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     ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʠʟʜʘʥʠʠ ʤʘʪʝʨʠʘʣʳ ʤʦʣʦʜʝʞʥʦʡ ʠʥʪʝʨʥʝʪ-

ʢʦʥʬʝʨʝʥʮʠʠ ʦʭʚʘʪʳʚʘʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɿʘʩʣʫʞʠʚʘʝʪ ʚʥʠʤʘʥʠʷ, ʯʪʦ ʚ ʩʙʦʨʥʠʢ ʚʦʰʣʠ 

ʩʪʘʪʴʠ ʙʘʢʘʣʘʚʨʦʚ ʠ ʤʘʛʠʩʪʨʘʥʪʦʚ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʪʝʤʘʪʠʢʠ ʠ ʥʘʫʯʥʳʡ ʫʨʦʚʝʥʴ 

ʪʘʢʠʭ ʩʪʘʪʝʡ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʣʦʞʠʚʰʫʶʩʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ 

ʩʠʪʫʘʮʠʶ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʫʪʝʡ ʠ ʧʦʜʭʦʜʦʚ ʢ ʠʭ ʨʝʰʝʥʠʶ. 

     ʇʨʠ ʚʩʝʤ ʤʥʦʛʦʦʙʨʘʟʠʠ ʠ ʨʘʟʥʦʧʣʘʥʦʚʦʩʪʠ ʧʫʙʣʠʢʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʥʠʭ ʧʨʠʟʥʘʢʦʤ ʷʚʣʷʶʪʩʷ ʞʝʣʘʥʠʝ ʘʚʪʦʨʦʚ ʧʨʦʚʝʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʦʣʫʯʠʪʴ ʥʦʚʳʡ ʥʘʫʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. ɺ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʵʪʘ ʮʝʣʴ 

ʜʦʩʪʠʛʥʫʪʘ, ʧʦʢʘʞʝʪ ʚʨʝʤʷ ʠʣʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

     ɿʘ ʨʝʜʢʠʤ ʠʩʢʣʶʯʝʥʠʝʤ ʤʦʣʦʜʳʝ ʘʚʪʦʨʳ ʧʫʙʣʠʢʘʮʠʡ ʧʨʦʷʚʠʣʠ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʚ ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʘʚʠʪʴ ʟʘʜʘʯʠ, ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʥʦʚʳʝ ʨʝʰʝʥʠʷ. 
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ʋʚʘʞʘʝʤʳʡ ʯʠʪʘʪʝʣʴ! 

 

 

     ɺʘʰʝʤʫ ʚʥʠʤʘʥʠʶ ʧʨʝʜʩʪʘʚʣʝʥʳ ʄʘʪʝʨʠʘʣʳ ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ 

ʠʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ ʘʢʪʫʘʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ. 

     ʕʪʦ ʯʝʪʚʝʨʪʘʷ ʧʦ ʩʯʝʪʫ ʢʦʥʬʝʨʝʥʮʠʷ, ʢʦʪʦʨʘʷ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʧʝʨʚʘʷ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʪʢʨʳʪʦʛʦ ʦʙʱʝʥʠʷ, ʦʙʩʫʞʜʝʥʠʷ ʠ ʜʠʩʢʫʩʩʠʡ ʚ ʦʩʥʦʚʥʦʤ 

ʙʘʢʘʣʘʚʨʦʚ ʠ ʤʘʛʠʩʪʨʦʚ, ʚʩʪʫʧʘʶʱʠʭ ʥʘ ʩʣʦʞʥʳʡ, ʥʦ, ʙʝʟʫʩʣʦʚʥʦ, 

ʙʣʘʛʦʜʘʨʥʳʡ ʧʫʪʴ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʟʳʩʢʘʥʠʡ. 

     ʆʨʛʘʥʠʟʘʪʦʨʳ ʢʦʥʬʝʨʝʥʮʠʠ ʠ ʥʘ ʵʪʦʪ ʨʘʟ ʚʦʟʜʝʨʞʘʣʠʩʴ ʦʪ 

ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ ʠ ʧʨʘʚʢʠ ʪʝʢʩʪʦʚ, ʧʨʝʜʦʩʪʘʚʠʚ ʪʝʤ ʩʘʤʳʤ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʫʙʣʠʢʦʚʘʪʴ ʨʘʙʦʪʳ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ. ɺʠʜʠʤʦ, ʵʪʫ ʧʦʟʠʮʠʶ ʩʣʝʜʫʝʪ 

ʧʝʨʝʩʤʦʪʨʝʪʴ. ɺ ʦʜʥʦʤ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʦʛʦ ʥʘʫʯʥʦʛʦ 

ʫʨʦʚʥʷ ʠ ʨʘʟʣʠʯʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ. ɽʩʪʴ ʠ ʪʘʢʠʝ ʩʪʘʪʴʠ, ʩʤʳʩʣ ʠ 

ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ ʯʝʪʢʦ ʥʝ ʦʧʨʝʜʝʣʝʥʳ. ʇʦʵʪʦʤʫ, ʧʨʝʜʦʩʪʘʚʣʷʷ ɺʘʰʝʤʫ 

ʚʥʠʤʘʥʠʶ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʭʦʯʫ ʟʘʚʝʨʠʪʴ, ʯʪʦ, ʧʨʝʩʣʝʜʫʷ ʮʝʣʠ 

ʧʦʜʜʝʨʞʘʪʴ ʤʦʣʦʜʳʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʥʘʧʨʘʚʠʪʴ ʠʭ ʥʘ ʧʫʪʴ ʩʪʨʦʛʦ 

ʥʘʫʯʥʦʡ ʵʪʠʢʠ, ʜʦʩʪʦʚʝʨʥʦʛʦ ʠ ʯʝʪʢʦʛʦ ʠʟʣʦʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ ʥʘʤʠ ʙʫʜʫʪ ʧʨʠʥʷʪʳ ʥʘʜʣʝʞʘʱʠʝ ʤʝʨʳ 

ʧʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ ʠ ʨʝʮʝʥʟʠʨʦʚʘʥʠʶ ʩʪʘʪʝʡ ʠ ʜʦʢʣʘʜʦʚ ʢʦʥʬʝʨʝʥʮʠʠ. 

 

 

                                                              ʇʦ ʧʦʨʫʯʝʥʠʶ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ 

                                                              ɺ.ʌ. ʂʦʨʦʩʪʝʣʝʚ 
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ʉʆɼɽʈɾɸʅʀɽ 

 

 

ʊʫʪʫʙʘʣʠʥ ʈ.ʖ., ʂʠʨʠʣʣʦʚ ɸ.ɺ. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ 

 ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʥʘ ʙʘʟʝ ʨʦʣʠʢʦʚʠʥʪʦʚʦʡ ʧʝʨʝʜʘʯʠ ééé.   7 

 

ɹʫʨʘʚʣʝʚʘ ɽ.ɺ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ  

ʚ ʟʘʜʘʯʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʪʝʨʝʦʪʠʧʥʦʡ ʤʦʜʝʣʠ  

ʦʙʫʯʘʝʤʦʛʦ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʘʜʘʧʪʠʚʥʦʡ ʦʙʫʯʘʶʱʝʡ ʩʠʩʪʝʤʳ é..  12 

 

ʂʦʨʦʩʪʝʣʝʚ ɺ.ʌ., ɹʦʨʦʚʠʮʢʠʡ ɼ.ɺ. ʉʦʟʜʘʥʠʝ ʠʥʪʝʨʬʝʡʩʘ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʚ ʩʨʝʜʝ WinCC ʦʯʠʩʪʢʠ ʚʦʜʳ ééééééé 17 

 

ʂʦʨʦʩʪʝʣʝʚ ɺ.ʌ., ɹʦʨʦʚʠʮʢʠʡ ɼ.ɺ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ  

ʦʯʠʩʪʢʠ ʚʦʜʳ ééééééééééééééééééééééééééé  23 

 

ɹʫʪʫʟʦʚʘ ɻ.ʅ., ʀʚʘʥʦʚ ɸ.ʖ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ  

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʫʯʘʶʱʝʛʦ ʢʫʨʩʘ çʌʦʪʦʨʝʢʦʥʩʪʨʫʢʮʠʷè éééé.  27 

 

ɻʘʚʰʠʥ ɺ.ɺ.,  ʂʦʥʜʨʘʪʴʝʚʘ ʅ.ɽ. ʇʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ  

ʤʦʜʝʣʝʡ ʙʘʟʦʚʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚéééééééééééééé.  32 

 

ʉʳʩʦʝʚ ʉ.ʅ., ʈʷʟʘʥʦʚ ɸ.ɸ., ʂʦʨʦʙʦʚʘ ʊ.ʅ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʳʯʘʞʥʦʛʦ 

ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʤʦʜʫʣʷ éééééééééééééééééééé.   39 

 

ʂʦʥʥʦʚʘ ʊ.ɸ. ʈʘʟʨʘʙʦʪʢʘ   ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ ʜʣʷ  ʪʝʩʪʠʨʦʚʘʥʠʷ  

ʚ  ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʫʯʘʶʱʝʡ ʩʠʩʪʝʤʝ éééééééééééé...  44 
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ʉʳʩʦʝʚ ʉ.ʅ., ʂʘʨʮʝʚ ʂ.ɸ. ʄʝʪʦʜʠʢʘ ʧʦʠʩʢʦʚʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʚʘʢʫʫʤʥʦʛʦ ʟʘʭʚʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʘʛʨʝʛʘʪʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʪʠʧʘ ʩ 

ʨʝʢʫʧʝʨʘʮʠʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ééééééééééééééé..   47 

 

ɽʨʤʦʰʝʥʢʦ ɸ.ɸ., ɼʘʚʳʜʝʥʢʦ ɺ.ɸ. ʈʘʟʨʘʙʦʪʢʘ ʛʨʘʬʘ ʩʦʩʪʦʷʥʠʡ ʧʦʪʦʢʦʚ 

ʠʥʬʦʨʤʘʮʠʠ, ʦʪʨʘʞʘʶʱʠʭ ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ éé    51 

 

ʇʘʭʦʤʦʚ ɼ.ɻ., ʄʦʩʪʦʚʦʡ ʅ.ɺ. ʇʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ  

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʝʨʪʝʞʘ éééééééééééééééé.   55 

 

ʂʦʨʦʩʪʝʣʝʚ ɺ.ʌ., ʂʨʫʛʣʦʚ ɸ.ɸ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʦʜʜʝʨʞʢʠ  

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʧʨʦʮʝʩʩʦʚ  

ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ éééééééééééééééééééééé..   57 

 

ʂʠʨʠʣʠʥʘ ɸ.ʅ., ɹʨʘʛʠʥ ʄ.ɸ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ  

ʣʦʛʠʩʪʠʢʠ ʩʢʣʘʜʘ ééééééééééééééééééééééé..   61 

 

ɸʙʘʨʠʭʠʥ ʅ.ʇ., ɻʘʚʰʠʥ ɺ.ɺ. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʜʝʪʘʣʝʡ,  

ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ é 64 

 

ʂʠʨʠʣʠʥʘ ɸ.ʅ., ɼʝʚʷʪʳʭ ɽ.ɺ. ʆʙʦʩʥʦʚʘʥʠʝ ʨʝʞʠʤʦʚ ʣʘʟʝʨʥʦʛʦ  

ʫʧʨʦʯʥʝʥʠʷ ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ ʜʝʪʘʣʝʡ ʩʪʝʢʣʦʬʦʨʤ ééééééééé.  73 

 

ʐʣʝʛʝʣʴ ɸ.ʅ., ʂʨʫʛʣʦʚ ɸ.ɸ. ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʵʢʩʧʝʨʪʥʦʡ  

ʩʠʩʪʝʤʳ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ éé...  82 

 

ʆʚʩʷʥʥʠʢʦʚ ʅ.ɺ., ʂʦʨʦʩʪʝʣʝʚ ɺ.ʌ.  ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ  

ʧʨʦʮʝʩʩʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʝʪʘʣʣʦʚ ʚ ʩʨʝʜʝ MATHCAD ééééééé.  87 
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ʈʦʤʘʥʝʥʢʦ ʀ.ʀ., ʄʘʨʫʩʦʚʘ ɻ.ʅ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ  

ʧʨʝʧʦʜʘʚʘʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ éééééééééééééééééééé.  93 

 

ʉʳʩʦʝʚ ʉ.ʅ., ʃʠʪʚʠʥʦʚ ʀ.ʉ. ʈʘʟʨʘʙʦʪʢʘ ʙʝʟʥʘʩʦʩʥʦʛʦ ʚʘʢʫʫʤʥʦʛʦ  

ʟʘʭʚʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ééééééééééééééééééééé..    97 

 

ʉʪʨʶʢ ɸ.ɻ. ʊʝʥʜʝʥʮʠʷ ʨʘʟʚʠʪʠʷ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ééé.    99 

 

ʉʳʩʦʝʚ ʉ.ʅ., ɹʘʢʫʪʦʚ ɸ.ɹ. ʃʠʪʚʠʥʦʚ ʀ.ʉ. ʈʘʟʨʘʙʦʪʢʘ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ  

ʚʘʢʫʫʤʥʳʭ ʟʘʭʚʘʪʥʳʭ ʤʦʜʫʣʝʡ éééééééééééééééééé 101 

 

ʂʠʨʠʣʠʥʘ ɸ.ʅ., ɼʝʚʷʪʳʭ ɽ.ɺ. ʆʙʦʩʥʦʚʘʥʠʝ ʨʝʞʠʤʦʚ ʣʘʟʝʨʥʦʛʦ  

ʫʧʨʦʯʥʝʥʠʷ ʩʪʘʣʠ 40ʭ13 éééééééééééééééééééé..   109 

 

ɹʫʥʝʥʢʦʚ ɺ.ɺ., ʉʘʞʠʥ ʀ.ʀ., ʏʚʦʢʦʚ ɽ.ɺ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʝʣʠʥʝʡʥʳʭ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʤʝʭʘʥʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʩʪʘʥʢʦʚ éééééééééééééééééééééééééééé 115 
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ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʚʘʟʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ 

ʘʣʶʤʠʥʠʷééééééééééééééééééééééééééé.117 

 

ɼ.ɺ. ɹʘʩʪʨʳʢʦʚ, ʄ.ʉ. ɼʝʥʠʩʦʚ     ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ  

cʨʝʜʝ Labviewééééééééééééééééé...éééééééé121 
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ʈ.ʖ.ʊʫʪʫʙʘʣʠʥ, ɸ.ɺ.ʂʠʨʠʣʣʦʚ                                                   ɺʣʘʜʠʤʠʨ, ɺʣɻʋ 

 

ɸʅɸʃʀʊʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ɼʀʅɸʄʀʂʀ 

ʕʃɽʂʊʈʆʄɽʍɸʅʀʏɽʉʂʆɻʆ ʇʈʀɺʆɼɸ  

ʅɸ ɹɸɿɽ ʈʆʃʀʂʆɺʀʅʊʆɺʆʁ ʇɽʈɽɼɸʏʀ 

 

     ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʠʚʦʜʳ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʩ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʚ ʚʠʜʝ ʧʣʘʥʝʪʘʨʥʳʭ ʨʦʣʠʢʦʚʠʥʪʦʚʳʭ 

ʧʝʨʝʜʘʯ ʩ ʨʝʟʴʙʦʚʳʤʠ ʨʦʣʠʢʘʤʠ ʚʩʸ ʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʚʟʘʤʝʥ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ ʘʥʘʣʦʛʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ [1]. 

     ʏʘʱʝ ʚʩʝʛʦ ʦʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʣʠʥʝʡʥʦʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʠ ʨʘʙʦʯʝʡ 

ʥʘʛʨʫʟʢʝ ʚ ʚʠʜʝ ʦʩʝʚʦʡ ʩʠʣʳ. ʇʨʦʮʝʩʩ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʩʦʩʪʦʠʪ ʠʟ 3ïʭ ʭʘʨʘʢʪʝʨʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ: ʨʘʟʙʝʛ, 

ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ ʠ ʪʦʨʤʦʞʝʥʠʝ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʨʠʚʦʜʘ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʟʘʢʦʥʳ ʜʚʠʞʝʥʠʷ ʝʛʦ ʟʚʝʥʴʝʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʘʩʪʥʦʤʫ 

ʨʝʰʝʥʠʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘ ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʨʝʞʠʤʦʚ, ʧʨʠ 

ʟʘʜʘʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʜʘʶʱʠʭ 

ʣʠʰʴ ʣʦʢʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ ʵʪʦʡ ʠʟʚʝʩʪʥʦʡ ʟʘʜʘʯʠ ʂʦʰʠ ʥʘ 

ʵʪʘʧʝ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ 

ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʦʜʘ ʥʘ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

     ʇʨʝʞʜʝ ʚʩʝʛʦ, ʨʘʩʩʤʦʪʨʠʤ ʧʦʩʪʨʦʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʤʝʭʘ-

ʥʠʯʝʩʢʦʛʦ  ʧʨʠʚʦʜʘ  ʥʘ  ʙʘʟʝ  ʧʣʘʥʝʪʘʨʥʦʡ 
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ʨʦʣʠʢʦʚʠʥʪʦʚʦʡ   ʧʝʨʝʜʘʯʠ    (ʇʈɺʇ)   ʩ   ʞʝʩʪʢʠʤʠ ʟʚʝʥʴʷʤʠ ʠ ʜʚʠʛʘʪʝʣʝʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʥʝʟʘʚʠʩʠʤʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʦʙʱʸʥʥʦʡ 

ʢʦʦʨʜʠʥʘʪʳ ʵʪʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ ʚʳʙʝʨʝʤ 

ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ, ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʠʥʪʦʤ ʇʈɺʇ (ʩʤ.ʨʠʩ.). 

ʊʦʛʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʨʠʚʦʜʘ ʚ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʷ 

ʃʘʛʨʘʥʞʘ 2ïʛʦ ʨʦʜʘ ʠʤʝʝʪ ʚʠʜ: 

                                   
Q

TT

dt

d

#
,                                                   (1) 

ʛʜʝQï ʦʙʦʙʱʸʥʥʘʷ ʩʠʣʘ;1
# ï ʦʙʦʙʱʝʥʥʘʷ ʩʢʦʨʦʩʪʴ; 

321 TnTTT ï ʢʠʥʝʪʠʯʝʩʢʘʷ  ʵʥʝʨʛʠʷ ʧʨʠʚʦʜʘ; 

2

1
2

1
#

oJT ï ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ, ʚʤʝʩʪʝ ʩ ʚʠʥʪʦʤ ʇʈɺʇ 

ʧʨʠ ʠʭ ʚʨʘʱʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ#; 

B

o

P

oo JJJ ï ʠʭ ʦʩʝʚʦʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ; 
2

11
2

1
rMJB

o ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʚʠʥʪʘ; 1ʄʠ1rï ʤʘʩʩʘ ʠ ʨʘʜʠʫʩ ʚʠʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

P

oJ ïʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ (ʙʝʨʸʪʩʷ ʧʦ ʢʘʪʘʣʦʛʫ); 

2

2

2

22
2

1

2

1
cc JVMT  ï ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʨʝʟʴʙʦʚʦʛʦ ʨʦʣʠʢʘ ʧʨʠ ʧʣʦʩʢʦʤ 

ʜʚʠʞʝʥʠʠ;  2  ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʦʣʠʢʘ; cV ï ʩʢʦʨʦʩʪʴ ʮʝʥʪʨʘ ʤʘʩʩ ʨʦʣʠʢʘ; 

2

22
2

1
rMJc
ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʨʦʣʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʉ; 

2M ʠ 2r  ï ʤʘʩʩʘ ʠ ʨʘʜʠʫʩ ʨʦʣʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; n ï ʯʠʩʣʦ ʨʦʣʠʢʦʚ; 

2

333
2

1
VMT  ï ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʭʦʜʦʚʦʡ ʛʘʡʢʠ-ʰʪʦʢʘ, ʟʘʢʨʝʧʣʸʥʥʦʡ ʦʪ 

ʚʨʘʱʝʥʠʷ, ʧʨʠ ʝʸ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʚʜʦʣʴ ʦʩʠ ʧʨʠʚʦʜʘ;  

3M ʠ 3V  ï ʤʘʩʩʘ ʠ ʩʢʦʨʦʩʪʴ ʛʘʡʢʠ-ʰʪʦʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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     ɺʳʨʘʟʠʤ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʝʨʝʟ ʦʙʦʙʱʸʥʥʫʶ ʩʢʦʨʦʩʪʴ#. 

ʇʨʠ ʟʘʢʨʝʧʣʸʥʥʦʡ ʦʪ ʚʨʘʱʝʥʠʷ ʭʦʜʦʚʦʡ ʛʘʡʢʝ ʤʛʥʦʚʝʥʥʳʡ ʮʝʥʪʨ ʩʢʦʨʦʩʪʝʡ 

ʨʦʣʠʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʯʢʝ ʢʘʩʘʥʠʷVʉ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

###
222

1
22

2

1

2

2111

r
rV;

r

r

r

V
;rrV c . 

ʆʩʝʚʘʷ ʩʢʦʨʦʩʪʴ ʭʦʜʦʚʦʡ ʛʘʡʢʠ-ʰʪʦʢʘ: 

                      
#)]2([

)1(22
233 Kzz

K

KP
V ,                                        (2) 

ʛʜʝ ʈ ï ʰʘʛ ʨʝʟʴʙʳ;
2

1

r

r
K , 2z ʠ 3z  ï ʯʠʩʣʘ ʟʘʭʦʜʦʚ ʨʝʟʴʙʳ ʥʘ ʨʦʣʠʢʝ ʠ ʛʘʡʢʝ-

ʰʪʦʢʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʟʷʪʳʝ ʩʦ ʟʥʘʢʦʤ ç+è ʧʨʠ ʧʨʘʚʦʡ ʨʝʟʴʙʝ ʠ çïè ʧʨʠ 

ʣʝʚʦʡ [1]. 

     ʉ ʫʯʸʪʦʤ ʵʪʠʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʟʘʧʠʰʝʤ ʢʠʥʝʪʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ ʧʨʠʚʦʜʘ ʢʘʢ ʬʫʥʢʮʠʶ ʦʙʦʙʱʸʥʥʦʡ ʩʢʦʨʦʩʪʠ:  

         

222

2322

22

3

2

12

2

11
2

1
]})2([

)1(168

3
)

2

1
{(

2

1
##

ʧʨ

P

o JKzz
K

KP
MrnMJrMT ,    (3) 

ʛʜʝ ʧʨJ - ʧʨʠʚʝʜʝʥʥʳʡ ʢ ʦʩʠ ʚʠʥʪʘ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʨʠʚʦʜʘ.                           

     ʆʙʦʙʱʸʥʥʫʶ ʩʠʣʫ  ʥʘʡʜʸʤ, ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʚ ʩʫʤʤʝ ʚʦʟʤʦʞʥʳʭ ʨʘʙʦʪ 

ʘʢʪʠʚʥʦʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ ʠ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʪʝʨʠ ʥʘ 

ʪʨʝʥʠʝ ʩʢʦʣʴʞʝʥʠʷ ʠ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʚ ʨʝʟʴʙʦʚʳʭ ʩʦʧʨʷʞʝʥʠʷʭ ʨʦʣʠʢʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʭʦʜʦʚʦʡ ʠ ʦʧʦʨʥʦʡ ʛʘʡʢʘʤʠ, ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʛʘʡʢʫ-ʰʪʦʢ 

ʧʦʩʪʦʷʥʥʦʡ ʦʩʝʚʦʡ ʩʠʣʳ : 

              
)2()1

1
([

1
21 rrFsFsFMQ kɼ ,                           (4) 

ʛʜʝ 
2

s
s  (5) ï ʚʦʟʤʦʞʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʭʦʜʦʚʦʡ ʛʘʡʢʠ-ʰʪʦʢʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤʫ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʧʨʠʨʘʱʝʥʠʶ  

ʦʙʦʙʱʸʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ; ʄɼ ï ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ; ɖ ï ʂʇɼ ʇʈɺʇ; F ï 

ʦʩʝʚʘʷ ʩʠʣʘ ʥʘ ʰʪʦʢʝ ʇʈɺʇ; Õʢï ʧʨʠʚʝʜʸʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ 

[2]. 
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     ʀʟ (2) ʩʣʝʜʫʝʪ, ʯʪʦ ʦʩʝʚʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʛʘʡʢʠïh ʪʦʢʘ ʟʘ ʦʙʦʨʦʪ ʚʠʥʪʘ: 

                                            
)]2([

)1(2
23 Kzz

K

PK
s .                                            (5) 

      

     ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ (5) ʠ (6) ʚ (4) ʦʙʦʙʱʸʥʥʫʶ ʩʠʣʫ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ: 

   )}2()]2([
)1(4

)1
1

()]2([
)1(4

{ 212323 rrFKzz
K

PK
FKzz

K

PK
FMQ kɼ

(6) 

     ʉ ʫʯʸʪʦʤ (3) ʠ (6) ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʟ (1) ʧʦʣʫʯʠʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʨʠʚʦʜʘ 

                           
)}2()]2([

)1(4
{ 2123 rrFKzz

K

PK
FMJ kɼʧʨ

## .                 (7) 

     ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ, 

ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʛʦ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʚ ʢʦʪʦʨʦʡ ʫʯʪʝʥʦ ʚʣʠʷʥʠʝ ʩʠʣ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʟʚʝʥʴʷ ʜʚʠʛʘʪʝʣʷ. ɼʠʥʘʤʠʯʝʩʢʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʥʝʟʘʚʠʩʠʤʳʤ 

ʚʦʟʙʫʞʜʝʥʠʝʤ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʬʦʨʤʝ ʨʘʟʨʝʰʝʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʄʜ: 

                                               
###

2

2222

R

ʌL

R

ʌ

R

ʌU
ʄɼ ,                                 (8) 

ʛʜʝ U ïʥʘʧʨʷʞʝʥʠʝ ʥʘ ʦʙʤʦʪʢʝ ʷʢʦʨʷ; ʌ ï ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʦʙʤʦʪʢʠ 

ʚʦʟʙʫʞʜʝʥʠʷ; R ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʢʠ ʷʢʦʨʷ; L ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʷʢʦʨʷ;    

ɡ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ [3]. 

     ʉ ʫʯʸʪʦʤ (8), ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʨʠʚʦʜʘ ʧʨʠʤʝʪ 

ʚʠʜ: 

###
R

ʌ
rrFKzz

K

PK
F

R

ʌU

R

ʌL
J kʧʨ

22

21232

22

)2()]2([
)1(4

)( .    (9) 

     ʋʨʘʚʥʝʥʠʝ (9) ʩʚʦʜʠʪʩʷ ʢ ʫʨʘʚʥʝʥʠʶ ʩ ʨʘʟʜʝʣʷʶʱʠʤʠʩʷ ʧʝʨʝʤʝʥʥʳʤʠ 

ʚʠʜʘ: 

                                                     ### ab ,                                                         (10) 
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ʛʜʝ a ʠ b ï ʢʦʥʩʪʘʥʪʳ, ʚʳʨʘʞʝʥʥʳʝ ʠʟ ʫʨʘʚʥʝʥʠʷ (9) ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ 

ʧʨʠʚʦʜʘ. 

     ʈʘʟʜʝʣʷʷ ʧʝʨʝʤʝʥʥʳʝ, ʫʨʘʚʥʝʥʠʝ (10) ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ: 

                                             

adt

a

b

d

#

#
,                                                       (11) 

     ɼʚʘʞʜʳ ʠʥʪʝʛʨʠʨʫʷ (11) ʥʘʡʜʝʤ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (12) ʠ 

ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ (13) ʥʘʧʨʠʤʝʨ, ʧʨʠ ʥʫʣʝʚʳʭ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ: 

                                             

)(ln at
a

b

e
a

b
# ,                                                          (12) 

                                             ʠ t
a

b
e

a

b at )1(
2

.                                                 (13) 

     ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʧʨʠʚʦʜʘ ʥʘ ʙʘʟʝ ʇʈɺʇ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʦʜʘ ʥʘ ʟʘʢʦʥʳ 

ʜʚʠʞʝʥʠʷ ʝʛʦ ʟʚʝʥʴʝʚ, ʨʝʘʢʮʠʠ ʚ ʩʦʧʨʷʞʝʥʠʷʭ ʇʈɺʇ ʠ ʦʙʦʩʥʦʚʘʥʦ ʚʳʙʨʘʪʴ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

     1. ʂʦʟʳʨʝʚ ɺ.ɺ. ʂʦʥʩʪʨʫʢʮʠʠ ʨʦʣʠʢʦʚʠʥʪʦʚʳʭ ʧʝʨʝʜʘʯ ʠ ʤʝʪʦʜʠʢʘ ʠʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ: ʋʯʝʙ.ʧʦʩʦʙʠʝ / ɺʣʘʜʠʤ. ʛʦʩ. ʫʥ-ʪ. ɺʣʘʜʠʤʠʨ, 2004. - 100 ʩ. 

ISBN 5-89368-512-1. 

     2. ɸʥʫʨʴʝʚ ɺ.ʀ. ʉʧʨʘʚʦʯʥʠʢ ʢʦʥʩʪʨʫʢʪʦʨʘïʤʘʰʠʥʦʩʪʨʦʠʪʝʣʷ: ʚ 3ïʭ ʪ.: ʊ.2. 

ï 8-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ʇʦʜ ʨʝʜ. ʀ.ʅ. ɾʝʩʪʢʦʚʦʡ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 

2001. ï 912 ʩ.: ʠʣ. ISBN 5-217-02964-1. 

     3. ʂʦʣʦʚʩʢʠʡ ʄ.ɿ.  ɼʠʥʘʤʠʢʘ  ʤʘʰʠʥ.  ï ʃ.:  ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ.  ʃʝʥʠʥʛʨ.  

ʦʪʜ-ʥʠʝ, 1989. ï 236 ʩ.: ʠʣ. ISBN 5-217-00599-8. 
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ɽ.ɺ. ɹʫʨʘʚʣʸʚʘ                                                                               ɺʣʘʜʠʤʠʨ, ɺʣɻʋ                                                                           

 

ʇʈʀʄɽʅɽʅʀɽ ʄɽʊʆɼɸ ɼʀʉʂʈʀʄʀʅɸʅʊʅʆɻʆ ɸʅɸʃʀɿɸ  

ɺ ɿɸɼɸʏɽ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ʇʈʀ ʇʆʉʊʈʆɽʅʀʀ 

ʉʊɽʈɽʆʊʀʇʅʆʁ ʄʆɼɽʃʀ ʆɹʋʏɸɽʄʆɻʆ  

ɼʃʗ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ɸɼɸʇʊʀɺʅʆʁ  

ʆɹʋʏɸʖʑɽʁ ʉʀʉʊɽʄʓ 

 

ɺʚʝʜʝʥʠʝ 

ʇʦʜ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʘʜʘʧʪʠʚʥʦʡ ʦʙʫʯʘʶʱʝʡ ʩʠʩʪʝʤʦʡ ʧʦʥʠʤʘʶʪ 

ʢʦʤʧʣʝʢʩʥʫʶ ʩʠʩʪʝʤʫ,  ʚʢʣʶʯʘʶʱʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ, ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʝ ʠ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʫʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʦʙʫʯʝʥʠʝ 

ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʜʘʧʪʘʮʠʶ ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʫʯʘʱʝʛʦʩʷ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʚʳʙʦʨ ʤʝʪʦʜʦʚ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ 

ʜʘʥʥʳʭ ʦʙ ʦʙʫʯʘʝʤʦʤ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʘʜʘʧʪʠʚʥʦʡ 

ʩʠʩʪʝʤʳ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʘʜʝʢʚʘʪʥʦʡ 

ʤʦʜʝʣʠ ʦʙʫʯʘʝʤʦʛʦ. 

ʇʦʜ ʤʦʜʝʣʴʶ ʦʙʫʯʘʝʤʦʛʦ ʧʦʥʠʤʘʶʪ ʟʥʘʥʠʷ ʦʙ ʦʙʫʯʘʝʤʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʩʠʩʪʝʤʦʡ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ. ʕʪʦ ʤʥʦʞʝʩʪʚʦ ʪʦʯʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʬʘʢʪʦʚ ʦʙ ʦʙʫʯʘʝʤʦʤ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ 

ʩʪʦʨʦʥʳ ʝʛʦ ʩʦʩʪʦʷʥʠʷ: ʟʥʘʥʠʷ, ʣʠʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʠ ʜʨ. [1]. 

ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʩʪʝʨʝʦʪʠʧʥʘʷ 

ʤʦʜʝʣʴ. ɺ ʪʘʢʦʡ ʤʦʜʝʣʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʨʠʪʝʨʠʝʚ, 

ʦʪʨʘʞʘʶʱʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʠ ʧʦ ʠʭ ʟʥʘʯʝʥʠʷʤʦʙʫʯʘʝʤʳʝ 

ʜʝʣʷʪʩʷ ʥʘ ʢʣʘʩʩʳ ï ʩʪʝʨʝʦʪʠʧʳ. ɺʝʣʠʯʠʥʘ ʢʨʠʪʝʨʠʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʫʯʘʱʝʛʦʩʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʥʝʢʦʪʦʨʦʡ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠ[2]. 
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ɼʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʫʯʘʝʤʦʛʦ,  ʩʪʨʫʢʪʫʨʘ 

ʩʪʝʨʝʦʪʠʧʥʦʡ ʤʦʜʝʣʠ ʧʨʠ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʦʡ.  

 

1. ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʦʙʫʯʘʝʤʦʛʦ. 

ʀʟ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʩʪʝʨʝʦʪʠʧʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʤʦʜʝʣʠ ʦʙʫʯʘʝʤʦʛʦ ʦʪʨʘʞʘʶʱʝʡ ʫʨʦʚʝʥʴ ʝʛʦ ʧʦʜʛʦʪʦʚʢʠ ʢ ʠʟʫʯʝʥʠʶ 

ʛʨʘʬʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʪʝʨʝʦʪʠʧʥʘʷ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʤʦʜʝʣʴ 

L{ Lh,Lm,Ll}, ʛʜʝ, 

Lhï ʢʣʘʩʩ ʦʧʠʩʳʚʘʶʱʠʡ ʦʙʫʯʘʝʤʳʭ ʩ ʭʦʨʦʰʠʤ ʫʨʦʚʥʝʤ ʧʦʜʛʦʪʦʚʢʠ, 

ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʚʠʪʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʤʳʰʣʝʥʠʝʤ; 

Lm ï ʢʣʘʩʩ ʦʧʠʩʳʚʘʶʱʠʡ ʦʙʫʯʘʝʤʳʭ ʩ ʩʨʝʜʥʠʤ ʫʨʦʚʥʝʤ; 

Ll ï ʢʣʘʩʩ ʦʧʠʩʳʚʘʶʱʠʡ ʦʙʫʯʘʝʤʳʭ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʧʦʜʛʦʪʦʚʢʠ. 

