘʶʪ ʜʘʣʴʥʝʡʰʠʝ ʫʩʧʝʭʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ 

ʧʨʦʙʣʝʤ, ʢʘʢ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ ʠ ʘʜʘʧʪʠʨʫʝʤʦʩʪʴ ʢ 

ʨʘʟʣʠʯʥʳʤ ʦʙʣʘʩʪʷʤ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

1. ʆʙʱʘʷ ʟʘʜʘʯʘ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʚʠʜ: 

ὢ ὼȟὼȟȣȟὼ ‭Ὑ  

ὃ

ὥ Ễ ὥ
ể Ệ ể
ὥ Ễ ὥ

ὃȟȣȟὃ  

ᾀ Ὢὼ ὧὼ ộὧȟὼỚ ὧὼ
 
ᴼὩὼὸὶ 

ừ
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
ứ ὥὼ ὦȟὭ ρȣὶ

ὥὼ ὦȟὭ ρ ὶȣὶ

ὥὼ ὦȟὭ ρ ὶȣά

 

2. ʂʘʥʦʥʠʯʝʩʢʘʷ ʬʦʨʤʘ ʟʘʜʘʯʠ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: 

ᾀ ộὧȟὼỚ
 
ᴼὩὼὸὶ, 

ὃὢ ὦ, 
ὢ πȟὦ π. 
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ɺʩʝ ʟʘʜʘʯʠ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʚʦʜʷʪʩʷ ʢ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ. 

ɸʣʛʦʨʠʪʤ ʧʝʨʝʭʦʜʘ ʦʪ ʧʨʦʠʟʚʦʣʴʥʦʡ ʟʘʜʘʯʠ ʢ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ: 

1) ɺ ʥʝʨʘʚʝʥʩʪʚʘʭ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ὦ ʠʟʙʘʚʣʷʝʤʩʷ ʦʪ ʤʠʥʫʩʘ, ʪ.ʝ. 

ʫʤʥʦʞʘʝʤ ʥʘ (-1). 

2) ɽʩʣʠ ʥʝʨʘʚʝʥʩʪʚʦ ʚʠʜʘ ʤʝʥʴʰʝ ʣʠʙʦ ʨʘʚʥʦ (Ò), ʪʦ ʢ ʣʝʚʦʡ ʯʘʩʪʠ 

ʜʦʙʘʚʣʷʝʤ ί ʠ ʧʦʣʫʯʘʝʤ ʨʘʚʝʥʩʪʚʦ. 

3) ɽʩʣʠ ʥʝʨʘʚʝʥʩʪʚʦ ʚʠʜʘ (Ó), ʪʦ ʠʟ ʣʝʚʦʡ ʯʘʩʪʠ ʚʳʯʠʪʘʝʤ ί, ʠ ʧʦʣʫʯʘʝʤ 
ʨʘʚʝʥʩʪʚʦ. 

4) ɼʝʣʘʝʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ: 

- ʝʩʣʠ  ὼ π, ʪʦ ὼ ὼ π, 
- ʝʩʣʠ  ὼ ï ʣʶʙʦʡ, ʪʦ ὼ ὼ ὼ  , ʛʜʝ ὼȟὼ π. 
ɹʫʜʝʤ ʥʫʤʝʨʦʚʘʪʴ ί ί π ʧʦ ʥʦʤʝʨʫ ʥʝʨʘʚʝʥʩʪʚʘ, ʚ ʢʦʪʦʨʦʝ ʤʳ ʝʛʦ 

ʜʦʙʘʚʠʣʠ. 

1. ʋʛʣʦʚʳʝ ʪʦʯʢʠ. ɹʘʟʠʩʥʳʝ, ʩʚʦʙʦʜʥʳʝ ʧʝʨʝʤʝʥʥʳʝ. ɹʘʟʠʩʥʳʝ ʨʝʰʝʥʠʷ. 

ʊʦʯʢʘ ὢᶰὈ ʥʘʟʳʚʘʝʪʩʷ ʫʛʣʦʚʦʡ ʪʦʯʢʦʡ, ʝʩʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ὢ ‌ὢ
ρ ‌ὢ, ʛʜʝ ὢȟ ὢ ᶰὈȠπ ‌ ρ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ὢ  ὢ . 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʥʝʚʦʟʤʦʞʥʦ ʥʘʡʪʠ ʜʚʝ ʪʦʯʢʠ ʚ ʦʙʣʘʩʪʠ, ʠʥʪʝʨʚʘʣ 

ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʠʪ X (ʪ.ʝ. X ï ʥʝ ʚʥʫʪʨʝʥʥʷʷ ʪʦʯʢʘ). 

ɻʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʚʝʨʰʠʥʦʡ ʤʥʦʛʦʛʨʘʥʥʠʢʘ. ʕʪʦ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʧʨʠ ʬʦʨʤʫʣʠʨʦʚʢʝ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʠʟ m ʫʨʘʚʥʝʥʠʡ ʩ n ʧʝʨʝʤʝʥʥʳʤʠ (ʛʜʝ m < n). 

ɸʨʛʫʤʝʥʪʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʢʣʘʩʩʘ: (n-m) ʧʝʨʝʤʝʥʥʳʭ ʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʨʘʚʥʳʤʠ ʥʫʣʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʪʘʚʰʠʝʩʷ m ʧʝʨʝʤʝʥʥʳʭ ʙʫʜʫʪ 

ʥʘʡʜʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ. ɽʩʣʠ 

ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʝʜʠʥʩʪʚʝʥʥʦʝ, ʧʝʨʝʤʝʥʥʳʝ, ʧʨʠʥʠʤʘʶʱʠʝ ʥʝʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ, 

ʥʘʟʳʚʘʶʪ ʙʘʟʠʩʥʳʤʠ, ʘ ʥʫʣʝʚʳʝ ʧʝʨʝʤʝʥʥʳʝ ï ʩʚʦʙʦʜʥʳʤʠ (ʠʣʠ ʥʝʙʘʟʠʩʥʳʤʠ). 

ʈʝʟʫʣʴʪʠʨʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʶʪ ʙʘʟʠʩʥʦʝ ʨʝʰʝʥʠʝ. 

ʉʠʤʧʣʝʢʩ-ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʠʟʙʝʛʘʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʙʦʨʘ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʚʝʨʰʠʥ (ʨʠʩ. 1). ʆʩʥʦʚʥʘʷ ʠʜʝʷ 

ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʳʯʠʩʣʝʥʠʷ ʥʘʯʠʥʘʶʪʩʷ ʩ ʥʝʢʦʪʦʨʦʛʦ 

ʥʘʯʘʣʴʥʦʛʦ ʙʘʟʠʩʥʦʛʦ ʨʝʰʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʠʩʢ ʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ, ʫʣʫʯʰʘʷ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. ʕʪʦ ʚʦʟʤʦʞʥʦ, 

ʢʦʛʜʘ ʫʚʝʣʠʯʝʥʠʝ ʢʘʢʦʡ-ʣʠʙʦ ʧʝʨʝʤʝʥʥʦʡ ʚʝʜʝʪ ʢ ʫʣʫʯʰʝʥʠʶ ʟʥʘʯʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʘ. 

 
ʈʠʩ. 1 ï ʉʠʤʧʣʝʢʩ-ʪʘʙʣʠʮʘ 
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ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʟʘʜʘʯʘ ʙʳʣʘ ʚ 

ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ ʠ ʠʤʝʣʘ ʷʚʥʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʙʘʟʠʩ. ɹʘʟʠʩʥʳʡ ʚʝʢʪʦʨ ʠʤʝʝʪ 

ʨʘʟʤʝʨʥʦʩʪʴ (m*1), ʛʜʝ m ï ʢʦʣʠʯʝʩʪʚʦ ʦʛʨʘʥʠʯʝʥʠʡ. ʆʙʳʯʥʦ ʜʣʷ ʫʧʨʦʱʝʥʠʷ 

ʚʳʯʠʩʣʝʥʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʩʠʤʧʣʝʢʩ-ʪʘʙʣʠʮʳ. 

ɺ ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʪʘʙʣʠʮʳ ʧʝʨʝʯʠʩʣʝʥʳ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ. ʅʦʤʝʨʘ ʙʘʟʠʩʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʥʘʭʦʜʷʪʩʷ ʚ ʧʝʨʚʦʤ ʩʪʦʣʙʮʝ, ʘ ʚ ʧʦʩʣʝʜʥʝʡ ʷʯʝʡʢʝ ʫʢʘʟʘʥʘ ʙʫʢʚʘ Z, 

ʢʦʪʦʨʘʷ ʦʙʦʟʥʘʯʘʝʪ ʩʪʨʦʢʫ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ʪʘʙʣʠʮʳ ʟʘʧʠʩʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʤʘʪʨʠʮʳ ð aij. 

ʇʦʩʣʝʜʥʠʡ ʩʪʦʣʙʝʮ ʦʪʦʙʨʘʞʘʝʪ ʚʝʢʪʦʨ ʧʨʘʚʳʭ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ. ɺ 

ʢʨʘʡʥʝʡ ʧʨʘʚʦʡ ʷʯʝʡʢʝ ʧʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʦʝ ʚ 

ʥʘʯʘʣʝ ʠʪʝʨʘʮʠʠ ʨʘʚʥʦ 0. 

ɹʘʟʠʩ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʝʤʝʥʥʳʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʤʘʪʨʠʮʝ ʦʙʨʘʟʫʶʪ ʙʘʟʠʩʥʳʝ ʚʝʢʪʦʨʳ. ʂʦʛʜʘ ʠʩʭʦʜʥʳʝ 

ʫʩʣʦʚʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʨʘʚʝʥʩʪʚʘʤʠ ʪʠʧʘ Ò, ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʟʘʜʘʯʠ ʚ 

ʢʘʥʦʥʠʯʝʩʢʫʶ ʬʦʨʤʫ ʜʦʙʘʚʣʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʯʘʣʴʥʦʝ 

ʙʘʟʠʩʥʦʝ ʨʝʰʝʥʠʝ. ʂʦʵʬʬʠʮʠʝʥʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʩʪʨʦʢʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, 

ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ.  

ɸʣʛʦʨʠʪʤ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʘ: 

1) ʆʧʨʝʜʝʣʷʝʤ ʧʝʨʝʤʝʥʥʫʶ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʚʢʣʶʯʝʥʘ ʚ ʙʘʟʠʩ. ʕʪʦ ʜʝʣʘʝʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʪʨʦʢʠ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ: 

- ʜʣʷ ʟʘʜʘʯʠ ʤʠʥʠʤʫʤʘ ï ʚʳʙʠʨʘʝʤ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʣʝʤʝʥʪ ʚ ʧʦʩʣʝʜʥʝʡ ʩʪʨʦʢʝ; 

- ʜʣʷ ʟʘʜʘʯʠ ʤʘʢʩʠʤʫʤʘ ï ʚʳʙʠʨʘʝʤ ʤʠʥʠʤʘʣʴʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʵʣʝʤʝʥʪ. 

ʊʘʢʦʡ ʚʳʙʦʨ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ: ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ ʫʤʝʥʴʰʘʝʤ 

ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ, ʧʨʠ ʤʘʢʩʠʤʠʟʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʤ. ʂʦʣʦʥʢʘ ʩʠʤʧʣʝʢʩ-

ʪʘʙʣʠʮʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʳʙʨʘʥʥʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ, ʥʘʟʳʚʘʝʪʩʷ ʚʝʜʫʱʝʡ. 

2) ʅʘʭʦʜʠʤ ʧʝʨʝʤʝʥʥʫʶ, ʧʦʜʣʝʞʘʱʫʶ ʠʩʢʣʶʯʝʥʠʶ ʠʟ ʙʘʟʠʩʘ. ɼʣʷ ʵʪʦʛʦ 

ʜʝʣʠʤ ʚʝʢʪʦʨ ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ ʥʘ ʵʣʝʤʝʥʪʳ ʚʝʜʫʱʝʡ ʢʦʣʦʥʢʠ. ɺʳʙʠʨʘʝʤ 

ʩʪʨʦʢʫ ʩ ʥʘʠʤʝʥʴʰʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʯʘʩʪʥʦʛʦ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ 

ʚʝʜʫʱʫʶ ʩʪʨʦʢʫ. 

3) ʆʧʨʝʜʝʣʷʝʤ ʚʝʜʫʱʠʡ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ 

ʚʝʜʫʱʝʡ ʩʪʨʦʢʠ ʠ ʢʦʣʦʥʢʠ. 

4) ɺ ʧʝʨʚʦʡ ʢʦʣʦʥʢʝ ʟʘʤʝʥʷʝʤ ʠʩʢʣʶʯʘʝʤʫʶ ʧʝʨʝʤʝʥʥʫʶ ʥʘ ʥʦʚʫʶ. 

5) ɺʳʯʠʩʣʷʝʤ ʥʦʚʦʝ ʙʘʟʠʩʥʦʝ ʨʝʰʝʥʠʝ, ʧʨʝʦʙʨʘʟʫʷ ʪʘʙʣʠʮʫ ʤʝʪʦʜʦʤ 

ɾʦʨʜʘʥʘ-ɻʘʫʩʩʘ. 

6) ʇʦʚʪʦʨʷʝʤ ʰʘʛʠ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʘ 

1) ʋʩʣʦʚʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ 

ʆʧʪʠʤʘʣʴʥʦʩʪʴ ʥʘʡʜʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʢʨʠʪʝʨʠʷʤʠ: 

- ʜʣʷ ʟʘʜʘʯ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʤʘʢʩʠʤʠʟʘʮʠʶ, ʚ ʩʪʨʦʢʝ, 

ʦʪʚʝʯʘʶʱʝʡ ʟʘ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ, ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ (ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʣʶʙʦʝ ʠʟʤʝʥʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʥʝ ʧʨʠʚʝʜʝʪ ʢ 
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ʨʦʩʪʫ ʟʥʘʯʝʥʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ); 

- ʜʣʷ ʟʘʜʘʯ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ, ʚ ʪʦʡ ʞʝ ʩʪʨʦʢʝ ʥʝ ʜʦʣʞʥʦ 

ʙʳʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ 

ʧʝʨʝʤʝʥʥʳʭ ʥʝ ʧʨʠʚʝʜʫʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʟʥʘʯʝʥʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ). 

2) ʅʝʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʬʫʥʢʮʠʠ 

ɺʘʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʤʦʞʝʪ ʥʝ ʜʦʩʪʠʛʘʪʴ 

ʤʘʢʩʠʤʫʤʘ ʠʣʠ ʤʠʥʠʤʫʤʘ ʚ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ɸʣʛʝʙʨʘʠʯʝʩʢʠ ʵʪʦ 

ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʪʘʢ: 

ʇʨʠ ʚʳʙʦʨʝ ʚʝʜʫʱʝʡ ʩʪʨʦʢʠ (ʠʩʢʣʶʯʘʝʤʦʡ ʧʝʨʝʤʝʥʥʦʡ) ʨʝʟʫʣʴʪʘʪʳ 

ʜʝʣʝʥʠʷ ʚʝʢʪʦʨʘ ʧʨʘʚʳʭ ʯʘʩʪʝʡ ʥʘ ʚʝʜʫʱʠʡ ʩʪʦʣʙʝʮ ʩʦʜʝʨʞʘʪ ʪʦʣʴʢʦ ʥʫʣʠ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʯʠʩʣʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʚʝʣʠʯʝʥʠʷ ʥʦʚʦʡ 

ʙʘʟʠʩʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʤʳ ʥʝ ʥʘʡʜʝʤ ʥʦʚʫʶ ʚʝʨʰʠʥʫ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʫʥʢʮʠʷ 

ʥʝ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ. 

3) ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʨʝʰʝʥʠʷ 

ʇʨʠ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʥʘʣʠʯʠʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ (ʜʨʫʛʘʷ ʫʛʣʦʚʘʷ ʪʦʯʢʘ ʩ ʪʝʤ ʞʝ ʟʥʘʯʝʥʠʝʤ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʠ). ʂʦʛʜʘ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʜʦʩʪʠʛʥʫʪʦ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ 

ʩʚʦʙʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʩʪʨʦʢʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʩʪʘʥʦʚʷʪʩʷ ʨʘʚʥʳʤʠ ʥʫʣʶ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʵʪʠʭ ʧʝʨʝʤʝʥʥʳʭ ʥʝ ʚʣʠʷʝʪ ʥʘ ʟʥʘʯʝʥʠʝ 

ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʩʦʭʨʘʥʷʷ ʝʛʦ ʥʝʠʟʤʝʥʥʳʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʶʙʦʝ ʥʦʚʦʝ 

ʙʘʟʠʩʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʷʭ ʪʘʢʞʝ ʙʫʜʝʪ ʦʧʪʠʤʘʣʴʥʳʤ. 

 

ʆʧʠʩʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʇʨʦʛʨʘʤʤʘ ʩʦʟʜʘʥʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʯʸʪʦʚ ʠ ʩʦʢʨʘʱʝʥʠʷ 

ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʧʨʠ 

ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ.  

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʰʘʛʦʚʦ ʚʚʝʩʪʠ 

ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ (ʨʠʩ. 2). ʂʘʞʜʦʝ ʥʦʚʦʝ ʧʦʣʝ ʜʣʷ ʚʚʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʳʤ 

ʧʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʧʨʝʜʳʜʫʱʝʛʦ. ɺʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ 39 ʧʘʨʘʤʝʪʨʦʚ, 

ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʮʝʩʩ ʨʝʟʘʥʠʷ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʜʘʞʝ ʩʣʦʞʥʳʝ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʫʩʣʦʚʠʷ 

ʨʝʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʅʘ ʦʩʥʦʚʝ ʚʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʫʝʪ 

ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ ʠ ʜʝʩʷʪʴ ʦʛʨʘʥʠʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʦʚʤʝʩʪʥʦ ʩʦʟʜʘʶʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʤʦʜʝʣʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜ. ʇʨʦʛʨʘʤʤʘ ʚʳʯʠʩʣʷʝʪ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ ʠ ʧʦʜʘʯʘ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʠʞʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʤʠʥʠʤʠʟʘʮʠʶ 

ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʠʣʠ ʤʘʢʩʠʤʠʟʘʮʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 
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ʈʠʩ. 2 

 

ɼʘʣʝʝ ʧʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ çʇʦʩʯʠʪʘʪʴè ʧʨʦʠʟʚʦʜʷʪʩʷ ʨʘʩʯʸʪʳ, ʠ 

ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʚʳʚʦʜ (ʨʠʩ. 3). 

 
ʈʠʩ. 3 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚʳʚʦʜʷʪʩʷ ʚ ʫʜʦʙʥʦʡ ʠ ʥʘʛʣʷʜʥʦʡ ʬʦʨʤʝ. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʠʜʠʪ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʯʠʩʣʦʚʦʤ ʠ ʪʝʢʩʪʦʚʦʤ ʚʠʜʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʠ ʙʳʩʪʨʦ ʚʥʝʜʨʠʪʴ ʠʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʯʝʪʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʧʨʠ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ. ʇʨʦʛʨʘʤʤʘ ʫʯʠʪʳʚʘʝʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʘʨʘʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ, ʠ ʠʩʧʦʣʴʟʫʝʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ 

ʨʝʟʘʥʠʷ ʠ ʧʦʜʘʯʠ. 

ɹʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
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- ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ; 

- ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʜʣʷ ʧʨʦʜʦʣʴʥʦʛʦ ʯʝʨʥʦʚʦʛʦ 

ʥʘʨʫʞʥʦʛʦ ʪʦʯʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʪʠʧʘ ñʚʘʣò; 

- ʨʘʟʨʘʙʦʪʘʥ ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʠʪ: 

- ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʩʯʸʪʘ ʦʧʪʠʤʘʣʴʥʳʭ 

ʨʝʞʠʤʦʚ ʪʦʯʝʥʠʷ; 

- ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ; 

- ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʯʝʣʦʚʝʯʝʩʢʠʭ ʦʰʠʙʦʢ ʧʨʠ ʚʳʯʠʩʣʝʥʠʷʭ. 
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ʋɼʂ 621.923.9 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʉʆɺʈɽʄɽʅʅʓʍ ʉʈɽɼ ɼʃʗ 

ʈɸɿʈɸɹʆʊʂʀ ʇʈʀʃʆɾɽʅʀʗ çɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅɸʗ ʉʀʉʊɽʄɸ 

ʆɹʈɸɹʆʊʂʀ ɿɸʗɺʆʂ ʅɸ ʊɽʍʅʀʏɽʉʂʋʖ ʇʆɼɼɽʈɾʂʋ 

ʇʆʃʔɿʆɺɸʊɽʃɽʁ ʃʆʂɸʃʔʅʆʁ ʉɽʊʀ ʅɸ ʇʈʀʄɽʈɽ ʆʆʆ 

çʕʃɽʄɽʅʊ ʊʈɽʁɼèè 

ʄ.ʀ. ʂʨʘʩʥʦʙʦʨʦʚ, ɽ.ɸ. ʈʦʛʦʚʠʯ, ʅ.ʆ. ʄʘʣʳʰʢʠʥ 

ʃʳʩʴʚʝʥʩʢʠʡ ʬʠʣʠʘʣ ʌɻɸʆʋ ɺʆ çʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʨʘʙʦʪʳ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʘʥʠʡ. ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʩʧʝʨʝʙʦʡʥʦʡ 

ʨʘʙʦʪʳ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʤ ʜʣʷ ʙʠʟʥʝʩʘ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʘʙʦʪʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʧʣʘʪʬʦʨʤʘ, ʩʨʝʜʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʷʟʳʢ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʘʢʪʫʘʣʴʥʦʩʪʴ, ʚʘʞʥʦʩʪʴ, ʧʦʜʜʝʨʞʢʘ, ʧʨʝʜʧʨʠʷʪʠʶ, ʣʦʢʘʣʴʥʘʷ ʩʝʪʴ 
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most companies. At the same time, ensuring the smooth operation of the network infrastructure and 

computer equipment is critically important for business. One of the key tools for ensuring 

uninterrupted operation is the technical support system for users, which allows you to quickly 

respond to problems that arise during operation. 
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ɺʚʝʜʝʥʠʝ 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʤʝʥʠʣʠ ʥʘʰʫ ʨʝʘʣʴʥʦʩʪʴ, ʧʨʝʜʦʩʪʘʚʠʚ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠʚ ʨʘʟʥʳʭ ʩʬʝʨʘʭ ʞʠʟʥʠ. ʄʳ ʞʠʚʝʤ ʚ ʵʧʦʭʫ, ʢʦʛʜʘ ʜʦʩʪʫʧ ʢ 

ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʠʥʬʦʨʤʘʮʠʠ ʚʦʟʤʦʞʝʥ ʧʦ ʦʜʥʦʤʫ ʢʣʠʢʫ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ 

ʦʙʣʝʛʯʠʣʦ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ ʯʝʣʦʚʝʢʘ, ʥʦ ʠ ʦʪʢʨʳʣʦ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʤʝʜʠʮʠʥʳ, ʪʦʨʛʦʚʣʠ, ʙʠʟʥʝʩʘ ʠ ʪ.ʧ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʤʦʛ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ, ʫʩʣʫʛʘʤ, ʪʦʚʘʨʘʤ, ʨʘʟʚʣʝʯʝʥʠʷʤ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʊʘʢʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʧʨʠʣʦʞʝʥʠʝʤ 

(ʧʨʦʛʨʘʤʤʦʡ). ʅʦ ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ, ʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʩ 

ʧʨʠʣʦʞʝʥʠʝʤ. ʈʝʰʘʪʴ ʜʘʥʥʳʝ ʚʦʧʨʦʩʳ ʧʨʠʟʚʘʥʘ ʪʝʭʥʠʯʝʩʢʘʷ ʧʦʜʜʝʨʞʢʘ, 

ʧʨʠʥʠʤʘʶʱʘʷ ʦʙʨʘʱʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɼʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ 

ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ 

ʟʘʷʚʣʝʥʠʡ ʩʦʟʜʘʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʧʨʠʝʤʘ ʟʘʷʚʦʢ ʦʪ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʨʘʩʧʨʝʜʝʣʠʪʴ ʥʘʛʨʫʟʢʫ ʩʨʝʜʠ ʩʦʪʨʫʜʥʠʢʦʚ ʦʪʜʝʣʘ ʪʝʭʥʠʯʝʩʢʦʡ 

ʧʦʜʜʝʨʞʢʠ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ ʘʥʘʣʠʪʠʢʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʧʨʦʱʘʝʪʩʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʜʦʩʪʠʛʘʝʪʩʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʦʪʜʝʣʘ ʪʝʭʧʦʜʜʝʨʞʢʠ ʠ ʢʦʥʝʯʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʃʶʙʦʡ ʨʷʜʦʚʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʤʘʨʪʬʦʥʘ, ʢʦʤʧʴʶʪʝʨʘ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ, 

ʩʪʘʣʢʠʚʘʣʩʷ ʩ ʧʨʠʣʦʞʝʥʠʝʤ (ʧʨʦʛʨʘʤʤʦʡ), ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʣʦ ʨʝʰʠʪʴ ʥʘʙʦʨ 

ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ, ʟʘʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʉ ʢʘʞʜʳʤ ʜʥʝʤ ʢʦʣʠʯʝʩʪʚʦ ʥʦʚʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʣʶʜʝʡ ʚʩʸ ʣʫʯʰʠʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ 

ʦʧʳʪʦʤ. ʍʦʪʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʧʨʠʣʦʞʝʥʠʝʤ, ʤʳ ʚʠʜʠʤ ʪʦʣʴʢʦ ʚʠʟʫʘʣʴʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ, ʥʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ ʠ ʧʨʦ ʚʘʞʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ 

ʥʝʚʠʜʠʤʳʤʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʂʘʯʝʩʪʚʝʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝ 

ʪʦʣʴʢʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʥʦ ʠ ʥʘʜʝʞʥʫʶ çʩʢʨʳʪʫʶè ʯʘʩʪʴ, ʢʦʪʦʨʘʷ 

ʛʘʨʘʥʪʠʨʫʝʪ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʧʨʠʣʦʞʝʥʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʨʘʟʨʘʙʦʪʯʠʢʫ ʥʝʦʙʭʦʜʠʤʦ ʥʝʢʦʝ çʨʘʙʦʯʝʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦè ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ [1]. 

çʈʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦè ʧʨʦʛʨʘʤʤʠʩʪʘ ʩ ʢʦʤʧʣʝʢʩʦʤ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʤʦʱʠ ʚ ʩʦʟʜʘʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʥʘʫʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʩʨʝʜʦʡ ʨʘʟʨʘʙʦʪʢʠ. ʀʥʩʪʨʫʤʝʥʪʳ ʩʨʝʜʳ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠʢʦʤʧʠʣʷʮʠʠ, ʠʥʪʝʨʧʨʝʪʘʮʠʠ, 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ çʨʫʪʠʥʥʳʭè ʧʨʦʮʝʩʩʦʚ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʪʝʢʩʪʘ ʠ ʦʪʣʘʞʠʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤʳ. ɼʣʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʫʜʦʙʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʳ, 
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ʯʪʦʙʳ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʪʜʝʣʴʥʦ, ʙʳʣʦ ʨʝʰʝʥʦ 

ʧʦʤʝʩʪʠʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʟʨʘʙʦʪʢʠ ʚ ʝʜʠʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʠʣʠ ʞʝ 

Integrated development environment (IDE) [2]. ʇʦʤʠʤʦ ʚʳʰʝʦʧʠʩʘʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, IDE ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʣʘʛʠʥʳ ʠ ʨʘʩʰʠʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʜʣʷ ʙʦʣʴʰʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʥʪʝʛʨʘʮʠʶ, ʥʘʧʨʠʤʝʨ, ʩʦ ʩʙʦʨʱʠʢʘʤʠ ʧʨʦʝʢʪʦʚ, 

ʦʙʣʘʯʥʳʤʠ ʩʝʨʚʠʩʘʤʠ. 

 

ʆʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʤʘʩʩʘ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ 

ʩʨʝʜ ʨʘʟʨʘʙʦʪʢʠ. IDE ʧʨʠʥʷʪʦ ʨʘʟʜʝʣʷʪʴ ʥʘ ʦʜʥʦʷʟʳʯʥʳʝ ʠ ʤʫʣʴʪʠʷʟʳʯʥʳʝ 

ʧʨʦʜʫʢʪʳ. ɼʘʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʝʩʪʴ IDE, ʢʦʪʦʨʳʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳ ʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʦʜʥʘ ʠʟ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠ ʧʦʧʫʣʷʨʥʳʭ IDE Microsoft Visual 

Studio ʧʦʜʜʝʨʞʠʚʘʝʪ C++, C, C#, JavaScript, TypeScript, Python, Go, HTML/CSS 

ʠ ʜʨ. (ʨʠʩ. 1). ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʥʘʧʠʩʘʥʠʷ 

ʧʨʦʛʨʘʤʤ ʜʣʷ ʢʦʤʧʴʶʪʝʨʘ ʩ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ Windows, ʦʜʥʘʢʦ 

ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʩʤʘʨʪʬʦʥʘ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ Visual Studio ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʚʥʝʜʨʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʰʠʨʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʨʘʙʦʯʝʡ ʩʨʝʜʳ 

ʧʨʦʛʨʘʤʤʳ. 

 

 
ʈʠʩ. 1 ï ʀʥʪʝʨʬʝʡʩ Visual Studio 

 

Visual Studio ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʢʘʢ ʙʝʩʧʣʘʪʥʳʡ, ʪʘʢ ʠ ʧʣʘʪʥʳʡ ʚʘʨʠʘʥʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʜʫʢʪʘ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʛʦ ʥʘ ʧʨʦʜʘʞʫ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʦʙʨʝʩʪʠ ʣʠʮʝʥʟʠʶ. ʉʦʟʜʘʪʴ ʞʝ ʥʝʢʦʤʤʝʨʯʝʩʢʠʝ ʧʨʦʝʢʪʳ ʚ ʵʪʦʡ 

ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ ʤʦʞʥʦ ʙʝʩʧʣʘʪʥʦ, ʧʨʠ ʵʪʦʤ ʧʦʣʴʟʫʷʩʴ ʚʩʝʤʠ ʬʫʥʢʮʠʷʤʠ[4]. 

ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ Visual Studio ʷʚʣʷʝʪʩʷ ʚʩʪʨʦʝʥʥʳʡ ʢʦʤʧʠʣʷʪʦʨ. 

