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ɼʚʠʞʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʤʝʭʘʥʠʟʤʦʚ ʧʨʠ ʜʚʦʡʥʳʭ ʚʨʘʱʝʥʠʷʭ 

 

118 

  



 

4 

 

ʊʘʨʙʝʝʚʘ ʅ.ɸ., ʈʫʙʣʝʚʘ ʆ.ɸ. 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʣʠʮʦʚʦʯʥʦʡ ʧʣʠʪʢʠ ʠʟ ʢʫʩʢʦʚʳʭ 

ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ 

 

126 

ʏʘʩʪʦʝʜʦʚ ɸ.ɸ. 

ʀʥʪʝʛʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ çʫʤʥʳʡ ʜʦʤè ʚ ʫʯʝʙʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʣʘʙʦʨʘʪʦʨʠʶ 

ʚʫʟʘ 

 

131 

 

ʉʝʢʮʠʷ 3. ʅʘʟʝʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ 

 

 

ɸʙʨʘʤʦʚ ʅ.ɸ., ʄʠʭʘʡʣʦʚ ʀ.ʈ., ɼʦʣʤʘʪʦʚ ʉ.ʅ. 
ʊʝʭʥʦʣʦʛʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘʩʳʧʝʡ ʜʦʨʦʛ ʥʘ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʠ ʚʝʯʥʦʤʝʨʟʣʳʭ 

ʦʩʥʦʚʘʥʠʷʭ 

 

 

136 

ɻʘʬʠʷʪʫʣʣʠʥ ɸ.ɸ., ʉʥʘʨʩʢʠʡ ʉ.ɺ., ʅʘʟʘʨʦʚ ʌ.ʃ., ɻʘʣʠʝʚ ʀ.ɻ., ʅʫʨʝʪʜʠʥʦʚ ɼ.ʀ. 
ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʣʦʞʝʥʥʳʭ ʫʨʦʚʥʝʡ ʨʝʩʫʨʩʘ, ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʤʝʞʩʝʨʚʠʩʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʜʚʠʛʘʪʝʣʝʡ ʂɸʄɸɿ 

 

 

140 

ʂʘʨʘʙʘʥʦʚ ɻ.ʆ. 
ʈʘʙʦʪʘ ʛʠʜʨʦʧʨʠʚʦʜʘ ʤʘʰʠʥ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

 

146 

ʆʨʣʦʚʩʢʠʡ ʉ.ʅ. 
ʄʦʜʫʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ ʚ ʫʜʘʣʸʥʥʳʭ ʧʦʩʸʣʢʘʭ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʢ 

ʥʠʤ ʣʝʩʘʭ 

 

 

151 

ʆʨʣʦʚʩʢʠʡ ʉ.ʅ. 
ʄʝʪʦʜʠʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʧʣʫʞʥʳʭ ʢʘʥʘʚʦʢʦʧʘʪʝʣʝʡ ʢʘʥʘʪʥʦ-ʣʝʙʸʜʦʯʥʦʡ 

ʪʷʛʠ 

 

 

159 

ʆʨʣʦʚʩʢʠʡ ʉ.ʅ. 
ʇʝʨʝʩʘʜʢʘ ʜʝʨʝʚʴʝʚ ʚ ʟʠʤʥʠʭ ʫʩʣʦʚʠʷʭ 

 

169 

ʗʩʪʨʝʙʦʚ ɻ.ʖ., ʂʫʨʩʦʚ ʀ.ɺ., ʏʝʨʥʝʮʢʘʷ ʅ.ɸ., ʄʘʨʰʘʣʦʚ ʕ.ʉ. 
ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʬʝʜʨʳ çʅʘʟʝʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳè 

 

174 

 

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

ʤʝʭʘʥʠʟʤʳ 

 

 

ɸʙʨʘʤʝʥʢʦʚ ɼ.ʕ., ɹʦʛʘʪʳʨʸʚʘ ʊ.ɺ., ʂʫʪʫʤʦʚ ɸ.ɸ., ʉʝʨʝʙʨʷʥʥʠʢʦʚ ɸ.ɺ. 

ʇʥʝʚʤʘʪʠʯʝʩʢʠʡ ʫʜʘʨʥʳʡ ʤʝʭʘʥʠʟʤ ʤʘʰʠʥʳ ʜʣʷ ʪʝʭʥʦʣʦʛʠʡ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ 

 

180 

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

ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʚʝʨʢʠ ʩʚʦʜʥʦʡ ʤʦʜʝʣʠ ʧʨʦʝʢʪʘ ʚ Nevisworks ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ 

ʭʦʣʦʜʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

 

 

190 

ɹʘʩʤʘʥʦʚ ʅ.ʅ., ʃʦʧʘʪʠʥʘ ʄ.ʃ. 

ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʟʜʘʥʠʡ ʧʝʨʚʳʭ ʤʘʩʩʦʚʳʭ ʩʝʨʠʡ 

 

196 

ɻʘʣʜʠʥ ʅ.ʉ., ʉʝʤʝʥʦʚʘ ʀ.ɸ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʠʣʳ ʥʘ ʛʠʜʨʦʮʠʣʠʥʜʨʝ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʛʠʜʨʦʥʦʞʥʠʮʘʤʠ ʵʢʩʢʘʚʘʪʦʨʦʚ 

 

 

208 

ʂʠʨʠʣʣʦʚʘ ɸ.ɽ., ɹʘʭʪʠʥʘ ʀ.ɸ., ʀʚʘʥʦʚʘ ʊ.ʖ. 

ʇʦʜʙʦʨ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Wilo-Select 

 

214 

ʄʘʪʚʝʝʚ ʂ.ɺ., ɹʘʭʪʠʥʘ ʀ.ɸ., ɻʝʡʢʦ ʅ.ɺ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ BIM 

ʪʝʭʥʦʣʦʛʠʡ 

 

 

221 

ʄʠʭʘʡʣʝʥʢʦ ʆ.ɸ. 

ʏʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʲʝʤʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʜʨʝʚʝʩʠʥʳ ʦʧʦʨʥʳʭ ʠ ʢʦʥʴʢʦʚʳʭ ʫʟʣʦʚ ʙʦʣʴʰʝʧʨʦʣʝʪʥʦʡ ʪʨʝʭʰʘʨʥʠʨʥʦʡ 

ʜʦʱʘʪʦʢʣʝʝʥʦʡ ʘʨʢʠ 

 

226 

  



 

5 

 

ʄʠʭʘʡʣʝʥʢʦ ʆ.ɸ. 
ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʚʝʜʝʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʯʝʥʠʷ 

ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʢʣʝʝʬʘʥʝʨʥʦʛʦ ʵʣʝʤʝʥʪʘ 

 

 

233 

ʉʪʘʨʠʯʝʥʢʦ ɼ.ʂ., ɹʘʭʪʠʥʘ ʀ.ɸ., ʌʦʢ ʅ.ɸ. 
ʉʦʟʜʘʥʠʝ ʩʝʤʝʡʩʪʚʘ ʨʘʜʠʘʪʦʨʦʚ ʚ Revit ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ 

 

 

240 

ʊʫʣʠʥ ɼ.ɽ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʚʝʨʰʠʥʝ ʪʨʝʱʠʥʳ 

ʢʦʤʧʘʢʪʥʦʛʦ ʦʙʨʘʟʮʘ 

 

 

244 

ʗʨʦʚʘʷ ɽ.ɼ., ɹʘʭʪʠʥʘ ʀ.ɸ, ʂʦʨʥʝʝʚ ɸ.ʅ. 
ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʚʦʜʷʥʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ 

 

250 

 

ʉʝʢʮʠʷ 5. ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

 

 

ɹʘʣʘʰʦʚ ʆ.ʇ.  
ɺʣʠʷʥʠʝ ʦʙʨʳʚʘ PEN-ʧʨʦʚʦʜʥʠʢʘ ʚ ʩʠʩʪʝʤʝ ʮʝʭʦʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʤʠʥʠ-

ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʵʣʝʢʪʨʦʧʦʨʘʞʝʥʠʝ 

 

 

255 

ɹʘʣʘʰʦʚ ʆ.ʇ.  
ɺʳʙʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʭ ʩʭʝʤ ʛʦʨʦʜʩʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʥʠʟʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ 

 

 

259 

ɹʝʣʳʭɽ.ɸ., ʇʣʝʭʘʥʦʚɻ.ɺ., ʐʠʧʫʣʷʊ.ɺ., ʐʠʰʠʥɸ.ɸ., ʈʦʛʦʞʠʥʀ.ʖ. 
ɼʝʢʘʨʙʦʥʠʟʘʮʠʷ ʢʘʢ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

 

262 

ʄʝʟʝʥʮʝʚ ʉ.ʀ. 

ʈʝʛʝʥʝʨʘʪʠʚʥʳʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʦʪʳ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʚʳʙʨʦʩʦʚ 

 

268 

ʇʘʚʣʦʚ ɺ.ɼ. 

ʇʝʨʝʪʦʢʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʤʝʞʜʫ ʬʘʟʘʤʠ 

 

271 

ʉʦʙʦʣʝʚʘ ɸ.ɸ., ɼʦʣʤʘʪʦʚ ʉ.ʅ. 

ʇʦʚʳʰʝʥʠʝ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʧʘʣʴʥʦʛʦ ʤʝʩʪʘ 

ʛʨʫʟʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʤʝʪʦʜʘʤʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

 

 

274 

ʏʝʨʢʘʩʦʚʘ ʅ.ʀ., ɻʦʥʯʘʨʦʚ ʉ.ɸ., ʊʘʪʘʨʥʠʢʦʚʘ ɸ.ʅ. 

ʆʙʟʦʨ ʧʦʜʭʦʜʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʨʠʩʢʘ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ 

 

 

280 

 

ʉʝʢʮʠʷ 6. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

 

 

ɺʝʨʝʭ-ɹʝʣʦʫʩʦʚʘ ɽ.ʀ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʢʠ ʉʝʚʝʨʩʢʠʡ ɼʦʥʝʮ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʃʫʛʘʥʱʠʥʳ 

 

 

286 

 

ʉʝʢʮʠʷ 7. ʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

 

 

ɸʩʢʘʥʦʚʘ ʆ.ɺ. 

ʕʢʩʧʦʨʪʥʦ-ʠʤʧʦʨʪʥʳʝ ʦʧʝʨʘʮʠʠ ʈʌ ʥʘ ʨʳʥʢʝ ʤʘʰʠʥʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ 

 

294 

ɺʦʣʢʦʚʘ ʆ.ɺ. 

ʉʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ 

 

 

303 

ʉʳʨʝʡʱʠʢʦʚʘ ʅ.ɺ., ɻʫʟʝʝʚ ɺ.ʀ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʢʦʥʪʨʦʣʷ ʟʘ ʥʘʨʫʰʝʥʠʷʤʠ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʥʘ ʙʘʟʝ ʤʝʪʦʜʘ çJidokaè 

 

 

310 

 

  



 

6 

 

ʉʝʢʮʠʷ 8. ʆʙʨʘʟʦʚʘʥʠʝ. ʇʝʜʘʛʦʛʠʢʘ. ɻʫʤʘʥʠʪʘʨʥʳʝ ʥʘʫʢʠ 

 

 

ɹʘʙʘʝʚ ɸ.ɹ., ʅʘʪʘʰʢʠʥʘ ɽ.ɸ., ʉʝʜʳʭ ʖ.ʅ. 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʤʦʪʥʦʩʪʴ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʮʠʬʨʦʚʠʟʘʮʠʠ ʊʫʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʠ 

ʚʢʣʶʯʝʥʠʝ ʛʨʘʞʜʘʥ ʧʨʝʜʧʝʥʩʠʦʥʥʦʛʦ ʠ ʧʝʥʩʠʦʥʥʦʛʦ ʚʦʟʨʘʩʪʘ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʦʙʱʝʩʪʚʦ 

 

 

 

324 

ɹʘʟʘʨʦʚʘ ʃ.ɺ. 

ʋʨʦʢ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʚ 6 ʢʣʘʩʩʝ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʠʟʘʮʠʠ ʌɻʆʉ 
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ʉɽʂʎʀʗ 1. ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ, ʏʀʉʃɽʅʅʓɽ 

ʄɽʊʆɼʓ ʀ ʂʆʄʇʃɽʂʉʓ ʇʈʆɻʈɸʄʄ 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʟʘʚʝʜʫʶʱʘʷ ʢʘʬʝʜʨʦʡ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘè ɼʫʜʥʠʢ ɽʚʛʝʥʠʷ 

ɸʣʝʢʩʘʥʜʨʦʚʥʘ  

 

ʋɼʂ 004.65 

ʈɸɿʈɸɹʆʊʂɸ ʕʃɽʄɽʅʊʆɺ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ 

çʊɽʇʃʆʉʅɸɹɾɽʅʀɽè ɸʆ çʈʋɹʎʆɺʉʂʀʁ ʊɽʇʃʆɺʆʁ ʂʆʄʇʃɽʂʉ 

ʉɻʂè 

ʀ.ʖ. ʂʥʳʰʦʚ, ɽ.ɸ. ɼʫʜʥʠʢ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ ñɸʣʪʘʡʩʢʠʡ  

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘò 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʵʣʝʤʝʥʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

çʊʝʧʣʦʩʥʘʙʞʝʥʠʝè ʉɻʂ, ʝʸ ʬʫʥʢʮʠʦʥʘʣ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʆʧʠʩʳʚʘʶʪʩʷ 

ʠʥʬʦʣʦʛʠʯʝʩʢʘʷ ʠ ʜʘʪʘʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʠʚʝʜʝʥʳ ʧʨʦʙʣʝʤʳ 

ʧʝʨʝʭʦʜʘ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ ʧʫʪʠ ʠʭ 

ʨʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʧʘʪʪʝʨʥ MVVM , C#, ʦʪʦʧʣʝʥʠʝ, ʪʝʧʣʦʚʘʷ 

ʢʘʤʝʨʘ. 

DEVELOPMENT OF ELEMENTS OF THE INFORMATION SYSTEM 

çHEAT SUPPLYè OF JSC çRUBTSOVSKY THERMAL COMPLEX SGKè 

I.Y. Knyshov, E.A. Dudnik 
Rubtsovsky Industrial Institute (branch) of the Altai State Technical University named after I.I. 

Polzunov 

Annotation.This article discusses the elements of the information system "Heat Supply" 

SGK, its functionality and practical application. The infological and datalogical models of the 

developed system are described. The problems of transition to automated regulation of the heat 

supply process and ways to solve them are presented, as well as prospects for further development 

of this software are considered. 
Keywords: information system, MVVM pattern, C#, heating, heat chamber. 
 

ɺʚʝʜʝʥʠʝ 

ɸʆ ʈʫʙʮʦʚʩʢʠʡ ʪʝʧʣʦʚʦʡ ʢʦʤʧʣʝʢʩ ʉʠʙʠʨʩʢʦʡ ɻʝʥʝʨʠʨʫʶʱʝʡ ʂʦʤʧʘʥʠʠ 

(ʉɻʂ) ʜʦʣʛʦʝ ʚʨʝʤʷ ʧʳʪʘʝʪʩʷ ʨʝʰʠʪʴ ʪʝʭʥʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ - ʦʪʩʫʪʩʪʚʠʝ 

ʧʦʣʥʦʮʝʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʫʧʨʘʚʣʷʶʱʝʡ ʢʦʤʧʘʥʠʝʡ (ʋʂ), ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ʚ ʣʠʮʝ ʉɻʂ (ʖʊʉ) ʠ ʢʦʥʝʯʥʳʤ ʧʦʪʨʝʙʠʪʝʣʝʤ. 

ʋʂ ʟʘʥʠʤʘʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝʤ ʦʪʦʧʣʝʥʠʝʤ ʛʦʨʦʜʘ ʚ ʦʩʝʥʥʠʡ - ʟʠʤʥʠʡ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ: ʧʦʜʛʦʪʦʚʢʘ ʪʝʧʣʦʪʨʘʩʩ, ʪʝʧʣʦʚʳʭ ʢʘʤʝʨ, ʫʟʣʦʚ ʩʦʝʜʠʥʝʥʠʷ, 

ʧʨʦʚʝʨʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʯʸʪʯʠʢʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʠʟʥʦʰʝʥʥʦʩʪʠ ʪʝʧʣʦʩʝʪʝʡ 

ʛʦʨʦʜʘ ʈʫʙʮʦʚʩʢʘ, ʛʝʥʝʨʠʨʫʶʱʝʡ ʢʦʤʧʘʥʠʠ ʦʯʝʥʴ ʯʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ ʫʩʪʨʘʥʷʪʴ 

ʚʦʟʥʠʢʘʶʱʠʝ ʜʦ ʠ ʧʦʩʣʝ ʥʘʯʘʣʘ ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʩʝʟʦʥʘ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. ɹʝʟ 

ʝʜʠʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ 

ʦʯʝʥʴ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ, ʯʪʦ ʧʨʠʯʠʥʷʝʪ ʥʝʫʜʦʙʩʪʚʘ ʧʦʪʨʝʙʠʪʝʣʷʤ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ï ʞʠʪʝʣʷʤ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʡ ʜʦʤʦʚ, ʫʯʘʱʠʤʩʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 
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ʫʯʨʝʞʜʝʥʠʝ ʠ ʪ.ʜ. ʉɻʂ ʚʳʩʪʫʧʠʣʘ  ʟʘʢʘʟʯʠʢʦʤ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʛʦʨʦʜʘ 

ʈʫʙʮʦʚʩʢʘ.  

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʨʘʟʨʘʙʦʪʢʠ ï ʵʪʦ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚ ʩʦʟʜʘʥʠʠ 

ʝʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʣʷ. ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ, ʚ 

ʢʦʪʦʨʦʡ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʜʠʩʧʝʪʯʝʨʘ ʋʂ ʠʣʠ ʉɻʂ, ʤʦʛʣʠ ʧʦʣʫʯʘʪʴ ʘʢʪʫʘʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ  ʦʙʲʝʢʪʦʚ-ʧʦʪʨʝʙʠʪʝʣʝʡ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. ʅʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʜʘʪʯʠʢʠ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʚ ʄʂɼ 

(ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʝ ʜʦʤʘ) ʠ ʥʘ ʦʙʲʝʢʪʘʭ  ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ (ʜʝʪʩʢʠʝ ʩʘʜʳ, ʰʢʦʣʳ ʠ ʪ.ʜ.) [1, ʩ. 105-112]. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ; 

¶ ʨʘʟʨʘʙʦʪʘʪʴ ʩʪʨʫʢʪʫʨʫ ʪʝʧʣʦʩʥʘʙʞʘʶʱʝʡ ʩʠʩʪʝʤʳ; 

¶ ʧʨʦʠʟʚʝʩʪʠ ʘʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʛʨʘʤʤʥʳʤ ʠ ʘʧʧʘʨʘʪʥʳʤ ʩʨʝʜʩʪʚʘʤ; 

¶ ʩʦʩʪʘʚʠʪʴ ʠʥʬʦʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ; 

¶ ʨʘʟʨʘʙʦʪʘʪʴ ʜʘʪʘʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʙʘʟʳ ʜʘʥʥʳʭ; 

¶ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ, ʚ ʢʦʪʦʨʦʡ ʜʠʩʧʝʪʯʝʨʘ ʋʂ ʠʣʠ ʉɻʂ ʤʦʛʣʠ 

ʦʪʩʣʝʞʠʚʘʪʴ ʘʢʪʫʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʩʦʩʪʦʷʥʠʶ ʦʙʲʝʢʪʦʚ-ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ; 

¶ ʧʨʦʚʝʨʠʪʴ ʨʘʙʦʪʫ ʧʨʦʛʨʘʤʤʳ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʧʨʠʤʝʨʝ  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʨʘʙʦʯʝʡ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ,  ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʢʘʨʪʘ ʪʝʧʣʦʚʳʭ ʢʘʤʝʨ. ʉʦʙʩʪʚʝʥʥʦ ʪʝʧʣʦʚʳʝ ʢʘʤʝʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʜʨʝʚʦʚʠʜʥʦʡ ʬʦʨʤʳ, ʛʜʝ ʢʘʤʝʨʳ ʷʚʣʷʶʪʩʷ ʫʟʣʘʤʠ, ʘ ʧʦʪʨʝʙʠʪʝʣʠ - ʵʣʝʤʝʥʪʘʤʠ 

ʥʘ ʚʝʪʚʷʭ (ʨʠʩ.1).  

 
ʈʠʩ. 1 ς ʉʭʝʤʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ 
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ɼʘʥʥʘʷ ʩʭʝʤʘ ʧʦʢʘʟʳʚʘʝʪ ʬʦʨʤʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʫʟʣʦʚ 

ʪʝʧʣʦʩʝʪʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʫʩʣʦʚʥʦ ʦʧʠʩʳʚʘʝʪ ʜʘʣʝʝ, ʢʘʢ ʚʦʟʤʦʞʥʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʣʦʛʠʢʠ ʧʨʦʛʨʘʤʤʳ. 

ʇʨʠʤʝʨʥʳʡ ʧʦʨʷʜʦʢ ʨʘʙʦʪʳ ʜʠʩʧʝʪʯʝʨʘ ʋʂ:  

ɼʠʩʧʝʪʯʝʨ ʉɻʂ ʚʥʦʩʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʤ, ʯʪʦ ʪʝʧʣʦʚʘʷ ʢʘʤʝʨʘ ˉ 1 

ʥʘʭʦʜʠʪʩʷ ʚ ʨʝʤʦʥʪʝ. ʇʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʵʪʦ ʦʙʨʘʙʘʪʳʚʘʝʪ ʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ, ʯʪʦ ʫ ʦʙʲʝʢʪʦʚ ʧʦ ʘʜʨʝʩʘʤ 1, 2, 3 ʙʫʜʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʦʪʦʧʣʝʥʠʝ 

(ʚ ʦʧʠʩʘʥʠʠ ʦʙʲʝʢʪʘ ʫʩʪʘʥʦʚʠʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʣʘʛ). ɼʠʩʧʝʪʯʝʨ ʫʢʘʟʳʚʘʝʪ 

ʧʨʠʯʠʥʫ, ʤʝʩʪʦ ʠ ʚʨʝʤʷ ʥʘʯʘʣʘ ʠ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪ. 

ɼʠʩʧʝʪʯʝʨ ʋʂ ʧʦ ʟʘʧʨʦʩʫ ʧʦʪʨʝʙʠʪʝʣʷ ʦʙʨʘʱʘʝʪʩʷ ʢ ʧʨʦʛʨʘʤʤʝ, ʚʚʦʜʠʪ 

ʥʫʞʥʳʡ ʝʤʫ ʘʜʨʝʩ ʚ ʧʦʠʩʢʦʚʦʡ ʩʪʨʦʢʝ (ʢʘʢ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʨʬʝʡʩʘ) ʠ 

ʧʦʣʫʯʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʝʤʫ ʠʥʬʦʨʤʘʮʠʶ, ʘ ʠʤʝʥʥʦ ʫʞʝ ʦʟʚʫʯʝʥʥʳʝ ʚʳʰʝ 

ʧʨʠʯʠʥʫ, ʤʝʩʪʦ ʠ ʚʨʝʤʷ ʥʘʯʘʣʘ ʠ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪ. 

ʇʨʦ ʫʨʦʚʥʠ ʜʦʩʪʫʧʘ: 

ʅʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʪʦʤ, ʯʪʦʙʳ ʫ ʚʩʝʭ ʜʠʩʧʝʪʯʝʨʦʚ ʙʳʣ ʜʦʩʪʫʧ ʢ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙʦ ʚʩʝʭ ʫʟʣʘʭ ʪʝʧʣʦʩʝʪʠ. ʂʘʞʜʦʤʫ ʜʠʩʧʝʪʯʝʨʫ ʥʫʞʥʦ 

ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʜʦʩʪʫʧ ʪʦʣʴʢʦ ʢ ʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʲʝʢʪʘʤ, 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʝʛʦ ʦʨʛʘʥʠʟʘʮʠʝʡ. ʅʘʧʨʠʤʝʨ, ʜʠʩʧʝʪʯʝʨʫ ʋʂ ʞʠʣʳʭ ʜʦʤʦʚ 

ʪʦʣʴʢʦ ʩʚʝʜʝʥʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʜʦʤʦʚ ʚ ʟʦʥʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʵʪʦʡ ʋʂ [2, ʩ. 243-

247] . 

ɼʘʣʝʝ ʚ ʚʠʜʝ ʩʧʠʩʢʘ ʧʨʝʜʩʪʘʚʣʝʥ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʡ ʧʝʨʝʯʝʥʴ ʧʦʣʝʡ, 

ʢʦʪʦʨʳʝ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʢʘʞʜʳʡ ʦʙʲʝʢʪ (ʧʦʪʨʝʙʠʪʝʣʴ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ), 

ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʳ (ʨʠʩ. 2). 

 
ʈʠʩ. 2 ς ʅʝʦʙʭʦʜʠʤʳʡ ʧʝʨʝʯʝʥʴ ʧʦʣʝʡ 
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ʆʧʠʩʘʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɻʦʪʦʚʥʦʩʪʴ ʢ ʆɿʇ ï ʜʘʥʥʦʝ ʧʦʣʝ ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʝ ʠʩʪʠʥʘ, ʝʩʣʠ 

ʚʩʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʦʛʦ ʧʦʣʷ ʚʦʟʚʨʘʱʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. ɺ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʥʘʚʝʜʝʥʠʠ ʥʘ ʧʦʣʝ ʜʠʩʧʝʪʯʝʨʦʤ, ʝʤʫ ʜʦʣʞʥʘ ʙʳʪʴ 

ʚʳʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʩ ʫʢʘʟʘʥʠʝʤ ʧʨʠʯʠʥʳ, ʧʦʯʝʤʫ ʦʙʲʝʢʪ ʥʝ ʛʦʪʦʚ ʢ ʆɿʇ. 

ɾʫʨʥʘʣ / ʀʩʪʦʨʠʷ ï ʦʜʥʦ ʠʟ ʦʙʷʟʘʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʵʪʦ 

ʩʙʦʨ ʠ ʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ. ʊʦ ʝʩʪʴ ʯʪʦʙʳ 

ʙʳʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʣʝʜʠʪʴ, ʢʘʢʠʝ ʨʝʤʦʥʪʳ, ʢʦʛʜʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ. ʂʝʤ ʠ 

ʢʦʛʜʘ ʙʳʣʘ ʠʟʤʝʥʝʥʘ ʠʥʬʦʨʤʘʮʠʷ. 

ʆʩʥʦʚʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʧʨʦʛʨʘʤʤʳ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʜʠʩʧʝʪʯʝʨʘ ʉɻʂ ʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʤʧʘʥʠʡ. 

ʇʦʜ ʫʧʨʘʚʣʷʶʱʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʧʦʥʠʤʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ 

ʞʠʣʳʝ ʜʦʤʘ, ʥʦ ʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʮʝʣʳʡ ʨʷʜ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʄʂʋ ʋʧʨʘʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʛ. ʈʫʙʮʦʚʩʢʘ. 

ɺ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʫʟʣʘ ʪʝʧʣʦʩʝʪʠ, ʵʪʦ ʜʦʣʞʥʦ ʦʪʨʘʟʠʪʴʩʷ ʚʦ ʚʩʝʭ 

ʵʣʝʤʝʥʪʘʭ ʟʘ ʵʪʠʤ ʫʟʣʦʤ ʚʦ ʚʩʝʡ ʚʝʪʚʠ. ʊʦ ʝʩʪʴ ʝʩʣʠ ʙʫʜʝʪ ʚʳʚʝʜʝʥʘ ʚ ʨʝʤʦʥʪ 

ʢʘʢʘʷ-ʣʠʙʦ ʪʝʧʣʦʚʘʷ ʢʘʤʝʨʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʚʝʩʪʠʩʴ ʚ ʨʝʤʦʥʪ ʜʦʣʞʥʳ ʠ ʚʩʝ 

ʦʩʪʘʣʴʥʳʝ ʩʣʝʜʫʶʱʠʝ ʟʘ ʵʪʦʡ ʪʝʧʣʦʚʦʡ ʢʘʤʝʨʦʡ (ʫʟʣʦʤ) ʧʦ ʚʝʪʚʠ ʵʣʝʤʝʥʪʳ. 

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʩʣʫʯʘʡ çʢʦʣʴʮʦè, ʢʦʛʜʘ ʦʜʠʥ ʧʦʪʨʝʙʠʪʝʣʴ ʠʤʝʝʪ 

ʜʚʘ ʚʚʦʜʘ ʩ ʜʚʫʭ ʨʘʟʥʳʭ, ʥʦ ʚʟʘʠʤʦʨʝʟʝʨʚʠʨʫʝʤʳʭ ʪʝʧʣʦʚʳʭ ʢʘʤʝʨ. ʇʨʠ ʪʘʢʦʤ 

ʠʩʧʦʣʥʝʥʠʠ ʧʨʠ ʚʳʚʦʜʝ ʪʝʧʣʦʚʦʡ ʢʘʤʝʨʳ ˉ5 ʠʣʠ ˉ7 ʚ ʨʝʤʦʥʪ ï ʦʙʲʝʢʪ ʧʦ 

ʘʜʨʝʩʫ 7 ʦʩʪʘʥʝʪʩʷ ʧʦʜʢʣʶʯʝʥʥʳʤ ʢ ʦʪʦʧʣʝʥʠʶ.  

ʉʦʩʪʘʚʣʝʥʘ ʠʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʩʪʝʨʞʥʝʚʳʤʠ 

ʩʫʱʥʦʩʪʷʤʠ: ʜʠʩʧʝʪʯʝʨ ʋʂ, ʧʦʪʨʝʙʠʪʝʣʴ ʠ ʪʝʧʣʦʚʘʷ ʢʘʤʝʨʘ (ʨʠʩ. 3). 

 

 
ʈʠʩ. 3 ï ʀʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 
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ʅʘ ʦʩʥʦʚʝ ʠʥʬʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʬʦʨʤʠʨʦʚʘʥʘ ʜʘʪʘʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʙʘʟʳ ʜʘʥʥʳʭ (ʨʠʩ. 4). 

 
ʈʠʩ. 4 ïɼʘʪʘʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʟʨʘʙʦʪʘʥʦ: ʩʪʨʫʢʪʫʨʘ ʢʣʘʩʩʦʚ ʧʨʦʛʨʘʤʤʳ, 

ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʣʦʛʠʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʦʜʝʣʴʶ ʜʘʥʥʳʭ ʠ 

ʠʥʪʝʨʬʝʡʩʦʤ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʤʝʥʶ (ʨʠʩ. 5) [3, ʩ. 236-247]. 

 
ʈʠʩ. 5 ï ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʤʝʥʶ 
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ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʛʨʘʤʤʥʳʤ ʩʨʝʜʩʪʚʘʤ: 

¶ ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ: Windows XP/7/8/10; 
¶ ɹʘʟʘ ʜʘʥʥʳʭ MySQL; 

¶ ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#(EntityFrameworkCore, ʇʘʪʪʝʨʥ MVVM , 

MVVMLight ); 

¶ ʉʨʝʜʘʨʘʟʨʘʙʦʪʢʠSQL Server ɹɼDB Forge Studio. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʇʂ: 

¶ ʂʦʤʧʴʶʪʝʨʳ ʩʝʤʝʡʩʪʚʘ IBM PC ʠʣʠ ʩʦʚʤʝʩʪʠʤʳʝ, ʩʪʘʥʜʘʨʪʥʦʡ 
ʢʦʤʧʣʝʢʪʘʮʠʠ, ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷ (ʦʨʛʘʥʠʟʘʮʠʠ); 

¶ 1 ɻɹ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ 
ʠ ɹɼ; 

¶ ʅʘʣʠʯʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚʳʚʦʜʘ ï ʜʠʩʧʣʝʡ, ʧʨʠʥʪʝʨ. 
ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʚʝʜʝʥʠʝ ʪʘʙʣʠʮ ɹɼ ñʉɻʂò. ʉʦʟʜʘʥʘ 

ʤʦʜʝʣʴ ɹɼ, ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (ʬʦʨʤʳ ʠ ʨʝʜʘʢʪʦʨʳ ʬʦʨʤ), ʧʨʦʨʘʙʦʪʘʥʘ 

ʣʦʛʠʢʘ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ ʤʦʜʝʣʠ ɹɼ ʠ ʠʥʪʝʨʬʝʡʩʦʤ. ʇʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʷʟʳʢʘ C#: 

EntityFrameworkCore, ʇʘʪʪʝʨʥ MVVM , MVVMLight , SQL-ʩʝʨʚʝʨ [4, ʩ. 56-63]. 
ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6. 

 

 
ʈʠʩ. 6 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ SGKDispatcherSystem, 

ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʘʷ ʫʯʝʪ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

C# ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ MySQL[5, ʩ. 123-127]. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ çʊʝʧʣʦʩʥʘʙʞʝʥʠʝè ɸʆ çʈʫʙʮʦʚʩʢʠʡ ʪʝʧʣʦʚʦʡ 

ʢʦʤʧʣʝʢʩ ʉɻʂè ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʷ ï ʜʠʩʧʝʪʯʝʨʘ ʋʂ, 

ʢʦʪʦʨʳʝ ʦʧʝʨʠʨʫʝʪ ʧʦʩʪʫʧʘʶʱʠʤʠ ʠʟ ʜʘʪʯʠʢʦʚ ʜʘʥʥʳʤʠ ʠ ʨʝʘʛʠʨʫʝʪ ʥʘ ʚʩʝ 

ʚʦʟʤʦʞʥʳʝ ʥʝʧʦʣʘʜʢʠ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ. 
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ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ ʪʨʫʜʦʚʳʭ ʠ 

ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʚʤʝʩʪʦ 

ʨʫʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩʣʝʜʠʪʴ ʠ ʫʧʨʘʚʣʷʪʴ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʥʠʝʤ ʪʝʧʣʦʩʝʪʝʡ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʝʩʪʦ ʠ 

ʚʨʝʤʷ ʥʘʯʘʣʘ ʠ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. 
ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ: ʨʝʛʠʩʪʨʘʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʧʨʦʚʝʨʢʫ ʜʘʥʥʳʭ ʥʘ ʢʦʨʨʝʢʪʥʦʩʪʴ, ʦʛʨʘʥʠʯʝʥʠʝ ʫʨʦʚʥʷ ʜʦʩʪʫʧʘ ʜʣʷ 

ʜʠʩʧʝʪʯʝʨʦʚ, ʘ ʪʘʢ ʞʝ ʩʦʟʜʘʪʴ ʞʫʨʥʘʣ/ʠʩʪʦʨʠʶ ʜʣʷ ʩʙʦʨʘ ʠ ʭʨʘʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ. 
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A MODEL OF THE MATURITY DATES OF AGRICULTURAL CROPS IN 

THE ANYLOGIC SIMULATION ENVIRONMENT  

K.Yu. Maksimovich, R.R. Galimov, L.V. Garafutdinova. 

Siberian Federal Scientific Center of Agro-BioTechnologes of the Russian Academy 

of Sciences 
Annotation. The results of the development of a simulation model of the maturity dates of 

crops on a specific land use in the AnyLogic simulation environment are presented. The work is 

based on the biological requirements of agricultural crops (26 basic crops) and their purposes 

(grain, technical, fodder). The mathematical function of the model is based on the direct 

dependence of the maturation period on the accumulation of sums of effective air temperatures. The 

structure of the simulation model and the operation of its main blocks are described. The timing 

forecast is based on the accumulation of the sums of temperatures necessary for the plant from the 

date of sowing to the ripeness phases, taking into account the actual and forecast data of daily 

meteorological parameters. The possibility of using the AnyLogic simulation environment for 

solving particular problems in the field of agricultural production is demonstrated. The simulation 

model can be used as a decision support tool when planning tactics and strategies for harvesting 

operations.  

Keywords: simulation modeling, AnyLogic, yield, wax ripeness, full ripeness, biological 

requirements of culture. 
 

ɺʚʝʜʝʥʠʝ 

ɺʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʤʝʪʦʜʦʚ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʧʨʠʚʝʣʦ ʢʠʟʤʝʥʝʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʉʪʘʥʦʚʷʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʠ ʧʦ ʚʳʙʦʨʫ ʩʠʩʪʝʤʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʦʜʭʦʜʠʪʴ ʧʦʜ ʟʘʜʘʯʠ ʠʟ ʦʙʣʘʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢ ʞʝ ʙʳʩʪʨʦʝ ʠ ʜʦʩʪʫʧʥʦʝ ʦʩʚʦʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ. 

ʅʝʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, 

ʯʘʱʝ ʚʩʝʛʦ ʩʚʷʟʘʥʦ ʢʘʢ ʨʘʟ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʜʭʦʜʷʱʝʛʦ ʧʦʜ ʥʝʩʪʘʥʜʘʨʪʥʳʝ 

ʟʘʜʘʯʠ  ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ  ʤʦʜʝʣʝʡ ʠ ʧʨʦʚʝʜʝʥʠʷ ʩ ʥʠʤʠ ʥʘʫʯʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ  ʩʠʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ: GPSS, Arena, 

Extend, SLAM, ʠ ʪ.ʧ., ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʥʦʮʝʥʥʦ ʠ ʩʠʩʪʝʤʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴʶ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ [1-6]. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ  

ʟʘʜʘʯʠ, ʙʳʣ ʚʳʙʨʘʥ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʡ ʩʦʚʤʝʱʘʝʪ ʚ ʩʝʙʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʥʦ-

ʜʠʥʘʤʠʯʝʩʢʦʛʦ, ʜʠʩʢʨʝʪʥʦ-ʩʦʙʳʪʠʡʥʦʛʦ ʠ ʘʛʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. AnyLogic 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʚʩʝ ʪʨʠ ʧʦʜʭʦʜʘ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʤʦʜʝʣʠ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ  ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʩʨʝʜʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ [1,2]. ʎʝʣʴʶ ʨʘʙʦʪʳ ʩʪʘʣʦ ʦʩʚʦʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʠ ʩʦʟʜʘʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩʨʦʢʦʚ ʩʦʟʨʝʚʘʥʠʷ ʢʫʣʴʪʫʨ ʥʘ 

ʢʦʥʢʨʝʪʥʦʤ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʠ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 

ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʛʥʦʟ ʩʦʟʨʝʚʘʥʠʷ ʢʫʣʴʪʫʨʥʦʛʦ ʨʘʩʪʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ 

ʰʠʨʦʢʠʡ ʢʨʫʛ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʘʢʪʠʢʦʡ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʧʨʦʚʝʜʝʥʠʷ 

ʫʙʦʨʦʯʥʳʭ ʨʘʙʦʪ: ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʨʦʢʦʚ ʚʦʩʢʦʚʦʡ ʠ ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ 

ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʠ ʚʦʟʤʦʞʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʬʘʟ ʦʨʛʘʥʦʛʝʥʝʟʘ [6,7]. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠ ʚʠʜ ʪʝʭʥʠʢʠ [8,9]. 
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ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ, ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʧʦʣʷ ʩ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʆʉ çʕʣʠʪʥʘʷè 

ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʨʘʡʦʥʘ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ (54Á54'57"ʩ.ʰ., 82Á57'6"ʚ.ʜ.). 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʵʣʝʢʪʨʦʥʥʳʡ ʩʣʦʡ 

ʨʘʟʤʝʱʝʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʧʦ ʨʘʙʦʯʠʤ ʫʯʘʩʪʢʘʤ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ QuantumGIS (QGIS) ʩ ʦʪʢʨʳʪʳʤ 

ʢʦʜʦʤ (https://qgis.org/ru/site/). ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʣʦʷ, ʛʨʘʥʠʮʳ 

ʨʘʙʦʯʠʭ ʫʯʘʩʪʢʦʚ ʫʪʦʯʥʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʫʙʣʠʯʥʦʡ ʢʘʜʘʩʪʨʦʚʦʡ ʠ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪ ʄ 1:100 000, ʤʘʪʝʨʠʘʣʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ɿʝʤʣʠ. ʀʩʭʦʜʥʳʝ ʦʩʥʦʚʳ ʙʳʣʠ ʧʝʨʝʚʝʜʝʥʳ ʚ ʵʣʝʢʪʨʦʥʥʳʝ ʩʣʦʠ ɻʀʉ ʧʨʠ 

ʧʦʤʦʱʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʮʠʬʨʦʚʢʠ, ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 3857 WGS-84/Pseudo-

Mercator. ɼʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʣʦʷ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ SpatiaLite, 

ʩʦʜʝʨʞʘʱʘʷ ʘʪʨʠʙʫʪʠʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʝ, ʢʫʣʴʪʫʨʝ ʠ ʝʝ 

ʧʣʦʱʘʜʠ, ʚʳʩʝʚʘʝʤʦʡ ʚ 2021 ʛ. 

ʇʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʩʮʝʥʘʨʠʷ ʚʦʟʤʦʞʥʦʡ ʪʝʧʣʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ 

ʪʝʨʨʠʪʦʨʠʠ, ʙʳʣ ʟʘʜʝʡʩʪʚʦʚʘʥ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ ʧʦʛʦʜʥʳʭ ʨʝʘʣʠʟʘʮʠʡ 

(Generator2ODB.exe) ʘʛʨʦʬʠʟʠʯʝʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

(http://agrotool.ru/programmi_i_razrabotki) [10-13]. ʉʦʟʜʘʥʘ ʙʠʙʣʠʦʪʝʢʘ 

"ʉʫʤʤʘʨʥʘʷ ʧʦʛʦʜʘ". ʇʦʛʦʜʥʳʝ ʜʘʥʥʳʝ ʚʥʝʩʝʥʳ ʚ ʪʘʙʣʠʮʫ 1-2-1_WEATHER 

ʙʘʟʳ ʜʘʥʥʳʭ SIAM.mdb. ɺ ʙʘʟʫ ʜʘʥʥʳʭ SIAM.mdb ʚ 1-2_METEOSTATION 

ʚʥʦʩʠʪʩʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʥʘʠʤʝʥʦʚʘʥʠʝ ʤʝʪʝʦʩʪʘʥʮʠʠ. 

ɺʢʣʶʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʤʝʪʝʦʧʘʨʘʤʝʪʨʘʤ ʩ 1972 ʛʦʜʘ ʧʦ 2020 ʛʦʜ.  ɺ ʦʩʥʦʚʫ 

ʨʘʙʦʪʳ ʟʘʣʦʞʝʥʳ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 

(26), ʠʭ ʥʘʟʥʘʯʝʥʠʝ (ʟʝʨʥʦʚʳʝ, ʪʝʭʥʠʯʝʩʢʠʝ, ʢʦʨʤʦʚʳʝ). ɺ ʦʩʥʦʚʫ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʤʦʜʝʣʠ ʟʘʣʦʞʝʥʳ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʦʢʦʚ 

ʩʦʟʨʝʚʘʥʠʷ ʦʪ ʥʘʢʦʧʣʝʥʠʷ ʩʫʤʤ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʩʨʝʜʝ AnyLogic (AnyLogic 8.7.5 Professional, 

ʨʝʞʠʤ Personal Learning Edition ʩ ʙʝʩʧʣʘʪʥʳʤ ʜʦʩʪʫʧʦʤ). ʇʝʨʝʤʝʥʥʳʝ ʚ ʤʦʜʝʣʠ 

ʠʟʤʝʥʷʣʠʩʴ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʚ  ʟʘʜʘʥʥʦʤ 

ʧʦʨʷʜʢʝ, ʩʦʛʣʘʩʥʦ  ʧʨʦʮʝʩʩʘ ʥʘʢʦʧʣʝʥʠʷ ʩʫʤʤ ʘʢʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

ʋʨʦʞʘʡʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʢʦʥʝʯʥʳʡ 

ʧʨʦʜʫʢʪ ʘʛʨʦʮʝʥʦʟʘ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʨʫʧʧ 

ʘʙʠʦʪʠʯʝʩʢʠʭ ʠ ʙʠʦʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ [7]. ʈʦʩʪ ʠ ʩʦʟʨʝʚʘʥʠʝ  ʢʫʣʴʪʫʨʥʳʭ 

ʨʘʩʪʝʥʠʡ, ʠ ʧʦʪʨʝʙʣʝʥʠʝ ʠʤʠ ʪʝʧʣʘ ʠ ʚʣʘʛʠ ʦʯʝʥʴ ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʦ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ. 

ʉʦʛʣʘʩʥʦ ʌ.ʄ. ʂʫʧʝʨʤʘʥ, çʚ ʧʨʦʮʝʩʩʝ ʧʨʦʭʦʞʜʝʥʠʷ ʵʪʘʧʦʚ ʦʨʛʘʥʦʛʝʥʝʟʘ 

ʨʘʩʪʝʥʠʡ ʠʟʤʝʥʷʝʪʩʷ ʠʭ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʪʝʧʝʥʠ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʪʝʧʣʦʤ, ʩʚʝʪʦʤ, 

ʚʣʘʛʦʡè [14]. ɼʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʦʢʦʚ ʩʦʟʨʝʚʘʥʠʷ ʢʫʣʴʪʫʨʳ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. ʅʘ ʧʨʠʤʝʨʝ 

ʢʦʥʢʨʝʪʥʦʛʦ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ AnyLogic (ʨʠʩ. 1,2). ɼʣʷ ʨʘʙʦʪʳ 

https://qgis.org/ru/site/
http://agrotool.ru/programmi_i_razrabotki
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ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʫʯʝʥʥʳʡ  çʩʠʥʪʝʪʠʯʝʩʢʠʡè ʩʮʝʥʘʨʠʡ ʧʦʛʦʜʳ ʥʘ 

ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ. ɼʘʥʥʳʡ ʧʨʦʛʥʦʟ ʩʦʚʤʝʩʪʥʦ ʩ ʪʨʝʙʫʝʤʳʤʠ ʩʫʤʤʘʤʠ 

ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʩʦʟʨʝʚʘʥʠʷ ʢʫʣʴʪʫʨ ʟʘʛʨʫʞʘʝʪʩʷ ʚ 

ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ AnyLogic, ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʨʘʥʥʝʛʦ ʠ ʧʦʟʜʥʝʛʦ 

ʩʨʦʢʘ ʩʦʟʨʝʚʘʥʠʷ ʢʫʣʴʪʫʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʢʦʧʣʝʥʥʳʭ ʩʫʤʤ ʪʝʤʧʝʨʘʪʫʨ 

ʚʦʟʜʫʭʘ ʠ ʜʘʪʳ ʩʝʚʘ. 