ɼʣʷ ʬʦʨʤʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʢʣʘʩʩʦʚ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʠʤʝʥʝʥ ʦʜʠʥ 

ʠʟ ʤʝʪʦʜʦʚ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʎʝʣʴʶ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʚʳʜʝʣʝʥʥʳʤʠ ʩʪʝʨʝʦʪʠʧʘʤʠ ʠ ʧʨʠʟʥʘʢʘʤʠ ʦʙʲʝʢʪʘ, ʪ.ʝ. ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ 

ʦʙʫʯʘʝʤʦʛʦ[3]. 

ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʩʪʝʨʝʦʪʠʧʥʦʡ ʤʦʜʝʣʠ ʦʙʫʯʘʝʤʦʛʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʣʘʩʩʘ; 

2. ʋʩʪʘʥʦʚʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʚʳʙʨʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ 

ʛʨʫʧʧʳ; 

3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ; 

4. ʉʦʟʜʘʥʠʝ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʢʘʞʜʦʡ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ (ʬʦʨʤʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʘʚʠʣʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʢʪʘ ʢ 

ʪʦʡ ʠʣʠ ʠʥʦʡ ʛʨʫʧʧʝ). 

 



14 
 

2. ʇʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ. 

2.1. ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʚʳʙʨʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ.  

ʄʝʪʦʜʦʤ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʡ 

ʤʦʜʝʣʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʠʟʥʘʢʠ: ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʟʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʟʥʦʡ ʧʘʤʷʪʠ, ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʚʦʦʙʨʘʞʝʥʠʷ, ʫʨʦʚʝʥʴ 

ʨʘʟʚʠʪʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʳʰʣʝʥʠʷ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ 

ʘʥʘʣʠʟʫ ʠ ʩʠʥʪʝʟʫ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʚʳʙʨʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩʨʝʜʠ ʩʪʫʜʝʥʪʦʚ, ʚ 

ʢʦʣʠʯʝʩʪʚʝ 25 ʯʝʣʦʚʝʢ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʩʪʠʤʫʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝʩʪʳ,ʨʘʟʨʘʙʦʪʘʥʥʳʝ ɻ. 

ɸʡʟʝʥʢʦʤ, ʌ.ʂʘʨʪʝʨʦʤ, ɸ.ʗ.ʎʫʢʘʨʴ. 

 

      2.2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʳʙʦʨʦʢ.  

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʙʦʨʦʢ ʙʳʣʠ ʩʦʟʜʘʥʳ ʪʨʠ ʪʝʩʪʦʚʳʭ ʢʫʨʩʘ 

ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʙʫʯʝʥʠʷ, ʦʙʲʝʤʫ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ 

ʛʨʘʬʠʯʝʩʢʦʡ ʠ ʤʫʣʴʪʠʤʝʜʠʡʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʥʠʡ. 

ʇʦʩʣʝ ʠʟʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʪʝʩʪʦʚʳʭ ʢʫʨʩʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʠʨʦʚʘʥʠʷ, 

ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʫʨʦʚʝʥʴ ʫʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʠʟ ʛʨʫʧʧʳ ʩʪʫʜʝʥʪʦʚ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳʪʨʠ ʚʳʙʦʨʢʠ (M1,M2,M3).  

 

3. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʇʨʝʜʩʪʘʚʠʤ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʚʠʜʘ: 

 

 

 

ʛʜʝ, X
(k)

, k=1,2,3 ï ʤʘʪʨʠʮʘ ʩ ʦʙʫʯʘʶʱʠʤʠ ʧʨʠʟʥʘʢʘʤʠ: 
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x1- ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʟʨʠʪʝʣʴʥʦʡ ʦʙʨʘʟʥʦʡ ʧʘʤʷʪʠ, 

x2- ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʚʦʦʙʨʘʞʝʥʠʷ, 

x3- ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʳʰʣʝʥʠʷ, 

x4ï ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʘʥʘʣʠʟʫ ʠ ʩʠʥʪʝʟʫ. 

ɿʥʘʯʝʥʠʷ ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ M1, M2, 

M3 ʩʣʝʜʫʶʱʠʝ: 

 

 

ɺʝʢʪʦʨʘ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡʧʦ ʢʘʞʜʦʡ ʚʳʙʦʨʢʝ: 

 

ɼʣʷ ʚʳʙʦʨʘ ʤʝʪʦʜʘ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ 

ʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ.  

ʇʦʩʢʦʣʴʢʫ ʯʠʩʣʦ ʥʘʙʣʶʜʝʥʠʡ ʥʝʚʝʣʠʢʦ ʜʣʷ ʧʨʦʚʝʨʢʠ ʥʫʣʴ-ʛʠʧʦʪʝʟʳ 

ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ: ʢʨʠʪʝʨʠʡ ʐʘʧʠʨʦ-ʋʠʣʢʩʘ, ʢʨʠʪʝʨʠʡ 

ʘʩʠʤʤʝʪʨʠʠ ʠ ʵʢʩʮʝʩʩʘ, ʢʨʠʪʝʨʠʡ ʂʦʣʤʦʛʦʨʦʚʘ. 

ɼʣʷ ʚʩʝʭ ʢʨʠʪʝʨʠʝʚ ʜʦʩʪʠʛʘʝʤʳʝ ʫʨʦʚʥʠ ʟʥʘʯʠʤʦʩʪʠ ʧʨʝʚʳʰʘʶʪ 0,1, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʠʤʝʝʪ ʥʦʨʤʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 90 %. 

ʆʩʥʦʚʦʡ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ 

ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʡ ʬʫʥʢʮʠʠ ʚʠʜʘ: 

                         (1) 
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ʛʜʝ, X1 ʠ Xn ð ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ 

ʩʣʫʯʘʷʤ, C ï ʢʦʥʩʪʘʥʪʘ ʜʠʩʢʨʠʤʠʥʘʮʠʠ, A1 ï An ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ [3].  

ʇʦʩʣʝ ʦʮʝʥʢʠ ʠ ʧʦʜʩʪʘʥʦʚʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʢʦʥʩʪʘʥʪ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʚ 

(1) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʪʨʝʭ 

ʧʦʜʤʥʦʞʝʩʪʚ: 

 

     ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʨʘʥʠʮʳ ʪʨʝʭ ʢʣʘʩʩʦʚ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʠʩʪʝʤʦʡ 

ʫʨʘʚʥʝʥʠʡ: 

                     (2) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ʣʷʤʙʜʘ ʋʠʣʢʩʘ 

ʧʦʢʘʟʳʚʘʶʱʠʡ ʤʦʱʥʦʩʪʴ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʚ ʪʝʢʫʱʝʡ ʤʦʜʝʣʠ.   

ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ 0,1, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʜʠʩʢʨʠʤʠʥʘʮʠʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʜʝʣʴ ʦʙʫʯʘʝʤʦʛʦ ʷʚʣʷʝʪʩʷ 

ʘʜʝʢʚʘʪʥʦʡ. 

ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʘʣʛʦʨʠʪʤʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʫʯʘʶʱʝʡ ʩʠʩʪʝʤʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʇʦʜʩʠʩʪʝʤʘ ʪʝʩʪʠʨʦʚʘʥʠʷʦʩʫʱʝʩʪʚʣʷʝʪ ʩʙʦʨ ʜʘʥʥʳʭ; 

2. ʇʦʜʩʠʩʪʝʤʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚʳʯʠʩʣʷʝʪ ʟʥʘʯʝʥʠʝ ʚʳʨʘʞʝʥʠʷ (2); 

3. ʄʦʜʫʣʴ ʧʦʜʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩʨʘʚʥʠʚʘʝʪ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩ ʥʫʣʝʤ, ʝʩʣʠ: 

F1 ï F2> 0 ʠ F1 ï F3> 0, ʪʦ ʦʙʫʯʘʝʤʳʡ ʧʨʠʥʘʜʣʝʞʠʪ ʧʝʨʚʦʤʫ ʢʣʘʩʩʫ L1; 

F1 ï F2< 0 ʠF2 ï F3> 0, ʪʦ ʦʙʫʯʘʝʤʳʡ ʧʨʠʥʘʜʣʝʞʠʪ ʚʪʦʨʦʤʫ ʢʣʘʩʩʫ L2; 

F1 ï F3<0  ʠF2 ï F3< 0, ʪʦ ʦʙʫʯʘʝʤʳʡ ʧʨʠʥʘʜʣʝʞʠʪ ʪʨʝʪʴʝʤʫ ʢʣʘʩʩʫ L3. 
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ɺ.ʌ.ʂʦʨʦʩʪʝʣʝʚ, ɼ.ɺ.ɹʦʨʦʚʠʮʢʠʡ                                             ɺʣʘʜʠʤʠʨ, ɺʣɻʋ 

 

ʉʆɿɼɸʅʀɽ ʀʅʊɽʈʌɽʁʉɸ ʋʇʈɸɺʃɽʅʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʄ 

ʇʈʆʎɽʉʉʆʄ ɺ ʉʈɽɼɽ WINCC ʆʏʀʉʊʂʀ ɺʆɼʓ 

 

ɺʚʝʜʝʥʠʝ 

 

     ʉʝʛʦʜʥʷ ʥʠ ʜʣʷ ʢʦʛʦ ʥʝ ʩʝʢʨʝʪ, ʯʪʦ ʦʪ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʠ 

ʩʘʤʦ ʢʘʯʝʩʪʚʦ ʥʘʰʝʡ ʞʠʟʥʠ. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʥʝʪ ʧʨʦʙʣʝʤʳ ʜʝʬʠʮʠʪʘ ʧʨʝʩʥʦʡ 

ʚʦʜʳ, ʈʦʩʩʠʷ ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʚ ʤʠʨʝ ʧʦ ʦʙʲʝʤʫ ʧʨʝʩʥʦʚʦʜʥʦʛʦ ʩʪʦʢʘ. 

ʆʜʥʘʢʦ ʜʦʩʪʘʪʦʯʥʦ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʢʘʯʝʩʪʚʘ ʧʨʝʩʥʦʡ ʚʦʜʳ. ɼʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʩʫʰʠ ʫʯʝʥʳʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʤʝʪʦʜʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʝʡ ʜʦʧʫʩʪʠʤʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʥʳʝ 

ʦʙʲʝʢʪʳ ʠ ʩʦʭʨʘʥʝʥʠʷ ʚʦʜʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʠ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʢʘʯʝʩʪʚʦ ʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʧʨʦʩʳ ʙʝʨʝʞʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ, ʙʝʟ ʢʦʪʦʨʦʡ ʥʝʤʳʩʣʠʤʘ ʥʘʰʘ ʞʠʟʥʴ, ʪʨʝʙʫʶʪ 

ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʧʨʦʙʣʝʤʳ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʠ 
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ʚʦʜʦʦʯʠʩʪʢʠ ʩʪʦʷʪ ʚ ʤʝʛʘʧʦʣʠʩʘʭ, ʛʜʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʧʦʪʨʝʙʣʝʥʠʝ 

ʯʠʩʪʦʡ ʚʦʜʳ ʧʦʨʘʞʘʶʪ ʩʚʦʠʤʠ ʤʘʩʰʪʘʙʘʤʠ. ʊʘʢʞʝ ʚʦʜʦʧʦʜʛʦʪʦʚʢʘ ʠ 

ʚʦʜʦʦʯʠʩʪʢʘ ʠʤʝʶʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʇʨʠʤʠʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʚʦʜʦʦʯʠʩʪʢʠ ʠʣʠ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʠʟʚʝʩʪʥʘ 

ʯʝʣʦʚʝʯʝʩʪʚʫ ʩ ʜʘʚʥʠʭ ʧʦʨ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʣʘʛʦʜʘʨʷ ʪʝʭʥʠʯʝʩʢʦʤʫ ʧʨʦʛʨʝʩʩʫ 

ʧʦʚʩʝʤʝʩʪʥʦ ʧʨʠʤʝʥʷʶʪ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ, ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʪ.ʜ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʩʫʱʝʩʪʚʫʶʱʠʡ ʧʨʦʮʝʩʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ ʚʦʜʳ ʨʘʩʩʤʦʪʨʝʥ ʩ ʧʦʟʠʮʠʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. 

ʅʘ ʩʭʝʤʝ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ (ʨʠʩ.1) ʫʢʘʟʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚʦʜʳ, 

ʪʘʢ ʠʟ ʨʝʟʝʨʚʫʘʨʦʚ ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʥʘʩʦʩʘʤʠ ʅ1.1- ʅ1.3 ʠ ʅ2.1 - ʅ2.3 

ʪʝʭʥʠʯʝʩʢʘʷ ʚʦʜʘ ʧʦʜʘʝʪʩʷ ʥʘ ʦʙʲʝʢʪʳ ʧʨʦʤʙʘʟʳ ʠ ʥʘ ʦʯʠʩʪʢʫ, ʘ ʠʟ 

ʨʝʟʝʨʚʫʘʨʦʚ ʯʠʩʪʦʡ ʚʦʜʳ ʥʘʩʦʩʘʤʠ ʅ3.1 - ʅ3.3 ʯʠʩʪʘʷ ʚʦʜʘ ʧʦʜʘʝʪʩʷ 

ʢʦʥʝʯʥʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ ʠ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ. 

 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʧʦʜʛʦʪʦʚʢʠ ʚʦʜʳ 

 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ 

ʩʠʩʪʝʤʳ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʭ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ɹʦʣʴʰʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʬʠʨʤʳ 

Siemens. ʆʜʥʠʤ ʠʟ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʷʚʣʷʝʪʩʷ WinCC [1]. 

WinCC ï ʵʪʦ ʤʦʱʥʘʷ ʩʠʩʪʝʤʘ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ (HMI), 

ʨʘʙʦʪʘʶʱʘʷ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Microsoft Windows. 

ɸʙʙʨʝʚʠʘʪʫʨʘ HMI ʦʟʥʘʯʘʝʪ "Human Machine Interface", ʪʦ ʝʩʪʴ ʠʥʪʝʨʬʝʡʩ 

ʤʝʞʜʫ ʯʝʣʦʚʝʢʦʤ (ʦʧʝʨʘʪʦʨʦʤ) ʠ ʫʩʪʨʦʡʩʪʚʦʤ (ʧʨʦʮʝʩʩʦʤ).  
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ʈʠʩ 1. ʉʭʝʤʘ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ. 

 

     ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʧʦʜʛʦʪʦʚʢʠ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ WinCC ʠ ʦʧʝʨʘʪʦʨʦʤ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ  

ʤʝʞʜʫ ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʠ WinCC, ʩ 

ʜʨʫʛʦʡ (ʨʠʩ.2). 

 

Graphics Designer [ɻʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥʝʨ] 

 ʚ WinCC Explorer 

 

     Graphics Designer [ɻʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥʝʨ] ï 

ʵʪʦ ʨʝʜʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʘʜʨʦʚ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ ʢʘʜʨʳ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ. ɿʘʧʫʩʪʠʪʴ Graphics Designer 

[ɻʨʘʬʠʯʝʩʢʠʡ    ʜʠʟʘʡʥʝʨ]   ʤʦʞʥʦ    ʪʦʣʴʢʦ     ʜʣʷ  
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ʧʨʦʝʢʪʘ, ʢʦʪʦʨʳʡ ʦʪʢʨʳʪ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ WinCC Explorer [ʇʨʦʚʦʜʥʠʢ 

WinCC]. WinCC Explorer [ʇʨʦʚʦʜʥʠʢ WinCC] ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʧʨʦʩʤʦʪʨʘ ʢʘʜʨʦʚ ʧʨʦʮʝʩʩʘ ʦʪʢʨʳʪʦʛʦ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʝʢʪʘ. 

     ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʦʯʠʩʪʢʠ ʚʦʜʳ ʥʘ ʩʪʘʥʮʠʠ ɺʆʉ-400,  

ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʧʣʦʱʘʜʢʝ ʧʨʦʤʙʘʟʳ ʋʂʇɻ-9 ʗʤʙʫʨʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ,  

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʝʢʪ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʩʨʝʜʝ WinCC. ʋʧʨʘʚʣʝʥʠʝ ʩʪʘʥʮʠʝʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʝʨʘʪʦʨʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʠʭ ʩʭʝʤ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʮʝʩʩ 

ʫʧʨʘʚʣʝʥʠʷ. 

     ɺ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʪʨʝʙʫʝʪʩʷ ʜʦʨʘʙʦʪʘʪʴ ʛʨʘʬʠʯʝʩʢʠʝ ʩʭʝʤʳ ʚʦʜʦʥʘʩʦʩʥʦʡ 

ʩʪʘʥʮʠʠ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʝʝ ʧʦʥʷʪʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʥʘʛʣʷʜʥʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʨʦʮʝʩʩʘ, ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ, 

ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʦʧʝʨʘʪʦʨʘ ʜʣʷ ʧʨʠʥʷʪʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʰʝʥʠʡ. 