ʂʦʤʧʠʣʷʪʦʨ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʥʘʧʠʩʘʥʠʠ ʢʦʜʘ ʠ ʩʣʫʞʠʪ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʧʝʨʝʚʦʜʠʪʴ ʩ ʧʦʥʷʪʥʦʛʦ ʧʨʦʛʨʘʤʤʠʩʪʫ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ 
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ʷʟʳʢ, ʢʦʪʦʨʳʡ ʧʦʥʠʤʘʝʪ ʢʦʤʧʴʶʪʝʨ ï ʤʘʰʠʥʥʳʡ ʢʦʜ [5]. ʅʝ ʚʩʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʠʤʝʶʪ ʚʩʪʨʦʝʥʥʳʡ ʢʦʤʧʠʣʷʪʦʨ, ʧʦʵʪʦʤʫ ʠʭ 

ʯʘʩʪʦ ʥʫʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʦʪʜʝʣʴʥʦ ʠ ʥʘʩʪʨʘʠʚʘʪʴ ʜʣʷ ʨʘʙʦʪʳ ʩ IDE.ʊʘʢʞʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ Visual Studio ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʩ ʤʥʦʞʝʩʪʚʦʤ 

ʚʩʪʨʦʝʥʥʳʭ ʬʫʥʢʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʘʚʪʦʜʦʧʦʣʥʝʥʠʝ ʢʦʜʘ, ʨʝʬʘʢʪʦʨʠʥʛ ʠ 

ʚʩʪʨʦʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʦʪʣʘʜʢʠ. IDE ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʩ ʩʠʩʪʝʤʘʤʠ ʢʦʥʪʨʦʣʷ 

ʚʝʨʩʠʡ (ʥʘʧʨʠʤʝʨ, Git). ʆʥʘ ʪʘʢʞʝ ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʢʦʤʘʥʜʥʦʡ ʨʘʟʨʘʙʦʪʢʠ 

ʙʣʘʛʦʜʘʨʷ ʠʥʩʪʨʫʤʝʥʪʘʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʠ 

ʢʦʤʘʥʜʳ. Visual Studio ʜʦʩʪʫʧʥʘ ʥʘ Windows ʠ macOS. ʅʝʜʦʩʪʘʪʦʢ Visual Studio 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʨʝʩʫʨʩʦʝʤʢʠʭ IDE, ʯʪʦ 

ʤʦʞʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʘ. 

Eclipse ï ʵʪʦ ʧʦʣʥʦʩʪʴʶ ʙʝʩʧʣʘʪʥʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ (IDE), ʢʦʪʦʨʘʷ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʙʦʪʳ ʩ Java, ʥʦ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʠ 

ʜʨʫʛʠʝ ʷʟʳʢʠ, ʪʘʢʠʝ ʢʘʢ C++, JavaScript ʠ PHP (ʨʠʩ. 2). ɺ ʥʝʡ ʜʦʩʪʫʧʥʦ 

ʤʥʦʞʝʩʪʚʦ ʨʘʩʰʠʨʝʥʠʡ, ʚʢʣʶʯʘʷ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ 

ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ [6]. 

 

 
ʈʠʩ. 2 ï ʀʥʪʝʨʬʝʡʩ Eclipse 

 

ʉʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʠʤʝʝʪ ʦʪʢʨʳʪʳʡ ʠʩʭʦʜʥʳʡ ʢʦʜ ʠ ʨʘʙʦʪʘʝʪ ʥʘ ʚʩʝʭ 

ʦʩʥʦʚʥʳʭ ʧʣʘʪʬʦʨʤʘʭ, ʪʦ ʝʩʪʴ Windows, macOS ʠ Linux. ɹʦʣʴʰʦʝ ʩʦʦʙʱʝʩʪʚʦ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʦʙʰʠʨʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʦʙʣʝʛʯʘʶʪ ʨʘʙʦʪʫ ʩ ʜʘʥʥʦʡ IDE, ʘ 

ʠʥʪʝʛʨʘʮʠʷ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʩʙʦʨʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, Maven ʠ 

Gradle) ʜʝʣʘʝʪ ʝʝ ʦʩʦʙʝʥʥʦ ʫʜʦʙʥʦʡ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʝʢʪʦʚ. 

ʆʜʥʘʢʦ ʠʥʪʝʨʬʝʡʩ Eclipse ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʩʣʦʞʥʳʤ ʠ ʧʝʨʝʛʨʫʞʝʥʥʳʤ 

ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ, ʘ ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʢ ʨʝʩʫʨʩʘʤ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʜʣʝʥʠʷʤ ʥʘ 

ʩʣʘʙʳʭ ʢʦʤʧʴʶʪʝʨʘʭ. ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʤʥʦʞʝʩʪʚʘ ʧʣʘʛʠʥʦʚ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ 

ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. 

PyCharm ï ʵʪʦ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʷʟʳʢʘ Python, ʩʦʟʜʘʥʥʘʷ ʢʦʤʧʘʥʠʝʡ 

JetBrains (ʨʠʩ. 3). ʆʥʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, 

ʚʝʙ-ʨʘʟʨʘʙʦʪʢʦʡ, ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 
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ʈʠʩ. 3 ï ʀʥʪʝʨʬʝʡʩ PyCharm 

 

PyCharm ʚʳʜʝʣʷʝʪʩʷ ʠʥʪʫʠʪʠʚʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʠ ʫʤʥʳʤ 

ʘʚʪʦʜʦʧʦʣʥʝʥʠʝʤ ʢʦʜʘ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ. IDE ʠʤʝʝʪ 

ʚʩʪʨʦʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʦʪʣʘʜʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʝʨʩʠʷʤʠ, ʘ 

ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʠʨʪʫʘʣʴʥʳʝ ʦʢʨʫʞʝʥʠʷ ʠ ʧʣʘʪʬʦʨʤʫ Docker, ʯʪʦ 

ʫʧʨʦʱʘʝʪ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʧʨʠʣʦʞʝʥʠʡ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʢʦʥʬʣʠʢʪʳ ʤʝʞʜʫ ʧʨʦʝʢʪʘʤʠ. PyCharm ʜʦʩʪʫʧʝʥ ʥʘ ʧʣʘʪʬʦʨʤʘʭ 

Windows, macOS ʠ Linux, ʘ ʝʛʦ ʧʣʘʪʥʘʷ ʚʝʨʩʠʷ ʚʢʣʶʯʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʬʫʥʢʮʠʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ [7, 8]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, PyCharm ʜʦʚʦʣʴʥʦ ʪʨʝʙʦʚʘʪʝʣʝʥ ʢ ʨʝʩʫʨʩʘʤ ʠ ʤʦʞʝʪ 

ʤʝʜʣʝʥʥʦ ʨʘʙʦʪʘʪʴ ʥʘ ʩʣʘʙʳʭ ʢʦʤʧʴʶʪʝʨʘʭ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʙʦʣʴʰʠʤʠ 

ʧʨʦʝʢʪʘʤʠ. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ, ʭʦʪʷ ʠ ʫʜʦʙʝʥ ʜʣʷ ʦʧʳʪʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʩʣʦʞʥʳʤ ʥʘʯʠʥʘʶʱʠʤ.  

IntelliJ IDEA ï ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʦʪ ʨʘʥʝʝ ʫʧʦʤʷʥʫʪʦʡ ʢʦʤʧʘʥʠʠ JetBrains 

ʦʙʣʘʜʘʝʪ ʦʙʰʠʨʥʳʤ ʥʘʙʦʨʦʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ. ɼʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ IntelliJ IDEA ʜʦʩʪʫʧʥʘ ʚʥʫʰʠʪʝʣʴʥʘʷ ʵʢʦʩʠʩʪʝʤʘ ʧʣʘʛʠʥʦʚ, 

ʢʦʪʦʨʳʝ ʨʘʩʰʠʨʷʶʪ ʬʫʥʢʮʠʦʥʘʣ, ʥʘʙʦʨ ʷʟʳʢʦʚ, ʬʨʝʡʤʚʦʨʢʦʚ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ɼʘʥʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʷʟʳʢʠ 

ʉ/ʉ++, Groovy, Go,TypeScript, Java, JavaScript, Python, PHPʠ ʜʨʫʛʠʝ. IDE 

ʜʦʩʪʫʧʥʘ ʜʣʷ Windows, macOS, Linux. IntelliJ IDEA ʚʳʜʝʣʷʝʪʩʷ ʚʩʪʨʦʝʥʥʦʡ 

ʠʥʪʝʛʨʘʮʠʝʡ ʩ Git, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʢʦʡ AIR Mobile ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦʜ Android 

ʠ iOS. 

IntelliJ IDEA ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʛʦʜʦʚʳʝ ʪʘʨʠʬʳ ʠ ʚʘʨʠʘʥʪʳ ʝʞʝʤʝʩʷʯʥʦʡ 

ʧʦʜʧʠʩʢʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʯʘʩʪʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʩʪʫʧʝʥ ʨʷʜ 

ʙʝʩʧʣʘʪʥʳʭ ʚʝʨʩʠʡ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʢʘʪʝʛʦʨʠʡ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʩʪʫʜʝʥʪʳ, ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʠ ʫʯʘʩʪʥʠʢʠ open source ʧʨʦʝʢʪʦʚ [9]. 
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ʈʠʩ. 4 ï ʀʥʪʝʨʬʝʡʩ IntelliJ IDEA 

 

ɽʱʝ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ï IntelliJ IDEA ʧʨʝʜʣʘʛʘʝʪ ʫʤʥʳʡ ʨʝʜʘʢʪʦʨ, ʢʦʪʦʨʳʡ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʭʦʜʠʪ ʦʰʠʙʢʠ ʚ ʢʦʜʝ ʠ ʧʨʝʜʣʘʛʘʝʪ ʚʦʟʤʦʞʥʳʝ ʠʩʧʨʘʚʣʝʥʠʷ 

ʧʨʷʤʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. IDE ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʫʶ ʥʘʚʠʛʘʮʠʶ, 

ʘʚʪʦʜʦʧʦʣʥʝʥʠʝ ʠ ʧʦʣʝʟʥʳʝ ʧʦʜʩʢʘʟʢʠ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʨʘʟʨʘʙʦʪʢʫ. ɿʘʧʫʩʢ, 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʦʪʣʘʜʢʘ ʢʦʜʘ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʦʜʥʦʤ ʦʢʥʝ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ 

ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʫʜʦʙʥʳʤ. ɺʩʪʨʦʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʙʦʨʢʠ, ʫʧʘʢʦʚʢʠ ʠ 

ʢʦʤʧʠʣʷʮʠʠ ʢʦʜʘ ʫʧʨʦʱʘʶʪ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ, ʘ ʧʦʜʜʝʨʞʢʘ ʩʠʩʪʝʤ 

ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʠ ʫʧʨʘʚʣʷʪʴ ʠʤʠ. 

IntelliJ IDEA ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʩʣʦʞʥʦʡ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ ʠʟ-ʟʘ ʦʙʠʣʠʷ 

ʬʫʥʢʮʠʡ ʠ ʥʘʩʪʨʦʝʢ, ʯʪʦ ʪʨʝʙʫʝʪ ʚʨʝʤʝʥʠ ʥʘ ʦʩʚʦʝʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʩʫʪʩʪʚʫʝʪ 

ʚʩʪʨʦʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʠ ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ 

ʫʩʪʘʥʦʚʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʘʛʠʥʦʚ. 

Komodo IDE ï ʵʪʦ ʤʥʦʛʦʷʟʳʯʥʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ 

ʩʦʟʜʘʥʠʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʠ ʧʨʦʛʨʘʤʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ ʷʟʳʢʦʚ, ʢʘʢ 

Python, PHP, Ruby, Perl, JavaScript ʠ ʜʨʫʛʠʝ[10].  

 

 
ʈʠʩ. 5 ï ʀʥʪʝʨʬʝʡʩKomodoIDE 
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Komodo IDE ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʙʦʪʫ ʩ ʩʠʩʪʝʤʘʤʠ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ, ʪʘʢʠʤʠ 

ʢʘʢ Git ʠ SVN, ʠ ʧʦʟʚʦʣʷʝʪ ʥʘʩʪʨʘʠʚʘʪʴ ʦʢʨʫʞʝʥʠʝ ʧʦʜ ʥʫʞʜʳ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʨʦʝʢʪʘ. Komodo IDE ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʝʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʪʣʘʜʢʠ, 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʫʜʘʣʝʥʥʳʤʠ ʩʝʨʚʝʨʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʫʜʦʙʥʦʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʷʤʠ. ɺʩʪʨʦʝʥʥʘʷ ʩʠʩʪʝʤʘ 

ʘʚʪʦʜʦʧʦʣʥʝʥʠʷ ʢʦʜʘ ʠ ʧʦʜʩʚʝʪʢʠ ʩʠʥʪʘʢʩʠʩʘ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ, ʘ 

ʬʫʥʢʮʠʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʶʪ ʥʝʩʢʦʣʴʢʠʤ ʨʘʟʨʘʙʦʪʯʠʢʘʤ 

ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʢʦʜ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ Komodo IDE ï ʦʥʘ ʤʦʞʝʪ ʫʩʪʫʧʘʪʴ ʜʨʫʛʠʤ ʩʨʝʜʘʤ 

ʨʘʟʨʘʙʦʪʢʠ ʚ ʩʢʦʨʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʢʨʫʧʥʳʤʠ 

ʧʨʦʝʢʪʘʤʠ. ɼʦʩʪʫʧ ʢ ʧʦʣʥʦʮʝʥʥʳʤ ʬʫʥʢʮʠʷʤ ʪʨʝʙʫʝʪ ʧʨʠʦʙʨʝʪʝʥʠʷ ʧʣʘʪʥʦʡ 

ʚʝʨʩʠʠ, ʪʘʢ ʢʘʢ ʙʝʩʧʣʘʪʥʳʡ ʘʥʘʣʦʛ, Komodo Edit, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʙʘʟʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ. 

 

ʂʨʠʪʝʨʠʠ ʚʳʙʦʨʘ 

ʈʘʩʧʨʝʜʝʣʠʤ ʚʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʩʨʝʜʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʷ 

çɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʦʢ ʥʘ ʪʝʭʥʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʥʘ ʧʨʠʤʝʨʝ ʆʆʆ çʕʣʝʤʝʥʪ ʊʨʝʡʜè ʧʦ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʤ ʢʨʠʪʝʨʠʷʤ. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʩʚʝʜʝʤ ʚ ʪʘʙʣʠʮʫ 1. 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʨʝʜ ʨʘʟʨʘʙʦʪʢʠ 

ʂʨʠʪʝʨʠʠ VisualStudio Eclipse PyCharm IntelliJ IDEA 
Komodo 

IDE 

ʗʟʳʢ 

ʨʘʟʨʘʙʦʪʢʠ 

C++, C#, 

Java, Python, 

PHP, 

Goʠʜʨ.  

Java, 

Python, ʉ, 

ʉ++, Ruby, 

Groovy, 

PHP. 

Python. 

ʇʦʜʜʝʨʞʢʘHT

ML, XML, 

JSONʠʜʨ. 

ʉ/ʉ++, 

Groovy, Go, 

TypeScript, 

JavaScript, 

Javaʠʜʨ. 

JavaScript, 

Python, 

HTML, 

CSSʠʜʨ. 

ʇʦʜʜʝʨʞʢʘ 

ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ 

Windows, 

macOS 

Windows, 

macOS, 

Linux 

Windows, 

macOS, Linux 

Windows, 

macOS, Linux 

Windows, 

macOS, 

Linux 

ɺʦʟʤʦʞʥʦʩʪʴ 

ʩʦʚʤʝʩʪʥʦʡ 

ʨʘʟʨʘʙʦʪʢʠ 

+ + - + + 

ʌʫʥʢʮʠʦʥʘʣ 

ʙʝʩʧʣʘʪʥʦʡ 

ʚʝʨʩʠʠ 

ʋʨʝʟʘʥʥʳʡ ʇʦʣʥʳʡ ʋʨʝʟʘʥʥʳʡ ʋʨʝʟʘʥʥʳʡ ʋʨʝʟʘʥʥʳʡ 

ʎʝʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ɼʣʷ 

ʢʦʤʤʝʨʯʝʩʢ

ʠʭ 

ʧʨʦʝʢʪʦʚ ʦʪ 

45$ ʚ ʤʝʩʷʮ 

ɹʝʩʧʣʘʪʥʘʷ 

ɼʣʷ ʯʘʩʪʥʳʭ 

ʣʠʮ ï ʦʪ 99$, 

ʜʣʷ ʢʦʤʧʘʥʠʡ 

ï ʦʪ 249$ ʚ 

ʧʝʨʚʳʡ ʛʦʜ. 

ɺʪʦʨʦʡ ʛʦʜ: 

79$ ʠ 199$, 

ʪʨʝʪʠʡ: 59$ ʠ 

149$ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ 

ɺ ʧʝʨʚʳʡ ʛʦʜ: 

ʦʪ 169$ ʚ ʛʦʜ 

ʜʣʷ ʬʠʟʣʠʮ, ʦʪ 

599$ ï ʜʣʷ 

ʢʦʤʧʘʥʠʡ. 

ɺʪʦʨʦʡ ʛʦʜ: 

135$ ʠ 479$, 

ʪʨʝʪʠʡ: 101$ ʠ 

359$ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ 

ɹʝʩʧʣʘʪʥʘʷ 
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ɼʣʷ ʢʦʤʧʘʥʠʠ ʆʆʆ çʕʣʝʤʝʥʪ-ʪʨʝʡʜè ʚʘʞʥʘ ʧʦʜʜʝʨʞʢʘ ʤʥʦʛʦʷʟʳʯʥʦʩʪʠ, 

ʧʦʜʜʝʨʞʢʘ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤWindows, macOS ʠ Linux, IDE ʙʳʣʘ ʙʝʩʧʣʘʪʥʘ 

ʠ ʥʝ ʙʳʣʘ ʩʠʣʴʥʦ ʪʨʝʙʦʚʘʪʝʣʴʥʦʡ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, Eclipse IDE ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʜʘʥʥʳʤ ʢʣʶʯʝʚʳʤ ʢʨʠʪʝʨʠʷʤ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʷ ï ʵʪʦ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ ʩ ʙʦʣʴʰʠʤʠ ʚʨʝʤʝʥʥʳʤʠ 

ʟʘʪʨʘʪʘʤʠ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʥʘʧʠʩʘʥʠʝ ʢʦʜʘ, ʥʦ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ, 

ʠʩʧʨʘʚʣʝʥʠʝ, ʜʦʙʘʚʣʝʥʠʝ ʩʪʦʨʦʥʥʠʭ ʵʣʝʤʝʥʪʦʚ. ʏʪʦʙʳ ʩʜʝʣʘʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʫʜʦʙʥʝʝ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʫʪʠʥʥʳʝ ʦʧʝʨʘʮʠʠ ʠ ʧʦʣʴʟʦʚʘʪʴʩʷ ʦʜʥʠʤ ʩʝʨʚʠʩʦʤ 

ʚʤʝʩʪʦ ʥʝʩʢʦʣʴʢʠʭ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ, 

ʠʣʠ IDE. 

ʉ ʫʯʝʪʦʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʢʦʤʧʘʥʠʠ ʆʆʆ çʕʣʝʤʝʥʪ ʊʨʝʡʜè 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩʨʝʜʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴEclipse.ʍʦʪʷ ʦʥʘ 

ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ Java, ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʤʥʦʞʝʩʪʚʦ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ C++, Python, ʉ ʠ 

PHP, ʯʪʦ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʨʘʟʣʠʯʥʳʭ ʧʣʘʛʠʥʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, Eclipse ʠʤʝʝʪ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʸ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʣʶʙʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʚʢʣʶʯʘʷ Windows, macOS ʠ 

Linux. ʕʪʦ ʦʩʦʙʝʥʥʦ ʫʜʦʙʥʦ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ 

ʧʨʠʚʳʯʥʦʡ ʜʣʷ ʩʝʙʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ Eclipse 

ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʙʝʩʧʣʘʪʥʦʡ ʠ ʠʤʝʝʪ ʦʪʢʨʳʪʳʡ ʠʩʭʦʜʥʳʡ ʢʦʜ, ʯʪʦ ʫʩʪʨʘʥʷʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʥʘ ʣʠʮʝʥʟʠʠ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ Eclipse ʤʦʞʝʪ ʟʘʤʝʜʣʷʪʴ ʢʦʤʧʴʶʪʝʨ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʣʘʛʠʥʦʚ, ʥʦ ʧʨʠ ʵʪʦʤ ʝʸ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʩʠʩʪʝʤʝ ʚ ʮʝʣʦʤ ʥʠʞʝ, ʯʝʤ ʫ ʪʘʢʠʭ IDE ʢʘʢ Visual Studio ʠʣʠ IntelliJ IDEA. ʕʪʦ 

ʜʝʣʘʝʪ Eclipse ʵʢʦʥʦʤʠʯʥʳʤ ʚʘʨʠʘʥʪʦʤ, ʩʧʦʩʦʙʥʳʤ ʵʬʬʝʢʪʠʚʥʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʥʘ ʨʘʟʥʳʭ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠʢʦʤʧʴʶʪʝʨʘʭ. 
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ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ɻʀʉ ʬʦʨʤʠʨʫʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʰʘʙʣʦʥʳ ʜʣʷ ʠʤʧʦʨʪʘ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʬʦʨʤʘʪʝ .xlsx. ɼʘʥʥʳʝ ʰʘʙʣʦʥʳ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʧʦʣʥʝʥʳ ʩ 

ʫʯʝʪʦʤ ʧʨʘʚʠʣ, ʢʦʪʦʨʳʝ ɻʀʉ ʨʘʟʤʝʱʘʝʪ ʥʘ ʩʚʦʝʤ ʩʘʡʪʝ [5]. ɿʘʧʦʣʥʝʥʠʝ 

ʰʘʙʣʦʥʦʚ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ, ʢ ʪʦʤʫ ʞʝ ʝʩʪʴ 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʠʪʴʩʷ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʦʰʠʙʢʝ ʧʨʠ ʧʨʦʚʝʨʢʝ ʜʦʢʫʤʝʥʪʘ 

ʩʠʩʪʝʤʦʡ ɻʀʉ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʯʝʪʘ 

ʜʘʥʥʳʭ ʫʧʨʘʚʣʷʶʱʝʡ ʢʦʤʧʘʥʠʠ. ʆʥʘ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠʢʦʚ ʟʘ ʩʯʸʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʯʝʪʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʦ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʘʭ, ʣʠʮʝʚʳʭ ʩʯʝʪʘʭ, ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʠ ʜʘʥʥʳʭ 

ʧʣʘʪʝʞʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʨʘʟʜʝʣʳ: 

1. ʉʧʨʘʚʦʯʥʠʢ ʜʦʤʦʚ ï ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʄʂɼ, ʧʦʜʲʝʟʜʘʭ ʠ ʧʦʤʝʱʝʥʠʷʭ.  

2. ʃʠʮʝʚʳʝ ʩʯʝʪʘ ï ʠʥʬʦʨʤʘʮʠʷ ʦ ʣʠʮʝʚʳʭ ʩʯʝʪʘʭ, ʚʣʘʜʝʣʴʮʘʭ ʣʠʮʝʚʳʭ 

ʩʯʝʪʦʚ ʠ ʧʦʤʝʱʝʥʠʷʭ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʣʠʮʝʚʳʤ ʩʯʝʪʘʤ.  

3. ʇʨʠʙʦʨʳ ʫʯʝʪʘ ï ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠ ʦʙʱʠʭ ʧʨʠʙʦʨʘʭ 

ʫʯʝʪʘ.  

4. ʇʣʘʪʝʞʥʳʝ ʜʦʢʫʤʝʥʪʳ ï ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʣʘʪʝʞʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʫʩʣʫʛʘʭ 

ʟʘ ʧʣʘʪʝʞʥʳʡ ʧʝʨʠʦʜ ʠ ʩʫʜʝʙʥʳʭ ʥʝʫʩʪʦʡʢʘʭ.  

 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʳ 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ 

ʫʧʨʘʚʣʷʶʱʝʡ ʢʦʤʧʘʥʠʝʡ ʠ ɻʀʉ ɾʂʍ ʙʳʣ ʚʳʙʨʘʥ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# 

ʚ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ Visual Studio 2019 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʪʬʦʨʤʳ .NET 

Framework [1, 4]. ɺʳʙʦʨ ʦʙʫʩʣʦʚʣʝʥ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ .NET 

Framework ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʧʨʦʩʪʳʤ ʠ ʧʦʥʷʪʥʳʤ ʩʠʥʪʘʢʩʠʩʦʤ C# 

ʠ ʥʘʣʠʯʠʝʤ ʦʙʰʠʨʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʩʦʦʙʱʝʩʪʚʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 

ʇʦ ʜʘʥʥʳʤ ʦʪʯʝʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɹɼ, 

ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩ. 1 ï ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɹɼ 

 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠʤʝʝʪ ʜʚʫʭʩʣʦʡʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ. 

1. ʇʨʝʜʩʪʘʚʣʝʥʠʝ: ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʨʘʟʨʘʙʦʪʘʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Windows Forms ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʜʦʙʥʦʛʦ ʠ ʠʥʪʫʠʪʠʚʥʦ 

ʧʦʥʷʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʠʩʪʝʤʦʡ. Windows Forms ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʩʪʘʥʜʘʨʪʥʳʡ ʥʘʙʦʨ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʩʦʟʜʘʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ. ʀʥʪʝʨʬʝʡʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ 

ʤʦʜʫʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʘʤ ʩʪʨʫʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʷ:  
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- ʩʧʨʘʚʦʯʥʠʢ ʜʦʤʦʚ: ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʣʷʪʴ, ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠ ʫʜʘʣʷʪʴ 
ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʘʭ, ʚʢʣʶʯʘʷ ʘʜʨʝʩʘ, ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʜʲʝʟʜʦʚ, ʵʪʘʞʝʡ, ʦʙʱʫʶ ʧʣʦʱʘʜʴ ʠ ʜʨʫʛʠʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ; 

- ʣʠʮʝʚʳʝ ʩʯʝʪʘ: ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʣʠʮʝʚʳʭ 
ʩʯʝʪʘʭ ʞʠʣʴʮʦʚ, ʚʢʣʶʯʘʷ ʜʘʥʥʳʝ ʦ ʚʣʘʜʝʣʴʮʘʭ, ʩʚʷʟʘʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʚ ʄʂɼ; 

- ʧʨʠʙʦʨʳ ʫʯʝʪʘ: ʧʦʟʚʦʣʷʶʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠ ʦʙʱʠʭ ʧʨʠʙʦʨʘʭ ʫʯʝʪʘ (ʀʇʋ ʠ ʆʇʋ), ʚʢʣʶʯʘʷ ʪʠʧʳ 

ʧʨʠʙʦʨʦʚ, ʧʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ, ʜʘʪʳ ʫʩʪʘʥʦʚʢʠ ʠ ʧʦʢʘʟʘʥʠʷ; 

- ʧʣʘʪʝʞʥʳʝ ʜʦʢʫʤʝʥʪʳ: ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʘʪʝʞʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʫʯʝʪ ʥʘʯʠʩʣʝʥʥʳʭ ʧʝʥʠ ʠ ʜʨʫʛʠʭ ʧʣʘʪʝʞʝʡ. 

2. ɼʦʩʪʫʧ ʢ ʜʘʥʥʳʤ: ʵʪʦʪ ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʘʟʦʡ 

ʜʘʥʥʳʭ Microsoft SQL Server. ɼʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ADO.NET, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ SQL-ʟʘʧʨʦʩʳ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪʳ. 

ɺʳʭʦʜʥʳʝ ʜʦʢʫʤʝʥʪʳ ʜʣʷ ʫʧʨʘʚʣʷʶʱʝʡ ʢʦʤʧʘʥʠʠ ʥʫʞʥʦ ʦʬʦʨʤʣʷʪʴ ʥʘ 

ʦʩʥʦʚʝ Excel ʰʘʙʣʦʥʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ɻʀʉ, ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ 

Microsoft Excel Interop, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ, ʦʪʢʨʳʚʘʪʴ, ʨʝʜʘʢʪʠʨʦʚʘʪʴ 

ʠ ʩʦʭʨʘʥʷʪʴ ʬʘʡʣʳ Excel, ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ ʠʭ ʜʘʥʥʳʤ ʧʨʦʛʨʘʤʤʥʦ [1].  

ʉʦʟʜʘʥʠʝ SQL ʟʘʧʨʦʩʦʚ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ 

ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʢʦʤʘʥʜ ʥʘ ʷʟʳʢʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʟʘʧʨʦʩʦʚ (SQL) ʜʣʷ 

ʠʟʚʣʝʯʝʥʠʷ, ʦʙʥʦʚʣʝʥʠʷ, ʚʩʪʘʚʢʠ ʠʣʠ ʫʜʘʣʝʥʠʷ ʜʘʥʥʳʭ ʚ ɹɼ [3, 4]. ʇʦʩʣʝ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʯʪʦʙʳ 

ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʷʚʣʝʥʥʳʤ ʦʞʠʜʘʥʠʷʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʇʨʠʤʝʨ ʟʘʧʨʦʩʘ ʠ ʝʛʦ ʨʝʟʫʣʴʪʘʪ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩʫʥʢʘʭ 2-3. 

 
ʈʠʩ. 2 ï SQL ʟʘʧʨʦʩ 

 

ʇʨʦʚʝʨʢʘ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʥʘ 

ʥʝʩʫʱʝʩʪʚʫʶʱʠʭ ʜʘʥʥʳʭ (ʚʳʜʫʤʘʥʥʳʭ ʝ yʨʘʟʨʘʙʦʪʯʠʢʘʤʠ). 
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ʈʠʩ. 3 ï ʈʝʟʫʣʴʪʘʪ SQL ʟʘʧʨʦʩʘ 

 

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ɹɼ ʠ ʟʘʧʨʦʩʦʚ ʢ ʥʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʵʪʘʧʫ 

ʩʦʟʜʘʥʠʷ ʬʦʨʤ ʠ ʦʪʯʸʪʦʚ. 

 

ʊʝʢʫʱʠʡ ʬʫʥʢʮʠʦʥʘʣ 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʧʨʦʛʨʘʤʤʝ ʨʝʘʣʠʟʦʚʘʥʳ ʪʘʢʠʝ ʧʫʥʢʪʳ ʤʝʥʶ ʢʘʢ: 

ñʉʧʨʘʚʦʯʥʠʢ ʜʦʤʦʚò, ñʃʠʮʝʚʳʝ ʩʯʝʪʘò, ñʇʨʠʙʦʨʳ ʫʯʝʪʘò, ñʇʣʘʪʝʞʥʳʝ 

ʜʦʢʫʤʝʥʪʳò ʠ ñʉʧʨʘʚʢʘò (ʨʠʩ. 4). 

 
ʈʠʩ. 4 ï ɻʣʘʚʥʘʷ ʬʦʨʤʘ 

 
ʈʠʩ.5 ï ʌʦʨʤʘ ñʄʥʦʛʦʢʚʘʨʪʠʨʥʳʝ ʜʦʤʘò 
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ɹʣʦʢ ʧʨʦʛʨʘʤʤʳ ñʉʧʨʘʚʦʯʥʠʢ ʜʦʤʦʚò ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ, ʫʜʘʣʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʦ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ 

ʜʦʤʘʭ (ʨʠʩ. 4-5). ɼʘʥʥʳʡ ʙʣʦʢ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʝʪ ʟʘʧʦʣʥʷʪʴ ʰʘʙʣʦʥ 

ʩʚʝʜʝʥʠʡ ʦ ʄʂɼ (ʨʠʩ. 6-8). 

ʈʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʄʂɼ: 

ʧʦʤʝʱʝʥʠʷ, ʧʦʜʲʝʟʜʳ, ʦʙʱʠʝ ʧʨʠʙʦʨʳ ʫʯʝʪʘ (ʨʠʩ. 9). 