 

 
 

ʈʠʩ. 1 ï ʕʣʝʢʪʨʦʥʥʳʡ ʩʣʦʡ ʨʘʟʤʝʱʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ  

ʧʦ ʨʘʙʦʯʠʤ ʫʯʘʩʪʢʘʤ ʚ ʆʉ çʕʣʠʪʥʘʷè 

 

ɼʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ AnyLogic ʦʪʦʙʨʘʞʘʝʪ ʜʘʪʳ 

ʩʝʚʘ ʠ ID ʢʫʣʴʪʫʨʳ ʜʣʷ ʧʨʦʠʟʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʩʨʦʢʦʚ ʩʦʟʨʝʚʘʥʠʷ ʢʫʣʴʪʫʨ, ʘ ʪʘʢ 

ʞʝ ʥʘ ʢʘʨʪʝ ʫʯʘʩʪʢʘ (ʧʦʣʷ) ʦʙʦʟʥʘʯʝʥ ʥʦʤʝʨ ʧʦʣʷ, ʢʫʣʴʪʫʨʘ ʠ ʩʨʦʢʠ ʩʦʟʨʝʚʘʥʠʷ 

(ʨʘʥʥʠʡ ʠ ʧʦʟʜʥʠʡ ʩʨʦʢ ʩʦʟʨʝʚʘʥʠʷ). ɼʘʥʥʘʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʚʳʧʦʣʥʷʝʪ 

ʩʠʤʫʣʷʮʠʶ ʧʨʦʮʝʩʩʘ ʩʦʟʨʝʚʘʥʠʷ ʢʫʣʴʪʫʨ ʧʦ ʨʘʙʦʯʠʤ ʫʯʘʩʪʢʘʤ, ʛʜʝ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʯʝʪ ʥʘʢʦʧʣʝʥʥʳʭ ʩʫʤʤ ʘʢʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 

ʚʦʟʜʫʭʘ ʠ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʢʫʣʴʪʫʨʳ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪ ʢʘʨʪʳ ʚ ʬʦʨʤʘʪʝ ɻʀʉ. 

ʇʨʠ ʧʦʤʦʱʠ ʠʥʪʝʛʨʘʮʠʠ ʢʘʨʪʳ ɻʀʉ ʚ ʤʦʜʝʣʴ AnyLogic ʧʦʷʚʣʷʝʪʩʷ ʨʝʘʣʴʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʘʙʦʯʠʭ ʫʯʘʩʪʢʦʚ ʠ ʧʦʚʳʰʘʝʪʩʷ ʪʦʯʥʦʩʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʨʦʢʦʚ ʩʦʟʨʝʚʘʥʠʷ ʢʫʣʴʪʫʨʳ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʣʴʥʦʛʦ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʟʘʛʨʫʞʝʥ ʧʨʦʛʥʦʟʥʳʡ ʩʮʝʥʘʨʠʡ ʘʛʨʦʥʦʤʠʯʝʩʢʦʛʦ ʩʝʟʦʥʘ 

ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʥʦʚʣʝʥʠʷ ʧʦ ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʫʪʦʯʥʦʛʦ ʰʘʛʘ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ 
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ʥʘʛʣʷʜʥʦ ʚʠʜʥʦ ʥʦʤʝʨ ʫʯʘʩʪʢʘ, ʥʦʤʝʨ ʢʫʣʴʪʫʨʳ ʠ ʧʨʦʛʥʦʟʥʳʝ ʜʘʪʳ ʨʘʥʥʝʛʦ ʠ 

ʧʦʟʜʥʝʛʦ ʜʥʷ ʩʦʟʨʝʚʘʥʠʷ ʢʫʣʴʪʫʨʳ (ʨʠʩ. 2).  

ʄʦʜʝʣʴ, ʠʤʠʪʠʨʫʶʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʢʫʣʴʪʫʨʥʳʭ ʨʘʩʪʝʥʠʡ ʥʘ ʨʘʙʦʯʝʤ ʫʯʘʩʪʢʝ, ʤʦʞʝʪ ʩʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ 

ʧʨʦʚʝʜʝʥʠʷ ʫʙʦʨʦʯʥʳʭ ʨʘʙʦʪ. 

 

 
 

ʈʠʩ. 2 ï ʄʦʜʝʣʴ ʩʨʦʢʦʚ ʩʦʟʨʝʚʘʥʠʷ ʢʫʣʴʪʫʨ, ʨʘʟʤʝʱʸʥʥʳʭ ʥʘ ʆʉ çʕʣʠʪʥʘʷè  

ʚ ʩʠʩʪʝʤʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ AnyLogic 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʨʦʢʦʚ ʩʦʟʨʝʚʘʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚ ʫʜʦʙʥʦʤ ʠ ʜʦʩʪʫʧʥʦʤ ʠʥʪʝʨʬʝʡʩʝ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʩʨʝʜʳ AnyLogic. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʘʛʨʦʥʦʤʫ  ʩʚʝʜʝʥʠʷ ʦ ʪʦʤ, ʚ ʢʘʢʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘʭʦʜʷʪʩʷ ʫʯʘʩʪʢʠ 

ʩ ʨʘʟʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʦʨʦʩʪʠ  ʠʭ ʩʦʟʨʝʚʘʥʠʷ. ɺ ʤʦʤʝʥʪ 

ʦʢʦʥʯʘʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ,  ʧʨʦʛʥʦʟʥʳʝ ʟʥʘʯʝʥʠʷ  ʜʘʪ 

ʩʦʟʨʝʚʘʥʠʷ ʢʫʣʴʪʫʨ ʫʜʦʙʥʦ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʚʦ ʚʥʝʰʥʠʡ ʬʘʡʣ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʘʥʘʣʠʟʘ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʧʣʘʥʘ-ʛʨʘʬʠʢʘ ʫʙʦʨʦʯʥʳʭ 

ʨʘʙʦʪ.  
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ʋɼʂ 519.6 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺ ʇʈʆɻʈɸʄʄɽ MATLAB 

ʅ.ɺ. ʄʘʪʮ 

ʈʫʙʮʦʚʩʢʠʡ ʘʛʨʘʨʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʡ ʪʝʭʥʠʢʫʤ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʢʨʘʪʢʦ ʠʟʣʦʞʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ ʧʨʦʛʨʘʤʤʝ 

MATLAB, ʧʨʠʚʝʜʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, MATLAB, ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʨʠʮ ʠ ʚʝʢʪʦʨʦʚ ʚ MATLAB, ʬʫʥʢʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ MATLAB 

 

MATHEMATICAL MODELING IN THE MATLAB PROGRAM  

N.V. Matz 

Rubtsovsky Agricultural and Industrial College 
Annotation. The article summarizes information about modeling in the MATLAB program, 

provides practical examples of its use. 

Keywords: mathematical modeling, MATLAB, plotting, use of matrices and vectors in 

MATLAB, functions and capabilities of MATLAB. 

 

ɺʚʝʜʝʥʠʝ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʪʦ ʦʯʝʥʴ ʚʘʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʚ ʥʘʫʢʝ ʠ 

ʪʝʭʥʠʢʝ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʜʘʯ. 

ʆʥʦ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʟʘʢʦʥʳ ʦʢʨʫʞʘʶʱʝʛʦ 

ʤʠʨʘ, ʘ ʪʘʢʞʝ ʧʦʥʷʪʴ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ, ʷʚʣʝʥʠʷ ʠʣʠ ʧʨʦʮʝʩʩʘ ʧʫʪʝʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʦʧʳʪʦʚ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʇʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: 

ʩʦʟʜʘʥʠʝ ʷʜʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  ʘʚʠʘʮʠʦʥʥʳʭ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ,  

ʧʨʦʛʥʦʟ ʘʪʤʦʩʬʝʨʥʳʭ ʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʧʦʛʦʜʳ ʠ ʪ.ʜ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ - ʵʪʦ ʫʧʨʦʱʝʥʥʘʷ ʢʘʨʪʠʥʘ ʢʘʢʦʛʦ-ʣʠʙʦ ʷʚʣʝʥʠʷ ʠʣʠ 

ʧʨʦʮʝʩʩʘ. ʄʦʜʝʣʴ ʠʤʝʝʪ ʪʦʣʴʢʦ ʪʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʝʰʝʥʠʷ 

ʪʝʢʫʱʝʡ ʟʘʜʘʯʠ ʠ ʧʨʝʥʝʙʨʝʛʘʝʪ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʇʨʦʩʪʳʤʠ ʩʣʦʚʘʤʠ, ʵʪʦ ʧʨʦʩʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ. ʆʥʦ ʩʦʩʪʦʠʪ ʠʟ 

ʧʝʨʝʤʝʥʥʳʭ, ʬʫʥʢʮʠʡ, ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʜʨʫʛʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ.  

ʃʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʩʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʧʦʜʯʠʥʷʶʪʩʷ 

ʟʘʢʦʥʘʤ ʤʘʪʝʤʘʪʠʢʠ, ʧʦʵʪʦʤʫ ʙʝʟ ʥʝʸ ʙʳʣʦ ʙʳ ʠ ʥʝ ʙʳʣʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʦʤʠʤʦ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʤʦʜʝʣʴ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʙʳʪʠʡ, ʛʜʝ ʢʘʞʜʦʝ ʠʟ ʩʦʙʳʪʠʡ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ 

ʪʦʛʦ, ʯʪʦ ʦʥʦ ʧʨʦʠʟʦʡʜʝʪ, ʘ ʪʘʢʞʝ ʤʦʞʥʦ ʫʯʠʪʳʚʘʪʴ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʠʣʠ ʙʦʣʝʝ ʩʦʙʳʪʠʷʤʠ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʝ ʚʨʝʤʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʟʘʥʠʤʘʪʴʩʷ ʛʦʨʘʟʜʦ 

ʣʝʛʯʝ, ʯʝʤ ʨʘʥʴʰʝ.   
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ʊʝʢʫʱʠʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ï ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʩʪʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʪʘʢʠʭ ʢʘʢ MATLAB  ʠʣʠ ʠʥʪʝʨʧʨʝʪʘʪʦʨ Python. 

ʇʨʦʛʨʘʤʤʳ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʚʩʝ ʩʘʤʦʝ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʫʧʨʦʱʘʶʪ ʞʠʟʥʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. 

MATLAB  ʩʦʜʝʨʞʠʪ ʘʣʛʦʨʠʪʤʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʣʝʛʢʦ ʨʝʰʘʪʴ 

ʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠ ʥʘʭʦʜʠʪʴ ʟʥʘʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ, ʨʝʰʘʪʴ 

ʜʘʞʝ ʮʝʣʳʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ʇʦʤʠʤʦ ʤʦʱʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, MATLAB  ʠʤʝʝʪ ʦʯʝʥʴ 

ʭʦʨʦʰʠʝ ʩʨʝʜʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʚʫʤʝʨʥʳʭ ʠ ʪʨʝʭʤʝʨʥʳʭ ʜʘʥʥʳʭ, ʪʦ ʝʩʪʴ ʚʳ 

ʤʦʞʝʪʝ ʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʠ ʥʘʙʣʶʜʘʪʴ  ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʷʚʣʝʥʠʷ ʠʣʠ ʧʨʦʮʝʩʩʘ. 

ʈʘʙʦʪʘ ʩ ʧʨʦʛʨʘʤʤʦʡ MATLAB 

ɺʳ ʤʦʞʝʪʝ ʫʩʪʘʥʦʚʠʪʴ ʧʨʦʛʨʘʤʤʫ MATLAB ʥʘ ʩʚʦʡ ʢʦʤʧʴʶʪʝʨ ʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʚ ʨʝʞʠʤʝ online ʙʝʟ ʫʩʪʘʥʦʚʢʠ. 

ʆʥʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ: Linux, MacOS 

ʠ Windows. 

ɺʳ ʤʦʞʝʪʝ ʨʘʙʦʪʘʪʴ ʩ ʧʨʦʛʨʘʤʤʦʡ MATLAB ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ:   

1) ʚ ʢʦʤʘʥʜʥʦʤ ʨʝʞʠʤʝ, ʪʦ ʝʩʪʴ ʚʳ ʚʚʦʜʠʪʝ ʢʦʤʘʥʜʫ ʠ ʦʥʘ ʠʩʧʦʣʥʷʝʪʩʷ 

ʧʦʩʣʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

2) ʧʫʪʝʤ ʚʳʟʦʚʘ ʧʨʦʛʨʘʤʤʳ, ʟʘʧʠʩʘʥʥʦʡ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

MATLAB. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʫ ʚʘʩ ʫʞʝ ʠʤʝʝʪʩʷ ʥʘʧʠʩʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ 

MATLAB ʠ ʚʘʤ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʚʳʧʦʣʥʠʪʴ ʝʝ. 

ʗ ʧʦʢʘʞʫ ʨʘʙʦʪʫ ʠʤʝʥʥʦ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʘʥʜʥʦʛʦ ʨʝʞʠʤʘ. 

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʢʠ ʚʳ ʫʚʠʜʠʪʝ ʦʢʥʦ ʩ ʧʨʠʛʣʘʰʝʥʠʝʤ ʜʣʷ ʚʚʦʜʘ 

ʢʦʤʘʥʜ.  

ʏʪʦʙʳ ʚʳʧʦʣʥʠʪʴ ʢʦʤʘʥʜʫ ʥʫʞʥʦ ʥʘʞʘʪʴ  ʢʣʘʚʠʰʫ Enter.  

ɽʩʣʠ ʚʳ ʥʝ ʭʦʪʠʪʝ ʫʚʠʜʝʪʴ ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ, ʪʦ ʚʳ ʤʦʞʝʪʝ 

ʧʦʩʪʘʚʠʪʴ ʪʦʯʢʫ ʩ ʟʘʧʷʪʦʡ ʚ ʢʦʥʮʝ ʚʳʨʘʞʝʥʠʷ.  

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʯʪʦ ʚʭʦʜʠʪ ʚ MATLAB ʠ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʙʦʪʳ. 

ʇʝʨʝʤʝʥʥʳʝ 

ʂʘʢ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʚ MATLAB, ʠʤʝʥʘ 

ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʪ ʠʟ ʙʫʢʚ ʘʥʛʣʠʡʩʢʦʛʦ ʘʣʬʘʚʠʪʘ, ʮʠʬʨ ʠ ʩʠʤʚʦʣʘ 

ʧʦʜʯʝʨʢʠʚʘʥʠʷ. ʇʝʨʚʳʤ ʩʠʤʚʦʣʦʤ ʚ ʠʤʝʥʠ ʜʦʣʞʥʘ ʙʳʪʴ ʠʤʝʥʥʦ ʙʫʢʚʘ, ʥʝ 

ʮʠʬʨʘ. 

ɺ ʦʩʥʦʚʥʦʤ, ʧʝʨʝʤʝʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʢʘʢʦʛʦ-ʥʠʙʫʜʴ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʚʳʯʠʩʣʝʥʠʡ. 

 

 

 

 

 

ʈʠʩ. 1 ï ʇʝʨʝʤʝʥʥʳʝ ʚ MATLAB 

 

https://www.mathworks.com/products/matlab-online.html
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ɺʝʢʪʦʨʳ ʠ ʤʘʪʨʠʮʳ 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ ʚ MATLAB, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ 

ʯʠʩʣʦʚʦʤʫ ʪʠʧʫ, ʪʦ ʝʩʪʴ ʷʚʣʷʶʪʩʷ ʮʠʬʨʘʤʠ ʩʯʠʪʘʶʪʩʷ ʤʘʪʨʠʮʘʤʠ. ʕʪʦ ʤʦʞʝʪ 

ʥʝʤʥʦʛʦ ʩʤʫʪʠʪʴ ʪʝʭ, ʢʪʦ ʪʦʣʴʢʦ ʥʘʯʠʥʘʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʵʪʦʡ ʧʨʦʛʨʘʤʤʦʡ. ʅʦ 

ʪʘʢ ʫʞ ʚʳʰʣʦ, ʯʪʦ ʪʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʧʨʦʱʝ ʜʣʷ ʩʘʤʦʡ 

ʧʨʦʛʨʘʤʤʳ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ, ʤʘʪʨʠʮʝʡ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ 

ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʪʘʙʣʠʮʫ ʯʠʩʝʣ ʠʣʠ ʚʳʨʘʞʝʥʠʡ.  

ʉʢʘʣʷʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʪʦ ʝʩʪʴ ʦʙʳʯʥʦʝ ʯʠʩʣʦ ʝʩʪʴ ʤʘʪʨʠʮʘ ʧʦʨʷʜʢʘ 1Ĭ1.  

ɺʝʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʤʘʪʨʠʮʘ, ʢʦʪʦʨʘʷ ʣʠʙʦ ʠʤʝʝʪ ʪʦʣʴʢʦ ʦʜʥʫ ʩʪʨʦʢʫ 

(ʚʝʢʪʦʨ-ʩʪʨʦʢʘ), ʣʠʙʦ ʪʦʣʴʢʦ ʦʜʠʥ ʩʪʦʣʙʝʮ (ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ).  

ʂʘʢ ʚʳ ʫʞʝ ʤʦʛʣʠ ʚʩʧʦʤʥʠʪʴ, ʤʘʪʨʠʮʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ 

ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ʈʠʩ. 2 ï ʄʘʪʨʠʮʳ  ʠ ʚʝʢʪʦʨʳ ʚ MATLAB 

 

ʌʫʥʢʮʠʠ 

ʌʫʥʢʮʠʷ ʵʪʦ ʚʩʝʛʦ ʣʠʰʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʫʩʦʢ ʢʦʜʘ, ʢʦʪʦʨʳʡ ʨʝʰʘʝʪ 

ʢʘʢʫʶ-ʣʠʙʦ ʧʨʦʙʣʝʤʫ ʟʘ ʥʘʩ ʠ ʢʦʪʦʨʳʡ ʤʳ ʠʩʧʦʣʴʟʫʝʤ, ʥʝ ʟʘʜʫʤʳʚʘʷʩʴ ʦ 

ʚʥʫʪʨʝʥʥʝʤ ʝʛʦ ʫʩʪʨʦʡʩʪʚʝ. 

MATLAB ʫʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʢʦʪʦʨʳʝ  ʚʩʪʨʦʝʥʥʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ.  

ʏʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʶ, ʚʘʤ ʥʫʞʥʦ ʥʘʧʠʩʘʪʴ ʝʝ ʠʤʷ, ʟʘʪʝʤ 

ʧʦʩʪʘʚʠʪʴ ʢʨʫʛʣʳʝ ʦʙʨʘʤʣʷʶʱʠʝ ʩʢʦʙʢʠ, ʚʥʫʪʨʴ ʢʦʪʦʨʳʭ ʧʦʤʝʩʪʠʪʴ ʘʨʛʫʤʝʥʪʳ 

(ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʠ). 

ɺ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʨʘʞʝʥʠʷ ʠ ʜʨʫʛʠʝ ʬʫʥʢʮʠʠ.  

 

 

 

 

 

 

 

 

ʈʠʩ. 3 ï ʌʫʥʢʮʠʠ ʚ MATLAB 
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ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ 

ʅʫ ʠ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʪ ʥʘʤ MATLAB ʷʚʣʷʝʪʩʷ 

ʢʦʥʝʯʥʦ ʞʝ ʨʠʩʦʚʘʥʠʝ ʦʙʳʯʥʳʭ ʛʨʘʬʠʢʦʚ. ɺ ʵʪʦʡ ʧʨʦʛʨʘʤʤʢʝ ʨʝʘʣʠʟʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʛʨʘʬʠʢʘ (ʮʚʝʪ ʣʠʥʠʡ, ʥʘʜʧʠʩʠ ʦʩʝʡ  ʠ  

ʪʘʢ ʜʘʣʝʝ). 

 
 

ʈʠʩ. 4 ï ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʘ ʚ MATLAB 

 

 
ʈʠʩ. 5 ï ɻʨʘʬʠʢ ʩʠʥʫʩʘ ʚ MATLAB 

 

ʌʫʥʢʮʠʷ plot(x, y) ʧʨʠʥʠʤʘʝʪ ʜʚʘ ʚʝʢʪʦʨʘ: ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ x ʠ ʚʝʢʪʦʨ 

ʟʥʘʯʝʥʠʡ y. 

ʅʫ ʯʪʦ ʞ, ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʩʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʧʨʦʛʨʘʤʤʢʠ MATLAB, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʯʪʠ ʚʩʝʛʜʘ ʧʨʠ ʨʘʙʦʪʝ ʩ ʥʝʡ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʷ ʥʝ ʩʤʦʛʘ ʦʭʚʘʪʠʪʴ ʚʩʝ, ʯʪʦ ʝʩʪʴ ʚ ʵʪʦʡ ʧʨʦʛʨʘʤʤʝ, ʵʪʦ 

ʥʝʚʦʟʤʦʞʥʦ.  

ʀ ʧʦʵʪʦʤʫ ʦʩʪʘʣʦʩʴ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ ʥʝʦʩʚʝʱʝʥʥʳʭ ʪʝʤ: 

1) ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʤʘʪʨʠʮʘʤʠ ʠ ʚʝʢʪʦʨʘʤʠ; 

2) ʚʦʟʤʦʞʥʦʩʪʴ ʨʠʩʦʚʘʪʴ 3D ʛʨʘʬʠʢʫ; 

3) ʧʠʩʘʪʴ ʧʨʦʛʨʘʤʤʳ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ MATLAB ; 
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4) ʨʝʰʘʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʳʭ ʬʫʥʢʮʠʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʢʘʢ ʚʳ ʫʞʝ ʜʦʛʘʜʘʣʠʩʴ, ʥʝ ʤʦʞʝʪ ʞʠʪʴ ʙʝʟ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ, ʢʘʢ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʦʙʣʘʩʪʠ ʥʘʰʝʡ ʩ ʚʘʤʠ ʞʠʟʥʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʯʪʠ ʣʶʙʦʡ ʯʝʣʦʚʝʢ, ʫ ʢʦʪʦʨʦʛʦ ʝʩʪʴ ʢʦʤʧʴʶʪʝʨ, ʤʦʞʝʪ 

ʟʘʥʠʤʘʪʴʩʷ ʵʪʠʤ ʫʚʣʝʢʘʪʝʣʴʥʳʤ ʠ ʠʥʪʝʨʝʩʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʫʟʥʘʚʘʷ ʤʥʦʛʦ 

ʥʦʚʦʛʦ ʦʙ ʦʢʨʫʞʘʶʱʝʤ ʥʘʩ ʤʠʨʝ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ, ʦʪʤʝʯʫ, ʯʪʦ MATLAB ʥʘʜʝʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʩʝʤʠ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʩʨʝʜʩʪʚʘʤʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʩʪʨʦʠʪʴ ʦʯʝʥʴ ʩʣʦʞʥʳʝ ʤʦʜʝʣʠ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ.  

ʇʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ MATLAB ʤʦʱʥʘʷ ʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʢʘ, 

ʚ ʥʝʡ ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʩʪʦʡ ʠ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʘ ʵʪʦ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦ.  

ʅʫ ʠ ʢʦʥʝʯʥʦ ʞʝ, ʷ ʩʯʠʪʘʶ, ʯʪʦ MATLAB ï ʵʪʦ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʣʫʯʰʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʘʷ ʜʘʞʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʩ ʜʨʫʛʠʤʠ ʷʟʳʢʘʤʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʘʢʠʤʠ ʢʘʢ Python ʠʣʠ Java. 
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MICROCONTROLLER ROBOT SUMO  

V.V. Novoselova, E.A.Dudnik 

Rubtsovsk Industrial Institute Altai State Technical University 

named after I.I.Polzynov 

Abstract. The article presents modern ideas and current trends in the development of science 

and technology using the example of a sumo robot. A sumo robot has many advantages: it is 

autonomous, programmed into the microcontroller to search for the desired target until it is 

completed.Structural and electrical circuits are presented and their components are described. The 

block diagram of the device algorithm and program code have been developed.Much attention is 

paid to the assembly and programming of robots that can facilitate many aspects of daily life. 

Keywords: sumo robot, programming, microcontroller, Arduino nano, ultrasonic rangefinder. 

 

ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʠ ʠʥʪʝʨʝʩ ʢ ʨʦʙʦʪʘʤ-ʩʫʤʦ ʦʙʫʩʣʦʚʣʝʥʳ 

ʪʝʤ, ʯʪʦ ʵʪʦ ʭʦʨʦʰʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ, ʤʝʭʘʥʠʢʠ, 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ.  

ʂ ʥʘʩʫʱʥʳʤ ʟʘʜʘʯʘʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: ʨʘʟʚʠʪʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; ʨʘʟʚʠʪʠʝ ʥʘʚʳʢʦʚ ʛʦʪʦʚʥʦʩʪʠ ʢ 

ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʶ ʠ ʣʠʯʥʦʩʪʥʦʤʫ ʩʘʤʦʦʧʨʝʜʝʣʝʥʠʶ; ʦʙʫʯʝʥʠʝ ʯʪʝʥʠʶ ʩʭʝʤ 

ʩʙʦʨʢʠ, ʠʥʩʪʨʫʢʮʠʠ; 

ɺ ʩʬʝʨʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʪʝʭʥʠʢʠ ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʳ ʟʨʝʣʠʱʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ. ʉʨʝʜʠ ʥʠʭ ʧʦʠʩʢ ʚʳʭʦʜʘ ʠʟ ʣʘʙʠʨʠʥʪʘ, ʩʢʦʨʦʩʪʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦ 

ʣʠʥʠʠ, ʪʘʥʮʳ ʨʦʙʦʪʦʚ ʦʪʩʣʝʞʠʚʘʥʠʝ ʣʠʥʠʠ, ʢʦʚʙʦʪʳ, ʠ ʜʚʫʥʦʛʠʝ ʛʦʥʢʠ, ʘ ʪʘʢʞʝ 

ʨʦʙʦʪʳ ʩʫʤʦ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʧʣʘʪʬʦʨʤʝ Arduino ʨʦʙʦʪʘ ʩʫʤʦ ʩ 

ʘʚʪʦʥʦʤʥʳʤ ʧʠʪʘʥʠʝʤ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ 

ʙʫʜʝʪ ʥʘʡʜʝʥʘ ʮʝʣʴ. ʇʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʧʨʦʪʠʚʥʠʢʘ ʦʥ ʜʦʣʞʝʥ ʫʩʢʦʨʠʪʴʩʷ ʠ 

ʚʳʪʦʣʢʥʫʪʴ ʝʛʦ ʟʘ ʧʨʝʜʝʣʳ ʧʦʣʷ. 

ʄʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʦʡ ʩʠʩʪʝʤʳ 

ʈʦʙʦʪ ʩʫʤʦ ï ʵʪʦ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʤʝʭʘʥʠʟʤ, ʠʩʧʦʣʴʟʫʶʱʠʡʩʷ ʜʣʷ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʨʝʚʥʦʚʘʥʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʣʛʦʨʠʪʤʝ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʟʘʜʘʯʠ ʠ ʚʳʧʦʣʥʷʪʴ 

ʥʘʤʝʯʝʥʥʳʝ ʮʝʣʠ. ʉʧʨʘʚʠʪʴʩʷ ʩ ʵʪʠʤ ʨʦʙʦʪʫ ʧʦʤʦʛʘʝʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʘʷ 

ʩʠʩʪʝʤʘ, ʥʘʧʨʠʤʝʨ, ArduinoNano.  

ɼʣʷ ʥʘʯʘʣʘ ʧʦʟʥʘʢʦʤʠʤʩʷ ʩ ʦʙʱʠʤʠ ʧʨʘʚʠʣʘʤʠ ʩʦʨʝʚʥʦʚʘʥʠʡ. 

ʉʦʨʝʚʥʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʩʨʝʜʠ ʢʦʤʘʥʜ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʘʚʪʦʨʳ 

ʨʦʙʦʪʦʚ, ʧʦ ʧʨʠʥʮʠʧʫ ʙʦʨʴʙʳ ʩʫʤʦ. ɿʘʜʘʯʘ ʧʦʝʜʠʥʢʘ - ʚʳʪʦʣʢʥʫʪʴ ʩʦʧʝʨʥʠʢʘ ʟʘ 

ʧʨʝʜʝʣʳ ʨʠʥʛʘ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʟʘ ʟʘʜʘʥʥʦʝ ʚʨʝʤʷ ʥʠ ʦʜʠʥ 

ʨʦʙʦʪ ʥʝ ʧʦʢʠʜʘʝʪ ʨʠʥʛ, ʪʦ ʧʦʙʝʜʠʪʝʣʝʤ ʩʯʠʪʘʝʪʩʷ ʨʦʙʦʪ, ʥʘʭʦʜʷʱʠʡʩʷ ʙʣʠʞʝ 

ʚʩʝʛʦ ʢ ʮʝʥʪʨʫ ʨʠʥʛʘ. ɹʦʡ ʤʝʞʜʫ ʜʚʫʤʷ ʨʦʙʦʪʘʤʠ ʥʘʟʳʚʘʝʪʩʷ ʤʘʪʯ. ʄʘʪʯ 

ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʨʘʫʥʜʦʚ. ʎʝʣʴ ʪʫʨʥʠʨʘ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ñʩʠʣʴʥʦʛʦò 

ʨʦʙʦʪʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʇʦʣʝ ʜʣʷ 

ʩʦʩʪʷʟʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʫʛ ʜʠʘʤʝʪʨʦʤ 1100 ʤʤ (ʨʠʩ. 1). 
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ʈʠʩ. 1 ï ʇʦʣʝ ʜʣʷ ʩʦʨʝʚʥʦʚʘʥʠʡ 

 

ʎʚʝʪ ʝʛʦ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʙʝʣʳʡ. ɻʨʘʥʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʢʨʫʞʥʦʩʪʴ 

ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʰʠʨʠʥʦʡ 50 ʤʤ. ɼʠʘʤʝʪʨ ʚʥʫʪʨʝʥʥʝʛʦ ʢʨʫʛʘ ʩʦʩʪʘʚʣʷʝʪ 1000 ʤʤ. 

ʎʝʥʪʨ ʢʨʫʛʘ ʧʦʤʝʯʝʥ ʢʨʘʩʥʦʡ ʪʦʯʢʦʡ. ʕʪʘ ʦʪʤʝʪʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʦʛʜʘ ʚʩʪʘʝʪ 

ʚʦʧʨʦʩ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʙʝʜʠʪʝʣʷ (ʥʘʧʨʠʤʝʨ, ʚʳʰʣʦ ʚʨʝʤʷ ʩʦʨʝʚʥʦʚʘʥʠʷ ʠʣʠ ʚ 

ʢʨʫʛʝ ʦʩʪʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʨʦʙʦʪʦʚ). ʉʪʘʨʪʦʚʳʝ ʧʦʟʠʮʠʠ ʨʦʙʦʪʦʚ ʠʤʝʶʪ ʢʨʘʩʥʳʡ 

ʮʚʝʪ ʠ ʥʘʭʦʜʷʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦ ʮʝʥʪʨʘ ʧʦʣʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 150 ʤʤ ʦʪ ʮʝʥʪʨʘ ʠ 

300 ʤʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ [1]. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

ʋʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʤ ʧʦʜʢʣʶʯʝʥʦ ʢ ʧʣʘʪʝ ʫʧʨʘʚʣʝʥʠʷ 

ʤʦʪʦʨʘʤʠ, ʢʦʪʦʨʘʷ ʟʘʜʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʵʪʠʭ ʤʦʪʦʨʦʚ, ʫʧʨʘʚʣʷʶʱʠʭʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʜʨʘʡʚʝʨʘ ʜʚʠʛʘʪʝʣʝʡ (ʨʠʩ. 2). ʂ ʧʣʘʪʝ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʢʣʶʯʝʥ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʣʴʥʦʤʝʨ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʮʝʣʠ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʦʙʦʪ 

çʚʠʜʝʣè ʛʨʘʥʠʮʳ ʧʦʣʷ, ʧʦʜʢʣʶʯʠʤ ʢ Arduino ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʝʥʩʦʨ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʠʪʘʥʠʷ ʤʦʪʦʨʦʚ ʙʳʣʠ ʚʟʷʪʳ ɸʂɹ ICR18650-22F Samsung. 

 
ʈʠʩ. 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

https://www.zapas-m.ru/brands/samsung/
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ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʋʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ (Arduinonano) (pinsD3-D7, D11) ʧʦʜʢʣʶʯʝʥʦ ʢ 

ʧʣʘʪʝ ʫʧʨʘʚʣʝʥʠʷ ʤʦʪʦʨʘʤʠ(L298N) ʥʘ ʚʳʚʦʜʘʭ IN1, IN2, IN3 ʠIN4 (ʟʘʜʘʶʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʪʦʨʦʚ) ʠ ʢ ʚʳʚʦʜʘʤ ENA ʠ ENB (ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʨʘʙʦʪʘʶʪ ʚ ʘʢʪʠʚʥʦʤ ʠ ʧʘʩʩʠʚʥʦʤ ʨʝʞʠʤʝ). ɼʨʘʡʚʝʨ ʜʚʠʛʘʪʝʣʝʡ ʫʧʨʘʚʣʷʝʪ 

ʤʦʪʦʨʘʤʠ ʧʨʠ ʧʦʤʦʱʠ ʚʳʚʦʜʦʚ OUT1-OUT4. ʂ ʧʣʘʪʝ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʢʣʶʯʝʥ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʣʴʥʦʤʝʨ (pins 8, 9) ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʮʝʣʠ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʦʙʦʪ çʚʠʜʝʣè ʛʨʘʥʠʮʳ ʧʦʣʷ, ʧʦʜʢʣʶʯʠʤ ʢ Arduino (pin13) 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʝʥʩʦʨ (ʨʠʩ. 3).   

ɺ ʢʘʯʝʩʪʚʝ ʧʠʪʘʥʠʷ ʤʦʪʦʨʦʚ ʙʳʣʠ ʚʟʷʪʳ ɸʂɹ tr 18650.ʇʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ 

ʩʦʝʜʠʥʝʥʠʠ ʦʥʠ ʜʘʶʪ ʙʦʣʝʝ 5ɺ, ʧʦʵʪʦʤʫ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʩʜʝʣʘʪʴ 

ʩʪʘʙʠʣʠʟʘʪʦʨ ʥʘ 5ɺ (ʜʣʷ ʧʠʪʘʥʠʷ Arduinonano). 

 
ʈʠʩ. 3 ï ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʦʙʦʪʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʵʣʝʤʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ. 

ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʨʦʙʦʪʦʤ ʧʨʦʪʠʚʥʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʜʘʣʴʥʦʤʝʨ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ HC-SR04 ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʩʝʥʩʦʨ ʠʟʣʫʯʘʝʪ ʢʦʨʦʪʢʠʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʠʤʧʫʣʴʩ, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪʩʷ ʦʪ 

ʦʙʲʝʢʪʘ ʠ ʧʨʠʥʠʤʘʝʪʩʷ ʩʝʥʩʦʨʦʤ. ʈʘʩʩʪʦʷʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ 

ʚʨʝʤʝʥʠ ʜʦ ʧʦʣʫʯʝʥʠʷ ʵʭʘ ʠ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʚʦʟʜʫʭʝ. ɼʚʘ ʮʠʣʠʥʜʨʘ ʚ ʧʝʨʝʜʥʝʡ 

ʯʘʩʪʠ ʩʦʥʘʨʘ ʵʪʦ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʜʠʥʘʤʠʢʠ, ʦʜʠʥ ʠʟ ʥʠʭ ʠʟʣʫʯʘʝʪ ʠʤʧʫʣʴʩ, ʘ 

ʜʨʫʛʦʡ ʨʘʙʦʪʘʝʪ ʢʘʢ ʤʠʢʨʦʬʦʥ ï ʫʣʘʚʣʠʚʘʝʪ ʦʪʨʘʞʝʥʥʳʡ ʩʠʛʥʘʣ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʥʬʨʘʢʨʘʩʥʳʭ ʜʘʣʴʥʦʤʝʨʦʚ, ʥʘ ʧʦʢʘʟʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʜʘʣʴʥʦʤʝʨʘ ʥʝ ʚʣʠʷʶʪ ʟʘʩʚʝʪʢʠ ʦʪ ʩʦʣʥʮʘ ʠʣʠ ʮʚʝʪ ʦʙʲʝʢʪʘ. ɼʘʞʝ ʧʨʦʟʨʘʯʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʙʫʜʝʪ ʜʣʷ ʥʝʛʦ ʧʨʝʧʷʪʩʪʚʠʝʤ. ʅʦ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʪʨʫʜʥʦʩʪʠ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʧʫʰʠʩʪʳʭ ʠʣʠ ʦʯʝʥʴ ʪʦʥʢʠʭ ʧʨʝʜʤʝʪʦʚ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʣʴʥʦʤʝʨʘ URM37, ʵʪʦʪ ʜʘʣʴʥʦʤʝʨ ʥʝ 

ʦʙʣʘʜʘʝʪ ʪʘʢʠʤ ʙʦʣʴʰʠʤ ʚʳʙʦʨʦʤ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. ʅʦ ʵʪʦʪ 

çʥʝʜʦʩʪʘʪʦʢè ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʨʘʙʦʪʳ ʩ ʥʠʤ(ʨʠʩ.4).  

https://amperka.ru/collection/proximity-sensors
https://amperka.ru/product/ultrasonic-urm37
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ʈʠʩ. 4 - ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʣʴʥʦʤʝʨʘ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʣʴʥʦʤʝʨʘ HC-SR04: 

- ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ: 5 ɺ 

- ʇʦʪʨʝʙʣʝʥʠʝ ʚ ʨʝʞʠʤʝ ʪʠʰʠʥʳ: 2 ʤɸ 

- ʇʦʪʨʝʙʣʝʥʠʝ ʧʨʠ ʨʘʙʦʪʝ: 15 ʤɸ 

- ɼʠʘʧʘʟʦʥ ʨʘʩʩʪʦʷʥʠʡ: 2ï400 ʩʤ 

- ʕʬʬʝʢʪʠʚʥʳʡ ʫʛʦʣ ʥʘʙʣʶʜʝʥʠʷ: 15Á 

- ʈʘʙʦʯʠʡ ʫʛʦʣ ʥʘʙʣʶʜʝʥʠʷ: 30Á[2]. 

ʏʪʦʙʳ ʤʦʪʦʨʳ ʥʘʯʘʣʠ ʨʘʙʦʪʫ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʨʘʡʚʝʨ ʜʚʠʛʘʪʝʣʝʡ (ʢ 

ʧʨʠʤʝʨʫ, ʤʦʜʝʣʴ L298N) MotorShield ï ʧʣʘʪʘ ʨʘʩʰʠʨʝʥʠʷ ʜʣʷ Arduino, ʢʦʪʦʨʘʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʜʚʠʛʘʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʅʘ 

ʧʣʘʪʝ ʫʩʪʘʥʦʚʣʝʥ ʢʦʤʧʣʝʢʪ ʩʢʚʦʟʥʳʭ ʢʦʣʦʜʦʢ Arduino Rev3, ʧʦʟʚʦʣʷʶʱʠʡ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʜʨʫʛʠʝ ʧʣʘʪʳ ʨʘʩʰʠʨʝʥʠʷ. ʊʘʢʞʝ ʥʘ ʧʣʘʪʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʙʦʨʘ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ ï MotorShield ʤʦʞʝʪ ʧʠʪʘʪʴʩʷ ʢʘʢ ʦʪ Arduino, 

ʪʘʢ ʠ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ. ʅʘ ʧʣʘʪʝ ʠʤʝʝʪʩʷ ʩʚʝʪʦʜʠʦʜ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ, 

ʨʘʙʦʪʘʝʪ ʣʠ ʫʩʪʨʦʡʩʪʚʦ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʜʢʣʶʯʠʪʴ ʜʚʠʛʘʪʝʣʠ ʢ Arduino ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʧʝʮʠʘʣʴʥʫʶ ʩʭʝʤʫ ʧʦʜʢʣʶʯʝʥʠʷ, ʥʘʟʳʚʘʝʤʫʶ H-ʤʦʩʪʦʤ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ 

ʤʳ ʤʦʞʝʤ ʠʟʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʰʧʠʥʜʝʣʷ ʜʚʠʛʘʪʝʣʷ. ʉʝʛʦʜʥʷ 

ʤʦʞʥʦ ʙʝʟ ʧʨʦʙʣʝʤ ʥʘʡʪʠ ʢʘʢ ʤʠʢʨʦʩʭʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʜʚʘ ʠʣʠ ʙʦʣʴʰʝ H-

ʤʦʩʪʘ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʳʝ ʤʦʜʫʣʠ ʠ ʧʣʘʪʳ ʨʘʩʰʠʨʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʵʪʠʭ 

ʤʠʢʨʦʩʭʝʤʘʭ [3] (ʨʠʩ.5). 

 
ʈʠʩ. 5 ï ʉʭʝʤʘ ʜʨʘʡʚʝʨʘ ʜʚʠʛʘʪʝʣʝʡ 
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ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʨʘʡʚʝʨʘ ʜʚʠʛʘʪʝʣʷ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʥʮʠʧʝ ʨʘʙʦʪʳ H-ʤʦʩʪʘ 

[3]. H-ʤʦʩʪ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʦʡ ʩʭʝʤʦʡ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʢʣʶʯʝʡ ʩ 

ʥʘʛʨʫʟʢʦʡ. ʉʭʝʤʘ ʤʦʩʪʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5 Q1éQ4 0 ʧʦʣʝʚʳʝ, 

ʙʠʧʦʣʷʨʥʳʝ ʠʣʠ IGBT ʪʨʘʥʟʠʩʪʦʨʳ. ʇʦʩʣʝʜʥʠʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʩʝʪʷʭ. ɹʠʧʦʣʷʨʥʳʝ ʪʨʘʥʟʠʩʪʦʨʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ, 

ʦʥʠ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʤʘʣʦʤʦʱʥʳʭ ʩʭʝʤʘʭ. ɼʣʷ ʙʦʣʴʰʠʭ ʪʦʢʦʚ ʙʝʨʫʪ 

ʧʦʣʝʚʳʝ ʪʨʘʥʟʠʩʪʦʨʳ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʟʘʪʚʦʨʦʤ. ʂʣʶʯʠ ʥʝ ʜʦʣʞʥʳ ʙʳʪʴ 

ʟʘʤʢʥʫʪʳ ʚʤʝʩʪʝ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʯʪʦʙʳ ʥʝ ʧʨʦʠʟʦʰʣʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

ʠʩʪʦʯʥʠʢʘ. ɼʠʦʜʳ D1éD4 ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʝ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʠʦʜʳ 

ʐʦʪʪʢʠ. ʉ ʧʦʤʦʱʴʶ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʢʣʶʯʝʡ ʥʘ H-ʤʦʩʪʝ ʤʦʞʥʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʠ ʪʦʨʤʦʟʠʪʴ ʤʦʪʦʨʳ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʦʙʦʪ ʥʝ ʚʳʭʦʜʠʣ ʟʘ ʧʨʝʜʝʣʳ ʧʦʣʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʮʠʬʨʦʚʦʡ ʠʥʬʨʘʢʨʘʩʥʳʡ ʜʘʪʯʠʢ ʦʙʭʦʜʘ ʧʨʝʧʷʪʩʪʚʠʡ (ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ YL-63 

ʠʣʠ FC-51).ʕʪʦʪ ʜʘʪʯʠʢ ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ 

ʦʙʲʝʢʪʘ, ʘ ʪʦʯʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʦʙʲʝʢʪʘ ʟʥʘʪʴ ʥʝʦʙʷʟʘʪʝʣʴʥʦ. ɼʘʪʯʠʢ ʩʦʩʪʦʠʪ 

ʠʟ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ, ʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘ [4]. ʀʂ-ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʘʝʪ 

ʠʥʬʨʘʢʨʘʩʥʳʝ ʚʦʣʥʳ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪʩʷ ʦʪ ʧʨʝʧʷʪʩʪʚʠʷ ʠ ʬʠʢʩʠʨʫʶʪʩʷ 

ʬʦʪʦʧʨʠʝʤʥʠʢʦʤ. ɼʘʪʯʠʢ ʦʙʥʘʨʫʞʠʚʘʝʪ ʧʨʝʧʷʪʩʪʚʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʩʩʪʦʷʥʠʡ ʦʪ 

ʥʫʣʷ ʜʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʨʝʜʝʣʴʥʦʡ ʛʨʘʥʠʮʳ. ʆʥ ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʘʨʘʪʦʨʘ LM393, ʢʦʪʦʨʳʡ ʚʳʜʘʝʪ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜ ʧʦ ʧʨʠʥʮʠʧʫ: 

ʦʙʥʘʨʫʞʝʥʦ ʧʨʝʧʷʪʩʪʚʠʝ ïʣʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ HIGH, ʥʝ ʦʙʥʘʨʫʞʝʥʦ ï 

ʣʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ LOW. ɼʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʢʘʟʳʚʘʝʪ ʠ ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ 

ʜʘʪʯʠʢʝ ʢʨʘʩʥʳʡ ʩʚʝʪʦʜʠʦʜ. ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʩʪʨʦʡʢʠ ʜʘʪʯʠʢʘ 

ʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʤʦʜʫʣʝ ʧʦʪʝʥʮʠʦʤʝʪʨʘ. ɼʣʷ 

ʠʥʜʠʢʘʮʠʠ ʧʠʪʘʥʠʷ ʥʘ ʜʘʪʯʠʢʝ ʫʩʪʘʥʦʚʣʝʥ ʟʝʣʝʥʳʡ ʩʚʝʪʦʜʠʦʜ. ɼʘʪʯʠʢ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʧʷʪʩʪʚʠʡ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʢʦʣʝʩʥʳʭ ʠʣʠ ʛʫʩʝʥʠʯʥʳʭ ʨʦʙʦʪʦʚ (ʨʠʩ.6). 

 
ʈʠʩ. 6 - ʉʭʝʤʘ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʩʝʥʩʦʨʘ 
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ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʪʯʠʢʘ ʧʨʝʧʷʪʩʪʚʠʷ YL-63: 

- ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ: 3.3ï5 ɺ; 

- ʪʠʧ ʜʘʪʯʠʢʘ: ʜʠʬʬʫʟʠʦʥʥʳʡ; 

- ʢʦʤʧʘʨʘʪʦʨ: LM393; 

- ʨʘʩʩʪʦʷʥʠʝ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʧʷʪʩʪʚʠʡ: 2 ï 30 ʩʤ; 

- ɻ ʬʬʝʢʪʠʚʥʳʡ ʫʛʦʣ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʧʷʪʩʪʚʠʡ: 35; 

- ʧʦʪʝʥʮʠʦʤʝʪʨ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ; 

- ʩʚʝʪʦʜʠʦʜ ʠʥʜʠʢʘʮʠʠ ʧʠʪʘʥʠʷ [4]. 