ɺʦʜʦʥʘʩʦʩʥʘʷ ʩʪʘʥʮʠʷ ʨʘʟʜʝʣʝʥʘ ʥʘ ʛʨʫʧʧʳ ʥʘʩʦʩʦʚ, ʛʜʝ ʥʘʩʦʩʳ ʧʝʨʚʦʡ ʠ 

ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʜʘʯʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʜʳ ʥʘ ʩʪʘʥʮʠʶ 

ʚʦʜʦʦʯʠʩʪʢʠ ʠ ʥʘ ʧʣʦʱʘʜʢʫ ʧʨʦʤʙʘʟʳ, ʘ ʥʘʩʦʩʳ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ ʧʦʜʘʯʫ 

ʯʠʩʪʦʡ ʚʦʜʳ ʧʦʪʨʝʙʠʪʝʣʶ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʳʝ ʩʭʝʤʘ ʛʨʫʧʧʳ ʥʘʩʦʩʦʚ ʅ1.1-ʅ1.3, ʅ2.1-ʅ2.3 (ʨʠʩ.3) ʚ 

ʨʘʙʦʯʝʤ ʧʨʦʝʢʪʝ ʚʳʛʣʷʜʝʣʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ʅʘ ʩʭʝʤʝ ʦʙʦʟʥʘʯʝʥʳ H1.1-H1.ʭ, H2.1-ʅ2.ʭ - ʥʘʩʦʩʳ, ʈʭ - ʜʘʚʣʝʥʠʝ, ʊʭ - 

ʪʝʤʧʝʨʘʪʫʨʘ, Fx - ʨʘʩʭʦʜʦʤʝʨʳ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʩʪʘʥʮʠʠ ʩ ʧʦʤʦʱʴʶ 

ʚʩʪʨʦʝʥʥʦʛʦ ʨʝʜʘʢʪʦʨʘ Graphics Designer ʛʨʘʬʠʯʝʩʢʠʝ ʩʭʝʤʳ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʡ ʠ ʙʦʣʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʚʠʜ. 

ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʡ: 

- ʛʨʫʧʧʳ ʥʘʩʦʩʦʚ ʅ1.1-ʅ1.3, ʅ2.1-ʅ2.3 (ʨʠʩ.4). 
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   ʈʠʩ. 4. ɻʨʫʧʧʳ ʥʘʩʦʩʦʚ ʅ1.1-ʅ1.3, ʅ2.1-ʅ2.3. 
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     ʅʘ ʨʠʩʫʥʢʝ (ʨʠʩ.4)  ʧʨʠʚʝʜʝʥʘ ʠʟʤʝʥʝʥʘʷ ʩʭʝʤʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʘ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʫʶ, ʜʦʙʘʚʣʝʥʳ ʨʫʯʥʳʝ ʟʘʜʚʠʞʢʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚ ʨʫʯʥʫʶ 

ʚʳʩʪʘʚʣʷʪʴ ʠʭ ʧʦʣʦʞʝʥʠʝ ʜʣʷ ʥʘʛʣʷʜʥʦʛʦ ʠ ʙʦʣʝʝ ʫʜʦʙʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚʦʜʳ, ʜʦʙʘʚʣʝʥʳ ʨʝʟʝʨʚʫʘʨʳ ʠʩʭʦʜʥʦʡ ʚʦʜʳ (ʈʀɺ1 ʠ 

ʈʀɺ2), ʘ ʪʘʢʞʝ ʥʘ ʈʀɺ1 ʠ ʈʀɺ2 ʚʳʚʝʜʝʥʳ ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʦʚ ʫʨʦʚʥʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʠʩʧʨʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʦʜʳ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

     Graphics Designer ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʧʨʦʛʨʘʤʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ ʚʩʝʤʠ ʫʟʣʘʤʠ ʇʆ 

WinCC, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʦʙʨʘʟʠʪʴ ʜʘʥʥʳʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʩʭʝʤʳ ʫʪʚʝʨʞʜʝʥʳ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ.  

 

ʃʠʪʝʨʘʪʫʨʘ 

 

1. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ WinCC V6. ʆʩʥʦʚʥʘʷ ɼʦʢʫʤʝʥʪʘʮʠʷ 

(6AV6392-1XA06-0AB0).      

2.http://iadt.siemens.ru/assets/files/infocenter/Documetations/Automation_syste

ms/HMI/ 

3. WinCC/V6/WinCC_V6_r.pdf. 
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ɺ.ʌ.ʂʦʨʦʩʪʝʣʝʚ, ɼ.ɺ.ɹʦʨʦʚʠʮʢʠʡ                                             ɺʣʘʜʠʤʠʨ, ɺʣɻʋ 

 

ʉʀʉʊɽʄɸ ʋʇʈɸɺʃɽʅʀʗ ʇʈʆʎɽʉʉʆʄ ʆʏʀʉʊʂʀ ɺʆɼʓ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʬʠʣʴʪʨʳ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ ʠʩʧʦʣʴʟʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʦʜʳ 

ʦʟʦʥʠʨʦʚʘʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʩʝʨʝʙʨʘ ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ, 

ʡʦʜʠʨʦʚʘʥʠʝ, ʫʣʴʪʨʘʬʠʦʣʝʪ,  ʦʟʦʥʠʨʦʚʘʥʠʝ ʠ ʦʙʨʘʪʥʳʡ ʦʩʤʦʩ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʦʙʨʘʪʥʳʡ ʦʩʤʦʩ, ʢʦʪʦʨʳʡ ʨʘʥʴʰʝ 

ʧʨʠʤʝʥʷʣʠ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʦʧʨʝʩʥʝʥʠʷ ʤʦʨʩʢʦʡ ʚʦʜʳ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʦʯʠʩʪʢʘ ʧʫʪʝʤ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ ʜʘʝʪ ʩʦʪʥʠ ʪʳʩʷʯ ʪʦʥʥ 

ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚ ʩʫʪʢʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʆʩʥʦʚʥʦʡ ʦʯʠʱʘʶʱʠʡ ʵʣʝʤʝʥʪ ʵʪʠʭ 

ʩʠʩʪʝʤ ð ʧʦʣʫʧʨʦʥʠʮʘʝʤʘʷ ʤʝʤʙʨʘʥʘ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʧʨʦʧʫʩʢʘʪʴ ʯʝʨʝʟ 

ʩʝʙʷ ʪʦʣʴʢʦ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʶ 

ʚʝʱʝʩʪʚ ʩ ʤʦʣʝʢʫʣʘʤʠ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ (ʩʦʣʝʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, 

ʧʨʠʤʝʩʝʡ, ʨʞʘʚʯʠʥʳ).  

ʆʩʥʦʚʥʳʤ ʬʠʣʴʪʨʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ, ʚ ʬʠʣʴʪʨʘʭ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʦʯʠʩʪʢʠ, ʷʚʣʷʝʪʩʷ ʤʝʤʙʨʘʥʘ, ʧʦ ʢʘʯʝʩʪʚʫ ʦʯʠʩʪʢʠ, ʣʫʯʰʠʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ (ʦʩʥʦʚʥʦʡ ʬʠʣʴʪʨʫʶʱʠʡ ʵʣʝʤʝʥʪ ð ʦʙʨʘʪʥʦʦʩʤʦʪʠʯʝʩʢʘʷ 

ʤʝʤʙʨʘʥʘ), ʜʘʣʝʝ ʩʣʝʜʫʝʪ ʥʘʥʦʬʠʣʴʪʨʘʮʠʷ ʠ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ 

(ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʦʥʥʘʷ ʤʝʤʙʨʘʥʘ). ʇʦʤʠʤʦ ʦʙʨʘʪʥʦʦʩʤʦʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ, 

ʢ ʬʠʣʴʪʨʘʤ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʯʠʩʪʢʠ ʦʪʥʦʩʷʪʩʷ ʬʠʣʴʪʨʳ ʩ 

ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʤʝʤʙʨʘʥʦʡ. ʆʥʠ ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ, ʥʦ ʪʘʢ ʞʝ 

ʟʘʩʣʫʞʠʚʘʶʪ ʚʥʠʤʘʥʠʷ, ʪʝʤ ʙʦʣʝʝ ʯʪʦ ʠʭ ʩʪʦʠʤʦʩʪʴ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ ʯʝʤ 

ʩʪʦʠʤʦʩʪʴ ʦʙʨʘʪʥʦʦʩʤʦʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ. 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʪʘʢʠʭ ʬʠʣʴʪʨʦʚ ʥʠʟʢʘʷ, ʘ ʢʘʯʝʩʪʚʦ ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʯʝʥʴ 

ʚʳʩʦʢʦʝ. 

ɺ ʨʘʡʦʥʝ ʢʨʘʡʥʝʛʦ ʩʝʚʝʨʘ, ʛʜʝ 9 ʤʝʩʷʮʝʚ ʚ ʛʦʜʫ ʟʠʤʘ ʠ ʙʣʠʞʘʡʰʠʡ 

ʢʨʫʧʥʳʡ ʥʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ ʜʦʩʪʘʪʦʯʥʦ ʫʜʘʣʝʥ, ʘʢʪʫʘʣʴʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʧʨʦʙʣʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʪʘʥʮʠʷʤʠ ʚʦʜʦʦʯʠʩʪʢʠ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ c 
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ʧʨʠʤʝʥʝʥʠʝʤ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʢʣʶʯʘʷ ʠ ʪʝʭʥʦʣʦʛʠʶ 

ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʘ ʙʘʟʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʪʘʥʮʠʠ ʚʦʜʦʦʯʠʩʪʢʠ ɺʆʉ-400 

ʗʤʙʫʨʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʩʫʱʝʩʪʚʠʪʴ ʤʦʜʝʨʥʠʟʘʮʠʶ, ʚʢʣʶʯʘʶʱʫʶ 

ʫʩʪʘʥʦʚʢʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʫ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʦʜʥʦʛʦ 

ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ. 

ʋʯʠʪʳʚʘʷ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʩʤʦʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʫʩʪʘʥʦʚʢʝ ʥʘ ʩʪʘʥʮʠʶ ʚʦʜʦʦʯʠʩʪʢʠ, ʝʝ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚ ʙʣʦʢ ʬʠʣʴʪʨʘʮʠʠ 

ʧʦʩʣʝ ʣʘʤʧʳ ʋʌʆ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʤ ʙʦʣʝʝ ʜʦʣʛʠʡ ʩʨʦʢ ʩʣʫʞʙʳ 

ʤʝʤʙʨʘʥʳ ʠ ʧʦʣʫʯʠʤ ʚʦʜʫ ʩ ʦʯʝʥʴ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

ɼʣʷ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʨʘʪʥʦʦʩʤʦʪʠʯʝʩʠʭ ʫʩʪʘʥʦʚʦʢ 

ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚʦʜʘ, ʧʦʩʪʫʧʘʶʱʘʷ ʥʘ ʤʝʤʙʨʘʥʳ, 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʦʨʤʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʜʘʯʫ ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʠ ʦʪʚʦʜ ʢʦʥʮʝʥʪʨʘʪʘ ʚ ʟʘʜʘʥʥʳʭ ʜʣʷ 

ʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ʤʝʤʙʨʘʥ ʧʨʝʜʝʣʘʭ.  

ʄʝʤʙʨʘʥʥʳʡ ʬʠʣʴʪʨ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ ʩ ʜʚʫʤʷ ʩʪʫʧʝʥʷʤʠ ʦʯʠʩʪʢʠ ʚʦʜʳ:  

1͊

1͋

1͍

Y 3.8

˽͔ͪͣ ͔͊  ͭ1 ͫ ͭͯͨ ͔͙ͤ

˴ͦ ͼ͔ͤͤͭͪ͊ͭ

H 3.7
2͊

2͋

˾͔ͼ͙͟͡ ͦ͟ ͼ͔ͤͤͭͪ͊ͭ͊ 2 ͫ ͭͯͨ ͔͙ͤ

˽͔ͪͣ ͔͊  ͭ2 ͫ ͭͯͨ ͔͙ͤ

 

ʈʠʩ.1. ʄʝʤʙʨʘʥʥʳʡ ʬʠʣʴʪʨ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ: 

                             1 ï ʤʝʤʙʨʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ;  

                             2 ï ʤʝʤʙʨʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ. 
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ʇʝʨʝʜ ʧʦʜʘʯʝʡ ʚʦʜʳ ʥʘ ʤʝʤʙʨʘʥʫ, ʝʝ ʩʣʝʜʫʝʪ ʦʯʠʩʪʠʪʴ ʯʝʨʝʟ ʫʟʣʳ (ʨʠʩ.2) 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʬʠʣʴʪʨʘʮʠʠ - ʦʙʝʟʞʝʣʝʟʠʚʘʥʠʷ ʚʦʜʳ, ʜʝʭʣʦʨʠʨʦʚʘʥʠʷ ʚʦʜʳ, 

ʫʤʷʛʯʝʥʠʷ ʚʦʜʳ ʠʣʠ ʜʦʟʠʨʦʚʘʥʠʷ ʠʥʛʠʙʠʪʦʨʘ, ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʚʦʜʳ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʤ. ɺʠʜʥʦ, ʯʪʦ ʩʭʝʤʘ ʪʘʢʦʡ ʧʨʝʜʧʦʜʛʦʪʦʚʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʩʭʝʤ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚʦʜʳ ʜʣʷ ʤʥʦʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʥʘʣʠʯʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʩʠʩʪʝʤʳ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʟʘʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʚʦʜʫ ʜʣʷ 

ʧʠʪʘʥʠʷ ʤʝʤʙʨʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ. 
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ʈʠʩ.2. ɹʣʦʢ ʬʠʣʴʪʨʘʮʠʠ ʩ ʤʝʤʙʨʘʥʥʳʤ ʬʠʣʴʪʨʦʤ. 

 

ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʩʭʝʤʝ (ʨʠʩ.3), 

ʛʜʝ ʩʠʛʥʘʣʳ ʩ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦʩʪʫʧʘʶʪ ʥʘ  ʩʪʘʥʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʚʚʦʜʘ-ʚʳʚʦʜʘ SIMATIC ET 200, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʜʘʣʝʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ 
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ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʫʣʴʥʳʡ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʢʦʥʪʨʦʣʣʝʨ SIMATIC S7-400, ʠ 

ʧʦʣʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ɸʈʄ ʦʧʝʨʘʪʦʨʘ. 

 

 

ʈʠʩ.3. ʉʭʝʤʘ ɸʉʋ ʊʇ. 

 

ɺ ʨʘʙʦʯʠʡ ʧʨʦʝʢʪ ʙʫʜʫʪ ʚʥʝʩʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʫʶ ʯʘʩʪʴ, ʵʪʦ 

ʧʨʦʛʨʘʤʤʘ ʧʨʦʤʳʚʢʠ ʬʠʣʴʪʨʦʚ, ɸɺʈ ʥʘʩʦʩʦʚ, ʟʘʱʠʪʳ, ʚ ʛʨʘʬʠʯʝʩʢʠʝ ʩʭʝʤʳ 

ʜʦʙʘʚʣʝʥʳ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ, ʩʦʩʪʦʷʥʠʷ ʧʨʦʮʝʩʩʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

1. http://www.o8ode.ru/article/answer/clean/obratnyi_ocmoc.htm 

2. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ 

ʚʦʜʦʦʪʚʝʜʝʥʠʷ, ɻʦʛʠʥʘ ɽ.ʉ., ɻʫʨʠʥʦʚʠʯ ɸ.ɼ., 2012ʛ. 
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ɻ.ʅ.ɹʫʪʫʟʦʚʘ, ɸ.ʖ.ʀʚʘʥʦʚ                                                         ɺʣʘʜʠʤʠʨ, ɺʣɻʋ 

 

ɸʂʊʋɸʃʔʅʆʉʊʔ ʈɸɿʈɸɹʆʊʂʀ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ 

ʆɹʋʏɸʖʑɽɻʆ ʂʋʈʉɸ çʌʆʊʆʈɽʂʆʅʉʊʈʋʂʎʀʗè 

 

C ʨʘʟʚʠʪʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʫʣʴʪʠʤʝʜʠʘ ʪʝʭʥʦʣʦʛʠʡ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʩʰʠʨʠʣʠʩʴ ʚʦʟʤʦʞʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʦʚʝʡʰʠʭ ʜʦʩʪʠʞʝʥʠʡ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ. 

ʀʥʬʦʨʤʘʮʠʷ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣʘ ʜʦʩʪʫʧʥʦʡ ʙʣʘʛʦʜʘʨʷ ʩʝʪʠ ʀʥʪʝʨʥʝʪ 

ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʚʦʙʦʜʥʦʛʦ ʧʦʩʝʱʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ 

ʚʳʩʪʘʚʦʢ, ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʟʘʣʦʚ, ʧʨʝʟʝʥʪʘʮʠʡ. 

ʇʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʩʪʠ ʚʠʜʝʦʩʲʝʤʢʫ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʠʩʧʳʪʘʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʇʨʠʝʤʳ ʬʦʪʦʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʟʚʦʣʷʶʪ ʧʦ ʬʦʪʦʩʥʠʤʢʫ ʠʣʠ ʣʶʙʦʤʫ 

ʧʝʨʩʧʝʢʪʠʚʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʧʦʵʪʘʧʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʪʝʯʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʠʩʩʣʝʜʦʚʘʪʴ ʩʠʪʫʘʮʠʶ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, 

ʚʳʷʚʠʪʴ ʨʘʟʤʝʨʳ ʠ ʨʘʩʩʪʘʥʦʚʢʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʟʤʝʨʳ 

ʩʘʤʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʦʤʝʱʝʥʠʷ. ʇʨʠ ʥʘʣʠʯʠʠ ʚʠʜʝʦʩʲʝʤʢʠ ʚʦʟʤʦʞʥʦ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʣʶʙʫʶ ʩʠʪʫʘʮʠʶ, ʥʘʧʨʠʤʝʨ, ʦʧʨʝʜʝʣʠʪʴ  

ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ,  ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʤʘʰʠʥ ʚʦ ʚʨʝʤʷ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʠʩʰʝʩʪʚʠʡ ʠ ʪ. ʜ. ʏʪʦʙʳ 

ʚʳʧʦʣʥʠʪʴ ʬʦʪʦʨʝʢʦʥʩʪʨʫʢʮʠʶ ʛʨʘʤʦʪʥʦ, ʥʘʜʦ ʫʤʝʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʦʩʪʨʦʝʥʠʷ ʠ ʟʥʘʪʴ ʥʝʢʦʪʦʨʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ, ʧʦ 

ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʶʪ ʝʝ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʦʧʠʩʘʥʥʳʝ ʚ [1]. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʝʤʦʚ ʬʦʪʦʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʥʘ ʵʪʘʧʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ ʚ ʩʫʱʝʩʪʚʫʶʱʝʝ 3D ʠʟʦʙʨʘʞʝʥʠʝ ʚʩʪʨʘʠʚʘʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ɺʳʧʦʣʥʠʚ ʬʦʪʦʨʝʢʦʥʩʪʨʫʢʮʠʶ 3D 
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ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʧʨʦʝʢʮʠʠ, ʧʦ ʢʦʪʦʨʳʤ 

ʧʨʦʚʝʨʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʘʤ, ʪʨʝʙʦʚʘʥʠʷʤ 

ʵʨʛʦʥʦʤʠʢʠ, ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʠʜʝʦʵʢʦʣʦʛʠʠ. ʇʦ ʦʨʪʦʛʦʥʘʣʴʥʳʤ 

ʠʟʦʙʨʘʞʝʥʠʷʤ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʭʝʤʳ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʧʨʦʚʝʨʠʪʴ ʨʘʟʤʝʨʳ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʩʪʘʪʠʯʝʩʢʠʤ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

     ʌʦʪʦʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʟʢʠʡ ʨʘʟʜʝʣ ʛʨʘʬʠʢʠ, ʢʦʪʦʨʳʡ ʥʝ 

ʚʭʦʜʠʪ ʚ ʧʨʦʛʨʘʤʤʫ ʦʙʫʯʝʥʠʷ ʙʘʢʘʣʘʚʨʦʚ ʠ ʥʝ ʩʦʜʝʨʞʠʪʩʷ ʚ ʦʩʥʦʚʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ. ɺ ʩʚʷʟʠ ʩ ʘʢʪʫʘʣʴʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʝʤʦʚ 

ʬʦʪʦʨʝʢʦʥʩʪʨʫʢʮʠʠ ʨʘʟʨʘʙʦʪʘʥ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʦʙʫʯʘʶʱʠʡ ʢʫʨʩ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʦʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ɸʆʂ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʤʘʛʠʩʪʨʘʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ, ʥʘʫʯʥʳʭ 

ʨʘʙʦʪʥʠʢʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʦʡ. ɹʣʘʛʦʜʘʨʷ 

ʢʦʤʧʣʝʢʩʫ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ (ʚʠʜʝʦʩʶʞʝʪʳ, 

ʘʥʠʤʘʮʠʷ, ʟʚʫʢ, ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʣʣʶʩʪʨʘʮʠʠ, ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ 

ʩʘʤʦʢʦʥʪʨʦʣʷ, ʵʣʝʢʪʨʦʥʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʠ ʪ.ʜ.) ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ɸʆʂ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʠʥʪʝʨʝʩʥʳʤ [2]. 

     ɸʆʂ çʌʦʪʦʨʝʢʦʥʩʪʨʫʢʮʠʷè ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

     ʇʨʠ ʩʦʟʜʘʥʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦʜʦʙʨʘʥ ʦʙʰʠʨʥʳʡ ʠʣʣʶʩʪʨʘʪʠʚʥʳʡ 

ʤʘʪʝʨʠʘʣ, ʚʢʣʶʯʘʷ ʘʚʪʦʨʩʢʠʝ ʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩʪʫʜʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, 

3D ʤʦʜʝʣʠ ʠʩʪʦʨʠʯʝʩʢʠʭ ʧʘʤʷʪʥʠʢʦʚ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʧʦ ʬʦʪʦʛʨʘʬʠʷʤ, 

ʩʦʟʜʘʥʥʳʭ ʚ ʧʘʢʝʪʝ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ 3D Studio Max. 

     ɸʆʂ ʨʘʟʨʘʙʦʪʘʥ ʚ ʧʨʦʛʨʘʤʤʝ FronPage. ʇʨʠʢʣʘʜʥʘʷ ʧʨʦʛʨʘʤʤʘ FronPage ï 

ʵʪʦ ʚʠʟʫʘʣʴʥʳʡ html-ʨʝʜʘʢʪʦʨ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʘʡʪʘ. ʉ ʧʦʤʦʱʴʶ FronPage 

ʩʦʟʜʘʥʘ ʩʪʨʫʢʪʫʨʘ ʩʘʡʪʘ, ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʪʨʘʥʠʮʳ, ʜʦʙʘʚʣʝʥʳ ʠʥʪʝʨʘʢʪʠʚʥʳʝ 

ʩʨʝʜʩʪʚʘ ʠ ʟʘʛʨʫʞʝʥʳ ʬʘʡʣʳ ʥʘ ʩʝʨʚʝʨ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʫʨʩʘ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʷʟʳʢ ʨʘʟʤʝʪʢʠ ʛʠʧʝʨʪʝʢʩʪʘ HTML (Hypertext Markup Language).  



29 
 

ʈʘʟʨʘʙʦʪʘʥʦ ʜʚʝ ʚʝʨʩʠʠ ʢʫʨʩʘ: ʣʦʢʘʣʴʥʘʷ ʠ ʩʝʪʝʚʘʷ. ʉʦʩʪʘʚʣʷʶʱʠʤʠ 

ʣʦʢʘʣʴʥʦʛʦ ʢʫʨʩʘ ʷʚʣʷʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ (ʣʝʢʮʠʦʥʥʳʡ ʢʫʨʩ, 

ʧʨʝʟʝʥʪʘʮʠʠ, ʪʨʝʥʘʞʝʨʳ, ʩʠʩʪʝʤʘ ʩʘʤʦʢʦʥʪʨʦʣʷ, ʵʣʝʢʪʨʦʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ). 

ʃʦʢʘʣʴʥʘʷ ʚʝʨʩʠʷ ʢʫʨʩʘ ʠʤʝʝʪ ʜʨʝʚʦʚʠʜʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʈʘʟʜʝʣʳ ʢʫʨʩʘ 

ʧʦʜʯʠʥʝʥʳ ʩʪʘʨʪʦʚʦʡ ʩʪʨʘʥʠʮʝ. ʈʘʟʜʝʣʳ ʠʜʫʪ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʚ ʥʘʯʘʣʦ ʜʨʫʛʦʛʦ ʨʘʟʜʝʣʘ, ʪʘʢ ʢʘʢ ʤʝʞʜʫ ʨʘʟʜʝʣʘʤʠ 

ʦʨʛʘʥʠʟʦʚʘʥʘ ʚʟʘʠʤʦʩʚʷʟʴ.  

ʉʦʟʜʘʥʠʝ ʩʝʪʝʚʦʡ ʚʝʨʩʠʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʝ 

ʦʙʫʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. 

ʄʦʜʫʣʠ ʙʘʟʳ ʜʘʥʥʳʭ ʤʦʞʥʦ ʚʥʝʜʨʠʪʴ ʚ ʩʠʩʪʝʤʫ çMoodleè ʠʣʠ ʚ ʜʨʫʛʫʶ 

ʣʶʙʫʶ ʢʣʘʩʪʝʨʥʫʶ ʩʝʨʚʝʨʥʫʶ ʩʠʩʪʝʤʫ. 

     ʃʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʘʡʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʆʥʘ ʦʪʨʘʞʘʝʪ 

ʚʥʫʪʨʝʥʥʠʝ ʩʚʷʟʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʜʝʨʞʠʤʦʛʦ ʩʪʨʘʥʠʮ ʩʘʡʪʘ ʠ ʠʭ 

ʣʦʛʠʯʝʩʢʫʶ ʩʦʦʪʥʦʩʠʤʦʩʪʴ, ʢʦʛʜʘ ʦʜʥʘ ʩʪʨʘʥʠʮʘ ʨʘʟʚʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ 

ʜʨʫʛʦʡ, ʜʝʪʘʣʠʟʠʨʫʝʪ ʝʝ ʪʝʤʫ ʠʣʠ ʘʩʩʦʮʠʘʪʠʚʥʦ ʟʘʚʠʩʠʤʘ ʦʪ ʥʝʝ. 

 

 

ʈʠʩ. 1 
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ʌʠʟʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʘʡʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. ʀʤʝʥʘ ʢʘʞʜʦʛʦ ʠʟ 

ʢʘʪʘʣʦʛʦʚ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʢʘʢʠʝ ʬʘʡʣʳ ʚ ʥʝʤ ʥʘʭʦʜʷʪʩʷ. ɺ ʢʘʪʘʣʦʛ çʢʘʨʪʠʥʢʠè  

ʧʦʤʝʱʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʩʘʡʪʘ, ʚ ʢʘʪʘʣʦʛ çʣʝʢʮʠʠè ï ʚʩʝ 

ʣʝʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ɺ ʢʘʪʘʣʦʛʝ çʧʨʝʟʝʥʪʘʮʠʠè ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʝʟʝʥʪʘʮʠʠ ʚ ʬʦʨʤʘʪʝ *.ppx. ɺ ʢʘʪʘʣʦʛʝ çʪʨʝʥʘʞʝʨè ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʵʪʘʧʥʦʝ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯ. ɺ ʵʣʝʢʪʨʦʥʥʦʡ ʙʠʙʣʠʦʪʝʢʝ ʥʘʭʦʜʷʪʩʷ ʬʘʡʣʳ ʢʥʠʛ ʜʣʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ. 

 

ʈʠʩ. 2. 

 

     ʇʨʦʝʢʪʠʨʫʝʤʳʡ ʨʝʩʫʨʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ  web-ʩʘʡʪ, ʚ ʜʠʟʘʡʥʝ ʢʦʪʦʨʦʛʦ 

ʵʣʝʤʝʥʪʳ ʥʘʚʠʛʘʮʠʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʳ ʧʦ ʣʝʚʦʡ ʛʨʘʥʠʮʝ ʵʢʨʘʥʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʪʝʢʩʪʦʚʦʝ ʧʦʣʝ ʩʤʝʱʘʝʪʩʷ ʚʧʨʘʚʦ. ʇʨʦʩʪʦʡ ʦʨʠʛʠʥʘʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʳʡ ʠ ʫʜʦʙʥʳʡ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ.  

     ɼʠʟʘʡʥ ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʳ ɸʋʂ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.3. ɽʝ ʥʘʧʦʣʥʝʥʠʝ 

ʚʢʣʶʯʘʝʪ ʦʩʥʦʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʫʯʘʶʱʝʤ ʢʫʨʩʝ. 

     ʈʘʟʨʘʙʦʪʘʥʥʳʡ ɸʆʂ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʜʦʙʥʳʡ, ʠʥʬʦʨʤʘʪʠʚʥʳʡ, 

ʩʦʜʝʨʞʘʱʠʡ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ web-

ʨʝʩʫʨʩ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʦʙʫʯʘʝʤʳʤ ʘʢʪʫʘʣʴʥʫʶ ʢʘʯʝʩʪʚʝʥʥʫʶ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 
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ɺ.ɺ.ɻʘʚʰʠʥ,  ʅ.ɽ.ʂʦʥʜʨʘʪʴʝʚʘ                                                  ɺʣʘʜʠʤʠʨ, ɺʣɻʋ 

 

ʇʈʀʄɽʅɽʅʀɽ ɺ ʉʀʉʊɽʄɸʍ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʀɿɼɽʃʀʁ ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ ʄʆɼɽʃɽʁ 

ɹɸɿʆɺʓʍ ɻʈɸʌʀʏɽʉʂʀʍ ʕʃɽʄɽʅʊʆɺ 

 

     ʊʝʭʥʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ (ʨʘʟʨʘʙʦʪʢʘ 

ʯʝʨʪʝʞʝʡ: ʦʙʱʝʛʦ ʚʠʜʘ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ; ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʝʪʘʣʝʡ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʟʜʝʣʠʝ, ʦʬʦʨʤʣʝʥʠʝ ʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ï ʪʝʭʥʠʯʝʩʢʠʭ 

ʦʧʠʩʘʥʠʡ, ʩʧʝʮʠʬʠʢʘʮʠʡ ʠ ʪ.ʜ.) ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʛʨʘʬʠʯʝʩʢʠʭ 

ʨʝʜʘʢʪʦʨʦʚ (ʂʦʤʧʘʩ, AutoCAD ʠ ʜʨ.) ʠ ʠʭ ʧʨʠʣʦʞʝʥʠʡ ʚ ʚʠʜʝ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʙʠʙʣʠʦʪʝʢ. ʇʝʨʚʳʝ ʩʦʜʝʨʞʘʪ 

ʛʨʘʬʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʚ ʚʠʜʝ ʯʝʨʪʝʞʝʡ) ʩʪʘʥʜʘʨʪʥʳʭ ʜʝʪʘʣʝʡ, 

ʥʘʧʨʠʤʝʨ, ʨʘʟʲʸʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʧʥʝʚʤʦʘʧʧʘʨʘʪʫʨʘ, 

ʨʝʜʫʢʪʦʨʘ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʠ ʪ. ʜ.); ʚʪʦʨʳʝ ï ʩʚʝʜʝʥʠʷ ʦ ʪʝʭʧʨʦʮʝʩʩʘʭ, 

ʤʘʪʝʨʠʘʣʘʭ, ʦʙʦʨʫʜʦʚʘʥʠʠ, ʥʝʦʙʭʦʜʠʤʦʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʢʦʥʪʨʦʣʷ, 

ʠʩʧʳʪʘʥʠʷ ʜʝʪʘʣʝʡ, ʫʟʣʦʚ, ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʤ ʠ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʜʦʢʫʤʝʥʪʘʤ 

ʧʨʝʜʰʝʩʪʚʫʝʪ ʨʘʟʨʘʙʦʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ [1,2], 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʘʥʘʣʠʟʝ ʯʝʨʪʝʞʝʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʪʝʭʥʠʢʠ ʠ ʚʳʜʝʣʝʥʠʠ ʙʘʟʦʚʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʯʝʨʪʸʞ ʣʶʙʦʛʦ ʠʟʜʝʣʠʷ [3]. 

ɼʣʷ ʩʪʫʜʝʥʪʦʚ ʧʝʨʚʦʛʦ ʢʫʨʩʘ ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʤʘʰʠʥʦ- 

ʧʨʠʙʦʨʦʩʪʨʦʠʪʝʣʴʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ, ʢʫʨʩ ʪʝʭʥʠʯʝʩʢʦʡ ʛʨʘʬʠʢʠ ʦʩʥʦʚʘʥ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʧʨʦʝʢʮʠʦʥʥʦʛʦ ʯʝʨʪʝʞʘ, ʛʜʝ ʦʜʥʦʟʥʘʯʥʦ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʝʢ ʯʝʨʪʝʞʘ ʜʝʪʘʣʠ ʥʘ ʚʠʜʘʭ 

ʩʧʝʨʝʜʠ, ʩʚʝʨʭʫ, ʩʣʝʚʘ ʠ ʪ.ʜ. [4] . 
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ʇʦʵʪʦʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʙʘʟʦʚʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʨʦʝʢʮʠʦʥʥʦʤ ʯʝʨʪʝʞʝ ʷʚʣʷʶʪʩʷ ʪʦʯʢʠ, ʦʪʨʝʟʢʠ ʧʨʷʤʳʭ, ʜʫʛʠ ʢʨʠʚʳʭ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʣʝʢʘʣʴʥʳʝ ʢʨʠʚʳʝ. ʕʪʠ ʤʦʜʝʣʠ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠ 

ʨʝʰʝʥʠʠ ʤʝʪʨʠʯʝʩʢʠʭ ( ʥʘʧʨʠʤʝʨ ʚʳʙʦʨ ʤʘʩʰʪʘʙʘ ʯʝʨʪʝʞʘ) ʠ ʧʦʟʠʮʠʦʥʥʳʭ 

ʟʘʜʘʯʘʭ  (ʚʳʙʦʨ ʚʠʜʘ ʩʧʝʨʝʜʠ ʠ ʪ.ʜ.). 

ʊʘʢ ʢʘʢ ʫ ʩʪʫʜʝʥʪʦʚ ʧʝʨʚʦʛʦ ʢʫʨʩʘ ʥʝʪ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ, ʪʦ ʥʘ ʧʨʠʤʝʨʝ ʨʘʟʲʸʤʥʦʛʦ ʨʝʟʴʙʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʜʝʪʘʣʝʡ (ʜʚʫʭ ʧʣʘʩʪʠʥ) ʩ ʧʦʤʦʱʴʶ ʙʦʣʪʘ, ʛʘʡʢʠ ʠ ʰʘʡʙʳ, ʠʩʧʦʣʴʟʫʷ ʚ 

ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʝ ʨʘʟʤʝʨʳ:  D ï ʜʠʘʤʝʪʨ ʙʦʣʪʘ;  L ï 

ʜʣʠʥʘ ʙʦʣʪʘ ʠ  L0  - ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʨʝʟʴʙʳ, ʧʦʢʘʟʘʥʘ ʨʘʟʨʘʙʦʪʢʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʦʝʜʠʥʝʥʠʷ ʠ ʘʣʛʦʨʠʪʤ ʝʸ ʨʝʘʣʠʟʘʮʠʠ ʚ ʚʠʜʝ 

ʧʨʦʝʢʮʠʦʥʥʦʛʦ ʯʝʨʪʝʞʘ ( ʚʠʜʳ  ʩʧʝʨʝʜʠ ï ʬʨʦʥʪʘʣʴʥʳʡ ʨʘʟʨʝʟ ʠ ʩʚʝʨʭʫ). 