 
ʈʠʩ. 6 ï ʐʘʙʣʦʥ ʠʤʧʦʨʪʘ ʩʚʝʜʝʥʠʡ ʦ ʄʂɼ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʂɼ) 

 
ʈʠʩ. 7 ï ʐʘʙʣʦʥ ʠʤʧʦʨʪʘ ʩʚʝʜʝʥʠʡ ʦ ʄʂɼ (ʅʝʞʠʣʳʝ ʧʦʤʝʱʝʥʠʷ) 

 
ʈʠʩ. 8 ï ʐʘʙʣʦʥ ʠʤʧʦʨʪʘ ʩʚʝʜʝʥʠʡ ʦ ʄʂɼ (ʧʦʜʲʝʟʜʳ) 
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ʈʠʩ. 9 ï ʌʦʨʤʘ ñʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʜʦʤʫò 

 

ɼʣʷ ʫʯʝʪʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʣʠʮʝʚʳʭ ʩʯʝʪʘʭ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʙʣʦʢ ʧʨʦʛʨʘʤʤʳ 

ñʃʠʮʝʚʳʝ ʩʯʝʪʘò. ɼʘʥʥʳʡ ʙʣʦʢ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʩʚʷʟʠ ʧʦʤʝʱʝʥʠʡ 

ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʦʚ ʩ ʠʭ ʚʣʘʜʝʣʴʮʘʤʠ (ʈʠʩʫʥʦʢ 10). ʈʝʘʣʠʟʦʚʘʥʘ ʫʜʦʙʥʘʷ 

ʬʫʥʢʮʠʷ ʧʨʦʩʤʦʪʨʘ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʣʠʮʝʚʦʛʦ ʩʯʝʪʘ (ʨʠʩ. 11). 

ɺ ʜʘʥʥʦʤ ʙʣʦʢʝ ʨʝʘʣʠʟʦʚʘʥʘ ʬʫʥʢʮʠʷ ʟʘʧʦʣʥʝʥʠʷ ʰʘʙʣʦʥʘ ʦ ʣʠʮʝʚʳʭ 

ʩʯʝʪʘʭ (ʨʠʩ. 12-14) 

 
ʈʠʩ. 10 ï ʌʦʨʤʘ ñʃʠʮʝʚʳʝ ʩʯʝʪʘò 
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ʈʠʩ. 11 ï ʌʦʨʤʘ ñʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʣʠʮʝʚʦʤ ʩʯʝʪʝò 

 
ʈʠʩ. 12 ï ʐʘʙʣʦʥ ʠʤʧʦʨʪʘ ʩʚʝʜʝʥʠʡ ʦ ʃʉ (ʦʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠ̫ ) 

 
ʈʠʩ. 13 ï ʐʘʙʣʦʥ ʠʤʧʦʨʪʘ ʩʚʝʜʝʥʠʡ ʦ ʃʉ (ʦʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ) 
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ʈʠʩ. 14 ï ʐʘʙʣʦʥ ʠʤʧʦʨʪʘ ʩʚʝʜʝʥʠʡ ʦ ʃʉ (ʧʦʤʝʱʝʥʠʷ) 

ɼʣʷ ʫʯʝʪʘ ʜʘʥʥʳʭ ʦ ʧʦʢʘʟʘʥʠʷʭ ʩʯʝʪʯʠʢʦʚ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʦʚ ʙʳʣ 

ʨʝʘʣʠʟʦʚʘʥ ʙʣʦʢ ʧʨʦʛʨʘʤʤʳ ñʇʨʠʙʦʨʳ ʫʯʝʪʘò (ʨʠʩ. 15). ɺ ʜʘʥʥʦʤ ʙʣʦʢʝ 

ʨʝʘʣʠʟʦʚʘʥʘ ʬʫʥʢʮʠʷ ʟʘʧʦʣʥʝʥʠʷ ʰʘʙʣʦʥʘ ʦ ʧʨʠʙʦʨʘʭ ʫʯʝʪʘ (ʨʠʩ. 16-18) 

 
ʈʠʩ. 15 ï ʌʦʨʤʘ ñʆʙʱʠʝ ʧʨʠʙʦʨʳ ʫʯʝʪʘò 

 
ʈʠʩ. 16 ï ʐʘʙʣʦʥ ʠʤʧʦʨʪʘ ʩʚʝʜʝʥʠʡ ʦ ʆʇʋ (ʩʚʝʜʝʥʠʷ ʦ ʇʋ) 

 
ʈʠʩ. 17 ï ʐʘʙʣʦʥ ʠʤʧʦʨʪʘ ʩʚʝʜʝʥʠʡ ʦ ʆʇʋ (ʩʚʝʜʝʥʠʷ ʦ ʇʋ) 
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ʈʠʩ. 18 ï ʐʘʙʣʦʥ ʠʤʧʦʨʪʘ ʩʚʝʜʝʥʠʡ ʦ ʆʇʋ (ʩʚʝʜʝʥʠʷ ʦ ʇʋ) 

 

ɼʣʷ ʫʯʝʪʘ ʜʘʥʥʳʭ ʦ ʧʣʘʪʝʞʘʭ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʙʣʦʢ ʧʨʦʛʨʘʤʤʳ 

ñʇʣʘʪʝʞʥʳʝ ʜʦʢʫʤʝʥʪʳò. ɼʘʥʥʳʡ ʙʣʦʢ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʝʩʪʠ ʫʯʝʪ 

ʜʘʥʥʳʭ ʦ ʧʣʘʪʝʞʘʭ, ʫʩʣʫʛʘʭ ʟʘ ʧʣʘʪʝʞʥʳʡ ʧʝʨʠʦʜ ʠ ʩʫʜʝʙʥʳʭ ʥʝʫʩʪʦʡʢʘʭ (ʨʠʩ. 

19). 

ɼʣʷ ʟʘʧʦʣʥʝʥʠʷ ʰʘʙʣʦʥʘ ʧʣʘʪʝʞʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ 

ʬʫʥʢʮʠʷ ʚʳʚʦʜʘ ʜʘʥʥʳʭ ʦ ʧʣʘʪʝʞʘʭ (ʨʠʩ. 20-23). 

 
ʈʠʩ. 19 ï ʌʦʨʤʘ ñɼʘʥʥʳʝ ʧʣʘʪʝʞʥʦʛʦ ʜʦʢʫʤʝʥʪʘò 

 
ʈʠʩ. 20 ï ʐʘʙʣʦʥ ʇɼ (ʨʘʟʜʝʣ 1) 

 
ʈʠʩ. 21 ï ʐʘʙʣʦʥ ʇɼ (ʨʘʟʜʝʣʳ 3-6) 
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ʈʠʩ. 22 ï ʐʘʙʣʦʥ ʇɼ (ʩʫʜʝʙʥʳʝ ʥʝʫʩʪʦʡʢʠ) 

 
ʈʠʩ. 23 ï ʐʘʙʣʦʥ ʇɼ (ʧʣʘʪʝʞʥʳʝ ʨʝʢʚʠʟʠʪʳ) 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʨʝʘʣʠʟʦʚʘʥ ʠʤʧʦʨʪ ʯʝʪʳʨʝʭ ʦʪʯʝʪʦʚ: 

- ʰʘʙʣʦʥ ʠʤʧʦʨʪʘ ʩʚʝʜʝʥʠʡ ʦ ʄʂɼ, 

- ʰʘʙʣʦʥ ʠʤʧʦʨʪʘ ʩʚʝʜʝʥʠʡ ʦ ʃʉ, 

- ʰʘʙʣʦʥ ʠʤʧʦʨʪʘ ʩʚʝʜʝʥʠʡ ʦʙ ʀʇʋ ʠ ʆʇʋ, 

- ʰʘʙʣʦʥ ʧʣʘʪʝʞʥʦʛʦ ʜʦʢʫʤʝʥʪʘ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʙʣʦʢʦʚ ʧʨʦʛʨʘʤʤʳ, ʚʩʣʝʜʩʪʚʠʝ 

ʢʦʪʦʨʦʛʦ ʥʘʨʫʰʝʥʠʡ ʣʦʛʠʢʠ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ. 

ɺ ʙʫʜʫʱʝʤ ʧʣʘʥʠʨʫʝʪʩʷ: 

- ʨʘʟʨʘʙʦʪʘʪʴ ʙʦʣʝʝ ʧʨʦʜʚʠʥʫʪʳʡ ʧʦʠʩʢ ʠ ʬʠʣʴʪʨʘʮʠʶ ʜʘʥʥʳʭ, 

- ʜʦʙʘʚʠʪʴ ʥʦʚʳʝ ʪʠʧʳ ʦʪʯʝʪʦʚ (ʛʨʘʬʠʢʠ, ʜʠʘʛʨʘʤʤʳ, ʩʚʦʜʥʳʝ 

ʪʘʙʣʠʮʳ), 

- ʫʣʫʯʰʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ. 
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ʋɼʂ 004.4 
ʈɸɿʈɸɹʆʊʂɸ ʉɸʁʊɸ ɼʃʗ ɸɻɽʅʊʉʊɺɸ ʅɽɼɺʀɾʀʄʆʉʊʀ 

ɽ.ɺ. ʅʠʢʠʪʝʥʢʦ, ɺ.ɺ. ʅʠʷʟʦʚ  

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʘʡʪʘ ʜʣʷ ʘʛʝʥʪʩʪʚʘ 

ʥʝʜʚʠʞʠʤʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʥʠʷ ʩʘʡʪʦʚ. 

ɺʝʙ-ʩʘʡʪ ʨʘʟʨʘʙʦʪʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CMS WordPress. ʆʥ ʧʦʟʚʦʣʠʪ ʘʛʝʥʪʩʪʚʫ 

ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʘʥʦʥʩʠʨʦʚʘʪʴ ʘʢʪʫʘʣʴʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʠ 

ʩʦʙʳʪʠʷ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʩ ʢʣʠʝʥʪʘʤʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʪʴ ʠʤʠʜʞ ʦʨʛʘʥʠʟʘʮʠʠ 

ʥʘ ʨʳʥʢʝ ʥʝʜʚʠʞʠʤʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʙ-ʩʘʡʪ, ʘʛʝʥʪʩʪʚʦ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʩʘʡʪʦʚ, 

CMS, WordPress. 
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ɺʚʝʜʝʥʠʝ 

ʀʥʪʝʨʥʝʪ ï ʵʪʦ ʚʘʞʥʝʡʰʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʤʛʥʦʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ. ɺʝʙ-ʩʘʡʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʶʯʝʚʦʡ ʩʧʦʩʦʙ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʛʘʥʠʟʘʮʠʡ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʧʨʝʜʣʘʛʘʷ ʧʣʘʪʬʦʨʤʫ ʜʣʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ ʫʣʫʯʰʝʥʠʷ ʠʤʠʜʞʘ [1]. 

ʅʘʣʠʯʠʝ ʚʝʙ-ʩʘʡʪʘ ʫ ʘʛʝʥʪʩʪʚʘ ʥʝʜʚʠʞʠʤʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʚʦ ʤʥʦʛʦʤ ʫʣʫʯʰʠʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʣʠʝʥʪʘʤʠ, ʫʧʨʦʱʘʷ ʠʤ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʘʭ 

ʥʝʜʚʠʞʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʫʟʥʘʚʘʝʤʦʩʪʴ ʘʛʝʥʪʩʪʚʘ ʥʘ ʨʳʥʢʝ. 

 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʨʘʟʨʘʙʦʪʢʠ 

ʎʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʩʘʡʪʘ ʜʣʷ ʘʛʝʥʪʩʪʚʘ ʥʝʜʚʠʞʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ, ʫʜʦʙʥʦʛʦ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ ʨʝʩʫʨʩʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʫʟʥʘʚʘʪʴ ʦ ʥʦʚʳʭ ʦʙʲʝʢʪʘʭ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʟʘʜʘʚʘʪʴ ʚʦʧʨʦʩʳ ʠ 

ʟʘʧʠʩʳʚʘʪʴʩʷ ʥʘ ʦʩʤʦʪʨʳ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

https://dom.gosuslugi.ru/filestore/publicDownloadServlet?context=contentmanagement&uid=1496a2ed-ae40-4a94-8c41-37a651b8d0fa&mode=view
https://dom.gosuslugi.ru/filestore/publicDownloadServlet?context=contentmanagement&uid=1496a2ed-ae40-4a94-8c41-37a651b8d0fa&mode=view
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- ʠʟʫʯʠʪʴ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʩʘʡʪʦʚ; 

- ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʧʫʣʷʨʥʳʭ CMS ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʩʘʡʪʘ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʩʘʡʪ ʥʘ ʙʘʟʝ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ CMS  

 

ʊʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʩʘʡʪʦʚ 

1. HTML (HyperText Markup Language) 

ʗʟʳʢ ʨʘʟʤʝʪʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚʝʙ-ʩʪʨʘʥʠʮʳ. 

ʆʧʨʝʜʝʣʷʝʪ, ʢʘʢ ʵʣʝʤʝʥʪʳ ʥʘ ʩʪʨʘʥʠʮʝ ʦʨʛʘʥʠʟʦʚʘʥʳ ð ʟʘʛʦʣʦʚʢʠ, 

ʧʘʨʘʛʨʘʬʳ, ʠʟʦʙʨʘʞʝʥʠʷ, ʩʩʳʣʢʠ ʠ ʪ.ʜ. 

2. CSS (Cascading Style Sheets) 

ʗʟʳʢ ʩʪʠʣʝʡ, ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʷʝʪ ʚʥʝʰʥʠʤ ʚʠʜʦʤ ʵʣʝʤʝʥʪʦʚ ʥʘ ʩʪʨʘʥʠʮʝ. 

ʆʬʦʨʤʣʷʝʪ ʵʣʝʤʝʥʪʳ HTML ð ʮʚʝʪ, ʰʨʠʬʪʳ, ʦʪʩʪʫʧʳ, ʤʘʢʝʪʳ. ʇʦʟʚʦʣʷʝʪ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʘʡʪ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʵʢʨʘʥʦʚ. 

3. JavaScript 

ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʜʦʙʘʚʣʷʶʱʠʡ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʚʝʙ-ʩʪʨʘʥʠʮʘʤ. 

ʇʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʘʥʠʤʘʮʠʠ, 

ʚʘʣʠʜʘʮʠʷ ʬʦʨʤ, ʠʟʤʝʥʝʥʠʝ ʢʦʥʪʝʥʪʘ ʙʝʟ ʧʝʨʝʟʘʛʨʫʟʢʠ ʩʪʨʘʥʠʮʳ. 

4. Backend-ʪʝʭʥʦʣʦʛʠʠ (ʩʝʨʚʝʨʥʘʷ ʯʘʩʪʴ) 

ʉʪʦʨʦʥʘ ʨʘʟʨʘʙʦʪʢʠ, ʢʦʪʦʨʘʷ ʫʧʨʘʚʣʷʝʪ ʩʝʨʚʝʨʦʤ, ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʠ 

ʣʦʛʠʢʦʡ ʧʨʠʣʦʞʝʥʠʷ [2]. 

ʗʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: 

- PHP ï ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʡ ʷʟʳʢ ʜʣʷ ʩʝʨʚʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 

(WordPress, Joomla, Drupal); 

- Python ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ Django ʠ Flask, ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʩʣʦʞʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ; 

- Node.js ï JavaScript ʥʘ ʩʪʦʨʦʥʝ ʩʝʨʚʝʨʘ, ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʙʳʩʪʨʳʭ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʧʨʠʣʦʞʝʥʠʡ; 

- Ruby ï ʩ ʬʨʝʡʤʚʦʨʢʦʤ Ruby on Rails, ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ; 

- Java ʠ C# ï ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʨʫʧʥʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʨʝʰʝʥʠʡ. 

ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʉʋɹɼ): 

- MySQL, PostgreSQL ï ʨʝʣʷʮʠʦʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʩʘʡʪʘ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʶʪʩʷ ʥʘʜʝʞʥʳʤʠ ʠ 

ʙʝʟʦʧʘʩʥʳʤʠ. 

- MongoDB ï NoSQL ʙʘʟʘ ʜʘʥʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ 

ʜʘʥʥʳʭ. 

1. Frontend-ʬʨʝʡʤʚʦʨʢʠ 

ɹʠʙʣʠʦʪʝʢʠ ʠ ʬʨʝʡʤʚʦʨʢʠ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʠ ʫʧʨʦʱʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ 

ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ. 

ʇʨʠʤʝʨʳ: 

- React ï ʙʠʙʣʠʦʪʝʢʘ JavaScript, ʧʦʧʫʣʷʨʥʘʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 
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ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ; 

- Vue.js ï ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ  ʠʥʪʝʨʬʝʡʩʦʚ; 

- Angular ï ʤʦʱʥʳʡ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʙʠʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. 

2. ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʥʪʦʤ (CMS) 

ʇʣʘʪʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʧʨʘʚʣʷʪʴ ʢʦʥʪʝʥʪʦʤ ʩʘʡʪʘ ʙʝʟ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʇʨʠʤʝʨʳ: 

- WordPress ï ʩʘʤʘʷ ʧʦʧʫʣʷʨʥʘʷ CMS, ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ ʧʣʘʛʠʥʳ ʠ ʪʝʤʳ; 

- Joomla, Drupal ï ʙʦʣʝʝ ʤʦʱʥʳʝ ʠ ʛʠʙʢʠʝ, ʧʦʜʭʦʜʷʪ ʜʣʷ ʩʣʦʞʥʳʭ 

ʧʨʦʝʢʪʦʚ; 

- Shopify, Magento ï ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʦʚ. 

3. ʌʨʝʡʤʚʦʨʢʠ ʜʣʷ Backend 

ʌʨʝʡʤʚʦʨʢʠ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ, ʚʢʣʶʯʘʶʱʠʝ 

ʛʦʪʦʚʳʝ ʤʦʜʫʣʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʤʘʨʰʨʫʪʠʟʘʮʠʝʡ ʠ ʦʙʨʘʙʦʪʢʦʡ 

ʟʘʧʨʦʩʦʚ. 

ʇʨʠʤʝʨʳ: 

- Laravel (PHP) ï ʩʦʚʨʝʤʝʥʥʳʡ ʬʨʝʡʤʚʦʨʢ ʩ ʤʦʱʥʳʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ; 

- Django (Python) ï ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʩʦʟʜʘʚʘʪʴ ʙʝʟʦʧʘʩʥʳʝ ʠ 

ʥʘʜʝʞʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. 

4. ɸʜʘʧʪʠʚʥʳʡ ʜʠʟʘʡʥ ʠ ʤʝʜʠʘʟʘʧʨʦʩʳ 

ʇʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʘʡʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʩʪʨʘʠʚʘʝʪʩʷ ʧʦʜ ʨʘʟʤʝʨʳ 

ʵʢʨʘʥʘ ʠ ʫʩʪʨʦʡʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʊʝʭʥʦʣʦʛʠʠ: 

- CSS Media Queries ï ʧʦʟʚʦʣʷʶʪ ʟʘʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʪʠʣʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʨʝʰʝʥʠʷ ʵʢʨʘʥʘ; 

- Bootstrap, Foundation ï ʧʦʧʫʣʷʨʥʳʝ CSS-ʬʨʝʡʤʚʦʨʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʘʜʘʧʪʠʚʥʦʛʦ ʜʠʟʘʡʥʘ. 

-  

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ CMS 

ʇʨʠʚʝʜʝʤ ʢʨʘʪʢʦʝ ʩʨʘʚʥʝʥʠʝ ʧʦʧʫʣʷʨʥʳʭ CMS ʩ ʮʝʣʴʶ ʚʳʷʚʠʪʴ ʠʭ 

ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ [3]: 

WordPress 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʩʘʤʘʷ ʧʦʧʫʣʷʨʥʘʷ CMS ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʤ ʠ 

ʧʣʘʛʠʥʦʚ, ʣʝʛʢʦ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʠ ʧʦʜʭʦʜʠʪ ʜʣʷ ʣʶʙʳʭ ʩʘʡʪʦʚ [4]; ʠʤʝʝʪ 

ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ. 

ʅʝʜʦʩʪʘʪʢʠ: ʧʣʘʛʠʥʳ ʤʦʛʫʪ ʟʘʤʝʜʣʷʪʴ ʩʘʡʪ; ʪʨʝʙʫʶʪ ʨʝʛʫʣʷʨʥʦʛʦ 

ʦʙʥʦʚʣʝʥʠʷ ʠ ʥʘʩʪʨʦʡʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

Joomla 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʙʦʣʝʝ ʤʦʱʥʘʷ ʠ ʛʠʙʢʘʷ ʚ ʧʣʘʥʝ ʥʘʩʪʨʦʡʢʠ, ʯʝʤ WordPress; 

ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʨʪʘʣʦʚ ʠ ʩʘʡʪʦʚ ʩʦ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 
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ʅʝʜʦʩʪʘʪʢʠ: ʤʝʥʝʝ ʜʨʫʞʝʣʶʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʥʦʚʠʯʢʦʚ; ʤʝʥʴʰʠʡ 

ʚʳʙʦʨ ʧʣʘʛʠʥʦʚ ʠ ʪʝʤ. 

Drupal 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʦʯʝʥʴ ʤʦʱʥʘʷ ʠ ʛʠʙʢʘʷ ʧʣʘʪʬʦʨʤʘ; ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʣʦʞʥʳʭ 

ʧʨʦʝʢʪʦʚ ʩ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʅʝʜʦʩʪʘʪʢʠ: ʢʨʫʪʘʷ ʢʨʠʚʘʷ ʦʙʫʯʝʥʠʷ; ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ ʪʝʭʥʠʯʝʩʢʠʭ 

ʟʥʘʥʠʡ ʜʣʷ ʥʘʩʪʨʦʡʢʠ. 

Magento 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ CMS ʜʣʷ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʦʚ; ʠʤʝʝʪ 

ʤʦʱʥʳʡ ʙʘʟʦʚʳʡ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʩʰʪʘʙʥʳʭ eCommerce-ʧʨʦʝʢʪʦʚ ʩ 

ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 

ʅʝʜʦʩʪʘʪʢʠ: ʪ̫ ʞʝʣʘʷ ʜʣʷ ʦʩʚʦʝʥʠʷ; ʨʝʩʫʨʩʦʝʤʢʘʷ ʠ ʪʨʝʙʫʝʪ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ. 

 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʘʡʪʘ 

ʇʨʦʩʪʦʪʘ ʥʘʚʠʛʘʮʠʠ 

ʋʜʦʙʥʦʝ ʠ ʠʥʪʫʠʪʠʚʥʦʝ ʤʝʥʶ, ʩ ʢʘʪʝʛʦʨʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ çʂʚʘʨʪʠʨʳè, 

çʂʦʤʤʝʨʯʝʩʢʘʷ ʥʝʜʚʠʞʠʤʦʩʪʴè, çɼʦʤʘè, çɿʝʤʝʣʴʥʳʝ ʫʯʘʩʪʢʠè. ɹʳʩʪʨʳʡ 

ʜʦʩʪʫʧ ʢ ʧʦʧʫʣʷʨʥʳʤ ʨʘʟʜʝʣʘʤ: ʧʦʢʫʧʢʘ, ʘʨʝʥʜʘ, ʥʦʚʦʩʪʨʦʡʢʠ ʠ ʪ. ʜ. ʅʘʚʠʛʘʮʠʷ 

ʜʦʣʞʥʘ ʙʳʪʴ ʫʜʦʙʥʘ ʠ ʥʘ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʪʘʢ ʢʘʢ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʟʘʭʦʜʠʪ ʥʘ ʩʘʡʪ ʩʦ ʩʤʘʨʪʬʦʥʦʚ. 

ʈʘʟʜʝʣʝʥʠʝ ʦʙʲʝʢʪʦʚ ʧʦ ʢʘʪʝʛʦʨʠʷʤ 

ʅʝʜʚʠʞʠʤʦʩʪʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʟʙʠʚʘʝʪʩʷ ʧʦ ʪʠʧʘʤ, ʩʪʦʠʤʦʩʪʠ, 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ, ʢʦʣʠʯʝʩʪʚʫ ʢʦʤʥʘʪ, ʧʣʦʱʘʜʠ ʠ ʜʨʫʛʠʤ 

ʢʣʶʯʝʚʳʤ ʧʘʨʘʤʝʪʨʘʤ. ʏʘʩʪʦ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʢʘʪʝʛʦʨʠʠ ʜʣʷ ʥʦʚʦʩʪʨʦʝʢ, 

ʚʪʦʨʠʯʥʦʛʦ ʞʠʣʴʷ, ʦʙʲʝʢʪʦʚ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʟʝʤʝʣʴʥʳʭ 

ʫʯʘʩʪʢʦʚ. 

ʉʠʩʪʝʤʘ ʬʠʣʴʪʨʦʚ ʠ ʧʦʠʩʢ 

ʈʘʟʚʠʪʘʷ ʩʠʩʪʝʤʘ ʬʠʣʴʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʣʝʛʢʦ ʥʘʭʦʜʠʪʴ 

ʦʙʲʝʢʪʳ ʧʦ ʥʫʞʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ (ʪʠʧ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʮʝʥʘ, 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʵʪʘʞ, ʥʘʣʠʯʠʝ ʧʘʨʢʦʚʢʠ ʠ ʜʨ.). ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʨʪʠʨʦʚʢʠ ʧʦ 

ʮʝʥʝ, ʜʘʪʝ ʜʦʙʘʚʣʝʥʠʷ ʠ ʜʨʫʛʠʤ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʇʦʣʥʦʪʝʢʩʪʦʚʳʡ ʧʦʠʩʢ 

ʜʣʷ ʚʚʦʜʘ ʢʦʥʢʨʝʪʥʳʭ ʘʜʨʝʩʦʚ ʠʣʠ ʢʣʶʯʝʚʳʭ ʩʣʦʚ. 

ʂʘʨʪʦʯʢʠ ʦʙʲʝʢʪʦʚ. 

ʂʘʞʜʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʥʝʜʚʠʞʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʢʘʨʪʦʯʢʠ ʩ 

ʢʨʘʪʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ. ʂʘʨʪʦʯʢʘ ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʳʝ ʜʘʥʥʳʝ: 

ʪʠʧ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʘʜʨʝʩ, ʧʣʦʱʘʜʴ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʥʘʪ, ʩʪʦʠʤʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʢʥʦʧʢʫ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʧʦʜʨʦʙʥʦʩʪʝʡ. 

ʇʦʜʨʦʙʥʘʷ ʩʪʨʘʥʠʮʘ ʦʙʲʝʢʪʘ 

ʉʪʨʘʥʠʮʘ ʦʙʲʝʢʪʘ ʥʝʜʚʠʞʠʤʦʩʪʠ ʩ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ: ʦʧʠʩʘʥʠʝ, ʮʝʥʘ, 

ʬʦʪʦʛʨʘʬʠʠ, ʧʣʘʥʳ ʵʪʘʞʝʡ, ʫʜʦʙʩʪʚʘ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʨʷʜʦʤ, ʢʦʥʪʘʢʪʳ ʘʛʝʥʪʘ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʦʪʧʨʘʚʠʪʴ ʟʘʧʨʦʩ ʯʝʨʝʟ ʬʦʨʤʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠʣʠ 

ʧʦʟʚʦʥʠʪʴ ʧʦ ʫʢʘʟʘʥʥʦʤʫ ʥʦʤʝʨʫ. ʀʥʦʛʜʘ ʜʦʙʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʯʠʪʘʪʴ 

ʠʧʦʪʝʢʫ ʩ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʦʛʦ ʢʘʣʴʢʫʣʷʪʦʨʘ. 
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ʆʪʟʳʚʳ ʠ ʨʝʡʪʠʥʛʠ 

ʈʘʟʜʝʣ ʩ ʦʪʟʳʚʘʤʠ ʢʣʠʝʥʪʦʚ ʦ ʢʦʤʧʘʥʠʠ ʠ ʨʘʙʦʪʝ ʘʛʝʥʪʦʚ.  

SEO-ʦʧʪʠʤʠʟʘʮʠʷ ʠ ʙʣʦʛʠ 

ʂʦʥʪʘʢʪʥʳʝ ʬʦʨʤʳ, ʢʥʦʧʢʘ ʟʘʢʘʟʘ ʦʙʨʘʪʥʦʛʦ ʟʚʦʥʢʘ ʠ ʢʦʥʪʘʢʪʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʜʝʣʘʶʪ ʩʘʡʪ ʙʦʣʝʝ ʫʜʦʙʥʳʤ ʜʣʷ ʩʚʷʟʠ ʩ ʘʛʝʥʪʩʪʚʦʤ. 

ɼʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʤʦʛʘʶʪ ʩʜʝʣʘʪʴ ʩʘʡʪ ʘʛʝʥʪʩʪʚʘ ʥʝʜʚʠʞʠʤʦʩʪʠ 

ʧʦʣʝʟʥʳʤ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠ ʫʜʦʙʥʳʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

 

ʆʙʟʦʨ ʥʝʢʦʪʦʨʳʭ ʩʘʡʪʦʚ ʘʛʝʥʪʩʪʚ ʥʝʜʚʠʞʠʤʦʩʪʠ 

ʈʘʩʩʤʦʪʨʠʤ, ʥʘʧʨʠʤʝʨ, ʩʘʡʪ ʘʛʝʥʪʩʪʚʘ ʥʝʜʚʠʞʠʤʦʩʪʠ "ʆʯʘʛ" (ʨʠʩ.1). ʉʘʡʪ 

ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʠʤ ʬʫʥʢʮʠʦʥʘʣʦʤ, ʥʦ ʠʤʝʝʪ ʫʩʪʘʨʝʚʰʠʡ ʜʠʟʘʡʥ. ɽʩʪʴ ʚʩʝ 

ʥʫʞʥʦʝ ʜʣʷ ʚʳʙʦʨʘ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʥʦ ʠʥʪʝʨʬʝʡʩ ʥʝ ʨʘʩʧʦʣʘʛʘʝʪ ʢ ʩʝʙʝ ʢʣʠʝʥʪʘ. 

 

ʈʠʩ. 1 ï ʉʘʡʪ ʘʛʝʥʪʩʪʚʘ "ʆʯʘʛ" 

ɹʦʣʝʝ ʢʨʘʩʠʚʳʡ ʚʠʟʫʘʣʴʥʦ, ʥʦ ʤʘʣʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʘʡʪ-ʚʠʟʠʪʢʘ ʝʩʪʴ ʫ 

ʘʛʝʥʪʩʪʚʘ ñʊʝʨʝʤò (ʨʠʩ. 2). 
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ʈʠʩ. 2 ï ʉʘʡʪ ʘʛʝʥʪʩʪʚʘ "ʊʝʨʝʤ" 

 

ɸʨʭʠʪʝʢʪʫʨʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʘʡʪʘ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʘʡʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʣʘʪʬʦʨʤʘ WordPress. ɼʣʷ ʭʨʘʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʘʭ ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷʭ ʚʳʙʨʘʥʘ ʉʋɹɼ 

MySQL. ɹʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʣʘʛʠʥ Contact Form 7 ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʦʨʤʳ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ ʠ Elementor ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩʪʨʘʥʠʮ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʛʣʘʚʥʫʶ ʩʪʨʘʥʠʮʫ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʘʡʪʘ ʜʣʷ ʘʛʝʥʪʩʪʚʘ 

ʥʝʜʚʠʞʠʤʦʩʪʠ "ʂʦʤʬʦʨʪ". ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʩʦʜʝʨʞʠʪ ʢʨʘʪʢʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʦʙ ʘʛʝʥʪʩʪʚʝ ʠ ʩʧʠʩʦʢ ʘʢʪʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ (ʨʠʩ. 3). 