ɺʥʝʰʥʝʝ ʥʘʧʨʷʞʝʥʠʝ VCC 3,3 V-5 ɺ (ʤʦʞʥʦ ʥʘʧʨʷʤʫʶ ʧʦʜʢʣʶʯʠʪʴ ʢ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ 5 v ʠ 3,3 v). GND ʟʘʟʝʤʣʝʥʠʝ. 

ʈʘʩʯʝʪ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ 

I * U = P                     (1) 

I=P/U                      (2) 

ɸɹ(ʝʤʢʦʩʪʴ ʘʢʢʫʤʫʣʷʪʦʨʘ)/I=ʇʦʣʥʳʡ ʟʘʨʷʜ               (3) 

ʄʦʪʦʨʳ U=7,4ʚ 5 ɺʪ 

Arduino nano U=5ʚ 0,1ɺʪ 

ɼʨʘʡʚʝʨ ʜʚʠʛʘʪʝʣʝʡ U=5-12ʚ 0,1 ɺʪ 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʦʥʘʨ U=5ʚ 0,075 ɺʪ 

ʀʥʬʨʘʢʨʘʩʥʳʡ ʩʝʥʩʦʨ U=5ʚ 0,0075 ɺʪ. 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ(1) ʧʨʦʚʦʜʠʤ ʨʘʩʯʝʪ ʤʦʱʥʦʩʪʠ. 

P=5+0,1+0,1+0.075+0,0075=5.2825 ɺʪ. 

I ʧʦʪʨʝʙʣʝʥʠʷ ʨʘʩʩʯʠʪʘʝʤ ʧʦ ʬʦʨʤʫʣʝ (2).  

I=5,2825/7,4=0,71385 ɸ 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʦʣʥʦʛʦ ʟʘʨʷʜʘ ʧʨʠʤʝʥʷʝʤ ʬʦʨʤʫʣʫ (3).  

9900ʤɸ: 713 ʤɸ =13,48ʯ 

ɼʣʷ ʧʠʪʘʥʠʷ ʨʦʙʦʪʘ ʧʨʠʤʝʥʷʝʤ ʘʢʢʫʤʫʣʷʪʦʨ TR 18650, ʧʦʣʥʦʛʦ ʟʘʨʷʜʘ 

ʢʦʪʦʨʦʛʦ ʭʚʘʪʠʪ ʥʘ 13ʯ 48 ʤʠʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʘʩʯʝʪʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ, ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ 

ʥʘ ʘʢʢʫʤʫʣʷʪʦʨʘʭ TR 18650 ʨʦʙʦʪ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ~13 ʯʘʩʦʚ. 

 

ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʨʘʙʦʪʳ ʄʂ 

ʋʧʨʘʚʣʷʶʱʠʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʚʩʝʛʦ ʨʦʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʣʘʪʘ 

Arduinonano (ʨʠʩ.7).  

ʇʦʩʣʝ ʧʦʜʘʯʠ ʧʠʪʘʥʠʷ ʢ ʜʘʥʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʫʧʨʘʚʣʝʥʠʷ ʧʦʵʪʘʧʥʦ 

ʧʦʜʢʣʶʯʘʶʪʩʷ: 

- ɼʘʪʯʠʢ ʯʝʨʥʦʛʦ ʠ ʙʝʣʦʛʦ ʮʚʝʪʘ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʦʨʠʝʥʪʘʮʠʶ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ;  

- ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʣʴʥʦʤʝʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʥʘʡʪʠ ʮʝʣʴ ʠ ʚʳʪʦʣʢʥʫʪʴ ʝʝ ʟʘ 

ʧʨʝʜʝʣʳ ʧʦʣʷ; 

- ɼʨʘʡʚʝʨ ʜʚʠʛʘʪʝʣʝʡ, ʢ ʢʦʪʦʨʦʤʫ ʧʦʜʢʣʶʯʘʶʪʩʷ ʤʦʪʦʨʳ; 

- ʉʪʘʙʠʣʠʟʘʪʦʨ ʩ ʚʳʭʦʜʦʤ 5ɺ. 
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ʈʠʩ. 7 - ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʨʦʙʦʪʘ 

 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʄʂ 

ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Arduino IDE.  

ArduinoIDE ð ʢʨʦʩʩ-ʧʣʘʪʬʦʨʤʝʥʥʦʝʧʨʠʣʦʞʝʥʠʝ (ʜʣʷ Windows, MacOS, 

Linux), ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʥʘC ʠ C ++. ʆʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʠ 

ʟʘʛʨʫʟʢʠʧʨʦʛʨʘʤʤ ʥʘ Arduino-ʩʦʚʤʝʩʪʠʤʳʝ ʧʣʘʪʳ, ʘ ʪʘʢʞʝ ʥʘ ʧʣʘʪʳ ʜʨʫʛʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ 

ʩʦʟʜʘʥʠʠ ʨʦʙʦʪʘ [5]: 

ʇʨʦʠʩʭʦʜʠʪ ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʧʦʨʪʦʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʦʥʘʨʘ Echo (ʕʭʦ 

OUTPUT) pin 8 ʠ Trigger (ʊʨʠʛʛʝʨ INPUT) pin 9 

#define TRIGGER_PIN 9 

#define ECHO_PIN 8 

#defineMAX_DISTANCE 350 //ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʠʩʪʘʥʮʠʷ ʚ ʩʘʥʪʠʤʝʪʨʘʭ 

// ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʜʨʘʡʚʝʨʘ ʜʚʠʛʘʪʝʣʝʡ, ʧʦʜʢʣʶʯʝʥʠʝ ʧʦ ʥʦʤʝʨʘʤ ʧʠʥʦʚ 

constint in1 = 7;    // L298N-1 pin 7 

constint in2 = 6;    // L298N-1 pin 6 

constint en1 = 11;    // L298N-1 pin 11 

constint in3 = 5;    // L298N-1 pin 5 

constint in4 = 4;    // L298N-1 pin 4 

constint en2 = 3;    // L298N-1 pin 3 

constintanalogPin1 = 13; // ʧʦʜʢʣʶʯʝʥʠʝʠʥʬʨʘʢʨʘʩʥʦʛʦʩʝʥʩʦʨʘ 

// ʜʨʘʡʚʝʨʜʚʠʛʘʪʝʣʝʡ 

constint in1 = 7;    // L298N-1 pin 7 

https://ru.wikipedia.org/wiki/Arduino
https://ru.wikipedia.org/wiki/Arduino
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%BE%D1%81%D1%81-%D0%BF%D0%BB%D0%B0%D1%82%D1%84%D0%BE%D1%80%D0%BC%D0%B5%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/Windows
https://ru.wikipedia.org/wiki/MacOS
https://ru.wikipedia.org/wiki/Linux
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8_(%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/C%2B%2B
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constint in2 = 6;    // L298N-1 pin 6 

constint en1 = 11;    // L298N-1 pin 11 

constint in3 = 5;    // L298N-1 pin 5 

constint in4 = 4;    // L298N-1 pin 4 

constint en2 = 3;    // L298N-1 pin 3 

constintanalogPin1 = 13; // ʧʦʜʢʣʶʯʝʥʠʝʠʥʬʨʘʢʨʘʩʥʦʛʦʩʝʥʩʦʨʘ 

NewPingsonar(TRIGGER_PIN, ECHO_PIN, MAX_DISTANCE); 

voidsetup() {  

Serial.begin(9600);// ɿʘʜʘʝʤ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʤʦʥʠʪʦʨ ʧʦʨʪʘ 

ʫʣʴʪʨʘʟʚʫʢʦʛʦʚʦʛʦ ʩʦʥʘʨʘ 

pinMode(13, INPUT); // ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʘʨʜʫʠʥʦ 

pinMode(in1, OUTPUT);      // ʧʦʜʢʣʶʯʝʥʠʝ L298n 

pinMode(in2, OUTPUT);      // ʧʦʜʢʣʶʯʝʥʠʝ L298n 

pinMode(ena, OUTPUT);      // ʧʦʜʢʣʶʯʝʥʠʝ L298n 

pinMode(in3, OUTPUT);      // ʧʦʜʢʣʶʯʝʥʠʝ L298n 

pinMode(in4, OUTPUT);      // ʧʦʜʢʣʶʯʝʥʠʝ L298n 

pinMode(ena, OUTPUT);      // ʧʦʜʢʣʶʯʝʥʠʝ L298n} 

voidloop() {  

delay(50);//ʘʣʛʦʨʠʪʤ ʨʘʩʩʯʝʪʘ ʜʠʩʪʘʥʮʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʦʥʘʨʘ 

unsigned intuS = sonar.ping(); 

unsigned int cm = (uS / US_ROUNDTRIP_CM); 

Serial.print("Ping: "); 

Serial.print(cm.); 

Serial.println("cm"); 

Serial.println(digitalRead(13)); // ɺʳʚʦʜʠʤʟʥʘʯʝʥʠʝʚʧʦʨʪ 

if  (digitalRead(13) == LOW)  

{  if  (cm<=40)  // ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʙʦʣʴʰʝ 40 ʩʘʥʪʠʤʝʪʨʦʚ, ʪʦ 

ʧʦʚʦʨʘʯʠʚʘʝʤʩʷ ʧʦ ʢʨʫʛʫ ʠ ʠʱʝʤ ʮʝʣʴ [6] 

       //   if  (distance_sm<40 )  // ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 0 ʜʦ 40 ʩʘʥʪʠʤʝʪʨʦʚ, ʪʦ 

ʚʳʪʘʣʢʠʚʘʝʤ ʮʝʣʴ 

{ digitalWrite(in1, HIGH); //ʢʦʤʘʥʜʘ ʚʳʪʘʣʢʠʚʘʥʠʷ ʮʝʣʠ 

digitalWrite(in2, LOW); 

analogWrite(ena, 150);  

digitalWrite(in3, HIGH); 

digitalWrite(in4, LOW); 

analogWrite(enb, 150) 

}  else  // ʚʨʘʱʘʝʤʩʷ ʧʦ ʢʨʫʛʫ ʠ ʠʱʝʤ ʧʨʝʧʷʪʩʪʚʠʝ (ʩʦʧʝʨʥʠʢʘ) 

{digitalWrite(in1, LOW); 

digitalWrite(in2, HIGH); 

analogWrite(ena, 100); 

digitalWrite(in3, HIGH); 

digitalWrite(in4, LOW); 

analogWrite(enb, 100); 

delay(100); 
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digitalWrite(in1, LOW) 

digitalWrite(in2, LOW); 

analogWrite(ena, 100); 

digitalWrite(in3, LOW); 

digitalWrite(in4, LOW); 

analogWrite(enb, 100); 

delay(200); }    } 

else // analogpin 13 low ʧʦʩʣʝ ʧʝʨʝʩʝʯʝʥʠʷ ʯʝʨʥʦʡ ʧʦʣʦʩʳ, ʨʦʙʦʪ ʝʜʝʪ ʥʘʟʘʜ 

0.5 ʩʝʢ ʠ ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ 0.8 ʩʝʢ, ʧʦʩʣʝ ʯʝʛʦ ʨʦʙʦʪ ʞʜʝʪ 0,05 ʩʝʢ ʠ ʚʳʧʦʣʥʷʝʪ 

ʧʨʦʛʨʘʤʤʫ ʧʦʚʪʦʨʥʦ  

{  digitalWrite(in1, LOW); 

digitalWrite(in2, HIGH); 

analogWrite(ena, 160); 

digitalWrite(in3, LOW); 

digitalWrite(in4, HIGH); 

analogWrite(enb, 160); 

delay(500);  // ʟʘʜʝʨʞʢʘ 

digitalWrite(in1, HIGH); 

digitalWrite(in2, LOW) 

analogWrite(ena, 100); 

digitalWrite(in3, LOW); 

digitalWrite(in4, HIGH); 

analogWrite(enb, 100); 

delay(800); // ʟʘʜʝʨʞʢʘ} 

delay(50); // ʟʘʜʝʨʞʢʘ}  

 

ʊʝʭʥʠʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʨʝʤʦʥʪʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʦʙʦʪʘ ʩʫʤʦ 

ʅʝʣʴʟʷ ʟʘʙʳʚʘʪʴ ʦʙ ʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ:  

- ʋʙʝʜʠʪʴʩʷ ʚ ʠʩʧʨʘʚʥʦʩʪʠ ʠ ʮʝʣʦʩʪʥʦʩʪʠ ʚʩʝʭ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ ʨʦʙʦʪʘ, 

ʵʣʝʤʝʥʪʦʚ ʢʨʝʧʣʝʥʠʷ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʠ, ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ 

ʙʣʦʢʠ ʧʠʪʘʥʠʷ ʨʦʙʦʪʘ ʚʢʣʶʯʘʶʪʩʷ ʚ ʩʝʪʴ, ʥʘʣʠʯʠʠ ʟʘʟʝʤʣʝʥʠʷ. 

- ʋʙʝʜʠʪʴʩʷ ʚ ʠʩʧʨʘʚʥʦʩʪʠ ʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʦʜʢʣʶʯʝʥʠʷ ʘʚʪʦʥʦʤʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʨʦʙʦʪʘ (ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ). 

- ʇʨʦʚʝʨʠʪʴ ʠʩʧʨʘʚʥʦʩʪʴ ʠ ʚʳʧʦʣʥʠʪʴ ʫʩʪʘʥʦʚʢʫ ʥʘ ʨʦʙʦʪʝ ʧʣʘʚʢʠʭ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʝʡ ʜʣʷ ʟʘʱʠʪʳ ʩʣʘʙʦʪʦʯʥʳʭ ʮʝʧʝʡ ʨʦʙʦʪʘ. 

ʇʨʠ ʨʘʙʦʪʝ ʩ Arduinonano ʩʣʝʜʫʝʪ ʩʦʙʣʶʜʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʘʚʠʣ. 

ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ ʚ ʥʦʨʤʝ. ʅʝʣʴʟʷ ʧʨʝʚʳʰʘʪʴ ʥʘʧʨʷʞʝʥʠʝ 

ʧʠʪʘʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʝʩʣʠ ʟʘʧʫʩʢʘʪʴ ʝʛʦ ʦʪ ʙʘʪʘʨʝʡ ʠʣʠ ʠʩʪʦʯʥʠʢʘ, ʚ 

ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ ʚʳ ʥʝ ʫʚʝʨʝʥʳ ï ʣʫʯʰʝ ʫʩʪʘʥʦʚʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʣʠʥʝʡʥʳʡ ʠʣʠ LDO-ʩʪʘʙʠʣʠʟʘʪʦʨ; 

ʅʝʣʴʟʷ ʟʘʤʳʢʘʪʴ ʧʠʥʳ. ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʫʩʪʘʥʦʚʠʣ ʨʝʢʦʤʝʥʜʫʝʤʳʡ ʪʦʢ 

ʯʝʨʝʟ ʧʠʥ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʥʝ ʙʦʣʝʝ 30 ʤɸ. ʇʨʠ ʥʘʧʨʷʞʝʥʠʠ ʧʠʪʘʥʠʷ ʚ 5 
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ɺʦʣʴʪ, ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʥʫʞʥʦ ʧʦʜʢʣʶʯʘʪʴ ʥʝʟʥʘʢʦʤʫʶ (ʥʦʚʫʶ) ʥʘʛʨʫʟʢʫ, ʯʝʨʝʟ 

ʨʝʟʠʩʪʦʨ ʥʝ ʤʝʥʝʝ 200 ʆʤ, ʯʪʦ ʫʩʪʘʥʦʚʠʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ ʚ 25 ʤɸ; 

ʅʝʣʴʟʷ ʧʨʝʚʳʰʘʪʴ ʣʦʛʠʯʝʩʢʠʝ ʫʨʦʚʥʠ. ɽʩʣʠ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ʚ 

ʢʘʯʝʩʪʚʝ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ ʚʳʙʨʘʥ ʫʨʦʚʝʥʴ 5 ɺ, ʪʦ ʠ ʜʘʪʯʠʢ, ʢʥʦʧʢʘ ʠʣʠ 

ʜʨʫʛʦʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʜʦʣʞʝʥ ʧʦʩʳʣʘʪʴ ʩʠʛʥʘʣ ʩ ʪʘʢʠʤ ʞʝ ʥʘʧʨʷʞʝʥʠʝʤ. 

ɽʩʣʠ ʧʦʜʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʫʨʦʚʥʝʤ ʚʳʰʝ 5,5 ɺ ï ʧʠʥ ʩʛʦʨʠʪ. ɺʥʫʪʨʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʥʦ ʧʨʠ ʠʭ ʩʨʘʙʘʪʳʚʘʥʠʠ ʪʦʢʠ 

ʥʘʯʠʥʘʶʪ ʨʘʩʪʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʨʠʣʦʞʝʥʥʦʤʫ ʚʦʣʴʪʘʞʫ. ʅʝʣʴʟʷ ʧʦʜʘʚʘʪʴ 

ʧʝʨʝʤʝʥʥʦʝ ʧʦ ʟʥʘʢʫ ʥʘʧʨʷʞʝʥʠʝ, ʘ ʫʞ ʪʝʤ ʙʦʣʝʝ ʩʝʪʝʚʦʝ ï 220 ɺ. 

ʅʝʣʴʟʷ ʥʘʛʨʫʞʘʪʴ ʩʪʘʙʠʣʠʟʘʪʦʨ.ɽʩʣʠ ʟʘʧʠʪʘʪʴ ʥʘʛʨʫʟʢʫ ʦʪ ʧʠʥʘ 5V ï 

ʤʦʞʥʦ ʩʞʝʯʴ ʣʠʥʝʡʥʳʡ ʩʪʘʙʠʣʠʟʘʪʦʨ, ʵʪʘ ʰʠʥʘ ʧʠʪʘʝʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʠ 

ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʥʝʛʦ, ʦʜʥʘʢʦ, ʧʘʨʫ ʤʘʣʝʥʴʢʠʭ ʩʝʨʚʦʤʦʪʦʨʯʠʢʦʚ ʦʥ ʚʳʜʝʨʞʠʪ. 

ʊʘʢʞʝ ʥʝʣʴʟʷ ʧʦʜʢʣʶʯʘʪʴ ʠʩʪʦʯʥʠʢ ʚʥʝʰʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʢ ʵʪʦʡ ʥʦʞʢʝ, 

ʩʪʘʙʠʣʠʟʘʪʦʨ ʥʝ ʠʤʝʝʪ ʟʘʱʠʪʳ ʦʪ ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʏʪʦʙʳ ʧʠʪʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʫʞʥʦ ʙʨʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʦʪ 

ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ ʧʨʦ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʦʙʦʪʘ:  

- ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ: 12 V (Ñ10%) (47 é 63 ɻʮ); 

- ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: -10 é+30Áʉ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪʳ ʥʘʜʦ ʚʳʢʣʶʯʠʪʴ ʨʦʙʦʪʘ ʠ ʚʩʝ ʟʘʨʷʜʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ.  

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʦʙʦʪʳ ʩʫʤʦ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ 

ʧʣʘʪʬʦʨʤʝ Arduino, ʢʦʪʦʨʘʷ ʧʨʦʩʪʘ ʜʣʷ ʦʩʚʦʝʥʠʷ ʠ ʠʤʝʝʪ ʦʪʢʨʳʪʳʡ ʢʦʜ ʥʘ 

ʦʩʥʦʚʝ ʚʩʪʨʦʝʥʥʦʛʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʩ ʧʨʦʛʨʘʤʤʥʳʤ 

ʠʥʪʝʨʬʝʡʩʦʤ. ʂ ʥʝʡ ʤʦʛʫʪ ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʘʥʘʣʦʛʦʚʳʝ ʠ ʮʠʬʨʦʚʳʝ 

ʜʘʪʯʠʢʠ, ʢʦʪʦʨʳʝ ʨʝʛʠʩʪʨʠʨʫʶʪ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʝʨʝʜʘʶʪ 

ʜʘʥʥʳʝ ʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ. 

ɹʣʘʛʦʜʘʨʷ ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʘʤ, ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʘʩʧʝʢʪʳ 

ʩʙʦʨʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʨʦʙʦʪʘ. ʉ ʧʦʤʦʱʴʶ ʧʨʦʧʠʩʘʥʥʦʛʦ ʢʦʜʘ 

ʩʦʙʨʘʥʥʳʡ ʨʦʙʦʪ ʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ ʧʦʩʪʘʚʣʝʥʥʫʶ ʧʝʨʝʜ ʥʠʤ ʟʘʜʘʯʫ, ʘ ʠʤʝʥʥʦ 

ʟʘʥʠʤʘʪʴʩʷ ʧʦʠʩʢʦʤ ʧʨʦʪʠʚʥʠʢʘ, ʘ ʧʦʩʣʝ ʝʛʦ ʥʘʭʦʞʜʝʥʠʷ ï ʣʠʢʚʠʜʘʮʠʝʡ ʧʦ 

ʚʩʝʤ ʧʨʘʚʠʣʘʤ ʩʦʨʝʚʥʦʚʘʥʠʷ.  

ʈʘʟʚʠʪʠʝ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʠʜʝʪ ʩʪʨʝʤʠʪʝʣʴʥʳʤʠ ʰʘʛʘʤʠ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ 

ʧʨʠʤʝʥʝʥʠʷ. ʈʘʙʦʪʳ ʰʢʦʣʴʥʠʢʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʦʪʨʘʙʦʪʢʠ ʥʘʚʳʢʦʚ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʨʦʙʦʪʦʚ. ʇʨʦʤʳʰʣʝʥʥʳʝ 

ʨʦʙʦʪʳ ʧʦʤʦʛʘʶʪ ʯʝʣʦʚʝʯʝʩʪʚʫ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʪʷʞʝʣʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʪʨʫʜʘ. ɸ 

ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʥʘʤʠ ʨʦʙʦʪʳ ʩʫʤʦ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʩʬʝʨʳ ʨʘʟʚʣʝʯʝʥʠʡ. 

ʇʨʦʩʪʳʝ ʚ ʩʙʦʨʢʝ ʠ ʫʧʨʘʚʣʝʥʠʠ, ʪʘʢʠʝ ʨʦʙʦʪʳ ʤʦʛʫʪ ʩʪʘʪʴ ʦʪʣʠʯʥʳʤʠ 

ʨʘʟʚʠʚʘʶʱʠʤʠ ʧʦʤʦʱʥʠʢʘʤʠ, ʦʜʥʘʢʦ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʪʴ ʯʝʣʦʚʝʢʘ ʦʥʠ ʥʝ 

ʩʧʦʩʦʙʥʳ. 
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ʆʬʦʨʤʣʝʥʠʝ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ ʧʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʚʨʝʤʷʟʘʪʨʘʪʥʳʤ ʧʨʦʮʝʩʩʦʤ. ɼʣʷ ʧʦʜʘʯʠ ʟʘʷʚʢʠ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ ʦʜʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ ʢʦʤʧʣʝʢʪ ʜʦʢʫʤʝʥʪʦʚ, ʟʘʧʦʣʥʝʥʥʳʡ ʧʦ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʘʚʠʣʘʤ. ɹʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠ 

ʫʧʨʦʩʪʠʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʭʨʘʥʝʥʠʝʤ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʦʙ ʘʚʪʦʨʘʭ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ 

ʧʨʦʛʨʘʤʤʘʭ, ʟʘʷʚʢʘʭ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ ʠ ʙʘʟ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ 

ʩʦʩʪʘʚʣʝʥʠʝʤ ʦʪʯʝʪʦʚ. ʉ ʪʘʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩʦʪʨʫʜʥʠʢʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʯʝʙʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʩʧʝʮʠʘʣʠʩʪʳ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  

http://robocity.dp.ua/wp-content/uploads/2015/09/lego_sumo_rules_v1.pdf
https://3d-diy.ru/wiki/arduino-datchiki/ultrazvukovoj-dalnomer-hc-sr04/
https://3d-diy.ru/wiki/arduino-datchiki/ultrazvukovoj-dalnomer-hc-sr04/
https://arduinomaster.ru/datchiki-arduino/drajver-dvigatelya-i-motor-shield-arduino/
https://3d-diy.ru/wiki/arduino-datchiki/infrakrasnyj-datchik-prepyatstvij-yl-63/
https://3d-diy.ru/wiki/arduino-datchiki/infrakrasnyj-datchik-prepyatstvij-yl-63/
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ʎʝʣʴʶ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʩʦʩʪʘʚʣʝʥʠʷ ʟʘʷʚʢʠ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ ʠ ʙʘʟ 

ʜʘʥʥʳʭ, ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʦʩʪʘʚʣʝʥʠʷ ʦʪʯʝʪʦʚ ʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤʘʭ. 

ʇʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ʠ ʙʘʟʳ ʜʘʥʥʳʭ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʱʠʱʝʥʳ ʘʚʪʦʨʩʢʠʤ 

ʧʨʘʚʦʤ ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʈʦʩʧʘʪʝʥʪʝ. ɺ ʨʦʩʩʠʡʩʢʦʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʧʨʠʨʘʚʥʠʚʘʝʪʩʷ ʢ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʧʨʦʠʟʚʝʜʝʥʠʶ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʘʚʘ ʥʘ ʧʨʦʛʨʘʤʤʫ ʜʝʡʩʪʚʠʪʝʣʴʥʳ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʞʠʟʥʠ ʘʚʪʦʨʦʚ 

[1]. ʏʪʦʙʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʫ ʠʣʠ ʙʘʟʫ ʜʘʥʥʳʭ, ʥʫʞʥʦ ʧʦʜʘʪʴ ʟʘʷʚʢʫ 

ʩ ʦʧʠʩʘʥʠʝʤ ʠ ʨʘʩʧʝʯʘʪʘʥʥʳʤ ʢʦʜʦʤ. ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʥʫʞʥʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʟʘʱʠʪʠʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʦʪ ʨʷʜʘ ʥʘʨʫʰʝʥʠʡ ʘʚʪʦʨʩʢʠʭ ʧʨʘʚ, ʘ ʠʤʝʥʥʦ: 

- ʢʦʧʠʨʦʚʘʥʠʝ ʘʚʪʦʨʩʢʠʭ ʧʨʦʛʨʘʤʤ ʠ ʜʘʥʥʳʭ ʢʦʥʝʯʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ; 

- ʫʩʪʘʥʦʚʢʘ ʘʚʪʦʨʩʢʠʭ ʧʨʦʛʨʘʤʤ ʥʘ ʞʝʩʪʢʠʝ ʥʦʩʠʪʝʣʠ; 

- ʧʦʜʜʝʣʢʘ ʘʚʪʦʨʩʢʠʭ ʧʨʦʛʨʘʤʤ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʨʩʢʠʭ ʧʨʦʛʨʘʤʤ ʩ ʥʘʨʫʰʝʥʠʝʤ ʜʝʡʩʪʚʠʷ ʣʠʮʝʥʟʠʡ; 

- ʀʥʪʝʨʥʝʪ-ʧʠʨʘʪʩʪʚʦ (ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʜʜʘʝʪʩʷ ʜʠʘʛʥʦʩʪʠʢʝ). 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʚʳʙʨʘʥ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# 

[2]. ɺʦʟʤʦʞʥʦʩʪʝʡ ʜʘʥʥʦʛʦ ʷʟʳʢʘ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʚʝʩʴ 

ʥʝʦʙʭʦʜʠʤʳʡ ʬʫʥʢʮʠʦʥʘʣ.  

ʅʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʚʳʙʨʘʥʥʦʡ ʪʝʤʝ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 

ʧʨʠʢʣʘʜʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʦʜʘʯʠ 

ʟʘʷʚʢʠ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ ʧʨʦʛʨʘʤʤ ʠ ʙʘʟ ʜʘʥʥʳʭ ʜʣʷ ʕɺʄ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʪʯʝʪʦʚ. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ 

Windows Presentation Foundation [3, 4]. ʇʨʠʣʦʞʝʥʠʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ ʚʚʦʜʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʛʨʘʤʤʝ ʠ ʝʛʦ ʘʚʪʦʨʘʭ, 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʪ ʜʦʢʫʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʜʘʯʠ ʟʘʷʚʢʠ ʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʦʪʯʝʪʳ.  

ɹʳʣʦ ʚʳʧʦʣʥʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʥʘ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʠʤʝʨʘʭ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʥʝʩʫʱʝʩʪʚʫʶʱʠʝ ʜʘʥʥʳʝ, ʧʨʠʙʣʠʞʝʥʥʳʝ ʢ ʨʝʘʣʴʥʳʤ. 

ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʩʪʫʜʝʥʪʦʚ ʈʀʀ 

ɸʣʪɻʊʋ. ʆʥʘ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʦʬʦʨʤʣʝʥʠʝ ʜʦʢʫʤʝʥʪʦʚ, ʫʩʪʨʘʥʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʦʰʠʙʦʢ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʘʷʚʦʢ ʠ ʦʪʯʝʪʦʚ ʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʠ ʙʘʟʘʭ ʜʘʥʥʳʭ.  

ʀʥʬʦʨʤʘʮʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ, ʭʨʘʥʠʪʩʷ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʜʘʥʥʳʭ. ʉʚʷʟʴ ʤʝʞʜʫ ʢʣʘʩʩʘʤʠ 

ʤʦʜʝʣʠ ʠ ʪʘʙʣʠʮʘʤʠ ɹɼ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ï ORM (object-relational mapping) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Entity 

Framework, ʢʦʪʦʨʳʡ ʜʘʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʩ ʜʘʥʥʳʤʠ ʥʘ 

ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʘʙʩʪʨʘʢʮʠʠ, ʩʦʟʜʘʚʘʪʴ ʠ ʩʦʧʨʦʚʦʞʜʘʪʴ ʧʨʠʣʦʞʝʥʠʷ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʨʘʙʦʪʫ ʩ ʜʘʥʥʳʤʠ [5, 6]. Entity Framework ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʦʥʝʥʪʦʤ ʧʣʘʪʬʦʨʤʳ .NET Framework ʠ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʣʶʙʦʤ 

ʢʦʤʧʴʶʪʝʨʝ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥʘ ʵʪʘ ʧʣʘʪʬʦʨʤʘ. 
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ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʘʟʳ ʜʘʥʥʳʭ (ER-

ʜʠʘʛʨʘʤʤʘ). ʉʫʱʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ: ʘʚʪʦʨʳ, ʧʨʦʛʨʘʤʤʳ ʠ ʟʘʷʚʢʠ, ʪʠʧ ʩʚʷʟʠ 

ʤʝʞʜʫ ʥʠʤʠ çʤʥʦʛʠʝ-ʢʦ-ʤʥʦʛʠʤè. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʘʪʘʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʠʥʬʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɹɼ. ʅʘ ʝʝ ʦʩʥʦʚʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʢʣʘʩʩʳ ʤʦʜʝʣʠ 

ʜʘʥʥʳʭ. 

ɺʩʝ ʜʦʢʫʤʝʥʪʳ, ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʬʦʨʤʣʝʥʠʷ ʟʘʷʚʢʠ, ʠ ʦʪʯʝʪʳ ʩʦʩʪʘʚʣʝʥʳ 

ʥʘ ʦʩʥʦʚʝ ʰʘʙʣʦʥʦʚ ʪʝʢʩʪʦʚʦʛʦ ʧʨʦʮʝʩʩʦʨʘ MicrosoftWord [7]. 

ɼʣʷ ʨʘʙʦʪʳ ʩ APIMicrosoftWord ʚ ʧʨʠʣʦʞʝʥʠʝ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʢʣʘʩʩʳ 

WordDocument ʠ StaticMethods (ʨʠʩʫʥʦʢ 3). 

 

 
 

ʈʠʩ. 1 ï ER-ʜʠʘʛʨʘʤʤʘ 
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ʈʠʩ. 2 ï ɼʘʪʘʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɹɼ 

 
ʈʠʩ. 3 ï ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʩʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʟʘʧʦʣʥʝʥʠʝ ʜʦʢʫʤʝʥʪʦʚ Word 
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ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

 
ʈʠʩ. 4 ï ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʳ 

 

ʅʘ ʨʠʩʫʥʢʘʭ 5-10 ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʛʨʘʤʤʳ. 

ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚ 

ʩʧʨʘʚʦʯʥʠʢʘʭ. ʀʥʬʦʨʤʘʮʠʶ ʦ ʜʦʙʘʚʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʚ 

ʩʧʨʘʚʦʯʥʠʢʝ ʧʨʦʛʨʘʤʤ (ʨʠʩʫʥʦʢ 5). 

 

 

ʈʠʩ. 5 ï ʉʧʨʘʚʦʯʥʠʢ ʧʨʦʛʨʘʤʤ 
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ʀʥʬʦʨʤʘʮʠʶ ʦʙ ʘʚʪʦʨʘʭ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʚ ʩʧʨʘʚʦʯʥʠʢʝ ʘʚʪʦʨʦʚ 

(ʨʠʩʫʥʦʢ 6). ɼʘʥʥʳʝ ʦʙ ʘʚʪʦʨʘʭ, ʢʦʪʦʨʳʝ ʦʬʦʨʤʣʷʶʪ ʟʘʷʚʢʠ ʥʘ ʧʨʦʛʨʘʤʤʳ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʥʦʩʷʪʩʷ ʚ ʵʪʦʪ ʩʧʨʘʚʦʯʥʠʢ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʟʘʷʚʦʢ 

ʦʥʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʙʠʨʘʶʪʩʷ. 

 

 

ʈʠʩ. 6 ï ʉʧʨʘʚʦʯʥʠʢ ʘʚʪʦʨʦʚ 

 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ 

ʩʧʨʘʚʦʯʥʠʢʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ (ʨʠʩʫʥʦʢ 7). 

 
ʈʠʩ. 7 ï ʉʧʨʘʚʦʯʥʠʢ ʟʘʷʚʦʢ 
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ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʛʨʘʤʤʝ ʚʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʬʦʨʤʫ (ʨʠʩʫʥʦʢ 8). 

 
ʈʠʩ. 8 ï ʌʦʨʤʘ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʛʨʘʤʤʝ 

 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʘʚʪʦʨʝ ʚʚʦʜʠʪʴʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʝ (ʨʠʩʫʥʦʢ 9). 

 

ʈʠʩ. 9 ï ʌʦʨʤʘ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʘʚʪʦʨʝ 



 

41 

 

 
ʈʠʩ. 10 ï ʌʦʨʤʘ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʦʜʘʯʠ ʟʘʷʚʦʢ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ ʧʨʦʛʨʘʤʤ ʠ ʙʘʟ ʜʘʥʥʳʭ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ C#, ʥʘ ʧʣʘʪʬʦʨʤʝ WPF. ʇʨʦʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ 

ʧʦʣʥʦʮʝʥʥʦʡ ʠ ʚʳʧʦʣʥʷʝʪ ʩʚʦʶ ʨʘʙʦʪʫ ʙʝʟ ʩʙʦʝʚ ʠ ʦʪʢʣʦʥʝʥʠʡ. 

ʆʩʥʦʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ: 

- ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ ʭʨʘʥʝʥʠʝ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤʘʭ; 

- ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

- ʚʳʧʦʣʥʝʥʠʝ ʤʦʥʦʪʦʥʥʫʶ ʨʘʙʦʪʫ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. 
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ʋɼʂ 004.42 

ʈɸɿʈɸɹʆʊʂɸ ɻʆʃʆʉʆɺʆɻʆ ʇʆʄʆʑʅʀʂɸ ɼʃʗ ʃʖɼɽʁ  

ʉ ʆɻʈɸʅʀʏɽʅʅʓʄʀ ɺʆɿʄʆɾʅʆʉʊʗʄʀ 

ɸ.ʀ. ʈʘʜʞʘʙʦʚ, ɺ.ʉ. ʑʝʪʥʝʚ, ʃ.ɸ. ʇʦʧʦʚʘ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ ñɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘò 
ɸʥʥʦʪʘʮʠʷ.ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʛʦʣʦʩʘ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ï ʛʦʣʦʩʦʚʦʛʦ ʧʦʤʦʱʥʠʢʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʴʥʳʤ 

ʢʦʤʧʴʶʪʝʨʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. ʇʨʠʣʦʞʝʥʠʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:Python, ʛʦʣʦʩʦʚʦʡ ʧʦʤʦʱʥʠʢ, ʘʩʩʠʩʪʝʥʪ, ʫʧʨʘʚʣʝʥʠʝ ʛʦʣʦʩʦʤ. 

 

DEVELOPMENT OF A VOICE ASSISTANT FOR PEOPLE WITH 

DISABILITIES 

A.I. Radzhabov, V.S. Shetnev, L.A. Popova 
Rubtsovsky Industrial Institute (branch) of the Altai State Technical University named after I.I. 

Polzunov 

Annotation.This article discusses the technology of voice recognition and the development of 

a program - a voice assistant for controlling a personal computer, using the Python programming 

language. The application is intended for people with disabilities. 

Keywords:Python, voice assistant, voice control, computer control. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʦʣʦʩʦʚʳʝ ʘʩʩʠʩʪʝʥʪʳ ʚʩʝ ʙʦʣʴʰʝ ʨʘʟʚʠʚʘʶʪʩʷ ʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦʤ ʣʶʜʝʡ ʚ ʤʠʨʝ. ʊʘʢʞʝ ʩʦʟʜʘʶʪʩʷ 

https://biblioclub.ru/index.php?page=book&id=499453
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ʛʦʣʦʩʦʚʳʝ ʩʪʘʥʮʠʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʫʤʥʳʤ ʜʦʤʦʤ. ʂʨʫʧʥʳʝ IT-ʢʦʤʧʘʥʠʠ 

ʝʞʝʛʦʜʥʦ ʧʨʝʜʣʘʛʘʶʪ ʥʦʚʳʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʤʠʥʠʤʫʤ ʪʨʠ ʢʨʫʧʥʝʡʰʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʠ ʩ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ 

(ɻʫʛʣ ʘʩʩʠʩʪʝʥʪ, ʉʠʨʠ, ɸʣʠʩʘ), ʦʙʣʘʜʘʶʱʠʭ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ɺʩʝ ʦʥʠ ʚ ʦʩʥʦʚʥʦʤ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʪʦ, ʯʪʦʙʳ ʫʧʨʦʩʪʠʪʴ ʨʘʙʦʪʫ ʩ ʀʥʪʝʨʥʝʪ-

ʨʝʩʫʨʩʘʤʠ ʜʣʷ ʧʦʠʩʢʘ ʥʫʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʘʢʦ ʦʥʠ ʥʝ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʩʠʩʪʝʤʝ ʢʦʤʧʴʶʪʝʨʘ, ʯʪʦʙʳ ʫʧʨʘʚʣʷʪʴ ʠʣʠ ʜʝʣʝʛʠʨʦʚʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥʦ ʜʨʫʛʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʨʝʯʠ, ʘ ʠʤʝʥʥʦ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʴʥʳʤ 

ʢʦʤʧʴʶʪʝʨʦʤ. ʉʦʟʜʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʣʷ 

ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʨʝʯʠ ʠ ʩʠʥʪʝʟʘ ʨʝʯʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʷ ʩ ʠʭ ʧʨʠʤʝʥʝʥʠʝʤ.  

ɿʘʜʘʯʠ: 

- ʠʟʫʯʠʪʴ ʦʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ ʧʦ ʚʳʙʨʘʥʥʦʡ ʪʝʤʝ; 

- ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʨʘʙʦʪʦʡ ʜʨʫʛʠʭ ʛʦʣʦʩʦʚʳʭ ʧʦʤʦʱʥʠʢʦʚ; 

- ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʷʟʳʢʘ Python ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ; 

- ʠʟʫʯʠʪʴ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʩʠʩʪʝʤʦʡ Windows; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʨʘʙʦʯʠʡ ʤʦʜʫʣʴ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʫʣʴ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʩʠʥʪʝʟʘ ʨʝʯʠ; 

- ʨʝʘʣʠʟʦʚʘʪʴ ʩʚʦʶ ʚʝʨʩʠʶ ʛʦʣʦʩʦʚʦʛʦ ʧʦʤʦʱʥʠʢʘ; 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ 

ʨʝʯʴ ʚ ʮʠʬʨʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ [1]. ʇʝʨʚʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʩ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʙʳʣʦ ʩʦʟʜʘʥʦ ʚ 1952 ʛʦʜʫ, ʢʦʪʦʨʦʝ ʤʦʛʣʦ 

ʨʘʩʧʦʟʥʘʪʴ ʧʨʦʠʟʥʝʩʸʥʥʦʝ ʯʝʣʦʚʝʢʦʤ ʮʠʬʨʳ. ʂ ʥʳʥʝʰʥʝʤʫ ʚʨʝʤʝʥʠ 

ʪʝʭʥʦʣʦʛʠʷ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ ʨʘʟʚʠʣʘʩʴ ʦʯʝʥʴ ʩʠʣʴʥʦ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʩʧʦʟʥʘʪʴ ʣʶʙʫʶ ʧʨʦʠʟʥʝʩʸʥʥʫʶ ʨʝʯʴ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ [2]. ʆʙʨʘʪʥʦʡ 

ʦʧʝʨʘʮʠʝʡ ʢ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʨʝʯʠ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʠʥʪʝʟ. ʉʠʥʪʝʟ ʨʝʯʠ ï ʵʪʦ 

ʦʧʝʨʘʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʯʴ. ʊʝʭʥʦʣʦʛʠʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʩʠʥʪʝʟʘ ʨʝʯʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ 

ʜʠʘʣʦʛʘ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴ 

ʩʠʩʪʝʤʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʢʦʤʧʴʶʪʝʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʤʥʦʞʝʩʪʚʦ 

ʙʠʙʣʠʦʪʝʢ [3]. ʇʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʛʦʪʦʚʳʭ ʙʠʙʣʠʦʪʝʢ 

ʩʦ ʚʩʝʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʬʫʥʢʮʠʷʤʠ. ʄʦʜʫʣʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʧʠʩʘʥ ʥʘ ʦʜʥʦʤ ʠʟ ʤʥʦʛʠʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: C#, PHP, Python ʠ ʪ.ʜ.  

Python ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠ ʧʨʦʩʪʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʜʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ [4, 5]. 

ʅʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʚʳʙʨʘʥʥʦʡ ʪʝʤʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʩ ʧʦʤʦʱʴʶ ʛʦʣʦʩʦʚʳʭ ʢʦʤʘʥʜ ʚʳʧʦʣʥʷʪʴ 

ʨʘʙʦʪʫ ʩ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʦʡ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʠ ʜʨʫʛʠʝ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʢʦʤʘʥʜʳ, ʘ ʠʤʝʥʥʦ: 
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- ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ ʯʝʨʝʟ ʧʦʠʩʢʦʚʫʶ ʩʠʩʪʝʤʫ Google ʠ ʚʳʚʦʜ 

ʨʝʟʫʣʴʪʘʪʘ; 

- ʚʢʣʶʯʝʥʠʝ ʟʘʧʨʦʰʝʥʥʦʛʦ ʚʠʜʝʦ ʥʘ ʧʣʘʪʬʦʨʤʝ YouTube; 

- ʦʟʚʫʯʠʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʠʡ ʩ ɺʠʢʠʧʝʜʠʠ ʧʦ ʟʘʧʨʦʩʫ; 

- ʧʝʨʝʚʦʜ ʬʨʘʟ ʠ ʚʳʨʘʞʝʥʠʡ ʩ ʘʥʛʣʠʡʩʢʦʛʦ ʥʘ ʨʫʩʩʢʠʡ ʠ ʥʘʦʙʦʨʦʪ; 

- ʦʟʚʫʯʠʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʛʦʜʝ ʚ ʛʦʨʦʜʝ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

- ʧʦʠʩʢ ʜʦʩʪʫʧʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʧʨʦʰʝʥʥʦʤ ʯʝʣʦʚʝʢʝ ʚʦ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʨʝʩʫʨʩʘʭ; 

- ʩʦʟʜʘʥʠʝ ʧʘʧʦʢ ʠʣʠ ʬʘʡʣʦʚ; 

- ʫʜʘʣʝʥʠʝ ʧʘʧʦʢ ʠʣʠ ʬʘʡʣʦʚ; 

- ʧʦʠʩʢ ʧʘʧʦʢ ʠ ʬʘʡʣʦʚ ʥʘ ʢʦʤʧʴʶʪʝʨʝ; 

- ʠʟʤʝʥʝʥʠʝ ʷʨʢʦʩʪʠ; 

- ʠʟʤʝʥʝʥʠʝ ʛʨʦʤʢʦʩʪʠ; 

- ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʩʪʳʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ; 

- ʫʧʨʘʚʣʝʥʠʝ ʙʨʘʫʟʝʨʦʤ (ʦʪʢʨʳʪʠʝ ʠ ʟʘʢʨʳʪʠʝ ʚʢʣʘʜʦʢ, ʦʙʥʦʚʣʝʥʠʝ ʠ 
ʪ.ʜ.). 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʩʦʩʪʦʠʪ ʠʟ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʙʠʙʣʠʦʪʝʢ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʳʝ ʦʧʝʨʘʮʠʠ. ɺʩʝ 

ʚʳʧʦʣʥʠʤʳʝ ʧʨʦʛʨʘʤʤʦʡ ʢʦʤʘʥʜʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʞʜʘʷ ʙʠʙʣʠʦʪʝʢʘ 

ʥʘʧʠʩʘʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʨʫʧʧʳ ʢʦʤʘʥʜ. ɺ ʧʨʦʛʨʘʤʤʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʜʚʘ 

ʷʟʳʢʘ: ʨʫʩʩʢʠʡ ʠ ʘʥʛʣʠʡʩʢʠʡ. ʕʪʦ ʨʘʩʰʠʨʷʝʪ ʢʨʫʛ ʙʫʜʫʱʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʯʘʪʘ, ʛʜʝ ʦʪʦʙʨʘʞʘʶʪʩʷ ʟʘʧʨʦʩʳ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʦʪʚʝʪʳ ʛʦʣʦʩʦʚʦʛʦ ʧʦʤʦʱʥʠʢʘ. 

ʅʘ ʨʠʩʫʥʢʘʭ 1-4 ʧʨʠʚʝʜʝʥʳ ʦʧʠʩʘʥʠʷ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʦʚ ʠ ʙʠʙʣʠʦʪʝʢ. 

 

 
ʈʠʩ. 1 ï ʂʣʘʩʩ ʧʦʣʴʟʦʚʘʪʝʣʷ 

 

ʂʣʘʩʩ OwnerPerson ʦʧʠʩʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʣʴʟʦʚʘʪʝʣʝ ʧʨʦʛʨʘʤʤʳ 

(ʨʠʩʫʥʦʢ 1). 
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ʈʠʩ. 2 ï ʂʣʘʩʩ ʛʦʣʦʩʦʚʦʛʦ ʧʦʤʦʱʥʠʢʘ 

 

ʂʣʘʩʩ VoiceAssistant ʦʧʠʩʳʚʘʝʪ ʜʘʥʥʳʝ ʛʦʣʦʩʦʚʦʛʦ ʧʦʤʦʱʥʠʢʘ 

(ʨʠʩʫʥʦʢ 2). 