ɺ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ XOY ʚʳʙʠʨʘʝʪʩʷ ʥʘʯʘʣʴʥʘʷ ʪʦʯʢʘ (x, y), 

ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʦʣʦʞʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʤʘʩʰʪʘʙ. ʆʪʨʝʟʦʢ ʧʨʷʤʦʡ, 

ʩʦʝʜʠʥʷʶʱʠʡ ʪʦʯʢʠ ( ʭi , yi ) ʠ ( ʭi+1 , yi+1 ), ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʦʟʥʘʯʝʥʠʶ ç1è. 

ʇʝʨʝʭʦʜ ʦʪ ʪʦʯʢʠ ʢ ʪʦʯʢʝ ʙʝʟ ʩʦʝʜʠʥʝʥʠʷ ʠʭ ʦʪʨʝʟʢʦʤ ʧʨʷʤʦʡ ʦʙʦʟʥʘʯʘʝʪʩʷ 

ʠʥʜʝʢʩʦʤ ç0è. 

 

ʇʨʠʤʝʨ. 

 

D = 16, L = 50, L0 = 38. ɻʆʉʊ 7798-70. ɹʦʣʪʳ ʥʦʨʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ. 

ɺʠʜ ʩʧʝʨʝʜʠ (ʭ, y ) x = 32 , y = 65,  D = 16, L = 50, L0 = 38. 

ʇʨʷʤʘʷ (x2 , y2 , 1) 

x1 = x + 0,1*D                  x1 = 32 + 0,1*16 = 33,6  

y1 = y+0,1*D                     y1 = 65 + 0,1*16 = 66,6                    ʇʨʷʤʘʷ (x1 , y1 , 1) 

x2 = x + 0,9*D                  x2 = 32 + 0,9*16 = 46,4  

y2 = y1                                          y2 = 66,6                                             ʇʨʷʤʘʷ (x2 , y2 , 1) 

x3 = x + D                         x3 = 32 + 16 = 48  
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y3 = y                                 y3 = 65                                              ʇʨʷʤʘʷ (x3 , y3 , 1), 

ʧʨʷʤʘʷ (x , y , 1) 

x4 = x                                 x4 = 32 

 

 

y4 = y - 0,95*D                  y4 = 65 - 0,95*16 = 49,8                  ʇʨʷʤʘʷ (x4 , y4 , 1) 

x5 = x - 0,5 *D                  x5 = 32 - 0,5*16 = 24  

y5 = y4                               y5 = 49,8                                          ʇʨʷʤʘʷ (x5 , y5 , 1) 

x6  = x5                                        x6 = 24  

y6 = y - 1,5*D                 y6 = 62,6                                           ʇʨʷʤʘʷ (x6 , y6 , 1) 

x7 = x + 1,15*D                x7 = 56  

y7 = y6                                                y7 = 62,6                                          ʇʨʷʤʘʷ (x7 , y7 , 1) 

x8 = x7                                               x8 = 56  

y8 =y5                                                y8  = 49,8                                        ʇʨʷʤʘʷ (x8 , y8 , 1) 

x9 = x + D                         x9 = 32 + 16 = 48  

y9 = y8                                               y9 = 49,8                                          ʇʨʷʤʘʷ (x9 , y9 , 1) 

x10 = x9                                            x10 = 48  

y10 = y                               y10 = 65                                          ʇʨʷʤʘʷ (x10 , y10 , 1), 

ʧʨʷʤʘʷ (x9 , y9 , 1), 

ʧʨʷʤʘʷ (x4 , y4 , 1) 

x11 = x - 0,6 *D                 x11 = 32 - 0,6*16 = 22,4  

y11 =  y4                             y11 = 49,8                                      ʇʨʷʤʘʷ (x11 , y11 , 1) 

x12 = x11                                           x12 = x11                                            

y12 =  y - 1,15*D               y12 = 65 - 1,15*16 = 46,6              ʇʨʷʤʘʷ (x12 , y12 , 1) 

x13 = x - 0,6 *D ï 10         x13 = 12,4  

y13 =  y12                                          y13 = 46,6                                       ʇʨʷʤʘʷ (x13 , y13 , 0) 

x14 = x + 1,6 *D                x14 = 57,6  

y14  = y12                                           y14  = y12                                           ʇʨʷʤʘʷ (x14 , y14 , 1) 

x15 = x14                                            x15 = 57,6  
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y15 = y4                                              y15 = 49,8                                      ʇʨʷʤʘʷ (x15, y15 , 1),                                                                                             

ʧʨʷʤʘʷ (x8 , y8 , 1),                                                                                             

ʧʨʷʤʘʷ (x14 , y14 , 0) 

x16 = x + 1,6 *D + 10         x16 = 67,6  

y16 =  y12                                            y16 = 46,6                                     ʇʨʷʤʘʷ (x16 , y16 , 1) 

x17 = x16                                            x17 = 67,6  

y17 =  y + 0,1*D ï L           y17 = 16,6                                    ʇʨʷʤʘʷ (x17 , y17 , 1) 

x18 = x13                                             x18  = 12,4  

y18 =  y17                                           y18 = 16,6                                     ʇʨʷʤʘʷ (x18 , y18 , 1),                                                                                             

ʧʨʷʤʘʷ (x13 , y13 , 0) 

x19 = x13                                             x19 = 12,4  

y19 = y - 0,5225*D - 0,5L   y19 = 31,4                                    ʇʨʷʤʘʷ (x19 , y19 , 0) 

x20 = x                                 x20 = 32  

y20 = y19                                              y20 = 31,4    ʇʨʷʤʘʷ (x20 , y20 , 1) 

x21 = x                                    x21 = 32  

y21 = y + 0,105*D ï L0              y21 = 28,68                                  ʇʨʷʤʘʷ (x21 , y21 , 0) 

x22 = x3                                                   x22 = 48  

y22 = y21                                                  y22 = 28,68                                 ʇʨʷʤʘʷ (x22 , y22 , 1) 

x23 = x3                                                   x23 = 48  

y23 = y - 0,5225*D - 0,5L      y23 = 31,4                                   ʇʨʷʤʘʷ (x23 , y23 , 0) 

x24 = x16                                                  x24 = 67,6  

y24 = y23                                                   y24 = 31,4                                   ʇʨʷʤʘʷ (x24 , y24 , 1) 

x25 = x7                                                     x25 = 56  

y25 = y17                                                   y25 = 16,6                                  ʇʨʷʤʘʷ (x25 , y25 , 0) 

x26 =  x7                                                   x26 = 56  

y26 = y - 0,595*D ï L             y26 = 5,48                                  ʇʨʷʤʘʷ (x26 , y26 , 1) 

x27 = x + 1,05 *D                   x27 = 48,8  
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y27 = y17                                                   y27 = 16,6                                  ʇʨʷʤʘʷ (x27 , y27 , 0) 

x28 = x27                                                  x28 = 48,8  

y28 = y - 1,15*D                    y28 = 46,6                                   ʇʨʷʤʘʷ (x28, y28 , 1) 

x29 = x3                                                   x29 = 48  

y29 = y28                                                  y29 = 46,6                                   ʇʨʷʤʘʷ (x29 , y29 , 0) 

x30 = x9                                                   x30 = 48  

y30 = y26                                                  y30 = 5,48                                   ʇʨʷʤʘʷ (x30, y30 , 1) 

x31 = x4                                                    x31 = 32  

y31 = y - 0,595*D - L            y31 = 5,48                                   ʇʨʷʤʘʷ (x31 , y31 , 0) 

x32 = x                                   x32 = 32  

y32 = y - 1,15*D                    y32 = 46,6                                   ʇʨʷʤʘʷ (x32 , y32 , 1) 

x33 = x - 0,05*D                    x33 = 31,62  

y33 = y32                                                  y33 = 46,6                                  ʇʨʷʤʘʷ (x33 , y33 , 0) 

x34 = x33                                                 x34 = 31,62  

y34 =  y + 0,105*D - L          y34 = 16,6                                   y34 = 16,6                                   

x35 =  x - 0,5*D                     x35 = 24  

y35 = y + 0,105*D ï L           y35 = 16,6                                  ʇʨʷʤʘʷ (x35 , y35  0) 

x36 = x35                                                  x36 = 24  

y36 = y - 0,595*D ï L            y36 = 5,48                                  ʇʨʷʤʘʷ (x36 , y36 , 1), 

ʧʨʷʤʘʷ (x30 , y30 , 1) 

ɺʠʜ ʩʚʝʨʭʫ   

x32 = x - 0,6*D - 10               x32 = 12,4  

y32 = y - 1,7*D ï L ï 70         y32 = - 82,2  

XP ï ʩʪʦʨʦʥʘ ʢʚʘʜʨʘʪʘ XP = 22*D + 20 = 55,2  

x33 = x + D                              x33 = 48  

y33 = y - 0,6*D ï L - 60          y33 = - 54,6                                    R = 0,5*D = 8 

x34 = x15                                                    x34 = 57,6  

y34 = y33                                                   y34 = y33                                                   R1 = 1,1*D=17,6 
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x35 = x9                                                     x35 = 48  

y35 = y + 0,27*D ï L ï 60      y35 = - 40,7  

ʉʪʦʨʦʥʘ ʰʝʩʪʠʛʨʘʥʥʠʢʘ SL=D  

ʊʦʥʢʠʝ ʣʠʥʠʠ, ʨʝʟʴʙʘ   

x36 = x+ 0,9*D                        x36 = 46,4  

y36 = y33 y36 = - 54,6  

R0 = 0,9*D                             R0 = 14,4                                     ʇʨʷʤʘʷ (x1 , y1 , 0) 

x37 = x1                                                      x37 = 33,6  

y37 = y - 0,15*D                      y37 = 62,6                                   ʇʨʷʤʘʷ (x37 , y37 , 1) 

x38 = x + 0,1*D                       x38 = 33,6  

y38 = y - 1,15*D                      y38 = 46,6                                   ʇʨʷʤʘʷ (x38 , y38 , 0) 

x39 = x38                                                    x39 = 33,6  

y39 = y + 0,105*D ï L0                y39 = 28,68                                ʇʨʷʤʘʷ (x39 , y39 , 1) 

x40 = x + 0,9*D                      x40 = 46,4  

y40 = y - 1,15*D                     y40 = 46,6                                      ʇʨʷʤʘʷ (x40 , y40 , 0) 

x41 = x40                                                  x41 = 46,4  

y41 = y+ 0,105*D ï L0                y41 = 28,68                                  ʇʨʷʤʘʷ (x41 , y41 , 1),                                                                                                 

ʧʨʷʤʘʷ (x2 , y2 , 0) 

x42 =  x + 0,9*D x42 = 46,4  

y42 =  y - 0,15*D                       y42 = 62,6                                   ʇʨʷʤʘʷ (x42 , y42 , 1) 

ʆʩʠ:   

ʥʘʯʘʣʴʥʘʷ ʪʦʯʢʘ   

XA = x + 0,5*D                         XA = 40  

YA = y + 15                               YA = 80                                   ʇʨʷʤʘʷ (XA, YA, 0) 

ʢʦʥʝʯʥʘʷ ʪʦʯʢʘ   

XD = XA                                  XD = 40  

YD = y32 ï 10                             YD = - 92,2  
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     ʀʟʦʙʨʘʞʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʙʦʣʪʦʤ ʧʦ ʚʳʧʦʣʥʝʥʥʳʤ ʨʘʩʯʝʪʘʤ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ (ʨʠʩ.1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ.1 

 

     ʉʪʫʜʝʥʪʳ, ʩʦʛʣʘʩʥʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʚʘʨʠʘʥʪʘʤ, ʚʳʧʦʣʥʷʶʪ ʨʘʩʯʝʪʳ ʠ 

ʧʦʩʪʨʦʝʥʠʷ ʥʝʩʣʦʞʥʦʛʦ ʩʙʦʨʦʯʥʦʛʦ ʫʟʣʘ, ʪʝʤ ʩʘʤʳʤ ʫʩʚʘʠʚʘʶʪ ʦʩʥʦʚʳ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʛʨʘʬʠʯʝʩʢʠʭ ʨʘʙʦʪ. 
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ʉ.ʅ.ʉʳʩʦʝʚ, ɸ.ɸ.ʈʷʟʘʥʦʚ, ʊ.ʅ.ʂʦʨʦʙʦʚʘ                                   ɺʣʘʜʠʤʠʨ, ɺʣɻʋ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʈʓʏɸɾʅʆɻʆ ʂʆʈʈɽʂʊʀʈʋʖʑɽɻʆ ʄʆɼʋʃʗ 

 

     ɺ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʙʦʨʦʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʘʥʠʧʫʣʷʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʦʧʨʷʛʘʝʤʳʭ ʠʟʜʝʣʠʡ.  

     ʀʩʩʣʝʜʫʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʨʠʩ.1) [1] ʦʪʥʦʩʠʪʩʷ ʢ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʩ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʧʨʠʥʮʠʧʦʤ ʘʜʘʧʪʘʮʠʠ ʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ 

ʤʥʦʛʦʢʨʘʪʥʦʡ ʢʦʨʨʝʢʮʠʠ [2]. 
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ʈʠʩ.1. ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʣʘʩʪʠʥʳ  

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʛʨʘʥʠʯʝʥʥʫʶ ʰʪʠʬʪʘʤʠ 

 

     ʋʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʰʘʨʥʠʨʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʩʪʝʨʞʥʝʡ 1, 2, 4. ʇʨʠʯʝʤ ʜʣʠʥʘ ʩʪʝʨʞʥʷ 1 ʙʦʣʴʰʝ ʜʣʠʥʳ ʩʪʝʨʞʥʷ 2. 

ʉʪʝʨʞʝʥʴ 4 ʫʩʪʘʥʦʚʣʝʥ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʷʶʱʠʭ. ʉʭʚʘʪ 3 ʰʘʨʥʠʨʥʦ ʧʨʠʢʨʝʧʣʝʥ ʢ 

ʩʪʝʨʞʥʶ 2. ʇʣʘʩʪʠʥʘ 5 (ʧʦʟʠʮʠʦʥʠʨʫʝʤʘʷ ʜʝʪʘʣʴ) ʩʦʩʪʘʚʣʷʝʪ ʩʦ ʩʭʚʘʪʦʤ 3 

ʦʜʥʦ ʮʝʣʦʝ. ʐʘʨʥʠʨʳ ɸ, ɺ, ʉ ʧʦʜʧʨʫʞʠʥʝʥʳ ʫʧʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʪʘʢ, ʯʪʦ ʚ 

ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʪʝʨʞʥʠ 1, 2, 3, 4 ʣʝʞʘʪ ʥʘ ʦʜʥʦʡ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʨʷʤʦʡ, ʧʣʘʩʪʠʥʘ 5 ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ.  

ʇʨʠ ʦʧʫʩʢʘʥʠʠ (ʨʠʩ.2) ʩʪʝʨʞʥʷ 4 ʧʣʘʩʪʠʥʘ, ʫʧʠʨʘʷʩʴ ʚ ʦʜʠʥ ʠʟ 

ʰʪʠʬʪʦʚ, ʚʳʟʦʚʝʪ ʧʝʨʝʢʦʩ ʩʪʝʨʞʥʝʡ 1, 2, 3. (ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʪʝʨʞʝʥʴ 1 

ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʧʨʦʪʠʚ ʭʦʜʘ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ.) ʇʨʠ ʵʪʦʤ ʰʘʨʥʠʨ ɺ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʧʨʘʚʦ ʫʚʣʝʢʘʷ ʟʘ ʩʦʙʦʡ ʧʣʘʩʪʠʥʫ. ɼʘʣʴʥʝʡʰʝʝ ʧʝʨʝʤʝʱʝʥʠʝ 
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ʩʪʝʨʞʥʷ 4 ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʣʘʩʪʠʥʘ ʩʤʝʱʘʝʪʩʷ ʚ ʥʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʨʨʝʢʮʠʷ ʝʝ ʧʦʣʦʞʝʥʠʷ. 

 

 

ʈʠʩ. 2. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʢʦʨʨʝʢʮʠʠ ʧʦʣʦʞʝʥʠʷ ʠʟʜʝʣʠʷ 

 

     ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʠʥ 

ʩʪʝʨʞʥʝʡ, ʘ ʪʘʢʞʝ ʞʝʩʪʢʦʩʪʝʡ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ.  

     ʇʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʣʦʩʢʘʷ ʩʭʝʤʘ 

ʫʩʪʨʦʡʩʪʚʘ; ʫʧʨʫʛʠʝ ʤʦʤʝʥʪʳ ʚ ʰʘʨʥʠʨʘʭ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʫʛʣʘʤ ʧʦʚʦʨʦʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʚʝʥʴʝʚ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. 

     ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʨʦʡʩʪʚʘ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʜʝʪʘʣʠ ʥʘ ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʛʨʘʥʠʯʝʥʥʫʶ 

ʰʪʠʬʪʘʤʠ, ʠ ʥʘ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʫʩʪʘʥʦʚʢʠ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ.  
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     ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʟʘʭʚʘʪʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʝʪʘʣʠ:  , ,  ïʜʣʠʥʳ ʩʪʝʨʞʥʝʡ, ʩ1, ʩ2, 

ʩ3ï ʞʝʩʪʢʦʩʪʠ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ ʫʩʪʨʦʡʩʪʚʘ ʜʦ 

ʰʪʠʬʪʘ, b ï ʚʳʩʦʪʘ ʰʪʠʬʪʘ, d ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ ʩʭʚʘʪʘ ʜʦ çʢʦʨʦʪʢʦʛʦè ʢʨʘʷ 

ʧʣʘʩʪʠʥʳ. 