 

ʈʠʩ. 3 ï ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʩʘʡʪʘ 

ɺʝʙ-ʩʘʡʪ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʜʝʣʦʚ, ʪʘʢʠʭ ʢʘʢ: "ʂʘʪʘʣʦʛ" (ʨʠʩ. 4), 

"ʋʩʣʫʛʠ" (ʨʠʩ.5), "ʀʧʦʪʝʢʘ" (ʨʠʩ. 6). ʆʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʠʩʢʘʪʴ ʠ ʬʠʣʴʪʨʦʚʘʪʴ ʧʦ ʪʠʧʫ, ʮʝʥʝ ʠ 

ʨʘʟʤʝʨʫ. ʉʘʡʪ ʨʘʟʨʘʙʦʪʘʥ ʩ ʘʜʘʧʪʠʚʥʦʡ ʚʸʨʩʪʢʦʡ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ 

ʥʘ ʣʶʙʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. 
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ʈʠʩ. 4 ï ʉʪʨʘʥʠʮʘ "ʂʘʪʘʣʦʛ" 

ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠʩʢʘʪʴ ʦʙʲʝʢʪʳ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʬʠʣʴʪʨʘʤ, ʪʘʢʠʤ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʥʘʪ, ʪʠʧ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʮʝʥʘ ʠ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ. 

 

ʈʠʩ. 5 ï ʉʪʨʘʥʠʮʘ "ʋʩʣʫʛʠ" 

ʈʘʟʜʝʣ "ʋʩʣʫʛʠ" ʩʦʜʝʨʞʠʪ ʘʢʪʫʘʣʴʥʳʝ ʫʩʣʫʛʠ, ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴ 

ʘʛʝʥʪʩʪʚʦ. 
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ʈʠʩ. 6 ï ʉʪʨʘʥʠʮʘ "ʀʧʦʪʝʢʘ" 

ʅʘ ʜʘʥʥʦʡ ʩʪʨʘʥʠʮʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʧʦʪʝʯʥʳʡ ʢʘʣʴʢʫʣʷʪʦʨ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʝʞʝʤʝʩʷʯʥʳʡ ʧʣʘʪʸʞ ʧʦ ʠʧʦʪʝʢʝ, ʘ ʪʘʢʞʝ ʢʥʦʧʢʠ ʜʣʷ 

ʚʳʜʘʯʠ ʬʦʨʤʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʢʘ ʩʘʡʪʘ ʜʣʷ ʘʛʝʥʪʩʪʚʘ ʥʝʜʚʠʞʠʤʦʩʪʠ ʥʘ ʙʘʟʝ CMS WordPress 

ʧʦʟʚʦʣʠʣʘ ʩʦʟʜʘʪʴ ʫʜʦʙʥʳʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʨʝʩʫʨʩ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ 

ʢʣʠʝʥʪʦʚ. ʉʘʡʪ ʧʦʟʚʦʣʷʝʪ ʘʛʝʥʪʩʪʚʫ ʦʧʝʨʘʪʠʚʥʦ ʦʙʥʦʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʦʙʲʝʢʪʘʭ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʩ ʢʣʠʝʥʪʘʤʠ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʘʢʪʫʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʦʙ ʦʙʲʝʢʪʘʭ ʥʝʜʚʠʞʠʤʦʩʪʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ: ʩʦʟʜʘʥʠʝ 

ʦʪʜʝʣʴʥʦʡ ʩʪʨʘʥʠʮʳ ʜʣʷ ʫʜʦʙʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʦʙʲʷʚʣʝʥʠʡ ʜʣʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ, 

ʧʨʠʚʷʟʢʘ ʘʜʨʝʩʦʚ ʚ ʦʙʲʷʚʣʝʥʠʷʭ ʢ ʢʘʨʪʝ, ʜʦʙʘʚʣʝʥʠʝ ʬʠʣʴʪʨʘ ʦʙʲʷʚʣʝʥʠʡ ʧʦ 

ʚʳʙʨʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ.   
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ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʠ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʆɻʕ ʠ ɽɻʕ, ʠʤʧʦʨʪʘ ʩʦʜʝʨʞʠʤʦʛʦ ʬʘʡʣʦʚ Excel ʚ ʙʘʟʫ ʜʘʥʥʳʭ. ʈʘʟʨʘʙʦʪʢʘ 

ʦʧʠʨʘʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʪʬʦʨʤʳ .NET 8, ʷʟʳʢʘ C#.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʆɻʕ ʠ ɽɻʕ, ʙʘʟʘ ʜʘʥʥʳʭ, .NET 8, C#. 
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Annotation. This article discusses the development of an automated system for recording and 

processing OGE and USE results, importing the contents of Excel files into a database. The development 

relies on the use of the .NET 8 platform, the C # language. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʟʫʣʴʪʘʪʳ ʩʜʘʯʠ ʰʢʦʣʴʥʠʢʘʤʠ ʆɻʕ ʠ ɽɻʕ ʭʨʘʥʷʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʬʘʡʣʘʭ Excel, ʨʘʟʜʝʣʝʥʥʳʭ ʧʦ ʧʨʝʜʤʝʪʘʤ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʘʥʘʣʠʟ 

ʜʘʥʥʳʭ ʠ ʧʦʣʫʯʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʦʪʯʝʪʦʚ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʠʪ 

ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʠʟ ʬʘʡʣʦʚ Excel ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʜʣʷ ʠʭ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʬʠʣʴʪʨʘʮʠʠ ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ. 

ʅʘʣʠʯʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪ ʚʨʝʤʷ ʠ ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ 

ʨʫʪʠʥʥʳʭ ʦʰʠʙʦʢ ʧʨʠ ʨʘʙʦʪʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʆɻʕ ʠ ɽɻʕ.  

 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʳ 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʘ ʚʳʙʨʘʥʘ Visual Studio 2022 ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʘʢʝʪʦʤ ʷʟʳʢʘ C# [1,3], ʛʨʘʬʠʯʝʩʢʦʡ ʧʦʜʩʠʩʪʝʤʦʡ WPF  ʠ 

ʧʣʘʪʬʦʨʤʦʡ .NET 8. ɺʳʙʦʨ ʚ ʧʦʣʴʟʫ ʷʟʳʢʘ C# ʩʚʷʟʘʥ ʩ ʝʛʦ ʜʦʩʪʦʠʥʩʪʚʘʤʠ, ʘ 

ʠʤʝʥʥʦ: ʧʦʥʷʪʥʳʤ ʩʠʥʪʘʢʩʠʩʦʤ, ʩʪʨʦʛʦʡ ʪʠʧʠʟʘʮʠʝʡ, ʜʦʚʦʣʴʥʦ ʦʙʰʠʨʥʦʡ 

ʩʪʘʥʜʘʨʪʥʦʡ ʙʠʙʣʠʦʪʝʢʦʡ ʢʣʘʩʩʦʚ. ɼʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʚʩʪʨʘʠʚʘʝʤʘʷ ʉʋɹɼ SQLite 3 [2].  
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ʈʠʩ. 1 - ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɹɼ 

 

ʊʝʢʫʱʠʡ ʬʫʥʢʮʠʦʥʘʣ 
ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʣʘʚʥʘʷ ʬʦʨʤʘ ʧʨʦʛʨʘʤʤʳ, ʩʦʜʝʨʞʘʱʘʷ ʜʚʝ 

ʚʢʣʘʜʢʠ, ʥʘ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʆɻʕ ʠʣʠ ɽɻʕ, 

ʭʨʘʥʷʱʠʝʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ.  

ʏʪʦʙʳ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʠʟ ʬʘʡʣʦʚ Excel ʚ ʙʘʟʫ ʜʘʥʥʳʭ, ʥʫʞʥʦ 

ʥʘʞʘʪʴ ʢʥʦʧʢʫ çʀʤʧʦʨʪ ʜʘʥʥʳʭè ʠ ʚʳʙʨʘʪʴ ʚ ʦʪʢʨʳʚʰʠʤʩʷ ʦʢʥʝ ʪʨʝʙʫʝʤʳʝ 

ʬʘʡʣʳ ʠʣʠ ʧʘʧʢʫ ʩ ʥʠʤʠ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʯʥʝʪʩʷ ʧʨʦʮʝʩʩ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ.  

 

ʈʠʩ. 2 - ɻʣʘʚʥʘʷ ʬʦʨʤʘ 
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ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ çʇʦʢʘʟʘʪʴ ʚʩʝʭ ʥʝ ʩʜʘʚʰʠʭè, ʥʘ ʚʢʣʘʜʢʝ 

çʈʝʟʫʣʴʪʘʪʳ ʆɻʕè ʙʫʜʫʪ ʚʳʚʝʜʝʥʳ ʚʩʝ ʟʘʧʠʩʠ ʩ ʦʮʝʥʢʦʡ ʨʘʚʥʦʡ ʜʚʦʡʢʝ 

(ʨʠʩʫʥʦʢ 3), ʘ ʥʘ ʚʢʣʘʜʢʝ çʈʝʟʫʣʴʪʘʪʳ ɽɻʕè ʙʫʜʫʪ ʚʳʚʝʜʝʥʳ ʟʘʧʠʩʠ, ʛʜʝ 

ʧʦʣʫʯʝʥʥʳʡ ʙʘʣʣ ʤʝʥʴʰʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʨʝʜʤʝʪʫ 

(ʨʠʩʫʥʦʢ 4). 

 
ʈʠʩ. 3 ï ʉʧʠʩʦʢ ʥʝ ʩʜʘʚʰʠʭ ʆɻʕ 

 
ʈʠʩ. 4 ï ʉʧʠʩʦʢ ʥʝ ʩʜʘʚʰʠʭ ɽɻʕ 

ʇʨʠ ʚʳʙʦʨʝ ʧʫʥʢʪʘ çʋʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠè ʚ ʚʝʨʭʥʝʤ ʤʝʥʶ, ʙʫʜʝʪ 

ʚʳʚʝʜʝʥʦ ʦʢʥʦ, ʚ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʨʝʜʘʢʪʠʨʦʚʘʪʴ: ʢʦʜ ʠ ʥʘʟʚʘʥʠʝ ʧʨʝʜʤʝʪʘ, ʘ 

ʪʘʢʞʝ ʤʠʥʠʤʘʣʴʥʳʝ ʙʘʣʣʳ ʧʦ ʜʘʥʥʦʤʫ ʧʨʝʜʤʝʪʫ (ʨʠʩʫʥʦʢ 5). 

 
ʈʠʩ. 5 ï ʌʦʨʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ 
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ʇʨʠ ʚʳʙʦʨʝ ʢʨʠʪʝʨʠʝʚ ʚ ʚʳʧʘʜʘʶʱʠʭ ʩʧʠʩʢʘʭ: çʇʨʝʜʤʝʪè, çɼʘʪʘ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʟʘʤʝʥʘè, çʐʢʦʣʘè ʠ çʂʣʘʩʩè (ʚ ʣʶʙʦʤ ʩʦʯʝʪʘʥʠʠ ʠ ʧʦʨʷʜʢʝ) 

ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʝʥʘ ʬʠʣʴʪʨʘʮʠʷ ʜʘʥʥʳʭ ʥʘ ʵʢʨʘʥʝ (ʨʠʩʫʥʦʢ 6). 

 
ʈʠʩ. 6 - ʌʠʣʴʪʨʘʮʠʷ ʜʘʥʥʳʭ 

 

ʇʨʠ ʚʚʦʜʝ ʪʝʢʩʪʘ ʚ ʧʦʣʝ çʇʦʠʩʢè, ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʸʥ ʧʦʠʩʢ ʫʯʝʥʠʢʦʚ, ʌʀʆ 

ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʚʚʝʜʸʥʥʳʡ ʪʝʢʩʪ (ʝʩʣʠ ʨʘʥʝʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʬʠʣʴʪʨʳ, ʪʦ 

ʧʦʠʩʢ ʫʯʪʸʪ ʠʭ) (ʨʠʩʫʥʦʢ 7). 

 
ʈʠʩ. 7 ï ʌʠʣʴʪʨʘʮʠʷ ʜʘʥʥʳʭ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʫʯʝʪʘ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʆɻʕ ʠ ɽɻʕ, ʧʦʟʚʦʣʷʶʱʘʷ ʠʤʧʦʨʪʠʨʦʚʘʪʴ 

ʜʘʥʥʳʝ ʠʟ ʬʘʡʣʦʚ Excel.  ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʜʘʯʠ ʆɻʕ ʠ ɽɻʕ, ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʠ ʠʟʙʝʞʘʪʴ ʦʰʠʙʦʢ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ: 

- ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ; 

- ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʙʦʣʝʝ ʙʳʩʪʨʦʡ ʨʘʙʦʪʳ; 

- ʩʜʝʣʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʦʨʤʳ ʠ ʬʫʥʢʮʠʠ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ 
ʧʦʩʪʨʦʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ. 
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ʋɼʂ 004.432 

ɸʅɸʃʀɿ ɻʈɸʌʀʏɽʉʂʀʍ ɹʀɹʃʀʆʊɽʂ ɼʃʗ ʗɿʓʂɸ 

ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ C# 

ʃ.ɸ. ʇʦʧʦʚʘ, ʆ.ʅ. ʂʘʨʠʭ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ: ɺʳʙʦʨ ʧʨʘʚʠʣʴʥʦʛʦ ʠ ʫʜʦʙʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʫʜʫʱʝʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʢʨʘʡʥʝ ʚʘʞʥʳʡ, ʪʘʢ ʢʘʢ ʦʪ ʥʝʛʦ ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ ʠ 

ʬʫʥʢʮʠʦʥʘʣ ʧʨʠʣʦʞʝʥʠʷ. ɺʝʜʴ ʦʰʠʙʢʘ ʤʦʞʝʪ ʚʳʥʫʜʠʪʴ ʚʩʸ ʩʪʝʨʝʪʴ ʠ ʥʘʯʘʪʴ ʨʘʙʦʪʫ ʟʘʥʦʚʦ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʧʫʣʷʨʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʥʘʩʪʦʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#, ʘ ʪʘʢʞʝ ʩʦʩʪʘʚʣʝʥ 

ʠʭ ʨʝʡʪʠʥʛ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʘʬʠʯʝʩʢʠʝ ʙʠʙʣʠʦʪʝʢʠ, C#, ʨʘʟʨʘʙʦʪʢʘ, ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ, 

ʨʝʡʪʠʥʛ. 
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ɺʚʝʜʝʥʠʝ 

ʃʶʙʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʧʨʦʝʢʪʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ), ʥʝʦʙʭʦʜʠʤʦ ʥʘʯʠʥʘʪʴ ʩʚʦʶ ʨʘʙʦʪʫ ʩ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ. ɽʩʣʠ ʚ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʦʢʘʞʝʪʩʷ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʥʝ ʠʤʝʝʪ ʚ ʩʝʙʝ ʞʠʟʥʝʥʥʦ ʚʘʞʥʦʡ ʬʫʥʢʮʠʠ, ʪʦ ʧʨʠʜʸʪʩʷ ʣʠʙʦ 

ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʪʴ ʧʣʘʥ ʧʨʦʝʢʪʘ, ʣʠʙʦ ʥʘʯʠʥʘʪʴ ʨʘʙʦʪʫ ʟʘʥʦʚʦ.  

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʨʳʥʦʢ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʥʝʢʦʤʤʝʨʯʝʩʢʠʭ ʛʨʘʬʠʯʝʩʢʠʭ 

ʙʠʙʣʠʦʪʝʢ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʚʳʙʦʨ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʇʆ. ʅʦ ʧʨʠ 

ʦʙʠʣʠʠ ʨʘʟʣʠʯʥʳʭ ʙʠʙʣʠʦʪʝʢ, ʢʦʪʦʨʳʝ, ʧʦ ʩʚʦʝʡ ʩʫʪʠ, ʜʝʣʘʶʪ ʦʜʥʦ ʠ ʪʦ ʞʝ, 

ʥʘʯʠʥʘʶʱʠʤ ʧʨʦʛʨʘʤʤʠʩʪʘʤ ʙʳʚʘʝʪ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ ʨʝʰʠʪʴ, ʯʪʦ ʣʫʯʰʝ 

ʚʳʙʨʘʪʴ: ʚʟʷʪʴ ʧʝʨʚʫʶ ʧʦʧʘʚʰʫʶʩʷ ʙʠʙʣʠʦʪʝʢʫ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦ, ʯʪʦ ʩʦʚʝʪʫʶʪ 

ʚ ʠʥʪʝʨʥʝʪʝ, ʧʨʠʩʣʫʰʘʪʴʩʷ ʢ ʤʥʝʥʠʶ ʢʦʣʣʝʛʠ ʩ ʨʘʙʦʪʳ ʠʣʠ ʚʩʝ ʧʨʦʝʢʪʳ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʩ ʢʦʪʦʨʳʤʠ ʫʞʝ 

ʭʦʨʦʰʦ ʟʥʘʢʦʤʳ. 

ʃʶʙʦʡ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʧʨʦʙʣʝʤʘʤ ʚ ʩʠʣʫ ʩʚʦʝʡ ʥʝʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʥʝʦʙʲʝʢʪʠʚʥʦʩʪʠ. 

ɺʦʟʤʦʞʥʦ, ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʫʞʝ ʩʫʱʝʩʪʚʫʝʪ, ʥʦ ʥʘ ʥʝʛʦ ʧʨʦʩʪʦ ʥʝ 

ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʷ, ʘ ʤʦʞʝʪ, ʚʳʙʦʨ ʜʦʣʞʝʥ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʪʱʘʪʝʣʴʥʦʤ 

ʘʥʘʣʠʟʝ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʢʨʠʪʝʨʠʝʚ. 
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ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ, 

ʨʘʙʦʪʘʶʱʠʭ ʧʦʜ ʆʉ Windows, ʥʦ ʚʩʣʝʜʩʪʚʠʝ ʫʜʘʯʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʥʘʧʠʩʘʥʠʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʩʪʘʣ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʠ ʜʣʷ 

ʜʨʫʛʠʭ ʧʣʘʪʬʦʨʤ. ʇʨʠ ʧʦʠʩʢʝ ʚ ʠʥʪʝʨʥʝʪʝ ʦʧʠʩʘʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʙʠʙʣʠʦʪʝʢ 

ʜʣʷ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʚʘʨʠʘʥʪʳ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʙʠʙʣʠʦʪʝʢʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʪʦʣʴʢʦ ʥʘ 

ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ Windows (Windows Forms, WPF, UWP, WinUI), ʠ 

ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʝ (Avalonia UI, GTK#, Uno Platform). ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ 

ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʦʧʨʝʜʝʣʠʤ ʦʙʣʘʩʪʴ ʝʸ ʦʩʥʦʚʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʠ ʧʦʧʳʪʘʝʤʩʷ ʥʘʡʪʠ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʙʠʙʣʠʦʪʝʢʫ.  

 

ʆʧʠʩʘʥʠʝ ʛʨʘʬʠʯʝʩʢʠʭ ʙʠʙʣʠʦʪʝʢ 

Windows Forms (WinForms) ï ʵʪʦ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʡ Windows ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ [1]. ɹʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʘʥʠʝʡ Mircosoft ʚ 2002 ʛʦʜʫ ʢʘʢ ʯʘʩʪʴ .NET Framework, 

ʷʚʣʷʝʪʩʷ ʦʙʝʨʪʢʦʡ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ Windows API. ɺ 2014 ʛʦʜʫ Mircosoft 

ʟʘʷʚʠʣʘ ʦ ʧʨʝʢʨʘʱʝʥʠʠ ʨʘʟʚʠʪʠʷ WinForms ʠ ʧʝʨʝʭʦʜʝ ʚ ʨʝʞʠʤ ʝʸ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. ʆʜʥʘʢʦ, ʙʣʘʛʦʜʘʨʷ ʚʠʟʫʘʣʴʥʦʤʫ ʢʦʥʩʪʨʫʢʪʦʨʫ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʛʦ Visual Studio, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʩʦʟʜʘʚʘʪʴ 

ʥʘʩʪʦʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʳʧʦʣʥʷʝʪʩʷ ʝʸ ʠʥʪʝʛʨʘʮʠʷ ʩ 

ʥʦʚʳʤʠ ʚʝʨʩʠʷʤʠ .NET [2]. Windows Forms ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʫʜʝʥʪʦʚ. ʄʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʙʦʪʫ ʚ ʆʉ Windows, ʢʘʢ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤ, ʪʘʢ ʠ ʩʦ ʩʣʦʞʥʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ. 

Windows Presentation Foundation (WPF) ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ .NET, ʠʩʧʦʣʴʟʫʝʪ 

ʚʝʢʪʦʨʥʳʡ ʤʝʭʘʥʠʟʤ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʧʨʠʣʦʞʝʥʠʷ WPF ʦʩʥʦʚʘʥʳ ʥʘ DirectX. 

ʇʣʘʪʬʦʨʤʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʘʥʠʝʡ Mircosoft ʚ 2006 ʛʦʜʫ ʥʘ ʟʘʤʝʥʫ 

Windows Forms. WPF ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʦʤʧʣʝʢʩʥʳʡ ʥʘʙʦʨ ʬʫʥʢʮʠʡ ʨʘʟʨʘʙʦʪʢʠ 

ʇʆ: ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʢʣʘʨʘʪʠʚʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʩ 

ʧʦʤʦʱʴʶ ʷʟʳʢʘ XAML, ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ WinForms, ʧʨʠʚʷʟʢʘ ʢ ʜʘʥʥʳʤ, 

ʤʘʢʝʪ, ʜʚʫʤʝʨʥʘʷ ʠ ʪʨʝʭʤʝʨʥʘʷ ʛʨʘʬʠʢʘ, ʘʥʠʤʘʮʠʠ, ʩʪʠʣʠ, ʰʘʙʣʦʥʳ, 

ʜʦʢʫʤʝʥʪʳ, ʤʫʣʴʪʠʤʝʜʠʘ, ʪʝʢʩʪ ʠ ʪʠʧʦʛʨʘʬʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ [3]. ɹʣʘʛʦʜʘʨʷ 

ʩʚʦʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʩ ʢʨʘʩʠʚʳʤ 

ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ, WPF ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʇʆ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ Windows. 

Universal Windows Platform (UWP) ï ʙʠʙʣʠʦʪʝʢʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʦʙʱʫʶ ʧʣʘʪʬʦʨʤʫ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʣʶʙʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʨʘʙʦʪʘʶʱʝʤ ʧʦʜ 

ʫʧʨʘʚʣʝʥʠʝʤ Windows. ʉʪʘʣʘ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩ 2016 ʛʦʜʘ. ʂ ʝʸ ʧʨʝʠʤʫʱʝʩʪʚʘʤ 

ʦʪʥʦʩʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ (ʨʝʘʛʠʨʫʶʪ ʥʘ 

ʨʘʟʤʝʨ ʠ ʧʣʦʪʥʦʩʪʴ ʪʦʯʝʢ ʵʢʨʘʥʘ, ʥʘ ʢʦʪʦʨʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠʣʦʞʝʥʠʝ, ʠ 

ʚʳʙʠʨʘʶʪ ʧʦʜʭʦʜʷʱʠʡ ʤʘʩʰʪʘʙ ʠ ʤʘʢʝʪ) ʠ ʨʘʙʦʪʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʪʠʧʘʤʠ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʢʣʘʚʠʘʪʫʨʘ, ʤʳʰʴ, ʩʝʥʩʦʨʥʳʡ ʚʚʦʜ, ʧʝʨʦ ʠ ʠʛʨʦʚʳʝ 
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ʢʦʥʪʨʦʣʣʝʨʳ [4]. ʆʜʥʘʢʦ ʵʪʘ ʙʠʙʣʠʦʪʝʢʘ ʠʤʝʣʘ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʥʝ 

ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʝʸ ʫʥʠʚʝʨʩʘʣʴʥʦʡ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʟʨʘʙʦʪʢʫ 

ʥʘʩʪʦʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʪʦ ʬʫʥʢʮʠʦʥʘʣ UWP ʘʥʘʣʦʛʠʯʝʥ ʬʫʥʢʮʠʦʥʘʣʫ WPF. 

WinUI 3 ï ʵʪʦ ʥʦʚʝʡʰʘʷ ʧʣʘʪʬʦʨʤʘ (Preview 1 ʚʳʰʣʘ ʚ 2020 ʛʦʜʫ) 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ 

Windows ʚʝʨʩʠʡ 10 ʠ 11 (ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ UWP). ʕʪʦ ʯʘʩʪʴ 

ʧʘʢʝʪʘ Microsoft Windows App SDK. ʀʩʧʦʣʴʟʫʝʪ ʰʘʙʣʦʥ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

Model-View-ViewModel (MVVM). ʊʘʢʞʝ ʢʘʢ UWP, ʦʥʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʥʝ ʪʦʣʴʢʦ ʥʘʩʪʦʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʥʦ ʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʜʨʫʛʠʭ ʪʠʧʦʚ 

ʫʩʪʨʦʡʩʪʚ, ʫʧʨʘʚʣʷʝʤʳʭ Windows [5]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʸʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

MAUI (Multi -platform App UI) ï ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ. ʗʚʣʷʝʪʩʷ ʵʚʦʣʶʮʠʝʡ Xamarin.Forms. ɼʣʷ Windows ʦʥʘ ʙʫʜʝʪ 

ʨʘʙʦʪʘʪʴ ʠʤʝʥʥʦ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʳ WinUI 3. 

Avalonia UI ï ʵʪʦ ʬʨʝʡʤʚʦʨʢ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʘ .NET. ʆʥ ʠʩʧʦʣʴʟʫʝʪ ʩʦʙʩʪʚʝʥʥʫʶ 

ʪʝʭʥʦʣʦʛʠʶ ʦʪʨʠʩʦʚʢʠ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʜʠʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ ʠ 

ʦʙʨʘʙʦʪʢʫ ʩʦʙʳʪʠʡ ʥʘ ʨʘʟʥʳʭ ʧʣʘʪʬʦʨʤʘʭ, ʪʘʢʠʭ ʢʘʢ Windows, macOS, Linux, 

Android, iOS ʠ WebAssembly [6]. ʇʦʩʪʨʦʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʦʧʠʩʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʜʝ ʧʦʩʨʝʜʩʪʚʘʤ 

ʦʙʨʘʱʝʥʠʷ ʢ Avalonia API ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ XAML. ʀʩʧʦʣʴʟʫʝʪʩʷ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʇʆ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. 

GTK# ï ʵʪʦ C#-ʦʙʝʨʪʢʘ ʜʣʷ Gtk ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʢʦʤʧʦʥʝʥʪʦʚ [7]. ʉʘʤʘ 

ʙʠʙʣʠʦʪʝʢʘ GTK ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʘ ʥʘʧʠʩʘʥʳ ʜʣʷ ʷʟʳʢʘ ʉʠ, ʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʦʣʫʯʠʣʘ ʥʝʟʘʚʠʩʠʤʳʝ ʦʙʸʨʪʢʠ ʜʣʷ ʨʘʟʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ ʧʦʧʫʣʷʨʥʳʝ ʦʙʸʨʪʢʠ ʜʣʷ ʜʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ. 

ʆʜʥʘ ʠʟ ʥʠʭ ʩʯʠʪʘʝʪʩʷ ʫʩʪʘʨʝʚʰʝʡ, ʜʨʫʛʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʚʦʤʫ ʩʪʘʥʜʘʨʪʫ 

GTK [8], ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʩʣʝʜʥʶʶ ʚʝʨʩʠʶ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʡ ʙʠʙʣʠʦʪʝʢʠ ʷʚʣʷʝʪʩʷ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʠʣʦʞʝʥʠʡ ʧʦʜ ʨʘʟʥʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (Linux, MacOSX, FreeBSD ʠ 

ʜʨʫʛʠʝ), ʦʜʥʘʢʦ ʜʣʷ ʆʉ Windows ʵʪʦ ʥʝ ʣʫʯʰʠʡ ʚʘʨʠʘʥʪ. ʈʘʟʨʘʙʦʪʢʘ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʷʟʳʢʝ XML, ʙʠʙʣʠʦʪʝʢʘ ʥʝ 

ʠʤʝʝʪ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ. ʇʦʵʪʦʤʫ ʦʥʘ ʥʝ ʧʦʣʴʟʫʝʪʩʷ ʧʦʧʫʣʷʨʥʦʩʪʴʶ 

ʩʨʝʜʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʇʆ. 

Uno Platform ï ʧʣʘʪʬʦʨʤʘ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʜʣʷ ʙʳʩʪʨʦʛʦ 

ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʡ ʢʦʜʦʚʦʡ ʙʘʟʳ ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʙʠʣʴʥʳʭ, ʚʝʙ-, ʥʘʩʪʦʣʴʥʳʭ ʠ 

ʚʩʪʨʦʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ [9]. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʚʨʝʤʝʥʥʳʡ ʩʠʥʪʘʢʩʠʩ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ XAML, ʠʣʠ 

ʨʘʟʤʝʪʢʫ C# ʚ ʜʝʢʣʘʨʘʪʠʚʥʦʤ ʩʪʠʣʝ. ʇʨʝʜʫʩʤʦʪʨʝʥʦ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʝ ʢʦʜʘ, 

ʥʘʧʠʩʘʥʥʦʛʦ ʥʘ WPF, Silverlight ʠ Xamarin Forms. ʕʪʦ ʜʦʩʪʘʪʦʯʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʙʠʙʣʠʦʪʝʢʘ, ʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʧʦʣʴʟʫʝʪʩʷ ʧʦʧʫʣʷʨʥʦʩʪʴʶ 

ʩʨʝʜʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʪʘʢ ʢʘʢ ʝʱʸ ʜʦʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʥʝ ʩʦʜʝʨʞʠʪ ʜʦʩʪʘʪʦʯʥʦ 

ʧʦʜʨʦʙʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʨʝʞʜʝ ʯʝʤ ʥʘʯʘʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʙʠʙʣʠʦʪʝʢʠ, ʥʝʦʙʭʦʜʠʤʦ 
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ʦʧʨʝʜʝʣʠʪʴʩʷ ʥʘ ʢʘʢʠʝ ʢʨʠʪʝʨʠʠ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʧʨʠ ʘʥʘʣʠʟʝ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʤʳ ʤʦʞʝʤ ʩʦʩʪʘʚʠʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʝʡ ʦʮʝʥʢʠ ʜʣʷ ʢʘʞʜʦʡ 

ʙʠʙʣʠʦʪʝʢʠ. 

ɺ ʩʪʘʪʴʝ ʤʳ ʚʳʜʝʣʠʣʠ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ ʦʮʝʥʠʚʘʥʠʷ: ʥʘʣʠʯʠʝ ʠ 

ʢʘʯʝʩʪʚʦ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ; ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ; ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ; ʦʙʲʸʤ ʥʘʨʘʙʦʪʦʢ ʠ ʠʥʬʦʨʤʘʮʠʠ, ʜʦʩʪʫʧʥʳʭ ʚ ʠʥʪʝʨʥʝʪʝ. 

ʅʘʣʠʯʠʝ ʠ ʢʘʯʝʩʪʚʦ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ï ʥʘʣʠʯʠʝ ʜʦʢʫʤʝʥʪʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʚ ʦʧʠʩʘʥʠʝ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʆʮʝʥʠʚʘʪʴ ʜʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʙʫʜʝʤ ʧʦ 3-ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ ʛʜʝ: 

0 ï ʦʪʩʫʪʩʪʚʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ; 

1 ï ʥʘʣʠʯʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ; 

2 ï ʥʘʣʠʯʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ. 

ɼʣʷ ʧʝʨʝʚʦʜʘ ʚ 100-ʙʘʣʣʴʥʫʶ ʩʠʩʪʝʤʫ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʝʛʦ 

ʙʘʣʣʘ ʙʫʜʝʤ ʫʤʥʦʞʘʪʴ ʦʮʝʥʢʫ ʥʘ 50. 

ʂʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʙʦʪʘʪʴ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʘʧʧʘʨʘʪʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʠʣʠ ʦʧʝʨʘʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ.  

ʆʮʝʥʢʘ ʢʨʠʪʝʨʠʷ ʤʦʞʝʪ ʙʳʪʴ ʣʠʙʦ 1 ʧʨʠ ʥʘʣʠʯʠʠ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ 

ʠʣʠ 0 ʧʨʠ ʝʸ ʦʪʩʫʪʩʪʚʠʠ. ʇʝʨʝʚʦʜ ʚ 100-ʙʘʣʣʴʥʫʶ ʩʠʩʪʝʤʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʫʤʥʦʞʝʥʠʝʤ ʥʘ 100. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ï ʙʠʙʣʠʦʪʝʢʘ ʜʦʣʞʥʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʠ ʠʤʝʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʬʫʥʢʮʠʠ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺʳʜʝʣʠʤ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ 

ʤʦʤʝʥʪʦʚ ʠ ʟʘ ʢʘʞʜʳʡ ʙʫʜʝʤ ʥʘʯʠʩʣʷʪʴ ʦʜʠʥ ʙʘʣʣ ʚ ʜʘʥʥʳʡ ʢʨʠʪʝʨʠʡ.  

ʌʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʷʟʘʪʝʣʴʥʳ ʜʣʷ ʣʶʙʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʙʠʙʣʠʦʪʝʢʠ, 

ʥʘʧʨʠʤʝʨ, ʥʘʣʠʯʠʝ ʦʙʨʘʙʦʪʯʠʢʘ ʩʦʙʳʪʠʡ, ʚʢʣʶʯʘʪʴ ʚ ʢʨʠʪʝʨʠʡ ʥʝ ʙʫʜʝʤ. 

- ʈʘʟʜʝʣʝʥʠʝ ʛʨʘʬʠʢʠ ʠ ʢʦʜʘ. ʇʦʜ ʵʪʠʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʥʘʣʠʯʠʝ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʛʨʘʬʠʢʫ, ʥʝ ʧʝʨʝʤʝʰʠʚʘʷ ʝʸ ʩ 

ʦʩʥʦʚʥʳʤ ʢʦʜʦʤ ʧʨʠʣʦʞʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʷʟʳʢ ʜʝʢʣʘʨʘʪʠʚʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ XAML, ʨʘʟʨʘʙʦʪʘʥʥʳʡ Mircosoft ʥʘ ʦʩʥʦʚʝ XML, ʠ 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʧʠʩʳʚʘʪʴ ʚʥʝʰʥʠʡ ʚʠʜ ʦʢʥʘ ʙʦʣʝʝ ʫʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ. 

- ʉʨʝʜʩʪʚʘ ʜʣʷ ʫʜʦʙʥʦʛʦ ʩʦʟʜʘʥʠʷ ʩʪʠʣʝʡ ʠ ʢʘʩʪʦʤʠʟʘʮʠʠ ʬʦʨʤ ʠ 

ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ɺʦ ʤʥʦʛʠʭ ʩʪʘʨʳʭ ʙʠʙʣʠʦʪʝʢʘʭ ʢʘʩʪʦʤʠʟʘʮʠʷ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʥʘ ʠʟʤʝʥʝʥʠʠ ʬʦʨʤʳ, ʮʚʝʪʘ ʠ ʨʘʟʤʝʨʘ ʦʙʲʝʢʪʦʚ, ʠ ʜʝʣʘʝʪʩʷ ʵʪʦ 

ʥʘʧʨʷʤʫʶ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ ʯʝʨʝʟ ʝʛʦ ʢʦʜ (ʛʣʘʚʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴ 

ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ Windows Forms). ɹʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ 

ʧʠʩʘʪʴ ʢʣʘʩʩʳ ʩʪʠʣʝʡ ʥʘ ʷʟʳʢʘʭ ʩʭʦʞʠʭ ʠ ʧʦʜʦʙʥʳʭ CSS, ʘ ʧʦʩʣʝ ʧʨʠʤʝʥʷʪʴ ʠʭ 

ʩʨʘʟʫ ʜʣʷ ʛʨʫʧʧʳ ʦʙʲʝʢʪʦʚ, ʢʦʛʜʘ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ. ʕʪʦ ʫʧʨʦʱʘʝʪ ʢʘʩʪʦʤʠʟʘʮʠʶ 

ʧʨʠʣʦʞʝʥʠʷ, ʧʦʪʦʤʫ ʯʪʦ ʤʦʞʥʦ ʤʥʦʞʝʩʪʚʘ ʨʘʟ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʜʠʥʦʞʜʳ 

ʥʘʧʠʩʘʥʥʳʡ ʢʣʘʩʩ ʩʪʠʣʝʡ. 

- ʅʘʣʠʯʠʝ ʚʠʟʫʘʣʴʥʦʛʦ ʜʠʟʘʡʥʝʨʘ (ʢʦʥʩʪʨʫʢʪʦʨʘ), ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʠʪ ʜʦʙʘʚʣʷʪʴ ʛʨʘʬʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʚʦʦʙʱʝ ʥʝ ʢʘʩʘʷʩʴ ʢʦʜʘ, ʘ ʧʦʩʣʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʛʝʥʝʨʠʨʫʝʪ ʢʦʜ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. 
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- ʅʘʣʠʯʠʝ ʧʦʜʜʝʨʞʢʠ ʦʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʨʝʛʫʣʷʨʥʳʝ ʦʙʥʦʚʣʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ 

ʙʠʙʣʠʦʪʝʢʘ ʧʦ ʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ 4, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʧʝʨʝʚʦʜʘ ʦʮʝʥʢʠ ʚ 

100-ʙʘʣʣʴʥʫʶ ʩʠʩʪʝʤʫ ʧʝʨʚʠʯʥʳʡ ʙʘʣʣ ʙʫʜʝʪ ʫʤʥʦʞʘʪʴʩʷ ʥʘ 25. 

ʆʙʲʸʤ ʥʘʨʘʙʦʪʦʢ ʠ ʠʥʬʦʨʤʘʮʠʠ, ʜʦʩʪʫʧʥʳʭ ʚ ʠʥʪʝʨʥʝʪʝ. ɼʘʥʥʳʡ 

ʢʨʠʪʝʨʠʡ ʙʫʜʝʤ ʦʮʝʥʠʚʘʪʴ ʧʦ ʜʘʥʥʳʤ ʩ ʠʥʪʝʨʥʝʪ ʨʝʩʫʨʩʘ Stack Overflow, 

ʢʦʪʦʨʳʡ ʩʯʠʪʘʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʬʦʨʫʤʦʤ ʜʣʷ ʧʦʜʥʷʪʠʷ ʠʥʪʝʨʝʩʫʶʱʠʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ʠ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ. ɹʫʜʫʪ 

ʩʦʙʨʘʥʳ ʜʘʥʥʳʝ ʦ ʢʦʣʠʯʝʩʪʚʝ ʧʦʜʥʷʪʳʭ ʪʝʤ ʩ ʪʝʛʘʤʠ ʢʘʞʜʦʡ ʠʟ ʙʠʙʣʠʦʪʝʢ, ʘ 

ʧʦʩʣʝ ʚʳʩʯʠʪʘʥʘ ʧʦʧʫʣʷʨʥʦʩʪʴ ʢʘʞʜʦʡ ʙʠʙʣʠʦʪʝʢʠ ʧʦ ʬʦʨʤʫʣʝ: 

Ễ
ẗρππ, 

ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʫʝʤʳʭ ʙʠʙʣʠʦʪʝʢ; 

Ø ï ʢʦʣʠʯʝʩʪʚʦ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʠʩʢʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʙʠʙʣʠʦʪʝʢʠ (1 ¢ i ¢ n). 

ʀʪʦʛʦʚʘʷ ʦʮʝʥʢʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʩʝʭ ʧʨʝʜʳʜʫʱʠʭ 

ʢʨʠʪʝʨʠʝʚ ʧʦ ʬʦʨʤʫʣʝ: 
ÁØ ÁØ ÁØ ÁØ

Á Á Á Á
 

ʛʜʝ Á ï ʧʘʨʘʤʝʪʨ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʚʘʞʥʦʩʪʴ ʢʨʠʪʝʨʠʷ i (1 ¢ i ¢ 4). ɽʩʣʠ ʨʘʚʝʥ 0, 

ʪʦ ʜʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʥʝ ʚʘʞʝʥ ʚ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ; 

Ø ï ʦʮʝʥʢʘ ʢʨʠʪʝʨʠʷ i. 

ʈʝʟʫʣʴʪʘʪʳ 

ʇʨʦʚʝʜʸʤ ʘʥʘʣʠʟ ʧʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʩʣʝʜʫʶʱʠʭ 

ʙʠʙʣʠʦʪʝʢ: 

- Windows Forms, 

- WPF, 

- WinUI 3, 

- Avalonia UI, 

- GTK#, 

- Uno Platform. 

ɼʣʷ ʨʘʩʯʸʪʘ ʠʪʦʛʦʚʦʡ ʦʮʝʥʢʠ ʚʩʝ ʢʨʠʪʝʨʠʠ ʩʯʠʪʘʶʪʩʷ ʨʘʚʥʦʟʥʘʯʥʳʤʠ (ʚʩʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ Á ʧʨʠʥʷʪʳ ʟʘ 1). ɺ ʪʘʙʣʠʮʝ 1 ʩʦʜʝʨʞʘʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʝʥʠʝ ʛʨʘʬʠʯʝʩʢʠʭ ʙʠʙʣʠʦʪʝʢ C# ʜʣʷ ʠʭ ʘʥʘʣʠʟʘ. 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʨʘʬʠʯʝʩʢʠʭ ʙʠʙʣʠʦʪʝʢ 

ɹʠʙʣʠʦʪʝʢʘ 
Windows 

Forms 
WPF 

WinUI 

3 

Avalonia 

UI 
GTK# 

Uno 

Platfor

m 

ʅʘʣʠʯʠʝ ʠ ʢʘʯʝʩʪʚʦ 

ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ 

100 100 100 100 0 50 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮ r1 

ɹʠʙʣʠʦʪʝʢʘ 
Windows 

Forms 
WPF 

WinUI 

3 

Avalonia 

UI 
GTK# 

Uno 

Platfor

m 

ʂʨʦʩʩʧʣʘʪʬʦʨʤʝʥ-

ʥʦʩʪʴ 
0 0 0 100 100 100 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 
25 75 75 75 100 75 

ʆʙʲʸʤ ʥʘʨʘʙʦʪʦʢ ʠ 

ʠʥʬʦʨʤʘʮʠʠ, 

ʜʦʩʪʫʧʥʳʭ ʚ 

ʠʥʪʝʨʥʝʪʝ 

36,37 62,25 0,69 0,26 0,29 0,14 

ʀʪʦʛʦʚʘʷ ʦʮʝʥʢʘ 41,17 59,44 43,92 68,82 50,08 56,28 

 

ɼʘʥʥʳʡ ʨʝʡʪʠʥʛ ʦʯʝʥʴ ʛʨʫʙʳʡ ʠ ʫʩʣʦʚʥʳʡ, ʧʦʪʦʤʫ ʯʪʦ ʚʩʝ ʢʨʠʪʝʨʠʠ 

ʧʨʠʥʷʪʳ ʢʘʢ ʨʘʚʥʳʝ ʧʦ ʟʥʘʯʠʤʦʩʪʠ. ɺ ʨʝʘʣʴʥʦʩʪʠ ʟʘʯʘʩʪʫʶ ʥʘʣʠʯʠʝ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʩʪʦʠʪ ʥʘʤʥʦʛʦ ʚʳʰʝ ʧʦ ʚʘʞʥʦʩʪʠ, ʯʝʤ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʥʩʪʨʫʤʝʥʪʝ ʥʘ ʠʥʪʝʨʥʝʪ ʬʦʨʫʤʘʭ. ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ, ʪʦ ʩ ʥʝʡ ʠ ʚʦʚʩʝ ʚʦʟʤʦʞʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ: ʦʥʘ 

ʥʝʦʙʭʦʜʠʤʘ (ʪʦʛʜʘ ʥʝʢʦʪʦʨʳʝ ʙʠʙʣʠʦʪʝʢʠ ʠ ʚʦʚʩʝ ʥʝ ʩʪʦʠʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʚʘʨʠʘʥʪʳ), ʦʥʘ ʥʝ ʦʙʷʟʘʪʝʣʴʥʘ, ʥʦ ʚ ʙʫʜʫʱʝʤ ʤʦʞʝʪ ʧʨʠʛʦʜʠʪʴʩʷ (ʜʘʥʥʳʡ 

ʚʘʨʠʘʥʪ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʪʘʙʣʠʮʝ 1) ʠ ʦʥʘ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʦ ʥʝ ʥʫʞʥʘ (ʪʦʛʜʘ 

ʧʘʨʘʤʝʪʨ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʥʝʸ, ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʟʘ 0). 

ɺ ʪʘʙʣʠʮʝ 2 ʨʘʩʩʤʦʪʨʠʤ ʜʚʘ ʚʘʨʠʘʥʪʘ ʠʪʦʛʦʚʳʭ ʦʮʝʥʦʢ. ɺ ʧʝʨʚʦʤ ï

ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʦ ʦʙʷʟʘʪʝʣʴʥʘ, ʘ ʚʦ ʚʪʦʨʦʤ ï ʚ ʥʝʡ ʪʦʯʥʦ 

ʥʝʪ ʥʫʞʜʳ, ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʧʨʦʛʨʘʤʤʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʨʘʙʦʪʫ ʚ Windows 

(ʚʳʙʨʘʥʘ ʠʤʝʥʥʦ ʵʪʘ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʚ ʩʠʣʫ ʝʸ ʧʦʜʘʚʣʷʶʱʝʡ 

ʧʦʧʫʣʷʨʥʦʩʪʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ). ʇʨʦʯʠʝ ʧʘʨʘʤʝʪʨʳ ʙʫʜʫʪ ʠʤʝʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: 

- ʥʘʣʠʯʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ï 5; 

- ʦʙʲʸʤ ʜʘʥʥʳʭ ʚ ʠʥʪʝʨʥʝʪʝ ï 1. 

ʊʘʙʣʠʮʘ 2 

ʈʘʩʯʸʪʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʙʦʣʝʝ ʨʝʘʣʴʥʳʤʠ ʜʣʷ ʧʨʘʢʪʠʢʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ  

ɹʠʙʣʠʦʪʝʢʘ 
Windows 

Forms 
WPF 

WinUI 

3 

Avalonia 

UI 
GTK# 

Uno 

Platform 

ʂʨʦʩʩʧʣʘʪʬʦʨʤʝʥ-

ʥʦʩʪʴ ʦʙʷʟʘʪʝʣʴʥʘ 
0 0 0 79,57 45,48 56,83 

ʂʨʦʩʩʧʣʘʪʬʦʨʤʝʥ-

ʥʦʩʪʴ ʥʝ ʥʫʞʥʘ 
60,15 85,25 79,61 79,57 45,48 56,83 

 

ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʨʝʡʪʠʥʛʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʙʠʙʣʠʦʪʝʢʘʤʠ ʷʚʣʷʶʪʩʷ WPF ʠ Avalonia UI. ɺʳʙʦʨ 
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ʩʣʝʜʫʝʪ ʜʝʣʘʪʴ ʤʝʞʜʫ ʥʠʤʠ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʦʤ, ʧʣʘʥʠʨʫʝʪʝ ʣʠ ʚʳ ʚ ʙʫʜʫʱʝʤ 

ʧʠʩʘʪʴ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʟʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠʣʠ ʭʦʪʠʪʝ ʜʝʣʘʪʴ ʩʦʬʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ Windows. ɺʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʠʥʩʪʨʫʤʝʥʪʘʭ, ʟʘʣʦʞʝʥʥʳʭ ʚ ʵʪʠʭ ʙʠʙʣʠʦʪʝʢʘʭ. 

ʆʜʥʘʢʦ ʩʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʭʦʪʴ WPF ʝʱʸ ʜʦʣʛʦʝ ʚʨʝʤʷ ʙʫʜʝʪ ʥʘ ʧʣʘʚʫ, 

ʦʬʠʮʠʘʣʴʥʦ ʝʛʦ ʧʦʜʜʝʨʞʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʢʨʘʱʝʥʘ, ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʢʦʤʧʘʥʠʷ 

ʧʝʨʝʢʣʶʯʠʣʘʩʴ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʜʨʫʛʦʡ ʧʦʢʘ ʯʪʦ ʩʳʨʦʡ ʙʠʙʣʠʦʪʝʢʠ ï MAUI . 

ɹʠʙʣʠʦʪʝʢʫ ʧʨʦʜʦʣʞʘʶʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʵʥʪʫʟʠʘʩʪʳ, ʥʦ ʥʝʠʟʚʝʩʪʥʦ, ʢʘʢ ʜʦʣʛʦ 

ʦʥʘ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʘʢʪʫʘʣʴʥʦʡ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʥʝ ʪʘʢ ʚʘʞʥʦ, ʢʘʢʫʶ 

ʙʠʙʣʠʦʪʝʢʫ ʚʳ ʚʳʙʝʨʝʪʝ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʚʝʜʴ Avalonia ʩʦʟʜʘʚʘʣʘʩʴ ʢʘʢ ʘʥʘʣʦʛ 

WPF, ʠ ʦʙʝ ʙʠʙʣʠʦʪʝʢʠ ʦʯʝʥʴ ʧʦʭʦʞʠ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ʀʟʫʯʠʚ ʦʜʥʫ ʠʟ ʥʠʭ, ʚʳ 

ʩʤʦʞʝʪʝ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʧʝʨʝʡʪʠ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʦʡ 

ʙʠʙʣʠʦʪʝʢʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʠʜʝʘʣʴʥʦʡ ʙʠʙʣʠʦʪʝʢʠ, 

ʚʳʙʨʘʚ ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʝʰʠʪʴ ʣʶʙʫʶ ʟʘʜʘʯʫ, ʧʦʩʪʘʚʣʝʥʥʫʶ ʧʝʨʝʜ 

ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʇʆ. ɺʳʙʦʨ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʫʜʫʱʝʤʫ ʧʨʦʛʨʘʤʤʥʦʤʫ 

ʦʙʝʩʧʝʯʝʥʠʶ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʫʥʠʬʠʢʘʮʠʷ ʩʨʝʜʩʪʚ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʇʆ. ʆʜʥʘʢʦ, ʩʜʝʣʘʚ ʩʝʡʯʘʩ ʚʳʙʦʨ ʚ ʧʦʣʴʟʫ WPF ʠʣʠ Avalonia, ʚʳ 

ʪʦʯʥʦ ʥʝ ʦʰʠʙʸʪʝʩʴ ʥʘ ʙʣʠʞʘʡʰʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ. ʆʙʝ ʙʠʙʣʠʦʪʝʢʠ ʢʨʘʡʥʝ 

ʧʦʧʫʣʷʨʥʳ ʠ ʘʢʪʫʘʣʴʥʳ, ʩʭʦʞʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ, ʘ ʪʘʢʞʝ 

ʠʤʝʶʪ ʧʦʜʨʦʙʥʳʝ ʨʫʢʦʚʦʜʩʪʚʘ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʨʫʩʩʢʦʤ 

ʷʟʳʢʝ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʚʳ ʩʤʦʞʝʪʝ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʥʘʯʘʪʴ ʩʦʟʜʘʚʘʪʴ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ. 
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conversion. The limitations of Moodle GIFT format are examined, and a new approach is proposed 

to address these shortcomings.   
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ɺʚʝʜʝʥʠʝ 

Moodle GIFT ï ʩʠʩʪʝʤʘ ʜʣʷ ʠʤʧʦʨʪʘ ʪʝʩʪʦʚ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʧʣʘʪʬʦʨʤʳ, ʢʦʪʦʨʘʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʚʦʧʨʦʩʦʚ (ʦʪʢʨʳʪʳʝ, 

ʟʘʢʨʳʪʳʝ, ʚʦʧʨʦʩʳ ʩ ʢʦʨʦʪʢʠʤ ʦʪʚʝʪʦʤ ʠ ʪ.ʜ.). ʌʦʨʤʘʪ Moodle GIFT ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʥʣʘʡʥ-ʪʝʩʪʠʨʦʚʘʥʠʷ [1]. 

ʆʜʥʘʢʦ ʧʦʜʛʦʪʦʚʢʘ ʪʝʩʪʦʚ ʚ ʬʦʨʤʘʪʝ GIFT ʯʘʩʪʦ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʫʩʠʣʠʡ ʠʟ-ʟʘ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʘʢʩʠʩʘ ʩʘʤʦʛʦ ʬʦʨʤʘʪʘ, ʛʜʝ ʚʘʞʥʦ ʪʦʯʥʦ 

ʩʦʙʣʶʜʘʪʴ ʩʣʫʞʝʙʥʳʝ ʟʥʘʢʠ. ɼʣʷ ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʩʣʦʞʥʳʤ ʠ ʧʦʜʚʝʨʞʝʥʥʳʤ ʦʰʠʙʢʘʤ, ʯʪʦ ʟʘʤʝʜʣʷʝʪ 

ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʪʝʩʪʦʚ. 

ʅʝʦʧʳʪʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʚ ʩʦʟʜʘʥʠʠ 

ʩʣʦʞʥʳʭ ʪʠʧʦʚ ʚʦʧʨʦʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʪʢʨʳʪʳʝ ʠ ʚʦʧʨʦʩʳ ʥʘ 
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ʩʦʦʪʚʝʪʩʪʚʠʝ/ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʬʦʨʤʘʪ GIFT ʪʨʝʙʫʝʪ ʩʦʙʣʶʜʝʥʠʷ 

ʤʥʦʞʝʩʪʚʘ ʧʨʘʚʠʣ. ʀʟʫʯʝʥʠʝ ʧʨʘʚʠʣ ʠ ʩʦʟʜʘʥʠʝ ʪʝʩʪʦʚ ʚ ʵʪʦʤ ʬʦʨʤʘʪʝ ʪʨʝʙʫʝʪ 

ʚʨʝʤʝʥʠ, ʘ ʠʟ-ʟʘ ʦʰʠʙʦʢ ʧʦʣʴʟʦʚʘʪʝʣʴ ʯʘʩʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʩʪʳʭ ʪʠʧʦʚ ʚʦʧʨʦʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ 

ʙʘʟʦʚʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ Moodle GIFT, ʥʝ ʠʩʧʦʣʴʟʫʷ ʝʛʦ ʧʦʣʥʳʡ ʬʫʥʢʮʠʦʥʘʣ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʨʘʥʩʣʷʪʦʨʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʪʝʩʪʦʚ, ʧʨʝʦʙʨʘʟʫʷ ʪʝʢʩʪ ʠʟ ʫʧʨʦʱʝʥʥʦʡ 

ʟʥʘʢʦʚʦʡ ʩʠʩʪʝʤʳ ʚ ʬʦʨʤʘʪ GIFT. ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʧʦʤʦʯʴ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʪʝʩʪʦʚ ʠ ʩʦʢʨʘʪʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʰʠʙʦʢ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʚʢʣʶʯʘʶʪ ʨʘʟʨʘʙʦʪʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʟʥʘʢʦʚʦʡ ʩʠʩʪʝʤʳ, 

ʫʜʦʙʥʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʩʪʦʚ, ʠ ʩʦʟʜʘʥʠʝ ʪʨʘʥʩʣʷʪʦʨʘ, ʢʦʪʦʨʳʡ ʩʤʦʞʝʪ 

ʢʦʥʚʝʨʪʠʨʦʚʘʪʴ ʵʪʫ ʟʥʘʢʦʚʫʶ ʩʠʩʪʝʤʫ ʚ ʬʦʨʤʘʪ Moodle GIFT. ʊʨʘʥʩʣʷʪʦʨ ʙʫʜʝʪ 

ʧʨʠʥʠʤʘʪʴ ʬʘʡʣʳ ʚ ʬʦʨʤʘʪʝ Word, ʩʯʠʪʳʚʘʪʴ ʨʘʟʤʝʪʢʫ ʠ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʝʸ 

ʩʦʛʣʘʩʥʦ ʩʠʥʪʘʢʩʠʩʫ ʬʦʨʤʘʪʘ Moodle Gift. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʩ ʧʦʤʦʱʴʶ ʪʨʘʥʩʣʷʪʦʨʘ ʥʝ 

ʪʦʣʴʢʦ ʫʧʨʦʩʪʠʪ ʧʦʜʛʦʪʦʚʢʫ ʪʝʩʪʦʚ, ʥʦ ʠ ʨʘʩʰʠʨʠʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʧʦʟʚʦʣʷʷ ʠʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʩʴ ʬʫʥʢʮʠʦʥʘʣ Moodle GIFT. 

 

ʆʧʠʩʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

Moodle ʢʘʢ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʦʥʣʘʡʥ ʢʫʨʩʦʚ 

ʆʥʣʘʡʥ-ʢʫʨʩʳ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʫʯʘʶʱʠʤʩʷ ʧʨʦʭʦʜʠʪʴ 

ʤʘʪʝʨʠʘʣʳ ʚ ʫʜʦʙʥʦʤ ʪʝʤʧʝ ʠ ʩʜʘʚʘʪʴ ʪʝʩʪʳ ʜʠʩʪʘʥʮʠʦʥʥʦ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ ʫʜʘʣʝʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʇʨʝʧʦʜʘʚʘʪʝʣʷʤ ʦʥʣʘʡʥ-

ʪʝʩʪʠʨʦʚʘʥʠʝ ʫʧʨʦʱʘʝʪ ʦʮʝʥʢʫ ʟʥʘʥʠʡ ʙʣʘʛʦʜʘʨʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤʫ ʧʦʜʩʯʝʪʫ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤ ʘʥʘʣʠʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʣʫʯʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʫʯʘʱʠʝʩʷ ʧʦʣʫʯʘʶʪ ʙʦʣʝʝ ʢʦʤʬʦʨʪʥʳʡ ʠ 

ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ [2, 3]. 

Moodle ï ʦʜʥʘ ʠʟ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʠʝʤ (LMS), ʢʦʪʦʨʘʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʷʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʥʣʘʡʥ-ʢʫʨʩʦʚ. ʉ ʧʦʤʦʱʴʶ Moodle ʤʦʞʥʦ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʚ ʮʠʬʨʦʚʦʤ ʬʦʨʤʘʪʝ, ʚʢʣʶʯʘʷ ʨʘʟʤʝʱʝʥʠʝ 

ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʚʝʜʝʥʠʝ ʣʝʢʮʠʡ, ʩʜʘʯʫ ʟʘʜʘʥʠʡ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ. 

ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ Moodle ʚ ʝʛʦ ʛʠʙʢʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ: ʦʥʘ ʧʦʟʚʦʣʷʝʪ 

ʥʘʩʪʨʦʠʪʴ ʢʫʨʩʳ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ ʠ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ.  

ɼʣʷ ʠʤʧʦʨʪʘ ʪʝʩʪʦʚ Moodle ʠʩʧʦʣʴʟʫʝʪ ʪʝʢʩʪʦʚʳʡ ʬʦʨʤʘʪ GIFT (General 

Import Format Technology). ʕʪʦʪ ʬʦʨʤʘʪ ʧʦʟʚʦʣʷʝʪ ʟʘʛʨʫʞʘʪʴ ʟʘʜʘʥʠʷ ʚ 

ʪʝʢʩʪʦʚʦʤ ʚʠʜʝ, ʦʙʣʝʛʯʘʷ ʠʭ ʤʘʩʩʦʚʦʝ ʜʦʙʘʚʣʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ 

ʧʣʘʪʬʦʨʤʝ. ʆʜʥʘʢʦ ʩʦʟʜʘʥʠʝ ʪʝʩʪʦʚ ʚ ʬʦʨʤʘʪʝ GIFT ʪʨʝʙʫʝʪ ʩʦʙʣʶʜʝʥʠʷ 

ʩʣʦʞʥʦʡ ʩʠʥʪʘʢʩʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʩʧʝʮʠʘʣʴʥʳʝ ʩʠʤʚʦʣʳ: 

ʬʠʛʫʨʥʳʝ ʩʢʦʙʢʠ, ʜʚʦʡʥʳʝ ʜʚʦʝʪʦʯʠʷ, ʩʠʤʚʦʣʳ ʚʦʧʨʦʩʘ ʠ ʧʨʦʮʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʨʝʛʫʣʠʨʫʶʪ ʬʦʨʤʘʪʠʨʦʚʘʥʠʝ ʚʦʧʨʦʩʦʚ ʠ ʦʪʚʝʪʦʚ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʘ ʬʦʨʤʘʪʘ Moodle GIFT, ʫ ʥʝʛʦ ʝʩʪʴ ʨʷʜ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ GIFT ʩʦʟʜʘʚʘʣʩʷ ʜʣʷ ʘʥʛʣʠʡʩʢʦʛʦ 

ʷʟʳʢʘ ʠ ʨʘʩʢʣʘʜʢʠ ʢʣʘʚʠʘʪʫʨʳ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʨʘʟʨʘʙʦʪʢʫ ʪʝʩʪʦʚ ʥʘ ʨʫʩʩʢʦʤ 

ʷʟʳʢʝ, ʪʘʢ ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʨʠʭʦʜʠʪʩʷ ʧʦʩʪʦʷʥʥʦ ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʤʝʞʜʫ 

ʨʘʩʢʣʘʜʢʘʤʠ. ɺʥʝʜʨʝʥʠʝ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʩʠʤʚʦʣʦʚ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ ʪʝʩʪʳ ʜʣʷ 

ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ EN 

ʨʘʩʢʣʘʜʢʦʡ ʠ RU ʨʘʩʢʣʘʜʢʦʡ, ʨʝʰʘʷ ʪʝʤ ʩʘʤʳʤ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ. 

ɺʳʙʦʨ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʨʘʥʩʣʷʪʦʨʘ 

ɺʳʙʦʨ ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ JavaScript [4]. ɼʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʪʨʘʥʩʣʷʪʦʨʘ ʥʘ JavaScript ʧʦʪʨʝʙʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʙʠʙʣʠʦʪʝʢ, ʯʪʦʙʳ ʨʝʘʣʠʟʦʚʘʪʴ ʯʪʝʥʠʝ ʬʘʡʣʦʚ, ʟʘʤʝʥʫ ʟʥʘʢʦʚ ʠ ʛʝʥʝʨʘʮʠʶ 

ʚʳʭʦʜʥʦʛʦ ʜʦʢʫʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʬʦʨʤʘʪʠʨʦʚʘʥʠʝ ʠ ʨʘʟʤʝʪʢʫ ʥʘ ʦʩʥʦʚʝ ʷʟʳʢʘ 

ʨʘʟʤʝʪʢʠ Markdown. 

ɼʣʷ ʯʪʝʥʠʷ ʬʘʡʣʘ ʧʨʝʜʣʘʛʘʝʪʩʷ FileReader API. FileReader API ï ʵʪʦ 

ʚʩʪʨʦʝʥʥʳʡ ʚ JavaScript API ʜʣʷ ʨʘʙʦʪʳ ʩ ʬʘʡʣʘʤʠ ʚ ʙʨʘʫʟʝʨʝ [5]. ʆʥ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʟʘʛʨʫʞʘʪʴ ʣʦʢʘʣʴʥʳʝ ʬʘʡʣʳ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʤʦʞʥʦ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʨʷʤʦ ʥʘ ʢʣʠʝʥʪʩʢʦʡ ʩʪʦʨʦʥʝ. FileReader API ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʪʢʨʳʪʠʷ ʠ ʯʪʝʥʠʷ ʩʦʜʝʨʞʠʤʦʛʦ ʬʘʡʣʘ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʟʥʘʢʦʚʦʡ ʩʠʩʪʝʤʦʡ, ʢʦʪʦʨʳʡ ʟʘʛʨʫʞʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ (ʥʘʧʨʠʤʝʨ, .txt ʠʣʠ .docx). 