 

 
ʈʠʩ. 3 ï ʂʣʘʩʩ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʨʘʫʟʝʨʦʤ 

 

ɼʣʷ ʨʘʙʦʪʳ ʩ ʙʨʘʫʟʝʨʦʤ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʣʘʩʩ Brow (ʨʠʩʫʥʦʢ 3). 

ʊʘʢʞʝ ʧʨʦʛʨʘʤʤʘ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ [4]. ʇʨʠ ʧʝʨʚʦʤ 

ʟʘʧʫʩʢʝ ʛʦʣʦʩʦʚʦʡ ʧʦʤʦʱʥʠʢ ʟʘʧʨʘʰʠʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʣʴʟʦʚʘʪʝʣʝ, ʘ 

ʠʤʝʥʥʦ: 

- ʠʤʷ, ʧʦ ʢʦʪʦʨʦʤʫ ʛʦʣʦʩʦʚʦʡ ʘʩʩʠʩʪʝʥʪ ʙʫʜʝʪ ʦʙʨʘʱʘʪʴʩʷ ʢ ʧʦʣʴʟʦʚʘʪʝʣʶ; 

- ʛʦʨʦʜ, ʧʦʛʦʜʳ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʤʦʥʠʪʦʨʠʪʴ ʧʨʦʛʨʘʤʤʘ; 

- ʷʟʳʢ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʟʛʦʚʘʨʠʚʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ; 

ʇʦʣʴʟʦʚʘʪʝʣʴ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʜʘʪʴ ʠʤʷ, ʧʦ ʢʦʪʦʨʦʤʫ ʦʥ ʙʫʜʝʪ 

ʦʙʨʘʱʘʪʴʩʷ ʢ ʛʦʣʦʩʦʚʦʤʫ ʧʦʤʦʱʥʠʢʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʧʨʦʩʪʠʪʴ ʨʘʙʦʪʫ ʩ ʧʝʨʩʦʥʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ, ʚʳʧʦʣʥʷʷ ʦʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ 

ʩ ʧʦʤʦʱʴʶ ʛʦʣʦʩʦʚʳʭ ʢʦʤʘʥʜ.  

ʅʘ ʨʠʩʫʥʢʘʭ 5-8 ʧʦʢʘʟʘʥʳ ʚʥʝʰʥʠʡ ʚʠʜ ʧʨʦʛʨʘʤʤʳ ʠ ʢʦʥʪʨʦʣʴʥʳʝ 

ʧʨʠʤʝʨʳ ʝʸ ʨʘʙʦʪʳ.  
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ʈʠʩ. 4 ï ʆʩʥʦʚʥʦʡ ʢʣʘʩʩ ʧʨʦʛʨʘʤʤʳ 

 

 

ʈʠʩ. 5 ï ʆʢʥʦ ʧʨʠʚʝʪʩʪʚʠʷ ʧʨʦʛʨʘʤʤʳ 
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ʈʠʩ. 6 ï ʅʘʯʘʣʦ ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʦʡ 

 
ʈʠʩ. 7 ï ʇʨʠʤʝʨ ʫʜʘʣʝʥʠʷ ʧʘʧʢʠ 
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ʈʠʩ. 8 ï ʇʨʠʤʝʨ ʠʟʤʝʥʝʥʠʷ ʷʟʳʢʘ ʥʘ ʘʥʛʣʠʡʩʢʠʡ 

 

ʇʨʠʚʝʜʸʤ ʦʩʥʦʚʥʳʝ ʧʣʶʩʳ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʛʦʣʦʩʦʚʦʛʦ ʧʦʤʦʱʥʠʢʘ: 

- ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ; 

- ʧʝʨʩʦʥʘʣʠʟʘʮʠʷ ʧʦʜ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

- ʧʦʜʜʝʨʞʢʘ ʥʝʩʢʦʣʴʢʠʭ ʷʟʳʢʦʚ; 

- ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ. 

ʀʟ ʤʠʥʫʩʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʢʦʤʘʥʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʦʡ, ʥʘʧʨʠʤʝʨ, ʧʦʠʩʢ ʧʘʧʦʢ ʠ ʬʘʡʣʦʚ, ʧʨʦʠʩʭʦʜʷʪ ʤʝʜʣʝʥʥʦ. 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʬʘʡʣʘ ʧʨʦʛʨʘʤʤʝ 

ʥʫʞʥʦ ʩʦʚʝʨʰʠʪʴ ʧʦʠʩʢ ʧʦ ʚʩʝʤ ʩʫʱʝʩʪʚʫʶʱʠʤ ʜʠʩʢʘʤ ʥʘ ʢʦʤʧʴʶʪʝʨʝ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʜʦʣʛʦʡ ʦʧʝʨʘʮʠʝʡ. 

ʆʩʥʦʚʥʳʝ ʨʝʩʫʨʩʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʦʛʨʘʤʤʳ, ʵʪʦ ʜʦʢʫʤʝʥʪʘʮʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʙʠʙʣʠʦʪʝʢʘʤ. ɺʝʩʴ 

ʬʫʥʢʮʠʦʥʘʣ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩ ʥʫʣʷ, ʘ ʜʠʟʘʡʥ ʠʥʪʝʨʬʝʡʩʘ ʙʳʣ ʚʜʦʭʥʦʚʣʝʥ ʩ 

ʜʠʟʘʡʥʘ ʛʦʣʦʩʦʚʦʛʦ ʧʦʤʦʱʥʠʢʘ ɸʣʠʩʳ ʦʪ ʗʥʜʝʢʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʩʠʥʪʝʟʘ ʨʝʯʠ, ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʦʥʢʦʩʪʠ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ, ʠʟʫʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʧʦ 

ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʛʦʣʦʩʦʚʳʭ ʢʦʤʘʥʜ ʠ ʨʘʟʨʘʙʦʪʘʥ ʩʚʦʡ ʦʙʨʘʟʝʮ 

ʛʦʣʦʩʦʚʦʛʦ ʧʦʤʦʱʥʠʢʘ, ʢʦʪʦʨʳʤ ʤʦʛʫʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʣʶʜʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʙʦʪʳ ʩ ʧʝʨʩʦʥʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ. ʋ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʛʦʣʦʩʦʚʦʛʦ ʧʦʤʦʱʥʠʢʘ ʝʩʪʴ ʦʛʨʦʤʥʘʷ ʧʝʨʩʧʝʢʪʠʚʘ ʨʘʟʚʠʪʠʷ. ɺ 
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ʙʫʜʫʱʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʩʰʠʨʠʪʴ ʩʧʠʩʦʢ ʢʦʤʘʥʜ, ʚʳʧʦʣʥʷʝʤʳʭ ʧʨʦʛʨʘʤʤʦʡ. 

ʊʘʢʞʝ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʛʦʣʦʩʦʚʦʛʦ 

ʧʦʤʦʱʥʠʢʘ ʙʦʣʝʝ ʨʘʟʚʠʪʳʤ ʠ ʜʦʙʘʚʠʪʴ ʙʦʣʴʰʝ ʜʠʥʘʤʠʢʠ ʧʨʠ ʦʙʱʝʥʠʠ ʩ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ɺ ʙʫʜʫʱʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʩʜʝʣʘʪʴ ʤʦʙʠʣʴʥʫʶ ʠ web-ʚʝʨʩʠʶ 

ʧʨʦʛʨʘʤʤʳ. 
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ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ɼʃʗ 

ʅɸɺʀɻɸʎʀʀ ʇʆ ʀʅʉʊʀʊʋ ɺ ʇʈʀʃʆɾɽʅʀʀ BLENDER 
ʀ.ɸ. ʉʠʜʦʨʦʚ, ɽ.ɸ. ɼʫʜʥʠʢ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ ñɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘò 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʤʦʱʴ ʚ ʥʘʚʠʛʘʮʠʷ ʚʥʫʪʨʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ. ʌʫʥʢʮʠʦʥʘʣ 

ʨʝʘʣʠʟʦʚʘʥ ʚ ʩʨʝʜʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Blender. ʈʘʩʩʤʦʪʨʝʥʳ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 3D ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʠʭ ʣʦʛʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:Blender, 3D - ʤʦʜʝʣʠ, Pythonapi, ʥʘʚʠʛʘʮʠʷ ʧʦ ʟʜʘʥʠʶ, ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 
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Annotation.This article discusses software that provides navigation assistance within an 

educational institution. The functionality is implemented in the Blender graphics software 

environment. The possibilities of creating 3D models, as well as their logic, are considered. 

Keywords: Blender, 3D models, Python api, 3D, building navigation, computer modeling. 

 

ɺʚʝʜʝʥʠʝ 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʟʚʠʚʘʝʪʩʷ 

ʩʝʤʠʤʠʣʴʥʳʤʠ ʰʘʛʘʤʠ. ʆʥʦ ʚʥʝʜʨʝʥʦ ʚ ʪʘʢʠʝ ʦʙʣʘʩʪʠ ʢʘʢ: ʤʝʜʠʮʠʥʘ, 

ʘʨʭʠʪʝʢʪʫʨʘ, ʦʙʨʘʟʦʚʘʥʠʝ, ʣʘʥʜʰʘʬʪʥʳʡ ʜʠʟʘʡʥ, ʛʝʦʣʦʛʠʷ, ʠʛʨʦʚʘʷ ʠʥʜʫʩʪʨʠʷ ʠ 

ʪ.ʜ.ʊʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʛʦʨʘʟʜʦ ʣʝʛʯʝ. ʊʘʢʞʝ ʥʘʫʯʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʥʬʦʨʤʘʮʠʷ, ʚʦʩʧʨʠʥʠʤʘʝʤʘʷ ʚʠʟʫʘʣʴʥʦ, ʟʘʧʦʤʠʥʘʝʪʩʷ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ 

ʥʘʤʥʦʛʦ ʣʝʛʯʝ. 

ʄʥʦʛʠʝ ʟʜʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʥʩʪʠʪʫʪʳ, ʫʩʣʦʞʥʝʥʳ ʩʚʦʠʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʦʤʝʱʝʥʠʡ ʠ ʢʦʨʠʜʦʨʦʚ. ʉʪʫʜʝʥʪʳ, ʧʦʧʘʜʘʷ ʚ ʫʯʝʙʥʦʝ 

ʟʘʚʝʜʝʥʠʝ, ʜʝʟʦʨʠʝʥʪʠʨʫʶʪʩʷ ʠ ʤʝʩʷʮʘʤʠ ʠʟʫʯʘʶʪ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʢʘʙʠʥʝʪʦʚ, 

ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʘʡʤ - ʤʝʥʝʜʞʤʝʥʪ, ʢʦʪʦʨʳʡ ʢʨʘʡʥʝ 

ʚʘʞʝʥ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. ʊʘʢʞʝ, ʧʨʦʙʣʝʤʘ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʠʥʩʪʠʪʫʪʫ ʷʨʢʦ 

ʚʳʨʘʞʝʥʘ ʢʘʢ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ, ʪʘʢ ʠ ʜʣʷ ʣʶʙʳʭ ʜʨʫʛʠʭ ʝʛʦ ʧʦʩʝʪʠʪʝʣʝʡ, 

ʧʦʩʢʦʣʴʢʫ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ ʣʠʮʘʤʠ ʚʥʫʪʨʠ ʩʪʝʥ ʠʥʩʪʠʪʫʪʘ ʠ ʥʝ ʟʥʘʢʦʤʳ ʩ 

ʝʛʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʤʦʞʥʦ ʠ 

ʥʫʞʥʦ ʫʩʢʦʨʠʪʴ ʧʦʩʨʝʜʩʪʚʦʤ 3D ʚʠʟʫʘʣʠʟʘʮʠʠ ʟʜʘʥʠʷ ʠʥʩʪʠʪʫʪʘ, ʚʤʝʩʪʝ ʩ 

ʙʦʪʦʤ-ʧʦʚʦʜʳʨʝʤ, ʟʘ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʩʣʝʜʦʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʪ ʝʛʦ ʪʝʢʫʱʝʛʦ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʪʦʯʢʠ ʟʘʚʝʨʰʝʥʠʷ ʤʘʨʰʨʫʪʘ. 

ʅʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʪʦʯʢʘ ʤʘʨʰʨʫʪʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ: ʦʥ ʙʫʜʝʪ ʫʢʘʟʳʚʘʪʴ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʢʣʶʯʝʚʳʝ ʪʦʯʢʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʘʚʠʛʘʮʠʠ ʚʥʫʪʨʠ ʟʜʘʥʠʷ ʠʥʩʪʠʪʫʪʘ. ɼʣʷ 

ʩʦʟʜʘʥʠʷ ʥʘʚʠʛʘʮʠʠ ʙʳʣʦ ʚʳʙʨʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Blender. 

 

ʄʝʪʦʜʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʥʘʚʠʛʘʮʠʠ ʧʦ 

ʟʜʘʥʠʶ 

ɺ ʥʘʰʝ ʚʨʝʤʷ Blender ʧʦʣʴʟʫʝʪʩʷ ʦʛʨʦʤʥʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʩʨʝʜʠ 

ʙʝʩʧʣʘʪʥʳʭ 3D-ʨʝʜʘʢʪʦʨʦʚ ʚ ʩʚʷʟʠ ʩ ʝʛʦ ʙʳʩʪʨʳʤ ʩʪʘʙʠʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʠ 

ʦʪʟʳʚʯʠʚʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʦʡ [1]. 

ɺʳʙʦʨ ʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʚʩʝ ʝʛʦ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʙʝʩʧʣʘʪʥʦ. ʇʆ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʨʝʜʩʪʚʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʢʫʣʴʧʪʠʥʛʘ (ʉʢʫʣʴʧʪʠʥʛ ð ʵʪʦ ʪʘʢʦʡ ʩʧʦʩʦʙ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʙʲʝʢʪʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʦʙʲʝʢʪʦʤ ʠʥʪʫʠʪʠʚʥʦ, ʧʨʠʜʘʚʘʷ 

ʬʦʨʤʫ ʠ ʜʦʙʘʚʣʷʷ ʥʦʚʳʝ ʜʝʪʘʣʠ. ɼʘʥʥʳʡ ʚʠʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʦʙʝʥ ʣʝʧʢʝ ʠʟ 

ʧʣʘʩʪʠʣʠʥʘ ʠʣʠ ʛʣʠʥʳ), ʘʥʠʤʘʮʠʠ, ʩʠʤʫʣʷʮʠʠ, ʨʝʥʜʝʨʠʥʛʘ, ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʠ 

ʤʦʥʪʘʞʘ ʚʠʜʝʦ ʩʦ ʟʚʫʢʦʤ, ʢʦʤʧʦʥʦʚʢʠ ʩ ʧʦʤʦʱʴʶ çʫʟʣʦʚè (NodeCompositing), 

ʩʦʟʜʘʥʠʷ 2D-ʘʥʠʤʘʮʠʡ, ʘ ʪʘʢʞʝ apiPython (ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ 

ʧʨʠʣʦʞʝʥʠʷ).  
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ɼʘʣʝʝ ʚ ʚʠʜʝ ʩʧʠʩʢʘ ʧʨʝʜʩʪʘʚʣʝʥ ʧʣʘʥ ʩʦʟʜʘʥʠʷ 3Dïʤʦʜʝʣʠ ʠʥʩʪʠʪʫʪʘ ʠ 

ʙʦʪʘ ï ʧʦʚʦʜʳʨʷ: 

1. ʀʜʝʷ (ʉʦʟʜʘʪʴ ʇʆ, ʢʦʪʦʨʦʝ ʙʳ ʧʦʤʦʛʘʣʦ ʣʶʜʷʤ ʣʝʛʯʝ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ 

ʚʥʫʪʨʠ ʟʜʘʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʩʦʟʜʘʪʴ 3D-ʤʦʜʝʣʴ ʟʜʘʥʠʷ ʠ ʙʦʪʘ-

ʧʦʚʦʜʳʨʷ, ʟʘ ʢʦʪʦʨʳʤ ʙʳ ʩʣʝʜʦʚʘʣ ʯʝʣʦʚʝʢ); 

2. ʇʦʠʩʢ ʨʝʬʝʨʝʥʩʦʚ (ʈʝʬʝʨʝʥʩ ï ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʦʙʨʘʟ: ʠʟʦʙʨʘʞʝʥʠʝ 

ʣʠʙʦ ʬʦʪʦ, ʢʦʪʦʨʳʝ 3D ʘʨʪʠʩʪ ʠʣʠ ʭʫʜʦʞʥʠʢ ʠʩʩʣʝʜʫʝʪ ʧʨʝʜ ʨʘʙʦʪʦʡ, ʜʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʢʦʥʢʨʝʪʥʝʝ ʧʨʝʜʩʪʘʚʠʪʴ ʜʝʪʘʣʠ, ʠʟʚʣʝʯʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʜʘʥʥʳʝ, 

ʠʜʝʠ).ɺ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʨʝʬʝʨʝʥʩʦʤ ʚʳʩʪʫʧʘʣ ʧʣʘʥ ʟʜʘʥʠʷ ʈʀʀ;  

3. ɼʨʘʬʪʦʤ (ɼʨʘʬʪ ï ʫʧʨʦʱʝʥʥʘʷ ʬʦʨʤʘ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʜʝʣʘʝʪʩʷ ʠʟ 

ʧʨʦʩʪʳʭ ʬʠʛʫʨ) ʜʣʷ ʠʥʩʪʠʪʫʪʘ ʚʳʩʪʫʧʘʝʪ ʵʪʘʧ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ 

ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʝʛʦ ʬʫʥʜʘʤʝʥʪ ʧʨʠ ʧʦʤʦʱʠ ʨʝʬʝʨʝʥʩʦʚ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʬʦʨʤʳ ʦʙʲʝʢʪʘ;  

4. ʉʝʪʢʘ lowpoly (LowPoly ð ʵʪʦ ʣʝʛʢʘʷ 3D-ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʘʷ 

ʧʣʦʩʢʦʩʪʴ, ʛʨʘʥʴ ʠ ʚʝʨʰʠʥʘ ʠʤʝʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʜʘʯʫ: ʚʣʠʷʶʪ ʥʘ ʩʠʣʫʵʪ, 

ʧʨʘʚʷʪ ʙʣʠʢ, ʚʣʠʷʶʪ ʥʘ ʨʘʟʚʝʨʪʢʫ. ʇʨʠ ʵʪʦʤ ʧʦʣʠʛʦʥʳ, ʢʦʪʦʨʳʭ ʥʝ ʚʠʜʥʦ, 

ʫʜʘʣʷʶʪʩʷ, ʚʩʷ ʛʝʦʤʝʪʨʠʷ ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ, ʮʠʣʠʥʜʨʳ ʩʪʨʦʷʪʩʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʜʣʠʥʳ ʨʝʙʨʘ) ʠ highpoly (HighPoly ð ʵʪʦ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʥʝ 

ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʦʣʠʛʦʥʦʚ). LowPoly ʦʙʲʝʢʪʘʤʠ ʚ ʧʨʦʝʢʪʝ 

ʷʚʣʷʶʪʩʷ ʩʪʝʥʳ ʠ ʧʦʣ, ʘ highpoly ʦʙʲʝʢʪʘʤʠ: ʦʢʥʘ, ʜʚʝʨʠ ʠ ʙʦʪ ï ʧʦʚʦʜʳʨʴ [2]; 

5. ʈʘʟʚʸʨʪʢʘ (ʈʘʟʚʸʨʪʢʘ ï ʨʘʟʨʝʟʘʥʠʝ 3D-ʤʦʜʝʣʠ ʥʘ 2D-ʢʫʩʦʯʢʠ ʠʟ 

ʢʦʪʦʨʳʭ ʦʥʘ ʩʦʩʪʦʠʪ. ɺʘʞʥʦ ʩʜʝʣʘʪʴ ʨʘʟʚʸʨʪʢʫ ʩ ʥʘʠʤʝʥʴʰʠʤ ʯʠʩʣʦʤ ʰʚʦʚ ʠ 

ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʪʝʢʩʪʫʨʳ ʥʝ ʪʷʥʫʪʩʷ, ʦʩʪʨʦʚʢʠ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ, ʧʦʚʪʦʨʷʶʱʠʝʩʷ 

ʵʣʝʤʝʥʪʳ ʣʝʞʘʪ ʜʨʫʛ ʥʘ ʜʨʫʛʝ, ʘ ʧʣʦʪʥʦʩʪʴ ʧʠʢʩʝʣʝʡ ʥʘ ʪʝʢʩʪʫʨʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʝʢʪʘ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʚʩʝʭ ʚʦ ʚʩʝʭ 3D ʦʙʲʝʢʪʘʭ [3];  

6. ɿʘʧʝʯʢʘ (ɿʘʧʝʯʢʘ ð ʵʪʘʧ ʧʝʨʝʥʦʩʘ ʜʝʪʘʣʠʟʘʮʠʠ ʩ highpoly ʥʘ lowpoly);  

7. ʊʝʢʩʪʫʨʠʨʦʚʘʥʠʝ (ʕʪʦ ʵʪʘʧ ʧʦʢʨʘʩʢʠ lowpoly ʤʦʜʝʣʠ) ʘʨʭʠʪʝʢʪʫʨʳ 

ʚʳʧʦʣʥʝʥʘ ʚ ʦʜʥʦʪʦʥʥʦʤ ʮʚʝʪʝ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʥʠʤʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝ 

ʨʘʩʩʝʠʚʘʣʦʩʴ ʥʘ ʧʨʦʯʠʝ ʦʙʲʝʢʪʳ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʤʘʨʰʨʫʪʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʄʘʨʰʨʫʪ ʧʫʪʠ ʚʳʜʝʣʝʥ ʟʝʣʝʥʳʤʠ ʩʪʨʝʣʢʘʤʠ, ʫʢʘʟʳʚʘʶʱʠʤʠ ʥʘʧʨʘʚʣʝʥʠʝ. 

ʅʘʯʘʣʦ ʧʫʪʠ ʫʢʘʟʳʚʘʝʪʩʷ ʩʠʥʠʤ ʥʦʤʝʨʦʤ ʘʫʜʠʪʦʨʠʠ, ʘ ʢʦʥʝʮ ʧʫʪʠ ï ʢʨʘʩʥʳʤ. 

ʇʦ ʜʦʩʪʠʞʝʥʠʶ ʙʦʪʦʤ-ʧʦʚʦʜʳʨʝʤ ʢʦʥʝʯʥʦʡ ʪʦʯʢʠ ʤʘʨʰʨʫʪʘ, ʥʝʦʙʭʦʜʠʤʘʷ 

ʣʦʢʘʮʠʷ ʧʦʜʩʚʝʯʠʚʘʝʪʩʷ ʚ ʟʝʣʝʥʳʡ ʮʚʝʪ;  

8. ʉʦʟʜʘʥʠʝ ʘʥʠʤʘʮʠʠ ʙʦʪʘ ï ʧʦʚʦʜʳʨʷ [4]. 

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ 3D ï ʤʦʜʝʣʠ ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʛʨʫʧʧʳ ʪʦʯʝʢ ʥʘʯʘʣʘ ʠ 

ʢʦʥʮʘ ʤʘʨʰʨʫʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ ʘʫʜʠʪʦʨʠʠ, ʟʘʪʝʤ 

ʧʨʦʣʦʞʠʪʴ ʧʫʪʠ, ʧʦ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʙʦʪ ï ʧʦʚʦʜʳʨʴ. ʊʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʤʝʥʶ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʟʘʜʘʚʘʪʴʩʷ ʤʘʨʰʨʫʪ ʦʪ ʧʫʥʢʪʘ 
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ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʠ ʜʦ ʝʛʦ ʢʦʥʮʘ, ʠ ʧʦʜʤʝʥʶ ʨʝʛʫʣʠʨʦʚʢʠ ʩʢʦʨʦʩʪʠ ʙʦʪʘ-

ʧʦʚʦʜʳʨʷ ʜʣʷ ʫʜʦʙʩʪʚʘ ʧʝʨʝʤʝʱʝʥʠʷ ʚʤʝʩʪʝ ʩ ʥʠʤ [5]. 

ʇʨʦʛʨʘʤʤʥʳʝ ʪʨʝʙʦʚʘʥʠʷ: 

¶ ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ: Windows XP/7/8/10; 

¶ Blender 2.9 

ʊʨʝʙʦʚʘʥʠʝ ʢ ʇʂ: 

¶ ʎʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ IntelPentiumG440(2 ʷʜʨʘ, 3.3 ɻʛʮ); 

¶ ʆʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ ʥʝ ʤʝʥʝʝ 4 ɻʙ; 

¶ ɺʠʜʝʦʢʘʨʪʘ: 1GB RAM, OpenGL 3.3 

¶ ʄʝʩʪʦ ʥʘ ʜʠʩʢʝ: 500 MB 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʀʩʧʦʣʴʟʫʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʇʆ Blender, ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʦʜʝʣʴ ʥʘʚʠʛʘʮʠʠ ʚʥʫʪʨʠ ʈʫʙʮʦʚʩʢʦʛʦ ʀʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʀʥʩʪʠʪʫʪʘ (ʈʀʀ). ʅʘ 

ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ: 

1. ʆʟʥʘʢʦʤʠʪʴʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʡ 3D ʤʝʩʪʥʦʩʪʴʶ.  

2. ɺʳʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʤʘʨʰʨʫʪ ʠ ʦʪʨʝʛʫʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʙʦʪʘ.  

3. ʉʣʝʜʦʚʘʪʴ ʟʘ ʙʦʪʦʤ ʩ ʥʘʯʘʣʘ ʜʦ ʢʦʥʮʘ ʤʘʨʰʨʫʪʘ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ 3D - ʠʟʦʙʨʘʞʝʥʠʝ ʙʦʪʘ-ʧʦʚʦʜʳʨʷ. 

 

 
 

ʈʠʩ. 1 - ɹʦʪ-ʧʦʚʦʜʳʨʴ ʟʘ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʩʣʝʜʦʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴ 

 

ɿʘʪʝʤ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʤʦʪʨʝʪʴʩʷ, ʦʟʥʘʢʦʤʠʪʴʩʷ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʫʯʝʙʥʳʭ ʠ ʥʝ ʫʯʝʙʥʳʭ ʘʫʜʠʪʦʨʠʡ ʠʥʩʪʠʪʫʪʘ. ɺ ʠʥʩʪʠʪʫʪʝ ʝʩʪʴ 

ʙʠʙʣʠʦʪʝʢʘ, ʘʢʪʦʚʳʡ ʟʘʣ, ʧʦʪʦʯʥʳʝ ʘʫʜʠʪʦʨʠʠ, ʢʦʤʧʴʶʪʝʨʥʳʝ ʟʘʣʳ, ʢʘʬʝʜʨʳ 

ʧʦ ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʩʧʦʨʪʟʘʣ, ʙʫʭʛʘʣʪʝʨʠʷ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ 

3D ʠʟʦʙʨʘʞʝʥʠʷ ʘʫʜʠʪʦʨʠʡ 333-338. 
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ʈʠʩ. 2 - 3D ʠʟʦʙʨʘʞʝʥʠʝ ʘʫʜʠʪʦʨʠʡ ʚ ʟʜʘʥʠʠ ʠʥʩʪʠʪʫʪʘ 

 

ɼʘʣʝʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʤʘʨʰʨʫʪ, ʜʣʷ ʵʪʦʛʦ 

ʥʫʞʥʦ ʫʢʘʟʘʪʴ ʩʚʦʝ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʥʦʤʝʨ ʥʫʞʥʦʡ ʘʫʜʠʪʦʨʠʠ, ʚ ʢʦʪʦʨʦʡ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʤʘʨʰʨʫʪ.  

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʘʥʝʣʴ ʚʭʦʜʷʱʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ 

ʫʢʘʟʳʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʙʦʪ-ʧʦʚʦʜʳʨʴ, ʥʘʧʨʠʤʝʨ, 

ʧʦʰʘʛʦʚʦ ʠʣʠ ʧʦ ʧʨʦʣʦʞʝʥʥʦʡ ʣʠʥʠʠ, ʪʘʢʞʝ ʚʚʦʜʷʪʩʷ ʥʦʤʝʨ ʥʘʯʘʣʴʥʦʡ 

ʘʫʜʠʪʦʨʠʠ 337 ʠ ʥʦʤʝʨ ʘʫʜʠʪʦʨʠʠ 334  ʢʦʥʝʯʥʦʛʦ ʤʘʨʰʨʫʪʘ.  

 

 
ʈʠʩ. 3 - ɺʳʙʦʨ ʥʝʦʙʭʦʜʠʤʦʛʦ ʤʘʨʰʨʫʪʘ ʠ ʩʢʦʨʦʩʪʠ ʙʦʪʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʦ, ʢʘʢ ɹʦʪ-ʧʦʚʦʜʳʨʴ ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʦʪ ʘʫʜʠʪʦʨʠʠ 

337, ʢʦʪʦʨʘʷ ʧʦʜʩʚʝʯʝʥʘ ʩʠʥʠʤ ʮʚʝʪʦʤ, ʟʝʣʝʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʦ 

ʧʦʰʘʛʦʚʦʝ ʜʚʠʞʝʥʠʝ ʨʦʙʦʪʘ.  

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʧʝʨʝʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ ï ʧʦʚʦʜʳʨʷ. 

ʅʘ ʨʠʩʫʥʢʝ 6 ʨʦʙʦʪ ʧʦʚʦʜʳʨʴ ʟʘʢʘʥʯʠʚʘʝʪ ʤʘʨʰʨʫʪ ʦʢʦʣʦ ʘʫʜʠʪʦʨʠʠ 334, 

ʢʦʪʦʨʘʷ ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʢʦʥʮʘ ʤʘʨʰʨʫʪʘ ʦʢʨʘʰʠʚʘʝʪʩʷ ʚ ʟʝʣʝʥʳʡ ʮʚʝʪ.  

ʇʨʦʛʨʘʤʤʘ ʧʨʦʚʝʨʝʥʘ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʧʨʠʤʝʨʝ, ʠʣʣʶʩʪʨʠʨʦʚʘʥʥʦʤ ʥʘ 

ʨʠʩʫʥʢʘʭ 4-6, ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʰʣʦ ʫʩʧʝʰʥʦ. 
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ʈʠʩ. 4 - ʅʘʯʘʣʦ ʤʘʨʰʨʫʪʘ ʙʦʪʘ-ʧʦʚʦʜʳʨʷ 

 

 
ʈʠʩ. 5 - ʉʝʨʝʜʠʥʘ ʤʘʨʰʨʫʪʘ ʙʦʪʘ-ʧʦʚʦʜʳʨʷ 

 

 
ʈʠʩ. 6 - ʂʦʥʝʮ ʤʘʨʰʨʫʪʘ ʙʦʪʘ ï ʧʦʚʦʜʳʨʷ 

 



 

55 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Blender ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʇʆ ʧʦ ʥʘʚʠʛʘʮʠʠ ʚ ʈʀʀ 

ɸʣʪɻʊʋ. ɼʘʥʥʦʝ ʇʆ ʧʦʟʚʦʣʷʝʪ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ 3D ï ʤʦʜʝʣʴʶ ʫʯʨʝʞʜʝʥʠʷ, 

ʧʨʦʣʦʞʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʤʘʨʰʨʫʪ, ʫʩʪʘʥʦʚʠʪʴ ʫʜʦʙʥʫʶ ʩʢʦʨʦʩʪʴ ʙʦʪʘ ï 

ʧʦʚʦʜʳʨʷ ʠ ʩʣʝʜʦʚʘʪʴ ʟʘ ʥʠʤ ʜʦ ʢʦʥʮʘ ʤʘʨʰʨʫʪʘ. 

ʇʦʣʴʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʚʦʢʫʨʩʥʠʢʠ ʠʣʠ ʧʦʩʝʪʠʪʝʣʠ ʈʀʀ ʥʝ 

ʟʥʘʢʦʤʳʝ ʩ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʟʜʘʥʠʷ ʥʠʢʘʢ ʥʝ ʩʤʦʛʫʪ ʦʧʪʠʤʘʣʴʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ 

ʧʦ ʠʥʩʪʠʪʫʪʫ. ɼʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʦʪʣʠʯʥʦ ʨʝʰʘʝʪ ʚʳʰʝʦʧʠʩʘʥʥʦʝ ʇʆ. 

ʇʣʘʥʠʨʫʝʪʩʷ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʇʆ, ʥʘʧʨʠʤʝʨ, ʧʨʠʤʝʥʠʪʴ 

ʪʝʭʥʦʣʦʛʠʶ ʜʣʷ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʛʦʨʦʜʘ, ʪʘʢʠʭ ʢʘʢ: ʜʨʫʛʠʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ, ʤʝʜʠʮʠʥʩʢʠʝ ʫʯʨʝʞʜʝʥʠʷ; ʘ ʪʘʢʞʝ ʩʧʦʩʦʙ ʜʦʙʘʚʣʝʥʠʷ ʟʜʘʥʠʷ 

ʚ ʇʆ ʧʦʩʨʝʜʩʪʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ QR ï ʢʦʜʘ ʠ ʧʝʨʝʭʦʜ ʣʦʛʠʢʠ ʧʨʦʛʨʘʤʤʳ ʥʘ 

ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ Unity. 
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ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʯʝʪʘ 

ʦʬʠʩʥʦʡ ʤʝʙʝʣʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʙ çʋʯʝʪ ʦʬʠʩʥʦʡ 

ʤʝʙʝʣʠè, ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ, ʚʚʦʜʘ ʜʘʥʥʳʭ ʚ ʪʘʙʣʠʮʳ, ʚʳʚʦʜʘ ʜʘʥʥʳʭ ʥʘ ʵʢʨʘʥ, ʧʝʯʘʪʴ 
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FEATURES OF AUTOMATED ACCOUNTING OF OFFICE FURNITURE IN 

THE ENTERPRISE  

V.P. Fominskaya, ɽ.ɸ. Dudnik 

Rubtsovsk Industrial Institute Altai State Technical University 

named after I.I. Polzunov 
Annotation. A software product has been developed for automated accounting of office 

furniture at an enterprise for storing and processing data on "Accounting for office furniture", 

changing data, entering data into tables, displaying data on the screen, printing reports and 

references. A comparative analysis of this software product with an analogue of 1C Enterprise is 

carried out. 

Keywords: database, office furniture accounting, infological model, Visual C # 

 

ɺʚʝʜʝʥʠʝ 

ʆʬʠʩʥʘʷ ʤʝʙʝʣʴ ï ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʣʶʙʦʛʦ ʦʬʠʩʘ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʫʯʝʪ ʦʬʠʩʥʦʡ ʤʝʙʝʣʠ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ 

ʩʪʦʠʤʦʩʪʠ ʤʝʙʝʣʠ. ʉ 2021 ʛʦʜʘ, ʝʩʣʠ ʦʬʠʩʥʘʷ ʤʝʙʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ 12 

ʤʝʩʷʮʝʚ, ʪʦ ʵʪʦ ʫʞʝ ʦʩʥʦʚʥʳʝ ʩʨʝʜʩʪʚʘ (ʆʉ), ʢʦʪʦʨʳʤ ʥʝʦʙʭʦʜʠʤʦ ʥʘʯʠʩʣʷʪʴ 

ʘʤʦʨʪʠʟʘʮʠʶ. ʈʘʥʝʝ ʦʬʠʩʥʘʷ ʤʝʙʝʣʴ, ʢʦʪʦʨʘʷ ʩʪʦʠʣʘ ʤʝʥʝʝ 10000 ʨʫʙʣʝʡ 

ʧʨʦʚʦʜʠʣʘʩʴ ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʧʘʩʳ (ʄʇɿ) ʥʘ ʩʯʝʪʝ 10, ʠ 

ʩʧʠʩʳʚʘʣʘʩʴ ʩʨʘʟʫ ʚ ʨʘʩʭʦʜʳ. 

ʆʬʠʩʥʘʷ ʤʝʙʝʣʴ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʢʦʤʬʦʨʪʘ ʩʦʪʨʫʜʥʠʢʦʚ 

ʧʨʝʜʧʨʠʷʪʠʷ. ʂʨʘʩʠʚʘʷ ʠ ʫʜʦʙʥʘʷ ʦʬʠʩʥʘʷ ʤʝʙʝʣʴ ʤʦʞʝʪ ʜʦʧʦʣʥʷʪʴ ʦʙʱʝʝ 

ʜʠʟʘʡʥʝʨʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʙʠʥʝʪʘ, ʧʦʜʯʝʨʢʠʚʘʪʴ ʢʦʨʧʦʨʘʪʠʚʥʳʡ 

ʩʪʠʣʴ ʠ ʩʪʘʪʫʩ ʬʠʨʤʳ. ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʦʤʘʰʥʝʡ ʤʝʙʝʣʠ, ʨʘʙʦʯʘʷ ʷʚʣʷʝʪʩʷ 

ʥʝ ʩʪʦʣʴʢʦ ʵʣʝʤʝʥʪʦʤ ʦʙʩʪʘʥʦʚʢʠ, ʩʢʦʣʴʢʦ ʠʥʩʪʨʫʤʝʥʪʦʤ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ 

[1]. 

ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʦʪ ʛʨʘʤʦʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʩʪʘʥʦʚʢʠ ʤʝʙʝʣʠ 

ʪʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʪʝʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʩ 

ʢʣʠʝʥʪʘʤʠ. ɺʩʝ ʚʳʰʝ ʩʢʘʟʘʥʥʦʝ ʛʦʚʦʨʠʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ 

ʪʱʘʪʝʣʴʥʦʛʦ ʫʯʝʪʘ ʦʬʠʩʥʦʡ ʤʝʙʝʣʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʨʘʙʦʪʢʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʫʯʝʪʘ ʦʬʠʩʥʦʡ ʤʝʙʝʣʠ.  

ɼʣʷ ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʫʧʨʘʚʣʝʥʠʠ ʵʢʦʥʦʤʠʢʦʡ ʠ ʚ ʧʦʣʠʪʠʢʝ, ʩʦʚʨʝʤʝʥʥʳʡ ʩʧʝʮʠʘʣʠʩʪ 

ʜʦʣʞʝʥ ʫʤʝʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʩʨʝʜʩʪʚ ʩʚʷʟʠ ʧʦʣʫʯʘʪʴ, ʥʘʢʘʧʣʠʚʘʪʴ, 

ʭʨʘʥʠʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʷʷ ʨʝʟʫʣʴʪʘʪ ʚ ʚʠʜʝ ʥʘʛʣʷʜʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʫʯʝʪʘ ʦʬʠʩʥʦʡ 

ʤʝʙʝʣʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʯʝʪʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʫʯʝʪʦʚ ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ 

ʦʨʛʘʥʠʟʘʮʠʷʭ ʧʦʪʦʤʫ, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʤʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʚʝʜʫʪ ʫʯʝʪ ʚʨʫʯʥʫʶ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʫʤʝʥʴʰʠʪ ʯʠʩʣʦ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ, 

ʫʧʨʦʩʪʠʪ ʨʘʙʦʪʫ ʙʫʭʛʘʣʪʝʨʘ, ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʝʜʝʥʠʷ ʙʘʟʳ 

ʜʘʥʥʳʭ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʚʳʜʘʯʠ ʥʘ ʧʝʯʘʪʴ ʥʝʦʙʭʦʜʠʤʳʭ ʦʪʯʝʪʦʚ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʧʨʘʚʦʢ. 
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ɺ ʩʚʷʟʠ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʮʝʣʴʶ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ,  

2. ʆʟʥʘʢʦʤʣʝʥʠʝ ʩ ʬʫʥʢʮʠʷʤʠ ʠ ʩʪʨʫʢʪʫʨʦʡ ʨʘʟʣʠʯʥʳʭ ʫʯʝʪʦʚ (ʘʣʛʦʨʠʪʤ 

ʨʘʙʦʪʳ ʩ ʜʦʢʫʤʝʥʪʘʤʠ) 

3. ʈʘʟʨʘʙʦʪʢʘ ʠʥʬʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʩʦʩʪʘʚʣʝʥʠʝ ER-ʤʦʜʝʣʠ 

ʜʠʘʛʨʘʤʤʳ,  

4. ʆʧʠʩʳʚʘʶʱʝʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʧʝʨʝʯʥʝʤ ʦʬʠʩʥʦʡ ʤʝʙʝʣʠ, ʘʨʭʠʚʦʤ 

ʠ ʢʘʙʠʥʝʪʘʤʠ;  

5. ʉʦʟʜʘʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʱʝʤ ʧʝʨʝʯʥʝ 

ʦʬʠʩʥʦʡ ʤʝʙʝʣʠ, ʘʨʭʠʚʝ, ʢʘʙʠʥʝʪʘʭ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʚ ʙʫʭʛʘʣʪʝʨʩʢʠʭ ʫʯʝʪʘʭ 

ʦʬʠʩʥʦʡ ʤʝʙʝʣʠ. 

6. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʶʱʝʡ ʬʫʥʢʮʠʠ: ʚʝʜʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʟʘʧʨʦʩʦʚ (ʧʦʠʩʢ, ʠʟʤʝʥʝʥʠʝ, ʫʜʘʣʝʥʠʝ ʠ ʩʧʠʩʘʥʠʝ) ʢ ʝʸ 

ʪʘʙʣʠʮʘʤ (ʧʝʨʝʯʝʥʴ ʦʬʠʩʥʦʡ ʤʝʙʝʣʠ, ʢʘʙʠʥʝʪʳ, ʘʨʭʠʚ); ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʚʳʚʦʜ 

ʩʧʨʘʚʢʠ ʦ ʧʨʦʛʨʘʤʤʝ ʠ ʦʪʯʝʪʦʚ (ʦ ʧʝʨʝʯʥʝ ʦʬʠʩʥʦʡ ʤʝʙʝʣʠ ʟʘ ʤʝʩʷʮ/ʟʘ ʚʩʝ 

ʚʨʝʤʷ, ʘʨʭʠʚʥʘʷ ʩʚʦʜʢʘ ʠ ʧʘʩʧʦʨʪ ʢʘʙʠʥʝʪʘ), ʥʘ ʧʝʯʘʪʴ. 

7. ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʩ 

ʧʨʦʛʨʘʤʤʦʡ 1ʉ ʇʨʝʜʧʨʠʷʪʠʷ. 

ɹʫʭʛʘʣʪʝʨʩʢʠʡ ʫʯʝʪ  

ɹʫʭʛʘʣʪʝʨʩʢʠʡ ʫʯʝʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʯʝʪʥʦʡ ʧʦʣʠʪʠʢʦʡ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʆʬʠʩʥʫʶ ʤʝʙʝʣʴ ʫʯʠʪʳʚʘʶʪ ʯʝʨʝʟ ʩʯʝʪ 01 çʆʩʥʦʚʥʳʝ ʩʨʝʜʩʪʚʘè ʚ ʩʦʩʪʘʚʝ ʆʉ 

ʣʠʙʦ ʚ ʩʦʩʪʘʚʝ ʄʇɿ ʥʘ ʩʯʝʪʝ 10 çʄʘʪʝʨʠʘʣʳè, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʦʠʤʦʩʪʠ 

ʧʦʢʫʧʘʝʤʦʛʦ ʧʨʝʜʤʝʪʘ ʤʝʙʝʣʠ ʠ ʩʨʦʢʘ ʝʛʦ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʉʨʦʢʠ ʠ 

ʩʪʦʠʤʦʩʪʴ ʧʨʦʧʠʩʘʥʳ ʚ ʫʯʝʪʥʦʡ ʧʦʣʠʪʠʢʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʠʤ 

ʧʨʠʢʘʟʘʤ ʄʠʥʬʠʥʘ.  

ʉ ʫʯʝʪʦʤ ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʬʠʩʥʦʡ ʤʝʙʝʣʠ, ʢʘʢ ʆʉ ʠʣʠ ʄʇɿ, 

ʧʦʩʪʘʥʦʚʢʘ ʥʘ ʫʯʝʪ, ʧʦʨʷʜʦʢ ʩʧʠʩʘʥʠʷ ʚʝʜʝʪʩʷ ʧʦ ʨʘʟʥʳʤ ʧʨʦʚʦʜʢʘʤ, ʭʦʪʷ ʚʩʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʳ, ʥʘʧʨʠʤʝʨ, ʜʝʤʦʥʪʘʞ, ʫʪʠʣʠʟʘʮʠʷ, ʨʝʤʦʥʪ, 

ʩʧʠʩʳʚʘʶʪʩʷ ʥʘ ʧʨʦʯʠʝ ʨʘʩʭʦʜʳ.  

ɺ ʩʣʫʯʘʝ ʧʨʠʦʙʨʝʪʝʥʠʠ ʤʝʙʝʣʠ ʥʘʟʥʘʯʘʝʪʩʷ ʤʘʪʝʨʠʘʣʴʥʦ ʦʪʚʝʪʩʪʚʝʥʥʦʝ 

ʣʠʮʦ ʠ ʤʝʩʪʦ ʨʘʩʧʦʣʦʞʝʥʠ ̫ ʤʝʙʝʣʠ.  ɺ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʘʭ ʫʯʝʪʘ ʧʦʨʷʜʦʢ 

ʩʧʠʩʘʥʠʷ ʤʝʙʝʣʠ ʦʪʣʠʯʘʝʪʩʷ. 

ʉʦʩʪʘʚʣʝʥʘ ʠʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ 

ʩʫʱʥʦʩʪʠ: 

1. . çʇʝʨʝʯʝʥʴ ʦʬʠʩʥʦʡ ʤʝʙʝʣʠè ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʧʦʣʝʡ: ʢʦʜ, 

ʠʥʚʝʥʪʘʨʥʳʡ ʥʦʤʝʨ, ʥʦʤʝʥʢʣʘʪʫʨʘ, ʥʘʠʤʝʥʦʚʘʥʠʝ, ʩʪʦʠʤʦʩʪʴ, ʥʦʤʝʨ ʢʘʙʠʥʝʪʘ, 

ʄʆʃ, ʩʪʘʪʫʩ, ʜʘʪʘ ʧʦʩʪʫʧʣʝʥʠʷ, ʜʘʪʘ ʩʧʠʩʘʥʠʷ; 

2. . çɸʨʭʠʚè -ʢʦʜ, ʠʥʚʝʥʪʘʨʥʳʡ ʥʦʤʝʨ, ʥʦʤʝʥʢʣʘʪʫʨʘ, ʄʆʃ, ʩʪʦʠʤʦʩʪʴ, 

ʜʘʪʘ ʧʦʩʪʫʧʣʝʥʠʷ, ʜʘʪʘ ʩʧʠʩʘʥʠʷ; 

3. . çʂʘʙʠʥʝʪʳè -ʄʆʃ, ʥʦʤʝʨ ʢʘʙʠʥʝʪʘ; 

ER-ʜʠʘʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ: 

1. . ɺʚʝʜʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʪʘʙʣʠʮʳ: çʇʝʨʝʯʝʥʴ ʦʬʠʩʥʦʡ 

ʤʝʙʝʣʠè; çɸʨʭʠʚè; çʂʘʙʠʥʝʪʳè. 

2. . ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʦʚ: ʧʝʨʝʯʝʥʴ ʦʬʠʩʥʦʡ ʤʝʙʝʣʠ ʟʘ ʤʝʩʷʮ/ʟʘ ʚʩʝ 

ʚʨʝʤʷ, ʘʨʭʠʚʥʘʷ ʩʚʦʜʢʘ, ʧʘʩʧʦʨʪ ʢʘʙʠʥʝʪʘ, ʩʧʨʘʚʢʘ ʦ ʧʨʦʛʨʘʤʤʝ. 

3. . ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʘʧʨʦʩʦʚ ʧʦ ʫʯʝʪʫ ʤʘʪʝʨʠʘʣʴʥʦ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʣʠʮ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʝʙʝʣʠ. 

 
ʈʠʩ. 1 ï ER-ʜʠʘʛʨʘʤʤʘ 

 

ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʛʣʘʚʥʦʝ ʤʝʥʶ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʧʫʥʢʪʳ:  

çʉʧʨʘʚʦʯʥʠʢʠè:  

ʚʚʦʜʠʪʴ ʜʘʥʥʳʝ ʪʘʙʣʠʮ, ʚʳʚʦʜʠʪʴ ʜʘʥʥʳʝ ʥʘ ʵʢʨʘʥ, 

ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠ ʫʜʘʣʷʪʴ ʚʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ; 

çʆʪʯʝʪʳè: ʚʳʚʦʜʠʪʴ ʥʘ ʧʝʯʘʪʴ ʦʪʯʝʪʳ;  

çɿʘʧʨʦʩʳè: ʚʳʚʦʜ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʟʘʧʨʦʩʫ ʧʦʣʴʟʦʚʘʪʝʣʷ;  

çʉʧʨʘʚʢʫ ʦ ʧʨʦʛʨʘʤʤʝè. 

ʇʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʜʨʫʞʝʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ʜʦʙʘʚʣʷʪʴ/ʫʜʘʣʷʪʴ/ʠʟʤʝʥʷʪʴ/ʩʧʠʩʳʚʘʪʴ ʜʘʥʥʳʝ ʚ ʧʝʨʝʯʥʝ ʦʬʠʩʥʦʡ 

ʤʝʙʝʣʠ, ʘʨʭʠʚʝ, ʢʘʙʠʥʝʪʘʭ ʠ ʚʳʚʦʜʠʪʴ ʦʪʯʝʪʳ (ʦ ʧʝʨʝʯʥʝ ʦʬʠʩʥʦʡ ʤʝʙʝʣʠ ʟʘ 

ʤʝʩʷʮ/ʟʘ ʚʩʝ ʚʨʝʤʷ, ʘʨʭʠʚʥʘʷ ʩʚʦʜʢʘ, ʧʘʩʧʦʨʪ ʢʘʙʠʥʝʪʘ) ʠ ʩʧʨʘʚʢʫ ʦ ʧʨʦʛʨʘʤʤʝ, 

ʚʳʚʦʜ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʧʝʯʘʪʴ.  

ʅʝʦʙʭʦʜʠʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʠ ʘʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ:  
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- ʇʂ ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʥʘʣʠʯʠʝʤ ʚʚʦʜʘ/ʚʳʚʦʜʘ; 

- ʇʨʠʥʪʝʨ; 

ɼʣʷ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ ʥʝʦʙʭʦʜʠʤʳ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

- ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ Windows 7/8/10; 

- ʊʝʢʩʪʦʚʳʡ ʧʨʦʮʝʩʩʦʨ MS Word; 

- ʉʨʝʜʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Visual Studio 2017 ʠ ʚʳʰʝ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʘʢʝʪʦʤ ʷʟʳʢʘ C#; 

ʇʨʦʛʨʘʤʤʘ ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ#[2-3]. 

ɼʣʷ ʨʘʙʦʪʳ ɹʘʟʳ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʳʝ ʬʘʡʣʳ:  

- Uchet.sql; uchet.sln; uchet.pdb ï ʩʦʟʜʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ;  

- uchetdbModel.dll; uchetdbModel.dll.config; EntityFramework.dll; 

EntityFramework.SqlServer.dll. 

ɽʩʣʠ ʩʫʱʝʩʪʚʫʶʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʬʘʡʣʳ, ʪʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʩ 

ʧʨʦʛʨʘʤʤʦʡ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʫʩʪʠʪʴ ʬʘʡʣ çUchet.exeè 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ: ʟʘʧʦʣʥʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ; ʧʦʠʩʢ ʠʥʪʝʨʝʩʫʶʱʝʡ ʟʘʧʠʩʠ ʚ ʪʘʙʣʠʮʝ 

ʧʝʨʝʯʥʷ ʦʬʠʩʥʦʡ ʤʝʙʝʣʠ, ʘʨʭʠʚʝ ʠʣʠ ʢʘʙʠʥʝʪʘʭ; ʧʝʯʘʪʴ ʩʧʨʘʚʦʢ ʠ ʦʪʯʝʪʦʚ ʦ 

ʧʝʨʝʯʥʝ ʦʬʠʩʥʦʡ ʤʝʙʝʣʠ ʟʘ ʚʩʝ ʚʨʝʤʷ/ʟʘ ʤʝʩʷʮ, ʘʨʭʠʚʥʘʷ ʩʚʦʜʢʘ, ʧʘʩʧʦʨʪ 

ʜʦʢʫʤʝʥʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3. 

 

 
ʈʠʩ. 2 - ʈʝʟʫʣʴʪʘʪ ʧʦʠʩʢʘ ʧʦ ʬʦʨʤʝ ʧʝʨʝʯʥʷ ʦʬʠʩʥʦʡ ʤʝʙʝʣʠ 
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ʈʠʩ. 3 ï ʀʟʤʝʥʝʥʠʝ ʚʳʜʝʣʝʥʥʦʡ ʟʘʧʠʩʠ ʚ ʧʝʨʝʯʥʝ ʦʬʠʩʥʦʡ ʤʝʙʝʣʠ 

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʭʦʞʠʝ ʧʨʠʤʝʨʳ ʫʯʝʪʘ ʦʬʠʩʥʦʡ ʤʝʙʝʣʠ ʚ ʩʨʝʜʝ 1ʉ, 

ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ, ʯʪʦ ʚʳʙʨʘʥʥʘʷ ʩʨʝʜʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ# ʠʤʝʝʪ ʩʚʦʡ ʨʷʜ 

ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ.  

ʅʘʧʨʠʤʝʨ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʫʯʝʪ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʱʝ ʨʝʘʣʠʟʦʚʘʥ ʚ 1ʉ, 

ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʥʝʜʦʩʪʘʪʢʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʧʨʦʜʫʢʪʦʤ 

ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʚ ʉ#. 

ʇʨʦʛʨʘʤʤʘ ʫʯʝʪʘ ʥʘ 1ʉ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ, ʪʘʢ ʢʘʢ ʩ 

ʢʘʞʜʳʤ ʦʙʥʦʚʣʝʥʠʝʤ ʚʝʨʩʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ. 

ʋʯʝʪ, ʢʦʪʦʨʳʡ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʥʘ 1ʉ, ʙʫʜʝʪ ʚʦʩʪʨʝʙʦʚʘʥ ʪʦʣʴʢʦ ʚ ʩʪʨʘʥʘʭ 

ʉʅɻ, ʠ ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ; ʷʟʳʢ 1ʉ ʠʤʝʝʪ 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʢʨʫʛ ʧʨʠʤʝʥʝʥʠʷ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʠʟʫʯʘʶʱʠʭ ʝʛʦ, 

ʧʦʩʪʦʷʥʥʦ ʧʘʜʘʝʪ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʝʜʝʥʠʷ ʫʯʝʪʘ ʦʬʠʩʥʦʡ 

ʤʝʙʝʣʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ, ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʙʫʭʛʘʣʪʝʨʘ, ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ 

ʦʪʚʝʪʳ ʥʘ ʟʘʧʨʦʩʳ ʠ ʫʚʝʣʠʯʠʚʘʪʴ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʟʘ ʩʯʝʪ 

ʦʨʛʘʥʠʟʘʮʠʠ ʙʳʩʪʨʦʡ ʩʚʷʟʠ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʠʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʘʟ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʫʯʝʪʘ ʦʬʠʩʥʦʡ ʤʝʙʝʣʠ. 

ʆʧʠʩʘʥ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 
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ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ 

ʙʫʭʛʘʣʪʝʨʘ, ʦʙʣʘʜʘʶʱʝʝ ʥʝʦʙʭʦʜʠʤʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ, ʫʜʦʙʥʳʤ ʠ ʠʥʪʫʠʪʠʚʥʦ 

ʧʦʥʷʪʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ.  
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ʋɼʂ 004.4 

ʈɸɿʈɸɹʆʊʂɸ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ ʋʏɽʊɸ ʉʋɼɽɹʅʓʍ 

ɼɽʃ ɼʃʗ ʉʋɼɽɹʅʆɻʆ ʋʏɸʉʊʂɸ ˉ1 ɻ. ʈʋɹʎʆɺʉʂɸ 

ɸ.ʉ. ʐʝʚʯʝʥʢʦ, ʃ.ʉ. ɹʝʢʩʝʥʜʝʝʚʘ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ ñɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘò 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʯʝʪʘ ʩʫʜʝʙʥʳʭ ʜʝʣ ʜʣʷ ʩʫʜʝʙʥʦʛʦ ʫʯʘʩʪʢʘ ˉ1 ʛ. ʈʫʙʮʦʚʩʢʘ. ʆʧʠʩʘʥʳ ʦʙʲʝʢʪ, ʧʨʝʜʤʝʪ, ʮʝʣʴ 

ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʪʨʠ ʧʦʜʩʠʩʪʝʤʳ: 

çʉʧʨʘʚʦʯʥʠʢʠè, çʉʫʜʦʧʨʦʠʟʚʦʜʩʪʚʦè ʠ çʐʘʙʣʦʥʳ ʜʦʢʫʤʝʥʪʦʚè. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʀʉ ʧʦʟʚʦʣʠʪ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʣʣʝʢʪʠʚʘ ʩʫʜʝʙʥʦʛʦ ʫʯʘʩʪʢʘ ˉ1 ʤʠʨʦʚʦʛʦ ʩʫʜʴʠ, ʚʝʩʪʠ 

ʙʦʣʝʝ ʧʦʣʥʳʡ ʫʯʝʪ ʠ ʘʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʩʫʜʝʙʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, C#, VisualStudio. 

 

DEVELOPMENT OF AN INFORMATION SYSTEM FOR THE 

ACCOUNTING OF COURT CASES FOR THE COURT SECTION # 1 IN 

RUBTSOVSK  

ɸ. S. Shevchenko, L.S. Beksendeeva  

Rubtsovsk industrial institute (branch) of Altai State Technical University named 

after I.I.Polzunova 
Abstract. This article discusses the development of an information system for accounting of 

judicial for the court area No. 1 of Rubtsovsk. The object, subject, purpose and objectives of the 

research are described. The developed information system contains three subsystems: çReference 

booksè, çLegal proceedingsè and "Document templatesè. The developed IS will make it possible to 

increase the efficiency of the work of the team of the judicial sector No. 1 of the magistrate, to keep 

a more complete record and analysis of activities. 

Keywords. Information system, legal proceedings, C#, Visual Studio. 

 

ʉʫʜʝʙʥʳʡʫʯʘʩʪʦʢ ʤʠʨʦʚʦʛʦ ʩʫʜʴʠ ï ʵʪʦʫʯʘʩʪʦʢʩʫʜʘ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʦʮʝʩʩ ʩʫʜʦʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʢʘʯʝʩʪʚʝ ʩʫʜʘ ʧʝʨʚʦʡ ʠʥʩʪʘʥʮʠʠ, ʧʦ ʯʝʪʢʦ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʧʦʜʚʝʜʦʤʩʪʚʝʥʥʦʩʪʠ. 

ʇʨʠʦʨʠʪʝʪʥʳʤʠ ʟʘʜʘʯʘʤʠ ʩʫʜʝʙʥʦʛʦ ʫʯʘʩʪʢʘ ʤʠʨʦʚʦʛʦ ʩʫʜʴʠ ʷʚʣʷʶʪʩʷ: 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʝʣ ʚ ʧʝʨʚʦʡ ʠʥʩʪʘʥʮʠʠ, ʧʦʚʪʦʨʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʝʣ, 
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ʝʜʠʥʦʣʠʯʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʝʣʘ ʤʠʨʦʚʳʤ ʩʫʜʴʸʡ. 

ʏʪʦʙʳ ʩʫʜʝʙʥʳʡ ʫʯʘʩʪʦʢ ʥʦʨʤʘʣʴʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ 

ʙʘʟʫ ʜʘʥʥʳʭ (ɹɼ), ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʫʜʦʙʥʦʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʇʝʨʝʚʦʜ ʙʫʤʘʞʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʬʦʨʤʘʪ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʵʢʦʥʦʤʠʷ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʠ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʦ ʢʨʠʪʝʨʠʷʤ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʩʫʜʝʙʥʦʛʦ ʫʯʘʩʪʢʘ ʦʯʝʥʴ 

ʚʳʩʦʢʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʧʦʩʢʦʣʴʢʫ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʫʜʝʙʥʦʛʦ ʫʯʘʩʪʢʘ ˉ1 

ʤʠʨʦʚʦʛʦ ʩʫʜʴʠ ʜʦ ʩʠʭ ʧʦʨ, ʧʣʦʭʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ, ʯʪʦ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ 

ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʫʜʝʙʥʳʡ ʫʯʘʩʪʦʢ ˉ1 ʛ. ʈʫʙʮʦʚʩʢʘ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ.  

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʫʯʝʪʘ ʫʯʘʩʪʥʠʢʦʚ ʩʫʜʝʙʥʦʛʦ 

ʧʨʦʮʝʩʩʘ.  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʯʸʪʘ 

ʩʫʜʝʙʥʳʭ ʜʝʣ ʥʘ ʩʫʜʝʙʥʦʤ ʫʯʘʩʪʢʘ ˉ1 ʛ. ʈʫʙʮʦʚʩʢʘ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ï ʠʟʫʯʝʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʫʜʝʙʥʦʛʦ ʫʯʘʩʪʢʘ ˉ1 ʤʠʨʦʚʦʛʦ ʩʫʜʴʠ; 

ï ʧʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ çʢʘʢ ʝʩʪʴè ʠ çʢʘʢ ʜʦʣʞʥʦ ʙʳʪʴè 

[2]; 

ï ʚʳʧʦʣʥʝʥ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʳʝ 
ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʫʜʝʙʥʳʭ ʫʯʘʩʪʢʦʚ.  

ï ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʯʝʪʘ ʩʫʜʝʙʥʳʭ ʜʝʣ ʥʘ ʩʫʜʝʙʥʦʤ 
ʫʯʘʩʪʢʝ ˉ1 ʛ. ʈʫʙʮʦʚʩʢʘ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ʀʉ) ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ:  

ï ʚʝʜʝʥʠʷ ʩʧʨʘʚʦʯʥʠʢʦʚ; 

ï ʫʯʝʪʘ ʩʦʪʨʫʜʥʠʢʦʚ ʩʫʜʝʙʥʦʛʦ ʫʯʘʩʪʢʘ ˉ1 ʤʠʨʦʚʦʛʦ ʩʫʜʴʠ ʠ ʩʫʜʝʙʥʳʭ 
ʜʝʣ; 

ï ʚʝʜʝʥʠʷ ʨʝʝʩʪʨʘ ʧʠʩʴʤʝʥʥʦʡ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ, ʦʪʧʨʘʚʣʝʥʥʦʡ ʩʪʦʨʦʥʘʤ 
ʩʫʜʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

ï ʟʘʧʦʣʥʝʥʠʷ ʰʘʙʣʦʥʦʚ ʜʦʢʫʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʠʟʚʝʱʝʥʠʝ, ʩʫʜʝʙʥʘʷ 
ʧʦʚʝʩʪʢʘ, ʫʚʝʜʦʤʣʝʥʠʝ, ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʘʷ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʀʉ ʚʳʙʨʘʥʘ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ MSVisualstudio 2017. 

ʗʟʳʢʦʤ ʨʘʟʨʘʙʦʪʢʠ ʩʪʘʣ C# [3]. ɼʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʚ ʧʨʠʣʦʞʝʥʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ MSSQLServer.  

ʃʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɹɼ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʇʨʠ ʚʭʦʜʝ ʚ ʩʠʩʪʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʘʚʪʦʨʠʟʦʚʘʪʴʩʷ. ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʚʭʦʜʘ 

ʥʘ ʵʢʨʘʥʝ ʧʦʷʚʣʷʝʪʩʷ ʛʣʘʚʥʘʷ ʬʦʨʤʘ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ 

ʧʫʥʢʪʦʚ ʤʝʥʶ: çʌʘʡʣè, çʉʧʨʘʚʦʯʥʠʢʠè, çʉʫʜʦʧʨʦʠʟʚʦʜʩʪʚʦè, çʐʘʙʣʦʥʳ 

ʜʦʢʫʤʝʥʪʦʚè, çʅʘʩʪʨʦʡʢʠè (ʨʠʩʫʥʦʢ 2). 

ʇʫʥʢʪ ʤʝʥʶ çʉʧʨʘʚʦʯʥʠʢʠè ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʨʘʟʜʝʣʘʤ 

çʉʦʪʨʫʜʥʠʢʠè, çʌʠʟʠʯʝʩʢʠʝ ʣʠʮʘè, çʖʨʠʜʠʯʝʩʢʠʝ ʣʠʮʘè.  

ʇʨʠ ʚʳʙʦʨʝ ʧʦʜʧʫʥʢʪʘ ʤʝʥʶ çʉʦʪʨʫʜʥʠʢʠè ʧʦʷʚʣʷʝʪʩʷ ʬʦʨʤʘ (ʨʠʩʫʥʦʢ 3), 

ʥʘ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʪʨʫʜʥʠʢʘʭ, ʨʘʟʙʠʪʘʷ ʧʦ ʚʢʣʘʜʢʘʤ: 
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çʆʙʱʠʝ ʩʚʝʜʝʥʠʷè, çʇʘʩʧʦʨʪʥʳʝ ʜʘʥʥʳʝè, çʀʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠè.  

ʇʦʜʧʫʥʢʪ ʤʝʥʶ çʌʠʟʠʯʝʩʢʠʝ ʣʠʮʘè ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʯʘʩʪʥʠʢʘʭ 

ʩʫʜʝʙʥʦʛʦ ʟʘʩʝʜʘʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠʤʠ ʣʠʮʘʤʠ (ʨʠʩʫʥʦʢ 4). ɺ 

ʩʣʫʯʘʠ, ʝʩʣʠ ʬʠʟʠʯʝʩʢʦʝ ʣʠʮʦ ʷʚʣʷʝʪʩʷ ʦʪʚʝʪʯʠʢʦʤ, ʚ ʜʝʣʝ ʩ ʚʟʳʩʢʘʥʠʝʤ 

ʥʘʣʦʛʦʚ, ʩʦʙʠʨʘʶʪʩʷ ʠ ʧʘʩʧʦʨʪʥʳʝ ʜʘʥʥʳʝ.  

ʇʫʥʢʪ ʤʝʥʶ çʖʨʠʜʠʯʝʩʢʠʝ ʣʠʮʘè ʩʦʜʝʨʞʠʪ ʩʚʝʜʝʥʠʷ ʦ ʶʨʠʜʠʯʝʩʢʠʭ 

ʣʠʮʘʭ. ɺʦ ʚʩʝʭ ʩʧʨʘʚʦʯʥʠʢʘʭ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʩʝʥʠʷ, ʫʜʘʣʝʥʠʷ, 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ ʧʝʯʘʪʠ ʠʥʬʦʨʤʘʮʠʠ. 
 

 
ʈʠʩ. 1 - ʄʦʜʝʣʴ ɹɼ ʥʘ ʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ 

 

 
ʈʠʩ. 2 ï ʆʩʥʦʚʥʘʷ ʬʦʨʤʘ ʧʨʦʛʨʘʤʤʳ  
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ʈʠʩ. 3 ï ʌʦʨʤʘ ʩʧʨʘʚʦʯʥʠʢʘ çʉʦʪʨʫʜʥʠʢʠè  

 

 
 

ʈʠʩ. 4 -ʌʦʨʤʘ ʩʧʨʘʚʦʯʥʠʢʘ çʌʠʟʠʯʝʩʢʠʝ ʣʠʮʘè 

 

ʇʫʥʢʪ ʤʝʥʶ çʉʫʜʦʧʨʦʠʟʚʦʜʩʪʚʦè ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʨʘʟʜʝʣʘʤ 

çɼʝʣʦè (ʨʠʩʫʥʦʢ 5), çʉʫʜʝʙʥʦʝ ʟʘʩʝʜʘʥʠʝè, çʋʚʝʜʦʤʣʝʥʠʝè.  

ʇʦʜʧʫʥʢʪ çɼʝʣʦè ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʝʣʝ: ʜʘʪʫ ʧʨʠʥʷʪʠʷ, ʠʩʪʮʘ ʠ 

ʦʪʚʝʪʯʠʢʘ, ʚʠʜ ʠ ʥʦʤʝʨ. 
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ʈʠʩ. 5 - ʇʦʜʧʫʥʢʪ ʤʝʥʶ çɼʝʣʦè 

 

ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʝʥʠʷ, ʜʦʙʘʚʣʝʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢ ʞʝ ʚʳʛʨʫʟʢʠ ʚ MicrosoftExcel ʦʪʯʸʪʘ ʦ çʉʫʜʝʙʥʳʭ ʜʝʣʘʭè. 

ʇʦʜʧʫʥʢʪ çʉʫʜʝʙʥʦʝ ʟʘʩʝʜʘʥʠʝè ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʘʩʝʜʘʥʠʠ: 

ʚʨʝʤʷ, ʥʦʤʝʨ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪ ʩʣʫʰʘʥʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʷʚʣʷʝʪʩʷ 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩ ʢʘʣʝʥʜʘʨʸʤ çOutlookè. 

ʇʫʥʢʪ ʤʝʥʶ çʋʚʝʜʦʤʣʝʥʠʝè ʚʝʜʝʪ ʫʯʸʪ ʧʠʩʴʤʝʥʥʦʡ ʠʩʭʦʜʷʱʝʡ 

ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ. 

ʇʫʥʢʪ ʤʝʥʶ çʐʘʙʣʦʥʳ ʜʦʢʫʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʰʘʙʣʦʥʳ 

ʩʣʝʜʫʶʱʠʭ ʜʦʢʫʤʝʥʪʦʚ: çʀʟʚʝʱʝʥʠʝè (ʨʠʩʫʥʦʢ 6), çʉʫʜʝʙʥʘʷ ʧʦʚʝʩʪʢʘè 

(ʨʠʩʫʥʦʢ 7), çʋʚʝʜʦʤʣʝʥʠʝè (ʨʠʩʫʥʦʢ 8), çʉʦʧʨʦʚʦʜʠʪʝʣʴʥʘʷè. 

 
ʈʠʩ. 6 -ʌʦʨʤʠʨʦʚʘʥʠʝ ʰʘʙʣʦʥʘ çʀʟʚʝʱʝʥʠʝè 
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ʈʠʩ. 7 - ʌʦʨʤʠʨʦʚʘʥʠʝ ʰʘʙʣʦʥʘ çʉʫʜʝʙʥʘʷ ʧʦʚʝʩʪʢʘè 

 

 
ʈʠʩ. 8 -ʌʦʨʤʠʨʦʚʘʥʠʝ ʰʘʙʣʦʥʘ çʋʚʝʜʦʤʣʝʥʠʝè 

 

ʉʦʟʜʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʠʪ ʚʝʩʪʠ ʙʦʣʝʝ ʧʦʣʥʳʡ ʫʯʝʪ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʦʙʨʘʙʦʪʢʫ ʠ ʧʦʣʫʯʝʥʠʝ ʦʧʝʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʚʳʩʠʪʴ ʩʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʝʝ 

ʟʘʱʠʱʝʥʥʦʩʪʠ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʦʪʯʝʪʳ, ʩʚʝʩʪʠ ʢ 

ʤʠʥʠʤʫʤʫ ʧʦʷʚʣʝʥʠʝ ʦʰʠʙʦʢ. 

ʉʦʟʜʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʷʚʣʷʝʪʩʷ ʟʘʢʨʳʪʦʡ ʠ ʦʙʦʩʦʙʣʝʥʥʦʡ, 

ʧʦʵʪʦʤʫ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʨʘʩʰʠʨʝʥʘ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ 

ʦʪʯʝʪʦʚ. 



 

67 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʵʢʦʥʦʤʠʢʝ: ʫʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ / ɺ. ʅ. 

ɺʦʣʢʦʚʘ, ɺ. ʅ. ʖʨʴʝʚ, ʉ. ɺ. ʐʠʨʦʢʦʚʘ, ɸ. ɺ. ʃʦʛʠʥʦʚʘ; ʧʦʜ ʨʝʜʘʢʮʠʝʡ ɺ. ʅ. 

ɺʦʣʢʦʚʦʡ, ɺ. ʅ. ʖʨʴʝʚʘ. ï ʄʦʩʢʚʘ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʖʨʘʡʪ, 2020. ï 402 ʩ. 

2. ɼʦʣʛʘʥʦʚʘ, ɸ.ʆ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ / ɸ.ʆ. ɼʦʣʛʘʥʦʚʘ. ï 

ʄ.: ʖʨʘʡʪ, 2019. ï 289 ʩ. 

3. ʂʘʟʘʥʩʢʠʡ, ɸ. ɸ.  ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ Visual C#: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ 

ʜʣʷ ʚʫʟʦʚ / ɸ. ɸ. ʂʘʟʘʥʩʢʠʡ. ï 2-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʄʦʩʢʚʘ: ʀʟʜʘʪʝʣʴʩʪʚʦ 

ʖʨʘʡʪ, 2020. ï 192 ʩ. 

4. ʄʘʨʢʠʥ, ɸ. ɺ. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ SQL ʚ 2 ʯ. ʏʘʩʪʴ 1: ʫʯʝʙʥʠʢ ʠ 

ʧʨʘʢʪʠʢʫʤ ʜʣʷ ʚʫʟʦʚ / ɸ. ɺ. ʄʘʨʢʠʥ. ï 2-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʄʦʩʢʚʘ: 

ʀʟʜʘʪʝʣʴʩʪʚʦ ʖʨʘʡʪ, 2021. ï 403 ʩ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ. 

URL: https://urait.ru/bcode/452357. ï ɿʘʛʣ. ʩ ʵʢʨʘʥʘ. 

 

ʋɼʂ 519.622.1 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʀʃʆɾɽʅʀʗ çʏʀʉʃɽʅʅʓɽ ʄɽʊʆɼʓ ʈɽʐɽʅʀʗ 

ʆɹʓʂʅʆɺɽʅʅʓʍ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁè 

ɸ.ʉ. ʐʝʚʯʝʥʢʦ, ɸ.ʆ. ʈʦʛʦʟʠʥ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ ñɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘò 
ɸʥʥʦʪʘʮʠʷ.ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʠʣʦʞʝʥʠʝ 

ʨʘʟʨʘʙʘʪʳʚʘʣʦʩʴ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# ʚ ʩʨʝʜʝ Microsoft Visual Studio. ɺ ʨʘʙʦʪʝ 

ʦʧʠʩʘʥʳ ʦʙʲʝʢʪ, ʧʨʝʜʤʝʪ, ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʟʨʘʙʦʪʦʢ. ʇʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʦʙʨʘʙʦʪʢʫ ʠ 

ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ ʠ ʫʩʪʨʘʥʠʪʴ ʧʦʷʚʣʝʥʠʝ ʦʰʠʙʦʢ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ.ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʧʨʠʣʦʞʝʥʠʝ 

Windows, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ C#, ʟʘʜʘʯʘ ʂʦʰʠ, ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ. 
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ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʥʦʛʠʭ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ, ʬʠʟʠʢʠ, ʭʠʤʠʠ ʠ 

ʜʨʫʛʠʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʧʨʠʚʦʜʠʪ ʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ, 

ʦʙʳʢʥʦʚʝʥʥʳʤ ʠʣʠ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʥʘʟʳʚʘʶʪʩʷ 

ʫʨʘʚʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʨʦʠʟʚʦʜʥʳʭ [2].  

ɿʘʜʘʯʘ ʂʦʰʠ (1) ï ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʚ ʥʘʭʦʞʜʝʥʠʠ ʨʝʰʝʥʠʷ (ʠʥʪʝʛʨʘʣʘ) ()y y x=

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ( , ) 
dy

f x y
dx
= , ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʤ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ (ʥʘʯʘʣʴʥʳʤ ʜʘʥʥʳʤ) () 0y a y=  [1-2]: 

[ ]

() 0

( , ) ,  , ,

.

dy
f x y x a b

dx

y a y

ë
= Íî

ì
î =í

     (1) 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʟʘʜʘʯʠ ʂʦʰʠ, ʚ ʢʦʪʦʨʦʡ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʟʘʜʘʶʪʩʷ ʚ 

ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʝ, ʚ ʢʨʘʝʚʳʭ ʟʘʜʘʯʘʭ (2) ʯʘʩʪʴ ʫʩʣʦʚʠʡ ʟʘʜʘʝʪʩʷ ʚ ʥʘʯʘʣʴʥʦʡ 

ʪʦʯʢʝ, ʘ ʜʨʫʛʘʷ ʯʘʩʪʴ ʫʩʣʦʚʠʡ ï ʚ ʢʦʥʝʯʥʦʡ ʪʦʯʢʝ ʦʪʨʝʟʢʘ, ʥʘ ʢʦʪʦʨʦʤ 

ʦʧʨʝʜʝʣʝʥʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ: 

() () ()

() ()

() ()

0 0 0

1 1 1

,

0 0 ,

.

y p x y q x y f x

y y y

y l y l y

a b

a b

¡¡ ¡+ + =ë
î
¡ + =ì

î
¡ + =í

    (2) 

ʇʦʵʪʦʤʫ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʟʘʜʘʯʘʤʠ ʩ ʥʝʣʦʢʘʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ. 

ʀʥʞʝʥʝʨʫ ʯʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʥʠʤʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʠʟʜʝʣʠʡ ʠʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʟʘʢʦʥʦʚ ʬʠʟʠʢʠ 

ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʠʤʝʥʥʦ ʚ ʚʠʜʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ [2]. ɺ ʩʫʱʥʦʩʪʠ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʯʝʪʦʤ ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʠ ʠʣʠ 

ʜʚʠʞʝʥʠʷ ʪʝʣ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ. ʊʘʢʞʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʵʢʦʥʦʤʠʢʝ, 

ʤʝʜʠʮʠʥʝ, ʙʠʦʣʦʛʠʠ, ʵʢʦʣʦʛʠʠ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ. 

ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ 

ʨʘʟʙʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: ʛʨʘʬʠʯʝʩʢʠʝ, ʘʥʘʣʠʪʠʯʝʩʢʠʝ, ʧʨʠʙʣʠʞʝʥʥʳʝ ʠ 

ʯʠʩʣʝʥʥʳʝ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʣʠʰʴ ʦʯʝʥʴ ʥʝʤʥʦʛʠʝ ʠʟ ʥʠʭ ʫʜʘʝʪʩʷ ʨʝʰʠʪʴ ʙʝʟ ʧʦʤʦʱʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ. ʇʦʵʪʦʤʫ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʘʢʪʠʢʝ ʠʥʞʝʥʝʨʥʳʭ 

ʨʘʩʯʝʪʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʦʧʠʩʳʚʘʝʤʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʙʳʢʥʦʚʝʥʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ.  

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʟʘʜʘʯʘ ʂʦʰʠ ʠ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʜʣʷ 

ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (ʆɼʋ). 
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ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʷ çʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ 

ʨʝʰʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡè. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

ī ʠʟʫʯʠʪʴ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʠ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ 
ʆɼʋ; 

ī ʚʳʧʦʣʥʠʪʴ ʦʙʟʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ; 

ī ʚʳʧʦʣʥʠʪʴ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʚʠʜʘʤ ʦʙʝʩʧʝʯʝʥʠʷ; 

ī ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʠʣʦʞʝʥʠʝ çʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡè. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ (ʉʂɸ ʠʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʘʢʝʪʳ), 

ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʣʠʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʧʦʢʦʣʝʥʠʡ [3]. ʉʘʤʳʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ï MathCad, MatLab, Maple, Maxima ʠ Mathematica, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪ ʩʦʚʨʝʤʝʥʥʳʡ ʠ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʨʘʟʣʠʯʥʳʝ 

ʩʠʤʚʦʣʴʥʳʝ ʠ ʯʠʩʣʝʥʥʳʝ ʘʥʘʣʠʟʘʪʦʨʳ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ 

ʩʨʝʜʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. ɹʦʣʝʝ ʪʦʛʦ, ʉʂʄ ʥʝ ʪʨʝʙʫʶʪ ʦʪ ʩʪʫʜʝʥʪʦʚ ʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʟʥʘʥʠʷ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʪ ʵʢʦʥʦʤʠʪʴ 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʥʘ ʦʪʣʘʜʢʫ ʧʨʦʛʨʘʤʤ, ʦʪʩʣʝʞʠʚʘʥʠʷ ʦʰʠʙʦʢ.  

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʂɸ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘʜʦ ʟʥʘʪʴ 

ʩʠʥʪʘʢʩʠʩ ʠ ʢʦʤʘʥʜʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ 

Maple [3] ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ [8]. 

ʇʨʠʤʝʨ. ɺʳʯʠʩʣʠʪʝ ʠʥʪʝʛʨʘʣ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

(),  0 1
2

dy xy
y

dx
= = ʥʘ ʦʪʨʝʟʢʝ [ ]0,1  ʩ ʰʘʛʦʤ 0.1h= . 

ʇʦʣʫʯʠʤ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʤʝʪʦʜʦʤ ʈʫʥʛʝïʂʫʪʪʘ ʠ ʕʡʣʝʨʘ. ʏʠʩʣʝʥʥʳʝ ʠ 

ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

>de:=diff(y(x),x)-x*y/2; ic:=y(0)=1; 

arr:=array([0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1]); 

 

 

>F:=dsolve({de,ic},y(x),type=numeric,method=classical[rk4],value=arr); 

>F1:=dsolve({de,ic},y(x),type=numeric,method=classical[foreuler],value=arr); 
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>p1:=plots[odeplot](F, [x,y(x)], 0..1, title="ɻʨʘʬʠʢ ʨʝʰʝʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ", titlefont=[TIMES,ITALIC ,14], labels=["ʦʩʴ 

x","ʦʩʴ y"], labelfont=[TIMES,ITALIC ,13], labeldirections=[HORIZONTAL, 

VERTICAL], xtickmarks=4, ytickmarks=6, color=green, legend="ʄʝʪʦʜ ʈʫʥʛʝ-

ʂʫʪʪʘ",thickness=1): 

>p2:=plots[odeplot](F1, [x,y(x)], 0..1, labels=[x,"y"], color=blue, 

legend="ʄʝʪʦʜ ʕʡʣʝʨʘ",thickness=1): 

>p3:=plot(exp(x^2/4), x=0..1, color=red, legend="ʊʦʯʥʦʝ ʨʝʰʝʥʠʝ", 

thickness=1): 

>plots[display]({p1,p2,p3}); 

 

ʈʠʩ. 1 ï ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ ʚ Maple 

 

ʊʘʢ ʞʝ ʩʫʱʝʩʪʚʫʶʪ ʮʝʣʳʝ ʩʘʡʪʳ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʨʘʟʜʝʣʘʤʠ ʦʥʣʘʡʥ 

ʢʘʣʴʢʫʣʷʪʦʨʦʚ [5]. ʉ ʧʦʤʦʱʴʶ ʙʝʩʧʣʘʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʥʣʘʡʥ ī 

ʢʘʣʴʢʫʣʷʪʦʨʦʚ ʤʦʞʥʦ ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ ʚʳʧʦʣʥʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʝʪʳ 

(ʨʠʩʫʥʦʢ 2).  

ʊʘʢʠʝ ʢʘʣʴʢʫʣʷʪʦʨʳ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ: ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʠʥʪʝʨʥʝʪʘ, ʜʦʩʪʫʧ ʢ ʥʠʤ ʟʘʧʨʝʱʝʥ. 

 

ʈʠʩ. 2 ï  ʆʥʣʘʡʥ ʢʘʣʴʢʫʣʷʪʦʨ 
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ɺʳʧʦʣʥʠʚ ʦʙʟʦʨ ʛʦʪʦʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʛʦʪʦʚʦʛʦ ʨʝʰʝʥʠʷ ʥʝ ʥʘʰʣʦʩʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ 

ʨʘʟʨʘʙʦʪʢʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ʎʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʩʯʝʪʘ ʪʘʙʣʠʮʳ 

ʟʥʘʯʝʥʠʡ ʨʝʰʝʥʠʷ ʆɼʋ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ:  

ï ʚʚʦʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ; 

ï ʥʘʭʦʞʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʦʜʥʦʰʘʛʦʚʳʤʠ 

ʤʝʪʦʜʘʤʠ (ʤʝʪʦʜ ʕʡʣʝʨʘ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʣʦʤʘʥʳʭ (ʤʝʪʦʜ ʭʦʨʜ, 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʤʝʪʦʜ ʕʡʣʝʨʘ-ʂʦʰʠ, ʤʝʪʦʜ ʕʡʣʝʨʘ-ʂʦʰʠ ʩ 

ʠʪʝʨʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ), ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ; 

ï ʥʘʭʦʞʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʤʥʦʛʦʰʘʛʦʚʳʤʠ 

ʤʝʪʦʜʘʤʠ (ʤʝʪʦʜ ɸʜʘʤʩʘ, ʤʝʪʦʜ ʄʠʣʥʘ); 

ï ʥʘʭʦʞʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʤʝʪʦʜʘʤʠ ʢʦʥʝʯʥʳʭ 

ʨʘʟʥʦʩʪʝʡ ʠ ʧʨʦʛʦʥʢʠ; 

ï ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʘʙʣʠʮʳ ʟʥʘʯʝʥʠʡ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʠ ʟʘʜʘʯʠ 

ʂʦʰʠ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʬʫʥʢʮʠʠ; 

ï ʚʳʛʨʫʟʢʠ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʚ Microsoft Excel. 

ɿʘʜʘʯʠʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ: 

ī ʠʥʪʝʨʬʝʡʩ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʦʩʪʳʤ, ʫʜʦʙʥʳʤ ʠ ʧʨʠʷʪʥʳʤ ʜʣʷ 
ʚʠʟʫʘʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

ī ʧʨʠʣʦʞʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ 
ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʩʣʝʜʫʶʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ: ʧʨʦʮʝʩʩʦʨ 

IntelPentiumXeonCoreDuo/Core 2 Duo, AMDOpteronDualCore/Quad-Core; ʪʘʢʪʦʚʘʷ 

ʯʘʩʪʦʪʘ 1 ɻɻʮ ʠʣʠ ʚʳʰʝ (ʨʝʢʦʤʝʥʜʫʝʪʩʷ 1,6 ɻɻʮ); 1024 ʄɹ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ; 

80 ʄɹ ʩʚʦʙʦʜʥʦʛʦ ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ; ʤʦʥʠʪʦʨ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 1024ʏ768 

(ʠʣʠ ʚʳʰʝ) c 32-ʙʠʪʥʳʤʠ (ʠʣʠ ʙʦʣʴʰʝ) ʮʚʝʪʘʤʠ, ʢʣʘʚʠʘʪʫʨʘ, ʤʳʰʴ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʠʣʦʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: 

- ʩʨʝʜʘʨʘʟʨʘʙʦʪʢʠ Microsoft Visual Studio 2019; 

- EPPlus ï ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʘʡʣʦʚ Excel ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʘʪʘ 

Office Open XML; 

- NCalc2 ï ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ; 

- OxyPlot ï ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ. 

Microsoft Visual Studio ī ʣʠʥʝʡʢʘ ʧʨʦʜʫʢʪʦʚ ʢʦʤʧʘʥʠʠ , ʚʢʣʶʯʘʶʱʠʭ  

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʨʷʜ ʜʨʫʛʠʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ. ɼʘʥʥʳʝ 

ʧʨʦʜʫʢʪʳ ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʢʘʢ , ʪʘʢ ʠ ʧʨʠʣʦʞʝʥʠʷ ʩ , ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʧʦʜʜʝʨʞʢʦʡ ʪʝʭʥʦʣʦʛʠʠ , ʘ ʪʘʢʞʝ , ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ [4, 6-7]. 

ɺʳʙʦʨ ʠʤʝʥʥʦ Microsoft Visual Studio 2019 [4,6], ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ 

ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ: ʦʪ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʦ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ, 
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ʪʝʩʪʠʨʦʚʘʥʠʷ, ʦʪʣʘʜʢʠ, ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʢʦʜʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʙʳʩʪʨʘʷ 

ʢʦʤʧʠʣʷʮʠʷ, ʟʘʧʫʩʢʘʝʪʩʷ ʥʘ ʣʶʙʦʡ Windows. 

ʆʩʥʦʚʥʳʝ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ VS 2019 ï ʵʪʦ Visual C#, Visual Basic, 

Visual C++, Visual F# (ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʷʟʳʢ). ʊʘʢʞʝ ʜʦʩʪʫʧʥʳ ʜʦʧʦʣʥʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʚ Visual Studio ʥʘ ʷʟʳʢʘʭ Python, Rube ʠ ʜʨʫʛʠʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ C# [6].  

ɺʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʟʘʜʘʯʠ ʂʦʰʠ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʧʨʠʣʦʞʝʥʠʠ 

ʙʫʜʝʪ: 

ī ʬʫʥʢʮʠʷ ( ),f x y ʦʪ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ, ʩʣʫʞʘʱʘʷ ʧʨʘʚʦʡ ʯʘʩʪʴʶ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ; 

ī ʧʘʨʘʤʝʪʨʳ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ; 

ī ʯʠʩʣʦ ʨʘʟʙʠʝʥʠʷ ʦʪʨʝʟʢʘ; 

ī ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ; 

ī ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ. 

ɺʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʧʨʠʣʦʞʝʥʠʠ 

ʙʫʜʝʪ: 

ī ʬʫʥʢʮʠʠ() () (),  ,  p x q x f x ; 

ī ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʪʨʝʟʢʘ; 

ī ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ; 

ī ʯʠʩʣʦ ʨʘʟʙʠʝʥʠʷ ʦʪʨʝʟʢʘ; 

ī ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ; 

ī ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ. 

ɺʳʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʷʚʣʷʝʪʩʷ: 

ï ʪʘʙʣʠʮʘ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʨʝʰʝʥʠʠ ʆɼʋ ʠ ʩʦʜʝʨʞʘʱʘʷ 

ʩʪʦʣʙʮʳ:ʥʦʤʝʨ ʰʘʛʘ i, ʟʥʘʯʝʥʠʝ x, ʟʥʘʯʝʥʠʝ y. 

ï ʛʨʘʬʠʢ ʨʝʰʝʥʠʷ; 

ï ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʥʝʚʝʨʥʦ ʚʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ; 

ï ʚʳʛʨʫʟʢʘ ʧʦʣʫʯʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʚ MSExcel. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ, ʢʦʪʦʨʘʷ 

ʩʦʜʝʨʞʠʪ ʦʙʣʘʩʪʠ: çɺʚʦʜ ʬʫʥʢʮʠʠè, çʇʘʨʘʤʝʪʨʳè, çʄʝʪʦʜʳè, çɻʨʘʬʠʢ 

ʨʝʰʝʥʠʷè, çʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡè.  

 

ʈʠʩ. 3 ïʌʦʨʤʘ çʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠè  
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ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ. 

ʐʘʛ 1. ɺʚʝʜʠʪʝ ʬʫʥʢʮʠʶ .
2

xy
ʇʨʘʚʠʣʘ ʚʚʦʜʘ ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʩʧʨʘʚʢʝ  . 

 

ʈʠʩ. 4 ï ʉʧʨʘʚʢʘ ʧʦ ʚʚʦʜʫ ʬʫʥʢʮʠʠ 

 

ʐʘʛ 2. ɿʘʜʘʡʪʝ ʧʘʨʘʤʝʪʨʳ: a=0, b=1, x0=0, y0=1, N=10, ʀ=10
-6
. 

ʐʘʛ 3. ɺʳʙʝʨʠʪʝ ʤʝʪʦʜʳ. 

ʐʘʛ 4. ʅʘʞʤʠʪʝ ʢʥʦʧʢʫ çʅʘʡʜʠʪʝ ʨʝʰʝʥʠʝè. 

ʐʘʛ 5. ʉʦʭʨʘʥʠʪʝ ʨʝʟʫʣʴʪʘʪʳ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʛʘʣʦʯʢʫ ʚ 

ʧʦʣʝ çɺʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʚ Excelè ʠ ʚʳʙʨʘʪʴ ʤʝʩʪʦ ʩʦʭʨʘʥʝʥʠʷ ʬʘʡʣʘ (ʨʠʩʫʥʦʢ 

5, ʨʠʩʫʥʦʢ 6). 
 

 

ʈʠʩ. 5 ï ɺʳʙʦʨ ʤʝʩʪʘ ʩʦʭʨʘʥʝʥʠʷ ʬʘʡʣʘ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 
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ʈʠʩ. 6 ï ʈʝʟʫʣʴʪʘʪʳ, ʩʦʭʨʘʥʝʥʥʳʝ ʚ Excel 

 

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʘ ʜʣʷ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ.  

 
ʈʠʩ. 7 ï ʌʦʨʤʘ çʈʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠè 

 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ī ʠʟʫʯʝʥʳ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʠ ʟʘʜʘʯʠ ʂʦʰʠ; 

ī ʚʳʧʦʣʥʝʥ ʦʙʟʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ; 

ī ʚʳʧʦʣʥʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʚʠʜʘʤ ʦʙʝʩʧʝʯʝʥʠʷ; 
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ī ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʠʣʦʞʝʥʠʝ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʙʳʩʪʨʦ ʠ ʥʘʜʝʞʥʦ ʧʦʟʚʦʣʠʪʴ ʯʠʩʣʝʥʥʦ ʨʝʰʠʪʴ 

ʦʙʳʢʥʦʚʝʥʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ. 

ɼʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʪʫʜʝʥʪʘʤʠ ʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʝʦʨʠʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 
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ʈɸɿʈɸɹʆʊʂɸ ʉɸʁʊɸ ɼʃʗ ɼʆʇʆʃʅʀʊɽʃʔʅʆɻʆ ʆɹʈɸɿʆɺɸʅʀʗ  

ɺ ɺʋɿɽ  

ɸ.ʉ. ʐʝʚʯʝʥʢʦ, ɸ.ɸ. ʉʧʠʨʠʜʦʥʦʚ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ ñɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘò 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʘʡʪʘ ʜʣʷ ʎʝʥʪʨʘ ʧʦʚʳʰʝʥʠʷ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʧʨʠ ʈʀʀ ɸʣʪɻʊʋ. ʆʧʠʩʘʥʳ ʦʙʲʝʢʪ, ʧʨʝʜʤʝʪ, ʮʝʣʴ ʠ 

ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ  ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʥʠʷ 

ʩʘʡʪʦʚ.  ʇʨʠʚʝʜʝʥ ʚʳʙʦʨ ʘʧʧʘʨʘʪʥʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʡ.  

Web-ʩʘʡʪ ʨʘʟʨʘʙʦʪʘʥ ʩ ʧʦʤʦʱʴʶ CMS WordPress. ʉʘʡʪ ʧʦʟʚʦʣʠʪ ʎʝʥʪʨʫ ʜʦʥʝʩʪʠ 

ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʚʫʟʝ, ʦʙʝʩʧʝʯʠʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʩ 

ʧʦʩʝʪʠʪʝʣʷʤʠ ʩʘʡʪʘ, ʘ ʪʘʢʞʝ ʧʨʠʚʣʝʯʴ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʩʣʫʰʘʪʝʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: web-ʩʘʡʪ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʚʫʟʝ, CMS, ʧʣʘʛʠʥʳ, 

WordPress. 

  



 

76 

 

WEBSITE DEVELOPMENT FOR ADDITIONAL EDUCA TION  IN A 

HIGHER EDUCATION INS TITUTION  

A.S. Shevchenko, A.A. Spiridonov 

Rubtsovsk industrial institute (branch) of Altai State Technical University named 

after I.I.Polzunova 
Abstract. This article discusses the development of a website for the Center for Advanced 

Studies and Retraining of Personnel at the RII AltSTU. The object, subject, purpose and objectives 

of the research are described. The comparative characteristics of technologies for creating sites are 

presented. A selection of hardware and software is provided. 

Website developed with WordPress CMS. The site will allow the Center to convey full 

information about additional education at the university, provide feedback from site visitors, as well 

as attract more attention from potential listeners. 

Keywords: website, additional education at the university, CMS, plugins, WordPress. 

 

ɺʚʝʜʝʥʠʝ 

ʀʥʪʝʨʥʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ ʯʝʣʦʚʝʢʘ ʠ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ. ʀʥʪʝʨʥʝʪ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʦʩʪʫʧ ʧʨʘʢʪʠʯʝʩʢʠ ʢ ʣʶʙʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ 

ʠʩʪʦʯʥʠʢʦʤ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʣʫʞʠʪ ʚʝʙ-ʩʘʡʪ. ɺʝʙ-ʩʘʡʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʝ ʩʠʩʪʝʤʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʝʨʚʠʩʦʚ ʠ ʨʝʩʫʨʩʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠʤʝʝʪ ʚʝʙ-ʩʘʡʪ, ʧʦ 

ʩʨʝʜʩʪʚʘʤ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʠʥʪʝʨʥʝʪ. ɺ ʫʩʣʦʚʠʷʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ï ʵʪʦ ʥʝʦʙʭʦʜʠʤʳʡ 

ʬʘʢʪʦʨ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʢʣʘʤʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʨʠʚʣʝʯʴ ʪʝʤ ʩʘʤʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʣʠʝʥʪʦʚ. 

ʉʘʡʪ ʷʚʣʷʝʪʩʷ ʤʦʱʥʝʡʰʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʨʝʢʣʘʤʳ ʠ ʣʠʮʦʤ ʬʠʨʤʳ, 

ʢʦʤʧʘʥʠʠ, ʦʨʛʘʥʠʟʘʮʠʠ. ʉʦʟʜʘʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʩʘʡʪʘ ï ʵʪʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʦʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʦ ʧʦʪʨʝʙʠʪʝʣʷ ʦ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ 

ʫʩʣʫʛʘʭ, ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʦʣʠʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʫʛʠ, ʪʝʣʝʨʝʢʣʘʤʫ, 

ʨʘʜʠʦʨʝʢʣʘʤʫ ʠ ʫʣʫʯʰʠʪʴ ʩʝʨʚʠʩ ʜʣʷ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʢʣʠʝʥʪʦʚ, ʢʦʪʦʨʳʝ 

ʩʤʦʛʫʪ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʝʜʩʪʦʷʱʠʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʠʣʠ ʦ ʢʘʢʠʭ-ʣʠʙʦ 

ʠʟʤʝʥʝʥʠʷʭ ʚ ʨʘʙʦʪʝ ʚ ʣʶʙʦʝ ʚʨʝʤʷ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʟʜʘʥʠʷ web-ʩʘʡʪʘ 

ʜʣʷ ʎʝʥʪʨʘ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʥʘ 

ʩʘʡʪʝ ʈʫʙʮʦʚʩʢʦʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʦʪʩʫʪʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʎʝʥʪʨʝ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʘʡʪ ʧʦʟʚʦʣʠʪ ʎʝʥʪʨʫ ʜʦʥʝʩʪʠ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʚʫʟʝ, ʦʙʝʩʧʝʯʠʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʩ 

ʧʦʩʝʪʠʪʝʣʷʤʠ ʩʘʡʪʘ, ʘ ʪʘʢʞʝ ʧʨʠʚʣʝʯʴ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʩʦ ʩʪʦʨʦʥʳ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʣʫʰʘʪʝʣʝʡ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʎʝʥʪʨʘ ʧʦʚʳʰʝʥʠʷ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʧʨʠ ʈʀʀ ɸʣʪɻʊʋ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʝʥʪʨʘ ʩʦ ʩʣʫʰʘʪʝʣʷʤʠ ʢʫʨʩʦʚ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘweb-ʩʘʡʪʘ ʜʣʷ ʎʝʥʪʨʘ ʧʦʚʳʰʝʥʠʷ 
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ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʧʨʠ ʈʀʀ ɸʣʪɻʊʋ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

- ʧʨʦʚʝʩʪʠ ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʥʠʷ ʩʘʡʪʦʚ; 

- ʦʩʫʱʝʩʪʚʠʪʴ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʚʠʜʘʤ ʦʙʝʩʧʝʯʝʥʠʷ; 

- cʧʨʦʝʢʪʠʨʦʚʘʪʴ ɹɼ; 

- ʠʟʫʯʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʦʩʪʨʦʝʥʠʷ web-ʩʘʡʪʦʚ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ web-ʩʘʡʪ. 

 

ʊʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʩʘʡʪʦʚ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʥʠʷ 

ʩʘʡʪʦʚ: 

1. ʊʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʤʝʪʢʠ (HTML) ʠ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʩʪʨʘʥʠʮʳ 

(ʷʟʳʢ ʩʪʠʣʝʡ CSS). 

2. ʗʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (PHP, JavaScript) ʠ ʙʘʟʘ ʜʘʥʥʳʭ (MySQL). 

3. ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʥʪʦʤ (ʘʥʛʣ. Contentmanagementsystem, 

CMS), ʪʘʢʠʝ ʢʘʢ WordPress, Joomla, OpenCart, Drupal, 1ʉ-ɹʠʪʨʠʢʩ. 

4. ʂʦʥʩʪʨʫʢʪʦʨʳ ʩʘʡʪʦʚ (WiX, uCoz, uKit, TildaPublishing ʠ ʪ.ʜ.). 

HTML ʠ CSS ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʣʶʙʦʛʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʘʡʪʘ. 

ʉʦʟʜʘʥʠʝ ʩʘʡʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ HTML [1] ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʥʘʧʠʩʘʥʠʝ ʪʝʛʦʚ ʚʨʫʯʥʫʶ ʚ ʧʨʦʩʪʦʤ ʪʝʢʩʪʦʚʦʤ ʨʝʜʘʢʪʦʨʝ. ɻʣʘʚʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ HTML ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʦʢʫʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʩʤʦʪʨʝʥʳ ʥʘ 

ʚʝʙ-ʙʨʘʫʟʝʨʘʭ ʠ ʧʣʘʪʬʦʨʤʘʭ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. ʗʟʳʢ HTML ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʧʦʣʥʦʮʝʥʥʳʝ ʩʘʡʪʳ, ʥʦ ʦʥʠ ʩʪʘʪʠʯʥʳ, ʙʝʟ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. 

ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʦʩʣʫʞʠʣʦ ʩʦʟʜʘʥʠʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ PHP 

[2]. ɼʘʥʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʯʝʥʴ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʦʚ ʠʣʠ ʜʨʫʛʠʭ ʩʘʡʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ 

ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʆʜʥʘʢʦ ʠ ʪʘʢʦʡ ʩʧʦʩʦʙ ʩʦʟʜʘʥʠʷ ʩʘʡʪʘ ʥʝ ʷʚʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʦ 

ʫʜʦʙʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʠʟʫʯʝʥʠʝ ʦʩʥʦʚ ʜʘʥʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʳʡ ʧʨʦʮʝʩʩ, ʪʘʢʞʝ ʜʣʷ ʠʟʫʯʝʥʠʷ PHP ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʘʪʴ 

JavaScript [3] ʠ ʟʘʢʦʥʳ ʨʘʙʦʪʳ ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʝʨʚʝʨʘ Apache. 

ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʩʦʜʝʨʞʠʤʳʤ (ʢʦʥʪʝʥʪʦʤ) ʠʣʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ CMS, ʦʙʣʘʜʘʶʱʠʝ 

ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: ʜʦʩʪʫʧʥʦʩʪʴ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʠ, ʩʢʦʨʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʩʘʡʪʦʚ, ʧʨʦʩʪʦʪʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʜʜʝʨʞʢʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʝʨʚʠʩʳ, SEO-

ʦʧʪʠʤʠʟʘʮʠʷ, ʤʦʙʠʣʴʥʦʩʪʴ. 

ʂʘʞʜʘʷ CMS ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʜʦʩʪʫʧʘ: 

1. ɸʜʤʠʥʠʩʪʨʘʪʦʨ ʠʤʝʝʪ ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ ʨʘʟʜʝʣʘʤ. ʆʥ ʤʦʞʝʪ 

ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʩʘʡʪʘ ʠ ʣʶʙʦʡ ʨʫʙʨʠʢʠ.  

2. ʈʝʜʘʢʪʦʨ ʦʙʣʘʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʝʥʷʪʴ ʣʶʙʦʡ ʪʝʢʩʪ ʥʘ ʩʘʡʪʝ, ʥʦ ʦʥ 
ʥʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ ʩʪʨʫʢʪʫʨʫ ʨʫʙʨʠʢ, ʜʦʙʘʚʣʷʪʴ ʠʭ ʠʣʠ ʫʜʘʣʷʪʴ.  

3. ʇʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʪʦʣʴʢʦ ʢ ʦʧʨʝʜʝʣʸʥʥʳʤ ʨʫʙʨʠʢʘʤ, ʠ 
ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʙʦʪʫ ʪʦʣʴʢʦ ʩ ʥʝʡ.  

ɹʦʣʝʝ ʪʦʛʦ, CMS ï ʵʪʦ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 
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ʜʘʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʦʩʪʫʧ ʢ ʤʝʭʘʥʠʟʤʫ ʩʘʡʪʘ ʨʘʟʣʠʯʥʳʤ ʛʨʫʧʧʘʤ.  

CMS ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʠʠ: 

1. ʉʪʫʜʠʡʥʳʝ (ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ) CMS ï ʵʪʦ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ 

ʨʘʟʨʘʙʦʪʢʫ ʩʘʡʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪ ʪʦʣʴʢʦ ʠʭ ʨʘʟʨʘʙʦʪʯʠʢ. 

2. ʊʠʨʘʞʥʳʝ CMS ï ʪʘʢʠʝ CMS, ʢʦʪʦʨʳʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʠʣʠ ʚʝʙ-ʩʪʫʜʠʷʤʠ. ɼʘʥʥʳʝ CMS 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʤʘʩʩʦʚʦʡ ʧʨʦʜʘʞʠ ʢʦʥʝʯʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠʣʠ ʜʨʫʛʠʤ 

ʚʝʙ-ʩʪʫʜʠʷʤ. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ç1ʉ-ɹʠʪʨʠʢʩè, çUMI.CMSè, çNetCatè, 

çAMIRO.CMSè. 

3. Open Source CMS (ʙʝʩʧʣʘʪʥʳʝ) ï ʪʘʢʠʝ CMS, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ 

ʩʦʦʙʱʝʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʠʩʪʦʚ. ʕʪʠ CMS ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʠʤʠ ʞʝ ʠ ʠʤʝʶʪ 

ʦʪʢʨʳʪʳʡ ʠʩʭʦʜʥʳʡ ʢʦʜ. ʂʥʠʤʦʪʥʦʩʷʪʩʷ: çWordPressè, çDrupalè, çJoomlaè, 

çOpencartè, çInstant CMSè.  

ʆʩʥʦʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ Drupal [4] ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʤʥʦʛʠʭ 

ʬʫʥʢʮʠʡ ʥʘ ʫʨʦʚʥʝ ʷʜʨʘ. ʅʘ ʫʨʦʚʥʝ ʷʜʨʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʝʰʠʨʦʚʘʥʠʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʨʚʝʨ, ʧʦʠʩʢʦʚʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʣʝʛʢʦʝ ʧʨʦʜʚʠʞʝʥʠʝ ʩʘʡʪʘ. ʉʣʦʞʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʷʜʨʘ 

ʥʝʩʝʪ ʚ ʩʝʙʝ, ʢʘʢ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʘʢ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʠʩʪʝʤʳ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʩʝʨʴʝʟʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʠ ʜʦʣʛʠʡ 

ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ, ʧʣʦʭʦ ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʯʪʦ ʝʱʝ ʩʠʣʴʥʝʝ 

ʟʘʧʫʪʳʚʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

Joomla [5] ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʛʠʙʢʠʭ CMS ʩʠʩʪʝʤ. ɺ ʥʝʡ ʝʩʪʴ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʩʰʠʨʝʥʠʡ, ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʪʝʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩ ʩʘʡʪʦʤ, ʥʦ 

ʝʩʪʴ ʨʷʜ ʩʝʨʴʝʟʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʟʘʱʠʱʝʥʥʦʩʪʠ Joomla ʯʘʩʪʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʭʘʢʝʨʩʢʠʤ ʘʪʘʢʘʤ ʥʘ ʩʘʡʪʝ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʪʝʨʝ ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʢʦʜʝ Joomla ʦʪʩʫʪʩʪʚʫʝʪ ʪʝʛ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʟʘʛʦʣʦʚʢʦʤ ʩʘʡʪʘ, ʯʪʦ ʩʦʟʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʩ 

ʧʨʦʜʚʠʞʝʥʠʝʤ ʩʘʡʪʘ.  

WordPress [6], ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʦʟʜʘʚʘʣʘʩʴ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʙʣʦʛʠʥʛʘ. 

ʇʣʘʪʬʦʨʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʛʨʦʤʥʳʡ ʥʘʙʦʨ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʯʪʦʙʳ ʫʧʨʦʩʪʠʪʴ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʙʣʦʛʘ. ʅʦ ʩʦ ʚʨʝʤʝʥʝʤ ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʪʘʣʠ 

ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʷʜʨʦ, ʜʦʧʦʣʥʠʚ ʝʛʦ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʪʴ ʩʘʡʪ ʥʝ ʪʦʣʴʢʦ ʧʦ ʪʠʧʫ çɹʣʦʛè, ʥʦ ʠ ʧʦ ʪʠʧʫ: çʀʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʧʦʨʪʘʣè, çʆʥʣʘʡʥ-ʤʘʛʘʟʠʥè, çʉʦʮʠʘʣʴʥʘʷ ʩʝʪʴè ʠ ʪ.ʜ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥ ʨʝʡʪʠʥʛ ʙʝʩʧʣʘʪʥʳʭ CMS ʟʘ ʤʘʨʪ 2021 ʛʦʜʘ. 

ʈʝʡʪʠʥʛ ʧʨʦʚʝʜʝʥ ʢʦʤʧʘʥʠʝʡ iTrack (ɸʡʪʨʵʢ), ʟʘʥʠʤʘʶʱʝʡʩʷ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʦʡ, 

ʪʝʭʧʦʜʜʝʨʞʢʦʡ ʩʘʡʪʦʚ ʠ ʚʥʝʜʨʝʥʠʝʤ CRM. 

ʊʘʢ ʞʝ ʩʦʟʜʘʚʘʪʴ ʩʘʡʪʳ ʤʦʞʥʦ ʠ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ. 

ʆʥʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨ ʠʣʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʩʝʨʚʝʨʝ (narod.ru, 

ucoz.ru). ʂʦʥʩʪʨʫʢʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʩʦʙʠʨʘʪʴ ʩʘʡʪ ʠʟ ʛʦʪʦʚʳʭ ʙʣʦʢʦʚ, ʘ ʟʘʪʝʤ 

ʟʘʧʦʣʥʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʝʡ. ɼʣʷ ʵʪʦʛʦ ʚʘʤ ʥʝ ʥʫʞʥʦ ʟʥʘʪʴ ʷʟʳʢʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 
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ʈʠʩ. 1 ï ʈʝʡʪʠʥʛ ʙʝʩʧʣʘʪʥʳʭ CMS ʟʘ ʤʘʨʪ 2021 ʛʦʜʘ 

 

ɺʳʙʦʨ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʆʙʷʟʘʪʝʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʝʙ-ʩʘʡʪʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʭʦʩʪʠʥʛʘ. ʍʦʩʪʠʥʛ ʷʚʣʷʝʪʩʷ ʫʩʣʫʛʦʡ ʧʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʨʝʩʫʨʩʦʚ (ʜʠʩʢʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ) ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʧʨʦʝʢʪʘ ʥʘ ʩʝʨʚʝʨʝ, ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʷʱʝʤʩʷ ʚ 

ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ. ɺʳʙʨʘʥ ʩʝʨʚʠʩ ʭʦʩʪʠʥʛʘ TimeWeb [7]. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʩʘʡʪʘ ʎʇʂʠʇʂ ʙʳʣʦ ʨʝʰʝʥʦ ʚʳʙʨʘʪʴ CMS WordPress. 

WordPress ʷʚʣʷʝʪʩʷ ʤʦʱʥʦʡ ʠ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʡ CMS, ʦʙʣʘʜʘʶʱʝʡ 

ʩʣʝʜʫʶʱʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ: 

1. ʃʝʛʢʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʫʩʪʘʥʦʚʢʠ. 

2. ʇʨʦʩʪʦʪʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

3. ʋʜʦʙʥʘʷ ʧʘʥʝʣʴ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ. 

4. ʅʘʣʠʯʠʝ ʤʥʦʞʝʩʪʚʘ ʧʣʘʛʠʥʦʚ, ʢʦʪʦʨʳʝ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʦʜʥʦʤ ʤʝʩʪʝ.  

5. ɺ ʦʪʣʠʯʠʝ ʦʪ Joomla, Drupal ʠ ʜʨʫʛʠʭ CMS, ʚ Wordpress 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ ʧʘʥʝʣʴ ʧʦʟʚʦʣʷʝʪ ʨʝʜʘʢʪʠʨʦʚʘʪʴ PHP, HTML, CSS ʬʘʡʣʳ. 

6. ʍʦʨʦʰʝʝ ʧʨʦʜʚʠʞʝʥʠʝ ʚ ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤʘʭ (SEO).  

7. ɹʝʩʧʣʘʪʥʦʩʪʴ. 

CSS Wordpress ʥʘʧʠʩʘʥʘ ʥʘ PHP ʠ ʚʳʧʫʱʝʥʘ ʧʦʜ ʣʠʮʝʥʟʠʝʡ GNU GPL 

ʚʝʨʩʠʠ 2.  

ɹʦʣʝʝ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʧʣʘʛʠʥʳ: 

- Ocean Extra ï ʧʣʘʛʠʥ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʩʢʨʳʪʴ ʧʦʣʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʪʝʤʳ OceanWP WordPress; 

- Elementor ï ʧʣʘʛʠʥ-ʢʦʥʩʪʨʫʢʪʦʨ ʜʣʷ WordPress, ʨʘʩʰʠʨʷʶʱʠʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʝʜʘʢʪʦʨʘ; 

- Theme My Login ï ʧʣʘʛʠʥ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʬʦʨʤʣʝʥʠʷ ʩʪʨʘʥʠʮ 

ʚʭʦʜʘ, ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʩʘʡʪʝ [8]; 

- ʗʥʜʝʢʩ ʄʝʪʨʠʢʘ ï ʧʣʘʛʠʥ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʥʘ ʩʘʡʪʝ 

ʩʝʨʚʠʩʘ ʗʥʜʝʢʩ.ʄʝʪʨʠʢʘ [9]. ɼʘʥʥʳʡ ʩʝʨʚʠʩ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʦʮʝʥʢʫ 

ʧʦʩʝʱʘʝʤʦʩʪʠ ʚʝʙ-ʩʘʡʪʘ ʠ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ 
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ʧʨʠʤʝʨʥʳʡ ʚʦʟʨʘʩʪ ʧʦʩʝʪʠʪʝʣʷ, ʠ ʩ ʢʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʨʦʩʤʦʪʨ 

ʩʘʡʪʘ; 

- WPForms Lite ï ʧʣʘʛʠʥ, ʫʧʨʦʱʘʶʱʝʡ ʩʦʟʜʘʥʠʝ ʪʘʢʠʭ ʬʦʨʤ, ʢʘʢ ʬʦʨʤ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʬʦʨʤ ʧʦʜʧʠʩʢʠ, ʘ ʪʘʢʞʝ ʬʦʨʤ ʧʦʜʘʯʠ ʟʘʷʚʢʠ; 

- Weather Atlas Widget ï ʧʨʦʩʪʦʡ ʧʣʘʛʠʥ ʜʣʷ ʚʩʪʨʘʠʚʘʥʠʷ ʥʘ web-ʩʘʡʪ 

ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʳ. 

CMS WordPress ʜʣʷ ʩʚʦʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪ 

MySQL. 

MySQL [10] ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʝʣʷʮʠʦʥʥʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, 

ʦʙʣʘʜʘʶʱʘʷ ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

1. ʆʪʢʨʳʪʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʉʋɹɼ ʙʝʩʧʣʘʪʥʦ ʜʣʷ 
ʜʦʤʘʰʥʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

2. ʇʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. MySQL ʠʤʝʝʪ ʧʨʦʩʪʦʡ ʠ ʧʦʥʷʪʥʳʡ 

ʠʥʪʝʨʬʝʡʩ, ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʣʘʛʠʥʳ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. 

3. ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. MySQL ʩʦʜʝʨʞʠʪ ʚʝʩʴ ʥʝʦʙʭʦʜʠʤʳʡ ʥʘʙʦʨ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʘ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ. 

4. ɹʝʟʦʧʘʩʥʦʩʪʴ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʩʪʨʦʝʥʳ ʠ ʨʘʙʦʪʘʶʪ 

ʧʦ ʫʤʦʣʯʘʥʠʶ. 

5. ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. MySQL ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʜʣʷ ʤʘʣʳʭ ʪʘʢ ʠ ʜʣʷ 

ʙʦʣʴʰʠʭ ʧʨʦʝʢʪʦʚ. 

6. ʉʢʦʨʦʩʪʴ. MySQL ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʙʳʩʪʨʳʭ ʉʋɹɼ ʥʘ 

ʩʦʚʨʝʤʝʥʥʦʤ ʨʳʥʢʝ. 

 

ʅʘʟʥʘʯʝʥʠʝ ʩʘʡʪʘ 

Web-ʩʘʡʪ çɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʚʫʟʝè ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ: 

ï ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʧʨʦʛʨʘʤʤʘʤ ʧʦʚʳʰʝʥʠʷ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ, ʘ ʪʘʢʞʝ ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʫʨʩʘʤ; 

ï ʦʧʝʨʘʪʠʚʥʦʛʦ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʘʡʪʘ; 

ï ʧʦʜʜʝʨʞʢʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ; 

ï ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʟʘʧʠʩʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʫʨʩ; 

ï ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʩʘʡʪʝ; 

ï  ʥʘʣʠʯʠʝ ʣʠʯʥʦʛʦ ʢʘʙʠʥʝʪʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʩʘʡʪʘ (ʨʠʩʫʥʦʢ 2) ʩʦʜʝʨʞʠʪ ʤʝʥʶ, ʩʦʩʪʦʷʱʝʝ ʠʟ 

ʨʘʟʜʝʣʦʚ: çʆ ʮʝʥʪʨʝè, çʂʫʨʩʳè, çʈʘʩʧʠʩʘʥʠʝè, çɻʘʣʝʨʝʷè, çʂʦʥʪʘʢʪʳè, çʄʦʡ 

ʘʢʢʘʫʥʪè.  

ɹʘʥʥʝʨ ʩʦʜʝʨʞʠʪ ʨʘʩʰʠʬʨʦʚʢʫ, ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʮʝʥʥʦʩʪʠ ʮʝʥʪʨʘ ʠ 

ʥʦʚʦʩʪʠ. ʅʘ ʙʦʢʦʚʦʡ ʧʘʥʝʣʠ ʥʘʭʦʜʷʪʩʷ ʬʦʨʤʘ ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʧʨʦʛʥʦʟ ʧʦʛʦʜʳ, ʢʘʣʝʥʜʘʨʴ, ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʩʦʜʝʨʞʘʱʠʝ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʩʤʦʪʨʝʥʥʳʭ ʩʪʨʘʥʠʮ, ʚʠʟʠʪʦʚ ʠ ʧʦʩʝʪʠʪʝʣʝʡ.  

 



 

81 

 

 

 

 
ʈʠʩ. 2  ï ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʩʘʡʪʘ 

 

ʈʘʟʜʝʣ çʆ ʮʝʥʪʨʝè ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʮʝʥʪʨʝ ʠ ʛʣʘʚʥʳʭ 

ʟʘʜʘʯʘʭ ʮʝʥʪʨʘ (ʨʠʩʫʥʦʢ 3). ʊʘʢʞʝ ʤʦʞʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʜʦʢʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʚʳʜʘʶʪʩʷ ʧʦ ʦʢʦʥʯʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʫʨʩʦʚ. ʅʘ ʵʪʦʡ ʞʝ ʩʪʨʘʥʠʮʝ ʝʩʪʴ 

ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ, ʪ.ʝ. ʤʦʞʥʦ ʟʘʜʘʪʴ ʠʥʪʝʨʝʩʫʶʱʠʡ ʚʦʧʨʦʩ.  
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ʈʠʩ. 3 ï ʈʘʟʜʝʣ çʆ ʮʝʥʪʨʝè 

 

ʈʘʟʜʝʣ çʂʫʨʩʳè ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʦʜʨʘʟʜʝʣʳ: çʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ 

ʧʝʨʝʧʦʜʛʦʪʦʚʢʘè, çʇʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠè, çʂʦʤʧʴʶʪʝʨʥʳʝ ʢʫʨʩʳè, 

çʂʫʨʩʳ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʸʪʘè, çʆʬʦʨʤʠʪʴ ʟʘʷʚʢʫè. 

ʇʨʠ ʚʳʙʦʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʜʨʘʟʜʝʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʥʘ 

ʩʪʨʘʥʠʮʫ ʩʦ ʩʧʠʩʢʦʤ ʢʫʨʩʦʚ.  

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʨʘʟʜʝʣ çʂʦʤʧʴʶʪʝʨʥʳʝ ʢʫʨʩʳè, ʢʦʪʦʨʳʡ 

ʩʦʜʝʨʞʠʪ: çʇʦʣʴʟʦʚʘʪʝʣʴ ʇʂè, çʆʧʝʨʘʪʦʨ ʕɺʄè, çʆʩʥʦʚʳ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʛʨʘʤʦʪʥʦʩʪʠè.  

ʇʨʠ ʚʳʙʦʨʝ ʥʫʞʥʦʛʦ ʢʫʨʩʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʥʘ ʩʪʨʘʥʠʮʫ, ʢʦʪʦʨʘʷ 

ʩʦʜʝʨʞʠʪ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʫʨʩʝ (ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʝʧʦʜʘʚʘʪʝʣʝ, ʮʝʣʴ ʠ 

ʟʘʜʘʯʠ ʢʫʨʩʘ, ʫʯʝʙʥʳʡ ʧʣʘʥ ʜʣʷ ʥʫʣʝʚʦʛʦ ʠ ʧʨʦʜʚʠʥʫʪʦʛʦ ʫʨʦʚʥʷ). 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʫʨʩʝ çʆʩʥʦʚʳ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʛʨʘʤʦʪʥʦʩʪʠè ʠ ʫʯʝʙʥʳʡ ʧʣʘʥ ʜʣʷ ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ. ʋʯʝʙʥʳʡ ʧʣʘʥ ʩʦʜʝʨʞʠʪ 

ʦʧʠʩʘʥʠʝ ʟʘʥʷʪʠʡ, ʢʦʣʠʯʝʩʪʚʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʯʘʩʦʚ. 
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ʈʠʩ. 4 ï ʇʦʜʨʘʟʜʝʣ çʂʦʤʧʴʶʪʝʨʥʳʝ ʢʫʨʩʳè 

 

ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʩʩʳʣʢʫ çʉʦʜʝʨʞʘʥʠʝ ʧʨʦʛʨʘʤʤʳè ʧʨʦʠʩʭʦʜʠʪ ʟʘʛʨʫʟʢʘ 

ʪʝʢʩʪʦʚʦʛʦ ʜʦʢʫʤʝʥʪʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ʥʘ ʢʦʤʧʴʶʪʝʨ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ʇʨʠ ʚʳʙʦʨʝ ʨʘʟʜʝʣʘ çʈʘʩʧʠʩʘʥʠʷè, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʥʘ ʩʪʨʘʥʠʮʫ ʩ 

ʨʘʩʧʠʩʘʥʠʝʤ (ʨʠʩʫʥʦʢ 6). 

ʇʨʠ ʚʳʙʦʨʝ ʨʘʟʜʝʣʘ çɻʘʣʝʨʝʷè, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʩʪʨʘʥʠʮʫ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 7.  

ʇʨʠ ʚʳʙʦʨʝ ʨʘʟʜʝʣʘ çʂʦʥʪʘʢʪʳè ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʥʘ ʩʪʨʘʥʠʮʫ, ʢʦʪʦʨʘʷ 

ʩʦʜʝʨʞʠʪ ʢʦʥʪʘʢʪʥʳʝ ʜʘʥʥʳʝ, ʨʝʞʠʤ ʨʘʙʦʪʳ ʠ ʘʜʨʝʩ ʮʝʥʪʨʘ, ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʥʘʯʘʣʴʥʠʢʝ (ʨʠʩʫʥʦʢ 8). ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʫʢʘʟʘʥʦ ʥʘ ʢʘʨʪʝ.  

ʈʘʟʜʝʣ çʄʦʡ ʘʢʢʘʫʥʪè ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʦʜʨʘʟʜʝʣʳ: çɺʭʦʜè, 

çʈʝʛʠʩʪʨʘʮʠʷè, çɺʳʭʦʜè. ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ, ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʘʨʦʣʴ ʦʪ ʘʢʢʘʫʥʪʘ, ʚ ʩʣʫʯʘʝ 

ʫʪʝʨʠ, ʚʦʡʪʠ ʚ ʩʚʦʶ ʫʯʝʪʥʫʶ ʟʘʧʠʩʴ ʠʣʠ ʦʩʫʱʝʩʪʚʠʪʴ ʚʳʭʦʜ. 

ʇʨʠ ʚʳʙʦʨʝ ʨʘʟʜʝʣʘ çɺʳʭʦʜè, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʭʦʜ ʩ ʩʘʡʪʘ. 
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ʈʠʩ. 5 ï ʀʥʬʦʨʤʘʮʠʷ ʦ ʢʫʨʩʝ çʆʩʥʦʚʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʤʦʪʥʦʩʪʠè 

 

 



 

85 

 

 
ʈʠʩ. 6 ï ʉʪʨʘʥʠʮʘ çʈʘʩʧʠʩʘʥʠʝè 

 

 
ʈʠʩ. 7 ï ʈʘʟʜʝʣ çɻʘʣʝʨʝʷè 
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ʈʠʩ. 8 ï ʈʘʟʜʝʣ çʂʦʥʪʘʢʪʳè 

 

ʊʘʢʞʝ ʥʘ ʩʘʡʪʝ ʧʦʜʢʣʶʯʸʥ ʩʝʨʚʠʩ ʗʥʜʝʢʩ.ʄʝʪʨʠʢʘ, ʢʦʪʦʨʳʡ ʚʝʜʸʪ ʫʯʸʪ 

ʧʦʩʝʱʘʝʤʦʩʪʠ, ʥʦʚʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʠʭ ʘʢʪʠʚʥʦʩʪʴ. ɹʦʣʝʝ ʪʦʛʦ, ʜʘʥʥʳʡ 

ʩʝʨʚʠʩ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʫʯʸʪ ʪʨʘʬʠʢʘ, ʩ ʢʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʟʘʭʦʜʠʣ 

ʧʦʣʴʟʦʚʘʪʝʣʴ, ʘ ʪʘʢʞʝ ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʚʝʙ-ʩʘʡʪʘ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʩʦʮʠʘʣʴʥʳʡ 

ʵʬʬʝʢʪ: 

ð ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʠʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʣʠʮ; 

ð ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʢʣʘʤʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʎʇʂʠʇʂ; 

ð ʧʦʠʩʢ ʥʦʚʳʭ ʩʣʫʰʘʪʝʣʝʡ; 

ð ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠʤʠʜʞʘ ʎʇʂʠʇʂ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨ r

1. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʩʘʡʪʘ ʥʘ ʷʟʳʢʝ HTML [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://knowledge.allbest.ru/programming/ 

3c0a65635a2bd78a4d43a89421216d26_0.html. ï ɿʘʛʣ. ʩ ʵʢʨʘʥʘ. 

2. ʄʘʨʢʠʥ, ɸ. ɺ. ʆʩʥʦʚʳ web-ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ PHP: ʫʯʝʙʥʦʝ 

ʧʦʩʦʙʠʝ / ɸ. ɺ.ʄʘʨʢʠʥ, ʉ. ʉ. ʐʢʘʨʠʥ. ï ʄʦʩʢʚʘ: ɼʠʘʣʦʛ-ʄʀʌʀ, 2012. ï 252 ʩ. 
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ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: ʧʦ ʧʦʜʧʠʩʢʝ. ï URL: 

https://biblioclub.ru/index.php?page=book&id=229742. 

3. ɹʨʦʢʰʤʠʜʪ, ʂ. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ Windows 

8, ʩʦʟʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ HTML, CSS ʠ JavaScript: ʫʯʝʙʥʳʡ ʢʫʨʩ / ʂ. 

ɹʨʦʢʰʤʠʜʪ. ï 2-ʝ ʠʟʜ., ʠʩʧʨʘʚ. ï ʄʦʩʢʚʘ: ʅʘʮʠʦʥʘʣʴʥʳʡ ʆʪʢʨʳʪʳʡ 

ʋʥʠʚʝʨʩʠʪʝʪ çʀʅʊʋʀʊè, 2016. ï 396 ʩ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: ʧʦ ʧʦʜʧʠʩʢʝ. ï URL: 

https://biblioclub.ru/index.php?page=book&id=429247. 

4. ʆʙʟʦʨ ʚʦʟʤʦʞʥʦʩʪʝʡ CMS Drupal, ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ ʙʝʩʧʣʘʪʥʦʛʦ 
ʜʚʠʞʢʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʘʡʪʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://cms-rating.ru/obzor-vozmozhnostey-cms-drupal. 

5. ʆʙʟʦʨ CMS Jomla [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ:  https://site-

builders.ru/cms-joomla. 

6. WordPress ɺʦʟʤʦʞʥʦʩʪʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://ru.wordpress.org/about/features. 

7. Timeweb [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://timeweb.com/ru/services/cms. 

8. Theme My Login ï WordPress plugin [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 
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ʉɽʂʎʀʗ 2. ʇʈʆɻʈɽʉʉʀɺʅʓɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ 

ʇʈʆʎɽʉʉʓ ʀ ʆɹʆʈʋɼʆɺɸʅʀɽ 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ  

ʢʘʬʝʜʨʦʡ çʊʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʧʠʱʝʚʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚè ɻʨʠʮʝʥʢʦ ɺʷʯʝʩʣʘʚ ɺʣʘʜʠʤʠʨʦʚʠʯ 
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ɺʆʉʉʊɸʅʆɺʃɽʅʀɽ ʀɿʅʆʐɽʅʅʓʍ ɼɽʊɸʃɽʁ ʅɸʅɽʉɽʅʀɽʄ 

ʄɽʊɸʃʃʀɿɸʎʀʆʅʅʓʍ ʇʆʂʈʓʊʀʁ ʀ ʀʍ ʈɸɿʄɽʈʅɸʗ ʆɹʈɸɹʆʊʂɸ 

ʅ.ʉ. ɸʣʝʢʩʝʝʚ
1
, ʉ.ɺ. ʀʚʘʥʦʚ

1
, ʊ.ɽ. ʇʣʦʪʥʠʢʦʚ

2
 

1
ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
2
ʆʆʆ çʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ çʇʣʘʟʤʘʪʝʭè ʛ. ɹʘʨʥʘʫʣ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝʦʙʦʩʥʦʚʘʥʠʝʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ (ʤʝʪʘʣʣʠʟʘʮʠʠ) ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʥʘ 

ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ. ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʧʦʢʨʳʪʠʡ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʤʧʘʢʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʭ ʧʦ ʠʭ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʋʢʘʟʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʩʣʦʸʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʧʦʨʠʩʪʳʝ ʧʦʢʨʳʪʠʷ, ʰʣʠʬʦʚʘʥʠʝ, ʘʙʨʘʟʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, 

ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ, ʩʪʦʡʢʦʩʪʴ ʢʨʫʛʦʚ, ʟʘʩʘʣʠʚʘʥʠʝ 
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ʨʝʩʫʨʩʘ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʳʭ ʪʨʘʢʪʦʨʦʚ, ʘʚʪʦʤʦʙʠʣʝʡ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ 

ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ [1]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʙʲʸʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠʟʥʦʰʝʥʥʳʭ 

ʜʝʪʘʣʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʠʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʤʷ-ʪʨʝʤʷ ʜʝʩʷʪʠʣʝʪʠʷʤʠ 

ʥʘʟʘʜ. ʊʘʢʦʝ ʫʜʨʫʯʘʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʟʤʝʥʝʥʠʝʤ 

ʬʦʨʤʳ ʚʝʜʝʥʠʷ ʭʦʟʷʡʩʪʚʘ, ʠʤʝʶʱʠʤʩʷ ʥʘ ʨʳʥʢʝ ʰʠʨʦʢʠʤ ʘʩʩʦʨʪʠʤʝʥʪʦʤ 

ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ, ʩʥʠʞʝʥʠʝʤ ʥʘʜʸʞʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʜʝʪʘʣʝʡ, 

ʩʦʢʨʘʱʝʥʠʝʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʟʨʳʚʦʤ ʤʝʞʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ [2]. ʅʦ ʚ ʪʦʞʝ ʚʨʝʤʷ 

ʧʦʩʪʦʷʥʥʦ ʨʘʟʨʘʩʪʘʶʱʠʡʩʷ ʧʘʨʢ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʠʤʧʦʨʪʥʦʡ 

ʪʝʭʥʠʢʠ ʥʝʧʨʝʨʳʚʥʦ ʪʨʝʙʫʝʪ ʧʦʩʪʘʚʢʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠ, ʚ 

ʦʩʥʦʚʥʦʤ ʜʝʪʘʣʝʡ ï ʪʝʣ ʚʨʘʱʝʥʠʷ. ʆʜʥʘʢʦ ʩʥʘʙʞʝʥʠʝ ʟʘʧʘʩʥʳʤʠ ʯʘʩʪʷʤʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʚʷʟʘʥʦ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʬʠʥʘʥʩʦʚʳʤʠ ʟʘʪʨʘʪʘʤʠ [3]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [2], ʙʦʣʝʝ 85 % ʜʝʪʘʣʝʡ 

ʪʨʘʢʪʦʨʦʚ, ʘʚʪʦʤʦʙʠʣʝʡ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ ʩʪʘʥʦʚʷʪʩʷ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʠʟʥʦʩʘ 0,2é0,3 ʤʤ. ɹʳʣʦ ʪʘʢʞʝ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʜʦ 60 % ʠʟ ʯʠʩʣʘ 

ʦʪʙʨʘʢʦʚʘʥʥʳʭ ʜʝʪʘʣʝʡ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ. 

ʆʙʲʸʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 7 % ʦʪ ʦʙʱʝʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʟʘʧʘʩʥʳʭ ʯʘʩʪʷʭ ʚ ʧʝʨʠʦʜ ʨʝʤʦʥʪʘ 

ʪʝʭʥʠʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʪʘʢʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʢʘʢ ʉʐɸ ʠ 

ʗʧʦʥʠʷ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 30 ʜʦ 40 % [3]. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʠʟʢʦʡ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴʶ. ʅʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ ʨʘʩʭʦʜʫʝʪʩʷ ʚ 20é30 ʨʘʟ 

ʤʝʥʴʰʝ ʤʝʪʘʣʣʘ, ʯʝʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʭ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ ʗʄɿ-240ɹ ʪʨʝʙʫʝʪʩʷ ʟʘʛʦʪʦʚʢʘ ʤʘʩʩʦʡ 340 ʢʛ, ʧʨʠ 

ʵʪʦʤ ʦʢʦʣʦ 200 ʢʛ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʩʪʘʣʠ ʦʪʧʨʘʚʣʷʝʪʩʷ ʚ ʩʪʨʫʞʢʫ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʵʪʦʡ ʜʝʪʘʣʠ  ʪʨʝʙʫʝʪʩʷ ʥʝ ʙʦʣʝʝ 8 ʢʛ ʥʘʧʣʘʚʦʯʥʦʡ 

ʧʨʦʚʦʣʦʢʠ. ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 30é50 % 

ʧʨʝʡʩʢʫʨʘʥʪʥʦʡ ʮʝʥʳ ʥʦʚʦʛʦ [3]. 

ʀʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʦʩʪ ʮʝʥ ʥʦʚʳʭ ʤʘʰʠʥ, ʧʦʚʳʰʝʥʠʝ 

ʜʦʣʠ ʠʟʥʦʰʝʥʥʦʡ ʪʝʭʥʠʢʠ ʚ ʭʦʟʷʡʩʪʚʘʭ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ 

ʦʙʲʸʤʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʫʜʦ-, ʵʥʝʨʛʦ- ʠ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ [2,4], ʯʪʦ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ 

ʧʦʩʣʝʨʝʤʦʥʪʥʦʛʦ ʨʝʩʫʨʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʜʝʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ 

ʥʘʧʳʣʝʥʠʝ (ʤʝʪʘʣʣʠʟʘʮʠʷ) ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʚʦʣʦʢʠ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 

ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʠ ʧʦʨʦʰʢʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ. ʇʦ ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ [1], ʧʦʨʦʰʢʠ ʥʘ ʥʠʢʝʣʝʚʦʡ ʠ ʞʝʣʝʟʥʦʡ 

ʦʩʥʦʚʝ ʩʦʩʪʘʚʣʷʶʪ ʧʦʣʦʚʠʥʫ ʦʙʱʝʛʦ ʥʫʞʥʦʛʦ ʦʙʲʸʤʘ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɿʘ ʩʯʸʪ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʩʘʜʦʯʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʩʣʦʸʚ (ʪʚʸʨʜʦʩʪʴ, 
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ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ), ʘ ʪʘʢʞʝ ʧʦʨʠʩʪʦʩʪʴ ʧʦʢʨʳʪʠʡ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ. ʂʨʦʤʝ ʪʦʛʦ ʤʝʪʘʣʣʠʟʘʮʠʦʥʥʳʝ ʩʣʦʠ ʩʦʟʜʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʩʤʘʟʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʠ ʧʦʚʳʰʘʶʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ 

ʜʝʪʘʣʝʡ [1]. 

ʇʨʦʚʝʜʸʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [5] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʤʝʪʘʣʣʠʟʘʮʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ ʠʟ 

ʧʦʨʦʰʢʦʚ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ. ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʜʝʪʘʣʠ ʩ ʪʘʢʠʤʠ ʧʦʢʨʳʪʠʷʤʠ 

ʧʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʥʘʜʸʞʥʦʩʪʠ ʥʝ ʫʩʪʫʧʘʶʪ ʥʦʚʳʤ, ʘ ʟʘʯʘʩʪʫʶ ʠ 

ʧʨʝʚʦʩʭʦʜʷʪ ʠʭ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʤʝʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʠʟ ʧʦʨʦʰʢʦʚʦʛʦ ʩʧʣʘʚʘ ʇʈ-ʅʍ13ʉʈ (25é35 HRC) ʚ 2,8é3,2 ʨʘʟʘ ʚʳʰʝ 

ʟʘʢʘʣʸʥʥʦʡ ʩʪʘʣʠ 45. ʂʨʦʤʝ ʪʦʛʦ ʪʘʢʦʝ ʧʦʢʨʳʪʠʝ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʩʥʠʞʘʝʪ ʠʟʥʦʩ 

ʪʨʫʱʠʭʩʷ ʧʘʨ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʦʪʣʠʯʥʳʤ ʧʨʦʪʠʚʦʟʘʜʠʨʥʳʤ ʩʚʦʡʩʪʚʘʤ. 