     ʇʨʠʥʷʪʦ: =40 ʤʤ, =25 ʤʤ, =10 ʤʤ, a=40 ʤʤ, b=10 ʤʤ, d=33 ʤʤ, 

ʩ1=2000 ʅ/ʤʤ,  ʩ2=1500 ʅ/ʤʤ,  ʩ3=200 ʅ/ʤʤ. 

     ɺ ʨʘʙʦʪʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 2 ʵʪʘʧʘ: 1 ʵʪʘʧ ï ʧʣʘʩʪʠʥʘ ʢʘʩʘʝʪʩʷ 

ʪʦʣʴʢʦ ʰʪʠʬʪʘ (ʚ ʪ. ɽ), 2 ʵʪʘʧ ï ʧʣʘʩʪʠʥʘ ʢʘʩʘʝʪʩʷ ʰʪʠʬʪʘ (ʚ ʪ. ɽ) ʠ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʚ ʪ. G). 

     ʉʫʱʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʳ: 

,  

,   

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʪ. ʉ ʜʦ ʪ. ɽ 

  

  

, 

 

 

 

 

 

,  

, ,  

 

     ʈʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʛʨʘʬʠʢʝ 

(ʨʠʩ. 3). ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʧʫʩʢʘʥʠʠ ʰʘʨʥʠʨʘ ɸ ʜʦ ʚʳʩʦʪʳ 79 ʤʤ, 

ʧʨʦʠʟʦʡʜʝʪ ʢʘʩʘʥʠʝ ʪʦʯʢʠ G ʩ ʧʦʟʠʮʠʦʥʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʥʘʯʘʣʦ 2 

ʵʪʘʧʘ),  = 0 ʤʤ,  = 28,11 ʤʤ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʝʨʝʤʝʱʝʥʠʠ ʰʘʨʥʠʨʘ ɸ 

ʪʦʯʢʘ G ʩʤʝʱʘʝʪʩʷ ʚʧʨʘʚʦ. ʇʨʠ  = ï a ʧʣʘʩʪʠʥʘ ʟʘʡʤʝʪ ʪʨʝʙʫʝʤʦʝ 

ʧʦʣʦʞʝʥʠʝ, ʧʨʦʮʝʩʩ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʟʘʢʦʥʯʠʪʩʷ. ʇʨʠ ʵʪʦʤ  = 66 ʤʤ, 
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ʫʛʣʳ  1̹ = ï 36
0
, 2̹ = 74

0
, 3̹= ï 30

0
. ʇʨʦʮʝʩʩ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʢʦʨʨʝʢʪʠʨʫʶʱʝʤ ʚʦʟʜʝʡʩʪʚʠʠ.  

 

 

 

ʈʠʩ.3. ɿʘʚʠʩʠʤʦʩʪʴ  ʧʦʣʦʞʝʥʠʷ  ʢʨʘʝʚʦʡ  ʪʦʯʢʠ  ʧʣʘʩʪʠʥʳ  ʠ  ʫʛʣʦʚ  ʧʝʨʝʢʦʩʘ  

ʟʚʝʥʴʝʚ 3ה ,2ה ,1ה ʦʪ ʧʝʨʝʤʝʱʝʥʠʷ ʰʘʨʥʠʨʘ ɸ, ʛʜʝ:  ʠ  ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ G.  

 

ʃʠʪʝʨʘʪʫʨʘ 

 

     1. ʇʘʪ. 2431561 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ B25J 15/06. ɿʘʭʚʘʪʥʳʡ 

ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ ʤʦʜʫʣʴ / ʉʳʩʦʝʚ ʉ.ʅ., ɽʨʦʧʦʚʘ ɽ.ɺ., ʂʦʨʦʙʦʚʘ ʊ.ʅ. ï 

ˉ2011145329/02; ʟʘʷʚʣ. 08.11.11; ʦʧʫʙʣ. 10.05.12. ï 3ʩ. 

     2. ʇʘʪ. 1798178 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʂʀ
3
 B25J 11/00. ʉʧʦʩʦʙ 

ʫʩʪʘʥʦʚʢʠ ʧʣʦʩʢʦʡ ʜʝʪʘʣʠ ʩʭʚʘʪʦʤ ʥʘ ʨʘʙʦʯʫʶ ʧʦʟʠʮʠʶ / ʉʳʩʦʝʚ ʉ. ʅ. ï  

ˉ766218/08; ʟʘʷʚʣ. 08.12.89 ; ʦʧʫʙʣ. 28.02.93, ɹʶʣ. ˉ 8. ï 3ʩ. 
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ʊ.ɸ. ʂʦʥʦʥʦʚʘ                                                                                ɺʣʘʜʠʤʠʨ, ɺʣɻʋ 

 

ʈɸɿʈɸɹʆʊʂɸ ɻʈɸʌʀʏɽʉʂʆɻʆ ʈɽɼɸʂʊʆʈɸ ɼʃʗ ʊɽʉʊʀʈʆɺɸʅʀʗ 

ɺ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʆɹʋʏɸʖʑɽʁ ʉʀʉʊɽʄɽ  

 

     ʊʝʩʪʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ ð ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʠʣʠ ʧʦʜʩʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʫʯʘʶʱʝʡ ʩʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʩʪʝʧʝʥʠ ʫʩʚʦʝʥʠʷ ʦʙʫʯʘʝʤʳʤ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [1]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʩʪʝʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʟʥʘʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʛʨʘʬʠʯʝʩʢʦʛʦ ʚʚʦʜʘ ʦʪʚʝʪʦʚ, ʣʠʙʦ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʪʠʧʦʚ ʚʦʧʨʦʩʦʚ. ʇʨʘʢʪʠʯʝʩʢʠ ʢʨʘʡʥʝ ʩʣʦʞʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʩʪʠʨʫʶʱʝʡ ʩʠʩʪʝʤʝ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʀʥʞʝʥʝʨʥʘʷ  

ʛʨʘʬʠʢʘè, ʪʘʢ ʢʘʢ  ʦʥʘ ʜʦʣʞʥʘ ʬʦʨʤʠʨʦʚʘʪʴ ʪʘʢʠʝ ʚʦʧʨʦʩʳ, ʥʘ ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʦʪʚʝʪʳ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʝʤ, ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʙʳʪʴ 

ʨʠʩʫʥʦʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʟʘʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ. 

     ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʧʦʜʩʠʩʪʝʤʫ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʣʠ ʜʦʨʘʙʦʪʘʪʴ ʩʫʱʝʩʪʚʫʶʱʫʶ, ʣʠʰʝʥʥʫʶ ʫʢʘʟʘʥʥʳʭ 

ʥʝʜʦʩʪʘʪʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʧʦʜʩʠʩʪʝʤʝ, 

ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦʜʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ ʩʦ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʪʠʧʘʤʠ ʚʦʧʨʦʩʦʚ (ʚʦʧʨʦʩ - ʦʜʠʥ/ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʦʪʚʝʪʘ), 

ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çʛʨʘʬʠʯʝʩʢʠʭè ʪʝʩʪʦʚʳʭ 

ʟʘʜʘʥʠʡ.  

     ɺʦ ɺʣɻʋ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ  ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ Moodle.  Moodle ð 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʢʫʨʩʘʤʠ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʘʷ ʢʘʢ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʫʯʝʥʠʝʤ ʠʣʠ ʚʠʨʪʫʘʣʴʥʘʷ ʦʙʫʯʘʶʱʘʷ ʩʨʝʜʘ [2]. ʐʠʨʦʢʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʝʡ 

ʦʙʝʩʧʝʯʠʣʠ ʧʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʪʢʨʳʪʳʡ ʠʩʭʦʜʥʳʡ ʢʦʜ.  
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     ʎʝʣʴʶ ʜʘʥʥʦʡ  ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʨʝʜʘʢʪʦʨʘ ʜʣʷ ʨʠʩʦʚʘʥʠʷ ʜʚʫʭʤʝʨʥʦʡ ʛʨʘʬʠʢʠ, ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʝʛʦ ʚ ʩʠʩʪʝʤʫ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ.  ɺʥʝʜʨʝʥʠʝ ʜʘʥʥʦʛʦ ʨʝʜʘʢʪʦʨʘ ʚ ʩʠʩʪʝʤʫ ɼʆ 

ʧʦʟʚʦʣʠʪ ʜʦʙʘʚʠʪʴ ʝʱʝ ʦʜʠʥ ʚʠʜ ʟʘʜʘʥʠʡ: ʟʘʜʘʥʠʷ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʦʪʚʝʪʦʤ.  

     ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʠʩʪʝʤʫ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ Moodle, 

ʛʨʘʬʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥ ʢʘʢ ʧʦʜʢʣʶʯʘʝʤʳʡ ʤʦʜʫʣʴ. 

ʈʝʘʣʠʟʘʮʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʤʦʱʠ PHP. ʕʪʦ 

ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʚʦ-ʧʝʨʚʳʭ, ʧʦʪʦʤʫ ʯʪʦ ʩʘʤʘ ʩʠʩʪʝʤʘ Moodle ʥʘʧʠʩʘʥʘ ʥʘ 

PHP, ʘ ʚʦ-ʚʪʦʨʳʭ, PHP ʩʧʝʮʠʘʣʴʥʦ ʙʳʣ ʩʦʟʜʘʥ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ web 

ʧʨʠʣʦʞʝʥʠʡ ʠ ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʣʷʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʷʟʳʢʘ ʧʨʷʤʦ ʚ html ʢʦʜ, 

ʧʦʵʪʦʤʫ ʦʥ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʤʦʜʫʣʷ. 

ɿʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʝʢʪʠʨʫʝʤʦʡ  

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ï ʵʪʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ 

ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʩʦʟʜʘʥʠʝ ʥʘʙʦʨʘ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʧʨʦʚʝʜʝʥʠʝ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ.  ʇʨʦʝʢʪʠʨʫʝʤʘʷ ʩʠʩʪʝʤʘ 

ʩʦʩʪʦʠʪ ʠʟ ʤʦʜʫʣʝʡ: ʨʝʜʘʢʪʦʨ ʪʝʩʪʦʚ ï ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ; 

ʨʝʜʘʢʪʦʨ ʩʮʝʥʘʨʠʝʚ ï ʜʣʷ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʪʫʜʝʥʪʦʚ; 

ʪʝʩʪʦʚʘʷ ʦʙʦʣʦʯʢʘ ï ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ 

ʫʯʨʝʞʜʝʥʠʠ; ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ï ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʧʨʦʩʤʦʪʨʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʪʝʩʪʠʨʦʚʘʥʠʷ; ʩʧʠʩʢʠ ʩʪʫʜʝʥʪʦʚ ï ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʧʠʩʢʘʤʠ ʛʨʫʧʧ ʠ 

ʩʪʫʜʝʥʪʦʚ; ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ï ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

     ɺʥʝʜʨʝʥʠʝ ʜʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʚ ʩʠʩʪʝʤʫ ɼʆ ʧʦʟʚʦʣʠʪ ʨʘʟʥʦʦʙʨʘʟʠʪʴ 

ʧʨʦʮʝʩʩ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʦʚ, ʩʜʝʣʘʪʴ ʝʛʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ 

ʫʜʦʙʥʳʤ.  

     ɼʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʨʝʜʘʢʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʷʟʳʢ ʨʘʟʤʝʪʢʠ 

ʛʠʧʝʨʪʝʢʩʪʘ ï HTML, ʪʘʙʣʠʮʳ ʩʪʠʣʝʡ CSS. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤʥʦʡ 

ʧʣʘʪʬʦʨʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ Windows 7, ʣʦʢʘʣʴʥʳʡ ʩʝʨʚʝʨ Apach ʩ 

ʧʨʝʜʫʩʪʘʥʦʚʣʝʥʥʳʤ PHP 5.3, ʉʋɹɼ MySQL. Apache ʷʚʣʷʝʪʩʷ 
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ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʤ ʇʆ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ Linux, BSD, 

Mac OS, Microsoft Windows, Novell NetWare, BeOS. 

     ʆʩʥʦʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ Apache ʩʯʠʪʘʶʪʩʷ ʥʘʜʸʞʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ 

ʢʦʥʬʠʛʫʨʘʮʠʠ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʘʪʴ ʚʥʝʰʥʠʝ ʤʦʜʫʣʠ ʜʣʷ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʉʋɹɼ ʜʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʩʦʦʙʱʝʥʠʷ ʦʙ ʦʰʠʙʢʘʭ ʠ ʪ. ʜ.  

     ɺ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣ ʚʳʙʨʘʥ ʩʢʨʠʧʪʦʚʳʡ ʷʟʳʢ PHP, ʘ ʚ 

ʯʘʩʪʥʦʩʪʠ ʙʠʙʣʠʦʪʝʢʘ GD. ɹʠʙʣʠʦʪʝʢʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʚ 

ʬʦʨʤʘʪʘʭ GIF, JPEG, PNG ʠ WBMP. GD ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʣʠʥʠʡ, ʜʫʛ, ʪʝʢʩʪʘ (ʚʢʣʶʯʘʷ ʧʨʦʛʨʘʤʤʥʳʡ ʚʳʙʦʨ ʰʨʠʬʪʦʚ) ʠ 

ʜʨʫʛʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʮʚʝʪʘ).  ɼʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʜʠʟʘʡʥʘ ʢʥʦʧʦʢ ʠ ʬʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ Adobe Photoshop CS 5. ʅʘ 

ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʨʝʜʘʢʪʦʨʘ. 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ.1. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʨʝʜʘʢʪʦʨʘ. 
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     ɺ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʨʝʜʘʢʪʦʨ ʪʝʩʪʠʨʦʚʘʣʩʷ ʨʝʛʨʝʩʩʠʚʥʦ. ɺ ʢʦʥʮʝ 

ʨʘʟʨʘʙʦʪʢʠ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʥʘ ʦʜʥʦʤ ʠʟ ʪʠʧʦʚ ʟʘʜʘʯ.  ʈʘʟʨʘʙʦʪʘʥʥʳʡ  

ʛʨʘʬʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ  ʜʣʷ  ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ  ʦʙʫʯʝʥʠʷ   ʤʦʞʝʪ  ʙʳʪʴ  

ʨʝʢʦʤʝʥʜʦʚʘʥ  ʜʣʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ.  ɼʣʷ ʜʘʥʥʦʛʦ ʨʝʜʘʢʪʦʨʘ  ʥʘʧʠʩʘʥ  

ʣʠʩʪʠʥʛ ʢʦʜ ʠ ʨʫʢʦʚʦʜʩʪʚʦ  ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

     1. ʅʦʨʝʥʢʦʚ ʀ.ʇ.  ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. ɻʣʘʚʘ 

4.3. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʦʙʫʯʘʶʱʠʝ ʩʠʩʪʝʤʳ.  http://bigor.bmstu.ru/   

(22.03.2013). 

     2. ɺʠʢʠʧʝʜʠʷ ð ʩʚʦʙʦʜʥʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] 

http://ru.wikipedia.org/wiki/Moodle  (22.03.2013). 

 

 

ʉ.ʅ.ʉʳʩʦʝʚ, ʂ.ɸ.ʂʘʨʮʝʚ                                                               ɺʣʘʜʠʤʠʨ, ɺʣɻʋ 

 

ʄɽʊʆɼʀʂɸ ʇʆʀʉʂʆɺʆɻʆ ʂʆʅʉʊʈʋʀʈʆɺɸʅʀʗ ɺɸʂʋʋʄʅʆɻʆ 

ɿɸʍɺɸʊʅʆɻʆ ʋʉʊʈʆʁʉʊɺɸ ɸɻʈɽɻɸʊʅʆ-ʄʆɼʋʃʔʅʆɻʆ ʊʀʇɸ  

ʉ ʈɽʂʋʇɽʈɸʎʀɽʁ ʄɽʍɸʅʀʏɽʉʂʆʁ ʕʅɽʈɻʀʀ 

 

     ʅʘ ʩʪʘʜʠʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ (ʊʆ) 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʙʫʜʫʪ ʣʠ ʦʙʝʩʧʝʯʝʥʳ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʕʪʘ ʤʥʦʛʦʚʘʨʠʘʥʪʥʘʷ ʟʘʜʘʯʘ 

ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʜʘʯʘʤ ʩ ʥʝʧʦʣʥʦʡ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʧʨʠ ʨʝʰʝʥʠʠ 

ʢʦʪʦʨʳʭ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʊʆ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʩʚʷʟʝʡ (ʄʀʌʌʉ) [1] ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʊʆ 

ʧʦʣʫʯʘʶʪ ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʨʠʯʠʥʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤʠ 

http://bigor.bmstu.ru/
http://ru.wikipedia.org/wiki/Moodle
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ʷʚʣʝʥʠʷʤʠ (ʌʕ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ, 

ʬʦʨʤʠʨʫʷ ʩʪʨʫʢʪʫʨʫ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ: 

{ Jʠ.ʥ.}  { Jʦʧ}  { Jʚ}  { Jʧ}  { Jʠ.ʢ.}, 

ʛʜʝ {Jʠ.ʥ} ʠ {Jʠ.ʢ.}, {Jʦʧ}, {Jʟ}, {Jʧ} ï ʤʘʩʩʠʚʳ ʌʕ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʠʩʭʦʜʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʠ ʢʦʥʝʯʥʦʛʦ ʩʦʩʪʦʷʥʠʡ ʟʘʭʚʘʪʘ, ʦʧʫʩʢʘʥʠʷ ʟʘʭʚʘʪʘ, 

ʚʟʷʪʠʷ ʠʟʜʝʣʠʷ ʠ ʝʛʦ ʧʦʜʲʝʤʘ. 

     ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʣʠʥʥʦʭʦʜʦʚʦʛʦ 

ʚʘʢʫʫʤʥʦʛʦ ʟʘʭʚʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ [2] ʠ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, 

ʧʨʦʪʠʚʦʨʝʯʠʡ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʧʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʨʘʙʦʪʫ ʜʘʥʥʦʛʦ ʊʆ. 

ʀʩʩʣʝʜʫʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʫʢʝ 1 (ʨʠʩ.1) ʩ 

ʧʦʜʧʨʫʞʠʥʝʥʥʳʤ ʧʨʫʞʠʥʦʡ 2  ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ (ʈʆ) 3, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ 

ʩʦʙʦʡ ʢʦʨʧʫʩ ʩ ʧʨʠʩʦʩʢʦʡ. ɿʘʭʚʘʪʳʚʘʝʪʩʷ ʠʟʜʝʣʠʝ 4, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʥʘ 

ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 5.  
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ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʟʘʭʚʘʪʥʦʛʦ ʤʦʜʫʣʷ 
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     ʇʨʠʚʦʜʦʤ (ʥʘ ʨʠʩ. ʥʝ ʧʦʢʘʟʘʥ) ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ (ʧʦ ʦʩʠ Z) 

ʩʦʟʜʘʝʪʩʷ ʠʤʧʫʣʴʩʥʦʝ ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ Fʧʤ ʥʘ ʈʆ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʈʆ 

(ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ï ʢʦʦʨʜʠʥʘʪʘ Zʠʧ) ʥʘʯʠʥʘʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʠʟʜʝʣʠʶ 4 (ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ï Zʠʠ) ʠ, ʧʦʣʫʯʝʥʥʘʷ 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ, ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʜʚʠʞʝʥʠʷ.  

     ʌʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʌʕ, ʬʦʨʤʘʣʴʥʦ ʦʧʠʩʳʚʘʶʪʩʷ 

ʚʳʨʘʞʝʥʠʷʤʠ: 

[(Z3 = Zʠʧ) (Z4 = Zʠʠ) (F2 = Fʠʩʭ) (ʈ = 0) (ɻ = 0)]  { Jʠʥ},  

[(Zʠʧ  Z3  Zʠʠ) (Z4 = Zʠʠ) (Fʤʘʭ F2 Fʠʩʭ) (ʈ = 0) (ɻ = 0)]  { Jʦʧ},  

[(Zʟ = Zʠʠ) (Z4 = Zʠʠ) (F2 = Fʤʘʭ) (Pʫ  P  0) (ɻ = 1)]  { Jʟ},                        (1) 

[(Zʠʧ  Z3  Zʠʠ) (Zʠʧ  Z4  Zʠʠ) (Fʤʘʭ F2 Fʠʩʭ) (P  Pʫ) (ɻ = 1)]  { Jʧ},  

[(Z3 = Zʠʧ)  (Z4 = Zʠʧ) (F2 = Fʠʩʭ) (P = Pʫ) (ɻ = 1)]  { Jʠʢ},  

 

ʛʜʝ: Z3, Z4 ï ʪʝʢʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʈʆ ʠ  ʠʟʜʝʣʠʷ (ʩʤ. ʨʠʩ. 1); P, 

Pʫ ï ʜʘʚʣʝʥʠʷ ʚ ʨʘʙʦʯʝʡ ʧʦʣʦʩʪʠ ʟʘʭʚʘʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʢʫʱʝʝ ʠ 

ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʠʟʜʝʣʠʷ; ɻ ï ʛʝʨʤʝʪʠʟʘʮʠʷ ʠʟʜʝʣʠʷ ʨʘʙʦʯʝʡ 

ʧʦʣʦʩʪʠ ʟʘʭʚʘʪʘ; F2, Fʠʩʭ, Fʤʘʭï ʚʝʣʠʯʠʥʘ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦ ʩʪʦʨʦʥʳ 

ʧʨʫʞʠʥʳ ʥʘ ʈʆ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʢʫʱʘʷ, ʜʦʩʪʘʪʦʯʥʘʷ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʈʆ ʚ 

ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʈʆ ʥʘ ʠʩʭʦʜʥʦʤ 

ʧʦʣʦʞʝʥʠʠ ʠʟʜʝʣʠʷ. 

     ʀʟ ʚʳʨʘʞʝʥʠʷ (1) ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ Jʦʧ ʚʦʟʥʠʢʘʝʪ ʩʠʣʘ F2, 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʘʷ ʧʝʨʝʤʝʱʝʥʠʶ ʈʆ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʟʘʭʚʘʪʳʚʘʝʤʦʛʦ 

ʠʟʜʝʣʠʷ ʠ ʵʪʘ ʩʠʣʘ ʚʦʟʨʘʩʪʘʝʪ ʩ ʚʝʣʠʯʠʥʦʡ ʭʦʜʘ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʠ ʦʧʫʩʢʘʥʠʷ ʈʆ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ F2, ʧʦʚʳʰʘʝʪʩʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʠ ʧʦʜʲʝʤʘ 

ʠʟʜʝʣʠʷ. ʇʨʠ ʵʪʦʤ ʚʳʧʦʣʥʝʥʠʝ Jʧ ʧʨʦʠʩʭʦʜʠʪ ʚ ʫʩʣʦʚʠʠ ʧʨʠʙʘʚʣʝʥʠʷ ʢ ʤʘʩʩʝ  

m ʈʆ  ʤʘʩʩʳ ʟʘʭʚʘʯʝʥʥʦʛʦ ʠʟʜʝʣʠʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ F2 ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʠ ʧʦʜʲʝʤʘ ʠʟʜʝʣʠʷ. 
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     ʈʘʩʩʤʘʪʨʠʚʘʷ ʩ ʧʦʟʠʮʠʡ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʠʜʝʘʣʴʥʦʩʪʠ [1] ʨʘʟʨʝʰʝʥʠʷ 

ʜʘʥʥʦʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ ʞʝʣʘʪʝʣʴʥʦ ʠʤʝʪʴ ʊʆ, ʦʙʣʘʜʘʶʱʠʡ ʩʚʦʡʩʪʚʘʤʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʦʪʩʫʪʩʪʚʠʝ F2 ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʬʫʥʢʮʠʠ ʦʧʫʩʢʘʥʠʷ ʈʆ, ʘ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʬʫʥʢʮʠʠ ʧʦʜʲʝʤʘ ʠʟʜʝʣʠʷ ï ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʚʝʣʠʯʠʥʘ 

F2.  

     ɺ ʥʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʊʆ (ʨʠʩ.2) ʧʦʜʚʠʞʥʳʡ ʦʨʛʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʚʫʭʤʘʩʩʦʚʫʶ ʩʠʩʪʝʤʫ, ʩʚʷʟʘʥʥʫʶ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʘʢʢʫʤʫʣʷʪʦʨʦʤ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ.  
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ʈʠʩ. 2. ʉʭʝʤʘ ʟʘʭʚʘʪʥʦʛʦ ʤʦʜʫʣʷ ʩ ʨʝʢʫʧʝʨʘʮʠʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ.  

 

     ɼʘʥʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʨʘʟʨʝʰʝʥʠʷ ʧʨʦʪʠʚʦʨʝʯʠʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ, ʝʩʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ, ʩʦʦʙʱʘʝʤʫʶ ʈʆ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʤ ʬʫʥʢʮʠʠ  

ʦʧʫʩʢʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʠ ʧʦʜʲʝʤʘ ʠʟʜʝʣʠʷ. ʀʟ 

ʠʟʚʝʩʪʥʳʭ ʊʆ ʪʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʝʪ ʘʢʢʫʤʫʣʷʪʦʨ ʤʝʭʘʥʠʯʝʩʢʦʡ 
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ʵʥʝʨʛʠʠ. ʀʤʝʶʱʫʶʩʷ ʚ ʫʩʪʨʦʡʩʪʚʝ (ʩʤ. ʨʠʩ. 1) ʧʨʫʞʠʥʫ 2 ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʘʢʢʫʤʫʣʷʪʦʨʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ.  

     ɼʘʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ [3] ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʚʘʢʫʫʤʥʳʭ ʟʘʭʚʘʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʘʛʨʝʛʘʪʥʦ-

ʤʦʜʫʣʴʥʦʛʦ ʪʠʧʘ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ ʨʘʙʦʯʝʡ 

ʟʦʥʳ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ɸ.ɸ.ɽʨʤʦʰʝʥʢʦ, ɺ.ɸ.ɼʘʚʳʜʝʥʢʦ                                                     ʆʤʩʢ, ʆʤɻʊʋ 

 

ʈɸɿʈɸɹʆʊʂɸ ɻʈɸʌɸ ʉʆʉʊʆʗʅʀʁ ʇʆʊʆʂʆɺ ʀʅʌʆʈʄɸʎʀʀ, 

ʆʊʈɸɾɸʖʑʀʍ ʉʆʉʊʆʗʅʀʗ ʇʈʆʀɿɺʆɼʉʊɺɸ  

ʅɸ ʇʈɽɼʇʈʀʗʊʀʀ 

 

     ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʚʠʜʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ, ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʠʪʩʷ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʠ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʝʰʝʥʠʷ, ʨʘʟʚʠʚʘʶʪʩʷ ʢʘʢ ʩʣʫʯʘʡʥʳʝ ʧʨʦʮʝʩʩʳ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʥʷʪʠʷ 
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ʨʝʰʝʥʠʡ ʧʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʠ ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ,  ʚʳʯʠʩʣʠʪʴ ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʦʚ, ʫʯʠʪʳʚʘʶʱʝʡ 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʵʪʠ ʧʨʦʮʝʩʩʳ ʩʣʫʯʘʡʥʳʝ ʬʘʢʪʦʨʳ. 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʤʦʞʝʪ ʙʳʪʴ ʩ ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʝʥ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʜʣʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ ʤʘʨʢʦʚʩʢʠʭ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʉʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ, 

ʧʨʦʪʝʢʘʶʱʠʡ ʚ ʩʠʩʪʝʤʝ S, ʤʦʞʥʦ ʙʫʜʝʪ ʦʪʥʝʩʪʠ ʢ ʤʘʨʢʦʚʩʢʦʤʫ ʧʨʦʮʝʩʩʫ, 

ʢʦʛʜʘ ʦʥ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʙʝʟ ʧʦʩʣʝʜʝʡʩʪʚʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʧʝʨʘʮʠʡ ʠ ʪʝʢʩʪʦʚʦʛʦ 

ʦʧʠʩʘʥʠʷ, ʙʳʣ ʧʦʩʪʨʦʝʥ ʛʨʘʬ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʶʙʳʭ ʘʛʨʝʛʘʪʦʚ, 

ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʝʜʧʨʠʷʪʠʝʤ. ʂʘʞʜʘʷ ʠʟ ʚʝʨʰʠʥ ʛʨʘʬʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʦʩʪʦʷʥʠʶ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʮʝʭʘ (ʩʧʠʩʦʢ ʩʦʦʪʚʝʪʩʪʚʠʡ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ). 

ɼʫʛʠ ʛʨʘʬʘ ʦʪʦʙʨʘʞʘʶʪ ʤʘʪʝʨʠʘʣʴʥʳʝ ʧʦʪʦʢʠ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ (ʧʦʢʘʟʘʥʳ 

ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ), ʫʯʠʪʳʚʘʝʤʳʝ ʚ ʤʦʜʝʣʠ ʧʨʠ ʧʦʤʦʱʠ 

ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʠ ʧʦʪʦʢʦʚ ʩʦʦʙʱʝʥʠʡ ʦ ʚʳʧʦʣʥʝʥʥʳʭ 

ʨʘʙʦʪʘʭ ʥʘʜ ʵʪʠʤʠ ʜʝʪʘʣʷʤʠ ʠ ʫʟʣʘʤʠ (ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ). ʂʘʞʜʘʷ ʧʘʨʘ ʜʫʛ 

ʧʦʠʤʝʥʦʚʘʥʘ ʜʣʷ ʧʨʦʩʪʦʪʳ ʫʯʝʪʘ ʟʘʛʣʘʚʥʳʤʠ ʙʫʢʚʘʤʠ R ʩ ʠʥʜʝʢʩʦʤ ʧʦ 

ʚʦʟʨʘʩʪʘʥʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʫ ʥʝʢʦʪʦʨʳʭ ʜʫʛ ʠʤʝʝʪʩʷ ʚʝʨʭʥʠʡ ʠʥʜʝʢʩ ʚ 

ʩʢʦʙʢʘʭ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʥʥʳʡ ʧʝʨʝʭʦʜ ʥʝ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ, 

ʘ ʩʫʱʝʩʪʚʫʝʪ ʚ ʫʢʘʟʘʥʥʦʤ ʚ ʩʢʦʙʢʘʭ ʢʦʣʠʯʝʩʪʚʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ 

ʚʦʟʚʨʘʪʥʳʝ ʠ ʧʘʨʘʣʣʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʜʝʪʘʣʝʡ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʮʝʭʘʭ ʨʘʟʥʝʩʝʥʥʫʶ ʧʦ ʚʨʝʤʝʥʠ. 
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ʊʘʙʣʠʮʘ  

ʉʧʠʩʦʢ ʩʦʦʪʚʝʪʩʪʚʠʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʮʝʭʦʚ ʠ ʩʦʩʪʦʷʥʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ 

1 ʉʢʣʘʜ ʟʘʛʦʪʦʚʦʢ 

2 ʃʠʪʝʡʥʳʡ ʮʝʭ 

3 ʂʫʟʥʝʯʥʳʡ ʮʝʭ 

4 ʉʚʘʨʦʯʥʳʡ ʮʝʭ 

5 ʆʙʤʦʪʦʯʥʦ-ʠʟʦʣʷʮʠʦʥʥʳʡ ʮʝʭ 

6 ʊʝʨʤʠʯʝʩʢʠʡ ʮʝʭ 

7 ɻʘʣʴʚʘʥʠʯʝʩʢʠʡ ʮʝʭ ʠ ʤʘʣʷʨʥʳʡ ʫʯʘʩʪʦʢ 

8 ʎʝʭ ʧʣʘʩʪʤʘʩʩ 

3 ʐʪʘʤʧʦʚʦʯʥʳʡ ʮʝʭ 

9 ʗʢʦʨʥʳʡ ʮʝʭ 

10 ɺʘʣʦʚʦʡ ʮʝʭ 

11 ʅʦʨʤʦʢʦʥʪʨʦʣʴ 

12 ʎʝʭ ʢʘʨʪʦʥʥʳʭ ʠʟʜʝʣʠʡ 

13 ɺʳʧʫʩʢʘʶʱʠʡ ʮʝʭ 

      

     ʇʦʣʫʯʝʥʥʳʡ ʛʨʘʬ ʩʦʩʪʦʷʥʠʡ ʙʳʣ ʨʘʟʤʝʯʝʥ, ʪʦ ʝʩʪʴ ʢʘʞʜʦʤʫ ʩʦʩʪʦʷʥʠʶ 

ʧʦʩʪʘʚʣʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʝʜʝʣʴʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʩʠʩʪʝʤʳ ʚ 

ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʠʩʩʣʝʜʫʝʤʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʘ ʢʘʞʜʦʡ ʜʫʛʝ ʧʨʠʧʠʩʘʥʳ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʦʚ ʧʝʨʝʭʦʜʦʚ, ʪʦ ʝʩʪʴ ʣi,j. ɼʘʣʝʝ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ 

ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʕʨʣʘʥʛʘ, ʦʙʱʠʡ ʚʠʜ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥ ʥʠʞʝ (1) ʜʦʧʦʣʥʝʥʥʘʷ ʫʨʘʚʥʝʥʠʝʤ (2) 

 =  (1) 

 (2)  
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     ʀʥʪʝʛʨʠʨʫʷ ʠʪʦʛʦʚʫʶ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʧʦʣʫʯʠʤ 

ʩʠʩʪʝʤʫ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʨʝʟʫʣʴʪʘʪʦʤ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ 

ʩʪʘʥʦʚʠʪʩʷ ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʝʡ pi.  

 

 
 

ʈʠʩ. ʆʙʦʙʱʝʥʥʳʡ ʛʨʘʬ ʩʦʩʪʦʷʥʠʡ ʵʣʝʢʪʨʦʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

      

     ɹʣʘʛʦʜʘʨʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʦʣʫʯʠʪʴ 

ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ 

ʠʤʝʥʥʦ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʮʝʭʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʮʝʣʦʤ ʚ 

ʫʢʘʟʘʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʤʠʤʦ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ, ʪʦ 

ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʳʜʫʱʝʛʦ, ʤʦʜʝʣʴ ʚʳʧʦʣʥʷʝʪ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ, ʪʦ ʝʩʪʴ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʩʨʘʚʥʝʥʠʷ ʨʝʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʠ 

ʢʨʠʪʠʯʝʩʢʠʤʠ, ʧʦʣʫʯʘʪʴ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʫʶ ʜʦ ʫʨʦʚʥʷ ʮʝʭʘ ʢʘʨʪʠʥʫ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʳʷʚʣʷʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ çʫʟʢʠʝ ʤʝʩʪʘè. 

 