ɿʘʤʝʥʘ ʟʥʘʢʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʦʨʤʘʪʘ GIFT ʩ ʧʦʤʦʱʴʶ Regular 

Expressions (RegExp). ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʢʩʪʘ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʟʥʘʢʦʚʦʡ 

ʩʠʩʪʝʤʳ ʚ ʬʦʨʤʘʪ, ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ Moodle GIFT, ʤʦʞʥʦ ʚʩʪʨʦʝʥʥʳʡ ʤʝʭʘʥʠʟʤ 

JavaScript ʜʣʷ ʧʦʠʩʢʘ ʠ ʟʘʤʝʥʳ ʧʘʪʪʝʨʥʦʚ ʚ ʩʪʨʦʢʘʭ RegExp [6]. ʉ ʧʦʤʦʱʴʶ 

RegExp ʤʦʞʥʦ ʥʘʭʦʜʠʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ ʟʥʘʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʩʠʩʪʝʤʝ (ʥʘʧʨʠʤʝʨ, { , } , ?, ::) [7,8], ʠ ʟʘʤʝʥʷʪʴ ʠʭ ʥʘ ʥʫʞʥʳʝ ʜʣʷ Moodle GIFT 

ʩʠʤʚʦʣʳ. 

ɻʝʥʝʨʘʮʠʷ ʚʳʭʦʜʥʦʛʦ ʬʘʡʣʘ ʩ ʧʦʤʦʱʴʶ Blob API. ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʪʝʢʩʪʘ ʚ ʬʦʨʤʘʪ GIFT ʥʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘʥʠʪʴ ʝʛʦ ʚ ʬʘʡʣ, ʢʦʪʦʨʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʩʤʦʞʝʪ ʟʘʛʨʫʟʠʪʴ. Blob API ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʘʡʣʦʚʳʭ ʦʙʲʝʢʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʤʦʞʥʦ ʟʘʛʨʫʟʠʪʴ ʢʘʢ ʬʘʡʣ ʩ ʧʦʤʦʱʴʶ 

FileSaver.js ʠʣʠ ʤʝʪʦʜʦʚ ʙʨʘʫʟʝʨʘ [9]. API ʩʦʟʜʘʸʪ ʬʘʡʣ GIFT, ʢʦʪʦʨʳʡ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʢʘʯʘʪʴ, ʯʪʦʙʳ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʚ Moodle. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʫʧʨʦʱʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʪʨʘʥʩʣʷʪʦʨʘ. 
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ʈʠʩ. 1 ï ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʪʨʘʥʩʣʷʪʦʨʘ 

ʈʦʣʴ Markdown 

Markdown ï ʵʪʦ ʣʝʛʢʦʚʝʩʥʳʡ ʷʟʳʢ ʨʘʟʤʝʪʢʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʬʦʨʤʘʪʠʨʦʚʘʪʴ ʪʝʢʩʪ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʦʛʦ ʥʘʙʦʨʘ ʩʠʤʚʦʣʦʚ. ʆʥ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʙʳʪʴ ʣʝʛʢʦ ʯʠʪʘʝʤʳʤ ʢʘʢ ʚ ʠʩʭʦʜʥʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʧʦʩʣʝ 

ʢʦʥʚʝʨʪʘʮʠʠ ʚ ʜʨʫʛʠʝ ʬʦʨʤʘʪʳ. Markdown ʫʜʦʙʝʥ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʣʘʛʦʜʘʨʷ 

ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ: ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʟʘʛʦʣʦʚʢʦʚ, ʩʦʟʜʘʥʠʷ ʩʧʠʩʢʦʚ, ʩʩʳʣʦʢ, ʚʩʪʘʚʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʩʧʝʮʠʘʣʴʥʳʭ 

ʩʠʤʚʦʣʦʚ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʟʘʧʦʤʥʠʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ [10]. 

Markdown ʯʘʩʪʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ HTML, ʯʪʦʙʳ ʪʝʢʩʪ ʤʦʞʥʦ ʙʳʣʦ 

ʦʪʦʙʨʘʞʘʪʴ ʚ ʙʨʘʫʟʝʨʘʭ ʠ ʥʘ ʚʝʙ-ʩʪʨʘʥʠʮʘʭ. ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʜʝʣʘʝʪ ʝʛʦ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʬʦʨʤʘʪʦʤ, ʪʘʢ ʢʘʢ Markdown ʤʦʞʝʪ ʙʳʪʴ ʪʨʘʥʩʣʠʨʦʚʘʥ ʚ 

ʜʨʫʛʠʝ ʟʥʘʢʦʚʳʝ ʩʠʩʪʝʤʳ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʦʥ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʢʦʥʪʝʥʪʘ, ʩʦʚʤʝʩʪʠʤʦʛʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʙʣʦʛʘʤʠ, ʜʦʢʫʤʝʥʪʘʤʠ, ʦʥʣʘʡʥ-ʢʫʨʩʘʤʠ ʠ ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʝʡ. 

ʉʪʨʫʢʪʫʨʘ ʩʦʟʜʘʚʘʝʤʦʛʦ ʜʦʢʫʤʝʥʪʘ 

ʊʝʩʪ ʥʘʯʠʥʘʝʪʩʷ ʩ ʟʘʜʘʥʠʷ ʢʘʪʝʛʦʨʠʠ, ʢʦʪʦʨʘʷ ʩʪʨʫʢʪʫʨʠʨʫʝʪ ʚʦʧʨʦʩʳ ʧʦ 

ʪʝʤʘʤ ʠʣʠ ʫʨʦʚʥʷʤ. ʂʘʪʝʛʦʨʠʷ ʦʙʦʟʥʘʯʘʝʪʩʷ ʯʝʨʝʟ ʩʠʤʚʦʣ çʂ:è ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʩʦʢʨʘʱʝʥʠʝʤ ʦʪ ʩʣʦʚʘ çʂʘʪʝʛʦʨʠʷè. ɿʘ ʵʪʠʤ ʩʠʤʚʦʣʦʤ ʩʣʝʜʫʝʪ ʥʘʟʚʘʥʠʝ 

ʢʘʪʝʛʦʨʠʠ, ʧʦʜʢʘʪʝʛʦʨʠʠ ʠ ʪʘʢ ʜʘʣʝʝ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʦʪʜʝʣʷʝʪʩʷ ʟʥʘʢʦʤ 

ç/ è, ʥʘʧʨʠʤʝʨ, çʂ: ʇʝʨʚʘʷ ʢʘʪʝʛʦʨʠʷ/ʧʦʜʢʘʪʝʛʦʨʠʷ/ʧʦʜʢʘʪʝʛʦʨʠʷ/ʠ. ʪ. ʜ./è. 

ʂʘʪʝʛʦʨʠʷ ʦʙʷʟʘʪʝʣʴʥʦ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʵʪʠʤ ʩʠʤʚʦʣʦʤ ç/è ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ 

ʚʦʟʤʦʞʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʩ ʪʝʢʩʪʦʤ ʚʦʧʨʦʩʦʚ ʠ ʠʟʙʝʞʘʪʴ ʧʫʪʘʥʠʮʳ. ɼʘʣʝʝ ʠʜʫʪ 

ʚʦʧʨʦʩʳ. ʂʘʞʜʳʡ ʚʦʧʨʦʩ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʙʦʟʥʘʯʝʥʠʷ çɺ:è ʠ ʬʦʨʤʫʣʠʨʦʚʢʠ 

ʚʦʧʨʦʩʘ. ɿʘʢʘʥʯʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʟʥʘʢʦʤ ʚʦʧʨʦʩʘ ç?è, ʥʘʧʨʠʤʝʨ, çɺ: ʂʘʢʦʚʘ 

ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ?è 

ɼʣʷ ʚʦʧʨʦʩʦʚ ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ ʚʦʟʤʦʞʥʳ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʧʨʘʚʠʣʴʥʦʛʦ 

ʦʪʚʝʪʘ, ʢʦʪʦʨʳʝ ʧʝʨʝʯʠʩʣʷʶʪʩʷ ʯʝʨʝʟ ʟʘʧʷʪʫʶ, ʟʘʢʣʶʯʝʥʥʳʝ ʚ ʜʚʦʡʥʳʝ 

ʧʦʜʯʝʨʢʠʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ɺ: ʅʘʟʦʚʠʪʝ ʩʪʦʣʠʮʫ ʌʨʘʥʮʠʠ? __ʇʘʨʠʞ, ʧʘʨʠʞ__ 
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ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʚʘʨʠʘʥʪʳ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʟʥʘʢʦʚʦʡ ʩʠʩʪʝʤʳ 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʩʠʥʪʘʢʩʠʩʝ Markdown: 

ʊʘʙʣʠʮʘ 1 

ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʟʥʘʢʦʚʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʪʨʘʥʩʣʷʪʦʨʘ 

ʊʠʧ ʚʦʧʨʦʩʘ ɺʘʨʠʘʥʪ Moodle Gift ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʘʨʠʘʥʪ 

ɺʦʧʨʦʩ ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤ 

ʚʳʙʦʨʦʤ 

::ʅʘʟʚʘʥʠʝ ʚʦʧʨʦʩʘ:: 

ɺʦʧʨʦʩ? {~ʆʪʚʝʪ1 ~ʆʪʚʝʪ2 

=ʇʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ} 

ɺ:ʅʘʟʚʘʥʠʝ ʚʦʧʨʦʩʘ? 

ʆʪʚʝʪ1 

ʆʪʚʝʪ2 

ʆʪʚʝʪ3 

+ ʆʪʚʝʪ4 

ɺʦʧʨʦʩ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʧʨʘʚʠʣʴʥʳʤʠ ʦʪʚʝʪʘʤʠ 

::ʅʘʟʚʘʥʠʝ ʚʦʧʨʦʩʘ:: 

ɺʦʧʨʦʩ? {=ʇʨʘʚʠʣʴʥʳʡ 

ʦʪʚʝʪ1 =ʇʨʘʚʠʣʴʥʳʡ 

ʦʪʚʝʪ2 ~ʅʝʧʨʘʚʠʣʴʥʳʡ 

ʦʪʚʝʪ} 

ɺ:ʅʘʟʚʘʥʠʝ ʚʦʧʨʦʩʘ? 

+ʆʪʚʝʪ1 

ʆʪʚʝʪ2 

ʆʪʚʝʪ3 

+ ʆʪʚʝʪ4 

ɺʦʧʨʦʩ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʠʡ 

  ::ʅʘʟʚʘʥʠʝ ʚʦʧʨʦʩʘ:: 
ɺʦʧʨʦʩ? { =ʇʘʨʘ1 - > 

ʆʪʚʝʪ1 =ʇʘʨʘ2 - > ʆʪʚʝʪ2 

}  

ɺ:ʅʘʟʚʘʥʠʝ ʚʦʧʨʦʩʘ? 

ʇʘʨʘ1 - - ʆʪʚʝʪ1 

ʇʘʨʘ2 - - ʆʪʚʝʪ 2 

ɺʦʧʨʦʩ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʧʦʨʷʜʢʘ  

  ::ʅʘʟʚʘʥʠʝ ʚʦʧʨʦʩʘ:: 

ɺʦʧʨʦʩ? { =1  - > ʆʪʚʝʪ1 

=2 - > ʆʪʚʝʪ2 } 

ɺ:ʅʘʟʚʘʥʠʝ ʚʦʧʨʦʩʘ? 

1 - - ʆʪʚʝʪ1 

2 - - ʆʪʚʝʪ 2 

ɺʦʧʨʦʩ ʩ ʯʠʩʣʦʚʳʤ 

ʦʪʚʝʪʦʤ 

  ::ʅʘʟʚʘʥʠʝ ʚʦʧʨʦʩʘ:: 
ɺʦʧʨʦʩ? {#ʇʨʘʚʠʣʴʥʳʡ 

ʦʪʚʝʪ: ʇʦʛʨʝʰʥʦʩʪʴ} 

ɺ:ʅʘʟʚʘʥʠʝ ʚʦʧʨʦʩʘ?  

ʏ:__ʆʪʚʝʪ__ 

ʇ: ʏʠʩʣʦ% 

ɺʦʧʨʦʩ ʥʘ ʢʨʘʪʢʠʡ ʦʪʚʝʪ 

  ::ʅʘʟʚʘʥʠʝ ʚʦʧʨʦʩʘ:: 
ɺʦʧʨʦʩ? {=ʇʨʘʚʠʣʴʥʳʡ 

ʦʪʚʝʪ} 

ɺ:ʅʘʟʚʘʥʠʝ ʚʦʧʨʦʩʘ? 

__ʆʪʚʝʪ__ 

ɺʦʧʨʦʩ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ 

ʧʨʘʚʠʣʴʥʳʤʠ ʦʪʚʝʪʘʤʠ 

  ::ʅʘʟʚʘʥʠʝ ʚʦʧʨʦʩʘ:: 
ɺʦʧʨʦʩ? {=ɺʘʨʠʘʥʪ 

ʦʪʚʝʪʘ1 =ɺʘʨʠʘʥʪ 

ʦʪʚʝʪʘ2} 

ɺ:ʅʘʟʚʘʥʠʝ ʚʦʧʨʦʩʘ? 

__ʆʪʚʝʪ1, ʆʪʚʝʪ2, ʆʪʚʝʪ 

3__ 

ʕʩʩʝ 
  ::ʅʘʟʚʘʥʠʝ ʚʦʧʨʦʩʘ:: 
ɺʦʧʨʦʩ? {} 

ɺ:ʅʘʟʚʘʥʠʝ ʚʦʧʨʦʩʘ? 

ʕ: __ʆʪʚʝʪ__ 

ɺʝʨʥʦ/ʅʝʚʝʨʥʦ 

  ::ʅʘʟʚʘʥʠʝ ʚʦʧʨʦʩʘ:: 

ɺʦʧʨʦʩ? {TRUE} ʠʣʠ 
::ʅʘʟʚʘʥʠʝ ʚʦʧʨʦʩʘ:: 

ɺʦʧʨʦʩ? {FALSE} 

ɺ:ʅʘʟʚʘʥʠʝ ʚʦʧʨʦʩʘ? 

__ʃʦʞʴ__ ʠʣʠ 

__ʀʩʪʠʥʘ__ 

 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʣʷʪʦʨʘ 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʣʷʪʦʨʘ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʟʥʘʢʦʚʦʡ ʩʠʩʪʝʤʳ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʦʮʝʥʢʠ ʜʣʷ ʦʪʚʝʪʦʚ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʥʘʟʥʘʯʘʪʴ ʙʘʣʣʳ ʟʘ 

ʧʨʘʚʠʣʴʥʳʝ ʠ ʥʝʧʨʘʚʠʣʴʥʳʝ ʦʪʚʝʪʳ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʨʘʟʥʳʡ ʚʝʩ ʚʦʧʨʦʩʦʚ 

ʠʣʠ ʢʘʪʝʛʦʨʠʡ, ʯʪʦ ʩʜʝʣʘʝʪ ʪʝʩʪʠʨʦʚʘʥʠʝ ʙʦʣʝʝ ʛʠʙʢʠʤ ʠ ʘʜʘʧʪʠʚʥʳʤ. 

ɺʘʞʥʳʤ ʰʘʛʦʤ ʙʫʜʝʪ ʜʦʙʘʚʣʝʥʠʝ ʧʦʜʜʝʨʞʢʠ ʤʝʜʠʘʬʘʡʣʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʚʠʜʝʦ, ʘʫʜʠʦ ʠ ʠʟʦʙʨʘʞʝʥʠʷ (ʥʘʧʨʠʤʝʨ, mp4, mp3, png, jpg, svg). ʀʥʪʝʛʨʘʮʠʷ 
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ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʥʝʪ ʜʦʧʦʣʥʝʥʠʝʤ, ʪʘʢ ʢʘʢ ʧʦʜʦʙʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʫʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʬʦʨʤʘʪʘʭ, ʪʘʢʠʭ ʢʘʢ GIFT 

with media ʠ Markdown. 

ʊʘʢʞʝ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʬʦʨʤʫʣ, ʠʩʧʦʣʴʟʫʷ ʩʠʥʪʘʢʩʠʩ LaTeX ʚ 

ʬʦʨʤʘʪʝ KaTeX []. ɼʦʧʦʣʥʝʥʠʝ ʧʦʟʚʦʣʠʪ ʣʝʛʢʦ ʜʦʙʘʚʣʷʪʴ ʩʣʦʞʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʙʦʟʥʘʯʘʪʴ ʩ ʧʦʤʦʱʴʶ ʟʥʘʢʦʚ ç$è 

ʠʣʠ ç$$ ʜʣʷ ʚʦʧʨʦʩʦʚ ʪʨʝʙʫʶʱʠʭ ʩʣʦʞʥʳʭ ʨʘʩʯʝʪʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʩʦʙʩʪʚʝʥʥʳʡ ʬʦʨʤʘʪ ʜʣʷ ʨʘʩʰʠʨʝʥʥʳʭ ʪʠʧʦʚ 

ʚʦʧʨʦʩʦʚ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʪʘʙʣʠʮ, ʯʪʦʙʳ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʟʘ ʨʘʤʢʠ ʦʛʨʘʥʠʯʝʥʠʡ GIFT. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʜʘʣʦʩʴ ʨʘʟʨʘʙʦʪʘʪʴ ʙʘʟʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʪʨʘʥʩʣʷʪʦʨʘ, 

ʧʦʟʚʦʣʷʶʱʫʶ ʧʝʨʝʚʦʜʠʪʴ ʪʝʩʪʳ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʟʥʘʢʦʚʦʡ ʩʠʩʪʝʤʳ ʚ ʬʦʨʤʘʪ 

Moodle GIFT, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʧʨʘʚʠʣʘ ʜʣʷ ʢʘʪʝʛʦʨʠʟʘʮʠʠ ʠ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʚʦʧʨʦʩʦʚ. ʆʩʥʦʚʥʳʝ ʰʘʙʣʦʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚʦʧʨʦʩʦʚ 

ʠ ʠʭ ʩʠʥʪʘʢʩʠʩ ʪʘʢʞʝ ʙʳʣʠ ʫʩʧʝʰʥʦ ʨʘʟʨʘʙʦʪʘʥʳ. ɺ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ 

ʧʨʝʜʩʪʦʠʪ ʨʘʩʰʠʨʠʪʴ ʬʫʥʢʮʠʦʥʘʣ, ʜʦʙʘʚʠʚ ʧʦʜʜʝʨʞʢʫ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ 

ʬʘʡʣʦʚ ʠ ʬʦʨʤʫʣ LaTeX, ʘ ʪʘʢʞʝ ʧʨʦʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʪʠʧʳ ʚʦʧʨʦʩʦʚ, 

ʚʳʭʦʜʷʱʠʝ ʟʘ ʨʘʤʢʠ ʩʪʘʥʜʘʨʪʦʚ GIFT, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʪʨʘʥʩʣʷʪʦʨ ʙʦʣʝʝ 
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ʋɼʂ 004.3 

ʉʆɿɼɸʅʀɽ ʋʉʊʈʆʁʉʊɸ ɼʃʗ ʋʇʈɸɺʃɽʅʀʗ ɸɼʈɽʉʅʆʁ 

ʉɺɽʊʆɼʀʆɼʅʆʁ ʃɽʅʊʆʁ ʅɸ ɹɸɿɽ ɸʈɼʋʀʅʆ (NANO) 

ɸ.ʉ. ʐʝʚʯʝʥʢʦ, ʄ.ɺ. ʇʠʪʘʪʝʣʝʚ 

ʌɻɹʆʋ ɺʃ çʖʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè,  

ʛ. ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʝʢʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʩʚʝʪʢʠ ʜʣʷ ʣʝʩʪʥʠʮʳ, 

ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʧʣʘʪʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʝʥʪ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʩʘʤʦʡ 

ʣʝʩʪʥʠʮʝ. ʆʧʠʩʘʥʳ ʦʙʲʝʢʪ, ʧʨʝʜʤʝʪ, ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʣʘʪʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʘʢʪʠʚʠʨʫʝʪ ʩʚʝʪʦʜʠʦʜʳ ʥʘ ʣʝʩʪʥʠʮʝ, ʠʩʭʦʜʷ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʣʦʞʝʥʠʷ ʯʝʣʦʚʝʢʘ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʠʟʙʝʞʘʪʴ ʧʘʜʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʷʪ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ ʣʝʩʪʥʠʮʝ ʚ ʪʝʤʥʦʝ 

ʚʨʝʤʷ ʩʫʪʦʢ.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʇʦʜʩʚʝʪʢʘ, ʣʝʩʪʥʠʮʘ, ʘʨʜʫʠʥʦ, ʨʘʟʨʘʙʦʪʢʘ. 

 

CREATING A DEVICE FOR CONTROLLING ADDRESSABLE LED STRIP 

BASED ON ARDUINO (NANO) 

A.S. Shevchenko, ʄ.V. Pitatelev  

Yugra State University, Khanty-Mansiysk, Russia 
Annotation. In this work, a dynamic lighting project for stairs has been implemented, which 

consists of a control board and LED strips installed on the stairs themselves. The object, subject, 

purpose and objectives of the study are described 

The board automatically activates the LEDs on the stairs based on the determination of a 

person's position using a microcontroller. This helps to avoid falls, which often occur due to the 

lack of artificial lighting on the stairs at night.  

Keywords. Lighting, stairs, arduino, development. 

 

ɺʚʝʜʝʥʠʝ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʧʦʜʩʚʝʪʢʠ ʣʝʩʪʥʠʮʳ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʢʦʤʬʦʨʪ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʦʜʩʚʝʪʢʘ ʧʦʤʦʞʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʪʨʘʚʤʳ ʠ 

ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʩʪ ʵʩʪʝʪʠʯʝʩʢʠ ʧʨʠʷʪʥʫʶ ʘʪʤʦʩʬʝʨʫ ʚ 

ʧʦʤʝʱʝʥʠʠ.  

ʈʘʙʦʪʘ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʫʜʦʙʥʦʡ ʩʠʩʪʝʤʳ, 

ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʢʣʶʯʘʪʴʩʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʦʩʚʝʱʘʷ 

ʣʝʩʪʥʠʮʫ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʭʦʨʦʰʫʶ ʚʠʜʠʤʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʦ ʚʨʝʤʷ ʧʦʜʲʝʤʘ 
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ʠ ʩʧʫʩʢʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ɺʳʙʦʨ ʧʣʘʪʳ ʠ ʧʦʜʙʦʨʢʘ ʧʦʜʭʦʜʷʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

2. ʉʦʟʜʘʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʫʩʪʨʦʡʩʪʚʘ. 

3. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʫʩʪʨʦʡʩʪʚʘ. 

 

ʆʧʠʩʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʦʜʩʚʝʪʢʘ ʣʝʩʪʥʠʮʳ ʜʦʣʞʥʘ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

1. ɹʝʟʦʧʘʩʥʦʩʪʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʣʝʩʪʥʠʮʝ 

ʧʦʜʩʚʝʪʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʢʣʶʯʘʝʪʩʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʣʝʩʪʥʠʮʝ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʫʜʦʙʩʪʚʦ ʠ ʢʦʤʬʦʨʪ ʧʨʠ ʧʝʨʝʜʚʠʞʝʥʠʠ ʧʦ ʥʝʡ. 

2. ʕʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ. ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʦʜʩʚʝʪʢʘ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴʩʷ 

ʪʦʣʴʢʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʯʪʦ ʧʦʤʦʞʝʪ ʩʵʢʦʥʦʤʠʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʩʥʠʞʘʪʴ 

ʨʘʩʭʦʜʳ. 

3. ʕʩʪʝʪʠʯʥʦʩʪʠ. ʇʦʜʩʚʝʪʢʘ ʣʝʩʪʥʠʮʳ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʫʶʪʥʦʡ ʘʪʤʦʩʬʝʨʳ ʠ ʜʦʙʘʚʣʝʥʠʷ ʩʪʠʣʷ ʠ ʵʩʪʝʪʠʢʠ ʧʨʠ ʦʬʦʨʤʣʝʥʠʠ ʧʦʤʝʱʝʥʠʷ. 

4. ʋʣʫʯʰʝʥʠʝ ʦʙʱʝʡ ʦʩʚʝʱʝʥʥʦʩʪʠ. ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʦʜʩʚʝʪʢʘ ʧʦʤʦʞʝʪ 

ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʥʘ ʣʝʩʪʥʠʮʝ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʣʫʯʰʫʶ ʚʠʜʠʤʦʩʪʴ ʠ ʧʦʤʦʛʘʷ ʠʟʙʝʞʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʧʘʩʥʦʩʪʝʡ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʘʜʨʝʩʥʦʡ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʝʥʪʦʡ 

ʥʝʦʙʭʦʜʠʤʦ ʜʘʣʝʝ ʦʩʫʱʝʩʪʚʠʪʴ ʚʳʙʦʨ ʧʣʘʪʳ ʠ ʧʦʜʙʦʨʢʫ ʧʦʜʭʦʜʷʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʣʘʪ 

Arduino: 

1. Arduino Uno ï ʵʪʦ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʣʘʪ Arduino. 

ʂʦʪʦʨʘʷ ʦʙʦʨʫʜʦʚʘʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ATʤeʛa328, ʦʥʘ ʠʤʝʝʪ 14 ʮʠʬʨʦʚʳʭ 

ʚʭʦʜʦʚ/ʚʳʭʦʜʦʚ ʠ 6 ʘʥʘʣʦʛʦʚʳʭ ʚʭʦʜʦʚ. Arduino Uno ʧʦʜʢʣʶʯʘʝʪʩʷ ʯʝʨʝʟ USB-

ʧʦʨʪ ʠ ʧʠʪʘʝʪʩʷ ʦʪ ʥʝʛʦ ʞʝ ʠʣʠ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ [1]. 

2. Arduino ʄeʛa ï ʵʪʦ ʨʘʩʰʠʨʝʥʥʘʷ ʧʣʘʪʘ Arduino ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ 

ATʤeʛa2560. ʋ ʥʝʝ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʮʠʬʨʦʚʳʭ ʚʭʦʜʦʚ/ʚʳʭʦʜʦʚ. ʆʥʘ ʪʘʢʞʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪ USB-ʧʦʜʢʣʶʯʝʥʠʝ ʠ ʠʤʝʝʪ ʙʦʣʝʝ ʤʦʱʥʫʶ ʧʨʦʮʝʩʩʦʨʥʫʶ 

ʤʦʱʥʦʩʪʴ [2]. 

3. Arduino Nano ï ʵʪʦ ʢʦʤʧʘʢʪʥʘʷ ʚʝʨʩʠʷ Arduino ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ 

ATʤeʛa328. Arduino Nano ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʠʤ ʨʘʟʤʝʨʦʤ ʠ ʠʤʝʝʪ ʤʝʥʴʰʝ ʧʦʨʪʦʚ 

ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ, ʥʦ ʝʸ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʥʝʙʦʣʴʰʠʭ ʧʨʦʝʢʪʘʭ. 

4. Arduino Pro ʄini ï ʵʪʘ ʧʣʘʪʘ Arduino ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʧʨʦʝʢʪʘʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʘʟʤʝʨ ʫʩʪʨʦʡʩʪʚʘ. ʆʥʘ ʥʝ ʠʤʝʝʪ USB-

ʧʦʜʢʣʶʯʝʥʠʷ ʠ ʨʘʙʦʪʘʝʪ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ [3]. 

ɼʣʷ ʧʨʦʝʢʪʘ ʥʘʤ ʧʦʪʨʝʙʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: 

1. ʈʝʟʠʩʪʦʨ ʩʦ ʟʥʘʯʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 100 ʆʄ (1 ʰʪ.). 

2. ʈʝʟʠʩʪʦʨ ʩʦ ʟʥʘʯʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 10 ʢʆʄ (1 ʰʪ.). 

3. ɼʘʪʯʠʢ ʜʚʠʞʝʥʠʷ (ɸʄ 312) (2 ʰʪ.). 

4. ʌʦʪʦʨʝʟʠʩʪʦʨ (PGM 5506) (1 ʰʪ.). 

5. ʉʚʝʪʦʜʠʦʜʥʘʷ ʣʝʥʪʘ (WS 2811) (5 ʤʝʪʨʦʚ). 
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6. ɹʣʦʢ ʧʠʪʘʥʠʷ (ʈʉʈ-12500) (1 ʰʪ.). 

ɼʣʷ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ArduinoIDE. ʗʟʳʢʦʤ 

ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʷʟʳʢ C++ [4]. 

Arduino IDE (Integrated Development Environment) ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʟʘʛʨʫʟʢʠ ʧʨʦʝʢʪʦʚ ʥʘ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʧʣʘʪʬʦʨʤʳ Arduino. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʙʠʙʣʠʦʪʝʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʤ ʧʦʪʨʝʙʫʝʪʩʷ ʧʨʦʛʨʘʤʤʘ P-CAD 

2006. 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʭʝʤʳ ʚʳʙʨʘʥʘ ʧʨʦʛʨʘʤʤʘ ʈʉɺ.ʝʭʝ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ. 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʫʩʪʨʦʡʩʪʚʘ 

 

ʇʝʯʘʪʥʘʷ ʧʣʘʪʘ ï ʵʪʦ ʧʣʘʩʪʠʢʦʚʘʷ ʧʣʘʩʪʠʥʘ, ʥʘ ʢʦʪʦʨʦʡ ʥʘʥʝʩʝʥ ʩʣʦʡ ʤʝʜʠ 

ʠʣʠ ʜʨʫʛʦʛʦ ʧʨʦʚʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʦ ʵʪʠʤ ʧʨʦʚʦʜʷʱʠʤ ʩʣʦʷʤ ʩʦʟʜʘʶʪʩʷ 

ʤʝʜʥʳʝ ʜʦʨʦʞʢʠ, ʩʦʝʜʠʥʷʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʩʭʝʤʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʝʯʘʪʥʳʭ ʧʣʘʪ: 

1. ʆʜʥʦʩʪʦʨʦʥʥʠʝ ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ. 

2. ɼʚʫʩʪʦʨʦʥʥʠʝ ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ. 

3. ʄʥʦʛʦʩʣʦʡʥʳʝ ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʝʢʪʘ ʧʦʪʨʝʙʫʝʪʩʷ ʦʜʥʦʩʪʦʨʦʥʥʷʷ ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ. 

ʆʜʥʦʩʪʦʨʦʥʥʠʝ ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ ï ʵʪʦ ʧʣʘʪʘ, ʥʘ ʢʦʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠ 

ʧʨʦʚʦʜʥʠʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʪʦʣʴʢʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ. ʆʙʳʯʥʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʚʩʝ ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʥʪʠʨʫʶʪʩʷ ʠ ʧʘʷʶʪʩʷ ʥʘ ʦʜʥʦʡ ʩʪʦʨʦʥʝ ʧʣʘʪʳ, 

ʘ ʥʘ ʜʨʫʛʦʡ ʩʪʦʨʦʥʝ ʤʦʛʫʪ ʙʳʪʴ ʪʦʣʴʢʦ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʜʦʨʦʞʢʠ ʠ ʧʘʡʢʠ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʝʥʘ ʦʜʥʦʩʪʦʨʦʥʥʷʷ ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ. 
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ʈʠʩ. 2 ï ʆʜʥʦʩʪʦʨʦʥʥʷʷ ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ 

 

ʆʩʥʦʚʥʳʤʠ ʝʝ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ: 

1. ɼʝʰʝʚʠʟʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

2. ʇʨʦʩʪʦʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʙʦʨʢʠ. 

3. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʩʪʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʙʳʣ ʥʘʧʠʩʘʥ ʢʦʜ ʠ ʟʘʛʨʫʞʝʥ ʥʘ ʧʣʘʪʫ, ʤʦʞʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ 

ʩʙʦʨʢʝ ʩʭʝʤʳ ʠ ʤʘʢʝʪʘ ʧʨʦʝʢʪʘ [5]. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʠʟʦʙʨʘʞʝʥ ʤʘʢʝʪ ʣʝʩʪʥʠʮʳ ʩʦ ʩʭʝʤʦʡ ʧʦʜʢʣʶʯʝʥʠʷ. 

 
ʈʠʩ. 3 ï ʄʘʢʝʪ ʣʝʩʪʥʠʮʳ ʩʦ ʩʭʝʤʦʡ ʧʦʜʢʣʶʯʝʥʠʷ 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʠʟʦʙʨʘʞʝʥʘ ʨʘʙʦʪʘ ʫʩʪʨʦʡʩʪʚʘ. 
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ʈʠʩ. 4 ï ʈʘʙʦʪʘ ʫʩʪʨʦʡʩʪʚʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʠʟʦʙʨʘʞʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ. 

 
ʈʠʩ. 5 ï ɹʣʦʢ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 
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ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ: ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʦʜʩʚʝʪʢʘ ʣʝʩʪʥʠʮʳ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, 

ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʧʦʜʩʚʝʪʢʫ ʣʝʩʪʥʠʮʳ. ɼʘʪʯʠʢ ʜʚʠʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʤʦʜʫʣʷ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʜʚʠʞʝʥʠʷ ʥʘ 

ʣʝʩʪʥʠʮʝ, ʧʦʩʳʣʘʝʪ ʩʠʛʥʘʣ ʠ, ʢʦʛʜʘ ʜʘʪʯʠʢ ʦʙʥʘʨʫʞʠʚʘʝʪ ʜʚʠʞʝʥʠʝ, ʦʥ 

ʘʢʪʠʚʠʨʫʝʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ. ɺ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʧʨʝʜʩʪʘʚʣʝʥ r ʪʨʠ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʝʥʪʳ, ʢʦʪʦʨʳʝ ʤʝʥʷʶʪʩʷ ʧʨʠ ʢʘʞʜʦʤ ʥʦʚʦʤ ʚʢʣʶʯʝʥʠʠ 

ʥʘ ʩʣʝʜʫʶʱʠʡ ʨʝʞʠʤ. ʇʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʧʝʨʚʦʛʦ ʜʘʪʯʠʢʘ ʣʝʥʪʘ ʟʘʛʦʨʘʝʪʩʷ ʦʪ 

ʜʘʪʯʠʢʘ ʠ ʚʳʚʦʜʠʪ ʵʬʬʝʢʪ, ʘ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʚʪʦʨʦʛʦ ʜʘʪʯʠʢʘ ʣʝʩʪʥʠʮʘ 

ʚʳʢʣʶʯʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʚʪʦʨʦʛʦ ʜʘʪʯʠʢʘ. ɹʣʘʛʦʜʘʨʷ ʬʦʪʦʨʝʟʠʩʪʦʨʫ ʙʫʜʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʷʨʢʦʩʪʴ ʘʜʨʝʩʥʦʡ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʝʥʪʳ. ɺ 

ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʷʨʢʦʩʪʴ ʙʫʜʝʪ ʧʦʚʳʰʝʥʘ, ʘ ʚ ʥʦʯʥʦʝ ï ʧʦʥʠʞʝʥʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Arduino Nano: ʦʙʟʦʨ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʪʳ ʦʪ Arduino. ï URL: 

https://arduinoplus.ru/arduino-nano/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 13.09.2023). 

2. ɺʩʝ ʧʣʘʪʳ ɸʨʜʫʠʥʦ: ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʪʘʙʣʠʮʳ. ï URL: 

https://arduinoplus.ru/arduino-vse-plati-sravnitelnaya-tablica/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

13.09.2023). 

3. Arduino Pro Mini ï URL: https://3d-diy.ru/wiki /arduino-platy/arduino-pro-

mini/?ysclid=m3cg2h1ace988839949 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 14.09.2023). 

4. ʆʛʥʝʚʘ ʄ. ɺ.  ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ ʷʟʳʢʝ ʉ++: ʧʨʘʢʪʠʯʝʩʢʠʡ ʢʫʨʩ: 

ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ/ ʄ. ɺ . ʆʛʥʝʚʘ, 

ɽ. ɺ. ʂʫʜʨʠʥʘ, ɸ. ɸ. ʂʘʟʘʯʢʦʚʘ. ï 2-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʄʦʩʢʚʘ : 

ʀʟʜʘʪʝʣʴʩʪʚʦ ʖʨʘʡʪ, 2024. ï 342 ʩ. ï URL: https://urait.ru/bcode/555593 (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 11.10.2024). 

5. HO NextPCB ï URL: https://www.nextpcb.com/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

15.09.2023). 
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ʉɽʂʎʀʗ 2. ʇʈʆɻʈɽʉʉʀɺʅʓɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʇʈʆʎɽʉʉʓ ʀ 

ʆɹʆʈʋɼʆɺɸʅʀɽ 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

çʊʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚè 

ɻʨʠʮʝʥʢʦ ɺʷʯʝʩʣʘʚ ɺʣʘʜʠʤʠʨʦʚʠʯ 

 

ʋɼʂ621.922.02 

ʕʂʆʅʆʄʀʏɽʉʂɸʗ ʆʎɽʅʂɸ ʐʃʀʌʆɺɸʃʔʅʓʍ ʂʈʋɻʆɺ ʀɿ 

ʈɸɿʅʓʍ ɸɹʈɸɿʀɺʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

ʅ.ʉ. ɸʣʝʢʩʝʝʚ, ʉ.ɺ. ʀʚʘʥʦʚ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥ ʨʘʩʯʸʪ ʟʘʪʨʘʪ ʥʘ ʰʣʠʬʦʚʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, 

ʧʨʠʚʝʜʝʥʥʳʡ ʢ ʝʜʠʥʠʮʝ ʩʥʷʪʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠ ʧʨʦʜʦʣʴʥʦʤ ʰʣʠʬʦʚʘʥʠʠ ʤʠʢʨʦʧʦʨʠʩʪʳʭ 

ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ. ɺ ʦʩʥʦʚʫ ʠʟʣʦʞʝʥʥʦʛʦ ʨʘʩʯʸʪʘ ʙʳʣʠ ʚʟʷʪʳ ʠʩʭʦʜʥʘʷ ʮʝʥʘ 

ʰʣʠʬʦʚʘʣʴʥʳʭ ʢʨʫʛʦʚ ʠ ʦʙʲʸʤ ʩʥʷʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘ ʚʝʩʴ ʩʨʦʢ ʩʣʫʞʙʳ ʘʙʨʘʟʠʚʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʣʦʛʦ, ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʟʝʣʸʥʦʛʦ, ʵʣʴʙʦʨʘ ʠ ʘʣʤʘʟʘ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ. ɼʘʥʥʳʡ ʨʘʩʯʸʪ ʚʳʧʦʣʥʝʥ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʩʪʦʡʢʦʩʪʠ ʢʨʫʛʦʚ, ʨʘʜʠʘʣʴʥʦʤʫ ʠʟʥʦʩʫ ʠ ʫʜʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩ ʫʯʸʪʦʤ ʩʢʦʨʦʩʪʠ 

ʠ ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʧʦʨʠʩʪʳʝ ʧʦʢʨʳʪʠʷ, ʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʰʣʠʬʦʚʘʣʴʥʳʝ 

ʢʨʫʛʠ, ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ, ʠʟʥʦʩ ʢʨʫʛʦʚ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ. 
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ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʨʝʟʝʨʚʦʚ ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʷ 

ʨʝʩʫʨʩʘ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʳʭ ʪʨʘʢʪʦʨʦʚ, ʘʚʪʦʤʦʙʠʣʝʡ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ 

ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ. 
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ʅʘʠʙʦʣʝʝ ʨʝʘʣʴʥʦʡ ʦʩʥʦʚʦʡ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ ʷʚʣʷʝʪʩʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʫʧʨʦʯʥʝʥʠʝ ʜʝʪʘʣʝʡ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʤ ʥʘʧʳʣʝʥʠʝʤ 

(ʤʝʪʘʣʣʠʟʘʮʠʝʡ) ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  

ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ [1,2]. ɼʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ [3], ʯʪʦ ʠʟ ʦʙʱʝʛʦ 

ʧʦʪʨʝʙʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʢʦʣʦ 30 % ʩʦʩʪʘʚʣʷʶʪ 

ʧʦʨʦʰʢʠ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ. 

ʄʠʢʨʦʧʦʨʠʩʪʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ (ʜʘʣʝʝ ʧʨʦʩʪʦ ʧʦʢʨʳʪʠʷ), 

ʧʦʣʫʯʝʥʥʳʝ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʤ ʥʘʧʳʣʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

- ʧʦʚʳʰʝʥʥʘʷ ʪʚʝʨʜʦʩʪʴ, ʭʨʫʧʢʦʩʪʴ ʠ ʧʦʥʠʞʝʥʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠʟ-ʟʘ 

ʥʘʣʠʯʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʠʪʨʠʜʦʚ, ʦʢʩʠʜʦʚ ʠ ʧʦʨ; 

- ʠʤʝʝʪ ʤʝʩʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʠ ʩʪʨʫʢʪʫʨʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʝʩʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʩʠʣʴʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ; 

- ʥʘʣʠʯʠʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʚʠʜʝ ʰʣʘʢʦʚ, ʢʘʨʙʠʜʦʚ, ʙʦʨʠʜʦʚ, 

ʩʠʣʠʮʠʜʦʚ ʚ ʧʨʦʯʥʦʡ ʚʷʟʢʦʡ ʤʘʪʨʠʮʝ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ. 

ʋʢʘʟʘʥʥʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʝʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʧʨʠ ʥʘʨʘʱʠʚʘʥʠʠ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʦʪʥʦʩʷʪ 

ʠʭ ʚ ʨʷʜ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʰʣʠʬʦʚʘʣʴʥʳʭ ʢʨʫʛʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʢʨʳʪʠʡ. ʀʤʝʶʱʠʝʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʜʙʦʨʫ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʦʩʷʪ ʚ ʦʩʥʦʚʥʦʤ ʯʘʩʪʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʥʝʨʝʜʢʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳ. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ [4] ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʜʝʪʘʣʝʡ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʫʛʠ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʟʝʣʸʥʦʛʦ 64ʉ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʧʨʦʚʝʜʸʥʥʳʝ ʥʘʤʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ [5,6], ʯʪʦ ʧʨʠ 

ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʫʛʠ ʠʟ ʜʨʫʛʠʭ ʘʙʨʘʟʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʦʡʢʦʩʪʴ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. ʊʘʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʩʪʦʡʢʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʫʛʘʤʠ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʟʝʣʸʥʦʛʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʨʫʛʠ ʠʟ 

ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʉʊʄ) ï ʵʣʴʙʦʨʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠ ʘʣʤʘʟʘ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ. ʆʜʥʘʢʦ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʫʛʦʚ ʠʟ ʉʊʄ ʚ ʨʝʤʦʥʪʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʜʝʨʞʠʚʘʝʪʩʷ ʠʭ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. ʇʦʵʪʦʤʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

[7] ʧʨʦʠʟʚʦʜʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʧʦʢʨʳʪʠʡ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʙʨʘʟʠʚʥʦʛʦ ʠ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʦʚ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʩʲʸʤʘ ʝʜʠʥʠʮʳ ʦʙʲʸʤʘ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʫʛʘ ʠʟ 

ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʣʦʛʦ 24ɸ ʠ ʢʨʫʛʦʚ ʠʟ ʉʊʄ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʨʫʛʦʤ ʠʟ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʟʝʣʝʥʦʛʦ 64ʉ ʥʘ ʦʧʝʨʘʮʠʷʭ ʰʣʠʬʦʚʘʥʠʷ ʧʦʢʨʳʪʠʷ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʠʤʝʥʝʥʠʷ ʢʨʫʛʦʚ ʠʟ 

ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʢʨʫʛʘ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʣʦʛʦ (24ɸ) 

ʧʨʦʚʝʜʝʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 
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ʠʩʧʦʣʴʟʫʶʱʠʤʩʷ ʚ ʨʝʤʦʥʪʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʨʫʛʦʤ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʟʝʣʝʥʦʛʦ (64ʉ). 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʨʦʜʦʣʴʥʦʤ ʰʣʠʬʦʚʘʥʠʠ ʜʣʷ 

ʩʝʨʠʡʥʳʭ ʘʙʨʘʟʠʚʥʳʭ ʢʨʫʛʦʚ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʣʦʛʦ 24ɸ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʟʝʣʝʥʦʛʦ 64ʉ ʬʦʨʤʳ 1 600 x 25 x 305 ʤʤ ɻʆʉʊ ʈ52781-2007, ʘ ʪʘʢʞʝ ʠʟ ʉʊʄ ï 

ʵʣʴʙʦʨʘ ʧʦʣʠʢʨʠʩʪʘʣʠʯʝʩʢʦʛʦ ʃʂɺ40 ʬʦʨʤʳ 1ɸ1 ɻʆʉʊ 17123-79 ʠ ʘʣʤʘʟʘ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ɸʉ4 ʬʦʨʤʳ 1ɸ1 ɻʆʉʊ 16167-90. 

ʐʣʠʬʦʚʘʣʴʥʳʝ ʢʨʫʛʠ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʣʦʛʦ 24ɸ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʟʝʣʝʥʦʛʦ 64ʉ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʟʝʨʥʠʩʪʦʩʪʴʶ F46, ʪʚʝʨʜʦʩʪʴʶ N, 6-ʡ 

ʩʪʨʫʢʪʫʨʳ ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʝ (V). ɸʙʨʘʟʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʠʟ ʉʊʄ ʙʳʣ 

ʧʨʦʠʟʚʝʜʝʥ ʟʝʨʥʠʩʪʦʩʪʴʶ 250/200, ʪʚʝʨʜʦʩʪʴʶ ʉʊ2 ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʝ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʣʠʬʦʚʘʣʴʥʳʭ ʢʨʫʛʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʣʠʬʦʚʘʣʴʥʳʭ ʢʨʫʛʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʀʩʩʣʝʜʫʝʤʳʡ ʘʙʨʘʟʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʨʫʛʦʚ 

1.ʕʣʝʢʪʨʦʢʦʨʫʥʜ ʙʝʣʳʡ (24ɸ) 24ɸ F46N6V 

2. ʂʘʨʙʠʜ ʢʨʝʤʥʠʷ ʟʝʣʝʥʳʡ (64ʉ) 64ʉ F46N6V 

3. ʕʣʴʙʦʨ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ (ʃʂɺ40) ʃʂɺ40250/200ʂʉʊ2 

4. ɸʣʤʘʟ ʩʠʥʪʝʪʠʯʝʩʢʠʡ (ɸʉ4) ɸʉ4250/200ʂʉʊ2 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʠʩʧʳʪʘʥʠʷ ʰʣʠʬʦʚʘʣʴʥʳʝ ʢʨʫʛʠ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʧʨʠ ʪʱʘʪʝʣʴʥʦʤ ʢʦʥʪʨʦʣʝ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʠʥʷʪʦʛʦ ʥʘ ʟʘʚʦʜʘʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʨʘʙʦʪʥʠʢʦʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʙʨʘʟʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ  

ʩʦʩʪʘʚ ʟʝʨʝʥ ʵʪʠʭ ʢʨʫʛʦʚ ʙʳʣ ʩʪʨʦʛʦ ʦʜʠʥʘʢʦʚ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʠʩʢʣʶʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʝʛʦ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘ ʧʨʦʮʝʩʩ ʰʣʠʬʦʚʘʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʘʟʤʝʥʥʦʝ 

ʧʦʢʨʳʪʠʝ ʠʟ ʧʦʨʦʰʢʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ʤʘʨʢʠ ʇɺïʅ85ʖ15 ʥʘ ʥʠʢʝʣʝʚʦʡ 

ʦʩʥʦʚʝ. ʈʝʞʠʤʳ ʨʝʟʘʥʠʷ ʧʨʠ ʧʨʦʜʦʣʴʥʦʤ ʰʣʠʬʦʚʘʥʠʠ: ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ʧʨʠ 

ʜʠʘʤʝʪʨʝ 600 ʤʤ ï 35 ʤ/ʩ; ʩʢʦʨʦʩʪʴ ʜʝʪʘʣʠ ï 19 ʤ/ʤʠʥ; ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ 

ʩʪʦʣʘ 425 ʤʤ/ʤʠʥ; ʛʣʫʙʠʥʘ ʰʣʠʬʦʚʘʥʠʷ ï 0,010 ʤʤ/ʜʚ. ʭʦʜ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʣʦʞʝʥʘ ʚ ʨʘʙʦʪʘʭ [5,6]. 

ʊʘʢ ʢʘʢ ʧʨʝʜʩʪʦʷʣʦ ʩʨʘʚʥʠʚʘʪʴ ʢʨʫʛʠ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʙʨʘʟʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (24ɸ ʠ 64ʉ) ʩ ʢʨʫʛʘʤʠ ʠʟ ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʃʂɺ40 ʠ ɸʉ4), 

ʪʦ ʩʨʘʚʥʝʥʠʝ ʪʦʣʴʢʦ ʧʦ ʧʝʨʠʦʜʫ ʩʪʦʡʢʦʩʪʠ ʢʨʫʛʦʚ ʙʫʜʝʪ ʥʝʢʦʨʨʝʢʪʥʳʤ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʦʩʪʘʥʝʪʩʷ ʥʝʫʯʪʝʥʥʳʤ ʨʘʩʭʦʜ ʘʙʨʘʟʠʚʘ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ, ʨʘʩʭʦʜ 

ʘʙʨʘʟʠʚʘ ʧʨʠ ʧʨʘʚʢʝ ʢʨʫʛʘ, ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʸʤʘ ʩʦʰʣʠʬʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘ 

ʧʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʢʨʫʛʘ. ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʯʝʪ ʚʝʩʪʠ ʥʝ ʧʦ ʧʝʨʠʦʜʫ ʩʪʦʡʢʦʩʪʠ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ, ʘ ʧʦ 

ʚʦʟʤʦʞʥʦʤʫ ʦʙʲʸʤʫ ʩʦʰʣʠʬʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘ ʚʩʸ ʚʨʝʤʷ ʨʘʙʦʪʳ 
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ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʩʢʣʘʜʳʚʘʪʴʩʷ ʠʟ ʦʙʲʸʤʦʚ 

ʩʦʰʣʠʬʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘ ʧʝʨʠʦʜʳ ʩʪʦʡʢʦʩʪʠ. 

ɺʦʟʤʦʞʥʳʡ ʦʙʲʸʤ ʩʦʰʣʠʬʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘ ʚʩʸ ʚʨʝʤʷ ʨʘʙʦʪʳ 

ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ Qʦʙ ɦʦʧʨʝʜʝʣʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 

                                          
1

n

ʦʙʱ i

i

Q Q
=

=ä ,                                  (1) 

ʛʜʝ iQ  ï ʦʙʲʸʤ ʩʥʷʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘ i-ʡ ʧʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ ʰʣʠʬʦʚʘʣʴʥʦʛʦ 

ʢʨʫʛʘ; 

n ï ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʠʦʜʦʚ ʩʪʦʡʢʦʩʪʠ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʟʘ ʚʝʩʴ ʩʨʦʢ ʝʛʦ 

ʩʣʫʞʙʳ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʜʠʘʤʝʪʨʘ ʰʣʠʬʦʚʘʣʴʥʦʛʦ 

ʢʨʫʛʘ, ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʠ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ (ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʝ 

ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ ʰʣʠʬʦʚʘʣʴʥʦʡ ʙʘʙʢʠ), ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ çʧʣʦʱʘʜʴ 

ʨʝʞʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠè ʧʦʜ ʢʦʪʦʨʦʡ ʧʦʥʠʤʘʝʪʩʷ ʧʝʨʠʬʝʨʠʡʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʨʦʠʟʚʦʜʷʱʘʷ ʦʙʨʘʙʦʪʢʫ ʧʨʠ ʢʨʫʛʣʦʤ ʥʘʨʫʞʥʦʤ 

ʰʣʠʬʦʚʘʥʠʠ. ʀʟ ʧʨʘʢʪʠʢʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ çʧʣʦʱʘʜʠ ʨʝʞʫʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠè, ʩʥʠʞʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ ʢʨʫʛʘ, ʥʦ ʠ ʦʙʲʝʤ 

ʩʦʰʣʠʬʦʚʘʥʥʦʛʦ ʤʝʪʘʣʣʘ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʥʘʰʠʭ ʨʘʩʯʝʪʘʭ 

ʦʙʲʸʤ ʩʦʰʣʠʬʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʫʜʝʪ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʝʪʴ ʦʪ ʜʠʘʤʝʪʨʘ ʢʨʫʛʘ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʥʘ ʩʪʘʥʢʝ ʰʣʠʬʦʚʱʠʢ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ, ʢʦʨʨʝʢʪʠʨʫʝʪ ʧʦʜʘʯʫ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʦʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʠ ʧʦʜʘʯʠ ʦʩʪʘʚʘʣʦʩʴ 

ʦʜʠʥʘʢʦʚʳʤ (Vʢʨ/Sʧʦʜ=const). ʇʨʠ ʪʘʢʦʤ ʫʩʣʦʚʠʠ ʥʘ ʨʘʜʠʘʣʴʥʳʡ ʠʟʥʦʩ 

ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʫʜʝʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ 

ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ. ʊʦʛʜʘ ʦʙʲʸʤ 

ʩʦʰʣʠʬʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘ ʧʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

1

2 2( ( ) 2)
3,14 ( )

4

i i iʢʨ ʢʨ ʠʟʥ

i

D D R V
Q ɺ qV+
å õ- - Ö
= Ö Ö Öæ ö
æ ö
ç ÷

,                  (2) 

ʛʜʝ: iQ  ï ʦʙʲʸʤ ʩʦʰʣʠʬʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘ i-ʳʡ ʧʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ 

ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ; 

iʢʨ
D ï ʜʠʘʤʝʪʨ ʢʨʫʛʘ ʥʘ i-ʦʤ ʧʝʨʠʦʜʝ ʩʪʦʡʢʦʩʪʠ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ; 

1iʢʨ
D

+
ï ʜʠʘʤʝʪʨ ʢʨʫʛʘ ʥʘ i+1 ʧʝʨʠʦʜʝ ʝʛʦ ʩʪʦʡʢʦʩʪʠ; 

( )
iʠʟʥR V  ï ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʘʣʴʥʦʛʦ ʠʟʥʦʩʘ 

ʢʨʫʛʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ; 

ɺ ï ʚʳʩʦʪʘ (ʰʠʨʠʥʘ) ʢʨʫʛʘ; 

( )q V  ï ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ. 
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ʊʘʢ ʢʘʢ ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʨʘʜʠʘʣʴʥʦʛʦ ʠʟʥʦʩʘ ʢʨʫʛʘ ʠ ʫʜʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪ ʤʝʥʷʶʱʝʡʩʷ 

ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʚ ʩʚʷʟʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʢʨʫʛʘ ʠʟ-ʟʘ ʝʛʦ ʠʟʥʦʩʘ ʠ 

ʧʨʘʚʦʢ, ʪʦ ʙʫʜʝʤ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ʥʘ ʢʘʞʜʦʤ ʧʝʨʠʦʜʝ ʩʪʦʡʢʦʩʪʠ 

ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʋ ʢʨʫʛʦʚ ʠʟ ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʦʣʱʠʥʘ ʘʙʨʘʟʠʚʥʦʛʦ ʩʣʦʷ ʥʘ 

ʧʝʨʠʬʝʨʠʠ ʢʨʫʛʘ ʩʦʩʪʘʚʣʷʝʪ 5 ʠʣʠ 10 ʤʤ ʠ ʠʟʤʝʥʝʥʠʷ ʜʠʘʤʝʪʨʘ ʢʨʫʛʘ ʧʦ ʤʝʨʝ 

ʫʤʝʥʴʰʝʥʠʷ ʘʙʨʘʟʠʚʥʦʛʦ ʩʣʦʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʩʣʝʞʠʚʘʪʴ 

ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘ ʫʜʝʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʨʘʜʠʘʣʴʥʳʡ ʠʟʥʦʩ ʢʨʫʛʘ 

ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʨʫʛ ʪʝʨʷʝʪ ʩʚʦʶ 

ʨʝʞʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ ʝʛʦ ʘʙʨʘʟʠʚʥʳʭ 

ʟʝʨʝʥ. ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚʝʣʠʯʠʥʘ 

ʨʘʜʠʘʣʴʥʦʛʦ ʠʟʥʦʩʘ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ 

ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤ ʟʘʢʦʥʦʤ 
4 3 2

1 2 3 4 5y ʢ V ʢ V ʢ V ʢ V ʢ= Ö + Ö + Ö + Ö +,                                 (3) 

ʛʜʝ V ï ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʘʣʴʥʦʛʦ 

ʠʟʥʦʩʘ ʢʨʫʛʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʜʣʷ ʧʨʦʜʦʣʴʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʊʘʢ ʢʘʢ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ 

ʬʫʥʢʮʠʝʡ 4-ʡ ʩʪʝʧʝʥʠ ʧʦ ʯʝʪʳʨʸʤ ʪʦʯʢʘʤ, ʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 5ʢ=0 ʚ ʪʘʙʣʠʮʝ 2 ʥʝ 

ʧʨʠʚʝʜʝʥ. 

ʊʘʙʣʠʮʘ 2  

ʂʦʵʬʬʠʮʠʝʥʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʘʣʴʥʦʛʦ 

ʠʟʥʦʩʘ ʢʨʫʛʘ ʠ ʫʜʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ 

ʨʝʟʘʥʠʷ ʧʨʠ ʧʨʦʜʦʣʴʥʦʤ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ 

ɸʙʨʘʟʠʚ- 

ʥʳʡ 

ʤʘʪʝʨʠʘʣ 

ʈʘʜʠʘʣʴʥʳʡ ʠʟʥʦʩ ʢʨʫʛʘ ʋʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʂʦʵʬʬʠʮʠʝʥʪʳ 

1ʢ 2ʢ 3ʢ 4ʢ 1ʢ 2ʢ 3ʢ 4ʢ 

24ɸ -8Ā10-5 0,00905 -0,33928 4,70521 -1,6Ā10-5 0,00182 -0,06797 0,97325 

64ʉ -1,2Ā10-5 0,00169 -0,08098 1,75578 -5,5Ā10-5 0,00598 -0,20518 2,29880 
 

ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʫʜʝʣʴʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ 

ʧʦʣʠʥʦʤʠʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʧʦ ʬʦʨʤʫʣʝ 3. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʜʣʷ ʧʨʦʜʦʣʴʥʦʛʦ 

ʰʣʠʬʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. ʊʘʢ ʢʘʢ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ 

ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ 4-ʡ ʩʪʝʧʝʥʠ ʧʦ ʯʝʪʳʨʸʤ ʪʦʯʢʘʤ, ʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 5ʢ

= 0 ʚ ʪʘʙʣʠʮʝ 2 ʪʘʢʞʝ ʥʝ ʧʨʠʚʝʜʝʥ. 
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ɼʣʷ ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʠʦʜʦʚ ʩʪʦʡʢʦʩʪʠ 

ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʚʦʟʤʦʞʥʦʛʦ ʦʙʲʝʤʘ ʩʦʰʣʠʬʦʚʘʥʥʦʛʦ ʤʝʪʘʣʣʘ, 

ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʝʜʝʤ ʚ ʧʨʠʣʦʞʝʥʠʠ Excel ʦʬʠʩʥʦʛʦ ʧʘʢʝʪʘ MS Office, 

ʚʳʩʪʨʦʠʚ ʦʧʨʝʜʝʣʝʥʥʫʶ ʠʝʨʘʨʭʠʶ ʬʦʨʤʫʣ. 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʧʨʠʤʝʤ: 

- ʥʘʯʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʐʂ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟ 
ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ï 600 ʤʤ; 

- ʜʦʧʫʩʪʠʤʳʡ ʥʘʠʤʝʥʴʰʠʡ ʜʠʘʤʝʪʨ ʢʨʫʛʦʚ ʠʟ 24ɸ ʠ 64ʉ ʨʘʚʝʥ 450 ʤʤ, ʘ 

ʜʣʷ ʢʨʫʛʦʚ ʠʟ ʃʂɺ40 ʠ ɸʉ4 ʧʨʠ ʪʦʣʱʠʥʝ ʘʙʨʘʟʠʚʥʦʛʦ ʩʣʦʷ 5 ʤʤ ï 590 

ʤʤ;  

- ʧʨʘʚʢʘ ʟʘʪʫʧʠʚʰʝʛʦʩʷ ʢʨʫʛʘ ʠʟ 24ɸ ʠ 64ʉ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʣʤʘʟʥʳʤ 
ʢʘʨʘʥʜʘʰʦʤ ʩ ʛʣʫʙʠʥʦʡ 0,04 ʤʤ ʟʘ ʪʨʠ ʧʨʦʭʦʜʘ. ʊʦʛʜʘ ʟʘ ʦʜʥʫ ʧʨʘʚʢʫ 

ʜʠʘʤʝʪʨʘʣʴʥʳʡ ʨʘʟʤʝʨ ʢʨʫʛʘ ʫʤʝʥʴʰʠʪʩʷ ʥʘ 0,24 ʤʤ; 

- ʧʨʘʚʢʘ ʟʘʪʫʧʠʚʰʝʛʦʩʷ ʢʨʫʛʘ ʠʟ ʃɺʂ40 ʠ ɸʉ4 ʧʨʦʠʟʚʦʜʠʪʩʷ ʰʘʨʦʰʢʦʡ. 

ʂʘʢ ʧʦʢʘʟʘʣʘ ʧʨʘʢʪʠʢʘ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʞʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʟʘʪʫʧʠʚʰʝʛʦʩʷ ʢʨʫʛʘ ʠʟ ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦʩʪʘʪʦʯʥʦ ʚ ʨʘʜʠʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʥʷʪʴ ʩ ʢʨʫʛʘ 0,05 ʤʤ ʘʙʨʘʟʠʚʥʦʛʦ ʩʣʦʷ. ʊʦʛʜʘ ʟʘ ʦʜʥʫ ʧʨʘʚʢʫ 

ʜʠʘʤʝʪʨʘʣʴʥʳʡ ʨʘʟʤʝʨ ʢʨʫʛʘ ʫʤʝʥʴʰʠʪʩʷ ʥʘ 0,1 ʤʤ. 

ɿʘʪʨʘʪʳ ʥʘ ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʝʜʠʥʠʮʫ ʩʥʷʪʦʛʦ 

ʤʝʪʘʣʣʘ ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ 

                                               
ʠʥʩ

ʤ

ʦʙʱ

ʎ
ʎ

Q
=                                                                                  (4) 

ʛʜʝ ʤʎ  ï ʟʘʪʨʘʪʳ ʥʘ ʘʙʨʘʟʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʥʷʪʠʷ 1 ʩʤ3 

ʧʦʢʨʳʪʠʷ; ʠʥʩʎ  ï ʮʝʥʘ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ. 