ʄʝʪʘʣʣʠʟʘʮʠʦʥʥʳʤ ʧʦʢʨʳʪʠʷʤ ʧʨʠʩʫʱʠ ʪʘʢʞʝ ʫʥʠʢʘʣʴʥʳʝ 

ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʘʪʴ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʤʘʟʢʠ [6]. ɽʱʸ 

ʦʜʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʘʜʠʨʳ 

ʥʘ ʰʝʡʢʘʭ ʚʘʣʦʚ ʩ ʪʘʢʠʤʠ ʧʦʢʨʳʪʠʷʤʠ ʩʣʫʯʘʶʪʩʷ ʧʨʠ ʥʘʛʨʫʟʢʘʭ ʚ 3é4 ʨʘʟʘ 

ʧʨʝʚʳʰʘʶʱʠʭ ʥʘʛʨʫʟʢʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʦʷʚʣʝʥʠʶ ʪʘʢʠʭ ʜʝʬʝʢʪʦʚ ʥʘ ʰʝʡʢʘʭ 

ʠʟ ʦʙʳʯʥʦʡ ʩʪʘʣʠ [7]. 

ʊʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ [8], ʯʪʦ ʤʝʪʘʣʣʠʟʘʮʠʦʥʥʳʝ ʩʣʦʠ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʜʝʪʘʣʝʡ ʧʨʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʛʨʘʥʠʯʥʦʛʦ ʠ 

ʞʠʜʢʦʩʪʥʦʛʦ ʪʨʝʥʠʷ. 

ʊʚʸʨʜʦʩʪʴ ʧʦʢʨʳʪʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʨʢʦʡ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʨʦʰʢʘ ʠ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 20é64 HRC, ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʢʘʢ 

ʤʷʛʢʠʝ ʥʘʨʘʱʝʥʥʳʝ ʩʣʦʠ, ʪʘʢ ʠ ʩʣʦʠ ʚʳʩʦʢʦʡ ʪʚʸʨʜʦʩʪʠ [9]. ɺ ʫʩʣʦʚʠʷʭ 

ʨʘʙʦʯʠʭ ʥʘʛʨʫʟʦʢ ʪʨʝʙʫʝʤʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʦʢʨʳʪʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʭ 

ʪʚʸʨʜʦʩʪʠ 25ʅRC ʠ ʚʳʰʝ. ɺʳʩʦʢʘʷ ʛʘʨʘʥʪʠʷ ʥʘʜʸʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʜʝʪʘʣʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʪʚʸʨʜʦʩʪʠ ʥʝ ʤʝʥʝʝ 

HRC28 [10]. 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʘʜʦʯʥʳʭ ʰʝʝʢ ʚʘʣʦʚ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ  ʚ 

ʫʩʣʦʚʠʷʭ ʛʨʘʥʠʯʥʦʛʦ ʠ ʞʠʜʢʦʩʪʥʦʛʦ ʪʨʝʥʠʷ, ʭʦʨʦʰʦ ʩʝʙʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ 

ʧʦʢʨʳʪʠʷ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʩ ʪʚʸʨʜʦʩʪʴʶ ʜʦ 40 HRC [1]. ʊʘʢʠʝ ʧʦʢʨʳʪʠʷ 

ʧʦʣʫʯʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ (ɻʊʅ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʘʤʦʬʣʶʩʫʶʱʠʭʩʷ ʧʦʨʦʰʢʦʚʳʭ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Ni-Cr-B-Si 

[11], ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠ ʜʨ. 

ʇʨʦʮʝʩʩ ʥʘʧʳʣʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʭʠʤʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʯʘʩʪʠʮ ʨʘʩʧʳʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʢʠʩʣʦʨʦʜʦʤ ʠ ʘʟʦʪʦʤ ʚʦʟʜʫʭʘ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʠ ʦʢʩʠʜʦʚ ʠ ʥʠʪʨʠʜʦʚ [4]. ʆʙʨʘʟʫʶʪʩʷ 

ʪʘʢʞʝ ʰʣʘʢʦʚʳʝ ʧʣʸʥʢʠ ʚʩʣʝʜʩʪʚʠʝ ʚʳʛʦʨʘʥʠʷ ʯʘʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʠ ʨʝʞʠʤʦʚ ɻʊʅ ʠʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʪ ʩʚʦʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ.  

ʇʦʢʨʳʪʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ɻʊʅ ʵʪʦ ʫʥʠʢʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʦʣʫʯʘʝʤʳʡ 

ʚʩʣʝʜʩʪʚʠʝ ʫʜʘʨʘ, ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʝʟʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʯʘʩʪʠʮ 
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ʥʘʧʳʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʘʣʦʞʝʥʠʷ ʯʘʩʪʠʮ 

ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʬʦʨʤʠʨʫʝʪʩʷ ʯʝʰʫʡʯʘʪʦʝ, ʩʣʦʠʩʪʦʝ ʧʦʢʨʳʪʠʝ (ʨʠʩʫʥʦʢ 1) 

ʥʝʦʜʥʦʨʦʜʥʦʝ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʩʪʨʫʢʪʫʨʝ, ʩ ʩʠʣʴʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ ʧʦʣʫʯʝʥʥʳʝ ʧʦʢʨʳʪʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ [4]. 

ʇʨʠʩʫʪʩʪʚʠʝ ʪʚʸʨʜʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʥʘʨʘʱʝʥʥʳʭ ʩʣʦʷʭ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʦʢʨʳʪʠʡ [12]. 

 

ʈʠʩʫʥʦʢ 1 - ʉʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ [13]:  

1- ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ; 2 ï ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʩʣʦʷʤʠ;  

3 ï ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʧʦʢʨʳʪʠʝʤ ʠ ʜʝʪʘʣʴʶ; 4 ï ʯʘʩʪʠʮʘ ʥʘʧʳʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ;  

5 ï ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʪʘʣʠ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʚʘʣʦʚ ʩ/ʭ ʪʝʭʥʠʢʠ ʧʨʠʤʝʥʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ ɻʊʅ: ʵʣʝʢʪʨʦʜʫʛʦʚʘʷ, ʛʘʟʦʧʣʘʤʝʥʥʘʷ, ʜʝʪʦʥʘʮʠʦʥʥʘʷ ʠ 

ʧʣʘʟʤʝʥʥʘʷ ʤʝʪʘʣʣʠʟʘʮʠʷ. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ [14]: ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʚʸʨʜʦʩʪʠ ʧʦʢʨʳʪʠʷ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ; ʥʝʩʫʱʝʩʪʚʝʥʥʦʝ 

ʪʝʨʤʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʜʝʪʘʣʠ; ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʥʘʧʳʣʝʥʠʷ; ʤʘʣʳʝ ʧʨʠʧʫʩʢʠ ʥʘ ʧʦʩʣʝʜʫʶʱʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʘʥʠʝʤ; 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʨʘʱʠʚʘʥʠʷ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ. 

ʄʝʪʘʣʣʠʟʘʮʠʦʥʥʳʝ ʩʣʦʠ ʧʦʣʫʯʘʶʪʩʷ ʤʠʢʨʦʧʦʨʠʩʪʳʤʠ ʠ ʩʧʦʩʦʙʥʳ 

ʚʧʠʪʳʚʘʪʴ ʚ ʩʝʙʷ ʛʦʨʷʯʝʝ ʤʘʩʣʦ ʠ ʫʜʝʨʞʠʚʘʪʴ ʝʛʦ ʚ ʤʠʢʨʦʧʦʨʘʭ. ɺ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʢʦʣʴʞʝʥʠʷ ʤʘʩʣʦ, ʥʘʭʦʜʷʱʝʝʩʷ 

ʚ ʤʠʢʨʦʧʦʨʘʭ, ʢʦʤʧʝʥʩʠʨʫʝʪ ʥʝʜʦʩʪʘʪʦʢ ʩʤʘʟʢʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʟʘʧʫʩʢʝ 

ʭʦʣʦʜʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʢʦʛʜʘ ʚ ʟʘʟʦʨ ʩʦʧʨʷʞʝʥʠʷ çʰʝʡʢʘ 

ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ-ʚʢʣʘʜʳʰè ʧʣʦʭʦ ʧʦʩʪʫʧʘʝʪ ʟʘʛʫʩʪʝʚʰʝʝ ʤʘʩʣʦ [1,7,13]. 

ʋʢʘʟʘʥʥʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʝʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʧʨʠ ʥʘʨʘʱʠʚʘʥʠʠ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʦʪʥʦʩʷʪ 

ʠʭ ʚ ʨʷʜ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ. 

ʊʨʫʜʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘʧʳʣʸʥʥʳʭ ʧʦʢʨʳʪʠʡ ʚʳʟʚʘʥʳ 

ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʘʤʠ [1]: 

1) ɹʦʣʝʝ ʩʣʦʞʥʳʤ, ʯʝʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 
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ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʚʳʟʚʘʥʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʩʪʨʫʢʪʫʨʳ ʥʘʧʳʣʸʥʥʳʭ ʧʦʢʨʳʪʠʡ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ ʤʝʞʜʫ 

ʧʦʢʨʳʪʠʝʤ ʠ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ; 

2) ʈʘʟʣʠʯʠʝʤ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʨʳʪʠʡ ʠ ʦʩʥʦʚʳ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʦʟʜʘʸʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʢʘʨʪʠʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʦʚʳʭ 

ʧʦʪʦʢʦʚ; 

3) ʈʘʟʣʠʯʠʝʤ ʧʨʠʨʦʜʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ 

çʠʥʩʪʨʫʤʝʥʪ-ʦʙʨʘʙʘʪʳʚʘʝʤʦʝ ʧʦʢʨʳʪʠʝè ʠ çʠʥʩʪʨʫʤʝʥʪ-ʦʜʥʦʨʦʜʥʳʡ 

ʤʘʪʝʨʠʘʣè, ʚʳʟʚʘʥʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʧʦʢʨʳʪʠʷ 

(ʥʘʣʠʯʠʝʤ ʦʢʩʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʤʠʢʨʦʧʦʨ, ʰʣʘʢʦʚ ʠ ʜʨ.); 

4) ʈʘʟʥʠʮʝʡ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʜʝʪʘʣʝʡ ʠ 

ʧʦʢʨʳʪʠʡ, ʘ ʪʘʢʞʝ ʦʩʪʘʪʦʯʥʳʤʠ ʪʝʨʤʠʯʝʩʢʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ 

ʚ ʧʨʦʮʝʩʩʝ ʥʘʧʳʣʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʦʙʳʯʥʳʭ ʨʝʞʠʤʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʘʥʠʝʤ ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʪʨʝʱʠʥ, ʩʢʦʣʦʚ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʨʤʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ [1]. 

ɺ ʩʚʷʟʠ ʩ ʦʩʚʦʝʥʠʝʤ ʚ ʨʝʤʦʥʪʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʦʚʳʭ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʠ 

ʚʳʩʦʢʦʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʲʸʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʠʤ ʩʣʫʞʘʪ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʨʘʟʤʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ. 

ʕʣʝʢʪʨʦʬʠʟʠʢʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ (ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ, 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʠ ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʘʷ) ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʩʪʦʡ ʠ ʜʝʰʝʚʳʡ ʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʝʞʠʤʦʚ 

ʦʙʨʘʙʦʪʢʠ, ʤʝʭʘʥʠʟʘʮʠʶ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ 

ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ. 

ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ ʚʳʷʚʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ, ʘ ʠʤʝʥʥʦ: ʧʨʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʝ ʢʦʨʨʦʟʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʪʠʷ; 

ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʣʠʪ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʨʘʚʣʠʚʘʝʪ ʟʸʨʥʘ 

ʥʘʨʘʱʝʥʥʦʛʦ ʩʣʦʷ ʠ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʴʰʦʡ ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ; 

ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʨʘʟʦʛʨʝʚʦʤ ʜʝʪʘʣʠ ʠ ʧʦʣʫʯʝʥʠʝʤ ʛʨʫʙʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺʳʷʚʣʝʥʥʳʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʵʣʝʢʪʨʦʬʠʟʠʢʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʦʙʨʘʙʦʪʢʠ ʜʠʢʪʫʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʪʴ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ- 

ʪʦʯʝʥʠʝ ʠ ʰʣʠʬʦʚʘʥʠʝ [14]. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ [9,13] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʟʮʳ ʠʟ ʙʳʩʪʨʦʨʝʞʫʱʠʭ ʩʪʘʣʝʡ 

ʠ ʠʟ ʤʠʥʝʨʘʣʦʢʝʨʘʤʠʢʠ (ʎʄ-332), ʘ ʪʘʢʞʝ ʩ ʪʚʸʨʜʳʤʠ ʩʧʣʘʚʘʤʠ ʛʨʫʧʧʳ ʊʂ 

ʠʤʝʶʪ ʦʯʝʥʴ ʥʠʟʢʫʶ ʩʪʦʡʢʦʩʪʴ. 

ʅʝʩʢʦʣʴʢʦ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ ʪʦʯʝʥʠʠ ʨʝʟʮʘʤʠ ʠʟ 

ʪʚʸʨʜʳʭ ʩʧʣʘʚʦʚ ʛʨʫʧʧʳ ɺʂ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʚʝʨʭʪʚʸʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʉʊʄ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʚʸʨʜʦʩʪʠ ʧʦʢʨʳʪʠʷ [9,13,15]. ɼʣʷ çʤʷʛʢʠʭè ʧʦʢʨʳʪʠʡ 

ʩ ʪʚʸʨʜʦʩʪʴʶ ʜʦ HRC40 ʠʩʧʦʣʴʟʫʶʪ ʨʝʟʮʳ ʠʟ ʪʚʸʨʜʳʭ ʩʧʣʘʚʦʚ ʤʘʨʢʠ ɺʂ8 [1,9], 

ʘ ʧʨʠ ʪʦʯʝʥʠʠ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʩ ʪʚʸʨʜʦʩʪʴʶ 40é55 HRC ï ʨʝʟʮʳ ʠʟ 

ʉʊʄ: ʵʣʴʙʦʨʘ-ʈ ʠʣʠ ʛʝʢʩʘʥʠʪʘ-ʈ [16]. 
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ʆʜʥʘʢʦ ʜʦʩʪʠʞʝʥʠʝ ʥʠʟʢʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʧʨʠ ʪʦʯʝʥʠʠ ʨʝʟʮʘʤʠ ʠʟ ʉʊʄ ʜʠʢʪʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʘʣʳʭ ʧʦʜʘʯ (0,06é0,07 

ʤʤ/ʦʙ) ʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʨʝʟʘʥʠʷ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ (630é800 ʦʙ/ʤʠʥ) [16]. 

ʆʙʨʘʙʦʪʢʘ ʞʝ ʪʘʢʠʭ ʤʘʩʩʠʚʥʳʭ ʜʝʪʘʣʝʡ ʢʘʢ ʢʦʣʝʥʯʘʪʳʝ ʚʘʣʳ 

ʘʚʪʦʪʨʘʢʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʤʘʩʩʦʡ ʜʦ 150 ʢʛ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʯʘʩʪʦʪʝ 

ʚʨʘʱʝʥʠʷ ʥʝ ʚʳʰʝ 60 ʦʙ/ʤʠʥ [16]. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʰʝʝʢ ʢʦʣʝʥʯʘʪʳʭ 

ʚʘʣʦʚ ʨʝʟʮʘʤʠ ʦʪʩʫʪʩʪʚʫʝʪ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʪʦʯʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʧʦʢʨʳʪʠʡ ʧʝʨʝʫʧʣʦʪʥʷʶʪʩʷ 

ʠ ʫʭʫʜʰʘʶʪʩʷ ʠʭ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟʥʦʩ ʨʝʟʮʦʚ ʧʦ 

ʟʘʜʥʝʡ ʛʨʘʥʠ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 0,4é0,5 ʤʤ [17]. ʇʨʠ ʪʦʯʝʥʠʠ 

ʧʦʢʨʳʪʠʡʨʝʟʮʳ ʠʟʥʘʰʠʚʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʪʝʥʩʠʚʥʝʝ, ʯʝʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʇʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʤʥʦʛʠʤʠ 

ʧʨʠʯʠʥʘʤʠ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ, ʩʣʝʜʫʶʱʠʝ: 

1. ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ, ʚʳʟʚʘʥʥʘʷ ʥʝʩʧʣʦʰʥʦʩʪʴʶ ʧʦʢʨʳʪʠʡ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʨʝʞʫʱʝʝ ʣʝʟʚʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʤʠʢʨʦʚʳʢʨʘʰʠʚʘʥʠʶ. ʅʘʣʠʯʠʝ ʤʠʢʨʦʧʦʨ ʚ ʧʦʢʨʳʪʠʷʭ ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʩʪʦʡʢʦʩʪʴ 

ʨʝʟʮʦʚ, ʪʘʢ ʢʘʢ ʥʘ ʠʭ  ʨʝʞʫʱʫʶ ʢʨʦʤʢʫ ʧʦʩʪʦʷʥʥʦ ʚʦʟʜʝʡʩʪʚʫʶʪ ʤʠʢʨʦʫʜʘʨʳ, 

ʫʩʢʦʨʷʶʱʠʝ ʝʛʦ ʟʘʪʫʧʣʝʥʠʝ [17]. 

2. ʇʦʥʠʞʝʥʥʘʷ ʪʝʧʣʦ- ʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʢʨʳʪʠʡ (ʚ 2é3 ʨʘʟʘ 

ʥʠʞʝ, ʯʝʤ ʦʜʥʦʨʦʜʥʳʭ), ʧʨʠʚʦʜʷʱʘʷ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʧʨʠ 

ʪʦʯʝʥʠʠ ʪʝʧʣʘ, ʦʢʠʩʣʝʥʠʶ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ ʚ ʪʚʸʨʜʦʩʧʣʘʚʥʳʭ ʧʣʘʩʪʠʥʘʭ ʠ 

ʠʭ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʟʥʦʩʫ [18]. 

3. ʉʚʦʡʩʪʚʦ ʧʦʢʨʳʪʠʡ ʦʢʠʩʣʷʪʴʩʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʪʚʝʨʜʳʭ ʦʢʩʠʜʥʳʭ 

ʯʘʩʪʠʮ [4], ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʠʭ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʨʝʟʮʦʚ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʠʟʥʦʩʘ (ʘʜʛʝʟʠʦʥʥʳʡ, ʜʠʬʬʫʟʠʦʥʥʳʡ ʠ ʜʨ.) 

[19]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʧʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ ʪʦʯʝʥʠʝʤ ʧʦʢʨʳʪʠʡ 

ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ  ʤʘʣʳʝ ʧʝʨʠʦʜʳ ʩʪʦʡʢʦʩʪʠ ʨʝʟʮʦʚ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ 

ʨʝʞʫʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʦʟʨʘʩʪʘʶʱʠʤ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. ʇʦʵʪʦʤʫ ʦʙʨʘʙʦʪʢʘ ʪʦʯʝʥʠʝʤ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʢ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʤʫ ʩʧʦʩʦʙʫ ʦʙʨʘʙʦʪʢʠ ʧʦʢʨʳʪʠʡ. 

ʀʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʢʨʳʪʠʡ ʩ ʤʘʣʳʤʠ ʧʨʠʧʫʩʢʘʤʠ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʥʠʟʢʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʥʘʠʙʦʣʴʰʠʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʰʣʠʬʦʚʘʥʠʝ [14,15]. 

ʐʣʠʬʦʚʘʥʠʝ ʧʦʢʨʳʪʠʡ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʥʦʩʦʤ ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ (ɸʀ) ʠ 

ʙʳʩʪʨʳʤ ʝʛʦ ʟʘʩʘʣʠʚʘʥʠʝʤ [9,20,21,22 ʠ ʜʨ.]. ʊʨʫʜʥʦʩʪʠ ʧʨʠ ʘʙʨʘʟʠʚʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʧʦʢʨʳʪʠʡ ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʯʘʩʪʠʮ ʚ ʠʭ ʩʦʩʪʘʚʝ 

ʠʤʝʶʪ ʪʚʸʨʜʦʩʪʴ, ʚʳʰʝ ʪʚʸʨʜʦʩʪʠ ʟʝʨʥʘ ʰʣʠʬʦʚʘʣʴʥʳʭ ʢʨʫʛʦʚ (ʐʂ), ʘ ʧʦʵʪʦʤʫ 

ʦʥʠ ʥʝ ʩʢʘʣʳʚʘʶʪʩʷ, ʘ ʚʳʨʳʚʘʶʪʩʷ ʠʟ ʧʦʢʨʳʪʠʷ [1,9,13,14 ʠ ʜʨ.]. ʅʘ ʨʝʞʫʱʠʭ 

ʢʨʦʤʢʘʭ ʬʦʨʤʠʨʫʶʪʩʷ ʧʣʦʱʘʜʢʠ ʠʟʥʦʩʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ 
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ʘʜʛʝʟʠʦʥʥʳʭ ʥʘʣʠʧʦʚ ʠ ʟʘʙʠʚʘʥʠʝʤ ʧʨʦʜʫʢʪʘʤʠ ʰʣʠʬʦʚʘʥʠʷ ʧʦʨ ʥʘ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ɸʀ [13,16,23]. 

ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠʚʝʜʸʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ 

ʐʂ ʠ ʠʥʪʝʥʩʠʚʥʦʝ ʝʛʦ ʟʘʩʘʣʠʚʘʥʠʝ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ɸʀ ʫʪʨʘʯʠʚʘʝʪ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

ʂ ʜʨʫʛʠʤ ʪʨʫʜʥʦʩʪʷʤ, ʚʩʪʨʝʯʘʶʱʠʤʩʷ ʧʨʠ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʪʩʫʪʩʪʚʠʝ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʠʩʢʨ, 

ʠʥʪʝʥʩʠʚʥʦʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʠ ʜʝʬʦʨʤʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ [16]. ɺ 

ʦʪʢʨʳʪʳʝ ʧʦʨʳ ʧʦʢʨʳʪʠʷ ʧʨʦʥʠʢʘʶʪ ʯʘʩʪʠʮʳ ʘʙʨʘʟʠʚʥʳʭ ʟʸʨʝʥ, ʯʪʦ ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʝʪʘʣʝʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʰʘʨʞʠʨʦʚʘʥʠʶ 

ʩʦʧʨʷʛʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [13]. 

ʄʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʞʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ɸʀ ʧʦ 

ʧʨʠʯʠʥʝ ʠʭ ʟʘʩʘʣʠʚʘʥʠʷ ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ. ʇʣʘʩʪʠʯʥʦʩʪʴ ʩʪʘʣʝʡ ʧʦʚʳʰʘʶʪ ʧʨʠ ʠʭ 

ʣʝʛʠʨʦʚʘʥʠʠ ʭʨʦʤʦʤ, ʪʠʪʘʥʦʤ ʤʦʣʠʙʜʝʥʦʤ, ʘ ʪʘʢʞʝ ʥʠʢʝʣʝʤ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʫʜʣʠʥʝʥʠʝ ŭ ʠ ʩʫʞʝʥʠʝ  ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ nʧʨʠ ʩʢʨʫʯʠʚʘʥʠʠ 

ʜʦ ʨʘʟʨʫʰʝʥʠʷ [24]. 

ɿʥʘʯʝʥʠʷ ʧʨʠʚʝʜʸʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʩʪʘʣʝʡ ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ. ɼʘʥʥʳʝ ʧʦ ʧʣʘʩʪʠʯʥʦʩʪʠ ʜʣʷ ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ 

ʦʩʥʦʚʝ ʚ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʘʤʠ ʥʝ ʦʙʥʘʨʫʞʝʥʳ. ʆʜʥʘʢʦ ʠʩʧʳʪʘʥʠʷ ʪʘʢʠʭ 

ʧʦʢʨʳʪʠʡ ʥʘ ʩʞʘʪʠʝ ʧʦʢʘʟʘʣʠ [14,25], ʯʪʦ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʚʳʛʣʷʜʝʣ ʢʘʢ 

ʧʣʘʩʪʠʯʥʳʡ. ʇʦʵʪʦʤʫ ʧʦʢʨʳʪʠʷ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ 

ʧʣʘʩʪʠʯʥʳʤʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʩʩʤʦʪʨʠʤ çʫʟʢʠʝ ʤʝʩʪʘè, ʚʩʪʨʝʯʘʶʱʠʝʩʷ  ʧʨʠ ʘʙʨʘʟʠʚʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʟʘʛʦʪʦʚʦʢ ʠʟ ʧʣʘʩʪʠʯʥʳʭ ʩʪʘʣʝʡ. 

ɻʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʣʘʩʪʠʯʥʳʭ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ ʵʪʦ 

ʠʥʪʝʥʩʠʚʥʦʝ ʟʘʩʘʣʠʚʘʥʠʝ ʐʂ [25]. ʇʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ 

ʨʝʰʝʥʠʷ ʠʤʝʥʥʦ ʵʪʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʷʚʣʝʥʠʷ. 

ɿʘʩʘʣʠʚʘʥʠʝ ɸʀ ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʘʣʠʧʘʥʠʷ ʯʘʩʪʠʮ ʤʘʪʝʨʠʘʣʘ ʟʘʛʦʪʦʚʢʠ ʥʘ ɸ3 

[26]. ʆʜʥʘʢʦ ʦʜʥʦʟʥʘʯʥʦʛʦ ʤʥʝʥʠʷ ʧʦ ʧʦʚʦʜʫ ʤʝʭʘʥʠʟʤʘ ʟʘʩʘʣʠʚʘʥʠʷ ʠ ʪʠʧʘ 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʢʦʥʪʘʢʪʠʨʫʶʱʠʤʠ  ʪʝʣʘʤʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ʆʜʥʠ ʘʚʪʦʨʳ ʷʚʣʝʥʠʝ ʥʘʣʠʧʘʥʠʷ ʦʙʲʷʩʥʷʶʪ ʤʦʣʝʢʫʣʷʨʥʳʤ ʧʨʠʪʷʞʝʥʠʝʤ [27], 

ʜʨʫʛʠʝ - ʜʠʬʬʫʟʠʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ [28], ʪʨʝʪʴʠ- ʢʦʚʘʣʝʥʪʥʳʤ 

ʤʝʞʘʪʦʤʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ [29]. ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ [26,27,29,30] 

ʩʯʠʪʘʶʪ, ʯʪʦ ʟʘʩʘʣʠʚʘʥʠʝ ɸʀ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʣʘʩʪʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʵʪʦ ʨʝʟʫʣʴʪʘʪ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʢʦʥʪʘʢʪʝ çʟʘʛʦʪʦʚʢʘ-

ʘʙʨʘʟʠʚʥʦʝ ʟʝʨʥʦè. 

ɺ ʨʘʙʦʪʝ [27] ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʚʥʘʯʘʣʝ ʥʘʣʠʧʳ ʤʝʪʘʣʣʘ ʧʨʦʥʠʢʘʶʪ ʚʦ 

ʚʧʘʜʠʥʳ ʩʫʙʤʠʢʨʦʨʝʣʴʝʬʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ɸ3, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʭ ʩʢʘʣʳʚʘʥʠʷ ʧʨʠ ʧʨʘʚʢʝ ʢʨʫʛʦʚ ʠʣʠ ʚʦ ʚʨʝʤʷ ʰʣʠʬʦʚʘʥʠʷ. ʇʨʠ ʧʦʩʣʝʜʫʶʱʠʭ 

ʢʦʥʪʘʢʪʘʭ ʟʝʨʥʘ  ʩ ʟʘʛʦʪʦʚʢʦʡ ʘʜʛʝʟʠʦʥʥʳʝ ʥʘʣʠʧʳ ʨʘʟʨʘʩʪʘʶʪʩʷ ʠ ʚʦʟʥʠʢʘʝʪ 

ʘʜʛʝʟʠʷ ʤʝʪʘʣʣʘ ʟʘʛʦʪʦʚʢʠ ʢ ʤʝʪʘʣʣʫ, ʨʘʥʝʝ ʥʘʣʠʧʰʝʤʫ ʥʘ ʟʝʨʥʘ; ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʘʣʠʧʳ ʤʦʛʫʪ ʥʘʩʣʘʠʚʘʪʴʩʷ ʧʦ ʚʩʝʡ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʐʂ. 
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ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ [25,26] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʘʣʴʥʝʡʰʠʭ ʢʦʥʪʘʢʪʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛ ʥʘʣʠʧʦʚ ʩ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʝʥ ʚ ʩʪʦʨʦʥʫ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʤʝʞʜʫ ʟʝʨʥʘʤʠ ʠ ʚ ʧʦʨʳ ʢʨʫʛʘ (ʨʠʩʫʥʦʢ 2). ʅʘʣʠʧʳ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʨʳʚʘʶʪʩʷ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ɸ3, ʘ ʟʘʪʝʤ ʬʦʨʤʠʨʫʶʪʩʷ ʟʘʥʦʚʦ. 

 

ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʥʘʣʠʧʘʥʠʷ ʤʝʪʘʣʣʘ ʥʘ ɸɿ: ʘ - ʥʘʣʠʧʳ ʥʘ ʦʪʜʝʣʴʥʳʭ ʟʸʨʥʘʭ; 

ʙ - ʥʘʣʠʧʳ, ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʥʝʩʢʦʣʴʢʦ ʟʸʨʝʥ [27]: 1- ʰʣʠʬʦʚʘʣʴʥʳʡ ʢʨʫʛ;  

2 ï ʘʙʨʘʟʠʚʥʦʝ ʟʝʨʥʦ; 3 ï ʥʘʣʠʧ ʤʝʪʘʣʣʘ. 

 

ɿʘʩʘʣʠʚʘʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʨʝʞʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʝʱʝ ʥʝ 

ʟʘʪʫʧʣʝʥʥʳʝ ʟʝʨʥʘ. ʕʪʘ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʘʚʢʠ 

ʢʨʫʛʦʚ. 

ʆʜʠʥ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʫʤʝʥʴʰʝʥʠʷ ʠʟʥʦʩʘ ʠ ʟʘʩʘʣʠʚʘʥʠʷ ʐʂ ʵʪʦ 

ʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ (ʉʆɾ) ʩ ʚʢʣʶʯʝʥʠʝʤ 

ʚ ʝʝ ʩʦʩʪʘʚ ʧʨʠʩʘʜʦʢ ʩ ʥʝʧʨʦʯʥʳʤʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʚʷʟʷʤʠ, ʥʘʧʨʠʤʝʨ, 

ʡʦʜʘ [31]. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʧʨʠʩʘʜʦʢ ʥʘ ʶʚʝʥʠʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʘ 

ʚʦʟʥʠʢʘʶʪ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʪʦʥʢʘʷ ʧʣʸʥʢʘ 

ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [32]. ʕʪʘ ʧʣʝʥʢʘ ʙʣʦʢʠʨʫʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ 

ʢʦʥʪʘʢʪ ɸʀ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ ʠ ʪʝʤ ʩʘʤʳʤ ʚʦʩʧʨʝʧʷʪʩʪʚʫʝʪ ʠʭ 

ʘʜʛʝʟʠʦʥʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ. 

ʇʨʦʚʝʜʸʥʥʳʝ ʥʘʤʠ ʠʩʧʳʪʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ 

ʉʆɾ [33] ʩ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʧʨʠʩʘʜʢʘʤʠ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʣʘʟʤʝʥʥʦ-

ʥʘʧʳʣʸʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʢʘʟʘʥʥʘʷ ʩʨʝʜʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʣʫʯʰʠʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʨʠʡʥʳʤʠ ʉʆɾ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʧʨʠʩʘʜʦʢ ʵʬʬʝʢʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʩʥʠʞʝʥʠʝ ʠʟʥʦʩʘ ʠ 

ʟʘʩʘʣʠʚʘʥʠʷ ʐʂ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʢʨʳʪʠʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʚʘʣʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʡ ʥʘ 

ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʭ ʧʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ ʵʪʠʭ ʧʦʢʨʳʪʠʡ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʇʦʢʨʳʪʠʷ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ, ʧʦʣʫʯʘʝʤʳʝ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʤ 

ʥʘʧʳʣʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʤʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʧʝʮʠʬʠʢʦʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 

(ʩʪʨʫʢʪʫʨʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʰʣʘʢʠ ʠ ʪʚʸʨʜʳʝ ʚʢʣʶʯʝʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʦʢʠʩʥʳʝ ʩʣʦʠ, ʧʦʨʠʩʪʦʩʪʴ ʠ ʪ.ʜ.).  



 

96 

 

2. ɺʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʠ ʤʝʪʦʜʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳʤʠ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʢʨʳʪʠʡ ʚʘʣʦʚ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ (ʧʨʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ) ʠ ʧʦʣʫʯʝʥʠʷ ʛʨʫʙʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʧʨʠ ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʡ ʦʙʨʘʙʦʪʢʝ). 

3. ʆʙʨʘʙʦʪʢʘ ʪʦʯʝʥʠʝʤ ʪʘʢʞʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʧʦʢʨʳʪʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʚʘʣʦʚ ʠʟ-ʟʘ 

ʥʝʙʦʣʴʰʠʭ ʧʝʨʠʦʜʦʚ ʩʪʦʡʢʦʩʪʠ ʨʝʟʮʦʚ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʞʫʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

4. ʅʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʤʝʪʦʜʦʤ ʦʙʨʘʙʦʪʢʠ ʧʦʢʨʳʪʠʡ, ʪʨʝʙʫʶʱʠʭ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʥʠʟʢʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʷʚʣʷʝʪʩʷ ʰʣʠʬʦʚʘʥʠʝ. ɼʣʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʰʣʠʬʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʪʨʝʙʫʝʪʩʷ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʨʫʛʦʚ, ʥʘʟʥʘʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʦʩʪʘʚʦʚ ʉʆɾ.   

5. ɺ ʧʨʦʮʝʩʩʝ ʰʣʠʬʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ 

ʚʳʩʪʫʧʘʶʪ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʘ ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʘʙʨʘʟʠʚʥʦʛʦ ʦʩʪʨʠʷ, ʪʘʢʞʝ 

ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ. 

6. ʋʤʝʥʴʰʝʥʠʝ ʪʝʧʣʦʩʠʣʦʚʦʡ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʰʣʠʬʦʚʘʥʠʷ ʧʫʪʸʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʵʢʨʘʥʠʨʫʶʱʠʭ ʧʣʸʥʦʢ 

ʷʚʣʷʝʪʩʷ ʨʘʜʠʢʘʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ ʩʥʠʞʝʥʠʷ ʟʘʩʘʣʠʚʘʥʠʷ ʐʂ, ʧʦʚʳʰʝʥʠʷ ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʭ ʨʝʞʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʧʣʸʥʦʢ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʘʚʦʤ ʉʆɾ. 

ɺ ʩʚʝʪʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʮʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʚ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʤʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʠʢʨʦʧʦʨʠʩʪʳʭ 

ʧʦʢʨʳʪʠʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʚʘʣʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʥʘʠʙʦʣʝʝ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʠ ʠʥʝʨʪʥʳʭ ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʉʆɾ. 

ɼʦʩʪʠʞʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʨʝʰʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ 

ʟʘʜʘʯ: 

1. ʆʙʦʩʥʦʚʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʧʦʜʪʚʝʨʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʚʳʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ ʰʣʠʬʦʚʘʥʠʷ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʥʘ 

ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʚʘʣʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ.  

2. ʆʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʘʙʨʘʟʠʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʚʘʣʦʚ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʫʩʪʘʥʦʚʠʪʴ ʨʘʮʠʦʥʘʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʨʫʛʘ ʧʦ ʢʦʤʧʣʝʢʩʫ ʧʦʢʘʟʘʪʝʣʝʡ 

ʰʣʠʬʦʚʘʥʠʷ. 

3. ʆʙʦʩʥʦʚʘʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʨʝʞʠʤʳ ʧʨʦʮʝʩʩʘ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʧʦʩʘʜʦʯʥʳʭ ʰʝʝʢ ʚʘʣʦʚ ʠ ʩʦʩʪʘʚ ʉʆɾ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʠ ʥʠʟʢʫʶ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʚʘʣʦʚ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

4. ʇʨʦʠʟʚʝʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʨʦʚʝʨʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʦʮʝʥʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺɸʃʂʆɺʆɻʆ ʉʇʆʉʆɹɸ ʅɸʅɽʉɽʅʀʗ 

ʇʆʃʀʄɽʈʅʆɻʆ ʄɸʊɽʈʀɸʃɸ ʅɸ ʄɽʊɸʃʃʀʏɽʉʂʋʖ ʇʆʃʆʉʋ 

ɼ.ɼ. ɺʝʪʣʫʞʩʢʠʭ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʊ.ʆ. ʉʦʰʠʥʘ 

ʃʳʩʴʚʝʥʩʢʠʡ ʬʠʣʠʘʣ ʌɻɸʆʋ ɺʆ çʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʃʳʩʴʚʘ 
ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥʦ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʚʘʣʢʦʛʦ 

ʩʧʦʩʦʙʘ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʦʣʦʩʫ. ʅʘʥʝʩʝʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʥʘ ʣʠʮʝʚʫʶ ʠ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ʧʦʣʦʩʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʪʨʝʭʚʘʣʢʦʚʳʭ ʛʦʣʦʚʦʢ ʥʘ 

ʚʘʣʢʦʚʦʡ ʤʘʰʠʥʝ. ʈʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʫʩʨʝʜʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʤʘʣʠ, ʫʤʝʥʴʰʘʝʪ ʚ ʥʝʡ ʩʦʜʝʨʞʘʥʠʝ ʧʫʟʳʨʴʢʦʚ ʚʦʟʜʫʭʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʩʘʞʜʝʥʠʶ ʪʚʝʨʜʳʭ 

ʚʢʣʶʯʝʥʠʡ ʧʦʢʨʳʪʠʷ ʠ ʩʥʠʞʘʝʪ ʧʨʦʮʝʥʪ ʙʨʘʢʘ ʧʨʦʜʫʢʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʧʦʢʨʳʪʠʷ, ʚʘʣʢʦʚʳʡ ʩʧʦʩʦʙ, ʜʝʬʝʢʪʳ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʦʣʠʤʝʨʥʳʝ ʧʦʢʨʳʪʠʷ, ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ. 
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Annotation. A technical solution has been developed to improve the roll method of coating a 

metal strip. The application of polymer material to the front and back side of the strip is carried out 

using three-roll heads on a roller machine. The solution allows you to achieve averaging of the 

temperature indicators of the enamel, reduces the content of air bubbles in it, promotes the 
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ɺʚʝʜʝʥʠʝ 

ʇʦʣʠʤʝʨʥʳʝ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʧʦʢʨʳʪʠʷ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʤʝʪʘʣʣʘ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪ 

ʢʦʨʨʦʟʠʠ ʠ ʧʨʠʜʘʶʪ ʠʤ ʵʩʪʝʪʠʯʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʩʨʦʢʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʘʥʝʩʝʥʠʝ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʦʣʦʩʫ 

ʚʢʣʶʯʘʝʪ ʧʦʜʛʦʪʦʚʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ ʠ ʥʘʥʝʩʝʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠ ʝʛʦ ʦʪʚʝʨʞʜʝʥʠʝ.  
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ʅʘ ʧʨʝʜʧʨʠʷʪʠʠ ʆʆʆ çʄʄʂ-ʃʄɿè ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʦʮʠʥʢʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʣʦʩʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʢʨʘʩʢʦʡ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚʘʣʢʦʚʳʤ ʩʧʦʩʦʙʦʤ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʣʦʩʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʚʘʣʢʦʚʦʛʦ ʩʧʦʩʦʙʘ ʥʘʥʝʩʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʦʣʦʩʫ, ʢʦʪʦʨʳʡ ʙʳ ʩʥʠʟʠʣ ʦʪʩʦʨʪʠʨʦʚʢʫ 

ʭʦʣʦʜʥʦʢʘʪʘʥʦʛʦ ʦʢʨʘʰʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʧʦ ʜʝʬʝʢʪʘʤ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘʥʝʩʝʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʣʦʩʫ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚʘʣʢʦʚʦʡ 

ʤʘʰʠʥʦʡ ʩ ʜʚʫʭʚʘʣʢʦʚʳʤʠ ʛʦʣʦʚʢʘʤʠ. ɺʘʣʢʦʚʳʝ ʛʦʣʦʚʢʠ (ʨʘʙʦʪʘʶʱʠʝ 

ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʥʘ ʣʠʮʝʚʫʶ ʠ ʦʙʨʘʪʥʫʶ 

ʩʪʦʨʦʥʫ) ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʚʘʣʢʦʚ: ʥʘʥʦʩʷʱʝʛʦ ʠ ʧʦʛʨʫʞʥʦʛʦ (ʨʠʩ. 1). ʅʘʥʦʩʷʱʠʝ 

ʚʘʣʢʠ ʧʦʣʠʫʨʝʪʘʥʦʚʳʝ, ʧʦʛʨʫʞʥʳʝ ï ʤʝʪʘʣʣʠʯʝʩʢʠʝ. ɺʘʣʢʠ ʠʤʝʶʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʨʠʚʦʜ (ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʝʡ 

ʚʨʘʱʝʥʠʷ ʚʘʣʢʦʚ ʠ ʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʚʨʘʱʝʥʠʷ). ɼʚʠʞʝʥʠʝ ʚʘʣʢʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʚʝʨʩʥʳʤ ʠ ʩʠʥʭʨʦʥʥʳʤ. ʇʨʠ ʨʝʚʝʨʩʥʦʤ ʩʧʦʩʦʙʝ ʚʨʘʱʝʥʠʝ ʥʘʥʦʩʷʱʝʛʦ 

ʚʘʣʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʜʘ ʜʚʠʞʫʱʝʡʩʷ 

ʧʦʣʦʩʳ, ʘ ʧʨʠ ʩʠʥʭʨʦʥʥʦʤ ʩʧʦʩʦʙʝ ʥʘʦʙʦʨʦʪ. 

ɺ ʧʨʦʮʝʩʩʝ ʥʘʥʝʩʝʥʠʷ ʧʝʨʝʤʝʰʘʥʥʳʡ ʣʘʢʦʢʨʘʩʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʜʘʝʪʩʷ ʠʟ 

ʙʦʯʢʠ ʩ ʧʦʤʦʱʴʶ ʥʘʩʦʩʘ ʚ ʚʘʥʥʫ ʚʘʣʢʦʚʦʡ ʤʘʰʠʥʳ, ʟʘʪʝʤ ʧʦʛʨʫʞʥʦʡ ʚʘʣʦʢ, 

ʚʨʘʱʘʷʩʴ, ʧʝʨʝʥʦʩʠʪ ʠʟ ʚʘʥʥʦʯʢʠ ʧʨʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʩ ʥʘʥʦʩʷʱʠʤ ʚʘʣʢʦʤ 

ʧʦʣʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʜʚʠʞʫʱʫʶʩʷ ʧʦʣʦʩʫ. ʈʝʛʫʣʠʨʦʚʢʘ ʪʨʝʙʫʝʤʦʡ 

ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ ʤʝʞʜʫ 

ʧʦʛʨʫʞʥʳʤ ʠ ʥʘʥʦʩʷʱʠʤ ʚʘʣʢʘʤʠ ʠ ʧʦʜʥʘʣʘʜʢʦʡ ʦʢʨʫʞʥʳʭ ʩʢʦʨʦʩʪʝʡ 

ʚʨʘʱʝʥʠʷ ʵʪʠʭ ʚʘʣʢʦʚ. 

 
 

ʈʠʩ. 1. ɺʘʣʢʦʚʘʷ ʤʘʰʠʥʘ ʩ ʜʚʫʭʚʘʣʢʦʚʳʤʠ ʛʦʣʦʚʢʘʤʠ: 1 ï ʤʝʪʘʣʣʠʯʝʩʢʘʷ 

ʧʦʣʦʩʘ; 2 ï ʙʦʯʢʘ ʩ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ; 3 ï ʚʘʥʥʘ ʩ ʧʦʣʠʤʝʨʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ; 4 ï ʥʘʥʦʩʷʱʠʡ ʚʘʣʦʢ; 5 ï ʧʦʛʨʫʞʥʦʡ ʚʘʣʦʢ; 6 ï ʧʦʣʠʤʝʨʥʦʝ 

ʧʦʢʨʳʪʠʝ; 8 ï ʦʧʦʨʥʳʝ ʨʦʣʠʢʠ. 

 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʮʠʠ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠ ʦʮʠʥʢʦʚʘʥʥʦʛʦ ʧʨʦʢʘʪʘ ʩ 
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ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ ʥʘʥʝʩʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʣʠʮʝʚʫʶ ʠ 

ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ʧʦʣʦʩʳ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʜʚʫʭʚʘʣʢʦʚʳʭ ʛʦʣʦʚʦʢ 

ʥʘ ʚʘʣʢʦʚʦʡ ʤʘʰʠʥʝ. 

ɺʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ ʩʧʦʩʦʙʘ: 

1. ʆʪʩʫʪʩʪʚʠʝ ʧʨʦʮʝʩʩʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚ ʧʨʦʮʝʩʩʝ ʥʘʥʝʩʝʥʠʷ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, 

ʢʘʞʜʘʷ ʧʦʨʮʠʠ ʵʤʘʣʠ ʠʤʝʝʪ ʦʪʣʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʧʦʨʮʠʠ ʵʤʘʣʠ. ʇʦʷʚʣʷʣʠʩʴ ʜʝʬʝʢʪʳ ʚ ʚʠʜʝ 

ʨʘʟʥʦʦʪʪʝʥʦʯʥʦʩʪʠ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

2. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʬʠʣʴʪʨʘʮʠʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʵʤʘʣʠ 

ʧʨʠʚʦʜʠʣʘ ʢ ʠʭ ʥʘʣʠʧʘʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʦʣʠʢʦʚ ʠ ʧʝʨʝʥʦʩʫ ʥʘ ʧʦʣʦʩʫ. 

ʅʘʙʣʶʜʘʣʠʩʴ ʜʝʬʝʢʪʳ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ "ʨʠʩʫʥʦʢ ʦʪ ʚʘʣʢʦʚ", 

"ʦʪʧʝʯʘʪʦʢ", "ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʢʨʳʪʠʷ". 

3. ʆʙʨʘʟʦʚʘʥʠʝ ʧʫʟʳʨʴʢʦʚ ʚʦʟʜʫʭʘ ʧʦʩʣʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʵʤʘʣʠ 

ʤʝʰʘʣʢʘʤʠ ʠ ʚʦ ʚʨʝʤʷ ʝʝ ʧʦʜʘʯʠ ʥʘʩʦʩʦʤ. ʇʨʠʩʫʪʩʪʚʫʶʱʠʝ ʧʫʟʳʨʴʢʠ ʧʦʧʘʜʘʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʘʣʢʦʚ ʬʦʨʤʠʨʦʚʘʣʠ ʣʦʢʘʣʴʥʦʝ ʫʪʦʥʝʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʠ, 

ʧʨʠʚʦʜʠʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʝʬʝʢʪʦʚ ʧʦʢʨʳʪʠʷ: "ʚʦʟʜʫʰʥʳʝ ʧʫʟʳʨʴʢʠ", 

"ʥʝʧʨʦʢʨʘʩ", "ʰʘʛʨʝʥʴ". 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʨʘʟʨʘʙʦʪʘʥʦ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, 

ʧʦʟʚʦʣʷʶʱʝʝ ʩʥʠʟʠʪʴ ʜʝʬʝʢʪʥʦʩʪʴ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ɼʣʷ ʵʪʦʛʦ 

ʥʘʥʝʩʝʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʣʠʮʝʚʫʶ ʠ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ʧʦʣʦʩʳ 

ʧʨʦʠʟʚʝʜʝʥʦ ʧʨʠ ʧʦʤʦʱʠ ʪʨʝʭʚʘʣʢʦʚʳʭ ʛʦʣʦʚʦʢ ʥʘ ʚʘʣʢʦʚʦʡ ʤʘʰʠʥʝ, ʯʪʦ 

ʧʨʠʚʝʣʦ ʢ ʙʳʩʪʨʦʡ ʠ ʪʦʯʥʦʡ ʥʘʩʪʨʦʡʢʝ ʪʨʝʙʫʝʤʦʡ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʟʘ ʩʯʝʪ 

ʦʙʦʩʦʙʣʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʘʣʠʙʨʫʶʱʝʛʦ ʚʘʣʢʘ. 

ɺʘʣʢʦʚʳʝ ʛʦʣʦʚʢʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʩʪʦʷʪ ʠʟ ʪʨʝʭ ʚʘʣʢʦʚ: ʥʘʥʦʩʷʱʝʛʦ, 

ʢʘʣʠʙʨʫʶʱʝʛʦ ʠ ʧʦʛʨʫʞʥʦʛʦ. ʅʘʥʦʩʷʱʠʝ ʚʘʣʢʠ ʧʦʣʠʫʨʝʪʘʥʦʚʳʝ, ʧʦʛʨʫʞʥʳʝ, 

ʢʘʣʠʙʨʦʚʦʯʥʳʝ ï ʤʝʪʘʣʣʠʯʝʩʢʠʝ. ɺʘʣʢʠ ʠʤʝʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʨʠʚʦʜ (ʤʦʞʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʚʘʣʢʦʚ ʠ ʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʷ 

ʠʭ ʚʨʘʱʝʥʠʷ). ʇʝʨʝʤʝʰʘʥʥʳʡ ʣʘʢʦʢʨʘʩʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʜʘʝʪʩʷ ʠʟ ʙʦʯʢʠ ʩ 

ʧʦʤʦʱʴʶ ʥʘʩʦʩʘ ʚ ʚʘʥʥʫ ʚʘʣʢʦʚʦʡ ʤʘʰʠʥʳ, ʟʘʪʝʤ ʧʦʛʨʫʞʥʦʡ ʚʘʣʦʢ, ʚʨʘʱʘʷʩʴ, 

ʧʝʨʝʥʦʩʠʪ ʠʟ ʚʘʥʥʦʯʢʠ ʧʨʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʩ ʢʘʣʠʙʨʦʚʦʯʥʳʤ ʚʘʣʢʦʤ 

ʧʦʣʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʥʘʥʦʩʷʱʠʡ ʚʘʣʦʢ, ʧʦʪʦʤ ʥʘ ʜʚʠʞʫʱʫʶʩʷ ʧʦʣʦʩʫ. 

ʈʝʛʫʣʠʨʦʚʢʘ ʪʨʝʙʫʝʤʦʡ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ ʤʝʞʜʫ ʧʦʛʨʫʞʥʳʤ ʠ ʢʘʣʠʙʨʦʚʦʯʥʳʤ ʚʘʣʢʘʤʠ ʠ ʧʦʜʥʘʣʘʜʢʦʡ 

ʚʨʘʱʝʥʠʷ ʦʢʨʫʞʥʳʭ ʩʢʦʨʦʩʪʝʡ ʵʪʠʭ ʚʘʣʢʦʚ. ʀʟʤʝʨʝʥʠʝ ʪʦʣʱʠʥʳ ʤʦʢʨʦʛʦ ʩʣʦʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʥʘʥʦʩʷʱʝʤ ʚʘʣʢʝ ʩ ʧʦʤʦʱʴʶ ʢʦʣʝʩʘ ʕʨʠʢʩʝʥʘ.  

ʇʦʜʘʯʘ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʚʘʥʥʦʯʢʫ ʚʘʣʢʦʚʦʡ ʤʘʰʠʥʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟ ʩʧʝʮʠʘʣʴʥʦʡ ʝʤʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʫʩʨʝʜʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʤʘʣʠ, ʫʩʪʨʘʥʝʥʠʝ ʧʫʟʳʨʴʢʦʚ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠ ʦʩʘʞʜʝʥʠʝ ʪʚʝʨʜʳʭ ʚʢʣʶʯʝʥʠʡ ʧʦʢʨʳʪʠʷ (ʨʠʩ.2).  

ʊʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦʜʘʯʠ ʢʨʘʩʢʠ, ʮʠʨʢʫʣʷʮʠʷ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʵʤʘʣʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʨʘʩʦʯʥʦʡ ʚʘʥʥʦʯʢʝ ʫʣʫʯʰʘʶʪʩʷ. ʇʨʠ ʧʦʜʘʯʝ ʧʦʣʠʤʝʨʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʦʪʜʝʣʝʥʠʝ ʵʤʘʣʠ ʦʪ ʚʦʟʜʫʰʥʳʭ ʧʫʟʳʨʴʢʦʚ, 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʣʦʧʘʩʪʥʦʡ ʤʝʰʘʣʢʦʡ, ʦʜʥʘʢʦ 
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ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʪʜʝʣʝʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪ ʚʦʟʜʫʰʥʳʭ ʧʫʟʳʨʴʢʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʢʘʯʢʠ ʚ ʚʘʥʥʦʯʢʫ ʤʘʰʠʥʳ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ 

ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ. ʅʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʚʝʨʜʳʭ ʚʢʣʶʯʝʥʠʡ ʠ 

ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʵʤʘʣʠ.  

 
 

 

ʈʠʩ.2. ʊʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʥʘʥʝʩʝʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʦʣʦʩʫ: 1 ï ʙʦʯʢʘ ʩ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ; 2 ï ʦʪʩʪʦʡʥʠʢ; 3 - 

ʚʘʥʥʘ ʩ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʨʠʚʝʣʦ ʢ ʫʣʫʯʰʝʥʠʶ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʫʤʝʥʴʰʝʥʠʶ ʜʝʬʝʢʪʥʦʩʪʠ 

ʧʦʢʨʳʪʠʷ ʠ ʩʥʠʞʝʥʠʶ ʧʨʦʮʝʥʪʘ ʙʨʘʢʘ ʤʝʪʘʣʣʘ ʩ ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ. 

ʆʜʥʘʢʦ, ʠʩʩʣʝʜʦʚʘʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʚ 

ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʦʩʘʞʜʝʥʠʝ ʪʚʝʨʜʳʭ ʚʢʣʶʯʝʥʠʡ ʧʦʢʨʳʪʠʡ ʟʘ ʩʯʝʪ ʜʚʠʞʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʢʘʯʢʠ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʢʣʶʯʝʥʠʝ ʪʘʢʞʝ ʬʠʣʴʪʨʘʮʠʠ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ʫʩʣʦʚʠʷʭ ʪʫʨʙʫʣʠʟʘʮʠʠ ʧʦʪʦʢʘ ʧʫʟʳʨʴʢʘʤʠ ʚʦʟʜʫʭʘ. 
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Annotation. The article presents the derivation of a generalized criterion equation describing 
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ɺʚʝʜʝʥʠʝ. ɺ ʢʦʥʩʪʨʫʢʮʠʷʭ ʤʥʦʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ 

ʜʣʷ ʦʙʦʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʛʨʝʶʱʠʝ 

ʨʫʙʘʰʢʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʜʚʝ 

ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʪʨʫʙʳ ʙʦʣʴʰʝʛʦ ʠ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʦʚ, ʚ 

ʤʝʞʪʨʫʙʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʪʦʨʳʭ ʧʨʦʢʘʯʠʚʘʝʪʩʷ ʛʦʨʷʯʠʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ 

(ʯʘʱʝ ʚʩʝʛʦ ʚʦʜʘ ʠʣʠ ʧʘʨ), ʦʪʜʘʶʱʠʡ ʥʘʢʦʧʣʝʥʥʫʶ ʚ ʥʝʤ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ 

ʥʘʛʨʝʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ, ʧʦ 

ʤʥʝʥʠʶ ʤʥʦʛʠʭ ʘʚʪʦʨʦʚ, ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʘ, ʥʝ ʪʨʝʙʫʝʪ ʢʘʢʠʭ ï ʣʠʙʦ 
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ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʠ ʠʟʚʝʩʪʥʘ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ [1, 2, 3, 4]. ʅʦ, 

ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʟʘʪʨʘʪʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚ ʠ 

ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʦʙʦʩʥʦʚʳʚʘʶʪ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʘʧʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ 

ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ɺ ʵʪʦʤ ʧʣʘʥʝ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 

ʚ ʛʨʝʶʱʝʡ ʨʫʙʘʰʢʝ ʟʘ ʩʯʝʪ ʪʫʨʙʫʣʠʟʘʮʠʠ ʧʦʪʦʢʘ ʛʦʨʷʯʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʧʫʟʳʨʴʢʘʤʠ ʚʦʟʜʫʭʘ, ʠʥʞʝʢʪʠʨʫʝʤʦʛʦ ʚ ʧʦʪʦʢ. ʕʬʬʝʢʪ ʫʚʝʣʠʯʝʥʠʷ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʟʨʫʰʝʥʠʷ 

ʧʫʟʳʨʴʢʘʤʠ ʚʦʟʜʫʭʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ, ʵʪʦʪ ʩʣʦʡ 

ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ɺʳʰʝʫʢʘʟʘʥʥʳʡ ʩʧʦʩʦʙ 

ʠʟʚʝʩʪʝʥ ʜʘʚʥʦ [1, 2, 5], ʥʦ ʝʛʦ ʰʠʨʦʢʦʤʫ ʚʥʝʜʨʝʥʠʶ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʠʝ 

ʠʥʞʝʥʝʨʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʧʦ ʥʝʤʫ. 

ɺ ʧʣʘʥʝ ʨʘʟʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʨʘʩʯʝʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʛʨʝʶʱʝʡ ʨʫʙʘʰʢʝ, 

ʦʙʦʛʨʝʚʘʝʤʦʡ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʴʶ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ (ʚʚʠʜʫ 

ʩʣʦʞʥʦʩʪʠ ʧʨʦʮʝʩʩʘ), ʧʦʵʪʦʤʫ ʢʘʞʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʠʤʝʥʠʪʴ ʦʜʠʥ ʠʟ 

ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ, ʘ ʠʤʝʥʥʦ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʨʘʟʤʝʨʥʦʩʪʝʡ [4, 6, 7], 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ ʢʨʠʪʝʨʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʦʙʱʝʤ ʚʠʜʝ, ʦʧʠʩʳʚʘʶʱʝʝ 

ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʟʘ ʦʩʥʦʚʥʫʶ 

ʠʩʢʦʤʫʶ ʚʝʣʠʯʠʥʫ ʦʯʝʥʴ ʯʘʩʪʦ ʧʨʠʥʠʤʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ qw, 

ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʛʨʝʶʱʝʡ ʨʫʙʘʰʢʝ ʘʧʧʘʨʘʪʘ, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʥʝʟʘʚʠʩʠʤʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, 

ʪʘʢʠʭ ʢʘʢ: 

1) ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʧʧʘʨʘʪʘ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ʘ ʠʤʝʥʥʦ: h ï ʚʳʩʦʪʘ, ʤ; 

d1 ï ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʚʥʫʪʨʝʥʥʝʡ ʪʨʫʙʳ ʛʨʝʶʱʝʡ ʨʫʙʘʰʢʠ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʤ; 

2) ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʫʩʣʦʚʠʷ ʠʥʞʝʢʮʠʠ ʛʘʟʘ ʚ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ ʠ 

ʪʝʯʝʥʠʷ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʚ ʨʫʙʘʰʢʝ: dʕ ï ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʢʘʥʘʣʘ 

ʢʦʣʴʮʝʚʦʛʦ ʩʝʯʝʥʠʷ ʨʫʙʘʰʢʠ, ʤ; Dʨ ï ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʧʦʜʘʯʠ 
ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʇʘ; U ï ʩʢʦʨʦʩʪʴ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʧʦʪʦʢʘ, ʤ/ʩ; Vɺ ï ʦʙʲʝʤʥʳʡ 

ʩʝʢʫʥʜʥʳʡ ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ (ʥʘʧʨʠʤʝʨ ʚʦʜʳ), ʤ
3
/ʩ; Vɺʆɿɼ ï ʦʙʲʝʤʥʳʡ 

ʩʝʢʫʥʜʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʠʥʞʝʢʪʠʨʫʝʤʦʛʦ ʚ ʧʦʪʦʢ, ʤ
3
/ʩ; g ï ʫʩʢʦʨʝʥʠʝ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʤ/ʩ
2
; 

3) ʬʠʟʠʢʦʭʠʤʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʦʞʠʜʢʦʩʪʥʛʦ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʪʜʘʯʠ: rɺï 

ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ, ʢʛ/ʤ
3
; mɺï ʚʷʟʢʦʩʪʴ 

(ʜʠʥʘʤʠʯʝʩʢʘʷ) ʞʠʜʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ, ʇʘÖʩ; sɺï 
ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʅ/ʤ; ʉɺ ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʞʠʜʢʦʩʪʠ, ɼʞ/(ʢʛÖʂ), lɺ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ, ɺʪ/(ʤÖʂ); rɺʆɿɼï ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ (ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʚʦʟʜʫʭʘ), ʢʛ/ʤ
3
; 
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mɺʆɿɼï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʛʘʟʘ, ʇʘÖʩ; ʉɺʆɿɼ ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʛʘʟʘ, ɼʞ/(ʢʛÖʂ), lɺʆɿɼ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʦʟʜʫʭʘ, 

ɺʪ/(ʤÖʂ); 

4) ʜʚʠʞʫʱʘʷ ʩʠʣʘ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʛʨʝʶʱʝʡ ʨʫʙʘʰʢʝ ʘʧʧʘʨʘʪʘ: Dt ï 

ʩʨʝʜʥʷʷ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʚ ʮʝʥʪʨʝ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʧʦʪʦʢʘ ʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ, ʉ̄. 

ʉʦʛʣʘʩʥʦ ʧʦʣʦʞʝʥʠʷʤ ʪʝʦʨʝʤʳ ɹʵʢʠʥʛʝʤʘ (ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ p  ï ʪʝʦʨʝʤʳ) 
[4, 6, 7], ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ, ʚʭʦʜʷʱʠʭ ʚ ʠʩʢʦʤʦʝ ʢʨʠʪʝʨʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʧʝʨʝʤʝʥʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ (ʧ), ʦʢʘʟʳʚʘʶʱʠʭ ʚʝʩʦʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ 

ʧʨʦʮʝʩʩ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʧʝʨʚʠʯʥʳʭ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ (ʪ), ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʠ 

ʩʦʩʪʘʚʣʝʥʠʠ ʵʪʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ (ʧ ï ʪ). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʣʦʞʝʥʥʦʛʦ ʨʘʥʝʝ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ, ʦʧʠʩʳʚʘʶʱʫʶ ʧʨʦʮʝʩʩ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʛʨʝʶʱʝʡ ʨʫʙʘʰʢʝ 

ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚʭʦʜʷʪ 19 ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ (ʧ = 19) ʠ ʚ ʥʝʷʚʥʦʤ 

ʚʠʜʝ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ: 

 

),,,,,,,,,,,,,,,,,( 1 tʉʉgVVUʨddhfq ɺʆɿɼɺʆɿɼɺʆɿɼɺʆɿɼɺɺɺɺɺɺʆɿɼɺʕw DD= lmrlsmr .      (1) 

 

ɺ ʧʨʠʚʝʜʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ (1) ʚʭʦʜʷʪ 19 ʚʝʣʠʯʠʥ (ʧ = 19), ʢʦʪʦʨʳʝ ʚ 

ʩʠʩʪʝʤʝ ʉʀ ʠʤʝʶʪ ʰʝʩʪʴ (ʪ = 6) ʧʝʨʚʠʯʥʳʭ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ: ʜʣʠʥʘ ï L, 

ʚʨʝʤʷ ï T, ʪʝʤʧʝʨʘʪʫʨʘ ï q, ʪʝʧʣʦʪʘ Q ʠ, ʩ ʫʯʝʪʦʤ ʜʚʦʡʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʚʣʠʷʥʠʷ, ʤʘʩʩʳ ï ʄm ʠ ʄi. 

ɿʜʝʩʴ, ʯʠʩʣʦ ʧʝʨʚʠʯʥʳʭ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ ʫʚʝʣʠʯʝʥʦ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ 

ʥʝʟʘʚʠʩʠʤʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʜʣʷ ʪʝʧʣʦʪʳ ï Q, (ʯʪʦ ʜʦʧʫʩʪʠʤʦ ʧʨʠ ʤʘʣʦʤ ʚʣʠʷʥʠʠ 

ʚʷʟʢʦʡ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ) ʠ ʫʯʝʪʘ ʜʚʦʡʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚʣʠʷʥʠʷ ʤʘʩʩʳ ï 

ʢʘʢ ʤʝʨʳ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ ï ʄm ʠ ʢʘʢ ʤʝʨʳ ʠʥʝʨʮʠʠ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ, 

ʪʫʨʙʫʣʠʟʠʨʦʚʘʥʥʦʡ ʧʫʟʳʨʴʢʘʤʠ ʚʦʟʜʫʭʘ ï ʄi. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʢʦʤʦʝ ʢʨʠʪʝʨʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʦʣʞʥʦ ʩʦʜʝʨʞʘʪʴ ʧ ï ʪ 

= 19 ï 6 = 13 ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ ʠʣʠ ʙʝʟʨʘʟʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʘʟʤʝʨʥʦʩʪʠ ʚʝʣʠʯʠʥ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʟʫʯʘʝʤʳʡ 

ʧʨʦʮʝʩʩ. 
ʇʨʝʜʩʪʘʚʠʤ ʦʙʱʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ (1) ʚ ʚʠʜʝ ʩʪʝʧʝʥʥʦʛʦ ʤʥʦʛʦʯʣʝʥʘ: 

 
ʬʫ

ɺʆɿɼ

ʪ

ɺʆɿɼ

ʩ

ɺʆɿɼ

ʧ

ɺʆɿɼ

ʭ

ɺ

ʥ

ɺ

ʤ

ɺ

ʣ

ɺ

ʢ

ɺ

ʠʩ

ɺʆɿɼ

ʞ

ɺ

ʝʜʛ

ʕ

ʚʙʘ

w tʉʉgVVUʨddhq DÖÖÖÖÖÖÖÖÖÖÖÖÖÖDÖÖÖÖ= lmrlsmrp 1

 

ʋʩʣʦʚʠʝʤ ʙʝʟʨʘʟʤʝʨʥʦʩʪʠ ʚʩʝʛʦ ʚʳʨʘʞʝʥʠʷ ʚ ʮʝʣʦʤ ʷʚʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ 

ʥʫʣʶ ʩʫʤʤʳ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʠ ʧʨʠ ʢʘʞʜʦʤ ʠʟ ʩʠʤʚʦʣʦʚ ʧʝʨʚʠʯʥʳʭ ʝʜʠʥʠʮ 

ʠʟʤʝʨʝʥʠʷ. 

ʇʦ ʯʠʩʣʫ ʧʝʨʚʠʯʥʳʭ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ (ʪ = 6) ʧʦʣʫʯʠʤ ʰʝʩʪʴ ʫʨʘʚʥʝʥʠʡ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʚʷʪʥʘʜʮʘʪʠ (ʧ = 19) ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʠ: 

 

L:     ï 2ʘ + ʙ + ʚ + ʛ ï ʜ + ʝ + 3ʞ + 3ʮ + ʠ ï 3ʢ ï ʣ ï ʭ ï 3ʧ ï ʩ ï ʫ = 0; 
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Mɛ:   ʜ + ʢ ï ʥ + ʧ ï ʪ = 0; 

Mɑ:   ʣ + ʤ + ʩ = 0; 

T:     ï ʘ ï 2ʜ ï ʝ ï ʞ ï ʮ ï 2ʠ ï ʣ ï 2ʤ ï ʭ ï ʩ ï ʫ = 0; 

Q:    ʘ + ʥ + ʭ + ʪ + ʫ = 0; 

q:    ï ʥ ï ʭ ï ʪ ï ʫ + ʬ =0.  

 

ʊʘʙʣʠʮʘ 1 

ʈʘʟʤʝʨʥʦʩʪʴ ʚʝʣʠʯʠʥ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʮʝʩʩ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʛʨʝʶʱʝʡ ʨʫʙʘʰʢʝ 

ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ 
ɺʝʣʠʯʠʥʘ ɽʜʠʥʠʮʳ ʚʝʣʠʯʠʥ ʚ ʩʠʩʪʝʤʝ ʉʠ ɽʜʠʥʠʮʳ ʧʝʨʚʠʯʥʳʭ ʚʝʣʠʯʠʥ 

ɸqw ɺʪ/ʤ
2
 = ɼʞ/(ʩÖʤ

2
)ɸ ɸQÖT-1Ö L-2 

ɸh ʤɸ ɸL 

ɸd1 ʤɸ ɸL 

ɸdʕ ʤɸ ɸL 

ɸDʨ ʇʘ = ʅ/ʤ
2
 = ʢʛ/(ʤÖʩ

2
) ɸ ɸʄmÖL

-1Öʊ-2 

ɸU ʤ/ʩɸ ɸLÖT-1
 

ɸVɺ ʤ
3
/ʩɸ ɸL

3ÖT-1
 

ɸVɺʆɿɼ ʤ
3
/ʩɸ ɸL

3ÖT-1
 

ɸg ʤ/ʩ
2
ɸ ɸLÖT-2 

ɸrɺ ʢʛ/ʤ
3
ɸ ɸMmÖL

-3
 

ɸmɺ ʇʘÖʩ = ʅÖʩ/ʤ
2
 = ʢʛ/(ʩÖʤ) ɸ ɸMɑÖT

-1ÖL-1 

sɺ ʅ/ʤ = ʢʛ/ʩ
2 

MɑÖT
-2
 

ʉɺ ɼʞ/(ʢʛÖʂ) QÖMm
-1Öq -1

 

lɺ ɺʪ/(ʤÖʂ) = ɼʞ/(ʩÖʤÖʂ) QÖT-1ÖL-1Öq-1
 

rɺʆɿɼ ʢʛ/ʤ
3 

MmÖL
-3

 

mɺʆɿɼ ʇʘÖʩ = ʅÖʩ/ʤ
2
 = ʢʛ/(ʩÖʤ) MɑÖT

-1ÖL-1 

ʉɺʆɿɼ ɼʞ/(ʢʛÖʂ) QÖMm
-1Öq -1

 

lɺʆɿɼ ɺʪ/(ʤÖʂ) = ɼʞ/(ʩÖʤÖʂ) QÖT-1ÖL-1Öq-1
 

Dt ʉ̄ q 
 

ʀʟ ʜʘʥʥʳʭ ʜʝʚʷʪʥʘʜʮʘʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʠ ʪʨʠʥʘʜʮʘʪʴ ʧʨʠʥʠʤʘʝʤ 

ʥʝʟʘʚʠʩʠʤʳʤʠ: ʘ, ʙ, ʚ, ʜ, ʞ, ʮ, ʠ, ʢ, ʤ, ʧ, ʩ, ʪ, ʫ, ʘ ʦʩʪʘʣʴʥʳʝ ʰʝʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ 

(ʣ, ʭ, ʬ, ʥ, ʝ, ʛ) ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʝʨʝʟ ʥʠʭ.  

ʣ = ï ʤ ï ʩ; 

ʭ = ï ʘ ï ʜ ï ʢ ï ʧ ï ʫ; 

ʬ = ï ʘ; 

ʥ = ʜ + ʢ + ʧ ï ʪ; 

ʝ = ï ʜ ï ʞ ï ʮ ï 2ʠ ï ʤ + ʢ + ʧ; 

ʛ = ʘ ï ʙ ï ʚ + ʜ ï 2ʞ ï 2ʮ + ʠ + ʢ + ʧ. 

ɺʝʨʥʫʚʰʠʩʴ ʢ ʠʩʭʦʜʥʳʤ ʚʝʣʠʯʠʥʘʤ, ʧʦʣʫʯʠʤ ʙʝʟʨʘʟʤʝʨʥʫʶ ʧʝʨʝʤʝʥʥʫʶ 

ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

p=qw
ʘÖhʙÖd1

ʚÖdʕ 
ʘ ï ʙ ï ʚ + ʜ ï 2ʞ ï 2ʮ + ʠ + ʢ + ʧÖDʨʜ ÖUïʜ ï ʞ ï ʮ ï 2ʠ ï ʤ + ʢ + ʧÖVɺ

ʞÖVʮɺʆɿɼÖg
ʠÖrɺ

ʢ³ 

³mɺ
ï ʤ ï ʩÖsɺ

ʤÖʉɺ
ʜ + ʢ + ʧ ï ʪÖlɺ

ï ʘ ï ʜ ï ʢ ï ʧ ï ʫÖrʧɺʆɿɼÖm
ʩ
ɺʆɿɼÖʉ

ʪ
ɺʆɿɼÖl

ʫ
ɺʆɿɼÖDt 

-ʘ
. 

ʉʛʨʫʧʧʠʨʦʚʘʚ ʚʝʣʠʯʠʥʳ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʪʝʧʝʥʝʡ, ʧʦʣʫʯʠʤ: 



 

107 

 

Ööö
÷

õ
ææ
ç

å

DÖ

Ö
=

a

ɺ

ʕw

t

dq

l
p Ööö

÷

õ
ææ
ç

å
ʙ

ʕd

h
Öö
ö
÷

õ
æ
æ
ç

å
ʚ

ʕd

d1 Öö
ö
÷

õ
æ
æ
ç

å

Ö

ÖDÖ
ʜ

B

Bʕ

U

Cpd

l
Öö

ö
÷

õ
æ
æ
ç

å

Ö

ʞ

ʕ

B

Ud

V
2

³ö
ö
÷

õ
æ
æ
ç

å

Ö

ʮ

ʕ

Bʆɿɼ

Ud

V
2

 

Öö
÷

õ
æ
ç

å Ö
³

ʠ

ʕ

U

gd
2

Öö
ö
÷

õ
æ
æ
ç

å ÖÖÖ
ʢ

B

BBʕ CUd

l

r
Öö

ö
÷

õ
æ
æ
ç

å

Ö

ʤ

B

B

U m

s
Öö
ö
÷

õ
æ
æ
ç

å ÖÖÖ
ʧ

B

BBʆɿɼʕ CUd

l

r
³ö
ö
÷

õ
æ
æ
ç

å
ʩ

B

Bʆɿɼ

m

m
 

Öö
ö
÷

õ
æ
æ
ç

å
³

ʪ

B

Bʆɿɼ

ʉ

ʉ
Öö

ö
÷

õ
æ
æ
ç

å
ʫ

B

Bʆɿɼ

l

l
                                           (2) 

ʂʘʞʜʳʡ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʠ ʧʨʠʥʘʜʣʝʞʠʪ ʥʝʢʦʝʤʫ ʙʝʟʨʘʟʤʝʨʥʦʤʫ 

ʢʦʤʧʣʝʢʩʫ pi.  

ʊʘʢʠʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʠʤʝʝʪʩʷ ʪʨʠʥʘʜʮʘʪʴ: 
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ʇʨʠ ʯʝʤ, ʠʟ ʥʠʭ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩ p1 ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʝʤʳʤ ʢʨʠʪʝʨʠʝʤ 

(ʪ.ʢ. ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʠʤʝʝʪʤʷ ʚʝʣʠʯʠʥʘ qw, ʥʝ ʚʭʦʜʷʱʘʷ ʚ ʫʩʣʦʚʠʷ ʦʜʥʦʟʥʘʯʥʦʩʪʠ), 

ʘ ʦʩʪʘʣʴʥʳʝ ï ʵʪʦ ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʨʠʪʝʨʠʠ, ʩʦʩʪʦʷʱʠʝ ʪʦʣʴʢʦ ʠʟ ʬʠʟʠʯʝʩʢʠʭ 

ʚʝʣʠʯʠʥ, ʚʭʦʜʷʱʠʭ ʚ ʫʩʣʦʚʠʷ ʦʜʥʦʟʥʘʯʥʦʩʪʠ. 

ʇʦʣʫʯʝʥʥʫʶ ʩʠʩʪʝʤʫ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ pi ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʜʨʫʛʦʡ 

ʩʠʩʪʝʤʦʡ ʧʘʨʘʤʝʪʨʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʬʫʥʢʮʠʷʤʠ pi: Nu=p1; ɻ=p2; ɼ=p3; Fr=p7
-1
; 

Peɺ=p8; ʄ=p11; ʉ=p12; ʃ=p13; 
13

1210

p

pp Ö
=ɺʆɿɼʈʝ ; 

5

6

p

p
=ʇ ; 9p=

We

Rʝ
; ɽʠÖʈʝɺ=p4. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʦʙʱʝʥʥʦʝ ʢʨʠʪʝʨʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ 

ʧʨʦʮʝʩʩ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʛʨʝʶʱʝʡ ʨʫʙʘʰʢʝ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʙʫʜʝʪ 

ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

),( ʇʃ,ʉ,ʄ,ɼ,ɻ,Eu,We,Fr,Re,,PePefNu ɺʆɿɼB= .                  (3) 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʨʘʟʤʝʨʥʦʩʪʝʡ 

ʧʦʣʫʯʝʥʦ ʢʨʠʪʝʨʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (3), ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʝʙʝ ʩʣʝʜʫʶʱʠʝ 

ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ: 

ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ ï                                    
t

dq
Nu ʕw

DÖ

Ö
=
l

; 

ʯʠʩʣʦ ʇʝʢʣʝ ʜʣʷ ʚʦʜʳ ï                          ;
B

BBʕ
ɺ

CUd
ʈʝ

l

rÖÖÖ
=  

ʯʠʩʣʦ ʇʝʢʣʝ ʜʣʷ ʚʦʟʜʫʭʘ ï                     ;
Bʆɿɼ

BʆɿɼBʆɿɼʕ

ɺʆɿɼ

CUd
ʈʝ

l

r ÖÖÖ
=  

ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ï                                  Re=
ɺ

ɺʕdU

m

rÖÖ
; 

ʯʠʩʣʦ ʌʨʫʜʘ ï                                          Fr=
ʕ

dg

U

Ö

2

; 
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ʯʠʩʣʦ ɺʝʙʝʨʘ ï                                         We=
ɺ

ɺ ʕ
dU

s

r ÖÖ 2

; 

ʯʠʩʣʦ ʕʡʣʝʨʘ ï                                         ɽʠ=
2U

ʨ

ɺr

D
; 

ʩʠʤʧʣʝʢʩʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ ï      öö
÷

õ
ææ
ç

å
=
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h
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ç
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ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʦʩʪʘʚ ʚʦʜʥʦ-

ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ï        öö
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ç
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ɿʘʢʣʶʯʝʥʠʝ. ʇʦʜʚʦʜʷ ʠʪʦʛʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʬʫʥʢʮʠʷ (3), ʚ ʷʚʥʦʤ ʚʠʜʝ, 

ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ 

ʢʦʘʢʩʠʘʣʴʥʦʡ ʛʨʝʶʱʝʡ ʨʫʙʘʰʢʝ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ. 
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ʈɸɿʈɸɹʆʊʂɸ ʄɽʈʆʇʈʀʗʊʀʁ ʇʆ ʉʅʀɾɽʅʀʖ ɹʈɸʂʆɺɸʅʅʆʁ 

ʇʈʆɼʋʂʎʀʀ ʀɿ ʇʍɺ ʄɸʊɽʈʀɸʃʆɺ ʇʈʆʐɽɼʐʀʍ ɺʊʆʈʀʏʅʋʖ 

ʇɽʈɽʈɸɹʆʊʂʋ 

ʄ.ʖ. ʂʦʨʷʢʠʥʘ 

ʃʳʩʴʚʝʥʩʢʠʡ ʬʠʣʠʘʣ ʌɻɸʆʋ ɺʆ çʇʝʨʤʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪè 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʝʨʝʨʘʙʦʪʢʘ ʠʟʜʝʣʠʡ ʠʟ ʇɺʍ ʚʦ 

ʚʪʦʨʩʳʨʴʝ, ʘ ʪʘʢ ʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʘʝʤʦʡ ʩʪʨʫʞʢʠ ʚ 
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ʧʨʦʠʟʚʦʜʩʪʚʝ. ʇʨʝʜʣʦʞʝʥʳ ʨʝʰʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʥʠʞʝʥʠʷ ʧʨʦʮʝʥʪʘ ʙʨʘʢʦʚʘʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʧʦʣʫʯʘʝʤʦʡ ʠʟ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʋʩʪʨʘʥʝʥʳ ʪʘʢʠʝ ʜʝʬʝʢʪʳ 

ʧʝʨʝʨʘʙʦʪʢʠ ʢʘʢ: ʧʦʩʪʦʨʦʥʥʠʝ ʚʢʨʘʧʣʝʥʠʷ, ʜʳʨʳ, ʯʘʩʪʠʮʳ ʠʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʦʯʠʝ. 

ɺ ʦʩʥʦʚʫ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʟʘʢʣʶʯʘʶʪʩʷ: ʫʩʠʣʝʥʠʝ ʢʦʥʪʨʦʣʷ ʩʦʨʪʠʨʦʚʢʠ 

ʙʨʘʢʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʟʘʤʝʥʘ ʬʠʣʴʪʨʦʚʦʯʥʦʡ ʩʝʪʢʠ, ʫʩʪʘʥʦʚʢʘ ʨʝʰʝʪʯʘʪʳʭ ʤʘʛʥʠʪʦʚ ʠ ʪ.ʜ. 

ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʫʙʳ ʇɺʍ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇɺʍ, ʚʪʦʨʠʯʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ, ʙʨʘʢʦʚʘʥʥʘʷ ʧʨʦʜʫʢʮʠʷ, ʩʪʨʫʞʢʘ, 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʨʘʧʣʝʥʠʷ, ʵʢʩʪʨʫʜʝʨ. 

 

DEVELOPMENT OF MEASURES TO REDUCE DEFECTIVE PRODUCTS 

FROM PVC MATERIALS THAT HAVE BEEN RECYCLED  

M.Y. Koryakina 

Lysva Branch of the Perm National Research Polytechnic University 
Annotation. This article discusses the recycling of PVC products into recyclable materials, as 

well as the possibility of recycling the resulting chips in production. Solutions aimed at reducing the 

percentage of defective products obtained from recycled material are proposed. Such processing 

defects as: foreign inclusions, holes, particles of foreign materials and others have been eliminated. 

The proposed measures are based on: strengthening control over the sorting of defective products, 

replacement of the filter mesh, installation of lattice magnets, etc. on the example of the production 

of PVC pipe.  

Keywords: PVC, recycling, defective products, chips, metal inclusions, extruder. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʧʦʣʠʤʝʨʳ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʟʘʪʨʘʛʠʚʘʝʪ ʢʘʢ ʠʟʛʦʪʦʚʣʝʥʠʝ ʫʧʘʢʦʚʢʠ ʠ 

ʪʦʚʘʨʦʚ ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʪʘʢ ʠ ʤʥʦʛʠʝ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʆʜʥʘʢʦ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠʟʛʦʪʦʚʣʷʝʤʳʭ ʠʟʜʝʣʠʡ, ʢʘʞʜʘʷ ʠʟ ʦʪʨʘʩʣʝʡ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʚʳʟʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʧʠʩʘʥʠʷ ʜʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʦʪʭʦʜ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʯʠʪʘʝʪʩʷ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ 

(ʇɺʍ) [5-6].  

ɺ ʈʦʩʩʠʠ ʧʝʨʝʨʘʙʦʪʢʘ ʠ ʫʪʠʣʠʟʘʮʠʷ ʠʟʜʝʣʠʡ ʠʟ ʇɺʍ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʥʠʟʢʦ ʨʘʟʚʠʪʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʯʪʦ ʚʳʟʚʘʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝʤ 

ʦʪʨʘʩʣʠ [1]. ʊʷʞʝʣʘʷ ʩʠʪʫʘʮʠʷ ʚ ʨʝʛʠʦʥʘʭ ʩ ʫʪʠʣʠʟʘʮʠʝʡ ʦʪʭʦʜʦʚ ʇɺʍ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʚʥʝʜʨʝʥʠʷ ʚʪʦʨʠʯʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇɺʍ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘ ʤʘʣʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʚʚʠʜʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʨʘʢʦʚʘʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʚʠʯʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ, ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ [5-7]. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʨʘʢʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ 

ʦʜʥʦʤ ʠʟ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʇʍɺ ʠʟʜʝʣʠʡ ʜʣʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʠʟ ʦʜʥʦʡ ʪʦʥʥʳ ʧʝʨʚʠʯʥʦʛʦ ʩʳʨʴʷ 

ʚʳʭʦʜʠʪ ʚ ʩʨʝʜʥʝʤ 18% ʙʨʘʢʦʚʘʥʥʳʭ ʠʟʜʝʣʠʡ, ʢʦʪʦʨʳʝ ʦʪʧʨʘʚʣʷʶʪʩʷ ʥʘ 

ʧʝʨʝʨʘʙʦʪʢʫ. ʊʘʢ ʞʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʦʙʲʝʤ ʧʝʨʚʠʯʥʦʛʦ ʩʳʨʴʷ, 

ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠʝʤ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ 3 ʪʳʩʷʯʠ ʪʦʥʥ ʚ ʛʦʜ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʙʨʘʢʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʦʙʲʝʤʝ 540 

ʪʦʥʥ ʚ ʛʦʜ. ʆʪʩʫʪʩʪʚʠʝ ʩʦʙʩʪʚʝʥʥʦʡ ʣʠʥʠʠ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ  
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ʙʨʘʢʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʨʘʤʢʘʭ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʚʚʠʜʫ ʚʳʩʦʢʦʛʦ 

ʧʨʦʮʝʥʪʘ ʙʨʘʢʘ, ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ, ʢʦʪʦʨʳʝ ʥʝʛʘʪʠʚʥʦ 

ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʙʣʘʛʦʩʦʩʪʦʷʥʠʠ ʧʨʝʜʧʨʠʷʪʠʷ.   

ʇʨʦʮʝʩʩ ʚʥʝʜʨʝʥʠʷ ʣʠʥʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʇɺʍ ʤʘʪʝʨʠʘʣʦʚ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ 

ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ 

ʠ ʫʩʣʦʚʠʷʤʠ ʧʝʨʝʨʘʙʦʪʢʠ, ʧʦʩʣʝʜʥʠʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ 

ʜʚʫʤʷ ʵʪʘʧʘʤʠ: ʩʦʨʪʠʨʦʚʢʘ ʠ ʜʨʦʙʣʝʥʠʝ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʝʨʝʨʘʙʦʪʢʠ, ʙʨʘʢʦʚʘʥʥʘʷ ʧʨʦʜʫʢʮʠʷ ʧʦʧʘʜʘʝʪ ʥʘ 

ʩʦʨʪʠʨʦʚʢʫ ʧʦ ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʢʘʢ ʮʚʝʪ, ʞʝʩʪʢʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʨʪʠʨʦʚʢʠ, ʧʘʨʪʠʠ ʠʟʜʝʣʠʡ ʧʨʦʭʦʜʷʪ ʦʧʝʨʘʮʠʶ ʜʨʦʙʣʝʥʠʷ ʥʘ 

ʠʟʤʝʣʴʯʠʪʝʣʝ (ʨʠʩ.1.),ʧʦʩʣʝ ʯʝʛʦ ʧʦʣʫʯʘʝʤʘʷ ʩʪʨʫʞʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʩʳʨʴʷ[5]. 

 
ʈʠʩ.1. ʀʟʤʝʣʴʯʠʪʝʣʴ ʧʣʘʩʪʤʘʩʩ ʀʈʇ-300 

 

 ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʪʦʨʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ: 

- ʥʘ ʛʦʪʦʚʦʤ ʠʟʜʝʣʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʩʪʦʨʦʥʥʠʝ ʚʢʨʘʧʣʝʥʠʷ, ʜʳʨʳ, 

ʯʘʩʪʠʮʳ ʠʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩ.2.ʙ); 

- ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʣʠʥʠʷ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪ ʯʘʩʪʳʝ ʦʩʪʘʥʦʚʢʠ 

ʠʟ-ʟʘ ʩʢʘʯʢʦʚ ʤʘʩʩʳ ʩʳʨʴʷ ʚ ʵʢʩʪʨʫʜʝʨʝ, ʯʪʦ ʚʳʟʚʘʥʦ ʥʠʟʢʠʤ ʢʘʯʝʩʪʚʦʤ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. ʊʘʢ ʞʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʳʚ ʪʷʥʫʱʝʡ ʪʨʫʙʳ ʠ 

ʟʘʣʠʧʘʥʠʝ; 

- ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʮʚʝʪʘ ʠʟʜʝʣʠʡ ʪʨʝʙʫʝʤʳʤ ʩʪʘʥʜʘʨʪʘʤ; 

- ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʬʦʨʤʳ ʵʢʩʪʨʫʜʝʨʘ, ʠʟʜʝʣʠʝ ʠʤʝʝʪ ʛʣʫʙʦʢʠʝ ʧʦʨʝʟʳ 

(ʨʠʩ.2.ʘ). 
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ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʜʝʬʝʢʪʦʚ, ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʨʷʜ ʤʝʨʦʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ  ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʣʠʥʠʠ 

ʤʦʡʢʠ ʠ ʩʫʰʢʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʇɺʍ [2]. ʇʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʭʫʶ 

ʯʠʩʪʢʫ, ʧʨʦʤʳʚʢʫ ʩʧʝʮʠʘʣʴʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʧʨʦʭʦʞʜʝʥʠʝ ʚʘʥʥʳ ʦʪʩʪʦʡʥʠʢʘ, 

ʦʪʞʠʤ ʠ ʩʫʰʢʫ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʥʦʝ ʚʪʦʨʩʳʨʴʝ ʦʪʧʨʘʚʣʷʶʪ ʥʘ 

ʛʨʘʥʫʣʷʮʠʶ. ɻʨʘʥʫʣʘ ʇɺʍ ʩʳʧʫʯʘ, ʥʝ ʩʧʝʢʘʝʪʩʷ, ʝʝ ʫʜʦʙʥʦ ʭʨʘʥʠʪʴ ʠ 

ʧʝʨʝʚʦʟʠʪʴ [3]. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʧʝʨʚʠʯʥʦʝ ʇɺʍ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʩʤʝʰʠʚʘʥʠʶ ʩ ʚʪʦʨʠʯʥʳʤ, ʪʘʢ ʫʜʘʝʪʩʷ ʜʦʩʪʠʛʥʫʪʴ ʙʘʣʘʥʩʘ ʩʝʙʝʩʪʦʠʤʦʩʪʴ-

ʢʘʯʝʩʪʚʦ. 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʝʥʠʷ ʚʪʦʨʩʳʨʴʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ 

ʤʦʡʢʘ, ʩʫʰʢʘ ʠ ʛʨʘʥʫʣʷʮʠʷ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ 

ʠʟʜʝʣʠʡ. ɼʘʥʥʳʡ ʬʘʢʪ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʝʨʝʯʥʷ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦ 

ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ ʩʚʷʟʘʥʥʳʝ ʢʘʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʪʘʢ ʠ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʝʡ. 

ʇʝʨʚʠʯʥʦ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʪʠʧʦʚ ʜʝʬʝʢʪʦʚ. ɺ ʭʦʜʝ 

ʦʩʤʦʪʨʘ ʧʦʣʫʯʘʝʤʦʛʦ ʚʪʦʨʩʳʨʴʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ, 

ʢʦʪʦʨʳʝ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʳʨʴʷ ʷʚʣʷʣʠʩʴ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʜʝʬʝʢʪʦʚ ʥʘ ʧʦʣʫʯʘʝʤʳʭ ʠʟʜʝʣʠʷʭ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ 

ʠʟ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʇɺʍ, ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʰʝʥʠʷ:   

1. ʋʩʠʣʝʥʠʝ ʢʦʥʪʨʦʣʷ ʩʦʨʪʠʨʦʚʢʠ ʙʨʘʢʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʉ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʜʝʬʝʢʪʦʚ ʚʳʟʚʘʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʚʢʨʘʧʣʝʥʠʷʤʠ ʚ ʚʠʜʝ ʩʪʨʫʞʢʠ, ʢ ʦʩʥʦʚʥʳʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʪʘʢ 

ʞʝ ʙʳʣ ʜʦʙʘʚʣʝʥ ʚʠʜ ʠʟʛʦʪʦʚʣʷʝʤʦʛʦ ʠʟʜʝʣʠʷ ʧʦʩʣʝ ʧʝʨʝʨʘʙʦʪʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʢʨʘʪʠʪʴ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʵʪʘʧʝ ʜʨʦʙʣʝʥʠʷ.  

2. ɺʚʠʜʫ ʚʳʩʦʢʦʛʦ ʧʨʦʮʝʥʪʘ ʙʨʘʢʘ ʚʳʟʚʘʥʥʦʛʦ ʥʘʣʠʯʠʝʤ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʟʘʤʝʥʠʪʴ ʬʠʣʴʪʨʦʚʦʯʥʫʶ 

ʩʝʪʢʫ ʥʘ ʜʨʦʙʠʣʴʥʳʭ ʤʘʰʠʥʘʭ ʥʘ ʙʦʣʝʝ ʤʝʣʢʫʶ, ʪʝʤ ʩʘʤʳʤ ʜʦʙʠʣʠʩʴ ʪʦʛʦ ʯʪʦ 

ʧʦʣʫʯʘʝʤʘʷ ʩʪʨʫʞʢʘ ʩʪʘʣʘ ʠʤʝʪʴ ʙʦʣʝʝ ʤʝʣʢʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ.3.). 

 

 
 

ʈʠʩ.3. ʌʠʣʴʪʨʦʚʦʯʥʳʝ ʩʝʪʢʠ 

 