ʎʝʥʳ ʥʘ ʘʙʨʘʟʠʚʥʳʝ ʢʨʫʛʠ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʣʦʛʦ 24ɸ ʠ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ ʟʝʣʸʥʦʛʦ 64ʉ ʚʟʷʪʳ ʩʦʛʣʘʩʥʦ ʧʨʝʡʩʢʫʨʘʥʪʫ ʮʝʥ ʆʆʆ çʂʦʩʫʣʠʥʩʢʠʡ 

ʘʙʨʘʟʠʚʥʳʡ ʟʘʚʦʜè ʥʘ 01.10.2014 ʛ.: 

- ʂʨʫʛ ʇʇ 600ʭ25ʭ305 24ɸ F46NV 50m/s ï 3820 ʨʫʙ/ʰʪ; 

- ʂʨʫʛ ʇʇ 600ʭ25ʭ305 64ʉ F46NV 50m/s ï 7333 ʨʫʙ/ʰʪ. 

ʎʝʥʳ ʥʘ ʘʙʨʘʟʠʚʥʳʝ ʢʨʫʛʠ ʠʟ ʵʣʴʙʦʨʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʃʂɺ40 ʠ 

ʘʣʤʘʟʘ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ɸʉ4 ʧʨʠʥʷʪʳ ʩʦʛʣʘʩʥʦ ʧʨʝʡʩʢʫʨʘʥʪʫ ʮʝʥ ʆʆʆ 

çʇʝʪʝʨʙʫʨʛʩʢʠʡ ʘʙʨʘʟʠʚʥʳʡ ʟʘʚʦʜ çʀʣʴʠʯè ʥʘ 01.10.2014 ʛ.: 

- ʂʨʫʛ ʇʇ 600ʭ25ʭ305ʭ5 ʃʂɺ40 250/200ʂʉ2 50m/s ï 75850 ʨʫʙ/ʰʪ; 

- ʂʨʫʛ ʇʇ 600ʭ25ʭ305ʭ5 ɸʉ4 250/200ʂʉʊ2 50m/s ï 75680 ʨʫʙ/ʰʪ. 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʟʘʪʨʘʪ ʥʘ ʘʙʨʘʟʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠʣʦʞʝʥʠʝ 

çExcelè ʦʬʠʩʥʦʛʦ ʧʘʢʝʪʘ çMS Officeè. ʉʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ V ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʥʘ 

ʢʘʞʜʦʤ ʧʝʨʠʦʜʝ ʩʪʦʡʢʦʩʪʠ ʢʨʫʛʘ ʚ ʩʚʷʟʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʠʥʩʪʨʫʤʝʥʪʘ 

ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʠʟʥʦʩʘ. ɻʣʫʙʠʥʘ ʨʝʟʘʥʠʷ ʚ ʜʘʥʥʳʭ ʨʘʩʯʝʪʘʭ ʧʨʠʥʠʤʘʣʘʩʴ 

ʧʦʩʪʦʷʥʥʦʡ t = 10 ʤʢʤ/ʜʚ. ʭʦʜ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 
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ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʟʘʪʨʘʪ ʥʘ ʘʙʨʘʟʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʠ ʧʨʦʜʦʣʴʥʦʤ 

ʰʣʠʬʦʚʘʥʠʠ 

ʐʣʠʬʦʚʘʣʴʥʳʝ ʢʨʫʛʠ 

 

ʂʦʣ-ʚʦ 

ʧʝʨʠʦʜʦʚ 

ʩʪʦʡʢʦʩʪʠ 

ʢʨʫʛʦʚ 

ʎʝʥʘ 

ʘʙʨʘʟʠʚ- 

ʥʦʛʦ ʢʨʫʛʘ 

ʎʠʥʩ, ʨʫʙ 

ʆʙʲʸʤ ʩʥʷʪʦʛʦ 

ʤʝʪʘʣʣʘ ʟʘ ʩʨʦʢ 

ʩʣʫʞʙʳ ʢʨʫʛʦʚ 

Qʦʙ,ɦ ʩʤ3 

ɿʘʪʨʘʪʳ ʥʘ 

ʘʙʨʘʟʠʚʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʧʨʠ 

ʩʲʝʤʝ 1 ʩʤ3 

ʤʝʪʘʣʣʘ ʎʤ, ʨʫʙ 
24ɸ F46N6V 554 3820 1343 2,84 

64ʉ F46N6V 555 7333 352   20,86 

ʃʂɺ40 250/200ʂʉʊ2, 

ʘʙʨʘʟʠʚʥʳʡ ʩʣʦʡ 5 ʤʤ 
41 75850 11864 6,24 

ɸʉ4 250/200ʂʉʊ2, 

ʘʙʨʘʟʠʚʥʳʡ ʩʣʦʡ 5 ʤʤ 
31 75680 24167  3,02 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʇʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʢʨʫʛʘʤʠ ʠʟ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʵʢʦʥʦʤʠʯʝʩʢʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʦʢʘʟʘʣʩʷ ʢʨʫʛ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʣʦʛʦ 24ɸ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʢʨʫʛʘ 

ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʘʙʨʘʟʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʨʙʠʜʢʨʝʤʥʠʝʚʳʤ 

ʢʨʫʛʦʤ ʚ 7,3 ʨʘʟʘ. 

2. ʇʨʠ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ 

ʢʨʫʛʘʤʠ ʠʟ ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʪʦʣʱʠʥʦʡ ʘʙʨʘʟʠʚʥʦʛʦ ʩʣʦʷ 5 ʤʤ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʦʢʘʟʘʣʩʷ ʢʨʫʛ ʠʟ ʘʣʤʘʟʘ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ɸʉ4. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʨʘʩʭʦʜʳ ʥʘ ʘʙʨʘʟʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʴʙʦʨʦʤ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʃʂɺ40 ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ. 

3. ʇʨʠ ʩʦʚʤʝʩʪʥʦʤ ʘʥʘʣʠʟʝ ʢʨʫʛʦʚ ʠʟ ʦʙʳʯʥʳʭ ʠ ʩʚʝʨʭʪʚʝʨʜʳʭ ʘʙʨʘʟʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʥʘ 

ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʢʨʫʛ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʣʦʛʦ 24ɸ. ʕʪʦʪ ʢʨʫʛ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʘʙʨʘʟʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʫʛʘʤʠ ʠʟ 

ʵʣʴʙʦʨʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʃʂɺ40 ʠ ʘʣʤʘʟʘ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ɸʉ4 ʥʘ 20 ʠ 6 

% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʢʦʥʯʘʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤ ʘʙʨʘʟʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʢʨʫʛʣʦʤ ʥʘʨʫʞʥʦʤ 

ʧʨʦʜʦʣʴʥʦʤ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʢʨʫʛ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʣʦʛʦ 

24ɸ. 
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ɺʚʝʜʝʥʠʝ 

ʆʆʆ çɸʣʪʘʡʪʨʘʥʩʤʘʰ-ʩʝʨʚʠʩè (ʆʆʆ çɸʊʄʉè) ï ʧʨʝʜʧʨʠʷʪʠʝ, 

ʦʩʥʦʚʘʥʥʦʝ ʚ 1997 ʛʦʜʫ, ʦʪʥʦʩʠʪʩʷ ʢ ʦʪʨʘʩʣʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʫʩʝʥʠʯʥʦʛʦ ʩʥʝʛʦʙʦʣʦʪʦʭʦʜʘ ʧʦʚʳʰʝʥʥʦʡ 

ʧʨʦʭʦʜʠʤʦʩʪʠ ʤʦʜʝʣʠ ɻʊ-ʊʈ. ʇʨʝʜʧʨʠʷʪʠʝ ʜʝʣʘʝʪ ʫʧʦʨ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʜ ʧʦʪʨʝʙʥʦʩʪʠ ʢʣʠʝʥʪʦʚ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʦ 

14 ʤʦʜʠʬʠʢʘʮʠʡ ʩʥʝʛʦʙʦʣʦʪʦʭʦʜʦʚ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʧʣʝʢʪʘʮʠʷʭ. 

ʇʦ ʩʦʛʣʘʩʦʚʘʥʠʶ ʩ ʧʦʪʨʝʙʠʪʝʣʝʤ ʩʥʝʛʦʙʦʣʦʪʦʭʦʜʳ ʤʦʛʫʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ 

ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʤʠ ʧʨʠ ʩʦʛʣʘʩʦʚʘʥʠʠ 

ʧʨʠʤʝʥʷʝʤʦʩʪʠ ʧʦ ɻʆʉʊ 2.124, ʠ ʚ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʪʘʮʠʷʭ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʜʦʛʦʚʦʨʘʭ ʥʘ ʧʦʩʪʘʚʢʫ [1]. 

ʇʨʠ ʥʘʣʠʯʠʠ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʤʦʜʠʬʠʢʘʮʠʡ ʠʟʜʝʣʠʡ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ ʧʨʦʜʘʞ, ʧʨʝʜʧʨʠʷʪʠʝ ʥʝ ʩʧʨʘʚʣʷʝʪʩʷ ʩ 

ʪʨʝʙʫʝʤʳʤ ʦʙʲʝʤʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦʵʪʦʤʫ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʜʣʷ ʆʆʆ çɸʊʄʉè. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʥʝʛʦʙʦʣʦʪʦʭʦʜʘ 

ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʆʆʆ çɸʣʪʘʡʪʨʘʥʩʤʘʰ-ʩʝʨʚʠʩè ʠ ʨʘʟʨʘʙʦʪʢʘ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ 

ʝʛʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʚ ʧʣʘʥʝ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʥʝʛʦʙʦʣʦʪʦʭʦʜʘ ɻʊ-ʊʈ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ çʫʟʢʠʭ ʤʝʩʪè. 

2) ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʠʣʠ ʤʠʥʠʤʠʟʘʮʠʠ ʚʳʷʚʣʝʥʥʳʭ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʜʦʩʪʘʪʢʦʚ ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. 

3) ʉʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʘʥʜʫ ʠ ʩʦʩʪʘʚʠʪʴ ʢʘʣʝʥʜʘʨʥʳʡ ʧʣʘʥ-ʛʨʘʬʠʢ 

ʚʥʝʜʨʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɻʫʩʝʥʠʯʥʳʡ ʩʥʝʛʦʙʦʣʦʪʦʭʦʜ ɻʊ-ʊʈ (ʨʠʩʫʥʦʢ 1), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʳʩʪʨʦʭʦʜʥʫʶ ʤʘʰʠʥʫ ʚʳʩʦʢʦʡ ʧʨʦʭʦʜʠʤʦʩʪʠ ʩ ʥʝʩʫʱʠʤ ʢʦʨʧʫʩʦʤ ʠ 

ʧʝʨʝʜʥʠʤʠ ʚʝʜʫʱʠʤʠ ʢʦʣʝʩʘʤʠ. 
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ʈʠʩ. 1 ï ɻʫʩʝʥʠʯʥʳʡ ʪʨʘʥʩʧʦʨʪʸʨ (ʩʥʝʛʦʙʦʣʦʪʦʭʦʜ) ɻʊ-ʊʈ 

 

ʉʥʝʛʦʙʦʣʦʪʦʭʦʜ ʧʨʝʜʥʘʟʥʘʯʘʝʪʩʷ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʣʶʜʝʡ ʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʟʦʚ 

ʧʦ ʙʝʟʜʦʨʦʞʴʶ. ʇʨʦʜʫʢʮʠʷ ʧʦʩʪʘʚʣʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʝ ʨʝʛʠʦʥʳ ʈʦʩʩʠʠ ʠ 

ʨʘʙʦʪʘʝʪ ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʥʝʞʝʥʥʦʡ ʮʝʣʠʥʳ, ʣʝʩʠʩʪʦ-ʙʦʣʦʪʠʩʪʦʡ ʤʝʩʪʥʦʩʪʠ, 

ʣʝʩʦʪʫʥʜʨʳ ʩ ʧʦʜʨʦʩʪʦʤ ʥʘ ʩʝʚʝʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʜʫʭʘ ʦʪ ʤʠʥʫʩ 45 ʜʦ 

ʧʣʶʩ 45 Áʉ. 

ɻʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʩʥʝʛʦʙʦʣʦʪʦʭʦʜʘ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʟʘʧʘʩʘ 

ʧʣʘʚʫʯʝʩʪʠ 2,5 ʪ. ɼʚʠʞʝʥʠʝ ʩʥʝʛʦʙʦʣʦʪʦʭʦʜʘ ʚʧʣʘʚʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʛʫʩʝʥʠʯʥʳʤ ʜʚʠʞʠʪʝʣʝʤ.  

ʂʦʨʧʫʩ ʩʥʝʛʦʙʦʣʦʪʦʭʦʜʘ ʠʤʝʝʪ ʮʝʣʴʥʦʤʝʪʘʣʣʠʯʝʩʢʫʶ ʩʚʘʨʥʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ ʩ ʦʪʢʨʳʪʦʡ ʛʨʫʟʦʚʦʡ ʧʣʘʪʬʦʨʤʦʡ, ʩ ʮʝʣʴʥʦʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʛʨʫʟʦʧʘʩʩʘʞʠʨʩʢʠʤ ʩʘʣʦʥʦʤ ʠʣʠ ʢʫʟʦʚʦʤ ʩʚʝʨʭʫ ʟʘʢʨʳʪʳʤ ʩʲʝʤʥʳʤ ʪʝʥʪʦʤ ʠʟ 

ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʡ ʪʢʘʥʠ. ʈʘʤʘ ʢʦʨʧʫʩʘ (ʣʦʜʢʘ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʘʨʥʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʠʣʦʚʦʛʦ ʢʘʨʢʘʩʘ ʠ ʧʨʠʚʘʨʝʥʥʦʡ ʢ ʥʝʡ ʩʪʘʣʴʥʦʡ 

ʦʙʰʠʚʢʠ [3]. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʛʦʜʘ ʩʧʨʦʩ ʥʘ ʚʳʧʫʩʢʘʝʤʫʶ ʧʨʦʜʫʢʮʠʶ ʨʝʟʢʦ ʫʚʝʣʠʯʠʣʩʷ 

(ʪʘʙʣʠʮʘ 1) ʠ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ. ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʜʘʚʘʝʤʳʭ ʝʜʠʥʠʮ ʠʟʜʝʣʠʷ 

ʚʦʟʨʦʩʣʦ ʚ 3 ʨʘʟʘ, ʧʨʠ ʫʩʣʦʚʠʷʭ ʜʚʫʭʩʤʝʥʥʦʡ ʰʝʩʪʠʜʥʝʚʥʦʡ ʨʘʙʦʪʳ. ʉʧʨʦʩ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʝʚʳʰʘʝʪ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʊʘʙʣʠʮʘ 1 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʜʘʞ ʠʟʜʝʣʠʷ ʚ ʧʝʨʠʦʜ 2021 ï 2023 ʛ. 

ʇʝʨʠʦʜ ʅʘʠʤʝʥʦʚʘʥʠʝ ʠʟʜʝʣʠʷ 
ɻʦʜʦʚʦʡ ʦʙʲʝʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʉʧʨʦʩ 

2021 ʛʦʜ ʉʥʝʛʦʙʦʣʦʪʦʭʦʜ ɻʊ-ʊʈ 5 ʰʪ. 5 ʰʪ. 

2022 ʛʦʜ ʉʥʝʛʦʙʦʣʦʪʦʭʦʜ ɻʊ-ʊʈ 8 ʰʪ. 8 ʰʪ. 

2023 ʛʦʜ ʉʥʝʛʦʙʦʣʦʪʦʭʦʜ ɻʊ-ʊʈ 15 ʰʪ. 30 ʰʪ. 
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ɼʣʷ ʚʳʷʚʣʝʥʠʷ çʫʟʢʠʭ ʤʝʩʪè ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʠʟʜʝʣʠʷ ɻʊ-ʊʈ, ʧʨʦʚʝʜʝʤ ʝʛʦ ʘʥʘʣʠʟ, ʩ ʫʯʝʪʦʤ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʦʜʥʦʡ ʝʜʠʥʠʮʳ ʠʟʜʝʣʠʷ. 

ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʥʝʛʦʙʦʣʦʪʦʭʦʜʘ ɻʊ-ʊʈ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. ʅʘ ʝʛʦ ʦʩʥʦʚʝ, ʧʨʠ ʧʦʤʦʱʠ ʙʫʤʘʞʥʦʛʦ ʞʫʨʥʘʣʘ 

ʢʦʥʪʨʦʣʷ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʟʘʪʨʘʪʘʭ ʚʨʝʤʝʥʠ ʥʘ ʩʙʦʨʢʫ ʦʜʥʦʡ ʝʜʠʥʠʮʳ 

ʠʟʜʝʣʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 

ɿʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʩʙʦʨʢʫ ʦʜʥʦʡ ʝʜʠʥʠʮʳ ʠʟʜʝʣʠʷ çʉʥʝʛʦʙʦʣʦʪʦʭʦʜ ɻʊ-ʊʈè 

ʧʦ ʦʧʝʨʘʮʠʷʤ ʚ ʤʝʩʷʮ 

ˉ 

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʧʝʨʘʮʠʠ 

ʆʪʨʘʙʦʪʘʥʥʦʝ 

ʚʨʝʤʷ ʚ ʩʤʝʥʫ, ʯ 

ʂʦʣ-ʚʦ 

ʨʘʙʦʯʠʭ ʜʥʝʡ 

ʏʠʩʣʦ 

ʨʘʙʦʪʥʠʢʦʚ 

ʊʨʫʜʦʝʤ-

ʢʦʩʪʴ, 

ʯʝʣ./ʜʝʥʴ 

1 
ɿʘʢʣʘʜʢʘ, ʩʙʦʨʢʘ, ʩʚʘʨʢʘ 

ʨʘʤʳ ʢʦʨʧʫʩʘ (ʣʦʜʢʠ) 
12 6 2 18 

2 
ʉʙʦʨʢʘ, ʩʚʘʨʢʘ, ʦʙʰʠʚʢʘ 

ʢʘʨʢʘʩʘ 
12 6 2 18 

3 

ʉʙʦʨʢʘ, ʩʚʘʨʢʘ 

ʵʣʝʤʝʥʪʦʚ ʢʨʝʧʣʝʥʠʷ, 

ʢʨʦʥʰʪʝʡʥʦʚ, 

ʜʦʦʙʦʨʫʜʦʚʘʥʠʷ 

12 4 2 12 

4 
ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʧʦʢʨʘʩʢʘ 
8 3 1 3 

5 ʉʙʦʨʢʘ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ 12 6 4 36 

6 
ʉʪʘʮʠʦʥʘʨʥʳʝ 

ʠʩʧʳʪʘʥʠʷ 
8 1 2 2 

7 ʋʩʪʨʘʥʝʥʠʝ ʜʝʬʝʢʪʦʚ 8 1 4 4 

8 ʇʨʦʙʝʛ 8 2 2 4 

9 ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʧʦʢʨʘʩʢʘ 8 2 1 2 

10 ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʩʙʦʨʢʘ 8 2 4 8 

ʀʪʦʛʦ: 107 
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ʈʠʩ. 2 ï ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʥʝʛʦʙʦʣʦʪʦʭʦʜʘ ɻʊ-ʊʈ 



86  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2 ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʥʝʛʦʙʦʣʦʪʦʭʦʜʘ ɻʊ-ʊʈ 

ʦʨʛʘʥʠʟʦʚʘʥ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʬʦʨʤʝ (ʢʦʛʜʘ ʢʘʞʜʘʷ ʧʦʩʣʝʜʫʶʱʘʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʦʢʦʥʯʘʥʠʠ ʧʨʝʜʳʜʫʱʝʡ). ɸ 

ʜʘʥʥʳʝ ʪʘʙʣʠʮʳ 2 ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʟʘ ʦʜʠʥ ʤʝʩʷʮ ʚʳʧʫʩʢ 

ʧʨʦʜʫʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 1,5 ʝʜʠʥʠʮʳ ʠʟʜʝʣʠʷ. ʅʦ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʩʧʨʦʩʘ 

ʧʦʢʫʧʘʪʝʣʝʡ, ʚʳʧʫʩʢ ʤʘʰʠʥ ʜʦʣʞʝʥ ʙʳʪʴ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ. ɼʦʩʪʠʛʥʫʪʴ 

ʪʨʝʙʫʝʤʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʟ-ʟʘ ʥʝʭʚʘʪʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʝʡ ʚ ʆʆʆ 

çɸʊʄʉè. 

ɼʝʪʘʣʠ ʠ ʫʟʣʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʥʝʛʦʙʦʣʦʪʦʭʦʜʘ ɻʊ-ʊʈ, 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʩʠʣʘʤʠ ʩʘʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʪʨʝʙʫʶʱʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʤʝʭʘʥʠʯʝʩʢʦʤ ʮʝʭʝ ˉ1 ʆʆʆ çɸʊʄʉè. ʇʝʨʝʯʝʥʴ 

ʦʩʥʦʚʥʦʛʦ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʪʦʛʦ ʮʝʭʘ (ʩ ʫʢʘʟʘʥʠʝʤ ʛʦʜʦʚ 

ʚʳʧʫʩʢʘ) ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3 

ʇʝʨʝʯʝʥʴ ʦʩʥʦʚʥʦʛʦ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʮʝʭʘ ˉ1 ʆʆʆ çɸʊʄʉè 
ˉ 

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʂʦʣʠʯʝʩʪʚʦ ɻʦʜ ʚʳʧʫʩʢʘ 

1 ʊʦʢʘʨʥʦ-ʚʠʥʪʦʨʝʟʥʳʡ ʌʊ-11 1 1979 

2 ʊʦʢʘʨʥʦ-ʚʠʥʪʦʨʝʟʥʳʡ 1ʂ62 1 1964 

3 ʊʦʢʘʨʥʦ-ʚʠʥʪʦʨʝʟʥʳʡ 16ʂ20 1 1973 

4 ʊʦʢʘʨʥʦ-ʚʠʥʪʦʨʝʟʥʳʡ 1ʄ63 1 1978 

5 ɺʝʨʪʠʢʘʣʴʥʦ-ʩʚʝʨʣʠʣʴʥʳʡ 2ɸ125 1 1958 

6 ɺʝʨʪʠʢʘʣʴʥʦ-ʩʚʝʨʣʠʣʴʥʳʡ 2ʅ135 1 1978 

7 ʅʘʩʪʦʣʴʥʦ-ʩʚʝʨʣʠʣʴʥʳʡ 2ʄ112 1 1976 

8 ʅʘʩʪʦʣʴʥʦ-ʩʚʝʨʣʠʣʴʥʳʡ çʂʨʚʝʪè 42 1 2003 

9 ʈʘʜʠʘʣʴʥʦ-ʩʚʝʨʣʠʣʴʥʳʡ 2ʄ55 1 1984 

10 ʆʪʜʝʣʦʯʥʦ-ʨʘʩʪʦʯʥʦʡ ʈ 1 1971 

11 ʆʪʜʝʣʦʯʥʦ-ʨʘʩʪʦʯʥʦʡ ʐ 1 1974 

12 ɿʘʪʦʯʥʦʡ 3ɹ642 1 1975 

13 ɿʘʪʦʯʥʦʡ 3ɹ634 1 1974 

14 ʇʣʦʩʢʦʰʣʠʬʦʚʘʣʴʥʳʡ 614 1 1997 

15 ʂʨʫʛʣʦʰʣʠʬʦʚʘʣʴʥʳʡ 3151 1 1955 

16 ɺʝʨʪʠʢʘʣʴʥʦ-ʬʨʝʟʝʨʥʳʡ 6ʈ13 1 1960 

17 ɺʝʨʪʠʢʘʣʴʥʦ-ʬʨʝʟʝʨʥʳʡ 6ʈ12 1 1960 

18 ʉʪʨʦʛʘʣʴʥʳʡ 7ɼ36 1 1974 

19 ɸʙʨʘʟʠʚʥʦ-ʦʪʨʝʟʥʦʡ 1 1985 

20 ʊʦʯʠʣʴʥʦ-ʰʣʠʬʦʚʘʣʴʥʳʡ 1 2000 

21 ʃʝʥʪʦʯʥʘʷ ʧʠʣʘ VE-250V 1 2011 

22 ʉʪʘʥʦʢ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʠ 1 2024 

23 ʂʨʘʥ ʙʘʣʢʘ 1 2008 

24 ʇʣʘʟʤʝʥʥʳʡ ʘʧʧʘʨʘʪ ʈ142 1 2011 

25 ʉʚʘʨʦʯʥʳʡ ʘʧʧʘʨʘʪ BC-300 1 2017 

26 ɺʘʣʴʮʦʚʦʯʥʳʡ ʩʪʘʥʦʢ 1 2007 

27 ʇʨʝʩʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ 6ʋ64 1 1980 
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ʉʚʘʨʢʘ ʨʘʤʳ ʢʦʨʧʫʩʘ, ʢʘʨʢʘʩʘ ʩʥʝʛʦʙʦʣʦʪʦʭʦʜʘ, ʦʢʨʘʩʢʘ ʠ ʩʙʦʨʢʘ ʤʘʰʠʥʳ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʙʦʨʦʯʥʦʤ ʮʝʭʝ ˉ2 ʆʆʆ çɸʊʄʉè. ʇʝʨʝʯʝʥʴ ʦʩʥʦʚʥʦʛʦ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʪʦʛʦ ʮʝʭʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4 

ʇʝʨʝʯʝʥʴ ʦʩʥʦʚʥʦʛʦ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʮʝʭʘ ˉ2 ʆʆʆ çɸʊʄʉè 
ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʂʦʣʠʯʝʩʪʚʦ ɻʦʜ ʚʳʧʫʩʢʘ 

1 ɻʠʣʴʦʪʠʥʥʳʝ ʥʦʞʥʠʮʳ ʊʀ ʉʮʊʇ10 1 1975 

2 ɺʘʣʴʮʦʚʦʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ RM-550 1 2022 

3 ʂʦʤʧʨʝʩʩʦʨ ɺ4900ɺ 200ʉʊ 1 2016 

4 ʂʨʦʤʢʦʛʠʙ ʀ 1328 1 1986 

5 ʊʦʯʠʣʴʥʦ-ʰʣʠʬʦʚʘʣʴʥʳʡ ʩʪʘʥʦʢ 1 2023 

6 ʄʦʶʱʠʡ ʘʧʧʘʨʘʪ 1 2022 

7 ʇʨʝʩʩ ʣʠʩʪʦʛʠʙʦʯʥʳʡ ʀɹ 1430ɸ 1 1990 

8 ʉʪʘʥʦʢ ʢʫʟʥʝʯʥʳʡ çʄʘʩʪʝʨ-2ʋè 1 2006 

9 ʅʘʩʪʦʣʴʥʦ-ʩʚʝʨʣʠʣʴʥʳʡ 2ʄ112 1 1976 

10 ɺʝʨʪʠʢʘʣʴʥʦ-ʩʚʝʨʣʠʣʴʥʳʡ 2ʅ135 1 1978 

11 ʉʚʝʨʣʠʣʴʥʳʡ çʂʨʘʪʦʥè 1 2017 

12 ʋʩʪʘʥʦʚʢʘ ʚʦʟʜʫʰʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʠ ʈ-142 1 2011 

13 ʅʦʞʥʠʮʳ ʚʳʩʝʯʥʳʝ ʅ535 1 1980 

14 ʅʦʞʥʠʮʳ ʢʨʠʚʦʰʠʧʥʳʝ ʣʠʩʪʦʚʳʝ ʛʠʣʴʦʪʠʥʥʳʝ 

ʅɼ3314ɻ 

1 1984 

15 ʉʪʘʥʦʢ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ 1 1995 

16 ʉʪʘʥʦʢ ʤʝʪʘʣʣʦʨʝʞʫʱʠʡ Makita 1 2017 

17 ʉʪʘʥʦʢ ʤʝʪʘʣʣʦʨʝʞʫʱʠʡ Devolt 1 2024 

18 ʇʣʘʟʤʘ ʨʫʯʥʘʷ 1 2024 

19 ʇʝʩʢʦʩʪʨʫʡʥʳʡ ʩʪʘʥʦʢ 1 2016 

20 ʂʨʘʥ-ʙʘʣʢʘ 1 2024 

21 ʀʥʚʝʨʪʦʨ ʧʦʣʫʘʚʪʦʤʘʪ ʩʚʘʨʦʯʥʳʡ NB-500 MIG 500 2 2023 

22 ʀʥʚʝʨʪʦʨʥʳʡ ʘʧʧʘʨʘʪ ʩʚʘʨʦʯʥʳʡ ʧʦʣʫʘʚʪʦʤʘʪ MIG 

350 

2 2022 

23 ʀʥʚʝʨʪʦʨ ʩʚʘʨʦʯʥʳʡ Recanta ʨʫʯʥʦʡ ʜʫʛʦʚʦʡ 1 2008 

24 ʄʘʰʠʥʘ ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ PCP-28 1 2010 

25 ʉʚʘʨʦʯʥʳʡ ʧ/ʘʚʪʦʤʘʪ çʉʧʫʪʥʠʢè 1 2009 

 

ʀʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʘʭ 3 ʠ 4 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʮʝʭʦʚ ˉ1 ʠ ˉ2 ʠʟʛʦʪʦʚʣʝʥʳ ʝʱʝ ʚ ʧʨʦʰʣʦʤ ʚʝʢʝ, 

ʘ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʵʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʘʢʪʠʚʥʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʦʩʴ ʩ ʤʦʤʝʥʪʘ 

ʩʚʦʝʛʦ ʚʳʧʫʩʢʘ, ʦʥʦ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʟʥʦʩ, ʢʘʢ ʤʦʨʘʣʴʥʳʡ, ʪʘʢ ʠ 

ʬʠʟʠʯʝʩʢʠʡ. 

ʂʦʤʧʦʥʦʚʦʯʥʳʡ ʧʣʘʥ ʮʝʭʘ ˉ2 ʆʆʆ çɸʊʄʉè ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʅʘ ʨʠʩʫʥʢʝ ʩʪʨʝʣʢʘʤʠ ʩʭʝʤʘʪʠʯʥʦ ʦʙʦʟʥʘʯʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʫʟʣʦʚ ʩʥʝʛʦʙʦʣʦʪʦʭʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ ʮʠʬʨʘʤʠ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʥʫʤʝʨʘʮʠʝʡ ʚ ʪʘʙʣʠʮʝ 2). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʭʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʦʪʦʢʦʚ ʠʤʝʝʪ ʤʝʩʪʦ ʠʭ ʢʘʢ ʚʩʪʨʝʯʥʦʝ, ʪʘʢ ʠ ʧʝʨʝʢʨʝʩʪʥʦʝ ʥʘʧʨʘʚʣʝʥʠʷ. 
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ʈʠʩ. 3 ï ʂʦʤʧʦʥʦʚʦʯʥʳʡ ʧʣʘʥ ʩʙʦʨʦʯʥʦʛʦ ʮʝʭʘ ˉ2 ʆʆʆ çɸʊʄʉè ʩ ʫʢʘʟʘʥʠʝʤ 

ʥʘʧʨʘʚʣʝʥʠʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ 

 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʷ ɻʊ-ʊʈ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ: 

1) ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʩʥʝʛʦʙʦʣʦʪʦʭʦʜʘ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 


